CN /A KE% $EELBERNNETNIRELSRBIL
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Aug. 25, 2023, 39(8): 3421-3435

DOI: 10.13345/j.¢jb.220971 ©2023 Chin J Biotech, All rights reserved

« Tl 495K -

i
=

EFWINEPHN D RES ZERL

KER, BER

MO R R T SRk a2k, T1I5 BIAt 210037

TR, BGIL. W T LR R O Ak R RELALLY]. A4 T REEAR, 2023, 39(8): 3421-3435.
ZHANG Yuhua, DUAN Xuguo. Secretory expression and fermentation optimization for extracellular production of pullulanase
in Vibrio natriegens[J]. Chinese Journal of Biotechnology, 2023, 39(8): 3421-3435.

5§ E: L E&2BR-MEHMAE, RASTERX, RIS RAZIEERS. FHRE
(Vibrio natrlegens)r;*ﬁ%ﬁiﬁ_éﬁ%é}i:‘m}_, AR &0 E G A mIE. %K/Fff%ﬁi)ﬂ A 2
4 T7 RNA A8 £ 54269 V. natriegens VDX A & £, #MET F4KEE& 28 PulA AL BE R
TR PuIN2 69 EAFAMINE, oW TRETR. ABEBA. F3ARE . HREBIRE R L B0 E %
ST FBER Fvm, FREXTILT 2 #E& 2B V. natriegens VnDX 5 X 4T i (Escherichia coli)
BL21(DE3) ¥ 49 it sh = Bafe /). MR %R 27, L& 2B PulA = PulN2 /£ V. natriegens VnDX ¥
éﬁﬂ@ﬁ’]‘ﬁﬁi’é‘?@ 61.6 U/mL #= 64.3 U/mL, 4% E. coli BL21(DE3)ﬂikl§&/€?7’7éﬁ 110%#= 62%. Lt
£ R & 9 V. natriegens VnDX T A b kA K5 F 26940 KL & 28 PulA, KAFRLT A EMK
/\%Eﬁé}ﬁ: V. natriegens VnDX &9 5 iik R A R AEAFE Fafh X,
KR THIRE; & 28, SukiA;, KBEHRAL

Secretory expression and fermentation optimization for
extracellular production of pullulanase in Vibrio natriegens
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Abstract: Pullulanase is a starch debranching enzyme, which is difficult in secretory expression

due to its large molecular weight. Vibrio natriegens is a novel expression host with excellent
efficiency in protein synthesis. In this study, we achieved secretory expression of the full-length
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pullulanase PulA and its truncated mutant PulN2 using V. natriegens VnDX strain.
Subsequently, we investigated the effects of signal peptide, fermentation temperature, inducer

concentration, glycine concentration and fermentation time on the secretory expression.

Moreover, the extracellular enzyme activities of the two pullulanases produced in V. natriegens
VnDX and E. coli BL21(DE3) were compared. The highest extracellular enzyme activity of
PulA and PuIN2 in V. natriegens VnDX were 61.6 U/mL and 64.3 U/mL, which were 110% and
62% that of those in E. coli BL21(DE3), respectively. The results indicated that V. natriegens
VnDX can be used for secretory expression of the full-length PulA with large molecular weight,

which may provide a reference for the secretory expression of other large molecular weight

proteins in V. natriegens VnDX.

Keywords: Vibrio natriegens; pullulanase; secretory expression; fermentation optimization

e L R KREG 13 K% (glycoside
hydrolase 13, GH13)—Fpye b i 2, 1EHF
o-1,6-# A M8, AT LA o oK i 6 22 2 0k
FEAR ST T 10 4 SRs ™, T N FiE b
WL PUEEVERY . PO S i Al s
fil— oA DU SR A, B3 ST R 2R 100 kDa,
IR AN 530 Hi 2 SRR M A, 2 PR LA
BALA P S HE S > —, BAT, S g 2
16 K W ¥ T4 (Escherichia coli) . #fi %% 28 i AF 14
(Bacillus subtilis) . [ i 7 ¢ 7 8% £} (Pichia
pastoris) SER R . (HIRKIAFFE#RE RGAF
FEE AT B2, SR RIAR . fsh o
RORARMEE B AR 2R T 3208 R G AR
WARE 15, (HIR25 5 7 AR 58 T & 156 22 il
DA S i 22 W LA UGS, 75 5 B ik SR
ERPOYEEE I I A I FNTIE PN sy N 7%
Yy, FETE R BRI RN 2 R~ O 472k o DRI
T B TR R IR TE FOR I A L E A

T ENSIKER (Vibrio natriegens) &l 8ot iy
PR DA 24 [C A Mg an v, A K s e,
Xt K I A S RN F 10 min'” . BEAb,
V. natriegens 5 E. coli SARFER MU EAR
1, {HJE V. natriegens EA LT LA : (1) TEXT
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BUERWI, V. natriegens Z AR H E. coli
£ 30%60%"!, H. V. natriegens 5.16 Mbp [F) %
SR TR NP7 G N ST B B e =
LTI V. natriegens B4 A Kk, &
Fa RS (2) V. natriegens HA = 11
FUIR I FER 2 Qs, L Qs TEA 5 oA M 451
TEDHE. coli [1.9 g/(g-h)]FE 215, XEWE
BOCES =5 Pk R ™ 3) 5 E coli
AHEG, V. natriegens [l %8 b S0 G 14 B 5B
IR, R AR A BEN Xt PRI LA 7
S 2 kR, ER A V. natriegens
BB R TRSEAREEN T —RE
NFEwEE,

