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Background: EPNPZ^Y\ ^\LQQTNUTXR LXO N\Y]]&^LVU \PR_VL^P 0GA(;D7E ]TRXLVTXR NLZLNT^c'

Results: =XSTMT^TYX YQ ;@D&*E TX^P\XLVTdL^TYX TX ^SP Z\P]PXNP YQ ;=DE \PO_NP] ;@D&*E ]TRXLVTXR'

Conclusion: ;@D&*E TX^P\XLVTdL^TYX T] P]]PX^TLV QY\ Q_VV \PNPZ^Y\ Q_XN^TYXLVT^c LXO T] LM\YRL^PO _ZYX N\Y]]&^LVU aT^S ;=DE'

Significance: ;@D&*E N\Y]]&^LVU aT^S ;=DE SL] Q_XN^TYXLV NYX]P[_PXNP] QY\ ;@D&*E ]TRXLVTXR'

The signaling capacity of seven-transmembrane/G-protein-

coupled receptors (7TM/GPCRs) can be regulated through

ligand-mediated receptor trafficking. Classically, the recycling

of internalized receptors is associated with resensitization,

whereas receptor degradation terminates signaling. We have

shown previously that the incretin glucagon-like peptide-1

receptor (GLP-1R) internalizes fast and is primarily resensitized

through recycling back to the cell surface. GLP-1R is expressed

in pancreatic islets together with the closely related glucose-

dependent insulinotropic polypeptide (GIPR) and glucagon

(GCGR) receptors. The interaction and cross-talk between

coexpressed receptors is a wide phenomenon of the 7TM/GPCR

superfamily. Numerous reports show functional consequences

for signaling and trafficking of the involved receptors. On the

basis of the high structural similarity and tissue coexpression,

we here investigated the potential cross-talk between GLP-1R

and GIPR or GCGR in both trafficking and signaling pathways.

Using a real-time time-resolved FRET-based internalization

assay, we show that GLP-1R, GIPR, and GCGR internalize with

differential properties. Remarkably, upon coexpression of the

internalizing GLP-1R and the non-internalizing GIPR, GLP-1-

mediated GLP-1R internalization was impaired in a GIPR con-

centration-dependent manner. As a functional consequence

of such impaired internalization capability, GLP-1-mediated

GLP-1R signaling was abrogated. A similar compromised sig-

naling was found when GLP-1R internalization was abrogated

by a dominant-negative version of dynamin (dynamin-1 K44E),

which provides a mechanistic link between GLP-1R trafficking

and signaling. This study highlights the importance of receptor

internalization for full functionality of GLP-1R. Moreover,

cross-talk between the two incretin receptorsGLP-1R andGIPR

is shown to alter receptor trafficking with functional conse-

quences for GLP-1R signaling.

GSP TWZY\^LXNP YQ ^SP TXN\P^TX SY\WYXP RV_NLRYX&VTUP ZPZ&

^TOP&* #;@D&*$ TX \PR_VL^TXR ZY]^&Z\LXOTLV MVYYO RV_NY]P VP`PV]

SL] MPPX UXYaX QY\ OPNLOP] #*$' @TUPaT]P% ^SP TWZLT\PO TXN\P^TX

Q_XN^TYX TX ^cZP + OTLMP^P] T] NYWWYXVc LNNPZ^PO LXO SL] VPO ^Y

^SP OP`PVYZWPX^ YQ ]^LMVP ;@D&* LXLVYR] QY\ ^SP ^\PL^WPX^ YQ

^cZP + OTLMP^P] #+$' CX ^SP ZLXN\PL^TN &NPVV% ;@D&* PbSTMT^] T^]

TX]_VTXY^\YZTN Q_XN^TYX `TL ^SP ;@D&* \PNPZ^Y\ #;@D&*E$%

aSTNS T] L WPWMP\ YQ ^SP QLWTVc 6 ]P`PX&^\LX]WPWM\LXP(;&

Z\Y^PTX&NY_ZVPO \PNPZ^Y\] #0GA(;D7E]$% ^YRP^SP\ aT^S ^SP

TXN\P^TX RV_NY]P&OPZPXOPX^ TX]_VTXY^\YZTN ZYVcZPZ^TOP #;=DE$

LXO RV_NLRYX #;7;E$ \PNPZ^Y\] #,$' =X]_VTX ]PN\P^TYX T] UXYaX

^Y \P]_V^ Q\YW ;@D&*&WPOTL^PO LN^T`L^TYX YQ ;@D&*E% aSP\PMc

X_WP\Y_] TX^\LNPVV_VL\ ]PNYXO WP]]PXRP\ ZL^SaLc] L\P TXT^T&

L^PO% I%E% ^SP ; &WPOTL^PO TX^\LNPVV_VL\ N5AD ZL^SaLc% NLV&

NT_W WYMTVTdL^TYX% LXO A5D? ZL^SaLc #-e/$'

GSP ]TRXLVTXR NLZLNT^c YQ L 0GA(;D7E NLX MP \PR_VL^PO

^S\Y_RS VTRLXO&WPOTL^PO \PNPZ^Y\ TX^P\XLVTdL^TYX LXO ]_M]P&

[_PX^ TX^\LNPVV_VL\ \PNPZ^Y\ ]Y\^TXR% I%E% PT^SP\ \PNcNVTXR MLNU ^Y

^SP NPVV ]_\QLNP Y\ OPR\LOL^TYX #0$' 7VL]]TNLVVc% 0GA(;D7E

TX^P\XLVTdL^TYX T] TXT^TL^PO Mc VTRLXO&WPOTL^PO ZSY]ZSY\cVL^TYX

YQ ^SP LN^T`L^PO \PNPZ^Y\% QYVVYaPO Mc \PN\_T^WPX^ YQ &L\\P]&

^TX]% aSTNS _XNY_ZVP ^SP \PNPZ^Y\ Q\YW ^SP ;&Z\Y^PTX #OP]PX&

]T^TdL^TYX$' GSP \PNPZ^Y\ ^SPX TX^P\XLVTdP] ^S\Y_RS PT^SP\

NVL^S\TX&WPOTL^PO #1$ Y\ XYX&NVL^S\TX&WPOTL^PO #2$ ZL^S&

aLc]% ^SP\PMc ^P\WTXL^TXR \PNPZ^Y\ ]TRXLVTXR' <YaP`P\% ^ST]

NVL]]TNLV `TPa SL] \PNPX^Vc MPPX NSLVVPXRPO MPNL_]P ZP\]T]^PX^

]TRXLVTXR Q\YW TX^P\XLVTdPO \PNPZ^Y\] YQ MY^S QLWTVTP] 5 #*)$

LXO 6 #**% *+$ SL] MPPX \PZY\^PO' GST] ]_RRP]^] ^SL^ ^SP ^\LQQTNU&

TXR Z\YZP\^TP] YQ L 0GA(;D7E OTN^L^P ^SP ]TRXLVTXR Z\YQTNTPX&

NTP] YQ L RT`PX \PNPZ^Y\ TX L W_NS WY\P NYWZVTNL^PO WLXXP\

^SLX Z\P`TY_]Vc LX^TNTZL^PO' JP #*,$ LXO Y^SP\] #*-$ SL`P Z\P&

`TY_]Vc \PZY\^PO ^SL^ ;@D&*E T] L QL]^ TX^P\XLVTdTXR LXO \PNc&

NVTXR \PNPZ^Y\% cP^ ^SP Q_XN^TYXLV NYX]P[_PXNP] YQ ;@D&*E ^\LQ&

QTNUTXR L\P ]^TVV VL\RPVc _XUXYaX'
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GSP ]TRXLVTXR NLZLNT^c YQ LX TXOT`TO_LV 0GA(;D7E NLX
WY\PY`P\ MP \PR_VL^PO ^S\Y_RS N\Y]]&^LVU aT^S Y^SP\ \PNPZ^Y\]'
:Y\ TX]^LXNP% ^SP ZSc]TNLV TX^P\LN^TYX YQ 0GA(;D7E] TX SYWY&
LXO SP^P\YWP\TN \PNPZ^Y\ NYWZVPbP] SL] MPPX ]SYaX ^Y MP L
M\YLO LXO RPXP\LV ZSPXYWPXYX aT^STX QLWTVc 6 #*.$' <P^P\Y&
WP\TdL^TYX MP^aPPX ;@D&*E LXO ^SP NVY]PVc \PVL^PO ;=DE SL]
MPPX \PZY\^PO ^Y \P]_V^ TX N\Y]]&^LVU aT^S Q_XN^TYXLV NYX]P&
[_PXNP] QY\ ;@D&*E ]TRXLVTXR #*/% *0$' =X LOOT^TYX% SP^P\YWP\&

TdL^TYX MP^aPPX ;@D&*E LXO ;7;E SL] MPPX OP]N\TMPO #*1$'
6PNL_]P ;@D&*E% ;7;E% LXO ;=DE L\P LVV #T$ WPWMP\] YQ ^SP
QLWTVc 6 0GA(;D7E] ML]PO YX ^SPT\ ]^\_N^_\LV LXO ]P[_PX^TLV
]TWTVL\T^c% #TT$ TX`YV`PO TX MVYYO RV_NY]P SYWPY]^L]T] \PR_VL&
^TYX% LXO #TTT$ PbZ\P]]PO TX ZLXN\PL^TN T]VP^] #,$% L Q_XN^TYXLV
N\Y]]&^LVU MP^aPPX ^SP]P \PNPZ^Y\] NY_VO MP LX^TNTZL^PO' =X ^ST]
]^_Oc% aP TX`P]^TRL^PO ^SP Q_XN^TYXLV NYX]P[_PXNP] YQ ;@D&*E
N\Y]]&^LVU aT^S ^SP NVY]PVc \PVL^PO ;7;E LXO ;=DE'

EXPERIMENTAL PROCEDURES

7ATERIALS[7PVV N_V^_\PWPOT_W #8A9A$aT^S;V_^LA5K&=
LXO -'. R(VT^P\ 8&RV_NY]P% 8A9A(X_^\TPX^ WTb^_\P :&*+ aT^S
@&RV_^LWTXP LXO +'-,1 R(VT^P\ ]YOT_W MTNL\MYXL^P% 8_VMPNNYf]
D6F aT^SY_^ 7L7V LXO AR7V % ZPXTNTVVTX(]^\PZ^YWcNTX%

