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MO DAU

Bién Pong, dic biét 1a vung bién Khanh Hoa cta Viét Nam chtra dung
ngudn tai nguyén phong pht cac hop chét ti nhién, trong d6 nhiéu hop chat
dd duoc phat hién trong hon ntra thé ky qua. N6i bat 1 polysaccharide tir cac
loai rong dd mang lai nhiéu thanh quéa trong nghién ctru vé qua trinh chiét
xuat, dic diém cdu trac va hoat tinh sinh hoc. Tuy nhién, sulfated
polysaccharide (PS) tir dong vat bién dic biét 1a tir cac loai hai sim tuy cé ciu
tric dic biét va hoat tinh sinh hoc tiém ning, chi méi duoc nghién ctru
khoang 10 nim gan day va chua duoc khai thac day du. Vi vay, viéc mo rong
nghién ctiru vé cdu trac va hoat tinh sinh hoc ctia PS tir nghanh Da gai bién
Viét Nam 1a can thiét, co y nghia khoa hoc quan trong va trién vong tng dung

cao trong linh vuc y duoc [1,2,3].

PS tir hai sim thé hién su da dang cau trac khong chi giita cac loai ma
con trong cing mot loai do anh huéng tir moi trudong song, dinh dudng va
muc do tién hoa, diéu nay anh huong dén cac hoat tinh sinh hoc cta ching.
Tai Viét Nam, cac nghién ctru vé PS tir hai sam con kha khiém t6n. Hién nay,
quy trinh chiét xuat PS tir hai sdm va cau gai di duogc thiét 1ap véi mot s loai
hai sam tir ving bién Nha Trang. Két qua cho thay cic PS chu yéu gom
Fucosylated chondroitin sulfated (FCS) va Sulfated fucan (FS). Cac PS nay co
su khac biét vé thanh phﬁn monosaccharide, ham lugng sulfate va vi tri nhém
sulfate so vi cac loai hai sim khac trén thé gi6i [2.4,5]. Du d3 dugc cong bd
hoat tinh chéng dong tu va khang u, mbi quan hé giira cu triic va hoat tinh
ctia PS van duogc sang to. Thach thirc 16n dit ra trong nghién ctru cau tric va
phét trién Gng dung cua PS tir hai sam chinh 1a do ciu trac phire tap, khoi
luong phan tir 16n, do nhét cao gay kho khin trong hoa tan, hap thu va kiém
soat liéu luong [6,7]. Chinh vi vy, van dé duoc dit ra 13 can tap trung nghién
ctru diéu ché cac oligosaccharide c6 khoi luong phan tir thip nhung van bao

toan cac nhom chirc nang c6 lién quan dén hoat tinh sinh hoc cua hop chat.

C6 nhiéu phuong phap dé diéu ché oligosaccharide. Cac nghién ctru
trude ddy dd bao céo vé su phan cat polysaccharide théng qua cac bién phap
xu ly vat ly, hoa hoc va enzyme, chéng han nhu chiéu xa ®Co, thuy phéin

bang axit va phan cat bang enzyme [8,9,10]. Ngay nay véi hoat dong nghién



ciru khoa hoc ngay mot phat trién, viéc Gmg dung coéng nghé enzyme la
phuong an an toan va hiéu qua ma gidi khoa hoc dang tap trung su quan tam.
PS tir hai sdm gdm hai nhom chinh 1a FCS va FS do d6 enzyme bé mach PS
hai sam la nhitng enzyme bé mach FCS va FS. Cac enzyme bé mach FS co
thé 1a cac fucoidanase, bé mach FCS c6 thé 1a chondroitinase hodc
hyaluronidase [11,12].

