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Enterobacter cloacae GAQ, a leavening bacterium, was studied for its assimilation of organic acids
contained in a culture broth. E. cloacae GAO produced lactic acid and formic acid therefore, the lactate
dehydrogenase (LDH) of E. cloacae GAO may affect the production of hydrogen gas by the bacterium.
We investigated the purification and characteristics of the lactate dehydrogenase from E. cloacae GAO.
The last purification step resulted in the specific activity of the enzyme being increased 48.5-fold with a
yield of 4.6%. The molecular weight of the purified enzyme was approximately 115,000 by gel filtration,
being composed of four subunits each with a molecular weight 31,000 as evaluated by
SDS-polyacrylamide gel electrophoresis. The optimum pH and temperature for the enzyme activity
were 7.5 and 30°C, respectively. The lactate dehydrogenase was stable at 40°C and between pH 7 and
9, and the enzyme activity was strongly inhibited by Cu‘* and Mn‘*. The enzyme predominantly
contained glutamic acid in its amino acid composition.
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1. #8 = GAO D AEADEEFKMZ AV TRE LB,

Enterobacter cloacae GAO |, HREMETH LHE
W (F743IV) BEHAVWTREBIEAF L) 78,
FEEN/-f#METH 5. E cloacae GAO 1%, /NEHE
BRI, BEREDSRBET AR BETADIIH LT, KE
HARRETLILEPINTI TOWRETHL I L5
Twah (EFFE% 1987, 1989 ; Nagano er al. 1991). E.
cloacae GAO DEX T B I A &L, D Enterobacte-
riaceae DB 2L X THREIZE <, F/-FD80% LU
Ll KkESATHEDENT WA, F 7/, E cloacae
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Hol:, ThiE, EHOBELIPE—Tho722 050
HEHERD 2OLH0,T, BERWIZIERTWVWASZ LI
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LT&7: (Tamura et al. 1995). # DR, HOETE
WREZ pH 13 4.0~9.0 T, E# pH 136.8, KEH X
EEIZAD ZRERI, KERLLTWE I Vva—2,

BRBEELTRIAYI VB, ERIEETIIY VEBETH
52 EDHLHE R 572 (Tamura er al. 1995). F 77,
Enterobacteriaceae \ZJ& 3 Al E & E. cloacae GAO @
BTHAEE, BIUEERFIIBTZVa—X, 7
YEZT, TI/BROERIIODWTHELAEZ 5,

HEBIZHWMETXTUIBWT, KEEEDFED S
N7z%%, E. cloacae GAO DK EZEEEI R DS - 7
(HA% 1996). X512, E cloacae GAO OB
DERRBESM AT/ 25, FLEER FEEDEEZEIZ L
bhoTHERLTL 2T (A% 1995 AHS
Ehhol:, ZOZ EDS, E cloacae GAO 12 X %8858
OBALBEEL LTKEFNAILLIBEZE, 2L TELIC
FLBRR 2 DMOERESZOBRICBVTERELTL
HZ LRI XD, Escherichia coli (LLF% Es. coli)

R Clostridia TIZ /7 NV a—ANnSHE LAYV VB
BEEFRET 52, FEBERTHREELE Fosys—
VLW KFEEERT L bR THEY, AR
B% (LDH) b KERELERE LT, E cloacae GAO
KCBVWTREELZBETHL EHEBSNL, 612
Enterobacteriaceae D> { D DEERIZ DO WT, KFE
EAE CFBRMKERER (LDH) B oBFREH
N7z 2h, EOHBEIZEDOORBELTE/- (H
4 1996). FLEEBiIAKEBEE (LDH) 13, ThETx
\ZFLERE ICBI 9 2 #k% (Dennis and  Kaplan 1960 ;

Mizushima and Kitahara 1962 ; Gasser et al. 1970 ; Ito
and Sasaki 1994) A& @O LN, BRME TR &
L72% DI Es. coli 75%5%L (Tarmy and Kaplan 1968 ;

Futai 1973) & 41T\ 23 D & T Enterobacter [& O HHE
ik #ZBFE (LDH) ICBTA2HEFIZEA LD S
e, FlZB~R7: X 9 1CLEE Rk & B2 (LDH) 28
KEEED—DODAFXFELRIBRETHLEEZOLNS
ECAHDPL, KEZLBEL, SELAHTTOREER
DL N7 EOEE), HEHEBIZOWTKRE L. K

