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ON THE METABOLISM OF PENICILLIUM

(1) RELATION OF METABOLISM AND OXIDATION-REDUCTION
POTENTIAL IN MEDIA

Katsuji YOSHIMURA

(Faculty of fisheries, Hokkaido University)

The metabolism of Penicillium chrysogenum Q—176 and Penicillium chrysogenum KN —
2326 have been studied for an estimation of substances and the oxidation-reduction potenital
in various media and in their mpycelia. ,

Q176 and KN -2326 were inoculated into media (pH 5.4) containing glucose: 30 g,
peptone: 5 g, NaNQO3: 8 g, KH:PO,: 1 g, MgSO,: 05 g, (NHs)sMo70e: 1Xx10-° g,
FeSQ,: 1Xx10-% g, and CuSQ4: 2X10-% g. per aq. dist. 1,000 c.c., and were incubated
at 24°C. :

The hLydrogen-on concentration and the potency of penicillin were determined in three
culture media in which @ -176 and KN -2826 were incubated. Then media were filtrated
by Niitzfilter and mycelin were separatel from media and washed with aq. dist. « Separated
mycelin were kept in 60°C dryer to constaut weight, and were subjected to extraction of
crude fat.

.Filtra.ted media were measured for the volume and determinations made of glucose,
total =N, free-NHs and oxidation-reduction potential. The values reported in each table
were the average results gained from three media.

The results gained were as follows:

(1) In 1~7 days incubation period, oxidation-reduction poteatial fell in proportion to the
taking and accumulating of the sources of energy by the penicilium in media. After 7 days,
by the transposition of the constructive matters of the penicillium to media, the oxidation-
reduction potential in the medin showed the tendency to rise. This transposition was
caused by the prevention of the growth and the decomposition of the penicillium. (Fig. 1,
Fig. 2, Table 9.) '

(2) The curves of the change of glucose and the total-N had the same tendency as the

curves of oxidation-reduztion potential, but the curves of the change of the amount of the
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dried matter of mycelium and the curves of the change of peuicillin production showel
opposite tendencies. Moreover, the maximum-point of ponicillin-production was delayed
about 2 days from the maximum-point of the amount of dried matter of myecelium and
minimum-point of oxidation-redcution potential. (Fig. 1, Fig. 2, Fig. 4)

(8) In early incubation period, the production of penicillin increased in pirallel with the
growth of penicillum, but the maximum-production of panicitlin depends upon autodecomposit-
ion of penicillium (abnormal metabolism).

(4) The decrease of the amount of the dried matter of mycelium after 7 days sexms to
have been caused for the resson that the construction of penicilliim was proluced by auto-
decomposition transport to media.

(5) During the incubation period, the amownt of fat in mycelia changed remarxidly
(Fig. 5, Fig. 6).

1 4 £l

¥ &k Penicillin FIEEEHOBIRE LT, SFEL L cRKEREINTELRBEET
o EL s+ ARCAREMIELA A Peptone z Al L. REWE LTIRBEE. B
B e 20—k v Penicillin o BB 2TV THEMC 3 RE 28T %, Hic
Penicillin BT BT Penicillium chrysogenum Q-178, Penicillium chrysogenum KN-2326
cgnwT, HoWmERSE &L 7

Penicillin © &:# B L Tk Johnson® Ko { B3k 2 CEHTHEECR I S EET D &
\n 538, Moyer,(?) Koffer® o m{ Active growth 2 4FEE LHEEHEE L MTMERCH B L
VIR B, RS, HECOR o FlEWE O HREtick Y EE IS L SRR KRGS
KoM BiBA. HRAOXN X hIFRA 5L 03RS« Th 505, FEXLUFRRROME DHBE
R TBRtELBRECcH S TREBEEZ L 6T Rk,

2 #H B 5

| Hi-
Penicillium chrysogenum Q-178. Penicillium chrysogenum KN-2326. BEILESRN&GH L VA
FLdbOTH D,
5 i e-
HOMREKXOMLTH 30
glucose 30gr, peptone Sgr, NaNQ; 3gr, KH.PO, lgr, MgzS0Qs 0.5gr, KCIl 0.5gr,
(NH4)6M0o70:; 1X10-5gr, FeSQ4 1x10—5gr, CuSQs 2X10-¢gr, H.O 1000c.c., pH 5.1.
2% 800c.c. A=/ 7 7 2 2 LFEEEHK 80c.c. 3KIE 30mm & e L. BB THA 30
4>+ 3 B Koch $REBRCTHE 1T 56
ERROBE - L
Q-176, KN-2326 z k2 vIZRECHEHELTHRERETV. —HCEMI vk, —HEHET
2 Q-176, KN-2326 # % x LUgRiRcHHE L € 24°C omERT CclET 2,
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AE OB PUBE T IE5E -