AW V. natriegens 7] DIYE R TolLJiE
AN, AR A = 2R F T, G
Hp | BRI R R T]REE". Za
fill 71 WAk V. natriegens (R A LAZE ik . AR
SYRE A . Kormanova 2 V. natriegens 14
Tk W AL A (AKatG) s £ 5 E. coli
YEEL R, 453 5K AfKatG 7E V. natriegens H )
AT T H E. coli o Xu FENEHEE 196
A H B9 EER (gene of interest, GOIs)fY pET JFkifE
FERAIHEE T7 RNA REHFIAER) V. natriegens
VnDX Hr iR, S5 REW] 65%H) GOIs 1] LA
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7E V. natriegens VnDX W R ME R TE, 150
V. natriegens VnDX 5 pET R4 A IMIHFEZ .
BB PIRAE 4T T V. natriegens 41 i 4 i
(outer membrane vesicle, OMV)EE H 4, A
OmpA K&l OmpA24 A] LIAE AN F @&
AR, BB B 09¢ 65 M (superfolder green
fluorescent protein, sfGFP)LAf & 25 AL iz
FRIMELENL OMV H o HETE &AL 150 ZF
FEATE V. natriegens SEFE T IRk, P EEE A
A 130 ZFh, (HREARNEE2EE/E V. natriegens
SRR A .

AW T R R4 A T7 RNA R4
FIAHE R V. natriegens VnDX 1 € 2% fiff (1)
FKiktm F, WA EE LS L 1 RR
KRS A V. natriegens VnDX H, I S2 B
T 22 [ifEE V. natriegens VnDX H Y S5 IR
WFRIE . AN A E S K. KRR . 5%
FHe FE DL R s Rk B e AT A, DU & R
o3 ¥ B 22 il A R AN IR Y g i R
KK dJE, AT ORI R 5 AR R
W 2L WS MR I RE ) o ASBESE R S KA1
AR A R AL E AR R R i R A RS
LR

1 HE5xZ

1.1 ##§
1.1.1 EHRF R

T BN (Mbrio natriegens) VnDX B #£ Hi
o [E B2 BE o 1A P R s H 0 A% R
PR, HILR S T7 RNA RE[ERE
HEN™ KIFFIA E. coli IM109 28 S50 {58 5
FH KW HE E coli BL21(DE3) (pET24a-
OmpA/PuUlA) . E. coli BL21(DE3) (pET24a-
OmMPA/PUIN2)¥) Fi A 52 56 28 #4) T DR
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1.1.2 EERFIFLEE

4 TR S5 A G S B R AR A AR (L
A RN, M= R 7 15 557 2 (brain-heart
infusion broth, BHI Broth)l§ A % =i 1H 4 Y14
REWRAF, WEHSEAKEA Oxoid 2AH],
5 9 3 -B-D- 6 £ 2 FLBE 1 (isopropyl-B-D-
thiogalactopyranoside, IPTG)Ilg B 4= 1.4 ) T ¢
(FEOBAER/AT], dNTPs 5 DNA AT
PrimerSTAR™I [ 52 4= 9 TRE (K% A BRA ],
a2 Zhk | AU E R EFH A R F] R
WA R o Hrat, ok 8 255 Bk TR A
Al SIE RS INE S AR T A TR (R
By A FR S Wl 58 A

PCR . KA A Bio-Rad A+,
722N A WEA R T IA B AR A BT
HIRAE, TY92-TIN TR 75 ijk 41 A i B AU H
TUAZEMRHE R AT FRA A
1.1.3 EHFHE

BHI #5355 %5 . BHI Broth 38.5 g/L. BHIV2 5%
FR3k: BHI B53R 5L s in v2 £R(11.9 /L &AL,
0.33 g/L EAb#, 4.7 g/L N/KEEAREE). LB
RS E: 10 o/L &4k, 10 /L R, 5¢g/L
WERERY, pH 7.25 LB AP ARTE LB IR A SE F5
A 15 /L BEH . TB KB FRIE. 5 o/L
Hil, 12 g/L AW, 24 /L BEREK, 16.43 g/L
BEIR A P, 2.3 o/L Wl A B, TBv2 JE3R 4t
TB 3EFRFE U v2 1,

A F 157 V. natriegens VnDX [ BHIV2 1555
5 TBv2 JE R FT RN ALk 254 200 pg/mL
MRIRE R ; T3 E. coli BL21(DE3)AY LB
Kigi 5 TB K3 AT A 50 pg/mL R
MWER.
1.2 75
1.2.1 K& E. coli IM109 B3 7540 A 9 1
R

WS SCR21] .
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1.2.2 MR F R

7k

Fi3E Weinstock 258 71, W6 A 23 .
# V. natriegens VnDX #F11 % 10 mL [ BHIv2
Rege e, 78 30 °C., 200 r/min 57 FH 35540
B 0.6 mL {9 R AP 2 60 mL BHIV2 B FREEH
£ 37 °C. 200 r/min 5F FA4EK, HZE ODgg ihE]
0.5, KIEFRMBABOE D, BIK RS
Jo, 1E 4 °C. 6 500 r/min 514 F &> 20 min, 3
2B, BARDiEEET 10 mL SR
(680 mmol/L A, 7 mmol/L K,HPO,, pH 7.0),
fE 4 °C. 6 700 r/min 54T .0 15 min, 3 b
WU, TRV 2 K. B REF
F oL 52 i 2 ODeoo i5 21 16, 16 201 if 7356
ARG T, R 100 pL, E T80 °CIRATE
=

