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Abstract: Glutamate waste liquid is the waste produced in the production process of glutamic acid,
with low pH, high ammonium, and high sulfate. The waste liquid contains glutamic acid and can be
used as a raw material to produce poly-y-glutamic acid (y-PGA), achieving the recycling of waste
liquid. [Objective] To investigate the inhibitory effect of glutamate waste liquid on y -PGA
synthesis, we used Bacillus subtilis KH2 to synthesize y-PGA and evaluated the inhibitory effect of
glutamate waste liquid on the synthesis of y-PGA. [Methods] Comparative transcriptomics was
employed to excavate the key genes and inhibitory factors involved in y-PGA synthesis, and key
gene overexpression and knockout were conducted to identify the inhibitory factors. Fermentation
experiments were then performed for verification. [Results] The glutamate waste liquid as the
substrate for production of y-PGA by fermentation showed significant inhibitory effects. A total of
1 819 significantly differentially expressed genes were identified, including 952 genes with
significantly up-regulated expression and 867 genes with significantly down-regulated expression.
The transcript levels of 10 genes (alsS, pgsA, gltT, budA, fumC, ptsG, racE, opuAB, acoC, and
rocG) involved in y -PGA synthesis of B. subtilis KH2 changed significantly during primary
fermentation and glutamate waste liquid fermentation. Eight down-regulated genes (alsS, pgsA,
gltT, budA, fumC, ptsG, racE, and opudB) were overexpressed, which increased the production of
v-PGA by 91.20%, 120.77%, 137.50%, 36.44%, 40.85%, 104.58%, 65.67%, and 69.72%,
respectively. The overexpression of pgsd, gitT, ptsG, racE, and opuAB increased glutamic acid
utilization by 11.57%, 35.53%, 12.83%, 21.43%, and 14.80%, respectively. The overexpression of
alsS, budA, and fumC had no obvious improving effect on the utilization of glutamic acid. The
knockout of two up-regulated genes (acoC and rocG) had little effect on y-PGA production and
glutamic acid utilization. [Conclusion] The downregulation of ptsG, gltT, racE, pgsA, and fumC in
waste liquid fermentation has significant effects on substrate utilization, glutamic acid
configuration conversion and polymerization, and TCA cycle, which reduces the synthesis
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efficiency of y-PGA. This study reveals the inhibitory mechanism of glutamate waste liquid in
v-PGA synthesis and provides a sustainable biotechnology for the production of value-added

biopolymers from industrial waste liquid.

Keywords: poly-y-glutamic acid; Bacillus subtilis KH2; glutamate waste liquid; comparative

