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Regulation of stereochemical composition of poly-y-glutamic acids
produced by Bacillus licheniformis within various Mn*
concentration
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Abstract: [Objective] The mechanism of the generation of various kinds of poly-y-glutamic acids
(y-PGA) from Bacillus licheniformis WBL-3 affected by Mn®>" was investigated in this study.
[Methods] Three L- and D-glutamic metabolism related enzymes, glutamate racemase (GR; encoded
by racE), D-alanine aminotransferase (D-DDT; encoded by dat) and glutamine synthetase (GS;
encoded by gltA4), were cloned and expressed meanwhile B. subtilis KH-2 was used as the control
strain. The mechanism synthesis of y-PGA by different concentration of Mn>" was studied using the
methods of enzyme activity, combined with transcriptional analysis. [Results] When the
concentration of Mn”" varied from 0 to 0.6 mmol/L, the proportion of D- isomer increased from 22%
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to 67%. The catalytic activity (kca/Km) of GR in Bacillus licheniformis WBL-3 with 0.6 mmol/L
Mn?"is higher than that without Mn®". The GS activity was measured only in the presence of Mn*".
RT-PCR study showed that the transcription ratio of rackE, dat and gltA with 0.6 mmol/L Mn”" to
those without Mn®" was 2.16, 4.44 and 1.84-fold, respectively. [Conclusion] Mn®" activated the
expression of GR, D-DDT and GS, promoted the metabolism of L-glutamic acid, increased the
proportion of D-glutamic acid, and increased the proportion of y-D-PGA.

Keywords: Mn?", Bacillus licheniformis, y-D-PGA, Glutamine synthetase
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subtilis KH-2  Bacillus licheniformis WBL-3
D-
1.2 A&
1.1.2 $EFERIEFEM: B. licheniformis WBL-3  1.2.1 B#EREMEEMERL:
B. subtilis KH-2 (g/L)m (1
37 °C 200 r/min E. coli Pfiu DNA 6
LB (40 mg/L y
37°C 200 r/min pET-28a
1.1.3  EFERFIFLEE: T4 pET-28a-racE pET-28a-dat pET-28a-gltA
ExTaq Real-time PCR E. coli
RNA BL21(DE3)
( ) 6 E. coli BL21(DE3)
RNA 1% LB ( 40 mg/L
Omega Biotek Ni-Agarose His ) 37 °C 200 r/min ODeoo
PCR 0.6—0.8 0.8 mmol/L IPTG GR
D-DDT 16 °C GS 37°C
6h

*1 FHEASY
Table 1 Primers used in this study

Target gene

Sequence (5'—3")

