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Characterization of Hypervariability in Conotoxins

1. Introduction

Hypervariability occurs in genes that are responsible for encoding proteins responsible
for direct interface between species, such as peptide toxins and various immune molecules.
Variability sequence data has been studied extensively for over thirty years in the immunoglobin
gene family and techniques for its analysis were pioneered in part by Wu and Kabat (Johnson et
al, 2000). They defined a quantitative measure for variability and aligned sequence data to form
what are known as Wu-Kabat plots. This type of plot was used in determining the
complementarity-determining-region (CDR) of immunoglobin (Wu et al, 1970), and could be
used to characterize similar locations in other hypervariable genes such as conotoxins.

Conotoxins encompass a vast array of small peptides
which are used by piscivorous marine cone snails to immobilize
and capture prey. These cone snails are gastropods, members of
genus conus of the conidae family, and all 500 species are fish
predators (Kohn et al, 1956). Each species has a repertoire of 50-
200 different short peptide fragments that they use in their venom.
The small venom peptides (10-35 amino acids in length) are
processed from larger preproprotein precursors (ca. 100 amino
acids) and function by inhibiting ion channels to induce
excitotoxic shock and neuromuscular paralysis in prey (Terlau et
al, 1996). This is occurs by blockage or flooding of various ion
channels in order to either block synaptic transmission or
overwhelm the nervous system (England et al, 1998; Rigby et al,
1999; Shon et al, 1998). The high specificity of these toxins
gives them possible therapeutic value as antinociceptive agents or as components of
anticonvulsant drugs (Bowersox et al, 1998).

The sequences of mature conotoxin peptides are interspersed M
with conserved cysteine residues that form disulfide bonds which
provide structural integrity to the highly variable loops in between
these residues. The motif of this spacing is known as the inhibitor
cysteine knot (ICK) and has been described by the consensus sequence S
—CX;3.7CX;5.6CX.5CX1.4CX4.13C- (Norton et al, 1998). Spacing of ‘| XN
these cysteines into this type of motif is important for proper folding _ c c | Jx
of the toxins. The gene family is very rapidly diversifying and |
evolving, as had been demonstrated by a comparison showing an :
incredible amount of variability specific to the toxin encoding regions lm—;c [ C =
but not as much in the preproprotein region (Duda et al, 1999). There { 7 I
have been recent studies on this type of hypervariability done on Rt :
alignments across several species of conus’ (Conticello et al, 2000;

2001). Methods that were used to characterize and visualize this

diversity include sequence logo plots as have been more recently described (Schneider et al,
1990). The sequence logo plot was helpful in identifying conserved residues, but cannot indicate
the degree of the variability in the variable regions.
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As variability was defined quantitatively by Wu, it is the ratio of the number of different
residues found across the aligned sequences at a given position to the frequency of the most
common residue at that position. This formula is applied to each residue in a sequence
alignment to obtain a plot visualizing the areas of high and low variability. This method offers
the most useful portrait of hypervariability. In this study a script was written using Microsoft
Excel to generate Wu-Kabat plots from a multiple sequence alignments. The resulting plots
were used to critically analyze the methods in bioinformatics that are involved with obtaining
and aligning the sequences, and to quantitatively characterize the hypervariability of the
conotoxin gene family.

II. Methods

e Sequences were selected by NCBI Taxonomy Browser for genus conus

(http://www.ncbi.nlm.nih.gov/htbin-post/Taxonomy/wgetorg?id=6490).

Sequences were retrieved using NCBI Entrez (http://www.ncbi.nlm.nih.gov/Entrez/).

Sequences were aligned using CLUSTAL X (1.8) for the PC.

Wu-Kabat plots made from alignments (Excel Template Protein Variability.xIt).

Alignments were used to generate both Hidden Markov Models and to obtain

characteristic sequences to be used to find related proteins by both heuristic and dynamic

methods. (HMMER2.0)

e Swissprot was searched using HMM iterated search, and by PSI-Blast search with a
characteristic sequence from the alignment on DeCypher (http://decypher.stanford.edu/).

e The relevant and significant sequences found in Swissprot were added to their respective
alignments and the variability plots were updated with the new larger alignment sets.

III. Results

When selecting sequences for alignment and Wu-Kabat plots, it was important that there
were a substantial numbers of sequences that were well aligned to get an accurate portrait of the
variability of those genes in question. The NCBI Taxonomy browser allows one to see how
many sequences are available for each species. The species that were selected to undergo this
type of variability analysis for this study had at least 50 protein sequences, usually of which most
were immature toxins. Those selected were Conus arenatus (CA), Conus ebraeus (CE), Conus
pennaceus (CP), Conus tessulatus (CT), Conus textile (CX), and Conus ventricosus (CV). The
sequences of these species also had eight Popset listings for protein collections used in making
alignments for the Conticello, 2001 hypervariability study. These fourteen groups of sequences
were the starting point from which alignment and analysis took place

All the protein sequences from each of these groups were downloaded in FASTA and
opened using ClustalW. Since the six collections based on species contained all types of proteins
that had been sequenced and cataloged, and not just toxins, only those sequences that were had
the ICK motif were kept. These sequences were presumably toxins and when they were aligned,
the alignment was refined manually to ensure cysteines were matched. Manual refinement of
these sequences involved selecting those regions surrounding a prospective cysteine alignment
and doing local alignments weighted for the cysteine. Clustal W was able to align all the ICK



motif cysteines in each of the six species’ alignment. Similarly, the collections designated by
popset were aligned using the same method of Clustal W with manual refinement.
These alignments were saved as
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Microsoft Excel. This opened the aligned
i gg i P tii sequences each as strings contained in a
f : %%géé §§ - - single column, each sequence with their
i é st §§ own row. The excel scripts that were
Do E written parsed each character from each
Bl | NIRRT e d i eeobed@ie® | string such that each row would represent
a sequence and each column would be a
single position leaving one amino acid in
each column. This was accomplished
using the string-parsing function
=MID($A(2),(B)$1,1) which queries the cell containing the string (column 1) and pulls out the
number for its position. And this was extrapolated to the entire grid. The most common amino
acid was determined using =CHAR(MODE(CODE(B2:B11))) where char and code are used since mode
takes numbers for inputs. The frequency of that AA was determined by the ratio of the number
of most common to the total number =COUNTIF(B2:B11,B12)/COUNTA(B2:B11). The number of
different AA’s at each position was calculated by counting each letter that was present in each

column using the formula
=SUM(IF(COUNTIF(B2:B12,"a")>0,1,0),[IF(COUNTIF(B2:B12,"b")>0,1,0),IF(COUNTIF(B2:B12,"c")>0,1,0),IF(COUN
TIF(B2:B12,"d")>0,1,0),IF(COUNTIF(B2:B12,"e")>0,1,0),~ctc...~(COUNTIF(B2:B12,"z")>0,1,0))

Finally, variability is calculated as the ratio of the preceding two values, the number of
different residues to the frequency of the most common residue. This quantity of variability
would be plotted by position, yielding a graph that looked something like the following figure,
generated from one of the Popset protein collection alignments.
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The peak variability values obtained in this graph are misleadingly low compared to a
typical Wu-Kabat plot. This is attributed to the smaller dataset used to make the alignment for
this plot. It is still clear from this plot that by far the greatest variability occurs in the toxin
region (~58~88) and has the conserved ICK motif through the alignment, with those cysteines
having a variability of one (complete conservation through all alignments). The first 58 bases
show very low variability, indicating possible presence of selection pressure to keep the
preproprotein region of the immature peptide conserved.



