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INTRODUCTION

lIn fece;lf )tr;e'ai's. ‘x"apid. a.dva'mce's_ Ah‘ave' been m#de in the

biochemical genetics of bacteria and \}irh:s'eé’ leading to an _undex‘standing
of the mechanié’ms of 'ébptrol of metabolic 'proceéeeé most important
for 'the growth of'these o’rga‘nisms. Altixon.‘;gh Beadle and Tatum made
the first contributions to this field using the fungus ne}lr03po£a crassa
mo_ét recent work of sigx;ifi;ance has relied on oﬁa r ofganisme. The
reasons for this are most 4often attributed to the ease With which mutants
may be selected in ba.ct'e'rvia and viruses and the.. detail which‘nlx'ay be
obtained in fine structure analysis in these organisms. However,
another reason les's'_qftep discussed is thag until very recently neurospora
was almost inv;riably grown in stagnémt:cul‘tux.'es and it was widely’
believed not to be possib#e‘ to grow it expc;n'entially. This thesis describes
experiments analysing the ﬁé\ture of growth‘of neurospora in staénant
cultures on the one hand ahd on solid agar medium on the ot?xer with the
intention 6f revealing growih cénditions of biochemical interest. Methods
. .haAve é,i'x'me be.en,-des.crib.ed for gfowiﬁg nleur;séoré, m e#bonenfial cultures
and the author has successfully‘ grown neurbspora in continuous culture
but growth on solid mé_dia maf 'sfill offer sor_net advantages. .

It was thou'ght to ”be important to examine growth of mycelium
in stagnant cultu?es as results of Dona‘chié (1962), also discussed by
Kacser (1963), had shown that enzyme activity in stagnant (i.e., air-

limited, nonsexponential cultures) cultures varied more than three fold



during. growth and ageing of the cpliufe. " This was of i:nterest as the
change was large »i;_c?m:pa'r:edl with known adaptivé énzyme changes in
fungi but in v.i,eyvv of the:‘_.r.esul,tAs ,.wh_ich fél‘low it can probably b'e-,safely
dis;hissegi as anon-specxﬁcchange resulting from _'a,geiﬁg:~effécté in® ©
the culture. |

o Tlg'{e";itxﬁ(ést_jfi_’gé.ﬁ&ns;\';vi,x'iéh will be- dé‘s;:r;};é;i'shcsw that growth
in stagngx;tgﬁl}_q_pe ﬁa&\e _sexipus limitations for the investigator-interested
in me;abolic ;optr,_oi, as the rate of growth appears to be limited by the
sugfqde area of the culture exposed to.-the air, a situation which éould ‘
only lead to anaex"obi_c icpndition"s in the lowe# portions -.of the mycelial
mat and hem;g cg_n,_si.‘det'-ab_le': ph);,';siol,ogi,cal heterogenbit,y of the culture.
Tl‘xis interp:et;tiqz; is supported by work of Zalokar (1959) which shows
that fhe gctivitiq,s; 91' several »epiym’e,s v‘a'ry.-between'the bottom and fop
layers of the _mjceli’élz mat. = Lo S

- For these a.nd othéi r',eason.s growth on: solid media was selected
fér'm'ore intensive i‘xjvqstigafipg;,, Previous re;earéh. info fungal growth
on sql?&_i media has .beerg lirifxitéd’-a,llx-nost exclusively to -experime.nts_ Yi'nvbl'ving
plating techniques and.to thé _st_\'ﬂy of i:;x;ol‘a‘lems o£ bioassay.:" The latter
wqu has been founded ona ,most' corhprehenaiv,e_ -study of fungal growth
in tubes made By Ryan et al ('_1_943), ,‘The p;ééent. work leans heavily on
this foundatid.n but has g;:tended' .thg.techniqal possibilities by the innovation
of m_eané of measuring yield, - 'early. dbubiihg:time'. amino‘acid pools and
enzymes.during growth on agar ;'r:xedia in tubes. . Extensive use of this

me'thodj has been made possible by the use of a specially constructed growth
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: Diagram: of. the ‘pathways’ mvolved xno the»v .ynthesrsp..andx oo

breakdown of arginine: '
of the reactions: in vivo."
in the key.

Arpows mdxfcateL themno rm‘alk dz\x\ectxomr
Genetxc ‘block’s: a*rev ma\rked andHlistedt

prol-1

L-GlutamiC e———— 3 A Pyrrohne —— 4 Proline

« -Ketoglutarate Sem1 aldehyde Carboxylic Acid
+ NH3 am L- & -Amino Acid :
e.g. Glutamate .
Glutamate .
Acetyl . ’
Glutamate
Acetylgl__utami.c .
Semi Aldehyde %~ ot-Keto Acid - .
o e.g. o(-Ketoglutarate
arg-4 and
rg-17
Acetyl NH;3 + COp + ATP
Ornithine - - o~
: : - arg-3
arg-10 lacks Argininosuccinase ’ : Carbamyl
‘arg-1  lacks Arglnmosuccxmc Phosphate
acid synthetase . (CAP)
arg-12 lacks Ornithine Transcarbamylase arg-12
arg-3 lacks CAP Kinase . ’ '
arg-4} ‘Lacks Ornithine Glutamate Citrulline
arg-7 Transacetylase As;artate !
. arg-1
am . lacks Glutamic Dehydrogenase + ATP
prol-1 lacks Pyrroline-5 -Carboxylate’ Argininosuccinic
' Reductase Acid (ASA)
. : arg-10
. : Urea <& Arginase Arginine
oy 3 =

Hydroxyproline4
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opposite'.

'

tube (Brown I R and O J Gilhe. 1963) which is. convemently fxlled

and cleaned. and frorn whxch samples of mycehum for analysts oi

Yo af.-:.n.-.|'| i,

enzymes Or arnino acid pools may be taken: '
Mutants representing two arginine requiring loci have been
used in this inquiry; Arg-lO mutants were shown by Newmeyer (1957)

LI

and chham and Boylen (1957) to lack arginmosuccxnase and it was

')

shown by Donachie (1962) that it was the structural gene for argmino-

[N

succinase: Argininosuccinic acxd (ASA) is known to be accumulated by

toy,

Arg-10 mutants. Arg-l mutants (Newmeyer 1962) lack actxvxty of the

enzyme argininosuccinic acid synthetase-: : A diagramatic summary»

of the argxmne biosynthetic pathway and associated reactions is given

iy L \’*.' s Mo
. , .
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The purpose of the mvestxgation was to attempt to induce

t

‘adaptive changes in the growth or enzyme activxty of-argmme requiring--

PR \ R R P,

mutants by presentmg them thh Widely differing external concentrations

- of arginine. The external concentratxon oi argimne or other substances

< . . ,,". . PR (‘,,'.’.’1' Vet

0

' to grow on sub-optimal levels of nutrient. Thts sttuatton appeared to be

y . Ty
s\l,;A. -.’,,

promismg for the exposure of adaptive responses in the orgamsm.

o T -,:,l‘ Ve

Early in this investigation it was found‘that arg-ﬁlO mutants

o . ‘J'-“. Lo

3.

in the medium could be varied at will and the orgamsm could thus be made

grew in an mhibited irregular or spasmodic i'ashion on low concentrations

R

of argxmne in the external medium " The mycelial front tended to grow

along the tube at a progressively decreasmg rate until it stopped then
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after a period of several hours 1t would start up agam and start a

similar cycle of events. '.‘ Thxs behavxour was not dtsplayed by arg-l

mutants and it seemed to be important to mvestxgate the nature of thxs

difference.. ... . .. - e - .

[N

Experxments which are fully described in the body of the e

RSy N .oy
thesis, led to the conclusion that ASA could accumulate up to 75% of

Rt L i i

the t{otal_ar‘nx_no; acid pooliwh_en arg‘-lo s_tr‘ams were grown on low '

concentratlons of arginine. - On low arginine this accumulation seemed
to increase progresstvely during the growth of th‘e organism' -until growth
itself ceased completely. Then as the mycehurn aged it appeared

that ASA was in turn destroyed or 1ts syntheszs stopped until growth

el

could ,commence once more.. 'I‘he htgh ASA pool was correlated thh

a low mternal argmine pool as well as with a low external concentration

L 4,.-._‘,“.\ . :
of arginine in the mediurm' - This su_ggested ‘that arginine was’ exerting

LY [
LI T vt

,;SOme sort of controllmg effect over the pathway.

¢ .
L oo v ‘v_~,5'..“ : . 'l'
i

The last part of the thesis is concerned with examming the

. activity of enzymes:- m the pathway a.nd attemptmg to correlate thxs wzth

[ 5 . .
‘v( P i r T

; the changes in the‘amino acid pools.: In thls way it was hoped to assess

; the extent 'to ~which adaptiye e'nz'yme‘responses occurred in the org‘amsm
. ¢ PO T S O R B T

..and perhaps elucxdate thexr role m the causatton of spasmodic growth.

Py T .,}._ i

The expertmental results have been dxvnded mto four parts.

. The fxrst deals wzth a general analyszs of growth in stagnant cultures

in whtch evidence 1s considered for the existence of a cublc growth
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phase in neurospora. In thxs part growth on. sohd media is, aleo deecnbed
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and a companson of the ‘various growth parameters‘ méde for two dxfferent
. 1 1] N ‘, R . . ":’-“" 1‘.‘ P H

: wxld types' : - "The second part deals with growth of arg-l and arg-lO on

ol : , . Co ‘x”.\‘,.,
:~:varxous external argmme concentrations with the’ reauits of physiological

and genetmal expenments on spasmodic growth ! The thxrd section
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deals w1th the analysis ‘of ‘amino’ acxd pools and the last \mth the a.nalysxs
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oi enzyme activxtiee of arg-l‘ ‘and arglO grown on i/anou\'s':external argzmne
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. The results have' where poselble been dxscussed at the end of

¢

each section. - ..A general- dxscussxon dealing ‘with- points ansmg from the

:: {"‘: i Suon g oot
thesis:-as a whole has been mcluded at the- end S o
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MATERIAL AND METHODS

Stocks

| The stocks used in these investigations' are dépcribed
below:-
STA -is' a wild type St. Lawrence strain which haé been used in this
laboratory for a number of yeérs and was originally obtained by
Donachie via Fincham from N'ewrlneyer. 74-OR8-1a is a sub=-culture
of STA obta.,ined from Nev‘vmeyer. Ema is a wild-type Emerson strain
which has been used in this laboratory for a number of &ear_s and was
originally obtained by Donachie via Fincham from Né_wmeyer.

These two strains differ in a number of ways as regards
their grow;trth parameters wixich will be discussed fully in the body of
the thesis, however they are co.ns.idered to be widely different by Neuros‘por;
workers as regards '‘background' genes aff_ec;ing heterokaryon compatibility
and probably many other things. Both these strains were however
obtained by inbreeding from the same qr_i_‘.ginai strain'isolated' by Emerson

(R.W. Barratt, 1962).

B362-3-la (arg-10) was obtained from Newmeyer by Donachie and was
shown by Fincharn to lack the enzyme argininosuccinase and to accumulate
argininosuccinic acid. (Fincham 1957). This strain has been backcrossed

to STA at least twice.

362r'l.3( B)A was a revertant obtained by Donachie after U.V treatment of
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B362-3-la. It was purified by crossing to B362-3-la and obtaining
; ;’hprototrophs. It produces between one and five percent of the wild
type level of argininosuccinaée‘and accumulates argininosuccinic acid.

' (Donachie 1962).

ir_g-ll (a‘lleles. 305-20 and 44601). ‘. Thves.e‘two mutants hav; been
sﬁo% to be allelic by..lflewmgyer (1964.) and t_o. require arginine or
c;itrulliné with a purine or pyrimidine for normal growth. Broadbent
and Cﬁarles (1965) have ahowg thgt bot_l:x these mutants will gfow in an

atmosphere of 30% CO, and 80 rriay be regarded as primarily CO; mutants.

. Other stocks _nged havé. béen described as is necessary in
the text. - Of the arg-_i and arg-10 sfr_a'it.xs listéd in Table 5 those
- preceded by a K welre._obtained ﬁ,om Catchéside -and those preceded by
. no lgtter obtained from Fincham or were strains-ot;fained from  Catcheside
~and }b;a.qquoased into STA background. .. 'fhis con'ventim'x was adopted by
'Donachie.  Details about the origin of stocks may be checked in
,_ l\_feti}'oapo,ra _Newslettér Numbex_; 5..‘ Tl#e di.agram opposite p. 3l shows
the position of the genetic blocks which have so far begn idgntified in the

arginine pathway of neurospora.

Media
. Standard media, Vogel's (Vogel 1956) for normal growth and
Westergaard's (Westergaard 1947) for crosses, were used except where

otherwise indicated. Nitrogen free media were made using a modified



Vogel's solution containing no ammonium nitrate and using a nitrogen free
trace element solution in which ferrous ammonium sulphate was replaced by

the appropriate amount of ferric chloride. This latter refinement was
found to be unnecessary as the medium nevertheless eontained enough
nitrogenous impurities to permit appreciable growth even in liquid media.
Nitrogenous impurities were also noted in the experiments ot’ Ryan, Beadle
and Tatum (1943)

Difco bactoagar was used for all growth experiments although it
was found to contain nitrogenous impuritiesh. it was no worse in 'th_ia'respec_'_t

P R PR L T I Y

than several other agare tested It was found that.thia agar when made up
at 2% vtuth dxstxl‘led water could suéport sustamed growth of the wild type STA
although'thile v'grow’th \a;ae very thin and slow, i.e., Difco bactoagar must
contain a wide variety of impurities at fairly low concentrations.

All arginine concentrations given in the following pages refer to

arginine HC1 molecular weight 210. 68.

Growth Tube Methods

The growth tubea used have been descrtbed by I.R, Bt'own and ..
0.J. Gillie (1963) 10 mls. rof ztxedimn was always used i)ertube and the tubes
were usually 29.5 - 30 cms. long | Markings we.re best made daily for normel
growth and twice daily for irregular grovfrth. The tubes were usualty inoculated
with a loopful of conidial suspension; the suspension having been prepared
by filtration thi-ough cotton wool. In the pt:bgeny tests described on p. 39 a

dry unfiltered inoculum was used for convenience. Growth tubes with chimneys inthe
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‘middle or at the end were used indiscriminately this was found to. make
‘ ‘ne"a'pp'reci'ab.le'differenee.} A 'All growth experiments were performed at 25°¢C
o unie"ss"ot‘h'erwi‘s'e stated.

" Method oi;grewing Neurospora on Cufihre Trays _

.......

Pyrex ovenware 1ids 13 x 21 cms. and 2 cms. deep are covered
' 'by specially made aluminium lids and dr’y ste_ril'i"sed.v N They are then filled |
with '15"0' rrilé,- of autoclaved medxummade with 30.','15‘%: ;ger.' This is enough
'é"ga"r't'o ‘set firmly and. enable 4ti:e'é‘\‘il'ture::treyr'a'tbt beturned \'x'p.é'ide down for
"examination but not en}ou'ghlto interferewith tllz'e'féroe;‘a:ge.s! of iiarveetihg
‘and extraction. ' . |
"' The pl'a't’e’;;\irger"e‘;i‘x'z.‘dc:dléte:d‘ with a’ s\i‘eﬁeﬁ:skién' of conidia xn

f'dxstxlled water. usmg ‘a loop and placmé drops at one centxmetre intervals. -
- After: germina.txon a regular nfront is formed' and growth proceeds along the

. tray. .. .<The culture -is mosts ea‘silly harvested u:sing'a*fétail‘nlleS‘éﬂste'el ‘chopper-

3 a.‘x_,xAd'..i:ut'tin‘g slices of mediurrr‘et'l’cm.-tor 2 cm inter}‘ra‘l‘s‘.““ “Ee‘ch ‘slice is
sepa‘.rately sqﬁeeze‘d in-'.e'fine cotton cloth to remove the' wafer and some "
of the agar: ':-The mycelium 'remaining is s'craped'.i_‘rerri the scorton' with a

' e'pat\‘xl'a'and’pla’ced rn a ttrbe. with 0. 25-1 ml. °£. 3.~‘6%:p.ezrrc~hleric., a‘cid;- In
. the, cets‘e‘:o‘f‘ eéeyme‘e;_s;eip,tixe mycelium i,s: frogeni.ig} :he,ideeptfreeze! and
s-qp;ste'.qq,ept;y freeze drie_d5= ;Fq.r'iiie'term_in,ati_on_ gf peols the mycelium is
re;st;xis_;‘)‘e‘nfit‘ed‘i_n: perchlerie eci,d; using a vqrtex mixer and then placed inaa
boiling werer bath for f_iv‘e,minutes.: : | The myce}igm rs then separeted.fro.m

the liqﬁid ‘using an oxoid membrane filter. The filtrate may then be directly '
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'examined using high voitage electrophoresis‘and:the yééliurm may bé weighed

after freeze drying.' ;) i e et e MG apledehe A T

-+« «+When very stnall ‘quantities of mycelium iaf'é-?fd ‘bé analysed

i !_.(’14;.1"_';"'8'1."" or less) it ‘wa’s ‘found most conveniéentito "é":‘:tféf:’t'iri"di"l."”-‘-" 0.25 mils.
‘of mycelium' greater thah about 500 Ag could thén be _f’il‘t_é’éedibff' from'the -
_"r'e'rri_'la'ihigg 'i-i(i}i_dt: and weighed 's'ubse_quently'.. The -rx;ajor amino acid pools
could be identified in as little as 100. jigm:. of material bit this qiantity Qai;s

'too small to weigh using the method described. ' Weighings of quantities '

: b-étw"é"en‘a’ipo‘u‘t'f '500 _ }Agand 2 mg. weremade 'usip'g"‘ii.a:f Cahn Ele'j_{;i‘:;x‘__“c)bgléix_Cef;;
~larger quantities were \;treighed using a Mettler automatic baianee.’

: '-'-c-’:, K *éf«Azhiﬁé«aé-i-‘d-;p‘obl‘s and’ enzymes’ were also‘measured in growth.
"tu*b‘fe’s’;" " To do this'l c'éritim'eti'é, long ée&iaﬁs«ﬁerespsbré‘d? from each of ten
tubes. Each section being taken'at'a measured distanceé from the gtowmg
;frp‘ntf, and being pooled: with eqﬁi\}aléht' sec;:tions . |

Measurement of amino-acid pools by high voltage electrophoresis

‘Pools extracted as described in 3.6% perchloric acid. were . -

.electrophoresed on Whatmann 3MM paper in a. modified Anfinsen type tank .
.(Katz, Dreyer and Anfinsen 1959), using pyridine acetic;acid buffer, pH 3.4.
(4% acetic acid and. 0. 5% pyridine) . at 3,500 volts and 120mamps.. : This . :, .-
.gave. a: pgigr(xtia_._l d;ffggqnqe of 78 y,olts A cm.. T_‘he_‘_tan'k was cool‘ed,bygtap.-wa‘ter
r“’mmg ‘t.h,riOpgh,,s,ta.i;l,_es_e‘ \s-t:qel, peat exchangers,. such that even -diz:ing four hour
r“ns Fhe:,témpérétu;re‘did not normally exceed.22°C. . . ..

After drying the papers were dipped into a 0.4% solution of
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Graph shows optical density at 504 m P for méthanol eluted ninhydrin; _
copper. .colour against glutamate concentration spotted before high voltage
electrophoresis. See text for details of method. .
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mnhydrm in acetone. allowed to dry agaxn and. then heated for 20 minutes-
at 60 C. The spots were then fxxed by dippmg in a copper eolution (2: ml

saturated Cu(N03)2 and 0 4 ml.. 10% viv HNO3 in 100 ml acetone) which
~on drymg gave salmon pxnk spota. (B’x"‘o'hk and Fieher 1956) 4 These

z

' epots were cut out and eluted by shakmg with 3 ml of. methanol (analar) and

read in the spectrophotometer at 504 mp Colour eluted was found to ,: o

P : b

be hnear with moles amlno acid/spot (see graph opposxte) T_he; colou;j_ o
was found to vary mth txme after.deVel‘opme‘nt,- bein‘g maxxmal _a,ft'er‘ 24 .

Lo ey - 1

hours.  Control spots of ornithine, ‘arginine; ‘glutamate and aepa;tate
were always run and read at the samé tirue as the »s:ample:_s‘po'ts_’to eliminate
variation due to the reagents: ' Quintities of-amino acid present were

always calculated with reference to these controls: For_,thfs‘purpose _

the ASA anhydrxde and neutral spots weére' assumed to. have the same S

LI U

chromogenic.ity per mole as glutamatei v “: '
I Although cltfullihe could not be separated.from the. other
neutral atnino' ac1ds ‘_at this pH, it could be separated from all .the other
known AGe:-'hartv and Pardee ( l962)j‘p0’sitive material by electrophoresing
fot' 2-3 hours; B This 'g.ai{e: a clear separation from urea, allaotoln. carbamyl
aepaitate. carbamyl glu_tarr:xat’e." carbamyl glycine, carbamyl le'fucine‘ and
calt;har'ny‘l'alani‘ne. and s'quare.s' of filter paper containing t_he citrulline spot
"could be cut out and determined by thé method of Gerhart and Pardee (loc.
| cit. ). The cxtrullme spot could be Io'cate‘d'm ‘a parallel strip using either
Ehrlich's reagent ‘(D'a'waonv et al.’ 1962) or ninhydrin redgent.. 5 pgm of

citrulline was the lowest amount detectable by the method of Gerhart and
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DURATION OF RUN
- 1 Hour 3 Hours
AT 78 Voltslcm. pH 3.4 .
. CATHODE
- . - ORNITHINE
l-nmino-n-bum.
w-amino  B-guanidinommem
proprionic ‘
LYSINE. HISTIDINE ——""
a-amino levulinic (GG)
. canavanine
ARGININE -
B
@—— GLYCINE, ALANINE, 2-amino- A
n-butyric s
- @ ——LEUCINE. ISOLEUCINE, VALINE
i nor leucine. 2-amino- isobutyric
@-—SERINE -
© ——CITRULLINE, METHIONINE,
- ® THREONINE, ASPARAGINE' (B)
Z SUBSTANCE Y TRYPTOPHAN, PHENYLALANINE '
- Bform -PROLINE (Y). CYSTINE,
A ANHY E .
AS; vorioes{ form——§ Scys‘rsml-:. Thienylalanioe
: 5 S Pivecotic .
~\HYDROXYPROLINE (V). allohydrexy proline (Y}
. .\Unknown Substance (Y) .
) . . Urea (N). allantoin (N)
© . @ ~—an
NEUTRALS — e . .
. ASA [ ] 5 e
GLUTAMATE o . @ —GLUTAMATE . -
Origin e« + —Origin
Carbamyl leucine @
ASPARTATE —0
Carbamyl alanine ——————=
Carbamyl glycine
Carbamyl glutamate °
- Carbaayl sspartate =em——""""
ANODE
o Letters in brackets indicate colour of spot after copper treatment.
N - none, B - brown. Y - yellow, GG : grey green. .
’ ' .
w
.
'
-
.
4
)

vyt

A

extracts have been printed in large writing.

Scale diagram of high voltage electrophoretograms of
amino acids and related substances. A one hour run is shown
on the left hand side and a three hour run on the right hand side.
Substances normally found in Neurospora wild type or mutant

' Scal i
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. by the ninhydr'in'rherthodz
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' Pardee used inltl':is way‘whi'oh is 20 = {;Oig:tlhe lowe'St‘e,mountrtdeteeteble
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Identification of .ammo acids in electrophoret%rams.
. Ar;ino acids were: ioengit:ieo.by ri_'u;rx‘ixligi’st_a'ndar‘d‘s;;ff all the:

common ammo ecxos. .- ~By'these' meé\ns it wes found ‘tl.latl 6rnitbiﬁe;ls
"arguune. .ASA. ASA anhydride. glutama.te and aspartate could .be separated
‘after one hours electrophoresis.' _ Acetyl org;thine.came ,xnfhe same:

| posxt-ion as ASA anhydrxde (B and C<foi'rr‘i)ibut acetylornithine was not found
im arg-l whxch does not accumulate ASA so apots in’ this. pos1txon were |
.aasuxned to consxet of' ASA only. B form anhydride (Westall 1960) was made
Alby boxlmg ASA with N/ 20'KOH for 1'higur a.nd this was found to.come very
vehgbtly in front' of the 'anhydrides‘ formed'by hydrolyezs in 3. 6%.per¢hlor1c
”'eeid the latter anhydrxdes bemg mostly but not entxrely C form: . B,o't’h

anhyorxdes can be formed at physiologxcal pH's and they were alwaya

’n.xeasured as one -lspot. : Lysine and htstxdine came together as, one spot

and all the other ammo acids were in a complex set of overlappmg spots

. (. !
A

which were termed neutrals. Further Bep‘a?'ati"qi} Qf_t,h?;f‘.e,u.tfaal;s .col\'zld‘
".be 'obtained by eiectrooﬁoreeing for .u'p"ll:o foor Hoirre;' A comp}égé @iegraxrx
E o’f’,t"hejseperatiohs.obtaioed is gilven. oI")o:os'ite. 'The Po:'stilt'io:ns of 'ur-eja',. g

" allantoin, citrulline and the ca'rbarrxﬂ' an;me‘ .af,clids. were detected usmg
Ehrlich's reageln't (bev}soo et al. 196:2i)2 ‘The oo’s\itilor}s“ of severalammo '

‘ a-c'i‘d"s"not known to occur in nature .w.e‘r‘;e:, de‘t.‘e‘r:xr‘xixied hoping to find one which

‘could be used as an internal standard; unfortunately, no amino acid suitable

T



® % ANHYDRIDES .(B and C Forms)
A % PUTATIVE Z SUBSTANCE

GIVEN AMINO ACID/TOTAL AMINO ACID AT 'ZERO TIME x 100.

M. N

-0 0 20 30 40 50 60
) MINUTES AT 100°C.

Effect of heatmg ASA in 3. 6% perchloric acid for vanous
lengths of time. The graph shows the formatxon of anhydrides -

and putative Z substance (see text oppostte).

