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TEERAE R = BRI T AT Bacillus sp. N16-5
HIR NHIF 5T

Bacillus sp. N16-5 B A7 N U kL, A BETE B H
SRSz A B A R A e A AL A e AR DT VR
KN AE LB AL AT 4 B PR N16-5 [ AL R 4F R
GrHA — e MR . AR UREUA HT I AR 256 AL SR
W5 A By 52 AR B FR AL SEIN T Bacillus sp. N16-5 Jit
AR AL, I N T pHP13, pBK15, pMK4
A1 pHCMCO4 25 gk 7 o 4 17 R A% 3 28 Tkt 7] LAAE
N16-5 1 i S S ) HFE B s KR DA 3 N 3K 28 )5 i
IR BESEIL R IL . FRATTANE RIA B AL EH &S
T A A bR D I 2 S B AT )8 B R
R A=A S S vy SR (N 8 VT e 0 1 1
N16-5 T8 ANfe Rk H b i DI B DN d A nl fe e B
R Bl 1 AR BE AR 25 G AT AN A N16-5 B AR 4
Wil £ L I #: 4k & Bacillus sp. N16-5 [ it ks

i, pHCMCO4 S — AN K 17 FF 18 il B 28 4T B 8 AR
AR A 2F FRFE v A I S X Ok B pBST2, &
it Theta %57 ) 1, 1t A% Feg M0 AE AL LR F
WAL ipA KT, REARIL R
Gi My i RaF AR

AT LA TR pHCMCO4 Sy S Al S 3y 1~ F
RZRE R 45 G A 5055 AR B 6P pHCMCO4 1 47 o i, 14
& 7 0] LAAE WE B ZF f KT B Bacillus sp. N16-5 R ik 4b
V5 I IR IR AR, LAk 98 e B (IR N R 2R IR
X% R IB AT T RE

| O R SN RS

L1 ##y
L 1.1 B #RFA AL : 5256 1 2100 v bR AN ok W&

1.

F 1. R B A B B B R A0 R

Tablel. Strains and plasmids used in this work

strains and plasmid description

referen(: € or sources

strains

F-¢80 lac ZAM15 A (lacZYA-argF) U169 endAl recAl hsdR17 (rk -, mk +) supE44\ —

Escherichia coli trans5a
thi 4 gyrA96 relAl phoA

Bacillus subtilis 168

Bacillus sp. N16-5 a facultative alkaliphilic strain

TransGen

trpC2, containing a strong constitutive promoter P43 [14]

Lab storage

plasmids
pBL165 A plasmid carrying gfp [15]
pHCMCO04 8. 1kb; Amp", ColE1 origin in Escherichia coli; Cm", pBS72 origin in Bacillus sp [12]
pABNI165 pHCMCO04 removing complete xylose-inducible cassette and inserting multiple cloning site This study
pABN165P . 2fp pABN165 with promoter Py, and gfp This study
pABN165P43 4fp pABN165 with promoter P43 and gfp This study
L1235 A0 {0ER - A SO0 7 19 5 DR T A v £ 3 il 2 16 KT 18 Bacillus sp. N16-5, 55 7 5 2 37°C

fiti Pyrobest™ DNA Polymerase, & Il ff F [f] DNA 2§
& rTag DNA Polymerase UL & DNA ladder marker
Wiy B TaKaRa 22w ; BRI A DIBEA T4 DNA JE % 1
Wi 8 NEB 2w 5 J5oRL 4 O 70 & 7™ 4 20 41K 7] &
AU 18] Wk 77) & W B Omega 22 w5 K g 1 18
(Escherichia coli ) trans5o %52 250 A b 5t A2 X & 2F
WHARA R el e et B A -
Axio imager Al i L3 5 OB Synergy ™™ H4 %
S F AR AL
1.2 BHEEMEREH

LB 5 77 3 Al T 55 9% K AT vl MRS 5 25 S AT 1
Horikoshi-d ™ (NaCl ¥k 1% ) B J7 3k ] T 85 52 08

Neutral complex medium © SMMP 22 M, PEG8000
HF Bacillus sp. N16-5 J& 4 J5i 44 i) £ F1 fF?@C.[H] ,
SAS SR EEF TR A TR A" o LB B R
ANZWRE A 100 pg/mL 5 %7 5 2 H T8 98 Kl
FF B 7 41 5, Horikoshid™ (NaCl W J& 25 1%) 85 9%
Hm N &AW E N 3 peg/mL [ B R T8 R
Bacillus sp. N16-5 T 411 -
1.3 EEY

