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Hemocyanins are respiratory proteins that float freely
dissolved in the hemolymph of many arthropod species
[1-4]. They are composed of six identical or similar
subunits with molecular masses of around 75 kDa
[1,3]. A subunit may bind to an O, molecule by means
of two Cu™ ions, each of which is coordinated by
three histidines in two distinct binding sites. Some
hemocyanins assemble into large oligomers of up to
8 x 6 subunits [1]. The occurrence and properties of
hemocyanins have been thoroughly studied over the
last 30 years in Chelicerata and malacostracan Crusta-
cea, but their presence in other arthropod subphyla
(Onychophora, Myriapoda and Hexapoda) has been

discovered only recently [5-8].
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Hemocyanins are copper-containing, respiratory proteins that have been
thoroughly studied in various arthropod subphyla. Specific O,-transport
proteins have long been considered unnecessary in Hexapoda (including
Insecta), which acquire O, via an elaborate tracheal system. However, we
recently identified a functional hemocyanin in the stonefly Perla marginata
(Plecoptera) and in the firebrat Thermobia domestica (Zygentoma). We used
RT-PCR and RACE experiments to study the presence of hemocyanin in a
broad range of ametabolous and hemimetabolous hexapod taxa. We
obtained a total of 12 full-length and 5 partial cDNA sequences of hemo-
cyanins from representatives of Collembola, Archeognatha, Dermaptera,
Orthoptera, Phasmatodea, Mantodea, Isoptera and Blattaria. No hemocya-
nin could be identified in Protura, Diplura, Ephemeroptera, Odonata, or in
the Eumetabola (Holometabola + Hemiptera). It is not currently known
why hemocyanin has been lost in some taxa. Hexapod hemocyanins usually
consist of two distinct subunit types. Whereas type 1 subunits may repre-
sent the central building block, type 2 subunits may be absent in some spe-
cies. Phylogenetic analyses support the Pancrustacea hypothesis and show
that type 1 and type 2 subunits diverged before the emergence of the Hexa-
poda. The copperless insect storage hexamerins evolved from hemocyanin
type 1 subunits, with Machilis germanica (Archeognatha) hemocyanin being
a possible ‘intermediate’. The evolution of hemocyanin subunits follows the
widely accepted phylogeny of the Hexapoda and provides strong evidence
for the monophyly of the Polyneoptera (Plecoptera, Dermaptera, Orthop-
tera, Phasmatodea, Mantodea, Isoptera, Blattaria) and the Dictyoptera
(Mantodea, Isoptera, Blattaria). The Blattaria are paraphyletic with respect
to the termites.

In most Hexapoda, gas exchange is mediated by the
tracheal system, a network of tubules that open to the
atmosphere on the cuticle and radiate to all parts of
the body. O, is delivered through trachea and trache-
oles in the gaseous phase [9] and hence respiratory
proteins have long been considered unnecessary [10—
12]. Nevertheless, a functional hemocyanin has been
identified in the hemolymph of the stonefly Perla mar-
ginata [8]. This hemocyanin consists of two distinct
subunit types (PmaHcl and PmaHc2) [8] and ortholo-
gous sequences have been reported from the closely
related stonefly Perla grandis (PgrHcl and PgrHc2)
[13]. We recently identified a hemocyanin in the

hemolymph of adult firebrat Thermobia domestica
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(Zygentoma), which also consists of two distinct
subunits (TdoHcl and TdoHc2) [14]. A hemocyanin-
like protein from in the embryonic hemolymph of
the grasshopper Schistocerca americana (‘embryonic
hemolymph protein’, EHP) [15] resembles hemocyanin
subunit 1 (Hcl), suggesting that this protein might
have a respiratory function as well [§].

Arthropod hemocyanins belong to a protein super-
family that also comprises arthropod phenoloxidases,
crustacean pseudohemocyanins, insect storage hexam-
erins and dipteran hexamerin receptors [4,16—19].
Respiratory hemocyanins most likely evolved from
the phenoloxidases early in arthropod evolution.
Thus the phenoloxidases, which had been identified
in various crustaceans and hexapods, form the
sistergroup of all other members of the arthropod
hemocyanin superfamily [4,18]. Crustacean pseudo-
hemocyanins and insect hexamerins are non-
respiratory proteins that evolved independently from
hemocyanins [4].

Although hexamerins might be ubiquitous in insects
[14,19-21], hemocyanin appears to be missing in eume-
tabolous insects [22]. Here we investigate representa-
tives from several ametabolous and hemimetabolous
hexapod orders for the presence of hemocyanin,
including Collembola (springtails), Diplura (diplurans),
Protura  (proturans), Archeognatha (bristletails),
Ephemeroptera (mayflies), Odonata (dragonflies and
damselflies), Orthoptera (grasshoppers and crickets),
Phasmatodea (stick insects), Dermaptera (earwigs),
Mantodea (mantises), Isoptera (termites) and Blattaria
(cockroaches), as well as Hemiptera (true bugs).

Table 1. Hexapod species used in this study.

Insect hemocyanins

Results

Identification of hexapod hemocyanins

We used an alignment of insect hemocyanin sequences
to deduce two pairs of degenerated oligonucleotide pri-
mer, which we applied on cDNA from various hexa-
pod species (Table 1). Products of the expected lengths
were sequenced and BLAST searches were performed.
We identified fragments that correspond to insect
hemocyanin subunit types 1 from springtails Sinel-
la curviseta (ScuHcl) and Folsomia candida (FcaHcl),
bristletail Machilis germanica (MgeHcl), stick insect
Carausius morosus (CmoHcl), grasshopper Locusta
migratoria (LmiHcl), earwig Chelidurella acanthopygia
(CacHcl), mantis Hierodula membranacea (HmeHcl),
termite Cryptotermes secundus (CseHcl) and cock-
roaches Blaptica dubia (BduHcl), Periplaneta ameri-
cana (PamHcl) and Shelfordella lateralis (SlaHcl). In
the other species, no hemocyanin sequence was recov-
ered. The same two pairs of degenerated primers
also resulted in fragments that correspond to insect
hemocyanin subunit types 2, which were found
for  Ch. acanthopygia (CacHc2), H. membranacea
(HmeHc2), Cr. secundus (CseHc2), B. dubia (BduHc2),
P. americana (PamHc2) and Sh. lateralis (StaHc2).

Hexapod hemocyanin subunits 1

We completed the fragments of ScuHcl, MgeHcl,
CmoHcl, CacHcl, HmeHcl, CseHcl, BduHcl and
PamHcl using 5- and 3-RACE (Table 2). The full-

Species Order Family Developmental stage Hc Hc2
Sinella curviseta Collembola Entomobryidae Juvenile, adult ScuHc1 -
Folsomia candida Collembola Isotomidae Juvenile, adult FcaHc1 -
Allacma fusca Collembola Sminthuridae Adult - -
Acerentomon franzi Protura Acerentomidae Juvenile - -
Campodea sp. Diplura Campodeidae Juvenile, adult - -
Machilis germanica Archeognatha Machilidae Adult MgeHc1 -
Ephemerella mucronata Ephemeroptera Ephemerellidae Juvenile - -
Aeshna cyanea Odonata Aeshnidae Adult - -
Locusta migratoria Orthoptera Acrididae Adult LmiHc1 -
Acheta domesticus Orthoptera Gryllidae Adult - -
Carausius morosus Phasmatodea Heteronemiidae Adult CmoHc1 -
Chelidurella acanthopygia Dermaptera Forficulidae Adult CacHc1 CacHc2
Hierodula membranacea Mantodea Mantidae Juvenile HmeHc1 HmeHc2
Cryptotermes secundus Isoptera Kalotermitidae Juvenile, adult CseHc1 CseHc2
Blaptica dubia Blattaria Blaberidae Juvenile, adult BduHc1 BduHc2
Periplaneta americana Blattaria Blattidae Juvenile, adult PamHc1 PamHc2
Shelfordella lateralis Blattaria Blattidae Juvenile, adult SlaHc1 SlaHc2
Graphosoma lineatum Hemiptera Pentatomoidae Adult - -
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Table 2. Molecular properties of the putative hemocyanin ¢cDNA and the deduced amino acid sequences. Sequences are given in

Figs S1-S17.

Nucleotide

cDNA 5-UTR ORF 3-UTR Deduced amino Putative signal  Native Predicted molecular
Name Accession no.  (bp) (bp) (bp) (bp) acid sequence (aa) peptide (aa) protein (aa)  mass (kDa)
ScuHc1 FM242638 2178 37 2016 125 672 19 653 75.59
FcaHc1 FM242650 1053 - - - 351 - - -
MgeHc1  FM242639 2208 30 2058 120 686 16 670 79.18
CmoHc1 FM242640 2310 87 2028 195 676 19 657 76.29
LmiHc1 FM242651 530 - - - 176 - - -
CacHc1 FM242641 2326 245 2007 74 669 19 650 75.43
HmeHc1 FM242642 2592 98 1980 514 660 None 660 76.97
CseHc1 FM242644 2305 25 2031 249 677 20 657 76.70
BduHc1 FM242646 2118 8 2034 76 678 19 659 77.00
PamHc1 FM242648 2844 26 2022 796 674 19 655 76.58
SlaHc1 FM242652 530 - - - 176 - - -
CacHc2 FM242654 1506 - - 138 456 - - -
HmeHc2 FM242643 2454 86 1989 379 663 None 663 76.72
CseHc2 FM242645 2293 29 2052 212 634 19 665 76.10
BduHc2 FM242647 2171 16 2055 100 685 19 666 76.11
PamHc2 FM242649 2334 49 2052 233 684 19 665 76.49
SlaHc2 FM242653 527 - - - 175 - - -

length ¢cDNA sequences comprise 2118-2844 bp and
cover ORFs of 1983-2058 bp. The deduced amino acid
sequences consist of 660-686 amino acids. Computer
analysis suggests the presence of a typical signal
peptide for transmembrane transport and export into
the hemolymph [23] in all subunits except HmeHcl
(Fig. 1). Therefore, the native proteins consist of 650—
670 amino acids with predicted molecular masses of
75.43-79.59 kDa. The amino acid sequences are 53.9—
68.0% identical with hemocyanin subunit type 1 from
P. marginata (PmaHcl; Table 3). The six histidine resi-
dues crucial for oxygen binding are strictly conserved
in all hemocyanin proteins and a potential N-glycosyl-
ation site (NXS/T), located in PmaHcl at Asnl91, is
present in all type 1 subunits (Fig. 1).

Hexapod hemocyanin subunits 2

The 5’- and 3’-ends of HmeHc2, CseHc2, BduHc2 and
PamHc2 were obtained using RACE experiments
(Table 2). We were able to amplify the 3’-end of
CacHc2, but did not succeed with the 5’-end. The full-
length ¢cDNA sequences comprise 2171-2454 bp with
ORFs of 2171-2454 bp. The deduced amino acid
sequences cover 663—-685 amino acids and putative sig-
nal peptides were found in all proteins except HmeHc2
(Fig. 1). Therefore, the native proteins consist of
663-666 amino acids with predicted molecular masses
of 76.11-76.72 kDa. The amino acid sequences are
58.9-62.3% identical with respect to the hemocyanin
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subunit type 2 of P. marginata (PmaHc2; Table 3).
The six histidine residues crucial for oxygen binding
are strictly conserved. A potential N-glycosylation site
(NXS/T), found in PmaHc2 at position Asn334, is
conserved in all subunit types (Hcl and Hc2) with the
exception of PmaHcl. An insertion of nine amino
acids in PamHc2 starting at amino acid 435 is unique
to subunit types 2. On the amino acid level, the hemo-
cyanin subunits types 2 are 45.0-54.6% identical to the
subunit types 1.

Molecular evolution of hexapod hemocyanins

A multiple alignment was constructed using the
deduced amino acid sequences of the putative hemocy-
anin subunits and the previously identified insect
hemocyanin subunit types 1 (PmaHcl, PgrHcl, SamE-
HP, TdoHcl and LsaHcl) and types 2 (PmaHc2,
PgrHc2, TdoHc2 and LsaHc2). We also included
selected insect hexamerins, crustacean hemocyanins,
crustacean pseudohemocyanins, chelicerate hemocya-
nins, myriapod hemocyanins and one onychophoran
hemocyanin in the final alignment (Fig. S18). The
phylogenetic tree reconstructions were carried out
using MRBAYES (Fig. 2) and rerun after exclusion of
the incomplete sequences (i.e. FcaHcl, LsaHcl,
LsaHc2, CacHc2, LmiHcl, SlaHcl and SlaHc2) using
MRBAYES and PHYML, respectively. In each case, the
onychophoran hemocyanin was used to root the tree
for visualization purpose.
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> 1" domain

MARFALTLIACTLVVAVAATPADQEFLTKOKEIVKLLNKVHELNFY - -QDOATIGKDWDPLAHLDSYKNVRVVKELVKELKNGKLIKRGEIFNLFNEEHRREMILLFETLF
MKTVFCLLLALAASLAVPTKKDVPADHEFLVKQREILKLLFRAHEPNIS

-EDQVDIAAKFDIEANLDKFKEVDSVKELYELYVKKQLLHRGEIFNTFEDKHLEQATLLIETLL

-MRAVLLLLLVGFTAHLVVGRVTRGAVPADKEFLLKQKEILQLLNKVHEPNRF - -KEQVNLGNSYDPLANLGNYKKAAAVHQLVKLYNNGALLPRGEIFTLFRERDLEEMIYLFEALF
~MKWLLTLGLVMVLASLAQAKLTRGSVPADQDFLTRORDVIRLCMKVHEHNHY - -QEQVDLVKDYDP-SVAGKFKDVTPIKRLMKYYNAKTLLPRGDIFSLFHKEHREEMILLFESFL

-MOWVIAAVLLAGLGOLVAAKYTRGEVPADKDFLLKQREVLKLLNKPHEPNRY - -KDQADSGSKYEPSNNLNRYKNPVPVKTLVKRYNSHSLLPRGQIFTLEDDKHREEMVLLFESMF
MRLMWLAVLVVAVALGGAQAGIGDVPADKPFLMKQREVLRLFNKVHEPNRY - -KEQVELGNAYEPLNSLPRYRNPAPVKQLVRLYRAGSLLPRGAIFTLEDDTHREQMILLFESLL
MKLIPACLVVAVCIAYCCGVSVPADSGLVVRQYEILKLLNKVHEPNRI - -KEQTEIGNSFDLSTALTGFKNPNAAKALLKGYKAGSLLPRGSIFTLENEKHRSEMILLFETFF

--MGLVKYTGSASADKDFLVKQRQILRLCNKVHEPNRF - -KEQAELGKNYEPLKHLDKYKHPRSVKTLVKY YNSGLTLPRGATF TLENDKHREQMITVFESLF

~MKCILTVALLGVAVCHLAQAKVMRGEAPADKIFLSKQREVLKLLNKVHEPNRF --KDQADLGRSYDPTQHLSKYKNALPVKTLVKQYTSGRLLPRGRIFTLFNDRQREQMITIFESLF

: MKTLLFLLLGVAL

HOACARQAQINRGVPVDREFLTRONEILHLLNKVHEPNRF - ~KDQSELGRSYDPTAHFDKYKNASPVKSLVKLYTSGQLLPRGHIFTLENDKHREQMITVFESLF

—----MKWOLVTFLGVALCYLASAKLSEVPADKEFLVRQREVLRLLNKVHEPNRF - -KEQAELGRSYDPTAHF SKYKNAVPVKRMVKEYMAGHMLPRGAIFTLENNKHREEMITVFESFF

MADETFLKROMLILKLLRHISEPLED--PELVQIKDSYSPLNSLSVYKDPQLVQKVVRKLENGOMLNRDNIFVLFDPVHRROMIDVFEILY

---MKFALVLIGLCALAAADTVDDTFYKHQTQVLHLVEHIYEPTSSHYEDLTTIKKTYDPLQHLDNFKDGDHVKHFVHDVTHGKY LAHDETFNIFHPHHRRQMVYLFEILY

MADATFLKRQLHVLKLLRHISEPITD--PELHAKKQSGDPANHLNKFNDPKAVRHFVNLVRKGSLLSRDTVFSLFNPKHREQMVALFEVLY

7777777 MRPATVLLIVLGACAL EQKADATFLKRQLQVLNLLRHLNQPLID-- PELLVFKNSFSPLNNLNKFKDPTAVKNFLKLVTEGKLLERDATFSLEDARQRAQMVTLFEVLY

MKLVWAL

MKLLGILVSCACVVAAAVAVQQKADGVFLNRQTSVLKLLOHLNQPLVD- - SDLTAYKESFSPLNNLNRYRDAEVVKQYVGLVESGKLLHRDGIFGLENPEHRQQMIVLFETLY

IALGACAL \DOKADMTFLTRQLOVLKLLRHLNQPLSD--PELTAIKNSFSPLNHLNKFKEPETVKLLVGLITKGKVLQRDTVESLFHPRHRYEMVTLFETLY

5a N
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FAKDWDTFHKTACWARDKINEGQFVYALSVATLHRADTRGIRLPPAYETYPHLFVTSQVIHEAYAAKMROE PAVIHMNETGTVRNPEQRVAYFGEDVGMN SHEIAVFEMDWPFWWNEEKY
SANSWDTLYRTACWARDKVNEGQFVYALSVTVMHSDFLRGIILPPPYETIYPHLFVNSEVIHEAY SAKMRHHPVVI PMNETGT IRNPEQRVAYFGED T GLNTHISH YWESIMNF PFWWS - PHY
YANDWNTFLSTACWARDRINEGQFVYALSVAVLHREDTKGVVLPPAYEIYPHLEVNSEVIHQAYKAKMRQEAAVVRMNETGT IRNPEQRVAYFGEDT JFPFWWK - PEY
FAQDWDTFFKTAVWARDRINEGQFVYALSVAVLHREDCKGI ILPPAYETYPHMFVNSEVINSAYKAKMTQTPAT THMNETGT TIRNPDOWIAYLGEDVGLN: H FPFWWKAAEY
YALDWDTFYKTACWARDRINEGQF TYALSVAVIHRDDAKGIVLPPSYETYPHLYVNSEVITHAAYKAKMROE PAVVRMNETGT IRNPEQRVAYLGEDL HWIEMDF PFWWK PEEY
YANDWETFLRTAAWARDRVNEGQFVYALCVAVLEREDTRGVVLPPPYEIYPHLFVNSEVIHAAYKAKMRQEPAVVHMNETGT IRNPEQRVAYLGEDL WgIMDF PEWWK EDEY
YANDWDLLFKTACWARDRINEGQFVYALSVAVLHRSDTHGIVLPPPYETYPHLFVNSEVIHAAYKAKMROEPATVRMNETGT IKNPEQRVAYLGEDT HV OFPFWWKEHEY
FAQDWDTFLRTACWCRDRVNEGQFVYALSVAVLHREDTRGIVLPPPYEIYPHLFVNSEVIHAAYKAKMRQEPATVRMNETGT IRNPEQRVAYLGED IDFPFWWKQQEY
YAEDWDTFYRTACYVRDRVNEGQFVYALSVAVLHREDTRGMVLPPAYEVYPHLFVNSDVIHAAYRAKMRQE PAVVRMNETGTVRNPEQRVAYLGEDVGI O)FPFWWKQDEY
YAQDWDTFYRTACWARDRVNEGQFVYALSVAVLHREDTRGIVLPPAYETYPHLFVNSEVIHAAYRAKMROE PAVVRMNETGTVRNPEQRVAYLGED! OF PFWWKEQEY
FAEDWDTFYRTACWARDRVNEGQF I¥YALSLAVLHREDTRGIVLPPAYEIYPHLFVNSEVIHAAYKAKMRQEPAVVRMNETGT IRNPEQRVAYLGED DFPFWWKQEEY
FANDYDTFFKTAVWLRDRMNPRQFLYAFSVALLHRKDCRGFTLPPAYETITPHMFLTTDVVROAYQAKMTRT PKVIPMOFTGSVRNOQEQRVAYFGEDT DF PFWWK - PEY
GAKDFDSFFNMAVWARDHMS PRMFLYAF SVAVLHRTDCKGITLPPAYE I TPDMFLTTDVMRKAYQAKMTATKTVI PMKFTGS IKNPEQRVAYFGEDT DFPFWWK -RSY
SAVDYDTFFNTAVWARDRMNPRQFLY SFSVALLHRPDCRGLTLPPAYE ITPHMFLTTDVVREAYKAKMTRQPVLIPMKFTGSVNNPEQRVAYFGEDT! HWgIMDF PFWWK - PHY
GATDYDTFLKAAAWARDRTNPRQFLYAFSVALLHREDCRGVILPPAYETTPHMFLTTDVVRKAYQAKMMRTPTVIPMKFTGSVNNPEQRVAYFGEDT OFPFWWK -QEY
GASDWDTFFKTAVWARDRTNPRQFLYAF SVALLHREDCRGIKLPEQYEITPHVFLTTDVVRKAYQAKMTRTPTVI PMKFTGSANNPEQRVAYFGEDIGLN: HWIMDF PEWWK - PEY
GATDYDTFFRTAVYARDRLNPRQFLYAFSVALLHRQDCRGICLPPAYEI TPHMFLTTDVVRKAYKAKMTRTPTVI PMKETGSVNNPEQRVAYFGEDT! DFPFWIK -QEY

--GLTKDRKGELFWYMEHQL I TRFDAERLSNDLNEVEALHWDK PTVEGFYPQTTYRKGGEFPARPDNFMFHDLKD - ~HRVADLEAYEERTREAT SAGVIFDAHDPNTFISLNNT-EGID

-DTKFDRAGEMFWYMBIHOLVARYDLERLSNYLPEVEPLEWFKPIKSGFAPLTMYRKGGEFPNRPDNMLLHDLHD--LKVHDVVVFEERIKEAIDRGFVYNKWI-GEKIRLNNSTEGIE

--GVEKDRKGELFYYMEHQL T ARFDLERLSNNL PVVRPLDWEK PTVNGF Y PQTTYRKGGEFPARPDNF YFQDLETPY IKVKHMIAYSQRTREATARGVVLTK-S-GELYSINDT-TGIN
--GIEKDRKGELFYYMSHOMIARYDFERLSNWLHFVEPISFEDEIEHGFYPQTTYRVGGEFPARPDNFHFHDLEH- - IKIKDMLDYTRRIKEAI SKQKVRSK-N-GEKIPLDAV-HGID

-GIDKDRKGELFYYMEHQOL. TARFDLERLSNDLPPVEPLGWRERIVDGFYPQTTYRVGGEFPARPDDFEFQDLSS - - IKVQDMVDYERRVREATSQQAVITM-S-GDYFSLNDT-TGIN

--GIRKERKGELFYYMBIHQL T ARFDLERLSNDL PFVEPLYWTERIKDGFYPQTTYRVGGEFPARPDNFAFHDLON - - IKVQQMIDYTRRVRECISQQAVITE-T-GDLYNISSP-EGIN

—-GIHKDRKGELFYYMBIHOLTARFDLERLSNNLPFVEPLSWDQKIANGFYPQTTYRVGGEFPARPDNYAFHDLEN--IKIKDMIDYTRRIREATAQQAVITK-S-GEYFYLNDS-KGIE
~GVEKDRKGELF YWMEIHQOL, TARFDLERLSNDL PFVEPLSWEDKIVDGFYPQTTYRVGGEFPARPDNFEFQDLEH.

~IKVKDMVDYTRRIREAISQMAVVTK-S-GEYYSLNNT-KGIN

--GVKKDRQGELF Y YMEHOL. TARLDLERLSNDL PFVKPLYWEDKIEDGFYPQTTYRVGGEFPARPDNFEFQDLQOD- - IKVKDMVDYTRRIREAISQQSVITR-W-GQNLPLNDT-MGIN

—-GSHKDRKGELF YWMBIHOL T SRFDLERLSNDLPFVEPLYWDEKIVDGFYPQTTYRVGGEFPARPDNFEFQDLKN--IKVKDMVDYTRRIREATSQQAVITK-N-GDYYSLNDT-TGID
~GVHKDRKGELF YYMEHQOL TARFDAERLSNDLPIVEPLYWDEKIVDGFYPQTTYRVGGEFPARPDNFEFHDLEH

~IKVKDMMDYTRRIREAISQQAVVTR-T-GEMVSLNNT-QGID

—-GVEKDRKGELFYYMESIHOL TARFDAERLSNYLPVVEPLDWEKPIVQGFAPGAMY ENGOEFPVRPDNMNEFHDLPW--LTIEDMKGYEDRIRDATIASGFVISV-D-DSLVYLNDT-RGID
—-DVTKDRRGELFFYMBIHOMVNRFDAERLSNWL POVEPLNWHHEIEEGFAPAAMY FNGOEFPMRPDGTHFHDLPW--FTVKDTEDYEDRIRNVIAKGYVKAS-D-GHTIFLNGT-EGIN
QHNHSKDRKGELFFYMEHOMVARFDAERLSNNL PVVQPLEWNRKIVEGFAPGAMY DNGQEFPMRPDNIGFQDLPW--LTVQDMLMYEGRIRDAITAGFVRAY -D-GNYVSLNNT-EGIN
--TVDKDRKGELFFYMBIHOMVARFDAERLSNDL PAVEPLEWDQOITEGFAPAATYENGOEFPMRPDNMKFCDLPS--LSVRDMKIVEGRIRDATASSFVKTA-D-SRLLSINNT-AGVN
—--DGDKDRKGELFFYMSHOAVARFDAERLSNDL PVVQPLEWDKKIVEGFAPGASYENGQEFPMRPDNMOF SDLPW--LTVQDMRLYEGRIRDATASGFVRTA-E-GKLVSLNNT-VGIN
--AGYKDRKGELF Y YMEHOMVARFDAERLSNDL PVVEPLEWDQKIVEGFAPGATYENGQEFPMRPDNMCF SDLPF - -LTVQDMKIFEGRIRDAIASGYVKTV-D-SRLMSLNNT-AGIN

KLGAIIE: CSINPSFYGSLISNLGE I ILGRVVDPLGKFGMPPGVMEHFETATRDPAFFRLEIKH IDNIFKEHKDSLVPYTHEELDVEGVDIKNVEV -~

> 3" domain

-DDLVTYFEDFDIDM

TLGRMIEASRLSPDIDYYGS IENLG]§i I LLGEIMDPDHKFNLPPGVMEHFETAMRDPVFFE SLSIKHIDY IFKHYKDTLVPYKREELDF PGVKVENVEV:

TLEGELIEPSVFSRHREYYGAIBINYGEI T LLGRITDPKGKFNMPPGVMEHFETATRDPAFFRLBIKY IDNLFKEHKDHLPHY TRDELLLPGVSINSVEV-
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Fig. 1. Multiple alignment of hexapod hemocyanin sequences. Putative hemocyanins from S. curviseta (ScuHc1), M. germanica (MgeHc1),
C. morosus (CmoHc1), Ch. acanthopygia (CacHc1), H. membranacea (HmeHc1 and HmeHc2), Cr. secundus (CseHc1 and CseHc2), B. dubia
(BduHc1 and BduHc2) and P. americana (PamHc1 and PamHc2) were compared with the previously identified insect hemocyanins from
T. domestica (TdoHc1 and TdoHc2) and P. marginata (PmaHc1 and PmaHc2). The copper-binding histidines are shaded in black; other strictly
conserved residues are shaded in gray. Putative signal peptides and potential N-glycosylation sites (NXS/T) are underlined. The borders of
the three structural domains are indicated.

FEBS Journal 276 (2009) 1930-1941 © 2009 The Authors Journal compilation © 2009 FEBS

1933



Insect hemocyanins

56.3 56.6
53.9 53.3
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Pam Hc1 Tdo Hc2 Pma Hc2 Hme Hc2 Cse Hc2 Bdu Hc2 Pam Hc2
59.6
55.8
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63.4
58.5
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Bdu Hc1
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59.2
68.3
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59.7
67.1

Hme Hc1 Cse Hcl

63.1
60.1
68.4

61.9
57.1
67.3

Sam EHP Cac Hc1

62.3
58.2
65.7

Pma Hc1 Cmo Hcl
61.9
60.2
68.0

61.7
58.8
65.4

63.8
60.7

MgeHc1 Tdo Hc1

Scu Hc1
59.5
57.6

56.0
64.2

Table 3. Comparison of hexapod hemocyanins. Percent identities between hemocyanins were calculated from nucleotide (above diagonal) and amino acid sequences (below). A detailed

comparison of the three domains is given in Table S3.
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C. Pick et al.

In all analyses, CacHcl, CmoHcl, LmiHcl,
HmeHcl, CseHcl, BduHcl, PamHcl and SlaHcl
form a well-supported monophyletic clade with the
previously identified insect hemocyanin subunit types
1 (1.00 posterior probability; 100% bootstrap sup-
port) (Fig. 2). The collembolan hemocyanins ScuHcl
and FcaHcl join this clade, albeit with lower sup-
port values (0.77 posterior probability; 66% boot-
strap support); after the exclusion of incomplete
sequences, however, the posterior probability was
higher (0.91). MgeHcl groups with the insect hexam-
erins (0.99 posterior probability; 64% bootstrap sup-
port), which form the sistergroup of the insect
hemocyanin subunits 1. However, BduHc2, PamHc2,
StaHc2, CseHc2, HmeHc2 and CacHc2 group with
the previously identified insect hemocyanin subunit
types 2 (1.00 posterior probability; 100% bootstrap
support). Crustacean hemocyanins and pseudohemo-
cyanins form a third clade with 1.00 posterior proba-
bility and 100% bootstrap support. The monophyly
of crustacean and hexapod hemocyanins and hemo-
cyanin-related proteins is highly supported (1.00
posterior probability; 100%  bootstrap support).
However, the relationships among the three clades
of (a) crustacean proteins, (b) hexapod hemocyanin
subunits 1+ hexamerins and (c) hexapod hemocya-
nin subunits 2 are not well resolved.

Within hemocyanin subunit types 1, the dictyopter-
an sequences (HmeHcl, CseHcl, BduHcl, PamHcl
and SlaHcl) are monophyletic (1.00 posterior
probability; 96% bootstrap support) (Fig. 2). Within
this clade, PamHcl+ SlaHcl (Blattaria, Blattidae)
and CseHcl (Isoptera) form a monophylum (1.00
posterior probability; 82% bootstrap support), which
is the sistergroup to BduHcl (Blaberidae, Blattidae).
The orthopteran subunit types 1 (SamEHP +
LmiHcl) and CmoHcl (Phasmatodea) form a well-
supported common clade (1.00 posterior probability;
68% bootstrap support), which is in a sistergroup
position to the dictyopteran subunits. The hemocya-
nins from Dermaptera (CacHcl) and Plecoptera
(PgrHcl+ PmaHcl) are sistergroups (0.93 posterior
probability; 47% bootstrap support). This clade is at
the basal position within the Pterygota. The hemocy-
anins from Zygentoma (TdoHcl+ LsaHcl) form the
sistergroup of the pterygote proteins. ScuHcl+
FcaHcl (Collembola) is basal to the ectognathan
subunits, whereas MgeHcl (Archeognatha) is the
sistergroup to the dicondylian hexamerins. Within
the hemocyanin subunit types 2, phylogeny resembles
that of subunit types 1 except that partial CacHc2
(Dermaptera) is at the basal position within the
Pterygota.
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Myriapod
hemocyanin

Chelicerate
hemocyanin

Crustacean
hemocyanin and
pseudocyanin
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Fig. 2. Bayesian analysis of arthropod hemocyanins and hemocyanin-related proteins. A phylogenetic tree was deduced from a multiple
alignment of the putative hemocyanin subunits and the previously identified insect hemocyanin subunit types 1 and 2, selected insect hex-
amerins, crustacean hemocyanins, crustacean pseudohemocyanins, chelicerate hemocyanins, myriapod hemocyanins and one onychophoran
hemocyanin. The onychophoran hemocyanin (EpiHc1) was used to root the tree for visualization purpose. Posterior probabilities are depicted
at the nodes; bar = 0.1 substitutions per site.
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Discussion

Occurrence of hemocyanin in Hexapoda

Because Hexapoda usually possess a well-developed
tracheal system, the presence of respiratory proteins
has long been considered unnecessary in this arthopod
subphylum. Only a few species that live under hypoxic
conditions, represented by the aquatic larvae of the
chironomid midges, some aquatic backswimmers or
the larvae of the horse botfly, were regarded as excep-
tions [22,24]. However, a functional hemocyanin has
been identified in the hemolymph of the stonefly
P. marginata [8]. Plecoptera possess a typical tracheal
system, but the presence of hemocyanin had been
attributed to their semiaquatic lifecycles [8]. More
recently, we also identified a putative hemocyanin in
the hemolymph of the terrestrial firebrat 7. domestica
(Zygentoma), suggesting a more widespread occurrence
of hemocyanin in Hexapoda [14,22]. We decided to
investigate a broad range of hexapod orders for the
presence of hemocyanin mRNA (Table 1). These taxa
represent the majority of ametabolous and hemimetab-
olous hexapod orders. Embioptera (web spinners),
Grylloblattodea (ice bugs), Mantophasmatodea (heel
walkers) and the enigmatic Zoraptera could not be
obtained for our studies.

Hemocyanins were identified in Collembola, Arche-
ognatha, Zygentoma, Plecoptera, Dermaptera, Orthop-
tera, Phasmatodea, Mantodea, Isoptera and Blattaria,
but not in Protura, Diplura, Ephemeroptera, Odonata
and the Eumetabola (Holometabola + Hemiptera)
(Fig. 3). In addition, SDS/PAGE with hemolymph
samples from Ephemeroptera and Odonata does not
provide any indication of the presence of hemocyanin
(data not shown). The notion of the absence of hemo-
cyanins from Holometabola is corroborated by the fact
that no hemocyanin sequences could be identified
in the genomes or expressed sequence tags of vari-
ous holometabolous insects, such as Drosophila
melanogaster (Diptera), Bombyx mori (Lepidoptera),
Apis mellifera (Hymenoptera) or Tribolium castaneum
(Coleoptera). Therefore, it is very likely that hemo-
cyanins are missing in all eumetabolous insects [22].
Hemocyanins might have also been lost in the ametab-
olous and hemimetabolous hexapods Allacma fusca
(Collembola), Acerentomon franzi (Protura), Campodea
sp. (Diplura), Ephemerella mucronata (Ephemeroptera),
Aeshna cyanea  (Odonata) and  Acheta domesticus
(Orthoptera) as well. However, we cannot exclude
that in these species hemocyanins are only expressed
under certain environmental conditions or in some
developmental stages.

C. Pick et al.

Putative function of hexapod hemocyanins

Reversible binding of oxygen and hence function as a
respiratory protein has been unequivocally demon-
strated for P. marginata hemocyanin [8]. The stonefly
hemocyanin binds oxygen with a half-saturation pres-
sure (Psg) of ~ 8§ torr and shows moderate cooperativi-
ty. In our studies, O,-binding kinetics could not be
measured because of the small size of most specimens.
However, we assume respiratory functions for all hexa-
pod hemocyanins identified here because: (a) the six
histidines crucial for oxygen binding are strictly con-
served, and (b) all subunits are orthologous to the
respective subunits of P. marginata, with the exception
of MgeHcl (see below). Other or additional functions
of insect hemocyanins, such as a role as storage or
immune proteins, or as functional phenoloxidase
cannot be formally excluded, but are less likely.

In contrast to some hemoglobins, all known hemo-
cyanins are not included in blood cells, but occur freely
dissolved the hemolymph. Signal peptides required for
transmembrane transport [23] are present in both plec-
opteran subunits and the localization of hemocyanin in
the hemolymph has been unequivocally demonstrated
[8]. Putative signal peptides are also present in the
newly identified hexapod hemocyanin subunits (except
of those from H. membranacea; Fig. 1) and therefore a
transport of the nascent polypeptide into the hemo-
lymph is likely. Interestingly, signal peptides are absent
in both subunit types from the mantis H. membranacea
(HmeHcl and HmeHc2), as well as in the subunit
type 2 from the firebrat 7. domestica [14]. Localization
in the hemolymph has been demonstrated for the latter
species, suggesting export from the cell by other means
[14]. Whether this also applies to HmeHcl and
HmeHc2 must remain uncertain. There is obviously no
correlation between loss of signal peptides and proteins
phylogeny (Fig. 2). Therefore, the signal peptides may
have been lost at least three times independently during
evolution of insect hemocyanins, but the functional
relevance is currently unknown.

Subunit evolution and emergence of insect
hexamerins

The plecopteran hemocyanin consists of two distinct
subunits (Hcl and Hc2) that assemble into a hexamer
of ~ 460 kDa in unknown stoichiometry [8]. Ortholo-
gous subunit types have been identified in the Zygen-
toma and hence their diversification preceded the
emergence of pterygote insects [14]. Therefore, it is not
surprising that both subunit types are also present in
Dermaptera, Mantodea, Isoptera and Blattaria. Hemo-
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Fig. 3. Occurrence of both hemocyanin subunit types in Hexapoda. The phylogenetic tree of the hexapod orders and the times of origins

were taken from Grimaldi & Engel [48].

cyanin subunit type 2, however, is apparently missing
in the grasshopper Sch. americana [15] and appears to
be absent in other orthopterids (Phasmida + Orthop-
tera) as well.

Because Collembola (springtails) possess a distinct
subunit type 1, both subunit types must have sepa-
rated before the emergence of extant hexapod orders
(Figs 2 and 3). These data also imply that hemocya-
nin subunit type 2 might have been lost several times
independently in Hexapoda. However, in none of the
species did we observe only hemocyanin subunit
type 2, with subunit type 1 being absent. Therefore,
subunit type 1 appears to represent the central build-

ing block of a hexapod hemocyanin, whereas subunit
type 2 may have modifying functions or represent a
distinct hemocyanin hexamer. The presence of multi-
ple hemocyanin subunit types may enable a more
sophisticated allosteric and pH-dependent regulation
of O, binding.

The putative hemocyanin from the bristletail M. ger-
manica (MgeHcl) shows the highest amino acid iden-
tity with hemocyanin subunit type 1 from the firebrat
T. domestica (57.6%; Table 3). Phylogenetic analyses,
however, strongly suggest that MgeHcl is basal to the
hexamerins of the dicondylian insects (Fig. 2). Hemo-
cyanins and hexamerins share many characteristics in
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terms of structure but due to the loss of Cu-binding
histidine residues hexamerins do not bind oxygen.
Hexamerins are thought to act mainly as storage pro-
teins for non-feeding periods [20,21]. In contrast to
any known hexamerin, in MgeHcl all six histidine resi-
dues are preserved. Therefore, MgeHcl is in an ‘inter-
mediate’ position, being structurally a hemocyanin but
phylogentically a hexamerin. It may be the descendent
of a third hemocyanin subunit type that also gave rise
to the insect hexamerins during evolution of the Dic-
ondylia. This notion is reinforced by the apparent
absence of hexamerins in Collembola, Diplura and
Protura (data not shown).

Implications for hexapod phylogeny

Phylogenetic reconstruction among basal hexapods,
e.g. the polyneopteran insects, is notoriously difficult,
probably because a rapid divergence was followed by a
relatively long period of subsequent evolutionary
changes and hence loss of phylogenetic signal [25,26].
Hemocyanins and hexamerins have been successfully
used to estimate evolutionary patterns among arthro-
pods [18,27]. In fact, hemocyanin evolution is corre-
lated with the evolution of arthropod taxa and we
obtained strong support for well established taxa such
as the Pancrustacea (Hexapoda + Crustacea), Hexa-
poda, Insecta, Dicondylia and Pterygota (Fig. 2).

Within the pterygote insects, the Polyneoptera (Ple-
coptera, Embioptera, Dermaptera, Grylloblattodea,
Mantophasmatodea, Orthoptera, Phasmatodea and
Dictyoptera) is a widely accepted monophylum based
on an expansion in the anal region of the hind wing.
Within this clade relationships are unclear and the
placement of Plecoptera (stoneflies) and Dermaptera
(earwigs) in particular is much disputed [28-32].
Molecular phylogenetic analyses of hemocyanins
(Fig. 2) and other sequences [25,33-35] suggest a close
relationship between Plecoptera and Dermaptera.
However, at present there is no morphological
evidence to support this topology [28-32].

