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NOTE ON THE PLATE METHOD FOR 
ENUMERATION OF BACTERIA. 

BY ANDREW CUNNINGHAM, B.Sc. (Edin.). 

IN recent years much work has been done on the bacterial content 
of milk, chiefly with a view to demonstrating the principal sources of 
contamination and at the same time collecting data to aid in the fixing 
of a bacterial standard for " clean " milk. On looking through the 
various publications one is particularly impressed by the 'lack of 
uniformity in the length of the period of incubation of gelatine and agar 
plates. Some observers adopt a period of only a few days while others 
prefer to incubate for 8 -10 days before counting their plates. It does 
not yet seem to be generally recognised, in Britain at all events, that, 
if the highest figures possible are to be obtained, the incubation period 
must be longer than three days. 

Further in such publications, especially where the longer period 
has been adopted, one too frequently finds that in a series of 
comparative tests one or more of the gelatine plates has become 
entirely liquefied and uncountable before the end of the incubation 
period has been reached, and in this way the whole series has been 
more or less spoiled. Such upsetting results could, however, be 
entirely avoided by the simple method, suggested by Hiltner and 
Störmer1, of touching the liquefying colonies while still young with the 
fine point of a stick of silver nitrate, when, if the medium contains 
a chloride, a white precipitate of silver chloride forms round each 
colony and prevents further development. The chief difficulty in the 
carrying out of this suggestion lies in the recognition of the liquefying 
colonies while they are still so young that they have not excreted any 
appreciable amount of the liquefying enzyme. Still, with a little 
practice this difficulty can be very easily surmounted. 

1 Arb. a, d. biol. Abt. d, Kais. Gesundh.- Anits.'u. p. 449, 1903. 
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The work discussed in this note was undertaken with a view to : 

(1) Demonstrating the length of time required for the incubation 
of gelatine and agar plates in order to secure the maximum development 
of colonies. 

(2) Showing the advantages of treating liquefying colonies on 
gelatine plates with silver nitrate in order to retard development. 

(3) Incidentally the numbers of bacteria developing on agar at 
22° C. and at 37° C. and on gelatine plates have been compared. 
. The materials employed for the enumerations were soil, dung and 
milk and ordinary 12% gelatine and 1.5 '/e agar, made just alkaline to 
litmus, were used as media. Dilutions were made in the usual way 
and the plates showing a convenient number of colonies for counting 
were selected. As the results are merely intended for demonstration 
purposes and do not bring out anything new, it was not thought advisable 
to accumulate a great number of data. 

Table I shows the length of time required for the number of 
colonies.on the various plates to reach a maximum'. 

In the case of the gelatine plates it will be seen that the maximum 
for soil and dung is reached in about five days ; for the milk 
sample, however, about nine days elapsed before the maximum was 
attained. 

TABLE I. 

No. of 
days 

1 

Gelatine 

Soil 

Agar at 22° C. Agar at 37° C. 

Dung Milk Soil 

- 
ll ng k Milk Dung Milk Soil 

2 20 48 14 11 7 24 29 20 171 
3 57 104 44 17 13 59 36 23 186 
4 72 115 49 34 20 88 36 23 - 
5 76 117 50 43 26 95 36 24 - 
6 76 117 50 55 32 97 36 24 - 
7 76 117 51 59 39 100 Plates dry 
8 78 118 55 60 44 100 - 
9 78 118 61 61 45 100 - 

10 79 118 62 61 50 101 - 
On agar at 

days. On the 
placed in the 
increase from 

i The dilution 
content of the mat 

37° C. the maximum was reached in each case in three 
third day the plate made from the milk sample was 

22° C. incubator for seven days. This resulted in an 
186 to 222 or about 200/0. 

employed varies, so that the figures are not comparable for the bacterial 
erials. This is dealt with later. 
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On agar at 22° C. a maximum was not attained till the 8th to 10th 
day, and the dung plate. required to be incubated two days longer, 

. during which time it increased from 50 to 57. After ten days the milk 
plate was incubated further at 37° C. but no increase in the number of 

colonies took place. 
It is specially desired to emphasise the importance of 8 -10 days' 

incubation for agar plates at 22° C. as this appears to be a point which is 

frequently overlooked. Doubtless, when comparative figures only are 
required, three days at 22° C. may suffice but in all other cases it is 
absolutely essential to incubate for at least eight days. 10 days' 
incubation as compared with three has given an increase varying from 
about one to three times. For gelatine plates 8 -10 days' incubation is 
required and for agar at 37° C., three days. 

In Table II a comparison is made between the number of colonies 
developing on ordinary gelatine plates and the number obtained on 
gelatine plates on which the liquefying colonies have been treated with 
silver nitrate while still small. 

TABLE II. 

No. of 
days 

1 

Soil Dung Milk 

Gelatine Gelatine with ' Gelatine 
untreated silver nitrate untreated - - - 

Gelatine with 
silver nitrate - 

Gelatine Gelatine with 
untreated silver nitrate - - 

2 21 20 46 48 18 14 
3 Plate liquefied 57 96 104 52 44 
4 72 120 115 54 49 
5 76 136 117 59 50 
6 76 Plate liquefied 117 

o 
61 50 

7 76 117 63 51 
8 78 118 Plate liquefied - 55 
9 78 118 61 

10 79 118 62 

The advantages of this method of treatment are most obvious in the 
cases of soil and milk, in both of which the ordinary plate was liquefied 
before the other had attained its maximum. This is particularly 
marked in the case of soil, which, however, was only to be expected as 
here one is dealing with a medium containing large numbers of 
liquefying moulds. In the ,enumeration of bacteria in soil, therefore, 
the method of treating liquefying colonies with silver nitrate is specially 
to be recommended. 

It should be observed that in practically every case the plate 
treated with silver nitrate has shown a slightly smaller number of 
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colonies than the untreated plate, i.e. comparing the numbers on the 
same day. This may possibly be due to the effect of the necessarily 
considerable quantity of silver chloride on the treated plate. Still 
one must observe that on the average a higher number will be found 
on the treated plate at the end of incubation than on the untreated 
before liquefaction. 

Table III gives the numbers of bacteria per gram or cubic centimetre 
of the material as indicated by the growth of colonies on gelatine and 
agar plates. 

TABLE III. 
Soil (gram) Dung (gram) Milk (c.c.) 

Gelatine 7,900,000 1,180,000,000 6,200,000 
Agar at 22° C. 6,100,000 570,000,000 1,010,000 
Agar at 37° C. 360,000 2,400,000 222,000 

It is particularly noteworthy that in each case the highest numbers 
are obtained from gelatine plates ; next comes agar at 22° C. and lastly 
agar at 37° C. These results are very much as one might expect from 

a consideration of the sources of the bacteria in each material. In soil 

in temperate climates the organisms are accustomed to low temperatures 
and so might be expected to grow well at 22° C. Thus the two plates 
(gelatine and agar) incubated at 22° C. gave very nearly the saine result, 
while that kept at 37° C. gave a very much lower figure. In the case 
of dung, if the material is fresh (as was the case in the sample 
examined), the same remarks apply : but in an old rotting sample the 
bacteria which thrive best at 22° C. do not flourish and are replaced by 
the multiplication Of others which are better 'adapted to the high 
temperature prevailing in the material. In an ordinary sample of 
market milk one might also expect the greatest development at 22° C., 

since most of the bacteria in such samples are derived from the air and 
from the skin of the cow and are thus accustomed to temperatures 
in the neighbourhood of 22° C. This view is supported by the fact that 
the 37° C. agar plate on incubation at 22° C. showed a further increase, 
whereas the numbers on the 22° C. agar plate remained stationary when 
the latter was incubated at 37° C. (see above). 

Further, dung contains considerable quantities of easily decomposable 
nitrogenous material and, therefore, one may presume, bacteria specially 
suited to a highly nitrogenous medium. This may partially account for 
the optimum growth of bacteria on gelatine. In the case of soil, 

although the content of nitrogenous organic material is not great, we 
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know from ammonification and other experiments that large numbers 
of organisms are present which might be expected to flourish on a 
nitrogenous medium. 

Considering that gelatine appears to be such an excellent medium 
for the growth of bacteria from soil, dung and milk there would seem to 
be no adequate reason why it should not be more frequently employed 
especially as the introduction of the silver nitrate method for the killing 
of liquefying colonies has made it practically as permanent as agar. 

In conclusion, I wish to thank Prof. Löhnis for having suggested 
this piece of work and also for advice and suggestion during the 
carrying out of the same. 
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Studies on Soil Protozoa. 
I. The Growth of Protozoa on various Media and the Effect of Heat on aeti 

and eneysted Forms. 

[From the Laboratorium für Bakteriologie am Landwirtschaftlichen Insti 
der Universitit Leipzig.] 

By Andrew Cunningham B. Sc. (Edin.) and Dr. F. Löhnis. 

I. Introduction. 
In recent years much attention has been devoted to the effects of p 

tial sterilisation of soils by heat and antiseptics, on the production of pl 

food. In this connection we are particularly indebted to the work of R u 

sell and Hutchins o ni) for insistence on the importance in the 
of a group of organisms, other than the bacteria, viz: the protozoa. The la 
are regarded by the authors mentioned as being powerful factors in 1. 

ting the numbers and activity of bacteria in ordinary soils. But, as th 

are less resistant than the bacteria, they are killed or at least suppres, 
by partial sterilisation and the bacteria surviving are allowed to multi 
to a greater extent than previously. 

The question of the importance of soil protozoa is, by no means, a Sr 

one. As long ago as 1837 G. C h r. Eh r e n b e r g2) noted the occurre, 
of infusoria in large numbers in rich soil. G r e e f3) (1866) described sev 
species of amoebae etc. from soil, although nothing is said with regard, 
their function. In 1869 v. R osenberg - L i p i n s k y4) also refe 
to the occurrence of infusoria in soil and considered that they are probar 
of importance in regard to soil fertility. The first reference to the spec 

function of soil protozoa is contained in a paper by Br é a 15), publis 
in 1896. He found C o 1 p i d i u m active in the decomposition of pl 

constituents in soils, with production of ammonia. The remaining referen 
to this subject are all of recent date. Emmerich, Graf zu L e i n i n g 

and O. L o e we) as well as Franc e) believe that the soil protozoa 
harmful factors, while M. W o 1fí8) gives the following summary of their 
tivities: 

1. The transport of disease producers. 
2. Prevention, by utilisation, of the sinking of valuable manurial s' 

stances into the deeper layers. 
3. The killing of algae, fungi and bacteria. 
When, therefore, one considers the very varied and important nat 

of the functions which have been attributed to the soil protozoa, it at o' 

appears probable that they might very profitably receive further attenti 
The investigations described in this and subsequent papers were un' 

taken with a view to determining, if possible, whether protozoa lead 

1) Journ. of Agrie. Sc. III. 2. 1909. p. 111 and Journ. of Agrie. Se. V. 2. 1913. p. 
2) Die fossilen Infusorien und die lebendige Dammerde 1837. 
3) Arch. f. mikrosk. Anat. 1866. 2. p. 299. 
4) Der prakt. Ackerbau. 3. Aufl. 1869. Bd. 2. p. 27. 
5) Ann. agron. 22. 1896. p. 362 (ref. Zentralbi. f. Agr. Chem. 26. p. 210). 
8) Centralbl. f. Bakt. Abt. II. Bd. 31. p. 466. 
7) Centralbl. f. Bakt. Abt. II. Bd. 32. p. 1. 
8) Mitt. a. d. Kaiser Wilhelm- Institut f. Landw. Bromberg. Bd .1. 1909. p. 

(ref. Centralbl. f. Bakt. Abt. II. Bd. 24. 1909. p. 465). 
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bbetive life in soil and, if so, the conditions governing their activity. Later, 
t is intended to study the interaction of protozoa and bacteria in soil and 
n solution. The work described in this paper is all more or less of a preli- 
ninary nature. In the first place, it was thought advisable to make a general 
urvey of the various solutions used as media for the cultivation of bacteria 
rom soil, in order to determine which are the most suitable for the develop- 
cent of_the protozoa. Next the dilution method for counting protozoa was 
ried but the usual difficulty in distinguishing active from encysted forms 
vas experienced. It was, therefore, necessary, before proceeding further 
vith the dilution method, to devise some means of distinguishing cysts from 
active forms and so the work described in part III of this paper was under - 
,aken. 

II. Survey of Bacterial Solutions. 
Hay infusion has been very extensively used in work on the protozoa. 

o o d e y1) in his work on the soil protozoa employed a 1 per cent hay in- 
usion made slightly alkaline to litmus. He also used soil extract. Fr o s e h2) 
mnd Marti n3) have employed agar plates for cultivation of protozoa from 
oil. The occurrence of protozoa in the solutions used for cultivation of 
oil bacteria has only been recorded in a very few instances. Beijerinc k4), 
uyolff5), Emmerich, Graf zu Leiningen and Loewe) and 

i 1 1 e r7) have noted the occurrence of protozoa in association with A z o t o - 
a c t e r. The last named also observed protozoa in peptone and Giltay 

olutions. Beijerine k$) has, further, described an amoeba which he 
ound in association with the nitrifying bacteria and which he cultivated 
n agar and silica plates. 

For this section of the work the solutions mentioned, after sterilisation, 
ere inoculated with soil, incubated at the temperatures noted and exa- 

mined microscopically every two days for a month. The species of protozoa, 
cccu'ring in greatest numbers have been identified as far as possible. It is 
Lot claimed, however, that the lists of species given are in any sense ex- 
austive, because, in most cases, only single samples of soil have been exa- 
ained. Further, no attempt has been made to identify the amoebae owing 
o the difficulties involved in such work (see Goode y's paper). 

1. Ammonifying Solutions. 
a) 1 per cent Blood in e a l + .05 per cent K2HPO4 in tap water. 

neubated at 22° C. In two days flagellates were observed in this solution 
ml in four days ciliates also. The active flagellates, however, soon began 
o decrease in numbers and finally disappeared. After 14 days the ciliates 
,ere mostly encysted and amoebae appeared but were never numerous. 
Lbout the 24th day a general revival took place: ciliates, flagellates and 
moebae were observed in larger numbers than formerly. The flagellate. 

1) Proc. Roy. Soc. London. [B]. Vol. 84. 1911. p. 165. 
3) Centralbl. f. Bakt. Abt. I. Bd. 21. 1897. p. 926. 
3) Proc. Roy. Soc. London. [B]. Vol. 85. 1912. p. 393. 
') Centralbl. f. Bakt. Abt. II. Bd. 7. 1901. p. 570. 
3) Loc. cit. 
6) Loc. cit. 
7) Centralbl. f. Bakt. Abt. II. Bd. 37. p. 521. 
8) Centralbl. f. Bakt. Abt. I. Bd. 19. p. 257. 
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and amoebae soon encysted; the ciliates continued for some time in 
active form. 

Species found. Flagellates: Oicomonas termo. (El 
Oicomonas Dallingeri (Kent), Monas vivipara (Ehrb.), Pro 
zekia terricola (Martin), Cyathomonas truncata (Fresen). 

Ciliates: Colpidium colpoda (Ehrb.), Colpoda cucul 
(O. F. M.), C. steinii (Maupas), Oxytrichia Pellionella (O. F. 
Enchelys sp. 

Amoebae sp. In addition a monothalamous form was observed (not identii 

Although all three common forms of protozoa develop in this med . 
the flagellates and amoebae are always somewhat scarce. There is gene' 
a considerable number of flagellates at the start but these appear t1 

early suppressed by the ciliates. 
At 30° C bloodmeal solutions give in a short time a great develop' 

of ciliates, few or no flagellates and amoebae are observed at this temperai 
This medium at 30° C is therefore an excellent one for the cultivatio 
ciliates. In bloodmeal solutions at 38° C a few amoebae only were obsei 

b) Horn m e al and Fleshmeal solutions gave very similar 
sults to those obtained with Bloodmeal. Fleshmeal, however, gave a ra 
better development of protozoa than did Hornmeal or Bloodmeal. 

c) 1 per cent P e p t one solution + .05 per cent K2HPO4. In 
no protozoa have ever been obtained, doubtless due to the high con 

tration. In .1 per cent peptone + K2HPO4 solution protozoa were h 
on one occasion only. 

2. Nitrifying Solution. 
The Winogradsky- Omelianski solution with .1 per 

instead of .2 per cent Ammonium sulphate was employed, inoculated 
soil and incubated at 22° C. No protozoa were observed till 12 days 
elapsed when a few flagellates, ciliates and small amoebae appeared. 'I 

were never numerous and disappeared again in a few days. On the 
day a few amoebae similar to those described by B e i j e r i n c k 
seen. They increased in numbers till about the 34th day, when the soh 
ceased to give a reaction to N ess 1 e is reagent. The amoebae, w 

were now quite numerous, continued in the active form for a few days lo 

when they all encysted. 
The amoebae found in nitrifying solutions appear to be associated 

the first group of the nitrifying organisms as they have not been obse 
in the sodium nitrite solutions, generally used for cultivation of Nitroba 
Further, considering the purely mineral nature of the medium and also 

course of development of the protozoa, there seems to be little doubt 
the latter feed upon the bacteria present. 

As a medium for cultivation of soil protozoa, the nitrifying soluti' 
not of great value as only one species of amoeba develops to any 
extent: the development is also very slow. At 30° C amoebae appear 
much shorter time but they are never so numerous as at 22° C. 

3. Denitrifying Solution (Giltay). 
a) At 22° C . In 4 days flagellates and a few ciliates appeared an 

creased in numbers till the 6th day. On the 12th day all were encysted. 
casionally after this a few active forms were found. On the 24th day a 

amoebae were observed. This is essentially a flagellate medium: cil 
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are ever nearly so numerous. It will also be observed that it gives a very 
rapid development (within about 6 days the maximum is reached). In this 
connection it is interesting to note that the development of the protozoa 
is again roughly parallel with the growth of the bacteria. 

Species found. Flagellates: Monas guttula (Ehrb.), Oico- 
monas Dallingeri (Kent), Bodo angustatus (Duj.). 

Ciliates: Colpidium colpoda (Ehrb.). Amoebae (sp.). 

b) At 38° C. No protozoa were observed in this medium. 

4. Azotobacter Media 
at 22° C. a) 1 per cent M a n n i t e + .05 per cent K211PO4 in soil extract. 
In 4 days there was an abundant development of Az o t o b a c t e r with 
á few flagellates. The latter, however, never multiplied to any great ex- 
tent. Ciliates appeared on the 6th day and increased in numbers for some 
dime. They began to encyst about the 24th day, although a few remained 
sctive till the end of the observation period. Amoebae were seen from the 

`20th day onwards. 
Species found. Ciliates: Colpidium colpoda (Ehrb.), 

Enchelys (sp.)and Oxytrichia Pellionella (O.F.M.). Amoeba (sp.). 

b) 2 per cent Calcium m al a t e + .05 per cent K2HPO4 in tap 
rater. The development on this medium was very similar to that on man - 

)ute. 0xytrichia and Enchelys, however, were not found and 
he amoebae appeared on the 14th day. 

The marmite and calcium malate solutions gave considerable numbers 
if ciliates, although they were not outstanding in this respect. The pre - 
ence of a thick surface film of A z o t o b act e r , too, was found rather 
Inconvenient for microscoping purposes. 

A number of mannite solutions, in which Az o t o b act e r had been 
[,1isplaced by the butyric acid bacteria, were examined. In only one of these 
could any traces of protozoa be found, and the latter were all in an encysted 

edition. The presence, therefore, of any considerable quantity of butyric 

u 
would seem to be inimicable to the activity of protozoa. 

5. Urea Solution 
pit 22° C. A 5 per cent urea solution with .05 per cent K2HPO4 in soil ex- 
act showed no protozoa, doubtless due to the great evolution of ammonia 

'Ihich took place. 
6. Cyanamide Solution 

o; 
22° C. This solution contained: Soil extract 100 c. c., Calcium cyanamide 

K2HPO4 .05 gm., Asparagin .01 gin., Glucose .01 gm. In the first 
lution examined no protozoa were found. Later, however, ciliates, flagel- 

rtes and amoebae have been observed in cyanamide solutions after 20 days 
,at never in sufficient numbers to justify the selection of the medium for 
`.ltivation of protozoa. 

7. Solution for Cellulose Decomposition 
(Omeliansky). 

a) At 22° C. A few flagellates and ciliates were obtained in this solution 
;er 4 days, but no very characteristic fauna appeared until about the 
,th day. Then a number of large amoebae was observed for about 8 days. 
Os species of amoeba is much larger than any of the others seen. On the 
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20th day a great development of ciliates had taken place. The latter cc 

tinned in the active form till about the 38th day when they began to 
cyst. On the 32nd day small amoebae appeared in great numbers associai 
with a darkening of the solution and active decomposition of the cellule 
They had just begun to encyst at the end of the period of observation, 

This medium shows very markedly the development of protozoa rt 

ning parallel with that of the bacteria. Up to the 20th day few proto2 
were seen. After this, however, the cellulose decomposing organisms beg 

to multiply and with them ciliates. The decomposition became most acti 
about the 32nd day when enormous numbers of amoebae appeared. T 

medium shows a great development of protozoa, chiefly ciliates and ainoebc 
But it is too slow for general use in the cultivation of these organisms. 

Species found. Ciliates: Colpoda cucullus (O. F. M.), 
steinii (Maupas), Colpidium colpoda (Ehrb.), Enchelys (sp.). 

Amoebae of 2 species. 

b) At 38°C. In this solution only ciliates have been observed. These app 
red after about eight days incubation and continued in active form till 
end of the observation period. They never became very numerous, howev 
so that the medium does not appear specially suitable for cultivation 
ciliates from soil. 

Species found: Colpidium colpoda(Ehrb.),Balantiophor 
elongatus. 

8. Other Media. 
In addition to these solutions employed for cultivation of bacteria, pro 

zoa have been observed on a number of other media: 
a) 1 per cent M a n n i t e + .05 per cent K2HPO4 in soil extract 

the addition of chalk, inoculated with B. f l u o r e s c e n s and incubi 
at 22° C. has given a greater and more rapid development of ciliates 
amoebae than any other medium yet examined. 

b) Flagellates and ciliates have been found in considerable num 
in hanging drop preparations made from aerobic cultures of the e e 11 

lose organisms on filter paper+K21-PO4+MgNH4PO4 
cubated at 30° C. 

c) In soil extract + .05 per cent K2HPO4 incubated at 2. 

all the species of ciliates named in the foregoing survey and two monoth 
Mous forms in addition have been found after 4 -5 weeks incubation. 
did not, however, occur in large numbers. 

d) Lastly amoebae have been observed on s o i l extract ± K2 IÍ 

agar plates. 
Summary. 

Probably the most striking feature of the results brought out by 
survey of media is the close connection between the de 
lopment of the protozoa and that of the bacte 
as already referred to. This relationship is shown more clearly in the f 

wing Table 1 in which the periods of maximum activity of protozoa and 
teria are compared. 

In each case it will be seen that the maxima correspond very cl' 
This can be accounted for by supposing, either that the protozoa live 
the bacteria, or that the protozoa are active agents in the decorposi 
taking place. The former is the more probable view, however. It is 
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ported by the fact that in most cases the protozoal activity lags slightly 
behind that of the bacteria: this is particularly marked in the case of the 
nitrifying solution in which complete encystment of the amoebae did not 
take place for some days after the ammonia had disappeared. 

Table 1. 

Medium Maximum activity 
of Protozoa 

Maximum activity 
of bacteria 

Bloodmeal solution at 22° C 
Nitrifying solution at 22° C 
Giltay solution at 22° C 
Mannite solution at 22° C 
Cellulose solution at 22° C 

24th -30th day 
28th -38th 
6th -8th 

10th 24th 
32nd -38th 

20th -30th day 
25th -35th 
4th -8th 

10th -20th 
32nd -38th 

It is, further, important to note that whether the activity of protozoa 
is directed to checking that of the bacteria or to aiding it, they exist in such 
numbers in ammonifying solutions, at all events, that they are bound to exer- 
cise an influence upon the results obtained in quantitative work on ammo - 
nification in solution. 

In the majority of the solutions examined there can be traced a g ene - 
ral sequence ir. the development of the various 
groups of protozoa. Inmost cases flagellates arethe first 
protozoa to appear. These are generally f o 11 o we d almost immediately 
by the e i l i at e s in the presence of which the flagellates do not appear 
to flourish. After a more or less prolonged period of activity the ciliates 
encyst and the Am o e b a e appear. The latter seem to flourish best in a 
medium in which there are few or no actively motile protozoa. The first 
appearance of flagellates, ciliates and amoeba in the various solutions is shown 
in Table 2: 

Table 2. 

Medium 
First 

Flagellates 
(days) 

appearance of 

Ciliates 
(days) 

active: 

Amoebae 
(days) 

Bloodmeal solution (22° C) 2. 4. 14. 
Gilt a y solution (22° C) 4. 4. 24. 
Mannite solution (22° C) 4. 6. 20. 
Cellulose solution (22° C) 4. 4. 18. 

The most satisfactory of the media reviewed above are: 
(1) Bloodmeal solution at 22° C - for flagellates in the early stages; later for 

iliates. 
(2) Bloodmeal solution at 30° C for ciliates. 
(3) Gilt ay solution at 22° C for flagellates. 
(4) Soil extract + K21004 at 22° C for all three types but chiefly for flagellates 

and ciliates. 

(5) M ins t o and 
solution 

+ chalk 
inoculated with B. f l u o r e s c ens, incubated at 

22° C 

No satisfactory medium has been found which favours chiefly or entirely 
the development of amoebae. This is rather unfortunate as the latter appear 
to be extremely sensitive to the presence of the other groups of protozoa. 
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It was thought when the survey of media was undertaken that it migh 
throw some light on the association of certain protozol 
with definite species or groups of species of bac 
t e r i a. This expectation has not, however, been realised except in thi 

case of the amoeba present in the nitrifying solution. This is all the mori 
remarkable in that several investigators) have observed that certah 
species of protozoa, with which they worked, have shown a preference foi 

certain definite species of bacterial). In the observations described above 
practically the same fauna has been found in each of the solutions examine 
It must be remembered, however, that some of the solutions encourage th 
development of a great variety of species of bacteria and that a species ma 
occur in considerable numbers in two or more solutions: for example certa 
strains of B. fluor e s c e n s are active as ammonifiers while others flourisr, 
in the denitrifying solution. Further it is possible that some of the proton 
found in all the solutions were living upon the mixed flora added with ti; 
soil used for inoculation. 

III. Effect of Heat on Active and Encysted Protozoa. 
As stated above, one of the first difficulties with which we are co; 

fronted in attempting to estimate the numbers of protozoa in soils by ti 
dilution method is that of distinguishing cysts from active organisms. 
the dilution method the soil is, of course, brought into a fluid medium an 

encysted and active protozoa (if present) have practically equal opporti, 
nities for development. It is, thus, impossible to say whether the protoli,a 
found in the fluid media used have come from cysts or existed in the scl 
in an active form. But, as it is not conceivable that encysted organisuh 
can be concerned in the destruction of bacteria etc. it is a matter of the u 

most importance to be able to distinguish cysts from active forms. 
lea 

So far as could be ascertained three methods have been describeia 
for distinguishing active and encysted protozoa in soils. Franc eia 

rubbed up the soil with a small quantity of water and examined it direct. 
under the microscope. This method has also been tested here, but ti o 

dilutions which it was necessary to employ were so opaque that it was it 

possible to see anything in them under the microscope. The remainrP 
two methods (Thermotaxis and Galvanotaxis) have been made use of 

]nr( 

G o o d e y4). The former did not however, give good results: the latter 6a 

applied to the study of the ciliates, and, as a result, the conclusion was am 
ved at, that these organisms exist in soil only in an encysted conditit 
The galvanotactic method has not so far been applied to the flagellates arr 

amoebae, doubtless due to the difficulties involved in the microscopic c,a 

mination of thick layers of liquid for such small organisms. 
From what has been said it may be concluded that none of the methihl 

described has proved entirely satisfactory. It was thus necessary to dei' 
a new method and with this object in view a study of the effect of heat uph 

active and encysted protozoa was undertaken. When one considers 11( 

great service which a knowledge of the heat resistance of spores and vegete1 

tive forms has rendered in bacteriological work (for example in regard u 

1) Frosch, loc. cit. 
2) T i s c h u t k i n , Centralbl. f. Bakt. Abt. II. Bd. 3. 1897. p. 185. 
3) Loc. cit. 
4) Loc. cit. 
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Le separation of species etc.), one is -all the more readily convinced of the 
flue of having similar data for the Protozoa. 

A considerable amount of work has already been done on the effect of 
at on free living, active protozoa. Thus, for example, D o f 1 e i ni) says 

tat Amoeba t e r r i c o l a (Greef) grows best at a temperature of 
)- 18° C but is killed after some hours at25 °C(Grosse- Allermann). 
n the other hand, Infusoria have been found in hot springs up to a tem- 
nture of 64° C. There is thus as in the case of the bacteria a great varia- 
on in the behaviour of active protozoa towards heat. The work on the effect 
high temperatures on cysts does not appear to have been quite so exten- 

ve: Z a u b i t z e r2) found that the cysts of an amoeba from straw infusion 
ere killed by exposure to a temperature of 50° C for 15 minutes. Wolff 
oc. cit.) says that D a l i i n g e r found that the cysts of a flagellate re- 
sted a dry heat of 120 -130° C. With regard to the soil protozoa two refe- 
.nees have been found. M e u n i e r3) in 1865 found that encysted C o 1 - 
o d a e were killed by a temperature of 100° C, while T s u j i t an i4) 
Sys that heating for 10 minutes at 60° C destroyed the cysts of a soil amoeba 
ith which he worked. 

1. Effect of Heat upon Cysts. 
As a preliminary experiment 1 per cent Hornmeal + .05 per cent K2HPO4 

tap water was put up in quantities of 10 c. c. in small flasks, each of which 
as inoculated with 1 gram of soil and heated, the temperatures employed 
gaging from 50° -100° C. The flasks were incubated at 22° C - except 
here otherwise stated this is the incubation temperature employed all 
trough this section - and their contents examined microscopically at inter - 
ils. After 15 days flagellates, ciliates and amoebae had been found in the 
ask which was heated to 60° C but no protozoa had appeared in that which 
d been heated to 70° C. The flasks were kept for 60 days: on the 35th 
ty about 10 c. c. of a 1 per cent Bloodmeal K2HPO4 solution was added 

each but no further development took place. 
The thermal death point of the protozoa which grow in these ammoni- 

ing solutions appears, therefore, to be under 70° C. The remainder of the 
irk was confined to temperatures in the neighbourhood of 60 -70° C and 

each case the media were heated to the temperatures stated and then 
imediately allowed to cool.. 

The supply of cysts has been obtained either from old cultures of protozoa 
from soil. In either case it is inevitable that a large number and great 

kriety of bacteria is introduced with the cysts into the cultures used in 
ese experiments and as many of the common non -sporing bacteria are 
lied by the temperatures employed, there are necessarily great differences 
the bacterial flora of the various cultures. Thus in some peptone cultures 

iich were used early in the investigation all the solutions up to and 
eluding that heated to 62° C showed marked fluorescence while in those 
ated to higher temperatures fluorescence was absent. So, in order to en- 
re that the cultures heated to the various temperatures should contain 

1) Lehrbuch der Protozoenkunde 1909. p. 319. 
2) Arch. f. Hyg. Bd. 40. 1901. p. 103. 

Compt. rend. T. 61. 1865. 
4) Centralbl. f. Bakt. Abt. I. Bd. 24. 1898. p. 666. 
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as nearly as possible, the same flora, they were incubated for some 
with B. mycoides before the cysts were added and heat was al 

For convenience the results will be discussed under three heads - 

gellates, ciliates and amoebae - although in some cases the developm 
a particular medium was not confined to one group. 

a) Flagellate s. The first medium employed here was .5 pe] 

Blood in e a 1-}- K2HPO4 solution. The development was most irri 
as is shown in Table 3: 

Table 3. 

Temperature 
to which 
heated 

o 

.5 % Bloodmeal (filtered) + .05 % K2HPO4 
in test tubes, incubated 5 days with B. 
mycoides, inoculated with cysts from 

old culture and heated 

I. Incubated 20 days 
at 22° C 

A. B. 

II. Incubated 20 days 
at 22° C 

A. B. 

.5 % Bloodmeal 
tered) + .05 % K 

in flasks, incubated 
with B. mycoides, 

lated with soil and 

III. Incubated 2( 
at 22° C 

A. I 

580 
60° 
62° 
64° 
66° 
680 
700 

+ 

+ 

In the three series of cultures examined flagellates were found 
in six cultures and these were most irregularly distributed as regard 
temperatures. It seemed probable therefore that for some reason or 
the excystation had been retarded. Something essential to the develop 
of the protozoa had been removed or destroyed by the heat. A blow 
culture showing numerous active flagellates and ciliates was, ther 
taken and a protozoa -free culture of bacteria prepared from it. Thi 
accomplished by examining small droplets of the liquid on coverglasse: 
moist chamber and selecting those which contained no protozoa for inocul 
into fresh, sterile bloodmeal solution. The cultures used in experime 
(see above) received on the 22nd day each a loopful of this protozoi 
culture and on the 30th day a further inoculation of about 1 c. c. o 

same. On the 20th day some fresh bloodmeal -{- K2HPO4 solution was s 

to the cultures in experiment III and each was inoculated from the pro 
free culture. Series I and II were then incubated for a further period of 35 

and series III for 40 days. The following are the results for the whole IN 

of incubation (Table 4). 
It will be observed that the untreated series (I) showed no del, 

ment on further incubation. A considerable advance, however, was 
by series II and III, particularly the former. But the development i 

yet quite regular although a considerable improvement is to be noted 
should be emphasised that in series II where a large inoculation of prot 
free culture was given the development of protozoa was better than i 
ries III where the inoculation was small. The effect of the protozoi 
culture is a point which will require further investigation, however. 
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Table 4. 

Temperature 
° C 

Series 

A. 

I 
B. 

Series 

A. 

II 
B. 

Series 

A. 

III 
B. 

58° + - 
60° - - + + + + 
62° - - + + - + 
640 - 
66° - - + + + .+ 
68° 
70° - - - - 
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Soil e x t r a c t+ K2HPO4 was next used as a medium. The effect 
of heat on the flagellates growing in this medium is shown in Table 5: 

Table 5. 

Temperature 
to which 
heated 
°C 

60° 
62° 
64° 
66° 
68° 
No 
72° 

I. Soil extract + 
test tubes, incubated 
B. mycoides, incubated 

from old 

Incubation period 

A. 

.05 % K2HPO4 in 
2 days with 

with cysts 
culture 

35 days 

B. 

II. Soil extract + 
flasks, incubated 

mycoides, inoculated 

Incubation period 
A. 

.05 % K2HPO4 in 
3 days with B. 

with soil 

30 days 
B. 

+ + + 
+ + + 
+ + + 
+ + + + 
+ + + + 

d$ 
Here the development is much more regular than on the bloodmeal 

solution and in both series stops quite sharply at 68° C. The cultures were 
further incubated for a period of 25 days at 30° C after addition of some 
fresh sterile soil extract + K2HPO4 and chalk. No additional development 
took place, however. 70° C appears to be the thermal death point of the 

a 
Cysts of flagellates which develop on soil extract. 

Gilt a y solution has been used in four series of experiments the 
results of which are as follows (Table 6). 

li 
Considering series I and II it is fairly clear, inspite of some irregularity 

m no. II that the thermal death point of the flagellates dealt with is in the 
neighbourhood of 70° C. Series III and IV, however, appear to support the 
`view that these protozoa cannot resist such high temperatures: in fact they 

roe fairly well in showing the death point to be about 64° C. In both series, 
owever, soil has been used in test -tubes and as in these it is kept in a much 
ore compact mass than in flasks it naturally cools slowly. It is exceedingly 

s obable, therefore, that the lower resistance of flagellate cysts brought 
t by series III and IV is due to this fact. 

On the 21st day the cultures in series I, II and III received each 1 c. c. 
a protozoa free Gilt a y solution and were incubated for 25 days longer. 

o further development took place during this latter period. It should also 
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be mentioned that in the case of series IV, which received an inoculatii 
of protozoa -free culture immediately after the heating, the effect was s 

to hasten but to retard development by at least 12 days. The use of proton 
free culture with Gilt a y solution has not proved satisfactory. 

Table 6. 

Temperature 
to which 
heated 

o C 

Giltay solution in test tubes, incubated 3 days 
with B. mycoides 

Inoculated with cysts from old Inoculated 
culture with soil 

600 
62° 
640 
66° 
68° 
70° 
720 

Incubated 
20 days 

A. B. 

+ 

+ 
+ 
+ 

Incubated 
20 days 

A. B. 

Incubated 
20 days 

A. B. 

lxiltay solution in to 

tubes, incubated 
soil and heated. 
culated with 1 cc. p 

tozoa -free culture 

Incubated 
30 days 

A. B. 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

b) C i l i at e s. The media used for the study of the effect of heat 
ciliate cysts were soil extract and bloodmeal solution each with additi 
of .05 per cent K2HPO4. The results obtained with s o e x t r a c t 
as follows (Table 7): 

Table 7. 

Temperature 
to which 

heated 
o C 

I. Soil extract + .05 % K2HPO4 in 
test tubes, inculated 2 days with 
B. mycoides, inoculated with cysts 

from old culture 

Incubation period 35 days 

A. B. 

II. Soil extract + .05 % K2HP0 
flasks, incubated 3 days with 

mycoides, inoculated with soi 

Incubation period 30 days 

A. B. 

60° 
62° 
64° 
66° 
68° 
70° 

+ 
+ 

+ 

-F- 

72° - 1: 

The results obtained in these experiments are very irregular and i e 

quite impossible to draw any definite conclusions from them. Both sc 

were incubated for a further period of 25 days at 30° C after addition 
little fresh sterile soil extract + K2HPO4 and chalk but during that t!e, 

ciliates appeared only in one culture (series I, 66° B). 
The results in the case of the b 1 o o dine al cultures are giveeil 

Table 8: 
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Table 8. 

'emperature 
to which 
heated 

°- 

.5 % Bloodmeal (filtered) + .05 % K2HPO4 
in test tubes incubated 5 days with B. my- 
coides, inoculated with cysts from old 

culture 

I. Incubated 20 days 

A. I B. 

II. Incubated 20 days 

A. I B. 

.5 % Bloodmeal (unfil- 
tered) + .05 % KZHPO4 
in flasks incubated 3days 
with B. mycoides inocu- 

lated with soil 

III. Incubated 20 days 
A. B. 

58° 
60° 
62° 
64° 
66° 
68° 
70° 

+ 

These results are quite as unsatisfactory as in the case of the soil ex- 
act cultures. The method of inoculation with protozoa -free culture has, 
)wever, met with greater success here than in the former experiments. 
tries I was left untreated: series II received a small inoculation of protozoa- 
n culture on the 22nd day and a larger one (1 c. c.) on the 30th day: on 
ie 20th day series III had some sterile bloodmeal solution + K2HPO4 
lded and also a small inoculation of protozoa -free bloodmeal culture. I and 

were incubated for 35 days and III for 40 days longer. Table 9 gives 
Le results for the whole period of incubation. 

Table 9. 

Temperature 
to which Series I Series II Series III 

heated 
° C A. B. A. B. A. I B. 

58° + + 
60° - + + + - - 
62° - - + + - - 
64° - 
66° - - + + - - 
68° - + + + - - 
70° 

As a result of the prolonged incubation period the cultures in series I 
'aged in only one instance. On the other hand quite a marked advance 
di place during this second period in the case of series II cultures. Series III 
wever showed no change: the small inoculation, as in the case of the fla- 
lates does not appear to have been sufficient. 

In order to obtain some confirmation of the results of series II another 
ies was started. 1 per cent b 1 o o d ni e a 1 solution + .05 per cent K2HPO4 
s employed in test-tubes, the cultures being inoculated with cysts 
In an old bloodmeal culture originally made from soil. After heating, 

tubes received an inoculation of protozoa -free bloodmeal culture and 
.e incubated at 30° C. Table 10 gives the results. 
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Table 10. 

Temperature to which 
heated (0 C) 

A. 

60° 
62° 
64° 
66° 
68° 
70° 
72° 
740 

+ 
+ 
+ 

B. 

+ 

+ 

+ 

From the results of this and the previous experiments one may sal 

conclude that a temperature of 72° will destroy the ciliates which devt 
on bloodmeal solution. Although the agreement between the various 
of results is not very 'exact, it should be noted that a difference of about 
is of no consequence as the results obtained depend very largely on the 
of heating. In fact differences in the rate of heating can quite readily acco 

for a difference of 4 degrees. 
c) Amoeba e. The results obtained in the first experiments with 

amoebae were the most irregular and unsatisfactory of all. As exam 
some of the best are given in Table 11: 

Table 11. 

Temperature 
to which 

heated 
oC 

Soil extract 
K2HPO4 in 
cubated 3 
B. mycoides, 

ted with 

Incubation 
55 

A. 

+ .05 % 
flasks, in- 
days with 

inocula- 
soil 

period 
days 

B. 

.5 % Bloodmeal 
filtered) 

K2HPO4 in 
cubated 3 
B. mycoides, 

ted with 

Incubation 
60 

A. 

(un- 
+ .05 % 

flasks in- 
days with 

inocula- 
soil 

period 
days 

B. 

600 + 
62° + + 
64° + 
66° 
68° + 
70° 
72° 

Giltay solution in 
tubes incubated 3 

with B. mycoides, io 

lated with soil 

Incubation perk h 

45 days 

A. B.1 

+ 

_., 

_b 

--@ 

li 

Although the first two series are very irregular they agree in that 
is the highest temperature the amoebae have been able to resist. The t' 

series gives a much lower result but as in the case of the flagellates it 
be assumed here that the compactness of the soil in the test tubes has ret . 

cooling and therefore increased the effectiveness of the heat. As was 

case with the flagellates 62° in series III is probably equivalent to abo 
in series I and II. 

The remaining experiments which have been carried out with the 
bae are concerned with a pure culture of a form very common in b 

meal and Om e l i a n s k i's cellulose solutions (Table 12). 
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Table 12. 

sperature 
> which 
heated 
00 

I. .5 % Bloodmeal (filtered) 
-I- .05 % K2HPO4 in test tubes, 
inoculated with amoeba cysts, hea- 
ted, inoculated with protozoa -free 
culture from original cyst culture 

Incubation period 30 days 
A. B. 

II. 1 % Bloodmeal (filtered) 
{ K2HPO4 in test tubes, inoculated 

with amoeba cysts, heated, inocu- 
lated with protozoa -free culture 

from original cyst culture 
Incubation period 25 days 

A. B. 

60° 
62° 
64° 
66° 
68° 
70° 
72° 
740 

+ 

+ 
+ 
+ 
+ 

-I- 
+ 

+ 
+ 

The results obtained in this instance are most satisfactory and show 
death point of the amoebae to be 720. Here too it is to be noted that the 

'elopment from the heated cysts was very rapid, practically the whole 
the protozoa, still alive, having excysted within about 3 days. 

2. Effect of Heat upon Active Forms. 
In this section of the work the first difficulty encountered was that 

Dbtaining cultures quite free from cysts. One could never be quite sure 
t, on making a sub -culture on to fresh medium, the whole of the protozoa 
ild at once excyst. It was therefore thought advisable to abandon long 
iods of incubation and to deal only with cultures containing sufficiently 

numbers of protozoa to allow of satisfactory microscopic examination. 
method of procedure was either to divide a culture showing large 

abers of active forms into small portions and employ these for the ex- 
iments or to make a number of sub -cultures and allow them to excyst 

multiply till a sufficient number of organisms for microscopic exami- 
ion was present. In all cases the cultures used were examined imme- 
ely before heating and only those employed which showed a sufficiently 
serous fauna. After heating they were allowed to settle for about 1/2 hour 

again submitted to microscopic examination. 
The experiments were divided into t h r e e group s: mixed cultures 
flagellates, mixed cultures of ciliates and the amoeba 

B culture used for the work on the effect of heat on the cysts. In the 
of f 1 a g e 11 ate s from bloodmeal solution the death point was found 

le 44° C.: this was confirmed after 24 hours. A similar result was obtained 
i flagellates from G i l t ay solution. Active cilia t es from blood- 
,' solution were killed by a temperature of 540 C. The death point of the 
ve amoebae in the pure culture above referred to was found to be 
C. 

3. Summary. 
The results obtained in the experiments described in this section are 
marised in Table 13. 
weite Abt. Bd. 39. 39 
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Table 13. 
Death point of active and encysted protozoa. 

