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ABSTRACT. Thyrotropin-releasing hormone (TRH), like most small ligands, appears to bind within the
seven transmembrane-spanning helices (TMs) of its G protein-coupled receptor (TRH-R). A role for the
extracellular loops (ECLs) of TRH-R has not been established. We substituted residues in the ECLs of
TRH-R and show that Tyr-181 is important for high-affinity binding because its substitution leads to a
3700-fold lowering of the estimated affinity compared to wild-type TRH-R. Using TRH analogues, we
provide evidence that there is a specific interaction between Tyr-181 in ECL-2 and the pyroGlu moiety
of TRH. It was previously suggested that the pyroGlu of TRH may interact with Asn-110 in TM-3 and
with Asn-289 in ECL-3; N110A and N289A TRH-Rs exhibit similar apparent affinities that are only
20—30-fold lower than wild-type TRH-R. To better understand these findings, we analyzed a computer-
generated model which predicts that the ECLs form an entry channel into the TRH-R TM bundle, that
Tyr-181 projects into this channel and that the pyroGlu of TRH cannot simultaneously interact with residues
in the TMs and ECLs. Kinetic analysis showed that the association rats”ah¢thytHis]TRH with

N289A TRH-R is slower than with wild-type TRH-R and largely accounts for the lower apparent affinity;
the association rate with N110A TRH-R is similar to that of wild-type TRH-R. These data are consistent
with the idea that there are initial interactions between TRH and the residues of a putative entry channel
of TRH-R. We suggest that a role of the ECLs in all G protein-coupled receptors for small ligands may
be to initially contact the ligand and allow entry into a TM binding pocket.

The thyrotropin-releasing hormone (TRHgceptor (TRH- terminal carboxamide of ProNH2, 4). These interactions
R) belongs to the rhodopsjfvadrenergic receptor subfamily — were established through the use of complementary substitu-
of seven transmembrane-spanning, G protein-coupled receptions of residues in TRH and TRH-R and the loss of ability
tors (GPCRs)1). We have recently proposed a model of of mutant receptors to recognize differences between TRH
the TRH-R that places the binding pocket for TRH within and its analogues. In the case of Asn-110, a mutant TRH-R
the receptor transmembrane helical (TM) bundle (This  in which Asn-110 was substituted by Ala (N110A TRH-R)
prediction is consistent with findings for the position of the  was found to have an approximately 30-fold lowered affinity
binding pockets for small ligands in other GPCRE (The for [N-methytHis] TRH (MeTRH) compared to WT TRH-R
model is based on evidence in support of four direct contactsgnd a decreased ability to differentiate between TRH and
between TRH (pyroglutamic acid-histidine-prolinamide; an analogue in which the ring N-H of the pyroglutamyl
pyroGlu-His-ProNH) and TRH-R: Tyr at position 106 (Tyr-  (pyroGlu) moiety of TRH was substituted by 8)( These
106) and Asn-110 in TM-3 with the ring of pyroGlu; Tyr-  fingings are consistent with an interaction between Asn-110
282 in TM-6 with His; and Arg-306 in TM-7 with the 4.4 the pyroGlu moiety of TRH. Other investigators have

. ! . . presented evidence that Asn-289 in extracellular loop 3
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Extracellular Loops of TRH Receptor

the role of the ECLs is to form a channel that initially binds
TRH and allows for entry of TRH into a TM binding pocket.

MATERIALS AND METHODS

Materials [*H]MeTRH was obtained from DuPonmyc
[®H]inositol was obtained from Amersham. TRH was from
Calbiochem and MeTRH from Sigma. [DesazapyroGlu]-
TRH (desaztIRH, (N*-[(1R)-(3-oxocyclopentyl)carbonyl]-
L-histidyl-_-prolineamide) was synthesized by a modification
of a previously published procedurélf. ValPTRH was
from Peninsula and P§TRH was a gift from Dr. T. K.
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measured 1 day laterifd h at 37°C by methods previously
described 15). With receptor-ligand combinations that
yield similar maximal responses, relative potencies reflect
relative affinities; we have previously demonstrated this for
TRH-Rs @).