Dictyoptera (Mantodea, Isoptera and Blattaria) is
also a well-supported monophylum based on distinc-
tive structures in the reproductive system, but the rela-
tionship among the three orders has remained
unresolved [28-30,32]. In our analyses, the dictyopter-
an hemocyanin subunits also form a monophyletic
clade. The hemocyanins subunits from H. membrana-
cea (Mantodea) form the sistergroup of those from
Isoptera + Blattaria. Hennig [28] further mentioned
that Blattaria might be paraphyletic with respect to the
Isoptera and recent studies suggest that termites actu-
ally evolved from wood-feeding cockroaches of the
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genus Cryptocercus [25,36,37]. Indeed, the blattarian
hemocyanin subunits are paraphyletic in our analyses:
the subunits from the cockroach B. dubia (Blaberidae)
are sistergroup of those from the termite Cr. secundus
and the cockroach P. americana (Blattidae). In sum-
mery, our analyses have shown that hemocyanins are
in fact excellent markers for reliable reconstruction of
hexapod phylogeny.

Conclusions

Here we have demonstrated that hemocyanins are
widely present in representatives of most ametabolous
and hemimetabolous hexapod orders. All species used
in our studies possess a typical tracheal system, with
the exception of S. curviseta (Collembola), F. candida
(Collembola) and A. franzi (Protura), in which cutane-
ous respiration might be sufficient due to their small
body size [38,39]. Therefore, the presence or absence of
hemocyanin in certain hexapod taxa cannot be readily
related to a tracheal gas-exchange system. At present,
the specific additional function of hemocyanin in
Hexapoda must remain uncertain. There is little doubt
that this respiratory protein is involved in O, transport,
at least under certain environmental conditions or
during some developmental stages. The Eumetabola, as
well as certain ametabolous and hemimetabolous
taxa (Protura, Diplura, Ephemeroptera and Odonata),
have lost hemocyanin. One must assume that some
currently unknown physiological or morphological
modifications during the evolution of these taxa have
rendered this type of respiratory protein unnecessary.
The loss of hemocyanin might be one reason why
hemoglobins are wused as respiratory proteins in
holometabolous species that are adapted to hypoxic
environments [22,24].

Material and methods

Identification and molecular cloning of
hemocyanin sequences

Total RNA was extracted from various hexapod species
(Table 1) employing either the urea procedure [40] or the
RNeasy Mini Kit (Qiagen, Hilden, Germany). An addi-
tional DNase digestion was performed using the RNase-
Free DNase Set (Qiagen) according to the manufacturer’s
instructions. First-strand cDNA syntheses and subsequent
PCR were carried out by using SuperScript II reverse trans-
criptase and AccuPrime Taq DNA Polymerase (Invitrogen,
Karlsruhe, Germany) according to the manufacturer’s
instructions. For control of the efficiency of the cDNA
synthesis, P-actin was amplified using the following
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degenerated oligonucleotide primers: 5-TGGCAYCAYAC
NTTYTAYAA-3" and 5-GCDATNCCNGGRTACATN
GT-3". For the amplification of partial hemocyanin seq-
uences, two pairs of degenerated oligonucleotide primers
were designed according to conserved amino acid sequences
of insect hemocyanins: 5-ATGGAYTTYCCNTTYTGGT
GGAA-3" and 5-GTNGCGGTYTCRAARTGYTCCAT-3’
to amplify a fragment of ~ 550 bp and 5-GAGGGNSAG
TTCGTNTACGC-3" and 5-GAANGGYTTGTGGTTNA
GRCG-3’ to amplify a fragment of ~ 1050 bp. PCR frag-
ments of the expected size were cloned into the pGem-T
Easy/JM109 system (Promega, Mannheim, Germany) and
12-24 independent clones per species were sequenced by a
commercial service (Genterprise, Mainz, Germany). 5’- and
3-RACE experiments were carried out by RNA ligase-
mediated rapid amplification method employing the
GeneRacer Kit with SuperScript III reverse transcriptase
(Invitrogen) according to the manufacturer’s instructions.
Sets of genespecific primers were constructed according to
the partial sequences (Table S1). The cDNA fragments were
cloned into the pGem-T Easy/JM109 system (Promega) and
three independent clones were sequenced as described above.

Sequence and molecular phylogenetic analyses

Partial sequences were assembled with GENEDOC 2.7 [41].
The tools provided with the ExPASy Molecular Biology
Server of the Swiss Institute of Bioinformatics (http://
www.expasy.org) were used for the analyses of DNA and
amino acid sequences. Signal peptides were predicted using
SIGNALP 1.1 [42]. The putative hemocyanin subunits identi-
fied in this study and the previously identified insect hemo-
cyanins from P. marginata (PmaHcl and PmaHc2),
P. grandis (PgrHcl and PgrHc2), Sch. americana (‘embry-
onic hemolymph protein’, SSmEHP), T. domestica (TdoHcl
and TdoHc2) and L. saccharina (LsaHcl and LsaHc2) were
used to construct a multiple sequence alignment with
MAFFT using the L-INS-i method and the BLOSUM 62 matrix
[43]. We also included 17 selected insect hexamerins, 23
crustacean hemocyanins, 4 crustacean pseudohemocyanins,
20 chelicerate hemocyanins, 5 myriapod hemocyanins and
1 onychophoran hemocyanin in the final alignment, which
was manually adjusted with the aid of GENEDOC. A list of
sequences used in this study is provided in Table S2. Bayes-
ian phylogenetic analysis was performed using MRBAYES 3.1
[44], using the WAG [45] model and assuming a gamma
distribution of substitution rates. Prior probabilities for all
trees were equal. Metropolis-coupled Markov chain Monte
Carlo sampling was performed with one cold and three
heated chains that were run for 1000 000 generations.
Starting trees were random, trees were sampled every 100th
generation and posterior probabilities were estimated on
the final 8000 trees (burnin = 2000). Bayesian phylogenetic
analysis was rerun after partial sequences were excluded
and additionally a maximum likelihood analysis was
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performed using PHYML 2.4.3 [46,47] with the WAG [45]
evolutionary model. The reliability of the branching pattern
was assessed by bootstrap analysis with 100 replications.
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Supporting information

The following supplementary material is available:

Fig. S1. cDNA and deduced amino acid sequence of
S. curviseta hemocyanin subunit 1 (ScuHcl,
FM242638).

Fig. S2. Partial c¢DNA and deduced amino acid
sequence of F. candida hemocyanin subunit 1 (FcaHcl,
FM242650).

Fig. S3. cDNA and deduced amino acid sequence of

M. germanica  hemocyanin  subunit I  (MgeHcl,
FM242639).
Fig. S4. Partial ¢cDNA and deduced amino acid

sequence of L. migratoria subunit 1
(LmiHcl, FM242651).

Fig. S5. cDNA and deduced amino acid sequence of
C. morosus hemocyanin subunit 1 (CmoHcl,
FM242640).

Fig. S6. cDNA and deduced amino acid sequence of
Ch. acanthopygia hemocyanin subunit 1 (CacHcl,
FM242641).

Fig. S7. Partial ¢cDNA and deduced amino acid
sequence of Ch. acanthopygia hemocyanin subunit |
(CacHc2, FM242654).

Fig. S8. cDNA and deduced amino acid sequence of
H. membranacea hemocyanin subunit 1 (HmeHcl,
FM242642).

Fig. S9. cDNA and deduced amino acid sequence of
H. membranacea hemocyanin subunit 2 (HmeHc2,
FM242643).

Fig. S10. cDNA and deduced amino acid sequence of
Cr. secundus ~ hemocyanin subunit 1 (CseHcl,
FM242644).

Fig. S11. cDNA and deduced amino acid sequence of
Cr. secundus ~ hemocyanin subunit 2 (CseHc2,
FM242645).

hemocyanin
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Fig. S12. cDNA and deduced amino acid sequence
of  B.dubia hemocyanin  subunit 1  (BduHcl,
FM?242646).

Fig. S13. cDNA and deduced amino acid sequence of
B. dubia hemocyanin subunit 2 (BduHc2, FM242647).
Fig. S14. cDNA and deduced amino acid sequence of
P. americana  hemocyanin  subunit 1  (PamHcl,
FM242648).

Fig. S15. cDNA and deduced amino acid sequence of

P. americana ~ hemocyanin  subunit 2 (PamHc2,
FM242649).

Fig. S16. Partial cDNA and deduced amino acid
sequence of  Sh. lateralis hemocyanin subunit |

(SlaHcl, FM242652).

Fig. S17. Partial cDNA and deduced amino acid
sequence of  Sh. lateralis hemocyanin  subunit 2
(StaHc2, FM242653).

Fig. S18. Multiple alignment used for phylogenetic
analysis.

Table S1. Genspecific primer used for 5- and 3’-
RACE.

Table S2. List of sequences used for phylogenetic anal-
ysis.

Table S3. Comparison  of
domains.

This supplementary material can be found in the
online version of this article.

Please note: Wiley-Blackwell is not responsible for
the content or functionality of any supplementary
materials supplied by the authors. Any queries (other
than missing material) should be directed to the corre-
sponding author for the article.
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Table S1. Genspecific primer used for 5" and 3' RACE.
Genespecific primer for 5' and 3' RACE

ScuHcl 5' primer
ScuHcl 5' nested primer
ScuHcl 3' primer
ScuHcl 3' nested primer
MgeHcl 5' primer
MgeHcl 5' nested primer
MgeHcl 3' primer
MgeHcl 3' nested primer
CmoHc1 5' primer
CmoHc1l 5' nested primer
CmoHcl 3' primer
CmoHc1 3' nested primer
CacHcl 5' primer
CacHcl 5' nested primer
CacHcl 3' primer
CacHcl 3' nested primer
CacHc2 5' primer
CacHc2 5' nested primer
CacHc2 3' primer
CacHc2 3' nested primer
HmeHcl 5' primer
HmeHc1 5' nested primer
HmeHcl 3' primer
HmeHc1 3' nested primer
HmeHc2 5' primer
HmeHc2 5' nested primer
HmeHc2 3' primer
HmeHc2 3' nested primer
CseHcl 5' primer
CseHcl 5' nested primer
CseHcl 3' primer
CseHcl 3' nested primer
CseHc2 5' primer
CseHc2 5' nested primer
CseHc2 3' primer
CseHc2 3' nested primer
BduHc1 5' primer
BduHcl 5' nested primer
BduHc1 3' primer
BduHcl 3' nested primer
BduHc2 5' primer
BduHc2 5' nested primer
BduHc2 3' primer
BduHc2 3' nested primer
PamHc1 5' primer
PamHc1 5' nested primer
PamHc1 3' primer
PamHc1 3' nested primer
PamHc2 5' primer
PamHc2 5' nested primer
PamHc2 3' primer
PamHc2 3' nested primer

5' - GGATGACTTGGCTGGTGACGAA- 3!

5' - CAGCACGGT GGAGGGT GGCAA- 3!

- CTGCCTTCTTCCGCCTCCACA- 3'

- GCCTCAACCGCTCTGAATGACCCT- 3'

- GGCTTAAACCATTCCAGGGEGECTCAAC- 3
- GCGTTGCTCGGGAT TGCGGATGGT - 3

- CCAGGTGTAATGGAGCACTTTGAGACT- 3'
- CATTACAAGGACACATTGGTGCCCTACA- 3'
- TCGTCGCTCGTAGI CCACCAT- 3'

- CTCCCTCCATCCCAGCGGCTCCA- 3'

- CCTGGGEEGAGATGATGGAGCCGT - 3

- GACACATCCTGCTCGGCAAGATCA- 3

- CCAACTCGGTAGGTGGTTTGAGGAT- 3

- CTGGTCCCATGAAAGAGGT TCAACA- 3'

- CCACCTACCGAGITGGTGGT GA- 3'

- GACATGATCGACTACACTCGCAGA- 3!

- GCAAGAGGT TCCACATGAGGGAGA- 3

- CGTTTGAGAGTCGT TCGGCATC- 3'

- GGACAACTGCACAATGATGCTCAC- 3

- CAACTCAGATATGGECGTACCACCT- 3

- GCCGGTATGITGTCTGTGGGTAGAATC- 3'
- GGCAGGTCGTTGGAAAGECGT T- 3

- TCCAAGCACCCAGAATACTACGGAG 3
- CCACATCATGT TGGGACAAATCGTC- 3
- GAGGT TGCACCACAGGAAGGT TGT- 3

- GGCGTCGAATCGAGCAACCATCTGA- 3
- CGTCTCGCTGAACAACACGGAGGEGTA- 3'
- GTCAGCTCCACAACGACGGACA- 3'

- GITGICTGIGGGTAGAAGCCATCCT- 3'
- GGAGT TGACGAAGAGGT GT GGGTA- 3

- CCTGGECGTCATGGAGCACTT- 3'

- GAACGCCCTGGATGACACCCTAGA- 3

- CCTGATGCGACCCTCGACGAT- 3'

- GAGAGGGAAGGCAAGT CACAGAACT- 3

- CGTCAACCTGCTAGGGGAGATCAT- 3

- CGTGATGCTGT CCAAGGT GACGGAT- 3!

- GCAGGGAATTCGCCACCTACTCT- 3'

- GGCTCCACAAATGGAAGGTCGT T- 3

- GCCATCTCACAGCAAGCCGTA- 3'

- CCCTCTGATAGAACCATCAGT GGACT- 3'
- GGCAAGT CCGAGAACTGCATGT- 3

- GGCTGCACTACGGGCAGATCA- 3'

- CGAGGGACGCATTAGGGATGCTAT- 3

- GGAAGT GGTGGAATCGT CAGTI TCACA- 3
- AACTCCCCACCCACACGGTATGITGT - 3'
- TCCACGATGGGAAGGTCGTTGGA- 3'

- GGAACCTTCACACGATTCCAAGCA- 3'

- GGGTCAGAT TACCGATCCCAAAGGA- 3
- CCTTCCACGATCTTTTGGTCCCATTCC- 3'
- GTAGAACAGI TCTCCCTTGCGGICTT- 3
- CTGGCATAAACCTTCTGGGECGAGAT- 3
5' - CGGTCACGTGATGI TGTCCAAAGT GA- 3'

LR R R RS RGN RO NG RS R R RS R RS NGRS RS RURGRGRGRGRGRGRG RS RGNS NSNS NS, NS, NS, N6, N5, 16, W6, W6, 6, W, 6, W, Wé, é, WG, M2,



Table S2. List of sequences used for phylogenetic analysis.

Abbreviation
EpiHc
ScoHcC
ScoHcD
ScoHcB
ScoHCcA
SpiHcl
LpoHcVI
EcaHcC
EcaHcB
NinHcB
LpoHcll
EcaHCcA
NinHCA
LpoHclV
EcaHcD
NinHcD
EcaHcF
NinHcF
EcaHcE
NinHcE
EcaHcG
CsaHcl
NinHcG
AuaHcb6
LpoHcl
TtrHCA
HamHCcA
PinHcB
PinHCA
PinHcC
PvaHcl
PvaHc
PelHcl
PelHc2
PelHc3
PelHc4
EpuHcl
CcsHc
GpuHc1
GroHcl
PleHc
PleHc2
CmaHcl
CmaHc2
CmaHc3
CmaHc4
CmaHc5
CmaHc6
CsaHc
CmaCC1l
CmaCC2
HamPHcl
HamPHc2

SamEHP

PgrHc1
PgrHc2
PmaHcl
PmaHc2

Accession No.

CAD12808
Q8T115
Q8T116
Q8IFJ8
Q95P08
CAC3389%4
CAJ91100
QINFL6
QINFH9
CAD68053
CAJ91097
P14750
CAD68052
CAJ91099
P02241
CAD68054
QINFL5
CAD68056
P02242
CAD68055
QINFL4
CACA4749
CAD68057
P80476
1LLL A
AAZ40335
AJ272095
P10787
P04254
S21221
AJ250830
X 82502
AJ344361
CAC69244
CAC69245
CAD56697
EST
ABB59715
CAI178901
CAI178901
AF522504
AAO47336
AAWS57889
AAWS57890
AAWS57891
AAW57892
AAWS57893
U48881
AF249297
AF091261
ABB59714
AJ132141
Q6KF81

AF038569

DQ118369
DQ118370
AJ555403
AJ555404

Protein
hemocyanin
hemocyanin SU C
hemocyanin SU D
hemocyanin SU B
hemocyanin SU A
hemocyanin SU 1
hemocyanin SU VI
hemocyanin SU C
hemocyanin SU B
hemocyanin SU B
hemocyanin SU 11
hemocyanin SU A
hemocyanin SU A
hemocyanin SU 1V
hemocyanin SU D
hemocyanin SU D
hemocyanin SU F
hemocyanin SU F
hemocyanin SU E
hemocyanin SU E
hemocyanin SU G
hemocyanin SU 1
hemocyanin SU G
hemocyanin SU 6
hemocyanin SU |
hemocyanin SU A
hemocyanin SU A
hemocyanin SU b
hemocyanin SU a
hemocyanin C
hemocyanin SU 1
hemocyanin
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 3
hemocyanin SU 4
hemocyanin SU 1
hemocyanin
hemocyanin SU 1
hemocyanin SU 1
hemocyanin
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 3
hemocyanin SU 4
hemocyanin SU 5
hemocyanin SU 6
hemocyanin
cryptocyanin 1
cryptocyanin 2
pseudo-hemocyanin 1
pseudo-hemocyanin 2
embryonic hemolymph
protein
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2

Species

Epiperipatus sp.
Scutigera coleoptrata
Scutigera coleoptrata
Scutigera coleoptrata
Scutigera coleoptrata
Spirostreptus sp.
Limulus polyphemus
Eurypelma californicum
Eurypelma californicum
Nephilia inaurata
Limulus polyphemus
Eurypelma californicum
Nephilia inaurata
Limulus polyphemus
Eurypelma californicum
Nephilia inaurata
Eurypelma californicum
Nephilia inaurata
Eurypelma californicum
Nephilia inaurata
Eurypelma californicum
Cupiennius salei
Nephilia inaurata
Androctonus australis
Limulus polyphemus
Tachypleus tridentatus
Homarus americanus
Panulirusinterruptus
Panulirusinterruptus
Panulirusinterruptus
Penaeus vannamel
Penaeus vannamel
Palinurus elephas
Palinurus elephas
Palinurus elephas
Palinurus elephas
Eurydice pulchra
Cyamus scammoni
Gammarus roeseli
Gammarus roeseli
Pacifastacus leniusculus
Pacifastacus leniusculus
Cancer magister

Cancer magister

Cancer magister

Cancer magister

Cancer magister

Cancer magister
Callinectus sapidus
Cancer magister

Cancer magister
Homarus americanus
Homarus americanus

Schistocerca americana

Perla grandis
Perla grandis
Perla marginata
Perla marginata



TdoHc1
TdoHc2
LsaHcl
LsaHc2
ScuHcl
FcaHc1

CacHcl

CacHc2

CmoHcl
LmiHcl
HmeHcl
HmeHc2
BduHc1
BduHc2
CseHcl
CseHc2
PamHcl
PamHc2
SlaHcl
SlaHc2
MgeHcl
TdoHex1
PmaHx1
LmiHex1
LmiHex2
RmiHx1
BdiHex

PamHex12

RflHex1
RflHex2

AgeHex2
TmoHex2
LdeDP1
CfeHex2
BheHex

MseAryla
MseArylb
AgaHex2

FM 165288
FM 165289
FM 165291
FM 165292
FM 242638
FM 242650

FM242641

FM242654

FM 242640
FM242651
FM242642
FM242643
FM 242646
FM 242647
FM 242644
FM 242645
FM 242648
FM 242649
FM 242652
FM242653
FM242639
FM 165290
AM690365
EST

EST

AY 923852
U31328

L40818

AY 572858
AY 572859

AY 293287
AF395329
X76080
AJ251271
125974

M28396
M28397
XM_321800

hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 1

hemocyanin SU 1

hemocyanin SU 2

hemocyanin SU 1
hemocyanin SU 1
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hemocyanin SU 2
hemocyanin SU 1
hexamerin 1
hexamerin 1
hexamerin 1
hexamerin 2
hexamerin 1
hexamerin
hexamerin (allergen clone
C12)

hexamerin 1
hexamerin 2
arylphorin-like hexamerin
2

hexamerin 2

diapause protein 1

hexamerin 2
Insecticidal toxin
(hexamerin)
arylphorin alpha
arylphorin beta
hexamerin 2

Thermobia domestica
Thermobia domestica
Lepisma saccharina
Lepisma saccharina
Snella curviseta
Folsomia candida
Chelidurella
acanthopygia
Chelidurella
acanthopygia
Carausius morosus
Locusta migratoria
Hierodula membranacea
Hierodula membranacea
Blaptica dubia
Blaptica dubia
Cryptotermes secundus
Cryptotermes secundus
Periplaneta americana
Periplaneta americana
Shelfordella lateralis
Shelfordella lateralis
Machilis germanica
Thermobia domestica
Perla marginata
Locusta migratoria
Locusta migratoria
Romalea microptera
Blaberus discoidalis

Periplaneta americana

Reticulitermes flavipes
Reticulitermes flavipes

Apriona germari

Tenebrio molitor
Leptinotarsa
decemlineata
Camponotus festinatus

Bracon hebetor

Manduca sexta
Manduca sexta
Anopheles gambiae



Table S3. Comparison of hexapod hemocyanin domains. Percent identities between hemocyanin domains 1 (top), 2 (middle) and 3 (bottom) were
calculated from amino acid sequences.

Scu Mge Tdo Pma Cmo Sam Cac Hme Cse Bdu Pam Tdo Pma Hme Cse Bdu
Hcl Hcl Hcl Hcl Hcl EHP Hcl Hcl Hcl Hcl Hcl Hc2 Hc2 Hc2 Hc2 Hc2

Domain 1
MgeHcl | 59.3
TdoHcl 66.3 57.6
PmaHcl | 62.0 541 61.6
CmoHcl | 634 58.7 70.9 63.7
SamEHP 61.6 58.1 75.0 64.0 74.4
CacHcl 63.4 57.0 69.2 61.0 69.2 68.0
HmeHcl | 65.1 58.7 727 66.1 738 779 69.2
CseHcl | 65.7 57.0 727 59.6 738 733 65.1 779
BduHcl | 68.6 61.6 75.0 63.2 727 744 69.8 80.8 84.9
PamHcl 65.1 56.4 733 66.1 73.8 74.4 70.3 80.8 80.8 84.9
TdoHc2 49.4 41.3 47.7 474 44.8 48.8 43.6 48.3 47.7 494 48.3
PmaHc2 | 453 401 413 444 401 395 384 419 413 430 401 58.7
HmeHc2 | 448 424 442 471 453 465 448 453 46.5 483 46.5 680 599
CseHc2 44.8 41.3 47.7 48.0 45.3 48.8 44.2 46.5 48.8 48.3 45.9 66.3 58.7 70.3
BduHc2 50.0 43.6 46.5 474 48.3 49.4 44.8 46.5 48.8 50.6 47.1 66.3 58.7 65.7 721
PamHc2 48.3 43.0 453 48.8 45.9 46.5 45.9 47.1 48.8 494 47.7 67.4 61.6 733 77.3 73.8

Domain 2
MgeHcl | 625
TdoHcl 68.9 63.1
PmaHcl 61.3 59.6 69.1
CmoHcl 67.1 61.0 79.4 711
SamEHP | 631 57.0 77.6 680 818
CacHcl | 644 61.0 80.3 747 818 80.4
HmeHcl 67.1 60.1 821 733 83.6 79.6 85.3
CseHcl 65.3 60.1 77.6 74.2 80.4 77.8 79.6 831
BduHcl | 689 59.2 812 720 853 831 85.8 89.3 84.0
PamHcl | 69.3 59.6 79.4 733 83.1 80.9 84.0 884 84.0 88.9
TdoHc2 | 64.3 58.9 70.1 62.5 65.2 62.5 66.5 64.3 59.0 65.6 66.5
PmaHc2 60.3 55.8 61.2 59.8 61.2 57.1 59.4 58.9 62.5 58.9 61.6 68.8
HmeHc2 64.9 59.0 66.2 59.6 66.4 60.5 63.7 65.5 63.7 64.1 65.9 74.6 71.0
CseHc2 | 629 56.3 65.6 57.1 65.2 61.2 62.5 64.7 63.1 64.3 65.9 719 68.3 7.7
BduHc2 | 63.8 58.9 66.5 59.8 67.0 59.8 63.8 63.8 64.3 64.3 66.5 76.8 705 84.4 80.4
PamHc2 | 64.7 57.1 65.6 580 665 62.1 63.8 66.5 63.8 65.6 67.4 759 70.1 829 86.6 85.7




Domain 3
MgeHcl
TdoHcl
PmaHcl
CmoHcl

SamEHP
CacHcl
HmeHcl

CseHcl
BduHcl
PamHcl
TdoHc2
PmaHc2
HmeHc2
CseHc2
BduHc2
PamHc2

48.4
58.7
54.8
57.6
58.2
57.8
54.8
58.4
57.2
59.6
455
415
43.7
44.0
45.2
433

53.6
49.0
48.8
49.6
518
51.2
50.8
52.0
49.2
45.1
38.2
417
40.2
43.9
411

64.3
70.0
67.7
71.9
67.6
72.0
74.4
69.0
48.0
43.6
47.6
45.6
47.6
44.8

66.0
63.7
64.3
64.7
65.1
68.3
64.7
42.7
39.8
46.6
411
43.9
42.3

69.3
68.3
69.6
724
72.8
704
459
41.0
46.4
44.4
464
44.0

67.5
69.3
725
70.5
69.3
43.2
42.9
44.2
40.6
43.8
43.0

68.7
69.5
72.3
68.3
465
403
450
41.4
442
438

70.2
77.8
74.2
45.0
39.2
46.4
440
47.2
44.8

778
75.4
45.0
40.1
45.6
43.2
48.0
44.4

77.0
45.9
418
46.8
44.0
484
45.2

455
38.8
46.4
43.6
45.6
42.4

52.6
59.1
61.0
62.2
59.8

56.1
541
54.5
54.1

69.3
68.6
67.4

711
74.8

72.6



CCAGAGCTCTTTGIGAAGTAAACCAGCTCGCGTTATC
ATGGCACGGT TCCCACTCACTTTGATTGCCTGCACCCTTGTAGT CGCAGT TGCAGCTACC
MARFALTULI A CTULVVAVAAT
CCCGCTGACCAAGAATTTCTCACCAAGCAGAAGGAAATTGTCAAACTGCTTAACAAAGTC
P ADQEZFULTIKQIKEI VKL L NKYV
CACGAACTGAACTTTTATCAAGATCAAGCTACCAT TGGAAAGGACT GGGACCCATTAGCT
HELNJFYQDQATI GKDWDWPIL A
CACTTGGATAGCTACAAGAATGT CCGAGT TGTAAAGGAAT TGGT CAAGGAACT TAAGAAT
HL DSY KNV RV YV KETULV KE L KN
GGAAAGCTTATCAAGCGT GGAGAAATCTTCAACCT GT TCAAT GAGGAGCACCGAAGCGAG
G KLI KRGEI FNLFNETEWHRRE
ATGATCTTCCTCTTTGAGACTCTCTTCTTTGCCAAGGAT TGGGATACCT TCCACAAGACT
M1 L L FETULFJFAIKUDWDTFHK T
GCCTGT TGGCECTCGT GACAAGAT CAAT GAGGGTCAATTCGTCTACGCCCTCAGCGT TGCC
AACWARDI KI NEGOQFVY AL S VA
ACCCTCCACCGT GCTGATACT CGCGGAAT CAGGT TGCCACCTGCATACGAAACTTATCCC
T LHRADTWRSGI RL PPAYETYFP
CATCTTTTCGI CACCAGCCAAGT CATCCATGAGCCT TATGCTGCCAAGAT GAGGCAAGAA
HL FVTSQVI HEAYAAKMRDQOQE
CCCGCTGT TATCCACATGAACT TCACT GGTACCGT GCGCAACCCCGAACAACGCGT CGCC
P AVI HMNEFTGTVRNPEIQRVA
TACTTTGGAGAGGATGI TGGTATGAACAGCCATCACGCAGT GTTCCATATGGACTGECCC
Y F GE DV GMN S H AV F M D W P
TTCTGGT GGAACGAAGAGAAGT ACGGT TTGACCAAGGACCGTAAGCGAGAACTTTTCT GG
FWWNEEIKY GL T KD RIKGEL F W
TACATGCATCACCAGCTTATTACACGI TTTGATGCTGAGCGT CTGTCCAACGACTTGAAC
Y M H QL1 TRZFDAEIRILSNUDIL N
GAAGT TGAGGCACT TCACT GGGACAAGCCCAT CGT CGAGGGATTCTACCCACAAACCACC
E VEALHWDIKW®PI VEGFYPQTT
TACAGGAAGGGAGGAGAAT TCCCTGCCAGCCCTGATAACTTCATGT TCCATGACCTTAAG
Y R K GGEVFPARWPIDNFMFMHDTL K
GACCACCGT GT TGCTGAT T TGGAAGCCTACGAAGAACGCAT CCGCGAAGCCATCTCTGCC
bDHRYVADULEAYE ETEWRI REAI S A
GGTGTCATCTTTGATGCTCATGATCCCAACACTTTCATCTCCTTGAATAACACT GAAGGT
GVI FDAHDWZPNTFI S L NNTEG
ATCGACAAGT TGGGT GCCATCATTGAAGCCAGT TCCTGCTCCATCAACCCCACGCTTCTAT
I b KL GAI I EASSCSI NUPSFY
GGATCACTCCACAATCTTGECCACAT CATACT GGGACGCGT TGT CGATCCCCT CGGCAAA
G S L N L G I I L GR V V D P L G K
TTCGGTATGCCCCCAGGT GT TATGGAGCAT TTCGAAACT GCCACCCGTGACCCTGCCTTC
FGMPPGVMEMHTEFETATRDPAF
TTCCGCCTCCACAAGCATAT TGACAACATCTTCAAGGAACACAAGGACAGT CTCGT CCCA
F R L K H1 D NI F KEMHKD S L V P
TACACCCATGAAGAATTGGATGT TGAAGGAGT TGACATCAAAAATGT TGAGGT TGACGAC
Y T HEELDVEGYVYDI KNWVEV DD
CTTGTCACCTACTTTGAAGACTTTGACATTGATATGCTCAACCCT CTGGATGACGCTGCT
L vTYF EDZ FDI DMLNALDUDAA
GGTCTTACCGATGT TGACATCAAGGCCCGT GT CCAACGT CTTAACCACAAGCCTTTTGEA
G L TDVDI KARYVYQRLNWHIKPF G
ATTAAGATCATTGCCAACAGCCCT GCTGAGAAGACTGTGACTGTCAGACTTTTCCTTCCT
I K1 I ANSAAEIKTVTVRULFL A
CCCAAATACGACTGGTATGGT CGTGAGGT TCCTCTTGACATCCAACCCTGGAAGI TTATT
P K'Y DWY GREV PLDI QR WK F I
GAACTCGACAAATTCGCCGT CAAGT TGACT GCCGGAGAAAACGCCATTGT CCGCAAGT CC
E L DKZFAVIKLTAGENAI V RK S
TCCGAGTCTTCAGI TACCAT TCCAGACCCAGT CTCCACCCATGATCTTCGCAACGCTCGT T
S ESSvTI PDPVSTHUDILRIKILV
GATGATCGCTAT CGCCGGCACCGCTACCT TGGAAGT TGACAAGGATGT CAGACACTGTGEA
DDAI A GTATULIEVYVYDIKDVRMHTCG
GITCCAGACAGGCTTTTGCT TCCCAAGGGCAAGACCAACGGAATGAAGTACACTATGTTC
v P DRLL L PKGKTNGMKY TMF



GICATGCTCAGTGATTTCGAAGAAGACAAGGT CAATGATCTTCCTCACGACTATGAATAC
vV ML S DFEEWDIKVNDULWPMHUDY EY
GGTGGTTTCGTCTCATACT GCGGAACT AT TAACCACAAGT ACCCAGACAAGAAGCCCATG
G GFVSYCGTI NHIKYPDIKIKPWM
GGT TGGCCCT TGGACAGGAAGAT CTGCAAGGACACCT TCCATGACGT CACCAACATGTAC
GWPULIDRIKI CKDSFHDVTNMY
TTCCGTGATGT TGAAATCAAATTCGAGCACACTCATTAAAGT CTTTCAACACATTAGGCA
F R DV EI KFEWHT H ***

TTTTCAAATTTTGT CTTTAAAATCAGAGAT TCAAAAACATTTCTTACAATAAACTCTTGA
AAGTTCATCGAAGCCAATTAAAAAAAAAAAAAAAAAAAAAA [ 2178 bp]

Fig. S1. cDNA and deduced amino acid sequence of S. curviseta hemocyanin subunit 1 (ScuHcl,
FM242638). Copper-binding histidines are shaded in black, the putative signal peptideisin
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GAGGGECCAGT TOGT CTACGCCCT GAGCGT CGCAACCCT TCACCGT GCCGACACT CGCGGA
EGQFVYALG SVATLUHRADTTRG

GTCAGGT TGCOCCCT GOGTATGAGACATACCCT CATCTTTTCGT CACCAGCCAAGTCATC
VRLPPAYETYPHLT FEFVTSOQUVI

CATGAGGCT TACGCT GOGAAGAT GAGACAGGAGCCT GCAGT CATCCACATGAACT TCACT
HEAYAAKMROQETPAVI HMNEFET

GGAACCT GCOGCAACCCT GAACAGOGT GTGGCT TATTTTGGAGAGGACATTGGCATGAAC
GTCRNPEU QRVAYTFGETDI GMN

AACCACCACGCAGT CTTCCACAT GGACT GGCCT TTCTGGT GGAACGAAGAGAAGTATGGA
N H AV F M DWPTFWWNTETEK Y G

CTTCACAAGGACCGCAAGGGAGAACT TTTCTGGTACATGCATCACCAGCT TATCACTCGG
L HKDRZKGETLTFWYM HQL I TR

TTTGATGCTGAACGT TTGTCCAAT GACCT GAACGAAGT GGAGCCACT TAAATGGGACAAG
F DAERTLGSNGDTLTNTEVETPLTZKMWDK

CCCATCGT CGACGGAT TTTACCCCCAAACCACGT ACAGGAAGGGAGGAGAATTCCCTGCC
PI1 VDGFVYPQTTVYRIKTGGTETFTFPA

AGGCCTGACAACT TCAAGT TCCAAGACCT TAAGGAT CACCGT GTCGCT GATTTGGAAGCC
RPDNTFIKTFOQDLUEKTDHRYADTLE A

TACGAAGAACGTATCCT TGAAGCTAT TGCTGCCGAT TACGT CATCGCTGCTGATGATCAC
YEERI LEAI AADYVI AADTDH

CACACCGTCACCTCCT TGAACAACACT GAGGGT ATCGACAAGT TGGGTGOCATCATTGAA
HTVTSLNNTTETGI DKLTGATI I E

GCCAGT TCCTGCTCCGTCAAT CCCCACT AT TACGGAT CCCTCCACAACCT CGGCCACATT
A'SSCSVNPHYVYGS.L N L G |

ATGCTTGGACGT GTCGT TGATCCCCTCGGCAAGT TCGGTATGCCACCAGGT GTCATGGAA
ML GRVVDPLGIEKTFGMPTPGVME

CATTTCGAGACCGCT ACCAGGGACCCT GOCTTCT TCOGCCT CCACAAGCACAT TGACGAA
HFETATRDPATFTFTR RIL K H1 D E

ATCTTGTTCAAGAAACACAAGGACAGT CTTACCCCATACACCCACGAGGAACT CGATGTT
| L F KKHKDSLTPYTHETETLTDYV

GAGGGAGTAGACAT TAAGGAT GTCGAGGT TGATGATCTTGAAACCTACT TTGAAGAATAC
E GV DI KDVEVDUDTLTETYTFTETE.Y

GACATCGACATGCT CAATGCTCTTGAT GACGCCGAGGGACT TCCCGATGT TGAGATCAAG
DI DML NALTUDTDATETGTLTZPDVEI K

GCCOGTGTCCAACGT CTAAACCACAAACCCTTC [ 1053 bp]

ARV QRLNHTEKTPF

Fig. S2. Partial cDNA and deduced amino acid sequence of F. candida hemocyanin subunit 1
(FcaHcl, FM242650). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



GACTTGTGTTCGACGTGGGTCCCTCTCAAC
ATGAAGACTGT TTTCTGCCTTCTCCTGGECTCTTGCAGCATCCT TGECGGT GCCAACCAAG
MK TVFOCLILULALAASLAVUPTHK
AAGGATGTACCCCCTGATCATGAATTCCTGGTCAAGCAACGTGAGATTTTGAACCTTTTG
K bVv P ADHEZFL V KQREI L KL L
TTCCGTGCCCATGAACCCAACATTTCTGAAGACCAAGT GGATATAGCAGCGAAGT TCGAC
FRAHEWPNI SEDOQVDI A AKTFD
ATTGAAGCTAATTTGGACAAATTTAAGGAAGT AGACAGCGT AAAAGAGT TGTACGAGCTG
I EANL DIKUFKEV DSV KETUL Y EL
TACGT CAAGAAGCAGCT TCTCCATAGAGGAGAAATATTTAATACCT TCGAAGACAAACAT
Y VK K QL L HRGEI F NTFE DK H
TTGGAACAGCCTATTCTTCTTATCGAAACACTGT TGTCTGCAAATAGT TGGGATACTCTG
L EQAI L LI ETULL SANSWDTL
TATAGAACAGCATGCTGGECT CGT GACAAGGT CAATGAGGGACAGI TTGTCTACGCACTC
Y R T A CWARUDIKVNZEGOQF VY AL
AGTGTAACGGT CATGCACAGCGATTTCCTCCGT GGAATCATATTGCCTCCACCTTATGAA
S v T TVMHSDU FULIRGI I L P PP Y E
ATCTACCCACACCTGT TTGTCAACAGCGAGGT TATCCATGAAGCCTACAGCGCCAAAATG
Il Y P HL FVNSEVI HEAY S AKWM
CGTCATCATCCTGT TGTGATTCCAATGAACT TCACCGGAACCATCCGCAATCCCGAGCAA
R HHPV VI P MNEFTGTI RNPE Q
CGCGTTGCCTATTTCGGAGAAGACAT TGGT CTGAACACCCATCATCACTACTGGECACATG
RV A Y F GEDI GL NTH H'Y W M
AATTTCCCCTTCTGGTGGAGT CCTCAT TATGACACAAAATTCGACCGT GCAGGAGAAATG
NF P F WWSPHY DT KV FDRAGTEWM
TTCTGGTATATGCACCACCAACTGGTAGCTCGT TACGACT TGGAGCGTCTGTCTAACTAC
F WY M H QL VARYDULIEWRIL S NY
CTTCCAGAAGT TGAGCCCCTGGAATGGT TTAAGCCAATCAAGT CTGGATTTGCCCCTCTG
L PEV EPLEWFIKWPI KSGFAUPIL
ACGATGTACCGCAAAGGT GGTGAAT TCCCCAACCGCCCAGACAACATGCCTTCTGCACGAT
T MY RKGGEFWPNRPDNMMLILHD
CTTCATGACCTAAAAGT GCATGATGT TGT TGT TTTTGAGGAGAGAAT CAAAGAAGCAATT
L HDL KV HDVV YV FEERI KE A/
GATCGTGGATTTGT GTACAACAAGT GGAT CCGAGAAAAAAT TCGT TTGAACAACAGCATT
DRGFVYNIKWI GEIKI RL NN SI
GAAGGCATTGAGACCCTTGECCGTATGAT TGAGGCCT CCCGATTATCACCAGACATCGAC
E GI ETL GRMI EASRL S P DI D
TATTACGGCTCCATACACAACCTTGCCCACATCCTTTTGGGT GAAATTATGGACCCTGAC
Y Y G S | N L G Il L L GE I MDUPD
CACAAGTI TCAATCTTCCTCCAGGT GTAATGGAGCACT TTGAGACTGCAATGAGAGACCCA
HKFNLPP GV MEMHFETAMRDP
GTATTCTTCAGCCTTCACAAGCATATTGATTATATCTTCAAGCATTACAAGGACACATTG
V F F S L K H1 DY I F KHY KDTL
GT'GCCCTACAAGAGAGAAGAGCT GGATTTCCCAGGAGT GAAAGT AGAAAATGT TGAGGT T
v P Y KREELDVFWPGV KV ENVE YV
GACAGACTCGTTACCTTCTTTGAACCCTTCGACATTGATCTTTATAATGCACTTGATGAC
bRL V TFFEWPZFDI DLYNALDTD
GACAAGACCGT TTCCGACATTGAAAT CAAGCCCCCCGTACAACGCAT CAACCACAAACCT
DK TV SDI EI KARVQRI NHKP
TTCACCTACCACATCAAT GTAGAGAGCGATGTCGAGAGAAAAGT TGTCGTGCGCACCTTC
F T YHI NV ESDVERIKVVVRTF
ATTGGACCCAAGT ACGACT GGTACCAT CAAGAGGT GCCTGT TAACGAGAAGCGATGGGAG
I G P K YDWYHOQEVPVNEI KR WE
ATGGT TGAACTGGACAAATTCCTTACTCATATTCCTGCAGCCAAATCCGTCATTGAAAGA
MV EL DKZFULTMHI P AGKS VI ER
CTGTCGACTGAATCCACTGTGACCACACCTGACTACGAATCCTTCCGT TCACTTGTAAAC
L s TESTVTTWPDYESZFRSL VN
CGCGT TGATGAAGCT CTCAAGGGCAACAAGGAATTCATTAT TGATGAGGAATTCCGT CAT
RV DEA ALK GNIKETFI I DETETFRH
TGTGGECCTGCCTGATCGT CTTCTCATCCCCAAGGECAACGAGGAAGGT TATCCCGT CAAG
c 6L PDRLLI P KGNETEGY P V K
TTCTTTGT TATAGT CACCGACT GGGAAGAGGACAAGGT CAAT CAGGAGGT CGAGAACCAC




