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Screening of Poly-y-glutamic Acid High Productive Strain
and Optimization of Fermentation Medium

WU Xue-Chao CAO Xin-Jiang JI Zhi-Xia CHEN Shou-Wen®

(Huazhong Agricultural University, State Key Laboratory of Agricultural Microbiology, Wuhan 430070)

Abstract: Bacillus subtilis B6-1 was used as an original strain for mutagenic treatment and a defined me-
dium was used as the selective medium. A mutant named B. subtilis W003 was isolated after three serial ul-
traviolet (UV) irradiations and one diethyl sulfate (DES) treatment. The y-PGA yield on a rotary shaker was
enhanced from 10.9 g/L in parental strain to 20.5 g/L in the mutant. It was illustrated by single factor ex-
periments that the optimal carbon and nitrogen sources were glucose and (NH,),SO4respectively. The opti-
mal fermentation medium was achieved by orthogonal test. In the optimal medium, a y-PGA yield of
45.3 g/L was obtained after 36 h cultivation.
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, v-PGA
v-PGA ,
v-PGA , , v-PGA
1 ARG %
1.1 ##
1.1.1 B B6-1(
)
1.1.2 BFRE: () (g/L) 10.0,
5.0, NaCl 10.0, 20, pH 7.2~7.4 (2)
30, L- 20,

12, NH4Cl 7, K,HPO,4 0.5, MgSO,4 -7H,0 0.5,

MnSO, - H,0 0.2, 20, pH 7.4 (3)

(g/L) 10.0, 5.0, NaCl 10.0, pH
72~74 (4) (g/L) 80, L-

20, 12, NH,Cl 7, K,HPO, 0.5,

1.1.3  BFEH: (D

,37°C 16h (2)
250 mL 50 mL, s
200 r/min  37°C 10h (3)
3%, 500 mL 70 mL, 200 r/min 37°C
36 h
1.14 EFENFES5RAF: , ;
s Fluka ; Agilent 1200 series
1.2 7%
1.21 FTEM: D (UV) 5 mL
10° CFU/mL ,
( 15 W,
30 cm), , 37°C
24 h, 2 (DES)
10 mL 10° CFU/mL ,
0.1 mL DES (DES 1%, VIV)
,  0.5mL 25%
) , 37°C
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24 h,
122 REHRHIE: ,

37°C 200 r/min 36h
v-PGA ,

1.2.3 HFRIEEMRR: 7-PGA
10 ,

, v-PGA
124 BEEXTHE: (%)=(1-
CFU/mL/ CFU/mL)> 100
1.2.5 y-PGA Z=HINE:

110°C 24 h, NaOH pH

B B

v-PGA
0.22 um Agilent (
Lichrospher Cis, 25 cmx4.6 mm),
210 nm, 100 mmol/L KH,PO, 5.0%
( pH 2.5),
v-PGA =(
)x129/147
1.2.6 BE{KTE(Dry cell weight, DCW)AJIE :
R pH 3.0 S
10 min, 2,
95°C

1.0 mL/min

10000 r/min

2 BR5WR

2.1 HWEZFHEITE B6-1 BIIEE
2,11 552k BB B B B) YK B

B6-1 , 30s 45s 60s
75s 90s 105s 120s,
1 , 120s

98.5% ,

R 76.9% 60 s
2.1.2 DES AR (8] BYIE R 2 DES

30 min 74.5% 30 min

DES
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- = Table 2 The genetic stability of B. subtilis W003
0 20 40 60 80 100 120 140 v-PGA (g/L)
£(s) Generation Difference significance
0 20.7%0.8 ab
Bl 1 ek RS A 8 3 B (A BT 5 O B0 , I .
Fig. 1 The effect of UV irradiation time on the lethal rate
of strains 4 20.5=+0.7 ab
6 20.4=%1.3 ab
1207 8 19.820.5 ab
10 18.3%+1.5 b
100 .
— Vi WA (a>5%)
80 ./ Note: The level of difference significance (a  5%)
x
g . e 22 EEEAL
E / 221 BRI 60g/L 80 gL
340 .
20 1 ( 3) v-PGA

20 30 40 50 60

t (min)