Modeling of Extracellular Loops. The ECLs were added
to a previously constructed model of the TM domain of
TRH-R (2). The disulfide bridge between Cys residues in
ECL-1 and ECL-2, which has been shown to be necessary
to maintain a high-affinity form of the TRH-R14), was
included throughout all simulations. The model with frozen

Sawyer (Parke-Davis Pharmaceutical Research). Restrictior€lices was energy minimized with the program CHARMM

endonucleases were from New England Biolabs. The
cloning vector pBluescript was from Stratagene and the
expression vector pCDM8 was from Invitrogen. Dulbecco’s
modified Eagle’s medium and Nu-Serum were from Life
Technologies.

Mutagenesis The full-length, mouse TRH-R cDNA in
pBluescript ([ BSmTRHR) and pCDM8 (pCDM8MTRHR)
(12, 13 and construction of N110A, C98A, and C179A
TRH-Rs were previously describe8, (14). The polymerase

chain reaction was used to generate fragments containingm
the Y181F, N289A, F296A, or E298A mutations, which were >€

subcloned into pPBSmMTRHR. A fragment derived from
digestion with Xhd and Not was then subcloned into
pCDM8mMTRHR. Mutations were confirmed by the dideoxy
chain-termination method.

Cell Culture and TransfectionCOS-1 cells were main-
tained and transfected as describé&8,(16. After trans-
fection, cells were maintained in Dulbecco’s modified
Eagle’s medium with 10% Nu-Serum for 1 day, at which

time cells were harvested and seeded into 12-well plates at_l_

100 000 cells/well in Dulbecco’s modified Eagle’s medium
with 5% Nu-Serum.

Receptor Binding StudiesBinding experiments were
conducted 1 day after reseeding into 12-well plates. Com-
petition binding assays at equilibrium to measure apparent
affinity constants were performed at 23 or 3T with
[*H]MeTRH, which is an analogue of TRH with-5.0-fold
higher affinity (L7), and various concentrations of unlabeled
TRH analogues as describekb) for 1 or 3 h (N289A TRH-

R). Equilibrium binding constants were derived from
competition binding experiments using the formila=
(ICs)/(1 + (JL)/ Kg)), where 1Gy is the concentration of
unlabeled analogue that half-displaces specifically bound
[BH]MeTRH andKj is the equilibrium dissociation constant
of WT TRH-R for PH]JMeTRH. Curves were fitted by
nonlinear regression analysis and drawn with the PRISM
program (GraphPad Inc.).

Association binding experiments were performed at@3
with several concentrations ofH]MeTRH and specific
binding was determined at various time points. The as-
sociation rate constarkd) of each TRH-R forjH]MeTRH

(19) and used to generate fourteen energy-minimized average
structures through a simulated annealing proto26).( The
details of these simulations have been presented elsewhere
(21). Briefly, the minimized structure was heated to 1500
K and 14 initial structures were extracted from a trajectory
at this temperature. Each of these structures was annealed
to 300 K over 60 ps followed by 100 ps of constant-
temperature simulation at 300 K. The resulting minimized
average structures clustered according to their pairwise root-
ean square deviation (rmsd), producing a major family of
ven members at rmsd of 1.9 A. One of these structures
was used to conduct a simulation of the recepitRH
complex to monitor the distances to Asn-110, Tyr-181, and
Asn-289. TRH was manually placed in the binding pocket
determined in a previous work2). All constraints were
removed, and the complex was energy-minimized, heated
to 300 K in 23 ps, and subjected to 1 ns of molecular
dynamics simulation at 300 K. Distances between tide O
of Asn-110 and the HN of pyroGlu, between the ®of
Asn-289 and the HN of pyroGlu, and between thed®f
yr-181 and N of pyroGlu were monitored throughout the
trajectory.

A 1 ns simulation was performed on the unoccupied WT
receptor in which the helices were frozen. To examine the
effects of mutation of Tyr-181 on receptor structure, a model
of the mutant TRH-R was constructed by substituting Phe
for Tyr at the end of the 1 ns simulation of the unoccupied
WT receptor. The system was energy-minimized and heated
to 300 K in 23 ps, and a molecular dynamics simulation
was performed at 300 K for 1 ns on the ECLs of the receptor.
In all calculations, a distance-dependent dielectric function
was used to approximate the effect of the environment.

