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TIEM NANG SU DUNG LECTIN TU RONG PO -
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Tém tit: Rong do, Kappaphycus alvarezii la mau rong kinh té khong chi dung
lam thyc pham cho con ngudi ma con lam nguyén li¢u dé san xuét
carrageenan, va dugc nudi trong rong rai ¢ nhiéu nudc ving nhiét déi.
Trong khuon khd nghién ctru nay, lectin tir rong d6 K. alvarezii da duoc
tinh ché dé danh gia cac tinh chat hoa sinh va ham luong cua ching. Két
qua cho thay rang loai rong nay chira ba lectin 1a KAA-1, KAA-2, and
KAA-3, c6 chung dic tinh trc ché khang nguyén, trinh ty 20 acid amino
& dau tan cung N (N-terminus) va khoi lugng phan tir twong duong,
nhung lai khac nhau vé ham lugng. Lectin tir rong K. alvarezii ¢6 kha
nang trc ché sy 1ay nhiém cia cac dong virus cum khac nhau & nong do
nanomolar, va ngin can virus xdm nhép vao té bao chi. Cac két qua
nghién ctru cho thay lectin tir rong K. alvarezii s& 13 ngudn thudc thu
khang virus moi.
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Abstract: The red alga Kappaphycus alvarezii not only is economically important
as an edible species, but also as a source of carrageenan, and has been
extensively cultivated in several tropical countries. In this study, lectins
from K. alvarezii were isolated and characterized for determinating of
their biochemical properties. The results showed that there are three
lectins named KAA-1, KAA-2, and KAA-3, which shared (1) the hapten-
inhibition profile of hemagglutination, (2) 20 N-terminal amino acid
sequence, and (3) equivalent molecular mass, but differed in their yields
in the extract of K. alvarezii. Lectin from K. alvarezii inhibited infection
of various influenza strains in low nanomolar levels, and prevented virus
entry into host cells. These results indicate that lectin from K. alvarezii
would be useful as a novel antiviral reagent.
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I. GIOI THIEU

Lectin, agglutinin hodc hemagglutinin 1a nhing protein hodc glycoprotein co
nguon goc khong mién dich. Lectin duoc phan bd rong rdi trong tu nhién tir vi
khuan, virus, dén dong vat, thuc vat bac thap va bac cao. Lectin c6 kha niang lién
két thuan nghich véi cac phan tir duong don (monosaccharide) hoic duong kép
(oligosaccharide) qua mot mang ludi lién két ciia nguyén tir hydro giita cac nhom
OH- cua carbohydrat va nhom NH- caa protein-lectin. Lectin ¢ thé lién két vai
phan chudi carbohydrate cuia glycoprotein hodc glycolipid nam trong té bao dong
vat, trong 16p vo cua virus, vi khuan hodc 16p mang glycoprotein trong hé thong
tiéu hoa ciia con trung (Vandenborre va cs, 2011). Lectin twong ty nhu khang thé
(antibody) vé kha ning ngung két t& bao mau; tuy nhién lectin khong phai 1a san
phém cua hé théng mién dich. Phu thudc vao nguén géc thu nhan lectin, mdi
lectin cho thiy su da dang trong ciu truc phan tir, dic tinh lién két carbohydrate
va hoat tinh sinh hoc khac nhau.