IP\]PXP% CZ^T&A9A = aT^S ;V_^LA5K&=% @TZYQPN^LWTXP +)))%
<LXU]f MLVLXNPO ]LV^ ]YV_^TYX aT^S 7L7V LXO AR7V #<6FF$%
:6F% LXO *)! DV_\YXTN :&/1 aP\P Z_\NSL]PO Q\YW =X`T^\YRPX'
B&^P\WTXLVVc FB5D&^LRRPO S_WLX ;@D&*E% FB5D&^LRRPO
S_WLX ;=DE% FB5D&^LRRPO S_WLX ;7;E% GLR&VT^P FB5D&
@_WT-&GM% LXO ^SP N5AD OcXLWTN + LXO 7PVV_VfP\U #ZSY]ZSY&
9E?*(+$ UT^] aP\P Z_\NSL]PO Q\YW 7T]MTY 6TYL]]Lc] #7YOYVP^%
:\LXNP$' JST^P YZL[_P CZ^TDVL^P&2/ LXO CZ^TDVL^P&,1- LXO
]^P\TVP LXO ^T]]_P N_V^_\P&^\PL^PO aST^P YZL[_P 2/&aPVV WTN\Y&
ZVL^P] aP\P Z_\NSL]PO Q\YW DP\UTX9VWP\ @TQP FNTPXNP]' <9D9F%
QV_Y\P]NPTX% LXO Z\YMPXPNTO aP\P Z_\NSL]PO Q\YW FTRWL&5V&
O\TNS' GSP :@=DE NLVNT_W . L]]Lc UT^ LXO :@=DE GP^\L ,1-&aPVV
NVPL\ XYX&]^P\TVP ZTZP^^P ^TZ] aP\P Z_\NSL]PO Q\YW AYVPN_VL\
8P`TNP]' 7Y\XTXR 6TY7YL^ ZYVc&8&Vc]TXP MVLNU NVPL\&MY^^YW
,1-&aPVV ZVL^P] aP\P Z_\NSL]PO Q\YW:T]SP\ FNTPX^TQTN' DYVcZ\Y&
ZcVPXP I&]SLZPO ,1-&aPVV WTN\YZVL^P] aP\P Z_\NSL]PO Q\YW
;\PTXP\ 6TY CXP' <_WLX PWM\cYXTN UTOXPc NPVV] #<9?+2,$

aP\P Z_\NSL]PO Q\YW5WP\TNLXGcZP7_V^_\P 7YVVPN^TYX' 7YPV&
PX^P\LdTXP -))5 #8PPZ6V_P7$ aL] Z_\NSL]PO Q\YW 6TY^T_W'
7CF&0 NPVV] aP\P UTXOVc Z\Y`TOPO Mc D\YQP]]Y\ HV\TU ;P^SP\
#HXT`P\]T^c YQ 7YZPXSLRPX% 7YZPXSLRPX% 8PXWL\U$' 5VV
VTRLXO] aP\P Z\PZL\PO TX&SY_]P _]TXR ]^LXOL\O WP^SYO]' GSP
OcXLWTX&* ?--9&<5 ZVL]WTO aL] UTXOVc Z\Y`TOPO Mc D\YQP]&
]Y\ >PXXTQP\ JST]^VP\ #HXT`P\]T^c YQ 7LVTQY\XTL% FLX :\LX&
NT]NY$' DVL]WTO] PXNYOTXR ;7;E% ;=DE% <5& &LO\PXP\RTN
\PNPZ^Y\ # 5E$% ;@D&*E&E@_N1% &L\\P]^TX&+&;:D% LXO
ZN8B5,'* aP\P L`LTVLMVP TX&SY_]P'
-ELL -ULTURE AND =RANSFECTION[<9?+2, LXO 7CF&0 NPVV]

aP\P N_V^_\PO TX 8A9A ]_ZZVPWPX^PO aT^S *)! SPL^&TXLN^T&
`L^PO :6F LXO TX 8A9A(X_^\TPX^ WTb^_\P :&*+ #*3*$ ]_ZZVP&
WPX^POaT^S *)!SPL^&TXLN^T`L^PO :6FZV_] *!ZPXTNTVVTX(]^\PZ&
^YWcNTX% \P]ZPN^T`PVc% TX L S_WTOTQTPO .! 7C LT\ TXN_ML^Y\ L^
,0 h7' :Y\ LVV PbZP\TWPX^]% NPVV] aP\P ^\LX]TPX^Vc ^\LX]QPN^PO +
OLc] Z\TY\ ^Y ^SP L]]Lc _]TXR @TZYQPN^LWTXP +)))'
;EAL$TIME ;ECEPTOR 3NTERNALIZATION[EPLV&^TWP TX^P\XLVTdL&

^TYX PbZP\TWPX^] aP\P NL\\TPO Y_^ _]TXR L ^TWP&\P]YV`PO :E9G&

ML]PO L]]Lc L] OP]N\TMPO Z\P`TY_]Vc #*,$' :Y\ ]^_OTP] YQ ]TXRVP&
\PNPZ^Y\ TX^P\XLVTdL^TYX% <9?+2, NPVV] aP\P ^\LX]QPN^PO TX
+.&NW N_V^_\P QVL]U] aT^S P[_LV LWY_X^] #*'. R$ YQ FB5D&
;@D&*E% FB5D&;=DE% Y\ FB5D&;7;E ZVL]WTO' 7CF&0 NPVV]
aP\P ^\LX]QPN^PO TX 2/&aPVV ZVL^P] #)'). R(aPVV$' GSP FB5D&
;@D&*E NYX]^\_N^ SL] Z\P`TY_]Vc MPPX \PZY\^PO ^Y \P^LTX Q_VV
MTXOTXR ^Y ;@D&* #*,$' @TUPaT]P% ^SP FB5D ^LR] YX MY^S ^SP

;7;E] LXO ;=DE] OTO XY^ NYWZ\YWT]P VTRLXO MTXOTXR #OL^L
XY^ ]SYaX$' <9?+2, NPVV] _]PO QY\ ]^_OcTXR N\Y]]&^LVU Y\ TX^P\&
XLVTdL^TYX TXSTMT^TYX aP\P NY^\LX]QPN^PO TX +.&NW N_V^_\P
QVL]U] aT^S #T$ FB5D&;@D&*E LXO ZN8B5,'*% ;7;E% ;=DE% Y\
<5& 5E ZVL]WTO TX L *3* #*'.3*'. R$ 8B5 \L^TY4 #TT$ FB5D&
;@D&*E LXO ;=DE ZVL]WTO] TX `L\cTXR 8B5 \L^TY] \LXRTXR
Q\YW*3) #)'.3) R$ ^Y *3* #)'.3)'. R$4 Y\ #TTT$ FB5D&;@D&*E LXO
OcXLWTX&* ?--9&<5 ZVL]WTO] TX L *3+ #*'.3,') R$ 8B5 \L^TY'
=X ]SY\^% ^\LX]TPX^Vc ^\LX]QPN^PO NPVV] aP\P ]PPOPO TX ]^P\TVP NYV&
VLRPX&NYL^PO 2/&aPVV WTN\YZVL^P] LXO N_V^_\PO Y`P\XTRS^' F_\&
QLNP&PbZ\P]]PO B&^P\WTXLVVc FB5D&^LRRPO \PNPZ^Y\] aP\P
VLMPVPO aT^S *)) XAGLR&VT^P FB5D&@_WT-&GM #OYXY\$ TX CZ^T&
A9A = QY\ /) WTX L^ ,0 h7' F_M]P[_PX^Vc% NPVV] aP\P aL]SPO
aT^S <6FF ]_ZZVPWPX^PO aT^S *) WA <9D9F LXO )'*! DV_&
\YXTN :&/1 #<6FF M_QQP\$ LXO ]_ZZVPWPX^PO aT^S *)) A Z\P&
SPL^PO QV_Y\P]NPTX #LNNPZ^Y\$' GSP NPVV] aP\P ]^TW_VL^PO aT^S

Z\PSPL^PO VTRLXO] OTV_^PO TX <6FF M_QQP\% LXO \PNPZ^Y\ TX^P\&
XLVTdL^TYX aL] WPL]_\PO P`P\c / WTX L^ ,0 h7 TX LX 9XIT]TYX
+*)- W_V^TVLMPV \PLOP\ #DP\UTX9VWP\ @TQP FNTPXNP]$' EPLV&^TWP
^\LNP] YQ \PNPZ^Y\ TX^P\XLVTdL^TYX aP\P L]]P]]PO Mc ZVY^^TXR ^SP
OYXY\(LNNPZ^Y\ \L^TY VERSUS ^TWP' :Y\ NYXNPX^\L^TYX&\P]ZYX]P
N_\`P]% ^SP L\PL _XOP\ ^SP N_\`P #5H7$ YQ ^SP \PLV&^TWP ^\LNP]
aL] NLVN_VL^PO LXO ZVY^^PO LRLTX]^ VTRLXO NYXNPX^\L^TYX' :Y\
NYPbZ\P]]TYX ]^_OTP]% ^SP OL^L aP\P ML]PVTXP&NY\\PN^PO ^Y NYW&
ZPX]L^P QY\ ^SP `L\cTXR \P]ZYX]P VP`PV] \P]_V^TXR Q\YW \PZPL^PO
^\LX]TPX^ ^\LX]QPN^TYX]' =X LOOT^TYX% OL^L aP\P XY\WLVTdPO ^Y
^SP WLbTW_W \P]ZYX]P RPXP\L^PO Q\YW ^SP FB5D&;@D&*E !