AICH M PCR ¥ 1% 51 % W& 2. LA 5 K
pBL165 Kt 4, L5 #) GFPF Hl GFPR 9 3 & (4 52
Yo A GFP JE A gfp; LL Bacillus subtilis 168 1) 4L [A]
IH SRR, LA 4 PA3F Fll PA3R 4 38 Bacillus subtilis
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A 5 R By 1 P43 N G B fRL A B Bacillus sp.
N16-5 Jit P& 41 1 1) R AN [7) i U5t 4% A1 % s 4 8030 kAT
IY BT AR SR R BE IR 5 M B T 1 AN AT RE Y
AR Y ok 5 ) P, IR A B 7 BN R 1
Softherry BPROM HE A7 #120 % 5 » UE 55 e 45 ¥ 75 & 1
B R AL, WA 518 PR PR BL Bacillus
sp. N16-5 JE R 41 A BEAR Y8 Py 3 8 7o A S50
Fe BT HIEI 51490 24 spF Al spR o

S ) PCR W AR 2R 0 50 Wl J A4
Z A 10 x Pyrobest buffer 11 5 pwL,2. 5 mmol/L {]
dNTPsmixture 4 pL, ¥ 4 10 wmol /L 1) 1F J2 1) 51
W& 2 pl, B 10 - 100 ng, Pyrobest'™ DNA
Polymerase 0.25 wL, NG HW % 8 T /K& 50 pl.
PCR 4" 34 2 F 24 :94°C 742 ¥4 5 min, 94°C 22430 s,
S5CIB K 45 s, 72°C FE Al 1 min/kb, 72°C 1} & fif

10 min.

R2 ALBFERISIY

Table 2 Primers used in this study

primer sequence (5°—37) * restriction site size /bp
GFPF CGCGGATCCATGAGTAAAGGAGAAGAAC BamH 1 28
GFPR ACGGGACGTCTGCAGGTCTGGACATT Aat 11 26
P43F TGACCGGTAGCTTCGTGCATGCAGGCC Age 1 27
P43R TGACTAGTCTATAATGGTACCGCTATCACTT Spe 1 31
Py F GGCCATGAGCTCCGAGATATATTGTCTCACTAACG Sac 1 35
PprR ACGGTACCGATCGAAATCCTCCTTATTGTTTAA Kpn 1 33
spF CTGGCGAAAGGGGGATGTGCTGC - 23
spR TAAGGTATAAACTTTTCAGTTGCAG - 25

a. Restriction site are underlined.

1.4 RiEHABHE

X pHCMCO4 (¥ 7 51 3247 43 H1» % I 3 A% Bl 14
554 R AAAGGGGGAAA . fif % N16-5 T2 4 [
YLIF FURFAE 73 BT S8 7 1% B AT 48 2 1R 28 PR AT 1 e e 2R
ff1 SD J¥ %] GGAGG"™ , R Bt A1k T A & % 7
FEE ML 1) SD 351 GGAGG [ £ FL R4 SUF 51, &
J ) B % 7 B2 )7 41 ON1: 5°-CACCGGTACCAGGAG
GATTTCGATACTAGTAGGAGGATTTCGATG3" I
ON2: 5"-GATCCATCGAAATCCTCCTACTAGTATCGA
AATCCTCCTGGTACCGGTGAGCT 37, 15, Bk
WA SD P A 2 v B AL A B RS R
J3100 mmol /Lf¥) ON1 FiI ON2 25 4k FH IR &, 94°C {3
F£ 10 min, HARFEW . %2 SN A B A
B 1 P 5 1) 137 5 Age T, Kpn 1, Spe 1, W3 3t 4 47 Sacl
Fl BamHI JE i 1 4G P K 5o pHCMCO04 £ Sacl
BamHI XUV, 223 0E 35 2 0 3 2+ P, BB
RH 3 25 1 56 ] xylR, 45 1% T D) Ak R 1 2 44 pHCMCO4
2 5 A AR B DL 22 LU TR A 5 ABO%E B2 I N T
J A pABN165, LA 248 2 B 42, 43 5l 4 N B
T PA3 FI P, W K % A % 1k pABN165P43 il
pABN165P, ([ 1) o B4R FE A gfp 4 BamH 1 Hl
Aar 11 XU V)5 3% $2 1) 2 1k 8 4k pABN165P43 Fi
pABN165P,, I, & j 5 41 K ik % & pABN165P43gfp

