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Studies on Halotolerant Lactic Acid Bacteria Relating to
Soy Sauce Brewing

(III) Halotolerant Effect of rL-Proline on Several Enzymes

of Tetracoccus No. 100

Hirokazu Jose and Tsunetake Sugimori

(Kyoto Research Laboratories, Marukin Shoyu Co., Ltd., Uji, Kyoto)

The characteristic effect of L-proline on the halotolerance of Tetracoccus No. 100,
reported in a previous paper, was further studied with several enzymes. The results
presented in this paper are as follows:

1. Among the stereoisomers and analogs of proline, such as L-proline, p-proline, hy-
droxy-L-proline, pyrrole, pyrrolidine, and L-pyroglutamic acid, L-proline was the sole com-
pound facilitating the halotolerance of Tetracoccus No. 100.

2. The activity of FDP-aldolase (fructose-1, 6-diphosphate-aldolase), depressed by a high
concentration of NaCl, was partly recovered by the addition of L-proline.

3. Regardless of the salt concentration, L-proline showed no effect on the action of
NAD:-linked lactic dehydrogenase and flavin-linked lactic dehydrogenase, both enzymes being
salt sensitive.

4. The specific activity of NAD-linked lactic dehydrogenase from cells grown on L-
proline-enriched hypertonic saline medium was several times higher than that of normally
grown cells. This fact strongly suggests that L-proline is concerned in the formation of
this enzyme.

5. The catalase activity of Tetracoccus No. 100 was partly inhibited by salt concen-
trations above 10 per cent, and was completely recovered by the addition of 10 mM L-proline.
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TERE L OICEE U, e XBomEEIRESIC
BHEADEL IV ET I/ BD 13HIT L-proline % IR
TEDHTHEFIEEINL EWVSTHEELRH UK.
T O L-proline D EMIEELIR & 12 BERICBNT
WEHE L-proline D LNV EE BT LI E T, FREE
BB LUFRECHTIHMELE LS BRTZ &
ZREEEL ft,

A TIT L-proline 1€ X3 MHEM(E DA Hic
BRRBIC T 2 oD IT R LNV T~ 2,3 ok Bz »
WTIRR 3B,
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1. HEEH EBHISom, #wkhickil FET
LY EB Tetracoccus No. 100 % i 7-.

2. BEMUERRB X OUHEESMH HAEHELTEL
RO O minimal medium ZFHIO. EEEIZ mi-
nimal medium, minimal medium-+15 &5 B 2O
minimal medium+15%£¥5 +0. 08% L-proline @ 3 f&
T DONTITIEY, 307 A jar fermenter AFNT
Kd=1.6x10"% T30°CT{TE - 7e.

3. BREOAEY: HEEBRKOEM AL Table
LITR U, Be#&BE{&R D Braun’s disintegrater ALIE
W2HICHEDL, SHMBRORESLUEARES:

FUIC U, Em 2815.5 OMEERIEEE -,

NAD BEOBMBKERROBNI, LEY0H
HICHE U TS - 72, FIHEERIE (Ewo & L T#9500)
% DEAE-cellulose # 5 24 (3X20cm) 103 X+,
056 1L0M FTd KCl 2R T gradient elution
ik V) NAD B85 O B K REELIEM: K oy %18 7.
HE DEAE-cellulose #5244 (1x1ldem) THESL
7z,

4. EBE SEEREHOREICH: - THEE
B LU L-proline $HREREI T 24, SEEAKE
BHOBEENORIEBE ¥ LU Lproline B2
EFERLT, BMERIGKOEES XU L-proline DR
BZh<h1.0M BXLU100mM ZFu7e.

A. THHR®D a-glycerophosphate dehydrogenase-triose-
phosphate isomerase JEVEDRIE — Rutter'™ D HEic
BUTIT >/, HETHB bpLglyceraldehyde 3-
phosphate (GAP) 13 Fischer'® opJ5i:T sl L.
GAP ZHE & L TEEmERZ ML, NADH
BAL TR 9% 340 mp BOLEEEFIE Lz, AEERIZ
R @ Fructose-1, 6-diphosphate aldolase (FDP-aldolase)
TEHEOUED 1D HER L.

