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Figure 1. Biosynthetic pathway of L-proline in Bacillus

subtilis.
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FFEE WB600 & [R2H K i 43 Z BR UL 1) proB
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Table 1. Strains and plasmids used in this study
Stains and plasmids Relevant characteristics Sources
Strains
IM109 E. coli, wild type This Lab
WB600 Bacillus subtilis, wild type This Lab
WB601 WB600 harboring pHY-P43-proB plasmid This study
WB602 WB600 harboring pHY-P43-proA plasmid This study
WB603 WB600(AglnA, glnA: : Neo), Neo' This study
WB604 WB600[AglnA, ginA: .(P43-proB-Neo)], Neo' This study
Plasmids
pPMAS Bacillus-E. coli shuttle vector, Amp" and Neo® This Lab
pMD19-T Cloning vector, Amp" This Lab
pMD19T-glnA pMDI19-T based vector, carrying gind gene, Amp" This study
pMDI19T-Neo pMDI19-T based vector, carrying Neo gene, Amp' This study
pMD19T-AgInA: :Neo pMD19-gInA based vector, Amp" and Neo' This study
pMD19T-P43-proB pMD19-T based vector, Amp" This study
pMD19T-AglnA . : P43-proB-Neo pMDI19T-AglnA: :Neo based vector, Amp" and Neo' This study
pHY-P43 Bacillus-E. coli shuttle vector, Amp"and Tet" This Lab
PHY-P43-proB pHY-P43 based vector, carrying proB gene, Amp' and Tet" This study
pHY-P43-proA pHY-P43 based vector, carrying prod gene, Amp" and Tet" This study
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®2. AMRFASY

Table 2. Primers used in this study
Primers Sequences (5'—3")
glnA-FW ATGGCAAAGTACACTAGAGAAG
glnA-RV TTAATACTGAGACATATACTGT
NEO-FW ACGCCATGGAGGATTGAAGGATGCT
NEO-RV CCACTGCAGAGCACACCCTTTATTC
P43N-FW CATGCCATGGTGTCGACGTGCATGCAGGCC
P43N-RV CATGCCATGGTATAATGGTACCGCTATCACTTT
proBB-FW CGCGGATCCATGAAAAAACAAAGAATAG
proBE-RV CCGGAATTCCTAGTCTTTTACATTGAC
proBN-RV CATGCCATGGCTAGTCTTTTACATTGACCC
proA-FW CGGGATCCATGAGTGAAG TTTCTGTAAA A
proA-RV TCCCCCGGGCTATTCACGG ATTTGCCCAGTT
LJ-P43B TATTCTTTGTTTTTTCATTATAATGGTACCGCTATCAC
LJ-BP43 TATAAAGTGATAGCGGTACCATTATAATGAAAAAACAAAGAATAGT

Underline sequences are cleavage site of restriction enzyme.

FEHA Rk, EERISHERYIE pHY-P43 2
K I, M Fekr pHY-P43-proB. F FH2E 7 M
T H4H Bkl pHY-P43-proA.,
1.6 HHEZFHE B REEERRER

i B ZEFURE TR E A 3 DR A iz B >R ) D
AL TR ARG 1 SR AT Sk A U A
glnd _E 5140 glnA-FW il glnA-RV ¥ H glnA
FEEFH), KK 1335 bp. SR )5 K H % £ 5
pMDI19-T Jitki I, HJEEk pMDI19T-glnA. [AlFE
), FIASIY NEO-FW il NEO-RV ¥ B & &
PUPERER Neo, F44H %43 pMDI19-T 24k |,
P &5k pMD19T-Neo. #45if pMDI19T-glnA Al
pMD19T-Neo ] Neo 1 Fl Pst 1 g4 73U, B
Je HRE 2 B B 2 AR pMD19T-glnA
ok b, R RERR OB pMD19T-AglnA i Neo., %
¥R Bk pMD19T-AglnA - :Neo Ak A%
AT WB600 i r[RIiEA, TEH&E R R
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R ERA AT o MR BRI R AN 2 PR
1.7 EBH B P43-proB HIBE

