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'10. On the trans‘aminaSeS_ in Bacji;_llus‘sngtilis'

Kiyoshi NAGAO
Faculty of Fisheries, Hokkaido University

Abstract

The occurrence and genearl importance of transaminases for the formation of aming :icidé haé been
variously disccused. The advent of paper .chromatographic methods afforded an opportunity to clarify
the knowledge of the occurrence of transaminases and their possible relationship .io amino acid formation.
This papet reports the results of studies on a series of transammases present in Bac. sublilis, which
was isolated from Shiokara. o ‘

1. The enzyme was prepared by treatment of intact cells w1th lysozyme and then dxalyzed for 20
hrs. at 0° to get amino-acid-free enzyme. '

2. Glutamic-oxalacetic transaminases have been demonstrated which produce glytamic acid from
a—ketoglutaric acid with the following amino donors: aspartic acid, alanine, tyrosine, methionine;
phenylalanine, valine and histidine, and, to a lesser degree, with lysine, arginine and leucine.

3. Glutamic-pyruvic transaminases have been demonstrated which produce alanine from pyruvic acid

with the following amino donors: aspartic acid and glutamic acid.

FE NI R o 28RO EAE monoamino—N B oRMBIET 5TH 5 5 £ iAot ko
BrEXZo7 3 7EIHE (EEOBEICBE ST 2MED ©&MIAD NS TLdsI LT T
AN T 2t =4 HIERT glutamic dehydrogenase & transaminase & BEEC >\ CEEMICHFZEL,
HEhoOBRoOMEL AR LEE: Bl §i3 2 1 glutamic dehydrogenase 1D\ T8 Lz, ARHTA L
%HEyT transaminase i O\WCERB LR EYBET 5,

FAECRT BEFEORL BT T LV EHBO—2kx, bIEOEFHREEMD 55Fh LB FF~iE
B sk Mk AREI RS CFET AL\ 3 2 LT, = DERFISEERSHRO = FA ¥ ~F, B
RESK L O CTERELKER LTV AENBAINAETH 5, BRI X > CMEMCEBEh 3L 0L
LT 1BOKERT, Va2 F, =7FF, T3 /&, 41378, TIFvE, pLsall, 2715
FA~LE, ROT wFAEEND L, &5\ ERE IS, Mg 2 BRTERRE (transferring enzyme)
L ETh ARRICE DT &Y,

T 3V BIERERNIRRTEETHT : 7 227 508K —BRGREETH 5, BT 3 7 oz
Badnh, BEEECTT I 7EFBHL o— 7 BIBITT 5 ATEREAB Y 3 2 REORLEBL L OT
% %, Braunstein X 7¢ Bychkov P &% {07 3 7 BOBLHIB 7 3 71X, BE)7 3 /A transaminase 1&
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& § e—ketoglutaric_acid IRBATL, HEC* glutamic acid HBIAERF X HBIT 2R
BT 32 BB T AL OTHE I L oEX ¥ /B L, Braunstein % {X transaminase, glutamic
de hydrogenase, @ --ketoglutaric acid %> & /s HRERBIEI%R b , i L-alanine % /ix 5 L A BT <
7 %> NHs %3 5 3% @ 7o, & O e—ketoglutaric acid »% alanine DBET 3 2 A BI < o
Ei< Braunstein X 7¢ Azarkh ¥ i fFcE AR T cz,—ketoglﬁtatip acid DI X ->-C aspattic
acid, leucine, valine SEOBIT 3 2 BESTIRE SN ABRIEH LIz, '

R. CH(NH» ) COOH \ a—ketoglutarlc ac1d<-\ [—)NHs

R- CO COOH /N> ‘glutamic acid /
L—glutamlc © L-glutamic
transalinase “  dehydrogenase

ULzt 8 5 RSEBSIERT 7 < VBOBT ¢ /10 S ORERES LT\ 5%, X transaminase
FBEETAHT s VEEARET AL LT, ERREDT s VBN EORESE: OB TBLEN TS
AXES SR HeSi 2 J AN

Rt Feldman Foe Gunsalus 5% E. colz, Pseudomonas Sfluorescens Fr1r B. sublilis o> wgvAk% B
OIS 7 < 2 B AR T Lico HEA N L b SR B. subtilis A RE D TR
B 7 < 2 REBOR AR MOk, HTFREO B RRE ROV CHET 5,

®’ B K

1. B¥%#iE  Agar-agar (pH7.0) & B. subtilis % %5k, 20056fd, 370 CEEEL, BB L EHEE
o, KBERE, TR TRAICIIEL, (1.28mg. dry Wt./cc), ZICEHKD 1/ T lysozyme % T,
1004 & BRCCEE S w70, 2005 DK TRAL 22030 BT R 1707, B, BRETRALSNEOR
BAENRLECARR 725 $TEBME L, SOBTLIL ORBIEREL L,

