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Promoter and signal peptide optimization increases the
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Abstract: [Background] Glutaminase is an enzyme which can catalyzes the hydrolysis of
L-glutamine to L-glutamic acid and ammonia, and it has been well used in the food and medicine
fields. [Objective] To study the influences of different promoters and signal peptides on the
secretory expression of glutaminase and construct recombinant Bacillus subtilis strains with
efficient secretory expression of glutaminase to improve the production of glutaminase.
[Methods] B. subtilis SCK6 was selected as the host, and the glutaminase expression vectors
and recombinant strains with different promoters and signal peptides were constructed. The
effects of different gene elements on the expression and secretion of glutaminase were studied,
and the optimal promoter and signal peptide were selected and combined to construct an
efficient and robust glutaminase-producing strain. [Results] A recombinant strain with efficient
secretory expression of glutaminase was constructed. With Pppa-Papre as the promoter and
YndA as the signal peptide, the strain showed the extracellular glutaminase activity reaching
6.7 U/mL in shake flask fermentation. [Conclusion] By screening and combining the promoter
and signal peptide, we constructed a recombinant strain with robust production of glutaminase,
providing an effective method for the efficient secretory expression of enzymes.

Keywords: Bacillus subtilis; glutaminase; promoter; signal peptide; secretory expression

4+ 2 I JHe it (glutaminase) it — P BEBSHE AL, L-
B E WK R A B L AR A NIEE, T2 A7
TETHER 200K B B AR S5 ik M A v U
A S ot e Wl A 12 i [ 24 A QA S Y o A
P ERdh Tl b, A2 WE R T DAL 7
Pt A A = R T R B B K AR
MR, HhnEmaEuk , [R]Ausih & e  h
PR A A, R R 4R e il i i R0
TELE 25 G, A 2 e Rl TE B 2578 1 AT DA
b L- WA OB AR, RAREA
PRAP 2 | AR T I Re 55 2R 5 14 2 3

el 2015 4E AT, ol bAE =2 e Wi =
BEDUHEP AT, AN ok e | SRR At
GAT RN, (H Rl E A, T RS
(14 SR s, = 4R TR T R IR AR PR AR Oy T
2015 4ELUR , RhZEH IR 03 7R 2 AR A
AR RS SR T PERE LA Y A S ok M il
TREE R AR5

M ZEHUAT T (Bacillus subtilis) & —Ff&: 2%
BN ER oy gz S S E N LT eR = RN
FE N — BN B % 4 1 (generally recognized as
safe, GRAS)IE K. Al 5 2 FLATF B 5 A 5 K0 28
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153 WA RE 1 FIAR XS 58 38 M B/ 18 R RS, 22—
FPOA R 9 ol il o 700 238 1 3 o BAIRE SCK6 S A
AR 1AT51 AR, HA RS
3%, &S pDG1730. pHTO1 25 L Fh 25 it
PRI 1 R A AR U, ol 3 K 2o B A -6
FRMG . WERREA A M AN S 2 R A MIE R 1,
DR AT AR BEAG F2E AP I SCK6 VR A 2k
Je I 2R3A 1 E R, R F A EARTE
P EERE S IR IR S BERE B T RE AR . A1
5 RS Bl TR A S IRAS 22 I i 8 1A 2
ZEAFE TR R A I IR B A R TR,

AR TIN5 EiE HAES RNA
RE MR AR R B MZE 51 —Bt DNA J¥
Y1), B AR A I EH I o Pas. Phpan
H1 Pamyo 535 R 5 B ALY 38 7 8 7, REmIAK
Ja B 22 il | YE R ST 2 Bl AR AR T FE R R 2
TFFRR R IR SANE RS R I, 5
SIFAIEG, RUS B ] DL 2 i L R 44 524
Ja B PR R T, ZRUR R R 1 H S |
6 BRI T AT . S PEikiE, 55 kS
B 12 B YA O, &1 SN R 1 B R ST
55 BRI, e 55 B 04 86 11 DL G B A i 1 155 K
BB A 2 e AMIR R 140 W A R BEY . H
B, B AL S ARG B ZEAIAT R 173 Fh Sec iR (H
SR A SO 7 i AR KR Ak e 15 5 Ik
e TAE. BRIEAESE DRSO SR o3
WIKEIE (S5 BRSO, kRS 9 /3RiK a3
WK RIS, LL citH {55 kg 545
WRCR IR, EA AL o- PR S ) i
s AR ARG 14 R A2 A0