B A 51 % PA3N-FW #l P43N-RV ,
proBB-FW FlI proBN-RV 43~ 5l M\ Al B 25 46 T B
WB600 FYBLIRIZH F47 3 1 R 3h 1 P43 LA R A Z BRI
g 5L proB (¥4, SRIGFIHIS Y LI-P43B Fil
LJ-BP43 ¥ il 14 #5 PCR #E4E H Bk P43-proB,
FR I Be 2t Neo 1Y 1B B [FIFEZE Neo 1 HL
LI R Bkl pMD19T-AglnA : :Neo |, #ET
F2H TR pMD19T-AglnA : : P43-proB-Neo., %R J5 41t
i BRI AL AR RL 2R AUAF I WB600 Hriff AT
IR, 768 55 2 PP AR b 0 v 1E #ff 1 5 1k
T BARBR A LA 2.,
1.8 EHARAERKMZKEH

W EH R T 20 mL LB iR S,
37 °C. 200 r/min iFETEN . FLBEPIEG ODgoo 0.1
FIG I 554 T 30 mL LB Wikl 3 5, 37 °C,
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200 r/min $557 36 h, MWHRI%EERE 2 h BURE 1 0lllE
PRARMR RS, foe )T — URHURE MBI B 4 ho RTARVER B2 (1Y
I E LAY YR 600 nm K R B9 SEIE ODgoo
FIRo ODgoo Ml T 41X EL AL Jy a7
1 OD =0.35 g/L DCW,,

1.9 EHEIRHE AR

W EH R LR T 20 mL LB ARSI,
37 °C. 200 r/min 354k 12 h, $EWIHH ODgy 0.1 1
FER RS 50 mL B9 TB 155 50, T kk WB603
1 WB604 WG 5 FRAE P U INZAHR B 5 mmol/L
HIA EBEE, 37 °C. 250 r/min BRI A 24 he &

Cloning strategy of knockout plasmids pMD19T-AglnA : :Neo and pMD19T-AgInA : : P43-proB-Neo.

PR RN IBORE N i ODgoo LA K KR L-fifi 2412
i, JTUSCER A AR A A P U0 B A 2R i
110  L-JHERKNE

-l A e R PR M Bl = kY oM
SPRAYINE . KT 12000 r/min 250> 30 min Ji7, HX
EVEIAZEAT 10% =54 LBRUTHE 4 h, 12000 r/min
250 20 min J5H G, FRRSE Y A5 BUE I E Ak
RS TR & ik o PN U0 B R R . AR TR
BT E8 TR 2 ), EREEGFHZ
ODeoo THY 5, MAZLMREESy 20 mg/L R 1
37 °C 49l 3 h J52: I Whatmore AM 5 P&
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2.2 glnA FEFEGREHHOHE

R B OR 16 TR A TR R R
pMDI19T-AgInA : :Neo, H-#H AL LA WB600 [ 45
iR, 4Ll glnA-FW Fll Neo-RV N5 [ ¥)%4:
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pHY-P43-proB
6376 bp

\ Tet
Ori pAMal

Am}{
pHY-P43-proA
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Bt % pMDI9T-AglnA::Neo Gk b, #48tE
W5k pMD19T-AglnA ::P43-proB-Neo, Ff¥iL
AL NIRRT WB600 H o % 1bTFLL glnA-FW Fll
gInA-RV N5 ¥ E 7% PCR J5152IK/NHA 3051 bp
) B ; LA gInA-FW Fil proB-RV J 5| ¥ 1% 7% PCR
JEAFEIR/INR 1765 bp B B, 45 R 3FEK W] P43-proB
Fr B e 2 E AR AR S R AT glnd s b, B
Fy g 7 WB604.
2.4 gindA EEELIR P43-proB FBRES T
R4 bxF B R A KN

R FN W N B R gind (i 2 ) B
AR, HEHRE WB603 Fl WB604 fi
1.8 TRy %R F LB Bigedtrp, £l H ik
AR R 2B WB603 AR KRG n 4-A FieR,
FEANTR NS S (R 1 100 T AE R 2218, Be R ODioo
IXREIRE] 4 o5, LI RIEARTIY 60%; THZEGS N
T 5 mmol/L A&MEMEIIHLL T, WB603 A
P, e AR50, B K ODgoo FTLAIAF 5.7 72
i, SRR TE A 220 . A RRI, gind
e PR 8 2 7 el A5 i 2H T L DR 2H 45 AR Y R B, A
SO T AR E R AR BT, E I IC R I
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\ Tet
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Figure 3.
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Figure 4. Growth curves of recombinant strains WB603 and WB604. +GIn means initial LB medium contained

5 mmol/L glutamine.