Nghién ctru vé ddc tinh cua lectin tir rong bién di cho thay chung 1a mot
nhom lectin méi, béi vi nhiu lectin dd c6 mot sé dic diém chung nhu khéi lugng
phan tir thép, ton tai & dang monome, bén nhiét va hoat tinh khéng phu thudc vao
cation hoa tri hai, va khong c6 ai luc vdi cac dudong don nhung cé ai lyc manh voi
cac glycoprotein, dic biét 1a cac glycoprotein trén bé mefltlté bao hoac trén 16p vo
cta virus (Lé Dinh Hung, 2009). Mot s6 lectin tir rong bién nhu lectin tir rong do
Eucheuma serra va E. cottonii da cho thdy hoat tinh phan bao trong ca hai lympho
bao ngudi va chudt (Kawakubo va cs, 1997), hoat tinh khang cac chat gdy ung thu
(Sugahara va cs, 2001) va hoat tinh khang HIV (Hori va cs, 2007). Lectin hypnin
A tir rong d6 Hypnea japonica da nhan biét dic hiéu 161 fucose(al-6) (Okuyama
va cs, 2009) ma no 1a chét chi thi quan trong dé nhan biét ung thu gan va tuy
(Miyoshi & Nakano, 2008). Lectin GRFT tir rong Griffithsia sp. dd tc ché manh
cho su nhan déi cua virus HIV (Mori va cs, 2005), lectin tir rong do Bryothamnion
triquetrum (BTL) va Bryothamnion seaforthii (BSL) c6 thé phan biét sy bién ddi
clia té bao ung thu rudt két trang cia nguoi (Pinto va cs, 2009), va lectin BCA tur
rong luc Boodlea coacta ciing da cho thdy hoat tinh manh khéng lai virus HIV va
virus cam HINI (Sato va cs, 2011a). Tir nhirng két qua trén, rong blen s€ 1a mot
ngudn lectin gia tri cho sir dung trong héa sinh, y-sinh hodc cho cay trong bién do6i
gien de nang cao chit lugng san pham va khang lai mot s6 con trung c¢6 hai cho
cay trong (Lam & Ng, 2011).

II. VAT LIEU VA PHUONG PHAP NGHIEN CUU

1. Vit liéu va héa chit

Rong bién Kappaphycus alvarezii dugc thu ¢ vinh Cam Ranh, tinh Khanh Hoa,
Viét Nam. Sau khi thu, mau rong dugc chuyen ngay dén phong thi nghiém, dugc
rira bang nudc cat va gitt ¢ -20°C cho dén khi sir dung. Mau mau tho, ciru va ga

do Vién Vic xin va sinh ph'fim Y té, BO Y té cung cép; cac nhom mau A, B va O
cua nguoi dugce thu thap tir Bénh vién Da khoa tinh Khanh Hoa.
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Hoba chét sir dung trong nghién ctru bao gébm cacMonosaccharides nhuN-
acetyl-D-glucosamine (GIcNAc), N-acetyl-D-galactosamine (GalNAc) va yeast
mannan ( Nakarai Chemical, Kyoto, Japan), cac Glycoproteins bao gom
Transferrin, fetuin, asialo-fetuin, porcine thyroglobulin va bovine submaxillary
mucin ( Sigma Chemical Co.), va PA-oligosaccharides (Takara, Kyoto, Japan).

2. Phwong phap nghién ciru
2.1. Tinh ché lectin tir rong sun K. alvarezii

Rong dugc chiét voi ethanol lanh 20%. Sau khi ly tim lanh & 4°C véi tbc do
6.000vong/phut trong 30 phit, phan dich trong duoc két tua bang ethanol lanh
96% (-20°C). Thu két tua va tham tich dé loai bo ethanol. Phan dich trong tui
tham tich dugc tinh sach bang sic ky loc gel va sau d6 bang sic ky trao ddi ion.
Dich rira giai dwoc quan sat & budc song 280 nm va hoat tinh ngung két hong cau
duoc thir nghiém véi hong cau tho da duge xir 1y trypsin.

2.2. Chudn bi dich huyén phii hong cau dang tw nhién va da dwoc xir Iy enzym

Mau dong vat va ngudi duoc chuan bi thanh huyén phii hong cau 2 % (v/v) trong
dung dich mubi NaCl 0,85%. Hoat tinh ngung két hong cau duoc tién hanh dung
dia microtiter 96 gléng day chir V theo phuong phéap da duge md ta (Hung va cs,
2009). Sy ngung ket dugc quan sat va cho 1a duong tinh khi hon 50% huyén phu
hong cau trong giéng bi ngung két. Phép thir duoc tién hanh ba ldn cho mot dung
dich chiét.

2.3. Xac dinh dac tinh lién két carbohydrate ciia lectin

Dé kiém tra su e ché ngung két mau, 25 uL cia dudng hodc glycoprotein dugc
pha loang hai lan theo hang dugc chuan bi trong dia 96 giéng. Vi mdi giéng, mot
thé tich twong dwong cta dung dich lectin véi 4 don vi hoat tinh dugc thém vao.
bia dugc tron nhe nhang va gitr 6 nhiét d6 phong trong 1 h. Cubi cung, 25 uL
huyén phui 2% ctia hong cau tho da dugce xur ly trypsin dugc thém vao moi giéng,
dia dugc troén nhe va duoc gitr tlep tuc trong 1 h. Hoat tinh trc ché dugc mé ta
cling nhu ndng d6 nhé nhit cua dudng (mM) hodc glycoprotein (ug mL™"), ma nd
da wre ché hoan toan 4 don vi hoat tinh cua lectin.

