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The roles of EPIYA sequence to perturb the cellular signaling pathways
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Abstract

It was shown that several pathogenic bacterial effector proteins including Helicobacter
pylori CagA, Anaplama phagocytophilium AnkA, enteropathogenic Escherichia coli
(EPEC) Tir protein, Chlamydia trachomatis Tarp, Haemophilus ducreyi LspA protein,
and Bartonella henselae Bep proteins contain the Glu-Pro-Ile-Tyr-Ala (EPIYA) or a
similar sequence. These bacterial EPIYA effectors are delivered into host cell via type
IIT secretion system (or TTSS) or type IV secretion system (TFSS), where they undergo
tyrosine phosphorylation at the EPIYA (or a similar sequences). The bacterial EPIYA
effectors trigger interaction with huge number of host cell SH2 domain-containing
proteins and thereby, they enable to manipulate host cell signaling for more effective
infection. The EPIYA (or a similar sequence) of pathogenic bacterial effector proteins
was discovered in H. pylori CagA. It was shown that cagd” H. pylori strains
significantly increase the risk of developing severe gastritis and gastric carcinoma. On
the base of the geographic region, four distinct EPIYA-sites have been described,
EPIYA-A, -B, -C, and -D, each of which is conserved. Remarkably, the EPIYA-A and
EPIYA-B sequences are found in strains throughout the world, but EPIYA-C is mainly
present in strains from Western countries (Australia, Europe and North America) and
some Asian countries (India and Malaysia), while the EPIY A-D sequence predominates
in China, Japan and Korea. Different numbers of EPIYA (or similar sequence) can
appear at the C-terminal of CagA variants. CagA proteins were tyrosine phosphorylated
by Src family kinases (SFKs) and then by c-Abl kinase. It was shown that EPIYA-A, -
B, and -C (or —D) segments can interact with SH2 domain-containing protein tyrosine
phosphatase 1 (SHP1), SH2 domain-containing protein tyrosine phosphatase 2 (SHP2),
phosphatidylinositol 3-kinase (PI3K), growth factor receptor bound protein 2 (Grb2),
growth factor receptor bound protein 7 (Grb7), growth factor receptor bound protein 10
(Grb10), the C-terminal Src kinase (Csk), Ras GTPase activating protein 1 (RasGapl),
Crk like proto-oncogene, adaptor protein (CrkL). Moreover, it was found that H.pylori
induced a characteristic morphology of host epithelial cells, which has been referred to
as the hummingbird phenotype. It was revealed that the hummingbird phenotype was
resulting from regulation of both the actin cytoskeleton and focal adhesion and it may
be involved in carcinogenesis. Notably, it was well established that CagA injection
induces the elongation morphology of host cell. Furthermore, the roles of the EPIYA (or
a similar sequence) in perturbation of eukaryotic signal transduction pathways for the
other pathogenic bacterial effector proteins were investigated. A. phagocytophilum
AnkA contains four different types of EPIYA segments termed EPIYA-A, -B, -C and —
D. These EPIYA sequences were phosphorylated by either SFKs or c-Abl kinase and it
can interact with SHP1. SHP1 phosphatase activity in infected neutrophils was
deregulated after SHP1/AnkA complex formation. EPEC Tir was tyrosine
phosphorylated at EPIYA similar sequences and it was able to interact with the SH2
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domain-containing adaptor protein Nck and Nck/Tir complex formation promotes actin
polymerization. C. terachomatis Tarp was tyrosine phosphorylated at the EPIYA
similar sequences resulting the rearrangements of the cytoskeletal of host cells. The
EPIYA similar sequences of H. ducreyi LspA were tyrosine phosphorylated by SFKs
and it was found that tyrosine-phosphorylated LspA inhibited SFKs activity. SFKs are
responsible for tyrosine phosphorylation of B. henselae Bep at EPIYA similar
sequences.  After tyrosine phosphorylation B. henselae Bep at EPIYA similar
sequencse, they acquire the ability to interact with Csk and SHP2.

From the other side, it was also shown that a large number of mammalian proteins
contain EPIYA (or a similar sequence). Until now, functional EPIYA (or a similar
sequence) was found only in two mammalian proteins (Pragmin and P140Cap).
Pragmin (or SGK223), a cytoplasmic pseudokinase, contains a functional EPIYA
sequences in its N-terminal region. It was found that Pragmin is tyrosine-
phosphorylated at EPIYA sequence by SFKs, Csk or in response to external stimuli
such as epidermal growth factor (EGF). Moreover, P140Cap (or SRC kinase signaling
inhibitor 1) contains two functional EPIYA sequences (EPLYA, EGLYA) in its N-
terminus and it was tyrosine-phosphorylated at EPLYA and EGLYA sequences by c-
Abl kinase. Tyrosine phosphorylation at EPIY A sequences enable them to interact with
Csk (a SH2-domain containing protein) specifically. Also, it was found that the
overexpression of Pragmin in AGS cells induced the elongated cell morphology. In this
regard, it was previously shown that SGK223/Pragmin expression were increased in
pancreatic cancer cells and overexpression of SGK223/Pragmin promotes elongation of
cell morphology and migration of cells in pancreatic cancer cells.

It was proposed that the mammalian EPIYA motifs might have been exploited by
pathogenic bacteria and they act as pathogenic “Master keys” to perturb multiple
signaling pathways through promiscuous binding with SH2 domain-containing proteins.
Also, it was found that EPIYA sequences in some bacterial effector proteins (such as
EPEC Tir and H.pylori CagA) to be unfolded and they showed structural flexibility
features. So, it would be interesting to determine whether the other bacterial EPIYA
effectors (such as 4. phagocytophilum AnkA, C. terachomatis Tarp, H. ducreyi LspA,
and B. henselae Bep) have disordered features at EPIYA (or similar sequences). In
mammals, the structure of proteins containing functional EPTYA (or similar sequences)
has not investigated yet. It seems that mammalian proteins containing functional EPIYA
sequences do not have disordered features at EPIYA (or similar sequences) and thereby,
they unable to interact with multiple SH2-domain containing proteins. Notably, the
most of mammalian proteins containing functional EPIYA (or similar sequences) are
unknown and there is no information about them. By using PhosphoSite, it was
explored the EPIYA (or similar sequences) in mammalian proteins and it was predicted
that the most of mammalian proteins containing EPIYA (or similar sequences) showed
no tyrosine phosphorylation at the EPIYA (or similar sequences). It seems that the
EPIYA (or similar sequences) of mammalian proteins are not available for related
kinases because of possible their restricted and inflexible structures. Up to now, the
structure of mammalian host proteins containing EPIY A motifs is not revealed.