FFVI VTDMWETETDTKVNGO QEV EN H
CGTTACGGAAACGT CTACAGCTACT GT GGCACATACGGAGACCGT CTCTACCCTGACAAG
RYGNVYSYCGTYGDRLYTPDRK
AAGGCCTTCCTTTATCCT TTCGACCGT GT CATCAAGGACGT CAATGT TTTCAAAACACCC
K AFLYPFDRVI KDVNVTFEFTKTFP
AACATGTTCGGCAAAT ACGT CAGCAT CTACCACAAGGATAT CAGTGAACT TAACAGAGTC
NMF GKYVSI YHZKTDI SETLNRYV
GTTCCTGTTGTTGAGGAATAAAACAT GAATGTATAAAAGATTTGACTTCTTGTGGCAATG
V P V V E E ***
TAATTTTCTGAGTATTTCTTGGGAAATTTATTTGT TATTAAAATAACT TCCTTGTAAAAA
AAAAAAAAAAAAAAAAAA [ 2208 bp]

Fig. S3. cDNA and deduced amino acid sequence of M. germanica hemocyanin subunit 1
(MgeHcl, FM242639). Copper-binding histidines are shaded in black, the putative signal peptideis
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATGGACTTCCCATTTTGGT GGAAGGAGGAGGAGT ACGGCAT CCCCAAGGAGCGCAAGGEC
M DFPFWWKETETEY GI P KERK G
GAGCTCTTCTACTACATGCACCACCAGCT GAT CGCGCGCT TCGACCT CGAGCECCTGTCC
E L F Y Y M H QLI A RFDULERTL S
AACGACCT GCCGT TCGT CGAGCCCCT GTACT GGAACGAGCGCATCAAGGACGECTTCTAC
N DL PFVEWPLYWNZEIRI KDGTFY
CCGCAGACCACCTACCGCGT CGGAGGCGAGT TCCCCGCCAGECCCGACAACTTCECCTTC
P QT TYRV G GEFPARUPUDNTFAF
CACGACCTGCAGAACAT CAAGGT GCAGCAGAT GATCGACTACACCAGECGECGT CCGAGAG
H DL QNI KV QQMI DY TRRVRE
GCCATCTCCCAGCAGGCAGT CATCACCGAAACCGCECGACCT GTACAACATTAGCAGCCCG
Al S QQ AV I TETGDULY NI S SP
GAGGGCATCAACGT CCTGEGAGAGCT GGT CGAGCCGT CCACCCGCT CCAAGCACCECGAG
E GI NV L GEL V EPSTRS K HRE
TACTACGGECGECCCT GCACAACT ACGGACACAT CAT GCT GGGCCAGAT CACCGACCCCAAG
Y Y G A L N Y G I ML G QI T D P K
CGCAAGT TCAACATGCCT CCCGGTGT GATGGAACATTTCGAGACCGCCAC [ 530 bp]
R K FNMPWPGVMEWMHTFET A

Fig. $4. Partiad cDNA and deduced amino acid sequence of L. migratoria hemocyanin subunit 1
(LmiHc1, FM242651). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



TATGCCAGGGEGCAAGGCCCGCCCAGEC
GCAACGCAGCGATGGTCTTCCAGCT TCTGCAGCAGGGEGAGCCACACT CGAAACAGCGAAC
ATGCAGT GCGT GATCGCGECGGT GCTGT TGECCGECCT GAECCAGCT GGT CGCGGCCAAG
MQWVI A AVLLAGLGOQQL V AAHK
TACACCAGGGEGECGAGGT GCCAGCCGACAAGGACT TCCTGT TGAAGCAGCGCGAGGTCCTG
Y T R GEV P ADI KD FULULKQRE VL
AAGCTACT CAACAAACCCCACGAGCCCAACAGGTACAAAGACCAGGCCGACT CCGGCAGC
K L L NKPHEWPNIRYIKDQADS G S
AAGT ACGAGCCGT CCAACAACCT CAACAGATACAAGAACCCGGT GCCTGTGAAGACCCTG
K'Y EPSNNULNRYIKNWPVPV KTL
GTGAAGCGCTACAACT CGCACT CECTGCTGCCTCACGEECCAGATCTTCACACTGI TCGAC
V K RYNSHSULLPRGOQI F TUL F D
GACAAGCACCGCGAGGAGATGGT GCTCCTGI TCGAGT CGATGT TCTACGCCCTCGACT GG
DK HREEMVLLFEZSMFYALDW
GACACCT TCTACAAGACGECGT GCTGEECCCECGACAGGATCAACGAGGGACAGI TCATC
DT FYKTACWARUDI RI NEGOQF I
TACGCGCT GAGCGT GGCGGT GATCCACCGEGACGACGCCAAGGGECAT CGT GCTGCCGCCG
Y AL SV AVI HRDUDAKGI VL PP
TCGTATGAGATTTACCCGCACCT GTACGT CAACAGCGAGGT CATACACGCCGCCTACAAG
SYEI YPHLYVNSEVI HAAY K
GCCAAGAT GAGGCAGGAGCCCGCCGT CGT GCGCATGAACT TCACAGGAACCATCCGCAAC
AK MR QEWPAYVVRMNETGT 1 R N
CCAGAGCAGCGT GTAGCCT ACCT AGGCGAAGACCT GGGCATGAACTCTCACCATGCGCAC
P EQRVAYL GEUDILGMMNSH A H
TGGCACATGGACTTCCCCTTCT GGT GGAAGCCT GAAGAGT ACGGCAT CGACAAGGACAGG
w M™MDFPF WWKWPEEY GI DK DR
AAGGGAGACCTCTTCTACTACAT GCACCACCAGCT CATCGCCAGAT TCGACCT GGAGCGG
K GE L F Y Y M H QL1 A RFDTULER
CTGTCGAACGACCT TCCCCCCGT GGAGCCGCT GGGAT GGAGGGAGCGCAT CGT GGACGEEG
L S NDL PPV EZPL GWREWRI V DG
TTCTACCCACAGACGACGT ACCGCGT GGGAGGEGAGT TCCCCGCCAGGCCCGACGACTTC
FYPQTTYRVGGEUFWPARUPDDF
GAGT TCCAGGACCT GAGCT CCAT CAAGGT GCAGGACAT GGT GGACTACGAGCGACGAGT G
EFQDLSSI KV QDMYVDYERRYV
CGCGAGCCGAT CTCCCAGCAGGECCGT CATCACCAT GT CGEGCGACTACTTCTCCCTGAAC
R EAI SQQAVI T MSGDYF S L N
GACACGACGGCGCATCAACACCCT GGGCGAGAT GAT GGAGCCGT CCACCACGT CCAAGCAC
DT TOGI NTUL GEMMEWPSTT S KH
CGCGACTACTACGGECGCGCTGCACAACTACCGACACAT CCT GCTCGECAAGAT CACCGAC
R DY Y G AL N Y G I L L G K I T D
CCCAAGGGCAAGT TCAACAT GCCGECCAGGAGT GATGGAGCACT TCGAGACGGECGACCAGG
P K GKFNMPPGVMEMHTEFETATR
GACCCGCCTTTCT TCAGACTGCACAAGCACATAGACAACCT CTTCAAACTGCACAAGGAC
D P A F F RL K HI1I D NULF KL H K D
CTGCTGCCACCT TACAAGCAGGAAGAGCT GGT GCTGCCCEECGT GAAGATCACCGACGT G
L L PPYKQEELVL PGV K I TDYV
GCGGT GGAGCCGCT GGAGACGT ACT TCGAGGACT TCGACGCGGACCTGCTGAACGCECTG
AV EPL ETYFEDU FDAUDTULILNAIL
GACGACACCAT CGACCT TGACGACGT GGAGAT CAAGGECGCGECGT GCGCCGCCTCAACCAC
O DTl DL DDVEI KARVRRLNH
AAGCCCTTCACCGT GCAGAT CACCGCCGAGAGCGAGCGT GAGACGCT GECCACCGT GCGC
K P FTVQI TAESIERETILATVR
ATCTTCCTCGGCCCCAAGT ACGACT GGT TCGGCCAGGAGAT CCCCCTCGAGGAGAAGCEC
I F L GP KYDWFGOQEI P L EE KR
CAGTACCTCGT CGAGATAGACAAGT TCGT CACTAAGGT GAAT TCGGGCAAGACGACGATC
QYL Vv EI DKZFVTIKVNSGIKTTI
CAGAGGAAGT CCAGCGAGT CGAGT GT GACCAT CCCTGACCGCGAGACGACCAAGCTGCTG
QRKSSESSVTI PDRETTK KL L
GTI CGCCAAGGT GGAGAACGCCAT CAACGGT AAAGCCACCAT CAACGT CAACAAGGACGT G
vV A K V ENAI NGKATI NVNIKDYV
CGTCACTGTGGECTACCCT GACCGCCT GCTGCT GCCT AAGGECAAGAAGGGAGECAT GCCC
R HCGYUPDRLILULUPIKGIKI K GG GMP



TTCACACTCTACGTCATCCTCACAGACT TCAAT AAGGAGAAGGT GAACGACCTGCCCTAC
FTLYVILTUDTFNTZKTETKVNDTLPY
GACTACGACTACGGCGGCTCGCT CAGCT ACT GCGGCACCAT CAACCACAAGT ACCCGGAC
DYDY GG SLSYCGTI NHEKYFPD
AGCCGT CCCAT GGGCT TCCCCT TCGACCGCCGOCT GTCCACCGAGGAGT TCAGCATGOCC
S RPMGFUPTFDRRLSTETETFSMEP
AACTTCTGCT CCAAGGACGT CACCAT CACCT TCAAGGGOGACAGCAGCTAGGGCT GGAAC
NF CSKDVTI TFZKTGTD S S **
ATAACTGGOGGCTGT TGGOGT CACT GAGGCAGGGCGOGGEGECGACCAGACAGTAGGGTGTG
TTCATCGAACCTTGGTTGAACT CGTCACTAGAAT AAACGACAGT GAATGCTCTCACACAA
ACCT ATGACCAACATTTAGCAAGCT CCTATAAAAGCCAGAT TTAAAAAAAAAAAAAAAAA
AAA [ 2310 bp]

Fig. S5. cDNA and deduced amino acid sequence of C. morosus hemocyanin subunit 1 (CmoHc1,
FM242640). Copper-binding histidines are shaded in black, the putative signal peptideisin
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



AATTG
AGGTCAAGCTATCAAAGT TAGTAGT TGATAAAAAAAAAT CCCT CAGCAGGGGECAACAGCG
GCCAGCGGCAGAGCATGACACAT GT GT GT GCGGGAGT TGGT Gy GGAGAAAAAAGATAGGA
AGATGT GT CAAT GAAACACCCGGCACAGATTCACACGCCACTTTTTCCACTGCCTATATA
AGATCGGEGT CGAAACCGT GGT CAGCAGAGT CTTCGGCTAGTAGTCGATTCTCCTTTAACA
ATGAAGT TGATACCACCTTGTCTGGTAGTAGCTGI TTGCATTGCTTACTGT TGTGGCGTA
MK LI PACLVV AV CI AYTCTCSGYV
AGTGT CCCAGCTGATTCAGGCCTTGT TGT GAGGCAGT ATGAAATCTTAAAACT CCTAAAT
S vVPADSGLVVROQYE EI L KLLN
AAAGT TCATGAACCCAAT CGAAT CAAAGAACAAAT TGAAAT TGGAAACTCCTTCGATCT T
K v HEWPNRI KEOQI EI GNSFDIL
TCTACTGCCCTGACT GGATTCAAGAACCCGAAT GCCGCCAAGCCTCTTTTGAAGGGCTAC
S T AL TGFIKNZPNAAKALILKGY
AAGGCAGGGTCTCTTCTGCCTCGT GGATCCATATTCACTCTCTTCAATGAAAAACATCGA
K AGSLLPRGSI FTULFNEIKHR
AGTGAAATGATTCTGCTTTTCGAAACCTTTTTCTACGCCCAATGACTGCGATCTGITGITC
S EMI L L FETVFZFYANUDWDILL F
AAGACTGCCTGCT GEGCTAGCGACCGTAT CAACGAAGGT CAATTCGTATACGCCCTTTCG
K T ACWARUDIRI NEGOQFVY AL S
GTI'CGCCGT TTTGCACCGAAGT GATACTCACCCCATTGTI TCTTCCACCTCCTTATGAAATC
vV AV L HR S DTWHGI VL P P P Y E I
TACCCCCACTTGT TTGI TAACAGCGAAGT AATCCATGCTGCCTACAAAGCCAAGATGCCGA
Y PHL FVNSIEVI HAAYIKAIKMR
CAAGAACCAGCCATTGT TAGGATGAACT TTACT GGAACT ATCAAAAACCCT GAACAACGA
QEPAI VRMNEFTGTI KNWPE QR
GITGCCTATCTTGGAGAAGATAT CGGAATGAATGCTCACCATGCTCATTGGCATATGGAC
VvV AY L G E DI G MNAMH A H W M D
TTCCCATTCTGGT GGAAAGAACAT GAATATGGTATTCATAAAGACCGAAAAGGAGAACT T
FPFWWKEWHTEY GI HKDIRIKGTEL
TTCTACTACATGCATCATCAATTGATTGCAAGATTTGATCT TGAACGACT CTCGAACAAT
FY Y M H QLI A RFDULEIRTIL S NN
TTGCCTTTTGTTGAACCTCTTTCATGGGACCAGAAAAT CGCAAATGGTTTCTATCCTCAA
L PF VEPL SWDOQIKI A NUGTFY P Q
ACCACCTACCGAGT TGGTGGT GAAT TCCCTGCCAGGCCAGATAACTATGCCTTCCACGAT
T T YRV GGEFUPARWPUDNYATFMHTD
TTGGAAAACATTAAAATTAAAGACAT GATCGACTACACT CGCAGAAT CCGT GAAGCCATT

L ENI KI KDMI DY TRRI RE AI
GCACAACAGGCCGTAATCACGAAAT CCCGTGAATATTTTTACT TAAATGATTCAAAAGGC
AAQ QA VI T K S GEYF YL NDSKG

ATTGAAGI TCTTGGTGACCTTATGGAACCATCTTTCGAT TCGAAACACCCAGAATACTAT
I EV L GDL MEWPSFDSIKHUPEYY
GGAGCTCTTCATAACTATGGACACATTTTGCT TGGCCAAATCACAGAT CCAAAAGGAAAA
G A L N Y G I L L GQI1I T D WP K G K
TTCAATATGCCACCTGGT GTGATGGAACACT TCGAGACTGCTACCCGTGATCCTGCCTTC
FNMPPGVMEMHTEFETATRDPAF
TTCAGGT TGCATAAATATATCGACAATCTCTTCAAATTACACAAAGATCTGCTACCTTCT
F R L K'Y Il DNLJFI KL HIKDTLL P S
TACAGCAAAGAAGAGCT GAGCCT TGATGGT GTACAGATCGAGGATGTACAAATCGATGAA
Y S K EEL SL DGV QI EDVYV QI DE
TTAACTACTTACTTTGAAGACT TCGACATCGACCTTTTGAATGCTCTTGACGACACTGTC
L T T Y FEDW FDI DLL NALDUDTYV
GAATTGGAAGATGT TGAAAT CAAGGCCCGT GT CCGT CGACT CAATCACAAACCCTTCAAC
E L EDVEI KARVRRLNHIKPTEFN
TTCAAGATTGAAGT CAAT TCCGACAAAGAATACACCGCAGCT GTCCGAGTATACAT TGGA
F K1 EVNSUDIKEYTAAVRVY Il G
CCGAAATATGATTGGT TTGGACAAGAAATCACT TTGGACGAGAAAAGATTATACATGGT T
P K'Y DWF GQE Il T L DEI KIRLY MYV
GAAATTGATAAATTTGT TACTAAAT TGACT GCTGGACACAACAACATTTTTAGAAAATCA
EI DKFVTIKILTAGHNNI F R K S
AGTGAATCGAGT GTGACTATTCCT GATAGAGAAACTACCAAAGT TCTTCATAAGAAAGTC
S ES SV TI1I P DRETTIKV L HK KV
AAAGATGCTCTTAAAAATAGCACT CCACTCTTAGT TAACAAGGATGTCCGACACT GCGCGA
K DAL KNSTWPLULVNIKDVRMHTCSG



TACCCAGGT CGCCTTCTCTTGCCAAAGGGT AAAAT CGAGGGAATGCCCTTCCCATTGTAT
Y P GRL L L PKGKI EGMPFUPLY
GCAATCGTGACCGATTTTGAACAAGAAAAAGT CAACGATCT TCCATTTGACTATGACTAC
Al v TDUFEQEIKVNDULU®PFDY DY
GGTGGT TCAATTAGCTACT GT GGGACT CTTGGACACAAATATCCCGACT CGAAACCCATG
G GSI SYCGTUL GHI KYUPDSKPM
GGATATCCATTTGATCGT CCTAT TGCCCGGGAATTCTATTATCCCAACATGT TTGAAAAA
GYPFDRPI GREFYYUPNMFE K
GATGTCGTGATTACTCATAAAGAATCTTAAAGAGATTATATGT CCTGTAGT TGGAAAATA
DV V1l T H K E § ***
AAAGTATCAAACTAAAAAAAAAAAAAAAAAAAAAAAAAAAA [ 2326 bp]

Fig. S6. cDNA and deduced amino acid sequence of C. acanthopygia hemocyanin subunit 1
(CacHcl, FM242641). Copper-binding histidines are shaded in black, the putative signal peptideis
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATGAATGCCCACCATGOCCACT GGCATATGGACT TCCCTTTTTGGT GGAAACCAAGCTAC
M N A H A H W M DFPFWWEKP S Y
AATAACT CAAAAGAT CGTAAAGGAGAACTGTTTTTCTACATGCAT CACCAATTGGT GGCA
NNSKDIRTIKGETLTFTFYM H QL V A
CGTTTCGATGCCGAACGACT CTCAAACGGT CTCCCTCAT GTGGAACCTCTTGCCTGGGAC
RFDAERTLGSNGLUPHYVETPLAWD
GAAAAGATCGT TGAAGGAT TCGCTCCT GCT GCCATGTATCATAACGGCCAAGAAT TCCCA
EKI VEGFAPAAMYUHNGO QETFFP
ATGOGTCCTAATGGAGT CAGATTCCAAGACT TACCATGGATTACTATTCATGATCTTGTT
MRPNGVRFOQDLZPWI TI HDL YV
CTCTATGAAGGCCGAAT TCGAGATGCTATTGCTGCTGGAT TTAT TAAAACACCT TCAGAT
LYEGRI RDAI AAGTFI KTUPSD
GAAGTTCTCTATTTAAACAATACTCAAGGTATTGATCTTCTCGGAGCAATTATCGAATCA
EVLYLNNTOGI DLTLGATI I ES
TCAGCCTACAGTCCAAAT CCCGCTTACTAT GGACAACT GCACAAT GATGCTCACGTAGT T
S AYSPNPAYYGOQL N D A vV Vv
CTCTCTCGAGTCACT GATCCACAACT CAGATATGGOGTACCACCT GGTGTAAT GGAACAT
L SRVYTDPOQQLIRYGVPPGVMEH
TTTGAAACAGCTACAAGAGATCCTGCCTTTTTCAGACTTCACAAACATATGGATAATTTG
FETATR RDGPATFTFTR RIL K HMD N L
TTTAAACTTCACAAAGAT CATCTTCCAGT CTACACT CACCAAGAGT TGGAAT TCCCCGGC
F KLHKUDUHLTPVYTHO OQETLTETFTFPG
GTCAGCGT TGAGGCAGT TAAGGT GGT TAGT ACT TGCAAAGGAAGCAAACCAAACAATATG
VSVEAVKVYVYVYSTT CIKGSI KTPNNINM
TACACCTACT TCGACGAAT CTAACATCGATTTGGGAAAT GCT GTCCAGGGCT CTGCTGAT
Y TYFDESNI DL GNAVYVYOQGSATD
GTTGAAATTAAAGCT CAAGT TTCTCGT TTGAGCCACGAGCCATACAAATATATTTTGACT
VEI KAQVSRLSHETPYZ KYI!l LT
ATTCATGCAGAACATGACAT AGAAGGATACGT GAGAATTTATTTGACTCCGAAATATGAC
| HAEHDI EGYVRI YLTPZKTYTD
TGGTTTGGCCAAAGOGT TCCGCT TGATACT GCTCGT TGGTCCATGT TTGAACT TGATAGA
WF GQSVPLDTARMWSMEFTETLTDTR R
TTCCCAGT CAAACTAAGACCCGGTGATAATAT TGT TAAGAGAGATTCAGATGAATCTTCT
FPVKLIRPGDNI VKRDTSTUDTES S
GTAACCATTTCTGAACCT CACAGCTTCCCTAATTTAATTGCT GAAGT CGAACAGGCCATT
VT SEPHSTFPNLI AEVTETGQA.I
AACGGAACGGGAGAT TACGAAAT CGACAAGT ACAAT CGCCAT TGCGGT TTCCCTCATCGC
NGTGDYTEI DIKYNRUHTCGTFTPHR
CTTCTGT TGOCTAAAGGAACTAGCGAAGGAATGCAATACT CTCTCTACGT TGTCGTTTCC
LLLPKGTS SEGMOQYS STLYUVVVS
GATTATAAATCAGATAATATTGT TCCAACAAT GACAAT GGAAGACACCGCGCGTCTCTCT
DYKSDNI VPTMTMETDTATRTL S
TCTATCGCTTATTGT GGAGT GGTCGAT GGAAAGAT TCCAGAT GGAAAACCAAT GGGCTAT
S1 AYCGVVDGIKI PDGIKZPMGY
CCATTTGACAGAAAAAT CGTTTCCGAGGAAGAGT TTTTGAAGAAAATATGAAAGTTATTG
PF DRI KI VSETETETFL K K | ***
ATGTTACAATAAACCAT GTATCCAATGAGCAAT TTTGAAATGT TTAATTGTAAACCCAAT
TAGAATTTGACT TGATGAAATAGAGAATATTCT TATGACCAAAT AAAAAAAAAAAAAAAA
AAAAAA [ 1506 bp]

Fig. S7. Partial cDNA and deduced amino acid sequence of C. acanthopygia hemocyanin subunit 1
(CacHc2, FM242654). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined; in the cDNA, the putative polyadenylation
signa is underlined.



ATAATCGGAAGT GCCTAGT CCAGT CGGCACCCGCTGEC
AATAGACATATTTCCTGT GTATGT CGAAACAGT TGAAGTAATTTCCAAACAGATGCECAGG
ATGGCCTTCGGTAAAGTACACT GGTTCAGCT TCAGCGGACAAGGATTTCCT TGTAAAGCAG
M GL V KYTGSASADIKDT FULVKAQ
AGACAGATTCTACGGCTATGCAACAAAGT GCACGAACCCAACAGATTCAAGGAACAGECC
R QI L RL CNIKWVHEWPNRTFIKEQA
GAACT TGGGAAGAACTATGAACCT CTCAAACAT CTGGACAAATACAAGCACCCAAGAAGC
E L GKNYEWPLIKMHTLDIKYKHPRS
GIGAAGACACTAGT CAAGTACTACAACT CTGGACT GACGCT CCCCAGAGGT GCTATCTTC
vV K TLV KYYNSGLTLPRGAI F
ACCCTGT TTAATGACAAGCATCGT GAGCAGATGATCACGGTCTTCGAGTCCCTGITTTTC
T L FNDIKMHREQMI TV FESL F F
GCACAAGACT GGGACACCT TCCT GAGGACAGCCT GCTGGT GCCGT GACCGT GTCAACGAG
AAQDWDTFLIRTACWCRUDRV NE
GGACAGTI TCGTGTATGCTCTTAGCGTAGCT GT GT TGCACCGGGAAGATACCCGAGGAATT
GQFVYAL SV AVL HRETDTR G I
GTACTTCCACCACCCTACGAAATATACCCCCATCTTTTCGT CAACAGCGAAGT CATCCAT
v L PP PY EI YPHLUFVNSEUV I H
GCTGCATACAAGGCAAAGAT GCGACAGGAGCCGGECAATTGT CAGAATGAACT TCACAGGA
AAY KA KMROQEWPAI VR MNUETG
ACGATCAGGAACCCCGAGCAGCGCGT GECATACCT GGGCGAGGATGTAGGCATGAATGCC
T I RNPEQRVAY L GEDVGMN A
CATCACAGCCACT GCCACATGGACT TCCCTTTCT GGT GGAAGCAGCAGGAATATGCECGT G
H S H W M DFPF WWKQQEY GV
GAGAAGGAT CCCAAAGGEGGAACTGT TTTACT GGATGCATCACCAACTTATTGCACGI TTC
E K DRKGEULUFY WM H QL I A R F
GATTTGGAACGCCTTTCCAACGACCTGCCCT TCGT CGAACCT CTGTCATGGGAAGATAAG
DLERLSNDIULWPZFVEWPL S WE DK
ATCGTAGATGGAT TCTACCCACAGACAACATACCGCGT AGGAGECGAAT TCCCCGCCAGG
Il v D GF Y P QTTYR RV GGETFP AR
CCCGACAACTTTGAGT TCCAGGAT CTCGAGCACATCAAAGT AAAGGACATGGTGGACTAC
P DNFEFQDULEMHI KV KUDMV DY
ACCAGAAGGAT TAGGGAAGCTATTTCTCAAATGGCCGT CGTAACT AAGAGCGGAGAATAC
T RRI REAI S QMAVVY TIKSGEY
TACTCTCTGAACAATACT AAAGGAAT CAACACT TTGGGCGAAATCATGGAGCCTTCCTTT
Y S L NNTIKGI NTUL GEI MEP S F
GATTCCAAGCACCCAGAATACTACGGAGCTCTTCACAACTACGGECCACATCATGT TGGEA
D S KHPIEY Y G AL N Y G I M L G
CAAAT CGT CGACCCT AAGGGAAAAT TCAATATGCCACCAGGT GTAATGGAGCACT TCGAG
Ql vDbPKGKFNMMPPGVMEWHTFE
ACGCGCGACCCGTGATCCCCCTTTCTTCCGATTGCACAAGT ACATCGACAACTTGTTCAAA
T AT R DUP A F F R L K'Y I D NUL F K
ATACACAAGGACCTGCTGCCAGT CTACACACATGAGGAGCT TGACTTCCCTGGTCTGAAA
Il H K DLL PVYTMHEIELDFWPGTL K
GTI'CGTAGAT CTGGACGT GGATGT GCTGCAGACT TATTTGGAAGACT TCGACATTGACCT G
v v DL DVDVLQTY L EDTFDI DL
CTGAACGCACTAGATGACACT CAGGAACTAGAT GACGT GGAAAT TAAGGCCCGAGTACGC
L NAL DUDTQELDUDVEI KARVR
CGCCTCAACCATCAGCCATTCACCT TCCGTGT TACAGT TTCAAGT GAAAAGAAT GCAAAT
R L NHQPZFTVFRVTV S S EIKNAN
GICGCTGI CCECGT GT TCCTTGGACCCAAGTACGACT GGTTTGGAGTACAGATCCCACT G
vV A VRV FL GP KYDWF GV QI P L
AATGAGAAGCGACTCTACAT GGT GGAAAT CGACAAAT TTTACACCACAGT GAACAAGGEC
NEKRLY MV EI DKZFYTTVNKG
ACAACAGT GATAGAGAGGAAAT CCAGT GAGT CTAGT GTGACAAT CCCTGACCGAGAAACC
T T VI ERKSSES SV TI P DRET
ACAAAGGT GCTGCAAAAGAAAGT GGAAGATGCCAT TCAAGGAAACGGAGCGTTTCTTGIC
T K VL QK KV EDAI QGNGATFIL YV
AATAAGGAT GT GAGGCACT GT GGATAT CCTGATAGACT GCT TCTGCCCAAAGCCAAGAAA
N KDV RHZCGYUPDRULILL P K G K K
GATGGAATGCCCTTCACTTTCTATGTGATTGT GACTGATTTTGATAAGGAGAAGGT CAAT
bGGM™MPFTFY VI VTDUFDKE K VN
GATGTTCCTTTGGACTACAACTATGGAGGAT CCATCAGCTACT GTGGAACAT TGGCAGGA



DV PLDYNYGSGSI SYOCGTIL AG
CACAAGT ATCCTGACAACAAGCCAATGCGAT TCCCCT TCGACAGAAGAATCGATGAGGAC
HKY PDNIKWPMGZFZPFDIRRI DED
CACTTCTTCACGCCCAACATGGGACAGAAAGAAGT AACCATCTCCTTCAAGGAAGT TCCA
HF FTPNMGOQIKEVTI S FKEVP
TAAACGACCCTGAATTCAGCGATTGGATACAACTACT CTAGAGT GATATCAAGGGAAACT
* k%

TCGTATTTAAACGCCATTTATACTCAATACATCCACATTTTGTATCCTCTAGGT TGCTCA
ATAAAATAGCATTTTAATGCCTATTGT TATGTAACATTTATAGI TCTCGTTGATTTCAAA
TAAAGACAGT TCAGAAAGCCTAGT TCAGAGATATTATCTAATTAAAAATATTAGAGCAAA
TCGTGAAACAAGTATACCT GT TCGGCACAAAATGT TAAAACAGATCCACGCTTAATAGAG
TTAACTGCAGTTTATTTTCTGAATTTTCTTCTTGTI TATTACATATTCAGT TTCACAGACT
GCTAGAAACATTACAACT CCTGAACAGCACACAGCTACATACAAAAACCAAGGGTCTATG
AATTCAGATCTTTGGAGATATTATTGCATAATTTTGTATTGTCTTTTAAGATGAATAAAC
TGTATGTCACTAAAGAAAAAAAAAAAAAAAAAAA [ 2592 bp]

Fig. S8. cDNA and deduced amino acid sequence of H. membranacea hemocyanin subunit 1
(HmeHc1, FM242642). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined; in the cDNA, the putative polyadenylation
signal is underlined.



GCAGT TGTAAAGT CGGACAGGAAGCA
ATTGCAAGAACT GACCGTGCCATCGGAGCTTTTTTTTTAAAGAAAGGTGGTTCACGT TGT
ATGGCTGATGCAACATTCCTGAAGAGACAACTCCATGTGTTGAAGCTCTTGCGTCACATT
M ADATU FLIKRQLHVL KULLRHI
TCCGAACCAATTACGGACCCT GAACT CCAT GCCAAGAAGCAAT CTGGEGGATCCTGCAAAC
S EPI T DUPELMHAIKIKQSGDUP AN
CACCTCAACAAATTTAATGACCCCAAAGCCGT TCGACACTTTGTGAACCT CGTAAGAAAG
HL NKZFNDWPIKAVRHZFVNILVRK
GGAAGT CTGCTCAGCAGAGACACGGTATTCAGT TTGT TCAACCCAAAACACCGAGAACAA
GsSL L S RDTVFSLFNWPIKMHRE Q
ATGCGTGECCTTGTTTGAAGT GCTCTACT CTGCAGT CGACTACGATACCTTCTTCAACACG
MV AL FEVLYSAVDYDTFFNT
GCAGT GT GGGCCAGAGACAGGAT GAACCCCAGGECAGT TCCTCTACTCCT TCAGCGT TGCT
AV WARDIRMNDNUPRQFLY S F S VA
CTTCTGCATCGT CCAGAT TGCCGEGEECT TGACACT TCCACCTGCGTACGAGATAACGCCC
L L HRPDTCRGLTLPPAYEI TP
CACATGI TCCTCACCACGGATGI TGT CAGGGAGGCATACAAGCCAAAGAT GACGAGGCAA
HMF L TTDVVREAYIKAKMMTRAQ
CCCGT GT TGATCCCAATGAAATTTACGGGAT CAGT GAAT AACCCAGAGCAGAGGEGT GGCA
P VLI P MKZFTGSVNNPEOQRVA
TATTTTGGAGAAGACAT TGCCATGAACT CTCATCATGCACACTGGCATATGGACT TCCCT
Y F GE DI G MN S H A H W M D F P
TTCTGGTGGAAGCCGCAT TATCAACACAACCATAGCAAAGATAGGAAGGGAGAACTCTTC
FWWKWPHY QHNMHSKDIRIKGETL F
TTCTACATGCATCATCAGATGGT TGCTCGAT TCGACGCCGAGAGACT TTCAAACAACCTT
F Y M HQ MV ARZFUDAEWIRTUL S NNL
CCTGT GGTGCAACCT CTGGAAT GGAACAGAAAGATAGT TGAAGGATTCGCTCCAGGAGCC
P VYV QPLEWNRIKI VEGTFAUPGA
ATGTACGATAACGGACAGGAGT TCCCCATGCGCCCTGACAATATCGGT TTCCAGGATCTG
MY DNGOQEFWPMRPDNI GF QDL
CCATGGECTCACTGT TCAGGATATGCTCATGTATGAAGGACGAATCCGGEGATGCCATTACC
P WL TV QDMLMYEGRI RDAI T
GCAGGCTTTGI CAGCGCGTATGATGGAAACT ACGT CTCGCT GAACAACACGGAGCGTATC
AAGF VR RAYDGNYVSL NNTE G I
AACGT CCTTGGAGAGATAGT CGAAT CAT CGGCCCACAGCGT GAACCCAGCGT TCTACGGT
NV L GEI VESSAHSVNWPATFYG
CAGCTCCACAACGACGGACACGT AATGT TGT CCAAAGT GACGGATCCCAAGCTTCGT TAT
QL N D G v ML S KV T DUZPI KL RY
GGTCTCCCTCCTGGT GT GATGGAGCACT TCGAGACGGECCACACGCGACCCTCGCCTTCTTC
GL PP GVMEMHTFETATRDUPATF F
CGACTCCACAAGCACGTTGACAAT CTCTTCAAAATGCACAAGGACT TTCTCCCACCCTAT
R L K HVvV DbDNLFKMHIKDFL P P Y
CAAACTCACGAGCTTCTTTTCCCAGAAGT TACCGT GGAAGCAGT GAAAGT GATAGGGGTA
Q THELLUFPEVTVEAYVIKVI GV
TGCAAAGCCAGCATTCCCAATCATCTCATCACTTACTTTGACGAGTCTCACATTGATCTA
C K ASI PNHLI TYFDESMHI DL
GGAAATCCTGI TTACACAACT GGT CAGCGGGAACAAGT TGACATCAAGGCTGT TGTGAGT
GNAVYTTGQQREOQVDI KAVV S
CGACTCAACCACGAACCATTCAAGTATGT CATTACTGT GAACT CGAAGAAGCGCAGT TCAT
R L NHEWPVFIKY VI TVNSIKKAVH
GGAGT TCCTCGAATCTTTTTATCACCAAAGTACAACTGGT TTGGTCAGAAGATTCCTCTT
GV ARI FL SPKYNWFGOQKI P L
CACGT CGCCCGIT TGCGGAATGAT CGAGCT GGACAGGT TCCCTGT CAAACT GGAGGCTGGA
HV ARWGMI EL DRFWPV KLEASG
GATAATGT CATAACACGAAACT CAGAAGATTCCATTGTGACCAT CCCAGAGCCACGAAGT
DNVI TRNSEWDSI VTI P EPRS
TTCCCTCATTTGATCAACTATGI CGAGAGCGCCATTAATGGT GAAGAGGAATATGT TGT T
F PHLI NYVEIRAI NGETETEY VYV
GATAAATATCATCGCCACT GT GGAT TCCCTCACCGACT GCTCCTGCCTAAGGGAAAACCA
DK YHRMHCGFWPHRLILILWPIKGIKP
GAAGGAATGACTTACAGAATTTACGT CATTATCACCGACTACAACAAGGATATTATTACA
EGMTYRI Y VI I T DYNIKUDI I T



TCTGACT GGAAACCAGAGGATATTGAGAACCTATCATCTCTCGGCTACTGCGGAGTATTG
S DWKZPETUDI ENLSSLTGYT CGUV.L
GAGGGAAAGATTCCT GAT GCAAGGCCAAT GGGAT TCCCCT TCGACAGACGCATTACATCT
EGKI PDARPMGTFPTFDRRI TS
GAAGAAGAGT TCTTCACGCAGAACATGAAGGT TGTTGATGT TACCATCCCGAAT GTGAAG
EEEFTFTOQNMEKVYVDVTI PNV K
GAAAACCGGTAGAACAGCAATAAAGACT AATTTTGGACTACCTCTTTAATCTGTCACATT
E N R * % %

ACGGTTCCTTTGAGTCAAAAGAGT TCTTGTTTTACATAAGCT CCAGGATCAGATATCATA
TTGTGCCAAGGAGT TGTAAAAGAAACATAAAT TTTATGAAAACAACT TTTTCTGTAAACA
CCTTTTCTATTTAGATTGTGATGT CATCCAGATGCAAAGATAGT CTAAGTAATCTTGTAT
TGTGCATTTAAGATCTCCAAAAGATTGTACATGTATTTGT TTCGTTTCAGACATATGTCC
TTTATGAAACATGTATGCT GCAGAATTGTAAGAAAACT TTTTATTAATGAATAAAGAAAT
GAGTGTGTAAAAAAAAAAAAAAAAAAAAAA [ 2456 bp]

Fig. S9. cDNA and deduced amino acid sequence of H. membranacea hemocyanin subunit 2
(HmeHc2, FM242643). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined; in the cDNA, the putative polyadenylation
signa is underlined.