FRAE SCHR 2710 3E , AN [R5 B 73 2 e e it
P 22 B AR, R 98 R BRI T 2R AT 1 A A3 2
T Fe g EL AT — 8 PO TR R, TS B 7E B S U
SRR R . B, ASHIFST I 2R
FUFF B SCK6 N Fikfs &, PRI T ve b 2F

i #F I (Bacillus amyloliquefaciens) UMAF6639
HI4 R B R Bagls, #F 5% A RS 85 7 Filfs
5 ROGF 4 I R T 23 W 22 IR 1A ), R LR
B WA % TR A 2 Ok e Ty 10 A R 2 F AT 78 TR TR
PR, AT ST R T ) 7 M A 2R 7 R T R BE
JE A

1 MRETE

1.1 E#k. FRRFA514

MR ZERIAF I SCK6 . KA TOP10 Fizk
& pMAS RASZEG % R 4F; pUC-Bagls. pUC-
Pamyq-PHpait « PUC-Pspovc-Phag-Pyvyp - PUC-Papre-Pripa
Fl pUC-Phpai-Papre EIAZFL IR BL G B A=)
FHE A PR 5 A B 2 o Al B 2 AT T R A A
pBE-S DNA N5 HEAYH AL R)H R
7. AR B E I IER 1.
1.2 EFRE

LB K3k (g/L): HAM 10.0, BELEE 5.0,
NaCl 10.0, [B{AEEFRIESUIMBIEH 18.0, pH
7.0. FEMIKBER SR AL (g/L): AR 12.0, EEbk
#3 24.0, KH,PO, 2.3, K,HPO,-3H,0 21.5, M
10.0, pH 7.5, LBS }i#sk(g/L): HEMAM 10.0,
fEEERY 5.0, NaCl 10.0, 11346 90.0, pH 7.0,
R SR (/L) IWALEE 90.0, HEEEE 92.5,
It 100.0. AL TR SR M (g/L): ILALEE 90.0,
H#E&EE 70.0, 5 U 10.0, B2 5.0,NaCl110.0,
1.3 FZERXFIFNEE

PrimeSTAR® Max DNA Polymerase i# &
Mo B 1 iR RiI5 &40 B. subtilis Secretory
Protein Expression System {7 & (& SP DNA
mixture fil pBE-S DNA Jitkr), % HEAYFAR
([Em0)A B Rl ™4 s NEBuilder” = [ L DNA
AR WA &, New England Biolabs 23 H] ;
BM2000 DNA Marker, DL8000 DNA Marker .
50xTAE Buffer il 6xTriDye DNA/RNA Loading
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Table 1  All the primers used in this study

CIEVER S

Primer name

e
Sequence (5'—3")

P1

GGCCGGTGCACATATGATGAAAAAAAAAAAAT

P2 GTGATAAACTACCGCATCATTTTTCCCATTTTTTAAG
P3 TGATGCGGTAGTTTATCAC

P4 CATATGTGCACCGGCC

M1 CGCGTCCC TCTCCTT TTGCTTAAGT TCAGAGTAG

El GGCCGGTGCACATATGGAGCTCGGTACCCTCG AG

P5 TGGGTCTACTAAAATAT

P6 ATGCCTGACATCATAGGTT

P7 CAGTTCTAATGTGTAATGAGGTTCGGATTCATCTAT

P8 ACTACCTTAGTGAATCTCATCATATGTAAATCGCTCCTT
P9 CAGTTCTAATGTGTAATGAGGTTCTTTTCTGTATG

P10 ACTACCTTAGTGAATCTCATACGCGTCCCTC

P11 CAGTTCTAATGTGTAATGAGACGGACAATATTTTG

P12 CATAGTAGTTCACCACCTTTTCC

P13 CAGTTCTAATGTGTAATGAGTGAAGTAAAAGTGAT

P14 CATTGTTTTGTTCCTCCCTGAATATG

P15 CAGTTCTAATGTGTAATGAGGATCAATTGGTTTCTT

P16 CATCAAAGAACGCCTCCCTTTTAT

P17 CAGTTCTAATGTGTAATGAGGGCGGCGTTCTGTTTCTGC
P18 ACTACCTTAGTGAATCTCATTCTTGACACTCCTTATTTGA
P19 GGGAAAAATGAGGATCCTCTAGAGTCGAGCTCAAGC
P20 CTCATTACACATTAGAACTGCGAATCCATCTTCAT