KH-2 racE

Bacillus subtilis KH-2 racE amplification primer
WBL-3 racE

Bacillus licheniformis WBL-3 racE amplification primer
KH-2 dat

Bacillus subtilis KH-2 dat amplification primer
WBL-3 dat

Bacillus licheniformis WBL-3 dat amplification primer
KH-2 glt4

Bacillus subtilis KH-2 glt4 amplification primer
WBL-3 git4

Bacillus licheniformis WBL-3 glt4 amplification primer

racE Real-time PCR

racE Real-time PCR primer

dat Real-time PCR

dat Real-time PCR primer

gltA Real-time PCR

glt4 Real-time PCR primer

16S rRNA

16S rRNA gene

GCGGGATCCTTGTTGGAACAACCAATAGG
GCGAAGCTTCTATCTTTTAATCGGTTC
GCGGGATCCTTGGATCAACCGATAGGAGTCA
GCGGAATTCTTATTTTACAGCGGTCTCCT
GCGGAATTCTTGGAAAGAAGATGAATACA
GCGCTCGAGTTCTCCATCCCCTTATTTT
GCGGGATCCATGAAAGTTCTTTTTAACGGCC
GCGGAATTCTTAAACCGTTTTGGCTGTTTCCG
GCGGGATCCATGGCAAAGTACACTAGA
GCGCTCGAGTTAATACTGAGACATATACT
GCGGGATCCATGGCAAAGTATACAAGA
GCGCTCGAGTTAATACTGAGACATATACT
TAGGAGTCATTGATTCGGGAGT
ACGAGCATTTTAATATGGTGGC
GAAGCATCAATACGGAGCAGG
TGTCGTCCGCAGTAATAGCC
CGGTTCAAACGGAAAGACG
GAATGGTGATAATCGAGATGGG
GGAGGGTCATTGGAAACTGG
AGCACTAAAGGGCGGAAAAC
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%2 TE Ma*RET B. licheniformis WBL-3 5 B. E. coli BL21(DE3)
subtilis KH-2 y-PGA #2! L Ni-Acarose His
Table 2 y-PGA stereochemical composition of B. g
licheniformis WBL-3 and B. subtilis KH-2 with various SDS-PAGE
Mn’" concentration
Mn®" concentration (mmol/L) y-L-PGA (%) y-D-PGA (%) ( 1) GR 30 kb D-DDT
0* 78 22 31kD GS 49kD
0 14 86
0.6" 33 67
0.6° 15 85 2.3 {KINEETE
1.2° 34 66 2+
1.2° 15 85 Mn™ 0
1.8° 40 60 0.6 mmol/L (0.1 g/L) GR D-DDT GS
1.8° 16 84
2.4* 42 58 Km Vmax kcat kcat/ Km
2.4° 15 85 ( 3 4)
a . . . b ..
B. licheniformis WBL-3  y-PGA B. subtilis KH-2 B. subtilis KH-2  Mn>" 3
v-PGA . . . 2+
Note: * y-PGA stereochemical composition of B. licheniformis B. licheniformis WBL-3 Mn
WBL-3; " y-PGA stereochemical composition of B. subtilis KH-2. GR
y-PGA  D-/L- L- D- (kea!Km )
—GR (EC5.1.1.3 L- Mn2"  GR Mn**
D- ) D-DDT (EC2.6.1.21 Mn?* GS
D- D- ) GS GS L- L- GR
(EC6.3.1.2 L- L- L- D- Mn**
) pET-28a-racE L- D-
pET-28a-dat pET-28a-glt4
Ar M 2 B o3 M 4

— 94.0

— 60.0

— 45.0

27.0

— 27.0
— 18.0

18.0
1 EA%EA SDS-PAGE 74
Figure 1 Analysis of purified proteins by SDS-PAGE

M LA GR 1 B. subtilis KH-2 GR 2 B. licheniformis WBL-3 ~ GR. B
D-DDT 3 B. subtilis KH-2 ~ D-DDT 4 B. licheniformis WBL-3  D-DDT. C GS 5 B. subtilis
KH-2 GS 6 B. licheniformis WBL-3  GS.

Note: M: Protein molecular weight marker. A: Purified proteins of GR; 1: GR of B. subtilis KH-2; 2: GR of B. licheniformis WBL-3. B:
Purified proteins of D-DDT; 3: D-DDT of B. subtilis KH-2; 4: D-DDT of B. licheniformis WBL-3. C: Purified proteins of GS; 5: GS of B.
subtilis KH-2; 6: GS of B. licheniformis WBL-3.
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% 3 B. licheniformis WBL-3 F1 B. subtilis KH-2 5 GS. D-DDT. GR &t Mn*' F&E M hF S

Table 3 Kinetic parameters of GS, D-DDT, GR from B. licheniformis WBL-3 and B. subtilis KH-2 without Mn*

Enzyme Ky (mmol/L) Vimax (mmol/(min-mg)) keear (min ") kca’Kin (L-min/mmol)
GR* 11.44+2.10 2.75+0.42 164.42+1.22 14.61+2.60

GR® 15.51+2.10 4.78+0.68 291.79+3.43 18.98+2.39
D-DDT* 12.92+1.0 1.14+0.02 153.80+3.41 14.76+0.58
D-DDT® 7.28+0.47 0.70+0.58 107.31£2.70 11.94+0.68

GS* ND ND ND ND

GS ND ND ND ND

*  B. licheniformis WBL-3 > B. subtilis KH-2 ND

Note: *: The activity was assayed from B. licheniformis WBL-3; ® The activity was assayed from B. subtilis KH-2; ND: Product was not
detected.