24 Rl e Q-176, KN-2326 O# R X hIBRESE SO LY. RxcBiwokE ion BE I
L. Cup Bk W BOMRE LT, # Nitz I8 CHER S, HEe 8L, BEkEr Y
B0 IR E R KB LT 60C° OWIRIRICR by RS RAER IR C i 5o BB
K% Glucose (Reducing matter), Total-N, Free-NH;-N, EB(r@8 nBE S ol gtL %,

B -
HEz 6°C wTEEL LER LI E L, BBEKE LT Soxhlet JRifttzic 30 kel Ether $
WERFAHIEHE ERD B, #iRE koM TH 5 (FFWEIHEIAE S HOFHTH B ),
a) W X E &
Table 1. The weight of driel matter of mycelium (gram)

SNII’2‘3?4‘5'6‘7’8’9410 |z |3
Spe L . |

\ ! [ 1
Q-176 0 0307 0.0814 0. 1697 0. 3020| 0 4780] 0 6478| 06971! 0. 5640l 05469 05316f 0.5023 0.4601 0.3641

|

| |
1 |
] PO |
|

0.1989

| | |
KN-2326 |0.0398 00904 0.18510.3068 0.6150 0.8132 0.8525 0.7327 0. 7135 06807 06182 05207.0 3905 02393

|

I
I R D S T D D e D A
b) EEOKHAE

Table 2. Crude fat in dried mycelium (gram)

Mil s e 56| 7] 9}10|11[12 13 | 14

Q-176 1 0.0004: 0.0024/ 0. 00531 0.0076: 001040 0045 0 0044l 0 0065} 0 0103) 0.0123 | o
I i 1
| |

‘ 0.0149 00177,00189 00146
KN-2326 ‘0.0012 00052 0.0094, 0.0130 0.0150 00143 0.0180

| |
| ]
| | .

. |

0. 0082‘ 0. 0077 0.0102 l 0. 0264l 0. 0306I 0. 0285I 0.0236

BEBWR:-
AFEOMMIBIBELESHOTH TH 1. BEAH 00HEIX Blank test & LTHEERB LA NOR
D TH %o _
a) Glucose (Reducing matter) : Bertrand ki & 5,

Table 8. Glicose (Reducing matter) in media (gram)

Spre;ci'e's“Days} 0| 1 2 | 3| 4| 5|6 7 \ 8 o l1w0|1]i2|13]14

- Q-176 2.369] 2.275| 2.141| 1.941 | 1.639 1.159| 0.467 | 0.079| 0.0190.012 0.007 0.00810.013 0.049,0.025

KN-2326 | 2.369| 2.227| 2.091 | 1.850| 1548 0.715| 0.232| 0.062 0.014;0.009| 0.006 0.011 0.026| 0.040l 0.047

b) Total-N: Micro-Kjildahl #:c X 5,
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Table 4. Total-N in medin (gram)

Days, 1 2 3 4 5 6 7 8 |9 l1w0lin]12]13i14

Species | ‘ !

) ' [ l

0.066! 0.058| 0.050 | 0.046 | 0.041| 0.035| 0.029| 0.027 | 0.029 : 0.031]0.034] 0.039 0. 042; [oX 047‘ 0.051
» |

Q-176

KN-2326 }0.066 0.057| 0.049! 0.043| 0.039| 0.032| 0.028 0.026 | 0.027 0.028| 0.029 0.032 0035‘|0040 0.044

¢) Free-NH;-N: Griinhut 8:icik 5,
Table 5. Free-NH;-N in media (gram)

S"‘,\\D“ys ol 23] 4 ]5]s cls ool
peeies T~ |

. ~ . ]
Q-176 0.007| 0.005| 0.004| 0.001| 0.001] 0.001| 0.001 0.002} 0.004 l 0.006, 0.007, 0.010,0.015 0.019,0.024

l

KN-2326 0.007 i 0.005 ‘ 0.004} 0.00I‘ 0.001 0.0011 0.001 0002| 0.003 0.004| 0.006I 0.008l 0.013I 0.014l 0.018

d) BLRITER: B L LTk KCl- i RER £ LKA -potentiometer ik b 51
AT, AR £ B E 2 REHRET S Blenk test T2 3 B0 0RO KF on #IF (OH
=5.362) = M/[15 Na: HPO4, M/15K H:PO: BEKT—~TICHED. MEOBMZKEEMICILE
LEbDTH Do

