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@ E. ARSI ERIE R B Bacillus subtilis NX-2 LU 28 A4 L RV A B A y- 28 R IR (v-PGA). AT
X 2 PSR Y-PGA £ B AR T, ZEREFRIE ARSI I[U-C- R A8, A0 y- A8 S R (M R A AR B 1 15 5

SRIE, I A A PSR, AR R TP AR BN 4%, v-PGA BT 48 A A 2 H3E A 1 LA
g 9% LA, AN LRI g 3%INy,  H I ZE A E N y-PGA I LA B4 45 6%. IE WA 2500 X T T A B AR R B A S

HH SRS Hy-PGA B, MIARZIR y-PGA FKH TR,

KR -RARR; RgE; BR
FESZES: Q935; Q936 XERFRIRED: A

1 W=

TAE ) & ey- R A 2 R [y-PGA,  y-Poly(glutamic
acid)]if, LR FRIEEIEIE X — e wiph, —Flodm—
el 2 B IRTy-PGA FALAA ph 6 % b B OB 45 R 2 IR ik
LA, PR ARG (de novo)M, SR EREA
B. licheniformis A35 FI B. subtilis TAM-4 2521, 3 pRkk
BERR A FER R UL y-PGA L= 1R bk S —FA 2
s B, o R B R0 B, BRUE AR B |
BRIRFH h, LR PEFT B. subtilis IFO 3335 1 F-2-01
J% B. licheniformis 9945, IXKRHRIERIFREA G B AR
I AN ey-PGA,  FRA A Z BRI 1K) y-PGA A 77 14

A R STHERE W, AN [R) B RR A 25 22 Bt 1R 35 77
H G ly-PGA IR AR A7 AE4UK 72 5. B. subtilis IFO 3335
TEE IR AMR E R IR E L REES ly-PGA, (1
S R IR BRI B AWML, y-PGA FAE
PR 24P, B. licheniformis 9945 F [RIA¥: (3% 3%
Kk E HFRAETy-PGA, TR AMB ARSI T y-PGA
A R, R IR AL R R A PR e Ak N A8 R HE N
v-PGA.

B. subtilis NX-2 &A= [ F ik iR 1) —#k
y-PGA A= B, g i 2 0 R 28 SR R A K
y-PGA, [HIX 2 FERIEAEY-PGA & ik F v (1) 7 F L
FHARTELE.

IEAh, BRI PR 2 B AR HLEE H R —
SEWAE, [ IR ERE T AR A T B, (1
TR PE R, R AT A A AN, FE EAHER. A
WEIUR A BC 39— b i B A B, W R R IR 11

gt H#A: 2006-03-09, f&[E HER: 2006-05-09

YEHS: 1009-606X(2007)01-0145-04

BC-NMR {555 58, J7 (5 V557 s by AT 280 B 4 11 2
f =, A HERly-PGA )& B 12,

2.1 EMREZIRT

B RR A 5 2E AUAT 12 (B, subtilis NX-2) A 5256 77 i
FEARAET, HRic g [U-Cl- AR (0 R 41 99.0%,
Cambridge Isotope Laboratories, Inc.)
2.2 BERERBEFAZE

FERh KT FRIE (/L) HIZTHE 40, 722% 40, (NH,)SO,
8, K,HPO,-3H,0 20, MgSO, 0.25, MnSO4-H,0 0.05, pH
7.0.

ORI B IR AR R A AR N 20 2 50 /L, %
LA AR L AR BRI A AR Jey-PGA 7= B A5 I 5 105
B FERE SR AL A 2RI LM 20 31 50 g/L, F5R
TR AR X y-PGA RIBI RN : T °C bric w45
3 HTy-PGA AR AE, RE TR A AT ik 2 20 il 40
130 g/, b Er 5% 10% [U-SCl-iZpEbric. AN
2R BE AN B R AL & I R IR AR5 U y-PGA 7))
e A, B, C, D(IER 1 oK), Hegx s b JEail i 7
FEAH .
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Table 1  Different glucose concentrations and percentages by

weight of labeled [U-*C]-D-glucose
Glucose concentration Percentage by weight of labeled

Product

(/L) [U-13C]-D-glucose (%, @)
A 40 0
B 40 5
C 40 10
D 30 10

EEWB: EFAKRBFRETIIH ('S : 20674038); LA mHATH BB (4i5: BG2005042); YL/ AKRFIF L4 W% 5 : BK2004122);
T R 2R L TR RS A S B I H (4R 5 : 20050291001); #F A7 75 R0 ¥ Bh -kl mi 5
EERN: A7777(1982-), L&, VLA rati A, WL, A Tl R, @R A, Tel: 025-83587332, E-mail: xuh@njut.edu.cn.
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32.5°C, 220 r/min }%3% 48 h.

