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W E: [H%] K y-228 (poly-y-glutamic acid, y-PGA) & —#F & 3 Jo4F & AKXl /= & 69 B R &k
BRI A, EXRZHREA T2 A . FIRAFE cwlO &L —FF D,L-IkEE R 08, L34 y-PGA
SR T ANIEH AW, (B8] WK cwlO 3T vh RE AR K B y-PGA 49890 & AU,
[7%] Vb RFRATEH WX-02 A B LAWK, MEHRK cwlO 9 EAH. £ 3 L AL T
PO F L Ao B A H A B BTAR L B T y-PGA 89 K BEMEfE, FiBidd FoRKF £ F oM. RAEE
ERBIE . MR RE S EF A ST EREAAFTAR LB LZFORA. [4£X]
K cwlO M EAFHA L-B2BURGKFHARXEREZFR G, L L-SRABEA L-52 8 4 R0
IRBY, ELAE 4 y-PGA F 12 %] 363 g/L, WHAH 3 48.8%. RT-qPCR &R A9, MR THA
B, T AFA L-5 BB y-PGA & RiE A AR Ak F X A R FOK Y LA, 6 E
EHMENREINTHA @R EMLTFARTATE, @RERERESEMRESN T LI, T4
B R EAES IR, BB YRR SRy . [£8] R FBAFE cwlO 8L 74
I RE IR TR A B TR, AR 3E T BT L- R BLAR GG AR, 3RIL T y-PGA 894 R, X AR ewlO
3t y-PGA & 87 -4 T #7649 S35 Fa 2 5 A mh .
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Deletion of cwlO facilitates the L-glutamine utilization of
Bacillus licheniformis for poly-y-glutamic acid production

WANG Si', LI Xin"!, PENG Fang', LIU Jun', ZHAN Yangyang’, CHEN Shouwen "’

1 School of Life Science and Technology, Wuhan Polytechnic University, Wuhan 430023, Hubei, China
2 State Key Laboratory of Biocatalysis and Enzyme Engineering, School of Life Sciences, Hubei University,
Wuhan 430062, Hubei, China

Abstract: [Background] Poly-y-glutamic acid (y-PGA), a homogeneous amino acid polymer
produced by Bacillus, has application potential in a variety of fields. The cwlO in Bacillus can
express a D,L-endopeptidase to influence y-PGA production, the underlying mechanism of
which remains to be clarified. [Objective] To explore the effect of cw/O deletion on y-PGA
production by using different precursors and decipher the underlying mechanism. [Methods]
The recombinant strain with cw/O deleted was constructed on the basis of Bacillus licheniformis
WX-02. The fermentation for y-PGA production was conducted in 3-L fermenters with different
precursors, and the performance was compared between the recombinant and the wild type.
Moreover, the mechanism for the performance difference was explored by the analysis of
transcriptional levels, cell morphology observation via inverted fluorescence microscopy, and
the content measurement of peptidoglycan and its components. [Results] The cwl/O-deleted
recombinant showed an improved efficiency on L-glutamine assimilation. With L-glutamine and
L-glutamic acid as the mixed precursor, the recombinant showed the y-PGA production of
36.3 g/L, which increased by 48.8% compared with that of the wild type. The results of
RT-qPCR indicated that the transcriptional levels of the key genes involved in y-PGA synthesis
and respiratory chain were up-regulated in the recombinant with L-glutamine as the precursor,
compared with those of the wild type. The recombinant cells became shorter and rounder. The
peptidoglycan content in the cell wall and the protein content in peptidoglycan of the
recombinant were greatly lower than those of the wild type. [Conclusion] Deletion of cwlO in
B. licheniformis decreased the peptidoglycan content in the cell wall and promoted L-glutamine
utilization, which enhanced y-PGA production. This study provides a new insight and research
basis for further research on the role of cwl/O in y-PGA production.