111 U YA N 7B o 1| I i i
pET24a-OmpA/PulA 5 pET24a-OmpA/PulN2,
JEAZ AN MA-80 °CHRIRCHY , 7EVK Rl ik B 10 pL
R A2 S AR A, R VK ECE 3 min.
JEAZ M-k, DNA IR G F) 1 mm B
A, 7E 0.7 kV, 25 uF., 200 Q & TS
Ak, ZJa, A 500 uL K5 5555 5 (BHIvV2,
680 mmol/L FEM), #HF| 1.5 mL B4, 7E
37 °C. 100 r/min Z5F FWFE 1-2 he W R IR A
F 100 pg/mL KABE R A LBv2 ¥4 |, 37 °Cid
IR BH P Ak o e 2 PR 5% Ak 43 il i 44
A V. natriegens VnDX (pET24a-OmpA/PulA) Fl

FHMERZS

15 min

=1 RATE®RE
Table 1

SRS EE F RIS

V. natriegens VnDX (pET24a-OmpA/PulN2),
123 ETF—P PCRYTEMNFNINEXRRES
BR4mADEF F Er B i

R 75 s BN K ARAE 5 o B 20 5 -
T/ I IR 2R , LA V. natriegens 7 35 iR 247
it 5 kA KL A B SPalg521 (5'-ATGAAGCAT

ATTTTCTTCAAAAGCTTGTTAGCTTCTTCTAT
TTTACTTGCTGTGGGC-3")EH pET24a-OmpA/PUlA

HEA ME S gL R OmpA, 15k, #iTH
B—XF P #4549 Fusion-SPalg521-F 5 Fusion-
SPalg521-R (3% 1), LA pET24a-OmpA/PulA Jiki
AR, i PCR N3G ok A 55 KL
XY, AR5 AfGSIE SPalg521 4l Bt .
PCR SV ZR (50 uL) 42 0.5 pL PrimeSTAR®,
10 uL 5xPS Z& thifg (Mg plus), 4 uL dNTPs, I
TS24 1 ul, 0.5 pL FokiRidR, 33 pL RGE
7K. PCR PN : 94 °C 8 min; 98°C 305,
55°C5s, 72°C 8 min 20 s, 3L 30 MiE#f; 72 °C
10 min, PCR ¥4/ ¥4 Dpn LAk, #d:
R FFE E. coli IM109 J&AZ 540, #54kIR
VAW ERE, WASAH 50 pg/mL RIFFEER
() LB - b i v BHPE R AL 7 o PRECH S fb+
HEATRESR , TR ORI o 28 0 30 U 1 A Y
5 ki BI SN pET24a-SPalg521/PulA . 4 it kL
pET24a-SPalg521/PulA i 4% 1k V. natriegens
VnDX BN, 7ESA 100 pg/mL RIREZEN)
LBv2 Pl L AL, BRI bR B
ik V. natriegens VnDX (pET24a-SPalg521/PulA).,

Primers used for exchanging the gene segment of signal peptide

Primer name Primer sequence (5'—3’)

Size (bp)

Fusion-SPalg521-F TCAAAAGCTTGTTAGCTTCTTCTATTTTACTTGCTGTGGGCATGGATGGTAACACGACC 65

Fusion-SPalg521-R  GCTAACAAGCTTTTGAAGAAAATATGCTTCATATGTATATCTCCTTCTTAAAGTTAAAC 59

http://journals.im.ac.cn/cjben
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1.24 =FHERIFRIEF SDS-PAGE 7317

BTN REFE : B 10 pL Ty iR 2
BHIV2 iz, 30 °Cilds5%. AR5, U 5%
(R BOR M R 2 TBv2 R EERE IR 5
W AESELE 30 °C 200 r/min 5514 F IR 5% 2 h,
JA 0.3 mmol/L IPTG J&, #k£:ifSH:5% 36 he
12 000 r/min &> 5 min, 4338 & B RS
HRTINE, HTIEE5HT.

FHH KPR REFE : B 10 pL H s e fh 2
LB a3k, 37 °CHESE 810 h, T4 5%%ERh
FERFP I 2 TB #5384, 78 37 °C., 200 r/min
ZMF T E2FE 3 h, A 0.05 mmol/L IPTG, 7£ 30 °C
ST RS SE 36 h, BOWEREE FiGS
A

¥ EAH 20 mmol/L PBS (pH 6.0)&7% &
ODgoo N 5, AR 10 min, B.OWEEME
H SRR, Y17 SDS-PAGE 7347,
125 LTEZEHEANE

3 E T mL 1.0%34 = 2 A5 0.9 mL
0.1 mol/L MESIRZE P (pH 4.5) TiEH, 7E
60 °CIKI T 10 min, HIA 0.1 mL BE# ,
IRA)J5 60 °CJ )i 10 min, fiIA 3 mL 3,5-—fif§ it
KRN LA SO, BEKIE 7 min, FEVKKH
B, AL E PRI AR RESE 15SmL,
TE 540 nm Kb AN SEAE
1.2.6 TEZFMFRIEEZHEMRL

W T LH B AR A BITE 20 °C. 25 °C. 30 °C5
37 °CHMT KB, AR EE S0 % B2 TR
PRAE G B 5 8 5 22 g o WA R K B 5

IR ST, %% 0.05.0.1. 03, 1,
2 mmol/L IPTG ¥ # 4 ik A= K AG L 5 356 22 il
VAl ny, SR

T PR 2 BETE V. natriegens
VDX RSN EE, FE TBv2 BiREEHmA
2.5, 5. 75,10, 15, 20, 25, 30. 40 g/L H4%