P21 ATGAGATTCACTAAGGTAGTTGG

P22 GCTTGAGCTCGACTCTAGAGGATCCTCATTTTTCCC
P23 ATTGCCAGTCGGGGATAT

P24 GTGCCTTTCGTGACACGTTC

Buffer, JbntafEREHAEAGRAR; 2N F
TR PIER . LA EmE, by
KK FEFH AR A A PCR 4k ik 7 &
Cycle-Pure Kit, OMEGA /Al ; & 4L & ik DNA
AN IOER &, AU BRI AR W EOR A R
H]; SurePAGE H ATl . 5xSample Buffer.

Tris-MOPS-SDS Running Buffer Powder. Broad
Multi Color Pre-Stained Protein Standard, Fj&L4:
Wk E R A R A F]; BCA S5 IR FE I ik
Mg, AW ESEERHEAT RA Al AN
FE a1 #r4li. PCR X, REBRHLIKAL .
HHLUKAL . BER LR RGEAHL 27 FL L, Bio-Rad

al BETAER, BRI & A R
Al AAEEESRAE, SRAR(R )RR A R
s FERTRESOHL, Eppendorf 2 F] 5 EMfE
AL, BINTVE/R SRHEA R A,
4 AEESKRREHAHLIE
FIFAE B AT A 173 FhfE S KR 5
A1) 0K A TR - Al L ZF 6L R 2R AR UKL pBE-S
DNA 85 AN G55 K 2 2 o e il 2 4 3R 36
BRSO o Ay 2 T e g R Dy A (B sk S
BAMY 6639 _00855)3KH F NCBI, i B Rk,
R RH A BR A FIG L, A4k pUC-Bagls.
L pUC-Bagls Bk it , ffiH P1/P2 R3]

il

T g > >
i

C

[
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Pixtiity PCR ¥ 34545 Bagls JEKF41; LA
pBE-S DNA Juki it , FIM P3/P4 S|yt
17 PCR ¥ B4 ARAF BB SR B 741, PCR U
S5 FFIMA £ 218 PrimeSTAR®™ Max DNA Polymerase
A & R, A PCR 4lifhidin &
Cycle-Pure Kit [l 4lift. PCR =¥y ; #% M
NEBuilder” = {#: H. DNA 2025 WiiR Wk 77 £ridd i
PR P Beny D™ Wy itk AT 4 2 % 4, 15 31 3%
277 o R A 2= e A 5 3 7 W e AL K AT
P TOP10 J&AZ 841, % 100 pg/mL 2"~
R PUER) LB FACFIE 7 PCR i e B ve
7% PCR W 25 FFIA R 2% PrimeSTAR" Max
DNA Polymerase i G160 45454 . R w2l
JE TR DNA /)N 3 BG4 3 HCBH 4 5 Ak ot
R, R R B AE R A PR w
J¥, T IE R Y 2 SR 44 A pBE-Bagls.

Pl pBE-Bagls Fiki MEAR , E{5 5K AprE
RS AT R A S ML AT EL, XHZERE
BARPEATZ ML PCR 38, PCR J W 45 ik
ZFi 18 PrimeSTAR"™ Max DNA Polymerase & 7]
S UL B HEAE R PCR 4lifkik 7] & Cycle-Pure
Kit [ 4fifk, PCR ;=4 ; $i 18 NEBuilder” /5 {# E
DNA 20 3 7t iR 1 1t 70) 6 0 ] 5 4 VRl [mlfe iy 2
AR R BX 5 SP DNA mixture Y4740 2% & 4215
L) . W S KA E TOP10 J8%
ZASMMIR ST A TR AL A T 5
100 pg/mL 2K H & KPR LB FAl I, 37 °CHy
Feid R 2R T . AR A T
PRVRFEAE RN R — R, B3R H00 100 pg/mL
AR EERIUEMEAR LB K3, 37 °C.
180 r/min ¥53R30% 4 12 h, ) FH 2 Tk
DNA /N $E A S 3 B = b i JSokL, %
kLR S A AN E S KR A FEAUTRL, B
PERETEF IRFe R 2 4SO pBE-SP-Bagls.