»
]
|
|

Table 6. Eh in media. (volt) -

Days
T il UL ML I T N O N N N
, | '
Q-176 0.84833 | 0.83490 | 0.82458 | 0.81052| 0.79923 0.78860i 0.78282 0.77800I 0.77945} 0.78195
KN-2326 0.84833| 0.82956| 0.81544 | 0.80493 | 0.79530| 0.78559 | 0.77855 0.77301 | 0.77425; 0.77601
\\\D ays 10 11 12 I 13 14 (Eh was measurcd electrometrically on
Species — ! !
. B buffered samples (pIH 5.362) with M/15
Q-176 0.78500‘ 0.78296 | 0.77814| 0.78090| 0.78255 Na:HPO4 and M/15 KH.PO4)
KN-2326 0.78594 | 0.78492| 0.78174| 0.78432| 0.79689

e) KFEA A BE: Blank test BIHHE OO L odH» Quinhydrin ERifES potentiometer
THle Litho L ok taikic ik 2,

Table 7. pH in media. .

@N 0 ‘121345.678'9

%
Q-176 . 535362 | 45| 36| 37| 461.56 | 61| 67| 7.2 7.3‘ 76| 79| 82| 84| 85
1

10 | 11 ;12 | 12| 14

¥
KN]—2326 5.3 (5.362) 47 42! 43| 51|59 6717374} 75| 7881|8385 88

3 This value was only measured electrometrically, but o:her values were measured by colorimeter.
f) MOERE: BEEE Lk N.R.R.L. 209p »fif. Cup #icik s,
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Table 8. Potency of penicillin in media. (u/c.c.)

T~ Days 3
spocis )y L2 345 e R
Q176 4| 8| 10| 20| 4| s| 120| 50| 10| 10| 40| 130| 110| 80
i
KN-2326 | 5| 10, 20| 30| 50| 110| I75| 200| 220| 190 180 | 160 | 140 | 120
|

Asgsay : Agar cup method. Test organisum : N.R.R. L. 209 p.

4 *

R

$1K~B SR T AR ERT 5 Lt AOB L E~F 6o THOT, A LEATH2 &
CHmE BN % 1~T HHEEOER MG N ST ZohvBLETRERE THT 2, T
HUBERHEERORICEN., BILRTERE FE2ELEL. 20%2V LADEM R 20
1I~7 BEREZRPOWHE X

Fig. 1. Relation of Eh and the changes of substances in media

by P. chrysogenum Q-176. By SRRk b, B
-~ 7240 L FEET 5 L3 WomEEIE L
E ok ” 28y
§ fo20 HicBlwcEBoFMeiiv
"‘“MOE g 20 100 EHRESORPETCKD B
= 180 {009
o8 S ¥ BiERoERzET 5 b0k
083000 g b0z 008
. t0.82000 § 5 /lai 007 Bl s,
o Y = Z - S A
$ (oaio0 § g poog (06 SRBEHROBR L v Ho#o
;1080 i T /qo§ 005 %+ 7 Free-energy ¥&itic
% lp 5 3 todo. 1004 R s .
g T ko AT 9 RO T
« |0-76000 S g w6 0.03
o000 3 5 odg\é oz Dbo
i lﬂ.mao & S dozd~toos —4F =n « E « F (4F =Free
1 ° % energy, n=BTH.E=Wu%E
Incubation period in days &, F =Faraday's const.), Bl'H
Fig. 2. R:lation of Eh and the changes of substances in media — 4F =2 X ExX23.064K cal/mol.
by P. chrysogenum KN-2326, HH1~TEE R Glucose,
"~ i BREY, Hothno Evergy B
220 - - g 2
oo | The o EBERL. ZHEREHL, Ko
R a.smo%o.q 5 \\% Eliso oy it BEEPO Enorgy s
Yool N\ % ZkRaos B TR, HERBO
1082000 % A0 A>T 7 £ lreoSalas e s
E 0.8/000 ;0.6 \\)3/‘ <\ \\ E /2o§ :ﬁ: FIH LB Energy RO VIC
eyt s o1 e ”
L1eg0000 ‘ifl«f @ ~ N g‘_mg 008 R, Eﬂ"i'ﬁ&’i@&' L @%
€ sle Ny SRS .
o 3 2 S8 X Eeshos OAMICH D EBRSOED~
wja78003 103 \‘:\\ —————— 7(:""'. T 3 a0 1023 P
077200102 \\ S 8o 10 oBfTs# % ) Free-energy
e.rsdoo fas . Sz loer @i sborBrnd,
z, S~ e N — .
A T A e T R a0 e Me b e E R bR & oM

Incubation period in days

Wicd ok, Glucose Kr
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Fig. 3. Relation of the weight of dried matter of mycelium,
penicillin and Eh in media on P. chrysogenum Q-176.

a77oao§’a2
076000 {01

L e R N B A B AN RN

Eh in media (Volt) -

pH in media

Incubation period in days

e R

potency of penicillin in media(#/cc)

=3
S

QN N @R

272

/20

Fig. 4. Relation of the weight of dried matter of mycelium,
pentcillin and Eh in media on P. chrysogenum KN-2326.