RESULTS AND DISCUSSION

To begin our investigation of the role of the ECLs, we
substituted for residues of ECL-2 and ECL-3 and tested for
effects of these substitutions on binding in transiently
transfected COS-1 cells. In agreement with prior resild (
substitution of Tyr-181 in ECL-2 by Phe resulted in no
specific binding of H]MeTRH at concentrations up to 10
nM. Substitution of Phe-296 in ECL-3 by Ala did not affect

was determined by measuring the observed rate constantinding compared to WT TRH-R (Table 1). Substitution

(kb as a function of the concentration dH|MeTRH. In
the case where [L} > [R], the reaction is pseudo-first-order

of Glu-298 in ECL-3 by Ala resulted in a 3-fold loss in
apparent affinity; others have reported that E298A TRH-R

and the slope of a plot of the observed rate constant as aexhibits the same affinity as WT TRH-R@). To test for

function of concentration of radiolabeled ligand [L] is the
association rate constar{) (18).

Inositol Phosphate FormationOne day after transfection,
cells in monolayer in 12-well plates were labeled withQi
of myo[®H]inositol/mL. Stimulation of IP formation was

interactions between pyroGlu of TRH and ECL residues, we
used a TRH analogue, des&FRH, in which the N-H of
the pyroGlu moiety was substituted by a methylene group,
thereby removing a potential hydrogen-bond donor. The
apparent affinity of WT TRH-R for desaZBRH was 130-
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C179A TRH-Rs for TRH were 2200- and 460-fold lower,
respectively, than that of WT TRH-R, in agreement with
prior findings (L4). The potencies of C98A and C179A

Table 1: Binding Affinities of WT and Mutant TRH-Rs for TRH
and DesaZdRH at 37°C?

TRHR m— z;g;':;RH o~ TRH-Rs for desazd@RH were 250- and 180-fold lower than
for TRH, which are not different from the relative potencies
WT 0.019 2.4 130 of TRH and desaZaRH at WT TRH-R. Thus, unlike
gg-glf;)o-‘m) ((nzflzl'?) (100-150) Y181F TRH-R, there was no loss of ability of C98A or
Y181F nsb C179A TRH-Rs to distinguish between TRH and
C98A nsb desaz8TRH. We, therefore, conclude that the loss of ability
C179A nsb of Y181F TRH-R to distinguish between TRH and
F296A (00'%21%_0_027) (11'_22_2) (25_120) desaz#lRH is c_onsistent with a direct interaction between
(n=2) h=2) the pyroGlu moiety of TRH and Tyr-181 in ECL-2 of TRH-
E298A 0.059 4.0 68 R. To further confirm the specificity of the selectivity
g2-04§)—0-073) ((n3-2L25;-0) (40-100) change, the apparent affinities of WT and Y181F TRH-Rs

for TRH and analogues substituted at His or prolinamide
were compared. We have previously shown that the affini-
ties of WT TRH-R for VafTRH and Py¥TRH (in which

the ProNH is replaced by pyrrolidine, resulting in substitu-
tion of the terminal carboxamide of TRH by H) are lowered
by 500- and 640-fold, respectivel$)( Compared to TRH,
the EGgs for activation of WT TRH-R by V&TrRH and
PyETRH are 910- and 940-fold higher. Similarly, compared

a2 The data are presented as the mean (95% confidence intetyval).
number of experiments. The.B/ well values for WT, F296A, and
E298A TRH-Rs (meant SE) were 71 00Gt 2600, 74 000+ 1700,
and 160 00Gt 3500 dpm, respectively, in one experiment and 41 000
+ 1100, 40 000+ 570, and 110 000Gt 1500 dpm, respectively, in
another experimenf.Ratio = Kj(desaz&TRH)/K(TRH). ¢nsb, no
specific binding was detectable.

fold lower than for TRH. Compared to TRH, the apparent
affinities of F296A and E298A TRH-Rs for desdz&H
were lowered by 82- and 68-fold, respectively, which are
not different from the value for WT TRH-R. Because the
binding affinities for desaZzaRH compared to TRH were
lowered to similar extents in F296A and E298A TRH-Rs as
in WT TRH-R, we concluded that the pyroGlu moiety of
TRH does not directly contact Phe-296 or Glu-298 in the
occupied WT TRH-R.

To further investigate the loss of specific binding observed

to TRH, the EGgs for activation of Y181F TRH-R by
Val?’TRH and Py¥TRH are 820- and 840-fold higher. Thus,
Y181F TRH-R fully retains the ability to select TRH over
analogues substituted at His and PrgiNid contrast to the
complete loss of ability to select TRH over an analogue
substituted at pyroGlu.

