ABSTRACT OF THESIS

FURTHERING PHARMACOLOGICAL AND PHYSIOLOGICAL ASSESSMENT
OF THE GLUTAMATERGIC RECEPTORS AT THE DROSOPHILA
NEUROMUSCULAR JUNCTION

Drosophila larval neuromuscular junctions (NMJs) serve as a model for synaptic
physiology. The molecular sequence of the postsynaptic glutamate receptors has
been described; however, the pharmacological profile has not been fully
elucidated. Despite the postsynaptic molecular sequence used to classify the
receptors as a kainate subtype, they do not respond pharmacologically as such.
Kainate does not depolarize the muscle, but dampens evoked EPSP amplitudes.
Quantal responses show a decreased amplitude and area under the voltage
curve indicative of reduced postsynaptic receptor sensitivity to glutamate
transmission. ATPA, a kainate receptor agonist, did not mimic kainate’s action.
The metabotropic glutamate receptor agonist t-ACPD had no effect. Domoic acid,
a quisqualate receptor antagonist, blocks the postsynaptic receptors without
depolarizing the muscle, which supports the presence of quisqualate subtype
receptors. The results suggest a direct postsynaptic action of kainate due to
partial antagonist action on the quisqualate receptors. There does not appear to

be presynaptic auto-regulation via a kainate receptor subtype or a metabotropic



auto-receptor. A complete pharmacological profiling of the known receptor
subtypes at this NMJ has not yet occurred; however, this study aids in furthering
the ongoing investigations to provide a clearer picture of pharmokinetic profile
and specificity of the receptor subtypes.

KEY WORDS: Synaptic facilitation, NCX, calcium, Drosophila larval heart

Junyoung Lee

August 2, 2009



FURTHERING PHARMACOLOGICAL AND PHYSIOLOGICAL ASSESSMENT

OF THE GLUTAMATERGIC RECEPTORS AT THE DROSOPHILA

NEUROMUSCULAR JUNCTION

By

Junyoung Lee

Dr. Robin L. Cooper

Director or Thesis

Dr. Brian C. Rymond

Director of Graduate Studies

August 2, 2009



RULES FOR THE USE OF THESES

Unpublished theses submitted for the Master's degree and deposited
in the University of Kentucky Library are as a rule open for inspection, but

are to be used only with due regard to the rights of the authors.

Bibliographical references may be noted, but quotations or summaries of
parts may be published only with the permission of the author, and with the

usual scholarly acknowledgments.

Extensive copying or publication of the thesis in whole or in part also
requires the consent of the Dean of the Graduate School of the University

of Kentucky.

A library that borrows this thesis for use by its patrons is expected to

secure the signature of each user.



Thesis

Junyoung Lee

The Graduate School

University of Kentucky

2009



FURTHERING PHARMACOLOGICAL AND PHYSIOLOGICAL ASSESSMENT
OF THE GLUTAMATERGIC RECEPTORS AT THE DROSOPHILA
NEUROMUSCULAR JUNCTION

THESIS

A thesis submitted in partial fulfillment of the
requirements for the degree of Master in the
College of Arts and Sciences at the
University of Kentucky
By

Junyoung Lee

Lexington, Kentucky

Director: Dr. Robin Lewis Cooper, Associate Professor

2009

Copyright © Junyoung Lee 2009



ACKNOWLEDGMENTS

| came to the University of Kentucky from South Korea two years ago. |
am in active duty as a captain in the Korean Army. | was sent here by the Korean
Army to learn Biology and experimental methods to address how the nervous
system functions. When | began pursuing this masters program, | had little
knowledge of the biological field. When | was a student at the Korean Military
Academy | focused on Chemistry and Military Science. The time | spent in the
biology department was stressful and compounded with frustration, as the
language was new to me and the courses moved along very rapidly. So | feel
extremely happy and lucky to have made it through the program. It was not a
miracle that | survived in this foreign country, as | had very helpful people around
me. It is a great pleasure to have a chance to be aquatinted with them.

The first person | appreciate is Dr. Robin L Cooper who is my mentor. |
emphatically state that he is one of the best professors | have experienced. He
has helped me a lot to feel comfortable both inside and outside the lab. His
patience with me was nothing short of miraculous and he even never lost smile

on his face. Mol FEAZE A1 O|F2= 2 XMof|H 4 R= U==2 s

4 ol SHEol ¢S X E4m F A1, BO| HHE k&0 X9

|0II
OII

L MESt=

USt HER O g7 D ol Ay stA TlsiF Al Z&S EHAM =2
22 &3 M UUPELICE In fact, it is impossible for me to relay of all
gratitude and respect in this letter. 0| = E &0 Ao W=t BHFIE AlZH2
2Fe FHo R 7HE||o] B oIX| £ RAALICH FH " O2|0 MRE
ZAErLICE

| appreciate my committee members, Dr. Doug Harrison and Dr. Bruce
O’Hara for their expertise and intellectual conversations over the years.

| also acknowledge all professors at the chemistry department in Korea
Military Academy. They always led cadets and their juniors by taking the
initiative. What | had seen and learned from them became the cornerstones of
my life and the motives of studying here. Among them, | should especially thank
Dr. IL-Woo Yang, Dr. Nam-Taek Lee and Dr. Woo-Young Chung for willingly
writing letters of recommendation and for encouragement to me. Also, | could not
have been happier when | learned that Dr. Woo-Young Chung and his family

were spending a sabbatical year in Lexington, KY. X|2= 35 & 5tCt7t
‘T4 Eo] o H MM of g Eiig et M2 stz ol
= 2H HASICHE 2 ZERELUCH M7E =771 Y

! |:|
ZFEIshod HIZT AMSHEM AT A s AL

5 m
oy
o

>
ol

Ofr
-

L|C.

A

_I

[IHIII

;M
I

FIOII

=
S

I

ARfLICH.



| had a pleasurable time with my lab colleagues, Sonya Bierbower and
Mohati Desai. | can surely say you guys are my family. You guys helped me a lot
to get through the hard times and to become familiar to the American society.
Time being with you guys was always awesome. | should not forget a lot of new
words | learned from Sonya. Also, | appreciate many other graduate and
undergraduate students that worked in the lab over the past 2 years.

Appreciation is expressed to Korean Army Headquarters that supported
my tuition and fees. | did not have to worry about financial matters while studying.

Their support was a great advantage to me to focus on research and curriculum.
Ox[2o 2, A QoM 7t E2st B2 FE2 A Xlsts F2EH
HAZBILICH AHAE SHFEER] st=2h B2 RAE s|dstal 2| 2. ofHXK,
ofHL|e| EM AP 2 E MHoAlE 1 & 2l0| &|&LCt old=
M7t ofH K|, o{HL| el EEE 7|S0| ko Y=of &4 |47t ZOIX| AEH
S ELICH A—FEHe~0.

©

w
M
Mo
=)
4
I
|0
u
A
Ral
rr
)
0
i
=
Ho
]
z_
om
Q'I_l
rr
ar
oc
o
E
ok
oM
)
)l
o



TABLE OF CONTENTS

ACKNOWIEAGEIMENTS ... ..ttt e e e e e e e e e ii

LISt Of TablES. ..t e e e e e e e e Vi

S 0 T U PP / |
Chapter One: Background of the Drosophila neuromuscular junction and

FESEAICH QOIS ... e ittt ittt e e e e e ———————— 1

Chapter Two: Furthering pharmacological and physiological assessment of the

glutamatergic receptors at the Drosophila neuromuscular junction.................. 50

[ g0 ]o 18 Te] {l0] o F AU 510 |

MEINOAS . ..o 52

RESUIS ..o e e e 54

DS CUSSION. .. et e e e e e e e i B0

R BN CES .. B0

AV - PO o ¥ I



LIST OF TABLES

Table 1-1. Glutamate receptor genes in Drosophila genome

Vi



LIST OF FIGURES

Figure 1-1. Schematic model of predicted kainate action at the Drosophila NMJ.5
Figure 1-2. Schematic model of facilitation effect on presynaptic nerve

TEIMINAL. ... e e e e e ea 2 D
Figure 1-3. Schematic model of predicted ATPA action at Drosophila NMJ......... 7

Figure 1-4. Schematic model of predicted t-ACPD action at Drosophila NMJ....... 8

Figure 1-5a. Sequence alignment with predicted amino acid sequences............ 9
Figure 1-5b. Sequence alignment with predicted amino acid sequences..........24
Figure 2-1. The dissected 3" instar Drosophila larva preparation....................... 70
Figure 2-2. The effect of kainate on the evoked EPSP amplitudes................... 71
Figure 2-3. Effects of domoic acid atthe NMJ.............ccoooiiiiiiiiiiiiie e 12
Figure 2-4. Effects of kainate (1 and 0.5 mM) on mEPSPs properties.............. 73
Figure 2-5. EffeCts Of AT P A ... e 74

Figure 2-6. Effects of kainate on short-term depression (i.e., negative facilitation)
1 A IAVZ- V1= N OF Sl PO OPROUPRPPRRR £
Figure 2-7. Effects of kainate (KA) and calciumon Fl................coocivviiinnnnnn. 76

Figure 2-8. The standard deviation (SD) for each preparation before and after
exposure to kainate (1mM) with 1mM [Caz‘“]0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 77
Figure 2-9. Action of t-ACPD on evoked EPSPs and resting membrane

10} =7 01 1= | PP & <

Figure 2-10. Sequence comparison of five postsynaptic receptor subunits...... 79

Figure 2-11. Phylogeny tree COMParing..........oevevieieaeee i inieieneeneeneanns 80

vii



Chapter One

Background of the Drosophila neuromuscular junction and research goals

The nervous system in animals is used to convey information of the
surrounding external and internal environment, as well as to react to it. In the
majority of cases, the electrical signals neurons use are relayed to target cells by
chemical communication. When this occurs for close targets, the site of
communication is referred to as a synapse. The chemical released from the
presynaptic neuron is referred to as transmitter. This transmitter enters into the
synaptic cleft and then binds to receptors on a target cell. The target cell can be
a neuron, a muscle or an endocrine cell or even a combination of cell types. The
post-synaptic receptors determine if the target cell will be excited or inhibited.
These determine actions by the receptor itself, being a ligand-gated ion channel
or by initiation of a cellular cascade to influence ion channels (Berridge, 1998;
Miyazaki, 1995). Receptors that mediate secondary cascades are referred to as
metabotropic receptors, whereas receptors that act as a receptor mediated ion
channel are termed ionotropic receptors.

The neurotransmitter molecules are stored in vesicles within the presynaptic
nerve terminal. These vesicles fuse to the presynaptic membrane with evoked
stimulation because of the rise in [Ca®']; (Sudhof, 2004). The [Ca®']; is generally
very low compared to that outside the neuron ( [Ca®*‘],is 10 mM). The entry of
Ca“* into the nerve terminal causes the mobilization of both the reserve and the
readily releasable pools of vesicles (Rosenmund and Stevens, 1996; Kuromi and
Kidokoro, 1998).

The whole process of vesicle fusion must be finely regulated as not to over or
under excite the target cells or else the information will not be correctly
conveyed. Thus, there are various levels of excitation and inhibition to regulate
nerve terminals, such as ion pumps, ion exchanges and auto-receptors for
negative feedback. Because of the difficulty in accessibility of postsynaptic
dendrites and the wide complexity of the central nervous system in general, most
of our understanding in synaptic properties at a vesicle level (i.e., quantal level)
has been gained by studying accessible and relatively simple preparations, such
as neuromuscular junctions (NMJ) in invertebrates and amphibians (Bennett and
Pettigrew, 1975; Nudell and Grinnell, 1983; Wilkinson and Lunin, 1994; Wilkinson
et al., 1992). The frog, locust and crayfish neuromuscular junctions were initially
used because of the relatively ease for accessibility and viability in relatively
mimimal physiological salines (Fatt and Katz, 1953a, b; Dudel, 1965, 1981,
Dudel et al., 1983).



More recently the Drosophila melanogaster has become a model for synaptic
transmission at the larval NMJ. This is because a known genome that can be
manipulated for altered protein expression to examine mechanistic cellular
functions of synapses (Atwood et al., 1993; Betz et al. 1993; Jan and Jan 1976;
Kurdyak et al., 1994; Li et al., 2002; Li and Cooper, 2001; Pawlu et al., 2004;
Ruffner et al., 1999; Sigrist et al., 2002, 2003; Stewart et al., 1994, 1996). A
recent review in Ca®* regulation which influences synaptic transmission in the
preparation has appeared (Desai-Shah and Cooper, 2009).

Since the larval Drosophila NMJ is becoming a synaptic model of choice
recently for many reasons, it is important to understand the pharmacological and
physiological profiles of this synapse. The Drosophila NMJ consists of excitatory
motor neurons and muscle. Recent studies described which postsynaptic
receptor subtypes are expressed in muscle. There are five different subunits,
which fall into kainate/AMPA type glutamate receptors based on molecular
sequence homology (Betz et al., 1993; Vdlkner et al., 2000; Marrus et al., 2004;
Qin et al., 2005; Guerrero et al., 2005). However, in an experiment investigating
a pharmacological sensitivity on the postsynaptic receptors for intact 3" instar
Drosophila NMJ, kainate did not depolarize the muscle but reduced the EPSP
amplitude. Also, AMPA did not alter the EPSP amplitude nor alter the resting
membrane potential (Bhatt and Cooper, 2005). Thus, the postsynaptic receptors
at the Drosophila NMJ should not be classified based on a pharmacological
profiing nomenclature as a kainate/AMPA subtype of glutamate receptors.
Based on my investigations and the previous study (Bhatt and Cooper, 2005),
kainate appears to be blocking the glutamate activities at the larval Drosophila
NMJ.

To date, the pharmacological assessment of this NMJ has not been
tackled carefully. No one has even addressed if the motor nerve terminals may
possess glutamate auto-receptors as noted to occur in other arthropod species
(Schramm and Dudel, 1997). Thus, | choose to address these issues in my
studies.

In this research project, | first support the idea that the postsynaptic receptors
at the Drosophila NMJ are not of a kainate subtype of glutamate receptors and
that application of kainate reduces the evoked EPSP amplitude. | approached
these studies by use of pharmacological and physiological investigations.
Specifically | addressed the spontaneous vesicular postsynaptic responses at the
3" instar NMJ using domoic acid and glutamate. Domoic acid is a potent agonist
of the kainate subtype of glutamate receptors in vertebrates. | also addressed
how exogenous application of kainate could be causing the reduction of the
EPSP amplitudes.

The hypotheses | am testing is based on preliminary findings at this
NMJ and combined reports on other glutamatergic synapses in various animal



models. The hypotheses addresses why kainate produces a reduction in the
EPSP amplitude. My hypotheses are as following;

1) Kainate has a direct postsynaptic action as an antagonist.
2) Kainate has a direct presynaptic action reducing glutamate release,
possibly through activating glutamatergic autoreceptors on the nerve terminals.

Addressing these aims is very important in understanding processes in
synaptic regulation at the neuromuscular junction of this model preparation.
Several disorders are known for altered synaptic function in the vertebrate brain.
In order to understand these disorders better, one can use invertebrate models
such as Drosophila, which can serve as good electrophysiological and genetic
models to study synaptic regulation on a fundamental level.

In order to elucidate my hypotheses about kainate’s action at the
Drosophila NMJ, | conducted several experiments as described in detail within
Chapter Two. In short, | examined the action of kainate on spontaneous fusion of
vesicles with exposure to kainate. This is diagrammatically shown in Figure 1-1
with kainate either having an action on the presynaptic terminal or having an
action on the postsynaptic receptors as to alter receptivity to glutamate. Since
[Ca**)iis tightly regulated within the nerve terminal for rapid transmission, if
kainate had a presynaptic action via alteration in the [Ca®*];, | would predict that
short-term facilitation or depression, known to occur at this synaptic preparation,
would be greatly affected. Thus, | used a four-pulse stimulation train and
measured the facilitation index before and during application of kainate at various
concentrations of kainate as well as [Ca®*],. Since transmission is so sensitive to
[Ca**], altering the concentration with various concentration of kainate exposure
might unmask any subtle effects of kainate. This general model to address this
experimental paradigm is shown in Figure 1-2. In addition to the action of kainate
other pharmacological agents were examined to help in describing the
pharmacological profiles of the putative presynaptic and known postsynaptic
glutamatergic receptor subtypes. The working models of action for ATPA (Figure
1-3) and t-ACPD (Figure 1-4) are shown for action on evoked transmission.

In addition, the reports which characterized the molecular sequence of the
glutamate receptors at the Drosophila NMJ to the human’s kainate receptor
subunits, did not provide the statistical similarities between them. The paper
published in 2005 by Qin et al., designated some amino acid sequences as
similar even though they appear to be far from being similar. Besides, in this
earlier study only five amino acid sequences of the postsynaptic receptor
subunits at the Drosophila NMJ were examined although there are around 30
different glutamate receptor genes in Drosophila genome (Littleton and Ganetzky,

3



2000). Thus, | show statistical similarities of the aligned sequences (Figure 1-
5a,b) and provide a phylogeny tree with the known 36 predicted amino acid
sequences of the glutamate receptors in Drosophila genome (Table 1-1).
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Figure 1-1. Schematic model of predicted kainate action at the Drosophila
neuromuscular junction, which is the site of communication from the axon
terminal of motorneuron to the muscle. Kainate is added into the synaptic cleft
without neural stimulation to measure any possible direct effect on either the
presynaptic nerve terminal or on postsynaptic sensitivity. Spontaneous
responses are involved in one vesicle fusion events. If kainate has an effect
presynaptically then one would expect an alteration in the frequency of
spontaneous response. If there was an affect on the postsynaptic receptors then
one would expect a change in the amplitudes or shape of the spontaneous
events. The frequency and amplitude of spontaneous responses before and
during exposure to kainate are compared.
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Figure 1- 2. Schematic model of facilitation effect on presynaptic nerve
terminal. Ca®" plays a critical role in vesicle fusion in the presynaptic nerve
terminal. [Ca®'] in the presynaptic nerve terminal can be changed at each pulse
of induced facilitation. Four-pulses with 20Hz is induced in the presynaptic nerve
terminal, which may alter the dynamics affecting several factors involved in
vesicle fusion inside the cell. This presynaptic activity at each pulse will have a
slightly different condition. If there is a kainate effect on Ca®* dynamics it would
likely alter the vesicle fusion events during facilitation. Facilitation Index(F1) (4™
pulse amplitude / 1% pulse amplitude -1) is measured before and during kainate
exposure to determine if there is a presynaptic action of kainate. (RP: reserve
pool, RRP: readily releasable pool, ER: intracellular Ca®* storage, ES: endosome,
VGCC: voltage-gated Ca** channel, KAR: kainate receptor)
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Figure 1- 3. Schematic model of predicted ATPA action at Drosophila NMJ.
(RS)-2-Amino-3-(3-hydroxy-5-tert-butylisoxazol-4-yl)propanoic acid (ATPA) is a
kainate receptor agonist. If ATPA has an action either presynaptically or
postsynaptically it would alter the frequency of amplitude of spontaneous events
and the size of evoked responses. Excitatory postsynaptic potential (EPSP)
amplitudes and membrane potential in the muscle are measured with the bath
application of ATPA to compare if they are affected.
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Figure 1- 4. Schematic model of predicted t-ACPD action at Drosophila NMJ.
trans-(x)-1-Amino-1,3-cyclopentanedicarboxylic acid monohydrate (t-ACPD) is a
well-known metabotropic glutamate receptor agonist. If t-ACPD has an action
either presynaptically or postsynaptically it would alter the amplitude of evoked
response. Excitatory postsynaptic potential (EPSP) amplitudes and membrane
potential in the evoked response are measured with the bath application of t-
ACPD to see if there is a t-ACPD action through the metabotropic glutamate
receptors. In the figure, narrow arrow is described to show the action of t-ACPD
on the postsynaptic receptor because of a small possibility of a postsynaptic
action on receptors at the Drosophila NMJ. The receptors are known as
ionotropic glutamate receptors.



GluR-IA oo MRLCPVVIYAF1111GFLEGI IALGGDDRNE I TVG----AIFYENEKE I ELSFDQAFREVN--NMKFSELRFVT IKRYMPTNDSFLLQQ

GIUR-IIB —— e MHGLQFLVLLALATASGANEDTLVITVG----AIFYENEKEIELSFDQAFREVN--NMKFSELRFVT IKRYMPTNDSFLLQQ
GluR-1IC MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQIN I G----AFFYDDELELEKEFMTVVNAINGPESEQTMRFYPL IKRLKPEDGSVTMQE
GIUR-IID —====———————— MHFCWIS---L I ILSLSRVQAQFYGGNAYEASSGQS IRLG----LITDDATDRIRQTFEHAISVVN----NELGVPLVGETEQVAYGNSVQAFA
GIUR-IIE —————————- MEENHFV I LWSLFS IHISVNWAQYENFGG-YDNYQSLESVP 1 G--—-LLTDONTEQMN I VFDHAIDVAN----QEVGTSLTSLKEEVNYGDAYQSYG
GluR-5 ———————————-— MEHGTLLAQPGLWTRDTSWALLYFLCY ILPQTAP-QVLRIGGIFETVENEPVNVEELAFKFAVTSINRNRTLMPNTTLTYDIQRINLFDSFEASR

ITCELISNGVAAIFGPSSKAASDIVAQIANATGIPHIEYDLKLEATRQEQLNHOMS INVAPSLSVLSRAYFEI IKSN-YEWRTFTLIYETPEG--LARLQDLMN IQA
ITCELISNGVAAIFGPSSKAASDIVAQIANATGIPHIEYDLKLQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFTIAYERSSH--LIRLQHILAWKQ
HACDL IDNGVAA I FGPSSKAASD IVALVCNSTGIPHIEFD 1 SDEG 1 QAEKPNHOMTLNLYPAQATLSKAYAD I VONF--GWRKFT 1VYDADDARAAARLQDLLQLRE
QLCRLMQSGVGAVFGPAARHTASHLLNACDSKD I PF 1 YPHLSWGSNPDG——-——-- FNLHPSPED IANALYDI'VNQF--EWSRFIFCYESAEY --LKILDHLMTRYG
KLCRMLETGIAGVFGPSSRHTAVHLMS ICDAMDIPHIYSYMS--ENAEG--—-—-- FNLHPHPADLAKALYSLITEF--NWTRFIFLYESAEY--LNILNELTTMLG
RACDQLALGVAALFGPSHSSSVSAVQSICNALEVPHIQTRWKHPSVDNKDL---FY INLYPDYAAISRAILDLVLYY--NWKTVTVVYEDSTG--LIRLQEL IKAPS

LNSDYVKLRNLADYADDYRILWKETDETFHEQR I I LDCEPKTLKELLKVSIDFKLQGPFRNWFLTHLDTHNSGLRD1'YN--EDFKAN I TSVRLKVVDANPFERKKTR
LHKAG IKMQEFE-RGDDYR I LWKR INN-AREKFVLLDCPSDILVDVINASIGYNMTGSFNHLFLTNLDTHLSG IDGFYS--RDFTVAVAAVRIRTYVPPPVHDE IDV
VHNDVVRVRKFH-KDDDFRVMWKS IRG---ERRVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPYG
«© IKGPVIKVMRYDLNLNGNYKSVLRRIRKSEDSR IVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYS----EANITGIRMFSPDQEEVRDLMEK
KSGTVITVLRYDMQLNGNYKQVLRRVRKSVDNR 1 VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYS—--——EANITGLRLFSPEKMAVKELLMK
RYNIKIKIRQLPSGNK-DAKPLLKEMKKGKEFYVIFDCSHETAAEILKQILFMGMMTEYYHYFFTTLDLFALDLELYRYS—---GVNMTGFRLLNIDNPHVSSII1EK

LT-KVDQILGN-—=-————- QTMLPILTYDAVVLFASSARNVIAAMQP-FHPP----NRHCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQR IHFENL
FDNSVDTRFS——--——————- SLGSQLVYDSIVLFYN-ALLEISQRPG-FY IP-—--NFSCG-RGFWQPGPRLVEQMKQITPKMVKPPFKTQRLQINADGQREDFNL
YVTQRDNIVYES----SDPPRTLIHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRY LARLMKGTSG-VNNTNFRTSILQFDEDGQRITENI
LHQELGESEP---VNSGSTFITMEMALTYDAVRVIAETTKHLPYQPQM-—-————- LNCSERHDNVQPDGSTFRNYMR--SLEIKEKT ITGR1YFEGNVRKGFTFDV
LGYPTDQDE----FRNGSCPITVEMALTYDAVQLFAQTLKNLPFKPMP-——————- QONCSQRTESVRDDGSSFKNYMR--TLRLTDRLLTGP I'YFEGNVRKGYHLDV
WSMERLQAPPRPETGLLDGMMTTEAALMYDAVYMVAIASHRASQLTVS-—-————- SLQCHRHKPWR-LGPRFEMNL I K--EARWDGLTGHI TENKTNGLRKDFDLD I

