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Halotolerant Effect of L-Proline on Properties of NAD-linked
Lactic Dehydrogenase of Tetracoccus sp. No. 100*

Hirokazu Jose and Tsunetake Sugimori

Kyoto Reseach Laboratories, Marukin
Shoyu Co., Ltd., Uji., Kyoto

The characteristic effect of L-proline on the halotolerance of Tetracoccus sp. No. 100,
a lactic acid bacterium relaling to soy sauce brewing, has been studied with regard to the
properties of NAD-linked lactic dehydrogenase (LDH) in cells grown under various
conditions.

As for the molecular weight, the LDH obtained from three kinds of cells grown on
hypertonic saline medium (M-1), L-proline-enriched hypertonic saline medium (M-2),
and ordinary medium (M-3), was roughly the same, approximately 67,000, according to
the gel filtration method. Thermostability and pH-stability of these enzymes were similar.
On the other hand, the optimal pH for the activity of LDH from cells grown on M-2
medium, pH 6.5, differed from that of the other two enzymes, pH 7.0, The disc-
electrophoresis of the three kinds of LDH revealed that the enzyme from cells grown on
M-2 was charged more electronegatively than the others.

Such a modification of an enzyme molecule, depending on the amounts of salt and
L-proline in the culture medium, appears to be significantly related to the characteristic
behavior of the LDH from cells grown on M-2.
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1. HEE  SWnTISof, ERdIgRFEES
2TiEH T homofermenter OF.ERE Tetracoccus
sp. No. 100 2= /2.

2. EEEEHE F1HYIHEO minimal medium,
minimal medium + NaCl 150 g/l ¥:#, H X U
minimal medium + NaCl 150 g/l + L-proline 0.8
g/l B A BT 301 & jar fermenter T Kd=1,6X
107¢ TXIHIABYE TEE L /2. Minimal medium
% M-3, M-3¥#+NaCl 150g/l 2 M-1, M-1
i+ L-proline 0.8 g/l 2 M-2 & U TLIREEHEL
7z,

3. LDHO¥H 3EHoNEMucABLAEEL
»157: LDH O8I JLRY OFEIC - TITE -
fo. MERFHEOFMABIR® ML B TH 3.
M-1, M-2 XU M-3 0 3HOEMIcABL
B LDH 3zh€h, E-1, E-2 BXUVE
-3 LU TRIRERL .

4. LDHEHORE H3@w® Lol l,
LDH {E#i3 € e v REE T, NADH oBt{t% 340
nm BCE CRISE T 3 Stolzenbach® D Fikick - T
filt »7c. LDH o®BH#EGIcdd 2 pH OB
30°C T 0.1M phosphate buffer T pH 5.5
~8.0 OEFATHE~N, REOZEI pH 7.0 © 0.1
M phosphate buffer %t T 10~50° C DHEIFH T

Bl 7.

5. LDHOREHEER LDH o pHicxd 3
ZEHIT pH 4.5~8.5 QHIFiT5°C T 24hr K&
LT~y BB d 2%EE pH 7.0 © 0.1IM
phosphate buffer % T5~60°C OTFT 208
) water bath ICHE L, MESLIE%KOEA LDH
i3, H3IWYEMDOTE L 30°C TRIEL .

6. EAKOTER HH LcBEK O BREE
13, EHEMIE L L CHiR bovin serum albumin %
T, Lowry® O FEic L DEEL 7.

1. SFROME HFEIE 5°C T 0.006 M
phosphate buffer (pH 7.0) A\ T Sephadex G-100
#1524 (I D. 2.64cm X98cm) T, Andrews” O
I - Tk 7., EEYIEIL bovine serum albumin
(MW = 67,000), ovalbumin (MW = 45,000),
chymotrypsinogen A (MW =25,000) % & U’myoglobin
(MW=17,800) ZHi\ 7z. Void volume (Vo=155
ml) T blue dextran ZH Tk,

8. FARUBKkKE  BLKkESHTIL Davis®
DORY T2 YT I FXFNEIE - TTRE » 7. B8
1245 & 1AK%7-D 4mA TEONRNTE » 7. FEAS
v F oyt Chrambach® OFEEICit-Ta<wy—
< TYYT Vb TR TITIE . BEANY
F12 0.1M phosphate buffer (pH 7.0) THiHEL T
LDH EHORIEETTIE - 1.