Keywords: poly-y-glutamic acid (y-PGA); cwlO; L-glutamine; Bacillus licheniformis

] IR IR SR EEH | IR ALBIR  25)
HARRI TR A, BEHFEGY. 8

¥ y-F IR (poly-y-glutamic acid, y-PGA)
Z—FH D-B AR -4 24 R 38 1L -k e el 1%

MR R AR R GY ., BA KB . R
HiE, MTEGERE T, EYietly. A
SRIEMRAERETEN . HAET, y-PGA FEAE ALK
HERGA R AR A St GRSk, R R Al A
FIH AL T4 sk, y-PGA K HAG W)

— e IR Y S TR, y-PGA T
Yyils K IEAE PR B, ando] & 0k B A
y-PGA J& H I I H A

ZEFUAT IR A B y-PGA 1 F 24k, B,
y-PGA A B 53 i AH G 1R 56 DR 78 25 AT 11 rh ok
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JZ ARG, CoAE B (R A0 | H IS A AR DG
SRS BB y-PGA A A S SE A S
y-PGA JKfREAHSCIER 1, Hp, ewlO 7221
B H Rk — FF p,L- BKEE N U B (cell wall
D/L-endopeptidase, CwlO), 7E 4l gt 4 ok #2 b =
SRR B SRk et A BRI A R 2R A
FEB NAFMS Hol 22 i JIk SR 7K fife it 4 ) 32k 1A
(IVtE ., IytF. cwlO Fl ewlS)VEAT T BRI, R
MR T ewlO BEA TR y-PGA 77 i 2B A T
1) 2 4%, H y-PGA W+ W& 325, IH ewlO
FIK ) D,L-IREE N VIBETE v-PGA 1A BURTK i
¥R T EmEAERY, Feng SFAEARTEK 210
FFE NK-1 WA BRI BLG:, BbR cwlO 1
I y-PGA o HAM AR S T 36.9%,
y-PGA 43 F it P A T 1Y 335 kDa $i = 2 E 41
BRI 1Y 422 kDa; BF97 5 10 1 T B i (5 U
FENGRR cwlO W TE N 2 FRFT 14 240 i P A5 A8
LA T ewlO DhRE IR 5T 3445 vh 7 L 1R
R X R R TR A R R M RE ) R Lsg ) B,
TR X 441 A= BECER 250 04 3 8 3 AR Ak R AT R AT
5T, X FE cwlO X y-PGA & 52 W HL I
AN T o

A X B AR T A SR ewlO FEA
RS [ R A B v-PGA B R BEvERE, BF
% T AR T 7 A1) A [R) i A B A P i 22 S P R
ZIEH, DIAEB cwlO 50 y-PGA & LHIHL
B, ik — R TR IR AR ORI v-PGA
J B S

1 MHET%

1.1 ##
1.1.1  E¥RFBRR

AWEGEH y-PGA A )™ T8 Bk o Hb A AT T
WX-02 (CCTCC M208065), M H [ ki 13
AR K (Escherichia coli) DH5a

FEARSLG R AR . EALTORL T2-cwlO A
WM E, WX-02-A-cwlO A WF 58 g # 1Y
WX-02 Y E 4 .

1.1.2 EFREREFREFH

LB 3572 L i 2 0 SCHk[15].

Hb A 2 LT R A I FR B 2 SOk [ 1615 %
HEAT it (L) : H A B 80.00, FriEmR N
10.00, NaNO; 15.00, NH,CI 8.00, K,HPO,3H,0
1.00, Jo7k CaCl, 1.00, ZnSO47H,0 1.00,
MgSO,-7H,0 1.00, MnSO,-H,0 0.15.

PRI R B 95 45 1 - I AT TR R - A 2 BOATF T
T PR TR IR R TE 37 °C 230 r/min Kid% .
1.1.3  FERFINE

4214 Mix | FRIPE A U)EE . T4 DNA % 35 |
DNA Marker, TaKaRa /A A ; RNA il #2105 &,
AT AW TR () B A BR 2 A 5 5 sk ik
£ )% HiScriptR I Q RT SuperMix for gPCR ]
%, Vazyme 2AH]; FURAMAREGR & A Balifk
TR B K B W [mT i) &, Omega BioTek
N A AR v-PGA , iR LA YR A BR A F .

WA & EHEGS L), il /RAY) T2
() BRS 7] 5 968 B B8, Leica 22 F]
Agilent Technologies 1260 Infinity, ZHEERMHE
(P ENARAF,

1.2 HRGFREFEIRE IR R RN AAE

X %A Primer Premier 5 X154, JE&H
2] DNA Bt F4EHU % K PCR R 1A R RIS
Z: W SCHR[17]. MREIER G Bt 51 E 1),
WY& B. licheniformis WX-02 £XH{EE, 7
NCBI 33 H A ewlO A1, YEBGZHE N P
G R B 514 ewlO-AF 1 ewlO-AR,
PEHGZ I 791 i i Bk it 5 1% ewlO-BF
cwlO-BR, FLL WX-02 HyH:K 2] DNA 1F i
M, PCR ¥H4753] ewlOo Wy b, FFRI T
Bt; DL PCR jZ¥htsiti, F519 cwlO-AF F
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*1 EFERRFA PCR 54
Table I PCR primers used in this study

