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A cDNA library derived from the Malayan-pit-viper
(Calloselasma rhodostoma) venom gland was con-
structed in the phagemid vector. Using the informa-
tion of the N-terminal amino acid sequences of two
subunits of aggretin, synthetic mixed-base oligonucle-
otides were employed as a screening probe for colony
hybridization. Separate cDNA clones encoding for the
« and B chains of aggretin were isolated and se-
quenced. The results revealed that mature « and B
chains contain 136 and 123 amino acid residues, re-
spectively. Aggretin subunits show high degrees of
identity with respective subunits (50-60% for «, 49—
58% for B) of C-type lectin-like snake venoms. The
identity to rattlesnake lectin is relatively lower (i.e., 39
and 30%). All cysteine residues in each chain of aggre-
tin are well conserved and located at the positions
corresponding to those of C-type lectins. Thus, three
intracatenary disulfide bridges and an interchain di-
sulfide bond between Cys83(a) and Cys75(8) may be
allocated. This is the first report regarding the entire
sequence of venom GPla/lla agonist. According to the
alignment of amino acid sequences, hypervariable re-
gions among these C-type lectin-like proteins were re-
vealed. These hypervariable regions are proposed to
be the counterparts directly interacting with different
receptors or different domains of a receptor on the
surface of platelet. © 1999 Academic Press

Snake venoms affect blood coagulation and platelet
function in a complex manner (1). The most pro-
nounced anti-platelet constituents are Arg-Gly-Asp
containing trigramin-like peptides, which have been
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identified as specific fibrinogen receptor antagonists
and named as disintegrins (2—4). Several non-
coagulant, non-enzymatic proteins that cause platelet
aggregation have been purified from different snake
venoms (5—7). Aggretin, a potent platelet-aggregating
protein purified from Calloselasma rhodostoma venom,
is a 29 kDa heterodimeric protein consisting of two
subunits with molecular masses of 18 kDa and 15 kDa,
linked by disulfide bridge (5). It elicited platelet aggre-
gation in both human platelet-rich plasma and washed
platelet suspension. It activates platelet through a
Ca*'-dependent mechanism and is devoid of enzyme
activity. It may activate platelets through the binding
of a collagen-like receptor (i.e. glycoprotein la/lla) on
the platelet membrane (5).

Rattlesnake lectin (RSL) from Crotalus atrox venom
was determined as a C-type lectin and it consists of a
carbohydrate-recognition domain (CRD) (8). RSL is
composed of covalently linked and formed as a ho-
modimer molecule. Many distinct proteins isolated
from snake venoms consist of two heterogeneous CRD-
like domain linked by an interchain S-S bond. For
example, the sequences of glycoprotein Ib agonist or
antagonist revealed high homology with those of
C-type lectins (9), including botrocetin isolated from
venom of Bothrops jararaca (10), bitiscetin from Bitis
arietans (11), habu IX/X-bp from Trimeresurus fla-
vovoridis (12), and echicetin from Echis carinatus (13,
14). A collagen-like platelet aggregating protein, con-
vulxin, from venom of Crotalus durissus terrificus
binds to a specific platelet receptor GPVI. Convulxin
consists of two subunits, « and B, and the two chains
were homologous to those of the CRD of C-type lectins
(15). From the available data concerning the N-ter-
minal sequences of « and B-chain of aggretin, we found
that they share a high degree of homology as compared
with the respective chain of these GPIb-binding pro-
teins, even though aggretin acts on a distinct target,
GPla/lla rather than GPIb (5).
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In this study, we isolated cDNA clones of aggretin «
and B subunits. The amino-acid sequences were de-
duced after the determination of nucleotide sequence of
each clone. The polypeptide sequences were found to
align well with those of CRD containing GPIb-binding
proteins, although they may act in different way to
induce platelet activation or to inhibit the interaction
between von Willebrand factor and GPIb (16, 17).