B. FDP-aldolase {E#:DRIE  Rutter'® o FiEic
#E U TI778 - o Minimal medium A& B O AR 2

Table 1. Preparation of crude enzyme solution of Tetracoccus No. 100 grown
on minimal medium containing NaCl and L-proline.

Minimal medium Minimal medium
Medium +15.0% NaCl Minimal medium
+15.0% NaCl +0.08% L-Proline
Wet cell €9) 70.0 70.0 70.0
(dr)i weight) (2 20.2 23.0 22.2
Disintegration 4000 rpm 4000 rpm 4000 rpm
. 3 min 3 min 3 min
Cell-free extract (ml) 240 240 240
(E 250) 13.0 9.0 11.5
A\
Dilution with (ml) 240 240 240
buffer soln. (E 280) 9.0 9.0 9.0
Salting-out
(NH.)2SO.; 40-70° %
(2 times) 60 min 60 min 60 min
Dialysate (ml) 32.5 25.5 28.5
(E 280) 18.0 21.5 15.5
Dilution with 15.5 15.5 15.5
buffer soln. (E 280)
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%R\, FDP-aldolase fEfIic X b, FDP b 5S4
U7 GAP ATHHRD a-glycerophosphate dehydroge-
nase-triosephosphate isomerase % F > T a-glycero-
phosphate [TZ&5#8 L%, NADH OBt TR TS
340 mp TOLEEHIE L.

C. Flavin-linked (unidentified) lactic dehydrogenase
EEORIE .  JUE2POFEICEE U, minimal medium
EBEHOHBREREAOTIT S~ 1z, KBEED Kn &
BI®EGTHEL .

D. NAD:-linked lactic dehydrogenase & D RlE
Stolzenbach!® O FEEICHEL T, minimal medium A=
BRHOBHBEKI ODWTEEEL L TEVEVBBLY
ABERANTHUEL . KBEERD KnfHiZENVE VYRR
BEETRAREL:. 3SEEHORK - EESHTEBL
7-BOHBERK B L DEAE-cellulose # 5 4 THH
U7z NAD BBEOFBBKZBEFED specific activity
B rBeREEE UTREEL.

E. Catalase {EHEOHIE  Euler-Josephson 19
KU KIRPOFHEICHE LT, IFPMORL - I ERE
HTEE LABEORBREIC DO TEE S LT HO:
PEOVT, SR 3I Nz HO: &% K¥m mele/min/mg
BERETHODbLI.. COFERBRH A VEPIC
JOEREL.

-

1. L-Pyroglutamic acid OFEH{EENR

Tetracoccus No. 100 OitiEMH: 12, AHIKHKEDOE 2

IV Tdh% thiamine (50 pg/l), biotin (0.5 pg/l),
Table 2. Effect of L-, DL-, D-proline, proline

analogues, and pyroglutamic acid on NaCl
tolerance of Tetracoccus No. 100.

Additions e
L-Proline (0.8 g/D 100
pL-Proline 0.8 g/l) 51.4
D-Proline (0.8 g/ 0
L-Pyroglutamic acid (0.8 g/I) 0
Hydroxy-L-proline (2.0 g/I) 58.7
Pyrrole (1.0 g/D) 5.6
Pyrrolidine (1.0 g/D 2.8
None *(minimal medium) 0

* Minimal medium: glucose, 0.25 % ; KH.PO,,
0.5% ; MgSO,, 0.01% ; NH.CIl, 0.3%;
thiamine, 50 wg/l; biotin, 0.5 ug/l; niacin,
1 mg/I; L-leucine, 300 mg/l/; L-cysteine, 50
mg/l; pH 7.0. Incubation: 30 °C for 96 hr
with shaking in the presence of 15.0 % NaCl.