GIEVER S Bkl

Primer name Primer sequence (5'—3)

PR
Size of product (bp)

cwlO-AF (Xba 1) GCTCTAGATCGGCAAACCAATACCTT 636
cwlO-AR TGTTGTCGCACCGAATCCGATTTCTTTCCGCTTGCT

cwlO-BF AGCAAGCGGAAAGAAATCGGATTCGGTGCGACAACA 684
cwlO-BR (Sac I) CGAGCTCTGATGCTGGGCGGTGATT

T2-F ATGTGATAACTCGGCGTA 1623
T2-R GCAAGCAGCAGATTACGC

cwlO-YF AAGGCACGGAATCAGTCA 1735
cwlO-YR TTTGGCAAAGCGGGTGGA

cwlO-BR 17 SOE-PCR #7#, SOE-PCR ;=¥
Ml aifb s, FBRGIE N VI Sac 1F1 Xba 1 [F]
BFEGET, EEU] RIO™ 9 5 282k [R) ol PR A N
Tit it 1) A0 396 SR T2(2)-ori 7E 16 °C&14F
T4 DNA Rl RIGK S8 Wi
4% E. coli DH50 1, 76 LB AR RE 35 2 b s
LR 25 mg/L BY-RAREE R T %k B e
e+ PO b0 s i e e 42 A LB
Brgegk, 37°C., 200 r/min FEARREFE 10 h, BUE
IR IETT PCR BE. 2% PCR 5K Uk Al
FPIEffe, SRR TR T2-cwlO. )
2k WX-02 H1, 153 WX-02-AcwlO,
1.3 Stk

1] 3 L AR BEmEAT ot A, PR
TN 2 Lo WP b i Al i) A ZF A6 AT 17 B TR
VT AR T 55 3R HEAE 37 °C 230 r/min £ F 1
£ 10h 5, LL 1.5% (IR 50 iy e fh it i 4 3]
KR IR AL, T T TG0 25 %5 A 42 (dissolved
oxygen, DO) . pH FIkt B HLM , FH T #E £k Il AH
KSH A REE R, B B A <
439124 400 r/min Fl 4 L/min, & B #2 i B
EHIAE 37 °C, F 28% M2 /K pH (EHE=HI1E 6.5
PLE, KB 36 h,
1.4 E£Y=E80

A= Wy ke SR AR O %% BE % (optical

density, OD), ¥ KB £ 12 000 r/min &>
5 min, FIK G A4 BEER K R4 A G B
436 BE T R FE A Y ODsoo o
1.5 %RBEAERE. aBNE

R W K 3 ik v 2 2 W R A SRR Y T AR R
FH SBA AWML R A E , #HAE TSI
SCHR[18].
1.6 A EERRRENE

AT A S 2 Xk S A I ik
K e RO 35 AT A I, RS S AR s
#EA4E & Agilent ZORBAX Eclipse Plus C18
(4.6 mmx250 mm, 5 um), ELHMEIME K 254 nm,
KR 30 °C, #EFER 15 pL, W 1 mL/min; %
SHAH A DU SR R - B S50 mmol/L i 2 44 (FH vk
BEiR 8 pH 2 6.2)IKF L 5:75:420; i 3/ 4H B
FEIE 5 300 o ) s o A 2, T e 6 T L 22 o1 9 e
Y 2 TR AT A T v
1.7  HHBERZZSHN

KW 24 h BF K WEREH E 10 mL & B
W, B AR 10 000 r/min B0 5 min YW EE
W, A K ZRER, LREERA
B . WHUMEERE THEER L, WHEY
5o BRI BB RS LT K JE e, AT
QYL BT S R DEO0E B AU
FTmEs
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1.8 MREBWRERLZE. EHRESE
o

21 J R JOR SR 1) 2 B T R SR W v 2
AR 10T 4 B S Rr D 52 3Gk 201, R =
L CTRERH I WX-02 Fl WX-02-AcwlO 41l iy
RERRRBESEA T4 B 42 B, 1 B3 BB BE T T
HIFRE, K5 5 B E % U AT
TR SR IR PE S B (mg/g)=15 B 1 KR
W5 /A B ) R A ST R X 100% o 220 25 R
-G ERE PR TR, BEA T ERAE L
W e P RGN
1.9 B y-aREKRENE