transcriptome; inhibitory factor
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Table 1  Primers used in this study
iy A FEH 519 51973
Plasmid Gene Primers name Primer sequences (5—3")
pPMACm2- Pyyna xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
alsS xynA alsS-R GCTTTTGTCAAGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
alsS alsS rbsxyna-F GGACGATCAAAGGAGGTGAAATGTACACTTGACAAAAGCAACAAAAGAACAAAAATCC
alsS pMACm2-R CGAGACGTCATTTCACTAGAGAGCTTTCGTTTTCATGAGTTCC
pMACm2- P, xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
pesd XynA pgsA-R TCTTTTTTCATGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
pgsA pgsA rbsxyna-F GGACGATCAAAGGAGGTGAAATGTACACATGAAAAAAGAACTGAGCTTTCATGAAAAGC
pgsA pMACm2-R CGAGACGTCATTTCATTATTTAGATTTTAGTTTGTCACTATGATCAATATCAAACGTC
pPMACm2- nyn A xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
ghtT xynA gltT-R ATTCTTTTCATGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
ghtT gltT rbsxynA-F GACGATCAAAGGAGGTGAAATGTACACATGAAAAGAATTAAGTTTGGATTAGCCACAC
gltT pMACm2-R ACGAGACGTCATTTCATTAACCAGAAATGGTTGCGTTTTGTTC
pMACm2- Prna xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
budA xynA budA-R CTCGTTTCATGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
budA budA rbsxynA-F GGACGATCAAAGGAGGTGAAATGTACACATGAAACGAGAAAGCAACATTCAAGTG
budA pMACm2-R ACGAGACGTCATTTCATTATTCAGGGCTTCCTTCAGTTGTTTC
pMACm2- P, xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
fumC xynA fumC-R TATTCCATGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
fumC fumC rbsxynA-F GGACGATCAAAGGAGGTGAAATGTACACATGGAATACAGAATTGAACGAGACACC
fumC pMACm2-R ACGAGACGTCATTTCATTACGCCTTTGGTTTTACCATGTCTTC
pMACm2- nyn A xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
pisG xynA ptsG-R TTAAACATGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
ptsG ptsG rbsxynA-F GGACGATCAAAGGAGGTGAAATGTACACATGTTTAAAGCATTATTCGGCGTTCTTC
ptsG pMACm2-R CGAGACGTCATTTCATTATTTTTCAATCTTCACAATATCTTCTTGTTCTCTGTTGACT
pMACm2- P, xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
racE xynA racE-R TCCAACAAGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
racE racE rbsxynA-F GGGACGATCAAAGGAGGTGAAATGTACACTTGTTGGAACAACCAATAGGAGTCATTG
racE pMACm2-R CGAGACGTCATTTCACTATCTTTTAATCGGTTCTTGCAGTGAGATAC
pMACm2- P, xynA pMACm2-F AGGGAAAGCTTGTTTTCTTCTTCAGTTCTTCATATTCTTCATAAATTTGC
opuAB XynA opuAB-R CTATCCATGTGTACATTTCACCTCCTTTGATCGTCCCCTTCAGTATAATACCACG
opuAB  opuAB rbsxynA-F GGGACGATCAAAGGAGGTGAAATGTACACATGGATAGACTGCCTAGAATACCTTTAGC
opuAB pMACm2-R  CGAGACGTCATTTCATCAGGCATTCCCCCTGC
pKVMK?7- acoC- acoCup pKVMK7-2-F TGGAATTCGAGCTCCGGCTGCGGCATCAACC
2-AacoC uparm  acoCup-R TTTCACCTGCTTTTCTTGTGTTCCCCCTTTAATTCATTGCC
acoC- acoCdown-F AAAGGGGGAACACAAGAAAAGCAGGTGAAAACGACATGAC
downarm acoCdown CCATGGAGGTACCCGCACATAATCGGCCTTCGTTTTAAACTCTC
pKVMK?7-2-R
pKVMK?7- rocG- rocGup pKVMK7-2-F TGGAATTCGAGCTCCCTGTTCCCGCCATAATCGCG
2-ArocG uparm  rocGup-R ATGAGGTGAAAAAAGTTTGAGAAGCCTCCGCAAAATAATTTTGC
rocG- rocGdown-F CGGAGGCTTCTCAAACTTTTTTCACCTCATTGTTTTTTTGGCC
downarm rocGdown CCATGGAGGTACCCGCAAGTGTTAATATTCCTTAAAAAACATTTACTTCCATGG
pKVMK?7-2-R
pMACm2-F TGAAATGACGTCTCGTTTGTATCTTACC
pMACm2-R CAAGCTTTCCCTTTTCAGATAATTTTAGATTTGC

pMACm2-seq-F
pPMACm2-seq-R
pKVMK7-2-F
pKVMK?7-2-R

GGGCCAGTTTGTTGAAGATTAGATGC
TTCACGGGTGGGCCTTTCTT
CGGGTACCTCCATGGACG
GGAGCTCGAATTCCACTGACTC

(k)