Figure 1-5a. Sequence alignment with predicted amino acid sequences of the postsynaptic receptor subunits at
Drosophila NMJ and human’s kainate receptor subunits. Compared subunits are shown on the left of the first row in
aligned sequences. Identical and similar amino acids matched are colored by red and putative extracellular domains are
shaded by yellow, respectively. ClustalW2 is used for sequence analysis.
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PATQDPDELEN IWNVNNSTWLMVGS IMQQGCD I LPRGPHMRILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL 1EQD-KVHFGSMRGGSTSLFFSESND
ENVNREMERQN I'WHLSNALWLVLGSMLNQGCDLLPRGLPMRLLTAFWWIFALLISQTY IAKLAAF I TSSKIAGD IGSLHDLVDQN-KVQFGT IRGGATSVYFSESND
PCNRDPEVLENQWR IHNTGWLTVAS IMTAGCD I LPRSPQVRMFEATWWIFAT I TANSYTANLAAFLTSSKMEGS IANLKDLSAQK-KVKFGT IYGGSTYNLLADSNE
PCIEEPEELENQFT INNSLWFTTGALLQQGSE IAPKALSTRT ISAIWWFFTL IMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEE
PCIEEPEELENQFTLGNS IWFTTGALLQQGSE IGPKALSTRTVASFWWFFTLIVVSSYTANLAAFLT IEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFEMTSAE
PCNPDSDVVENNFTLLNSFWFGVGALMQQGSELMPKALSTRIVGGIWWFFTL I 1 ISSYTANLAAFLTVERMESP IDSADDLAKQT-KIEYGAVRDGSTMTFFKKSKI

TDYQRAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVS I LQLSERGELQKMKNKWWKNHNV
TDNRMAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFENSNES
TVYRLAFNLMNNDDPSAYTKDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVA I LKLSERGELYDLKQKWWKNPNA
P1YIKMNEYLNA-HPEMLMENNQQGVDKVKSG-TKYAFLMESTS IEFNTVRECNLTKVGDPLDEKGYG I AMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGA
ERYKKMNKFMSE-NPQYLTEDNMEGVNRVKTN-THYAFLMESTS IEYNTKRECNLKK1GDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGT
STYEKMWAFMSSRQQTALVRNSDEGIQRVLT--TDYALLMESTSIEYVTQRNCNLTQIGGL IDSKGYGVGTPIGSPYRDKITIAILQLQEEGKLHMMKEKWWRGNG-
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-TCDS-YHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVONVAVEERVTPWQAFKAEL I FALKFWVRKKPMR1SS--SSDKSSSRRSS——--- GSRRSSK
- TCDSNVPT I1DDGQFDMDSVGGLFVVLIVGVVVGLY IGVAEFLWHVQR I SVKEKIPPMLALKAEFYFV IRFWLTRKPLHTYR--QSRDSTSTGYSSLEQITSASSAK
-SCFEEPDPDATPDMTFEELRGIFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTPISSVRTTPRRSLDKSLDRTPKSSR
GVCSAKSDDDGPSELGVDNLSGIYVVLVIGSTISITISILCWCYFVYKKAKNYEVPFCDALAEEFRIVIRFSENERPLKSAQS1YSRSRNSSQS IESLKTDSEENMP
GICATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYGI I SWWLFVMKKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSAS1YSRSRQSSMSVASVAQESQ-——-
-——-CPEEDNKEASALGVENIGGIFIVLAAGLVLSVFVAIGEF1YKSRKNND IEQCLSFNAIMEELGISLKNQKKIK--KKSRTKGKSSFTSILTCHQRRTQRKETVA
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—————————————————— MRLCPVVIYAFI1111GFLEGI IALGGDDRNEITVG----AIFYENEKEIELSFDQAFREVN--NMKFSELRFVTIKRYMPTNDSFLLQQ
————————————————————————— MHGLQFLVLLALATASGANEDTLVIKIG----AIFFDTEMKLADAFSAALEEVN--AIN-PALKLDAIKRYVTVDDSIVLQD
MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ INIG----AFFYDDELELEKEFMTVVNAINGPESEQTMRFYPL IKRLKPEDGSVTMQE
————————————— MHFCWIS---L 1 ILSLSRVQAQFYGGNAYEASSGQS IRLG----LITDDATDRIRQTFEHAISVVN----NELGVPLVGETEQVAYGNSVQAFA
—————————— MEENHFV I LWSLFS IHISVNWAQYENFGG-YDNYQSLESVP1G----LLTDONTEQMN I VFDHAIDVAN----QEVGTSLTSLKEEVNYGDAYQSYG
———————————— MKI1FPILSNPVFRRTVKLLLCLLWIG--YSQGTTHVLRFGGIFEYVESGPMGAEELAFRFAVNT INRNRTLLPNTTLTYDTQKINLYDSFEASK

ITCELISNGVAAIFGPSSKAASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFEI IKSN-YEWRTFTLIYETPEG--LARLQDLMNIQA
ISCDL 1GSGVAAIFGPSSKTNSDIVEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFTIAYERSSH--LIRLQHILAWKQ
HACDL IDNGVAA I FGPSSKAASD IVALVCNSTGIPHIEFD 1 SDEG 1 QAEKPNHOMTLNLYPAQATLSKAYAD I VONF--GWRKFT 1VYDADDARAAARLQDLLQLRE
QLCRLMQSGVGAVFGPAARHTASHLLNACDSKDIPFIYP——————- HLSWGSNPDGFNLHPSPED IANALYD IVNQF--EWSRFIFCYESAEY--LKILDHLMTRYG
KLCRMLETGIAGVFGPSSRHTAVHLMS ICDAMDIPHIYS-—————- YMS—--ENAEGFNLHPHPADLAKALYSL ITEF--NWTRFIFLYESAEY--LNILNELTTMLG
KACDQLSLGVAAIFGPSHSSSANAVQS ICNALGVPHIQTRWK---HQVSDNKDSFYVSLYPDFSSLSRAILDLVQFF--KWKTVTVVYDDSTG--LIRLQEL IKAPS

LNSDYVKLRNLADYADDYRILWKETDETFHEQR I I LDCEPKTLKELLKVSIDFKLQGPFRNWFLTHLDTHNSGLRD1'YN--EDFKAN I TSVRLKVVDANPFERKKTR
LHKAG IKMQEFE-RGDDYR I LWKR INN-AREKFVLLDCPSDILVDV INASIGYNMTGSFNHLFLTNLDTHLSGIDGFYS--RDFTVAVAAVRIRTYVPPPVHDE IDV
VHNDVVRVRKFH-KDDDFRVMWKS IRG---ERRVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPYG
IKGPVIKVMRYDLNLNGNYKSVLRRIRKSEDSR IVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYS----EANITGIRMFSPDQEEVRDLMEK
KSGTVITVLRYDMQLNGNYKQVLRRVRKSVDNR 1 VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYS—--——EANITGLRLFSPEKMAVKELLMK
RYNLRLKIRQLPADTK-DAKPLLKEMKRGKEFHV I FDCSHEMAAG I LKQALAMGMMTEYYHY IFTTLDLFALDVEPYRYS—---GVNMTGFRILNTENTQVSSI 1EK

LT-KVDQILGN----- QTMLPIL1YDAVVLFASSARNVIAAMQP-FHPP----NRHCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQR IHENLE 'YK
FDNSVDTRFS——--——- SLGSQLVYDSIVLFYN-ALLEISQRPG-FY IP-—--NFSCG-RGFWQPGPRLVEQMKQITPKMVKPPFKTQRLQINADGQREDFNLEVYN
YVTQRDNIVYESSDPPRTL IHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRYLARLMKGTSG-VNNTNFRTSILQFDEDGQRITENIEVYD
LHQELGESEP--—--- VNSGSTFITMEMALTYDAVRVIAETTKHLPYQP——-—- QMLNCSERHDNVQPDGSTFRNYMRSLEIKEKTITGR1YFEGNVRKGFTFDVIE
LGYPTDQDE-—-—--- FRNGSCPITVEMALTYDAVQLFAQTLKNLPFKP——-—-- MPONCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGP 1 YFEGNVRKGYHLDVIE
WSMERLQAPPK---PDSGLLDGFMTTDAALMYDAVHVVSVAVQQFPQMT—-—-- VSSLQCNRHKPWR-FGTRFMSL IKEAHWEGLTGRITENKTNGLRTDFDLDVIS

PTVNEPMMVWTPDN---G I KKRLLN----LELESAGTTQDFSEQRKVYTVVTHYEEPYFMMKEDHE--NFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGN--GK
PIIDRVTHIWNKEFQLVDFEKLRENSTQALKQKRLQNKEDFSQKP IRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL I'YMLAQECKFDFNFEPVRDNKYGS
PLDGIGIAIWDPRG-—--—=——=————————— QITQLNVDVKAQKKMIYRVATRIGPPYFSYNETARELNLTGNALYQGYAVDL IDAIARHVGFEYVFVPVADQQYGK
LQTSGLVKVGTWEE----GKDFEFQR-PPQAVNFND IDDGSLVNKTFIVLISVATKPYASLVESID--TLIGNNQFQGYGVDL IKELADKLGFNFTFRDGGN-DYGS
LQPSGIVKVGTWDE----DRQYRPQRLAPTTAQFDSVDN-SLANKTFI 1 LLSVPNKPYAQLVETYK--QLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGN-DYGS
LKEEGLEKIGTWDP----ASGLNMTE----SQKGKPANITDSLSNRSLIVTTILEEPYVLFKKSDK--PLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGA
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T™M1

YNPETKQWDG I IRKL IDHHAQIGVCDLT ITQMRRSVVDFTVPEMQLG IS ILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNPAIQ
YDANTDEWDG I IRQL IDNNAQIGICDLT ITQARRSVVDFTVPEMQLGISILSYKEPPPKADIYAFLNPYNAEVWLFVMIAMMITAFALIFTGRIDQYEWDQPVENVN
LDKETKQWNG I IGE I INNDAHMGICDLT ITQARKTAVDFTVPEMQLGVS I LAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT 1'VAR 1 SKMDWENPHPCNR
FNKTTNSTSGMLKE IVEGRADLAITDLT ITSEREEVIDFSIPEMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFIIGRLSPIEWDNPYPCIE
YNKSTNESTGMLRE IMTGRADLAITDLT ITSEREQALDFTIPEMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYPCIE
QDDANGQWNGMVREL IDHKADLAVAPLAITYVREKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMY ILLAYLGVSCVLFVIARFSPYEWYNPHPCNP

T™M2 TM3
DPDELENFWNVNNSTWLMVGS IMQQGCD I LPRGPHMR ILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL IEQD-KVHFGSMRGGSTSLFFSESNDTDYQ
REMERQN I'WHLSNALWLVLGSMLNQGCDLLPRGLPMRLLTAFWWIFALLISQTY IAKLAAFITSSKIAGD IGSLHDLVDQN-KVQFGT IRGGATSVYFSESNDTDNR
DPEVLENQWR IHNTGWLTVASIMTAGCD I LPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSAQK-KVKFGTIYGGSTYNLLADSNETVYR
EPEELENQFT INNSLWFTTGALLQQGSE IAPKALSTRT ISAIWWFFTL IMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEEP 1Y I
EPEELENQFTLGNS IWFTTGALLQQGSE IGPKALSTRTVASFWWFFTLIVVSSYTANLAAFLTIEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFFMTSAEERYK
DSDVVENNFTLLNSFWFGVGALMQQGSELMPKALSTRIVGGIWWFFTL I I 1SSYTANLAAFLTVERMESP IDSADDLAKQT-KIEYGAVEDGATMTFFKKSKISTYD

RAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVSILQLSERGELQKMKNKWWKNHNV-TCD
MAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVGILRLSERGELFKLRNKWFENSNES-TCD
LAFNLMNNDDPSAYTKDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNA-SCF
KMNEY LNAHPE-MLMENNQQGVDKVKSG-TKYAFLMESTSIEFNTVRECNLTKVGDPLDEKGYG I AMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGAGVCS
KMNKFMSENPQ-YLTEDNMEGVNRVKTN-THYAFLMESTS IEYNTKRECNLKK I GDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGTGICA
KMWAFMSSRRQSVLVKSNEEGIQRVLT--SDYAFLMESTT IEFVTQRNCNLTQIGGL IDSKGYGVGTPMGSPYRDKITIATLQLQEEGKLHMMKEKWWRGNG----C

T™4

S—-YHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVQNVAVEERVTPWQAFKAEL I FALKFWVRKKPMR1SS--SSDKSSSRRSS--——- GSRRSSKEKSR
SNVPT IDDGQFDMDSVGGLFVVLIVGVVVGLVIGVAEFLWHVQR I SVKEK IPPMLALKAEFYFVIRFWLTRKPLHTYR--QSRDSTSTGYSSLEQ I TSASSAKKKKK
EEPDPDATPDMTFEELRGIFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTPISSVRTTPRRSLDKSLDRTPKSSRRVVI
AKSDDDGPSELGVDNLSGIYVVLVIGSHISTTISILCWCYFVYKKAKNYEVPFCDALAEEFR IVIRFSENERPLKSAQS1YSRSRNSSQSIESLKTDSEENMPVED-
TKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYG I I SWWLFVMKKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSAS1YSRSRQSSMSVASVAQESQ-——-———-
PEEESKEASALGVQNIGGIFIVLAAGLVLSVFVAVGEFLYKSKKNAQ---——==——————————————————— LEKESSIWLVPPYHPDTV-———————————————
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—————————————————— MRLCPVVIYAFI1111GFLEGI IALGGDDRNEITVG----AIFYENEKEIELSFDQAFREVN--NMKFSELRFVTIKRYMPTNDSFLLQQ
————————————————————————— MHGLQFLVLLALATASGANEDTLVIKIG----AIFFDTEMKLADAFSAALEEVN--AIN-PALKLDAIKRYVTVDDSIVLQD
MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ INIG----AFFYDDELELEKEFMTVVNAINGPESEQTMRFYPL IKRLKPEDGSVTMQE
————————————— MHFCWIS---L 1 ILSLSRVQAQFYGGNAYEASSGQS IRLG----LITDDATDRIRQTFEHAISVVN----NELGVPLVGETEQVAYGNSVQAFA
—————————— MEENHFV I LWSLFS IHISVNWAQYENFGG-YDNYQSLESVP1G----LLTDONTEQMN I VFDHAIDVAN----QEVGTSLTSLKEEVNYGDAYQSYG
———————————— MKI1FPILSNPVFRRTVKLLLCLLWIG--YSQGTTHVLRFGGIFEYVESGPMGAEELAFRFAVNT INRNRTLLPNTTLTYDTQKINLYDSFEASK

ITCELISNGVAAIFGPSSKAASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFEI IKSN-YEWRTFTLIYETPEG--LARLQDLMNIQA
ISCDL 1GSGVAAIFGPSSKTNSDIVEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFTIAYERSSH--LIRLQHILAWKQ
HACDL IDNGVAA I FGPSSKAASD IVALVCNSTGIPHIEFD 1 SDEG 1 QAEKPNHOMTLNLYPAQATLSKAYAD I VONF--GWRKFT 1VYDADDARAAARLQDLLQLRE
QLCRLMQSGVGAVFGPAARHTASHLLNACDSKDIPFIYP——————- HLSWGSNPDGFNLHPSPED IANALYD IVNQF--EWSRFIFCYESAEY--LKILDHLMTRYG
KLCRMLETGIAGVFGPSSRHTAVHLMS ICDAMDIPHIYS-—————- YMS—--ENAEGFNLHPHPADLAKALYSL ITEF--NWTRFIFLYESAEY--LNILNELTTMLG
KACDQLSLGVAAIFGPSHSSSANAVQS ICNALGVPHIQTRWK---HQVSDNKDSFYVSLYPDFSSLSRAILDLVQFF--KWKTVTVVYDDSTG--LIRLQEL IKAPS

LNSDYVKLRNLADYADDYRILWKETDETFHEQR I I LDCEPKTLKELLKVSIDFKLQGPFRNWFLTHLDTHNSGLRD1'YN--EDFKAN I TSVRLKVVDANPFERKKTR
LHKAG IKMQEFE-RGDDYR I LWKR INN-AREKFVLLDCPSDILVDV INASIGYNMTGSFNHLFLTNLDTHLSGIDGFYS--RDFTVAVAAVRIRTYVPPPVHDE IDV
VHNDVVRVRKFH-KDDDFRVMWKS IRG---ERRVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPYG
IKGPVIKVMRYDLNLNGNYKSVLRRIRKSEDSR IVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYS----EANITGIRMFSPDQEEVRDLMEK
KSGTVITVLRYDMQLNGNYKQVLRRVRKSVDNR 1 VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYS—--——EANITGLRLFSPEKMAVKELLMK
RYNLRLKIRQLPADTK-DAKPLLKEMKRGKEFHV I FDCSHEMAAG I LKQALAMGMMTEYYHY IFTTLDLFALDVEPYRYS—---GVNMTGFRILNTENTQVSSI 1EK

LT-KVDQILGN----- QTMLPIL1YDAVVLFASSARNVIAAMQP-FHPP----NRHCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQR IHENLE 'YK
FDNSVDTRFS——--——- SLGSQLVYDSIVLFYN-ALLEISQRPG-FY IP-—--NFSCG-RGFWQPGPRLVEQMKQITPKMVKPPFKTQRLQINADGQREDFNLEVYN
YVTQRDNIVYESSDPPRTL IHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRYLARLMKGTSG-VNNTNFRTSILQFDEDGQRITENIEVYD
LHQELGESEP--—--- VNSGSTFITMEMALTYDAVRVIAETTKHLPYQP——-—- QMLNCSERHDNVQPDGSTFRNYMRSLEIKEKTITGR1YFEGNVRKGFTFDVIE
LGYPTDQDE-—-—--- FRNGSCPITVEMALTYDAVQLFAQTLKNLPFKP——-—-- MPONCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGP 1 YFEGNVRKGYHLDVIE
WSMERLQAPPK---PDSGLLDGFMTTDAALMYDAVHVVSVAVQQFPQMT—-—-- VSSLQCNRHKPWR-FGTRFMSL IKEAHWEGLTGRITENKTNGLRTDFDLDVIS

PTVNEPMMVWTPDN---G I KKRLLN----LELESAGTTQDFSEQRKVYTVVTHYEEPYFMMKEDHE--NFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGN--GK
PIIDRVTHIWNKEFQLVDFEKLRENSTQALKQKRLQNKEDFSQKP IRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL I'YMLAQECKFDFNFEPVRDNKYGS
PLDGIGIAIWDPRG-—--—=——=————————— QITQLNVDVKAQKKMIYRVATRIGPPYFSYNETARELNLTGNALYQGYAVDL IDAIARHVGFEYVFVPVADQQYGK
LQTSGLVKVGTWEE----GKDFEFQR-PPQAVNFND IDDGSLVNKTFIVLISVATKPYASLVESID--TLIGNNQFQGYGVDL IKELADKLGFNFTFRDGGN-DYGS
LQPSGIVKVGTWDE----DRQYRPQRLAPTTAQFDSVDN-SLANKTFI 1 LLSVPNKPYAQLVETYK--QLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGN-DYGS
LKEEGLEKIGTWDP----ASGLNMTE----SQKGKPANITDSLSNRSLIVTTILEEPYVLFKKSDK--PLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGA
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YNPETKQWDG I IRKL IDHHAQIGVCDLT ITQMRRSVVDFTVPEMQLG IS ILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNPAIQ
YDANTDEWDG I IRQL IDNNAQIGICDLT ITQARRSVVDFTVPEMQLGISILSYKEPPPKADIYAFLNPYNAEVWLFVMIAMMITAFALIFTGRIDQYEWDQPVENVN
LDKETKQWNG I IGE I INNDAHMGICDLT ITQARKTAVDFTVPEMQLGVS ILAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT I'VAR I SKMDWENPHPCNR
FNKTTNSTSGMLKE IVEGRADLAITDLT ITSEREEVIDFSIPEMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFIIGRLSPIEWDNPYPCIE
YNKSTNESTGMLRE IMTGRADLAITDLT I TSEREQALDFTIPFMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYPCIE
QDDANGQWNGMVREL IDHKADLAVAPLAITYVREKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMY ILLAYLGVSCVLFVIARFSPYEWYNPHPCNP

T™2 TM3
DPDELENIWNVNNSTWLMVGS IMQQGCD I LPRGPHMR ILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL 1EQD-KVHFGSMRGGSTSLFFSESNDTDYQ
REMERQN I'WHLSNALWLVLGSMLNQGCDLLPRGLPMRLLTAFWWIFALLISQTY IAKLAAFITSSKIAGD IGSLHDLVDON-KVQFGTIRGGATSVYFSESNDTDNR
DPEVLENQWRIHNTGWLTVAS IMTAGCD ILPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSAQK-KVKFGTIYGGSTYNLLADSNETVYR
EPEELENQFT INNSLWFTTGALLQQGSE IAPKALSTRT ISAIWWFFTL IMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEEP 1Y I
EPEELENQFTLGNS IWFTTGALLQQGSE IGPKALSTRTVASFWWFFTLIVVSSYTANLAAFLTIEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFFMTSAEERYK
DSDVVENNFTLLNSFWFGVGALMQQGSELMPKALSTRIVGGIWWFFTL I I ISSYTANLAAFLTVERMESP IDSADDLAKQT-KIEYGAVEDGATMTFFKKSKISTYD

RAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVSILQLSERGELQKMKNKWWKNHNV-TCD
MAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVGILRLSERGELFKLRNKWENSNES-TCD
LAFNLVMNNDDPSAYTKDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYATAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNA-SCF
KMNEY LNAHPE-MLMENNQQGVDKVKSG-TKYAFLMESTSIEFNTVRECNLTKVGDPLDEKGYG I AMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGAGVCS
KMNKFMSENPQ-YLTEDNMEGVNRVKTN-THYAFLMESTS IEYNTKRECNLKK I GDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGTGICA
KMWAFMSSRRQSVLVKSNEEGIQRVLT--SDYAFLMESTT IEFVTQRNCNLTQIGGL IDSKGYGVGTPMGSPYRDKITIATLQLQEEGKLHMMKEKWWRGNG----C

T™M4

S-YHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVQNVAVEERVTPWQAFKAEL I FALKFWVRKKPMR1SS--SSDKSSSRRSS--—--- GSRRSSKEKSR
SNVPT IDDGQFDMDSVGGLFVVLIVGVVVGLVIGVAEFLWHVQR I SVKEK IPPMLALKAEFYFVIRFWLTRKPLHTYR--QSRDSTSTGYSSLEQ I TSASSAKKKKK
EEPDPDATPDMTFEELRGIFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTPISSVRTTPRRSLDKSLDRTPKSSRRVVI
AKSDDDGPSELGVDNLSGIYVVLVIGSIISTIISILCWCYFVYKKAKNYEVPFCDALAEEFRIVIRFSENERPLKSAQSIYSRSRNSSQSIESLKTDSEENMPVED-
TKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYG I 1 SWWLFVMKKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSAS1YSRSRQSSMSVASVAQESQ—--——-——-—
PEEESKEASALGVONIGGIFIVLAAGLVLSVFVAVGEFLYKSKKNAQ-——=—==—=—=———— === ———— LEKESSIWLVPPYHPDTV--—=——=———=——————
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—————————————————— MRLCPVVIYAFI1111GFLEGI IALGGDDRNE I TVGAIFYE-—-NEKEIELSFDQAFREVN--NMKFSELRFVTIKRYMPTNDSFLLQQI
————————————————————————— MHGLQFLVLLALATASGANEDTLVIKIGAIFFD---TEMKLADAFSAALEEVN--AIN-PALKLDAIKRYVTVDDSIVLQDI
MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ INIGAFFYD---DELELEKEFMTVVNAINGPESEQTMRFYPL I KRLKPEDGSVTMQEH
————————————— MHFCWIS---L 1 ILSLSRVQAQFYGGNAYEASSGQS IRLGL ITDD---ATDRIRQTFEHAISVVN----NELGVPLVGETEQVAYGNSVQAFAQ
—————————— MEENHFV I LWSLFS IHISVNWAQYENFGG-YDNYQSLESVP IGLLTDQ---NTEQMN1VFDHAIDVAN----QEVGTSLTSLKEEVNYGDAYQSYGK
————————————————————————— MPRVSAPLVLLPAWLVMVACSPHSLRIAAILDDPMECSRGERLS I TLAKNR INRAPERLGKAKVEVDIFELLRDSEYETAET

TCEL ISNGVAAIFGPSSK-AASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFEI IKSN-YEWRTFTLIYETPEG--LARLQDLMNIQA
SCDLIGSGVAAIFGPSSK-TNSDIVEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFT IAYERSSH--LIRLQH I LAWKQ
ACDL IDNGVAAIFGPSSK-AASDIVALVCNSTGIPHIEFD ISDEG 1 QAEKPNHQMTLNLYPAQATLSKAYAD I VONF--GWRKFT 1'VYDADDARAAARLQDLLQLRE
LCRLMQSGVGAVFGPAAR-HTASHLLNACDSKD IPFI'YPHLSWGSNPDG—-——-—- FNLHPSPED IANALYD I VNQF--EWSRFIFCYESAEY --LKILDHLMTRYG
LCRMLETGIAGVFGPSSR-HTAVHLMS 1 CDAMDIPHIYSYMS--ENAEG—-——-—- FNLHPHPADLAKALYSLITEF--NWTRFIFLYESAEY--LNILNELTTMLG
MCQILPKGVVAVLGPSSSPASSSI I SN I1CGEKEVPHFKVAPEEFVKFQFQR--FTTLNLHPSNTD I SVAVAG I LNFF--NCTTACL I CAKAEC--LLNLEKLLRQFL

LNSDYVKLRNLAD-YADDYRILWKETDETFHEQR I I LDCEPKTLKELLKVS IDFKLQGPFRNWFLTHLDTHNSGLRD1YN--EDFKANITSVRLKVVDANPFERKKT
LHKAG IKMQEFE--RGDDYRILWKR INN-AREKFVLLDCPSDILVDV INASIGYNMTGSFNHLFLTNLDTHLSG IDGFYS--RDFTVAVAAVRIRTYVPPPVHDEID
VHNDVVRVRKFH--KDDDFRVMWKS IRG---ERRVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPY
IKGPVIKVMRYDLNLNGNYKSVLRRIRK-SEDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYS----EANITGIRMFSPDQEEVRDLME
KSGTVITVLRYDMQLNGNYKQVLRRVRK-SVDNR I VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYS—-—--EANI TGLRLFSPEKMAVKELLM
ISKDTLSVRMLDD--TRDPTPLLKEIRD-DKTAT I I IHANASMSHT I LLKAAELGMVSAYYTY I FTNLEFSLQRMDSLVDD----RVNILGFSIFNQSHAFFQEFAQ