MATERIALS AND METHODS

Determination of N-terminal amino acid sequence of aggretin.
Aggretin was purified from crude venom of Calloselasma rhodostoma
according to the method described previously (5). Aggretin (10 ug)
was dissociated by boiling in protein denaturing buffer containing
B-mercaptoethanol and then electrophoresed into 12% SDS-PAGE.
Two bands (subunits), «, 18 kDa and 3 15 kDa were revealed after
electro-blotted to PVDF membrane according to the method of
Matsudarin et al. (18), and stained with Coomassie blue. The protein
of each band was subjected to determination of N-terminal amino
acid sequencing by using an Applied Biosystems model 477A pulsed
liquid-phase sequencer equipped with an on-line 120 PTH amino
acid analyzer. The N-terminal sequence of 24 residues for the «
subunit and N-terminal sequence of 18 residues for the B subunit
were determined (Fig. 1).

Construction of venom gland cDNA library. The cDNA library of
the Calloselasma rhodostoma venom gland was constructed previ-
ously (19). A set of cDNAs derived from a poly(A)" RNA preparation
of the venom glands of Calloselasma rhodostoma were cloned into
the Uni-ZAP XR vector (20) by inserting the cDNAs into the EcoRI
and Xhol sites of the Uni-ZAP XR phage DNA. For convenience, the
Uni-ZAP XR vectors was excised in vivo to generate a pBluescript
SK-phagemid cDNA library by co-transfecting the Uni-ZAP XR
phage and an R408 helper phage (21) into Escherichia coli XL1-Blue
host cells according to the manufacturer’s instructions (Stratagene,
La Jolla, CA, USA).

Primer design. A 20meric mixed-base oligonucleotide probe,
based on the N-terminal amino-acid sequence of « subunit was
synthesized (Fig. 1). For the screening of 8 subunit, a 20meric oligo-
nucleotide probe was synthesized according to the conserved se-
guence, mamushigin’s coding region (22), of GPIb-binding protein
(Fig. 1).

Isolating of cDNA clones of aggretin. E. coli XL1-Blue was in-
fected with the rescued phagemid. The infected bacteria were plated
out on to Luris broth/ampicillin plates. Ampicillin-resistant colonies
were transferred on to nitrocellulose membrane and prepared for
colony hybridization (23). The 20meric oligonucleotide probe (see Fig.
1) was **P-end-labeled with T4 polynucleotide kinase and (y-*P)ATP
(24). The membrane replicas were pre-hybridized at 65°C for 3 h in
hybridization buffer (0.45 M sodium chloride, 0.045 M sodium ci-
trate, 0.02 M potassium phosphate, pH 6.8, 0.1% (w/v), 0.1% (w/v)
ficoll and 0.02% (w/v) polyvinylpyrrolidone) plus 100 pg/ml sheared
and denatured herring-sperm DNA. The membrane replicas were
then hybridized at 49°C for 8 h in 30 ml of hybridization buffer
containing 5 pmol of the labeled oligonucleotide probe. Subsequent
washes of the hybridized membrane filters were carried out in 6 X
SSC (1 X SSC is 0.15 M NaCl/0.015 M sodium citrate) and 0.1% (w/v)
SDS as follows: four times at 4°C for 5 min each, once at room
temperature (5 min) and once at 47°C (2 min). The positive clones
were detected by autoradiography, and were further purified by the
isolation of single cell colonies.

DNA sequencing and nucleotide analysis. DNA sequencing was
performed by the PCR/dideoxyl method using a ABI PRISM BigDye
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FIG. 1. The N-terminal amino acid sequences of aggretin «/f
chains (bold letters) and the sequences of the oligonucleotides
used as hybridization probes. Py, pyrimidines (T or C); Pu, purines
(A or G).

Terminator Cycle Sequencing Ready Reaction Kit (PE Applied Bio-
systems, USA) and an automatic sequencer (ABI PRISM 377-96
DNA Sequencer, Perkin-Elmer, CA, USA). The two primers used, T3
and T7, are located in the flanking regions of cDNA.

