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Screening of endogenous promoters of Bacillus
amyloliquefaciens and application of them in the expression
of alkaline pectinase

ZHANG Ying, HAN Xiaojing, CAI Yi’an, LI Dengke, LI Qinggang, LU Fuping, LI Yu'

Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, School of Bioengineering, Tianjin
University of Science and Technology, Tianjin 300457, China

Abstract: [Objective] To screen out the strong promoters suitable for the expression of
alkaline pectinase in Bacillus amyloliquefaciens based on the transcription level and expression
of the target gene and further analyze the selected strong promoters. [Methods] The promoter
fragments were predicted and screened out by bioinformatics tools on the basis of the relative
fluorescence intensity and enzyme activity. Further, real-time fluorescence quantitative
polymerase chain reaction (RT-qPCR) was carried out to determine the transcription levels of
different promoters. [Results] The activities of PrapA, PmetE-1, and Phin-1 expressing
alkaline pectinase were 9.8, 4.8, and 3.0 times that of P43 promoter, respectively. The three
strong promoters screened out laid a foundation for the expression of other heterologous genes
in B. amyloliquefaciens. [Conclusion] The strong promoters PrapA, PmetE-1, and Phin-1
screened out in this study can effectively improve the expression of alkaline pectinase.

Keywords: Bacillus amyloliquefaciens; promoter; transcriptional level; bioinformatics; alkaline

pectinase
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Ao EERER, MRS TRk
AR, AT RUEfE Fh O s Rk AN IR IR Y, M
P B FRAK K, SR 35 H A
(e 4R = L R S R R kR A sk ikt
XF T AN R, BRI Rk AR SR AR R
SRR b, TR 3T R SR R Lo,
TRIE T B FRak i i B AT AL, o252 i 1 Y5
EHEIVE NP {iS P

R VERT ZE AT 18 (Bacillus  amyloliquefaciens)
Pt I Y AN R R <IN (B SE €2 56 7 41 /TN Y A
PRUHC AT H 61 i 1 11 20 8 8 0 A S A
F1 22 4 TR AR T 45 32 75 DR, B NI 22 il 1
R, R A 2R BT L, T2

P4 actamicro@im.ac.cn, 7 010-64807516

HFA., Tk gdMmEE L, &R
RIBRGE W FRINE R AR £ 4
T, VB 2 A T R AR e Y BRI 1 R 5E
FORLRRE P25 . FRIRk oMk = 45 R) ™ o FR i
THAERNTEMR RN ZNH, Wik, 7E
mEEESEY . FRER IR RS
BE N A T 2% A AR A5y T A A T R R R T
ISR T HAR 0y 5 o Horp X8 3l i i
Ve 5 T OIFSE . Alper 28R 4 (0,756
R S 2l ok B ESE 2 196 4%
Kosuri 2575 1 4 (1,56 655 1 (green  fluorescence
protein, GFP)fi e AR iC R AT AL , ikt 4 4>
o gom AL R 3 F; Nevoigt PRI S
B PCR BN RSN F U, RAZEEHER



REESE | AW, 2023, 63(4)

1577

A TEF1 Ja sh TIGETERY) 8%—120%; TEfTER 2
FORFEE P AT s P G O e AR

1R

1.1 #sb
1.1.1  EERFA AL
RV 2T I (B. amyloliquefaciens) TCCC
111018 FIEEAR pLY-3 ¥ AL R0 . AWF
PR . BURLISS TR 1,
AW TS Y EdnfE B W& 2, X

Kana), Bif$i{F#¥(arabinose, Ara), AL H]
YA BRA F s DNA RATHE ., BRI oy DI
Y H TaKaRa 723 Al; GeneRuler 1 kb DNA
Ladder 4 H Thermo 2 7] ; RNA #2HBGA7] &0
H TaKaRa 2\ A .

53R AL (LB B8l O 1%, B
Bk 0.5%, AL 1%, WIhs pH{E R 7.2-7.4,

i VE KD 2 AT TR B2 B il 45 . LBS 15 5%
JE: INAYEE 91.085 /L, SALHEN 10 g/L, HEAM
10 g/L, PEbEky 5 g/L; ABEVESRSE M. LAY

f% 91.085 g/L, HEEEE 91.085 g/L, 10%TH i
100 mL; AHAEHE B i 1HALEE 91.085 g/L,
H&&mE 91.085 g/L, 10% i 100 mL, 14%
PEG-6000 140 g/L.

B MER A MR BRA w5 .