niacin (1000pg/l), & L-leucine (300 mg/!),L-cysteine
(50 mg/l) *4&teEiic L-proline % iRINT2DAT
B X N5 T & BLU pproline, hydroxy-L-proline,
pyrrole, pyrrolidine 7§ & OHEM{EEZRIC DN TIT
I U,

L-Proline & ##&HIC Bl L7z L-pyroglutamic acid

ONWTHRER U7 RIZ Table 2 TR U7, BEET
IT L-proline DMWZEEMAK B L UBEEME LM CL .
L-Pyroglutamic acid {24 { FIRER ST - 1.
2. L-Proline (24 3 FDP-aldolase jF{t:DigfHE
i3S AR BNT, WHlatiEE: o Ba,
0% BEFETICB T 5 FDP » SR EAMIZ L-pro-
line /IMC KL DFSLICEETZ C E5RBdl. £
THICFHLL #AND kiR % T FDP-
aldolase FEEICKITT L-proline $ B4 REE L /2.

AE D FDP-aldolase j&E##13, Fig. 1 iCR LT &

0.6
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» o
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o
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min
Fig 1. Effect of L-proline on the FDP-aldolase
activity of Tetracoccus No. 100 in the pre-
sence of NaCl.

The reaction mixture, containing 133 sM
NADH, 5.33 mM FDP, NaCl, r-proline,
a-glycerophosphate dehydrogenase-triosepho-
sphate isomerase, and crude enzyme solution,
was incubated at 30°C for 4 min; pH 7.5,
buffer-K-SH solution.

m—m : Control

e—e : 1.0 M NaCl

e—@ : 1.0 M NaCl+25 mM L-proline
0—0O :'0.5 M NaCl

O0—0 : 0.5 M NaCl+10 mM r-proline
0--0 : 0.5 M NaCl+50 mM L-proline
A—aA : no NaCl

A-—A : no NaCl+50 mM L-proline
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<, LOM &I THO0%, 0.5M &I TH#40% DILE
ZRIDMWEHIRTED, LA L0.5MAKIC K 2HEIR
50 mM L-proline ZFRINT 3 C LI X 5 TH24% & 5

A UT, L-proline iC & 2 R EDHH A A Shtc.

FDP-aldolase {EMH:DRIFEICH N 2 HERD a-glycero-
phosphate fii/k ZEEREMIL, Fig. 2 iTRLAT &L,
BEFE T CTERIET Uzds, L-proline D& 84 4
5L, BAKWNORIGT L-proline FRINARDEH:IT
<, BEHFETTIE L-proline FINIC & » TABERE
HII—BET L.

Aldolase DRIEICHL B a-glycerophosphate  fiisk
FREEREMIC T 2K EZ L-proline 1T & » TH#K
T5LEBIVEEETORIETHRBERIEMI L-pro-
line DFEEEHIINT &5, FDP-aldolase D
EDRRIC L-proline 23 RAERT T E M bt

o o O
N w o

OD at 340mp

o
——h

>

-

0 1 2 3
min
Eig. 2. Effect of L-proline on a-glycerophosphate
dehydrogenase in the presence of NaCl.
The reaction mixture, containing 133 gM
NADH, 333 gM pL-glyceraldehyde 3-phos-
phate, NaCl, L-proline, and a-glycerophos-
phate dehydrogenase-triosephosphate isome-

rase, was incubated at {30°C for 3 min; pH
7.5, buffer-K-SH solution.

m—® : Control

e—e@ : 1.0 M NaCl

O—0 : 0.5 M NaCl+50 mM vr-proline
O—0O : 0.5 M NaCl

O0—0O : 0.5 M NaCl+10 mM L-proline
A—A : no NaCl

A—4A : no NaCl+50 mM L-proline

BREHICH T2 C0X 5 T RAE24DTLT L-pro-
line FHHRVE L 51 icd 5.

