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Abstract
Objective

Proteases are among the most important industrial enzymes. Microbial proteases, especially from
Bacillus sp., are most widely exploited industrially. The aim of this study was isolation, cloning,
sequencing, expression, and bioinformatics study of yyxA serine protease gene extracted from

Bacillus licheniformis.

Materials and methods

In this study, after extraction of bacterial DNA, the yyxA serine protease gene was isolated from
Bacillus licheniformis using the polymerase chain reaction technique and cloned into the pTG19-
T vector. The molecular structure, its biochemical and phylogenetic properties were investigated.
The three-dimensional structure of the cloned enzyme was predicted using the I-TASSER,
PHYRE2, RAPTORX, and Modeller tools. Confirmation of yyxA gene expression was performed
by SDS-PAGE and dot blot analysis.

Results

Cloning was confirmed by sequencing. Based on the results of phylogenetic studies, the obtained
protein sequence showed high similarity to the sequences of other Bacillus species, such as B.
subtilis, B. gobiensis, and B. pumilus. After evaluating the drawn models, it was found that the

models provided by PHYRE2 and I-TASSER software were desirable ones for predicting the
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three-dimensional structure of this protease. Recombinant protein production was successfully
induced by IPTG induction in the host containing the plasmid pET28a-yyxA. Optimization of
recombinant protein production was investigated. The highest expression values were obtained at
37 ° C for 4 hours with one mM IPTG.

Conclusions

The nucleotide sequence of the yyxA gene is 1212 nucleotides long, encoding a protein with 403
amino acids. Studies have shown that the enzyme encoded by this gene is in the category of stable
enzyme and will be expressed in solution in Escherichia coli. These advantages make the enzyme
as a suitable candidate for use in industry.
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Table 1. Primers used in the present study
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Table 2. Protein sequences used for phylogenetic tree construction yyxA gene

wldd a0y e tylod polal ol o5 polaidl 6l WS g puix 3,
g Accession number 9y Specific name of the Species hame Number
Protein Specific name gene

videntity of the protein

100 NC_006322.1 Q65CS2 YyxA B. licheniformis 1
68.8 NZ_CP012600.1 AOAOMAFTTS AMb592_17555 B. gobiensis 2
68.1 NZ_VEIS01000011.1 A8FJB1 BPUM_3684 B. pumilus 3
64.1 OAS83115.1 AOA179SN19 A6K?24 10855 B. litoralis 4
62.2 NZ_JNVC02000013.1 AOA084GNI5 GS18_0215870 B. indicus 5
59.9 NZ_CP016020.1  AOA1L3MXY7 A9C19 20155 B. weihaiensis 6
59.5 NZ_QURG01000030.1 AO0A165Y0I0 AZI198_08070 Aeribacillus pallidus 7
61.4 NZ_AJLR01000036.1 K6DK45 BAZO_02886 B. azotoformans 8
56.7 SLUL01000000 AOA4R1QIKS EDD69 10238 Thermolongibacillus 9
altinsuensis
56.9 SLVV01000000  AOA4R2BCF8 EV146 10844 B. foraminis 10
57.3 RZTZ01000000 AO0A437K9HO EM808_13985 B. taxi 11
59 LJAJ01000000 AOAON0Z2Q8 htrA_3 Geobacillus sp. 12
54.7 NC_011567 B7GMT5 Aflv_2834 Anoxybacillus 13
flavithermus
54.2 NZ_BASE01000029 AOAOA8X1Y0 SAMDO00020551_1407 B. selenatarsenatis 14
53.5 AOA1X7G729 AO0A1X7G729 B1B01_ 21595 B. filamentosus 15
¢y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500


http://swissmodel.expasy.org/qmean

BN,

(YE~~ Olumo; € 5 )lows VY 5)9.5) S329US (659955 g dloxe

s,

@ oap N (rberisNsjd (B Sig 9 Gwwlguel g w9 Glwailues (gilulia
2l i iloailuas PTGLI-T (casand JBU 13 YYXA 1S 0, 5 ¢ 2bySt DNA zlyscil j o Tode] Cowd
o 5 ) JS8) €855 )15 20 550 BAMHI g ECORI 57 53 b oy 5 i g PCR (slagygesl plosl b gjlosilvon
Sl )8 w0l 3,90 1y (gjlwtiluen cove DNA LU JIg gl s pen