2.4. Xac dinh ham lwong protein

Ham luong protein duoc xac dinh theo phwong phap Lowry (1951) dung bovine
serum albumin (BSA) lam chuin. Su hip thu ¢ budc song 280 nm dugc dung dé
danh gia ham lugng protein trong cac phan doan sic ky.

2.5. Xac dinh khoi lwong phan tir

Khéi lugng phan tir ciia lectin duoc xac dinh bang phuong phap dién di trén gel
polyacrylamide 10% (SDS-PAGE), c¢6 va khong co chat khir 2-mercaptoethanol
(LaemmLi, 1970) va bang phuong phép quang phd khdi ion hoéa phun dién tur
(ESI-MS) (LCQ, Finnigan).

2.6. Xac dinh dac tinh lién két oligosaccharide bang phwong phdap sac ky long
siéu loc ket hop Iy tam (Katoh va cs, 1993; Hori va cs, 2007)
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Trong sb cac lectin dugce tinh ché tir K. alvarezii, KAA-2 dugc chon dé xac dinh
dic tinh lién két oligosaccharide. Liy 90 pL ciia KAA-2 ndng do 500nM da duoc
pha trong dém Tris-HC1 50mM (pH 7,0) va 10 uL cta PA-oligosaccharide ndng
d6 300nM, tron déu va giir & nhiét d6 phong trong 60 phat. Sau d6 hdn hop phan
tmg dugc ly tam siéu loc bang dng NANOSEP 10K OMEGA (PALL Corporation,
Life Sciences, USA), v6i mang siéu loc 10.000 Da. Lay 20 pL phan dich loc chay
qua cot TSKgel ODS 80TM (4,6x150 mm) va rira gidi cot voi 10% methanol
trong dém ammonium acetate 0,1M & tde do dong 1,0 mL/phut ¢ 40°C. Dich rua
gidi dugc quan sat & budc song kich thich 320 nm va budc song phat xa 400 nm
cua hé théng HPLC. Sb lugng PA-oligosaccharide (Opoung) li€n két duoc tinh toan
theo cong thiic sau: Opound = Oadded — Ounbounds O GO Oadded thé hién sb luong PA-
oligosaccharide dugc thém, ma né duoc xac dinh tur dich loc ctia dung dich phan
ung khoéng co6 lectin. Hoat tinh lién két (Obound/Oadded) dugce tinh toan cling nhu ti
16 cua sO luong cua PA-oligosaccharide lién két véi sé luong cua PA-
oligosaccharide dugc thém va dugc mo ta cling nhu % lién Kkét.

2.7. Hoat tinh khang virus cum

Hoat tinh khang virus duoc xac dinh bang phép thir hap thu thuéc nhudém do trung
tinh. Cac ndéng do khac nhau cua lectin KAA-2 dugc pha trong mdi trudng
Dulbecco’s modified Eagle Medium (DMEM) c6 chtra trypsin (10 pug/ml), sau do
thém vao té bao Madin-Darby canine kidney (MDCK), va dugc nudi cdy trong dia
microplate 96-giéng. Sau khi i & 37°C trong 48 h, thém 100 pl thuéc nhuém do
trung tinh (pha 150 pg/ml trong DMEM) vao cac giéng va u thém 2 h. Tach thudc
nhudm do trung tinh dinh két vao té bao ra khoi té bao bang cach thém 100 pl hon
hop dung méi acid acetic 1%/ethanol 50%. Cuong d6 mau ctia thubc nhuom duge
tach ra khoi té bao dugc do & budce song 540 nm bang may doc dia microplate va
chi ra kha ning song st ctia té bao bi nhidm virus.

III. KET QUA NGHIEN CUU
1. Hoat tinh ngung két mau ciia dich chiét tho

Dich chiét ethanol 20% tir rong K. alvarezii &i ngung két voi hong cau mau tho
va curu dé duge xu ly bang enzyme trypsin hodc papain nhung khéng gay ngung
két voi hong cau mau ngudi (A, B, va O), ngay ca khi héng cau mau nguoi da
dugc xur ly enzyme, chi ra rang lectin tir rong nay khong gay doc dbi voi hé hong
cau nguoi (Bang 1).

