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INOCULUM=SIZE SBHOMENA L& AsPERCILLUS ORYZAR

by
AP Mo INTOSH

SUMIBA Y

TR O MR e

Reports by a number of authors in widel, di. fering
f.elds of biological study have shown that various
phenomena accompany a change in the size of an inoculunm.
Such phenomensa have been shown in the present work to

occur in cultures of Aspergillus oryzae under a variety

of conditions, The ilmportance of size of incculun in
growith, in metabolism of carbon and nitrogen and in
respiration has been counsidered, The size ol the
inoculum chosen has been found to be a determinating
factor im each one of the aspects ol metabolism studied.

It has been shown in growth experiments, particularly
with reference to maximum yield that deep culiures are
influenced by inoculum size to a greater extent than are
stationary cultures and that increase in mechanical stress
enhances the effect of dinoculum size. Large~inoculum
cultures usually show a higheyx maximum yield than do
small-inoculun cultures.

The effects of lnoculum size on growth are generally



more pronounced when no btrace elements are added. The
effect of trace 2lerentz has “ean ovamin~d not oy »e
using trace=clement-poor chemicals, but by blocking trace
elements with a chelating apent, removing thea by a
purification procedure or adding thém individually or in
combinations. It has been shown that each individual
trace element mazes its own contribution to c¢ne ilanocculus-
slze effect and the resultant efifect is a composite one
depending uson the balance of trace elements in the
substrato., A balaunce can be :struck which can give a
reversel of the usual effects of ilanoculuw size, that is,
smaller growth rate or maximum yi:1d are obtained with
large=inocunluxn culiures. Caramelization of ithe suabstratle
results in a masking of the effects.

Aspergillus oryzae has been shown to produce suvbstances

inhiblitory and stimulatory to its own growth, Stimulating
substances are evident in large~inoculum cultures at all
stages of growth and in smalleinoculun cultures at late
stages ol growth. Inhibitory substances predominate in
early stages of growth of small-inoculuw cultures.

Since toe differences between results for the growth
experiments were someltimes small, statistical methods were

applied to assess the validity of claims wade.

L
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The metabolism of carbon and nitrogen has been studied
in this worke Con.ilderation of the utilization of the
carbon source and production of acids, togetﬂer with
incorporation and excretion of nitrogen has shown that
large-incculum cultures are genevally more efficient
than small-inoculu: cultures at comparable mycelinm contents,
e the mycelium ages, 1t decreases in efficiency.

A number of factors influence the respiratory activity

of Aspergillus oryzac. At late stages of growth, uwptake of

oxygen is reduced, Uptake of oxypgen is reduced when the
mycelium ages, or is subjected to a washing treatment, or is
collected on a detergent-treated filter. Bach individual
component of the substrate has sowme influence on rate of
uptake of oxygen. Small=inoculum cultures at all stages

of pgrowth capvable of being collected and examined had the
low rate of uptake found in late (but not in early) stages

of growth of large-inoculum cultures,
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SECTION 1

GENERAL INTRODUCTION
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SECTION 2

GROWTH EXPERIMENTS
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Fig.4 Apparatus for deep culture of Aspergillus oryzae.

Agitation is brought about by a vertical vibrator.
Fig.a (Courtesy J.Neyrath from Experientia (1964) 20, 235)
shows (1) vibratorl (2) sealing gland; (3) vibrator disc;
(4) air inlet filter; (3) air outlet filter; (6) inoc-
ulation orifice; (7) sampling siphon; (8) sterile tube to
prevent contamination of the siphon.

Fig.b shows the apparatus as used.
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Fig.5  Growth of Aspergillus oryzae in stationary Qulture.

L ILarge-inoculum (@ - O)amimmuxmwmﬂwn(@-o)
.dultures were grown in the presence of trace elements,
Itargoalncmﬂ um (A -A) and smalleinoculum (A~ A) culx,u:g*c;

fwarg also grown in the absence of trace clements.
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Plasb Growth of Aspergillus niger in stationary

culture from large (§=-V¥ ), small (Y=Y )

cand extremely small (O = O) ilnocula in a subsirate

|
1

twithout added trace clements.

Substrates ﬁ.3 40/l plucose cxcept that there was
an Fo content of 0.5 mg/lo
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TIPS

CIarge=inoculum cultures were grown under low : ‘

. (® ~®) and high (A -A) mechanical stress. Smalls
{ inoculum cultures were also grown under dow (O =0 ) .and

| ;
high {A=/A) mechanical stress.
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Bffect of individual trace elements on growth

of statlonary cultures of Aspergillus oryzae

£rom large and small inocula.

The conditions were the

same as those of Fig.9, and the control resulis (no

trace elements) are repeated from that IFigure.
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t of ethylenediaminetetraaceti ¢ acid
(It DTA) on growth of stationary cultures
ol Asperglllus oryzae from large inocula. Control
‘cultures Irom large (© - @) and small (O = 0)
i:s,nocula contained no ml}‘xﬁ.o Other cultures from
large inoculs contained 250 mg/l (A<A) and
750 mp/l (D~ ) BDRAG

Substrates A3 Lop /1 glucose
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Fige.l3 Effeect of ethylenediamineltetraacetic acid

(BDTA) on growth of stationary cultures of

Asperpillus oryzae from large inocula.
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Substrate: A3-40g/1 glucose
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Fige b Bffect of 250 wmg/l ethylenediametetraacetic
acldd (BDTA) on growth of stationary cultures

oi EDTA from large and small inocula. Layrge=inoculum

o
-

(® -®) and small-inoculum (O~ O) cultures were groun
in shaence of BDTA. Iorpge=inoculun ( A= 4A) and smalle
inooculum ( A=A) cultures were alsc grown in the

presence of 250 mg/l BDTLA,

- Substrates A, 40g/l glucose
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Figel5 Iffect of various concentrations of
ethylonediamninetetraacetic acid (BDTA)

on growth of statiopary culiures of Aspevgillus

oryzae from large and small inocula. Pilirate
vwats collected at sampling points L and 2 and used

in o pubsequent experiment (Fig.l0).

larges=inoculun smalleinoculun mg /1 BWDTA
cultures cultures
H o & - O =« O 0
A - A A - A 10
H - N 0 - 0O 25
Y - ¢ AV v4 100

Substrates Ay LOg /1 glucose
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Bifect of ethylenediaminctetraacetic acid

(BDPAY and of culture filtrates on growth

of statlionary cultures of Aspergillus oryzae from

small inocula.

FAES

<4 O p o

e/,
ALTA

50
73

100

Additive at inoculation

walter
watexr
water
culture filtrate 1 (sse Pipg.l5)

sulture filtrate 2 (sec Fig.l5)

Culture filtrates 1 & 2 were collected from the sampling

points so indicated in the preceding experiment (Fip.l15).

Substrate:

Ay 40z /1 plucose



Pt o

4}& pootlt v that $he 9&5%«& off sise of looewlun was
more gs&ﬁ:ﬁznmz‘mmfl ‘m mc;w;mm of meisman yielde  VWhen
$he concounbteabion of WEES whi dnorsased Lo 00 med
prowth pale dn both largoeeipoeulon and seallednsaalom
eulbures wvas reducede.

When ubﬁbl&ﬂi%ﬂl apadysis was pade of all o
Rdkoly ﬁﬁw%m o¥ the geowth chwves I Plg.dS, lo mopt onong
n anbisloch @wy ptraight Line relationshis cowld not bo
uﬂtn&uﬁd {?malﬂ ot Fleed e  Phdo uae go doubt due to
g gunulderablo extond ﬁm the cuevesbura of the linos,.
fabisfacbory otraight Mae relatlonstiips wers howsvoy
@mhaimaﬁ ﬁm@ Bobll culbutes conbadning LOU mgll BIUA,.
when the $wo Lines woro compryed, the dlffsrence In
slopy was found $0 bo stabistionlly slgeificant {Table
of FimedB)e Thas an offeod of lnoculew alse hap beewn
dambpnsbrateds Decnuns of the satuve of the ourves
oad bhe delay i growbh of bho sinlleinpeulon culiuve,
Adttle dnferenve could be drspn dn raspeoct of maxinovw
yhaoldye.

In o further oxperlment, velng sumlleinosulan culierss
only, & pregrosslve incrense in BWA ﬁﬂuﬁﬁﬁﬂw%ﬁiﬂﬂ {50 to
95 ha A0 mg/l) pave o peogrossive docrense in sibe of
growbh {Fig.db)e  The effeots of addition of culinre

CfA3twate shown dn Ploe.ld awe deslds wiih latey f{p. 101 ).



’\‘1!—

Phe rosulis Feon BV oxperlne

ngf 4,

vhoresns o concentzabion ag bigh as

m

Lrows

z'ar. a1
2 Er

{3y 6 dunbhibited rauth ol

Fio Aobibit peowih of lopg comeinooulin eulivres.

Fhe

nba had bthus showsn @hdr

malli-inovulum oubiuran

TH0 mp/l was eogulved

ke offocy

Q¥

af sine of incewnlus was shown o oortain BB
enncenhrabions bolow 250 mgfle. Than o range bad boen
aatebllshed in wlidch Mﬁf% wng operabtive in the divection
Ghat bad boon amphbe

2324 BEfeet of suplfioation of gluwose

.Tf’!

e

oy vpevallabiilsy T

Bha mould boo bosn

.
£

z ‘.4.1
SRRE

ﬁ; whnt

@

being ad o Ghoe

Dloohed by a mhﬂ.ﬁ%inu sgents b

ﬁﬁ@imﬁieaz ﬂmw$mﬁi&§ vre praetloed
- v

aonah

;:;

T3

ohenenhe For bhes

\lﬂw

swed on the boois of

n%Q ar thein bolag

e

sihihode Pomnise

LLlrost & SONHURY A0

by ”Qﬂ?sﬂ-iﬁitﬁd By fibot m&mﬁ 19670 ) who reducsd tho Vo
Cand #Hn sonbont oil o wnk%mrw solubion by v“ﬂwimg T L%
saverul gonerablons of A. ndests Maokueod and $nell (1950

uneed this mothod nove rooenbly bub i

eongiders b ”uﬁ"n«&ﬁﬁﬁmt@yy shnng

oastitaets of the woedie are sloo

dhoholas (296%0)
aoveral obhoer

doplated dupinpg gaowbh,



Vg

Huak o peocodurs bhowever doon wod only depeive s subabyato
af factoers neoaded Lor geotibhe B voniribobon nn wabnowg
pusbhor of faoiors sueh o peradsois 28 the ﬂmﬁw@tmﬁy
wmebabolian of the organdon veed v dopletion.  Sueh
ppodudte any adflool gronkh of the best guliues albow

eomemad of $he oreseids wped Fop duplobiane

e iflantios beghnisves weve rowiensg by Poetey [AD52).

Girpands compounds, L parbioviar hydrowy swd prbybyrdooay
apppounds nod asdno acida, byplondly Fova emuplanes wiih
teaae odomenbs snd ﬁm%iﬁﬁiﬁ Sepupiilog (oot Posiney ).
Blacony wea thog o Ldbaly aourse ol traae elomsnd
gonbaiabandlon Ao tho toesto voportad Dolow, konte v o
segdded Lo purdly o solnblion of $he plugows belops 4ba
ineoppovrasdon Anbo the Diaad subnbmido. Antlee shebon

oy

fens Deon osed for sach pugifioatlow ag bave giperraaiphinbion

mebhads lavelving oslelws gapiotnbe nd soppoy sulehide

foon Hisholau L9052 3. fn adveninien hydroxdds

04
?maﬁf&%&ﬁ§?ﬁ%ﬂ@% oeblod won seloebold forr any hepe snd Lu
g aopribed @%ﬁﬁ@ fpe 36)e o Aotordingly., bolore plusose sas

adided o She rensdnlng dupetdlivents of the oubobiaia, LG

Py

was et flad du thia waye  Fho dnflnence of thils Leestoond

o]

I PO L L A LI o e IF . o e e E I o T B o P v et g FUTE
on She affoot of ablswg of dnooulamy was thow obieimsd by o

{

P L3 o BB bty g 3o e By @osaly T2 Loid o B . hwe G N ki h i b ) o
shudy of he grosth owwss ol eafordnan pasdleniap iy Lo

-,

prowth eaby and oasdauns yhoeldse



mg/IOOmI
600~
C
A A
\_J
V
40O} 5 v
7
O /X
4 XX \Y
200 O
A
)V
A
YN
Sl | |
5 IO days 20
Fipgoel?7 Bffect of purificaticn of the glucose in the .

pil values of 5.5 and 8.

o
~

substrate by aluminiuvm hydroxide treatment at

on the growth of stationary

cultures of Asperpillus oryzas from large and small

inocula,

large=inaculum
cultures

Substrate:

A, L40g/1 glucose

A

simall=inocculum
cultures

=]

v-

nil

aluminivm hydroxide

trecatment

at pH value of 5.5

at pH value of 8.5



Ve
“%h&ﬂ o vththf

Spabiabiond aanlysis

ol

0t 2 1y B4

{a
Range %@ﬁraﬁw&mn aobuad ﬁh@wwﬂ pebual thoops
aoek fholent 2B NI eoioal
. N "’Zu b g > e 5 & o e o . 3 v gl
® o summlon Ie%  1a6.0% 32{0.66) G077  5.09
O + sampdes =3 138 - H2012.12)  F.610 0 5.99
Gompariaon of B0 LoD
L% ;r mhopos ’ difforonen

mulh Bilg.

@ : tumples S8  BH.ES #2{ 2ol ) 0. ¥ 0 26
{1aot sizd .
o Samples Dmll  LGa8L S2{ 0.98) 0450 Fe26
(luab nix)

Gompndam of DeliZ  Dath
thoot glopen {Gadis)

differvonse
o BLobly oig.

pamplos -0 55,85 B2{11.01)  1.80  B.28

He P

>

o
EY

o
i

A v Banples el anadeopbable

| v o onaples i 2A0LAE S20 3,043  0.3h L A4h
(VAR IR phen el P8 G S2{10.30) Le'dR Lol

fompaedson of _
these slopes ‘ he'd9 U0
£A0)
Mg fopenan
bhghily sige

* Dhe rogression oueiticlont of the line for Yhouo t“vﬁv
samples (@ « @) 4 elbted and uzed fn compaciseon of tho
ul&uﬁ& shthough the W ¥¢lﬁw iz Just outslde the feoiped
Rimiby  omoe bunb.



76

Figed? shows tho resudis obiained from euliures in
gpbstrates coniaining g'iiim*‘ predfled at ph valoss of
Heb and Geb% i Hurne In comporing oulénres feom diifovent
sings of inooulun in which She glugoss had Eo swen unbreated
(® @ snd O=0) there seemed o by Aitsle dilfarvence in
Aadidsl rabte of pwd oubh kebucontie two culbures, but a
dMiferonse in vole st date abagete These infovences vers
copfizmsd sbablotieally Oluble of Figl?). ‘The Plest
three samples fov the smalle-ilnoculna culiuve (O ...' o)
onld Lo represented by ‘1 atpaieht Ling. The regproession
line for the sove auponilng ports of the leraowloodawlon
curve (@ » @) fell jjust cntside the linits of accepbance
am w straighd 3@;1@ » A Ih was on the borderline of
aceephance, 1t vas btaken as a steaighl Line fop the
puppoae of compasrisen wlih the line froea the suall-iuvonlum
OULEARG o mE gmn b ween, the slopog of the Iivews do not
in any case differ silgndlicantly, noy is their reloilounship
agar o sdgolfloancs. Bh way be avsuned, Lhems that thowve

ie one offeod on rabe of provih at early stapges due Lo

L Favonses in Janoonlen aleo. At dabe stpges, howvever,
. offfgeh nf lavenluw shue vas dopfivmede e Loot sim
poluts of each mlivre (@ - @ and O ~0 ) couldd bo

ropresenbed by « obpalght line in orch ensee  Tho



V7w
¢ifferente hotwoon the alopes B %héaﬁ Linos wao voepy highby
sigoificant (Table o€ Findd? ). A affect of inoeuinm sise
Lo bhnﬁwﬁﬁﬁo vi&en& ab the lator siages of growbth.

Phe srouth oueves plven by pulbuwos weown Ivon glucoss
purdificd at o pi velue of 5.5 ( A=AandA=AJ 444 not give an
obvions. effect due 6o size of iwsculum. Shabtlstlonlly, BE @
over, although the Fiesy six susplos of the largow~iuofulun
culture (M-} condd bo vegrosonted by o aipadght Liue, the
fheet five of the swalleinognlus culivre ( A«AY could nob.