1.1.2 EERFANEFRERBRZSHEE
FOR PR EBGR G L 2l Ab iR S A i [

W H &, Omega A Fl; FIFF K (kanamycin,

&1 KK FRER B E PR BTRL
Table 1  Strains and plasmids used in the study

Strain and plasmid

Characteristics Sources

Strains
Escherichia coli IM109
E. coli EC135 pM.Bam
Bacillus amyloliquefaciens TCCC 111018
B. amyloliquefaciens TCCC 112212

Host for plasmid construction Laboratory stock

Host for plasmid-methylated modification Laboratory stock
Wild type strain Laboratory stock

Host of plasmid expression Laboratory stock

Plasmids
pLY-3-PEL Construction of alkaline pectinase plasmids Laboratory stock
pLY-3-GFP Construction of green fluorescent protein granules Laboratory stock

*®2 AMRFBEHSIMFT

Table 2 Primer sequences involved in this study

Primers Sequences (5'—3’) ™
pLY-3-P43-F TTGATGTGATCATCCTGAGTGGATGATTATATTCCTTTTGA 54
pLY-3-P43-R AGCTCCTCGCCCTTGGCTATCACTTTATATTTTACATAATCG 53
pLY-3-PrapA-F TTGATGTGATCATCCCCCCCATTTATCAAGAATATAAAGATG 54
pLY-3-PrapA-R AGCTCCTCGCCCTTGTTCATCCTCAATAAATCCCCCCTTTT 56
pLY-3-PmetE-1-F TTGATGTGATCATCCGGTTCTATTTGAGGGTGACAA 54
pLY-3-PmetE-1-R AGCTCCTCGCCCTTGGCCGGGTATCATAGGGC 54
pLY-3-Phin-1-F TTGATGTGATCATCCTCTGTTCCAGTGTAAGCAATTC 54
pLY-3-Phin-1-R AGCTCCTCGCCCTTGCTCGTTTTTGAGACAAGTCT 54
pLY-3-F CAAGGGCGAGGAGCTGTTCACCGGG 67
pLY-3-R GGATGATCACATCAAGCAGCGCAAATGCTCCCG 68

The single horizontal line in the table is the homologous arm sequence of the green fluorescent protein gene and the alkaline

pectinase gene.
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1.2 FREKKEFIuNFY 8
1 TELL A iProEP (lin-group.cn/server/
iproep/pages/predictor.php) . SoftBerry (linuxl.

softberry.com/berry.phtml?topic=bprom&group=
programs&subgroup=gfindb) . Promoter 2.0, Neural

Network Promoter Prediction . BDGP (https://www.
fruitfly.org/seq_tools/promoter.html)5§ J7 2l -+ il
DA XS I s F AT T 0B, AR UE R 29004 F
P TCCC 111018 FER L AR T PCR ¥ 14 25
HFF A 3. PCR RNAKZR A : ddH,O 19 pL,
5 145(10 mmol/L) 2 pL, Fi##5147(10 mmol/L)
2 uL, FEH(FER 4 DNA) 2 uL, Gold Star DNA
R4S U/uL) 25 pLo PCR SV 25144 . 94 °C
S 5 ming 94 °C7AEME 30's, 54 °CiE k 30s,
72 °CHEAf 30 s, 30 PMEFR ;72 °CLEAH 10 min.
0.8% 1) N WHGE I FEL DK Azl , VIR [Tl PCR 7™
Y. MEzhT P43 YESRXTIR, RIS
SR TS SR RAE R uE AR BTk
KR
12,1 EHEHFERNAEAREHENEE

WARIF Y 45 N sh 35 B A 4k 098
FCEE LR TR b, 38 JoaE e R Yy Uk T
B, B AR R TE M R AT TCCC
112212 J&Z &, i Kana itk ik i L1,
$RIUFR. DNA #E4F PCR BdiF, 3F Hi 77 4 0
BEWR A PR mI A TN T 43 HT o
1.2.2  EEBMRRERIESAENEE

Wik PCR §" 4 H DNA H Bl ik, 35
R B, il Josk v e Xk T
2, B EME Y i i R TE R SR AT T
TCCC 112212 &3228, i) Kana $i 1 i £ 5%
b7, BRBUEAL T Bk DNA BETEGIE, I o
G MER AR R A B2 wIHEA T 3 A
1.2.3 FEMIFBATE TCCC 112212 BEZEE
BT E

(1) BREUHE LRI EC 135 BLIEV
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T 5 mL LB AR FRHEH, 37 °C. 220 r/min
RS, RBUTRL, (2) K 15 uL ok it
ARTER ZEAFTFH TCCC 112212 &2 254, #
WIRA W 2 U I R, 76 2.5 kV
B T By, fd DNA JE ARG S 40 rh
37 °C. 220 r/min & 75 3 ho (3) BUAEW IR A T &
A 100 pg/mL RAFEZE M LB ik V-4, 37 °C
iR 12 h, Gk AL T T IR
124 FEWABAE KU RKAERNNE