ACTCTGCTGTGGTGGGGCGGACATC
ATGAAGTGCATCCTGACT GTGGOGCT CCTAGGGEGT GGOCGT GTGOCACCT GGCTCAGGCC
M KCIl LTVALTLTGVAVCHTLATG QA
AAGGT CATGCGGGGCGAAGCACCAGCT GACAAGAT CTTCCT GTCGAAGCAGCGGGAGGTG
KV MRGEAPADTEKI I FL SKU QREV
CTGAAGCTGCTCAATAAAGT TCACGAGCCCAACCGCT TCAAAGAT CAAGCGGACCT GGGA
L KLLNKVHETPNRTFIKTUDU OATDTL G
CGCAGCTACGATCCTACT CAGCACCT AAGCAAATATAAGAACGCGT TGCCAGT GAAGACC
RSYDPTI QHTLSIKYZ KNALTPVKT
CTCGTGAAGCAGTACACGT CAGGGCGT CTGCT GCCGCGAGGACGGATCTTCACTCTGTTT
L VKOQYTS SGRLLPRGRIFTLF
AACGACAGACAACGCGAGCAGAT GATCACCATAT TCGAGT CCTTGT TCTACGCGGAAGAC
NDRQREOQQMI TI FESLTFYATETHD
TGGGACACCT TCTACCGCACGGCGT GCTAT GT TCGOGACAGGGT CAACGAGGGGCAGT TC
WDTTFYIRTACYVIRDRVNETGO QF
GTTTACGCCCTGAGT GTCGCTGTACT TCACAGGGAGGACACGCGT GGAATGGTACT GCCG
VYALSVAVLHREDTRGMVLP
COGGOGTACGAGGT CTACCCACACCT CTTCGT CAACT COGACGT TATCCACGCAGCTTAC
PAYEVYPHLTEFEFVNSDVI HAAY
AGAGCCAAGAT GAGGCAGGAGCCGGCCGT AGT GCGCAT GAACT TCACAGGAACGGT CAGG
RAKMROQETPAVVRMNETGTVR
AATCCT GAGCAGAGGGT GGCCTACCT GGGAGAGGACGT GGGCATAAACT CGCATCATAGT
NPE QQRVAYLGETDVG GI NSH S
CACTGGCACATGGACT TCCCCT TCTGGT GGAAGCAGGAT GAGTAT GGOGT GAAGAAGGAC
H W M DFUPFWWEKU QDTETYGV K KD
CGGCAGGGGGAGCTGTTCTACTACAT GCAT CACCAGCT GATCGCCAGACT CGACTTGGAG
R QGETLTFYYM H QLI ARLTUDTLE
CGCCTGTCCAACGAT CTACCCT TCGT GAAGCCACT TTACT GGGAGGACAAGAT CGAGGAT
RLSNUDTLZPTFVIEKPLYWETDTEKT I ED
GGCTTCTACCCACAGACAACGT ACCGGGT GGRGGEGAGAGT TCCOGGCCAGACCTGATAAC
GFYPOQTTVYRVYVYGGETFZPARTPTDN
TTCGAGT TTCAGGACCT GCAGGACAT CAAAGT GAAGGACAT GGT TGATTATACGCGCAGG
FEFQDLU QDI KVKDMVDYTTRR
ATACGCGAGGCAATTTCTCAGCAAAGT GTCATAACGAGGT GGGGCCAGAATCTGCCCCTG
| REAI S QQSVI TRWGOQNTLUPL
AACGACACGAT GGGCATCAACATACT CGGCAGCT TGGTAGAGCCGT CCCAAGAATCGCCG
NDTMGI NI L GSLVETPSG QETSTFP
AACCCGCAGT ACT ACGGCGCGCT CCACAACT ACGGCCACAT CCTGCTCGGACAGATCACC
NP QY Y GAL N Y G Il L L GQ I T
GACCCCAAGGGAAAGT TCGACAT GCCCCCT GROGT CAT GGAGCACT TCGAGACT GCGACG
DPKGKTFDMPPGVMETUHTEFEFTETAT
CGOGACCCTGCCTTCTTCAGGCT GCACAAGT ACATAGACAACCT GTTCAAGCT GCACAAG
RDPAFTFRLUHIKTYTI DNLTFK.L K
GACATGCTGCCTCCT TACGCACGOGAAGAGCT CGAGT TCCOGGRROGT GGOGAT TCAGGAC
DMLPPYARTETETLTETFPGVAI QD
GTCACTGTGGACGACCT GGTCACGTACT TCGAGGACT TCGACATCGACT TGCTGAACGCC
VT VDDLVTYTFEDTFHDI DLTLNA
CTGGATGACACCCTAGAGCT GAAGGACGT GGAGATAAAGGCCCGGGT GOGTCGCCTCAAC
L DDTLETLTUKUDVETI KARVRRTLN
CACCGCCCCT TCACT TTCAGCAT CACT GTGAACAGCAACCAGGAGCAAAT GGCAGCGGT T
HRPFTFSI TVNSNOEG OMAAV
CGGATCTTCCTGGGCCCCAAGT TCGACT GGTTCGGGCAAGAGAT CCCCAT CAACGAGAAG
RI FLGPKTFDMWFGOQETILI PI NEK
CGGCTCTACGT CATAGAGCT CGACAAGT TTGT TGCTAAAGT GAACAAGGGGGCAACCGT T
RLYVI ELUDIEKTFVAIKVYVNIEKTGATV
ATACAGCGGAAGAGCAGOGAGT CCAGOGT CGCAAT TCCGGACAGAGAGACGACCAAAATA
| QR K S SESSVAI PDRETT K. I
CTCGT GOGGOGGGT TGACGACGCGCT GCAGGGGAAGGCGACGT ACACAGT GAACAAGGAT
LVRRVDDALU OGEKATYTVNTEKTD
GTGOGCCAT TGOGGECTACCCAGAGCGCCT GCTACT CCCCAAGGGCAAACGAGACGGCATG
VRHCGY®PERLTILTLTPIEKGE KT RDTGM
CCCTTCAGCCTCTTCGTAATTCTGACTGACT TTGATAAGGAGAAGGT GAATGATTTACCC
PF SLFVI LTUDTFUDTZEKTETKVNDTLP



TGGGACTACGACTACGGEGEGEECTCCATTAGCTACT GTGGTACCGT TTCGGGACACAAGTAC

wbDyY DY GG SI SYCGTV S G HK'Y
CCGGACAGCAAGCCCATGCGATTCCCCT TCGATAGGCAAAT CAACAGCGATAACTTCTTC

P DS KPMGFWPZFDRQI NSDNFF
AGATCCAACATTTACCAGAAGGACGT TGTAATCACCT TCAAGGACAGCGAGTAGATCGGA

R S NI Y QK DV VI T F KD S E ***
CAGCCCTTCCGGTCGATAGCTACACATATACTGAATTTTGCACAAACT GTACATCAAATA
ACATGTCCCATCATGGGTCTGTATATTATTACGTGCCTAATCAGTATGECTTCATTTGTG
TTTAGATTGAAAAGT TGTGT TTCAAATAATATTTGTCATACAATCATTGTCATAATATTT
CTATCGGAATTAATTCAAATAAAACATAGT TTGT GTAAAAAAAAAAAAAAAAAAAAAAAA [ 2305 bp]

Fig. S10. cDNA and deduced amino acid sequence of C. secundus hemocyanin subunit 1 (CseHcl,
FM242644). Copper-binding histidines are shaded in black, the putative signal peptideisin
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GCTTGITTGI CTCAGCCGCCGACGT CGGA
ATGAGGCCAGCTACTGI TCTGCTTATCGT CCTGGGECGCT TGCGCACT TGCGT CTGCCGAA
M RPATVLLI VL GACAL A S AE
CAAAAAGCGGACGCAATCTTTCT GAAGCGACAGCT GCAGGTACTGAACCTGCTACGT CAC
QK ADAI FL KRQL QVL NWLULRH
CTGAACCAGCCGCTGATCGATCCTGAACTCTTAGT CTTCAAGAACTCTTTCAGCCCACTG
L NQPLI DPELULVFKNSUFSPIL
AACAATCTGAACAAGT TCAAGGACCCGACGGCAGTAAAGAACT TTCTGAAACTGGTGACC
N NL NKJFKUDWPTAYVIKNZFIL KL VT
GAGGGGAAGCTACTCGAACGT GATGCAATCTTCAGCT TGT TCGACGCGECGCCAACGCGECC
E GK L L ERDAI F SL FDARIOQRA
CAGATGGTGACGCTGI TCGAGGT GCTGTATGGCGCCACTGATTACGATACCTTCCTCAAG
QM™MYVY TL FEV LY GATDYDTF L K
GCAGCCCCAT GEECCCGCGACCGCACCAACCCTCGCCAGT TCCTGTACCCTTTCAGCGT G
AAAAWARIDARTNPRIOQOQFLYATFSYV
GCACTGI TGCACCGGGAAGACT GCAGGGGECGT GATACT GCCCCCCCGCGTACGAGATCACT
AL LHREDZ CRSGVI L PPAYEII T
CCCCACATGI TCCTTACCACCGAT GT CGT CAGGAAGGCT TACCAGGCCAAAATGATGAGG
P HMF L TTWDVVRIKAYQAKMMR
ACGCCCCACTGI GATTCCCAT GAAAT TCACGGGAT CGGTAAACAACCCT GAGCAGCGEGTA
T P TVI P MKZFTGSVNNPEQRYV
GCATACT TTGGAGAGGACATCGCCATGAACT CGCATCACAGCCATTGGCACATGGACTTC
AY F GEDI GMNSH S H W M D F
CCCTTCTGGT GGAAGCAGGAATACACAGT GGACAAGGACCCGAAGGGAGAACTGITCTTC
P F WWKQEYTVDI KD RIKGE L F F
TATATGCACCAT CAGATGGT CGCCAGGT TCGACGCCGAGCGT CTCTCAAACGACCTGCCA
Y M HQMVARZFDAERILSNUDILP
GCGGTGGAGCCACT GGAGT GGGACCAGCAGAT CACT GAGECECT TTGCCCCCGLCGECGACC
AV E P L EWDOQQI TEGFAPAAT
TACGAGAAT GGCCAGGAGT TTCCCAT GCGECCAGATAACATGAAGT TCTGTGACT TGCCT
Y ENGQEFPMRPIDNMMKE FOCDTLP
TCCCTCTCAGI TCGAGATAT GAAGAT CGT CGAGGGT CGCATCAGGGATGCTATCGCCTCT
Ss L SVRDMKI VEGRI RDAI AS
TCCTTCGT CAAGACGGCCGACT CGCGEGCTCCTAT CTATCAACAACACGGCCGEECGTCAAC
S FVKTADS SR RLIULSIT NNTAGVN
CTGCTAGGGGAGATCATCGAGT CCTCAGCGAACAGT GTCAACCCTGTATACTACGGT CAG
L L GEI I ESSANSVNWPVYY GAQ
CCGCACAACGACGGT CACGT GATGCTGI CCAAGGT GACGGAT CCTCTCCAGCGCTACGEG
P N D G vV ML S KV TDWPUL QRY G
GT'CCCCCCTGECGT CATGGAGCACT TTGAGACT GCGACT CCCGATCCTGCCTTCTTCAGG
v PP GV MEHZFETATRUDUPATFTFR
TTGCACAAACAT GT GGACAACCTCTTCAAGCT GCACAAAGACTTGCTCCTACCCTACGAC
L HK HV DNULF K L K DL L L P Y D
GTATCTGAGI TGGACT TTCCTGCCGT GAAGATAGAAGCT GT TAAGGT CGT TGECAGCTGC
v S EL DFPGVIKI EAYV KV YV G SC
AAGGCCAGCACACCCAATCACGCTGATCACTTACTTTGACGAGT CGCACATTGATCTGAAC
K A°S TPNOQLI T Y FDIESHI DL N
AACATTGT GGAGAACGT AGGGECGEGAGCAACCCGT GGATAT CAAGGCAGT GGTAAGCCGA
N1 VENVGREOQPVDI KAV YV SR
CTGAACCATGAACCCT TCAAGT ACGT CATCACAGT CAACT CCAAGAAGCCT GTAAGEEEG
L NHEWPZFIKY VI TVNSIKIKWPVRG
ATTGICCGTATATTCCTTGCACCTAAGT TGAACTGGT TCGECCAGCGAGT GCCCCTGGAC
Il vV RI F L A PKLNWFGOQRYVUPL D
GIGGCCCGT TEEEEGT TCATTGAGT TGGACCGAT TTCCAGT TAGACT GGCGAGCGGAGAC
vV AR WGF 11 EL DRFPVRULASGD
AATATAGT GTCACGCAATTCTGT GGACT CCATCATCACCGT ACCCGAGCCCAGAAGCTTC
NI VSRNSVDJSI1I I TV PEWZPRSF
TCGAACCTTGTAAGCGAT GT CGAGAAGGCAATACCCGECGAACAGGT GTTCAGCTACGAC
S NL vVSsS$DVEIKAI RGEQVF S YD
AAGTATTATCGACACTGCGGT TTCCCT CCGCCCCCTGI TGCT GCCCAAGGGAAAACCT GAA
K'Y YRHCGFWPRRLILILUPKGIK P E



GCCATGGTTTATCACCTGTACGTI TGT TGTGACTGATTATGACAAAGACATTGTGGAACCA
GMVY QL YVVYV TDYUDIKUDI V EP
GGAATACAGCCGGAAGATGT TGAGAACCT GAGCTCCCTTGGECTACT GCGGT GT CATGGAT
GI QP EDVENLSSL GY CGVMD
GGAAAGATACCT GATGECAGGECCCATGGGAT TCCCCT TCGATCGACCCATTGTGICTCCC
G KI PDGRPMGFWPFDRRI V SP
GAACAATTCCTTACT CCCAACAT GGAGGT CGT GGATATCACTATCAAGAACGT GAACCAG
EQFL TPNMMEVYV DI TI KNWVNROQ
AAGCCAGCAGAGT AGACAGCTCTTGAGATGGT GTCCTGCCT TTAGGGAACT GAAGTAAAT
K P A E ***

GCCATTCTACCAGTTTCCTGICTTTCCAGAATATGT GACTGGATAAAATTGCCACAAATG
ATTACATTTATAGCTCTGAAAGCTTTCTTTAGTCATTGAATATTTTTCTAACGT TATAAA
TAAAGTCTGGACTTTTCTGAGAAAAAAAAAAAAAAAAAAAAAAA [ 2293 bp]

Fig. S11. cDNA and deduced amino acid sequence of C. secundus hemocyanin subunit 2 (CseHc2,
FM242645). Copper-binding histidines are shaded in black, the putative signal peptideisin
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATCCCAAC
ATGAAGACGCTGCTGT TCCTACTACTAGGT GTGGOCT TGTACCAT CAGGCCT GOGCAAGA
M KTTLLTFLTLTLTGVALYHO OATCATR
CAGGCACAAAT CAACAGGGGAGT TCCOGT TGACAGGGAAT TCCTCACGCGACAGAATGAG
QAQI NRGVPVDRTETFLTRU OQNE
ATCTTGCATCTGCTCAACAAAGT CCACGAGCCCAACCGT TTCAAGGATCAATCGGAACTT
|l L HL L NKVHETPNRTEFIKTDTG QS STE.'L
GGAAGAAGCTATGACCCCACT GOCCACT TCGACAAATACAAGAACGCAAGT CCTGTGAAG
GRSYDPTAHTFUDIEKYU KNASTPVK
TCACTGGTGAAGCT GTACACATCTGGCCAGCTACTGCCTCGTGGTCACATTTTCACGCTG
S LVEKLVYTS SGOQLTLPRGHI FTL
TTCAACGACAAACATAGAGAACAGAT GATTACAGT TTTCGAGTCATTATTTTACGCTCAA
F NDKHREOQQMI TVFETSTLTFYADQ
GATTGGGACACATTCTATCGCACAGCCT GCT GGGCT CGAGAT CGTGTCAAT GAAGGACAA
DWDTTFYRTACMWATRUDIRVYVNETGDQ Q
TTCGTCTATGCCCTAAGCGT GGCAGT GCT GCACAGGGAAGACACGCGT GGTATCGTTCTT
FVYALSVAVLHREDTRGI VL
CCCCCAGCATACGAAATTTATCCTCATCTCTTCGT GAACT CAGAAGT TATCCATGCCGCC
PPAYE EI YPHLTFVNSTEVI HAA
TACAGGGCCAAGAT GOGT CAAGAACCT GOGGT CGT GOGCAT GAACT TCACTGGAACCGTC
Y RAKMROQETPAVVRMNETGTV
AGGAACCCAGAGCAGAGAGT GGCT TAT T TGGGAGAAGACGT GGGAAT GAAT TCCCACCAT
R NPE QQRVAYLGETUDVGMNSH
TCTCACTGGCACATGGATTTCCCT TTCTGGT GGAAAGAACAAGAGT ACGGAAGCCATAAG
S H W M DFUPFWWEKTEG QETYGSHK
GACCGCAAAGGCGAACT CTTCTATTGGATGCATCATCAACT TATCTCACGT TTCGATCTT
DRKGETLTFY WM H QLTI SRFTDIL
GAACGTCTTTCTAACGACCT TCCATTTGTGGAGCCT TTATACT GGGACGAGAAGATCGTC
ERLSNDLTZPTFVETPLYWDTETKI I V
GATGGATTTTATCCTCAAACTACT TACAGAGT AGGT GGOGAAT TCCCTGCAAGGCCTGAC
DGFYPOQTTVYRVGGETFPARTPTD
AATTTTGAATTTCAAGACCT GAAGAACAT CAAGGT GAAGGACAT GGTGGACTACACAAGG
NFEFQDLI KNI KVKDMVDYTR
AGAATCAGAGAAGCCATCTCACAGCAAGCCGT AAT TACGAAAAACGGCGATTATTACTCG
RI REAI SQQAUVI TKNGDYY S
TTGAACGATACCACAGGAAT TGACACT CTGGGCGCT CTGATAGAACCATCAGTGGACTCC
L NDTTGI DTLGATLTI EPSVDS
AAACATCCGGAATACTATGGAGCT CTTCATAACTATGGACATATCATGCTGGGTCAGATA
K HP EY Y G A L N Y G I ML G Q I
ACAGACCCCAAGGGGAAAT TCAACAT GOCT CCAGGAGT GATGGAACAT TTCGAAACAGCA
T DPKGKTFNMPPGVYVYMETUHTFTETA
ACTCGCGATCCAGCTTTTTTCAGACT CCACAAATACATCGACAATCTTTTCAAGCTGCAT
T RDPAFTFR RL K YI DNLTFKTLH
AAGGATCTCCTGCCCAAATATACT CAAGCAGAGCT CAGCT TTCCTGGOGT AAAAGT GAGC
K DLLPKYT QATETLTSTFEFZPGVTZKVS
GATGTAACT GTGGACGAACT CGTCACCTACT TCGAGGAT TTCGATATCGACT TGTTGAAC
DV TVDETLVTYFEDTFEFDI DLTLN
GOCCTGGATGATACT CAAGAAT TAGAT GACGT AGAAAT CAAGGCACGCGTACGCAGGT TG
AL DDTOQETLTUDTDVTETI KARVTR RTR RIL
AACCACAAACCCTTCACTTTCCATAT TACCAT CAACAGT GAGCT AGACGCCACAGCAGCT
NHKZPTFTFHI TI NSELTUDATAA
GTGAGAGTTTTCCTGGGTCCAAAATATGACT GGT TCGGT CAAGAGATCCCCATCAATGAG
VRVFLGPIKYUDWFGOQTETI P11 NE
AAGCGTCTCTACATGGT CGAGAT TGATAAGT TCGT TGCTAAAGT GAACAAAGGGACAACA
K RLYMVETIDIKTFVAIKVNEIKTGTT
GTCGTGCAGOGTAAGAGT TCTGAGT CGAGT GTCACCAT TCCGGACAGAGAAACTACTAAG
VVQRIKSSESSVTI PDRETTK
GATCTCGT CAAGAAAGT TCATGATGCTCTTGAAGGGAAAT CCAGCT TCTACGTGTGCAAG
DLV KIKVHDALTETG GIKT ST STFYVCK
GATGTGOGCCATTGTGGT TATCCT GACCGCCT GCT TCT GCCCAAGGGCAAGAAGGAAGGA
DVRHCGYUPDRLTULTLTPIKTGTEKTZKTEG
ATGCCCTTCACTCTATATGT TATTGT CACCGACT TCGAGAAAGAAAAGGT GAACGACTTA
MPFTLYVI VTDTFTETZKTETZKVNTDIL



CCTTGGGACTACGACT ACGGT GGCTCAATAT CATACT GCGGT GTGCTGT CCGGCCATAAG
PWDJVYDYGGSI SYCGVLSGHK
TACCCAGACAGCAAGCCCAT GGGCTTCCCATTCGACAGACATATTGATGGTGATCATTTC
Y PDSKPMGTFTPTFUDRUHHI DGUDHF
TTCACTGAAAATATGTACCAGAAAGAAGT CAAAATTACT TTCCAGGACAATGAATGAATA
FTENMYQKTEVIKI TF QD N E #***
TTTTCATTACTTTATACCACT GATGCAATAAAATACATTTTTACTTAAAAAAAAAAAAAA
AAAAAAAAAA [ 2118 bp]

Fig. S12. cDNA and deduced amino acid sequence of B. dubia hemocyanin subunit 1 (BduHc1l,
FM242646). Copper-binding histidines are shaded in black, the putative signal peptideisin
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATTGTTGGCCCTAGTC
ATGAAGTTGCTCGGGAT TCT GGT GTCGTGOGCCT GOGT CGT CGCCGCCGOGGT CGCCGTC
M KLTULGI LV SCACVVAAAVAYV
CAACAAAAGGCGGACGGGGT TTTCCT GAACCGGCAGATAAGCGTATTAAAACTACTGCAG
Q QK ADGVYVF FLNROI SVILKLTLDO
CATCTGAACCAGCCACT GGTGGACT CTGAT CTCACCGOGT ATAAGGAATCATTCAGCCCG
HLNOQPLVDS SUDLTAYZ KTETSTFEFTST®P
CTGAACAACCT GAACCGCTATCGAGAT GCT GAAGT GGT GAAGCAATACGT GGGACTCGTC
L NNLNRYRDAEVVI KO QYVGLV
GAGT CCGGCAAGCT CCT GCACCGOGAT GGAATCTTCGGCCT CTTCAACCCAGAGCATCGC
ESGKLLUHRDTGI FGLFNPTEHR
CAACAGATGATCGTGCTCTTCGAGACCT TGTACGGAGCT TCAGACTGGGATACCTTCTTC
QQMI VLFETLYGASTDMWDTFF
AAGACT GCAGT GT GGGCT CGAGAT CGCACCAACCCT CGCCAGT TTCTCTATGCCT TTAGT
K T AV WARUDTRTNPRIOQFLYATFSS
GTTGCCCTTCTCCAT AGGGAGGACT GCAGAGGAAT CAAGCT ACCGCCCCAGT ACGAGATC
VALLHREDT CRGI KL PPO QY E.I
ACCCCTCATGTTTTCCTTACTACT GATGT CGT CAGGAAGGCT TACCAGGCCAAGATGACA
TPHVFLTTDVVREKAYOQAKMT
AGGACTCCAACAGT AATTCCCAT GAAGT TCACT GGAT CGGOGAACAACCCCGAACAAAGA
RTPTVI PMKTFTGSANNTPTEOQR
GTAGCGTACT TCGGAGAAGACAT CGGGCT CAACT CTCAT CACGCT CACT GGCACATGGAC
VAYFGETDI GL NS H A H W M D
TTCCCGTTCTGGT GGAAACCT GAGT AT GACGGAGACAAGGACCGCAAAGGAGAACTGTTT
FPFWWIKTPETYUDGDTUKTDTR RTEKTGTETL F
TTCTACATGCATCACCAAGCAGT GGCAAGGT TTGATGCCGAGAGGCTTTCTAATGATCTG
F Y M HQAVARTFUDATETRTLTSNTD.IL
CCCGT AGT GCAGCCAT TGGAAT GGGACAAGAAGAT CGT GGAAGGAT TTGCACCT GGCGCA
PVVQPLTEMWDTEKTKTI VEGTFATPGA
TCCTATGAAAACGGACAAGAGT TCCCCAT GAGGCCT GACAACAT GCAGT TCTCGGACT TG
SYENGOQQETFPMRPDNMOQTFSDL
CCCTGGCTTACTGTGCAGGATATGAGGT TGTACGAGGGACGCAT TAGGGATGCTATTGCT
PWL TVQDMRLTYTEGRI RDAI A
TCTGGCTTCGTAAGGACGGCCGAGGGAAAAT TGGT CAGT CTGAACAACACCGT TGGAATC
S GFVRTAEGIKTLVSLNNTVG.I
AATTACCT GGGGGAAGT GGT GGAAT CGTCAGT TCACAGCGT GAATCCOGTCTTCTATGGC
NYLGEVVESSVHSVNTPVTFYG
AAACTACACAAT GATGCCCACGT GTTGT TGT CCAAAGT GACT GATCCCAAGT TGCGGTAC
K L N D A VLiLSKVTDTPIEKTLTR RY
GGTGTACCACCAGGAGT AATGGAACAT TTCGAAACT GCGACACGCGACCCAGCCTTCTTC
GVPPGVMEUHHTFTETATR RTDTPATFF
AGATTGCACAAACACGT GGACAATATCTTCAAGT TGCACAAGGAT CTGCTACCCCCTTAT
R L K HV DNI FKLUHIKTDTLTLTPFPY
GATGTGTCOGAGT TGGAGT TTCCAGGAGT GAAAGT AGAGGCGGT GAAAGT GATCGGCACT
DVSETLTETFZPGVIKVEAVIKVI GT
TGCAAGGCT AGCACACCCAAT CAACTAATTACCTATTTTGACGAGT CTCACATCGACCTC
CKASTPNOQLITYTFDETSUHI DL
GGAAATGCTGT TGATACAGCAACACACAAACAGGT TGTCGACATAAAGGCAGT TGTAAGC
GNAVDTATHIEKTI OQVYVDI KAUVVS
CGTTTGAACCACGAACCCT TCAAGT AT GT GATCACCGT AAACT CGAAACGT CCAGT GAAT
RLNHEPFI KYUVI TVNSEKT RTPVN
GCCATCGTGOGCATTTTCT TGGCACCAAAGT ATGACT GGTTCGGACAGAAAGT GCCTCTC
Al VRI FLAPKYUDWEFG GO QT KVPIL
GACGCGGCCAGAT GGGGCGT CAT TGAAT TGGACCGCT TCCCAGT CAAACT TGT GAACGGA
DAARWGVI ELDRTFTPVIKTLVNG
GACACTGTAATCACACGT AGCTCOGACCAAT CGACAGT GACTATTCCAGAGCCTAAGAGT
DTVI TRSSDOQSTVTI PETPTKS
TATCCTGAATTGGTAAACGAT GTGGAGCGT GCTGT TCGT GGT GAAGT GGACT TCGTGTAC
YPELVNDVETRAVRGTEVTDTFUVY
GATAAGCACCAT CGT CACT GOGGCCT CCCCCACCGT CTCCT GCT TCCCAAGGGCAAGCCT
DKHHRHCGLPHRLTLTLTPTIKTGTKFP



GAGGGTATGGACTTCAAACTCTATGT GGT CATCTCCGACTTCGACAAAGATGT TGTATCA
E GMDZFI KLY VVI SDZFDI KDV VS
TCTGAAGT GAACGT TGACGACT TGCATCACATTTCGTCTCTCGGCTACTGCGGAGTCCTC
S EVNVDDLMHHI SSL GY CGUV L
GATGGCAAGATTCCTGATGGTAAACCAAT GCGCTTCCCCTTCGATAGACGCATACCTTCA
b GKI PDGKWPMGFZPZFDIRRI P S
GAAGAACTCTTCCTCACTCCTAACATGAAGGT CGTGAACT TGGTGATCAAGAACGT CCGEC
E EL F L TPNMKVVNILVI KNWVR
CAGAAACCAGT AGAATAAAGCATATTCCTGTATAGAGT GTTTCAATAAGATACCAATAAA
Q K P V E ***
ATGAACAACACATTGTTATTGAAATAATTAAAAAAAAAAAAAAAAAAAAAAAAAA [ 2171 bp]

Fig. S13. cDNA and deduced amino acid sequence of B. dubia hemocyanin subunit 2 (BduHc2,
FM242647). Copper-binding histidines are shaded in black, the putative signal peptideisin
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GAAAAATGT GTGGTGGGEGCAACCAAC
ATGAAGT GCCAAT TGGTGACCT TCT TGEEEGT GGCACT GT GCTACCT GGCTAGCGCCAAG
MK WQL V TFL GVALICYL ASAHK
CTCAGCGAAGTACCAGCCGACAAAGAGT TCTTGGT GAGCCAGAGGEGAGGTGCTGAGACT G
L S EVPADI KEUFULVRQREVLRIL
CTCAACAAGGT TCATGAACCCAACAGAT TCAAAGAGCAAGCT GAGCT GGGACGCAGCTAT
L NKVHEWPNRFIKEIQATEILGRSY
GATCCTACAGCACACT TCAGCAAGTATAAGAACGCCGGT TCCTGT GAAGAGGATGGT GAAA
DPTAHZFSKYKNAYVZPV KRMYVK
GAGTATATGGCAGGT CATATGCTGCCT CGTGECGCCATCTTCACCCTCTTCAACAATAAG
EYMAGMHMLPRGAI F TULF NNK
CACCGCGAGGAGATGATAACGGT GT TCGAGT CCTTCT TCTTCCCGGAGGACT GGGACACC
HREEMI TVFESFVFFAEUDWDT
TTCTACCGCACGGECT TGCCTGEECCCECGAT CGCGT CAAT GAGGGGCAATTCATCTACGCT
F YRTACWARUDIRVYVNEUGOQTFI Y A
CTGAGCCTCGCTGT GCTCCACAGGGAGGACACGCCCGEECAT CGTGCTGCCACCTGCCTAC
L SL AVLHREDTRGI VL PPAY
GAGATCTACCCGCATCTCTTCGT CAACT CCGAGGT CATCCACGCTGCTTACAAGGCCAAG
EIl Y P HULFVNSIEVI HAAY K AK
ATGAGCCAGGAGCCT GCCGTAGT CCGCATGAATTTTACAGGTACAATAAGGAATCCTGAA
MR QEPAVVRMNETGTI1I RNPE
CAGCGCGTCGCTTATTTGGGCGAAGAT GT GCGAAT GAACT CTCATCACAGCCACTGGCAC
Q RV AYL GEDVGMNSH S H W
ATGGACTTCCCCTTCT GGT GGAAACAGGAGGAGT ACGGCGT GCACAAGGACCGCAAAGEC
M DFPF WWKQETEY GV HIKDRK G
GACGCTTTTCTACTACATGCACCACCAGCT GATCGCACGCT TCGACGCCGAGCECCTGTCC
E L F Y Y M H QL1 A RFDAEWRIL S
AACGACCT TCCCATCGT GGAACCACT CTACT GGGACGAAAAGATCGTAGACGCECTTCTAC
NDL PI VEPLY WDEIKI V DGTFY
CCACAGACAACATACCGT GT GEGT GGEGAGT TCCCGGECACGCCCCGACAACTTTGAATTC
P QTTYRV GGEFPARUPUDNTFEF
CATGACT TGGAACACATCAAAGT CAAGGATATGATGGAT TACACGCGCAGGATCCGAGAG
H DL EMHI KV KDMMDYTRRI RE
GCCATCTCTCAACAGGCCGT CGT CACGAGGACGGEGT GAGATGGT GTCCCTGAACAACACG
Al S QQAV YV TRTGEMYVY S L NNT
CAAGGCATCGACATTCTCGGCT GCATGGT GGAACCT TCACACGAT TCCAAGCACCCCGAG
Q G6GI bl L GC MV EUP S HUDSKMHPE
TACTATGGAGCT CTGCACAACT ACGGCCACATTATGCTGGGT CAGATTACCGATCCCAAA
Y Y G A L N Y G I ML G QI T D P K
GGAAAGT TCAACATGCCTCCTGGAGT AATGGAACAT TTCGAGACT GCAACCCGT GACCCC
GKFNMPPGVMEMHTFETATRDP
GCCTTTTTCCGCCTGCACAAATATATCGACAATCTGT TCAAGCTTCATAAGGACTTGCTG
A F F R L K'Y Il DNULVFI KL HIKDTL L
CCCCATTACACTATGGAAGAGCT TGGATTTAACGGAGT GACCATCCAGGACT TGACCGTA
P HY TMEELGFNGVYVTI QDL TYV
GACGATCTGGT CACGTACT TCGAGGACT TCGACAT CGATAT GCTGAACGCACT GGATGAT
O DLV TYFEDU FDI DMLNALDTD
ACGGCT GAACT GCAGGACGT GGACAT CAAGGCGCGAGT GCGCAGGCT GAACCACAAGCCC
T A EL Q bVv bl KARVIRRLNUHEKP
TTCTCCGT GCAGGT GACCGT CAATAGCGAACGCGATGCCATGCECTGTCGTGCCGAATTTTC
F SV QVTVNSERDAMMAVYVVYVRI F
CTCGCGCCCAAGTACGATTGGT TCGGCCAGGAGAT TCCCAT CAACGAGAAACGACTGTAC
L APKYDWFGOQEI PI NEIKIRILY
ATGATCGAGAT TGACAAGT TCGT CACAAAAGT AAACAAAGGAACAACAGT GGTACAGCEC
M1 EI DKZFVTIKVNI KU GTTVV QR
AAGAGCAGCGAGT CCAGT GT CACGAT CCCTGACCGCGAGACCACGAAGGT CCTTACCAAA
K §sS S ESSVTI PDRETTI KV L TK
CGAGT GGAAGAAGCACT GCAGGGCAAGACTACT TACATGGTGAACAAGGATGTGCGCCAC
RV EEAL QGKTTYMVNIKDVRH
TGTGGECTACCCT GATCGCCTGI TGCT GCCAAAGGEECAAGAAGGACGECATGATCTTCACT
c Gy PDRLULLPIKGIKI KD GMI FT



ATGTATGT CATCGT CACGGACT ACGAGACGGAAAAGGTGAACGATCTACCCTATGATTAC
MY VI VvV TDYETEIKVNDIULPY DY
GAGTATGGAGGT GCTATCAGCTACT GCGGECACT CTGECGCGGACACAAGT ACCCCGT CAAT
E Y GGAI S YCGTULAGHI KYP VN
AAGCCCATGGGECT TCCCCT TCGACAGACAGAT CGACGGAGATAAT TTCTGCACACCCAAT
K P MGFPFDROQI DGDNZFZCTPN
ATGI TCCAGAAGGATGTCATCATCACT TTTAAGGATACCATATAGAAGGGACCGGGAATT
M F Q K DV 1 I T F KDT | ***
TGAGTATTTTCTTGGGAATACAATTCTGI TTAATAGCTCTATATTATTTTCTTTCGTACA
ATAAAAATAAAGACTAAAACCCTATTTGT TAATTCTGATTTCCTTCAAGGCTAGTAAAAT
TACTAATAAACATTTGAAATAAATTCATTTACAGCAAATATAGACT GAAACGGCTAGGAT
ATAAATGT TCATTGAAATAAATAAAAGCAATTAATACGATATTAACTAGT GTCAGAAAAT
ACTGI TATTGCAGAGAT TTTAGAAAATGAAAATTGCCTTCTAGATAATGGAAATGITTTA
TGATATATATGTACAATAATGTAAAATATATGAAACAGT GTAGCCTAATTCAGI TCTCAC
CTAATCTCAGAAATGAAAAGT CTCAACAAACCTCATCTCCATTATCATTCATAATTTCAA
TGATATTGAGTAAACATTTCACACGT TGTCTCGTAATGTAATCCTGTGT TTCAAACCCTG
CTTTGTATAACCTGGAGAAATTGGAGTATTATTGTGAGAACATTCTATATATTATATGI G
ACAACT TGT GGAGAACAGTACAGAT CCAT TTACGGAGACAGAAT CCATAACCGGACCGAA
CTGTCGTAAATCTCTTTAATGTGTGTAGT GT TGGT TGCCTAATGAACT GGACTAAAGT CA
TTGTACTTGICACATAACGT GTCTAAACCATGTATCATATTATGCATTCACTCTTTAACA
ATAAAGCAACAT CATATCAAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [ 2844 bp]

Fig. S14. cDNA and deduced amino acid sequence of P. americana hemocyanin subunit 1
(PamHcl, FM242648). Copper-binding histidines are shaded in black, the putative signal peptideis
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GAAAAAGT TTCTTGTAATTATCT TGTCAATCAGGACCGGCATCATCGAA
ATGAAGT TGGT CTGEECGCT TGCTATAGCCCT TGECGCCTGCECCCT TGTCGTCECTGAC
M KLV WALAI AL GACAL VYV AD
CAGAAGCCGGATATGACCT TCCT GACGCGACAACT GCAAGT GCTGAAACT TCTGCGGECAC
QKA ADMTFL TROQL QVL KL L RH
CTGAACCAGCCTCTTAGCGATCCTGAACT TACGGCTATTAAGAATTCATTCAGCCCATTG
L NQPL SDWPETLTAI KNZSFSPL
AACCACTTGAACAAAT TCAAGGAACCCGAAACAGT GAAACTCTTAGTAGGACTGATTACC
NHL NI KZFKEWPETVI KULILVGLII T
AAGCGGT AAGGT GCTGCAGCGEEGACACTGTCTTCAGCT TGT TTCACCCCCGGCACCGT TAT
K GK vViL QRDTVZFSLFHPIRHRY
GAGATGGTGACGCTCTTCGAGACCCT GTACGGT GCGACGGACTATGACACGT TCTTCCGT
E MV TL FETLY GATDYDTFF R
ACTGCCGT GTACGCACGCGACCGECCT CAACCCGCGCCAATTCCTGTATGCGT TCAGCGT G
T A VY ARDIRLNPROQOQFLYAF SV
GCACTGCTGCATCGT CAGGACT GCAGGGEGECAT CTGCCTACCGCCGECCTACGAGATCACG
AL LHRQDZ CRSGI CLPPAYEII T
CCCCACATGI TTCTGACCACCGATGT CGT CAGGAAGGCGTATAAGGCCAAGATGACAAGA
P HMF L TTWDVVRIKAYIKAKMTR
ACACCAACTGT CATCCCGATGAAGT TCACTGCCTCTGTAAACAAT CCCGAACAGAGGGTA
T P TVI P MKZFTGSVNNPEQRYV
GCCTACTTTGCGGAAGATATTGECATGAACT CACACCACAGCCATTGCCACATGGACTTC
AY F GEDI GMNSH S H W M D F
CCCTTCTGGT GGAAACAGGAGT AT GCGEGECTACAAAGACCCCAAGGGAGAACTGT TCTAC
P F WWKQEYAGY KD RIKGEL FY
TACATGCATCATCAAATGGT TGCCAGGT TCGATGCCGAGCGACTATCTAACGATTTGCCA
Y M HQMVARZFDAERILSNUDILP
GTAGTAGAACCAT TGGAAT GGGACCAAAAGAT CGT GGAAGGT TTTGCACCCGECGCCACC
v VvV E P L EWDOQIKI VEGFAPGAT
TATGAAAACGGCCAGGAGT TCCCCAT GAGGCCGGATAATATGT GCTTCAGCGATCTTCCC
Y ENGQEFPMRWPIDNMCTE FSDTLP
TTCCTCACAGT TCAAGACATGAAAATAT TCGAGGGCCGCATCCGCGACGCCATCCCTTCT
F L TV QDMMKI FEGRI RDAI A'S
GGATATGTGAAGACGGT TGACT CCCGATTGAT GAGT CTGAATAACACGGCTGGECATAAAC
GYV KTVDSRLMSUL NNTAGI N
CTTCTGGGCGAGATTGT GGAGT CTTCGACACACAGT GTCAACCCCGT GT TCTACGGCAAG
L L GEI VESSTMHSVNWPVF Y GK
TTGCACAACGACGGT CACGT GATGT TGT CCAAAGT GACGGACCCACACCTTCGCTACGGT
L N D G vV ML S KV TDWPMHTILRY G
GITCCTCCTGGECGTAATGGAACACT TCGAGACT GCAACCCGCGATCCCCCTTTCTTCCGC
v PP GV MEHZFETATRDUPATFFR
CTACACAAGCACGT GGACAACCTGT TCAAGT TTCACAAGGACTTGCTCGTTCCCTACAGC
L K HV bDNLVFKFHIKDTULUL VP Y S
TTTCATGAGCT GGAGT TCCCGGEGT GT GAAAAT CGAGGECT GTGAAGGT CATCGGCACTTCC
FHELEZFW®PGVKI EAVKVI GTLC
AAGGCCAGCACGCCAAACCATCTCATCACTTACT TCGACGAGT CACACATCGACCTCAAC
K A°S TPNMHIL I T Y FDIESHI DL N
AATATAGT GGACACT TCCCGECCAGAAAGAAGT GGT CGACAT CAAGGCACT GGTAGGCCGG
N1 VDTS G QK EV VDI KAL V GR
TTGAACCACGAGCCCTTCAAGT ACGT GATCACGGT ACACT CTGAGAAGCCGGTGCGCECC
L NHEPZFIKY VI TVHSEIKWPVRA
ATCGT GCGCGT CT TCCCGCTACCCAAGTACAACTGGT TCGGTCAGATGGT TCCACTGGAT
Il VRV F P L PKYNWFGAQMYVPL D
GAGGCACGCT GGEGAGCCAT CGAGCTGGACCGECT TCCCTGT CTCTCTGGT GCACGGTGAC
E ARWGAI EL DRFUPV S LV HGTD
AACATCGTI TACACGT AACT CTGAAGAT TCCACAGT GACCAT CCCAGAGCCACGCAGCTTC
NI VTRNSEUDSTVTI P EPIRSF
CCAGATCTCAT GAGCGACGT GCAAAAAGCCAT CCGAGGAGAGCAGGATTTCAAATACGAC
P DL MSDVQKAI RGEGQDUFK Y D
ATTCATCATCGCCACT GT GGECT TCCCACACCGCCTAT TGCT GCCTAAGGGGAAACCGGAA
I HH R HCGVFWPHRLIULL P K GK P E