http://journals.im.ac.cn/actamicrocn
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(1)
kL FEA 519 BiL7/)s2]l
Plasmid Gene Primers name Primer sequences (5—3")
pKVMK?7-2-seq-F TGCTGGCCTTTTGCTCACATG
pKVMK?7-2-seq-R GCCAAAATTAACGTAATGATTGGGTAGTG
Aacoc-seq-F TACAGGAATTCGGGCGTACAAGAG
Aacoc-seq-R TTCGTCTGCATGTGCCCATTC
ArocG-seq-F CCTCCATGACCTCGACAAATTTTGC
ArocG-seq-R AATCGAAGAGCAGAGGCATCTTC
alsS-F TCCGCAGCTACGAGCCGTTA
alsS-R AACCGCCGTCACCAGAGACA
psgA-F TGACCAAGGCTGGACGAGAACA
psgA-R ACAGGTGCAGGTGTCGCTTCA
gltT-F TGCCATATCCATGATGCGGTCT
gltT-R CTGCCGTGCCTGGTACTTCTT
budA-F AGATCAGCCTGTGAGCCAGATT
budA-R GGTTCCGATACCGAAGTCTCCA
fumC-F TCTTCAGGATGCTACGCCACTG
fumC-R CCGACAGCCGTTCCACCAAT
ptsG-F CACTCGTCTGCGTGTGACTGTA
ptsG-R GCCTGAATGTTGTTGCCGACTT
racE-F ACATTCCACATGCCCGACTTCA
racE-R TGCTGAACCAGTCTCCGATTGC
opuAB-F AGCAACTGAGGCATTCGGTTCT
OpuAB-R CGACCATTGCGGCGATAACAAC
KH2 16S-F CAAGCGGTGGAGCATGTGGTT
KH2 16S-R CACGACACGAGCTGACGACAAC
1.1.2 FEK5 MgS0,4+7H,00.25, pH = 7.00.

2xPhanta Max Master Mix I H B 5% i M 58
R AR AT PR A F] 5 Plasmid Mini Kit, Gel
Extraction Kit, Cycle-Pure Kit LA 2 Bacterial
RNA Kit ¥l [{ Omega Bio-tek /A 7] .

1.1.3 1EFREREFRFN

LB }i32 f(g/L): BERER B 5.00, &
10.00, NaCl 10.00, [E4&R;F=ILEIN 1.50% i
o FI AR 2 (AW FE 25.00 pg/mL) i 1 %
b+

FpF 1R (g/L): H%HE 20.00, L-7H2 TR
20.00, B%REE 5.00, K,HPO,2.00, MgSO,47H,0
0.25, pH %% 7.00.

J G & Wb SR (g/L): FATHE 30.00, L-%F
SR BN 30.00, (NH4),S04 5.00, K,HPO,2.00,

>4 actamicro@im.ac.cn, 7 010-64807516

A TR TR WL A W Ry SR (/L) 2 b
30.00, L- A 2 W 44 29.35, K,HPO, 2.00,
MgS04+-7H,0 0.25, ¥ i & & MR JE W fif
(NH,),SO, 2 ¥ FE N 5.00, 45 & R & W EH
30.00, pH#ZE 7.00,

B @RI WCRAE B T Z G A YR R Ay
ABRAT], 4 °CLff. HAZIRE 7 19.00 g/L,
(NH4),S04 7% 4 146.00 g/L, NH,-N & & &
30.90 g/L, pH 3.17,

1.2 EMERRAEEER

B 200 uL B. subtilis KH2 HilE M £ LB
RpFedeh, 37 °C. 200 r/min ¥ 3% 24 h, FLA
10% R R ERh PRI FRHE, 4k2idE 9% 16 h
Hil AT . Fh LA 10% 3P o Bl &
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TG e T 355 % 35k R4 0 R PR T R T 3 R S
AR FE 50 he FERBE 0, 24, 50 h 43 51 B
B, X AY R AR . SRR .
y-PGA ¥R FEHATINE
1.3 EFREAMFTHR