LTI E cloacae GAO OFLEERi K EREE (LDH)

DREREIT, TORBELHL ML

2, EBRAZE

(1) FLBRRKFEE:®E (LDH) HHo#iE

LMKk FB % (LDH) EHoOflEx, ¥re
BExRE L LT, NADH Ofg{b# 340 nm THIET %
2 45 W U= (Wroblewski-Ladue i) (Wroblewski
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and Ladue 1955) % H\ 7z, EEZREAL 1 unit (3 1 46
{21 pmol O NADH # BRIL S ¥ A DIV ELBRE
EL7z. F728 0 EDEEICIE Lowry i (Lowry
etal 1951) ZHV, FMETNVT I 2EHEL LT
EEXITo 7.

(2) FLERBLKEBEE (LDH) sl

LBk ZEE%E (LDH) o8I, ¥ E cloacae
GAO # 0.1% # % 3 /BRI G E# (Kramer et al
1980) #H\T37C, 24 BB E 24T, ZOHKE
L5 (10,000Xg, 30min) L, Bo5n7-EHHE% 50
mm ) CEEREEE (PH7.5) TEE Sw7 (wet cell
1g/2ml of buffer). #h%x 7L yF 7L X (1,000
kg/cm®, K& BIERT) THMABEL, X098
(25,500X g, 60min) TESN/: LiE% HEEEE S L
L7z, Thzb0mm ) Y EERRE®R (pH7.5) TEf
1t L 7z DEAE-cellulose /7 7 4 (5.0X50 cm) 2@ L,
£& 1,200ml DFEFEREES 0~0.6m D NaCl D pE
HETHEHSE, /AW oru~v b r 574 —%47
o, CITHONIFEEREDZ, XSIZHEBEED v
1) ¥ 7 &7z Sepharose 4 B 7 5 4 (0.7 X 10 cm)
THWTT 74254 —20< b 574 — %4757
(Taguchi er al.1982; OCarra and Barry 1972 :
Cuatrecasas 1970). 7 74 =51 —2u~ho 57
1 —1i%, 0.2m NaCl ¥ 0.2mm NADH # 4¢ 50 mum
) CEEREW (PH6.0) TH F 4 & LS 705,
[F] BRI HE T, 0.2 NaCl 2 & A7 50mu ) >~
R E (pH6.0) 2L CTHEME S 21E7:. 20
BIEZ 2RI L TiTo 72, A v arua~ b rs
74 =34C T, 7742514 —20<xbs5
T4 —IIBRTIT- 7. BS5N/-EEEIZ, Laemmli ®
Ji#E (Laemmli 1970) (2 L7455, SDSKRY T &1
VT I FASTrIVERIKENC & o THRE L7,

(3) FLERWK*EEE% (LDH) OEME

) SFEoOflE

TFEOWUEE, SDSKYVTZINVTIFRTT
T IVERIKE) &, Sephadex G-100 (3.5X50cm) %
HWTOTrVABTITo7z. AV 5BEIX, 50mm Y >
k& (pH7.5) CTEHELLZFY T 4% B,
Andrews @ % (Andrews 1964) 12 L 7235\, 4F
BOWELITo /2. FFEX—F—LLTT NI
7T Fas+—+£ (MW150,000), fMmE7LV73I >
(66,000), REEBLAEBEE (29,000), F h 7 10—2
c (12,400) =Bz,
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s gw
“i 0.6 : 31
= S 2]
% o / .25
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Fraction No.
Ion-exchange chromatography of the crude
lactate dehydrogenase on DEAE-cellulose

Fig. 2. SDS-polyacrylamide gel electrophoresis of the
Fig. 1. purified lactate dehydrogenase

A: Marker proteins. The marker proteins used were
phosphorylase (MW 97,000), bovine serum albumin
(66,000), glutamic dehydrogenase (55,000), carbonic an-
hydrase (31,000), and trypsin inhibitor (21,000). B: Purified
lactate dehydrogenase. Twelve percent SDS-PAGE.