Fucoidanase 1a nhom enzyme c6 kha ning thiy phan cac lién két
glycosidic gitta cac gdc sulfated-fucose trong PS. Véi tinh dic hiéu co cht
cao, fucoidanase dugc nghién ctru nhu mét cong cu hi€u qua trong san Xuét
cac oligosaccharide trong luong phan tir thp, mang lai cac hoat tinh sinh hoc
cao hon PS gbc nho duy tri cdu tric 16i va cac nhom chuc ning [13,14]. Qué
trinh ndy giGp ting tinh hoa tan va giam do nhét cua PS, dong thoi duy tri
hodc ti wu hoa cc hoat tinh sinh hoc, lam cho céc phan doan PS dé héip thu
hon, nang cao hiéu qua diéu tri trong tng dung duoc pham. Tuy nhién, (mg
dung fucoidanase con gip khé khin do enzyme ty nhién thuong khong 6n
dinh, ¢6 hiéu suit tinh sach va thu hoi thép, trong khi fucoidanase tai td hop
c6 dic tinh xtc tac vuot troi, dé dang hon trong qua trinh tinh sach va thu hoi,

tur do gia tdng kha ndng tng dung thyc nghi¢m.

Tim kiém va phan lap fucoidanase 13 budc quan trong trong nghién ctru
enzyme ndy. Ngoai cac phuong phap truyén thong nhu phan lap va giai trinh
tu bo gene vi khuén, khai thac dir liéu tir ngan hang gene thé gigi (NCBI) két
hop cong cu tin sinh hoc hi¢n dai dd mé ra hudng nghién clru maéi, gitp phat
hién nhanh cic gene ma héa fucoidanase tiém ning, déng thoi thuc day san
xuét fucoidanase tai to hop hiéu suit cao. Cac k¥ thuat nhu tao dong biéu hién
gene, tinh sach va xac dinh ciu trac gop phan nang cao chit luong nghién ciru
va dap ung xu hudng qudc té. Fucoidanase tai t6 hop di duoc chimg minh 1a
phuong phap hiéu qua dé kham pha enzyme véi dic tinh méi, tao ra
oligosaccharide c¢6 hoat tinh sinh hoc phong phu, mé rong tiém ning tng
dung trong cham soc stc khoe. Tir d6, mot van dé quan trong nay sinh 1a kha
nang thuy phan cia cac enzyme endo-a(1—3)-fucoidanase va endo-o(1—4)-

fucoidanase tai to hop ddi v6i co chat PS tir hai sam.

Chinh vi vay, viéc thuc hién nghién ctu " Thu nhan va thir nghiém hoat

tinh thiiy phén sulfated polysaccharide tiv hdi sam ciia mét sé fucoidanase



tdi t6 hop" 13 c6 y nghia khoa hoc va thyc tién nhim tim kiém céc cong cu
sinh hoc c6 kha nang thuy phan sulfate polysaccharide tir hai sam thanh cac
oligosaccharide c6 hoat tinh sinh hoc Umg dung trong linh vuc y dugc. Muc
tiéu cua dé tai la: Nghién clru biéu hién, thu nhin va tinh sach fucoidanase tai
t6 hop va xac dinh dic tinh xuc tac thuy phan sulfate polysaccharide tir hai

sam cua fucoidanase tai to hop thu nhan duoc.



Chuong 1. TONG QUAN NGHIEN CUU

1.1. TONG QUAN VE SULFATED POLYSACCHARIDE CHIET
XUAT TU HAI SAM
1.1.1. Sulfated polysaccharide tir hai sim va diic diém céu tric

Viét Nam sé hiru nguén tai nguyén sinh vat bién phong phu, dac biét 1a
dong vat thudc nganh Da gai v6i 05 (ndm) 16p chinh: Cau gai (Echinoidea),
Sao bién (Asteroidea), Hai saim (Holothuroidea), Hué bién (Crinoidea) va
Pudi ran (Ophiuroidea). Nganh déng vat Da gai chiém ty 18 rat cao, chiém
khoang 29% tong luong sinh vat day & vinh Bac B9, 39% ¢ vung bién Thuan
Hai -Minh Hai va 51% & vinh Van Phong - Nha Trang. Méc du vay, nganh
dong vat Da gai van chua dugce nghién ctru sau rong vé cac hop chat co hoat
tinh sinh hoc. Cac nghién ctru hién c6 da lam rd cau tric va hoat tinh sinh hoc
ctia cac hop chit nhu saponin, holothurin, asterosaponin va steroid trong céc
loai Hai sam (Holothuria scabra, H. vagabunda, H. martensii, H. atra,
Stichopus chloronotus), Sao bién (Astropecten polyacanthus, A. monacanthus,
Protoeraster nodosus, Asterina batheri) va Cau gai (Diadema setosum, D.

savignyi, Tripneustes gratilla) [15,16].

