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1. 

SUMMJRY 

I • The ultraatruotural localization and synthesis of a group of proteins, 

the immobilization antigens, has been investigated in Paramecium aurelia. 

A technique for the preparation of tissues, suitable for the 

ultrastruotural localization of cytoplasmic antigens, has been developed. 

Paramecia fixed in osmium tetroxide at 37°C are equilibrated with 12.5% 

glycerol, and frozen sections of this aqueous suspension of calls are out 

at -300C. This technique results in minimal cell destruction, yet provides 

access for antibodies to the interior of the cell. 

Three antibody markers have been used in this investigation., fluorescein 

(Coons et a].. 1941), fer'ritin (Singer 1959),  and iodine (Johnson at a].. 1960). 

The limitations of each marker have been investigated. Iodine 
125 

 a izjugated 

antibodies, at an iodine:globulin ratio of 1:1, have been found to be the 

most useful. Unlike either fluorescein or ferritin, there was no detectable 

loss in antibody activity or specificity, no change in the charge of the 

globulin, and finally no appreciable change in the size of the globulin due 

to conjugation. A quantitative analysis of autoradiographs has been described 

which allows a comparison of the reactions of different iodinated globulins 

with tissues, irrespective of the absolute retention of radioactivity. 

Extensive non-immune labelling has been encountered, This is believed 

to be a structural ad.sotion (Klotz 1953) rather than an electrostatic 

adsorption (Mayerabach 1959, Mayerabach and Schubert 1959). A second non-

immune reaction has been described, namely globulin-globulin adsorption. 

The latter reaction imposes severe restrictions on the use of any two-stage 
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I mmunolo4 cal technique. 

Using conjugated globul in, froi, antibodies prepared against purified 

immobilization antigens, the only conclusively demonstrable iminobilizati n 

antigen in eitia.ia found on the outer surface of the pellicle and cilia. 

Only one immobilization antigen has been detected in cells from stable 

cultures: no other "secondary immobilization antigens" have been found 

with a similar or differing ultrastruotural distribution. 

The presence of immwtologioally active immobilization antigen in the 

cytoplasm has been demonstrated by the selective precipitation of ribosoma). 
_____ 

material on sucrose gradients, using iodine 125 conjugated antibody prepared 

against purified immobilization antigen. 

The incorporation of Sulphur 35, from radioactively labelled bacteria 

into Paramecium aurelia, ban been followed by electron microscope auto-

radiography. The incorporation of otope intc the pelliole and cilia 

is compatible with a flow of precursor molecules from the food vacuole to 

the cytoplasm, and from the cytoplasm to the pefliole. Under normal culture 

conditions the isotope is incorporated into the pellicle, and also into the 

immobilization antigen, in less than four minutes • The density of the 

isotope in the pelliole has been shown to be related to the incorporation 

of isotope into the immobilization antigen, as shown by scintillation 

counting of specific antibody-antigen precipitates in inununoeleotrophor.eais 

gels. 

During serotype transformation in stock 168, fromserotiype 168G to 

168D 9  the simultaneous demonstration of the incorporation of 168D antigen 
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and newly synthesised radioactive protein in the pefliols and cilia (using 

ferritin conjugated antibodiT and electron microscope autoradiography, 

respectively), indicated that all the 68D antigen was aynthesieed after 

the stimulus to transform was given. It is concluded that immobilization 

antigen expression is controlled during transcription or translation, 

or both, and not byseleotive protein distributions 

9 The synthesis and incorporation of 168D antigen into the pelliole was 

first detected thirty minutes after the stimulus to transform was given, 

indicating a slowing town in the general metabolism of the Cell during 

serotyp. transformation. The synthesis of antigen, characteristic of the 

original conditions of culture (168G antigen), continued for five to 

twentyu.eiit hairs after the synthesis of the new antigen had begun. 

10. The ultrastruotural localization and synthesis or immobilization 

antigen has been aDnaidered in rela ion to other systems similarly analysed, 

and a possible ultrastruotural pathway of immobilization antigen synthesis 

has been proposed. The control of immobilization antigen synthesis during 

serotype transformation has been discussed. 
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INTRODUCTION 

O species Of ciliate, Paramecium surelia. and Tetrahymena pyriformis 

have contributed, perhaps more than any other species, to an untersuing 

of the bioohemioal and structurel organisation of this class of protozoa. 

One of these, Paraciumaureli has been subjected to extensive examination 

in the electron microscope, and has been shown to possess an exceedingly 

complex ultrastruotural anatomy (see Jurand and Selman 1969). 

In recent years there have been dramatic advances in the field of 

molecular biology, and many biological processes, notably deoxyribonucleic 

acid (DNA) synthesis and protein synthesis, have been described in molecular 

terms, It has become common practice to discuss these events in terms of the 

ultrastructura]. organisation of the cells as shown by electron microscopy. 

However, until very recently there have been relatively few attempts to 

demonstrate biochemical processes using the electron microscope. Three 

basic techniques, all developed from light microscopy, have been exploited. 

These are; the localization of enzymes (see review of Holt and Hicks 1962), 

the localization of antigenic substances using various electron—dense 

antibody markers, such as ferritin (Singer 1959) mercury (Pepe 1961) or 

haewooyanin (bakland. 1967), and finally the investigation of the biosynthetic 

incorporation of radioisotopes by au.orad.tography (Caro and van Tubergen 

1962). 

Paramecium aurelia has been used exolusival.y as the subject of this 

investigation. In particular an attempt has been made to localize the sites 

of synthesis and structural integration of a group of immunologically 

identifiable substances - the immobilization antigens, within the u].trastruoture 
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of this organism. These immobilization antigens have been studied in 

great detail (Sonn.born 1950, Beale  1957). It has been shown that 

they vary between different stocks, and also within a stock depending on 

the conditions of culture. Any one stock is capable of synthesising as 

many as twelve different immobili tion antigens, but usually only one is 

synthesized at any one time. For example stook 168 of ayngen 1, expresses 

zerotype 1688 below 18 0C, 1680 between 18 °C and 250C,  and 1681) above 250C. 

The immobilization antigens are known to be proteins (Freer 1959b), 

with a molecular weight of 310 1000. They are believed to contain three 

identical triiuers with a molecular weight of approximately 106,000, each of 

these subunits oonsisting of three different polypeptide chains of molecular 

weight 35,000 (Steers 1964). The observed i'nzn'rnologioal variation between 

different immobilization antigens has been correlated with differences in 

the electrophoretic mobility (Bishop and Beals 1960), and the peptide 

composition of the isolated antigen molecules (Jones and Beale 1963 s  Steers, 

1962). 

The immobilization antigens have been shown to be localized in the 

pelliole and cilia by cell fractionation techniques (Freer & Freer 1959), 

and associated with the outer surface of the pellicle and cilia membranes 

by fluorescence microscopy (Beals & Kacser 1957, Beale & Mott 1962) and 

immune electron microscopy (Mott 1963). Subsequently Sommerville (1967), 

using call fractionation techniques has found evidence for the presence 

of newly synthesized antigen on membrane bound ribosomes. 

The control of immobilization antigen expression has been thoroughly 

investigated (see reviews of Beals 1954, 1957, 196). Antigenic specificity 
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is determined by a series of unlinked genes, whOaS expression is controlled 

by both the cytoplasm and the environment. Under certain conditions, such 

as a change in temperature, or the presence of chemical agents e.g. patilin 

(Austin at al.  1957), transformation from one serotype to another takes 

place. This has been shown to be caused by a process involving the 

"switching-off" of one antigen determining gene and the simultaneous 

"switching-on" of another, although the exact mechanism of this switch, 

in molecular terms, is still not understood (see fig. 1). 

The successful application of the ferritin conjugated antibody technique 

to the localization of the immobilization antigen on the outer surface of 

the pellicle (Mott 1964), contrasts with the unsuccessful attempt to detect 

immobilization antigens in the cytoplasm of frozen sections using the 

relatively insensitive fluorescent antibody technique (Beale and Mott 1962). 

However, in view of the recent work of Maoindoe and Raisner (1967) and 

Sommerville (1967),  who have found evidence for the association of 

immobilization antigens with ribosomal material, the greater part of the 

work to be described here has been the attempt to demonstrate the ultra-

structural localization of the immobilization antigens throughout the cell, 

using various conjugated antibody techniques. 

The results of such exclusively immunological techniques have two 

inevitable limitations. The first is that only substances possessing the 

same immunological characteristics as the complete immobilization antigen 

can be detected by the conjugated antibody - this may exclude the looaliaation 

of cytoplasmic immobilization antigen precursors. The second is that the 
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information obtained does not give any indication of the movement of 

the antigens, during synthesis, from one structure to the next. Both 

these limitations have been avoided by a series of investigations in 

which the incorporation of various radioactive precursors, from the food 

bacteria (Aerobaoter aerogenes) into paramecium, has been followed by 

electron microscope autoraAiograpy. This technique has been used 

successfully for similar investigations in other tissues e.g, collagen 

synthesis in fibroblasts (Roes and Bendttt 1965), protein renewal in 

mitochondria (Bergen and Droz 1969), protein renewal in retinal rods 

(Young and Dros 1968), and lipid synthesis (Stein and Stein 1968). In 

the experiments to be described here the passage of radioactive isotope 

has been followed through the various organelles, of paramecium, and the 

movement of the 1otope related to the synthesis of the immobilization 

antigen. 

The possibility of meking direct measurements on the reactions of both 

ferritin and iodine 
125 

 conjugated antibodies, (the latter developed 

during this investigation), with the different organelles of faraaeoium., 

notably the pellicle, has allowed certain investigations to be mad.e into 

the fundamental problem of the control of immobilization antigen expression. 

The control of immobilization antigen expression has been studied not only 

in cultures of stable serotype, but also during serotype transformation 

where particular attention has been paid to the very early synthesis and 

incorporation of the immobilization antigens into the pellicle. 

It is hoped that these investigations may contribute to a greater 

understanding of the synthesis of these antigenio proteins, and that 



8. 

they may provide information that will lead to a more meaningful 

interpretation of the control of immobilization antigen expression, 
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MATERIALS AND MiTHQDS 

Culture techniques 

Cultures of Paramecium aurelia of Syngen 1, stocks 9uD and I 68D 
C- 

were grown at 310C  on baked lettuce medium, innoculated ith Aerobaer 

aerogerles, stooks 168G and 504G (Syngen 9) were grown on the sarn medium 

at 18°C. A brief explanation of some terminology is perhaps necessary. 

A SYNG4 consists of a group of stocks that are reproductively isolated 

from all other stocks, i.e, conjugation will only occur between stocks 

within a syngen. A STOCK is a culture of paramecia derived from a single 

animal isolated from the wild. A culture synthesising only one immobilization 

antigen is said to be of a particular SEROTYPE (Sonneborn 197,  1950). 

All experiments used actively growing cultures • For the preparation 

of purified immobilization antigen, 500 litres of each serotype were grown 

on grass medium buffered with Na 2HPO to pH 6.8. The mass cultures were 

then harvested by centrifugation at 1000 go for l. minutes in an oil 

testing centrifuge. All cultures were tested for purity of serotype by 

the immobilization teat immediately before harvesting. 

Preparation of Purified Immobilization Antigens (after Preer & Preer 1959, 
Freer 1 959a Jones 1965) 

It is essential that the preparations of purified antigens, used to 

induce antibodies against 168D and 16BG 16B( antigens, do not produce antibodies 

against the heterologous antigen due to the oontRmlnktiun of the original 

cultures with spontaneously transformed oells, e.go from serotype 168D to 

168G. It has been shown that antigens 90D and 168D are identical (Beale 1954.), 



ox 

U 
z 

0 
a) 

n - 0•8 

O4 

08 

VOLUME IN ML. 

-j 

z 

ce-

>-

a) 

>- 

> 

U 

U 
2: 

0 

2: 

0-8 

0-4 

O-. 2 Elution profiles of the purification of the immobilization 
antigens by ion-exchange chromatography on S.E.Sephad.ex, using 
an 800 ml. gradient of 0.05M  sodium acetate/acetic acid buffer 
between p11. 4.2 and 5.2. Concentration of the immobilization 
antigen was estimated by the immobilization inhibition test (page U ) 
Figs. 2a,b 168G. Antigen 

2c 	90D Antigen 



10. 

however if serotype 90D were to transform spontaneously serotype 90G 

would be formed, this antigen (90G)  has been shown to be immunologically 

completely unrelated to antigen 168( (Beale 1954). Therefore stocks 

901) and 168G have been used to induce antibodies against 1681) and 168G 

antigens respectively, thus ensuring that the antibodies produced will 

be serotype specific. 

Four volumes of salt alcohol solution (0,0025 U Ne2HPO4., 0.0025 U 

NaH2PO4., G.0225/",- NaC1, 15%  C2R50M), were added to the harvested paramecia, 

left at  4 
0 
C for one hour, then centrifuged at 4.0,000 rcf for five 

minutes. The supernatant was decanted and stored at -20°C. Solid 

ammonium sulphate was added to give 75 saturation and the mixture stood 

at 4 0c for 3 hours, after centrifugation at 11 ,700 r.o.f. for 15 mir.utes 

the pellet was dissolved and dialyzed against distilled water. The 

solution was centrifuged at 4.0,000 g for 15 minutes and freeze dried. A 

2-3% solution of the freeze dried protein in sodium acetate buffer pH 

4..2 0.05K,  was passed through a ooluiiva of S.f.. Sephadex C50 (Pharmaoia), 

a continuous 800 al gx'&tent of sodium acetate buffer from pH 4.2 to 

5.2 was applied (See fig.2). The E280  was monitored by hand on a Beckman 

D.B. Spectrophotoaet3r. Each antigen showed a characteristic and repeatable 

elution pattern (168G between pH 4.67 and 14.72, antigen 90D between pH 

4.75 and 5.13). After dialysis against distilled water the peak 

fractions were assayed by the immobilization inhibition test (Bishop 

1963). Those fractions with high antigenic activity were pooled freeze 

dried and stored at -20°C. 
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) Preparation of Antibodies (after Herbert 1967). 

bither 4. agm of purified antigen in 0.5 ml of 0.9>o NaCl, or 0.5 ml 

of packed honogenised cells was prepared and injected into an equal 

volume of a mixture containing 9 parts Drakeol 6VR (Pennsyliaiytia ail 

Refining Co.) and I part Arlace]. A (Kodak). The antigen and oils were 

recycled through the syringe until an even white emulsion was formed. 

This was similarly injeoted into a solution of 2$ Tween 80 (Koch Light) 

in 0.9$ NaCl, then checked by phase microscopy to ensure a double emulsion 

had been produced. This preparation was then injected auLoutaneously 

into the back of a rabbit. After bleeding, the separated serum was 

heated to 57°C  to inactivate complement, because oomplL.nt has been 

shown to be very toxic to paramecium (Sinclair 1958). The serum was then 

dialysed against Aaintenauoe Solution (Ls.), (O-Oi3m NaCl, 0.0003 M 

CaC12, 0.0003M Xci, 0.004- U Na-k phosphate buffer pH 7.0), and stored at 

—20°C. 

4.) Antibody assay techniques 

a) Immobilization Test (Sonneborn 1950) 

Aliquots of serum were thawed at 37°C  and a double dilution series 

of tubes from 1/  to 140 24.0 was made using U.S as di.luent.094. ml of each 

dilution was pipetted into a depression slide and 0.1 ml of culture 

containing approximately 100 animals added. These slides were kept in 

a moist box at 18°C for two hours after which they were examined. The 

highest dilution to immobilise the anils completely was taken as the 

titre of the serum. Each serum was tested against all stocks to give the 
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specific and cross reaction titres. 

The immobilization inhibition test was identical to that described 

by Bishop (1963), and is analysed as follows:- Adilutinof antigen (x) 

delays the normal time of iobilisation (t0 ) to a time t1  such that 

t1  < 2t0 , where to  is between 3 and 10 minutes. The antigenic activity 

of the original preparation is then given as: 

3(14 - 14 
) x units 

b) Immunodiffus ion 

Antigens were used either as whole call homogenatet or purified 

imsobilisation antigen solutions (2-5 mV;/ml). The 	. ending medium was 

1 Difeo Noble agar in veronal acetate buffer pH 896, .i 0.1 + O.O1 sodium 

aside. 2mm diameter wells were out 3mm apart (Finger 196)+) in the usual 

hexagonal pattern lOpi of antibody and antigen were added to the appropriate 

wells, then left in a moist box for 2I hours, after extensive washing in 

099 NaC1 the gels were at.Jned in 1% Naphthalene Black in methanol: 

distilled water: acetic acid (5:5:1). Reactions of identity were visible 

as complete fusion of lines, partial identity as a partial fusion with a 

'spur' from the homologous precipitate, and non-identity as a complete 

crossing of the preoipitixi bands. (Cuchter1ny 1962) 

a) Immunophoresjs 

The standard technique of Graber & illiamns (1955) was used. The 

antibody, antigen, and gel are similar to those used for immunodiffuajon. 

The antigen was eleotrophoresed at 6.67 volta/cm at 40 in amps. for 3 hcura 
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FIG.) Complement fixing activity of antisera prepared against purified immobilization 
antigens , using whole cell homogenates as antigens . Techniques described on page 13. 

The effects of varying the antibody ooncentraticn on the fixation of complement 
using constant antigen dilutions. 
The effects of varying the antigen concentration on the fixation of complement 
by constant antibody dilutions 
The complement fixing activity of three antisera with both homologous and 
heterologous antigens (at a dilution of 1/1000). 
R-M anti-168D antibody/168 antigen 	0-0 anti.-168D antibody/168D antigen 
S-S anti-1680 antibody/168G antigen 	013 anti-168G antibody/168D antigen 
£-ánormal rabbit aerunVf 68G antigen 	Anormal rabbit serum/168D antigen 
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at room teaperare for most analyses, or for 18 hours at 40C for 

scintillation counting of the radioactive precipitin arcs in  the  

in vivo labelling experiments. The electrode compartments contained 

the same buffer as the gel but with an ionic strength of 0.5i. 

Preoipitin band formation and staining were similar to that for imir'uno- 

tiffusion, 

d) Complement fixation test 

The technique used was that described by Kabat and Mayer (1961) 2  

each reaction contained only 1.2 C'11 5Q  units. The buffer used was 

0.1451L NaC1 9  0.002M sodium d.iethylbarbiturjo acid, 0.003M diethyl-

barbiturjc, acid, 0.00005M CaCl 2  and O.00015M MgC12 . Red blood cells 

in A1sevex's solution, horse haemolytic serum, and complement (Preserved 

Gumea Pig Serum) were all obtained from Burroughs Wellcome Ltd. Whole 

cell homogenates were used as antigens • All reagents were titrated 

in the usual manner, both antibody and antigen showed optimal reaction 

concentrations (see fig. 3ab). The final antibody titrations were 

read by eye and scored in the usual way, i.e. from 0 (no haemolysiz) 

to 4 (complete haemolyaja), All reactants were tested singly and in all 

combinations for 'antioomplementarty' activity, all were negative. The 

results are shown in fig. 30. 

5) The Preparation and Conjugation of globulins 

a) PreparatLon of globulins 

The globulins were precipitated by 5O) saturation with ammonium 

sulphate at 4°C, and after equilibration for one hour the precipitate 
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was removed by centrifugation at 11,700 r.o.f. for 30 minutes, then 

redissolved in distilled water. Repreoipitation was continued until 

a white pellet and colourless supernatant remained. The pellet was 

then dissolved in minimal distilled water and dialysed against running 

tap water, then either MS or b4. te buffered saline pH 8.0, or phosphate 

buffered saline pH 7.5 0.0514, depending on which marker was to be 

conjugated. The final preparation contained globulins at a concentration 

of 20-25 mgm/rnl as estinated by the Lowry technique (Lowry et a]. 1954). 