RLT-KVDQILGN--——-- QTMLPILTYDAVVLFASSARNVIAAMQP-FHPP----NRHCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQRIHFENLEI
VFDNSVDTRFS——--——-- SLGSQLVYDSIVLFYN-ALLEISQRPG-FY IP-—--NFSCG-RGFWQPGPRLVEQMKQITPKMVKPPFKTQRLQINADGQREDFNLEV
GYVTQRDNIVYESSD-PPRTLIHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRY LARLMKGTSG-VNNTNFRTSILQFDEDGQRITENIEV
KLHQELGESEPVNSGSTF I TMEMALTYDAVRVIAETTKHLPYQPQM-——————— LNCSERHDNVQPDGSTFRNYMR--SLEIKEKT ITGRIYFEGNVRKGFTFDVIE
KLGYPTDQDE-FRNGSCP I TVEMALTYDAVQLFAQTLKNLPFKPMP——————-- QNCSQRTESVRDDGSSFKNYMR--TLRLTDRLLTGP1YFEGNVRKGYHLDVIE
SLNQSWQENCDHVPFTG-PALSSALLFDAVYAVVTAVQELNRSQEIG--——-- VKPLSCGSAQIWQHGTSLMNYLR---MVELEGLTGHIEFNSKGQRSNYALKILQ

YKPTVNEPMMVWTPDN---GIKKRLLN----LELESAGTTQDFSEQRKVYTVVTHYE-EPYFMMKEDHE--NFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGN-
YNPI1DRVTHIWNKEFQLVDFEKLRENSTQALKQKRLQNKEDFSQKP IRYTVATRVG-KPYFSWREEPEGVHYEGNERFEGYAVDL I' YMLAQECKFDFNFEPVRDNK

YDPLDGIGIAIWDPRG--—==—=—————————— QITQLNVDVKAQKKMIYRVATRIG-PPYFSYNETARELNLTGNALYQGYAVDL IDAIARHVGFEYVFVPVADQQ
LQTSGLVKVGTWEEGK——-———- DFEFQR-PPQAVNFND I DDGSLVNKTFIVLISVATKPYASLVES ID--TLIGNNQFQGYGVDL IKELADKLGFNFTFR-DGGND
LQPSGIVKVGTWDEDR-————--— QYRPQRLAPTTAQFDSVDN-SLANKTF I ILLSVPNKPYAQLVETYK--QLEGNSQYEGYGVDL IKELADKLGFNFTFV-NGGND

FTRNGFRQIGQWHVAEG---—=—=——=——- LSMDSHLYASNISDTLENTTLVVTT ILENPYLMLKGNHQ--EMEGNDRYEGFCVDMLKELAEILRFENYKIRLVGDGV
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T™M1

-GKYNPETKQWDG I IRKL IDHHAQIGVCDLT ITQMRRSVVDFTVPEMQLGISILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNP
YGSYDANTDEWDG I IRQL IDNNAQIGICDLT ITQARRSVVDFTVPEMQLGISILSYKEPPPKADIYAFLNPYNAEVWLFVMIAMMITAFALIFTGR IDQYEWDQPVE
YGKLDKETKQWNG I IGE I INNDAHMG ICDLT ITQARKTAVDFTVPEMQLGVS ILAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT I'VAR I SKMDWENPHP
YGSENKTTNSTSGMLKEIVEGRADLAITDLTITSEREEVIDFESIPEMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFIIGRLSPIEWDNPYP
YGSYNKSTNESTGMLRE IMTGRADLAITDLT ITSEREQALDFTIPFMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYP
YGVPEANG-TWTGMVGEL IARKADLAVAGLT ITAEREKV IDFSKPFMTLG IS ILYRVHMGRKPGYFSFLDPFSPGVWLFMLLAYLAVSCVLFLVARLTPYEWYSPHP

T™M2 TM3

A1Q-DPDELENIWNVNNSTWLMVGS IMQQGCD I LPRGPHMRILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL 1E-QDKVHFGSMRGGSTSLFFSESND
NVN-REMERQN IWHLSNALWLVLGSMLNQGCDLLPRGLPMRLLTAFWWIFALLISQTY TAKLAAF ITSSKIAGD IGSLHDLVYD-QNKVQFGT IRGGATSVYFSESND
CNR-DPEVLENQWRIHNTGWLTVASIMTAGCD I LPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSA-QKKVKFGTIYGGSTYNLLADSNE
CIE-EPEELENQFTINNSLWFTTGALLQQGSEIAPKALSTRTISAIWWFFTLIMVSSYTANLAAFLT IENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEE
CIE-EPEELENQFTLGNSIWFTTGALLQQGSE IGPKALSTRTVASFWWFFTLIVVSSYTANLAAFLT I1EKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFEMTSAE
CAQGRCNLLVNQYSLGNSLWFPVGGFMQQGST IAPRALSTRCVSGVWWAFTL I I ISSYTANLAAFLTVQRMDVP IESVDDLAD-QTAIEYGT IHGGSSMTFFQNSRY

TDYQRAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVS I LQLSERGELQKMKNKWWKNHNV
TDNRMAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYG IAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFENSNES
TVYRLAFNLMNNDDPSAYTKDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNA
P1Y1KMNEYLNA-HPEMLMENNQQGVDKVKSG-TKYAFLMESTSIEFNTVRECNLTKVGDPLDEKGYG I AMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGA
ERYKKMNKFMSE-NPQYLTEDNMEGVNRVKTN-THYAFLMESTSIEYNTKRECNLKK IGDALDEKGYG I AMRKDWPHRGKFENNALLELQEQGVLEKMKNKWWNEVGT
QTYQRMWNYMYSKQPSVFVKSTEEG IARVLNS—-NYAFLLESTMNEYYRQRNCNLTQIGGLLDTKGYG IGMPVGSVFRDEFDLAILQLQENNRLE I LKRKWWEGGKC

™4

-TCDS-YHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVQNVAVEERVTPWQAFKAEL IFALKFWVRKKPMR1SS--SSDKSSSRRSS----- GSRRSSK
—TCDSNVPT I1DDGQFDMDSVGGLFVVLIVGVVVGLV IGVAEFLWHVQR I SVKEK IPPMLALKAEFYFV IRFWLTRKPLHTYR--QSRDSTSTGYSSLEQITSASSAK
—SCFEEPDPDATPDMTFEELRGIFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTP ISSVRTTPRRSLDKSLDRTPKSSR
GVCSAKSDDDGPSELGVDNLSGIYVVLVIGSHISTTISILCWCYFVYKKAKNYEVPFCDALAEEFRITVIRFSENERPLKSAQSTYSRSRNSSQSIESLKTDSEENMP
GICATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYGI ISWLFVMKKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSASTYSRSRQSSMSVASVAQESQ----
—-—--PKEEDHRAKGLGMENIGGIFVVLICGLIVAIFMAMLEFLWTLR-HSEATEVSVCQEMVTELRSI I LCQDS IHPRRRRAAVPPPRPP IPEERRPRGTATLSNGK
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—————————————————— MRLCPVVIYAFI1111GFLEGI IALGGDDRNE I TVGAIFYENEKE-—-1ELSFDQAFREVN--NMKFSELRFVTIKRYMPTNDSFLLQQI
————————————————————————— MHGLQFLVLLALATASGANEDTLVIKIGAIFFDTEMK---LADAFSAALEEVN--AIN-PALKLDAIKRYVTVDDSIVLQDI
MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ INIGAFFYDDELE---LEKEFMTVVNAINGPESEQTMRFYPL IKRLKPEDGSVTMQEH
————————————— MHFCWIS---L 1 ILSLSRVQAQFYGGNAYEASSGQS IRLGL ITDDATDR---1RQTFEHAISVVN----NELGVPLVGETEQVAYGNSVQAFAQ
—————————— MEENHFV I LWSLFS IHISVNWAQYENFGG-YDNYQSLESVP IGLLTDQNTEQ---MN1VFDHAIDVAN----QEVGTSLTSLKEEVNYGDAYQSYGK
—————————————————————————— MPAELLLLL IVAFASPSCQVLSSLRMAAILDDQTVCGRGERLALALAREQING I I1EVPAKARVEVDIFELQRDSQYETTDT

TCEL ISNGVAAIFGPSSK-AASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFEI IKSN-YEWRTFTLIYETPEG--LARLQDLMNIQA
SCDLIGSGVAAIFGPSSK-TNSDIVEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFT IAYERSSH--LIRLQH I LAWKQ
ACDL IDNGVAAIFGPSSK-AASDIVALVCNSTGIPHIEFD ISDEG 1 QAEKPNHQMTLNLYPAQATLSKAYAD I VQNF--GWRKFT 1 VYDADDARAAARLQDLLQLRE
LCRLMQSGVGAVFGPAAR-HTASHLLNACDSKD IPFI'YPHLSWGSNPDG—-——-—- FNLHPSPED IANALYDI'VNQF--EWSRFIFCYESAEY --LKILDHLMTRYG
LCRMLETGIAGVFGPSSR-HTAVHLMS 1 CDAMDIPHIYSYMS--ENAEG—-——-—- FNLHPHPADLAKALYSLITEF--NWTRFIFLYESAEY--LNILNELTTMLG
MCQILPKGVVSVLGPSSSPASASTVSHICGEKE I PHIKVGPE--ETPRLQYLRFASVSLYPSNEDVSLAVSRILKSF--NYPSASL I CAKAEC--LLRLEELVRGFL

LNSDYVKLRNLAD-YADDYRILWKETDETFHEQR I I LDCEPKTLKELLKVS IDFKLQGPFRNWFLTHLDTHNSGLRD1YN--EDFKANITSVRLKVVDANPFERKKT
LHKAG IKMQEFE--RGDDYRILWKR INN-AREKFVLLDCPSDILVDV INASIGYNMTGSFNHLFLTNLDTHLSG IDGFYS--RDFTVAVAAVRIRTYVPPPVHDEID
VHNDVVRVRKFH--KDDDFRVMWKS IRG---ERRVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPY
IKGPVIKVMRYDLNLNGNYKSVLRRIRK-SEDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYS----EANITGIRMFSPDQEEVRDLME
KSGTVITVLRYDMQLNGNYKQVLRRVRK-SVDNR I VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYS—-—--EANI TGLRLFSPEKMAVKELLM
ISKETLSVRMLDD--SRDPTPLLKEIRD-DKVST I I IDANASISHL I LRKASELGMTSAFYKY ILTTMDFPILHLDGIVED----SSNILGFSMFENTSHPFYPEFVR

RLT-KVDQILGN--——-- QTMLPILTYDAVVLFASSARNVIAAMQP-FHPP----NRHCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQRIHFNLEI
VFDNSVDTRFS——--——-- SLGSQLVYDSIVLFYN-ALLEISQRPG-FY IP--—--NFSCG-RGFWQPGPRLVEQMKQITPKMVKPPFKTQRLQINADGQREDFNLEV
GYVTQRDNIVYESSD-PPRTLIHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRY LARLMKGTSG-VNNTNFRTSILQFDEDGQRITENIEV
KLHQELGESEPVNSGSTF I TMEMALTYDAVRVIAETTKHLPYQPQM———————— LNCSERHDNVQPDGSTFRNYMR--SLEIKEKT ITGRIYFEGNVRKGFTFDVIE
KLGYPTDQDE-FRNGSCP I TVEMALTYDAVQLFAQTLKNLPFKPMP—-————-— QONCSQRTESVRDDGSSFKNYMR--TLRLTDRLLTGP1YFEGNVRKGYHLDVIE
SLNMSWRENCEASTYLG-PALSAALMFDAVHVVVSAVRELNRSQEIG-———-- VKPLACTSANIWPHGTSLMNYLR--—-- MVEYDGLTGRVEFNSKGQRTNYTLRI

YKPT--VNEPMMVWTPDN-~--G I KKRLLN----LELESAGTTQDFSEQRKVYTVVTHYE-EPYFMMKEDHE--NFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNG
YNPI--1DRVTHIWNKEFQLVDFEKLRENSTQALKQKRLQNKEDFSQKP IRYTVATRVG-KPYFSWREEPEGVHYEGNERFEGYAVDL I YMLAQECKFDFENFEPVRD

YDPL--DGIGIAIWDPRG-——-—=——=————————— QITQLNVDVKAQKKMIYRVATRIG-PPYFSYNETARELNLTGNALYQGYAVDL IDAIARHVGFEYVFVPVAD
LQTS--GLVKVGTWEEGK-—————- DFEFQR-PPQAVNFND I DDGSLVNKTFIVLISVATKPYASLVESI1D--TL IGNNQFQGYGVDL IKELADKLGFNFTFR-DGG
LQPS--GIVKVGTWDEDR--————- QYRPQRLAPTTAQFDSVDN-SLANKTF I I LLSVPNKPYAQLVETYK--QLEGNSQYEGYGVDL IKELADKLGFNFTFV-NGG

LEKSRQGHREIGVWYSNR-=—==—==————— TLAMNATTLDINLSQTLANKTLVVTT ILENPYVMRRPNFQ--ALSGNERFEGFCVDMLRELAELLRFRYRLRLVED
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™1

N--GKYNPETKQWDG I IRKL IDHHAQIGVCDLT ITQMRRSVVDFTVPFMQLGISILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQLIMTLAFVFIARLSYREWLPP
NKYGSYDANTDEWDG I IRQL IDNNAQIGICDLTITQARRSVVDFTVPFMQLGISILSYKEPPPKADIYAFLNPYNAEVWLFVMIAMMITAFALIFTGR IDQYEWDQP
QQYGKLDKETKQWNG I IGE T INNDAHMGICDLT I TQARKTAVDFTVPEMQLGVSILAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT IVAR I SKMDWENP
NDYGSFNKTTNSTSGMLKE I'VEGRADLAITDLTITSEREEVIDFSIPFMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFI1GRLSPIEWDNP
NDYGSYNKSTNESTGMLRE IMTGRADLAITDLT ITSEREQALDFTIPFMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNP
GLYGAPEPNG-SWTGMVGEL INRKADLAVAAFT I TAEREKV IDFSKPEMTLGISILYRVHMGRKPGYFSFLDPFSPAVWLFMLLAYLAVSCVLFLAARLSPYEWYNP

T™M2 TM3

NPAITQD-PDELENTWNVNNSTWLMVGS IMQQGCD I LPRGPHMR ILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL 1E-QDKVHFGSMRGGSTSLFFSES
VENVNR-EMERQN I'WHLSNALWLVLGSMLNQGCDLLPRGLPMRLLTAFWWIFALLISQTY ITAKLAAFITSSKIAGD IGSLHDLVD-QNKVQFGT IRGGATSVYFSES
HPCNRD-PEVLENQWRIHNTGWLTVASIMTAGCD ILPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS I ANLKDLSA-QKKVKFGTIYGGSTYNLLADS
YPCIEE-PEELENQFTINNSLWFTTGALLQQGSE IAPKALSTRTISAIWWFFTL IMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTS
YPCIEE-PEELENQFTLGNS IWFTTGALLQQGSE IGPKALSTRTVASFWWFFTL IVVSSYTANLAAFLTIEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFEMTS
HPCLRARPHILENQYTLGNSLWFPVGGFMQQGSE IMPRALSTRCVSGVWWAFTL I 1 1SSYTANLAAFLTVQRMEVPVESADDLAD-QTNIEYGT IHAGSTMTFFQNS

NDTDYQRAWNQMKDFENPSAFTSTNKEGVARVRKEKGGYAFLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVS I LQLSERGELQKMKNKWWKNH
NDTDNRMAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYG IAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFNSN
NETVYRLAFNLMNNDDPSAYTKDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNP
EEP1Y I1KMNEYLNA-HPEMLMENNQQGVDKVKSG-TKYAFLMESTSIEFNTVRECNLTKVGDPLDEKGYG I AMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEV
AEERYKKMNKFMSE-NPQYLTEDNMEGVNRVKTN-THYAFLMESTSIEYNTKRECNLKK I GDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEV
RYQTYQRMWNYMQSKQPSVFVKSTEEGIARVLNS—-RYAFLLESTMNEYHRRLNCNLTQIGGLLDTKGYG IGMPLGSPFRDE I TLAILQLQENNRLEILKRKWWEGG

™4

NV-TCDS-YHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVONVAVEERVTPWQAFKAEL IFALKFWVRKKPMR1SS--SSDKSSSRRSS-—--- GSRRS
ES-TCDSNVPT IDDGQFDMDSVGGLFVVLIVGVVVGLV IGVAEFLWHVQR I SVKEK I PPMLALKAEFYFV IRFWLTRKPLHTYR--QSRDSTSTGYSSLEQITSASS
NA-SCFEEPDPDATPDMTFEELRGIFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTP ISSVRTTPRRSLDKSLDRTPKS
GAGVCSAKSDDDGPSELGVDNLSGIYVVLVIGSTISITISILCWCYFVYKKAKNYEVPFCDALAEEFRIVIRFSENERPLKSAQS IYSRSRNSSQSIESLKTDSEEN
GTGICATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYG I ISWVLFVMKKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSAS1YSRSRQSSMSVASVAQESQ--
RC----PKEEDHRAKGLGMENIGGIFIVLICGLI IAVFVAVMEF IWSTRRSAESEEVSVCQEMLQELRHAVSCRKTSRSRRRRRPGGPSRALLSLRAVREMRLSNGK
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LYSAGAGGDAGSAHGGPQRLLDDPGPPSGARPAAPTPCTHVRVCQECRRIQALRASGAGAPPRGLGVPAEATSPPRPRPGPAGPRELAEHE
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GluR-5

ve

————— MRLCPVVIYAF1111GFLEGI IALGGDDRNEITVGAIFYENEKE-——-1ELSFDQAFREVNN—MKFSELRFVTIKRYMPTNDSFLLQQITCEL ISNGVAAI
MEHGTLLAQPGLWTRDTSWALLYFLCY ILPQTAPQVLRIGGIFETVENEPVNVEELAFKFAVTSINRNRTLMPNTTLTYDIQRINLFDSFEASRRACDQLALGVAAL

FGPSSKAASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFE I IKSNYEWRTFTLIYETPEGLARLQDLMNIQALNSDYVKLRNLADYAD
FGPSHSSSVSAVQS I CNALEVPHIQTRWKHPSVDNK---DLFY INLYPDYAAISRAILDLVLY-YNWKTVTVVYEDSTGL IRLQEL IKAPSRYNIKIKIRQLPSGNK

DYRILWKETDETFHEQR I I LDCEPKTLKELLKVSIDFKLQGPFRNWFLTHLDTHNSGLRD I'YNEDFKAN I TSVRLKVVD----ANPFERKKTRLTKVDQILGNQTML
DAKPLLKEMKK-GKEFYVIFDCSHETAAEI LKQILFMGMMTEYYHYFFTTLDLFALDLELYR--YSGVNMTGFRLLN IDNPHVSSI I EKWSMERLQAPPRPETGLLD

PIL1YDAVVLFASSARNVIAAMQP--FHPPNRHCGSSSPWMLGAF IVNEMKT I SEDDVEPHFKTENMKLDEYGQRIHENLE 1 YKPTVNEPMMVWTPDNG I KKRLLNL
GMMTTEAALMYDAVYMVAIASHRASQLTVSSLQCHRHKPWRLGPRFMNL I KEARWDGLTGH I TEN--KTNGLRKDFDLD I ISLKEEGTEK G IWNSNSGLNMTDSNK

ELESAGTTQDFSEQRKVYTVVTHYEEPYFMMKEDHENFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGNGKYNP--ETKQWDG I IRKL IDHHAQIGVCDLT ITQM
DKSSN--—1TDSLANRTLIVTTILEEPYVMYRKSDKPLYGNDRFEGYCLDLLKELSNILGFIYDVKLVP-DGKYGAQNDKGEWNGMVKEL IDHRADLAVAPLTITYV

™M1 T™M2

RRSVVDFTVPEMQLG IS ILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNPATQDPDELEN IWNVNNSTWLMVGSIMQQGCDILPR
REKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMYVLLACLGVSCVLFVIARFTPYEWYNPHPCNPDSDVVENNFTLLNSFWFGVGALMQQGSELMPK

T™M3

GPHMRILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL IEQDKVHFGSMRGGSTSLFFSESNDTDYQRAWNQMKDFENPSAFTSTNKEGVARVRKEKGGYA
ALSTRIVGGIWWFFTLI11SSYTANLAAFLTVERMESP I DSADDLAKQTKIEYGAVRDGSTMTFFKKSKISTYEKMWAFMSSRQQTALVRNSDEGIQRVLTT--DYA

™4

FLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVSILQLSERGELQKMKNKWWKNHNVTCDSYHEVDGDELSI IELGGVFLVLAGGVLIGVILGI
LLMESTSIEYVTQRNCNLTQIGGL IDSKGYGVGTPIGSPYRDKIT IAILQLQEEGKLHMMKEKWWRGN--GCPEEDNKEASALGVENIGGIFIVLAAGLVLSVFVAI

FEFLWNVONVAVEERVTPWQAFKAEL I FALKFWVRKKPMR I SSSSDKSSSRRSSGSRRSSKEKSRSKTVS
GEFI'YKSRKNND IEQCLSFNAIMEELG I SLKNQKK IKKKSRTKGKSSFTSILTCHQRRTQRKETVA----

Figure 1-5b. Sequence alignment with predicted amino acid sequences of the postsynaptic receptor subunits at Drosophila NMJ (GIuRIIA,
GIuRIIB, GIuRIIC, GIuRIID and GIuRIIE) and human’s kainate receptor subunits (GIUR5, GIuR6, GIuR7, KA1l and KA2). Sequence
comparisons are achieved to investigate the similarities of the each subunit of Drosophila NMJ and human. Since homologous sequences
are different lengths, gaps are inserted to gain the best match. Clustal W2 is used for sequence analysis.



GIuR-11B
GluR-5

S¢

(Figure 1-5b cont.)

