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Efficient Overexpression of Recombinant Nattokinase in Bacillus subtilis
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Abstract: In Bacillus subtilis WB800, the efficient secretory expression of nattokinase by tandem promoters was investigated. Several
previously reported strong promoters were compared and arranged in tandem repeat sequence, and the optimal promoter for nattokinase and its
maximum yield were determined. In this study, five recombinant strains harboring five different strong promoters were successfully constructed
in Bacillus subtilis WB800, including pSG101 (Pypay), pSG102 (Ppegpr), pPSG103 (Prys), pPSG104 (Pyy5), and pSG105 (P,yg), the secretory
expression of nattokinase was achieved and the fibrinolytic activity was measured. The results indicated that the fibrinolytic activity of
nattokinase mediated by promoter Py, (110.80 FU/mL) was higher than that mediated by the other four promoters. Subsequently, three
plasmids were built by arranging the promoter Py,,; in multi-tandem sequences, including pSG106 (PpairPrpan), PSG107 (PripairP iparrP tipan)s
and pSG108 (PpairP tpair Pripair Prpanr)- The data showed that the highest yield of nattokinase (213.30 FU/mL) was achieved under promotion
mediated by PprpurPrparPrpan Which increased the production of nattokinase by 92.51% compared with that achieved by mediation by the
single promoter Py, Through comparing five strong promoters and arranging them in tandem repeat sequences, the efficient expression of
nattokinase was successively achieved in B. subtilis WB800. The highest fibrinolytic activity reached 213.30 FU/mL, significantly higher than
that reported in the literature.
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Table 1 Strains and vectors

Strains and vectors Main properties Source
 coli IM100 RecAl pupE44 endAl hsdR17 fyrA% relAl thiN(lac-proAB) RRBE s
F’[traD36 proAB'lacl? lacZAM15]

B. subtilis WB800 nprE aprE epr bpr mpr::ble nprB::bsr Avpr wprA::hyg REERAF
B. subtilis WB800/ pMA0911 E. colilB. subtilis FHREMA, Pypu SPugps» Amp’, Kan' AR ERAS
PMA0911-wapA-pro-NK (pSG101)  E. colilB. subtilis FAREM, Prpus SPugpss pro-NK, Amp', Kan' AKFEEHZHRAS

pSG102 Pieapris SPugpss pro-NK AFRAIE

pSG103 Piuss SPugpss pro-NK AR A

pSG104 Puis> SPyups» pro-NK AFRGAIE

pSG105 Pir> SPyysr pro-NK AFRGAE

pSG106 PrpairPrppairs SPugpas pro-NK ARG AE

pSG107 PrpatrPripairPrpairs SPuapas pro-NK AFRRANE

pSG108 Ppatr P tpatrPripairPripairs SPuapas pro-NK AFRRANE

1.1.2  EFZ XA AL

DNA REHG. SFRGIEA IS, WHHA
FAEMTRE K% AIRAFR]; Bk DNA $2HGAH]
& REMCOAFISA PCR Peaitbilsil &, WWH L
AP TR A A4 A SR AR RS, 19 H Sigma
ANE]s HAhEI oy E =BG O a4l UV 1100 25
AT A RETE, SRS AR TR A .
1.13 354k

FhFREFRE R F: IR MR 10 g/L BEREREL
)5 g/L. NaCl 10 g/L; AhEZFFEFF R WB 800 HIZiA
BRIER sy AR 12 g/, BERHRE) 24 /L.

Hh 4 g/L. KH,PO,2.3 g/L. K,HPO,3H,0 16.4 /L.
CaCl,0.2 g/L.
1.2.1 ET4FktgE
THBIT Py B K- R B R AR
PMAO0911-wapA-pro-NK (pSG101) H A S 2 A7,
HRABAVET B. subtilis 1] Pgips Prips KIET B. clausii
(GenBank: HQ849486.1) 1) P,,p (A% N
Poeaprs)s VAKKRIET B. licheniformis 1) Py 18 3F
o, NLamsEREST. #it514) P1~P8 (% 2),
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P& 10 R N AR 3 6 13 2 & B B 3 111
DNA FBt. BLURI-REEAT B ZE R TR pSG101 Ky
B, &A BME3TH DNA FBORGIY, #H4T7K
514 PCRM, K K514 PCR J& (7740050 BIEAL K
FFER IM109 3R45 E 20T RL pSG102 (Ppegpe)~ pSG103
(Pias)~ pSG104 (Pyip)+ pSG105 (Pip)o

TR pSG101 LJAENT Py JEARAZANEE
Prppanr FTBXI 75 Wit 514 P9 P10 (R 2), LA

i pSG101 M, § 41531 & H HI2EF 1 DNA F
Bt HLAAENEI, pSG101 NBHGHATEE — 4 PCR
(K54 PCR), ¥4 PCR Pt KT B IM109 3k
SEATRL pSG106 (Prpurr-Prparr)> BHE FiRERAE,
SRAFELATHRL pSG107 (Prpparr-PrpparrPrppar )~ pSG108
(P iparrPrpatrPrpairPriparr) « LR RS2 735 00E o