In this review, we investigate the roles of functional EPIY A sequences as key sequences
in several pathogenic bacterial effector proteins and mammalian proteins to perturb cell
signal transduction pathways that it was associated with a large number of diseases
including cancer.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Cite this article as:
Safari F, Shokouhfard M. The roles of EPIYA sequence to perturb the cellular signaling pathways and risk of
cancer. Razi J Med Sci. 2020;27(6):90-102.

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

ay

http://rjms.iums.ac.ir WA 5 e P oyl Woyss 1gilg I.-:S".'."H oglealan


https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

2l 59,5 i Sz 59 g edges SBL S 355
(0 F) aeo o )8 ol 8,90 Liug ol
30 35290 slgdles a5 oa ool il iren
el 9 J S pas Ojyge 50 5 Sl sloesn
sbzs ok o 1y Slawyely sl e willy (s
b ol o3 3 5 et JSC5 4 5 nles 5]
Sl | lis Slallae ol Ciads o (Y &) wles
5L 5 s o Shos i 5 j55ie sla Jly
=l 0, Sdes o)l po Sladmd o)ls oy (So3sle 8
sLiaSal; wlgi oo Sloe slagesn o b JIy
Lo 55T oS 0l _plopeile olulis (g comlin
ol sl 5 e 03l e S
Lo il on olison oo 33 (2251 slo il
S 3l xSz )0 Fee e (b, (b o
r—a 5 lgee Jobow 5o Lae 2L ol cgae
i alie ) 5 s S ey sl iS5,
LSt e (S5 50 09290 EPIYA - sla JIgs
G e g 00 o)Ll Sl slo 59 5
oy play ilizes Sl yras 035 o5 50 Wl ots
dlys wbly (owyp )90 by S9p b g (Jobe

i g (5 y5—Ly JT Lo Cagd (pauSsi
ouzo 4w j9 0 g0 EPIYA
Slakee 5 e 0,5 7L e 655k SSLsSela
waSliod So W g )5 Oy &5 Sl S5
Sogie L s ye plbpw bele (nigld 5 Cosl oud
3-S50 035 b CAZA. 0S5 (N) 355 o0 gmmo
cag ol lew 0,3 Lawg yeidls oS VY VYO
ools lis cldass () +) 048 o a5l (cagPAl)
Oy sll jo cutte CagA oL iSL 5w oS ol
S oo Ll (cogen sl SR 00
o CagA (159, ;0 99250 EPIYA  (slo (aige
Lo s elaslys g aslonds adls Jliwe 5 C glecl
o sline Jlgs g5 ,Lezr BPIYA Cigge 3L
G E90 90 Ea—azme ;0 5 Cewl 0uls plulis CagA
o> o g . Cowl ool adein Lis jo CagA IS
St bl Gl )il g sk SSLeSda ol
ST CagA lls (s 5 0, ez aiile)

AR 5 65 8 o led TV o555 15jl) ySiidjs mgle alan

v

dodlo
= 392 Ol ) Gy g W sl s 55
5 L]y pldad, age bl b as asS o
aigled ool Shiee (Slujely Lo e (65000
Sle Jobo a1y 353 GlonS s jslate (oo 4
sl Folite (b5 lapinsn Sl o)y
odd Sl s (95 L5 (0l ySL glagenS s JUas!
3olass a s cwlools i Ol s .ol
g9 by Spiaen SeST L el oS ol S
(type III/IV secretion system) s o> £55 L g pou
sl 3)ly Glsee Jobus 4 1) 995 oSy
S97se (239 Apelienl o LS abgyye glo S s
sl aola ! Jols) EPIYA sla Jlgs jo
(YT 5 03958 commglinl <ol ol Soaligls
Shellss 5o Ga3pyed (D Al yad W0 S e aly e
L il iSen el o oL 5SL slagnS s 55 de
B5-bsw SH2 (s g3l Slaje Loy
Py slo s yo P51 sl 45 o S0
sl |y g bl 8 5 00 Gsee Jobow Gl
ol (oS 5 Ssgas sloml g (6,251 Rl
G ST 50 098 B (1)) wlel oo mal b
4= L) EPIYA - slglly walize 5550 g9
CagA Joli a5 el oo olulis (EPIYA
L—LUT AnKA (H. pylori) 5,5k xSLogSla

Tarp (4.  phagocytophilum) peldgi g5
LspA (C. trachomatis) _wsl_ssS15 Lo oS

e Wgi )b Bep (H. ducreyi) 5,595 wskdgen
S595b 9,00 S L&, LI Tir ¢ (B, henselae)
Camnis| Jolb 0B ST () Jguz) il o (EPEC)
3 @osrley Uil 25 g 551 (o plon 53 oS
blLs,lo)50,0 5 Cewl ouls ol oase oyl s ol
EPIYA L) EPIYA slo Jlsi ssl> ,Seo slos S
W S92 g0 SLMb] joia (Gl L (e
b oot sl ege EPIYA slo Iy «(izren
g ob aslid g0l SLgSda )0 L S (e
2 @Bly (on) 2 9590
aS Cuwl ool ylis dsllae cpaiz 0 (0 Bk
S92 90 b Shime SRSy n 50 J 9 90 Skl
s 31y Ll ol g 25T oy m IS5 4y i

