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(LM A AR BE, BIR KV 410009; 2.8/ & R AMAY N A TR ARG L, M K7 410009;
3L KRR, IR KD 410128)

WO, RIUAWE B2 A B T 0 2 FAT T (Brevibacillus brevis)X23 42 PRI 2 /K-S 5 1 13 4 TetR 5
WL, K HAT 444 BbTetRL, «--. BbTetR13, XJHILAMERT, BN Rm ML IEAT /00T, SRR Rk
AT TetR O A A bbb B PRSP, JERPS KR 477~681 bp, et A 168~226 e Skl
B, AR TR A 1.9x10%~2.57x10%, 250150 4.84~7.77; HIERFEN G AR50 3 N, Wik a5 5
ARG, WRRT . WIRITAAD & 4 D5 ; BT BbTetR B 1M &4 Kt o8, HIXBEH 24250 S ML
FEAL ;5 SR ST 45 R 3R W], ASTR] Y BbTetR 7548 B 2 AT R AN [ AR K I Fh BRI 25 1 22 57 1 3, BbTetR1
BbTetR5. BbTetR8 il BbTetR10 7E4 i 2 AT I AR A K B Be A e i deahs . HEDNHC v 58 A 4 o d St AR T

X B 1. EEAFEFFE,; TeR HHEKE; AWFEEY,; Fbi

FEDES. Qu36; Q78 kAR A XEHRS: 1007-1032(2022)03-0282-07

Identification and expression analysis of TetR gene family
of Brevibacillus brevis

DU Jie'?, LEIPing"?, ZHANG Liang®, LONG Qingshan'?, BI Shiyu'?,
GUO Zhaohui'?, WANG Yunsheng®, CHEN Wu®, LIU Qingshu'?**

(1.Hunan Institute of Microbiology, Changsha, Hunan 410009, China; 2. Hunan Provincial Engineering and Technology
Research Center for Agricultural Microbiology Application, Changsha, Hunan 410009, China; 3. College of Plant
Protection, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In this study, 13 TetR genes (BbTetR1,:--, BbTetR13) at whole genome level of biocontrol bacteria
Brevibacillus brevis X23 were identified using bioinformatics methods for the first time. The results of basic property,
gene structure and high-level structural analysis showed that the members of TetR gene family were conservative in
evolution. The length of the gene sequences ranged from 477 to 681 bp, with 168 and 226 amino acids respectively. The
molecular weights of the family proteins ranged from 1.9 x 10* to 2.57 x 10* and the isoelectric points were 4.84 to 7.77.
According to the phylogenetic tree, TetR genes could be divided into three clades. Group I contained 5 members, group I1
4 members, and group III 4 members; All BbTetR proteins contained a large number of a-helixes and their spatial
structures were diverse. The results of transcriptome analysis showed that the expression patterns and levels of different
BbTetRs in different growth stages were significantly different. BbTetR1, BbTetR5, BbTetR8 and BbTetR10 had higher
expression in different growth stages of Bacillus brevis, suggesting that they may play an important role in protein
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expression regulation.

Keywords: Brevibacillus brevis; TetR gene family; bioinformatics; expression analysis
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TetR BHZK S 54U brAEREGN. Rmg
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(DBD)F 1 /4~ C s/ N FeAARZE & 35 (LBD)AH 1.
N I8 e BE RS, B IRSFA5F I TetR_N(PFAM
%5 PF00440), T C il & B 2 FERR 2 2 S A
PR, WER A& 0/ N FRCR S5 B 20
PP, TetR & I " EEMRST, &4 9~11 1 a
12ie , Horp AT 3 58 4 4 o 1BUie P B DBD 4541,
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TetR 25 1 A9 T AR 1 R s 3 PR35 LA X 179 4
Sk
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FERAMREY T AL S A TR TetR 15
PRlo B TEGEIA b, FEHELERE Y Bkt &
T TetR gufb D], K2 A ml g 5N S A
S ORI IRD TetR H: K 505 A 5 i B A7 AEAR
KES, HLHEF TetR FEHFE M EERKZ
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PHPERT, SAPIR, 77238, APEfR, XK
LU0 e 2 AT T AE V5 Y R i P R 4 R s
T A AR EEEAEA, HAh, e R R T
FEAEZRBTEIE B, C I TR E
ABAN N PR, TetR BB AFAET K
WkFiE . GG ERE . YDRIRE . T
TR T HJROC TR0 A 2R FOAT TR TetR JE PRI S5
AT D WS . AR FAE R B2
P, JRE T SRR X23 H TetR KK

B, IFRHRGEIEAL . FED SR AR SRk S5 A T
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i Pfam ¥ % (http://pfam.sanger. ac.uk/)*4H TetR
TRSPESA IR (781 PFO0440, %6 4 J 2 FUAT 1
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FEARFHEY TetR JEAFH11$252 NCBI 728 T.H. CDD
search(http://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi) il SMART (http://smart.embl. de/)H#E17#
SEX ST, S L KT SR 5 5 TetR K%
PRSFEERER