This was stared at 4. 
0
C. 

b) Fluorescein conjugation 

The method uatd was the standard development of the original technique 

of Coons (1941) using fluorescein isothiocyanate (B.D.H.) 

One volume of globulin (dialysed against ) was mixed with two 

volumes of 0.514 carbonate bicarbonate buffer p1 -1 9.0, and stirred in 

an ice bath, powdered fluorescein isothiocyanate (F.I.T.c.) (3mn for each 

ml of globulin solution) was dissolved in 'Aia3ar' acetone to give a 

solution of 3-5 mgu/m1. This solution was added to the globulin, drop 

by drop, over a period of one hour, with continuous stirring at 4°C. 

The mixture was then stirred for an additional 24 hours at 40C. This 

was then passed through a column, 20 x 5 cm, of Sep hadcx C.25 fne 

(Pha.rmacia) using MS as buffer, to remove the unconjugated F.j.T.C. 

(Curtain 1961, Fothergiil and Nairn 1961, Wagner 1962). The elution of 

the mixture was monitored on a thicord I (.254.) (LKB instruments) or 

iJvjcord 11 (80) and also a Beckman DB speotrophotometer 
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with a continuous flow cell. The purified. F.I.T.C, conjugated globulin 

was t.n dialyzed against polyethylene glycol (Lipp 1961, Kohn 1961) until 

the volume was equal to that applied to the column, then dialysed 

against MS for 24 hours, and stored. at -20 °C. 

o) Ferritin Conjugation 

This method is based on the original technique of Singer (1959), 

using 39rlylene d.ij.i ooyanate as coupling agent (Borek & Silverstein 1961, 

Isliker 1964). Xy].ylen. d.iizooyanate (Kodak Rarechemicals) was divided. 

into I ml aliquots ana stored at 4 0C in sealed ampoules to prevent 

polymerization. The globulins used were as described above, dialyzed. 

against 0.05M phosphate buffer pH 7.5. 

Ferritin 6x crystallized (Calbiochan) was dissolved in 2 parts of 

0.05M phosphate buffer pkf 7.5 and I part 0.3k borate buffer pH 9.5 

at 0°C. The solution (25 m,/ml) was stirred just fast enough to avoid 

foaming, while xylylene d.iiaooyanate was added slowly (o.i nil/i OOuigni 

f.rritin), the mixture was stirred for 45 minutes at 0°C, then centri-

fued at 4,000 r.c.f. for 30 minutes at 4 0C. The supernatant was 

pipetted off and stoou 	0 
t 0 C for one hour to allow the reaction to go 

to oczapletion. An equal volume (x ml) of globulin and (/2  of 0.3M 

borate buffer were added to the reaction mixture and stirred gently 

for 48 hours. The mixture was then dialyzed against 0.IM ammonium 

carbonate ovrn.ight to stop the react-on, then dialyzed against 0.0511 

phosphate buffer pH 7.5. After 2 hours t. solution was centrifuged 

at 4-,000 r.c.f. at 4 0C for 30 minutes, the supernttnt decanted and 
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spun at I00,000g for 4 .  hours. The pellet was resuspended overnight in 

fresh phosphate buffer. The double centrifugation was repeated three tines 

to rove all the unoonjugated globulin, the fins], pellet was dissolved 

in MS (x ml) and dialysed against MS to remove all the phosphate., 

then stored at '-20 °C. 

a) Iodine Conjugation (Johnson, Day and Pressman 1960) 

Iodine 125  as sodium iodide (Radiockzemioala) was diluted with 0.0(.,2M 

potassium iodide to a specific activity of 640 pC/ml. For iodination the 

following solutions were prepared in an ice bath:- 

1.0 a]. IM HC1, 0.25 m]. iodide (160 pC iodine 125 ) 

1.0 a]. IM NaQH, 4 ml Borate saline (0.05% SOdiU1L tetraoorate 
0.9% sodiumchloride) 

a) 1 a], globulin (20-25 mgm, dialysed against borate saline), 3 a]. 

borate S-14ne pH 8000 

0.25 a]. of Sodium nitrite 0,0211, was mixed with solution A. this was 

followed by the addition of solution B. The combined solutions were then 

added slowly to solution C with constant stirring. This mixture was 

dialysed against borate saline and MS at 4 °C for four days to rove all 

the unoonjugated iodine (see table 1), finally dia].ysed against verona].-

acetate buffer pH 8.6 0.311.  The final preparation was centrifuged at 

1,500 r.c.f. for 30 minutes and stored at 4 °C. 

) Preparation of Tissues 	a) Fixation 

The first requirement of this investigation was to obtain a satis-

factory fixation procedure of whole paramecia for electron microscopy. 

Two aethods were developed. First 0.5% osmium tetroxide in 0.3 11 verona.]. 



Radioactivity (Counts per second) 

Reaction mixture eon- Reaction mixture with-
taming globulin 	out globulin 

Initial counts in reaction 	110 	 121 
mixture 

Counts after dialysis against 

I Borate - saline 	 26 	 2 

2 Maintainenanoe solution A 	26 	 1 

3 	 " 	B 	24 	 0, 

C 	24 	 0 

TABLE I Removal of unoonjugated iodine 125  from the protein fraction after 

conjugation of globulin S with iodine 125  - after the method of Johnson at 

al. (1961 ). Sach period of dialysis was for 24 hours against 10 litres of 

buffer. The radioactivity was monitored with & -eier-Mller counter. 

Source or globulin 
	

Specific activity (count a/miiv'mgm) 

Anti-168G serum 	 6.039 x 10  
Anti-168D serum 	 7.753 x 10  
Normal rabbit serum 	 19.217 x 

10  

TABLE 2 Specific activity of globulins conjugated to iodine 125. After 

dialysis (see table 1), 0.1 al of each serum was added to 10 ml Brays 

scintillation fluid and counted. The protein concentration of the s• 

solutions was estimated by the technique of Lowry et a].. (1954.). 
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acetate buffer pH 8.6, containing 0.075 M sucrose and 0.005 II calcium 

chloride. At room temperature this fixative still allowed the triohooyats 

to discharge, severely distorting the cytoplasmic organisation. (See plat. 

1 a) This was prevented by fixation in the same solution at 370C (Plate 1o)- 

An alternative fixation was developed from the technique of Pitelka (1968) 

2.5 g1utaldehyde in MS at 1 0C for two hours, after which the cells were 

washed three times in XS, then poatfixed in osmium tetroxide at 18 0C 

as described above (Plate Ib). 

b) Frozen sections 

A technique for cutting sections in an aqueous medium was developed. 

The problems of freezing injury have been extensively studied (Merryman 

1966, Mazur 1966, Luyets 1966) and two major criteria are evident. First 

a controlled rate of freezing of approximately 1 °C per minute is necessary 

to prevent damage by growing toe crystals. Second a balance of the ionic 

strength of the embedding solution and the tissues has to be maintained 

during the removal of liquid water by freezing (Mazur 1966). For the 

purpose of this investigation a very convenient method of controlling the 

rate of freezing was obtained using a large Leits freezing miorotome with 

a kxyoaat cooling apparatus set at -30°C. The preparation of rixed cells was 

pipetted directly onto the stage of the miorotome at 18 
0
C, the stage was 

then cooled to -300C, and the rate of cooling achieved resulted in minimal 

freezing damage. To maintain the ionic strength of the embedding medium 

two reagents have been used, 12,57- l) glycerol and 10 dimethyl suiphoxide 

(Lovelock and Bishop 1959).  Experiments using fluorescein conjugated 

antibodies indicated that neither reagent affected the reactivity of the 
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PLAT I 

Ileotron micrograph of Paramecium fixed with 0.5% osmium tetroxide 

in 0.314 veronal acetate buffer + 0.07514 sucrose + 0.0514 calcium chloride 

at 0°C. Note the disokarged trichooysts, also substantial leaching 

of the cytoplasm. 	Magnification x 25,000. 

Section of paramecium fixed with 2.5% glutaraldehyde in maiitaineiio 

solution, poatfixed with 0.5% osmium tetroxide in 0.314 veronal acetate 

buffer pH 8.0. Triohoqysts are not discharged. 	Nag. x 25,000. 

Micrograph of paramecium fixed with 0.5% osmium tetrodde in 0.314 

veronal acetate buffer p1 -1 8.0 + 0.07514 sucrose + 0.0514 calcium 

chloride at 37°C. Triohooysts are not discharged and the complex 

ultrastruoture well preserved. 	Mag. x 50,000. 

KEY 

oil. cilium 

e.re endop].aamio retialum 

go glycogen 

k* kinetoscme 

kd., kinetodeamue 

ut, miteohondrion 

s.vo smooth vesicles 

trich. triohooyats. 
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antigens • However dimethyl sulphoxide has boon found to increase 

the contrast of stained electron microaoope sections to such an extent 

that it was difficult to detect ferritin molecules. Therefore glycerol 

has been used in all antigen localization experiments both for 

fluorescence and immune electron microscopy. Frozen sections are now 

routinely prepared in which the preservation of tissues is almost 

indistinguishable from unfrozek material (see Plate 2). The routine 

procedures for the preparation of frozen sections and whole cells are 

given below. 

Cultures of p'aaecium were filtered through cotton wool, and. 

harvested by citrifugation at 1000g for four minutes in an oil testing 

centrifuge. The concentrated culture was then centrifuged at 1500g 

for two minutes in a conical centrifuge tube, the supernatant was 

decanted and 5 ml of osmium tetrodde fixative at 37°C was added. 

This was then allowed to stand at 18 °C for thirty minutes with occasional 

agitation, After fixation the cells were washed three times in 10 ml 

of 0.3M veronal acetate buffer, each wash being of 5 minutes on a rotary 

mixer. The cells were then equilibrated in 12.5 glycerol in verona].. 

acetate for 5 minutes. The suspension of cells was reduced to less than 

I ml and then frozen directly on the miorotome stage at -30 0C, when 

frozen,7.5.i sections were out using a cooled knife, and the sections were 

placed directly in 12-5./-1' glycerol at 18 °C. After washing three times in 

veronal-acetate buffer the sections were incubated, if desired, with the 

blocking globulin (diluted I in 5) for two hours at 180C. Again after 

washing three times the sections were then incubattd with labelled globulin 
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PLATE 2 

A. Electron micrograph of a frozen section of paramecium prepared 

as described in the materials and methods page 22. The arrows 

indicate the plane of sect 3ning by the fi'eezing aiorotono • The 

ajoronuoleus (iii.o) and aaoronuoleus (mao) are prominent, the latter 

contains both large and small bodies and ai unidentified 'fibrous' 

configuration, 	lug. x 6 2250. 

Be High power micrograph of the sene material showing the preservation 

of the ultrastructure of the nuclear membranes • 	tag. x 32,500. 

CO High power micrograph of a frozen section showing the ultrastruotural 

detail of the pellicle, aitochondria and triohocyst. 	Meg. x 50,000. 

D. A section of paramecium fixed in osmium tetroxide but not frozen, 

showing structures comparable with those in plate 2C. 	Meg. x 50,0000 
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for two hours at 	(kluoreacein conjugate diluted 	ferrj' 1, 

1') 	1' 
- 	 • 	 : 	?r; L 

V 	 I - 

	

Fluorescein labelled. 	txi 	Ur 

and viewed under ultraviolet light. Ferritin and iodine labelled seat'  

were subsequently dehydrated in ascending alcohols. Iodine 25  labelle 

sections to be assayed by liqiid scintillation counting, were aaaplc 

from absolute alcohol (see liquid scintillation counting); other smi.  

were air dried for estimation of the dry wei 

labelled sections, and iodine labelled sect 	 •1 

then embedded in araldit as described below (Glauert & (flauert 195 - 

Whole eell preparations were similarly treated with the exoepti 

of the stages from the equJbration with glycerol to the washing afte 

sectioning - .. After dehydration in ascending alcohols material was 

suspended in a 50:50 axaidite /alcohol mixture for thirty minutes af 

which they were resuspended in pure araldite and stood at 18 
0
C ovezi 

This was followed by 45 minutes at 60°C on a rotary mixer (Jurand enc 

Ireland 1968). The mixture was then pipetted into gelatin. capsules 

centrifuged at 2,500g for 15 ml 
0 

polymerized at 	for 72 how 

a) Homogenate. 

The para 

animals was transferred to a homogenizer tube in fair volumes of b 

(either 0.3 U veronal—aoetate pM 8.6, or MS pH 7.0 or C. 

7.6 contirLn 	.025 	sucrose, 0.05  
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2 meroaptoethanol). The cells were homogenised with a Tri-R teflon 

plunger for 15-20  rokes at speed 8. The homogenata was centrifuged 

at 11,700 r.o.f. for 10 minutes and the pellet was then, either fixed in 

cold osmium tetroxide for 30 minutes in fixation buffer, or incubated with 

conjugated antibody for 2 hours at 0 °C. After washing, the material 

previously fixed was incubated with conjugated antibody. This suspension 

was then washed three times, pelletod firmly to the bottom of the tube, 

dehydrated and embedded in araldite if ferritin conjugated antibody had 

been used, or observed directly in wash buffer it fluorescein conjugated 

antibody had been used. 

7) Microscopy 

Fluorescence 

A Zeiss Standard Junior microscope, with dark ground illumination 

was used. The light source was an JiB 200 bulb in a Zeiss high intensity 

lamp unit with the appropriate exciter and out out filters. Photography 

was on Kodak High Speed i1ctachrome film with exposures of 45 seconds to 

4 minutes. 

Light wicrosco 

Light microscope autoradiographz were stained. in Methyl green/Fyronin 

for 30 to 90 minutes, rinsed in 70 and 90 ethanol and air dried. The 

preparations were viewed under phase optics, and photography was on 

Panatomic X film with exposures of 	to 
14  second. 

a) Jeotron microscopy 

Araldite embedded material (Clauert & Q].aurt 1958) was sectioned on 
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a S or val 'Porter 1 ' ultramioro tome, for t rmal investigation pale 

grey sections ()i - - were out, and for autoradiograpby gold sections 

(800-10001). Sections were stained in lead citrate (Reynolds 1963) and 

uranyi acetate (Natson 1958). This procedure stained globulins in the 

sections as was observed by Mo - t (1965) using permanganate stain. The 

sections were stained on 2, uraryl acetate for 15 minutes in the dark, 

rinsed by dipping into filtered distilled water, then stained on fresh 

lead citrate for 15 minutes in a carbon dioxide free atmosphere. The 

grids were then washed by dipping in 0.02M NaOH and distilled water. 

Ordinary grids were stained any time after preparation, autoradiographa 

were stained immediately after washing to prevent contamination (Rose 

and Benditt 1965). 

Preparations were examined in an A. E. I. IN6 electron microscope, 

iatimates of the surface density of ferritin, in grains per unit length, 

were made by counting the number of ferritin grains on each of ten 

random miorogrhs (50,000 times magnification), and measuring the total 

length of pelliole on each print using a map measurer. 

8) Analysis of Radioactivity 

a) Autoradio&La2hy 

Light Microscope:- Cleaned microscope slides were 'subbed' in 

0.51c. gelatins and C. '51/,, ohrc into potassium sulphate, then air dried. 

Sections ii thick, of araldite embedded preparations were expanded by xylol 

vapour and trnsferred to the 'subbed' slides. All subsequent procedures 

were carried out in a dark room using a Kodak Wratten Series I Sat elight. 
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Sections were coated with emulsion by the stripping film technique 

(Pelo 1 947). Squares of Kodak ARI 0 stripping film were inverted onto a 

water bath at 21,.°C. After expansion the film was coated onto the 

preparation and dried *  The slides were stored in a light tight box, 

with calcium chloride and silica gel to prevent fading of the latent 

image (Lord 1963). The sealed boxes were stored at 4.0C. After periods 

varying between two days and fifteen  months the autoradiographa were 

developed in Kodak D19 developer at 20 0C for )+ minutes, washed for 30 

seconds in distilled water and fixed in two washes of 5 minutes each in 

Johnsons Fix-sol solution diluted 	the slides were than washed for one 

hour in running tap water and stained as described. 

1ectron microscope auto radiography:- Araldite sections 800-1 000k 

thick were mounted on carbon coated membranes supported on nickel grid 

Par each block 50 grids, each containing approximately 20 sections, were 

prepared. The grids were mounted on microscope slides two or three to a 

slide s, then coated with Ilford 14 emulsion after the method of Caro & 

van Tubergen (1962) 1, using wire loops 4. cma in diameter. A solution of 

10 grammes of emulsion in 20 ml of distilled water was mixed for 15 

minutes in a water bath at 4.6 °C in total darkness, then gelled in an 

ice bath for 2-2* minutes, and allowed to return to room temperature 

(200C) over half an hour. The emulsion, which was judged to give a 

gold interference colour, using Ilford S902 safelights, was then 'looped' 

onto the grids • The grids were then sealed in light tight boxes 

with dessicant. After exposures of between one month and two years at 

autorad.iogrpha were developed as described for light microscope auto- 
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FIG-. I Te&1.u.. of Analysis of the areas of the different oranelles and the  
length of membranes in electron micrographs of paramecium, ( see materials 
and methods page 23). The end.s of each teat line ringed are scored as 
lying on triohocysts. The lines marked by the arrows are scored as hits 
on the membrane — in this micrograph mitiohondrial membrene, pelliole 
me.thrmne was analysed in the identical manner. 

Micrograph x 50,000. 
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radiography, except that the preparations were washed finally in 

three changes of distilled water. Jill the autoradiographs from one 

experiment were prepared, cteveloped and stained at the same time to 

ensure homogenei1r of the emulsion and development procedure. The grids 

were removed from the slides and stained individually on urayl aoetate 

and lead citrate as described above. 

The quantitative enalya13 of the electron microscope autorad.iographs 

is similar to that of Rosa and Bend.itt (1965), (after Chalkley 1943). 

For each sample ten micrographs were taken at a plate magnification of 

8 9000 times, not acre than four micrographs were taken 3f any one grid. 

The only selection of micrographs in experiments using Iodine125  conjugated 

antibodies, was that each plate had to include one out and one natural 

surface of the paramecium, this is because e-, -,  this conjugated antibody 

did not penetrate more than 2 or 441 into a section. This selection is 

certainly the least subjective that could be alplied and will ensure a 

greater, though still representative, sample of autorad.iographio grains 

for a given sample size. For the biosynthetic experiments the sampling 

technique of Ieibe1 et al. (1966) was used, here a fixed corner of the 

holes in the electron microscope grid is photographed irrespective of 

the material present, this ensuring a random sample. 