R
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for this role has yet been found. o RO

:

Effect of extraction conditions on'amino acids recovered

_AAsl A_SA'anl;yé-ri'.dés.Wexé formed from ASA durmg .th'e exttraction

.. procedure as yiel} ae-in vivo:(see Section 3) the ,pz"bq‘egs!éf ,e‘x.t_ra‘cti_o:h was

: fgajregpl*ly.examineq f;o‘r;_‘ any sources of syg’tem'ai:ié_ e_x;‘#-p'_r:,‘ , ; The,f:gure ,
opposite shows the formation of anhydride from ASAduring heating ’i;:a

- 'bvo'ili_n'g water bath with 3.6% perchloric acid. = This figure shows that

12% of ASA is converted into. .anhyidri,de' in 5 minutes, a{tét .th.e :a_nhy'd.r_id?.
in the sample initially has been allowed for. .. ';Ax,ib;t?hei:v'éub:svtance is a..lj,so
formed in small quantities which may be the Z 's.t‘va“at..'axi'cév réfefrred to by '

. Westall (..1 960). The fox:rgxatéon" of r.ar.lhy‘dri-de and putative Z substance

o i'is,r'cfmghly_ linear for t.#e first 20 xfn.i"x{ut\es" pf ‘he‘?"t‘iég w1th]3 6% pé_gch},&ric
acid but'the rate of #nh_ydx;ide formation falls off afteran iidixg s;uggt‘es:“t‘ir;g
that equilibrium is being ‘f.\pprda‘ch'eda*:.'. The tqt;ai‘_liri'ijhh;yéi?f# ép,sit,i\ke materxal
L‘PQ?F?£§§}e~ as the four forms of ASA i,e: ASA, B and C ggliya;idés and |

’ ~pp;g§ive-'z.«substapce doeshot 'chang'.e i’n{-\'rgiuel'as’;ﬁt_'ﬁi_e' bropértmn ‘of.‘eé‘;:ﬁ‘

. :cl'x_:_atn‘ges.‘_du.e to Ae!;ting'. m "a,"dd.' ' s.'ugg‘e_s't'ing' _'tlgai; _th;e;'ci)'!c}{x{i' per molfe of the
thre_e&'vsgpstapc_e.s-jisvver,.y §i@ilar: © !Ratner (1953) hasfound that anhydnde
gives.a slightly higher _col:..our'pe'r:’_mole‘ than AS:{\_-‘:-:."_'.:‘A}J‘.l?xdt;i"delbf- z

.. substance.was not form‘e"d'.’i-x.z i‘lar}x‘];r'-"a'l‘_)preé:iébl‘e" qifaixiti'fiéé when ASA was left
in..‘3.f§%g.:,perchloi-iCAacid"g't room temperature for‘onehour | :.I't‘wa‘s further
shown that the volume of acid in which the.ASA was heated véhen varied from
0.1 - 1 ml. did not affect either the rate of formation of anhydride or the

" _total quantity of ASA and anhydride recovered.
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- In ‘another eXperiment from 1-15' mg; ‘of powdered B362-3:1a

mycelium grown on low arginine was ‘added to'l ml, 'of solution ‘containing
. - . T T N AR ] A

ASA; arginine,alanine and glutamate in 3.6% perchlori¢ acid and after

mixing the whole was heated in’a boiling water bath for 5 minutes. ' The
added mycelium could not be shown to have any measurable effect on

'either“the recovery of éxnino ac'i'd'e oxr,: th‘e 'pr.oj;oirti'on' of ASA converted

to’ anhydnde. - It may be. concluded then that the large a.nhydrtde pools ‘

r

formed in arg-lO grown on low argxnine are not die to formatxon of

)

anhydnde due to some extraction artxfact and that whatever the condztxons

of extractzon only 12% of ASA is converted mto anhydnde. -

H MEPR |
[ . ' 1
! '

Extraction methods and engjn_r_xe assays "

‘Arginase .

Extraction~5 mg .mzycvellium was homoéehxs‘ed ’w.ithv ; grodnd glass
‘homogeniser in 1 ml 'I'ria-MnClz buifer at pH 8 0. The MnClz (5 mls
" 0.1.M) was added to the Tris (12.5 mls 0:2M Tris, 27 mls 0. IN HCI,
4. 5 mls HZO) immedlately przor to use aa MnOz 1.s readﬂy formed at thxs
_pH and precxpxtates ,out.,,; :, The buffer is fmally 0..05M in Tns and 0 01M
:in MnClz at pH 8 0 MnH' ione were found to"be neceesar;r to prevent
arginase being absorbed to the pellet (Rosenthal et a.l 19{56)' It was found
.s_xmxlarly in experzments on Neurospora extracts the.t in the abse.xic:e of -
h&o++.durihg _errtra:ot‘iox; more than 505/;)’of the ;rig-‘ihé:se yactivi:ty occurred in
the resuspehded' 1.>e11e.t.' o ‘Wher‘ekas when Mn"'*"ion \‘wa’s‘!u!sed all the "a'éti:w/ity

was obtained in the soluble protein fraction.
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LI R

. The extract is centrifuged in a bench centrifuged to remove
. ¢ell debrig ané__;as,a,‘r-dwh'ic.h may be present and the clear supernatant is
~dialysed against three changes of ethylene diamine tetra acetic acid,
,disodium salt (EDT{\)O 001 M (0. 372 gm/i...) adjusted, with 4 mls.. of

. 0.2N NaOH to pH 7. 2. Experiments showed .that . after this treatment

no urease activity was detectable under. .Eh.,e. standard conditions of the |
lalrzginlas!'e'ass'ay" whereas without dialysis against EDTA urea activity was.
detectable under these standard conditions. = Iam indebted to O., Ciferri

(personal communication via H. Kacser) for .recommending this procedure
LR SR R X AN i S A T e o T e : T .
for eliminating urease activity. e

Vit

,Assay - The .assay mixture was made up as follows 0' l - 0.3 mls.

in 0.0375M slvcwe Pv{f@r PH9.5 ,(M.",.Cl and ,lec,iye being ft_e?hl..V,mixed)z

the total volume being 0'.,4 ml.. | The activation step was retained although
L : ’.1,4x:x~-r“!:“.i__‘!v'Z",,;r,‘;,'g‘~\.,",-’-“,’,_.'l,. .“‘,

x.’

it seemed to be unnecessary when extracts were made as described above

usmg Mn mns. The reaction was started by adding 0 l ml of buffer

0.05M in glycxne and 0 085 M in argmme adjusted to pH 9 5 After the

reaction had proceeded for 10 mxnutes at 37 C urea was estimated by the

LI

_method of Gerhart and Pardee (1962) the reaction being stopped by the ,

addition of 2. 5 mls of 3:1:1mix (Gerhart and Pardee loc._ cxt ) ‘ Controi

. iy N HA
) B . . ' [ T
' . . . . . : S

experiments showed that urea gave an absorption maximum at 490 mp 100

b ov b AR SRS

minutes after the addition of 1 ml KZSO4 dxoxan mixture at 28°C !As

3. &

arginine reacts to a limited extent with the _Gerh_art and Pardee reagent_s,

P T e

substrate blanks were alwa)"s" run and the nrea colour obtained by subtraction.
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'This did not:lead to'any serious error as ‘controls showed that urea'gave

‘17.4 times tli'eicol'Our.':p‘e.r:moléi asargxnme R (TP U
‘In control ei:‘pe:rim"e_xx"t-s using Neurospora crude extracts the

re‘actioh Qaé shown. to be lihéé-r fo'r' at '1e1£‘i's,t31‘5"v mi'nixfté_‘s:';to an ‘optical : .
denexty of at leaat l 1 over the blank. - Th’eir.’ea'.ctioxiftv‘irés' als'o,lineor

- with’ enzyme dxlution over at: leaat 2 six fold range and the enzyme was

-.shown to b"e" full'y act,‘iv_a_t'ed»énd‘s'atixra'téd.iwi-th. substrat'e-ux;derfth'e: c’:o‘h‘ditions

Ofthe expel’iment.- '.,v»..,..‘ L. S:If:. e P . . .x“'- oy ‘( [

’

"Arginino Suécixia's"é

Extradion - Approximately 7. 5 mg of dry powdered mycelmm

i [ =’:tl“".

was homogemsed in 1 ml’ of 0. OSM Tris HCl buffer pH 7 5 m a ground

\-.‘.

glass homogeniser a.nd centrtfuged for 10 mmutes to remove cell debns. :

P
'
1

The supernatant wa‘,s paed'in tl;e iollowxpg assay pygtgrn.' .

Assay = ,.'T“hve reaction mixture was as follows:=- .

i 0.1 ml 0.4M L Arginine . Ce el R
0.1 ml 0.4M Na Fumarate ’
0.1 ml 0.2M Phosphate buffer pH 7.5, . SR TS
0.2 ml Extract R .
. ., 0.3ml Water. . . Total Volume 0.8 mls... . '

- ‘The reaction is run for one hour at 35§¢ and stopped "wi,th,l,n:'xl 5%

Trichloacetic acid followed by 2 minutes boi'Iiog.x'.‘ 50 ul were 'thon ‘spotted

.on papers. and'eijé'\cvtro’p_hozreSed gf 78 volysif'crnf ae described in the preceding
oectioli and ASA formed was rneas’ured after elution. | ‘This rrx_e.t'hoii'i;s; A

' based on that of Fincham and Boylen (1957).

N
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_Argininosuccinic acid. synthetase = ' - .. ., s o gt
RN TR '.E?:itréptibn as for a:gininibstucsmase:& - el
o -
: Assay The xeaction mixture was_as follows:s.

et

0, 42 ml 'Mixture' S T AT S SRR S R

» .. .0.03ml ATP 0. 025M |

Craels 710424 mlt Extract “Total vblume 0. 65° mls

' - The ‘mixture" conswted of: - ‘ ' : :
0.1 il 1M Tris HCI pH 7. 5 1 o ey

© 0,075 ml MgSO,  0.132M = = | ‘
"0.06 ml 'L Aspartate 0. 15M'"
. 0.05 ml ‘Citrulline "0,03M :. - ..., ..
0. 08m1 Phosphoglycerate o.lM"" v

The reactxon waa allowed to proceed at 35 C Ior one hour and stopped

' by the addxtion of 1 ml 43% eulphuric acid. ' 'Zero‘- pomtS"and’fxnaL points

' were’ made‘ 1ncduplicate as results of thie assay can sometimes ‘be' rather

. v‘la'r'xable; Cttrulline in the samples was then assayed by the method of

N

Gerhart a.nd Pa.rdee (1962) -~The:rea«ction :mixture- cont-aina all~_subs,trates
s at opt:mal concentratxons and cxtrulline dlaapnearance 1s lmear thh extract
dilutxon from 4 mg - 21 mg wild type mycehum/ ml after extraction. -1

~am very much indebted to C F. .Cut'tis for givmg -me the detaﬂs of this

=

assay, which w:ll be :degc,:_;bed in .d,e,taﬂ in his thes_ze to be submxtted.

.. shortly in this university. = . e . ETIEr

T SN B R R I LT DO S SR T B N S I P

Ornithine tx’-a.nscd‘irba.my'la(se,'. E

. Extraction 's. as for argininosuccinase.. , . .. ..

1

’~"As'saye « The -reaction mixt\.i're' .\‘w,a‘s'as fovllow_e_‘;:i.

0 125 ml,. 1M Tris Acetic acid pH9.0
0 075 ml L Ormthme 66. 66 u moles/ml
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0. 05 ml Extract
: " 0,05 ml Water ‘ :
0.2 ml Carbamyl Phoaphate 5. mg/ml (Freshly made up)

“ L Total Volume 0. 5 ml

'The reactxon 18 started by a.ddxtion of the carbamyl phosphate and stopped
‘after 5 mmutes at 28 C by the addxtion of 3 l l mxx and cxtrulhne formed

s assayed by the method of Gerhart and Pardee (1962) Thips assay is

i

'based on the method of Davxa (1962)

1

' ,Prdteid.‘wa's‘ Imeas.qr"ed-'by the methd'd -of Folin and Lowry
(Lowry et al. 1951) and values were expressed as. equivalents of bovine.

plasma albumen using a standard qalibx;giti_on cix;ye_; ,

[
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FIGURE 1. “Medicine bottles (12 oz. Medial flats) containing

100 mls. liquid medium were inoculated with either 2. 6xl 0% or

2. 6):103 conidia and harvested at the times indicated. The bottles
were slanted during growth to increase the surface area (about

60 cmz) Note that .an inoculum dilution of 103. results in a delay
. of about 20 hrs. before the ‘culture with the lowef inoculum reaches

the same wexght as the culture with. the hlgher moculum.

f
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| FIGURE 2. Beakers of various chametere contammg medium:: e

. as a regression-of weight of pad-against time; the 95% confidence
interval was calculated from standard error using''Student's'

to a depth of 1 cm.. and covered with two layers of gauze to ensure
sterility were moculated with conidia and harvested at known times.
The mycehal pads were weighed and growth rates were calculated

t- distribution. . The figure shows these data with confidence mtervals
for two separate experiments plotted as circles and trxangles agamst .
the surface area of the beakers in which the experiment was ‘performed.
Data of Emerson (see Figure 3) are also plotted in the same way, after
reinterpretation (see text) these data are represented by squares.




19‘.

SECTION I =~ - '

):!"f’,.{‘ - “ B L e -
. o P

[

THE GENERAL NATURE OF GROWTH oF‘fNEUROSPORA.: IN -

STAGNANT CULTURES AND ON SOLID

L AT SN

. AGAR MEDIA;

A. Gr'owth in" Stagnant Cultures ‘

ot

A proper understandmg of fungal growth has been long

delayed by claxms that fung1 could not grow exponentxally as other '

:

'orgamsms but of necesexty grew sphencally or 'cubxcally (Emerson

1950; Raper and Esser 1964) Other author_e -beheved that fungi

grew exponentxally (ert 1960 Brown 1923 Zalokar 1959) Recently

¢ .

Davis (1962) and Donachxe (1964) have obtamed exponent1ally growmg

cultures of neurospora by using spores or- blended mycehum as

l

moculum and growing thh rap1d shakmg in baffled flasks to produce
excess aeratwn and pr‘event fusxon of m‘ycehum mto lumpjs.
Neurospora has 'frequently been observed to’ grow lmearly

in "etva"gnant. cultures (l?onechxe":i‘_)ez and_s"e.e" Fxgdre l), end a;l's.o':in,ci;ltdr"es
whici‘: ai':e stirred magnetxcally oxf-ére -et;ill:'r'ed bya streamof e’ir ‘odobles.
In fact a variety of 1‘ii;e‘at'gr6&>tﬁ' rates may be observed and the linear
'growt'b'rate obeerved ;na;r Ibe eeown to be closely féiéféd to the aeration.

| Figufe 2 show’sﬂdate Voollected ’wﬁete cuitq;fes were grown

in vessels of different diameters. - The growth rate observed can clearly

'be seen to be proportional to the surface area of the.culture and this
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implic;.ted the aix; su1‘>;.>1~y‘;as:;a iirﬁiting gré&th 'fACt-oz;;l " The gx”‘o‘wﬁh’ rate
was not altered if é’d&iti’oﬁali- :;ir- ,\%fas supphed by contmuouspuxnplng and - '
‘the growm rateremalned the same When theamountof medmmper ﬂask
"was varied over a thl"eé.féblidg 'l."a'x‘,l'g.e .'sl_"xd‘vg'ri‘rxg"’t_h;:;l.:".t,l;iéjcorrelvatién"665e"1§<’red
above was not a .r.e'siiltl 6£211&£tihglvolgme .ob,f_- a'i:x; m vthe_"tvae.ake'r 'a'_,bb_vg the
mycelial mat oxv'.'me'dium within the flaék.; The rééhlt_s s.ugg‘gst-r ‘deé’vé:
.thatl the. éét_e of. diéft;s‘ionzc;i" alr ’iﬁto thé ,myceliail mat is the 1iniitiln_g t:a:'gtor,
Apart .fr;r:n .;!‘u;,s'e' facts a' 'c;onksi‘de‘r.;,ti‘é;x- of ‘.tl.'xle p;éiéngeq :

period over .whic‘h lmear .gr;wth fnéxy ‘e:':t'em; shows .tl'xé,t. the medlum :

cér;not be limitix.xé, . néi" 'canv.s"paclze. tv>e4 iim‘iting 'és't‘hé: rfx-}"c';elium' g‘r-olw.s ‘'on
.'fhé top of‘the’ mediﬁtﬁ :a.x;uf'lidoes notgrow downwards | What fni;st ?n fact
be limiting is ;ir a; ’t:hi‘sl ist béinél :.s.upﬁli'ed contmuously 'by dlffuslon and
could’hencé ca;,use li.n‘ea;' growth | Au' is: hmxtmgmthe ééﬁ"sg that it is
o"nlyv availablé' i:o uéée\r: r‘e‘gioﬁs; of .".t‘he ;yc:eli;an; andeven fivhen' ~ppmped

in cannot reach the lower regions and increase the growth rate. Ina

sir‘n'il.‘ar \way proionééd 'lir;eaz; g;'owfh in‘ étirré‘ci and é’é;‘atéd cultures '
indicates a consfa;nt‘ buthmxtmg axr éﬁpply.
AThe x;el;a;%c;ns;hié ;:f j‘gro‘v;r't'h 1n st;ginant.éulf;iié l.:'o"s:tirfac;é a;;'e.a
ean be utilised to giv;a Au>s a r;léés;}rle of ‘g'r.ol\’vﬁ;'-;';até"e‘x‘pi;eé'se'd‘ as’ pg-mA/'crx;Z/hr.»
"i‘he" adv::pti.ox; of .m’x.ch a méasn.‘.u:e‘ ;w;ox;ld mé.ke xt 'e;;;ier tb c;.ox'n'pa‘re thé data

obtained in different laboratories:

Spherical growth of fungi .

‘Emexspn (1950) considered a model whereby neurospora growing
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« FIGURE 3. Original data of Sterling Emerson (1950). Plots of . .

increase in dry weight with time are made for conical flasks of three
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in‘liquid culture Wa.s_thd}z.g.l’x_t_:o:f as ,gr.d\&ix_ig _"si.mi;vlazjly“to neuréspdra

: growing on solid media by extension at thé.pe'z,-'iéﬁery;.. " He argued ‘-
that in this situation weight _:eaéhqd ;a',tvg' giVe’n ,.ti,r'h_e.'should be p'rcportibnal

o1

to time cubed if the radius-is increasing at a constant rate.  For some
reason not explained in Emerson's original paper he performed his

experiments in-\'res‘se‘l_sl of fiiiferent_diﬁqxeter and. the linear g:z'owthv rates

'in his vessels can be shown to be proportional.to. the surface area of the. -
‘"vessels.  Emerson does not in fact recognise¢. the linear growth phase,

and in his 'linear® plot(a\s 6’pp9§'e;|d,rto:'1§gérxith'xhjsc or cubic plot) he has.
dra.wn g curvg(i line ih*rdugh\the p'q'i_ntls';: _if héy\iéyéx; we regard the last ?
- thrée points as -being:ih' 'tl;é_"lixi.é;r plyz.a"sé'o‘f growth,  a linear grov&ih-rate
inay be cailcul'a.:t_etli la"na’"c"o"x_-rela_t,',e.d:w‘it‘lz_t-:lzxe_ sur't_"a'c.gé'x'e,a of the vessel: -
Emers.qh‘sid’xji'g_inal data 'gi'e. given in Figure 3 4nd th_'e linear grc;wth- ?ates
aré plbtteq égainét'fsuff:a_é:e. avxje.at' in Figure 2. | His strain can be:seen
to grow at a rgté;of 46 pgm/C;n'z‘/ht, which is very close to the growth -
rate of S'I"A' bgt' lc'-:;‘ss:cl‘o‘_s;ei to the growth r,dt,_é..o'l')"t‘ia'ihéd for our stock. of
Ema:. (See Table 3) L

R - reféxie_n'c‘e:‘ilg‘ 'ma‘c_l,eftb'.'E'mei'édn"s'6iigin.él:~'{dét£'i'ti'1én it can be
_sejgn that vivhat"we have identified Za}fs{tl\:g linear 'p"lhés,_"ei (ﬁﬁe;'léét'-fhi'é:e" points
in each-case) begins in what if:mgrsoq.,iden'tifisd_ as the cubic phase. Further
the log phase (‘g}thoiz;gh_i’t is g‘;i\:t‘gi'_"pé_x‘hép's td Fefer to ~it"x‘u'u'xv-'céx;ﬁnii:ta'fl;v
as:the:lag:phase) ends at this point: Obviously theri we do not require

to postulate the existence of a cubic phase' to expliain the results obtained
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by Emerson;_ . ,;Tho ‘rat;‘e‘ '.ofi cublc grvo'wtgllr :i':.x En’nerson'B gl;a;ipl.ls: ;r;_x:ies‘

thh ‘surface 'a.r.ea‘bu‘.t he, .'offo?s', no ‘oxp‘l‘a_s'xi’a'j:"i‘on ‘o;f'l;hi‘sfI .It.'is- ’qoitef
: évi'd’ét}t 'ho}iv‘:eVz.a'r that tl.ze* cublc growth .r:n'o‘t‘lel impl?__o.s ‘that _c:u“t‘)ifc;g’r.ow?h. '
. ‘i..s.:g"én‘erat‘ed. by s,émef: i.;i.tAr'i;n_si‘év Pifopo;'_'ty:orf ‘myoe'l?al" growth 'an@ .hon‘c'e';j
,_",":jt:hq:x:a"t'o of"é:_ub‘i'.c':. growth should not’ v;‘ff:'iyitl? the" surface x:afreo‘of -the_
vessel: . | | .
' ~»It 15 lth'eréfbt‘é%"c'dn‘cl’uciéd"thét gr‘ow’tﬁ i_li otégnant:cultoreS' (
consmts of alag or log phase followed by a 11near phase and’ thag no
positive ovx_den‘c_:e egxotg' to dom‘onstraté a u;bic‘phaeo;; Zalokar (1959)
‘has s{hov’frn"that the ;ag__‘poase ‘fb;i ’conidi'é'in.l"_iq\iid'm"e}dia“_cons‘nsts of a
,ge‘rh‘{inat'i_on'-.'l,a;g Iastipg{-é}oout'four }_‘;oors follmy'e’d:by ‘-an“ expohentia‘l'phaso

with doubhng tlme of two hours whlch lasts for about exght hours. -

P -

Exponennal &rowth in tubes a.nd sta&nant cultures

i

In this ‘sectxon evxde'noe. 1;: consxdered foa; an exponent1a1 |
'gro\r;{t}_;_pl;;a‘se dux;iog ‘g;"‘ow& ix;. ‘tobes and in staénant cultures. It is first
’A’;xe.cessary howev‘er to e:;aioioe; fho exponentiailr growth oquotion ‘in o'roor
PR L e
to make clear the theoretical expéctations.

Theoretical |

The process, of:e_:.:po_nen‘tial, growth is defined as

1. aw . pW o . where. W,

3 = weight of culture
-oat t =time o
Tiae ot e . p = specific. growth rate constant.

and this mé\y be integrated to give
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2. 7 log W = log Wy =t iinodr it
if we substitute in initial éonditions wheré W is the weight: of the culture

at time t and W is ‘the wéight‘o"fﬂeh‘é“é&x‘me'a‘i-'t‘ﬁﬁe ‘=, T i

‘When' W =" :?:W then t'4itd where td is'the doublmg time "¢

3‘. _1oge"z 7__" L 704693 S

td L td .

¢

An ’a.ltei'uéfti\"e way of ‘rh'e'ésu;ihig the ‘specific rate’ constant ‘x
is by growmg two parallel cultures thh inecula’ Wl and Wz such that Wz
is a fwe or ten fold dxlutmn of Wl ' If moculum W! y;elds a’ culture of

wezght W3 after tlme tl and moculum W’2 yzelds a culture of wexght W4

(

after time tZ then R R R
4. logw3-logW1, = .ptl_ :
5. log Wy - logW, = ptp ‘

t [

-and if we further arrange that Wg3 = W4 by interpolation between a ee’ries
. of experimental values"o:f ‘W3 and W, then we thaj i;.vrixt“e frcnf equations 4
+and 5 -‘abojre :

. ‘log Wy = log- W, . l==~,.}1tz:.- Fty.
. .60 ° ‘w .
i log __i p = ~P‘(-t2 i--tl)-.
W, _ J
‘wvhere. tz - tl is thebdiffe.i'e‘,xice in'time for "cultjdr'e’s:W‘Ql".ahd'W‘zftdlvi"eech an

e

eQualwexght. S R S

vy ttyr ot

The expressxon 6 above is only formalﬂlyy true of exponentxally

grewiiig cult'ures but it is also applicahle to cultures which have an
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exponential 'ngew‘th'-p.haee -fell'ov‘ved by an no‘n-'expohential' phase provided
that the form of t'he'.g'x.‘o;v'th curve ie Jp;rjelc::iseiy' the same for the different
inocula: That-‘is' to eay 'culiture‘s:w‘ijth different inocula will reach the
critical weight at &R;éh li'_;xearv growth rate starts at different times and
this di,ffef'en‘c'e wxll eontixiue'to ‘b'e' r“eﬂeciedz m times taken to reach =equai
weight in the linear- I:Shase.- | Any _seir'ﬁjs of i'c:'\.x];tizies with different-inocula
v'v?xich have an exbenen'tial "'vp.h’as_‘e WBatev’er'ithe' subsequént form of growth
would be expec'ted‘to"é_ﬁoe.vi» i;h‘).g-é'wo. o(' t,“ Whe"re.t is the time for each

W; to reach ‘a fixed weight: The slope of the line given in such a plot

is p, and td, the doubling time, may Be calculated f:ogh equation 3 or

from . S
7. td = ,; 0- 693 (t 2" tl) ' ‘
' L Wy -
‘loge =—— . - ' '

equation 7. above obtaine;d‘jby substituting equations 3 into equation 6. @ i o

o ewie o1 .eq o 0:693: 18.5 L
,e’,.g.,;m‘ F;gurell td . § loge 103 ' SRR <
= 0 693 18 5 = 1,86 hours
* (I E :

.».:IL;';!-; . 4
;
“

'Thxs method of measurmg p 1sparticular1y suxted to systems wlnch have

.xi-? ‘;" 1".; e \j.--“r” R . H o . .
a fmal lmear growth rate as several pomts lymg on a lme may be extrapolated

' to meaaure the dxfference (tz - tl) as in- for example ﬁgures l and 4,
It is reahsed that the doubhng txme of early growth m tubes and in

i i * . H

'_beakers o1 ﬂasks may not be the 'same . as the doublmg time achieved durmg :

-established steady exponential growth in shaker flasks or in a chemostat. ’

Therefore doubling time measured by the method discussed will be referred
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FIGURE 4. "Open circles show a linear plot of dry weight against

time.  Solid cu'cles represent a plot of log. dry weight against time.
Squares show a plot of lag in growth (defmed as the intersection of the
extrapolated linear phase with the tirne axis) against the log of the
number of conidia inoculated: The'data used in the linear and log.
plots are the same as those used to generate the value of the longest

lag usmg an inoculum of 4.10™ conidia.
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to as the -‘eafrlzyzc‘lptibl'jné itime (tubes) or ‘the .early .doubling time ‘(bottles

~or beakers): - - v T Ll Pl

Evidence for an'exponential phase in “fix'n'g‘ algrowth in .Etagnant cultires

= ,If':ﬁ«eské or beakers aremoculated with differont ‘Humbers of
conidia ‘then :t‘he'-l;t"irx‘;e to reach equal weight is .p'r'c")pb;tliei;al.l tothe log ‘of
inoculum dilgt‘ion';“‘ An example of this is given in mg;.}e* 4; which shows
four zenfold inoculum .dndtidns; | i"igixré 1 élﬁé‘ﬁ{?si ‘one ‘maaaam;m dilution.
Table 3 shows early doubling times- calculated irom this data as explamed
in the pr.ecedmg section: Thxs method gzves early doublmg times of ~
‘about two ho'ur"“s"\iihiclii‘ére within the fenge'df Qa;iatien' of doubling times
obtained in exéonential c.ultures.: ' These re:su'lt's' are quite cleetly'
consxstent with the e:;;;eetatxons based on the behavxour predxcted for ©
exponential cultures and must be regarded as strong evidence in favour
of the exlstence of an e:;penentxal phase dutmg the ea.rly growth of

neurospora in bottles.— It should be poznted out that of the two values '
one
for early doublmg of S‘I‘A/was obtained in medxcme bottles (1 86 houre)

'and the other in beakers (2: 00 hours) showmg that thxs measure ';s constant
. in the two seta of condxttons (cf. fxguree l and 4) "
‘ Fxgure 4 also shows a set of data pléotted as both mge dry
‘weight and log of mgs dry weig'ht ‘against time." This_graph shows thit the
' e‘arlieetipie‘intsj eouldi‘fe;;i:eseﬂi a log: phe‘se with %a:fé.ste,st .deﬁbiih'g‘ti'rfne of
about four hours. It :seelr;ns likely that these points whxchareusually -

tﬂoﬁéht of as the end of the lag pha'se’afe‘a’etuaily the end of th*e:‘leg phase,
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'a.doubling time of two. hon_r-_s.».‘ ..