YYXA o5 9 28b s BamHI 5 ECORI o5l 95 b al8las & )90 4 PET28a(+) § PTG-YYXA (classewdl
DH5a 49w E. COli (58L& PET28a-YYXA S 59 suowdly (s 13,5 5l PET28a(+) ous las 5L )
03585 40b ey & ol el 5 of spds by 9 BAMHIL 5 ECORI 051 93 L (or il i L 5 05 03l Jlis]
(g =) Js9)

E. b gy & abhia )50 4 05 86 PET28a (+) 5 PET28-YYXA (slassesdly oS 595 (090 W5 sl
F5U50 39 dgu5 g0 43l QBECS2 o L YYXA ()5 Lawsgs 0ad )l gy 50 o0l JasI BL21 (DE3) (g4 40 COIi
o394m 5 gudly LisBiay Sl S A5 im i (isIlS FEIVA 3 FYIY + s & His- Q65CS2 5 Q65CS2 15,
e g g Sl (Vsaidee S 2 L) IPTG (39381 | oy sl ¥ SDS-PAGE Jj 55y 2 (9ldshs Y0
4 S35 Lol 2,05 )18 Wjlig oy el (JgSUge (jg 0390 1> sy 3l JSge 39 425 (Y USE) 292 S g
& Glxie P 5 bawes odd lo gy ¢ B. circulans MTCC 7906 ;ksg, ST clp ors (355 Jsdse 39
S Pg wBep ol ilwas ybie 4 (Kaur et al. 2012; Ageitos et al. 2013) c..! B. licheniformis
SLCLIE 5 (ugrdes 42,0 YV 5 ¥+ ¥ XY OF) il claled 13 (g oo ol )3 5 205 (b (il glo ol
IPTG lall | g sl ¥ 5 Y e+ Sl sladigas 9 <85 )15 iomis 3)90 (}¥g0ske o 5 o o2 ) IPTG e
sanlie ;Yoo Lo G cbile LIPTG (il jl o el ¥ 5 ¥VC C clod 3 opig g oo oline oyt 503,85 (69l e
oBan b ol Bl ple (iSly ol pgd iy sl sdaliio LB Y o)led poai > oM o gl (Y JS2) 138
Ol g Conl S 598 g Ole Como oAU 9 3980 odalie U (Slogrd SaaS] g0 4 & Cunl Jolne oS g
D9 god omlie (sloged 4 (JyuS) Jol cns) 3 & el (b >

L NCBI GenBank 15555 Jlg ololy , oad <ol YYXA jWgp cpyw 048 5o, DNA I35l Gzl
stlhordsS 5 Sla Sy NS o o, 1) pslgisel ¥ L (g s 45 039 WY B Jgbo & NC_006322.1 sl oleu

SeySlgsal abs 5 Jsge ()jg 45 €85 48 (0 3)90 PrOtPArAM aslyy 1 oozl b YYXA bausgs 0ad 50, (s n
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\YYY bp Y)Y bp

Y Kb JeSIge 0511 ,S5Li (M e ly (6lo ey STy 31 oalis] U YYXA o5 S (LY JSC5
o 3 i I Juols gl (0 YU o2 53 PCR dlawg 43 YYXA (5 iS5 51 ool aomi (Y ¢ yg5 Liguw
b i PTG-YYXA a8 595 (suansty (1 (J990 03151 ;LS (M PTG-YYXA a8 15 95 oDy
(M PET28-yyXA S 595 dnowy ou 351 i 1 ols gl (z BamHI g ECORI 3 g3
BamHI 5 ECORI @ 331 93 b o0 ui PET28-YYXA oS 1595 dwonwdly (Y <) kb Jog0 25101 ,SiLis

Figure 1. A) yyxA gene amplification using polymerase chain reaction M) molecular size
marker 1 kb, 1) Result of amplification of yyxA gene by high volume PCR B) results of
enzymatic digestion of recombinant plasmid pTG-yyxA M) molecular size marker 1 kb, 1)
Digested recombinant plasmid pTG-yyxA with two enzymes EcoRl and BamHI C)
Recombinant plasmid Pet28-yyxA M) molecular size marker 1 kb, 1) Digested recombinant
plasmid pET28-yyxA with EcoRI and BamHI.

