


























Chimeric GPCR Controls 5-HT, , Signaling by Light

30834 JOURNAL OF BIOLOGICAL CHEMISTRY

VOLUME 285-NUMBER 40-OCTOBER 1, 2010

0T0Z ‘0E 19qWIBA0ON U0 ‘Arelql] S92USI9S YleaH puedAs|D 1e 610 og mmm wol) papeojumoq



Chimeric GPCR Controls 5-HT, , Signaling by Light

B C with unusual activation and inacti-
ePet-YFP Rh-CT 100 - q ion kineti
5-HT1A z120 vation kinetics (data not shown).
et ) The reason for the altered receptor
Voltage (My) z 8 a5 kinetics will be investigated bio-
-120 -100, S 3 physically in future studies and
1< g .
g B may shed additional light onto the
10098 5 409 coupling between GPCR, G pro-
(-) Light . o tein, and the intracellular signal-
(®lght 05 g 5 ing cascade.
Another important aspect of our
D 55 F studies is that Rh-CT, ;1,4 could
< 404 0.6 . _ 180 (n=10)  functionally and competitively
5 28: 270 ] s substitute for 5-HT,, signaling
&-20 S 0.4 g responses in hippocampal neurons.
8401 2 © 5140 . . > )
S €034 SF Tagging with critical targeting
A-eo_ — £ g2 domains to drive differential intra-
o 7167 " 2 0.2- 5% .
=512 2 L cellular localization has, therefore,
1 g $100 - . . o
£ 8-3 ] 0® 0% k= £ the potential to induce competitive
<= 2 0.4 erammrms R0 PRI RSSDITD . .
£E£7 5 : r . L e e g o substitutions of the endogenously

5 0 5 10 15

@ O «
Time (s) NSRS

. X .
oexo‘e &x\‘\q &% expressed proteins. The strategy of
FIGURE 8. Rh-CT5_;1,, compensates for loss of 5-HT, ,-mediated signaling of neurons in the dorsal raphe targeting domain tagging of exoge-

nuclei of 5-HT, , KO mice. A, functional expression of Rh-CT,_ ;1,4 in 5-HT neurons of the dorsal raphe is
shown. Intracranial injections into the dorsal raphe were performed on ePet::YFP transgenic mice. A
lentiviral vector drives the expression of Rh-CTs ;1,4 under the control of a CMV promoter (left). YFP
expressed under the control of a serotonergic-specific promoter, ePet-1, labels 5-HT neurons (right).
Punctate distribution of Rh-CT_,;11 is observed in neurons 9 days after injection. Dorsal raphe slices were
stained with anti-GFP antibody to amplify the YFP signal. Arrowheads on the left indicate neuronal pro-
cesses, which are YPF-positive but do not express mCherry. Rh-CTs_ 1,4 €Xpression rescues loss-of-func-
tion phenotype in 5-HT neurons of KO mice. B, current traces elicited in DRN neurons from 5-HT, , KO mice
expressing Rh-CT;_ ;11 by a voltage ramp from —120 to —45 mV before and after light activation indicate
that 490-nm light pulses increase the membrane currents (most likely mediated by GIRK). C, shown is
quantification of the light-induced current measured at —120 mV. D, top, spontaneous action potential
firing of DRN neurons from 5-HT, , null mice expressing Rh-CT_,;11, is reduced by a 3-s light pulse (490
nm). Bottom, during the light pulse the interspike interval is increased during the light pulse and decreases
to resting levels once the light switched off. E, plot of the interspike interval for a single experiments of
DRN neurons from 5-HT, ./~ mice expressing Rh-CT,_,;1; before, during, and after a 3-s, 490-nm light
pulse (n = 10). F, percent change of the interspike interval for 5-HT, .=/~ DRN neurons expressing Rh-CT.
HT1A before, during, and after a 3-s, 490- nm light pulse (n = 10).

mice. Thus, our results suggest that Rh-CT ;;1; 5 can act in place

nous receptors depends on their
interaction with chaperone proteins
normally binding and trafficking
with endogenous receptors. There-
fore, exogenously expressed pro-
teins expressed at high enough
levels could create an analogous sit-
uation to overexpression of the tar-
geting domain alone. This could
result in a dominant negative effect
by direct competition with endoge-
nous receptors. We reason that this
would occur as there are a finite
number of trafficking proteins, and

of endogenous 5-HT , receptor.