B y- AR (poly-y-glutamic acid, y-PGA)
FI AL R E 2 B Cai 50 P K R 58
;5 Agilent 1100 HPLC % 4i; ShodexOHpak
SB-806 HQ (8.0 mm IDx300 mm, 13 um)&EiR
., s A 25 mmol/L Na,SO4: 25 (8:1, 1K
L), ¥ 0.5 mL/min, #EEEHE 10 pL, #:i0
P 210 nm 382 E AR ifE y-PGA U4 AR 2
AIPRAE RN 21155 y-PGA W E .
1.10 By-AERyFENE

y-PGA FERMALER . MRS, K.
TAARIE] 1.9, i FHAT RI-10 $7 5 R A6 00 45 A1
ShodexOHpak SB-806 HQ #¢ ik #F (8.0 mm
IDx300 mm, 13 pm) A% L5 3 0 1k (gel
permeation chromatography, GPC)il & y-PGA ~F-
By o F Y,

ffi /1 Pullulan 7% 2 43 8 14 475 1 (Shanghai
Zzbio Co., Ltd)M R HER L, FHE MEE 5+
T R EARE 2T y-PGA Tt
1.11 y-PGA B D/L B{REEE

v-PGA 2tk 7L 1.9, y-PGA K it FI R
BB AL )T S Peng S50 AL G
K R ACRAR g AR . HPLC 4381
A A: 50 mmol/L KH,PO, (pH 2.7)/Z. )i /H i

(18/1/1); i 8h4H B: 50 mmol/L KH,PO, (pH 2.7)/
CMEMEEE(12/7/1); Bt Agilent ZORBAX
Eclipse Plus C18, 5 um, 4.6 mmx250 mm; A
D#S : 340 nm EHMGI S ; LR AR : 30 °C
F11°0.5 mL/min,
1.12 ERFEFERKEDH

K H real-time quantitative PCR (RT-qPCR)
o 0] B £ 75 A1 R 2 TR e P R O R DR SR K-
TERBER SR PR35 12 h I, ISR 4N AR E
RNA, ## 88 Animal Total RNA Isolation Kit #:/E
AR R A ZE MU AP B RNA SR HiScriptR 11
Q RT SuperMix for qPCR {7 & 17 RNA s §%
A L cDNA, LI cDNA A, #Ef7
RT-qPCR, ITH AN SR KF-, RT-qPCR [
ARG YIS BT ik,
1.13  HIELIE

JA S g kAT 3 IRE S, BRIk 3 AT,
%1 Origin 8.0 F1 SPSS 19.0 #E47 % b 31
38T .

2 HZRE5OM

2.1 HREK ewlO EEMKRFBITHRAE
PA B. licheniformis WX-02 j& DNA WA,

P I ewlO 1 R EVE (636 bp)F T i A
(684 bp), FRF F T [A]JEE #E17 SOE-PCR,
BEE FBER/N R 1320 bp, B0 1A iR, FHER
Tl P YD Xba T Sac 1 AUEGEY) A0 30PF2 H- B,
1 T2(2)-ori JFkr, Y1 15 5 T4 DNA 3%
B B P  BORI T2(2)-ori UKL, W)
i 2 AL S IL B AL i A K FF R DHS o, 25540
B 1B ffisn, PCR Bt K/ 1 623 bp 53 HH
Fo BfJEF PCR F Bealifb Jq dEA il iy, 4558t
XPIEH, FMPREAA T2-cwlo M.
PR AR T2-cwlO HEEE AN B. licheniformis
WX-02 J&Z B MM 1T cwlO WRERR, H
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cwlO-YF/ewlO-YR 25| #yidi ik PCR 3otk FH A% 5e
BEF 1 cwlO BB O PR . 5 A 1C fr
N, BE FEBR T ewlO BT FE PCR BRI
NiA 1 735 bp, SEUESER—E, FRWHE R
FEEBAE ewlO WU K ZFHIFTIE, e
WX-02-AcwlO,
22 HREK ewlO FTEHAMKRFATFEF A
L-ARENE K y-PGA HIFZN

J TSR ewlO B XF y-PGA K TR
TE 3 L KBS R B S L- 4 2 R BN
(40 g/L)I) KBRS IR 5L 0T B A T WX-02 FEE 4
i WX-02-AcwlO A7 3 & I, S5 34018l 2 fr
TNo PIRRERY v-PGA K BEFITE 36 h 453, HiA:
B WX-02 ) ODgoo fHH 13.1, THAER 2 HE AN L-
HBRRNBI UL 530 61 g/L 1 23 g/L,
y-PGA J= i ik 8 29.1 g/L; A WX-02-AcwlO

