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Abstract: [Objective] Bacillus subtilis ComQ is a kind of isoprene biosynthesis enzyme. We used
bioinformatics to predict and analyze the biological characteristics of ComQ. In addition, we also
constructed comQ overexpression and knockout mutants to verify their effect on biofilm morphology.
[Methods] Firstly, we obtained the amino acid sequence of ComQ protein from the Protein database in
the NCBI website. Secondly, we predicted and analyzed the biological characteristics including
physical and chemical properties, signal peptide, domain and spatial structure of ComQ by online
bioinformatics software. Thirdly, we constructed comQ overexpression and knockout strain of Bacillus
subtilis, and observe their growth characteristics of biofilm by plate fermentation. [Results] ComQ
protein was composed of 299 amino acids with a theoretical molecular weight of about 34 204.08 Da. It
was a stable intracellular protein without signal peptide and transmembrane region. Colony PCR
verified that Bacillus subtilis BS168 mutants were constructed successfully. The biofilm morphology of
the two mutants was different from that of the original strain BS168. [Conclusion] Through the
prediction and analysis of the basic properties, key amino acid sites and protein structure of ComQ
protein, the mutant strain was constructed to verify the morphological changes of biofilm, which laid a
foundation for the subsequent study of ComQ on the growth and metabolism of Bacillus subtilis.

Keywords: Bacillus subtilis; bioinformatics analysis; biofilm; overexpression; knockout
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TRtk . FIRTEL S HT K F TMHMM Server!")
34 ComQ J& 15 AFTERE B4 1 . A FAEZL
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SEBAFTEAR S R . FIHTEL 53 B4 Psortb 3.0
X ComQ & [ 75 4t M H (4 5 o7 24 7 F
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HIT

| H NCBI BLf#) Conserved Domain Search
3BT ComQ H BRI . KR SRR (7
MR YIES A D485 RIRITEL S BT phyre?
W 3l AT AR T 43 B A T ComQ Y — 2K
gEFU ) 5@k Phyre® 3515 PDB (Protein Data
Bank) #% X 19 ComQ #LH & [1 ft, i 1
DoGSiteScorer " IFEL FHIMANEH T ComQ
1 FARM (first aspartate rich motif) 2 SARM
(second aspartate rich motif) iy 76 oL & M i 4k
RE-
1.4 ComQ ZERFEEIERXRZME S

iZ 1 STRING %4 42 %F ComQ 2 11 Y i
VEF G R M ZE AT oM
1.5 HEFEZFMEATE BS168 comQ T3k
ZERHBRRTE

R Al B 2F B AT R 4 R IR R AT

z1 HATEREISREFE R ES|Y
Table 1

snapgene X F 11 3 X519 (3K 1), 252 A R
Pl N R 7/ IS 1 %3155 o A i1 B 7/ N Sa i
U E TS 9. ARG PCR BUARMG 3 4
Brbfrii sz, ek mE 1, FHH spizizen
BeAR RN B alifh )5 1 PCR P=W5E AL 2R 52
MIAF I BS168 JEAz Al rh, AT BE IRk
FEFH I PCR Btk BH A v /2 75 i % s 2l
B i cre/lox 22 4802 Bk A E A0 A B b
e, AR HME. ¥ B Rk RS
1.6 FLIRIEFEMIR

¥ H B EFRAE Luria-Bertani [&{4 55 553
VI35, PR IR i AR IS fL)E, %
2% MR M ARALE 2.5 mL AEPRRA K
BB SLARD, RATE IR G SR AR AT R
WE 72 W BB AE DI, AR 3 217

2 BREM

2.1 ComQ EAKRMRNH

ProtParam /4 .78 ComQ A 299 4~44 Kt
g, EAFER AN 5.07, BRRE, 551
41 34 204.08 Da, 771 A Cag31Ha764No00O1150S 1165
AR R BN 35.58, RIWTRBCH 37.67, BiK
PEF-YIEN 0706, SignalP BAFIH3 504 A BE

Amplified primers for gene overexpression and knockout

Primers Sequences (5'—3")

L-comQ-F TGTTTATCAGACTGTTCGGCT

L-comQ-R AAATTGTTATCCGCTCTTTCTCCTTGATCCGGACAGAA
comQ-P43C-F CGGATCAAGGAGAAAGAGCGGATAACAATTTCACACAG
comQ-P43C-R CCACAATCTCCTTCATGTGTACATTCCTCTCTTACCTATAATG
R-comQ-F TAAGAGAGGAATGTACACATGAAGGAGATTGTGGAGCAAA
R-comQ-R CAGTTTCTTGCACATCAAAACCTA

L-AcomQ-F GAATAAACGAATGCTCAGCATATTTAT

L-AcomQ-R ATCCCCGGGTTTAACTACTTTTTAAATTATCCTGAGGCT
AcomQ-P43-F CCTCAGGATAATTTAAAAAGTAGTTAAACCCGGGGATCCTC
AcomQ-P43-R CGGATCAAGGAGAAAGTTCAAGCGAAAACATACCAC
R-AcomQ-F TTTCGCTTGAACTTTCTCCTTGATCCGGACAG

R-AcomQ-R CTTATAGTTTGTTTATCAGACTGTTCGG

P4 actamicro@im.ac.cn, 7 010-64807516
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Figure 1

. Transformation
\ﬁ
: Spread plate

N

Construction of Bacillus subtilis BS168 mutant. A: the step diagram of constructing comQ

knockout strain. Red fragment: upstream fragment of comQ, green fragment: P7C6P43 truncated fragment,
blue fragment: downstream fragment of comQ. B: the step diagram of comQ overexpressing strain. Red
fragment: upstream fragment of com(Q, gray fragment: P7C6P43 gene, yellow fragment: comQ and

downstream fragment of comQ.

