(DOI): 10.22034/AEJ.2020.131264

yYa4q Ql:u.u.a:) & QJLA.A.:L ¢‘L&J:)‘JJ JLA_H LSJJ"L? Cu.ug:) .!af.;.n @.’LAJS::: u_olt. 4.4[;.\...46

‘,hﬁs i

ET g (sl g ygmwg Y (o g 5L oS yigh Wl g Cg> (o 5 03w (21
SHY (308 (o T (Slgid! il (w3 39 Sud b (kg 93 i) (SSilo 59l w9

Ol sal Sload 3l s8I (Kb jaals suitils (53515 53k 05 00l yrdlo (aans °
Ol Ol Gload sl (St ey suStils 5350 s 5k 05 S 1 laboluls sane °
Ol Sloaat Ot o€l ¢ St ol 2uStils (535l sm 5 058 10WMAA Ju dbluas o

Q‘)ﬂ‘ (J‘\)e.:;l (")“)3.:& N “sjlf_ - K ‘L;‘.ul_’u.z;,u.u:‘; AJ; :‘5‘)%3‘:3)*-.‘; LhéJd:ﬁAﬁ ®

VYWA4 Crags ioBndy fol yraa LT sl e &b

oS>

® %

ot -t g B 5 Lo g ST ade Lz ol (29, 5n s Cllab & il or Lo BT o 9 0 A 5 (glakizg Lagew 32 STL
IR Jstomn 03 I P g Ay (s M 035 (25 458 9 ouS 59 DNA (g5 03Ul by ppoun 92 8l (W polie A 5 plaindy oo
254 45 ABly r il £ s 0 T S g g5 Y 22900 030k (S 0 Jas Wy g il ol S g B 5 ol B
o5 SHY pund aaal gl 31 )4 dsl (1 ol andlan 45 2348 0 g 5 Brevibacillus laterosporus G1-A ¢ 5y 3} b
B9 ety O30kt (25 3 (85 o5l addlan ol 3 b elinad g e s Y e gt ST S 58 AP o (KeST (gt anld
3985 (b g9 Y g Sl 3 5 58 98 585 G oSile «(N-SHY) SHY (an> el (gLl ¢ greditonss s> (g5l
U N-SHY (003 315 L3 gl b anllas O3an 595 25 T glaw g coddo 3 N-SHY cpns 3 (Sl ) gl gy (Lo 50T LSy
S p Y6t il (S ph g plb ez ) @l s ol ST olsn Bl 25 T Gl £obu o I
AT oyl 2 5 slin (53 50 3 B iy 3 ol U1 200 5 0 plal (Lo 3T 0 3kety 233,87 (el 55 30m0 5 5Y 52 55T
GG 2 By S p19) S 55 A5 e e 5 G ey Wl g N-SHY s 3l gt ol anlllas 2305 242
L Jas S5 Lty 2

=

mtabatabaei2003 @yah00.C0.UK :J s saius 53 (Susg 3 ooy 3




(DOI): 10.22034/AEJ.2020.131264

oS3l 583 s 5alT g Gl g s 9 Y (e 52 8L S 5 95 i 5 g (S5 (S5 o5l (a b

SlKen 5 saliplla

ol sl pnis Wom gome LS5 (97 59, l9e Sule el
575 b adlioe T Ol 5 g wooly iloAls 5wy ol
S8 egolatdl ad o Ldsar ol Sl Slo e (M2
S5 50 5 o0 dpogh S (wiites 3l Sl ooliiul g Co
el e Jloio Coromeimly (J5Sho 039 Jdods oS g sloaeing
o Sboe i 5l Jlbaiy (28l 5 g5l Al 5 g oo a0
2 5 sl (b g S wige diej 0 LB poles
sloagy wiloads 48,8 ey O (] (pislo a0 Cqe
Lg wigd 525 lajligy Hl Cov allg oo oad oy oS iy
@ ooty ol Canbior alply Bl (oo Gl Jobo 12
5 McCoy) wisgd Jate Siigsil (S8 logetisn e
Sleogas L G (V-0 ),Ken ¢ Sarensen VA2V (), Son
laasty ool Cote )b aillgly 995 (ol JLba 5 (lerd - (S0
5y isd Gl Jobo adde o] (gom collid o 5 251,
Vo8 o)) Kan 5 ESpOsito) oS (g ,Sel> oyl od a0
LTS =) 5dg,9mmg Y Cpaogs iSL (Ve + 2 (] )Sen g Chatterjee
G 359 b (slaalapwl ¥A pwg SL S (Laterosporulin
655U 51 a8 il o o psy SU I 09 5 s slate 505205 BYO -
sl oy ol gl oo i ,5 Brevibacillus laterosporus GI-4
Lt 3o oo 0,5 s acle 1 (g9 Knrd sl
Jedil (shie 05 Slas S 5 updysl s T3 Bl g tgipo
4 S etz g Wboe [0 ) liegses o ATty
) Ke 3SiNgh) el p glie los gpH &l pots « i 9259 1 sl 5
A ¢y & 309 Lo Jdods 095 LSl jo auiiy (pl (VY
FV oV i G et g (60 igm) 3,10 (saudlann (60 Wigw
Sl )0 otz eody L Dlxas obwl 0 a5 (B9 V1 ¥F 50
o 5 (V0 LS 5 SINgh) wls s ppgs S ol
Oed50509 Y S 593 eSS L5 s slaieds )y sl (61 casdllae
Al 119 5505) SHY (Domain) paes sl (sleisl cilige ¢ )3 5
ot ankad S lgreay jBland (59,5 Geig 4 Blate (4t
Fairlie) o oolaiw! (g ule s ;o (Carrier proteins)  SaS
90 Jols SHY pos Jlizlu (Y- +F Pawson V. -Y ) Kan
sl g agSxe (53lg0 S5 52 S ol domivo S g Wl gy Lo 42U
aile Jsbos cilizee slopuuilSe ;5 ot sl st SHY pes
a5 o 55k b Sl LT3k 5 s5bgen (el slagely
Al y52ud (55 55 4 SHY Jlasl oS cowl oads ool ol ¢ iz o
5 Mayer) ssi o0 iz slag; olo peats Sacl i Baa JoSge
09 (95 Jold (oS 5 g5 o oS BT e
oads adgr Slusl cdly jo oS S5 & jaeay SHY oo b jLlans