GGCATGGTCTACAGGCT GT TCGT CGT GGT CACCGACT AT GACAAGGACGT CGT GGCGCCA
GMVYRLTFVVVTDYDTIKTDVVAFP

GGAATGTCTCCAGAT GACGTAAATACACT GTCATCTCTGGGT TACTGTGGT GTGATGGAC
GMSPDDVNTLSSLGYT CGVMD

GGAAAGAT GCCGGACGGT AAACCGAT GGGAT TCCCCT TCGACCGACGT GTGCCCTCGGAA
GKMPDGIKTPMGTFTPTFUDRTR RVTPSE

GAGACCTTTTACACACCCAACAT CAAGACCAT TGACCT CACCAT CAAGAACGT CAAGCAG
ETFYTPNI KTI DLTI KNVZKOQ

AAACCTACCGAGTAGATTAGT AAGCGCCTGCCT TGTGCAGT TATGATGTAATACGTACAG
K P T E ***

TAGGGAAACT TCATCTGTTCCTTTGTCTGTATAGT CCTGACAGTGTTAGCATTTTATACA
ACGTTTGGATCAATAATGAAGGATATTCTTTCTTTCTATCTTTATAACAGATAATGGAAC
TAATTTTAATGTGGAAGAT GAACT GCATTAAATATATAACT TAAAAAAAAAAAAAAAAAA
AAAAA [ 2334 bp]

Fig. S15. cDNA and deduced amino acid sequence of P. americana hemocyanin subunit 2
(PamHc2, FM 242649). Copper-binding histidines are shaded in black, the putative signal peptideis
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATGGACTTCCCGI TTTGGT GGAAACAGGAGGAGT ACGGCGT GCACAAGGACCGCAAAGEC
M DFPFWWKQETEY GV HKDR K G

GAGCTCTTCTACTACATGCACCACCAGCT GATCGCACGCT TCGACGCCGAGCECCTGTCC
E L F Y Y M H QLI A RFUDAEIRTL S

AACGACCT GCCCAT CGT GGAACCCCTCTACT GGGACGAGAAGATCGTAGACGECTTCTAC
NDL PI VEPLYWDEIKI VDG GTFY

CCTCAGACAACATACCGT GT GGGAGGCGAGT TCCCGECACGT CCCGACAACTTTGAATTC
P QT TYRV G GEFPARUPUDNTFE F

CATGACTTGGAACACATCAAAGT CAAGGATAT GATGGAT TACACGCGCAGGAT CCGAGAG
H DL EMHI KV KDMMDYTRRI R E

GCCATCTCTCAACAGGCCGT CGT CACGAGGACGGECECGAGAT GGTGTCCCTAAACAACACG
Al S QQ AV YV TRTGEMV S L NNDNT

CAGGGCATCGACATTCTCGCECTGCATGGT GGAACCT TCACACGACT CCAAGCACCCCGAG
Q 6GI bl L GC MV EP S HDSKH P E

TACTATGGAGCT TTGCACAACT ACGGECCACATCATGCTGGGCCAGATTACCGATCCCAAG
Y Y G A L N Y G I ML G QI T D P K

GGGAAGT TCAACATGCCT CCTGGAGTAAT GGAACACT TCGAAACCGCCAC [ 530 bp]

GKFNMPPGVMEWHTFET A

Fig. S16. Partial cDNA and deduced amino acid sequence of S lateralis hemocyanin subunit 1
(SlaHc1, FM242652). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



ATGGACTTCCCGI TTTGGT GGAAACAGGAGT AT GCGGGCTACAAAGAT CGCAAGGGAGAA
M DFPF WWKQEYAGY KDIR K G E
CTGTTCTTCTACATGCATCATCAAATGGT TGCCAGGT TCGATGCCGAGCGACTATCTACC
L F F Y M HQ MV ARG FUDAEWRIL ST
GATTTGCCAGTAGTAGAACCATTAGAAT GGGACCAAAAGATCGTGGAAGGT TTTGCACCC
DL PVVEPLEWDOQIKI VEGTFA AP
GGCGCCACCTATGAAAACGGCCAGGAGT TCCCCAT GAGCCCGGATAACATGCGCTTCAGC
GATYENGOQQEFWPMRPDNMRF S
GATCTTCCCTTCCTCACAGT TCAAGACATGAAAATAT TCGAGGGT CGCAT CCGCGACGCC
bL PF L TV QDMMKI F EGRI RDA
ATCGCTTCTGGATATGT GAAGACGCGCT GACT CGCGACT GATGAGT CTGAATAACACGGAT
I A°S G Y V KTAD SR RLMSUL NNTD
GGCATAAACCT TCTGGEGCGAGAT TGTGGAGT CCTCGGECACACAGT GTCAACCCTGTGI TC
GI NL L GEI VESSAHSVNUPVF
TACGGCAAGT TGCACAACGACGGT CACGT GATGCT GT CCAAGGT GACGGACCCACACCTT
Y G K L N D G v ML S KV T DUPHL
CGCTACGGCGT TCCTCCTGGCGTAATGGAACATTTTGAGACAGCGAC [ 527 bp]

RY GV PP GVMEWMHTFET A

Fig. S17. Partial cDNA and deduced amino acid sequence of S. lateralis hemocyanin subunit 2
(SlaHc2, FM 242653). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.
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40 * 60 * 80 * 100 *
------------------------------------- PSTSQQKEVLDFFNI PETRRVSRAKQ- KDKPSVI F- - - KPLPAG G- - -
- TVKEKQSRLLPLFKHLT- - - - SLTRD- QLPVG- LR- - - DDRLKDVG- -
--------------------------------------- TI KEKQASI LALFEHLT- - - - SVPKQ Hi PEK- ER- - - DNRLHDVG: - = = = = < = == == === = =< -

------------------------------------- PDKQKQLRVI SLFEHMT- - - - SI N- T-PLPRD-Q - - - DARLHHLG- - - - - - - - - - - - - - - - - - - - RLPQGELFSCF :
- SVKEKQQRVCSLFTHLT- - - - Sl SRT- AVPLA- DR- - - DPRLHG G- - - - - KLAQGELFSCF

AS| PEKQALI LPLFEKLT- - - - SLTKE- TPPRA- QW - - DPRLAGVG- - - - - VLPRGTLFSCF
------------------------------------- S| KEKQDQ LPLFEKLT- - -- TLTRQ Q PPE-QR---DPRLIGVG--------------------VLPRGILFSCF :
------------------------------------- Al KDKVEKLLPLFEKLT- - - - SLTKQ- QLAPD- QR- - - DPRLASVG- - - - ----------------| LPRGTLFSCF :
- TVADKQARLMPLFKHLT- - - - ALTRE- KLPLD- QR- - - DERLKGVG- - - - -1 LPRGTLFSCF :

- TLKEKQDRI LVLFEHLT- - - - SLTKH- QLPED- QR- - - DPRLHDLG- - - - - HLHRGELFSCF

- TVQDKQRQ LPLFEHLT- - - - SLTRG GLDRT- ES- - - DVRLRRVG- - - - - RLPRGTLFSCF

- PAQDKQRRI LPLFEHLA- - - - SLTRA- VLPPE- ER- - - DPRLKRLG- - - - - RLPRGTLFSCF

- TI ADHQARI LPLFKKLT- - - - SLSPD- PLPEA- ER- - - DPRLKGVG- - - - - FLPRGTLFSCF

- SVKDKQAQ LPLFKNLT- - - - ALAPE- TLPEA- ER- - - DPRLKGVG- - - - - FLPRGRLFSCF
- TLHDKQ RVCHLFEQLS- - - - SATVI - GNGDKHKH- - - SDRLKNVG- - - - - KLQPGAI FSCF :
Tl LHDKQVQALKLFEKLS- - - VAATGE- PVPAD- Q1 - - - DERLRNI T- - - - - - - - - - oo oo o - TLGPNEFFSCF
SLLHEKQVRVLKLFERLS- - - VAASGE- KI PAD-Q - - - DARLSTVG - - - - - - - === == - - - - - - ELPNSAFFSCF .

- VLGALEKQLRVLPLFEYAS- - - - | PTKE- KFALKAHR- - - DPKLQGLG - - - - VLGRGQLFSLF

- - PSTAEKQRRI LPFFQFTS- - - - LSTKD- KFG LVQR- - - DPRLAGLG - - - - VLGRGVLFSCF
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»» SSASEKQKRVLPLFQYVS- - - - FSTKD- KFGVRVQR- - - DPRLSGLG- - - - ---------------- VLGRGVLFSCF :
----------------------------------- PSDANEMQARLLQLFEHST- - - - LSTKA- KFGLRVI R- - - DPKLAGI G- - - - - - - - - - - - -~ - - - - - - | LGRGKI FSCF :

- - W5- LALATLFVLGTVI RADQC- - - - PPVPADTKDKLEKI LELI GHVNRPLTPETPE- - - PAG- YD- - - ETKLKGLG- - - - -1 LPQHEI FSLF
M - - VA- - KACVLAMCLLVAVG - - - ADKC- - - - PRA- TDQEAKQKRMLEVL QHVNKPYVAETKDPKI PAG- - S- - - EDVFKHLG- - - - - | LEKHEVFSLF :
M - - GAWVKVWWITFFAI ALVWAVKAYDEEAKC- - - - MBHDEDSQVKERQ LHI VDSI NKPI SPDFRA- - - PRGVI D- - - EHKLRGLG- - - - - - - - - - - - - - - - - - - - TLKKREI FSLF :
M - - DT- - RVLRLTLALVALSGVLADSESCS- - - SAl VNDYKLKQKEI QHLVDTI NKPVYPDFKD- - - TRG | D- - - ESKLKGLG- - - - - - - - === - - - - - - - - - TLPRREVFSLF :
M------ KLFI LAWLLATTAI - - - AEKCP- - - KP- - VNVEAKQKMVDTLI SYI NKPANPVP- - - - - PKPPI D-- - PKKLIG G- - - - | LPKDQVFSLF :

M - - KLLLLCL- AATSAFAWPSYV- -
M - - KLLLLCL- AATSRFAWPSFV- -
M - - RTLAFCL- LVASAAAWPHFFQN-

l--eeeee- VLLLVSTAAAWPNWA:- - - - - - - - - - NDAPVSSAKKQQDI LRLL YKVTEHI RERFTDLKDASKNFD- - - PLADL THYTDGGAS- - VKTLMGEI DDHRVLEQHHWFSLF
MVLVKLLVLCS- LVAAAAAWPSF- - - GQDGFQSDAP- DATLAKRQQVVNHLLDY! YDHL- - HYTDLKG AGTFS- - - PEADTSI YTDDGAA- - AHVLMEELRDGRLLEQHHWFSLF
T--mme - LVAAAAAWPSFSYQN- - - - - - - DASGDSTAKRQQDVNHLLDRI YDHL- - HYSDLKQ SETFS- - - PEADTSMYTDGGTA- - AHHL VEEL NDHRFLEQHHWFSLF

B - DALGTGNANKQQDI NHLLDKI YEPT- - KYPDLKDI AENFN- - - PLGDTSI YNDHGAA- - AEAL MKELNDHRLLEQRHWFSLF :
DALGTGNAQKQQDI NHLLDKI YEPT- - KYPDLKEI AENFN- - - PLGDTSI YNDHGAA- - VETL MKELNDHRLLEQRHWYSLF :
- - - - KVLVLCA- LVATAAAWPSFSGEL TNGFQS- DVHSSDNAHKQQDVNHLLDKI YEP! - - KDEELHNI AQTFD- - - PVADTSI YGDVGAA- - AKTLMQEL NDHRLLEQHHWFSLF :
M - - KVLVLCA- LVATAAAWPSFSGEL PNGFQS- DVHSSDNAHKQQDVNHLLDKI YEPI - - KDEELHNI AQTFD- - - PVADTS| YVDDGAA- - AKTLMQELNDHRLLEQHHWFSLF :
- - - - KVLVLCA- LVATAAAWPSFSGEL TNGFQS- DVHSSDNAHKQQDVNHLLDKI YEP! - - KDEKLHNTAQTFD- - - PVADTSI YGDDGAA- - AKTLMQEL NDHRLLEQHHWFSLF :
- - - - KVLVLCA- LVATAAAWPSFSGEL TNGFQS- DVHSSDNAHKQQDVNHLLDKI YEP! - - KDEELHNI AQTFD- - - PVADTSI YVDDGAA- - AKTLMQEL NDHRLLEQHHWFSLF :

M - - KLLVLFA- LVAAAAAWPNFG MAD- - - - - - SAGGAFDAQKQHDVNSALVKVYED! - - QOPHLI QLSQNFD- - - PLS- - GHYDDDGVA- - AKRLMKELNENRLLKQNHWFSLF
M - - KLLVLFA- LVAAAVAWPSFGVVAD- - - - - - S- AGAPDAHKQHDVNSVLWKVYEDI - - RDPHLKEL SQSFD- - - PLS- - GHYDDDGVA- - AKRLMKEL NENRLLEQNHWFSLF :
M - - RLLVLCT- LVAAAAAWPNFGMVAD- - - - - - SPGGASDVQKQHDVNSALVKVYED! - - RDSNLI QLSQSFD- - - PLS- - GHYDDDGVA- - AKRLMKELNENRLLEQHHWFSLF :
M - - KLLLLCA- LVAGASAWPNFGMVAD- - - - - - SPGGASNAQKQHDVNSI LVWKVYEE! - - RDPHLKEL SQSFD- - - PL'S- - GHYDDDGVA- - AKRLMKEL NDHRLLEQKHWFSLF
M - - RLLVLCALGLLOLLPGGS- - - - - - - - CDHHVSLAHKQHDVNSALWKVYEDI - - ROTHLKEL SQSFD- - - PLS- - GQYDDNGVA- - AKRLMKELNENRLLEQHHWFSLF
--------- LALVAAAAAWPNFGF QS - DAGGESDAQKQHDVNFLLHKI YGNI - - RYSDLKAKADSFD- - - PAGRFGSYSDGGEA- - VQKLVREVKDGKL L QQRHWESLF
RVLWLGLVAAAA - - - - - - - - - - - - FQUASADVQQGKDVLYLLNKI YGDI - - QDGDLLATANSFD- - - PVGNL GSYSDGGAA- - VQKLVQDLNDGKLLEQKHWESLF

M - - KVLWFALVAL SAAAAQAN-

M - - RPATVLLI VLGACALASAE-

M - - K\QL- VTFLGVALCYLASAKL SE- -

M - - KTALVFAAWA- FVAARFPDHKDYK-
M - - NTALLFATVWVAVL VCGAFSDHHVGK-

M - - RTATVWLSLLAAFAAAAVVPH-
M - - RLI LVALLAGLCAVSAVSV- - - -
M - - KFSLI LLVGLCALASSAVL HQHK:
M - - KI SLVFLVGFCTAVLSNPV-

H KKk ok ok ok kR ok ok k ok ok kKK Kk k ok ok ok kk ko k ok k kK K

120 * 140 * 160 * 180 * 200 * 220 *
| KRHREESTKVI EFLLDSKDYKGFLENAASLRPVVNEI LFVYCFSVAL YQSPHTTNLLAPPI WOTMPYDFF- DQRVENQI N-Gl | ES- - - TK- - - - - - - GAPDKQPI QVI LEPTGN :
HAKHLEEATHL YEI L YGAKDFDDL VHL L EQARNTVNEGVFVYAATVAVLHRDDCRGVTVPPI EEVFPDRFI PVETI RHADKEA- AAH- P- DK- DI VWEFEETGN
HREHLEEATHL YEI LHAAKNFDDFL L L CKQARDFVNEKMFAYAVSVAL LHRDDCRGLI | PPVEEVFPDRFI PVETI REAQKEV- ELH- P- GK- - --DI - VEVENTGN :
HEEDL EEATEL YKI LYTAKDFDEVI NLAKQSRTFVNEGLFVYAVSVAL LHRDDCKG VWPAI QEl FPDRFVPTETI NLAVKEA- ANH- P-DQ- - - - - - - - - - - - - DI SVHWETGN
HEKGLAEATKL YETL YAAKDFEDFI NLAKQARSFANEGLFVYAASVAI LHRDDCRGVTVPPI QEl FPDRFVPSETI SLALKEV- TNH- P- DK- - - - - - - - - - - - - DI EVEI ESTGN
HEKHLLEATKL FKVL YSAESFNDFL QL AREARDVVNEGL FAYAFSVAVI HRDDCKGVTLPPI QEVFPDRFVPSETI NLAMKEA- KND- P- NS- - - - DI WDVQETGN
HERHLKEATKL FEVL YKAADFADFL NL AKQARDVVNEGL FVYAL SVAVVHRDDCRGVTLPPI QEVFPDRFI PAETI NLASKEA- RNN- P- TE- - - DWVEI EDTGN
HEKHLNEATEL FKI L YRANDFDDFL KL ATQARDVANEGL YVYAL SVAVAHRDDCKG TLPPI QEVFPDRFI PSETI NLAMKEA- KNK- T- YD- - - DWVEI EDTGN
HARHL AEATEL YVAL YGAKDFNDFI HLCEQARQ VNEGVFVYAVSVAVLHREDCKG TVPPI QEVFPDRFVPAETI NRANKEA- SNH- PDQQ- - - - S| WEAEETGN
HKEHLEEATHL YETL YKAKNFDDFI HLCEEARQ VNEGVFVYAASVAVLHRDDCKGLAVPPI QEI FPDRFI PAETI TQAMKDD- HHR- KEHE- - - - DLVWDI EETGN
HSEHLKEATEL YQ L YKADSFADFI HLAQQARDI VNEGLFVYSVSVAI LHRDDCRGVTVPPI QEl FPDRFVPAETVNQAVKAD- L KRQSSDE- - - DVLVEI QETGN
HTEHLI EAEEL FETL YAAKDFEDFVRLAEQARDI VNEGVFVYSTSVAL LHRDDCRGVTVPPI QEl FPDRFI PSETI NQAI KAD- LRR- ADDS- - --PVI VDVI QTGN
HEEHL AEAETL AEAL VEAKNFDDFI ALATNARAVVNEGL YAFAMBVAI LSRDDCNGVWLPPI QEVFPDRFVPAET! NRALKVD- KVS- DPNK- - - DTWPI QKTGN
HEDHL GEAQAL YEVL YEAKDFGDFI NLAKQAREI VNEGLFAFAL SVTVLHRDDCRGVI LPPI QEVFPDKFI PAETI NRALKAD- KKS- - TDE- - - - SKVI El QKTGN
HPDHL EEARHL YEVFWEAGDFNDFI EI AKEARTFVNEGL FAFAAEVAVLHRDDCKGL YVPPVQEI FPDKFI PSAAI NEAFKKA- HVRPEFDES- - - PI LVDVQDTGN
'YPDHL EQAKRVYEVFCHAANFDDFVSL AKQARSFIMNSTLFAFSAEVAL LHREDCRGVI VPPVQEVFADRFI PADSLI KAFTLA- TTTQPGDES- -- DI | VDVKDTGN
LPAHLEEAKRLI El FYSAKDFDDFVLLAEQARTFVNSTLFAFAAEVAI LHRADSRG | VPPI QEI FADRFVPADTLI RAFSVA- TTKPAGDES- - - - ------- - DVI | DVQETGN :
HAEHL AAATKL YEVL| GAKTFEEFL DL CHQVRDFVNEGL YVYAVSVAI LHRPDCKGVSLPPI QEl FPDKFVTVQTL YDAFKEF- WONPHKEE- - - - - - - - - - - - - DVI VDMJTTGN :

HEEHLKEATQLYEVL| ECESFEEFL DL CHQAREYVNEGL YVYAVSVAI LHRQDCRGVSL PPVQEVFPDKFVPSETLFKAFKEV- RLHPDDE- - - - - - - - - - - - - - El'l VDI EKTGN :

- NDAAPSLAVRQQAVNHLL YRVTEPL - - RFDDLKAAAASFN- - - PVADKSI YTDGGVA- - AQHLVDEI ADHRVLEKHHWFSLF :
- NDAAPSLAVRQQAVNHLL YRVTEPL - - RFDDLKAAAASFN- - - PVADKSI YTDGGAA- - AQHL VDEL ADHRLLEKHHWFSLF :
- DHPTDSLTQRQHDI NQI LTRI TEDL- - - TGDAKALAESFD- - - Pl ADTSI YKDDGKA- - AKKLVQElI KDERVLERHHWFSLF :

- DCQAGDSADKL LAQKQHDVNYLVYKLYGDI - - RDDHLKELGETFN- - - PQGDLLLYHDNGAS- - VNTL MADFKDGRLLQKKHWFSLF :
- - - - VSADTDVAHQQQAI NRLL YKVTSHI KSSFTDLKEAAETWN- - - PRDHTDKSSDGGAA- - | KHLMDEL DDHRLLEQHHWFSLF .
- VAEGADL AHRQQAVNRLL YKI YSPI PSAFAKLKEHATTFN- - - PRDHI SHCNDGGNS- - VNHLVDEI EAHRVLEQKHWFSLF
M - - KWAWAAVLLVAA- - - - - - oo m e o - - VAEGADL AHRQQAVNRLL YKI YSPI PSAFAKLKEHATTFN- - - PRDHI SHCNDGGNS- - VNHLMDEI EANRVLEQKHWFSLF :
- - - - SLVWAAAAASPYSGSHDF SGFQRDEPDGVPTAQKQHD! NFLLHKLYEPL - - HEANLKAL EDSFD- - - PLTHTANMPDAGVA- - VNKL MQEVKTQHL EERHHWFSVF
- LLCSLVAATAAWPYFG- - - - - GFQRDEPDGVPTAQKQHDI NFLLHKLYEPL- - HEANLKALEDSFD- - - PLAHTANMPDGGVA- - VNKL MQEVKTQHL EERHHWFSVF
- - - - EPDGVSKYQKQHDVYYAFYKI FEPL- - RESNLVEKAATFN- - - PVGDVSMYKDGGVA- - VONL MYEL THQRLLEKKHWAVAT
- EPDG PTYQKQHDVNNAL YKI FEPL- - REDNLRDKALTFN- - - PVGDVSI YRDGGVA- - VRQLMYEL THDRLLEKKHWAVAT
M - - KFALVLI GLCALAAA- - - - - - - - - - - - - - - DTVDDTFYKHQTQVLHLVEHI YEPI SSHYEDLTTI KKTYD- - - PLQHLDNFKD- GDH- - VKHFVHDVTHGKYLAHDEI FNI F
M - - KLALVLI GLCALAAA- - - - - - - - - - - - - - - DAVDDTFYKHQTQVLHLVEHI YEPI SSHYEDLI Yl KKTYD- - - PLQHLDLFKD- GEQ- - VKHFVHDVTHGKFLAHDEI FNI F
- QKADAI FLKRQLQVLNLLRHLNQPLI D- - PELLVFKNSFS- - - PLNNLNKFKD- PTA- - VKNFLKLVTEGKLLERDAI FSLF :
- QKADMTFLTRQLQVLKLLRHLNQPLSD- - PELTAI KNSFS- - - PLNHLNKFKE- PET- - VKLLVGLI TKGKVLQRDTVFSLF :

--------- QKADGVFLNRQ SVLKLLQHLNQPLVD- - SDLTAYKESFS- - - PLNNLNRYRD- AEV- - VKQYVGLVESGKLLHRDG FGLF :
----------------------------------- MADATFLKRQLHVLKLLRHI SEPI TD- - PELHAKKQSGD- - - PANHLNKFND- PKA- - VRHFVNLVRKGSLLSRDTVFSLF
- - MADETFLKRQWLI LKLLRHI SEPLED- - PELVQ KDSYS- - - PLNSLSVYKD- PQL- - VQKVVRKLENGQMLNRDNI FVLF
M - - RLMALAVLWAVALGGAQAG GD- - - - - - - VPADKPFL MKQREVLRLFNKVHEPNRY- - KEQVELGNAYE- - - PLNSLPRYRN- PAP- - VKQLVRLYRAGSLLPRGAI FTLF :
M - - KTLL- FLLLGVAL YHQACARQAQ! NRG- - - VPVDREFLTRQNE! LHLLNKVHEPNRF- - KDQSELGRSYD- - - PTAHFDKYKN- ASP- - VKSLVKLYTSGQLLPRGHI FTLF :
- VPADKEFL VRQREVLRLLNKVHEPNRF- - KEQAELGRSYD- - - PTAHFSKYKN- AVP- - VKRWKEYMAGHWLPRGAI FTLF
M - - KO LTVALLGVAVCHLAQAKVMR- - GE- - - APADKI FL SKQREVLKLLNKVHEPNRF- - KDQADLGRSYD- - - PTQHLSKYKN- ALP- - VKTLVKQYTSGRLLPRGRI FTLF :
Moo GLVKYTGS- - - ASADKDFLVKQRQ LRLCNKVHEPNRF- - KEQAEL GKNYE- - - PLKHLDKYKH- PRS- - VKTLVKYYNSGLTLPRGAI FTLF
M - - QW - AAVLLAGLGQLVAAKYTR- - GE- - - VPADKDFL LKQREVLKLLNKPHEPNRY- - KDQADSGSKYE- - - PSNNLNRYKN- PVP- - VKTLVKRYNSHSLLPRGQ FTLF :
- VPADSGLVWVRQYE! LKLLNKVHEPNR! - - KEQ El GNSFD- - - LSTALTGFKN- PNA- - AKALLKGYKAGSLLPRGSI FTLF
M - - RAVL- LLLLVGFTAHLWGRVTR- - GA- - - VPADKEFLLKQKE! LQLLNKVHEPNRF- - KEQUNLGNSYD- - - PLANLGNYKK- AAA- - VHQLVKLYNNGALLPRGEI FTLF :
M - - KWLL- TLALVMWLASLAQAKLTR- - GS- - - VPADQDFL TRQRDVI RLCMKVHEHNHY- - QEQVDLVKDYD- - - PSVA- GKFKD- VTP- - | KRLMKYYNAKTLLPRGDI FSLF :
M - - KWLL- TLGLLWLASLAQAKLTR- - GS- - - VPADHEFLVRQRDI | RLCMKVHQHNHY- - EEQVDLVKDYD- - - PSVA- GKFKD- VTP- - | KKLMKYYNAKTLLPRGDI FSLF :
M - ARFALTLI ACTLWAVAA- - - - - - - - - - - - - TPADQEFL TKQKEI VKLLNKVHELNFY- - QDQATI GKDWD- - - PLAHLDSYKN- VRV- - VKELVKELKNGKLI KRGEI FNLF :
M - - KTVFCLLLALAASLAVPTKKD- - - - - - - - - VPADHEFLVKQREI LKLLFRAHEPNI S- - EDQVDI AAKFD- - - | EANLDKFKE- VDS- - VKEL YELYVKKQLLHRGEI FNTF :
M - - AQTLVLI STLLVAFVAATNI HHYNRRYDDRVAADNYHLNKQDVI | KLLHRVHQPNQY- - RDLADI GNNYN- - - | EQNVDKYQN- EEA- - VRKFVEQYKKG- MLPRGRI FSI F :
M - - KSAFVLLALAAFAAASVL - - - - PGDT TDHKRVADKEFL VKQKNLLQLFVRPHQYNL Y- - KEQAEI GKGYS- - - LESHLADYTN- AKA- - VKQFLHVYKQG- MLPKGEI FSVF :
M - - KTALVLI - LATATLAVAYPSSTQDYR- - - - VWWADKTFLTRQRDFLRLLVRI EQPNYY- - ADQYEVGNAYD- - - | EANI NNYKY- PHV- - VKNFLSAYKRG- MLPRGVPYSPY :
M - - RTAVLLVFLATAALAAANPSPSQESR- - - - | | ADKQFL QRONDFLRLLVRI EQPNYY- - EDQVTLGNSYD- - - | EVNI KNYKH- PQV- - VKQFLSAYKKG- FLPRGVPYSPY :
- QLADKQFLAKQRDVLRLFHRVHQHNI L- - NDQVEVGNTYD- - - | EANI GNYST- PDV- - VKQFMAYFKKG- MLSRGEPFSWN
- KVADKPFLMKQKNI LGLVHRI HQDNLF- - KEQVDVGNTYD- - - | EAHI SNYKN- TKV- - VKEFI SYYKKG- MLQRWEPFSVY
M - - RTATVWLSLLAALAAATAVPP- - - - - - - - SEADKELLEKQNKI | RLFYQVQQPTI | - - PEEQEI AKSYK- - - Pl ENI DNYQY- KDK- - VEVFWKYYTEYGFVPRDEVFSI Y
M - - RTATVWLSLLAALAAAAVVPH- - - - - - - - SEAGKEL LEKQDKLLRLL YHVHQPTLV- - KEEQEI AKTYK- - - Pl EHVDNYQY- KDK- - VELFWKYYVDVGFLPKGEVFSVY
- SEADKEL L EKQRKLVKLFYHVQQPTFF- - KSEQEI AKTYK- - - Pl EHVDNYQY- KEK- - VELFWKYYVDVGFLPRGEVFSVF :
- - - HSTNYAQKQKDVWRLFKYI NQPSYY- - KDHVEI AHNYH- - - LSKNVAAYSK- PEV- - VEQF YKYWQYGKLLPRGEI FSVF :
- VKVDQEYVQKQKQ LHLFDHI NQPSHH- - REHVEI AKSFF- - - FGDHVDSYNK- PEV- - VKKFI QYWKYG- MLPKGEI FSWM :
- ADTNYLKREQQ LKLLYHVNQPSTY- - PEHVElI GKSCMFCEKGSL YDKYEK- REV- - VDNWQFWRFG- LLPRGEVFSVF :
---------------------------------- KYAEKDW.HKQEDL LL L FRHLYEKDWN- - PQLVAYAKNFH- - - FKESAEL FQHEPTVQMKKLWSYYEHG- LLPKGEVFSVY :
M - - KTWI LAGLVALAL SSAVPPPKYQHHYKT- SPVDAI FVEKQKKVFSLFKNVNQLDYE- - AEYYKI GKDYD- - - VEANI DNYSN- KKV- - VEDFLLLYRTG- FMPKGFEFSI F :
M - - KTVI | LAGLVALALGSEVPVKHSFKV- - - - KDVDAAFVERQKKVLDLFQDVDQVNPN- - DEYYKI GKEYN- - - | EANI DNYSN- KKA- - VEEFLQLYRTG- FLPKYYEFSPF :
M - - LKELLLLALVALCTTKGLHI TG - - - - - - - KTADLDFLHKQKKL YELLFFVKQNT- LTDVEFHKI GRDYN- - - | ESNI DSYND- KLI - - VQDFLHLHKSG- M.SRNAI YSPY :
M - - LKKVFLLASLAI | VI KADTDFYYTD- - - - - VI ADQDFLLKQKKVFQLL YHVSQPD- | SNPELFQEGLAYD- - - | GANI DSYSN- KDA- - VNHFLELYKFG- FLPRGAI YSLY :
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Ni nHcB
EcaHcC
ScoHcA
ScoHcB
ScoHcC
ScoHcD
Spi Hel
GpuHc1
G oHcl
CcsHe
EpuHc1l
Pl eHc2
HanHcA
Pi nHcB
Pi nHcA
Pel Hcl
Pel Hc4
Pel Hc3
Pel Hc2
CmaHc6
CmaHc4
CmaHc5
CsaHc
CmaHc3
PvaHc1l
PvaHc
Pi nHcC
Pl eHc
CmaHc1
CmaHc2
HanPHc 1
HanPHc2
CmaCCl
CmaCC2
PmaHc2
Pgr Hc2
CseHc2
PanHc2
BduHc2
HneHc2
TdoHc2
SanHcl
BduHc1
PanmtHc1l
CseHcl
HmeHc1
CoHe1
CacHcl
TdoHc1
PmaHc1
Pgr Hc1
ScuHcl
MyeHc1
TdoHex1
PmaHex1
Bdi Hex
Rf | Hex2

PanHex12 :

Rf | Hex1
Lm Hex1
Lmi Hex2
Rmi Hx1
TnoHex2
AgeHex
LdeDP1
AgaHex?2

MseAryla :
MseArylb :

Cf eHex2
BheHex

Epi He
LpoHc!
TtrHcA
EcaHcE
Ni nHCE
EcaHcG
Ni nHcG
CsaHcl
AauHc6
LpoHcl V
EcaHcF
Ni nHcF
EcaHcD
Ni nHcD
LpoHcl |
EcaHcA
Ni nHcA
LpoHcVI
EcaHcB
Ni nHcB
EcaHcC
ScoHcA
ScoHcB
ScoHcC
ScoHcD
Spi Hel
GpuHe1
G oHcl
CecsHe
EpuHc1
Pl eHc2
HamHcA
Pi nHcB
Pi nHcA
Pel Hcl
Pel Hc4
Pel Hc3
Pel Hc2
CmaHc6
CmaHc4
CmaHc5
CsaHc

HEDHLKEATQLYEVL| TAPTFEEFL DL CHQCRDYVNEGLFAYAVSVAI LHRKDCRGVNLPPVQE! FPDKFVPVETLYEAYKET- KLHKEDE- - - - - - - - - - - - - - DVI I NI KTGN
HEDHL EEASRLAEVLVGAETFDEFI DL CHQCRDFVNEALFVYSLSVAI LHRPDCHG SLPPI QEl FPDKFVPVETI YKAFKEA- TRHADKTD- - - - - - - - - - - - - DI | VDVEATGT
DERTWPEATKAAEFL MEAT DFEHFI QRADVLRHRI NEDMFMYAL NVAVLHRKDTRGVQVPRI HKI YPDKFLKQDI LVEVREKV- NHGEEK- - - - - - - - - - - - - - - PWDATELHON
DERQADEAT TAAVYM.TAPSFDEFI DRAEI VRHRI NEDMFYYAFSVAAVHRDDTRG NLPRI HEI YPDKFLKHKVI VEVKNSI - NSGQED- - - - - - PLI DATHEFTD
DERNWDEASKVVRL L L DAKDFDDFI DVAEVI RLRVNEEL FL YAFSVAVMHRGDTQGLQVPRI HDI FPDKFLKEDVI HRLLELS- NRGEHYDRI - - --PI'I DATQ SHN :
DERNWAEAAKVVEL LLEPKTFREFI HLADI | HHRVNEDLFLYAL SVAI AHRPDCQGVQVPRVLDI YPDKFLRKEVI HKI KEVS- NEGAYLDKV- - - - - - - - - - - - PVI DATEVSDN :
DERTVDEVSEVLKRFMAAPTFEDFI KVAETLYPHVNEDLFLFGLSVAI VHRPDANGVHVPRVHEVYPDKFLTNDVLI NI RKQ - | KGHKN- - - - - - - - - - - - - - - PWKDTHYYHN :
NTRQREEALLLFDVLI HSKTVETAL NNAAYFREKIMNEGEFVYAL YAAVI HSKLGAGH VLPPLYEVTPHLFTNSEVI QKAYTAQ- M- - - - - - - - TQTPGTFKQDFTGS
NTRQREEAL ML FDVFMHCKTVEAAL NNAAYFREQWNEGEFVYAL YAAVI HSELGAG VLPPLYEVTPHSFTNSEVI QKAYTAQ- M - - - - TQTPGNFKMDFTGS
NTRQREEAL ML FDVFMNCKTVKAAMGNAAYFRHSIMNEGEFVYAFYAAVI HSALGKG VLPPLYEVTPHVFTNSEVI SKAYTAQ- M - - - - TQTPGKFSMEFTGS
NNRHREEAL ML FDAL MHCNDWHT AVSAAAYFREKLNEGVFVYGL YTAVI HADLGQGLVLPPLYEVTPHLFTNSEVI NKAYSAK- M - - - - TQTPGKFRMBFTGT
NTRQREEAI MLFEVLI HCKSW/CFVKNAAYFREHWNEGEFVYAL YVAVI HTDLGHG VLPPLYEVTPHLFTNSEVI NKAYSAK- M - - - - TQTPGKFNMDFTGT
NPRQREEAL ML FDVL MHCKSVEECFVDNAAFFRERMNEGEFAYAL YTAVI HSELGQG VLPPLYEI TPHVFTNSE! | HKAYTAK- M- - - - - TQTPGRFEMKFTGT
NTRQREEAL ML FAVL NQCKEWYCFRSNAAYFRERMNEGEFVYAL YVSVI HSKLGDG VLPPLYEI TPHVFTNSEVI DKAYSAK- M - - - - TQKPGTFNVSFTGT
NTRQRKEAL ML FAVL NQCKEWYCFRSNAAYFRERMNEGEFVYAL YVSVI HSKLGDG VLPPLYEI TPHVFTNSEVI DKAYSAK- M - - - - TQKQGTFNVSFTGT
NTRQREEAL MLFTVL NQCKDWNCFL NNAAFFRERMNEGEFVYAL YVSVI HSKLGDG VLPPLYEVTPHVFTNSEVI DKAYSAK- M - - - - THKEGTFNMBFTGT
NTRQREEAL MLFTVL NQCKDWNCFL NNAAFFRERMNEGEFVYAL YVSVI HSKLGDG VLPPLYEVTPHVFTNSEVI DKAYSAK- M - - - - THKEGTFNMBFTGT
NTRQREEAL M_FTVLNQCKDWNCFL NNAAFFRERMNEGEFVYAL YVSVI HSKLGDG VLPPL YEVTPHVFTNNEVI DKAYSAK- M - - - - THKEGTFNMSFTGT :
NTRQREEAL M. FTVLNQCKNWNCFRNNAAFFRERMNEGEFVYAL YVSVI HSKLGDGVWLPPLYEVTPHVFTNNEVI DKAYSAK- M - - - - - - - - - - - oo - - - THEGNTFDMSFTGT
NTRQREEAL M. YDVL EHSTDWSTFAGNAAFFRVSMNEGEFVYAL YAAVI HSEL TQHWLPPLYEVTPHLFTNSEVI QEAYKAK- M - - - - - - - - - - - oo - - TQTAAKI ESHFTGS :

NTRQRKEAL M. YDVL EHSTDWSTFAGNAAFFRVHMNEGEFVYAL YAAVI HSEL TQHWLPPL YEVTPHLFTNSEVI QEAYKAK- M- -
NTRQREEAL M. YDVL EHSTDWSTFAGNAAFFRVRMNEGEFVYAL YAAVI HSEL TQHWLPPL YEVTPHLFTNSEVI QEAYKAK- M -

