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ABSTRACT

The morphological characteristic, anatomical venom duct, structure of
radular teeth, a.a sequence of toxin and three-dimensional structure of
Conus tessulatus’s (vermivorous feeding mode) toxin protein in Nha Trang
Bay, Khanh Hoa Province were studied. The results showed that venom
buld of C. tessulatus has a sickle milky white shape, venom duct has pale
yellow, radular sac has reddish, radular teeth of C. tessulatus are soft
structure and small size, have serration, one bard. Results of a-conotoxin

protein sequencing were used to construct deduced a.a sequence of the

toxin protein from C. tessulatus. From this a.a sequence, framework
of CC-C-C specific to a-conotoxin be determined and three dimensional of
C. tessulatus’ s toxin protein structure be modeled to understand the
functions of a-conotoxin from C. tessulatus based on homological proteins
known in the database. This study provides a protein database for
applications in the production of drugs used in the treatment for
neurological diseases.

TOM TAT

Pdc diém hinh thai, gidi phdu tuyén doc 16, cdu tric rang kitin, trinh ti
amino acid (a.a) va cdu triic khong gian bdc 3 cua protein doc 16 6¢ coi
Conus tessulatus (lodi an giun bién) thu tai vinh Nha Trang, Khanh Hoa
dwge tién hanh trong nghién ciru nay. Két qud cho thdy loai C. tessulatus
6 tii ddc mau trdang sita hinh ludi liem, ong dan déc mau vang nhat, tii
rang kitin mau cam hoi do, rdng kitin ¢6 cau triic mém va kich thuée nho,
c6 dwong rang cwa, ¢é 1 nganh. Két qud gidi trinh tw gen doc to o-
conotoxin duwoc ding dé xdy dung trinh ti a.a suy dién cia protein déc t6
loai C. tessulatus. Dya trén trinh ti a.a thu dwoc, khung cystenin (CC-C-
C) dac trung cho a-conotoxin dwogc xdac dinh va cau tric khong gian 3D
béc 3 cia protein dgc 16 dwoc mé hinh héa nham tim hiéu chire nang cua
a-conotoxin C. tessulatus dia trén cdc protein fiwong dong da biét trong co
so dir lieu. Nghién ciru nay cung cap dir liéu protein phuc vu cho umg dung
trong qud trinh sdan xudt thudc diéu tri bénh lién quan dén than kinh.
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1 PAT VAN BE

Oc cbi (Conus spp.) 1a mot trong nhimg loai
dong vat than mém co kich thudce 16n gom khoang
700 loai (Cunha va ctv., 2005). Oc ¢bi dn mdi sdng,
¢6 noc doc, phan bd trong cac ran san ho trén thé
gioi déc biét la ¢ vung bién nhiét d6i va vung bién
am (Rockel va ctv., 1995). Ngoai gia tri v€ kinh te
cac loai ¢ cbi con duge biét dén nhu 1a mot nguodn
dugc li€u quy chita cac bénh than kinh, dong kinh,
ung thu va triéu chiing dau man tinh (Olivera, 2002;
Terlau and Olivera, 2004).

Thirc an chinh cua 6c 001 (Conus spp.) 1a cac
loai ca nho, dong vat than mém, giun bién hodc cac
loai 6¢c cbi khac (Olivera, 2002; Terlau and
Olivera, 2004). Tuy thugc vao con mf)i ma phuong
thirc tin cong, hinh thai va céu tric rang kitin cling
khac nhau, loai an ca c¢6 3 nganh véi cac dau uén
cong; khong c6 duong rang cua, eo rang, cua day.
Loai an dong vat than mém c6 mot nganh va mot
ludi hodc ludi thay thé biang nganh thir 2, c6 duong
ring cwa, co cua day. Loai dn giun bién c6 mot
nganh va mot ludi, c6 dudng rang cua, eo rang, cd
cua day (Franklin va ctv., 2007).

Dic tinh cta 6c¢ 1a loai di chuyén cham nén dé
bi cac loai dong vat an thit khac tn cong. Do do,
mudn ton tai va phat trién co thé chung phai c¢6 ciu
tao dic biét dé thich nghi voi diéu kién méi trudng.
Co quan d6 chinh la tuyén doc. Tuyen noc ddc cua
dc cbi gdm cac bd phan: tii noc doc, dng dan doc,
voi hiit va tai rang kitin (Franklin va ctv., 2007).