drdde

& Al sl Sl (b 4w oy g ST

oty (ol (,Seend Collad aisd oo 05l Las 2SL 0 ps35
5 Jack) wdlioe Wse SL a4 S0 S ade ke
[P NS TR URVECIN PR PO R LSV LI
polie Slacs yiSL g g g s lon Jalge 5l (srmmg 0 S ale
Veof (e 9 Nascimento) wiss oo lis Sigum 51 4
Sl g, Sods sloasiy ol (Yoo F ), 5 Fontana
To Jols a5 st ondlgion (sLié 5 oatiSighi o S0l 5
ookl g (Vo) (ol San g McAuliffe) aiil oo aiologwl £+ G
Jol) 1 (Ssgm V) | slaodlS 4 093 o Shoe ¢ Lo
o )Ben 5 Cotter) wisd so (gaumamds 5 @,b,c,d (WM Cow
o uglaslyszSV 5l b sy iS el a S1(Y - - & Svetoch:Y - - &
o oshenls abol lags 251 %03 51 Lol s Ll wisd a5
3ol slass (YY) Sen 5 James) cewl ool (5138 o2
Cugll johateds 1) (g ySL g8 o Plax b S slaasss
o, g Riley YA9A (Riley) oS o odgs 055 gios] i
5 @iz Joo GlopuslSe ils blaay biymwg xSL (Y0 oY
Ssm sl @ polie sl lon Jolse 5l syl agle r clad
Sl g 2lae olge alud 3l 6 S gl> 10 0 0SS laicay aillgs oo
Jedods . (VAVEF (S 5 TagQ) &5 1,8 eolaul 090 g
basiy (nl s3leoalls wlse s 5l o 2L ads Gy e
3 L) cosl (gaio Bl jlosjl o5 g ause 5 op gloj ol 3 S
Ol ol Wl so (s 2L 05 s (VoA () Sen
(Veoe oo g Guyonnet) Wge (s 2SL aiss )0 duin oS g
Loy p MV QY (]S g Kleerebezem) SasYowl slas S|
ot adgs ald b Lo (VA4 (], Ken 5 Miller) &
P2 50 Al dg pf, e all (V437 (o)l Sen g Fimland)
Mg sl Vb a3e Bro daiamg S oliants g o YU
calee 5l aez 5 5l Gy Sliaasd 5 9ndlges (69 Slavisn b loaiiy
oo s Wang 1295 .|, Sen g Fimland) il oo (59, o5
357 3 S FSDNALIG 5 glidacce; ;3 o5 olacd 2y (1439
S gy iSTL 0l aS AR o (ywhizee 45 |y il (sl ol o0el
s OS50S 00l 2 YL oy w2 b Sge oS e
Sl (60 (Slaign guone LSS pasd Bl o0 (2L SL Sl
pas 5 g (bl basme 5 coslie Slagg plr 9923 bl
ok o5 el b b 5L adgl 05 (5l 3995 mo cillas
(V+-7 Terpe «Y-\Y Ko ¢ Pacheco) oges o Lil b