CAu tric cta PS tir hai sdim gém hai nhom chinh 1a FCS va FS. Hai loai
PS giau fucose duoc biét dén nhu 13 thanh phin cua dong vat khéng xuwong
song & bién thudc 16p Holothuroidea (Hai sim). FCS dugc tim thiy trong
thanh co thé cta hai sdm. Cac phan tir cia cic polyme sinh hoc nay di duoc
chtrg minh 14 ¢6 polymer mach thang cé chira 16i chondroitin sulfated [—3)-
B-D-GalNAc-(1—4)-p-D-GlcA-(1—]n giéng véi khung cdu tao cua
chondroitin sulfated tir dong vat c6 xwong séng (Hinh 1.1) [17,18]. Trong céu
tric ciia FCS, 151 chondroitin nay thudng chtra cic nhanh o-L-fucosyl gan véi
GlcA tai vi tri O-3. Tuy thudc vao loai hai sdm, FCS c6 thé chira bon loai don
vi GalNAc (khong sulfate va sulfate tai vi tri O-4, vi tri O-6 hoac ca hai vi tri
0-4 va 0-6) [19], tuong tu nhu GlcA, khdng chi bi fucosyl hoéa tai vi tri O-3,
ma con c6 thé duoc sulfate hoa tai O-3 hodc dong thoi tai ca hai vi tri O-2 va
0-3120,21].
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Hinh 1.1. Cdu tric ciia mot dang FCS tach dwoc twr hai sam [17,18]

Ngoai ra, cac nhanh disaccharide gén vo1 GIcA tai vi tri O-3 da duoc tim
théy cung vo1 cac nhanh monofucosyl bén canh trong mot s6 FCS. Vi du,
FCS tr Holothuria (Lud-wigothuria) grisea dugc chung minh la c¢6 chua
nhanh o-L-Fuc-(1—2)-a-L-Fuc3S-(1— [22]. Cac nhanh difucose tuong tu
cling da dugc xac dinh trong mdt s6 FCS khac, vi du nhu nhanh a-L-Fuc-
(1-2)-0-L-Fuc3S4S-(1— trong FCS tur Eupentacta fraudatrix [21], a-L-
Fuc2S4S-(1—3)-a-L-Fuc4S-(1— trong FCS tu Stichopus japonicas [19] va
a-L-Fuc-(1—3)-a-L-Fuc4S-(1— trong FCS tu Holothuria lentiginosa [23].
Gan day, cac mach nhanh c6 cdu trac phiic tap hon c6 chira cac gdc galactose
hodc galactosamine cling dugc phat hién trong mot s6 FCS, vi du nhu mach
nhanh o-D-Gal4S(6S)-(1—2)-a-L-Fuc3S-(1— trong FCS tu Thelenota
ananas [24], a-D-GalNAc-(1—2)-0-L-Fuc3S4S-(1— trong FCS tir Acaudina
molpadioides [25] va o-D-GalNAcS-(1—2)-a-L-Fuc3S-(1— trong FCS tu
Holothuria nobilis [26]. C6 mot sb bang chimg cho thiy cac nhanh co thé
khong chi dugc gén tai vi tri O-3 cta GlcA, ma con co thé ge"ln vao cac vi tri
nhu O-4 hodc O-6 cua ciia gdc GalNAc con lai cua khung cau trac chinh [27].
Nhitng vi du nay cho thiy su da dang cu trac cua FCS. Nghién ctru vé FCS
dugc thiic diy bai cac hoat tinh sinh hoc ddy tiém ning cua ching, do céc
hoat tinh nay phu thudc vao cau trac tinh vi ciia FCS. Cu thé, nhitng yéu t6
nhu muc d6 sulfate hoa, vi tri cia nhoém sulfate, tinh chat va vi tri cta céc
nhanh, ciing nhu sy phan bd khdi lugng phén tir déu anh huong dén hoat tinh
sinh hoc cta ching.