Theo Peng va ctv. (2010), doc t& Conus
tessulatus ¢6 khung cystein CC-C-C, ¢ 2 cau ndi
disulfua C1-C3 va C2-C4 va trinh ty bao ton &
ving peptide tin hiéu gidng a-conotoxin (thudc A-
superfamily). Peptie doc t& tach chiét tr C.
tessulates (ol-conotoxin) c6 kha nang uc ché cac
thu thé nicotinic acetylcholine a3p2 va alplyd cia
té bao than kinh chudt.

Nghién ctru nay khao sat hinh thai tuyén noc
dac, ciu tric, hinh thai rang kitin cta loai Conus
tessulatus c6 phuong thirc dinh dudng an giun bién
(Polychaete) tai Nha Trang, Khanh Hoa; dong thoi
xdc dinh trinh ty a.a cia vung doc t6, xay dung mo
hinh céu trac khong gian bac 3 cua protein nhim
lam sang t6 mo6i quan hé gitra chu triic va chirc
ning cia doc t6 dé 1am co sé cho cac nghién ciru
chuyén sau.
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2 PHUONG PHAP NGHIEN CUU
2.1 Doi twgng, dia diém nghién ciru

Loai Conus tessulatus (5 cé thé) thu tai vinh
Nha Trang, Khanh Hoa, 9(’) chiéu cao than trung
binh  6,40+1,53cm, khﬁi . lwong trung binh
70,44+28,64g, van chuyén vé phong thi nghiém va
bao quan ¢ -40°C.

2.2 Phwong phap nghién ciu

2.2.1 Mb td ddc diém hinh thai

Mau ¢ duoc rira sach, dé rao va dat 1én khay
da. Tlen hanh chyp anh va quan sat s6 luong dudng
xodn bc, duong suture, mau sic va hoa van. Po
chidu cao vo, chiéu cao ting than, chle}l rong,
chiéu cao thap vo cua timg ca thé ¢ cbi. Oc duoc
dinh danh dya vao dic diém hinh thai theo Rockel
va ctv. (1995) va Nguyen (2007).

2.2.2 Gidi phdu tach tuyén djc

Dung btia dép bo vo dc, dit ndi quan vao dia
petri (dugc gilr trén khay d4). Dung dao md va keo
cét tai vi tri chira tuyén noc ddc, chuyén tuyén noc
doc sang dia petri moi dé tach cac co quan, cin do
cac by phan (kh01 luong va chidu dai cua tuyén
ddc, tii doc, ong dan doc, va tai rang kitin).

Dé nghién ciru rang kitin, dung kéo cat thi chira
ring kitin, sau d6 tach cac ring, rira sach bang con
dit 1én lam kinh, quan sat dudi kinh hién vi c6 gén
camera va két ndi may tinh (Olympus BX45) & vat
kinh 10%, chup anh va do kich thudc (chiéu dai
rang va nganh rang).

2.2.3 Tach chiét RNA tong s6

ARN téng sb cua myén ddc td b cdi duoc tach
chiét bang bo kit tach chiét RNA IQ™2000
(GeneReach Biotechnology - Dai Loan). Tuyén
doc t6 (khoang 30mg) dugce nghién nhuyén trong
dung dich tach chiét RNA. Sau khi loai cac protein
khoi dich tach chiét bang cach ly tim véi
chloroform, RNA hoa tan trong pha nuéc duoc két
tha bang isopropanol va duoc thu hdi qua ly tim.
Can RNA duoc ria béng ethanol 75%, hoa tan
RNA tong v6i nuéec DEPC va bao quan & -40°C.

2.2.4 Téng hop cDNA va tién hanh phan iing
RT- PCR

cDNA cua tuyén doc t6 6¢ cbi duoc tong hop
bang bo kit tong hop ¢DNA cua Cong ty c6 phan
Viét A. Sug RNA tong s6 ciia mdi mau dugc
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chuyén tr mRNA thanh cDNA bing enzyme
Reverse Transcriptase voi moi chung oligo(dT)is
theo chu trinh nhiét 25°C trong 5 phut, 42°C trong
30 phut va cudi cung 1a 85°C trong 5 phut.