The experimental data show an apparent interaction
between the pyroGlu moiety of TRH and Tyr-181, which is
on the surface of the receptor. Since previous work
demonstrated that pyroGlu interacts with Tyr-106 and Asn-

with Y181F TRH-R, stimulation of IP formation was 110 in TM-3, these results suggest that there are at least two
measured (Table 2). In general, estimates of potency reflectbinding sites for TRH in TRH-R. One is on the surface of
affinities in receptors of equal efficacy®). The maximal the receptor, as demonstrated by the present results, and the
levels of TRH-stimulated IP formation were similar in cells other is in the TM domain, as demonstrated by our previous
expressing WT and Y181F TRH-Rs, which is consistent with work. Our model of the TM binding pocket of TRH-R is
their efficacies being similar. We have shown that potency consistent with interactions of pyroGlu with Asn-110 and
does reflect affinity in those mutant TRH-Rs in which Tyr-106 @, 4). To better understand the present results, we
efficacy was similar to WT TRH-R and binding could be developed a model of TRH-R that includes the ECLs.
measured directh4). The EGyof TRH for Y181F TRH-R Starting from the structure predicted by our previous simula-
was 3700-fold higher than that for WT TRH-R. Thus, the tions ), we conducted extended (1 ns) molecular dynamics
lack of specific binding in cells expressing Y181F TRH-Rs simulations on the complex between the new WT TRH-R
was attributable to a loss of affinity and not to a lack of model and TRH as described in Experimental Procedures.
cell-surface expression. These data indicate that Tyr-181 isTo explore the role in binding for the ECLs, we conducted
important for binding. The E& of desaz&rRH for WT a 1 ns simulation of the ECLs of the unoccupied WT TRH-
TRH-R was 90-fold higher than that of TRH (Table 2), which R. The arrangement of the ECLs in WT TRH-R generates
is not different from the ratio of binding affinities (Table a cavity that can serve as a putative surface binding 2ile (

1). The EGo of desaz&TRH for Y181F TRH-R wagower This cavity includes Tyr-181, Asn-289, Phe-296, and Glu-
than that of TRH; that is, Y181F TRH-R appeared to prefer 298 (Figure 1). Its bottom is formed by Lys-182, and
desaz8TRH over TRH. Thus, substitution of Tyr-181 by movement of this residue exposes the TM binding pocket.
Phe abolished the ability of TRH-R to select TRH over an This structure is consistent with the idea that TRH initially
analogue in which the ring NH of pyroGlu was removed. interacts with the binding site on the surface of the receptor
This is consistent with the idea that Tyr-181 contacts the and then moves into the TM binding pocket by inducing a
pyroGlu moiety of TRH. To establish the specificity of this conformational change that “opens” an entry channel.
selectivity change, we compared the potencies for TRH and Our model shows that the distance between Tyr-106 in
desaz&TRH of two ECL mutant TRH-Rs that had previously the TM binding site and Tyr-181 on the surface is 17 A
been shown to be of much lower affinity than WT TRH-R. (Figure 1). Likewise, the distance between Asn-110 and
Cys-98 and Cys-179 are highly conserved residues that formAsn-289 in ECL-3 is 20 A. Such distances would preclude
a disulfide bond critical for maintaining high-affinity binding a simultaneous interaction of pyroGlu with the residues in
of TRH-R that is thought to be critical for maintaining the the TM binding site and the residues on the receptor surface.
structure of GPCR4ld). C98A and C179A TRH-Rs exhibit ~ To gain further insight into the spatial relation of TRH to
no specific (H]MeTRH binding. The Egs of C98A and the putative TM and ECL binding sites, we monitored the
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Table 2: Activation Potencies of WT and Mutant TRH-Rs for TRH Analogues

(ECso (uM)
TRH-R TRH desaZaRH ratid® Val’TRH ratif PyPTRH ratic?
WT 0.00068 0.061 90 0.62 910 0.64 940
(0.00054-0.00085)  (0.0450.082)  (53-150)  (0.45-0.83) (660-1700)  (0.5-0.81) (596-1500)
(n="7) (h=6) (h=2) (h=4)
Y181F 2.5 0.75 0.34 2300 820 2100 840
(2.1-3.0) (0.55-1.0) (0.2-05)  (2100-2600)  (700-1200)  (1900-2400)  (606-1100)
(n=3) (n=3) (h=2) (h=2)
C98A 1.5 380 250 md nd
(1.2-1.8) (340-420)
(n=2) (n=2)
C179A 0.31 55 180 nd nd
(0.22-0.43) (45-68)
(n=2) (n=2)

aThe data are presented as the mean (95% confidence intarval)mber of experiment$.Ratio = ECGso(desaz8T RH)/EGso(TRH). ¢ Ratio =
ECso(ValPTRH)/EGo(TRH). 9 Ratio = ECso(PyPTRH)/EGso(TRH). € nd, not determined.