WK, NIk, gind FERABITE A E B
T4 IR BT, SRS AT 2 B v
S TR AR A 5 TR A A
HAIH WB604 A1 5 WB603 25l FE3EF%
BRI MR T 5 mmol/L & BEMei, Hod Kotk
OLI AL T ARSI 2B, Nl 4-B FR,
2.5 B8 S0 T B4 B AN RN B P O S IR A
7% B2 ) E 4R Ak WB601 . WB602 |
WB603. WB604 5 i, L-Ifi 2 BRI AE T, 435X ixX
4 BREEUES TRE I R T , ot B AL R 4R B R WB600.

RWEAANE: TB Hi3R3E 37 °C., 250 r/min RS 7
24 h, ZERNE 3 PR,

ETME ST, &5RIK proB 1 prod W
1 WB601 Fl WB602 Ll 1 il 24 g 1% it 73l 2
JEARTAT Y 2.21 F1 2.82 £, B0 20 i i A il e e 1
RO JFIAR TR 4.09 F5H1 9.80 4%, i S i 25
I 2R T it 43 R SR AR TR Y 1.91 A5 R0 3.34 5. itk
SEIRB  proB Fl prod FE[R )3 A BENS B & 1
SR 2 5 B Z R I EE T, XA proB #1 proA
BE IR A ok Fe iR 4 0 T I AR A i A 1 A E
i, Mg S TR R SR, proB I

3. AERMB ST BESNFOAE MfE 5 B |ER YN E 48 R
Table 3. The results of extracellular and intracellular free proline content under non stress conditions
Strain ODaso Extracellular L-proline/  Extracellular L-proline yield/ Intracellular free L-proline yield/
(mg/L) (mg/g DCW) (mg/g DCW)