ZN8B5,'* NY^\LX]QPN^TYX QY\ PLNS PbZP\TWPX^LV \PZPL^'
$+RRESTIN$' ;ECRUITMENT +SSAY[6TYV_WTXP]NPXNP \P]Y&

XLXNP PXP\Rc ^\LX]QP\ ]L^_\L^TYX PbZP\TWPX^] QY\ WPL]_\TXR
&L\\P]^TX&+ \PN\_T^WPX^ aP\P NL\\TPO Y_^ L] OP]N\TMPO Z\P`T&

Y_]Vc #*2$' =X ]SY\^% <9?+2, NPVV] aP\P ^\LX]TPX^Vc NY^\LX]&
QPN^PO TX +.&NW N_V^_\P QVL]U]aT^S &L\\P]^TX&+&;:D%;@D&*E&
E@_N1% LXO ZN8B5,'*% ;7;E%;=DE% Y\<5& 5E ZVL]WTO TX L
/3*3* #1'.3*'.3*'. R$ 8B5 \L^TY' GSP NPVV] aP\P N_V^_\PO QY\ +
OLc] Z\TY\ ^Y SL\`P]^TXR LXO ^SY\Y_RS \P]_]ZPX]TYX TX <6FF
M_QQP\' @TRLXO] aP\P OTV_^PO TX <6FF% LXO ^SP NPVV] aP\P ]^TW&
_VL^PO QY\ *. WTX L^ \YYW ^PWZP\L^_\P TX ^SP OL\U' GSP MTYV_&
WTXP]NPXNP LXO QV_Y\P]NPXNP ]TRXLV] aP\P WPL]_\PO _]TXR L
AT^S\L] @6 2-) ZVL^P \PLOP\ #6P\^SYVOGPNSXYVYRTP]% 6LOJTVO&
MLO% ;P\WLXc$ QYVVYaTXR L_^YWL^TN LOOT^TYX YQ ^SP V_NTQP\L]P
]_M]^\L^P 8PPZ6V_P7 OTV_^PO TX ,)! 9^C<' GSP OL^L aP\P ZVY^&
^PO L] LNNPZ^Y\(OYXY\ \L^TY #;:D(8PPZ6V_P7$ VERSUS NYXNPX&
^\L^TYX LXO XY\WLVTdPO ^Y ^SP WLbTW_W \P]ZYX]P RPXP\L^PO
Q\YW ^SP FB5D&;@D&*E! ZN8B5,'* NY^\LX]QPN^TYX'
C+7: AND :HOSPHO$/;5 <IGNALING +SSAYS[N5AD LXO ZSY]&

ZSY&9E? #Z9E?$ LNN_W_VL^TYX aL] WPL]_\PO _]TXR ^SP N5AD
OcXLWTN + LXO 7PVV_VfP\U #ZSY]ZSY&9E?*(+$ UT^]% \P]ZPN^T`PVc'
<9?+2, NPVV] aP\P ^\LX]TPX^Vc NY^\LX]QPN^PO TX +.&NW N_V^_\P
QVL]U] aT^S #T$ FB5D&;@D&*E LXO ZN8B5,'*% ;7;E% ;=DE% Y\
<5& 5E ZVL]WTO TX L *3* #*'.3*'. R$ 8B5 \L^TY4 #TT$ FB5D&
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;@D&*E LXO ;=DE ZVL]WTO] TX `L\cTXR 8B5 \L^TY] \LXRTXR
Q\YW *3) #)'.3) R$ ^Y *3* #)'.3)'. R4 QY\ N5AD WPL]_\PWPX^]
YXVc$4 Y\ #TTT$ FB5D&;@D&*E LXO OcXLWTX&* ?--9&<5 ZVL]&
WTO] TX L *3+ #*'.3,') R$ 8B5 \L^TY' 7PVV] aP\P ]PPOPO TX ]^P\TVP
ZYVcVc]TXP&NYL^PO 2/&aPVV WTN\YZVL^P] LXO N_V^_\PO Y`P\XTRS^'
GSP XPb^ OLc% NPVV] aP\PaL]SPO ^aTNPaT^S<6FF M_QQP\ Z\TY\ ^Y
TXN_ML^TYX LXO \PNYX]^T^_^TYX TX <6FF M_QQP\ L^ ,0 h7 QY\ ,)

WTX Y\ + S QY\ N5AD Y\ Z9E? PbZP\TWPX^]% \P]ZPN^T`PVc' :Y\
N5AD PbZP\TWPX^]% ^SP M_QQP\ aL] ]_ZZVPWPX^PO aT^S .)) A

T]YM_^cVWP^ScVbLX^STXP' GSP \PNYX]^T^_^PO NPVV] aP\P ]^TW_&
VL^PO aT^S Z\PSPL^PO VTRLXO] OTV_^PO TX <6FF M_QQP\ L^ ,0 h7 QY\
,) WTX Y\ . WTX QY\ N5AD Y\ Z9E? PbZP\TWPX^]% \P]ZPN^T`PVc'
GSP VTRLXO]aP\P ^SPX L]ZT\L^PO% LXO ^SP NPVV] aP\P Vc]PO TWWP&
OTL^PVc TX NYVO Vc]T] M_QQP\ QY\ ,) WTX' GSP Vc]L^P] aP\P ^\LX]&
QP\\PO ^Y L ,1-&aPVV ZVL^P LXO TXN_ML^PO aT^S ^SP QV_Y\P]NPX^Vc
VLMPVPO LX^TMYOTP] Z\Y`TOPO TX ^SP UT^ QY\ + S TX ^SP OL\U L^ \YYW
^PWZP\L^_\P Z\TY\ ^Y \PLOTXR aT^S ^SP 9XIT]TYX +*)- W_V^TVLMPV
\PLOP\' :Y\ N5AD PbZP\TWPX^]% ^SP NYXNPX^\L^TYX YQ N5AD Z\Y&
O_NPOaL] TX^P\ZYVL^PO Q\YWL ]^LXOL\ON_\`P'GSPOL^LaP\PZVY^&
^PO L] NYXNPX^\L^TYX&\P]ZYX]P N_\`P] LXO XY\WLVTdPO ^Y ^SPWLb&
TW_W \P]ZYX]P RPXP\L^PO Q\YW ^SP FB5D&;@D&*E! ZN8B5,'*
NY^\LX]QPN^TYX'
-ALCIUM <IGNALING +SSAY[7LVNT_W ]TRXLVTXR aL] WPL]_\PO

TX \PLV&^TWP _]TXR ^SP :@=DE NLVNT_W . L]]Lc UT^' <9?+2, aP\P
^\LX]TPX^Vc NY^\LX]QPN^PO TX +.&NW N_V^_\P QVL]U] aT^S #T$
FB5D&;@D&*E LXO ZN8B5,'*% ;7;E% Y\ ;=DE ZVL]WTO TX L
*3* #*'.3*'. R$ 8B5 \L^TY Y\ #TT$ FB5D&;@D&*E LXO OcXLWTX&*
?--9&<5 ZVL]WTO] TX L *3+ #*'.3,') R$ 8B5 \L^TY' 7PVV] aP\P
]PPOPO TX ]^P\TVP ,1-&aPVV WTN\YZVL^P] LXO N_V^_\PO Y`P\XTRS^'
GSP XPb^ OLc% ^SP NPVV] aP\P TXN_ML^PO QY\ * S L^ ,0 h7 aT^S
NYWZYXPX^ 5 OT]]YV`PO TX <6FF M_QQP\ ]_ZZVPWPX^PO aT^S +.)
WA Z\YMPXPNTO' 7PVV] aP\P ^SPX ]^TW_VL^PO aT^S ^SP VTRLXO]
OTV_^PO TX <6FF M_QQP\% LXO ^SP ]TRXLV aL] \PLO P`P\c + ] _]TXR ^SP
:@=DE GP^\L ]c]^PW' :\YW ^SP \PLV&^TWP NLVNT_W ]TRXLVTXR ^\LNP]%
^SPWLbTW_W\P]ZYX]P QY\ PLNS NYXNPX^\L^TYXaL] NLVN_VL^PO LXO
ML]PVTXP&]_M^\LN^PO% LXO ^SP OL^L aP\P XY\WLVTdPO ^Y ^SP WLbT&
W_W \P]ZYX]P RPXP\L^PO Q\YW ^SP FB5D&;@D&*E! ZN8B5,'*
NY^\LX]QPN^TYX' 8L^L aP\P ^SPX ZVY^^PO L] L NYXNPX^\L^TYX&\P&
]ZYX]P N_\`P'

;ECEPTOR /XPRESSION[EPNPZ^Y\ PbZ\P]]TYX aL] WPL]_\PO
PT^SP\ L] PWT]]TYX Q\YW ^P\MT_W&VLMPVPO FB5D&^LRRPO ]_\QLNP&
PbZ\P]]PO \PNPZ^Y\] Y\ _]TXR L aSYVP NPVV \LOTYVTRLXO MTXOTXR
L]]Lc' :Y\ \PNPZ^Y\ PbZ\P]]TYX WPL]_\PO Mc QV_Y\P]NPXNP%
<9?+2, LXO 7CF&0 NPVV] aP\P ^\LX]TPX^Vc ^\LX]QPN^PO aT^S
P[_LV LWY_X^] YQ FB5D&;@D&*E(FB5D&;=DE(FB5D&;7;E
#*'. R TX +.&NW N_V^_\P QVL]U]$ Y\ FB5D&;@D&*E(FB5D&
;=DE #)'). R TX 2/&aPVV ZVL^P]$ ZVL]WTO]% \P]ZPN^T`PVc' 5]
TX ^SP TX^P\XLVTdL^TYX L]]Lc% ]_\QLNP&PbZ\P]]PO B&^P\WTXLVVc
FB5D&^LRRPO \PNPZ^Y\] aP\P VLMPVPO aT^S *)) XA GLR&VT^P
FB5D&@_WT-&GM TX CZ^T&A9A = QY\ /) WTX L^ ,0 h7' F_M]P&
[_PX^Vc% NPVV] aP\P aL]SPO aT^S <6FF M_QQP\% LXO OYXY\ PWT]&
]TYX aL] WPL]_\PO TX ^SP LM]PXNP YQ VTRLXO _]TXR ^SP 9XIT]TYX
+*)- W_V^TVLMPV \PLOP\ O_\TXR ^SP TX^P\XLVTdL^TYX L]]Lc' EPNPZ&
^Y\ PbZ\P]]TYX T] Z\P]PX^PO L] ^SP TX^PR\L^PO 5H7 Q\YW ^SP]P
N_\`P]' :Y\ \PNPZ^Y\ PbZ\P]]TYX WPL]_\PO Mc aSYVP NPVV \LOTY&

VTRLXO MTXOTXR% <9?+2, NPVV] aP\P ^\LX]TPX^Vc NY^\LX]QPN^PO TX
+.&NW N_V^_\P QVL]U] aT^S #T$ FB5D&;@D&*E LXO ZN8B5,'*%
;7;E% ;=DE% Y\ <5& 5E ZVL]WTO TX L *3* #*'.3*'. R$ \L^TY4