®2 31T

Table 2 List of primers
Name Primer sequence (5'-3') Notes

GGCAAGGGTTTAAAGGTGGAGATTTTTTGAGTTGCCGAATTCCATG

P1 Upstream of Py,

AACGAGACTTAAAACG
P CCTTTTAAAGTTTCGCCTCTTTCTTTTTTTCATATGTCGGTTCCCTCC Downstream of P
TCATTTTTATACCAACTTG Opstream of gtz

GGCAAGGGTTTAAAGGTGGAGATTTTTTGAGTGATCGTCACAATGC

P3 Upstream of Py.s

GCCATCAAACCG

CCTTTTAAAGTTTCGCCTCTTTCTTTTTTTCATATGGGATCCCACTTT

P4 Downstream of Py,

ATGGACGCCGCAGTGTCTG

GGCAAGGGTTTAAAGGTGGAGATTTTTTGAGTCTATCGAGACACGT

PS Upstream of Py,

TTGGCTGG

CCTTTTAAAGTTTCGCCTCTTTCTTTTTTTCATATGTTCCTCCTTTAAT

P6 Downstream of Py

TGGTGTTGGTTGTTGTATTC

GGCAAGGGTTTAAAGGTGGAGATTTTTTGAGTGATCATTTAATTGA

P7 Upstream of P,z

AGCGCGCGAAGC

CCTTTTAAAGTTTCGCCTCTTTCTTTTTTTCATATGGCTCTTCCCGCC

P8 Downstream of P,

TTTCGGACTGTGGGTGG

CATTTGTGCCACCTAAAAAGGAGCGATTTAGATCTTCTCAAAAAAT

P9 Upstream of multi-tandem promoters

ACTACCTGTCCC

CCTTTTAAAGTTTCGCCTCTTTCTTTTTTTCATATGTAAATCGCTCCT .

P10 Downstream of multi- tandem promoters

TTTTAGGTGGCACAAATGTG

E: FRIEEATEBARFIRGIS

1.2.2

B 2B EAEFE 0T H WBS00

K FERIFIEREFRE S, 37 'C.200 r/min F53£72 h.

P g RIA
W 13 W00 e T8 1 B 2L R A A A 2 AT T
WB800, RGN G M E AT B. subrilis WB800
/PSG101 (Pypei)~ B. subtilis WB800/pSG102 (Ppegpre)
B. subtilis WB800/pSG103 ( Pus )~ B.
WB800/pSG104 (Pgus)+ B. subtilis WB800/pSG105
(Pywig)~ B. subtilis WB800/pSG106 (Pppui-Prpai)~ B.
subtilis WB800/pSG107 (Prpuir-PrpairPripan)~ B. subtilis
WB800/pSG108 (PHpa]]‘PHpa[['PHpaII'PHan) o T HIHREL
AR T 5 mL 7 50 pg/mL R AE R BIRT R R
Fert, 37 °C. 200 v/min IFAIEFR B EIREREET)
PLE % ODgoo N 0.02 (/1) 542 30 mL & 50 pug/mL

subtilis
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£30% 12 h BUEE, 4 °C. 10000 r/min B5.0» 4 min, K%
IERA TP RSB
123 T 2 BRI F M T
R B At 21 4 2 1 1Y) R 0 SR o 4N 2 R )3

Mo AFYER P ARV D G0 TR T M, £
YE R (PR B 6 SRS RV e, 4 BIBUTR
¥ pSG101~pSG105 FEAEZF AT B HH A 4 T
R EE PR R DUBERE 1, BEFL AR 40 L,
37 CHFHE 4 he EAMMEEETIHNE E 2 € 94 2 3G
IR, TRIRH ARG S B P & 8 ST T vk

(http://j-nattokinase.org/jnka nk_english.-html) FEF5/E
i, K 1.4 mL. 0.05 mol/L ] Tris-HCl 22K (pH
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8.0) A10.4 mL. 0.72 % (m/V) WILF4EE A R RER
4, BwlaT 37 CHE 5 min, A ERERAFIA
0.1 mL AEIMEFEATR (20 U/mL) 7850R%51, 37 CHE
10 min. Ff[a]_FRER IO 0.1 mL #RERER, 37 C
AKEARIEM 1 he BESIIA 2 mLy 0.2 M =54
R (TCA) ik NHHTF 37 CKIB R 20 min,
IR BT 15000 r/min 250 10 min. WJ5E 275 nm Ak
PR . FEFERMI =TT, @=0.05. —ANEEE
J1¥4L (FU) SE XN 37 °C, pHS8.0 %M, &9
BRFE 275 nm AWRSEAEAZEAK 0.01 FrRe Il .
1.2.4 SDS-PAGE 5#t1

