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Kinetics of Mycelial Growth Accompanied by Leakage of
Intracellular Nucleotides Caused by Agitation

Hideo Tanaka and Kiyomoto Ueda

Department of Biochemical Engineering, Tokyo University of Education, Tokyo

It has been reported by the authors that intracellular low molecular RNA-related
nucleotides leaked from mycelia on agitation of mycelial suspension and in aeration-
agitation culture of Mu.or javanicus N11051. Further, the rate of leakage of the low
molecular nucleotides, 4Ezg0, in mycelial suspension has been proposed as a standard
for the intensity of agitation shock on mycelia.

In aeration-agitation culture of the mold, the periodical changes of intracellular
and leaked nucleic acid related substances during growth were measured, and it was
found that the growth rate depended on the rate of synthesis of high molecular nucleic
acid related substances and the rate of leakage of low molecular nucleotides. The
ratio of leaked nucleotides to total nucleic acid related substances in the culture system
and the relationship between rate of leakage of low molecular nucleotides in suspension
system and that in culture system were also investigated. From these results, an equa-
tion of the specific growth rate of the mold was derived as a function of 4Ez20.
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ERORY  R7 P EXMECRFEZERLZO
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AT, RFEEEESL S BlicllRkE7 522
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(115 oscills/min, #E1E 70mm) k¢, 30°C CHEL B
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ERA, SfoBBREHYROER HHY LFEU
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BMEEYERRBOL, TOBERET7 SR ILRBL
Th, Bl BLTI08Eo0. Lal, X%
BORYAHICHED, BRERE JUBEANDLIZE
BEEIE IR A ML, REOBE/KEICESE L
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Fig. 1. Periodical change of various nucleic acid
related substances on agitation of mycelial su-
spensions.

(51 jar fermenter, 600 rpm)

Bl Total nucleic acid related substances.

DQ—O Intracellular nucleic acid related subs-
tances.

@—@ High molecular intracellular nucleic acid
related substances.

O—QO Low molecular intracellular nucleic acid
related substances.

A—A Low molecular extracellular nucleic acid
related substances.
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Fig. 2. Leakage of intracellular nucleic acid related
substances on agitation of mycelial suspensions.
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Fig. 3. Periodical change of mycelia and nucleic
acid related substances in flask culture after pre-
liminary agitation in jar fermenter.
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Fig. 4. Effect of agitation conditions in jar fermenter
on mycelial growth in flask culture.
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Fig. 5. Relation between amount of leakage of
nucleic acid related substances on agitation
and lag time of growth in culture.

Seed mycelia were preliminaryly agitated
in water for one hour and then inoculated
into culture medium.

Time(hr)

Fig. 6. Periodical change of nucleic acid related
substances per unit dry weight of mycelia in jar
fermenter culture.

(O—QO Intracellular nucleic acid related subs-
tances.

@ —@ High molecular intracellular nucleic acid
related substances.

O—QO Low molecular intracellular nucleic acid
related substances.

A—/A Low molecular extracellular nucleic acid
related substances. ’
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Fig. 7. Leakage and synthesis of intracellular nu-
cleic acid related substances in aeration-agita-
tion culture of mold.
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EHEHL, BRANESTEROARERE LHBTHE
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& BRI IC B 1 B R R E, MBEEOERIC
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(1) HREEROEBICE T 2 BAAKEREY
B DR EEK '
BRMEROREIC X 23RN, AOEREEEYE
OBEFREMIICKRDLT ERDO X H LB 4, WHF
D H BEAICE T, BAKEY D OLKREEEY
ERBE NEL, BERAEBEEVEERE N, BARH
CRH UcBBBEEYHEEE Ne 703, DR
M B.

N=Ni+N, (1)
1) KEKM T 1id,
dNjdt=dNe/d¢+d Ne/dt ()

2EBREEYE IRMENIIEL LIS D 5, dN/di=0,

#E-T @) X»o, REXVBONS.
dNy/dt=—dN,/d¢ 3)

VWE, BMUEREERND OESFREBEEYEOER

A~ORHEESE (dEe0)1 &L, X 5iTlgichk
T BB FIEBROR HEE % (4E2e0), T LIV & &
b ThHhILRET 3 EITFEBORHEEE (4E260)0,
B EY O OBRERE W & 0T,

dN,/dt=W (4Eze0)1 )
=W {(4E260) + (4 Ez60)0} {5)

T, (dE)oi3—E L L, n TRLEE, ®kHs
Boha.
dN,/dt=W {(4dE2e0) +v1} (6)

(2) BRMBERICE T 2BANZRREEHE O
I R

=T r—AYE—-FLUT75Xa2BHNT, &
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ZRUIDH Fig. 8 TH 5. 1ok, COBMEBMAT
3, BEEIUBERELSHMCEEL, HREOHE
RT-E 125750 % 5 IR & RIS ik T m L.
FIBMTHELLIc LicL S i, MERGICLD, BRD
BRABII R - T, chid, BRikS5Z 3EE
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Fig. 8. Effect of agitation conditions on mycelial

growth.