1.5 AEBINFRESAKHLE

WM 8 PSR IS B T RIB AR R AL
i, 3R 80T Prpan s Paprew Pspovc Phag-
Pyyo A1 Pamyg, VA K AR B ¥ Papre-Prpal «
Phpan-Papreo LA pBE-S DNA . pUC-Ppe-Ppipan Hil
PUC-Phipaii-Papre BURL AR AR , {81 P9/P10 ., P9/P8
FP7/P10 Jy75 |9 PCR Y HE3RAF 5 BT Papre LA K
KUR BT Papre-Prpann F1 Pripan-Papre 2K FF A1 5 LU
PUC-Parmyo-Phpan BURL AR , 4351 FH P7/P8 Fil
P17/P18 A514# PCR ¥ HRAHE 3+ Prpan Fl
Pamyo 2EH 7515 LA pUC-Ppovc-Phag-Pyyp FTH K
iR, 4FRIf A P11/P12. P13/P14 il P15/P16
H519) PCR 53455 87 P Phag Fl Py
FEHFA; UL pMAS JER AR, i P19/P20
5191 PCR 5 4R A5 A% I 1) 2 415 R L R
5 DA BE S & A e A5 IR ORI A
fdiFHl P21/P22 A5 |4 PCR ¥ R4S A et fs
S kY Bagls FE K 741 . PCR [ A4 FIA & Fi¢
14 PrimeSTAR™ Max DNA Polymerase i &rili
Bl A5 #E . FIH PCR 4lifkilF £ Cycle-Pure Kit
Bl glifk PCR j=4); $%#8 NEBuilder® & K
DNA 2255 FUR R &l B AR KX L 3 4
B s A 7 20 e i 1z . R AL B A ot
HEE YA K AR TOP10 B2 5400, H
100 pg/mL 2 N H 5 R PR LB F AR FIE 7%
PCR i e BHPE wifE, TRV PCR SN S5 AR 2R
%% PrimeSTAR"™ Max DNA Polymerase &l &
UL . R 4l sk DNA /N B &
PREBAME AL okE,  FoRmk sl R A Y
PHEAT B EIIN T, 075 LA 1 F 2E SR 43 3 i
#°H pMA5-gl . pMAS5-g2 . pMA5-g3 . pMAS5-g4 .
pMAS5-g5. pMAS-g6. pMAS5-g7 Fil pMAS5-g8.
1.6 FHERIGE

JER 7 5 A0 B ) o B« B R R 2R SRR B
SCK6 T 2 mL LB }ig 4k, 37 °C. 180 r/min
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BRI B 1 mL 2 35342 A 100 mL LBS
B3tk 37 °C. 200 r/min ¥53% ODgo & 0.8
PhE L BRI VKK 10 min, 4 °C. 6 000 r/min
B0 5 min WA TR A F 50 mL v i L A B 5
HEEFME, 4°C. 6000 r/min 50> 5 min £ b
T, AREE A IR FL R R R SL TR 4 WK KUk
JFREAT R T 2.5 mL ARG, SRR
35| SCK6 JEaz 254l .

Eedk: SR TP 1.4 IRGHA R
FHLEE R SCK6 IRz, 15305 k™
Yy, FALT A T 100 me/L RAREE R ik
1) LB EAR b, 37 °CCREFEI (L 12 h)B#E4k+F
HEL, A% PCR KiEfa 834 ARG Sk
A Ebk. B 1.5 B 8 R L kA ) S AL B
ZEHIFTF R SCK6 &2 SN s), mEiik s
SCK6 #ifiar, 13204k, Wb Piwt
T 100 mg/L RAFEERBIMER LB VAR |,
37 CHEFFH (Y 12 hREEEAF BB, HK
PCR i i FHM: se %, 15 25 AR g s 7 &
ZH itk SG-1. SG-2. SG-3, SG-4, SG-5, SG-6,
SG-7 1 SG-8.

