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H B y-255 W[ 7-Poly(glutamic acid) , y-PCGA] & th F 8t 4F
B Bacillus )& 8 — MBI KBRS FRERREY,
Ed LS8 D SERAMHRKHAEEDT - SERRS
R, v-PCA A RN R BIvE R4 24k BLE H 0T
B NN ARENTAYRRSITEHEOE LN
WA, R, y-PGATTLAB ERATEH G, A0
T R KR SRR R T R R
HE TS TRASTEIE, E—HERRIT L6
ERNERMEDEFREGHL . B NEA XE%
HAXRH20 ML 0ERMTFRT —EMTEREABEFTS
B o EMeTED " BN EE R ICRIRE .

ERETERADEERBELLAT LN —RERY
B HME, A IEREPERE FHEEEKE v-PCA
AW EEELRTHE. DB TRARZBETER v-PGA
AEBEREHABMEEER.

1 HHEE5r&E

1.1 M#

i A T B ( Bacillus licheniformis ) WBL-3, A LR %
EEMEBE,
1.2 EXBE5ERAE
1.2.1 £HEHE 3% 4 ; Tartof-Hobbs B FE £,
1.2.2 REEFRE(yL) 88 10,58 # 20, MILHE 4,
K, HPO, 1, Mg50, - TH,0 0.5, FeCl, - 6H,0 0.02, MnS0, * H,0
0.05,pH7.5, =B /KA H .
1.2.3 HAEEH-MHEHAETER - ERNTHTHE,
37°C, 2000 min B35 48h RIS SR EF R M THRREH
P E R R A L2000/ min, 37 CHEFE .
1.3 SFH%
1.3.1 4AHBRHNE . S0mAFERFERATERE.
1.3.2 £RBFABHMNE: ARETFRWAEEEE" X

e B A 7 :2005-04-18, ¥ [ H %7 : 2001-08-20,
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2% H 4 HITACHI 180-80.,

1.3.3  ¥-PGA HIME . R A Goto 3",

1.3.4 1% 7-PCA ¥R FE M52 - FA “Brook field"LVTD ¥ 1
i,22°C,0# ¥ F.600min B & .

1.3.5 y-PCA®H D-BEM S BHME . RA Birrer 2%,

2 HER5Hw

2.1 HXFEMAE WBLIEF SR -8ARNENTR
ERBEIEFED A CaCl, 0.2¢/L, (NH, )Mo, Oy, *4H, 0
0.1g/L,ZnS0, - 7H, 0 0.03g/L, CoCl, *2H; 0 0.02¢/L, B 5 v-PGA
MEFTIBEEBRBEFHEE. 1 PHET-EERE
EYtEh EHEE K. ER B ERR pH HEERN @ 8 X
R . SREREA BFHPH v-PCA FHESE | XiE
. MAeEyREMER.EHE I RETEREFHARBER.
MWE2 XA pHETRBIEMS 5.58, F8 B RRITE
kRS . ME pH LA EWBF TR, v-PGA
EEEBFRORERAH S, EREHFE2-3 X, 7-PGA
ERBABRKEEMNEG, b 3.219L EFAZE 8.11g/L,
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Fig.1 Kinelic course of Y-PGA production by
Bacillus licheniformis WBL-3
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6 %) HES SEB I BKFREELREER r- 8 EROY W Jo7

rPCASREBSEYRMINGFREE . EF- r-PGAE 2 X,
Bk B B A (E 2.84¢/L, T Y-PGA R BIR K (H 9.73g/L B9
AR R RNE 4R,

22 SR SERESTIEIIRETAHEHE

FHAMRERKESE - FERERETED, s R
BFHEEEAEEAMER LR, K 2ARTHEER
BFz— EEE5RRAFEZYENZHEEEOER",
FUSESEBRA 2 XOABES. 78K 5.88mg/d |
6.13mg/d, K" B REHEMIEN MEGLRXEEHYEE
RAFA.