‘B Growth m Tubes -

26.

this ixit’e'r'pret'ation i__é- :s,upported.by,work_: ona;okar vs_rh;o s‘h_o‘vved by

‘measuring protein.that. ‘conidi'a;‘g_errninati"ng gin‘,'stagnant cultures had -

P N
A [

A

Ryan, Beadle and Tatum (1943) pnbhshed a very thorough
‘investigation of many aspects of growth of neurospora in tubes, descrxbing

the effects of pH depth of agar. agar concentration. temperature. carbon

'

‘source, nitrogen source, etc. . Thxs Work rehes heavﬂy upon the1r

(RN P

~ foundation which should be consulted with re‘._ga‘r‘d' to technical que“stions

about growth in tubes not mentioned in this thesis but nevertheless

considered in the deaign of exp,er’iments.

Here I shall describe some further investigations 'which‘,l have

, made of some problems not considered by Ryan et al.

ooy
. - P

Demonstration of early exponential growth in tubes

L - ' :

As in the experiments already'described concerning growth

~ in stagnant cultures, an early exponential phase in gr'owth ‘tubes can be

inferred from the results of inoculum dilution experiments: Tubes were

" inoculated with a standard wire loop and it was determined by weighing

drops of water dehvered by the loop that .2 mean ‘'volume of 1. 8 + 0 6 W

L

L was delivered. (0.6 being the standard error of the mean) -,.Th_:s loop

was used to dehy_er_ a standard inoculum to.tubes;~ -and from.a know__llezdg'e;

; qf_\t_l}e_ conidi‘a__l; concentration the number of spores in each inoculum could

SR
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represent arg-10 grown on 0.0l gm. arginine/l. Solid circles
represent arg-1 grown on 2 gm. "arginine/l.- Solid squares réepresent
arg-lO grown on 0.5 gm. arglnme/l ' S .
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be calculated: Figure 5 showstthe results of expe'ri'mfenfs m w:hich the /.

inocu.luin Was diluted‘and the corresponding lag in g'ro"vf/ﬂr rnea;snred; ~ The

lag is proportxonal to the log of moculum dxlutlon as, was found m stagna.nt

54 r ,.4;_ .‘ R v

sy

cultures‘.; Thxs has been found to be true for a vanety of strams grown ‘

. H . -' 't - F A
n_ngier a varzet,y.of ,.condgtz__on}s‘ (see T‘abl;’e 3 _a__ngl F.igjxf:re, 5) . Yalue;s, of the
early doubling time calculated by this method vary between 1 - 2 hours

Arg-l (46004A) (an arginine- requxrer) ‘has given very repeatable results

i

\mth an early, doublmgttlme of about l 7 hours measured over a l 000

. i

fold concentrat:on of external argmme : A_t__cloncentra.t‘ions o‘,tf arginine
gless than 5 mg. /l ;-_t was not po's'sible to measure the early doubling time
w,htch was disappointing as it was in this'region th'a)t: 'c‘hange‘s rnigl'xt'haye

been expected. .
R ' R R t RN

L ‘The early dohbling times for bo’ttles and tubes are very‘ similar
and close to that reéorted by Curtls (1965 personal commumcatxon ) for
exponentxal growth in shaken cuitures (see Table‘ 3) ,Ih's enoonrages
one to believe tl'xat‘ir the oa,.ra,mefelr's "az_'e s_im&la.r the probesse‘sl_f\_rsv}'lich-'vg‘enera'te
the p:a’ra_me't.e‘rs rn!aykax.lso be sirnilar. ' T:h'.e'rte"sulht’ is h.oweverl Snrp.risin_g.as

growth in tubes is .nx_e.asnr:ed quite indirectly _as_'disfance grown.. The

relationship be;ween weighti increase and distance grown in tubes may be inferred.

1
€

frorn experiments descnbed on page 29 AR

- .

ty

There 1s one stnkmg case that of arg 11 (allele No 30820), in

1

which much larger values for early doublmg txme were obtamed Arg-ll

req\ures argxnme or cxtrullme plus a pyr1m1dme but’ w111 also grow 1f supphed

with h1gh quantxues of carbon d10x1de (Newmeyer 1964 Charles 1964) It can
grow on mxn;rnalh, argmxne or .cornplete rnedlum and on these met:ixa the linear
growth rate, the length of the lag and the early doubling time are found to have

the valnes shown in Table 1.
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TAB LE 1

Growth parameters of arg ll (30820)
T om; varxous medza

i, o
* [

Medium AEarly -douhlir_xg time j_' :';-Lﬁength of lag- Linear growth rate
Minimal . " ., .15 hours. . ... ::. 200-400 hours - 2.5 - 4.2 mm/hr
Arginine S . . .15 hours ’.' o "; Zsiiég'hours . 32-34 mm/hr

Complete. .., . .- . . 3 hours . ' ' 27 77 hours l 3~6 - 4.0 mm/hr

. - ot ooy v o : .
C oy . K] . . ¢
v L

The final linear:growth rate of arg-11 on ‘these media is:the s6ame once the

LI S

lag is over provided that spasmodic or irregular growth does not occur
(se_e P. 42, for explanation of ’spéstrxodi'c 'growth"i'n a-rg-'l 1, the phenomenon

is irrelevant to, our argument h'er‘ey):;: However, the actual length of lag is
different on mxmmal and' argxnine tubes although the early doublxng t1me
A

'1s the .same. Thxs shows that these paraxneters can vary mdependently

and that there are at least three pro'c"es‘ses 'With which we have to'dea.'l

(a) initiation of growth'.'x (b) - early doubling, (c) lmear'vgrow.th and further
that these processes need-have'no fixed relanonslup to one another. The
reason that such a high early doubhng time is observed here is posszbly

connec‘t_ed_ with the requx«re‘ment of the 'orgam‘sm‘ for carbon dioxide in that
the rate of early. growth-snd ‘germ'insti-onjw;ll’ be'lli_t:nite‘d' 'b-y the at;i}ity of .
the organism to generate COZ.: ‘Onfcoirxpl'_ete _fri’eidiurrr'this"requirernent.

seems to be almost; ;:o'mpletely ‘aboli s'hs"d hdwevéf er'gitiihe .eppearsr to.

reduce the time necessary for germination to be initiated but does not



£29.

increase the rate of doubling during early g-i:oyvthv As the final linear
i grow_th rates.are almoet id,ent_ical.on all,thre_e :z'n_e,dia-,we must assume .
that once estabhshed arg-ll can. generate enough carbon daoxxde to grow

. normally and presumably ‘the, nuclez in the growv.ng front are able to double

t
w i . . )
. I ot N

L at the normal rate although th1s can only be mferred. . Itis concluded
. that the early doublmg time may be the same .a8 the doubhng txme of
nuc1e1 in the establ:shed mycehal front but that this 19 an; 1nference which

~.may not be va'lvid,in certain. exceptiox;a’l .ci—rcumqtances--such as tho‘s‘ez

A [

discusserl above.

' Measurement of yield in growth tubes '

It was 'oheered:thet the: thichheeé ;»A’o;flthe r"nycelium:;\‘(fe.:_x_"i;e"d in
tub’ee when re‘qﬁi.r’ing; strains were grown on a range of supplement,
eoncentr,atioris;._' »l It \%{59’ also found’ that agar ‘é_ould be eoldbliéed' by, "the' 2
addition of acid folloWed by heating and ::tha't a treatment of thlskmdcould

'be used to s.ep'a'.',l"'ate 4myceii'um_fi'orh'a;g’af_x".. Thls method. des'cfihed m
"det'a'il_ below, wab used to measure thé density or yiéld of the mycelium

under various conditions.

Method of extracting mycelium
Agar from tubes was cut into 'l- cm. sections usinga lo‘ng
flattened wire. 5% trxchloracetxc aczd (apprommately 1 ml. to every ‘

ml of agar) was added to identical sections pooled from ten. tubes and the

. ot ‘:
* Ve . A . . - ‘.l

mix ture: was- heated in a boxhng water bath for 10 mmutee. » After that

el A . . e . s

time the mycelium-'w'as removed by filti’atjon and could be freeze dnied
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FIGURE 6: Y1e1d durmg growth in tubes is measured as the mean .

weight. of pooled sections from ten tubes: ' Sections are cut at-one cm:

intérvals starting at. the. growing front: : The wexght of the section is

plotted at its mean dxstance from. the growing front. The mean-age of
the section is also'given. as an alternatxve abséissa:: .. Two expériments
are shown in which: growth occurred over’ ‘d1fferent lengths of tube:

.These have been superimposed at the growmg "fronts to facilitate

comparisons. ' The results were obtamed usmg Ema wzld type.- .

P - ——



and subseq_gep;lyé :we'i:'g'h'e'dl::
: T : oy R
It vse_v’einéd"‘.li}gelyfhet this ‘jsﬁmmﬁﬁééé@& femodue nucleic ~
acide .ax'ld so a control 1e'xp'e’ri'me‘x_1t"wasf' méée"in‘ ceee the nocle'.ip acxds
were removed &ilf,fe?eilt.iallg £1'fem'my'ce1_iu'r;x ofdxiferent ege;.":» RNA
cannot be n?eé'sui;éd'bjr 'th'e,br;c'ihol method iiz;tl'i; presence oif;l;';;i:jbl&béd
agar, as the gga:‘ gives rlsetolargequantxtxesofpentose dei';itv';t,iive_é
_zwhieh; .,re,e_vc;t' with 'th:‘e"teéigent; | Itwasthereforechosen ltchmea,eure :
- nucleotides by their op’tijé‘;d'-abyeoxbtio”.n.,'z. fu'stremovmg TCA byeitfr'aeii_qn
with ether.:' The extracts were shaken‘ t:.eo txmes Wlth ether., | the upper éther

layer being dlacarded each tlme and water bemg added as’ necessary to

i

replace that removed, ‘fi{n'z'tlly' the ‘whc')l‘e: 'vy’a.e rx’xiade,ﬁup to kﬁoWn volprx’xe; '
There was, no appreciablé difference between thé ninth and tenth extraction

t Y.obo

on measuring at 260 and 280 mu; ~ If an ‘avérage molax extmctwn coefficient
for ribonucleotides of 107 was assumed, thenxt was found that the ‘fizz}:st'
centimetre of growth from the é?qwiﬁg"i};eht_v?elxei‘és;e‘d"’ iq. 9%bY ?éiEHt of -
rib}onuplﬂeotidee_. wher‘eig?_’_"allg other isee:ti_’oos: takenupto “21‘ cms from 'the
growing g;oot_.reiea.segi? biet‘_w'fvee.n,'S and .;7% rx})onucleondes o

.
LR P oy,

Results of vield exp_erin’xents P

I PR R S :
[ X AP

, | - Figureb show_s ih__e weigh_t of pect_ipgie :oyf‘n..;ujrcelium 'fi-om tubes i
plotted agamst dxstance from the growmg front. There is a peak of wexght
5-10 cms. irom the growmg front whxch does not. seem to bear any relatxon
to the égint of inoculation. The peak in we1ght is not so obvmus in STA

as it is in Ema. This leads us to visualise the growth proceeding as a
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wave of mass along the tube which eventually in a sense passes off the

end of the tube.

TABLE 2

Time in hours after growth reached
end of tube. : o 12 36 60 84

Weight‘of‘ mycelium ha:"vested from
whole tube (mgs.)).. Mean of . o
replicate tubes. - 45 67 78 66

This view is supported by the results given in the above table which show s
that the total extractable weight in a tube inéreaée,s then decreases after

the mycelium has reached the end of the tube:

Variation of yield with arginine concentration in ax:gé;l_

. Arg-1l (46004A) was gréwn on various arginine concentrations .
and the yields measured as &escribéd.—‘ Some representative results
are shown in Figure 7.. The form of the curve varies with arginine
concentration.. At 2.0 and 5.0 gms. /1. arginine thg rate of increase
in weight with distance from the growing ‘front is much lowé; than at 0.5
»or 0.25 gms. /1. arginine, this suggests that some procesvs of adaptation
to l;igh argixﬁne concentrations is occurring.'-

If we chose to }ignt‘are the form of the curvrve this type of data
can be summarised for the purposéé of compa_rison by measi_:ring the yield
constant which is deﬁned as the mean maximum weight of éxtracted mycelium

obtained in a series of sections from a tube. = The mean is calculated



EARLY DOUBLING TIME MEASURED AT THESE POINTS I
A REMAINS CONSTANT AT 1.68 Hrs. . ) |
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FIGURE 8. This composite fxgure shows the: relatxonshlp .of the

three parameters linear growth rate, yield and early doubling time in
‘arg-1 (46004A) grown on the given arginine. concentrattons. Explanation’
of the parameters yield and early doubling time are given in the text.
Solid squares represent 11near growth rate in mins. /hr. ' Solid circles
represent yield in mgs mycehumlml g Crosses mark the arginine

_concentration at which measurements. of early’ doublmg were _made.
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FIGURE 9. : Lmear -growtk: rate is plotted agamst yield. (measured

as weight extracted per tube, see text for explanation of this) for a
number of different stocks grown under widely varying conditions.
Arrows indicate progressive dilution of the supplement in the direction
-of the arrow as given below. - Solid cu‘cles - .. B362-3-1a on: 500 mg/l _

- arginine and these concentrations of, Vogel's salt solution. 2. 0, 1.5,

1.0, 0.5,.0.2, 0.1, 0.02, 0.01, 0.00 mls;: Vogel‘s/lOO mls. medxum.
Circle with dot -~ . B362- 3 la 500 mg/l argmme and .these concentrations
of sucrose gm/lOO ml. medium: 2.0, 0.5, 0.1, 0.05,.0.01, 0.005;
0..001, 0.. Open. circles ° .B362-3-1a on these concentratxons of
arginine with no sucrose in the rnedxum. gms/l 10, .5, 10, 0.5,. 0. l 0.05,
0.01, 0.005. .Seolid triangles - 46004A on these concentratmns -of
arginine gms.”/1 5.0, 2.0, 0.5, 0,25,.0.175, 0,05, 0.025, 0.01l. '
Open squares - STA on Roberts medium (Roberts 1955) with these
concentrations of sucrose 2.0, 1.0, 0.5, 0.2, 0. :05,:0..02, 0.01, 0.
Roberts medium:contains only-inorganic: salts with no citrate which is
present in Vogel's: solution and which might act as an additional or .
subsxdxary salt. *.solutzon.
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from the section with thermaximum yield and the fwo sections on either
sxde ‘of lxt, ltlnsis expressed per ml. ‘of medium rat'h'er than i)er section
for the sake of generaﬁty}.f‘ I'n.'s'om'e' of the’ experiments‘:in which very’
low yields were obtained. the fxrstpomt was the highest and.the mean
waataken fromthe ‘ﬁr s.t ootht~aad :the'next two. |

Ceen i i i ‘ RV

Fxgure 8 shows the relationship of the yxeld constant to

g i, . .- .
'.(s ',-Z_xnl _-.--t=!' x:t..'.l(’l)l"

external, argmme concentrat;on in arg-l It can be seen that yield is

: [N

rouéhly orohortxonal to the log of the argmme ooncentratxon from 0. 025
t0'2. 0 gm‘s. / l. arguune. . It is ev1dent however that the yxeld cannot

go ‘6n decreaamg at this rate ‘but ‘must begm to level off ‘1h‘irxew of the o
éxisténce of growth on argininé concentrations 1, 000 ‘f’&ia‘te"aa than this.
It'is at thé samée point that we deduce that the reduction of yield with
ar,gintne,.cox;‘oentx;ati_on;_ocg._tﬁir{s“;that: we. observe a. red@dtion in linear growth
rate. - It seems. that this point. where linear -.gr.owth;ﬁ.rst; begins:to: ...« . l
decrease appreciably may: mark theainittation of ,ah-irhoortant‘fserie s.of
adaptations ;as it is at this point.that s pasmodic .grox;vf_t_h:_li s:obse rved to

~ occur.which we ‘shall later. .endeavour to: estahlieh .is.the result of the.

o::gahi_em{ ’adaptingh totlow.'argin’ine by inqucing;gr,eateriﬂotw. in the arginine
bi_osynthetie;,pa’th_way;.i,,..:t.-} Uit e RS PR TS I N R
SERTRIRTRNT (- the -re'latio‘n_s.hi-oof linear-growth to yield always of this
kind? Figure 9 shoye ;‘lat__a,.oi:-’yie_ld per. tub,'e;and‘glinear_;grovgt_h rate for
a variety. of media. ;'.:'l__’he, ._eo_mpo'sition ‘of :_the -media is fully.explained in the .-
legend:to the figure. f:».,_..‘lield..is meaaureo -here -as tOta'll"myCelium= extracted. .

per tube after,grow’th. had reached the end of.the tube. 'nReésults -
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calculated in this ‘way are directly proportional to the ‘same results’ =

calculated as a yxeld conetant where" 6 mga. per tube ‘are equxvalent to

[ s "x-‘l.',

A ‘. . PR

1 mg. per ml Fxgure 9 shows clearly that adaptatxon by decrease in

i Y .
: AT A R A . Lot e f

lmear growth rate occurs below about" 10 mgs. mycehum per tube for a

¢ ; -
[ L. H 3 i . © o, T R IC Vol [
’|

var:ety of strains grown on'a varlety oi medxa. However B362 3-la

'n~: viob e LETNEE S 'l-'l*

(arg-lO) grown on 0.5: gms. /. argxmne and varxous concentratxons of

'4' ., :‘*J..‘ Foot e wea b .,' itaend et vl PN

Vogel‘s salt. solutxon is'an exceptxon to’ thxs. ' N'o'ex‘pl‘a’xiation h‘as' Bee‘zi

+ . R o B . . .
: R [ CCE R B e l sy DN et N N
v DA ' ER AT O B PR

thougbt' of to account'f‘or this.- .~

‘ PP . R R L N BT S|
s 4 L LI I A P | i LR B R E T RSN T

.t ‘t,( - ,.:";i "TABLE3 ’,. v-

5 g
i o
. €omparison of growth parameters in various strains
1. N Rl N TN TS |
Strainl Lot e e e D STA G o Emas 362 (3)
i y 1 } X (ERRE P : ot

Doublmg txme of shaken o
cultures (hours)

FARSEIEN PO S B

’
P

(hours) S 20,186 198

.Lindar’ grow&h rate (bottles)

tizin, e 4ot lv'-‘-,-"lfd""f'-'"""‘,“ [T S

(ugs fcm lhr') ' f i v ': : “6{11 " : | ;: n. 68‘,“.‘95.,‘ "'-:,'-:"..‘. Lt .‘1'97' 155

Early doublmg txme (tubes) U T FRIVUR O
‘(hours) UL 2asj.ar --1.44,1, 22

'
[T T
RS ey,

2.01,1. 85"

[ N N L A S TR B ST S

Lmear growth &rate tubes o I ‘ o
(mm. /hr ). L3024 .0.5% ,'2.02,1,85 | 2.8,2.8"

¥ o 4
I ISR RE SRR ERR !

Peoov s 0 [ S
- .

Yieldfin,tubgq ;_(‘mgs,.;l;:mlz._)"‘ 5.4+ 2.8, |  7.3,7.0, ./..4.9,.4.7

P N AT IE TR g S T PR

ERTMR AR Data of C. ‘Curtis (1965): . Lo T
) .+Resu1ts obta.ined from many experxments, see Fzg. 2. C ety
.;fx Results expressed as mean with 95% confidence interval
calculated usmg students' t dxstnbutxon. P

DR R PR
.xtv.




3,4 d

Cheeind o .The above :t'éble-:éhéw,s that doubling :t.imé,a,?, m:eésur::e.si” by the
_..8everal different: methods: already discussed gives iﬁairlv,ngpgstt‘able
* .values of about two, hours, although ‘Ema, gives a value of.about 1,3,
. :~which might differ significantly from the values obtained for ti,lef-;ther
i ss,r,.ain;s i€ more data were available: . .Ema has a lower linear growth

-+ rate'and a highez yield than the other two strains; it {s not possible
. . to conglude that the, §1ow lincar. growth rate results in a higher value
g;‘g-‘.fpr;’.th‘.é_ fyi_elgil gonstant although this seems :quite IikéiS'; oo We' cgn_.hbWever
. conclude that.a_ slo;r. I_inear. gfowth ;iate: of a wild.type’;;d;ésn.ot‘necess_a;'iiy
‘imply a lower yield. . I'.I’h_!is“_l'.a',t't'ef =c;ixéluéiohl should be emphasized as .
Ut }n'afr'-b‘e"'t\é‘x'ﬁ‘;';t"i'iig“tb’--",édxié‘lfii\&é thé contfary by puFsiing’ah'analogy. .
; thhthe behaviour of auxotrophs on.sub-optimal 1évei s .';f-léﬁﬁplghént'§l; ; o

TP
Lt g B LR T ! v

GENERAL DISCUSSION . i /oo (07 o oo

AR " 'Growth in’stagnant. cultures and in tubes can be separated-into

s P

:_“t}z‘?ee; phases- Sa)' .i‘p.iti'at‘i'onfOf:"g'régvth‘,f' (b) éprm—;:nti'al' growth phase -

. .:(éé."i"ly“doujtilixig:)..- - {c) Linear growtbzf?;lxlase_.. »Th‘é‘;ii_xi;e‘ar’ growth phase

. m ;jsfééﬁ'é'ﬁf cultures isa .result of the limiting \ra'tg of ai'ffusion of air

. into the mycelial mat.  The Tineali‘. ‘growth phase ir; tubes on the fo’th'é'f
hand v‘i‘xifé'ax;s that phase.in which the mycelxal front is extending ai a

: ré.c);i'sfédi‘;'i;at:e':,' ‘We ‘r‘rfay legitirf;atel_y askiwhethe;j’»tixeée” parameters:
aré connected ,ixxx any w;f: axid yhat intrinsic and e#trinsi;: variables may

. . affect them. T T S S et it

. Varicus autho#s (Pirt 1960, Emerson 1950, -Donachie 1962)
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. have considéred xézac_i‘é_rs of fungal "gi‘-évé}éhfévméh have included'a

: 'ooh'ai&é:x’:a't:i"'oo of .th'e Bi‘anchix;g' propertlesof fungz. “Pirt i':x’asﬁi;poiifzxt,ed
| out t’."nat' branchmgat i‘égu‘iéi’ ’1&&‘&415 ‘of txmeanda .oo'xia-i;;.ot'fa:té' of
 growih of the mycelial tips 16ads to growth whick i logarithmic ia the

 mathematical sensé at least. ' The present author has considéred such
. triodels in considerable detail and found that a’'model which agsumes
it branching oily océurs at'the pésiphiery, but scurs at fegular
intervals of time and the distance between branching points maintains
sorne oée}dgo valuegeneratesgrovlrthwhxch 1slo‘gar1thm1c Further h
oonsidoraiioo of this z'nod'ezl showed that exponential growth could not
éontinue indeiimtely asthe mycehal front wouid’:b‘ecoroo vefy déoée
and at some ‘éiég;o mechamcal Iinté‘rli'ézro'x‘x.’cé in thél fori'rio:tio'o of new
tips roost occur ., ;A.{t‘thio s“t'a‘go‘ it ‘o.ee;n'xoc'l likelf toat cubio growth
mig:hf ooc.u‘r;.‘ asthe ;ate of g'ro;ith must then -be ‘proportional to the
arca. of durface vhich wGild prabably be soughly spherical,  Study of

yield in tubes fasg_ftioc’fioxﬁ of distance from the .gix"‘owi'xig'froiit':,' (see

ot

‘ Flgure 6) 'li‘a'ai shownhowever that therexsan inoieééé in _yield over a
distince of 5-10 crhs. from the growing front.  Thus the model .