S 59 g S il alls 5 oy i sl )5 ol ol

b

5-¥



(DOI): 10.22034/AEJ.2020.131264

yYa4a L‘)‘:u.u.n:) & a)La.‘fZ. (MJ\}‘\SJ dl—a—u

L]
S S Sy gl S g end (S LSl
S5,) N-SHY Cand c(Gow 5)) (g u;l.:.‘oi sl o alas
@55 4 el gpmen BY skl 5 (0,5 55) LS5 2l JIgi (50,8
N-SHY-LTS _8lool i pgo Ll ) JS () JS8) wibl o
dw LSl iz e aib o N-SHY Lzl saims Lias ¥ IS
Sl 0as ools Las ¥ S (o 35 N-SHY-LTS 559y (gum
@lad gord CuhS g aiel Glaasul (og wyiws po ¥ IS
Byls 18 sl a0 aS wws o Las |, N-SHY -LTS .54
Lo o0 3l,] Joe CoreS a8 0l yLas oLl bely Sl3ges (ons) 2
(solubility) (s pdocudd> 4 bgsye 5JUT (0 JSKb) Sl ogllas
e onl bl a5 sls oles (8 JSs) N-SHY-LTS o5y
Jobme SlagseBis g caslio bl eSlos (lieo b duglio ;o
s 1 shwste (cond Sl a5 Canl LYOIF (L F ) L5 Loy 13/
o0l 3l A5 Lty 3 Jploma slingreis p Cbdl (o Siloo il oo
e & USE 0u(Y 2 Ko o NIWR) Ceslonys 535 oo
Ry & allax &)gon Sl gy s N-SHY (g 509 5Y
oSen Ll and e Lis gl a5 55 les . Canl o0 o0psS
Sl i Sl pmgrmn sl Dl S3be S 5l (Sl
W god HLaS (LYEIY) g 009 Y (ormb JLSLu b avglas (o
Cegaol g 5 Tl bloculosgy (i (b9 aS (ulosz sl
Y blie a5 Canl o ool Lis Y JSS 50 5 Sl i
Joges b slaciomd 5 Cavga] slaciand saiasjLis Jloges
S s s dsb 2 5etisn S wlslacnd saias iy
sl pdb s )3 Ll Protein-sol patches ,l53le 3.0l oo
ol g (A JSCa) el 005 drlne g o jo 1) 5 SOl
S Jtle (gl 5 )8, el (S a5 bl plulis
The ratio of ) NPP _uliie Lwg g3 50l amo oo |, 0,05 150
(5 skd) -/# ;I (non-polar to polar SASA (NPP ratio) values
5 Ll ST 13y el o ool yLas (3 nkad 1u8) Y10 4
alaly aas g Jildie alaly sljle >lgs aie ;0 |, NPP s iS5 Tos
(Maxima found for interface and non-interface regions) i
The antigen-binding fragment (Fab) is a) Fab askd _ulul,
o8, lsieas (region on an antibody that binds to antigens
@Dl Gl el (6 pSatnr jsboas &S wams e LS (a3 Ls)
Protein-sol patches .(Y+ V4 .| Sen g Hebditch) s g o 15310 53
N-SHY oy ygms 5¥ ity o 1) (oehafnd g (a8 (g Cond
o S5y b 250l (Al sl 000tS pgal 4y Il g g
Se 0 00y (A JS&) pgal ;o a5 jsbjles .ol oo ool L
o

oS g Fairlie o>qe .(VAY () Ken 5 Ahmad) col
Silige 08 51 0lsS 0oy b slaanig g5 ,o (Andod 1o (V- V)
S5 Gy dskad lgicay (N-SHY) SHY s sl (slea!
B emsp 9 1y laasty Glo oliee 2 o 51 g wio S eslial
pole axile alizee psle I JSite (oral> (ails Sile gl sl
G315 9 Sl (55105 o B 4 el (wsiiges 5 FsealS
Slasie ol alwstr Oy sn 45 ol (i pole aiee o lag |
b Sl petisn 2l 5 sl ((Sopd Slogas
sl syl 2pse ol ol s pmalesl el 51 U3 1, e
b Gas ols Gudod o (V0P (e 9 Mohammad)
ol yoordy g 50m9 ,3Y (Fusion protein) Sl .5g, (I35 05l
O (g p (nl (Sileygily (owy p g N-SHY (S (e
ol zgh s Cbl> 2 N-SHY 515 olond - 058 Sloogas
2,576 0 N-SHY @il (SsSar cnien 5 eon ol 205

3l ARl Lulpd 55 oty oo

gy 9 age

990 Sl s n 0 (b sshien i F ejle (2hb

b Vo Jlgs g (Y- oY o Kon g Fairlie) N-SHY a>U (L
Al 48,8 (HEOYAVPY )NCBI 3l sy 5mmg 5Y uwgn 2SL 5
ile 2855 )18 s ygems 3V (05 (el B 5o N-SHY (o
30,8 (b 5Ss 3l w351 e ol (ol s 5Y 9 N-SHY
8,8 1,3 pelB alis sy g Histag Jlgs N-SHY (5 cuwo¥l
syme lam sl olilr aas ALk g al Bib 53 (i o
Geb pooad 2hb Jlg ol 48§ las s Xho 19 Ndel ooiss’
0,5 (S99 §ilwainte KN Y g Ly 13/ (6 251 Lo 5 5L
LTS Bl Guig oo s LSl 1G5 Loy gilgn 513!

& @il g o g3lwJoe ITASSER |l58le 351 ool b N-SHY
Lsgs N-SHY § N-SHY-LTS g0 Lol (e 090,5 aigo
Lebe sleoniio il CobS iz ae 033,5 o5 PDBsum
Morris) <é,5 )|,8 s,y 3,90 Procheck |l5sle 3 lawss pusig
Olysilzlely Jloges.(VAAY (), Sen g Laskowski ) A4Y <] )ISen 4
Jow Bl s oS (s > (Ramachandran plot)
Ol Gt g S s S 8 )18 solitul 550 0o
0,5 oolawl Protein-sol patches 4 Pro-Sol jl3éle i 5l 65,8
Cawgdo] gblie o pipa (Y1 ¥ \V ] |Sen 4 Hebditch)
SaS b loge & yg0ds 33 N-SHY-LTS Bl 559, 50 S0l

el 0390 5 o 5 PepCalc 5300 )5

]