Phe 296
Glu298g % TMG6

M7

Ficure 1: Space-filling representation of selected residues that define the putative surface binding site viewed from the extracellular
domain (A) and in side view (B).

1400 nearly 4000-fold reduction in affinity can be attributed to
1200 the elimination of the Tyr hydroxyl group, which could be
responsible for a H-bonding interaction with the pyroGlu
moiety. This is corroborated by the reduced ability of Y181F

1000

500 TRH-R to discriminate between TRH and des@iH. We
600 also note that the H-bonding network previously observed
400-] in the putative surface binding pocketlj is significantly

Number of Occurrences

affected by the mutation. Previous work showed that, in
. the unoccupied WT TRH-R, Lys-182 lines the bottom of
% o M s & 2 » the surface binding site by forming H-bonds with the side

YI81-PGIu (A) chains of Ser-290 and Glu-298, which is itself H-bonded to

Ficure 2: Distribution of the distance between the nitrogen of the QH group of Tyr-181. To analyze the_ c.hangefs, we he_lve
pyroGlu (PGlu) of TRH and the Dof Tyr-181 (Y181) during a 1 monitored these three H-bonds by determining their sampling
ns molecular dynamics simulation of TRH-R with TRH in the TM  distribution probabilitiesn a 1 nstrajectory (Figure 3A). In
binding pocket. Each point represents the number of times a distanceyT TRH-R. the Y181-E298 and K182E298 H-bonds
within 0.2 A is observed during the simulation. The sum of all L .

have narrow distributions with average values of 2.49 and

occurrences is 10 000, which is the number of structures recorded > - elags
during the simulation. 2.65 A, respectively, while the distribution of the H-bond

distance between pyroGlu and Tyr-181 during the course of between Lys-182 and Ser-290 is wider, with an average value
the simulation of TRH-R with TRH in the TM binding  ©0f2.90 A. To quantitate the fraction of H-bonds maintained

pocket. Our results show that the distance from pGlugo O during the 1 ns simulation, we used the average H-bond
of Tyr-181 averages 13.5 A and is never less than 11 A distances to which one standard deviation was added as cutoff
(Figure 2). This indicates that pyroGlu cannot interact with values. As shown in Figure 4A, the Y18E298 H-bond
residues in the TM and the ECL domains simultaneously. is maintained at a value of 2.55 A 82% of the time, the
The substitution of Tyr-181 by Phe results in a significant K182—E298 H-bond is maintained at 2.75 A 87% of the
change in the affinity of TRH to the receptor. Part of the time and the K182S290 H-bond is maintained at 3.10 A

200
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WT TRH-R WT TRH-R
0.6 99.999 -
] —e—K182NZ-E2980E1 99.99 ; ;
0.5 . —=— K182NZ-S29006G 99.9 // i
1 i\ —+— Y1810H-E2980E2 99 a /‘
0.4 ' 0B /
N 5 % ,’
Z 03] 5 3 f
s ] S f
- )
£ 0.2 1 : ——K182NZ-E2980E1
] ) 1/ —— K182NZ-52900G
014 o1 Y AV Y1810H-E2980E2 |
. . [ vl
| 001+
0 \/\ T T T T T T T T T T T T 2 2.5 ,3 335 4 4.5
2 22242628 3 32343638 4 42 4.4 46 4.8 Distances (A)
Distance (A)
Y181F TRH-R
Y181F TRH-R o 7/
0.4 : p
1 99 /
035 —e— K182NZ-E2980E 0 e
= —=— K182NZ-52900G 3 >
0.3 2 5 ;
025 % 50 // :
g 05 = 3 2
% 0.2 19 [-
2 ] > ——K182NZ-E2980E1
£ o159 1 ——— K182NZ-529006G
] 1 { / K182NZ-E2980E2
0.1 e B e LTS
] 2 25 3 . 3.5 4 4.5
0.05 Distances (A)
0 ety et 2pe—oro—oTe—oyo-oro Bre—STa A TE m n-ay Ficure 4. Cumulative percentage probability of distances between
2 22242628 3 32343638 4 42444648 Lys-182 (K182), Glu-298 (E298), and Ser-290 (S290) in the
Distance (A) unoccupied WT and Y181F TRH-Rs.