; . dxacu sed above Elvsllxo_v.;ld prob'aolfylbte"mocii%ifkied to allow grow't‘h',w'i’t':h‘ixix the
body of myceﬁum Iftlns {Xrore done spherxcal growt'ﬁ would not be-

3
[

' egipo:iiééa to »ccur until the mycehal mat v'v‘e.ré 10-20 cms. in diameter
in which case it would not be detected in our experiments as the greatest
' depth of medmm u.s,ed was three ;ce,n.timé.txr'es. In fact. it is doubtful

' whether spherical growth of this kind could be easily detected as the
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rhyc,e},iala;fri!a:ts tends. to.float to the surface after it has reached less than.

a 'Cehtirﬁette;iﬁ.iii,x,i',ckn_'es:s,.,,émd; then it very: rapidly fills the available: : :
. ; R TR N S

U ST, e ol N . . .
‘surface area-and linear growth commences. ' Moreover any model.of

spherical, growth must be complicated by the decrease in“yield'whichi!

NN
[P |

might occur.in the older .portions of cultures as might be expected from .
. L ¥ . # 31 ;. KaR] .i_.-.‘:a“.__,‘:J‘ I R S P :'l\,' D {

analogy with the behaviour of mycelium i tubes (see, Figure 6): i . .

S 2 E N

- allt (It wab obvious a8 & résult’of these investigations that stagnant
culturés had distinct limitations fof biochemical work due to. the partial

‘anaerobiosis of the mycelial mat: . Growth on s6lid medium in tubes did. .
not present this problém and they had the additional advantage thatithe

’ conéénttratiqu;-‘;gv::as;;ll;éif'ﬁaﬁ:c;é.é"ih, the medxum could be "yéiiggfa}g wul ' ‘The
resulte é’o’,ﬁva"iii‘nfg?’?’lr:s"iiiﬁiilé and 9"°'m<.=".S"?.h;efrf,"ssiﬁ‘é.t’ﬁ‘%?e?‘.’??"ﬁ alréady been
discussed. . . Growth on sqlid medium’has some. ﬁ‘}ffﬁf&%}:?e8f=f§}!>_1;§ncee

to growth .in a'chemostat in that the mycelium is constantly being presented

with new-food - a.nd m that,the Y‘eldmay Varx over a wide range :‘iils~a‘.‘r‘g9u1t

| §f Zvéryiﬁg -i.;t"he':‘ level of nutnents o In 5; chemostat howeve r the’ y1?1d11s
‘aitsctly propotional.fo,the concentration'of limiting nutrient not proportional
to the log of limiting hutrient a5 in tubes (pée Figure 8). - Also although
exponeatial growth may be inferred t6 oceiir during early, growth in tubes

" and! éis'o,"ﬁoe,&o;btl-ldééﬁl;é atithe B!’;"‘?ing‘ff,f‘?‘i‘lt{;itf cannot be y"a_,_rii'e'd' independently

LS

CEEE L R

. o . , '.':.",t L . P T P L . s .
of nutrient .concentration as. in a'chemo stat and moreover seems to rémain
. . ] ) L. PR ce a8y . o, P . . .
- -‘.Ag' o N ."-', "..f [ . N 'f."__ TR .. P , o . . "“.A K ) .
remarkably constant.: ,These disadvantages of uging 'growth on solid medium
. . . T S e PRI E A B A R A I o )
for biochemical investigations are compensatéd for to some. extert as growth

b R S ’I: [T N .l._i.'.:_, I LN Y D RIS RTT I e .
on solid:medium is possibly the:normal type ‘of growth of neurospora and
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. many other fungi under natural conditions.  This type of growth has

.Téceived very little attention from: botanists 'and microbiologists. .

presumably because of the technical:difficulties and the difficulties of..

the variation ir the ?stélte'" of ‘the, mycehum at different di stance s-from the

, Zgi'd“,iv;iﬁ}g;fif,dn.t’s‘ o éo_iptionq.;'t;o'.z89m§'.§§~ i'.liéi technical Problemshave jbeen
féua'sl. and fhie i’:e‘.éult&'éf;"iriv,e,stisat.ian.: of 998Yﬁ199;' %B?*?%?Pi??f.%ci:d:é??ls. D

‘are describéd in sections Jand 4. ;1o fu oyl oL L o
. -.\: I . o : ot ‘ . LI P |,.“.‘f

' . The;relationship between yield and linear growth rate , ',

-y

'difsc;u’s"s’e,a,;;feviqﬁstiv;hié;'_i}pg '-p_ee'x,it:ta‘k:en‘;an).ﬁ ft;.r,.thg:é but 1t 'sl;o;uid‘ be. . . .
ppiiitéjd,'éut that ;he',-i"ei"\i:s':-‘?;;“p:op.xlfem 'of.u‘.g‘:qwtb'. ;:o;it;plf.‘l:)exe‘. which:has only
been touched uponiand which meérits. further ‘sttention:, . The differences
bet'v";véé:n thegrowth of lhtl.ie,“t-\girb‘vér'ild’i,yﬁe':s; 1'ils.:‘:fnféljéz_$§’ij;x’g-, and couldbe S
investigated further by ?rQS‘sing ‘and flébk_ih,g: at.a.number. of. Qt.he,i wild

. types;. ééxch a‘:r;‘.‘:xr,xy'e‘s,t_'i_,ga't:ilon-.woulyd howe,ver“be, tedious to,.pgerfgrrn.@ P

¢
y e s
' o



)

1 A .
‘ SPASMODIC GROWTH OF B362-3-1g ON LOW
' ARGININE (I mg. /IOO mls. medium)
180
1701
160}
v
b3
s 150
z
E_: 140}
z
o
[+ 4
l o
130}
120
1O
1 1 _ 1 ’ 1 1 A
60 70 80 90 100 1o 120
TIME IN HOURS
FIGURE 10. A photograph of spasmodic growth of arg-10 in a tube

- is mounted alongside.a- graph g}}_QVJing growth in mms. plotted against
time: The Pphotograph isimounted so that points on it coincide with

identical points on the ordinate.- Note that after the spasm has occurred
there is a region in which the ‘growth is very sparse. ' I

T
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FIGURE 11. ' - A'series of growth curves for arg-lo grown .on: .various

‘concentrations- of‘argmme showing spasmodic: -growth on low arginine
concentrations. ‘- Each growth curve has ‘been, dzsplaced laterally from
the pPrevious one in order to display them properly ~ The moculatxon
pomt of each tube is marked with a zero. - A '
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GURE “12i- : Growth ¢ufves of arg-10 grown on various concentrations

FI

of arginine and 2 gms/1. ammonium-nitrate; ‘a:concentration of nitrogen -

' slightly higher than that in Vogel!
regular and vaRry systematically with‘-,ar:ginine.'-c‘onc/entlfation., SR

LRI

B U S ST S It

s L S S SR

s'medium... ' The. grow_th_rc‘u_r_ves;.are more:,
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SECTION 11

INVESTIGATIONS OF SPASMODIC GROWTH OF ARG'-iO MUTANTS

In Se.ct.ion I normal growth' and its parameters have been
described ﬁ'sing arg-1 as one of the principle e:_camples'. " The section,
which foilows ’descr-ibes the gz-'owth of arg~10 which is under certain
conditions slow, irregular or périod_ic in nature and hence needed

special investigation.

The phenomenon.

When argvl‘o was grown in tubes on less than about 50 mgms. /1.
arginine it grew. spasmodically; th;t is to say that: it would grow along
the tube at a dec;reasing rate until it stopped, then after a rest lasting
severai hours it. v.ro-uld begin to grow again at a normal growth rate w.hicix
would soon begin to decrease and the cycle of events would begin agai;x;
Figures 10, ltl and 12 illuetr'ate this process which is not easily described
in}wordsi Fig\;re 16 sl_mws a phoil:ograph of the mycelium after a typical
spasm has o'c_curred together with a graph of the. progress of the .myce.lial
front during the spasm. At the point at which growth stopped the
xﬁyceliu;n is thickened and this is followed by a thir; patd v;rhich was
formed during the recovery from the spasm. Figure 11 shows the form
of growth obtained in a;rg- 10 on a variety of external arginine concentrations.

This shows that arg-10 grows normally on 50 mgms. /1. aréinine or higher .
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‘This "c;dmpi)é’it‘e' f.i!g,urerlshow?s'- the' réla?:_ibn_éh’_ij: of the

~thx‘.ee parametérs: liriea:r"g';éwgp rate, .yield and early db'gibling time in. °
-arg=10.(B362+3-1a) grown .on the given.arginine ‘concentrations. ,. ..
Explanation of the parameters yield and early doubling time are given

in the text.. Compate't
'~ given in Figure: 8, -

—_——

T . . [

hese results with'those obtained for arg-l .-

' ¢ b : - . . Lo by

5 B . .
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congentra&oné whereas on lower concentrations growth.'is spasmodic
or irrwégulla.r.. Figure 12 ghows much mo;'e' ;'egularl,spevxsms which
can be obtained on slightly higher nitrégen' concentrations. The
frequency of the spasms in Figure 12 is clearly related to the e;xternal _
arginine concentration. vT}xe period of the osdllation in growth rate
- is typically from 64-78 hours (although the first spasm almost invariably
takes longer than subsequent ;pasms) héﬁﬁ'e the rhythm is clearly not
circadian. , .

Figure 13 summarises data on the linear growth rate,
~ vield and eariy doubling time of arg-10 and show§ the range of arginine
concentrations in which spagmodic growth occu.rréd. Comparison with;
Figure 8 shows that arg-1 cé.n grow on concentrations ‘10x lower than
,thoée at whi.ch arg-10 will grow. ‘The yield of arg-‘ib is lower than
that of arg-1 at all arginine concentrations and the early doubling time
in the region in which Qpasmddic growth occurs is eignificantly greafer
than other early doubliné times measured for arg-l or arg-10 (see also
Figure 5 for the ofigina;l data). The. intexfpretation of these differences
is complicated by differences in' the'bacl(gromid genes (see materials
and mefhods for origin of the strains). The possible effects of background

genes as the cause of spasms is fully discussed in the next section.

Genetical approach to the problem

7]

{
/

The differences between the growth of arg-1 and arg-10 could

have been due to a number of thingvs e.g., a cytoplasmic particle, a
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TYPE OF CROSS
) - — +

PHENOTYPE Arg-10 Sp+ a® x Arg-1 Sp A& |Arg-1 Sp A9 x Arg-10 Sp  ad
arg-10 Sp* 27 19
Arg-10 Sp 0 1.
Arg-1 Sp~ 30 25
Arg-1 Arz-10Sp By 26
Wild type 59 34
Total 146 105
Spore viability . 61% 24%

4 ] =

Ran "

- P
2Ly

Table 4 shows results. of a cross of sp.‘aéin_qd’ic arg-10 with non-spasmodic - i
arg-1 reciprocal with respect to male (conidial) and female (protoperithecial)
parents. Sp+ = spasmodic, Sp~ =" .non-spasmodic when tested,on.low :*-:,

arginine (0.010 gm. /1.). : .

] i N . !

e o
TR

IS4




40.

h’e;terokaryo‘n' selecting during growth.or a nuclear gene difference.
In order to examine these possibilities it was necessﬁry to cross the
two types together and 6bsgrve how the differences segregated.

The gwo strains in question arg-10 (B362-3-12) and arg-1
(46004A) were crossed and t_l_;e progen)lr scored by complenientation
tests and by growing on 'low érginine" medium (10 rx;gms. /1)-. A
grai)h was drawn ‘of each growth test and any possibly Smbiguous
results wére retested. Similarlsr with the;c cqmpleme'ntation tests,
each test was made with an arg-~1 and :;m arg-10 of the same mating
type és the mgtant béing tested and any tests which resulted in arhbiguous
results w’ere retested until consistent and meaningful results could be
obtained.

Table 4 summérise‘s the results obtained which show th;t
all arg-10 progeny with one exception were spasmodic and all the arg-1
\ive;'e non-spasmodic except for one colonial isolate whick could not be
tested: The exceptional arg-10 (M85) was tested on a range of arginine
cc;nc'entrationé and was shown to have a low. maximum growth rate (2.4
mmé/hr;onanargininé concentration of 500 mg/lA; ) .'a.nd to be spasmodic
when grown on a cc;ncentration of arginine of 5 fng.m/ 1 'whic..h was below
the norrﬁal test-concentration of 10 mg/l. For these re;asons M85 was
regarded as a spasmodic grbwer which behaved non:gpasmodicauy on
the test cdncentration of arginine because of reduced: overall growth rate.
Arg-1, arg-10 double mutants were not spasmodic, this finding was

unexpected but was regarded as highly significant. It seemed as if a



TABLE 5

[

'TESTS OF VARIOUS ARGININE REQUIRING STRAINS FOR

SPASMODIC GROWTH.

.~ Numbers indicating a partxcular reisolate of an allele
are given as well -as the allele number itself where relevant.
Arg-1 and arg-10 strains were obtained from Fincham and
Catcheside other strains were obtained from Perkms, Woodward,
Fincham or the Fungal genetics stock center (F.G.S.C.) as,
indicated.. See text for. -explanation of index of spasmo_dicxty

ALLELE MAXIMUM LINEAR MINIMUM LINEAR (Max -Min)x 100
N GROWTH RATE - . GROWTH RATE Max
- ' - = Index of
Spasmodicity

Arg-10 T e T
B362-3-la.. 85
95
91
86
100
100
77
70
23
15
86
88
82
87
" 84
86
93
56
" 50
89
92
83
83

K)

k»mmoaommuw#wowo‘mq’-{-—wNé\

BANWONNBRLALWILINICONOOWY .

B362-M85a.
112-1a

229-2a
l3f1-6a

323-24(1)A
K323a
304-2a

258-2a

NN =WV NN N P p P,P [y
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TABLE 5 cont’ivnuedﬂ :

B370-6-2a: 2.6 0.1« 96
405-1-6A 2.1 0.3 . 86
P T 1.6, 0.4, 75
' 399_.2A R [ i 2.4 : 0.3 X 88
S 2.5 e 022 L 92
K399a & . " 0.8 , v 0.0 L 100
SCRRTER A : 07 1 ‘ ‘ TQ!_,o__,, i1 -100
0.6 ‘ 0.0 - 100
SR 1.0 | 0.0 100
B368-4-3a 2.5 £ 0w3. v i 88
, | 2.5, C . 0.2 . : 92
B368-5<4a” ' '’ f2.4 0.3 S 88
bt e e T 2.4, 0.0 < + - 100
'K402a < -7 1.3° 0.6 54
' 1.3 e, 0.8 38
1:1 S0 45 -
:: : 1.1 ;0:4 oy . 64
402-2a 19 0.6 68
: ' ' 1.6 0.4 - 15
B317-9-9a 2:4 © 0.5 79
2.1 L2034, .81
Arg'-l ‘ i g .
46004-1:104 - 2.9 2.5 14
. : 3.0 2.1 ‘30
46004A 1408-6 3.1 228 Coro 10
o 3.1 2.9 6
46004A 1407-6 130 , L 2:6. 13
T 2.9 2.7 7
36702a Yy 2.8 2.0 29
' 1 2.6 2.2 15
36703-10-13A 2:5 2.3, 8
R 2.3, 15
K209a 2:1 o 1.9 10
2.1 1:9 10
K236a 2.1 1.9 10
2.0 1.8 10
B369A 2:2 1.4, 36
2.0 ‘ 1.3, 35
K262a - 2.1 | 1.6 . 24
S ' 2.1 1.8, .., 14
K337a ' 2:1 Dy . 19
L 2:1 1.8 : 14
K359a "'~ 1:5 - 1.0 33
. 1:7 . 1.1 35



.TABLE. 5 éon_tiilue'd

Klé66a

Arg-2

33442A (Perkins)

Arg-3
" 30300A, (Perkins)
Arg-4.

21502a (Perkins).

2_1'5'012'A (Fi.ncharnl) _i .

Arg-5

: 279475 (Perkins)

~ 27947a (FGSC No.480)

!

Arg-6

29997A (Perkins)

29997, 15300A1-2(Perkins)

Arg-~7

3'4100'5A'(Perkins)
Arg-8
44207A (Perkins)
Arg'—é

35401A (Perkins)
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TABLE 5 continued

Arg-ll ‘
30820A (Perkins) ' ;zé.4 ' 0.1
Arg-12
6=1A (ondv&'ard')' o 9 - : (5*.‘
RBl 3 (Woo&ward:

2.5

(backcrossed to 2.6 . : _

"RB9 (STA ‘2.6 2
2.4

DN Lo ™ e

Other Miscellaneous Strains‘;Teétéd

Arg(C122) AFGSC No: 549 . 2.9
. . '{ z".’ ®
Arg (C122) A (Perkins) ,,
' . ' 2"0

Arg(C116)FGSC No:929 3.1 : 2.9,
| 3 3.0 S 2l

am'a (Fincham) . .34.':'8| | : | 2f.1'8. o
| | 3.4 '
i am! 1499-12 (Fincham) 1.4 C .7,

Arg-1, Arg-10 (double
mutants) '

2,0

2.0 .

1.2
154

46004, 317

46004, 405
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product of the argll gene might be résp§nsib1e for tl;e épaémodic gi‘owth.
further this product was only active when the pathway was blocked at
arg;lo and the organism Qas grown on low arginine:' As arg-flo was
known to acéumulate argininoéuccinic acid (ASA) if seemed most

reasonable to attribute the irregular growth to this:

Tests for spasmodic growth of other mutant strains

In order to test the generality of the result it seemed
necessary to find whether all arg;lo alleles grew spasmodically a.nd4 '
wﬁetﬁer other arginine a.uxotrop‘:hj‘s and alleles of arg-i would grow
normally. A large number of str#ins were tested on low arginine '(ION)SW‘)
and tl.m results a.re given in Table 5. This table shows th:e‘ maximum
and minimum growth 1;,at_es \r;;i:ich were observed; the minimum growth
rate being measured after the iag.' An indek of sp‘asmod{c’.ity has also
been cc;mputed for ease of reference. This is expre'ssed as the percentage‘
difference between maximum and ﬁ:inimum growfh rates 'taking maximum
growtl; rate as the denominatofl{ He.n;ce when the minimum growth rate
is low as when a spasm has occurred, the index is high ;pproaching iOO%
and when.‘ growth is normal the index is low. The advantage of this is
that differences ‘due to different maximum growth rates ai'e eliminated
and standard criteria of s‘pasmod.icity can be set up. If the index is less
than 35% then the strain has been regarded as normal ;nd if the index is
over 65% it has been regarded as spasmodic. | Thug all arg-10 strains |

tested are spasmodic except B362 (M85a), K232a and K402a. M85a
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has already been discussed and K323a and KflOZa have not been further
investigated. ﬁowever the two latter exc"epti'ons‘ have an Emerson
background and when the same two alleles were tested in the St. Lawrence
backéronnd they were found to be spasmodic (see ‘Table 5)., It seems -
* likely that ﬁhese fwo‘s-trains have reverted or have been contaminated
as the growth on low arginine was o‘i:served_ to be rath;r thick for a
mutant.

The only qon_arg-fo which was observed to be spasmodic
was arg-11 (30820) (see Table 5)." " This strain was investigated further
and i? was found that these spaérﬁs were not 80 regu;ar aé those of arg-10
and could occur on any concenti'ation of arginine, they could also occur
on complete medium. The important factor here was found to be the
inoculum size; on all media spasms occurred when low inocula were
used but not when high inocula were used. At first it was thought that
there may be some connection between the spasms in arg-10 and those
in arg-11 (30820). This suggestion led Dorothy Newmeyer to re-investigate
the possibility of these two loci being in fact the same locus as they were
known to be closely linkéd. She found that the two loci were 5-10
repp"mbination;units apart and that complementation to give wilfi tﬁe growth
oc;:urred between the two (D. Newmeyer, 1964). She also showed that
arg (44601) was another allele of arg-11 and this was in turn found by the
author to show the same spasmodic or irregular grovs.rth as arg-l.l (30820)._

However as the growth habits of arg-10 and arg-11, although superficially
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similar were found to be induced by a quite different set of conditions
effort was concentrated on the args10 spasmodic growth as an hypothesis

was available to account at least in part for the findings.

The effect of medium cc;_‘mpositio'n on the occurrence of sp:a.ems in arg-10.
Early in the investigations it was tﬁought that spasmodic
growth might be a result ‘of reduced linear growth r,at'e. per se. In order
to tes;: ?his the nitrogen in the medium was reduced at several different
arginine concentrations to see.if spasmodic growth could be ‘obtaix_xed on
higher'a;ginine concentrations by"reducing the linear growth rate. ‘The
effect sought for was not found but it was found unexpectedly that spasms
did fno.t occur at any argini:;ne concentration if the;'e' v;as no added nitrogen
(ammonium ﬁitrate) in the medium. This Lea to a systematic investigation
of the effect of arginine and nitrogen concentrations on the growth of arg-<10.
The results are summarised in Figure 157' Each point in this figure
represents two growth tubes with the indicated concentrations of arginine
and ammonium nitrate. Graphs of growth in each tube’v'rere plotted and
classified by inspection and by measuring maximum and mmimum growth
rates. On this basis the points could be divided into tv:.ro' éhaaes ‘a
spasmodic and a non spasmodic one; ‘the spasmodic phase repr,esénts a-
minimum growth rate of lO mm. Ihr. or less. . Maximum gro_v:,vth rates
at these concentrations of argini_ne and nitrogen varied between 1.0 and
2.5 mms. /hr. but bore no systematic relation to the occurrence of

spasms. Spasmodic growth ceases to be recognisable as such below about
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5 mgms. /1. arginine.

Occurrence of spasms in arg-10 as a result of growth on various
different amino acids. '

It was thought thag the arginine bi_osynthe.tiq patixv;ray might
be further impl'icated.as a cause of spasms if arginiﬁe é;gcﬁrsors could
iae shown t6 cause spasms when uged in place.o.f arr‘xmpnium' nitrate in
the medium. To this }endbna baa_iv.c mediurr; of 50 mgms. /l., ammonium
‘nitrate and 10 mgms. /1. arginine was used to which additions of amino
acids were made such as to 'iﬁcrlease the added nitrogen in'the medium
by a factor of two or f;x;/e. Tl';é results o‘f thi; experimen; are given
in Table 6. .‘Tw'o experixﬁénta ;;vere.actﬁally perfoxfmed at different

times and it can be seen that the controls gave different results. This

difference is ‘thought to be due to different amounts of nitrogenous material

in the agar. (When no ammonium nitrate is present in the medium the

growth rate of STA is reduced from 3.6 to only 2.0 mms. [hr. indicating

-

that there is appreciable nitrogenous material present in the medium used.)

. However valid conclusions can be drawn by making comparisons

within experiments. It can be seen that ornithine, glutamate, leucine,

histidine and valine have an undoubted spasmodic effect. Proline, glycine,

cystéine. alaniize. thymine and adenine gave no scorable effect. Addition

,of' citrulline resulted in very inhibited growth. All other amino acids
added gave' a weakly spasmodic or inhibited reaction. The inhibited type
of growth‘ differs from the spasmodic in that no recovery of growth rate

4

occurs in which éas'e' it is impossible to tell whether the recovery might



GROWTH OF ARG-10 ON LOW ARGININE LOW NITROGEN MEDlUMv WITH THE ADDITION OF

MEDIUM: Arginine HC1 10 mgé /1., ammonium nitrate 50 mgs. /1. (1.25 mM in nitrogefx) '

- VARIOUS NITROGENOUS SUBSTANCES

Supplements

are added so that the medium becomes 2.5 mM or 6.25 mM in nitrogen,.i.e., nitrogenous supplements of
.the types listed below were used to increase mtrogen in the medmm 2 or 5 fold calculated from the basal
ammonium mtrate.

level of 50 mgs. /l

C atoms/ - .

‘ Supplement A N atoms/ : Growth rate mms. /hr. Description of
- molecule = molecule . 2.5mM in N, 6.25mM in N | growth = ., -
B ' Max. " Min. Max. " Min.
_Experiment 1. - R - - - Linear 2.5mm. /hr.
“None(control) T S . ' L
. Ammonium nitrate 2 » .0 '2.8,2:3  0.6,0.7  0.8,1.5  0.7,0.6 ' Spasmodic:
T DL'-Ornithinel ) 2 - 5 3 2.4,2.6 - 0.6,0.4 2.6,2.5 .0.1,0.2 ' "Spasmodic
.L=Glutamate 1 5 2.1,2.5- .0.7,0.8 2.6,2.5 0.9,0.9 - Spasmodic '
.. LeCitrulline 3 5" . 1:6,1.4 -0.51.2%1.2,1.8 .0.3,0.3 Inhibited -
. L-Phenylalanine 1. 9 " 1.9,1.8 0.7,0.8 1.8,1.8 0.4,0.4 . Inkibited
- L-Methionine 1 :'4 1.8,2.0 | 1.2,1.3 '2.0,2.2 -0.6,0.7 . ' Inhibited
L-Tryptophan 2 ‘121 - 1.0, -2.0,1.9° 1.2,1.4. Inhibited
~ L-Aspartate’ 1 4 1 2.2,2.0° 1.6,1.7 2.4,2.4+ . 1.5,1.5- - Inhibited
. L-Proline _, | 1 8 T o 2.5,2.4 2.3,2.0 72.2 1.8. © '.! Linear
L-Arginine = ' -. 4 1 5.7 .3)6,3.3 3.273.2 3.8,3.7 3.6,3.7. Linear
Glycine | ) 1 T2t 2,219 -1.81.9 '2.32.1 1.7,1.8 . Linea¥t
Experiment 2 ' : :
None (control) - - - - - L. Lmear 1.2-1.0
‘ " S " mm. /hr. :
L-Leucine 1 5 1.2,1.6 -0.5,0.7 2.3,1.2° 0.2,0.2  Spasmodic . -
L-Histidine 3 -5 2.1,2.0 0.4,1.4 2.2;1.8 0.4,0.5 Spasmodic
L-Valine , 1 4 1.8,2.2 1.2,0.6 1.8,2.0 1.0,0.4 Spasmodic
N-Acetyl-L- Ornithine 2 5 1.9,1.9 1.0,1.1 1.8,2.0 0.7,0.5 Spasmodic
L-iso-Leucine 1 5 1.8 0.9 2.0,2.1 0.8,0.7 Spasmodic



- * N These results were classified as lmear but one oftthe control tubes (out of £our altogether) ‘and two of the
‘treated tubes showed slightly spasmod1c growth, thls is attnbuted to a dxfferent batch of agar which was ‘

used in expenment 2.