2. lysozyme ¥RE &  Alderton ¥RICASC, FIEIX b EEERIRCHRH L%,

3. a—ketoglutaric acid ¢ 8% 7>  Glucose 100g, (NH4 )2 SOy 18, KH: PO; 0.5g, MgSO4+ 7H: O
0.1g, E#E/Kk1000cc K 7x CaCOs 2.5% X b 1: H¥sHhic. Pseudomonas fluorescens 33F % 548, 30° Ci%
B, BEEE b o—ketoglutaric acid OESF% 8%, m.p. 112°, 2,4—dinitrophenylhydrazine Pex M
% T{8% hydrazone % paper chromatography #* fy¥-o7-f&E, jcrﬁk‘rf)v Rf i —H L7 - '

4. Pyruvic acid. TIPSR ER MR L 7=,

5. P /7EMBOREE  HEEP 1M BB buffer #% (pH 7.3) 0.5¢c, 0.1 M e—ketoglutaric
acid 2.5¢c (E{i% 0.1M pyruvic acid 2.Ecc), 0.125M L—7 s 72 1cc. k*fI%’E@jJ‘ﬂEKJ:O“CﬁiELt %
Fi 1cc ¥AR, =hox 37° OEEKIEIC 605 incubate 35, 605352 10% =HE{LEEER 1 cc R RMLT
Rk @il x5, & ORGEHE% FEETEHE NOSO i capillary pipstte % HIOCH T3 %, 10257k phenol
%:fe,zw\& LT "’&ﬁb chromatography % {707, 2K % ninhydrin ¢ butanol i&&‘ﬁﬁfﬁbto T
BROBERICIEET $ RO RE i, BHERUIEOMOM A 15 (nbutanol, 157;1,7kcresol butanol-
pyridine-acetic acid-Hs O Dﬂﬂ) ZERLSEED REEREFEI LR L,

) . , o x ﬁ N

Transam'nase a)ﬂ;h@‘?ﬁ.: pyl’ldoxal phosphate "Ci) A 08) 9105, Feldman Fr Gunsalus 5 ﬁ»%%bt
fﬁ&xﬁ{zﬁi#&%ﬂ:r pyridoxal phosphate, o—~ketog1utar1c acid 87 s /%ﬁi—’fﬁﬁk‘fﬁg AHET 37 @%
MA7FIEHTT 3 7 BEBOTFLN TV LB HTPHL TV 5, FHXEERER, «—ketoglutaric acid
ROKT 3 7 BEME ISR TIRT ¢ 2 BEBAYTHh fr-Dfz, Pyridoxal phosphate AFHETH
DY BRILA OB o R TR R T 2o Hh AN ST TH 5, FHIIZ OB
Iysozyme, & AP , MR EE T Ttk ORIECH ISR 2 & BB S © MR B O3k
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TEELTWAT § B0 s Efashciliah 28, BREEESOMRCT $ 7BAFEL, 73 /&R

BOZBYI S CETHEY T 5, BERTOT s /BEBRRT 22BN o7, T OBEQYRESET
% pyridoxal phosphate & —$ 1B TNTLESBhASEDT, 7 3 7BARESh, Lad
pyridoxal phosphate AitstLis WARCERTL iU ts Bino EHIX kY lysozyme KCHRTHE, €7
77 v R FIV, KTHRIIU 735304, 1 B5R,; 6 R o 20ms BN T2 172748, paper chromatography
VAR ORI O T 2 BEREI LML, 20BHIBT R T orRRRIR T 3 2 Bata i S s oreas,

Zhx b RO BT CREERENIEED T < 7 BRI S, 20WREHT L RS SRR L, BER
W, e—ketoglutaric acid (E{ix pyruvic acid) BRUt7 3 7 HEEE4THHET < /&%{ﬂﬂ:’{fcﬁiﬁ?ﬁ'ﬂi
Fig. 1, 2, 3 R0 4 EFL RS CISREE 7 < 2 RiEB o 5B SIS v, HIDHEE0RREE
B LI,  e—ketoglutaric acid ROGROEER T ¢ 7 Flli b o1z 5 EHRS 5 glutamic acid A3
BEh A8hhe=ot glutamic-oxalacetic