&: 010-64807509

2, Xof FeAS T e B 1 H vt B 21 TR R AR B 20
M 22 il 43 WA B TR K- S
1.2.7 EHEBEHRE KRR IIZNE

Yo e L 1 R T EE LA R V. natriegens
VnDX (pET24a-OmpA/PulA) 5 V. natriegens
VnDX (pET24a-OmpA/PulN2), %% 4 h BUbE,
[ L E. coli BL21(DE3) (pET24a-OmpA/PulA)
5 E. coli BL21(DE3) (pET24a-OmpA/PulN2)
FXTHR, FERAMLARAT T KB 36 h 5 i A bk
FEVE T 2R 5 AN RIS ] A A 10 5 6 24 il
(53 W RIB K-, I 5 7 IR G 2 B R AT T
X H o

2 ZERE54

2.1 TE=M{F V. natriegens VnDX F Y
FHFRIK

[EIE T 5 i A S o A =
V. natriegens VnDX, FRTGE Ak, HAL R
43 TBv2 Bk, 78 30 °C4 0.3 mmol/L
IPTG 53 %iA 36 h i, BUERE B . wiing
1 1375 DA S GRS RAR TTC U 40 464 7 s 0 D
Jfi#47 SDS-PAGE Ji#fr. R, LIEEZH KT
W E. coli BL21(DE3) (pET24a-OmpA/PulA)#l
E. coli BL21(DE3) (pET24a-OmpA/PulN2){E Jy %t
M, TR

wE 1 Fros, PulA FI PulN2 43 5| 7E
66.2-116.4 kDa Z [Al47 Bl s (Y & (1 5%k, 4545
T R/ 5 B R (BE 4 R ) DA & FiUHA
MISHE T2, KW PulA (HigsrT&
101 kDa)tj PuIlN2 (BHig 4> F i 80 kDa)7E
V. natriegens VnDX " AL FRik . WKl 1A PR,
PulA 7£ V. natriegens VnDX H1 ik}, ZE4E
e EiE PRy PulA SRS R, DRI
MW ITVE S A& E3E s TAE E. coli BL21(DE3)
. PulA HAW/DRTERRER BT, BEEN
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AETE T 20 A R DL 3 AN A B R 1 3 epr o
1B fif 71 , PulN2 7 V. natriegens VnDX HH ik i},
TE 2 MO B B 135 5 A i i iR Dl TP AR B AR
i D EB T TE K R 3, 7E E. coli BL21(DE3)
Hr, PulN2 &S R/ 1E L S 7E V. natriegens
VnDX ML, [HE A&

2 fion, HE 4 PulA (PulN2) A& T#
WIS 5 B EEE 435102 13.6 U/mL (9.3 U/mL)
1 122.0 U/mL (108.9 U/mL), 4525 BEZH 1
186.3% (18.5%)F1 96.4% (57.5%). 1 & EE45 F Al
H, 7£ V. natriegens VnDX H', PulA 94305
KRR HE PuN2 B 4F, 5 R A A L, 76 E. coli
BL21(DE3)H 43 W R IR R AL 2 W 0 F K

A

1 2 3 M 4 5 6

PulA 101.5 kDa

) PulA, f£ V. natriegens VnDX 193] T B 471
¥ ; MAE E. coli BL21(DE3)H 43 ihFi5%L
REUFRY PulN2, E V. natriegens VnDX fit 73
TR LA 2%
2.2 V. natriegens X#R {55 Bk SPalg521 %
EE=ZfaihRiEmsmn

FIF PCR AN Bk pET24a-OmpA/PulA
(F 2A b)H A 155 K OmpA gifd i Bk ik
A V. natriegens T i R 24 i it 25 11 A0 45 5 Ik
SPalgs21 4t Bt %% A E. coli IM109 HiifikFH
PER AL T, IR0 3 UE, A9 B & 4R
pET24a-SPalg521/PulA (& 2A ). KA
WA ok LAk A V. natriegens VDX K 4H

B

1 2 3 M4 5 6

PuIN2 79.4 kDa

1 SDS-PAGE %4 PulA 5 PulN2 43 5l #£ Escherichia coli BL21(DE3)5 Vibrio natriegens VnDX #1453
WRIBIE R

Figure 1 SDS-PAGE analysis of the secretory expression of PulA and PuIN2 in Escherichia coli BL21(DE3)
and Vibrio natriegens VnDX. A: Lane 1, 2, and 3 are cell lysate precipitation, cell lysate supernatant and culture
supernatant of E. coli BL21(DE3) (pET24a-OmpA/PulA), respectively; M: Protein marker (from bottom to top:
14.4, 18.4, 25.0, 35.0, 45.0, 66.2 and 116.0 kDa); Lane 4, 5, and 6 are culture supernatant, cell lysate
supernatant and cell lysate precipitation of V. natriegens VnDX (pET24a-OmpA/PulA), respectively. B: Lane 1,
2, and 3 are cell lysate precipitation, cell lysate supernatant and culture supernatant of E. coli BL21(DE3)
(pET24a-OmpA/PulN2), respectively; M: Protein marker (from bottom to top: 14.4, 18.4, 25.0, 35.0, 45.0, 66.2
and 116.0 kDa); Lane 4, 5, and 6 are culture supernatant, cell lysate supernatant and cell lysate precipitation of
V. natriegens VnDX (pET24a-OmpA/PulN2), respectively.