A—A\ Flask 125 oscills/min
O—QO Jar 300 rpm, Aeration 1 vvm.

©®—@® Jar 400 rpm, ”
[ Jar 500 rpm, ”
O—Q@ Jar 600 rpm, ”
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A, AOBRBREHMEOBBREEZL . Vi, Bl 3
BEAREEY L OELSTZEBEEYE OERA DR T 2

HEZE, (dEpw)m &L, ILITHMHICHRT 2B
BEHE DRI EEZ (dE260)m, BPE LIV & X ICHR

1Y B BB H ORLEEE (ABw0)mo ET5 &, ;
2) RRROEL>ThohE 5.

dNJdt=d Nifds-+ W (4Essc)ms (7) L

=dN;/dt+ W {(4dEz60)m + (dE260)mo} (8) u_]g !

CCT, (AEmodmo R—EEL, n THODEE, K 0
KHEENB. °

dN|dt=dN/dt+ W {(4Ez60)m +va} ©) ¢

(3) MFCIZETHRYS LATF FORMAENS 3
HERERTE D H I HE R zr
ORI, ZOXIWMBICIZERARZ LA F FO 1
T % Pk S IWREBRE O IEER R e RO 2729, Bk o
K54 BMEDHS OXME, B0, % A LTHRE A ST 8
L. Fig. 9.  Periodical change of nucleic acid related

Fig. 8 iICR L4 OERSHICE T 3, #hTh subst:.mces per unit dry weight of myceli:il in
DRFEREEIC >\ T, BAEAER (100mg) 41 0, :;?;:g:z::g;rtsilgzngﬂture of mold under various
BN, ABIULEEBEEEYE ORBHNE{LERL {A) Intracellualr (B) Ext'racellu.lar (C) Total
7D%,  Fig. 9 (A), (B) 54T (C) TH3. 8:8 _ﬂisg&)zfp?rslfi{/l\frl:gil;m ln vvm.

(A), (B) 25, MHEDBIFTOERN, NEHLETS @®—@ Jar 400 rpm, ”

BREEMEDOED ANEEL TN B E0b 5. [J—{ ] Jar 500 rpm, ”
_ O—Q@ Jar 600 rpm, ” -
MEOHRF L, FRN, ABIULEBEERE LD v
BERTBRICBIET A0y, 9, 2BBREEYER
K 2BEANEBEEMEEDOE DAL, M/N, ©
BRI LA R LicDbs Fig. 10 T 3. Bx OLE#
KBBOT EEOPERE, BRIZ—EOHEENLS
2, FNOLOMOKER, MEOBRFEMEL TS
T EBbpd. ZCT, ThFNOoREEMickd 3
ERODMBE, 4dEz0, & NN OFEFRERE LR
08 Fig. 11 Th 3. Bbxic, mEOMIKIE, (10X
TREINZEEBERRD G

Ni/N=A-e~2-4Ez60 (10)

LT, ABLU a REBREHT, ThTLOMER, S S S

0.2 X 06.4TH » 7z, Time(hr)

Fig. 9 ® (C) kb, BMERERMDOLKEEE Fig. 10. Periodical change of Ni/N under various
- e agitation conditions.

BENEAERUTOE T EBELATHE. £OK O—Q Jar 300 rpm, Aeration 1 vvm.

3 y S 3 @®—@ Jar 400 rpm, ”

&, (1), iF, WATRTEIBHKS. []—{] Jar 500 rpm, ”
NIW=F(t)=Yo+(Yy—Yo)t/(Tst) (11) ©—Q Jar 600 rpm, n
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T, Yob&U Yy i3, BAEEKPOBAMERE
BN OREEBEBEOSKBEEYVERD LU, 2K
BEEYEABRORKETHD, TREREETHS.
EEBBERLD, EhFhOMI, 2.7,5.08XUL0T
Hot.

Ric, RA—MERATORRRSE, ERBERKICE
F3, BRLODORI VA F FORHEREZRYD, W
ZOMHEEE®RI L. BEELTO3ERDLORH
HER, BUROREMIcE T BRI DER L
bOOFHEER V. BRABERICE T 2RHER
i, B~ o kD, ERNEREEROMEE LD
Rd1e,® BxOMERETOEEORRERLD
73, Fig. 12 Ths. ZOMID, RDLSHBERR
nNE o

(4E260)m1=B+b(4E260)1

02t

1 1 I} i

H ] 1
0 002 004 006 008 0.10 012 0.4
AE260

. Relation between Nj/N and 4 Eze0.

o
~

(AE260 ) m1
(]
W

0.2
01+
0 1 1 ! 1 1
0O 004 008 012 0.6 020
(AE260 )1

Fig. 12. Relation between (4Ez260)m1 and (4Eze0).