#TT$ FB5D&;@D&*E LXO ;=DE ZVL]WTO] TX `L\cTXR 8B5 \L^TY]
\LXRTXR Q\YW *3) #)'.3) R$ ^Y *3* #)'.3)'. R$4 Y\ #TTT$ FB5D&
;@D&*E LXO;=DEZVL]WTO] TX L *3* #*'.3*'. R$ \L^TY' 7PVV] aP\P
N_V^_\PO TX 2/&aPVV ZVL^P] LXO TXN_ML^PO Y`P\XTRS^ L^ - h7 aT^S
+-) ZA =&;@D&* Y\ =&;=D LXO TXN\PL]TXR NYXNPX^\L^TYX] YQ
_XVLMPVPO ;@D&* Y\ ;=D OTV_^PO TX TNP&NYVO <6FF M_QQP\' GSP
QYVVYaTXR OLc% _XMY_XO VTRLXO aL] aL]SPO YQQ% LXO ^SP NPVV]

aP\P Vc]PO TX )'* A BLC< Z\TY\ ^Y LOOT^TYX YQ ATN\YFNTX^&-)'
GSP \LOTYLN^T`T^c aL] WPL]_\PO L] NZW TX L GYZ7Y_X^ BKG
RLWWL NY_X^P\ #DP\UTX9VWP\ @TQP FNTPXNP]$ LXO ZVY^^PO L] #T!
TT$ , TX NZW Y\ #TTT$ \PNPZ^Y\ X_WMP\ #TX WTVVTYX]$(NPVV #NLV&
N_VL^PO L] OP]N\TMPO Z\P`TY_]Vc #+)$$'
.ATA AND <TATISTICAL +NALYSIS[7YXNPX^\L^TYX&\P]ZYX]P

N_\`P] aP\P QT^^PO ^Y L ]TWZVP VYR #LRYXT]^$ VERSUS \P]ZYX]P
\PR\P]]TYX TX ;\LZSDLO D\T]W #`P\]TYX /'))% ;\LZSDLO FYQ^&
aL\P% @L >YVVL% 75$' F^L^T]^TNLV LXLVc]P] aP\P ZP\QY\WPO TX
;\LZSDLO D\T]W _]TXR L ^aY&]TOPO F^_OPX^f] T ^P]^ QY\ NYWZL\&
T]YX YQ ^aY ]LWZVP] Y\ YXP&aLc LXLVc]T] YQ `L\TLXNP% QYVVYaPO Mc
8_XXP^^f] ZY]^&^P]^ QY\ NYWZL\T]YX] YQ ^aY Y\ WY\P ]LWZVP
R\Y_Z] aT^S L NYX^\YV R\Y_Z' P " )'). aL] NYX]TOP\PO ]^L^T]^T&
NLVVc ]TRXTQTNLX^'

RESULTS

;EAL$TIME 3NTERNALIZATION OF 1-1; AND 13:; IN -OMPARISON

WITH 16:$&;[H^TVTdTXR L XY`PV ^TWP&\P]YV`PO :E9G&ML]PO
\PLV&^TWP TX^P\XLVTdL^TYX L]]Lc% aP Z\P`TY_]Vc ]SYaPO ^SL^
;@D&*E T] L ZY^PX^ LXO QL]^ TX^P\XLVTdTXR \PNPZ^Y\ #*,$' ;@D&*E
]SL\P]#-)! ]P[_PXNP ]TWTVL\T^c aT^S ;7;E LXO;=DE' 8_P ^Y
^SP TWZLN^ YQ ^\LQQTNUTXR YX 0GA(;D7E ]TRXLVTXR NLZLNT^c% aP
QT\]^ TX`P]^TRL^PO ^SP TX^P\XLVTdL^TYX Z\YZP\^TP] YQ ;7;E LXO
;=DE #:TR' *$' FB5D&;@D&*E #:TR' *+$% FB5D&;7;E #:TR' *,$%
Y\ FB5D&;=DE #:TR' *-$ aL] ^\LX]TPX^Vc PbZ\P]]PO TX <9?+2,
NPVV]% LXO \PLV&^TWP \PNPZ^Y\ TX^P\XLVTdL^TYX aL] WPL]_\PO TX
\P]ZYX]P ^Y TXN\PL]TXR NYXNPX^\L^TYX] YQ ;@D&*% RV_NLRYX% Y\
;=D% \P]ZPN^T`PVc' =X NYX^\L]^ ^Y ^SP ZY^PX^ ;@D&*&TXO_NPO
;@D&*E TX^P\XLVTdL^TYX #:TR' *+$% ;7;E TX^P\XLVTdL^TYX aL]
TXO_NPO YXVc Mc STRS RV_NLRYX NYXNPX^\L^TYX] #$* A$ #:TR'
*,$' BY^LMVc% ;=D NYXNPX^\L^TYX] P`PX TX ^SP A \LXRPaP\P XY^

]_QQTNTPX^ ^Y TXO_NP ]TRXTQTNLX^ ;=DE TX^P\XLVTdL^TYX #:TR' *-$'
GSP]P OTQQP\PX^ TX^P\XLVTdL^TYX Z\YZP\^TP] aP\P XY^ NL_]PO Mc
OTQQP\PX^ PbZ\P]]TYX VP`PV] YQ ^SP ^S\PP \PNPZ^Y\] #:TR' *-% INSET$'
GY \_VP Y_^ LXc NPVV VTXP&OPZPXOPX^ OTQQP\PXNP] TX \PNPZ^Y\
TX^P\XLVTdL^TYX Z\YZP\^TP]% aP \PZPL^PO ^SP TX^P\XLVTdL^TYX
PbZP\TWPX^ TX7CF&0 NPVV]'5] YM]P\`PO TX<9?+2, NPVV]%;@D&*
ZY^PX^Vc TXO_NPO ;@D&*E TX^P\XLVTdL^TYX #:TR' *.$% aSP\PL]
;=D QLTVPO ^Y TXO_NP ;=DE TX^P\XLVTdL^TYX #:TR' */$' FTWTVL\ ^Y
<9?+2, NPVV]% ^SP]P OTQQP\PXNP] aP\P XY^ NL_]PO Mc OTQQP\PX^
\PNPZ^Y\ PbZ\P]]TYX VP`PV] #:TR' */% INSET$' GS_]% ^SP]P OL^L
\P`PLV OT`P\]P ^\LQQTNUTXR Z\YZP\^TP] YQ ^SP ^S\PP Y^SP\aT]P
STRSVc \PVL^PO QLWTVc 6 \PNPZ^Y\]'
-OEXPRESSION OF 16:$&; WITH 1-1; OR 13:; +LTERS 16:$&;

3NTERNALIZATION[GSP TX^P\LN^TYX YQ ]^\_N^_\LVVc \PVL^PO 0GA(
;D7E] TX SYWY& LXO SP^P\YWP\] NLX LV^P\ ^SP Q_XN^TYX YQ ^SP
TX`YV`PO \PNPZ^Y\] ^S\Y_RS \PNPZ^Y\ N\Y]]&^LVU' :Y\ PbLWZVP%
SP^P\YWP\TdL^TYX YQ ^SP QL]^ TX^P\XLVTdTXR 5E aT^S ^SP XYX&
TX^P\XLVTdTXR &YZTYTO \PNPZ^Y\ TXSTMT^] 5E TX^P\XLVTdL^TYX
LXO Q_\^SP\WY\P OPN\PL]P] 5E&WPOTL^PO A5D? ]TRXLVTXR
#+*$' CVTRYWP\TdL^TYX YQ ^SP QLWTVc 6 0GA(;D7E] T] L RPXP\LV
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ZSPXYWPXYX #*.$% LXO SP^P\YWP\TdL^TYX YQ ;@D&*E aT^S MY^S

;=DE LXO;7;ESL] MPPX \PZY\^PO #*/e*1$'CX ^SP ML]T] YQ ^SP
OTQQP\PXNP] TX ;@D&*E% ;7;E% LXO ;=DE TX^P\XLVTdL^TYX LMTVT&
^TP] #:TR' *$% aP ScZY^SP]TdPO ^SL^ N\Y]]&^LVU MP^aPPX ^SP ZY^PX^

TX^P\XLVTdTXR ;@D&*E aT^S ^SP aPLUVc TX^P\XLVTdTXR ;7;E Y\
^SP XYX&TX^P\XLVTdTXR ;=DE aY_VO LV^P\ ;@D&*E TX^P\XLVTdL&

^TYX' EPLV&^TWP ;@D&*E TX^P\XLVTdL^TYX aL] PbLWTXPO TX
<9?+2, NPVV] _ZYX NYPbZ\P]]TYX YQ ZN8B5,'* #:TR' ++% ^\LX]&

QPN^TYX NYX^\YV$% ;7;E #:TR' +,$% ;=DE #:TR' +-$% Y\ ^SP _X\P&
VL^PO 5E #:TR' +.% XPRL^T`P NYX^\YV$' =X ^SP Z\P]PXNP YQ
;7;E% ;@D&*E TX^P\XLVTdL^TYX PQQTNLNc aL] ]TRXTQTNLX^Vc

\PO_NPO #/ $ -,'* % .'0!% P " )')))*$ #:TR' +% , LXO /$ TX
NYWZL\T]YX aT^S aSPX ;@D&*E aL] PbZ\P]]PO LVYXP #/ $

*)) % )')!$ #:TR' ++$' 7YPbZ\P]]TYX YQ ;@D&*E aT^S ;=DE
TXSTMT^PO ;@D&*E TX^P\XLVTdL^TYX #/ $ **'* % +'*!% P "

)')))*$ #:TR' +% - LXO /$' =X NYX^\L]^% ^SP Z\P]PXNP YQ ^SP _X\P&
VL^PO 5E OTO XY^ LV^P\;@D&*E TX^P\XLVTdL^TYX #/ $ 2)')%

1'*!$ #:TR' +% . LXO /$% TXOTNL^TXR ^SL^ LV^P\PO ;@D&*E ^\LQQTNU&
TXR T] XY^ L \P]_V^ YQ NY^\LX]QPN^TYX TX T^]PVQ' @TUPaT]P% ;@D&*E

PbZ\P]]TYX VP`PV] \PWLTXPO _XNSLXRPO _ZYX ^SP \P]ZPN^T`P
NY^\LX]QPN^TYX] #:TR' +0$' GLUPX ^YRP^SP\% ^SP]P OL^L TXOTNL^P
^SL^ ^SP Z\P]PXNP YQ MY^S ;7;E LXO ;=DE TWZLT\] ;@D&*E