Prints were scored for the localization of all autorad.iographio 

grains • For the analysis of the areas of each organelle, micrographs were 

placed under the multipurpose test system of Weibel et a].. (1966) see 

fig. 4.. Each point was scored as being in one of eight classes of organelle 

as chosen in table 10, because the surface membrane appears as a linear 
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and not a two dimensioned structure, the number of test lines cutting 

the membrane were scored as bits. For the localization of immobilization  

antigen using iodine 
125 

 conjugated antibody the results are scored as 

follows:- (see table 10) 

the percentage of the total grains on the pelliole 
the percentage of the total are 'hits' on the pelliols 

b 	
the percentage cytoplasmic brains on an organelle 
the percentage cytoplasmic area hits on organelle 

These estimates of the relative density of labelling allow a comparison 

of experiments labelled with different preparations of antibody, exposed 

for different periods. In experiments, following the incorporation of 

isotopes from radioactively labelled bacteria, because all thc. preparations 

have been treated similarly, and the sections are all of similar thickness 

as judged by interference colours, the results are scored either as the 

percentage of the total grains on a given organelle, or the absolute 

density of grains in each organelle,, calculated as:- 

Number of autorathographio grains on an organel le  
Number of area hits on the seas organelle 

Immunoele ctrophoreais autorad.t ography 

All samples of homogenized cells from one experiment were run On 

the same gel, each well containing 1(il or sample. After electrophoresis 

for 3  hours the gels were washed extensively and air dried. The gel 

was then fixed to a heavy glass plate, and using a Kodak 63 safelight, 

a sheet of Kodak Royal Blue x ray film was placed over the gel, and held 
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firmly in place by another sheet of glass • This was stored in a light 

tight box for I to 4 weeks at room temperature. The film was developed 

in Kodak D X 80 	1oper for 4 minutes washed and fixed. 

b) Liquid scintillation counting 

Samples were oounted in a Nuclear Chicago Unilux bench top liquid 

$cintillati,n counter using Brgys sointillation fluid (Bray 1960). Since 

the scintillation mixture is very water tolerant, 00 ml of samples of 

antibody conjugate were pipetted direc1" into 10 ml of Brays solution for 

5 counting. To measure the incorporation of iodine 12 conjugated antibody 

onto frozen sections or whole cells, I ml samples of each, in absolute 

ethanol, were collected on membrane filters (Oxoid Ltd.) sucked dry and 

then put into the scintillation mixture. Counting of the immunoeleotro-

phoresis gels was similar, standard pieces of gel containing th- ' - reoipitin 

band were dried onto inambrane filters and then placed in the scintillation 

fluid. 

9) In vivo labelling of Pcmmeojc using radioactively labelled bacteria 

The incorporation of isotopes into P. aurelia via labelled bacteria 

has been found much more efficient and more specific than supplying an 

exogenous source of isotope (Berger & Kimball 1964, Sommerville 1967). 

Therefore all biosynthetic experiments have required the intiàl 

Production of labelled bacteria. 

a) Labelling the bacteria 

Aerobacter aerogenes were cultured on different glucose salts 

media depending on the isotope being incorporated, The general procedure 

was as follows; an irioou1im of bacteria was grown on non-radioactive 
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medium for 10 to 25 hours at 350C. The culture was then centrifuged 

at 12,000 r.o.f. for 10 minutes at 4.°C, the pellet was washed twice 

and resuspended. in 2 ml of distilled water. The same medium was then 

prepared with the requireri isotope present, 0.25 ml of bacterial suspension 

was ad4ed. to 20 or 40 ml of medium. The oultur 	then grown at 35°C 

for 2 to 5 hours, the final density of the culture reached. I mgr/ml. The 

culture was again centrifuged and washed as before, then resuspended in 

2 ml of MS to give a final concentration of approximately 10 mgii/ml, this 

was stored at 4 °C for a maximum of 24 hours before use. 

Bacterial labelling media:- all the labelLing media are based on those 

of Roberta et al. (1955) 

a) Carbon acetate;- Medium M 9 was used, containing:- 

NE .1 110 mgi/ml, Na2HPO 6.0 mg/m.i, KR9POJ  3.0 m/nil, 

ITaC1 5.0 mgm/iul, MgSO4  0.1 ngii/ml, glucose 1 .0 ingm/ml. 

For labelling,Carbon sodium acetate 482tC/mg (Radioohemjcala) 

was added at a concentration of 0.5 mgnVmi. To direct the acetate into 

lipid synthesis the following competitors were added, Aapartio acid 6 mM, 

glutaznio acid 6 mM, and Leucine 6 mM. The g]utamio acid was provided to 

suppress incorporation into the Kreb's cycle, aspertic acid and leucine 

to suppress incorporation into nucleic acid and protein synthesis. This 

procedure has been described as giving more than 90% of the C1  acetate 

incorporation into the lipid fraction of E.coli (Roberts et al. 1955). 

On labelling the paramecia no attempt has been made to direct the incor-

poration of the C 1  by the addition of exogenous onpetitora, consequently 

the fate of the isotope was probably much wider than in the bacteria, 

however a substantial proportion of the isotope was expected to be 
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incorporated into paramecium lipid. 

b) Sulphur 35  magnesium sulphate:- MediiL L 9 was used as above. 

All the magnesium au hate was supplied as MgS 35 01  (Rioc}e'nioala) 

at 8i0&c/mgm, at a concentration of 0.1 mgnv'ml of culture. This 

LbeiUng procedure was expected to label prethminant]..y methionine and 

oysteiue in the bacteria (Roberts at al. 1955). Since the immobilisation 

antigen contains 10 of its amino acids in the form of cystine there was 

expected to be a marked incorporation of this isotope into the immobilization 

antigen, 

b) Labelling Parameo..im aurelia with radioactive bacteria 

Cultures of paramecium were harvested and concentrated 200 fold into 

fresh medium without bacteria. Labelled bacteria were added to the 

culture in the proportions of I ml bacteria for each 20 ml of paramecium 

culture, this was then incubated at the required temp.rature for 15 

minutes • After this time the culture was centrifuged twice through 100 ml 

of baoterized lettuce medium, then resuspended in 10 times its volume of 

baoterizea iedium and replaced in water bath at the required temperature. 

Samples containing similar quantities of paramecia were taken at various 

times alter the labelling began. 
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FIG. 5a Elution of purified 168G- antigen (20mgm.) from a column of Sephadex G-.200 in 
veronal-acetate O.1u,plg 8.6. O—O:also the elution of control preparations of 
Blue Dextran (i.W.2x1O ) and albumin (M.w. 69,0000--6. Immunodiffusion 
analysis of the eluted fractions of 168G antigen , using antisera prepared against 
whole cell homogenates of 168G cells, were all negative except in the region shown, 
only one precipitin band was found. 

ANTI-16% G ANTIBODY 	- 

PURIFIED 168G ANTIGEN 

ANTI - SOD ANTI 8OY 

PURIFIED SOD ANTIGEN 

ANTI —1GSG ANTIBODY 

+ 
FIG.. 5b Immunophoretic analysis of preparations of purified 168G. and 90D imobilization 

antigens. Antisera used were prepared against whole cell homogenates. 
EleetroDhoresis and precipitin arc formation are described in the materials and 
methods section (pag 12. 
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PISCUSSI.)N OF THE PROPRTL3 OF Ti-Ii C4JUGJTAD GLOBULINS 

The main aim of this investigation has been to reveal the ultra-

structural distribution of the immobilization antigens in Paramecia 

aurelia. The greater part of the work on this problem has relied on the use 

of antibodies which were conjugated to a variety of marker molecules • It 

was important therefore to establish that the proteins prepared to induce 

antibodies were preparations of a single protein - the immobilization 

antigen. Similarly it was essential to demonstrate that the antibodies 

produced were specific for the immobilization antigens, both before and 

after conjugation to the marker molecules • Two further problems influencing 

the use of the various immunological techniques need to be discussed. These 

are non-specific labelling of tissues by the globulins, and globulin-

globulin interactions • It is convenient to consider these purely immuno-

logical aspects of the present work at this stage, and to confine the 

subsequent sections of this thesis to a discussion of the ultrastructural 

organisation of Paramecium aurelia and the localization of the immobilization 

antigens. 

I • Demonstration of the purity of the antigen preparations 

On elution from S • k. Seph.adex each antigen preparation exhibited a 

single peak of absorption at 280 W (Fig. 2). However Jones (1965a) has 

shown that this criterion alone is not adequate to prove that a single 

protein is present, since an examination in the analytical ultraoentrifuge, 

of immobilization antigen prepared by the some technique used in the present 
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FIG.6a The titre of antibodies stimulated in individual rabbits by the injection of 
different antigen preparations in 2rnl. of emulsion. All rabbits injected sub-
cutaneously at time 0. Techniques are described on page 11. 0--0,168 purified 
antigen; 1--1,2--2,90D purified antigen(4mgm.);3--3, 168G homogenate (0.5 ml. 
packed cells). 

o 	 166 D HOMOGENATC 

ANTI 16B0 ANTIBODY 

16% G HOMOGENATE 

ANTI 900 ANTIBODY 	- 

165 D HOMOGENATE 

pm.6b Immunophoresis analysis showing the specificity of two antibody preparations 
a 'monospecific' anti-168G antibody (rabbit 20R), and a 'multispecific' 

anti-90D antibody preparation (iabbit L.iU). Techniques are described in materials 
and methods page 12. 



study,, occasionally revealed more than one protein. The composition of each 

antigen preparation was therefore investigated by gel-filtration on Sephadex 

G.200 and by tiniminophoresis. Both techniques indicated that the antigen 

preparations contained only a single protein (see Fig. 5). 

2. Specificity of the antibodies 

The purified antigen preparations readily induced the production of 

antibodies of high titre, which were maintained for long periods in the 

rabbits (Fig. 6). The specificity of the antibodies was tested by the 

immobilization reaction to find the antibody titre against immobilization 

antigens, by iinmunodiffusion or {mnninophoresia to demonstrate the number of 

different antigens against which the antibody reacted, and by the complement 

fixation test to find, the total antibody activity produced against all 

antigen.. The results are given in Table 3, and Figs. 3 and 6. Antibodies 

prepared against 168G antigen have always been found to be specific for the 

homologous antigen only, and of high titre, and therefore were used to 

study the oytoplasxnio localization of the immobilization antigen. Antibodies 

prepared against 1 68D antigen were a ometimes completely specific and 

sometimes showed precipitating activity against more than one protein 

(Fig. 6). The specific anti-168D sera were used as the blocking globulin 

where presaturaU.on was required; and the 'multispeoifio' anti-168D sera 

have been used to locate the antigen on the pellicle and cilia of whole 

cells. Here it has been shown by Mott (1964) that antibodies prepared even 

against whole cell homogenates are serotype specific. Normal rabbit serum 

has never been shown to possess any antibody activity against paramecium. 

Therefore any r3tention of this globulin by tissues cannot be caused by 



M1TI3()Y ACTIVITY 

SEE UW ANTIGEN Immobilization Precipitin ben4 Complement 
titre formation 	fixation (homol- 

ogous reaction) 

Anti-168G  purified antigen 168G /2,000 One 	 100 

(Rabbit 202) 168D 1 /2 - 	 0 - 12.5 

Anti-168D purified antigen 168G. 
/5 two 	0 - 12.5 

(Rabbit 1.1u) I 68D 1 /64.0 three 	lOG 

Normal rabbit serum 	168G. 	0 	 - 	 0 

(Rabbit 61u) 	 168D 	0 	 - 	 0 

TAB1k. 	The immobilizing, precipitating and complement fixing antibody 

activities of immune and normal rabbit sera. The techniques used 

are an described in the materials and methods • Mole cell 

homogenates were used as antigens for the immunodiffusion and 

complement fixation teats • See also Pigs. 3 and 6. 
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FIG-.7 Separation of unconjugated fluorescein and unconjugatea globulin from a 
preparation of fluorescein conjugated globulin (anti-168G). 20m1.of 
reaction mixture was applied to a column (40 x 2.5cms.) of Sephadex G-25 
and eluted in maintainonce solution,(see page 30). 

Absorbance at 280mi. 
Absorbance at 495mi. 
Reciprocal immobilization time (antibody activity). 
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an immunological reaction and is called non-specific, 

39 The Properties of the conjugated. globulins 

Three antiboiy markers were used in this investigation, fluorescein, 

ferritin, and radioactive iodine 125,  There have been no previous reports 

on the attributes of iodine 
125 

 conjugated globulins as markers for the 

localization of antigens in situ. A necessary preliminary was therefore 

to investigate some of the more important properties of the iodine 125 

conjugated globulins and compare them with those of the other two globulin 

conjugates (section 4c below). 

3a. The proportions of conjugated globulin, unconjugated globulin, and 

free marker in the final preparation. 

The preparations of fluorescein-conjugated globulins after fractionation 

on Sephadex G,25 (Curtain 1961, Fothergil and Nairn 1961, George and Walton 

1961) were shown to contain no unoonjugated globulin or fluorescein (Fig. 7). 

This result contrasts with earlier reports in which only the unoonjugated 

fluorescein had been removed by this process (Curtain 1961, Fothergill and 

Nairn 1961). George and. Walton (1961) found that the protein fraction was 

eluted as two overlapping peaks, the second of which they describe as 'Less 

completely labelled with fluoro chrome" • This differs from the present 

report where the second protein peak was found to be completely unoonjugated. 

The final preparation of ferritin conjugated globulin contained some 

unconjugated ferritin, but the latter has never been seen to label tissues 

non-speifioally in this or other investigations (.Andres at a]. 1967). 

Consequently no attempt was made to remove it. 



- '.ho1e serum (rabbit 13k). 

- Sheep anti-rabbit serum 

Ferritin-conugated globulin 
(rabbit 20k). 

- ',','hole serum (rabbit 20k). 

Sheep anti-rabbit serum. 

0 
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2luore5cein-oonjugated ].obulin 
(rabbit 20k). 

- 'hole serum (rabbit 20k). 

- 	- Sheep anti-rabbit serum. 

- Iodine 125-conjugated globulin 
(rabbit 20k). 

FIG .8 Immunophoretic analysis of conjugated globulins using sheep anti-rabbit 
serum as antibody, showing the change in eleotophoretia mobility of the 
globulins as a result of conjugation to the marker molecule. Techniqes 
described on pages 12-13. 
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The preparation containing iodine 
125 

 conjugated globulins did not 

contain any unoonjugated iodine 
125 

 (since the latter was removed by dialysis), 

but was assumed to contain both iodine 
125 

 conjugated globulin and unoonjugated. 

globulin. This assumption was based on the fact that the technique used for 

labelling the globulin produces a conjugate with an iodin 2  globulin ratio 

of 1:1, Therefore some of the globulin molecules would not be expected to 

be conjugated. 

3b. Cherge of the conjugated globulins 

When the eleotrophoretio mobility of three conjugates were compared 

with that of globulin in whole serum by immunoeleotrophoresis (Fig, 8), it 

was apparent that all the preparations of conjugated globulin oontainelmore 

than one protein )  although the major precipitin arc was due to the gamma-

globulin. It was also very apparent that conjugation of the globulin to 

fluorescein had slightly increased the negative charge of the globulin, 

and that conjugation to ferritin had increased the negative charge of the 

globulin moat noticeably. These increases in negative charge have been 

reported by other workers (Curtain 1958, Schiller 1953, Borek and Silverstein 

1961, Andrea et al. 1967). In contrast it can be seen that the iodine 125-

conjugated globulin had the same ele rophoretio mobility as the unconjugated 

globulin. 

30. Effect of conjugation on the antigen-binding capacity of the 

globulin. 

The antibody activity of the conjugates was tested by the immobilization 

teat and by immunodiffusion. Fluorescein-conjugated antibodies showed 

a detectable precipitating activity and an adequate immobilization titre 



U400 

FA 

-J 

CO 
0 
-J 

LL V200 
0 

0 

I-

-j 

60 	 120 

TIME IN MINUTES 
PIC-.9a Immobilizing antibody activity of a preparation of anti-168G globulin before 

and after conjugation to iodine 1  25 , all preparations being at the same protein 
concentration. O—G unconjugated. globulin; 0-0 iodine 125  conjugated globulin; 
—Q globulin "conjugated in the absence of marker molecule". 

Paramecia serotype 168C- (homologous),---- Paramecia serotype 168D (heterologous 
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54a 
FI&.9b Frecipitatir antibody activity o c,--e -conjugated anti-168D globulin. The 

upper photograph shows the preciptin band formation against the homologous antigen 
The lower photograph anautoradiograph of the precipitin bands produced .Techniques 
as described in the materials and methods pages 12 and 24. 
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(1130), although the latter was much lower than unoonjugated globulin at 

the same protein concentration ("2oo). Yerritin-conjugated g1obn1{n 

did not possess any precipitating activity, but did show a low specific 

immobilization of paramecium. Iodine 1 25-conjugated globulins showed a 

specific precipitating activity ideptical to that of unoonjugated globulin 

(Fig. 9). The immobilization titre was unaffected by conjugation (Fig. 9). 

Little change in the antibody activity of the iodine conjugate was to be 

expeote, since Johnson et al. (1960) shod that at least five atoms of 

ioline' 3 ' are required to be combined with a single globulin molecule in 

order to produce a detectable reduction in antibody titre, and in the 

i.. 
present work the ratio of io. no 

I  :globulin was 1:1. 

49 The Practical Applications of the oonugate& globulins 

l,.a. Fluorescein 

This marker was used extensively in the investigation of non-specific 

labelling, due to the ease and rapidity of analysis • As regards the 

cytoplasmic localization of the immobilization antigens, however, fluorescein 

was used in preliminary experiments only, because of the relatively poor 

resolution obtained, 

4.b. Perritin 

The very high resolution of ferritin as a conjugated antibody marker, 

makes this conjugate one of the most useful for the localization of surface 

antigens. Ferritin conjugated antibodies have been used to localize surface 

antigens on a variety of organisms including: blood group substances on 

human erythrocytes (Lee 1963,  Lee and Feldman 196)+), the surface antigens 

of sea urchin eggs (Bxind.all  et al. 1962, 1964.),  influenza virus on chick 
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embryo cells (Morgan at a]. 1961a), and the immobilization antigens of 

araojum aurelia (Mott 1964 9  1965). In the present work territin-

conjugated globulin has been found of little use as a cytoplasmic antigen 

marker, because of its very large size (M.W. 750,000 Hoffman and Harrison 

1963). It has never been seen to penetrate more than 1000 1 into the out 
surface of a well preserved frozen section. The penetration of this anti-

body conjugate into the cytoplasm was noticeably dependent upon breaks in 

the tissue, a finding which could lead to a misinterpretation of the 

cytoplasmic distribution of the immobilization antigens, In addition to 

the disadvantage of size, ferritin may be considered the least suitable of 

the conjugates tested here, because 01 the gross changes in the charge and 

antibody activity brought about by conjugation. Other workers have also 

pointed, out the unsuitability of ferritin-conjugated, antibodies for the 

localization of cytoplasmic antigens (takene & Pierce 1967, Chapman, 

personal communication). Despite these objections many workers have 

continued to make use of the technique, and by this means have successfully 

localized cytoplasmic viruses (Qahiro at al. 1967, Morgan at a]. 1961 boot 

1962, Ea].nins at al. 1966, Rifkind at a].. 1960, 1962a, 1964, 140 1960, Hsu 

at a].. 1963) and qytoplasmic proteins (indres at a].. 1962, Pierce et a].. 

1963, 1964. 9  Rif}cind at a].. 1962b). The majority of these investigators 

used tissues that had been frozen and thawed, and overlooked the resulting 

ultrastruotural damega produced by the technique. A most promising approach 

to the use of ferritin-conjugated antibody as a label for cytoplasmic 

antigens, is that of post-embedding staining (Thomson at a].. 1967), followed 

by eleotrophoretic 'dest*tniig' (Molenaar 1968). 
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Other molecules have been used to label antibodies, which have then 

been used to localize cytoplasmic antigens. Many workers have now successfully 
AS 

used peroxid3 or acid phoaphatase labelled antibody, illustrating the 

antigenic sites by the his toohemica]. localization of the conjugated enzyme 

(iakene & Pierce 1967 9  Leduc, Scott and Avraaeaa 1969).  Apart from the 

obvious objection raised by the presence of endogenous enzymes, these marker 

molecules are still very large (M.w. 40,000). Other techniques using meroury 

(Pope at a].. 1960, Pope I 	a,b,, 1962), uranium-conjugated antibodies 

(Sternberger at a]. 1963), and haeniooyanin (EsIc].and 1967)  all have technical 

disadvantages. These antibody markers have not been used in the present work. 