2 1.2 1k S5 AF A 36 h S5 HURE, 4 °C
10 000xg 5 .0> 20 min Y £ B 1A, I &L %5
20 min J5 & T HEACR KA HRAT . ZLIA0E
R SR B B A BR 2 W AT RNA A $2
W . 8P & Ilumina HiSeg™ M /% . % & A
P e Ay a9 . SRR E A Ar . A
KBEKFEHHE, REEREZR DN, U
llog, fold change|>1 H. P,3;<0.05 b i 3% 45 fE -
Xf 22 S ik W 1T GO Yy RE & 4E 4 M A
KEGG i % & £ 73 11, LA Pag<0.05 1y b 3
PR S A
14 PHEXIFNEERAMEARN
(real-time quantitative PCR, RT-qPCR)
ghl

B. subtilis KH2 TE 5 iR K B RS 7R 3L M & IR
JRW K BERE SRR B 3% 36 h S YA TR AR 4N .
FEEUE RNA, B RNA KA 8IEE RS, K
FUEG e, cDNA, LA cDNA 1T RT-qPCR
ISAF, DL B. subtilis KH2 16S rRNA JE Pk iy 2
FEH, RH 272 b8 FE R AR kK o
1.5 At

MRYEFEHAME B, T H SnapGene F {411
S 1), VUFRLEL B. subtilis KH2 HEK4H Ky
iz, fi ] 2xPhanta Max Master Mix & {8 £ 28
B W 5 ) 5 TR AR RN 5 SR O IE I . R
Gibson 21017 vk i 12 H B BE IR 5 2 M iR 3k
Fa it e Ik /i R ok, H v R AR R B A BE R
ok 1:2,
1.6 FRhEEHER

W B An kL LAk 22 % Ab 5 X% A E. coli
S17-1, A BCRL B Hrd: R e fh b7, fH
VER A R MHARTE . Chen SR IR EE T

et AR ASOR T R B SR R R BR AR B subtilis KH2Ares
IAres2, ¥ HAE RS2 KT . WALA | Z KT R
Iy BIREFR R ODgoo M 1.0, FHICHT LB 553530k
% 2 WRIRA SFM TP LB AR [, REH
KRS )BT 30 °CEY 37 °CRE 5%, ke mik:
XA AR A 20 pg/mL £ E B ik Ak
¥, #Hf7 PCR B,
1.7 £ pKVMK7-2 #TEE &%

PG R B TR e B e B A Z IR )
1E 1% AMEF 30 pg/mL RAPEE ZE 1 LB Vi 5
HEA 30 pg/mL RABEZ 1 LB “F-4k 45 °CH
Kt , WV PCR LA 3% — Uk [A] Y5 5 40 77 bk .
B R R LB Wik R SR 3, 37 cCHE IR TE
b4 h, EBRIMT 1% KBE TP LB F A I
RNk, 45 °CH:3% 17 h, G 06 — vk R V5 51 4 B
B o B BIAE 30 pg/mL R IREE £ 1Y LB
AR AT PT LB M BRIk, 37 °CHE IR LA
RPUPE. PRECHE GELE T HTF A AR Y B ps
7% , Fl M 51 ¥ AacoC-seq-F/AacoC-seq-R 1
ArocG-seq-F/ArocG-seq-R # 17 B 7% PCR B iE ,
6 F 255 SR B 7 B0 et s 3
1.8 EHEMKABEINIE

e 1.2 97k, BAPIRLL 10% HEmh i
B AR W K s #2 e, 37 °C. 200 r/min
PP HEFE 50 h, PEATAHSCS BRI E o
1.9 HEXSHNE
1.9.1 412, FEEMASERESN

A=W R G BRI RE ODeoo (.. FiI I
R S v B8 ] SBA-40D LB W& A Hr X (1
RAPFEBE AT T E
1.9.2 y-PGA iR

Kol 100 pg/mL Y y-PGA Frife sk, 1K
WGBSR HERE 2%, 1951 30, 40, 50, 60. 70,
80. 90 pg/mL 1Y y-PGA FRifEH -