A B
bp M 1 2 3 bp

5000 5000
3000 3000
2000 2 000
1500 1500
1000 1 000
750 750
500 500
250 250

1 ERRTHMTEEE%. PCRIEIE A

B ODgoo (ETE R IELE /AR 14.7, THFEHIZIREFI
L-A AR L R 53k 58 g/L Fil 24 g/L,
y-PGA P7iHAF) 30.7 g/L. FiREE LN, Bk
ewlO 1 T4 TR 76 BTk i % etk R B S5 B A
A LT 3 25 5

ATHE— 00 T EA E M -2
RIREN TR S B y-PGA 1943 F 5 K/ D/L-
BB . PR y-PGA TE S A0
AR P ) H G IR 11,142 min, $R5EF5 5]
B4y T R/NR 1727 kDa, D-B &R &5 5 1
7 84.8%, WKl 3 Frn. B W y-PGA
B H I RHR] R 11.245 min, RS T
K/NA 1603 kDa, y-PGA 1 D-B AR & B i e
H84.0%. FIRZEIRFH], Wk cwlO IR BUE
R y-PGA W4+ K/, AR D/L-
B RBIRTE v-PGA & B L,

C
M 1 bp M 1

5000

3 000

2 000
1500

1000
750
500

250

ewlO W) L [RIE R R BE(UKGE 1, 636 bp)., T iif[R] Y6
R Br(UKIE 2, 684 bp)Fl R i# R A9 SOE-PCR ;=¥ (JkiE 3, 1320 bp). B:

DHS50/T2-cwlO 1) PCR

FEMIEAE(UKIE 1, 1623 bp). C: WX-02-AcwlO B PCR PA¥)B6E(UKE 1, 1735 bp)

Figure 1

Analysis of PCR fragments of y-PGA hydrolase by gel electrophoresis. A: Lane 1: PCR product of

the upstream homologous arm of cwlO (636 bp); Lane 2: PCR product of the downstream homologous arm of
cwlO (684 bp); Lane 3: SOE-PCR product of the up and the down homologous arm of cw/O (1 320 bp). B:
Lane 1: PCR product of DH5a/T2-cwlO (1 623 bp). C: Lane 1: PCR product of WX-02-AcwlO by primers
cwlO-YF/ewlO-YR (1 735 bp).
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A 30 —= Glucose —o— y-PGA 50 B —=—Glucose  —o-y-PGA 54 150
—o— Glutamate —o— ODy,, 140 _ &~ Glutamate —o— ODy, 130
~ 601 <145 60 < 1Y3
2 - 2 ' £
E) 302-30%’ e 120 2 {30 2
= — 2
2 40| = 5 2 40 < 5
o) 120 & | 20 g =3 15 28 20 g
5 < 8 S < s
= 3 3 = 10 =
S 20¢ 1105 1103 C20¢ £ {108
= {5 L
oo S 1o e 1o
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

Time (h)

Time (h)

2 EHE WX-02 (A)F1 WX-02-AcwlO (B)FIF L-& SEL SAHE B & BE R BT EL AR
Figure 2 Comparison of the profiles of batch fermentation of strains WX-02 (A) and WX-02-AcwlO (B)
with L-glutamate.

A mAU B mAU
250 1 400 1
350 1
200
300
150 + 250 -
200
100 150 L
11.142
50 b / 100 - 11.245
50 - f A
O — 1 1 I I 1 [ 0 1 1 t t  — 1
0.0 2.5 5.0 7.5 100 125 15.0 0.0 2.5 5.0 7.5 100 125 150
C D
mAU mAU
1250 -
1000 -
1000 + D-glutamate
|
750 D-glutamate ‘ 7507 \
500 ” ‘ 500 - \
250 “I \ L \
L-glutamate"u‘ '\H 250 L-glutamate | | \
0 — A \
0.0 25 5.0 7.5 100 125 150 0.0 2.5 5.0 7.5 10.0 12.5 15.0

3 U L-BEERMAEIE LB v-PGA D FE X p/L BB REREL )
@ik, B: HYAE” y-PGA r F %K. C. B ™ v-PGA 1Y D/L-B &R

A:

PR v-PGA 73 i
SEOiEE. D EAHE

77 y-PGA 1 D/L-4 5 B2 1% 4315 5]

