


Downloaded by TEXAS TECH UNIV HEALTH SCI CTR on September 29, 2009 | http://pubs.acs.org
Publication Date (Web): August 28, 2009 | doi: 10.1021/bi901208]

9284  Biochemistry, Vol. 48, No. 39, 2009

Sanghvi et al.

TR T T T[T T T[T T[T T TITT[TTTT

100 X
75
50
25

(--)Solvent B

0 5 10 15 20 25 30 35 400

5 10 15 20 25 30 35 40

Fraction number

C V“”FPQFK? “ARDWLRVGY
H.N: COOH

V8-17 Vs8-8

FIGURE 5: Reversed-phase HPLC purification and identification of the ['**I]TID-labeled aBgTx-5-HT;4 subunit fragments. (A, B) Reversed-
phase HPLC purification of ['**I[TID-labeled aBgTx-5-HT; subunit fragments V8-8K (A) and V8-17K (B). Elution of peptides was monitored
by absorbance at 210 nm (—) and elution of '*’I (@) by y-counting. HPLC fractions 35—38 (V8-17K) and 35—37 (V8-8K) were pooled for
N-terminal amino acid sequencing. (C) Schematic representation (not to scale) of the aBgTx-5-HT;2R subunit showing the position of the ten
amino acids identified by protein sequencing of V8-17K and V8-8K (Table 1) and the corresponding span of each fragment.

Table 1: Amino-Terminal Sequence Analysis of ['**I]TID-Labeled a.BgTx-
5-HT34R S. aureus V8 Protease Fragments”

V8—17K V8—8K
no. amino acid mass (pmol) amino acid mass (pmol)
1 Val 49 Val 7.6
2 Phe 2.7 Ala 5.2
3 Pro 3.4 Arg 4.4
4 Gln 1.3 Asp 3.9
5 Phe 2.9 Trp 4.1
6 Lys 1.3 Leu 5.5
7 Glu 2.4 Arg 33
8 Phe 2.1 Val 43
9 Ser NQ Gly 5.0
10 Ile 1.7 Tyr 2.8

“The PTH-amino acids released during sequencing of HPLC-purified
['*1]TID-labeled proteolytic fragments of the aBgTx-5-HT35R (V8-8K
and V8-17K, from Figure 5A,B). NQ denotes that the corresponding
residue was not quantified.

calculated from the '*I released in cycle 21 and the mass of
peptide beginning at Val*' or from the '*I released in cycle 28
and the mass of peptide beginning at Val*** are nearly identical
(2.6 and 2.1 cpm/pmol, respectively).

We were unable to identify any photolabeled amino acids
within the 17 kDa subunit fragment (V8-17K, Val'*—Glu** and
containing M1—M3 transmembrane segments). As for V8-8K,
a hydrophobic peak of '*I was recovered from a tryptic digest
of V8-17K resolved by rpHPLC, but sequence analysis of that
material, which contained similar amounts of '*’I as in the
sample sequenced from the tryptic digest of V8-8K, revealed
no detectable peptide at > I pmol and no peak of '*°I release > 4
cpm in 20 cycles of Edman degradation.

DISCUSSION

The important role that the 5-HT;5R plays in excitatory fast
synaptic transmission in the central and peripheral nervous
system, its role as a modulator of neurotransmitter release, and
its association with numerous neuropsychiatric disorders and
conditions including radio- and chemotherapy-induced nausea
and vomiting make the 5-HT3;5R a particularly attractive
therapeutic target (36, 37). A more refined understanding of
the molecular structure of the 5-HT;4R will likely contribute
to the development of new therapeutic agents as well to our

understanding of the structure/function correlates of this recep-
tor and LGICs in general. To this end, we developed a mam-
malian expression system that produces mouse 5-HT;4Rs con-
taining a C-terminal aBgTx-pharmatope tag (aBgTx-5-HT34Rs)
that is functionally indistinguishable from wild-type 5-HT35Rs.
The robust expression of aBgTx-5-HT;4Rs (~60 pmol of
[PH]BRL-43694 binding sites (3.4 ug of receptor)/mg of protein;
~8 ug of receptor per 150 mm dish) and its high-affinity bind-
ing for aBgTx (~11 nM; Figure 2) enabled us to reproducibly
(N = 3) purify large quantities (2—7 mg) of 5-HT;5Rs in a single
step purification on an aBgTx-derivatized affinity column. This
yield exceeded those reported for purification of 5-HT;35Rs from
NCB20 cells (yield = 13 ug (38)), from porcine brain (yield =
2-5ug (39)), or from virally transfected Sf9 insect cells (yield =
0.2 mg (5)) or mammalian cells (yield, 0.2 mg (40)) and
was comparable to that reported (15 mg) using Semliki Forest
virus transfected BHK cells grown in suspension in a bio-
reactor (41).