£ B & B

1. LDHODSN E-1, E-28XU” E-30D
3 LDH oFHBEROKEIL Table 1 ITRL
7z. 3%¥d LDH {3 DEAE-cellulose » 7 A7 1

Table 1. Purification of NAD-linked lactic dehydrogenase (LDH) of Tetracoccus sp.
No. 100 grown on medium containing NaCl and r-proline.

Purification step

Specific activity of LDH
(40D/min/mg proteinX10~*)

E-1%* E-2%* E-3*%*
Crude enzyme solution (salted-out and dialyzed) 88 200 73
1st DEAE-cellulose column chromatography 400 640 280
2nd DEAE-cellulose column chromatography 715 1,160 600
3rd DEAE-cellulose column chromatography 800 1,560 610

* E-1 : LDH from minimal medium plus 15% NaCl culture (M-1).
E-2 : LDH from minimal medium plus 15% NaCl and 0.08 % 1.-proline culture (M-2),.
E-3 ; LDH from minimal medium culture (M-3),
Minimal medium : glucose, 2.5 g/l ; KH,PO,, 5g/I ; MgSO,-7H,0, 0.1 g/I; NH,Cl, 3g/l;
thiamine - HCI, 50 pg/!; biotin, 0.5 pg/!; niacin, 1000 u#g/!; L-leucine, 0.3 g/l ; L-cysteine,

0.050 g/ ; pH, 7.0.
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% ZRUIIhES E-2 o LDH EtkofsE pH
sor 6.5 THY, o2 B BED BE pH 7.0 il
2 ol SRIASLMIC Bl -7, & pH TOE-20» LDH
£ OHHEEIRE-1 BXUE-3 0BADM2.5fFL0D
¢ WA L. 0.5 M NaCl FEF DT BEE
g FiEWICKIZT pH OB R EAERIGOBELRL
20r Tdh ot & UCKRBEREMIE 0.5M NaCl itk - T
ol ¥s0HE SN, CDOMHEIR 0.5M KCl 0iF&T
bLEBICERE SN,
0

3. HEMCHEZIPHOKE E-1, E-2%
FUE-303ES D LDH o pH Itk 2 HER %

Fig. 1. Effect of pH on the NAD-linked lactic
dehydrogenase activity of Tetracoccus sp.

No. 100. % 4or
The enzyme activities were assayed in the s o
pH range from 5.5 to 8.0 with 0.1 M 307
phosphate buffer at 30°C. The specific ‘; i
activity is defined as the change in g 20
absorbancy at 340 nm per min per mg protein. o
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BED ot CHOHRERERIARRORE, & g. 2 Eftect of pH on the NAD-inked lactic
i . dehydrogenase activity of Tetracoccus sp.
M2 DR PHEEZ T2 niciL 1. No. 100 in the presence of 0.5 M NaCl
2. MREHICRETPHOKE E-1, E-2 (—) and 0.5 M KCl (-—--),
E-1(+15% NacCl) E-2( + 5% NaCl ) (Minimal med.)
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Fig. 3. Effect of pH at 5°C on the stability of the NAD-linked lactic dehydrogenases, E—1,
E—2, and E—3.
The enzyme solutions (protein, 4 mg %) were incubated at the indicated pH at 5°C for

2hr and 24 hr. The remaining activities were expressed as percentages of the initial
specific activity of E—1, E—2, and E—3 (310x107% 655%10°* and 320x107%,
respectively),