T3 primer: 5 AATTAACCCTCACTAAAGGG 3’

T7 primer: 3 CGGGATATCACTCAGCATAATG 5’

RESULTS AND DISCUSSION
Screening of a cDNA Library

In order to design the oligonucleotide probes for
screening the cDNA library, N-terminal sequences of «
and B polypeptide chain were first determined (see Fig.
1). A 20meric mixed-based oligonucleotide probe with
64 combinations was synthesized for the isolation of
a-subunit. On the other hand, we used defined-
sequence probe for B subunit, which was referred to
C-type lectin conserved mamushigin’s cDNA codons
(22), since too many combinations existed in mixed-
base probe. Six positive clones of each subunit were
isolated separately after colony hybridization. All
clones had been sequenced. The nucleotide sequences
for clones of the same group shared an identical se-
guence although they were different in length (differ-
ent clones).

Analysis of cDNA Clones

The longest cDNA sequences and the open reading
frames deduced from them are shown in Fig. 2. The
results indicate that these cDNA do encode « and
subunits, since N-terminal sequences of « and B sub-
unit shown in Fig. 1 appear in open reading frames of
these two clones. Mature « and B subunits are com-
posed of 136 and 123 amino-acid residues, respectively.
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(A) aggretin o chain
-24 attcggcacgagggaactagagctggtttggaggattgtgactttggttggtctecctat 36
I RHEGTRAGLEDCDTFGWSPY
+1

37 gatcageattgctaccaggeattcaatgaacaaaaaacctgggatgaggeagagaagttc 96
DQHCYQAFNEAOQKTUWDEA AWETZKTF

97 tgcagggegcaggagaatggtgcgeatctggectetategaaageaatggagaageagac
CRAQENGAHLASTITET SNGEA AD

157 tttgtttcctggctgatttctcagaaagacgaactggcagacgaagactacgtctggate 216
FVSWLISQKDETLADEDYVWI

217 ggactgagggctcadaacaaagaacageaatgcageteggagtpgagegatggetecagt 276
GLRAQNIKEQQCSSEWSDGSS

277 gtcagttatgagaacttgattgatctacatacgaaadagtgtggtgcgetggaaaaactg 336
VSYENLTIDLHTIEKI KT CGALET KTL

337 acagggtttcgtaagtgggteaattattactglgaacaaatgeatgetttegtetgeaag 396
TGFREKXKUWVNYYCEQMHATFVCEK

397 ctectgccatattaaagatccagttgtgtgaagtetggagaaggaageececcacccaca 456
LLPY*

+136

—

56

457 tcecccaccecceecacctgecgeaatetetgtagetggatetggttttgetgetectga S16
517 tggeccagaaggtccaataaattctgectagCat@aadat. e e rernnninninnns

(B) aggretin (3 chain

-102 ttgtggecgagggacagggacggaaggaagaccatggggegattcatettcgtgagette -43
M GRFIFVSE

gtactggagctgattgtecctetggttgg 18

-42 ggcttgctggtegtgttectetecctgagtg
SGTGADCPSGVW
+1

GLLVVELSTL

19 tcctectatgaagggeattgetacaageccticaatgaaccgaaaaactgggecgatgca 78
SSYEGHCYIKPFNEZPIKNUWATDA

79 gagagattctgcaaactgeagecgaageacagecatctggtetecttteagagegetgaa 138
ERFCKLQPKHSHLVSFOQSAE

139 gaagcagattitgtggtcaagttgaccagaccaaggttgaaagecaatttagtctggatg 198
EADFVVKLTRPRLI KANTLVVWVM

199 ggactgagcaatatctggeacggatgcaactggeagtggagtgatggcgccaggcteaac 258
GLSNIWHGCNWQWSDGARTLN

256 tacaaagactggcaggaacaatctgaatgtctcegeattcaggggagticatacagaatgg 318
YKDWQEQSECLAFRGVHTEW

319 ttaaatatggactgcagcagtacttgctetttegtetgeaagttcaaggcatagtctgaa 378
LNMDCSSTCSFVCKTFIKAAH*

+123
379 gatccagetgagtggagaageaaggaaaccceccaccecaccectgttgetgaatctggt 438
430 tttgctgctectgatgggecagaaggtecaataaatictgectacatgaaaaaaaa

FIG. 2. The nucleotide sequences (top line) and the deduced
amino acid sequences (bottom line) of the «- and B-subunits of ag-
gretin. A +1 indicates the first amino acid residues of the mature
subunits. The polyadenylation signal sequence AATAAA is under-
lined.