Table 1. Purification of the lactate dehydrogenase from Enterobacter cloacae
GAO
Total Total Specific
.. . . Recovery
activity protein activity
) . (%)
(unit) (mg) (unit/mg)
Crude enzyme 975 755 1.29 100
DEAE-cellulose chromatography 277 32.7 8.46 28.4
1st affinity chromatography 155 6.19 25.0 15.9
2nd affinity chromatography 45.1 0.93 48.5 4.6

2) EBRICpH B LU pH ZEM
50mM ¥ ERRRAER 2 AV, E#EKC pH X, 30T

TpH4.5~9.5 DK pH BT rBERIFEFHTRE L.

pH ZZEMid, BE % 30C T% pH 1230 SRIKEL
72t%, pH7.5 IR L CREFFEEEZIE L .

3) EERTREPR I RERENE
EEICEEX, pH7.5 T, 20~60C D& IREIC
B rBEREETHE L. BELEME, pH7.5
THIBREIZ 10 EREL 2%, 2% L, 30C TR
WA RIE L7

4) EEAF

BREEZIZ, SBAA U Imm 245 X9 I2HEM
L, 30C T 10 & HME L 7-t%, BEREEERE L.
5) 73 EESH

FERIEEZ % 6N HCLIZ X b 105°C < 24 BRI, BERN
KB EITV, BET I VO S A7 4T, OPA
FEEHVTOITE T 7.

3. ERBERSIUER

(1) FLEEWI K FEEFE (LDH) OfgFH
DEAE-cellulose iZ& A4 F X ru~x b5 7
4 —DREREFig. LIZRL., ZOHEE, 14 0%#H
ya<whr7I 74 =BT, No.55~No.61 D7 T
vvay ($50.3M D NaCliBE) IZBWITEBEEOE
HAERS 5N, HiEMIE L 3unit/mg » 5 8.5 unit/
mgiZlERLA RWTCTF 74 =2F4—70av oS
T4 =2k, WiEHIZ48.5unit/mg 12 ER L, &
BINEIL4.6% THho/:. FBBETLORBIEEES
Table 1 |2 L o7, HBREZXDOSDSKYT 7 INT
I FRT TV ERKE % Fig. 2127 L 7. SDSEXR
KEIORER, 5FE 31,000 (ZH—%/NY FHFED S
N2 &hb, BRIKEIAIZ O — 2 LB KRR
(LDH) TH A Z ENFHL L o 12,

(2) HEHILEEFKkFEEEE (LDH) OF#BEIZOWT
TFVAEBIZL AT FEOHEK R Fig. 312, £
FOGIRE 7 EOFEMEEIZ 2>V THORERFR % Fig. 4 12,
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Fig. 3. Molecular weight evaluation of the lactate
dehydrogenase of Enterobacter cloacae GAO
by gel filtration on Sephadex G-100

The standard proteins used were 1) alcohol de-

hydrogenase (MW 150,000), 2) bovine serum albumin

(66,000), 3) carbonic anhydrase (29,000), 4) cytochrome ¢

(12,400), and 5) the lactate dehydrogenase of E. cloacae
GAO.
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Fig. 4. Effects of pH and temperature on the activity
of the purified lactate dehydrogenase
A: Optimum pH (O) and pH stability (@). B: Optimum
temperature (O) and thermal stability (@).

EBA A NI T HEEIZOWT R Table 212, 7 3
JEEHIC DWW T % Table 3 I2#NFNR L. BR
KEYE SN AEIZ L 5T, REROSTFEIZ 115,000
(31,000 ® 4 EfK) LH#FESINIz. THIZEs. coli B
(Tarmy and Kaplan 1968) ® 115,000 (31,000 & 4 =
1K), T. caldophilus GK-24 (Taguchi et al. 1982) @
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Table 2. Effect of metal compounds on
the activity of the Ilactate
dehydrogenase

Metal compound  Relative activity (%)

None 100
MgSO, 71
CuS0, 23
MgCl, 92
MnCl, 28
FeCl, 79
ZnCly 80
BaCl, 79

LiCl 107
KCl 103

NaCl 106
FeCls 70
AlCl3 102

Lactate dehydrogenase was preincubated
at 30°C with 1 mm of each metal com-
pound in a 50 mm phosphate buffer (pH
7.5) for 10 min. The enzyme activity was
determined at 30C.