—0O— :2hr; —@— :24 hr ; --A--24 hr in 0.5 M NaCl solution.
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Fig. 4. Effect of temperature on the NAD-linked U E-3 ?3 ‘D L]?H Qiﬁﬁ&cf(j’g‘“z, HiEk: %
lactic dehydrogenase activity of Tetracoccus Fig. 6 iICRU 7. ChOBRMBIL 5°C THETH -
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Fig. 5. Effect of temperature on the NAD-linked Fig. 7. Gel-filtration on a calibrated Sephadex
lactic dehydrogenase activity of Tetracoccus G-100 column of NAD-linked lactic dehydro-
sp. No. 100 in the presence of 0.5 M NaCl genases of Tetracoccus sp. No. 100 grown
(—) and 0.5M KCI (----). on three kinds of medium,

“(+15% NaCl) E-2 ,+15% NaCl . E-3 (Minimal med.)
100} 100 (00.08% L-PI'O) 100}
L L s
50} 50t
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Fig. 6. Effect of temperature at pH 7.0 on the stability of NAD-linked lactic dehydrogenases,
E—1, E—2, and E—3.
The enzyme solutions (protein, 4 mg %) in 0.1 M phosphate buffer pH 7.0 were incuba-
ted in a water bath at various temperatures for 1, 6, and 20 hr. ,
The remaining activities were expressed as percentages of the initial specific activity of
E—1, E—2, and E—3 (310X107% 655X107* and 320X10~%, respectively).
—O— :1 hr; —A— :6hr; —@— :20hr ; —-O-- : 20hr in 0.5 M NaCl solution.
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7%, 30°C, 20B$MITHRA L RAKKEL . 0.5M
NaCl ZETFT TR N OBROBREARZERIE TR
#xhi. ' o

6. #F&k E-1, E-2 BXUE-303fH
® LDH o4 FRo WEkFRi: Fig 7iCRL. 3
X o LDH 0 4 F & i3 \»3"h & bovine serum
albumin & [FRE®D 67,000 TH-7:.
7. MEAMAE  E-1&E-2 oFRBRUKES
#% 0.1M phosphate buffer (pH 7.0) T 1lemifi
b7ch 1.2 mA, 4BMTE-LTA, ThbT

B AR

Fig. 8. Disc-electrophoresis of NAD-linked lactic
dehydrogenases from Tetracoccus sp. No. 100.
" The three kinds of purified NAD-linked
lactic dehydrogenase (about 50 ug of protein)
- prepared by chromatographing three times on
DEAE-cellulose were used for the polyacryla-

mide gel electrophoresis.

Table .2. Disc-electrophorésis of NAD-linked
lactic dehydrogenases, E-1, E-2, and
E-3, from Tetracoccus sp. No. 100.

Specific activity of LDH
(40D/min/mg
protein X10~#%)

E-1 E-2 E-3

Before electrophoresis 800 1560 610
After electrophoresis 700 1400 550

The protein ‘band on the polyacrylamide gel
column was extracted by 1 ml of 0.1 M
phosphate buffer, pH 7.0, and 0.8 ml of the
extract was used for the NAD-linked lactic
dehydrogenase assay.

OBREORRZEIL 4dem R LMY -, £CT,
E-1, E-2 3XU E-3 0 30K LDH ic>
WTHRYTZ2YAT I VERNEF A 27 BREK
Ot Bcis ooz A Fig 8 iITRT&HiC, 3
S OMX L b icHBRIS single band 25RL, E-2
® LDH Bfho—Fic 5T 4 F AGRBKTH
~7:. Table 2 RL72Z& <, 0.1 M phosphate
buffer (pH 7.0) THHL - BRXERO/tV FiZHT
4 LDH FEHENETFETURS, E-20 LDH ©
HEHIZE-1 BXUE-3DBAIKL SR, =R
WZ EEEERL ..
* =