Similar results were obtained from alignments within a single species, as far as showing
the same characteristic pattern of lower variability up until the first conserved cysteine, followed
by high variability in the intra-cysteine loops. The following two graphs are from related
alignments from the same species, the first from a larger alignment set, and the second a subset
of the first. The first showed good contrast in variability between the prepro protein region and
toxin region, but had values of variability in parts of the prepro region that were high relative to
other alignments. A percentage of the sequences that had divergent prepro regions were
removed from the alignment, and the resulting plot showed both better contrast between prepro
and toxin regions and lower absolute values of variability in the prepro region. The rationale for
removing some sequences would be that the genes aligned to each other in the first set may have
been different subsets of the same family, possibly with different targets, even though they
shared the same motif structure common to that species’ toxins.
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In order to increase the significance of each of the Wu-Kabat plots, more sequences from
each group needed to be obtained to get more accurate pictures of variability especially
compared with previously characterized immunoglobins. Also, if protein databases were
searched taking into account the conserved preproprotein region of the conopeptide along with
the variable nature of the toxin segment, the quality of the searching method could be gauged by
the degree to which they improved on the data in the Wu-Kabat plot. This improvement would
most likely involve a reduction of the variability noise in the more conserved regions of the
peptide, and additional sequence data might clarify or increase variability peaks in the
hypervariable region.

Therefore when all the groups of proteins had been plotted, other proteins of sequence
homology were obtained using the groups’ alignments by both heuristic and dynamic methods.
From each alignment, a Hidden Markov Model was generated using HMMER2.0 algorithm. The



model was used to search Swissprot using DeCypher. The any proteins that were found were
added back into the alignment with which they were found, and then the variability plot updated.
The same procedure was used on proteins that were found by taking a characteristic sequence
from each alignment’s conserved region with an ICK type motif from the variable region and
using it to performing a PSIBlast search on Swissprot with DeCypher.

An example of these two types of searches and the effects on hypervariability plots is
illustrated below using mixed conus alignment #3. Many of the alignments however had no
matches in Swissprot.

e HMM search

HMMERZ . O
E queryNCGI_29cidws5230aec_H
DESC

LENG E7
WLPH - Aming
RF no
cs no

yes
jcom civhmmbuild, exe | foutput/ACGI_29ciewsd4cdd . out. tmp
NSEQ

DATE wed Dec 05 14:43:40 2001

ICksum 6444

[<T —8455 -4 -1000 -1Q00 -84355 -4 —-B455 -4

NULT -4 -B4i5

NULE 585 1558 83 338 -204 453 -1138 197 245 902  -1083 142 -21 -3132 45 531

HRAM A D E F =] H I K L ] M P Q R s

m-s>m om->3 om-sd d-em s d->m  d->d  b->m m-ve
-415 Ho 2000

1 -1736 -1678 -2075 -2821 -G03  -261%  -2137 -342 -2336 24 4777 258l -2886 -2281 -2280 -2241
- =146 =500 233 43 -381 300 106 -626 210 -466 =720 275 304 45 L) 350
- -21 -8A72 -7714 -804 1115 =701 -1378 =415 *
2 =1892 -2397 -1701 1300 -3050 -2214 -948 -2829 3583 -2696 -2116 -1348 -2450 -619 78 -18a5
- =149 =300 233 43 -381 399 106 626 210 -468 =720 275 394 45 96 359
- -2l -8672 -7714 -894  -1115 =70l -1378 el *
3 -1658 -1349 -3713 -3232 -402 -3390 -2426 705 -2B096 2529 705 -3027 -318Y -2430 -2772 -2626
- -149 300 233 43 -381 3580 106 -626 210 -468 720 273 304 45 L) 350
= -2l -8672 -7714 -804 1115 -701 1378 by .
4 -436 -748 -1785 -1386 -965 1557 -1069 -149  -1062 -437 2071 -1211 1914 1007 -1218 768
- 145 500 233 43 -381 ERl] 106 -626 210 -466 -720 275 304 45 L) 350
- -21 -6672 -7714 -894 1115 =701 -1378 i *
5 -1667 5612 -3405 -3570 -2842 -2113 -2800 -2422 -3305 -2879 -2567 -2B846 -2715 -3101 -3057 -1087
- =146 =500 233 43 -381 300 106 -626 210 -466 =720 275 304 45 L) 350
- =21 -6G72 -7714 -894 1115 701 -1378 b o
6 -1234 -1069 -3156 -2086 -523 -2790 -1%6& 702 -2319 531 4044 -2438  -2807 -2041 -22883 -1%999

(@)
o First Iteration HMM results-

RANK SCORES QF TARGET LOCUS NAME ACCESSION# TF TARGET
P_SCORE DESCRIPTION

1 146.19 1 CXDA CONTE 1 SWISSPRO 9.8e-045 P18511
conus textile (cloth-of-gold cone). delta-con

2 141.50 1 CXK2 CONTE 1 SWISSPRO 2.5e-043 P18513
conus textile (cloth-of-gold cone). conotoxin

3 140.70 1 CXK1 CONTE 1 SWISSPRO 4.4e-043 P18512

conus textile (cloth-of-gold cone). Conotoxin

e PSIBlast Search
o Characteristic sequence —
mkltcmmivavlfltawtfvtaddsrngleylfpkahyemnpeasklnkkdcX XX XXX CXXXXXXXXCCXXXCXXXCX

o Results —

RANK  Sequences producing significant alignments: (bits) Value

1  CXDA_CONTE P18511 conus textile (cloth-of-gold cone). delta-con... 110 8e-025
2  CXK2 CONTE P18513 conus textile (cloth-of-gold cone). conotoxin... 103 1e-022
3 CXKI1 _CONTE P18512 conus textile (cloth-of-gold cone). conotoxin... 103 1e-022
4 CXMB_CONMR Q26443 conus marmoreus (marble cone). mu-o-conotoxin... 95 2e-020
5  CXO6_CONGE P01522 conus geographus (geography cone). omega-cono... 48 5e-006
6  CXOB_CONPE P56713 conus pennaceus. omega-conotoxin pnvib. 5/2000 56 2e-008

Only five alignments returned and HMM results in one or more iterations, and only six
yielded PSIBlast results with expectation values less than .01. When these new sequences were
added to sequences previously aligned and then realigned three showed a noticeable change in
peak variability, while it was the HMM results that tended to show more increase in contrast
between peak variability in the toxin region and variability noise in the preproprotein region,
when these homologous proteins were added to the existing alignment and plotted. Among those



plots which showed a trend of increasing variability contrast when homologous Swissprot
proteins were added was the mixed conus set #3. When proteins found with HMM were added,
there was in increase in variability only in the toxin region and no more variability noise in the
preproprotein regions. When results from the PSI Blast were added, there was a larger increase
in perceived variability in the toxin region, but accompanied by a modest increase in variability
noise in the preproprotein region, giving a net effect of a slight increase in overall variability
contrast, but not as much as from the HMM sequence addition. However, if a different threshold
had been specified for the PSIBlast search, the results of the HMM could have been emulated.