(DOI): 10.22034/AEJ.2020.131264

SRS PP PR PR PRRTPRY ) JIVTTRT { PRUF. P I P JCVENpI- S Y P PRPEN OlSas 5 sulyrllis
shls oads (b ol (S )sbas 05 ) olend $5058 5 CIN-SHY a5 Jl> )3 ol 6 505 550,501 o (g 90 Y
S5 9550 5 > gz 5l g el ol 55058 Cgllas JlisLos 959 Y a0 SBg i argans o liily s St 52 S
S alEilel Lyl 5o gy 35T asi 45 Wil s cslio ol ol anlllae ol ools Liul3dl 1) s lo s, 50l 0 e

e il a5 511 Bl a5 s ydgreclio b dgms il 1, ISl

2
™

MY L L P TAAAGL LLLAAQ PAMANMHHHHHHGS TS REWFH PN T TGVEAENLL L TRGVIDGS F L
\ o Ve & Y- Yo Y- Yo r- ra o -1 -
A p A A B, B H2 H3

s ’ ! ’ ot
—— S ——A—E—{

- - A N_siez E SR
ARPSKSNPGOFTESVRERNGAVTHTR TORNTGHOYYDI vyGGERKFATTAE TN VOVYY L FARGOTNKE

'y Fo v- va A AL A- as V- -2 " wa A\
A Ha
e |
. ¢ = - p——
KNGDV I ELEKY PLNSOMLGTDDDDEL ACOC PDA | SGWTHTDYOCHGL ENEMYRHVY A 1 CMN
™ \ro "r- \ro \P- TS A 7-5 oo V- \Fo Y- \Wwa A

GTOVYCRT EWGS SC

Y LAL i

N-SHY-LTS  Blxl ;1359 p90 jlslw ) &

) HI n A v A o A

m ————————— — —
GSTSRRWFHPN I TGVEAENLLLTRGVDGS FLARPSKSNPGDFTLSVRRNGAVTH IK IQNT
Y & - I Y- YA Y- YA ¥ ¥ & bd 5

, A o & W 3 Bopaay B A
GDYYDLYGGEKFATLAELVQYYLEHHGQLKEKNGDVIELKYPLNSOMLGT
5\ % V. VA As AD q. Yy Ve \ed .

N-SHY o0 9o Hbsle Y Js<%

)L.J’).ul o ol > o ¢ Q,,J,,,,;..»,,s'y :‘53]-‘ N-SHY ).0)3 N-SHY-LTS R LT ‘S)Uél.w }.JLT B L)

Aial WA M e St Adlans g4y lS GAle

CE TEEE Il I I RSP R
E T EET TN T De'h T e Demssed oudilad™> of 0 O
oSl Gy dakea 23S agi; | RN O el 33
=
A Gadia e oA W Rg 0 oo | proge

ol ool omell me—mnm sssnm e ssssomom jasnssall posmamnn masms an
MEYLLPTAAAGLLLLAAQPAMAMHINHHHHGS TSRRWFHIN I TGVEAENLLLTRGVDOS FLARPSKSNPGDFTLSVRRNGAVTHIK IONTGRDYYDLYGGEK

AN e ;{- | g B BT

T D T T oA T TETE

n n [ n

ALAAMAMAAAAAAAS AAMNEES NSNS AN : b mmessansm mommss ool ] mospolinis ma

v 2 Al
FATLAELVOYYLEHHGQLKEENGDV I ELKYPINSOMLGTDRDDK LACQUPDA | SGWTHTDYQCHOLENKMYRHVY A TOMNGTOVYCRTEWGS SC

(o2 oo 99 ! CainS’) N-SHY-LTS Bl iy g 3 sl (gl (3093 (o i 1F JS




(DOI): 10.22034/AEJ.2020.131264

yyaa C,‘L.u.n‘) & AJLA.‘.:Z- “LA"‘:)L’J Jl.a.u LS.)J—“A S .In;\A.A u—‘-:‘-bj‘}é ‘.s.alr. dolilad

Pst 1o

Q‘J.\J'\%LA‘J J\J}d 2

\re = - = —
[l = ik L] i Lot Bl 30 arsal 5!
wa o . (J ‘ = LTRY B tantgl e Fhla 53wl gaud
I - I e B P Vo atabepd s e S0l pdv’qni St
¥ srhon | U{—‘ d - THA T emllall o 3l 0 il glaand
- ’— i “l_, T WA ONIR S Gdf ) ek e il slas
A -
' 115 —_‘L = ¥ U s Al at Sl
5 ASN ;-__ﬁ"_._} W el Crae 42) O aalf gln c.i.e.a‘ e Slaad
';'\;1'1\\%‘.‘\‘ I [ dhers . b 4 'U'-J’)‘- l.'.:l‘ A,-‘M
J_ r_‘_J,J we il o W5 S
T L —_—
ToEs - - y |
) 4 ¥
\ra ; | 2, \l.\zul‘ ) ‘ l 1
D 0. > . A
e _1,; T v we W To ) 1S Rygi0U g g ST i gy g3 Rt WA LI 3 4N gl
B iy iy e 0 9 gl A gl Jau o8y
Solubility
Ae A (;:..:J)l’)
I3 Fe A
-~ $
%
17 2
2 v ¥
Y' = Y‘
. » P -
LTS & Fusion
&

Pro-Sol 138l 5 tausgi (Bl (yuidg 1 9 N-SHY (39 yapmg 5Y iy S (350 0331 1 17 JSelo
(Sl 00l dumy o (il 3 ) cwlivo Sl (50 b iy 52)

