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Regulation of Src family kinases by Pragmin via the
EPIY A tyrosine-phosphorylation motif, which is utilized
by bacterial effectors

(MET7 =2 % —2EHT 5 EPIYA Fud vy VBALEF—7%2 L7
Pragmin (22X % Src 7 7 3V —FF—EDOHIH)
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A number of bacterial pathogens injected effector proteins into host cells by a bacterial type III or
type IV secretion system. After translocation, these effectors undergo tyrosine phosphorylation at
Glu-Pro-lle-Tyr-Ala (EPIYA) or EPIYA-like sequence motif by host kinases. This EPIYA
phosphorylation triggers complex formation of bacterial effectors with SH2 domain-containing
proteins that results in perturbation of eukaryotic signal transduction pathways and subversion host
cell functions for the benefit of the pathogen. Sofar, no molecule has been reported in mammals
which utilizes the EPIYA motif for the possible biological function. In this work, it was
explored a mammalian protein possessing a functional EPIYA motif that may be
exploited or evaded by bacterial EPIYA effectors. To this end, by searching of the
human proteome with the NCBI BLAST program, six proteins which have a perfect
EPIYA motif were identified. It was hypothesized that mammalian EPIYA effectors,
if they exist, should have a scaffold/adopter function involved in intracellular signal
transduction. Pragmin, a cytoplasmic pseudokinase, was chosen for further analysis
in this study, Because many pseudokinases have been known to act as scaffolds or
adaptors in the cells. It was found that Pragmin undergoes tyrosine phosphorylation
by SFKs or in response to EGF stimulation at the EPIYA motif. Tyrosine

phosphorylation at EPIYA motif of pragmin makes complex formation with the
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C-terminal Src kinase (Csk), a negative regulator of SFKs. Pragmin is a cytoplasmic
protein and the Pragmin-Csk complex formation sequesters Csk to the cytoplasm,
preventing SH2 domain-dependent recruitment of Csk to the membrane and
subsequent inactivation of SFKs. Since SFKs are kinases that phosphorylate
Pragmin, therefore, these results indicated the presence of a positive feedback loop
that ensures sustained SFK activation by the Pragmin-Csk complex. It was also
shown unlike bacterial EPIYA motifs which can display promiscuous specificity for
multiple SH2 domains, however, the Pragmin EPIYA motif exhibited strict binding
specificity to the SH2 domain of Csk. Interestingly, Helicobacter pylori EPIYA
effector CagA has been shown to bind to Csk in a tyrosine phosphorylation-dependent
manner. In this study, It was demonstrated that the level of the Pragmin-Csk
complex substantially reduced in the presence of a H. pylori CagA. However, H. pylori
EPIYA effector CagA binds to Csk SH2 domain in place of Pragmin and thereby
enforces recruitment of Csk to the membrane to inhibit SFKs. These results introduced
Pragmin as the first mammalian EPIYA effector and suggests that bacterial EPIYA effectors

impair the function of Pragmin to subvert SFKs for successful infection.
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Regulation of Src family kinases by Pragmin via the
EPIY A tyrosine-phosphorylation motif, which is utilized
by bacterial effectors

BT =27 % =3+ 5 EPIYA Fui v VEBfLEeEF—T7% A L7
Pragmin 12X 5% Src 7 7 3V —FF—EDHI|#H)

Helicobacter pylori (H. pylori) ® B PISHERIIIEMRET R, HLERE, S SICIXENARE
EEBICEb o TWS, FTH, cagd BISTFBIED H pylori T LW BHEREZRE L, B2
ARRIE L3RS MBS B, cagd B H. pylori IXBEEN T CagA # L /30 BREEA L, IV B IHIE
AL TH LRAMIICERE CagA & VY BEEEAT S,

CagA X CRIBAC I NF I vEe-Ta Y g Y uf s -Fus 75 =rhbie b EPIYA B
F—T7EBEAEL, TOFEF—TRNOFa L UBREN Src 77 IV —FF—Fick ) U B
nad, Fryr) VB EEShis CagA I3ETMIENENS V37 BEHMEERA L, BN
BHREEELET D, BEDOHRELY ., CagA DH R LT, MOBEEME T T =7 Z —iZRBW
Th EPIYA EF— I REFEETB L RELNERoT, TRAOLMBET 7=/ ¥ —bE, Cagh
[k, EPIYA EF —7DF 1 i U VE{LERTFIICH ~ 278 THIRNEN S T LA L. TOF
FHEERET 3,

€I TAAETIE, CagA IKREBEESNDMBE =7 = 7 #F—» EPIYA TF—7 & AV CHEIHE
WE R EEEBL, EERMRAEREEZ» LTS LV I RBRICES X, HiLEwH
PIZTEPIYA EF—7 %2 H T2 ¥ /30 BORRE, 72 b NS E OMEERIRENT 21T - 7=,
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1 BT, WHLEBYMENICBWTEPIYA £ F— 72835 % VX2 HO T 0 T4 — AN
Z1T\>, Pragmin #[FE L7, #FT Pragmin 1X Src 77 2 U —FF—+¥ b L < id EGF Fl#iC
LD EPIYAETF—7DF oY VEBEENBZ LERLE,

% 2 ECIL, EPIYA Fu i) VEBUKIERZ Pragmin OMIRNERM S FOBREEIT- 7,
Pragmin X EPIYA £F—7DF v Y VEB{UEFWHIC Src 77 IV —F F—BiEHEMHI ST
C-terminal Src kinase (Csk) LfBE/ERTAZLERLT,

5 3 ETIX. Pragmin-Csk lEEROAEDFENBE LA L NITT B2, c-Src DIFEMHITER L
TN %17 o 7=, Pragmin iIZMREICB VT Csk EFHEEEMAT 3 Z L2 L0, Csk OMIRBITZ
MHIL. ARREIZRBIET S cSrc OFEME LR SRHZ L ERLE,

%5 4 B TIX, H pylori CagA 12 & 3 Pragmin-Csk HHE{EH~DOFB LR Lz, MRECBES
% CagA iX Pragmin & BEEBIC Csk &REE L. MIIREICRTET D Csk 2 MR~ BITSED, £
DFER. CagA X Csk ZMLTSrc 77 IV —FF—EOFEEEIHTIZE 2R LE,

INEET DT, BEIX, ABRXIZT Pragmin 28 EPIYA EF—7 DV VE(EEMN LT Csk &5
A L .Csk OHBAERRIT A ME T 2R .Src 7 7 IV —FF—EiEMEZ LR I®BEZ L 2R LT,
BT, BARE L BT S35 H pylori CagA X Pragmin & $E4HIIC Csk LA L., HRE
IZRTET D Csk ZHARRIE~BIT S ® HREFE. CagA ITEEMBEAND Src 7 7 I U —F F—EiEHEE
MHT D ERALNC Lic, T b ORRITHER D 5 ERRENER. SXRETHT I—RE
ICHE LTIV, H pylori CagA #iZLHE L7Z EPIYA EF— V3 A THLTOMBL 7 =7 #
—DRBERFHBROMAICERT 2L ZAKRBELORH 5,

Lo TEEIZL, LB ERZEE (B%) OEI2BRESNIBERHILDOLED D,
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