The peptide leading each N-terminal sequence is sup-
posed to be the signal peptide or pre-peptide. We could
not find a clone containing both « and B subunit. Be-
sides, the « and B cDNAs shown in Fig. 2 are equipped
with their own stop codons and polyadenylation-signal
sequences. The results indicated that «/g heterodimer,
although linked by a disulfide bond, are encoded by two
genes. It is unlike the case of insulin which are origi-
nally synthesized by a single-chain precursor followed
by folding, disulfide-bridge formation and cleavage to
generate heterodimer (25). However, « and 3 subunit
genes share 71% similarity in nucleotide sequence.
They may originally duplicate from an ancestral gene
and then evolved in diversely.
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Amino Acid Sequence Homology

On comparison of the Swiss-Prot database, two
groups of proteins, C-type lectins and C-type lectin-like
proteins from snake venoms are found to show signif-
icant similarities with « and B subunits of aggretin
(Fig. 3). The percentages of sequence similarity of these
proteins are summarized in Table 1. The mature sub-
units of aggretin showed a high degree of similarity
(38.5-59.7% identity for « subunit and 30.1-57.7%
identity for B subunit) with those of C-type lectin-like
proteins. Aggretin « chain contains seven cysteine res-
idues, and B chain contains eight cysteine residues. All
cysteine residues in each subunits of aggretin are well
conserved and located at the positions corresponding to
C-type lectins (9). According to the structural model of
the CRD proposed by Spiess (26), six of these cysteines
are involved in the intracatenary disulfide bridges (i.e.
Cys 5-16, Cys 33-131, Cys 106-123 of the a subunit;
and Cys 2-13, Cys 30-119, Cys 96-111 of the 8 subunit).
According to the information of RSL and botrocetin,
besides these six intracatenary disulfide bridges, a di-
sulfide bridges between the two subunits has been
shown to associate cysteine residues around position
80 (botrocetin aCys80-BCys75 and RSL 86-86) (8, 14).
Therefore, it is likely that the interchain disulfide bond
of aggretin may similarly exist around position 80
(Cys-83 of the « chain and Cys-75 of the B chain). It is
noted that aggretin possesses an additional cysteine
residue (Cys 115) in the B chain which is probably a
candidate for disulfide linking. It is not known what a
role the extra cysteine residue plays.

From alignment of the C-type lectin sequences, there
was no specific fragment could be detected in the
polypeptide sequence involved in the interaction be-
tween the C-type lectin and its receptor. Members of
GPIb binding proteins show a high degree of similarity
with C-type lectin, and most snake venom GPIb bind-
ing proteins do not induce direct platelet aggregation.
However, one GPIb binding protein, AL-B from Trim-
eresurus albolabris does induce direct platelet aggre-
gation (27). This is an open question because both
categories of snake venom GPIb binding proteins hav-
ing similar structural features exhibit different biolog-
ical activities. From the result of the full sequences of
« and B subunits of aggretin, we found that they share
a high degree of homologous sequence as compared
with the respective chain of these GPIb binding pro-
teins. Therefore, the detailed study of their structure-
activity in eliciting platelet responses for aggretin and
these GPIlb binding proteins will allow us to reveal
which polypeptide sequences are likely to interact with
receptor(s) on the platelet membrane.

A potent platelet-aggregating protein, convulxin,
from the venom of Crotalus durissus terrificus has
been recently cloned and fully sequenced (15). It
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* * 20
aggretin o 1 GLEDCDFGWSPYDQHCYQAFNEQKTWDEAEKF
convulxin o 1 GLH-CPSDWYYYDQHCYRIFNEEMNWEDAEWE
ALBo 1 DCPSDWSSFKQYCYQIFKQILKTWEDAERF
botrocetin 1 DCPSGWSSYEGNCYKFFQQKMNWADAERE
mamushigine | EDDSDCPSDWSSNGRFCYKLFQQKMKWADAERF
echicetin 1 DQDCLSGWSFYLGHCYQLFR-LKTWDEAEKY
habu IX/X-bp a1 DCLSGWSSYEGHCYKAFEKYKTWEDAERY
RSL 1 NNCPLDWLPMNGLCYKIFNQLKTWEDAEMEF
80 *