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Oy 55 sk g Joho Sl plo (sl 35 w2 > EPIYA JIgs ol i

ool Slzee oS aljghund clojlS oy s BPIYA laciise (sl slagsst ) Jgae

o3l by Sy EPIYA cige Jgians Sbjen 1S SH2 (s> s slo 0o
(EPIYA «.51) i 05 dpgand EPIYA Loais’ 8 oy (009
leg 5L 5 o ciige
ool ySLsSuln CagA EPIYA SFKs, c-Abl CSK, SHP1, SHP2, Grb2,
(Y YY=VA OF AY) Grb7, RasGapl
psbidgisSs Ll AnkA EPIYA SFKs, c-Abl SHPI1
(%)
oilogSTy5 LS Tarp ENIYE SFKs, Abl, Syk PI3K, Grb2, Grb7, Grb10,
(va-ve) Cbl
$)5 90 oskdsen LspA EPIYG, EPVYA SFKs Unknown
(¥¥=y-)
Muais Mg )l Bep EPLYA SFKs CSK, SHP1, SHP2, CrkL,
(FF O9) Crk, RasGapl, Grb2, Grb7
S L il Sssgilyg il Tir VNPYA, EHIYD c-Fyn, Abl/Arg PI3K, Cbl, NCK, SHP2,
(F--¥D) RasGapl, Src

aS Cawl ool lis sasie Glidoy ass .cul o |,
CSK (C- (5u555, LEPIYA-B | 5 EPIYA-A aski
L EPIYA-B 4 sld . terminal of Src Kinase)
p85  PI3K ou S o L o >lg 3
EPIYA- asxls 4 (Phosphatidylinositol-3 kinase)
JS8) (YV-YA) s oo yiiS e o SHP2 L LC (-D)
Ciige )d 0l aly i g e eiared (g o)
Oegn b S oo 4 ;06 CagA (59 EPIYA
SH2 (yed (g9l a5 Gl (puiSg  yuls] eg3) Crk
S ol Joine aala3 (Jg a8l o0 55 (Sl

(YY) ail sod s

ANKA yssaS 37 43 39250 EPIYA o jici
Pl 905 oyt 59 o3-S 3amirs T LSy GT
b Jolw Tl
ol e 0,5 675 Sy poledyinsls LoDl
So ANKA oS o S5 bl 5 S oS
So—loghS V7N Jg Sge ()59 Lo 9
s P9 o G bl e ol il
(OVF YY) 05 oo Jdiin Slujue Johw 4 (el 3
4, EPIYA-A, EPIYA-B, EPIYA-C, EPIYA-D
L g a S ol 0 >9 AnkA Jlw s C gLl
aly 968 c-Abl 4 SFKs o b S sl s
So S Al o SHPT L jiiSen 4y ;018 9 09 o0

http://rjms.iums.ac.ir

q¢

ABD 5 L, EPIYA-A, EPIYA-B, EPIYA-D
Glodg o a Sl ,s o il o (B0 sl o)
Sl L CagA lls dLss ;550 blis jo sais b)155
ABC 5L EPIYA-A, EPIYA-B, EPIYA-C
Oeoed (AN L) (V) aib oo (2)8 o)
EPIYA-D yioSme Jlail Loy ol oas ol Lt
eed (g5l 4 Sblid putig,s o5 SHP2 L
i (31 5o Joho Sl play o 5 CenlSH2
&9 Ymare Ll 3,5 sladjges EPIYA-C 4,
OV s e s 355 1) (i 2l ol
P e )l o5 Boyb 51 CagA (s
)y (o JLeb =l sladol) liee slodsho 4
by ll )3 (Jske 4y 395 JLss 4 .(VF) 093 o
¢ Src family kinases (SFKs) JSLjw slajlos
als j9dd (3555 atelagl ;o C-ADL aliwsgy s
sla sl ;o CagA nSsi 09,5 (VYN F) 050 o0
Sl plisee Jsbow )0 1) (ool qisd (Slije
N S) el jgpeie hummingbird pls 457 S’ o
o=l as culeols lis aladlas 5l golass (o
5 EPIYA o abjoa o p 51 50 cerles cudgd
B3 rilSio iz p2 095 (00 ol CagA (o559
L (VV=10) el sois s i Ml S 541 o
EPIYA slocasise,s CagA (ngn (o aby)gansd

B 2ol araalinnd g5 4 4253 b ciige o

¥4 )}ij'@:” 4 o)k.i: AN% 092 |5j|] bs.l.ilj.l? .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

i 1

3,8 0555 avle g (6,00 dabld

l O AL ) gioad (333955

PPP
G |- ®
0w B

U203 SH2 g gls g (g b (AiS o g

Csg PI3K SHP2

- Crk

v
| = sm‘//
SHP2

PI3K
Glaghas 5 Cuigie Axaasi g sl grihun kg LR yzeas (3 ph 3

/

N

cigd Hummingbirdios (1 01) )0-ks 55 LSl CagA i sl o elyil 1) CAZA 0590550 5 (5r9ke 55bgSela =) UKW
(VYA AT AY) s JLlil Jobos 3 (s)sle ySLsSln CagA (555 3 Slos punsilSa 1 (WV=10) 0320 AGS «la Jobos s CagA

oa ools s (YV) aisS oo alyjgaud 1) la5 o590
L)‘ Gﬁl—"' L)"'i"ﬁf )é W) d..l.a)j.a.m.e U")ﬂﬂ" aS ol
sl Jolw jo ST slo as, oL o Lulal
o2, (SHCT) SH2 00 b g (YA) il oo wilgs
plan yoe PLS cely S oo (] 0iS g0 (1S
Dgds oo 5 5Sb oyl s 0oyl slo Jolw o Erk b,
Cnglio ccly Tarp-SHCT oS oo, (icred
OF pesilSe 4 355 0 5521 @ S 035]T (sladsls
(V) cowl oauis aslils £y9a8L

LSpA O ‘“(}J")J « A’}OEPIYA )}—é—"
290/ 550 pssniilo 9 (510 90 wslidsor
Objeo Jslw

