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Bactenologmal Studies of Shmkam or “‘Soused Squid”’ -

9. On the glutamic dehydrogenase of Bacz‘llus subtilis

Kz yoshz NAGAO
Faculty of Fisheries, Hokkaido Umverszty

_ Abstract

The formation of enzyme within the cell was conditioned by the chemical’constitu‘tion of the
medium, by the physicochemical conditions holding during growth and by the age of the culture.
1. The change in the external pH during growth was followed by . alteration " in- glutamic
dehydrogenase content of the cells, but the pH optimum activity (pH7.4) dces not vary. with growth
pH. o .
2. The variation of potential activity and effective. activity of enzyme with pH of medium during
growth were studied. The potential activity was roughly constant whatever the pH .in the medium.
The effective activity was greatly affected. by the pH of medium during growth.” The potential
activity is that activity estimated at the optimal activity pH of the enzyme and it represents the
total formation of enzyme within the cell; The effective activity is the activity estimated at the pH
of the environment in which the cell was grown.
3. The presence of sodium chloride in the substrate solution inhibits any activity of this enzyme.
4. This enzyme was formed to a greater extent when growth occurs at 37° than when at 23,° 30°
and 42.°
5. This enzyme was formed during growth, reaching a maximum at about the time of cessation of
cell division. After the end of the growth the activity declined.
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aspartase
(1) Aspartic acid < —= fumaric acid + NH;3

glutamic dehydrogenase
(2) Glutamic acid + Coll c————""—"=> a—iminoglutaric acid + reduced Coll
a—Kketoglutaric acid

transaminase
(3) Glutamic acid + R« CO+ COOH .- a—ketoglutaric. acid + R « CHNH: « COOH

(4) Serine + indol — tryptophan + H:0
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LT\ %, X alanine, serine R X cysteine H33MEIN % L\Fhd pyruvic. ac1d RERT BN, D
pyruvic acid 13X transaminase DR NCEEEL T\ 5, -

I BRI 0 Bk B monoamino—N BRI EEET ATHE D LR, B
DR B EN5HT 3 VBHME EFEORKBEFT5HED oEMEORN TSR LTESR AN
EAE T TR b & Z 3B glutamic dehydrogenase & transaminase : OBFEICO\NCEEMICHF
FEL, WREORROMTEL MR X 5 & Bio AR TREENEE R X b S8 L & B, subtilis
glutamic dehydrogenase i oWTHRBRL AR SWTEHET 5, -

% B 5 &
1. BEHEoBERE AMHY KRU, ARRTIER 1.28mg. dry wt. /cc DE&@E@&Z&"& JiEt
Foo MEARERMHEHN 37,° 1SR RE 22
2. BMERAORIEE Thunterg FOREIC M/nglutamate 3 cc, M/Bi88 buffer 3 ccB ™/ 10000
methylene blue 1cck Ah, JUSICBEEEMEK1cck A, 30° 0XIEHTHERE, HISomEPEint KNg
itA e, FHISEbthzw, BSEAIERSs-5 methylene blue DRI+ 2B UM HIE LA, =

Time required to MB reduction (Min.)

Reaction pH

¥ig. 1. Variation with reaction pH of
acitivity of glutamic dehydrogenase
of Bac. subtilis grown at various pH
values. Shows that pH of optimum
activity does not vary with growth
pH
@ Growth pH6.0 @ Growth pH7 00 Growth
" pH8.0 @ Growth pH9.0 ’
Thunterg tute contained, M/50 glutamate 3cc,
M/15 phosphate buffer 3cc and M/10,000
methylene blue lcc in the reaction tube and
" 1cc of bacterial suspension (1.28mg. dry wt./cc)
in the side cap.
Buffer solution: pH 6. 0~8.3 phosphate buffer,
pH 8.3~9.0 veronal buffer.’ :

D34 methylene blue o Biftd 2SI ELILE
% Hlo, 620m. ofilter % FLEABI0%K. 7
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1. BIRPBEMERZALIC R (X $ 121 pH O BE

WAWA B pH CRE LA B. sublilis o
glutamic dehydrogerase OFEIEEORSEpHIL X %
R ELEREY Fig. 1 R, R
Rr o BROBHpHR7.4Th b, Lr-d @ pH
BREROHHPH © X > TEEY S LI
bR T