IO. Iodine 

The use of io4ne in various isotopic forms, as a protein marker is now 

well established. Radioactive iodine 131  has been used to label various 

proteins including human growth hormone (Greenwood, Hunter and (lover 1963), 

antibodies (Johnson at a].. 1960, Cohen 1951), insulin (Saznols and Williams 

1961), tissue soluble proteins (Booci 1964.) and others (MacFarlane 1958). 

Iodine131  has also been used as an antibody marker for the autoradiographic 

localization of antigens (Clayton and Feldman, 1955).  Some recent electron 

microscope observations have localized viral antigens, with apparent success, 

using antibody molecules made electron dense by conjugation with as many 

as 40 atoms of non-radioactive iodine, (Mekler at a].. 1964., Parfanovich at 

a].. 1965,1966). Iodine' 25  being radioactive and having a lower energy of 

emission than iodine131 , is not only suitable for light microscope auto- 

radiography (Hanna at al. 1966) but also f w electron microscope autoradiography 

(Applegren at al. 1963,  Fitch at a].. 1962, Keyes at a].. 1962, Kuhn and 

Harford 1963, Stein and Gross 1963). In the present investigation it was felt 



35. 

that the development of a suitable technique for the iltraatrnotural local-

ization of native antigens using iodine 
125 

 trace labelled globulins would 

be an improvement over the majori1r of previous techniques. 

The properties of iodine 125-labelled globulins prepared after the method 

of Johnson at al. (1960), at a theoretical globu].in:iodine ratio of 1:1, 

indicate that this conjugate is more suitable as an antibody marker for 

the detection of cytoplasmic antigens than either fluorescein or ferritin 

conjugated globulins. The marker molecule is smal]. (W1 125), is substituted 

into the tyrosine ring on the globulin molecule (Hunter 1967), and therefore 

causes little change in the size and shape of the globulin molecule. It 

was also shown that there was no detectable change in the charge of the 

globulin, or loss of antibody titre upon conjugation. The relative ease and 

aocuraqy with which iodine 
125 

 can be detected makes it the most useful 

antibody marker. This isotope can be quantitatively estimated by liquid 

scintillation counting (Rhodes 1965,  Miles and Hales 1968), and localized 

by light and electron microscope autoradiography. The only disadvantage I 

have found using this technique is the delay, of between one and twenty 

months before electron microscope autoradiographs are ready for analysis. 

5. Non-Specific Staining  

It is convenient at this point to discuss two non-specific reactions 

that have been encountered, both of which have caused considerable difficulty 

in this investigation. These are globulin-tissue adsorption and globulin- 

globulin adsorption. 

5a. Globulin-tiasue adsorption 

Two methods of fixation for electron microscopy, - osmium tetrodde and 
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glutaraldebyde/oamium tetrod.de - were compared for the ability to 

preserve the antigenicity of the immobilization antigen. Frozen sections 

of homologous and heterologous cells fixed by each method were treated with 

fluoresoein-conjugated globulin. After osmium tetroxide fixation a bright 

?luoresoenoe of the homologous pellicle and cilia, and a low fluorescence 

of the cytoplasm, were seen (see Plate 6A). Meterologous tissue showed 

the some low intensity of oytoplaamic fuoresoenoe as homologous tissue, 

but no reaction on the . 1' 1o1 nd ciliae Homologous cells fixed in 

glutara]4eIyde and postfixed in osmium tetrodd.e did not show any fluorescence 

on the pellicle, but did show a low cytoplasmic reaction. A similar result 

was obtained with heterologius cells fixed in glutaraldekyde/oauiium 

tetroxida. This observation is similar to that of Beale and Kaoser (1957) 

who found that forma]4ebyde fixation destroyed the antigenioity of the 

immobilization antigen. The cytoplasmic fluorescence observed in sections 

fixed by glutarald.eFyde/oamiuin tetroxide could not have been due to the 

presence of active immobilization antigen, since the antigenioity of this 

protein on the pellicle was destroyed. As the immune sera used for this 

section of the investigation were shown to possess antibody activity 

against immobilization antigen only, the observed cytoplasmic staining must 

be assumed to be non-specific. This was confirmed when a similar 

fluorescent labelling of the cytoplasm of frozen sections of osmium fixed 

cells was observed after treating the sections with fluoresoein-oonjugated 

norma] rabbit globulin. 

The cytoplasmic labelling of frozen a actions by fluorescein-conjugated 

globulins for homologous, heterologous and normal rabbit sera, was found 

to be indistinguishable in intensity in the fluorescence microscope, and 
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also uniform throughout the cytoplasm and nucleus. The uniform distribution 

of globulin over the out surface of frozen sections was also noticed in the 

electron microscope using both ferritin conjugated and unconjugated globulins 

(Plates 3e and '). 

The retention of the different iodine 1 25-oonjugated globulins in frozen 

sections of paramecium was measured by liquid scintillation counting. It 

was repeatedly observed that there was a greater retention of globulin by 

sections which had been treated with normal globulin, than with a heterologou3 

immune globulin or even homologous immune globulin, even when all three 

globulins were applied at the same protein concentration (Table )). This 

difference in reactivity must therefore reflect a difference in the relative 

protein composition of the iaune and non-immune sera,, the immune globulin 

components causing less non-specific globulin-tissue adsorption than other 

components. It has been shown that the non-specific reaction between normal 

serum and animal cell nucleoli is caused by a globulin with a slow alpha 

I eleotrophoretic mobility (Maisel and Lytle 1966). 

The non-specific labelling of homogenates of paramecia by tluoreaoein-

and ferritin-oonjugated normal globulin was investigated. Osmium fixed or 

fresh material was treated with the conjugated globulins in a variety of 

buffers (NS, pH 6.8, Tris-llCl O.IM, pH 7.6, and veronal acetate 003M  pH 8.6). 

In all preparations heavy labelling of all cytoplasmic organelles, notably 

the kinetoss, kinetodeajiata, and the inner surface of the pelliole, was 

observed (Plate 3  a,b). The labelling of the inner but not the outer surface 

of the pellicle by normal globulin, indicates a marked difference in the 

properties of these two surfaces. It will be seen below that the presence 

of the immobilization antigens on the outer surface of the pellicle prevents 



Protein cono- Antibody bound Total radio. weight of 
entration of radioactivity activity re- globulin re- 
globulin tamed by tamed by 

Serum applied to frozen frozen 
frozen sections sections sections 

(oountsAidzV,ig) (counts/am) (ig) 

Normal rabbit serum 1.45 1,856 27,572 14.8 

1,775 

Homologous antiserum 1.54. 776 7,424 9.5 
(anti-168D) 1314 

Heterologous antiserum 1.40 626 2 9 690 4.3 
(anti-168G) 1 117 

TABLE 4. 	The retention of iodine 
125 

 conjugated globulins by frozen sections 

of paramecia of s.ro17pe I 68D. Equal aliquots of the same preparation of frozen 

sections were incubated with 2 ml of each conjugated globulin. The globulin 

solutions were adjusted to similar protein concentrations as estimated by the 

Lowry technique. The radioactivity retained in the sections was measured - in 

4 samples of each roup by liquid scintillation counting. 
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Fluorescence micrograph of a pellicle fragment from an unfixed homo-

genate of paraaoium (aerotype 168G) labelled with fluorescein-

conjugated norma] rabbit globulin. The rows of kinetoss react 

non-ape cit ically but not the outer surface of the pallid. aid 

cilia. 	Nag. x 800. 

Section of a homogenate of paramecium (earotype  504G) treated with 

fern tin-conjugated anti-168D globulin, subsequently fixed in 

osmium t.troxide. Heavy deposits of ferritin conjugated globulin 

are found on the kinetoaccea (arrow), and inner surface of the 

pellicle (double arrow). 	Nag z 50,000. 

1Leotron micrograph of a frozen section of a eel]. (aerotype 168c) 

treated with fernitin-conjugated normal rabbit globulin. Non-a peoifio 

labelling is uniform and heavy over the out surface,, but is not detected 

on the outer surface of the pelliole. The lack of penetration of the 

conjugated globulin into the cytoplasm is very apparent. Nag x 502000. 
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PIG-.10 .Elution of a 4-ml. sample of fluorescein-conjugated anti-168G- globulin - 
previously absorbed with 168D cell homogenate - from a column (25 x icm.) 
of DEAE cellulose . The sample was eluted. with 0.0I1,1 phosphate buffer 
PH 7.5 containing a continuous gradient of sodium chloride from 0.0014 to 
0.2011 • Total volume of gradient 500 ml. 

PEAK NUMBER 	 1 	2 	3 	4 	5 

0.0271 0.0543 0.1250 0.4420 0.1310 

IMMUN OD IFFLJSI ON ANALYSIS 

.Anti-168D antibody 	 + 	- 	- 	- 	- 

Anti-rabbit serum antibody 	- 	- 	+ 	+ 	+ 

FLUORESCENT STAINING  

Pelliole Homologous serotype 	- 	- 	4 	+ 	++ 

	

Heterologous serotype - 	- 	- 	- 

Cytoplasm Homologous aerotype 	- 	- 	- 	* 	+ 

Heterologous .erotype - 

TABLE 5 Analysis of the material eluted from DE&E cellulose after the absorption of 
anti-168C fluorescein-conjugated globulin with 168D homogenate (Fig. io). The 
degree of conjugation of the protein in each peak is given by the I95/E280 
ratio. The presence of 168D antigen and rabbit globulin in each peak was 
assayed by immunodiffusion. The specific and non-specific staining properties 
of the eluted material were shown by treating frozen sections of paramecia of 
homologous (168G-) and heterologous (168D) aerotypea with material from each 
peak, at similar protein concentrations. 



VIT 

the non-specific adsorption of the globulins. The observed non-specific 

reaction confirms therefore that the immobilization antigens are not 

present on the inner surface of the pelliole. 

Two established methods for the removal of non-speoif.o labelling by 

fluorescein conjugated globulins - tissue adsorption (Nairn 1962), and 

ion-exchange chromatography (Goldstein at al. 1961, Riggs at ml. 1960), 

were used simultaneously on the same preparation of fluorescein conjugated 

(anti-168G) globulin. The globulin was absorbed twice with an equal 

volume of 1 68D homogenate, and the sup ernantant w then .luted from a 

column of DE" cellulose in 0.0IU phosphate buffer, containing a gradient 

of sodium chloride from 0.00 to 0.02 M. It can be seen from Pig. 10 and 

table 5 that with the exoeptin of the last peak eluted from the column 

there is a correlation between the degree of conjugation - (iz,.95/i280), 

with the retention on the column and the intensity of labelling of the 

cytoplasm of frozen sections • This indicates that the greater the negative 

charge of the conjugated globulin, the greater the non-specific labelling. 

- This observation has been reperted by other workers (Holbrow and Johnson 

1967, Nairn 1962, Goldstein at a].. 1961, Riggs at a].. 1960, Mayersbaoh 1959). 

However, non-specific labelling by fluorescein and ferritin conjugated 

globulins has been observed both with homogenates in buffers the pH of 

which ranged from p11 6.8 to 8.6, and with frozen sections treated with 

unoonjugated globulins • Also there was no apparent difference between 

conjugated and unoonjugated globulins in their efficiency in blocking non-  
- 

specific labelling (see below) 	It is concluded, therefore that the 

increased negative charge of a globulin, due to conjugation, is only a 

contributory and not a major cause of non-specific labelling in this system. 
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The primary cause of non-specific labelling is believed to be the 

adsorption of the globulin molecules onto the tissues of the frozen 

sections or homogenates • This reaction may be due to the complementary 

structure of some tissue and globulin molecules (Klotz 1953). 

5b Globulin-Globulin Adsorption 

An alternative method of reducing non-specific staining was attempted 

by counterataining or blocking the non-specific staining with rhodanine 

conjugated normal globulin before reacting the tissue with fluorescein 

conjugated immune globulin (Smith at a]. 1959, Metzger and Smith 196C 

alizia et al. 1961, Brown and Bittner 1961). The rhodamine conjugate 

was found to be no more efficient than uno3njugated globulin in reducing 

non-specifi o staining. Therefore in all investigations on the rtoplasmio 

localization of immobilization antigen using fluorescein conjugated 

globulins, unconjugated globulin was used for preaaturation. 

tinoonjugated globulins were used to preaaturate frozen sections that 

were subsequently treated with ferritin conjugated globulins prepared 

from homologous or hetero].ogous sore. It was noticed that the presatirating 

globulin formed a thick carpet over the surface of the section (Plate 4). 

A]ao, the ferritin Labelled globulin was present as an even laye' over the 

surface of the presaturating globulin (Plate ha). This could be due to 

the exchange of molecules between the unoonjugated globulin and the ferritiL 

conjugated globulin (Lee and Feldman 1964), but the intensity of the 

reaction, and particularly the thickness of the presaturating globulin 

layer indicates a strong globulin-globulin adsorption. 

The existence of this globulin-globulin reaction means that the 
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PLATE 4 

A-B. Electron micrographs showing the adsorption of ferritin.-conjugated 

anti-I 68D globulin onto the presaturation layer of unccnjugated 

anti-I 68G- globulin. The presaturation globulin is revealed on the 

out surface of the frozen section (arrow) by staining with load  

citrate and uranyl acetate (plate IiB). The ferritin wnjugated 

globulin is most apparent in the unstained material (plate 4k). 

Mag. x 125,000. 

C. 	Section of the membrane surrounding the contractile vacuole from 

a frozen section of a cell (serotype 168G.) treated with unoonjugated 

normal globulin prior to labelling with ferritin conjugated anti-168G 

globulin. (Jnoonjugated globulin Is adsorbed to the membrane,, and 

the territin conjugated antibody is aeon attached to the presaturating 

globulin. 	Mag. x 125,000. 
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observed labelling by a conjugated specific antiserum after presaturation, 

depends not only on the specific antigen-antibody reaction, but also on 

the density of the blocking globulin. A heavy coating of blocking globulin 

would result in a high labelling with conjugated specific antiserum. This, 

combined with the finding that blocking may never be complete, makes the 

interpretation of prezaturation experiments less reliable than originally 

anticipated. 

The relative value of the various techniques for the detection of the 

imuobilization antigen may be summarised as folio 

The sera used for the localization of the immobilization antigen 

11 aitu are apecifi o for the immobilization antigen.. 

Ferritin conjugated antibodies were of considerable value for the 

ultrastructural localization of the immobilization antigens on the 

pellicle and cilia, Here the size of the conjugated globulin would 

not affect the access of the antibody to the antigenic sites. 

Fluorescein conjugated antib Dlies were of value in preliminary 

experiments only, to detect the immobilization antigens in the cyto-

plasm of frozen sections. This required the presaturation of the 

frozen sections by unconjugated globulin., in order to reduce the 

extensive globulin-tissue adsrtion between the conjugated globulin 

and the tissues • The interpretation of these experiments was 

complicated by the possibility of adsorption between the presaturating 

and specific globulins.  

The properties of the iodine 125  conjugated globulins indicate that 

this conjugate is superior to either fluorescein or ferritiL, as a 
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12 
marker of oytop1azio antigens. Iodine " conjugated globulins 

were used extensively to locate the immobilization antigens in 

situ in frozen sections. The presence of the immobilization 

antigen in an organelle was detected as a greater pro, ortional 

labelling of the organelle by homologous immune globulin than by 

heterologous or normal globulins. 
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RESULTS 

The localization of laaobilization antigen using conjugated antibodies, 

a) In situ localization 	1. The Peiliole. 

Live paramecia when placed in homologous fluorescein conjugated 

globulin were rapidly immobilized and when studied in the fluorescence 

microscope the cilia and pellicle could be seen labelled with antibody. 

A few animals were also seen to be lysed thu-s allowing antibody to anter 

the cytoplasm. Heterologous anim als treated in the sane manner were 

neither immobilized nor lysed, and did not show any fluorescence of the 

pellicle and cilia, though antibody could be seen ingested into the food 

vaouoles (Plate 6 a,b). 

Similarly, when live paranoia of serotyp.. 1 6BG 16B( and 1 68D were aus.-

pended in ferrit in-conjugated globulin against ',63G antigen, the homologous 

cells were rapidly immobilized (within 15 minutes), and after a short while 

(145 minutes) the swimming of the ieterologous paramecia was retarded, 

although they did not show the characteristic behaviour associated with 

immobilization. This effect was not assooiatd with an immunological cross 

reaction, but represents 'toxicity' of the glouulin molecules • After 

fixation and embedding for electron microscopy, both homologous (168G) and 

heterologous (168D) preparations showed a severe breakdown of the pellicle, 

and the homologous paramecia in particular revealed a massive leeching of 

the cytoplasm (see plate 5 a,b). This tissue destruction was not found when 

paramecia were suspended in a solution of ferritin. The breakdown of the 

pelliole 1s therefore presumed to be due to the antibody molecules or 

possibly other serum components. This breakdown may be responsible, in 
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MATE  

A. Pellicle of paramecium (aerotype i68(i) treated live with ferritin-

oonjuge tedanti-I 68G globulin for two hours at 18°C then fixed in 

oaaiue tetroxide (Homologous reaction). Meg. x 50,000. 

Be Pellicle of paramecium (aerotype I 68D) treated in a similar manner 

(Heterologous reaotion). 	Meg x 50 0 000. 

T.3, of cilium of osmiva fixed paramecia (serotype i68a-) incubated 

with fer ita.n-oonjugated anti-168G globulin. (Homologous reaction). 

Meg. x 250,0009 

T, of oilium of paramecia (Sero type 168D) treated in a similar manner 

to that above - plate 50. (Heterologc*as reaction). Meg. X 1 25, 000 . 

Light microscope eutoradiograph of a section of paramecium (serotrpe 

168G) treated with iodine 1 25-oonjugated ti-1 68( globulin. (Homologous 

reaction). Meg. x 320. 

Light microscope aitoradiograph of a section of ¶lrameoium (serotyp. 

168D) treated as for plate 5.. Note retention of label in the 

gullet* 	Meg. x 320. 
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part, for the observation that fluorescein conjugated antibody was 

released from the pellicle of labelled, living 00113 (Beale & Kaoser 

1957). 

If the paramecia were first fixed in osmium tetroxid.e and then 

treated with conjugated antibody, both the ferritin and the fluorescein 

conjugated globulins showed vex' specific reactions with the p.11iole 

and cilia, and of course no antibody was ingested into the food vacuoles 

(see plate 5o,d). Since ferritin is particulate when seen in the electron 

microscope, it was possible to measure the denslt,:  of antibody on t' 

outer surface of the pellicle and cilia. When the densities of ferritin 

conjugated globulins from homologous (anti-168D), heterologous (anti- 

168c) and normal sera on the pellicle of fixed cells of serotype 168G and 168D 

are compared, (table 6), it is seen that the homologous reaction is 

much heavier than that produced by either heterologous or normal sera,, 

and also that the reactions of the latter two globulins are not signi-

ficantly different. 