Whon glugose W&m purified at o pd walue of Saly @

‘poverealt phonomencn boosue evidenty the lavgoeinoculun
cnlturs pave a lowver growth rabe than the suall-laoonlwa
oﬁlﬁurag a roversal of vhat hes sepcernlly been trwe whesn an
Insovwiuwpe-sizng offoet has boon showi, Phils revorsal Lo ¢one
Tdewad by obatioviond apalysis: the Tivsh four points of
gaeh ounve {V~Vend V=V ) can bo vepresented by stralghi
Vinen, and the divevrpencn botween those llwvea do highly

Apnidfivont (Table of Pigdl¥ie Phevafore both o ‘vornsl?

effoet (nadng webroated glucoge) and a ovorssl® effoat

{vedng glucose trontod ot a P walue of 8e%) in shoun in
Fhmel'de Phis reversal was alec found vhon the surlfication

was perforaed at o pfl value of ¢y as can bo geen fvam Lhe

conbroln of several pubsogwoent experinents {eepelinadil)as
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5 IC IS5 days 20

BEffect of trace-element supplementation of
glucose=purified (pH 7) substrates on the

stationary cultures of Aspergillus oryzae

 from large and small inocula.

treatment
cultures cultures
1 ® - D : o - O unpurified glucose
2 1 - H o - 0O purified glucose
3 o J - V purified glucose +
i ‘ Fe Ca Mn Cu
1 b ) D - D

1

Substrate:
|

purified glucose +
Fe Ca Mn Cu Zn

For 1 & 2, A, 4og/1l glucose; for 3, A 40@/1
glucose except that it has twice (30 mg/l) the
F9013.6H20 and no Znjy for 4, A 40g/l‘glucose
except that it has twice (30 ng/l) the
Fe013.6H20 and 1/10th (0.5 mg/;) the ZnSO4.7H2Q¢




ey E .  Eh
Table of Plge Ch

"
pathabload

W oo fmouphes de?
C§all sasples)
[0 camglas leb
Sompayrison of
thene slopos

sumplos Ted
{ell sampleal

\ AR

mplos leb

VAR

Gomparison of
whose olopos

spm dyranka

Regee salon
LT %f Lonub

}»;‘fﬂiﬁa \.mﬁa‘ T‘?}
HHEe  ER(BLPP)

25,87 daca.hl)

sp sa{2.17)

o5

Casbusl

073

e

e g9 g4 0
shoors aobual bheopw

b ol ablaal

ol Getth
(Da39)
i Tarenon
yory wighiy
i foant

2ol

¥k
*
321

:‘ﬁp?? fﬁaa;h’
SL88 wﬁﬁﬁﬁ&
31};1\ )j‘ki }Vri1 L@ -4;1-@



P

Figedd whows the resulis of an cxvoprinent devised to
confivy thet the zoverssd vag due bto the momoval of $pace
alemonts from the subatrate. 4 owbateate conalning
supurlfiod glucoss gave rise o growth cuvvos in which
the dapgo-inoculun eultuwre woas, os woual, aluasys ahead
off the apnlis-inoculuen culbure in that ot noy wlven poing
of time the sauaple from the lorgoe-inoculum culiuee wne
of a greator uvelpghte Whe uvze of pgluooess purified at o
pil value of ¥ gave o morhked reverasl of Lhese yrosulbs.
This veversal was statistilceally conliomods Pho vholoe
of the cupve Lor the lavgosdnoculus auliure (M-W)
sonld Do woprementod by o strvadlght Llne, as couwld the
Firat £ive polduts of bthe wurve Lor the smell=inoculan
pulture (O=0J)e  @hen coupared, the diffsrence botween
thoso lines wasn found €o be wevy hilghly slpnifdeant
{(Pable of Fig.dl8).

Fopthorsore, bthe addition of » cosblination of Fe, Uu,
i and Cu counteracted the evorsal in parxi. Phe
pevorsad wasn SHILL elgnlfionnt e le shown by the Yable
of Plip.ld in ubdeh the glope of the astraight iine depived
P Lhe ﬁ&?ﬁﬁ'ﬁiﬂ~ﬁﬂiﬁtﬁ af the aoall-inooulus oulbure
{ V=V is compered with the lise peproseating all the

pointao of the lacgo-inoculum enliupe.
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¥igo.l9 Eifeoct of graded soncentratlons of Zn on growth

of stotionary cultures of Asperpillus oryzae

from osmall dnocula in a glucose-=purificd (pH?7) substrate
with e, Ca, Mn and Cu as trace elements. The
concentrations of %n were (as Znsohe?ﬁaﬂ mg/1) s

O =0y none; A-A, 00055 17 -0, 0,053

Substrates A 40g/l glucose but with twice FeCl 06320v

3
(30 mg/l) and varieble ZnS0j.71,C.
8 Qo d4n
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Site

it 4o dnbeyesting $0 noto thad the sddition of theme

e

pang trace olenonts {Fe, On, Mo and Gu} bopether wibth %n

B

agonplotedy counteracted the peveranl o glve resulis
alwost Indintinguishable from those for the oulburs
condalning vapuelfied glucoae (Pable of Pig.18).

The role of Zn in sizg=0f-inogulum phenoiena wng
invoptigated Surthor. o gubsbiabos conbdalning plucose

o8

FE LA

i hed ot o pi value 0f Pe Poe Ong o and Gu wore adoed
aa teaoe olemonba topother with praded coneanbeatlions of
e e voouliso aye vrocorded dn Flipedd and tho
abatiotleal oxamination of those dn bhoe Table of Fip.l9.
Dus to the cuwvabure of the Liovoewn, stablastleal analysie
way peprfopmed by Y Sosts bebtwoen bhe polnbs at onch
SHOET e An bthe graph imﬁ&é@ﬂ@ﬂ and bhe statiatioald
anslyeis confiomg, thero ds (with one omvepblon) no
Ghgnifionnt fference bolusen sny of the vardianbs ot

1.

ho fivol and Iaost points of sumplinge AL the Intops

s

mediate polots of seppling, tho divergonce of ponulin

fpom the gontrol vorled Drom noneshgnilieant o vory
highly elgnifisante - 6 -shoudd be nobed thmt when the two
siallest aseunts of Gn wore added (A=A and O -0), on
bhvoo ont of sz ovcasioos dn oach of the fwe doseon

gpovibh woleghts sipnificantly aualley bthan sthone fop
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|
FigLEO Lffect of praded concentrations of Zn on growth of
: ! statlonary cultures of Aspergillus oryzae from larye
and swall inocula in a glucose-purified (pH?7)
substrate with e, Ca, Mn and Cu as trace elemenbso

i&rgeminoculum small-inoculun mg /L zn304.7n20
" gultwres culbures .
Y Y A - A 0.005
a) | P - D D « D 5.0
’ i '. - @ ’ Q - O none
) Um ~m 0 - 0 0.05
1 v . v v e v C)QS

Subgtrate:s A 40p/1 glucose but with twice the
! ?eClBaGHaﬁ (30 mp /1) and variable Znso#.7H?0
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siulley oculiures wiih ao ¥n added {0« O} vore pecordeda
Simlinely vhen the largest oamcounts of o owoye added
(Ve and D « Diy on a sobal of seven oul of twolve
posaslons, ghowtly welgbhts significantly largey ‘"Z%;f"?,:z:v; thosoe
for slailor oulbuvos with ao #8n added {O « O} yave
vasordad, Whoa An tven bhe serles gonbodbing tho
mmadlest anound of fn (A=A} v coapoved with the seeles
conbuining the lavpost amovnt of S (D= D) the Lovaer puve
chae o prowbh weldshts alvways siglflosotly srmllor than
the Intieowv. The gepeeal dnddeation da Ghabt spell anmounbs
Inkibis, lovgey saoouwnis stluplate growbhe
Thwne effoeots of Jn wore owaminoed In sposter doboail

(Migesdd o and b)) with both large and mell Inoculsn I
shovld bo aodiced in pancing bhet the conteold peliuves

FY(Tesy e.;r“i the govereal effedl on using o wunbsteabe conbaining
giusose pueliied ab o pll volue of Ye  Thoe owvved nabure
of the Jiaso foede them wlibely watexdind for veduetion fo
shabletionliy aeoapbal m abaad “*h i “ oy enasple,
i Fhge 20 my m:i,m f:iw?gzmmwmmﬂ uig culbures, an agaopbable

pbyadght dine eopid be Tound for the flest oly oomplos of

g

%

Bhe cultuve wilsh the ewall amound of %n (A~A), but aok
the Dlpsi oix sawplosn of the culbupre wlih the laype

ground of An (PP, Puble of Fig.s0)s  For Lotk lavses
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aad smallelnoenlun cultuwes, howewer, bhe tendensy was
preaont throughonh {ﬁamwﬁimaﬁ shown very markedlyl fop
i small saowt of Sn (0.00% me/l a8 U .?h ﬁ) bo b
Ankhibitory se comparod with no %n while o lesvge amound
of dn (% mgsl unpﬁf.f&hﬂ% wens ablmwlobory s At the
pnéﬂb of sroatest yloeld of tho euliureas €Gan“ﬂiﬂg mesh
7 9 np/L %n&ﬁ%.?ﬁgﬁ} thove wan a z. whily uiymxéisuau
Aifference Ln yielyd h@%huﬂﬂ lavga~inpculon aﬁﬂ Pt
inooulus eultuyaes (Toble af Plume0),

Wha sane pabiorn Lo roponbted with two obbew
soneenbratlons of Zn (Plu.200), and the role of ¥n is
undonbiodly o COaAPLeR ONG. Gammonly o small amount of
g substance sy bo obiy ‘ztﬁﬂy and AJ&&rgﬁw poound
Luhibliorye  Ghese fhpueen (Flesel9y &0u and 20b3
the reverse io trugs  smell smounds ore nbibitozy and
Inpger ansunts stinnlabory.

The wole of Fe ls Lnosculugeales phenomona was also
pramlred dn fuethor datoadl. Albhough the ofisat of
pddislon of Fo had been exsuwlined, the addiiion bad beon
50 o basal substrobo alrveady containing Fe. The resulé
of teots in ohleh Fe wap sudited in Lts ontiroty from the
baoal substrote ave shows A Plp. &l L onn be acan thad

when o wae completely ombbbed frow the substvabte, thewve
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Pipe2l  Lifcot ol Feo on growth of sbt.tionary culiuvres

£

of Asperpiilua oryzae from lavrpge and soall inoculno

in plucoscepurified (pH7) substrates.

laprgesinoguivm  smallelnocwlam
culbures culiuren

}.‘ @ Lad @ O “n C)

2 A o A A o A

3 .
e

% N B 0O . 0

CSuboteatos For 1, A, 40 /1 glucoss
9 1 # s

For 2, £y ity gf.',t, glusose

Lrace=elonont
addision

none = (and no Po
in basal substrate)

Pa only

Peay Ca, tn, Cua,y ®n

bt vith no Pee

Por 3, 4 30 grl placose but with 3;’3:&&.&1
(0.5 )‘iuﬁﬁ the f.f.rxiw‘ﬁg} ”&i s
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was ne roverand efieet ouveh as wsvally pucupred in o
subnbyase wonbalning bobh gludose qu&inm ol » pﬁ'uaiua
of 7 and Pe (son Pig.18, Qﬁ%iﬁimm plucons e HGtablebiond,
eaplaation vas sode of bhe ourves of Plp.23 (moe Yable
af Fipe.dlla Acoepiable steeighd Lines could be obialnod
to vepregens bthe fival siln sanples of the lavgosinoculuam
onibure with sao fo whotaoevwer (@ =@} and the fivat five
sampies (but not the first six) of thoe sorrasponding
sintleinoonlus oulture (O« O)s  The diffvroncs hobucon
bhe slopen of fhese linos mdﬁ nat el ﬂnﬁiakn% ol noreover,
Ghe comnonly found cvelatlonshiny bebuesn culbures Feow Laypn
pnd amaldll lnoculn held throughowt, aately, bthat the forwmey
had a mycedlsl conbend grenber Gthan bhe labtor st vby one
SN When Po ooos now added, the tvoveronl ' effaos
pocudred,  This vas ehown by comparlson of the glopes of
bho sbeadsht Lines poprosonting the Llvet six saaplea of
ench ouhture (e & 208 A =Ade The diifeveonce bebwoon
thaoe lineg wse stetdsbionlly v&,ﬂ$§&$ﬂﬂb {Pable of Plg.21),
tho iower groubkh vate belng thmk‘ § tha large-inoeulan
eulbura . Addibion of o corbination of Pos Une Ma, Cu
and Jn countered Yhis preversal eompledely. Phig das shown
By the romedning cveves (M- W and O w0, Phe first fony

CEHiTNA of vach curve gavo accepbabdle sbeaiphs liuse {cee
£ & ; X
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800r
600
! 400f
200F
5 Te) 5 days 20
'FjﬁL Bifect of caramelization on growth of stationary

cultures of Aspergillus oryzoe from large and small

1

inogula when praded concentrations of “n were used in a
plucose—purifiecd (pH7) substrate with Fe, Ca, ln and Un

as trace eleuments.

lérgeminoculum small=inoculum %nSOlo?ﬁ O
cultures cultures ma/u
I;e,; © @ 0o -~ 0 - 0

A - A A - A 0,005
R 0 - O 0,05
T 4 v - ¥ 005
» - > D - D 5

Substratas A 40g/) glucose but with twice Fe01396H20

[ -
(30 mg/l), vaviable znﬁﬂhg?ﬂﬁﬂ an6 caramelization
3 “

throughout,



atigbioenld npa

Lypadsy

p?

Bamgles compared

and Wi L0 day

andP g 1O day

and Mg 10 day

snd Ry 10 doy

and @ { day

and As; 13

1 o

dary

&

523

1E duy

=
im

A + papples
A v sampdos L e

of
slopes

Gompar Laon

¢ -
bheoe

{penultimio
amtrglan )

{ponnliimnte
s dan

{ponulilante
spmplos )

{penulitisnbe
pogples )

{lont samnles)

{Iaot soaplos)

{last sumpley)

Reproaas

3.RE
sond fiolent

‘?«'@5

actnal

L O

Pt

theoretiond

ALY
P
208

a.r‘??}

Fu
B

zﬁw 60
o't

278

o

¥

“
A
€ A{!{ ;";?'

oklioal

e

Pt

)

gland fioanea

not wige
not wie

not sdise
nok

highly wige
shenifionnt

sheniliaunt

Q'Q;‘)' ?‘};;'

aobusld theore actusl Lhoope

a KRV

a0 b n 33
adifforene
T RN
alkenificant



90

2585  Blieet of coronalisation

In one sories of suporiments, It was nobed Lhat the
pubatrate had bedows Saromelized durdng propaeagion, amd
A6 vea already buoun thab Gawmmwli%atiﬁn‘”ﬂwgﬁ allaat
sdgowel-inooulme phonowens (Moyrath, W63} Whe rosulis
ohtnined whon the oovanelisad nubotrabe was wsed are
ahown do Plge 2. The mﬁpwwim@nﬁﬁ rogordad Ln Phg.20
are ddentical te thosy yecorded in Pig.d2 ln every veupsot
awcapt Shalt the oubstrates Lo the labier case showed

saramzlieablon. it will bo nosed Lhat the oflaet ooean
L Wi 20 dn vwhioh eulivees from lavge apd smalld dsocula
weig dnhibitod by osmalld ﬁmﬁ@@mﬁﬁmﬁimum af Yo and
masun Latod by darpa, 48 ropeated hove Whe dnhibliory
affoct showsd mwont sbrongly with the omileinoenlnn
oplivroa ang the siimulsbory effont with tho lavgom
inoculuwn ¢ 4l~mwaﬁg

The g @m&.&&wa%m sugples $0r the lavgoe=luoculos
enlbure wore cxanined stabtlstiealiy (Fable of Pig.22)
but ne siegniflcant &ifﬂerwmu wag found bebueon thoe
mycollal content of the conbrold sulbures (Do 4ol and
Hhat of enliwbes conbtulniag aoy other concantradion of

wn (Pabilo of Fige22Ye  The laoh gauples of bhe loppce
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e Wl Bffect of deliberate caramelization on the

growth of stationary cultures of Aspergillus

oryzac from large and small inocula in a glucosge

purified (pH?) substrate with Fe, Ca, Ma and Cu as

trace elemenis, Inrge=-inoculum (® - &) and sualle

1‘ -
inoculum (O = Q) control cultures (continuous lines)

arc as for fipg.20. Similar large-incculum (¥ - )
and smalleinoculum (q = @) cultures were treated to

pive caramelization (broken lines).

Sabstrates A 40g/1 glucose but with twice Fe()ﬁ!.:,)aﬁl{
| {30 ng/1)
|

20
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inoenlun exliurs 414, howaver, show gdpgnificance in
dhfference of wyoediuw content botween the ouvliuve gon-
talulng wmoat Su (P « P ) and those owltures sontalning no fn
{@~®) or the bwe ssallest amounts of Zn (A-Aandim-M),
ag iz shown da Lhe ¥able of Pipe2d. Apnin, bthe dadication
iz of sbimuviation by large anounte of Fne Phe gbinuvlotory
and iahibltory role of Zn iz diccuossed lotera

Thoro wae JL6tle apparoent difference in pate of growth
of auwltures due Lo the sive of the ivooulune This was
eonfipvmed statistically in ono @nso. o significant
1.8 ferenee ﬂﬁiﬂﬁ%ﬁAﬂn the slopo of tho lises vopyveosenting
the Livst shees sumples of the ewlbvres with the lonsb
apouns of #n (A-AandAeAdy a0 da shown in the Pable of
Plge e The rovarcal effoot was bthus not obuserved on thig
ooonaton, and cavanelizatlopn was held rospunsiblo.

foppeboration of the suegestdon that garomelisatlen
wan responsible fop loss of the reversal phenonanon is givon
in Flgesdle in this axparinent enramellaation was effectod
doliborately by Sthe procodure deseribed in aoetlon 220G. in
Flgeas, the eontrol enltures of Pig.20 ave conpared with
sindlae ouliuvres which had boon delibeprabtely darvovclized.
Phe rovegsald phenoenmenon asbownr in the uwnesrasellsed substpate

was conpletely countered un epvapelimation.
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255 follestivpiabory and ool felnhibitory subnloncan

wte B LTENSRN NIRRT IR ) 2 dlarc

Bhere wand e very fov subsinncos keows which do nob,
in soeme eoncensyabtlon, stinpiate or Inhibib prowbh of &
gulbuee in on obgervable voy, aad 2 wide »anga of
?unowmbwem sxiabn on sych astlons Iore, atbentlon in
focusled on Instonces where the stiaulatory or dnbibitopy
anbotance is o produst of an organisats own mebabollen,
Yoo vhero the sabstanee La to bo fownd dn bhe Lilteate
of bhe onliuwes. In pavticnlar, o coprelablon bobwsen
tha production of such pubstonces and the offeots of
noonbun alze has besn soughb.