Wu-Kabat Plot —
Mixed Conus Set #3 after HMM results
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IV. Discussion

The usefulness of these plots is apparent especially in protein engineering. Variability
analysis of immunoglobin led to the discovery of complementarity determining region in
antibodies. Research in protein engineering showed that it was possible to modulate the
specificity of the antibody by changing only the CDR (Jones et al. 1986). Similarly, the
hypervariable regions of conotoxins could be complementarity determining, so changing of these
residues to those similar to for example the normal substrate of a given molecule could give rise
to a toxin that interfered with that molecule’s normal function.

Though it seems that changes in the accuracy of variability plots might be a good
measure of the effectiveness, the similarity between the findings of both the matrix and motif
based searching indicated that there are probably not enough conotoxin sequences in the
Swissprot database to gauge their effectiveness. The matrix based search had the advantage of
not having to choose where the hypervariable region is expected to be, but had the disadvantage



of biasing the search for proteins in the hypervariable region for residues that were already found
in those sequences in the hypervariable region.

Finally, comparing the usefulness of the visualization using a Wu-Kabat plot generated
by the script written for this study versus and use of Sequence Logos as described by Schnieder,
it is clear that the two methods of visualization complement each other quite well. While peaks
of the maxima of the Variability occur where that is the least sequence homology at a residue,
the peaks of a sequence logo plot are where the residues are most conserved.
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VI. Appendix — variability plots generated
Script template T
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---nkltcvliiavlflivcql ntad-dsrdkgeyravrlrdairnsrgs---rscgnl gesc--sah--rccpg----1ncng--easicipy----
---nkltcvliian flivcgl ntad-dst dkgeyravkl rdanr nf kgsk- -rncgeqgegc- - atr--pccag--- -1 scvgsrpggl cqyd- - - -
---nkltcvliiavlcltvcqlitad-ylrdkgkyrsvrlrdgm nfkgs---rqcadl geec--ytr--fccpg----lrckd-1qvptclla----
---nkltcvliiavlfltacqlitad-ysrdkgeyravrlrdanrysrvr---rqcadl geec--htr--fccpg----lrced-1qvptcl ma----
---nkl tcvlivavl xl tacql i aad- dsrdl kr fsrrknrdgm nt knnk--rqcl ppl sl c--tndddeccd------ dexl----flclvts---
---nkltcvlivavl fltacqliaad-dsrdl krfsrrknrdgm ntkntk--rqcl ppl sl c--tndddeccd------ deil----flclvts---
---nkltcvlivavl fltacqliaad-dsrdl krfsrrknrdgm ntknte--egcl ppl sl c--tnmaddecch------ dcil----flclvsp---
---nkltcvlivavl fltacqliaad-dsrdl krfsrrnnrdgm ntkntk--rqcl ppl sl c--nnmadddccn------ devl ----flcsyy----
---nkltcvlivavl fltacqliaad-dsrdl gkfprrknrdgm ntkntk--rqcl ppl hwe- - nnvddecch----- - fevl----lacv------
---nkltcvliiavlfltacqlttgetysrgegkdhal rstd--knsklt---rqcspnggsc--srhy-hccs----- | wenk- - dsgvcvat syp-
---nkltcvliiavlfltacgl tt------ geqgkdhagr sad- -rnskl t---rqct pvggsc--srhy-hccs----- | ycnk--ni gqcl at syp-
---nkltcvliiavlfltacgl tt------ geqgkdhal rst d- - knskl t ---rqgct pvggyc- - srhh-hccs----- nhci k- - si grcvah- - - -
---nkltcvliiavlfltacqlttgetysrgegkdhal rstd--knsklt---rqgctpvggyc--fdhh-hccs----- nhci k- - si grcvah- - - -
---nkltcvliiavlfltacgl tt------ geqgkdhal rst d- - knskl t---rqct pvggyc--srhy-hccs----- nhci k- -si grcvah- - - -
msgnkl tcviivval fltach------- akdkgehpavr gsddngdsedl| kI akkct vdsdf c- - dpdnhdccs- - - - - gr ci deggsgvcai vpvl n
---nkltcvlivallfltacqlttad-dsrdkgedpl vrshr kngksedpkmaer csnf gsdc- -i pat hdccs----- gecfgfedmglct------
---nkl tcmmi vavl f I t amt svt av- ntrgel enl f1 rashemmseaskl| dkkvcvdggt f cgf pki ggpccs---- - gwei f----- vel------
---nkl tcmmivavl f It amt svt av- ntrgel enl f1 rashemmseaskl dkkvcvdggt f cgf pki ggpccs---- - gwei f----- vel------
---nkvt crmi vavl f I t awmt f vt ad- dsi sal edl f akadknenseaspl nerdcr al geycgl pyvhnsccs----- gl cgf----- i cvpesp- -
nmsgl gim I t1111vfretshgdage-kgatqrdainvrrrrsltrr-vte---eceen---ce--eeekhccntnngp-scap----- qgcfg-----
megl gi I vitl 111 vymat shqdage- kgat qrdai nvrrrrsltrr-vae---ecees---ce--deekhccnt nngp-scap----- qgqcfg-----
nsgl gi nvl t1 111 vfnetshqdage- kgangrdai nvrrrrsitrr-vse---acees---ce--eeekhcchenngvytclr----- yewg- - - - -
nmerlginmvitl 11 vfivtshgdage-kgatqraai nfrwkrsltrrtate---eceey---ce--deektccgeedgepvcar----- fclg-----
merl ginvltl 111 vymat shqgdage- kgat qrdai nfrwkrsltrrtate---ecees---ce--eeektccgexdgepvcar----- fclg-----
nmsrlginmvitl 11 vfivtshgdage-kgathrgainfrwrslirrtate---eceey---ce--deektccgl edgepvcat----- telg-----
nerlginmvlitl 11 vfivtshgdage-kgatqrnai nfrwrsftrraate---eceey---ce--deektccgl edgepvcat----- tclg-----
merl gimvltl 111 vfivtshgdage-kgat kraavnfrw rsftrraaae---eceey---ce--eeektccgeedgepvcae----- fclg-----

---------------------------------------- rrsltrr-vpe---ecees---ce--eeektccgl enggpfcsr-----icwg-----
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Amino Acid Position
mkl tcvliiavlflivcql ntad-dsrdkgeyravrlrdairnsrgs-rscgnl gescsah--rccpgl ncng- - easi ci py----
mkl tcvliiam flivcql ntad-dstdkgeyravkl rdanr nf kgskr ncgeqgegcatr - - pccagl scvgsr pggl cqyd- - - -
mkl tcvliiavlcltveqglitad-ylrdkgkyrsvrlrdgm nfkgs-rqcadl geecytr--fccpglrckd-1qvptclla----
mkl tcvliiavlfltacqlitad-ysrdkgeyravrlrdanrysrvr-rqcadl geechtr--fccpglrced-1qvptclma----
mkl t cvl i vavl xl tacql i aad- dsrdl krfsrrknrdgm nt knnmkr qcl ppl sl ct mdddecc- -ddcexl ----flclvts---
mkl tcvlivavl fltacqliaad-dsrdl krfsrrknrdgm nt knt krqcl ppl sl ct mdddecc--ddcil----flclvts---
mkl tcvlivavl fltacqliaad-dsrdl krfsrrknrdgm nt knt eegcl ppl sl ct maddecc--hdcil----flclvsp---
mkl tcvlivavl fltacqliaad-dsrdl krfsrrnnrdgm ntknt krqcl ppl sl cnmadddcc- - ndcvl ----fl csyy----
nkl tcvlivavl fltacqliaad-dsrdl gkfprrknrdgm nt knt kr gcl ppl hwennvddecc- - hfcvl ----lacv------
mkl tcvliiavlfltacqlttgetysrgegkdhal rstd--knsklt-rqcspnggscsrhy-hccs-1wenk--dsgvecvat syp-
mkltcvliiavlifltacqltt------ gegkdhaqr sad- - rnskl t -rqct pvggscsr hy-hccs- | ycnk- - ni ggcl at syp-
mkltcvliiavlfltacgltt------ gegkdhal r st d- - knskl t -r gct pvggycsr hh- hccs- nhci k- - si grcvah- - - -
mkl tcvliiavlfltacqlttgetysrgegkdhal rstd--knsklt-rqctpvggycfdhh-hccs-nhcik--sigrcvah----
mkltcvliiavlifltacqgltt------ gegkdhal r st d- - knskl t -r qct pvggycsr hy- hccs- nhci k- - si grcvah- - - -
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nsgl gim I t1111vfnetshgdagekqgat gqrda