Bang 1. Hoat tinh ngung két mau cua dich chié!: ethanol 20% tir rong Kappaphy-
cus alvarezii. Hoat tinh ngung két mau dugc thé hién cing nhu sy pha loang cao
nhét cia dich chiét ma né cho su ngung két duong tinh (H.U.mL™)

K. alvarezii Thé Culru Ga Mau A Mau B Mau O
N T P N T P N T NT P N T N T P
P P
8 256 512 - 128256 - - - - - .

Ghi chii: N: hong cau tw nhién; T: Hong cau dwgc xir Iy enzyme trypsin; P: Hong cdu
duwoc xir ly enzyme papain; -: khéng co sw ngung ket
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3.2. Tinh ché lectin tir rong Kappaphycus alvarezii

Lectin tor rong K. alvarezii da dugc chiét v6i ethanol lanh 20% va dugc két tua
bang ethanol lanh 96%. Két tiia ¢6 chira 1 dinh hoat tinh trén sic ky gel (Hinh 1)
va duoc dit tén 1a KAA theo tén ctia mau rong. Pinh hoat tinh dugc tinh ché bude
2 bang séc ky trao d6i ion (Hinh 2) va xuét hién 3 dinh hoat tinh véi su di chuyén
giéng nhu dinh KAA trén dién di SDS-PAGE. Vi vdy, ching dugc dat t€n la
KAA-1, KAA-2 va KAA-3 theo thtr ty rira giai ra khoi cot. Két qua cua qua trinh
tinh ché duoc tom tat trong Bang 2.

Bang 2. Tom tat qua trinh tinh ché lectin tir rong K. alvarezii (500g rong tuoi
duoc dung trong thi nghiém nay)

Hoat tinh Hoat tinh Hg

téng s6 (HU  dac hiéu

Néng dé
Protein ngwng ket

(mg) ?uhg°m"tﬂ; mL") (HU mg™) ;;"c':‘

Dich chiét ethanol 20% 4538 0.33 1047878 3030 10
Két tda ethanol 86.6 0.10 866000 10000 3.3
Séc ky gel KAA 334 0.04 853330 22000 7.3
Shc ky trao ddiion KAA-1 3.3 0.02 110000 33333 11.0
KAA2 108 0.01 720000 66666 22.0

KAA3 1.0 0.26 3846 3846 13

“ Ham lwong aggutination toi thiéu
b Hé 56 pha lodng cao nhdt gdy ikc ché hong cau thé da dwoc xit Iy trypsin
“Pon vi ngung két hong cau/ mg protein

1.5 7

-10000

A280 nm

Hinh 1. Sic ky loc Gel tir phan két tua 80% ethanol. Dich rira giai dugc xc dinh
0 budc song 280 nm (#—#) va hoat tinh ngung két mau (-—2)
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1 5 - 10000

- o000

A 280 nm
-
()]

HI mL!

1] 4 g 12 16 20 24 28 32
iy

Hinh 2. Sic ky trao d6i ion tir phan hoat tinh cta hinh 1. Dich rura giai duoc xac
dinh ¢ budc song 280 nm (#—#) va hoat tinh ngung két mau (2—2).

3. Khdéi lwgng phan tir va trinh tw N-terminal acid amino ciia cac lectin tir K.
alvarezii

Khéi luong phan tir twong d6i cua cac lectin KAA-1, KAA-2 va KAA-3 dugc xéac
dinh bang sic ky gel 1a 25.000 Da va bang dién di SDS-PAGE 1a 28.000 Da trong
ca hai diéu kién khir va khong khir (Hinh 3). Cac dai 28.000 Da thi 4m tinh cho
phép thir nhuém carbohydrate sau khi gel dién di SDS-PAGE duoc chuyén lén
mang PVDF. Két qua chi ra ring ca ba lectin 1a protein dang monome khong chtra
carbohydrate. Bing phuong kDa

phap quang phd khdi ion AR e e o

hoéa phun dién tir (ESI-MS),

khéi lugng phan tor cia 36.5
lectin KAA-1 1a 28.018+1,5 29
Da, KAA-2 la 28.021+1,8

Dava KAA-31a28.016+1,2 20.1
Da. Trinh tu cua 20 acid
amino & dau tan cung N- 143
terminus cua cac lectin thi
twvong tu nhau, chi ra ring
cac lectin nay la cac dong
phén v6i nhau.