ComQ NAFTESF SR, MUR g F4r BB H .
TMHMM F A 000 8 7S 12 25 1 TG 385 RS 45 4
Psortb 3.0 2K 45 5 .78 ComQ 1 V.20 B 5 15753
T, 2k, #I2HE ComQ HiEK
PEE AR, HARBE AP,

2.2 ComQ RFLEHIF R = REH TN
L5 (domain) &7 F 8 R A5 H A —
MR — 2. A NCBI H'#y CDD
(conserved domain database)%U# %2 43 #1 , ComQ
EAHA 2 MR EE R E R E EX (A 2),
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Ho IR P HI7E 67-71 aa 4Abf77E DDxxD
M R TS, A RAZEAMRE EKX 1
(aspartate-rich region 1), X #{FKA FARM (first
aspartate rich motif), ZJEMRFHI7E 186-189 aa
F1 194-198 aa b A RAHIR & 4EIX 2 (aspartate-
rich region 2), X4 Fx-& SARM (second aspartate
rich motif) ., 1X #6578 FL3E 14 7 32 Mg® kA S iR
MWL S, R T RemM S 1L, s
PEAL SRR, BRE 1 IE PEOR IE B 1 ]
K4 Substract-Mg™* 4% 4 i &5 (substrate-Mg>*
binding site)HH K[ T4 MR & H X 1 2 AL
Asp-rich X3 1 fI55 1 FIZH 3 Asp By 2 4
Mg, 55 3 4 Mg i LG & & asp X 2
FR A <7 5% JE [NDIXXX[STIXXXE HE4TBLAY
Wk Mg® gE IR YR SRR 4y, (e Uk ARk
TR R IR

FiHZF AT ComQ 28 1 dh iR 2548 2 LA 2
JEE LT AT TR Y — -0 5 IR 5 T (181 3A) Y b
K45} (PDB 1D 2l 3MZ V) AR 1E L4043

1 25 50 75 100
Query seq. : :

Substrate binding pocket \MA A B

Mro ComQ A 289 A KEEMR, HAfw i PP/ AR
LA 100% MY ELAF BEAA, B RIRE] 97%. Mt
PSR AL, ComQ HA 10 4~ o BRE(E 3B).
ComQ JE—Fh SR I & g™, — i
RV, XA RS R BN 42 s X R i A
U 2 AL I . = 3R A e RO
FIH DoGSiteScorer FEL M, Bl 2 4
REAHREFENXIE ComQ =KL MALE
(I 4A), HARIFRAL B — Ky e B RE,
L FEEH CEATY o BREE (K] 4B).
2.3 comQ HHEERMZ

it STRING H# T comQ HeKAH HAEH
PIZ& (1 5), RBHALY com HA B 2H g
ComXQPA MR R50, B spo0A FHe[H
degQ WA /AL AAAEM EAER . T spo04
2 DRSS T 2 2 R AT R A PR i A
B8 degQ R o3 VR 43 JE R X Tl 45 R A% 2 1
AR A EEAE R R Z 56 R Ik
Rk %, RUFEIERHBES.

150 175 200 225 250 275 299

— A NA_AA

Substrate Mg?* binding site 4

Spec1ﬁc hits Aspartate-rich region 1

Superfamilies

2 ComQ R MIHRERE

~a ﬁSme‘?te'riCh region 2

Isoprenoid Biosyn C1 superfamily

Figure 2 Schematic diagram of conservative domain of ComQ.

(A)

3 ComQ &R F1 ComQ L= E

(B)

Figure 3 ComQ template and ComQ structure diagram. A: the tertiary structure of ten alkenyl diphosphate
synthase in E. perfringens. B: the tertiary structure of ComQ in B. subtilis.
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Aspartate-rich region 1 3
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B4 XEZIBREEXMERVECODRTEE

Figure 4 Schematic diagram of aspartic acid enrichment area and substrate catalytic pocket. A: aspartic acid

enrichment region; B: substrate catalytic pocket.
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Figure 5

24 RTLTEBHE

RIGUE comQ e PR e Xof A6 ) BRETE 18 1 52
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PG PCRAS R H (1 SE R i AL B A 5 25 iy
FFEE o PR A5 320 9 BH P 7 B2 P B0 - A BRI
PRBCA B Y5 JE1 7 7% PCREPVIEGIE (A 6), 1551 (1
FRPE v B L BR Pk . A B R B bR 2 LT
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T R REC 5 T R 24 R S A e

- uppS

%!

Interaction network between comQ and other genes.

25 HHEEMHT BS168. BS168-comQ K
BS168-AcomQ FE YRR 7S 3T B

3 BREMRAEYBIE S E R E ., MR
A B 2F AT BS168 BYAE W (K 7A), comQ
1 8 28 AR TR R AR UK, RH Ak A
(81 7B). RAMYSE, comQ FEWFBRZ IS, AhHE
ZEMUFT P AL RETE B M, (ELRE AR Ak
84 B E (1 7C) o i R AT RE S A= 0 B P B 41 2
1. KA 205 . M5 DNA Z1EL, 3 MR AP B
H 3 R AL G S RS T AR WS S A
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Figure 6 Colony PCR. A: fusion PCR fragments of comQ overexpression; B: fusion PCR fragment of comQ

knocking out.

(A) B)

©

B7 #HEFHRAEREERRTENAREYEES
Figure 7 The biofilm morphology of Bacillus subtilis BS168 (A), comQ overexpression strain (B), and

com(@ knock out strain (C).
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