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Abstract: [Objective] This study aimed to get more information about sequence and protein
structure of type IV lanthipeptide synthetases. [Methods] Eight potential type IV lanthipeptide
synthetases were chosen from Bacillus subtilis, Streptomyces collinus Tu 365, Lactobacillus iners
LactinV, Streptococcus pneumoniae, Lactobacillus delbruecki, Bifidobacterium longum,
Amycolatopsis azurea and Finegoldia magna, and their physicochemical properties, domains,
secondary structures were analyzed and predicted using different softwares. By using the
Neighbor-joining method of Molecular Evolutionary Genetics Analysis software, a dendrogram was
obtained based on genetic distances. [Results] All eight proteins were hydrophilicity and there was
no signal peptide in them. The proteins in S. collinus Tu 365, B. subtilis, S. pneumoniae,
Lactobacillus delbruecki, Bifidobacterium longum, Amycolatopsis azurea and Finegoldia magna
were acidic whereas the others were alkaline. The proteins in S. collinus Tu 365, B. subtilis and S.
pneumoniae were unstable whereas the others were stable. The evolutionary analysis showed that B.
subtilis had the closest genetic relationship with S. pneumonia. The evolutionary relationships of
LANC-like domains were similar to total synthase, which was different from STYKc/S TKc
domains. Alpha helix and coil were the basic secondary structure. All those proteins contained
LANC-like domain. [Conclusion] All that eight synthetases have their conservative structure in
different bacteria, therefore, they can play the similar biological functions. All these results will
provide information of the type IV lanthipeptide synthetase for further study, especially for
improving the bio-control value of B. subtilis.

Keywords: The predicted type IV lanthipeptide synthetase, Bioinformatics, Bacillus subtilis
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Figure 1 Putative lanthipeptide class IV in Bacillus subtilis XF-1
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(Bifidobacterium  longum)

x1 BOARFEEOEFERRSRE IR

Table1 Homology comparison of the predicted type IV lanthipeptide synthetases from some bacteria

E
. . Protein GenBank Identity Query
Species Protein abbreviations accession No. (%) coverage (%) E value

Type IV lanthipeptide SCLan AGS73699 33 74 le-52
Streptomyces collinus Tu 365 Synthetase

Threonine protein kinase BSLan AGE62336 100 100 0
Bacillus subtilis XF-1

Lanthionine synthetase LILan EFO67979 33 93 9e-127
Lactobacillus iners Lactiny ~ C-like protein

Lantibiotic synthetase SPLan C0O017013 99 100 0
Streptococcus pneumoniae

Lanthionine synthetase LDLan EPB99379 31 97 6e-114
Lactobacillus delbrueckii C-like family protein

Lanthionine synthetase C BLLan ACJ51584 29 97 le-91
Bifidobacterium longum family protein

Lanthionine biosynthesis AALan WP_005163355 29 99 6e -100
Amycolatopsis azurea protein LanL

Lanthionine synthetase FMLan WP 002838471 37 98 3e-154
Finegoldia magna C-like protein

Lan.

Note: Proteins are named by initials of genus name and specific name plus Lan. The same as below.
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Table 2 The physical and chemical properties of the predicted type IV lanthipeptide synthetases from some bacteria

. . Signal Number of Molecular . . Instability
Species Protein peptide  amino acids  weight (Da) Theoretical pI  Hydropathicity index

SCLan NO 1022 107 631.8 6.02 —0.125 40.04
Streptomyces collinus Tu 365

BSLan NO 856 97 961.9 5.85 —0.251 41.75
Bacillus subtilis XF-1

LILan NO 837 95 423.1 7.22 —0.290 35.12
Lactobacillus iners LactinV

SPLan NO 856 97 909.9 5.85 —0.248 42.97
Streptococcus pneumoniae

LDLan NO 829 92 559.6 5.43 —0.264 33.46
Lactobacillus delbrueckii

BLLan NO 885 99 860.1 6.13 —-0.321 35.38
Bifidobacterium longum

AALan NO 847 93 227.8 5.46 —0.209 33.53
Amycolatopsis azurea

FMLan NO 850 98 408.0 5.09 -0.212 34.65

Finegoldia magna

SCLan LDLan
7.0
5.09
7.22
STYKc/S TKe
8 3
8 7
8
23 EEMEFERESHEBH S FHULD 3
LANC-like
BioEdit 8
LANC-like

MEGA STYKc/S TKc
5.22
2 3 4 LANC-like LANC-like
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100 1 Bacillus subtilis XF-1 (AGE62336)
ﬂ{ L Streptococcus pneumoniae (COO17013)

99 Finegoldia magna (WP_002838471)
_{ Lactobacillus iners LactinV (EFO67979)
56 Lactobacillus delbrueckii (EPB99379)
Bifidobacterium longum (ACJ51584)
70 Amycolatopsis azurea (WP_005163355)
Streptomyces collinus Tu 365 (AGS73699)
0.1

2 SHEMPEE)FEMRA MR XER
Figure 2 Phylogenetic analysis of eight predicted lanthipeptide synthetases from some bacteria
Bootstrap (>70  Bootstrap )
(0.1 10% ).