megl gi I vitl 111 vymat shqdagekqgat qr da

nsgl gi nvlt1 111 vfret shgdagekgangr da
nsrlginvitl! 1 vfivtshgdagekgat hrga

merl ginvitl |11 vfivtshgdagekgat grna

nmsrl ginvitl 11 vfivtshgdagekqgat graa
nsrlginmvitilllv

merlgim/ltilllv

nkltcvliiavlflivcql ntad-dsrdkgeyravrlrdairnsrgs-----
nkltevliiamfli

nmkl tcvliiavlcltveqglitad-ylrdkgkyrsvrlrdgm nfkgs-----
nkltcvliiavl fltacqlitad-ysrdkqgeyravrlrdanrysrvr
nkltcvliiavlfltacqlttgetysrgegkdhal rstd--knsklt
nkltcvliiavlfltacqltt------ geqgkdhaqgr sad- - r nskl t
nkltcvliiavlfltacqltt------ geqgkdhal r st d- - knskl t
nkltcvliiavlfltacqltt------ geqgkdhal r st d- - knskl t
nkltcvliiavlfltacqlttgetysrgegkdhal rstd--knsklt
----- vliiiavlfltacqlttaetysrgrgkhrarrstd--knskw
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt
----- vliiavlfltacqltiaetysrgrgkhrarrstd--knskwt
----- vliiiavlfltacqlttaetysrgkgkhrarrstd--knskw
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt
----- vliiiavlfltacqlttaetysrgrgkhrarrstd--knskw
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskw
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt

rscgnl gescs- - ahr ccpgl ncng

rgcadl geecy--trfccpgl rckd
rqcadl geech--trfccpgl rced
rgcspnggscs-rhyhccs-1 wenk
rgct pvggscs-rhyhccs-1ycnk
rqct pvggycs-rhyhccs- nhci k
rgct pvggycs-r hhhces-nhci k
rgct pvggycf - dhhhccs- nhci k
rectrsggacn-sht gccd- df cst
rectrsggacn-sht gccd- df cst
rectrsggacn-sht gccd- df cst
rectrsggacn-sht gccd- df cst
rectrsggacn-sht gccd- df cst
rect hsggacn- sht gccd- df cst
rectrsggacn-sht gccd- df cdt
rect hsggacn- shdgccn- af cdt
rect hsggacn- shdgccn- af cdt
rect hsggacn- shdgccn- af cdt
rect hsggacn- shdgccn- af cdt
rect hsggacn- shdgccn- af cdt

nvrr--rrsltrr--vteeceen---ceeeekhccn-tnngp-scapqcfg-----
nvrr--rrsltrr--vaeecees---cedeekhccn-tnngp-scapqgcfg-----
nvrr--rrsitrr--vseacees---ceeeekhcch-enngvytclrycwg-----
nfrw-rrslirrt-ateeceey---cedeektccg-| edgepvcattclg-----
nfrw -rrsftrra-ateeceey---cedeektccg-| edgepvcattcl g-----
nfrw -krsltrrt-ateeceey---cedeekt ccg- eedgepvcarfcl g-----
fivtshgdagekqgat kraavnfrw -rrsftrra- aaeeceey- - - ceeeekt ccg- eedgepvcaefcl g-----
ymat shqdagekqgat qr dai nfrw-krsltrrt-ateecees---ceeeektccg-exdgepvcarfcl g-----

--easicipy----

vcqgl nt ad- dst dkqeyr avkl r danr nf kgs- - - k- rncgeqgegca- -t r pccagl scvgsr pggl cqyd- - - -

-lquptclla----
-l gvptcl ma----
--dsgvcvat syp-
--ni ggcl at syp-
--sigrcvah----
--sigrcvah----
--sigrcvah----
--atstci
--atstci
--atstci
--atstci
--atstct
--atstci
--atrtev------
--atrtev------
--atrtev------
--atrtev------
--atrtev------
--atrtev------




----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt-----recthsggacn-shdgrcn-afcdt--atrtcv------
----- vliiavllltacqglttaetysrgrgkhrarrstd--knskwt-----recthsggacn-shdgccn-afcdt--atrtcv------
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt-----recahsggacn-shdgccn-afcdt--atrtcv------
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knpkwt-----recthsggacn-shdgccn-afcdt--atracv------
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt-----recthsggacn-shdgccn-tfcdt--atrtcv------
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt-----recthsggacn-shngccn-afcdt--atrtcv------
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt-----rectrsggacn-shdgccn-afcdt--atrtcv------
----- vliiavlfltacqlttaetysrgrgkhrarrstd--knskwt-----rectrsggacn-shtqgccn-afcdt--atrtcv------
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Amino Acid Position
nrcl pvfvilllliasapsvdar p--ktkddi pl vsf qdnakral qi | snkryccyfdyscclylr
ncel pvfvilllli asapsvdal p- - kt kddnsl asf hdnakrt ! gi | snkryccvydysccl swg
nrcl pvfvilllliastpsvdal g--kt kddnpl asf hdnvkril gtl snkrsccptil sccfv--
nrcl pvfvilllliasapsvdarp--ktkddi pl vsfgdhakril gtfesrydcckt-fecchwg-
nrcl pvfvilllliasapsvdarp--ktkddi pl vsf qdhakri | gt fesrydcckt-fecchwg-
nrcl pvfvilllliastpsvnarp--ktkd---1asfhdnakrtqghifwskrncci yenwccew -
nrcl pvfvilllltasgpsvdakvhl kt kgdgpl ssfrdnakst| grl gdkstccgyr m cvpcg-
nrcl pvfivllllivsapgfdarp--kteddvpl ssfhddl grtvrtll|dirnccl gt sgccpwg-
mhel svfvilllltasapsvdaqgp- -kt eddvpl ssfhddl grtvrtl|dirnccl gt sgececpwg-
nrcfpvfiillll masapsfdarp--kteddvplssfrdnlkrtlrtl|dprrccyetpgccvig-
nrclpvfiilllliasapsfdal p--ktednvplssfhdnlkrtrrihlnireccsdg-wecpag-

Conus tessulatus CT — See Plot Above

—————— villms-----tgaligsgv-ekrs-nkikalskrkttaesww---egecy-gwwtscsspeqgccsl-nce-niycraw----
-mekltillllaavlvlagalikkgggekrgkekinflskrkttaesww---egecs-gwsvyctsdpeccsg-ecs-syycelw—-—-
-mekltilllvaavlmstgaligqrgg-akr—rkvnffsirepgaedwr---egnct-pwlggctspeeccpg-nce—tycrawr---

