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Abstract

Functional amino acid residues in agonist bindind is linking
to channel gating of 5-Hsk receptor in anesthetic modulation

Mi Kyeong Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Kyeong Tae Min)

The 5-hydroxytryptamine type 3 (5-H)Treceptor is a member of the
Cys-loop superfamily of ligand-gated ion chann&l&ICs) and, like most
LGIC receptors, is modulated by pharmacologicadlievant concentrations
of volatile anesthetics or n-alcohols. The goahig study was to determine
whether mutations of E106, F107 and R222 in theTgzHeceptor may affect
the anesthetic modulation of the positive modulgtohalothane and
desflurane, and the negative modulator, propofol.

The author expressed the wild-type and mutant tecepn Xenopus
Laevis oocytes and assessed receptor function using teciretle voltage
clamp techniques. E106D, F107Y, R222F, R222V nmubaATs, receptors
were functionally expressed. The &6f 5-HT in wild-type, E106D, F107Y,
and R222F mutant 5-HJ receptors was 1.29 +£ 0.18, 1.41 £ 0.21, 7.47 5,0.8
and 0.61 + 0.16, respectively. The F107Y mutantTasHeceptor displayed
decreased sensitivity to 5-HT compared to the tyie 5-HT;5 receptor, with
an observed six-fold rightward shift (P<0.05). IHibefficients for 5-HT
were significantly decreased in E106D and R222Famtub-HT;4 receptors
compared to the wild-type 5-H{ receptor. Desflurane and halothane



positively modulated both the wild-type and the FfOmutant 5-HTa
receptors, however the F107Y mutant 53kl Teceptor showed a greater
enhancing modulation compared to the wild-type peme Meanwhile, the
R222F and R222V mutant 5-HJ receptors lost positive modulation with 1
and 2 MAC of halothane. Most interestingly, pagti modulation by
desflurane and halothane was converted into negatiedulation in EL06D
mutant 5-HE, receptor. However, propofol, which is a known ateg
modulator of the 5-HJ. receptor, negatively modulated both the E106D
mutant and the wild-type 5-HJ receptors. These results, conducted at the
molecular level of the 5-Hf receptor, might indicate that anesthetic
modulation in the 5-HJ, receptor could be affected by mutations of the
amino acid residues that are important not onlyagonist binding and its
linking to channel gating, but also for channelim@t The present study
implicates that the amino acid residues known fyonést binding sites and
linking site of agonist binding to channel gatingght also have an important
role for anesthetic modulation in the 5-§4Teceptor.

Key words: Electrophysiology, 5-HA receptor, 5-HT, propofol, site-directed

single mutationXenopus Laevis Oocyte, volatile anesthetics.



Amino acid residues involved in agonist binding énking agonist
binding to channel gating, proximal to transmembrdamain of 5-
HT3a receptor in anesthetic modulation

Mi Kyeong Kim

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Kyeong Tae Min

I.INTRODUCTION

The 5-hydroxytryptamine type 3 (5-H)Treceptor is a member of the
Cys-loop superfamily of ligand-gated ion chann&l&ICs) that includes the
nicotinic acetylcholine, glycine, and [gamma]-amibatyric acid type A
(GABA,) receptors. Among the five subunits (A-E) cloned to date, the
HT3a and 5-HEg subunits have been demonstrated to have functional
significance in the central and peripheral nerveystems. The 5-H§
subunit must be coexpressed with the 5HJubunit to be functional in the
peripheral nervous system, whereas the 3xH$libunit can form homomeric
functional channels. These homomers are predonynampressed in the
central and peripheral nervous systéths.