R2 ELEZEPulA. PuN)EFWINES KT EPELHREEE AL
Table 2 Comparison of the activities of PulA and PuIN2 in Vibrio natriegens VnDX and E. coli BL21(DE3)
E. coli BL21(DE3)

Expression host V. natriegens VnDX

Type of pullulanase PulA PulN2 PulA PulN2
Extracellular enzyme activity (U/mL) 7.3 50.4 13.6 9.3
Intracellular enzyme activity (U/mL) 119.7 139.0 108.4 99.6
Total enzyme activity (U/mL) 126.6 189.4 122.0 108.9

http://journals.im.ac.cn/cjben
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Hitk V. natriegens VnDX (pET24a-SPalg521/PulA)
xR E#R V. natriegens VDX (pET24a-OmpA/
PUlA) s il T R h . IR B TR R RS
B IR FVE SRR RE A0 AR AL o B B
SDS-PAGE & F LUK AT 708 - 25 R an & 2B fr
N, BEESIKE N EA LS 2H PulA 7E
V. natriegens VnDX H (i oh 37 Sl A L3
RSP i R

B G e g Rk 3 pros, EA R K
V. natriegens VnDX (pET24a-SPalg521/PulA), Jy
I T RO 2 LA R 3 TS 2300 R 4.2 U/mL

28.8 U/mL, {{UCAXTHAEREL V. natriegens VnDX
(pET24a-OmpA/Pul A) it 71 g 15 77 5 il 40 i -3
B Y 21.9%F1 32.2% . iF—2P JEK R AT [A] 2
72 h, B EM V. natriegens VnDX (pET24a-
SPalg521/Pul A) & I Jtd &1 B 11 40 A A1 37 4
B2 12.6 U/mL F1 17.3 U/mL, 435055 BE T2 #k
[ 65.6%F1 19.4%, 45RFIKAE 5K OmpA &
e Spalg521 (15 PulA 7675 ANBIR G H 0 353k 5
FEAK, BIHA i —2% V. natriegens VnDX
(pET24a-OmpA/PUlN2) ) OmpA {5 5 Ik 4y
Spalg521 55 ik

A B

T7 promoter T7 terminator kDa M1 5 3 4 5 6

OmpA  PulA

lac

116.0

RBS < PulA 101.5 kDa
pET24a-OmpA/PulAd 66.2
45.0
T7 promoter T7 terminator 35.0

lac Spalg521 PulA ’

RBS 25.0
pET24a-SPalg521/PulA -~

2 FRAEEREELN SDS-PAGE SN EESIKHELEFTMNINE 7 W FRIL PulA 15

Figure 2 Plasmid profile diagram and SDS-PAGE analysis of the secretory expression of PulA in Vibrio
natriegens VnDX with different signal peptide. A: Plasmid profile diagram of pET24a-OmpA/PulA and
pET24a-SPalg521/PulA. B: SDS-PAGE analysis of the secretory expression of PulA. M: Protein marker; Lane
1 and 2 are culture supernatant and cell lysate supernatant of V. natriegens VnDX (pET24a-OmpA/PulA) at 36 h;
Lane 3 and 4 are culture supernatant and cell lysate supernatant of V. natriegens VnDX
(pET24a-SPalg521/PulA) at 36 h; Lane 5 and 6 are culture supernatant and cell lysate supernatant of V.
natriegens VnDX (pET24a-SPalg521/PulA) at 72 h.

R3 FATRESHHNLEEZEE PuA EEWINEF X EBRIANEE HXTEE
Table 3 Comparison of the activity of PulA in Vibrio natriegens VnDX with different signal peptide

Plasmid pET24a-OmpA/PulA pET24a-SPalg521/Pul A

Fermentation time (h) 36 36 72

Extracellular enzyme activity (U/mL) 19.2 4.2 12.6

Intracellular enzyme activity (U/mL) 89.2 28.8 17.3

Total enzyme activity (U/mL) 108.4 33.0 29.9
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2.3 ABHEEITEL V. natriegens VnDX
TRIEEE ZEE N

V5 U e T AL B TR R DL R ITE
BN R Z — R I B0 E 41 3 2 il
1E V. natriegens VnDX H /M FR ik 540, F &
ZH TRk V. natriegens VnDX (pET24a-OmpA/PulA)
5 V. natriegens VnDX (pET24a-OmpA/PulN2)
AYHITE 20, 25, 30, 37 °CIaBE &1 F TS
Kik.

HE 3A AIH, HFESIREN 25 °CH,
V. natriegens VnDX A KGOS, ODgyo N
12.0. FEE IR —2 TR, BEREY ODgoo BT
FEAIG, 72 37 °Cf ik 2RIk, ODgoo Jy 7.2 Kl 3B
AL, FEE TS FIRBERITHR , PulA 5 PulN2 (RfEsk
WG T, 76 30 °CRFIRSIR KA, 20k
23.6 U/mL F1 143 U/mL, 4iREH—LTEE
37 °CH, PulA 1 PulN2 JIAMEE RS, teoh, 1
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Figure 3 Effect of fermentation temperature on the growth (A) and secretory expression of pullulanase (B) in

recombinant strain.
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Figure 4 Effect of inducer concentration on the growth (A) and secretory expression of pullulanase (B) in

recombinant strain.
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BL21(DE3)}1, PulA 7EHZ&MWELSF] 20 g/ E. coli BL21(DE3). i 75 & ks g s rp ds i+
BF, HAANEE UMM A LLBRBIEAL, 735 2R, PulA 7E V. natriegens VnDX H (1) Jifd S
5 564 U/mL fl 52.0% (& 5B); H&BWERS] 5% E coli BL2I(DE3) 1.1 £%, EHHE N E.
7.5 g/L I, PulN2 RUMIAMNEE AR iy, HMIANEE  coli BL21(DE3)H Y 88.9%; i PulN2 (il 41t
TG LA M EBIA 96.1 U/mL F162.6% (B15C). T B AR S T, HHMINEEIE A E coli

