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Abstract: A novel y-polyglutamic acid (y-PGA) producing-strain Bacillus subtilis PGS-1 was isolated
from soil, which could produced a large mount of y-PGA in the medium containing glucose and gluta-
mate. The highest yield 26 g/L of y-PGA was obtained in flask culture. Compared with other reported
y-PGA producing-strain, y-PGA derived from Bacillus subtilis PGS-1 had a lower molecular weight
(3x10°-4x10° kD) and a narrower polydispersity (1.3—2.0), which could endow y-PGA a promising ap-
plication, such as in the drug delivery system.
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Bacillus species P74 ) y-PGA 43 T 78 10*-
10° kKD Z[8], ZrF o4 i 2 8 R EHE 3.0-10.0
ZIEUH AT y-PGA (10° kKD)E R34 #85 H
Tl A K A R, XK p-PGA G A SCHR R 1E
W, MBS TEE y»-PGA (10° kD)H T 24411
PR R G A, H— TR RE T 1 21 BE B 3
B ROGE A Tk Ak A 7= 1 A s ik, Holil 55 HAER
R 7EE Ao A e SR | | N e s 0 ' 1
() p-PGA T T HKE LI o 5 M\ A 59 i v
53— RS T 5 p-PGA BY-E WU Bacillus subtilis
PGS-1, FFXI A Y)itEAT T ARG RS

1 MRS G&%
1.1 F#iFIE

FUINRAE & & Eh o BN 58, 8 B AR
TR WK P EW 5 min, HBERMGT OB
FRIEh, 37 °oC FHFE 2 d R Pk AR . FmidbHt
FURS B 0 DV, B 53 2545 3 1 PR R P 21 0 &
fkr R, R 37 °C, $EIKFEE 220 r/min, K7
48 h, il A& BEWH p-PGA BB R o
1.2 EFRESEREH
1.2.1 FHFiEFRIEFTE(g/L): F4ih 10, BEEEE S,
BRI 5, KH,PO43H,0 0.5, CaCl, 0.2, MgSO,
0.1, g 20, pH 7.5,
1.2.2 FhFigsE(g/L): #Ha 20, B 5, &
M4 10, NaCl 5, K,HPO,-3H,0 2, MgSO, 0.25,
MnSO,H,0 0.03 g/L, pH 7.0.,
1.2.3 KBS E(/L): WA 50, BHEmM 50,
AR (NH.),S04 5, HAX[RIFP 85 57 F 50 o
1.2.4 EFEH: (1) FHREFR: BE TR 57
3,37 °C K555 24 he (2) M FHETR: W THA
50 mL AR5 3R3E0 500 mL =i+, 220 r/min,
37 °C 537 15 ho (3) KMER:FR: LU 2% Fh &K
P F- R SR W A R BERE Rk h, 500 mL — AR
O 80 mL, REE 37 °C, &KL 220 r/min, S
48 h,

1.3 y-PGA I B4k
KWW A WAL PRy B 4ifb 515 p-PGA 4lifh,
T IREL0 7530, BARTT 52 DL SCHR[9].
1.4 BEHREE
1.4.1 HFH DNA B932BX: #% VIOGENE /A ] ) 2
PR A K 2 DNA 4370 G4 AR B kA 7
1.4.2 16S rDNA M 5 5 H": 40
16S tDNA (i 51917 PCR 973, 514915citan
F: F primer: 5-AGAGTTTGATCCTGGCTCAG-3/,
R primer: 5'-GGTTACCTTGTTACGACTT-3',
RN F 25 pL, 4345 10xbuffer 2.5 pL,
25 mmol/L MgCl, 1 uL, 2.5 mmol/L dNTPs 1 uL, F Fl
R 5#1(20 umol/L)4% 0.5 uL, #4 DNA 1 uL, 5.0 U/uL
Taq DNA B4 0.25 uL, & F/K 18.25 uL.
PCR F2£/¥: 94 °C 2 min; 94 °C 30 s, 56 °C 1 min,
72 °C 45 s, 12MEA, HEATEHRFEAL 0.5 °C; 94 °C
30's,50°C 40s, 72 °C 45 s, 35 MMEH; 72 °C 7 min,
PR R alife e AR R W) TR BR A F
(47N JiE [T PCR = 4l Akl & i B, I i
A W R AR MR A B R SE R R I T A5 R A
NCBI ' BLAST [ X} 5 #8828 GenBank £t4l8 2 5 C A
B9 R H0 HEAT LB AT, W 8 I R A 2 2 b A
1.5 ShA%®
1.5.1 AEFEDCW)NE: KBEWmRL, &0,
WA TR IR, KVEE 2K, 80 °C TR EfHE
152 BERMASEERIEHNE: RH SBA-40C
R WAL e
1.53 ABFYHSMEELEE: (1) ZHNE: R
T IR - AR By v DN K T - W B e 20 . (2) IK Sl )
i 1.3 BRAS AURE SRR LA B 1 BOK AR K
fitt, K HITACHI 655 Z 5/ 70 A { o A SRR 4
I¢e (3) HHRAE: WA p-PGA HEMET DO
(0.05 g/mL), JIIAE & — F 3L il (DMSO)E A N
¥r, K F BRUKER AVANCE 400 (SB)#% i d: 4R 351X,
TAEMI R 400.13 MHz. (4) ZL5MGE 0 R H
Nicolet 360FT-IR #AH HL it A8 4 27 SRR
154 y-PGA BE. #FEMZOHAKBANE:
BEG B3 435125 (GPCO)' 1, 9-PGA A5tk (10° kD,
SR 70%) H B 5 Tl R4 AR 0 B
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2.1 y-PGA £FEMTFEINLEE

