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Abstract. The gene superfamily of ligand-gated ion and p41849 fromC. aenorhabditis eleganare deter-
channel (LGIC) receptors is composed of members ofmined to be different from their previously given anno-
excitatory LGIC receptors (ELGIC) and inhibitory LGIC tations. The proposed branching classification of ILGICs
receptors (ILGIC), all using amino acids as ligands. Theprovides a phylogenetic map, based on protein se-
ILGICs, including GABA,, Gly, and GIuCl receptors, quences, for tracing the evolutionary pathways of ILGIC
conduct CI when the ligand is bound. To evaluate the receptor subunits and determining the identities of newly
phylogenetic relationships among ILGIC members, 90discovered subunits on the basis of their protein se-
protein sequences were analyzed by both maximumeguences.

parsimony and distance matrix-based methods. The

strength of the resulting phylogenetic trees was evaluatedley words: Classification — Evolution —y-Amino-

by means of bootstrap. Four major phylogeneticbutyric acig, — Glutamate — Glycine — Ligand-gated
branches are recognized. Branch I, called Bz, for thechannel — Phylogeny — Receptor

majority of the members are known to be related to ben-
zodiazepine binding, is subdivided into I1A, composed of
all GABA rec_eptora _subunits, and IB, com_posed _of the Introduction
v ande subunits, which are shown to be tightly linked.
Branch I, named NB for non-benzodiazepine binding,
and consisting of GABA receptor, 8, , andp sub-
units, is further subdivided into IlA, containing sub-
units; 1IB, containingd, andw subunits; and IIC, con-
taining p subunits. Branch IlIA, composed of vertebrate
Gly receptors, is loosely clustered with Branch 11IB,
composed of invertebrate GIuCl receptors, to form
Branch I, which is designated NA for being non—
GABA responsive. Branch 1V is called UD for being

Ligand-gated ion channel (LGIC) receptors form a gene
superfamily (Betz 1990) composed of excitatory cation
channels gated by acetylcholine (nNACh) and serotonin
(5HT3) and inhibitory anion channels gated by
aminobutyric acid (GABA), glycine (Gly), and gluta-
mate (GIuCl). The members of the superfamily share
high degrees of amino acid sequence similarities and are
therefore believed to have similar three-dimensional (3-
undefined in specificity. The existence of primitive D) structures (Unwin 1.993).They are I|kglyto be hetero-
or homopentamers, with a large N-terminal extracellular

forms of GABA, receptor nor3 subunits in inverte- . .
brates is first suggested by the present analysis, and thdeOmaln followed by transmembrane and cytoplasmic do

identities of sequences p25123 frdbmosophila mela- mains (Karlin 1993). As members of the LGIC super-

. family are often important pharmaceutical targets, their
nogaster,s34469 fromlymnaea stagnalisand u14635 3-D structural resolution would greatly facilitate the

study of drug—-receptor interactions. However, the oligo-
meric and membrane-bound nature of these receptors has
Correspondence tad. Xue; e-mail: hxue@usthk.ust.hk so far obstructed all attempts to obtain suitable starting
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Table 1. Fifty-eight sequences of ILGICs from vertebrates

Accession No.

Receptor Subunit Human Bovine Rat Mouse Chicken Goldfish
GABA, al p14867 p08219 p18504 — p19150 —
a2 p47869 p10063 p23576 p26048 — —
a3 p34903 p10064 p20236 p26049 — —
ad p48169 p20237 p28471 — — —
o5 p31644 — p19969 — — —
ab 81944 — p30191 p16305 — x94342
vl — — p23574 — — —
v2 p18507 p22300 p18508 p22723 p21548 —
v3 — — p28473 p27681 — —
v4 — — — — p34904 —
€ y07637 — — — — —
Bl p18505 p08220 p15431 p50571 — —
B2 p47870 — p15432 — — —
B3 p28472 — p15433 — p19019 —
B4 — — — — p24045 —
d — — p18506 p22933 — —
T u95367 — u95368 — — —
pl p24046 — p50572 — — —
p2 p28476 — pa7742 — — —
p3 — — p50573 — — —
Gly al p23415 — p07727 — — —
a2 p23416 — p22771 — — —
a3 — — p24524 — — —
B p48167 — p20781 p48168 — —

materials for 3-D structural studies by either X-ray oring GABA,, Gly, and GIuCl receptor subunits, are sta-
nuclear magnetic resonance (NMR). The lack of infor-tistically analyzed for their evolutionary relationships
mation about the origin of LGIC receptors has also ham-using both cladistic and phenetic methods supported by
pered the application of homology modeling to elucidatethe use of the resampling method, bootstrap, to test the
the tertiary structure of these receptors. robustness of resulting tree nodes. Known ELGIC recep-
As a result of the combined power of patch clampingtor subunits are used as the outgroup, which offers the
and molecular genetics, new ion channel receptors fronbest basis for placing the root on the phylogenetic trees.
various phylogenetic sources are constantly being clonedhe level of sequence density employed has allowed the
and characterized (Betz 1990). These advances alordgglineation of four major phylogenetic branches. This
with progress in genomic sequencing, including the combranching classification provides a basis for not only
plete sequencing of four entire genomes from three phytracing the evolutionary history of ILGICs, but also pre-
logenetic kingdoms (Garret 1996), have made possiblelicting the ligand specificity of newly discovered ILGIC
an evolutionary analysis of the LGIC receptor superfam-receptor subunits.
ily. The molecular evolution of nACh receptors, an ex-
citatory LGIC (or ELGIQ) multigeng family, has been Materials and Methods
the topic of several publications (Naweand Changeux
1995; Ortells and Lunt 1995; Gundelfinger 1995), in
contrast to the much less discussed inhibitory LGIC (or

ILGIC) receptors_. Recen_tly’ Ortells and Lunt (1995) ar_]a-Protein sequences were obtained from the SwissProt (release 34.0) or

lyzed the evolutionary history of the whole superfamily pg (release 50.0) databases or deduced from DNA sequences in the

of LGIC receptors, including 47 GABAand Gly recep-  GenBank (release 97.0) database. We used the tools provided with the

tors, but not the GIuCl receptors. Their study was basedequence Analysis Software Package, GCG, Version 8.1.0 (Genetic

on nucleic acid sequences of the receptor subunits. “Eforpputer Group 1994), EGCG (Rice 1996)|and Entrez available at the

contrast, the present study attempts to infer phylogenieganonal Center of_BlotechnoIogy Information for data_base_search and
. ’ A Sequence conversion. The sequences employed are listed in Table 1 for

from protein sequences, since the greater conservation QLrtebrates and Table 2 for invertebrates.