WB600 16.34+0.03 194.53+1.41 34.36+4.54 5.06+1.24

WB600 (+Gln)  15.95+0.07 215.87+6.19 39.57+£5.21 6.49+2.80

WB601 8.74+0.08 430.31+9.24 140.61+4.24 9.66+2.07

WB602 4.68+0.03 548.28+7.69 336.89+11.62 16.90+2.04

WB603 11.17+0.05 1221.43£10.06 313.56+8.84 18.53+0.95

WB603 (+Gln)  13.17+0.10 925.2749.56 201.23+7.43 25.52+1.81

WB604 11.20+0.05 1391.65+11.54 357.78+9.67 24.57+2.53

WB604 (+Gln)  13.65+0.78 992.48+8.79 208.59+6.35 26.90+1.52

+GlIn means initial medium contained 5 mmol/L glutamine.
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proA FE R ) 3 22 2kt 23 X5 TR AR AR Ky Sk B 4H (B
RSO IR S3%H 28% A 47), Hrp
proA FER It FRaBx A B B TE AR BT S 2 e A
FLEATIE Y, proB Fl proA FER 435 gt 2 R
PRGN 2 R IRIA I, 1L 3R3K proB Fl prod B}
— 5 TS 200 ML B 22 i R ] TR ARk 5 o —
D5 T, FEDR A Rk vl R (Ao B A T 200 PP Y
PR & A T PR, s 14K LAh, proB
FEPR G b 1) 4% R BRI R N 2 i A L-fil iR
PR 2221 | 3ok i 14 il 2 P 2 X S R s o —
TEFEE B ST, 1 proA LR 4wA5 145 2 I
PR I i AN 2t BRI B0, MR At m] e 26
ik proA FEAH it 3K proB FLDH B8 F| Tl = R
MG PRI, A2 BRI i i i 2R ROR 7] g
BT ARG RL, MRk prod KA
it A 7 I T R T F63K proB SR P,
TEANIRINAS GBI, glnd DB 1 B
WB603 il /M 2R & 1o~ 1221.43 mg/L, J& )i
AR Y 6.28 1, BRI i S0 A U 25 M 2 R
A3 JEERTE Y 9.13 £5H1 3.66 5. XK, glnd
SRR Y Bl 2R A v T A S U A R R ), O HL
Xof MU A I 2R 1 & B e B W H T, 4%
AN A L glnA O RIBRBEWT T 4 2 BR 1Y 35
G, W T AR LG R R R B ETA Y
iy R &, 5 RS E Z iR R
AT SR 1 IR A G . A, ARBESE
glnA FE R kR A1 15 55 41 TR 78 R R AR AP I 288 7
T proB 1 proAd FEN A EIK, XA RESE
PRI Ay 200 i PR A DR ) R 5% 5 3 20 % 40 L 3t ) 52
WA, DA B 4 ML A ) 5 ) e ) A
Frest. MTEASIR A, gind FEPIRERRIT 4K
1R SZ I /NT proB Fl prod SENERIE, W
11 Al RETE T H ANl MR AR R s T e & .
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HIFEE, 7EMFZEET, HAR WB604 B
R g5 WB603 JLT-#H[R], FEIAESEA gind i
m B P43-proB R Bt 5 HMEEEE glnd FEAH
X B AR K LT A %, (HE A WB604
JANELE T 1391.65 mg/L il MR, A7 4 iR
k1 357.78 mg/g DCW, A WB603, sk
FR SRR T 13.94%, BN 4N SNl S RS
FIEE T 14.10%, HMINE RIS Eite 1
32.60% . XK, XTI ER & Mk 1 OB T A
glnd F proB 1] [R] A 243 AT A 1 [) B[R 2500 B o
E— L EE Tt T A0 MG U R 1 RE T .
7T, AN Gln (7 2 B e v 5 4 B A
KAR 2, (ARG X BN K, tesh, XF
Al Z Rk Uk, AU Gln B S 41 WB603 Al
WB604 MiAMfizi2 & #7moh 1221.43 mg/L #il
1391.65 mg/L, 73 A& Gln BFAY 1.32 f%F1 1.40
fi o (EAERME, W0 Gln B 21 TE WB603 #l
WB604 (14}l A e 25 il 2R 7 s 34 g e, 0ol
KGN 1.38 581 1.09 £, 1M Gln A9 HIAXY
5 4y AT L 7R L PR 5 A R o RN R . Ut
L5 R, Gln WA RERE R 7 7R b 41 1 R
BRI B AR BBR , SR Gln I ATE (L i
FA A KM FEIE, o n] e 202 i kA Sk
i 2 RV o i Y8 8 SRRk A LAt AR i 4 )
AT 32 L A7 A 2 IR 5 A P A, B PR 3 2
SRR A P Y
2.6 EhESFFE 44T 2 4 T A I Y S
R PR 5 2 R A AR B B T I 2R i R R
O, 16 2.5 WEMARRFRIIAL b, e
WM 5% NaCl, HARFRMAZE, ISR 24 h
J DN 7 R 2H R L SR PN e T R e, D
G 4,
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Table 4. The results of extracellular and intracellular free proline content under 5% NaCl stress

Extracellular L-proline/

Extracellular L-proline yield/

Intracellular free L-proline yield/

Strains ODsoo (mg/L) (mg/g DCW) (mg/g DCW)
WB600 13.4740.24  248.4445.25 52.37+8.49 51.10+1.10
WB600 (+Gln)  13.7940.02  296.32+7.99 64.21+6.06 50.98+1.93
WB601 12.2540.04  482.67+8.15 112.46:£4.04 50.59+1.29
WB602 9.6120.04  381.51+4.24 114.79+6.36 50.67£0.55
WB603 7.74£0.09  1032.74+11.88 381.68+8.15 49.65+2.98
WB603 (+Gln)  10.12£0.06  728.42+8.49 206.93+3.54 47.75+1.59
WB604 9.73£0.02  1369.54+13.69 402.84+9.26 54.88+0.95
WB604 (+Gln)  11.08+0.57  783.91+5.66 202.59-44.49 52.62+1.69

+GlIn means initial medium contained 5 mmol/L glutamine.

TEE 5% NaCl WyREFREE, SCOGAH bR AE K
W32 B [ R B G0 A8 , T L A9 i 25 il 2R 5 i
Bim TAEME 50T, X 5 P 0E i 7E R 55
R 20 PN R o s I R TR B A BT iR e —
SOV, I LS00 2 A A 14 0 A i 8 T 2 Rk 22 5
K, XA RE 5 0 P it 88 e 2 1 e, (B
—¥ERYJE, W ERIE proB Fl proA FE[H A4 H
WB601 Fl WB602 M LL TR A ST, Wik
A PrEm (AT 2 AR A 2548 F 3R 3). sk,
TE glnd SRR IR FiE—Pad Rk proB J
TR WB604 7E4R B Whif 51 T iy A
BT EAR WB603, HUILATLIGHZEE, proB
i prod FEH W FIRREEAE — B FERE IG5 A PR
TR R