"TABLE. 6 c‘on.tinued.
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hé\;e oécurred’ if th;a tﬁbé had bee::n suffiéiently lc.an_g.‘ Lysine was alsc;
t;étéd but f;o"growth occurred as it presumably prevéntgd the uptake §£
A arg‘inine'; an effect weli known and first déscribéd by H§Mahan and
Mitchell (1948). . ..
A further test was applied to ornithine, glutamate, ph'e;nylalanine
afxd citrulline to &iscqver whether the growthreffe‘,c;s (i.e., spasmodic’ -
growth or inhibition of growth) were specific to the range of arginine
concentrations which gave qpaémodic growth when ammonium nitrate was_
' th'ef sole source of nitrog_e‘n.' ~ I?l;enylalanine gave inhi%i,teq;.growth on
20 mgms. /1. . arginine or less, glutamate gave §§a§modié érowth on 16 mgms/
1. argini;xé or less and ornithine on lz.mgmé. /l aréin§ne or less. A
Citrulline however pz;ddgéé;i'iﬁhibition over a wide range of-arginine

concentrations althéugh inhibition was most severe when the arginine

c;ncénﬁration was belovs; 20 mgmé. /1: 0f arginine or l:e.g:s}._;,_ . These re‘sults
are shown in Fig{u‘es 16-19 where tixe maximum and mmimum grév{rth -
‘rates hav'e been plotted so that‘ the ampiitude 9! the sée_;_sm ma’y be‘ éeen
readiiy; by inépection oé the grabh. ‘The results éugggst ‘t'l‘_x.,at ornit:.hijne’,
arginine .a‘nd.ph’enylala_ni.ne cause spasms by the sam'e.m;an-s as ammonium
nitra.te and that citl:ﬁlliné has a general iﬁhibjt_ory eﬁect but also a more
spef:ific iz‘xh'ibitory‘effect when the arginine concenfr_étiqn i_s below 20 mgms. / l
To test whether c’itr\ifll;ilt.xe is a 'genez‘ai.l i.nhibitc;r or .inhibits
only by the formation of é large ASA pool arg-1 and 'a;rg-;ljo of standard

génetic background (obtained by C.: Curtis after five backcrosses to STA)
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were grow.‘x;lt o nitrogen free medium plus 50 mgs. /1. ammonium nitrate
. and 150 mg. li. citrulline and various concentrations oi arginine (see
Table 8). It was found that arg;lb was inhibited Sy citruliine oniall but
the highest arginine concentration and that arg-1 was not inhibited by the
citrulline even on the lowest arginine coacentration. The amount of
argxnme needed to relieve the cxtrullme inhibition of arg-lO is very much.
more than the amount necessaty to relieve spasrrtodxc growth and in fact
the amount necessary te ofe the same order of molar cox}g:_ex.x,t:ratxon as
| citruiline in the mediom. 'I.‘he"expe”riment shows that oitfolline' is only
mhibitory to the orgamsm ‘when 'it Can be converted into ASA and also
that the inhib:.t:on can only be overcome by large quantities (cf. Figure
519 and Table 8) of argmine. " The relief of mhibxtxon could be due to
(a) .high quantities of arginine in the mediu_m‘prevertti’ng entry of citrulline
(v) h‘igh quantities of, arginine Ain }tlte medium resulting in the entry of
sufficient arginine into the cell to switch 'of.f' synthesis of ASA.,from citrulline
by a feed back effect. It is unfortunately not bo'ssible..to ;'éiistingntsh
between'thes.e alternativee at preséent. ‘ : o |

| Hotvever the very eevere inhibition produced by citrull‘ne
in arg- ld suggeets that cityulline 'i,,s: channelled into. ASA ‘production very "
muoh more effectively than for exan?ple‘ orpithioe or glutamate which cause.

spasmodic growth rather than severe inhibition.
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TABLE'BL‘ o B K o
Arg-1 (4600&) and arg-10 (B362) in standard background were grown

in duplicate tubes on nitrogen-free medium plus 50 mgs. /1. ammonium
nitrate and 150 mgs. /1. citrulline with the Ev_en arginine concentration.

Growth r_.‘a\te ‘mms. /hr

Arginine edncentration . .. arg-l0 . _'arg-l
-lejngg.hﬂ L 0.8, 0.8 :”;}‘3;3}33.4
50 mgs. /1. ;dej[@m 0.7 -sféwfémf
ViiObrpga;/I. ‘ ‘gffé. . 0.7, 0.7 - '3.4;“3.8 '
tgm./. . & | a0, 35 '-"4;'3‘,"_"m4.-4 .

S, _ : The eﬁectiveh,ess fpér, rriole-of DL, and L,-,o‘rrjxifhi’né and
glutamate at causmg spasms were compared by adding them at various

) T
‘\

concentratmns to a bas1c rﬁedium aontaming 50 mge / l ammonium

nitra,te and '10‘ mgs. /1. arginine; ~L-o,rn_ithine was l'i'ttle rnore effective
than DL'-er'.ni»thine whid:’ Bﬁgjgeets i:ha; f)-orni‘thine jis eO'nver}ed tO'I;.-
ornithin‘e_.by .l?-amino acid oxidase known to exisf’ in hedroe;ere‘ (Hdrowit‘z
1944). 'Or’nithitre was rhdc’h more effective than glutamat'e'as the highest
additions of ghitamate could dot cause spasms in \irlrich the minimuam gréwth. :
rate 'r'e’aéhed zero Wherées’ ornithine ;:ould. Orrrithi;|e is also more

effectwe on e mole per xrmle (or mtrogen per mtrogen) basis than ammonium
mtrete. . The data which has just been summarmed is presented in full

in figures 20-22.°

" In summarising these results it may be:said that the amino



GROWTH OF B8362-3-1g ON LOW ARGININE LOW NITROGEN MEDIUM
- WITH OTHER SUPPLEMENTS
20

" GROWTH RATE (MM,/mz.)

OS5~ [SERIES[sYMBOL] SUPPLEMENT

' o L~CITRULLINE
2 x L- ASPARTATE
N L- CITRULLINE

° L~ ASPARTATE

4 A AMuOI:.IUM

ITRATE

{L- CITRULLINE

1 ]
00 —M MOLES /L L-CITRULLINE ——> -0 | - - 20

O — M MOLES /L. L~ASPARTIC ACI0 ———» |-O . 20

B CONCENTRATION OF RESPECTIVE SUBSTRATE OR SUBSTRATES ADDED

FIGURE 23.  Growth of arg-10 on citrulline and aspartate and
10 mgms. /1. arginine and 50 mgms. /1. ammonium nitrate. ' Mean
fmal growth rates have been plotted i. e, the growth rate has. been

- measured after the lag and the m1t1a1 penod of growth Whlch may be '. e
faster than the mean. " . : o . o S
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acids which produce the most effective spasms have five carbon
backbones and those which are not at all effective have three and two

carbon backbones. As the aramatic aminolacida‘ phen;.tla‘l',_aning' éﬁd

tryptophan cause epasms yet the heterocyclic amino acid proline does

not it seem; likely that the degradative pathway of the foi:'kner substances.
lead to glutamate whereas the‘ pathway of tﬁe latter substance does not.
Thg degradativex pathways which mu.st be involved do not s;em to have
been-sufficiegtlx described in the lite'ratu‘vre and so no test of these
observations mth that exyected ;:an be made.

“ These results were interpreted as strongly supporting
the Pypothesis that spasmodiq growth was caused by toxic A.c'o.ncentrations
of AéA sincé the five carbop p,obl wixid; leads into the .argi_zx';i'ne bipgynthetic
pathiway was clearly implicafed asi a contributing cause of. spasmodic
growth. In ;riew of this it was perhapg surprising' fha:t aspartate did not
inhibit growth moxie. rﬁal}kedly als it combines with citrulline to form ASA.
It seemed likely that this. result was obtained because the stép in question
was not. éatui'ated \mth .citrulline ‘when nitrogen in the medium was low.
The ;'esults of a';dding'cit.rull'ine ax;d aspartate together to the r;xedi\;m
are given in Figiure 23. A slight but prob;lbly sigqifica,nt decreage in
growﬁh rate was obtained under these con&itions; however‘éspértate was
no more gffective than an équivalent a.moun; of nitrogen administered as
am’monium‘ nitrate. The effect was hc:wever cénsigtent with the pathway

being unsaturated with citrulline and aspartate when the organism is grown

on low ammonium nitrate.
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The effect of arginine analogues on the occurrence of spaémodic growth.

It was fhcmght that the addition of various argixiine analogues
to tt_;é medium might Bh(‘)W that gpasms wefe relievéd"by an analogue of
irginine which 'hadAr-xo effect in reli'evingvthe ‘nutritional requirement for
'ax;ginine.-' This was in a' sense a test of the spedﬁcit& of arginine in
caq;ing spasms by its pr.esen'ce in the mediﬁm in l:ow c§ncentrations.
Twentj-four substances which .had:some structural resemblance to
arginine were tested and no real candidate for the fqle outlined above
was found. lEa‘ch substance; was fested in replicate tubés at'4at least
two concentratioxis and the nurpber of spasms per tube were scor‘ed_ after
a graph had been drawn so that the.re ‘would be no danger of overlooking
weak or attenuated spasrrﬁs.. ' The results of these experirﬁenta are
given in Table 7.

L-arginine'-l;a- glutémate_ and benzoyl-L-%xrginine’ had the effect
of abslisﬁing spasms b'ut.' it waé clear. from the incr,eas'éd.thi_ckness of the
re‘sulrting’ g.rowth éver co‘ntro;la‘ that the substances must be bfoken down
to for:'m aréinine. BenQoyl'-L'-ai*ginine was very curious in this respect
in_‘ that at 0.09 mM spasmodlc growth occurred whereasg a.t:O. 235mM i.t
resgltled it; linear thick g-réwth due to breakdown to form arginine. However
at 0.047mM it resulted in a very low rate of lin'e:a‘r growth; L-homoarginine
and n-valeric acid also gave very slow linear_ growth at 0.235mM. It
is not possible to properly interpret the cause of fhis slow.linear gro.wth
as it has on_ly'beén previously obtained on véry low external-arginine

concentrations where the growth is pernianently inhibited without causing
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sp#sms.' In this situation slow linear growth couAldl‘be caused by t:he
substance acting in prevent:ix"xg arginiqe entry into the cell or in several
other ways. In the first experiment cana\'/ariine.. _citrullinev and non-
vaiine ;nc;'eased the numi)gr of spasms per tube; this again can be
ixiterpreged as due to prewenting entry of arginine into the cell or; in

other ways.

[

};foect of temperature on spasmodic growth.

When grown at 35°C on 0.01 gms. /. e;rginine' B362-3-la
no i;nger ~sh9wgd spasms bﬁt grew at only 1.8 mm. /hr. as compared
~ with 3.5 mm. /hr. for 46004A under the ;ame c;onditiorgxs;,' At lﬁoq

B362-3-la wasttested on 5 mgms. /1. arginine and was found to show

spaérhodic growth.

Spasmodic growth on sucrose free media..

"The table b'élow:show‘s“‘the‘va.lue fo;' the_'argi.nixi‘e-concentraﬁon
and linear growth rate bél:)w which spasmodic gro\»;th ;c'curs on 2%
sucrose (the normal concentration) and on sucrose free media (see

~also Figure 24). '

TABLE 9
| 2% sucrose 'No sucrose
Azfgi’nin_e‘ concentration (mgm f 1) 25 4. o 5
Linear growth (mm. /hr.) | ' 2.7 A . 2.0

The external arginine concentration whidh must be reached to induce
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spasms on sucrose free media is five times lower than that which is
necéaaary _onwz% sucrose. | ‘~'I-'l-113 observation is congiste;xt with ,thefe

being a reduced energy gupply and hence a reduced AATP:pote.ntial to be

used in the synthesis of ASA. 'i‘he experiment further shows that

épésme do not necessariiy, ensue when the growth rate is below 2.7 mm. /hr.
i.e., spasms arenota consequence of reduced g‘x.'ov;rth‘ rate per se. STA
and arg-1 (46004A) do not show sipasms when fhe a;-gir;ine c;ncentration

of sucrose free medium is below 5 mgm. /1.

Expression of the spasmodic character in heterbkar’yons.

In intergenic heterokaryons of arg-1 and arg~10 growﬁ on
minimalrmedium spaamddic growth has been found (I.R." B;i'bwn personal

communication) and ‘this;lh“aé always been associated with a high proportion

14

of arg-10 nuclei in the heterokaryon giving spasmodic growth. In the

majority of arg-1, arg-10 heterokaryoris spasmodic jgrowth is not found

[

and so we may conclude that the character is usually recessive, as would

indeed be expected if it is induced by conditions prqﬂucir’igf‘a low internal

arginine pool.
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SECTION ' III

TﬁE 'AMINO -ACID POOLS ‘Ol;“'i\I.EUROSPORA GROWN ON SOLID
' MEDIA, o

Prévious experiments airégdy described have impl'iéat_ed ASA
as the causal agent of spasms'. in that arg-10 nf-nitants but not arg-1
arg-10 double mutants weie spasmodic and in that only ée;ta_i'n amino acids
particularly those which wére‘ precursors of A.SA or arginine_ could cause
spasms on low arginine low nit?ogen medium. It. seemed”important to
éonﬁrm the conclusions pf these ix;diz;ect experiments by diAr'ect_ measurements -
pf the amino acid pools.

-Fb_r this r_eaéén a mg_'tl:;od was sought \;rhich’ ‘wc;tix.ld':_enab.blle the amino
acid 'pb‘ola of cﬁlturée grown on solid medium to be meas'ur.ed-. In first
attempts the agar with édhermg myce:lium was bﬁiled up in'.a;‘c_id and ;ttemr')ts
were made to measure the .a"mi_no ‘acids in the liquor resultixig’}.‘ﬁ The liquor
prp’ved to be too dilute ;'a.né att:empts to ‘concentrate it by freeze drying |
resulted in:a black sludge whiéh contained amino acids bu*:. could not be
effectiyély electro’phoreséd due to the high salt content. ‘Methods of freeze~
‘drying the aga¥ and l'myc':eli::;n an';i. then homogenising (rﬁééh;niéally or with .
M.S.E. n‘;icromastiéator,v) m small vdlhmes of acid resulfed in .the rapid
format’ioxvzhdfv gels.. Although th;a 'tex;denéyftp:form gels co{zi& be diminisiléq‘
by uéing su',i;tab'ly low co_ng:e’n&aitiéns of ‘agér and high cdh?:_e_n&atidns of ac_i'ci
a satisfactory sét of condit;ionq was not found.  Yet axiothéf"éppr'oach made,'

was to .grind whole wet cultures with alumina and acid this however resulted’
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in ex':ce.ssive dilution of the amjéo ‘aci.ds{. A method wa's finally found which
.was both s:in.iple‘ and eff'éc;:tiv'e.."this'ifxvél?e’d squeezing the cillture through
fine cotton which ret_:aihéd the filame:ﬁ:t:éix"s m.y;:eliun'i but ‘a.llowed the water
‘and agar to'pass through: The 'my_'t;;eli,u'm éouid. then be.scraped. off the
cotton and used for: either amino.gc‘id,or',eh--zyrhe».analysis;. . ;Thg'method
i”sifuily‘ described in the‘v section ofi Materials and I\:Iethods.;y;j;; o
Dot =:§..~To,'begin‘ with 6-..3.%‘.ag-'ar ﬁ‘as :used.as this geled p:;)pefl&;but passed

easily thrgu’gh the‘éo;;c')ﬁ.‘;:- It v-vas‘fo;md:ho,wfe\ier{that,(:.ul"tui','es' with this .
agalrleéncéntration: did ’nét :_'é,x;ow 'spfars‘modic,ally. ; ;Cultﬁxfes;vzérg then.'g;‘oﬁn
in tubes on:a series eof.-,agaxifcion_c.ent.rations‘ and.it was found that at 0: 8%

agar or. below'spé.sm_-sj did;ndt ‘uéualiy.-pg.cun; uT,h‘e:effec‘t, of ggar.(;qr'xc,ent;r_a‘_tion
was ‘much-thé same when agar ‘pgri:fied. by ,fhe method of Ryan,;, Beadle and
‘Tatum .(1943) ‘was used to :soli-d‘.ify. the n‘nédi‘um; showin_g;thé.t 'sv.pasn;_s,:"é:rﬁ, not .
caused by some impu-r.ityii'n'.;-tl;e agar.. . In :fact 3spae~mq,,cqu1é be obtained. .. .

on 0.3% agar if the concen,t-rat;ion‘ of arginine in the rhedi\;m _.-w,a_s. 19\{7 enough

(2 m_g_s.;.%_/ 1 or below):. - It ig .c.iiffic;x-lt-fo,accoun_t jorj't_h,ese pﬁg,e:véfiqns in
térmsi of :.A_SA‘\ as:the cause of _ép'a.smsf; ;..:It-is possible, powéyte;irht;hgt(a‘.‘gfa.f e
cépéept.rétion'fca:ffect‘g the. rgte.‘o_f .dif,fps'ié,n.. of carbon dioxide into 9;'.0-},1& éf; -
‘ th'e:mettiiux‘r‘x and.henice'_ vaff'e(.:t; th_'xe inge;rhal}z;og¢ept;at.i§n of ASA or perhaps )
the:ASA:fﬁffh_ses o#t of the'.,-n.nyczze-l’ium‘ into ;h'_éfmgd,iu;_n and this fafel 'of_ ci:ifigsign’
is afffec':ted--]:;y t,h(e--ag.a.x'- .-cont;,e‘ntifétion;x;v . T TP
C i :ii, v Agar cpncénffations-of\Z%‘c,a,n be pawsg’ed thﬂ,rpugp,gpt‘tg‘n but oply..,w‘ivti,i
diffieulty».iaﬁ;da the,,pnesr.snre;’ii?cszs,s?&?:Y; tends .t:?:;e.xp.épsl. the holes between the .

threads so that some mycelium is lost with the agar: Therefore it was



fetAmd‘ r.r'x:o'st‘ :'coh,vehieht’ to use ‘l}%j agar for experirents on the spasms
thenieelves. |

| It wae valAs.o found that 'ebe'sfn’s could not readily be obtained in
culxture:‘trays. on 1% "a_,:gar;-‘ " Reduction of growth rate as in the"beginning
ot' e, s.p.;as‘m' occut'(:'ecl‘ when the depth of medium in the/;:t--rays was‘x' 2:—3 mms:.
bht het when it was 5 mms. in deﬁth; ' Even then the reduction in growth
rate was 'onlir.hy.abeut.so'%. . S T
- These, i')e‘sulvts".eﬂreiei-g'ni'ﬁc'er‘lt'his' they suggest 'that factors in the
mecﬁurh .stxch as agar and depth cannot wh‘oll'y accéount for the ‘very feeble
'growth mh1b1txon obtamed in culture trays as ‘opposed to tubee and it seems
that the aeratxon of the growmg mycehum may also be nnporta.ht. Prevxously‘
this had been ruled out on the greuhds that spasms occurred in tubes which
hed ,.ch'i'mn.e.y's et the- middle err,.a:tvbne' end'with'out"any'differen.ces being
ohs.er\.recbi.b If the carbon d;oxxde tnnsxon within- tubes were greater thls mxght
R : . Frit ’
lead to more carbamyl phosphate formatmn and hence to more: ASA formatxon
ahd ee an aeration effect on spasnie might have béen ahticipated.‘;

The problem of a:efatibn discussed above has not been investigated
t‘urther as sAuc'h.- " The results of analysis of amino acid pools which follow
are‘in two series, those'deter;;ni,ned in culture trays us.ing 0. 3% agar such
that ne speeme or grow inhihition ‘occurred and those determined in tubes

with 1% agar in which spasmodic growth did occur.

Amino acid pools of mycelium _grown in culture trays

.. - . - Mycelium was grown as a broad front across culture trays (pyr,ex'

ovenware lids covered with aluminium tops, see Materials and Methods.
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Amino acid pools in thé wild type (74-OR8-1a)
grown on minimal medxum in a culture tray.
in one or two centimetre sections at a distance from the growing front

Pools were measured
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for full descrxptwn) contammg 0. 3% agar and harvested in one or two

L . . C A ! T, .
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centunetre slxces and the mycelxum separated by squeezxng through cotton.

Extracts for amino acxd analysis were made by heatlng mycehum ‘with 3 6%

Gk ey .;1,' [

perchlonc aczd m a boxhng water bath. - These extracts were electrophoresed
.3 .

I

(see Matenals and Methods) and ornlthme, argmine. ASA ASA anydndes,

R t

glutamate and aspartate were eluted and measured All other amino acxds
(which are_ referred to as neutrals). except lysine a.nd histldine. ‘car‘ne'
together as one spot and were measured as such ‘ Lysine and histidine

‘ B ' : ',,‘vm..‘.L,- . . H ~,",s.'>,,g‘

seldom formed a measurable spot and were usually xgnored. ST

oy LI ',.\xi e s --.v,|- 1

L

Values of the amino acxd pools were expressed as moles amino

¢

¢ v s R S . e :.c‘ T ' ‘ ' B i

acxd/ mg. mycelmm and the value plotted against the distance of the mycehum
i ' . : . Lt LR 4 ~_3; R "‘ :, R P

-from the growing front. Results for St. Lawrence wxld type (74 OR8 la)
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grown on mmimal medium and for arg-lO (B362- -la) grown on various

S TR TR ot . ety -|‘.,, ..»“ 3
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argmme media are shown plotted in this way in Figures 25- 29. ‘ Study of

', Y ,.,;n [P B A..|-|‘:) B
.;.:~

these fxgures shows that the pools vary in a fairly contmuous way from one

ok .'... ’A‘ ;xl . e ¢\‘§l
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sectlon of mycelxum to another but there are few obvzous features whxch these
T . l;,,..‘_x...., P A e BN n:.!_.ﬂ

figures have in common. For example arg-lO on normal arginine (0. ng/l)

o . p - P .
L e R P S N T o T L S T T A S

and‘wild type on minimal show a maximum pool size within the first five

[ O N T . T I S PR 0 t,
v L t - . . ¢ .

centimetres of the growing front whereas arg'évlo dn_ 10rmg!hli. a'rginine

shows the maximum pool size in the oldest pa.rts of the mycelium. One

IXAA‘IV-» ‘. . ot v . ‘31:}--‘ )

feature whxch has been mvartably found is. that the ASA pool always increases

T NI

in the ageing. parts of the mycelium. -very often when ~the'other pools are

falllng i_n'leve'l;” This increase in AISA.(.strai'ght éhain and anydride form ) )

PRI L
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in vivo during growth is plotted against the logar‘ithm of the external

arginine concentration. ASA formed/hour is calculated from the data ..

in Figures 25-27 and the data on growth rate in Fxgure 13.

(See text
for full explanation).
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FIGURE 30. Rate of ASA (straight chain and anhydride) formation +
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pools measured is plotted agaxnst the weight of the sectxon from which. -
the pool came. ‘ :

The total amino acid pool i.e., the sum of all the
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FICfURE '32. The glutamate pool is plotted against the neutral
amino acid pool for arg-10 in all growth conditions.
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_concentration may be measured a:'s-'éi rate of syrthesis ofASA in time as -
under the'-clén'ditibn:s of gréwth~eé—c'h e‘\ecvt,'i'oh"i's.‘ah'idtér\}éi- ‘of distance and ’
ti"me.= s1 'ééi_"(l'i.s'taﬁce'-frpm»th:'é gi;é:vving'frdnt is also a measure of the 'égé
of:.a; section. ~ Figure 30 shows the rate of ASA synthesis calculated'in
this :.‘w‘ay'. ﬁ}otted- a’gaiAn‘st itize‘l'og;fiéhm .of ;;;"rg_inine .c;:j'rié:énf'rétion in the' " '
eﬁt’érn’al medium and it can be 'séé‘n that the lower the'external arginine
con’centr::a'tiOn the greater 'fhe-ra’t'e a.i:.‘w.hich‘ ASA was synthesised.. The '
_ré':ault of ‘thi’é plot is én embarrassingly straight 'line; reference should
b‘e:'x’ﬁé"de‘ to‘thevdata in Figt’xre"é’Z'S'-‘z'7 to a‘eetﬁé‘tthe“ .ravte‘s‘in Figure 30 7" © '
g_hduld»uot“,'be takén too seriously.: ' ‘A rate of A:SA"fdrrxi‘étiqbn'Wéfe not
' c'a;lc':ulat‘ed{rom Fxguux\'e 28 as‘it -ée‘eme&td ‘be forméd‘iﬁfa ;ra;pfd5 burst
fol-llowed‘hy'«decay and 'the‘e"stabiishfnent of a“ slowesteteady ra_.g‘e.'
fF..il'x'ther‘analy’sibs»jya's cbmpiicated as it was' found that the*f;otal' SRR
exttéctabie pool varied iw'ith*théx#v‘éi'ght of myceiium 1’t.>er sé'é‘tidn»'(.séé ﬁg‘ﬁte»ﬁl)..
Data’could be'ex.press’ed"-eit‘h’e‘r ’;"s' m moles per mg. myceélium or ag" Sl
p-é'.rc_en‘ta".gé of: total"a;min;xo vla.éids~' and’ \?altr;es for oné'?ﬁbl‘;:buld be piqite'd S
.a‘g'a'inst' those fo;" étﬁer-ipqol's ‘in tpe hope of 'diSCOVefin'g'. systematic
.r;e‘lati(.m‘s!.iips between poois’..' I}n»‘tlixié‘ way it was found that the amount of
glrutan;ﬁte'“-ras positively correlated with the amount: of neutral amino acids
(Fiéu-i’e 32) and:the ASA -p'oollawlas»inVerisély'cc;fre'l‘éied with the a"rginirke IERDEE
pool (Fi.g'ures 33 and 34)‘ : i\lo other 'pdol.'s were ‘fc:mxlzd to be correlated in
any simple way although all- possible plots wgré x‘ﬁ'a}&e'(s’ee‘:fof_ eizample.
AFig'ix’re“s 35 and 36 showing plots of ornithine against ASA and arginine). . .

Ve



80 EXTERNAL ARGININE CONCENTRATION

O 2.9 mM (500 mgms/1.)
f-3 ) . @ o0.29 mM (50 mgms/l.)
70 A 0.057 mM (10 mgms/l.)