F1 pABN165P, . —2fpo
1.5 E4H Bacillus sp. N16-5 p#iE

4 F kL pABN165P43¢fp Fil pABN165P, . —2fp
Ak, Escherichia coli transSo ( A& J7 1% W, transS«
R AU , BEAT % PCR 28 56 Uk Al 56
UE o HZ FORL A T 5 A 0T AR e A VL e A & Bacillus
sp. N16-5, Il B v PCR 56 UIF 3 ik 7K & 10 4 2 5
B, Bk Ty iz ook 0.
1.6 Bacillus sp. N16-5 X RS AN
L6.1 WRAREBREFERM: W& A KL AL
pABN165P43¢fp F1 pABN165P,,.—fp 1] Bacillus sp.
N16-5, $k U ¥ & %, ¥ 2 4 mL &4 LWk LN
3 pg/mLE) & #H R Horikoshid "™ ( NaCl w R
19) Hi R S b B R ik 8 0 1 L 1 WS 0 Wi 2R
WA AR TR AR pH 7. 4 (1) PBS 22 s UG 2 -
3 500 WL g bR AR, B S Wl BT o Vg A 03¢
JrH R T R 5 B AR 9O W B R W 2Ot
BG, Wk 6 B A 460 — 480 nm, & 5 56 v [l
505 - 530 nm. SCH DL AN B4 pABNL65gfp [
Bacillus sp. N16-5 {F 4 %t i .
1.6.2 TRATESE R AESOL BB T RN 29 1)
BHAE 240 76 LA 1% (9 #% Ah B 4% 2 100 mL Horikoshi-
1" (NaCl ¥Ry 19%) 8597 5P % 9%, &R 1 -2 h
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WORE T U, M 5E ODgy s T3 HUB B 1 mL, 20 W 4R 1R
A AR AR B pH 7.4 (1 PBS 22 oh i, Pedk 2 -3
¢ A1 1 mL PBS T8 i 14, 2% 1 200 wL % 96 fLIR
o, IFAESCR O 481 nm A 2 507 nm {1 4%
PER W E POt 5k . KR R gfp 4l N 3

ORF 2

-
ORF-2
/ ,élF-l Amp Digested by
J pHCMC04 \ BamHI Sac | ORF 1
8089t
P Wlth MCS mcludmg
SD sequence (JCJA(J(J
inserted
ORF-3
Aal Il
BamH]I Sad Xma |
Aatll
B 1. &k

Figure 1.

pABN165

ORF-4
Sac

Spe 1
BamHI

pABN165 % v B {7 s #4) £ 4 1& pABN1652/p, th T
Hogp Lt A RS T ARERERIGER, L
PL& 5 #44& pABN165-gfp i) Bacillus sp. N16-5 1%}
Mo BEAMFE S 3 ASPAT, IR TR 3 IR

P
[
/‘f ORF-2
b2
-

P, // A\

\
EF { \

Sac |- Kpn 1 [ {ORF-1 PABNI65P, Ampli\!
| 6797 bp /|
.\\ ) /
\ ORE-3 Cm/
K5, ORF-4 m/
o spE_—7~"
Ly i
S| R\.‘ -
B{?gﬁ]}ﬁ:ﬂ Sac 1
A ap 1
o698 bp " \ %ﬂll
—
ORF-2
Cm
7
/// }
ge i P43 [orF \
Kbn ] [ORF-1  pABN165P43  Amp
|Apc [—— Spe [ ! | 7107 bp |

< £ & pABN165P43 71 pABN165P B2 T &

Genetic and restriction map of the pABN165 expression vectors.

All vectors replicate both in E. coli and in Bacillus. sp. N16-5 and contain the efficient transcriptional terminator trpA as indicated by a bar.

The cloning sites immediately downstream of the promoters and sequencing primers (spF and spR) are indicated.

2 HURAI

2.1 EH 1

PCR #3847~y H1 1% B¢ I Bl 4t Jie v UK 23 B » &5
R E IR, PCR 724 Pp,» P43 Fl gfp W) RK/NE T —
B2 BT P PA3 [ gE IR
2.2 RIFFHEMBAREKZNHE

E 77 W) ¥ Ak Escherichia coli trans5o Ji& » F| J
W V% PCR 3G GIF A0 7 56 1F, UF W 5 41 3R 08 Bk
pABN165P43¢fp 1 pABN165P . gfp *@LEEI}JO )
G R T 1 B A AR B A Bacillus sp. N16-5, & 1 ¥%
PCR 5% Ui, UE B] 5 2 28 44 B D) % N\ W8 B 18] N165.
W% PCR & iF pABNI65P,.~gfp J7 18 F 1t 51 9 &

«—426 bp

101 bp

B 2. ¥ 18RI BR B B RO TR AR HE R AR R Uk
Figure 2. Electrophoresis of PCR products. M:100 bp DNA ladder

marker, lane 1 =2: Py, lane 3 —4: P43.