B 40 pL #5005 1R B 3 AN 10 pL
44 PMSF ] 5xSDS-PAGE FFEZEME, SIRE
30 min Jii, K S min. ] S%HIIKAERL, 12%H)
EBATEASE, FHHEIE R-250 JHf R
Sk

2 ZR5H
2.1 Rk E AR

SP(wapA)

Nee1 EcoR 1

Promoter x

pro-NK
BamH 1

ble

bla
Neo*

Rep
& 1 FEZFRATE W00 NG B FHIFRIA SRR
Fig.1 Construction of expression plasmids for Bacillus subtilis

'WB800 with different promoters
7Z: Promoter x ¥ #9 x 5 AR Prparrs Preapris Pras # Pesin
£RRRHT.
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Fig.2 PCR products of different promoters
7Z: M, DNAmarker; 1, P89 PCR Z#; 2, Pppuyt
PCR ##; 3, Ppep 8 PCR #45; 4, P49 PCR 4%; S,

Pias 9 PCR =47,

AR ERE B 1 R, SR 3T R
sERR NP 3 s S8R PCR J5¥k, BIhy 1973
B 5 KEFFBL 2: 563 bp 1 Paegyes 368 bp
(1) Pgigs 374 bp ] Ppss 468 bp 1) Pz LK 350 bp ]
Priparry RANBISTUARIART G (B 2). BRI
BONGIY), pSG101 JyfiitR, i#47-K514 PCR. PCR
FEPEE K IAAT B IM109,  PRECR B HOE T, 745
R BRE BT INERRIRIS AR b, I
JF kL pSG102~pSG108 (% 1),

Ndel EcoR1 BamH 1
PHpa [ SP pro-NK
Ndel EcoR1 BamH 1
PHpa n Hpall SP pro-NK
Ndel EcoR1 BamH 1
PHp.)H PHpa I PHpa 1 SP pro-NK
[ m—
Nde1 EcoR 1 BamH 1

PH]m [ PHpa [ PH,M I PHpa [ SP pro-NK
[, S m—

& 3 BB FIERREE
Fig.3 Schematic diagram of tandem promoters
E: REFEERTFETIK (SP), BEFIERTH S
KB (pro-NK), @ EFTRETBAT Pypane
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Fig.4 Fibrinolytic activity analysis and growth curve of

recombinant strains
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JE: AFE (m), (e), (A), (V), («), (») 554K
A EWEM B subtilis WB800/pSG101 ( Py, ), B. subtilis
WB800/pSG102 (Pgeyi ) B. subtilis WB800/pSG103 (Ps),
B. subtilis WB800/pSG104 (Pgz), B. subtilis WB800/pSG105
(Pyg) VABSTERH B. subtilis WBS00/pMAO911. a: &HA
B LR P 4 2 BB AT 1) 6 AL 2R, b BHARA Kl
Ko o HHREG-FHFARN LB L AR T M S0 EME, 1,
B. subtilis WB800/pBG101 (Py,,,) #9& & =4 2, B. subtilis
WB800/pBG102 ( Py ) 89 & & # 4; 3, B sublilis
WB800/pBG103( Py, )49 &34 =4 4, B. subtilis WB800/pBG104
(Pyup) 89FZL=M; S, B. subtilis WB800/pBG105 (P,z) #)
FEFH; 6, TR B. subtilis WBS00/pMAO0911 4 £34 =47,

kn M 1 2 3 4 5 6 )

20.1 .-
14.3 -
6.5 W =
& 5 ZLHEFIESYIN SDS-PAGE 5347
Fig.5 SDS-PAGE analysis of expression products of
recombinant strains
E:M, ZA AT REAE; 1, B. subtilis WB800/pBG101
(Prpar) $9RIE =205 2, B. subtilis WB800/pBG102 (Ppyeypr)
# &K =4; 3, B. subtilis WB800/pBG103 ( P ) 49K =4,
4, B. subtilis WB800/pBG104 (P, ) 69435 =4 5, B. subtilis
WB800/pBG105 (P ) #9&&L=4; 6, *RE B. subtilis
WBS00/pMA0911 #9& 3L =4,