4SSl i )5 ol Sy sloySg0 uglidgen

WA ) e ,es P oyl TYV 0y 93 GjlijﬁJH.ngl.:nlu

q0

255 9 095 os Ol sl (97 Sledshe jo 0L Hlade
3O s 00l o dals S g 4 S 05l o
V5 a5 e Jolo ool (slo e

bua_od6Tarp (S s iigo EPIYA Cocos/
oy plog s 40 o) Sidi g usilogST
Jolw

5o 5 i 5 55 o il LaedlS
e i S b 315 ol syl s
o 25050 Tarp (6 251y (ol S 55 095 o0
e JLb Sl sledgbe 31 @ po g58 (i
> ENIYE U, EPIYA alice slacadge 09— oo
aS 5, 0gzg glaelawl B0 ouls cblas slelgs
S5 Tarp Jlawe s N slgil o )L el SO olaws 4
SFKs , ¢c- ol S slals (YONF) wlowls

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Oy 55 sk g Joho Sl plo (sl 35 w2 > EPIYA JIgs ol i

U L 23 Tir e usSyi 0 EPIVA i
Il 10 o (J5550 puciillo 9 Sifal 9 0
Olbeo

055 Tir (S5 o S5353,51 IS Lt,31 5,251,
Jolow o e g9 (25 i G5l 1,
ol 00258 sl Jole 5 035 o 05 035, JLbi
EHIYD L EPIYA a5 slachige (F0) wil o
Lwgi g wloads &8ly Jloo,s C isw ;0 VNPYA
boael g e-Fyn wile Sloje slajleS (59—
Lgds oo aly 908 (AL, Arg) uile Abl solgils
9 (s Ay y9aumd a5 Cuwl oolo ylis Slidss
S92 (Pedestal) Jl_wo, JSis o EHIYD o
SyS o Dygo ST gla anl ) adawly a5 wib e
Lal EPEC ol )len 55 (oot 485 Jliwsy oS
(39525 oot Al yghd 5l am (FPFY) 08
Oemod (ol iy L aS el o8 Tir y.s5g
o ok wauis Caely a5 oo S eo » NCKSH2
(F-YA) 05 oo ST s

JI L2 s S EPIYA glo g Jlois/ Licio

Obise Sk slaseis
wSlid o3b) slagSyn phlwibiw ;o (e

392 g diib oo EPIYA (a_sg0 g9l aS ailoass
295 slacidse collad g (o0, Sles slapailee
e oS ol e 3 el il sl
5 (EPIYA a4 L) EPIYA  Gige (5 ,—Slos
P140Cap/SRC 5 Pragmin slapls 4y 159,
a8 Cuwl oul aswic kinase signaling inhibitor 1
O Jgo2) milopess Wil Slsiz (o &

AL ol agb o it oz oled 3250
Codlad Grals cely 5 ol 039,0LS (g ley Jule
otion lgiaslsi 5 Laglis Sl 5o (gsiemsT
& y9—0 SFK i Jled [l ala gy a5 ool
[LspA (Large supernatant protein A) 5,5
LspAl, i g0 anas cowl oS iy
OY Jss Lyl Slos a>l o aily o LspA2
o alie Gdoe solo 45 818 9y (urlginl
&3 LspAl o ien i ws EPIYG L EPIYA
@590 90 Jolds a5 Cel gowlaiel ¥V dalad
Jliwe 5 C Lyl 5 EPVYA U EPIYA 4 alice
EPVYA aige aw lylo LspA2 aSCIl> )0 il oo
15 SFKs Lawgi 555 cladiige (Y1) ol
00 03ld i g o Al jghud g a5 dicelosu!
g 025 JLge |, SFK coJlad el ol LspA aS™ el
il 59 oo SFK lpe sl CSK aS oy oo i oy

AYY-Y0) Conl oadid (pingy jeid yol ol Gl s>

Il (Tl pla g0 ol S 9 Mwits Migiy b
Ol
sl 51 e o5 (655 S Sl S
o, ol aile oleles Jule g ol (g,
Bep A-Bep G oS 55 .ol ooyl jg5log 5l
ool g9 (b plees Gkl 6L
Ng-d s 3)ly (HBge JLbgl Joko) ol Jobo
BepE ;o EPLYA L EPIYA & sl» oS4
obis aSleas a8l Jlow 5 N jidu (o a5 aily oo
(950 n slach bge o al yaud a5 Sl oads cols
S efigm L BepE pnSg fiSpe el

gy o 018 by joand sl 5905 9 (EPTY A 4 L) EPTYA (glo casse 55 (Sljwe slo (g =T Jog>

ol gl by Jobo slo (g EPIYA (o il abjghnd Jote Slus oregd SH2 (gl> (55
«3yShes el L (EPIYA o3 L) EPIYA (EPTYA a5 L) i o) EPIYA L osiS iS oy
oy SEK223/(¥\ ¥) EPIYA EGFR, SFKs sk
P140Cap/SRC kinase signaling EPLYA, EGLYA Abl CSK

(¥¥) inhibitor 1
"

http://rjms.iums.ac.ir

¥4 )}f.j'e":' 4 o)\.».i: AN% 092 lsjll bslilj...! .ﬂ&lﬂﬂl?-ﬂ


https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

3l Cl ol jlge edgow ;0 CSK oS Sl
Src gl 0,8 4 amie 00S o CSK aSlilx!
Sg-d s StC Codlad o158l cely ol ppod il o
Src cdled a5 cul ooly lis p3l oledllas (F)
00l yazie (oS 0 S Al hud LS el
3o 09 Jok JS*’ s"?’“” g ol o g ol
Lyl CSK I, Lol i (o oF STl ¢ ol 00
Olae bl )l as addllas oz 10 (FYLFY) S o
= egat g Sel oad o)Ll ol by g (eeS
0t 0SB lics o 5 BPIYA Giise g i
aS Sl oud ool s bls | e ol
039, by Sledelos ;5 1) (cogme gt (el
Aoy ghnd (595 4 Al ol (ol 45 WS 0 S
Gl 00 x8ly EPIYA Giige ,0 a5 caul (slons
PDAC Jslws 05, ;045 pb 5,50 daslllas 1o (%)
& ,9—0 (pancreatic ductal adenocarcinoma cell)