Sargh g

Sedag) glal S ki RIYERE

] 00 0uilnS 3 guad 4 PepCale 41381p 5 bawgi awis Jlgi Job 50 3,500 g cawgoo] Gble ¥ Ko

i



(DOI): 10.22034/AEJ.2020.131264

e Sl 5 5880 g 5alT 5 Gl g5 e 5 5Y (e 50 S S 5 00wl 5 g (2S5 (25 o0l ke

OLoSea g sulyrlls

“ T
LTS Gram A e 18 G
asime L8

Maximum non-polar/polar ratie

-~ " - it
-~ L "
n n_= v
S

a5 (Sl iig :z—Ag N-SHY :0-A (il gygumwg ¥ 1l-A) il Cdlo aw (dad il (2195 ) (a8 (2 lg5 Cand pguai A SO
éf;ui N-SHY 45‘5“;»)0 Cowl 55 éf;ui 11 (39 gmmwg Y L dilonds yasio juw Sy gy LQQT HJbsle o ):)fuT Gblo
)18 (55 et

S P B9 S 909h e g 2L 5 (SeS s 03
Jaie o pia g cp il 51V VY (ol K g Parachin) el
5 Li) SUMO «(Y-\Y (| ,Ka 5 SUN) GST 4 )lg5 c0 0digds
Xu) TRX (Y -V ) ,Ken g Skosyrev) GFP «(Y V) ¢l Son
oolazl aloz 3l Sglite slo, Sl 5505 o,Lil (Ve oV ()], San 4
Jaie (Bgn Olped jlsd 5 (S5 g ) aggnly
WS S8 oS S8 e g 05 (233 il Bl 4 sl caronigd
Trpe) sy oo Jaia gur JSie 5928 Jloeop 3 uugs S925 0nl L

Sou

.
5 LSS gm 5l 6lp calio slace Kol Cooal 4 4295 L

95505 (Sl S g 5] & pslie slacisie b ablia o3l
@ azg bowlad S 8 pdise 4z g5 )50 g 1Sk (a3
L o] ilopalls 5 Wae 655 51 g 5L o5 e oy
oS 59 S gy b a9l Coons &y (s i VU slaasy 30
5 Obiee 2 Sy o Sl T sl laieds ol ol
o g 31 (5 ol (b 5o Cel 03V (] s (50,550

O en 5 Jana V- () Ken ¢ Demain V- . f

£ A



(DOI): 10.22034/AEJ.2020.131264

yYa4a C)‘:u.u.n:) & a)La.‘fZ. %&Ad\}‘jd dl—a—u

O St liogas 4yl alas el 568 bl Ll 4 0
S g 510l (Kis (SeSh gl Glsieas oas fate
e 4 ailgy o aibaiils S13 50,650 Cools 9 YU e

Lolyuz 00,93 slacetiy  Laa> &b 5l oS Sl ety S
5 McCoy) wis' JLls S wor ol JLsle 4 fosw, U
&S aes o sl (Sl sailen Dledsl JOHENQR CAAMN N TN
ol ol sls ylis eads ploxil sl ;U] S sad 3l ol el
3575 AT Il o e (53,555 b Sl (255
JOpp-soww NICE PRV Ol emiie Sl i Talpd cpl o0l
a8 ol i (ol (b iz et Sanl 4B e Joloo
2 P55l (olerdsSo b laaogas 5 g kSl slo S

Aol andls e i aioe ws iSL g5lu alls g ol

g..plh

1. Ahmad, S.; Banville, D.; Zhao, Z.; Fischer, E.H. and Shen,
S.H., 1993. A widely expressed human protein-tyrosine
phosphatase  containing src  homology 2 domains.
Proceedings of the National Academy of Sciences. Vol. 90,
No. 6, pp: 2197-2201.

2. Chatterjee, D.K. and Esposito, D., 2006. Enhanced soluble
protein expression using two new fusion tags. Protein
expression and purification. Vol. 46, No. 1, pp: 122-129.

3. Cotter, P.D.; Hill, C. and Ross, R.P., 2005. Food
microbiology: bacteriocins: developing innate immunity for
food. Nature Reviews Microbiology. Vol. 3, No. 10, pp: 777.

4. Demain, A.L. and Vaishnav, P., 2009. Production of
recombinant proteins by microbes and higher organisms.
Biotechnology advances. Vol. 27, No. 3, pp: 297-306.

5. Dyson, M.R.; Shadbolt, S.P.; Vincent, K.J.; Perera, R.L.
and McCafferty, J., 2004. Production of soluble mammalian
proteins in Escherichia coli: identification of protein features
that correlate  with  successful  expression. BMC
biotechnology. Vol. 4, No. 1, pp: 32.

6. Esposito, D. and Chatterjee, D.K., 2006. Enhancement of
soluble protein expression through the use of fusion tags.
Current opinion in biotechnology. Vol. 17,No. 4,pp:353-358.

7. Fairlie, W.D.; Uboldi, A.D.; De Souza, D.P.; Hemmings,
G.J.; Nicola, N.A. and Baca, M., 2002. A fusion protein
system for the recombinant production of short disulfide
containing peptides. Protein expression and purification. Vol.
26, No. 1, pp: 171-178.