Doan gen ma hoa cho a-conotoxin dugc khuéch
dai bang cap moi gdm mdi xudi (5° TCT G ATG
GCA GGA ATG ACG CAG 3’) va méi nguoc (5°
TCG TGG TTC AGA GGG TCC TGG 3°) (Lou va
ctv., 2006) duge thiét ké dira trén ving bao ton cua
doan propeptide va cta vung khong dich ma
(3°UTR). Phan tmmg PCR dugc tién hanh voi tong
thé tich 50 ul (bao gdm 20 ng khuén DNA, Dream
Taq buffer 1X (Fermentat), 0,25 nM mdi loai
dNTP, 0,2 pM mdi mdi, 2 mM MgCl, va 1 don vi
Dream Taq polymerase (Fermentat) trén may luan
nhiét Icycler (Bio-rad) theo chuong trinh nhiét nhu
sau: bién tinh ban dau tai 94°C trong 3 phut, tiép
theo 1a 35 chu ky cua 94°C trong 30 gidy, 55°C
trong 30 gidy, 72°C trong 30 gidy va giai doan cudi
& 72°C trong 2 phut. San pham PCR dugc dién di
trén gel agarose 1,2% nhudm ethidium bromide.
Két qua dugc ghi nhan thong qua viée sir dung hé
thong ghi anh gel ty dong Geldoc va phan mém
Quantity One® (Bio-rad).

2.2.5 Cloning (tgo dong) va gidi trinh tw

San phdm PCR sau khi tinh sach bang bo kit
Wizard DNA Clean-Up System (Promega) theo
huéng dan cia nha san xuét, duoc chén vao vector
pGEM-T Easy thong qua bo kit TOPO TA nhan
dong dé giai trinh ty (Invitrogen). Cac vector sau
d6 duge bién nap vao E. coli. Khuéan lac ¢ mang
gen dugc chon loc bang phwong phap sang loc
tréng — xanh dé chuén bi cho viéc giai trinh ty. Cac
vector cho khuan lac mau tring c6 mang gen ma
hoa cho céc conopeptide tién than dugc giai trinh
tu va phén tich trén may phan tich trinh tu ty dong
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ABI Prism® 3700 DNA Analyser (Applied
Biosystems). Céc trinh tu dugc két ndi bang phan
mém Vector NTI v.9.

2.2.6 Danh phap va phdn tich trinh ty cua ho
a-conotoxin

Trinh tv DNA doc t§ a-conotoxin thu duge tir
loai C. ftessulatus duge ky hiéu Tsl.1. Trinh tu doc
t6 dugc xac nhan bing chuong trinh BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) Sau do, st
dung phin mém chuyén trinh ty nucleotide thanh
a.a (http://www.fr33.net/translator.php) va chon
frame khong c6 cac ma két thuc, dong thoi co
khung CC-C-C dé phan tich.

2.2.7 Xay dung cau triic khéng gian bdc 3 ciia
protein tir trinh tw a.a Ts1.1

St dung phdn mém Swiss-PdbViewer 4.1.0
(Nicolas va ctv., 2012) va phan mén Jmol
(http://jmol.sourceforge.net/) dé dy doan ciu trac
bic 3 cua protein. Server MOLPROBITY
(http://molprobity.biochem.duke.edu/) dugoc su
dung dé danh gia chat luong ciia md hinh ciu triic
protein cua loai C. fessulatus.

3 KET QUA VA THAO LUAN
3.1 Céu tao tuyén ddc t6 va ciu triic ring Kitin

Céu tao chung tuyén doc t6 cua cac loai ¢ gdom
cac bd phan: tai doc c6 mau tring sita 1a co quan
16n nhét trong tuyén doc; dng dan doc c6 mau vang
nhat din chit doc tir tui doc dén rang kitin, duong
kinh nho nhung dai nhét trong cac bd phén; voi hut
hinh chop cut, rdng, 1a phan cudi cung cua tuyén
doc; thi rang kitin chira cac rang kitin bao gdm hai
nhanh, nhanh dai ¢6 mau do & phan ndi véi 6ng
dan va vang nhat ¢ phan con lai, nhanh con lai
trong sudt. Tuyén doc t6 ciia loai Conus tessulatus
(Hinh 1A) dugc m6 ta ¢ Hinh 1B.