MHGLQFLVLLALAIASG——--——--———- ANEDTLVIKIGAIFFDTEMKLAD—---AFSAALEEVN---AINPALKLDAIKRYVTVDDSIVLQDISCDLIGSGVAAI
MEHGTLLAQPGLWTRDTSWALLYFLCY ILPQTAPQVLRIGGIFETVENEPVNVEELAFKFAVTSINRNRTLMPNTTLTYDIQRINLFDSFEASRRACDQLALGVAAL

FGPSSKTNSDI'VEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFTIAYERSSHL IRLQH I LAWKQLHKAG I KMQEFERGD
FGPSHSSSVSAVQS ICNALEVPHIQTRWKHPSVDNK---DLFY INLYPDYAAISRAILDLVLY--YNWKTVTVVYEDSTGL IRLQEL IKAPSRYNIKIKIRQLPSGN

-DYRILWKR INNAREKFVLLDCPSDILVDV INASIGYNMTGSFNHLFLTNLDTHLSG IDGF-YSRDFTVAVAAVRIRTYVPPPVHDE IDVFDNSVDTRFSS-LGSQL
KDAKPLLKEMKKGKEFYVIFDCSHETAAE I LKQILFMGMMTEYYHYFFTTLDLFALDLELYRYSGVNMTGFRLLN IDNPHVSSI IEKWSMERLQAPPRPETGLLDGM

VYDSIVLFYNALLEISQRPG----FYIPNFSCGRG-FWQPGPRLVEQMKQ I TPKMVKPPFKTORLQINADGQREDFNLEVYNP I 1DRVTHIWNKEFQLVDFEKLREN
MTTEAALMYDAVYMVAIASHRASQLTVSSLQCHRHKPWRLGPRFMNL IKEARWDGLTGH I TEN----KTNGLRKDFDLD I I SLKEEGTEKIG—=---- IWNSNSGLN

STQALKQKRLQNKEDFSQKP IRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL I YMLAQECKFDFNFEPVRDNKYGSYDANTDEWDG I IRQL IDNNAQIGIC
MTDSNKDKSSNITDSLANR--TLIVTTILEEPYVMYRKSDK--PLYGNDRFEGYCLDLLKELSNILGFIYDVKLVPDGKYGAQND-KGEWNGMVKEL IDHRADLAVA

T™M1 T™M2

DLTITQARRSVVDFTVPEMQLGISILSYKEPPPKAD I YAFLNPYNAEVWLFVMIAMMITAFALIFTGRIDQYEWDQPVENVNREMERQN IWHLSNALWLVLGSMLNQ
PLTITYVREKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMYVLLACLGVSCVLFVIARFTPYEWYNPHPCNPDSDVVENNFTLLNSFWFGVGALMQQ

T™M3

GCDLLPRGLPMRLLTAFWWIFALLISQTY TAKLAAFITSSKIAGD IGSLHDLVDONKVQFGT IRGGATSVYFSESNDTDNRMAWNKMLSFKPDAFTKNNEEGVDRVK
GSELMPKALSTRIVGGIWWFFTL 11 ISSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVRDGSTMTFFKKSKISTYEKMWAFMSSRQQTALVRNSDEG IQRVL

™4

LSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFNSNESTCDSNVPT IDDGQFDMDSVGGLFVVLIVGY
TTD--YALLMESTSIEYVTQRNCNLTQIGGLIDSKGYGVGTP IGSPYRDKIT IAILQLQEEGKLHMMKEKWWRGNGCPEEDNK---EASALGVENIGGIFIVLAAGL

VVGLVIGVAEFLWHVQRISVKEK IPPMLALKAEFYFV IRFWLTRKPLHTYRQSRDSTSTGYSSLEQI TSASSAKKKKKTRRIEK
VLSVFVAIGEFIYKSRKNNDIEQCLSFNAIMEELGISLK-====——- NQKKITKKKSRTKGKSSFTSILTCHQRRTQRKETVA—
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GluR-lIC MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ IN-1GAFFYDDELE----LEKEFMTVVNAINGPESEQTMRFYPLIKRLKPEDGSVTMQ
GluR-5 -—————————————- MEHGTLLAQPGLWTRDTSWALLYFLCY ILPQTAPQVLRIGGIFETVENEPVNVEELAFKFAVTSINRNRTLMPNTTLTYDIQRINLFDSFEAS

EHACDL IDNGVAAIFGPSSKAASDIVALVCNSTGIPHIEFDISDEG I QAEKPNHQMTLNLYPAQATLSKAYAD I VQNFGWRKFT I VYDADDARAAARLQDLLQLREV
RRACDQLALGVAALFGPSHSSSVSAVQS ICNALEVPHIQTRWKHPSVDNKD---LFY INLYPDYAAISRAILDLVLYYNWKTVTVVYEDSTG--LIRLQEL IKAPSR

HNDVVRVRKFHK-DDDFRVMWKS IRGER--RVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVN I TAARLLVNPDPPPYSLPYGYV
YNIKIKIRQLPSGNKDAKPLLKEMKKGKEFYVIFDCSHETAAE I LKQILFMGMMTEYYHYFFTTLDLFALDLELYRYS----GVNMTGFRLLNIDNPHVSSI IEKWS

TORDNIVYESSDPPRTL IHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRYLARLMKGTSGVNNTNFRTSILQFDEDGQRITENIEVYDPLD
MER---LQAPPRPETGLLDGMMTTEAALMYDAVYMVAIAS--HRASQLTVSSLQCHRHKPWRLGPRFMNL I KEAR---WDGLTGH I TENKTNGLRKDFDLD I ISLKE

G--1GIAIWDPRGQITQLNVDVKAQKKMIYRVATR——————- IGPPYFSYNETARELNLTGNALYQGYAVDL IDA1ARHVGFEYVFVPVADQQYGKLDKETKQWNGI
EGTEKIGIWNSNSGLNMTDSNKDKSSNITDSLANRTLIVTTILEEPYVMYRKSDKPL--YGNDRFEGYCLDLLKELSNILGFI'YDVKLVPDGKYG-AQNDKGEWNGM

9¢

™M1

IGEIINNDAHMGICDLTITQARKTAVDFTVPFMQLGVSILAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKTIVARISKMDWENPHPCNRDPEVLENQWRr_
VKEL IDHRADLAVAPLT ITYVREKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMYVLLACLGVSCVLFVIARFTPYEWYNPHPCNPDSDVVENNFTL

T™M2 T™M3

HNTGWLTVASIMTAGCD I LPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSAQKKVKFGT IYGGSTYNLLADSNETVYRLAFNLMNNDDPS
LNSFWFGVGALMQQGSELMPKALSTRIVGGIWWFFTL I I ISSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVRDGSTMTFFKKSKISTYEKMWAFMSSRQQT

AYTKDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNASCFEEPDPDATPDMTF
ALVRNSDEGIQRVLTT--DYALLMESTSIEYVTQRNCNLTQIGGL IDSKGYGVGTP IGSPYRDKITIAILQLQEEGKLHMMKEKWWRG--NGCPEEDNKEAS-ALGV

™A
EELRGIFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTPISSVRTTPRRSLDKSLDRTPKSSRRVV IGRSSEEMREMAQG
ENIGGIFIVLAAGLVLSVFVAIGEFIYKSRKNND IEQCLSFNAIMEELG I SLKNQKKIK======-- KKSRTKGKSSFTSILTCHQRRTQRKETVA-—==—==———-

SGSSSGSNNAGRGEKEARV
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———MHFCWISL I ILSLSRVQAQFYGGNAYEASSGQS IRLG--—-LITDDATDRIRQTFEHAISVVNN----ELGVPLVGETEQVAYGNSVQAFAQLCRLMQSGVGAV
MEHGTLLAQPGLWTRDTSWALLYFLCY ILPQTAPQVLRIGGIFETVENEPVNVEELAFKFAVTSINRNRTLMPNTTLTYDIQRINLFDSFEASRRACDQLALGVAAL

FGPAARHTASHLLNACDSKD IPF1YPHLSWGSNPDG----FNLHPSPED IANALYD I VNQFEWSRFIFCYESAEYLKILDHLMTRYGIKGPV IKVMRYDLNLNGNYK
FGPSHSSSVSAVQSICNALEVPHIQTRWKHPSVDNKDLFY INLYPDYAAISRAILDLVLYYNWKTVTVVYEDSTGL IRLQEL IKAPSRYNIKIKIRQLPS-GNKDAK

SVLRRIRKSEDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYSEAN I TG IRMFSPDQEEVRDLMEKLHQELGESEPVNSG---STFITME
PLLKEMKKGKEFYV IFDCSHETAAE I LKQILFMGMMTEYYHYFFTTLDLFALDLELYRYSGVNMTGFRLLN IDNPHVSSI IEKWSMERLQAPPRPETGLLDGMMTTE

MALTYDAVRVIAETTKHLPYQPQMLNCSERHDNVQPDGSTFRNYMRSLEIKEKT ITGRIYFEGNVRKGFTFDVIELQTSGLVKVGTWEEGKDFEFQRPPQAVNFNDI
AALMYDAVYMVAITASHRASQLTVSSLQCHRHKPWR-LGPRFMNL IKEARWDGLTGH I TENKTNGLRKDFDLD I ISLKEEGTEKIGIWNSNSGLNMTDSNKDKSSNIT

DDGSLVNKTFIVLISVATKPYASLVESIDTL IGNNQFQGYGVDL I KELADKLGFNFTFRDGGNDYGSFNKTTNSTSGMLKE IVEGRADLAITDLT ITSEREEVIDFS
D--SLANRTLIVTT-I1LEEPYVMYRKSDKPLYGNDRFEGYCLDLLKELSNILGF1YDVKLVPDGKYGAQNDKGEWNGMVKEL IDHRADLAVAPLTITYVREKVIDFS

™1 T™M2

IPEMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFI1 1GRLSPIEWDNPYPCIEEPEELENQFT INNSLWFTTGALLQQGSEIAPKALSTRTIS
KPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMYVLLACLGVSCVLFVIARFTPYEWYNPHPCNPDSDVVENNFTLLNSFWFGVGALMQQGSELMPKALSTRIVG

T™M3

AITWWFFTLIMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFESTSEEP 1Y I1KMNEYLN-AHPEMLMENNQQGVDKVKSGTKYAFLMESTSI
GIWWFFTLI I ISSYTANLAAFLTVERMESP IDSADDLAKQT-KIEYGAVRDGSTMTFFKKSKISTYEKMWAFMSSRQQTALVRNSDEGIQRVLT-TDYALLMESTSI

™4

EFNTVRECNLTKVGDPLDEKGYG IAMVKNWPYRDKFENKALLELQEQGVLARLKNKWWNEVGAGVCSAKSDDDGPSELGVDNLSGIYVVLVIGSIISITISILCWCYF
EYVTQRNCNLTQIGGL IDSKGYGVGTPIGSPYRDKITIAILQLQEEGKLHMMKEKWWRGNGC----PEEDNKEASALGVENIGG I FIVLAAGLVLSVFVAIGEFIYK

VYKKAKNYEVPFCDALAEEFRIVIRFSENERPLKSAQSIYSRSRNSSQSIESLKTDSEENMPVED
SRKNND IEQCLSFNAIMEELGISLKNQKKIK——KKSRTKGKSSFTSILTCHQRRTQRKETVA---
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MFENHFV ILWSLFSIHISVNWAQYENFGGYDNYQSLESVP IG——--LLTDONTEQMN IVFDHA I DVAN-——--QEVGTSLTSLKEEVNYGDAYQSYGKLCRMLETGIA
—--MEHGTLLAQPGLWTRDTSWALLYFLCY ILPQTAPQVLRIGGIFETVENEPVNVEELAFKFAVTSINRNRTLMPNTTLTYDIQRINLFDSFEASRRACDQLALGVA

GVFGPSSRHTAVHLMS ICDAMD IPHIYSYMSENAEG—--—-—- FNLHPHPADLAKALYSLITEFNWTRFIFLYESAEYLNILNELTTMLGKSGTVITVLRYDMQLNGN
ALFGPSHSSSVSAVQS ICNALEVPHIQTRWKHPSVDNKDLFY INLYPDYAAISRAILDLVLYYNWKTVTVVYEDSTGLIRLQEL IKAPSRYNIKIKIRQLPSGNK-D

YKQVLRRVRKSVDNR I VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYSEAN I TGLRLFSPEKMAVKELLMKLGYPTDQDEFRNGS----CPIT
AKPLLKEMKKGKEFYVIFDCSHETAAE I LKQILFMGMMTEYYHYFFTTLDLFALDLELYRYSGVNMTGFRLLNIDNPHVSSI I EKWSMERLQAPPRPETGLLDGMMT

VEMALTYDAVQLFAQTLKNLPFKPMPQNCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGPIYFEGN--VRKGYHLDV IELQPSGIVKVGTWDEDRQYRPQRLAPTTA
TEAALMYDAVYMVAITASHRASQLTVSSLQCHRHKPWR-LGPRFMNL I KEARWDG--LTGHITENKTNGLRKDFDLD I I SLKEEGTEK 1GIWNSNSGLN--MTDSNKD

QFDSVDNSLANKTF I ILLSVPNKPYAQLVETYKQLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGNDYGSYNKSTNESTGMLRE IMTGRADLAITDLT I TSEREQA
KSSNITDSLANRTLIVTT-ILEEPYVMYRKSDKPLYGNDRFEGYCLDLLKELSNILGF1YDVKLVPDGKYGAQNDKGEWNGMVKEL IDHRADLAVAPLT ITYVREKV

™1 T™M2

LDFTIPFMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYPCIEEPEELENQFTLGNS IWFTTGALLQQGSE IGPKALST
IDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMYVLLACLGVSCVLFVIARFTPYEWYNPHPCNPDSDVVENNFTLLNSFWFGVGALMQQGSELMPKALST

TM3

RTVASFWWFFTLIVVSSYTANLAAFLT IEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFEMTSAEERYKKMNKFEFMSENPQYLTEDNMEGVNRVKTNTHYAFLMES
RIVGGIWWFFTL 1 ISSYTANLAAFLTVERMESP IDSADDLAKQTK-IEYGAVRDGSTMTFFKKSKISTYEKMWAFMSSRQQTALVRNSDEGIQRVLTTDYALLMES

™4

TSIEYNTKRECNLKKIGDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGTG ICATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYGIISW
TSIEYVTQRNCNLTQIGGLIDSKGYGVGTPIGSPYRDKITIATLQLQEEGKLHMMKEKWWRGNG—----CPEEDNKEASALGVENIGGIFIVLAAGLVLSVFVAIGEF

VLFVMKKAHHYRVPLRDALKEEFQFVIDFNNYVRVLKNSASIYSRSRQSSMSVASVAQESQ—-
I'YKSRKNND IEQCLSFNAIMEELG I SLKNQKK I KKKSRTKGKSSFTSILTCHQRRTQRKETVA
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—-———MRLCPVVIYAFI11I1GFLEGI IALGGDDRNEITVGAIFYENE—————- KE IELSFDQAFREVNNMKFSELRFVTIKRYMPTNDSFLLQQITCEL ISNGVAAIF
MKITFPILSNPVFRRTVKLLLCLLWIGYSQGTTHVLRFGGIFEYVESGPMGAEELAFRFAVNT INRNRTLLPNTTLTYDTQKINLYDSFEASKKACDQLSLGVAAIF

GPSSKAASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFEI IKSNYEWRTFTLIYETPEGLARLQDLMNIQALNSDYVKLRNLADYADD
GPSHSSSANAVQS I CNALGVPHIQTRWKHQVSDNK---DSFYVSLYPDFSSLSRAILDLVQF-FKWKTVTVVYDDSTGL IRLQEL IKAPSRYNLRLKIRQLPADTKD

YRILWKETDETFHEQR I I LDCEPKTLKELLKVSIDFKLQGPFRNWFLTHLDTHNSGLRD1YNEDFKAN-ITSVRLKVVDANPFERKKTRLTKVDQILGNQTMLPILI
AKPLLKEMKR-GKEFHV I FDCSHEMAAG I LKQALAMGMMTEYYHY I FTTLDLFALDVEPYRYSGVNMTGFRILNTENTQVSS I IEKWSMERLQAPPKPDSGLLDGFM

YDAVVLFASSARNV IAAMQPFHPPNR---HCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQR IHFNLEI'YKPTVNEPMMVWTPDNG I KKRLLNLELE
TTDAALMYDAVHVVSVAVQQFPQMTVSSLQCNRHKPWRFGTREMSL IKEAHWEGLTGRITEN--KTNGLRTDFDLDV I SLKEEGLEK IGTWDPASGLNMTES-QKGK

SAGTTQDFSEQRKVYTVVTHYEEPYFMMKEDHENFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGN--GKYNPETKQWDG I IRKL IDHHAQIGVCDLT I TQMRRS
PANITDSLSN--RSLIVTTILEEPYVLFKKSDKPLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGAQDDANGQWNGMVREL IDHKADLAVAPLAITYVREK

T™M1 T™M2

VVDFTVPEMQLGISILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNPATQDPDELEN IWNVNNSTWLMVGS IMQQGCD I LPRGPH
VIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMY I LLAYLGVSCVLFVIARFSPYEWYNPHPCNPDSDVVENNFTLLNSFWFGVGALMQQGSELMPKALS

T™M3

MRILTGMWWEFALMMLSTY TANLAAFLTSNKWQSS IKSLQDL IEQDKVHFGSMRGGSTSLFFSESNDTDYQRAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLM
TRIVGGIWWEETL I 1 1SSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVEDGATMTFFKKSKI1STYDKMWAFMSSRRQSVLVKSNEEG IQRVLTS--DYAFLM

™4

ETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVSILQLSERGELQKMKNKWWKNHNVTCDSYHEVDGDELSI IELGGVELVLAGGVLIGVILGIFER
ESTTIEFVTQRNCNLTQIGGLIDSKGYGVGTPMGSPYRDKITIATLQLQEEGKLHMMKEKWWRGN--GCPEEESKEASALGVONIGGIF1VLAAGLVLSVFVAVGEFE

LWNVQNVAVEERVTPWQAFKAEL I FALKFWVRKKPNR 1 SSSSDKSSSRRSSGSRRSSKEKSRSKTVS
LYKSKKNAQLE——====——————mmeemmm = KESSIWLVPPYHPDTV-————————m e
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——————————— MHGLQFLVLLALATASGANEDTLVIKIGAIFFDTEMKLADAFSAALEEVN---———-AINPALKLDAIKRYVTVDDSIVLQDISCDL IGSGVAAIF
MKITFPILSNPVFRRTVKLLLCLLWIGYSQGTTHVLRFGGIFEYVESGPMGAEELAFRFAVNT INRNRTLLPNTTLTYDTQKINLYDSFEASKKACDQLSLGVAAIF

GPSSKTNSDIVEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFT IAYERSSHL IRLQH I LAWKQLHKAG I KMQEFERG-D
GPSHSSSANAVQS I CNALGVPHIQTRWKHQVSD——--- NKDSFYVSLYPDFSSLSRAILDLVQFFKWKTVTVVYDDSTGL IRLQEL IKAPSRYNLRLKIRQLPADTK

DYRILWKRINNAREKFVLLDCPSDILVDVINASIGYNMTGSFNHLFLTNLDTHLSGIDGFYSRDFTVAVAAVR--IRTYVPPPVHDE IDVFDNSVDTRFSSLGSQLV
DAKPLLKEMKRGKEFHV IFDCSHEMAAG I LKQALAMGMMTEYYHY IFTTLDLFALDVEPYRYSGVNMTGFRILNTENTQVSSI IEKWSMERLQAPPKPDSGLLDGFM

YDSIVLFYNALLEIS----QRPGFY IPNFSCGRG-FWQPGPRLVEQMKQ I TPKMVKPPFKTQRLQINADGQREDFNLEVYNP 1 IDRVTHIWNKEFQLVDFEKLRENS
TTDAALMYDAVHVVSVAVQQFPQMTVSSLQCNRHKPWRFGTRFEMSL IKEAHWEGLTGRITEN----KTNGLRTDFDLDV I SLKEEGLEKIG—=—--- TWDPASGLNM

TQALKQKRLQNKEDFSQKP IRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL I YMLAQECKFDFNFEPVRDNKYGSYDANTDEWDG I IRQL IDNNAQIGICD
TESQKGKPANITDSLSNR--SLIVTTILEEPYVLFKKSDK~--PLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGAQDDANGQWNGMVREL IDHKADLAVAP

™1 T™M2

LTITQARRSVVDFTVPFMQLGISILSYKEPPPKADIYAFLNPYNAEVWLFVMIAMMITAFAL IFTGR IDQYEWDQPVENVNREMERQN IWHLSNALWLVLGSMLNQG
LAITYVREKVIDFSKPFEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMY I LLAYLGVSCVLFVIARFSPYEWYNPHPCNPDSDVVENNFTLELNSFWFGVGALMQQG

T™M3

CDLLPRGLPMRLLTAFWWIFALLISQTY ITAKLAAFITSSKIAGD IGSLHDLVDONKVQFGT IRGGATSVYFSESNDTDNRMAWNKMLSFKPDAFTKNNEEGVDRVKL
SELMPKALSTRIVGG IWNFETLIT1SSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVEDGATMTFFKKSKISTYDKMWAFMSSRRQSVLVKSNEEGIQRVLT

™A

SKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYG IAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFNSNESTCDSNVPT IDDGQFDMDSVGGLEVVLIVGVV
SD--YAFLMESTTIEFVTQRNCNLTQIGGL IDSKGYGVGTPMGSPYRDKIT IAILQLQEEGKLHMMKEKWWRGNGCPEEE---SKEASALGVONIGGIFIVLAAGLV

VGLVIGVAEFLWHVQR ISVKEK I PPMLALKAEFYFVIRFWLTRKPLHTYRQSRDSTSTGYSSLEQI TSASSAKKKKKTRRIEK

LSVFVAVGEFLYKSKKNAQLEKESS IWLVPPYHPDTV—— ===~ mm mmm e
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MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ IN-- I GAFFYDDELELEKEFMTVVNA INGPESEQTMRFYPL IKRLKPEDGSVTMQEHA
———————————— MKIIFPILSNPVFRRTVKLLLCLLWIGYSQGTTHVLRFGGIFEYVESGPMGAEELAFRFAVNT INRNRTLLPNTTLTYDTQKINLYDSFEASKKA

CDL IDNGVAAIFGPSSKAASDIVALVCNSTGIPHIEFDISDEGIQAEKPNHQMTLNLYPAQATLSKAYAD I VONFGWRKFT I VYDADDARAAARLQDLLQLREVHND
CDQLSLGVAAIFGPSHSSSANAVQS I CNALGVPHIQTRWKH-—-QVSDNKDSFYVSLYPDFSSLSRAILDLVQFFKWKTVTVVYDDSTG—-LIRLQEL IKAPSRYNL

VVRVRKFHKD-DDFRVMWKS IRGER--RVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPYGYVTQR
RLKIRQLPADTKDAKPLLKEMKRGKEFHV I FDCSHEMAAG I LKQALAMGMMTEYYHY IFTTLDLFALDVEPYRYS----GVNMTGFRILNTENTQVSSI 1EKWSMER

DNIVYESSDPPRTL IHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRYLARLMKGTSGVNNTNFRTS ILQFDEDGQRITFENIEVYDPLDG--
-—-LQAPPKPDSGLLDGFMTTDAALMYDAVHVVSVAVQOFPQMT--VSSLQCNRHKPWRFG---TRFMSL IKEAHWEGLTGR I TENKTNGLRTDFDLDV I SLKEEGL

IGIAIWDPRGQ I TQLNVDVKAQKKMIYRVATR-—————-— IGPPYFSYNETARELNLTGNALYQGYAVDL IDATARHVGFEYVFVPVADQQYGKLDKETKQWNG I I GE
EKIGTWDPASGLNMTESQKGKPANITDSLSNRSLIVTTILEEPYVLFKKSD--KPLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGAQDDANGQWNGMVRE

T™M1

1 INNDAHMG ICDLT I TQARKTAVDFTVPFMQLGVS ILAYKSPHVEKTLDAYLAPFGGEVWIWEL I SVFVMTFLKT I'VAR I SKMDWENPHPCNRDPEVLENQWR IHNT
L IDHKADLAVAPLAITYVREKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMYILLAYLGVSCVLFVIARFSPYEWYNPHPCNPDSDVVENNFTLLNS

T™M2 TM3

GWLTVASIMTAGCD I LPRSPQVRMFEATWWIFA TN TANSYTANLAAFLTSSKMEGS I ANLKDLSAQKKVKFGT I'YGGSTYNLLADSNETVYRLAFNLMNNDDPSAYT
FWFGVGALMQQGSELMPKALSTRIVGGIWWFETL I EISSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVEDGATMTFFKKSKISTYDKMWAFMSSRRQSVLV

KDNLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNASCFEEPDPDATPDMTFEEL
KSNEEGIQRVLTS--DYAFLMESTTIEFVTQRNCNLTQIGGL IDSKGYGVGTPMGSPYRDKITIAILQLQEEGKLHMMKEKWWR—--—-GNGCPEEESKEASALGVON I

™A
RGIEYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTP 1 SSVRTTPRRSLDKSLDRTPKSSRRVV I GRSSEEMREMAQGSGS
GG IFIVLAAGLVLSVFVAVGEFLYKSKKNAQLEKE === === m oo SSIWLVPPYHPDTV———mm——m o oo

SSGSNNAGRGEKEARV
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GIUR-IID  ——MHFCWISLI ILSLSRVQAQFYGGNAYEASSGQSIRLG----L ITDDATDRIRQTFEHA I SVVNN----ELGVPLVGETEQVAYGNSVQAFAQLCRLMQSGVGAVF
GluR-6 MKITFPILSNPVFRRTVKLLLCLLWIGYSQGTTHVLRFGGIFEYVESGPMGAEELAFRFAVNT INRNRTLLPNTTLTYDTQKINLYDSFEASKKACDQLSLGVAAIF

GPAARHTASHLLNACDSKD I PFI'YPHLSWGSNPDG--—--FNLHPSPEDIANALYD I VNQFEWSRFIFCYESAEYLKILDHLMTRYGIKGPV IKVMRYDLNLNGNYKS
GPSHSSSANAVQS I CNALGVPHIQTRWKHQVSDNKDSFYVSLYPDFSSLSRAILDLVQFFKWKTVTVVYDDSTGL IRLQEL IKAPSRYNLRLKIRQLPADTK-DAKP

VLRRIRKSEDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYSEAN I TG IRMFSPDQEEVRDLMEKLHQELGESEPVNSG—---STF 1 TMEM
LLKEMKRGKEFHV I FDCSHEMAAG I LKQALAMGMMTEYYHY IFTTLDLFALDVEPYRYSGVNMTGFRILNTENTQVSSI 1 EKWSMERLQAPPKPDSGLLDGFMTTDA

ALTYDAVRVIAETTKHLPYQPQMLNCSERHDNVQPDGSTFRNYMRSLEIKEKT ITGRI'YFEGN--VRKGFTFDV IELQTSGLVKVGTWEEGKDFEFQRPPQAVNFND
ALMYDAVHVVSVAVQQOFP---QMTVSSLQCNRHKPWRFGTRFMSL IKEAHWEGLTGR ITENKTNGLRTDFDLDV I SLKEEGLEK IGTWDPASGLNMTESQKGKPAN I

IDDGSLVNKTFIVLISVATKPYASLVESIDTL IGNNQFQGYGVDL I KELADKLGFNFTFRDGGN-DYGSFNKTTNSTSGMLKE I VEGRADLAITDLTITSEREEVID
TDS---LSNRSLIVTTILEEPYVLFKKSDKPLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGAQDDANGQWNGMVREL IDHKADLAVAPLAITYVREKVID

[43

™M1 T™M2

FSIPFMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFIIGRLSPIEWDNPYPCIEEPEELENQFTINNSLWFTTGALLQQGSEIAPKALST§?_
FSKPFMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMY ILLAYLGVSCVLFVIARFSPYEWYNPHPCNPDSDVVENNFTLLNSFWFGVGALMQQGSELMPKALSTRI

T™M3

ISAIWWFETLIMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEEP 1Y IKMNEY LN-AHPEMLMENNQQGVDKVKSGTKYAFLMEST
VGGIWWEETLE I ISSYTANLAAFLTVERMESP IDSADDLAKQT-KIEYGAVEDGATMTFFKKSKISTYDKMWAFMSSRRQSVLVKSNEEGIQRVLT-SDYAFLMEST

™A

SIEFNTVRECNLTKVGDPLDEKGYG IAMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGAGVCSAKSDDDGPSELGVDNLSGEYVVLVIGSIISITISILCWC
TIEFVTQRNCNLTQIGGL IDSKGYGVGTPMGSPYRDKITIATILQLQEEGKLHMMKEKWWRGNGCPEEESKE----ASALGVONIGGIF IVLAAGLVLSVFVAVGEFL