AR R PR TE LB B3R 3 fL AR & 1% 60 h,
fif AR AE 600 nm ()35 1 I LI Y 1
R R IR 488 nm, AHFHEEK 523 nm
TR TR A
1.2.5 UM REEGEGE N E

WA AR S 371 pLY-3 Bk g Atk R
2 T R 5 TR AR A T 355 % SR v R R 8% 60 h,
UK T B W, SR A LA 2 3R FUBHRE TR Y
TR Ay 2 11 R P TS D A T o R
R R FEHLEEAG B 20 uL. &% 0.2%% k5
WEBE 2 1Y H 2 52 -NaOH (0.2 mol/L)Z% mii (pH
9.0, %74 0.44 mmol/L ¥ CaCl,) 2 mL, LIJCI%
PERBERNE A 2s (O R, DL S 40 0 2% vh s T
HIHNA G SBEIE SN 5 i 454k 45 °C )i
15 min, fH 3 mL 0.03 mol/L AORERRZ 1E v ,
18 235 nm 20 KOG EEE . 1S RrlAE-FAT
25 R

2 HZRE5OM

2.1 FRMEBINFHIIFE

TE 5 AL (RNA-Seq) T, fpkm J2 i i 3t
PRI B AR B L 255 AT DR 075 7 A ]
WA TER ZE AT TCCC 111018 X5 [H 40 1y %% %
B, B RIEER S 319 fpkm 3B, M
Hk ik ) fpkm ZUEAE 10-9 000 Z [H] Y 45 4~
TR B, A EL T iProEP |
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SoftBerry LA & BDGP 55 X fi# 3€ ¥y 2F f 4T 18
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Brib A7 254 W B0 4 A, R 2408 2 7 2R B
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58 B HY 52 )
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Figure 1 Promoter prediction results.
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Figure 2 Expression of green fluorescent protein by promoter. A: Expression of green fluorescent protein
by different promoters. B: The expression of green fluorescent protein in six promoters at different times.
The data are presented as mean+SD.
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SR R T HARE 37, SOk EGX 5 AN A
T AE R TEXS G, 53 A ST PrpsT .
PrapA . PstyD . PmetE-1. Phin-1 % ., HF
P43 LR SR Y ELR: H AT A DA FLE R Y 4 7
SRIE BT, JF LR E R 27 AT TR R 2 AT
P Rl PR R, PRI E I P43 O R, 54N
8ljf PrpsT. PrapA. PstyD. PmetE-1. Phin-1
FRRR X ¢ Y3 B 7E 1272 h &4 1 #2380
WS 37 P43 (AR P EER B (] 2B) .

Ja 8 F PrpsT. PrapA. PstyD. PmetE-1 .
Phin-1 BRI ZOEHR R R, Al HES H miRNA
"R BEA K, I HTEL T RNA
Folding Form 375319 miRNA K45 E, 45
B 3 Fin. Xiao FUNAH, HAEER
8 VY T B R Je R |58 2 2R FE 1Y SD R4 1Y
TREEMA R T AR RS, T LUK SR R
iR, MR R A, BT PrapAd.
PstyD . PmetE-1 R REWEZ, AT
WA B 55 B DT 3G 5 1 &% (8 2 G 2 I 3R
ik, JB8IF PrpsT. Phin-1 Bk K458 89K
A (Hi/h A BHEEML, 450 LR E . mRNA
N R3S SN AN e S i
iR R . R/ B AR 0 EARA
9, RNA W ZRESMTER ML G, dad
g3 8 15 5 1 AR BURY 25 R ZE 30 45 4 1 B RE
iR, SRR e, JFH Y A h e B
/NI RNA ELSE g0 4htly, e
T RNA 73§ fefa € iR
23 HAMBEmFIFREXAEAERER
IKFEHIF

K] RT-qPCR AR, DAUS#UE ) 2F AT 1
TCCC 111018 fFFHIEN gap HNZ, il
SYBR Green #3X[#) RT-qPCR & AS[Fl i 86+
U E RN OES S o A R - S L0 A