Walker, Leeves and Lunkford (19623 suds o contyribution
bo bhe LiZerature which hap apaoial relowvenco bo inpeulam
slza .  Wbhoy studied the hinotles of produetion of
endogonous call division aebivators dn rolation e Inconlua

denalty dn cultures of Haoidlus woessberduns  Aebivabors of

celil Qlvdaion wore exereted into the nediws and w@r@ ghovra
to be prousent In the Dilirato. 1% Lo iwtoresting o nobe
bhat vhore wao ne dipeot propovrtlonaldlty betuvosn mushor of
culla preasnt and anewd of activabor.e Instead, bthewo wae
nmoere sotivetor por il produacod rom o small dnoanlum, oo

Shot the lag of » smelli-inecnlus oulture wan shorier than



ER

vould bo expeviode Hoywpabh (19632 ghowed that wlth

ﬁmﬂ@@,lllwﬁ'ﬁﬁxﬁﬁﬁﬁ g wmalleloneulun cudiure 0dd not plve
a morkedly lnereaned lap tloe over largoeinsonlum ouliured,
poasibly due o o sechanisn sdodliay to that descrlibed by
Gadlier ‘R e ges and fankfond.

wwoed {(3958) depepdbed o ovbstance produced by

cukburcs of Uromyeon phassold which wag soll-stlawlatoery

with roogool 6o the longbh of gorm bubewn of sporos.
de%n@bumw Bubohinoon and Reed (L9993 donordbod s volatile

subsbance stdovlablng spove gerndnadion dun deaepicvs

AR hpr MG )

anupestyds which was Ldentified ap  23d-ditethylelepontona,

ZRARTAS:

vg

and Hepden & Uawhker (1961) a volabile substansoe whioh

conbrolled sygospore formatlow &n Qhisopus somualice
Dording and Mesedle (A959) wewe able to Spriwme? or wodify
medis with substancss produced Dy o lavge donosulun of o

pngant m%vain af Appeyaidl ue aned Gl@ﬂnhi in such o woy

that the maddvm supporiod growih of siagloe-spoere t:m'i buros,
glthough 1% hod wnobt boen able o 4o o previcuslye
Paduick (1659) explained an inovensy Lo germivailon of

dvrse daoncnla of avcospoves ol Ogh;ghm&um gragdnds on tho
: ¥

basls of oxeretion of sbioulailng subotancon by the
LBCOPODY L Gr pﬁrﬁﬁhecim-

Hot olld %ul =peotueed substanves ave stinulabory.
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Spegndled Tetaling? bas been o lonpgevrecognissd peoperby

ol coprbaln fungal culburesns Shic ds evidenand by a lows

-

of cipreniar oubline to the eolony on s01lid sedla phevens

>

A Ligudd cultuwse 4% io dewonsivated Ly o fell in gate

]

of growkl (Hovker, 1990). £e s not o ebarvatiow
phoporgnon, bab 1l o resulit of ssifeproduced Labibitors
{Howlae, E,i}t,i 23 e Gochrane (L9%4) svopesha that in
sphatrabes condalning o high osncentravise of cavbohydraie

the obtaling subatancos are probably ovganic seddg and thag
in substrates baving o bhigh condent of albrogen, the
ghuding substanee Lo sumonin,

Several other atadices ol selfeproduced Inhibliopa
arve o be found Ls the Llifderatoreq siove of these beling
SR O« Tarwaod (L056) wad Allen (1955) found such

sedfelnbiblbors dnvolved dn the gerslontion of uredlospores

of Upomyeas phaseold and Fuewinde gramlnis Leop tediiod

DRy ﬂ-m\-:s.

2 ;

Fospeotivalys AlLen {19551 consldored that nedthsw

educed omyeen tonsion wor Incvoensed carbon dilowlde

£,

tonsion was yosponaible for the offeclt he desorlibod.

-,

Adion showed thabt on besblag 3 o» 107 aposrces, Ghe percentane

sopiloation of conldia loeressod olmost llnonrdy with bime,
o 9

bat on besting % 0 307 spores, gorvadsation wan alaosd

bobully lubibitad. Garlide and feliln (AD63) also shoved



that a foobor prafused by myeeldun ol Boberilds ciooyrs

was fshibilLory ‘E‘yi‘;ﬂ meds the gevrmination of 18s own spores
and dScehopfor (1955} reported & simdlaply scting substancs

in Phyeonyees blahasloonnus,

-nx-w;"' Gy

Soywabh (319620) has ghown that emall amounts of

FRitrate fpom guliuves of Assoredldus opyzoe ol varying

X

age dnfluenee bhokbh rate of growih ond pesioaw yield of She
oud ture vhon addod ad ke tioe of inceviation, I¥ hug além
boen ghowm that the dufluence of sueh Liltpaten ba,g@@w%ﬁ
paht Lo not oo propounced whon dhe myoeldun of the fapevian
io bakon fvom elder suliures {(Heyeabh, 1962a)s  Prom bhoso
Sinddngs 1t weo congluded thatl growtlhiepponobting substanees
produand at early and ot Lloder stages of groweth of o
sudiure alfecbod the bahaviour of sueh 2 culbure nd mboh
dnber otages provided thoeso subshances acbod ab o
sufflelontly oouly stage. wagaavérg L% was obown thai
synthooising actdvliy of the myeeliun ln o culiare
donpeanad ab fiveb, then invrpased slowlys  Phis was
t%ﬁggh% to be dsa Lo the ewovebion of pgrovtheinhibiilog
subostaness ab an gven eariler sbage than the growihe-
andmulabing substances. The weetion whiah follows
roribas hov sbimulatery and inhlbitory subsionoes wopre
sovghb iq filie .tnl aof both statlonary and subserpged onlinros

o bobh lapse and rml} AVOONEL o
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days 20

Pige2h Growth pattern of cultures of Aspergillus oryzae

grown in statilonary conditions from larse (@ - @)
'and srall (0 =0) inocula. Pilvrates were collected ab
points 1 and 2 (largo-inoculum c¢ulture) and at point 1°

(smalleinoculum culture) and used for testing ( courtesy

of Joleyrath).

Substrate: AB 40g/1 glucose except that Feﬂl306H20

was 3 ng/l
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Toble of Yipgedy
Gbatvistlend amlysis
Fl I8 249 1yt

Rensse Rapeosslon actihal theorw aohoad Lhoops
ik

confiiciont otlosl atioal

® : senplon a8 28,90 S2(.48)  not
{all somples ehininable
oxvept laeb) (olngle
~ yéadinps
O o smiuples lef  LhaG6 EZ200.93) only
(all oonplegd svallable
’ ‘ Ehronghout }

Gompaelaon of N Iy 32
bhose slopos R 9% 1)
vary
highly

shandfLoant
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#5235 Selfectimulatory cnd aelfeinhibitopy substoncon in
stoabdonayy oniiores
Filtpates from statiopmey aulbwes ave conatdared
firnts  Tho grouwth cupvesn Lop the cultures feos vhlch
Ghe Eilbeates wors balon are chown in Flp.2f.  the

G fevenas batween the mlopes of the two poprossion ldnos

2

i

g

vopresenilag elahl shomedes of cooch euvve (%ﬂbmm 0F Plgesh)
WL véwy Wighly sipndflieanty showlug oo offect of size of
fnosulus eves vwder stoablionery condlibions, A8 poinba 1
and 2 (Iavgo-dnooudan euldure) and ad 1Y {eali-inooulon
cudbure ) thoe filovates woro volalned when the myasliwm
W belng &@&&@mtéﬁ‘imy woadeght estiomation, and vhese
filtenton ndded o ﬁww@h gultupes dn the pamer degcepribod
oardier (pu.38:80),  Stoansd mbstpate wvas used as o
conivold beoange Hhe added Filtrate had beoon ateawed o
pherdiling i €§%‘mimn.@ﬂ % opuccesolve Gay) e Albanoueh
bhe eubetreto bad been heategterilived (by ewboclavivg),
bhe noual prastloe bod beon followed OF storllizing the
ﬁ&mﬁﬂ@% ﬂ}ﬁarakaiy Fren ﬁk@.miﬁmy&img ol the

Al beate might then bhave glvon »ise to caraveldsailon and

Shis stoomed substrate coniroel allowed For Mk ponsibilibye
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Fige2b EHifect Gf.amall amounts of culture filfraté

Trom larpgee-inoculum and smalleinoculum stationary

~5

3,

jcultures off Asperglillusg oryzae in advanced stages of growth

lon the grouth pattern of cultures simllar, but from larpge
Pinocula only, when bthe filtrate was added at inoculation.
JFiltrates were obbtained from the stationary culiures shown

! in Fi&‘o RLFO

larpaeinoculun stage of growth and type of control culture

i cultures from which filtrate was fLunken
stape days mg/l00 ml type
0t TP 10 7 26,8 smallsinoculum
| Vo ¥V 1. ? 199 largee-inoculum
; A = A 2 14 554 . - large-inoculum
% B - B steamed subatrate only added (control)
é @ - O water only added {control)

‘Substrates as for Pig.2hk

i



58,

Fable of Flpg.8%
Statistiont nme adyais
. ’i; ¥ $ h #
Samplas compared actual Shoose gigalfigance
abdaald
PRILY % % doy (ponultiaonte sampleal .92 78 nob sise
and Wy 5 doy {(pesultimate sauples) 347 2478 nob oip.

nnd Mg % day (p c;,ﬁﬂ bhoate somples) 2.30 2.78 pob aig.

v 9 @9 ©

and @3 9 day {penulbimate samples) 0,33 2490  not wsle

5 doy (ponudiimate somplosd Rb0 2,98 not oios

o
wt
b
3
b

and As B3 day (losb sowplea) LeOF  ZaPHB not siize
asd Wy 25 day {(last 2onplos) 3e8SG  DGFE 5ot sip,
and My 23 Goy (loah gsnplos) 1.00 2.8  nod aig.

and @3 2% day {(last samples) 169 298 not sige

<

and @ 23 day (oot sasplos) Ledd 290 not sl


mailto:Ba@p3.Q8

300y

o) 5 @s 20

v

Pig.26  Effect of swall amounts of culture filtrate
from large-inoculum and smalleinoculum

stationary culfures of Agpergillug oryzae in advanced

stages of growth on the growth patiern of culiures
similar, but from small inocula oanly, when the filtrate
was added at inoculation, Flltrates were obtaiped from

‘the stetionary culture coantrols shown in Pig.24%,

gnall~inoculum  stage of growth and type of control culture
culinres from which fi;ﬁ$ate was takén
stage days  mg/l00 ml type
0 - 19 7 768 smalleinoculun
A VAR 1 7 199 lirge-inoculum
A 2 L4 - 354 Large~inoculum

Y3

steamed substrate only added {control)

O
v
o A
D

O

water only added (control)

© I Bubsteates as for Fig.2h

R
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When the filtrates wers added sopavrately to simllar cultures
growy Erog davpe dncaula, 4 was ostablished bhal addition
af fllipates from all stages benbod showed no sipgnificant
dliverent ofifect Lpow fthat of sddition of sbesmsd. oubstyabo
C3gei53, Thia gonclusion le statistically swpporbed by
tho Table of Flg.dle

Yhen bhe offect 0Ff auch Liltraten on :m&EEmtnauulmm
culbures Ban ousminged, bhe rosalis mhawv tm Fiead wore
pbtainads On making o statdstlend exanlnation of cultuves
spovn Toy oine Qays, no slgaificant dillopence could bo
denonshvated bobween any of § onivs ﬁﬁﬁbﬂu {uae Hoble of

Fhas 20} o The soawms oulbures nb o latery sboge of growbh

(23 daye) ddidered alpnificontly from eavh obber in myoellma
CORLNNE AN GOl SRE0Se %h& myoaliug condent of Hhe culiare

which had boon suppleswnted with £13tmmio fvom the latow
atage lapgeeinoculus euliure {otoge 2) was grosbop %hmn ﬁh@ﬁ
of either of the two contyol culluecs by » hlghly slgpiflicant
susunt { Aas comparsd with D end withO, Tabla of Plu.261,
WYhe syeeldiuwe Qontent of the same onlfwre wan slgeifleasnitly
presteyr than Zhat of a euitnre supplomentod wiith Filivale

Lrom an garlier sbape of grouth (abage LY of n luppem
incowlun culture {Aas sompaved edth VYV o Table af Pig.a6).

Phe Indieation is that the content of selfestimulatory

subastasees An o lovgesinsguloas cogliuvre is considevebleo and



i

that A% in sowe proosunced in Iade stages of oulbuve
dovelopuwent than in carly staged. Mo edgndficant
Gihifavency ¢ouild be desorstrated bobueen ansy oblhwor of the
Phve pairs ohosen fop esasdbaiion nt the same stage (Table
1‘-!{". (J}n

e effeet of ouliwes Lilirate vbon added abt luocevlation
o culdures with L00 ngll BUOA wng alao oxandnndy and Lo
shown in an carliey Figure (Plg.df, pe?2)s  Hlwo gulture
FTrliteates wepre woede e of thewo was Lpon an Ldontiowd
culture whieh bad alrondy boen gpoun For 1% doys {(eodiscisd
ub sbage 2B, Plg.lB). Th bad aloosh no inilinence on the
grovth of bhe eulture (D compared with [0, Pig.lfls  Fho
obher Kilirate was frow o culbtuge which was similer excent
that A% had contained vo BIGy and bhad alveady baon seown
Fow 33 days {coliecbed ab stage L, Flg.i%),  ihils socond
culture filtrato was stivulatopry (Veospared with O , Fig.36),
Phene resudis sbow that substances ooy bo produced in bhe
auntiura which, when iateoducaed at an esely stage (wiids dhe
inosulom dn bhilo dootanced, Lnfluence growth at » duete

SLRED .



(a)

{b)

!
Fige27  CGrowih pattern of culbures of Asperpgillus oryzac

gy own in-de@p culsure from large (@ «®) and small
(O = Q) inocula at hipgh mechanical stress. The results have
been plotted semiwloéarithmically (Figea) and lincarly (Fig.b).
Eiltyateﬁ were collected ot points 1, 2 and 3 (Jarge~inogulun

culture) and at points 1%, 2° and 3' (smallelnoculum culture)
|

Substrates Azs 40 /1 glucose
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2552 sSelfwetinulatory and self-lnhilbivory oubstanons in

dawp ouliures

Fllerates from deep ouwliuven were alsn tostad. The
pavborn of growth of the paront cullwre and bho stnges
from which the Rilirates weore taken Ia shown in FiLy2%.

The aberlbing il fevence io waximus yileld in gvlingss feon
lowre and sealdl duoeula should ko noted {(Pip.2¥nle.

In opder B0 o am%; » the Piltaaite of o aspdlelnoselug
culture ob a failrly sardy atoge (85 houwldy 46 was BEGIGY av?
b0 geldloot bhis Filtrate from o peint whore wyeeling
production was a0 sonldll that oven o lavst asuoplo feon o
Sed pulbare (R4 aob gf@%uﬂ* aopowgly nygelling for welght
doverpipations  Ap eatinmied polnt wvas bhoerefope ﬁww&gm@ﬁwﬁ.

In tho Llnoer geeph (Flge.29h) the absclson of the
podnt Lo gowirned by Hhe blue of sempling, napely W b
At Lhis tdme, peoducblion of syeellum was sy spell thalt Top
all practlend apudpotpa $hoe podnt will Lio on the idnge of
he ﬁmwiﬁmmﬁm&-&xiﬁqx in the sombelogapiithuio groph (Flg.dPal,
the Sdoe of sawpiing (4G k) agodsn debermives the abacisens
At Bhils Bioe of sanpdlog, the owlinre 1o probably Lo the phags
of exponentiald growvth For roasons addnced hy MNowrath (19063)
and the yg&&ﬁ whil Lie on 2 line exbtrapolated bhaokuards Cvom

the eupopontiold phase,  Theoe tuo neusweowanis allow the
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Pip.28 ffect of small amounts of culture filtrate from

! decp cultures of Aspergillus oryzne on the growth

ofiiarg@-inoculum statlonary cultures ol the same organisu,
added at inoculation. The added filtrate had been sollected
§r0@ the larpe=inoculum culture. of Pig.27 at stages 1 (B = B),
2 dl - &) and 3 (€& «<¢) and from the smalleinoculum culiture..

" of 3?:3.5;02? at stages L? (=), 2! (H«E) and 3° (A=A,

Control cultures (O - @) contained no added filtrate.

4
.