Although an additional purification step is expected to further
increase the purity of the 5-HT;4R, in this report we established
the usefulness of this purified, lipid-reincorporated receptor
preparation for structural analyses. For that, we examined the
structure of the 5-HT35R lipid—protein interface by use of
['*I]TID, a hydrophobic, photoreactive compound that has
been used extensively to study the structure of Torpedo and
042 nAChRs (42—44, 21, 22). In Torpedo nAChR, ["*I]TID
photolabeled amino acids at the lipid—protein interface, within
the ion channel, and in the 0 subunit helix bundle. Though
agonist-induced transition from the resting to the desensitized
state has no effect on ['*’I]TID photolabeling at the nAChR
lipid—protein interface (2/), it inhibits photolabeling within the
ion channel (42) and enhances photolabeling within the d subunit
helix bundle (43, 44).

When affinity-purified and lipid-reconstituted aBgTx-5-HT35Rs
were labeled with ['*I]TID, photolabeling was limited to two
subunit fragments: V8-17K, which contains transmembrane seg-
ments M1—M2-M3, and V8-8K, which contains the M4 segment.
As seen for ['*I]TID photolabeling of the affinity-purified o4f2
nAChR, but not for the affinity-purified Torpedo nAChR, addition
of agonist did not alter the extent or the pattern of ['**I]TID labeling
at the level of the 5-HT3sR subunit or subunit fragments. This
suggests that the affinity-purified 5-HT;5Rs are stabilized in a
desensitized state (i.e., unable to undergo agonist-induced confor-
mational changes) or that [*I]TID labeling of the 5-HT54 subunit
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F1GURE 6: Reversed-phase HPLC purification and sequence analysis
of a tryptic digest of V8-8K. (A) Elution of peptides (—) and '*I (@)
during reversed-phase HPLC purification of a tryptic digest of
V8-8K. (B) '*°I cpm (@) and PTH-amino acids released (O, <) during
sequencing of fractions (33—37) from the HPLC purification of the
tryptic digest of V8-8K. Two overlapping amino acid sequences were
detected, one beginning at Val**! (O, I, 5.1 pmol; R, 95.7%) and the
other at Val*** (0, I, 5.6 pmol; R, 96%: 2870 cpm loaded in the filter
and 1505 cpm left after 30 cycles). 12T release was detected in cycles
21 (2.6 ch/pmol) and 28 (2.1 cpm/pmol), corresponding to labeling
of Ser®! from the fragments starting at Val**! and Val**, respec-
tively. The amino acid sequences of the detected fragments are shown
above each panel, with an underline indicating the approximate span
of the M4 helix.

has no agonist-sensitive component. Additional studies are needed
to distinguish between these two possibilities.

At the amino acid level, ['*’I]TID photolabeled Ser*>' within
the M4 helix of the mouse 5-HT34R, a residue that corresponds
to ['I|TID-labeled alThr** in the aM4 helix of Torpedo
nAChR (Figure 7A). Since only a single residue is labeled in
the 5-HT;4 M4 helix, using the labeling of Ser*! to identify a
['*I]TID-labeled face should be taken with a cautionary note.
Nonetheless, the labeling of Ser®™' suggests that Arg*!, Leu**,
Val*¥’, Ser®!, and Leu** form the lipid-exposed interface of the
5-HT32R M4 helix (Figure 7B). Closer examination of the amino
acids labeled by ["*I]TID in the M4 segments of the 5-HT;5R
and nAChR al subunit (Figure 7A) reveals a labeling preference
for Cys, Ser, and Met residues and a general lack of insertion into
aliphatic residues (Val, Leu, etc.). This result is consistent with the
established relative reactivities of amino acid side chains with
triffluoromethylphenylcarbenes (45) and a low-affinity interac-
tion. In contrast, as a nAChR noncompetitive antagonist
['ZI]TID binds with micromolar affinity to the closed channel
of the Torpedo receptor and labels a homologous set of aliphatic
residues in each subunit (e.g., alLeu™' and alVal*) with
~10-fold greater efficiency than residues situated at the lipid—
protein interface (42, 44). Given that the labeled (lipid-exposed)
face of the 5-HT34R M4 helix (Figure 7B) is lined predominantly
by aliphatic residues (Arg**!, Leu**, Val**’, Ser®!, Leu**), the
selective labeling of Ser*" is therefore not unexpected.

While additional work is clearly needed, including the devel-
opment of protocols to isolate for sequence analysis the indivi-
dual M1, M2, and M3 transmembrane helices, our results

Biochemistry, Vol. 48, No. 39, 2009 9285

T. nAChR @1** VIDHILLCVFMLICIIGTVSVFAGR
m. SHT,R A®* VLDRLLFRIYLLAVLAYSITLVTLW

nAChR o1-M4 5-HT:sR M4

FIGURE 7: ['®I]TID-labeled residues in the 5-HT;4R and Torpedo
nAChR al M4 transmembrane segements. (A) An alignment of the
M4 transmembrane helices from Torpedo nAChR al subunit and the
5-HT5 A subunit, with ['**I]TID-labeled residues underlined. (B) CPK
models of the Torpedo al and 5-HTs, M4 helices with ['**I]TID-
labeled residues shaded gray for al M4 and black for 5-HT;5 M4.
The amino acids that define the homologous ['**T]TID-labeled (lipid-
exposed) face of the 5-HT;, M4 helix are labeled, and the residues are
shaded gray.