120,000 (31,000 @ 4 &) CHEUTHHDTH o 7.
EHERICPH IZ 7.5 THY, pHT7.0~9.0 OFH CTH#
ZEEIIEETH- 7. EFERICEEIL 30T T, 40
C £T %% DEREEIFTRMEL TW2AS, 50T IC8
WTIE20% OBEZRGFEE LR HNT, 60C Tikz
ARG L Tz, Streptococcus  thermophilus (Ito  and
Sasaki 1994) & E. cloacae GAO k [EEIZ, BEEEN
1 25~37TC DIEVEHH CLEETH 7. &E/A 4~
IZDWTIE Cu?t, Mn*'" TR & {{EHHEN RO LR
. TIJBMBICoOVWTIE, SV IVBERLS
CEATBRERTHAZEDPHLNE o/, T3 /B
MEIZDWTIE, P FEVABELR—ThonZ &
A5, Es. coli B (Tarmy and Kaplan 1968) @ p-LDH
DT I /ERM & LB L, & 512 Es. coli B & FEIL 72
73 EEBEE b2 Y Y M,y O L-LDH & § Table 3
THE L. £D#%R, E. cloacae GAO @ LDH i,

T AN X BOEENVEE KL, PET IV EO
EEDRREBEVEMEIIH - 72h%, FOMOT I JBERIC
OWVNTIHIZIZRIEE TN TVA I ENEHEL N E 2570,
%8, -ILEE (CFLEEF LU Y L, fIBHEEE) 2RE
ELTNAD* OETLAHEIEL/2E A NAD BT L
GhrolzZ &6, KREEFEIT o-LDH O FEMIE W
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INEFEEEVEHIE Enterobacter cloacae GAO (2 81) 3B /K EEEFE (LDH) OMH L FOIZOWT

Table 3. Amino acid composition of the lactate de-

hydrogenases
Amino acid Enterbacter Escherichia Bovine My
cloacae GAO coli*
Aspartic acid 3.2 10.1 10.4
Threonine 9.8 5.4 3.9
Serine 5.8 5.2 7.1
Glutamic acid 22.3 11.2 9.9
Proline trace 3.8 4.2
Glycine 13.2 7.3 8.2
Alanine 3.3 8.7 6.4
Valine 4.1 7.3 9.4
Methionine trace 2.7 2.6
Isoleucine 4.8 5.5 7.4
Leucine 8.3 10.5 11.1
Tyrosine 2.2 3.8 2.4
Phenylalanine 6.4 3.8 2.5
Histidine 3.2 2.8 2.7
Lysine 8.5 5.8 8.4
Arginine 5.0 6.1 3.4

Units are expressed as mol%. * Tarmy and Kaplan, 1968.

EHEP SN DAY, FEIC OV TIIARBEZE O EE
bEOTRANIHRE LW EERZ TV,

4, E #

INERRERME TH A E cloacae GAO DREFER
DERBRI M EITo72 L 25, LR, FEEMFERL T
KB EPHNEL2, ZTDODIZEMS, E
cloacae GAO D /K F# 7 A MR ICFLEEL K B &
(LDH) B85 L T\w 5 Z EH% Rl S iz, KBF3ET
i&, E. cloacae GAO 7» & FLERIH /K FEEEFE (LDH) Off
BAEITV, ZOBMAHLILE L. ZOME, BE
DEHFINEIZ4.6% T, FOREMRIT48.5 5121
L, EXUKEBNE SNV AHBOFER, 45F&I13 115,000
(31,000 ?» 4 &) LS h, Es B (Tarmy
and Kaplan 1968) &R — D FETHh o 7. KEE
1 o-2LEE ik EREFE (b-LDH) T, Es. coli BOL D
RIS A TDIDTHo7. F/, E#ECpH i
7.5 T, EERICEEIL30C, BRIEEIEPHT.0~
0.0 D&M &L 40C TTHEETHo72. A I
DWW, Cu®t, Mn* " TR E {EWSHESI N,
SHIIABEOT I VBHEKTIX, VY I VEENK
LELEINTVAIENHLNE R 0T

coli
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