S EZH T WB601 F1 WB602 14 itd S 2 R X
FAEOL AT A, MMM 2R & 5 0 Wi e iR
TR 1.94 f5F1 1.54 45, B4 Ji S0 I 2 i 155
A3 ARIEAR TR 2.15 F5 0 2.19 £5, ZHIAKHE
AR 038 B A H A BTRER . 5 EIRS, ZERESIN Gln
I, gind FEPRIRA ) 40 7 WB603 i Ah 2R &
i A AN AR A0 R IRURTE Y 4.16 £5FT 7.29

W, [FFER T AR A S50 T o MESEET, AL
F WB603, HZHE WB604 1oz R & & K
HRALT AN AT R4 = T 32.61%F1 5.54%, &
AJ: Fip 38 B F LS A 2R i T i B RGBS
0 I S B 2 R A5 A P RAIR, IX AT B S AEER B
T BB 3R IK proB JEH W E L I WB604 [ {4
K Z R EIES WB603 /N E. LU EEE R %
B, SR FUNAEANT, gind FER A B FRRE
R = A0 A U IR B RE 1 5 TE BL LR I
1 KK proB BER HE— D4R & T 40 M5 U 2R 1Y)
ReJ7, (HAZEh BT Wha i T, dbsh, 2% Gln
iiF, FEZHE WB603 Fl WB604 114 it 71 il 2 iR 5
A3 RGBS REAR T 29.47%F1 42.76%, H. A
24 L A/ i 2 R A 2t I S A1 . X AT R IR Dy R
TEER BB AT, B 1 X a8 BRET

— 5 TE L 5 B 0 PRAP AL T W W S 5 Il 2 R 2+
PRINE I RS, — 5 T T A8 A S M i 2ok )2 ]
REA B KT BB TR R, i A KA B
L TR TR R, (HARTE R, J5h
LR RN rae & N SER R i s RSP IE T =

30X T A2 L P U e Tk 8 A A ik R TR

http://journals.im.ac.cn/actamicrocn



Zhiyong Wu et al. | Acta Microbiologica Sinica, 2018, 58(1)

3 Hi

ABIFFE LI RE 2 FL R T A 24 R 1) il = R A
w1 glnd ., proB. proA R NG4S, it
Oy FEGE S I T HA T WB601-WB604, i
LK TR 2% T 2L T A 4/ A0 P 90 1 O PR AR
R0, DLRIT AR TR B R A T RE LA S X
BB P T IR G AR . 25 R BN,
EAEMHE ST, proB ., proA FER R FikhE!
EIRE NS AR EE S, ViH proB. proA
BED A ok Ik B R T IR G R AR . (HaEd R
ik proB. prod 23X RARARKE R, T 3Rk
prod YA BIFEI B, HETT AT BERZ R T 1 4h
IR TR s glnd FEPR A iR [RIAF RE 1 28 200 i
B IR EIRIRE S, RIIMER gind FEKBHWT 1 i
LARACH R A PRI AS A IR A i As . AT
SR TR G BUR A o e Ah , AR LT BBl SRR glna
FEH, A gind BRI LR Fid 2RIk proB Jik
DR {7 i 2 o i 2 R 4 5 R ) i — 2D 4R T, X
R, LLE 2 AN SCHETY e Y[R o s ol s 4 £
S 2R B BE 177 AL A 1] BRI R o

TERR B TIIA ST, SRR AR K152 3
ANTRIRE B A R IE T PR 9 25 A 2R 5 R 4 v T
WA ZRAE T, FRIRBAHR A RS, X B
TERR B TR B 2T, A P 0 00 25 Al e R vk 3
23 b TEIF IR B RS HEER A DT X 8 38 A5
AN, EHAE WB601., WB602 il WB604 [ H 4
R TAEMRE R, BB RIE proB. prod FE
AT S A TN . SR, SAEMA
AR, W 3RIK proB. prod RR VI glnA
LR A dik 2 12T 1 . 255 1 o A 5 RS A1 A 2 R 1Y
REJ), 1B gind BB ALY it R385 proB Jk
DR {7 . 21 o il 2 R A4 5 RE ) i — 2P 4R . H

actamicro@im.ac.cn

FMAM &R & B X BAR A A BT T R, X ]
RE -5 W38 2645 T B AR I Sl = Rk 2 5 B B
PERARH LR X 8 R A B2

Z % MW

[1] Schallmey M, Singh A, Ward OP. Developments in the use of
Bacillus species for industrial production. Canadian Journal
of Microbiology, 2004, 50(1): 1-17.