YFVYKKAKNYEVPFCDALAEEFR 1V IRFSENERPLKSAQS 1 YSRSRNSSQS I ESLKTDSEENMPVED
YKSKKNAQ-——— === == mmm e LEKESS IWLVPPYHPDTV-—=————————mm——
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——————————— MEENHFVILWSLFSIHISVNWAQYENFGGYDNYQSLESVP IGLLTDQNTEQMN IVFDHAIDVANQEVGTSLTSLKEEVNYGDAYQSYGKLCRMLET
MKITFPILSNPVFRRTVKLLLCLLWIGYSQGTTHVLRFGG--1FEYVESGPMGAEELAFRFAVNT INRNRTLLPN--—-TTLTYDTQKINLYDSFEASKKACDQLSL

GIAGVFGPSSRHTAVHLMS ICDAMD IPHIYSYMSENAEG-———--— FNLHPHPADLAKALYSLITEFNWTRFIFLYESAEYLNILNELTTMLGKSGTVITVLRYDMQL
GVAAIFGPSHSSSANAVQS I CNALGVPHIQTRWKHQVSDNKDSFYVSLYPDFSSLSRAILDLVQFFKWKTVTVVYDDSTGL IRLQEL IKAPSRYNLRLKIRQLPADT

NGNYKQVLRRVRKSVDNR I'VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYSEAN I TGLRLFSPEKMAVKELLMKLGYPTDQDEFRNGS----C
K-DAKPLLKEMKRGKEFHV I FDCSHEMAAG I LKQALAMGMMTEYYHY IFTTLDLFALDVEPYRYSGVNMTGFRILNTENTQVSSI I EKWSMERLQAPPKPDSGLLDG

PITVEMALTYDAVQLFAQTLKNLPFKPMPQNCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGP I'YFEGN--VRKGYHLDV IELQPSGIVKVGTWDEDRQYRPQRLAP
FMTTDAALMYDAVHVVSVAVQQFPQMTVSSLQCNRHKPWR-FGTRFMSL IKEAHWEG--LTGRITFNKTNGLRTDFDLDV ISLKEEGLEKIGTWDPASGLN--MTES

TTAQFDSVDNSLANKTF I ILLSVPNKPYAQLVETYKQLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGN-DYGSYNKSTNESTGMLREIMTGRADLAITDLTITSE
QKGKPANITDSLSNRSLIVTT-1LEEPYVLFKKSDKPLYGNDRFEGYCIDLLRELSTILGFTYEIRLVEDGKYGAQDDANGQWNGMVREL IDHKADLAVAPLAITYV

T™M1 T™M2

REQALDFT IPEMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFEILGRLSPSEWDNPYPCIEEPEELENQFTLGNS IWFTTGALLQQGSE IGPK
REKVIDFSKPEMTLGISILYRKPNGTNPGVFSFLNPLSPD IWMY ILLAYLGVSCVLEVIARFSPYEWYNPHPCNPDSDVVENNETLLNSFWEGVGALMQQGSELMPK

T™M3

ALSTRTVASFWWEETLIVVSSYTANLAAFLT IEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFEMTSAEERYKKMNKFMSENPQ-YLTEDNMEGVNRVKTNTHYA
ALSTRIVGGIWWEFETL I 1 1SSYTANLAAFLTVERMESP IDSADDLAKQTK-IEYGAVEDGATMTFFKKSKI1STYDKMWAFMSSRRQSVLVKSNEEGIQRVLT-SDYA

™4

FLMESTSIEYNTKRECNLKKIGDALDEKGYG I AMRKDWPHRGKFENNALLELQEQGVLEKMKNKWWNEVGTGICATKEDAPDATPLDMNNLEGVEFVLLVGSCCALLY
FLMESTTIEFVTQRNCNLTQIGGL IDSKGYGVGTPMGSPYRDKITIAILQLQEEGKLHMMKEKWWRGNG----CPEEESKEASALGVONIGGIFIVLAAG-——----

G 1 1 SWVLEVMKKAHHYRVPLRDALKEEFQFV I DFNNYVRVLKNSAS 1 YSRSRQSSMSVASVAQESQ
~—LVLSVEVAVGEFLYKSKKNAQLEKESS IWLVPPYHPDTV - === == ——— oo
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————MRLCPVVIYAFI11IGFLEGI IALGGDDRNEITVGAIFYENE————————- KEIELSFDQAFREVNNMKFSELRFVTIKRYMPTNDSFLLQQITCEL ISNGVA
MTAPWRRLRSLVWEYWAGLLVCAFWIPDSRGMPHV IR IGGIFEYADGPNAQVMNAEEHAFRFSAN I INRNRTLLPNTTLTYDIQRIHFHDSFEATKKACDQLALGVV

AIFGPSSKAASDIVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFEI IKSNYEWRTFTL1YETPEGLARLQDLMNIQALNSDYVKLRNLADY
AIFGPSQGSCTNAVQS ICNALEVPH I QLRWKHHPLDNK---DTFYVNLYPDYASLSHAILDLVQY-LKWRSATVVYDDSTGL IRLQEL IMAPSRYNIRLKIRQLPID

ADDYRILWKETDETFHEQR I I LDCEPKTLKELLKVS IDFKLQGPFRNWFLTHLDTHNSGLRD I'YNEDFKAN---1TSVRLKVVDANPFERKKTRLTKVYDQILGNQTM
SDDSRPLLKEMKR-GREFR I l FDCSHTMAAQ I LKQAMAMGMMTEYYHFIFTTLDLYALDLEPYRYSGVNLTGFR ILNVDNPHVSATVEKWSMERLQAAPRSESGLLD

LPILTYDAVVLFASSARNVIAAMQPFHPPN-RHCGSSSPWMLGAF I'VNEMKT I SEDDVEPHFKTENMKLDEYGQR IHENLEI'YKPTVN--EPMMVWTPDNG I KKRLL
GVMMTDAALLYDAVHIVSVCYQRAPQMTVNSLQCHRHKAWRFGGRFMNF IKEAQWEGLTGR IVEN----KTSGLRTDFDLD I I SLKEDGLEKVGVWSPADGLN---1

NLELESAGTTQDFSEQRKVYTVVTHYEEPYFMMKEDHENFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGNGKYNP—--ETKQWDG I IRKL IDHHAQIGVCDLTIT
TEVAKGRGPNVTDSLTNRSLIVTTVLEEPFVMFRKSDRTLYGNDRFEGYCIDLLKELAHILGFSYEIRLVE-DGKYGAQDDKGQWNGMVKEL IDHKADLAVAPLTIT

T™M1 T™M2

QMRRSVVDFTVPEMQLG IS ILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQLIMTLAFVFIARLSYREWLPPNPATQDPDELENITWNVNNSTWLMVGS IMQQGCDIL
HVREKAIDFSKPFMTLGVSILYRKPNGTNPSVFSFLNPLSPD IWMYVLLAYLGVSCVLFVIARFSPYEWYDAHPCNPGSEVVENNFTLLNSFWFGMGSLMQQGSELM

T™M3

PRGPHMRILTGMWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL IEQDKVHFGSMRGGSTSLFFSESNDTDYQRAWNQMKDFENPSAFTSTNKEGVARVRKEKGG
PKALSTRINTGGIWWFFTLI I 1SSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVKDGATMTFFKKSKISTFEKMWAFMSSK-PSALVKNNEEGIQRALT--AD

™4

YAFLMETTSLTYNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVS I LQLSERGELQKMKNKWWKNHNVTCDSYHEVDGDELSI 1ELGGVFLVLAGGVLIGVIL
YALLMESTTIEYVTQRNCNLTQIGGL IDSKGYGIGTPMGSPYRDKIT IAILQLQEEDKLHIMKEKWWRGS--GCPEEENKEASALGIQKIGGIFIVLAAGLVLSVLV

G I FEFLWNVQNVAVEERVTPWQAFKAEL I FALKFWVRKKPMR I SSSSDKSSSRRSSGSRRSSKEKSRSKTVS
AVGEFVYKLRKTAEREQVS - == === == —mm oo oo LRAWSLHRMGNGDSR--—-——
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——————— MHGLQFLVLLALAITASGANEDT----LVIKIGAIFFDTEMKLADAFSAALEEVNAIN--———————-PALKLDAIKRYVTVDDSIVLQDISCDLIGSGVA
MTAPWRRLRSLVWEYWAGLLVCAFWIPDSRGMPHV IR IGGIFEYADGPNAQVMNAEEHAFRFSAN I INRNRTLLPNTTLTYDIQRIHFHDSFEATKKACDQLALGVV

AIFGPSSKTNSDIVEVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFT IAYERSSHL IRLQH I LAWKQLHKAG I KMQEFER
AITFGPSQGSCTNAVQS ICNALEVPH 1QLRWKHHPLDNK-—-DTFYVNLYPDYASLSHAILDLVQ—--YLKWRSATVVYDDSTGL IRLQEL IMAPSRYNIRLKIRQLP1

-GDDYRILWKRINNAREKFVLLDCPSDILVDVINASIGYNMTGSFNHLFLTNLDTHLSG IDGFYSRDFTVAVAAVRIRTYVPPPVHDE IDVFDNS----VDTRFSSL
DSDDSRPLLKEMKRGREFR I IFDCSHTMAAQ I LKQAMAMGMMTEYYHFIFTTLDLYALDLEPYRYSG--VNLTGFRILNVDNPHVSAIVEKWSMERLQAAPRSESGL

GSQLVYDSIVLFYNALLEIS----QRPGFY IPNFSCGRG-FWQPGPRLVEQMKQ I TPKMVKPPFKTQRLQINADGQREDFNLEVYNP 1 IDRVTHIWNKEFQLVDFEK
LDGVMMTDAALLYDAVHIVSVCYQRAPQMTVNSLQCHRHKAWRFGGRFMNF IKEAQWEGLTGR IVEN----KTSGLRTDFDLD I I SLKEDGLEKVG—=—--- VWSPA

LRENSTQALKQKRLQNKEDFSQKP IRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL I YMLAQECKFDFNFEPVRDNKYGSYDANTDEWDG I I1RQL IDNNAQ
DGLNITEVAKGRGPNVTDSLTNR--SLIVTTVLEEPFVMFRKSDR--TLYGNDRFEGYCIDLLKELAHILGFSYEIRLVEDGKYGAQDD-KGQWNGMVKEL IDHKAD

™M1 T™M2

IGICDLTITQARRSVVDFTVPFEMQLGISILSYKEPPPKAD I'YAFLNPYNAEVWLFVMIAMMITAFAL IFTGRIDQYEWDQPVENVNREMERQN IWHLSNALWLVLGS
LAVAPLT ITHVREKAIDFSKPFMTLGVSILYRKPNGTNPSVFSFLNPLSPD IWMYVLLAYLGVSCVLFVIARFSPYEWYDAHPCNPGSEVVENNFTLLNSFWFGMGS

TM3

MLNQGCDLLPRGLPMRLLTAFWWIFALLISQTY IAKLAAFITSSKIAGD IGSLHDLVDQNKVQFGT IRGGATSVYFSESNDTDNRMAWNKMLSFKPDAFTKNNEEGY
LMQQGSELMPKALSTRIIGGIWWFFTLI I 1SSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVKDGATMTFFKKSKISTFEKMW-AFMSSKPSALVKNNEEGI

DRVKLSKGTYAFLMETTNLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVGILRLSERGELFKLRNKWFNSNESTCDSNVPT I DDGQFDMDSVGGLFVVL
QRALTAD--YALLMESTTIEYVTQRNCNLTQIGGL IDSKGYGIGTPMGSPYRDKITIAILQLQEEDKLHIMKEKWWRGSGCPEEENK---EASALGIQKIGGIFIVL

™4

1VGVVVGLY I GVAEFLWHVQR I SVKEK I PPMLALKAEFYFV IRFWLTRKPLHTYRQSRDSTSTGYSSLEQI TSASSAKKKKKTRR I EK
AAGLVLSVLVAVGEFVYKLRKTAEREQVS—==————=—=—m—— - LRAWSLHRMGNGDSR ~— === === — == m oo
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MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ IN IGAFFYDDELELEKEFMTVVNAINGPESEQTMRFYPL IKRLKPEDGSVTMQEHACD
MTAPWRRLRSLVWEYWAG-—-——-- LLVCAFWIPDSRGMPHV IR IGGIFEYADGPNAQVMNAEEHAFRFSAN I INRNRTLLPNTTLTYDIQRIHFHDSFEATKKACD

L IDNGVAAIFGPSSKAASDIVALVCNSTG I PHIEFD ISDEG I QAEKPNHQMTLNLYPAQAILSKAYAD IVONFGWRKFT 1'VYDADDARAAARLQDLLQLREVHNDVV
QLALGVVAIFGPSQGSCTNAVQSICNALEVPHIQLRWKHHPLDNK---DTFYVNLYPDYASLSHAILDLVQYLKWRSATVVYDDSTG--LIRLQEL IMAPSRYNIRL

RVRKFHKD-DDFRVMWKS IRGER--RVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPYGYVTQRDN
KIRQLP IDSDDSRPLLKEMKRGREFR I I FDCSHTMAAQ I LKQAMAMGMMTEYYHFIFTTLDLYALDLEPYRYS----GVNLTGFR I LNVDNPHVSAIVEKWSMER--

1VYESSDPPRTL IHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRYLARLMKGTSGVNNTNFRTS ILQFDEDGQRITENIEVYDPLDG--1G
-LQAAPRSESGLLDGVMMTDAALLYDAVHIVSVCYQR--APQMTVNSLQCHRHKAWRFG—---GRFMNFIKEAQWEGLTGR IVENKTSGLRTDFDLD I I SLKEDGLEK

IATWDPRGQITQLNVDVKAQKKMIYRVATR——————- IGPPYFSYNETARELNLTGNALYQGYAVDL IDA1ARHVGFEYVFVPVADQQYGKLDKETKQWNGI IGEI I
VGVWSPADGLN I TEVAKGRGPNVTDSLTNRSLIVTTVLEEPFVMFRKSDRTL--YGNDRFEGYCIDLLKELAHILGFSYEIRLVEDGKYGAQD-DKGQWNGMVKEL I

T™1

NNDAHMGICDLT ITQARKTAVDFTVPEMQLGVS I LAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT IVAR I SKMDWENPHPCNRDPEVLENQWR ITHNTGW
DHKADLAVAPLT ITHVREKAIDFSKPEMTLGVSILYRKPNGTNPSVFSFLNPLSPD IWMYVLLAYLGVSCVLFVIARFSPYEWYDAHPCNPGSEVVENNFTLLNSFW

T™2 T™M3

LTVASIMTAGCD ILPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSAQKKVKFEGT IYGGSTYNLLADSNETVYRLAFNLMNNDDPSAYTKD
FGMGSLMQQGSELMPKALSTRIIGGIWWFFTL I 1 ISSYTANLAAFLTVERMESP IDSADDLAKQTKIEYGAVKDGATMTFFKKSKISTFEKMWAFMSSK-PSALVKN

NLEGVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYATAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNASCFEEPDPDATPDMTFEELRG
NEEGIQRALT--ADYALLMESTTIEYVTQRNCNLTQIGGL IDSKGYGIGTPMGSPYRDKITIAILQLQEEDKLHIMKEKWWRG--SGCPEEENKEAS-ALGIQKIGG

T™4
IFYTLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP IVAGTP I SSVRTTPRRSLDKSLDRTPKSSRRVV I GRSSEEMREMAQGSGSSS
IF1VLAAGLVLSVLVAVGEFVYKLRKTAEREQVSLR~ === === —— - m oo oo AWSLHRMGNGDSR -~ === == === m oo
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GIuR-IID  MHFCWISL I ILSLSRVQAQFYGGNAYEASSGQ--SIRLG---LITDDATDRIRQTFEHAISVVNNELG——-—--—- VPLVGETEQVAYGNSVQAFAQLCRLMQSGVG
GluR-7 MTAPWRRLRSLVWEYWAGLLVCAFWIPDSRGMPHV IR IGGIFEYADGPNAQVMNAEEHAFRFSAN I INRNRTLLPNTTLTYDIQR IHFHDSFEATKKACDQLALGVV

AVFGPAARHTASHLLNACDSKD I PF I YPHLSWGSNPDG—----FNLHPSPED IANALYD I VNQFEWSRFIFCYESAEYLKILDHLMTRYGIKGPV IKVMRYDLNLNGN
AITFGPSQGSCTNAVQS ICNALEVPH I QLRWKHHPLDNKDTFYVNLYPDYASLSHAILDLVQYLKWRSATVVYDDSTGL IRLQEL IMAPSRYNIRLKIRQLPIDSD-D

YKSVLRRIRKSEDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYSEANITG IRMFSPDQEEVRDLMEKLHQELGESEPVYNSG---STFIT
SRPLLKEMKRGREFR I IFDCSHTMAAQ I LKQAMAMGMMTEYYHFIFTTLDLYALDLEPYRYSGVNLTGFRILNVDNPHVSAIVEKWSMERLQAAPRSESGLLDGVMM

MEMALTYDAVRVIAETTKHLPYQPQMLNCSERHDNVQPDGSTFRNYMRSLEIKEKT ITGRIYFEGNVRKGFTFDV IELQTSGLVKVGTWEEGKDFEFQRPPQAVNFEN
TDAALLYDAVHIVSVCYQRAPQMTVNSLQCHRHKAWRFGG-RFMNF IKEAQWEGLTGRIVENKTSGLRTDFDLD I ISLKEDGLEKVGVWSPADGLN I TEVAKGRGPN

DIDDGSLVNKTFIVLISVATKPYASLVESIDTLIGNNQFQGYGVDL IKELADKLGFNFTFRDGGNDYGSFNKTTNSTSGMLKE 1VEGRADLAITDLTITSEREEVID
VTDS---LTNRSLIVTTVLEEPFVMFRKSDRTLYGNDRFEGYCIDLLKELAHILGFSYEIRLVEDGKYGAQDDKGQWNGMVKEL I DHKADLAVAPLT I THVREKAID

LE

T™1 T™M2

FSIPFMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFIIGRLSPIEWDNPYPCIEEPEELENQFTINNSLWFTTGALLQQGSEIAPKALSTR?_
FSKPFMTLGVSILYRKPNGTNPSVFSFLNPLSPD IWMYVLLAYLGVSCVLFVIARFSPYEWYDAHPCNPGSEVVENNFTLLNSFWFGMGSLMQQGSELMPKALSTRI

T™M3

ISAIWWFFTLIMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEEP 1Y IKMNEY LNAHPEMLMENNQQGVDKVKSGTKYAFLMESTS
IGGIWWFFTLI I ISSYTANLAAFLTVERMESP IDSADDLAKQT-KIEYGAVKDGATMTFFKKSKISTFEKMWAFMSSKPSALVKNNEEG I QRALT-ADYALLMESTT

™A

IEFNTVRECNLTKVGDPLDEKGYG I AMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGAGVCSAKSDDDGPSELGVDNLSGIYVVLVIGSIEISTTISILCWCY
IEYVTQRNCNLTQIGGL IDSKGYGIGTPMGSPYRDKITIAILQLQEEDKLHIMKEKWWRGSGC—----PEEENKEASALGIQKIGGIFIVLAAGLVLSVLVAVGEFVY

FVYKKAKNYEVPFCDALAEEFR IV IRFSENERPLKSAQS I YSRSRNSSQS I ESLKTDSEENMPVED
KLRKTAE === === mmmm e REQVSLRAWSLHRMGNGDSR-~—————==————————
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———MFFENHFVILWSLFSITHISVNWAQYENFGGYDNYQS——-LESVP IGLLTDQNTEQMN I VFDHA I DVANQEVG—-TSLTSLKEEVNYGDAYQSYGKLCRMLETGIA
MTAPWRRLRSLVWEYWAGLLVCAFWIPDSRGMPHV IR 1GGIFEYADGPNAQVMNAEEHAFRFSAN I INRNRTLLPNTTLTYDIQRIHFHDSFEATKKACDQLALGVV

GVFGPSSRHTAVHLMS ICDAMD IPHIYSYMSENAEG—-—-—-—- FNLHPHPADLAKALYSLITEFNWTRFIFLYESAEYLNILNELTTMLGKSGTVITVLRYDMQLNGN
AIFGPSQGSCTNAVQS ICNALEVPH IQLRWKHHPLDNKDTFYVNLYPDYASLSHAILDLVQYLKWRSATVVYDDSTGL IRLQEL IMAPSRYNIRLKIRQLPIDSD-D

YKQVLRRVRKSVDNR I VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYSEAN I TGLRLFSPEKMAVKELLMKLGYPTDQDEFRNGS----CPIT
SRPLLKEMKRGREFR I IFDCSHTMAAQ I LKQAMAMGMMTEYYHFIFTTLDLYALDLEPYRYSGVNLTGFR I LNVDNPHVSAIVEKWSMERLQAAPRSESGLLDGVMM

VEMALTYDAVQLFAQTLKNLPFKPMPQNCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGPIYFEGN--VRKGYHLDV IELQPSG IVKVGTWDEDRQYRPQRLAPTTA
TDAALLYDAVHIVSVCYQRAPQMTVNSLQCHRHKAWRFGG-RFMNF IKEAQWEG--LTGRIVENKTSGLRTDFDLD I I SLKEDGLEKVGVWSPADGLNITEVAK--G

QFDSVDNSLANKTF I ILLSVPNKPYAQLVETYKQLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGNDYGSYNKSTNESTGMLRE IMTGRADLAITDLT I TSEREQA
RGPNVTDSLTNRSLIVTT-VLEEPFVMFRKSDRTLYGNDRFEGYCIDLLKELAHILGFSYEIRLVEDGKYGAQDDKGQWNGMVKEL IDHKADLAVAPLT I THVREKA

T™M1 T™M2

LDFTIPFEMNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYPCIEEPEELENQFTLGNS IWFTTGALLQQGSE IGPKALST
IDFSKPEMTLGVSILYRKPNGTNPSVFSFLNPLSPD IWMYVLLAYLGVSCVLFVIARFSPYEWYDAHPCNPGSEVVENNFTLLNSFWFGMGSLMQQGSELMPKALST

T™M3

RTVASFWWFFTLIVVSSYTANLAAFLT IEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFFMTSAEERYKKMNKFMSENPQYLTEDNMEGVNRVKTNTHYAFLMES
RIEIGGIWWFFTL 1 ISSYTANLAAFLTVERMESP IDSADDLAKQTK-IEYGAVKDGATMTFFKKSK I STFEKMWAFMSSKPSALVKNNEEG IQRALT-ADYALLMES

™4

TSIEYNTKRECNLKKIGDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGTG ICATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYGIISW
TTIEYVTQRNCNLTQIGGLIDSKGYGIGTPMGSPYRDKITIATLQLQEEDKLHIMKEKWWRGSG----CPEEENKEASALGIQKIGGIFIVLAAGLVLSVLVAVGEF

VLFVMKKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSAS I YSRSRQSSMSVASVAQESQ
VYKLRKTAEREQVSLR-===—————— e e AWSLHRMGNGDSR-—~———= == === ———
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MRLCPVVIYAFI1111GFLEGI IALGGDDRNEITVGAIFYENEKE- IELSFDQAFREVNNMKFSELRFVT IKRYMPTNDSFLLQQITCEL ISNGVAAIFGPSSK-AAS
-—-—-MPRVSAPLVLLPAWLVMVACSPHSLRIAATLDDPMECSRGERLSITLAKNR INRAPERLGKAKVEVDIFELLRDSEYETAETMCQILPKGVVAVLGPSSSPASS

DIVAQIANATGIPHIEYDLKLEATROEQLNHQMS INVAPSLSVLSRAYFEI IKSNYEWRTFTLIYETPEGLARLQDLMNIQALNSDYVKLRNLADYADDYRILWKET
SIISNICGEKEVPHFKVAP--EEFVKFQFQRFTTLNLHPSNTD I SVAVAG I LN-FFNCTTACL I CAKAECLLNLEKLLRQFL ISKDTLSVRMLDDTRDPTPLLKEIR

DETFHEQRI ILDCEPKTLKELLKVS IDFKLQGPFRNWFLTHLDTHNSGLRD I'YNEDFKAN---1TSVRLKVVDANPFERKKTRLTKVDQILGNQTMLPILIYDAVVL
DD--KTAT I I IHANASMSHT I LLKAAELGMVSAYYTY IFTNLEFSLQRMDSLVDDRVNILGFS I FNQSHAFFQEFAQSLNQSWQENCDHVPFTGPALSSALLFDAVY

FASSARNV I AAMQPFHPPNRHCGSSSPWMLGAF I VNEMKT I SEDDVEPHFKTENMKLDEYGQR IHFENLE I'YKPTVN--EPMMVWTPDNG I KKRLLNLELESAGTTQD
AVVTAVQELNRSQE I GVKPLSCGSAQIWQHGTSLMNYLRMVELEGLTGHIEFN-—--- SKGQRSNYALKILQFTRNGFRQIGQWHVAEGLS---MDSHLYASNISDT

FSEQRKVYTVVTHYEEPYFMMKEDHENFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGNGKYNPETK-QWDG I IRKL IDHHAQIGVCDLT I TQMRRSVVDFTVPF
LEN--TTLVVTTILENPYLMLKGNHQEMEGNDRYEGFCVDMLKELAEILRFNYKIRLVGDGVYGVPEANGTWTGMVGEL IARKADLAVAGLT ITAEREKV IDFSKPF

T™M1 T™M2

MQLGISILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNPATQ-DPDELENTWNVNNSTWLMVGS IMQQGCD ILPRGPHMRILTGM
MTLGISILYRVHMGRKPGYFSFLDPFSPGVWLFMLLAYLAVSCVLFLVARLTPYEWYSPHPCAQGRCNLLVNQYSLGNSLWFPVGGFMQQGST IAPRALSTRCVSGV