«all
N
% Pragmin
)
% 14
" AAALS L
5 iy U VW\

T ——
Residue position
S8 Gl Al el
EPIYA

EPL A EGL A P140cap/SRC kinase signaling inhibitor 1

@@

3,8 0555 avle g (6,00 dabld

oSt g0 htigo EPIVA (J35lo pucilSo
(Pragmin/Sgk223)
2 (Sgk223) oS
N iso ;0 4S5 Cewl cowdl e (Pseudokinase)
L) il e EPIYA Gasge o shils 055 Jle 5
Sre ;LS pi9p awg EPIYA (4 o (&Y
9y 5SS 00 1S Sy o 4 el o L s CSK
O alyjgind 58 oo aly)giud (EGFR) (o0
Ceel g0 iiige )0 9590 (njg S 4 oS
w2 (=l 298 CSK g (a8 (e 2S00 2
CagA peSs ) 59390 EPIYAB & alive S
Sl B, o5 ol o A5 e 55k 2SSl
Il 00, ;0 CSK L (1S w2 sl o ciuige
GRS a s ol () F) el o o0ls L5 AGS

St Sl 00,5 (o Mg 53 CSK Lo sy

s L5 <

p140Cap/ SRC kinase signaling inhibitor 1

m\\ﬁ/"\r\ AT m/‘/\i\n

W o

s 10 1% 30 7 w0 Wo 0 4 %o o @0 @0 M0 T G0 M0 %o 0 100 1050 100 1%

Probability of Disorder

Residue position

H O3 a3l
* EPIYA

pyd i (0 ) o 2 2250 EPIYA CGige oo g (meS iy Slows sl il EPIYA b ¢l Casge sol> (Slie sl pTap - IS

g i Bllasl oy 8 oy i e (FF) o) @ dbgyje sl Cadge Jme o P140capSRC kinase signaling inhibitor 1 .54, il

(YY) dbogipe cpig 53 s8 e sl cadge
v

WA 5 65 & o)led YV 0,53 15jl) ySiisjs ogle alan http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Oy o s 9 Jsho oy ply laje (35 w22 3 EPIVA I (sla 28

2 golaisl LS we p sald lses (g ()

EPIYA sloaci_ogo yog ulS ol a5
e S350 510 il 5 52y 5T
as Wil las o)L ¢ Selbach Y+ -4 Jlu o
U3 Ly S (BPIYA 4 L) EPIYA (glaciyige
30 SH2 ywo (g3l by (ool olows b aies
3P a8 el Ao ailed (1iSme b Jokes
O3S alllae ol o 5L odsl (sl Lo g 0
A SOl 09 o o Ll (V) SS) wsloals
EPXYAXV (e S0 golo (gl aial sl VO (6 5w
el £93 50 B yxe Wilgh o X Al j0 Wi )5 eolaul
ey s B il cad i cnas il sl anl
L SUEPIYA sl Giige 535 oS ol
Saa (V) .Woges ke (Master key hypothesis)
el e Sy Ole el ol yle o p 4 ik
oo Ol 4) lsli8 slays 9,5 5k yo b e

Tir (EPEC) VPN A EHI D

et
A

-

)l.:_h“.? C.E..A )b O:-Afﬁ aS
luas EPIYA (aige cpizmon g oad slo oYU

ous oald lid el aid

p- pelan aS cenl Cdl (V) el oas aly el
o) LS)‘.’.‘S‘—?, Bllags! ML?' — uw._; le_:o)‘}él
21y @i Slhasl co ol (i n sl uilSKu

(z &V US8) soo oo plis S 5 EPIYA (adge

P140Cap/SRC kinase signaling inhibitor 1

SRC kinase pl_ya5)P140Cap  yiig,—

9 syl (09 s 0ul 3.5 signaling inhibitor 1
5 EGLYA s EPLYA L EPIYA aliw cadge
ool JLeS (g Abladloo Jlwo i N (i
EGLYA(EPLYA sla (i Sge cyois abjsaud jo
A5 33loe U5 s aljpi b (ol 5 ABL o
5= (FF) b (iiSen » CSK L 953 (g
Bllasil pae a by o sla)l38l o0 S5 L (o
4D dge 93 8 53 HeSde (s Gl sy
ol s (6 ¥ JS8) Canl 60l o i EPIYA

N C
EPL A EPL A BepF (H. henselae)

CondCH>
CenD
o)

N C

EPL A EPL A  BepE (H. henselae)

Gsup2)

(V) osds it lis odimd IS oy b (pig g jl gl Ao g Ly St ) EPIYA b <l Cidge g S ol M)B—‘ﬂ J&w

http://rjms.iums.ac.ir

aA

¥4 )}f._}‘@’& 4 a‘)\.»..i: AN% 092 lsjll hslilj-.l: .ﬂglﬁﬂlﬂ'-ﬂ


https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Trbe Jsbwm Slog2ge JlSS j0 D9l S
Col 00y Jador Cllgo Al 50 L0l 4 5 0Bl oo
3155 e Jslow 3 SFKs Coal cnlple . (OY 0Y)
53 Jslew Jsl eyl plgins CSK s el s
1 952>90 EPIYA  slaca Jge L i Spo