-msglgimvltlllfmfmatshgdagekgatgrdainvrrrrsit-rrg---deecn-eycd—drnkeccgr-tng-hprcanvcfg-
-msglgimvltlllfmfmatshgdagekgatgrdainvrrrrsit-rrg---deecn-ehce—drnkeccgr-tng-hprcanvcfg-
-msglgimvltllllvfmatshgdagekgatgrdainvrrrrsit-rrv---deecn-eycd—drnkeccgr-tng-hprcanvcfg-
-msglgimvltllllvfmatshgdagekgatgrdavnvrrrrsiagrtt---teecd-eyce—dlnknccgl-sng-epvcataclg-

-mlkmgvvlfvflvlfplatlgldad------ gpveryaenkglvspy----errgi—ilhalggrg-ccdwgwcdgacdcca-----
-mlkmgvvlfvflvlfplatlgldad-—----- gpveryaenkglvspy----errgi—ilhalggrg-ccdwgwcdgacdcca-——--—-
-mlkmgvvlfvflvlfplatlgldad------ gpveryaenkglvspy----errgi—ilhalggrd-ccvmpwcdgacdccvss——-—
-mlkmgvvlftflvlfplatlgldad------ gpveryaenkgglnpd----esrei—ilsalrgrd-cceqggwcdggcdccg-—----—
mmsklgvllticlllfpltavpldgd------ ghadrpadrmgdiss—---- eghp---1lfdpvkr---ccdwpctigcvpcclp-—---
mmsklgvllticlllfpltavrldgd------ ghtdrpadrmgdiat----- eghp---1fdpvkr---ccdwpctigcvpcclp----
mmsklgvllticlllfpltavsldgd------ gpadlpelragdfap----- ersp---wfdpvrr---ccsqgdcrv-cipccpy—---
mmsklgvllticlllfpltavgldgd-—----- gpadlpelragdfap----- ersp---wfdpvrr---ccsgdcrv-cipccpy-—---
mmsklgvllticlllfpltavgldgd------ gpadlpelragdfap----- ersp---wfdpvrr---ccsqgdcrv-cipccpn----
mmsklgvllticlllfpltavgldgd------ gpadlpalrtgdiat----- dhsp---wfdpvkr---ccsrycyi-cipccpn----
mmsklgvllticlllfpltavgldgd------ gpadlpalrtgdist----- dhsp---wfdpvkr---ccsrycyi-cipccpn----
mmsklgvllticlllfpltvlpmdgd-—-—----— gpadlpalrtgdiat----- dgsp---wfdpvkr---ccsrycwk-cipccpy-—---
——————————————————— pnplerrig----sdliraaledadmktdersvegvi---stikdfavkvccsvslkf----ccpta---
-mlclpvfiillllaspaapnpletrig----rdliraaledadmktnerflegvi---stikdfagkvccsvsvnf----ccpta---
-mlclpvfiillllaspaapnplerrig----sdlirtaledadmktpkgvlsgimsnlgtvgnmvggfcctvysg-—--- ccsek---
-mhclpvlvilllliastpsvdarpktk----ddvplasfhgadnanr—ilrtlw--------- nlrgccedkt------ ccfig---
-mhclpvlvilllliastpsvdarpktk----ddvplasfhgadnanr—ilrtlw--------- nlrgccedkt------ ccfig---
-mhclpvpvilllliastpsvdarpktk----ddvppasfhgadnanr—ilrtlw--------- nlrgccedkt------ ccfig---
-mhclpvlvilllliastpsvdarpktk----ddvppasfhgaddanr—ilgtlw--------- nlrgccedkt------ ccfig---
-mhclpvlvilllliastpsvdarpnpk----ddvplasfhgavnakr—ylrtlw--------- nsrdccdpkep-—---- ccfig---
mmrclpvfiillllipsaasa-agpetk----ddaalasfy—dnakr—tlgrhw--------- akslccpedaw----- ccshdegk

-mrclpvfiillllipsaasv-agpktk----ddvalasfy—dnakr—tlgrhw--------- akslccpedaw----- cc-—-—-——-
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Amino Acid Position
-mrclpvfvilllliasapgvdagpktkydvplasrhdfakktpkr-ls-—------- kpr-dccrrn------- flcc——---
-mrclpvfvilllliasapgvdagpktkydvplasrhdfakktpkr-ls-—------ kpr-dcclrh------- flccv----
-mrclpvfvilllliasapgvd-——--—-——-——=——--—- dfakktpkr-ls-------- kpr-dccrrn-—------ flcc——----
-mhclpvfvilllliasapgvdvgpktknfmtraslrdfakktpkr-ls-—------- klr-gccprs------- flccr----
-mrclpvfvilllliasapgvdvgpktkyyvprasrrdfakktpkr-ls-—------- klr-gccprs------- flccr----
-mrclpvfiillvlsasapsvdarpkneddvslasfhdnagrtlgqr-11-------- nkr-sccpnn------- pacch----
-mrclpvfvilllliasapsvdarpktkddvplasfhgnaertlln-il-------- rdgdnccidk------- ggccpwg—-—
mmlclpvfiillllaspaapnplekrigsdliraaledadmktgereilniidsisdvakgiccgit------- vdccvldee
mmlclpvfiillllaspaapnplekrigsdliraaledadmktdereivniidsisdvakgicceit------- vgccvldee
-mlkmgvmlfiflvlfplatlgldadgpveryaenkrlmspderr-ailhap------ rgrgccepdwcdsgcddgcc——----
-mlkmgvvlfiflvlftlatlgldadgpveryaenkrlmspykrr-ailhap------ regeccepgwcdggcda-cc———--—
-mlkmgvvlfiflvlftlatlgldadgpveryaenkgllspderrdiilhal------ ggrrccdpdwcdagcydgecc——-—-
mmsklgvvlticllpfpltalpmdgdgpadlpalrtgd-fepers-pwfdp-—------ vkrccsgd-crv-cip-ccpy-—-
mmsklgvllticlllfpltavpmdgdgpadlpalrtgd-fepers-pwfdp--——------ vrrccsgd-csv-cip-ccppp--
mmsklgallticlllfpltalpldgdgpadrpaermgddissegh-plfdk-------- ergcctgs—-cln-cwp-ccg-——-—
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Amino Acid Position