£33 TE®RIEN y-PGA AEERIF N

Table 3 The effect of various carbon sources

2 MR ZEFERENEEBIERNR M

Fig. 2 The effect of the time of DES treatment on the lethal

rate of strains

213 BETAE: 1 y-PGA
R B6-1
DES , y-PGA
w003, v-PGA 88.1%
®1 y-PGAFEEMFELTAR
Table 1 The mutation process of y-PGA producer
7-PGA (g/L) (%)
Strain  Mutagenic agent Enhancement of yield (%)
B6-14 10.9 0
19 uv 143 31.2
med uv 16.1 47.8
m7d uv 17.5 60.6
w003 DES 20.5 88.1

on y-PGA production

DCW (g/L) v-PGA (g/L)
Carbon source (g/L)
Glucose (60) 2.71 15.6
Glucose (80) 2.25 22.9
Sucrose (60) 1.94 11.5
Sucrose (80) 0.99 11.8
Glycerol (60) 1.56 16.7
Glycerol (80) 1.23 20.5
222 RIFIEE: 80 gL ,
y-PGA 4
v-PGA ;
, y-PGA

2.2.3
80 g/L
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y-PGA (g/L) 80 60 10
5 , 8.6 8 K R’
v-PGA : , A>B>C>D,

> AIBICIDI:

R4 FRIEX y-PGA XE2HIS

Table 4 The effect of various nitrogen sources
on 7-PGA production , , v-PGA

DCW (g/L) y-PGA (g/L)

Nitrogen source (g/L) , "{-PG A
(NH4),S04 (8.6) 291 31.2
(NH4),S04 (4.9) 2.28 23.0
NH,CI (10) 1.27 18.0 e

F6 EXFTHWERKT

IO 1.87 203 Table 6 Factors and their levels employed
Urea (4.1) 2.15 19.9 in orthogonal test
Urea (2.3) 3.09 24.4 Level (g/L)
Peptone (13.0) 5.05 9.3 Factor 1 2 3
Peptone (7.0) 6.03 14.4 Glucose (A) 60 30 100
Yeast extract (13.0) 3.92 9.1 Sodium glutamate (B) 45 60 75
Yeast extract (7.0) 3.14 7.3 Sodium citrate (C) 6 10 14
(NH4)zSO4 (49) + peptone (70) 4.33 22.7 (NH4)st4 (D) 43 8.6 12.9
(NH4),S04 (4.9) + Yeast extract (7.0) 3.74 24.5

7 ETWBLE 5
%5 AEBNKES 1-PGA BEEHI =T EZREERRMENH

Table 7 Results of orthogonal test and the

Table 5 The effect of the concentration of sodium analysis of range

glutamate on y-PGA production

> Factor DCW v-PGA (g/L)

DCW (g/L) y-PGA (g/L) (%) Tests 2 S —
Sodium Apparent conversion A B C D

glutamate (g/L) rate (%) 1 1 1 1 1 296 27.6 26.7 29.7
10 2.78 23.7 237.0 2 1 2 2 2 254 42.5 463 38.7
20 2.88 30.5 156.0 3 1 3 3 3 1.79 363 33.7 335
30 2.65 36.1 120.3 4 7 1 2 3 241 427 429 37.7
45 2.47 38.0 86.7 5 2 2 3 1 2.07 38.6 383 422
60 2.10 43.8 71.3 6 2 3 1 2 170 44.8 41.6 36.0
70 1.87 44.3 63.3 7 3 1 3 2 1.45 243 20.7 19.8
80 1.35 46.3 57.9 8 3 1 3 1.65 259 29.6 24.0
=y-PGA / 9 3 3 2 1 1.03  30.7 30.7 28.0

Note: Apparent conversion rate was defined as the ratio of y-PGA

concentration to the amount of sodium glutamate added in the me-
dium K, 40.53 36.23 37.80 34.97

y-PGA y-PGA
224 WHEFEUARBKRYKERERZIT:

K; 35.00 30.23 31.77 32.50

(gL) Ki 2597 3503 31.93 34.03 ALB.CDs
R 1457 650 6.03 2.47

’ K’y 243 227 210 2.02
> Ky 2.06 209 1.99 1.90
DCW |
6 7 (L) K3 138 151 177 195 AB,C,D,
7y-PGA K R R 1.05 076 033 0.12
v-PGA A>B>C>D, >
> > ,  v-PGA

A3B,C,D,, ( ), 36 h,
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d; h; min; S
mol/L, M ( ) N(
r/min, rpm
Pa kPa MPa

on( )

D kD, bp
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3~5°C;3 ~6 3~6
°C

:20 cm><0.3 cm,

kb

; st () ( ;
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