3. Lactic dehydrogenase ;T fifigid & L8
L-proline OFE AHORLEELBELD1-OT
HIABMPIKERELE L VBT, NAD:-linked lactic
dehydrogenase 7% %5 X 75 flavin-containing lactic de-
hydrogenase JEM: DMtk E L-proline &84 HER
L.

A. Flavin-linked (unidentified) lactic dehydrogenase
& KEBEROFETZERE L, Fig. 3 ofE4EEx.
AEITR7 7 e VBRED LN 2 IRBUKEBERER
DFFEDATREM R R 7. ABEREHIE 0.5M A&
TH 20%, 1.OM RIETHASXDMESEZT %03,
FBFZOBE T3 RINICH 42 L-proline $h58(13 7TH
ot AEERD Kn fHiZ1.1X10°M T - 72,

B. NAD-linked lactic dehydrogenase JEit: KE
TO.NAD 5 OABBKEBROFEELHEID B 1-
DT, BEE LTABRE L VEBAB O, ABE
{EMIE Fig. 4, 5 WR L. NAD 509 EBKE
BROFAIIABBIUEVE VBOMETDOEAIC

05
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o
(o]
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min

Fig. 3. Effect of L-proline on the flavin-linked
lactic dehydrogenase activity of Tetracoccus
No. 100 in the presence of NaCl.

The reaction mixture, containing 33.3
mM 2, 6-dichlorophenol-indophenol, 6. 67
mM lactate, NaCl, L-proline, and crude
enzyme solution, was incubated at 30°C for

4 min; pH 7.0, 0.2 M phosphate buffer.
E—® : Control
e—® : 1.0 M NaCl
®-—-@ : 1.0 M NaCl+100 mM L-proline

O0—0 : 0.5 M NaCl+10 mM L-proline
O--0 : 0.5 M NaCl

A—aA : no NaCl

A—A : no NaCl+50 mM L-proline
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Fig. 4. Effect of L-proline on the NAD-linked

lactic dehydrogenase activity of Tetracoccus
No. 100 in the presence of NaCl.

The reaction mixture, containing 2. 7 mM
NAD, 0.1 M lactate, NaCl, L-proline, and
crude enzyme solution, was incubated at
30°C for 4 min; pH 7.0, 0.2M phosphate
buffer.

A—A : no NaCl

A---A: no NaCl+100 mM L-proline
A—n: 0.1 M NaCl

A 0.1 M NaCl+100 mM L-proline
—0O: 0.5 M NaCl

: 0.5 M NaCl+25,50 mM L-proline
: 0.5 M NaCl+100 mM L-proline

: 1.0 M NaCl

: 1.0 M NaCl+100 mM L-proline
B—%: Control

AT X2,

ABEEERIBRBLUOCVE VBOBEEIC B
T, REMNNICIOEBREOHEEZ, 0.5 M A&E
TH45%, 1.0M B TI5~80%IETF L. ABEXD
B8543 [SIC B133 L-proline $HERIZZTD DHISH
- 7.

NAD BEOHBEKEHERED Kn fH3Ere VB
HEET8IXIO*M THo. 75 VBREADN
SHBIBKERFRED KnfEIZ 1. 1X102M TH S0 5,
KEESD Kn I Z ORI TH 5.

C. NAD:-linked lactic dehydrogenase fE#iIC &IZd
EEZtHoxE NAD BEouBb/kEEROH
5.9 2 ST BT HEREMRRKRIC L-proline $hRi24

B SN -7DT, minimal medium @ 15.0%
AEABRE, 15.0% 81 +0.08% L-proline AFE B
XU AT B L ERED> S B2 3EHD

05

2047
E
(=]
3
o™
w03
[an]
(@]
0.2
TKm=8.3x10‘M
0 1 2 3 4 5
min

Fig. 5. Effect of L-proline on NAD-linked
lactic dehydrogenase from Tetracoccus No.
100 in the presence of NaCl.

The reaction mixture, containing 133 pM
NADH, 1. 67 mM pyruvate, NaCl, L-proline
and crude enzyme solution, was incubated
at 30°C for 5 min; pH 7.0, 0.1 M phos
phate buffer.