aggretin o 77 WIGLRAQNKEQQCSSEWSDGSSVSY- ENL I
comvulxina 6 S IGLRVONKEKQCSTKWSDGSSVSY--- DNLL
ALBa 67 WIGLSVYVVNKGQQCSSEWSDGSSVSY - S-ENLV
botoceting 68 WIGLRVENKEKQCSSEWSDGSSVSY - - - -ENVV
mamushigine 70 WIGLTVQNEEQQCKSRWSDRSSVSY - SENLV
echicetin 69 WIGLRDRSKREQCGHLWTDNSFVHY - S-EHVYV
hahu IX/X-bpa 67 WIGLRVQGKVKQCNSEWSDGSSVSY - - - - ENWI
RSL 67 WIGLRD--KKKDFSWEWTDRSCTDYLTWDKNQP

. . 20 .
aggretin b ! DCPSGWSSYEGHCYKPFNEPKNWADAERFCK
convulxin ! GFCCPSHWSSYDRYCYKVFKQEMTWADAEKFCT
AL-Bp 1 DCPSDWSSYDLYCYRVEQEKKNWEDAEKFCT
botrocetin 1 DCPPDWSSYEGHCYRFFKEWMHWDDAEEFCT
mamushigin 5 1 DCPSDWSSYEGHCYRVFQKEMTWEDAEKFCT
cehicetin 1 NCLPDWSVYEGYCYKVFKERMNWADAEKFCM
hahu IX/X-bp B 1 DCPSDWSSYEGHCYKPFSEPKNWADAENFCT
RSL 1 NNCPLDWLPMNGLCYKIFNQLKTWEDAEMFCR

* 80
aggretin 71 IWHGCNWQWSDGARLNYKDWQE - - - - - - - - OSE
comvulinp 73 I WNKCNWQWSDGTKPEYKEWHE - - - - - - - - EFE
AL-B B 71 VMNACKLOWSDGTELKYNAWSA - - - - - - - - ESE
borocetinf 7l VWNKCRFEWTDGMEFDYDDYYLIA - - - - - - EYE
mamushignp 71 I WNECMVEWTDGTRLSHNAWIT - - - - - - - - ESE
echicetin 71 YWRDCYWEWSDGAQLDYKAWDN - - - - - - - - ERH
hahuIX/X-bpB 71 VWNQOCNWQWSNAAMLRYKAWAE - - - - - - - - ESY
RSL 7 KKKDFSWEWTDRSCTDYLTWDKNQPDHYQNKEF

DmevARmADOZg

[sReRs N RN NS NONE]