BTR® kB THW Iz LDH 2 DEAE-cellulose
AFhraw ST T4 —%2ETROEBERKLD
HefsiclBL. A#Ti 1 DEAE-—cellulose
B 5 AL TZEICEDR B EICENT I &t
sk, Bohr ERIT BIAKBIHIC BAMIS single
band £7RUL 7. :
BIEY BT, AEORLEESHRTHSLDH
OHEED L-proline R i X -TWRT 3¢ %
RU7, TbL, RREAREELTIC L-proline %
Bick->TEBELEo LDH (E-2) oliEtkd,
BEAREETO KIET i L-proline 28T VE
RELEAHEEO LDH (E-1), ThiESRE
ICEBL-ERED LDH (E-3) OBAI 6RT
MR D - 7. REOWMICE > TOIFhOKERS

RBAOUB EROERIZMF SO, Ltk-T1IMA

BEETORIGROE-2 OHiEII E-3 OFRBIER
EEOBA L RABETH -1z, —F, E-13kERE
REDP -7z, TDEDIC L-proline #E, THbLLH
HRETOABREDFREAD1DLLT, Xl
EEOMKICLEbDEELON. £CT, KT
{2 LDH o liE#ALZ © L-proline ZhRic & » THL
72 2 EEEBRT 3 DiIC BROE-1, E-28XU
E-3 OWEE HBRE L /-,

¥7 isozyme DOEHE®D WHEHZ, HFLZ o<t

/774 —KBNT LDH FEREERLIcE-7 1310

THD, LrdbhIhbR—ofRicEHlic e
SJUBSKBMNIC BN T E—D/Y Y FERLIET E
BIUOF VPBEICE > TRELSTRLIIZAL
THECLHOTRERRDLOEDERDNh B,
F4 2 BEAAIFTICBNT, E-2 O 4 F AN
B D—Fic SRTKTH-7. LDH © pH,
BEINT 2RER S ICREFRRREI 3 EEOM
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BOBICIRZIRBED ST -7, E-2 OFRHEE
i pH 25 6.5 THEDICHMULTE-1BKLVE-3T
i3 7.0 ZRUTHSDICRIT - e

Pk &<, v-proline &Izt - T LDH 0F
HYER pH 23 UBRERlIC S, F-BKKEICET
<4 FARWMEOEMSEDONIIZZ &L, E-2 0O
BRGSO ZFIC SNTRI S TED, Thbs
LDH oluiEH%E &< 32 RR TRV E Bbh
5.

BIER® 1B T, FEH SIS Tetracoccus sp. No. 100
@ v-proline FYREABHIZ BEiEkAEY proline &8
BHRT B AR~ BUE PAULY &3 HYE
BicBOTEKE, 1O salt BE &L E
proline & BRI 2 L ERL TV 5.

F 72 Tempest!™ (38T Bacillus subtilis var. niger
DSEHOAEBEOEKE &b i BEAER proline
S EIUERINCEAKT B & &, Aerobacter aerogenes
OBARBEEEOEARL LS KEEANI VA I VER
Bk EREEEME B L U glutamic acid &8s ¥
KTZEVD T EERELTO S, T dbDEER,
EFES5D R L7 v-proline R icd BETZd 0
& UTHKND 5.

B ¥

MHEHFLEE Tetracoccus sp. No.100 @ LDH @
#H ¢ ®iTd v-proline FFE 1D T, minimal
medium OHEE AE4ABEHE SEREREFET
L-proline FRICk - TEBLLHE, BLUESE
HICEBLULIESEO 3EHEOBORES LDH (£h
Zh E-1, E-2 BXU E-3 &E#T32) 2ANT
BEL, UToEAEE..

1. Fup@ikckyi: 38 LDH oo4FEi
WFhd 67,000 TH- e,

2. 3f¥io LDH oREREM, pH ZeEtticiz
#3hot. UHLE-2 o LDH EMoBE pH
1265 ThHhOiho2BEDOBLE-1 BXUE-30
BEI3EE pH 48 7.0 T - T, L-proline FhH4E
BRI O LDH oA hsEE 2R L 7.

3. 3%¥ o LDH © 71 27 BRIKESDHTO
B} L-proline $IRABFREOBSIZ~ 4 + A THEHMOD
THEICLONTKRTH BT EETDI.
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