R, FHANINE V. natriegens VnDX Xf  BL21(DE3)H ) 67.8%, MG HLIUNTE E. coli
EMWE T AR Zi I RES T KWITE  BL21(DE3)HY 62.7%.
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Figure 5 Effect of glycine concentration on the growth of recombinant strain and secretory expression of
pullulanase. A: Growth of cell with different concentration of glycine. B: Secretory expression of PulA in V.
natriegens VnDX and E. coli BL21(DE3) with different concentration of glycine. C: Secretory expression of
PuIN2 in V. natriegens VnDX and E. coli BL21(DE3) with different concentration of glycine. D: SDS-PAGE
analysis of V. natriegens VnDX (pET24a-OmpA/PulA) culture supernatant with different concentration of
glycine. E: SDS-PAGE analysis of V. natriegens VnDX (pET24a-OmpA/PulN2) culture supernatant with
different concentration of glycine. M: Protein marker; Lane 1: 2.5 g/L; Lane 2: 5 g/L; Lane 3: 7.5 g/L; Lane 4:
10 g/L; Lane 5: 15 g/L; Lane 6: 20 g/L; Lane 7: 25 g/L; Lane 8: 30 g/L; Lane 9: 40 g/L.
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Figure 6 Profile of growth and enzyme production of recombinant strains. Growth and enzyme production
curve of V. natriegens VnDX (pET24a-OmpA/PulA) (A), V. natriegens VnDX (pET24a-OmpA/PulN2) (B), E.
coli BL21(DE3) (pET24a-OmpA/PulA) (C), and E. coli BL21(DE3) (pET24a-OmpA/PulN2) (D).
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F 4 TE=FGPulA, PulN2)7E Vibrio natriegens VnDX 5 Escherichia coli BL21(DE3) 73 ihFRIAE LAY
XfEE

Table 4 Comparison of secretory expression of PulA and PulN2 in Vibrio natriegens VnDX and Escherichia
coli BL21(DE3)

Expression host

V. natriegens VnDX E. coli BL21(DE3)

Type of pullulanase PulA PulN2 PulA PulN2
Fermentation temperature (°C) 30 30 30 30
IPTG concentration (mmol/L) 0.3 1.0 0.05 0.05
Glycine concentration (g/L) 40.0 40.0 20.0 7.5
Extracellular enzyme activity (U/mL) 61.6 64.3 57.1 104.4

3 W

WA, BlE X 75 BN IR AESY, SMR
EATEH ARG T RIR G 23] T ok 2
NI . BRI, TR A A A T |
ViGN L B Tt . o TRIRINEE N
A AR T —AEEWINEE R iAE
FE2O MBS, EAMRZ N R E (IR
PR ) L PN A SRR, X AR R A MR R 11 T
HIBF IR 8D, HR DL 6 2 e 55 G A 43
WARIR I o AN 6 22 A e AN B rp
BTN, JERE RS AT TL, )5
PO T A5 BN Rk R G5 RIGHT Rk RSE
ORI G L MR 25 5, TR NI 4 R
RIMNEE RS

AR E e E T 7S 2 PulA FI
PulN2 19 & 41 ® # V. natriegens VnDX
(pET24a-OmpA/PulA) #1 V. natriegens VnDX
(pET24a-OmpA/PulN2), %3 PulA 7E V. natriegens
VnDX 4HBRRALEF E. coli BL21(DE3)., #RJ5,
1E V. natriegens VnDX #1341 V. natriegens X
SR 3 A ) Vg R TR 22 A Tl 1) 75 5 Ik SPalg521 X
PulA SRRk sE N, 5% & B SPalgh2l 55
JEREAR T PulA 7E V. natriegens VDX H 4 43 Wk
FKF, AlREd T SPalgs2l 5 5k 5 & >
Pl VT IC R AR, Je S5 vl DA% JE I 1k B 2 A [
PIMET K. Hk, EBEEEZ5Z0 V. natriegens
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F A B 2R AT A B R R R R AT P
55 AR A EL TC M5 A , A B A M RE D
RIGEF, BT+ oriE 63 6 2 Y =IRG8
KT 2 B AE A AT R i R IR RSB E
HREWHFSE, Hp Zhang %58 i 5 Y 4. >
e AT & DL R AR S K, 72 3 L R %
BHE R, S 24 I NS TR Ao 1k 4GE ) i
=17 8 037.91 U/mL, {HJZ, M ZERIAF I RENS
ARJEFR IR L FIE (ARG, B 10 A 7EAN 2R AT
Hh R IR IR T BT P AR e PRI . B R B
VE RN F ) 12 I B R A e &, BT AR A
KRBT T 5 4y s Al AL AL 22 12D

x5 ARBEERIEEEZEHAIKT

TEEEARERE SMD1168 H i b ik -6 2 i,
JfoAh ek f i Al ik 225 U/mL, Jf HiZzEg2 it
ER ORI M IR 5 T e Ik 20 e R L S 4
EETRIEERE GS115 BB 05— M B P Xof 35 65 24 g i
B B L G A o e o A R = et 53
BTG M 1652 U/mL, REALIM & 2 i
BTG A 39.4 UmL, ZEBAIILIETE 5 L KR
T H M N G fe i PT 3k 2 031 U/mL, TR
I TR B 350 5 B IR A A B3R IS 1B % R T
Uk AR AT, T 2 T DR A R VR — A 2
B, T DATE B AR g v SR R I T R
PR