Ficure 3: (Top) Sampling distribution probabilities of H-bonds mobility of Tyr-181, Lys-182, Asn-289, Phe-296, and Glu-

between Lys-182 (K182), Glu-298 (E298), and Ser-290 (S290) in . - . : .
a 1 ns simulation of the unoccupied WT TRH-R. Each point 298 by calculating the ratios in the variance of ato_mlc
represents the probability of finding the system in a displacement displacements around the average of the last 500 ps in the

interval of 0.1 A as a function of distance. (Bottom) Sampling simulation of WT TRH-R and that of the Y181F mutant
czﬁgsgik()étzi%gfr%%%bigﬁszcgoH_(bsozngdos) bgtvzeﬁl; Is:i)r/rsliu}:tizo(nKlo?‘Zghglu- receptor. The logarithm of this ratio is directly proportional
unoccupied Y181F TRH-R. The H-bond between Lys-182 and Glu- to the dlffergnce in the V|brat|ona! er1'tr0.p|e§ of the two
298 represents the shortest of the K182N2980E1 or K182NZ receptors. Figure 5 shows large ratios indicative of changes
E2980E2 distances. in mobility for atoms in the residue at position 181, Lys-
182, and Glu-298 upon mutating Tyr-181 to Phe. Examina-
85% of the time. Such behavior is characteristic of undis- tion of the changes in mobility of these residues as well as
rupted H-bonds. In the Y181F mutant receptor, elimination other residues of the loops.@, Tyr-95, Phe-291) indicate
of the OH group of Tyr-181 leads to further changes in the that the vibrational entropy of the loops in the mutant receptor
distribution of the distances between Lys-182 and both Ser-is higher than in WT TRH-R. Thus, if the interaction with
290 and Glu-298. The major change is in the distance the ligand freezes certain motions of the loops, the increased
between the side chains of Lys-182 and Ser-290. This mobility of the mutant receptor will contribute to the lower
distance oscillates between 2.6 and 4.0 A dyrin1 ns apparent affinity through an entropic effect. It, therefore,
simulation (Figure 3B) and remains at the 3.1 A cutoff appears that mutation of Tyr-181 to Phe results in a loss of
distance determined in the WT TRH-R only 43% of the time a H-bonding group and a less organized surface binding
(Figure 4B). The distance between Lys-182 and Glu-298 pocket. The resulting increased mobility of residues in the
shows a time-dependent change. During approximately 500ECLs may lead to decreased binding capabilities of the ligand
ps of simulation, the H-bond to one of the ©f Glu-298 is to the surface of its receptor by increasing its entropy.
maintained and then Lys-182 turns to form a stable H-bond  Upon investigating the conformational properties of Tyr-
with the other @. In this simulation, Lys-182 is H-bonded 181 in our model, we observed that Asn-289 was among
to Glu-298 at the cutoff value of 2.75 A 88% of the time, several residues positioned between the surface binding site
but fluctuates between the two oxygens of Glu-298. In the and the TM binding pocket. According to the proposed
WT TRH-R, however, only one ©of Glu-298 interacted  sequential binding process, Asn-289 would interact with TRH
with Lys-182, while the other one formed a hydrogen bond in the course of its movement from the surface to the TM
to Tyr-181. These results show a disorganized putative binding site. Previous work suggested that Asn-289 could
surface binding pocket in the mutant receptor that may interact with TRH ). We have confirmed this finding by
partially contribute to the estimated 3700-fold affinity loss performing binding experiments on the N289A mutant
for TRH upon removal of the phenolic group of Tyr-181. receptor (Table 3), and our results show a 20-fold decrease
The disruption of the H-bonding network leads also to in the apparent affinity of N289A TRH-R compared to WT
changes in mobility of the surface binding pocket that could TRH-R. This decrease in affinity is approximately the same
further contribute to loss in affinity. We examined the as that observed upon mutating Asn-110 to Ala, a residue
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85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 Ficure 6: Distribution of the distances between Asn-110 (N110)
EC2 and Asn-289 (N289) of TRH-R and the-NH group of pyroGlu of
1.5 TRH during a 1 nsmolecular dynamics simulation of the complex
1 with TRH in the TM binding pocket of WT TRH-R. The distances
between the © of Asn-110 and of Asn-289 and the-HN of
pyroGlu were monitored throughout the simulation.