TX^P\XLVTdL^TYX'
$+RRESTIN$';ECRUITMENT TO16:$&; 3S+LTERED UPON;ECEPTOR

-ROSS$TALK[GSP NVL]]TNLV WPNSLXT]W YQ 0GA(;D7E TX^P\XLV&

TdL^TYX TX`YV`P] 7&^P\WTXLV \PNPZ^Y\ ZSY]ZSY\cVL^TYX% QYVVYaPO
Mc \PN\_T^WPX^ LXO MTXOTXR YQ &L\\P]^TX] #1$' =X VTXP aT^S ^ST]%
;@D&*E LN^T`L^TYX SL] MPPX \PZY\^PO ^Y WPOTL^P &L\\P]^TX

\PN\_T^WPX^ #*2% ++$'

6PNL_]P N\Y]]&^LVU MP^aPPX ;@D&*E LXO ;7;E Y\ ;=DE

LV^P\] ;@D&*E TX^P\XLVTdL^TYX #:TR' +$% aP XPb^ OP^P\WTXPO

aSP^SP\ NYPbZ\P]]TYX YQ ;@D&*E aT^S ;7;E Y\ ;=DE LV]Y

LQQPN^] &L\\P]^TX&+ \PN\_T^WPX^ ^Y ;@D&*E' <9?+2, NPVV] aP\P

^\LX]QPN^PO aT^S ;@D&*E&E@_N1% &L\\P]^TX&+&;:D% LXO

ZN8B5,'*% ;7;E% ;=DE% Y\ ^SP _X\PVL^PO 5E' ;@D&*&TX&

O_NPO \PN\_T^WPX^ YQ &L\\P]^TX&+ ^Y ;@D&*E aL] WPL]_\PO TX

MTYV_WTXP]NPXNP \P]YXLXNP PXP\Rc ^\LX]QP\ ]L^_\L^TYX PbZP\T&

WPX^] #:TR' ,$' 7Y^\LX]QPN^TYX YQ ;@D&*E aT^S ;7;E #/ $

10')% ,')!$ Y\ 5E #/ $ 1/'*% ,'0!$ OTO XY^ ]TRXTQTNLX^Vc

LV^P\ \PN\_T^WPX^ YQ &L\\P]^TX&+ ^Y ;@D&*E NYWZL\PO aT^S

NY^\LX]QPN^TYX aT^S ZN8B5,'* #/ $ *)) % )')!$' =X NYX&

^\L]^% ^SP Z\P]PXNP YQ ;=DE #/ $ /,') % /',!$ ]TRXTQTNLX^Vc

\PO_NPO ^SP PQQTNLNc YQ ;@D&*&WPOTL^PO \PN\_T^WPX^ YQ &L\&

\P]^TX&+ ^Y ;@D&*E #P " )'))*$ #:TR' ,$' GSP]P OL^L ]_RRP]^

\PO_NPO \PN\_T^WPX^ YQ &L\\P]^TX&+ ^Y ;@D&*E WPOTL^PO Mc

^SP Z\P]PXNP YQ ;=DE' GST] NY\\PVL^P] aPVV aT^S ^SP YM]P\`L^TYX

^SL^ ;@D&*E TX^P\XLVTdL^TYX aL] TWZLT\PO _ZYX NYPbZ\P]]TYX

aT^S ;=DE'

-ROSS$TALK BETWEEN 16:$&; AND 1-1; OR 13:; 2AS 0UNC$

TIONAL -ONSEQUENCES ON 16:$&; <IGNALING[;@D&*E T] NY_ZVPO

WLTXVc ^Y ; % LXO ;@D&*&WPOTL^PO N5AD Z\YO_N^TYX T] LX

TWZY\^LX^ Z\P\P[_T]T^P QY\ TX]_VTX ]PN\P^TYX Q\YW ZLXN\PL^TN

&NPVV] #*$' 6PNL_]P #T$ 0GA(;D7E ^\LQQTNUTXR T] ^SY_RS^ ^Y MP

LX TWZY\^LX^ \PR_VL^Y\ YQ \PNPZ^Y\ ]TRXLVTXR LXO #TT$ ;@D&*E

TX^P\XLVTdL^TYX T] LV^P\PO TX ^SP Z\P]PXNP YQ ;7;E Y\;=DE #:TR'

+$% aP XPb^ PbLWTXPO aSP^SP\ ^SP Z\P]PXNP YQ PT^SP\ ;7;E Y\

;=DE NY_VO LV^P\ ^SP OYaX]^\PLW ]TRXLVTXR Q\YW ;@D&*E'

FIGURE 1. Diverse internalization profiles of GLP-1R, GCGR, and GIPR. Real-time receptor internalization in response to increasing concentrations of ligand
(log (M)) was measured in HEK293 cells (A–C) and COS-7 cells (D and E) transfected with equal amounts of N-terminally SNAP-tagged receptor plasmids.A and
D, GLP-1-stimulated SNAP-GLP-1R internalization. B, glucagon-stimulated SNAP-GCGR internalization. C and E, GIP-stimulated SNAP-GIPR internalization. C
andE insets, no differences in receptor expression of GLP-1R (white bars), GCGR (stripedbar), and GIPR (black bars) were observed, measured as total donor signal
from surface-expressed receptors in the absence of ligand and plotted as AUC of the donor signal over time. Data represent means % S.D. from one repre-
sentative (A–E) or means % S.E.M. (C and E insets) out of three individual experiments carried out in triplicates.
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N5AD LNN_W_VL^TYX aL] WPL]_\PO TX <9?+2, NPVV] ^\LX]&
QPN^PO aT^S ;@D&*E LXO PT^SP\ ;7;E Y\ ;=DE QYVVYaTXR ]^TW&
_VL^TYX aT^S TXN\PL]TXR NYXNPX^\L^TYX] YQ ;@D&* QY\ ,) WTX
#:TR' -+$' 7YPbZ\P]]TYX YQ ;@D&*E aT^S ;=DE ]TRXTQTNLX^Vc
\PO_NPO ;@D&*&WPOTL^PO N5AD LNN_W_VL^TYX #P " )').$ #:TR'
-+$' =X NYWZL\T]YX% ^SP Z\P]PXNP YQ ;7;E OTO XY^ LQQPN^
;@D&*E N5AD LNN_W_VL^TYX #:TR' -+ LXO GLMVP *$'
=X LOOT^TYX ^Y N5AD% ]P`P\LV Y^SP\ ]PNYXO WP]]PXRP\] SL`P

MPPX \PZY\^PO ^Y MP LN^T`L^PO TX \P]ZYX]P ^Y ;@D&* ]^TW_VL^TYX
TX &NPVV]% TXNV_OTXR Z\Y^PTX] YQ ^SP A5D? ZL^SaLc LXO NLV&
NT_WWYMTVTdL^TYX #-e/$' <PXNP% aP XPb^ WPL]_\PO ^SP PQQPN^]
YQ ;=DE LXO ;7;E NYPbZ\P]]TYX YX ;@D&*E&WPOTL^PO Z9E?
LXO NLVNT_W ]TRXLVTXR' ;@D&*E&WPOTL^PO 9E? ZSY]ZSY\cVL&
^TYX aL] WPL]_\PO TX <9?+2, NPVV] _ZYX NY^\LX]QPN^TYX aT^S
PT^SP\ ;7;E Y\ ;=DE TX \P]ZYX]P ^Y . WTX YQ ]^TW_VL^TYX aT^S
TXN\PL]TXR NYXNPX^\L^TYX] YQ ;@D&* #:TR' -,$' 7YPbZ\P]]TYX
YQ ;@D&*E aT^S PT^SP\ ;7;E Y\ ;=DE ]TRXTQTNLX^Vc TWZLT\PO

;@D&*E Z9E? ]TRXLVTXR #P " )')))*$ #:TR' -, LXO GLMVP *$'
;@D&*E&WPOTL^PO NLVNT_WLNN_W_VL^TYXaL]WPL]_\PO TX \PLV&

^TWP TX <9?+2, NPVV] _ZYX NY^\LX]QPN^TYXaT^S PT^SP\ ;7;E Y\

;=DE LXO T] Z\P]PX^PO L] ^SP WLbTW_W \P]ZYX]P L] L Q_XN^TYX
YQ ;@D&* NYXNPX^\L^TYX #:TR' --$' HZYX NY^\LX]QPN^TYX aT^S
;7;E% L ]TRXTQTNLX^ OPN\PL]P TX ;@D&*E PQQTNLNc aL] YM]P\`PO
#P " )')*$ #:TR' --$' BY^LMVc% ;@D&*E NLVNT_W ]TRXLVTXR aL]
P`PX Q_\^SP\ TWZLT\PO TX ^SP Z\P]PXNP YQ ;=DE #P " )'))*$ #:TR'
-- LXO GLMVP *$' GLUPX ^YRP^SP\% ^SP]P OL^L ]_RRP]^ ]_M]^LX^TLV
Q_XN^TYXLV NYX]P[_PXNP] YQ N\Y]]&^LVU MP^aPPX ;@D&*E LXO
;=DE% ^SP\PMc \P]_V^TXR TX OPN\PL]PO N5AD% Z9E?% LXO NLVNT_W
LNN_W_VL^TYX' =X NYWZL\T]YX% ;7;E OTO XY^ LQQPN^ N5AD
LNN_W_VL^TYX PWLXL^TXR Q\YW ;@D&*E% M_^ \PO_NPO ;@D&*E&
WPOTL^PO Z9E? LXO NLVNT_W ]TRXLVTXR'
-ROSS$TALK BETWEEN 16:$&; AND 13:; AT ?ARIOUS ;ECEPTOR

;ATIOS[C_\ OL^L ]_RRP]^ ^SL^ ^SP Z\P]PXNP YQ ;=DE SL] L XPR&
L^T`P TWZLN^ YX ;@D&*E TX^P\XLVTdL^TYX #:TR' +$% &L\\P]^TX
\PN\_T^WPX^ #:TR' ,$% LXO ]TRXLVTXR #:TR' -$' 6PNL_]P ;@D&*E LXO

;=DE L\P ZSc]TYVYRTNLVVc NYPbZ\P]]PO TX &NPVV] #+,$ LXO SL`P
MPPX \PZY\^PO ^Y SP^P\YWP\TdP #*/% *0$% aP Q_\^SP\ TX`P]^TRL^PO
^SP N\Y]]&^LVU MP^aPPX ;@D&*E LXO ;=DE' GY NVY]P\ WTWTN ^SP