Active forms Cysts 

Flagellates 44° C 70-72° C 
Ciliates 54° C 72° C 
Amoebae 48° C 72° C 

In the case of the cysts the figures obtained are quite constant for 

three forms of protozoa examined. The active forms however show m 

differences in their power of resistance and it is note worthy that the 1 

appears to be roughly in proportion to the average size of the individ 
The results show quite a marked difference between the powers o 

sistance to heat of the cysts and the active organisms - a difference a 

events quite large enough to allow of the selection of an intermediate 
perature which will kill all active forms but leave the cysts uninjured. 
the fixing of this temperature, however, the retarding effect which hea 

had upon excystation in these experiments must be kept in mind. It 

therefore, be advisable to take a temperature as little above the death 
of the active ciliates as is absolutely necessary to ensure the killing of 

organisms. Probably a temperature of 58 -60° C would be suitable for 

purp ose. 
It is interesting to compare these results with those obtained by B 

sell and Hutchins o n1) in their experiments on the effect of y 

temperatures on the "limiting factor" in soil. It was found that a tempe 
of 55 ° -60° C was required to extinguish this injurious factor. This 
perature is considerably lower than that required to destroy the cysts of 

tozoa as determined here. But it must be borne in mind that R u s 

and Hutchins on worked with soil and that the latter would cool 
more slowly than liquid cultures. A temperature of 55 ° -60° C in soil1 
therefore be as effective as a much higher temperature (probably 65- 
in solutions. 

With regard to the question of the effect of the protozoa -free e 

no definite pronouncement can yet be made. Sometimes this method of 

ment appeared to be beneficial: sometimes its effect seemed to be inj 
More work will require to be done on this subject before it can be 
recommended or condemned. 

1) Journ. of Agric. Sc. Vol. V. 2. p. 152. 
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I. INTRODUCTION. 

THE work discussed in this paper is a continuation of that described 
in a previous communication to the Centralblatt für Bakteriologiel. 
Unfortunately it has been found impossible to bring all the problems 
taken up to a satisfactory conclusion in the time available. And as, 
owing to unforeseen circumstances it is necessary, for the present at 
least, to leave this subject, the results so far as they have been arrived 
at are brought together in this publication and the lines on which it 
had been intended to work are indicated. It is hoped, however, that 
an opportunity of continuing this work on the soil Protozoa may 
present itself at some future date. 

The points which will be dealt with here are: 
The dilution method and its application to the enumeration of protozoa 

in soils. 
The effect of protozoa on the numbers of bacteria in ammonifying 

solutions and on ammonification in solution tests. 
The effect of inoculations of protozoa on the bacterial content of 

partially- sterilised soils. 

II. THE DILUTION METHOD. 

The dilution method has already been applied to the enumeration 
of protozoa in soils by Rahn2. He used as media peptone and sugar 
solutions incubated for 7 -14 days. The dilutions were made in the 
usual way and at the end of the incubation period the cultures were 

i Centralbl. f. Bakt. Abt. n. Bd. 39, pp. 696 -610. 
2 Ibid. Bd. 36, p. 419, 

Journ. of Agrio. Sci. vu 4 
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submitted to microscopic examination. As a result of his work he 
found that drying the soil caused a reduction in the numbers of protozoa 
and that this reduction was first noticeable in the case of the amoebae. 
Killer' also used the dilution method, with a number of the solutions 
employed for cultivation of soil bacteria as media. 

The method employed in these experiments is in principle the same 
as that generally applied in bacteriological work. Four parallels in 
each dilution are used. The medium is soil extract (prepared as 

described. in Löhnis' Praktikum, p. 118, but undiluted) + 1 % K2HPO4 
in 1 c.c. quantities in small test- tubes. To each tube 1 c.c. of the 
dilution -water is added, so that the medium, so far as the protozoa are 
concerned, is ordinary soil extract + .05 % K2HPO4. But, if the 
dilutions are put up simply as above described, it has been found that 
the multiplication of the protozoa after excystation is rather slow and 
the microscopic work as a consequence is very tedious. It has been 
observed that inoculation of the soil extract with a protozoa -free 
culture of bacteria, prepared from a bloodmeal culture as described in 

the previous paper (p. 604), hastens the multiplication of the protozoa. 
The. microscopic work is thus considerably facilitated. The procedure 
is to inoculate the soil extract with the protozoa -free culture and 
incubate for two days before inoculation from the dilutions. 

Subsequent work on the effects of moisture, etc. on the protozoal 
content of soils has shown that the dilutions 100, 1000, 10,000, 100,000, 
etc., are not close enough to bring out differences due to the treatment 
of the soils. It has, therefore, been found necessary to employ closer 
dilutions. Those used are, for example, 100, 300, 500, 750, 1000, 
3000, 5000, etc. 

When now the method is applied to the enumeration of protozoa 
in soils, it is found that the results are rather irregular. Up to a certain 
dilution all four parallels in each case give positive results. Then in 

the next three or four dilutions 1 -3 of the parallels in each are positive, 
the remainder negative. Table 1 shows a typical case. The figures 
given in the columns indicate the number of parallels showing positive 
results. 

It will be observed that after five days' incubation the development 
is regular up to and including 5000 with single positive results in each 
of the next four dilutions. On incubation for a further period of 25 

days the regular development stage is pushed forward to the 10,01111 

dilution. But beyond this irregularities still remain. From the point 
' Centralbl. f. Bakt. Abt. u. Bd. 37, p. 521. 
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of view of regularity, therefore, the 30 days' is no better than the five 
days' period, although it gives a slightly higher result. But 30 days 
is as long an incubation period as could be conveniently adopted and 
consequently it was not considered advisable to investigate the effects 
of a longer period. And, as five days' incubation gives as satisfactory 
results as 30 days, the former has been adopted in subsequent work. 
The question of the higher results obtained after 30 days need not 
be considered in view of the much greater convenience of the shorter 
period. In any case the dilution method, here as with bacteriological 
work, gives only relative, not absolute results. The whole of the 
protozoa in soils do not develop in soil extract. 

Incubation 
period (22° C.) 

5000 

5 days 4 
12 4 
30 4 

TABLE 1. 

Dilutions 

7500 10,000 30,000 50,00 

1 1 1 1 
3 3 2 2 
4 4 3 2 

0 75,000 

o 
o 
2 

With a view to obtaining more regularity in the results some slight 
modifications of the method were tried. In the dilution method, as 
used in bacteriological work, the addition of small quantities of sterile 
soil to the medium is found to have a beneficial effect on the growth 
of the soil bacteria. It was thought that the same might apply to the 
protozoa but this has not proved to be the case. Indeed, the use of 
sterile soil results in a much slower excystation of the protozoa and 
no improvement as regards regularity. The retardation of excystation 
is probably due to the extraordinarily beneficial effect which the soil 
has on the growth of the protozoa -free culture before the inoculation 
with protozoa. It has frequently been observed that the development 
of protozoa in a medium containing exceptionally large numbers of 
bacteria is considerably hindered. In a further experiment the inocu- 
lation with protozoa -free culture was omitted, only sterile soil being 
added. The results obtained were very low and quite as irregular as 
in the previous case. 

The effect of the reaction of the medium was next tested. But 
soil extract + chalk as well as soil extract + 01 % hydrochloric acid 
and soil extract + 01 % caustic potash effected no improvement with 

4-2 
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regard to the regularity of the results. The ordinary soil extract 
I 1 % K2HPO4 + protozoa -free culture was therefore used in all 

subsequent work and the last dilution in which all four parallels gave 
a positive result after five days' incubation at 22° C. was adopted (quite 
arbitrarily, of course) as the protozoal content of the material examined. 
In all cases the results are given as numbers per gram of soil. 

With regard to the cause of the irregularity in the development in 

the dilutions, it is most probably to be explained on the supposition 
that the protozoa adhere very readily to the soil particles. It is 

exceedingly likely that the amoebae in particular may be carried over 
from dilution to dilution in this way. 

In the last. paper, 58° C. was suggested as a temperature which 
would kill off all active soil protozoa capable of development on soil 

extract and so allow of a distinction being drawn between active and 

encysted forms. This temperature has been adopted in combination 
with the dilution method already described. Two sets of dilutions 
are generally made, the first with the untreated soil, the second with 
the soil after heating to 58° C. The heating is generally carried out 
in the 100 dilution. 

TABLE 2. 

Sample A 

Dilutions 

7500 750 1000 3000 5000 

Total Nos. . 4 4 2 2 2 
After heating to 58° 4 3 1 0 0 

Sample B 100 300 500 750 1000 

i 
Total Nos. .. 4 4 4 4 3 
After heating to 58° 4 4 3 2 , 2 

As a result of further work it appears probable that a temperature 
of. 58° C. kills a number of the encysted protozoa in addition to the 
active forms. Thus, for example, it has been found that pure cultures 
of certain flagellate and ciliate cysts do not excyst after being heated 
to 58° C. and subsequently brought into fresh media. The results of 

some experiments on the effect of drying on the protozoa may also he 

cited in this connection. Two samples of soil were allowed to dry at 
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22° C., A for nine days, B for 16 days. Protozoa counts were then 
made as above described. Table 2 shows the results. 

In these cases as a result of drying one would naturally expect at 
least a certain number of the protozoa to encyst and the total numbers 
to be equal to those obtained after heating to 58°C. provided the latter 
treatment had no injurious action on the cysts. But in both cases 
the heating appears to have destroyed a number of the encysted 
organisms. In the first case the distinction is small but in the second 
it is considerable. 

In order to obtain further evidence on this point the effect of treat- 
ment with caustic potash on cysts and active forms was examined. As 
a preliminary experiment soil extract cultures of protozoa showing 
numerous active and encysted forms were treated for varying lengths 
of time with equal quantities of a 5 % caustic potash solution, so that 
the concentration of the alkali in the cultures was .25 % . At the end 
of the period of treatment a drop of phenolphthalein solution was 
added to each culture and the potash neutralised with dilute lactic 
acid. The cultures were allowed to settle for half -an -hour and then 
examined microscopically. After five days' incubation at 22° C. they 
were examined once more. The results are given in Table 3. + indi- 
cates the presence of active organisms. 

TABLE 3. 

Interval 
since 

Neutralisation 

Controls 
(with addition of 
phenolphthalein) 

1 minute 
A B A B 

Potash allowed to act for: 

1 hour 
A B 

4 hours 
A B 

Half hour 
Five days 

+ + 
+ + + 

The treatment with potash killed all active protozoa but left the 
encysted uninjured and the latter were able to excyst within five days. 

The treatment with .25 % potash for one hour was applied in the 
dilution method. Dilutions were made from a sample of soil, in the 
one case after the soil had been heated to 58° C. in the 100 dilution, 
in the other after it had been treated with .25 % potash for one hour, 
also in the 100 dilution. Table 4 shows the results. 

Here it will be observed that the heat has had a more drastic action 
on the cysts than has the potash. It appeared possible that this 
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distinction might be due to the adsorption of some of the potash by 
the soil. It was found, however, by titration of the remaining alkali 
with acid that, under the conditions of the above described experiments, 
only 10 -15 % of the potash was put out of action, -a quantity quite 
insufficient to account for the difference in the results obtained. 

TABLE 4. 

Soil 

500 

(1) Heated to 58° D. 
(2) Treated with 25 % KOH 

for one hour .. 

4 

4 

Dilutions 

750 1000 

1 2 

4 3 

3000 5000 

2 

0 

3 

From these experiments, therefore, it seems highly probable that 
heating to 58° C. kills a considerable number of the encysted protozoa. 
But it has been shown that heating to 58° C. is absolutely necessary 
if one wishes to make sure of killing off all active forms (particularly 
ciliates). From what has been said it is evident that it is impossible 
to fix upon a temperature which will destroy all active protozoa in soils 
and leave the cysts perfectly uninjured. This was only to be expected. 
In the case of the bacteria the power of resistance to heat of the active 
forms varies enormously and sometimes even surpasses that of the 
spores of less resistant species. The same remark would appear to 

apply to the protozoa. Further, it must be remembered that during 
a period of encystation or encystation of a particular species it is quite 
impossible to draw a hard and fast distinction between cyst and active 
form. And it is obvious that the various transition forms encountered 
in such cultures must have very varied powers of resistance to heat. 
Any temperature selected for the purpose of distinguishing active 
protozoa from cysts must therefore be of an arbitrary nature. And 

as it is better to select a temperature which will kill all active forms 
even if it does injure some of the cysts, rather than one which will leave 
the cysts unharmed and also probably some of the active forms alive, 

the continued use of 58° C. seems to be justified. This view is supported 
by the results of experiments which will presently be discussed. It has 

been found that the numbers obtained by the dilution method after 

heating to 58° C. (referred to, later, as " Cysts ") show variations corre- 

sponding with variations in the treatment of the material. The method, 



ANDREW CUNNINGHAM 55 

therefore, yields useful results which, after all, is the best justification 
it can have. 

The results of the experiments on the effect of heat quoted above 
probably rather exaggerate its injurious action. In this connection 
three points must be kept in mind: 

(1) It must be remembered that in those cases in which the 
cysts failed to excyst after heating to 58° C. pure cultures were dealt 
with. In the results of experiments on the effect of heat on cysts, 
described in the previous paper, the thermal death point of the most 
resistant cysts found in soil is given as 72° C. This does not, however, 
exclude the possibility of the presence of forms with less resistant 
cysts. 

(2) In the experiments on the effect of drying, the desiccation 
itself may have had an injurious action on the cysts and as a conse- 
quence may have rendered them a more easy prey to the injurious 
influence of the heat. 

(3) In the potash experiment, protozoa which had been culti- 
vated on an artificial medium (soil extract) and thus probably rendered 
less resistant, are dealt with. 

III. THE OCCURRENCE AND ACTIVITY OF PROTOZOA IN SOILS 

AS INDICATED BY THE DILUTION METHOD. 

The relative occurrence of the flagellates and amoebae in soil is 
indicated in Table 5. 

TABLE 5. 

Dilutions 3000 5000 7500 10,000 

Parallels 

F= flagellates 
A= amoebae j 

A B C D 

F FFAF 
A B C D 

FA FA F F 

A B C D 

FA F F F 

A B C D 

F FA F F 

Dilutions 30,000 50,000 75,000 100,000 

Parallels A B C D 
F= flagellates) 

F F - F A= amoebae 

A B C D 

F - - - 
A B C D 

- - F 

A B C D 

F - - - 
The flagellates are seen to occupy first place. The amoebae are 

rather fewer in number but this may be due to the fact that they are 
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rather sensitive to the presence of members of the other groups and 
are probably to some extent suppressed by them in the cultures. The 

ciliates are always present in much smaller numbers. They are rarely 
seen in dilutions exceeding 100. But the appearance of the various 
groups in particular dilutions cannot be considered as giving any very 
sure indication of the relative occurrence of protozoa in soils. 

To the question as to whether the protozoa lead an active life in 

soil, it has been shown that the action of heat combined with the 
dilution method does not give a definite answer. That question, 
however, is answered in the affirmative by the results of experiments 
which will now be discussed. 

(a) The Effect of Temperature. 

(i) On the number of p'rotozoa in soils. For these experiments some 
garden soil was passed through a 2 mm. sieve and placed in an ordinary 
porous flowerpot. The moisture content was determined and adjusted 
to 70 % of the water -holding capacity of the soil. It was kept at this 
degree of moistness by watering with boiled water every day during 

TABLE 6. 

Total Numbers 

Dilutions 

7500 10,000 30,000 50,000 75,000 

In original soil .. 4 4 2 - - 
After 9 days at 5-7° C. 4 4 3 1 1 

After further 7 days at 22° C. 4 4 4 3 2 
After further 7 days at 30° C. 4 4 3 2 0 

Cysts 500 750 1000 3000 5000 

In original soil .. 4 4 3 2 - 
After 9 days at 5-7° C. 4 4 4 1 2 
After further 7 days at 22° C. 4 4 4 2 2 
After further 7 days at 30° C. 4 4 3 4 3 

the course of the experiment. The total numbers of protozoa and 
cysts growing on soil extract were determined by the method described 
above, immediately after the first adjustment to 70 % W.H.C. The 
pot was kept in succession for nine days at 5 -7° C., for seven days 
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at 22° C. and for seven days at 30° C., determinations of total numbers 
of protozoa and cysts being made before each change of temperature. 
Table 6 shows the results. 

It will be noted that after nine days at 5 -7° C. practically no change 
from the original numbers is observed. This is as was to be expected, 
for the temperature was about the same as that to which the soil had 
been exposed in the garden and the only change in the conditions was 
that the soil in the flowerpot had received about 3 % more water 
than was present in the plot from which it was taken. But after a 
period of seven days at 22° C. quite a considerable increase in the total 
mimber has taken place while the cysts have remained practically 
stationary. Exposure to a temperature of 30° C. for seven days has 
caused a fall in the total numbers but a distinct rise in the number of 
cysts. The fall in the total numbers is readily explained when one 
bears in mind that certain of the soil protozoa in active form are killed 
by a temperature of 25° C. Dofleinl refers to the work of Grosse - 
Allermann who showed that Amoeba terricola (Greef) is killed after a 
few hours at 25° C. But apart from this 30° C. is evidently too high 
a temperature to allow of the activity of quite a number of the protozoa 
in soils as is shown by the increase in the number of cysts. As the 
result of these experiments, therefore, a temperature in the neighbour- 
hood of 22° C. seems to be the most suitable for the activity of the 
majority of the soil protozoa. 

But although 22° C. is the optimum for the majority of the protozoa 
in soils, it does not exclude the possibility of the presence of other 
organisms adapted to higher temperatures. In order to try to throw 
some light on this point a further experiment was undertaken. The 
protozoal content of a sample of soil which had been saturated with 
water and kept for eight days at 22° C. was determined. The soil 
was then placed in the 30° C. incubator for 38 days, during which time 
it was kept saturated with water. Determinations of the numbers of 
protozoa in the soil after eight and 38 days respectively were made. 
For all three determinations quantities of the soil corresponding to the 
same dry weight were employed so that the figures in Table 7 are 
comparable. 

A fall in the total numbers of protozoa is observed after eight days 
at 30° C. as was to be expected from the results given above. But 
later the organisms which are adapted to the higher temperature show 
a marked increase in numbers. It is evident, therefore, that soil 

1 Lehrb. d. Protozoenkunde, p. 319. 
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contains protozoa adapted to a temperature of about 30° C. and that 
these become active when the conditions are favourable for their 
growth. 

TABLE 7. 

Total Numbers 

10,000 

After 8 days at 22° C. .. 
After 8 days at 30° C. .. 
After 38 days at 30° C. .. 

4 
4 
4 

30,000 

Cysts 300 

4 
1 

4 

500 

Dilutions 

50,000 75,000 100,000 

3 
2 
4 

2 
2 
2 

1 

1 

750 1000 3000 

After 8 days at 22° C. .. 
After 8 days at 30° C. .. 
After 38 days at 30° C. .. 1 

4 
2 

3 
2 

3 
1 

2 

2 
2 
0 

(ii) On the kind of protozoa in soils. Observations on cultures 
(chiefly bloodmeal solutions + K2HPO4) of soil protozoa kept at various 
temperatures have yielded some interesting results. In such cases at 
temperatures below 8° C. flagellates only have been observed. These 
appear to multiply much more rapidly at the low temperature than 
they do at 22° C., for example, and they continue for a much longer 
period in the active form. In cultures kept at 22° C. flagellates, ciliates 
and amoebae may all be present. At 30° C. on the other hand the 
fauna of culture solutions consists practically entirely of ciliates. A 

few flagellates are 'sometimes observed at first. At 38° C. few protozoa 
develop. Only amoebae have been observed. These points are of 

importance from the point of view of securing pure cultures of the 
respective groups. 

As to the effect of temperature on the kind of organisms leading 
an active life in soil, little definite information has been obtained. 
Ciliates (in addition to flagellates) have been observed directly under 
the microscope in droplets taken from the surface of a saturated soil 
kept at 30° C. The forms seen belonged to the genus Balantiophorus. 
Such organisms may, therefore, be of importance in sewage and water- 
logged soils during hot summer weather in temperate climates and also 
in the rice -fields of tropical countries. 
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(b) Effect of Moisture. 

(i) On the number of protozoa in soils. In the following experiments 
the temperature was kept constant at 22° C. 

Experiment I. The water content of a sample of garden soil 
was adjusted to 70 % of its water -holding capacity and a determination 
of the number of protozoa present was made by means of the dilution 
method. The sample was divided into three portions. In the first 
case 10 grams of the soil was placed in a petri dish. The lid was kept 
raised so as to allow of evaporation of moisture but prevent contamina- 
tion from the air. The second portion consisted of 30 grams of soil, 
also in a petri dish. This sample was saturated with water and the 
lid allowed to remain in position to prevent evaporation as much as 
possible. The third portion consisted of the remainder of the sample 
in a flowerpot covered with cotton -wool to minimise evaporation but 
allowing free access of air. The first portion was allowed to dry for nine 
days, the second was kept saturated for eight days, while the third 
was kept at 70 % w.H.c. for seven days. At the end of these periods 
a determination of protozoa was made for each portion. In the case 
of the dry and saturated samples quantities corresponding to one gram 
of the 70 % sample were taken for the dilutions. The results are 
shown in Table 8. 

TABLE 8. 

Total Numbers 
in 

Dilutions 

1000 3000 5000 7500 10,000 30,000 50,000 

Original sample .. 
Dried sample 
70 % W.H.C. sample 
Saturated sample 

4 4 4 
4 2 2 
4 4 ' 4 
4 4 4 

4 4 
2 0 

4 4 
4 4 

2 
1 

4 
4 

3 
3 

Cysts in 300 500 750 

Original sample .. 
Dried sample 
70 % w.H.c. sample 
Saturated sample 

4 

4 

1000 3000 5000 

4 

4 

4 
4 
4 

3 2 
3 1 

4 2 
3 2 

0 
2 
o 

7500 

0 
1 

1 

The effect of drying is seen in the reduction of the total numbers. 
The 70 % and saturated samples have given the same increase. The 
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cysts show practically no change as a result of the variations in the 
treatment. 

Experiment II. In this case the original sample was divided 
into two portions. One was allowed to dry for nine days : the other 
was kept saturated for seven days. Bacterial counts were also made 
on the samples, agar at 22° C. being used as medium. Otherwise the 
procedure was the same as in Experiment I. Table 9 shows the 
results. 

TABLE 9. 

Total Numbers 
in 

Dilutions Bacteria 
(millions 

per 
750 1000 3000 5000 7500 10,000 gram) 

Original sample .. - - 4 2 2 13.95 
Dried sample .. 4 3 2 2 - - 6.90 
Saturated sample - 4 4 3 3 5.20 

Cysts in 100 300 500 750 1000 3000 

Original sample .. 4 1 2 1 

Dried sample .. 3 2 3 1 0 
Saturated sample - 1 1 2 2 0 

Drying has again resulted in a reduction in the number of protozoa 
while the saturation of the soil with water has produced a slight increase 
in total numbers and a very decided decrease in the number of cysts. 
The bacterial content has in both cases fallen considerably and it is 
noteworthy that from the saturated soil more bacteria have disappeared 
than from that which has been exposed to drying. But the conditions 
in the saturated soil cannot be regarded as very unfavourable for 
bacterial growth, for the layer of soil and water is quite a thin one 
(about I inch). 

Experiment III. The plan in this case was similar to that 
adopted in Experiment I, but bacterial counts on agar at 22° were 
added. The dried soil was kept for 16 days : the 70 % sample for 
15 days and the saturated sample for 14 days. Table 10 contains the 
results. 

Here the drying has caused no decrease in the total numbers of 
protozoa. The latter appear all to have been able to encyst before 
the soil became too dry for active life. This view is supported by the 
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TABLE 10. 

Total Numbers 
in 

Dilutions Bacteria 
(millions 

per 
gram) 750 1000 3000 5000 7500 10,000 

Original sample .. 4 3 2 1 1 0 8.1 
Dried sample 4 3 - - - - 3.1 
70 % w.x.c. sample 4 4 4 3 1 2 0.4 
Saturated sample 4 4 4 4 4 4 0.7 

Cysts in 50 100 300 500 750 1000 

Original sample .. 0 1 0 0 0 0 
Dried sample 4 4 4 3 2 2 
70 % W.H.C. sample 3 2 0 0 0 0 
Saturated sample 3 1 1 0 0 0 

fact that the cysts have shown a marked increase in the dried sample. 
Very decided increases in total numbers are observed in the 70 % and 
saturated samples, especially the latter. The fall in the bacterial 
content of the 70 % and saturated samples is not so marked in this 
instance as it was in the case of the saturated sample in Experiment II. 
This is probably due to the fact that the protozoal activity had reached 
its maximum before the counts were made as is indicated by the increase 
in the number of cysts. The same cause has probably resulted in an 
obliteration of any difference, which might have been expected, in the 
bacterial contents of the 70 % and saturated samples as a result of 
the difference in the protozoal content of the latter. 

Experiment IV . The 70 % sample, after use in Experiment III, 
was employed as the starting point in this experiment. The samples 
to be dried and saturated respectively were taken from it and the 
remainder was kept for a period of 12 days at 70 % w.H.c. The 
dried sample was kept for 14 days, the saturated sample for 12 days, 
and bacterial and protozoal counts were made for all three samples 
as in the last experiment. The results obtained are given in Table 11 

Drying has, in this instance, lowered the numbers of protozoa 
present, while the cysts again remain considerably behind the total 
numbers. The 70 % sample is, at the end of the experiment, in 
practically the same condition as it was at the beginning. It is obvious, 
therefore, that the protozoa in the sample had reached the maximum 
of their activity during the course of the preceding experiment. Thus, 
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these results confirm those of Experiment III. The saturated sample 
in Experiment IV has again shown a great increase in the numbers of 

protozoa. 

TABLE 11. 

Total Numbers 
in 

500 

- 
4 

- 

750 

4 
3 

Dilutions 

1000 

4 
1 

4 

3000 5000 

Original sample 
Dried sample I 

70 % w.u.c. 
sample 

Saturat'd s'mple, 

4 
2 

3 
4 

3 - 
3 
4 

Cysts in 50 100 300 500 750 

Original sample 3 ' 2 0 0 0 
Dried sample 

70 % w.u.o. 
sample 

- 
2 

3 

' 3 

1 

1 

1 0 

0 

Saturat'd s'mple 2 i 3 1 0 

Bac- 
' teria 

7500 ¡10,000 30,000!50,000. 

1 - 2 - 
2 
4 

- - 
3 
4 

- 
- 

4 

64 
38 

8.0 
7'2 

1000 3000 

0 0 

The increase in the bacterial content of the saturated sample as 

compared with the bacterial content of the 70 % sample at the beginning 
of the experiment is again probably due to the protozoal activity having 
passed its maximum. The increase in the bacterial numbers in the 70 % 

sample during the course of the experiment was only to be expected 
from what has already been deduced. 

(ii) On the kind of protozoa in soils. In the cultures made from the 
dilutions, considerable variations are to be observed in the kind of 

organisms obtained from saturated, 70 % w.a.c. and dry soils. In 
cultures from saturated soils practically only flagellates are found. 
The 70 % and dried samples on the other hand yield amoebae in 
addition to flagellates. Ciliates are seldom seen in any of the cultures. 
It seems highly probable, therefore, that the flagellates may require 
a rather moist medium for the unfolding of their activities. The 
amoebae appear to prefer a somewhat drier soil. But it is possible 
that they may also lead an active life in saturated soils but may be 

suppressed in the cultures by the flagellates which are present in large 
numbers in such soils. 
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To summarise the results of these experiments on the effects of 
temperature and moisture on the soil protozoa : -It has been shown 
that some, at least, of the protozoa in soils lead an active life and are capable 
of multiplying to quite a considerable extent when the conditions become 
favourable. It is also very probable that those protozoa which do lead an 
active life in soils (as indicated by the dilution method) are capable of 
limiting the numbers of bacteria present in the latter. But this point 
still requires some elucidation. 

IV. THE INFLUENCE OF PROTOZOA ON THE NUMBERS OF 

BACTERIA DEVELOPING IN AMMONIFYING SOLUTIONS. 

In order to obtain some information on the capacity of soil protozoa 
for destroying bacteria in solutions, it was thought necessary to have 
a method of suppressing the former. In the literature one finds that 
P. T. Müller' employed Saponin for this purpose, in connection with 
his investigations on the protozoa of swimming- baths. The concen- 
tration used was 5 % and it is stated that this had no injurious action 
on the bacteria. 

The use of Saponin was, therefore, applied to ammonifying solutions 
inoculated with soil. 1 % bloodmeal in water was heated to one and 
a half atmospheres in the autoclave and filtered. 05 % K2HPO4 was 
added and 100 c.c. of the solution sterilised. After cooling this nutrient 
solution was inoculated with 5 grams of garden soil and incubated for 
18 hours at 22° C. The bacterial content of the solution was determined 
(agar, incubated at 22° C., has been used as medium for bacterial counts 
all through this section and the results are stated in the tables as millions 
per c.c.). The solution was divided into two equal parts in small sterile 
flasks and one portion received 5 % saponin. Plates were poured from 
both portions at the intervals indicated in Table 12. 

The active protozoa present were counted by the microscopic 
method. The immediate effect of the saponin is seen in the depression 
in the numbers of bacteria in the solution. This, however, does not 
last long. After 24 hours the protozoa developing in the solution without 
saponin begin to exercise a decided depressing effect on the number 
of bacteria and this has continued throughout the experiment. But 
the contrast between the bacterial contents of the two portions is 
doubtless somewhat minimised - because the saponin has failed to 
suppress entirely the protozoa. 

' Arch. f. IIvg. Bd. 75, 1912, p. 321. 
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TABLE 12. Bacterial Content of solution before division = 2.6. 

Time since 
division 

of 
solution 

Solution with saponin Solution without saponin 

Bacteria (c.c.) Protozoa (c.c.) Bacteria (c.c.) Protozoa (c.c.) 

1 hour 
3 hours 
6 

24 
4 days 

10 

20 

30 

4.55 
9.05 

12.90 
75.00 

100.00 

68.00 

220.00 

260.00 
1 

400 F 

200 F and C 

1200 C 
400 A 

6.45 
12.80 
31.00 
56.00 

56.00 

26.00 

23.50 

14.90 

400 F 
f 15,000 F 

1000 C 
f 200 F 

1 1200 C 

Under 200 

F = flagellates. C = ciliates. A = amoebae. 

After 10 days a clearing in the saponin solution set in which, taken 
in conjunction with the great increase in the bacterial content, appears 
to point to the decomposition of the saponin. In order to test this 
two equal quantities of filtered 1 % bloodmeal solution + K2HPO4, 

one of which contained 5 % saponin, were each inoculated with 1 c.c. 

of a protozoa -free culture of bacteria. Bacterial counts were made 
at the intervals shown in Table 13. 

TABLE 13. 

Time since 
inoculation 

Bacterial content of solution 

of 
solutions With Saponin Without Saponin 

1 day 185 185 
4 days 1250 1700 

10 2300 1050 
20 1600 650 

From the results here obtained it is very probable that the bacteria 
attack the saponin and that the resulting increase in bacterial numbers 
will exaggerate the destructive effect of the protozoa. A second 
disadvantage in the use of saponin is that at a concentration of .5 % 

it does not entirely suppress the protozoa. Higher concentrations have 
been tried but up to 3 % one can never be certain that the whole of the 
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protozoa will be excluded. It appears, therefore, that saponin is of 
little value for this purpose and its use has been abandoned. In the 
work described by P. T. Müller the action of the saponin was quite 
satisfactory. But it must be noted that water was employed as the 
medium, not a nutrient solution. 

Recourse was next had to the simple method of inoculation of the 
solutions with bacteria alone and with bacteria + protozoa. 50 c.c. 
quantities of 1 % bloodmeal solution. (filtered) + 05 % K2HPO4 were 
employed. One flask was inoculated with bacteria + protozoa from 
a culture of protozoa from soil, the other received as nearly as possible 
an equal inoculation from the same culture of bacteria alone. The 
method of inoculation was the single drop method already referred to. 
Table 14 shows the numbers of bacteria and protozoa developing in 
the solution. 

Time since 
inoculation of 
solution (days) 

1 

6 
10 

20 
30 

TABLE 14. 

A B 

Bacteria 
alone 

Bacteria + 

Bacteria 

Protozoa 

Protozoa 

Bacteria 
alone 

Bacteria + Protozoa 

Bacteria Protozoa 

10 

736 
625 

700 
370 

8 

505 
350 

270 
53 

65,000 F 
25,000 F 

15,000 F 
25,000 F 

Fewer than 
01 

860 
2100 

1120 
635 

03 

801 
1400 

49 . 

21 

C under 
200 

1600 C 
200 C 

It will be observed that in both experiments the solutions to be 
compared started with practically equal inoculations of bacteria and 
that the subsequent depression in the bacterial numbers is marked and 
runs more or less parallel with the numbers of active protozoa present. 
In Experiment B, after 20 days in addition to the 1600 ciliates given 
at least 50,000 cysts were counted. This accounts for the very rapid 
fall in the number of bacteria between the tenth and twentieth days. 
The results after 30 days indicate very clearly the destructive power 
of the protozoa. In A, flagellates only were present; in B ciliates only, 
and as was to be expected the results show that the latter are the more 
active in the killing off of the bacteria. 

Jonrn. of Agric. Sci. vii 5 
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This method of inoculation, although it has given quite good results, 
is not entirely satisfactory. The difficulty lies in the uncertainty as 

to whether the protozoa will develop after inoculation. This is probably 
due to the fact that the inoculum is very small compared with the bulk 
of the medium. The protozoa are thus forced to èncyst until the 

bacteria develop and during this process the bacteria very frequently 
appear to take the upper hand. 

Another method of inoculation was tried. The medium (4 % 

bloodmeal, unfiltered, + 05 % K21-1PO4 in 100 c.c. quantities in Erlen- 
meyer flasks) was inoculated from a protozoa -free bloodmeal culture, 
each flask receiving a loopful. After two days at 22° C. some of the 

flasks received in addition a loopful of a bloodmeal culture containing 
protozoa from soil, so that from the beginning they contained more 

bacteria than the protozoa -free cultures. The development of the 

protozoa was now much more regular. Bacterial counts were made 

after 10 and 20 days and the numbers of active protozoa were deter- 
mined roughly by the microscopic method. The results are shown 
in Table 15. 

TABLE 15. 

No. 
of 

Expt. 

After 10 days After 20 days 

Bacteria 
alone 

Bacteria + Protozoa 

Bacteria Protozoa 

Bacteria 
alone 

Bacteria + Protozoa 

1 480 
2 790 

4 530 

5 
1 

6 f 870 

260 
420 
440 
600 
480 
780 

30,000 F 
5,000 F 
5,000 F 

10,000 F 
25,000 F 
20,000 A 

167 
260 

510 

420 
1 

Bacteria Protozoa 

156 10,000 F 
358 0 
235 All encysted 
320 All encysted 

90 60,000 F 
150 All encysted 

Quite a marked reduction in the bacterial numbers is obtained as 

a result of the presence of the protozoa in all six experiments. The 
reduction is, however, somewhat variable and even varies during the 
course of the individual experiments. In 2, for example, although the 
protozoa have caused a great reduction in the numbers of bacteria 
after 10 days, after 20 days the number of bacteria in the protozoa 
culture is actually higher than in the protozoa -free culture. The 
protozoa present in this case were large flagellates. But after 20 days 
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no traces of protozoa, active or encysted, could be found. The protozoa 
had probably died off without encysting and then been attacked by the 
bacteria. This view receives support from the frequent observation 
in ammonifying solutions of protozoa, showing absolutely no signs of 
life but yet without any traces of a cyst membrane surrounding them. 
It is quite probable, therefore, that some species of protozoa die off 
without being able to encyst when the concentration of ammonia or 
other products of the activity of bacteria reaches a particular level. 
Their bodies would then be a ready prey to the attacks of bacteria 
and the latter might increase in numbers as a consequence. 

The reductions in the numbers of bacteria as obtained in these 
experiments are on the average smaller than those given in Table 14. 
But it must be remembered that the bacterial content of the protozoa 
cultures at the beginning was in all cases larger, probably often much 
larger, than that of the protozoa -free culture. The only satisfactory 
method for securing comparable results, therefore, is the inoculation 
of equal numbers of bacteria from a protozoa culture in the one instance 
and from a protozoa -free culture (prepared from the protozoa culture) 
in the other, on to fresh media and the determination of bacterial 
numbers in both solutions at intervals. 

The results given in this section prove conclusively that the soil protozoa, 
in solutions at all events, exercise a very decided limiting effect on the numbers 
of bacteria. The question of the relative activity in this direction of the 
three main groups of protozoa fagellates, ciliates and amoebae-remains 
to be investigated. 

V. THE INFLUENCE OF PROTOZOA ON AMMONIFICATION 

IN SOLUTION TESTS. 

As a preliminary experiment in this direction, the quantities of 
ammonia produced in some of the cultures used in the last section 
were determined. The conditions in these cultures may be briefly 
recapitulated. Each culture contained 4 grm. bloodmeal -}- .05 grm. 
K2HPO4 in 100 c.c. water. After sterilisation in the autoclave at two 
atmospheres pressure, each was inoculated with one loopful of a pro- 
tozoa -free bloodmeal culture and incubated for two days at 22° C. 
Some of the cultures then received each one loopful of a bloodmeal 
protozoa culture from soil. At the end of the incubation period (20 
days at 22° C.) all were distilled with magnesia and the ammonia 
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evolved determined (see Table 16, which gives the results after deduc- 
tion of controls). 

TABLE 16. 

Number of 
Experiment 

Mgs. nitrogen as ammonia in culture containing 

Bacteria alone Bacteria + Protozoa 

1 
2 
3 
4 
5 
6 

Ì 

21.4 
20.6 

19.6 

19.7 

21.3 
19.4 
17.5 
18.3 
18.0 
19.0 

From the results of the bacterial counts (Table 15) one would 
naturally expect that ammonification would be depressed in presence 
of the protozoa. But the protozoa cultures have given an ammoni- 
fication figure only slightly lower than that obtained in the protozoa -free 
cultures. The difference is comparatively insignificant. When the 
conditions prevailing in these experiments are kept in mind it seems 
probable that the higher original bacterial content of the protozoa 
cultures may account for the unexpectedly high ammonification number 
obtained from them. It is probable that the ammonification in the 
protozoa cultures, before development of the latter organisms, may 
have been very rapid -so rapid that the subsequent fall in bacterial 
numbers and consequent ammonifying power has been only just capable 
of neutralising it. 

The only satisfactory method of deciding the matter seemed to be 

the inoculation of equal numbers of bacteria into solutions with and 
without protozoa. The microscopic method of counting bacteria was 

employed for this purpose. But in the case of these bloodmeal solutions 
the method was rather uncertain in its results, because of the difficulty 
in distinguishing the smaller species of bacteria from fine particles of 

bloodmeal, etc. The numbers of bacteria counted in the solutions, 
as a result of plating on agar, showed wide differences from those given 
by the microscopic method. In the first set of experiments the solu- 

tions were inoculated from bloodmeal cultures of protozoa + bacteria 
and bacteria alone, respectively. The inoculations of bacteria were 

arranged by the microscopic counting method so as to be approximately 
equal. The counts on agar at 22° C. indicated, however, that the 
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protozoa -free cultures had each received about 353 millions, the 
protozoa cultures on the other hand 440 millions of bacteria. The 
solutions employed were similar to those used in the last experiment. 
It was found advantageous to incubate all the cultures for two days 
with equal inoculations of protozoa -free culture before inoculation with 
bacteria or bacteria + protozoa as the case might be. The solutions 
were incubated for a total period of 20 days, from the first inoculation, 
at 22° C. The protozoa were present in observable numbers in two 
days after inoculation -i.e. four days from the first inoculation with 
bacteria. The ammonia was determined by distillation with magnesia 
and the results so obtained (after deduction of controls) are shown in 
Table 17. 

TABLE 17. 

Number of 
Experiment 

1 

2 
3 
4 
5 

Mgs. nitrogen as ammonia in solution containing :- 

Bacteria alone 

19.3 
21.2 

Bacteria + Protozoa 

J 

15.3 
16.4 
14.3 
15.2 
15.7 

In spite of the fact that the protozoa cultures started out with an 
inoculation of 87 millions or about more bacteria than the protozoa - 
free cultures, they give a markedly lower figure for ammonification. 
The averages are, for the protozoa -free cultures 20.3 mg. N, and for 
the protozoa cultures 15.4 mg. N. This difference lies well outside the 
limits of experimental error. 

In the last experiment which it has been possible to carry out in this . 
direction, the bloodmeal cultures were inoculated, as above described,. 
with 580 millions bacteria and 480 millions bacteria + protozoa (as 
indicated by counts on agar at 22° C.). The conditions were otherwise 
the same as in the previous experiment. The quantities of ammonia 
produced in the cultures after 20 days at 22° C. are shown in Table 18. 
(Controls have been deducted.) 

It is unfortunate that in this case the original inoculation of bacteria 
in the bacteria + protozoa cultures was so much smaller than that in 
the bacterial cultures. The experiment is, therefore, of little value in 
helping towards a solution of the question. 

5 -3 
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TABLE 18. 

Number of 
Experiment 

1 

2 
3 
4 

Mgs. nitrogen as ammonia in solution containing :- 

Bacteria alone 

195 
19.6 

Bacteria + Protozoa 

16.2 
17.3' 

16.9 
16.0 

As to the appearance of the cultures with and without protozoa 
the latter have generally been somewhat brown in colour, the former 
greenish. Further the two sets of solutions smell quite differently. 
In the protozoa cultures the vile- smelling decomposition products 
usually associated with ammonification appear to be absent. 

It had been intended to carry this section of the work much further 
but circumstances unfortunately do not permit. The results, so far as 

obtained, do not justify any very definite conclusions. The organisms 
dealt with are, with one exception, the flagellates, and it seems probable 
that these may have a depressing influence on ammonification. The 

whole question, however, requires to be thoroughly investigated. 

VI. THE INOCULATION OF PROTOZOA INTO PARTIALLY 

STERILISED SOILS. 

In the second paper of Russell and Hutchinson' on the effect of 

partial sterilisation of soils, it is stated that the authors have failed to 

observe a depression in the numbers of bacteria in partially sterilised 
soils as a result of inoculation with mass cultures of protozoa. This 

is attributed to the great multiplication of bacteria which takes place 

on the introduction of the considerable quantity of nutrient material 
contained in the culture. Greig Smith2 also failed to obtain a reduction 
in the numbers of bacteria, after inoculation of partially sterilised soil 

with protozoa cultures. 
Two experiments bearing on this point have been carried out here. 

For the first experiment 500 grams of air -dry soil was passed through 
a 2 mm. sieve. 2.5 c.c. formalin in 20 c.c. water was rubbed up with 

Journ. of Agric. Sc. v. 2, p. 152. 
2 Proc. Linn. Soc. N. S. Wales, Abstracts, 1912, pp. 2 -3; Ref. Centralbl. f. Baia. Abt. II. 

Bd. 39, p. 152. 
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the soil in a mortar and allowed to act in a glass bottle with close- fitting 
stopper for six days. A sterile suspension of 3 grams freshly slaked 
lime in 50 c.c. water was added to combine with the formalin and render 
it harmless. The bottle was placed in the 38° C. incubator for one day. 
After some weeks at room temperature the soil was thoroughly broken 
up with a large, sterile, metal spatula and weighed out in 20 gram 
quantities into sterile Erlenméyer flasks. The water content was not 
determined but it probably amounted to about 10 %. 

In order to try to minimise, as much as possible, the effects of the 
nutrient matter in the protozoa culture solution, soil extract + 05 % 
K2HPO4 was selected as medium. This was inoculated with soil and 
after the protozoa had developed a protozoa -free culture was prepared. 
from it. Both soil extract cultures were kept for about two months 
before being used for inoculation purposes. Two of the flasks con- 
taining sterilised soil received each 1 c.c. of the protozoa culture, the 
other two 1 c.c. of protozoa -free culture. All four received 1 c.c. of 
sterile water each, in addition, in order to bring up the water content 
of the soil to about 20 % (roughly 70 % of the water -holding capacity). 
In order to represent, more or less, the conditions obtaining in Russell 
and Hutchinson's experiments a second series of four flasks was inocu- 
lated, two with protozoa + bacteria and two with bacteria alone as in 
the last case. The sterile water was replaced in this instance by an 
equal quantity of a sterile 2 % filtered fleshmeal solution. Of the 
controls two received 2 c.c. sterile water each, the remaining two each 
1 c.c. sterile water and 1 c.c. sterile fleshmeal solution. 

The bacterial content of the protozoa -free culture was 121 millions 
per c.c.: that of the protozoa culture 12 millions per c.c. (agar at 22° C. 
was used as medium for the counts in this section). The numbers of 
bacteria in the soil samples used in the experiment were determined 
after 20 days at 22° C. The water contents were adjusted once more 
to roughly 20 % with sterile water and the flasks were allowed to remain 
for a further period of 20 days at 22° C. The bacterial contents of the 
soil samples were again determined (Table 19). 

The results of the bacterial counts are rather irregular. This is 
probably due to the fact that the soil samples used were only watered 
once during the experiment. The inoculation of bacteria, therefore, 
probably did not get thoroughly distributed in the soil. The only 
cultures which have shown a decided depression in bacterial numbers 
after 40 days (as compared with 20) are Nos. 7 and 8. Here the lowering 
in numbers is quite marked and considerably larger than in any other 
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case. After the bacterial counts were made the soil samples were 
covered with soil extract + K2HPO4 and incubated for seven days at 
22° C. At the end of this period the cultures so made from Nos. 3, 4, 7 

and 8 contained active protozoa. Nos. 7 and 8 showed decidedly 
larger numbers than did 3 and 4. The remaining four soil samples as 
well as the controls showed no protozoa. But the original "sterilised" 
soil and the controls contained numerous bacteria. 