2.1.1 p-PGA £ EHEBITFIE: p-PGA EHLEHAY)
JEWER) BNy, AR ZIREE MR A A Y i) —Fb
T PR AR, AR A AN 52 25 1 il 1Y) 5 B
IR IR EE T WSS PR K P, WOk B E U L SR
AU M D PR R A AR R RE, STkt
B I FH O 30 P AR 3 IR IR 1 200 24 Kph
26U EURS AR 0 R AR, P o ) HE AT R M B R,
PGS-1 A y-PGA Hfe i, WOEBAE NG LL L5
FHWE . PGS-1 168 & # & A A 2 B 1 35 37 K rba]
KEH W p-PGA, & TH AR AN p-PGA A 1
P SR R, PR, SRR a)E
FiE L5 215 B b 1) 2 R SR (8T 1 TR ) o

El1 PGS-1 #REFERKEE
Fig. 1 Morphology of B. subtilis PGS-1

2.1.2  16S rDNA F5I5#7: PCR 3845 PGS-1 #
16S rDNA I ER /3 B, KA 1415 bp, )7
J5 5 GenBank (4l FEWR I AHC DNA JFFI AT I
B, MEELL 16S rDNA JP 3l 3L al i) R 48 % 5 # (F
2). S5 FEW] PGS-1 WHES 2T 1R (Bacillus spe-
cies) [d IR 4 B 98.1%, 5 Kl B 2F 4 #T B (Bacillus
subtilis) IR PEATEILE] 99.9%, A LK PGS-1 (202 E
BL ARG R ZE AT T, B0 DR T b ) A 40 T o £
A P2 51 23 3l i A 1 b O (DR S: CGMCC No.
4034),
22 AEBFEYHEEFEMERLE

R 48 %08 Te 2 W BRI Al 43
MoK fif G L TR 21 7 B — A 45 (R e (BT %), TiF
W= A AR RY;, 4 'HNMR E, . p5
y 0 H T IE AURBU 2T 1:2:2, BRI 2A iR
Kl 3 pos, A dr3(B-CHy)\ d32.1(y-CHy)  dsa5(a-CHa)
di74.9(CO-NH,) Fil d75 ,(COOH)(EI AR

KB AL ANE TSR] 4 B 3 434.75 cm!
b B R 2 N-H X FRA 4R IR 3075, 1 624.19 em™
Aib ZR Tk e 3 v —C=0 1)t 4 Bk sl oty (I e W WAy 1),
1 550 em™" FfFST A9 W AT SR IR F NH 25 il fit C-N
45 B Sl 1 A (B R W s 1), P &S A ER T
Pk B LB FETE; 1 445.54 cm ' I 1 406.19 cm ™' AbFY
W Wi U 3R W T 43 45 4 T A AE B T 25 -CHL- B
—CH3[13]O
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Bacillus sp. HQ234354 (0.0115)
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Bacillus flexus HQ234345 (0.0043)
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Bacillus clausii NR_026140 (0.0343)
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Fig. 2 Phylogenetic tree based on 16S rDNA sequence
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Fig. 4 FTIR analysis of culture product
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//“ 18 5 (48 WBRRHREG™ Y, 4h B H O T £ 0

BAR(E T MAR TR M), LR
(F 6)F& M PGS-1 & HLHY p-PGA Hi WA [B] BF I i 5
THRUES 7-PGA (1x10° kD), %&B% 30 h I, p-PGA 43
TN 4x10° kD; KB 48 h I, p-PGA /T H
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Fig. 5 Time course of y-PGA batch production in flask 2 At it K A B A iy 4R
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Fig. 6 Determination of y-PGA by GPC

TE: 0: 9-PGA FRIfES; 10 REE7 ) 48 h; 20 K4 30 h; 3: &
4: el

Note: 0: Standard y-PGA; 1: Culture product of 30 h; 2: Culture
product of 48 h; 3: Salt; 4: Impurity.

3 PG

A A 38 T 7 356 75 21— Bk 9-PGA 577 B #k PGS-1,
25 M5E Fy kb 2T B (Bacillus subtilis), I A& B
PR 26 g/L. WG U p-PGA 7 F =LK
3x10°=5x10° kD, 1T K2 SCHRIRIE 09 4= 9 & Y
y-PGA, Hor FaE M EE(HZ B AR R
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AN, QAT S22 Tt A 9-PGA J3 75 1y 5t 4
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