amino acid sequences should allow us to bring more

information to bear on ancient origins of lineages. Only alignment of Sequences

the phylogeny of ILGICs as a subissue of the phylogeny

of the whole LGIC superfamily is addressed. Accord- wyitiple sequence alignments were performed by means of the pro-

ingly, 90 protein sequences of ILGIC members, includ-gram PILEUP from the GCG package, according to the empirical scor-

Sequence Data
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Table 2. Thirty-six sequences of ILGICs from invertebrates

Species Receptor Suggested
Lineage (common name) Acc. Nd. (alternative name) Subunit  identity’
Arthropoda Drosophila melanogaster X78349 LGIC (Grd, Gly-like) GA a/y-like
(fruit fly) p25123 GABA (LCCHS3, gabdrome) B GL/GA
08832 GABA (gab3drome) B-like GA B
m69057 GABA (Rdl; cyclodiene resistant) GL/GA
u02042 GABA GL/GA
u58776 GluCl GluCla
Arthropoda Aedes aegypti s33744 GABA-like (RdI; cyclodiene resistant) GL/GA
(yellow fever mosquito)
Mollusca Lymnaea stagnalis p26714 GABA (gablymst) B GA B
(great pond snail) $34469 GABA-like 4 GL
Nematoda Caenorhabditis elegans u40187 GABA-like GA/GL
250016 GABA-like GAIGL
ul4525 GluCl B GluCI B
s50864 GluCl a GluCl «
u41113 ILGIC (Cegbr 3) GluCla
u40573 ILGIC (Cegbr 2) GluCla
u64840 LGIC-like GluCl «
ul4635 GABA/Gly-like GluCl
270270 GABA B-like ILGIC
z74040 GABA B-like ILGIC
p41849 Gly-like (yo99 caeel) ILGIC
u28929 Gly a-like ILGIC
268217 Gly-like ILGIC
ud0422 GABA-like ILGIC
z46791 GABA B1-like ILGIC
250027 GABA-like ILGIC
u64843 LGIC-like ILGIC
u40948 LGIC-like ILGIC
749888 LGIC-like ILGIC
u40573 LGIC-like (Cegbr2) —
u42836 LGIC-like —
u59743 GluCl —
u59744 GluCl —
u64840 LGIC-like —
Nematoda Haemonchus contortus x73584 ILGIC-like Gaa/y-like?
y09796 GluCl B GluCI B
Nematoda Onchocerca volvulus u59745 GluCl GluClx

@ Accession No.: underlined, suggested identity is different from previous annotation; boldface, newly suggested identity.
PGA, GABA,; GL, GIuCl/Gly; ILGIC, undifferentiated ILGIC; —, not included in the present analysis.

ing matrix PAM250 (Dayhoff 1979), with a gap creation weight of 6.0 was tested by bootstrap analysis (Felsenstein 1985) with either 100 or
and a gap length weight of 0.01. Most variable sequences from the NLOOO (as specified in the figure legends) replications employing the

and C termini are excluded from further analysis. The alignments wergrogram SEQBOOT. Majority-rule consensus trees were obtained with

cross-checked using a more sensitive program, CLUSTAW (Thompsorthe program CONSENSE.

et al. 1994), which made no difference to the final results.

Phylogenetic Analyses Results and Discussion

Multiple alignments of amino acid sequences were analyzed using thi\linety-four protein sequences (Tables 1 and 2) were

PHYLIP 3.57c software package (Felsentein 1993). For cladistic analy-retrieved from databases. They all have some highly
sis, the program PROTPARS based on the maximum-parsimony algo. )

rithm (Fitch 1971) was used to construct phylogenetic trees. For phe-CharaCterIStIC sequence motif, for example’ a 15-residue

netic analysis, the program FITCH (Fitch and Margoliash 1967) wasCysteine (Cys) .|00p in the N-terminal domain, and all are
employed. Based on sequence alignments corrected distances wegnotated as ligand-gated Gbn channel receptors re-
calculated according to the PAM250 scoring matrix using PRODIST ofgardless of the ligand being GABA, Gly, Glu, or, in

the PHYLIP package and scaled in expected historical events per sitgome cases. unidentified Eighty-eight sequences of
(Dayhoff 1979). Gaps were treated as missing data and excluded from . ’ )

the calculations. The matrices were then used to construct additionaﬁ“n_ety'flve were allgned with PI_LEUP’ five _Of the _re_'
trees by the least-squares method of program FITCH from the PHYLIPMAINING seven sequences bearing excessive variations
package (Fitch and Margoliash 1967). The strength of the tree topologyand two others being published recently (Hedblom and
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Fig. 1. Bootstrap majority-rule consensus tree obtained from 100GLY, Gly receptor; GLU, Glu receptor; & subunit; b, subunit; g,

replicates (SEQBOOT, PROTPARS, and CONSENSE programs) of 88y subunit; d,d subunit; e.e subunit; p,m subunit; r,p subunit; chick,
ILGIC sequences using nACh receptor sequence ach9_rat as an outhicken; gfish, goldfish; drom@&rosophila melanogastetymst, Lym-

group with 80 informative sites. For clarity, bootstrap numbers arenaea stagnalis;caeel, Caenorhabditis eleganshaeco,Haemonchus
omitted. Abbreviations used in Figs. 1-4: GAB, GABAeceptor; contortus;oncvo,Onchocerca volvulus.

Kirkness 1997). Two most highly conserved regions arebetween the two regions. The consensus tree obtained
revealed by the alignment. The first region covers thefrom 100 bootstrap replicates is shown in Fig. 1.
15-residue Cys loop, while the second spans the three To carry out a thorough search of tree topologies, the
tentative transmembrane segments M1-M3. Other re90 sequences were divided into smaller groups and sub-
gions of the sequences are generally more variable thajected to further extensive analysis. Results from analyz-
these two. For example, a LGIC-like sequence (Accesing various combinations of sequences are summarized
sion No. x78349 (Harvey et al. 1994) froBrosophila  in Table 3. Only one example of such group analysis is
melanogastehas a long insertion of about 70 residuesprovided graphically (Figs. 2 and 3). This group is a
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Table 3. Branch classification of ILGIC receptor subunits relative closeness between members of the same branch.
The striking difference in pairwise distance between or-