K FH oM pH 1 3. B. subtilis @

" . glutamic dehydrogenase DOEFEIEE (potential

activity) & RENFEMEE (effective activity) oZs
1b%x Fig. 2 REURLU 72, BIEENER & 1355 pH
CHIE L7234 nethylene blue o Bife-3 2B
LRz, chisiflaicRiT B E
ERiXT, RETEEELHEoRE T 2 BE
pH GHIE LU7z38-& > methylene blue D+ 2%
R DI ORI Ui, ERER X b BrETEM BT
R pH O IMTIH 5 F AR — B R T
VAR A . RS RE oM pH
RARDBE XN, 7% Vb & b 4 ERpkEEHc
FH LB & oEEERIEREL LTV 5,
2. BEBRNEH
SRMEA A (PH7.0012.37°, 18RSI L 7214
HoEEERET ilv, WarbwgkFEE o GAR
e M/ s iR bufferﬂf (pH7.4) 3cc,M/s5 glutamate
Ccc RU B E W 3cc (1.28meg. dry wt./ce)
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(a) i agar-agar HH( EEBBEIMOCTE
B L BkE A\ P % 78 b , Thunberg
BoR g M/ iR buffer % (pH7.4)
3cc, /5 glutamate 2021 7z 4% NaCl

#MZ B 3cc K0 M/10000 methylene .
blue 1cc & At, RIERFIRESRERE 1cc

% AN BRI DF 8T methylene blue A3
BANAECEU-FEHA B LR, 3

FFUIE L T4 methylene blue HOBEEZFRA

3¢ ats Ny i
(b)) @ agar-agar HgHh (EHESGHEMD
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Fig..3. Adaptability of . glutamic .

dehydrogenase of Bac. subtilis

The pH of medium during growth was
7.0. ‘The cells' adapted with - glutamic -

acid .were prepared by the incubation of
glutamate with intact cells at 30° for

'12min., then the cells were washed with ~

.- distilled water.. -

Time required to MB ‘reduction (Mih;)' ,

0 S
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pH of medium during growth

Fig. 2. Variation of potential activity
and effectivé activity. of glutamic
dehydrogenase of Bac. subtilis with
pH of medium during growth
Potential activity = time required .to the -
moment of methylene blue reduction estimated
at the optimal activity pH. Effective
activity=time required to the moment of
methylene blue reduction estimated at the
pH of the environment in which the cell
was grown. i

O Potential activiy @ Efffective activity
Buffer solution: pH 6.0~8.0 phosphate buffer,
pH 9.0 veronal buffer.

ERE Ly VAR ERY e , Warburg
EEROR GRS HAER buffer I (pH7.4) 3cc,
M/sglutamaie WIC20% 1.7 A3k NaCl &Mz fo %
B WE 10cc X OBIRREEERK 1cc x AR, 30° T
3EEREM R 2R, AR, oKL

Boigke B s o EEER BV, @) o
BERMOFET methylene blue BREENsE
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(c) W=x%A19%, ~7t+v 1%, NaCl 15%, &

K 1.59% % 18 M/m 1ot 5 glutamate % HIML 7

EEEEC. 370 KT 1SHHEIGEE, RELAEGRE

WEBEREED . (2) OBA L Rk glutamate 1<
30,° 124> &M, KPELAEEMAL, Thunberg &
DR SE 8 buffer & 3cc, M/5 glutamate ¥
(NaCl #E7RMD) 3cc A 7° methylene blue lecc %

At, RIS ATESER 1o £ AN, BREOS
®C methylene b]ue AP LN HYER Ebtﬁfhﬂ’&

RIE L7858 % Fig. 4 MRLio" :
(d) (o) DAL FUHHICHESE (37,0 18K,
OB WL glutamate 1 30,° 3057, 1R
TF 2 REEIEM, KPEL A% MERIL, Thunberg %;,)

R buffer # 3cc, M/w glutamate 5%

NaCl &%) 3cc B¢ mathy]en_e blue 1cc &AL,
HIEFiEE glutamate 1 MR /< THRHER 1cc &
ANBIEWEDFEET methylene blue MBEIN A
B LT Ry ] & ) LR, glutamate 13077,
1 BSRR 0° 2 PR e 2 o v TR M B A R 2
Fl42#1 T4 methylene blue DEIIFRA EZMLI
ADTz
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Fig. 5.~ Effects of growth temperatures
. ‘on enzyme constitution .
© Medium: agar-agar, 18 hrs. culture . -
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Fig. 4. Effects ‘of tke presence of
sodium chloride during : growth.

 Medium: 1% meat -extract, 1% peptone,
152 sodium chlordie, M/50 glutamate and
" 1.5% agar. 18 hrs. -culture at- 37°, " then
. these cells were adapted with glutamate
. with intact cells at 30° for 12 min., then
the cells were washed twice with distilled
water. Activity was estimated as usually.
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B. subtzlxs t’%ﬁ. 23° 30° 37° RU 42’
C18pERIREEL B X b methylene blue »

v %@‘Kibﬁ-ﬁl’a‘it B LTJ*&'E%: Fig.51< X

RUtze ZHPI NaCl % BATLTWEG, 4
42° Y oURERE w-ti‘ﬁﬁnt%’ﬁbﬁm< R
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(b)) HEMEoOBE - , - :

‘Agar-agar (pH7.0) & B. subtilis % 88, 377
T,15, 18,20 L r22RE ISR L, W X b methylene
blue DBFERBLIHEHEAE LA R Fig. 6 1<K
RLTC,o
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% OB