TABLE 19. 

Bacterial content (millions per gram) after 

No. Inoculation 

1 f 1 c.c. protozoa -free culture ) 

2 f + 1 c.c. sterile water j 
3 f 1 c.c. protozoa culture 1 

4 ) + 1 c.c. sterile water ) 

5 J 1 c.c. protozoa -free culture ) 

6 ( + 1 c.c. sterile fleshmeal soin. ) 

7 f 1 c.c. protozoa culture 
) 

8 1 + 1 c.c. sterile fleshmeal soin. 

20 days 40 days 

155 100 
240 240 
180 200 
110 160 
170 250 
255 220 
310 200 
340 140 

From the results here given it is probable that the inoculated 
protozoa have been active in Nos. 7 and 8. But the period of activity 
under the conditions of the experiment must have been a short one, as 

after the single watering the soil would very soon become too dry for 

active life. This, in all probability, accounts for the comparatively 
small depression in bacterial numbers. 

For the confirmatory experiment the soil was sterilised with formalin 
in the flasks in which it was to be subsequently used. Quantities of 

50 grams of air -dry sieved soil were rubbed up in a mortar with 2 c.c. 

of a solution containing 5 c.c. formalin + 35 c.c. water. Forty -five 

grams of the soil was immediately weighed out into each of the flasks. 
The flasks used were small Erlenmeyers closed by tight- fitting corks. 
The formalin was allowed to act for six days and was then decomposed 
with slaked lime as described in the last experiment. Each flask 

received 5 c.c. of a sterile suspension of 5 grams Ca(OH)2 in 100 c.c. 

water (water content of soil in flasks = 70 % w.H.c.). The flasks 
were placed in the 38° C. incubator for 24 hours. The soil in each 

was thoroughly broken up with a sterile spatula and the flasks put 
back in the incubator for another day. The corks were then replaced 
by sterile cotton -wool stoppers and the flasks weighed. After several 
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days in the 38° C. incubator to hasten evaporation, the flasks received 
the inoculations shown in Table 20 and the water content of the soil 
was brought up to 70 % W.H.C. The water content was readjusted 
once a week to this level and after 25 days bacterial counts were made 
for the various soil samples. 

TABLE 20. 

No. Inoculation Bacterial Content 
(millions per gram) 

1 1 c.c. protozoa -free culture 
2 + 1 c.c. protozoa culture + 1 c.c. sterile water j 
3 1 1 c.c. protozoa -free culture 
4 + 1 c.c. protozoa culture + 1 c.c. sterile 2 % J} 

fleshmeal solution 
5 1 c.c. protozoa -free culture 
6 + 2 c.c. sterile water 
7 1 c.c. protozoa -free culture 
8 -1 + 1 c.c. sterile water + 1 c.c. sterile fleshmeal 

l solution 
9 2 c.c. sterile water + 1 c.c. sterile fleshmeal solution 

10 3 c.c. sterile water 

100 
52 

133 

77 

860 
420 

950 

Soil extract cultures were prepared from the soil samples as in 
the last experiment. Those from Nos. 1 -4 showed numerous active 
flagellates after seven days at 22° C. In the remainder of the cultures 
no protozoa were found. The controls 9 and 10 remained practically 
sterile. They contained fewer than 10 bacteria per gram. The plates 
poured for No. 5 remained sterile. The lowest dilution used was one 
million. It is practically certain, however, that this must have been 
due to a slip in the manipulation, and as the samples had been used for 
soil extract cultures before it was discovered, the mistake could not be 
rectified. At all events the soil extract culture showed quite as good 
a development of bacteria as was got from samples 6, 7 and 8. 

The protozoa -free culture contained 184 millions, the protozoa 
culture 24 millions bacteria per c.c. and as the soils inoculated with 
protozoa received in addition 1 c.c. of the protozoa -free culture they 
contained at the beginning of the experiment about 24 millions more 
bacteria than the soils inoculated with protozoa -free culture alone. 
But during the course of the experiment the conditions have become 
reversed and the soils containing protozoa now show a bacterial content 
of, on the average, about $ that of the soils inoculated with protozoa - 
free culture. The reduction in bacterial numbers in the soils inoculated 
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with protozoa is very marked and lies well outside the limits of experimental 
error. The conclusion may safely be drawn, therefore, that the limiting 
factor or at least one limiting factor (of Russell and Hutchinson) has 

been inoculated into the sterilised soils and has produced its effects on 

the numbers of bacteria. This limiting factor can thus be cultivated 
on soil extract medium. That it has not simply been introduced into 
the sterilised soils with the soil used for inoculation of the soil extract 
(i.e. without having grown on the latter) is proved by the fact that for 

the second experiment sub- cultures (made by inoculation of one loopful 

of the original cultures on to fresh sterile medium) were used. Large 
numbers of protozoa were observed in the solutions used for inoculation 
and these organisms were cultivated once more on soil extract from 

the soils which showed low bacterial counts. And, as it has been shown 

that the protozoa are capable of reducing the numbers of bacteria in 

solutions, it appears justifiable to consider them as the limiting factor 
in soils. 

In conclusion I wish to thank Prof. Löhnis for having suggested 
this work on the soil protozoa and for advice, ever at my disposal, 
during the carrying out of it. 

[This paper was published in the Centralbl. f. Balct. Abt. ü. of 

August last, but owing to the war no copies of it have yet reached this 

country.] 

(Received December 21st, 1914.) 
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INTRODUCTION. 

IN 1894Winogradsky (9 ) isolated from soil, and described a motile anaerobic 
bacillus which was capable of fixing free nitrogen, and to which the name 
Clostridium Pastorianum was given. This organism along with a large 
number of other strains of anaerobic butyric acid bacilli was the subject 
of an extensive series of researches by Bredemann(1) who claimed that 
the majority (probably all) of the bacilli of this group belong to a single 
species for which he proposed the name Bacillus amylobacter, A. M. et 
Bredemann. Bredemann was able to show that all members of this 
group become capable of fixing nitrogen after they have been cultivated 
for some time in soil. In the course of his investigations he noticed 
that many of his cultures showed a tendency to produce coccoid bodies 
(the so- called "microoidia" of Arthur Meyer) which differed from the 
typical bacilli not only in morphology but also in their ability to grow 
aerobically and in their failure to produce gas from sugars. This observa- 
tion immediately suggests the possibility that the cocci were present 
as contaminants in the original cultures, especially in view of the 
difficulties frequently experienced in preparing pure cultures of anaerobic 
bacteria. With regard to the purity of his cultures Bredemann states: 
"Ich möchte jedoch ganz besonders hervorheben dass ich mich von 
der absoluten Richtigkeit dieser Erscheinungen an ganz einwandsfreien 
Reinkulturen wiederholt überzeugt habe." No direct experimental proofs 
of this contention are however given in his paper which, so far as the 
microoidia are concerned, is of a preliminary nature and contains no 
more detailed description of these organisms. Coccoid bodies have also 
been observed in cultures of bacilli of this group by H. Buchner (2) and 
van Tieghem (s ). Winogradsky (10) and Haselhoff and Bredemann (5 ) 

record similar observations but consider the cocci to be incapable of 
reproduction. With the exception of Bredemann none of these workers 
succeeded in obtaining the cocci in pure culture. 

In view of the recent work of Löhnis and Smiths, 7) on the life 
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cycles of the bacteria Bredemann's observations, if correct, acquire an 

increased importance. An attempt has therefore been made to confirm 

and extend them, and in particular: 
(1) To establish the relationship of the coccoid form to the. bacillus, 
(2) To study in greater detail the differences between these two 

types. 
(3) To determine whether the coccus is, like the bacillus, capable 

of fixing nitrogen. If this is not the case and if the bacillus passes readily 

into the coccoid form, it is obviously important to study the conditions 

under which this transformation takes place. 

EXPERIMENTAL. 

Five strains of the motile butyric acid bacillus were isolated from 

five different soils. About one gram of soil was placed in each of a number 

of test tubes containing sterile one per cent. dextrose solution. The medium 

was then heated to 80° C. for ten minutes and incubated anaerobically 
in a McIntosh and Fildes jar at 37° C. After 48 hours, vigorous gas 

formation took place and isolations were made by plating anaerobically 
on 0.5 per cent. dextrose agar from tubes of fermented dextrose solution 

which had been again heated to 80° C. for ten minutes. After 24 to 

48 hours' incubation at 37° C. small colonies appeared on the plates and 

the medium was broken up by gas bubbles. Selected colonies were 

purified by repeated plating, the inoculum being heated to 80° C. before 

each plating. A sixth strain of the bacillus was obtained from milk 

by heating the milk to 80° C., incubating anaerobically at 37° C. and 

plating as already described. After purification the cultures were trans 
ferred to tubes of sterile milk containing calcium carbonate, in which 

they remained viable for at least two months. No difficulty was 'ex- 

perienced in maintaining stable cultures in this medium provided 

that they were heated to 80° C. before each transfer. If the preliminary 
heating was omitted, the cultures generally failed to produce gas; this 

is in accordance with Bredemann's experience. 
The characteristics of the cultures isolated were as follows: the 

organism was a straight rod with rounded ends, 3-8/1. long by 1p. broad. 

It was actively motile; motility could be demonstrated in a drop of 

liquid medium examined under a cover glass on an ordinary slide. The 

organism was Gram positive and produced an ovoid central or sub 

terminal spore, usually wider than the cell. It grew well at 30° to 37° C. 

and slowly at 22° C. and was destroyed by boiling for three minutes 
in dextrose bouillon. It was a strict anaerobe. 
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On ordinary meat -extract agar minute whitish colonies were produced. 
Growth was more vigorous on 0.5 per cent. dextrose agar and was ac- 
companied by splitting of the medium due to gas formation. The colonies 
were greyish and translucent. 

On ordinary meat -extract gelatine no growth was obtained, but on 
0.5 per cent. dextrose gelatine greyish granular colonies with hair -like 
outgrowths were produced. The gelatine was not liquefied. 

In bouillon a very scanty growth was observed, while in 1 per cent. 
dextrose bouillon growth was vigorous and was accompanied by gas 
formation. 

In milk an acid frothy curd was formed; the curd contracted and 
expressed a considerable quantity of whitish whey. 

On potato growth was abundant and white. 
All strains fermented dextrose, levulose, galactose, saccharose, 

maltose, lactose, xylose, dextrin, inulin, mannitol, sorbitol, and salicin 
dissolved in peptone water, producing acid and gas in each case. Dulcitol 
and adonitol were not fermented. 

The bacillus was grown in two. per cent. dextrose and one per cent. 
peptone dissolved in Winogradsky's mineral solution containing a known 
quantity of calcium carbonate till fermentation ceased. The acids 
produced were liberated by means of the calculated quantity of sulphuric 
acid. The application of Dyer's (4) qualitative tests indicated the presence 
of butyric and acetic acids. A Duclaux distillation showed that these 
were present in the molecular proportion of approximately 1.75 to 1. 
The residue from the distillation was extracted with ether and the 
extract failed to give a reaction with Uffelmann's reagent. 

In peptone water the bacillus did not produce indol. 
It was non -pathogenic for guinea -pigs inoculated intraperitoneally. 
In order to ensure that the cultures of the bacillus were pure they 

were replated several times. In the jar in which the plates from the 
fifth plating were incubated complete anaerobiosis was not secured; the 
reduced methylene blue solution became faintly blue during incubation. 
When the jar was opened numerous colonies about 3 to 4 mm. in diameter 
were observed on plates from two different strains. The colones occurred 
in groups towards one side of the plate and in addition to being larger 
than those of the butyric acid bacillus they differed from the latter 
in being thick, white and opaque. The growth from these colonies was 
replated aerobically as well as anaerobically when it was found that a 
more vigorous growth could be obtained under aerobic conditions than 
could be secured anaerobically. The cultures were purified by replacing 
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aerobically on dextrose agar. Fourteen strains of this organism have 
been isolated and studied. 

The organism proved to be a coccus, 0.75 to 2p, in diameter which 
occurred singly, in pairs, in fours, in short chains and in irregular 
groups. When the cells occurred in pairs or in fours they were frequently 
bean -shaped. The organism was Gram positive, non -motile and non - 
sporing. It grew well at 30° to 37° C., slowly at 22° C. and not at all 

at 50° C. and was destroyed in dextrose bouillon at 58 to 60° C. in ten 
minutes. It was a facultative anaerobe. 

On ordinary agar a white growth was formed. On dextrose agar 
growth was abundant, opaque, porcelain -white and glistening, while the 
colonies were white, slightly raised and round with uniform entire 
margin. No gas was produced. 

On ordinary gelatine a white glistening growth was formed on the 
surface of the medium and a greyish papillate growth in the stab. The 
majority of the fourteen strains examined failed to liquefy gelatine; 
five strains produced a very slow liquefaction. 

In bouillon a dense turbidity was formed and an abundant slimy 

sediment accumulated at the bottom of the tube. The medium became 
alkaline. 

Eight of the fourteen strains produced an acid -rennet curd in milk, 
generally after several days' incubation. A considerable quantity of a 

whitish whey was expressed. No gas was formed. Six strains failed to 

curdle milk but rendered it slightly acid. 
On potato a glistening white growth was formed and the medium 

was not discoloured. Some strains produced a more abundant growth 
than others. 

Acid but no gas was produced in dextrose, levulose, lactose, maltose, 
and saccharose dissolved in peptone water. Adonitol, inositol and inulin 
were not fermented even after one month's incubation. A weak and 

delayed fermentation of dulcitol and sorbitol was observed in the case 

of one strain only. The remaining strains failed to attack these alcohols. 
The volatile acids produced from dextrose were butyric and acetic 

in the molecular proportion of approximately 1 to 6.4. The residue 
from the Duclaux distillation gave a positive reaction with Uffelmann's 
reagent. 

Indol was not produced in peptone water. 
In soil extract containing two per cent. dextrose, 0.05 per cent. 

dipotassium phosphate and excess of calcium carbonate no nitrogen 
was fixed. 
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The organism was non -pathogenic for guinea -pigs inoculated intra- 
peritoneally. 

Two of the strains examined produced an orange -coloured growth 
on gelatine, agar and potato but were otherwise similar to the white 
strains already described. 

The cocci are similar to that described by Bredemann, not only in 
morphology, but also in their ability to grow aerobically and in their 
inability to produce gas from sugars. They possess in addition a number 
of other characteristics, not recorded by Bredemann, which clearly 
distinguish them from the bacillus, and they would ordinarily be classified 
as distinct species. The white and orange strains correspond respectively 
to M. candicans Flügge and M. aurantiacus Cohn, except that some of 
the cultures curdle milk. An attempt has been made to determine 
whether they owe their origin to contamination or are derived from the 
bacillus. 

The possible sources of the coccus as a contaminant are (1) the 
media used, (2) the air during the inoculation of the media, (3) the 
apparatus, (4) the original cultures of the bacillus. It has been found 
comparatively easy to exclude sources 1 to 3. The experiments have 
been repeated several times using iininoculated media incubated along 
with media inoculated with cultures of the bacillus and in all cases the 
coccus has only appeared in the latter. 

The absence of a contamination in the original cultures of the bacillus 
is more difficult to prove. It has already been recorded that the original 
cultures were purified by plating and that the coccus was first observed 
in cultures which had already been plated four times. The plating of 
the original cultures was continued, but the coccus still appeared in 
cultures which had been plated twenty or more times. In the plating 
method employed the medium was inoculated before it was poured into 
the . Petri dishes. For most organisms this method is undoubtedly 
superior to that in which the inoculum is smeared over the surface of 
media already solidified in the dishes. In the case of gas -producing 
organisms, however, a complication arises from the fact that the medium 
in poured plates is liable to be broken up by gas formation. A considerable 
quantity of liquid is thus pressed out of the agar and this may allow of 
the spread of the growth from one colony to another. It must also be 
remembered that the suspected contaminant is a facultative anaerobe 
and is therefore capable of growing under strictly anaerobic conditions. 
Theoretically, therefore, there are objections to placing entire reliance 
on the plating method for securing pure cultures of the butyric acid 
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bacillus. Attempts were made to obtain single -cell cultures of the 
bacillus by Burri's Indian ink method, but in all cases it was found 
impossible to secure growth of the single cells. This is in harmony with 
the findings of Dorner (3 ) who only succeeded in getting about 1 per cent. 
of the cells isolated to grow, even when special media were employed. 

A careful and extended microscopic examination has invariably 
failed to reveal the presence of typical cocci in the stock cultures of 

the bacillus. Controlled experiments were performed in which the 
cultures, which had been examined microscopically, were plated and 
the numbers of colonies of the coccus which developed were counted. 
A loopful of the condensation water from a vigorously- growing culture 
of the bacillus on a dextrose agar slope was added to a small quantity 
of boiled and cooled sterile water. Three loopfuls of the suspension were 
spread over a square of 1 cm. side on a glass slide. The film was dried, 
fixed and stained with dilute fuchsin and systematically searched with 
a 1/12 -inch oil- immersion objective using a mechanical stage. No cocci 

were observed, but when one loopful of the suspension was used to 

inoculate each of a number of dextrose agar plates from 5 to 600 colonies 
of the coccus appeared on each plate after incubation. This experiment 
was repeated fourteen times with similar results. 

In the cultures of the bacillus small ovoid or spherical bud -like 

processes were sometimes observed attached to the cells. Such bodies 
have been described by Löhnis and Smith as gonidia. They may become 
separated from the rods in which case they bear a certain resemblance 
to cocci but occur singly. They are not however suffi ciently numerous 
to account for the numbers of coccus colonies observed. For example, 
in one experiment 5 and in another 10 of these bodies were found in 

three loopfuls of material which on inoculation (one loopful) into dextrose 
agar yielded 600 and 50 coccus colonies respectively. 

In describing the first isolation of the coccus reference has already 
been made to the fact that the organism appeared on plates which had 
been incubated under incompletely anaerobic conditions. No growth of 

the coccus from cultures of the bacillus has ever been obtained on plates 
incubated under strictly anaerobic conditions though it has frequently 
been observed that the coccus appeared on anaerobic plates incubated 
in a jar which had been opened from time to time, or on plates which 
had been incubated aerobically after a period in a McIntosh and Fildes 
jar. When plates inoculated with the bacillus were incubated aerobically 
no growth was obtained. Carefully controlled experiments were carried 
out in which equal inoculations were made from the same culture of 
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the bacillus into a series of tubes containing melted dextrose agar. 
The tubes were poured into sterile Petri dishes and incubated at 37° C., 

some aerobically, some anaerobically and some under partially aerobic 
conditions. Partially aerobic conditions were secured by placing the 
Petri dishes in a Bulloch's jar and connecting it to a water pump for 
about half -an -hour. This experiment has been frequently repeated 
and the coccus has been obtained twelve times in the plates incubated 
under partially aerobic conditions. No growth has ever been obtained 
aerobically. In the plates incubated anaerobically colonies of the bacillus 
developed. Frequently the coccus appeared on these plates after the 
jar in which they were incubated had been opened once or twice. 

These experiments seem to indicate that, though the coccus grows 
well aerobically, it only develops from the bacillus under partially 
aerobic conditions. In addition they provide further evidence that the 
cultures of the bacillus were pure. It seems improbable that, if the 
coccus were present in the latter, it would not develop when they were 
plated aerobically. The possibility of inhibition of the growth of the 
coccus by the bacillus must however be considered. To test this a trace 
of growth from a coccus culture was added to a culture of the bacillus 
and the mixture was plated aerobically on dextrose agar. No indication 
of inhibition of the coccus was observed, as numerous colonies appeared 
on the plates after 24 hours' incubation. 

Further evidence of the relationship of the coccus to the bacillus was 
obtained as a result of experiments based upon the difference in heat 
resistance of the two organisms. The coccus was destroyed at 60° C. 

in ten minutes while an exposure of three minutes to a temperature of 
100° C. was necessary to kill the bacillus. Cultures of the bacillus were 
therefore heated at 80° C. for ten minutes and plated under partially 
aerobic conditions or anaerobically in jars which were frequently opened. 
Cocci have been obtained in 18 of these experiments. Dextrose agar 
plates inoculated from heated cultures and incubated aerobically yielded 
no growth. 

DISCUSSION. 

In order to establish the connection of the coccus with the butyric 
acid bacillus everything depends upon the exclusion of possible sources 
of contamination because, if the contamination hypothesis can be ruled 
out, the only explanation of the appearance of the coccus in cultures 
of the bacillus is that it forms a part of the life -cycle of the latter 
organism. The control experiments performed with uninoculated media, 
etc., satisfactorily exclude external sources of contamination. Possible 
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contamination of the bacillus cultures is adequately dealt with in the 
other experiments described. The experiments with microscopic control 
provide good evidence, unless one assumes that the coccus arises from 
bodies so small that they escape detection by microscopic examination. 
It is extremely diffi cult to explain why, if the bacillus cultures originally 
contain the coccus as a contamination, the latter does not develop on 

plates incubated aerobically. Still more convincing is the evidence 
provided by the experiments carried out with heated material, especially 
when it is stated that the stock cultures of the bacillus from which 
inoculations have been taken have now been transferred 12 to 14 times 
and each time the inoculated cultures have been heated to 80° C. for 

ten minutes -a temperature well above the thermal death -point of the 
coccus. Attention is also directed to the fact that the coccus cultures 
isolated are all of the same type. The variation in gelatine liquefaction 
is of little importance as many cocci produce a very slow liquefaction 
of gelatine. It is interesting to note in this connection that the cocci 

obtained by Löhnis and Smith(7) from cultures of Azotobacter showed 
the same type of variation. To differences in behaviour in milk little 
significance is attached, as cocci of this type rapidly lose the capacity 
for curdling milk. It is further noteworthy that cocci have been obtained 
from all six strains of the bacillus studied. Some strains of the bacillus 
however yield coccus cultures more readily than others. 

The study of the life cycle of the motile butyric acid bacillus is being 
continued by one of us (A. C.), who has already obtained cultures of 

four types of aerobic bacilli believed to be derived from that organism. 
These include a small cocco- bacillus type, slender and stout non- sporing 
rods and a sporing bacillus type. Descriptions of these will be given in 

future papers along with evidence of their relationship to the butyric 
acid bacillus. In the meantime attention is drawn to the fact that three 
of these types have already yielded coccus cultures. 

We are indebted to Mr Richard Muir, Pathology Dept., University 
of Edinburgh for the microphotographs which accompany this paper. 

SUMMARY AND CONCLUSIONS. 

(1) An aerobic coccus has been obtained from cultures of the motile 
butyric acid bacillus under conditions which exclude the possibility of 

contamination. 
(2) Descriptions of the coccus and the bacillus are given. 
(3) The coccus does not fix nitrogen in soil extract containing 

dextrose. 
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Fig. 1. Bacillus amylobacter. 2 days old culture on 
dextrose agar. x 1000. 
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Fig. 2. Coccus obtained from Bacillus amylobacter. 
31 days old culture on ordinary agar. x 1000. 
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[Reprinted from " The Scottish Journal of AgricaItnrc ," 
l'ol. XI., No. 1, January; 1928, by permission of the 

Controller of H.M. Stationery Office.] 

THE CULTIVATION OF LUCERNE. 
t ANDREW CUNN1NGHAMI, B.Sc., 

Advisory Officer in Bacteriology, College of Agriculture, Edinburgh. 

LUCERNE or alfalfa is a native of Central Asia and appears to 
have been introduced into Europe about. 490 B.o., when it was 
brought from Persia to Greece. From Greece it spread to Italy, 
and at a later period to Spain, France and Germany. In Britain 
the cultivation of lucerne is first referred to by Barnaby Googe in 
his " Whole Art of Husbandry," published in 1578, but until 
recently it has received comparatively little attention in this 
country. 

Lucerne is one of the most valuable of forage crops. Like 
other leguminous plants its nutritive, value is high, due largely to 
a high percentage of protein, but in feeding value it surpasses the 
majority of leguminous crop plants. In Table I the nutritive 
values of lucerne and red clover hay are compared on the basis of 
figures given by Henry and Morrison. 

TABLE I. 
Nutritive value of lucerne and red clover hay. 

Lucerne Hay. Red Clover Hai-. 

Digestible Nutrients in 100 lbs.: - 
Crude Protein ... ... ... ... 10.6 lbs. 7.6 lbs. 
Carbohydrates ... ... ... 39'0 39.3 
Pat ... 0.9 1'S , 

Nutritive Ratio ... ... 1 :3'9 I :5'7 

Minerals in 1000 lbs.: - 
Potash ... ... ... 22.3 lbs. 16.3 
Phosphoric Acid 5.4 3.9 
Lime 19.5 16.0 

The high percentage of digestible protein and mineral matter, 
particularly lime and phosphoric acid, along with the narrow 
nutritive ratio renders lucerne particularly valuable for breeding 
stock, young animals and milk cows. 

The beneficial effects produced upon subsequent crops by the 
growth of lucerne are very pronounced, and are due to the high 
nitrogen content of the root residues and to the fact that the 
root system is a very extensive one. The growth of the crop and 
its subsequent decay tend to open up and aerate the subsoil and t 
enrich the surface soil in valuable manurial constituents at th 
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expense of the deeper layers. The effect of lucerne on a sub- 

sequent crop of oats is illustrated by the results of an experiment 
carried out at Rothamsted in 1912, in which oats were sown on 

land which had previously grown lucerne and red and alsike 

clovers since 1909. The yields of oats obtained are shown in 

Table II. 

TABLE II. 
Effect of lucerne and clovers upon a subsequent oat crop. 

Grain. Straw. 

Bushels. Cwt. 
After lucerne 50'9 29'5 

red clover ... 37.2 23.5 
alsike clover 29'1 19'2 

In suitable soils the roots of lucerne have been observed to 

penetrate to depths of 10 to 20 feet. Its extensive root system 

renders the crop very resistant to drought, and its perennial 
character further enhances its value. 

Since the beginning of the present century the recognition 
of its value as a forage crop has been followed by a remarkable 
increase in the acreage under lucerne in the United States, 

Canada, and most other countries with the exception of Great 

Britain. Thus the United States grew about 2 million acres of 

lucerne in 1899 : in 1924 the acreage had increased to 101 millions. 

The Argentine had in 1896 about 2 million acres under lucerne; in 

1918 about 19 million acres were grown. In Canada the lucerne 

acreage increased from about 50,000 in 1909 to almost 400,000 in 

1923. In Britain, however, since the beginning of the century 

the acreage has only increased from 48,000 to 65,000 in 1924. 01 

this area the greater part is grown in the south- eastern counties 

of England ; Scotland has a few acres only. Numerous attempts 
have been made to introduce the crop into this country, but the 

majority of these have ended in failure. Some of the difficulties 

encountered in the growing of lucerne in the south- easteni 

counties of Scotland have been investigated and the results of 

these investigations are described in this paper. 

Selection of Soil. -A frequent cause of the failure of lucerne 

in this country is the unsuitability of the soil. Of the cultivated 

crops lucerne is one of the most sensitive to acidity, and mane 

Scottish soils show a decidedly high lime requirement. In the 

course of this investigation the data given in Table III on the 

pH value of the soil in relation to the growth of the crop hape 

been collected. (Degrees of acidity and alkalinity are now fre' 

quently expressed by means of a scale, the numbers on which 

are termed " pH values." Seven denotes neutrality, while 

numbers below 7 indicate increasingly acid reactions and those 

above 7 increasingly alkaline reactions.) 
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TABLE III. 

pH value of the soil in relation to growth of lucerne. 

pH of Soil. 
Number of 

Experiments. Successes. Failures. Doubtful.* 

5.00 -5.49 4 o 4 o 

5.50 -5.99 7 2 4 

6'00 -6.49 7 6 o 

6.50 -6 99 7 6 o 

Over 7'00 9 8 o 

* Failures, where the result was doubtful owing to the prevalence of perennial 
creeds. 

In considering these results it should be borne in mind that the 
pH is only one of the factors involved in the lime requirement of 
a soil. It can, however, be taken as a rough guide, especially 
when comparing soils of the same region. 

In all of the experiments reported upon in the above table the 
lucerne made a certain amount of growth, but where the pH was 
ouch below 6 development was so slow that it was found to be 
impossible to establish a crop worth cultivating. As a rule the 
liming of these soils, while it increased the yield, did not permit 
of satisfactory growth of the crop. In two cases with very heavy 
liming a fair crop was obtained during the first season, but in the 
subsequent year the lucerne died out, due, it is believed, to the 
roots penetrating to the acid subsoil which had not been reached 
by the lime. The two successes in the range 5.50 to 5.99 were 
on soils the pH of which was close to 6, and which were excep- 
tionally well cultivated. It is considered, therefore, that where 
the pH of the soil is decidedly below 6, the cultivation of this crop 
should not be attempted. 

On the other hand, where the pH of the soil is above 6.50 it 
has been found that the crop can be grown with a reasonable 
degree of certainty, provided the other conditions are suitable. 
In the range 6.00 to 6.49, while only one of the seven crops was 
a complete failure, four of the six recorded as successes could only 
be described as fair. When the pH lies between 6.00 and 6.50 an 
attempt may be made to grow lucerne, but only after the soil has 
been well limed, preferably in the autumn preceding sowing. If 
the liming is delayed till spring ground limestone should be used 
in preference to ground or shell lime as the latter is liable to 
destroy some of the bacteria introduced in the inoculation of the 
seed. 

Two interesting cases, recently observed, may be quoted in 
support of the views here expressed on the relationship of the pH 
of the soil to the growth of lucerne. In a plot carrying a good 
Crop there was a poor spot where the lucerne made only moderate 
growth. The soil from the poor area showed a pH of 6.35, while 
the value for the remainder of the plot was 6.99. In the second 
lase the crop died out after the first season with the exception of 
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a small area near a recently -built stone and lime wall. This sin 

produced a small crop, and the soil from it showed a pH valued 

6.22 against 5.24 where the crop failed. 
Lucerne succeeds best on a medium to heavy loam, whi 

should be deep and well drained. It will not tolerate stan 

water at or near the surface of the soil, and in a poorly drai 

soil which is otherwise suitable it is liable to die out altogetbe 

even during a mild winter. Subsoiling is advantageous, especially 

where the subsoil is rather compact. A southern exposure auu 

shelter from the prevailing wind are of considerable importase 

The sheltering effect of even a hedge is sometimes noticéabk 

while the crop is liable to suffer severely from the effects of frs 

in winter when grown in hollows into which the sun does sí 

penetrate. 
Variety. -Apart from its ability to produce a satisfact., 

yield, the value of a lucerne strain or variety depends upon 

length of its growing period and its ability to resist frost. 
numerous varieties in existence show great variations in t 

characteristics. The varieties most frequently employed in, 

experiments have been Provence and Grimm. The former is 

tensively grown in France, and is also very valuable in 

southern counties of England. Grimm appears to have originale 

in Baden, Germany, and to have been introduced into the Ünile 

States of America about the middle of last century. It is eats 

sively grown in the northern States and in Canada, where, o 

to its frost -resisting properties, it is highly valued. Its hardin 

is generally ascribed to the fact that the crown of the plat 
low set, a characteristic which also renders it particuls 

suitable for grazing. 
The observations made upon the Provence and Grim: 

varieties indicate that the latter is superior to the former uu 

the conditions prevailing in the east of Scotland. It is decides', 

more resistant to frost, and also appears to reach the flow 

stage earlier than Provence. Where it has been tested ag 

Provence it has yielded a larger crop even during the first se 

and in subsequent seasons its superiority has been still ma 

marked owing to the fact that Provence tends to become thins' 

out by frost in winter. The more procumbent habit of giros 

of the Grimm variety is also an advantage in the suppressrou 

weeds. A few observations have been made on the Marlboroi'' 

Hunter River, Hungarian and Cossack varieties, while Eng 

grown and South American seed has also been tried. Of t 
the most promising so far is the Hunter River variety. There, 

however, great room for the selection and breeding of strain" 

lucerne adapted to the local conditions, particularly with reg 

to the length of the growing period. A hardy strain which wrua 

start growth two or three weeks earlier than Grimm would 

far towards the solution of many of the outstanding diffieul! 

in the cultivation of this crop. 
Inoculation. -When growing under normal conditier 

lucerne, like all other leguminous crops, possesses upon its in 



ROOTS of UNINOCUTAT_1D 

LUCERNE. 
ROOTS of INOCULATED LUCERNE 

with NODULES. 

l'tu. 1.- Effect of Inoculation on Roots of Lucerne. 

Fie. 2.- Showing effect of Inoculation on Yield of Lucerne. 
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nodules which contain bacteria. These organisms are present 
in soils which have previously grown a normal crop, and from 
the soil they penetrate the young root of the plant at an early 
stage. The invasion of its tissues causes the plant to develop 
nodules at the points where the bacteria have penetrated. In the 
case of lucerne the nodules are generally irregularly branched, and 
may occur in groups on the main root just below the surface of 
the soil or on the lateral roots (see Fig. 1). The bacteria live in 
the nodules in association with the plant, supplying it with nitro- 
gen and receiving from it in return certain other nutrients. 

Several types of nodule bacteria can be distinguished, each of 
which is associated with the plants of a particular genus or 
genera. Thus the organism found in lucerne nodules will only 
cause the formation of nodules on the roots of plants belonging to 
the genera 1Vledicago and Melilotus, and as few of the species of 
these genera are cultivated in this country it appeared probable 
that one of the reasons for the failure of lucerne in Britain might 
be that the bacteria of this group are absent from the soil. Field 
experiments were therefore carried out to determine the effect of 
the addition of lucerne nodule bacteria to the soil in the form of a 
seed inoculation. In these experiments inoculation has produced 
the following percentage increases in yield of crop : -20, 25, 46, 
84, 97, 103, .136, 138, 139 and 162, indicating that the organism 
is absent from many soils. The beneficial effects of inoculation 
have been observed on soils the pH values of which range from 
5.93 to 7.50. 

Not only did inoculation increase the yield, but in most cases 
it profoundly altered the appearance of the crop. The uninocu- 
lated plots were as a rule short and spindly, pale green or 
yellowish in colour, and showed all the symptoms of nitrogen 
starvation, while those which had been inoculated were taller and 
more vigorous, and were dark green in colour (see Fig. 2). 
Inoculation also markedly increased the percentage of nitrogen 
in the dry matter of the crop. Table IV gives the percentages of 
nitrogen in the oven -dried material of a number of inoculated and 
uninoculated crops. 

TABLE IV 
Effect of inoculation on percentage of nitrogen in dry matter. 

Season. Crop. Uuiuoculated. Inoculated. 

ist 
Ist 
1st 
1st 
2nd 
2nd 
2nd 
2nd 

2nd 

1st 
1st 
1st 
1st 
1st 
1st 
1st 
2nd 
2nd 

Per cent. 
228 
1'63 
1.8.2 
1.84 
1.47 
1.22 
1.12 
343 
215 

Per cent. 
311 
3.05 
2.76 
3.47 
234 
2.73 
2.47 
4.53 
4.27 
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It is clear, therefore, that inoculation is of decided value ìr. 

increasing the yield obtainable as well as the percentage of nit 

rogen, and therefore the feeding value of the crop. The response 

to inoculation has been so general and so pronounced in thee 

experiments that it is considered to be inadvisable to attempt s 

grow the crop without it. 
Two strains of the lucerne organism have been employed in 

this work. The first (A) was obtained from the United State 

Department of Agriculture, the second (B) from Mr Thornton of 

the Rothamsted Experimental Station, who obtained it originally 

from Denmark. There is a marked difference between the two 

strains in the rapidity with which they produce their effect& 

Both strains have produced increases in yield of over 100 per 

cent., but whereas B has uniformly produced its effects duria 

the first year, A has frequently failed to increase the yield to 

the second year. A series of pot experiments was carried out 

test the two strains under comparable conditions. Four pas 

were sown with uninoculated seed, while eight were sown Witt 

seed inoculated with strain A and eight with seed inoculated with 

strain B. Fifteen plants were allowed to grow in each pot. The 

seed was sown on May 20th in garden soil which had been wen 

limed and mixed before potting, and the crops were cut 

August 24th, when they were beginning to flower. The aver!. 

results are given in Table V. 

TABLE V. 

Effect of inoculation with different strains of lucerne 

nodule bacteria. 

Uninoculated 

Inoculated with strain A ... 

B ... 

Average weight of air - 
dried crop per pot. 

Average percentage of 

nitrogen in oven-dried 

material. 

13'97 grams. 

16.29 

25.37 

3.56 

3.57 

3.83 

Strain B is decidedly superior to A in inoculating power, all 

also grows more vigorously on laboratory media than strain 

This is in agreement with a previous observation made by Stele 

at Wisconsin. Rapid inoculation is of the utmost importance 
securing a satisfactory crop. If the crop grows slowly during 

year (as it does when weakly inoculated), it is very cliff(' 

to establish and keep free from weeds. The use of strain p' 
compared with A is of material assistance in establishing tt: 

crop. 
For inoculation purposes the lucerne organism is growl! 

agar, on the surface of which it appears as a greyish white sun 

The slime is scraped off and thoroughly mixed with fresh ek 
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milk. The seed is then uniformly moistened with the milk and 
allowed to dry before sowing. Thornton recommends the 
addition of calcium phosphate to the milk, which he claims 
hastens inoculation. 

After the seed has been inoculated it should be sown as soon 
as possible, as the bacteria tend to die if the seed is kept for some 
time. Experiments by Lochhead, from whose paper Table VI 
is taken, emphasise the importance of early sowing after 
inoculation. 

TABLE VI. 

Nodule formation and storage of seed after inoculation. 

Time of storage of seed after inoculation. 

Sown immediately 
Stored 1 day ... 

2 days ... 

Nodules per plant. 

10.0 
6.7 
5.7 
3.0 
2.5 
2.2 

The seed should be sown as soon as it is dry enough, and 
during drying it should be protected from sunlight, which is 
injurious to the bacteria. 

Soil may also be inoculated by sowing on it several hundred - 
weights per acre of earth from a plot which has grown a 
successful well-inoculated crop, and immediately harrowing it. 
This method, however, involves considerable labour and trans- 
port, and has the disadvantage that it is liable to introduce plant 
pests, weed seeds, &c., quite apart from the fact that at the 
present time there is comparatively little well -inoculated soil 
available in the country. When the nodule bacteria have been 
introduced into a suitable soil they spread with considerable 
rapidity, so that it is frequently impossible to prevent uninocu- 
ated control plots from becoming inoculated from those into 
which the bacteria have been introduced. It is believed that 
novements of the soil water play a considerable part in spreading 
he organisms in the soil. In one case where alternate inoculated 
snd iminoculated plots were sown across a slope, the only plot 
vhich did not ultimately become inoculated was that situated 
in the highest ground. 

Sowing, Cultivation and Harvesting. -For lucerne the seed 
ed must be very carefully prepared. A fine tilth is necessary 
lid the land must be free from weeds and weed seeds. This crop 
exceedingly sensitive to the competition of weeds, particularly 

uring the first season, acid in örder to allow it to become properly 
stablished it is absolutely essential that the land should be kept 
lean. Weeds are a very frequent cause of failure. Lucerne 
lay follow potatoes or a root crop. 

The seed should be sown about the middle of June to allow 
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ample time for the cleaning of the land and to ensure that tli 

crop will grow rapidly. Lucerne sown before this date is diftica 

to keep clean, tends to become blanky, and does not yield a 

well as a crop sown in June. Sowing later than June, e.g i. 

early August, does not allow the crop to become sufficiently ava 

established before winter. As soon as the land is dry enough 

work it should be harrowed at intervals of two to three weeks til 

the time of sowing in order to encourage annual weeds to gr 

minate and destroy them. A short time before sowing it shout 

receive a thorough cleaning, such as is usually carried out ih 

preparation for a root crop. The chief danger which must to 

guarded against when lucerne is sown in June is that a periodi 

drought is liable to be encountered during which it is impossible 

to secure a satisfactory braird. 
The seed should be sown in rows on the flat, 18 to 21 inches 

between the rows, covered if necessary with light harrows ad 

rolled with a heavy roller. Rolling before sowing is also fro 

quently an advantage. Broadcasting is not recommended as i 

does not allow of the crop being cleaned. On three occasion 

lucerne has been sown in a cover crop of barley in April to e0 
May, but on all three occasions the crop has failed. 

The quantities of seed sown per acre in these experimet 
have varied from 7 to 30 lbs., but as a rule from 10 to 1511u 

has proved to be the most satisfactory seeding. In the caa 

where 7 lbs. were sown the conditions were very favourable sni 

a very good crop resulted. Generally, however, 10 to 15 lbs,i= 

the quantity recommended. A dressing of phosphatic and 

potash fertilisers may be applied at seeding, and may consiste 

4 cwt. superphosphate and 1 to 2 cwt. sulphate of potash per am 

The after -cultivation consists in keeping the land free from 

weeds, for which purpose hand hoeing must generally be relic 

upon, as it is unsafe to harrow or cultivate till the plants aresh 

to eight weeks old. After about two months from sowing t 

crop may, if necessary, be cultivated between the rows provide. 

care is taken that the implement used is not set too wide. 
Lucerne is generally ready to cut about the middle of St 

tember when it should be just coming into flower, and if cuttis 

is delayed beyond this stage the crops obtained in subsequea' 

years usually suffer. At this season it is as a rule best to fee 

the crop green to animals. It may, however, be made into ha! 

provided the weather is suitable, but in this case it must ti 

allowed to dry very slowly to avoid the loss of the leaves, wb1ti 

contain a large proportion of the protein (three to four tames 

much as the stems) . In the second and subsequent seasons to+ 

crops are obtained, one in July and the other in September. ç' 

far not more than two cuts per annum have been obtained unk 

field conditions. 
After the last cut for the year has been removed the laa' 

should receive a small dressing of ground limestone if the pit 
below 7, and should be harrowed with heavy harrows. U 

October the rows should be lightly ridged up with an ordinar 
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¡plough to protect the crop from frost during winter. In spring 
the land should be levelled by cross -harrowing, which assists in 
destroying weeds, and kept clean till the crop begins to grow. 
The dressing of phosphatic and potash manures already recom- 
mended may be repeated at this time. 

General Conclusion. -It has proved to be extremely difficult 
to obtain complete records of the weight of lucerne hay obtain- 
able from the experimental plots owing to the fact that 
hay- maldng in September is rather uncertain, and that many of 
those who have grown the crop have preferred to feed it green 
to animals. The records are therefore incomplete. Under the 
most favourable conditions it has been possible to obtain a yield 
of about one ton of hay in the first season and a total of about 
31, tons from the two cuttings in the second season. These 
results have, however, been obtained only in early districts and 
with very careful management. The essentials appear to be :- 

(1) Suitability of the soil ; 

(2) Use of the Grimm variety ; 

(3) Inoculation of the seed ; 
(4) Thorough cleaning of the land ; 

(5) Sowing not earlier than June. 
In conclusion I wish to express my thanks to all those farmers 

od others who have placed land at my disposal, to members of 
:he County Staff of this College for assistance in laying down 
operiments, and to Dr. W. G. Ogg for the determinations of 
if of the soils. 

4901 Wt. 12074/09. 300. 1/28. J.B.&Co.Ltd. G. 19. 
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I. Methods and Cultures Used. 

By Andrew Cunningham. 

With one Plate. 

Most modern text -books on bacteriology convey to the reader the im- 
ssion that the bacterial species is capable of producing cells of a uniform 
e only. The admission may be made that in old cultures cells, of a shape 
Bring from that which is regarded as typical, are frequently produced 
tsuch cells are often referred to as "involution" (dead or dying) forms and 
student is advised to confine his attention to cultures containing young 

1i only. Observed changes in morphology or in cultural characteristics 
bacterial species are also frequently attributed to the mutation or con - 

ation of the cultures. 
While these views are very widely held they are by no means general. 

careful study of the literature shows that strict adherence to the view that 
bacterial species is uniform in morphology and cultural characteristics 

impossible. When, as in the earlier years, the methods employed in ba 
riological work were still crude and unsatisfactory, many of the obs 
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vations made were doubtless erroneous. This criticism, however, does 

apply to much of the more recent work and at the present time there 

rapidly growing volume of critical evidence which indicates that the 

histories of the bacteria are much more complex than was previously se 

posed. 
Review of the Literature. 