w

Hinh 1: A: Hinh thai bén ngoai, B: Ciu tao tuyén dc, C: Cau tric ring Kitin caa C. fessulatus.
Vh: Voi hit, Od: Ong déan déc, Dr: Tii rang kitin, Td: Tii noc déc, N1: nganh 1, Tr: Than rang. Kich thuée (Hinh 1C)=
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Tui doc g:ﬁa loai C. {essulatus c6 mau tre‘ing stta vang nhat c¢6 CD 10,96+1,06 cm, KL 0,04+0,03 g.
hin}l ludi liém véi chiéu dai (CD) 1,54i0,61 cm, Tai rang kitin ¢6 mau cam hoi d6 CD 0,50+0,00
khoi lwgng (KL) 0,1140,09 g. Ong dan ddc c6 mau cm, KL 0,01+0,00 g (Hinh 1A,1B, Bang 1).

Bang 1: Khdi lwong va chiéu dai cac bd phan tuyén doc ciia b¢ cdi Conus tessulatus (n=5)

Khéi lrgng _Toan than Tuyén doc Ong din doc  Tui ddc  Tui ring Kitin
® 70,44 +28,64 0,18+0,15 0,04+0,03 0,11+0,09 0,01=+0,00
Chiéu dai Vé Tuyéndoc _ Ongdin doc Tiidfc  Tiiring kitin__ Riing kitin
(cm) 6,40 +1,53 13,02+1,25 10,96+ 1,06 1,54+0,61 0,50+ 0,00 0,11+0,01

duong rang, c¢6 hoac khong co eo ring, co6 cua day.
Két qua cho thiy cu tric ring kitin cua loai
nghién ctru dai dién cho phuong thirc dinh dudng
an giun bién c6 sy twong dong véi cac nghién ciru
trude day (Franklin va ctv., 2007; James, 1980).

Ket qué cho thiy c6 su twong dong véi nghién
ctru vé loai C. vexillum 1a loai an giun bién, co6 tui
d6c mau tring sira, hinh ludi liém, dng din mau
cam nhat, tai raing mau cam dé (Pang Thuy Binh
va ctv, 2013). Theo Bang Thuy Binh va ctv, (2012)

nghién ciru vé loai C. badanus cho thay tai doc co Ring kitin cta 6¢ ¢di (Conus ssp.) gidng nhu
mau tring sira, hinh ludi liém, ring kitin ¢6 cu kim tiém trong sudt, co vai tro truc tiép dua chat
trac mém va kich thudc nho, ¢ ludi ring va eo doc vao co thé con mdi. Rang kitin cta ¢ cbi co
rang. nganh }iau mdt sb co nganh thtr hai, ngoai ra con

tim thay mot sb rat it loai ¢6 nganh tht ba, cac

Cu tric rang kitin nganh gilp gilr con mdi. Ludi rang kitin ¢6 vai tro

Sau khi phan tach va lam sach, rang kitin cla cit va mo rong dién tich tiép xuc khi phong kim
loai C. tessulatus dugc mo ta & Hinh 1C. Rang tiém vao con moi. Puong rang cua la mét dai rang
kitin cua C. fessulatus c¢6 cau tric mém va kich nho chay doc trong thanh rang tir nganh dau xudng
thude nho, c6 duong riang cua, c6 mot nganh, CD gan giita rang kitin. Hau het tat ca cac loai co mot
0,11£0,01 cm (n=5) (Béng 1). hang ring nho, chi c6 mot sb it co hai hang, mot s6

loai khong c6 duong ring cwa nay. Phan eo ring
kitin 12 mot diém co lai phan nira trén cia ring
kitin. Cwa & day 1a mot rang nho nho ra tir u ndi lén
& cubi rang kitin (Franklin va ctv., 2007; James,

Theo Bang Thuy Binh va ctv. (2013) rang kitin
loai C. vexillum kha cung, mot nganh, mdt ludi, c6
duong rang cua va c6 eo rang. James (1980)

nghién ctru rang kitin cta 22 loai ¢ cbi thu & ving 1980)
bién An B¢ - Thai Binh Duong ghi nhén loai an '
giun bién (13 loai) thé hién sy bién di loai cao véi Trinh tw a.a ciia a-conotoxin

hai nganh phia trudc, ving ring cua gan dinh, ludi
kim & vi tri cya day. Franklin va ctv. (2007) mo ta
céu trac rang kitin 22 loai 6c¢ céi_ (trong do6 co 17
loai an giun bién) & ving bién An Do ciing cho
thdy loai an giun bién c6 mot nganh va mot ludi
hoic ludi duoc thay thé bang mot nganh thi hai, c6

