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Abstract

. . . . ) Keywords
Background: One of the most dangerous endemic scorpions of Iran is Hemiscorpius

lepturus that its venom is very toxic and known as responsible for most of scorpion Cloning and Expression,
sting dependent deaths in Iran. There are four Metalloproteinase inhibitors in the venom
gland transcriptome of this scorpion (HLMetInhibitl-4). Metalloproteinase inhibitors
are involved in some of the critical cells activity including the stability and surviving of Hemiscorpius lepturus,
ECM. This study aimed to investigate the structure and functions of a pair of these
molecules and subsequently their cloning and expression for the first time.

Methods: Bioinformatics analysis and molecular docking on sequences of inhibitors
HLMetlInhibit] and HLMetInhibit2 performed (with the MG764541 and MG764542
NCBI accession numbers). The recombinant plasmids (pET-22b- HLMetInhibit 1,2)
designed and synthesized, then transformed into the E. coli BL21 bacterial host. The
colony-PCR and electrophoresis on one percent agarose gel performed and protein
expression induced by different concentrations of IPTG at different times. Then SDS-
PAGE and staining by coomassie brilliant blue and western blotting performed.

Results: The highest binding affinity predicted for HLMetlnhibitl by molecular
docking results. Gene cloning performed. Highest protein expression detected after 5
hours and with 1 mM concentration of IPTG. SDS-PAGE and western blotting
confirmed the protein expression correctness for HLMetlnhibitl and HLMetInhibit2
with 26 and 17 KD of molecular weights.

Conclusion: Gene cloning and protein expression of Hemiscorpius lepturus .
metalloproteinase inhibitors 1 and 2 as the novel proteins that have not been studied so Received: 27/07/2019
far, is approachable and it is hoped that after further in vitro and in vivo investigations, Accepted: 28/12/2019
they will be the suitable candidates for research in the Various therapeutic fields.

Cancer,

Metalloproteinase

Conflicts of interest: None
Funding: Pasteur Iran Institute

Cite this article as:
Ahadi M, Behdani M, Shahbazzadeh D, Kazemi-Lomedasht F. Cloning and expression of two metalloproteinase
inhibitors of Hemiscorpius lepturus (Khuzestan dangerous scorpion). Razi J Med Sci. 2020;26(11):9-19.

*This work is published under CC BY-NC-SA 3.0 licence.

10


https://orcid.org/0000-0002-5832-1822
https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

http://rjms.iums.ac.ir

WA Gag V) o5l Y9 0555 15y 1y Suidjs gle alan

TIMPI s ¥ Lol ) 50 0,0 TIMPs oolgils
Sl i 5 aiil e TIMP-4 5 TIMP-3.TIMP-2
J—als .(VV) oS Is ECM (g,laL g L& o
T oSSl Gl b slessy nalte slaousS )l
Sros S oy slié Loty (Jslo
b Sz oo S 5 RTK) 5S35
S9y 45 amd oo 51,5 3 = 1y Jsl sl e
Lall 1) (Sl 5 05,035 o 535 Jobor SIS
252 OF) 050 35551 e 41 e & WS
Vo) Sl pallie (slaeaisS lon ol alS Jlie
o il sestlly cJlad il 8l 250
o9 Cdled olisl ol g 09 wales (Erithroids)
Oliee alS g (Jobw 08 lojee (I8l crge
3 (Sl At )3 a8 Cnl ba gl 50 j9 gl
5 sy g ol ;0 (2l S Gl
(\Y) a2 #, (Tumorigenesis)
4z 9 Sl glgl ax Ly polie slaonsss L
e osle Gl gloos) plu o Lol slealin
505 Sltu—ogas wols KaSu L oS plasslis
ey 8 e ialed 4 093 5l ) splie i
Al 095 LSls o NTR Jlg5 6l Sen Jlis
ol s LaMMP o b a V) oLy g

Ol s ol ol nglle
Disintegrin -ADAM) L »;ls5g 5l
Oy Sl G ;5 ¢ (metalloproteinases

OtNg—lyeg 5 hge Lo (ol by nolle
Disintegrin metalloproteinases with- ADAMTS)
Ol Sed .55l 5 oo (thrombospondin motifs

ot 9o 333 sk s 55 3 5 sl o3
5425 Jslo o ;5 35 s ECM o 45 TIMP-3
SYN Jlg— slyls Loyl (Koo el jo g8,k
(\¥) TIMP-2 ;2 aiws (Gene Synapsin)
oS Lo 5l ool wl g o Sl B
o0l plml by wb (slag)ls (lgreas sy nollie
g ngllie 0atiS )los 90 4 oo Blee ol 5 &5

o, Marimastat 4 Batimastat slapsl L 5955

WA o ) o les (YF 055 15l g Siisju ogle alan

AR

b 3 Jlio

TY a5 FF Jols ol slaw e S jsbay
0dig S (goolgils g0 y0 aS v Ao i
(Scorpionidae) oduigy 65—l o (Buthidae)
Lol e dShs 5l (50 (1) Wsdeo umaius
5 (1) Jlo S g 5o (opaies 55 olien L5
3 ot a5 Sy g Sl el L5 ST s
Hemiscorpius) _ywg,s—d wow joSmmor (V) 535
SlS 5 o pte ol by 50 9SL el (lepturus
«(Hemicalcin) o wdSan 4 Lo 5l (gou 2o
Y9, e (Hemitoxin) S glon
(Hemilipin) Cp———sdaos o (Heminecrolysin)
(F-V) casl onds sloliss