-mlkmgvmlfiflvlfplatlgldadgpveryaenkrlmspderr-ailhaprgrgccepdwcdsgcddgce---
-mlkmgvvlfiflvlftlatlgldadgpveryaenkrlmspykrr-ailhapregeccepgwcdggcda-cc---
-mlkmgvvlfiflvlftlatlgldadgpveryaenkgllspderrdiilhalggrrccdpdwcdagecydgecc——-—
mmsklgvvlticllpfpltalpmdgdgpadlpalrtgd-fepers-pwfdp--vkrccsqgd-crv-cip-ccpy-
mmsklgvllticlllfpltavpmdgdgpadlpalrtgd-fepers-pwfdp--vrrccsgd-csv-cip-ccppp
mmsklgallticlllfpltalpldgdgpadrpaermgddissegh-plfdk--ergcctgs-cln-cwp-ccg--
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Amino Acid Position
merl gimvlitl 111 vfivtshgdagekgatqrdainfrwrslirrt-ateeceeycedeek-tccgl edgepvcattclg
nmerlgimvitl 111 vfivtshqgdagekqgat hrgai nfrwrslirrt-ateeceeycedeek-tccgl edgepvcattclg
nmerlginvitl 11 vfivtshgdagekgatgrnai nfrwrsftrra-ateeceeycedeek-tccgl edgepvcattclg
merl gimvlitl 111 vfivtshgdagekgat kraavnfrw rsftrra-aaeeceeyceeeek-tccgeedgepvcaefclg
nmerlgimvitl 111 vfivtshqgdagekqgat graai nfrwkrsltrrt-ateeceeycedeek-tccgeedgepvcarfclg
nsrl ginvlitl |11 vymat shgdagekgat qrdai nfrwkrsltrrt-ateeceesceeeek-tccgexdgepvcarfclg
msgl gi vl t1 111 vfmet shgdagekgamgrdai nvrrrrsitrr--vseaceescedeek- hcchenngvytcl rycwy
nsgl gi mvl t1 111 vfnetshqdagekgangrdai nvrrrrsitrr--vseaceesceeeek-hcchenngvytcl rycwg
nsgl gim I t1 111 vfrmetshgdagekgatqrdai nvrrrrsltrr--vteeceenceeeek-hccnt nngp-scapqcfg
megl gi lvitl 111 vymat shqdagekqat grdainvrrrrsltrr--vaeeceescedeek-hcent nngp-scapqcfg
megl ei mvl t1111vsmat shqdggekqat grdai nvrrr-sitr----teacyeyckeqgnk-tccgi sngrpicvggcir
nmsgl gi vl t1 111 vsmat shqdgrgkgat qrdai nvrrrrsitr----teacyeyckeqgnk-tccgi sngrpicvggcir
msgl gi vl t1 111 vsmat shqgdgggkgat qrdai nvrrrrsitrrevvt eeceeyckeqnk-tccgl t ngrprcvgvcfg
nsgl gi nvl al | | | vf mat shqdgggkgat qrdai nvrrrrsitrr-vvtetckeycedrdk-tccgl enggpdcanl cl g
nsgl gi vl t1 111 vsmat shqdgggkgat qrdai nvrrrrsitrr-vvteaceeycedrdkktccgl engepfcatlcfg
msgl gi nvI t1 1| fnfmat shgdagekgat qrdai nvrrrrsitrr--gdeecneycddrnk-eccgrtnghprcanvcfg
nsgl gi nvl t1 11 fnfmat shqdagekqgat grdai nvrrrrsitrr--gdeecnehcedrnk-eccgrtnghprcanvcfg
nsgl gi vl t1 111 vfmat shgdagekgat qrdai nvrrrrsitrr--vdeecneycddr nk-eccgrtnghprcanvcfg
megl gi vl t1 111 vfmat shgdagekgat grdavnvrrrrsiagr-ttteecdeycedl nk- nccgl sngepvcat acl g
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Amino Acid Position

-kl tcviivva
-nkl tcvliva
-nkl tevl
-kl tevl
-nkl tevl
-nkl tevl
-kl tevli
-nkl tcvlivav
-nkl tcvlivav
-kl tcvlivav
-nkl tevl
-nkl tevl
-kl tcvl
-nkl tevl
mkl t cvl
nkl t cvl
mkl t cvl

i av

akdkgehpavr gsddngdsedl| kl akkct vdsdf cdpdnhdcc- sgr ci deggsgvcai vpvln
acql tt add- srdkgedpl vr shr kngksedpkmaer csnf gsdci pat hdcc- sgecf gf edngl ct
acql tt get ysrgegkdhal rstd--knsklt---rqcspnggsc-srhyhcc- sl we- nkd- sgvcvat syp-

i av acqltt------ geqgkdhagr sad- -rnskl t---rqct pvggsc- srhyhcc- sl yc- nkni gg- cl at syp-
acql tt get ysrgegkdhal rstd--knsklt---rqctpvggyc-fdhhhcc-snhc-iksigr-cvah----
iav acqltt------ gegkdhal r st d- - knskl t ---rqct pvggyc- srhhhcc-snhc-i ksi gr-cvah----

|
|
|
|
i avl
|
| acql tt
|
|

flt
flt
flt
flt
flt
flt
flt
flt
flt
flt

geqgkdhal rst d- - knskl t ---rqct pvggyc-srhyhcc-snhc-i ksi gr-cvah----
acql ttaasyar ser ghpdl gssd- - gnskl t---krcl asgetc-wdtscc-sfsctnn--v--cf
acql ttaasyar ser ehpdl gssd- - gnskl t---krcl asget c-wdtscc-sfsctnn--v--cf
acql ttaasyar ser ghpdl gssd- - gnskl t---krcl gsgetc-w dsscc-sfsctnn--v--cf
avl flivcql nt adds-rdkgeyravrl rdai rnsrgs---rscgnl gesc-sahr-ccpgl ntngeasi - - ci py----
am flivcql nt adds-t dkgeyr avkl rdanr nf kgsk- - r ncgeqgegc- at r p- ccagl scvgsr pggl cqyd- - - -
avl cl tveqlitadyl -rdkgkyrsvrlrdgm nf kgs---rqcadl geec-ytrf-ccpglrc-kdl quptcl-la---
avl fltacqglitadys-rdkgeyravrlrdanrysrvr---rqcadl geec-htrf-ccpglrced-Iqvptc

-ma- - -

avlfltacqlttaet----rdeyravrssdevrnsrst---rdcsgsgygc--kntpccdgltcrgphqgpicl------
avlfltacqlttaet----rdeyravrssdevrnsrs------ csgsgygc- - kntpccagl tcrgprqgpicl------
avlfltacqlttaet----rdeyravrssdevgnsrst---ddcstag--c--knvpccegl vct gpsqgpvegpl a- - -

-kl tevlivavl xl tacql i aadds-rdl krfsrrknrdgnm nt knnk--rqgcl ppl sl ct ndddecc--ddc-x-1fl--clvts---
-kl tcvlivavl fltacqliaadds-rdl krfsrrknrdgnm ntkntk--rqcl ppl sl ct ndddecc--ddc-i-Ifl--clvts---
-kl tcvlivavl fltacqliaadds-rdl krfsrrknrdgn ntknte--egcl ppl sl ct maddecc--hdc-i-I1fl--clvsp---
-kl tevlivavl fltacqliaadds-rdl krfsrrnnrdgnm ntkntk--rqcl ppl sl cnmadddcc- - ndc-v-1fl--csyy----
-kl tcvlivavl fltacqliaadds-rdl gkf prrknrdgm ntkntk--rqcl ppl hwennvddecc--hfc-v-11a--cv




