Subcellular localisation of Epac

Summary

Cyclic adenosine 3°, 5’- monophosphate (cAMP) is a second messenger that functions
through binding to its downstream targets protein kinase A (PKA), cyclic-regulated ion
channels (CNG channels) and Epac (exchange protein directly activated by cAMP).
Epac ( Epacl and Epac2) is a guanine nucleotide exchange factor towards both Rap1 and
Rap2. It is kept in its inactive conformation by an intramolecular interaction between the
regulatory and catalytic domain. Binding of cAMP to the cAMP-binding domain within
the regulatory region liberates the catalytic domain, resulting in the activation of Epac. In
order to visualize the conformational change between the inactive- and active-state of Epac,
a CFP-Epac-YFP probe was generated and fluorescence resonance energy transfer (FRET)
between the two fluorescent moieties was monitored in vivo. The FRET signal rapidly
decreased in response to cAMP-raising agents, whereas it fully recovers after addition
of cAMP-lowering agonists (Chapter 2). This indicates that cAMP causes a significant
conformational change in vivo and supports the unfolding model for Epacl activation. In
addition, compared with the PKA-FRET probe, the Epac-FRET probe has a much larger
dynamic range for cAMP, and this allows the Epac-FRET probe to measure changes in
physiological cAMP levels which PKA-FRET probe failed to record (Chapter 2).

8-pCPT-2’-O-Me-cAMP (007), a cAMP analogue which can specifically activate Epacl
but not PKA has put Epacl in a pivotal position in many biological processes such as VE-/
E-cadherin-mediated junction formation, integrin-mediated cell adhesion, insulin secretion
and sodium proton exchange activity. However, the lack of suitable antibodies against
Epacl limited a detailed analysis of Epac. Therefore, a series of Epacl antibodies (Abs)
were generated and characterized. 5D3, one of the Epacl monoclonal Abs, was further
characterized. Both in vivo ( data not shown) and in vitro experiments demonstrated that
5D3 can specifically recognize the active conformation of Epacl, and the epitope of SD3
was mapped within the cAMP binding domain, in particular around Leucine 273. This
region is hidden during autoinhibition (Chapter 3 and its Addenum).

To determine the subcellular localization of Epacl was the main goal of my project. Using
Epacl Abs, we observed that Epacl is mainly distributed around the perinuclear region,
especially in the endoplasmatic reticulum and the Golgi apparatus, as well as in the plasma
membrane, especially at microvilli in fully polarized cells (Chapter 4). Functional domains
which are responsible for the proper localization of Epac1 were also analyzed in detail. Our
results revealed that both the DEP domain and the EzB domain (the first 49 aa) are required
for the correct localization of Epacl and the activation of Rap. The EzB domain is not only
responsible but also sufficient for targeting Epac1 at microvilli. In contrast the DEP domain
is only responsible for membrane localisation (Chapter 4). Importantly, the microvillar
localization is through binding to Ezrin/Radixin, proteins that function as linkers between
the actin cytoskeleton and the apical membrane of polarized cells and as scaffold protein
for protein complexes. The functional relevance of this interaction is still unclear, but the
mere fact that Epacl only binds to the active form of Ezrin/Radixin indicates that activation
of these proteins is a crucial step in the spatial regulation of Epacl.
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Summary

An interesting and surprising observation was that Epacl accumulates in the nucleus when
the EzB domain of Epacl was deleted. This effect could be mimicked by stimulation of
the cells with HGF, which induces cell scattering, and with overexpression of RapV12
which induces cell spreading. These results suggest that upon loss of cell polarity and thus
disruption of the apical structures, part of Epacl translocate to the nucleus. However, the
function of Epacl in the nucleus remains unclear (Addendum of Chapter 4).
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“ it