B—m: Control

e—e: 1.0 M NaCl

@—0: 1.0 M NaCl+100 mM L-proline
O—0: 0.5 M NaCl

O--0: 0.5 M NaCl+100 mM L-proline
A—A : no NaCl

A—-A: no NaCl+100 mM L-proline

NAD B50REBIKERERD specific activity & H
L.

3EMD BRI - 1 RS TEE LIEo NAD B
BoAmBKEBERDOEREL, Table 3 iRkl
EX, BEETh-72. Ll GEEREEET L-
proline #HRIZ & -~ THEB LcE D NAD B50AER
Bk #EBEFK D specific activity (1, HOEBEICL &
NEEEEC, LOMAEEA T CLEAREMICE
BLEEFRORERENOBALIZLAERALTH
-7z, L-Proline 28370\ BEEAEEMTO £F
BODBAEL specific activity MEL, BIEFEFO4L
HHICH 55 lag phase DE{ 12 EEE bEL S
3. BEEASIEHFATIC L-proline OEHADTIN
KL ERAICERICEB LB L DE /e NAD
BEOIBBEKERR IMBRROBR L2 A—5
T Lo & SIEFBWIC S S5~EIC specific activity A8
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Table 3. NaCl inhibition of NAD-linked lactic dehydrogenase from -Tetra-
coccus No. 100 grown on minimal medium containing NaCl and

L-proline.

Minimal medium

+15.0% NaCl

Medium

Minimal medium

+15.0% NaCl Minimal medium
+0.08% L-Proline

NaCl KCl Sp. act. Inhibition
M M | (X109 (%)

Sp. act. Inhibition Sp. act.  Inhibition
(X107 (%) (X107 (%)

0 26.7 0 347.0 0 38.7 0
0.1 25.6 4.1 336.0 3.2 37.4 3.4
0.5 12.2 54.3 162.0 53.3 19.4 49.9
0.75 10.0 62.5 126.0 63.7 11.6 70.0
1.0 5.6 79.0 93.0 73.2 9.0 76.7
0.5 11.1 58.4 144.0 58.5 20.7 46.5
1.0 6.7 74.9 82.2 76.3 10. 3 73.4
+15% NaCl e
40 8 L 0.4 —~
7 £
0f 6 s f3g ®
= o
20} 4 i 02 B s
10 2 A 01 g
O OF 36"~ 40 g0 80 ° §14
120p 2 12} { >
h A S E12
T100F g 10 it +15% NaC ¥ =
e § ii +0.08% L-Pro L 8 5'10 X o )
:.?80 ~ 8t g
260l o 6f 29 8
3 o o V0
w40t 4 w46
.12 © $
‘%20 g 2| S8 4
o}—o0 £ = _ , . )
10l 5 10 15 20
. 9,
w8l Minimal med. s NacCli (°/)
30 6 ) T 03X Fig. 7. Effect of NaCl on the catalase activity
Al \ T 02 g of Tetracoccus No. 100 grown on minimal
20 - ’ medium containing NaCl and L-proline.
0 2if\A - ;"f ,p]\\.w..w\ o Reaction mixture:
0 oL 2.0; w5 SOMABOO 0.1 M HOp eeerereconeiiiniiiiiiiiiiian. 2.5 ml
Tube No. 0.1 M Phosphate buffer(pH 6.8)---17.5 ml
Fig. 6. Rechromatography of NAD-linked lactic Deionized water et 5.0 ml
dehydrogenase from 7Tetracoccus No. 100 Crude enzyme solution --w:-eeeeeee: 0.5 ml

on DEAE-cellulose.
Column: 1 cm X14 cm. Flow rate: 10
ml/10 min. Ezs recovery: 91 %.
©—@®: Protein, x-——x: Specific activity.

THEBCERELTRT &5, L-proline BIEEEER
BRI EE 523 CE0 2hdbhic. bbb,
L-proline (X NAD B85 DI BRI K REERERICHE
5425 c RSN, 2T T DEAE-cellulose

®—® : Minimal medium-grown cell.