Branch Nameé Members thologs (Table 5) suggests an inconstancy in evolution-
I BZ GABA , receptora andy subunits plus ary rates of ILGICs. Therefore no attempt was made to
the new classg subunit estimate the divergence times using the molecular clock
1A GABA , receptora subunits assumption.
1B GABA , receptory ande subunits
Il NB GABA , receptor, 3, andp subunits plus
the new classy subunit .
1A GABA 4 receptorf subunits GABA’* Receptor Subunits
11B GABA , receptord and subunits .
lc GABA , receptorp subunits Fifty-three GABA, receptor sequences (Tables 1 and 2),
1] NA Gly and GIuClI receptor subunits forty-four from mammals, five from chicken, one from
A Gly receptor subunits goldfish, two from fruit fly, and one from the great pond
s G'Ug' gecegstgfzgumg'tzz 0048, UBaBA3 snail, were analyzed. Among these are two newly dis-
v ub p4§ 42'75;‘ 250057”422'82i7”4z7:27'0u 4843, covered subunit classes, namety(Davies et al. 1997)
274040, 749888 ' ’ and w (Hedblom and Kirkness 1997) subunits. All
Intermediates known subtypes of GABA receptor subunits can be
I-like X78349 divided into the two monophyletic Branches | and Il
ini-like m69057, u02042, 33744, u40187, (Figs. 2 and 3). Branch | comprises all known GABA

250016, p25123 receptora and+y subunit sequences, plus the new class,

2BZ, relevant to benzodiazepine binding; NB, not involved in benzo- the & subunit. As thea and+y subunits are known to
diazepine binding; NA, nonresponsive to GABA; UD, specificity un- carry, respectively, the principal and the complementary
defined. parts of benzodiazepine sites, Branch | is called BZ.
Branch | is further divided into two monophyla, named
IA for all « subunits and IB for ally and & subunits.
collection of 30 representative sequences (Figs. 2 and 3Branch |I, composed of GABA receptor, 3, andp
This sample collection included one sequence from eacBypunits as well as the new class, thesubunit, is des-
subtype of the GABA, and Gly receptors, along with thejgnated NB because a majority of the members of this
NACh receptor subunit ach9_rat as an outgroup. Sepranch are known not to be directly relevant to benzo-
quences from rat were chosen from orthologs wherevegijazepine binding. Under Branch II, ap subunits
feasible. For GABA receptory4 andp4, for which no  clearly form the monophylum I1A, and ap subunits
rat orthologs were available, chicken sequences werggrm another monophylum, 1IC. Bootstrap did not
employed. Seven invertebrate sequences were also iRtrongly support the assignment dfsubunits as either
cluded due to their being significantly different from the jao or 1IC members. They are therefore assigned to a
vertebrate sequences. Among them, three were frorgeparated secondary branch, 11B. The newly discovered
Drosophila melanogastet.e., gab_drome, x78349, and  subunit is assigned to 1B based on our analysis.
ub58776. Two of them, gab_lymst and 534469, were from Most recenﬂy’ Davies et al. (1997) Suggested the oc-
Lymnaea Stagna”SWhile the Other tWO, ul4s25 and currence of a new class of human GAEﬁeceptor sub-
y09796, were fromCaenorhabditis eleganand Hae-  ynits, ¢, based on its pharmacological property of con-
monchus contortustespectively. Other group-analysis ferring insensitivity to the potentiating effects of the
results are available on request. intravenous anesthetic agents propofol, pentobarbital,
and pregnanolone. The sequence of theubunit is
nearly identical to that of a putative GABA-gated chlo-
ride channel subunit expressed in the human cardiac con-

Four major branches were delineated by both the maxiEJUCtlon system (Garret et al. 1997)’ with the. exception
that the former has one extravaline (Val) residue at po-

mum-parsimony (Figs. 1 and 2) and the distance matrix-_. . . . .
based (Fig. 3) methods. Branches | and Il each can bgltlon 261. The latter was not included in our analysis, to

further subdivided into two secondary branches, A anoz i\;o(lgiresdLénsr?ggltg?gr?gu:qlééisﬂoggcbyrgﬁr a\;\';'i?rl]y;"
B, while Branch Il is divided into A, B, and C (Table 3). gs. phyletic group

Alignment with either achl_caeel or 5ht3_mouse as artlhte Othe? suk;)um_tts. I?hthlsthsense, It ma;; belregarded as
outgroup did not change these tree topologies. Th& YPE Oty subunitraiher than a separate class.
ranges of pairwise distances between and within

branches are presented in Table 4 to provide a numericgly and GluCl Receptor Subunits

estimation of the relationships among the sequences.

While the interbranch distances point to the relativeBranch Il is named NA for being hon—GABA respon-
closeness between branches, the intrabranch distancsive; it is essentially a collection of chloride channel

shown on the diagonal in Table 4 are indicative of thereceptors gated by either Gly or Glu. The fact that

Branches of ILGICs
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Fig. 2. Bootstrap majority-rule consensus tree obtained from 1000 replicates (SEQBOOT, PROTPARS, and CONSENSE programs) of 30 ILG
sequences along with nACh receptor sequence ach9_rat as an outgroup. The reconstruction is based on the alignment shown in Appendix 1
267 informative sites. Thaumbers beneath the branchgise the bootstrap values of 1000 replications.

GABA , and Gly receptors are closely related has longtors are related to those of Gly and GABAeceptors
been noted from their high sequence similarity. This(Cully et al. 1994). Figures 2 and 3 further suggest that
close relationship is statistically confirmed by the presentGIluCl receptors are closer to Gly receptors than they are
analysis. In an evolutionary analysis of the whole LGICto GABA, receptors.

receptor superfamily, including ELGICs and ILGICs, The clustering of Gly and GluClI receptors into Branch
Ortells and Lunt (1995) suggested that Gly receptordll is indicated by both cladistic (Fig. 2) and phenetic
were derived from GABA receptors. Although the pre- (Fig. 3) analyses, but only weakly supported by boot-
sent study does not provide strong support for this hystrap. This looseness in the clustering as shown by the
pothesis, the closeness between GABs#d Gly recep- low bootstrapping rate and the relatively large distances
tors is evident from the pairwise distance values (TablgTable 4) between Gly and GluCl suggest that contem-
4). It has been noted that the sequences of GIuCl recegorary Gly and GIuCl receptors are derived from a rela-
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tively remote common ancestor. The internal stabilitiesmust have occurred after the divergence of invertebrates

of the two secondary branches, IlIA, with all the Gly and vertebrates. Given the clustering of Branch I1I1A with

receptors, and IlIB, with all the GIuCl receptors, are Branch IlIB, Gly and GluCl receptors possibly represent

strongly established by bootstrapping. This confers subthe vertebrate and invertebrate counterparts of one an-

stantial confidence in the identification of any potential other. This agrees with the suggestion of Vassilatis et al.