Subﬁtrates as for Fig.2%

|
|



>4

?ig%aa Bifect of amall amounts of culture filirate from
; dgeep cultures of Asperpillus oryzae on the graowih
pattern of smalleinoculum stationary cultures of the same

Qrggnismv added at inoculation. The added filtrate had
|

nedn collected from the lavge~incculum culture. of ig.27
at ptages L (D = D)y 2 (@ = @) and 3 ($=O) and from the
|
small-inoculum culture at stages L' (7=37), 2' (O-01)
and 3°' {(A~A)do Control cultures contained no added
filtrate and the results shown (O« Q) were the averape of
three sets of results in which walber and bhe original

|
1.4

substrates of the deep cultures were tested separatelyo
|

substrates au for Fig.27

|
|
|
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point tﬂjb@ flued in Lhe mamor obown in Fig.a9%. 9ho
gabtimated nyeolialdl content vas obioined by referenve o
the ordinsbe of the it snd wves found o e 0.00 ngh00 ml,
Phose £RLtpates were toahad agalust lopgeeinosulin
swd bure s proving dn the o suhéﬁyat@ But under shatianary
gondLi i ors . BE ocan bo soon {(PledRB) dhab the Pliteabos
_fﬁ@m $he lorpesinosulus sulbures ob shapges L, 2 st B oadld
tended to be stlunlabtory Lo Dobh growbk fobe and Resdoun
yield of the sulbura . fn orteaaty £iltrats ﬁﬂc& ohe
anpliost stapge «f o cuolieinocuive euliure {(17) was
dnhibltopy du nebione Filtyate from lotey stages of S6alle

R

Cinecuben opliures A3 fored dees Fpok the wonbRrol oulburesn
(Pigealle  Mosh wolght eshivabos in bbis and Lhe following
Piguece had boon aade sloply Anoctend of, 45 weual, in
rdolicato, Phreo peive Pfor Filg«2d and sne palr for
ﬁ@@aé% gould be prsescsed, hovover, and comvelse the Tablos
ol @&é@.ﬁﬁ and 20 Sbadisbical gomparison wes wade of
wokahibe after 2, 5 and & dayst prowbh of lnrgo-bnoculun
oukburaes ﬁé.whieﬂ bad boon added Filtrate ad ahagds L

oy ga=-inooulog ﬁé&%ama} and 1t ﬁﬁ%@l&m$maﬁa1um awdburs )
and 6 ean be soeen that the Lehlbibory acbion of the f£ilirase
fron suall-lpooudun colbtoves as ootipared with thab from

logggeinoonlun oulburas was sdbondflcont in ench eanse (Babilo
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of Figperide

When these Liltgatows woro feated on sesllelnoewlus
stationary enliuvres growing in the poase substeato, &L gan
be soon (Rigea®) that uwddibion of Tilivaies frow sbapos L,

& and 3 (lavre~dnocvlun culitwe) gave o oleavlye=ieeked

effecks  Azain, hovever, $ilteate from av envly sbane
of o gmellelnotulun enlburs tonded bo be inhibibory

both growth rate and sawimm yielda A Seeday sulturo

conbadwing filtrate fron the carliept sinpe of a mzn?..,_
ognlun gudbure hod a sdgniflcantly lowver oyoolivm oopbund

than dld o olndlor guliuve gontednlng flltrabte Drom o 1&?35:&!«#

Inocuianm ouliure (Y and D o Fablo of Pigpe29).
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Frolininary experdiends bed shown that slsowol-=ipovulum

A

gobs might te ewxpeetod vnder o raage of condltlions. an

=

a0k milght show ae a dilferenge in vats groabll ab onrly

o late sbagesy oF as a diffewenco in mexluus yield, bobioen

gnttuess from loarge and ssall inoguls BEfeots iAn
prelioginary cxperinonts wore loos sovked than bad been
antlalpatod, A9 was stated “Phe propounced effoct of slse
af inoonlus sbown Ao the subabyate wiithoud Lreacs eloments
had been obbainod bn onperitsnta An Burich. A ropobiblon
of these eupueriments Lo Gloogoer govwe less heerbed fosulin.”
Heintosh & Moyeath, L9G%B).  An owmumple of the Zerloh
rosultse s shown Iu Pig.l of the asase publication ond,
parbidularly when twace olosorts are abaenb, o Lllssteabive
of wbab bhas bBeew ¢alied the "novand? efivet of lnvoulus sis
pawely. bighor rebe of growbh dn the ldooar phese and bighewr
wazdnus yield dIn a lavgeelaoenium enllure. By copulupdon
wia dvewn (Makutosh & Hsyrath, 1965%0) Shad alnoe Yivoco

2,

clements wore huown (o codnoe bhe effoebts 14 won probabls

that btraeo elomenbs prescad in e constituwonts of the

psubabirate wayg responsible Jor (he Qlwmiolshed pecponge .

Bush o gooslesion gos o loagslond basisa For oabandad work on

€
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srace olenents and Lod Lo atbempls o hloelk hhon, fo
vouove bhow £roa plucose by o pupdiication ﬁﬁaméﬁmvw
o bo exandno bhate efient whon ndded pingly op in
prrbioalar conbinationse Inoressed grouth ralce and o
maximmn ylold i teaceeglononé-pooy @u&ﬂﬁwatem when o
lavge Inoculon ie used do nob due sluply to fhe Svansior
of large smouwnbs of brace olomentss  Hegrath (1963) hno
showa shat although the aph of (he conidia from 8 lavge
taoculwi, oy a lerge dnoenlun of dend cowidia was added
Bo % emdledinoculun oultare, the peowkh of b cuvliuve
wae pobh thoreby sade sdellapr to fhab of a lapge~lpooulun
enlburs . Horeover, a oulbuve Lron on textrosely small?
inooulun gould pglve o Dlgher ylold than o onliuore from &
ierpoe doaoealwn (Mpyeash, 19657,

OFf the dndividunld trace oloments added, Oo and Ou had
the wost pronovnead effeut, width o tendonay Lop G bo
inoreass fhe offeok of dnceulum olze usnd Gu o abolich op
aven reverss L. Ga hasm siveasdy beon shown o auplmaloc
thae effeat of sise of lnogulus (Meyrobh & Mg, uopublishoed)e

#han BETA wan wued, 18 won not found poseible Yo
PPOGNee & amffiﬁiwnﬁ'ﬁiﬁﬁaﬁmﬂ@@ o growth boebuoen culturos
frow lepge and spall dooculn withoud sbholichling she growsh
7]

of the spall~inconlvg oulbure. The vesulis ¢ld, bowewvor,

polnt to o possible sachenion fop the effocts of inoeunlus
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aiuoe  Dhe faut btholt smollelvposoriin endbuves wors not ablo
to oveoreone bhe actblon of BN as were loargeeinnculun
@mlﬁﬁ?eﬁ indiontes that the Llatter wers oexcrobing

substonces whioh sountorackod the influence of EWide Thio
counterastion oan probably hweat bo enpluoined by assuming
Ehat theee stbabances apve alse ohoelating spento which
gowse ta with the BD®A for tho twa@u glemants availablo Lub
vivioh forn couploxes capnile of bolng aosiwilated by bthe

2,

enlly thus trece elements npo Lysnpyurbcé Into tho owll,
Obviously o few gonidia wounld be less able Lo exeroete these
gubstances in o ooneenteation sulficlent to compote with
bhe HDTA than would a dlerge nunber of conddlas
Py &1(&@33 troatmont of glucoas under certain

gonditiong produeed » 'rovarsnl? phenOnonon. £ poverasd
phenononon hag alveady beon coported when the cavbohydrate

waed vao saltone, ob o consentration of 80 g/l (Meyrath,
1963 )., ?h@a@ pindings are & Lapbhey indicentlon of bhe

insdegquacy of & Ytrpansiert theory fo explein bho lnoenl wie

4

slow offeat io abwmu of  trace elomonts.
The actloen of ¥n, bthouwgh not studied in dotail, in of
intereata b wae stated (Molntosh & Voyrath, 1964b)

#inatances wheore o Ilow concentration of o traee «lovoni

sRinviates and o Righ concentration Inhibibs are velabivoly
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comsonpiace bubt dn this eane lovw concenteationg ave
fakibitory and  vaey lov as well as highey copgantieilons
Bres In couparilson, stlnolotovy.h Bredllag eendlrantlion
of the oeouwrrence of wnugsunl concondrabtion offoats such ae
Shat deseribed Loy %n has gooe in o pecent oublioption by
Sohabm, Sokunlachn ® Sohats (39643, Moy worhers have

oplbated such repovis goatlored Shewugh sony Slelds and

bermed bthop Ppavadexienl offectaYy  Thoy writo "Phomne efleshs

howe »0. bBoen loonked upon as laglobed Guosd. fobually,
howevory they compyise s dletinet genan Qogowraeponsg

renobiong, voeeh facsiading o concenteatlon vange olmvacterized
by wope imhihiﬁ&ﬁm.a% b lower level. oo wnioue napecd
the pavadoxiasl affoet is that dpbibkitlon er toxleliy is
aeapoosme by olmply eddlng move of the epiginal inblbitor op
tonte agent and noethlog else. i othew words, uors of Lhe
gase bhing praduces o dlesebrlosily opposite wlfechy  that

fag & purely auvantidaltlive ohanpge fa one coenahlitvent tranoeforms

m

the oyoton gualitatdvely.”  Tha onne woevkors suppest severad

3 g

mevhandons fop this dype of oficet,  For ozasmple, 4% s

passible Fhoat cerbaln onmynoes in an lotegeabed Llhochonlond
pablvay vepy dn snogepbihility to an bahibitor op to

dnsernodlate produets aceunulating oo 4 resuld of luhibiblon.

Agindn, tho olfects nay be due o the Torsalion of o serdew
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of setal gonploxen wibh nembers of She sewisgs differing
in biclogical properiios.
Poplficabion of Sthe glucose with subsoguent additlon
of traee elemoanlbs sinpgly or Ln gprouvps pgave Lovbher indiention
af the 2ol of trave olementas o gave o reverand affot
whoen 46 was the oply trace elewsnt proscnt. This weans
that bhw Tacs that Fo wvas included in the bsenl mediun fow
50 many of the ﬂhgdﬁlﬂﬂnﬁﬁ bad prrobably conbyribubed o o

dindndshing of the effoed of invouluwn siz

o
L

L% wan Pavther shown bthal envamelizetlon pove W@ﬂu (¢}
subobances with an effoct on Gulbure prowth.  Sevgeant,
fonkford & Praxler (32577 polnbed ous the si inu&mumvy af Fapt
obbainablo Tor eviain Racilius speeies by adding plucose

gborilized together with phoophate. Loanklord, Anotelf
Sovrgoant {1959} bested a varleby of ehomdeal compounds Fow

thoiy capnaliy o sebatitats Lop anboetaved R TTo T
phosphate solutlios in stinwliabion of prowbh inliiatlion of

o pRobiedds  Almest all of bthe acklve compounds poossosed

smracburad ¢haractordaties haown to confer medtnld ohelating
potentiak.  White (1964) dn spectpophobometric studies in
Bhe UeVe panga showod that whoresy aolubiona of
nncarane Liged sugar {(salbogy and plagoped did not bave AN

pheorpblon speobivus at the ddlubions wsed, the enramelisod

aupgar selutions boadScharasterlotio aboorpilon nanianm at
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28% mpse Thia 45 in the prange over wivich gavbonyd zronps
phaorb and bhese are hnown o exert o conplexing ssiion.

In faet this aboovpiion peok covld bo shoun td di.mappoar
sfboy addition off aeltn of heavy mebals.e Uhite o o 4
thovofore that these guranmelised wroducts were of » cholating

A bR .

In this vork, self-iahkibitory substanoss have booen

Lo Bhe vepry carly stages of srallslaogulom onlbuves, Hord Lo
ghiaglesory substances have slsoe bean showa Lo b produood
snd bhose are Fownd parbleularly in later abapes of Iavsoe
inoonlum enlberes. Tt bas besn shown in verdous ways thot
thome substonces arg at gingly transloreed wilth an dnovulenm,
but wro peoduced ln the grmwing onliurs. 14 has woen shown
moroaver that sslliednoonlun Jﬁiﬁmwem advanced in agze
poagess stinvlobory subsbances, bub those do nob ook
adthongh spfflcileny upitrients resmain in tlhe subsivate to
peruit @nﬁﬁwaémmmh af geowth Lo oegur. The eonciusion to
be dvawn zeens o be that substanoes in saalli-inoonlua
oulévros vhdoh have beoon Jovsed nt very early alngoes of
grovuth hove mo adverscly alfected the oyeelivm that Stho
latey production of stimuwlatory substavnces cammob zeverse

the sifvet. Lt may weldldl be the officionay of assinmilatien
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whioh o dyreversibly allegbed, bocanss omal

-
+

bLeod o ozl
onltuces have beswn shoun Lo assioilabe cavbon sud nibrogoen
fpon sdven souraes less effiolently than lavges=in.culuw
culburcs {oeoeblon e It gan bhe inferred that Sheose
stimlabory aubobances ave nonsvolaiile booause thoy wers
ratained in the substrate after 4¥ had been sbeasneds  They
therefore GiLTowr fpon some of thoege deoesopriled in othey
fongd and nmentionsd above,

bojie acid hoas a wellskaoun oifest as o chelating agont
and ig often pyoduced by stesing of gﬁgﬁﬂgﬁgggggﬁg;ﬁggﬁﬁg

oeypag foee Foster, 1949)s  Under the conditions of theoe

suporinenbs, however, the strain used in this work lscked

the ability to produce Fojice seid ne indicated by the

>

FTerpie chilorlide tont.

Wikén and apbho {1568 in sbudies on Sascharonyeos

cereviping, shoved that fealanine wox leos able to

gounbopract the dnbhiblitory action of biotip when %ha/f?al&miﬁﬁ
was adeed after F8 L oof dncubdtion Lhan 30 added ab dthoe sbage
of fneouiantion. Biétia a&ﬁw& 2h an eavly stoge bthus had

an adverse effeet on lebe sbages of prowithe. A?malmuin&

added at an a&rly sbape had a greater Iafluence thnn vhen

pdded at o late stage.  The importoncs of age of cullure in

¥

prodoecing cells showing a appgatlye Pasbovr sffoot has heen



whown by MLhun. i Geewpekersy  no noganlve Pasteur olisoh
wass obbodned with gedls Lfeom o3d eniboves of oithor

Snacharonyees earlaberpanals (s sRenndg & Wikown, 1960a) or

cervaln atraing ol bianonysen (Wikeo, Schelfers &

Yorhany, L006L).

Cumuletive evidense therefops shovs thal dnounluw
slge sheoosens depobd v no suall measure on selie
stlmulabory and self-lahibitory substaneen prodeged, and

that the sbape ob which thooe aro produdad Lo of cpditiond

inpovkance (see also Hoyeabh 4 Molnbosh, 1965H),



SECTION 3

METABOLISM OF CARBON AND NITROGEN
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% MAVABOLIGH UF GARBOS AW HITRGGRY
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3L THERGBUGRORY

Lo this work, which vas conuprned with Asperniling

virygae and Aspereildius nieov, bho Sangl were suppiied gith
shaveh or glucose o8 souvce of cavbon ond anmondun sulphate
an sowrar of alirosone felowe mothodn ave desoribed Lop
apeeaning the oxtent of thedy utliisabtlion so that the
setabolic efiflcioncies of various gultures wmay bo dotermined.
wﬁﬁ@w aapeebs of carboen wetabollen puah ap vospipratopry
guabdent ave also consldoreda rovter (1946) Licted Hhe
nitrogen centents of o lavge nunbor 0f nlorosoygaelsng ard

shouwsd the pangs of nltrepgon contont ia ba bﬁ?ld o e from

Iﬁ

8 = 395, Postor (L5807 considered that filamentons fungl
Qid mod have complex aléropenous regulrenents auvoel og vera
neeassupry for (he ropvoduetion of aany bBadtedlo. $ex
conaldered thad obility o uiilige mx&rmﬂam in bthe Torm of
nltrato roprosented @”ﬁm;ﬂr versatility on ¢he part of »
Fungus than 434 abdliiéy to abilize thig elemont in the fopnm
af anmonia, bheenuse all nlirate tsores could wblilizg amnonin
vub wob vioce versss Phis ds dn contirast Lo the highor

planty for vhibeh npiivale Lo the peefovied alirogen aourcse.
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iﬂ‘ﬁhiﬁ ghady on ﬁﬁ@ ubilicudion ofF niivogon, 165
ingorporatlon inte the aycelius of the mould as orgonicel,
@ﬂ@ iAba proretion in an erganic fopn ARG GO0 ‘A&uwuﬁ.
Fornabion of emtrascellvlur uilrogescus maberial is nob
shuply the posult of anbolysis o S0ResEaR00. £t oan

sake plakoe in a developing ouvltuve to o consldemable osbond,

ag vaw shown in Seopulavrlopais brovigowdde by Howton and

Y

Beondbens {9 w% 7oand An asposeddivg geysan by Orewthor and

fonaoy (AB55),

DR MAIBREASELE AN URIIEDOG

%
n)fg\; o

SiEle feoutlh Vsocedures

A FWiguwres dn thile seotion, with fthe excopbion of

Yigse 30 and 32, show the posulés of u sgtudy of the aotebelio
properties of ¢uliuvosn Fov wﬁimh gm@wdﬁ L herng Dave
adroady hoon degovdbod Lo deebdon e An the logond Lop
gach ol bthooy £i@uwem, B ppasegrelforance ban beopn wmoads o
the relevant Flpure In seotion 2 whieh ghves thia prowgh
poabtorns  rofeponve should also be snde o bhal Scobion Lo

Inforsntion concerndng the matordals and melbods swployveds.
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FAgeB2 fpe124) shows the prosulis of sthe only respirabion
gxzperinend pevformed on abtoblionapy culinvwes. Shoge A% wos
desived e ewomine an sarly stope of geowih vhon nycolial
content van low, fadely lavge volumesn of oubstrabte were

raquirads  Thin subotrate wvas 4, (Table A, {aolng pe3%),

T

oo uwed for resplrabion stodies of desp endbures.  Pho
sabotrate wan distridbutsd in L0l Plosko dn 2%l amounts
%o whieh i md. of & suepension oontalning e x lﬂ? (larpge
inocuiun) op :Lﬁ:»ﬁ {omndl dnoouluan) condldia vas added wso bhab
vy . . . (4 o s
the finodl concentpation of ¢onidia waw 2 x 0 poer 100 mi
(lappe inoculum) op & » 1&3 por 100 @l (amldl dnoculum),
Lee Bho pume concontyations ay wore uwsed Loy deen culiturec.
The flosts wers lneubated at &ﬁﬁ‘ Whe conbonts of 10 flashks
of oncl kind of culitweo were bulked to pive & flaohks of
285G wl each, one fov cach gise of dnooulums & fou ol of
theae bulk ssuples were wsed in reospirotlon eoxporiments and
the pemeinder was used for esbimation of myselina dey welpghb .
The methods of estimatlon of ounygen upbake and carbon

ddoxlde oubprb ave as gluen in Section & (p. 138},
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Boee Bobimavlon of wkiideabion of stapel

VAR

The method used o cotinnte abaves we basielly a
method for the esbleailon of veduelng svegars {ooe Sidlew,
Paborson and Fred, 19260, It wom nocoseayy o sawstened
g vofepenve cupve for the sablastion of soger and also to
hydroelyse the stavch Lo produse Ledneinyg sSugdes.

BeXopange ourve $ Tor the proparation of bthe

referenes ourve oxactly 1 g of glocose of analybical
rengent gunlity snp dloselved and mude up Lo LoD sl dn
uaker.  Frow this eolutlon, dllutions were wade conbainlug,
a0 tweng B0, 20, 10 and 4 ag/lod ml. Popbions of dhowoe
sugar selutlons (5 ml), bopotiey with B nl copper veagent
{(Stiles, Fetovson & Pred, 19206) were wixed in bolling

bubes oovered vith aluvmipias foll. The bubgy wvere placed
fo a bolling wober-both for L% pin then sooled Ln bap

anbey Lo approxiwatoly an?.  Flve wl of LU sulphurie aokd
paps added o coach bube and the sdydure shaben op otireoed

By o apleal-ended stivcing rod for graatly vae minube.