24 BEBBRE AR A EER Mn”*
GS HPLC B. RT-PCR
licheniformis WBL-3 GS Mn** (0 0.6 mmol/L) B. licheniformis
[1e] Mn** WBL-3 (
Mn** rack D-
0.71 mmol/L ( 2 dat gltd)
B. licheniformis e
WBL-3 L- 3 Mn®"* racE Mn**
y-D-PGA 2.16 dat Mn®"  4.44
2.5 y-D-PGA ARIEXBEEKMERKTE gl Mn®"  1.84
T B. licheniformis WBL-3  L- D-
Mn2* Mn2*
B. licheniformis WBL-3 Mn*" Mn**
Mn** D- y-D-PGA

% 4 B. licheniformis WBL-3 #1 B. subtilis KH-2 f GS. D-DDT. GR & Mn’" (0.6 mmol/L)TFEHIEN 1 F S

Table 4 Kinetic parameters of GS, D-DDT, GR from B. licheniformis WBL-3 and B. subtilis KH-2 at Mn’>* concentrateon

of 0.6 mmol/L
Enzyme K (mmol/L) Vinax (Mmol/(min-mg)) feear (min ") keat/ Kin (L-min/mmol)
GR* 9.89+1.76 2.52+0.29 177.00+2.80 18.124+2.90
GR® 19.26+0.37 5.37+0.03 273.904+2.79 14.61+0.13
D-DDT* 15.56+0.34 1.43+0.16 156.60+1.69 11.90+0.37
D-DDT" 6.8640.29 0.69+0.10 81.64+2.20 10.10+0.11
GS* 1.23+2.79 0.06+0.02 45.4542.30 36.65+3.20
GS ND ND ND ND
*  B. licheniformis WBL-3 > B. subtilis KH-2 ND

Note: * The activity was assayed from B. licheniformis WBL-3; " The activity was assayed from B. subtilis KH-2; ND: Product was not
detected.
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200 +
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100 f
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5 10 15 20 25 30 (min)
B DADI B. Sig=254,4 Ref=off (MLQ 2016-09-13 14-48-38\008-0901.D)
mAU |
100 +
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0t
_20 L
—40 ¢ , . : N . :
5 10 15 20 25 30 (min)
C mAU DADI B. Sig=254,4 Ref=off (MLQ 2016-09-13 14-48-38\009-1001.D)
80}
60}
401
20+
0 L
,20 L
40t . . . . 0 -
5 10 15 20 25 30 (min)
2 HPLC 7E GS /&M%
Figure 2 Analysis of the glutamine synthetase activity of HPLC
A B GS C GS .
Note: A: The standard of glutamine; B: The reduction of GS; C: The back of GS.
3 ik T-RGA
Mn2+
v-PGA
(17 ) v-D-PGA  y-L-PGA
B. anthracis v-PGA ) ) )
B. licheniformis WBL-3 v-D-PGA
100% D-
) ) ) v-D-PGA
v-PGA B. licheniformis WBL-3
or L- D-
5 ()
3 | D- 2]
g4t |
% Ashiuchi 1998 B. subtilis IFO 3336
7 D- (18] B. subtilis
é 5l 1 NX-2 Mn* 2
& D- y-PGA  18% 77%
L- L- [20]
L L 7 2
rack dat glt4 Mn*" v-PGA
3 RT-PCR A KREMRAIEE T KT R
. S . o B. licheniformis WBL-3 3 L D-
Figure 3 Determination of the relative transcription levels
of key enzymes’ encoding genes by RT-PCR analyses Mn**
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