A— 4 : Minimal medium+15.0%
NaCl+0.08% L-proline.

O—0: Minimal medium+15.0% NaCl.

ANFLABIURAAI I LDBE / n< k- THELE
NAD 50 ABB/KRERET A0 TEIRS L.

Fig. 6 ICRL7cTEL, 3TEHORL - - EREHT
HF UcE O NAD B 5o BB K R#ERIEEX T
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Table 4. Specific activity of NAD-linked lactic dehydrogenase from 7Tetra-
coccus No. 100 grown on minimal medium containing NaCl and

L-proline,
Minimal medium Minimal medium
Medium +15.0% NaCl Minimal medium
+15.0% NaCl +0.08% L-Proline
NaCl conc. of
reaction mixture no 1.0 M no 1.OM no 1.OM
Crude enzyme -
solution (salted-out and 43 8 230 51 60 15
dialyzed)
Ist. DEAE-cellulose column
chromatography 200 40 900 280 280 50
2nd. DEAE-cellulose co-
lumn chromatography 250 100 1250 378 390 90

Figures of specific activity in the table are multiplied by 104

100 e 7z specific activity 2L NOBA MEERITL B
' NTH6 5 R L. BEEAEEAFIC L-proline
ZHRICE » TEE LB specific activity {3 L-pro-
<%0 line OIEV A AHES KU RAREBEIC C b~H
N <, RO CORRETRE L.
%‘3-0 4. L-Proline [Z& 3 catalase ;EM:DIERE =M
F KEIRH & 7~ ¥4 HON, COEMER Fig. 7 IR
0 10 L7:Z & ¢, minimal medium 15, 0% &4 55,
2 15. 0% i +0. 08% L-proline AT & L Ui Akitt
& 60 HEL 1010, 051 Lo Sl <4 T OB
s, MHEMERRN T &b - 7e.
3 h & 5 —EEGECH T Lproline %5813, Fig. 8
01 5 . 0 50 WR LTz, 4 7 —BiEHDIEHE T L-proline % 10
t-Profine (mM) mM RT3 T LICED AN FIRS NS 5 € &M
Fig. 8. Effect of L-proline on the catalase acti- P 1.
vity of Tetracoccus No. 100 grown on
min%mal. medium containing NaCliand L- = =
proline in the presence of 15.0 % NaCl.

Reaction mixture: Tetracoccus No. 100 Ot L-proline » i
0.01 M H:O. ; 15.0% NaCl; 050 mM MIICEERI T L-pyroglutamic acid (34 B AR X
L-proline; 0.07 M phosphate buffer (pH Ly e s s . ot e
6.8); and crude enzyme solution. . TR ES LY, BRI R R A

€©—®: Minimal medium-grown cell. < L-proline {C & > TOH{E#E S N7z, D L-proline

A~—A: Minimal med.+15.0% NaCl+0. 08% DT EHARERIRA 2,3 DBERITDONTEE L.

L-proline, Tetracoccus No. 100 135 1 SO & L~ 4

O—0O: Minimal med.+15.0% NaCl. BOh & 5—Ehbb, AL FDP-aldolase Eik

BH—®: no NaCl. Activity taken as 100 and
used as the reference standard.

DE&LRITOTEWZH Lic. AR 50 Tetra-
coccus soyae DA # 7 —EiEHIRTHEREETI &
WU 752¥av No. CAONIh 3HFD specific  ZHOMCLUTOAHRERE —FH Lz, L LABESRR
activity QRJICII LD BRELERZERD /2. Lok HTFoEMELZZY, COMEZER L-proline RN
BIBYPEIC B % specific activity % Table 4 /R L LI DELIER I, FDP-aldolase 7E#:
#z. DEAE-<cellulose # 5 4 0Bz n< b itk ->TiE ZHh 27 —E¥DBAICL SRFHEELEEN, 2DkS
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7% FDP-aldolase {EVE0BE 32 KIGic B 31EHE
{& L-proline FINIC &K » TEATIRITOHY S ICHE
BRIhaZ L s@BHonl.