soLvINT rRoNT o= Rt 1.00 transaminase), 7 I 7 FAL5 kL LT aspartic
acid, alanine, tyrosine, methionire, phenyl-
| o : Od()#(] won|  alanine, valine. J7x histidine AWERIF %o
, lysine, arginine Jrx leucine % B5F 53
AL far 0.09 HotEHE [/ Choik, XEERK, pyruvic
LYSINK .
~ Qf lolo o acid Bor ROBERT 3 7 Bk o 5K
ounAne 10 Q—&O-O-'D'O-OO--O-%)G 2 0.20 J5Fo B alanine AR Eh ABA b
ASPARTIC ACTD or ala Rf 0.10 (glutamic-pyruvic transaminuse), = D¥X7 3
v . H - =] s 0.0 .
g %? SS E IIOLVUTFRONX ai;oq
Bl ElSR o oH 2 (28 212 :
Bl 2|24 a sy E|E 8 hd
ALCITIONS E 11 9193 3 3 3 ES 2 Ei ﬁ 3 nmuuuuﬁ
ENTYME  SOLITION § ¢c VALINE O g g:;‘;
HISTIDINE
] . ~ Y von
Fig. 1. Transaminases present in PLETT Rt O.n
Bac. subtilis _ é %
The reaction mixture, incubated for 1 hr. | erame aczp _%_
at 37°, a mixture containing IM phosphate ABPARTIC 41D Wb OO OOy e 020
buffer (pH7.3)0.5¢cc, 0.1M a-Ketoglutaric oG NADAADDE o
acid 2.5cc, 0.125M L-amino acid lcc and 1 Rt 000
enzyme solution 1cc(1.23mg. dried cells/cc). 22
The reaction was stopped by the addition HEHH § § e § E
of lcc of 10 per cent trichloroacetic acid, : 2 é £ied & § 1159 5|58
and 0.02cc was transferred to Toyo No.50 e .
filter paper sheet. The amino acids were EXZYME  SOLOTION ) cx
identified by paper chromatography, sprayed

with ninhydrin (0.25mg. per cc of water—

saturated  butanol). Solvent, phenol : Fig. 2. Trans.ar.ninases present in
(contained 10 ger cent water).¢% Unknown Bac. subtilis

spot. Conditions as for fig. 1

7 HEAEEMRL LT aspartic acid Kor glutamic acid #ERIF %, 33 Fig.2 AT arginine, arginine+
a—ketoglutaric acid @ chrematogram £ Rf 0.35 Xu¢ 0.85 » spot {%3% % ornithine X proline ¢
3%,

> "

Adler,"2 32 Cchen ™ 38432 78 E.. coli #%C glutamic acid Zaspartic acid o F 5% i y=»2, Dicstalusy
W% E. coli, Staph. mesentericus <€, R Konikova 1% B. brevis “C7 ¢ Bt BBttt



Cohen . IX{ERYRIELINCEER L 7oRE R, glutamie acidaspartic acid XFHEHHE TR 543, glutanmic
acidalanine, aspartic- acid-"alanine IXEEDTE & & ¥ W7z, Housewright 19 4% B, subtilis T
glutamlc acid phenylalanine, glutamic acidZtyrosing OGS Lt HEHL TV 5, RIT Feldman &
. . . 0¥ Gunsalus ). 1% E. coli, Pseudomonas fluorescens, &
LT 1T { & 100] 71X B, subtilis {2\ T. e—ketoglutarate & ROPE: T
2 EHERTE AT I VBORIGES S glutamic

LEUC A%

it ‘acid AMEREN B, HIH 7 3 2 Bl&kE LT aspartic
o acid, alanine, valine, leucine, norleucine, tryptophan
e tytosice, phenylalanine XX methionine »BEEL,

T ' ﬂ'ﬁ isoleucine, histidine, lysire Zerx threonine txf3Ea7s 43

o> O
2 RE
o oo
ree

HSUIANIC ACLD — Rf ©.20
A;’g!lc ACIp ) Re 0.10
a Rt 0.00 ' SCIVENT FROR] Rf 1.00
23484 o 4 o of o .
2 o i s P s
}'ss? §§5§§§g§ & L won
s | El36 3835 AREE JE{EE ws; ouye a 0.3
ENZYME BOLUTION 1 ce ionipin [ 058
- e i ol
Fig. 3. Transaminases present ) o
in Bac, subtilis 0 Re 0,20
The reaction mixture, incubated L L0 1oy alal?l™ o
for 1 hr. at 37°, a mixture - Rt 0.60°
containig IM . phosphate buffer 3.4 9 8
(pH7.3) 0.5cc, 0.1M pyruvic §;§u 2023
acid 2.£cc, 0.125M L-amino acid E Eg gg 25
. 1ce and- enzyme solution Ilcc AppIzIONE il
(1.23mg. dried cells/cc). The s
reaction was stopped by the b
addion of lcc of 10 per cent . .
trichloroacetic acid.,- The amino S Fig. 4. Transaminases
acids were identified by the same } ) present in Bac, subtilis
pro<t:edure as fig. 1. @ Unknown ’ Conditions as for fig. 3
spot.