FIGURE 2. GLP-1R internalization is impaired in the presence of GCGR or GIPR. GLP-1R internalization in response to increasing concentrations of GLP-1
(log (M)) was measured in real-time in HEK293 cells cotransfected with a 1:1 ratio of SNAP-GLP-1R and pcDNA3.1 (A), GCGR (B), GIPR (C), or AR (D). E,
concentration-response curves of AUC from the real-time internalization traces. Cotransfection of SNAP-GLP-1R with either GCGR (") or GIPR (&) significantly
reduced receptor internalization compared with cotransfection with pcDNA3.1 (!) or AR (!) (p " 0.0001). F, no differences in GLP-1R expression were
observed upon coexpression with pcDNA3.1 (white bar), GCGR (striped bar), GIPR (black bar), or AR (dotted bar), measured as radioligand binding to whole
cells and plotted as B in cpm. Data represent means % S.D. from one representative (A–D) or means % S.E.M. (E and F) from a minimum of three independent
experiments carried out in triplicates.
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XL^_\LV PbZ\P]]TYX YQ ^SP]P \PNPZ^Y\] TX &NPVV]% aP \PZPL^PO ^SP

TX^P\XLVTdL^TYX LXO N5AD LNN_W_VL^TYX WPL]_\PWPX^] aT^S L
OPN\PL]PO NYXNPX^\L^TYX YQ ZVL]WTO _]PO QY\ ^\LX]QPN^TYX LXO L
`L\TPO \L^TY MP^aPPX;@D&*E LXO ;=DE \LXRTXR Q\YW *3) ^Y *3*'
HZYX ^T^\L^TYX aT^S TXN\PL]TXR NYXNPX^\L^TYX] YQ ;=DE% L NYX&
NPX^\L^TYX&OPZPXOPX^ OPN\PL]P TX ;@D&*E TX^P\XLVTdL^TYX aL]
YM]P\`PO #:TR' .% +e.$% aSTNS aL] ]TRXTQTNLX^ L^ L *3)'+. ;@D&
*E(;=DE \L^TY #P " )')*$ #:TR' ./$' @TUPaT]P% L ^PXOPXNc QY\
L NYXNPX^\L^TYX&OPZPXOPX^ OPN\PL]P TX ;@D&*E&WPOTL^PO
N5ADLNN_W_VL^TYXaL] YM]P\`PO TX ^SP Z\P]PXNP YQ TXN\PL]TXR
;=DE NYXNPX^\L^TYX] #:TR' .0$' =X LOOT^TYX% aP YM]P\`PO ^SL^
;@D&*E PbZ\P]]TYX OPN\PL]PO _ZYX NYPbZ\P]]TYX aT^S TXN\PL]&
TXR ;=DE NYXNPX^\L^TYX]% aSTNS aL] ]TRXTQTNLX^ L^ L *3)'. ;@D&
*E(;=DE \L^TY #P " )').$ #:TR' .1$' <YaP`P\% L^ NYWZL\LMVP
;@D&*E PbZ\P]]TYX VP`PV] #ZN8B5,'* , $ .0) % 0- NZW
#:TR' ++$ VERSUS *3* , $ .0) % ,+ NZW #:TR' ..$$% ;@D&*E

PbSTMT^PO Q_VV TX^P\XLVTdL^TYX aSPX PbZ\P]]PO LVYXP #:TR' ++$%
aSP\PL] ;@D&*E TX^P\XLVTdL^TYX aL] ]TRXTQTNLX^Vc TXSTMT^PO TX
^SP Z\P]PXNP YQ ;=DE #:TR' ..$' GLUPX ^YRP^SP\% ^SP]P OL^L ]_Z&
ZY\^ L ;=DE&WPOTL^PO OPN\PL]P TX ;@D&*E TX^P\XLVTdL^TYX LXO
N5AD LNN_W_VL^TYX TX L ;=DE NYXNPX^\L^TYX&OPZPXOPX^WLX&
XP\' =X LOOT^TYX% L ;=DE NYXNPX^\L^TYX&OPZPXOPX^ OPN\PL]P TX
;@D&*E PbZ\P]]TYX aL] YM]P\`PO' GST] ]_RRP]^] ^SL^ ;=DE SL]
L O_LV \YVP TX \PR_VL^TXR ^SP Q_XN^TYX YQ;@D&*EMc LV^P\TXR MY^S
T^] PbZ\P]]TYX LXO TX^P\XLVTdL^TYX Z\YZP\^TP]'
-ONSEQUENCES OF 16:$&; AND 13:; -ROSS$TALK[BPb^% aP

PbLWTXPO LXc OTQQP\PXNP] TX ]TRXLVTXR YQ ^SP ]^\_N^_\LVVc ]TWTVL\
;@D&*E LXO ;=DE% L] aPVV L] LXc N\Y]]&LN^T`L^TYX YQ ^SP \PNPZ&
^Y\]' JP QT\]^ PbLWTXPO ^SP WLTX ]TRXLVTXR ZL^SaLc QY\ MY^S
\PNPZ^Y\] #I%E% N5ADZ\YO_N^TYX$ _ZYX TXOT`TO_LV PbZ\P]]TYX Y\
NYPbZ\P]]TYX YQ ^SP ^aY \PNPZ^Y\]'
N5AD Z\YO_N^TYX WPOTL^PO Mc ;@D&*E Y\ ;=DE _ZYX TXOT&

`TO_LV PbZ\P]]TYX TX <9?+2, NPVV] aL] WPL]_\PO TX \P]ZYX]P ^Y
;@D&* Y\;=D ]^TW_VL^TYX% \P]ZPN^T`PVc #:TR' /+$' =X NYWZL\T]YX
aT^S ;@D&*&]^TW_VL^PO ;@D&*E N5AD Z\YO_N^TYX% ;=D&]^TW&

_VL^PO ;=DE N5AD Z\YO_N^TYX PbSTMT^PO L ]TRXTQTNLX^Vc \P&
O_NPO PQQTNLNc #P" )')))*$ LXO ZY^PXNc #P" )')*$ #:TR' /+ LXO
GLMVP +$' GSP]P OTQQP\PXNP] aP\P XY^ NL_]PO Mc OTQQP\PX^ PbZ\P]&
]TYX VP`PV] YQ ^SP ^aY \PNPZ^Y\] #:TR' /.$' 5] L NYX^\YV% XY N\Y]]&
LN^T`L^TYX YQ ;@D&*E Mc ;=D Y\ YQ ;=DE Mc ;@D&* aL] WPL]&
_\PO #:TR' /+ LXO GLMVP +$% TX NY\\PVL^TYX aT^S Z\P`TY_] ]^_OTP]
#+-$' HZYX NYPbZ\P]]TYX YQ ;@D&*EaT^S;=DE% ;=D&]^TW_VL^PO
;=DE N5AD Z\YO_N^TYX aL] _XLQQPN^PO #:TR' /,$' =X NYX^\L]^%
;@D&*&]^TW_VL^PO ;@D&*E N5AD Z\YO_N^TYX aL] ]TRXTQTNLX^Vc
TWZLT\PO aT^S \PRL\O ^Y MY^S PQQTNLNc #P " )')))*$ LXO ZY^PXNc
#P " )')))*$ #:TR' /, LXO GLMVP +$% ^SP\PMc WTWTNUTXR ^SP ]TR&

XLVTXR Z\YQTVP YQ ;=DE'
=X L \PNPX^ ]^_Oc%;=D ]^TW_VL^TYXaL] \PZY\^PO ^Y OT]\_Z^ ^SP

SP^P\YWP\TdL^TYX MP^aPPX ;@D&*E LXO ;=DE #*/$' GS_]% aP
XPb^ ^P]^PO aSP^SP\ NY&]^TW_VL^TYX YQ ;@D&* LXO;=D LV^P\] ^SP
;=DE&WPOTL^PO TWZLT\WPX^ YQ ;@D&*E N5AD Z\YO_N^TYX
#:TR]' -+ LXO /,$ LXO TX^P\XLVTdL^TYX #:TR' +$' HZYX NYPbZ\P]&
]TYX YQ ;@D&*EaT^S;=DE% NY&]^TW_VL^TYXaT^S TXN\PL]TXR NYX&
NPX^\L^TYX] YQ ;@D&* LXO L NYX]^LX^ ]L^_\L^TXR NYXNPX^\L^TYX
YQ ;=D OTO XY^ TXQV_PXNP ^SP TWZLT\PO ;@D&*E N5AD Z\YO_N&
^TYX #:TR' /, LXO GLMVP +$' @TUPaT]P% ^SP \PO_NPO NLZLNT^c YQ
;@D&*E ^Y TX^P\XLVTdP _ZYX NYPbZ\P]]TYX YQ ;=DE #/ $

*)'2% *'1)!% P " )')))*$ aL] XY^ LQQPN^PO aSPX ^SP \PNPZ^Y\]
aP\P NY&]^TW_VL^PO aT^S TXN\PL]TXR NYXNPX^\L^TYX] YQ ;@D&* TX
^SP Z\P]PXNP YQ L ]L^_\L^TXR NYXNPX^\L^TYX YQ ;=D #/ $

*+'*% +'2+!% P " )')))*$ #:TR' /-$'
GSP]P OL^L ]_RRP]^ ^SL^ ;@D&*E&WPOTL^PO N5AD Z\YO_N&

^TYX TX RPXP\LV T] WY\P PQQTNTPX^ LXO ZY^PX^ NYWZL\PO aT^S
;=DE N5AD Z\YO_N^TYX' HZYX NYPbZ\P]]TYX YQ ^SP ^aY \PNPZ&
^Y\]% ;@D&*&TXO_NPO ;@D&*E N5AD Z\YO_N^TYX aL] \PO_NPO
LXO WTWTNUPO ;=DE ]TRXLVTXR aT^S L VYaP\ PQQTNLNc LXO
ZY^PXNc' 7Y&]^TW_VL^TYX aT^S MY^S ;@D&* LXO ;=D OTO XY^
TXQV_PXNP ^SP TWZLT\PO ;@D&*E N5AD Z\YO_N^TYX LXO TX^P\&
XLVTdL^TYX WPOTL^PO Mc ^SP Z\P]PXNP YQ ;=DE'
16:$&; 3NTERNALIZATION 3S /SSENTIAL FOR 0ULL ;ECEPTOR