2.3 A E

M B R HPER A T I 43 6 EAX 660 nm N A
OD . % & L-745 2 M i H SBA-40C H=W4% 1& 43 #
AR, y-PGA 1 5 i K B 03 (i
2.4 RS EHEL

B KB pH I % 3.0, T 4°C, 10000 r/min 5.0 30
min, BCEIEWB, A 7 RAATRIIRE, SRS 2022k
DE, Ely-PGA FH .

BHLE A T 258 1 /K(0.05 g/mL), 0.45 pm ygfE
PRV, TENT R RAEN A, REET
0.2 g/mL {128 & ek 4, F1H] 10 mol/L HCI Kk 4
W pH A 1.5, JEIRIE I 8 fHAFN) 1:1 (1 A I/ LTk
TR 1 TR K 5 8y-PG A B i) , 73 2R T [)y-PGA
aifh, SR TIRAERZ RN, AR .

2.5 HR/MAS %8 R 036
BHE AT D,0 (0.05 g/mL), BN & & FEL VA

(DMSO) k%, K BRUKER AVANCE 400 (SB)#%
WEICIRIEAY, TAESH% 400.13 MHz, 7 300 K Jij%&.
HRIMAS (75173 3% B 1 g ) S 3 R Al BRUKER At
g, 4 mm/15 kHz HR/MAS #£3k, # 73 4000 Hz,
BC-NMR IR I 56 7% 10.00 ps (ffikad, St
2000 K. {3 555 5 (Peak Intensity, PI) ik &I FH 43 75 3],
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3.1 BIEVEREX B subtilisNX-2 K& Fiy-PGA B9

=AU

ANEVIGE A FRIE T, y-PGA K% 48 h I
YR r= Wy o s gk 2 Bras. A B FE R A ) T4
RN PR A A KRN3R Fiy-PGA (7= 1. 46, HR TP s
ATCAE Y, CURIERRE KT 30 g/l REEAR R IE
BRI S (My-PGA & Ex147/129+ 85 - I h R A B A
FR i) KT IR PR M A M o . T G W%
BRI R 2 PRAUSE, 1 W) 2 B 0 s A i R A ik
AL T 2R, 25 Ty-PGA A L.

< 2 BEENY-PGA S REIRIE
Table 2 Effect of glucose on y-PGA synthesis

Glucose added (g/L) Cell growth, Aggo Residual glucose (g/L) Residual glutamate (g/L) y-PGA (g/L) Total glutamate (g/L)
20 0.194 0.55 15.45 17.26 35.59
30 0.234 0 19.78 19.37 42.37
40 0.275 0 19.32 23.18 45.72
50 0.287 0 18.45 23.86 45.64

Note: Total glutamate was the amount of y-PGAx147/129 plus residual glutamate in the culture broth, and 147/129 was coefficient.

F 3 AEBRITY-PGA & REIFZIE
Table 3 Effect of L-glutamate on y-PGA synthesis

L-Glutamate added (g/L) Cell growth, Asgo Residual glucose (g/L) Residual glutamate (g/L) y-PGA (g/L) Total glutamate (g/L)
0 0.132 15.23 0.00 0.00 0.00
10 0.348 8.21 0.72 4.23 5.54
20 0.289 1.54 6.43 9.76 17.55
30 0.242 0.55 13.46 19.35 3541
40 0.264 0.00 18.51 22.96 44.67
50 0.275 0.00 25.72 23.10 52.04
60 0.271 0.00 36.13 21.32 60.42
3.2 BEENT B Subtilis NX-2 KEEE Fy-PGA BRI
%\’/ﬁ AX?Y'PGA é‘ﬁkﬁ‘]?ﬁﬂl’ﬂ]%ﬁ 3. HT B. subtilis Glui:clse
NX-2 WA BRI 0 7=y-PGA T8, {ERiFE3r AR oyriate
BRI, BAYy-PGA k. B FREAI IR 2RI /o
o N e et s — 2 [ Acetyl-CoA
I BT, y-PGA MBI, R IR [ A
'Y'PGA %i%%ﬁﬁ%%giy }J\WUA%ZHF‘EJ'Y'PGA E@/EI\EE Oxaloact;tate E?‘trate Ex‘trac._allul:a_r
3.3 y-PGA K ISHEZ / \ glutamc acid
Lty LRSI, S B. subtilis NX-2 RS AR A ! %
LA - | / PGA
v-PGA [ARMB&R MK 1, v-PGA HRRH 45K 1T \ /

AR L3 2 B AR 2 B A A I N A%, BT R X 0 Xo,
HIZTBE HH EMP 3242 TCA M ik o- i 16 — IR ¥ b Ay
L-BRAMR, SHMNERAR —[FE Hy-PGA. HM K&
(R L ik — 20 .