X 0.029 mM (5 mgms/l.)
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. vy
- ARGININE AS % TOTAL AMINO ACIDS

FIGURE 33. The ASA pool plotted against the arg}niné pool for

all growth conditions of arg-10.  Pools expressed as percentage of the
total pool.
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FIGURE 34.

The ASA pool plotted against the arginine pool

for all growth conditions of arg-10. Pools are expressed as
Mmoles/mg. mycelium.




Plots .W’ex"é‘.'}usgal.,ly .inade"expfe"’s‘si.ng the ~d§ta both ‘éé. ii;i‘i';dléé'/ mg ‘mycklium
and as :pérdeﬁt‘a‘;'ge of ‘the. total pool:but the ltter 'm'é.thod"’w‘a"s*:féﬁh;i to'be ‘the
.fjr'nostf gé;xérélly. uéefulr(ci; lEigure’S‘;33 and 34}); y The 'in'v'-é'z."s‘e 'c’r..s'r"vr'elatiér;x‘
:of ‘the. ASA}p‘ool ‘and xheﬁ»-arginihé \pool with both pools’ expressed 4 a’ " |
pe réenga‘ge?;df the total: pool is most ‘marked and shows ' cléar feedback
eeffect .of arginine.on the pqthwaf:~ " Thére are'thrée reasons f(g.ive‘n ibélov'/)-
why the 'percéntage’ ’p’iot‘ might show' cleare? ¢orrelations than 2 ‘m molés/ -
mg. ;.mybéxi;;mspldt-of pools: - SRR S e
(1) .- Therelectrophoretic technique involved appre ciable iﬁa(:t':u‘réu':i\e."'sE
, x#eaultingfirom‘pipetting ‘of the samiples: ' Inaccuraties of'this kind-are
-eliminated 'whenithe individual-pool is expressed as"a percentage of the total
POOLE (11 g 1t U et e e
(2):: -_i‘he ‘size of the ASA pool'is a fim‘.c'tion~c‘>£’?ther"s'i2éi‘of the 'total pool
as well as of the‘va‘r-.g'i-nix;ué'i concentrations: . 4. il oo T
(3) - ‘The.size "of the total: -‘im?:l is knowrn to vary with yield per-section (see
Figure 31) T S T e

“:+. .Plots of ASA:against aréinine with the arginine coordinate expressed.
“a.-:s' a. percéntgge!Were not apprec'iabl'y-‘diff;ex‘ent from similar plots with the
.ai;'ginine.coordinat‘e=e:’-cp',.resse‘<-i as'm moleé’/vmg-.— ‘ntx‘y'cel‘ium:hence only the '
V\SA concéhtratién-s‘e.ems“t'o% be a f_iniction- of the total pool.. .ilf Thi"'s.'is in fact @
__afs; would:be exp'ectediif?the'argin-i-n'e is~ac’.t‘ingv in' some gort of feedback on the
en,zyxheéimalsing‘ ASA; as ASA'woéuld then be synthesised ‘atf’fgreété»st"rat'e?and.
hénce have the largest: l;o_él -when_“t-he enzymes were filly de‘r'eﬁres‘s‘e;d:or !

deinhibited and there was also-a maximum concentration of available -



! -
. EXTERNAL ARGININE CONCENTRATION
02.9. mM (500 mgms/l1.)
0'0.29 mM (50 mgms/l.)
A 0.057 mM (10 mgms/i.) -
80 x 0.029 mM ( 5{ mgme/l.)
- . ~ ®
1] .
a .
g x « N
<°° a x x
g X - N
=z 3
< a a
2 o ©
-6 aoa .
. a-
* 40| A «
w
: a
a
° .
o
20 o
o
Q
o
0m °
(-] ]
° .
o . 30
ORNITHINE AS % TOTAL AMINO ACIDS
{
: — —
i
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substrate in the total amino acid pool. =
RS L I L R R ] P ;P!

As the size of the ASA pool is 4 function ‘of the total pool it might
CEEE I S I T I B T B IR L o A PR R

Lot

at firat sight appsar surprising that the ASA pool ‘was riot correlated more
. positively with.the ornithine pool (s¢e Figure 35).  The ornithine pool
usually remaing below 15% of ti total pool unless the arginine concentration
g, very low (cf. Figures 35 and 36). ' I would 'be consistent with the facts

1o regard the ornithine pool s remsining ‘constgni die to some sort of
feedback and the ASA adjusting relative to the total pool.  But at fow arginine
concentrations the pathway leading to ornithine may, be induced resulting.

in the production of more oraithine than usual. It fs not possible to deduce
2, conclusive pattern,of control fom these type of measurements of pools
and Fheir‘hc:or:elat_ed:V'b‘.eha,‘vliou'r‘and‘ so it would be idle to 'speéul‘é_‘tfe‘furthér
without more sophisticated experiments; In the course of analysis of the
results all- pools were platte-d against all ot_ixer pools and the ‘pm's illuétréted :
pgh_gl;‘plq;t:s, of data shqv_zed considerable scggt,é: thhout any dié.ce?flgb}e v.

.relationship. .

EI L S T B

‘Ammo acid. pools in. arg-lO (B362 3-13) grown on: l% a:gar Ain tubes. PE e

- Studies were made of the amino acid poois in arg-lO grovﬁ n tubes
- by pooling e?ctxons from ten tubes made at eqtllal dxstances from fhe growing
front: :- Growth on exte;'nal arginine con;:entratxons of 500 mg‘s /l.., 50. mgs. /1.
-and 10 mgs: /1. was studied. . Figure: 37 sho\i?fs the results obtained at the.

‘first two concentrations. . It can be seen that the percentage of ASA in the
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‘ FIGURE 37. Data on amino acid pools collected from arg-10

(B362-3-1a) grown on 500 mgs. /1. arginine and on 50 mg. /1. arginine

in tubes. Data is pooled from 10 tubes. ASA and total amino acids -

-have been given in arbitrary uhnits to show the extent to which the -.;

magnitude of the pools varies and for companeon with Fxgure 39 ioi' ‘
which it was not possible to collect yield data’’ S
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| FIGURE 38. - Growth curve for arg-10 (B362- 3-1a) grown on
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low arginine (0.01 gms./1.). Each point is the mean of 10 tubes.
Harvests were made at the time u;dxcated by the arrows. Harvests
A, B C, E (see Figure 39) were made on tubes which grew as

" represented by the solid -squares and harvest D was made on tubes

which grew as represented by the wolid circles. . These tubes were
initially identical in every respé"ct but the spasms were not exactly
synchrcnous and tubes harvested at D showed an early recovery
from spasm.
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- FIGURE 39. Data on amino acid pools collected from arg-10 .. .-

grown on low arginine (0.01 gms./1.) as described in Figure 38. i
Data is pooled from 10 tubes. Sections were always pooled from the
growing front except with tubes D in which recovery from spasm had .
already occurred and these were pooled from the point at which the "
spasm occurred. The ASA and total amino acxd pool is given for
comparison with. Figure 37.
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total pool increases steadxly w:th‘ the éxstance from the growmg front up

Tt

"t nearly 65% ASA aricl at.the same txme the % ASA in the anh)‘rdnde form

1lhl:!

mcreases (this latter observatxon wxll be dxscussed in deta:l below) A’SA

Wi b, ’ :,-'\‘:

. ‘ _
reaches a hxgher concentratlon near the growmg front on'50" mgs. /l. arguune

cot

than oh SOOmgs. /. argmlne F UL 1 g et
Pools were also ‘examined durm'g spasmodic growth (see Figures
38 and 39) Figur‘e"‘- 38 sfhows?the-i g'r.'o'wth’ c’:ﬁr\'}'e ’with th"e"poiiit’ at which':sa‘m'ples
'weré ade arked with afrows. . Spasis did nét occus exactly synthrorously
in time ;_a';i&f 40 series D'(harvested it the sarme titne 'as! deiies E) "ghawéa .
récovery from a spasm’ whereas 'geries’ E did not';”- - Thé level’ of ASA R
aéc'umul‘ation on low"a'rgiiuin'e (1o m‘gz:;li,s.*)fis‘ ’v'e"i'y"si'rnila'ri t6 that on 50° m'g'j."'h. |
- arginine ’(cf’. 'Figure’s‘e' 37 ahdi 39“)‘;53@%%55 !th‘é‘l‘ev.e‘l" i ‘g,ééatééé‘ o -1ové'ai€gfnme |

th ]

down: with the start-of a spasm‘. ' Thevearliest harvest A however shows a
‘rather: lower level of ASA- although the growth rate has: already began to fall
off. ; ‘_Inte-r.pretatxon of these results 1s-’com‘phcatedas a'series ‘of ha‘rve‘sts

“ "re'pre’sventihg'dif'fer'ent le'n'gth's_' oi;'growth' is hot availa-'b,l?e'.'fo'x":'afi‘g’;’l‘o grown ‘
on 50°0F 500 mgé. /1. .ASA, and so it is riot known whether or fict 12’ ¢inle.” of
growth oni'50 Frigs. /17 would give thé sa.me or different levels of ASA as "’
harvest A which repre ‘s'ehtpﬁ 12 cms. 'of growth on 10"mga. /1.’ arginine.
However the. largest aceuinixulat'iouso“c"c’ur at the growmg ;frnorntdurihg’a'spa'sm
and recouery from spasm is associated with a‘decrease_i_n the level of ASA

(see Figure 39D). These results are consistent with the interpretation of

previous experiments in Section 2 that apasmodic growth is caused by high



ASA' accumulations. .i;nft'he' growing front. - .

.. These are however-not.the only differences between spasmodic,

' and'non-spasmodic-cultures. -In'the next part .eyidence|}fs- described which .

points to a lowering of the'irternal: pH ‘of 'the.cell during growth on. Tow. :

arginine. ' - ;. o e

pH and the formation of ASA anhydridee. h a

N

ASA is known to be converted mto auhydrides by heat at aczd

L

or alkahne pH (Westall 1960), and was £ound to be '‘formed due to the o

[
l - s . x ,4.‘ L
A R

extraction procedure ueed (boxling' n 3 6% perchloric acxd). however more

R

ASA appeared to be formed than cou.ld be accounted for by the extraction

»)'t- 0}

procedure ltself." . The effect of variations in the' extraction procedure

P N o

e

o
¢

on Materials and' Metho'd_e’. ' Sufﬁce it=to say here that variation of wexght
ofmycehum and %}biﬁrﬁe’ of a'ci'd,'added had no effect on the amount of ‘

<4

N : * N . ot
oL E L A crot s t

" HE R R A IR L R
anhydnde formed.v ' '

. L S S

Westall (1960) has descnbed how the iormatxon of anhydnde is

affected by pH and temperature ‘but’ has not attempted to determme the

. P
ok ' .

‘ethbrxa mvolved. ' It eeemed hkely that ASA was bemg converted into "’

* [
k 4 1 '

-anhydx ride by the in vwo condxtxons of pH ‘To check' ori this poss'ibili't’y

4 ) .ot L or

1t was 1mportant to determme the ASA/ anhydrxde ethbr:a at various pH's

e

in vitro.. -To do this ASA at a concentration ’of‘l'mg; Jimi was"'i"ticuba'te'd"‘ '

‘at 25°C in Mcilvaines Buffer'(Na‘zl-:IP'OA} and citric acid) and samples were
‘taken at an interval of 'a‘f‘e\v.d‘ay'ts‘ and electrophoresed.”’ Figu¥e 40 shows

' - . T T T S Lo T T e e R

1o

I .
on anhydrxde formatinn was coneidered and ie fully descrxbed in the sectxon
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FIGURE  40. ASA at a concentratzon of l mgm. /ml. was

~incubated at. 259C and the concentrations of ASA and anhydnde

measured at intervals of a few days. pH was’ kept constant
using McIlvames buffer (Na 2HPOy4 and citric ac1d) " ‘The pH'
used are shown in the key, a V followmg the pH indicates that
Vogel's salt solution was added at 2% to that series. The figure
shows the rate of approach to eqﬂxlxbrmm under these various
cond1t10ns. : : -
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FIGURE 41. ASA to anhydride proportions near to or at
equilibrium are shown for various pH's. The pH used in the .
plot is the pH measured at the time the’ final anhydride proportions
were measured. The pH did not however vary more than 0.2
units during the 8-13 days of the experiment. Two series of
measurements were made as shown in the Key after 8 and 13 daysar2%5°C.




" CORRECTED
% ANHYDRIDE
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FIGURE 42. 'Proportions of ASA to anhydride during growth on

‘culture‘ trays (_see Figures 25-28). ' A line has been drawn by
inspection through the origin and the‘available points for each external
arginine concentration.
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that equilibrmm was reached after about 9 days. addition of Vogel'

v . ,a":

salt solutxon (2%) shghtly xncreased the rate of approach to equilibrium. :

'
,.,-_Qx.., i -'f.:»l-.,
v

Fxgure 4l shows results gwmg the % of ASA to anhydride near: to or at

s
Lo 4 . 1 s 3
. -:A ;.. 3 st‘;t,‘.ny\e---“.' "‘~'\
A_,”" RIFENO ke wee

equxhbnum.' 4 It can very readxly be seen that the amount ot' anhydride o

A i
" Y P I T

'is very closely determxned by the pH between pH 5 and 8 which is the S

physiologicalrange. ! v' ’ '

:
oL e ey v
T T U ‘,'-uf.'.

’ _. - ’ )'.

S 'deely differing ratios of ASA to anhydride were fxrst found

. t + . . H
. ' -ﬂﬂr.L}\-' Wt d

in the experrment mvolvxng growth on culture trays already discussed m ,

T
H + 'll'. N

.A‘S

' detaxl"above.' Assumxng the different ASA to anhydride ratios are due

-
'
. % : K . ," ,.~- HEEEN

to dlfferent prevalent in vivo pH'g"ghen this ratio lmay be used tto determme
v " v 5\
the‘rnean pH.‘ ‘In F:gure ‘42 values obtained for ASArhave been plotted

)
. T ‘\ 1;

agaznst values obtained*for anhydnde and the slope of a line drawn (assummg

\ Y ,4".1,. . . o
[ P T

that the lxne passes through zero) has been used to estxmate.‘ very approxunately.

LIS W
. s I PR ~('
¥ 0

the proportion of ASA in the anhydride form which after correctxon for the Do

L]
o

" amount of anhydndeJ formed during extraction (12%) has been converted mto
a value for pH usxng Figure 4l ' These estxmated average pH values are:;

1 . \u :
|'. b

v ’ ' K '
1\) .

gwen in the table appended to Figure 42 It should be“remembered that
L S

all :values for d1fferent stages of growth have been used in obtaining these

. .'| IR o \
R .;) '-qi\-'- §ori?

fxgures and iso they represent a fnean pH for the particular argmine congcentration

. R A, -'.‘.
ot Vo : N ;
‘,n,o i ' .‘_‘.’

mvolved;: The table referred to shows that the pH tends to be much lower in

¢ K ' ) “.. t v L, '»‘”':_.',.1-x,-,.i- N

arg=10 grown on low argmine than on' high argimne.

R R
- o,

Similar results were obtamed in growth on tubes (see Fxgures 37 and

[N ’-
[

39) Here it can be seen more’ clearly that the proportxon of ASA in the



. ARGININE CONCENTRATION
% 500 mgsfl ’
O 50 mgs/l.
a lOmgsfl A
2
v o
so| ® "
.
2]
2]
2 60
[}
Z
5
<
=
<
=]
[0}
t .
<40
2]
<
w®
20
i
° .
o- 10 20 30 40 50 60 70
: % ANHYDRIDES / TOTAL ASA - .
&8s 73 . 67 63
FIGURE 43. ' The pH as determined by proportion of anhydride :
is plotted against ASA expressed as percentage of the total pool. .- o

The values were obtdined from the results in Figures 37 and 39 after

‘_vthese figures had been smoothed by inspection. ' Three or four points
were ta.ken at roughly equal. mtervals from the - expenments as’ hsted
:m the key : ~
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anhydride for’m increases with dimihikhing arginine concgnt;'ation and with
increasing age of fhe myéglium . Figure 43 has been constructed using
values from Figurés 37 and 39 to give a rough diagrém_of the relation between
size of the ASA '.pool.. size of the ax.xhy&'rid'e pool and distance from the growing
front. Values used in this diagram have been obtaine& from the smoéthed ’
results in Figures 37 and 39. It can be seen that most of the points from
the low arginine cultures (10 mgs. / 1.) have hiéh anhydridé and hence low pH
and that this ig a much mox;e rﬁarked diffe'rencg between the low arginine
tubes an;i thé other tubes '-than ’tvhe difference in the magnitude of the ASA pool.
These re;ﬁlts seerﬁ ‘o be consistent with some quite lérge |
changes in pH within the m&celium during grtswth and agein’g‘on various media.
The equilibrium between ASA a.nd anhydride takes up to ten dairs to be
establbished in vitro and although the reaction coula_be catalyset; in vivo
this has not been shown experimentall'y. In experim;ent;é of this kind in
tubes. it is not po_ssiblé to soxtout rigorouely the kinetics of pH changes and
their .effect on aninydride formation. The interpretation of these results

is discussed f\irther at the end of this section.

Attempt to identify 'yellow substance' found on electropijresis of
perchloric acid extracts of Neurospora. .

A substance which had a very slight yellow. colour on untreated
chromatograms was invariably found in perchlori_c_.aci_d extracts of neurospora
which had been grown on low arginine. The faint yellow éolouxj was not
usually noticeable on unstained chipmatog:ams and the subst_ance wa_s' generally

only detecfed after ninhydrin treatment which v'eljy much intensified the colour.



63.

" The' colour showed no cha’n'ge‘o'n' treatment w:th coppef colution’ (see Material
"and Métliods) anid had’ an ﬁbso'rptioh'maﬁximur'xi' at 480 ryi 58" oppos'e'd;-to 504 mp
fo¥ typical aming acids afted coppet tréatment. '~ The substarice was first-

"’ thought to be prolin bethuss 8f ite yellow' elour but was foind to be separable

from prolitie and hydroxyproline oﬁ”ét'eétfopltoiesioé for 3 Hours (see Figure
"ot ‘page 12'). *  Bécause of its yellow' colour'it 's’ééﬁiédilfkeljy*tlta’t' it might
be a ‘i‘ai’iﬁééaﬁ‘cé‘-‘réiéted“ to' the ‘pﬂrisliné;‘;*6;:};;"6:61«; s. ' Pyrooles'and Felated

v compoundsgwe ‘fed 'spots whén ﬁhp-ie;iis"ar'e 'tre‘dt‘e"d" with'l %~"5p.~'aimeihy1-

£ "B‘ez’iz’éi’déﬁ;}&é“iii acetone: ' HC1' ‘é?‘l ) "‘tr‘ﬁ:t:o‘p'lia‘n'g‘{iie‘;"a‘"ﬁiui-ﬁlé'bpbt with this

' -f,eageﬁt:.{"‘('ﬁaw;sbn et al, '19'6’2)'2' The yellow substance" gave’ 'é'barely

,‘,
Ay

."ver)"' cle‘air‘ 'r'e‘spo'n'se to 'nmhydr’m; ;e Thls lack of clear responae ‘seemed to

‘‘‘‘‘

) prolme. in partlcular. - T'r’ea‘t'xii‘eht"with O-’ 2%“i'satm‘-m ’n‘-bﬁtanol"co‘n‘tammg

g

4% glacxal acetxc ‘acid followéd by heating at 100°¢- for 10 minutes gives a

............

strong biue’ colour w1th prolme and a'faint "c’olou'r.‘ with ‘bydroxypto‘l‘m'e (Dawson

.....

<‘‘reaction With;'thi,s':i"ea,gent similar to.the reaction given by, .h.y’dx_'oxyp:oline in

rella:ti.\;e‘ | 1ntens.1ty | | |
'lLec'i‘er‘et' and Lecterer- (14')5"7) éx\;e a list of..'s:xost;enees\whxch give a

: -yel.ll‘o;v 'eoloot.;th'nmhy}d‘sm.h of tile ;s‘ulbstances 01‘1- .tl(l'e hst ;onlir the following

L i . i IR o

remam to be consulered (all others bemg ehmmated by the tests descnbed
» above) methylprolme. allohydroxyprolme. hydroxymethylprolme. balkxain.

te b o a s .~.;,1;1A.;

anserine, 8-ammo-1evuhmc aczd aspartophenone. mpecottc acui pxpecohc
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1
; PRI I I
. 1t
I

DRI N .
oyt . it
- . . . . coor et

‘aoid and 'Zf-‘pipe'coiié aeid'.' Of these S’amino levuhmc acxd allohydroxpyrolme

'.‘vn

)

and pxpecohc acxd were elgmmated as they were: found to’ be separable

I . i,.. A.. R

i EEE T T
R

'electrophoretlcauy All other -pr.ol_me ;derivatives -and’ other N-" substituted

ammo acids were ehmmated as it was found that the yellow substance‘

ey b d Bt

ﬂuoresced in the ultra-violet wtthout heatxng (Gal 1950) ' Angérine x":ia'y

e

be ehmmated as a poseibxhty as. 1t is reported as being trather basic’ and

A I .
hence would travel faeter than the yellow substance' on' electrophoresm.-

1

‘Thxs leaves aapartophenone (HOOCCH CH(NHZ)CO Nk ) a8 the only remaxmng

u":.ili.

known poss1bxlity R TR

| A_ An ammo ac'id,‘ analyser run using the Technicon: standard gradient
on material from arg'.elo (B362_&‘3§-1a) gr.own} on 0: 0] gms. /1:*a¥ginine which
IS TR

had 'yellow matenal'xn electrophoretograms showed two peaks whxch had a

1r..

hxgh aosorbtmn at 440 mp (as opposed to 570 mp: at which wavelength most

amino acids absorb); One of these peaks came within 3 hours of the start
R S

and the other peak came off between leucine and non-leucine:' ‘Neither of
these .peaks corresponded with known amino, acids havinga high'440 mp’

abso'rption.; ) - e LTI SR K S BSNS AR I S

R TR
cat

It must therefore be concluded that ;although the. unknown substance

_ -
could be aspartophenone 1t could equally well be -some other: substance the'
.p‘)ro;‘)e.x"txes of which have .n:ot yet_"b,ee_n,_goted .by.amino ac1d"ana;1y_sts . No further
| workhas yet.been dohe ohyt:hie ‘s‘ubetance,,.a,lthqughit_;fvo_'ul;d;t*se'e’m to b‘e-wéllﬁ i
worth p’d;sdihgvin view ot its pos'sibl,e connection w1th -‘A.S,A*'breakdown or.with

arginine derepression or deinhibition.
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(vt ¢ 1 The experiments already. descnbed show:that the ASA pobl'i:s;'

Tt

‘highest inicultures grown .onlow "a,x‘gi‘nihé"a.nd lowest i'r'xA cultures. g'r‘own -

§ o
Py
‘ -4 -f- vy

on high arginine.although. the analysxs is: much comphcated by xthe decrease

p ot LR

" in’'arginine:and.in the réte:bf{ g:x;c;;,wtp;a;llbnzg" the tube from the: growing- front. -
:iCultures growing spasmodically have:a jgreater . ASA pool in' the ;growing -

" frontthan:cultures growing nongs épé,"smce_d‘ica‘lly and.dlso show the highest

final ASA' accumul’at’ion;.:;h F.!Z?h‘es,e ‘c.liff‘e'rences‘ aref.of vtvhe typez‘which‘were

expected on.the bas1s :of the genetxcal and physxolog:.cal experxments. o

g
]

we . ol 7 o ,

N

U 4The further dxscovery of varymg proportxon of ASA: to anhydnde

“n.,n

‘was'’ totally unexpected and 1t seems; to be only posmble ‘to-account for thxs

[ e
T

¢ by the existence of. animvivo ‘pH, whxch varied w1th external: argmme

lv:,,.,'

F
¥ Do I
i LR

-1 ccﬁ-cént'ration; , There are, several possible reasons why the in vivo pH

might:vary with external drginine concentration: ' .. . - i o

i S .
o BRI e

(1) ‘f’If-he";ASA 'a’_cc,umulht‘ibi} itself is sufficiently" acid to cause a decrease

L tesE g e s . Doy . ' RS ) - - |
-ln.pH;:.' R T BT L T I g o] DR P Py o Ty e et
. - 1 N . . .
. . B . [ HEE N

'“(2)-"" The additional ATP:nécessary, to synthesize ASA .causes excessive -

N P
N [

respiratory. ac’tiﬁrity and _COZ production. . - . Coe ey

P Do
: S . .
¢ -3 L

(3) CO2 productmn is mduced to provide substrate for carbamyl phosphokmase.

.,..

'(4) = The® general condxtions of growth thh excess sugar, salts, etc. but

. + . N
4f_ oo PR S

li'mited. ar‘gini_ne favour ,exces sive .re ,sp‘ilgatiofn.

. ¥, !..Any or all of these reasons wmuld account for the variation in in vivo

pH and there would seem to be no way.of d,e'ciding‘between them at the present

t{me.,’ The observatioﬁs suggest that the normal in vivo. pH is 7-8 but.
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; that the pH is consxderably losver 5 5'. 26 in spasmodlcally growmg cultures :

oy 1 ",."v\ ,,.

and 6. 5 - 7 in: old but non-spasmodtc cultures.~ There is no..reason to .

s
-

beheve that the: pH is umform throughout the dlﬁ'erent parts of a hypha, ,

f’, ; H Tt Py [
tvu!m»-:' N [ A

the pH of the vacuoles for example may be capable of much deer va:rxatmn

‘.‘}1 L <x1.