NTRQREEAL M. YDVL EHSTDWET FAGNAAYFRVRMNEGEFVYAI YAAVI HSPLTEHWLPPLYEVTPHLFTNSEVI QAAYKAK- M - - - - - - - - - - - oo - - - TQTASKI KSHFTGS :
NTRQREEALM.YDI LEHSTDWDTFAGNAAFFRVRMNEGEFVYAL YAAVI HSEL TQHWLPPI YEVTPHLFTNSEVI QEAYKAK- M - - - - - - - - - - - oo - - TQTRAKI ESHFTGS :
NPRQRHEAL M_FDVS| HCKDWNT FVSNAAYFRQKMNEGEFVYAL YVAVI HSPLTEHWLPPL YEVTPHLFTNSEVI ESAYRAK- Q- - - - - TOKPGKFESSFTGT
NTRHRNEAL M_FDVL| HCKDWASFVGNAAYFRQKMNEGEFVYAL YVAVI HSSLAEQWLPPL YEVTPHLFTNSEVI EEAYRAK- Q- - - - - KQTPGKFKSSFTGT :
NTRQREEAL MVHRVL MNCKNWHAFVSNAAYFRTNMNEGEYL YAL YVSLI HSGLGEGWL PPL YEVTPHVFTNSEVI HEAYKAQ- M- - - - - TNTPSKFESHFTGS :
NDRQREEAL L L VDVL LHSTDL EAFKNNAAYFREHTNEGEFVYAL YVAVTHSDL TPHWLPPL YEVTPHLFTNSEVI DQAYAAK- M - - - - TQTPGNFKMEFTGS
NERQREEAL MWDVL L NCVDFETFQGNAAYFREHMNEGEF VYAl YVAVTHSEL MQGWL PPMYEVTPHVFTNSEVI DKAYAAK- M- - - - - TQTAGEFYMSFTGS :
NERQREEAL MWDVL L NCVDFETFQGNAAYFREHMNEGEFVYAI YVAVTHSEL MQGWLPPMYEVTPHVFTNSEVI DKAYTAK- M - - - - TQTAGEFYMSFTGS :
NATQREEAL LL VKVLLQCQDWPTAI GNAVYFRKMWNEETYVYAL YTAI KHSPLTKHVWLPPLYEI MPHFFTSSEVI QQAYRAK- M - - - - | GQPGKFNWNFTGT
NATQREEAL LL VKVLLQCQDWPTAI GNAVYFRKMWNEETYVYAL YTAI KHSPLTKHVWLPPLYEI MPHFFTSSEVI QQAYRAK- L- - - - | EKPGRFNWNFTGT
NKRHLEEAI ML FEVFMQCKDWNCVASNAAYFRERVNEEEFI YAAYHAI KHSPLTQHWLPAI YEVKPRHFTKTQ AEEAYEAKEM - - - - KLRNVFFQNNFTGT

NKRHLEEAI ML FEVFMQCKDWNCAASNAAYFRERVNEEEFI YAAYHAVKHSPLTQHWLPAI YEVKPHHFTKSQVI NEAYEAKEM -
HPHHRRQWYLFEI L YGAKDFDSFFNVAVWARDHVEPRMFL YAFSVAVLHRTDCKG TLPPAYEI TPDMFL TTDVMRKAYQAK- M- -

HPRHRYEMVTLFETL YGATDYDTFFRTAVYARDRLNPRQFL YAFSVAL LHRQDCRG CLPPAYEI TPHVFLTTDVVRKAYKAK- M -
NPEHRQQM VLFETL YGASDWDTFFKTAVWARDRTNPRQFL YAFSVAL LHREDCRG KLPPQYEI TPHVFLTTDVVRKAYQAK- M -

NPKHREQWAL FEVL YSAVDYDTFFNTAVWARDRMNPRQFL YSFSVAL LHRPDCRGLTLPPAYEl TPHVFLTTDVVREAYKAK- M - - - - - - - - - - - oo - - - TRQPVLI PMKFTGS
DPVHRRQM DVFEI L YFANDYDTFFKTAVW. RDRMNPRQFL YAFSVAL LHRKDCRGFTLPPAYEl TPHVFLTTDVVRQAYQAK- M - - - - - - - - - oo oo - - - TRTPKVI PMFTGS
DDTHREQM LLFESLLYANDVETFL RTAAWARDRVNEGQFVYAL CVAVLHREDTRGWLPPPYEI YPHLFVNSEVI HAAYKAK- M - - - - RQEPAVWHWNFTGT
NDKHREQM TVFESL FYAQDWDT FYRTACWARDRVNEGQFVYAL SVAVLHREDTRG VLPPAYEI YPHLFVNSEVI HAAYRAK- M- - - - - RREPAWRMNFTGT :
NNKHREEM TVFESFFFAEDWDT FYRTACWARDRVNEGQF| YALSLAVLHREDTRG VLPPAYEI YPHLFVNSEVI HAAYKAK- M- - - - - RREPAWRMNFTGT :
NDRQREQM TI FESLFYAEDWDTFYRTACYVRDRVNEGQFVYAL SVAVL HREDTRGWL PPAYEVYPHL FVNSDVI HAAYRAK- M- - - - - REPAWRMNFTGT :
NDKHREQM TVFESL FFAQDWDT FL RTACWCRDRVNEGQFVYAL SVAVLHREDTRG VLPPPYE! YPHLFVNSEVI HAAYKAK- M- - - - - ROEPAI VRWNFTGT :
DDKHREEMVL L FESMFYAL DWDTFYKTACWARDRI NEGQFI YALSVAVI HRDDAKG! VLPPSYEI YPHLYVNSEVI HAAYKAK- M- - - - - RREPAWRMNFTGT :
NEKHRSEM LLFETFFYANDWDL LFKTACWARDRI NEGQFVYAL SVAVLHRSDTHG VLPPPYEI YPHLFVNSEVI HAAYKAK- M - - - - ROEPAI VRWNFTGT :
RERDLEEM YLFEALFYANDWNTFL STACWARDRI NEGQFVYAL SVAVLHREDTKGWLPPAYE! YPHLFVNSEVI HQAYKAK- M- - - - - REEAAVWRMNFTGT :

HKEHREEM L LFESFLFAQDWDTFFKTAVWARDRI NEGQFVYAL SVAVLHREDCKG | LPPAYEI YPHMFVNSEVI NSAYKAK- M- -
HKEHREEM L LFESFLFAQDWDTFFKTAVWARDRI NEGQFVYAL SVAVLHRDDCKG | LPPAYEI YPHLFVTSEVI DSAYKAK- M -
NEEHRREM LLFETLFFAKDWDTFHKTACWARDKI NEGQFVYAL SVATLHRADTRGH RLPPAYETYPHLFVTSQVI HEAYAAK- M- -

DKKQQDEM NLFEVFYYAKDFDTFLKTACFARDRVNEGQFVHAFLTAI LHREDTKDWLPPI YEVMPHFFLDTKVI KKAYEAK- M

YTTQSYETKLLFDLFYYANDYDTFYKTVCWARDRI NEGQFL YAFSTAVFQREDL SDYI LPPPYEI YPYLFVDSEVI QKAYETR- M- - - SDVHLTAPKTY! FPYNYT- -

YTTQSYETKLLFDLFYYANDYDTFYKTAVWARDRI NAGQFL YAFSVATFLREDLNDI VLPPPYEVYPYLFVDSDVI QKAYETK- M- - - - - - - - - - - WDHSL TSPKTHVFPANYT- -
YEKHREQAI MLYDLL YFANDYDTFYKTACWARDRVNEGVFMYSFSI AVFHRDDMQGVML.PPPYEVYPYLFVDHDVI HVAQKYW M - - - - - - - - - - KNAGSGEHHSHVI PVNFT- -
YKTHLEQAI SLFELFYFANDFDTFYKTACWARDRVNPL MFWYSFTAAVLHRDDT TDVMVPPPYEVYPYFFVDSDI | QKAYKYW M- - MAVGTTEHHTYI | PMNHT - -
YKKHFSQAKGLFEL FYYAKDFDTFYKTAVWAREYLNPGLFVYSFTVAVLHREDTKFVTLPAPYEVYPQLFVNAEVI QKAYDAR- LR- - DVWSTRKEPYVFYANYSGF :
YQKHFYQARAL FEL FFFAKDFETFYKTAVWAREHL NEAL FVYSYTVAVLHREDTKDVTLPAPYEVYPQLFVNAEVI QQAYDAY- LR- - - - - - - - - - - GEVGTKEAPYVFYSNYSGY :
YEKHYYQARAL FEL FYFAKDYDTFYKTAVWARCQHLNEGVFVYSFTVAVLHREDTKDVTLPPPYEl YPQFFVNAEVI QKAYDAR- LQ- - - - - - - - - - - GQSSSKETPYI FYSNYSGY

HGEHLKQAVAL FKLFYYANDYETFYTTAVWARNHI NEGVFMYSLSVAL | HRPDTYYFSLPPI YEI YPHYFYSTEVI KKAQYYKQW -
YKEHLEQAI ALFEMFYHAKDYQTFYKTAVWARQHVNEGVFLYSFSVAVVHRPDTYG | LPPI YEVYPHYFYNSEVI HKAQVYKQT - -

YEEHREEVKI VTKLFFSAKDFQTFYKTASWARLNLNDGVF TSAFTTAVFYRPDCKHVRLPAPYE! YPNLFFDNNVI QRARDI KMVH- - - - - - - - GVRPTNVDNGDSYVI HANYSGN
YPKLLDETKALFKLFYYAKDFDTFYKTALWARNRLNEGEF| CAFYEAVI RRPDTEYLQLPPPYEL YPYAFFNSEVI EAAKNAKLYN- - - - - - - - - - - - - KLVEGNSYI | YVNYSGW :
240 * 260 * 280 * 300 * 320 * 340

- - NR- - DPEFKLSYFREDI Al NSHHWHWHVI YPV- - - - GSNPSDKK- - | NRKGELFYYMHEQML ARYDAERL CNGVRRVKSLHDYDE- | | PEGYYPRLHSKI SGTEYASRQANT- -
- - | L- - DPEYRLAYYREDVSI NRHHWHWHI VYPATW - RPEFMHKE- - KDRKGEL FYYMHQQMCARYDCERL SNGVHRVFPFNDFHEEL - EG- YSPHLTSLI SGLNYGTRPDGL - -
- - | L- - DPEYRLCYFREDL GVNAHHWHWHI VYPATW - RSEVMGKT- - KNRKGEL FFYMAQQMCARYDCERL SNHVHRVBPFSNLHEEL - EG- YAPHLTSM SGLHYGVRPSGMW -
- - | L- - DEEYKLAYFREDVGT NAHHWHWHI VYPATW - DPAFMGRM - KDRKGEL FYYMHQQMCARYDCERL SNGVRRM PFSNFDEKL - EG- YSAHLTSLVSGLPYAFRPDG. - -
- - | L- - DPEYKMSYFREDVGT NAHHWHWHI VYPATW - RPEVMGKL - - KDRKGEL FYYMHQQMCARYDCERL SNGVRRM PFHNFEEEL - EG- YSAHLTSLVSGLQYASRPEGF- -
- - | L- - DPEYKLAYFREDI GANAHHWYWHVVYPANW - DAVFTGKT- - KDRKGEL FYYMHQQMCARYDCERLSNGLTRM PFHNFKEKL - EG- YAPHLTSLVSGLHYASRPAGL - -
- - | L- - EPEYKLAYFREDI G NAHHWYWHVVYPANW - SVEL TGKV- - KDRKGEL FYYMHQQMCARYDSERL SNGLNRWAFHNFEEKL - EG- YAPHLTSLVSGLHYASRPQGF- -
- - | R- - DPEYKLAYFREDVAVNAHHWYWHVVYPANW - DESL TGKV- - KDRKGEL FYYMHQQVBARYDCERL CNGLNRWPFHNFEEKL - EG- YAPHLTSLI SGLHYASRPEGF- -
- -1 L- - DPEYKLSYFREDI G NAHHWHWHI VYPATW - NPTVMEKE- - KDRKGEL FFYMHQQMCARYDSERL SNGLQRM PFHNFDEPL - EG- YAPHLTSLVSGLQYASRPEGY- -
- -1 L- - NPEQRLAYFREDI EVNAHHWHWHL VFPATW - RPEVMEKV- - KDRKGEL FYYMHQQMCARYDCDRVBVGLQRM PFQNFEETL - EG- YSAHLTSLVSGLHYASRPEG. - -
- -1 L- - DPEHKLAYFREDI GANAHHWHWHI VYPPTW - DASVVBKV- - KDRKGEL FYYMHQQMCARYDCDRLSTGLRRM PFHNFDEKL - EG- YSPHLTSLVSGLNYASRPAGL. - -
- -1 L- - DPEYKLAYFREDI GANAHHWHWHI VYPATW - RPEI M3KV- - KDRKGEL FYYMHQQMCARYDCDRLSTGLQRM PYHNFNEKL - EG- YSPHLTSLVSGHHYANRPAGL - -
- -1 R- - DPEYNVAYFREDI G NSHHWHWHLVYPAFY- - DADI FGKI - - KDRKGELFYYMHQQMCARYDCERL SVGLQRM PFQNLDDEL - EG- YSPHLRSLVSGLSYGSRPAGM -
--11--DPEYNLAYFREDI G NAHHWHWHLVYPATY- - RPDFFGKV- - KDRKGELFYYMHQQMCARYDCDRL SVGLQRM PFQNFDDKL - EG- YSAHLI SLI SGLNYASRPAGM -
- -1 L- - DPEYRLAYYREDVG NAHHWHWHLVYPSTW - NPKYFGKK- - KDRKGEL FYYMHQQMCARYDCERL SNGVHRMLPFNNFDEPL - AG- YAPHLTHVASGKYYSPRPDG. - -
- -1 L- - DPEYKLAYFREDI GVNAHHWHWHVVYPSTY- - DPAFFGKV- - KDRKGEL FYYMHQQMCARYDCERL SNGLNRM PFHNFNEPL - GG- YAAHL THVASGRHYAQRPDG. - -
- -1 L- - DPEYKLAYYREDI GVNAHHWHWHVVYPSVY- - DSKFFGKK- - KDRTGEL FYYMHQQMCARYDCERL SNGLTRWPFHNFEEPL - EG- YAAHLTHI ASGRHYAPRPDG. - -
- -1 L- - DPEYNLAYYREDI G NAHHWHWHLVYPATW - RPEVI GKV- - KDRKGEL FYYMHQQMCARYDCERL SNGVPRVEPFHNFHEPL - EG- YSSHLSSSI NGLPYPSRPDGM -
- - VK- - DPEYNLAYYREDI GVNAHHWHWHL VYPATW - RPEVVHRI - - KDRKGEL FFYMHQQMCARYDSERL SNGVAPMWPFHNFHEPM: EG- YSSHLSSG NGVPYAFRPHGR- -
- -1 M - DPEYNLAYYREDI G NAHHWHWHLVYPATW - RPEVI GRI - - KDRKGEL FFYMHQQMCARYDCERL SNHVPQM PFHNFHEPL - EG- YSAHLSSNI NGLPYSSRNAGR- -
- -1 M - DPEYNLAYYREDI G NAHHWHWHVVYPSAW - DSVKVHVR- - KDRKGEL FFYMHQOMCARYDCERL SNGLARM PFHNFHEPL - EG- YNPHLSSTQNGLPYAFRPEPM -
- - QL- - DPNYRLSYFLEDI GUWSHHYHWHVVHPAWV - L PKHGPRK- - - DRKGEL FYYMHHQWARYDSERL SNNLPRTEPFENWDDPLEEG- YAPHLTI HKTGYNYMFRPEGL - -
- - LR- - DPNSKLHYFLEDVGLNSHHYHWHVI HPAVWQESL EEL THQ- HKDRKGEL FYFMHHQWNRYDAERL SNGLPRSTTFENWNDPI ETG- YAPHLTI DRTGYRYQFRPDNL - -
- - YL- - DPNSELEYFLEDL GLNSHHHHWHVI HPAI W - VSEL GNEK- - - DRKGEFFYWVHHQML ARYEAERVBNGLARTRTFQWWDPI DEG- YAPHI SI MKTGYTYAYRPPGY- -
- - HL- - DPNQEL L YFLEDL GUWNSHHHHWHVI HPAI W - LPKHGGVK- - - DRKGEL FFYMAKQWARYDTERL SNDL PRVRPFENWNDPI DEG- YSPHLI | DKTGYKYAYRPQGV- -
- - DF- - DPFRRVDYFTEDL GWSHHYHWHVLHPSI W - - TQDI GEK- - - SKL GEL FYWVHRQWARFDSEL LSVHLPRI SSLDDWNKKVKI G- YAPHLTI QRTGYTYMNRPENL - -
- - KK- - NPEQRVAYFGEDI GMNVHHVTWHL DFPFWV - EDSY- GYH- - L DRKGEL FFWAHHQL TVRFDAERL SNHLDLVDEL - YWDR- PI KEGFAPHTTY- HYGGEFPTRPDNV- -
- - KK- - NPEQHVAYFGEDI GMNVHHVTWHL DFPFWV - EDSY- GYH- - L DRKGEL FFWAHHQL TVRFDSERL SNHLDLVDEL - YWDR- PI EDGFAPHTTY- RYGGEFPTRPDHV- -
- - QK- - NPEQRVAYFSEDI GL NVHHVTWHVDFPFWA - DDSY- GYS- - L DRKGEL FFWHHQL TARFDAERL SNGLDLVDEL - YWDK- Pl VEGFAPHTTY- RYGGEFPARPDNV- -
- - KK- - NPEQRVAYFGEDI GL NVHHVTWHVDYPFWAV - KDSY- GYH- - L DRKGEL FFWHHQL TVRFDAERL SNHLDMWDEL - YWDK- Pl YEGFAPHTTY- KFGGEFPSRPDNV- -
- - KK- - NKEQRVAYFGEDI GWNI HHVTWHVDFPFWV - KDSY- GYH- - L DRKGEL FFWHHQL TARFDSERL SNW.DVVDEL - HWED- VI HEGFAPHT SY- KFGGEFPARPDNV- -
- - KK- - NKEQRVAYFGEDI GLNI HHVTWHVDFPFWV - KDSY- GYH- - L DRKGEL FFWAHHQL TVRFDAERL SNW.DPVDEL - HVER- | | HEGFAPHTSY- KYGGEFPARPDNV- -
- - KK- - NREQRVAYFGEDI GVWNI HHVTWHVDFPTWA - QDSY- GYH- - L DRKGEL FFVWHHQL TARFDFERL SNW.DPVDEL - HVDR- | | REGFAPLTSY- KYGGEFPVRPDN - -
- - KK- - NREQRVAYFGEDI GWNI HHVTVWHVDFPFWA - EDSY- GYH- - L DRKGEL FFW/HHQL TARFDFERL SNWLDPVDEL - HVDR- | | REGFAPLTSY- KYGGEFPVRPDNI - -
- - KK- - NKEQRVAYFGEDI GWNI HHVTWHVDFPFW - DDSY- GYH- - L DRKGEL FFW/HHQL TARFDAERL SNWEPVDEL - HVDD- | | HEGFAPHTSY- KYGGEFPVRPDNI - -
- - KK- - NKEQRVAYFGEDI GWNI HHVTVWHVDFPFWA - DDSY- GYH- - L DRKGEL FFW/HHQL TARFDAERL SNWEPVDEL - HVDD- | | HEGFAPHTSY- KYGGEFPVRPDNI - -
- - KK- - NKEQRVAYFGEDI GWNI HHVTWHVDFPFW - DDSY- GYH- - L DRKGEL FFW/HHQL TARFDAERL SNLDPVAEL - HWD- VI HEGFAPHASY- KHGGEFPTRPDNI - -
- - KK- - NREQRVAYFGEDI GWNI HHVTVWHVDFPFW - QDSY- GYH- - L DRKGEL FFW/HHQL TARFDAERL SNVWDPVDEL - HVEE- VI HEGFAPHASY- KYGGEFPTRPDNT- -
- - KS- - NPEQRVAYFGEDI GUTHHVTWHL EFPFWV - DDAHENHH- - | ERKGESFFW/HHQL TVRFDAERL SNYLDPVDEL - HVDD- VI HEGFVPHTMY- KYGGYFPSRPDNV- -
- - KS- - NPEQRVAYFGEDI GUTHHVTWHL EFPFWV - DDAHENHH- - | ERKGESFFW/HHQL TVRFDAERL SNYLDPVDEL - HVDD- VI HEGFAPHTMY- KYGGYFPSRPDNV- -
- - KS- - NPEQRVAYFGEDI GUTHHVTWHL EFPFWV - DDAHENHH- - | ERKGESFFW/HHQL TVRFDAERL SNHVDPVGEL - HVDD- VI HEGFAPHTMY- KYGGYFPSRPDNV- -
- - KS- - NPEQRVAYFGEDI GUTHHVTWHL EFPFWV - DDSHENHH- - | NRKGESFFW/HHQL TVRFDAERL SNYLDPVDEL - H\DD- M HEGFAPHTMY- KYGGYFPSRPDNV- -

- - - TQTAAKI ESHFTGS :
- - - TQTAAKI ESHFTGS :

- - - KLRNI YFQNNFTGT
- - - TATKTVI PMKFTGS
HPQHRRQM YLFEI L YGAKDFDTFFNVAVWARDHVEPRMFL YAFSVAVLHRADCKG TLPPAYEI TPDVFLTTDVMRKAYQAK- M - - - - - - - - - - - - - - - - TAQKTVI PMKFTGS
DARQRAQWTL FEVL YGATDYDTFL KAAAWARDRTNPRQFL YAFSVAL LHREDCRGVI LPPAYEI TPHVFLTTDVVRKAYQAK- M - - - - - - - - - - - - - - - - MRTPTVI PMKFTGS
- - - TRTPTVI PMKFTGS :
- - - TRTPTVI PMKFTGS

--- TQTPAI | HWFTGT :
- - - TQTPATI YWNFTGT :
- - - RQEPAVI HWNFTGT :
EDKHLEQAI LLI ETLLSANSVIDTLYRTACWARDKVNEGQFVYAL SVTVMHSDFLRG! | LPPPYE! YPHLFVNSEVI HEAYSAK- M - - - = < - == < - << < - - RHHPWI PMNFTGT
RQENALI KMNYTHN :
YQEYLEQAI HLFDVFYFAKDADTFYKTACWARDRVNEGQF! YAL SVAAL QREDCKDFVL PPVYEVYPHLFLQNEVI QKAYEVR- MQ - - - GEHYTAVDTVYKEGETYY! PANYSGW :

- - YSGQQGSEYNDKI | YANYSGH :
- HNRQOHHEKEGDYDYTI FANYSGH :
YEEHLRQAI ALFKLFYYAKTYDEFHRVATWARQNVNEGVFVYAFSVAI | HRPDCRRLMLPPI YEI KPHYFFNKEVI NKAYYYKQV- - - - - - HNSRDVHQNPGSFPGYTI QTNYTHD :
DELHREQAI ALFRVL YHAKDVETFYKVAAWARYYVNEGVFVYAL TVAVTHRADVAGFVLPAPYEI SPYHFI NTEVI QKAQQYK- MG YYGWKKVD- - - - - - GVYTVTI PSNYTGW :
YERMREEAI ALFELFYYAKDFETFYKTASFARVHVNEGVFLYAYY! AVI QRVDTNGLVLPAPYEVYPQYFTNVEVLFKVDRI K- MQDGFLNKDLAAYYGWHENDNYVFYANYSNS
'YDRLRDEAI GVFHLFYYAKDFDTFYKSAAWARVYLNEGQFLYAYY! AVI QRKDTQGFVVPAPYEVYPQFFANLNTM.KVYRTK- MQDGVVSADLAAQHG VKEKNYYVYYANYSNS :

152
154
176
177
186
185
173
193
193
194
191
202
189
173
173
201
202
201
201
195
194
195
195
190
191
187
179
189
189
189
197
195
175
194
190
190
192
192
193
171
171
196
199
195
198
181
197
193
197
196
196
191
194
202
211
201
202
200
201
201
201
201
198
206
204
184
218
215
205
203

261
253
251
252
253
254
253
253
253
254
255
254
254
253
257
258
258
258
256
256
258
280
285
290
289
276
295
295
296
293
304
291
275
275
303
304
303
303
298
297
298
298



CmaHc3
PvaHc1l
PvaHc

Pi nHcC
Pl eHc
CmaHcl
CmaHc2
HanPHc 1
HanPHc2
CmaCCl
CmaCC2
PmaHc2
Pgr Hc2
CseHc2
Pantc2
BduHc2
HneHc2
TdoHc2
SanHcl
BduHc1
PanmtHc1l
CseHcl
HheHc1l
CroHc1
CacHcl
TdoHc1
PmaHc1
PgrHcl
ScuHcl
MyeHc1
TdoHex1
PmaHex 1
Bdi Hex
Rf | Hex2

PanHex12 :

Rf | Hex1
Lm Hex1
Lm Hex2
Rmi Hx1
TnoHex2
AgeHex
LdeDP1
AgaHex?2

MseAryl a :
MseAryl b :

Cf eHex2
BheHex

Epi He
LpoHc!
TtrHcA
EcaHcE
Ni nHCE
EcaHcG
Ni nHcG
CsaHcl
AauHc6
LpoHcl V
EcaHcF
Ni nHcF
EcaHcD
Ni nHcD
LpoHcl |
EcaHcA
Ni nHcA
LpoHcVI
EcaHcB
Ni nHcB
EcaHcC
ScoHcA
ScoHcB
ScoHcC
ScoHcD
Spi Hcl
GpuHc1
G oHcl
CecsHe
EpuHc1
Pl eHc2
HanHcA
Pi nHcB
Pi nHcA
Pel Hcl
Pel Hc4
Pel Hc3
Pel Hc2
CmaHc6
CmaHc4
CmaHc5
CsaHc
CmaHc3
PvaHc1l
PvaHc
Pi nHcC
Pl eHc
CmaHc1
CmaHc2
HanPHc1
HanPHc2

- - KS- - NPEQRVAYFGEDI GUNTHHVTWHL EFPFWV - DDAHENHH- - | ERKGENFFWHHQL TVRFDAERL SNHL DPVDEL - HWDD- VI HEGFDPQAMY- KYGGYFPSRPDN - -
- - KK- - NPEQRVAYFGEDI GWNTHHVTWHVEFPFWV - DDKY- SHH- - L DRKGGNFFWHHQL TVRFDAERL SNYLDPVEEL - SWDK- PI VQGFAPHTTY- KYGGQFPSRPDNV- -
- - KK- - NPEQRVAYFGEDI GLNTHHVTWHVEFPFWV - NDAY- GHH- - L DRKGENFFW HHQL TVRFDAERL SNYLDPVGEL - QANK- Pl VDGFAPHTTY- KYGGQFPARPDNV- -
- - KK- - NPEQHVAYFGEDVGWNT HHVLWHVEFPFWV - EDSS- GRH- - L DRKGESFFWHHQL TVRYDAERL SNHLDPVEEL - SWAK- Al DEGFAPHTAY- KYGGYFPSRPDNV- -
- - KK- - NREQRGAYFGEDVGL NSHHVHWHVDFPFWA - N- - - - GAK- - | DRKGEL FFWAHHQL TARYDAERL SNFLPAVDEL - YWDR- PI KDGFAPHTTY- KYGGEFPARPDNK- -
- - KK- - NPEQRVAYFGEDI GUWSHHVHWHVDYPFWA - H- - - - GQE- - | DRKGELFFWAHHQL TARFDAERL SNHLPLVDEL - YWDR- PI KEGFAPHTSY- KYGGEFPTRPDNK- -
- - KK- - NPEQRVAYFGEDI GUWSHHVHWHVDYPFWA - H- - - - GQE- - | DRKGELFFWAHHQL TARFDAERL SNHLSPVDEL - YWDR- Pl KEGFAPHTSY- KYGGEFPTRPDNK- -
- - QN - NPEHKI AYFGEDI GLSTHYI NWHI EYPFWV - NETF- GYQ- - | ERRGENYFW/HHQLVNRFEAERI SNHLQKI EKL- HVER- NLHEGFDPHTSY- KNGEHFPFRHDDI - -
- - QN - NPEHKI AYFGEDI GLSTHYI NVHI EYPFWV - NETF- GYQ- - | ERRGENYFW/HHQLVNRFEAERI SNHLQKI EKL- HVER- NLHEGFDPHTSY- KNGNPFPFRHDDI - -
- - PN- - DI EHRVAYFREDI GVGTHHLM HLENPFW/V - KDTY- GYH- - | DRKGENFFYAYHQLLNRYEAERI SNHLPPLEEL - KLDK- PLKQGFAPQTTY- NFGGPFATRNDNV- -
- - PN- - DI EHRVAYFREDI GVGTHHLM NLENPCWV - KDTY- GYH- - | DRKGENFFYAYHQLLNRYEAERI SNHLPPLEEL - KL DE- PLKQGFTPQTTY- KFGAPFPI RNDDI - -
- - | K- - NPEQRVAYFGEDI GVNSHHSHWHVDFPFWA - KR- SYDVT- - KDRRGEL FFYMHHQWNRFDAERL SNWLPQVEPL - NWHH- EI EEGFAPAAMY- FNGQEFPMVRPDG - -
- - | K- - NPEQRVAYFGEDI G NSHHSHWHVDFPFW/ - KR- SYDI T- - KDRRGEL FFYMHHQWNRFDAERL SNFLPQVEPL - DWHH- EI EEGFAPAAMY- FNGQEFPVRPDGM -
- - VN- - NPEQRVAYFGEDI GUNSHHSHWHVDFPFWA - KQ- EYTVD- - KDRKGEL FFYMHHQWARFDAERL SNDLPAVEPL - EADQ- Qf TEGFAPAAT Y- ENGQEFPVRPDNM: -
- - VN- - NPEQRVAYFGEDI GUSHHSHWHVDFPFWA - KQ- EYAGY- - KDRKGEL FYYMHHQWARFDAERL SNDLPVWEPL - EWDQ- KI VEGFAPGAT Y- ENGQEFPVRPDNM: -
- - AN- - NPEQRVAYFGEDI GLNSHHAHWHVDFPF\WV - KP- EYDGD- - KDRKGEL FFYMHHQAVARFDAERL SNDL PWQPL - EWDK- KI VEGFAPGASY- ENGQEFPNVRPDNM -
- - VN- - NPEQRVAYFGEDI GUNSHHAHWHVDFPFW - KP- HYQHNHSKDRKGEL FFYNVHHQWARFDAERL SNNLPWQPL - EVAR- KI VEGFAPGAMY- DNGQEFPVRPDNI - -
- - VR- - NQGEQRVAYFGEDI GUWNSHHSHWHVDFPFWV - KP- EYGVE- - KDRKGELFYYMHHQLI ARFDAERLSNYLPVWEPL - DWEK- Pl VQGFAPGAMY- ENGQEFPVRPDNM -
- - | R- - NPEQRVAYL GEDL GWSHHSQMHVDFPFWV - KEDEYG R- - KERKGELFYYMHHQLI ARFDLERLSNDLPFVEPL- YWIE- RI KDGFYPQTTY- RVGGEFPARPDNF- -
- - VR- - NPEQRVAYL GEDVGWNSHHSHWHVDFPFWV - KEQEYGSH- - KDRKGEL FYWVHHQL | SRFDL ERLSNDLPFVEPL - YWDE- KI VDGFYPQTTY- RVGGEFPARPDNF- -
- - | R- - NPEQRVAYL GEDVGWNSHHSHWHVDFPFWV - KQEEYGVH- - KDRKGELFYYMHHQLI ARFDAERLSNDLPI VEPL- YWDE- KI VDGFYPQTTY- RVGGEFPARPDNF- -
- - VR- - NPEQRVAYLGEDVG NSHHSHWHVDFPFWV - KQDEYGVK- - KDRQGELFYYMHHQLI ARL DL ERLSNDLPFVKPL- YWED- KI EDGFYPQTTY- RVGGEFPARPDNF- -
- - | R- - NPEQRVAYL GEDVGVNAHHSHWHVDFPFWV - KQQEYGVE- - KDRKGEL FYWVHHQL I ARFDL ERLSNDLPFVEPL- SWED- KI VDGFYPQTTY- RVGGEFPARPDNF- -
- - | R- - NPEQRVAYL GEDL GWSHHAHWHVDFPFWV - KPEEYG D- - KDRKGELFYYMHHQLI ARFDL ERLSNDLPPVEPL - GARE- RI VDGFYPQTTY- RVGGEFPARPDDF- -
- - | K- - NPEQRVAYLGEDI GWAHHAHWHVDFPFWV - KEHEYG H- - KDRKGELFYYMHHQLI ARFDLERLSNNLPFVEPL- SWDQ- KI ANGFYPQTTY- RVGGEFPARPDNY- -
- - | R- - NPEQRVAYFGEDI GWNSHHSHWHVDFPFWV - KP- EYGVE- - KDRKGELFYYMHHQLI ARFDL ERLSNNLPVVRPL- DVEK- Pl VNGFYPQTTY- RKGGEFPARPDNF- -
- - | R- - NPDQW AYL GEDVGL NSHHAHWHVDFPFWV - KAAEYG E- - KDRKGELFYYMHHQOM ARYDFERLSNW.HFVEPI - SFED- EI EHGFYPQTTY- RVGGEFPARPDNF- -
- - VR- - NPEQWAYL GEDVGL NSHHAHWHVDFPFWV - KAAEYG E- - KDRKGELFYYMHHQOM ARYDL ERLSNW.PFVEPL- SFEE- KI EHGFYPQTTY- RVGGEFPARPDNF- -
- - VR- - NPEQRVAYFGEDVGWNSHHAVFHVDWPFWV - NEEKYGL T- - KDRKGEL FWYMHHQLI TRFDAERL SNDLNEVEAL - HWDK- PI VEGFYPQTTY- RKGGEFPARPDNF- -
- - | R- - NPEQRVAYFGEDI GLNTHHHYWHVNFPFWAV - SP- HYDTK- - FDRAGEM-WYMHHQL VARYDL ERLSNYLPEVEPL - EWFK- PI KSGFAPL TMY- RKGGEFPNRPDNM -
RQLK- - NEDQKVAYFSEDMGLNQFYSYYQVDHPFFY- - KK- DYGTE- - EDRKGELFYYMHQQLLARYDLERLANDLPTI ETL- KLNK- YVKRGYAPKLSY- RQGEDFPLRPDNL - -
YYTQ - YPEQFI SYFTEDVGVNAFHAYWHVDYPFWA- - NSKYYNVK- - FDRRGELFYYTQHQLMARYYLERLSNGLKEI KPFSYFETQSH PGYEPSLRY- PNGKEFPVRPEGV- -

- - VA- - NPEQELYYWYEDVGLNT YYAYYYFNYPTFF- - NETEYGVH- - FDRRGELFYYTRQQL YARQFL ERHSHDL GEVEPV- HYDR- PFQTEYYPRLRY- SNGQEVPPRPYEYSR
- - VH - TPEQVLSYFTEDVGLSTYYLYYYYNYPTFF- - NSTEYGVH- - FDRRGEQFYYKI QQVLARY! LERLSHDLPEVQPF- HYDK- PFQTAYYPKLRY- ANGQEVPFRPYEYSK  :

- - LR- - TQDHLLAYFTSDVNLNAFNTYYRYYYPSWY- - NTTLYGHN- - | DRRGEQFYYTYKQ YARYFLERLSNDLPDVYPF- YYSK- PVKSAYNPNLRY- HNGEEMPVRPSNM -
- MK- - - SKENLLYYFTEDVGLNAFNMYYRMYYPSWF- - NVTEYGHK- - FDRRGEMFL YVQHQL YARYSL ERVBNGVPEVEPF- VYNK- PLKTAYNPNLMY- HTGQEMPPRPSDIM -
PVAN- - NPEELVSYFTEDVGLNSFFAYLHYKSPFWL - - NPANYSLP- ASKRRGDSFFFI LQQLLARYYLERLSNRL PDVKPV- DYAN- PVLVGYYPELRL- QNG| EAPARPEGV- -
PVAS- - NPEELVSYFTEDI GLNSYFAYLSYKYPYWL- - NPKNYSLP- EYQYRGESFFFVLQQLLARYYLERLSNHLPDVKAI - DYNH- PVLVGYYPELRL- QNGREAPARPEG - -
PVAN- - NPEELVSYFTEDVGLNSYFAYL SYKYPFWW - NPKNYSLP- ELEYRGQSFLFVLEQLLARYNLERLSNHLPEI KAl - DYNH- PVLVGYYPDLRF- QNGNEAPARPEG - -
YLNL- - HPEQSLSYYMEDVGLNSFYYYYNLYYPFWH - SGEEFNLK- - YDNRGEAFYYMYQQI LARYYLERLSHGFGEI ENF- DVNEV- PFETGYYPSLCY- PNGLHFPTRPNYA- -
YLNL- - HPEQSMSYYLEDVG NAFYYYFNLYYPFWH - SGEEYGLK- - NDNRGEQFYYVHLQ LARYYLERLSNGFGEI Pl F- NVEV- PVETPYYSSLEY- TNGLEFPSRPKFA- -
HWNL- - GHEQSLSYFLEDI DIMNSLYYYYNLYYPFWW - SSEEFG/K- - DSNRGYLYYFAHQQLLARYYLERVANGAGDI HTL- DVDS- Pl QTPYNPSWY- PCGAEFPSRPKFA- -
YMHT- - NAEQKI SYFTEDI GLNSYYYYLHTDYPFWL - - GGELFGLS- - KDRRGELYLYEHQQ LARYYLERLSNDLGHVPEF- SWAT- Pl ATGYYPDLQY- YNGHSFPARDNYY- -
LSYP- - NEEERI AYFYEDI GLNSYYYYFHVHL PFWV - NSEKYGPF- - KERRCGEI YYYFYQQLI ARYYLERLTNGLGEl PEF- SWYS- PVKTGYYPM_Y- - GSYYPFAQRPNYY- -
LVYN- - NEEQRLSYFTEDI GLNSYYYYFHSHLPFWV - NSERYGAL - - KSRRCGEI YYYFYQQLI ARYYFERLSNGLGDI PEF- SWYS- PVKSGYYPLMS- - SYYYPFAQRPNYW -
LVRP- YLDDYKLDYFMEDVGLNAYYYYVRQVMPFWL - - SMKNFDI P- - AQFRGHFYYFKHKQLLNRYYLERVSNDLGDI EDF- DWNK- PFYPGFHSI LMY- NNGWI PQRSRYT- -
YLNRAYDTEMRVNYFLEDI GLNTFYFFYRVDNPFWL - - SSEEFGLQ- - KNLRGEEFL YVHKTLLNRYNLERLANGLEKI EEF- LWEG- EFYPGYYPTMWY- GNGLAYPQRPGVS- -