Quantitative estimates have also been made of the reaotio of iodine 125 

conjugated globulins with whole paramecia. When samples of fixed whole 

cells of aerotypes 168G and 168D were treated with anti 168G globulin, 

and the antibody retention measured by scintillation counting, an 

unexpectedly high hete'o1ogous reaction was observed. (table 7) However 

the same preparations, when examined by light microscope autoradiography, 

showed that the reaction of the psl]icle and cilia (excluding the gullet 

region) was specific. Calculations of the density of isotope on the 

structures indicate the same low level of cross reaction shown by both 

fluorescein and ferritin conjugated globulins (table 8). The high heter- 



S.rotyp. Specificity of Density of ferritin Percent 
Of ferritin-oonjugated standard error homologous 
paramecia globulin (moleoules/unit distance) reaction 

168D anti-i681) 1 1049 100 

0.070 

168G anti-168D 0.041 3.9 	1 
to.010 t=I.39 

P>0.10 

i68G Normal rabbit serum 01019 118 	J 
+ 0.012 

TABLE 6 	Reaction of ferrit.tn conjugated globulins with the pellicle and 

cilia of osmium fixed paramecias Equal volumes of fixed cells of serotyp.s 

I 68G and 168D were incubated for two hours at 18 °C with ferritin conjugated 

globu1n as indicated. The density of the ferritin on the pellicle and ailia 

was estimated from random electron micrographs as described in the materials 

and methods page 21. 



Cell Specificity  of Total Counts Counta/m 	dry Peroeitoe 
seroiyp. 1125 conjugated + standard error weight of homologous 

globulin ts observations) cells reaction 

168G anti-1 68G 440.0 146.8 10060 

21.0 

168D anti-168G 351,4 78.9 53.8 

±20.4 

TABLE 7 	Retention of iodine 
125 

 conjugated globulin by fixed whole cells 

of homologous and heterologous paramecia. Techniques as described in materials 

and methods page 19. 

Cell 	Specificity of 
serotyp. 1125 conjugated globulin 

168 	anti-f 68G 

168D 	anti-168D 

Density of autoradjo- 	Percentage 
graphic grains per unit homologous 
length of pellicle 	reaction 

	

3.40 	 100.0 

±0.38 

	

0.25 	 7.4 

0.03 

TABLE 8 	The density of iodine 
125 

 conjugated antibody on the pellicle and 

cilia of fixed paramecia (excluding the gullet region). Ten samples of light 

microscope autoradiographa were used to calculate each valu • The method of 

analysis was similar to that described for electron microscope autoradiographs 

(see tLl• 10). 
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ologous counts were seen to be due to the mechanical retention of 

isotope in the gullets of paramecia of both serotrpea (see P2ate 5 e,f). 

Further quantitative analysis by electron microscope autora&iography of 

the reactions of iodine 125 conjugated globulins with the pellicle of 

frozen sections, have confirmed the results obtained with both the 

fluorescein and the ferritin ocmjugateu globulins; namely that the pellicle 

reacts specifically with homologous antibody, and the low reactions of 

heterologuus and normal sera with pelliole material are not significantly 

different from each other. (See tble 11). 

It is concluded that the outersurfaoe of the pellicle of a stable 

culture of Paramecium aurelia of serotype 168G contains OflldY  the homologous 

antigen i.e, it does not contain heterologous antigen and does not react 

non-specifically. 

2. The Cytoplasm 

Using fluorescein conjugated globulins, prepared from normal and anti 

163Cr sara, to label frozen sections of cells of serotypes 168G and 168D, 

no detectable difference in the intensity of labelling of the cytoplasm 

of any preparation was observed (see Plate 6o). 

The possibility remained that the antigen was present in the cytoplasm 

but could not be detected due to the very heavy non-specific labelling. 

Therefore attempts were made to block the non-specific labelling, using 

unoonjugated globulins, before reacting the sections with a homologous 

fluorescein conjugated globulin. (See Plate 6 d o e,). The accumulated 

results of many experiments are given in table 9. The staining of the 

psiliole is consistent with the previous results indicating the presence 
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PLATE 6 

Pluoresoence micrograph of live paramecia. (serotyp. 168G.) incubated 

for two hours at 180C with flu ores oein-oonjugated anti-I 68G globulin. 

Note fluorescent cilia and psiliol.. Mae. x 320. 

live paraaeoia (serotype 168D) treated an for plate 6A. Mag.x320. 

Frozen section of paramecium (serotype I 68a) treated with fluoresoein-

conjugated. anti-168G globulin, the pelliole and cilia react strongly, 

the oytoplaan is less densely labelled.. 	Nag. x 800. 

Frozen section (aerotype 168G) presaarated with unoonjugated heterologous 

(anti-168D) globulin, subsequently troated with fluorescein-conjugated 

homologous (anti-168G) globulin. Note the marked reduction in oytoplasaiia 

labelling with little reduction in the labelling of the peUiole and 

cilia. Nag. x 800. 

Higher power micrograph of the preparation described above (plate 61)). 

Nag. x 19280. 
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of hozolooua antigen only. The cytoplasm however, appears to be 

blocked more sucoessfuUy iy htturolog.us globulin (anti 168D) than 

by normal rabbit globulin. This result can be satisfactozi l.y explained in 

two ways. The first is that the reduction in labelling in both homologous 

(168G.) and heterologou3(168D) tissues, after blocking with the heterologous 

globulin (anti-168D),, is due to the reaction of a precursor molecule common 

to both 168D and 168G. antigens, which is blocked by the hetero].ogoua 

globulin but not by normal globulin. The second explanation for the apparent 

reduction in labelling is that while both blocking globulins are euaUy 

effective in saturating non-specific sites, the normal globulin reacts 

more strongly with rtoplaamic material. This heavier globulin-tissue 

adsorption combined with the globulin-globulin adsorption described above 

could result in an artificially greater retention of the fluorescein 

conjugated globulin by the normal globulin compared to the heterologous 

globulin. It can also be seen from table 9 that there is a stronger 

reaction of the fluorescein-conjugated globulin (anti-168G.) with homologous 

cytoplasm (168G.) than with the heterologous cytoplasm (168D), except 

when homologous globulin is used as blocking globulin. This indicates the 

presence of small quantities of 168G. iobilization antigen inihe cytoplasm 

of 168G. cells. However, due to the unreliability of this technique these 

results are not considered. conclusive. 

The two major difficulties encountered using the presaturation technique 

with fluorescein conjugated antibodies - namely the lack of resolution and 

the inability to quantitate the results - ão not arise when iodine 125 

conjugated globulins are used. In investigations using this antibody marker 



FROZkN STI( 

Organelle 	Serotype 

Homologous 
(166a.) 

PILLICLE 

PR.A1JRATING GLOBULIN 

Normal Rabbit Heterologoua Homologoua 
Globulin 	 (166D) 	(168G) 

lleterologoua - --4'-- 	 -+ 
(168D) 

Homologous' 	 +—** 
(168G) 

CYTOPLASM 

kieterologous  
(168D) 

TABLE 9 The fluorescent labelling of frozen sections of parameoia, fixed in 

osmium tetroxide, after treatment with fluorescein-corijugated anti-I 68G 

globulin for two hours at 18°C, this following presaturation - for two hours 

at 18°C - with unoonjugated globulins from normal, anti-f 68D or anti-168G 

sera. Each score represents a separate experimental group. Fluorescence was 

scored as follows:- + bright fluorescence, + pale fluorescence, - no fluorescence. 
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non-specific labelling has been investigated by directly labelling (without 

blocking) frozen sections of paramecia of serotypes 168G and 168D with 

iodine 125  conjugated normal globulin (see Plate 8b). The reactions of iodine 125 

conjugated anti 168G globulin with frozen sections of paramecia of serotypea 

168G and 168D were also studied, and have been called the homologous and 

heterologoua reactions respectively. Organellez that react more heavily with 

the immuno serum than with the normal serum must contain the immobilization 

antigen. The distribution of the isotope 'throu&iout the sections was studied 

by electron microscope autoradiography, and analysed as described in the 

materials and methods section • In those organelles where the retention of the 

globulin is directly related to the v 	of the structure, as my be 

expected with non-speoift o labelling, the value for the relative 4t stri-

bution of the globulin will be approximately I • Where there is a specific 

antibody-antigen reaction in addition to the non-specific labelling a higher 

value will be expectd e.g. 24-30 for the homologous pellicle (Table 10). 

The results of the individual experiments (Table 10) show that those 

organdies constituting the major part of the cell volume - namely the peuiae 

and cilia, trichooysta, mi.toohondria and oytoplasiu - the aensty of isotope 

is relatively uniform. The other structure e.ge the macronucleus, contractile_cx 

and gullet, show a greater variation in the density of isotope since they 

represent a maller fraction of the sample which is of a limited size. The 

results are summarised in table 11. 

A comparison of the non-specific and heterologous macti 	Plate 8b and 

8a respectively), does not reveal any statistical difference in the density of 

labelling of any organelle. It is ocmolided therefore that calls of a stable 

culture expressing serotyp. 168D on the pellicle and cilia, do not contain any 

detectable 168G antigen in any organelle. 
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P.ATh 7 

A. }.M* autormiogrook of s tres.m s.oUon of s ooll (a.rotyp. 168G) 

1.b.U.4 with todlaw 	 oojuats4 anti-l". globulin. Ths .p..1tio 

r.aotion of th* psilisi. and aiim, and heavy oytoplu.io labelling is 

appazii*t. TM 000Ju.mte& eat ibo4 *an be seen to have penetrated deep 

.to th. sestian. Tho out .arf see of the frosen section Is isdiosted 

by the m., lbse x 10 0000. 

D. High power nioropaph of the same satori.l. A &.Ibulis 'fuss' is 

man on the outer surf..s of the p.Uial., the superimposition of some 

ltora,tiogztsphie grdua OR this globulin la.ysr indiost.s the high 

resolution possible with this antibody seater t  me, z 251000. 



Iamunologiaa]. Pellicle Tricho 	ta 	Mito- Macro- 	Gullet 	Contrao- food 	Cyto- 
relationship bet.- ohonthia nucleus 	tile vac- vacuole 	plasm 
ween globulin and uOle 
frozen sections 

Homologous 3.902 1.095 1.697 0 	- 	0 0.771 

Heterologous 1.572 1.032 1.421 0 	0 	- 0.970 

Non-specific 1.398 0.953 0.110 3.714 	0 	1.514 1.261 

Homologous 2.464 1.1+76 0.966 - 	
- 	 0 0.327 	1-093 

Meterologous 0.340 1.191 0.386 3.606 	- 	 - •- 	0.808 

r 
Homologous 2.737 1.549 1.351 0 	- 	 0 . 	 01603 

Lileterologous 0.630 1.297 0.385 - 	 - 	 - 
- 	 0.781 

Non-specific 1.294 1.257 0.880 2.083 	0 	- 0.801 

I Homologous .645 1.712 J.?06 0.108 	1.347 	0 J.283 	1.125 

LH.t.xvlogj.a .714 1.97 0.348 0.115 	- 	0.336 
- 	 0.89,0 

Non-specific o.928 2.611 0.74.6 0 	- 	
- 2.526 	0.809 

Non-specific 1.820 1.599 0 0 	- 	- 
- 	 0.6 

I Homologous 2.952 1.4.03 1.098 C 	- 	 - ,. ,r-'c 	0.908 
L Heterologous 1 .035 1-535 0.883 - 	 - 	 - 

- 	 0.736 

Table 10 	The relative density of iodir125 labelled globul±is from norma.ã. 	sr'u'a (non- 
specific reaction) and anti-168G serum in the various organelles of frozen secti,).-,L of paramecif, 
of serotype 168G (homologous reactiin) or 168B (heterologous reaction). 	Each value was estimated from ten random electron mici ographs as described in the materials and methods ec ;ions page 24. 
- represents a sample in which the particular organelle was not present in any oi uie micrographs taken 
(. indicates frozen sections of different serotypes treated with the same conjugated antibody preparation. 



Inunologioal 	Pelliole 
relationship bet- 
ween globulin & 
Frozen section 

2.940 

Homologous 

.235 

Tn- Mito - Macro- gullet 	Contrac- 2ood vac- Cyto-. 
ohooyat chondnia nucleus tile Tao- uole plasm 

uole 

1.1447 1.160 0.027 1.3l7 	0 0.398 0.901 

+0.101 +0.166 i0.027 -u.1)4 +0.098 

0.858 

Heterologous 

+0.209 

1.320 0.685 1.240 	0 	0.336 0 	0.837 

+0.099 +0.209 +1.183 +0.042 

1.360 	1.284. 	0.4.34. 	1.449 	0 	1.514. 	0.842 	0.890 

Non-specific 

0.183 	10.425 	+0.221 	+0.900 	 10.842 	+0.127 

TABLE 11 Mean values (± standard errors) of the relative density of iodine 125  iaui.1ed globulins 

in each of the organelles of paramecia listed in table 10. Significantly greater relative densities 

of isotope in the homologous organelles were demonstrated only between the following groups: 

Homologous and heterologous reactions on the pellicle (t = 6366, p< 0.001) 

Homologous and non-specific reactions on the pellicle (t = 5.113, p <0.005) 

as Homologous and non-specific reactions in the mitochondria (t = 2.640, P< 0.050) 
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Comparing the homologous and non-specific reactions (Plate 7 and 

plate 8b respectively), significant differences were found with regard 

to two t;s of structure 1) Mitochondria and 2) the pellicle and cilia. 

Finally comparing the homologous and hoterologous reactions (P].at. 

7 and 8a respectively), only one statistical difference is found in the 

relative distribution of the iod..tn 125-oonjugated antibody. This, the most 

significant of all the differences found in the distribution of the antibody 

was shown by the pellicle and cilia. 

The overall reaction of the cytoplasm of 1r0zLc sections of aerotypea 

168G. and 1681) with iodine-labelled globulin from anti-166G serum, were 

compared in the following way. A given mass of whole cells, md a similar 

mass of frozen sections of each serotype were incubated with equal volumes 

of the same antibody preparation. After incubation and washing, samples 

were taken of each preparation and the radioactivity measured by scinti- 

llation counting. Other samples were taken and weighed and from these results 

the retention of radioactivity per unit dry weight was calculated. In the 

preparation of whole cells only the reaction of the outer surface of the 

pellicle and cilia was nasure d, whereas both the surface and the oyt.- 

plasmic reactions were measured in the frozen sections • The difference in 

the reactions of these groups of matLrial indicates the total cytoplasmic 

reaction. The results are given in table 12, from which it can be seen 

that the reactions of both homologous and heterologous cytoplasms are almost 

id.entical. 

It is concluded therefore that the only demonstrable immobilization 

antigen in situ is that found on the surface of the pelliole and cilia. 

The investigations on cell homogenates using ferritin-conjugated globulins 



erotype Material Radioactivity retained 

of tissue labelled Total counts Counts per mgm Cytoplasaio counts 
(3 samples) dry weight counts/ingm dxy wt. 

168G 16BG Whole cells 440.14 + 21.0 1146.8 
(Homologous) 

Frozen sections 1683.4. t 149.1 1045.6 898.8 

168D Whole cells 351.4 20.4 78.9 

(Heterolous) Frozen sections 2387.4. + 80.0 994.8 915.9 

TABLE 12 Retention of iodine 
125 

 labelled anti-I 68G. globulin by the cytoplasm 

of frozen sections - shown by the difference in retention of radioactivity by 

whole cells and frozen sections of paramecia of aerotypes 168G. and 168D. 

Equal masses of each group of material were incubated with 2.5 ml of the same 

preparation of labelled globulin for two hours at 18°C, washed in veronal 

acetate buffer and de}ydrated in ascending alcohols • All measurements were 

made in the manner described in the materials and methods section. 
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PLATE 8 

E.M, autoradiograph of a frozen section of paramecium (serotyp. 168D) 

treated with iodine 25-conjugated anti-168G globulin. Trace labelling 

of the pallide and cilia can be seen. As for plate 7 there is intense 

oytoplaamio labelling. The cilia at the bottom of the picture are in 

the gullet. Nag. x 10,000. 

Frozen section of paramecium (serotype 168C) treated with iodine 125_ 

conjugated normal rabbit globulin, showing the non-specific reaction 

of the globulin with the cytoplasmic organdies • No radioactivity or 

globulin 'fuzz' is detected on the outer surface of the pelliole. 

Nag. x 20,000. 
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1.01 	B. HOMOLOGOUS REACTIONS 

168G. 	

168G. supeat. + anti-168G. I125globulin 

supernat. + Tris-HC1 buffer 
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168G purified antigen + anti-168Gr globulin—/ '  
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0
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FIG.11 Sucrose gradient analysis of 25,000g upernatant of cell homogenates after incubatioi 
in the presence and absence of iodine 127 conjugated globulin. Gradient :— 60% sucroa 
in Tris-IiCl O.IM , pH 7.6 ,(6m1. cushion); 12.5 -25% sucrose gradient, (25m1.). 
Sucrose gradient analysis of purified antigen similarly incubated with unconjugated 
globulin. Gradient: - 4m1. cushion + 14m1. sucrose gradient . Techniques as described 
on page 48. 
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have shown that the iriner surface of the pelliole, in contrast to the 

outer surface, reacts very non-spsoifioally, indicate that the immobil-

ization is probably confined to the outer surface of the pellicle. No 

immobikiZation antigen is detectable in the cytoplasm as a whole, or in 

any of the organelles studied here. 

b) Selective Precipitation of Ribosomal material with iodine125  

conjugated antibody 

The results of in vivo and in vitro studies on the synthesis of 

immobilization antigen (Sommerville 1967a  196, implicate polyaoaes as 

the site of synthesis of immiiiologioafly recognisable immobilization 

antigen. The in vivo incorporation experiments reported here also indicate 

that the synthetic pathway of immobilisation antigen involves free or 

membrane associated ribosames. These results therefore appear to contra-

dict the findings described in the previous section, namely that there is 

no detectable antigen in situ in the qytoplaam. Pn attempt was made therefore 

to reconcile these apparently conflicting observations, his 	achieved 

by using a modification of the selective polysoiae precipitation method of 

Allen and Terenoe (1968). 

Paramecia of serotpe I 68 (homologous) and 1 68D (heterologous) were 

homogenised in Tris-UC1 buffer 0.1 7.6, and the homogenate was centri-

fuged at 25,000 for 3 minutes • On exEiin*tjon in the electron microscope, 

of material, prepared in a similar manner, it was seen that the supernatant 

obtained after centrifugation contains only ribosomea and soluble material 

(Sommerville and Sinden 1968). All the large organelles and the majority 

of the material showing a non-speoill o reaction with the globulin had been 
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FIG-.12 Distribution of radioactive iodine 
125  in fractions taken after the sucrose gradient 

analysis of a 25,0039 supernatant of paramecia serotype 168D - previously incubated 
with anti-168 Cr iodine 125 conjugated globulin . Conditions of gradient as for fig.11. 
O.lrnl. of each fraction was added to lOmi. Brays solution and counted by liquid scint-
illation. 
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removed by the centrifugation. The decanted supernatant was divided into 

1.0 al aliquots, and each was incubated at 0°C for thirty minutes with 

1.0 ml of iodine 
125 

 conjugated anti 168G globulin, or 1.0 ml of Trio-HC1 

buffer 0.IM pH 796. These mixtures were then placed on the top of a 

continuous gradient of 10-25% sucrose with a 60 sucrose cushion, and 

centrifuged at 45,000g for two and a half hours • The gradient was taken 

off and the 	monitored continuously after which I •) rn] fractions were 

colisoted. Samples of each fraction were monitored for radioactivity by 

liquid scintillation counting. 

From a comparison of the E2
,4

profiles of heterologous preparations 

incubated with buffer to those incubated with iodine conjugated globulin 

(Fig. ha), it is readily apparent that no precipitation of ribosomes has 

occurred. However a similar comparison between homologous preparations 

incubated with buffer and those incubated with iodine 
125 

 conjugated globulin, 

shows in the latter preparation a very marked peak of nucleic acid-rich 

material pel].eted to the bottom of the tube. 