QS azgi |y (Glie locnsis

5 Ga=lS o l plis oL SL sl 5o
2 PLST g0l Jsho Sluyoly )0 o Jlgs cnl oo
iy Sz 0 ogasy Jolw Gle ey slo s ol
oo sl D900 Glaie (ol Jokw j0 L xSL
a2 o lid el plxl Gldllas ¢ puizmon ol 0
AW uSslS s sla Iy 5l Solgen (oS 5o
DY) w3l oo 2L 8L Sl )0 HeSde Slakad
sloaiiigrm b goasie GlaiiSee ol )50
o= ‘c_'éls 3O o sl Lyl Loy |y Gsl_,).m
sl JIgs ol a5 05d o0 el (5 pdySlasi] Cools
w3 S 18 Sbie sl LS oyme 0 (o) 4 epe
sle uiigpm ool olaws b Slol 4 g wigd aby ,aud
I Y| Jlo snles jiiSer s SH2 e (ol
Slae )5 dacaige (pl ol (Slre oSy
sle e gge (S ooy hled all oo by, ok
009 e 3yl ol el Azl ralS Gadka
Sad J7S Bl g Jobe sl S5 9550 slaciae
P beciise oml L oys5 5 50 Glasply Gl e
oald lid ;550 (ga—w layle lias biee slogl
3 S ol slass Ll el 0l b ;95300 slocasige
Wgd o alyyhud j5S e slachise jo b 5By
s as Ll el ol pdig ) e gl ol LY (O)
6L°u-‘—“‘55’ 59 aS el L§)-.’.‘;\—.f. Sllassl )L’;:}l_u

AR 5 65 8 o led TV o555 15jl) ySiidjs mgle alan

19

» Pl SH2 gl slo ety Lo S
e Sl a5l n (ol ol (sla s
o0 aly e 50,5 ael el (Sl S0
Sa o L (Blbl gl arelol 36 L ol j00)
5 -8 ol S oo alie 4 SH2 (55> (2590
Slallas ol o molars] YlS 5 el 0 S
pas g S0,05l lagd a5 ol eols lis gousine
3 Gy Slhasl ool 052 9 b S
slacige aile Lapty y lide slacise
SLedlly b A San s o g5 e EPIYA
50 (FY-Y0) 09 Oglase glo g, b ,aio g0
o Tir (s5g a5 el oals ools lis bl | en
Slasl il g asl o 59,555 28l EPEC
Camol> 0529 o (5,500 Oldllas (FA) o)l 6l
FSLsSele EPIYA (slacage 0 ) (5 Slasl
3l Caols ol (B FR) sms o Sl 6ok
(2L St slagS s EPIYA lacisge 10 09290
5 wigigo 1y 555e sloiaipa o S ol ol
wles Azgi (o9

i sl sl YN e s S sy
Sbime o9 n 0 60 es LB L EPIYA iSge
5 e dallhe ool po ot olwlid (eS
ailen oS p EPIYA (adge a5 axidl o ), Ko
au L8 dlacasge (ol sl (2l SL Gl enSss
SH2 sol> slo pusigm (ool olawi b jiiSen
aly j5had (59 dipelia ] GBS Gl 5 bl ol
sl ol Sl a5 sl oo CSK | L ous
S b sea g 3l 6y S s sldles o (F)
o=l aS wl cil e EPIYA  slacadse glylo
slagesgm o1, baciadse (il 00,05yl
—olaS! o Jo (jsS B (D) weo oo lis Sl
EPIYA  slaciSge (los (WS o0, (09—
9 SH2 (ool (pegn S L dadd Sljee oty
Ol A4S dy o0, 4 s aein CSK b 5
olzail cpl e SFKs jlge ;0 CSK 0,8 4 jaxio
G g 00lgils S g SFKs .ol
S L sk Sloyply (slo e iy o Loyl
J>e i )0 goanite (golS sla il 5wl oo
Olg— SFKs jgax aiiwa [l 551, Jelo calies

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Oy 55 sk g Joho Sl plo (sl 35 w2 > EPIYA JIgs ol i

the Helicobacter pylori CagA protein. Nature
Reviews Cancer; 2004.4(9):688-94.

12. Covacci A, Rappuoli R. Tyrosine-
phosphorylated bacterial proteins. Journal of
Experimental Medicine; 2000.191(4):587-592 .

13. Poppe M, Feller S, Romer G, Wessler S.
Phosphorylation of Helicobacter pylori CagA by c-
Abl leads to cell motility. Oncogene;
2007.26(24):3462-72.

14. Tammer I, Brandt S, Hartig R, Konig W,
Backert S. Activation of Abl by Helicobacter
pylori: a novel kinase for CagA and crucial
mediator of host cell scattering. Gastroenterology;
2007.132(4):1309-19.

15. Bourzac KM, Botham CM, Guillemin K.
Helicobacter pylori CagA induces AGS cell
elongation through a cell retraction defect that is
independent of Cdc42, Racl, and Arp2/3. Infection
and immunity; 2007.75(3):1203-13.

16. Segal E, Cha J, Lo J, Falkow S, Tompkins LS.
Altered states: involvement of phosphorylated
CagA in the induction of host cellular growth
changes by Helicobacter pylori. Proceedings of the
National Academy of Sciences;
1999.96(25):14559-64.

17. Selbach M, Moese S, Hurwitz R, Hauck CR,
Meyer TF, Backert S. The Helicobacter pylori
CagA protein induces cortactin dephosphorylation
and actin rearrangement by c-Src inactivation. The
EMBO journal; 2003.22(3):515-28.

18. Tsutsumi R, Higashi H, Higuchi M, Okada M,
Hatakeyama M. Attenuation of Helicobacter pylori
CagA- SHP-2 signaling by interaction between
CagA and C-terminal Src kinase. Journal of
Biological Chemistry; 2003.278(6):3664-70.

19. Selbach M, Paul FE, Brandt S, Guye P,
Daumke O, Backert S, et al. Host cell interactome
of tyrosine-phosphorylated bacterial proteins. Cell
host & microbe; 2009.5(4):397-403.

20. Higashi H, Tsutsumi R, Muto S, Sugiyama T,
Azuma T, Asaka M, Hatakeyama M. SHP-2
tyrosine phosphatase as an intracellular target of
Helicobacter pylori CagA protein. Science;
2002.295(5555):683-6.

21. Higashi H, Tsutsumi R, Fujita A, Yamazaki S,
Asaka M, Azuma T, et al. Biological activity of the
Helicobacter pylori virulence factor CagA is
determined by variation in the tyrosine
phosphorylation sites. Proceedings of the National
Academy of Sciences; 2002.99(22):14428-33.