Hinh 3. Dbién di SDS -
PAGE cua cic lectin tir K. alvarezii; Land 1, hon hop khéi lwong phén tir cia cac
protein chuan; Land 2, két tua protein; Land 3, sic ky gel; Land 4, 6 va 8 tuong
tmg voi KAA-1, KAA-2 va KAA-3 trong diéu kién khong khir; Land 5, 7 va 9
tuong ung véi KAA-1, KAA-2 va KAA-3 trong diéu kién khtr.
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Kappaphycus alvarezii

1 5 10 15 20
KAA-1 GRYTVQNQWG GSSAPWNDAG

KAA-2 GRYTVQNQWG GSSAPWNDAG
KAA3 GRYTVQNQWG GSSAPWNDAG

Kappaphycus striafum
KSA-1 GRYTVQNQWG GSSAPWNDAG
KSA-2 GRYTVQNQWG GSSAPWNDAG
KSA-3 GRYTVQNQWG GSSAPWNDAG

Hinh 4. Trinh tu 20 acid amino ¢ dau tan cung N-terminus cua lectin tir
Kappaphycus alvarezii va K. striatum.

4. Phép thir trc ché su ngung két hong cau

Ba lectin KAA-1, KAA-2 va KAA- 3 tir rong K. alvarezii &3 duoc kiém tra cho
dic tinh lién két carbohydrate bang phép thir e ché sy ngung két hong ciu véi
cac dudng don va cac glycoprotein. Hoat tinh ngung két hong cau cua ca ba lectin
déu khéng bi e ché boi cac duong don, lactose va fucoidan, nhung bj trc ché
manh bdi cac glycoprotein dugc thi nghiém, ngoai trir transferrin va porcine
stomach mucin. Porcine va bovine thyroglobulin, cic dan xuat ciia ching va yeast
mannan, cac glycoprotein nay chira N-glycan dang high-mannose trong phén tur la
céc chat (rc ché manh nhét sy ngung két hong cau cua cac lectin. Fetuin mang hai
dang N-glycan dang phtic va O-glycan, va bovine submaxillary mucin chua O-
glycan ciing cho thdy kha ning trc ché twong d6i hoat tinh ngung két hong cau cia
cac lectin.

Bang 3. Phep thur tre ché su ngung két hong cau cia cac lectin tir K. alvarezii. Mdi g tri
chi ra néng d6 nho nhat cua duong (mM) va glycoprotein (ug/ml) ma ching da trc ché
hoan toan sy ngung két hong cau

BPudng va glycoprotein KAA-1 KAA-2 KAA-3

Duong (mM)
Monosaccharides - - -
Lactose - - -
Fucoidan - - -
Glycoprotein (ug mL’)
Transferrin - _ _
Fetuin 31,2 31,2 31,2

Porcine thyroglobulin 0,9 0,9 0,9
Asialo-porcine thyroglobulin 0,9 0,9 0,9
Bovine thyroglobulin 7,8 7,8 7,8
Asialo-bovine thyroglobulin 7,8 7,8 7,8
Yeast mannan 1,9 1,9 1,9
Bovine submaxillary mucin 31,2 31,2 31,2
Asialo-bovine submaxillary mucin 31,2 31,2 31,2

Porcine stomach mucin - - -
Ghi chii: “ khéng cé sw tke ché & 100 mM cho monosaccharide va 2.000 ug mL™” cho glycoprotein
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Tuy nhién, transferrin chi chta N-glycan dang phuc va porcine stomach
mucin chi mang dang O-glycan thi khong trc ché hoat tinh ngung két hong cau
ctia cac lectin. Két qua chi ra rang ca ba lectin da nhan biét cac glycoprotein N-
glycan dang high-mannose (Bang 3).