Receptors in the LGIC superfamily are comprisedaopentameric
arrangement, with each subunit containing a largeaeellular N-terminal
domain, four transmembrane domains (TM1-TM4), gdantracellular loop
between TM3 and TM4, and an extracellular C-terinidamain® The
structure and function of LGICs is under intenseestigation, but is still
ambiguously defined. The ligand binding sites taught to be located in



the extracellular N-terminal domain at the subsoibunit interface, and the
channel pore is believed to be formed by TM2LGIC activation involves
neurotransmitter binding to the closed, restingestaceptors, triggering a
complex conformational change, which results in di&nnels opening.
Many electrophysiological studies of volatile ahesics have focused on
their effects on LGICs. Like most LGIC receptotise 5-HT; receptor is
modulated by pharmacologically relevant concerndreti of volatile
anesthetics or n-alcohd$. Most volatile anesthetics, such as desflurane,
isoflurane, halothane, enflurane, and methoxyflergootentiate the 5-HT
receptor at their human alveolar concentratioiis. However, sevoflurane
and two gaseous anesthetics (nitrous oxide, xeasmyvell as intravenous
anesthetics, such as pentobarbital and propofubiirthe 5-HTa re(:eptorl.l'3
Studies of chimera or single residue mutagenicmbdoant LGIC receptors
suggest that the LGICs function was characterizethe N-terminal domain
rather than the transmembrane and C-terminal daremd that the channel
gating sites are located in the TM2. The majority of the studies on the
anesthetic modulation of LGICs have focused on amaicid residues in the
TM2 that are associated with channel gatitiy. However, for the receptor
to be activated, several amino acids in the areairpal to the TM1 are also
important for agonist recognition (glutamate ¥0#énd phenylalanine 16%in
the N-terminal area) and the possible coupling betwagonist binding and
gating (arginine 222 in the pre-TM1 domain). In the chimeric receptor
that is comprised of the N-terminal domain from theCh alpha 7 receptor
and the TM and C-terminal domains from the 5;klfieceptor, modulation by
isoflurane was involved with the N-terminal domaif the receptor. This
means that the anesthetic modulation in receptgrats be characterized by
the N-terminal domaif® Considering that three amino acids proximal ® th
TM1 domain of the 5-HJ, receptor are important for agonist binding

(glutamate 108 and phenylalanine 18§ and coupling of agonist binding to
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channel gating (arginine 2Zp, the anesthetic modulatory effect might be
affected by the mutagenesis of these amino acilues of the 5-H7,
receptor. (Fig. 1, 2)

Therefore, this study was intended to reveal whetihe mutations of
glutamate 106, phenylalanine 107, and arginines22Be N-terminal and pre-
TM1 domains may affect the anesthetic modulatiothefpositive modulators
halothane and desflurane, and the negative modugatipofol in 5-HEa
receptor expressed Xenopus Laevi®ocytes using two electrode voltage
clamp techniques.
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Fig. 1.Primary structure of 5-Hg receptor
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Ligand binding Channel gating (TM2)
(E106, F107), |

Linking (R222)

Fig 2. Simplified schematic for ligand binding addannel gating of LGICs
with two agonist binding sites. Altering agonigtding, the open gating, or
linking both might affect allosteric modulation afesthetics in LGICs. A:
agonist molecule bound, Rc: non-conducting, clagethnel, Ro: conducting,

open channel.



MATERIALSAND METHODS

1. Site-directed mutagenesis of the 5-HT 3, CDNA
cDNA isolated from the mouse 5-BI receptor was generously
provided by Dr. Jay Yang (Columbia University, USA) The author
constructed seven kinds of mutant 5-iTreceptor. The following
alterations were made to generate the mutant resepfiutamate (E) 106 was
substituted with aspartate (E106D) or tyrosine @0 phenylalanine (F)
107 was substituted with tyrosine (F107Y) or serkEO/S), and arginine (R)
222 was substituted with proline (R222P), phenyliala (R222F) or valine
(R222V).
For site-directed mutagenesis, sense and antisepseer

oligonucleotides used were as following;
E106D

Sense primer oligonucleotides:

5'CTGACATTCTCATCAATGACTTTGTGGACGTGGGG3’

Anti sense primer oligonucleotides:

5'CCCCACGTCCACAAAGTCATTGATGAGAATGTCAGY
E106Y

Sense primer oligonucleotides:

5TCCCTGACATTCTCATCAATTACTTTGTGGACGTGGGGAAG3Z

Anti sense primer oligonucleotides:

5'CTTCCCCACGTCCACAAAGTAATTGATGAGAATGTCAGGGAZ
F107Y

Sense primer oligonucleotides:

5'TGACATTCTCATCAATGAGTACGTGGACGTGGGGAAGTC3

Anti sense primer oligonucleotides:

5'GACTTCCCCACGTCCACGTACTCATTGATGAGAATGTCAZ
F107S



Sense primer oligonucleotides:
5'CCTGACATTCTCATCAATGAGAGCGTGGACGTGGGGAAGTCZ
Anti sense primer oligonucleotides:
5’'GACTTCCCCACGTCCACGCTCTCATTGATGAGAATGTCAGG3’

R222P
Sense primer oligonucleotides:

5’ CGTGATCATCCGCCGGCCACCTTTATTCTATGCAGTCAG3
Anti sense primer oligonucleotides:
5'CTGACTGCATAGAATAAAGGTGGCCGGCGGATGATCACT3

R222F
Sense primer oligonucleotides:

5’ACGTGATCATCCGCCGGTTCCCTTTATTCTATGCAGTCAGC3’

Anti sense primer oligonucleotides:

5'GCTGACTGCATAGAATAAAGGGAACCGGCGGATGATCACGTZ
R222V

Sense primer oligonucleotides:

5’ ACGTGATCATCCGCCGGGTACCTTTATTCTATGCAGTCAGC3’

Anti sense primer oligonucleotides:

5’ GCTGACTGCATAGAATAAAGGTACCCGGCGGATGATCACGTZ

The point mutation of the mouse 5-k{Treceptor was created using a
Quickchange site-directed mutagenesis kit (StragéaeJolla, CA, USA)
using the 20-25bp oligonucleotide-sized primer J@enerunner v3.02
(Hastings software Inc.). The successful incorponabf the mutation was
verified by sequencing the clones using an autamdXNA sequencer
(Genetic Analyzer 3100, ABI, CA, USA).

2. Expression of 5-HTsa receptorsinto Xenopus laevis oocytes
Wild-type and point mutant mouse 5-kATreceptor cDNAs were

subcloned into a custom oocyte expression vecOR-Bcript SK(+), and
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linearized bySalI digestion in order to prepare the template cDNARNA
was synthesizedn vitro using T3 RNA polymerase (Message Machine,
Ambion, TX, USA) following the manufacturer’s recamanded protocol.

All procedures for animal care and use were apprdayethe Yonsei
University Committee on Animal Care. Frogs werestinetized by cold-
emersion anesthesia with 0.15%p-&minobenzoic acid for 30 min. The
ovarian lobes were removed through a small incigiothe frog’s abdomen
and were placed in modified Barth’s Solution (MB88 mM NaCl, 1 mM
KCI, 0.41 mM CaC, 0.33 mM Ca(N@,, 2.4 mM NaHCQ, 0.83 mM
MgSQO,, 250 mM Na pyruvate, 5 mM HEPES; pH 7.4, 0.5 mMagphylline,
10 U/ml Penicillin, 10 U/ml streptomycin, 10 U/mlegtamycin). The
ovarian lobes were manually dissected into clumpd o 10 oocytes and
then treated with 1.5 mg/mL collagenase IA in*‘Cee frog Ringer’s
solution (120 mM NacCl, 2 mM KCI, 5 mM HEPES 5 mM; gi#) for 30 min
to remove the folliculacell layer. After the oocytes were rinsed severagés,
approximately 50 ng of cRNA was injected into stageVl oocytes with a
microinjector (Nanojector, Drummond Scientific, Broall, PA, USA). The
oocytes were incubated in modified MBS (88 mM NaCIlmM KClI, 0.41
mM CaCl, 0.33 mM Ca(NG),, 2.4 mM NaHCQ, 0.83 mM MgSQ, 250 mM
Na pyruvate, 5 mM HEPES; pH 7.4, 0.5 mM theophwgllit0 U/ml Penicillin,
10 U/ml streptomycin, 10 U/ml gentamycin) at ‘@8for 48-96 hr. The

incubation medium was changed daily.