1.7 EHAREBAREBRIRIA

96 IRFLA AT - B4 1.6 152 il B 20 B4 Fh T
AT 100 mg/L RAREE RPUMEMKIA LB £ 57
L) 96 FLMH, 37 °C. 800 r/min %5 HE
F£ 12 h, & 1%EMEER IR 2 A &
100 mg/L -RARE: ZPUHEM K B F2 L1 96 TRAL
M, 37 °C. 800 r/min JR¥% 155 48 h, WHEL
P T 12 000 r/min 2.0 2 min, Y8 FIEH A
0 5 L A

250 mL FRIFARE: B & A AR BORL A B 40
B4 AR 50 mL 7 100 mg/L KRR Kbk
FIA LB B 35300 250 mL #E)H, 37 °C.
220 r/min R IR 8 h, % 2%Hy4EF AT

WERT 2354 100 mL 75 100 mg/L RAREE il
I R RS 3E0 250 mL $2H, 37 °C. 220 r/min
PRz B 7% 90 ho AR LWV T 12 000 r/min 75
O 2 min, YOHE BV VR T R A A AR
A
1.8 MEAMNERZE

SR JH AR 00 A% I A 1 PPOVAG 0 4 L M g Tt
6 EC 1.0 mL BRI, 7E 37 cCRIBH IR
Jk 5 min; M1 1.0 mL AR 2B IEY)A W, SRt
BFFE 37 °CoOKIE R RN 5 HERR W 10 min J5, fil
1.0 mL 0.75 mol/L F&MRAR, RA), KK
1 min; F0 1.0 mL 0.75 mol/L & AL FNIE K ,
TSI IRA T  TERTIN 75 R 2 1 B il 4 A6 %
I TA TR G2 0, FFE bR 5 3 I BUAS 3] 1) il
SN IR A TR 2 O REIR A 25 pL HEREAS
W 22 & i, JeJa A AW R 1 o A B
FEH— S 1B (U)E L = 78 37 °C N H: 07
PRI B AR A 1 g A3 2R P A A
R Tl
1.9 SDS-PAGE #3471

B 25 pL A EE B3I E 08 LA S ul
AR KGR, WKW 10 min, BAE
12 000 r/min #.L> 2 min, B JEHAE A HL K EAE
Fedho SR 12%895 256254 T SDS-PAGE, 30 min
JEEUH A, P S e 1 h, FIB R
IRENER 3 Ji'a 3500 Al P
1.10 HUEE

BAE K F 34 Minitab 21.3.1.0 #Ff7 52
31T

2 BER540

2.1 FRIEHKRIMEIRE
T AR BN R T A 0 A 2 I 1 1
FBHAME AR B R 1R,
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pUB ori % aprE PamyQ
( . P Pu :r--P na b
pBE-S DNA - spovG prE™X Hpall
| fd terminator

Amp*
Mixture of 173 SPs

l Kan® ‘

Assembly l
pUB ori

Amp*

E1 AaitiERESEGERER
Figure 1

22 AEESHREHLAEKRIEE

SP DNA mixture {75 BEZmHS 173 Flipk & 2F
JRFF R 20 W6 5 5 KA DNA FBE, ASCRHA
Gibson 4% 1) 7 5 2t 244 pBE-Bagls 5 SP
DNA mixture i#F47 20 %5 3% 452 A5 4% 2 e Wi 15
Sk KK pBE-SP-Bagls. HL#44k SCK6
Ut AR L VR 317 Ak, BEDLPREUR
il EAKH 10 IS TE TR TS PCR %08,
Y85 IR PS/P6, XN PCR 41K/ INFE 480 bp
Zifi, BT PCR IRUFZEIR LA 2, A& B A%k
PR R/ NS T AR A

PCR =Py [N , 0 45 5 28 HL XA
W 7 FASIRNE 5 BRF 91 1 B O P Al B
(R A B TR V& 0 BRI G AT, I BRI 5K
FEANTEREAL T oA — 2 A, HE AR TR (55 K
F14) T 20 4 2 TR e e TR A s A
23 ARESKYA&REREERIZAFIN

W 317 ok B 20 A5 U i I R R AR A T AL AR R
M2, 2 T b T YA TGV G ) 45 SR A Rl an 1] 3 B
S e R R W Ol T R R R SR

sty =,
o

fd terminator

f1 ori

Ampt

Assembly
¥
Promoter

ori

Schematic diagram of construction of glutaminase expression vectors.