B A B (35 1 Ko Cat AR R BH LR P
0.87Tmg/d, Co” HETFHBES, BEHARMERIRE AT
FREAEAN  RFARENYEEES. Y HIL, £ EE
EHEEMEESEL, RN’ R —EREMNNERNE
WFIRES KREH0.5mgd EANTRE. 481
AHLEIR PCASRBABAEENBEIM, A 3.21g/L 1
ER gL, Mty RE A KA EL, RALLHE, AN
Co  MREEEHTER »PCAGRME,

Mg " BER BRI A A%, I MR RV, 5 4 Mg
AR THEEEE ARG, Rl 4 KEERA Mg
08 MR B A (E 3. 3mg/d, A Mg X K .G
MRFTOE. EEREN. B TRBEKRER K BREE
TR . EEREEEREILRLN. SR M WEAB THE
SRR RUAEREN AR RS ERAAHSH
B Mg, AR AT Mg A K v-PCA A R
HE—ENEN,

ME WHEERE RN REHAREER, K8
0.32mg/d, HY F EMEYIRATELIEE—R7
MHETEY FEMEARE RKERERHARKERE,
FEP y-PCAH 3 X, % Fe'* (9 H ik MK 0.38mg/d. 45
SE 1A, F M r-PGA A BAMERARKHES.,

BEEER vPCAGRARSH M MHARREY
Mg FIEI RS, 4 Mo™ ORI E™ y-PCA B X
K 1.06mgld, B = KA PR KN 1.54mg/d. EREY RN
MMIFEMRE NS M’ TR, S A8
£ Mg*  Mo®* F1 Mg 3t R i 9% 04 BB 0 [ A LA 3R Ah Mg’”
MAE. AE 1 PAILER, M’ 3 »-PCA RO E R
Ko

X Co’t WRIAAER 2 KRR/, BN 0.04mg/d, I
Wm,Co" MM ERBEARKOEEER. G BIKMEN
HMEATF, LEETFESHELS Bt yrPCAAGEBRKMAEE L
F+a8d ] (7 v-PGA 8B 3 ~4 K), 3 Co”” ABAWIFNFA,
B Co™* BF R y-PGA S HAE—EHNER.

o't 5 GO MMM, RE N In' RME T HEE
BMM AR MR RSN EE T LA 7-PeA
ME—x84 -sREMA,

M fERMEDRAIBRPLTHRECREZ —. &
HER — SR TAWE R E LR ™ »-PCA KSR

3K, A Mo* F A BB K 23. T6myd, & HE 1 7T 4,
Mo®" % v-PGA IS EEFHBRAEM,

81 TyPCARRATERRTHRRMNEHEL (me/i00ml)
Table 1 Changes of consumption of metal jons in the mediom

Metal ion 1st day 2nd day 3rd day 4th day
K 5.88 6.13 4.01 3.10
Ca 0.87 0.60 0.55 0.24
Mg 0.18 3.13 2.9 1.16
Fe 0.32 0.06 0.38 0.07
Mn 0.02 1.06 1.54 1.12
Co 0.04 0.04 0.30 0.46
Zn 0.06 0.06 0.37 0.55
Mo 0.08 Q.19 23.76 19.48

2.3 FRAERETHRENMRFRTEMAER. T-PGA P
ERERHREHARNEN

2.3.1 Mo BFH rPCA EBMEM . UEABEREAE
BLAMEMAFEEES Mo BT rPCARBTR, &2
FH(REF),EATHE M FIBHEES . BH »-PCA B~
B MnSO, - H,O B FEPFHEEMN 0.02gL M E
0.12¢/L,v-PGA /= B AL\ 1.58g/L 8 F 8. 79g/L (B3 4 ¥
BRASENEH, 24 EREENEMS BTHRER
LA BEME v-PCA S HE K, FH MnS0, - H,0 HEE K
0.02¢/L 3% % 0.40g/L,D-4 R ER1E v-PGA MY LAY A 32% 9
ER8%. M Mo AT 0.6g/L I, M EMERKF v
PGA MG REMHIEAETHE.