T™M3

WWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL IEQDKVHFGSMRGGSTSLFFSESNDTDYQRAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLMETTSLTY
WWAFTLI I ISSYTANLAAFLTVQRMDVPIESVDDLADQTAIEYGT IHGGSSMTFFQNSRYQTYQRMWNYMYSKQPSVFVKSTEEGIARVLNSN--YAFLLESTMNEY

™4

NIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVSILQLSERGELQKMKNKWWKNHNVTCDSYHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVQN-
YRQRNCNLTQIGGLLDTKGYG IGMPVGSVFRDEFDLAILQLQENNRLE I LKRKWWEGGKCPKEEDHRAKG--LGMENIGGIFVVLICGLIVAIFMAMLEFLWTLRHS

ESLEWEKTTNSSEPE
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MHGLQFLVLLALATASGANEDTLVIKIGAIFFD-TEMKLADAFSAALEEVNAINPALKLDAIKRYVTVDDSIVLQDIS-———- CDL 1GSGVAAIFGPSSK-TNSDIV
MPRVSAPLVLLPAWLVMVACSPHSLRIAAILDDPMECSRGERLSITLAKNR INRAPERLGKAKVEVD I FELLRDSEYETAETMCQ I LPKGVVAVLGPSSSPASSSI I

EVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFT IAYERSSHL IRLQH I LAWKQLHKAG IKMQEFERGDDYR I LWKR INNA
SNICGEKEVP--HFKVAPEEFVKFQFQRFTTLNLHPSNTD I SVAVAG I LN--FFENCTTACL I CAKAECLLNLEKLLRQFLISKDTLSVRMLDDTRDPTPLLKE IRDD

REKFVLLDCPSDILVDVINASIGYNMTGSFENHLFLTNLDTHLSGIDGFYSR--—-- DFTVAVAAVRIRTYVPPPVHDE IDVFDNSVDTRFSSLGSQLVYDSIVLFYN
KTATI I IHANASMSHT I LLKAAELGMVSAYYTY IFTNLEFSLQRMDSLVDDRVNILGFS IFNQSHAFFQEFAQSLNQSWQENCDHVPFTGPALSSALLFDAVYAVVT

ALLEISQRPGFY IPNFSCG-RGFWQPGPRLVEQMKQ I TPKMVKPPFKTQRLQ INADGQREDFNLEVYNP 1 IDRVTHIWNKEFQLVDFEKLRENSTQALKQKRLQNKE
AVQELNRSQE IGVKPLSCGSAQIWQHGTSLMNYLR-—--- MVELEGLTGH I EFNSKGQRSNYALKILQFTRNGFRQ 1G--QWHVAEGLSMDSHLYASNISDTLFN--

DFSQKPIRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL 1 YMLAQECKFDFNFEPVRDNKYGSYDANTDEWDG I IRQL IDNNAQIGICDLT I TQARRSVVDF
—————— TTLVVTTILENPYLMLKG--NHQEMEGNDRYEGFCVDMLKELAEILRFNYKIRLVGDGVYGVPEAN-GTWTGMVGEL I ARKADLAVAGLT I TAEREKV IDF

™M1 T™M2

TVPEMQLGISILSYKEPPPKADIYAFLNPYNAEVWLFVMIAMMITAFALIFTGRIDQYEWDQPVENVN-REMERQN IWHLSNALWLVLGSMLNQGCDLLPRGLPMRL
SKPFMTLGISILYRVHMGRKPGYFSFLDPFSPGVWLFMLLAYLAVSCVLFLVARLTPYEWYSPHPCAQGRCNLLVNQYSLGNSLWFPVGGFMQQGST IAPRALSTRC

T™M3

LTAFWWIFALLISQTY TAKLAAFITSSKIAGD I GSLHDLVDQNKVQFEGT IRGGATSVYFSESNDTDNRMAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETT
VSGVWWAFTL 11 ISSYTANLAAFLTVQRMDVP IESVDDLADQTAIEYGT IHGGSSMTFFQNSRYQTYQRMWNYMYSKQPSVFVKSTEEGIARVLNSN--YAFLLEST

T™M4

NLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFENSNESTCDSNVPT IDDGQFDMDSVGGLFVVLIVGVVVGLV IGVAEFLW
MNEYYRQRNCNLTQIGGLLDTKGYG IGMPVGSVFRDEFDLAILQLQENNRLE I LKRKWWEGGKCPKEEDHRAKGLG---MENIGGIFVVLICGLIVAIFMAMLEFLW

HVQR--—-- I SVKEK1PPMLALKAEFYFVIRFWLTRKPLHTYRQ--SRDSTSTGYSSLEQITSASSAKKKKKTRRIEK-—==—= === === oo ——
TLRHSEATEVSVCQEMVTELRS 1 ILCQDS IHPRRRRAAVPPPRPPIPEERRPRGTATLSNGKLCGAGEPDQLAQRLAQEAALVARGCTHIRVCPECRRFQGLRARPS

PARSEESLEWEKTTNSSEPE
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~MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ IN I GAFFYDDELELEKEFMTVVNAINGPESEQTMRFYPL I KRLKPEDGSVTMQEHAC
MPRVSAPLVLLPAWLVMVACSP—--——--— HSLRIAAILDDPMECS-RGERLSI-———--——- TLAKNRINRAPERLG-KAKVEVDIFELLR-=—-- DSEYETAETMC

DLIDNGVAAIFGPSSK-AASDIVALVCNSTGIPHIEFD ISDEG IQAEKPNHQMTLNLYPAQAILSKAYAD IVONFGWRKFT 1'VYDADDARAAARLQDLLQLREVHND
QILPKGVVAVLGPSSSPASSSI ISNICGEKEVP--HFKVAPEEFVKFQFQRFTTLNLHPSNTD I SVAVAG I LNFENCTTACL I CAK—-AECLLNLEKLLRQFL 1SKD

VVRVRKFHKDDDFRVMWKS I RGER--RVVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVN I TAARLLVNPDPPPYSLPYGYVTQRD
TLSVRMLDDTRDPTPLLKEIRDDKTAT I I IHANASMSHT I LLKAAELGMVSAYYTY I FTNLEFSLQRMDSLVDDRVNILGFS IFNQSHAFFQEFAQSLNQSWQENCD

NIVYESSDPPRTL IHDL IHDALQLFAQSWRNASFFYPDRMVVPR I TCDFAASGGRTWAMGRYLARLMKGTSGVNNTNFRTSILQFDEDGQRITENIEVYDPLDGIGI
HVPFTGPALSSALLFDAVYAVVTAVQELNR--——-- SQEIGVKPLSCGSAQIWQHGTSLMNYLR-MVELEGLTGHIEFNSKGQRSNYALKILQFTRNGFRQIGQWHYV

ATWDPRGQITQLNVDVKAQKKMIYRVATRIGPPYFSYNETARELNLTGNALYQGYAVDL IDAIARHVGFEYVFVPVADQQYGKLDKETKQWNG I IGE I INNDAHMGI
AEGLSMDSHLYASNISDTLENTTLVVTTILENPYLMLKGNHQEME--GNDRYEGFCVDMLKELAEILRFNYKIRLVGDGVYG-VPEANGTWTGMVGEL IARKADLAV

™1 T™M2

CDLTITQARKTAVDFTVPEMQLGVS ILAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT IVAR I SKMDWENPHPCNR-DPEVLENQWR IHNTGWLTVASIM
AGLTITAEREKVIDFSKPFMTLGISILYRVHMGRKPGYFSFLDPFSPGVWLFMLLAYLAVSCVLFLVARLTPYEWYSPHPCAQGRCNLLVNQYSLGNSLWFPVGGFM

T™M3

TAGCD ILPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSAQKKVKFGT I YGGSTYNLLADSNETVYRLAFNLMNNDDPSAYTKDNLEGVDR
QQGSTIAPRALSTRCVSGVWWAFTL I 1 1SSYTANLAAFLTVQRMDVP IESVDDLADQTAIEYGT IHGGSSMTFFQNSRYQTYQRMWNYMYSKQPSVFVKSTEEGIAR

VRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYATAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNASCFEEPDPDATPDMTFEELRGIFYTLYA
VLN--SNYAFLLESTMNEYYRQRNCNLTQIGGLLDTKGYGIGMPVGSVFRDEFDLAILQLQENNRLE I LKRKWWEG--GKCPKEED-HRAKGLGMENIGGIFVVLIC

™4

GILIAFLIGITEFLVYVQQVALEERLTFKDAFKKEIRFVLC---VWNNRKPIVAGTPISSVRTTPRRSLDKSLDR--—=—==—=———- TPKSSRRVVIGRSSEEMRE
GLIVAIFMAMLEFLWTLRHSEATEVSVCQEMVTELRSI 1LCQDS IHPRRRRAAVPPPRPP IPEERRPRGTATLSNGKLCGAGEPDQLAQRLAQEAALVARGCTHIRY

MAQGSGSSSGSNNAGRGEKEARYV - ——————————-
CPECRRFQGLRARPSPARSEESLEWEKTTNSSEPE
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MHFCWISL1 ILSLSRVQAQFYGGNAYEASSGQS IRLGLITDDATDRIR-————- QTFEHAISVVNNELG-VPLVGETEQVAYGNSVQAFAQLCRLMQSGVGAVFGPA
————————— MPRVSAPLVLLPAWLVMVACSPHSLRIAAILDDPMECSRGERLSITLAKNR INRAPERLGKAKVEVDIFELLRDSEYETAETMCQ I LPKGVVAVLGPS

ARHTASHLLN-ACDSKD IPFI'YPHLSWGS-——-- NPDGFNLHPSPED IANALYD IVNQFEWSRFIFCYESAEYLKILDHLMTRYGIKGPV IKVMRYDLNLNGNYKSV
SSPASSSI1 1SN 1CGEKEVPHFKVAPEEFVKFQFQRFTTLNLHPSNTD I SVAVAG I LNFENCTTACL ICAKAECLLNLEKLLRQFL ISKDTLSVRMLDDTRDP--TPL

LRRIRKSEDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYSEANITGIRMFSPDQEEVRDLMEKLHQELGE---SEPVNSGSTFITMEMA
LKEIRDDKTAT I I IHANASMSHT I LLKAAELGMVSAYYTY I FTNLEFSLQRMDSLVDDRVN I LGFS I ENQSHAFFQEFAQSLNQSWQENCDHVPFTGPALSSALLFD

LTYDAVRVIAETTKHLPYQPQMLNCSERHDNVQPDGSTFRNYMRSLEIKEKT ITGRIYFEGN-VRKGFTFDVIELQTSGLVKVGTWEEGKDFEFQRPPQAVNEND 1D
AVYAVVTAVQELNRSQE IGVKPLSCGS--AQ IWQHGTSLMNYLRMVELEG--LTGHIEFNSKGQRSNYALKILQFTRNGFRQ I GQWHVAEGLSMDSHLYASNISDT-

DGSLVNKTFIVLISVATKPYASLVESIDTL IGNNQFQGYGVDL IKELADKLGFNFTFRDGGNDYGSFNKTTNSTSGMLKE IVEGRADLAITDLT ITSEREEVIDFSI
————-LFNTTLVVTTILENPYLMLKGNHQEMEGNDRYEGFCVDMLKELAEILRFNYKIRLVGDGVYGVPEANGTWTGMVGEL I ARKADLAVAGLT I TAEREKV IDFSK

T™1 T™M2

PFMNLGIAILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFIIGRLSPIEWDNPYPCIE—EPEELENQFTINNSLWFTTGALLQQGSEIAPKALSTRng
PEMTLGISILYRVHMGRKPGYFSFLDPFSPGVWLFMLLAYLAVSCVLFLVARLTPYEWYSPHPCAQGRCNLLVNQYSLGNSLWFPVGGFMQQGST IAPRALSTRCVS

T™M3

AITWWFFTLIMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFESTSEEP 1Y IKMNEYLN-AHPEMLMENNQQGVDKVKSGTKYAFLMESTSI
GVWWAFTLI I ISSYTANLAAFLTVQRMDVP IESVDDLADQT-AIEYGT IHGGSSMTFFQNSRYQTYQRMWNYMYSKQPSVFVKSTEEGIARVLN-SNYAFLLESTMN

™4

EFNTVRECNLTKVGDPLDEKGYG IAMVKNWPYRDKFNKALLELQEQGVLARLKNKWWNEVGAGVYCSAKSDDDGPSELGVDNLSGIYVVLVIGSIISITISILCWCYF
EYYRQRNCNLTQIGGLLDTKGYGIGMPVGSVFRDEFDLAILQLQENNRLE I LKRKWWEGG----KCPKEEDHRAKGLGMENIGGIFVVLICGLIVAIFMAMLEFLWT

VYKKAKNYEVPFCDALAEEFR IV IRFSENERPLKSAQS 1Y S == — m — — — o o o RSRNS
LR-HSEATEVSVCQEMVTELRS I 1LCQDS IHPRRRRAAVPPPRPP I PEERRPRGTATLSNGKLCGAGEPDQLAQRLAQEAALVARGCTH IRVCPECRRFQGLRARPS

-SQSI1ESLKTDSEENMPVED
PARSEESLEWEKTTNSSEPE
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MFENHFVILWSLFSIHISVNWAQYENFGGYDNYQSLESVPIGLLTDQNTEQMN IVFDH-AIDVANQEVGTSLTSLKEEVNYG-DAYQSYGKLCRMLETGIAGVFGPS
————————— MPRVSAPLVLLPAWLVMVACSPHSLRIAAILDDPMECSRGERLS ITLAKNR INRAPERLGKAKVEVDIFELLRDSEYETAETMCQ I LPKGVVAVLGPS

SRHTAVHLMS-ICDAMDIPHIYS-—-——-- YMSENAEGFNLHPHPADLAKALYSLITEFNWTRFIFLYESAEYLNILNELTTMLGKSGTVITVLRYDMQLNGNYKQV
SSPASSSI1 1SN 1 CGEKEVPHFKVAPEEFVKFQFQRFTTLNLHPSNTD I SVAVAG I LNFENCTTACL I CAKAECLLNLEKLLRQFLISKDTLSVRMLDDTRDP--TPL

LRRVRKSVDNR I'VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYSEAN I TGLRLFSPEKMAVKELLMKLGYPTDQDEFRNGSCPITVEMALTYD
LKEIRDDKTAT I I IHANASMSHT I LLKAAELGMVSAYYTY I FTNLEFSLQRMDSLVDDRVN I LGFS I ENQSHAFFQEFAQSLNQSWQENCDHVPFTGPALSSALLFD

AVQLFAQTLKNLPFKPMP--QONCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGP I'YFEGN-VRKGYHLDV IELQPSGIVKVGTWDEDRQYRPQRLAPTTAQFDSVDN
AVYAVVTAVQELNRSQE IGVKPLSCGSAQ IWQHGTSLMNYLRMVELEG--LTGHIEFNSKGQRSNYALKILQFTRNGFRQ IGQWH-—-—- VAEGLSMDSHLYASNIS

SLANKTF I ILLSVPNKPYAQLVETYKQLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGNDYGSYNKSTNESTGMLRE IMTGRADLAITDLT I TSEREQALDFT IPF
DTLENTTLVVTTILENPYLMLKGNHQEMEGNDRYEGFCVDMLKELAEILRENYKIRLVGDGVYGVPEANGTWTGMVGEL IARKADLAVAGLT I TAEREKV IDFSKPF

T™1 T™M2

MNLGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYPCIE-EPEELENQFTLGNS IWFTTGALLQQGSEIGPKALSTRTVASF
MTLGISILYRVHMGRKPGYFSFLDPFSPGVWLFMLLAYLAVSCVLFLVARLTPYEWYSPHPCAQGRCNLLVNQYSLGNSLWFPVGGFMQQGST IAPRALSTRCVSGV

T™M3

WWFFTLIVVSSYTANLAAFLTIEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFFMTSAEERYKKMNKFMS-ENPQYLTEDNMEGVNRVKTNTHYAFLMESTSIEY
WWAFTLI I ISSYTANLAAFLTVQRMDVP IESVDDLADQT-AIEYGT IHGGSSMTFFQNSRYQTYQRMWNYMYSKQPSVFVKSTEEGIARVLN-SNYAFLLESTMNEY

™A

NTKRECNLKKIGDALDEKGYG I AMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGTGICATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYGIISWVLFVM
YROQRNCNLTQIGGLLDTKGYG IGMPVGSVFRDEFDLAILQLQENNRLE I LKRKWWEGG----KCPKEEDHRAKGLGMEN IGG I FVVLICGLIVAIFMAML-EFLWTL

KKAHHYRVPLRDALKEEFQFV IDFNNYVRVLKNSAS IYSR= === ——— == m oo SRQSSMSVASVAQESQ-————————————m oo
RHSEATEVSVCQEMVTELRS I 1LCQDS IHPRRRRAAVPPPRPP I PEERRPRGTATLSNGKLCGAGEPDQLAQRLAQEAALVARGCTHIRVCPECRRFQGLRARPSPA

RSEESLEWEKTTNSSEPE
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MRLCPVVIYAFI1111GFLEGI IALGGDDRNE ITVGAIFYENEKE IELSFDQAFREVNNMKFSELRFVT IKRYMPTNDSFLLQQITCEL I SNGVAAIFGPSSK-AASD
—-——MPAELLLLL I'VAFASPSCQVLSSLRMAAILDDQTVCGRGERLALALAREQINGI IEVPAKARVEVDIFELQRDSQYETTDTMCQILPKGVVSVLGPSSSPASAS

IVAQIANATGIPHIEYDLKLEATRQEQLNHQMS INVAPSLSVLSRAYFE I IKSNYEWRTFTLIYETPEGLARLQDLMNIQALNSDYVKLRNLADYADDYR ILWKETD
TVSHICGEKE I PHIKVGP--EETPRLQYLRFASVSLYPSNEDVSLAVSRILKS-FNYPSASL I CAKAECLLRLEELVRGFL ISKETLSVRMLDDSRDPTPLLKEIRD

ETFHEQRI I LDCEPKTLKELLKVSIDFKLQGPFRNWFLTHLDTHNSGLRD I YNED-—--- FKANITSVRLKVVDANPFERKKTRLTKVDQILGNQTMLPILIYDAVV
D-—KVSTI 1 IDANASISHL I LRKASELGMTSAFYKY ILTTMDFP ILHLDG IVEDSSNILGFSMFENTSHPFYPEFVRSLNMSWRENCEASTYLG-PALSAALMFDAVH

LFASSARNV IAAMQPFHPPNRHCGSSSPWMLGAF I'VNEMKT I SEDDVEPHFKTENMKLDEYGQRIHFNLE I'YKPTVN--EPMMVWTPDNG I KKRLLNLELESAGTTQ
VVVSAVR-ELNRSQE IGVKPLACTSANIWPHGTSLMNYLRMVEYDGLT -—--- GRVEFNSKGQRTNYTLRILEKSRQGHREIGVWYSN-——-- RTLAMNATTLDINL

DFSEQRKVYTVVTHYEEPYFMMKEDHENFRGREKYEGYAVDL I SKLSELMEFDYEFMIVNGNGKYNPETK-QWDG I I RKL IDHHAQ IGVCDLT I TQMRRSVVDFTVP
SQTLANKTLVVTTILENPYVMRRPNFQALSGNERFEGFCVDMLRELAELLRFRYRLRLVEDGLYGAPEPNGSWTGMVGEL INRKADLAVAAFT I TAEREKV I DFSKP

T™M1 T™M2

FMQLGISILHYKSPPEPKNQFAFLEPFAVEVWIYMIFAQL IMTLAFVFIARLSYREWLPPNPATQD-PDELENTWNVNNSTWLMVGS IMQQGCD ILPRGPHMRILTG
FMTLGISILYRVHMGRKPGYFSFLDPFSPAVWLFMLLAYLAVSCVLFLAARLSPYEWYNPHPCLRARPHILENQYTLGNSLWFPVGGFMQQGSE IMPRALSTRCVSG

TM3

MWWFFALMMLSTYTANLAAFLTSNKWQSS IKSLQDL I EQDKVHFGSMRGGSTSLFFSESNDTDYQRAWNQMKDFNPSAFTSTNKEGVARVRKEKGGYAFLMETTSLT
VWWAFTL I I ISSYTANLAAFLTVQRMEVPVESADDLADQTNIEYGT IHAGSTMTFFQNSRYQTYQRMWNYMQSKQPSVFVKSTEEGIARVLNSR--YAFLLESTMNE

™A

YNIERNCDLTQIGEQIGEKHYGLAVPLGSDYRTNLSVSILQLSERGELQKMKNKWWKNHNVTCDSYHEVDGDELSI IELGGVFLVLAGGVLIGVILGIFEFLWNVQON
YHRRLNCNLTQUIGGLLDTKGYGIGMPLGSPFRDEITLAILQLQENNRLEILKRKWWVEGGRCPKEEDHRAKG--LGMENIGGIFIVLICGLI IAVFVAVMEFIWSTRR

VAVEERVTPWQAFKAEL EFALKFWYRKKP — = - - = = m o o o o MR ISSSSDKS
SAESEEVSVCQEMLQELRHAVSCRKTSRSRRRRRPGGPSRALLSLRAVREMRLSNGKLYSAGAGGDAGSAHGGPQRLLDDPGPPSGARPAAPTPCTHVRVCQECRRI

SSRRSSGSRRSSKEKSRSKTVS-———-————————————————
QALRASGAGAPPRGLGVPAEATSPPRPRPGPAGPRELAEHE
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MHGLQFLVLLALATASGANEDTLVIKIGAIFFDTEMKLAD---AFSAALEEVN---AINPALKLDAIKRYVTVDDSIVLQDISCDLIGSGVAAIFGPSSK-TNSDIV
-MPAELLLLLIVAFASPSCQVLSSLRMAAILDDQTVCGRGERLALALAREQINGI IEVPAKARVEVDIFELQRDSQYETTDTMCQILPKGVVSVLGPSSSPASASTV

EVLCNMTG I PHLQFDWHPQQSNRERMNHQLTVNVAPMELFLSAAFSD I LASKTFDWKSFT IAYERSSHL IRLQH I LAWKQLHKAG IKMQEFERGDDYR I LWKR INNA
SHICGEKEIPHIKVG--PEETPRLQYLRFASVSLYPSNEDVSLAVSRILKS--FNYPSASL I CAKAECLLRLEELVRGFLISKETLSVRMLDDSRDPTPLLKE IRDD

REKFVLLDCPSDILVDV INASIGYNMTGSFNHLFLTNLDT---HLSG IDGFYSRDFTVAVAAVRIRTYVPPPVHDE I DVFDNSVDTRFS--SLGSQLVYDSIVLFYN
KVST 11 IDANASISHL I LRKASELGMTSAFYKY ILTTMDFPILHLDGIVEDSSNILGFSMENTSHPFYPEFVRSLNMSWRENCEASTYLGPALSAALMFDAVHVVVS

ALLEISQRPGFY IPNFSCGRG-FWQPGPRLVEQMKQ I TPKMVKPPFKTQRLQ INADGQREDFNLEVYNP 1 IDRVTHIWNKEFQLVDFEKLRENSTQALKQKRLQNKE
AVRELNRSQE IGVKPLACTSANIWPHGTSLMNYLR-—--~- MVEYDGLTGRVEFNSKGQRTNYTLRILEKSRQGHREIG-=—==—=——~ VWYSNRTLAMNATTLD INL

DFSQKPIRYTVATRVGKPYFSWREEPEGVHYEGNERFEGYAVDL 1 YMLAQECKFDFNFEPVRDNKYGSYDANTDEWDG I IRQL IDNNAQIGICDLT I TQARRSVVDF
SQTLANKTLVVTTILENPYVMRR--PNFQALSGNERFEGFCVDMLRELAELLRFRYRLRLVEDGLYGAPEPN-GSWTGMVGEL INRKADLAVAAFT I TAEREKV IDF

™M1 T™M2

TVPEMQLGISILSYKEPPPKAD1YAFLNPYNAEVWLFVMIAMMITAFALIFTGRIDQYEWDQPVENVN-REMERQN IWHLSNALWLVLGSMLNQGCDLLPRGLPMRL
SKPFMTLGISILYRVHMGRKPGYFSFLDPFSPAVWLFMLLAYLAVSCVLFLAARLSPYEWYNPHPCLRARPHILENQYTLGNSLWFPVGGFMQQGSE IMPRALSTRC

T™M3

LTAFWWIFALLISQTY TAKLAAFITSSKIAGD I GSLHDLVDQNKVQFGT IRGGATSVYFSESNDTDNRMAWNKMLSFKPDAFTKNNEEGVDRVKLSKGTYAFLMETT
VSGVWWAFTL 11 ISSYTANLAAFLTVQRMEVPVESADDLADQTNIEYGT IHAGSTMTFFQNSRYQTYQRMWNYMQSKQPSVFVKSTEEGIARVLNSR--YAFLLEST

T™M4

NLQYYVQRNCELTQIGESFGEKHYGIAVPLNADFRSNLSVG I LRLSERGELFKLRNKWFENSNESTCDSNVPT IDDGQFDMDSVGGLFVVLIVGVVVGLV IGVAEFLW
MNEYHRRLNCNLTQIGGLLDTKGYGIGMPLGSPFRDEITLAILQLQENNRLEILKRKWWEGGRCPKEEDHRAKGLG---MENIGGIFIVLICGLITAVFVAVMEFIW

HVQR I SVKEK I PPMLALKAEFYFV IRFWLTRKP——— === === ——— LHTYRQSRDSTSTGYSS———————mmmm oo LEQI TSASSAKKKKK
STRRSAESEEVSVCQEMLQELRHAVSCRKTSRSRRRRRPGGPSRALLSLRAVREMRLSNGKLY SAGAGGDAGSAHGGPQRLLDDPGPPSGARPAAPTPCTHVRVCQE