[2] Whatmore AM, Chudek JA, Reed RH. The effects of osmotic
upshock on the intracellular solute pools of Bacillus subtilis.
Journal of General Microbiology, 1990, 136(12): 2527-2535.

[3] Kempf B, Bremer E. Uptake and synthesis of compatible
solutes as microbial stress responses to high-osmolality
environments. Archives of Microbiology, 1998, 170(5): 319-330.

[4] von Blohn C, Kempf B, Kappes RM, Bremer E. Osmostress
response in Bacillus subtilis: Characterization of a proline
uptake system (OpuE) regulated by high osmolarity and the
alternative transcription factor sigma B. Molecular Microbiology,
1997, 25(1): 175-187.

[5] Brill J, Hoffmann T, Bleisteiner M, Bremer E. Osmotically
controlled synthesis of the compatible solute proline is critical
for cellular defense of Bacillus subtilis against high
osmolarity. Journal of Bacteriology, 2011, 193(19): 5335-5346.

[6] Belitsky BR, Brill J, Bremer E, Sonenshein AL. Multiple
genes for the last step of proline biosynthesis in Bacillus
subtilis. Journal of Bacteriology, 2001, 183(14): 4389-4392.

[7] Brill J, Hoffmann T, Putzer H, Bremer E. T-box-mediated
control of the anabolic proline biosynthetic genes of Bacillus
subtilis. Microbiology, 2011, 157: 977-987.

[8] Hayat S, Hayat Q, Alyemeni MN, Wani AS, Pichtel J, Ahmad
A. Role of proline under changing environments: a review.
Plant Signaling & Behavior, 2012, 7(11): 1456-1466.

[9] Marulanda A, Barea JM, Azcén R. Stimulation of plant
growth and drought tolerance by native microorganisms (AM
fungi and bacteria) from dry environments: mechanisms
related to bacterial effectiveness. Journal of Plant Growth
Regulation, 2009, 28(2): 115-124.

[10] Vardharajula S, Ali SZ, Grover M, Reddy G, Bandi V.
Drought-tolerant plant growth promoting Bacillus spp.: effect
on growth, osmolytes, and antioxidant status of maize under
drought stress. Journal of Plant Interactions, 2011, 6(1):
1-14.



REBEE | MY, 2018, 58(1)

49

(1]

[12]

[13]

[14]

[15]

[16]

Kunst F, Rapoport G. Salt stress is an environmental signal
affecting degradative enzyme synthesis in Bacillus subtilis.
Journal of Bacteriology, 1995, 177(9): 2403-2407.

Chen MQ, Cao JW, Zheng CY, Liu Q. Directed evolution of
an artificial bifunctional enzyme, y-glutamyl kinase/y-glutamyl
phosphate reductase, for improved osmotic tolerance of
Escherichia coli transformants. FEMS Microbiology Letters,
2006, 263(1): 41-47.

Chen MQ, Wei HB, Cao JW, Liu RJ, Wang YL, Zheng CY.
Expression of Bacillus subtilis proBA genes and reduction of

feedback inhibition of proline synthesis increases proline

production and confers osmotolerance in Transgenic
Arabidopsis. BMB Reports, 2007, 40(3): 396-403.
Liu RJ, Chen T, Cao JW. Construction of fused

osmoregulation proBA gene from a salt-tolerant mutant of
Bacillus subtilis and its influence on the osmotolerance of
Escherichia coli. Acta Microbiologica Sinica, 2005, 45(1):
23-26. (in Chinese)

XA, BRis, BETL. BiE R 5EE proBA BIRGRIE
X IR AT B T 5 38 38 RE D RSE . RUE WA AR, 2005,
45(1): 23-26.

Park JH, Lee SY. Towards systems metabolic engineering of
microorganisms for amino acid production. Current Opinion
in Biotechnology, 2008, 19(5): 454—-460.

Peng QA, Zhang XF, Wu SF, Wang WP. Construction of
Bacillus subtilis tkt” mutant by homologous recombination.
Biotechnology, 2006, 16(6): 23-26. (in Chinese)

Az, g, RIEJr, £ FIREL AR R
AT 1A i e O 28 I8 T bR AR, 2006, 16(6):
23-26.