W B A5 I B W, 4 °C . 10 000xg B .0
20 min PAZEBREEKR, FIER PRI 4 AR
RIKCEE, 4 °CHE G, 4°C. 10 000xg
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B0 20 min EFRTEK OB, 53] y-PGA VITE,
A [) S5 R R Z2 18 /K 52 15 7 B 40200 A5 7
v-PGA ¥R

P e AN S SR LS T R
(cetyltrimethylammonium bromide, CTAB) L 4t ¥
M 5E y-PGA #e . DL 2% NaOH ¥ % i 1l
5 g/L 1) CTAB &, #ERHIMIR 100 pL ARifEik S
TR E T 96 FLARHT, A 100 uL CTAB ¥k
JZ Vi 3 min, T 240 nm ARG OGAE . AR BE AR
HEMZITH AN v-PGA WL
110 HIELIB R 2

Jir A SEge ¥ EE S 3 K, {4 GraphPad Prism
B R S KR AT Ge it 3 A S AR, P<0.05
FonEFRE .

3 Primary medium

& Glutamate waste liquid medium
20 sk

—
W
T

fa lm

(9,
T

c(y-PGA)/(g/L)
=

(e}

24 50
t/h
C
15 - Primary medium
Glutamate waste liquid medium
_ 10 F
3
5 -
0

20 40 60
t/h

2 HER590
2.1 y-PGA % =& B. subtilis KH2 [E i
F A=

it AR B. subtilis KH2 AE A AT & U5 )
() y-PGA S IRE ST, T LIA A AR RAE N
EY) K AL 7 y-PGA 20T 1 35 3 R4
WK 1A i, K 50 h J5 y-PGA 7 & {GAF
332 g/L, AHET R & WG 97 3 (16,11 g/L
y-PGAEME T 79.39%. AR IMIHFERIESL T
X450, RSN, EREEERA
SRRENIEIEHE T 40.00%, 17 L2 W B 1% i 1 e
5. BERRBA T 21.88% (K 1B). {15
TR, ARSI T A =R e A AN

B =3 Primary medium

B Glutamate waste liquid medium
okock
25 r Hok ok

20 1
L3 ([
10 H

s N

c(L-glutamate)/(g/L)

0 24 50
t/h

25 - Primary medium

Glutamate waste liquid medium
20

15 |-

10

c(Glucose)/(g/L)

0 24 50
t/h

1 HEFAFEKRERRERENSSRERIEHELBEIIZDY-PGAKRE L), AREKREB).

ODgy (C)FNEEHERE (D) E L
Figure 1

Changes of y-PGA concentration (A), glutamate concentration (B), ODgy (C) and glucose

concentration (D) in primary medium and glutamate waste liquid medium fermentation of Bacillus subtilis KH2.

*: P<0.05; **%*: P<0.001; ****: P<0.000 1.
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PET BRI AT FE R AR I A o A6 & BE 24 h ),
JEW A P B. subtilis KH2 HJ ODgoo 53] T 12.0
(1 10), FH¥s KRR R b A A e 2R L (&
1D). 72 MM T, HIRMAERKS y-PGA
BB BLIFANR A, A58 s 1 A 4 i 9 AR 4 T
v-PGA 7=, 1A 2R IE W AE y-PGA A IR
I RERXE B. subtilis KH2 P2 A2 7 SRR 8500
IS TEDLHI A2 I8 A B T4 X0 M o g2 5 7= )
7= R A R
2.2 AEERERXT v-PGA ARG FA
F o
221 E=5EEFER GO #1 KEGG E&E 4
i1 Mlumina - 5 X UG & i (A) TS 2R
JB W R BEB) 2 ALFE S AT I o 53T i
AR B A T A B LRI B A BT ) ST . Wk 2
Jiw, BRI GHC & =T 45.45% L) I,
Q20 HATE 96.22%-98.85% Z [0, Q30 H&AE
96.22%-96.53% Z [H], 2B AR U &% i 2L I 7 5K
PR m, TR — S EdET .
XA A BTG, ks 5
R kL, S5 2A FiR. A Fil B A
e 1819 M2 R, H 952 Mg I
P, 867 M NI, R T B 2RI TEAA]
KRR P IEE, X H##EIT T GO fl KEGG
EHESMT. HE 2B AIAL, AT LR AN