0.5 : i .
TS
SRR

0.5 i

simulation were inversely related to those between pyroGlu
and Asn-289, and two distinct populations of structures were
observed (Figure 6). Thus, although the binding data suggest
that the pyroGlu of TRH may interact with both Asn-110
] : and Asn-289, computer simulations predict that pyroGlu of
e T P IR TS TYRNAVVVS CO TR TS RN YT3 TRH cannot be close to Asn-110 and Asn-289 simulta-
161 170 181 189 neously. This analysis supports the suggestion that pyroGlu
of TRH first interacts with Asn-289 in the entry channel and
then with Asn-110 in the TM pocket.

EC3 If Asn-289 is indeed positioned in the entry channel, we
hypothesized that mutation to Ala should result in the
. elimination of an initial anchoring site for TRH and hence
should affect the association kinetics. On the other hand,
since Asn-110 is deeply buried in the TM domain, the rate
of association of TRH should not depend on the mutation
N110A. To test this hypothesis, we measured the time
T . dependence of binding offj]MeTRH to WT, N110A, and
1 : N289A TRH-Rs. The MeTRH association rate constég) (

‘ for N110A TRH-R was not different from that for WT TRH-
TN s F L s s P F Q E R, whereas that for N289A TRH-R was 8-fold slower than
289 290 291 292 293 294 295 296 297 298 for WT TRH-R (Table 3). Thus, Asn-289 contributes to
FiGurRe 5: Logarithm of the ratios of the variance of atomic association of MeTRH with TRH-R and the decrease in the
displacements around the average in the last 500 ps in therate of ligand association is a major contributing factor to
simulations of the unoccupied Y181F TRH-R versus that of the o 20-fold decrease in affinity of N289A TRH-R compared
unoccupied WT TRH-R. Each atom is represented by a point. A to WT TRH-R. In contrast, Asn-110 does not appear to

positive ratio means that Y181F TRH-R is more mobile than WT . O ) -
TRH-R. A negative ratio means that WT TRH-R is more mobile contribute to association and the 30-fold decrease in affinity

In (cY181F/6WT)

0.5

camumn o o
.

o1
i

In (cY181FicWT)

than Y181F TRH-R. of N110A TRH-R must be due to an increase in the rate of
its dissociation. [Our attempts to analyze dissociation
Table 3: Affinities and Rate Constants for WT, N289A, and experiments have been hampered by the multicomponent
N110A TRH-Rs at 23C nature of dissociation from TRH-R&2). We are attempting
WT N289A N110A to develop a quantitative method for this analysis.] These
Ka (NM) 110 22 33 data are consistent with the idea that TRH binds first to the
(17—-28) (27-41) ECLs and then to the TM bundle of TRH-R.
I (n=3) (0h=3) Our data indicate that substitution of Tyr-181 in ECL-2
on (M~ min™) (2115_27) (2(';7) (52%_93) by Phe can change the ability of TRH-R to recognize a TRH
(h=11) h=5) (h=6) analogue missing the ring N-H of the pyroGlu moiety.

Removal of the phenolic group at position 181 resulted in
that we have previously shown to interact with the pyroGlu an apparent 3700-fold affinity loss for TRH. Importantly,
moiety of TRH 6). Since Asn-289 is positioned at the selectivity in favor of TRH versus desdZ&H was com-
beginning of ECL-3 and, contrary to Tyr-181, is not fully pletely abolished; there may even be a small preference for
exposed at the surface of the receptor, we have measurediesaz8fRH over TRH. These data are consistent with a
the distances between pyroGlu of TRH and both Asn-110 critical role for Tyr-181 in the recognition of the pyroGlu
and Asn-289 to gain further understanding into the binding of TRH. The possible preference of Y181F TRH-R for
of TRH to these two residues. The distances between thedesaz&T'RH may be due to an interaction between the ring
pyroGlu of TRH and Asn-110 in the course of the 1 ns methylene group that has been introduced in pyroGlu and
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the nonpolar aromatic group of the Phe introduced at position between other small ligands and their GPCRs and that small
181 of Y181F TRH-R. ligands may be guided into TM binding pockets by ECLs.
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