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Identification and Simulation Mutation of a High-productive
Strain of Poly (y-glutamic acid) Independent of Glutamic Acid
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Abstract: A high productive poly y-glutamic acid (y-PGA) strain PGA-N in a culture medium containing no
L-glutamine was isolated from fermentation products. With the following identifications of colony mor-
phology, physiological and biochemistry experiments, and genetics, the strain PGA-N was classified as a
Bacillus licheniformis. According to the product environment, the base culture medium having no
L-glutamine was simulated. In order to enhance the production of the strain PGA-N, the fermentation condi-
tions, such as carbon source, nitrogen source, were optimized and the y-glutamic acid production reached
5.16 g/L after getting the optimum formulation of this culture medium. PGA-N was mutagenized with com-
bination of NTG and UV. A mutant PGA-N-C10 was screened which PGA production was increased from
5.16 g/L to 8.82 g/L. The study also investigated the effects of agitation speed on the cell biomass, y-PGA
production and the y-PGA molecular weight. The y-PGA yield of PGA-N-C10 was as high as 11.00 g/L
when the agitation speed was 400 r/min.
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Independent-glutamic Acid

Y- (Poly y-glutamic acid, y-PGA)
, D-
L- v-
y-PGA )
5000 ,
10 ~100  y-PGA
: (1) y-PGA
; (2) y-PGA
; , 3500
; (3) y-PGA
, pH ,
v-PGA ,  7-PGA
v-PGA
PGA
L- ;

, Bacillus licheni-
formis ATCC9945a( YU B. sub-
tilis TFO3335( )

Bacillus licheniformis A35 %! B. subtilis TAM-41*]
v-PGA s
y-PGA B y- PGA
1 MR &
1.1 il E
PGA-N, L-
, Y-
1.2 $EHE
1.2.1 #FRERIBEFE(/L): 10.0,
5.0, NaCl 10.0, pH 7.0
1.2.2 &R MFEFRE@/L): 20, 8,
6, 3, 10,
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14, 2.5, pH 6.5
1.2.3 Rk REEEFE: ,
(g/L) 40,
16, 12, 6, 20,
28, 5, pH 6.5
, (g/L)
40, 16, 12, 6,
35, 35, 5, pH 6.5,
160 r/min, 37°C , PGA 5.16 g/L
1.3 BHFAZE
, 37°C 180 r/min 16 h
: 500 mL , 80 mL,
5% , 37°C
180 r/min 4d
:50L (ALF
), 3L, 5%,
4 L/min, 37°C
1.4 EMEE
141 BEHRBEEBEELERE: [6]
142 EfRFFMEEE:  16S rRNA
DNA ,
DNA PCR
( ),
PCR ,
(Invitrogen) 3730 ,
NCBI Blast
16S rRNA PCR PCR
Biometra AT300, : 27F: 5'-AGA GTT TGA

TCC TGG CTC AG-3'; 154IR: 5-AAG GAA GTG
ATG CAG CCG CA-3""
1.5 FTEMW
1.5.1 TEHEAMNTG)IFE:
(50 mL/250 mL ),

37°C 200 r/min 22 h, s s
7.0 0.1 mol/L ,
(1~5)x10* /mL,
(CFU)
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( 100 mg/L), 30°C , 10 min PCR ,
, GenBank  Blast , MEGA 3 Tree
, (2
10h , , GenBank , 16S
rRNA s
1.52 ZLMBFT: 5 mL, 9 cm
11.66/1.00 0.9184
’ 275 3
s 253.7 nm 8 W (UV) 250
s 20 cm, 60s 225
, 10 , 200 -
s 37OC 1‘?5 -
2
s P 150
, 125 4
10 h , 100 43
1.6 EEF=HYSH
1.6.1 y-PGARIH B 4Ll 8000 r/min
, 10 min, , 4 e e o e e A
. . 200.0 2250 250.0 275.0 300.0 325.0 350.0
, , 10000 r/min 10 min

B

1.6.2 HHWZ=¥y-PGARIKER: y-PGA

6 mo/L  , 100°C , 60°C
L-
L- ,
, ( 1)
y-PGA =(
)
1.63 ABEREMKRKRENERE:
660 nm : )
660 nm R OD
1.6.4 y-PGA > F=HIME: [9]

2 GR5aH

2.1 PGA-N EMHILETE
2.1.1 FESY5IE: PGA-N
, LB ,

2.1.2 A {LAHE: 1
2.1.3 BEEFHE: PGA-N 16S rRNA

(6]

Wavelength (nm)
1 PGA-N & EEF=¥I/K ¥ 5hrE A& S ER8) HPLC &

Fig. 1 HPLC spectrogram of hydrolysis product from PGA-N
and standard glutamate

T 1 PGA-N BIE B4 L 4HE

Table 1 Physiological and biochemical characteristics

of PGA-N
Test items e Test items e
results results
Gram-stained + Utilization of propionate +
Shape Short rod Hydrolysis of starch A
Cytoplas.mlc 4 Utilization of citrate =+
granulation
Endospores C'e ntr?l, Nitrate reduction +*
ellipsoidal
Sporangia swollen - Litmus milk reaction -
Anaerobic growth + Utilization of glucose
V. P test + Utilization of xylose
@R it 6.0 Utilization of lactose +
cultures
The highest gZOWth 50 Utilization of mannitol +*
temperature (°C)
The lowest groowth 15 Utilization of arabinose A
temperature (°C)
Growth on pH 5.7 4 Utilization of maltose +*
1 0,
(Sixoviia i 7% + Utilization of raffinose +
NaCl

Notes: +: Positive; —: Negative.