Gly or GIuCl receptors on the basis of protein sequencg1997), based on their gene structure comparisons and

alone. phylogenetic analysis, that invertebrate GIuCl receptors
So far no GIuCl receptor has been discovered in vermay be orthologous to the vertebrate Gly receptors, al-

tebrates, and likewise no Gly receptor could be conthough no outgroup was employed in their analysis.

firmed in invertebrates (Laughton et al. 1994). Three

sequences fronC. elegans,namely, p41849, u28929,

and z68217, were previously annotated as Gly or Gly{LGIC Receptor in Invertebrates

like receptor subunits (Table 2). Instead, they are found

to be members of Branch IV (Table 3). This would sug- Invertebrate ILGIC sequences are listed in Table 2. The

gest that the specialization of Gly and GIuCl receptorssequences include those obtained by Wilson et al. (1994)
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Table 4. Distances between ILGIC branches

Branch
Branch 1A 1B 1A/B lc A B Y
IA 0.66-61.62 70.45-93.69 96.32-126.38 105.13-135.82 95.89-145.25 95.55-167.90 124.47-177.9
1B 1.08-40.47 93.44-111.01 110.31-125.35 98.35-130.09 103.54-152.80 117.35-162.44
A 0.21-98.88 93.18-114.42 93.55-121.01 97.98-150.86 119.23-169.79
1B 5.44-48.72 109.12-129.29 104.40-154.24 121.70-159.81
A 0.22-78.30 87.86-156.69 109.05-160.20
ns 17.58-115.59 100.69-195.52
v 51.0-178.53
Table 5. Distances between orthologs I1IB (Figs. 2 and 3, Tables 2 and 3), thereby implying a

GluCl identity, and x78349 fror®rosophila melanogas-
terto Branch 1, thereby implying a GABA«/y identity,
Subunit Human/rat Rat/mouse although the large insertion in its extracellular portion
may well have altered its ligand specificity.

Instances where the present branching classification

Distance

GABA, receptor

Z; ;ig I56 results in a revision of earlier annotations include the
a3 3.94 1.85 placement of s34469 from the great pond snail, previ-
a4 11.18 — ously designated the GABAreceptor¢ subunit (Hutton

oS 4.89 — et al. 1993), closer to Gly/GIuCl than to GABArecep-

“‘13 282 ggf tors by both the PROTPARS (Fig. 2) and the FITCH
EZ 021 _ (Fig. 3) procedures; also, P41849 frob elegansis

B3 279 _ grouped with other Branch IV sequences instead of Gly
v2 1.08 1.08 sequences as had been suggested (Swiss-Prot annota-
d — 0.45 tion). In yet another exampl€,. elegansi14635 (Wilson

p; g'ig - et al. 1994), previously annotated as a GAB@ly sub-

GIS receptor ' o unit (Swiss-Prot annotation), is assigned to Branch IlIB
ol 248 0.22 (Figs. 2 and 3, Table 3), which implies a potential GluClI
a2 1.11 — identity.

B 2.66 0.81 The monophylum consisting of p25123, m69057, and

u02042 fromDrosophila melanogastery40187 and
z50016 fromC. elegansand s33744 from\edes aegypti,
from a 2.2-Mb fragment oCC. eleganschromosome Ill  represents an intermediate group. All six sequences were
(Wilson et al. 1994), with at least 24 open reading framegreviously annotated as GABA or GABA-like, but the
encoding proteins bearing sequence similarity to LGICpresent study suggests that they are more likely to be
receptors. All 11 current members of Branch IV (Tablesevolutionary intermediates rather than well-differenti-
2 and 3) are fromC. elegans.t remains to be seen ated GABA, receptor subunits. Two of these six se-
whether the completion of additional genome sequencingjuences, namely, m69057 and s33744, are known to con-
will reveal additional Branch IV members that could fer cyclodiene resistance (Table 2).
shed more light on the nature of this phylogenetic In invertebrates, hitherto onlg subunits have been
branch. The distances between Branch IV and each aéncountered, and there has been no suggestion made of
other three branches are of the same order of magnitudée occurrence of GABA non{f8 subunits in inverte-
(Table 4). In view of the relatively large distances be- brates. In the present analysis, however, Binesophila
tween Branch IV and the other branches, the separationselanogastesequence x78349 is found to cluster with
of the three other branches from Branch IV were evi-the nonf Branch | sequences (Figs. 2 and 3). The dis-
dently remote historical events. The large intrabranchtances between x78349 and Branch | vertebrate se-
distances within Branch IV suggest that the original di-quences are 93.66-120.73, which are smaller than the
vergences of the various Branch IV members were likedistances of 123.83-135.79 between x78349 and other
wise ancient occurrences. Drosophila melanogasteLGICs. Therefore x78349 is
The classification scheme developed and illustrated ircloser to Branch | than to oth&rosophila melanogaster
Figs. 1-3 suggests the nature of many of these invertesequences, with the major difference between x78349
brate sequences (Tables 2 and 3) whose specificatiorend Branch | sequences arising from a single large in-
were hitherto unknown. These include the assignment ofertion at its amino-terminal domain (Harvey et al.
u41113, u40573, and u64840 frah elegango Branch  1994). In line with this tentative identification of x78349
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GABrl_rat RVTVTAMCNMDFSREPLDTQTCSLEIESY sion of a glutamate-activated chloride currentdenopus oocytes
GABr2_rat RITVTAMCNMDFSHFPLD SQTC SLELESY i : - . eyl )
GABE3 rat RITVSAMC FMDFSRFPLDTONC SLELES Y |njected W|thCaer10rhabd|t|s_eleganBNA. evidence for modula:
GABL2_ral RITTTAACMMDLRRYPLDEQNCTLETESY tion by avermectin. Mol Brain Res 15:339-348

GABb3_rat RITTTAACMMDLRRYPLDEQNCTLIEIESY Betz H (1990) Ligand-gated ion channels in the brain: the amino acid
GABbl_rat RITTTAACMMDLRRYPLDEQNCTLEIESY

GABb4_chick
GABR3_drome

RITTTAACMMDLRRYPLDQONCTLEIESY
RETTTLACMMDLHYYPLDSQONCTVETESY

receptor superfamily. Neuron 5:383-392
Cully DF, Vassilatis DK, Liu KK, Paress PS, Van der Ploeg LHT,

GABb_lymst RFTTTLACWDLHNYPLDHQEETVEIE:Y Schaeffer JM, Arena JP (1994) Cloning of an avermectin-sensitive
GABp_rat RITTTVTCNMDLSKYPMDTQTCKLQLES Y ) ) .
GABA rat RITSTVAC DMDLAKYPMDEQECMLDLES ¥ glutamate-gated chloride channel froBaenorhabditis elegans.
GABa4_rat RLTISAEC PMRLVDFPMDGHA Nature 371:707-711
GMABab_rat RLTINADC PMRLVNEPMDGHA Cully DF, Paress PS, Liu KK, Schaeffer JM, Arena JP (1996) Identi-
GABal rat RLTVRAEC PMELEDFPMDAHA - ) .
GABa3 rat RLTTHARC PMHLEDFP MD VHA fication of ap_rosophlla m(_elanog_a_lstegIutamate—gat(_ed chllorlde
GABa2_rat RLTVQAEC PMHLEDFPMDAHS channel sensitive to the antiparasitic agent avermectin. J Biol Chem
GABa5_rat RLTISAEC PMOQLEDFPMDAHA 271:20187-20191
GABgl_rat RLTINAEC YLQLHNFPMDEHS ) . o
CABg2_rat RLT1DAEC QLOLHNFPMD EHS Davies PA, H_anna MC, Hales TG, Kirkness EF (1997) Insensmv!ty to
-GABg3_rat RLTINAEC QLQLHNEFP MDA anaesthetic agents conferred by a class of GAB#ceptor subunit.