- (Matrix metalloproteinases-) L ;L. Lo
A5 aid peandS @ alisly ol slocci guil (MMPs
(Zine) 55, o S 4 895> SHUE 25 ol (1
lasig mellie Sl VY ol loe ppe yo asaie;ls
Zy 0,8 e (GAdwd 09,5 ok 4o AS ol Sl
ol gyl jlog, S a5 (i3 Lagl Jlog, S
o Lk Loyl .asil o (membrane-type MMPs)
3 ovm 9 Mgl oo ddgi (Zimogen) Jled é &0
il on et 995 Jld g 2led JSB @ sdetg
T 7S g JSas Lajliasg pollie (Al (n )t
Extra cellular - ECM) Jslw z )l S5 yile
aile 6,550 las Slae Lol (A) 0l oo (matrix
ellis Lagl sl 5sial 5 (2l S5 05 e
- MMPIs) jLs5g mellie sloosiS lpo .l 0aids
,Lge cel (Matrix metalloproteinase inhibitors
Do 93 4 g Nebioe Joho (25 S5 9 D2l
(B 008 jlee ald S92 ()59 5 (399
Tissue inhibitors of - TIMPs) jL_ x5, 4l
slron S \lho oy et 31 (SS (metalloproteinases
Jolss 45" (slSan () wdlion gl o (e
O 5 OlialeeaisS e g lajliSg pollin Gliee o
Bl g lasliasig ngllie olo aldl 4 ol cnl 09
(1) 90,5 0 e ol 5 (36 Su3glsily (B)lse ]

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

Gl jshiiedy dox 55l 59 9 sla Iy
sy pollie (slvonisS lge ool ol a4 oyl las
PANTHER ...l
(http://www.pantherdb.org/tools/hmmScoreFor
(Conserved Domain) o ctaslxo glo pols
oLGL Ay
(https://www.ncbi.nlm.nih.gov/Structure/cdd/do
il Lagl 6 49l sle g cs/cdd_search.html)
Lo sla Ay g (Alpha helix) W1 sl @_;)Lo S¢>g
Phyre oSl ol

Lo ek 194

Conserved Domain Database

94 (Beta  strand)

ad——iws (http://www.sbg.bio.ic.ac.uk/phyre2)
NPT R XL 3 PSR P-RETI i v U ORI Ve
Iterative Threading) I-TASSER oL L Lo g5
O Ao 63— 4 (ASSEmbly Refinement
B9, JLbigul ad; (oS B Y oS om ¥ LSl
Sl Vgl 33L 5ailgn 5 (VEGF-R2)
RSCB ol L5l S (TIMP-1)
o=y 5l o lais L (https://www.rcsb.org/)
(Protein Data Bank) PDB _JB ;6 3V96 4 3V2A
8l e s Ll (oled 00,5 0,055 5 28l o
lazol 4 & a0 (ol 4 (ol 2ol SPDBV V14
sl s Lol plw 5 o ldsSUge 5 o oyeox
Sl 2l sbe ol (e 5 wiad Bl L2
SNog—ad gty b JIgi S a0l lontes
Ramachandran Plot oLGL 3,k 5l 4 o,05l=Ll,
(http://mordred.bioc.cam.ac.uk/~rapp Analysis

oolatwl b colys yo .c8 s & s0 er/rampage.php)
ClusPro Q} 199 ol _isls LS’l o 39— )‘

S Sls (https://cluspro.bu.edu/home.php)
Jlast s (5501 i 5 0 ol 5o
a5 g L dglin 3 05,5 4 e (slooassS o
Lo Jbslow ol Giales (V) 0 awlxe Sl
Discovery studio visualizer 2017 153l o 5 aliwga
(V) as pll
Ol Ogele sl 5 5525 oyl 5 Aok
PET-22b- S 55 (slasaidly 1l 55T (jme
pET-22b- HLMetInhibit] ¢ HLMetInhibitl

http://rjms.iums.ac.ir

VY

O)Sed 5 (g 3l 00

3t g ollin 00 oo ()l Batimastat (g4l 5,5
VYA oty sliio oo 4 ol 4 asl s
9 Sl (509 b o &
ddgie (Gl olesT5 Y LS jo () (gus s
So,lo YL —idu il pf de (V0 A) Sl 00l
(& o O o o ).._>l_> ,o Marimastat

7

ol .>L>u| ) Gs)La.c 3,0 ¢j90 4y dinly | wenS 93
Il 2l LY 56 50 gl ol dmwgy LBy el
e ,s

S5 b Olnl sl gl o Gl Ses g LI
OB et e (6,05 308 pain Sl o
ASged ol 51y goa sl DS 5 0>y
3 S adgl Gldllas .(VY) (SRASRX1584448)
S pgllie oaS o |
S oyie cpl a0 (HLMetlnhibit]-4)

& 9 =9

Ll Sledie il ol sasllas 5l G
los—iS e —l 510y 90 Lo S5 5
ow— 5 (HLMetInhibit2  HLMetInhibitl)
FSLEY 008w byl Jlasil (65,31 (e (st
51 &Se lyean (VEGE-R2) (g0 JLbigas! us,
L anlin )0 Jshows jo ol glooss S o ysipteo
(TIMP-1) L | st pollie L oS e
pll b u—‘-'s‘ Sl oyl lo 5 KiselS aslsl o .og
looa S )los plw L g Sdols 8y
G sla g )0 e ol 5 sletnslle
RUIVW BN ESR VY

O b
= Jle o=l e Slevie Slsllas
3 PSP —ed e (G0 S0 gl Sl
SleS 55 029 9 4B pdy Oj5o Haiwly il
V) 55 000 (o l55 oy ol o5 59 (soaxie
O oo Jgz 53 3l S 4yl Sl allas