Of the recent contributions to this subject two are of special impo 

because they attempt to explain the observations made in terms applies 

to the bacteria in general. These are the papers of L ö h n i s and S mil 

(79, 80) and the contributions of En d er 1 e i n which have been bro 

together in his book (31). Summaries of the views of these authors ba 

recently been presented by Haag (39) and it will therefore be unneces 

to refer to them in detail here. In 1921 L ö h n i s (78) published a to 

prehensive survey of the literature up to 1918 and was able to show 

his views receive a considerable amount of support from the work of 

vious investigators. En d e r l e i n 's book also contains a large nom 

of references to the previous literature. In 1927 Ha d 1 e y (40) rev 
the work on "microbic dissociation" and in the following year that on 

bacteriophage and its possible relationship to dissociation phenomena (t 

In the latter paper Hadley reaches the general conclusion "that 
i 

bacteriophage is either a definite stage in the cyclogeny of the boot 

species or a functionally active particle accessory to one of these stato 

In order to complete the general survey of the literature a short acme 

of the more important investigations, described in papers not incluid 

the summaries referred to or published since they appeared, will now be gir 

As far as possible L ö h n i s 's nomenclature will be employed. It sh 

be pointed out, however, that all the contributions reviewed are not of 

value. Too much emphasis cannot be placed upon the necessity of wo 

with cultures of undoubted purity in investigations of this nature - a P 

to which certain workers do not appear to have given sufficient atoll!) 

The doubtful value of single -cell culture methods of isolation to which m' 

workers attach great importance will be discussed later. 
In cultures of streptococci, R a m s i n e and G i v k o v i tc h 

102) observed the formation of a fungoid -like growth, spiral filaments, n1 

micrococci, diphtheroid rods and spore -like bodies. Rods have also 

observed in streptococcus cultures by D u c r et (29). H a j o s (42) s 

verted Micro c. aureus to M. citreus while Bigger, Bola! 

and O' Me a r a (14) observed the transformation of M. alb us to 

aureus and vice ver.sa. Schmidt -Kehl (116) cubs, 

Gram - negative rods from cultures of two sarcinae and converted tb 

the original types. In gonococcus cultures large vacuolated cocci (prrob' 

gonidangia) have been observed (74, 103) and a culturally -distinct Or 

positive coccus has been cultivated from a gonococcus (103). 
In B. t u in e f a c i e n s cultures, Levine (75) described ap 

ances which seem to correspond to regeneration from the symplasm and a 

the occurrence of spores (no data on heat resistance are given) while Ro, 

(107) recorded the formation of buds upon the rods. Lie s k e (76) obs^ 

conjunction with formation of regenerative bodies. Detailed morpbolor 

studies of B. radieieo1a made by K s (58), Gibson (35) 

S c h ö n b e r g (118) have demonstrated the formation of gonidia, goal 

microcysts, dwarfed growth, coccoids, branched forms and the symP 
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njunetion and regeneration from the symplasm have also been observed. 
5;ther workers have also recorded the formation of gonidia (13, 53, 130). 

i c h m o n d (105) claims to have cultivated B. r a d i o b a c t e r from 
ed cultures of the mono- and peritrichic types of B. r a d i c i c o 1 a. 

orphological studies on B. c o l i have been made by Scales (114) 
nd evidence concerning the relationship of members of the coli, typhoid 
lid dysentery groups (117), the coli and paratyphoid groups (52) and the 
ili, paratyphoid and typhoid groups (64) has been presented. So b e r n - 
cim and J u d i n (123) are reported to have obtained from a paratyphoid 
cillus an organism culturally distinct. Morphological observations on B. 
yphosus were made by Sonnenschein (124). Seiffert (121) 

a oted the formation of buds and branches and of large and small coccoids 
c young cultures of proteus X 19. Gonidia and regenerative bodies were 

n by Stoughton (128) in cultures of B. malvac.earum and 
ionn (18) described an organism obtained from soil which grew as a short 
d for a few days and then formed coccoids. B. p yo genes was found 
produce in addition to typical rods, minute cocci, streptococci, yeast -like 

lls and symplasm (46). 

l In cultures of B. dip h t h e r i a e, branched fungoid growths (36, 
), coccoids (36, 96, 144), streptococci (102) and large ovoid cells (36) (prob- 
ly gonidangia) have been seen. From tubercle bacilli K i r c h e n s t e i n s 
2) and Kahn (56) observed the liberation of gonidia and formation of 
ormal rods from them. Von S c h r o e t t e r (119) exposed B. tuber - 

eul o s i s to the effects of radium emanations and found that it grew slowly, 
produced acid -fast granules and was only slightly pathogenic. Dwarfed rods 
arre obtained from this organism by M a s u r (83). V a u d r e m e r (139) 
sdtivated Gram- positive cocci from the tubercle bacillus and D a r z i n e (21) 
obtained a non- acid -fast filamentous form possessing certain of the cha- 
racteristics of B. p y o c y a n e u s (though owing to inability to obtain 
tisfactory confirmation the author does not consider that the latter is 

'lated to the acid -fast bacillus). K a r w a c k i (57) claims that he has 
nsformed strains of B. tuberculosis to streptothrices. Additional 

cferences to papers dealing with the organism of tuberculosis will be 
end in the publication by Kahn (56). Much of the work on this 
ganism is uncritical because the investigators have used pathological 
aterials or have exposed their cultures to the unsterilised body fluids of 

II'Kla h n. The 
criticism applies 

the 
particularly 

produced by the tubercle bacillus on 
trial media, renders it difficult to isolate by the usual method. The 

¡'nits of transformation experiments with this organism, therefore, can 
P be accepted when they have been repeatedly and carefully con - 

In cultures of B. a l v e i Lo c h h e a d (77) has recently stabilised 
coccoid phase; he has also observed formation of and regeneration from 

symplasm. B. a n t h r a cis has been the subject of detailed investi- 
c tions by Haag (39) who recorded the formation of gonidangia and 

Jmplasm and showed that under certain conditions the bacillus may become 
porogenous and produce gonidia of two types which can be cultivated as 
cei and short rods. Upgrowth to the typical bacillus was found to take 

tree directly or through a series of intermediate forms of gradually increasing 
censions which have been previously described individually by a number 
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of workers. This observation is in agreement with one of L ö h n i s ao Smith (80) who recorded a tendency, among the sporulating rods belongio 

to the Azotobacter life -cycle, to pass from small to larger types through 

definite series of forms. K e s k o (60) has also cultivated a coccus fru 

B. anthracis. Studies of B. mycoides made by Nyberg(91 
and by O e s t e r l e and Stahl (93) indicate that it may yield a mrmk 

of forms previously described by H o 1 z m ii 11 e r. Formation of gonidi, 

and symplasm is also recorded and cocci have been stabilised by 0 e s terli 
and St a h 1. In more recent studies Nyberg (92) has cultivated free 

B. mycoides, B. subtilis and B. mesentericus tole 

mediate forms which render it impossible to distinguish these three ty; 
on the basis of cultural characteristics and appearance of colonies. In cultiva 

of a B. vulgatus -like organism von Klinckowström (66)oó 

served the formation of several types of gonidia, gonidangia and pale eel; 

capable of germinating (probably microcysts). He records the penetratim 

of a large spherical cell (oit) by a small granule (spermit) and also the stab' 

sation of a coccus. From cultures of B. me g a t h e r i u m, B. m e sse 

t e r i c u s was cultivated by. Haag (38) who succeeded in reconverts, 

the latter to the former type. L a u t i e r and L a u t i e r .(71, 72) stabilis: 

a diplococcus in cultures of the bacillus of A c h a 1 m e and also obserr 

a streptococcus which could not be stabilised. Forms similar to both of th 

these types were obtained from cases of acute articular rheumatism aud'`. 

pure culture were converted to the bacillus. From the diplococcus the ere' 

tococcus was also cultivated. 
David (22) noted the formation of gonidangia which liberated gosh 

in cultures of a vibrio. From such cultures Gram- positive cocci could 

cultivated. Formation of symplasm was also observed. Large coccoidsho 
been seen in cultures of vibrios by several workers (2, 54, 67). Al map s ae 

d r i n i and P a m p a n a (2) obtained fusiform bacilli from cultures oft. 

vibrio of F ink 1 e r -Prior but there is reason to doubt the stedl 

of the medium used by these workers. As the methods used for obta'' 
pure cultures of spirochaetes are still unsatisfactory, caution is necess 

in accepting the results of investigations dealing with the life -cycles of th 

organisms. References to work of this nature have therefore been omi 

from this review (with the exception of certain filtration experiments t 

which this objection does not apply). 
Tunnicliff (133) observed that spirilla developed from guau' 

produced by anaerobic fusiform bacilli; fusiform bacilli and spirilla ne 

also connected by a symplastic stage, while the latter were found to prode 

bodies resembling the former. Formation of gonidia by pleomorphic anaero' 

is also recorded by Tunnicliff and Jackson (134, 135, 136). 1hl 

the gonidia produce rods, while still attached to the parent cell, very char 

teristic brush- and rosette -like arrangements are formed. 
Organisms obtained from cancerous tissue have been studied by a nog= 

ber of workers (76, 81, 125, 145). Young (145) employed cultures obtaie 

directly from the tissues and does not appear to have appreciated the 

portance of pure culture work. Certain statements contained in the pa'' 

by Loudon, McCormack and Howard (81) create doubts' 

the mind of the reader as to the validity of the results. Li e s k e (76) eo" 

verted certain of the Gram- negative rods isolated to Gram- posh' 

forms. The organism isolated by Stearn , St u r d i v a n t and S tear 
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6) from malignant tumours produced gonidia and grew as large and small 
various types of rods and branched forms. 

Studies of the organism of bovine pleuro- pneumonia indicate that it 
fy produce buds (8, 90, 95) from which filaments grow out (90, 95). At 
tain stages in its growth this organism may appear as a homogeneous 
ui- liquid mass of protoplasm (90). 
During recent years the work of Kuhn on various bacteria has received 

ne attention. This author distinguishes "A" forms or "Pettenkoferia" 
obably gonidangia), "B" or filamentous types and "C" forms (granules 
small coccoids) (68, 69, 70). The latter were stabilised and grew as cocci. 
:e "A" forms are considered to be either phases in the life -cycle of the 
auism or filterable parasites of the bacteria (70). It appears probable 
It in this case the filterable stages are the gonidia liberated by the "A" 
ms and not the "A" forms themselves. Later work on the "Pettenkoferia" 
discussed by Ha d l e y (41). Chlamydospores (probably gonidangia) 
se been seen by Bergstrand (12) in a number of species. Pothoff 
1) has made further observations on budding and conjunction in species 
Chromatium, Spirillum and Pseudomonas while 

;chart (126) believes that sexual reproduction ( autogamie conjugation) 
;y take place in bacteria. 
Perhaps the most striking feature of recent work on the life -cycles of 

cteria is that part of it which deals with the possibility of the formation 
filterable phases. Much of this work has been summarised by Ha d 1 e y 

41) and by H a u d u r o y (45) who includes more than 150 references. 
tat section of it which refers to the tubercle bacillus has been dealt with 
IC aim e t t e (16) who quotes more than 50 papers, the majority of 
i c h record the finding of a filterable f i n s of B. t u b e r c u l o s i s. The 
oievs referred to present evidence on the filterability of: 

Microc. albus, aureus and meningitidis and various other 
noeocci; several streptococci; B. c e r e u s, c o l i, diphtheria e (and diphthe- 
iS), dysenteriae, gallinarum, Bac. of Johne's disease, B. mallei, 
ratyphosus, pestis, proteus, suisepticus, tuberculosis, 
phosus; vibrio cholerae; various spirochaetes; B. fusiformis; 
utobacter, and several unnamed organisms in addition to such well -known filter - 
ors as the organism of bovine pleuro- pneumonia and B. p n e u m o s i n t e s. 
hi papers not included in the reviews of H a u d u r o y, Ha d l e y 
Cal m e t t e, the following have been shown to produce filterable 

ges: 

Micro c. aureus (142), cocci from measles (49, 149), streptococci (101, 102, 
147, 148) minute anaerobic rods and cocci from nasal washings (34), B. proteus 

19(32), B. i n f l u e n z a e Pfeiffer (30); B. t u m e f a c i e n s (76, 107)1); Timothy 
abacillus (55); 1B. tuberculosis (3 -7, 23, 28, 88, 89, 97, 108 -113, 122, 131, 
,137 -141); B. a n t h r ac is (39), B. my c o i d e s (93), organisms from malig- 
ttumours (76, 81, 125), various bacteria (66, 87), spirochaetes (59) 
References to work on the motile butyric acid bacillus have not been 

laded in this review as they will be dealt with in detail later. The prelim- 
), study of the literature dealing with this bacillus appeared to indicate 
tit would be a suitable organism for life -cycle investigations. Numerous 
kers had recorded its tendency to pleomorphism and Br e de man n 
I claimed that he had cultivated an aerobic micrococcus from it. An 
stigation was therefore begun with the object of determining whether 

Filtration experiments probably unreliable as all plate -cultures and some tubes 
e11111on inoculated with filtrates showed contaminants. 
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Br e d e m a n n 's observation could be confirmed. A short account off,, moi 

results of this work was published in 1927 by Cunningham and Jeu latt 

k i n s (20) who showed that an aerobic micrococ us could be obtained fa av 

cultures of the motile butyric acid bacillus under conditions which exclude diti 

the possibility of contamination. A short description of the micrococe 

was included in this paper. The investigation was continued and the resol 

obtained will form the subject of the present communication. They as mer 

be briefly summarised as follows : Seven distinct cell types have been o' 

served and representatives of four of these have been cultivated as mic, mas 

cocci (D), short non -sporing rods (C), slender rods (B) and large ro; mod 

(A) respectively'). Representatives of these four types will be describe clav 

and evidence as to their relationship to the original anaerobic bacillus hou: 

be presented. An account of the results of observations on the special moi 

¡Lis phology and methods of reproduction of the organism will also be give >s 

dogs 

Methods. mitt 

Me e d i a.. The usual media employed for the characterisation of bade' Riait 

(ordinary agar, glucose agar, bouillon, gelatine, milk and potato) and el 
m 

g 

peptone water, media for testing fermentation and V o g e s - P r o s kaue 
déte 

reactions, soil extract and soil extract mannite agar were prepared as 

scribed in (19) except that the pH of the bouillon, agar and gelatine vase 

justed to 7.4 and the soil extract from one kg. soil was made up to a li 
mise 

with tap water after filtration. Glucose nitrate peptone water and glu sod 

nitrate soil extract were prepared by adding 0.5 per cent glucose and d.+ 

per cent potassium nitrate to peptone water and soil extract respective' 
irae and glucose gelatine by adding 0.5 per cent glucose to nutrient gelatin 

tl Bouillon and peptone water, containing 0.5 per cent glucose and in cerf, 
ope 

cases a small quantity of calcium carbonate and a strip of filter paper, we 

hove frequently employed while eight per cent glucose agar containing caloi'' 
¡sial 

carbonate was also used. 
Mannite nitrate solution, mannite nitrate agar, potato agar, eightt 

fheÿ 

cent salt agar and dilute bouillon were prepared in accordance with t 
hile 

directions of L ö h n i s and S m i t h (79, 80). For certain experima darn 

with micrococci an acid peptone agar of the following composition was had hala 

glucose 1.0 per cent; peptone 0.5 per cent, agar 2.0 per cent; pH adjusts'sled 

to 3.6 by addition of phosphoric acid before sterilisation. The corn mas' 
has 

medium of Fred and Waksman (33) was also used. sou: 

For the preparation of soil as a culture medium, garden soil was passe Nye 

through a 3 mm. sieve, air -dried and distributed in test tubes to a del .ea; 

of about four centimetres. 0.1 per cent glucose solution was added untili 

soil became saturated and a layer of liquid about 3 mm. in depth for 

above it. The tubes were then plugged with cotton -wool and placed io dis 

boiling water -bath for fifteen minutes to remove air bubbles prior to ste' liet. 

lisation. and 

For the characterisation of the anaerobes liver -liver bouillon (73, Bd.' Itl 

S. 62) and brain (73, Bd. 1, S. 62 - pH 7.4) and bullock's heart (106)m it 

were employed. The cellulose -decomposing types were cultivated in Khoo rl 

vine -Delaunay's medium (61), Omelianski's mineral 'w 

Po 

1) The types which have been stabilised will be referred to in the test by the 

tars A to D: the subtypes will be indicated by numbers attached to the letters, 
!ie 
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medium + filter -paper (94) and S m i t h 's medium. The composition of the 
latter is as follows : soil extract 1000 c. c., dipotassium phosphate 1 gram, 
ammonium sulphate, 1 gram, peptone 2 grams; pH adjusted to 7.2 by ad- 
dition of caustic soda; filter paper and calcium carbonate added. 

Sterilisation and Storage of Media. Milkandgelatine 
were the only media sterilised by intermittent steaming. The tubes of milk 
were exposed to the temperature of steam for forty minutes while the gelatine 
was steamed for thirty minutes on each of three successive days. All other 
sedia except soil were sterilised at 11 /z atmospheres pressure in the auto- 
clave. The soil tubes were autoclaved at two atmospheres pressure for one 
hour on each of two successive days. 

Special tests with lactose and saccharose peptone water indicated that 
itis improbable that sterilisation at 11,4 atmospheres pressure causes a greater 
degree of hydrolysis of these sugars than exposure to the effects of inter- 
mittent steaming. Organisms capable of fermenting glucose but not sac- 
those or lactose, when the sugars are sterilised by steaming, were grown 
io glucose, saccharose and lactose peptone water sterilised in the autoclave 
at 11/2 atmospheres pressure. No trace of fermentative activity could be 
detected in the tubes of saccharose and lactose peptone water. 

Media were stored in covered glass jars until required. In order to mini- 
mise the risk of contamination by growth of fungi through the plugs, the 
fitter were sprayed with a one per cent solution of salicylic acid in alcohol 
and allowed to dry before the tubes were transferred to the jars. 

Tubes of all media used were incubated aerobically at 37° C for two to 
three days at intervals during the investigation as a check on their sterility. 
le the case of soil, transfers were made from the incubated tubes to agar 
dopes also incubated aerobically. The only medium which occasionally 
¡hewed evidence of contamination was milk. All tubes of this medium were 
mcabated for two to three days at 37° C immediately after sterilisation. 
They were then placed in a boiling water -bath and if they showed no change 
they were stored until required. Immediately before use they were again 
hoiled in order to detect the growth of possible contaminants which pro- 
d* no obvious change in appearance. In the work to be described the 
illation from milk cultures of organisms, which were distinct from those 
aid for inoculation and produced no spores or formed gas in the medium, 
this been regarded as evidence of transformation. Those of the former type 
could not be capable of resisting steaming, while those of the latter have 
fever been observed to develop in milk, incompletely sterilised by intermittent 
teaming. All other forms isolated from milk have been discarded. 

I s o la ti o n of S t r a i n s. The importance of using only cultures 
al undoubted purity in work of this nature has already been emphasised. 
llethods of isolation must therefore be selected which are suitable for the 
ppose in view and give the greatest possible guarantee as to the purity 

the cultures obtained by their use. Many critics of work on the life -cycles 
ithe bacteria as well as certain workers on this subject attach great im- 

a portance to the use of single -cell methods for isolation purposes. Such methods, 
ever, have frequently been overrated. As all single -cell methods rely 

MI microscopic examination for the detection of contaminants their ef- 
ency will depend to some extent upon the size of the contaminating or- 
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ganism. In the presence of the smaller organisms the use of the singlecoh 

technique is rendered difficult or impossible and in this connection it is nee* 
sary to remember that even the strictest monomorphists admit the existence 

of organisms which are only just visible when examined at the magnifications 
generally employed. It has already been mentioned, however, that a con 

siderable volume of evidence, mainly of recent date, shows that at least 

certain bacteria possess filterable or ultramicroscopic stages in their life 

histories. Filterable forms appear also to be widely distributed in nature 

as they have been detected in faeces and well- and sea -water in addition to 
a pathological materials and bacterial cultures (45). The presence of such 

forms renders impracticable the use of the single -cell technique. Certain 

workers also believe that bacteria pass through an amorphous or symplastic 

phase in which form their presence cannot always be detected by the use of 

microscopic methods alone. It is clear therefore that single -cell method 

offer no real guarantee that the cultures isolated by their use will be pin 
On the other hand, there is no evidence that the filterable forms or the 

symplastic stage are decidedly more resistant to heat than the vegetative 

cells of bacteria. For the isolation of a spore -bearing organism, therefore; 
to 

plating combined with heating of the inoculum to a temperature above the u, 

thermal death point of non -sporing cells appears to be the best method al 
ra 

present available. On theoretical grounds, however, there is justification for 
DID 

believing that a series of platings of a non -sporulating organism may also 
ho 

be relied upon to yield satisfactory results. In those cases in which thefilter 
loa 

able phases of bacteria have been cultivated on solid media they have beta 
m 

found to produce a very meagre growth, generally after prolonged incubation it 

It is reasonable to suppose, therefore, that a series of platings will eliminate 
to 

such forms by a process of dilution. Continuation of plating till the colonies 
@a 

appear uniform, combined with a careful microscopic examination of stained 
are 

films from a number of representative colonies on each set of plates, ii 
provide safeguards against possible contamination by regeneration from the 

symplasm or by upgrowth from filterable forms. or 

In all isolation work described in this series of papers, strains have been r 
replated from discrete colonies until at least two successive platings hay 5, 

yielded growths uniform in appearance and containing cells of one type onlc, 
ao 

Where cultures contained spores (the majority of the cultures studied were 
di 

sporulating rods) the inoculum for each plating was heated at 80° C for tea ;c 

minutes. Development of the anaerobic organisms on plates was often P. to 

ratic. When each set of plates was inoculated, therefore, growth was also 

transferred from a colony to an ordinary or glucose agar stab to guard against 

the loss of the strain in the event of the plate cultures failing to develop. bof 

There are considerable differences of opinion among workers on the 

anaerobic bacteria as to the best cultural method for isolation purpose& o 

The methods most frequently employed are: 
(1) Surface inoculation of plates or sloped media in tubes. 
(2) Preparation of shake cultures. at 

(3) The use of plates prepared by pouring the medium after inoculation 

into Pet r i dishes. to 

The first method, when applied to aerobic cultures, frequently yield 

unsatisfactory results. When dealing with complex, mixtures of orga?usms 

from soil, which generally contains spreading forms, it is often practrcair 

impossible to obtain pure cultures by this method and there is no reason 
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suppose that the method would be more satisfactory when applied to 
grobes. 
Shake cultures and plates poured after inoculation have the common 

vantage over plates inoculated on the surface that a thorough separation 
the cells is rendered possible by the trituration of the inoculum on the 
of the tube. Method (2) is open to serious objection when, as in the pres- 
instance, gas -producing anaerobes have to be isolated. In the deep 

r of a shake -culture the medium is generally broken up by gas formation 
l it is consequently difficult or impossible to obtain well separated un- 
taminated colonies. Discrete colonies when obtained are also very dif- 
dt to remove for purposes of study or culture. The objection with regard 
gas formation does not apply to the same extent to plates poured after 
eulation because the organisms dealt with in these studies do not as a 
; produce more than a few small gas bubbles in plate cultures. Generally, 
refore, no difficulty is experienced in securing well -isolated colonies un- 
itaminated by liquid liberated by the disruption of the medium. 

The shake has the advantage over the Petri dish culture that oppor- 
ities for external contamination during inoculation and examination 
greatly reduced but platings made in So y k a flasks have all the ad- 

gages of shake cultures in this respect. In the work described in this paper, 
thod (3) has been extensively employed and many of the more critical 
ations (for example those made directly from cultures in which trans - 
mations have been observed) have been carried out in So y k a flasks 
which the media were sterilised prior to inoculation. Certain strains of the 
aerobes studied show a tendency to produce spreading colonies even in 
y k a flasks or poured plates [method (3)] but such growths can be de- 

ted by a careful examination of the colonies and avoided when transfers 
inade. 

Cult u r a 1 Me t h o d s. As soon as the isolations were completed, 
cultures were transferred to slopes of beef infusion agar in the case of the 

obes and to stabs in ordinary or glucose agar in the case of the anaerobes. 
stock cultures of the aerobic types were incubated at 30° or 37° C until 

wth took place after which they were kept at room temperature. Cultures 
he motile butyric acid bacillus in glucose agar stabs were incubated aero- 
ally at 30° or 37° C for two to three days and then kept aerobically at room 
;perature. Evidence of the absence of aerobic contaminants is furnished 
the fact that no tendency to produce surface growth has ever been ob- 
red under these conditions. Stock cultures of anaerobes other than the 
inc acid types were grown in ordinary agar stabs incubated and stored 
M c I n t o s h and F i l d e s jars. All stock strains were transferred 

fresh media every two months. 
As soon as possible after isolation all strains were grown on the usual 

lie at 220, 30° or 37° C and were carefully characterised by detailed obser- 
ion of morphological and cultural characteristics. In addition to the usual 
Ward media, a number of special media (already referred to) were em- 
led with the object of inducing changes in the type of organism. Ex- 
t in the cases referred to above McIntosh and F i l de s jars have 
a used throughout the investigation for the cultivation of anaerobes. 
A number of special cultural methods were tested with a view to induc- 
transformations in the motile butyric acid bacillus. In the preliminary 

; weite Abt. Bd. 82. 3 
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investigation (20) frequent use was made of the method of culture uni 

reduced pressure. In the subsequent work the cultures were placed 

Mc I n t o s h and F i l de s jars which were then partially exhausted 
I 

means of a water pump. In certain cases cultures were also incubated 
closed jars (not exhausted), in which the conditions probably do not rem 
completely aerobic. In order to prevent mould growth through the plug 

of tubes incubated under partially- aerobic conditions, the plugs were spray( 

with an alcoholic solution of salicylic acid as already described. Cultures n ] 

also submitted to a series of transfers repeated at short intervals in glum 

agar stabs incubated aerobically and anaerobically and on ordinary agi 

incubated anaerobically. A considerable measure of success attended th 

use of cultures incubated aerobically in glucose peptone water contaiaiq 

calcium carbonate and filter paper and inoculated with a milk yeast. 
When a variety of different media were inoculated at the same tirii 

from the same culture the inoculum (generally the growth on an agar slope 

was suspended in about one cubic centimetre of sterile water (boiled al 

cooled for the anaerobes). A control of the purity of the culture used to 

provided by careful microscopic examination of stained films from the se 

pension. A loopful of the suspension was used to inoculate each cultre 

and in the case of the anaerobes, after the inoculations had been completed 

the remainder of the suspension was transferred by pouring to an agar slope 

or to a So y k a flask or Pet r i dish of melted agar at 50° C. Aeroire 

incubation of the slopes and solidified S o y k a flask and P e t r i dió 

cultures provided an excellent control as to the freedom of the cultures used 

for inoculation from accidental aerobic contamination. It also served ass 

check on possible contamination during the inoculation of individual culture, 

Forty slopes or So y k a flask cultures were inoculated in this way from 

suspensions which had previously furnished inoculations for approximatelt 

five hundred cultures and only on two occasions was growth obtained du 

aerobic incubation. Both cultures yielded cocci of the type to be descrihed 

as the coccoid phase of B. s a c char o but y r i c u s. Of twentylom 

Petri dish cultures containing suspensions, which had been used to inocolote 

approximately four hundred individual cultures, five yielded colonies after 

aerobic incubation. Each of the P e t r i dishes which showed growth* 
tained a single colony only. One of the colonies was composed of short rod± 

of the type which has been frequently obtained from the motile butyric add 

bacillus while, of the others, two were cocci and two yellow sarcinae. 
coccus and sarcina colonies probably represent contaminants which had 

gained entrance to the cultures during the pouring of the plates. It appeiS 

therefore that in these experiments the risk of contamination during t 

inoculation of tubes or of So y k a flasks is negligible. In the case of Pet! 

dishes the risk is slightly greater but the nature of the contaminationisgeo- 
erally such that it can be readily detected by careful examination of 

plates. Thus obvious contaminants such as single colonies near the ed, 

of the plate and growths spreading inwards from the side of the dish hs 

been discarded. 
Although opportunities for accidental contamination are greater 

Pe t r i dish than in tube cultures it is possible to maintain P e t r a I' 

cultures free from contamination for considerable periods. Uninocula° 

control plates have been frequently observed to remain sterile during" 

aerobic incubation for periods of six weeks or more although the jars mo 
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opened several times to allow of examination of the plates. In these cases 
the Pe t r i dishes themselves were not opened and the objection may there- 
fore be urged that the risks of contamination were less than in the case of 
rowing cultures opened frequently for microscopic examination. There 
is also evidence that the risk of contamination even under these conditions 
is not excessive. In this investigation anaerobic plate cultures have been 
kept for a period of 2% months without showing any sign of contamination, 
although films for microscopic examination were made from the cultures 
et frequent intervals. Many of the advantages of Pe t r i dish cultures 
with reduced risks of contamination can be secured by the use of S o y k a 
flasks, which have been frequently employed. 

The majority of the more critical cultural tests have been made in du- 
plicate. One of the cultures was used for the periodical microscopic examina- 
ions to be described in the next section; the other was kept unopened until 
a change in the type of organism was observed in the first culture. The 
microscopic and cultural examination of the second culture then provided 
o control as to the freedom of the first from accidental contamination. 

Microscopic Examination of Cultures. The method 
of continuous microscopic examination of living cultures has been found 
to be unsuitable for work of this nature. This is due to the fact that trans- 
formations and other changes take place erratically in response to influences, 
the nature of which it has been impossible to determine. A large proportion 
of the cultural tests yield negative results and continuous microscopic ob- 
mrvation of cultures is, therefore, out of the question. 

On the other hand, microscopic examination of stained films repeated 
et frequent intervals can generally be relied upon to reveal a tendency to 
change and frequently furnishes evidence of the mechanism of the trans - 
formation. If the microscopic preparation is made while the transformation 
hi progress all stages from one type of growth to another can frequently 
he found in a single film. 

All cultures have generally been examined five or six times in the course 
of two to three months, - three times within the first ten days and again 
otter one, two and three months. For the routine examination of cultures 
comparatively simple staining technique was used. In order to reduce 

h risk of error due to the tendency of complex stains to deposit upon the 

a 

produce deceptive i unreliable appearances, the 
by gnt eheat ngwere n most cases ainedwithdilutfuchsin 

repared by the dilution of one part carbolfuchsin, Z i e h 1 - N e e I s e n, 
th nine parts distilled water). In a few cases carbol- erythrosin (one per 
nt erythrosin in five per cent aqueous phenol) was found useful for demon - 
ating bodies within a cell, the presence of which would have been obscured 
the use of a more intense stain. A few of the larger structures were fixed 

f formalin and alcohol according to D o b e i l's (24) method. 
Dilute fuchsin films made from concentrated liquid media such as bouil- 

a often present very deceptive appearances. All doubtful cases were there- 
re checked by the examination of living unstained preparations. This was 
and to be an effective method except in those cases where dead cells were 
resent in the medium. The latter possibility can be very largely eliminated 
media are sterilised immediately after preparation. The presence of con- 

3 
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siderable numbers of dead cells is generally due to bacterial growth in the 

prepared medium prior to sterilisation. 
The method of G r am staining described in (19) was used. It was col 

trolled by staining side by side on the same slide. films of Gram-positive 
and Gram- negative bacteria along with one or more films of the organism 

to be examined. 
Motility was studied in hanging -drop preparations which were generally 

made from young bouillon, glucose bouillon, sugar peptone water or glucose 

agar cultures. In certain strains, of the anaerobes especially, motility vas 

difficult to demonstrate and positive results were only obtained after repeated 

examinations. 
All measurements recorded were made in the living unstained prepare. 

tions used for the study of motility. 
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Isolation and Characterisation of the Original Strains (A1). se 

For this investigation twenty strains of the motile butyric acid bacillus 

(including the six strains referred to in the preliminary communication) Tos 

were employed. Eighteen of these were isolated from representative arable, 
sga 

permanent pasture and garden soils, one was obtained from milk and one ad 

from a potato. 
In the case of the majority of the soil samples, quantities of about one !RI 

gram were added to tubes of one or two per cent glucose in tap water; in lac 

two cases the soil was added to tubes of sterile milk. The tubes were heated 
feol 

at 80° C for ten minutes and incubated aerobically or anaerobically at 37°i dr; 

Gas was produced generally after two to three days' incubation. Attemptsto 

transfer these cultures to fresh tubes of glucose solution or milk generally 

failed, but no difficulty was experienced in isolating organisms of the re. 
If 

g 

quired type by plating loopfuls of the original liquid cultures on glucose agar gar 

anaerobically at 37° C as already described. By anaerobic plating on glum fear 

agar a strain was isolated from milk which had been heated at 80° C for 

ten minutes and incubated anaerobically until gas formation took place. lie 
R6Y 

potato was stabbed several times by means of a needle, placed in a beaker ao 

of water and heated at 80° C for ten minutes. The beaker and its contents 
and 

were incubated aerobically at 37° C until frothing occurred, when glucose agar 
h 

plates were inoculated from the fermenting liquid and incubated anaerohr IN( 

cally at 37° C. o: 

The following is a description of the strains of the motile butyric ao 
lr 

bacillus (Al) employed in this investigation. They were uniform in 11100 

phology and in cultural characteristics except as noted below: 
ad 

M o r p h o 1 o g y. (Plate I, Figs. 1 -2.) In young cultures rods a 'PP( 

straight with rounded ends and frequently form rafts" on solid rued d 

They are generally single or in pairs but short chains are sometimes see' 

in liquid media containing sugars. Older cultures (especially on potato ao' 

eight per cent glucose agar + CaCO3) frequently contain spindle- shaped cs 

Rods vary in breadth from 0.5 to 1.2 µ and spindles may be 1.5 or eve la 

2 is. broad. The length of the cells generally varies from 3 to 6 µ but f 

ments of 20 t,. or longer are formed on ordinary and glucose agar and sr 

potato. The filaments on potato are frequently slender. Rarely, very for 

and much twisted filaments are seen. In certain strains cells are afwa, i 

smaller than in others. al 



The Life -Cycle of B. saccharobutyricus von Klecki. 37 

Ovoid to cylindrical endospores are formed in large rods and spindles, 
,erally after two days' incubation at 30° C or 37° C on solid media. Occa- 
ially two spores are seen in one cell. Spores are subterminal, less fre- 
ely central. They vary greatly in size; in the same culture spores about 

times as large as the smallest forms present have been observed. In 
mg sporangia the long axis of the spore is not always parallel to that 
the cell. After the spore has been formed the cell frequently appears to 
ink and the spore causes the cell -wall to bulge outwards. The portion 
the sporangium between the spore and the end of the cell often becomes 
ached and the spore may then appear to be terminal. A large propor- 
I of the cells on ordinary agar contain spores; on glucose agar spore f or- 
tion is variable and sporulating growths are generally more opaque than 
se containing only vegetative cells. Germination of the spore takes place 
one end but may occur at a point not on the long axis of the spore. Spores 
destroyed by boiling in three to five minutes. 
Motility is easily demonstrated by low -power examination of 

mg (24 hrs old) colonies or of hanging -drop preparations from glucose 
ar stabs incubated aerobically until gas formation begins. Rods, spindles 
I also sometimes sporangia are motile. 
Stain i n g. Young cells are stained uniformly and deeply by dilute 

hsin. Older cells and spindles often show irregular unstained areas ex- 
iling almost the whole length of the cell. Certain cells, though staining 
ply, contain numerous intensely stained granules. Young cells are 
a m - positive but they soon cease to retain the stain. 

Cultural characteristics. The organism is a strict anaerobe. 
grows well at 30° and at 37° C and more slowly at 22° C. In a glucose 
ar stab it remains viable for more than two months and in soil for two 
ars or more (although the medium may have completely dried out). 

G l u co se a g a r plate. Surface colonies are generally large, round, 
yish -to porcelain- white, opaque and glistening with entire edge; they 

occasionally irregular with opaque centre and translucent margin 
I sometimes translucent and spreading with broad frond -like extensions, 
I margins of which ultimately become opaque. Certain strains tend to pro-. 
ae spreading growths. Surface growth and colonies are granular. Deep 
ones are opaque, fusiform, ovoid or irregular and sometimes show tufts 
long hair -like outgrowths. 
Glucose gelatine plat e. Surface colonies are round to 

;fitly irregular and glistening, at first translucent, greyish, later opaque 
l porcelain- white; they may ultimately show a translucent margin and 
near slightly lobate. Deep colonies are opaque, spherical to irregular 
I lobate. A few broad twisted outgrowths made up of chains of colonies 
occasionally observed. As a rule there is no liquefaction (see glucose 

atine stab). 
Ordinary agar s l o p e. Growth is never abundant. It consists 

a thin, greyish, translucent, glistening, spreading film or of small (1 mm. 
t) colonies, round to slightly irregular and translucent. Sometimes it 
so thin that it is only visible when touched with a needle. 
Glucose agar stab. Surface growth is generally thin and greyish 

L growth in the stab is vigorous, thread -like or beaded. Gas formation 
abundant, breaks up the medium and may cause frothing in the cavities 
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so formed. The organism grows well on this medium when it is incubate 
aerobically. There is generally no growth in glucose agar + CaCO3 br 

in eight per cent glucose agar -1- CaCO3 growth is vigorous. 
Bo u i 11 o n. In ordinary bouillon there is generally no growth; in 

few cases a faint, just perceptible opalescence has been observed. In gle 

cose bouillon turbidity is dense and uniform, with vigorous gas format 
and frothing; the reaction becomes strongly acid. Later the liquid clne 

and an abundant greyish sediment is deposited. Growth may be obtainei 

in this medium under aerobic conditions by using very heavy inoculation 
In glucose bouillon + CaCO3 + filter -paper there is no decomposition 

of 

cellulose but a brown line generally appears on the paper at the surface 

of the liquid. 
Gelatin e. In ordinary gelatine there is usually no growth; at 37°C 

a very faint turbidity with a few gas bubbles is occasionally observed ( prob. 

ably due to the presence of traces of fermentable sugars in the median), 

In glucose gelatine stab, growth is generally thread -like but may be 

papillate or even villous or hairy, depending upon the consistency of the 

medium. The gelatine is broken up by gas which may cause frothing in the 

cavities. Surface growth ultimately becomes thick, glistening and pone. 

lain- white. As a rule there is no liquefaction. Two of the strains studied 

have sometimes produced liquefaction after two or more weeks' incubation 

Hall (43) has made similar observations. In the present instance 

tubes of medium prepared at the same time from the same materials may 

or may not show liquefaction depending upon the inoculum used. Lip 
faction, when it occurs, is probably due to a change in the organism as is 

several of the liquefying cultures slender rods have been observed though 

they could not be cultivated. Four strains produced a pinkish growth m 

the stab which later became reddish to purple. 
M i 1 k. All the strains studied curdle milk and produce gas in it 

The curd may vary from a solid compact mass with a few gas holes or spas 

to one which is typically frothy or "blown ". The liquid is whitish, thoren 

no peptonisation, and the reaction is strongly acid. Milk + CaCO3 is also 

curdled and shows the same appearances as that without addition. 
P o tat o. Growth is moist and whitish and may be frothy in appear 

ance. Sometimes it is only visible when touched. The medium is genet 

ally softened and often bleached. Strains which produce a reddish to poop 

growth in gelatine generally show a pale violet to brownish growth on potato 

Bullock's heart medium. The liquid becomes turbid, gas 

formed and the meat becomes reddish. There is no digestion of the tissue 

Br a in me di u m. The liquid becomes turbid and a small quanti 

of gas is formed. The tissue may become slightly yellowish but no blades 

ing takes place. 
Liver-liver b o u i 1l o n. The liquid is turbid and some gas 

formed. The tissue near the surface becomes yellowish. 

Biochemical reactions. Acid and gas are formed promp 

by all strains from xylose, glucose, levulose, galactose, saccharose, malto 

lactose, dextrin and salicin. Mannite and inulin are also fermented by 

strains but the fermentation is slow and often erratic. Dulcite, sorbs 

inosite, glycerol and starch are fermented by certain strains only; in 

case of the alcohols fermentation is slow and often erratic. Adonite is a' 
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canted. Indol is not produced and the V o g e s -Pro s k a u e r reac- 
n is negative. 

The strains described in the preliminary communication were found 
I be non -pathogenic for guinea -pigs inoculated intraperitoneally (20). 

The following strains, obtained from the sources named, were also ex- 
ed and found to be identical in all essential particulars with those de- 

nibed above: 
(1) Iodophile Clostridium received from Dr. N. S v a r t z (129), Stockholm. 
(2) Clostridium (Granulobacter) saccharobutyricum(Beij.) 

Donker (25) No. 860 received from American Type Culture Collection. 
(3) Clostridium multifermentans Bergey et al. (51) No. 3530 

received from American Type Culture Collection. 
(4) Clostridium b u t y r i c u m Prazmowski recieved from 
(5) B. amylobacter A. M. et Bredemann K r ál's 
(6) Granulobacter saccharobutyricum Beij. bakteriol.Museum 
(7) Clostridium ß Haselhoff et Bredemann Vienna. 
(8)B. saccharobutyricus v. Klecki 

The original sources of Nos. 1 -3 are given in the references. No in- 
umation as to the sources of the strains obtained from K r á l's Museum 
.)1dd be obtained. 

In the older literature dealing with the butyric acid bacilli a large num- 
+r of so -called distinct species have been described but the descriptions 
e generally so imperfect that only a few allow definite identifications to 
made. The first paper which gives an adequate (though not a complete) 
cription of an organism of the type described above is v. Klee k i's (63) 
which the name B. saccharobutyricus is suggested. B. sac - 

har o but y r i c us v. Klecki is therefore the correct name for this 
,anism. 

Schattenfroh and Grassberger's (115) is still, however, 
'e best description in existence. These workers introduced the name G r a - 

ilobacillus saccharobutyricus mobilis non- lique- 
lei e n s. In the course of their work they examined original strains of 
amylobacter I. Gruber (37), Granulobacter saccharo- 
etyricum Beij. (9) and B. saccharobutyricus v. Klecki 
d identified them with the strains isolated by themselves. Pr i n g s - 
eim's (100) description of Clostridium Americanum is suf- 
lent to identify that organism with B. saccharobutyricus and 
riling to v o n Hi b 1 e is (50) description his B. a m y l o b a c ter van 

eghem also belongs to this type (though his selection of the name is un- 
' tifiable owing to the fact that it was impossible for him to identify his 

hires by means of van Tie g h e m's very inadequate description and 
does not appear to have examined any of this author's strains). 
B r e de m a n n (15), as a result of the study of original strains ob- 

ed from various workers, asserted that a large number of previously in- 
lpletely characterised forms belong to a type probably similar to the 
here described. He attached great importance to morphological charac- 

(' tics and in particular to the size of the spores which has already been 
ml to be extremely variable. Many of his cultural data such as his de- 
ptions of growth in milk are also unsatisfactory. The fact that he in- 
ded Granulobacter pectinovorum Beij. in a group iden- 

h lwith B. saccharobutyricus von Klecki [although Beije- 
° uck and van D e 1 d e n (10) found that it liquefied gelatine and 
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produced trrminal spores - observations recently confirmed on a strá, 
obtained from K r 6,1] raises doubt as to the validity of Br e d e m a nn's 

contentions. In this connection it is necessary to point out that gelatine 

liquefaction is an important characteristic for, distinguishing the butyl alto. 

hol- acetone (84) group from the butyric acid bacilli and that B re de. 

m a n n used throughout his work a very concentrated (20 per cent) gels, 

tine. It seems unwise therefore to accept Br e de man n's synonyms, 
B. butyricus as characterised by Adamson (1), the Medi 

cal research committee (86), Douglas, Fleming an 

Colebrook (27) and H a 11 (43) agrees closely with the description given 

above except that the strains referred to in the first two publications pro, 

duce a curd with little or no gas in milk -a difference of minor importance 

Stoddard's (127) description of B. multifermentans ten 
a l b u s is in general agreement with that of B. s a c char o b u t yri 

c u s but no reference to growth in gelatine is included. It is stated, hos 

ever, that neither meat nor egg albumen was digested. The author was o 

opinion that his organism might belong to G r a s s b e r g e is s a c c h aro 

but y r i c u s m o b i l i s type. These facts along with H i l l's (51) d' 

scription and the characterisation of her strain referred to above (No. 35 

of the American Collection) appears to justify the inclusion of this organic 

under B. saccharobutyricus. 
B. tertius Henry ( 48) is regarded bySchüssler (120),byZeiss 

ler and Rassfeld (146) and by Lehmann and Neumann(l3' 
Bd. 2. S. 665) as a motile butyric acid bacillus of the type describes 

in this paper. Two strains of this organism (Nos. 65 and 125) received fro.. 