GABg4_chick
GABe_human

Nature 385:820-823
Dayhoff MO (1979) Atlas of protein sequence and structure, Vol 5,

x78349 RLTTKAGC PMNLADFPMDIQ i ; ; S )
x73584 RLTIKTKCLMFLKKFPMDVOA Suppl 3, National Biomedical Research Foundation, Washington,
GLyal_rat RITLTIAC PMDLKNFPMDVQTC IMQLESF DC
GLYa3_rat RLTLTLSC PMDLKNFPMDVQTC IMQLESF . . . )
GLY;_?; RLTLTL.SC PMDLENFPMDVQTC TMOLES F Felsentein J (1985) Confidence limits on phylogenies: an approach
GLYb_rat RLSITLSCPLDLTLFPMDTORCKMOLESF using the bootstrap. Evolution 39:783-791
gigg—;giii g%;%gEssgﬁﬁgfgggﬁgEgﬁggggﬁg:‘f Felsenstein J (1993) PHYLIP (phylogeny inference package), version
GLU_drome RISLTLAC PMNLKLYPLDRQICSLRMAS Y 3.5c. Department of Genetics, University of Washington, Seattle
ACh9_rat PAITKSSCVVDVTYFPFDSQQCNLTFGSW Ffrench-Constant RH, Rocheleau TA, Steichen JC, Chalmers AE
LGIC common c PD C s (1993) A point mutation in aDrosophila melanogastelGABA
TLGIC specific R receptor confers insecticide resistance. Nature 363:449-451
Branch I specific H P Fitch WM (1971) Toward defining the course of evolution: minimum

Fig. 4. The neighborhood of the conserved Cys—Cys loop in 31 rep-
resentative ILGIC subunits aligned with the outgroup ACh9_rat. Resi-
dues common to both ILGIC and ELGIC are lwldface.They are
indicated at thebottom, along with residues specific to ILGIC or
Branch | members. The Cys—Pro doublet characteristic to Branch | is

boxed.

as a primitive form of the GABA receptora/y subunit,
sequence x73584 from the nematdda@emonchus con-
tortus also displaysx/y-like properties, showing in the

change for a specified tree topoloty. Syst Zool 20:406-416

Fitch WM, Margoliash E (1967) Construction of phylogenetic trees.
Science 155:279-284

Garret M, Bascles L, Boue-Grabot E, Sartor P, Charron G, Bloch B and

Margolskee RF (1997) An mRNA encoding a putative GABA-

gated chloride channel is expressed in the human cardiac conduc-

tion system. J Neurochem 68:1382—-1389

Garrett RA (1996) Genomeddethanococcus jannaschiihe golden
fleece. Curr Biol 6:1377-138

Geary TG, Klein RD, Vanover L, Bowman JW, Thompson DP (1992)
The nervous system of helminths as targets for drugs. J Parasitol
78:215-230

CcC-C |oop region the characteristic Cys_pro"ne (Pro)GundeIfinger ED (1992) How complex is the nicotinic receptor system

doublet that is unique for Branch | sequences (Fig. 4).
Based on x78349 and supported by x73584, the prese

of insects? Trends Neurosci 15:206—-211
ﬁ‘;[undelfinger ED (1995) Evolution, desensitization of LGIC receptors.
Trends Neurosci 18:297

analysis therefore provides evidence for the first time ofHarvey RJ, Schmitt B, Hermans-Borgmeyer I, Gundelfinger ED, Betz

the existence of primitive nof3-GABA, receptor sub-

units among invertebrates.

H, Darlison MG (1994) Sequence of[@rosophila melanogaster

ligand-gated ion-channel polypeptide with an unusual amino-

terminal extracellular domain. J Neurochem 62:2480-2483
Hedblom E and Kirkness EF (1997) A novel class of GABAA receptor
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Appendix