HLMetlInhibitl (MG764541) ;L35 ,4llie
HLMetlnhibit3 HLMetlnhibit2 (MG764542)
,o HLMetInhibit4 (MG764544) 4 (MG764543)
oLl o Lo Jlg (ol 09— o e (ol )
National ) NCBI (https://www.ncbi.nlm.nih.gov)
o,le—s s (Center for Biotechnology Information

WA o ) o)les (¥F o5 15jl) 1y Saisja ogle alan


https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

e ) g nglie 008 oo slay

6o B 4 b b 4SSl aids 53 YO (olen
,o (Epoch™ Microplate Spectrophotometer) - ,#
Ol 6 Ll s 0 79l 70 oo Jobo
IPTG(Isopropyl B-D- alizes slo clale U iy
ool 4> 0 ¥+ sles ,o 1-thiogalactopyranoside)
3V V))os plodl adBs a0 YO 20len g ol 5
Celw d g Wl e el Yo a5l L8 sl aigas
aio ;o yo Ve et 5 e il Uy L5l ey
Dyt y s ¢ 5 Pl (6525 gy 4l P Do
iy Sen # 5 S PBS 15 Sa Ve + o al ol
9 9= 009 8l o gas 5l 12 ,Se VT @y 3l Syl
Al edllige> 4880 V0 Gos by diged Colgs o
SDS-PAGE (Bio alwga, lal Jgame (yeiigy ke
S5, L g oo, VY ol b ST L J5 9, Rad)
S Gy ol lie 5 (g sh olosS (550l
Jaie Anti-His ool (510 g 55lgbug i 36U (s,
4-chloro-1-naphthol ¢! sgw o(V:V -+ +) HRP o

WP ES

ldasly

oLk bt JeSge SiSls 5 Slonie slo 5 IUT

4]y oy yt S y5—s Lo Jls3 L5 PANTHER
Sg—ad al SLiniig pollie oS o sodlgils
Conserved Domain olGl bl uzres () Jgu)
3 aS Iy NTR Lo yuls 59 >4 ;o Database
S—blie Lty nollie slooaiS s sl S
551 o 55 a8 5L (Y J3az) 350
A oy L sl sy o T (gl gy Lo 092
29 gty (JoSdge SS1S s () JSB)
yokied s (ClusPro) s wg o8 _iils Sl—wlxs
(§ 008 oo Lol s Ml 5551 i
Sl gye Julisadl i, 5156 ¥ oS 5 e
Sl oad St JLasl 6551 Glie b 5 0 Lol
& ooy s s b duslie sl Y caisS e
e oy (slooa S g ealin Jtl Jos
LS8 Y 045,54 coes HLMetInhibitl o gasdl
(V' Jgo2) 09— ool (950 Jubigal a3,
@l 5L Jyame 00i S foaisS lee slo oShiaS
Discovery studio |33l p,5 lawg Jeg0 SSTo

WAA g V) o5le YF o555 15jl) ySaisjs mgle alan

VY

> 9 =1, SnapGene V. 3.2.1 153l o 5 lawgs
CS ) Sad ool ylaw el &S Ll 4w
VNTDATE  Jy—axs o,la—s L GENE Ray
S F g8 oDy gu—nlo y 500l 5 .(11060165-66
E. coli) obs 5SU gbyee 42 yhi 9590 sl () 551>
30 5 =yl Sl g, 3l eolewl L BL21 (DE3
(5pl - s ol (g9l> LB broth (Sigma) Lo
S i35 Sosdly 45 Uil 31 s aloxil 100 pg/ml)
AL 0y il Gulew (ool & Cunglie 1f ol
S5 s S i el Ui eas Lt

Coro Al Sz 13,999 5l 5 9 Colony PCR
L Colony PCRecS 558 dpondly (ygmsle il 5
T7 Promoter: 5'-TAA ) T7 slo pasly 5l oolaul
T7 4TAC GAC TCA CTA TAG GG-3'
Terminator: 5'-GCT AGT TAT TGC TCA GCG
VYO Slgd o> 0 PCR STy .0y 5 pleil (G-3'
Voo e gl e ySee O leslinnl L g S
g S 010X 8L ;g S ) Vb (Y gssSy
dANTP ,» 3l Joo Ao O (Y40 Lo &) MgCI2
ek Tag o551 1ds Soo <0 (Yo (Lo N +)
dd H20 ,=J 4, e AY,0 3 (g S paxlg V+)
4835 0 Soe s adgl ol gilis ol g 0l plo!
4 dugll yaumwlygilio o F Ole az,0 0 sles o
Jlail ol 5 Zole az,0 10 gles ;o agli Ve o
o, 3 ilwazpofe gles o aBY o
lw a0 VY los jo asl Ve e 4 b s
0 Sos an ol S 9432 YV 6l oS
plosl 5l s 090 01,3 Sl 4z 0 VY sleo o aido
b el %V 59,51 J5 (59, 55589251 PCR ST
9= 39 dnleg  perasl dwgds siel )
O'GeneRuler 1 kb DNA ) s laibwl Jodse 5 )L
Jj ol —wo Lo J5.cépd o &9 o (Ladder
yegils YO -YF0 790 Jsb ,o (BioRad USA)STs
Laalie jo [l o 90 Jyame ;255 5 ol odaline
28 2b)l (Jsge S Lo

Seomdy Jol> (6551 Olo i gaze (9 n Ole
Oedow (ol (g3l> LB broth la e ;o S g
901,35 lwa >0V los ,0 (100 pg/ml)