DU HE N 2ZE AT TCCC 111018 16S rRNA
KR, $% Cham Q™ Universal SYBR® qPCR
Master Mix {7 & 6] F5 1T RT-qPCR, L)
PN . WiAEPE: 95 °C 30 s; FEHFR .
95°C5s, 54°C20s, 72°C 30s, fFHFR 40 ¥K;
FafirliZ: 95°C 15s; 60 °C 60's; 95°C 15 s,
WRAR B 776 12 h X9 B 3 1
mRNA 45K X 5 40 i Y 3 25 F T 7R &R
SR 0 o WA R IR AU AR, R A R A E
R AL IS 38 S . RT-qPCR 45 1 R A
2ANCAE R AT, T E AN TR 3T R
TSGR E AR K, 4R
Bl 4 fii7s. 78 12 h 8, JE3h+ PrapA. PrpsT.
PstyD. PmetE-1. Phin-1 1E4: 0025868 1 3
iy 2 MBS B IR BT P43 19 7.0 £% . 2.8
L84% . 3745, 3.81%, H mRNA A5 3KF- 1
o P43 & o
24 AEBshFEMRKREERERER
EAYOS 3y e oAl

Xof S A0SR B R e S K Y 3 A
Ji B B E L RS T R T, A DA ] B
() P 35 U P v SR e il A TS, A IAE 12
24, 36, 48, 60, 72 h XFHEAE SRR B G 2EA T
WiE . il s fos, kKBRS 60 h i, &
PRI % T 97 0 e SR e T TG 2 s B e i, Al
5 PrapA. PmetE-1 . Phin-1 J3 3/ 840 B 0k 5™
B SR G 102 P43 SR BT 1Y 9.8 fiF L 4.8 fi5 .
3.0 f5 .

K A RT-qPCR J5 20 % A R 2h 745 T
(A AR SR Je T R TR 1 5 K, SR 2749 (.
AT E RIS . G5 AnIE 6 /R, 7E 12 hBT,
JadhF PrapA. PmetE-1. Phin-1 TER3MESR B
B 2SR BF P43 Y 5.2 fiF . 1.5 1%,
1.2 %, H mRNA W5 gk P43 5
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Figure 3 Fold diagram of miRNA secondary structure of different promoters.
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Type of promoter

Transcription levels of the green fluorescent
protein gene regulated by different promoters
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Figure 4 Transcription levels of the green fluorescent
protein gene regulated by different promoters. The
data are presented as mean+SD.
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Figure 5 Expression activities of the four
promoters on basic pectinase at different times. The
data are presented as mean+SD.
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Figure 6 Transcriptional levels of alkaline pectinase
genes regulated by different promoters. The data are
presented as mean+SD.
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AR Chen AN 10 X AEFE sl fE
KVEECEMAER, KR A 7E 4 B
WebLogo X Jii 8 ¥ PrapA . PmetE-1. Phin-11]
PRFIP AN IEA T T 438 o aniEl 7 s, XHiEsh
FHITZ AT, KBS s Frg-10 XARSF
P, JEH 3 M sFII-10 XAF 8 AR
i TANAAT (N AREEZEXT A/T/C/G), H-10 X
TRSFIFS] TATAAT A5 —EXTANFE, 7]
REJE 3 MR sh TR IREY & TR shF P43
()RR 2 —

JE BT R R IR B I ABLE 2 MRST TS
Z IR R . — ekl 2 ANMRSFIX TS
—35 X F1-10 [X[A]ff 16-18 bp I3 Sl MG >,
PrapA. PmetE-1. Phin-1 Wi PMRSF 5 2Z 6] /Y
B EE 5 JE 15, 16, 17 bp, ME3hT P43 M
RSP A Z B EIEE S 13 bp, RAEA MG
PSR IR Z N, X ATREE P43 HLH A
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Figure 7 Multiple sequence alignment of three promoters.
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JPAURRE, 30T RES ) s st i i J5 A
SR A I B T G SR DL R
FFriE Tt BAEEE XL, Slamti g H
JA BT PsrfA (e SRR IR 0 25 Tl & — MR 8h
FHIHI AT CodY L A0, 24l [N+
585 G A A I S R BT I ST
M m B EAMEREIKE; B 7
PkasO®%13% 2 4~8 ¥ [HF ScbR Hl ScbR2 ™45
BIRA AT F R, Ll s 5 3R 5 1Y
BT, HIL, Bl SR Mt 2 R
PN TR, Prapd 47 3 AL SEIRTEIN F45

R3 REMFRTEBEBIFRI-10 XF-35X
FFol 54

Table 3 Sequence analysis of —10 region and
—35 region of strong promoter of Bacillus
amyloliquefaciens

Name —35 region —10 region —15 region
PrapA TTCTTT TAAAAT TATG
PmetE-1 TTGACA TAAGAT -

Phin-1 TTGATA TAAAAT -

P43 TTGCCA GAAAAT -

—: The promoter does not exist in the —10 region.
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