3. Two eectrode voltage clamp recording

After a 48-96 hour incubation period at @8 an oocyte was placed
into a Plexiglas recording chamber in approxima®&d uL of volume and
continuously perfused with 1.8 mM €afrog Ringer’s solution (120 mM
NaCl, 2 mM KCI, 5 mM HEPES, 1.8 mM CaflpH 7.4) at 3-7 mL/min.
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The oocyte was penetrated with two glass electrodiésa resistance of 1-3
MQ when filled with a 3 M KCI solution. Two electredvoltage clamp
recordings at -50 mV were obtained with an Oocytan(p (OC 725C,
Warner Instruments, Hamden, CT, USA).

After 5-HT dose response curves were taken fromctianally
expressed wild-type and mutant receptors, the tsffefcthe clinical doses of
anesthetics (1 and 2 MAC of halothane and desfiyran10 and 100 uM of
propofol,) on 5-HT-mediated currents were companeder conditions in
which 5-HT concentration evokepproximately 20% of the maximal peak
current for each receptor that was used,(EC

The oocytes wengreincubated with volatile anesthetics for 2 miioipr
to the applicatiorof 5-HT for 20-30s until the peak current was resth
Saturated solutions of volatile anesthetics werpgredby bubbling each
agent with a microbubbler into a sealed bottle aiming the recording
solution at a gas flow rate of 200 mL/min for mdhan 30 min. Then,
100% Q was passed through the agent specific calibrat@gonizers.
Propofol solutions were prepared daily from ethastotk (1 M), which was
diluted 1:10,000 (resulting in a 1Q0M propofol solution) in frog Ringer’s
solution. This solution was serially diluted befarse. The propofol was
co-applied with the 5-HT® Each experiment was prececed followed by
a control application of 5-HT, both to normalidata and to ensure the
reversibility of any drug-induced current modulatio Cumulative
desensitization was excluded by confirming thatabetrol response (within
90% of recovery) was induce8or analysis, the average of these two
measurements was usasl the control. A 5-30 min recovery period was
allowed after eachpplication of the agonist (with or without anesit)e
Experimentsvere repeated in at least four oocytes.

The bath solution exchange time constant was appat&ly 0.5 s and

orders of magnitude slower than the biochemicalrattions between ligand
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and receptors. The timing of the drug applicatiad the current digitization
were controlled by Clampex v 5.2 (Axon Instrumemsrlingame, Ca).

5-HT (serotonin), collagenase IA, and almost allh&f chemicals were
purchased from Sigma-Aldrich (St. Louis, MO). Hhakne was purchased
from Sigma-Aldrich (St. Louis, MO, USA). Desflummvas purchased from
Baxter Health Corporation (ll, USA).

4. Data Analysis

Peak currents induced by the drug applications weeasurecnd
concentration-response curves were fit (Sigmapl@tO; SPSS Inc., CA) to
theequationl/ 1,,=C"(C" + EGy"), where | is the normalized peak current
form serotonin, Jais the maximal normalized peak current, C is threteain
concentrationn is the Hill coefficient, and Eis the concentration at which
the half-maximal peak current is induced.

The inhibitory or potentiating effects of the testigs were presented
as a percentage in comparison to the currents @utlog serotonin at B

The values represented mean + SEM. Statisticalysinawas
performed using ANOVA with a Tukey test for the tiple comparison and a
Mann-Whitney U test when appropriate. P<0.05 wassitlered statistically
significant.

-12 -



IMl. RESULTS

1. Functional Characterization of the wild-type and mutant 5-HTs,
Receptors:

E106D, F107Y, R222F, and R222V mutant 5s:kITeceptors were
functionally expressed but E106Y, F107S, and R22@@tant 5-HE,
receptors were not functionally expressed, eveh it mM 5-HT.