=1

RORODOLO T

OO nNOnn00 ¢
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40 60
RAQENGAHLASIES -NGEADFVSWLISQKDELADEDY -V 70
TKQAKGAHLYVSIKS-AKEADFVAWMYTQNIEESFSH - -V 68
MDQVKGAHLVSIES-YREAVFVAQQOLSENVKTTKYD- -V 66
SEQAKGGHLVSIKIYSKEKDFVGDLVTKNIQSSDLY - -A 67
TEQRTGAHLVSIES -NTEAAFVYNQMISENIKKTDY - - -V 6
N-QWDGGHLYVSIES -NAKAEFVAQLISRKLPKSAITEDRVY 68
TEQAKGAHLVSIES-SGEADFVAQLVTQNMKRLDEY - -1 66
RKYKPGCHLASFHR-YGESLETAEYISDYHKGQEN - V66
* 120 * *
LHTKK- -CGALEKLTGFRKWYNYYCEQMHAFVCKLLPY 136
LYITK--CSLLKKETGFRKWFVASCIGKIPFVCKFPPQC 135
PLSKK--CFVLKKGTEFRKWFNVACEQKHLFMCKFLRPR 133
RTVKK - -CFALEKDLGFVLWINLYCAQKNPFVCKSPPP 132
PNSKK--CFVLKEYEGSRKWFNVYCGQKYAFMCKFLRPR 136
P--TK--CFVLERQTEFRKWIAVNCEFKFPFVCKAKIPR 133
AESKT--CLGLEKETDFRKWVNIYCGQQONPFVCEA 129
HYQNKEFCVELVSLTGYRLWNDQVCESKDAFLCQCKEF 135
40 60
QPKHSHLVSFQSA-EEADFVVKLTRPRLKANLVWMGLSN 70
QHTGSHLVSFHST-EEVDFVVKMTHQSLKSTFFWIGANN 72
QUTDSHLVSFDSS-EEVDFVASKTEPVLKHDLVWIGLGS 70
QQTGAHLYVSFQSK-EEADFVRSLTSEMLKGDVVWIGLSD 70
QRKESHLVSFHSS-EEVDFVVSMTWPILKYDFVWIGLNN 70
QVKDGHLVSFRNS-KEVDFMISLAFPMLKMELVWIGLSD 70
QHAGGHLVSFQSS -EEADFVVKLAFQTFGHSIFWMGLSN 70
YKPGCHLASFHRYGESLEIAEYISDYHKGQENVWIGLRD 72
100 * * 120
LAFRGVHTE - -WLNMDCSSTCSFVCKFKA 123
LISRTFDNQ--WLSAPCSDTYSFVCKEEA 125
ITSKSTDNE - -WLTRSCSRTYPFVCKFQA 123
VASKPTNNK--WWI1IPCTRFKNEVCEFQA 125
IAAKTTQNQ--WLSRPCSRTYNVVCKFQE 123
FAAKTTDNQ--WMRRKCSGEFYFVCKCPA 123
VYFKSTNNK--WRSRACRMMAQEFVCEFQA 123
VELVSLTGYRLWNDQVCESKDAFLCQCKEF 135

FIG. 3. Comparison of the amino acid sequences deduced from aggretin in cDNAs with those of snake venom C-type lectin and group VII
C-type lectins. The two aggretin chains are aligned corresponding with the two chains of the following snake venom protein: convulxin from
Crotalus durissus terrificus venom (15), mamushigin from Agkistrodon halys blomhoffii venom (22), alboagreggin-B (AL-B) from Trimeresu-
rus albolabris venom (17), botrocetin from Bothrops jararaca venom (9), echicetin from Echis carinatus venom (13, 14), habu IX/X-bp from
Trimeresurus flavoviridis venom (12), and Rattlesnake lectin (RSL) from Crotalus atrox venom (8). Asterisks indicate the position of well
conserved cysteine residues. Gaps (—) are inserted to obtain the maximum similarity.

consists of two subunits, « and B, and encodes se-
qguences of 135 amino acids for the « chain and 125
amino acids for the B chain, existing as hexameric
structure (28). The convulxin «/B subunits were ho-
mologous to each other and to those of the CRD of
C-type lectins. Convulxin has been found to bind to a
specific platelet receptor, GPVI, which is also one of

the collagen receptors (29, 30). The mature subunits
of aggretin showed a high degree of similarity (56.4%
identity for a chain and 56.1% identity for g chain)
with the mature subunits of convulxin (15). Aggretin
is a collagen-like platelet-aggregation protein and it
may bind to GPla/lla (5). Now, we are trying to
define the biological function of aggretin /B chains

TABLE 1
Sequence Identity among Aggretin and Other Venom Peptides

% of sequence identity
with aggretin

Class Category Venom peptide a chain B chain

C-type lectin-like peptides Collagen-like peptide Aggretin — —
Convulxin 56.4 56.1

GPIlb antagonists Habu IX/X-bp 59.7 57.7

Mamushigin 50.7 53.7

Echicetin 49.6 49.6

GPIb agonists AL-B 56.4 53.7

Botrocetin 52.3 48.8

C-type lectin Platelet-aggregation inducer® RSL 38.5 30.1

& The mechanism in molecular level is unclear.
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and to re-examine the possibility that aggretin may
bind to other receptor besides GPla/lla. The elucida-
tion of the essential binding motif of this molecule in
eliciting platelet aggregation will highlight the iden-
tity of collagen-receptor and the signal transduction
involved at molecular level.
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