22 FREEBHFH DI HEEELE, B

subtilis WB800 3 i 7k -t &

X 0 R A I ) A R Y ) S
EHER (B 42>, KL Prpurs Ppegpres Phass Posin
LS P TR SRR 359 I8 S 1 2R 15 KT
FHZEROR - 99 LG i 2 B, RIEERE 97 36 h )5,
B H AT IR LI P A SR A B .
W, JRENT Prparrs Peapr LA Ps T I ZN LI )
WEPER R ST A AN EALTRL, 36 h IVEYES AN
110.80+3.60 FU/mL. 100.84+3.80 FU/mL. 98.17+3.40
FU/ML. Z5REW], Htk WB800/pSG101 (Pppe) )
9GRS R (0=0.05) . ZIRERLE T 5L 4EE A
SPRRGEAS I 20 S R TS VR SE RAH — 2 (B 4c).
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Fig.6 Fibrinolytic activity analysis and growth curve of
recombinant strains
E: AT (m). (). (A) o (V) HAKKELAH
B. subtilis WB800/pSG101 (Pry.y ) B. subtilis WB800/pSG106
(PrypatrPripanr )~ B. subtilis WB800/pSG107 (PppusrP pipuarPrgparr )
Fo B. subtilis WB800/pSG108 ( PrppuirPrppurr PripairPrpar )o 2: &~
RE B L AR Sh SR Bh A A 1) 09 AL 4% b K-EAREY
ARk,

xf bR R AV TE I A i R BT Prjpan 12
ATHEE, BRI BRE pSG106 (Prpar-Prppar)~ pSG107
C PrppatrPrpar-Pripar ) A pSG108 € PrjpasrPpparr-
Priparr-Pripar) o XF_EIRJFRLFITE BIARIEAT R B TL, U
SE AN RN IR % PR AR LT IE AR LB oL (18] 6a) ST
PRIV RAGDL (B 6b). IV IREEE LR, K
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FEE7 36 h Jo, % B4 B I LI T 4 S S
PEA R . HAR T RGERA BT, BEENE
BT TS HI 4N G () -3 T A B B PR o

Horr, BBHECH 3B, BUEEIT Prpar PrparrPrpan &
FITFERITRRK B. subtilis WB800/pSG107 12 S 2T
VAR SN A B i, HLAE 36 h IR 31 i i i
213.30£6.76 FU/mL. Ik, HEBECH 2 HIEE B
subtilis WB800/pSG108 (Prppur-Prpar) (14N B = 5
WARRTE SR, 36 h B 4HETE RN 199.40+6.15
FUML . Wtk B. subtilis WB800/pSG108 ( Pppur
PripatrPripair P ripar) TN G P2 BN JE BT Prjpanr
RGNS A S T 67.24%. WFRAERE
B, a3l IR/ N NG B I RA A — 52,

W& B N, BeTE B 8N, MR A
F—(ER, BRSIARG . BRI, PRGN B,

YN GBI T BB 4K . SDS-PAGE %4t 5
KB, HIE B B AR R F LR BN B BT
MIERAZLHER (B 7, HZA Py FEIE ST
IR Ak ok, A RS AR R B

ku M 1 2 3 4 5

116
97.2

66.4
44.3

29.0

201

14.3

& 7 EHEFESYIN SDS-PAGE 5347
Fig.7 SDS-PAGE analysis of expression products of
recombinant strains
E: M, BARa»TREAFE; 1, B subtilis WB800/
PMAO911 #9434 = 4; 2, B. subtilis WB800/pBG101 (P
8 &8 M; 3, B. subtilis WB800/pBG106 (PypurPrpar) 494
A= 4, B. subtilis WB800/pPBG 107 (PppurPriparrPrpan ) 495
A =45 5, B. subtilis WB800/pPBG108 (PrpuirPrpparr PriparrPripair)
EOF Wt/

3 g

AWFFRIAGEE T A& A A E G 3T IR 2

By 2 2L JFORE pSG101 (P )~ pSG102 (P )« pSG103
(Pias)~ pSG104 (Pyip)s pSG105 (Pip), FXFHAF
Wit AT e, KA EHAE B subtls
WBB800/pSGI01 (Ppppey) (1144 LUl 271453 1 d v
(110.80 FU/ML). $4, AMFFL SR XS JE 3l 1 BRIk

(17 Ak — DA N R Rk &, i T
H R pSG106  C PrpurrPrpa ) ~ pSG107  C Py
PripairPripar)~ PSG108 (PrparrPripairPriparrPrparr) o« HHHK
JE B BTS20 S B T B A B 31 A
RS, Hrh g SR A = (M B RAE B. subtilis
WB800/pSG107 (PrpputrPrparrPripanr)» B tmi - BTG N
21330 FU/mL. %59 55T Suwanmanon 20!
(2014) HIBEMARAL G 9N T BRR LT 5 1 (130,96
FU/mL), I 1 40 S IBECE RS B2 fAF 3 WBS00 H
(7K T 2RIE  ASHIE T35 FH B JFORE pMA0911 /& pMAS
IRTABURL, ¥ DB, v 30~50. TiTidE F SR JE
IS ER I, iR T H IR AR RERIL.
AHIF TSI SEBL T 9 S S 7T A B 2T B 1
IYUARIE, YNGR TREUE B T — e 2
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