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

O)Sed 5 (g 3l 00

1S oo (s 035 4l 4 HLMetInhibit2 3 HLMetInhibitl sLa; sla Jlsi 315 oy sy PANTHER olSih gl —) Jgoo

jhSy pgllio
Protein Subfamily identified PANTHER Hit HMM E-value Notes
score
HLMetlnhibitl METALLOPROTEASE INHIBITOR PTHR11844 1.6e-41 closely related
HLMetInhibit2 METALLOPROTEASE INHIBITOR PTHR11844 3.8e-19 related

s HLMetInhibitl slayj cla Jls 3 NTR (slagpels 3959 )y sl,— Conserved Domain Database oLl mwls -Y Jous

HLMetlnhibit2
Protein Domain Name Accession Interval E-value
HLMetInhibitl NTR_like super family cl02512 22-197 2.12e-35
HLMetlnhibit2 NTR like super family cl02512 28-143 3.43e-16

(o235 i) ool 5,0 Julighl s 5518 Y 035, 5 (8IS ol

i) il 5 s sl oS loe (i J5SU5e S @l - Jgoe

Receptor Ligand Weighted Score: Center Weighted Score: Lowest
Energy
Human VEGFR-2(3V2A) HLMetlnhibitl(Predicted) -1168.6 -1346.9
Human VEGFR-2(3V2A) HLMetlnhibitl(Predicted) -776.8 -913.7
Human VEGFR-2(3V2A) Human TIMP-1(3V96) -831.6 -1111.7

5 J> PBS ;3 45 la aigai wgms, | HLMetInhibit2
i B0 10 Daay g oy b 00938l lagy] 4y 3L Siyoy)
s J5 g5, SDS-PAGE g wiods oasliig>
5o solawl &b ¢y ey o] cBlaie g ol s ST
aeasl Y+ gl ls HLMetInhibitl 554,y 45 Lol
5 03 s LS YA (sast (JsSUge (59 9§ aial
5 ol dpl VEV (Ll 55 HLMetInhibit2 .55,
Wb (s osalie ailise eIl S IV (s (355
Sl Se—ogkS V-V (55 (5 00900 50
LS YF-V0 39 00900 ;o g HLMetInhibitl
Al 3£l 5 5 og, HLMetInhibit2 gl Sgills
sle JS) Cosl gy seel Cuye ol (s 0uisS
cbile by el 851 m Ol Olie (2o (7 50

A odalie IPTG ;1 mM)

j\CSV\IlL LTS FLVYC SDL( CMV H QEHYCS IDFV VVQVKR RKN lN VT Y
ARAARAARAARAARA

rrrrrrrrrrrrrrrrrrr

Disorder *
Dizorder confidence il = —_—

PR f £ WS LT KK GRKGFRALYGQECREKVRA RFTPLEVTKEHYCLWETAWLENESD
ARA

L Scouence]
Seo:ﬂaisnudure ARA 1\\\.uu\uu
jsorder confidence B

0 e ey
Hign TR (0
2 Disordered ( 26%)

m&w MEV P SV HNEGKELW NS AYRHCHKRNRKL KALKKS 2 2
Rty o AAAAAAAA qu_Lu;lm__ . ipha hele  25%)
rder 1322222 12— 27333227222 = Beta strand ( 34%)
e -

‘_zmcnuvzwruc EQRSTENNMRCHAKY
. 7

bl o SIS g 08558 by Jlasl Jro onimd Ll 5 ke Sl

(Y USK8) 88 18 cwy 0,90 Visualizer

5 HLMetInhibitl slgs5 g9l ;9559 Jlasl sl
Al elaiedas : b iSL L 4 HLMetlnhibit2
pET-22b- HLMetInhibit] S 58 dosdly Jla!
&S ag (Y- Jss) pET-22b- HLMetlnhibitl
o= 9 & alxil Colony PCRLE. coli BL21 )L
Sole sheslaiwl LY 58T U5 55 555392501
azlad Jobo a5 Ll 5l abaus cvalive o lasbiwl  JgSdg0
cea> #AY L ol HLMetlnhibitl couS oS 35
yoba> 59 5L ca> 20 Ll HLMetInhibit2 4 ;b
Sl cdz Ve L0 o s 4l o ail
Ogeleyginl 5 Cma g Hla 8590 () 5SS (00
(F JSK8) 09

3 HLMetInhibitl oL 159, oo

S5 GILVRTLTVSELLTLSNALTRA c cavz P chwqrv LVEVL vausum

AARAA Bl M uuumwu.u\.u v

Disorer{ 2 ? 7 7 7 7 ——————————————2 3722727 7 92 ———————————————————7 2722277 7
Disordier confidence [t —

\'ﬂf\ k\i\\\i

ph
2 Trrreriees > s sand (43%)
= — A TH belx (11%)

(v . HLMetInhibit]( . Phyre oLl bugi gspsSmsad opis jListispsllio oa S oo (sladsSge odd i Lt drgil sl =) JSU5

V¢

http://rjms.iums.ac.ir

HLMetlnhibit2

WA o ) o)les (¥F o5 15jl) 1y Saisja ogle alan


https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

e ) g nglie 008 oo slay

HLMetInhibitl (). JsSg0 SiSTs gl 3JUT Jsae Discovery studio visualizer g oas o3 Gioles B ¢ okiyF as gosme =V S5
1y 9S8 Y 0158 5 43S lyio HLMetInhibit2 (¥ { i, JsSpalosssf clpins olosl (Sase JUbipal 13,556 ¥ 06,8 5 5150 oot
olorins el gy JU5pal 1y 9SS Y 158 5 1KY liey Human TIMP-1 (¥ (i JsUge)oscsS clyios olasl gy JUbpd