In developing Rh-CT, ;1 o, we have gained some important
understanding for using light-activated GPCRs to control spe-
cific GPCR pathways. We learned that the intracellular traffick-
ing of Rh can be directed to specific subcellular domains by the
addition of critical targeting domains of other GPCRs. The suc-
cessful application of this type of strategy may depend on the
presence of specific binding motifs on the donor receptor in
addition to the targeting tag. Our efforts to further replace the
intracellular domains of Rh using the corresponding 5-HT o
receptor domains produced a light-activated chimeric GPCR

a finite number of positions GPCRs can occupy at a given sub-
membrane locale. Because our goal is to utilize Rh-CT ;114 as
a functional substitute of 5-HT, ,, the pseudo-knockdown of
endogenous 5-HT, , signaling would be desirable. For correla-
tive and causal studies linking 5-HT,,-like signaling of
Rh-CT, ;;114 to behavior, the compensatory effects from
endogenous 5-HT) , signaling would be minimized.

Taken together, our findings suggest that light activation of
Rh-CT, ;1 Serves as a suitable proxy for agonist-induced
5-HT, , receptor activation in wild type and 5-HT, , KO ani-
mals for understanding the function of 5-HT, , signaling in

FIGURE 7. Light activation of Rh-CT5_,;1, 5 functionally rescues 5-HT, , loss-of-function phenotype in cultured hippocampal neurons. A, confocalimages
confirm the lack of 5-HT, , receptors in 5-HT, , KO mice (center-left column). Neurons from wild type (left column) and 5-HT, , KO mice (9 DIV) were immunola-
beled with anti-5-HT,  (upper, red) and anti-MAP-2 (middle, green) antibodies. Lower, left, overlay shows significant colocalization of 5-HT, , and MAP-2 in wild
type neurons (yellow). Virally induced 5-HT, ,-mCherry and Rh-CT._;1,, were functionally expressed in the dendrites of cultured hippocampal neurons (9 DIV)
of 5-HT,, null mice (center-right and right columns). Virally transfected KO neurons were stained with anti-dsRed (upper, red) and MAP-2 (middle, green)
antibodies to visualize distribution of mCherry-tagged GPCRs and dendrites, respectively. Exogenously expressed receptors are efficiently expressed and tar-
geted to dendrites. Lower panels, overlay of dsRed and MAP-2 staining reveals a high degree of colocalization of virally transfected 5-HT, ,-mCherry and
Rh-CTs ;114 With MAP-2 (yellow). B and C, voltage change induced in cultured hippocampal neurons (10-14 DIV) from wild type mice by baclofen (B) and
80H-DPAT (C). D and E, membrane hyperpolarization is induced in cultured hippocampal neurons (10-14 DIV) from 5-HT, , null mice by baclofen (D) but not
80H-DPAT (E). F and G, agonist (8OH-DPAT) activation of 5-HT, ,-mCherry (F) and light stimulation of Rh-CT_;1; 4 (G) expressed in 5-HT, , KO neurons induce
hyperpolarization in a similar pattern to the response of wild type neurons to 80H-DPAT application is shown. H, shown is a comparison of the hyperpolar-
ization induced by baclofen, 80H-DPAT, or light stimulus between KO and wild type neurons in the presence or absence of 5-HT, ,-mCherry or Rh-CT5_ 114
(10-14 DIV). |, shown is the time course of GPCR (GABAg, 5-HT, 5, 5-HT, s-mCherry, or Rh-CTs_,,1; 4)-induced hyperpolarization and recovery from hyperpolar-
ization after switching off the light or washing out agonist in wild type (WT) and KO mouse neurons (mean = S.E,; ¥, p < 0.05, ANOVA).
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vitro and in vivo preparations. Thus, Rh-CT, ;1,4 adds a new
engineered GPCR as a tool to control intracellular signaling
events.
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