RN C OB ER R AR OB oM pH
DHBEEL TR, BEORLEEC L oTE
HPHOMEARL 5,5 £ OMPELEAF 5 & KoO=
BN 5o ' ‘

(1) i, MEISRnURVWEEHED pH %3
DEAGTRENX S, thuiEs Y RoBmEST
n Y ERRFIL, NSREEE LAY Lo
TWANLTH b, B~ Esch. coli %7 3 /8%
BUBRERITRIE T AL, MAMDT s VBBRBIR
BLUTCO: 2 LA P L 2 VDT $ v & fEs
RIALB VTR T LT s VBRBT 3 7 +58
Foa e b NH: % B3 L RSBt o &t o< 50
Fig, 6. Effects of the age of the Th 5, '
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Time required to MB reduction (Min.)
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culture on enzyme constitution (2) BHEIEEE, Catalase OREAREFINEF 5 &
Medium: agar-agar, Culture temperature . .
37° M EE Y R A E Y 5% s EE Lo
Bo :

(3) - RHHDOEMPHA WL O T #pH 1 b PR % ¢ D DR AMET, CORCRTSHER
HHEREFE O i L 3 2TV,

Glutamic dehydrogenase 1&(3)?D 7 L — 7B+ AR ET Fig. 1 R L AR I OB ROEFH pH ik 7.4
Th b, Lot EEpHIFBEFRORMpHC X > TRy Z-FRER oM ol 2, BISRENEOZE pH
BRI E 2L 6T 5, fllflan d > RET LORSEBRE, £ oBENBRBRO—58T,
Mo RBSKENL (1D Hbo gk, () REROWMELZARE, G BEBOREH, i
THEBRREN %,

Thunberg K. X 5 HIB CREEHREO BB HIET 2TXHETH 5, Fig. 3 IRURLAHRIR 30° €12
STHEEE ¥ s ¢ SHIC & >C methylene blue o BifIc R+ AREIE HL B S hien?, = DB
OHCHEISHICHEITIR 2 e L AT\, Warburg HESSEL MR, SN TR SEIGHIL
Bk 2 A EHEE BRI BRI SR L s U e B e, Sh BB B&ET A TETH 5,

BFRERC T A RECRERSERA LR IN TV @5 1 Esch. coli DRAERDOT 3 78
BRSO RG220~ HE D H AL 3RS L b 4 B\, LnL Esch. coli D> TERER 1° Clostridium
welchii CRERISBROFIMMEEREE X b & AFFEERNS VIS TW A0, X Proteus vulgarisie
k57 I BAEEE, KNBET OHH24° k b & TEEAESVIC L FI5, 28° EEo @ wigs
RENZVZ EAaMIENTWABETH 5, BEOERT B. subtilis © glutamic dehydrogenase ZERiE:
IEI7EBOEI YR b £k o X Fig. 6 REURU R B OBERIESBORER L o453
A5 o MlEORERRPICE T sBREOHIRLEMMEL, BELO v b ofllaromERE L &
R EXoTHRE Y, MAOMRERE, £oME 0 b AROREARSHAL AN 5o HHEORRRE
Bib, ZoBERRBERCRECSL o, MlEgE MEIRT SR EORIIERE 7t 5, BE I
RROTERERTE 55, FREMIEFERL CHEERR OB Shtiaok b L Bhh D, HE



T ORRGORIOBFT EEERE & L BEHEE L S oREBEERIETDL 5, AT T < 2B,
BB RR BRI RETE 5, UEROREW L £ 4102 b L 3 AE A UORTHia Stk
FERL TV A09$ Hiim o FEOHEIR IIUL, H5WERBEROEERCEIZA CEBREMEI V=
&, lag phase DML log phase DPBICHNTAREH TR, = OYHE BN 525, negative
growth phase + maximum stationary phase 12\ 7= % i i3, — R o TwW L & & e A3 gﬁxmr‘go‘/‘:;

] ¥
ik OBESRER IO LEEIAMEL, BE RO LBV R CEBORER kot E I,
B. subtilis ¢> glutamic dehydrogenase R BE* MTT 2% DEH >V TERUAKRORER: B,

1. EF#pHIX7.4Th b, Lo BEpHERERROEHpHC X > TBEY I\,

2. MERErRHRONh LB EORERENE (potential activity) ¥ REEMEEE (effective activity)
DL R BE L, BIEEEEXRBEIFORM pH O IMNIcH] 5 FRE—FEi i, RBUTEEER
REROEMpHIC X s BE I 5,

3. HEBWR NaCl BEET 5 Lt BHEEHEE s 5,

4, BHRERBESTHBEOEI R LE

5. BEEREDRRECoL BN, MESRMEIET ARICE ORIBERE b, BEIRROHED
EERFE: 5,

b i, AR ) INERKCEE BERL 2T,

3l B % B
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