Professor Z eiss 1 e r have been examined. They differ from the sac 

char o b u t y r i c us type in forming terminal spores, in producing 

curd with little gas in milk, in showing less activity towards the ferries 

tation test substances and in producing little or no growth on potato, I 

is doubtful, however, whether these differences are sufficient to justify lb' 

separation of this organism from B. sac c h a r o but yr i c u s. 
Most of the new species of sporing bacilli described by Car bone ao 

Vent u r e 1l i (17) appear to be merely coloured varieties of B. sac 

char o but yricus similar to those isolated during the present invest 

gation. It is of interest to note that Ha s e l h of f and Br e de m a n 

(44) recorded that some of their incompletely described strains produce 

coloured growths on potato. C l o s t r i d i u m ,B Haselhoff et Bredema 

obtained from K r á l's Museum, produced a violet growth on this medium 

The remainder of the non -pathogenic bacilli of this general type, de 

scribed in the literature under names distinct from those already refers' 

to, are either insufficiently characterised or are certainly not identical in 

B. saccharobutyricus. Recently McCoy., Fred, Peter 
s o n and Has t i n g s (85) have examined a strain of C 1 o s t rid i u 

Pasteurianum (143) obtained from Winogradsky as well 

several isolated by themselves and one received from D o r n e r (26). The. 

conclude that it is distinct from the sac c h a r o but y r i c us type 

Prazmowski's (99) description of Clostridium butyricu' 
is based almost entirely on morphological characteristics and includes n' 

cultural data of differential value. It is, therefore, surprising to find fbe 

Bergeyetal.(11)adopted Clostridium butyricumPrazmoir 
not only as the name of the species but also as the type species of the gen 
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o s t r i d i u m. For similar reasons H e 1l e is (47) "conception of 
tematic anaerobic work" can only be described in her own words as 
¡elastic" because she suggests Clostridium amylobacter 
a Tieghem (as described by Wino g r a d s k y) as the type species of 
.genus Clostridium. 
From this brief review of the literature and other observations the 

'elusion appears to be justified that the following are synonyms.: 
B. saccharobutyricus v. Klecki. 
B. amylobacter I Gruber. 
Granulobacter saccharobutyricum Beij. 
Granulobacillus saccharobutyricus mobilis non- lique- 

f a e i ens Schattenfroh et Grassberger. 
Clostridium Americanum Pringsheim. 
B. amylobacter (van Tieghem) von Hibler. 
B. but yrieus Adamson et al. 
B. multifermentans tenalbus Stoddard. 
Many of the new species described by Carbone et Venture l l i. 
B. ter t i u s Henry (according to S ç h ü s a l e r et al.). 

Edinburgh, June 1930. 
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Explanation of Plate I. 
Preparations stained with dilute fuchsin. 

Fig. 1. B. sac charobutyricu s. Glucose agar. Two days at 37° C. Rods 
endospores. 1000 x . 

Fig. 2. B. sac c h a r o b u t y r i c u s. Potato. Four days at 22° C. Rods, 
"fie- shaped cells, and endospores. 1100 x . 
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II. The Large Rod, Coccoid and Short Rod Phases. 

By Andrew Cunningham. 

With one Plate'. 

The evidence to be presented on the relationship of the micrococci and 
gods, which are considered to be phases in the life -cycle of B. sac char o - 
úu t y r i c u s consists of : 

(1) Data on cultural experiments in which the other forms have been 
ibtained from type Al (primary transformations). 

(2) Results of experiments in which the phases concerned have been 
ultivated from forms other than A1 (secondary transformations). 

(3) Morphological observations made in connection with the experi- 
outs referred to in (1) and (2). Many of these furnish evidence on the 
lchanism of the transformation. 

(4) Results obtained from the examination of a number of stock strains 
lived from various type culture collections and other sources. 

(5) Evidence secured from a study of the literature. 

In this paper phases A (large rod), D (coccoid) and C (short rod) will 
e described in the order named and, along with the descriptions of the 

s, data on the primary transformations concerned and on secondary 
informations within the phase will be included. In the next paper, 

base B (slender rod) and the corresponding transformations will be dealt with. 
e remainder of the secondary transformations will then be discussed. Short 

ofes on the results of the microscopic examination of the cultures will be 
laded in the descriptions of certain of the primary and secondary trans - 

tuations. The interpretation of these observations, however, so far as it 
z its in the elucidation of the mechanism of the transformations, will be 
aced in a subsequent paper along with the methods of reproduction 
d special morphology. After the transformations have been dealt with, 

ie data on the examination of the stock strains and on morphology will 
presented. The results of the investigation will then be considered in 

elation to the literature on the subject. 
In assessing the importance to be attached to the transformation experi- 
ts described in these papers, the general methods and cultural controls 

uld be taken into consideration. These have been fully described in the 
t paper of the series. ( Zentralbl. f. Bakt. Abt. II. Bd. 82. 1930. S. 25-4 
Zweite Abt. Bd. 82. 31 
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The Large Rod Phase (A). 

In addition to A1, three types of large rods have been encountered it 
the course of the investigation. They will be referred to as A2, A3 and A, 

and are described and characterised below. 

A2 (14 strains). 
Morphology (Plate I, Fig. 1). Young rods are straight and often short and 

plump. The ends are rounded. The cells occur singly or in pairs but after a time the 

larger rods segment into small portions which remain attached. The walls of these stain 

more intensely than the interior of the cells. On ordinary agar, after incubation at 22°C 

for about one week, rods which taper towards one end are frequently seen. In bouillon 

the cells are generally 1.0 -1.2 p, broad and 1.5 to 7 lr long. Filaments are formed with 

great regularity on glucose agar; they are generally bent and often much twisted, 
Endospores are generally ovoid in shape but some are cylindrical and a few are 

spherical. The spore frequently fills almost the whole cell but does not as a rule cause 

it to bulge appreciably. It may occur in a terminal or subterminal position. Spores 

vary in size but the extreme variation noticeable in certain strains of Al has not been 

observed. Spores are formed rapidly and in large numbers on ordinary agar. Certain 

strains tend to become asporogenous and to produce large cells, which stain feebly, 

Spores frequently resist boiling in bouillon and agar for thirty minutes, although strains 

have been encountered in which the spores are destroyed by this treatment. 
Mot i 1 i t y. Young rods are motile, though generally rather feebly. 
S t a i n i n g. Young cells are stained intensely by dilute fuchsin. Older roda 

and filaments may exhibit a vacuolated appearance. The characteristics of the seg. 

mented rods are referred to above. Young cells are Gram- positive. 

Cultural characteristic s. The organism grows well at 30° and 370 C; 

it also grows at 22° C and at lower temperatures. It is a facultative anaerobe. 
Ordinary agar plate. Surface colonies are round, white and opaque 

and in certain cases possess short, curved, wisp -like, pointed outgrowths. Microscopi 

cally they are granular with an opaque centre, surrounded by a zone of irregular, wavy, 

radial striations and a translucent marginal area, the edge of which in certain strain 

may appear dentate. Deep colonies are generally compact. They may be spherical, 

ovoid, fusiform or irregularly -spherical and hairy, later becoming rhizoid. 
Gelatine plat e. Surface colonies are irregularly- round, greyishwbile 

with opaque centre, translucent margin and lobate edge. Liquefaction begins in two 

to three days and the colonies become irregular and break up into coarsely granular 

masses. Microscopically the edge is at first entire but, as the gelatine liquefies, the mar 

ginal zone may show a mass of irregularly- ramifying fine filaments, which cause the 

edge to appear hairy. Deep colonies are at first irregularly -round and compact with 

an entire edge, but they rapidly break up in the liquefied medium. 
Or dinar y agar slop e. Growth is thick, greyish- white, glistening and 

opaque, at first confined to the line of inoculation, but later showing a tendency to 

spread. There is sometimes a translucent marginal zone. Certain strains produce wisp 

like outgrowths similar to those already described as sometimes arising from colonies 

on ordinary agar plates, and in some cases the edge of the growth is irregularly -lobate. 

The growth on ordinary agar after a time generally shows numerous round to irregular 

translucent areas. On infusion agar, growth is more opaque and whiter than on agar 

made from meat -extract but on both media it ultimately becomes yellowish-brown. 
Glucose agar st a b. Surface growth is at first thin, greyish, glistening 

and translucent but becomes thick, yellowish -white and opaque; after about two weelu 

at 30° C it is as a rule cream -coloured. It generally shows translucent areas and in some 

cases is slightly folded. There is little or no stab growth and no gas is formed. Tbo 

medium near the surface is frequently coloured brownish. 
Bouillon. There is at first a slight turbidity and generally a white opaque 

moist scum. Certain cultures, however, do not produce a scum while others form a 

greyish -white ring of growth on the glass at the surface of the liquid. After about two 

weeks at 300 C the scum breaks up and sinks, the liquid gradually clears and an abu°d. 

ant, greyish, flocculent to viscous sediment is formed. After two months the liquid 

is strongly alkaline to phenol red. 
Gelatine St a b. Surface growth is greyish and spreads irregularly. There 

is a delicate thread -like stab growth with, as a rule, fine hair -like outgrowths in the upPar 

II 

II 
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srt, arranged in tufts or less frequently uniformly. Liquefaction begins after a few 
aye' incubation. It is at first cup -shaped but becomes cylindrical and, as a rule, pro - 
wls slowly to a depth of one to two centimetres after two months' incubation. In 
optional cases liquefaction is rapid. There is a thin, greyish scum on the surface 
I the liquefied gelatine. 

M i 1 k. An uniform soft curd is generally formed after about one week at 30° C 
ad a small quantity of whitish liquid separates at the surface. After one month some 
optimisation has taken place and the liquid is yellowish -white but even after two months 
he culture has not completely cleared. It contains irregular pieces of undissolved curd 
o suspension and may remain yellowish -white or become brownish. 

Pot a t o. Development on this medium tends to be erratic and some strains 
to not produce visible growths. The majority, however, exhibit after some days at 
1000 a greyish- white, glistening growth which becomes thick and raised. Growth may 
scome dirty brown, chocolate -brown or even almost black and the medium is corre- 
pondingly discoloured. In certain cases the growth may be slightly wrinkled. 

B i o c he mica l' r ea c t i o n s. Acid is produced from glucose, levulose, galac. 
ose, saccharose, maltose, starch, dextrin, glycerol and mannite. Xylose and saliein 
se fermented by certain strains only. Lactose, inulin, dulcite, adonite, sorbite and 
mite are not fermented. Peptone water cultures of the majority of the strains give 
more or less pronounced indol reaction. The V o g es -Pro s k a u e r reaction is 

:egative. 

Char a c t e r i s a ti o n. The following stock strains have been stud - 
d and compared with those described above: 

(a) B. Ellenbachensis Stutzer obtained from K r á l's Museum 
(b) B. cereus Frankland No. 21 1 received from the American Type Culture 
(c) B. c e r e u s Frankland No. 4641} Collection. 
(d) B. cereus Frankland No. 941 

(ecording to a communication from Prof. P t i b r am, strain (a) 
ss originally obtained from St u t z e r. Strain (b) is one of Ford's 

d was isolated from milk. Strain (c) was isolated from pemmican by 
a r r i s while strain (d) was obtained from creamery waste by Levin e. 
e morphological and cultural characteristics of these strains are identical 
all essential particulars with those of the cultures of type A2 isolated 
this investigation except that strains (b), (c) and (d) no longer produce 

adospores. Probably owing to this fact the growths formed on solid media 
these strains are less opaque than the corresponding growths of strain (a). 
Good descriptions of organisms of type A2 are given by Lehmann 

od Neumann (8, S. 604 -605) and by Ford (4, p. 683 -685). The 
rne used by the former is B. Ellenbach ens is Stutzer while Ford 
saes his organism B. cereus Frankland. The Fr a n k l a n d 's (5) 
scription was published many years before that of Stutzer and Hart- 
'b (12) but it is incomplete and does not permit identification to be 
ode with certainty. St u t z e r and H a r t l e b 's characterisation, 
!ever, is also open to criticism. These workers appear to have charac- 
lied the organism on the assumption that it was present in "Alinit" (a 
oprietary seed inoculant) in pure culture - an assumption shown by later 
iikers to be sometimes unwarranted. Growth in milk is stated to be ac- 
mpanied by formation of acid but no mention is made of curdling or pep- 
Bastion. 

In 1902 H e i n z e (7) published a good description of an organism of 
I type and used the name B. E 11 e n b a c h e n s i s a Caron. This is 
first adequate description which has been found in the literature. The 
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correct name of this type, therefore, appears to be B, Ell e n b a c h e n 

s i s Caron. A summary of the previous literature on the "Alinit" bacillus 
will be found in H e i n z e 's paper. 

Although, for the reasons stated above, B. E ll e n b a c h e n s is 
Stutzer cannot be accepted as the name of this type, the character. 
isation of the original Stutzer strain obtained from K r á 1 justifies the 

inclusion of this name as a synonym. B. c e r e u s Frankland can also be 

accepted as a synonym on the basis of Ford's description. Lehmann 
and Neumann state that B. P e t r o s e l i n i Burchard is synonymous 
with B. E 11 e n b a c h e n s i s. The only available description of this 

organism is that of M i g u 1 a (10, S. 289). This description, which is prob. 

ably based upon that of Bur char d, is not sufficiently detailed to allow 

of identification. 
Synonyms: B. Ellenbachensis Caron 

B. Ellenbachensis Stutzer 
B. c e r e u s Frankland as described by Ford. 

Primary transformations. Al to A2. Nos. 1 -12. For the inoca 

lation of cultures employed in these experiments the growth from glucose agar stabs 

of type Al was used. The stabs had been incubated aerobically for two days at 37 °C, 

and then kept at room temperature for periods varying from fifty -three to seventy. 

eight days. The medium used in the experiments was glucose peptone water + filter. 

paper + calcium carbonate. Tubes of this medium were first boiled for fifteen minutes; 

they were then cooled and inoculated from the glucose agar stabs of Al and also from 

glucose agar slopes of a lactose -fermenting milk yeast. The presence of the latter al. 

lowed growth of B. sac char o b u t y r ions to take place when the tubes were loco. 

bated aerobically at 30° C. After two days, during which they had not been opened, 

the cultures showed an exceptionally dense turbidity and gas formation was so vigorous 

that the liquid frothed. Microscopic examination of stained films from the cultures 

revealed the presence of large rods of types A2 and A2, slender rods of types B, and B, 

and also slender rods with terminal spores, probably B2 or B5. In certain cultures short 

rods of type C were also observed. Strains of A2 were isolated by plating aerobically 

on glucose agar in So y k a flasks loopfuls of the fermenting glucose peptone water + 

filterpaper + calcium carbonate cultures. The yeasts rapidly disappeared from the 

liquid cultures and rarely formed colonies on the plates. 
The liquid cultures were examined microscopically at intervals during a piled 

of more than fifty days. They showed similar types of organisms to those seen on the 

films made after two days' incubation but gradually most of the slender rods disappeared 

and large rods predominated. In the later examinations filaments, twisted into rom 

pact dense masses, were frequently seen. Repeated attempts to isolate from these all' 

tures slender rods of types other than B2, failed in practically all cases even when, iud8' 

ing from the relative numbers of large and small rods present, there seemed to be 

reasonable prospect of success. Plates almost invariably showed colonies of types A,, 

A3 and B2 only. 
Evidence as to the absence of contaminants from the original stab cultures of 

Al is furnished by the facts that surface growth was never observed in them and that 

ordinary agar slopes inoculated from them and incubated aerobically at 30° C. showed 

no growth. Tubes of glucose bouillon containing calcium carbonate inoculated from 

the stabs and incubated anaerobically at 37° C. showed typical large rods of tha 

saccharobutyricus type only. When tubes of the liquid medium used in the trans 

formation experiments, inoculated from the yeast cultures, were incubated aerobically' 

at 30° C., no growth took place. This observation furnishes evidence that the 

aerobic types cultivated in experiments Nos. 1 -12 could not have been derived 

from the yeast culture. A careful microscopic examination of the yeast culture employ 
also failed to reveal the presence of bacteria. Uninoculated tubes of the liquid mod1°m 

used in the experiments, when incubated along with those which showed transformatd°os, 
remained sterile. 

N o. 13. After five weeks' incubation a glucose agar plate inoculated from a COi 

tare of A, showed numerous large, greyish- white, opaque colonies of type A2. 
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As (13 strains). 
Two subtypes of A3 have been encountered. Nine strains produce spherical to 

slightly ovoid subterminal spores and will be referred to as A3a while four strains produce 
ovoid central spores and will be known as A3b. 

Asa. 
M o r p h o 1 o g y. (Plate I, Fig. 2.) The cells are rods with slightly tapering 

rounded ends, generally straight but occasionally bent. In bouillon they measure 0.811 x 
/-5v, as a rule but long filaments are sometimes seen. On ordinary agar, rods are slightly 
longer than in bouillon: on glucose agar still longer forms occur. Bent and twisted fila- 
ments, in some cases rolled up into dense masses, are formed on glucose agar, gelatine 
and potato. In bouillon and milk, rods are often more slender than on solid media. Chains 
oflong rods have occasionally been observed in bouillon. 

Endospores are of medium size and subterminal in position; terminal or central 
spores are rarely seen. They are at first spherical or only slightly ovoid but in old cultures 
distinctly ovoid spores are frequent. Spores are generally slightly wider than the rods 
and so cause the latter to bulge. When they are liberated they often show two small, 
intensely stained, conical residues of the cell at opposite sides and the spore wall may 
stain deeply. The majority are not stained by dilute fuehsin but a few are faintly stained. 
After about one month's incubation some of the spores, especially on glucose agar, may 
appear shrivelled. Spores resist boiling for ten minutes but are destroyed by thirty 
minutes' boiling in bouillon or agar. 

M o t i 1 i t y. The rods are motile but generally only a few of the cells in a culture 
tow motility at a time. 

S t a i n i n g. Cells stain uniformly though not as a rule so intensely as those of 
9s, They are Gram- positive when very young but in most cultures Gram - negative 
individuals can be seen. The spore wall and young spore are G r am - positive. 

Cultural char aoteristics. This organism grows well at 22 °, 30° and 
37a C. It is a facultative anaerobe. 

Or dinar y agar plat e. Surface colonies are irregularly- round, greyish 
and at first translucent. Later they show an opaque centre, translucent margin and 
irregular edge and they ultimately appear brownish. Microscopically they are granular. 
Deep colonies may be ovoid, fusiform or irregularly- spherical and lobate. Some show 
diffuse edges. 

Gelatine p l a t e. Surface colonies are irregularly -round with opaque centre, 
Translucent margin and entire or slightly lobate edge. Later they become more opaque 
and microscopically appear yellowish -brown and granular. When liquefaction begins, 
colonies may become slightly hairy or diffuse at the edge, more translucent and, as they 
break up, coarsely granular or conglomerate. Liquefaction may begin after one week 
or more. Deep colonies are generally spherical with entire edge; a few are irregular. 
In Some cases there is a more translucent marginal zone. As the medium softens irreg- 
ular, broad, often spirally -wound outgrowths consisting of chains of colonies may some- 
times develop. Liquefying colonies may become hairy or diffuse. Ordinary agar slop e. Growth is at first greyish- white, glistening and 
translucent and does not spread much. Later it becomes opaque, greyish -brown and 
Treads. The margin is often more translucent than the remainder of the growth. Growth 
ú of medium thickness. 

Glucose agar st a b. Surface growth is thin, spreading, greyish, trans- 
Went and glistening. Later it becomes greyish- brown. Growth in the stab is generally 
treble and thread -like; it sometimes shows tufts of arborescent outgrowths. No gas 
ta produced. 

B o u i ll o n. A dense, uniform turbidity is formed, with occasionally a very thin 
'Mat discontinuous scum. The liquid slowly clears and a copious, greyish, flocculent 
Miment is deposited. After two months at 30° C. the reaction is alkaline to phenol red. 

Gelatine s t a b. Surface growth is at first thin, greyish, restricted and trans - 
kent with irregular edge. After about one week it becomes more abundant, spreads 
wd begins to sink into the medium. Liquefaction is very slow. After about two months 
bmay be cylindrical and reach a depth of about one centimetre but as a rule it is saucer - 

Ped and only just perceptible. One strain failed to liquefy in two months. The stab 
at first thread -like but after about one week's incubation very characteristic flattened 

satgrowths may appear near and parallel to the surface. The outgrowths are generally 
oborescent and arranged in tufts. 
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M ilk. No visible change takes place until the medium has been incubated for 

two to four weeks (at 30° C.). Then the milk is slowly peptonised from the surface and 

the liquid becomes more translucent and pale yellowish- brown. After four to six weeks 

the medium is generally completely peptonised. One strain failed to peptonise milk, 
P o t a t o. The surface of the medium at first appears moist. Later a very thin 

greyish growth is visible which finally becomes brownish and glistening. Growth is 

sometimes difficult to detect and is never abundant. The medium generally becomes 

greyish- brown. 

Biochemical reaction s. This organism does not ferment any of the 

test substances. No indol is produced in peptone water and the V o g e s -Pros. 
k a u e r reaction is negative. 

Char a c t e r is a t i o n. The following strains have also been ex- 

amined: 
(a) B. sphaericus Meyer et Neide obtained from K r á l' s Museum. 
(b) B. sphaericus Neide No. 94 received from the American Type 

Culture Collection. 

(a) was obtained by Kr ál from W u n d , Marburg and is probably, 

therefore, one of N e i de 's original strains. (b) is one of Ford 's. The 

description given above applies also to both of these cultures. 
No entirely satisfactory description of organisms of this type has been 

found in the literature. The best is that of Nei de (11). This description, 

however, contains no reference to the characteristic changes produced in 

milk. The name suggested is B. sphaericus A. M. et Neide. For d 

(4, p. 692 -694) used the name B. pseudotetanicus (Kruse) Migula, 

for which there appears to be little justification as neither Kr use (3, 

S. 267) nor Migula (10, S. 626) gave a description of diagnostic value for 

this organism. For d states that his organism does not liquefy gelatine 

and that it produces no peptonisation in milk. His strain, No. 94 of the 

American Collection, however, liquefied gelatine and peptonised milk. Ford 
recognises that his organism is identical with N e i de 's. This fact and the 

characterisation of strain (b) justifies the acceptance of B. pseudo 
t e t a n i c u s (Kruse) Migula as a synonym. 

Synonyms: B. sphaericus A. M. et Neide 
B. pseudotetanicus (Kruse) Migula.. 

A3 b 
Agb (Plate I, Fig. 3) differs from Aga in the following particulars: 
(1) Spores are ovoid to cylindrical and central to subterminal but rarely terming. 

(2) Liquefaction of gelatine is more rapid. It is ultimately cylindrical and reaches 

a depth of three to four centimetres in two months. No outgrowths from the stab have 

been observed. 
(3) In milk a soft curd is first formed which is then peptonised from the mesa 

It has not been possible to identify Agb with any organism previously described. 

Primary transformations. Al to Ag. Nos. 1 -10. These transfor 

mations occurred in ten of the cultures described under An to As, N o s. 1 -12. The 

initial platings from the liquid cultures were made in S o y k a flasks containing glucose 

agar. 
N o. 11. The growth from a glucose agar slope of Al, incubated anaerobically f °f 

wo days, was suspended in about one cubic centimetre of sterile water and heated at 

80° C. for ten minutes. A loopful of suspension was used to inoculate a tube of sterile 

soil which was incubated along with an nninoculated control tube at 370 C. under reduced 

pressure. Inoculations from both tubes were plated aerobically at intervals but the 

first three platings yielded no growth. When the soil was plated a fourth time on glucose 
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agar (after fifty -eight days' incubation), the plate from the inoculated tube showed numer- 
ous minute colonies of A4, while that from the control tube remained sterile. The re- 
mainder of the suspension, which was used for inoculating the tube of soil, was plated 
aerobically on glucose agar but it produced no growth. 

In tubes of mannite nitrate agar inoculated with A, and incubated anaerobically, 
large rods with subterminal, spherical to slightly ovoid spores have been observed on 
two occasions after several days' incubation but in neither case could they be cultivated 
aerobically. 

A4 (4 strains). 
The organisms of this type are large rods (Plate I, Fig. 4) which have not been 

observed to produce endospores. When first isolated they are frequently difficult to 
cultivate and may produce long twisted filaments of considerable thickness. All show 
a tendency to form faintly- staining cells, the nature of which will be discussed later. 

Two of the strains are identical with type A2 except that no spores are formed 
and no growth takes place on. potato (growth of A2 on this medium is erratic). The other 
two strains, while they are similar in many respects to A2, approach type Ae in certain 
characteristics, especially in the nature of the growth on ordinary agar and in the appear- 
ance of the colonies on gelatine. One strain does not ferment any of the test substances; 
the other produces acid from xylose, glucose and levulose only. These strains, like the 
Bret two, do not grow on potato. 

Organisms of this type appear to be rare and it has been impossible to identify 
them with any previously described form. They are regarded as asporogenous races of 
type A, and of intermediate forms between types A2 and A,. 

Primary transformation. Al to A4. No. 1. Growth from a glucose 
agar stab of Al, which had been incubated anaerobically at 37° C. for one day and con- 
fined sporing rods, was suspended in sterile water and the suspension was plated anaero- 
bically on glucose agar at 37° C. After eight days' incubation, the plate showed colonies 
ailarge non -sporulating rods (A4) which grew aerobically on glucose agar slopes. The 
jar had been opened and closed after five days' incubation. When the suspension used 
or the inoculation of the plate was cultivated aerobically on glucose agar, no growth 
vas produced. 

Secondary transformations. A2 to A4. Nos. 1 -2. Milk cultures 
type A2, incubated at 300 C., were almost completely peptonised after one month. 

Ilicroscopic examination showed that they contained medium to large rods and fila- 
ments. Loopfuls of the milk cultures were plated aerobically at 30° C. on ordinary agar 
o So y k a flasks. After incubation for one week the flasks contained opaque whitish 
alonies of type A2 and also many translucent colonies of medium to large rods and 
amorous, faintly- staining cells but no spores. The translucent colonies proved to be 

;I the type A4. 
N o. 3. A glucose agar stab of type A2, after two months' incubation aerobically 

ít10° C., exhibited a reddish -brown area of surface growth which contained short, stout 
'Xio, medium to large rods and filaments and also large coccoids. When growth from 
bs area was plated aerobically at 30° C., it yielded, in addition to colonies of A2, trans - 
hcent colonies of medium to large rods and cells which stained faintly (type A4). 

The Coccoid Phase (D). 
The coccoid phase consists of white (D1), orange (D2) and red (D3) strains. 

the descriptions which follow are based upon the study of cultures isolated 
the preliminary investigation (2) as well as during the later work. Twenty - 
nht strains of D1, three of D2 and one of D3 have been examined. 

The white and orange types have already been briefly described in the 
iminary communication. They are Gram- positive, non -motile cocci 

Inch produce white and orange growths on agar, gelatine and potato and 
'tiform dense turbidity without scum in bouillon. In gelatine about half 

the cultures, when first isolated, produced a slow liquefaction, while the 
ainder failed to do so during an incubation period of two months. Many 

the strains produced slight acidity but no visible change in milk; a number 
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formed soft curds with some whitish whey. When the strains were re-ex. 

amined after they had been in pure culture for some time, certain of the cul. 

tures, which had previously produced liquefaction and curdling, now failed 

to do so within the usual incubation period. In other strains liquefaction and 

curdling still took place but only after a longer incubation period than in 

the first test. It is clear, therefore, that in these strains curdling of milk and 

liquefaction of gelatine are variable properties and that they are not sig 

nificant diagnostic characteristics of the cultures. Acid is produced by all 

strains from glucose, levulose, saccharose, maltose and glycerol but not from 

starch, inulin, dulcite, adonite, sorbite and inosite. Some strains ferment 

xylose, galactose, lactose, dextrin, mannite and salicin. 
As already noted there is considerable variation in the size of the cells 

(2) and certain strains consistently produce larger cells than others. Espec 

ially in strains which produce large cells the cocci are frequently arranged 

in tetrads or in chains of pairs or tetrads. (Fig. 5.) The chains are generally 

larger in diameter towards one end while at the opposite end one or more 

large, undivided cocci are often seen. Certain strains retain the chain or the 

tetrad arrangement persistently in pure culture. 
When first isolated some of these cocci were very unstable. Others could 

only be cultivated with some difficulty and on glucose agar, strains often 

could not be sub -cultured even after short periods. Such untransferable 
cultures frequently contained large spherical to ovoid cells. Difficulties in 

cultivation were only encountered when glucose agar was employed for the 

growth of recently isolated strains. The latter generally grew well on meat 

infusion agar. 
One strain (D3) similar to those described above, except that it produced 

a reddish growth on agar, gelatine and potato, was isolated. This strain 

liquefied gelatine but did not curdle milk. 

Char a c t e r i s at ion of Dl. The following stock cultures have 

been examined: 
(a) M. c a n d i c a n s Flügge, No. 154 from the American Type Culture Collection, 

(b) M. c a n d i c a n s Flügge from K r á 1 's Museum. 

(a) was identical with certain of the Dl types isolated in this investigation. 
It failed to liquefy gelatine but curdled milk. Strain (b) (isolated from eval 

orated milk) was originally obtained from L ö h n i s and Smith (9). 

It did not liquefy gelatine, failed to curdle milk and corresponded closely 

to certain of the D1 strains. 
The description of M. can d i c a n s Flügge given by Lehmann 

and Neumann (8, S. 276 -277) is similar to that of D, except that gele. 

tine is not liquefied and milk is not coagulated. The authors state, however, 

that they have isolated a strain which produces slight liquefaction of geh' 

tine. Ford's (4, p. 433) description of this organism is in good agreement 

with that of the German authors; he notes that late liquefaction of gelatine 

may occur. Evidence has already been presented in support of the view that 

gelatine liquefaction and curdling of milk are variable characteristics of the 

strains studied and that both tend to become less rapid the longer the organ' 

isms are kept in pure culture. In this respect these strains differ from micro' 

cocci which produce rapid liquefaction and curdling and there is, therefore 

justification for including them with the strains which do not liquefy gelatine 

or curdle milk. Thus D, may be identified with M. can di c a n s Flugge 
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The description of this organism in F 1 ü g g e's book (3, S. 177) deals 
only with growth in gelatine. A more complete though imperfect description 
s given by Zimmermann (13, p. 80 -81). M. rosettaceus, de- 
scribed by this author (S. 72-73) is regarded by Lehmann and N e u - 
m a n n as a greyish -yellow variety of M. candicans , forming a con- 
necting link with M. b i c o l o r. These authors state that St a p h. c e - 
te us albus Passet resembles M. candicans in all respects except 
that the cells are smaller. 

Synonyms: M. candicans Flügge according to 
M. rosettaeeus Zimm. Lehmann and 
Staph. cereus albus Passet Neumann 

Primary transformations. The preliminary communication con- 
ins a description of a considerable number of carefully controlled experiments in which 
micrococci were obtained from type A,. Further data will be presented in this paper. 

A, to Dl. N o s. 1 -3. In the preliminary work the general arrangement of experi- 
ments was as follows : The growth of type A, (usually obtained from an anaerobic glucose 
gar slope) was suspended in sterile water which had been boiled and cooled. Three 
tubes of melted glucose agar at 45 -50° C. then received equal inoculations (generally 
ne loopful each) of the suspension and were poured into Pet r i dishes and allowed 

h solidify. The remainder of the suspension was heated at 800 C. for ten minutes and 
three plates were prepared from it as already described. The plates were incubated in 
eirs, one from heated and one from unheated material, (a) aerobically, (b) anaerobi- 
mlly and (c) under partially -aerobic conditions at 37° C. In addition an uninoculated 
control plate was included in each jar containing plates of category (c). 

In the transformation experiments 1 -3, inoculations were taken from glucose agar 
lopes which had been incubated anaerobically at 37° C. for five to seven days. The 
mangement of the experiments was similar to that already described, except that only 
srobic and partially- aerobic plates from heated material were included and each plate, 
incubated under partially- aerobic conditions, was accompanied by an uninoculated 
control plate. 

In all cases the aerobic plates and the uninoculated control plates, incubated under 
iertially- aerobic conditions, produced no growth. After periods of three to six days, 
colonies of cocci appeared on the inoculated partially- aerobic plates, the numbers ob- 
eyed being 8, 26 and 130 respectively. They were white in colour and were distributed 
Nirregular groups on the plates. The majority, though not all, were on the surface of 
lemedium. Colonies of cocci were, as a rule, unaccompanied by those of the anaerobic 
iecillus, although some of the coccus colonies contained a few rods. 

When examined microscopically many of the colonies were found to contain cocci 
villein showed extreme variation in size. Large forms about six to ten times the usual 
ire of cells of this type were frequent. In many cases these giant cocci occurred in tet- 
rads, in which adjacent sides of the cells were flattened. Sometimes chains of tetrads 
tore observed and such chains occasionally showed branching. Similar characteristic 
ttPearances were seen in many of the experiments described in the preliminary com- 
manication. They corresponded exactly to those of some of Br e d e m a n n 's dia- 
?ems. In a certain number of transformation experiments of this nature the cocci have 
dso been observed to occur in dense masses, in some of which the individual cells could 
of be distinguished. In these cases the bacterial cells were generally smaller than in 

those described above. The significance of these appearances will be discussed in a later 
raper. 

The micrococci thus obtained were found to grow aerobically and were purified 
y aerobic plating on ordinary or glucose agar. The arrangement of the transformation 
aperiments furnishes evidence in support of the view that the cocci are derived from 
Ns bacillus and do not represent accidental contaminants. The absence of growth on 
Ne plates incubated aerobically provides evidence of the absence of aerobic contami- 

tion from the original cultures and from the media and apparatus used as well as 
Ym the air during the inoculation of the plates. The sterility of the uninoculated 
ntrol plates incubated with the cultures indicates that contamination did not occur 

king incubation. Further evidence of the purity of the original cultures is provided 
the fact that the coccus has been obtained from cultures of the bacillus, which 

vs been heated to temperatures above the thermal death -point (2) of the aerobic 
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type. Experiments 1 -3 are of a more critical nature than those described in the 

preliminary paper and are regarded as confirming the resul.t"à of the latter. 
N o. 4. The inoculum for this experiment was taken from a seven days old suase. 

bic glucose agar slope of Al. The experiment was similar to N o s. 1 -3 except that the 

plate which produced colonies of cocci was incubated at 370 C. in a closed jar. Colonies 

of micrococci appeared after thirteen days' incubation and an uninoculated plate, in. 

cubated with that which yielded cocci, remained sterile. Two aerobic inoculated plate 
also produced no growth. 

N o s. 5-6. These experiments were also similar in most respects to N o s. 1 1, 
The ordinary agar plates, which yielded micrococci, however, were incubated amen. 
bically in a jar which was opened and closed two to three times. Numerous colonies 

of cocci appeared on the plates after twenty and seventy -nine days' incubation respect. 

ively. Inoculated aerobic and uninoculated anaerobic ordinary agar control plates showed 

no growth. The original inoculations were taken from a four days glucose agar slope 

and a nineteen days glucose peptone water culture of Al respectively. In these and also 

in similar experiments referred to in the preliminary communication the appearances 
of the colonies resembled those described under N o s. 1 -3. Continued anaerobic io. 

cubation of plates bearing coccus colonies did not cause colonies of Al to appear on them. 

In addition to the transformations described above, micrococci, which were cut 

tivated but not characterised, were obtained from plates incubated under partially 
aerobic conditions in three cases; a coccus was also obtained from a plate incubated 

anaerobically in a jar opened at intervals. In two cases cocci found to be uncultivable 

were produced. 

Characterisation of D2. Lehmann and Neumann 
(8, S. 294) describe three organisms which appear to correspond to the strains 

of D2. These are M. aurantiacus Cohn, M. bicolor Zimmermann 

and M. c r e m o i d e s Zimmermann. The first does not liquefy gelatine; 

the others produce a slow liquefaction. The descriptions contain no reference 

to growth on potato. All three are stated to have yielded white, orange and 

striped cultures. As the views already advanced regarding variability in 

gelatine liquefaction and milk curdling in strains of D3 apply also to those 

of D2, it appears justifiable to conclude that the three names referred to are 

synonyms. 
The original description of M. a u r a n t i a c us by Cohn (1) con. 

tains mainly morphological details. Zimmer m a n n 's description of 

M. cremoides (13, S. 74 -75) is a good one, although no reference is 

made to growth in milk. 
Synonyms: M. aurantiacus Cohn According to 

M. bicolor Zimm. Lehmann and 
M. cremoides Zimm. Neumann. 

Char a c t e r i s a t i o n of D3. The strain of D3 isolated agrees m 

all respects w i t h the description of M. r o s e u s (Bumm) L. et N. as gives 

by Lehmann and Neumann (8, S. 295). These authors also discus 

at some length the question of synonyms. Ford (4, p. 444) records peptos 

isation of milk and absence of growth on potato. 
Synonyms: See Lehmann and Neumann (4, S. 296). 

Primary transformation. A, to D,. No. 1. This experiment was 

similar in general arrangement to Al to Aa, N o. 11. A tube of soil, inoculated front 

suspension of Al which had been heated at 80° C. for ten minutes and which yielded as 

growth when plated aerobically on glucose agar, was incubated under reduced presto 
at 37° C. with an nninoculated control tube. Soil from both tubes was plated aerobscallv 

on ordinary agar after fifty days' incubation. The plate from the uninoculated tuba 

remained sterile while that from the inoculated tube produced, after five days' gip1. 

bation at 37° C., a growth of orange cocci which later changed to red. 
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Secondary transformations. D, to D2. No. 1. One strain of D, 
produced, after it had been in pure culture for some weeks, an orange -coloured growth 
corresponding to that of D2. 

A second white strain, in a glucose agar stab, produced after one month's incu- 
Wion at 30° C. about ten pale orange secondary colonies which, when plated on glucose 
ger, yielded white colonies only. 

D, to D,. N o. 1. The strain, which, in pure culture, changed from type D, to 
Iype D, ultimately reverted to D,. 

The Short Rod Phase (C). 

The short rod phase is represented by cultures of white and red forms 
of the coccobacillus type, referred to as C1 and C2 respectively. 

Cl (10 strains). 
M o r p h o log y. (Plate I, Fig. 6.) The cells are short rods. Generally they are 

y slightly longer than broad but more decidedly rod -shaped forms are not uncommon. 
Ge shorter types are usually ovoid. In twenty -four hours bouillon cultures, dimen- 
> as generally vary from 0.4 to 0.8 ,. x 1.0 to 1.5 ]r. but longer forms are also seen. The 

frequently occur in pairs which may produce a characteristic V- shaped arrangement 
Pig, 6) and the distal ends of which tend to taper. "Rafts" are sometimes formed and 

re is often a tendency to produce groups or clumps which are difficult to break up. 
Endospores have never been observed in these cultures. The organism is destroyed 

heating for ten minutes at 60° C. 
Mot i 1 i t y. The rods are non -motile. 
S t a i n i n g. Young cells are stained uniformly and intensely by dilute fuchsin. 

y are G r am- positive. Older cells frequently exhibit a vacuolated appearance. 

Cultural char a e t e r. i s t i c s. Growth takes place at 22 °, 30° and 37° 
well as at 12 -15° C. Luxuriance of growth varies greatly and certain strains produce 
more abundant growth on all media than others. The organism is a facultative anae- 

,ig 

Ordinary agar plat e. The majority of surface colonies are round, greyish - 
porcelain -white and glistening with an entire edge. Some are slightly irregular and in 

the centre is often more opaque than the marginal zone. The colonies of strains 
ieh grow luxuriantly are raised and porcelain- white; colonies of the remaining strains 
greyish. When examined microscopically the colonies are finely granular. Deep 

lorries are opaque, spherical, irregular or fusiform and may become slightly lobate. 
Gelatine p 1 a t e. Growth is meagre and colonies remain microscopic in size. 

dace colonies are translucent to opaque and generally irregular and granular. Deep 
lorries are spherical to slightly irregular. 

O r d i n a r y agar slop e. Growth is at first greyish -white and translucent 
t in the majority of strains it becomes abundant, porcelain -white and glistening. 
en strains are first isolated, growth is often putty -like in consistency. 
Glucose agar s t a b. At first there is no surface growth but a greyish 

rioted growth may appear after some time. Surface growth may become entirely 
` owish -brown or show a brownish centre with a white marginal zone. White second- 

colonies are frequently formed upon it. The stab is thread -like to papillate and 
gas is produced. 

Bo u i 11 o n. A faint to moderate turbidity is formed. Later the liquid clears 
a flocculent, often heavy sediment is deposited. When tested with phenol red after 

u months, the liquid is faintly alkaline. Gelatine s t a b. There is, as a rule, little or no surface growth. The stab 
wth is thread -like and no liquefaction takes place. 
Milk shows no visible change. When tested with bromcresol purple after two 

lithe' incubation, the reaction may be unchanged or slightly acid. 
Pots t o. No growth is visible to the naked eye but examination with a hand- 

may reveal the presence of a very thin, greyish, glistening layer. Microscopic ex- 
Mon of stained films, prepared from the surface of the medium, also shows that 

0 growth has taken place. 

Biochemical reactions. Acid is produced from glucose, levulose, sac - 
maltose and occasionally from dextrin by the vigorously- growing strains. Those 
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strains which grow feebly, exhibit little or no fermentative capacity, when tested by 

the method used in these investigations. Indol is not produced and the Voges. 
Pr o s k a u e r reaction is negative. 

C h a r a c t e r i s a t i o n. The morphological and cultural character. 
istics of Cl correspond closely to those of B. can di cans Frankland g 

described by Ford (4, p. 481 -482). The Fr a n k l a n d' s character. 
isation (6) and certain of the other early descriptions are not in complete 

agreement with this, as they contain the statement that growth is produced 

on potato. In the absence of comparative studies it is impossible to decide 

whether the strains referred to are identical with C1. According to Ford, 
B. u b i q u i t u s Jordan differs only in its power to reduce nitrate. The 

only available description of J o r d a n' s organism is that contained it 

M i g u 1 a' s btiok (10, S. 424) which records a whitish glistening growth 

on potato, rapid acid curdling of milk and formation of a thin scum on bouillon. 

Primary transformations. A, toC1.No.1. Atubeofglucosebouilen 
containing calcium carbonate and filter -paper was inoculated from a stock culture in 

soil of A1, which had been kept aerobically for twenty -one months and had completely 

dried out. After fifty -two days' incubation anaerobically at 37° C. it contained slender 

to medium rods of variable length. When plated in an ordinary agar S o y k a flank 

aerobically, no growth was produced; anaerobically colonies of type An only appeared. 

Fifteen days later the microscopic appearance was unchanged. An aerobic ordinary 

agar slope incubated at 30° C. yielded no growth. When, however, an ordinary agar 

So y k a flask was inoculated from the tube of liquid medium and incubated anaerobi 

tally at 37° C., numerous colonies, each containing short rods and short branched he 
ments, appeared. After a further period of ten days the tube of glucose bouillon + 

CaCO3 + filter -paper still showed slender to medium rods only. When a loopful of the 

medium was plated aerobically in an ordinary agar S o y k a flask no growth was pre 

duced. Anaerobic culture in an ordinary agar S o y k a flask yielded the same rend 

as on the previous occasion. When transfers were made from the colonies on the anaerobic 

S o y k a s to ordinary agar stabs or to infusion agar slopes incubated aerobically, a 

growth of short rods of type C1 was obtained. Growth from the same colonies, however, 

refused to develop on ordinary agar plates incubated aerobically. For some time after 

the culture was isolated, transfers to agar, bouillon and gelatine were also difficult to 

cultivate. An interesting point about this transformation is that aerobic rods of t 

Cl could only be cultivated from Al after cultures of the latter had been plated aflore 

bically. 
N o s. 2 -4. Short rods were ultimately obtained from a number of the pleb 

cultures of Al which yielded cocci in the experiments described in the preliminary con 

munication. In transformations 2-4, cultures of Al in milk + CaCO3, which had bee I 

heated at 80° C. for ten minutes and incubated anaerobically for about three weeks, ase° 

used for the inoculation of glucose agar. The medium was heated at 80° C. for ten mint.' 

which ensures that the short rods ultimately obtained were not present in the inoculum 

It was poured into Petri dishes and incubated at 37° C. under partially- aerobic run' 

ditions. After five days' incubation, colonies of cocci appeared upon the plates. In or 

case a culture of a coccus was isolated by aerobic plating on glucose agar and transie 

to a glucose agar slope. After two days' incubation at 37° C. a growth of cocci wasob 

tained, which changed to short rods when the culture was kept for a further period o' 

three days before it could be characterised. In the other two cases the transfornoti' 
to short rods took place in the colonies on the original plates, after a further period 

eleven days' incubation under partially- aerobic conditions. In these colonies all sta:^ 

between typical cocci and typical coccobacilli of the type C could be found. Frequent]'. 

the short rods were arranged in chains of pairs with the long axes of the rods and P' 

at right angles to that of the chain - an arrangement similar to that described in c' 

of type D. The transformation from cocci to short rods appeared to take place in 

colonies on the plates at the same time. 
N o s. 5-6. For the inoculation of media employed in these experiments fo 

and nine days anaerobic cultures of Al on ordinary agar were used. After heating 

80° C. for ten minutes, growth was plated in duplicate on ordinary agar incubated anoer°i! 

bically. Colonies of short rods appeared on both plates of each series after periods ° 



The Life -Cycle of B. saccharobutyrieus von Klecki. 493 

ven and forty -nine days' incubation at 370 C. respectively but only one strain was 
alsted from each series. 

N o. 7. A milk culture of Al (containing CaCO3), which had been heated at 80° C. 
den minutes and incubated anaerobically for one month, was used to inoculate ordin- 
y, agar. The medium was heated at 80° C. for ten minutes, plated and incubated 
odor partially- aerobic conditions at 37° C. After eleven days a growth of short rods 
[type C3 was obtained. 