8. Fimland, G.; Blingsmo, O.R.; Sletten, K.; Jung, G.; Nes,
I.F. and Nissen-Meyer, J., 1996. New biologically active
hybrid bacteriocins constructed by combining regions from
various pediocin-like bacteriocins: The C-terminal region is
important for determining specificity. Appl. Environ.
Microbiol. Vol. 62, No. 9, pp: 3313-3318.

9. Fontana, M.B.C.; de Bastos, M.D.C.F. and Brandelli, A.,
2006. Bacteriocins Pep5 and epidermin  inhibit
Staphylococcus epidermidis adhesion to catheters. Current
microbiology. Vol. 52, No. 5, pp: 350-353.

10.  Fox, J.D.; Kapust, R.B. and Waugh, D.S., 2001. Single
amino acid substitutions on the surface of Escherichia coli
maltose-binding protein can have a profound impact on the
solubility of fusion proteins. Protein Science. Vol. 10, No. 3,
pp: 622-630.

11.  Guyonnet, D.; Fremaux, C.; Cenatiempo, Y. and
Berjeaud, J. M., 2000. Method for rapid purification of class

Sy S 5 55 ojls b aslllae ol bl 5l Gam (Y- -0
Olsieas o byms 5 N-SHY ppas S8 Ly N-SHY-LTS .55
Slo il (o) 2 iz e Sl 039 (S Ay an S Sy
slocaogar (s bSle Sl Sy oeend o (B9 0 oo
5 Dyson .coul o9y ol 5 0l Zolaw § ol ¢ oliondi oS 508
JlaslaS wis )5 o, Ll aiSS pl a5 095 axlllas jo (V0 + F) il ) Son
Caond Gl Gse 0f el Cend o (ST slagts
Sond 50 N-SHY ces (nlple oS (o0 Joe () (eSS
28,5 e ol Gl (FLb lr Gdnases Y 05 S el
b slagntion gl pSol 2y @ Jlail b bogply ws
G S0l =550 Waw sl 5l wle adli 03,93 b g 03,950
g o us5g, (Protein aggregation) sz 3l g Wigd oo (Solas
bl 5o Jolonels 03 adgs 4z 5 auled oo 6505 sl gy Slomi]
Ol Joko )3 Coos ol pae davlyey Wl o pudlgin 5o
Som e (5955 b4 (S8 aiy jpa> (Jy il ke
Lyl oyl U g aylasco S8 olSilogl Lyl 4 ¢ (g3lu s
Sy ppd @lo LSl Sla et bl - galiensT 25T
P 9 Sy (63 ladign olxml g (ntign CiSy JBje
mosls 4y azgi L (Vo2 ) 9 Kolaj) Wil oo (yuiig Joloxe
5 S Getisn 25 ol gobe anlie o (Siloysailse slo
b Jshe o N-SHY (es o5 098 o0 blatial (1 909 5Y
WS Joe o9 alz o plsredr Wl g 5 Sl 52,501 IS 2o
OO0 18 iz 09d laasy (b gelzme 5 g 5l Bl
oS G Lo Sllasil BB axkad S Glgieas 5LaS 0l iy oS>
St Wlgi Aty 99 oo Sl (g g9 5Y g5 g N-SHY
S0 a5 GlaSs ogd pll )] a4 S8,e5 B anls g o o
Sl a5 0590 (oS (guuin azhad laicay N-SHY (s o]
ol b et S 00 (b (35 Iy o oS ol
) sl 00335 Joolo (yattin 916 09 5 00305 (030l (Y]
15 ol ym3 5Y A o5 ol 515 (Ve - Y o Sian gFairlie
5 SINGN) wil co (GOl gus 60 Nigm dus § yetinmmns Aol sl &
G askd o (2 ) aeilguss Bgm ged (V)0 (]S
397 9% i (59,950 ;0 Pilgogd ceiolml a9 (S5
R;Q]C}sz S5 (Vo)) L) Ken g FOX asllas o ...\%—IGQJ
Cowol> el ) (Maltose-binding protein)MBP (,.5g 13 (59, 2 2o
4 0ad Jate (Sl y p eono (5997 0diiS futnd 5 Sl
Ol ol axlgioe gyl b (S5 slagntiy p aiusls MBP
WiSy e ) Oeen Gl Al 5 (S0, (e
ol bawlio ;o Bl 5y cod> ol (Y + 4 Malhotra)

=



s Sila 5 583 g0 5aIBT g a5 sem 5 5Y a2 IS0 S 3 55wl 5 g (2S5 (95 85k b

(DOI): 10.22034/AEJ.2020.131264

OllKen 5 saliplla

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

expression in Escherichia coli with the highest return of
investment. Protein expression and purification. Vol. 81, No.
1, pp: 33-41.

Parachin, N.S.; Mulder, K.C.; Viana, A.A.B.; Dias, S.C.
and Franco, O.L., 2012. Expression systems for
heterologous production of antimicrobial peptides. Peptides.
Vol. 38, No. 2, pp: 446-456.

Pawson, T., 2004. Specificity in signal transduction: from
phosphotyrosine-SH2 domain interactions to complex
cellular systems. Cell. Vol. 116, No. 2, pp: 191-203.

Riley, M.A.; Goldstone, C.M.; Wertz, J.E. and Gordon,
D., 2003. A phylogenetic approach to assessing the targets of
microbial warfare. Journal of evolutionary biology. Vol. 16,
No. 4, pp: 690-697.