0,8/000

Eh in media (Voit)

0.77000
Q76000
0.75000

a.&fooog
0.34000 N
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0.82000 3

0.8v000
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0.790003
078000

3
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~
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S
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T

/2 3 4 5 67 8 9 joirizizia
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S NN W h g & B

=
o

Potency of peniciilin in media (4/k.c.)

220
200
180
160
140
/120
/00
80
60
20
20

Fig. 5. Relation of the weight of dried matter of mycelium and

wyeelivm (gram)

crude fat on P. chrysogenum Q-176.

Total-Nand Free-NHs-N in media (gram )

Incubation period in days
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Fig. 6. Relation of the weight of dried matter of mycelium Total-N it T & 245, #3[H, #34
anl crule fut on P. chrysogenum KN-2326. Bliermgind « KEOMER 2R b
OICHBEE F MLk & Penicillin 47

o MR d 5o HOMN. HEOERH

009 RO G REOREEEHSHILE LER

200 ERORLIEHOTR L RHOHERA

o m&b. —% Penicllin &k

o5 OREHE2 ARFUTE B, B

o.04 Penicillin © & R R TRE

“t ogHthn, FAECRT, B

09
08
o7
06|

2 ooz

0.5

0.0/6
(ole72:3
0.0/2
Q.00

o4
0.3
02

Tota/-Nand Free-Mis-N in media (gram)

Crude Fat in dry myceliv (gram)
NE
SINRRS

Doy weight of mycelivm (gram)

0,008 a02 R
Goog  lor] a, FTLLHOBEROBHOERMELN
t0.002 = . .
CCTTTE SR E T a e oA ° 50T REBICET DR
Incubation period in days Eaf\ﬁ‘{*mft‘ ) ,.!:Eén% Lo &oh»

DAL B,

EHEERMRBL DU Rm THESBEORET. T HUBHARST 525, ZREHBORER
T b HESESE D BESRPCR S o8 595 c LaHOBER TS 50 o BTRSssinMa
2 P0THEIPRESBOVHERETH 5,

HCHBORY LAY EROB e R, H5BRCHOE X v, H5Ei%5 A BEaEEN
faikrmml .. USESEE0RSE v 5 T HER Y L. BOEBE R om i & FRIEH
B3 12 BB LT 5o

DO HIEH OB TEREROD 2 3FExBE I, SEEEPN BT coEBNENO
MEOXER, Lo BROM % BB ERCK 3 IEHORERU TR T 2T 5 TETD %o

5 W =

1) BEZBERNOHWEOWE tRLRTEELCCHECH W T Penicillium chrysogenum Q-176,
Pengeillium chrysogenum KN-2326 o QB2 BF5E L 720

(2) ik 1~T BP0 Energy i RERL BT &Y, SCRVEMLBREERXT
Bt 2o T HDMR HOBEEL LEBOMECPWEBRS O BRI~ BT K )V RILELE
B kRO 2R T, (Fig. 1, Fig. 2, Table 7)

3) HEHEP o Glucose Kyt Total-N Hifk iBb Bt ERER L FifloEm e F 2 % (Fig. 1,
Fig. 2) (&S B L Ponicillin & MG EHOMA 745 L. Penicillin MO RER I

HEERERORESACBLETERERROREE X YV 2 BB T TH S, (Fl" 3, Fig. 4)

{4) Penicillin oEEITHCRTE. BOBRT LETNCEMT 3, REHCETLER
HoERoft#tra  AEMcEk b Emah 3 EBbivd, ‘

5] H%EEOTAMBOMY AEBORE RHc X ) AES M b ERBSOBERD ~O
BcizitoltBbid,

6) HEPORHERIBENLEL CBLVWEESS %, (Fig 5, Fig.6)

) C A RERCHIRH LB O AR BEARE - RRET CHE v KT 5 Lic . HoRBEk
ETT OFUREHN SNt EERLBETSRICE CEHBL 27,
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