£1 Mo HEXFEHAWSE vPCGARER
Table 2 Effect of Mn®* on Y-PGA synthesis by Bacillus licheniformis

MnSO, *H,0/(g/L) Biomass/(g/L)  Y-PGANg/L) D-Glw/ %

0 1.53 0 —
0.02 2.13 1.58 32
0.04 2.37 7.44 38
0.06 2.35 7.37 43
0.08 2.44 7.49 44
0.10 2.48 8.17 49
0.12 2.46 8.79 52
0.14 2.51 7.43 75
0.20 2.48 6.25 84
0.40 2.36 7.84 88
0.60 1.07 3,34 88

2.3.2 G BT v-PCA EM AR W MaS0, - H, 0 TE R &Y
BEERSFHEEDORYLAFRT . EE T RH &
WEMABENER, R3RY, AEFEPHRE LA
EMY EEET, BB RRABRKERRA v-PGA, R E Call,
ERFEEPMKELD 0.20yL B, y-PGA FRABEEA.
CaCl, W 1T &t IR D-85 S 87 v-PCA TR BRI K
EMBERAKRN . HEDSERE »PCARNELAKRLET
50% %46
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£3 CaHUKFRAMNEH +PGANER
Table 3 Effect of Ca’* on ¥-PGA synthesis by Bacillus licheniformis

CaCl/(gf/L}  Biomass/(g/L)  7-PGA/(g/L) D-Gluw/ %
0 2.461 &.27 48
0.1 2.55 9.14 51
0.2 2.64 12.34 51
0.6 2.60 12.18 49
1.0 2.5% 12.42 50
2.0 2.50 12.34 48

2.3.3 4t X v PGA ERMEBR K4 ES5SHHA
Int MGl MR FRFEER »PCAME W, ZREGR
=M .o’ WS MEEM AN EDRM »-PCA SHE R
HFHEMER AW D-FHERE vPCATHRATHS
Mo’ AR THEE R, IR Zo®" (Co” MEERFRT
MAEHEM,D-FEEE »PCATHEANY S0 EH
88% . MAEPEHEEMN MY M Zn’ WFEED-FERE
YPGATRE BB 88%, L BRELH, BIEEMN C M
Mn'' 3f y-PGA R Bt A EER R . it i 0 R 2
Mn®* Zn'* 78 Ca'" MiF B FEF R EESE »PCA RBA R
ik A

B4 I HEKXKFUTEAE r-PGARNER
Table 4 Effect of Zn’* on Y-PGA synthesis by Bacillus licheniformis

Zn80,-7TH,0 MnSO,*H,0 Biomass
L) HelL) gL ¥-PGA D-Glu/ %
0 0.12 2.64 8.83 51
0.0005 0.12 2.66 8.90 55
0,003 0.12 2.66 §.80 64
0.024 0.12 2.70 9.10 76
0.048 0.12 2.68 9.27 85
0.096 0.12 2.54 9.05 86
0 0.48 2.68 8.1 86
0.048 0.48 2.57 8.10 87

x5 CoHMEFERITFWAER -PGAIEMN
Table 5 Effect of Co’* on v-PGA synthesis by Bacillus lickeniformis

CoCl,*2H,0 MnSO, H,0  CaCly Biomass  Y-PGA ¥-Glu
H(g/L) HyL) /(g/L) gL) Hgl) 1%
0.0002 0 1] 2.53 8.32 45
0.002 0 0 2.68 8.54 64
.02 0 4] 2.55 9.18 73

4] 0.12 0.20 2.65 9.48 48
0.0002 0.12 0.20 2.6t 8.71 50
0.004 0.12 0.20 2.66 .51 54
0.02 012 0.20 2.58 8.55 67
0.08 0.12 0.20 2.60 9.01 85
0.32 0.12 0.20 2.47 8.89 88
0.08 0.48 0.20 2.50 10.33 88

2.3.4 M BETHW vPCA RS EMNAREARN
YPCARBHNEWHN SXEREBMEN yPCAAHAERE
MIEHER. 6 &M M FF »PGA &, HEEH M
WENHED, RERAKEEANENTR ARERE R
0.25g/Li R R R, TS AT v-PCA R £, Bk
HHEEFEM Mo’ BE#M TAREKS T8 v-PoA, XA T
PGALEREHPMEARR., RIT Mo MIREEEMEHERM
D-#EBTE ¥-PCA FRILLBIE WA B, 5 5h , Mo*™ #1 Mn™”
HR# rPCAERAIEAA - EHNNFEER, BREETR
B M fFAE BIEE M AR Mo AT . ILFRN
A E v-PGA.