(tiiz JsS)ge)es 5

i <
CelII (80)
/" Aval - PspXI - Xhol (158)
(5809) Dralll BmeT1101 (159) (5590) Dramxx  PSPXI - Xhol (158)
(5681) Psil\\ Nrul (485) (5462) Psil

_BbrPI (256)
" _NceI (361)
SspBI (382)

Nsil (392)
HLMetTinhibit2

EcoRI (607)
Ndel (627)

Xbal (665)
BglII (731)
_SgrAI (772)
_EcoNI (988)
. Van91iI (1035)
BStAPI (1136)
\_MIuI (1453)
Bell* (1467)

_\ BStEIL (1634)
PSpOMI (1660)
\_ Apal (1664)
‘BssHII (1864)

BmgBI (654)
Aarl - BfuAI - BspMI (824)
(5146) Scal

(5036) Pvul-_ /o

(4911) PstI

(4927) Scal._
(4817) Pvul

(4692) Pstl

~\Sphl (1147)
\EcoNI (1207)
\ Van91I (1254) (4508) Bsal

BStAPI (1355) (4447) AspEL

(4727) Bsal
(4666) ASPEL —
pET22b-HLMetInhibit1
6051 bp

pET22b-HLMetlIinhibit2
- MluI (1672) 5832 bp

Bcll* (1686)

BStEII (1853)

. PspOMI (1879)

4 Apal (1883)

. BssHII (2083) (3970) AlwNI
\ EcoRV (2122)

HindII - Hpal (2178)

(4189) AIWNI

(3773) BspLU11I
(3657) BspQI - Sapl e
(3544) BSt11071 . (3554) BspLU11I
(3543) Accl PShAI (2517) (3438) BspQI - SapI

EcoRV (1903)
Hpal (1959)

PShAI (2298)

(3518) Aspl FspAI (2754) (3325) Bst1107I \
PpuMI (2779) (3324) Accl FspAI (2535)
Bpulol (2879) (3299) Aspl PpUMI (2560)
pET-22b- HLMetInhibit2 :o PpET-22b- HLMetInhibit] :l

SnapGene I35l o bwg osd (b oS 5g (cladowd Siles - JSS

395 SIMCF-T o5, by by 55 sl ols> G 25 Al g Sxy
S 5 00 gl adlas b .(YV)cwlools flis an ojbie pasdl de o cow lygil> j25 5Ly 5
Leiurus  quinquestriatus,) o ,—dc o> o 09,0l 5 0090 eolaiul 550 gloyo (5 00le G lgae

(Androctonus bicolor, Androctonus crassicauda  _plg5 in vivogin vitro sosie Olllas b 50
3 SS JStis ol S5 il Sl eams S LSl o pde oy 6l (Sl w5 saais
(YY) 09— MDA-MB-231 oo, iy b, o 39290 Iberiotoxin JUis jgbbay (YY)l

Vo

WAA g V) o5le YF o555 15jl) ySaisjs mgle alan http:/rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

kDa
1 2 3 3 2 1 kDa

170 170
125 79
93
72 93
53 'g":;
a2

42
31
26 31
24

24
15 LY

15
v . .

all &

s Al Caand glslung 23 I (g5 (g S A -5 JSU
059 L HLMetInhibitl &gy ¥ et ( Jogo ;551 2
o o e S g5 A VR e J5Slge
Oje L HLMetInhibit2 .Sgy &Y gt . cate J S diges 1) gt

I5Sge S £ Vgt 5 oo Wb (ass J3Slye

o y8e pl e HL-7 and HL-10 slooc, ol S,
(V) 28,5 )18 (o) )90 YNV 0 58
Sleoaiss )lhs s (MMPs) lajlocsg pollie WSS Sle
@l S5 anlp 0 J3o ShinSisn (imee 5l o
)5S L8 s Lo Boybo 1) 055 Sl aS anll e
Jles! 1 sloonss 15 jlee L By e JLbigusl w,
o 3l ol s Jlo jeba () 05 o
Lo s ol Ol ;08 5 ¥ slojlizsy gl
oMo 0 W g Ve 90 sl—a5lisrg gl
Ol siali8l(YV-YQ) o s e8> (Melanoma)
sl jogi ;0 53 VO 5 VF 9 1) (slajlisspollie
OadlS (Yo=Y )l ouds samlice ey ol ps
50 (TIMP) V 5ssg gl 28l ooaS )l o ln
Ol 2l ) oud )58 iy Sl
wdyio J>le 5 50 Vilaig nllie (8L oS e
9 4l (liny 0oy aloz 5l Gl yus 5l g5k
8l ouuS e s Ol i b e e
4 5 Ol 039, odms Sl ;o Vjlitg gl
2 Vilasgngllie (8L 0aiS Lo (b Sl
Sy g ailio « 3o ¢ Gliny il Ll (>
SloosiiS e ol o Ly (FF) Cal o0 ol
=l Sy ke o G el 8 )b 5l Ly gl

http://rjms.iums.ac.ir

1

O)Sed 5 (g 3l 00

10000
8000
6000
5000
4000
3500
3000
2500
2000

1500

1000

750

500

250

T 551 U5 9, Colony PCR &Y game ;b8 —F JSU0
Y5V sla oiw 1 kb DNA Ladder JoSse Sylo ) g
5L ccas #AY L HLMetInhibit] -5 Sl gla 6lS sladiges
b aS9ei B 5 ¥ ladgiw 5 (o i MY Joamo o5 L)
15 ) 5L s $50 L HLMetnhibit2 55 sl cla gl

e JESY 98 sla (gt g (Sl cuia PYA Jpae (e

i ‘ o

oy losS Uy s3el S5y 5 ZAY 5,0 SDS-PAGE -0 JSi
0s-loskS Y5 JoSlga 439 L HLMetInhibit] 59, .l
oo el 93 g L1 g Y (gt ¢ JgSdge UL ) (gt
HLMetInhibit2 :59y . o Wl G colo g F g o W
el 933V g 51 ey ) g 100glskS W0 (J9Sge (59 L
(F9Sge S ¥ g o W15l Gy ol gy ¥ i W1 gy
2 9 IPTG ImM U E. coli BL21 ¢ 3SUs 35 g ok <l