* 420 * 440 * 460

NTVI ELERFRERI EHAI SVGY! EL- PD- - NT- KTPLNNE- - QG DI LADLI EASN :
VTl QDVERWRERI HDAI DLKMVHD- HH- - GK- EVAVDDE- - HGl DI LGALVESSH
VT QDVERW/QRI MEAI DLHLVND- TH- - G\- - - KLDET- - TG DVLGALVEASH
| DLKEMFRWRERI LDAI DSGYY! D- NE- - GH QVKLDI V- - DGl NVLGALI ESSF :
VDVQDM RWRERI LEAI DLGFVED- ES- - HQ- Q KLTED- - NG DI LGSI VESSY
LEVQDVERWRDRI LDAYHLNHVHD- RE- - NN- DVWL DAE- - HGADI LGAI | ESSS :
VDVQDVERWRERI LEAI DLKHVHD- SK- - GN- EVPLDET- - NGANI LGT1 | EASS
VDVQEMERWRERI LKAI DLHFVHG- AN- - GQ- TLRLDEE- - HGADI LGALI EASS
VDVQDMVRWRERI LDAI NVHY! VD- KD- - NN- KI PLDI E- - HGTDI LGDI | ESSD :
VSLQEMERWRERI LEG NLGHVHD- DH- - GK- EVELDEE- - HG DI LGALI ESSH
VDVQDVARWRERLLYSI DI GHVI D- HE- - GQ- El PLDAE- - HGl DVLGALLESSH
VDVQDVARWRERLLEAI HLGWI D- DH- - GN- El VLTPE- - HG DML.GSMLESSY
CSVQDVERWRERI LDAI HTGLVTD- SH- - GK- El KLTEE- - NGLNI LGALI ESSH :
VDVQDVERWRERI LSAI HTGQVI D- SN- - GQ- EVPLDLE- - RGLDI LGALI ESSQ
| El SEWRNRERI LDSI HLGYVI S- ED- - GS- HKTLDEL- - HGTDI LGALVESSY :
VDVQDVERWIERI MEAI DLRRVI S- PT- - GE- YI PLDEE- - HGADI LGALI ESSY
VDVQDMCRWIERI LEAI HLGKVI D- SE- - GN- DI | LDEE- - TGADI LGSLI ESNL -
VSVQDLERWRDRI SDAI HI GHVED- EN- - GS- HVPLDDT- - RGl DI LGAWEASY
VSVQDLERSRERLLDAI NLGYVVD- PN- - GL- ETPLDEL- - HG DI LGAI VESSN
CAVQDVERWRERI LQSI NLGWVD- PN- - GH ETVLDEI - - HGI DI LGNI | ESSY
VSVQDLERWRERI LDAI NLGEVTD- PN- - GD- EYALDET- - FG DVLGAI | ESSR
LNKNKVROWKSRI LHG HLNVLYA- EN- - GT- KI SLDNE- - HGl DLLGDAI ESSL :
LTKNHVRQWRDRI L YAVHRGEALA- AN- - GS- SVSLRDE- - RG DVLGNMVESSL :
LPKNKMVEWAKRVLYSI HSG FHF- SN- - GT- DAHLDTE- - HGl DELGNI VESSL :
LPKTKMFEVWKNRI WG RKGSLI S- AN- - KT- QVPLNND- - HGI DLLGDWESSL :
LTKGEL MOWKNRI MEAI ARHNI TL - KGGPGK- KLRTTPE- - NGl DI FGHLI AATK :
VRVRDM | HESRI RDAI AHGYI TA- AD- - GS- HI NI NDE- - HG DHLGDI | ESSL
VRVRDM | HETRI RDAI AHGYI TA- AD- - GS- HI NI NDE- - HG DHLGDI | ESSL
VRVRDM VHETRI RDAI AHGYI TS- ED- - GS- RVDI RDE- - NG NLLGDI | ESSV
ARl RDM | YESRI RDAI AHGYVTA- KD- - GS- HI DI RNE- - HG DVLGDVI ESST
ARVRDWI LESRI RDAI AHGY! | D- HS- - G\- KI DI KNE- - HG DTLGDI | ESSV
AHVRDM | | ESRI RDAI AHGYVTD- NH- - GD- NI NI RND- - HGl DVLGDI | ESSV
AHVHDLEI TESRI HDAI DHGYI TD- SD- - G+ Tl Dl RQP- - KG ELLGDI | ESSM :
AHVHDLEI TESRI HEAI DHGYI TD- SD- - G+ Tl Dl RQP- - KG ELLGDI | ESSK

AHVHDVEI TENRI RDAI AHGYI TA- TD- - GH Tl DI RQP- - NGl ELLGDI | ESSM
AHVHDVEI TENRI RDAI AHGYI TA- TD- - GH Tl DI RQP- - NGl ELLGDI | ESSM :
ARVHDVEI TESRI RDAI AHGYI TA- TD- - GH Tl DI RQP- - NGl ELLGDI | ESSM
ARVRDVEI TESRI RDAI AHGYI TA- TD- - GH Tl DI RQP- - NGl ELLGDI | ESSM
ARVRDMLI LESRI RDAI AHGYVTG- RD- - GS- | | SI SDS- - HG DVLGDVI ESSL
ARVRDMLI LESRI RDAI AHGYVTG- RD- - GS- | | SI SDS- - HG DVLGDVI ESSL
ARVRDMLI LESRI RDAI AHGYVTG- RD- - GS- | | SI SDS- - HG DVLGDVI ESSL
ARVRDMLI LESRI RDAI AHGYFTG- RD- - GS- VI S| RDA- - HG DI LGDVI ESST

ADVRDMLLYEERI LDAI AHGYVRD- RN- - GK- | VDLRNN- - DGl DVLGDVI ESSL
ARI RDLLI | ESRI RDAI AHGY! VD- KV- - GN- HI DI MNE- - RGI DVLGDVI ESSL
ARl RDWI VESRI RDAI AHGY! VD- SE- - GK- HI DI SNE- - KG DI LGDI | ESSL
ARVRDVSMTIEDRI RDAI AHGYI DA- LD- - G+ SI DI MNS- - HG EFLGDI | ESSG
ARl RDLKELESRI RDAVAHGY! | N- AD- - GT- KTDI NNE- - HG DI LGDI | ESST
ARl RDLKEMENRI RDAI AHGYADN- TD- - GT- HLDI NND- - EGl NVLGAAI ESST
ARl RDMVKI MESRI RDAI AHGYADN- TD- - GT- HLDI NND- - EGl NVLGAAI ESST
AEVRDM VMENRI RDAI AHGYVI D- KE- - G\- KVDI NNE- - HG DI LGEI | ESCV
AEVRDM VMENRI RDAI AHGYVI D- KE- - GN- KVDI NNE- - HG DI LGDI | ESCV
GRI HEl VHMVEDRI HDAI AHGYVED- EQ - GN- KI NI ENE- - QG DI LGDI | G8SL -
GRI HEl VHLEDRI HDAI AHGYVED- EQ - GN- KI Nl END- - QGI DI | GDI | Q8SL -
FTVKDTEDYEDRI RNVI AKGYVKA- SD- - GH Tl FLNGT- - EGI Nl LGLWESLD :
FTVKDTEEYEDRI RDI | AKGYVKA- KD- - GH WFLNGT- - EGl DVLGLWESLD
LSVRDWKI VEGRI RDAI ASSFVKT- AD- - SR- LLSI NNT- - AGVNLLGEI | ESSA :
LTVQDVKI FEGRI RDAI ASGYVKT- VD- - SR- LMSLNNT- - AGI NLLGEI VESST
LTVQDVRLYEGRI RDAI ASGFVRT- AE- - GK- LVSLNNT- - VG NYLGEWESSV
LTVQDMLMYEGRI RDAI TAGFVRA- YD- - GN- YVSLNNT- - EGI NVLGEI VESSA :
LTI EDVKGYEDRI RDAI ASGFVI S- VD- - DS- LVYLNDT- - RGl DVLGAVI ESSE :
I KVQOM DYTRRVRECI SQQAVI T- ET- - GD- LYNI SSP- - EG NVLGELI EPST :
| KVKDWDYTRRI REAI SQQAVI T- KN- - GD- YYSLNDT- - TG DTLGALI EPSV :
| KVKDMVDYTRRI REAI SQQAVVT- RT- - GE- WSLNNT- - QG DI LGCWEPSH :
| KVKDWDYTRRI REAI SQQSVI T- RW - GQ- NLPLNDT- - M3l NI LGSLVEPSQ :
| KVKDWDYTRRI REAI SQVAVVT- KS- - GE- YYSLNNT- - K& NTLGEI MEPSF :
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---------------------------------------- EFQDLSS- - - - - - - - - - - - - - | KVQDWDYERRVREAI SQQAVI T- MS- - GD- YFSLNDT- - TG/ NTLGEMVEPST :
---------------------------------------- AFHDLEN- - - - - - - - - - - - - - | KI KDM DYTRRI REA| AQQAVI T- KS- - GE- YFYLNDS- - KGl EVLGDLMEPSF :
---------------------------------------- YFQDLETPY- - - - - - - - - - - - | KVKHM AYSQRI REAI ARGWLT- KS- - GE- LYSI NDT- - TGl NTLGELI EPSV :

RSLYYSNGNSYYYGNYYGGNNNYYTGNYYTGNYHPSYYYGYSTEHDY-
RNL YNYNGQGQYYGNYYGGNNEYYSGNYFTGNYKPTYYYGYANNYDY-

---------------------------------------- YVTNFDL- YYI ADI KNYEKRVEDAI DFGYAFD- EH- - MK- PHSL YHD- VHGVEYLADM EGAM :
- - LVTNFDT- YTI EDI KNYERRVADVI DFGYFKD- EH- - LK- VHSMYED- NNGI NYLGQM EGSY :
- - YPSNFDL- LFVERI QNYERRI RDAVDFGYLYG- YD- - FK- TFNLNEK- - DLTDI | G\VI EGNA :
- - FARNVDI - LYVEEI RNYERRI RDG DYGYLAG- YN- - YE- KYNVREK- - DYTNVLGNI LEGNE :

| KI KDMLDYTRRI KEAI SKQKVRS- KN- - GE- KI PLDAV- - HGl DI LGDLMEPSV :
| KI KDMLDYTRRI KEAI VKHTVI N- KN- - GE- HI PLDAV- - HGl DI LGDLMEPSV :
HRVADLEAYEERI REAI SAGVI FDAHD- - PNTFI SLNNT- - EGl DKLGAI | EASS :
LKVHDVWWFEERI KEAI DRGFVYN- KW | GE- KI RLNNS- | EGI ETLGRM EASR :

LKVRDVNDYERRVRDAI DRGYI FT- DE- - NN- QVPLNND- - KGl DI LGKI VGAT-

YHVEEVFALERRI HDAI DLGFVFG- KD- - GQ KI SLKEK- - EG SI LGDM EGTE :
YYPEDLQ YDRRVLDSI DYGYVFS- YP- - DH- KYPLYEDYTKG DYLGDVI EGNG :
YYPEDI KSYEGRI RDGA DFGYFFS- EG- - GQPKYPLYDEYSKG NYLGDI | EGNG :

---------------------------------------- Rl PPYKY- - - - - - - - - - - - - - HYLRYI HDI EDRI STAI DLGY! | D- SD- - GS- HHNI SSP- - EGLNLLGNI | EGNE :
* 480 * 500 * 520 * 540 * 560 * 580
Y- - - - SLNGAYY- - - - - GDLHNTGHVML ATAHDPDKRFNSSDGVMGFVQTAL RDPL - FYRWHKHI DNLLQNHKR- TLQPYTDKELI - - ADKI EI KEASI TSSQTKDPKNKLYTFFD :

E- - - - SUNQGFY- - GSLHNWGHVL TARAHDPEGKFHENPGVMBDT STSLRDPI - FYRWHRTLDNLFQEYKE- SLSPYTKEELS- - FPGVEVLSATV- KAKT- - - DNVI | TSW
D- - - - SI NPEYY- - GSLHNWGHVI TARAHDPEGKFHENPGVMBDT STSLRDPI - FYRWHRFI DNVFQDYKE- SLHPYTKHELS- - FTGI KWNVSV- NAKVI TARNVI TTFI K
E- - - - TKNKLYY- - GSLHNWGHVMVARL QDPDHRFNENPGVMBDT STSLRDPI - FYRYHRFI DNI FQKY! A- TLPHYTPEDL T- - CPGVHVWNVTV- NAKV- - - PNWTTFMK
E- - - - SKNKLFY- - GSLHNWGHVMVANI TDPDGRFNENPGVMBDTSTSLRDPI - FYRYHRFI DNI FQDYKQ- TLKPYDKAQLD- - FPGVQVWNVTV- NAKV- - - PNLVTTFMWK
D- - - - SUNRRFY- - GSLHNWGHVMVARMI DPDRSFEENPGVMEDTSTSLRDPI - FYRWHRFVDNI FQEYKA- TLPSYTADDLN- - FPGLRI VSVQV- NAKS- - - QNRVRTFLK :
D- - - - SPNKGFY- - GSLHNWGHVMVARVHDPDGRFQENPGVMBDTSTSLRDPI - FYRWHRFVDNI FQQYKS- TLQPYTVEQL S- - FPGVKAVSCEV- KAKQ- - - NNVI TTFI K -
S- - - - SPNKGFY- - GSLHNWGHVMVARVHDPDARFQENPGVMBDTSTSLRDPI - FYRWHRFVDNI FQQYKA- TLHPYTKEEL S- - FAGVKI VNAYV- KAKK- - - TNWTTFMWK
E- - - - SKNVEYY- - GSLHNWGHVMVANI TDPDHRFQENPGVMBDTSTSLRDPI - FYRWHRFI DNI FQEHKK- SFHPYTKEEL S- - FPGVEVWWGVSI - NSKT- - - ANVI TTLI K :
E- - - - SKNEEYY- - - - - GSLHNWGHVML ARVHDHDGRFHENPGVMBDTSTSLRDPI - FYRYHRFI DNMFQEYKA- SLHHYTKTELT- - FPEI SI SHVTI - KAKV- - - PNI | HTFMA
D- - - - SLNDDYY- - - - - GNLHNSGHVMVARI HDPDGRFRENPGVMBDTSTSLRDPI - FYRYHRFI DNI FQEYKA- TLPCYEKKDL E- - FSGVEI VNCTV- NAKA- - - PNVI NTYMK

D- - - - SVNKPFY-

E-- - - SLNKGYY- - - -

D- - - - SKNRESY- - GSLHNWGHVL MANI VDPDGKYQTNPGVMDDTATSLRDPI - FYRWHRFI DDMFQEFKR- KLKPYTKDQLS- - FTGVEI KNVKV- HAHE- - - ENVI TTTFV
L- - - - SVNRAFY- - GNI HCYAHVMAARI ADPDGRYGEDNGVMHDVATSARDPL - FYRWHKFI DNI FLEYKD- NLDPYTQYEL T- - WPDVWLNDVTV- KPHKGDYDDEVHTYVE
Q - - - SI NRPFY- - GNVHCYAHVI AARI ADPDGKYGEDNGAMYDVATSARDPL - FYQWHKFI DNLFHEYKD- ALKAYSSEDL T- - YNDI TI EEVNV- QGEGGSPANTVTTFLE :
T- - - - SLNRDYY- - GNLHCYAHVI AGRI ADPEGKYGEDNGVMYDVATSARDPL - FYRWHKY! DNI FQEYKN- TLPPYTTEEL TPQNSEFRVQE SV- VGET- SARDTVHTYWD :
L-- - - SYNRVFY- - GNLHCYAHVI AGKVTDPQSTYGEKNGAMYDVATSARDPL - FYSWHKFI DNI FQEHKE- TLQPYNKDELN- - FPDVQVDSLRI - NVANGTYENI VRTYWQ :
N- - - - STNRRYY- - GNLHSYAHVI AARI ADSDGEHVEDNGAMYDVATSARDPL - FYSWHKFI DKLFTEYQW TLTPYTPYQLT- - WWDWVDGA HI - ENLKTHEENM HTYYT :
Y- - - - SPNAQYY- - - - - GALHNDAHVI L GRQADPHGKFNL PPSVMEHFETATRDPA- FFRLHKYMDNI FKEHKD- SLPPYTAEE! G- - FPGVHVTGVS - - - - - - - - EGELETFFE :
Y- - - - SPNAQYY- - - - - GALHNEAHI | L GRQADPHGKFNL PPSVMEHFETATRDPA- FFRLHKYMDNMFKEHKD- SLAPYTAEE! G- - FPGVHLTSVS - - - - - - - - EGELETFFE :
Y- - - - SLNAGYY- - GALHNDAHI L L GRQSDPHGKFNL PPGVMEHFETATRDPA- FFRLHKYMDGI FKEHKD- TLPAYTKEEI E- - FSG SLEKI SV- - DGPLETFFE
Y- - - - SPNAGYY- - GALHNLAHI | L GRQGDPHGKFNVPPGVMEHFETATRDPS- FFRLHKYMDG FKEHKD- SLPPYTKEEI E- - FPDI Al NAVGV- - KGELKTFFE :
Y- - - - SPNVQYY- - - - - GALHNTAHI M. GRQGDPHGKFDMPPGVNMEHFETATRDPS- FFRLHKYNDNI FKEHKD- TLPPYTKED! A- - FPGWLDSVTI - - - - - - - - DGELKTYFD :
Y- - - - SPNAQYY- - - - - GALHNTAHI M. GRQGDPHGKFNVPPGVMEHFETATRDPS- FFRLHKYNDNI FKEHKD- SLPPYTKADI E- - FTGVAVEEVEI - - - - - - - - VGQLNTFFD :
Y- - - - SSNVQYY- - GSLHNT AHAM. GRQGDPHGKFNL PPGVMEHFETATRDPS- FFRLHKYNMDNI FKKHTD- SFPPYTHDDL E- - FAGWVDG Al - - DGELI TFFD
Y- - - - SSNVQYY- - GSLHNT AHVML GRQGDPHGKFNL PPGVMEHFETATRDPS- FFRLHKYNMDNI FKKHTD- SFPPYTHDNLE- - FSGWVNGVAI - - DGELI TFFD
Y- - - - SSNPHYY- - - - - GSLHNT AHVML GRQGDPHGKFDMPPGVNMEHFETATRDPS- FFRLHKYNDNI FKEHTD- SFPPYTHEDLE- - FPGVSVDNI Al - - - - - - - - DGHLTTFFD :
Y- - - - SSNPHYY- - - - - GSLHNT AHVML GRQGDPHGKFDMPPGVNMEHFETATRDPS- FFRLHRYNDNI FKEHTD- SFPPYTHEDLE- - FPGVSVENI Al - - - - - - - - DGHLTTFFD :
Y- - - - SSNPHYY- - GSLHNT AHMML GRQGDPHGKFNVPPGVMEHFETATRDPS- FFRLHKYNMDNI FKEHTD- SFPPYTHEDL E- - FAGVSVDNI Al - -DGHLTTFFD :
Y- - - - SSNPQYY- - GSLHNT AHMML GRQGDPHGKFDMPPGVMEHFETATRDPS- FFRLHKYNMDNI FKEHTD- SFPPYTHEDL E- - FPGVSVEN! Al - - DGHLTTFFD
Y- - - - SPNPEYY- - GALHNT AHMML GRQGDPHGKFDL PPGVLEHFETATRDPA- FFRLHKYNMDNI FREHKD- SLTPYTKDEL E- - FPGVKI DSI SL- - SNRLETYFE
Y- - - - SPNPEYY- - GALHNT AHMML GRQGDPHGKF DL PPGVLEHFETATRDPA- FFRLHKYNMDNI FREHKD- SLTPYTKDELE- - FPG EI DSFSL- - SNRLETYFE

- GALHNT AHMML GRQGDPHGKF DL PPGVLEHFETATRDPA- FFRLHKYNMDNI FREHKD- SLTPYTKDEL E- - FPGVAVESI SL- - KNRLETYFE

- GSLHNT AHVML GRQGDPHGKFAL PPGVLEHFETATRDPA- FFRLHKYNMDNI FREHKD- SLTPYTKDDLE- - FSG SVDSLDI - - SNRLETHFE

- GALHNTAHMML GRQGDPHGKFDL PPGVLEHFETATRDPA- FFRLHKYNMDNI FRKHKD- SLPPYTKEELN- - FEGVNI DNFYI - - KGNLETYFE
Y- - - - SPNVQYY- - - - - GALHNTAHI VL GRQSDPHGKYAL PPGVLEHFETATRDPS- FFRLHKYMDNI FKEHKD- SLPPYTVEELT- - FAGVSVDSVAI - - - - - - - - EGELETYFE :
Y- - - - SPNVQYY- - - - - GALHNTAHI VL GRQGDPHGKFDL PPGVLEHFETATRDPS- FFRLHKYMDNI FKEHKD- NLPPYTKADLE- - FSGVSVTELAV- - - - - - - - VGELETYFE

- GSLHNTAHI ML GRQGDPTGKFDL PPGVLEHFETSTRDPS- FFRLHKYMDNI FREHKD- SLTPYTRDELE- - FNGVSI DSI Al - - EGTLETFFE

- GALHNQAHRVL GAQSDPKHKFNVPPGVMEHFETATRDPA- FFRLHKYMDGI FKEHKD- NLPPYTEEDLL- - YSNVKI TGVDV- - TE- LSTFFE :
S---- S| HPSYY- - - - - GALHNQAHRVL GQQADPHGKFNVPPGVMEHFETATRDPS- FFRLHKYMDNI FKEQKD- KLPPYTTDDLK- - YDNVEI TDVDI - - - - - - - - DE- LSTFFE :
S---- Sl HPSYY- - - - - GALHNQAHRVL GQQADPHGKFNVPPGVMEHFETATRDPS- FFRLHKYMDNI FKEQKD- KLPPYTTDDLK- - YDNVEI KSVDV- - - - - - - - DE- LSTFFE :
Y- - - - NPYNEYY- - GSLHNMGHMML GHQGDPHAKYYDTPSVLEHYETTLRDPA- FYKLHKY! DDLFRKHKD- HLKPYSRKELL- - FPG Al NNI HI - - DGPLETYFE
Y- - - - NPYNEYY- - GSLHNMGHMML GHQGDPHAKYYDTPSVLEHYETAL RDPA- FYKLHKY! DDLFRKHKD- HLKPYSQEDLL- - FPGVAVNM DI - - DGPLETYFE
Y- - - - SPNRKYY- - - - - GNLTTLAYTM.DHQT DPKNKYDTPPGVLAHLETLPRDPA- AWRLHKRI DNI FREHI D- SLPPYTKEQLE- - FTG TVSDVQ - - - - - - - - QGSLETYFE :
Y- - - - SPNRKYY- - - - - GNLTTLAYNM. DHQT DPKNKYDTPPGVLAHLETLPRDPA- AWRLHKRI DNI FREHI D- SLPPYTKEQLE- - FTG SVENVQ - - - - - - - - QGNLETYFE :

EKVRFLDTYEMSFL QFLQNGHFKAFDQ

- GNLHNSGHVMVARI HDPDGRYKENPGVMSDTSTSLRDPI - FYRYHRFI DNI FQEYKA- TLPVYDKKDLD- - FPGVSVWNVTV- NAKL- - - PNI VNTYLK :
- GTLHNWGHVM ARl HDADGRYRTNPGVNMDDTSTSLRDPI - FYRYHRAWDNI FQEYKH- RLPSYTHQQLD- - FPGVRI SRVTV- RSKV- - - PNLI HTYSK :
- GTLHNWGHVWAKI HDHDGRFKENPGVNMDDTSTALRDPI - FYRYHRAWVDNI FQEYKR- RLSSYTPQDLS- - FPGVRVVNVTV- NAKV- - - PNLI HTYSK :
- GNLHNWGHVTMARI HDPDGRFHEEPGVMBDTSTSLRDPI - FYNWHRFI DNI FHEYKN- TLKPYDHDVLN- - FPDI QVQDVTL- HARV- - - DNVVHTFMR
- GSLHNWGHVMVAY| HDPDGRFRETPGVMIDTATSLRDPI - FYRYHRFI DNVFQEYKK- TLPVYSKDNLD- - FPQVTI TDVKV- KAKI - - - PNVWHTFI R :
- GNLHNWGHVMVAY| HDPDGRFRETPGVMIDTATSLRDPI - FYRFHRFI DNVFQEYKK- TLPVYSRDNLT- - FPDI El TESKV- NAKI - - - TNVI HTFI R
- GSI HNWGHVI SARVL DPDGRYHLNPGVMSDTATSLRDPI - FYRWHRFI DNMFQDYKE- TLPHYNHSDLE- - FPGl El TKVLL- NAEH- - - TNNI NTFKE :
- GSLHNWGHVI MSAVDDPDGRYQLNPGVMSDTATSLRDPI - FYRWHRFI DDMFQEYKK- SLTPYS- SQLQ - FKGVI VKSVCV- RAKT- - - ADVVETTFA :
- GSLHNWGHVL MAAAHDPDGRYKL NPGVMDDTATAL RDPI - FYRWHRFI DDLFQEYKK- TLPPYTKDELS- - FGNVFVKSLNV- KAEQ- - - PNTVKTFFR :

- GKLHSNAHVL L SKVTDPEQKFGT PPGVMEHFETATRDPA- FFRLHKHI DNLFKQHKD- MLTPYTKEEL D- - FPGVTVDAVKVWGKSEDSTANQ VTFFD :
- GRLHLNAHVL L SKI TDPEQKFGTPPGVMEHFETATRDPA- FFRLHKHI DNLFKVHKE- MLSPYTKEEL D- - FPGVI VDAVKVVGKSEDSTANQI VTFFD

< FPRNTDI - - =« == === - = - SYVEEI KDYDRRI RDSI DYGYFAG- YN- - YE- KYNI REK- - DHTNI LGNI LEGNA :
- HLYEYFYNYGQKYGF- NKYA- NSYSYVKDFERRI HDVI DSGYAHT- ES- - GQ TVELFSH- - HGVWNI LGNLI EG\P :
- KLYEYFYNYGQBWI| RNEYG- YSPTFVKDAERRI NDAI DSGVAFT- HE- - GK- M DLYSD- - EGVNVLGNLI EGNA :
------------------------ KL HEYFFNYGKKWEW SRFGTNSFDFMADYDRRMNDAI DQGFVFD- TK- - GN- KI ELDTP- - EGFNVLGNLI QSNW
REI RQVDYEKRLRDVI DQGFFVL- PD- - GK- KVNLSTP- - ESI DVLGNLI QANP :
EQ RFLDVFEMIFL QYLQKGHFKAFDK- - - - - El NFHDV- - KAVNFVGNYWQANA
- - - - KI DFHDF- - KAl NFVGNYWCDNA :
KYLKEVEVLEKRI MDAl DLGYVHD- KD- - GK- QNI YTS- - EGLSI LANLI EG\V :

N- - - - SVNPVYY- - - - - GQPHNDGHVM. SKVTDPL QRYGVPPGVNVEHFET ATRDPA- FFRLHKHVDNLFKLHKD- LLLPYDVSELD- - FPGVKI EAVKVWWGSCKASTPNQLI TYFD :
H- - - - SVNPVFY- - - - - GKLHNDGHVM_ SKVTDPHL RYGVPPGVNVEHFET ATRDPA- FFRLHKHVDNL FKFHKD- LLVPYSFHEL E- - FPGVKI EAVKVI GTCKASTPNHLI TYFD :
H- - - - SVNPVFY- - - - - GKLHNDAHVL L SKVTDPKL RYGVPPGVNVEHFETATRDPA- FFRLHKHVDNI FKLHKD- LLPPYDVSELE- - FPGVKVEAVKVI GTCKASTPNQLI TYFD :
H- - - - SVNPAFY- - - - - GQLHNDGHVM_ SKVTDPKL RYGL PPGVNVEHFET ATRDPA- FFRLHKHVDNL FKVHKD- FLPPYQTHELL- - FPEVTVEAVKVI GVCKASI PNHLI TYFD :
H- - - - SQNKELY- - - - - GSLHNNAHVL L GKVTDYSL KYGL PPGVMVEHFET ATRDPA- FFRLHKLVDNLFKEHKD- LLPPYTKEDLA- - FPGVSI DAVKVWGTCKASTPNQLVTYFD :
G - - - SKHREYY- - - - - GALHNYGHI MLGQ TDPKRKFNVPPGVNVEHFETATRDPA- FFRLHKY! DNLFYEHKD- LLPRYTSEELE- - LPGTS| EEVQ - - - - - - - - - DPLETFFE :
D- - - - SKHPEYY- - - - - GALHNYGHI MLGQ TDPKGKFNVPPGVVEHFETATRDPA- FFRLHKY! DNLFKLHKD- LLPKYTQAELS- - FPGVKVSDVTV- - - DELVTYFE :
D- - - - SKHPEYY- - - - - GALHNYGHI MLGQ TDPKGKFNVPPGVVEHFETATRDPA- FFRLHKY! DNLFKLHKD- LLPHYTMEELG- - FNGVTI QDLTV- -- DDLVTYFE :
E- - - - SPNPQYY- - - - - GALHNYGHI LLGQ TDPKGKFDVPPGVVEHFETATRDPA- FFRLHKY! DNLFKLHKD- M_PPYAREEL E- - FPGVAI QDVTV- -- DDLVTYFE :
D- - - - SKHPEYY- - - - - GALHNYGHI MLGQI VDPKGKFNVPPGVVEHFET ATRDPA- FFRLHKY! DNLFKI HKD- LLPVYTHEELD- - FPGLKVWDLDV- - - - - - - - = DVLQTYLE :
T- - - - SKHRDYY- - - - - GALHNYGHI LLGKI TDPKGKFNVPPGVVEHFET ATRDPA- FFRLHKHI DNLFKLHKD- LLPPYKQEELV- - LPGVKI TDVAV- - - - - - - - = EPLETYFE :

- GALHNYGHI LLGQ TDPKGKFNVPPGVMEHFETATRDPA- FFRLHKY! DNLFKLHKD- LLPSYSKEELS- - LDGVQ EDVQ - - DELTTYFE :

- GALHNYGHI LLGRI TDPKGKFNVPPGVMEHFETATRDPA- FFRLHKY! DNLFKEHKD- HLPHYTRDELL- - LPGVS| NSVEV- - - DELVTYFE
E-- - - SPHEDYY- - - - - GSLHNDAHVLLGQ TDPLGKFDLPPGVNVEHFETATRDPA- FFRLHKHI DNLFKMYKD- LLPPYTKAELE- - FPGVKVLDVEI - - - - - - - - - GNLVTYFE :
E-- - - SPHEDYY- - - - - GSLHNYAHI LLGKVTDPLGKFDLPPGVNVEHFETATRDPA- FFRLHKHI DNLFKVHKD- LLPPYTKAELE- - FPGVKVLDVEI - - - - - - - - - GNLVTYYE :
C- - -- S| NPSFY- - - - - GSLHNLGHI | LGRVWDPL GKFGVPPGVNVEHFETATRDPA- FFRLHKHI DNI FKEHKD- SLVPYTHEELD- - VEGVDI KNVEV- -- DDLVTYFE :
L---- SPDI DYY----- GSI HNLGHI LLGEI MDPDHKFNL PPGVVEHFET AVRDPV- FFSLHKHI DYl FKHYKD- TLVPYKREELD- - FPGVKVENVEV- - - DRLVTFFE :
H- - - - DENDKYYGNKYHGS| KTMTHKI VGRVTDPEDKYDQTPSVLEHYET SVRDPA- FYSI HKRI NRLFQKHKE- NLPQYTRQD! Q- - EQBVKVWNVEV- - - DKLMTYFE :
D- - - - STNKQFY- - - - - GSLYNMLRTVYGHYADPMYQYEVAPSVLEHFTTALRDPA- YYTLYKRI DTLFKEYKK- LMPEYTYDELT- - YPGVKVESVEI - -~ EKLVTYFD :
D-- - - TVNRRYY- - - - - GSI YHFYRQLAGKNVDPYNDSGFAPSALQNI YTALRDPA- NFHI LKHI NSYFQRYKG- YLPRYTYDELV- - FPGVKI ENVDV- - GKLVTYFD :
D- - - - TVAKRVY- - - - - GAl YQAYRQLAGQSADPYNNYGLAPSALQNI FTALRDPA- NYQ! LKRI TYLFQRYKN- YLPQYTYQELA- - YPGVTI ENVEV- -~ GKLI TYND :
D- - - - SPNFYFY- - - - - GSI YHWHSM GHI VDPYHKMGLAPS- LEHPETVLRDPV- FYQLWKRVDHLFQKYKN- RLPRYTHDELA- - FEGVKVENVDV- - GKLYTYFE :
N- - - - SPHYYYY- - - - - GSLFHFYRVMML GHVVDPFHKHGL APSAL EQPETAL RDPA- YYQLYKRMYHLVNKYKD- RLPRYTHEQLW - FEGVTVENVDV- - GKMYTYME :
E- - - - SVNYEFY- - - - - GSI YRYLI SLFGHI ADPYHKYGAPASVLEQPETQLRDPL- FYRI AKRVI S| FYQYKN- QLKPYTKNQLE- - FPGVAI EQ TF- - - DKLVTFFD :
D- - - - S| NKEYY- - - - - GAFYNNLI SLFGHI VDPVHRYGVPASVLEQPETQLRDPL - FYRI GKRVLSI FYHYKN- LLRPYTHEDL Y- - LPGVTVEDI TF- - - DKLVTFFD :
E- - - - SI NKEYY- - - - - GSLYRNLI TLFGHI VDPVQRYGVPSSVLEHPETQLRDPL- FYRI ARRI VS| LHHYKS- HLKPYNHEELL- - LPGVSVEDI TF- -~ DKLVTYFD :
D-- - - SPYYHYY- - - - - GAFQUFARHL L GYSQQPL TYFKL HPSAL EHFETSLRDPA- FYQLYKKLLSYFI RYQANHKHYYNEHDL M - YQGVEVKNVEF- - - - - - - - - DSLVTYFD :
D- - - - SPYQAYY- - - - - KALWYYARHL L GYSYQPL DKYKVAPSAL EHFET SMRDPVFFFQLYKKI VLKFQRYKA- RLHPYTEEDLI - - FQBVKVLNVEF- - - - - - - - - DRLVTYFD :
D- - - - SPNRKFY- - - - - GALWBYLRHFFGYSYAPVNNYREVPSAL EHYETCVRDPM: FFQI AKKM NKFQRYLS- DLPPYTEEELL- - FPGVSVEGLEF- --DPLI TYND :
D- - - - SYEHRFY- - - - - KYVAMYARI | MGAAI EPVEPYQVI PSALEHYESANRDPV- FYQ! YKRI VAYYHQFKE- HLPEYTYEEL Y- - YPGVKI DGVW- -- DKLQTYFD :
DLYNEEVTKLYQ- - - - - RSYEI NARHVL GAAPKPFNKYSFI PSALDFYQTSLRDPV- FYQLYDRI | NYI NEFKQ YLQPYNQNDLH- - FVGVKI SDVKV- - - - - - - - - DKLATYFE :
DLYGEEVTKDYQ- - - - - RSYEI | ARQVL GAAPKPFDKYTFMPSALDFYQTSLRDPM FYQLYNRI LKY! YEYKQ YLQPYSSEKLA- - FKGVKWDVW- - - - - - - - = DKLVTFFE :
D- - - - SCNRRFY- - - - - GWDALARDI LGFNI DYKNKNKVVPSAL QCYSTSLRDPG- FYRLTKRI MVYFFRYKK- NVPQYTQDELI - - FPGVKFESVNI - - - - - - - - = DKLVTYFD :

356
352
357
355
355
352
354
367
372
404
406
360
361
363
363
363
371
380
378
346
378
375
367
366

420
408
407
407
408
409
408
408
408
409
411
410
409
408
412
413
413
413
410
411
413
438
443
449
447
436
447
447
448
445
456
443
427
427
455
456
455
455
450
449
450
450
445
445
441
433
439
439
439
451
449
429
448
451
451
453
453
454
434
432
449
452
448
451
434
450
446
451
449
449
446
448
466
466
498
500
453
455
457
457
457
466
475
472
440
476
473
461



BheHex

Epi He
LpoHc!
TtrHcA
EcaHcE
Ni nHCE
EcaHcG
Ni nHcG
CsaHcl
AauHc6
LpoHcl V
EcaHcF
Ni nHcF
EcaHcD
Ni nHcD
LpoHcl |
EcaHcA
Ni nHcA
LpoHcVI
EcaHcB
Ni nHcB
EcaHcC
ScoHcA
ScoHcB
ScoHcC
ScoHcD
Spi Hel
GpuHe1
G oHcl
CcsHe
EpuHc1l
Pl eHc2
HanHcA
Pi nHcB
Pi nHcA
Pel Hcl
Pel Hc4
Pel He3
Pel Hc2
CmaHc6
CmaHc4
CmaHc5
CsaHc
CmaHc3
PvaHc1l
PvaHc
Pi nHcC
Pl eHc
CmaHc1
CmaHc2
HanPHc1
HanPHc 2

CmaCC2
PnmaHc2
Pgr Hc2
CseHc2
Pantc2
BduHc2
HneHc2
TdoHc2
SanHcl
BduHc1
PanHc1
CseHcl
HneHc1l
CoHe1
CacHcl
TdoHc1
PmaHc1
PgrHcl
ScuHcl
MyeHc1
TdoHex1
PmaHex1
Bdi Hex
Rf | Hex2

PanHex12 :

Rf | Hex1
Lm Hex1
Lmi Hex2
Rmi Hx1
TnoHex2
AgeHex
LdeDP1
AgaHex?2

MseAryla :
MseArylb :

Cf eHex2
BheHex

Epi He
LpoHc!
TtrHcA
EcaHcE
Ni nHCE
EcaHcG
Ni nHcG
CsaHcl
AauHc6
LpoHcl V
EcaHcF
Ni nHcF
EcaHcD
Ni nHcD
LpoHcl |
EcaHcA
Ni nHcA
LpoHcVi
EcaHcB
Ni nHcB

D-- - - SCNKNFY- - - - - HSLDWYGRKVL GFNLEPKTPYQVI PSALESFSTCVRDPA- FYRLYNRYLSYWRFKE- TLKPYSKNE! V- - FSDLKFES| AV- - - - - - - - - DKLI TYFD :
* 600 * 620 * 640 * 660 * 680 *
TKQUNLTKGL- DFGNL- - - - - - - - - - - EQS-----mmmmmmmmmmm e | LVTI THLQHEEFTYNI KVNNNTGKDFTGTFRI FMAPKNDDL- - DI PVEI NEQRI LM EM :
ESELELTHG - NFGT- - - VKVKYNHLDHESFSYQ KVENTSGSTKHATVRVFLAPKYDEL- - GNLLHPNDQRRLCI EL :
KNELELTHG - DFGT- - = - == - = == == TNS- = = = =« <= c o mc oo oeecce e VKVKYPHLEHEPFSFQl TVENTSGAKKDATVRI FLAPKLDEL- - GNQLPANI QR- LFI EL :
EAELELSYG - DFGS- - = - == - = == == DHS- = = = == === o= e oo oee e VKVL YRHLDHEPFTYNI SVENSSGGAKDVTVRI FLGPKYDEL - - GNRLQPEQQRTLNI EL :

TDDLELTHG - DFGT-
QEELVLSHG - NFGT-
DEELTLSHG - NFGT-
DDHLDLSHG - EFGT-
ESLLELSHG - NFGT-
TDELELSHG - HL- -
ESTLEMBHG - SF- -
EDQLEVSHGV- SL- -
DSLLELSHG - NL- -
DAYLELSHGI - NL- -
EQELELKHG - NPG\-

FSVLDLSHAY- EFGR-
NALLDI SHAF- NFGR-

VDNYELGKGF- DYTR-
NSI VHLDEGF- SFTA-
HSLLKVGQGF- EFTK-
NSLFKI AKGF- TFTT-
SSTLRLSKGF- DYTK-
DFEFDLKMAVDSSEAVA-
DFEYDLKMAVDSSEAVA-
DYEFDLSNAVDSSDKI E-
DFEFDLQVAVDDTPEVQ:
TFEFSLVNAVDQSDKVA-
EFEFSLGNAVDEL EKVH-

QFKYSLVNAVDSGENVE-
QFKYSLVNAVDSGENVE-

DFEYSLI NAVDDTTKVA-
DFEYSLI NAVDDTAEI A-
DFEYSLI NAVDDTAEI A-
DYEYSLI| NGVDDTVDVL -
TFEYSLVNAVDDTEDVD-
DFEYNLI NAVDDTEQ A-
DFEYSLI NAVDDAEG P-
NFEYSLLNAVDDTVDI A-

DFEFDLSNALDTTENWN- - - - VKTHI SRLNHKPFSLNI HAHAEH- - DDKVTVRVY!| SAKHDEN- - HI ALDI DESRWGAI LL :
DFEFDLRNALDTSDNVG- - - VKAHVSRLNHKPFYYNI HYNAKQ- - DDKVTVRVYLTPVRDEN- - G KLDI NDNRWSAI M

DFKFDLRNALDTSDGVG- - - - VYAHVPRLNHKPFGYNI NYHAKS- - AERVTVRVYLTPKYDEN- - GVQREMEVGRWHAI LL :
DYEYSLMNAVDDKEEMKVED- - - - - - - NVE------commmmccmecccnceenae | SAI | PRLRHKDFSFKVNI MNNNDENKLATI Rl FAWPHRDVN- - GVI MPFNEGRWHAI EL
DYEYSLMNAVDDKEEM VED- - - - - - - SME---c-mcmcmmc e | SAI | PRLRHKDFSFKVNI MNNNDENKLSTI Rl FAWPHRDVN- - GVI MPFNEGRWHAI EL
EYKYDLI NGLNDNTTETE- --FYG - - - | YATMPRLNHKEFSYKI HVQNNNGASKKAVI RLLAMPYRDGN- - GAl | PFDEGRWLAI EM :

EYKYDLI NGFNDNTTQTE --FYG - - -1 YATMPRLNHKEFTYKI NVQNNNGTPKKSVI Rl LAMPYRDGN- - GAI | SFDEGRALAI EM :
ESHI NLGNMAVHTPEK- - - - < - - < - = - - VG - cmm e | EVTMKRLNHEAFKYVI TATAEK- - ETEGH VRI FLSPTYNWE- - GQEI TLQDGHWGAI EM :
ESHI NLGNMAAHTPEK- - - - < - - - - = - - VG - cm e e | EVITKRLNHESFKYVI TATADK- - DTEGH VRI FLSPTYNWE- - GQEI TLQDGHWGVI EM :

ESHI DLNNI VENVGREQ-
ESHI DLNNI VDTSGXKE- -

EFNI DLANAVEGHYKEG-

YFDVDLLNALDDTEELP- -
DFDI DLLNALDDTQELD- -
DFDI DMLNALDDTAELQ- -
DFDI DLLNALDDTLELK- -
DFDI DLLNALDDTQELD- - - - | KARVRRLNHQPFTFRVTVSSEK- - NANVAVRVFL GPKYDWF- - GVQ PLNEKRL YMVEI
DFDADLLNALDDTI DLD- - - - | KARVRRLNHKPFTVQ TAESER- - ETLATVRI FLGPKYDWF- - GQEI PLEEKRQYLVE!
DFDI DLLNALDDTVELE- - - - - - - - - - DVE--------cmcmmmmi e | KARVRRLNHKPFNFKI EVNSDK- - EYTAAVRVY! GPKYDWF- - GQEI TLDEKRLYMVE!