Note: The numbers in parenthesis represent GenBank accession numbers; The numbers on each branch indicate the bootstrap values
(believable if >70); Scale represents the nucleotide changes in per unit (0.1 means 10% changes were observed between two sequences).

41 Lactobacillus iners LactinV (EFO67979)
749['; Finegoldia magna (WP_002838471)
83 Lactobacillus delbrueckii (EPB99379)
67 [Baci//us subtilis XF-1 (AGE62336)
] 100 ! Streptococcus pneumoniae (COO17013)
Bifidobacterium longum (ACJ51584)

Amycolatopsis azurea (WP_005163355)
Streptomyces collinus Tu 365 (AGS73699)

0.1
3 8 FhEHE® STYKce/S TKe Z#iEay# L X &
Figure 3 Phylogenetic analysis of STYKc/S_TKc domain from some bacteria
Bootstrap (>70  Bootstrap )
(0.1 10% ).

Note: The numbers in parenthesis represent GenBank accession numbers; The numbers on each branch indicate the bootstrap values
(believable if >70); Scale represents the nucleotide changes in per unit (0.1 means 10% changes were observed between two sequences).

100  Bacillus subtilis XF-1 (AGE62336)

92 L Streptococcus pneumoniae (CO017013)
61 Finegoldia magna (WP_002838471)
Lactobacillus iners LactinV (EFO67979)
47 Lactobacillus delbrueckii (EPB99379)
Bifidobacterium longum (ACJ51584)
61 Amycolatopsis azurea (WP_005163355)
Streptomyces collinus Tu 365 (AGS73699)

—
0.1

4 8 FTHEHRP LANC-like BRI L X F
Figure 4 Phylogenetic analysis of LANC-like domain from some bacteria
Bootstrap (>70  Bootstrap )
(0.1 10% ).

Note: The numbers in parenthesis represent GenBank accession numbers; The numbers on each branch indicate the bootstrap values
(believable if >70); Scale represents the nucleotide changes in per unit (0.1 means 10% changes were observed between two sequences).

2.4 HEETERR LA IR AL S TN SCLan LILan
KinasePhos LDLan AALan
3 1:1 4 2:1
8 BLLan
LDLan SCLan
8 3 FMLan LanM
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Table 3 The summary of kinase phosphorylation sites B B
0
Protein Serine Threonine  Tyrosine  Histidine 13.87%
SCLan 51 62 16 0 28%
BSLan 62 36 49 0 8
LILan 45 48 44 0 Smart
SPLan 63 35 49 0 DomainDraw 8
LDLan 38 21 42 1 5 8
BLLan 75 41 34 0 LANC-like BLLan
AALan 35 32 25 0 LANC _like
FMLan 60 41 58 0 7 LANC_like
LANC-like C-
SN TEE SHe 7o == A Cb i — 48 4t
(pSer) (pThI‘) B R4 BOEKRPREERESHREEZREHET L
ha/Dhb Bkt
Dha/D Table 4 The percentage of predicted secondary
Lan/MeLan structure of predicted lanthipeptide synthetases from
: some bacteria (%
MeLan Lan [52% (Vo)
a i p
/ Protein a-Helix Coil B-Turn  B-Strand
/ pSer/pThr SCLan 34.05 40.80 11.06 14.09
BSL .62 1.54 . 21.
ATP SLan 37.6 31.5 8.88 96
(23] LILan 32.02 31.54 10.04 26.40
SPLan 38.20 31.43 8.53 21.85
LDLan 50.42 25.45 10.25 13.87
BLLan 35.59 34.01 10.96 19.44
AALan 39.20 32.11 11.69 17.00
/ FMLan 32.47 29.18 10.35 28.00
1022
SCLan ==z ?
. BSLan QD d;y
— 3o
2-5 ——&—Fl *@&—H *@iﬁ‘jf]')sl)s] LiLan - _
a B B 856
SPLan P _829
LDLan ame X 085
PSIPRED SOPMA BLLan &
47 ® STYKc
4 AALan - d ® LANC-like
850 ® S TKc
FMLan a, X -
a 50.42% . 5 ‘ o
B 5 #WOEKPEFEERRSHEBEEEIEXE
o

Figure 5 The model graph for domains of predicted
lanthipeptide synthetases from some bacteria
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Figure 6 The model graph on tertiary structure of
lanthipeptide synthetases from some bacteria
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