San phém PCR dugc nhan dong va giai trinh tu,
doan trinh tu thu duoc c6 chiéu dai la 153bp. Tién
than doc t6 cua loai C. tessulatus dugc ky hiéu 1a
Tsl.1 c¢6 chidu dai 42 a.a. Ving doc to truong
thanh ciia Tsl.1 dugc phan tich véi ving tién
trudng thanh tai vi tri XR, ¢6 20 a.a (Hinh 2).

ATT TCT GAT GGC AGG AAT GAC GCA GCC AAC GAC AAA GCG TCT GAC CTG 48

1 S D G R N D A A N D K A S D L

GTC GGT CTG AAC GTC AGG GGA TGC TGT TCT CAT CCT GCC TGT TAC GTG 96

v 66 L N VvV R G € C S H P A C Y 'V

AAT AAT CCA CAC ATT TGT ACT CGA AGA CGC TGA tgctccaggaccctetgaaccacg
N N P H 1 C T R R R STOP C-terminal

Hinh 2: Trinh ty nucleotide va peptide ciia trinh tw Ts1.1, Ky hiéu a.a theo danh phap quéc té. a.a cé
nhom bén ky nwéc duwge gach chan, khung CC-C-C duge in ddm
3.2 Xay dung chu tric khong gian bic 3 trong khung CC-C-C duge md ta ¢ Hinh 3C. Céu

ciia protein tir doan peptide Ts1.1 truc protein 3D cua a-conotoxin cia trinh ty doan

., peptide Tsl.1 duogc trinh bay & Hinh 3A, B, C.
Su sap x€p cac a.a Cysteine va cac vong lap
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CC- loopl- C- loop2- C

Hinh 3: Céu tric khong gian bic 3 ciia trinh ty a.a Ts1.1. (A ): Thé hién chii yéu la cac a.a ¢6 nhém
bén tich dién dwong. (B): Thé hién cac a.a ¢6 nhém bén ky nuére. (C): Thé hién lién két disulfide va cac
vong lip khung CC-C-C. Cic a.a ¢6 nhém bén khong phén cwe, ky nuéc dwge ky hiéu bing mau xanh

14 cdy; cac a.a ¢6 nhém bén phan cuc, khong tich dién dwgc ky hi¢u bing mau vang; cic a.a ¢6 nhém
bén tich dién dwong ky hi¢u bing mau tring; cic a.a c6 nhém bén tich dién 4m dwoc ky hiéu bing
mau xanh da troi; cac a.a ¢6 nhém bén chira nhian thom dwgc ky hi¢u bang mau doé

Danh gia md hinh cau triic protein cua doc tb
loai C. tessulatus thong qua gian dd Ramachandran
cho théy c6 77,8% a.a nam & vung ung ho, 92,6%
a.a nam trong ving cho phép va 2 a.a nim ngoai
vung cho phép. Poan peptide thu tir C. tessulatus
¢ goc Cysteine tao nén lién két disulfide Vi cac
goc Cysteine tai vi tri khac nhau tao thanh cau tric
xoan cua protein (Hinh 3C), nhing cau n01 nay
dong vai tro quan trong trong viéc 6n dinh cu trac
protein cua doc t& a-conotoxin. Bo khung Cysteine
bao ton x4c dinh bing server PROSITE
(http://prosite.expasy.org/) danh sb I — IV, vi tri
gitta Cysl, II va CysllI 1a loopl, giita CyslIl va
CyslV 1a loop2 (Hinh 3C). Trong cac loopl va
loop2 thi chu yéu la cac a.a c6 nhom bén ky nuéc
va tich dién. Nghién ciru cho thidy Conotoxin co
khung CC-C-C tuong tu nhung khac biét vé cac
lién két disulfide. Giita oa-Conotoxin va chi-
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Conotoxin déu c¢6 khung CC-C-C nhung khung
Cysteine cia a-conotoxin la CysI-CysllI va CyslI-
CyslV, trong khi chi-Conotoxin (tach chiét tur
Conus marmoreus) 1a CysI-CysIV va CysII-CyslII.
Céc lién két disulfide khac nhau tao ra ciu tric véi
cac nép gap khuc khac nhau dan dén chuc ning cua
protein khac nhau, do vdy doc td tac dong 1én cac
kénh ion khac nhau (Kang va ctv., 2006).