Figure 3 shows 5-HT concentration-response relshiims for currents
in wild-type and mutant 5-Hk receptors. The 5-HT EE values, Hill
coefficients, andl,, obtained from the analyses of these concentration-
response curves are listed in Table 1. The,Bad Hill coefficients of 5-HT
in wild-type, E106D, F107Y, and R222F mutant 5zkleceptors were 1.29 +
0.18 and 2.12+ 0.08, 1.41t 0.21 and 1.22 +0.16, 7.47 £ 0.85 and 2.43
0.17, and 0.61 £+ 0.16 and 0.75 % 0.06, respectivellhe F107Y mutant
receptor displayed a decreased sensitivity to Scbifipared to the wild-type
receptor, with an observed approximate six-foldhtigard shift.  Hill
coefficients for 5-HT were significantly decreasadthe E106D and R222F

mutant receptors compared to the wild-type 54€ceptors.

-13-
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Fig.3. Concentration response curves for 5-HT ild wipe (WT) and mutant
5-HTs;a receptors. The F107Y mutant 5-g{Treceptor decreased the
sensitivity to agonists. | and |, are the current at a given 5-HT
concentration and the maximal current, respectivelifach data point

represents mean + SEM from 5-8 cells.
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Table 1. Summary of the Properties of the Wild TY@éT) and Mutant 5-

HTs. Receptors ExpressedXenopus Laevi®ocytes

Receptor 5-HT EGy(LM) Hill coefficient I max (LA)

WT 1.29+0.18 2.12+0.08 3.84 +0.36
E106D 141+£0.21 1.22 £ 0.16* 1.05+£0.21
F107Y 7.47 £ 0.85* 243 +0.17 7.39+£1.51
R222F 0.61+0.16 0.75 + 0.06* 0.38 £ 0.09
R222V 0.50+0.08 2.24+0.19 3.51+0.74

EGCso, Hill coefficient (), andl .., of the 5-HT concentration-response curves
for WT and various mutant receptors are listedyesged as mean + SEM of
4-8 oocytes. These values were obtained by fittiregdata to the equation
given in the section of "Experimental ProceduresThe values for mutant
receptor were compared with those of the WT recem@tod the statistical
significance was calculated using ANOVA with Tukésst for multiple

comparisons. P < 0.05, compared with WT.
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2. Modulation of 5-HT ECx-induced currents by desflurane and
halothane in wild-type and mutant 5-HT 3, receptors.

Neither desflurane nor halothane itself induced @nyent in wild-type
and mutant receptors.

Current tracings, responses to 5-HT with and withanesthetics in
wild-type and mutant 5-Hk receptors were shown in figure 4.

Figure 6 depicts the modulation of 5-HT EF@duced currents by
desflurane and halothane. The F107Y mutant 5zHé@ceptor increased the
positive modulation by desflurane and halothaneélhe degree of positive
modulation by desflurane was greater than the natidul by halothane.
The R222F mutant 5-HJ receptor increased a positive modulation by 1
MAC of desflurane but decreased by 2 MAC of desihg. The R222V
mutant 5-HE, receptor decreased the positive modulation witklA2C of
desflurane. Both the R222F and the R222V mutaHil § receptors had
little influence on the positive modulation by deshne and halothane. In
marked contrast to these results, the E106D muiadl;, receptor was
negatively modulated by desflurane and halothafidwe degree of negative
modulation by desflurane was greater than the nadidul by halothane.
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Fig.4. Representative current tracings, responsésHad with and without
anesthetics in wild-type and mutant 5-44Treceptors. Oocytes were first
preincubated with volatile anesthetics for 2 mifopto applicatiorof 5-HT.
Propofol was co-applied with 5-HT. Peak currentsrev recorded and

compared to anesthetic-free controls.
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Fig.5. Normalized current tracings of figure 4 l®af currents responses to 5-
HT with and without anesthetics in wild-type andtami 5-HTz, receptors.
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Fig.6. Effects of desflurane and halothane on Siiiliced currents in the
wild-type and mutant 5-Hgk receptors. In E106D mutant 5-gkTreceptor,
desflurane and halothane did not potentiate bubiietd the 5-HT-induced
currents. Values are percent change of the comesponse without
anesthetics. Negative numbers indicate percentdgahibition. Data
from more than 8 oocytes were expressed as meaEM. S P < 0.05
compared with the value of wild 5-H7 receptor.”: P < 0.05 compared with

the value of 1 MAC desflurane in same receptor.
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3. Effect of inhibitory modulation of 5-HT EC,, induced currents by
propofol in wild-type and E106D mutant 5-HT 35 receptors

Propofol itself did not induce any currents in wiyjghe and mutant 5-
HT3a receptors.