0UNCTIONALITY[0GA(;D7E TX^P\XLVTdL^TYX T] NVL]]TNLVVc
^SY_RS^ ^Y MP VTXUPO ^Y \PNPZ^Y\ OP]PX]T^TdL^TYX #1$' =X VTXP
aT^S ^ST]% TXSTMT^TYX YQ \PNPZ^Y\ TX^P\XLVTdL^TYX T] ]_RRP]^PO ^Y
\P]_V^ TX TXN\PL]PO ]TRXLVTXR' <YaP`P\% TX ^ST] ]^_Oc% aP SL`P
]SYaX ^SL^;=DE&WPOTL^PO VY]] YQ ;@D&*E TX^P\XLVTdL^TYX #:TR'

+$ aL] NY\\PVL^PO aT^S OPN\PL]PO N5AD% NLVNT_W% LXO Z9E?
LNN_W_VL^TYX #:TR' -$% aSTNS T] TX NYXQVTN^aT^S ^SP NVL]]TNLV `TPa
YQ TX^P\XLVTdL^TYX&WPOTL^PO OP]PX]T^TdL^TYX' <YaP`P\% \PNPX^
]^_OTP] ]_RRP]^ L ZY^PX^TLV XPa ZL\LOTRW aT^S ]TRXLVTXR Q\YW
TX^P\XLVTdPO Q_XN^TYXLV 0GA(;D7E] #+.% +/$' GS_]% aP aLX^PO
^Y TX`P]^TRL^P aSP^SP\ LV^P\TXR ;@D&*E TX^P\XLVTdL^TYX aY_VO
LQQPN^ \PNPZ^Y\ ]TRXLVTXR' @TUP Y^SP\ 0GA(;D7E]% ;@D&*E T]
PbZPN^PO ^Y TX^P\XLVTdP PT^SP\ ^S\Y_RS NVL^S\TX&OPZPXOPX^ Y\
NVL^S\TX&TXOPZPXOPX^ #+0$ ZL^SaLc]% MY^S YQ aSTNS \PVc YX
OcXLWTX LN^T`T^c #+1$' JP ^S_] ^P]^PO aSP^SP\ L OYWTXLX^&
XPRL^T`P W_^LX^ YQ OcXLWTX% OcXLWTX&* ?--9 #+2$% NY_VO
TXSTMT^ ;@D&*E TX^P\XLVTdL^TYX' <9?+2, NPVV] aP\P NY^\LX]&
QPN^PO aT^S FB5D&;@D&*E LXO PT^SP\ ZN8B5,'* #:TR' 0+%
^\LX]QPN^TYX NYX^\YV$ Y\ OcXLWTX&* ?--9 #:TR' 0,$% LXO \PNPZ&
^Y\ TX^P\XLVTdL^TYX aL] WPL]_\PO TX \PLV&^TWP TX \P]ZYX]P ^Y
TXN\PL]TXR ;@D&* NYXNPX^\L^TYX]' ;@D&*&WPOTL^PO ;@D&*E
TX^P\XLVTdL^TYX aL] Q_VVc TXSTMT^PO _ZYX NY^\LX]QPN^TYX aT^S
OcXLWTX&* ?--9 #P " )')))*$ #:TR' 0% , LXO -$' GS_]% ;@D&*E

FIGURE 3. -Arrestin-2 recruitment to GLP-1R is impaired in the presence
of GIPR. GLP-1-stimulated recruitment of -arrestin-2 to GLP-1R was mea-
sured using a bioluminescence resonance energy transfer (BRET) saturation
assay. HEK293 cells were cotransfected with a 6:1:1 ratio of -arrestin-2-GFP,
GLP-1R-RLuc8, and pcDNA3.1 (!), GCGR ("), GIPR (&), or AR (!) and stim-
ulated with increasing concentrations of GLP-1 for 15 min prior to measure-
ment. Cotransfection of GLP-1R with GIPR significantly reduced recruitment
of -arrestin-2 to GLP-1R (p" 0.001). Data represent means % S.E.M. from five
independent experiments carried out in duplicates.
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TX^P\XLVTdL^TYX NLX MP MVYNUPO Mc TXSTMT^TXR OcXLWTX&WPOTL^PO
PXOYNc^TN ZL^SaLc]'
BPb^% aP ^P]^PO aSP^SP\ TXSTMT^TYX YQ ;@D&*E TX^P\XLVTdL&

^TYX SL] L Q_XN^TYXLV NYX]P[_PXNP YX \PNPZ^Y\ ]TRXLVTXR'
;@D&*&WPOTL^PO N5AD Z\YO_N^TYX aL] WPL]_\PO TX
<9?+2, NPVV] TX ^SP Z\P]PXNP Y\ LM]PXNP YQ OcXLWTX&* ?--9
#:TR' 0.$' =X T^] Z\P]PXNP% N5AD Z\YO_N^TYX PQQTNLNc aL] ]TRXTQT&
NLX^Vc OPN\PL]PO #/ $ .2'. % ,'-!$ NYWZL\PO aT^S ;@D&*E
]TRXLVTXR _ZYX NYPbZ\P]]TYXaT^S ZN8B5,'* #/ $ *))% )')!%
P " )').$' @TUPaT]P% MY^S ;@D&*E&TXO_NPO 9E? ZSY]ZSY\cVL^TYX
#/ $*))%)')!$ #:TR' 0/$ LXONLVNT_W]TRXLVTXR #/ $**/%

/'/!$ #:TR' 00$ aP\P ]TRXTQTNLX^Vc \PO_NPO TX ^SP Z\P]PXNP YQ
OcXLWTX&* ?--9 #/ $ -1'1 % ,'/!% P " )')))*4 LXO / $

/.'*% 1'.!% P " )')*% \P]ZPN^T`PVc$' GSP]P OL^L ]SYa ^SL^ TXSTMT&
^TYX YQ ;@D&*E TX^P\XLVTdL^TYX \P]_V^] TX \PO_NPO \PNPZ^Y\ ]TRXLV&
TXR% ^SP\PMc TXOTNL^TXR ^SP TWZY\^LXNP YQ ;@D&*E TX^P\XLVTdL^TYX
QY\ Q_VV \PNPZ^Y\ Q_XN^TYXLVT^c'

DISCUSSION

=X ^ST] ]^_Oc% aP TX`P]^TRL^PO ^SP TWZVTNL^TYX] YQ N\Y]]&^LVU
MP^aPPX ;@D&*E LXO ;=DE Y\ ;7;E% aT^S L QYN_] YX ^SP Q_XN&
^TYXLV NYX]P[_PXNP] YQ \PNPZ^Y\ ^\LQQTNUTXR LXO ]TRXLVTXR' GSP
ZY^PX^ TX^P\XLVTdTXR ;@D&*E ]SL\P] STRS ]^\_N^_\LV L] aPVV L]
Q_XN^TYXLV ]TWTVL\T^caT^S;7;ELXO;=DE'<P\P% aP QY_XO ^SL^
OP]ZT^P ^SP]P ]TWTVL\T^TP]% ^SP ^S\PP \PNPZ^Y\] PbSTMT^ OTQQP\PX&
^TLV TX^P\XLVTdL^TYX Z\YZP\^TP] #:TR' *$' D\P`TY_] ]^_OTP] SL`P
\PZY\^PO ;7;E TX^P\XLVTdL^TYX M_^ aT^S `L\cTXR ZY^PXNTP]

#,)e,+$' =X LOOT^TYX% ^aY ]^_OTP] \PZY\^PO;=DE TX^P\XLVTdL^TYX
L^ `L\cTXR OPR\PP]% \LXRTXR Q\YW *) ^Y /)! #*/% ,,$'
=X^P\P]^TXRVc% Y_\ OL^L ]SYa ^SL^ NYPbZ\P]]TYX YQ ;@D&*E

aT^S ;7;E Y\ ;=DE TWZLT\PO ;@D&*E TX^P\XLVTdL^TYX ^Y L

OPR\PP NY\\P]ZYXOTXR ^Y ^SP TX^P\XLVTdL^TYX Z\YZP\^TP] YQ ^SP

TXOT`TO_LV \PNPZ^Y\] #:TR' +$' =X VTXP aT^S ^ST]% &L\\P]^TX&+

\PN\_T^WPX^ ^Y ;@D&*E aL] \PO_NPO TX ^SP Z\P]PXNP YQ ;=DE

#:TR' ,$' D\P`TY_] ]^_OTP] SL`P \PZY\^PO LV^P\PO ^\LQQTNUTXR YQ

0GA(;D7E] _ZYX SP^P\YWP\TdL^TYX #,-$' :Y\ PbLWZVP% 5E

SP^P\YWP\TdL^TYX aT^S PT^SP\ ^SP TX^P\XLVTdTXR &YZTYTO \PNPZ&

^Y\ Y\ ^SP XYX&TX^P\XLVTdTXR &YZTYTO \PNPZ^Y\ LV^P\] 5E

TX^P\XLVTdL^TYX aT^SY_^ LQQPN^TXR VTRLXO MTXOTXR Z\YZP\^TP]'

GS_]% 5E LXO ^SP &YZTYTO \PNPZ^Y\ NY&TX^P\XLVTdP _ZYX LN^T&

`L^TYX YQ PT^SP\ YQ ^SP \PNPZ^Y\]% aSP\PL] 5E SP^P\YWP\TdL&

^TYX aT^S ^SP &YZTYTO \PNPZ^Y\ NYWZVP^PVc MVYNU] ^SP TX^P\XLV&

TdTXR Z\YZP\^TP] YQ 5E #+*$' :\YW Y_\ OL^L% T^ NLX MP

]ZPN_VL^PO ^SL^ SP^P\YWP\TdL^TYX YQ ^SP TX^P\XLVTdTXR ;@D&*E

aT^S ^SP XYX&TX^P\XLVTdTXR;=DE ^\LZ] ^SP SP^P\YWP\ YX ^SP NPVV

]_\QLNP% SP\PMc TXSTMT^TXR NY&TX^P\XLVTdL^TYX YQ ^SP ^aY \PNPZ&

^Y\] TX L ]TWTVL\ WLXXP\ ^Y ^SP 5E( &YZTYTO \PNPZ^Y\

SP^P\YWP\'