A ¥ gl

S O 725 &5 03l Gl o2 o yke sloaisS
3 3 U Gla e 9 S e Sty Joies 5 (oo
93 2 095 b oS Gldllas (V) cosl Glpl 5o o jie
S Ojge e ol oy Sl v el
oals L3 VeV P Jlw o (Jlin jabay .ol dgae
75U gyt ;25 (0 5Y 9,50 (e 45 0D
(PC-3) Sliwgpy gl Joloo 02 59, 2 )l
s a5 Hemilipin2 ol; &) as caols (YF) o)
25 5lg (V) sl (wgm joSeman y25 SLS 5 |

WA o ) o)les (¥F o5 15jl) 1y Saisja ogle alan


https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

e ) g nglie 008 oo slay

Mo Sl S 59 s9)ls o plge 4 (qelie 08
Sesls anled oo b by ey s 215 S,
s#AF Js_ b, HLMetlnhibitl s _a -
ol 5 5 cix £80 Js—b L, HLMetInhibit2
&l 2Lt plsee o ol Jgame slagatis
Ot b pll Cuddse b (g cal 5o )l Gl
Veble LIPTG jga> 55 Jypame soessn ol
Lall 5l o el B g az 0 Ve (glos jo (Vo o
L el S, 9 5 55, SDS-PAGE al,—wga,
= odhe a0 Ve glos i sanlice sb cwlesS
LS g g Jodome o8l (il
i 9 000,561 (Jolos ol 5 e i
(VN 05,5 o0 (o Ol Bro 5751 655 s
B 4 5 5 St ae b, sty ba s
Ol oo (s I8 AT b e jelshag i
Ol 3l G el a0l Jpame oS e sl n
SloaiS oo (b 5 SiolS ez 2lo W 55
sl 485 O j90 Slom b Gl 5Ly p ol
Jlw 5o LY 9 ) glooa S loe Jlie j5boasy
S Sl 0 (hSwes 5 (H g YoV
Js—aze (e a5 Wws S ol s 0ol5 AL 5
aiile (plajliaty pollie Jloe a4y ol g Jld & 50 @
(FF) 055 VE g VTV

90 Gl oz @ b Odsl sl ety o
o e L5y nollie slaos S o 5l 0)5—
Lapl (Jlail Jeo (naiins 5 9 Ooseysimpan
Sloslaiwl b (Bgpe Jubigusl ab, )51 Y o5 &
S9zy g &S Ad Ay (Slesdilen sla g,
2 Jgae slaeiisn )les B (o O
@l alie 5 (ALl Lulpd )3 093 (5 0n S
S50y 5 38, b Lebsl LSl da o ian b
SIS A ol 9 (Slnygbilye (i oo
Jemadly L L J5SUgo S 09 (o0 o] 8 Loy
oy Cpeal b 3 jlge 51 (So (oxeb @lie 5l (2151
Obeyd 33 (52 5% (3 o S axgi b g 99 e
OHL gz Gl s dlozeio b (5 Lo (55l
Sosals ol aelsl lan 1S 5 5 cawlio (59,00
Olaie 53 oS g SYgame 3dgi 5 05 e ole s
b 5l Le JoSdge gl b anslis jo b 5SL

WAA g V) o5le YF o555 15jl) ySaisjs mgle alan

VY

Ols=e an by (35S als slinl) jo wsilgiee
(Y0) 0,5 51,8 ool 0590 Sleyo (551l S
Slroa S s 5l 0,50 g0 asllae ol jo
g P 0 he 05 3 39290 SLaiy pgllie
el Lo (o S s o) be) (g 9
41,8 axlllas 5,90 HLMetInhibit2 ¢ HLMetInhibit]
Sl B aslllas 5l oS ) lge cpl Jlg5 i85
Jlw 50 4S5 o e (nl 6,85 038 gt Sl b
s5=ly gl )3 GhlLSes g (eblLST Lags Y21V
2 g ul (V) ol zl sl og a8 sloil ol ]
(NCBI) sosxie SYLI S6595S0 g0 o 35 00 oL
MG764542 s MG764541 sla  —w wd o)l b
4 g, HLMetlnhibitl Jlss oo, &b 4
5 osls ShS YF oo )8 ()39 b aseel 0l YY - b
Qe VYV Jobo a s34 HLMetInhibit2 Jlgs
aigled (oo 051y gl SS Y () (3 b aie]
95y 3l 315 PANTHER o550 ol 5]
a— |, HLMetInhibit2  HLMetInhibitl :.<5q,
55 o0 dnl et ngllie slooaiss lee soolgils 5l
& slw cals 1o ol s HLMetlnhibitl o5
Oe—old yg—a> ;i Conserved Domain Database
soolgils ol g sl jalas 1 aS NTR 5y,
HLMetInhibitl ¢ a4l Ll ;0 04— ;453w
sl o gl g ad, W) g Ll gyl £ jpa
Ve g Lall o ,ls ¥ 50> HLMetlnhibit2 ¢ 4,46
Lt 1ol gom i Phyre oL lawgs Ly (o a4t
SroaS loe Saa sl JoNge (St 5l (o oS
Juligadl 0y 195516 Y 05,8 oo 53 Sy sl
S9Sdge STy sloul L 1 aizin Slusl 8g,e
S S SO S SO U ED
Y oo .5 L HLMetInhibit2 ¢ HLMetInhibitl
L dalis o Gladl (550 Jubigasl a s, j5is
oo ety Sl Vit e 5, oS o
HLMetInhibitl o s ool gols ol 5 ol
Sy HeSBY 0 S @ Cod Jlail Jiled o i
35y o=l il aS sl s 1) (Sludl (B e JLL sl
PEilojl gle s bawgs b (nl 9nll )50