=B+b{(4E260) + (4 E260)0}
=B+b{(dEz60) + 01} (12)
TCT, BbBIUD o IEBERTHS. B bE&
U, v1 OfELL, 0.12,1.47F &k 1F0.073THh » 72.
U EDOFRTHEONIRBRAICESOT, HHYE
K OSBRI O LR o %2, AKX D RO &
SiCFER L.

gibb,
dN/N-dt=d { £ () W} |f(t)-W-dt
=d f(8)dt] £(t) +dwjw-dt
=df ()] f(t)-dt+p (13)

(M) KRB LU A3) K&V
p=dNy| Ndt+(AdEze0)m1/f (£) —df (£)[f(¢)-dt
(14)
CcERNAD) KD
p=A-e"%4Eze0-d N| N -dt+ (4 Ez60)m1/ f(t)
—d f(e)] f(¢)de (15)
#-7T AHRi, A, A2)BLIVADXEZRAL
TEETZE, RABELNS.

1
= "(Yo T+ Yyt) (1 — Ae=-4Eze0)

[ (B-+501) +b(AEse0)} (T-+1)

-(1—-Ae~adEzw)133%§;%%%ﬁC]

LT, BRBMORI R 0L ETBE, t2t DR, f(1)

(16)

=Yy TH52 0, NEHEEPOLEFEEE pmax (3,
RATHEDES.
_ (B+bvy) +b(dEze0) 17
Hmax= YM(I—AC‘“"EHO) ( )

PEDXSiE, £EBIUBREBZSHICEET
ZEMETTO, FULE IO HEETIcE T 5 HiE
MR, BFOERICSL AEHBOMWE, dE%0, O
HOBETEOLING T EBHS M LI 2.

Wic, ERERD> LB ONIZEREA6)RICHKRA
UCEHE Lk E% Fig. 13 1R Lz, ARpCERIE
270w bTRUK. TOUOOHERELD, KEEY
HFTRERERLEL L, p=0 2BV ICERERIH
LY, $EE4ABBMERNKRT REREDRITIC
5 U7 pmax OXWEOERIICA L C Esbh b, FTo,
Zh o ORERI, EREREBO—EBED LN

UL LA, Fig. 12 kbW Trey bOIE SO
EBEPROND LI, EREDI~OEEEEYE

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

34 Hep HX - LH HE

(BT 2553% 19754

M ChrT)

Time(hr)

Fig. 13. Comparison between calculated values and
experimental data of specific growth rate in ae-
ration-agitation culture of mold.

A—/A\ Flask 125 oscillations/min
O—0O Jar 300 rpm, Aeration 1 vvm.

@@ Jar 400 rpm, ”
[ Jar 500 rpm, ”
O—QO Jar 600 rpm, ”

—— Calculated values

ORHBEEOREICH > T, BAREEOWMICHES
BOYPHDOEAIS EERET, BICKRORHERE
DEHETREIV I ACEENDEEEL NS,
MR ORHEROEDMIL, ERERICKOK
HoNE N, BEELERHBLETHAS.
B g

Mucor javanicus NI 1051 Z BT, HRFEOEARICE
ZDEEORIY, EOLDICHEAROHMEICKET S
PEBNFOCRE L, RO KD BRHRERI.

BEARNOBKBEEYE L EE L, BoTLESTFC

K395 &, ERBBROREOBICAONAERN
B FREEEHE (Xic RNA cBEdEdsE/ X7
v F ) OERANORHIZ, ERNESTFIEERE

EYHEORL LHEEL, BERAES FEREEYEE

i3, REJ E—FIFich T3z Edbhoate X,
BAEBRETE « OB T—ERIRES, B
R, ThEEMIcEREL, —CBIMERHET
BEEBCNS &, ERIICER SR MEOBERD
BICHBLT, 20ROMMICE T 3 lag BEL S
BIBHOHEN T L LIRS, Z0ROH
R RN O M DRI bbb 5T —E T h

-7z,
BRREERICK T AMPOBERICGA 2 HE LYY
FEDOBERIL, BMEOBRCEL AHBOBI KL
HARNESTFEBEENEORBERE &, FEFEDOE
D ABITHE S HATEEEREYE OABGERE & DZEDS,
HIEEBEORK/NCEET L EVSBERICH B T E5H
At

ZDXHIEHRANCESNT, MEOBERICEL 3H
BOBRIDOEETH S dEe0 2HBA L, BESMPLIEE
KB 2 EARMBEOFYEM & HEEH o L EE R
FHLI. COoFBERAOOBONLHEMER EB
BREIBOW—EERLL.
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