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Analysis of bacterial terpenoid synthase by bioinformatics

CHENG Tian HAO Zhi-Qiang WEI Qiang LI Guang-Lin’
(College of Life Sciences, Shaanxi Normal University, Xi’an, Shaanxi 710119, China)

Abstract: [Objective] At present, studies on terpenoid synthase mainly focus on plants and fungi. The
systematic study of bacterial terpenoid synthase is still rare. Based on a large number of bacterial
genomes, we identified bacterial terpenoid synthase in genome-wide and predicted their function by
bioinformatics. [Methods] Local bacterial proteome database was first built based on the bacterial
protein sequences, and hidden markov model (HMM) of PF03936 in Pfam was used to predict bacterial
terpenoid synthase. Then multiple sequence alignment for candidate terpenoid synthase was aligned by
the tool of MAFFT 7.130b, and phylogenetic tree was constructed by MEGA 6.0. Finally, analysis of
motifs was conducted by MEME and point mutation of TPS by PredictProtein. [Results] In total 1 423
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terpenoid synthases were identified; they are distributed in 8 phylum, including: Actinobacteria,
Proteobacteria, Cyanobacteria, Bacteroidetes, Firmicutes, Chloroflexi, Acidobacteria and Chlamydiae.
Phylogenetic analysis revealed that bacterial terpenoid synthases can be divided into 4 groups. Motifs
analysis of each group by MEME showed that in addition to conserved motifs among groups, there
were some specific motifs within each group, which implies functional differentiation among different
groups. Point mutations analysis showed that mutations of amino acid sites in different positions of
terpenoid synthase could have different effect on TPS function. [Conclusion] Bacterial terpenoid
synthases are mainly distributed in 8 phylum, of which 2 phylum have not been reported before; they
are Firmicutes and Acidobacteria. Phylogenetic analysis showed that the difference among 4 groups of
terpenoid synthase is mainly caused by group-specific motifs. In addition, mutation analysis of amino
acids in different positions of terpenoid synthase provides a fundament for further verification of

bacterial terpenoid synthase function.

Keywords: Bacteria, Terpenoid synthase, Bioinformatics

21L& ) (Terpenoid)t H SRt P 4514 5 22
BEL PN E R MR A A
(Terpenoid synthase, TPS) & 2G4 A Al &
fitf, M4 I (Isoprene, CS)HICEIAIE, mh
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1 AEEES KB 2 HIER
Figure 1 Distribution of terpenoid synthase in bacteria
H: A FESANTIPRAAEN; B: EBERT SRR E L.

Note: A: Distribution for each phylum; B: Distribution for each family of Actinobacteria.
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F1 SN TPS EEH LT

Table 1 Statistic analysis of TPS gene copy number in
each species

2 015 Wb E
Number of copy Number of species

1 199

2 128

3 94

4 74

5 26

6 13

7 10

8 4

9 3

26 1

27 1
e BB AP A 10 TPS $H ; WA & A 1% DL
A GRE N d =R

Note: Copy numbers mean the numbers of TPS in signal bacteria;
Species numbers mean the numbers of bacteria with this copy
number.
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—J AT R RS T TR A S TPS M4HTE
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BESE A i A BB (Diterpene  synthase) & 3 A%
AT TPS, HHEI 2] RE R il A hi il .
2.3 HEIEES B FYIHIHHE
BIRAEY) . HE AN TPS (IR 751 2
SRR, (HUZITAE W TPS JPIIEREA 2 A~ BEORSF
MaR BTG58 1457 5 -DDxx[D/E]-
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AW LI IEFAE Group 1T H4-DDxx[D/E]-,
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B TPS H AR K22 53 ( 3, 4 e U5 HERRIE) : Group
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PR OL . Group ITIHY i 3E)T #-x VDDxxx[D/E]-
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T M AR TPS IFANIER N2
[ (1 2 51, A H MEME $( 4% TPS J¥31 1Y) Motifs
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FARK . Group 1 P B HKRZ , N 17-19 1
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Figure 2 Phylogenetic tree of 115 typically bacterial TPS protein sequences
I FES T HT 53R GenBank & B S, 703 FHEITZR/R Bootstrap {H(<30 RYBRR). AR AR (10 551 2 FRACER A
K TPS: 44 03E Group 1, LB EICEE Group 1T, EEAFE Group 11T, /KEEEARFE Group IV, H A I0HEZEM) TPS 741,
Note: The numbers in parenthesis represent GenBank accession numbers, the numbers on each branch indicate the bootstrap values (hide

if <30). Sequences names with different colors in the tree represent different groups of TPS: green represent Group [, reddish brown
represent Group I, purple represent Group III, aqua represent Group IV, black represent sequences that can’t be classified.
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= ) 1y ASVATTE TNNDLY S SyT}@3 LASPERH 404