22. Suzuki M, Mimuro H, Suzuki T, Park M,
Yamamoto T, Sasakawa C. Interaction of CagA
with Crk plays an important role in Helicobacter
pylori-induced loss of gastric epithelial cell
adhesion. Journal of Experimental Medicine;
2005.202(9):1235-47.

23. Lin M, Dulk-Ras D, Hooykaas PJ, Rikihisa Y.
Anaplasma phagocytophilum AnkA secreted by

http://rjms.iums.ac.ir

OO Joe (olatSl Sgz 0 & sloanss ]S
023 ()35 il Shiee slagtgn ) ks
3 Sl e il LoapandlSe (l (08 (209 el
5S4 05 solizsl oleys slo s3]zl b
Lo piSiom s 59,5 dgamme Caz ) Olgi oo il
e 3 rlpbs s Slosee sbagasion b 2L St

Cadloy pad oly 6 ke

References

1. Cascales E, Christie PJ. The versatile bacterial
type IV secretion systems. Nat Rev Microbiol.
2003;1(2):137-149.

2. Galan JE, Wolf-Watz H. Protein delivery into
eukaryotic cells by type III secretion machines.
Nature. 2006;444(7119): 567-573.

3.Backert S, Selbach M.  Tyrosine-
phosphorylated bacterial effector proteins: the
enemies within. Trends Microbiol,
2005;13(10):476-84.

4. Safari F, Murata-Kamiya N, Saito Y,
Hatakeyama M. Mammalian Pragmin regulates Src
family kinases via the Glu-Pro-lle-Tyr-Ala
(EPIYA) motif that is exploited by bacterial
effectors. Proceedings of the National Academy of
Sciences; 2011.108(36):14938-43.

5. Safari F. EPIYA (or-like) motifs in mammalian
proteins. Journal of King Saud University-Science;
2014.26(4):276-284.

6. Leroy C, Fialin C, Sirvent A, Simon V, Urbach
S, Poncet J, et al. Quantitative phosphoproteomics
reveals a cluster of tyrosine kinases that mediates
SRC invasive activity in advanced colon carcinoma
cells. Cancer research; 2009.69(6):2279-86.

7. Tactacan CM, Phua YW, Liu L, Zhang L,
Humphrey ES, Cowley M, et al. The pseudokinase
SgK223 promotes invasion of pancreatic ductal
epithelial cells through JAKI1/Stat3 signaling.
Molecular cancer; 2015.14(1):139.

8. Parkin DM, Bray F, Ferlay J, Pisani P .Global
cancer statistics, 2002. CA: a cancer journal for
clinicians; 2005.55(2):74-108.

9. Censini S, Lange C, Xiang Z, Crabtree JE,
Ghiara P, Borodovsky M, et al. cag, a pathogenicity
island of Helicobacter pylori, encodes type I-
specific and disease-associated virulence factors.
Proceedings of the National Academy of Sciences;
1996.93(25):14648-53.

10. Akopyants NS, Clifton SW, Kersulyte D,
Crabtree JE, Youree BE, Reece C, et al. Analyses
of the cag pathogenicity island of Helicobacter
pylori. Molecular microbiology; 1998.28(1):37-53.

11. Hatakeyama M. Oncogenic mechanisms of

\¥a4 B & oyled YV ooy |5]|l b_rll.l'lj.l? .ng.l.:t\l:.l.ll


https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

24. type IV secretion system is tyrosine
phosphorylated by Abl-1 to facilitate infection.
Cellular microbiology; 2007.9(11):2644-57.

25.1Jdo JW, Carlson AC, Kennedy EL.
Anaplasma phagocytophilum AnkA is tyrosine-
phosphorylated at EPIY A motifs and recruits SHP-
1 during early infection. Cellular microbiology;
2007.9(5):1284-96.

26. Clifton DR, Fields KA, Grieshaber SS,
Dooley CA, Fischer ER, Mead DJ, et al. A
chlamydial type III translocated protein is tyrosine-
phosphorylated at the site of entry and associated
with recruitment of actin. Proceedings of the
National Academy of Sciences of the United States
of America; 2004.101(27):10166-71.

27. Clifton DR, Dooley CA, Grieshaber SS,
Carabeo RA, Fields KA, Hackstadt T. Tyrosine
phosphorylation of the chlamydial effector protein
Tarp is species specific and not required for
recruitment of actin. Infection and immunity;
2005.73(7):3860-8.

28. Lutter EI, Bonner C, Holland MJ, Suchland
RJ, Stamm WE, Jewett TJ, et al. Phylogenetic
analysis of Chlamydia trachomatis Tarp and
correlation with clinical phenotype. Infection and
immunity; 2010.78(9):3678-88.

29. Mehlitz A, Banhart S, Hess S, Selbach M,
Meyer TF. Complex kinase requirements for
Chlamydia  trachomatis Tarp  phosphorylation.
FEMS microbiology letters; 2008.289(2):233-40.

30. Mehlitz A, Banhart S, Maurer AP,
Kaushansky A, Gordus AG, Zielecki J, et al. Tarp
regulates early Chlamydia-induced host cell
survival through interactions with the human
adaptor protein SHC1. The Journal of cell biology;
2010.190(1):143-57.

31. Mock JR, Vakevainen M, Deng K, Latimer
JL, Young JA, Van Oers NS, et al. Haemophilus
ducreyi targets Src family protein tyrosine kinases
to inhibit phagocytic signaling. Infection and
immunity; 2005.73(12):7808-16.

32. Vakevainen M, Greenberg S, Hansen EJ.
Inhibition of phagocytosis by Haemophilus ducreyi
requires expression of the LspAl and LspA2
proteins. Infection and immunity;
2003.71(10):5994-6003.

33. Ward CK, Lumbley SR, Latimer JL, Cope
LD, Hansen EJ. Haemophilus ducreyi secretes a
filamentous hemagglutinin-like protein. Journal of
bacteriology; 1998.180(22):6013-22.