1 50 101 150
garl_rat GGPAIPVGVD VQVESLDSIS EVDMDFTMTL YLRHYWKDER LSFGRLVKKI garl_rat RFPLDTQTCS LEIESYAYTE DDLMLYWKKG NDSLKTHTTT KLAFYSSTGW
gar2_rat GGPAIPVGVD VQVESLDSIS EVDMDFTMTL YLRHYWRDER LAFGRLVKKI gar2_rat HFPLDSQTCS LELESYAYTD EDLMLYWKNG DESLKTHTTS RLAFYSSTGW
gar3_rat GGSPVPVGID VQVESIDSIS EVNMDFTMTF YLRHYWKDER LSFRRLIQKI gar3_rat RFPLDTQNCS LELESYAYNE EDLMLYWKHG NKSLNTSASS GLAFYSSTGW
gab2_rat GGPPVAVGMN IDIASIDMVS EVNMDYTLTM YFQQOAWRDKR LSYNRVADQL gab2_rat RYPLDEQNCT LEIESYGYTT DDIEFYWRGD DNAVTGKLIT KKVVF,STGS
gab3_rat GGPPVCVGMN IDIASIDMVS EVNMDYTLTM YFOOYWRDKR LAYNRVADOL gab3_rat RYPLDEQNCT LEIESYGYTT DDIEFYWRGG DKAVTGRLVS RNVVE.ATGA
gabl_rat GGPPVDVGMR IDVASIDMVS EVNMDYTLTM YPQQSWKDKR LSYNRVADQL gabl_rat RYPLDEQNCT LEIESYGYTT DDIEFYWNGG EGAVTGKMVS KKVEF.TTGA
gab4_chick GGNPVTVGMS IHISSIDQIS EVNMDYTITM YFQQSWRDKR LAYNRVADQL gabd_chick RYPLDQONCT LEIESYGYTV DDIVFFWQGN DSAVTGRLVS REVVF.TTGS
gab3_drome GGEPLHVGMD LTIASFDAIS EVNMDYTITM YLNQYWRDER LAFGDFAEKI gab3_drome YYPLDSQNCT VEIESYGYTV SDVVMYW..K PTPVRGETND RKERL.ATGV
gab_lymst GGAPLEIGIE VILASFDSIS EVDMDYTITM YLNQYWRDER LQFGAFAEKI gab_lymst NYPLDHQECT VEIESYGYTM DDIVLYWLND RGAVTGATIN KIEEL.STGD
gad_rat GGPPVNVALA LEVASIDHIS EANMEYTMTV FLHQSWRDSR LSYSRFVDKL gad_rat KYPMDEQECM LDLESYGYSS EDIVYYWSEN QEQTHGRFTT ELMNFKSAGQ
gaad_rat GGPVTEVKTD IYVTSFGPVS DVEMEYTMDV FFRQTWIDKR LKYNMMVTKV gaad_rat DFPMDGHACP LKFGSYAYPK SEMIYTWTKG PEKSVEQTVS SETIKSITGE
gaa6_rat GGAVTEVKTID IYVTSFGPVS DVEMEYTMDV FFRQTWTDER LKFNLMVSKI gaab_rat NFPMDGHACP LKFCSYAYPK SEIIYTWKKG PLYSVEQTVS SETIKSNTGE
gaal_rat GERVTEVKTD IFVTSFGPVS DHDMEYTIDV FFRQSWKDER LKFNLMASKI gaal_rat DFPMDAHACP LKFGSYAYTR AEVVYEWTRE PARSVVQTVD SGIVQSSTGE
gaa3_rat CDAVTEVKTD IYVPSFGPVS DTDMEYTIDV FFRQTWHDER LKFNLLASKI gaa3_rat DFPMDVHACP LKFGSYAYTK AEVIYSWILG KNKSVEHVVG TEIIRSSTGE
gaa2_rat GDSITEVFTN IYVTSFGEVS DTDMEYTIDV FFROKWKDER LKFNSMASKI gaa2_rat DFPMDAHSCP LKFGSYAYTT SEVTYIWTYN PSDSVQQSIG KETIKSSTGE
gaa5_rat GERITQVRID IYVTSFGPVS DTEMEYTIDV FFRQSWKDER LRFNLLASKI gaa5_rat DFPMDAHACP LKFGSYAYPN SEVVYVWING STKSVVQTVG TENISTSTGE
gacl_rat GVRPTVIETD VYVNSIGPVD PINMEYTIDI IFAQTWFDSR LKFSNMVGKI gacl_ral NFPMDEHSCP LEFSSYGYPX NEIEYKWKKP SVEVADLRNS TEISHTISGD
gac2_rat GVKPTLIHTD MYVNSIGPVN AINMEYTIDI FFAQTWYDRR LKFSNMVGKI gac2_rat NFPMDEHSCP LEFSSYGYPR EEIVYQWKRS SVEVGDLRNT TEVVKTTSGD
gac3_rat GIKPTVIDVD IYVNSIGPVS SINMEYQIDI FFAQTWIDSR LRFSNMVGLI gac3 rat NFPMDAHACP LTFSSYGYPK EEMIYRWRKN SVEAADLRNT TEIVTTSAGD
gacd_chick GIKPTFIDVD IYVNSIGPVS VIQMEYTIDI FFAQTWYDRR LRFTNMVSRI gacd_chick NFPMDTHSCP LVFSSYGYPR EEIVYRWRRY SIEVSDLRNT SEVLRTGAGE
gac5_human GEKPTVVTVE IAVNSLGPLS ILDMEYTIDI IFSQTWYDER LCYGNVVSQL gac5_human RFPMDSHSCP LSFSSFSYPE NEMIYKWENF KLEINEVSNK TEII.TTPGD
x78349 GCPPATIEVD IMVRSMGPIS EVDMTYSMDC YFROSWVDKR LAFVSMLARI x78349 DFPMDIQKCP LKFGSFGYTT SDVIYRWNKE RPPVAILSGT ITLETNHPSE
gral_rat KGPPVNVSCN IFINSFGSIA ETTMDYRVNI FLROOWNDPR LAYPSMLDSI gral_rat NFPMDVQTCI MQLESFGYTM NDLIFEWQEQ GAVQVARYCT KH..Y.NTGK
gra3_rat KGPPVNVICN IFINSFGSIA ETTMDYRVNI FLROKWNDPR LAYPSMLDSI gra3_rat NFPMDVQTCI MQLESFGYTM NDLIFEWQDE APVQVARYCT KH..Y.NTGK
graZ_rat KGPPVNVTCN IFINSFGSVT ETTMDYRVNI FLRQOWNDSR LAYPSMLDSI gra2_rat NFPMDVQTCT MQLESFEYTM NDLIFEWLSD GPVQVAGYCT KH..Y.NTGK
grb_rat KGIPVDVVVN IFINSFGSIQ ETTMDYRVNI FLROKWNDPR LKLPTMYKCL grb_rat LFPMDTQRCK MQLESFGYTT DDLRFIWQSG DPVQLEGNCT KY..YKGTGY