Olivera (2002) cho réng doc t6 a-conotoxin cia
¢ cbi tac dong 1én cac kénh ion khac nhau, trong
d6 c6 kénh K* cta té bao than kinh. Nghién ctru
nay tap trung dén cic a.a c6 nhom bén mang dién
tich (K, H, R, D chiém 25,6%) va ky nudc (G, A,
P, V, L, I chiém 37.2%) (Hinh 3B) dé lam ni bat
tam quan trong cula twong tac ky nudc va twong tac
tich dién. Cac a.a c6 nhom bén ky nudc-CH;z khong
tich dién (dugc gach chan & Hinh 2), hinh thanh
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luc hut khi ding gan nhau, thong qua lién két nay
céc a.a két hop v6i nhau tao thanh khéi, dong vai
trd quan trong trong viéc 6n dinh cdu trac protein
va anh huong rat nhiéu dén tinh tan cta protein
(Alexei, 2002). Bén canh do, a.a c6 nhom bén
mang dién duong tao nén ving nhay cam dién thé,
¢6 thé di chuyén va kiém soat mo kénh K*. Trong
trinh tu Ts1.1, cac a.a ¢6 nhom bén tich dién duong
chia 1am hai cum, mot 1a & dau N-terminal gém a.a
Arg5, hai 1a ¢ ddu C-terminal gém a.a Argdl,
Arg42, Arg43 (Hinh 2), cic a.a c6 nhom bén tich
dién duong nay giup cho doc té tiép can vdi cira
kénh K* (Harvey va ctv., 2007).

Annette va ctv. (2003) nghién ctu ciu trac
protein doc t6 a4/7-conotoxin tic dong 1én thy thé
nAChR thu nhén tr Conus geographus, cho thy
cAu truc protein c6 su phan bd chu yéu cua cac a.a
c6 nhom bén ky nude va tich dién, c6 cac lién két
disulfide khung CC-C-C gitp 6n dinh céu tric
protein va c6 su phan b cia a.a Arg ddu khung N-
terminal. Mo hinh cdu tric protein coa C.
tessulatus trong nghién ctru ndy tuong ddng véi md
hinh cdu trac protein ciia Conus geographus da
dugc nghién ctru trude day.

Poc td conotoxin tir b¢ cdi co tinh da dang cao
(50,000 - 400,000 doan peptide duoc phat hién) va
¢6 tiém nang tng dung trong y dugc. Nghién ciru
hién tai mé ta hinh thai, cau triuc tuyen ddc va rang
kitin, ddng thoi xdy dung mo hinh cdu trac 3D cia
protein doc tb loai C. tessulatus. Dir liéu ndy gop
phan quan trong trong nghién cttu dugc tinh cua
doc t6 bc cbi, cling nhu cung cap thong tin cho
cong tac quan 1y va bao ton nguodn dugc li€u sinh
hoc bién Viét Nam.

4 KET LUAN

Loai C. tessulatus dai dién cho phuong thirc
dinh dudng an giun bién c6 tai doc mau tring sira,
hinh Iudi liém, dng din mau cam nhat, thi ring
mau cam d6. Rang kitin ¢6 kich thudc nho va yéu,
c6 dudng rang cua, c6 mot nganh.

Khung CC-C-C dic trung cho a-conotoxin
duoc xac dinh va cau trac khong gian 3D béc 3 cua
protein doc t6 loai C. tessulatus dugc mo hinh hoa.

5 DE XUAT

Cén co nhimg nghién ctru chuyén séu ve chu
tao tuyén doc, chu triic rang kitin va cdu trac
protein doc t& dé gop phan quan trong trong nghién
ctru dwoc tinh ctia doc td b¢ cbi, ciing nhur cung cép
thong tin cho cong tac quan 1y va bao tdn ngudn
duoc liéu sinh hoc bién Viét Nam.
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