34. Deng K, Mock JR, Greenberg S, Van Oers
NS, Hansen EJ. Haemophilus ducreyi LspA
proteins  are  tyrosine  phosphorylated by
macrophage-encoded protein tyrosine kinases.
Infection and immunity; 2008.76(10):4692-702.

35. Schulein R, Guye P, Rhomberg TA, Schmid
MC, Schréder G, Vergunst AC, et al. A bipartite
signal mediates the transfer of type IV secretion

Yo

substrates of Bartonella henselae into human cells.
Proceedings of the National Academy of Sciences
of the United States of America; 2005.102(3):856-
61.

36. Kenny B, DeVinney R, Stein M, Reinscheid
DJ, Frey EA, Finlay BB. Enteropathogenic E. coli
(EPEC) transfers its receptor for intimate adherence
into mammalian cells. Cell; 1997.91(4):511-20.

37. Phillips N, Hayward RD, Koronakis V.
Phosphorylation of the enteropathogenic E. coli
receptor by the Src-family kinase c-Fyn triggers
actin pedestal formation. Nature cell biology;
2004.6(7):618-25.

38. Swimm A, Bommarius B, Li Y, Cheng D,
Reeves P, Sherman M, et al. Enteropathogenic
Escherichia coli use redundant tyrosine kinases to
form actin pedestals. Molecular biology of the cell;
2004.15(8):3520-9.

39. Kenny B. Phosphorylation of tyrosine 474 of
the enteropathogenic Escherichia coli (EPEC) Tir
receptor molecule is essential for actin nucleating
activity and is preceded by additional host
modifications. Molecular microbiology;
1999.31(4):1229-41.

40. Gruenheid S, DeVinney R, Bladt F, Goosney
D, Gelkop S, Gish GD, et al Enteropathogenic E.
coli Tir binds Nck to initiate actin pedestal
formation in host cells. Nature cell biology;
2001.3(9):856-9.

41. Campellone KG, Giese N, Tipper OJ, Leong
JM. A tyrosine-phosphorylated 12-amino-acid
sequence of enteropathogenic Escherichia coli Tir
binds the host adaptor protein Nck and is required
for Nck localization to actin pedestals. Molecular
microbiology; 2002.43(5):1227-41.

42. Senda Y, Murata-Kamiya N, Hatakeyama M.
C-terminal Src kinase-mediated EPIYA
phosphorylation of Pragmin creates a feed-forward
C-terminal Src kinase activation loop that promotes
cell motility. Cancer science; 2016.107(7):972-80.

43. Safari F, Jodeiry Zaer S. Evaluation of Cell-
Morphological Changes by Helicobacter pylori
CagA and Pragmin in AGS Human Gastric
Carcinoma Cells. Gene Cell Tissue;
2017.4(2):e12598.

44. Safari F, Jodeiry Zaer S. Down regulation of
Src Family Kinase Activity Using PP2 Inhibitor
Has No Effect on the Elongation of Pragmin-
Transfected ~ Adenocarcinoma  AGS  cells.
International Journal of Basic Science in medicine;
2018.3(1):46-50.

45. Repetto D, Aramu S, Erba EB, Sharma N,
Grasso S, Russo I, et al. Mapping of p140Cap
phosphorylation sites: the EPLYA and EGLYA
motifs have a key role in tyrosine phosphorylation
and Csk binding, and are substrates of the Abl
kinase. PloS one; 2013.8(1):¢54931.

46. Dyson HJ, Wright PE. Intrinsically


https://rjms.iums.ac.ir/article-1-5945-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-06 ]

Oy 55 sk g Joho Sl plo (sl 35 w2 > EPIYA JIgs ol i

unstructured proteins and their functions. Nature
reviews Molecular cell biology; 2005.6(3):197-208.

47. Dunker AK, Silman I, Uversky VN, Sussman
JL. Function and structure of inherently disordered
proteins. Current opinion in structural biology;
2008.18(6):756-64.

48. Sigalov AB. Protein intrinsic disorder and
oligomericity in cell signaling. Molecular
bioSystems; 2010.6(3):451-61.

49. Race PR, Solovyova AS, Banfield MIJ.
Conformation of the EPEC Tir protein in solution:
investigating the impact of serine phosphorylation
at positions 434/463. Biophysical journal;
2007.93(2):586-96.

50. Nei¢ D, Miller MC, Quinkert ZT, Stein M,
Chait BT, Stebbins CE. Helicobacter pylori CagA
inhibits PAR1-MARK family kinases by
mimicking host substrates. Nature structural &
molecular biology; 2010.17(1):130-2.

51. Hayashi T, Senda M, Morohashi H, Higashi
H, Horio M, Kashiba Y, et al. Tertiary structure-
function analysis reveals the pathogenic signaling
potentiation mechanism of Helicobacter pylori
oncogenic effector CagA. Cell host & microbe;
2012.12(1):20-33.

52. Segawa Y, Suga H, Iwabe N, Oneyama C,
Akagi T, Miyata T, et al. Functional development
of Src tyrosine kinases during evolution from a
unicellular ancestor to multicellular animals.
Proceedings of the National Academy of Sciences;
2006.103(32):12021-6.

53. Okada M. Regulation of the SRC family
kinases by Csk. Int J Biol Sci; 2012.8(10):1385-97.

54. Furuta Y, Yahara K, Hatakeyama M,
Kobayashi I. Evolution of cagA oncogene of
Helicobacter pylori through recombination. PloS
one; 2011.6(8):€23499.

55. Majazki J, Wiippenhorst N, Hartelt K, Birtles
R, von Loewenich FD. Anaplasma
phagocytophilum strains from voles and shrews
exhibit specific ankA gene sequences. BMC
veterinary research; 2013.9(1):235.

http://rjms.iums.ac.ir

YooY

¥4 )}ij'@:” 4 o)k.i: AN% 092 |5j|] bs.l.ilj.l? .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-5945-fa.html
http://www.tcpdf.org