Propofol inhibited the 5-HT-induced currents in lbatild-type and
E106D mutant 5-H3, receptors (Fig. 7). The inhibitory effects of podol
were greater in E106D mutant 5-kATreceptors than in wild-type receptors at

the 1, 10, and 10G0M concentrations of propofol.
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Fig. 7. Effects of propofol on 5-HT-induced curent the wild-type and
E106D mutant 5-H3, receptors. This study compared the effects of
propofol at concentrations of 1, 10, and 3@@ on 5-HT (EGg)-induced
currents. Propofol inhibited 5-HT-induced curreimisboth wild-type and
E106D mutant 5-HJ, receptors. Negative numbers indicate the pergenta
of inhibition. Data from more than five oocytes wexpressed as the mean +
SEM. : P<0.05 compared to the value of wild-type 5i;kTeceptor at the

same concentration of propofol.
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IV. DISCUSSION

In present study, the author investigated the tffeta single mutation
on three amino acid residues (E106, F107, R222)ctware located in the
proximal to the TM1 domain of 5-HI receptors which are involved in
agonist binding and linking of the agonist binditagthe channel gating, on
the modulation of the anesthetics in the 5zkfEceptor.

LGICs seem to be the target receptors of anestlaetion. Most
studies on the mechanism of anesthetics are catlucsing the nACh
receptor or GABA receptors. Along with understanding the anestheti
mechanism via the LGICs, studies on anesthetiaseied side effects such as
postoperative nausea and vomiting have focusedhen5tHT;, receptor.
LGIC member subunits share significant sequenceotagy and consist of a
large, extracellular N-terminal domain, four tramsnbrane a-helical
segments, and an intracellular comporféft®® Many studies have
identified amino acid residues that are critical E&GIC assembly, agonist

226 Erom these studies, extracellular N-terminal

affinity, and conductanc¥.
domain is responsible for agonist binding, the Té&2nain lines the channel
pore and forms the channel gate, and the pre-Tiibmeas well as the TM2-
TM3 loop of the 5-HE, receptor are implicated in the coupling process
between agonist binding and channel gatrfg. Furthermore, studies have
suggested that the anesthetic binding site of LGKSgsts in the
transmembrane domaifi>® At present, many studies have found anesthetic
modulation in the anesthetic or alcohol bindingkmtdocated in TM2 and/or
TM3.®  According to these studies, anesthetics and alsaoncentrate in
the water-filled protein clefts, altering the flbitity of the protein, and hence
changing protein function. Miyazaves al. reported that the L257 residue of

the a. subunit of theTorpedonACh receptor (analogous to S267 in tile
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glycine receptor and L270 in the 5-kiTreceptor) faces away from the pore
and towards the other threehelical transmembrane domains, presumably
forming part of a water-filled cavity in which arkstics can bind® Mihic

et al demonstrated that mutations of two amino aciesns 267 in the TM2
and alanine 288 in the TM3 blocked alcohol and #retis enhancement of
glycine receptor-mediated currents. In addition, mutations of leucine 293
or isoleucine 294 in the TM2 of the 5-kklreceptor alter alcohol modulatory

actions'’*®

Moreover, phenylalanine 269 and leucine 270 ia M2
markedly affected alcohol and anesthetic enhancemie®-HTs, receptor
function® Mutation of a single amino acid in the extradelftrM2 domain
induces resistance to ketamine inhibition in tii€nicotinic receptor as well
as a sensitivity to inhibition in the 5-H¥receptor® For LGIC activation,
the signal transduction travels from the agonishdinig site to a
conformational change in the channel. However, $éwdies have focused
on the functional role of amino acid residues ledaproximally to the TM
domain at the time of anesthetic modulation, everugh these sites are
involved in the initial process of the signal trdastion pathway. The author
have raised the question that mutation of the siagtino acid residues might
affect the anesthetic modulation in the 53k Teceptor, in particular, we
focused on the mutation of E®6and F107, which are thought to be
important for agonist binding and RZ32which is involved in the linking of
the agonist binding to channel gating.