Tetracoccus No. 100 ICiz 7 5 e vEEREAOND
FLMBUK R ROEAEO THEN B LU NAD 50,
MUK EBROELELZRD . LR 513 Lactoba-
cillus casei 1T flavin-containing lactic dehydrogenase
DFAERHOMIC LTS0S, ABERIIBEICERE
T35 E 0D ERIEE ISV, Tetracoccus No. 100
DOEEE, NAD B5O ABBKERED Kn H 5
8.3X10*M ThHY, 77 VBRLAONIABE
IKFEEBEHZD Km fHIZ 1.1X102M THB T &Eh 5,
AROIBARKICE Y 7 € vBER LS SN2 FBBLK
HKERIREAZHEE LTV EHREINS.

Tetracoccus No. 100 OHEAERIZFEL LT NAD
BRI BKARBRICL-TEIENIEELIONS
DT, ABERODMIEM S L-proline ZhREHIEHA,
AR NaCl &0 KC TREEICHEE S .
KIRY 512Xk B Tetracoccus soyae O K HEE R
BEHEET L0V EREMESS ONI. KB
ROBE T2 KINCBIT 518 EIT L-proline ORI
WX > THEBRINE -7z, LB USEEREEAET
{Z L-proline FHRIC L > TEB LLE O NAD B50
FLER K REER (T, specific activity MERERE L X
CEAEHEHICAE U EFEICS o EEE<,
IREE LB RIRICB O TEIC specific activity 35
WERERTCEH S NAD 5 OABEBIKERED
ERBRICEDD S T & EERINI.

Pk X 5ic Tetracoccus No. 100 OBIEHE T T
DEBERICH b7z L-proline DOFEHIEEIR DR
Rz, —2IKizHh £ 7 —¥BLY FDP-aldolase iz 4
b CE MBHROBE T2 RIBICB T 2EHES
eI 5%ENH Y, T—H NAD BEOHBBK
EBEZICH LN T & { specific activity DOEWEEE
BEOND EVIBROMEI D> THONB &
DBEELV VOB TRONEL>TE . NAD B
BEoHBREKEBRFZOBMEERAIC L-proline LD K
3784 7 =X ATHE LTOS hERPETS T &I3H
Lkd AREETDH 5.

E #
et FEE Tetracoccus No. 100 @ L-proline T
X ATHEHIRESRIC DN TERE VN~V TRET L, LKL

Tol s SEREEE .
1. L-Proline & R ICE{l 43 L-pyroglutamic

acid [IMHEHIEERERI T 1 -1

2. FDP-alddase iHH I3 EBE A CHEEZ S 7025,
L-proline 2 ¥RIIT 5 & & IC & » TFOEEIBIER
I,

3. AEKIZ7 7 vBRES ONDIABPUKEER
OBFEED AN 3 XU NAD B50F BB KERED
FIEE R 7z, WilERIZIEHELZ I, L-proline (3
BEOB ST 4 CH U TAEREICERT R
EREIot. BIEOD Km EiZ1.1X102M Tdh
», NAD B50 AMBiKkFEERD Kn EiZ 8.3X

10*MTH-7e.

4, BEEAEGITIC L-proline $hBRICK - TES
UcHlE, BAESIUEREETICEB LB

5, [A—&HTHEE L NAD B O A EIKER
FIED specific activity 23 fEEL, 1.OM BERG
OHETH, EFHOBRBERIGOES -RAEETH

- 7z. L-Proline {3 NAD BA5 0 I ik EEBELAR
ik EE5T 5 LR IN:.

5. KEOH % 7 —¥iEKIZ. 0% EORIEEET

EFOBHREAS T 7255, C OMEEZ 10 mM L-proline
EWNT 2 EICE-> TRAHERINDG T L0305

hie.
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