o ly JoSo ol dn ViIVO e g in vitro Lyl i yo

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

Mlayah-Bellalouna S, Mejdoub H, Borchani L, et al.
Hemitoxin, the first potassium channel toxin from the
venom of the Iranian scorpion Hemiscorpius lepturus.
FEBS J. 2008;275(18):4641-50.

6. Borchani L, Sassi A, Shahbazzadeh D, Strub J-
M, Tounsi-Guetteti H, Boubaker MS, et al
Heminecrolysin, the first hemolytic dermonecrotic
toxin purified from scorpion venom. Toxicon.
2011;58(1):130-9.

7. Jridi I, Catacchio I, Majdoub H, Shahbazeddah
D, El Ayeb M, Frassanito MA, et al. Hemilipin, a
novel Hemiscorpius lepturus venom heterodimeric
phospholipase A2, which inhibits angiogenesis in
vitro and in vivo. Toxicon. 2015;105:34-44.

8. Cathcart J, Pulkoski-Gross A, Cao J. Targeting
matrix metalloproteinases in cancer: bringing new
life to old ideas. Genes & diseases. 2015;2(1):26-34.

9. Loffek S, Schilling O, Franzke C-W. Biological
role of matrix metalloproteinases: a critical balance.
Eur Respiratory Soc. 2011.

10. CT Palei A, P Granger J, E Tanus-Santos J.
Matrix metalloproteinases as drug targets in
preeclampsia. Curr Drug Targets. 2013;14(3):325-34.

11. Qi JH, Ebrahem Q, Ali M, Cutler A, Bell B,
Prayson N, et al. Tissue inhibitor of
metalloproteinases-3 peptides inhibit angiogenesis
and choroidal neovascularization in mice. PLoS One.
2013;8(3):e55667.

12. Bourboulia D, Stetler-Stevenson WG, editors.
Matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases (TIMPs): Positive
and negative regulators in tumor cell adhesion.
Seminars in cancer biology; 2010: Elsevier.

13. Jiang Y, Goldberg ID, Shi YE. Complex roles
of tissue inhibitors of metalloproteinases in cancer.
Oncogene. 2002;21(14):2245.

14.  Murphy G. Tissue inhibitors of
metalloproteinases. Gen Biol. 2011;12(11):233.

15. Gialeli C, Theocharis AD, Karamanos NK.
Roles of matrix metalloproteinases in cancer
progression and their pharmacological targeting.
FeBS J. 2011;278(1):16-27.

16. Coussens LM, Fingleton B, Matrisian LM.
Matrix metalloproteinase inhibitors and cancer—
trials and tribulations. Science.
2002;295(5564):2387-92.

17. Kazemi-Lomedasht F, Khalaj V, Bagheri KP,
Behdani M, Shahbazzadeh D. The first report on
transcriptome analysis of the venom gland of Iranian
scorpion,  Hemiscorpius  lepturus. Toxicon.
2017;125:123-30.

18. Yang J, Yan R, Roy A, Xu D, Poisson J, Zhang
Y. The I-TASSER Suite: protein structure and
function prediction. Nature Methods. 2015;12(1):7.

19. Kozakov D, Hall DR, Xia B, Porter KA,
Padhorny D, Yueh C, et al. The ClusPro web server
for protein—protein docking. Nature Protocols.
2017;12(2):255.

http://rjms.iums.ac.ir

O)Sed 5 (g 3l 00

aS 5,50 oo e, 4 goanie bl oyl and
o5l L 155 050 Jpame 5| plite polio ol
tmlive 00l plod G by Jlaseiwl ce o YL

900 et i Gl 5l Ml oleerdign sla S

Sle—ia ol St 5l DY game (oled sl LS
o 5 3l oy Sl oS 55050 4z STan]
Sl 0550 Jgame 10 (eadl 555l wiile (4
o=l Jlesl an jol8 wlis oL iSL sla lye wil
Lo ol plaw olsusl an 5Ls g 009 ba iol g

9§ S=olS g (ml 53 (FY) w5595
orie Vo) jlatspolle laoaiS les (35 Ol
S g @S n Oleed gy (oo sSares
9 < pdn plosl ol a8 S5 J1,8 sy 090 (S U
in ginvitro | Sladlas pladl 51 s el ol
A 4 3id (gl canlie G ailS & lg vivo

8l caws Sy i sl

S 5 o
Ol Sl Glml ol ol el gl ]
Lol sl oY alRilejl SUISGl § o sloasy 3o

o2l Bl 059 0l

References

1. Pipelzadeh MH, Jalali A, Taraz M, Pourabbas R,
Zaremirakabadi A. An epidemiological and a clinical
study on scorpionism by the Iranian scorpion
Hemiscorpius lepturus. Toxicon. 2007;50(7):984-92.

2. Kassiri H, Kasiri N, Dianat A. Species
composition, sex ratio, geographical distribution,
seasonal and monthly activity of scorpions and
epidemiological features of scorpionism in Zarrin-
dasht County, Fars Province, Southern Iran. Asian
Pac J Tropic Dis. 2015;5:S99-S103.