N o. 8. The growth on four glucose agar slopes of A1, which had been incubated 
aerobically for five days at 37° C., was covered with boiled, cooled, sterile water and 
abated for four hours anaerobically at 37° C. The growth was then scraped off into 
§a water, which was inoculated with the whole growth on a forty -eight hours slope of 
1,p pro d i g i o sus and filtered through a Seitz E. K. filter. One cubic centimetre 
( filtrate transferred to a glucose agar slope, incubated aerobically at 30° C., yielded 
Per twenty -four days' incubation a growth of C1. No growth of prodigiosus appeared 
ad a glucose agar slope, inoculated with one cubic centimetre of the filtrate and incu- 
sted anaerobically, also produced no growth. 

In addition to the transformations described, typical short rods have been observed 
9A, cultures on at least nine occasions. In six of these cases the coccobacilli refused 
a grow aerobically; in the remaining three cases the organisms were not isolated and 
tsracterised. Considerable importance may, however, be attached to these observations, 
I the cells of type C are easily recognised by microscopic appearance. In certain of 
We cultures the rods occurred in compact groups, in many of which it was impossible 
distinguish individual cells. 

The short rod of type C1, obtained from a single colony on an aerobic control plate 
lA, (see Methods ", Part I), is included among the strains, upon the study of which 
to characterisation is based, although its cultivation from the anaerobic bacillus has 
rot been presented as evidence of transformation. 

C2 (1 strain). 
Cs is similar to C1 in all respects except that it produces a brickred growth on 

and gelatine. In fermentation characteristics it resembles the feeblygrowing strains 
C,. 

It has not been possible to identify C2 with any previously described organism. 

Primary transformation. Al to C2. No. 1. A four days culture of 
on ordinary agar, which had been inoculated from heated material and incubated 
robically was used to inoculate ordinary agar. The medium was heated at 80° C. 
ten minutes, plated and incubated anaerobically at 37° C. After seven days' incu- 

tion no growth had appeared and the plates were kept aerobically at room ternpera- 
e for a further period of twenty days. During this period numerous orange colonies 

is coccus appeared on one of the plates. This was purified by repeated plating and 
Pure culture gradually changed to a brickred short rod of type C2. 

On another occasion a pink growth of a short rod of type C was obtained but failed 
grow when transferred to fresh media (although the culture was only four days old). 
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Explanation of Plate I. 
Preparations stained with dilute fuchsin. Magnification x 1100. 

Fig. 1. Type A2 Ordinary agar. One day at 30° C. Rods and endosperm. 
Fig. 2. Type Aza Ordinary agar. Two days at 30° C. Rods and endosperes. 
Fig. 3. Type Alb Ordinary agar. One day at 30° C. Rods and endosperm, 
Fig. 4. Type A4 Ordinary agar. One day at 30° C. Rods and filaments. 
Fig. 6. Type D. Ordinary agar. Two days at 37° C. Micrococci. 
Fig. 6. Type C. Potato agar. Two days at 30° C. Short rods. 
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III. The Slender Rod Phase and Secondary Transformations. 
By Andrew Cunningham. 

With one Plate. 

The Slender Rod Phase (B). 
The slender rod phase comprises strains which have been classified into 

six main types (B1 to Be), three of which are aerobic and three anaerobic. 
Certain of these types, however, include two or more subtypes which have 
been grouped together mainly on the basis of morphology. The classification' 
of the cultures dealt with in this and in the first part of the preceding paper 
is a matter of considerable difficulty. This is mainly due to the occurrence 
of forms intermediate between the various types and even between this and 
the large rod phase. The division into slender and large rods is a purely 

one. Thus certain of the forms included among the slender rods are 
as large as some of those already described. Owing, however, to the fact that 
some of these types have been obtained from cultures which yielded large 
reds while others have been found associated with rods of a definitely slender 
Perm, the division made in this and in the previous paper has been adopted. 

B1 (42 strains). 
Type B1 includes three subtypes which will be referred to as Bla (37 

strains), Bib (1 strain) and B1ß (4 strains) respectively. 

Bla. 
M o r p h o 1 o g y. (Plate I, Fig. 1.) The vegetative cells are slender 

straight or slightly bent rods with rounded ends. Short curved filaments 
se frequent in non -sporulating cultures, especially on glucose agar. , Rods 
and filaments often appear to taper slightly towards the ends. Twisted 
filaments are sometimes seen on potato and short chains occasionally occur 
la gelatine. The rods are as a rule 0.5 -0.7 µ x 3 -10 

Na but filaments may 
arceed 20 ix in length. 

Endospores are ovoid to cylindrical, occasionally kidney- shaped and 
Tory variable in size. They are generally subterminal but sometimes ter - 
linai and cause the cells to bulge. The majority of the spores, particularly 
the larger ones, are stained by dilute fuchsin, the spore wall being coloured 
bore intensely than the contents of the spore. Sporulation takes place less 
Wily on glucose than on ordinary agar and old cultures on the latter medium 
ten consist almost exclusively of spores. Endospores are also formed in 
rge numbers on potato and gelatine. In old cultures the spores frequently,, 
Zweite Abt. Bd. 83. 1 ,;1: 
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appear shrivelled, the walls may show ridges or the spores may collapse entire- 
ly. .In the latter case the spore wall is represented in a stained preparation 
by a curved line only. Spores withstand ten minutes boiling but are destroyed 
by boiling for thirty minutes in bouillon or agar. 

M o t i l i t y. Rods are motile, although in some cases only feebly so 
and in certain strains motility is difficult to demonstrate. Cells, which show 

motility when examined in hanging -drop, frequently fail to do so in a drop 

of liquid under a cover -glass on an ordinary. slide. 
St a i n i n g. Vegetative cells are stained well and uniformly by dilute 

fuchsin. Young rods are G r a m- positive, but the stain is generally feebly 

retained. Young spores are also Gram- positive. 

Cultural characteristics. This organism grows well at 
30-37° C, poorly at 22° C and generally not at all at lower temperatures. 
It is a facultative anaerobe. 

Ordinary agar plate. Surface colonies are of two types. Genet- 

ally they are bluish, translucent and irregular in shape with angular pro- 

jections and they sometimes show broad frond -like outgrowths. There is 

frequently also some bluish, translucent, spreading surface growth. Later 

the colonies and surface growth of this type tend to become more opaque 

especially at the edge. The second and less frequent type of surface colony 

is round, greyish- white, opaque and glistening. Microscopically colonies of 

both types appear granular. Deep colonies are greyish- white, opaque and 

spherical, ovoid, fusiform or irregular. They may appear hairy or show a 

tuft of hair -like outgrowths. 
Gelatine p 1 a t e. Surface colonies are at first minute, translucent, 

and irregularly -round or ovoid with entire edge. Some show a few long hair- 

like outgrowths arranged irregularly. As the colonies grow, some remain 

round while others become very irregular and lobate. During liquefaction 
of the medium, they may remain intact or break up into chains of irregular 

small colonies. Microscopically the colonies appear finely granular. Deep 

colonies are spherical to slightly irregular. 
Or dinar y agar s l o p e. Growth is at first bluish, spreading, 

glistening and translucent; later it becomes greyish -white and opaque but 

is never abundant. The edge may be lobate or show frond -like extensions. 

The condensation water exhibits a dense, greyish -white turbidity. In old 

cultures small, white, opaque, secondary colonies, containing numerous 

spores, develop. 
Glucose agar stab. Surface growth may be absent or may 

consist of a thin, spreading, bluish, translucent layer, with irregular or lobate 

edge. Occasionally a thick, opaque, slimy growth is produced, especially 

under anaerobic conditions and sometimes a few small, white, opaque, second- 

ary colonies are formed. The stab is thread -like and a variable quantity 

of gas is produced - from a few bubbles to a quantity sufficient to cause 

disruption of the medium. 
B o u i 11 o n. A faint turbidity is produced and after two days at 30°C 

a thin, greyish- white, moist scum is formed. After about two weeks' incu- 

bation the scum, which is never thick and consists mainly of sporulatiug 
rods and free spores, sinks in the form of long, slimy, greyish -white strands. 

Ultimately the liquid clears and a considerable quantity of greyish sediment 
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accumulates; this is at first flocculent but becomes slimy. After two months 
the reaction to phenol red is neutral to faintly alkaline. 

Gelatine stab. Growth in this medium is slow and tends to be 
erratic. As a rule after some days, a thread -like growth appears in the stab 
and in one to four weeks a small cup- shaped zone of liquefaction is generally 
produced. Immediately below the latter, villous and ultimately arborescent 
outgrowths may be formed from the stab, but as the medium softens the 
outgrowths gradually disappear. Liquefaction is very slow and after two 
months the liquefied area may still be funnel- shaped or, if cylindrical, does 
not generally exceed about one centimetre in depth. Gelatine cultures in- 
cubated at 30° C for two months as a rule fail to solidify on cooling. 

M i 1 k. A uniform compact acid curd is generally formed after an incu- 
bation period varying from two days to six weeks at 30° C. In some cases 
a small quantity of gas is produced at the time when curdling takes place 
or later, and the curd ultimately contains holes; in other instances gas for- 
mation precedes curdling and the curd, when formed, remains compact and 
uniform. Some time after the casein has been precipitated, there is generally 
a slight separation of whitish whey at the surface or down one side of the 
medium but no digestion occurs. In certain cases no curd is formed even 
after two months' incubation but the medium is slightly acidified. When 
cultures are incubated anaerobically the curd is frothy or "blown" and fre- 
quently slimy. 

Pot at o. After incubation at 30° C for a period varying from four 
days to two weeks, an abundant, dirty -yellowish, glistening growth is formed. 
This is accompanied by gas formation which may be so vigorous that frothing 
occurs. The medium is generally softened and bleached and may be com- 
pletely disintegrated and converted to a semi - liquid mass which accumulates 
at the base of the tube. 

Biochemical reactions. Acid is produced from xylose, 
!lase, levulose, galactose, saccharose, maltose, lactose, starch, inulin, 
dextrin, mannite, sorbite, glycerol and salicin but dulcite, adonite and inosite 
ue not fermented. Gas formation is erratic but some gas may be formed 
lam almost all the compounds which are fermented. Generally cellulose 

not attacked but occasionally transfers from potato cultures have been 
'ound to produce a slow decomposition of filter -paper in Om e l i a n s k i 's 
ineral salt medium under anaerobic conditions. Such potato cultures fre- 

latently contain slender rods with terminal swellings. Decomposition of 
dulose has also been observed when O m e l i a n s k is medium is in- 
related with whole potato cultures of this organism and incubated anaerobi- 

y. Gas is produced in the paper, which disintegrates into fibres. The 
tter then sink to the base of the tube and form a slimy sediment which 
!dually disappears. Cellulose decomposition by such cultures can be main - 
ined throughout a series of transfers. Indol is not produced and the V o g e s - 
r o s k a u e r reaction is negative. 

Char act e r is a t i o n. The above description agrees closely in its 
ential features with that given by Makrinov (7) for Pe e t i n o - , 
an t e r amyl o p h i l u m. A culture of the latter organism . has been 
amused by Prof. M a k r in o v but has not yet arrived. 

1* 
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Primary transformations. Al to Bla, Nos. 1-4. In 

these experiments glucose agar stab cultures of A1, which had been incubated 
aerobically at 37° C for two days and then kept at room temperature for 

two months under aerobic conditions, were used to inoculate tubes of glucose 

peptone water + filter -paper + calcium carbonate. The latter were also 

inoculated from a glucose agar slope of a milk yeast and were incubated 
aerobically at 30° C. The general arrangement of these experiments and of 

the corresponding controls is similar to that of transformations Al to A8, 

N o s. 1 -12, which has already been fully described. After two days' in. 
bation gas formation took place and the cultures contained large rods of. 

type A1.: Slender rods appeared after three to five days and later these pro- 

duced the characteristic spores of B1. Cultures of Bia were isolated by plating 

on ordinary or glucose agar in S o y k a flasks. In certain cases some diffi- 

culty was experienced in isolating these strains and colonies on glucose agar 

were sometimes untransferable after a few days' incubation. 
N o s. 5 -7. Cultures of Al which had been incubated anaerobically on 

ordinary agar for two to ten days were employed to inoculate tubes of ordin- 

ary and glucose agar. The media were then heated at 80° C for ten minutes, 

poured into Petri dishes and incubated anaerobically at 37° C. After 

forty -eight days' incubation, during which the jar was opened and closed 

twice, four of the five strains employed showed small, greyish, translucent 
colonies which contained slender rods with small, terminal, spherical swellings 

and spore -like bodies. The latter remained unstained when films were made 

from the colonies and stained with dilute fuchsia. In the course of the in- 

vestigation these films were washed in xylol and re- stained when practically 
all the terminal bodies took up the stain. Transfers from these colonies to 

ordinary or glucose agar yielded cultures of slender rods but as a rule when 

the inoculum was heated at 75 -80° C for ten minutes no growth took place. 

Owing to the fact that the microscopic appearance of the cultures showed 

a striking resemblance to O m e l i a n s k i 's microphotographs of cellulose - 

decomposing cultures, transfers were made to K h o u v i n e - D e l au- 

n a y 's cellulose medium which was incubated anaerobically at 37° C. Is 

a few days, gas was produced by three of the strains and the filter -paper 

gradually disappeared. No decomposition was produced in cultures which 

had been heated at 75 -80° C for ten minutes. 
The cellulose -decomposing cultures have been maintained for a period 

of over three years in various media. They have gradually become less active, 

however, and now only produce decomposition after an incubation period 

of some months. The cultures have been grown in Om e l i a n s ki s, 

Smith's and Khouvine -Delaunay's media as well as inboup- 

lon and peptone water containing filter -paper but no one of these media 

favours decomposition of cellulose more than the others. A number of types 

of slender rods have been isolated from the cultures and strains of B10 have 

been obtained from cultures derived from three distinct strains of Ar by 

plating aerobically on ordinary and glucose agar. 
In support of the view that the colonies of slender rods on the original 

plates are not contaminants it should be pointed out that cultures resembling 

those of Om e 1 i a n s k i have been grown on solid media only in eacsp 

tional cases. It is generally recognised that -the chief obstacle in the way of 

extension of knowledge regarding organisms of this type is their refusal to 

grow on solid media. It is highly improbable, therefore, . that the original 
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colonies represent mere accidental contaminants. Further support to this 
view is afforded by the fact that four of the five strains of Al used, yielded 
colonies of this type and that most of the cultures of slender rods, isolated 
from these and from the cellulose- decomposing cultures obtained from them, 
are similar to those secured from other sources. 

N 0. 8. Certain of the colonies on the original ordinary and glucose agar 
plates in experiments N o s. 5 -7, when transferred to fresh media, yielded 
in addition to slender rods, a delicate growth of minute cells, just visible 
when examined by the ordinary microscopic methods. The growth was 
invisible to the naked eye but could just be seen when the cultures were 
examined by means of a hand -lens. It appeared after about ten days' anaero- 
bic incubation at 37° C and was maintained through several transfers on 
ordinary agar slopes. A culture of this type, which is similar to the dwarfed 
growth of L ö h n i s and S m it h, when incubated anaerobically at 
37° C for eleven days, yielded short slender rods. Type Bla, was obtained 
from the latter when the growth was plated aerobically on ordinary agar. 
The culture of dwarfed growth which yielded slender rods, when transferred 
to a slope of meat infusion agar and incubated aerobically, gave no growth. 

B1b 
Bib differs from Bia in the following respects: 

(1) The growth on ordinary agar is generally more opaque. 
(2) Milk is unchanged in appearance but becomes slightly acid to brom- 
wool purple. 
(3) No visible growth is produced on potato although microscopic examina- 
tion of stained films from the surface of the medium reveals the presence 
of numerous cells. 
(4) Acid is produced from all the fermentation test substances attacked 
by B1a with the exception of sorbite. No gas is formed. 

Characterisation. It has not been possible to identify type Bib 
with any previously described organism. 

B1c 
Type B1a differs from Bi 

a 
in the following characteristics: 

(1 The cells are stouter and in bouillon may vary from 0.5 to 1.0 t,. in breadth. 
(1) Surface colonies on ordinary agar plates are white, opaque and discoid 
with an entire or slightly irregular edge. The marginal zone is trans- 
lucent. 

13) Growth on ordinary agar slope is white and opaque. 
(4) On glucose agar, surface growth is at first white and opaque but becomes 
greyish -yellow and finally brownish. The medium may be slightly 
brownish near the surface. 
Ib) Milk is slowly peptonised from the surface and becomes yellowish -brown 
m colour. Sometimes a soft curd is formed before peptonisation takes 
place. 

Ít) On potato, growth is at first greyish but becomes yellowish and finally 
town. The medium becomes darker in colour. 

Il) This type does not ferment any of the test substances. 
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Char a c t e r is a t i o n. An organism of type B1c appears to have 

been described by Flag g e (2) in 1894. This description contains 
. the 

more important details but the organism is referred to as No. 1 and no nain 
is suggested. In 1900 M i g u l a (8, S. 583 -584) named F l ü g g e 's or 

ganism B. b r e vi s. This bacillus was referred to by N e i d e (9) as B 

1 a c t i s Flügge but the description given is imperfect.-.F o r d 's (3, p. 696- 
697) characterisation of three strains of B. b r e v i s Migula obtained fro 
milk, soil and dust agrees closgly with that of B10. 

Primary transformations. A1toB1c No.1. Amilkculturs 
of Al containing CaCO3, which had been heated at 80° C for ten minute, 
and incubated anaerobically at 37° C for sixteen days, was used to inoculate 
a tube of glucose bouillon which was then heated at 80° C for ten minutes, 
After anaerobic incubation at 37° C for one day, vigorous gas formation took 

place in the glucose bouillon and the medium contained large rods of type 

A1. Slender filaments were observed in this culture after an incubation period 

of twelve days and when transfers were made to glucose agar plates, ineu. 

bated aerobically, a thick spreading growth of B10 was obtained. A transfer 
from the original milk culture to a glucose agar slope incubated aerobically 
yielded no growth. 

N o. 2. A strain of B1c was isolated from one of the cellulose- decomposing 
cultures referred to under Al to Bla, N o s. 5 -7 by aerobic plating in a 

glucose agar So y k a flask at 30° C. 

In addition to the transformations referred to under Al to B18 and 

Al to Blc, two strains of type B1 were isolated but died before they could be 

characterised. Organisms morphologically similar to the sporulating cells 

of B1 were also observed in cultures of Al on at least three occasions but 

they could not be cultivated, while slender rods, the type of which could 

not be determined, were frequently seen especially in potato cultures of A1. 

B2 (11 strains). 
M o r p h o 1 o g y. (Plate I, Fig. 2.) The rods are slender and generally 

straight or very slightly curved. Some strains, when first isolated, gres 

for a time as U- shaped forms and did not produce endospores, though 

they were culturally identical with the sporogenous types. Such bent forms 

were also frequently seen in sporing strains grown on glucose agar. Rod 

generally occur singly or in pairs but chains may be formed in certain media 

As a rule the rods vary from 0.3 -0.5 x 3 -5 in bouillon. Long filament 
may also be seen in this medium and are particularly frequent on ordinary 

potato, and glucose agars. On the two last -named media filaments are oftel 

branched and twisted. 
Endospores, which are never formed in large numbers, are generall 

ovoid but occasionally cylindrical. They are terminal or very close to th 

ends of the rods and only slightly wider than the latter. They are not stain, 

by dilute fuchsin. Spores were found to resist boiling in bouillon or age 

for fifteen minutes but were destroyed by thirty minutes' exposure to th 

temperature of boiling water. 
M o t i l i t y. The cells are motile but motility is often difficult to di 

monstrate and as a rule in a culture only a few cells are active. 
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S t a i n i n g. The cells are stained well and uniformly by dilute fuchsin. 
They are G r am- positive. 

Cultural characteristics. Type B2 grows well at 30 to 
37° C, less rapidly at 22° C and very slowly at lower temperatures. 

Ordinary a gar plate. Surface colonies are at first small, round, 
greyish -white and translucent but later may become white and opaque and 
may reach a diameter of three to four millimetres. They may become irreg- 
ular and lobate with a translucent margin. Some colonies show striations 
when examined microscopically. Deep colonies are opaque and irregular; 
the edge may be hairy or diffuse. 

G e 1 a t in e p la t e. Surface colonies are translucent, round to very 
irregular and often lobate. Later they become more opaque. Deep colonies 
are opaque and spherical, ovoid or lobate. 

Or dinar y a gar s l o p e. Growth is at first greyish, translucent 
and glistening but becomes opaque and whitish. The marginal zone is some- 
times translucent. 

Glucose agar stab. Surface growth is often thin, greyish and 
translucent; it may be entirely absent. The stab is thread -like to slightly 
papillate. No gas is formed. 

Bo u i 11 o n. Turbidity is uniform and at first rather faint. Ulti- 
mately the liquid clears and a moderate to abundant, greyish, flocculent 
sediment is deposited. After two months at 30° C the liquid is alkaline to 
phenol red. 

G e la t i n e s t a spread - 
ing or entirely absent. The stab is thread -like but villous or arborescent 
outgrowths are occasionally formed. The medium is not liquefied. 

M i 1 k. A uniform compact acid curd may be formed after an incu- 
I bation period varying from two weeks to three months at 30° C. In some 

cases, after incubation for two to three months, the medium is unchanged 
in appearance but in such cultures the reaction generally becomes slightly 
acid to brom -cresol purple. 

P o tat o. Growth is not visible to the naked eye. Sometimes a few 
minute colonies can be detected when the surface of the medium is examined 
with a hand -lens. 

s 
Biochemical reactions. Fermentation reactions are variable. 

` Some strains ferment all the test substances employed. Others produce acid 
from xylose, glucose, levulose, galactose, saccharose, maltose, lactose, starch, 
inulin, dextrin, glycerol, inosite and salicin while intermediate types also 
occur. Cellulose ist not fermented. Indol is not produced and the V o g e s - 
Pr o s k a u e r reaction is negative. 

ly 
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A number of the strains of B2, when re- examined one to three years 
after the original characterisation, differed in certain particulars from the 
description given above. In certain cases the spores were stained slightly 
by dilute fuchsin and were more definitely subterminal than when the cul- 
tures were first examined. All strains produced a cup- shaped liquefaction 
of gelatine in three to seven days and some showed short outgrowths from 
the stab just below the liquefied zone. All fermented xylose, glucose, levu- 
lose, galactose, saccharose, maltose, lactose, starch, inulin, dextrin, glycerol, 
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inosite and salicin only. Otherwise the strains when re- tested agreed closely 
with the original description. For convenience the original characterisation 
will be referred to as Bea and the re- characterisation as B2b. 

Characterisation. Ford's (3, p. 695 -696) description of 

B. c i r c u 1 a n s Jordan agrees closely with that of B. It, however, con- 

tains the statements that spores are formed in large numbers and that they 
are cylindrical in shape. The description is based upon the study of a cul- 

ture isolated from human dejecta and is stated to correspond closely with 
J o r d a n' s characterisation of the organism. J o r d a n' s paper is not 

available for reference but M i g u 1 a (8, S. 551) gives a fairly complete 
description of this organism, which differs from F o r d' s on several points. 
Thus spores are stated to be ovoid and the rods about 1 µ broad. The cul- 

ture is also said to produce liquefaction of gelatine and a scanty growth 

on potato, of the same colour as the medium. In certain respects M i g u l a's 
characterisation is in agreement with that of B2 strains after they had been 

in pure culture for some time (B2b). 

.Primary transformations. Al to B2, Nos. 1 -3. Strains 

of B2 were isolated by plating on ordinary or glucose agar from three of the 

cultures referred to under Al to Bia, N o s. 5-7. 

B3 (18 strains). 
Morphology (Plate I, Fig. 3). In young cultures the organism 

grows as straight and slightly bent rods of medium thickness, often sur- 

rounded by considerable masses of slime. On glucose agar the cells are some- 

times arranged parallel and side by side forming "rafts ' . Chains are frequent 
in bouillon and gelatine and individual cells in chains may occur in a charac- 

teristic zig -zag arrangement. Filaments can be seen on most media and 

on potato they are sometimes twisted into dense masses. In bouillon cul- 

tures the cells measure 0.5 -0.7 v. X 1.5 -4.0 µ as a rule but their length may 

reach 10 1.1. or more. On potato, cells are generally shorter than on other 

media. 
Endospores are small, ovoid to cylindrical and generally central but 

sometimes subterminal or terminal. They are usually slightly broader than 

the cells and cause the latter to bulge; this is especially noticeable on po- 

tato. The contents of the spores are not stained by dilute fuchsin. In old 

cultures the walls of some spores appear to stain intensely and the contents 

of the latter are highly refractile. Endospores are formed in large numbers 

on ordinary agar, on which medium they frequently constitute the whole 

of the visible growth after two to three weeks' incubation. In bouillon and agar 

they are destroyed by boiling for half -an -hour but frequently withstand 

this treatment for ten minutes. 
Mot i 1 i t y. The rods are actively motile. When examined in hanging 

drop, some cells appear to rest one end on the glass and cause the other end 

to rotate. 
S.t,a i n i n g. The majority of young cells are stained well and uniformly 

by dilute fuchsin but in older cultures many'rods take the stain feebly or 

not at all. Some cells show intensely stained walls. Young" rods are G r am- 
positive. 
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Cultural characteristics. The organism grows well at 
30-37° C and more slowly at 22° C and at lower temperatures. It is a facul- 
tative anaerobe. 

Or dinar y agar plat e. Surface colonies are at first translucent, 
irregular and often lobate, with irregularly- distributed tufts of outgrowths 
resembling pieces of cotton -wool. Later they become more opaque, yellowish - 
white and generally wrinkled and adherent to the medium. Irregular, broad, 
tongue -like, translucent areas may grow out round the colonies. Microscopic- 
ally colonies are finely granular and their edges are generally hairy. Deep 
colonies are compact, spherical to fusiform and often show diffuse areas on 
their surface. 

Gelatine plat e. Surface colonies are at first irregularly- round, 
white and opaque with an entire edge. When the mediuffi begins to liquefy, 
they may show long, ramifying filaments and broad, twisted outgrowths, 
consisting of chains of colonies. As liquefaction proceeds, colonies may be- 
come more translucent and diffuse or they may break up. Deep colonies are 
spherical to irregular and become diffuse when liquefaction begins. 

Ordinary agar s l o p e. Growth is at first glistening, greyish, 
translucent and spreading and may be slimy. Later it becomes white, dry 
and wrinkled and is generally adherent to the medium. It may show slimy 
droplets on its surface. The edge is generally hairy and may appear trans- 
lucent and slightly raised. In old cultures, growth becomes yellowish- to 
greyish -white and is soft and easily scraped off the medium; it may then 
appear unwrinkled. Sometimes there are translucent areas in the otherwise 
opaque growth. 

Glucose agar s t a b. Surface growth is at first greyish- white, 
dry and wrinkled but becomes thick, soft, cream -coloured, glistening and 
smooth in old cultures. After about fourteen days at 22° C the medium is 
generally reddish -brown at a depth of about one centimetre from the surface. 
The stab is thread -like to slightly papillate. No gas is produced. 

Bo u i 11 o n. The medium becomes slightly turbid and a greyish- white, 
wrinkled scum is formed. Watery to slimy droplets frequently appear on 
the surface of the scum, which tends to ascend the glass. Later the turbidity 
heeomes more dense and ultimately the scum becomes brownish and sinks 
to the base of the tube. After one to two months at 30° C the reaction to 
phenol red is alkaline. 

G e l a t i n e s t a b. The greyish surface growth rapidly sinks into 
the liquefied medium, forming a cup- shaped and later a cylindrical zone of 
liquefaction. The latter increases slowly and after two months the column 
d liquefied gelatine does not as a rule exceed two centimetres in depth. A 
greyish -white scum is formed on the surface of the liquefied gelatine. The 
stab is at first thread -like but soon becomes vinous and finally arborescent, 
the outgrowths appearing in tufts. 

M i 1 k. After a few days' incubation at 30-37° C a soft curd is generally 
formed with a small quantity of whitish whey. Peptonisation then proceeds 
slowly and the liquid becomes yellowish and contains flocculent pieces of 
undissolved curd. In certain cases the liquid becomes pinkish in colour. 
Peptonisation may also take place although no curd has been formed. A 
earn generally appears on the surface of the medium. 

Pot at o. Growth is at first glistening and transparent and may 
ibny. Ultimately it becomes dry and shows low net -like wrinkles. The 
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wrinkled area may be surrounded by a translucent, glistening margin and 
may show on its surface droplets of yellowish slimy liquid. The potato fre- 
quently becomes reddish and finally both growth and medium become light 
brown in colour. 

C or n ma s h. The majority of the strains colour the medium bright 
red to a depth of about one centimetre from the surface. 

Biochemical reactions. Acid is produced from glucose, 

levulose, saccharose, maltose, starch, inulin, dextrin, mannite and salicin, 

Xylose, dulcite, adonite and inosite are not fermented.. Galactose, lactose, 

glycerol and sorbite are slightly acidified by certain strains. Indol is not 

produced and the V o g e s -Pr o s k a u e r reaction is positive. 

Char a c t e r is at i o n. The following type culture has been ex. 

amined: 

B. G1 o b i g i i Migula No. 369, obtained from the American 
Type Culture Collection. 

This strain of B. Globigii is one of Fr e d 's and was isolated from 

corn mash in which it produced a red coloration. The characterisation of 

the strain was found to agree in all respects with that of B3 except that a 

yellowish -brown, glistening, unwrinkled growth was formed on potato. 
B. G1 o b i g i i Migula is the name by which organisms of the type 

B3 are generally referred to in the literature. G 1 o big (5) was the first to 

describe an organism of this type but his description contains little detail 

and no reference to growth on agar or in milk. He did not, as F or d (3, 

p. 670) has asserted, describe the organism as B. me s e n t e r i c u s ruber 
but referred to it as the "rother Kartoffelbacillus ". Migula (8, S. 554 -555) 

is responsible for introducing the name B. G1 o b i g i i. This author's de. 

scription is a good one except that growth in milk is not referred to and for 

mation of the characteristic scum on bouillon is not mentioned. The de. 

scription of B. Globigii by Fred, Peterson and Carroll(4), 
though brief, contains most of the essential points. On the other hand the 

organisms described by Le h m a n n and N e u m a n n (6, S. 620) as 

B. mesentericus ruber Globig and by Ford (3, p. 670) as 

B. Globigii Migula are atypical in certain respects. 
In 1898 We i g m a n n (11) published a description of an organism of 

type B3 which is more complete than any of those quoted above. This de 

scription appears to have been overlooked by most workers. The name sug 

gested, Clostridium licheniforme , has priority over the other 

names which have been proposed. 
Synonyms: Clostridium licheniforme Weigmann. 

B. Globigii Migula. 

Primary transformations. Al to B3. Nos. 1 -7. Seven 

of the cultures referred to under Al to A2, N o s. 1 -12 yielded strains of B, 

when plated aerobically on ordinary agar in So y k a flasks. 
N o. 8. A five days salicin peptone water culture of Al which, On 

examined microscopically, showed large rods only, was used to inoculate 

a tube of glucose bouillon. Under anaerobic conditions vigorous gas formation 

took place in the latter medium after one day's incubation at 370 C. The tube 

was then removed from the McIntosh and F i l des jar and was kot 

under aerobic conditions at room temperature. After twenty -four hours 
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it contained slender rods in chains and a transfer to ordinary agar incubated 
aerobically yielded the characteristic growth of B3. 

N o. 9. The growth on a seven days glucose agar slope of Al was sus- 
pended in sterile water and heated at 80° C for ten minutes. Equal quantities 
of the suspension were employed to inoculate two glucose agar plates, one 
of which was incubated aerobically and the other under partially- aerobic 
conditions at 37° C. The former yielded no growth while the latter showed 
nine colonies of B3 after three days' incubation. An uninoculated control 
plate incubated under partially- aerobic conditions remained sterile. 

N o. 10. The growth on a two days glucose agar slope of Al was sus- 
pended in sterile water and heated at 80° C for ten minutes. The suspension 
was used to inoculate a series of tubes of various media. The remainder of 
the suspension, when plated aerobically on glucose agar, gave no growth. 
A tube of bouillon inoculated from the suspension and incubated anaerobi- 
cally showed no turbidity after five days but contained a few large rods and 
coccoids. No slender to medium rods of type B3 were observed. The tube 
was then incubated under partially- aerobic conditions for two days when a 
wrinkled scum appeared. A transfer was made to a glucose agar slope incu- 
bated aerobically and the characteristic growth of B3 appeared after twenty - 
four hours at 37° C. 

B4 (10 strains). 
Two subtypes of B4 have been distinguished: B4a (6 strains) and B4b 

(4 strains). 
B 4 a 

M o r ph o 1 o g y. In young cultures the rods are slender and straight 
or slightly bent. They frequently occur in pairs and occasionally in short 
chains. U- shaped forms are sometimes seen in glucose agar stabs incubated 
aerobically, while short filaments may be encountered on ordinary agar and 
twisted filaments have been seen on ordinary and glucose agar. Young rods 
prior to sporulation measure 0.3 -0.6 Et X 2 -6 and sporing cells are gener- 
ally 0.6 -0.8 N. (rarely 1.0 1..L) X 4-6 v.. 

Endospores are formed in large numbers on ordinary agar. They are 
small to medium in size and are not generally stained by dilute fuchsin, 
although faintly stained forms have been observed, particularly in certain 
strains. Spores are generally ovoid, more rarely cylindrical. They are as a 
rule subterminal but they are sometimes terminal and rarely central. Spores 
are generally wider than the rods and cause the latter to bulge slightly. They 
have not been observed to germinate after exposure to the temperature of 
boiling water for thirty minutes. 

Mot i l i t y. Rods are motile but motility is generally feeble and is 
sometimes difficult to demonstrate. 

St a i n i n g. The rods are stained well and uniformly by dilute fuchsin. 
Young cells are Gram- positive but the stain is weakly retained. 

Cultural characteristics. The organism grows well at 
80° and 37° C and less rapidly at 22° C. It is a strict anaerobe. 

Or dinar y agar p l a t e. Growth on ordinary agar plates fre- 
quently tends to be erratic, although repeated plating on ordinary agar 
is not so uncertain as that on glucose agar. Surface colonies are greyish - 
white, round to slightly irregular, opaque and glistening; microscopically 
they appear granular. The edge is frequently wavy and there is generally 
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a translucent marginal zone. Deep colonies are opaque and may be spherical 
fusiform or slightly irregular and lobate ; the edge may be hairy. 

G e 1 a t i n e p 1 a t e. Surface colonies are greyish -white, opaque an 
round to slightly irregular. When liquefaction begins hairy outgrowth 
appear.. Deep colonies are more opaque than those on the surface; they an 
irregular and hairy. 

Or dinar y agar s l o p e. Growth is at first translucent, greyisl 
and glistening and may be continuous or made up of individual colonies 
Later it becomes more opaque and whiter. 

Glue o s e agar s t a b. Surface growth is at first greyish and trans 
lucent but later becomes opaque. Growth in the stab is abundant and thread 
like but no gas is produced. The medium is frequently coloured pale brownish 
near the surface. In this medium the organism can be grown aerobically, 

B o u ill o n. The medium first becomes uniformly turbid but later 

clears ; a greyish flocculent sediment is deposited. After about two months' 
incubation at 37° C the liquid is generally approximately neutral to. phenol 

red. In the presence of calcium carbonate growth is less rapid and abundant, 
Gel a t in e. After some days a thread -like stab is formed and lique- 

faction generally follows rapidly. At first the liquefied gelatine as a rule 

forms a narrow funnel extending along the entire length of the stab. Lique- 

faction may begin in three to fifteen days and may be completed in ten days 

to one month. At 37° C the medium becomes turbid in two to seven days 

and ceases to solidify after an incubation period varying from seven days 

to two months. It has a cheesey odour. Growth and liquefaction generally 

take place more rapidly in glucose than in ordinary gelatine and under aerobic 

conditions growth can be obtained in the former medium. 
M i 1 k. A uniform soft curd is formed after two to three days' incubation 

at 37° C. Peptonisation then begins at the surface and extends downwards. 

The liquid gradually becomes less opaque but is never transparent. It appears 

whitish and slightly turbid, due to the presence of a residue of undissolved 

curd. The change is completed in ten to forty days as a rule. 
P. o tat o. No growth can be detected even by the examination of 

stained films from the surface of the medium. On potato agar irregular, 

greyish, opaque colonies with translucent margins may be obtained. 
Bull o c k 's he a r t m e d i u m. The liquid becomes turbid and the 

meat is slightly reddened but is not obviously peptonised. 
Br a i n m e d i u m. The liquid is turbid and the tissue becomes 

slightly greyish to pale pink in colour. There is no digestion. 
Liver -liver bouillon. The liquid becomes turbid and the 

tissue is only slightly darkened. The surface layer of the liver becomes pale 

yellowish in colour. 

B i o chemical reactions. The organism does not produce acid' 

or gas from any of the test substances (including cellulose). Indol is not 

produced and the V o g e s -Pr o s k a u e r reaction is negative. 

P at ho g e n i c i t y. Suspensions in sterile saline of agar slope cultures 

of the organism, when injected subcutaneously into guinea -pigs, proved to 

be non- pathogenic1). 

1) I wish to thank Mr. T. Gibson for having performed the animal inoculation 

experiments referred to in this paper. 
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Characterisation. Organisms of this type agree closely in cul- 
tural characteristics with the published descriptions of B. putrificus 
Bic n s t o c k (1). It is proposed to discuss the identity of types B4 and B5 

and their relationship to B. p u t r if i c u s Bienstock in a separate publi- 
cation. 

Primary transformations. A, to Boa Nos. 1 -3. Strains 
of B45 were isolated by anaerobic plating on ordinary and glucose agar from 
the cellulose-decomposing cultures referred to under Al to But, N o s. 5 -7. 
They were frequently difficult to isolate, especially when glucose agar was 
employed. 

B 4 b- 
B4b (Plate I, Fig. 4) is similar to B4a in many of its characteristics but 

differs from the latter in the following points: 
(1) Surface colonies on ordinary agar are thin, greyish and translucent 

and exhibit a marked tendency to spread over the entire surface of the medium 
or to form frond -like or rosette -like extensions. Deep colonies have compact 
centres with woolly outgrowths visible to the naked eye. They never show 
the entire edge sometimes seen in deep colonies of B4a. 

(2) In ordinary and glucose agar stabs, gas is generally produced and 
breaks up the medium. It is more abundant in glucose than in ordinary agar. 

(3) In milk, peptonisation is more rapid and complete. The liquid, which 
generally becomes yellowish, is entirely cleared with the exception of a small 
compact residue of curd at the base of the tube. 

(4) In brain, liver -liver bouillon and bullock's heart medium there is 
considerable digestion of the tissue which becomes dark in colour and fre- 
quently almost black. Some gas is formed. 

(5) Considerable quantities of gas are produced from glucose, maltose 
and glycerol and small quantities from levulose, galactose, dextrin and sorbite 
and occasionally from mannite and salicin. Similar fermentation reactions 
are obtained when the media are sterilised by intermittent steaming. As 
small quantities of gas may be formed by bacilli of this type in plain peptone 
water, the method employed in this investigation for demonstrating fer- 
mentation reactions is not entirely satisfactory, when applied to organisms 
of type Bob. 

Char a c t e r i s a t i o n. The following stock strains were also studied: 
B. pu t r if i c us v e r r u c o sus Stamm 22 l received from Professor Zeißler, 
B. putrificus verrucosus Stamm 58f Altona -Elbe. 

Both proved to be identical with the strains of Bob described above. The 
morphological and cultural characteristics of Bab also correspond closely 
with those of organisms generally referred to in the literature as B. s p o r o - 

Ìfe n e s Metchnikoff. The fact that Z e i s s i e r and R a s s f e l d (12, 
'S. 87) recognise B. sporogenes Metchnikoff and B. putrificus 
r e r r u c o sus as synonyms is in agreement with these observations. 

Synonyms: B. sporogenes Metchnikoff. 
B. putrificus verrucosus Zeißler etRaßfeld. 

B6 (5 strains). 
Morphology (Plate I, Fig. 5). The cells are slender, straight and 

lghtly bent rods which in young cultures frequently occur in pairs but may 
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also appear singly or in short chains. In non- sporing cultures there is often 
great variation in the length of the rods but in glucose bouillon the majority 
of the cells are 0.3 -0.5 II, X 2 -5 µ. Short filaments are sometimes observed, 
particularly in media containing glucose. 

Endospores are formed slowly and generally do not appear until the 
cultures have been incubated for eight to ten days at 37° C. At first spherical, 
deeply staining, terminal swellings appear; gradually the spore wall becomes 
more prominent and the interior of the spore becomes unstainable by dilute 
fuchsin. Mature spores are terminal, spherical to slightly ovoid and wider 
than the cells. On ordinary agar a larger proportion of the cells produce 
spores than on glucose agar. Spores have not been observed to germinate 
after exposure to the temperature of boiling water for thirty minutes. 

M o t i 1 i t y. The cells are motile although, as a rule, only a few are 

active at a particular time. In certain strains motility is difficult to demon- 

strate. 
St a i n i n g. Young cells are stained uniformly and intensely by dilute 

fuchsin. They are G r am- positive but rapidly become G r am- negative. 

Cultural characteristics. The organism grows well at 

30° C and 37° C and more slowly at 22° C. It is a strict anaerobe. 
Ordinary agar plate. Surface colonies are round with an uni- 

form or slightly irregular edge. They are at first bluish and translucent but 

later become whitish and opaque. Occasionally some spreading surface growth 

may be observed. Microscopically the colonies appear granular. Deep colonies 

are white, opaque and spherical, ovoid, fusiform or irregular. Some appear 
diffuse at certain points or over the entire surface. They are more coarsely 

granular than those on the surface of the medium. 
G e la t in e plat e. Surface colonies are translucent and round to 

irregular and lobate. When liquefaction begins they become very irregular. 
Microscopically they are often striated and may show some long, hair -like 

outgrowths. Deep colonies are spherical, fusiform or irregular and appear 

coarsely granular when examined microscopically. When liquefaction begins 

they may show long, hair -like outgrowths or become diffuse. 
Or dinar y agar slop e. Growth is at first thin, translucent, 

spreading and greyish to bluish with a glistening surface. Later it becomes 

more opaque and whiter but is never abundant. There are generally some 

isolated colonies. 
Glucose agar s t a b. There is little or no surface growth. The 

stab is thread -like and no gas is produced. Growth is frequently abundant 
between the medium and glass and near the surface the medium may be 

brownish. 
B o u i 11 o n. A uniform turbidity is first produced: the liquid then 

clears and a greyish sediment settles. After two months' incubation at 37°C 

the medium is practically neutral to phenol red. 
G e 1 a t in e. In gelatine at 22° C the stab is thread -like. Liquefaction, 

in the form of a narrow funnel, begins after ten to forty days' incubation and 

proceeds very slowly. Some hair -like outgrowths may be formed from the 

liquefied zone and occasionally a small bubble of gas may be observed in the 

stab. At 37° C growth is often slow and erratic. The medium becomes turbid 

and after an incubation period, which generally varies from one to four weeks, rl 

fails to re- solidify on cooling. In the case of one strain the liquid gelatine 

0 
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tified on cooling even after an incubation period of two months at 37° C. 
wth in glucose gelatine is similar to that in ordinary gelatine. 
M i 1 k. The majority of the strains produce no change in milk. Certain 
ns, which when first isolated had no action on milk, produced a slow 
onisation without curdling after one to two months' incubation at 37° C, 
n re- tested after they had been several months in pure culture. 
Po tat o. No growth can be detected even by microscopic examination 
rained films prepared from the surface of the medium. 
Bull o c k's hear t m e d i u m. The liquid becomes turbid but the 

Le undergoes little change and little or no gas is formed. After prolonged 
bation the meat may show slight indications of darkening and peptoni- 
on. 

Brain me d i u m. The liquid becomes turbid but little gas is formed. 
kening of the tissue is scarcely perceptible even after one to two months' 
bation. 
Liver-liver bouillon. A faint turbidity is produced and there 
be slight gas formation. There is no digestion of the tissue. 

Biochemical reaction s. The organism does not produce acid 
ss from any of the fermentation test substances and in O m e l i a n s k i' s 
ium cellulose is not decomposed. Indol is not formed and the V o g e s 

o s k au e r reaction is negative. 

Path o g e n i c i t y. Suspensions in sterile saline of agar slope cul- 
s of the organism, when injected subcutaneously into guinea -pigs, 
ved to be non -pathogenic. 

Char a c t e r i s a t i o n. The following stock strains have been ex- 
iled: 

(1) 
(2) 

(3) 

(4) 

Clostridium putrificum Sturges No. 2221 
B. co c h l e a r i u s Douglas, Fleming and Colebrook, 
T.M.I.H.C. No. 535. 

Clostridium putrificum(Bienstock)Bergey 
et al. No. 3559 (= Hall collection No. 38). 
Clostridium putrificum(Bienstock)Bergey 
et al. No. 679. 

ras isolated from horse faeces by Sturges and (2) from a tetanus 
k culture by Miss Robertson. (3) was supplied from the Hall 
etion while (4) was isolated from street dirt by S t u r g e s. All exhi- 
1 morphological and cultural characteristics which agreed closely with 

of B5. Organisms of this type have been described by Reddish 
Re t t g e r (10) who consider that they are identical with B ien - 
ek's B. putrificus (1). 