Sl g Ay 40, 390 1Ty i duwle YY/VE YYXA Lawsgs 04l S g (5)luLL [adls &5 pl & asgi b
Cenglio dygly yobate 4 pae Jole SO lgie 4 SSla] sl uomen (Gasteiger et al 2005) 5,5 o )3 Hlub
B. 335250 oy 95 3590 > a3 ld cul Gliee 4 48 0035 Aol WYY QB5CS2 (59 gl )l il )3 i

Banerjee et al. 2014; Sulaiman et al. ) cwl S>3 B. lehensis > 5490 559, o anthracis str. Sterne

(Ikai 1980) 3,41 jlous 4 &l lys 3 5k slogsio 09,5 50 |y Guis ol 53 adllas 3)90 (g (g 00 9 (2017
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e S ol s @ (g Mg gy plw b QBSCS2 (g (Sebjskd 9 Silged o)y

oon b ) alis VL QBSCS2 gy (85 J18 anlie )50 50> Shsage slajlisn L YYXA 5lisn
B. litoralis « b . AOAL79SN19 4 B. pumilus 4, slxe ABFIB1 B. gobiensis ;s 35> 50 AOAOMAFTTS
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35,500 Caenl Bl 4 (Shimogaki et al. 1991) wsl o s 5905 g by sulingw 05,5 (slacl olod )3 ob dw
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SlaguSan on colid jl Gl poshl iz 4 Blite lajlEgn (n Clid 0ud ma i (SBTokd €83 )3 855 (o )18
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bospo iy 831 5L (M ¥ g0 dhao S Clale L IPTG WI 51 oy sl ¥ PET28a duouwly
PET28a swausdly (g9l (558 51 0l gl 5! JS' (359 53 (0 (/1 171-0 KDa) (5 (oiogioms &5 b 4y
SWI 51 (g sl ¥ PET28-YYXA sousdly (59l (5 55 j1 0 ! p5ien! Jglomo (g (1 -0 ylo
Gsloj PET28-YYXA spomsdly g9l (5 55 31 o gl 50l JS ciSg (Y j¥90 e Sy e LIPTG
SWI 51 g sl £ PET28-yyXA swaudly (55l (55851 51 oo gl y5iuwl Jglono (oiigpy (A - o

Yoo dwo SO clale LIPTG
Figure 2. SDS-PAGE analysis for the verification of expression of His- Q65CS2 fusion
protein overexpressed in E. coli BL21 (DE3) cells. 1) Total soluble proteins extracted from
pET28a 4 h after induction with IPTG. 2) Total soluble proteins extracted from pET28a 2
h after induction with IPTG. 3) Total proteins extracted from pET28 4 h after IPTG
induction. 4) Total proteins extracted from pET28a 2 h after IPTG induction M) Protein
weight marker (6/5- 116 kDa). 5) Total proteins extracted from pET28a 0 h after IPTG
induction. 6) Total soluble proteins extracted from pET28a-yyxA 2 h after IPTG induction.
7) Total proteins extracted from pET28-yyxA 0 h after IPTG induction. 8) Total soluble
proteins extracted from pET28a-yyxA 4 h after IPTG induction.
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Figure 3. Dot blot analysis of recombinant protein Q65CS2. 1- Soluble proteins extracted

from pET28a. 2- Soluble proteins extracted from pET28a-yyxa.

100 trl/ACA4R1QIK8|Thermolongibacillus
%8 { rB7GMT5|Anoxybacillus
29 trAOAON0Z2Q8|Geobacillus
66 trlK6DK45|B.azotoformans

trlAQA1X7G729|B flamentous
trlAOA437K9HOB. taxi

— — trAOA4R2BCF8|B.fofaminis
{ trAOAOABX1YOPB. selenatarsenatis
tr/AOA165Y0I0]Aeribacillus
52 tr|Q65CS2|B.licheniformis
%9 { tr/AOAOM4F TT5|B.gobiensis
tr/A8FJB1|B.pumilus
81 tr/AOAOB4GNI5|B indicus

100 tr/AOA1L3MXY7|B.weihaiensis
b Olgage plw g (wakawl o ilisee sjligy & barpe 0 gy (Siijohd Cb,0 £ UKW

3 SWGielad CA 4>l 43 9390 W9 g B wolais] o .MEGAS.2 3810 5 5l adlaiw!

48

Ll 3w astie (315 JA13 YYXA (45 bawgi 00wdsS cpid g g Cowl o0l ¥ Jou

Figure 4. Phylogenetic tree plotted for the serine proteases of Bacillus using MEGAS5.2
software. The specific names of genes and proteins in this phylogenetic tree are listed in

Table 2. The protein encoded by the yyxA gene inside the box is identified.
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