TRRIEK === = — o oo
CRRIQALRASGAGAPPRGLGVPAEATSPPRPRPGPAGPRELAEHE
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MKKELSGNSSARWPQMFGGNSREAGMWQR I LLLGCMWSAFFMCRSRGQQ IN 1GAFFYDDELELEKEFMTVVNAINGPESEQTMRFYPL IKRLKPEDGSVTMQEHACD
——————— MPAELLLLL IVAFASPSCQVLSSLRMAAILDDQTVCG-RGERL--—---——-ALALAREQINGI I1EVP-AKARVEVDIFELQR-----DSQYETTDTMCQ

L IDNGVAAIFGPSSK-AASDIVALVCNSTGIPHIEFD1SDEGIQAEKPNHOMTLNLYPAQAILSKAYAD I VONFGWRKFT I VYDADDARAAARLQDLLQLREVHNDV
I LPKGVVSVLGPSSSPASASTVSHICGEKEIPHIKVGP--EETPRLQYLRFASVSLYPSNEDVSLAVSRILKSFENYPSASL I CAK--AECLLRLEELVRGFLISKET

VRVRKFHKDDDFRVMWKS IRGERR--VVLDCEPNMLVELLNSSTEFGLTGQYNHIFLTNLETYTDHLEELAADNETFAVNITAARLLVNPDPPPYSLPYGYVTQRDN
LSVRMLDDSRDPTPLLKE IRDDKVST I'I IDANASISHL I LRKASELGMTSAFYKY ILTTMDFPILHLDGIVED----SSNILGFSMENTSHPFYPEFVRSLNMSWRE

1VYESSDPPRTLIHDL IHDALQLFAQSWRNASFFYPDRMVVPRITCDFAASGGRTWAMGRY LARLMKGTSGVNNTNFRTSILQFDEDGQRITENIEVYDPLDG--1G
NCEASTYLGPALSAALMFDAVHVVVSAVR--ELNRSQE IGVKPLACTSAN-—--IWPHGTSLMNYLR----MVEYDGLTGRVEFNSKGQRTNYTLRILEKSRQGHRE

IATWDPRGQ I TQLNVDVKAQKKMIYRVATRIGPPYFSYNETARELN-—-LTGNALYQGYAVDL IDAIARHVGFEYVFVPVADQQYGKLDKETKQWNG I 1GE 1 INNDA
IGVWYSNRTLAMNATTLD INLSQTLANKTLVVTTILENPYVMRRPNFQALSGNERFEGFCVDMLRELAELLRFRYRLRLVEDGLYGAPEPN-GSWTGMVGEL INRKA

T™M1 T™M2

HMGICDLT I TQARKTAVDFTVPEMQLGVS I LAYKSPHVEKTLDAYLAPFGGEVWIWILISVFVMTFLKT IVAR I SKMDWENPHPCNRD-PEVLENQWR IHNTGWLTV
DLAVAAFT ITAEREKV IDFSKPEMTLGISILYRVHMGRKPGYFSFLDPFSPAVWLFMLLAYLAVSCVLFLAARLSPYEWYNPHPCLRARPHILENQYTLGNSLWFPV

T™M3

ASIMTAGCDILPRSPQVRMFEATWWIFAT I IANSYTANLAAFLTSSKMEGS IANLKDLSAQKKVKFEGT IYGGSTYNLLADSNETVYRLAFNLMNNDDPSAYTKDNLE

GGFMQQGSE IMPRALSTRCVSGVWWAFTL I I 1SSYTANLAAFLTVQRMEVPVESADDLADQTNIEYGT IHAGSTMTFFQNSRYQTYQRMWNYMQSKQPSVFVKSTEE

GVDRVRKNRGDYMFLMETTTLEYHREQNCDLRSVGEKFGEKHYAIAVPFGAEYRSNLSVAILKLSERGELYDLKQKWWKNPNASCFEEPDPDATPDMTFEELRGIﬁ?r
GIARVLNSR--YAFLLESTMNEYHRRLNCNLTQIGGLLDTKGYGIGMPLGSPFRDEITLAILQLQENNRLEILKRKWWEG--GRCPKEED-HRAKGLGMENIGGIFI

™4

TLYAGILIAFLIGITEFLVYVQQVALEERLTFKDAFKKE IRFVLCVWNNRKP—==== === === —— IVAGTPISSVRTTPRRSLDKS---
VLICGL I TAVFVAVMEF IWSTRRSAESEEVSVCQEMLQELRHAVSCRKTSRSRRRRRPGGPSRALLSLRAVREMRLSNGKLYSAGAGGDAGSAHGGPQRLLDDPGPP

LDRTPKSSRRVV IGRSSEEMREMAQGSGSSSGSNNAGRGEKEARV - = —————————————————
SGARPAAPTPCTHVRVCQECRRIQALRASGAGAPPRGLGVPAEATSPPRPRPGPAGPRELAEHE
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MHFCWISL 1 ILSLSRVQAQFYGGNAYEASSGQS IRLGL ITDDATDRIRQTFEHAISVVNNELGVPLVGETEQVAYGNSVQAFAQLCRLMQSGVGAVFGPAAR-HTAS
MPAELLLLL IVAFASPSCQVLSSLRMAAILDDQTVCGRGERLALALAREQINGI IEVPAKAR---VEVDIFELQRDSQYETTDTMCQILPKGVVSVLGPSSSPASAS

HLLNACDSKD IPF 1 YPHLSWGS——--- NPDGFNLHPSPED IANALYD IVNQFEWSRFIFCYESAEYLKILDHLMTRYGIKGPV IKVMRYDLNLNGNYKSVLRRIRKS
TVSHICGEKE I PHIKVGPEETPRLQYLRFASVSLYPSNEDVSLAVSRILKSENYPSASL I CAKAECLLRLEELVRGFL I SKETLSVRMLDDSRDP--TPLLKEIRDD

EDSRIVVVGSTTGVAELLRQAQQVGIMNEDYTY I IGNLNLHTFDLEEYKYSEANITG IRMFSPDOQEEVRDLMEKLHQELGESEPVNSGSTF I TMEMALTYDAVRVIA
KVST 11 IDANASISHL I LRKASELGMTSAFYKY ILTTMDFPILHLDGIVEDSSN I LGFSMENTSHPFYPEFVRSLNMSWREN-CEASTYLGPALSAALMFDAVHVVV

ETTKHLPYQP--QMLNCSERHDNVQPDGSTFRNYMRSLEIKEKT ITGRIYFEGN-VRKGFTFDV IELQTSGLVKVGTWEEGKDFEFQRPPQAVNFEND IDDGSLVNKT
SAVRELNRSQE IGVKPLACTSAN IWPHGTSLMNYLRMVEYDG--LTGRVEFNSKGQRTNYTLRILEKSRQG HREIGVWYSNRTLAMNATTLD INLSQT----LANK

FIVLISVATKPYASLVESIDTL IGNNQFQGYGVDL IKELADKLGFNFTFRDGGNDYGSFNKTTNSTSGMLKE I'VEGRADLAITDLT ITSEREEVIDFSIPFMNLGIA
TLVVTTILENPYVMRRPNFQALSGNERFEGFCVDMLRELAELLRFRYRLRLVEDGLYGAPEPNGSWTGMVGEL INRKADLAVAAFT ITAEREKV IDFSKPFMTLGIS

T™M1 T™M2

ILYVKPQKAPPALFSFMDPFSSEVWLYLGIAYLGVSLCFFI1GRLSPIEWDNPYPCIEE-PEELENQFT INNSLWFTTGALLQQGSE IAPKALSTRT ISAIWWFFTL
ILYRVHMGRKPGYFSFLDPFSPAVWLFMLLAYLAVSCVLFLAARLSPYEWYNPHPCLRARPHILENQYTLGNSLWFPVGGFMQQGSE IMPRALSTRCVSGVWWAFTL

T™M3

IMVSSYTANLAAFLTIENPTSP INSVKDLADNKDDVQYGAKRTGSTRNFFSTSEEP 1Y I KMNEYLN-AHPEMLMENNQQGVDKVKSGTKYAFLMESTSIEFNTVREC
11 1SSYTANLAAFLTVQRMEVPVESADDLADQTN-IEYGT IHAGSTMTFFQNSRYQTYQRMWNYMQSKQPSVFVKSTEEG IARVLN-SRYAFLLESTMNEYHRRLNC

™A

NLTKVGDPLDEKGYGIAMVKNWPYRDKFENKALLELQEQGVLARLKNKWWNEVGAGVYCSAKSDDDGPSELGVDNLSGIYVVLVIGSIISTTISILCWCYFVYKKAKNY
NLTQIGGLLDTKGYGIGMPLGSPFRDEITLAILQLQENNRLE ILKRKWWEGG----RCPKEEDHRAKGLGMENIGGIFIVLICGLI IAVFVAVMEFIWSTRRSAESE

EVPFCDALAEEFR IV IRFSENER - - — - - — o o o oo oo PLKSAQSI'YSRSRNSSQS IESLKT
EVSVCQEMLQELRHAVSCRKTSRSRRRRRPGGPSRALLSLRAVREMRLSNGKLYSAGAGGDAGSAHGGPQRLLDDPGPPSGARPAAPTPCTHVRVCQECRRIQALRA

SGAGAPPRGLGVPAEATSPPRPRPGPAGPRELAEHE
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MEENHFV ILWSLFSIHI SVNWAQYENFGGYDNYQSLESVPIGLLTDQNTEQMN IVFDHAIDVANQEVGTSLTSLKEEVNYGDAYQSYGKLCRMLETG IAGVFGPSSR
-MPAELLLLLIVAFASPSCQVLSSLRMAAILDDQTVCGRGERLALALAREQINGI I1EVPAKAR---VEVDIFELQRDS----QYETTDTMCQILPKGVVSVLGPSSS

-HTAVHLMS I CDAMDIPHIYSYMSEN-——-——- AEGFNLHPHPADLAKALYSLITEFNWTRFIFLYESAEYLNILNELTTMLGKSGTVITVLRYDMQLNGNYKQVLR
PASASTVSHICGEKE IPHIKVGPEETPRLQYLRFASVSLYPSNEDVSLAVSRILKSFNYPSASL I CAKAECLLRLEELVRGFL ISKETLSVRMLDDSRDP--TPLLK

RVRKSVDNR I VVVGSSETMPEFLNQAQQVG I INEDYKY I IGNLDFHSFDLEEYKYSEAN I TGLRLFSPEKMAVKELLMKLGYPTDQDEFRNGSCPITVEMALTYDAV
EIRDDKVSTI I IDANASISHL I LRKASELGMTSAFYKY ILTTMDFP ILHLDGI'VEDSSN ILGFSMENTSHPFYPEFVRSLNMSWRENCEASTYLGPALSAALMFDAV

QLFAQTLKNLPFKPMP--QNCSQRTESVRDDGSSFKNYMRTLRLTDRLLTGP IYFEGN-VRKGYHLDV IELQPSGI1VKVGTWDEDRQYRPQRLAPTTAQFDSVDNSL
HVVVSAVRELNRSQEIGVKPLACTSANIWPHGTSLMNYLRMVEYDG--LTGRVEFNSKGQRTNYTLR I LEKSRQGHRE I GVWYSN—---RTLAMNATTLD IN-LSQTL

ANKTF I ILLSVPNKPYAQLVETYKQLEGNSQYEGYGVDL IKELADKLGFNFTFVNGGNDYGSYNKSTNESTGMLRE IMTGRADLAITDLT I TSEREQALDFT IPFMN
ANKTLVVTTILEN-PYVMRRPNFQALSGNERFEGFCVDMLRELAELLRFRYRLRLVEDGLYGAPEPNGSWTGMVGEL INRKADLAVAAFT I TAEREKV IDFSKPFMT

™M1 T™M2

LGIAILYLKPQKATPELFTFMDPFSEEVWWFLGFSFLGVSLSFFILGRLSPSEWDNPYPCIEE-PEELENQFTLGNS IWFTTGALLQQGSE IGPKALSTRTVASFWW
LGISILYRVHMGRKPGYFSFLDPFSPAVWLFMLLAYLAVSCVLFLAARLSPYEWYNPHPCLRARPHILENQYTLGNSLWFPVGGFMQQGSE IMPRALSTRCVSGVWW

T™M3

FFTLIVVSSYTANLAAFLT IEKPQSL INSVDDLADNKDGVVYGAKKTGSTRNFFMTSAEERYKKMNKFMS-ENPQYLTEDNMEGVNRVKTNTHYAFLMESTSIEYNT
AFTLIT1SSYTANLAAFLTVQRMEVPVESADDLADQTN-IEYGT IHAGSTMTFFQNSRYQTYQRMWNYMQSKQPSVFVKSTEEGIARVLN-SRYAFLLESTMNEYHR

™4

KRECNLKK I GDALDEKGYG IAMRKDWPHRGKFNNALLELQEQGVLEKMKNKWWNEVGTG I CATKEDAPDATPLDMNNLEGVFFVLLVGSCCALLYGI I SWWLFVMKK
RLNCNLTQIGGLLDTKGYGIGMPLGSPFRDEITLAILQLQENNRLE ILKRKWWEGG----RCPKEEDHRAKGLGMENIGGIFIVLICGLITAVFVAVMEFIWSTRRS

AHHYRVPLRDALKEEFQFV IDFNNYVRVLKN= === - === oo SASTYSR=—————m oo SRQSSMSVASVAQESQ---
AESEEVSVCQEMLQELRHAVSCRKTSRSRRRRRPGGPSRALLSLRAVREMRLSNGKL YSAGAGGDAGSAHGGPQRLLDDPGPPSGARPAAPTPCTHVRVCQECRRIQ

ALRASGAGAPPRGLGVPAEATSPPRPRPGPAGPRELAEHE
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Subunit

Subunit

Subunit

Protein ID Gene ID Protein ID Gene ID Protein ID Gene ID
name name name
NP 610824
GluR-IIA NP 523484 33788 CG 3814 NP 725236 36418 CG 14586 NP 649013 39983
NP 001014716
GIuR-11B NP 523485 33789 CG 33513 NP 001014715 31107 CG 14585 NP 649012 39982
NP 001014714
GluR-IIC NP 608557
(GIuRIll) NP 722670 33275 CG 2902 NP 730940 40665 CG15732 NP 572795 32189
GIuR-IID
(=KaiRIA) NP 651982 44483 CG 30379 NP 724626 246578 CG 6185 NP 648455 39269
GIuR-IIE NP 001036733 318623 GluR | NP 476855 38742 CG 15324 NP 572411 31692
NP 651941
CG 11155 NP 726648 43822 GIuR IB NP 524755 44484 CG 11775 NP 649833 41052
NP 726649
NP 651931
CG 9935 NP 001036250 43806 CG 17274 NP 650923 42471 CG 10633 NP 647962 38616
NP 001036251
Clumsy NP 523610
(=CG 8681) NP 001036373 35394 CG 31718 NP 723585 318912 CG 10101 NP 649720 40891
CG 5621 NP 650927 42476 CG 2657 NP 001097043 33157 CG 15627 NP 608863 33683
NP 001036735
NP 649148
CG 3822 NP 650925 42473 CG 7385 NP 649176 40198 CG 8533 NP 730452 40157
NP 730453
CG 32704 NP 727328 31867 CG 14076 NP 649074 40065 CG 17275 NP 650924 42472
NP 725237
NP 725238
NP 523722 CG 33492
CG 3798 NP 725239 36419 (=CG 17587) NP 995744 2768714 CG 17152 NP 648548 39378
NP 725241
NP 725240

Table 1-1. Glutamate receptor genes in Drosophila genome. 36 different glutamate receptors genes are found in NCBI
database (National Center for Biotechnology Information).




Chapter Two

Furthering Pharmacological and Physiological Assessment of the
Glutamatergic Receptors at the Drosophila Neuromuscular Junction

INTRODUCTION

The function and pharmacology of glutamate receptors in general are of
prime interest since they are the major excitatory receptor type used within the
mammalian central nervous system (CNS). There are extensive investigations
into the pharmacology, physiology, molecular structure and regulation in
expression as well as turnover in mammalian preparations of glutamate
receptors (Dingledine et al., 1999; Hollmann and Hainemann, 1994; Lipsky and
Goldman, 2003; Mayer, 2005; Pauly et al., 2005; Seeburg, 1993; Thiagarajan et
al., 2005). Earlier studies on glutamate receptors at the neuromuscular junction
of insects and crustaceans paved the way to dissecting the functional aspects of
these receptors within vertebrates (Anderson et al. 1976; Cull-Candy and Parker,
1983; Gration et al., 1981; Jan and Jan, 1976; Patlak et al., 1979; Shinozaki and
Ishida, 1981; Shinozaki and Shibuya, 1974). Still today, invertebrate models
serve a vital role in describing regulation and developmental aspects of
glutamate receptor function (Featherstone et al., 2005; Guerrero et al., 2005;
Littleton and Ganetzky, 2000; Logsdon et al., 2006; Pawlu et al., 2004; Rasse et
al., 2005). Considering that Drosophila melanogaster is a true model organism
with a known genome and used for successful rapid induction of mutations in
various studies of development and synaptic mechanisms, it is important to
understand the pharmacological and physiological function within this model
synaptic neuromuscular preparation (Atwood et al., 1993; Betz et al. 1993; Jan
and Jan 1976; Kurdyak et al., 1994; Li et al., 2002; Li and Cooper, 2001; Pawlu
et al., 2004; Ruffner et al., 1999; Sigrist et al., 2002, 2003; Stewart et al., 1994,
1996).

The molecular sequence of the glutamate receptors on the Drosophila
skeletal muscle has been described; however, to date there are few detailed
investigations on the pharmacological profile of the intact larval Drosophila NMJ
(Chang and Kidokoro, 1996; Chang et al., 1994; Delgado et al., 1989; Schuster
et al., 1991; Zhang et al., 1999). Glutamate receptors are defined as NMDA (N-
methyl-D-aspartic acid) and non-NMDA subtypes (i.e. AMPA, kainate and )
based on their pharmacological sensitivity activating the receptors. The
molecular sequences of the glutamate receptors for Drosophila NMJs were
performed on the body wall muscles in larvae by isolating the skeletal muscle
and the body wall (skeletal muscles attach to the cuticle body wall). The total
MRNA was extracted from this muscle tissue and probed against an "affymetrix
Drosophila genechip". A number of Drosophila glutamate receptor subunits were
found to be present. The sequences isolated were identified by comparison to
whole larval DNA known sequences for glutamate receptors. The ones identified
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are GIuRIIA, GIuRIIB, GIURIIC and GIuRIID. GIuRIIE was later isolated when
real-time PCR was used to follow up on the amplified mRNA of the four receptor
subtypes in quantification of expression levels. The expression profile of the five
glutamate receptor subunits has been conducted in body wall muscle by in situ
hybridization for embryos and larvae (Guerrero et al., 2005; Marrus et al., 2004).

With the RT-PCR and the genomic profiling the sequence indicates that
there are 5 glutamate receptor subunits (DGIuR-IIA, DGIuR-IIB, DGIuR-IIC,
DGIuR-IID, DGIuR-IIE) expressed in skeletal muscle and all of them are
ionotropic receptors. In comparing the molecular sequence of these 5 muscle-
expressed glutamate receptors with vertebrates, they showed the most similarity
to the vertebrate kainate/AMPA receptor subtypes; therefore, they have been
defined as a kainate receptor subtype without pharmacological examination (Betz
et al., 1993; Guerrero et al., 2005; Marrus et al., 2004; Qin et al., 2005; Volkner
et al., 2000). However, a recent physiological and pharmacological study
demonstrates that the responses are primarily of a quisqualate subtype and not a
kainate or an AMPA subtype since the muscle is not depolarized by kainate or
AMPA at concentrations as high as 1mM (Bhatt and Cooper, 2005). In fact, it
appears that kainate might block the glutamate receptors since the excitatory
postsynaptic potential (EPSP) is reduced in the presence of kainate (on average
by 40% for 1mM and 500uM but about 20% for 100uM). The reduction in the
EPSP amplitude occurred without any significant change in resting membrane
potential; thus, kainate did not depolarize the muscle as observed for application
of glutamate or quisqualate (Bhatt and Cooper, 2005).

In addition, the procedures used to identify the molecular sequence of the
glutamate receptors at the NMJ, by homogenizing the skeletal muscle and body
wall, did not allow for assessment for potential presynaptic glutamate receptors.
In the past procedure, the CNS was removed and thus the cell bodies of the
motor neurons were not incorporated in the assay. Considering that there are
presynaptic glutamatergic receptors for neurons in the vertebrate CNS (Park et
al., 2006) and at crayfish NMJs (Schramm and Dudel, 1997), there may well be
pre-synaptic autoreceptors present at the Drosophila NMJ. Crayfish NMJs show
many similarities to the larval Drosophila NMJs (Atwood and Cooper, 1995, 1996)
which is not so surprising since they are both arthropods. However, mixed results
for the glutamatergic autoreceptors were obtained at the crayfish NMJ in that the
responses depended on the depolarized state of the nerve terminal for the
facilitatory action of exogenously applied glutamate and for the metabotropic
agonist t-ACPD (Schramm and Dudel, 1997). In addition, some preparations
showed a depression of presynaptic release while yet other preparations
exhibited excitation at the same concentration of t-ACPD. Regardless of the
response at the crayfish NMJ, there appears to be one or more types of
presynaptic, glutamatergic receptors for the crayfish preparation (Schramm and
Dudel, 1997). The earlier observation of the rapid reduction in the EPSP by
kainate at the Drosophila NMJ is most likely due to one or both of the following
factors: (1) antagonist action on the postsynaptic glutamate receptors; (2)
reducing the number of presynaptic vesicular fusion events. It is possible both
mechanisms might occur. Direct blocking action on postsynaptic receptors is a
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possibility for kainate as many known agonists can be antagonists for subtypes
within a receptor family (Chang and Weiss, 2002; Eberle et al., 2001; Hruby et al.,
2003). This is likely as a part of the extracellular receptor domains for glutamate
receptors must be similar in order to bind glutamate. However, at the 3™ instar
Drosophila NMJ the binding of kainate does not transduce activation of the
glutamate ligand gated ion channels (Bhatt and Cooper, 2005; Dudel et al. 1992;
Heckmann and Dudel, 1997). There is also precedence for kainate, a potent
agonist for some vertebrate metabotropic receptors, to act presynaptically in
reducing evoked transmitter release via autoreceptors on the presynaptic
terminals (Chittajallu et al., 1996; Frerking et al., 2001; Kamiya and Ozawa, 1998;
McLarnon and Quastel, 1988; Park et al., 2006). Kainate is known to bind
metabotropic glutamate receptors (Zhang et al., 1999) and have a presynaptic
action in altering transmitter release from presynaptic terminals in vertebrates
(Kamiya and Ozawa, 2000; Kamiya et al., 2002; Park et al.,, 2006). In rats,
kainate and the kainate receptor agonist, ATPA, act presynaptically in reducing
glutamate release from primary sensory neurons (Kerchner et al., 2001).
However, in the rat neocortex, kainate receptors have been demonstrated to
have both facilitatory as well as inhibitory actions due to dose dependent effects.
The mechanism proposed for the biphasic effect is that low doses excite the
presynaptic terminal while high doses have an inhibitory effect on the
postsynaptic target (Campbell et al., 2007). Thus, depending on the type of
preparation and dosage, kainate might excite or inhibit the presynaptic terminal.
The evidence suggests a mechanism of action via kainate-sensitive
glutamatergic autoreceptors through a metabotropic action within the presynaptic
terminals or by direct action on the presynaptic voltage-gated Ca®* channels (see
reviews Lerma, 2003 and Nicoll et al., 2000). In addition, the actions of glutamate
at newly hatched Drosophila larvae revealed presynaptic actions in enhancing
the occurrences of spontaneous events without any alteration in the amplitude of
the quantal currents (Zhang et al., 1999). The mechanisms suggested for this
phenomenon are that presynaptic autoreceptors are present which enhances
synaptic transmission. In addition, the pharmacological agonist (1S, 3S)-ACPD
for mGIuR mimicked the effect of glutamate (Zhang et al., 1999). This helps to
establish that autoreceptors at this NMJ are likely in the 3™ instar and that there
maybe developmental differentiation in presynaptic receptor subtypes to account
for the depressing action of kainate in the 3" instar.

The purpose of this study is to test for these possibilities. | have
approached this by accessing the characteristics of single quanta (i.e., peak
amplitude) and frequency of spontaneous events with intracellular measures of
miniature EPSPs (mEPSPs) from the whole muscle. | also examined further
pharmacological profiles of the Drosophila NMJ to build knowledge of this model
synaptic preparation.

METHODS

Electrophysiology and staging of flies
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All the electrophysiology and staging of larvae are routine procedures and
have been described previously. The dissection technique was previously
reported (Ball et al., 2003; Campos-Ortega and Hartenstein, 1985; Li et al.,
2002). The physiological saline is HL3 (in mM): 1.0 CaCl, 2H,0, 20 MgCl,, 70
NaCl, 5 KCI, 10NaHCOs3, 5 trehalose, 115 sucrose, 5 BES (N,N-bis[2-hydroxy-
ethyl]-2-aminoethanesulfonic acid) and adjusted to a pH of 7.2 (Stewart et al.,
1994). All experiments were performed at room temperature (20-21°C). The
recording techniques have been previously described for intracellular EPSP
measures (Dasari and Cooper, 2004; Sparks et al., 2004; Stewart et al., 1994)
and extracellular focal quantal recordings (Cooper et al., 1995a; Harrison and
Cooper, 2003). The compound amplitude of the excitatory postsynaptic potentials
(EPSP) elicited by Is and Ib motor nerve terminals in segment 3 of muscle m6
were monitored as in Kurdyak et al., (1994) and Ruffner et al., (1999). The
identified m6 muscle was used in each preparation. Only preparations with a
resting membrane potential of -50mV or greater were used and the HL3
dissection medium was completely replaced by HL3 media containing the
pharmacological compounds.