© PEMFRMEDHRFATIRSHBER http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



708 #od g AR 2009, Vol.36, No.5
100 ¢ PGAN
24 Bacillus licheniformis BOH108
14 { Bacillus polyfermenticus strain GRO10
46 Bacillus subtilis P40
16 Paenibacillus sp. AT60
Bacterium TeT6R
100 Bacillus amyloliquefaciens BCRC 14193
40 Bacillus subtilis F8712
Paenibacillus favisporus 2R100
3 Bacillus subtilis P40
27 Bacillus subtilis F321122
100 Bacillus pumilus strain 1Re3
38 Bacillus subtilis HDYM-34
{ Bacillus vallismortis
21 Bacillus sp. LBM 1024
{ Bacillus velezensis
2 PGA-N BB RF R BH LR
Fig.2 The phylogenetic tree of PGA-N
B. licheniformis BOH108(gb|AY947531.1), v-PGA Ny
100%, 16S
rRNA , PGA-N ,
(Bacillus licheniform- 222 EEKFT: ,
is) Ny 30 s ,
22 EMIBFTIFIE 75%
221 THHEANELE: , 0.1 gL 40 12 , 3
NTG 30 min, (B. licheniformis)
PGA-N 80% PGA-N R3 NARERBLIIFTLES
Table 3 Results of y-rays mutation of N4 strain
’ 3 7-PGA
v-PGA R
5 v-PGA s strain The yield (g/L)  Percentage increase (%)
2 Starting strain Ny 6.75 0
Cy 7.06 4.58
x2 THEEFELER = 1.2 6.89
Table 2 Results of NTG mutation C; 7.94 17.63
»-PGA Cy 7.56 12.00
_— Cs 7.39 9.45
The yield (g/L) Percentage increase (%) Cs 8.12 20.31
PGA-N 5.16 — C; 7.73 14.57
N, 5.43 5.17 Cy 7.00 3.64
N, 6.56 27.06 Cy 7.39 9.55
N; 6.75 30.75 Cio 8.82 30.65
Ny 7.38 42.98 Cu 8.07 19.58
Ns 5.31 2.98 Ci 7.16 6.00
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3 , Cuo y-PGA (200 r/min),
8.82 g/L, y-PGA , v-PGA
Cho, , 400 r/min 50 h , PGA ,
223 RTLHKBERIEEME: Cio 11.00 g/L, 0.22 g/(h-L)
24 h 1, 10 2.3.3 BEEENy-PCGAEN S FREBIEM:
, 5, y-PGA
Cio (B. (200 r/min)
licheniformis) PGA-N-Cy, , v-PGA (0.201~2.75)x10°,

2.3 HEEEEITPGA-N-C, & EEHI S0
'Y-PGA s

2.3.1 $HEHEEEEITB. licheniformis PGA-N-C 4 Bl
a2 :0p-A R

600 r/min 800 r/min

200 r/min 400 r/min
1000 r/min,
3

E)

1000 r/min
7.65 g/L
2.3.2  IREEEEENT v-PGA FEREEMN: 4
v-PGA
3, v-PGA
, (=600 r/min) ,

> > >

—0— 200

The biomass (g/L)
Lh [=2 -l oo

[CRRRTORNN

1(h)
3 FREEHERE THEERELZ

Fig. 3 Time course of cell growth under different agitation
speeds

(1000 r/min), y-PGA
(0.0443~1.2)x10°, ,
v-PGA

7-PGA ; ;
v-PGA

, v-PGA
[10]

B. licheniformis PGA-N-Cyg
v-PGA R

v-PGA ,

12.00 ¢
10.00 |
8.00

6.00

The yield of y-PGA (g/L)

4 TREHEHFERI y-PGA F=ERIF N
Fig. 4 Effects of agitation speeds on y-PGA production
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800 | | J

600 | | J

400 | | )

200 L y

000 050 100 150 200 250  3.00
The molecular weight of y-PGA(x10%)

5 FEEFZFEET y-PGA K FEEE
Fig. 5 Molecular weight of PGA under different agitation
speeds

The agitation speed (r/min)
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, v-PGA
: y-PGA :
400 r/min 50 h |, y-PGA
11.00 g/L,
3 4w
PGA-N,
16S rRNA ,
(Bacillus licheniformis), Bacillus licheni-
formis PGA-N ,
( L- ),

Bacillus licheniformis PGA-N

v-PGA 8.82 g/L
v-PGA v-PGA
400 r/min ,
PGA-N PGA-N-Cy 11.00 g/L,
, IFO3335 30 g/L 20 g/L
20 g/L 96 h,
20 g/L y-PGA, 0.21 g/(h-L); TAM—4
7.5% 1.8%NH,Cl
96 h, y-PGA
22.1 g/L, 0.23 g/(h-L) TM-4 ,
PGA-N
, v—PGA

,  0.22 g/(hL)
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