Multiple Conus #3 — see above for all three plot (incl. protein additions)

nmkl tcnmi vavl fltaw fvtadd------ srngl eyl f pkahyem npeaskl nkkedceaggr f cg- f pki gepccsgwef fvca--- -
nkl tcnmivavl fltawm fvtad------- srngl eyl f pkahyem npeaskl nkkr dcvagghf cg- f pki ggpccsgwef fvca- - - -
nkl t cnki vavl fltawt f vt add------ srngl eyl f pkahyem npeaskl nkkgdcaaggqf cg- f pki ggpccsgwel gvca- - - -
nmkl tcnmi vavl fltaw fvtadd------ srngl dyl f pkar hem npkasr di kr - - cr pggmi cg- f pkpgpyccsgwef vvcel - - - -
nmkl t cnmi vavl flt awmt svtavn------ trgel enl fl rashem nseaskl dkk- vcvdggt f cg- f pki ggpccsgwei fvel - - - -
nkvt cnmi vavl fl tawt f vt add----- - si sal edl f akahdknenseaspl ner - dcr al geycgl pyvhnsrccsql cgfi cvpesp

nmkl t cvmi vavl f 1t awt f vt addpr dgpdt avgwr kil f sear denknr easkl ner - gci edkkycgi pf ansgvccsyl ci f vevpkap
nkl menmi vavl f 1t awt f vt addsi ngpenrri wekl | skt r denknpeaskl nkk- ecr gpgef c- f pvvak--ccggtcl vici----
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Amino Acid Position
mekl tilllvaavl mst ganf g- - - - eksr kaei nf set rkl - ar nkgkr - - cggyst yce- - vdseccsdncvrs---yctl fg------
mekl tilllvaavl mst qanf qgdg- eksr kaei nf setrkl - ar nkgkr - - cggyst yce- - vdseccsdncvrs---yctl fg------
nmekl tilllvaavl mstqal i ghdg- eksgkaknkfltartl saktrgvd--cvgl ssycgpwnnppccswyt cdy---yckf--------
-nkltilflvaavl mst gal i ghdg- eksqkaknkfltartl saktrgvd--cvgl ssycgpwnnppccswyt cdy---yckf--------
-kl tilflvaavl mstgal i ghdg- eksgkaknkfltartl| sakkrdvd--cvgwssycgpwnnppccswyt cdy---yckl --------
ngkl tilllvaavl mstqalirggv-ekrqgeakrnffskrkttaeswwege-crtwapcn--fpsqccs-evessktgreltw------
mekl tilllvaavltstaqaliqgggg-derqgkakinflsrs-------- drd-crgydapcs- - sgapccdwwt csartnrcf---------
mekl tilllvaavl mst qal ver ag- enhskeni nfl | kr kr aadr gmnge- ckdgl ttcl - - apseccs- edceg---sctmw------
nmekl tilllvaavl mst qal ver ag- enr skeni kf | | kr kr aadr gmamgk- ckdgl ttcl - - apseccs-gnceq- - - nckmw - - - - - -
mekl tilllvaavl mst qal pgggg- enrl keni kf | | kr kt aadr gmagd- cddwl aact - -t psqcct - evedg---ferl we------
mekl tilllvavvl mst qal pgggg- ekr preni rfl skrksnaerw egs-ctsw at ct - - dasqcct - gvcykr-aycal we------
mekl tilllvavvl mst qal pgggg- ekr preni rfl skrksnaerw egs-ctsw at ct - - dasqcct - gvcykr-aycal we------
mgkl tilllvaavl mstqal | kggg- ekr pkeki kf | skrrt naer wsegd- ct gwW dgct - - spaecct - aveda--t-ckl w------
mgkl tilllvaavl nst gal i kggg- ekr pkeki rfl skrkttaerwsege-crgwsngct - -tnsdccs-nncdg--tfcklw------
mekl tilllvaavl mm qalig----ekrpkeki kfl skrkttaeswwege-csgwsvyct ghseccsgect gnycel f-------
mgkl tilllvaavl mstqal i kggg- ekr pkeki kf | skrktt aeswwege- csgwsvyct ghseccsgect gnycel f-------
mekl tilllvaavl mstqalig----ekrpkeki kfl skrksi peswwege- csgwsvhct ghsdccsgect gsycel y-------
mekl tillllaavlvlaqgal i kkgggekr gkeki nfl skrkttaeswwege-csgwsvyct sdpeccsgecssyycel w------
---------- vill mst qal i gsgv- ekr s- nki kal skrkttaeswwege- cygww scsspeqccsl nceni ycraw - - - - - -
nmekl tilllvaavl nst gal i gr gg- akr--rkvnffsirepgaedw egn-ct pw ggct speeccpgnce-tycraw ------
mekl tilllvaavllsiqal ng----ekhgrakinl | skrkppaer wwr wggcmawf gl cskdseccsnscdvt r cel npf ppdw
mekl tilllvaavl mst gal ng- - - - eghqgr aki nl | skr kppaer wne- - - cgi W srct kdseccsnscdqt ycel npf ppdw-
mekl tilllvaavl mst qagng- - - - eqr qqaki nfl skrkpsaerw rd--ct swf grct vnseccsnscdqt ycel yaf psfga
ngkliilllvaavl msaqavl g- - - - ekr pkeki kf | skr kt daekqgkr | - cpdyt epcshaheccswncynghctg--------
mgkl iilllvaavl mst qavl g- - - - ekr pkeki kf | skr kt daekqgkr | - cpdyt dpcshaheccswncynghctg--------
mgkliilllvaavl mstqal fg----ekrl keki nfl skekadaekqgkry-csdgwkscsypheccrwsc-nryca---------
mgkliilllvaavl mstqal fg----ekrpnkki df | skgkt daekqgkr s- csddwgycespt dccswdc-dvvesg--------
1
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Amino Acid Position

mc iillllaspaapnpl ekriqgsdliraal edadnkt derei vniidsisd---vakgi cceitvg-ccvl dee
m cl pvfiillllaspaapnpl ekrigsdliraal edadnkt gereil niidsisd---vakgiccqitvd-ccvl dee
mc iillllaspaapnpletriqrdliraal edadnktnerfl egvistikd---fagkvccsvsvnfccepta- -