Primary transformations. Alto B5 Nos. 1 -3. Strains 
s were isolated by anaerobic plating on ordinary and glucose agar from 
3ellulose- decomposing cultures referred to under A, to Bla N o s. 5-7. 
rth on the plates was slow and often erratic. This was especially notice- 
when glucose agar was employed and the incubation period was short. 
peared to be due to the facts that it is difficult to obtain growth of non - 
ng cultures on plates, that glucose agar does not favour spore formation 

received from the Na- 
tional Collection of 
Type Cultures, Lond. 

obtained from the 
American Type Cul- 
ture Collection. 
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and that spores are not produced unless incubation is continued for eight 

to ten days. 
B8 (2 strains). 

M o r p h o logy (Plate I, Fig. 6). The organism may produce straight 
or slightly bent rods of variable thickness which often show irregular swell. 

ings. The rods may occur in pairs or chains and sometimes taper towards' 
one end. Filaments are also frequent. Endospores have not been observed. 

M o t i l i t y has not been observed. 
St a i n i n g. The majority of the cells are stained well and uniformly 

by dilute fuchsia. Certain cells, however, take the stain feebly. 

Cultural characteristics. The organism grows slowlyat 
37° C. It is a strict anaerobe. 

Ordinary agar plate. Surface colonies are round and greyish - 

white with opaque centre and more translucent marginal area. Microscopic- 
ally the centre appears coarsely granular and the translucent zone consists 

of fine branching filaments. At the extreme edge there is sometimes an opaque 

zone. The colonies tend to grow into the medium. Deep colonies are more 

translucent than those on the surface of the medium. They are irregular 

and may appear hairy. 
Ordinary agar slop e. A thin greyish to bluish, translucent 

to transparent, glistening growth is produced. 
Glucose agar s t a b. There is no surface growth, the stab is 

thread -like and no gas is formed. 
B o u i 1l o n. A very faint turbidity is produced. 
G e 1 a t in e. As a rule there is no growth in gelatine or in glucos 

gelatine at 22 or 37° C but at 220 C in gelatine, a thread -like stab, with some 

hairy outgrowths and very slow liquefaction of the medium, has occasionall, 

been observed. 
M i 1 k. No visible change. 
Pot at o. No visible growth. 

Char act e r is a t i o n. Non -sporulating anaerobes are difficult to 

identify owing to the facts that most of those referred to in the literati 

are imperfectly described and that many grow poorly on artificial media 

In the absence of comparative studies it has been impossible to identify B 

with certainty. 

Primary transformations. Alto Be, No.1. Asixwe 
glucose agar stab was used to furnish the inoculation for a tube of glucos 

bouillon containing calcium carbonate and filter -paper. After anaerobe 

incubation at 37° C for twenty days, during which it remained unopened 

the culture showed, almost exclusively, slender rods with terminal swellings 

A fortnight later small terminal spores had been formed. Transfers fro 

the culture to glucose agar were incubated aerobically and anaerobicall 
The aerobic culture yielded no growth while the anaerobic plates shove 

colonies of Al only. After a further period of one month the culture 
plated anaerobically on ordinary agar when the growth consisted entire' 

of colonies of B6. a 

N o. 2. A tube of glucose peptone water + filter -paper + CaCO3 v 

inoculated from a two months old glucose agar stab of Al and also froi! li 
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glucose agar slope of a milk yeast. After aerobic incubation at 30° C for 
ree weeks the culture contained slender rods. An inoculation from it was 
ated anaerobically in an ordinary agar So y k a flask which, when incu- 
Ited for one week at 37° C, showed colonies of non -sporing slender rods. 
he latter failed to produce colonies when replated on ordinary agar. Fresh 
;oculations from the original liquid cultures were heated at 80° C for ten 
mutes and plated in ordinary agar So y k a flasks. When these were in- 
ibated anaerobically at 37° C for eleven days, a growth of slender rods with 
;rminal spores resembling B5 was obtained. Further plating on ordinary 
;ar, combined with heating of the inoculum at 80° C for ten minutes and 
aaerobic incubation at 37° C, yielded colonies of B6 only. The culture grew 
first in the form of long banded filaments rolled up into dense masses. 

a the first few transfers it refused to grow in an ordinary agar stab. The 
set that a non -sporulating organism was obtained from the original culture 
[ter the latter had been heated at 80° C, indicates that B6 could not have 
een present in it. 

Secondary Transformations within the Slender Rod Phase. 
Bia to B10. N o. 1. A stock strain of Bia after several transfers was 

bserved to grow more vigorously than it did when first isolated. A study 
f its morphological and cultural characteristics indicated that the strain 
tow belonged to type B1C. 

Bia to B3. N o s. 1 -2. The characteristic opaque wrinkled growth 
tf B3 was observed in several strains of B1a, incubated for two days at 37° C 
is ordinary agar slopes. From two of these cultures strains of B3 were iso- 
ated and characterised. 

Bia to B5. N o. 1. A potato culture of type Bia, after two months' 
ocubation at 30° C, showed slender rods with terminal spherical swellings 
unilar to those seen in the primary transformations, Al to Bia. N o s. 
-7. Transfers were made to Om e l i a n s k i' s cellulose medium which 
as incubated anaerobically at 37° C. In this medium the filter -paper was 
lowly decomposed and some gas was liberated. After two months, loop - 
ils of this medium were plated anaerobically on glucose agar at 37° C. 
'olonies of two types were present on the plates after three days' incubation, 
uge opaque glistening colonies of B1a and small translucent bluish colo- 
les containing non -sporing rods of type B5. The latter were purified by 
+- plating. 

B2 to Bib. N o. 1. A potato agar slope of type B2, after nine days' in- 
itiation at 30° C, contained numerous medium to large, long, bent fila- 
ents. when plated on glucose agar at 30° C growth only appeared after 
cee days' incubation. It consisted of white opaque colonies of medium 
lut rods and filaments. The organism grew in a succession of glucose agar 
hures in the form of characteristic long, banded, twisted filaments without 
'oducing spores. After four transfers on glucose agar, it was subcultured 
an ordinary agar slope at 30° C, on which it formed a greyish growth of 
orulating rods which proved to be of the type Bib. 

Boa to Bob. N o s. 1 -3. Three strains of Boa, after growth in pure 
lture for some months, exhibited the characteristics of Bob. There is evi- 
nce that this change took place gradually. Thus in certain cases the com- 
ite fermentative properties of Bob had not been acquired when the sec - 
Zweite Abt. Bd. 83. 2 



18 Andrew Cunningham,` 

and characterisation took place. It may also be mentioned that three 
strains, other than the ones concerned in these transformations, now pro- 

duce gas from certain of the sugars fermented by Bob, although no colonies 

characteristic of this type have been observed in plate cultures inoculated 
from them. The uniformity in the cultural characteristics of the original 

strains of B4a and in particular their inability to produce gas from any of 

the fermentation test substances is evidence of their purity. 
Bb to Bla. N o. 1. A glucose agar stab of B5, after anaerobic incubation 

at 37° C for two months, showed some gas formation and contained, in ad- 

dition to slender rods with terminal spores, some spores 'resembling those 

produced by Bia. Aerobic plating on ordinary agar yielded a culture of B1,, 

B5 to Boa. N o. 1. An ordinary agar stab of B5, after eighteen days' 

incubation at 37° C, showed a considerable number of medium, ovoid spores 

similar to those of Boa. A strain of B4a was cultivated from it by plating 
on ordinary agar anaerobically. 

B° to Bob. N o. 1. The growth from an ordinary agar stab, which had 

been incubated anaerobically at 37° C for twenty -one days and showed 

slender to medium rods only, was transferred to an ordinary agar stab but 

failed to grow. A fresh stab in ordinary agar, made from the same original 

culture, grew exceptionally vigorously and after eighteen days showed me- 

dium rods and small to medium, mainly ovoid spores. From this culture 

a strain of Bob was isolated by anaerobic plating on ordinary agar at 37°C, 

B6 to B5. N o. 1. At a later date a strain of B5 was isolated from the 

culture, which yielded Bob in the previous transformation, by anaerobio 

plating on ordinary agar at 37° C. 

Other Secondary Transformations. 
A2 to Bia,. N o s. 1 -2. Milk cultures of type A2, after incubation at 

30° C for seven and sixteen days respectively, produced the soft curd typical 

of these strains. After a total incubation period of about 1% months, they 

contained a few gas bubbles and on microscopic examination showed slender 

to medium rods. Loopfuls of the cultures; plated on glucose agar in S o yka 
flasks, yielded colonies of type Bia in addition to a few colonies of A2. 

A4 to Bla. N o s. 1 -2. Cultures of type A4 in lactose and xylose pep 

tone water, after incubation periods at 30° C of eight days and one month 

respectively, produced gas and contained slender to medium rods and ovoid 

spores. From these cultures strains of Bia were isolated. One of the original 

cultures of A4 was obtained from a single cell. 
Ao to B10. N o. 1. The growth from a seventeen days old glucose agar 

slope of A4 (originally obtained from a single cell) was plated anaerobically 
on agar at 37° C. After two days the plates showed several small colonies 

of A4. They were then incubated aerobically for twenty -four hours when 

a few translucent colonies of slender to medium rods appeared. From these 

colonies a strain of 1310 was obtained. 
A4 to B3. N o. 1. An ordinary agar slope of A4, incubated at 37° Cfor 

four days, showed a greyish wrinkled opaque growth. From this culture 

a strain of B3 was isolated by plating on ordinary agar. 
A4 to D1. N o. 1. The growth from a nineteen days old glucose agar 

slope of a strain of A4, originally obtained from a single cell, was plated 

anaerobically at 37° C on glucose agar. After four days' incubation the 
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ates contained numerous small colonies of cocci which, when characterised, 
oved to be of type D1. 

B,a to A1. N o. 1. The growth from an ordinary agar slope of Bia, 
hich showed only typical rods and spores, was suspended in sterile water 
rd heated at 80° C for ten minutes. A loopful of the suspension was trans - 
rred to a glucose agar slope. After incubation at 37° C for seven days the 
dture contained, in addition to Bia, large rods and spores. Anaerobic plat- 
g on glucose agar at first produced Bia only but, after the culture had 
en passed through several transfers in milk containing calcium carbonate; 
strain of Al was isolated. 

Bia to D1. N o. 1. Growth from a glucose agar shake culture of Bia, 
hich had been inoculated from heated material and contained spores, was 
ansferred to melted glucose agar and heated at 80° C for ten minutes: The 
edium was poured into Pet r i dishes and incubated anaerobically at 37° C. 
fter six days the plates contained colonies of B,a only but after a further 
re days' incubation they showed in addition white colonies of a 
;reus. 

B2 to A2. N o. 1. Growth from an ordinary agar slope of .B2, which 
rowed only the slender rods and spores characteristic of this type, was 
fated aerobically on glucose agar at 30° C. After three days the plates 
antained, in addition to B2, colonies, of A2. The original culture of B2 had 
sen obtained by plating from one of the cellulose- decomposing cultures 
eferred to under A, to Bia, N o s. 5-7. These cultures have never yielded 
ype A2. 

B2 to D2. N o. 1. The culture of B2 referred to in the preceding para- 
raph also produced colonies of orange cocci (D2), when plated aerobically 
a glucose agar at 30° C. Cocci have never been obtained from the cellulose- 
ecomposing culture which yielded the original strain of B2. 

Boa to D1. N o. 1. The growth on a glucose agar slope of Boa was 
'Tended in sterile water. About 0.5 cubic centimetre of the suspension 
as transferred by pouring to an ordinary agar slope which was incubated 
robically at 37° C. After two days an opaque white slimy growth, con - 
iting of cocci of type D1, appeared on the agar above the surface of the 
laid. The aerobic stab, from which the original glucose agar slope of B,a 
IS inoculated, showed no evidence of surface growth and an ordinary 
ar slope inoculated from it and incubated aerobically produced no 
Nth. 

N o s. 2 -3. Growth from a four days glucose agar slope of But was 
,d to inoculate a glucose agar slope and a potato slope, which were then 
ubated anaerobically at 37° C. After three and seven days' incubation 
pectively, cocci were observed on these media. The cocci were obtained 
pure culture by aerobic plating on ordinary agar and proved to be of 
e D,. 
N o. 4. A glucose gelatine stab was inoculated from a glucose agar slope 

34a. No growth appeared in the stab when it had been incubated aerobi- 
y at 22° C for three days. After a further period of eleven days the me- 
n was completely liquefied and contained cocci of type D1 in addition 
lender rods. 
In transformations N o s. 2 and 4 the cocci observed failed to develop 

n first plated. 
2 
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B5 to D1. N o. 1. An ordinary agar stab of B5, which had been incubated 
anaerobically at 37° C for three months, contained in addition to rods of 

type B5 medium to large cocci of type D1. 

Cl to D1. N o. 1. A tube of mannite peptone water, inoculated from 

a twenty -six days glucose agar slope of C, and incubated aerobically for 

four days at 37° C, contained cocci which were purified by plating on glucose 

agar. The cocci obtained refused to grow after the first transfer. A fresh 

tube of mannite peptone water, inoculated from the same strain of C1, yield- 
ed cocci of type D1. The original strain of C1 ultimately became a white 

coccus. 
After seven days anaerobic incubation at 37° C a glucose agar slope 

of C1, inoculated from a nine days salt agar culture, showed almost exclu- 

sively cocci. When attempts were made to cultivate the latter aerobically 
they either reverted to short rods or produced no growth. 

D1 to Al. N o. 1. A tube of inosite peptone water, inoculated from 

a thirteen days old ordinary agar slope of D,_ and incubated aerobically 
at 37° C for four days, showed gas formation and reduction of the indicator 
and contained, in addition to cocci, short stout rods similar to the saceharo 
butyricus type. The latter were purified by plating anaerobically on glu- 

cose agar and when characterised proved to be of type A1. 

D2 to Bla. N o s. 1 -10. Agar slope cultures of D2 were used to pro- 

vide inoculations for a variety of the media used for testing fermentation 
reactions. After periods varying from three to ten days at 37° C the cul- 

tures as a rule produced gas and showed slender rods with spores of the B1 

type. Strains of Bla were isolated from these cultures by aerobic plating 

on glucose agar. The original cultures of D2 used in these experiments were 

freshly isolated and had been obtained from transformation B2 to D2, 

N o. 1. A careful microscopic examination of the cultures showed cocci only; 

no rods were observed. 
In addition to these transformations, slender rods of type B1 have been 

observed in cultures of D2 on four occasions; in two of these cases the rods 

were cultivated but not characterised. A strain of Bia was also cultivated 

from a milk culture of D1 which produced a uniform curd without gas for- 

mation. A second strain of D1 yielded a culture of B1 but the latter died 

before it could be characterised. 
D, to B3. N o s. 1 -2. Ordinary agar slopes of D1, after incubation 

at 37° C for two days, produced opaque wrinkled growths from whit 

strains of B3 were cultivated. 
D1 to C1. N o. 1. A tube of milk was inoculated from a twenty -five days 

old glucose agar stab of D1. The cotton -wool plug was pushed into the tub 

and a rubber cap placed over the end of the latter to minimise evaporation 
After two months at 37° C the medium showed no visible change. A transfe 

to an ordinary agar slope, however, yielded a growth of short rods o;', 

type Cl. 

On at least four occasions short rods of type C were observed in cal 

tures of D, but they could not be cultivated. 

The results of the transformation experiments are summarised in the 

following table: 
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Table 1. Summary of Transformations. 
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Type 
of 

Growth 

Number of transformations to type: 

A4 A2 A3 A4 By B2 B3 B4 Bb B° C4 C2 D, D2 D3 Total 

A, 13 11 1 10 3 10 3 3 2 8 1 6 1 72 
A2 3 2 5 
A3 

A4 3 1 1 5 
B, 1 2 1 1 5 
B2 1 1 1 3 
B2 

B4 4 4 
B; 1 1 1 3 
Bo 1 1 2 
Cl 1 1 

02 
D, 1 2 1 1 5 
D2 10 1 11 
D3 

Total: 116 
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Explanation of Plate I. 
Preparations stained with dilute fuchsin. 

Magnification x 1100. 
Fig. 1. Type B,a. Potato agar. Four days at 30° C. Rods and endospores. 
Fig. 2. Type B2. Ordinary agar. Two days at 30° C. Rods and endospores. 

awing.) 
Fig. 3. Type B3. Glucose agar. Fourteen days at 22° C. Rods and endospores. 
Fig. 4. Type Bob. Ordinary agar. Two days at 37° C. Rods and endospores. 
Fig. 5. Type B6. Ordinary agar. Eleven days at 37° C. Rods and endospores. 
Fig. 6. Type B3. Ordinary agar. Fourteen days at 37° C. Rods and filaments. 
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In the descriptions of the different growth phases which have been 
stabilised, a general account of the shape and size of the ordinary vegetative 
cells has been given and in the cases of the sporulating types, notes on the 

sporangia and endospores have been included. As a result of the systematic 
microscopic examination of strains referred to under Methods" (Part I) 

additional data on morphology have been accumulated. Thus cells morpho- 
logically distinct from the stabilised phases have been frequently seen and 

in many of the cultures appearances have been observed which indicate 
that the organism is capable of multiplying by methods other than simple 
binary fission. The special morphological data will now be presented and 

an attempt will be made to interpret the observations recorded. 

Go n i d i a and Dwarf e d G r o wt h. A careful microscopic ex- 

amination of stained films prepared from cultures of B. s a e ch are- 
but y r i c u s generally reveals the presence of bodies much smaller than 
the typical rods and spores of this organism (Pl. I, Figs. 2, 4 and 8; Pl. III, 

Fig. 3; Pl. IV, Fig. 9). The larger of these bodies are usually spherical but 

the smaller forms, to which L ö h n i s applied the name gonidia, may be 

spherical, rod -shaped or irregular. Two types of gonidia have been observed, 
minute bodies which stain intensely and larger forms which are unstained 
by dilute fuchsin. Both types are generally particularly numerous on media 

containing fermentable carbohydrates such as glucose agar, potato and 

potato agar. 
If cultures containing gonidia are examined in the living unstained 

condition the latter are found to exhibit motility. The type of movement 
may be described as vibratory but it is of a definitely progressive nature. 
Gonidia have been observed in cultures of all the types of cocci and rods 

which have been obtained from B. s a c char o but y r i c u s. They 

are often particularly numerous in cultures of Bia, (Pl. III, Fig. 2). In the 

cases of types B5 and B6 they are rod -shaped (Pl. III, Fig. 7). 

L ö h n i s has used the term dwarfed growth to denote cultures of 

gonidia multiplying as such. In this investigation gonidia have occasionally 
been found to occur in pairs but only in exceptional cases have they been 

observed to multiply regularly by fission. In those instances they were 

grown in pure culture. As already noted they formed a delicate growth on 

ordinary and glucose agar, consisting of colonies which appeared after about 

ten days' anaerobic incubation at 37° C. and which were only just visible 

when examined by means of a hand -lens. The cells were minute, spherical 

to rod -shaped forms which were stained feebly by dilute fuchsin and occur- 

red in small groups (Pl. I, Fig. 1). Certain of the cultures of dwarfed growth 
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showed a tendency to produce branched rods, filaments and plump rods 
which could not be stabilised, while one culture yielded a strain of Bla,. 
After they had been transferred several times the cultures of dwarfed 
growth died. 

L ö h n is and other workers have claimed that many of the gonidia 
formed by bacteria are capable of passing through filters which retain vege- 
tative cells and spores. Unfortunately no filtration experiments were carried 
out with the cultures of dwarfed growth or with those cultures of Al which 
produced them. A number of controlled filtration experiments were per- 
formed with other cultures of type Al and in three cases positive results 
Were obtained. 

Formation of Gonidia. Gonidangia and other 
L a r g e Cell s. Cells . in which gonidia are produced are referred to by 
L ö h n i s as gonidangia. Such bodies have been frequently seen. They 
may be of the same shape and size as the ordinary vegetative cells of the 
species but special elongated or swollen cells may also function as gonidangia. 
In each of the special gonidangia numerous gonidia may be produced, while 
in cells of the normal size and shape the number, though variable, has not 
been observed to exceed four. 

The small stainable gonidia occurring in rod -shaped or filamentous 
gonidangia are frequently difficult to distinguish from the granular con- 
tents of the gonidangium unless they are escaping from it. The escape of 
the gonidia may be brought about by the dissolution of the cell. In this 
instance the faint outline of the latter can frequently be distinguished and 
the contained gonidia stain intensely (Pl. I, Fig. 6 a). Sometimes in such 
preparations the free gonidia are seen to occur in rows just as they were 
srranged in the gonidangium. The dissolution of the gonidangium is not 
the only method by which gonidia may be set free. In certain cases gonidia 
may appear to be located in the wall of the gonidangium or they may occur 
m buds attached to the latter. The smaller buds appear to consist of gonidia 
each surrounded by an extension of the wall of the original cell and to be 
brined by the passage outwards of the gonidia. Rod -shaped cells may show 
buds in a terminal or lateral position. The gonidia escape when the cell 
mall ruptures. Buds may be observed in Plate I, Figs. 2, 4, 5, 6, 7, 8; 
Plate: II, Figs. 2, 5, 7; Plate III, Figs. 1, 3, 7 a, 8, 9; Plate IV, Figs. 5, 6, 9. 

The buds are not artefacts due to the deposition of stain in close prox- 
stity to the cells because they can be observed when the living unstained 
esltures are examined in hanging -drop preparations. That they are not 
hie to chance apposition of gonidia and vegetative cells is proved by a 
lumber of considerations. In certain cases the necks of the buds can be 
dearly distinguished (Pl. I, Figs. 2a, 7 a; Pl. III, Figs. 8 a, 9 a) and, if the 

tures are examined in hanging-chop preparations, the buds are seen to 
main attached to the cells even when streaming movements are induced 
the liquid. The fact that, although gonidia are present in practically 
cultures, buds are only numerous in certain cases, supports the view 

at these are attached to the cells. Buds can also be observed to grow to 
ger forms. 

In certain cases buds have been observed to arise from spores. Such 
Ppearances have been noted in cultures of types A1, A2, Bia, B3, and B5. 
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They are not to be confused with the early stages of ordinary germination 
of the spores to rods because the buds are and remain spherical to ovoid in 
shape and are generally formed only after the ordinary vegetative activity 
of the culture has ceased. Plate I, Fig. 11 illustrates the formation of buds 
from spores of type B5; the smaller bodies may be classed as gonidia. 

Unstainable gonidia have been observed in rod -shaped and filamentous 
cells of types Al, A2, A3, A4, Bla, B10, B2, B48, and C. The short rods of 

type C may contain one or two of these bodies; in the latter case the rod 
often appears to be entirely composed of two spherical unstained gonidia 
(Pl. II, Fig. 8). Each of the larger rods contains from one to four gonidia 
which may vary in size and may be arranged regularly or irregularly in the 

cell (Pl. II, Fig. 9). Strains of A2, when first isolated, produced twisted fila- 

mentous forms of the type represented in Plate II, Fig. 10; as such forms 

appeared on glucose agar after two days' incubation they cannot be lightly 
dismissed as involution forms. 

That the unstainable bodies referred to above are not mere vacuoles 
is indicated by the fact that many of them can be stained by hot carbol- 
fuchsin and that some are slightly acid -fast. It has been claimed that go- 

nidia of this type owe their behaviour to dyes to a content of fatty material 
and that when the latter has been removed they can be stained by ordinary 
stains. In the cases here referred to, however, preliminary treatment with 

xylol or ether for prolonged periods did not allow the gonidia to be stained 
by dilute fuchsin. 

The proof that the rods and filaments discussed above are gonidangia 
is afforded by the that when they undergo dissolution they can often 

be observed to liberate stainable gonidia. Sometimes also branching can 

be observed in cells containing unstainable gonidia and the branches appear 

to be formed by the germination of the gonidia while still within the gone 

dangium. The facts that unstainable gonidia may vary in size and are some- 

times rod -shaped also probably indicate that they begin to develop inside 

the gonidangia. 

Sometimes large spherical to pear- shaped bodies are formed in cul- 

tures of type A2 which contain filaments similar to those represented in 

Plate II, Fig. 10. They arise from filaments which become coiled into dense 

masses and undergo fusion as illustrated in the upper part of Fig. 10 and 

in the centre of Fig. 11, Plate II. Rods can sometimes be seen to grow out 

of these bodies and in certain cases two germ -tubes have been observed 

to arise from one cell (Pl. II, Fig. 11). 
Other large cell forms encountered in the course of these studies in 

elude two types of large spindle- shaped cells. The first of these, illustrated 
in Plate II, Figs. 1 and 2, has been observed in type A, only and has already 

been frequently described in cultures of this organism. It has been generally 

assumed, however, that cells of this type are formed from normal rods by 

a process of enlargement. In this investigation convincing evidence has 

been obtained in support of the view that such spindles may grow out of 

normal rods as illustrated in Plate II, Fig. 1. The contention that the 

spindles are attached to the rods may be supported by arguments similar 

to those already advanced regarding the attachment of buds. All stages 

in the development of the spindles beginning with gonidia budding from 
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the rods and passing through coccoids and short lemon -shaped spindles 
to the fully- developed cells have been observed. The latter show considerable 
variation in size. Some are short and plump, others are elongated and al- 
most rod -shaped while certain individuals may show one or two constrictions. 
The fact that the spindle- shaped forms are active, viable cells is generally 
admitted. In a few cases the lemon- shaped types and narrow, elongated 
forms have been found to contain unstainable, spherical bodies resembling 
gonidia. Some spindles also appear granular. Frequently rods and some- 
times spindles have been observed apparently growing out of the spindle - 
shaped cells and occasionally buds have also been seen on the surface of 
the latter (Pl. II, Fig. 2).. It appears probable therefore that these spindle - 
shaped cells are also capable of functioning as gonidangia. The fact that 
some spindles may contain endospores is in harmony with this view be- 
cause it will be shown later that both vegetative cells and spores may develop 
from gonidia. 

The second type of spindle- shaped cell is shown in Plate II, Fig. 3. 
Such forms have been frequently observed. They have been found in cul- 
tures of A1, A2, A3, A4, Bia, Bib, B1ß and B2 and appear to be formed by the 
enlargement of rods at points near their centres. In most cases the swelling 
is comparatively narrow and elongated as shown in the figure ; more rarely 
it is almost spherical. Owing to the fact that such cells have been observed 
in cultures on the usual media after an incubation period of only four days . 
it is improbable that they are to be classed as mere involution forms. Cul- 
tures containing cells of this type, after incubation for a considerable period, 
have sometimes been observed to show numerous gonidia but it has not 
been possible to obtain further evidence that the cells act as gonidangia. 

The large spherical to ovoid cells observed are shown in Plate II, 
Figs. 4 -7. These forms correspond to the large cell types which are so 
characteristic of A z o t o b a c t e r but they are generally slightly smaller 
than the latter. Sometimes they become surrounded by a thick wall as 
shown in Plate II, Figs. 4 and 6 a. They have been observed in strains of Al, 
4, A3, A4, Bib, B3 and D. Cells of this type may be seen in cultures a few 
days old. As some of them are capable' of multiplying by fission and bud- 
ding, differing in this respect from the spindle- shaped cells, they are not 
involution forms. From cocci and short plump rods of the large A types, 
they appear to be formed by enlargement of the cells but rod -shaped cells 
can also produce them by budding. Although large cell forms have been 
seen to multiply, attempts to stabilise and grow them in pure culture have 
tailed. 

In cultures of type Al large spherical cells formed by enlargement of 
buds may function as gonidangia. The growth of the buds to large coccoids 
can be readily traced; it is represented in Plate I, Fig. 8, and also diagrammati- 
cally in Plate II, Fig. 5. Large coccoids may be formed in considerable num- 
'ers on glucose agar, especially in the condensation water. They are stained 
eceptionally intensely by dilute fuchsin and in such preparations the in- 
ternal structure of the cells is entirely obscured. If, however, suitable ma- 
rial is stained by weak stains such as carbol- erythrosin, a number of un- 
cued small coccoid bodies can frequently be observed inside the goni- 
ngia. The latter may remain attached to the rods or they may become 

'ee. Ultimately their walls appear to rupture and numerous granules and 
all coccoids are liberated. In stained preparations the latter occur. in 
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groups similar to those shown in Plate II, Fig. 5 and Plate III, Fig. 8. Buds, 
and rods attached to the gonidangia have, been observed in a few cases. 

In some instances large spherical to ovoid cells of the thick -walled type 
have also been seen to act as gonidangia. Such celld -may be formed by en- 
largement of coccoids which develop a thick wall and show an intensely 
staining central granule. The latter enlarges as the cell grows and appears 
to divide first into two and ultimately into four. The large ovoid then di- 
vides into two cells, each containing two gonidia, which may be liberated 
when the large cell undergoes dissolution. The appearance of such cultures 
is illustrated in Plate II, Fig. 4. Certain strains of micrococci when first 
isolated showed a tendency to produce thick -walled cells similar to those 
described. One strain, which became uncultivable, produced a tenacious 
growth consisting almost exclusively of such cells. The fact that this strain 
became uncultivable may have been due to its passage into the large cell form. 

Development of Gonidia. Regenerative Bodies, 
Branched Cells, Exospores and Endospores. The terni 
regenerative body was applied by L ö.h n i s to cells about the size of ordin- 
ary micrococci formed by enlargement of the gonidia. There is, however, 
no sharp dividing line between gonidia and regenerative bodies. The latter 
may be seen in the majority of the figures on Plate I. They are of two types, 
forms which are stained intensely by dilute fuchsin and forms which are 

not stained by this dye. Regenerative bodies may be produced by growth 
of free gonidia or of those contained in gonidangia or attached to vege- 

tative cells or spores as buds. Sometimes they occupy a terminal position 
in rods as shown in Plate I, Fig. 9 when they may bear a certain resemblance 
to spores, especially if they are of the unstainable type. That they are not 

spores, however, is indicated by the fact that they do not possess a heat re- 

sistance markedly greater than that of vegetative cells. Such forms have 

been already referred to in the description of the cellulose- decomposing 
cultures obtained from B1 and in the transformations of Al to slender 
rods (Part III, Transformations Al to B1a, Nos. 5 -7). L ö h n i s con- 

siders that formation of terminal regenerative bodies is the first step to- 

wards the development of spores. Observations made on the cellulose- decom- 

posing cultures obtained in Tr. A, -Bla, Nos. 5 -7 are in harmony with 

this view; such cultures ultimately yielded strains of slender sporulating 
rods. An unusual type of formation of regenerative bodies is illustrated 
in Plate I, Fig. 3 in which coccoid cells are seen to develop between rods. 

It is not clear how cells of this type are produced. They do not appear 

to arise by budding from one of the rods because they are often found to 

be attached to both of the rod -shaped cells between which they occur. 
Regenerative bodies, unstainable by dilute fuchsin, have been observed 

in cultures of A1, A3, A4, Bia, B2, B4a, BB and C. They are frequently seen 

in sugar peptone water cultures but may also occur on solid media. The 

heat resistance of the forms produced by the non -sporulating type A4 does 

not appreciably exceed that of the vegetative cells. Colonies containing 
exclusively unstainable regenerative bodies have been observed to develop 

in cultures of Al after anaerobic incubation for about three weeks but their 

occurrence is rare. In the cases referred to, continued anaerobic incubation 
produced translucent growths at the edges of the. colonies. These consisted 

of coçcoids which were stained intensely by dilute fuchsin and appeared 
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be formed from the unstainable types by a process of budding (Pl. I,.: 

ig. 10). They could not be cultivated under aerobic conditions. When 
ee unstainable regenerative bodies were treated with xylol the majority 
them became stainable by dilute fuchsiii. 

Regenerative bodies can frequently be observed to multiply by fission 
id budding. In the former case, cells of the same size occur in pairs; in the 
tter instance. a small cell is seen to bud from a larger one and all stages can 

observed between the smaller cells and the fully -developed forms (Pl. III, 
ig..8). According to L ö h n i s the coccoid growth phase is produced by 
to multiplication of the regenerative bodies. In this investigation, although 
to regenerative bodies of type Al have been observed to multiply freely 
times, attempts to obtain aerobic growth of micrococci from such cul- 

Tres have always failed. This does not of course prove that certain strains, 
articularly those of the smaller micrococci, may not owe their origin to 
to multiplication of regenerative bodies. Short chains resembling strepto- 
réci; occasionally observed in cultures of A1, are probably formed by multi - 
ication of regenerative bodies by fission or budding, the cells so formed 
mining attached to form chains. 

Development of gonidia and regenerative bodies to rods has been ob- 
rved in cultures of A1, A2, A3, B5 and C. Figs. 7 and 9 on Plate III rep - 
lent growth of gonidia and regenerative bodies in cultures of B5 and A2 
,spectiveiy. In such cultures the smaller bodies tend to disappear as in- 
abation is continued. Frequently also all stages between gonidia and re- 
enerative bodies on the one hand and fully -developed rods on the other 
in be seen in the same preparation. 

Branched forms, which correspond more or less closely to the fungoid 
III type of L ö h n i s , have been seen in cultures of A1, Ali B1, B2 and C. 
he formation of branches by the growth of lateral buds can be readily 
aced; all stages from buds to well -developed branches may be observed. 
ranched forms often manifest a tendency to produce buds which is in har- 
ony with the observation that branches may be formed by the germination 
gonidia contained in the original cells or in buds formed by them. 
Branching can sometimes be seen in the filaments produced by type A2 

t glucose agar (Pl. II, Fig. 10). Branched cells of B2 are shown in Plate III, 
g. 6; Figs. 4 and 5 on the same plate represent the branched forms of 
Pe C. The branches shown in Fig. 5 are produced by rods containing un- 
ainable gonidia but in the figure the latter can only be discerned in cer- 
in of the cells. Branched forms may also be produced when large cells 
the type represented in Plate II, Fig. 11 give rise to more than one germ - 
be. Slime threads similar to those formed by Az o t o b a c t e r have 
t been observed. 

Exospores (Pl. III, Figs. 1-3) have been seen in cultures of all the 
rulating types. The rods first produce buds which grow to intensely - 
ining regenerative bodies. The latter then gradually develop well -defined 
lls and the contents of the bodies stain less intensely and may finally 
entirely unstained by dilute fuchsia. Fully- developed exospores are in- 
tinguishable morphologically from the endospores of the type. 
Proofs similar to those already advanced with regard to the attach - 

nt of gonidia to larger cells also apply to exospores. In the case of the 
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more slender cells, rods bearing exospores frequently bend towards the spore 
at the point of attachment. This characteristic is illustrated in Plate III, 
Fig. 1. Ovoid spores may be observed with their ends or their longer sides 

in contact with rod -shaped cells. In the latter--case it is often difficult 
. 

to obtain convincing evidence that the spore is actually attached to the 
rod. Where, however, the rod bends towards the spore at the point of con- 
tact, as in the case of the ovoid spore seen in Fig. 2 a, Plate III, there 
appears to be little doubt that spore and rod are attached. The fact that 
exospores occur in considerable numbers on media, which favour formation 
of gonidia, supports the view that the former develop from the latter. 

That the bodies referred to above are capable of further development 
is indicated by their ability to germinate. Exospores germinating while 

still attached to rods can frequently be observed (Pl. III, Fig. 2). In the 

case of the ovoid forms germination has been found to be polar. Germin- 
ating exospores show a less well- defined wall than those in a resting con- 

dition and they stain more intensely with dilute fuchsin. In a culture which 

shows germination of exospores the germ -tubes may vary in length from 

mere projections about as long as broad to rods of the normal length. 

There is no sharp division between exospores and endospores both of 

which appear to develop from gonidia. This is well illustrated by the case 

of rods which produce terminal spores. The development of terminal spores 

(generally described as endospores) of type B5 from the terminal rod -shaped 

buds shown in Plate III, Fig. 7 a can be readily observed (see Part III, 

Pl. I, Fig. 5). 

Micro c y s t s. In cultures of A4, B3, and B6 rods, which are stained 
feebly or not at all by dilute fuchsin, are of frequent occurrence (Pl. IV, 

Figs. 3 --4). Such cells, which are generally slightly broader than the nor- 

mal vegetative cells, have been described as shadows" and it has some- 

times been assumed that they consist of empty cell walls only. Certain of 

the cells in question, however, are capable of germinating. Germination 
takes place at one end of the rod which, unlike a germinating spore, does 

not become more easily stainable and the germ -tube is generally slightly 

narrower than the cell which produces it. When the young rod has reached 

its normal size it may break off from the cell out of which it grew; in 

this case the end of the latter may appear truncated or concave (Fig.4a). 
Cultures of the non sporulating type A4, containing ungerminated cells simi- 

lar to those here referred to, have been observed to show a heat resistance 

slightly greater than that of normal vegetative rods but, after heating, germ- 

ination of such cells appears to take place rather erratically. 
In cultures of Al shadows" are less frequent than in those of A9, B3, 

and B6; they resemble large spores. It is probable that faintly -staining 

cells often seen in cultures of micrococci and the thick -walled large cells 

shown in Plate II, Fig. 6a are also to be classed with the forms here re- 

ferred to. All appear to be microcysts as defined by L ö h n i s. 

C o n j u n c t i o n. Strains of type Al sometimes show cells arranged 

in groups in an unusual and characteristic manner. The groups are com- 

posed of from two to four cells of normal dimensions lying close together 

and apparently united by a large spherical to ovoid body. Such appearances 
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can be verified in living unstained preparations. Many of the cells appear 
to taper towards the central body and it may be readily observed that 
some of them are united to it by narrow bridge -like processes. A more care- 
ful examination generally shows that all the central bodies are united to 
the rods in this manner but that in stained preparations the connecting 
processes are frequently difficult to distinguish because they may be lo- 
cated immediately above or below the central swellings. The latter are 
generally stained intensely by dilute fuchsin but in stained preparations 
the rods often appear pale, while in the living unstained condition they 
are granular. The appearances observed are illustrated in Plate IV, Figs. 1-2. 

L ö h n i s has described similar appearances and considers that they 
represent a phase of reproduction which he refers to as conjunction. The 
intensely- staining body formed is regarded as a regenerative body. Con- 
junct cells are stated to occur regularly in young cultures of from two to 
four days old. In the work on B. sac c h ar o but y r i c u s they have 
been seen in potato and glucose agar cultures after two to three days' in- 
cubation. They are most readily observed in contact preparations but, in 
the case of type Al, the processes uniting the cells to the regenerative bodies 
are so stout that they can often be demonstrated in stained films prepared 
in the usual way. The regenerative bodies formed have not been observed 
to undergo further development. Conjunction has also been noted in cultures 
of Bia. Although conjunct cells have been seen in certain strains of Al and 
Bla only, it is probable that they are of more frequent occurrence; no 
special search has been made for them. 

S y m p 1 a s m. L ö h n i s has advanced the view that bacterial cells 
and spores regularly break down to form an amorphous material which 
he refers to as the symplasm. In the latter the protoplasmic content of the 
cells is believed to undergo thorough mixing and after a time cells are 
regenerated from it. When regeneration begins small granules called re- 
generative units appear and these later develop into normal bacterial cells. 

Dissolution of vegetative cells and spores is a phenomenon readily and 
frequently observed. It takes place in all cultures but appears to be par- 
ticularly rapid in glucose bouillon and glucose peptone water containing cal- 
cium carbonate. Appearances suggesting formation and growth of regener- 
ative units have been frequently observed but it has always seemed doubt- 
ful whether they should be interpreted as regeneration or as development 
of gonidia. Such a doubtful case which may be regarded as regeneration 
of spores or growth of the latter from gonidia is illustrated in Plate V, Fig. 6. 
?lore convincing evidence of regeneration from the symplasm has been ob- 
tained in cultures of the coccoid, short rod and slender rod phases. 

The most striking instances are those of regeneration of micrococci 
hown in Plate V, Figs. 5 and 7. The appearances of such cultures have 
heady been described (Part II, Transformations Al to D1, Nos. 1 -3). 
n the cases represented in Fig. 5 large amorphous masses become organ- 
ed into huge coccoids which divide into fours.. Successive divisions of the 
Ater take place in a similar manner and gradually the individuals become 
nailer. Less frequently the large spherical masses first formed from the 
pmplasm appear to bud off similar but smaller bodies, thus forming the 
iaracteristic chains shown in Plate V, Fig. 7_ Each sphere then under - 
ses division into four as shown. The individual pieces divide in a similar 
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manner gradually producing smaller units and finally micrococci which 
occur in the characteristic arrangement already described in many .cul- 

tures of type D. 
Other cases of regeneration from the symplasm are shown in Figs. 1, 

3 and 4 on Plate V. In the cultures from which these preparations were 
made all stages were encountered between completely amorphous masses 
and groups of well- defined cocci and rods beginning to multiply by fission. 
The individual cells first became clearly distinguishable at the edges of 

the pieces of symplasm but in many of the latter it was quite impossible to 
say whether the organism was in the symplastic or in the cellular condition: 
The slender rods appeared to be first formed from the symplasm as rafts ". 

The appearances illustrated in Plate V, Figs. 1, 3, 4, 5 and 7 are quite 
distinct from those produced by bacteria undergoing dissolution. Cells re- 

generating from the symplasm as a rule stain more intensely than those 
entering the symplastic stage. Further, the figures referred to were prepared 
from cultures which yielded cells of a type distinct from those used for 

their inoculation but similar to those seen regenerating from the amorphous 
material (see next section). 

Mechanism of the Transformations. The chief cell 

types encountered in this investigation may be arranged in the following 
groups: large cell forms, dwarfed cells, branched forms, coccoids, short rods, 

slender rods and large rods. The methods of formation and subsequent 
development of large cell types, dwarfed growth and branched forms have 

alreadly been dealt with. 
In the sections on formation and development of gonidia it was also 

noted that coccoid cells may be liberated from rods and large cell types by 

dissolution and budding. Formation of cocci from large rods has frequently 
been observed to take place through the symplasm in the manner illustrated 
in Plate V, Figs. 5 and 7 and occasionally in that shown in Fig. 1. In the 

case of transformations of short rods to coccoids, appearances resembling 
that of Plate IV, Fig. 6 have sometimes been seen. In such cases the short 

rods appear to enlarge to form coccoid cells. Certain strains of micrococci 
when transferred to acid peptone agar produced sarcina forms (Plate V, 

Fig. 2) after an incubation period of two to three days. As long as the cul- 

tures were kept on this medium they grew as sarcinae but when transferred 
back to ordinary media they immediately reverted to typical micrococci. 

Short rods may be produced by large rods through the symplasm. The 

appearances presented by such cultures are illustrated in Plate V, Fig: 3. 

A description of the transformation of cocci to short rods by elongation 
has been given in Part II, Transformations A1-C1, Nos. 2 -4; cells under- 

going this change are shown in Plate IV, Fig. 8. 
Formation of slender rods from large rods and also from cocci has been 

observed to proceed through the symplastic stage (Pl. V, Fig. 4). Large 

rods may also produce slender rods by elongation and attenuation as shown 

in Plate IV, Fig. 9. In cultures of this type filaments are frequently ob- 

served which are slender at one end and comparatively stout at the other, 

The smaller cells may produce large rods by elongation or broadening 
or both. The growth of cocci to large rods was referred to in Part III Trans' 

formation Dl to A1, No. 1, while the increase in breadth of slender rods 

to form large rods is illustrated in Plate IV, Fig. 7. Cultures of short rods 
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frequently show appearances similar to those seem in Plate IV, Fig. 5. The 
cells gradually increase in length and breadth to form large rods which may 
show a characteristic banded appearance. Large cells of this type often 
produce swellings which give them :a club shaped appearance. 

The growth of spherical and rod -shaped gonidia and regenerative bodies 
to slender and large rods as shown in Plate III, Figs. 7 and 9 may also be 
classed with the appropriate transformations. 

In cultures about to undergo transformations, filaments coiled into 
dense masses have been observed on several occasions. The filaments in such 
cases generally show a banded appearance when stained by dilute fuchsin. 
The significance of such appearances has not been determined. 

Explanation of Plates. 
Preparations stained with dilute fuchsin except Plate II, Fig. 5 which was stained 

with carbol -erythrosin. 
Plate I. 

Fig. 1. Ordinary Agar. Ten days at 37° C. X 1100. Dwarfed growth. 
Fig. 2. Glucose Agar. Ten weeks at 37° C. x 1100. Type A1: rods forming buds. 
Fig. 3. Glucose Agar. Five days at 37° C. x1000. Type A1: coccoids formed 

between rods (Drawing). 
Fig. 4. Potato. Four days at 22° C. x 1100. Type Al: rods forming buds. 
Fig. 5. Bouillon. Two days at 30° C. x 1100. Type A2: rods forming buds. 
Fig. 6. Ordinary Agar. Two days at 30° C. x1100. Type B1a: liberation of 

gonidia. 
Fig. 7. Potato. Four weeks at 30° C. x 1100. Type C1: rods forming buds. 
Fig. 8. Glucose Agar. Five days at 37° C. x1100. Type Al: rods forming buds. 
Fig. 9. Glucose Agar. Six weeks at 37° C. x1100. Type Bla: rods with ter- 

minal ''regenerative bodies. 
Fig. 10. Ordinary Agar. Twenty -two weeks at 37° C. x1000. Type A1: unstain- 

able regenerative bodies forming stainable regenerative bodies by budding (Drawing). 
Fig. 11. Glucose Agar. Twenty -three weeks at 37° C. x 1100. Type B8: spores 

forming buds. 
Plate II. 