BT 5 BTG o 1 AR SRR A T B TG . 28 P
For AT, A5 2] 28 R B AE X 5K R A 2 T
it T 21 PR R o R0 0 A5 20 9 28 MR R AR R TR
KW, K EE 90 h L A1 B TS R 45 SR an &l 4 iR o

W AR A REA R, 2. 65, 119, 128,
149, 154, 155, 237, 240 F1 254 S EHFEMK
PR VAR TG AR T B 1 o ERIX 10 BRTRTAR AT PCR
PRGN, W XN BAE T KRS, R84
RN 2 B,

bp M 1 2 3 45 6 7 8 9 10NC

8000
5000

3000
2 000

L

100

B - N e Y e Y
-
e T wew
2 HE%PCRIGIE M:DL8000 DNA Marker;
1-10: 1-10 SH4LFH) PCR B&IE; NC.: BiExtHg
Figure 2 Colony PCR confirmation. M: DL8000

DNA Marker; 1-10: PCR confirmation for 1-10
transformants; NC: Negative control.
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Q \) A
N

Q Q Q Q
O D (S
N v /'9 v v pA »

N \ \ W N N
SR A A A

B3 EARKREEVIELGRAE

Figure 3 Heat map analysis of enzyme activity of recombinant strains.

0.3

0.2+

0.1F

Enzyme activity (U/mL)

0.0

VXD P D GNP SO IR DL

©
,»b
Strain number

B4 ATREHEWREMAEENINEE

Figure 4 Extracellular enzyme activity of different recombinants.

*2 ESHREERFYIE

Table 2 Amino acid sequence of signal peptide

L7952 (EREFI A 7 5 IR LR 41

Strain No. Signal peptide Signal peptide amino acid sequence

2,119, 128, 254 AprE VRSKKLWISLLFALTLIFTMAFSNMSAQA

65 YndA MRFTKVVGFLSVLGLAAVFPLTAQA

149 YwqO MKFLLSVIAGLLILALYLFWKVQPPVWI

154, 155 YjcM MKKELLASLVLCLSLSPLVSTNEVFA

237, 240 AmyE MFAKRFKTSLLPLFAGFLLLFHLVLAGPAAASA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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2y Al %%#ﬁ?i@%@ﬁ?ﬁﬁ%%ﬁv\%ﬂﬁﬁ
AprE. YndA. YwqO. YjcM Fil AmyE X 5 fi {5
S, SEMIGEIELESE 2. 65, 149, 155 M
240 S HA MR T TR, & 25 8K
BRIRRVE 2SI R CK, AT 90 h it &N TG AG )
SERANE 5 P, A IE L TR 1 HL TR I 25 R
WK 6 frR .

s

AprE  YwgO YndA YjcM AmyE
Signal peptide

Iy <
N (9%}

e

Enzyme activity (U/mL)

<
=)

5 AEMESIKXTEE 5 ik FRIEHI RN
Figure 5 Effects of different signal peptides on
enzyme secretory expression.

6 SAEESHEHEKRAER SDS-PAGE
s M: A EDS T 1: AprE; 2: YwqO;
3: YndA; 4: YjcM; 5: AmyE; 6: X, H%k
Fios B B

Figure 6 SDS-PAGE analysis for strains with

different signal peptides. M: Protein marker; 1: AprE;

2: YwqO; 3: YndA; 4: YjcM; 5: AmyE; 6: Control.
Straight line shows target protein.

HIE 5 FTHL, I B TR AT (S K
YndA 1 65 5 Ebk, MEFME1i4(0.2440.02) U/mL;
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Figure 7 PCR confirmation of recombinant strains. M: DNA Marker; SG-1: 1 412 bp; SG-2: 824 bp; SG-3:
933 bp; SG-4: 949 bp; SG-5: 951 bp; SG-6: 961 bp; SG-7: 1 606 bp; SG-8: 1 606 bp.
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Figure 8 Effects of different promoters on enzyme expression. Statistical analysis was performed with

two-sample t-test, **: P<0.01 vS. Pypan group; *: P<0.05 vS. Payre group.
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Figure 9 SDS-PAGE analysis for strains with different
promoters. M: Protein marker; 1: Control; 2: Pypa; 3:

Papre; 41 Pgovgs 5: Phag; 6: Pywyd; 7: Pamyos 81 Papre-Prpair; 9:

Prigaii-Papre. Straight line shows target protein.
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Figure 10 The biomass and enzyme activity curve
of recombinant SG-8 shake flask fermentation.
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