demonstrate the merit of using photolabeling techniques and
protein chemistry to study drug binding sites in 5-HT;5R
purified from an expression system.
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Amino acid sequence of the aBgTx-5-HT;, subunit (Figure
S1), the equilibrium binding of [*H]5-HT to aBgTx-5-HT;,Rs in
HEK-293 cell membranes (Figure S2), and the effect of serotonin
treatment during culturing of HEK-aBgTx-5-HT;4R cells on the
expression level of aBgTx-5-HT35Rs in HEK-293 cell mem-
branes as measured by the equilibrium binding of [*H]BRL-
43694 (Figure S3). This material is available free of charge via the
Internet at http://pubs.acs.org.
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Supplementary Figure S1
A

Primer set 1 (forward and reverse primers):
5’tggtccatttggcattattcttggagatactacgagagctcectggagecctaccctgactaatctagagggceccgtttaaacc3’

5’ggtttaaacgggccctctagattagtcagggtagggcetccagggggctctegtagtatctccaagaataatgccaaatggaccas’.

Primer set 2 (forward and reverse primers):
5’tggtccatttggcattattctggaaacggaaacggaaacggaaacggaaactggagatactacgagagcetccctggagecctaccct
gactggagatactacgagagctcc3’

5’ggagctctcgtagtatctccagtcagggtagggcetccagggagctctegtagtatctecagttteegttteegtttcegtttecgtttccag
aataatgccaaatggacca3’ .
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A, First set of forward and reverse primers used to insert aBgTx binding (pharmatope)
sequence and second set of primers used to insert second aBgTx pharmatope sequence and 10

amino acid glycine-asparagine repeat linker sequence.

B, Amino acid sequence of the mouse aBgTx-5-HT3a subunit. The approximate limits of each

transmembrane segment (M1-M4) are shown by underlining of sequence, the first ten amino



acids identified by sequencing are highlighted by red or blue lettering for VV8-17K (Val'*®) and
V8-8K (Val***) respectively, the cleavage sites for \/8 protease are indicated with an arrow
(¥), and the inserted Gly-Asn linker and 2X aBgTx-pharmatope sequence are in light blue and

green lettering.

Supplementary Figure S2

A : —

50 100
Free [3H]5-HT, nM
o015 0 T A

Bound/Free

0 5 10 15 20
pmol [*H]5-HT/mg protein

0.00——L

S2. Equilibrium binding of [*H]5-HT to aBgTx-5-HT3aRs expressed in HEK-293 cell
membranes. HEK-293 cell membranes expressing aBgTx-5-HT3aRs (25 ug protein) were
incubated for 1.5 h at RT with increasing concentrations of [*H]5-HT (final concentrations 2.4-
120 nM) Bound and free ®H]5-HT were separated by centrifugation and the amount of

*Hdetermined by liquid scintillation counting. Bound cpm was converted to pmol bound [*H]5-



HT (Panels A and B)/ mg protein (total, o; specific, m) and free *H was converted to nM
[*H]5-HT. Non-specific binding (o) was determined in the presence of 50 uM MDL7222.
Curve fitting, parameter estimations (including calculation of standard deviations) were
performed using Graph Pad Prism v5.0 software (San Diego, CA). For *H]5-HT binding to

aBgTx-5-HT3aRs the Ky = 28 £ 2.64 nM, Bmax = 23 £ 0.8 pmol/mg.

Supplementary Figure S3
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$3. Equilibrium binding of [*H]BRL-43694 to aBgTx-5-HT3aRs expressed in HEK-293
cell membranes for HEK-293 cells cultured in the absence and presence of 100 uM

serotonin. HEK-293 cells expressing aBgTx-5-HT3aRs were split into two groups during cell



culturing. To the serotonin-treatment group of cells (Panels C and D), serotonin (final
concentration 100 uM) was added 24 h prior to cell harvesting and membrane preparation,
nothing was added to the control group (Panels A and B). For both groups, isolated HEK-293
cell membranes expressing aBgTx-5-HT3aRs (25 ug protein) were incubated for 1.5 h at RT
with increasing concentrations of [*H]BRL-43694(final concentrations, 0.8-40 nM for control
group and 1.6-83 nM for serotonin-treated group) Bound and free [°*H]BRL-43694 were
separated by centrifugation and the amount of *H determined by liquid scintillation counting.
Bound cpm was converted to fmol bound [*H]BRL-43694/ mg protein (total, o; specific, m)
and free *H was converted to nM [*H]BRL-43694. Non-specific binding (o) was determined
in the presence of 50 uM MDL7222. Curve fitting, parameter estimations (including
calculation of standard deviations) were performed using Graph Pad Prism v5.0 software (San
Diego, CA). For [*H]BRL-43694 binding to «BgTx-5-HT3aRs from the control group, the Kq =
3.2 £ 0.43 nM, Bpax = 50.6 = 1.8 pmol/mg, from the serotonin-treated group, the Kq = 12.4 £ 2
nM, Bmax = 148 * 8.3 pmol/mg. The principal finding is the serotonin-treatment results in an ~

3-fold increase in the expression level of aBgTx-5-HT3aRs (‘serotonin upregulation’).