3. Borchani L, Sassi A, Gharsa HB, Safra I,
Shahbazzadeh D, Lasfar ZB, et al. The pathological
effects of Heminecrolysin, a dermonecrotic toxin
from Hemiscorpius lepturus scorpion venom are
mediated through its lysophospholipase D activity.
Toxicon. 2013;68:30-9.

4. Shahbazzadeh D, Srairi-Abid N, Feng W, Ram
N, Borchani L, Ronjat M, et al. Hemicalcin, a new
toxin from the Iranian scorpion Hemiscorpius
lepturus which is active on ryanodine-sensitive Ca2+
channels. Biochem J. 2007;404(1):89-96.

5. Srairi-Abid N, Shahbazzadeh D, Chatti I,

WA o ) o)les (¥F o5 15jl) 1y Saisja ogle alan


https://rjms.iums.ac.ir/article-1-5708-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-21]

e ) g nglie 008 oo slay

20. Biovia DS. Discovery studio modeling
environment. San Diego: Dassault Systémes. 2017.

21. Jiang X, Zhang H, Yang J, Liu M, Feng H, Liu
X, et al. Induction of gene expression in bacteria at
optimal growth temperatures. Appl Microbiol
biotechnol. 2013;97(12):5423-31.

22. Ding J, Chua P-J, Bay B-H, Gopalakrishnakone
P. Scorpion venoms as a potential source of novel
cancer therapeutic compounds. Experim Biol Med.
2014;239(4):387-93.

23. Al@Asmari AK, Islam M, AlBZahrani AM. In
vitro analysis of the anticancer properties of scorpion
venom in colorectal and breast cancer cell lines.
Oncol Lett. 2016;11(2):1256-62.

24. Shahbazzadeh D, Yardehnavi N, Kazemi-
Lomedasht F, Bagheri KP, Behdani M. Anticancer
activity of H. lepturus venom and its hemolytic
fraction (heminecrolysin). Health Biothechnol
Biopharm. 2017;1(1):45-52.

25. Jridi 1, Catacchio I, Majdoub H, Shahbazzadeh
D, El Ayeb M, Frassanito MA, et al. The small
subunit of Hemilipin2, a new heterodimeric
phospholipase A2 from Hemiscorpius lepturus
scorpion venom, mediates the antiangiogenic effect
of the whole protein. Toxicon. 2017;126:38-46.

26. Setayesh-Mehr Z, Asoodeh A. The inhibitory
activity of HL-7 and HL-10 peptide from scorpion
venom (Hemiscorpius lepturus) on angiotensin
converting enzyme: Kinetic and docking study.
Bioorgan Chem. 2017;75:30-7.

27. Mehner C, Hockla A, Miller E, Ran S, Radisky
DC, Radisky ES. Tumor cell-produced matrix
metalloproteinase 9 (MMP-9) drives malignant
progression and metastasis of basal-like triple
negative breast cancer. Oncotarget. 2014;5(9):2736.

28. Bhattacharyya N, Mondal S, Ali MN,
Mukherjee R, Adhikari A, Chatterjee A, editors.
Activated Salivary MMP-2-A Potential Breast
Cancer Marker. Open Conference Proceed J. 2017.

29. Orgaz JL, Pandya P, Dalmeida R, Karagiannis
P, Sanchez-Laorden B, Viros A, et al. Diverse matrix
metalloproteinase ~ functions  regulate  cancer
amoeboid migration. Nature Commun. 2014;5:4255.

30. Gonzalez L, Pidal I, Junquera S, Corte M,
Vazquez J, Rodriguez J, et al. Overexpression of
matrix metalloproteinases and their inhibitors in
mononuclear inflammatory cells in breast cancer
correlates with metastasis-relapse. Br J Cancer.
2007;97(7):957-63.

31. Perentes JY, Kirkpatrick ND, Nagano S, Smith
EY, Shaver CM, Sgroi D, et al. Cancer cell-
associated MTI-MMP promotes blood vessel
invasion and distant metastasis in triple-negative
mammary tumors. Cancer Res. 2011;71(13):4527-38.

32.  McGowan P, Duffy M. Matrix
metalloproteinase expression and outcome in patients
with breast cancer: analysis of a published database.
Ann Oncol. 2008;19(9):1566-72.

WA o O o les (YF 053 15l g Siisja ogle alan

V4

33. Kuvaja P, Talvensaari-Mattila A, Padkko P,
Turpeenniemi-Hujanen ~T. The absence of
immunoreactivity ~ for  tissue  inhibitor  of
metalloproteinase-1 (TIMP-1), but not for TIMP-2,
protein is associated with a favorable prognosis in
aggressive breast carcinoma. Oncology. 2005;68(2-
3):196-203.

34. Jackson HW, Defamie V, Waterhouse P,
Khokha R. TIMPs: versatile extracellular regulators
in cancer. Nature Rev Cancer. 2017;17(1):38.

35. Radisky ES, Sarmazdeh MR, Radisky DC.
Therapeutic Potential of Matrix Metalloproteinase
Inhibition in Breast Cancer. J Cell Biochem. 2017.

36. Lee KB, Nam DH, Nuhn JA, Wang J,
Schneider IC, Ge X. Direct expression of active
human tissue inhibitors of metalloproteinases by
periplasmic secretion in Escherichia coli. Microb Cell
Factor. 2017;16(1):73.

37. Terpe K. Overview of bacterial expression
systems for heterologous protein production: from
molecular and biochemical fundamentals to
commercial systems. Appl Microbiol Biotechnol.
2006;72(2):211.

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-5708-en.html
http://www.tcpdf.org