'than the 'pH ‘of the' cy‘toi:olas_rix. “'For thxs reason and because of comphcatmns

of mterpretation due to & possxbly slow rate of anhydnde for xhatlon the pH
: Yoo " § FR T S WY DS SRR ,‘-;"'." 7 oty
fneaburéd should be“r"é‘g'a'rded a's a‘me’an‘pH. P y

f
L T P

' ;'Sp'":isifno:clii'c:'!' gromhcould :he~"c:"1use;<l by hlgh ASA eccumuletions -

per se,’ of by a Dreakdown product of ASA ( yellow suhstance'?) ortlow pH

T o il IR -"l.‘;“; wr i FEEIES LR v R T
or 'any '¢ombination ‘of these fa ctors. : As however no other argmme loci,
[ R ¢ Py “ .'»'.;‘s_:‘Al’ A :

show spasmodxc growth 1t seems that Whatever causes ‘the, spasms they

RN IRE L
gty f

' must be at | least indxrectly due to ASA synthesis, iie., » 1f pH 1s the d;rect

. . P ot .
.,“,' O S i i

cause of spasms then thls must be because the pH'is altered ior one, of

BRI ’ [ ‘-.""'5‘ R 1'5,‘.¥' [ N S
‘.A : cat EE A coaly [ *;» H _.‘.-_-~: ot L i HEREERY Py b Y '
reasone l‘-3 above but not for reason 4r v e, .
P O 3 T P v R 'L)“-;;'E' Pl o e e et

Growth 'on solid media has the one advantage, that the external
U R R D B BN T T T I R SR R PRI
c‘oncentr'atio'n.of substrates may be held cconstant during growth.,  This
'."':'.‘v',l'gl';“‘l’x':f‘\"“‘ FRPPT R T A L L R A A :-\).“.;' . ',‘.:' TR
a‘dv’a’nt'age" i's unfdr't‘tinately ve'ry‘ 'limiteld‘ d‘ue'tor the ability. of the fungus to

K i
I‘.

concentrate substrates from the medlum and the :very extenswe changes in

amino- acuicpools found in- these experrments durmg growth along the tuhe.

NEY

The-‘éxb‘e'fini“éafs aé‘a'éi-ib'e'd‘ herehad J very 'limited aim of elgci_da;ci_qg_ 'the

‘ nature'of spasmodic growth and were ‘not conz erned thh the problem of
the regulatxon of pools per ‘se.’ However 1t is quxte clear as a result of these

e‘:ép’e‘rimen’t"s that the absolute'sizes of the p'obfs \'ra‘r!y dhring ‘g:""ow.th v{rith

"I,‘A\ ' [ T TS B S D
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age -é;na with—diStaixCe"fro}ﬁ tlie- grdw{n‘g ffo'nt. ~-1't~:-i‘§ also clear that the

'proportxons of one pool to another in a bmchemxcal pathway (e g. R ormthme
. S

.and ASA in. Fzgure 35) may vary conslderably. , %Obviously' on the basis of

_‘mass actxon the carbamyl phosphate. aspartate and ATP pools wzll affect

[
.'1 .

'.the‘ r—atio of ornithine to.:A'SA.» Nfevertheless a'lthou’gh i’t‘is not possible from

,,,,,,,,, .

clear that durmg growth the pools may be pertarbed mto- a: vanety of rat;os '
gand the organism may- st;]:‘l grow sattsfacto‘rxly.i‘ 'It should be noted here
that one amino acid an'aijse‘r run has been done en béel-é‘frozri culture_:s, grown
on.low arginine}a.nd Ath'ait» a i'ati'e-ef ASA/ ;:it,gulltr;ei:;.asbaljtate‘ was ebtaiaéd
which was verglrlmuéh greater than:any obtamedbyCurtxs durmg steady
ekponentgal growth in shaken flasks. | Th{é dlfference canbeaccounted
. for either by post'ulating;a inasa aet«iea effe:et iee'ulting %rorﬁ unusually
..l‘arge precursor or ATP-poéis, or lay pdstula,tixz‘g that ,ASA is'. not mtrue
chemi’cal equilibrium du-.r'ing‘ exponentiaf gre,.wth, ‘as in ATP c.oubie‘id_nea%:tions
the equiiibrium would be exp'ec':te‘d to be very much m fa\}c;a: éof't‘he .;;‘r_ofgifuct
.and hence equilibrium might never be rteachevé in a:-fa:pildly growmg ehitﬁre;

~ Although growth on solid media may be the nattiral' way fverv most
ﬁlamentoﬁ-s'-fungi and neurospota-in pai'ticplar -te_'gvx‘*o_x’;x'ri it e.e’efn:is' tobean
. ,unpromising situagion. ter tﬁe 'eiucidatioa ofAcontr;ol méehanisfas "iri'.in:termediary

rxiet_abplifsm‘. To do th1s the class1cal experzmental method of holdmg all

: cot_xditions constant ‘and,-then' varymg them' _sxngly,l.s, th_emost a_pprop:;;ate .

N

and ‘c_;al'u_xot be simply achieved in growth on solid !_jpe'(ii'a.' L o
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FIGURE 45. ' Argmmosuccmase in Arg-1 (46004A) measured

as moles ASA synthesmed Img.. protem/hour in sections taken
from growth tubes at different distances from the growmg part.
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. FIGURE -48. . : Argmmosuccmlc ac1d synthetase in Arg-lO (B362- SR

‘ 3=la) measured as .A'moles citrulline decomposed /mg. protein /hour
! in sections taken from growth tubes at different distances from the
growmg part. :
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FIGURE 49. Ornithine transcarbamylase in Arg-1 (46004A)
measured as /A moles citrulline synthesised | mg. protein / hour
plotted for each series of.'ée.ctionsv from growth tubes against external

arginine concentration. - - Sections (4 or 5 cms. long) are labelled 1. 4

starting at the growing front.

[$



Arg-1

4
v

ARGININOSUCGINASE
. *
e

ot
-3k

° -
‘2F
(13
° B b4 .

so 100 00 1000 $S000
- LOG. EXTERNAL ARGININE CONCENTRATION mgs/l. '

N e

., FIGURE 50. Argininosuccinase in Arg-1 (4600A) measured as A

. moles ASA synthesised / mg. protein / hour plotted for each series

., of sections from growth tubes against external arginine concentration.

: Sections (4 or 5 cms. long) are labelled 1.4 starting at the‘g_rowing. ’
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FIGURE 51. Arginase in Arg-1 (46006A) measured as M moles

urea synthesised / mg. protein/hour plotted for each series of sections‘

from growth tubes against external arginine concentration. Sections
(4 or 5 cms. long) are labelled 1.4 starting at the growing front.
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FIGURE 52. Left hand side: Ornithine transcarbamylase in

Arg-10 (B362-3-1a) measured as A moles citrulline synthesised [’
mg. protein / hour plotted for each series of sections from growth.

tubes against external arginine concentration. Right hand side: -

Argininosuccinic acid synthetase in Arg-10 (B362-3-1a) measured’ ;':.»
as A moles citrulline decomposed / mg. protein / hour plotted for.™
each series of sections from growth tubes against external arginine . -

concentration. Sections (4 cms. iong) are labelled 1. 3 starting
at the growing front. - :
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- SEGCTION : 'I'V

. Enzyme activities in arg=1-and arg-10 during growth in tubes

Enz.yn.:aé‘activlit'iés were measured in.rﬁycéi'iﬁm sepa'rat}ed from .
agar By squeleziﬁg:throu‘gh‘ cotton ';1-8 described in Matér.ial and ‘Meéthods.
Assay cohéitidns -a;r_e‘ a'léo' desc:i"i'b'ed- in the ‘séc;ion ‘or; *l\./I‘aterbil'la"‘l‘ ai;d Methods
Ali e'nzyn;\e‘ ;ct:ivit:iés. ér;{me'a‘sﬁf"e.d‘.iri (;A mol-e‘é .s';.xb‘str‘ate dé;tféyéd of
produ?:'t 'synl;hesis‘e'd pe;!" ilour Aper' mg p:;o't‘ei_x'z' rxrlxéé.éured in eqixi'\'ra'len.ﬁ ;
ovf br;yiné sé;rur.ﬁ ‘album;envzt’xsihg' 1;he m'Eth’o'c‘l of Foiit; a.nd-L'ov;r}"' ,(LO\‘vr‘y et al.

: o T C i
1951‘)'onzr-p1v'otein meaéuférhéﬁt. - The. ekperiménts‘ involve Ig'rowing‘ 46004A
or B362-3-1a on ‘l%‘ag'a‘.i' in tubes and éu'tht'ing sections of 4 or 5'cms. from,.
‘the g¥'owing front backwards. The data has Seéﬂ:pl‘ot‘ted in two ways as .
-siﬁecific activity of the various enzymes ag‘ainst f&i’staxi‘éefrom the growing .
front (Figures 44.-.48) or as spéciﬁc activity for a given section (or distance
from growing front) agaiﬁét external arginine ébncénﬁrétion (Figures 49-52).
The former type of plot shows that enzy;n"’e level varies in-aimost all .
iﬁagiﬁable ways with distance frérﬁ the growing front.. Such variations:
might bé e:?pected in view of time’z delays in enzyme induction; (éhaxige in inducer
coﬁce_ntration :;md ageing of nﬂ;}celiurﬁ} m fa‘ct.'a’ combination of-.'these”factors
can exp.lz;in. any such curve o£ en‘éyrxié ‘activity ‘with distance from the’ g:OWing
front in an ad ixoc way » Thé.piots of épééifiCt a”cét;'i\}i‘ty':,,iagait.ys't' ~ext.ezi'1:'xa:1'-
.arginine concentration are more int’ef’estin‘g as:n’t’o‘st' of these show consistent

trends of enzyme induction or repression. Figure 51 shows that arginése

in arg-1 is induced up to 4 fold, Figure 49 a 5-10 fold repression of OTCase
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measured &s WU moles citrulline synthesised frng. protein '/ hour in
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front. . Three independent experiments (represented by circle, triangle
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front. Two independent experiments (represented by circle and square)
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' FIGURE 56. Ornithine transcarbamylase in backcrossed arg~-10 (B362)

measured as 'A moles citrulline synthesised | mg. protein | hour in
sections taken from growth tubes .at different distances from the growing
front. Three independent experiments (represented by circle, triangle -
and square) on 500 mgs/l. arginine. '
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measured as 'A moles citrulline synthesised / mg. protein / hour in
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front. Three independent experiments (represented by c1rc1e, triangle
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FIGURE 58. Ornithine transcarbamylase in backcrossed arg~-10 (B362) O

measured as }k moles citrulline syntnes1sed / mg. Proteln | hour in
sections taken from growth tubes at differant distances from the growing

front. Five experiments in two series (represented by squares and circles).

The first series (top of figure a and b) was harvested at two different times,
lot a after growing 17 cms along the tube in 95 hours and lot b after growing
22 cms. along the tube in 116 hours; in this series only one t;ube in 34 )
showed signs of ‘spasmodic growth. The second series (bottom of figure,

c, d and ¢) showed spasmodic growth rather similar to that illustrated
in Figure 38 (harvest E) i.e., ¢ was harvested after 73 hours growth
over 13.5 cms., d was harvested after 96 hours growth over 17 cms,
and e was harvested after 114 hours growth over 18 cms; . samestubes
in harvest e were beginning to show recovery from spasm.
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in arg-1 and F;igure 50 a 5-20 fold repression of ASAase alsoin arg-1l.
The ASAase result is less clear than the others as one of the points is
particularly high. This illustrates the problem of this type of ex'zperiment
in which it is assumed that sections of equal length and mean dittance from
the growing front are éqﬁivalent. -~ This is plainly not so as the growth
ratés are known to differ, but is also unlikély to be so as the arginine
concentration will decay‘ behind the growihg.front mﬁch 'mo‘re rapidly in -
low arginirie tubes and hence cessation of protein synthesis and growth
with possible onset of autelytic processes, will occur more rapidly.

Figure 52 shows that ASA synthetase in arg-10 is de-represéed
4-14 fold whereas OTCaée (Figure 52) does nof vary'in any systematic way
with aréinine concer_ltration.. It isb not at.all clear why (jTCase should
behave so differently in arg-1 and arg-10. The low arginine tubes were
undergoing a spasm at the time that the mycelium was harvested which might
account for the difference. Arginase has not been meé.sured in arg-10 and

ASAase cannot of course be measured &n arg-10 or ASA synthetase in arg-1.

Further experiments on OTCase levels during growth in tube.s:

Because of the variahility in results obtained for OTCase in the
experiments already described and because of the apparent descrepancy
between results for arg-1 and arg-10, it was suggested that the experiments
should be repeated using backcrossed strains of a'rg-l and arg-10. In the
investigations illustrated by Fi-gures 53~59 strains of arg~1 and arg-10

backcrossed five times to wild type were used (these strains were obtained
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frgm C,_F’.' Cgrtis) and the enzymeé were measured in pooled sections
from several tubes, the sections always being 3 cms. long. The
standard method of assay was used except that protein was measured

by the method of Folin énd Iowry allowing 4 hours for colour development,
this gave better results and a linear relationship between optical density
and protein concentration (see Figure 59).

Duplicate enzyme assays were made for each extract and
duplicate protein determinations were made. As protein determinations
showed comparatively little variability duplicate enzyme assays were
expressed as specific enzyme activity per mean value of protein.

The results broadly confifrﬁ those previously oiatained in that .
on 500 mgs/1 or 50 mgs/l arginine the level of enzymé specific activity
rises to a peak some disténce behind the grbwing front (9-15 cms), this is
followed by a decé.y of the sp;ecific activity;.in the aged parts of the culture
15-25 cms. from the growing front

On a lower concentration of arginine (10 mgs/1) the maximum
specific activity occurs at or near the growing froritand thereafter decays
with distance from the growing front. @ These results fit in with other
results obtained showing that growth in thickness of mycelium occurs
be};ind the growing front when the arginine .concqntration is sufficiently high
(Figure 7) and tHe decrease in enzyme specific activity seems to follow in
parallel with the decrease in weight of mycelium in the older portions of
the culture. The results are also consistent with the known behaviour

of the amino acid pools in that OTCase is found to be induced as internal
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arginine is feduced in quantity and as the ASA pool increases. in quantity
(see ;E‘igures 25-27).

The lowest values found for OTCase were 60-100 units and
the highest values 450 units‘ giving an induction of at least five fold. It
must be stressed that this is a minimum estimate as the specific activit‘y
of OTCase may obviously vary within the three centimetre sections in
which it was measured and also growth of arginine requirers of Neurospora
may occur on even lower external arginine concentrations which might
involve greater enzyme inductions.

Figure 58 givgs some idea of the behaviour of- OTCase during
spasmodic growth. Arg-10 was grown on low arginine (10 mgs /1) with
1% agar which does not alwéys result in spasmodic growth due to the
1c;wered agar concentration.A The top of figure 58 (azand b) shows non-
spasmodic growth under these conditions and the bottom of Figure 58
(c, d and ¢) spasmodic growth under apparently identical conditions. At
the right hand side of the figure OT Case specific activity during early
growth is shown and at the left hand side of the figure specific activity
during later growth. Initially in both cases the enzyme 1eve1bis high
but is much lower in }_) after further non- spaémodié growth. In d fully
spasmodic growth occurred and recowery from spasmodic growth was
occurring when samples were taken to determine the enzymes as at e.
The type of spasmodi;: growth found was very similar to that shown in
Figure 38 (harvest E). Thus cleariy non-spasmodic growth and recovery

from spasmodic growth are correlated with reduction in OTCase level.
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The difference between the two series of cultures which lead to one series
becoming spasmodic and the otherrlligsiglot 'clear but small differences in
arginine cor;tent of thg mgdium o.r CO2 in 'th.e air for the two series might
cause this difference.

The difference between results for arg-1 and arg-10 in the
earlier experiments may be accounted for largely as due to the dramatic
variation in OTCase level during growth on 10 mgs/1 arginine.

The high initial OTCase specific activity followed by lower
activity as in Figure 58 may be accounted for by a build-up in ASA concentration
which lowers growth rate and allows arginine concentration to build up,
repressin.g“ f:11e enzyme, and hen;:e liowering the OTCase specific activity.
This type of behaviour might lead to a stable lowered growth rate or to

spasmodic growth, thus accounting for both experiments recorded in Figure 58.

Discussion

It is clear that the arginine biosynthetic pathway can as a whole
respond to low arginine concentrations by at least a four fold induction and
possibly as much as ten-fold or even more. Table 10 is a list of all the
enzymes in Neurospora crassa which have been found to show adaptive
enzyme responses, also included in the table are comparable figures for

two arginine biosynthetic enzymes from E. coli. The table shows that
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large adaptive reeﬁensee of enzymee have Been feund in Neurospora

and' thet-there are several inducible ‘en'zymesi-‘kx.'lowe. Two further enz&mes
a.rgininos:uccinase and argininosuecmic acid syﬁihetase may eow be a.dded'

to this list as a.resﬁlt‘,of tﬁe work’deec'x"ibed he-re. 'i‘he feoat. ‘dramatAiC
enzyme adeptetiohs in Neurospora have b‘een‘ found when alternative media
(st_x/ch as nitrate or ammonia) mas? be used in ’beth of which the organism may
gfpw. Davis (1965) on the ether hand transferred 'cultu"re_s growing on'v
arginine to minimal medium or vice versa .and Iooked for enzyme respon'ees
in the organism aftez; 4-’5-hours iﬁcubation in the Anewime’diuin. Tﬁi'e t’",rpe

of e'xperime'nt'has 'ti;?eié{i;eedvantage that the internal a'i'ginine pools are slowly
used up and then the organism grinds to a sudden halt; -probably there ig .
littie 'time'leftbetween.x:e‘ceivin:g' eignale \indieetir}g: ,l'o.w a:ginine,‘: pools and
e:v:.hvaustien'of the pool a;fter’ which further adaptive .eﬁzyme;synthesie is obf{igesly
imﬁoss‘ible;‘ -The 'reciprocal j:ypé of experiment in_\_relving transfer of wild .
type' from minimal:to -ar-gi'n‘ine mediu-m:wpul;d only be- expected to. pquduc‘.e‘::a,: -
response if the =enzjrm‘e5’were already derepressed.-.; ~In ran:'o,t'he,.r type of
experiment Davis achieved partial derepression by'usih'g a ‘mutant with 5%

normal ornithine transcarbamylase which had a low arginine pool} this mutant

could’ grow bn minimal med_ium but when grown on -arginine medium showed a
reductmn by half of the actxwty of ormthme transmrbamylase.‘ However it is

(R vl e B -t .;.1‘ dreno g i
evident that thxs techmque m1ght show much b1gger differences if a mutant with
an even lower argmxne pool could be obtained. It seems lxkely that greater adaptw

changes in enzﬁrin’e level have been obtained in gro,\'vth on tubes because prolonged

growth was. obtained at
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" ENZYME ADAPTATION IN NEUROSPORA C‘RAS.SA'. AND ESCHERICHIA COLI

Engzyme

Inducer or repressor

Reference

.| Fold response to repressor
U ' substance
Neurospora crassa - )

, Ormthme transcarbamylase ‘2 arginine _ Davis 1965
Carbamyl phosphokmase ‘ 2 arginine  Davis'1965 '
Arginase -+ 253 - arginine Srb 1944
 Aspartic transcarbamylase f 4 . uracil’ i " Davis 1965
Pyroline-5-carboxylate reductase 13 proline. L 1 Yura
TPNH cytochrome-C-reductase 2 nitrate - © Kinsky 1961

. ' : : ‘ induced ', ‘ :
; - ammonia
‘ L , ) ‘ : repressed . ‘ o
Diphosphopyridine nucleotidase 800 " Biotin and/ or zine .| Nason 1953
o ' o o ‘ . ; { PR "_‘def1c1¢nc.:y L I L .
Nitrate. reductase e ' ' I : : Nitrate induced, - .- Kinsky 1961
ST » . | . ammonium ion o :
: = : - ' ' » repressed ' Pt
" Alcohol dehydrogenase’ ! S | High nitrogen : Nason'’ 1953 °
Hydroxylamine reductase ‘ I Nitrate induced ;. . Zucker 1955 -.
; T . ! - ammonium repressed .
L-amino acid oxidase I __low biotin Thayer 1951
L-amino acxd oxidase 10 e high leucine or lysine |- Thayer 1951
‘Tyrosxnase I low sulphpr ' Thayer 1951
Tyrosinase _ 80 high " Horowitz 1960
' L " b "], + D stereoisomers L '
o 4 ) ' , : ' of amino acids A ‘
B- galactosldase , ’ I : galactoae . : Loy Landxnan 1953
Escherichia coli.’ C N o S : S

.| Ornithine transcarbamylase 3 26 . arginine . Gorini 1961

Argininosuccinase ° 5 ' ,:‘arginine Gorini 1961

1 indicates de novo synthesis of enzyme from zero or undetectable quantities.
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loWered pool levels.

P

. These,schangés.whicﬁ have been 'o'l’)se,'x"ve'c‘l in ihe level of

. ornithine transcarbamylase and argininosuccinase arermuch nearer
14

., the change inlevel féuh;i; by Gorini.and co-wo.r'k';e"rs mE coli.
It is"‘ perhapsv surpri'siﬁg to -firid thiat’?rgi‘naiisé still exists in
" the organism when Neurospora is ;g'roxr;'ing 6_n v"e:r'.y Igv; argininé and the
a;fg{n'iné'biosynthetic enzymes a;x;e‘iﬁducéd.:.a :It would s'ever.n (!a)s' ‘ithtxa -
maximal velocity of arginase is so great compared thh .;:111 the o'il;,hc-ar'
éfginine biosynthetic énzymes) that if the arginase Qéré:well.':mij;ed m o
the cﬁéplasm \n;ith all the other enzymes scaféellyr'any;érgi:n'ir;e would
reach the 'prc_)te‘i’n syntheéi‘cl 'é);stem on low argmme a.nd‘:tha't é;eét arginine
‘wastage would occur iﬁ normal .ciz;’;uinstanées. : For 'tl;i‘s' reass()n it xséézl’h's

| hkely that the argin’é;é i’é fuzic;:'ic')haliy or pﬁfsicaily s'ejx‘ag.'r.i:zt'edx fro‘i:ﬁ 'tlﬁelf :
other enéymes by éitﬁer. "ha;vir'xg différént k1net1cbmdmg cc;nsta-;its‘ for' -
~arginine or possibly by being located in é different‘p'art of‘the' cell, .e.‘g. .

L in ﬁhe’ Qécuole ag opp‘:os:éd-it; the c:ytoplasn;. ‘ “’:I‘h'ere. v'ivs éém’é sﬁpﬁbrt ﬂ;r .
»spécﬁlétion of thv-is-' tfp’e on qﬁifé'g;efxiérai‘l ,grc’:n.inds..": Argmase Eis‘lfio‘un:d. iﬁ
a.nix;n.al tissues, I;ljaixits'ana f@gi but not in badé;'i';' (bixoﬁ.and‘ W;i:b; 1960) .
\‘R;e must theréforé ask what function ddes fhe Ienzyr‘ﬁe.perforrh in" Neﬁr;spora
-which is not perforfned and presumably unnécéséa;ry in ba;:teria?.
Itis well known siﬁce its original disjmssioﬁ_ by Baiéwin (i§49 Y

:and"othex.'s (:thg v;iml.e. évi&énce is briefly féviéw“édh by (.iéh-en 1961:) ii;a;,t.
: :.t'éleost ﬁéh (‘bon’y' fish) do not .;;oss'ess arginase a,'.n:d e;;c:t;ete amm(‘mia'

(ammonotelic) whereas the chondrichthyes or cartilaginous fish and
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ar.n'phibivane and all otix;er laxvld-li'v:‘ing:.véxrge'hx;a‘t;si ié:":cr‘eté'u;x-'ea,‘i‘n',fhe ﬁ;'ine
(ufeot'elic). T~he écéééigd 're_é;s'o’r.z tfdxf "th'is‘_ is Etﬁ‘a,t.,‘.am‘l.'non‘i'é‘ even 'i.n'!s:m‘all
quantities is toxic ;'to the .q'r‘ga',n‘is‘m-a'jn%l al"tlia'b,ﬁgh‘ s:iz‘fébbsal of ax;qr:n;oﬁ.ia is no
problem to aquatic animals it 'pi‘*ovic'i)e':s a problem i'dr tefrééfriai ,afn‘i.rﬁaxls |
which ca'r.mot reaaily' dilute it in lar‘geAéuaniti‘t%ej.s‘ of water. 'A‘mmé.n‘i'a‘,ix;x
ureotelic organisms is converted into urea or urxc ‘acic'i:whichz i‘é'rcdnclét_;ltli'_ated
—.éhd disposed of in the urine.’ Sitiki"né éjvi'dén:cé in sdppért of Itl‘xi;sfvi‘ew comes
from thé amphibia where the ééuaﬁc larval s.tages“ A"a,re ammonotelic
possessing no arginase and the land-living a’dﬁit‘séage is:\:ix;éofellic" ﬁbssgaéing
arginase.

Fungi may be readily ’goﬁipaféd to terrestnal u;ébtélic 6r.gl‘aix‘_iisms
as they are known to ‘inh;a"l;it""célxhpéx‘é.t:i'\"rely dry énvir;Mehtg : spreading by
‘growth o,\:ér"the lsur'face'ox"'b‘y di}'séfibﬁt,ion of'r'at‘h‘.e'r'dx"'y dederir 'sl;c;i"e-s“." It
'i8 quite evident‘t‘hat ammonia might be toxic to the o'rﬂgvéni's.‘m" under tﬁéée

circumstances and that arginase and associated enzymes could prevent such .

P co P Cor
s . .. [

: foki;::ity';dy‘ "c-'onvér'éio'n:‘ of :Ta‘rfnn{ox;iaf to urea.

- o S : .
The existence lsuch a function for the urea 'c;rcle in f;m!gi :axs. :

de's'cribed sé_é‘ms quite iikely and.wo\";ld;z"',a‘dilca:l'l;r Alter'the ‘t&pes‘o.f control "

which we might expéct to-fi'n'd.; ' kR

3

Complex cAontQ'r;)l' of urea c.'y'c‘l'e enz)ln‘!'le.s" m :v'e::fte'ﬁr;ét'érsfh;‘s:Be‘éh"' o
Studied in \khdie ani_'m‘al"s'a'nd in tissue cmture (s:ée’ “r'elaﬁzi_ew Kﬁc.)"x: 1965) Liver
arginase increases when-animals are fed on high p‘rOtef'in ‘or arginine; also
th'evargin'ine biosynthetic enzymies increase in lé‘vél 2 fold and ‘arginase

N .