Riley, M.A., 1998. Molecular mechanisms of bacteriocin
evolution. Annual review of genetics. Vol. 32, No. 1, pp:
255-278.

Singh, P.K.; Sharma, V.; Patil, P.B. and Korpole, S., 2012.
Identification, purification and characterization  of
laterosporulin, a novel bacteriocin produced by Brevibacillus
sp. strain GI-9. PloS one. Vol. 7, No. 3, pp: €31498.

Singh, P.K.; Solanki, V.; Sharma, S.; Thakur, K.G;
Krishnan, B. and Korpole, S., 2015. The intramolecular
disulfide-stapled structure of laterosporulin, a class Iid
bacteriocin, conceals a human defensin-like structural
module. The FEBS journal. Vol. 282, No. 2, pp: 203-214.
Skosyrev, V.S.; Kulesskiy, E.A.; Yakhnin, A.V.; Temirov,
Y.V. and Vinokurov, L.M., 2003. Expression of the
recombinant antibacterial peptide sarcotoxin 1A in
Escherichia coli cells. Protein expression and purification.
Vol. 28, No. 2, pp: 350-356.

Szrensen H.P. and Mortensen, K.K., 2005. Soluble
expression of recombinant proteins in the cytoplasm of
Escherichia coli. Microbial cell factories. Vol. 4, No. 1,pp: 1.
Sun, Y.; Li, Q.; Li, Z.; Zhang, Y.; Zhao, J. and Wang, L.,
2012. Molecular cloning, expression, purification, and
functional characterization of palustrin-2CE, an antimicrobial
peptide of Rana chensinensis. Bioscience, biotechnology, and
biochemistry. Vol. 76, No. 1, pp: 157-162.

Svetoch, E.A.; Stern, N.J.; Eruslanov, B.V.; Kovalev,
Y.N.; Volodina, L.1.; Perelygin, V.V. and Levchuk, V.P.,
2005. Isolation of Bacillus circulans and Paenibacillus
polymyxa strains inhibitory to Campylobacter jejuni and
characterization of associated bacteriocins. Journal of food
protection. Vol. 68, No. 1, pp: 11-17.

Terpe, K., 2006. Overview of bacterial expression systems
for heterologous protein production: from molecular and
biochemical fundamentals to commercial systems. Applied
microbiology and biotechnology. Vol. 72, No. 2, pp: 211-222.
Tagg, J.R.; Dajani, A.S. and Wannamaker L.W., 1976.
Bacteriocins of gram-positive bacteria. Bacterlologlcal
reviews. Vol. 40, No. 3, pp: 722-729.

Wang, Y.; Henz, M.E.; Fregeau Gallagher, N.L.; Chai, S.;
Gibbs, A.C.; Yan, L.Z. and Vederas, J.C., 1999. Solution
structure of carnobacteriocin B2 and implications for
structure activity relationships among type lla bacteriocins
from lactic acid bacteria. Biochemistry. Vol. 38, No. 47, pp:
15438-15447.

Xu, X.; Jin, F.; Yu, X;; Ren, S.; Hu, J. and Zhang, W.,
2007. High-level expression of the recombinant hybrid
peptide cecropinA (1-8)-magainin2 (1-12) with an ubiquitin
fusion partner in Escherichia coli. Protein expression and
purification. Vol. 55, No. 1, pp: 175-182.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

lla bacteriocins and comparison of their activities. Appl.
Environ. Microbiol. Vol. 66, No. 4, pp: 1744-1748.
Hebditch, M.; Carballo-Amador, M.A.; Charonis, S.;
Curtis, R. and Warwicker, J., 2017. Protein—Sol: a web tool
for predicting protein  solubility from sequence.
Bioinformatics. Vol. 33, No. 1), pp: 3098-3100.

Hebditch, M. and Warchker J., 2019. Web-based display
of protein surface and pH-dependent properties for assessing
the developability of biotherapeutics. Scientific reports. Vol.
9, No. 1, pp: 1969.

Jack, R.W.; Tagg, J.R. and Ray, B., 1995. Bacteriocins of
gram-positive bacteria. Microbiol. Mol. Biol. Rev. Vol. 59,
No. 2, pp: 171-200.

James, R.; Lazdunski, C. and Pattus, F., 2013.
Bacteriocins, microcins and lantibiotics (Vol. 65). Springer
Science & Business Media.

Jana, S. and Deb, J.K., 2005. Retracted Avrticle: Strategies
for efficient production of heterologous proteins in
Escherichia coli. Applied microbiology and biotechnology.
Vol. 67, No. 3, pp: 289-298.

Kleerebezem, M.; Beerthuyzen, M.M.; Vaughan, E.E.; De
Vos, W.M. and Kuipers, O.P., 1997. Controlled gene
expression systems for lactic acid bacteria: transferable nisin
inducible expression cassettes for Lactococcus, Leuconostoc,
and Lactobacillus sp. Appl. Environ. Microbiol. Vol. 63, No.
11, pp: 4581-4584

Kolaj, O.; Spada, S.; Robin, S. and Wall, J.G., 2009. Use
of folding modulators to improve heterologous protein
production in Escherichia coli. Microbial cell factories. Vol.
8, No. 1, pp: 9.