The iodine-oonjugated globulin has therefore Lelgetively agglutinated 

a small fraction of the homologou5 ribosomal material, and this material 

subsequently sedinented through the gradient and the cushion when the 

preparation was centrifuged. Confirmation that this agglutinated material 

had bound antibody was provided by measuring the radioactivity present in 

different fractions. Figure 12 shows the distribution of iodine 
125 

 conjugated 

antibody throughout the density gradient of a heterologous preparation. 

The radioactive globulin is predominantly found at the top of the gradient, 

although there may be a low non-specific binding of globulin to the 
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aed imenting ribosmes • Only very small quantities of isotope are found 

psileted to the cushion interface or tk e bottom of the tube. The profile 

of radioaotivi1r shown by a homologous preparation similarly inoubat d with 

iodine-conjugated antibody is given in figure 13. Again most of the 

radioactivity is found at the top of the gradient, and globulin may be 

bound non-specifically to the ribosomal paterial, But in contrast to 

the results obtained from the heterologous preparation, in the homologous 

preparation there were significant quantities of radioactivity at the cushion 

interface and at the bottom of the tube • Since it was shown in control 

experiments that there was no precipitation of soluble antigen under similar 

conditions (rig ii), the difference between the reactions of the homologous 

and heterologous ribosomal preparations is interpreted to show that a 

specific antibody-antigen reaction has occurred.. 

Non-speotfic adsorption of soluble protein ènto the fractionated 

ribos oe (PetexuLann 1964) - between the immobilization antigens and 

paramecium riboaomes - has not been detected (UaoIndoe and Reisner 1967, 

Relaner, Rose and Mac In&oe 1968, Sommerville 1967a)-  It is therefore 

concluded that the ribosomal material precipitated by the iodine 1 25_ 

conjugated globulin, was associated with the immobilization antigen in the 

living cell. 
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The in yjyp incorporation of isotopes from labelled bacteria, into paramecia 

A. The Incorporation of sulphu? 5  into Paramecia of stable seroty-pe 

The studies,, described in the proceeding section, on the structural 

localization of immobilization antigen using conjugated antibody techniques, 

although informative, do not provide any information about the rate of 

synthesis of to antigens • Nor do they tell us anything about the metabolism 

of the antigens in relation to the general metabolism of the cell, or more 

particularly, the metabolism of the pelliole • To investigate theae 

problems the incorporation of radioisotopes into the organdies and into 

the immobilization antigens of paramecium, from labelled bacteria, was 

followed.. Sulphur 35 was thought to be the most suitable radioactive tracer 

because when incorporated into bacteria approximately 95 of the isotope 

is incorporated into methionine, cysteine and cystino (Roberts et al. 1955). 

As it has been shown that the immobilization antigen has a very high 

ysteine content o.a. 10% of the amino acid content of the antigen (Steers 

1965, Jones 1965a), the incorporation of siiphur35  into the immobilisation 

antigen is expected to be higher than into moat other proteins. The 

incorporation of this isotope into the p.1J..iole may therefor, be expected 

to reflect the pathway of immobilization antigen synthesis. 

The synthesis of the immobilization antigens was followed in cultures 

of serotype 168C; at 180C, and sero type 168D at 35°C. Both types of culture 

showed similar patterns of incorporation of isotope into all organelles, 

although the total ingestion of bacteria and incorporation of isotope was 

greater in paramecia of aerotype 168D than 168G* This was due presumably. 

to the higher temperature at which the 168D serotype calls were grown. 
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Both types of culture will therefore be regarded an similar in the 

following section. 

For these experiments the synthesis of radioactive antigen was 

followed both by autoradiography (van Furth 1967, Sommerville 1967a) 

and scintillation counting of specific antigen-antibody precipitin bands 

produced on immunophoresis of whole eel], homogenates. The ultrastruotural 

localization of the süphur35  was followed, in aliquots of the sane 

samples, by electron microscope autoradiography. 

1) The in viva incorporation of s ilphur35  

The density of isotope in the different organelles of paramecium at 

various times after the pulse labelling began, calculated as described in 

the materials and methods section, is shown in figures 14 and 15. There 

was a very rapid ingestion of bacteria into the food. vacuoles (Fig. Iii., 

Plate 9a,b). The release of isotope from the food vacuole appears to 

occur in two phases: an initial very rapid release of isotope for the 

first fifteen minutes of the experiment, followed by a relatively slow 

and very prolonged loss of isotope throughout the remainder of the experi-

mental period.Berger & Kiaba.l]. (1961+ ) have also described an extended 

digestion period (2-5  hours) for bacterial precursors • It will be shown 

later in this section, that the incorporation of isotope into most 

organdies and into one protein in particular may also occur in two phases. 

It is believed therefore that the bacteria used in these experiments have 

provided two different sources of isotope one of which was rapidly 

assimilated, the other was incorporated over a longer period. The increase 

In the density of isotope in the food vacuole thirty minutes after the beg-

inning of the experiment was repeatedly observed, and was assumed to be due 
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PLATE 9 

Light mioroacopo autoradiograph of paramecium fixed imnedi.ately 

after feeding with aulpbur 35  labelled bacteria. Paramecia of a.rotyp. 

168G were cultured at 18°C. Radioactivity is concentrated within the  

food vacuole. Mag. x 320. 

EJ e  autoradiograph of paramecium fed with sulphul,35  labelled bacteria 

and fixed immediately. Culture serotype 168D grown at 35°C. Radio-

activity is looalized in the bacteria within the food vacuole, soine 

isotope is detected in the cytoplasm. Mag. x 10,000. 

AMe autoradiograph of food yaouole from a cell grown for 7.5 minutes 

at 18°C with sulphur35  labelled bacteria* Isotope is seen in the 

oytopaam associated with free ribosomas and small vesicles. Mag. x 20,000. 



0•5 
1  

04 

0.31 	 I 	 T 
La 

-!02  

1 
0 

	

4 	 4 
30 	 45 	 60 

TIME IN MNUTES 
'I) 
z 

LI 

016 

 

0 

• 	012 

0 	 1 	r
u ------------- - 0  

ui 
_Am 	 \T/ I 

/1 	
30 	 45 	 60 

TIME IN MINUTES 
F1G-.i6 The concentration of radioac -.ity in the cytoplasm ( + two 

standard errors) in prepara.s of paramecia of stable 
serotype:- 

•Serotype 168D cultured. at 35 0C. 
Serotype 168G cultured at 18 °C. 

Conditions of labelling and analysis as described for fig. 15. 



53. 

to a reduction in the volume of the vacuole, possibly due to the extraction 

of rater. Changes in the volume of the food vacuole have been described 

previously (Jurand 1961). 

Isotope detected in the cytoplasm (Fig.16) in early samples is often 

associ ted. with ribosomal clusters and vesicles close to the food vacuoles. 

These vesicles,, which are 0.2 to 0.51 in diameter (Plate 90), are similar 

In size and location, to vesicles described as secondary food vacuoles which 

have been formed by pinooytosis from the primary food. vacuole (Jurand 1961). 

With increasing time the isotope became very diffuse throughout the cytoplasm 

(Plate 10a), and may be associated with both free and membrane bound 

ribosomes (Plate 10b-d). Unlike most of the vertebrate material which have 

been studied by similar methods (Ross and Benditt 1965, Caro & Palade 

1964), here there are no large regions containing endoplaamio retioulum or 

free polyscmea, and it has not been possible to state that the isotope is 

associated predominantly with either class of ribosome in any of the 

samples analysed.. 

The incorporation of isotope into the trichooysta occurred at the same 

rate in both developing (juvenile) and mature forms (Plate 11 b, a), and 

increased steadily throughout the experiment (Fig. 15).  There was however, 

a very marked incorporation into petriohooYsts (triohocyste at the earliest 

reoognisabl. stage of development), (Plates llo,d). 

Macronuolear incorporation of sulphur in early samples was almost 

exclusively into large bodies (irregular structures of electron dense 

material approximately 0.5.i in diameter which are believed to be nucleoli 

(Jurand and Jacob 1969) see plate 12) and in later samples the isotope 
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PLATE 10 

Light microscopeoroacop. autorediograph of a callcultured at 18 0C for 

two hours after the beginning of pulse feeding with sulphur 

labelled bacteria, leotope is uniformly distributed throughout 

the paramecium (outlin.1). Mag. x 320. 

E.L autorad.iograph of a paramecium matured for 15 minutes at 

18°C with labelled bacteria. Isotope is associated with endoplasiiio 

reticulum. hiag. x 20,000. 

As for plate lOB. Paramecia cultured f or 22.5 minutes at 18°C 

after the beginning of pulse feeding with labelled bacteria. Isotope 

is found in the mitochondria, endoplasmic reticulum and free ribosomes. 

Meg. I 20 0000. 

D, As for plate lOB. Paramecia cultured for 22.5 minutes at 35°C after 

the beginning of pulse feeding with labelled bacteria. Isotope is 

associated with free ribosomes. Meg. z 20,000. 
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became more diffuse throughout the insoronuoleus. Incorporation of 

isotope into the micronucleus (plate 12a) was confined to the matrix. 

The incorporation of sulphur35  into the pellicle (Plate 13) occurred 

in two distinct phases (Fig. 18); an initial rapid increase in the density 

of isotos was observed between fifteen and twenty two minutes after the 

beginning at the experiment, and a second slower incorporation of isotope 

began after forty five minutes. 

The success of electron microscope autoradiographio techniques in 

detecting a flow of isotope from one structure to the next, has been shown 

to be dependent on the time over which the isotope is available for 

assimilation (Rosa and Benditt 1965). Obviously using radioactively 

labelled bacteria as a source of isotope, it was not possible to supply a 

discrete pulse of sulphur 35  to the paramecia. However if the first phase 

of isotope incorporation from the food vacuoles is considered separately, 

a movement of isotope from one structure to the next can be resolved (Fig. 

14..) It can be seen that the peak density of labelling in the food vaouoles 

occurred seven minutes after the beginning of the 1bel1thg. The cytoplasm 

showed a peak density of iSotope after fifteen minutes, and the pelliole 

after twenty two minutes. This j.' 	of incorporation of the isotope is 
- 

compatible with a preoursorrelationship between the food 'rouols and the 

cytoplasm, a]io between the cytoplasm and the pellicli (Nadler 1963, 

Warshawsky at a].. 1963,  Zilversmidt at a]. • 1943). The pathway of inoor-

poration of sulphur35  between the bacteria and the pellicle is therefore 

believed to be as follows:- 
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PLATE 11 

E.M. autoradiograph of the cytoplasm of a cell cultured for 60 

minutes at 18 0C after the beginning of pulse feeding with sulphur 35 

labelled bacteria, showing the incorporation of isotope into mature 

triohooyata (trioli). Meg. x 20,000. 

As for plate 11 A, showing the incorporation of isotope into the bodies 

of juvenile triohoayst. • Paramecia cultured. for 30 minutes at 1 8 °C 

after the beginning of pulse feeding. 	Meg. x 20 0 000. 

C.-D. As for plate 11 A, Paramecia cultured for 45 minutes at 18 0C after the 

beginning of pulse feeding, demonstrating the very marked incorporation 

of isotope into the pretriohocysts. 	Mag. x 20,000. 
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Primary food vacuole 	secondary food vacuole 

Cytoplasm (both tree ribosomes and endoplaaaio 
reticulum) 

Pelliole 

2) The incorporation of slphur 35  into the immobilization antigen 

From the autorad.tographs of the specific immobilization antigen-antibody 

precipitin area (Figs 17 a,b), it is evident that immobilization antigen 

was synthesized more rapidly in cells of serotype 1 68D at 35°C,  than 168G  

cells at 18 °C. Liquid scintillation counting of the specific precipitin 

area (Fig. 18), revealed that small amounts of radioactive antigen were 

synthesized by both cultures in samples taken immediately after the labelling 

period began. (It should be noted however that there was a delay of 

approximately four minutes between the time at which the sample was taken 

and the time of freezing (or fixation) of the pelleted paramecia). The 

incorporation of s a].phur3 ' into both 168D and 168G antigens was approx-

imately exponential over the period of the experiment, as would be expected 

from a growing culture of paraoium (Kimball et al. 1959). However, of 

particular interest in this investigation, was the .lighty increased rate 

of incorporation of isotope into the immobilization antigens, shown by both 

cultures, at approximately the smms time as the initial increase in density 

of isotope in the psl]..iole. (fig. 18). It has already been shown that 

the majority of the immobilization antigen is located on the p.Uiole and 

cilia where it is believed to represent a substantial fraction of the 

tote]. protein. Also, the choice of sulphur 
35  as the isotope for incorporation 
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PLATE 12 

A. E.U. utoradiograph of the paired mioronuolei and macronuoleus of a cell 

cultured at 18°C for 30 minutes after the beginning of pulse feeding with 

sulphur 35 labelled bacteria. Iaotop2 is associated with the large 

bodies of the macronuoleus and the matrix of the micronucleus. 

Nag. x 20,000. 

Be The macronuoleus of a cell cultured at 18°C for 15 minutes after the 

beginning of pulse feeding with radioactive bacteria. Isotope is 

localized exclusively in the large bodies. 	4ag. x 20,000. 

C. 1aoronuc1eue of a paramecium cultured for 45 minutes at 18°c after 

the beginning of pulse feeding with labelled bacteria. Isotope is 

detected in both lar nd SL&l I bodies, lag. x 20,000. 
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is believed to favour the incorporation of the radioactivity into the 

immobilization aitigens. The probable correlation indicated between the 

total synthesis of radioactive antigen and the density of the sulphur 35 

on the pelliole and cilia supports the conclusion that substantial 

quantities of the Isotope incorporated onto the pellicle and cilia may 

also be incorporated into the immobilization antigens. Therefore it is 

believed that the pathway of incorporation of sulphur 35  onto the pefliole 

described above, also represents the pathway of synthesis of the immobil-

ization antigen. 

B The in vivo Incorporation of Radioisotope into Paramecium during Serotype 

Transformation. 

Paramecia may, under stable oonditiona, synthesise only one immobilization 

antigen. Changes in the conditions of the culture, e.ge changes in the 

temperature or ionic strength of the medium may induse the cells to synthesise 

an alternative immobilization antigen. The process by which the change in 

the expression of the immobilization antigens is achieved is called serotype 

transformation. 

Cultures of paramecium exclusively of serotype 168G were harvested and 

fed labelled bacteria in a wanner similar to that used in the previous 

experiments. However at the same tjne, as the bacteria - labelled with either 

Mg 835 04 or CH3C0(a - were supplied the temperature of the culture was 

raised from 18°C to 35°C. This temperature change is known to bring about 

a rapid transformation from serotype 168G to sarotypelEBD. Samples were 

taken from the culture at various times after the temperature increab a, fixed 

in osmium tetrodde and then incubated with ferritin conjugated antibody 
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PLATE 11 

A. Z#Me autoradiograph of the pellicle and peripheral cytoplasm of 

a oeli-oultured at 18°C )  fixed immediate]y after feeding with 

sulphuz.35 labelled bacteria. Little isotope is detected in the 

pellicle and cilia, 	tag. x 20,000. 

Be As for plate 13A. Paramecia cultured at 18 °C for 22.5 minutes after 

the beginning of pulse feeding. Isotope is associated with both the 

p.11iole and peripheral cytoplasm. Mag. x 20,000. 

C. As for plate 13A.  Paramecia cultured at 18°C for 60 minutes after 

the beginning of pulse feeding. Arrows indicate regions of vesioulated 

(growing) membrane. 	Mag. x 20,000. 
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Conditions of culture and labelling are described on page 56. 
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specific for 168D antigen. Electron microscope autoradiographa were prepared 

from each sample to localize the incorporated isotope, and each sample was 

examined for the presence of ferritin molecules on the pelliale and cilia. 

The following data were collected for each sample, from electron micro-

graphs photographed at random as described in the methods section:- 

The density of ferritin molecules which indicates the density of 1681) 

antigen on the palliole and cilia 

The density of isotope, i.e. newly synthesized material, in the various 

organelles 

a) The maximum isotope (autoradiographic grains) localized in each organelle, 

represented as a percentage of the total isotope incorporated into all 

organelles (A difference in this value, between S 35 and C1  incorporation 

will indicate those structures synthesising products exclusive to the 

metabolic pathway of either isotope). 

1) The incorporation of 1681) antigen into the pellicle and cilia 

The density of ferritin oDnjugated anti 1 68D antibody on the pellicle 

and cilia is shom in Fig. 19, the first sigaficant increase in density was 

found thirty minutes after the temperature increase, before this time the 

ferritin density was no higher than the normal pellicle cross reaction (table 6). 

Between thirty minutes and three hours after the temperature increase the 

density of farritin, and therefore 168D antigen, on the pellicle and cilia 

rose exponentially. When the rate of increase in the density of 168D 

antigen during each successive hour of the experiment was calculated (table 

13) it was seen that after the second hour at the higher temperature that 



Time in hours after 	Mean density of ferritin 	Increase in mean 
temperature increase (molecules/pt peiliole and density during each 

cilia surface) successive hour 

0 	 0.208 

0.59 (0-1) 

1 	 0.801 

3.19 (1'..2) 

2 	 3.994k 

3.57 (2-3) 

3 
	

7.567 

TABLE 13 	Increase in mean density of ferritin, conjugated to anti-I 68D 

globulin )  on the pellicle and cilia during transformation from aerotype 

168G to aerotype 168D. Transformation was initiated by raising the 

0 	 0 
temperature of the culture from 18 C to 35 C. 
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described for fig. 15. 
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the rate of synthesis of 1681) antigen may be approaching a maximal value. 

2) The incorporation of sulphur35  into paramecium. 

During aerotype transformation the incorporation of sulphur 35  into 

paramecium was slower than into non transforming cells at either 18 °C or 

35°C (of. figs., ll., 15 9  16, 18 with fig. 20). The incorporation of sulphur 35 

into the pellicle was first detected thirty minutes after the temperature 

increase (Fig. 20). This coincided with the first appearance of 1681) 

antigen as shown by the observations with ferritin conjugated antibody (Fig. 

W. The synchronous incorporation of 168D antigen and newly synthesised 

protein, could indicate that there was no pool of 168D antigen (as secondary 

antigen) within the oytoplasm of I 68G cells, and that all the 1681) antigen 

was synthesised after the temperature increase. Neither the incorporation 

of the sulphur 35,, nor the localization of the ferritin conjugated antibody 

were found restricted to those regions of the pellicle containing organelles 

typically associated with membrane synthesis e.g. vesiculated membrane, 

miorotubules and miorovilli. 

The structural association between the sulphur 
35 
 and 168D antigen 

in the pellicle was investigated in the samples taken at 30 and 60 minutes 

after the temperature increase. The basic assumption for theme experiments 

was that the structural coincidence of these two substances was demonstrated 

when the ferritin molecules and autoradiographic silver grains could not be 

resolved as separate: i.e, more than O.3M  apart (Plate 16). A minimum of 

100 ferritin molecules or 50 autoradiographic grains were examined for each 

group. The times chosen for the samples were determined by two factors. 

First the ferritin density is so high after two hours at the higher 



Time in minutes after increase 	Percentage of total observed autoradio- 
in temperature from 18°C to 350C graphic grains associated with ferritiri 

molecules 

30 	 7.42 

Mean 71.0 

60 	 67.75 

® Coincidence of ferritin conjugated anti-f 681) antibody with autoradiographio 

grains i.e. the percentage of radioactivity detected as 168D antigen. 