Quantal analysis

All quantal analysis of intracellular whole muscle recordings were as
described previously (Cooper et al., 1995b). The quantal analysis of measuring
spontaneous frequency and characteristics of the quantal shape are standard
approaches.

Pharmacology

In an earlier report (Bhatt and Cooper, 2005), actions of NMDA, AMPA, L-
glutamate, kainate, quisqualic acid, NBQX, AP5, and DNQX, with regard to
synaptic transmission and direct effects on the muscle fibers, was examined.
This study showed that kainate reduced evoked EPSPs. The same procedures
for exchanging the bathing medium with pharmacological agents were used. The
compound trans-(z)-1-Amino-1,3-cyclopentanedicarboxylic acid monohydrate (t-
ACPD) is a known mGIuR agonist (Holscher et al., 1997) and has been shown to
have some effect on newly hatched Drosophila larvae (Zhang et al. 1999). |
examined the actions of ATPA, a known agonist of the kainate receptor in
vertebrates, and 1, 3-ACPD on synaptic responses. The ATPA, domoic acid and
the trans-(x)-1-Amino-1,3-cyclopentanedicarboxylic acid monohydrate (t-ACPD)
were obtained from Sigma

Statistical analysis

A non-parametric analysis (Wilcoxon rank sum) or a parametric Student’s
t-test were used for assigning a significance at a p<0.05 depending on the
appropriate experimental design as explained in the RESULTS section.

Sequence Comparisons

All of the glutamate receptor amino acid sequences used are annotated in
National Center for Biotechnology Information (NCBI) database. There are 36
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different genes encoding 36 different kinds of glutamate receptor subunits in
Drosophila melanogaster. Among them, five subunits consisting of postsynaptic
receptors were compared to five different kainate type glutamate receptor
subunits in Homo sapiens. Both whole protein and extracellular domain
sequences of each subunit were aligned to show the similarity and calculate the
statistical matches between two species, respectively. The bl2seq in NCBI and
Clustal W were used to align two different protein sequences. In Clustal W the
default settings were used except ITERATION to alignment and NUMERITER
were set to 3.

RESULTS

In measuring the evoked EPSPs and spontaneous quantal events a 3rd
instar larvae is filleted so that each segment is observed. By stimulating a
selected segmental nerve, only one nerve root is recruited which is important
since the muscle fibers are electrically coupled between segments. Various
identified muscles with the rather simplistic innervation profiles are shown in
Figure 2-1A. In these studies, | utilized muscle 6 (m6) because of the well
characterized innervation as depicted in Figure 2-1B (Atwood et al.,, 1993;
Kurdyak et al., 1994; Li et al., 2002). The synaptic properties of the Is and Ib
motor nerve terminals have been previously described (Atwood et al., 1993;
Kurdyak et al., 1994; Li et al.,, 2002). | obtained similar measures as earlier
reported. | did ensure to observe all three sized EPSP events (Ib, Is, and Ib+Is) in
order to subsequently monitor the compound Ib+ls EPSP. The resting membrane
potential was also monitored and only preparations which did not appear
damaged or with a resting membrane potential more negative than -50mV, in
normal physiological saline, were used for assessing the effects of various
pharmacological agents.

Application of a saline containing kainate (1mM) rapidly reduces the EPSP
amplitude and the effect can be partially reversed by extensive exchanging the
bathing media back to normal saline (Figure 2-2A). The extant in the reduction of
the EPSP amplitude is dose-dependent, with an almost 50% reduction at 1TmM
(Figure 2-2B). All three concentrations produced a significant reduction in the
EPSP amplitudes (n=6 for each concentration; p<0.05 Wilcoxon rank sum non-
parametric). There is no significant effect on the resting membrane potential on
m6 for any of the three concentrations tested (Figure 2-2C). However when
considering sham control experiments of exchanging the bathing medium with
saline and providing the same time period in which EPSP measure were made
there is run down in the EPSP amplitude by 13.5% (Figure 2-2D). The individual
values are shown next to the mean value. The sham procedures produced a
significant effect in reducing the EPSP responses (n=6; p<0.05 Wilcoxon rank
sum non-parametric). The mean value was not subtracted from experimental
conditions with pharmacological agents in the remaining results, but this effect
should be considered. Thus, exposure to 500uM and 1mM kainate produced a
significant difference from sham control, whereas 100uM did not (p<0.05
Student’s t-test).
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In examining the effects of the AMPA and kainate receptor agonist,
domoic acid (10um and 1mM), the postsynaptic receptor sensitivity to
spontaneous quantal responses and the frequency of spontaneous events were
assessed. It was readily apparent that domoic acid at TmM rapidly reduced the
amplitude of spontaneous mMEPSP quantal events (Figure 2-3A) as well as the
frequency of occurrences (Figure 2-3B). Domoic acid at 10uM or 1 mM did not
produce an effect on the resting membrane potential (Figure 2-3C). Glutamate at
10mM produced similar effects in reducing the mEPSP amplitude and frequency
but this was compounded by the rapid depolarization that glutamate produced
(p<0.05; Figure 2-3C). The differences in the AMPA and kainate receptor agonist
and glutamate are that, domoic acid did not significantly depolarize the muscle;
however, the mEPSPs were still affected. The combination of domoic acid (1mM)
and glutamate (10mM) produced a reduced depolarization of the muscle and as
expected, a reduced mEPSP amplitude and frequency occurred (Figure 2-3B, C).
These results suggest domoic acid is an antagonist to the postsynaptic glutamate
receptors. The effect on the reduced frequency of the mEPSPs is due to the
gradual reduction in the mEPSP amplitude, such that they are not discernable
from noise in the baseline and thus are not detected to monitor their frequency.

Similar results were obtained for domoic acid as for kainate. The mEPSP
amplitudes and the frequency are reduced (Figure 2-4A, B). Also the resting
membrane potential is not significantly altered. In examining subtle effects on
single quantal events the shape of the quantal events were examined and
significant effects in rise time or decay were measured (data not shown). The
amplitude and area (i.e., area under the curve) of the mEPSPs both decreased in
a dose-dependent manner for 1ImM and 500uM (Figure 2-4C). With exposure to
kainate, the smaller mEPSPs appeared to fade into the background noise while
the previously larger mMEPSPs events were now observed as smaller mEPSPs.

Since the postsynaptic glutamate receptors on the muscle appear to bind
kainate, | expected the known agonist of kainate receptors, ATPA, to act similarly,
despite knowing that the receptors are not a kainate subtype. ATAP at 1mM did
not reduce the evoked EPSPs (Figure 2-5A, B) nor did ATPA have any effect on
the resting membrane potential (Figure 2-5C). In fact, some preparations
increased in the EPSP amplitude while others decreased, thus producing no net
significant effect.

If there are subtle effects of kainate in depressing presynaptic vesicular
docking or altering [Ca®']; dynamics, one would expect that facilitation or the
short-term depression (i.e., negative facilitation) index might detect such an effect.
A short four pulse train of 20Hz produces the characteristic response known for
this preparation, as shown in Figure 2-6A. The initial EPSP is normally used as a
relative reference to the 4™ EPSP in the train. It has been previously
demonstrated that 1mM [Ca®**], will produce a marked depression in the
response train where as 500uM [Ca®*], produces less depression and sometimes
a slight facilitation. Thus, both 1TmM and 500uM [Ca?*], were examined with 1mM
and 500uM kainate to unmask any ceiling effect in the depression by 1mM
[Ca®*], exposure. The 1% and 4™ EPSPs rapidly attenuate in amplitude upon
exposure to 1mM kainate and 0.5mM [Ca®*], (Figure 2-6B). The EPSPs also

55



show a large reduction to kainate when bathed with 1mM [Ca®*], (Figure 2-6C).
However, no significant differences, by parametric analysis (Student’s t-test), in
the facilitation index are observed among the four conditions for exposure to
kainate as determined by the difference in the median Fl values. The difference
is measured from saline to exposure of kainate within each preparation (n=5;
500%1M kainate-1mM [Ca*']o; 1mM kainate-1mM [Ca®*],; 500uM kainate-500uM
[Ca®*]o; 1mMM kainate-500uM [Ca*'],; Figure 2-6D). If the effect to exposure of
kainate (1mM) with 1mM [Ca**], is analyzed by non-parametric statistics, then
five out five preparations showed an increase in the mean FI (p<0.05, Wilcoxon
Rank Sum). However, two preparations showed only small increases of 10 and
12 %. Thus, | do not feel confident in stating that there is a significant increase in
the mean FI with kainate by non-parametric analysis. On the other hand, box-
whisker plots of the Fl values before and after exposure to kainate, for each
preparation, in the various paradigms revealed a trend again related to the same
data set of kainate (1mM) with 1mM [Ca®*], (Figure 2-7). The box-whisker plots
represent the median, 25”‘, 75”‘, and range. One can observe that the variability
in the distributions is larger for the kainate (1mM) with 1TmM [Ca®*], as compared
to the same preparations before the exposure. In the other paradigms the
variability is about the same for saline and kainate exposure. To further examine
this variability in Fl, the standard deviation for each preparation before and after
exposure to kainate was examined. Only the kainate (1mM) with 1mM [Ca®'],
showed a consistent trend (five out of five; p<0.05, Wilcoxon Rank Sum Test;
also by Student’s t-test p<0.05) with an increase in the variability while exposed
to kainate as compared to the saline baseline. The changes in the individual
preparations for this paradigm are shown in Figure 2-8.

In order to further investigate possible presynaptic, metabotropic
glutamate receptor action on the motor nerve terminals, the common
metabotropic glutamate receptor agonist trans-1-aminocyclopentane-1, 3-
dicarboxylic acid (t-ACPD) was used. Potentially, an increase or a decrease in
the evoked EPSP would be possible at this insect NMJ since at the crayfish NMJ
(also an arthropod species) an effect was reported (Schramm and Dudel, 1997).
However, no significant alterations on evoked EPSPs amplitudes (Figure 2-9A,
B) or on the resting membrane potential of the muscle occurred during exposure
to t-ACPD (500uM) at the Drosophila NMJ. In comparison to the sham saline
control (Figure 2-2D), the distributions in EPSP amplitudes over lap; thus, the
slight reduction in EPSP amplitudes with t-ACPD are not significant.

Discussion

In this study | showed, in a concentration-dependant manner, that kainate
rapidly reduced the amplitude of evoked EPSPs as well as the spontaneous
quantal events. The lack in any response of t-ACPD and ATPA as well as a lack
in these compounds mimicking kainate’s action suggest that there is not a
presynaptic mechanism of a kainate-like or metabotropic autoreceptors on these
motor nerve terminals. However, the kainate receptor agonist, domoic acid, did
follow the actions of kainate in reducing the evoked EPSPs. | suggest this action
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is due to domoic acid and kainate acting as an antagonist on the postsynaptic
quisqualate receptors present on muscle and that no presynaptic contribution
can be proposed for the rapid reduced amplitude in the evoked EPSP and
quantal responses. The reduced frequency in the spontaneous quantal
responses in the presence of kainate or domoic acid appears to be due to the
responses decreasing in size to a point that they are not detectable from the
noise or that the postsynaptic receptors are fully blocked.

The responses observed at the crayfish NMJ by Schramm and Dudel
(1997) for analogous types of NMJs as | used in the Drosophila larval NMJ
(Atwood and Cooper, 1995, 1996) must be different in regards to presynaptic
autoreceptors. In their study, t-ACPD and glutamate itself produced varied
responses in mean quantal content. Some preparations they reported showed an
enhancement while others a decrease in evoked postsynaptic events. They
concluded that there may be differential regulation in the type and density of the
metabotropic presynaptic autoreceptors to account for variation among
preparations and effects to t-ACPD and glutamate. There are methodological
differences in stimulating the nerve terminals. In my studies, | elicited action
potentials within the nerve to result in Ca?* influx and vesicular fusion. However,
Schramm and Dudel used depolarization pulses delivered over the terminal,
through the focal electrode, to directly open voltage-gated channels. Seal stability
with the focal electrode over the NMJ, longer than normal action potential
depolarization pulses and tweaking the current pulses to a fine degree in order to
balance a percentage of activating voltage dependent ion channels, would
appear to induce potentially more experimental variability among preparations
than inducing a standard action potential within the nerve for evoking synaptic
transmission. The large field effect of a current pulse, to induce presynaptic
depolarization, through a macropatch electrode could have an effect on the
postsynaptic glutamate receptors such that the receptor interaction with
pharmacological agents of even glutamate itself might be altered. To resolve
these issues in the crayfish would require selectively stimulating the motor nerve
and repeating the study.

As for domoic acid, the results suggest kainate is an antagonist to the
postsynaptic glutamate receptors in a dose-dependent manner. It appears
kainate can behave as an antagonist but not ATPA for these postsynaptic muscle
receptors. In addition, since ATPA did not produce any significant alteration in
the evoked EPSP amplitude, there does not appear to be any pre- or post-
synaptic action of ATPA. Quisqualate has been suggested to activate ionotropic
as well as metabotropic glutamate receptors just as glutamate does itself, which
suggests quisqualate is a non-selective glutamate receptor agonist (Schoepp et
al., 1990). However, AMPA, which is significantly similar to quisqualate in
structure and is a weak kainate receptor agonist, cannot activate nor even bind to
homomeric GIuR®6 kainate receptor (Egebjerg et al., 1991). Such differences may
be induced by steric hindrance near the ligand binding domain. In fact, AMPA did
not change the EPSP amplitude in my studies, but kainate resulted in reduced
amplitude by acting as an antagonist. Therefore, there seems to be other factors
besides steric hindrance. It would seem likely that a ligand binding site of kainate
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at the Drosophila NMJ would be highly conserved to the vertebrate kainate
receptor, since kainate is blocking evoked responses; however, the similarity of
extracellular domains are not very high. Recent studies suggested that the
properties of ionotropic glutamate receptor subunits can be changed by mutating
the amino acid at the second transmembrane segment which forms the lining of
the pore region (Bochet et al., 1991; Curutchet et al., 1992; Verdoorn et al.,
1991). For the functional muscle-expressed glutamate receptor GIuR-IIC, GIuR-
[ID, GIuR-IIE and either GIuR-IIA or GIuR-IIB is essential for function. Therefore,
only based on the ligand binding domain tetrameric structure was suggested.
The correct subunit stoichiometry is not known. The receptor can be pentameric
or higher such as (IIA)(11B)(IIC)(IID)(IIE) or (HA)(HA)(IIC)(IID)(IIE) to be functional.
Also, glutamate receptor complexes which contain either GIuR-IIA or GluR-IIB
have opposite physiological properties by showing slow and fast desensitization,
respectively (DiAntonio et al., 1999). Thus, as constituted receptor subunits are
put together it is likely that the receptor is functionally changed. There could also
be mixed subunit combinations along the nerve terminal among the many
synaptic sites, since the terminal is developmental different in age along its
length (Atwood and Cooper, 1995; He et al., 2009; Li et al., 2002) and function
(Bogdanik et al., 2004; Guerrero et al., 2005; Marrus et al., 2004; Liebl and
Featherstone, 2005;). Developmental alteration in kainate receptors are known
in vertebrates (Lee et al., 2001). Thus, variability in whole muscle responses to
pharmacological agents might be masked, but if older and younger regions of the
terminals were monitored with focal macropatch electrodes larger differences in
the pharmacological profiles and sensitivities might be observed.

It was proposed that the five subunits consisting of postsynaptic receptors
in Drosophila NMJ are somewhat similar in homology to kainate receptors in
vertebrates and thus, they were termed kainate-like (Betz et al., 1993; Guerrero
et al., 2005; Marrus et al., 2004; Qin et al., 2005; Vdlkner et al., 2000). In
comparing the postsynaptic receptor molecular sequence of Drosophila NMJ with
a kainate receptor in Homo sapiens, which contains the highest homology in the
vertebrates, each subunit shows a moderate similarity between two species.
Extracellular domains of the receptors are not significantly higher in similarity
compared to total sequence (Figure 2-10). In a phylogeny tree with 36
glutamate receptor protein sequences in Drosophila melanogaster and human’s
NMDA, kainate and AMPA receptors, the five subunits of postsynaptic receptors
in Drosophila NMJ appear to be in a different subgroup to even the closest of the
vertebrate kainate/AMPA type receptors (Figure 2-11).

There are multiple examples of pre- and/or post-synaptic action of kainate
in enhancing or suppressing synaptic transmission in vertebrate neuronal circuits
(Grabauskas et al.,, 2007; Hegarty et al., 2007; Kamiya and Ozawa, 2000;
Pinheiro and Mulle, 2008; Rozas et al., 2003; Schoepp, 2002); and it has been
reported earlier that kainate blocked synaptic transmission at the Drosophila NMJ
(Chang and Kidokoro, 1996; McLarnon and Quastel, 1988). However, the earlier
studies with Drosophila did use Schneider’'s Drosophila medium which is known
to have a depressing action on synaptic transmission itself (Ball et al., 2003;
Stewart et al., 1994). Mechanistically | do not know how kainate is blocking
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transmission, but it appears likely that kainate acts as an antagonist in this
preparation. Possible kainate could act on the receptor to desensitize it to
glutamate or in addition act as a non-competitive antagonist. Quisqualate
receptors are known to be prone to desensitization at the crayfish NMJ (Tour et
al., 2000) as well as other glutamate receptors (Sun et al., 2002).

The results with kainate at different concentrations and the two
concentrations of bathing [Ca®], is interesting since only the one condition of
1mM kainate and 1mM [Ca**], produced a significant trend in both an increase in
the median FI value as well variability in the responses as compared to baseline
saline exposure (Figures 2-7 and 2-8). As stated earlier the increase in median
values is small in some preparations so | am cautious in bearing too much
emphasis on this result; however, the increase in variability when exposed to
kainate is of interest. If kainate is acting as a competitive antagonist then it is
feasible to speculate with each pulse in the stimulus train the glutamate is
resulting in a greater displacement of the kainate and possibly resulting in more
competitive-competition. As the glutamate is being taken back up in the nerve
terminal by the glutamate transporters, kainate’s action can dominate producing
very variable responses on the amplitudes of the EPSPs throughout the four
pulse train. Considering when saline is exchanged for saline containing kainate,
the 1 EPSP within the train is dampened significantly by the antagonistic action
and during the evoked release of glutamate then the kainate is displaced would
possible explain the slight, but consistent, increase in the median Fl values as
well for this experimental paradigm. This also follows for the concept that when
the [Ca®*'], is reduced to 0.5mM, the evoked amount of glutamate is not as
pronounced so less displacement of the kainate would occur, which might
explain why there is not as change on Fl or on the median as well as the
variability in the FI (Figure 2-7). | am not aware of reports addressing
pharmacological examination of competitive antagonists during pulse trains to
account for fluctuation in facilitation measures to compare my findings. More
studies are warranted to examine this tentative working model in competitive
antagonism during synaptic facilitation/depression to explain the mechanistic
details behind these findings.

Since | have not been able to detect any presynaptic autoreceptor function
at these NMJs, it would be interesting to know if these motor neurons produce
mRNA for any glutamate receptor subtype. There has yet to be investigation of
possible presynaptic actions at other NMJs in the larvae or adult of Drosophila.
The subset of junctions that | examined may not be indicative of all the
Drosophila NMJs, so further investigations are warranted.
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Figure 2-1:
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20 msec

The dissected 3™ instar Drosophila larva preparation. (A) The
preparation is pinned at the four corners to keep the preparation
taut. The ventral abdominal muscle m6 is used in this study. The
segmental nerves are stimulated by placing the nerve into a suction
electrode and recruiting the Is and Ib motor neurons. (B) The
terminals of Ib and Is on m6 and m7 are readily observed after
treatment with fluorescently tagged anti-HRP antibody (Scale:
50um). (C) Elicited excitatory postsynaptic potentials (EPSPs) in
m6 are measured with an intracellular recording. Representative
individual responses from the Ib and Is motor axons as well as the
composite Ib and Is response are shown for a early 3rd instar.
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The effect of kainate on the evoked EPSP amplitudes. (A)
Application of 1mM kainate reduces the EPSP rapidly and the
effect can be partially washed out. (B) The dose-response effect in
damping the EPSP amplitude. For all concentrations of kainate the
EPSP amplitudes are reduced. (C) The dose-response effects on
the resting membrane potential for m6. The resting membrane
potentials do not appear to be changed. With the maintaining
resting membrane potential, reduced EPSP amplitudes are induced
by the antagonistic action of kainate. (D) Sham control for
exchanging the saline bath and time revealed a 13.5% reduction in

the EPSP amplitude. When compared to sham control, both 500uM
and 1mM still show significantly reduced EPSPs (around 46%
decrease)
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Figure 2-3: Effects of domoic acid (agonist for AMPA and kainate receptors) at

the NMJ. Domoic acid is a potent kainate receptor agonist. (A)
Spontaneous or mEPSPs (miniature EPSPs) are reduced in
amplitude upon exposure to 1mM of domoic acid. With washing out
the domoic acid, the spontaneous responses gradually come up
again. (B) The frequency of mEPSPs is reduced by domoic acid in
a dose-dependent manner. Glutamate mimics the effect. (C)
Domoic acid did not produce a consistent effect on the resting
membrane potential; however glutamate produced a drastic
depolarization fitting for agonistic action. Domoic acid attenuates
the effect of glutamate on membrane depolarization. So, domoic
acid appears to be blocking the glutamate action on the muscle.
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Effects of kainate (1 and 0.5 mM) on mEPSPs properties. (A)
Spontaneous or mEPSPs (miniature EPSPs) are reduced in
amplitude upon exposure. (B) The frequency of mEPSPs is
reduced by domoic acid in a dose-dependent manner, as well as
the (C) amplitude and area of the mEPSPs. Kainate seems to be
acting presynaptically as well as postsynaptically. However, the
problem of this measuring is that the mEPSPs can be buried within
the noise as the amplitude of MEPSPs are reduced.
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Figure 2-5:

Effects of ATPA (1 mM; a selective agonist of vertebrate GIuR5, kainate
receptors) on the amplitude of evoked EPSPs (A), (B) as well as the
resting membrane potential of the muscle (C). ATPA does not
appear to alter the EPSP amplitude or the resting membrane
potential.
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Figure 2-6: Effects of kainate on short-term depression (i.e., negative

facilitation) with varied [Ca*'],. (A) A four pulse stimulus train
delivered at 20Hz results in an initial large EPSP followed by
depressed responses. The procedure for measuring EPSP
amplitudes is indicated. Facilitation index (Fl) is then calculated
from these measures. (B) A typical response for the effect of
kainate (KA; 1 mM) on the pulse train in the presence of 0.5 mM
[Ca®*]o. (C) A typical response for the effect of KA (1 mM) on the
pulse train in the presence of 1 mM [Ca®],. (D) The difference in
facilitation index (Fl) is shown for both 1mM and 0.5mM KA with
either 1mM or 0.5mM [Ca®*],. The differences in the median values
are obtained from the difference in Fl saline to exposure of KA
within each preparation. (n=5 for each paradigm; * p<0.05
Wilcoxon Rank Sum Test for the effect of KA as compared to
saline).
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Figure 2-7: Effects of kainate (KA) and calcium on Fl. Box and whisker plots for
Fl in various conditions are shown as before and after exposure to
kainate, for each of the five preparations in the four experimental
conditions. The plots show the median, 25", 75" percentiles and
range. In almost all preparations, median values of Fl index seem
to be the same before and after exposure to kainate. So, kainate
does not appear to have a presynaptic action. With 1mM Ca** and
1mM kainate, both median and variation of Fl index are increased
in five out of five preparations after exposure to kainate. However,
after changing the [kainate] into 0.5mM, neither median nor
variation of facilitation index shows a consistent increase in values.
So, kainate seems to be acting as a competitive antagonist.
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Figure 2-8: The standard deviation (SD) for each preparation before and during
exposure to kainate (1mM) with 1mM [Ca**], produced a consistent
trend in increasing in the variability among the data sets while
exposed to kainate (KA) as compared the saline (S) baseline
(p<0.05, Wilcoxon Rank Sum Test; also p<0.5 Student’s t-test).
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Figure 2-9: Action of t-ACPD on evoked EPSPs and resting membrane
potential. (A) Evoked EPSPs in saline and during exposures to t-
ACPD (50 pM). (B) The mean percent change in the amplitude of
the evoked EPSPs with exposure to t-ACPD. (C) The mean percent
change in the resting membrane potential with exposure to t-ACPD.
t-ACPD does not appear to have an action on the postsynaptic
muscle or the glutamate receptors.
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Figure 2-10: Sequence comparison of five postsynaptic receptor subunits

identified from Drosophila muscle mRNA to the five known human
kainate receptor subunits. Each two sequences were compared by
using a blastP alignment. The top bar is a comparison for the total
protein sequence. The bottom bar is a comparison of the putative
extracellular domains among the proteins. The gray area is the
percentage of identical sequence and the white are is the percent in
similarity based on the blastP (NCBI) algorithm. The five human
receptor subunits used are: (A) GIuRS5; (B) GIuR6; (C) GIuR7; (D)
KA1; and (E) KAZ2.
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Figure 2-11: Phylogeny tree comparing all known putative 36 ionotropic

glutamate receptor subunits in the Drosophila genome with human
glutamate receptors (kainate receptor subunits GluR5, GIuR6 and
KA2; AMPA receptor subunit GluR1; NMDA receptor subunits NR-1
and NR-2). The comparison was performed by ClustalW2 (EMBL-
EBI).
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