uld525 TEGAVNVRVN IMIRMLSKID VVNMEYSIQL TFREQWIDPR LAYPHVKKSL 1ul4525 LYPLDYQSCN FDLVSYAHTM NDIMYEWDPS TPVQLKADCT

v097/96 PMGPVTVRVN IMIRMLSKID VVNMEYSMOL TFREQWLDSR LAYPHIKSNL y09796 LYPLDLQFCD FDLVSYAHTM KDIVYEWDPL APVQLKDDCT

u58776 TDGPAIVRIN LFVRSIMTIS DIKMEYSVQL TFREQWTDER LKFLTEANRV ub8776 LYPLDRQICS LRMASYGWTT NDLVFLWKEG DPVQVVDYCN
534469 KLEPARIQVL LYVSSIDAVN EASMDFTVGI LLHLRWTDTR IYHSENIKKV 534469 NYPFDKQTCH ILIMSFGYSD QDLVLDWMNL TTADDLFCNR RY..HQKAGN
ach9_rat "TDAVLNVTLQ VTLSQIKDMD ERNQILTAYL WIRQTWHDAY LTWRIPSDLV achS_rat YFPFDSQQCN LTFGSWTYNG NQVDIFNALD SGDLSDAVKN VISYGCCSEP
51 100 151 200
garl_rat WVPDMFFVES KRSFIHDTTT DNVMLRVQPD GKVLYSLRVT VTAMCNMDFS garl_rat YNRLYINFTL RRHIFFFLLQ TYFPATLMVM LSWVSFWIDR RAVPARVPLG
gar2_rat WVPDVFFVES KRSFTHDTTT DNIMLRVFPD GHVLYSMRIT VTAMCNMDFS gar2_rat YNRLYINFTL RRHIFFFLLQ TYFPATLMVM LSWVSFWIDH RAVPARVSLG
gar3_rat WVPDIFFVHS KRSFIHDTTV ENIMLRVHPD GNVLFSLRIT VSAMCFMDES gar3_rat YYRLFINFVL, RRHIFFFVLQ TYFPAMLMVM LSWVSFWIDR RAVPARVSLG
gab2_rat WVEDTYFLND KKSFVHGVTV KNRMIRLHED GTVLYGLRIT TTAACMMDLR gab2_rat YPRLSLSFKL KRNIGYFILQ TYMPSILITI LSWVSFWINY DASAARVALG
gab3_rat WVPDTYFLND KKSFVHGVTV KNRMIRLHPD GTVLYGLRIT TTAACMMDLR gab3_rat YPRLSLSFRL KRNTGYFILQ TYMPSTLITT LSWVSFWINY DASAARVALG
gabl_rat WVPDTYFLND KKSFVHGVTV KNRMIRLHPD GTVLYCLRIT TTAACMMDLR gabl_rat YPRLSLSFRL KRNIGYFILQ TYMPSTLITI LSWVSFWINY DASAARVALG
gab4_chick WLPDTYFLND KKSFLHGVTV KNRMIRLHPD GTVLYGLRIT TTAACMMDLR gab4_chick YLRLSLSFRI KRNIGYFILQ TYMPSILITI LSWVSFWINY DASAARVALG
gab3_drome WVPDTFFAND KNSFLHDVTE RNKLVRLGGD GAVTYGMRFT TTLACMMDLH gab3_drome YQRLSLSFKL QRNIGYFVFQ TYLPSILIVM LSWVSFWINH EATSARVALG
gab_lymst WVPDTFLAND KNSFLHDITE KNKMVRLYGN GSLVYGMRFT TTLACMMDLH gab_lymst YQRLSLIFQL QRNIGYFIFQ TYLPSILIVM LSWVSFWINH EATSARVALG
gad_rat WLPDTFIVNA KSAWFHDVIV ENKLIRLOPD GVILYSIRIT STVACDMDLA gad_rat FPRLSLHFQL RRNRGVYIIQ SYMPSVLLVA MSWVSFWISQ AAVPARVSLG
gaad_rat WIPDTFFRNG KKSVSHNMTA PNKLFRIMRN GTILYTMRLT ISAECPMRLV gaad_rat YIVMTVYFHL RRKMGYFMIQ TYIPCIMIVI LSQVSFWINK ESVPARTVFG
gaab_rat WTPDTFFRNG KKSIAHNMTT PNKLFRLMHN GTILYTMRLT INADCPMRLV gaab_rat YVIMTVYFHL QRKMGYFMIQ IYTPCIMTIVI LSQVSFWINK ESVPARTVFG
gaal_rat WTPDTFFHNG KKSVAHNMTM PNKLLRITED GTLLYTMRLT VRAECPMHLE gaal_rat YVVMTTHFEL KRKIGYFVIQ TYLPCIMTVI LSQVSFWLNR ESVPARTVFG
gaad_rat WTEDTFFHNG KKSVAHNMTT PNKLLRLVDN GTLLYTMRLT IHAECPMHLE gaa3_rat YVVMTTHFEL KRKIGYFVIQ TYLPCIMTVI LSQVSFWLNR ESVPARTVFG
gaa2_rat WTPDTFFHNG KKSVAHNMTM PNKLLRIQDD GTLLYTMRLT VQAECPMHLE gaa2_rat YTVMTAHFHL KRKIGYFVIQ TYLPCIMTVI LSQVSFWLNR ESVPARTVFG
gaaS_rat WTPDTFFHNG KKSIAHNMTT PNKLLRLEDD GTLLYTMRLT ISAECPMQLE gaaS_rat YTIMTAHFHL KRKIGYFVIQ TYLPCIMTVI LSQVSFWLNR ESVPARTVFG
gacl_rat WIPDTFFRNS RKSDAHWITT PNRLLRIWSD GRVLYTLRLT INAECYLQLH gacl_rat YIIMTIFFDL SRRMGYFTIQ TYIPCILTVV LSWVSFWINK DAVPARTSLG
gac2_rat WIPDTFFRNS KKADAHWITT PNRMLRIWND GRVLYTLRLT IDAECQLOLH gac2_rat YVVMSVYFDL SRRMGYFTIQ TYIPCTLIVV LSWVSFWINK DAVPARTSLG
gac3_rat WIPDTIFRNS KTAEAHWITT PNQLLRIWND GKILYTLRLT INAECQLQLH gac3_rat YVVMTIYFEL SRRMGYFTIQ TYIPCILTVV LSWVSFWIKK DATPARTTLG
gacd_chick WIPDTFFRNS KRADSHWITT PNQLLRIWND GKVLYTLRLT IEAECLLQLQ gacd_chick YMVMTVSFDL SRRMGYFAIQ TYIPCILTVV LSWVSFWIKR DSTPARTSLG
gac5_human WIPDTFFRNS KRTHEHEITM PNQMVRIYKD GKVLYTIRMT IDAGCSLHML gacS_human FMVMTIFFNV SRRFGYVAFQ NYVPSSVITM LSWVSFWIKT ESAPARTSLG
x78349 WKPDTYFYNG KQSYLHTITT PNKFVRIYQN GRVLYSSRLT IKAGCPMNLA x78349 YSMLMVNFHL QRHMGNFLIQ VYGPCCLLVV LSWVSFWLNR EATADRVSLG
gral_rat WKPDLFFANE KGAHFHEITT DNKLLRISRN GNVLYSIRIT LTLACPMDLK gral_rat FTCIEARFHL ERQMGYYLIQ MYIPSLLIVI LSWISFWINM DAAPARVGLG
gra3_rat WKPDLFFANE KGANFHEVTT DNKLLRIFKN GNVLYSIRLT LTLSCPMDLK gra3_rat FTCIEVRFHL EROMGYYLIQ MYIPSLLIVI LSWVSFWINM DAAPARVALG
gra2_rat WKPDLFFANE KGANFHDVTT DNKLLRISKN GKVLYSIRLT LTLSCPMDLK gra2_rat FTCIEVKFHL ERQMGYYLIQ MYIPSLLIVI LSWVSFWINM DAAPARVALG
grb_rat WKPDLFFANE KSANFHDVTQ ENILLFIFRD GDVLVSMRLS ITLSCPLDLT grb_rat YTCVEVIFTL RRQVGFYMMG VYAPTLLIVV LSWLSFWINP DASAARVPLG
ul4525 WIPDTFFPTE KAAHRHLIDM ENMFLRIYEPD GKILYSSRIS LTSSCPMRLQ u14525 YCCLRMQLLF KRQFSYYLVQ LYAPTTMIVI VSWVSFWIDL HSTAGRVALG
y09796 WIPDTFFPTE KAAHRHLIDT DNMFLRIHPD GKVLYSSRIS ITSSCEMQLQ y09796 YACLRMQLTL KRQFSYYLVQ LYGPTTMIVI VSWVSFWIDM HSTAGRVALG
u58776 WMPDLFFSNE KEGHFHNIIM PNVYIRIFPN GSVLYSIRIS LTLACPMNLK u58776 YSCLKVDLLF RREFSYYLIQ IYIPCCMLVI VSWVSFWLDQ GAVPARVSLG
534469 WVPDIFFPNE KKGSFHDIMT QNOMMRLYQG GTILYISRLS MTLSCPMDLI 34469 HSCIQAEFHL ARNIGFYIVQ MYIPSMLIVM LSWISFWLTV NSVEGRVSLG