Table 5 The production of pullulanases in different expression hosts

Expression host Pullulanase Molecular mass (kDa) Fermentation scale ~ Production (U/mL) Reference
E. coli BL21(DE3) PulA 101.0 Flask 57.1 This work
E. coli BL21(DE3) PuIN2 80.0 Flask 104.4 This work
V. natriegens VnDX PulA 101.0 Flask 61.6 This work
V. natriegens VnDX PuIN2 80.0 Flask 64.3 This work
B. subtilis WS9D PulBd 78.9 3 L fermentor 8037.9 [29]
P. pastoris SMD1168 PUL 120.0 Flask 225.0 [30]
P. pastoris GS115 PulBd 106.4 5 L fermentor 2 031.0 [31]

REFERENCES

(1] BEEEE, KRR, B, & 2 skl 4

KA e o3 O WEFE BERELD]. AW TR AR, 2022,
38(12): 4432-4448.
HUANG TT, ZHANG YH, DUAN XG. Advances in
heterologous expression, structural elucidation and
molecular modification of pullulanase[J]. Chinese
Journal of Biotechnology, 2022, 38(12): 4432-4448 (in
Chinese).

[2] XU P, ZHANG SY, LUO ZG, ZONG MH, LI XX, LOU
WY. Biotechnology and bioengineering of pullulanase:
state of the art and perspectives[J]. World Journal of
Microbiology and Biotechnology, 2021, 37(3): 1-10.

[3] BANEYX F, MUJACIC M. Recombinant protein
folding and misfolding in Escherichia coli[J]. Nature
Biotechnology, 2004, 22(11): 1399-1408.

[4] WANG XY, CHEN YQ, NIE Y, XU Y. Improvement of

secretion Bacillus

extracellular efficiency  of

&: 010-64807509

naganoensis pullulanase from recombinant Escherichia
coli: peptide fusion and cell wall modification[J].
Protein Expression and Purification, 2019, 155: 72-77.

[5] SONG W, NIE Y, MU XQ, XU Y. Enhancement of
extracellular expression of Bacillus naganoensis
pullulanase from recombinant Bacillus subtilis: effects
of promoter and host[J]. Protein Expression and
Purification, 2016, 124: 23-31.

[6] WEINSTOCK MT, HESEK ED, WILSON CM,
GIBSON DG. Vibrio natriegens as a fast-growing host
for molecular biology[J]. Nature Methods, 2016,
13(10): 849-851.

[71 EAGON RG. Pseudomonas natriegens, a marine
bacterium with a generation time of less than 10
minutes[J]. Journal of Bacteriology, 1962, 83(4):
736-737.

[8] LONG CP, GONZALEZ JE, CIPOLLA RM,
ANTONIEWICZ MR. Metabolism of the fast-growing

bacterium Vibrio natriegens elucidated by '°C

B<: cjb@im.ac.cn



3434 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[10]

(1]

[12]

[15]

[17]

metabolic flux analysis[J]. Metabolic Engineering,
2017, 44: 191-197.

AIYAR SE, GAAL T, GOURSE RL. rRNA promoter
activity in the fast-growing bacterium Vibrio
natriegens[J]. Journal of Bacteriology, 2002, 184(5):
1349-1358.

XU J, YANG S, YANG L. Vibrio natriegens as a host
for rapid biotechnology[J]. Trends in Biotechnology,
2022, 40(4): 381-384.

ZHU ML, MU HY, JIA MM, DENG LF, DAI XF.
the
important role of rRNA chain elongation rate[J].
Science China Life Sciences, 2021, 64(5): 795-802.
HOFFART E, GRENZ S, LANGE JL, NITSCHEL R,
MULLER F, SCHWENTNER A, FEITH A,
LENFERS-LUCKER M, TAKORS R, BLOMBACH B.
High substrate uptake rates empower Vibrio natriegens

Control of ribosome synthesis in bacteria:

as production host for industrial biotechnology[J].
Applied and Environmental 2017,
83(22): e01614-17.

UTRILLA J, O’BRIEN EJ, CHEN K, McCLOSKEY D,
CHEUNG J, WANG H, ARMENTA-MEDINA D,
FEIST AM, PALSSON BO. Global rebalancing of

cellular resources by pleiotropic point mutations

Microbiology,

illustrates a multi-scale mechanism of adaptive
evolution[J]. Cell Systems, 2016, 2(4): 260-271.
STELLA RG, BAUMANN P, LORKE S,
MUNSTERMANN F, WIRTZ A, WIECHERT J,
MARIENHAGEN J, FRUNZKE J. Biosensor-based
isolation of amino acid-producing Vibrio natriegens
strains[J]. Metabolic Engineering Communications,
2021, 13: e00187.

WANG Z, TSCHIRHART T, SCHULTZHAUS Z,
KELLY EE, CHEN A, OH E, NAG O, GLASER ER,
KIM E, LLOYD PF, CHARLES PT, LI WY, LEARY D,
COMPTON J, PHILLIPS DA, DHINOJWALA A,
PAYNE GF, VORA GJ. Melanin produced by the
fast-growing marine bacterium Vibrio natriegens
through heterologous biosynthesis: characterization
and application[J]. Applied and Environmental
Microbiology, 2020, 86(5): €02749-19.

CHIEN CC, CHEN CC, CHOI MH, KUNG SS, WEI
YH. Production of poly-B-hydroxybutyrate (PHB) by
Vibrio spp. isolated from marine environment[J].
Journal of Biotechnology, 2007, 132(3): 259-263.
ZHANG Y, LI ZH, LIU Y, CEN XC, LIU DH, CHEN Z.
Systems metabolic engineering of Vibrio natriegens for
the Metabolic

production of 1,3-propanediol[J].

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

[20]

(21]

Engineering, 2021, 65: 52-65.