Figure 3 The molecular weight and the ratio of D/L-glutamate in y-PGA produced using L-glutamate as the
precursor. A: GPC chromatogram of molecular weight of y-PGA produced by WX-02. B: GPC chromatogram
of molecular weight of y-PGA produced by WX-02-Acw/O. C: HPLC chromatogram of D/L-glutamate
produced by WX-02. D: HPLC chromatogram of D/L-glutamate produced by WX-02-AcwlO.
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2.3 Rk ewlO MEHMKGFATEFA
L-BREIE S K v-PGA HIF T

L- 45 24 Tk e 7 2 F0 AT T L PN AT DL Ak
L-AWRIR, HIATVER G y-PGA BRI, F
FH L-A A - AR ENE TR #E 3 L
S W T G B AR T WX-02 FIEE 41 WX-02-
AewlO #4700 K8, KR 36 h, 25840
K 4 s, BFA B ODeoo (ETE K& BESS A 16
F15.7, THAEH AP -2 SRR A0 Tk B 43
by 58 g/L #19.6 g/L, y-PGA j=H N 18.5 g/L,
I RART LA -2 BR N R H iR A ey ko
HE M ODgoo [ATE K TELS WIS 15.0, JHFE
BN L7 S ke v B 4y 76 /L Al
16.5 g/L, y-PGA "8 R 292 ¢/L, 5 L-HHER
AT K B KA o JETAT DA L7 2k
e M TR A A y-PGA UEAT T 43 F 5 Fl D/L-43
QIR Er b b, AR A A E A
JF7? y-PGA W4rFit43 518 1 232 kDa Fi
1 608 kDa, 5 LA L-#F 2R AN R 9 AKF-AH
HFLETR BT ™ v-PGA 40 FRMA TR, mEd
T v-PGA 43 Fat ek, 554k, B4k
R E 2H B T y-PGA H D-B &8 & i 5 b4y
IR 81.6%F1 82.2%, AT LL L-RARREIN

A —& Glucose —--y-PGA

gow — Glutamine —0-ODy, 20 1%
! s 130
~ 60 F 15 S g
C =153
9
2 40t 10 5 2
E < 120 £
: 2]
20 15 L | 15

ottt 0 - 10
0 5 10 15 20 25 30 35 40
Time (h)

R D-2 208 7 & 7 HLis A FRAIK
24 FRREAIRRESHE owlo EFE
‘AEHY y-PGA &

LRGP A5 R R ERIE R Sk, AT L
RI L-25 S B AR L-45 2 e e A iR £ A 1L
B, AN PR AT AR A S I sk A TR
ewlO FEHFE A K y-PGA.

TSN 20 g/L - ZATRENAN 20 g/L L-4% 21
W IR BRI, 76 3 L A& TR b 2 4 15 Fn Y
AW T R R B S Z5HLRI, EALE
WX-02-AcwlO 1 ODeoo [EAE K FESS AL 4 10.6,
THFERI 2B E N 59 g/L, THAE - & RN
N L-A S R R FE 431k 16 ¢/L Fil 11.3 g/L,
v-PGA 7 ik 36.3 g/L, M THMMEH L-
BRABRN B L2 AW R B AKCE A B & T
18.2%F1 24.3%, T84T, ODgoo [HTE K L
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Figure 4 Comparison of the profiles of batch fermentation using L-glutamine by strains WX-02 (A) and

WX-02-AcwlO (B).
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Figure 5 Comparison of batch fermentation of strains WX-02 (A) and WX-02-AcwlO (B) with mixed
precursors of L-glutamate and L-glutamine.
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Figure 6 Schematic diagrams of metabolism and transcriptional analysis. A: Schematic diagrams of y-PGA
synthesis pathway. B: Schematic diagram of respiratory chain. C: Transcription levels of the key genes.
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Figure 7 Cellular morphology comparison of strains WX-02 and WX-02-Acw/O. A: WX-02 was cultured
for 24 h in the medium with L-glutamate as precursor. B: WX-02-AcwlO was cultured for 24 h in the medium

with L-glutamate as precursor. C: WX-02 was cultured for 24 h in L-glutamine-precursor medium. D:
WX-02-AcwlO was cultured for 24 h in L-glutamine-precursor medium. The cells were observed under

fluorescence inverted microscope. Scale bar is 5 um.
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Figure 8 The peptidoglycan contents in cell wall
of strains WX-02 and WX-02-Acwl/O, and the
polysaccharide and protein contents in the extracted
peptidoglycans.
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