CX ^SP ML]T] YQ ^SP RPXP\LV NYX]PX]_] \PRL\OTXR L Q_XN^TYXLV

TWZY\^LXNP YQ 0GA(;D7E TX^P\XLVTdL^TYX% aP ScZY^SP]TdPO

^SL^ ^SP TXSTMT^TXR PQQPN^ YQ ;7;E LXO ;=DE YX ;@D&*E TX^P\&

XLVTdL^TYX aY_VO LV]Y LQQPN^ ;@D&*E ]TRXLVTXR' =XOPPO% _ZYX

NYPbZ\P]]TYX YQ ;@D&*E aT^S ;=DE% aP YM]P\`PO TXSTMT^TYX YQ

N5AD% Z9E?% LXO NLVNT_W LNN_W_VL^TYX' =X NYX^\L]^% NYPb&

Z\P]]TYX YQ ;@D&*E aT^S ;7;E ]TRXTQTNLX^Vc TXSTMT^PO YXVc

Z9E? LXO NLVNT_W ]TRXLVTXR M_^ XY^ N5AD Z\YO_N^TYX #:TR' -$'

GSP STRSP\ TWZLN^ YQ ;7;E YX ;@D&*E&WPOTL^PO 9E? ZSY]&

ZSY\cVL^TYX NYWZL\POaT^S N5AD LNN_W_VL^TYXWLc MP O_P ^Y

^SP PER SE VYaP\ NLZLNT^c YQ ;@D&* ^Y ]^TW_VL^P 9E? ZSY]ZSY\&

cVL^TYX' C`P\LVV% ;=DE SLO L WY\P Z\YWTXPX^ TWZLN^ YX

;@D&*E ]TRXLVTXR NYWZL\PO aT^S ;7;E' <YaP`P\% ;=DE LV]Y

SLO L ]^\YXRP\ PQQPN^ YX ;@D&*E TX^P\XLVTdL^TYX LXO &L\\P]&

^TX&+ \PN\_T^WPX^% LRLTX ]_RRP]^TXR L OT\PN^ VTXU MP^aPPX \PNPZ&

^Y\ TX^P\XLVTdL^TYX LXO ]TRXLVTXR' :Y\ \PNPZ^Y\ N\Y]]&^LVU ^Y

SL`P ZSc]TYVYRTNLV \PVP`LXNP% \PNPZ^Y\ NYPbZ\P]]TYX TX PXOYRP&

XY_] NPVV] T] P]]PX^TLV' ;@D&*E LXO ;=DE NYPbZ\P]] YX ZLXN\P&

L^TN &NPVV] #+,$' GY Y_\ UXYaVPORP% ^SP\P L\P XY NYXNV_OTXR

\PZY\^] ]_RRP]^TXR ^SL^ ;@D&*E LXO ;7;E L\P NYPbZ\P]]PO

PXOYRPXY_]Vc TX LXc NPVV ^cZP% LV^SY_RS ^SP\P T] LX YXRYTXR

OPML^P \PRL\OTXR ^SP Z\P]PXNP YQ MY^S ;@D&*E] LXO ;7;E] YX

&NPVV] #+,% ,.e,1$' GS_]% ^SPY\P^TNLVVc% ;=DE \P]PWMVP] L WY\P

FIGURE 4. Impaired GLP-1R signaling in the presence of GCGR or GIPR. HEK293 cells were cotransfected with a 1:1 ratio of SNAP-GLP-1R and pcDNA3.1 (!),
GCGR ("), or GIPR (&) and stimulated for 30 min prior to measurement of cAMP production (A) or 5 min prior to measurement of ERK accumulation (B). C,
calcium accumulation was measured in real-time and is plotted as concentration-response curves of the maximum response from the real-time signaling
traces. cAMP production was significantly impaired in the presence of GIPR (p" 0.05). ERK accumulation was significantly impaired in the presence of GIPR and
GCGR (p" 0.0001). Calcium accumulation was significantly impaired in the presence of GCGR (p" 0.01) and even further impaired in the presence of GIPR (p"

0.001). Data represent means % S.E.M. from a minimum of three independent experiments carried out in triplicates.

TABLE 1

GLP-1R signaling is impaired in the presence of GCGR and GIPR

GUR RSSVPNPf \S :?C%)E `VT[NYV[T b]\[ P\Re]_R``V\[ dVaU ]P7A4+&)$ :6:E$ \_
:<CE V` ]_R`R[aRQ N` N ]R_PR[aNTR \S aUR ZNeVZbZ `VT[NY \OaNV[RQ S_\Z P\a_N[`%
SRPaV\[ dVaU ]P7A4+&)& INYbR` N_R ZRN[` % F&8&@& S_\Z N ZV[VZbZ \S aU_RR
V[QVcVQbNY Re]R_VZR[a` PN__VRQ \ba V[ a_V]YVPNaR`&

E

cAMP pERK Calcium

!

ZN8B5,'* *))% )') *))% )') **/% /'/
;7;E ***% *-'/ ,.'1% +'. //'-% -'+
;=DE /,')% -'0 +/'2% +'+ +.')% 1'+
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FIGURE 5. Concentration-dependent decrease in GLP-1R function in the presence of GIPR. GLP-1R internalization in response to increasing concentrations
of GLP-1 (log (M)) was measured in real-time in HEK293 cells cotransfected with varying SNAP-GLP-1R/GIPR ratios: 1:0 (A), 1:0.25 (B), 1:0.5 (C), or 1:1 (D). E,
concentration-response curves of AUC from the real-time internalization traces. Internalization of SNAP-GLP-1R (1:0, !) was significantly reduced upon
cotransfection with GIPR in ratios of 1:0.25 ("; p" 0.01), 1:0.5 (!; p" 0.01), and 1:1 (&; p" 0.01). Data represent means % S.D. from one representative (A–D)
or means % S.E.M. (E) out of five independent experiments carried out in triplicates. F, GLP-1R-mediated cAMP accumulation was measured in response to
increasing concentrations of GLP-1 for 30 min and is plotted as the maximum response upon coexpression with GIPR in ratios of 1:0 (white bar), 1:0.25 (striped
bar), 1:0.5 (dottedbar), and 1:1 (black bar) (p" 0.05). Data represent means % S.E.M. from three independent experiments carried out in triplicates.G, expression
of SNAP-GLP-1R (white bar) was unaffected by cotransfection with GIPR in a 1:0.25 ratio (striped bar), but was significantly decreased upon cotransfection with
GIPR in a 1:0.5 ratio (dotted bar; *, p " 0.05) and a 1:1 ratio (black bar; *, p " 0.05), measured as radioligand binding to whole cells and plotted as B in cpm.
Data represent means % S.E.M. from two independent experiments carried out in triplicates.

FIGURE 6. Reduced cAMP production and internalization properties of GLP-1R in the presence of GIPR are not influenced by ligand co-stimulation.
cAMP production mediated by GLP-1R and GIPR following 30 min of ligand stimulation was measured upon individual expression (A) or coexpression (B) in
HEK293 cells transfected with equal amounts of SNAP-GLP-1R and GIPR plasmids. A, upon individual receptor expression, GLP-1 stimulation of GLP-1R (!)
resulted in significantly higher cAMP production compared with GIP-stimulated GIPR (%; p " 0.0001). No cross-activation of GLP-1R by GIP (ß) or of GIPR by
GLP-1 (") was observed. B, upon coexpression of GLP-1R and GIPR, GIP-stimulated GIPR signaling (&) was unaffected, whereas GLP-1-stimulated GLP-1R
signaling (!) was significantly reduced (p" 0.0001). Co-stimulation with GLP-1 and 100 nM GIP (!) did not rescue the impaired GLP-1R signaling. Data represent
means % S.E.M. from a minimum of two independent experiments carried out in duplicates. C, ligand-stimulated GLP-1R internalization was measured in
real-time in HEK293 cells transfected with SNAP-GLP-1R or cotransfected with SNAP-GLP-1R and GIPR in a 1:1 ratio. In comparison with GLP-1-stimulated
GLP-1R internalization upon individual expression (!), GLP-1R internalization was significantly reduced upon coexpression with GIPR (!; p" 0.0001). Co-stim-
ulation with GLP-1 and 1 M GIP (!) did not rescue the impaired GLP-1R internalization. Data represent means % S.E.M. from three independent experiments
carried out in triplicates.D, no differences in GLP-1R expression (white bar) and GIPR expression (black bar) were measured using radioligand binding to whole
cells. Data are plotted as million receptor number/cell (Million no. pr. cell). Data represent means % S.E.M. from three independent experiments carried out in
duplicates.
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NY]P&OPZPXOPX^ TX]_VTX ]PN\P^TYX' :_\^SP\WY\P% Y_\ OL^L
PWZSL]TdP ^SP TWZY\^LXNP YQ ;@D&*E TX^P\XLVTdL^TYX QY\ Q_VV
\PNPZ^Y\ Q_XN^TYXLVT^c' 8_P ^Y ^SP NYPbZ\P]]TYX YQ ^SP ^aY
TXN\P^TX \PNPZ^Y\] TX ZLXN\PL^TN &NPVV]% ^SP TXSTMT^Y\c PQQPN^ YQ

TABLE 2

GLP-1R and GIPR cAMP accumulation upon individual expression or coexpression
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FIGURE 7. Inhibition of GLP-1R internalization results in impaired signaling. GLP-1R internalization in response to increasing concentrations of GLP-1
(log (M)) was measured in real-time in HEK293 cells cotransfected with SNAP-GLP-1R and either pcDNA3.1 in a 1:1 ratio (A) or dynamin-1 K44E in a 1:2 ratio (B).
C, concentration-response curves of AUC from real-time internalization traces. GLP-1R internalization was significantly inhibited upon cotransfection with
dynamin-1 K44E (!;p" 0.0001) compared with cotransfection with pcDNA3.1 (!). Data represent means % S.D. from one representative (A and B) or means %

S.E.M. (C) out of four independent experiments carried out in triplicates. D–F, GLP-1-stimulated GLP-1R signaling was measured in HEK293 cells cotransfected
with SNAP-GLP-1R and either pcDNA3.1 in a 1:1 ratio (!) or dynamin-1 K44E in a 1:2 ratio (!). GLP-1R-mediated cAMP accumulation (D; p " 0.05), pERK
accumulation (E; p" 0.0001), and calcium accumulation (F; p" 0.01) were significantly impaired in the presence of dynamin-1 K44E compared with pcDNA3.1
Data represent means % S.E.M. from a minimum of three independent experiments carried out in triplicates.
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