%6 M WHEFRITRER 1-PGA HEN
Table 6 Effect of Mo** on Y-PGA synthesis by Bacillus licheniformis

(NH, )¢ Mo; Oy *4H, O MnS04-H, O Biomass Viscosity v-PGA  D-Glu

f(g/L) Hg/l) gLy fep” Hgl) 1%

0 0.12 2.54 71.7 8.43 51
0.05 0.12 2.48 77.6 8.87 43
0.10 0.12 2.57 77.6 2.89 48
0.15 0.12 2.52 71.9 9.03 49
020 0.12 1.60 86.6 10.15 52
0.25 0.12 2.61 89.7 11.74 51
0.30 012 2.58 81.3 12.01 49
0.35 0.12 2.64 80.9 12.23 52
0.40 0.12 2.61 72.8 13.74 52
2.00 0 2.50 51.3 - —
4.00 0.48 2.81 4.4 17.13 87

" spindle

235 HE—S#LHASBEFH »PCA KRNEW £X
RIABERLDPAIMAFRREEN K M W F &
BER, EMNVHEENERE vPCANSRESTMN, B
ERBRA A EENE K . »-PCA S RANHER,
HE=f¢RETFAEIE D-BEERE v-PCA PR LA E
X85 Ca'" WmE M. 8RN, K HPO, M50,
*TH, O R FeCl,-6H, 0 B H W 4 & X v-PGA S LK E S
1% 0.8.0.60 & 0.06¢/Lo

3 4 #

B EHREER, M’ KT LR Mg WK R
HENOEKE rPCANSBRELTEHRERHE. M’
Co™ \Zn'' BBARE v-PGA MW &I, H T K v-PGA Y D-
BERTBEHEAR, Hilk M0 Co* Z RTEER 7-PGA
ARBHFERRSREIEN. B Mo™* Zn"" G MAEHE
BW v-PCA A& R B RS WA R 7 i, 3F A B 4 Rk
R EN, SR RESE, ERFEERAEMD M R
BAT o

LEE M R, QEE YN G’ Mo TR
RS AW ® v-PCGA &, M MnS0,-H,0 &
WP (M 0.02¢/L B 0.48g/L), o[ LI B A F D-&
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Effects of Metal Ions on Y-Poly ( Glutamic acid) Synthesis by Bacillus licheniformis

YANG Ge!''>  CHEN Jian'® QU Yin-Bo* LUN Shi-Yi'
'( The Key lab. of Industrial Biotechnology , Ministry of Education, Southern Yanize University, Wuxi 214036, China}
*( State Key Lab . of Microbial Technology, Shandong University, Ji’nan 250100, China)

Abstract In the course of Y-poly (glutamic acid) ¥-PGA fermentation, metal ions K* ,Mg®* ,Fe** , Ca** , Mo®* , Mn®* ,
Co** and Zn®* in the medium have centain effects on the synthesis of ¥-poly( glutamic acid) . Excess or lack of K* ,Mg** and
Fe** results in reduced yield of ¥-PGA. It was found that the Y-PGA synthesis by Bacillus licheniformis was promoted obviously
by Ca’* and Mo®* . Synthesis and stereochemical composition of Y-PGA was greatly regulated by Mn?* . ¥-PGA was not pro-
duced without Mu?* in medium, and with the increase of Zn?* concentration the yield of ¥-PGA and the proportion of D-glutamic
acid in the peptide increase. Regulative effect of Co”* and Zn** was almost the same as that of Mn®* , thus the combination of
Mn®* , Co’* cann't enhance Y-PGA synthesis and affect stereochemical composition of Y-PGA. Based on the experimental date,

an appropriate formulation of metal ions in the medium for Y-PGA production was obtained.

Key words metal ions, Baeillus licheniformis, ¥-poly(glutamic acid)
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