m cl pvfiillllaspaasnpl ekrigsdliraal edadtkndpr-11glvtga---------- ccvl kf sf ccgkk- -
m cl pvfiillllaspaasnpl ekrigsdliraal edadtkndpr-11dyvtga---------- ccagl nfvccgkk- -
m cl pvfiillllaspaasnpl ekrigndliraal edadmendprsiidsvktf---------- ccstnl gi cecskk- -
m cl pvfiillllaspaasnpletriqgsdliraal edadnknekni | ssingsl gti gnvvgnvccsitks-ccasee-
m clpvfiillllaspaapnpl erriqgsdlirtal edadnkt pkgvl sgi nsnl gt vgnmvggf cct vysg- ccsek- -
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Amino Acid Position
nrclpvfiillllipsaas-aaqgpetkddaal asfydnakrtl qr hwaksl ccpedawccshdegk- - -
nrclpvfiillllipsaas-vaqgpktkddval asfydnakrtl| qr hwaksl ccpedawcc---------
mhel pvlvill I i ast psvdar pkt kddvppasf hgaanril qtlwnl rgccedkt-ccfig------
mhcl pvpvi l | | i ast psvdar pkt kddvppasf hgaanrilrtlwnl rgccedkt-ccfig------
mhel pvl vill I I'i ast psvdar pkt kddvpl asf hgaanrilrtlwnl rgccedkt-ccfig------
mhel pvl vill11i ast psvdar pnpkddvpl asf hgaakryl rt|wnsrdccdpkepccfig------
nrcl pvfvilllliasapsvdar pkt kddvpl asf hgnaertl | nilrddncci dkqgccpwg------
nrcl pvfvilllliastpsvnarpktkd---Iasfhdnakrtghi fwskrncci yenwccew ------
nrcl pvfvilllliasvpsvdael kakddnpgasf hdnaer dqgkkt s- - dccfyhn-ccc--------
nrcl pvfvilllliasapsvdar pkt kddi pl vsf gdhakril qtfesrydccktfe-cchwg------
nrcl pvfvilllliastpsvdagl kt kddnmsl asf hdnvkrilgirtt-eeccpfivgcesr-------
nrcl pvfvilllliastpsvdal gkt kddnpl asf hdnvkril qtlsnkrsccptilsccfv-------
nrcl pvfvilllliastpsvdaraktrddnsl asfhddakril gil gdrsgccvi dsnccg--------
nrcl pvfvilllliasapsvdar pkt kddi pl vsf gdnakral gi | snkryccyfdyscclylr-----
ncel pvfvilllliasapsvdal pkt kddnsl asf hdnakrtl gi | snkryccvydysccl swg- - - - -
nrclpvfvilllliasapgvd--------------- df akkt pkrl skprdccrrnflcc---------
nrcl pvfvilllliasapgvdagpkt kydvpl asr hdf akkt pkrl skprdccrrnflcc---------
nrcl pvfvilllliasapgvdagpktkydvpl asr hdf akkt pkrl skprdccl rhflcev--------
nrcl pvfvilllliasapgvdvgpkt kyyvprasrrdf akkt pkrl skl rgccprsflcer--------
mhel pvfvilllliasapgvdvgpkt knf ntrasl rdf akkt pkrl skl rgccprsflcer--------
nrcl pvfvilllliasapsvdagpkt kddi pgasf| dnakryl qvl eskrnccrraqi-ccgrps-----
nrcl pvfivllllivsapgfdarpkteddvpl ssfhddlgrtvrtlldirnccl gtsgccpwg------
mhel svfvilllltasapsvdagpkt eddvpl ssfhddlgrtvrtl|dirnccl gt sgcepwg------
nrcfpvfiillll masapsfdarpkteddvpl ssfrdnlkrtlrtl|dprrccyetpgccvig------
nrcfpvfiilllliasapcfdartktdddvplsplrdnlkrtirtrlnireccedg-wctaapltgr-
nrcfpvfiilllliasapcfdartktdddvplsslirdnlkrtirtrlnireccedg-wectaapltagr-
nrcl pvfiilllliasapsfdal pktednvpl ssfhdnlkrtrrihlnireccsdg-wecpag------
nrcl pvfiillvl sasapsvdar pkneddvsl asf hdnaqgrtl qrl | nkrsccpnnpacch--------
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Amino Acid Position
-m kngvvl fiflvlftlatl gl dadgpveryaenkr!| mspykrr-ai | hapr eqeccepgwed- ggcd- acc- - -
-m kngvrd fi flvlfplatlql dadgpveryaenkr| mspderr-ai | hapr gr gccepdwed- sgcddgcec- - -
-m kngvvl fiflvlftlatl gl dadgpveryaenkql | spderrdiil hal ggrrccdpdwed- agcydgcec- - -
-m kmgvvl fvfl vl fplatl gl dadgpveryaenkgl vspyerraqiil hal ggrdccvnmpwed- gacd- - ccvss
-m kngvvl fvil vl fpl atl gl dadgpver yaenkql vspyerrqii | hal ggr gqccdwgwed- gacd- - cca- -
-m kngvvl fiflvlfplatlqgl dadgpveryaenkql | spderreiil hal gtr-ccswdvcdhpsc--tcc-g-



----mgvvl fiflvlfplatlqgl dpdgpveryaenkql | npderrgiil hal ggrvccppesct-drcl--cclg-
-m kngvvl fiflvlfplatl gl dadgpveryaenkql I ntderreiil salrtrvccpfggch-el cq--cceg-
mm kngvvl fiflvlfplatlgl dadgpveryaenkql | npderrgi || pal r- kf ccdsnwehi sdce- - ccyg-
-m kmgvvl ftflvlfplatlgl dadgpveryaenkqgl npdesreiil sal rqrdcceqgwed- ggcd- - ccq- -
-m kmgvl | ftflvlfplatlgl dadgpveqyagnkqdl npdekr eni | pal r gwgcct mawcd- sgcl - - cce- -
-m knmevvl ftflvlfplstlqgletdgpveryvenkqdl npdesrnfm pi vk--Kkcct a- - cr nppck--cca- -
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Amino Acid Position
mskl gal I ticll|fpltal pl dgdgpadr paer mgddi sseqhpl fd---kergq------------------ cctg--sc-1n--cwpccg- -
mskl gvl I ticlllfpltavpl dgdgpadr paer mgdgi ssehhpf f dsvkkkgqqg------------------ ccppv-acnng- - cepccg- -
mskl gal liiclllfpltavpl dgdghadrpaerl qddi sskhhpnfdavrg--------------------- cchps-tchnrkgcsrccs- -
-msklgal liiclllfpltavpndgdgpadrpaerngddi sfeghpnfdatrr--------------------- ccnag-ferf--gctpcey--
mskl gvl I ticll|fphtavpl dgdghadgpaer| qddi ssehhpm nsi rrreqngf nmsft svkl rdsrgerccgpt - acma- - gcr pccg- -
mskl gvl litcll1fpltavpl dgdgpadgpaer| qddi ssenhpffdpvkr---------cccmmmaoonnn ccrl--lc-Is--cnpccg--
mskl gvl liiclllcpltavpgdgdgpadgpaer mgddi ssehhpffdpvkr--------------------- cckygwt cw g- - cspcgc- -
mskl gvl I ticlllfpltavpl dgdghadr padr mgd-i sseghpl fdpvkr------------ummmmm--- ccdwp- - cti g- - cvpecl p-
mskl gvl I ticlllfpltavrldgdghtdrpadrmd-iateqghpl fdpvkr---------ccmmmmaoannn ccdwp- - cti g--cvpccl p-
mskl gvl I ticm | fpltal pl dgdgpadr paer mgddfi seghpl fnpi kr--------------------- ccdwp- - cti g--cvpccek- -
mskl gal I ticlllfsltavpl dgdghadqpaqgr! qdri pt edhpl fdpnkr---------cccummoonnn ccdds- ecsys- - cwpccyg-
mskl gvl I ticlllfpltavgl dgdgpadl pal rtqd-i at dhspwf dpvkr---------ccmmmnaoannn ccsry--cyi---cipccpn-
mskl gvl I ticlllfpltavgl dgdgpadl pal rtqd-i stdhspwf dpvkr--------------------- ccsry--cyi---cipccpn-
mskl gvl I ticlllfpltvl pndgdgpadl pal rtqd-i atdgspwf dpvkr--------------mm----- ccsry--cwk---ci pccpy-
mskl gvl I ticlllfpltavsl dgdgpadl pel raqd-faperspwfdpvrr---------ccmmmnoannn ccsqd--crv---ci pcecpy-
mskl gvl I ticll|fpltavgl dgdgpadl pel raqd-faperspwfdpvrr--------------------- ccsqd--crv---ci pcecpy-
mskl gvl I ticlllfpltavqgl dgdgpadl pel raqd-faperspwidpvrr--------------------- ccsqd--crv---ci pccpn-
mskl gvvl ticl | pf pl t al prdgdgpadl pal rt qd-f eper spwf dpvkr---------ccmmmnaoannn ccsqd--crv---ci pccpy-
mskl gvl I ticll|fpltavprdgdgpadl pal rtqd-feperspwfdpvrr--------------------- ccsqd- - csv---ci pccppp