Time in minutes after increase 	Percentage of total observed ferritin 
in temperature from 180C to 350C  molecules associated with autoradio- 

graphic grains 

30 	 7.03 

Mean 5.8 

60 	 4.66 

(j Coincidence of autorad.iographio grains with ferritin conjugated anti-168D 

antibody i.e. the percentage of 1681) antigen detected as radioactive. 

TABLE 11,.. Tho structural association of newly synthesised (sulphur35  

labelled) protein and new aerotype antigen (168D), on the pellicle and 

cilia of paramecia during transformation from serotype 168G. to serotype 168D. 

Techniques as described on page 58. 
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FIC.21 Concentration of radioactivity in the food-vacuoles 	; cytoplasm •— ; 
and pellicle 0-0 , of paramecia fed with carbon' 4-acetate labelled. 
Aerobacter aerogenes • Conditions of labelling and analysis as for fig 20. 



temperature that the coincidence of ferritin and any autoradiographia grain 

on the pellicle is inevitable, therefore all the estimates of coincidence 

between the ferritin and autoradiographic grains must be made on samples taken 

before this time. Second the isotope only reaches the pellicle after 30 

minutes at the higher temperature. 

The results are given in table 1,4. The mean '-'tlues indicate that while 

the majority (ca. 7) of the incorporated radioactivity is associated with 

the incorporation of 168D antigen ,only Ca 6o of the antigen may itself be 

radioactive. The latter value is not surprising in view of the email 

proportion of the total available food material represented in a radioactive 

form, however, as it has been shown that 168D antigen representi only a 

very small proportion of the total antigen synthesised during the first two 

hours of transformation (see below, and Sommerville 1969 in Press), the 

high correlation between the incorporation of isotope and 168D 'antigen, must 

indicate that all the newly synthesised protein is incorporated into the 

same small regions ias smaller than can be resolved by this technique, of 

the pellicle and cilia. 

3) A comparison of the incorporation of isotope from bacteria labelled with 

either C 
14. 

 H3COONa or MgS 350 4 , into paramecium. 

The pattern of incorporation of carbon from the C 14 sodium acetate 

labelled bacteria was followed in a culture of paramecia treated in a similar 

manner to that described in the prevLus section. The movement of isotope 

from the bacteria to the pellicle was similar to that of sul?hur 35 , and was 

compatible with a flow from the food vacuole to the cytoplasm (Plato 15), 

and from the qy-toplasm to the pellicle (Fig. 21). 

A comparison of the relative distribution of the isotopes throughout 



Pelliole Trioho- Mito- 	Macro- Gullet Food 	Cyto- 
cysts chondria nucleus 	Vacuole plasm 

SULHIUR35  

Percentage 	9.5 	6.6 	11.9 	3.5 	 90.5 	64.3 
isotope 

Time in minutes 	180 	30 	180 	30 	- 	0 	180 
after adding 
labelled bacteria 

CLRB UN , 4  

Percentage 	7.0 	2.7 	18.7 	15.1 	2.9 	66.6 	66.8 
isotope 

Time in minutes 	60 	60 	240 	30 	0 	0 	240 
after adding 
labelled bacteria 

TABLE 15 The relative distribution of carbon 14  and sulphur 35  throughout 

the various organelles of paramecium. (Measured as the maximum percentage of 

the total isotope incorporated, boated within a given organelle,) The 

isotopes were provided either as MgS 35 04  or C14H3  COON 5  labelled Aerobacter 

aerOPen8. The temperature of the culture was raised from 18 0C to 3500 

at the same time as the labelled bacteria were supplied (0 minutes). 
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PL!2E 15 

1ec tron microscope autoradiograph of the cytoplasm of Paramecium 

cultured for 60 minutes after the beginning of pulse feeding with 

C1i3C0ONa labelled bacteria. Isotope is aooiated with mito-

chondria and droplets (possibly lipid) in the cytoplasm. Meg. x 

100,000. 
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the cell (Table 15), showed a greater proportional labelling by carbon 1 , 

than by sulphur 
35  of the macronucleus and the mitochondria (Plate U). This 

agrees with the expiated incorporation of carbon 1' into and products exclusive 

to the above structures (Roberts at al. 1955, Fletcher and Sandal 1961). 

In contrast to the diverse end products associated with the incorporation 

of carbon 1 , it is believed the incorporation of sulphur 35  was wholly 

into proteins. The proportionately greater incorporation of sulphur than 

carbon 
14  into the trichy8 ta and pelliole is therefore interpreted as the 

synthesis of proteins in these structures. 

i,) The relationship between the synthesis of 168c- and 1 68D antigens during 

transformation. 

The process or serotype transLuration involves the expression of two 

genetically determined antigens. It was shown that during transformation 

from aerotype 168G to 168D, the expression of the new (i 68D) antigen on the 

p.liiole and ailia began within 30 minutes of the temperature increase (page 

58). Further investigations have been made to determine at what time the 

synthesis of the old (168G) antigen ceases. There may be either synchronous 

and complete 'switch' in the expression of the two antigens, or a period 

during which both antigens are. expressed simultaneously - during which time 

there may be a gradual change in the relative proportions of old and new antigen 

synthesised. The synthesis and incorporation of both antigens has been studied 

by following the structural coincidence of either anti-168G or anti-168D 

ferritin-conjugated globulin with newly synthesized (radioactive) protein, on 

the psllicle and cilia, at various tines during the transformation process. 

A culture of i68C- cells at 18°C was raised to 350C  by the addition 

of an equal volume of culture medium at 40 °C and then maintained at 35°C in 
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PLATE 16 

EM, autoradiograph showing cilia of parameoiuin-transforming from 

aero type 168 -1' to 1681) - fed with sulphur labelled bacteria. 

After fixation the sample w.i.a treated with ferritin-oonjugated anti-

168D globulin. 	Meg. x 50,000. 

High power micrograph of region B, showing positive coincidence of 

autoradiographio grain and V erritin conjugated globulin. The circle 

limits the maximum projected distance (0.3i) of the source from the 

developed grain. Ferritin (arrow) is located within this circle. 

Nag. x 100,000. 

High power micrograph of region C, showing negative ooincidenoe of 

autoradiographic grain and ferritin conjugated. globulin. No ferritin 

is detected within the circle. 	Mag. x 100,000. 
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FIG-.22 Expression of 168D and 168c antigens on cells of serotype 168G transformin 
to serotype 168D - as detected by the immobilization reaction (see pagell.). 
Each test was scored as the percentage of the sample immobilized by each 
antiserum within two hours at 18°C. The conditions of culture are described 
on page 60. 

0--0 Reaction with anti-168G antibody. 
•—S Reaction with anti-168D antibody. 
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a water bath. Samples were taken at various times and incubated for two hours 

with sulphur 35 labelled bacteria, then fixed in osmium tetroxide and labelled 

with ferritin conjugated globulin from antibodies prepared against either 

168C or 163D antigen. 

Four pilot cultures were subjected to the temperature increase and 

assayed by the immobilization test, to find the most informative times at 

which to sample the cultures for the ferritin coincidence technique. The 

results were expressed as the percentage of a culture immobilized by either 

anti 16BG 16B or 168D antiserum. Since the results of the transformation 

experiments described above, indicated that a culture reacts homogenoue)y 

during transformation (Fig. 19),  the immobilization analysis used in these 

experiments therefore reflects the percentage of the total antigen on each cell 

represented by either 168D or 168G antigen. The results are summarized in 

Fig. 22. Thirty hours after the temperature increase the cells contain 

substantial quantities of 168D antigen, which is therefore assumed to be 

synthesised in excess of 168C antigen at that time. It was observed that if a 

culture exhausted its food supply the percentage of transformed cells remained 

stationary until a new food source was supplied, whereupon transformation 

continued, indicating that new synthesis was essential for transformation to 

proceed.. The results of this immobilization analysis indicated that the 

sigritioant period during transformation was between zero and thirty hours after 

the temperature increase • Consequently the synthesis of I 68D and 168r. antigens 

was investigated in tho periods 0 to 2, 3 to 5, and 26 to 28 hours after the 

temperature increase. 

The results of two separate experiments are given in table 16, the mean 

values indicate a higher coincidence of 168G antigen than 168D antigen 

with the newly synthesized protein, in the period 0 to 2 hours after the 

temperature increase • After 3 to 5 hours, the coincidence of 16BG 16B antien 



Percentage of total autoradiographio grains associated 
Time after temper- 
ature increase during with ferritin molecules. 

which radioactive 	Ferritin conjugated anti- Ferritin conjugated anti- 
bacteria were 	 168D globulin 	 168G. globulin 
supplied periment A B Mean 	kperiment A 	B Mean 

0-2 hours 30 5k 42 80 93 86 

3-5 hours 82 4.5 63 72 88 81 

26-28 hours 62 79 71 4.0 88 64.  

TABLE 16 The structural coincidence of 168D or 168G. antigens with newly 

synthesised proteins on the pelliole and cilia of paramecia during trans-

formation from serotype 1 68G to 168D. Newly synthesized (sulphur35  labelled) 

protein was detected by E.M. autoradiography, I 68D and 168G. antigens were 

detected by ferritin conjugated antibodies. Analysis was similar to that 

described for table 111a. 
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with the newly eynthesised protein has fallen only slightly whereas that 

of 16D antigen has risen above 50 indicating that a substantial proportion 

of the immobilization antigen synthesised in this period is 168D antigen. 

Finally, after twenty-eight hours at the higher temperature more 1 68D than 

1 68G antigen was being synthesised. 

By the and of the experiment, i.e. after twenty eight hours at 35 °C, 

the paramecia had passed, theoretically, through at least tiree cell 

fissions • Therefore only ca 12% of the total immobilization antigen had 

been synthesised before the temperature increase. If the synthesis of 

168G. antigen had atopped at the same time as that of 1681) started, i.e. within 

two hours of the temperature increase, the coincidence of 168G. antigen 

with newly syntheaised protein, due to random association, would have fallen 

after twenty eight hours to a value near 12,L. The observed very high 

coincidence (6%), of the newly synthesised protein with f.rritin conjugated 

anti 168G. antibody, indicates that the synthesis of 168a antigen had 

continued, possibly for the complete period of the erperiment. It is 

concluded that during serotype transformation there is a period, of up 

to twenty eight hours after the temperature increase, during which both 

antigens are synthesised simultaneously, with a gradual change from exclusively 

168G. antigen synthesis to exclusively 168D antigen synthesis. 
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DISCUSSION 

I • The ultrastruotural localization of the immobilization antigens in 

Paramecium aurolia 

a) site of finai deposition 

The observation that paramecia are immobilized due to the agglutination 

of the cilia - when suspended in homologous antibodies (Roasle 1905) - 

indicates the presence of specific antigenio substances on the surface of the 

cilia. Using fluoresoein-oonjugated antibodies Beale and Kaoser (1957) 

demonstrated that these immobilization antigens were present not only on the 

cilia but also on the surface of the pellicle. The continuous distribution 

of the antigens over the whole of the surface of the cell, with the notable 

exception of the gullet region, was confirmed by the use of ferritin-

conjugated antibodies (Mott 196). However all the above observations were 

made on intact cells and therefore gave no information about the possible 

internal location of the antigens. 

The pellio].e and cilia have been shown to be the primary location of 

the immobilization antigens by two groups of workers. Preer and Preer 

(1959) using quantitative gel diffusion techniques found that most (cm. 68%) 

was associated with cell fractions containing the cilia and body wail 

(pell.tole). Immobilization antigen was shown to represent 30% of the protein 

in isolated cilia (Preer 1968). Beale and Mott (1962), using fluorescein- 

conjugated antibodies to localize the immobilization antigens in frozen sections, 

were able to detect these proteins only on the pellicle and cilia. 

In the work reported here using antibodies conjugated to fluorescein, 

ferritin, 	
125 

or iodine , the immobilization antigens were detected in situ,, 

on the pellicle and cilia but could not be deteoted in any  other part of 

the cell. Structures conspicuous by their lack of demonstrable association 
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with conjugated antibody are ribosomes, endoplasmic reticulum and cytoplasmic 

vesicles all components of the 'oytoplasaio' fraction (see table ii). 

Similarly the incorporation in vivo of sulphur35  into the immobilization 

antigens could be correlated with the incorporation of isotope into the 

pefliole and cilia only. Both observations are consistent with the view that 

the pellicle and cilia contain the final a ites of deposition of the 

Immobilization antigens. 

Earlier reports on the localization of the immobilization antigens have 

stated that there is no antigen on the gullet wall or cilia (Beale & Kaoaer 

1957, Beale and Mott 192). The results of the present investigation 

contrast with this earlier work in that when preparations of frozen sections 

were treated with fluoreaoein-conjugated, antibody, the cilia and pellicle in 

the gullet were seen to react specifically with homologous globulin (Plate 6d). 

This discrepancy is believed to be the result of differences in experimental 

technique. Only in the current investigations was there effective contact 

between the antibody and the gullet cilia, combined with adequate removal of 

unreacted antibody to render visible a specific reaction. 

Under normal conditions only a single 1ype of immobilization antigen 

can be detected by the immobilization test on the surface of a given paraneoium 

at one time (Sonneborn 1950b, Beale 195). Quantitative analysis of the 

reactions of iodine 
125 

 and ferritin-conjugated antibodies, has provided a 

technique for the detection of antigens on the cell surface which is more 

sensitive than the immobilization reaction. Using these quantitative 

techniques it was shown that the pelliole and cilia of paramecia of aerotypea 

168G and 168D react specifically with their respective homologous antibodies 

and do not contain any heterologous antigen. 
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cells was shed without any detectable damage to the paramecia. This observation 

is however questionable in the light of current experiments 'hioh have shown 

that the globulin molecules may cause a breakdown in the ultrastruoture of the 

peiliole • Furthermore in the present work it was shown that substantial 

quantities of sulphur 
35 
 were assimilated into the immobilization antigens, 

however the incorporation of sulphur35  into the peuiole, as shown by light 

and electron-microscope autorBtiography, was riot seen to be restricted to any 

region of the p.].liole where rapid membrane synthesis might be expect-- d to 

occur, e.g. the fission-furrow , or to structures described as typical of 

growing membrane e.ge miorotubules, miorovi111 or vesiculated membrane (Jurath 

and Selman 1969), Similarly Beale and Mott (1962) were unable to detect any 

specific incorporation of "new" 168D antigen into the region of the fission-

furrow during transformation from serotyp. I 68C to 168D. Finally Austin at a].. 

(1956) have shown that trans format on from a ero type 51D to 51B can occur 

without oel]. division. Since it has been shown that the various components of muse 

fibroblast membrane have the same rate of turnover (Warren and Cliøk 1968) 9  

the absence of any correlation between the incorporation of the immobilization 

antigens and membrane synthesis indicates that these proteins are not an 

integral part of the pelliole membrane. 

Using ferritin-oonjugated antibodies to reveal the incorporation of 1681) 

antigen onto the pelliolect paramecia transforming from serotype 168G. to 

168b, Mott (1964.) claimed that at early stages during the transformation process 

168D antigen was found at widely separated areas of the pellicle s  these later 

increasing in size until the,,' coslesoed. However after extensive examination 

of cparable experiments in the present investigation, it was concluded 

that "new" 168D antigen was randomly dispersed over the surface, although 

new antigen was first detected on the pellicle close to the cilia, Further 
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evidence from this Investigation indicated that during serotype transformation 

both 168G and 168D antigens are incorporated effectively within the saw  

areas of the pellicle. The removal of large aggregates from the preparation 

of ferritin-conjugated globulin in the current investigation has prevented 

the labelling of single antigen molecules ca the pellio]s by such large masses 

of ferritin conjugated. antibody - an occurrence which in Mottle work gate the 

false imprasion of intense antigen concentrations at dtscrete sites on the 

pellicle. 

b) The site of immobilization antigen synthesis. 

Electron microscope autadiograpby was used to follow the incorporation 

in vivo of au1phur 5  and carbon 14.  into paramecium from labelled Mrobocter 

aerolLenes. The interpretation of such an analysis is influenced by two 

factos. The first is that no direct information is obtained about the 

biochemical nature of the substances into Woh the radioactivity has been 

Incorporated, The second is that only polypeptidee and proteins are bound 

to the tissues by the fixative. The possibility of non-specific binding 

of free radioactive amino-acids to the tissues (Peters and Ashley 1967, 

Bergeron and Dros 1968, Caro and Palade 1961 ;.), is believed to be ur111re].y 

because the radioactive material represented only a small proportion of the 

total available food supply (Caro & Palade 1964). Consequently any radio-

active free amino acids will have been washed out of the paramecia during 

the preparation of the samples for electron microscopy. Therefore the 

observation that the peak density of radioactive labelling of the pellicle, 

unlike any other organelle, always follows the peak density of radioactivity 

within the cytoplasm (which for the purposes of this study consists of ribosa, 

endoplasmio reticulum, vesicles and cell sap) indicates that the radioactivity 



Is incorporated into large molecules within the cytoplasm before it is 

transported to the pelliolo, 1.9, the immobilization antigen is not 

synthesised on riboas in the p.Uiole. 

Several workers using a variety of dffererit techniques have found 

that material showing the se iamunologiotd reactions as the immobilization 

antigen is associated with isolated fractions of riboscnal material. The 

techniques include quantitative gel diffusion on eel], fractions of various 

stocks of ayngen 2 (Preer and Pr'..r' 1959);  and antibody absorption techniques 

which have been used on stocks 72, 2, 30 and 83 of ayngen 2 (Seed et al. (1964.), 

and also on stock 51 of syngen 4 (Macindo. and Reisner 1967).  The latter 

stated however that the immobilization antigen present in the ribosomal fraction 

is associated. with "a particle distinct from the ribosome but not distinguishable 

from tt on the electron-microscope" • Finally Sommerville 09 7a,b and 

unpublished) has found evidence for the synthesis in vitro of immobilization 

antigens by fractions of pure ribos omes and membrane bound riboss of 

stocks 90 and 168 of syngen 1. 

These results apatrast with the in situ labelling experiments (Beale and 

Mott 1962, and this investigation), ithioh have not yielded any evidence for 

the presence of immobilization antigens in the cytoplasm. However when it is 

considered that more than 66% of the total antigen is associated with the 

pelliole, a structure representing ca. 5% of the eel]. volume (oalaulated as 

Inscribed in the materials and methods section), whereas less than 33% of the 

antigen is found in the cytoplasm which occupies Ca. 	- 50% of the cell 

volume, in view of the high background labelling encountered in the in situ 

labelling experiments it is not surprising an apparent conflict exists between 

these two groups of results. This was shown to be due to the technical 
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limitations of the experintal procedures by using the same iodine 125 

conjugated globulin R to detect the immobilization antigen on ribosomes 

in yjtro, as were used for the in situ localization. 

The technique of selective binding and precipitation of ribosental material 

with antibodies has been used to show the association of myosin with chick 

muscle polyaones (Alien mid Terence 1968); of albumin, glutamate deliydrogenase 

and catalase with ribosomes from beef liver (Duerre 1967);  and of the L 

thairi of gamma globulin with polyaomea of rat spleen (Wust 1967, 1968) 9  the 

latter investigation using iodine 125 conjugated globulins. 

The present investigation has demonstrated a specific reaction between 

free ribosamal material and homologous iodine 
125

conjugated globulin. The 

globulin not only agglutinated the ribosomal material causing it to sediment 

through the sucrose gradient, but also beoeme bound to polysames of specific 

sizes, the largest of whioh had a sedimentation coefficient of v-'  3205. This 

value theoretically corresponds to a poLysome containing 30 monosomes, Such 

polyeoaes would be capable of synthesizing a polypeptide with a molecular weight 

of 100,000 (Staehe].in at al. 1964.). This is the proposed size of the immob-

ilization antigen subunits (Steers 1965). These results are similar to those 

obtained for the size of polysome capable of synthesizing immwologioalLy 

recognizable immobilization antigen (Somerville 1967a). 