- - | HARVRRLNHKPFVFSVRVNSEA- - ERFVTVRVFLGPKYDWF- - GQEI PI NEKRHYI VEI
- - | KARVRRLNHKPFTFHI Tl NSEL- - DATAAVRVFL GPKYDWF- - GQEI PI NEKRL YMVEI
- - | KARVRRLNHKPFSVQVTVNSER- - DAVAVWRI FLAPKYDWF- - GQEI PI NEKRLYM El

DFDI DLLNALDDTVELP- - - - - - - - - - DVE-- == --smmmsmmmmeemceemncs | KARVRRLNHRPFTYTI NLNSDK- - DATVI VRVFLGPKYDWE- - GQEI PLEKKRLYM EL :

DFDI DMLNALDDTADL P-
EFDI DMLNALDNTVDLP-

- VKARVQRL NHEPFTWAL HVESDK- - EVTAAFRVFL GPKKDWY- - ESDFTI NEVRPYLI El
- VKARVQRL NHEPFTWAL HVESDK- - EVTAAFRVFL GPKQDWY- - GSDFTI NTVRPYVI El

DFDI DMLNALDDAAGLT - - - - = = == == DVD- = == = = == == = wm o me oo oo o | KARVQRLNHKPFG KI | ANSAA- - EKTVTVRL FLAPKYDWY- - GREVPLDI QRWKFI EL :
PFDI DLYNALDDDKTVS- - - - - - - - - - DIE---mmmemmmcemmceemeeeees | KARVQR NHKPFTYHI NVESDV- - ERKVWVRTFI GPKYDW- - HQEVPVNEKRVEMVEL :
- - | KARVKRI NHKPFTVKVEVESDN- - NKNAMVRVFL GPKYNYL - - GQEL SLEEKRQYMVEL

DYDVDL TNVVDATL - KEGERQRFQRDQEM -

NFDI DLDNAVDVGVI EDGQ - - - - - - - KVN- - - | QARQVRLNHKPYTYKVKWWSDK- - AATSM/RVFLGPKYDFY- - GNEYTLDKMREYMVEL
YFDVDI DNVWNVKVAEDGK- - - - - - - - YVD- - - e e YRARQTRLNHKPFTYNI EVNSEQ- - ATDVYVRVFLGPKYDYL- - GREYDLNDRRHYFVEL
YFDI DLDNVVNVKVPEDGQ- - - - = = = = YVD- - = = = == = = em oo e oo m YRARQTRLNHKPFTYS| DVTSDK- - ATEVYVRVFLGPKYDYL- - GREYNI NDRRHYFVEI

QYDVBLDVAVYVNNVDQ S- -
NFEFSLGGTI YVAKEEDM. - -
DFDI ELNNAL SFSKPEQGD- -
TFDFEI NNAL TLSKPEEGA:
TFDFEI NNAVAFSGTEDGS- -
YFYADL SNAVYVTPQEFVQD-
KFYADI NNAV- YNTQEEL DQDKHPN- - - - - - -
VIBYSDLTNGVFYNNQEDAK- - - - - - - - TFD--

- - FRYMQYRLNHKPFNYKVWWKSDK- - TAKAVWKVFVGPKYDQY- - GRKI NLNENRLNMLQ

- - FWBKEEVKSSYPHD- - - - - FKI RQPRLNHKPFSVSI DI KSEA- - AVDAVVKI FMAPKYDDN- - GFPLKLENNVWNKFFEL :
SVESFQ - - EGWKLR-------------- VKARRYCLNHKPFTYRFTI NSDK- - ETKAVLKI FLGPAFDDI RTKDLSHLRESYKYFFEM
Pl TSKQDADNLM - - - - === - === - - - - - I KVRQSRLNNKHFTVHFAL NSDK- - AQKVAI QLFLGPKYDAL - - GNLLDFSESYKDFYE!
700 * 720 * 740 * 760 * 780 * 800 *
DKFQLKLSPGENNI TRKSEDSNVTLHKEMM'VEM ENQPD- - - - - - TSGPSSQHYCACGWPHHL LI PKGSAQGTAFHCFI M TDWKTDEVKSSKKP- - - TOQDAVSYCG | - NDLYP :
DKFHKEL KAGKNEI TRNSVDSSVTI STLHTFDELESGV- - - - - - - GVNENADEYCSCGAPKNM. VPRGNNKGMT FEL FVM. TDWEHDNVGGKGSD- NHVICDDAVSYCGAK- DSKYP

DKFHKELI SGONI | THNAADSSVTVSTLRTFEDL KAGK-
DKFKATL DPGKNVVTRDHRNSTVTVEQSVPVKKLREEG
DKFQVELAAGKNAI TRDHKL SSVTVSETHTFKQLLAGE-
DKFHKEL GPGLNTI NRNSVESNVTVAHT YTFDEL REGK-
DKFHKQLAPGNNVI SRNAI DSNVTL SHT YTFDEL RAGQ-
DKFHKEL KPGKNFI HRNAFDSNVTL SHTYTFDELRSGL -
DKFFYTLTPGKNTI VRNHQDSSVTI SKVRTFDQL GAGE-
DKFHHG HKGHNTI VRNSTESSVTVSKI HTFNELKAGV-
DKFHAEL AAGKNT | TRKSSESSVTVSHT PTFEEL QRGE-
DKFHAEL APGKNTVTRKSTESSVTVKPTPKFSQL QSGE-
DKFHRRLEPGKNVLVRASGDSSVTL SKVPTFEELESG- -

DKFYHTLRPGKNTI VRSSTDSSVTL SSVHTFKEL LRGE-
DKFDTDLRPGKNI | VRSSTDSTVTI SSTYTFKELLHGE-

- VKVKYQHL DHEPFTFNI SVDNQSGGAKQATVRI FLGPKYDEL - - GNRLDPEHQRTLCI EL
- VKVHYNHL DHEPFSYTI NVDNSSGAVKHATVRI FLGPKCDEL - - GNI LEPNEQRRLFI EL :
- VKVKYHHL DHEPFSI TVNAQNSSGAPKHATVRVFLAPKFDEL - - GNRLSPDEQRPLFI EL :

- VKVKYQHL DHDPFTYSI SVENTTGDVKHATVRI FLGPTQDEL - - GNRLRLNEQRRFYI EL :
- VKVKYHHL DHEPFAYNI SCENSSGATKHATVRI FLGPVFDEL - - GNKLSLNEARRFFI EL :
- - | QUKYEHLDHEPYNYEI EVDNRTGEARETCVRI FLAPKYDEL- - GNRLI LEEQRRLYI EL :
- - | KVKYEHLDHEPFSYTI AATNATGAAKKTTVRI FLAPKYDEL - - GNRLVLEDQRRLY!I EL :
- - | KARYYHL DHEPFSYAVNVQNNSASDKHATVRI FLAPKYDEL - - GNEI KADELRRTAI EL :
EDELELSHCL- HFAK- - - - - === == - - PGS------m-mmmmmmmmmm e VRARYHHL DHESFSYI | SAQNNSNADKQATVRI FLAPTYDEL- - GNDI SLDEQRRLY! EM :
EDELELTHCM NFGS------------PGS--------mmmmmmm oo e VKARYHHL DHESFSYI FNANNNGSEEKKGTVRI FLAPKYDEL - - GNVI PLDEQRRLY! EM :
- - VKVRFSHLNHEDFHYKI QVENHTSKTKPATVRI FIMAPKYDEL - - GNELDTKNLRRLM EM :
- - VKVRYNHL THEPFTYKI VWWDNAGTKTRKATVRI FLGPEHDNL- - GNEFDI GRLRRLM EL :
EDFLDVSHAF- YFGR- - ----------TGS---------mmmmmmmecmm e VKVRYQHL DHEPFTYQFVWENTGTKTRHAKVRI YLGPKNDHL - - GNPI KI SNI RRLM EL :
EDLLEI SNAF- NFGR-- - - -------- TCA-------mmmcmcce e VKVRYQHL DHEPFVYDI EVENHSARLRHGTCRI FLAPVHDEL - - QNQLTPEELRRLM EL :
- - ATVKVRHLQHEDYHYE! DI DNNAGKAKKAVFRI FLAPKYNEK- - GELFPVNEQRQLLVEL :
- ARVKVQHL QHEGFNYQ KV- NNAGGEHKVVFRVFLAPKYDEE- - HHEFDFNEQRGVAI EL
- = AYVKVKHLQHESFTYVI DV- ENRGRTRTGFFRI FAAPKYNEL - - GQKWHI NDQRLI WEM :
- = VLVKVKHLNHETFYYNLEVTNNAL EEKHGWRI FGAVI NDER- - GHPYl LNDQRHLVI EL :
- - AKVI VEHTDHDDFVYVI DI DNNARVEKTAVLRI FLAPKYDER- - GHPLTLKEQRVMM EL :
- VKAHVDRL NHKDFAYNFDI KSDS- ADQHAVWRVFLCPRRDNN- - Gl QFTFDEGRWNCI EM
- VKAHVDRLNHKDFAYNFDI KSDS- ADQHAVVRVFLCPRRDNN- - G QFTFDEGRWNCI EM :
- VNAS| KRLNHKDFNLKFEI NSNNDVEKHGVWRTFI CPRKDAH- - GVI FSFEEGRWNCI EL

- - | SAYVHRLNHEEFSYKI LVONNNEGDI LATVRI YLCPTVDNN- - HI Hl PLSEG-WI'CI EM :
EFQYSI LNAVDSGENI E----------DVD---------mmmmmmm oo oo e | NARVHRLNHNEFTYKI TMSNNNDGERLATFRI FLCPI EDNN- - G TLTLDEARWFCI EL
EFQYSLI NAVDSGENI E- - ------ - - DVE--------mmmmmmm oo | NARVHRLNHKEFTYKI TMSNNNDGERLATFRI FLCPI EDNN- - G TLTLDEARWFCI EL
- - | YANVHRLNHEEFTYEI EVRNHN- EEKFATVRI FLCPTEDNN- - G TLNLDEERW.CLEM :
- - | YANVHRLNHEEFTYEI EVRNHN- EEKFATVRI FLCPTEDNN- - Gl TLNLDEARW.CLEM :
QFKYSLVNAVDSGENVE- - - - - - -- - - DVA-----cmmm e | YANVHRLNHEEFTYDI EVRNHNEEEKFATVRI FLCPTEDNN- - G TLNLDEARW.CLEM :
QFKYSLVNAVDSGENI E- - -------- DVE--------mmmmmmmmm e | YANVHRLNHEEFTYVI EVSNAN- EVHLATVRI FLCPTEDNN- - G TLNLDEERW.CLEL :
- - | STI VKRLAHKDFTVESVI TNNNEHEVIVATVRI FAWPMYDNN- - DVEFSFNDGRWNAI EM
- - | STWKRLTHKSFTAKCVI NNNNEHDVI ATVRI FAWPKYDNN- - HVEFSFNDGRWNAI EM :
- - | STWKRLAHKDFTAECVI NNNNENEVMVATVRI FAWPKYDNN- - HVEFSFNDGRWNAI EM :
- - | STWSRLTHNDFKVKI Gt TNSQNHEVLATVRI FAWPKYDNN- - HVEFSFNEGRWNAI EL :
- - | FTYI SRLNHKEFSFVGDVTNEL DHDVLATVRI FAWPHEDNN- - GVAFSFNDGRWNAI EM :
- - | STYVPRLNHKEFKI KVDVSNNKG- EEVSYRHI FAWPHLDNN- - G KFTFDEGRWNAI EL :
- - | STYVPRLNHKEFTFRI DVENGGA- ERLATVRI FAWPHKDNN- - G EYTFDEGRWNAI EL :
- - | LTYI ERLNHKKFSFLI LVTNNNNTEVLATVRI FAWPLRDNN- - G EYSFNEGRWRALEL :

- - | KAVWSRLNHEPFKYVI TVNSKK- - PVRG VRI FLAPKLNWF- - GORVPLDVARWGFI EL :
- - | KALVGRLNHEPFKYVI TVHSEK- - PVRAI VRVFPLPKYNWF- - GOWPLDEARWGAI EL :
ESHI DLGNAVDTATHKQ- - - - == === - WD === - - - - oo oo o e mm e oo e oo - | KAWSRLNHEPFKYVI TVNSKR- - PVNAI VRI FLAPKYDWF- - GQKVPLDAARWGVI EL
ESHI DLGNAVYTTGQRE- - - - - - - - - - [0 | KAWWSRLNHEPFKYVI TVNSKK- - AVHGVARI FLSPKYNWF- - GOKI PLHVARWGM EL :
- - | KASVNRLNHEPFKYVI TVHSDK- - VAEG VRI FI APKYDWF- - GEVWPLDKI RWSLI EL :

- - | KARVRRLNHRPFTFSI TVNSNQ- - EQVAAVRI FLGPKFDWF- - GQEI PI NEKRLYVI EL :

- - VQLAV- RLNHKPFTYNI EVSSDK- - AQDVYVAVFLGPKYDYL- - GREYDLNDRRHYFVEM :
- - LHVRQPRLNHKPFTYKI EVSSEK- - AVDAYVRVFLGPKHNYL- - DEEV\DL NERRHFFVEM :
- - FI ARQYRLNHKPFYYQLKVKSEK- - EVDAVVRVFI GPKYDSY- - GREFTLDEKKQYYFLL :
- - YVARQYRLNHKPFFYHLKVKSEK- - EVDSVVRVFI GPKYDAL- - GREYSLEERKQYYVLL
- - YLARQYRMNHKPFFYHLKVKSDK- - EVDSVVRVFI GPKYDAL- - GRELSLEERKQYYVLL
- - VQVAQQORLNHKPFTYKI YVNSDR- - ETDAVVKVFLGPKYDEY- - GRFI NLTDNWWNFVQF -

- GVSEDATEYCSCGWPQNML| PRGNRKGWFEL FVM. TDWOKDNVDGGGG: - - - FCSDAVSYCGAK- DHKYP :
- GV- - - AGEYCSCGWPEHML| PKGNHRGVDFEL FVI VTDYAQDAVNGHGEN- A- ECVDAVSYCGAK- DQKYP :
- GVSENTTEFCSCGWPEHMW.| PRGSHKGSEFDLFVI LTDYEQDAVGGEASG- - - VCVDAI SYCGAK- DQKYP :
- LAPEDATEYCNCGWPRHMWL| PKGTHRGVEFQLFVMLTDYTVDNPCGGAGK- | - VCADAVSYCGAK- DQKYP :
- SASADASEYCSCGWPEHW. VPRGT HKGVDF QL FVML TDYSEDNPEGANVK- T- | CNDAVSYCGAK- DQKYP :
- SASQDATEYCSCGWPEHML| PRGTTKG EFELFVMATDYTHDNPEGADVK- T- | CGDAVSYCGAK- DQKYP :
- GVSEDSTEYCSCGWPEHMW.| PRGSHKGVEFEL FVM.TDHDEDTVAGL SEN- A- VCSDAVSYCGAR- DDRYP :
- GVDEKNTEYCSCGWPQHWL VPRGNEKGVDF QL FVMVTDWEGDHVNGEPSL - - - | CADAVSYCGAR- DHKYP :
- GVDENTTEFCSCGWPEHL L VPRGT YKGVDFQLFVM. TDYEDDHVGSHNGQ- T- LCADAVSYCGAK- DSKYP :
- G SENSTEFCSCGAPEHL L VPRGTHKGVDF YLFVMLTDYEHDHVNGLNEK- S- | CADAVSYCGAK- DQKYP :
- NANVNPNEYCSCGAPEHM. VPRGKERGVDF YL FVMLTDYEEDKVQGAGEQ- T- | CSDAVSYCGAK- DQKYP :
DKFTTTLEPGRNTI NRRSVDSSVTLSHVPTFEELEKGE- - - - - - - NI PNRETEYCSCGWPEHM. VPRGT PRGWFHL FVM_TDYVEDKVLDDSAT- V- VCSDAVSYCGAK- DOKYP :
DKFKTDLHPGKNTVWRHSLDSSVTL SHQPTFEDLLHGV- - - - - - - GLNEHKSEYCSCGWPSHL L VPKGNI KGVEYHL FVM_TDWDKDKVDGSESV- - - ACVDAVSYCGAR- DHKYP :
- DLVEGQT EFCSCGAPQHL L VPKGNEKGMQF DL FVMLTDASVDRVQSGDGT - P- LCADAL SYCGVL - DQKYP :
- DLEEDRSEFCSCGAPQHL L VPKGSNKGWFDLFVM TDAEKDKVPTSGKK- - - LCNDAL SYCGVM DEKYP :
DKFHAEl HPGHNTI VRHSKDSSVTI SSARSFGQLAHGE- - - - - - - G NEHANEYCSCGWPDHL L VPRGDEKGVPFHL FVM.TDW. HDQVGDHGKT - G- MCTDAVSYCGAK- DQLYP :
DKFTTVLEPGENVI ERDSI DSSVTI REQYTYRQLQDGR- - - - - - - - SNREQTEYCSCGAPNDL L VPKGNEHGVKFRL FVML TDAVQGQVGDHGAT - G- LCTDAVSYCGAK- DQLYP
DNFHVELKPGTNTVERRS| DSSVTLSKQPTLKELLQGK- - - - - - - GTDRRGDEYCSCGWPDHLLI PKGDSSGVKFHLFAI FTNYFEDTVNDHGRT- N- ECVDAVSYCGAK- DQLYP :

460

496
483
481
482
483
484
483
483
483
482
484
483
482
481
487
488
488
488
485
486
488
513
517
523
522
511
524
524
526
523
534
521
505
505
532
533
533
532
528
527
528
528
523
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522
524
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590
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589
589
587
590
589
587
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590
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EcaHcC
ScoHcA
ScoHcB
ScoHcC
ScoHcD
Spi Hel
GpuHc1
G oHcl
CcsHe
EpuHc1l
Pl eHc2
HanHcA
Pi nHcB
Pi nHcA
Pel Hcl
Pel Hc4
Pel He3
Pel Hc2
CmaHc6
CmaHc4
CmaHc5
CsaHc
CmaHc3
PvaHc1l
PvaHc
Pi nHcC
Pl eHc
CmaHc1
CmaHc2
HanPHc1
HanPHc2

CmaCC2
PnmaHc2
Pgr Hc2
CseHc2
Pantc2
BduHc2
HneHc2
TdoHc2
SanHcl
BduHc1
PanmtHc1l
CseHcl
HmeHc1l
CoHc1
CacHcl
TdoHc1
PmaHc1
PgrHcl
ScuHcl
MyeHc1
TdoHex1
PmaHex1
Bdi Hex
Rf | Hex2

PanHex12 :

Rf | Hex1
Lm Hex1
Lm Hex2
Rmi Hx1
TnoHex2
AgeHex
LdeDP1
AgaHex?2

MseAryla :
MseArylb :

Cf eHex2
BheHex

Epi He
LpoHc!
TtrHcA
EcaHcE
Ni nHCE
EcaHcG
Ni nHcG
CsaHcl
AauHc6
LpoHcl V
EcaHcF
Ni nHcF
EcaHcD
Ni nHcD
LpoHcl |
EcaHcA
Ni nHcA
LpoHcVI
EcaHcB
Ni nHcB
EcaHcC
ScoHcA
ScoHcB
ScoHcC
ScoHcD
Spi Hel
GpuHe1
G oHcl
CecsHe
EpuHc1
Pl eHc2
HamHcA
Pi nHcB
Pi nHCA
Pel Hcl
Pel Hc4
Pel He3
Pel Hc2
CmaHc6
CmaHc4
CmaHc5
CsaHc
CmaHc3

DRFRVEL KPGVNHNHRHSRDSSVTI SKQPKFDELLKGK- - - - - - - GTNN- ANEYCSCGAPDHL L VPKGNDRGVPFHLCVM TDYL YDLVGDYGYD- T- PCVDAVSYCGAK- DSLYP :
DKFVATLEPGHNVI ERQSKESSVTMBKDHVFGE! RNLA- - - - - - - - - - - - DDHQCSCGWPDYL L L PKGKYEGMTYQL FVWATDYEEDHVEDAGE- - ECQCRDSMSYCGSV- EHKLP
DKFVATVPAGSSTVEQHSSKSSVTQSNDNFYGSSATRS- - - - - - - - - - - - SENHCSCGWPDYL LI PKGNHQGVQFNVYVI ATSYDEDHVES- DE- - SCHCGDSLSYCGAL - YDKYP
DKFI EKLYPGKNTI ERHSEDSTVTMBSASI FSDI SSEQ- - - - - SEDHCSCGWPDYL L VPKGNFEGFPMEVFVI VTDYEEDKVEGPDE- - GCACHDALTYCGG - DYHFP
DKFTVNL KPGKNSVRQPCYNSAVTAKYDVFYGDVESQK- - - PQEGONCGWPDYM. L PKGKYEGL RFRVFAI VTNHDEDKVSD- QE- - TCLCGDAVAYCGAH- NOKYP
DKFKATLKPGHNVVRRCSNESSVTMPVDHI YGDI TRTV- - - - - - - - - - - - DEDHCHCGWPEYL L VPQGDYDGVHYEL FVVATNYDEDKAQDTDL - - SCKCH- AHSYCGNI - LGEYL

DKFWIKLAAGDNHI KRKSSESSVSVPDVPSFASL | HDADAAVASGSEL HL EDFDRSOGL PQRM. L PKGTEEGL DFL L VWAVSDGT TDAQHDAL E- - - AVDAHGHAQOGVH- GEKYP :
DKFWIKLAAGDNHI KRKSSESSVTVPDVPSFASL | HDADAAVASGSDL H EEFDRACGL PQRM. L PKGTEEGL EFL L VWAVSDGT TDAQHDAL E- - - AVDAHGHAQUGVN- GEKYP
DKFWIKLAPGVNS| TRSSKDSSVTVPDVPSFKRLI ADTKAAL AEDKEVKFEEYHRSOGH PNRLLL PKGSSEGVKFVL AVAVTEASSDAHPEI LE- - - | QGAHSHAQUGVQ: GEKYP :
DKFWRTL HSGDNHLERKSSDASTTVPDI PSYESLMKMADAAVASGEEL H EQFTRSOGH PNRLLI PKGTPEGVEFAL FVAVTDGSKDAAI EGLE- - KDEHGGSHAQOG H- GEVYP :
DKFYKSLAPG NHI VRKSTDSSVTVPDRPSFNI LKSKTDRAVSSHSKL DLHKFERSOGH PNRL L L PKGKARGVDFAL FVGVTNGDEAKTVDDPE- - - - ELGATHAQCG H- GEKYP :
DKFYKQLKTGSNKI DRKSTESSVTVPDSL SLAEL HEKTDQAVASGSKL DL HEYERSOGL PARL L L PKGTVNGVDFDL FVAVTNGDEDKVTDHPE- - TDEHGGTHAQUGAH- GEKYP :
DKFFQKVPSGPETI ERSSKDSSVTVPDVPSFQSL KEQADNAVNGGHDL DL SAYERSCGH PDRM. L PKSKPEGVKFNL YVAVTDGDKDTEGHNG- - - GHDYGGTHAQUGVH- GEAFP :
DKFFQKVPKGPETI ERSSKDSSVTVPDVPSFQSL KEQADNAVNGGHDL DL SAYERSCGH PDRM. L PKSKPEGVEFNL YVAVTDGDKDTEGHNG- - - GHDYGGTHAQUGVH- GEAYP :
DKFWRKLANGKNL | ERSSKDSSVTVPDVPSFESL KHQADEAVKNGEDL DL SAYERSCGH PDRM. L PKSKPQGVEFNL YW\ TDGDKDTDGSDGD- - - HDHHGTHAQOG H- GEQYP :
DKFWKKLANGKNL | ERSSKDSSVTVPDVPSFESL KHQADEAVKNGEDL DL SAYERSCGH PDRM. L PKSKPQGVEFNL YVAVTDGDKDTDGSDGD- - - HDHHGTHAQOG H- GEQYP :
DKFWKKL GNGLNM ERSSKDSSVTVPDVPSFESL KHQADEAVKNGEDL DL SAYERSCGH PDRM. L PKSKPQGVEFNL YVAVTDGDKDTDGSDGD- - - HDHHGTHAQOG H- GEQYP :
DKFWIKLANGKNL | ERSSKDSSVTVPDVPSFESL KHQADEAVKNGEDL DL SAYERSCG! PDRMLL PKSKPQGVEFNL YVAVTDGDKDTDGSDGD- - - HDHHGTHAQCG H- GEQYP :
DKFW KLASGTNTI TRSSKDSS| TVPDVPSFQDLI EKTKEAVSSGSEL HLEEYVSGL GLPNRFL L PKGT TQGVKFHL WFVSDGAKDAAI DGLH- - - - ENTSFNHY- GAH- NGKYP
DKYWKL TPGPNTI TRSSMDSSVTVPDVPSFLTLI EKTEEAVSSGSEL HEDYVSGLGLPNRFLL SKGTTKGVDFHLWIFVSDGAKDAAI DGLL- - - - ENTSFNHY- GAH- SGKYP
- ENTSFNHY- GAH- NGKYP :
AKFWIKLNSGSNI | ERSSKDFGVTVPDVPSFQTLVDMIDEAL GSGSAL HL EDYESGL GL PDRFL L PKGKTEGVDFHVWVFVSDGAKDAAVDGL H- - - - ESTTYNHY- GCH- DGTYP
DKFW/M_HPGHNHI ERSSHDSSATVPDI PSFQFI KDRTNEAI AQNKELH EEFESGLGLPNRFLI PKGNVKGL DVDVIWAI TSGEADAAVEGL H- - - - ENTSFNHY- GCA- DGTYP
DKFW/KL PGGTHHI ERKCSESAVTVPDVPSFATL FEKTKEAL - GGADSGLKDFESATG! PNRFLI PKGNEQGL EFDLVWAVTDGAADAAVDGL H- - - - ENTEFNHY- GSH- - GVYP
DKFW/SLKGGKTSI ERKSTESSVTVPDVPS| HDLFAEAEAG: - - - - GAGL AKFESATGL PNRFL L PKGNDRGL EFDLVWAVTDGDADSAVPNLH- - - - ENTEYNHY- GSH- - GVYP
DRFW/KVKHGHHQ TRQSTESSVTVPDVPSLQTLI DRADAAI SSGCAL HLEDYESAL GLPNRFL L PKGQAQGVEFNL WAVTDGRTDAAL DDL H- - - - ENTKFI HY- G- Y- DRQYP :
DTFWIEVHAGDNE! KRKSSESSVAI PDRVSFPQLI HDADEAVANGAEL P- HKESRSCGHPQRLLL PKGKEQGVDFWLDI | | TSGD- DAVQDDL T- - VNAHGSTHGYCG H- GEKYP :
DTFWIEVKAGTHNHRRSGFESNVAI PDRI SFEEL | KETDEAVDNNL EL SLNSG- RSCGHPQRLLL PKGNEEGL QFWNVYVTSGE- DAVHDDLH- - TDI HG- NHGYCG Q GAKYP :
DTFW/DVEAGDHVYHRDASQSNVAI PDRI SFEEL | KETDEAVANNEEL SLNSG- RSCGHPQRLLL PKGNEEGL ACWFTVYVTSGG- DGVHDDLQ - TNDYGSNHGYCG Q- GAKYP
DKFVKYL APGENEVTRKCDESSVTVPDVPSLKSLHEQAEAAI AGI SELNLEEFVSATGLPNRLLI PKGNAAGVEFKL WAVTDGEADSVNDE! N- - - - LTTKFHHY- GHH- G- VYL
DKFQKEL | PGENTI TRKSSESSVTVPDVPSLKSLHEQTEAAI AGSSEL NLDEFVSATGLPNRLLI PKGNEAGVEFKLVWAVTDGVADSVNDE! N- - - - LTTKFHHY- GHH G- VYL
- TMKYHHY- GVR- G- VP :

DKFWIKLAPGPNTI TRSSKDSSVTVPDVPSFLTLI EKTEEAVSSGSEL HLEDYVSGLGLPNRFLL SKGT TEGVKFHL VWFVSDGAKDAAI DAL Y- -

DLFVKTLTSGDNEI DRKSSEASI TVPDVPTYKTLVEKT- ENRENLEMYESSTG PNRLLLPKGCEEGTEFRLPVAVTDAENDVNDESI | - -

DLFVKTLTEGKNEI | RKSSEASI TVPDVPTYKTLVEMT- EDHQSLERYESATG PNRLLLPKGNEKGTEFRLVWAATNAEEDI NDESI | - - - - TMNKYHHY- GVR- G- VQP -
DRFPVKLTAGENVI TRSGKKSWVTI DEPMBFAEI - - - - HKAVADKDAT HFHKEFRHCGFPHRL L VPKGRPEGVHYKL MVVI TDYHKDVVVPDVDVEHVDKL QSVGYCGVM- EGKI P :
DRFPVKLTAGENVI TRSGKKSWVTI DEPMBFAEI - - - - HKAVADKDAT HF HKEFRHCGFPHRL L VPKGRPEGVHYKL MVVI TDYHKDVVVPDVDVEHVDKL QSVGYCGVM EGKI P :

DRFPVRLASGDNI VSRNSVDSI | TVPEPRSFSNLVSDVEKAI RGEQVFSYDKYYRHOGFPRRLLLPKGKPEGWYQL YVWTDYDKDI VEPG QPEDVENLSSLGYCGVM- DGKI P :
DRFPVSLVHGDNI VTRNSEDSTVTI PEPRSFPDL MBDVQKAI RGEQDFKYDI HHRHOGFPHRL L L PKGKPEGWYRL FVWVTDYDKDVVAPGVEPDDVNTL SSL GYCGVM DGKMVP
DRFPVKLVNGDTVI TRSSDQSTVTI PEPKSYPEL VNDVERAVRGEVDFVYDKHHRHOGL PHRL L L PKGKPEGVDFKL YVVI SDFDKDVWSSEVNVDDLHHI SSLGYCGVL- DGKI P :
DRFPVKLEAGDNVI TRNSEDSI VTl PEPRSFPHLI NYVERAI NGEEEYVVDKYHRHOGFPHRLLLPKGKPEGMTYRI YVI | TDYNKDI | TSDWKPEDI ENLSSLGYCGVL- EGKI P :
DRFPVHLRQGDNVI VRSSQDSTVTI PEPRSYPEL | KEI EDALNGQDEYAI DKYHRHOGYPHRLLLPKGTSGGWFNL YVTI TNYEQDKVHPGVTVDEVDNLTSLGYCGVL- DGVI P :
DKFVAKVNAGKTVI ARKSSESSVTI PDRETTKVL TQRVEDAI AGKVQL TVNKDVRHCGYPDRL L L PKGRRDGVPFTLFVVL TDYEKDKVNDL PF- - DYDYGGSVSYCGTL- GHRYP :
DKFVAKVNKGT TVWQRKSSESSVTI PDRET TKDL VKKVHDAL EGKSSF YVCKDVRHOGYPDRL L L PKGKKEGVPFTL YVI VTDFEKEKVNDLPW - DYDYGGSI SYCGVLSGHKYP :
DKFVTKVNKGT TVWQRKSSESSVTI PDRET TKVL TKRVEEAL QGKT TYM/NKDVRHCGYPDRL LL PKGKKDGM FTMYVI VTDYETEKVNDLPY- - DYEYGGAI SYCGTLAGHKYP :
DKFVAKVNKGATVI QRKSSESSVAI PDRETTKI LVRRVDDAL QGKATYTVNKDVRHOGYPERL LL PKGKRDGVPFSLFVI L TDFDKEKVNDLPW - DYDYGGS| SYCGTVSGHKYP :
DKFYTTVNKGI TVI ERKSSESSVTI PDRET TKVL QKKVEDAI QGNGAFLVNKDVRHOGYPDRL LL PKGKKDGVPFTFYVI VTDFDKEKVNDVPL - - DYNYGGS| SYCGTLAGHKYP :
DKFVTKVNSGKTTI QRKSSESSVTI PDRETTKLLVAKVENAI NGKATI NVNKDVRHOGYPDRL LL PKGKKGGVPFTL YVI L TDFNKEKVNDLPY- - DYDYGGSLSYCGTI - NHKYP :
DKFVTKLTAGHNNI FRKSSESSVTI PDRET TKVL HKKVKDAL KNSTPLLVNKDVRHOGYPGRLLLPKGKI EGVPFPLYAI VTDFEQEKVNDL PF- - DYDYGGSI SYCGTL- GHKYP :
DKFVAKVSAGQTPI QRKSSESSVTI PDRET TKVL VQRVKDAL EDKT TWAVNKDL RHOGFPDRL L L PKGKKEGVPF TL FVM/TDWEKEKVNDVPY- - DYDYGGSI SYCGTL- NHKYP :
DKFVTKVVAGKSVI HRKSSESSVTI PDRET TKVL LEKVEHAL EGKETL NVNKDERHOGYPDRLLLPKGRNTGVPVQ YVI VTDFEKEKVNDLPY- - DYDYGGSL SYCGWGGHKYP :
DKFVAKVVAGKSVI HRKSSESSVTI PDRETTTLL L DRVDLAL DGKETLNVNKDERHOGYPDRLLL PKGRKQGVPYQ YVI VTDFEKEKVNDLPY- - DYDYGGSL SYCGWGGHKYP :
DKFAVKLTAGENAI VRKSSESSVTI PDPVSTHDL RKLVDDAI AGTATL EVDKDVRHOGVPDRL LL PKGKTNGVKY TMFVM. SDFEEDKVNDL PH- - DYEYGGFVSYCGTI - NHKYP
DKFLTH PAGKSVI ERLSTESTVTTPDYESFRSLVNRVDEAL KGNKEF| | DEEFRHOGLPDRLLI PKGNEEGYPVKFFVI VTDWEEDKVNQEVE- - NHRYGNVYSYCGTYGDRLYP :
DRFPVQLTSGKNVI QRESKDFNSI| VPDHI PTKNL KHWKSAVEGEQT FYVQKGKRQOGL PEHL LL PKGKKAGLPFTLFI \WTENENNEQD- - - - - - NVNYKQPFI LOGVK- EGKYP
DRFTFKMISGENVI ERNSYDSSVTVADKTAYRQL FKKVDKAI AGEEQFFVDETERHCGWPQRL L L PKGKKGGMT FRFFVMWTPFDETSVTDM - - - KHLDFTSMPYCGVGKHGVYP :
EPYNYKSFSYCGVGANHKFP
EPYNYKSFSYCGVGFNNKYP
DRFPYHVGAGKTVI ERNSHDSNI | APERDSYRTFYKKVQEAYEGKSQYYVDKGHNYCGYPENLL I PKGKKGGQAYTFYVI VTPYVKQDEHDF- - - - EPYNYKAFSYCGVGSERKYP :
DRFRHHVPAGKSVI ERNSHDSSI | APTPDSYRTFVKKVQDAYDGKT QYFI DKSHNYCGFPENLLLPKGQKGGETFTFYVI | TPYVKQDEHDF- - - - EPYDYKAFSYCGVGQDRKYP :

DRFPYKVQAGKTTI TRNSRESSVVSHDYPSFRTL L RKVFDAYEGKEQFYYDKSERYCOGYPERL LL PKGKTGEQT YTFYVM/TPYVKQDDHDF- -
DRFPHKI QEGKTTI KRNSRDSSVVTPDYPSYRTL LRKVSDAL EGKEQFYI DRSERYCGYPERLLLPRGKKGGQSFTFYVI LTPYVQQGEHEF-

DI FNQKLNAGENEI KRSSKEFTLFAKEAPSYYDL YQT TFRAL KGEDKF SL DKFRSHFGFPQRLAL PRGTRSGL PL SVFAI VTPAVQGSEHPVL -
DTFNYKLVAGENDI KRSSNDFPFYAKEAPSWY DL YKATSSAI KGEDKFFL DKFRSHFGFPQRLAL PRGTRSGLPLSVFTI VTQASPDAKNPI L-
DI FNQKLAVGENDI KRSSNDFPL YGKDAPHHSDL FYKT SSAL KGEDKFFL DEFRSHFGFPHRLALPRGTRSGLPLSVFAI | TPAVPEANHRFL- - - - - - - - - - - - - -- - - - -

DHFVYKLKAGDNI | SRDSHEI YNYMHDRTSYYEL YQKAFGVHDQSHSF QF HHDOFWY GYPQRYM. PMGSRGGMT YQF YWWSKQLPYKTH: - - - - - - - - - - TTVPM GS- - GMQYV :
DHFVYDLKTGENVI TRNSEDNYFFTPDRTSYYEMYKQVLGASNGQ- DYHVDGRONYFYFPQRYM.PKGTEDGMTFQFYVI VSPYKAFHGHQQHH- - DQDHYFNYPKVGT- - AGQYV :

EHFVHDLKAGENVI TRSSHEMRF YAPDKMBFRDMYKRVKAAL EGDGEFKI DERQNYFHWPQRFMLPRGSSAGTPYRFFVI VYPYEPYHE- - - - - - - GKYETDG PAPGS- - GGVFI
DYFVQEL TAGKNVL TRSSVNFNGYVKDRTSFYEL YRSVMAGY TGAEKF QL DVBEAHCGFPNRL ML PKGKKGGVPFQL YVI VSPYKAPQVS- - -

QYSGFDPVLSCGVGSGARYM :

DVWEVHKVVPGQNHI VRQSSDFLFFKEDSLPNVBE! YKLLDEGKI PS- - - - - DVBNSSDTLPQRLM. PRGTKDGYPFQL FVFVYPYQAVPKENEPF- - - - - - --KSIVP :
DWETYKFVAGDNKI VRNSNDFL| FKDDSVPMTEL YKLLEQNKVPH- - - - - DVBEDYGYL PKRLM. PRGTEGGFPFQFFVFVYPFNADSKDL APF- - - - - - -EAFIQ
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Fig. S18. Multiple alignment of the putative hemocyanin subunits and the previously identified
insect hemocyanin subunit types 1 and 2, selected insect hexamerins, crustacean hemocyanins,
crustacean pseudohemocyanins, chelicerate hemocyanins, myriapod hemocyanins, and one
onychophoran hemocyanin used for the phylogenetic analyses. The N- and C-terminal sequences
were deleted from the alignment for phylogenetic analyses (denoted by asterisks)
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