=2 MFBERELDIER
Table 2 Summary of sequencing data quality

RIFEMXTIEA, ZRENEESSHIALS
P . AN AR A YRR, AL A e 4
BCEE AN AR, W AR 2RI
ST UIRE TR BBV ML TR S & . KIS
VIRTHED A G . TS E% . v-PGA & 2
5t 0] e 5 22 S S PR 7E ok S AR i A AR P i R
Ao

R T B 22 RN S 500 A R HE
B ERAG S Fwit, AR EBIKRK2Z T £
IKHEH 1T KEGG 18 B0 r, 45 R anE 2¢ fr
o VA RRIERRA IR k)5, 2253
N B 2 5 R TR = B A . Ak
e FERNA AR W45 AR ighix 3 45 i
Hrp s 2R BACH = W A= & ik 239 4,
HRF YA RGE 109 4,
2.2.2 KBEEFERTHIE N SR E S 50E

MR e S AL P 45 5, IF 45 & B. subtilis
KH2 1125 y-PGA &GS 38T, PI2b
e T 10 425 5 R IR FEH 1T RT-qPCR BiE .
XS L R A 45 . y-PGA & R AH ¢ L A pgsd;
PTS i ik iz T A WA pisG; AR
FeIm MG HE A gleTs  CAR TR I8 A2 A0 SC A
alsS. budA; TCA BEMKIENH fumC; HA
P i e il 32 K] racE; ABC %% 18 8 FHAH RN
opudB; AR A B acoC; AR A

[EETE JEG B R/ AEFEE ORISR €/ Q20 Q30 G+C & i

Sample name  Raw reads Clean reads TRALEL Error (%) (%) G+C
Clean bases  rate (%) content (%)
(Gb)

Al 7943 798 7618 002 1.1 0.01 98.85 96.53 45.63

A2 7 879 596 7573 138 1.1 0.01 96.28 96.28 45.46

A3 7 629 422 7374 114 1.1 0.01 96.39 96.39 45.71

Bl 6 626 904 6344 550 1.0 0.01 96.27 96.27 45.69

B2 7788 616 7497 488 1.1 0.01 96.22 96.22 45.45

B3 7 672 904 7384312 1.1 0.01 96.32 96.32 45.59

A: JRIRKNE; B: BERMBERKNE. £33 P17,

A: Primary fermentation; B: Glutamate waste liquid fermentation. Each condition includes three biological replicates.
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Figure 2  Transcriptome data analysis. A: The volcano map of the differentially expressed genes; B: GO
enrichment analysis of differentially expressed genes; C: KEGG enrichment analysis of differentially expressed

genes. B vs. A: Glutamate waste liquid fermentation vs. primary fermentation.
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Figure 3 RT-qPCR verification of expression levels
of key DEGs in the transcriptome. *: P<0.05; **: P<
0.01; ****: P<0.000 1; ns: No significant difference.
Gene description: alsS: Acetolactate synthase; pgsA:
Polyglutamate synthetase subunit; g/¢t7T: Glutamate/
proton symporter; budA: Acetolactate decarboxylase;
fumC: Fumarate hydratase; ptsG: PTS glucose
opuAB:

Glycine/proline betaine ABC transporter permease

transporter; racE: Glutamate racemase;

subunit; rocG: Glutamate dehydrogenase; acoC:

Acetoin dehydrogenase.