BYERI Bo MIEOREIC X b 7 ¢ 2 ke LCBIS 57 ¢ BOMSA R b XNEREL B b
LR B, BEORBEECL B CIEIEAT 7 REBANES IOk, '
4 L& Braunstein EEEAUE LiH¥, glutamic acid transaminase & Fkic #4153 % déhydrogenase
* 34 BATH 6§H&D¢TK-§_® L—7 3/ o7 3 &tk MgyEEo «—ketoglutaric
acid €% 545 ChH D 5, Braunstein B &1k L-alanine ﬁx}f}-ﬁﬁhﬁ‘ﬂ}ﬁr’ ko glutamic acid ffLE
RO AL T I8\ TR LA T § 7 2h5 £\ 3 & 2% Lk, ik glutamic acid & Col Kyt
#IL# L—glutamic dehydrogenase % % AFRERERIL 4= glutamic acid transaminase DEFHME 5 &
IE kT alanine ZBi7 3 7 TE2RBEEA S LAtT R i, REDOTIZEL L Z OFN—ICT  VBROBT
1 7 KBBRIE 52 ¢ pyridoxal phosphate ASBEEOHE L 32 L AUL0 % b L7, L—amino acid
oxidase Brrz OREDWER L DT, MEEFRRL DS 5FTOT $ 7 BOBIT 3 7 2T 530K
%o BEOME LA B. sublilis ik FROBES CIRGEHEO 7 3 7 BEBIUTHN T b LFFomM
glutamic dehydrogenase A3EFEL, FIX L-glutamic acid oxidase MFEFET 5%,
R XBELILT < 7 HEBOTIMIETS So (L IhUE, TRIKT 3 BOMRIE 5 £ 31, K

* HAKEZSESR (195454 B) KTRE . . . -



BREORE» 50T  JBOARICE S T 3 ) RRERTNNER T 555, AL o7 MRNH
BT, glutamic acid 2 FOTE L LVT § 7 BAFNESHINEL, P Ld=Zo0s s 5 a—r -
BBkt BRI skt 5, £ ik BI% e—ketoglutaric acid, oxalacetic acid J ¢t -pyruvic:
acid G 5, glutamic acid 1% e—ketoglutaric acid #-5 L-—glutamic dehydrogenase OOYEHTE
Btxt:, % LC aspartic acid, alanine #5007 37 ®84% oxalacetic acid &- pyruvic acid #5657 3 7 &#5

B I OTAREINABAEDT 3 7 BOMIREL LTlEB s, oMK ¢/ ZEBREoTHEokD
K, SERLAMORILERI S\ CRLERIR 8 5 & FRICEANEEL KR ET 5 & L8 1L,

BB TIREARIC X b BRI REH LR RN AER L5 T I VBB AN 5 = i3k
SRy & DMSEFEFR RO L LCBET < BAHER S & LW A BIS 10TV B,
PooTEDBAILS T 3 7 BIRBORE L A OBERD 5 THE 5 & L atFHIN 5,

Hanes % 18 Isherwood %, ‘&% FroH Hidn% B\, glutathione 2 XS 7 « 7B TH 5 glycine,
cysteine J 7¢ glutamic acid = PR 7 ¢ / BIEBO FEEMNEY R~ 528 % 70, #{t8% chromatography
TL LIS L\ peptide &% ;i3 spot % A LA, =@ peptide EEBEEIX ¢ —~= 7 F F BHEEHE
R 7 82 @Eﬁﬁﬁmﬂ")ﬁ%’& ALEBALOT, EHEAK LERCBEBEL TV A2F 5, &
ORCEGEB SR EMFTI= AL ¥ ~ 3R, =L REFRI Lo CEARNTFEEL A 24 0T 5,

. B ¥ . o .

1. B. subtilis Optk% lysozyme THE L, 0°T 00/EBHLY s VB2 2T 3 7 HiGBRFE
187,

2. Glutamic-oxalacetic transaminase R TIx aspartic acid, alanire, tyrcsire, methionire,
phenylalanine, valine ¢ histidine »17 3 7 Zft &z LC{EH L%, Lysine, arginine K¢ leucine 3
BIE T A ofE B ch o1, ’

3. Glutamic-pyruvic transaminase DI G TIX aspartic acid K TF glutamxc ac1d PT 3 0 FEfesk
L UTYERIL 2o ' :

¥ b Bz Psendomonas fluorvescens 35F OBRMEAHSBRT AN, FA HOE RS, SbEy
PR AREERT 5 L, AREH S HFRLRICEHEOBERL 2,

5l A X B
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