The vigorouns evoluiion of &JQ vonm od traces of oxygen whioh
would dnterfere with bhe lodowebric aatimation. Hee mirtove

weun Lhen titrated ifemsdintely with $,005 I bhiosulphate

soiukion,  When the beown colowr of the deodine nearly
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waniohof, 4% mb o of L% atovceh solwbion {ovegerved by adding
Do 5% phonol) was sdded and the Literasbion completed, Pl
and polnd vas ahown vhen no ¢louds avose on atirzeing altep
addition of Lhiosulphoto. The fised colow of the
golwbion was groeyishsblus. Wha Ge4015 K fhinsulphate won
pade alvesh op every doy of unelag by diluting sbook
Gad B soldum bhiomelphate solutdon I &w 205 A blank of
copLer veagent wilh no sugsye added was pesformed I cach
gng g and the @iffevence bobwsen btho blank and tthe bteol was
baken oy the flual resdinge

Hydrolyaln? B% was considersd odvisable to seceebain
the optinal conditions for the hydeolyeis of nitaroh since

the substrate contalnsd conslderobde pmounts of phosphnmbes

o
e

an hulfepdng acunis, o fnotor which doos unt novmally havo
o be taken account of dn sueh estlustions. Furtheopr, it
Lo not always eloay whother the copditions of hydeolysis
dead $0 exaet avantitatlive recovary of bhe glueace produead,
s there may be pavtizl decosponition of the sugero ae woell
ag Popmation of reversion producto, L.0. oliposuccharides
af 3 kind obhor than stavch, oreh oo Logonallosd .

Tho woebhod fisally adopted Lov vuwpeinatlion wag aa
Fodiouss 2 ol gong HGY (L2300) WGP o addad ko § ol oulivee

3 g

Fibbrate and dilubed to 20 ol with ddatlided water to gl



‘a £inalt HOL concentwatlion of 1 . | Tho solntlon wae stounsed
i BGemd condcald Flocks for L ok oand then cooled quickly to
ayveld gvoporatione. Pho wolublon wag made slightly elbaline
be Jitmog papoy with 10 0 Waol thom made wp o a Unown

voluge doponding on the concondrablon of the sugaw.

fuplloate analyses wore @ﬂwﬁérmﬂd on & blank waing waber
inobend of sugpr solubdon, on o saaple of hoown ﬂumwémtxmﬁmwﬂ
of pluesse as 4 conbtroel and on ench gaspde of fditeste, using
the procedure desapribed fop doterwination of the wefovonco

CRRTHS &

3a0e Beterahoabion of pi sod titratablo aoldity

e pil value of #iliraton was doterained by woe of &
plassegalosed eleotrode sysbem.  Dlipatablo acldity was
deterwvined by tidtrating aliguol soetlions of tho £iliraie

apainst MO eplubtion {(phonoiphthaledn lndianbor).

B2he Rotlmublion of HMitvomen

FAl

Bigastiont  Yhen ilérates of peldlets of deled nycelium

wauwleed o be Mposted, She saberdal wan Introduced into a
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Distillation apparatus for estimation of HNitrogen

¢ « QCGondenser

¢

Markham stdll
8 « Steam goencrator (proportionantely reduced

in sizne)
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sadd Beldehd £lashk bogotvhor wilkh o Tow eryebels of osprle

&
sulphate and a kelfe polud of dolenlun, and & al o m@.ﬁﬂwﬁ&
addedas Poo wisture was bolled gonily wnbik the seletlon
iy oo, tndleating that all the nibrogen progent ses In
the Form oFf &wnunmnm sulphaia.  Thie procsss Look ug o
23 he

Bheon dletiliatioons The ﬂ@{ﬂ”ﬁh%& W o ohowwn A
Fhize Bile in the veoelving $loslk was placed 20 m1 boedo
actd solution (M0 2/0) contadaing U drops sebhyl ved
indlosboe. %h&aﬁﬁmﬂlﬁ vty shoanwGlosilled Ln pressnee of
gweons Wil wmiil o volung of mﬁﬁut 53 @l had dlakidlod
over into the eoeovery flask, ab wh%ua packad the contoepbs

the Fiaok wewe removed For coblisbion.

X,

Try borle seid sodustion conteolning Hhe trapred distilliate

wne tdteated wlih sulphurle aelds & biloank vwas alvnys
porformzd. dn which the procedure wan idontieal, bubt only
sboan was diebilloed ovev. Toe valve fop thdg h&amk VIS

adiays alloved Lor dp the fieal ealewlaiione

These sspotcia of wndiropen wobsbelion vero omnined,
namelys Botal nitrogon content of bthe wyeeliwn, organde
mityogen dn the fllipete pad sawonia wibrogen wililised.

Phe waiuge for tobal niteogen conbent of the nyoeliuvs wan



abbtainod by subjecilng the pollots of wyseldun, of hoown
dry wolght, bo dipgestion followed by plirogen oatlmation
e abhoves The nlivogoen eeabont in rolabtion o myceliuwn
dey waight conld therefove easlly Lo obiainods The wlue
Tor orpendo albrogen prosent in the filirebe was galoulsbed
from the difference babween the ootimato fov Lolal niirogen
Luaiung $lgoasted £ilivate ) and the esbluate for inovgunic
{roaidinl assoniae} aiivogen (Volag sndigosted LLltvate).
The walue fop ammonds nlbdogen whilived wag obialasd by a
Teronos moethads 4 nltropes esilaailon wae parformned
o the original subobzabe, e obinin o valve For smmopla
nltrogen aveilablo. shwdloriy, & witrogen estisatlion wase
penforncd on the undlesabed 4lirate, to obiaidn o value fop
prondn nitrogen remaining. oo avsoniaz nitecgon wtilised

vas plvon by the diffewence Dodweon theoe bwe valuas.
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Soveral Deports 4n the Litevasture have shown bhai
speniific rate of oxyuen upbabe {onygon upbalke/Mult welght
coil meterdald and andt of Siwne) by mioyo-ovrgondsing
deorgased as bhe age of the oulborn Ancronsed (Pamiyn, 1942
ﬁamk@ﬁgmil9 E&nﬁ@g, Hopbowt & Whitehosd, 3954). U7 bhe
Civst theee cboges of provih shown in Yable B (o, b and gl
1% 4o proboble that p and h woere within the phossy of
omponential grovth and ¢ just beyond 1%.  Devdng this Gloe
L% dlphi hﬁ%@vbﬁﬁm aupookod thad tho Pote of oxypon uwpbtake
wandd have ?ém&iﬂaﬁ Podely ﬁah%ﬁmmﬂw-y&t iy &ﬁ@?@a&mﬂ Exon
190 o 20 plfog ha Thips 4t shounld be nobed, wan in o
Iappe=inooniun suliuwa, it was shovn (Hoyrabh & Velnbosh,
19050} that pepllelnoculun cslluees gave mycelivm ohowing
low pebosn of oxygen upbszke (85 or 5? nd/me bl ab all stopoes
of mpasurable geowihs  lapgee-iancoulus calberes wadoer tho
same condibiond gave a decpensing pato of oxygon apinko
(350 4o 300 o %6 pd/eg B) evon wiihin the phase of
axpoenential pgrowbb,.

It appoors Shob sydelium from swedl-insenloa culinres



ab all sbopoen of measurable growth os tho properties of
ayoclivg of Lapgoeloocuiwn @U&%%ﬁam ab late stonos of
gpowbhe  The mamé’iikmiy'mxylanm&imﬂ L that smallednocuiasg
salbtures undergoe on aglng peocens {leading to a drerensa An
upbabe of onygen) dwring bthe prolonged tine (hey take Ho

!

seach tho sams conbtont of wmyoelivn as in found in larpow

o

loooulun cultuves at oarly stages of grouth. The dearenns
In oxyron uptake dweing oxponential gprowdh in o larges
inoeulwn culbure wmesns that dosn omypen vuas reonired Lo

vy T

Form o piven wei@ﬁ% of wyooliug at Juter atogpesn of grovibe.
IE the amouvnt mf SREEEY roguired to aynbhooise wodd velsghd
of wyoaliow &ﬁ‘ﬂg@ﬁ%mﬂﬂ dopdag exndtontiod geowth, and 18

g phvon ammmmﬁﬂa§zéﬁyg@m balien wp ﬁél@mmmw 2 proportional
ansunt of mn@ygy-iar'eaii synthoola, part of this onerpy
mucst be foenlsbed by s ﬁﬂﬁ&@ﬁuwﬂnﬁhﬁﬁﬁ o unnaconpanied by
auypon uplake | Poo sugeestlon thalt encrgy in such
glrewmotanees might be fortbeoning fron annoroble piotessos
hon alrvendy beon mado in conneetion with anvereble apoilage
of Feult Jelees by moulds (Moysabh, 19G2b). flonmeguont

Cupon Shls onnerobdio sevabollam do an dpefficlent wbilisntion

gf tho onebon BouRSo. Hinae smmileinoouniun enliures have &
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lower speoidic robe of oxypen upénke during mensweable geowhh,

thoy mny be expeabed Lo ulilize the eorbon scuvee leso
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| fig.31  Specific widilization of starch by Aspergillus

oryzae in deey cultures at various stages of
growth from lavge (® ~ @) and snall (O« 0O) inocula.-
e growth curves of the cultures from which these

| samples were taken appear in Pig.? (triangles).
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M'ipg.32 Uptake of oxygenin laype=inoculum and smalle

¢ inoculum cultures of Aspergillue oryzae prown

| undor stationary conditions.,  The large-inoculum (® - @)
" eulture samples were taken after 44 h and had a mycelium
content of 4,6 mg ary wi‘:./lOO mio The smalleinoculum

(O «0) culture samplea were taken after 88 h and had a

“wyeelinm content of 2.4 mg dry wi/L00 ml.
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effleiontly dhan (o lovegee-inoeslun euliuros. Pl they da
fact d6 oo Lo shown Lo Fige ;& vhdeh shosn bhat thore jg a
lege sffiotont whilisation of bho carbon sovwree by & conlle
inoevios oultore ab all stages of grouth. To both eultvyoes
234 the steprch wos mebabolized ab the point whore waxisum
yieid was vonched. T ﬁuiﬁowﬁ af thome inboreralatod
Fogtors Lo that o lerge-inooudum eultuve pives o bighep
maxdpun ydeld of mytelivn Shan doon o cmalleingoulus
QULLUDT o anacrebie dlssivdlation in oldop wu?ﬁvv@a iﬂ}
indleated by sn inorpose in pespivatory guobliont abt soe
stagos of growth {Teble B,

v dnbevestling effent s shown A Plg.2 whiech shows
the wresulits of rosplration oxporinents on %%A&ﬁ%ﬁy asulturons.
The voe of stationapy uliures wan o j(*%fff-iz'n als  obhop

»

rosplaiion oxpepiments in this WOwk uere periomaed on doep

Tl EUTe De Pigre 52 showa thab thoe pabo of nptabke of onvnen

vwns almoat the pame Lo lavgoeinoouvlun oud smllelnoculuws
Lultuvos, Roanoadng feom Bho above, 4t night hove been
eupacted thalb the smalleinoculus culbure vovld give o oondlor
apeedfie epate of ouymon npbakas In the ancoe of aba *,‘uzee‘s‘ﬂ
sultures wlth bhe $race element cosbimation ased thore tendao

e Bo, howsvor, AAEEe offeck of Inosuluwe odeeg  that Loy

dappo=-looculan aad spoedleiveoviag enlbuwres show o Falply
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Mps33 pil value and titratable acidity of cultures
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of Asperpgillus niger from verious inocula

grovun under statlonary conditions. . The growth curves

of these cultures appear in Fig.6.

pH value size of inoculum titratable
Zrom which acidity
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#imiiar gerowth ﬁattsrﬁ {ege Figay pelifilde ,Ea&wiﬁg Ships in
phnd, fo difforonce betupon the enlluves in ealo of RFEen
uptake should be supeoted as dn faot do %h&‘ﬁ&ﬁﬁ alihough
mﬁy@smmtiﬁ% o the enliure Jo presuwmbly adeguabe beoannse

3

rate of multipllontlon at this stage In as blgh as with
CQaep toerabed) culiuras.

Thio phenomennn was alee nesn dn work with Saserelline

M_e_:-'am(lr}m:.u;mv.&g.a:ﬁtmmw.v.'wv L]
phoor, bthe resuwlie of obich ave givon in Pig,J3.  BDuoping

AR

T

grouih of KR.pleer there vss & sboendy dnersace in blbratable
aeidity and o decrasce in pl value. L6 can be geoen hovevsr
that bhear walues aree very slollay, oxtept peeharn ab lnbe

piagea of growth, regardlens of whether o larpge dnognlun,

‘&ﬁniéi@} Al o {Eig.ﬁﬁ}. - Whe dhosiviilatory mebabolism
mﬁﬂraflmaﬁa& in the produckion of acids, botbh inorpunie and
orgunio, 30 bhus Little Gifferents The eulbtures from which
thane ﬁil%ﬁ&%vﬁ uere obbained have alroady boen shown,
hovayer, %0 haﬁé Liittle offeqt of ploe of Inocnium when
Ingges cunldld and enirouely piaald dacsonia weve uased, excopd
sl late stapes of gﬂﬂﬁﬁh.(ﬁmg,ég'y.ﬁl}, Wiovwhors {Moyrath
'& Bulntooh, 1963L) 4% has beon shown $hat in culiuees with
bypidoal afﬁeaﬁé of dnpeuing sizo sradih && deorensed growih

rate and deoreased maxloun yieldd with emall dnoguls, the
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yr@ﬁ&mﬁiﬁn of organde aslde al the vmriﬁum ﬁtm pas ol rr@@hh
v Bk hﬁrlin ﬁmallqimwﬁulnm culbupen,  Sloce Sho

@r@ﬁmmﬁi@ﬁ of érfzuia acidn is ﬁﬁﬁ Lo a 3Qu~wumrg &31& Ldlng
p?ﬁéﬁ&ﬂ-mﬁ sompored with ﬂﬁmmiﬁtﬁ19XiﬁﬁB&Qﬂ 40 sarhon dioxide,
the pano c:mmmhﬂcm was peachod oo with those ﬂi:u@ ios relabed
%o uﬁyg%ﬁ upbaka gn& envbon dioside pudput ¢ noenedy, that o
mmﬁlmmiﬁm@ulmm gulbube A lope officiond than o lavpoe
inoeulun euliuee inii%m umﬂvﬁ“ mvadlabio ﬁ?ﬁﬂb?ﬁ?&bﬁo

Sewddon on ﬁhm produecion o0& aloohol iﬂ)@? e & Meintonh,
19590 ) aloay confirnsd thia c@nulngimu, The peoasend vork

wadng Saperpidian ﬁi{%m iwiﬁ¢33§ hous the eurollavy o be

twuoy kz;gm. Ay, 4 {:?iw whoonee of an offect of slac of
Anugulun in reaspest of Epouth paje mﬁﬁ rax i y&w?ﬂﬁ Bhoge
VL O ahsonoe aﬁ_Mﬁ%ahml&ﬂ @iﬂﬁarmnme& ba%waam aviiuran
'$@$m é& Lorent slaos of dnoowivs Ia o 1wﬁmt,ﬁwa'wgﬁ§ﬂaﬁaf
 uu rshoi by ”ﬂ?&&ﬁ”&h&&ﬂf af i ﬁalﬁ§ and Bliretoble

:‘: ei{{tiﬁlﬁ,izy?

B

GhRe M om mobabolionm o RS

%%w “umn,ﬁw Of p&riwwn&& wayfarusa S vﬁ&ﬂbmlism of 1
e h&mhﬂ.&m %Mh&»J%* o Mﬁ uuﬁ ?@ it should ﬁm'rﬁ&mmhéﬂﬁﬂ

@hut Sl oooubh ¢uwvem of &mahg awlwmnw& had ghown Hhat tho
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100 300 500
mg. mycelium dry weight / 10OOml,

Pipge3h  Iitrogen incorporated by Aspergillus oryzae
in stationary large-inoculum (A-A) and
semalleinoculun (A«A) cultures in a substrate with
agded trace elementses The growth curves of the
cultures from which the mycelium samples were taken

appeay in Fig.5 (circles).



8
=
0
=
g 6
O
Q
i
g 4
2 -
A
- A
) L L F » '
0O 200 300
mg MDW /100 ml

- Fige35  Nitrogen incorporated and excreted by

Asperpdllus oryzas in decp culture ot low

v Ty

nechanical siress. Organic-N in mycelium (N ihco&porated)
was estimated in both large-inoculum (® - @) and smalle
inoenlum (O < Q) cultures. Orvganic=N in filtrate
(N excreted) was aleo cstimated in bobh large=inoculun
' (A-A) and small-inoculum (A-A) culiures. The growth
curves of the culturces from which these cstimations were

n
¥

made appear in Fig.? {cirecles).
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pardenug my <wiai.J&@fﬂ wne proaber vheh a Yavge inosuleon
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as bebtwen Inrgoedboulivn sud wmgflwiﬂuﬁniUﬂ mu?&mwww v

wiord proacunced whew he m&@hmw&ﬂ&& B B wmm £$¢M$%¢ﬁ3

Ramh el ﬁﬁhragan du myenitn and in Filtrate

Bhe’ ﬂ‘i’i;x*g::gg'»;-m'a a,.@m.mz& 0 tho m";rw“l. i faom Catat Aoy naey

wuliuren umm eﬁaﬂnﬁuﬁ Pipist o Uvaa% %for nwﬁ&timms ot

+

no mﬂﬁﬁm&&ﬁﬂi shpens, the alipogen wontend »f &ﬁg Byoe 3
Cin s dswpeeinocvlon eulioews was shown Lo be %@ﬁh@ﬁ thow

)’ K *

Shmb An o esell-dnocentag mi&ww& {Figadhde ?hﬂ %““ﬁﬁﬁ
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e

B nod f‘ﬁuamnegﬁ; nﬁngg tha ﬁﬂ”V@H Gos Bo géﬁn‘t@ M ge
pud overdap at oboges of srowth with o hlgh uyce ﬁww
Guntont .