\ / /N

a-Ketoglutarate —E-L-Glutamic acid— D-Glutamic acid

L

K 1 y-PGA fftistigtz
Fig.1 Metabolic routes of y-PGA
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3.4 F "CHRiCEEHE S HTy-PGA KUK iR

LR 1 A S A, AER SRR I — e
[U-C- 1450, I AR Db 8 40 B 1) % e T e 338
IT RIS, AiAL )5 Ry-PGA 43 Sl N [R1VE % () DMSO
HE4T BC-NMR Kill. y-PGA K17 T4k WK 2, H%mg3t
P& BC it 3 fior. LA kS DMSO R i f A F14
P, AL SRR 2y, A3 BAH Y (15 5 R
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Fig.2 Molecular structure of y-PGA
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Fig.3 *C-NMR peak intensity of different products

3HIH T AR AL T s LS S Bk 3 AN 1]
MBR B 715 S ot 8. SXTH A ML, ARid s iR
y-PGA H USRI FTfas, I Hy-CHy KA T35y,
U A B S8 2 5 T y-PGA [ k.

TR SR R R PR AR BC R
99%Ps+(1-Pr)Py, Ho b Pk bRl W7 S A A B b iy Le Al
999%  [U-*C1- 1 B (4018 , Py o °C I RARFFE 1.1%.
PIUEAE & B IS 1°C “FRE Ol 6.00%, FEfH C, D N
10.89%, Fffh A v BC [N 1.1%.

PR A NX-2 B RRAN LA 25 R0 24 SRR AT S
IE A BRI y-PGA TRIBR T 4843 5l ok HaX PR . 52 X
GEF(Glucose Enrichment Factor) hy-PGA #5148k 1 %
BRG], R 1 Pl X K, Sk AR IR L
BIRN X, 3% 4 1-GEF.

AN RV RE it v () — S A 45 5 5 5 ot i A
() BC SrEpurth, Hik, FER B 5 A M550 PI
2 Hi AL

Plg/P1,=[0.0600GEF+0.011x(1-GEF)]/0.011, (1)

Hrp 0.0600 M KRS B (IR E AR B°C 1,
0.011 &y C KSR F2JE. 0.0600GEF b= #)y-PGA ik
HARE BC 1, 0.011x(1-GEF) 2k H B & R 11
13C E’EE

[ HRE A C R D il A2 -

Chemical shift Chemical shift
Plc/P1,=[0.1089GEF+0.011x(1-GEF)]/0.011, (2)
Plp/Pl1,=[0.1089GEF+0.011x(1-GEF)]/0.011. (3)

DALh SR 2 38— b ic R B, DL DA 1BC it
AR S B A PR W s T B ) 5 SR 1 — 3. LA
2 PSS B bR dE, 4 B aX(2)~(3) v A
FIHSAE R GEF [H L3 4.

% 4 IREAFARERAITHE B mAY GEF &
Table 4 GEF of different products calculated by different groups (%)

Product a-CH B-CH, y-CH, Average
B 8.63 9.15 9.09 8.96
C 9.14 9.92 9.72 9.59
D 5.99 6.56 5.90 6.15

FEih B Al C IR M A MR KA ], AR 124
WA 225, T GEF it bbir, Hsehs
FEOUAIRE, AIHmZE R 3.4%, ANHBI KRG e BB 1)
RYrpezs. IR FREEA AR N 40 g/L B, H % b
HEN = Y)y-PGA (I HLAG(GEF) 2k PGA S 9% A 45 .
FEGh D MRS IRIEEA AR S A 30 g/L, JL GEF {HZ N
6%.

4 & @B

KA BC ARid AR, SR PC-NMR {5
SR, ] Bacillus subtilis NX-2 754 iiy-PGA it %
e DU 20 Bl RS SRRV E R B 01 R v A 8 Bl A
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h A%}, y-PGA kB 42 b b A A B e R L 51 29 20 9%
Fidi, FREREAREE D 3%, A A BE A y-PGA IILL
WlbE 22y 6%. DRI 2 B 4 A B s K8 3 H T g AR
WA ARG, R DE 2 H5y-PGA ARG A
1% A y-PGA AR 3= K.
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Investigation of Metabolic Routes to y-Poly(glutamic acid) by
13¢C-labeled Glucose as Medium Carbon Source

SHI Ning-ning, XU Hong,

YAO Jun, WANG Jun

(College of Life Science and Pharmacy, Nanjing University of Technology, Nanjing, Jiangsu 210009, China)

Abstract: Bacillus subtilis NX-2 produce was used to y-poly(glutamic acid) (y-PGA) with glucose and glutamic acid as medium carbon
sources. To clarify the role of these carbon sources in y-PGA synthesis, metabolic routes to y-poly glutamic acid were investigated using
13C-labeled glucose as medium carbon source by detecting *C-NMR peak intensity. When the medium glucose concentration was 4%,
the repeat units of y-PGA formed from glucose were approximately 9%. While the medium glucose concentration was 3%, the repeat
units formed from glucose fell to 6%. Glucose was mainly used to form biomass and provide adenosine tri-phosphate (ATP) for y-PGA
synthesis, while glutamic acid was the main source of y-PGA repeat units.

Key words: y-poly(glutamic acid); metabolic routes; NMR