ach9_rat WRPDIVLYNK ADDESSEPVN TNVVLRY..D GLITWDSPAI TKSSCVVDVT ach9_rat YPDVTFTLLL KRRSSFYIVN LLIPCVLISF LAPLSFYL.P AASGEKVSLG
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QAATNAKLPP
TSGINASLPP
SSSVNAALPR
QLMVAEIMPA

VSYIKAVDIY
VSYIRAVDIY
VSYVKAVDVY
IPYVKAIDMY
TIPYVKAIDMY
IPYVKAIDIY
IPYVKAIDVY
ISYVKAIDIY
ISYVKAIDIY
ASATKALDVY
VSYATAMDWF
VSYATAMDWF
VAYATAMDWF
VAYATAMDWEF
VAYATAMDWF
VAYATAMDWF
VSYVTAMDLF
VSYVTAMDLF
VSYVTAMDLF
VSYITAMDLF
VSYITALDFY
VSYPTALDFF
VSYVKAIDIW
VSYVKAIDIW
VSYVKAIDIW
VSYVKALDVW
VSYVKVVDVW
VSYVRVVDVW
VSYTKAIDVW
VSYTKAIDVW
SENVPLIGKY

LWVSFVFVFL
LWVSFVEVFL
MWVSSLFVFL
LMGCFVFVFM
LMGCFVEFVFL
LMGCFVFVFL
LMGCFVFVFL
LVMCFVFVFA
LVMCFVFVFA
FWICYVFVFA
IAVCFAFVFS
IAVCFAFVFS
IAVCYAFVFS
MAVCYAFVFS
IAVCYAFVFS
IAVCYAFVFS
VSVCFIFVFA
VSVCFIFVFS
VTVCFLFVFA
VSVCFIFVFA
IAICFVFCFC
VFLSFGFIFA
MAVCLLFVFS
MAVCLLFVFS
MAVCLLFVFA
LIACLLFGFA
LGACQTFVFG
T.GACQTFVFG
TGVCLTFVFG
MSTCLVFVFA
YIATMALITA
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SV.LEYAAVN
SV.LEYAAVN
SV.IEYAAVN
AL.LEYALVN
AL.LEYAFVN
AL.LEYAFVN
AL.LEYAFVN
AL.LEYAAVN
AL.LEYAAVN
AL.VEYAFAH

AL.MEYGTLH
AL.VEYGTLH
AL.MEYATLN
AL.MEYATLN
AL.LEFAVLN
TI.LQFAVVH
AL.LEYAAVN
AL.LEYAAVN
AL.LEYAAVN
SL.VEYAVVQ
AL.LEYAFVS
AT..LEYAFVS
AL.LEFALVN
AL.LEFAVVN
STALTIMVMN

garl rat
gar2_rat
gar3_rat
gab2_rat
gab3_rat
gabl_rat
gab4_chick
gab3_drome
gab_lymst
gad_rat
gaad_rat
gaab_rat
gaal rat
gaa3_rat
gaa2_rat
gaa5_rat
gacl_rat
gac2_rat
gac3_rat
gacd_chick
gac5_human
x78349
gral_rat
gra3_rat
gra2_rat
grb_rat
uld525
09796
ub8776
534469
ach9_rat
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YNTHAIDKYS
YNTHAIDKYS
YNNEVIDTYS
YDVNATDRWS
YDVNAIDRWS
YDVNSIDKWS
YDVSTIDKWS
YDVNIIDKYS
YDVNTIDKYA
FDADTIDIYA
YGTSKIDKYA
YGTSKIDQYS
YSVSKIDRLS
YSVSKVDKIS
YSVSKIDRMS
YSISKIDRMS
YRIARIDSYS
YRIAKMDSYA
YDVSELDSYS
YHISRLDSYS
FHVYRLDNYS
YSVSKIDRAS
FRAKKIDKIS
FRAKKIDTIS
FRAKRIDTIS
VAAKRIDLYA
YLPAKIDFYA
YLPAKIDYYA
YRSKRIDVIS
VYAIYVDMTA
IKGSEWKKVA

RITFPAAYIL
RLIFPAFYIV
RIVFPVVYIT
RIFFPVVFSF
RIVFPFTFSL
RMFFPITFSL
RIIFPITFGF
RMIFPISFLA
RLMFPLLFIT
RAVFPAAFAA
RILFPVTFGA
RILFPVAFAG
RIAFPLLFGI
RITFPVLFAI
RIVFPVLFGT
RIVFPILFGT
RIFFPTAFAL
RIFFPTAFCL
RVFFPTSFLL
RVFFPTAFLL
RVVFPVTFFF
RIVFPLLFIL
RIGFPMAFLI
RACFPLAFLY
RAAFPLAFLI
RALFPFCFLF
RFVVPLAFLA
RFCVPLGFLA
RITFPLVFAL
RVVFPICFIT
KVIDRFFMWI
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FNLIYWSIFS
FNLIYWSVFS
FNLFYWGIYV
FNIVYWLYYV
FNLVYWLYYV
FNVVYWLYYV
FNLVYWLYYV
FNLGYWLFYTI
FNTSYWSVYL
VNIIYWAAYT
FNMVYWVVYL
FNLVYWIVYL
FNLVYWATYL
FNLVYWATYV
FNLVYWATYL
FNLVYWATYL
FNLVYWVGYL
FNLVYWVSYL
FNLVYWVGYL
FNIVYWIAYL
FNVLYWLVCL
INVFYWYGYL
FNMFYWIIYK
FNIFYWVIYK
FNIFYWITYK
FNVIYWSIYL
FNVIYWVSCL
FNATIYWTSCL
FNLVYWSTYL
FIMSYWLYYV
FFAMVFVMTV
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