The author constructed seven individual mutantst th@se mutants,
the E106D, F107Y, R222F, and R222V mutant 5;HTeceptors were
functionally expressed but the E106Y, F107S, an@2R2mutant 5-Hs
receptors were not functionally expressed. Thetfanal characteristics of
expressed wild-type, E106D, F107Y, and R222F mu%aHiT;, receptors,
were comparable to the characteristics describ@devious studie®>! In
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contrast, the F107Y mutant 5-kkTreceptors displayed decreased sensitivity
to 5-HT compared to the wild-type 5-khlreceptor, with an observed six-fold
rightward shift (P<0.05). While the Hill coefficie of 2.12 = 0.08 in the
wild-type receptor indicated positive cooperativitiythe agonist activation,
both E106D and R222F mutant 5-fAT receptors lost a positive
cooperativeness (E106D, 1.22 0.16; R222F, 0.75t 0.06 vs. wild-type,
2.12 = 0.08, P<0.05). Although the functional cueristics of the R222V
mutant 5-HE, receptor were not compared to others, the R222Vambu
certainly constructed the functional channel toapenist, 5-HT.

To find the anesthetic modulation effect in wilghty5-HT;4 receptor
and various mutant 5-HI receptors, the author preapplied the saturated
volatile anesthetics for 2 minutes with 1 and 2 MACE the positive
modulators halothane and desflurane to the 5zH@&ceptor, before applying
5-HT (EGy taken from each dose response plot) (Fig. 6). veBteet al
noted that anesthetic modulation in the 5zkfeceptor exhibits a dependence
on molecular volume and volatile anesthetics excepen sevoflurane
enhanced the 5-HT induced currehts.In their study, desflurane and
halothane enhanced modulation in wild-type 5szkfieceptor, a result that is
similar to this study, although the degrees of enhy the 5-HT induced
currents were greater in the study by Steveinsl. than this study. This
difference could be explained by the fact that &bewet al. used an EG
concentration of 5-HT while this study used amd&€ncentration of 5-HT.
| also only pre-applied the volatile anestheticdoefapplying the 5-HT so that
the remaining anesthetic concentrations in the ore®s bath must be less
than the one used by Stevees al Desflurane and halothane showed
positive modulation in both the wild-type and F10mtant 5-HEreceptors
and the F107Y mutant 5-H receptor showed a greater enhancing

modulation compared to the wild-type receptor vittMAC of halothane.
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Meanwhile, the R222F and R222V mutant 53k Teceptor lost positive
modulation with 1 and 2 MAC of halothane. Mostemgstingly, positive
molulation by desflurane and halothane was condernt@o negative
modulation in E106D mutant 5-HJ receptors. The direction of modulation
by volatile anesthetics displayed differently bedwethe mutagenesis of
agonist binding sites, glutamate 106 and its adjapbenylalanine 107. In
particular, the mutation of glutamate to aspartasulted in shortening the
methylene group without altering its polarity. Thathor looked for any
directional changes of modulation by the known tigganodulator of the 5-
HTsa receptor, propofol. Like the volatile anestheficppofol showed a
negative modulation with the E106D mutant and wige 5-HT;, receptors
(Fig. 7). Interestingly, the shortening of thethyéene group in the side
chain of leucine by mutation to valine in the TM@nahin lost the positive
modulation of the volatile anesthetfc. However, it is probably not rational
that a simple shortening of the methylene grough@amino acid residues of
the agonist binding site or the channel pore sétemhines the anesthetic
modulatory direction.