. W 1.*m,‘mmn pf oxperimento ;«gﬁﬁsﬂ‘égﬁmm in deop eulturs
al Lo ma ﬁﬂaﬂ%ﬁ 11, sir@r* mra'&h@wn'iﬁ PigediBe  In gha
enrly abagen af'gwawth, £ &gwg&:&a&ﬁﬁl&m culturs (closed
cirelos ) gave mycelivm with a hdsgh nitrnmn mm gﬁ%z: il el
Cyudolly dno wnwﬁa@ to o woorkemu fhen m&aﬂ&y-ﬁmﬂﬁ&&mﬁﬂ. in
& wHa ]l j;mﬂﬁum gudiiure, the t&iﬁ?ﬁ)ﬁém Af,“;a:;ig.f;er‘gﬁ- o Bho

mycelivn woas axtm shidomably Yowor dn ourdly and lole obogos
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Fipg.36  Hilirogen fncorporaied and excreted by

Asperpillug oryzae in deeyp culture at high

niochanical stress. Organic-N in mycelium (N incorporated)
wag estimated in both largeeincculum (@ - @) and smalle
inoculun (O =0O) cultures. Organic-ll in filtrate

(I excreted) was also estimated im both large-inoculum
(A=A) and smalleinoculum ( A=A) cultures. The growth
curves of the cultures from which these estimations vere

nade appear in Pig.7? (triangles).
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and probably showed o lower mpalnoie  The apownlt of awgaaim
niteogen in the £ilirate was lover fop 2 lopge=inosulon
oulbuee thop fov o senkleinocuivm oulbure.

Phoas resulis at low mochuwleal stress indlenbte the
fodtoving patbern of ¥ mebtabollens Fhi mycelivn from o
lavge-lnoenivn cultues ip Gho move afifielent, ainca 1%
aaslailatos oore We  Moreover, singe greanlae-li o Ghe
Zilipoto popreconts ¥ encroted by the wouwid (for inorpaniced
endy was presont An bhe indtiol substyatol, She poselio ahow
that o Japges~ingeulun culbure oncretos very 15tdlo He
,ﬁﬁmv&?ﬁaiy.'im & girpdd-dunoonlng euiture, the lower ¥ conbont
of bhe mgﬁﬂiimm and Lhe bhigher onerebion of oprpand ol
judigate inelficleney dn willisation and assinllation af s

@he.?gwmlﬁm Loy vovpoespendlng expewisonia ot high
mpohaniond atvess are glven iﬁkﬁigaﬁﬁ.. The nyoslium ab
vorlous sbages of gerowth won oxpmined for conbtent of
srganioeily  Tho posulis 202 thoe lavpeeinosulun oulbure
gorrosponded very wloosely toe those shown 3o FigedHe Pho
myceddum of the mmmil»&naﬁulam avlbure ohowed n decponse
i ¥ content, beglunleg ab sbout the same podat (130 mug.
dey wolght myaa&iﬁw F300 wi) ao when lovw noehosdenl sbross
wndg nood, but the decrense was nueh pove pronoungsed ab

bikph otresg.
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Bho Fiiteate wos &mmﬁiﬁ@ﬁ g ﬁﬂﬂheﬁt af organioeid. and
the anount wan shoun in be omadles :m T Imz.n:*;;-:;{z‘mimgm}@m
gubiure on bBod bosr %ﬁgﬁé wi dow meehmnical sbtreos. in a
mm%llmimwﬁmﬁum ﬁniﬁmréjth@re meraﬁ'ﬁmﬁw@&&a 1 orpand gel
in the filtrate ag ot low noehanionl abress, but bthe Incronce
VRS Wore pronoimneed Qﬁig.ﬁﬁb. Thus undes high ﬁ?ﬂhmﬁi&&i
shpong, ny undey Low, the patiern of assioiladtion and
easpation of W indionten Shab the leege-~incenlns swliure wog
the uore efficlent. loreover, ot o given point, the
myseling of a snalleinoonivn eulbure waderwent a poprked
change dn netabolic bebaviour, evidenesd by o popdd and
valominons excrebion of Ne  %his ovoursed whide the nyceliuw
conbent of the culiure van obill Jnerenuiug, mg'm,y@iﬁﬁ Jush
peiop ﬁm maxdpsl grovblie L6 Qi uwob toke place dwedunyg whng
o nsunlily aﬁllﬁﬁ‘hhﬁ_yhaﬁa of deqling or the aunbolybic phase.
Aowonpardaon of Plossh & 56 ﬁhﬁwé thot dnerenged mochanloeal
ghrens scoonbunted these differontss in the hshoviowr of
1&?g9-&n¢¢uium and gmall-inoeulomn &nlﬁuwéa. The overall

pabbern soens to e $hat as wedhandosd stress i dncroascd,

po the inability of the myeelius of o sumallelvosulumn enliuve

Lo Ancorporate nilvogen boeones nore pronouncels
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Yipe 3¢  Ammonia nitrogen metabolized by Aspergillus oryzac

in deep culture atbt low and high mechanical siress.
The values for large~-inoculum (A=-4A) and small-inoculum
(A=A) cultures at low mechanical stréss are showg by the
broken line, The values for large-inoculum (® - @) and
gmalleinoenivm (O ~ O) cultures at high mechanical stress
are shown by the continuous lines. The gréwth curves of
the cultures on which these estimations were nmade appear in

. Fj--i‘f;o ? °



sBarg htabolion of suneoninel
AL dew peshanleal stroas, bthere wag Little distinetion
habwaen & lag mmw and o spallsinocnivg culturo in the
apocliio mwgmmt of ammonda=ll aetaboelized, as Ao shoun in
The B7s  Vhen soohapiond m%wém& wan dnorensed, howsvow,
the emall iﬂﬂa&&ﬁm suldurs used gpaclfically move asmoniami
Ghan 438 & lavge-lneculun culbuve.  Phe offlcienasy of o
guiture cannet sofely be pouged fran ﬁﬁim aopeal of H
ﬁ“b&bﬁw&&ma efficieuey Lo mobabuliss u& ndtiogenr ahould
pevhaps be secsured not 2o aueh by the anount of ndicogen
widiined o produee o pleon welght oF aycoliien as by what
in done with the nibeogen w0 ublliseds  Fies¥ duon hovevor
show hnt by alioring the nechanienl abrens, thoe oifeeh of
incouiun sine on tho ansunt of smoninel wbiliscod was aloo
aiﬁmyﬁﬁo 4% low mechaniool sbtrese thero was noe evidonk
influonce of inoculun mimmg ab bigh mechunienl ajeewss, the
pmalletnoculon oulbure netabolized swve amuonismy ﬁhﬁm did

the Lovgeeineculus onlines.
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It hao been showir sarlisr dn hls work mnd oleovhore
(Hoyrath, 190631 Heyralh & Molntooh, 1062bs Heintosh &
Moyeabhs 1963a, 19630, 1906ha) thal by varying olze of
invonivi, vultueol chapeciepdatiosn cuch ag rate of grovukh

nad waswdbnun yiold are altereds Lo conditions whore suoh

affeute have boen found, stuedien of ¢ and N moboabelisn

have gheun that growth offects oo aeoonpanlicd by
domonstreble changes in mobabolicme  Oonvorsaly, % has
alae boon sbowsn that whorve vaplasion in looowlun size won
not poflacbod in growth rate and aaxlmue yield, pelthop
was At refleched in ﬁné&bﬁliﬁ gharacbordatics auch ae
ouygen upbako, acld produchion and N conbenb.

It dip converient to discuss heve the guestion of Lhe
pae of tobal cellolay pltrogen es o detoyminont Lo perowbl,
Goghwane (195%) thought dry welght wight be deospbive
byoavae 1t represented anammmlaﬁaé polyancoharides, Linlds
op weld materisls withoud inorcase ln “liviang proboplasuh,.
But 48 dey velght is davelidatsd as o neospre of grouth by
the posnible prosends of gboprage cavbohlydroby ox eoll wall
moterinl, the use of botal nibvopon og o neasure of prowih

ay

is Likewlse dwvalldatod by the ponsible prosones of
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nitroganous stopags anveriale In bhe preassnt sitabe of
mnoviodge 16 iz GLL0louki bo make sunntibative dlsbinotion
botwsen YILving protopluaen’ nitwogen o earbon and Yohopape
witropen o carbon. In any opee A s doubifvl whoether the
disbinobion showld be wade for the purpose of asspealng groubh
ol the propeetion of sepimliation oo a vhole.  Haterial
which hos been processed and sbored by thu goll son reasonsbly
o viowod as pard of the coll and rodhonod ac Ygpowbh®, B0
an enargyeconsening asoslnllation prosess As lavolvode
Produsbion of exbras~gellelor polysacoharide may by lo o
Aifferont cotagory, bub thoere bas beon no obvions seourpenss
of bhiwo dn thesy Gx@mm&ﬁwn&@« Ioo support of She valug of
nitrogen content bo ap index of growbiy both Gunendusn (1951)
and Stephenson {940 preproduse o praph by Hevshey &
Dronlopbremace (3958) which shows thel metabolio netivisy

fro reprogentod hy oxypen upbalin ) pep g nitrogern lo Padvly
undforn throughont & perded of A hourae  From Shis, the
gonglusion bag baew Ovawn fStephenson) that bhe metabolio
achlivity in tepwn of ell maberial doso nob vaprye Sueh o
eonelusion iupllos, hovsvor, thet nlirogen sontoud veflects
awantdty of coll noterial peesent org 4n othor worda, thab

nliérogon forms n gonstant peoportion of bhe ¢ell.  fuygen

uptake dves, howovar, vavy with respoet to woighd ot diffoveant



sbogen ﬁ§.g°gwth, bodng wore vigorouws in youny ﬂﬁmaﬂéaa
gmﬁa%ally {owe Moyrath & Helnbosh, L9650b)e  Incorporation
of witeogen, being s mebabolic aobdvity, wlghi bo eupoobed
‘ﬂ@ vico ond fall with obthor aspechs of mobabolic aetivity.
Phe oonstant relationshly botwdon onysen apbake and niivepen
content shown by Hershey & Bronfenbyenner {(3938) may them bo
sacsounted Lo by posbolating bhat dunlag grﬁw%ﬁ there Log Ao
faoty Lluabuntlion 4n ouypgon uphale in ﬁﬁxmﬁ&mm o welghi
bub Ghat 4% do pareldleled by fluetuntion ia altpopon

posinllatlon., $his poome Yo be more Jogleald thon concluding

ity
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pen gptals dooo not flascbunbe @nmimg-@?ﬁw%ha

e of %h@ madn ﬂﬁﬁﬁlm&&ﬂﬂ$'%Q he deawn from pbudlea on
anvbon ond alitrogen sotabolion do that the oculbwres oeenm 4o
wndergo an aglng procests & suallsdncowdum culture sosumes
the propovtics of an old lapvge-lacondun onlines on reaching
bhe s mgaﬁiiml gontent as ﬁ_im@g&mimqmngum~$m1ﬂuyﬁ ab m
Falely onrly sbtoge of growthe  The aping of the nyeeliun ip
ageompuanied by a degronas in giliclensy, so the voowlt is
that ad eonparable syealiun contents, the largoeinoonivm

gultapre iz uwounlly the npove efficient,
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Haprlder An this worl, the Zellowing facters in velation

o olme of ipoounlus dn ﬁﬁﬁﬁﬁg&?évﬁ opyesa Nave heen anong

thney conasldereds {a) uarbon wmoltabolisn, {b) nilbraps
mapbabolion and (o) offeeh of phosphabes, breie olemonts sl
the protuets of the sowldts own mmﬁ%hnkmm&1 The raspivetory
notlvind of the orgondom aee gonsidered holove  Home

mepeosts of those studies banve slvendy bosu gonsidored iu

&

Puc ke

pa“% i the appeopeinte poobion $0eg. ﬁﬁé output with
sobabolisls  E6 was aloo ghown cevrlior dn bhls work i?&ﬁﬁja.
peddd Shat the pabo af uptaka of oxyren was very siuvliar

1n statdonsry eulburon feon lepge aod enaldl dnovule. L%

e deportant bo nobe Hovever, hat seuoh stoblopapry oulkbuves
phowad Aittde offect of inconiwn wmige Ln obhow wamy@hamg

L3R

wish the meoswlit thet resplrotory activites were in agreonond

wd bl pih fiu&kmgwa ALY tho gopplynibuey cupordments biung
Srdlow were paepformsd on deop {vibyating sticeer) culiugewn,
and 44 van shown csplier thet effecte of fuvpulen siwo
goponty oocterad 4n swsh oudburos.

¥ owos aleo shown Lo the pepecoding sbudies Lhat {hoe
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properiica of myeelium siterad durdng grouth of o ¢uliurce.
mibabances which stimtdated spd subatandes which inbibilted
prouth (myceolion formablon) woere exorebod at vardons sbagoen
of oultupe developrant amd-ﬂhm phes of dnoeuluvn nwod was
found o be o deboroining factor £or the prﬂﬂua%iaﬁ of theso.
It wae consldowed that the rospivatory proeporiies of the
wyeedium, at veviouws stagoa @ﬁ.gﬁﬂWﬁhg mi@ht alter topethoy
with otbher propertics and oo aot oo an lndicotor of c¢hoogs
in the propertics of $he wmycellun. A6 the work proceeded,
it wae found neceseary (o eramine nobt only tho vespipntory
properddos of the wyeelims, bus also the reaspirstory
becholguen thonselvoa, peying pardiculor attention o the
prontmend the myeeliun rovelved peior bto testing. It
folloved too that ng the culture was gensitlive to chungen
in the composition of the oubstirabte (Melnbosh & Meyrabh,
106 Y, 4% wvight be profitable o study the elfect of
vardons sugpending flulds on bhe vespleatory behaviouwr of
the mycellvme It was also of dntewcet to koow whobher ths
cubstonce s phown to he responsible fop stloviating and
dnhibiting peouth vould nifect rveapiration.

Exasination of pl) of these factors was woeensary in
order to ostablish 2 pethod which would pgive rosulis

indicating the reapirotion in Ltho growing culiure.  Warburg
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sowhmbagunn gewve weed bheeuvghout Shose eupoedsenls and
albbough oleotrode pethods for detwecdaniion of speoiile
uptabe of oxygon beldoy cuprenity ﬁﬁ?ﬁlﬁ@ﬁﬂ.{ﬁeﬁ'ﬁﬁﬁ@ﬁdka,
Gaatavalde Dovan & gtrmﬁg &96@; aprbiww, 1968) ave Tdkoly
wo e mﬁ wadue A this kind of worhy o nuwbor of probloens
@ﬁi&l venine Dokdmation of pate of uptake of pEyEen in
YORy Sonng emltureﬁ, for gxample, peses problons in hoth

sdootrode and Yarbury wethodu.

B BRGNS

bl Seeubh bouhndousn

ALY rosplostion exporinents doseedbed hoyy woere
:;_J ADN # sL'.. 3! é‘-fl .- t}: Ehy f,? ' " “JL ’A:J-w‘&-: -;& 4 .ﬂiw'\ & Sh u 4
popfovaed oo the mycoliun of doop {(vibeabing stiveer)
snbburas grown Sros Lorge of auall dnoonio. Tho webhod
of groving those oulinres vas dostrdbed errddor Lpes8).

Conidial inotuls of Aopoveiliue orgece wore used throughouty

those were propsed and inocculated into the cubsiyate in
the moapey alpesdy donoeibed {pp.i0ydih  The subobrste
o Ay Wgpdd ataveh (Tablo A, foglng pedhl) and the

aappddbude of bha vibeating obtiveery wos sdiusiod o L .



Wh& vemporature of Inctbabion wan &ﬁms Bhon eaah mample~
Fow o voopivebion experduent wao withdwawi, he somple vas
made sufdiclontly lappe fo perndt o pyeeldal dry walnbt
eutiaabion {oee ppAd.ht) 2t tho oume tluee

Deopn gulbvres werg ¢hasen Sor posplrabion mﬁué&@ﬁ Low
the following wonsoms £a) thoy provided anounbn of
ayotlivg whioh coulid beo obbained fron chationary Llooke
of vory Lergoe serface ares ondlyy (D) the myceldum was
vadformly dloteibubed pad pot in o thisl folb ss wilh
ghatiopary ontivres so thal pampliog oould boe sore soslly
undertobang (o) lavge panples coeld be taken al eorly
stagea wben the myoeldal conbont onso swalls  {Q) the
unifornly dislirlbubed sycelliva gould be casily aﬁﬁ
elfectively wished end dlatpibubed inbo ssall Carburg lasbo,

At Interpediate stages of grouth the sauples gould be

.

oramdned without fuavther troateent. 20 obhey stapes of

2

grrowti, adfnsbnent was nocdssary o give a switablo pote of
exehange of goo foep the pavtdonloy apphnredys avallable,

Fopr exarole ab caprly stopss mﬁ‘gwwwtﬁg the myeedllum convant
of the enlivre vas oS¢ ﬂmmlﬁ thafs the ouliuve prosnired to be
gongentvated n owler o glve o uerkable amount of myoedliuwng

at labe atages the euldure vegdlired o o dlluted boefors uso.

Phos adjostnonis neceossardly rvesultoad In preporations whieh



Lendl
R
Py
L
[ 3

L |

vore pol strlotly conpapable boceansse of bhe verdiouvs brestnonbs

involveds Phie oot roguired o bo kopdk in sind whon

gompardng sewmples ab differont olagas of prowib.

22 Hespivablon technicuss

Upbaks of axy@@m'ﬁmﬂ.uuﬁput af carbon dboslde were
measured nsnondtrienllys  Vloaecks for muncwstele seadurenent,
ongdng A eepaclly from 13 up bo 23 ul, rocedved & il
myoedind suepenolon sontadning about I ng dey veight
gyoedimgn.  In the side aprm W placsd o8 0l of a 14 wiv
gelnbion of glucose wnloss ethervise indicated. Vhen
anygon Rpbale vas bedng estlonted Jeoit ml of 209 KON was
vloged in the cealre well tho douer rim of which was coated
wdbh lonolln to prevent ereeplng of the alimli. Phe
smnonelers vers shalen ab 103 eyclow per nia with an
ampldtude of B2 ome  In other reosposis the procedure of
Unbpodl, Duerio & dtaulfer ﬁigé&}'wns followad.