1.2.2 48425 64T TetR A B Kok R 4921
SR 5 A7 Fe e LA AT

| H ExPASy IJ7EZE T H. ProtParam(https://web.
expasy.org/protparam) #x if] BbTetR £ FH i) & A P
BT, A4S BT A RRAL . AHXT 43 o RN A HL A
4%, it NCBI M3 (https://www.ncbi.nlm. nih.gov/)
T %A% B 25 7 4T 1 (Bacillus  subtilis)168( % 5% 5
NC_000964.3) il fit J€ ¥ 2F 761 #F B (Bacillus
amyloliquefaciens)DSM7(% 5% : NZ_CP053376.1)
A B 2 DSR2 R R TetR BRI
R B = AR 51 . FIH] MEGAT.0 45 40 2
FRAFRR A 2 AT BRI DE K 2R AT I 1Y TetR
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1.2.3 4342 ¥ J0AF 1 TetR 2B Rk R 49 A B 4%
MIGHT . BIRBRF 7 b af Fm ) 2R 45 # TR
FHAE L8k F MEME(http: //meme-suite.org/
tools/meme) M1 BbTetR ZEJ% il 51 {4 51 F 7 (Motif)
{58, ok Motif BUESHULE N 107, RHIEL
A4 Clustal W2(https://www.ebi.ac.uk/Tools/msa/clu
stalw2/) % %58 IR 25 FAT I TetR 21 28 HE IR
J 5 3t A7 e Xt o il i SWISS-MODLE(https://
swissmodel.expasy.org/)5¢ i, BbTetR & [ =K 4544
() [ R AT, S5 A I R % s R A B R
Swiss-PdbViewer—4.01 5£ %>,

1.2.4 4848 704 @ TetR B K3 R bt
ey Z A HT

FORZF AT I X23 B s e 10 SR AR A )
SyBIR 12, 18, 24, 30, 36 ho KERAE MR AKE
AR R AR TR, B T-80 CHIVKFER R, =
HE = U I AP RNA . 1% BE MR 58 I H Tk G
WS RNA 4l K 523, 6568 T (NanoDrop
ND-2000) # — 25 £ Il RNA ¥ £ Fl1 ODagoso «

ODas0/2300 FHREINA 4 1 L RNA ZHEHIIAERIE A
BHEA BRA G 7 S 2T o DA S 2 cH vh 4k
W TetR BEPH Y RIAEE . #ostdl-F ] FPKM {H
FR, FIH TBtoolsP I VERIA

2 GR55H

2.1 EEFHTE TetR EERELE R EAM R
GTHT

HR A Pfam Bda 2 24 TetR JEK R AR ST 45
F3(%i 5 PF00440 ), iz HMMER 3.0 434 & 81,
JE 0 ZEAMUAT S X23 SRR A 13 4 TetR JEA
HHIX 134> TetR 2 (2 SETR)T A AL 4K CDD
Search fil SMART #4743, KA BIFAIIE
FEORSFAY TetR N 254450 Bk, Fax 13 P HEEEIE
J&HR TetR FEFZEIG A, Hoilarsh BbTetRl
% BbTetR13. HEAM T/ Hr4s (3% 1)K, BbTetR
FER G K B 477~681 bp, dw 5 Y
168~226 MEIERRALK, AHXT/> T B R 1.9x10%~
2.57x10%, ZEHL N 4.84~7.77,

=1 BbTetREFERIEMR SHIE RIS

Table 1 Basic characteristic of TetR gene family in Brevibacillus brevis

HH AR K 1D SEEANE ORF K JE/bp A SRR X TR AL
BbTetR1 ATF12741.1 2431255-2431848 594 197 22 700 4.84
BbTetR2 ATF12125.1 1743976-1744545 570 189 21400 5.21
BbTetR3 ATF15517.1 5520165-5520845 681 226 25 600 5.82
BbTetR4 ATF13221.1 2934284-2934883 600 199 22 700 6.30
BbTetR5 ATF12256.1 1895349-1895939 591 196 22 300 7.77
BbTetR6 ATF15619.1 5644026-5644625 600 199 23 000 5.60
BbTetR7 ATF10838.1 322259-322843 585 194 22 000 4.84
BbTetR8 ATF13211.1 2921624-2922280 657 218 25700 5.36
BbTetR9 ATF13422.1 3220887-3221549 663 220 24 500 5.51
BbTetR10 ATF14920.1 4841859-4842452 594 197 23 400 5.45
BbTetR11 ATF14007.1 3814018-3814524 477 168 19 000 522
BbTetR12 ATF14836.1 4750214-4750771 558 185 21 800 5.74
BbTetR13 ATF14752.1 4646969-4647601 633 210 24200 5.14

2.2 SEEFMITE TetR EANFL SR

WEAE R A AT TR P 2 B 13 1 TetR 1
GG IO 55 A R ZE LT TR R A VE R ZE AT I TetR
BT RGE I BRI DRV kAR —
iy ) BbTetR & T 5 RIRMER & A

BbTetR & [ 1] 4324 3 LR, MG T 4455 5,
WL SRR AL 75 4 S o BbTetR ZG N 5
AR 240050, WS RALZF AT R TetR
HEATEIRE LA 290, TERERE KSRl fig
EAF TR
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Fig.1 Phylogenetic tree of TetR gene family in Brevibacillus brevis, Bacillus subtilis and Bacillus amyloliquefaciens
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Fig.3 Alignment result of amino acid sequences of TetR gene family from Brevibacillus brevis
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Fig.4 The tertianry structure of predicted TetR proteins from Brevibacillus brevis
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Fig.5 Expression pattern of TetR genes family at different

incubation times of Brevibacillus brevis
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