KORMANOVA [, RYBECKA S, LEVARSKI Z,
STRUHARNANSKA E, LEVARSKA L, BLASKO 17,
TURNA J, STUCHLIK S. Comparison of simple
expression procedures in novel expression host Vibrio
natriegens and established Escherichia coli system[J].
Journal of Biotechnology, 2020, 321: 57-67.

XU JQ, DONG F, WU MX, TAO RS, YANG JJ, WU
MB, JIANG Y, YANG S, YANG LR. Vibrio natriegens
as a pET-compatible expression host complementary to
Escherichia coli[J]. Frontiers in Microbiology, 2021,
12: 627181.

BEBH, . 95 5O SR i 8 A AL T S
SRR BB k(e300 Bl W s A, 2021,
48(12): 4564-4580.

CUI Y, DONG T. Proteome analysis and heterologous
cargo delivery of Vibrio natriegens outer membrane
vesicles[J]. Microbiology China, 2021, 48(12): 4564-4580
(in Chinese).

B, KA, SH, FME, BEN, WA
— TP A B8 R A T 52 2 A o B e Ak D 15 0],
B PR 2 5 0 AR 2%, 2017, 36(12): 5199-5204.
HUANG XJ, ZHANG JD, ZHANG Z, L1 YJ, CAO XS,
HU QA. An optimized method for preparation and
transformation of Escherichia coli competent cells[J].
Genomics and Applied Biology, 2017, 36(12):
5199-5204 (in Chinese).

R, AR, R, SRS, B, ik,
HORIE, Wk, LIBERBTRRK Pleurocidin 7 K%
FFTE 0908 2000 Wb 3 38 KA 0] AE 9 TR 24l
2016, 32(3): 365-374.

XU XJ, ZHA XD, CHE YY, MA LJ, WU SQ, YANG
PL, HUANG HQ, YAO B. Expression of pleurocidin
from winter flounder in Escherichia coli and
optimization of culture conditions[J]. Chinese Journal
of Biotechnology, 2016, 32(3): 365-374 (in Chinese).
NIK-PA NIM, SOBRI MFM, ABD-AZIZ S, IBRAHIM
MF, KAMAL BAHRIN E, MOHAMMED ALITHEEN
NB, RAMLI N. Combined optimization of codon usage
and glycine supplementation enhances the extracellular
production of a f-cyclodextrin glycosyltransferase
from Bacillus sp. NR5 UPM in Escherichia coli[J].
International Journal of Molecular Sciences, 2020,
21(11): 39109.

LU JW, Zhang JG. Extracellular
Aerococcus viridans pyruvate oxidase in recombinant
Escherichia coli through SecB co-expression[J]. RSC
Advances, 2019, 9(45): 26291-26301.

expression of



WEY %EEEBEBNNEROSBRASRE L

[25]

[26]

[27]

SRR, RRHLEE, SKRIEE, HAH, EHCR. BiBE
PR T B I TR i LR 2 0 IR G A R AR D). AR
TRE2ER, 2020, 36(11): 2387-2397.

WU FL, LIANG YX, ZHANG YY, HUO YN, WANG
QH. Construction of seamless genome editing system
for fast-growing Vibrio natriegens[J]. Chinese Journal
of Biotechnology, 2020, 36(11): 2387-2397 (in Chinese).
E#E, ZW, F, BT URERAEY Vibrio
sp. FA2 PR R BT[], MUEW2EE i, 2022, 49(3):
861-874.

WANG J, PENG Y, XU P, TAO F. Antibiotic resistance
of next-generation microbial workhorses: a case of
Vibrio sp. FA2[J]. Microbiology China, 2022, 49(3):
861-874 (in Chinese).

ZRE, Fil. EHEOEHRTESBmE SR
We[T]. A8 TR, 2017, 33(4): 591-600.

LI JD, WANG H. Strategies to improve the folding and
modification of recombinant proteins: a review[J].
Chinese Journal of Biotechnology, 2017, 33(4):
591-600 (in Chinese).

ZOU C, DUAN XG, WU J. Enhanced extracellular
production of recombinant Bacillus deramificans
pullulanase in Escherichia coli through induction mode
optimization and a glycine

feeding strategy[J].

&: 010-64807509

[31]

Bioresource Technology, 2014, 172: 174-179.

ZHANG K, SU LQ, WU J. Enhancing extracellular
pullulanase production in Bacillus subtilis through dItB
disruption and signal peptide optimization[J]. Applied
Biochemistry 2022, 194(3):
1206-1220.

LG W WAL TN A e B B LA B iR B B b Y 3R
K. S L EERHL, 2012, 48(6): 24-27.

LI B. Cloning and expression of pullulanase gene in
Pichia Yeast[J]. Food and Fermentation Science and
Technology, 2012, 48(6): 24-27 (in Chinese).

FLe, Wik, HRE, BB, PR, #iE, Bk
— i U B R P 4 22 R IR 7 T R R
MR 0 R [D]. B S R Tk, 2016, 42(7):
9-15.

WANG BB, SHEN W, QIAN LZ, LI C, LUO X, FAN Y,
CHEN XZ. High expression of a codon-optimized

and Biotechnology,

acid-resistant pullulanase-enconding gene in Pichia
pastoris[J]. Food and Fermentation Industries, 2016,
42(7): 9-15 (in Chinese).

WANG XY, NIE Y, XU Y. Industrially produced

pullulanases ~ with  thermostability: discovery,

engineering, and  heterologous expression[J].

Bioresource Technology, 2019, 278: 360-371.
(AT HET)

B<: cjb@im.ac.cn