The eate of darbon dioxide production woe ostinated by
the dlpeot method of Warburge. When Sho prowhh subsirate
gaxvod as suspunding mediun for bthe mycelium, the pl was

dotermined and the eolabllisy of carbon dioxide calouwloted



A5G

seserding to $he Tovrnula
! 8 - X, & . Py - *
A= 0959 [ratilog {pil « Ba54) + 3 1

A dnddeotes the solubdlity of cavbon dduwide ab the plven pl.

5

t\.

g

e gas suchange poaGbions ware mmu&llyAﬂallmw@ﬁ in
dupdianbe at 1D sdn intervals over % he Bore axder poachions
woepe ohbadnad aver a perliod of 2 « 3 hg the Indusblon phase
was of ghort durations Gandy Bhe initisd Yineor pavrt of Lho

gurve hoan baen taken Inte acoeuwndt 4n the estinstlon of the

mababellde activiby. Bhide An expronsed as pl zes sxvhanped in

Lt

b
onn houe at O

and P60 mm By pov g ayesdiva dvy wolght
Cod o Tada

Phe mycelion woao ﬁ@ﬂﬁ@?@ﬁ in o variety of ways. tn
cidey fo obbtaln whet lo covsoply reforred o an ‘roobing
myceddun®, the myeelion wm# ugundly collectod on a fine wmosh
Fabrde of aylon or collulose acebabe sproasd over o BlRehner
Pupmopod oecpnecked o o guetion Tiaske  Phe sell malerial wan
rosd feom adhoglog amhéﬁwate by trostwment dn ong of tuo wayss
§a) by peessdop Plraly on the £ilter fabric in bhe Dichner
fanvel with o wubboyr bong three tises, insing olth the
apprenpiote wvashing opeat in Letweeny (L) as bofove, folloved
by wavewnl £img gwﬁﬁﬁingé hetwoen filier papern, $30% a0
wottiog of tho pacor wan evident.  Dhe Iabier prodedursn wan

Folloved whon Lhe wat welght of myeellanm was doforaingd.
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by RanPoRs INPLUBNGING PED ﬁ;mﬁﬁﬁ%“ﬁaﬂ ARV Y
At an early gshbage of bhesy investigatlong, 2188icuitien
wape sncennberad in aseosiing the roapitatery nolividy oF

Lho peouing epdburoe sinoe aolight vardetdon 3y the preporatovy

protedurs coudd esoult dn considerable varintlon in Lhoe
paapipation rote oF the gouple. Yt wouw Shevelove ¢unsldorad

3,

of duporiance tu ddovover ahd ¢xamlne the factors intlveneing
Lhe Ponpiratory activiiy in Savburg flackes.  Thls wounld

provids tho bngis for 2 mwore vellable aogoeopend of the

agtuald veoupiration wate in the grovies. culiowre.

B3l Endivence of bhoelmest of neseling

Boedag m% el on rooslration, an Intoraest dn dhe
traabnond of %h@ myaediun ppeparataly o owaminaiion by the
Viarburg boohnlgues voap apoupods

In ewapinntion of baoterin, 46 iz coanen fo wan uashod
colle fop eeapiration obudiecss washing ig consdderad
femove noad putelente snd to render cells "eenting™, Tho

adwantapes of this procodipe apo Llated by Uuheroldl, Bupreds

fr StendPor {19205) who alao sbabo “Ohe bteohulgues spuplicablo



o an@ typw of . tiwﬂn& are nob nptesonrlly 1ﬂ§"mh?@ fo

- ano Ghoet Preparation of 3.?.3;22’12;@3, From gould auliures
bonde to be Leso adpenaiol Ly zt?,a:;»sin_‘s;?:,l.;»:.;nf}. Babredt, Buveds &
;ﬁwas?aw 19603 shnbe “Both moulds uﬁﬁ actinonyces normully
grow an n heavy bk over the mu?“vnu 'y zﬁdxw. Bhic wald
Ry Hae handied in muoh $ho @gmm panpar oo anionl tdostos.
BS woy b gomavad, waohed wi h vaber wid mﬁ% Into slices"
Pho sswme aubhors &lﬁ@ poinb oub the wlve mk nowvabad
awﬁmarg@ﬁ ﬂﬁl%ﬁ?ﬁ methods dn produdisg oyeelinn in a Eavnl

] 2] »

MEYQ @Ry o ﬁanﬁlﬁ;' wler o ‘ﬂ he descrdpblon, L6 ia
Lm be nobted bhel the trentment webtbod racoamends ﬁ For nov ,?
imﬂmlwﬁa washin B pre agmnlily in an ab bhamed Go obbtaldn re ﬂ&lcg
Godice.
Howbiog ﬁ@l&m Have %ﬁéa usad wldely in dlesianilation

gtudien o proventd prouth durdng an lavostigotions An

3B&a&£0u 0y tﬁﬂ&? am& to Torbuveg worlh wes 2 lopglood f@nmnqrfﬁaa}
In o wawi shakdng W% vhv%g bath, sells night be exporcted

‘w&@k§£QXan¢ if &m contnet wﬁu% nubiont soIntion, lesding Lo

L ennad ﬁﬂmyﬁﬂ f@@maﬁiwn and conoeguant laclk of Llnecelty

s

dm Gho oweve for uptake of dwypene  Eb woo deteralned
neveptholoss 4o make ved of dlroct onaples '%ﬁ odng o nore
Xih}Ay indicoabion of thu brue nabtvre of bhe growlag ouliure,

B

and 4o chuparse bhoeap Wiﬁv prepapstions An vhieh the wayeeliwm



FPig.38 Effect of treatment of mycelium on uptake of 0,

in a deep culture of i{ﬂ:pcggi.ﬁllps oryszae {rom a
lorpe inoculums The culturs was 20 h old and had a
mycelial conbent of 6.6 mz/10C ml.

o - dircet sample

® - @ washed with water, pressed, suspended in water

O =0 washed with water, pressed, suspended in phosphate bhuffer

A - A vashed with phosphate buffer, pressed, suspended

in same

“he phosphate buffer was at concentration of substrate 4,
:



was treated in vavdeus wayse X% wan found dn Facty thad
3@&{% wrkake of onygen in o et canple waan swunlly
mseh igher fhan dhed dn a treatod sonples Boreover thovg
waky Ln fact, ne lnovease In pato of respiestion sines s
Lineay rolationshipn beld gver o considevabls voprblion of
the curwee.  The process of trancfevoncs of the myeaelium
foom the onlbure veseel Lo the Wmm%&ww flaslk stemed o
prodnee a gtasds I geowth whieh was long enought to allow
eatipation of ouayooen uptahe rakose
Fe dm gonorkally R0, thene dhal detalla of peepavatopy
trpatuont go unvevorded ln the &iﬁawakﬁ?&a shthough awarew
peas af the duportaney of oueh reatmend has Beon shoun
fimomnsim & Hbaow, 1049: Wikén & Somu, 29%2). IF dhe
Anflucnee of the precederco veed o koown, A6 will aosiob
An She Antovprobdtlon of resulis (Melntosh & Moyrath, 3905).
Pige D8 ghev s the roeuplin of nu gupoviment pepforsed on
n doepewinooulen gulture ab ap codly sbege of onliure
dovelonmant (Ge8 wig/A00 ml)e A diveot saople showed o
martodiy Aighow réteAaf uptake of oxyren thon 488 o siallaw
campde which had beon waohed, preassed asnd ree-suspepnded, waiag

wnhker o phosphiate bulfow foe the woshing o rossuspending.

Hide Lo o prelimioery indlestion of the swwhed elfecht that
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I Pip.39y Effect of pressing on rate of uptake of 0O,

by myceliuve from a large-inoculum deep culture

.ol Agper;illus oryzae. The culture was 34 -h old and

had o @mycelisl content of 31.9 mg / 100 wl.

® - @ Concentrated on Lilter: no pre ‘inn, no washing:
auupnnﬁed in filtrate

Q -~ O Pressed in presvonce of filirate..  HMolstened with
filirate and pressed as usual (not . vith 11Lef
paper): gugpended in Fllirabe



300y

Al Oy/mg dry wt

Fige4o

Bffect on uptake of 0, of suspending agent Tor
o “

and treatment of mycelium from a small-inoculum

deep culture of Aspergillus oryzae. The oculiure

0ld and had a mycelial content of 2.6l mg/l00 ml.,

0 -

concontrated

concentrated

concentrated

concentrated

[ }13

on

on

Qr

was 68 h

£ilter, without washing, suspended

in

filtrate

filter, washed only with water,

susgpended

filter, washed with water
suspended

filter, washed with watew

in water

ant pressed,
in water

and

sugpended in a substrate with
glucose as source of carbon
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By bﬂAﬁﬁﬁ%ﬁhﬁ phout by {reateont of nycoliume in thils
onan o gwemabtie redvetion in pobske of owypen of fron
250 %0 20 pldoe B was obbalnoed, Peroatment in bhis
dnateance dnoleded proscing and washing. Thooe Yactors

ape eoneldeved separately bolow, as are obher tveabsonb

Pactore such as PLlizetion and sbovage.

>

1l Bffect of Prossing

Proosing of nyoelium to froe I8 fpom subatrate ia
soan practicee HFlgedw abows that Gthe ind¥loence on rabe
of upbnke of orygoen brought aboub by pressing the wycollomw
on the eelluloge acclabe Tilter is nob mapbed. Plaebn
shows thnt while woashing with wator and suspending in
agboy poduced the rate of wpboke of oxypgen congléswably
LO = O compared with @ -~ @), pressing as well (A~ M) hod
anty o LLitls addisional effect, Advhough suseonsion In o
plusoss=conbalning substrate lod o an eventual doparture
{ron Lineaprlty in the eurve, liveowlly wos smintained fov
shoat two Boul. Ouhor work has ohown thebt Lhere is pome
eowplordty in bhe relsationsblp beducon pwrossing Aandg

goapipation, and that the bople would vopay fuether study.



figh 41 Bffcct on wptake of 0, of washing of mycelium from
|

sanple

three different stagos of growth of a large-inoculum

deep culture of Aspergilluc oryzace

h mg/200 ml treatment
O =0 direct
2335 506 .
D - A washed with ~ 100 ml water,
suspended in waler
~ .. .
D« D direct
28 13%.0 ;
\ V=V washed with ~ 100 ml water,
L suspended in water
(@ = g direct
31 26 3 = ] washed with -~ 100 ml water,
4 suspended in water
W - § washed with ~ 800 ml woter,

. susvended in water



|
All Q,/mg dry wt
[0® o

80r

rnusé

N"'

| Fig:h2 Efiect on upbtaike of 03 of washing. of myoceliwm

from a late stage of growth of a large=1inogulum

deep culture of Aspergillus oryzae, The culiture was the
pame as that deseribed in Fig.4l but the sample was taken
Cafter 88 h and had a myceliuw content of 210 mg/lO0 ml.

O = O direct sample

|
A -~ A washed with ~ 100 ml water, suspended in water
|

| 7 = 7 washed with ~ SO0 ml water, suspended in water



< e ;v SRR ] 1y
bele  Bigeot of YWashilng

A mope depadlod lovestlgedtlion of the influence of weshlng

andt puspendlog in wador, perforned on o levgoe-sinoculum

oulbure, Lo shown 4o Pleg.hl snd b3, abvor wan the obly
wolidogr and epopending agent usod ergept when flrect sanplon

were oxasined. Samples of ovliore al vayions tinmess Yoo

4

baken apd the effoel of weshing oveluantad., Lho ﬁiﬁm% Bhirae
sonples were bukén from sarly stagos of growkh (23.5 ky
5.6 ng/L00 ks 28 hy 135.0 ng/Lo0 als ﬁl tie 88 mpe/lon al)

“

i the direct sampdos shoved on elmost Aentload pobe of
upbtolte of oxypen on gcoch soparate osgeasion (Pigelile
CWaghing in aboub 100 ml waber pave o merhed ond aluost
fgentiond roduction iu erabe ol @mgﬁua upbake in ecch gase
(flpmettd)e  Who thivd of these ssmples ves sl exadined by
a BORe ontonsive washing proogosy weing P50 nl dnstoad of
00wl waber fdor waobinge 30 oan bo sesn thad this
pageduve Peduaed sHlll Surdher Gho Pate of upt&&é OF oHyEene
Whan nycediom from o fourth (late) sbage of growih wars
agerined (80 hy 238 ap/l00 8l, Pigall), the deereane in rate
ﬁmyﬁom upboke oxposted Seren serlieor wowk Book PLAGG .

Feom the fhvat o the foneth gample, thave wos found o Do a

dgooronas Fron 200 o %6 pl/ae boin bhe pado of onyzen npbsly

'hs’
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Fig. 43 B¥feel on uptake of i}? of w;fmn ing of wmycelium
from the stuge of autolysis of a &:){wcw»‘r nocniam

deep cultuee of Asgerpiliug oryuac Fha eulbure wan

tho samo oo Lhat described in Figa.bdl and 42, but the

aample wag tolon alter B9 h and had a mycellum content

of 139 /LoD ol

O « O dirget samplo
A e O washod with ~ 10D ml vatoer, ou opended in water

V o ¥V uashod with ~ 800 ml water, ousperded in wator
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o™y

e s

hy vho divpct mothode  Ib wan éﬁ-&n%@wem& 0 notae howe vos
Lol woahing by 2 soaldld o larps volume of ontoer sk o Iabe
ntape foduced thy rate of oyygen %ﬁﬁakﬂ hazdly ab all.
Phis reduced sensliivily vas aleo showun iu the phasoe of
audolysio (5% h, 159 w100 mlg'ﬁi@aﬁﬁlp A% blkes abage,
hovevew, snbe of wpitake of owygon van acbunlly grester than
ab o sllghtly eavrlior ﬁ&@gdg gplor to autolysisc (Plgdha)s
pabe of upbake of oxygen inerapsed from 36 to 62 pl/ g he
Mogeath (U651 bos alroady shoun that spoeifie preduchion
of anylage lunokeases during the phoge of andtelypls and that
%ﬁm labior gannod thereforo b pogayded an 4 bimy of

invardnbie docrssss in acbivity. Fhe finding on robe of

upbake of oxygon confisms bthis vlew.

E3ts  Bifoot of filiter fabrio and centrifugstlon

2t wan consddered $hat tho {iter Labelio might havoe gons
effect on the vesplratory acbivity of myozlina which had hoen
aolicubad on dte The ¥ilter Salwdo vlich ad boon uvsed vas
wanally of oither nylon op collivloos: acetato. When the
Pabria wons detorgent-clooncd thon glven a thorough plnsing

vy &

i Gap and Sistilled water (o onoupe Lbs alesnliugass, 000



Tig.44  Bffect on upbtake of G? of various nothods of

treatuent of mycelium from a large-inoculum

deép culture of Aspergillus oﬁyqaee The Qulture was
23,5 b old and had a mycelial content of 4.9 mg/l00 ml
‘at collection, it had been kept in the vefrigerator
Ffor 6 ho  The mycelium was colletted on a detersente

treatod filter.

[0 ~0 direct sample

A < A\ goncentyrated on £ilter without treatment, suspended
. in filtrate

O = O washed with filtrate, suspended in same

A < £ washed with substrate, susponded in substrate

V= washed with water, suspended in filirate
- \7 = 7 wvashed with water, suspended in substrate

¢ - @ washed with water, suspended in water
" Motes cellulose acetate filter treated with detergent, rinsed in
hot and cold tap water, rinscod in distilled water before
latart of experiment and after cach sample treated.




Ak {{? &
dntoresting effecbe wers obbainads
The sweelium chossn for 3his esanilvation vas foow a
Large-insonlsn sulbvre ab sn caxdy sbofie $2%.5 h, b9 wag/

300 L) of growkhe 4 direct saople gave She expeelod hiph
rado of unpbake of oxygen (Flg.hi). Whon the | mysoidam vos
condepbiratad on a ﬁ@ﬁaw&@mﬁmﬁrﬁmtﬁﬁ and waghed fAlior without
pocsbuond (that Ao, neither washlng nor prassing) and
gomsguspended In Lilivabe, Lheve waa o very strongly marlked

!I

roduction in vate of npinie of oxyren (13 oo Comparsd with
160 pliug ). Since theze condliilone wors saant to mnoke the
proellws comparabls o Shnt dn a dlvoel astple dn avery
raapeot excopt Onc, nawedy., conbash with the $Lilbo 4 Yhe
affout nust be due alpoast oebively %o the Filbowre 1% bag
boen mugposted ﬁ*‘“gw‘ atil B Mofoboshy A5040) thes thip markod
dooronse dn pato of uptake of oxypon wvas dus malaly o an
adsorpbion o the myeolion on to the filier. It was aloo
Sound whas smahdig ¥k fllirate o subelrate aﬁﬁ‘ﬁﬂﬁﬁﬁﬁﬁinﬁ
&

(Y
'

18

A

An the anme apenb pevereed this effect o sowe exvenbs

washiog with water and susponding in £ilirate oy substral
crpvsesad 36 abild sereg  washling wdeh smtbor and swaponding
An water reversed At most of ally althooagh tho rate of

oursen wpbako 444 &ﬁ% woveyk o bhab of the divech anmple

(Fipetlide X6 chould o swied bhet in this instonce 16 sade
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Bffoct on uptako of Q of moana of collection

Fig.45

!s-...

{by Liltyrationr or c@hbraiugatieni of myeelinm

fron o large-inocculum deop culiure of Asperpillug

seyance  Phe snmple was She same as Ghat desoribed in
Figellh buk after colleoetion 46 had boon hep: in the
rafrigevator gvernigl When £iltration voes tho means
0% eollectlon, o detergeonte vwhaﬁﬁu Cilter {see Fig.ik)

. o
FoE NS Go

@ o ® washed with vater, suspondad iln water

coatrilugnd]O - O vashad with oviginal substrate, suspended
in Gfmgwsdl subastrabe

VeV waghodd with water, sugspended in superauntant

A~ washed uith wvater, suspended in water
2iltored A = A washed with filtrate, suspended in filivate

Iy

V=V concentrated on filior, &umg@md@ﬂ in filtroate
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no differendco vhoebher subotrate or filirate ues chosdn as
stmpondiag spenbe  Pho woablps ageat was of inporbanoe,
howovayr, and £ilivato op subsboke vama fogoe imﬁibiﬁgrg Lhan
wator a.