23 SFRERBBEKRNEER LB
IS IE

H TR LR 10 SRR A Rl A AR
W R B S R R R = SR, ARRFITK: 8 A
T U ) 5 B AR I a8 4R 5 Y (alsS . pgsA. gltT.
budA. fumC. ptsG. racE. opuAB)5y il UL kL
FR M A IR R, IFTER E R IE
TR T RS AIE, DA A A BB pMACm?2 1Y)
B. subtilis KH2Ares1Ares2 T #& A S~ B L X 1R
WK s s, KB 50h 5, FAPEXTIEAY v-PGA
FPHEN 5.68 /L, Ml FRIKEEM y-PGA 7 it 53
Wk 10.86. 12.54. 13.49. 7.75. 8.00. 11.62.
941, 9.64 gL (K 5A), F= &4 MR F T
91.20%. 120.77%. 137.50%. 36.44%. 40.85%.
104.58%. 65.67%. 69.72%. H:. "' y-PGA ;=&
% & B S B. subtilis KH2Ares1 Ares2/pMACm2-
gltT, iK% 13.49 g/L. TERAMRAHIH, KB
50 h J5, BHEXT IR B. subtilis KH2AresIAres2/
PMACM2 TR AR FI R 28.57%, itk
K TR PR B A 2R A TRl 32.00% . 40.14% .
64.10%. 33.55%. 24.66%. 41.40%. 50.00%.
43.37% (&l 5B).  ODgoo 1 %5 M v B2 A8 Ak 4n (]
5C MKl 5D s Hrp, A2 RA S5 m
MRS B. subtilis KH2Ares 1 Ares2/pMACm2-gitT,
FIH IR E] 64.10%, 12 B AKX 25 2B 1) F1 H %
B BTN I R AR R AT B R
#(40.00%).,

A ST R HE T 2 KR PR AR B. subtilis
KH2AresAres2AacoC F1 B. subtilis KH2Ares
1Ares2ArocG, 7% PCR Kol Y IR/ 557 K/ Ny
Sk 1995 bp F1 1 842 bp (K 6). FRAHil % i bk
J5., TEARARER T HEIT ZEEW, LB
subtilis KH2 F1 B. subtilis KH2Ares1Ares2 F R K
AR, %HE 50 h 5, y-PGA FEH50510 3.62 g/L
F113.51 g/L, 1 B. subtilis KH2AresIAres2AacoC
F1 B. subtilis KH2AresAres2ArocG B y- PGA 7=
w0 13.29 ¢/L A1 13.21 g/L (E 7A). 5 B.
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Figure 4 Related metabolic pathways for y-PGA synthesis. Red lines indicate up-regulated gene expression

levels and green indicates down-regulated gene expression levels. Genes and coding proteins: ptsG: PTS glucose

transporter; alsS: Acetolactate synthase; budA4: Acetolactate decarboxylase; fumC: Fumarate hydratase; rocG:

Glutamate dehydrogenase; racE: Glutamate racemase; g/tT: Glutamate/proton symporter; pgsB: Polyglutamate

synthetase subunit; pgs4: Polyglutamate synthetase subunit; pgsC: Polyglutamate synthetase subunit; pgsE:

Polyglutamate synthetase subunit; GDH: Glutamate dehydrogenase.
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Figure 5 Changes of y -PGA concentration (A), glutamate concentration (B), ODgy (C) and glucose

concentration (D) in glutamate waste medium fermentation of overexpressed strains.
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Figure 6  Colony verification of Bacillus

subtilis
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KH2Ares IAres2ArocG (B) by PCR. Lane M: Marker; Lanes 1-8: B. subtilis KH2Ares IAres2AacoC; Lanes 9 —12:
B. subtilis KH2Ares 1 Ares2ArocG; Lanes 13—14: B. subtilis KH2Ares1Ares2.
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