YP_006882656.1 228
WP_008743709.1 58
YP 347573.1 82
YP_003510780.1 111
YP_003680543.1 195 =

YP 001105919.1 100 T
D

..212 GN:bube NI v TIa LASDERH 234
..238 SLVSME I B2 VIS HLNETGD 260
...268 GVE = VIANNS B LS KEINEFD 290
..351 GSEE VR BRSNS ---DVTD 370
..257 TLIAGg VNI 2 CEida FREHELD 279

BADS86798.1 64 DLATRE-———— RERAREP 216
ACO31279.1 71 DLRTRA-———— KDAEEG 232
BAI44338.1 65 DFYSMD————— REVSLG 232
BAB39207.1 68 BYYERG————- REKKAV 231
ACO31274.1 70 FGRSLWRCIPDLIGDAKAG 213

ADDS83014.1 70 FGRSLWRCIPDLIGDAKAG 213

B3 4iE TPS & EERIFII AR
Figure 3 Alignment of amino acid sequences of bacterial TPS in each group
H: A: Group [ BYFFILEXTEER; B: Group IIMFHILEXSEEA; C: Group IIIAYFHILLRXTAE R ; D: Group IVAYFH LLATEER. £
{6, )5 HEH }y-DDxx[D/E]-B%-DDxxx[D/E]-J& 57, 5 (4 /7 HE FP A -xxNDxxSxxxE-FL .

Note: A: Alignment result in Group [ ; B: Alignment result in Group II; C: Alignment result in Group III; D: Alignment result in Group IV.
The sequence in red box is -DDxx[D/E]- or -DDxxx[D/E]- motif, the sequence in blue box is -xxNDxxSxxxE- motif.

Motifs A Motif 2 il Motif 5 (&l 5A); Group I %FF AERYRZIR, EH Group IIIHHI—AFHNCE RSN
fY) Motifs > Motif 15 F1 Motif 19 (] 5B); Group I[II ~ NP 733742.1) #E 17 H & 2 M (I 6) . 1 F
A 1 Motif i Motif 18 (& 5C), Group IIF1  -xxNDxxSxxxE-iX /&P EARIANE TPS 22 [a) 23k
Group IV () Motifs 7 HAISHEF 8, o WS, JFH D BPRSFHERSR, FTLATGIE D ##
%53 Motifs., Bl 20 NS TR —A>, AR TPS R
2.5 RERTIME GRS KBS ERI 5 4 TP E AR 1 D S 6 i E Bl D

WPyt TPS Py, T TPS RYEZE B, WSS R MA@, IEHIA E /5 D T, {8
IR ) AN H T FH TPS TWRE(EZHE 4 E B AkR D AMHABZILRRI,, W2sxf TPS
TPS (WG TPS MBS =YNskAs, b TiRH  BIBEE A B A0 . BR-xxNDxxSxxxE-7h, H
FERAHANEE TPS hE BSOS 78X TPS T Ml B A S SE MR 8 e 2 X 4 1 TPS AYZHRES™ A=

http://journals.im.ac.cn/wswxtbcn



1884

A% B4R Microbiol. China

2015, Vol.42, No.10

E3]

4 HEAE TPS BY Motifs
Figure 4 The motifs of typical bacterial TPS
e ZE80r TPS 4 TEE R s HIESH TPS motifs 4125411 Combined P-value; #72-&5434 20 4~ Motifs 7£ TPS H1 ¥ 43-47.

Note: Left part illustrates the molecular phylogenetic relationships among TPS. Middle part indicates combined P-value of motifs structure

of TPS. Right part shows 20 motifs distribution in TPS protein sequence of bacteria.
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