Although this study has the limitation of derivikmpetic informations
from constructed receptors, normalized currentingecof 5-HT induced in
the presence or absence of volatile anesthetib@srsin Figure 5 displayed
identical current shapes in all of the constructedeptors except for the
F107Y mutant 5-HJ, receptor. The F107Y mutant 5-kiT receptor
exhibited rapid desensitization during 5-HT apglma in the presence of
volatile anesthetics. On the contrary, 5-HT indueggting of the F107Y
mutant 5-HE, receptor expressed in HEK 293 cells did not dispkpid
desensitization even in 10 mM concentrations ofl5*H

The anesthetic effect on 5-EhI'receptors may not contribute to the
establishment of an anesthetized state but mayelsed to anesthetic-

induced nausea and vomiting. imvitro studies most volatile anesthetics,
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such as enflurane, halothane, and isoflurane, eeldathe 5-HT-induced
current in the wild type 5-Hsk receptor by a varying degrees, but sevoflurane
or propofol inhibited this curredt**®* These findings were also noted in
clinical studies. Philipet al showed that the incidence of postoperative
nausea and vomiting after ambulatory anesthesidomas in the sevoflurane
group than in the isoflurane group. Moreover, Raed al*® reported that
the incidence of postoperative nausea and vomitiag decreased following
the use of propofol rather than desflurane aftealascopic cholecystectomy.
5-HTsa receptors in the postrema area of the brain is\ad to be associated
with anesthetic-associated nausea and vomiting .

At present, several subtypes of the 5sHd@ceptor were identified and
the recombinant 5-Hsf receptor showed most of the native 53;H&ceptor
properties. Nevertheless, whether native S-llceptors in different brain
areas are constituted by homomeric 5;HTpentamer or heteromeric
pentamers derived from a combination of 5;kdTand 5-HTEg or other
subtypes is not completely clear. Therefore, meisihas of anesthetic
modulation in the 5-HT3 receptor seem to be mutiphd complex. This
was evident from the fact that modulation by vdéatanesthetic was
decreased in the 5-HI3 receptor compared to the 5-EiT receptor.
Incorporation of the 5-Hzk receptor might alter the anesthetic binding site o
the allosteric interaction between anesthetic bigdind channel openiriy
Furthermore, the additive effect of halothane atighm®ol on the 5-HI
receptor suggests that these compounds have diffexreyeting sites within
the 5-HT; receptoﬁ However, at the molecular level of the 5-HEceptor,
anesthetic modulating sites are much more compléx.this study, which
was conducted at the molecular level of the SHTeceptor, anesthetic
modulation of the 5-H3, receptor was also affected by a single mutagenesis
of the agonist binding sites (E106 and F107) orsiteethat is presumed to be
the coupling site (R222) between agonist binding elmannel gating as well
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as a of channel pore sites or the anesthetic ingatket in LGICs!®*>!"

9,25,27,36

The underlying mechanism of how anesthetics intesdtt the LGICs
is assumed to be allostefic. As shown in the simplified kinetic scheme
involving the anesthetic modulation mechanism (HFigand 2), allosteric
modulation of anesthetics in 5-kireceptors might be achieved by altering
agonist binding, the channel gating, linking bothgesensitization.

In summary, this study has shown that mutatioglofamate 106 to
aspartate in the 5-HI receptor changed the direction of desflurane and
halothane modulation from positive to negative aotentiated the negative
modulation of propofol. Mutations of phenylalanirk®7 to tyrosine
potentiated volatile anesthetic modulation, whiletation of arginine 222 to
phenylalanine or valine lessened desflurane madualator even lost
halothane modulation. These findings, conducteth@tmolecular level of
the 5-HT;a receptor, might indicate that anesthetic modufaiio 5-HTza
receptor could be affected by the mutation of an@om residues important
for agonist binding and linking of the agonist bimgito the channel gating as

well as channel gating.
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V.CONCLUSION

In conclusion, amino acid residues important fooragt binding as
well as for linking of agonist binding to channeltipgg might also have an

important role for the anesthetic modulation in Bskreceptor.
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