P..F #1 GFPR, B iF pABN165P43—gfp it 4 H (¥1 51 4
B P43F fil GFPR. 4 ¢ T M Bk B AL Bacillus
sp. N16-5 {5 7% PCR G iF 45 . .
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M 1 2 3 4 35 6 4 17 pABN165—gfp 1] Bacillus sp. N16-5 5 Il A~ 31| 5¢
bp 6, B F Ik AR pABN165P43¢fp Hl pABN165P, .~
1500 — gfp [ Bacillus sp. N16-5 ££ 920 % 5 B2 T W] LA %2
e b BFe, BLHIIR S D gfp OTh R IA
500 — 2.3.2 FRIEBEMM A 2 ThHe 9O SR O

Y1 33k JFURL pABN165P43 ¢fp Fil pABN165P . —fp 7F

B 3. ik 3 k& X Bacillus sp. N16-5 B % PCR 3 Bacillus sp. N16-5 1 [f 2 st R HEAT T A 14 5-

i A SR T HEARMRE (0D, BEI [ 4240, 15 5B &
Figure 3. Electrophoresis of colony PCR confirming the ﬂ——\‘ T j'_"'(j‘lﬁ gﬁﬁ BJE ETJ‘ I"ﬂ H‘] &'ﬂ: ° 6 & 7.1——\‘ T %J‘iyﬁ ‘ﬁ
transformation of expression vector into Bacillus sp. N16-5. M: 500 ]Kjﬁ HTJ‘ [‘Eﬂ E’\] /E/f,h o
bp DNA ladder marker, lane 1: blank control without any DNA (A) 25.
template, lane 2: negative control using N16-5 transformed by
plasmid pHCMCO4 as template, lane34: PEF—gfp, lane5-6, P43— 20F
&fp-
: 1.5F
3
1.0F
05F
0
(B) 7000
'i_,u_m_{ Sum N 6000
'z 5000
a8
=
‘= 4000
2
2 3000
=
2 2000
[
1000

[ 4 6 8 10 12 14
t/h

5. B RGR NI S 5R B N A ) B AR Ak
Figure 5. Bacteria concentration and fluorescence intensity change

over time. A: bacterial growth, B: absolute fluorescence. Square

5 wm

—_ [ : Bacillus sp. N16-5 carrying pABN165—gfp, Circle O : Bacillus
4. F BN E S EBEE Bacillus sp. N16-5 1 iy & ik sp. N16-5 carrying pABN165P . gfp, Triangle A: Bacillus sp.
Figure 4. Expression of gfp in Bacillus sp. N16-5. A, B: Bacillus N16-5 carrying pABN165P43 gfp.

sp. N16-5 withpABN165P . zfp; C, D: Bacillus sp. NI16-5 with

HT P S-A T A UK 32 B I ) £ AR A6 ) LU S )
AL 5 A 30K 3R 1 AL Y AR RO B KR

pABN165P43¢fp; E, F: Bacillus sp. N16-5 with pABN165gfp;

A, C, E: Fluorescent images; B, D, F: Differential interference

contrast microscopic images. ﬁ’ Hﬁ 6h %ng\?é’zﬁﬁ\}% /ﬁﬁ ’ }J\ 6h ﬂﬁé ’ %ﬁij&
AXSEOEAI] 1T =12 hy B AR A e, 3
2.3 Bacillus sp. N16-5 BEARIEKRNET R 1o b B 5B 500 a5 B AN Tl () 22 46 T DU