Fig. 1. Potato. Three days-at 37° C. x1100. Type A1: rods producing spindle - 
shaped gonidangia. 

Fig. 2. Potato. Three days at 37° C. x 1100. Type A1: gonidangium producing 
rods.. 

Fig. 3. Potato. Four days at 37° C. x 1100. Type B2: spindle- shaped cells. 
Fig. 4. Ordinary Agar. Three days at 37° C. x2000. Large cell forms acting 

ss gonidangia (Drawing). 
Fig. 5. Glucose Agar. Five days at 37° C. x2000. Type Al producing spher- , 

1 gonidangia (Drawing). 
Fig. 6. Glucose Agar. Four days at 37° C. x 1100. Type Ad producing large 

tell forms. 
Fig. 7. Gelatine. Four weeks at 22° C. x 1100. Type A3 producing large cell 

bans. 
Fig. 8. Glucose Agar. Four weeks at 37° C. x 1000. Type C1 containing un- 

inable gonidia (Drawing). 
Fig. 9. Glucose Agar. Eight weeks at 22° C. X 1000. Type Al containing un- 

inable gonidia (Drawing). 
Fig. 10. Glucose Agar. Two days at 30° C. X 1100. Type A2 containing un- 

inable gonidia. 
Fig. 11. Glucose Agar. Seven days at 30° C. X 800. Type A2: large cells germ - 

ting. 

Plate III. 
Fig. 1. Mannite Nitrate Agar. Four days at 30° C. x 1100. Type Bic: exospores. 
Fig. 2. Potato Agar. Four days at 30° C. x1100. Type B1a: germination of 

soepores; gonidia. 
Fig. 3. Glucose Agar. Three days at 370 C. x1100. Type A1: exospores. 
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Fig. 4. Ordinary Agar. Three days at 30° C. x 1100. Branched forms pro- 
duced. by Cr. 

Fig. 5. Glucose Agar. Six weeks at 22 °C. x 1100. Branched forms produced 
by 

Fig. 6. Glucose Agar. Three weeks at 37° C. X 1100., Branched forms produced 
by B2. 

Fig. 7. Ordinary Agar. Seven days at 30° C. x 1100. Type B6: growth of go. 
nidia to rods. 

Fig. 8. Glucose Agar. Eight weeks at 37° C. x 1100. Type Al: regenerative 
bodies multiplying by budding and fission. 

Fig. 9. Glucose Peptone Water + Filter -paper + CaCO3. Four weeks at 30° C. 

x 1100. Type A2: growth of regenerative bodies to rods. 

Plate IV. 
Fig. 1. Potato. Seven days at 37° C. x 1100. Type A,: conjunction; formation 

of regenerative bodies. 
Fig. 2. Potato. Seven days at 37° C. x 1100. Type Al: conjunction; formation 

of regenerative bodies. 
Fig. 3. Potato Agar. Two days at 30° C. x 1100. Type A4: microcysts germ. 

mating. 
Fig. 4. Ordinary Agar. Two weeks at 22° C. x 1100. Type B3: microcysts germ. 

mating. 
Fig. 5. Ordinary Agar. Eight days at 30° C. x 1100. Type Cl producing large 

rods. 
Fig. 6. Glucose Agar. Seven days at 37° C. x 1100. Type Cl producing coccoids, 
Fig. 7. Potato Agar. Eight days at 37° C. x 1100. Type BE producing large rods. 

Fig. 8. Glucose Agar. Twenty -two weeks at 37° C. x 1100. Type Dl producing 
short rods. 

Fig. 9. Potato. Ten weeks at 22° C. x 1100. Type Al producing slender rods. 

Plate V. 
Fig. 1. Glucose Agar. Four weeks at 37° C. X 1100. Regeneration of cocci. 
Fig. 2. Acid Peptone Agar. Two days at 30° C. X 1100. Type Dl growing as a 

sarcina. 
Fig. 3. Glucose Agar. Five weeks at 37° C. x 1100. Regeneration of short rods. 

Fig. 4. Glycerine Peptone Water. Three days at 37° C. x 1100. Regeneration 
of slender rods. 

Fig. 5. Glucose Agar. Five days at 37° C. x 1100. Regeneration of cocci. 
Fig. 6. Gelatine. Four weeks at 22° C. x 1100. Development of spores from 

granules. 
Fig. 7. Glucose Agar. Five days at 37° C. X 1000. Regeneration of cocci (Drawing). 
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The Life -Cycle of B. s a c c h a r o b u t y r i c u s von Kiecki, 
[From the Department of Bacteriology, College of Agriculture, 

Edinburgh.] 

V. Confirmatory Evidence. 
By Andrew Cunningham. 

The results of this investigation receive considerable support from data 
obtained from other sources. A number of interesting items of corroborative 
evidence have been collected in the course of an examination of certain bac- 
terial type cultures, while a study of the literature, dealing with B. s a c - 
o h a r o b u t y r i c u s and closely 'allied organisms, indicates that many 
of the observations recorded in this series of papers are in harmony with 
the results of previous workers. In this paper, confirmatory evidence ob- 
tained from a study of the literature as well as of certain stock strains will 
be presented and the general results of the investigation will be discussed 
and summarised. 

Evidence obtained from the Examination of Stock Strains of Types A -D. 
After the general cultural work on the original strains of B. s a c char o - 

b u t y r i c u s and their growth phases had been completed, a study was 
made of stock strains of some of the types which had been cultivated from Al. 
These strains were obtained from various type culture collections and other 
outside sources. Many of the cultures examined were found to be typical 
or at least contained typical strains; these have been referred to in the char- 
acterisation of phases A -D. The results of the examination of those strains 
which proved to be atypical will be described in this section. 

B. c i r c u l a n s Jordan, No. 24, received from the American Type 
Culture Collection. This strain was originally one of F o r d' s. It differed 
from B2e, in a number of characteristics. The rods were slightly stouter. 
The spores were ovoid to cylindrical, subterminal to terminal and larger 
than those generally seen in strains of B28, while many of them were stained 
feebly by dilute fuchsin. At 22° C gelatine was not liquefied but after incu- 
bation at 30° C the medium sometimes failed to solidify on cooling. Milk 
remained unchanged in appearance but became slightly acid to brom -cresol 
purple. On potato a greyish -yellow glistening growth was produced. All 
the fermentation test substances except dulcite, adonite, sorbite and inosite 
yielded acid. With the exception of its growth on potato, in which it resem- 
bles Bis, this strain is closely allied to type Bib. Like the latter, it appears 
to be a form intermediate between B2 and Bia. 

B. p u t r i f i c u s c o l i, No. 260, from the National Collection of 
Type Cultures, London. The culture supplied contained an organism which 
;row aerobically but repeated attempts to isolate an anaerobe from it failed. 
le aerobic type was plated and characterised. It proved to be similar to y = -\ 
B. c i r c u 1 a n s Jordan, No. 24, described above. Gelatine liquefactions I 
!owever, was of the type produced by Bia and Bib, growth on potato was 
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scanty and whitish, and acid was formed from inosite in addition to the 
substances fermented by B. e i r c u 1 a n s , No. 24. The strain is thus 
identical with Bib except in its fermentation characteristics and growth on 
potato, in which features it approaches Bia. It appears to be another form 
intermediate between B2 and Bia. 

In the attempts to recover an anaerobe from the original culture, cer- 
tain of the ordinary agar plates incubated anaerobically produced small, 
greyish -white, opaque, irregularly -round colonies consisting of rods and 
twisted filaments ; the latter were also observed in an ordinary agar stab 
inoculated from the same culture as the plates. When the colonies were 
replated anaerobically, no growth was produced but ordinary agar plates, 
inoculated from the stab and incubated anaerobically, yielded growths which, 
when purified and characterised, were identical with type B3. 

B. cadaveris sporogenes Klein, obtained from Král's 
Museum. This organism was originally described by K1 e i n (13) who iso- 

lated his strains from corpses. Its identity will be discussed later. The strain 
obtained from K r á l' s Museum was of the Bob type but when first char- 
acterised it produced in milk a firm acid curd torn by gas formation and 
on potato a whitish glistening growth. Both milk and potato cultures con- 

tained large rods similar to Ai. The K r á 1 strain was plated several times 
anaerobically on ordinary agar and a typical strain of Bob was isolated from 
it. From the potato culture a strain of Ai was obtained by anaerobic plating 
on glucose agar. 

B. p u t r i f i c u s Bienstock, received from K r á l' s Museum. This 

strain proved to be a typical sporogenes (B4b). 
v o n H i b 1 e r' s XIV Art, Stamm 1, from K r á l' s Museum. V o n 

Hi b 1 e r (12) examined a number of strains of anaerobic organisms (in- 

cluding a culture of B. ea d a v e r is s p or o g e n e s obtained from 

K 1 e in, Stamm 1) which he grouped together as his XIV Art and be- 

lieved to be identical with B. p u t r if i c us Bienstock. The culture re- 

ceived from Kr ál was of the Bob type. 
B. c o c h l e a r i u s Douglas, Fleming and Colebrook, T.M.I.H.C. No. 

535, obtained from the National Collection of Type Cultures, London. This 

organism, when first examined, behaved like a typical strain of B5 except 
that in milk a compact acid curd was formed and in liver -liver bouillon a 

vigorous gas formation took place. The milk and liver -liver bouillon cul- 

tures contained large rods and from the latter a strain of Ai was isolated 
by anaerobic plating on glucose agar. 

Clostridium p u t r if i c um Sturges, No. 2221, from the National 
Collection of Type Cultures, London. As already noted, this strain belonged 
to type B5. The stock culture was kept in bullock's heart medium incubated 
aerobically. A transfer to a tube of this medium incubated anaerobically 
at 37° C for twelve days produced no growth. When an inoculation from 

the aerobic bullock's heart culture was incubated aerobically at 37° C in a 

glucose agar stab a thin surface growth appeared after two days. From c 

the surface growth a strain of Bib was isolated by aerobic plating on ordin- 

ary agar. 
Micrococcus candicans Flügge, received from Král'sMu- 

seum. The identification of this strain with type Di has already been re- 

ferred 
o: 

to. After five days at 22° C a bouillon culture of the organism showed k 

turbidity and contained typical cocci. When re- examined after a further it 
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period of eighteen days the culture contained large rods which showed a 
vacuolated" appearance. A strain of A2 was isolated from it by plating 
on ordinary agar. 

Micrococcus aurantiacus Cohn, from Král's Museum. 
According to a letter from Professor Pr i b r am, this strain was obtained 
from Sohn ii r e r , Vienna. The culture received produced a pinkish growth 
of micrococci which slowly peptonised milk but did not liquefy gelatine. 
This strain now probably belongs to type D3. 

Evidence oltained from a Study of the Literature on Types A -D. 
It may appear improbable that, in a series of publications based almost 

exclusively upon the principle of monomorphism, much support will be 
found for the view that bacteria are pleomorphic organisms. Nevertheless, 
a careful study of the literature shows that many of the data, recorded in 
this series of papers, receive some support from the results of previous in- 
vestigations. 

A number of the earlier papers on the butyric acid fermentation con- 
tain references to morphological changes which might be cited in support 
of the views here presented. The data of Tr é c u 1, Pr a z m o w s k i, 
van Tie g h e m and others must, however, be accepted with caution 
owing to the fact that, at the period when the work was done, pure culture 
methods were still imperfect. 

Gonidia and regenerative bodies budding from the rods of Clostri- 
dium Past o r i a n u m, an organism closely allied to, if not identical 
with B. saccharo but yricus , are shown in Figs. 1, 3 and 5 on 
the plate accompanying Wino g r a d s k y' s (30) paper. These bodies, 
however, are not considered by the author to be capable of further develop- 
ment. In cultures of an organism of type A2, St o k 1 a s a (24) described 
the liberation from the bacterial cells of spherical chromatin granules. This 
phenomenon was particularly noticeable in old glycerin- glucose agar and 
potato cultures, which often appeared as if they were contaminated by cocci. 
The granules varied in diameter from 0.1 to 0.6 i, a fact which, taken in 
conjunction with their formation and liberation in carbohydrate media, 
supports the view that they were probably gonidia and regenerative bodies. 
In his paper on B. p o s t u m u s , a form which appears to be similar to 
type B5, W ü r c k e r (32) described and illustrated (Figs. 12, 16 and 18) 
rod- shaped gonidia and their development to terminal spores. The appear- 
ances and description correspond exactly with those of B5, referred to in Part 
IV of these studies. 

H a s e l h o f f and Br e de m a n n (11) observed the formation of 
large coccoid and ovoid cells in cultures of their C l o s t r i d i u m a, which 
was similar to type Al. Such cells were formed by division and swelling 
of the rods, in a manner similar to the corresponding change in cells of type 
A (Part IV). It took place in twenty -four hours when the rods were pla- 
ced under aerobic or partially- aerobic conditions. Large coccoid to lemon - 
laped cells from a four days agar culture of B. am y 1 o b a c t e r (A1) 
ire shown in Plate X, Fig. 11 of von H i b l e r' s (12) paper. St o k- 
a s a (24) observed swollen, spindle- shaped rods and groups and chains 
I large coccoids, 2.0 -5.0 Fa in diameter, in old cultures of type A2. Such 
arms were found to contain alcohol -fast granules which showed Brownian 
aovement while still within the cells. In young glucose agar cultures of 
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a motile butyric acid bacillus, Stolz (25) noted the occurrence of 
branched cells. 

Beijerinck (3) appears to have been the first to record the trans- 
formation of an anaerobic, motile, butyric acid bacillus to an aerobic, spor- 
ing rod, culturally distinct from the original. He found that his G r a n u 1 o - 
b a c t e r la c t o b u t y r i c u m readily lost its fermentative capacity and 
passed into a bacillus similar to B. s u b t i l i s. Beijerinck states 
that the aerobic form liquefied gelatine but he gives no additional data of 

diagnostic importance concerning it. The fact that the aerobic form died 
after a few transfers is significant in view of the difficulties so frequently 
encountered in the cultivation of recently- transformed strains isolated in 
the course of this investigation. 

That intermediate forms exist between certain of the aerobic sporu- 
lating rods of type B has already been indicated. Thus Blb is intermediate 
between B2 and Bia and in the examination of type cultures, further inter- 
mediate strains of this nature have been obtained - from B. c i r c u 1 a n s 

Jordan, No. 24, B. putrificus coli, No. 260 and Clostridium 
p u t r i f i c u m Sturges, No. 2221. Such forms appear to be not uncommon. 
For example, Glycobacter peptolyticus described by Woll- 
m a n (31) differs from B2 only in the size of the cells (larger), tendency to 

form a scum on bouillon and formation of a yellowish growth on potato, 
in which characteristics it approaches Bia. G l y c o b a c t e r pr o t e o- 
1 y t i c u s , described by the same author, is intermediate between Bia 
and B10 ; in most of its characteristics it resembles Bia but, in its larger size, 

ability to peptonise casein slowly and feeble fermentative action on sugars, 
it manifests its relationship to B10. With regard to the latter, it is also of 

interest to note that B. b r e vi s (B10) is included by Le h m a n n and 
Neumann (16, S. 605) in the list of probable synonyms of B. Ellen - 
bachensis (A2). 

A study of the literature on the isolation of the motile butyric acid ba- 

cilli, shows that certain types of organisms have been found repeatedly in 

enrichment cultures associated with forms similar to Al. The presence in 

such cultures of slender rods with terminal, spherical to ovoid spores has 

beenreeordedbyWinogradsky(29), Benecke and Keutner(4), 
Warmbold (27), Haselhoff and Bredeman.n (11), Brede -,J 
m a n n (6) and Om é l i a n s k y (22). Certain of these workers experienced 
considerable difficulty in separating the butyric acid bacillus from the slen- 

der terminal sporer which, according to Win o g r a d s k y, is a facultative 
anaerobe. The latter organism has not been described in detail and there- 

fore it is impossible to say whether it resembles type B2. It should be re- 

membered, however, that slender rods with terminal spores are not of fre- 

quent occurrence. In view of this fact, the presence and persistence of cells 

of this type in enrichment cultures of organisms closely allied to or iden- 

tical with Al is suggestive. In such cultures Win o g r a d s k y, Be- 
n ecke and Keutner and Bredemann also note the occurrence 
of large, aerobic, sporulating rods which form chains and according to 

Be n e c k e and K e u t u e r liquefy gelatine. 
As evidence of the relationship of types B3 and B4 the papers of 

We i g m a n n may be cited. From incompletely sterilised milk in which 

it produced a characteristic cheesey odour, W e i g m a n n (28) obtained 
a mixture of organisms which he experienced extreme difficulty in separating. 
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After repeated failures recorded in his first paper, he succeeded in isolating 
both strains. He named one of the latter Cl o s t r i d i u m l i c h e n i- 
f o r m e , which has already been identified with B3, and the other Para - 
plectrum foetidum. According to Weigmann's description, 
this form appears to belong to type B4 - probably to subtype Bob. Its 
identity will be discussed later. It is noteworthy that W e i g m a n n found 
that a culture of Clostridium foetidum lactis, obtained 
from cheese by v on Fr e u de n r e i c h (9) and capable of producing 
o cheesey odour in milk, also contained C. l i c h e n i f or me and Par a - 
p l e c t r um f o e t i d u in. In this connection, the suggestion made by 
L ö h n i s (17) in 1910, that C. 1 i c h e n i f o r me may be an aerobic form 
of an anaerobic bacillus, is interesting. 

A considerable volume of evidence may be quoted with regard to the 
relationship of B4a and Bob. The fact that the cultural characteristics of 
both types are extremely unstable has led to great confusion in the published 
descriptions of organisms of the putrificus -sporogenes group. For example, 
Klein (13) was of the opinion that his B. ca d a v e r is sporogenes 
was distinct from B. p u t r if i c us s o l i Bienstock and his description 
supports the view that he was dealing with an organism of the sporogenes 
type. On the other hand, Bienstock (5) examined a Kr ál strain 
of B. c a d a v e r i s s p o r o g e n e s and identified it with his B. pu- 
tr if i c u s c o l i and Bar the 1 (2), who had in his hands an original 
strain of B. put r if i c u s , states emphatically that it is identical with 
B. cadaveris sporogenes. 

It may be recalled that the main differences between B4& and Bob are 
the types of colony on agar and the fermentative activity. B4a produces 

round to slightly irregular, opaque, surface colonies and spherical, fusiform 
sr slightly irregular deep colonies with an entire or hairy edge, while Bob, 
'olds translucent, spreading, generally lobate surface colonies and deep 
olonies with woolly or filamentous outgrowths visible to the naked eye. 
I. has no fermentative action while B4b attacks a number of carbohy- 
ates and other substances. 

Evidence obtained in this investigation and also from a study of the 
terature indicates that in these types both the form of the colony and the 
rmentative action are extremely labile characteristics. Thus W e i g - 
ann(28)statedthat Paraplectrum foetidum produced large 
antities of gas and formed two types of colony in glucose agar, filamentous. 
d fusiform. Bachmann (1) examined a strain of this organism obtained 
om Kr á 1 and found that little gas was produced and that the colonies 
,ere almost entirely of the filamentous type. Barthel (2) compared an 
riginal culture of B. p u t r i f i c u s Bienstock with an original strain 
Par a p 1 e c t r u m f o e t i d u m and concluded that they were iden- 
1, while at a later date Z e i s s le r and R a s s f e 1 d (34) identified an 
nalstrainofthelatterwith B.putrificus verrucosus, which 
been found to be identical with type B4b (Part III). 
von H i b le r' s (12) XIV. Art, Stamm 1 was originally a strain of 

,cadaveris sporogenes obtainedfrom Klein. Von Hibler 
ntified it with B. p u t r i f i c u s Bienstock. He described it as pro - 
eing woolly colonie sin agar but little or no gas from carbohydrates. Yet 
mm 1 of von H i b l e r' s XIV. Art obtained from.: K r 61. and ex- 
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amined in the course of this investigation was found to be a typical strain 
of Bob. 

The case of B. p a r asp or o genes McIntosh is of particular interest 
in this connection. The Medical Research Committee (20) 

found that this organism was identical with B. s p or o g e n e s (B4b) 

in fermentation reactions but differed from it in producing lenticular or 

slightly irregular but not woolly colonies in agar. Z e i s s 1 e r and R a s s - 

f e l d (34, 35) examined an original culture of B. p a r a s p or o g e n e s 

and identified it with original strains of B. s p or o g e n e s Metchnikoff, 
Paraplectrum foetidumWeigmannandB. putrificus verru- 
cosus (B4b). These workers also state that the organisms named failed 
to produce gas from sugars and other fermentation test substances (35). It 
is clear, therefore, that in strains of type B4 the shape of the colony and the 

fermentation reactions are very variable characteristics. Thus it is not sui- 

prising to find that in an examination of nine strains of B. p u t r if i c u s 

obtained from various collections Reddish (23) found that five were of 

the Bob type. It will also be recalled that one strain of B. p u t r if i c u s 

Bienstock from Kr ál examined in this investigation proved to be of 

this type. 
In a number of instances cultures of B. p u t r i f i c u s have been 

found to contain not only type Bob but also an additional strain, generally 
closely allied to or identical with Al. Thus K 1 e i n s c h m i d t (14) states 
that B. putrificus Bienstock consisted of a mixture of B. a m y 10 - 

bacter (A1) and B. putrificus verrucosus (Bob). From acul- 
ture of the first named organism Lehmann and Neumann (16, 

S. 662) obtained strains of B. v e r r u c o s u s and B. s a c char o b u - 

t y r i c u s while Z e i s s l e r (33) found an original B i e n s t o c k strain 

of B. putrificus to contain B. putrificus verrucosus and 

B. a m y l o b a c t e r ( t e r t i u s ) . It has already been indicated that a 

culture of B. e a d a v e r i s s p or o g e n e s obtained from Kr ál also 

yielded strains of Bob and A1. 
The Medical Research Committee (20) found thatcultures 

of B. putrificus frequently contained a mixture of B. c o c h l e a r i u s 

(Bb) or B. tertius with B. sporogenes (B4b). Kossowicz(16) 
refers to an interesting observation which also has a bearing upon the re- 

lationship of Bb to B4. In a footnote to a paper on preserved meats he draws 

attention to previous communications in which it is shown that B. p u t r i - 
f i c u s may exist in several forms which manifest morphological and phy- 

siological differences. In addition to the characteristic cell types, clostridia 
and spoon -shaped forms (probably Bs) were observed. The original papers 

are not available. Further, Re d d i s h (23) in his examination of nine 

stock strains of B. putrificus already referred to, found that four 

were of the Bb type. 
One of the outstanding features of the literature on anaerobic bacteria 

is the difficulty which numerous workers have experienced in separating 
one type from another. In particular, frequent reference is made to the 

difficulty of eliminating B. sporogenes and to its appearance in cul- 

tures of other anaerobes, previously believed to have been pure. In almos 

all such cases the authors are forced to resort to explanations of quite a' 

exceptional nature to account for the observations made. 
Many investigators regard B. sporogenes as the most frequen' ,, 
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contaminant of anaerobic cultures. If this view is correct, one would expect 
that the organism would also appear as a contaminant of aerobes, in cultures 
of which it could grow in association with the aerobic form even under 
aerobic conditions. Irregularity in the characteristics of aerobic bacteria, 
comparable to that produced by the growth of B. sporogenes in cul- 
tures of other anaerobes, is not however observed. 

Certain workers believe that the frequent occurrence of sporogenes 
in cultures of other anaerobic bacteria is due to the heat resistance of its 
spores which are supposed to withstand the heating involved in the sterili- 
sation of the media. It may be pointed out, however, that many aerobic 
organisms produce more resistant spores than B. s p o r o genes, yet 
they do not appear with such frequency in cultures of other forms. 

The opinion is widely held by workers on the anaerobes that B. s p o r o - 
g e n e s shows an extraordinary capacity for persisting in the presence of 
other anaerobic organisms. Several workers have recorded its appearance 
in cultures of other forms which have been replated until they produced 
colonies of a uniform appearance in many successive platings and have also 
shown consistency in cultural characteristics over long periods. In many 
such cases the occurrence of sporogenes has been attributed to what the 
Medical Research Committee (20) called "cryptic proliferation 
within the characters of another species ". The characteristics referred to - 
consistency in appearance of colonies and in cultural characteristics during a 
long period - are just those usually employed as criteria of the purity of 
strains of other organisms. It appears, therefore, illogical to attribute unusual 
properties to B. s p or o g e n e s without offering more convincing evidence, 
that the organism does in fact behave exceptionally, than is implied in the 
statement that it shows "cryptic proliferation" within the characters of 
other organisms. The general characteristics of B. sporogenes do 
not lend support to the view that it is capable of multiplying in a manner 
which would allow it to escape detection. In fact, it is extremely improb- 
able that a vigorously- growing anaerobe like B. s p or o g e n e s could 
multiply at all in a culture of a weakly- growing form such as B. co c h 1 e a - 
ci u s , as it has been stated to do (20), without making its presence obvious. 

Certain workers attribute the late appearance of B. s p o r o g e n e s 
in cultures of other anaerobes to an alleged tendency to grow slowly. This 
view does not accord with observations made on pure cultures, in which 
sporogenes develops with great vigour and rapidity. It has also been ob- 
served that, when the organism mentioned appears in plate cultures of other 
anaerobes, it sometimes does not produce colonies of its own but, after an 
incubation period of several days, forms secondary colonies within those 
of the accompanying organism. In view of the known characteristics of 
B. sporogenes it is difficult to believe that delayed growth of this 
type can be accounted for by the contamination of the original cultures. 

In general, therefore, it is clear that none of the explanations referred 
to can account for the behaviour of B. sporogenes without intro- 
ducing assumptions with regard to this organism which are either not in 
accordance with the observed facts or are unsupported by experimental 
vidence. On the other hand, the transformation theory could explain many 
of the observed occurrences such as the frequent presence of sporogenes in 
cultures of other anaerobes, its late appearance in strains of these organisms 
nd the delayed development of secondary growths within their colonies. 

Zweite Abt. Bd. 83. 15 
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With regard to type C, an interesting comparison may be made be- 
tween Plate I, Fig. 6, in Part II of this communication and Figs. 37 and 38 
(Pl. G) in the 1916 paper of L ö h n i s and S m i t h(18). The first represents 
type C, while the others illustrate a type of growth observed in cultures 
of Mier o co c c u s candicans (type D1). There is a marked similarity 
in the appearance of the plates and the characteristic arrangement of the 
rods may be observed in all three. It may be recalled that one of L ö h nie 
and S m i.t h' s strains of M. candicans, which had been deposited 
in the K r á 1 collection, was examined and identified with type D1. The 
large banded rods (Part IV, Pl. IV, Fig. 5), obtained from cultures of C, 

bear a striking resemblance to those in Br e d e m a n n' s (6) diagram 33 b 

on Taf. II. This author is of the opinion that such forms are produced by 
rapid transverse division of the rods of B. a m y l o b a c t e r. 

Among the cocci of type D intermediate forms also appear to exist. 
Thus, according to Lehmann and Neumann (16, S. 277) M. r o - 

s e t t a c e u s Zimm. is a greyish -yellow variety of M. candicans Flügge 
(D1) and forms a connecting link with M. bicolor Zimm. which is a syno- 
nym of M. aurantiacus Cohn (D,2). Lehmann and Neumann 
(16, S. 294) also state that from the latter they have obtained white strains. 

The most definite and conclusive evidence in support of the results ob- 

tained in these studies is that on the relationship of the coccoid phase to Al. 

Br e d e m a n n (6) was the first to observe that B. s a c c h a r o b u- 
t y r i c u s could pass into a micrococcus. He appears to have realised 
the necessity of ruling out the possibility of contamination because he speci- 
ally emphasises the fact that his cultures were undoubtedly pure. Brede - 
m a n n states that he had great difficulty in isolating the strains of motile 
butyric acid bacilli which he used in his investigation. Only about twenty - 
five per cent of his isolations yielded the desired type of organism; in the 

remainder micrococci appeared. The isolation plates were incubated in a 

partial vacuum, the culture vessels containing approximately 1 mg. of oxy- 

gen per litre. It is probable that, under the partially- aerobic conditions 
prevailing, formation of micrococci was particularly favoured because in 

this investigation it has been noted that partial aerobiosis appears to stimu- 
late the transformation to cocci. Br e d e m a n n observed that, when 

colonies of micrococci appeared on the plates, they were unaccompanied j 

by those of the bacillus. The transformations took place more readily in 

unheated than in heated cultures of the bacillus but heated inocula also 

yielded micrococci. The cocci, which produced round, white colonies, were 

cultivable under aerobic conditions through many transfers. They did not 

produce gas but were capable of forming acid from sugars. The data quoted 

are in complete harmony with the findings of this investigation and 

Br e de m a n n' s diagrams also bear a striking resemblance to Figs. 5 and 7 

on Plate V of the preceding paper. With regard to the mechanism of the 

transformations, the author is of the opinion that cocci are formed by rapid 

transverse division of the rods and rounding off of the segments to form 

chains. This explanation, however, does not account for the occurrence in 

such cultures of forms many times the size of normal organisms. In addition 
to B. sac c h a r o but y r i c u s, cocci were obtained from nine strains 

of similar organisms. B r e de m a n n was unable to cause any of his strains 

of micrococci to revert to the anaerobic rod shaped type. 
Of even greater interest and importance in this connection is the work 
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of S v a r t z (26) on iodophile clostridia, isolated from the faeces of patients 
suffering from intestinal disorders. It was found that when pure cultures 
of the organisms isolated were cultivated aerobically, provided the cultures 
did not consist entirely of spores, they sometimes developed as aerobic cocci. 
It is stated that in such cultures considerable numbers of the cocci appeared 
as if they were not absolutely distinct, the one from the other. Similar ap- 
pearances have been already described and illustrated in this communication 
and interpreted as regeneration from the symplasm. The cocci isolated were 
Gram- positive and non -iodophilic and could be grown in a series of trans- 
fers. By culture on agar under strictly anaerobic conditions it was possible 
to convert them to forms similar to the original iodophilic clostridia. A fur- 
ther point of interest in connection with this work is that, in the faeces from 
which the iodophilic clostridia were isolated, large cocci about four to six 
times the size of normal micrococci were often observed. Neither the cocci 
nor the bacilli are described in the paper referred to. As already stated. 
(Part I), however, a culture of one of the iodophilic clostridia kindly supplied 
by Dr. S v a r t z was identified with type A1i cultures of the micrococcii 
are now no longer available. 

A critical examination of the conditions, under which cultures of sporu- 
lating, anaerobic bacilli of type Al may yield aerobic micrococci, was made 
by Cunningham and Jenkins (7). It was found that cultures 
of Al, strictly controlled as to freedom from aerobic contamination, could 
produce aerobic cocci even when they were heated to a temperature above 
the thermal death point of the latter. Precautions were also taken to control 
contamination from external sources. Partially- aerobic conditions appeared 
to favour the transformations. The micrococci obtained were similar in 
morphological and cultural characteristics to those described in this com- 
munication. 

Discussion. 
Before attempting to establish the relationship of the forms cultivated 

from B. s a c c h a r o but yr i c u s to each other and to the original 
strains of that bacillus, it is necessary to show that the observations made 
cannot be explained by contamination of the cultures. In previous papers 
evidence has been submitted to prove that the original cultures of A, were 
free from contaminants and that in the subsequent work contamination 
from outside sources was avoided. 

The methods used for their isolation determine in a marked degree the 
purity of the original strains. These were discussed at some length in the first 
paper, in which it was shown that single -cell methods are, on theoretical 
grounds, inferior to plating methods and that they do not provide a real 
guarantee of the purity of the cultures isolated by their use. That the 
employment of such methods of isolation does not prevent the occurrence 
of transformations is proved by certain of the results already quoted. On 
three occasions cultures of A4, isolated as single cells, yielded forms distinct 
in morphological and cultural characteristics from the strains originally pres- 
ent in them. (Part III, Secondary transformations, A4 to Bia, A4 to B10 
and A4 to D1.) 

Accounts of the methods used to verify the purity of the strains of Al 
were included in the section on "Methods" in Part I and also in the descrip- 
tions of many of the transformation experiments (Parts II and III). In 
support of the data referred to, a number of considerations of a more general 
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nature may be mentioned. With one or two unimportant exceptions the 
strains of B. s a e char o but yricus showed marked uniformity in 
mo phological and cultural characteristics when repeatedly tested during a 

period of several months after they were first isolated. None of the strains 
produced an appreciable growth in ordinary bouillon or gelatine, yet practic- 
ally all the forms described in Parts II and III grow in these media. Many 
of the strains cultivated from B. s a c c h a r o but yricus produce abund- 
ant growths in gelatine and bouillon and liquefy the former medium. It 
is, therefore, impossible to believe that, had they been present in the original 
cultures, they could have escaped detection, especially in the practically 
complete absence of growth of B. s a c'char o but y r i c u s. Further, 
it appears almost unnecessary to point out that the considerable number 
of strains obtained in this investigation could not have existed as contami- 
nants in the cultures of Al without being detected. Additional proof of the 

purity of the latter is afforded by the fact, already referred to, that although 
the stock cultures of Al have been kept in glucose agar stabs incubated 
aerobically, no surface growth has ever been observed in them. 

The precautions taken to prevent contamination from outside sources 
and the measures adopted to check the effectiveness of these precautions 
have also been described. The results indicate that, with reasonable care, 

the isks of contamination of test -tube or So y k a flask cultures are negli- 
gible. Particular importance may therefore be attached to the results of 

transformation experiments carried out in culture vessels of these types. 
In this connection it may be pointed out that, in the laboratory in which 
this work was performed, bacterial contaminants are comparatively rare. 

Other workers in the laboratory report that fungi are the most common 
contaminants. In this investigation, however, moulds have only been en- 

countered in a few of the preliminary experiments in which cultures were 

kept under partially- aerobic conditions. Contamination in such cases was 

due to the growth of fungi through the cotton -wool plugs as, after the latter 
were sprayed with salicylic acid as already described, it was no longer ob- 

served. 
As direct evidence of the relationship of the various phases to B. s a c - 

c h a r o but yricus and to each other, approximately 120 transformation 
experiments have been described. Transformation evidence of the relation- 
ship of each type (except A3, C2 and D3) with at least two others, has been 

presented. In the case of A3 the evidence consists of eleven primary trans- 

formations, while in the cases of C2 and D3 only one strain of each type has 

been encountered. The results of the transformation experiments receive 

considerable support from the data on morphology, many of which provide 
reasonable explanations of the mechanisms of the transformations involved, 
Importance is also attached to the fact that the morphological data are 

generally in harmony with similar results obtained by other workers. 
The view, that the changes observed are in reality transformations, 

receives strong support from the fact that these almost all took place during 

three short periods. In the intervals between the latter, the cultures of 

B. sac char o but yricus showed great stability in morphological and 

cultural characteristics. During the first period, the transformations yielded 

mainly cocci, while in each of the other two periods, representatives of 

practically all the types described in Parts II and III were obtained. Par- 

ticular significance is attached to the fact that on at least two occasions 
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series of cultures, derived in each case from several saccharobutyricus strains, 
have been observed to contain practically all the more characteristic types 
obtained in this investigation. Occurrences such as those described, in which 
each of a series of duplicated cultures after a short incubation period shows 
a number of similar cell types, distinct from those used as inocula, appear 
to rule out the possibility of contamination. 

In the descriptions of the transformation experiments the instability 
of many of the new phases has been frequently recorded. Sometimes these 
could only be cultivated in a few successive transfers; they then became 
uncultivable. In other instances, when first transferred to fresh media, 
they grew as forms distinct from those observed in the cultures from which 
they were taken. Sometimes they could not be cultivated at all, which may 
indicate that they reverted to the saccharobutyricus type. Strains about 
to show transformations were also occasionally difficult to cultivate. Such 
observations as those recorded in this paragraph are in agreement with simi- 
lar data of other workers (10, 19). 

Those cases in which the new types could not be cultivated at all are 
of particular interest and importance. Failure to separate morphologically 
distinct aerobic forms from a culture of an aerobe or morphologically dis- 
tinct anaerobic types from a culture of an anaerobe may frequently be ex- 
plained by the occurrence of the former in such small numbers that their 
colonies are entirely overgrown by those of the latter. Where aerobic types 
are seen in cultures of an anaerobe, however, such difficulties do not arise. 
Failure to obtain growth of the former must therefore be due to their actual 
inability to produce colonies. The view may still be advanced that the ap- 
pearance of uncultivable aerobic types in cultures of an anaerobe is due to 
accidental contamination with dead cells. This explanation, however, can- 
not account for the appearance of cells of the aerobic type in such numbers 
that they are present in all the microscopic preparations made from the 
cultures. The observed facts are most easily and satisfactorily explained 
by the assumption that the forms produced by transformation from other 
types only become cultivable when they begin to multiply. 

The fact that certain of the types obtained in this investigation occur 
comparatively rarely in nature lends further support to the transformation 
theory. Thus the strains of A3b, A4, Blb, Ba and C2 could not be identified 
with previously described organisms. Bia also appears to be a rare type. 
llthough it has been frequently encountered in these studies, only one ade- 
plate description of Bia (that of Ma k r in o v) has been found in the liter- 
ture. That so much confusion exists regarding the identity of B. p u t r i - 
i e u s is probably also due to the relatively infrequent occurrence of strains 
f Bqa, 

Special significance is attached to the confirmatory evidence provided 
y the study of type cultures of the various . forms obtained from B. s a e - 
h a r o but y r i c u s. Of particular interest are those strains which, dur- 
g the period of their preservation in type culture collections, have changed 

types distinct from those originally deposited but similar to others 
stained in this investigation. The fact that changes of this nature should 
we taken place in cultures kept in different parts of the world furnishes 
1portant evidence in support of the views expressed in these papers. 

The confirmatory evidence secured from a study of the literature on 
pes A -D is rather variable in value. That which refers to the coccoid 
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phase is almost as conclusive as it could be. The evidence on the relationship 
of B4a, Bob and B5 to each other and to Al is also of considerable value. 
Most of the remaining data although, in general, confirmatory of the results 
of this investigation, are of a less specific nature. 

In the preliminary discussion of the literature in Part I, the work on 
organisms other than B. s a c c h a r o but y r i c u s was reviewed. The 
results summairsed in that review are in general agreement with those pre- 
sented in the subsequent papers of the series. Further interesting and sug- 
gestive comparisons of a general nature may be made between the results 
obtained in this and in other investigations. The similarity between the 
results of Löhnis and Smith (19) on A z o t o b a c t e r and those 
on B. s a c char o but y r i c u s is particularly striking. The data on 

morphology and methods of reproduction are in general agreement on all 

essential points. L ö h n i s and Smith were able to stabilise all seven 
of the observed cell types whereas in this investigation, although cells of 

the same seven types were frequently observed, four of these phases only 

could be cultivated and characterised. The strains of sporing rods obtained 
from Az o t o b a c t e r could be arranged in a series beginning with slender 
rods bearing terminal spores and passing through intermediate forms to 

large rods with central spores. When they were arranged in this way, it 

was observed that each type was culturally closely related to those on either 
side of it and that, on passing up the series, growth on artificial media became 
more vigorous. It was found by Löhnis and Smith, as well as by 

Haag (10) in his studies on B. a n t h r a cis, that in pure culture many 
of the strains isolated exhibited a tendency to change to larger forms. Ob- 

servations of a similar nature have been made upon the aerobic and anaerobic 
sporulating rods cultivated from B. s a c c h a r o but yr i c u s. In the 

case of the aerobic forms the main series consists of Bea, Bab, Bib, Bia, B10, 

Aia, A3b. The following transformations of smaller to larger forms have 

been observed in this series: Baa to Bab; Ba to Bib; Bia to B10. The remain- 
ing two aerobic strains B3 and A2 exhibit a general similarity in cultural 
characteristics. They also resemble types B10, Aia and A3b in liquefaction 
of gelatine, peptonisation of milk and growth on potato but differ from them 

in showing considerable fermentative capacity. If B3 and A2 are substituted 
for B10, Aia and A3b in the above series, a completely saccharolytic series 

is formed which again terminates in forms with central spores. In this series 

the transformation Bia to B3 has been frequently observed. 
The work on B. s. a c char o but y r i c us indicates that this organ- 

ism shows, in addition to an aerobic series, an anaerobic one consisting 
of types B5, B4a, Bob and A1. The following transformations of smaller to 

larger forms have been observed: B6 to Boa; B4a to Bob and B4 to Ai (the 

latter only in the type cultures). In this series there are larger gaps between 
the cultural characteristics of some of the successive forms than occur in 

the aerobic series. This may be due to failure to obtain all the intermediate 
types concerned. It appears not improbable, for example, that B. p a r a- 

p u t r if i c u s Bienstock is a form intermediate between B4 and A1. This 

view receives support from the facts that B. p a r a p u t r if i c u s differs 

from type B4 in producing in milk an acid curd without peptonisation and 

in attacking a larger number of fermentation test substances than Bob, in 

both of which characteristics it approaches type A1. 
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From the available data, it is impossible to arrive at a general con- 
clusion as to the nature of the factors which control the development of the 
various phases of B. s a c c h a r o but yricu s. Many workers on the 
life -cycles of the bacteria attach considerable importance to the media em- 
ployed. En de r l e in (8) claims that liquid media are essential for the 
completion of certain stages in the life- histories of bacteria. Mello n (21) 
states that, as long as certain batches of media "held out ", it was possible 
to verify his results repeatedly. In this investigation there were also some 
indications that certain batches of media were more favourable than others. 
Many of the transformations took place in cultures containing a milk yeast 
but the presence of the latter did not ensure that new phases of B. s a c - 
char o b u t y r i c us would always be observed. It is of interest to note 
that a large proportion of the new strains were cultivated from Al during 
the spring and early summer months. Haag (10) was of the opinion that 
sudden weather changes may exert an effect upon the development of the 
gonidia formed by B. a n t h r a c i s. En de r l e i n' s book contains a 
summary of previous work on the effect of a number of factors. 

It appears improbable that any of the conditions mentioned is of pri- 
mary importance in regulating the appearance of transformations. The 
experiences of different workers and even of the same worker at different 
times are not sufficiently uniform to allow any one condition to be indi- 
cated as the determining factor. It seems not improbable that transfor- 
mation changes follow the appearance of some stage in the life -history of 
the organism which is only recognisable with difficulty or may even be still 
unrecognised. 

I wish to thank Professor Z e is s le r, Dr. N. S w a r t z and the Cura- 
tors of the American Type Culture Collection, the National Collection of 
Type Cultures, London and K r á l' s Museum, Vienna, for the cultures 
supplied by them. I am also indebted to Messrs. T. Ha milt o n and 
W. Watson of the Royal College of Physicians Laboratory, Edinburgh, 
for the microphotographs which accompany this series of papers. 

Summary. 
Studies made on twenty strains of B. saecharobut yricu s 

von Kleckii) as well as on type cultures of this and related organisms indi- 
cate that B. s a c char o but yricu s may produce forms correspond- 
ing to the coccoid, short rod, slender rod, large rod, dwarfed growth, fun- 
goid and large cell types of L ö h n i s and S m it h. Representatives of 
the first four types have been cultivated and characterised. The cocci con- 
sist of white, orange and red forms identical with Mier o c o c c u s c a n - 
d i c a n s Fliigge2), Micrococous a u r a n t i a c u s Cohn2) and Mi- 
er o co c c u s r o s e u s (Bumm) Lehm. et Neum. The short rods are rep- 
resented by B. can d i c a n s Frankland and a red form otherwise similar 
to this. The slender rods consist of strains identical with B. c i r c u 1 a n s 
Jordan, Pectinobacter amylophilum Makrinov, B. brevis 
Migula, B. G1 o b i g i i Migula8), B. p u t r if i cu s Bienstock, B. s p o - 
rogenes Metchnikoff3) and Clostridium putrificum as de- 

1) List of synonyms given in Part I. 
8) List of synonyms given in Part II. 
8) List of synonyms given in Part III. 
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scribed by Reddish and Re t t g e r as well as two unidentified forms, 
one aerobic, the other anaerobic. The large rods include types similar to 
B. Ellenbachensis Caroni) and B. sphaaricus A. M. et Neidel) 
and two unidentified forms. 

Formation and germination of endospores, exospores and microcysts 
have been observed as well as formation of gonidangia, gonidia and regener- 
ative bodies. Observations have also been made on the formation of and 
regeneration from the symplasm and on conjunction followed by the develop- 
ment of regenerative bodies at the points of contact of the cells. 

When cultures of certain of the slender rods produce terminal regener- 
ative bodies, they have been found to be capable of decomposing cellulose 
under anaerobic conditions. 
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