Laskowski, R.A.; MacArthur, M.W.; Moss, D.S. and
Thornton, J.M., 1993. PROCHECK: a program to check the
stereochemical quality of protein structures. Journal of
applied crystallography. Vol. 26, No. 2, pp: 283-291.

Li, C.; Haug, T.; Styrvold, OB ergensen T.@. and
Stensvag K., 2008. Strongylocms novel antimicrobial
peptides from the green sea urchin, Strongylocentrotus
droebachiensis. Developmental and Comparative
Immunology. Vol. 32, No. 12, pp: 1430-1440.

Li, J.F.; Zhang, J.; Zhang, Z.; Kang, C.T. and Zhang, S.
Q., 2011. SUMO medlatmg fusion expression of
antimicrobial peptide CM4 from two joined genes in
Escherichia coli. Current microbiology. Vol. 62, No. 1, pp:
296-300.

Malhotra, A.. 2009. Taaaina for protein expression.
In Methods in enzymology. Vol. 463, pp: 239-258.

Mayer, B.J., 2017. What Have We Learned from SH2
Domains? In SH2 Domains. Humana Press, New York, NY.
pp: 37-43.

McAuliffe, O.; Ross, R.P. and Hill, C., 2001. Lantibiotics:
structure, blosynthe5|s and mode of action. FEMS
microbiology reviews. Vol. 25, No. 3, pp: 285-308.

McCoy, J. and La Ville, E., 1997. Expression and
purification of thioredoxin fusion proteins. Current protocols
in protein science. Vol. 10, No. 1, pp: 6-7.

Miller, K.W.; Schamber, R.; Osmanagaoglu, O. and Ray,
B., 1998. Isolation and characterization of pediocin AcH
chimeric protein mutants with altered bactericidal activity.
Appl. Environ. Microbiol. Vol. 64, No. 6, pp: 1997-2005.
Mohammad, N.; Karsabet, M.T.; Amani, J.; Ardjmand,
A.; Zadeh, M.R.; Gholi, M.K. and Ghasemi, A., 2016. In
silico design of a chimeric protein containing antigenic
fragments of Helicobacter pylori; a bioinformatic approach.
The open microbiology journal. Vol. 10, pp: 97.

Morris, A.L.; MacArthur, M.W.; Hutchinson, E.G. and
Thornton, J.M., 1992. Stereochemical quality of protein
structure coordinates. Proteins: Structure, Function, and
Bioinformatics. Vol. 12, No. 4, pp: 345-364.

Nascimento, J.S.; Ceotto, H.; Nascimento, S.B;
Giambiagi-deMarval, M.; Santos, K.R.N. and Bastos,
M.C.F., 2006. Bacteriocins as alternative agents for control
of multiresistant staphylococcal strains. Letters in applied
microbiology. Vol. 42, No. 3, pp: 215-221.

Niwa, T.; Ying, B.W.; Saito, K.; Jin, W.; Takada, S.;
Ueda, T. and Taguchi, H., 2009. Bimodal protein solubility
distribution revealed by an aggregation analysis of the entire
ensemble of Escherichia coli proteins. Proceedings of the
National Academy of Sciences. Vol. 106, No. 11, pp:
4201-4206.

Pacheco, B.; Crombet, L.; Loppnau, P. and Cossar, D.,
2012. A screening strategy for heterologous protein

4K



(DOI): 10.22034/AEJ.2020.131264

Scientific Research Journal of Animal Environment Vol. 12, No. 4, Winter 2020

Design of a fusion gene construct for production of recombinant
laterosporulin bacteriocin and bioinformatic analysis for assessing
the role of the amino-terminal SH2 domain

e Simin Salehzadeh: Department of Pathobiology, Faculty of Veterinary Medicine, Shiraz
University, Shiraz, Iran

e Mohammad Tabatabaei*: Department of Pathobiology, Faculty of Veterinary
Medicine, Shiraz University, Shiraz, Iran

e Abdollah Derakhshandeh: Department of Pathobiology, Faculty of Veterinary
Medicine, Shiraz University, Shiraz, Iran

e Hamid Reza Karbalaei Heidary: Department of Biology, Faculty of Science, Shiraz
University, Shiraz, Iran

Received: November 2019 Accepted: January 2020

Key words: Laterosporulin, amino-terminal SH2, Recombinant Production, Bioinformatics

Abstract

Bacteriocins are peptides produced by bacteria that are known for their antimicrobial
activity against bacteria and fungi. Some chaperone peptides can be probably applied to
neutralize the toxic effect of the peptide and produce a soluble form of the protein, as well as to
provide high amounts of bacteriocin using recombinant DNA technology. Laterosporulin is
described as a 49 amino acid bacteriocin that is naturally secreted from Brevibacillus
laterosporus GI-9. In the present study, for the first time, the amine region of the SH2 protein
was used to construct a fusion protein for the production of recombinant laterosporulin. In the
current study, a fusion gene construct was designed containing the histidine sequence, the SH2
domain, the enterokinase cleavage site, and the laterosporulin peptide. The findings
demonstrated that N-SH2 with suitable hydrophobic surfaces can be capable of preventing the
aggregation and irreversible structural disruption of bacteriocin laterosporulin as a suitable
chaperone. Furthermore, our analysis raised the possibility that target peptide can be expressed
with appropriate folding in vitro. The present study revealed that the N-SH2 peptide region could
be considered as a suitable alternative for the production of recombinant bacteriocins in

Escherichia coli.
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