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

XUSE N, A TR AT A 2 AT o e A0 B N- Bt 2 2
HEE. TR RS 2 e 3L, 2015,

Zhi MX, Li XJ. Improvement on the method for measuring
proline content. Plant Physiology Communications, 2005,
41(3): 355-357. (in Chinese)

HAWTE, 22754, MhE RN E Jr vk p ek, AW Ak B 2 il
i, 2005, 41(3): 355-357.

Schreier HJ, Sonenshein AL. Altered regulation of the g/nA
gene in glutamine synthetase mutants of Bacillus subtilis.
Journal of Bacteriology, 1986, 167(1): 35-43.

Varma A, Palsson BO. Metabolic flux balancing: basic
concepts, scientific and practical use. Nature Biotechnology,
1994, 12(10): 994-998.

Pérez-Arellano I, Carmona-Alvarez F, Gallego J, Cervera J.
Molecular mechanisms modulating glutamate kinase activity.
Identification of the proline feedback inhibitor binding site.
Journal of Molecular Biology, 2010, 404(5): 890-901.

Seo JH, Bailey JE. Effects of recombinant plasmid content on
growth properties and cloned gene product formation in
Escherichia coli. Biotechnology and Bioengineering, 1985,
27(12): 1668-1674.

Moses S, Sinner T, Zaprasis A, Stoveken N, Hoffmann T,
Belitsky BR, Sonenshein AL, Bremer E. Proline utilization by
subtilis: and

Bacillus uptake

Bacteriology, 2012, 194(4): 745-758.

catabolism. Journal of

Zaprasis A, Bleisteiner M, Kerres A, Hoffmann T, Bremer E.
Uptake of amino acids and their metabolic conversion into the
compatible solute proline confers osmoprotection to Bacillus
subtilis. Applied and Environmental Microbiology, 2015,
81(1): 250-259.

http://journals.im.ac.cn/actamicrocn



50 Zhiyong Wu et al. | Acta Microbiologica Sinica, 2018, 58(1)

Function of glnA, proB and proA genes in L-proline anabolic
pathway of Bacillus subtilis
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Guiyang Shi'*"

! National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China
? School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] We studied the function of glnA, proB and proA genes in the pathway of proline biosynthesis in
Bacillus subtilis. [Methods] B. subtilis WB600 was used as the original strain. After a series of intracellular gene deletion
and overexpression, we constructed recombinant strain WB601 with proB gene overexpression and WB602 with proA
gene overexpression; WB603 with g/nd gene deletion. Then, WB604 with proB gene overexpression was constructed.
The anabolic key nodes were analyzed by phenotypes of extracellular and intracellular free proline accumulation.
[Results] Under non-stress conditions, the extracellular proline content of the recombinant strains WB601 and WB602
were 2.21 times and 2.82 times of that of the original strain, the unit cell extracellular proline yield were 4.09 times and
9.80 times of that of the original strain, and the intracellular free proline content were 1.91 times and 3.34 times of that of
the original strain, respectively. The extracellular proline content of the recombinant strain WB603 increased to
1221.43 mg/L, 6.28 times of that of the original strain, and the unit cell extracellular and intracellular free proline yield
were 9.13 times and 3.66 times of that of the original strain, respectively. The extracellular proline content of the
recombinant strain WB604 up to 1391.65 mg/L, compared with strain WB603, the extracellular proline content and unit
cell yield were increased by 13.94% and 14.10%, respectively, and the intracellular free proline content increased by
32.60%. Under 5% NaCl stress, the extracellular proline content of recombinant strains WB601 and WB602 were
1.94 times and 1.54 times of the original strain, and the unit cell yield were 2.15 times and 2.19 times of the original
strain, respectively; the extracellular proline content and unit cell yield of recombinant strain WB603 were 4.16 times
and 7.29 times of the original strain, respectively; under the same conditions, compared with the recombinant strain
WB603, the extracellular proline content and unit cell yield of the recombinant strain WB604 were increased by 32.61%
and 5.54%, respectively. In addition, the intracellular free proline content of the experimental groups were higher than
that of non stress conditions, and reached a relative equilibrium state. [Conclusion] Overexpression of proB and proA
gene can significantly enhance the ability of cells to synthesize proline and enhance the salt tolerance of cells; deletion of
ginA could enhance proline de novo synthesis pathway and increase the accumulation of proline; moreover, the positive
accumulation of the two effects could further improve the ability of proline synthesis.

Keywords: L-proline, Bacillus subtilis, anabolic pathway, key nodes, osmotic pressure
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