5. Hoat tinh khang virus cim

Chin dong virus cim A va mot dong virus cim B d3 dugc dung dé kiém tra tac
dung cua lectin KAA-2 khang lai sy gay nhidm cua virus cam trén té bao MDCK
(Hinh 5). KAA-2 di trc ché manh su 1y nhiém cua tit ca cac dong virus ciim trén
té bao MDCK & nong d6 nanomol tir 1 dén 10 nM. Trong sb cac dong virus duoc
thtr nghiém, lectin KAA-2 da tc ché manh nhét su lay nhiém cua virus cim B
(Ibaraki/2/85) (Sato va cs, 2011b).

. 100 —u— A/FM/47 (HIN1)
X —o— AlKyoto/81 (HIN1)
= 80f —%— A/Bangkoki83 (HIN1)
% —%*— AJQita/09 (H1N1)
QO 60f —A— A/Beijing/95 (HIN1)
f —A— AJWSN/33 (HIN1)
2 401 —e— A/Aichi/68 (H3N2)
O —o— A/Udorn/72 (H3N2)
E 20} —4— A/Philippines/82 (H3N2)
-E —o— Bllbaraki/85
0-. al sl il Ll
0.1 1 10 100
KAA-2 (nM)

Hinh 5. Hoat tinh khang virus cam cua lectin KAA-2 véi cac dong virus cum
khac nhau.

IV. THAO LUAN

Lectin KAA-2 di nhan biét dic hiéu cac oligosaccharide dang high-mannose,
nhung khong lién két véi cac oligosaccharide dang phirc hodc 16i pentasaccharide
ctia N-glycan. Dic tinh lién két oligosaccharide cia KAA-2 twong tu voi dic tinh
lién két cuia lectin ESA-2 tir rong d6 Eucheuma serra (Hori va cs, 2007), OAA tir
O. agardhii (cyanobacterium) (Sato va cs, 2007) va KSA-2 tir Kappaphycus duoc
tim thdy trong sinh vét bac thip. Ca bdn lectin nay déu nhan biét gbc Man(al-3)
dugc phan nhanh tor Man(a1-6) cua 1381 pentasaccharide. Lectin ESA-2 va OAA
da trc ché manh sy 13y nhiém cua virus HIV do lién két truc tiép véi glycoprotein
gp 120 trén 16p vo cua virus HIV (Sato va cs, 2007). Sy giéng nhau trong dic tinh
lién két carbohydrate giita lectin KAA-2, KSA-2 va cac protein khang virus HIV
goi ¥ rang KAA-2 va KSA-2 c6 thé dugc phan loai vao ho lectin giéng nhau va co
hoat tinh khang HIV.
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Lectin KAA-2 tir rong d0 K. alvarezii da cho thiy hoat tinh khang virus cim
khang lai mdt pham vi rong cac dong virus ciim, bao gdm virus HIN1 c6 ngudn
goc tur lon. Mot vai thong bdo gan déy cho thdy rang virus cam HIN1 gdy dich
toan cau da dé khang cac chét hoat tinh khang virus nhu cac protein mién dich
bam sinh lién két high-mannose nhu protein bé mit D (SP-D) va lectin lién két
high-mannose (MBL) (Job va cs, 2010). Trai lai, lectin KAA-2 d& @c ché manh sy
lay nhiém cua virus HIN1 gay dich toan ciu va virus cim theo mua. V& khia canh
st dung thuc té cho chita bénh, KAA-2 trc ché sy lay nhiém cua cac dong virus
ctim khéc nhau c6 nhiéu thuan loi dé sir dung hon 1a thude dua trén khang thé
(antibody), boi vi cac khang thé d& bi anh hudng do su bién doi hodc sy sai léch
cua khang nguyén (antigen) khi st dung.

Lectin KAA-2 dd ngin can virus xdm nhép vao té bao chu 13 do lectin lién
két truc tiép voi glycoprotein trén 16p vo bé mit cua virus. Tuong tac gitta KAA
va virus HA d3 bi trc ché hoan toan khi thém yeast mannan mang glycan dang
high-mannose, chi ra ring KAA-2 da lién két v6i virus HA qua N-glycan dang
high-mannose (Sato va cs, 2011b). Vi vy, rong d6 Kappaphycus alvarezii hira
hen cung cap cac hop chit hoat tinh sinh hoc méi ciing nhu thudc khang virus.

Loi cam on: Tac gia xin chan thanh cam on chuong trinh JSPS-RONPAKU va
beé tai tr Quy Phat trién Khoa hoc va Cong nghé Quoc Gia (NAFOSTED).
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