Cyclic adenosine 3’, 5’- monophosphate (cAMP) AR — N EREERNE EES T, E
] DL I RN AR L . PKA, cyclic-regulated ion channels (CNG channels)fl Epac
(exchange protein directly activated by cAMP) K EZ#H:ZhAE. Epac &/ G %A Rap IS
T BRI AR MAELX, IF7T LU H XML X Z [>T W&
(autoinhibition) TM{# Epac & A EMALBIES (HARE) « 4 cAMP &A&7EH X 1
CAMP S5 5N, W] LA A AR, AT AL X R R oK, F) T Rap /NEREARISS
&, BEIF, Epac MIZILTEGEA OFECRE) o A TUFW] Epac & AMWIEEA, RATMET
Epac [¥] FRET #¢f4, ElKf YFP FI CFP #%2 A Al & 70 H Zm A, A Epac 7E AARBUEZS
HARBIHOIEEN, RESBECAN CFP 2| YFP MRt . Wlingi REMW, Epac 7EARMUES
B, SR RS 2 T8 A BE B R R ABU T CFP RUARS e R BIARIL Y YFP, AT AT LA
K] YFP (58 516HE . 24 Epac BMOT N, S MR i 2 A iR paE AR, AT AN BEAGHI
Fth CFP f T Z] YFP [R5 S6% . Ak, FIH Epac 1 FRET #i4&, AL T Epac
HIBOTE R — A S BT RO R (R =)

8-pCPT-2’-O-Me-cAMP (007)/& cAMP [J— /MY, & 0] LURES UGS Epac, T /A52M PKA
BIVETE. RIAHIX— N LAY, WHRE ¥ Epac BAENE cAMP M ANIE S HSIREH—
MEFEEPAME L. B0, Epac EHHEANN T A M345 S #E; VE-/B-cadherin -/~ F140
Hala) R E S R AR A E AN SIOABRI IR TR, BRESZA0Wa R2 DL R A R
TARHIE R RS R . B, AT T Epac SEAMEZIhRE, T4 TIH %% T Epac
M BRI 2 e B Piik . BT 5D3, Epac W BEPiiAZ —, TTLLRBIPITIRAR Epac &
M, Bk, 25 = BRATEN S e T XN YA E R UL E CALAE T Epac i
FEX ) cAMP Z5 538N, 5 273 SR BRIAL B BT N X —PiihR IR AL RS AN AL B, X —
{7 B IF 74T Epac 2 AL & X .

Epac 13741 Jitd 52 47 F& A8 SC I BB 4 o 1M HAF Epac #3047 W41 i 52 4755 T T i Epac (136
IREE, FIHIANIHI%T Epac PRI wkEhiik, FATRIN Epac 3 B 4rEK7E 41 M A% I
il S s R IEA P M b, A, 02 Epac SAMEZAGX, Bl AE ik
A LS E (Microvilli) o 4T T A% Epac V40058 (7 B2 B Th R, T4 17
H—Z41) Epac HURZABWKIL Epac IIEME M T ENA SN 55, —A & DEP 1EH
B, 5 AN N R 49 MERIEER . XA E LS 5 AMUAE Epac 1IEfE A 2 JE R BT
fEH, T HAB 2 Epac iGN G &1 Rap FiATHUDThEEX . N Kifif) 49 NMEILR R AE
Epac E R EMELSE FREVEIT, T BAUAUE 49 MR MR AL LLZ25] Epac & I & 07 2140 i f 1L
5% . DEP {EHEULELE Epac EATAEMLIS B3 KAEVER, (B4 4 23 1873 B8 4 R K B
DEP {EHAIR7E Epac WA P A — 2 Ihfe. A Epac {E hiF1H, ERM FKiEE
1 Radixin 1 Ezrin MBEREXNZRE (Y2H) F#ifiE k. Radixin Al Ezrin & —AN 38 E N
(Scaffold) , "B/ A7 AE AN HE IR 38 b A0 45 41 A B ZE RN M 4l B i 22 Te) 2 76« Epac
IS N ARG 49 AN IERRH Radixin F1 Ezrin 19 N 3 4546448, HEX- AEAOES
DI —A 5o [RIRE G L R ae T, FA1 1R Epac HAERIBIT A Radixin
H Ezrin %L 0iE, XM FRIXL ERM & A0 LU Epac KISMEDIREN RIE CEIY
#) o {EWFSY Epac B MW AN E I FEF, TRATEIY Epac ) N A1) 49 N IR
J&i, Bpac %W EPAEMMEEZ Y. XK BAE HGF (M5 881D i35 5140 i 4 1o
RapV12 S1E M4 R ORI h 2] TIESE . 345 IR 40 Motk ok 2% 40 i i sl 58 45 4
HIREIARTT LA S Epac R B 2140 ok, (B2 E:R 2140 k% T 18 Epac ¥ R34 A KL T &g
TRAE R T 9T CGEIUFY Addendum)

90