& the preogeding espoyiuent posvlito fer s deborponte
troated filtor bad beon gompazad wlth fhone frow a divegt
gamplos b wao @§ﬂmiéﬁraﬁ that cepirifvpation night e
abttonpted o &vﬁﬂ&ﬂﬁ of collaecting myéﬁlium,mﬁ it aldlowed
e eolleatlon of oyeediun vilhout vocouese te o Filter
Fobrice imﬁ@fM@ﬁiawy. Yhio was dono bogether with o ropust
ol avme of the Siltrablon methods welng wyeeling balwn from
the sane culteeo at the pame Sae as tlab Doy the yrecoding
gyperdmont, bué the myeellun had boen kept ovoralght in tho
Wmﬁrﬂgﬁﬁmﬁﬁr {aoe ?i@.%ﬁ}q The tests dons on delorponie
cegated filtor puve the onpocbod wary Lou pade of omysoew
wpbale aftor concenteniing on Bhe filﬁﬁm apd swopending in
fllirnice Althouvgh the rabe alter vashing wlilh wator and

suspending In water wae lowoer than thod obiodned peovionsly.

o

sl

Hho #pde of oxygen uptabe after waehioy with £ilbterate und

supponding In fiirate was asedn alnost as bHoforc.

fenbrifngation, however, uas pueh Joss inhibibory by any
obhod trded s can be geon from FigedS, apain snphasising

the duportaney of the pard played by tho surloce of $he Lltor.
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e higher wato of rempleabion with ayceliom washed by
ganbed Fuglag e compaeed wlth washiory en o fiiter which
hao net been Wreatod with dob @wgmﬁ% {eeme. soo Fig.l0) nay
he dus(in partdl o residuss of wubat w&t#m Yaeft da thy
intersbicoes of wycelluwn washed by ﬁ@%%&i&ﬂ%,ﬁﬁn % wpn
diifiounld Yo cepavabe the eoll mateyial effectively fwvon
s pubstrate beoaves of bhe Bully hature nid the low
mpeoifio gravity of the wyosllum,

Fieehtfh apain shous o gonparinon bebweon o cunbpifugabion

wabhod and o deberpentetyenton f3Liay nebhotls Yho pame
culéure s ks doscrlbed in Mipe.dh and &% vas chosen bt

the myeoddiom was from o labe SHIEe of prowth $48.5 hy

28K wage /200 ml?g Pireolih ghous that o ¢lfforonco in pate

of oryger upiake babween copivifaped prepaeations aud thoge
gsllected on delevpent-trealed LAlters wos nel so readily
ddstingnichable so in the preceding ewperimout (Flg. bﬁ}.

Phe oupvos Bor bobh procedures tond bo aerge dnnbond.

mhw@ way weeuplained by the faeh that, belng at & late
stage, thoe content of mycoddinn of Ghe ouliuie wan fedidy
ooy contnot of sagh mygelfvn vith the £1ilter will be
vovrespondingly leass abd s the offeet of adsorpiion by

the ©iltes will ﬁﬁ% ho &0 apparenbe. Mwwemvwrg PRom pravions
word, the myceliuwn would boe onpootod o be lose sensitive ot

- . * oy 1 v P o e P & o rl 4oy g Fu T
o dater stuge of spowbhe
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Fig. by Effect of suspending medium on uptake of O, by
[
myeeliuvm from a large-inoculwn deep culture of

Asporgillus oryzac.  The culiure was 29 h old and had a

(T P

mycelial content of 1.86 mg/Ll00 ml,

O = Q washed only, not pre scdg suspended. in water
A=A washed only, not pressed, suspended in filtrate

VY =¥/ washed only, not pressed, susvended in orviginal
substrate
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hW3dh  BERfeet of Stovrope

3 wan oonsitorsd uweefal o dobternine whoihew
rofvizoretion and the wotompnaylog coniacd ovew a popdoed
ol bdwme with verdows cwspending Flodds were greoponsible
Por any chapge dn thoe #abe of uvpialie of ouysone Fipodh?,
S wnd L9 ahow tho rosulty of a sepdes of exporimonts
dovioed Bo desexming the influeace of velpdgeration on
pabe oF uptake of oxygens Hyoeellun from z laprge-inogulum

calbure ot an carly stage of prowith (29 hy 180 g/ 100 md)

LR TE R RIECT 4 The swuples weye thoconpbly wasked in nabew,
ot mot presssdy before suspendinge Fator, {Altrate op
spbotraty wao the suspending asgend wsede  With myoelium

Freom Shika shape, and nelng freesh aampleon (PigedP) thoe pob

of ouypen wpiahke vhen Shoe nyeedivm was suapeanded in opdglond

“‘«3

subntrate was B2 glfmg fie Un swapanding in wuabor, there
was alsosh no dpbake of oxpgen.  Susmponding hn £iilteato
geae an Andernediats roesulée These voaulio show clooely
that suboteade wan pbtinuletery 10 pabe of euypon wpiake as
gompngad WAL walaer, procumably due o ong or noere of the
conasiluents of he substyvoboe The foot that £iltrale vasn
Ipos atinulatory sugeeots edbher Lhat dnhilbibory substancesn

wars axorebed ding growth op that oome of $he atinviatory

sabubencses Gf bWhe oplginad subsivabe vere used up durdng growvihe
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Fig.48 Tffect of extended conbact wiith susgending
medium on uptake of O, by myceliuvm from a

lavge=inoculum deep culture of aAspergillus gryzae.

The myceliuwm samples were those of ¥Fig.47 which had
been stored in their respective environments at 2
for 16 n before re-testing, l.e. the following treatment

had beon performed 1O h before testing.

O = O vashed oulJ, not preased, suonmnded in wa
A - /A wvashed only, not pressed, suspended in filtrate

¥V = ¥V washed only, not pressed, susmended in original
subsirate



medium on uptzke of 02 by mycelium from a

‘ e ) Bffeat of prolonged contact with suspending
E

Qarpge-inoculum deep culiure of Aspergilliug oryzac.
‘i LTh@ mycelium samples were those: of Fng#? which had
‘been stored in their respectivé environments at Eow
;fer L days bpefore re«beatiﬁg, ise. the following

‘treabzent was performed 4 days before testing.

S0 - O washed only, suspended in water
| AN~ washed only, suspended in filtrate

(7-w<7 washed only, suspended in original substrate
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Hhon the myselivg in ecach onsg wan shoved du the
vapious suspenddang fiwlde ovornipbt (U6 h) and reebostod
without further trehtmonls a v#ry sk Lo pattern of
arygen wheke was obbained (Plg.hdls  overnipghi storage
wndor refrdgevation conditlons wse thus showd o wmake
vory ditdle diﬁﬁeﬁ@me& bo the effocy obloingda.

Whon this povriod of conboct wilh puopending £luld and
storape wndaer ?ﬁﬁﬂi@@&&ﬁimm?wam’aﬁhemdﬁﬁ awerr fouy Oayo,
the w&lmﬁ&gm&h&y oF ane method o ﬁﬁmn@ﬁﬁﬁm shddd held pood
adbhough thode wos 04 alleround &aéramaﬁ in pate of wpbale

wi oeymen (FLeedv).

432 Anflvence of spbsivete congtiivents

in the fww@géiﬁg worlk on bhe ialluance of teeabasnt
nf myeolinm, varlakts had mﬁﬁn‘&mﬁwmﬁuﬂ@ﬁ vhich @hwm&& that
G wne luporbant whother waber, ordglopd mnhgﬁﬁmﬁe 03
Filtrata wan aped in maling the preparation. i wos olben
of interost 40 ﬁxg to paprodute the conditiong of ﬁﬂﬁvﬁoﬁﬁal~
oalbure, ovon whord, Qmw SORO POOSOR, 9 @1%&&% sample ondd
ot o vaod e it i K@%ﬂﬁﬂmhlﬁ fo #wm@luﬁw thoat o direcy

sanplo was moat ologely slmlabted vhen FLLLeste vas wsed as
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auspending agonks, Pilteate differed Lreom ovdginal {anforpentad)
subpbtrate in that the Lfovwer had Boon subjected to depletlon
o supplecontation due o the biochemlesd anobtivitios of the
moudds  Geplgiasd subobrate adghd boe expeoted 0 bavoe an
effeet vhich dopended upon Ghe nobure snd balanon of Lba
gonstlizont subatononue

% wan aleo borpe in wind thet allhough atavel wao the
whohydeate provided in the anboitrato, 0.5 ol of 1 lucess
s added from the side awin of the wmanometelic {3ask when
tegbing Lo vospivabory aotivity (ooo Pobhods pel38le On
aash catnsion of adding an unbtrented asamplo $ron s oullure,
seme garbon sowess ose Shoreby introduced 49 the flaahe
Hipeo the ﬂﬂﬂ@@ﬂtﬂ&ﬁ&@ﬂ of earbon eouron shanpod duping
culktivation, o vardlable smouont of corbon soures wag belng
nddaeds It won eonsidored dmportont $o kaow whobhsy this
siseranblen in congentratiion of carbon sourcsr affogdod the
rate of uptalke of owypon, peebicadariy vhen &% hoad boeoy
shown 4o Fig.40 (pelh3) that woohing in vaber and apsponding
in a glucose subgirate wan gtlmmlatory In comparluson with
emdbting wasbing then suapending in flltrate. Whe inllugpoe
of sucgh factors Lo considored sl bhis polnbe

To detoraine whethey the consoniration of glucone
noevaally added was Anpordant, the resplyation acbivity

obtotued when I plasose wao veed wag opmpared with thad
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Fig .50 Effeet of concentration of the glucose sclution
added to the reaction flask on testing the
uptalke of O? by mycelium from a large-inocculum deep

sulture of Aspergillus oryzac, The culture was 34 h old

and had a mycelial content of 3L.9 wmg/100 ml.

Wiw X7 05 ml 1% glucose added per [lask

V= V 0.5 ml 107 glucose added per [lask

The mycelium had been washed with water, suspended in
vater and kepnt in the fridge for about 5 h.
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Fig,5L  Effect of suspension in substrate or filtrate

on uptake of 02 by mycelium from a large-inoculum

deep culibuve of Asperpillus oryzae. The culture was 30 h
!old»and hzd a mycelial content of 6.6 mg/100 ml, ?his
experinent was performed on the same sample of culiure as
that described in Pig.38,
!

LA - A washed with water, pressed, suspended im original
‘ substrate

V¥ ¥ washed with water, pressed, suspended in filtrate



Pig.52 [ffect on uptake of OP of treatment of mycelium

-

from a large-inoculum deep culture of Aspergillus

oryzac. The growth curve for this culture is given in Fig.7

(ciosed circles)

sample h  mg/L00 nl treatment
2 26,5 16,6 @ - @ direct
A - A direct

g a9 2 O .- O washed, pressed, suspendod
g ¥ ) ¥
! in water

V -V washed, pressed, suspenced
: : in filtrate



ghven vhen A0 gluconp vas wands PigeB0 mhowus tha pato

af wpkale mﬁ.mxygem %o be alwmoot ideaticnd in osmeh fooo,

go 4% was onncluded Ghad the oconeoniratiion of added givngcse

was net ordiieal w&@ﬁmm thooe fatedy wide Rialbo.
Hyeel lum tyreated an deserlibod iy ?igoﬁﬁ and oripinating

Feom $he same onlbvre vas eusmlged for upishe of oxypon vhen

the cuspending £iold was filtrate (et after venowal of

myeeling) or origlaal ovhstrato, inatosd of wator op

phosphaite butler (Fig.5ll. This figues shows theb the

L

.

substitublon of £iltrato or subobrate on this oceasion Jed

¥

o n 18EEle growblh alter about 2 h, singe £ron thei time {ho
surves are no longer Ainoaws  Over the dndiisl, meazly

Linear pagt of bhe ouwvve, MQmﬁﬁmﬁﬁ Lo esn ho deon Bhed ab
aaim'@ﬁa@@ share Lo IALEle diflerence in gabe of uwpbtabe of
gxyeen vhon Mitrate o subpbituvbed for opipginal cuhatsate
e ﬁ%ﬁyaﬁﬁ&ﬁﬁ'ﬁ@mﬁ%,

fycel dum fron the phace of anbolysis (LU hy
G2 Ao md) of o &aygﬁéhn@ﬁulnm aulivrs wms adso

eaaninede. 4% Shis loke stage, the raio of ouygen aplake

of the Mrest sasple ves again low whon compared with thab

Faop nn eaply wbage sanple (Plg.58). 9his vate was agein

greaily reduced by washing, preosing and roenuspending in
githey fLlirato op Baicle

& aoupanleon was e ol the poates of oxypon upinlo in



Figr. 53  fho ratio

! rate of uptake of 02 in waterp . 100

bl

[ R LRt

rate of uptake of 0, in {iltrate

shovn (underlined) at various times in a scui-logarithmic

Wrd,

plot of the prowth curve of a deep culture of Asperpillus
orygao from a large inoculum.  The culture was the somc

as that described in Tig . 52 .
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Fig.54 Bffect of treatment of mycelium on uptake of O?

in a deep culture of Asperglllus oryzae from a
larpe inoculuno The culture was 25 h old and had a

mycelial content of 1.6 mg/l00 ml.

® - @ washed with water without pressing and suspended
in water

O = O washed with water without pressing and suspended
in oripginal substrate

A = A washed with water without pressing and suspended
in filtrate
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Fig.55 Bffcet of treatment of mycelium on uptake of 0,

in a deep culture of Asperpgillus oryzae from a

larpge inoculuim. The culture was 31 h old and hiad a
mycelial content of 5 mg/100 ml when collectaed. It had

been kept in the fridge overnight. ITreatment was after storage.

® -~ @ direct sanple

A AN sample washed only and suspended in filtrate
s © 7 at the original concentration

O = 0O somple washed onl ,,'.\.rezd £

.ﬂ*m,n ed .in !,'1"9”'. '
ag’ ¢ =~ Biakion

s
origina COH(.GT &
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wae shown when the ayeelivg ﬁmﬂ puspended in wabors  Frono
0 m&%pa@iaum of the lincar parbs of the ocurvas L% oan Lo
apgn {EAg.50Y dhat Mlteato apnd swbsbteabte as suspending
pgents wors sbimulatory o wy%mkm’aﬁ GRFEON am gomparaed
with water, and that they weve slaost ogqully aos  This
wag ahove wlih mgamlﬁam Leom o largowipoenlun ealbive o
Cenr eorly otape of goowdh (23 hy, 1.6 ag/lon w1l

Anobther swample of the ebinvlatory effeet of Filbvate
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ob dn eorly stbage of growth (351 by 9 me/do0 w1l Pooe
portion of the ulbare Lrom whiloh the wmmw&éw\hmﬁ bBoan
proepasred bad boen kopt dn the rolvigorator overnight. &
ddrsot oample wae Lucluded on this sovasion and it cum bo
seen (Plg.55) that when procsing proteduron wobe onibbtad,.

e
X

waber wao ageln dnbibltory an eonparoed odbh filtrata.

Arthough pxésw&ng G mmi#xa@, myeelinm which had baon
sellected and resgucpended In iﬁ# o Fritpato woae duferdap
o myceliun of a éiwﬁwt ganeple dn rate of tpbako of ORYEON.
Thig was probably due ko & leaching out fvanm She myeoliun,
during overndght mﬁwumgé@ of paterials vhiloh ware nod
fﬁlly‘réﬁlﬁﬁiﬁheﬁihy aunpenslon in fAltrado .

Fime 56 shows the influence of Andilvidual congovenss of

the subsirsbe og respiratoery aoetivitye 4 large~inocnlug
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Fig.56 Effect of individual components of the substrate

on uptake of OE by myceliuvm from a large-inoculum

deep culbure of Agporgillua oryzac. The sample was
2h 1 0ld and had a nycelisl content of 6.1 mg/l00 ml,

Tha conidis on thias occasion had been grown at'3000~

suspending agent

A = A water

o
3
&

% parts trace element solution including Mg,
L part walter

A =0 3 parts (NHy),80, solution, L part water

=1 3 parts trace element solution including Mg
and (Nﬁa>230aw 1 part water
; ]

0O =0 % parts substrate, 1 part water

G e @ 3 parts filtrate, 1 port water
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Figd57 Influence of stage of growth and treatment of mycelium

| .
' on uptake of Cy in & deep culture of Asperpililus
oryzoc from a large Llnoculum,. The growth curve for this

experiment ig glven in Fig.? (clozed civcles).

sample h mp/l00 ml treatment
® ~-@ direct sample
O -0 washed; pressed, suspended in water

Q. t {:.!.'!E‘: r‘i_ £y ..:J
;., g b l{) 6
[ % a @
A ’-A L’c}, 1.}§’ 3 d [+] E)Z G ADL.)Q d. ] L.Du\.)p(.c nu'-} Cl :l..H \ig’“‘t t Or

‘ -8 direct sample mixed with water

J -

7 96 311

[] =117 washed, pressed, sudpended in wvater

b

The culture was the same as that described in Figs.52 and 55.
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Fig.58 Influsnce of stage of pgrowth and treatment of

mycelium on onbtput of 002 in & deep culiure of

Asperpillus oryzsae from a large inoculum. The culture

io the some as that described

of treatmenl also correspond.

t

sabhiple b wg/l00. @l

g

3.7
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2 2o 5 16.6
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.\-'7? == i
YV =W
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7 96 Z1
VeV
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in fig.57, and the methods

treabment
¢t sanple
washed, pressed; suspended in water
direct sample
wiashed, preased, suspended in water
direct sanmple mixed with water

wiashed, pressed, suspended in wailer
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