2.3.1 BRRBRWGERM A Bacillus sp. N165 B4 ef 41 AR AR 5T 98 6, 45 45 2635 B Ak 10 T
BAESE BB T AT OB R, 45 R S TR, AR 6 b SEAK IR B 58 0k, B0 Ik I 4 4 56
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JEHR AT AE R R IK N 6 h JT R, 9 Bl i IR T
Whugo 11 —12 h, 2 Gom EEAN AR Ak S 38 0, JF4E 12 h
LA IE B KA X R S-A FIE 5B K HL, 980
S8 L5 B AR BE DA G o Dy M FRATT F 96 O ik FE
TR I BE TR LU AE R R Ak s B 25 R 1 6 JIT s » A
ith 2k 51 AR Aok F S A RIS BUAK pABN165P —gfp
i) Bacillus sp. N16-5 5 &4 £iA# A& pABN165P43-
gfp 1) Bacillus sp. N16-5 FiLytEAE 7.5 - 12 h 3
AOEAWIRE E . AE 13 h, BRI T
I, 4 4 22 15 4k pABN165P43gfp 1] Bacillus sp.
N16-5 ik 3 1 W] % B AIC, 5 & A7 Rk 8K 1E p
ABN165P . —fp ] Bacillus sp. N16-5 [{] k3% P47
SRETTHE i 9 — 12 h 45 A% 1k p ABN165P43 -
gfp M Bacillus sp. N16-5 ) R EIG & £iXE
1k pABN165P,, fp [¥] Bacillus sp. N16-5 [1] ik i
sl — e XMBLE T e 5 WA E KRS, A
)T AN T I B 1 e s i A K
4000
3500
3000 |
2500

2000

Fluorescence intensity/OD

1500 |

]OUO L 1 L L L 1 L J
6 7 & 9 10 11 12 13 14
t/h
6. FIAEEME R A BT
Figure 6. Expression activity change over time. Circle O : Bacillus

sp. N16-5 carrying expression vector pABN165P . gfp, Triangle A:

Bacillus sp. N16-5 carrying expression vector pABN165P43 —gfp.

3 e

BE X W8 i 2 A AT AT B Bacillus sp. N16-5 {7l
FIE AR IR, A B T I 3 BT F0RZ B 1 4
B R BER R T WG CE AR A B N16-5 Kk 3
WRIAL B o 78 2 F I 8 1, — & I3 f5 k46 £
JEE 2% 18, W % T [R] J B R 52 0T T 4 Y o
Z)f PA3, Tt A N16-5 T e ok 41 Kl A0 I X 20
7 50 WA 5 55 7K P RS DR 65 1) H 82 4 Bacillus sp.

N16-5 [ J ) 1 BEAT 075 2k 5 % Bl 075 26 7 v 15 4 48 SC
Ve At 9 G A L, AR B, P IR R, O B R AT
H B FEESoF Pk o 7E RO A 45 4 B S kbl
43 BT N16-5 1 3k [ 41 5 410 45 4iF, F] AAGGAGGA
B T pHCMCO4 J5 56 1 &% B 1k 45 & 1 4
AAAGGGGGAAA, H.tp AAGGAGGA T3 7 fu #F
14 35 LR ) SD ¥ 81 GGAGG ™ o iR U % 4% T 4
7 Theta 753 ) 73 4 52 52 1) pHCMCO4 . i 26 [K] 2%
i 3 411 %% AN BE fE N165 B £ 15 GFP (1) 45 1k
pHCMCO4 5 T b i it % N16-5 14 [ 4 3k 4844, FF 3
WIZHL T AN gfp 48 N16-5 I P ) R A
Bacillus sp. N16-5 & i 84 10 il D #g 2 o T A0t H
P TR R BE AT A8 BREATL AT 2 A0 AR it A% TR 0 $ it
TEMTA .

N2 5 5 P A W R 5 R B W SR % KA
AAMBFETEHS SR TSRO L
2 AR G0 B I % 5% W DR 2% kAT IR N O S
AT AL, S2ILH 1 B AE Bacillus sp. N16-5 1 ff)
L E BN
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Abstract: [Objective] To construct an expression vector for alkaliphilic Bacillus sp. N16-5.

[Methods] Bacillus subtilis
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expression vector pHCMCO4 was used as a backbone. Its xylose-inducible promoter cassette was replaced by the
constitutive promoters P43 (from B. subtilis) and P, (from Bacillus sp. N165) , separately, resulting in two expression
vectors pABN165P43 and pABN165P,,. Green fluorescent protein gene gfp was linked to the two vectors as a reporter
gene. Fluorescence microscope and multifunctional fluorescent reader were used to test the expression efficiency of the
system. [Results] Green fluorescence was visualized in Bacillus sp. N16-5 with pABN165P,, —fp or pABN165P43 —¢/p.
Quantitative data analysis revealed that fluorescence was first detected around the 7" hour. The fluorescence intensity
increased rapidly from the 7" hour to the 12" hour and reached the maximum at about the 12" hour. [Conclusion] Two
expression vectors for Bacillus sp. N16-5 have been constructed, allowing expression of exogenous protein in alkaliphilic
Bacillus sp. N165.

Keywords: Bacillus sp. N16-5, expression vector, alkaliphilic
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