Temains the same in ;ani.t'xia‘ls fe'_d,: oﬁ a‘r"girii'ne“.'f’rie‘;a'ldie:ts.‘ . The :sifd;tibh in
‘ve'rtebrat'es is' of cbui‘;é?.c‘omplicéteda':bjr thé‘_pfééeg‘sesv of ;ileﬁelopn’xe'rxi:A,~ e
the' distribution of ‘the’ enz"_yfné'é in different "org'a‘n'szan'd "g:hén‘g,e's‘ whi‘éﬁ fn'a;’r
be induced by hormones (Knox 19635)‘.  [P o | ' |

. ~In Neurospora (as in vertéﬁfat‘es) é:ginase ‘may serve t'l;e‘ 'pufpose
©of making the carbon skéleton of arginine é;ailéﬁie for the syn:thesie';ofi"’" Lo
other amino acids 'when excess arginine ig én;:ou;xfé'red in the envirénment
as well as thé functions ~‘Bh‘gge'sted above.: ‘It might alternativ’ée‘iy be éuggested
that arginase has none of these functions ut 'its feéidh‘m'ckfacti'bﬁéih the urea
cycle:produces a steadier type of control which has not been e-\bl‘v'ed 'foz? :
some reason in bacteria.  This ty‘pe‘-vo’ff suggestion needs r'nore ex'pl'ic.i'tf o
‘statement before it can.be tested éiire.cfly;alth‘o'u'gh‘pésitive results for the
other 'suggestéd roles fbr-argizia’se might miake! it"r‘éth'er‘ ux'xlike‘:ly-.r o

If the uréa cycle has thé'suggested function of 'detoxifyingl-‘arﬂrrionia
then it seems most likeiy that Neur'OSpdra 'gfowx; on:low nitrogen''will 'ha{?e _
much lower levels of uréa cycle ’enzr:ym.ésfth;an Ne’urospora. gro'v:vn‘ 6ﬁ'high
nitx;ogen and. that'the nitrogen level rnéy be afs.eiﬁx;;Ojr'faht a jpart"-o"f ‘tl;xé. |
regulatory skystem:otf’ this pathway as the end product =i£‘self-.; . This prediction
may be quite 'sin;plf'tested and steps have' been it'al'c'en‘ to do ‘tl;is. -
Earlier in the discussion it was. pointed ‘out that the maximal velocity

of argihése in enzyme assays was greater'than. the masximal ‘ir'evlb"c‘i't’—‘)'r"c;f‘ any
of the: other arginine-enzymes and it was coixcih’fde‘& that it 'might'destroy ‘-

arginine'as rapidly as it was made. ' This conclusion bears examination



‘as 'i‘-t}'nisu-:sf?be: hbfe‘d fhz'at‘ih vitro 'zﬁéthdds*of .i’ﬂeias'ui'erhe_nt of‘fhe maximal
velouty of an’ enzyme \,annot necessanly. !;e expecteé to’ éxve thé true .
‘maximal velp;itj}l?, Bresler (1963 ) has pomted out that there ;18 now.
":e"xvper;i’r'nentaif ‘e:vide‘nc‘e"\‘;vl;iéh sh?wssthat ;th'ie‘f spe’gifir‘; =acti.v,i‘ty of epuré A: x
. g:j"y‘r‘s’téilir_ié e‘tixz_'{rn‘xéé",'rria;}’r:b'eé,,'i'ﬁx'l‘gr.’t_a_a’s‘éd'eby'hddi_'né non aqgevous,.’p;c;lv‘entsh to
tiife assay medium (such: as ’dii’r’iyéthi{lf_drmamid’e: o;f,‘digxan)': which i;néinly. ,
E _&:"t:"c;n non-polaf¥ side .gfo‘u‘pé of the px.‘,é'_te:i'”n‘.":; vI!‘x‘;'(.);,h‘ers’ words the in v-it,x;é

‘Conditions c¢an be f'i'ti"xpraij}-‘éd;izppn"sfdrriet'i'rhe's‘-in ways-which indicate a :

': spé'ciél ‘aAstociation ‘of the 'eénzyme ;w‘itju'tl_jiﬁic;; ! ‘Thus it seems 'likejl..y» that

; i.i'iif.'fezr'éiices-"in'vrriai'x'irr'i’él, ‘-,v’fé'li)}:‘i'tfy{' of ‘erizyrhes' in a ‘bfo’synthgtic _‘é-equqnce‘;as
5 "'m"éaqp'r_é@ in vitrd might indicate'a differeéncebetween inv A\-r-ivvo.xa_nd in vitro
: lc'bt;aiti:ons. It is clear that for these reasons ‘any maximal -v}elocityl.
rﬁeaéure'd in vitro ¢an only be assumed to be a minimal estimate oi,'-th{e: in

‘-'vivo maximal velocity. * Th'li's' it would not be justified to ,conélgde that

Mo o
f '

afgihiﬁééuc'csiﬁa:sé in Neurospora with' aninivitro ‘maximal velocity .1/10th
“that of argininosuccinic'acid synthetase,” 1/100th that of ornithine,trans-
N carbamylase and 17/1000th'that of arginase (see Figures 49=52) is the rate

limiting enzyme in the pathway when‘the pathway is ‘saturated,. ali:ho'ugh it

would necessarily be so if the in'vitro rheasurements-of maximal.velocity
L Lo . \ . ;
were the same as the in vivo parameters: - As however the in vitro
.

' maximal velocity.of arginase'is 10 x gredter than the greatest.in vitro
.maximal velocity of the other three enzymes then it seems likely that the

in vivo maximal velocity of arginase may also be greater than the lowe:st

in vivo maximal velocity of the other three enzymes. If this were so
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‘then-arginase could break down ail the ‘a;gi;,iné,‘;r;da;;a at ';a;;;{mm;,
output of the pathway Fa’r this reasar; nxt‘ seems’ likely that argmase
may have kinetxc .,onstants which only permxt rapld’breakdown of afé;axne
'at hxgh substrate levels or posszbly the argmase 1a located ;n a bh;é;aally

1

different part of thé orgamsm 8o that 1t only breaks down arglmne thch
O\;eﬁrﬂoive"'ihto'that part.“ A H -

Lo : s e e . E S
't . oty g ¥ vl e ,
' . . T ; .
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GENERAL DISCUSSION

Rhythmic growth in fungi
Many examples of rhythmic growth in fungi have been described
of which the clock mutants (Sussx;i)an'..' '1964) in N‘e‘u‘rc‘spor‘aazi'e' the bést
known. - Other non-cu’cad:an rhythms have been described by Ryan (1953)
. -and ‘
in Neurospora crassa, Berlmer (1965) in Neurospora crassa/ Chevaugeon
(1959) in Ascobolus immersus which ha.ve the common features that they
‘are not a.ffected by lxght but are affected by tempez;ature, cnonAstltuents of
the medium (both organic and morgan;c); tjeatures_ w_hich arq. common to
the spasmodic gro_wth dei's'c:.ribéd Ah’e“re. .. The :neces‘s.a::"y éégé{tions both
exogenous and endogenous for épa,stxiédic; gtbwtl.x are mqg':h better known than
for any of the other rhytghrhs that have been des;:ribed';  Fc'>r this reason
it seems Iikely that the series of events knoﬁm to océixr'_ip_ arg-10 growing -
on low arginine which lead to rhythmic growth may ;sérve, bat‘s a useful model
to explai-n'othe'r rhythms;' The series of eveﬁésl known and inferred is
summé._x‘iia‘_‘_-ed below. |
Conidia or mycelium of arg-10 is inoculated on low arginine -
medium';.j;;dur-ing initial growth the arginine biosynthetic enzy;mes in th.e
growing front are somewhat higher in level than during growth on media
containing iarger quantitiés of arginine, ASA acmmula_tion increases fo a
ievel at which it becomes inhibitory in growth on tubes but not on'trays and

the rate of linear growth begins to slow down at an increasing rate until

growth stops, this is followed by:a period of recovery du?ing which one or



. reach toxic levels in the growing front more rapidly. ., .

' -
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- two hyphal tips grow out of the recovering front.and form:a new front..

The ASA accumulation is low again in;the new front but apparently
increases suiiicientlyto-céuse another spasm after.a similar time

interval. This process may be,v rep“eated three:times.and possibly

indefinitely. | e

. .As the evidence such.as it is suggests that ’derepreesion of .

.the arginine pathway during xgrto,wt_h‘i_n.tube_s.ia:fairlz .continuous over .a,

range of external arginine concentrations it is not immediately obvious

- why spasmodic growth. should occur.only below 25'mgr';1$,'/l._ arginine .

‘but it seems likely that this is as.much a copseqtience,.of the fall off in

linear growtﬁ-*rat'e (which is just beginningto be evident at this level of .

external arginine)as it is a consequence of enzyme de-repression. . This

- seems :likely because a slower linear growth rate would('enabl:ev.the ASA to

[y

‘Although recovery from spasm is associated with thin rapid

- growth and low ASA accumulation it-is .still not kx}own in exactly what way

the change to low ASA accumulation is brought about: .Feedback inhibition '

. and repression are obvious candidates for this role.but it has not been

possible to go further than qhow{ng the existence. of these feedback -
phenomena in tubes. The reason for this is that very low yields of
mycelium are obtained from arg-10 strains growing on low arginine and

a comparison of the enzymic constitution of the slow growing and fast

‘growing portions of mycelium would be difficult. Much more difficult

than measuring pools as residual agar may drastically reduce the yield of
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protei;x- obtained during homogenisation. Nevertheless it is- hoped that
it may prove possible to do this.

Recovery from a full salé spasm is dlaracterisec_i by an outgrowth
from the front of one or a very few hyphae which then branch and foim the
whole front. Thus whatever adaptation is involved clearly only; a minority
of the hyphal tips are abie'.to‘ adapt in this way when the spasm is severe
although the front‘may ada?t as vlvholeAif the spasm is less severe as when
growihg on -some ',_in.tei'med-i>a.tef argin}ne-nitrogen_con_cen.txfal‘:vi_orlu‘s.

.A: . .It"is,' iﬁté,résting",'th?;t citrulliine‘_supple.me,'htation re"s'uzlltsA'only in
inhibition of, grm#rith but not in apés.modic; gro_v&th.a;_in ornithine supple-
mentation. . This obéér\iation i&ouid be ;:ohsisténiz‘ W'ilth"a. 'pé,i‘i‘ojaji"c .fee‘dback
effect 'which Opel;ates on the step performing the ornithine ;o é‘itfuliine
3 convé;léi;?x:x, i. e.l ,. either Arnifhim,irénsc‘_varbam‘ylafsAe "o:r Eéfﬁarﬁyl phqsphokipase.

-The méchanism of spasmodic groﬁh has’at any rate been
sufficiently exposed to show that r;ate of synt'hesis.of za‘n accumulating
intermediate and possibly rate of growth are the factors\vhich will determine
the periodicity of the rhythm. It is not then sufprising ~that_»the period
is affected by temperature and cc.;mstituents of the medium. ] Othe r gro_wth‘
rhythms in fungi may also bé of this kind in which case they are probably
leeé interesting than has hithexfto been thought. |

Sﬁch rhythms rhay ho‘;xzrjever be of interest in so far as they provide
model system; to help us understand photoperiodic or dewlopmental
phenomena. Spasmeodic g;‘owth ﬁvould be classified according to Waddingten's

scheme (Waddington, 1962) as a determinate condition generated form.
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However it is for the embryologist's to choose and inferor.et model
systems which they think are appropriate and h'ellpfuli'to them: ‘Spa_sn‘loc:lic
gr’o{vth, because it is the result of a ‘pathological' accumulation which affects
growth as a whole is likely to be rather liimi‘ted'in its -gen'erail uéeful;xees
as a modei. | }

‘The rhythmic grow;h observed by Ryan (1953) eeems particularly
’hkely to mvolve a axmxlar mechanism to the one 1nvest1gated here as it’
occurred in a oantotheniéleSS st.ra.'in of Neurospora gioWing -on’' suboptimal
amounts of pantothenic acid:

Linear growth ré.te, yield and enzyme de-reprression .
. . ;‘ [ ; §

in the sectmn .descrlbmg érowth of mycehom on sol.ld ﬁedxa a
partxcolar relat1onsh;p between 3'71e1d end linear g;ro‘wth .rate wals Ifou;ld to |
be common (Figure 9). It was speculated that the Apomt at whlch the 4
reductxon in linear érowth rate Degme 1;0 occur.mxght 1ndxlcete an 1mportant
adeptatxon to growth on low supplement 1nd1cat1ng enzyme derepreeexo:n
This speculatxon is notAmnsxrstent w1th the ex;xdence found for enzﬁe cie-
repreesxon in arg 1 aod ez;g-lo At_ 50 mgms /l exteroal argznine’
concentration the linear growtl‘x rate is scarcely dlffe‘rent from fhe ma?xzmum,
.the.yxeld is much re&uced and yet enzyroe de- reoree.sxon in both arg -1 avnd
erg-lo has already been initiated. | Hence we must conclude that the

relationship between yield and linear growtn rate is a general one and not

specifically generated by a particular limiting supplement.
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' Relevance of these results to general condusions about the arginine pathway.

‘Kacser (1963) and Donachie (1962) concluded that ar‘giﬁiho’sutcinase
was'a non-rate-limiting enzyme in 'a'x"'ga;.n‘ine‘ ﬁoéyﬁtheais as the e'nz'yrhe in
' two, different stfaine could vary tenfold and yet growth rate and arginine
pool were unchanged. As a result of the studies reported here ASA synthetase
might also be ;:ond'ud'e'd to be non rate-limiting as 'egterﬁally- fed citrulline
causes very inhibited growth on low arginine in ayg--lO but not in arg-1,
other amino acids e. g., ornithinee dp not produce this effect in arg-10. In
- other words substxfates» of the pathway entering béefore the enzy_m’e" ornithine
transcarbtarmylase can be "c_liverted,-to ggme extent to dther pathways,
. 'pre'sumablybf means. ,o,f the enzyme 4o;n-ithine transaminase. ~The rate-
i’imitirig‘ énzyme could be gitixe’r ornitﬁihe frénséa’ﬂ:ainvlase or ‘carbé.myl '
‘fhosphokinasé as these both affe'ct"thé‘pétHWay' at’ this point;’ altel'rhat'ive'ly '
it might l;e said that arnifhine: and"o.tl"a"er amino acids were: ;éomehbw'partially
" i'channelled". away from’ the arginine pathway whereas citrulline was’
‘t'channelled" into the arginine pathway. “This ‘ho'Wevef imﬁlies differences
“'in'the pilysical position of the enzyme pathways'in the ‘celllan‘d“differénées
* in the ac"'c'essibility'; of thiese parts of the cell to different substrates, a’'”’
hypothesis for which .there .is no supporting evidénce. ' It is not immediately
clear however what meaning fnay be atté,che'd' to’the term rate’-.lirriitirig or
indeed what value attaches to idéntification of "éuch a step by this type of
procedure. There are many parameteré such as kinetic constants, adenosine
" triphosphate ;'energy pumps'!, repression-de-repression -behaviour, feedback

inhibition which are all selected in the wild type to optimise output of the
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Iia'.thvva_;y;. Valuee of these parameters may be’ selected by’ natural selection

‘ to optlmvse ‘not only output of the pathway and hence growth but also to

H
X

‘economibse in the use of intermediateg émd pr’dtéip'(Gbrini '1965‘).‘ Sowmne
- levels of i‘:n't:e:;i’ri‘ediat‘eé may have: to be kept éspe\c'ié;lly .l'ow’_‘ in order to '
Ifa're’vent stereqspeéiﬁc‘iriterfer’enee' with mireléted'éat}iwajrs or in o'x.-dez'"to'
’ 'p‘rieveh't' waste of the ihtei‘rhe&iaée'by spbntaneedsfdei:ésii‘(é. g "c'a'rb‘a‘nijrl
phospha.te has alhalf 11fe of aﬁ hour) or waste of the 1ntermed1ate by
‘change to some other fo_rm" such as the conversion of ASA "toA"alr'xhy.dridei'.' ‘
:;Further.‘mere.tlie oi;.g’aniém has-to respond to sudden Ac_han-ges in -'leﬁrei"s of
extefnal nutrients and fo tfhe‘ 'de'm‘ends ‘of ‘ihtefnel. ehahgee- irivoIvec'l-':'With:
: conidia"forrhatioh a%z‘d bf_et_épe‘r'it}i'_e’ei'eﬁ fe_rmati'éri ‘f'.oi' kli!lhi‘(,:'hv ra;‘),i'd' 6h'aiegés: .
in "ex;xzfrrﬁe: level may' be r'xeceesar');r in order to eecp'lbit ""a‘ new envifonment or
effect a change in metabolisr'to différentiaté. to 4 néw formi ~  * 1\

" Moreover some eﬁzynrié réaict'io'ne i'néx;r be 'c‘a;ta’xl*jséc‘:’ at ’a’vvv‘ei';'; high-
‘tholécules tham are 'necessary are normally "produi:_'e:dj'id}‘i the organism as
it ﬁay not be possible to produce less. Complications of the kind very.
'briefiy outlinedrmight lead to ;rlenf-t‘cjobrdixi'aie pattérns of enzyme induction
“rand i'er}fe:e"sibii ivhiéix.wive're adaptively ;_ifﬁ‘po‘l'iairitflb‘;dt‘:wl;iiﬂc:ﬂ caubed one enzyme
"'in 4 'pathway to be. rate limiting in one environment and ahother enzyme in
the dame pathway fo be rate limiting in dnothet énvironrnent.

For exarhple 1f wild type Neurcspora' Were--gi‘own' in an environment

"e'dntaining plentiful sources of organic substances and all other requirements

but no arginine; then ASA'B"jnthetase or ASAase might prove to be rate-
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limiting as a result of non-coorilifate tinductidngéf‘-—thééé enzymes. :0on’
"the other ha’ﬁd'it' might be expected that enzyh_"xe’s at .branching ;Soini:s in'.
' 'the pathway would be rate-limiting ae controﬁlkdf the flow through a" -1’
‘pathway at th’é "-Hré,h't:hinglpoint” will prevent accurnulations -and ‘hence
waste of substrate.” 'These diverse views of the org‘anisétionifdf enzyme
' pathways are not 'r'ri\x‘txial»lty exclusive ‘and the importance of each type‘of
‘behaviour is a matter which rnust be assessed experimentally.. -

R
1
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bt ‘SUMMARY ' OF RESULTS * '

1,  GROWTH :IN STAGNANT :CULTURES - . . = = .

.

H

‘ ‘Gx"o‘witvh ig rah'ovin,;tcjc'o»nbsibst of. é‘iinéa‘it }ép’;i laé pha's't‘a".f’" 4'I;_h;e,,x'ate
of’g';'c;}yth i'_n_tlt:e li;ne;ax_- i:h.age is proportional to Aith‘e‘ surﬁ,cq area of the
‘cu%t;:u;rle,gu‘gges.ting that air is 1im1tmg . The wxld t’y:p,e growé at a rate .
of 61 g]cr_n_z/hr: : ‘- It is suggested that .e‘xpreshls"ithliqu; linear growth rates
in; this fofrr_x w-ill _mak‘e c:or‘nvpa}'r‘i‘aox}s, of the re-s:ulfg.qf difierent workers
:e_:?sli’gg‘. .' The lengyh qf th.e;’ 15,g pha‘;s‘g is proportional to t:h'e‘lo‘g_ of inoculum
size. This relationship would be expected ip‘a:n,ex:‘:ppnent,ial ‘cu.l.,t_u»re but as
the culture is not growmg exponentially it is_ sqg‘ggs.fedv that this may result
frq;n .t,he, e‘#istex;ce o{ <an1‘ex:p9qentiali ‘phase durmg early growth. | The -
re}gggonghip is used @_p g:alt;v;xlate a par;ame‘t‘eg~c31'l§d~:¢l}"e‘eaxf'1y doub;in_g time
‘which hgg a value of.ab_ogf:l two hours which is very close to values of doubling
»tiﬂme fouzigl,in expopentia,l,ly growing cultures;_ ‘No evidence has been found
in favour of a cubic growth phase as suggested by Emerson (1950) and still

) wzdely beheved in (Raper and Esser, 1964)...

2. GROWTH IN TUBES. '~ < .~ '

. P
It
s

“in tul:.:e's the lag is ;also'fou@ to be proportional to-the 'log of
inoculum size and calculations of the early ‘doubling timeé’ give simila¥ values.
Th'i-'s”»_i"sj' ;"e.ga_"i'dbed'as evidence-for an’ exponential growth phase in tubes’ ‘A
ﬁxefl;éé 'fo;‘“;neé;ufmg yield in tubes was also worked out by eéxtracting
ix‘_i'ydeliurn from agar with acid. This showed that the yield varied with ‘the

distahce from the growing front, 'reaching a peak 'at'5-10 cms. from the "
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. growing front, ‘regardless of the distance.from the point of inoculation;
These parameéters were studied in arg-l mutants and it was found
fhat,eax;ly doubling time remained constant over a 1;0()0 fold range of
external arginine c,o,ncex}tration‘s'. : .Th'e‘yiel'd decreased loga..rith'mically
with external argir;ine c@ncéntrat.ion but the linear.érqwth rate did not .
K begin .t':oﬁ_fall off until thé:}'{ie"l.d‘ceas'ed' to decrease '].Qg_a‘rithmically. These
. ,fgslulﬁcs were i:fs‘_:e.rpreteci as ‘show,iﬁg that thg orgar.;isiz:n could grow exponentially
, ,-qvei this range ,ax;d ada}éted to lower arginine 'co,ngzent’rétions by. first of all

. a decreased yiel_d then by a decreased linear gfowth ré_xte, e

3. SPASMODIC GROWTH OF ARG-10 MUTANTS.

[ s

 When arg-l-O' rr'x'utarit_b v:\'wler'e giov)n 6n .lox;v' cﬁhcént'x;a‘t;ibn:sé‘c;f' h
‘ ;ﬁiéidine they showed spasmodic g_row'th (see ,in'iv:rvodu;éi.:i.dn).: Thié ‘w‘as; true
of all arg-10 alleles tested and all arg-1 Eailéies; éﬁéiire?&.ndn-spés-méélfc

growth. A cross was made of arg-1 mth arg-10 which was reciprocal .

with re'sp'ect to"ma'le a{n‘!d"fem.a‘al; paférits. .' Prs;géﬁyi gz;are~iflenéi'£iec.l‘b; -
bctomple:mentat‘:ion ’testls.v 'No -d.iﬁ:'e'r'encze.wﬁas foﬁx'l,d lb’et.wee"n'x;eci:proéai‘l-‘crbsses
.‘l'n‘xt' all :arg;-l's ;veré found ito\bé x;on-épasfnodic and all a"rg.;iO"s to Be "of

’ éb.as-n;od.ic‘g'rowth :tsrpe.' | Tl;e double rriuiénté werefound to. be a.nnon- ;
's'pasn».xoiiiic", ‘i..e.‘ ’ fhé 'arg-l nﬁﬁtént gene:re:m!ove;i.'ﬁ;e .él;alé.xxaoéic phenotype
of tﬁ; é;g‘-ld mﬁtant.ge‘;ze'. A

1

Other éxpériméx‘its in,vbiving alterations of the gréwtlll medium
showed that ‘arg;IO ‘would not grow spasmodically ‘when the amount of nitrogen
in the medium was low. 'In fact spasmodic growth only occurred when theré

was more than 50 mgms. /L. ammonium nitrate and less than 25 mgrs. /L.
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argmme HCl m the medmm When grown on low nitrogen low arginme

, medmm spasmodxc growth could be 1nduced by the addztxon of vanous ammo '

' N s 4 . ‘l, '."vzt_,-' £
. \

acids to the medxum‘.u Amino acids- havmg 5 carbon backbones (\mth the -

A . H T erl i
s H K ,.1|L."" ‘_»._ a..' RS IR d_,

exception of prohne) were found to be most effectxve at inducing spasms

A qv\d
AAmino acids thh two and three carbon backbonesL thymme and ademne.

1

were completely meffective, whereas four carbon ammo acids had an

,."(il_h

1ntermed1ate efiect. o "-;" R AT N SRR

‘ S S B T [ I 4 oyt
' ‘2.(;.". } Voo seo- o 4 HERAE oy ’ !

4. iANA'i.Y-SIS; OF. . AMINO _ACID . ,POOLS: AND ENZYMES, . - (- .

.., v -The results-above indicated that the arginine biosynthetic pathway

. and particulazly the ASA pool were implicated in spasmodic groweh.’ (For ...
this reason. it was impostant to analyse.amino acid pooia ‘divectly.. ' Pools ;.
were .analysed by high voltage :e);eetggpheteisiis of ',pe?ch;lplrli‘ct@'q‘ié ‘extracts. Pf'::
thycelium. grown on culture, irays dndigrowth tubes.:  THe results showed .
ASA»was-,'i‘ny:a'x:'iably; synthe sised;at a fast rate in éh-e,: élde‘r' paris rof the mycelium
when the 'qnantities of the other'amino acids were rapidly decreasing. : When-
ASA exp,i:e;sseds:as. epeaxzc,e"ntga;;g:es"_s'f total ammo ,-agi;ds ]was pfotted agamst a?g-iz}-ine
eﬁpressed ’é_’i;ixé'r as ,ﬁe‘;_dénfaée of tfiiai :ainino, ac‘ia‘éi orper fﬁg‘:.\‘ _;: ofmycehum,
theyrwe'i-e.fnhndf'tb;:be_i'ni;efj_sei'y correlated. . « «~ < ii 1o Lo e
tioo o If /ASA was plotted:per mg. of mycelium:it.was still inversely «::
correlated Wﬂ-:h arginine :but:-with:a great.deal.more: scatter. . - This. is=ta,ken".; 3
to.indicate that the.amount of rA.SA.formed is _qlepengient on.two: yar—iable‘s.~l,-) ._;
the arginine concentration within the.cell acting as:a feedback signal, 2) the . .

total quantity of amino acid in the pool.
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: ‘ASA'r‘e'z-iches"higherlcénceﬁt}étié‘ns in ihe 'grbwing front'in
epasmod:cally growmg cultures than in non-spasmodwally growmg cultures »
' and more ASA exlats in’ the form of anhydrtde when the amount oi external

< .

a.rgmme is low. -

5. ENZYME LEVELS DURING GROW'I’H IN TUBES

In arg-l ormthme transcarbamylaee was found to vary at least

T
R S . .l L

7 fold argmmosuccmase at least 5 fold and argmase at least 4 fold with

external argmine concentration. In arg-10 argmmosuccuuc acid synthetase
varied st least 4 fold w1th externa.l avgmme concentratmn but ormthme

v

transcarbamylas’e could not be shown to vary systematicauy with‘ext_'ernal

arginine concentration.
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