A plausible mechanism of immobilization antigen synthesis, based on results 

obtained from cell fractionation techniques, has been described by Sommerville 

(1967a). He proposed that the antigens are synthesized on free po].ysomes, the 

immurologioally specific nascent po].ypeptide p:iduoed then causing the p.olyome 

units to aggregate on maibranes - presumably of the endoplasmio reticulum. A 

similar neo1w'am has been described for the synthesis of collagen (Manner 

at al. 1967). 



70. 

2. Transport of the immobilization antigens from their  site of synthesis to 

the site of final deposition  

Having established both the site of synthesis and the site of final 

deposition of these proteins the question remains as to how the immobilisation 

antigens are transported from one site to another. 

Since the antigens must presumably be carried through the plasmalemma, the 

transport of these proteins from the ribosomes to the ce]l surface is comparable 

with that of proteins in other secretory systems • Among these are the 

collagenous proteins in fibroblasts which have been traced directly from the 

end.oplasmic reticulum to the cell surface (Ross and Benditt 1965, Qoel  1969), 

and from the end oplaamio reticulum to the golgi apparatus, from where the 

proteins are transported to the cell surface (Revel and Hay 1963). 

The golgi apparatus is apparently an indispenaible organelle in the 

majority of s.oretory cells. Her., proteins which have been synth.siasd on the 

endoplaaaic reticulum, may be oomplezed with carbohydrate e.ge trap ocollagen 

(Revel and Hay 1963), non-oollagenous protein (Ross and Benditt 1965, Goal 

1969), and glyooprotoin (Neutra and LebloM 1966); or condensed e.g. *ymogen 

(Caro and Palade 196 2  Jamieson and Palade 1967a,b, 1968a,b); or modified in 

some unspecified manner e.g, retinal rod protein (Young 1968, Young and Dros 

1968). 

Proteins released from the gol,,i apparatus and later secreted onto or 

through the cell b irfaoe, are almost invariabl associated with smooth mebraned 

vesicles which migrate to, and fuse with, the plasmalcmnwe - a process fount to 

be dependent upon respiratcrj energ!, yet independent of protein synthesis 

in the pancreatic a.].]. (Jamieson and Pa].ads 1968a,b) - e.g. zymogen (Caro and 

Pal.ade 1964, Jamieson and Palate 1967a,b), thyroglobulin (Nadler 1965)0 
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tzop000Uagen (Bevel and lia.y 1963), pituitory hormone (Farquhar 1961), and 

milk (weuinga and Philip  1961+). Some substances not released from the cell 

have also been asooiated with similar vesicles e.g. lipid (Stein and Stein 

1967, 1968) and glycogen (Coimbrs and Leblond 1966). Two possible mechanisms 

have been proposed for the formation of these vesicles: I) they are actively 

pinched, off from the endoplasmio retioulun (Jamieson and Palade 1968a,b), or 

2) they result from the release of riboscmes from isolated pockets of endo-

p].a.smio reticulum (Coimbra and Leblond 1966). 

Since Paramecium auxelip has no ultra.atruoturally distinct golgi 

apparatus it has not as yet been possible to state that the synthesis of the 

immobilization antigens involves a golgi like structure. Also the limit ed re-

solution of electron microscope autoradiography - 0.1 to O.3.i (polo  1963, 

Sa].pet.r et a].. 1969) although adequate to localize incorporated sulphur 35 

and carbon 
14 
 to mitoohond.ria (Bergeron and Droz 1969) is not adequate to 

assign the isotope to the abundant small vesicles in the cytoplasm. However the 

transport of the immobilization antigens from ribosomea to p.11iole may be 

expected - on the basis of iarioua mechanisms described for comparable proteins - 

to follow one of the alternative pathways listed below (see fig. 23):- 

The immobilization antigens are synthesized on riboaosaea located 

within regions of vesiculated membrane - in the pellicle, from where 

the antigen molecules move through the outer pallid. membrane. 

Having been synthesized on free ribosomea in the cytoplasm the antigens 

diffuse to the pellicle, where they are trxsported through the 

membrane. 
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(iii) The antigens are synthesised on free pOly5Oe5 wbioh attach to 

the endoplasaic reticulum. The endoplasaic reticulum is modified 

to form vesicles sUch either: 

 fuse et random with the plan-Al ea, or 

 fuse with the parasamal moo,, (Plate 17). 

(iv) The immobilization antigens are synthesised on free polysomes 

which associate with the endoplasmio reticulum, this being 

permanently connected to the p] smalelaziL (Plate 17o,d). 

Pathway (i) is discounted, it has been concluded above that the immobilization 

antigens are not synthesized in the peilio].e. Also there was no evidence for 

the incorporation of isotope into regions of vesiculated membrane. Pathway 

(ii) is also rejected being incompatible with the results obtained from either 

the in situ labelling of frozen sections with conjugated antibodies, or the 

very rapid in vivo incorporation of radioisotopes into the pellicle. There is 

no ultrastruotural evidence to support pathway (iiia). 

Pathways iib) and (iv) are however consistent with the immunologioal and 

biochemical observations on immobilization antigen synthesis • Furthermore 

the point at which antigen would be released onto the pellicle in both pathways 

is close to the base of the cilia (see fig. 23,  plate  17c,d).  It was observed 

in the present work that during the very early stages of transformation (between 

30 and 60 minutes after the temperature increase) that "new" antigen was 

detected more frequently near the bases of the cilia than in any other region of 

the cell surface. 

If transported to the pellicle via pathway (iv), immobilization antigen wou1.. 

be released into the interpellioular space. The localization of these proteins 

specifically on the outer pellio]e membrane could be achieved by lipid carrier 
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PLATE 17 

b3eotron micrograph of the parascual sac showing its connection 

with a aooi inezabraned vesicle in the cytoplasm. 	Mag. x 125,000. 

Micrograph showing the fusion of a rough membraned vesicle with the 

parasoma]. sac. Meg. x 50,000. 

Micrograph illustrating the location of the parasomal sac at the 

base of a cilium, also the diverticuiwn of the plaamalemma which is 

associated only with the parasoal eao. 	Mag. x 125,000. 

As for plate I 7C, showing the continuity of the plaamaleiima 

diverticulum with the endoplasmic retimilum (Arrow). 	Meg. x 25,000. 

Electron micrograph of the pe].liole of paraoium (transforming from 

serotype 168G to 168D) after 3 hours growth at 35°C, treated with 

ferritin-conjugated anti-168D globulin. Note the ferritin associated 

with electron dense material at the pore of the parasomal sac. 

Meg. x 50,000. 
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molecules (Wright at a].. 1967, Higashi at a].. 1967), or transport proteins 

(Rothfi.].d and Finkelstein 1968). Alternatively, as proposed for alkalina 

phosphatase in Salmonella typimuriva "The transfer of newly formed protein 

from the cytoplasm to outside the cell membrane is a direct result of the 

unique chemical structure of the polypeptide chain (i.e, the amino acid 

sequence)", (Slesinger and Olsen 1968). Theae authors do not however 

propose any mechanism for the chemical basis of such a process. Only the 

latter mechanism is consistent with the expression of the immobilization 

antigens being independent of membrane synthesis. However there is, as yet, no 

evidence supporting this mechanism of incorporation of antigen on the palliole. 

All the available evidence on the localization and deposition of the 

immobilization antigen favours pathway (iiib). In this investigation antigen 

was frequently observed as electron dense material labelled with torritin 

conjugated antibody, associated with the pore of the parasoma]. sac (Plate 

17d) - a structure found close to the base of each cilium. Abundant vesicles 

(both rough and smooth aembraned), which it is proposed carry the antigen from 

the endoplasmio reticulum to the pelliole, were found associated with, and 

fused to the parasomal sac (Plate I 7a,b). The proposed occurrence of cytoplasmic 

antigen within vesicles is consistent with the results discussed in the 

previous section, in whioh significant quantities of soluble antigen havó been 

detected in the q7toplasmia fractions of homogenized material, while none was 

detected in situ in frozen sections by conjugated antibody techniques. 

However there is no direct evidence for the presence of antigen within these 

vesicles because conjugated globulins cannot penetrate the vesicle membrane. 

The release of the antigens onto the outer surface of the pellicle by fusion 

of the vesicles with the parasomal sacs is in agreement with the expresaL on of 
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the antigens being independent of membrane synthesis,, and readily exp lgini 

the limited localization of the antigens on the outer surface of the psilic]... 

The proposed mechanism of immobilization antigen synthesis is therefore 

summarized as follows :- 

Immunologically specific molecules are synthesized on free riboaoms 

in the cytoplasm. 

The free po].yaomes associate with the endopl{o retioulum and 
Qr 

immobilization(is released into the cisterns]. apace. 

The endoplasaio reticulum is modified into vesicles which migrate to, 

and fuse with, the parasomal sac, from where the antigens are 

incorporated into the peuiole and cilia at random. 

C. The control of immobilization antigen expression in Farameoium aurelia. 

The Immunological specificity of the immobilization (serotype) antigens 

has been shown to be controlled by single genes in two ciliate genera, namely 

Paramecium (Sonneborn 1948, Beale 1952), and Tetraymena (Nanney and Dub ert 

1960), In Paramecium but apparently not in Tetrahymena the expression of 

these genes has been shown to Le influenced by the 'oytoplaamio state' of 

the cell (Sonneborn and LeSuer 1948, Beale 1952), which is in turn modified 

by the envircasnt • The suitability of the term 'cytoplasmic state' has been 

questioned (Preer et a]. 1963, Preer 1968). Having demonstrated that there is 

a greater instability of antigen expression during periods of macronuelear 

re-organization, these authors believe that the expression of these proteins 

is controlled by the macronuclear rather than cytoplasmic oond.itiona • This 

observation has been interpreted as an indication that a link exists between 

the transoription and translation mechanisms controlling the expression of the 
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immobilization antigens (Gibson 1969 in press). 

In spite of the elegant analysis of gene control aethianisma in bacteria 

(Reviewed lostein and Beckwith 1968), there has been little available data 

on the control of immobilization antigen expression which discri minated between 

any of three possible control mechanisms:-  

All antigens capable of being expressed by a cell are present in the 

cytoplasm but only one of these is expressed on the surface at one time. 

The control of translation of the messenger RNA (see review Harris 1968). 

The control of transcription of the DNA (Jacob and Monod 1961). 

The results of this and the majority of other investigations on the 

expression of immobilization antigens in stable cultures of paramecium are as 

discussed above, incompatible with the first proposed control mechanism. 

This conclusion is supported by the results :'btained from the investigation 

of the incorporation of protein into the pelliole and cilia of paramecia 

transforming from serotyp. 168G to 1681D, The techniques used to detect this 

process artificially divided the protein into two classes either radio-

actively labelled protein (detected by E.M. autorad.iography), or 1681) antigen 

(detected by ferritin-conjugated antibody) • It is probable however that much 

of the radioactive protein is present in the form of immobilization antigen. 

Since 168D antigen was not incorporated into the pelliols before the newly 

synthesized (radioactive) protein, it is inferred that all the 1681) antigen was 

synthesised after the temperature increase, and was not already present within 

the cytoplasm of the 168G cells • This inference is supported by the following 

investigations on the effects of 1yperthsrmio shock on Tetra1wrnena iyriformis. 

then Tetrahymsna is raised from 28 0C to 311 °C it has been found that protein 

synthesis - as ahomu by the incorporation of C ' . erine into protein - is 

inhibited for a short period (Levy at .1. 1969),  and that there is a reduction 
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in the rate of division of the cells for a similar period (Rooney et al. 1969). 

However at the same time there was no detectable reduction on the rate of 

protein turnover, neither was there any reduction in the respiration rate. 

There was a loss of ATP (193)  and protein (17%)  due to the temperature shock. 

The only metabolic process shown to be inhibited by the temperature increase 

is the do riovo synthesis of protein. This would indicate - if the situation 

is the same in Paramecium Ic in retrahymena - that the transport of existing 

cytoplasmic antigens in paramecium from the cytoplasm to the pelliole would 

remain unimpaired by the increase in temperature, while the do novo synthesis 

of antigens would be delayed. 

New (1681)) antigen is expressed on the pellicle very rapidly w within 30 

minutes of the temperature increase. This was before any reduction In the 

density of the old antigen was detected, and this relationship was also observed 

using the immobilization test, (fig. 22). A similar pattern of antigen 

expression was reported by Sonneborn and Whallon (1950). 

The density of the new antigen on the pelliole as shown by the ferritin 

conjugated antibody was seen to rise exponentially after the first thirty minute 

delay. This result compares favourably with those of Balbinder and Preer (1959) 

who found an exponential increase in the quantity of new antigen after onset 

of transformation of stock 28 from serotype G to E. They also found, using 

quantitative gel diffusion techniques, no evidence for the presence of the new 

antigen in the original culture before transformation began. The observed 

exponential increase in the quantity of antigen is in accord with a ociitrolied 

rate of antigen synthesis Within cells of a growing culture (Kimball at a]. 

1959). In the present work a controlled rate of antigen synthesis was indicated 

by the quantitative analysis of the antigen density on the pdllicle. 
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The delay in incorporation of sulphur 35  into the pelliole during the 

initial stages of serotype transformation was not accompanied by any visible 

breakdown in the ultrastruoture of the endoplasisio reticulum as described for 

Tetrabymena (Levy at el 1969).  The cause of the impaired protein synthesis is 

not as yet known, however Paramecia caused to transfo:, 's the result of 

homologous antiserum treatment have shown a reduced retention of H3-uridine 

labelled RNA in both the inaoronuoleus and micronucleus (Pasternak 1967). 

Also Tetrahymena,, on a change in medium, has also shown a loss of RNA (Cline 

1966). A similar loss in the total RNA content of paramecia during transformation 

induced by a temperature increase, would readily explain the observed reduced 

rate of protein synthesis (Kimball at el. 1 959). 

During transformation from serotype 168G to 168D the synthesis of the 168G. 

antigen, shown by this investigation to continue for a period of possibly 

twenty to thirty hours (two to fbur cell fissions) after the onset of synthesis 

of 168D antigen can be interpreted in either of two ways :- 

the meohRnism for switching-off the synthesis of the "old" antigen is 

not activated for many (ca. 20) hours after the switching-on of the 

"new" antigen. or 

the messenger coding for the structure of the immobilization antigens has 

a life of up to four cell generations. 

Using DNA/RMA hybridization techniques Gibson (1969) has demonstrated that 

some of the BNA synthesised within 60G cells ceases to be synthesised between 

one and six hours after an increase in the culture temperature, indicating 

the first of the two explanations given is perhaps unacceptable. Support 

for the second alternative is provided by two investigations. Kimball and 

Prescott (1964) studying the effects of 'genetic enuoleation' of paramecia 

have reported that messenger RNA coding for total protein synthesis has a 
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has a life of many hours • IU.so Sommerville (1969 in press), who has 

followed the incorporation of sulphur 35  into both "o]4" (168G) and "new" 

068D) antigens under similar experimental conditions to those used in the 

present work, and has confirmed the continued synthesis of the "old" (i68r) 

antigen for a period of sixteen to thirty two hours after the synthesis of 

the "now" (1 68D) antigen has begun. Furthermore it was shown that both 

antigens were synthesized for a similar period in the presence of Aotinomyoin 

1). From these experiments it was inferred that the messenger RNA coding 

for the immobilization antigens has a long half life. 

Observations based on the effects of Aotinomyoin D should however be 

considered with caution in view of the results of Austin at a].. (1967a) and 

Pasternak(1967), which indicate that the antibiotic only inhibits DNA 

dependent RNA synthesis by between 60 and 90%.  Austin at a].. (1967a,b) studied 

the effects of various inhibitors of protein and RNA synthesis - namely 

Aotinomyoin B, ohlorampheniool and puroayoin — on the rate of transformation 

of paramecia from zerotype 51D to 51B. From these experiments they concluded 

that aerutype transformation is dependent not only upon de novo protein synthesis, 

but also on de novo RNA synthesis - a conclusion consistent only with the 

contr1 of immobilization antigen expression at the transcription level. 

Only two published observations have made only direct measurements on the 

synthesis of RNA during serotype transformation in P. aureliao The first, 

using autora4iographic techniques to assay the incorporation of H 3-uridine 

into RNA (Paaternak 1967) has shown that after treatment of paramecia zero-

type 51D with homologuua antiserum or patulin there was an increased rate of 

RNA synthesis in both the macro- and aioronuolei for the first eight hours 

after the stimulus. .&J.a proceeded the expression of the new (51B) antigen 

ca detected by the immobilization reaction. The second investigation used 
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DNA/RNA hybridisation techniques to detect differences in the composition of 

the total RNA present in cells of stock 60 during transformation from serotyp. 

G to D, at different stages of the transformation process (Gibson 1969 

in Press). Throughout the experimental period (60 hours) a constant 

spectrum of RNA was synthesised, however INA of a new specificity was 

deteotod one hour after the stimulus to transform was given. Whilst in 

neither of these two experiments is it possible to state that any of the RNA 

synthesis observed is related to the expression of the immobilization antigens, 

the results of Gibson are promising in showing that RNA of a new specificity 

i.e, not present in 60G 3ells, is synthesized as a result of the increase 

in the temperature of th. culture medium. 

The available data, such as they are, on the control of immobilization 

antigen expression is therefore consistent with a oontrol mechanism requiring 

both de novo RNA synthesis and de novo protein synthesis for the expression of a 

different antigen determining gene during serotype transformation. 

li. The prospects of future work on the immobilization antigens in Paramecium 

aui'olia 

Experimental proof of the proposed pathway of transport of the antigens 

from the ribosomes to the pellicle may be provided by the use of various 

metabolic inhibitors e.g. oyolohexiide - an inhibitor of protein synthesis, 

.Antimyoin-A - a respiratory inhibitor, or oligomyoin - an inhibitor of 

oxidative phosphorylation, to block the incorporation of radioactive precursors 

(from axenio media) at various stages from the ribosome to the pellicle. The 

accumulated isotope may then be localized by EYl, autorad.iography. This 

teohnipe has been used successfully to localize the pathway of zyaogen synthesis 

in the pancreas (Jamieson and Pala" I 968a, b) 
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It is expected that the successful isolation of ribososal material with 

antibody prepared specifically against ismiobilization antigen will permit 

the characterization of the isolated material in the electron microscope, 

as described for myosin synthesiaing polysomes in chick muscle (Alien and 

Terence 1968), The results would be informative in tezns of the size of 

polypeptid.e synthesized. in vivo (Staeheiin at al. 1961+), and the assembly 

of the ininobilisatiozi antigen molecule (which is believed to contain a complex 

arrangement of sub-unite (Steer 1965). 

The more exciting possibility arising from the specific isolation of 

polyscmea synthesizing a single protein is that the messenger RNA coding 

the iobilization antigen may be isolated simultaneously within the polysoae 

from where it may be isolated (Heywood & Nwagwu 1968). Therefore by providing 

RMk precursors (U3-uridine) to a transforming culture of paramecia, and 

analysing the incorporation of the isotope into the RNA coprecipitated with 

polyaowes by antisera against either the "oil" or the "now" antigen, the 

relationship between the synthesis of the messengers coding for both "o4' aM 

"new" antigen may be directly followed., 
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