Ngoai FCS, mét loai PS khac thudng gip ¢ hai sdm c6 thanh phan chu
yéu 1a cac gbc duong fucose va cac nhom sulfate, duoc xép vao nhom FS. FS

tor moi loai hai sam cé su khac biét chu yéu vé mat dé va vi tri cua cdc nhom



sulfate trong géc dudng fucose (Hinh 1.2). Ching hau nhu twong tu véi FS
clia cAu gai, nhung khac biét dang ké so véi fucoidan phtc tap chiét tir rong
nau [28].

o o o)
HaC oH HC 0S0,” HiC 0SO0y

0SO5 HO o
o OH
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Hinh 1.2. Cdu tric ciia mot dang FS tach dwoc tir hai sam [29]

Cac cdu traic don gian nhit 13 cic polyme cua gbc o-L-fucose
monosulfated dugc lién két véi nhau thong qua lién két 1—3 hodc 1—4, vi du
nhu cac polysaccharide c6 do 1ap lai cao 1a [-3)-a-L-Fuc2S-(1-]n tu Stichopus
horrens [29]. Cac FS c6 lién két 1— 3 tuong tu, nhung sy phan bb khong déu
cua cac nhom sulfate, dugc phéan 1dp tir Acaudina leicoprocta, trong khi cac
FS lién két 1—4, cu thé 1a [-4)-a-L-Fuc3S- (1-]n va [-4)-a-L-Fuc2S-(1-]n, lan
luot duoc tim thdy & Holothuria fuscopunctata va Thelenota ananas tuong
tmg [29]. Cau triic mach thang cua FS thuong duoc biéu dién dudi dang céac
phan tor c6 su lap lai cia cac don vi tetrasaccharide dugc sulfate hoa. Céc
polysaccharide nhu vay, chira lién két 1—3 trong mach chinh, dugc phan lap
tu Isostichopus badionotus [30], Acaudina molpadioides [31], Thelenota
ananas [32]. Cau trac cta FS tit Holothuria albiventer 3 dugc chimg minh 13
cO cac don vi ldp lai 1a hexasaccharide sulfated [33], ching c6 kiéu sulfate
héa khac véi kiéu sulfate hoa cta ES tir Holothuria floridana [34]. Cac ES
phtec tap hon c6 chira cac chudi carbohydrate phan nhanh. Chang han nhu céac
polysaccharide ttr Holothuria edulis va Ludwigothurea grisea c6 chira khung
1a cac goc 1—3 tetrafucoside duge ndi véi nhau bang cac lién két 1—2, trong

d6 tai cac lién két 1—2 nay, cac goc trén duoc fucosyl hoa thém (mot phan



nhu & Ludwigothurea grisea hoac hoan toan nhu & Holothuria edulis) & vi tri
4 [35]. Phan nhéanh cua FS chiét tir Apostichopus japonicus chira khung cu
trac 1a goc a-L-Fuc2S duoc lién két v4i nhau qua lién két 1—3, trong d6 mdi
trisaccharide mang mot nhanh 1—3difucose khong sulfate tai vi tri O-4 [36].
Gan day, mot s6 bang ching cho thiy c6 thé c6 mot sd FS ¢o cau tric khac
nhau trong cung mot loai Holothuria. Vi du nhu FS to Hothuria
fuscopunctata khoéng chi co polyme c6 chira cac goc (1—4) o-L-fucose 3-
sulfated, ma con chira mot FS khac véi cac don vi 1dp lai 1a tetrasaccharit
—3)-a-L-Fuc2S4S-(1—4)-a-L-Fuc-(1—3)-0-L-Fuc2S-(1—4)-a-L-Fuc-(1—

véi cac lién két interfucoside 1—3 va 1—4 xen k& [37].

Nhu vay, PS & hai sam thuong tdn tai & hai dang chinh l1a FCS va FS véi
cAu trac phire tap va da dang. CAu trac PS tir hai sim phu thudc vao dbi tuong
tach chiét, phuong phép tach chiét va phan 16n PS tir cac d6i tugng hai sam
khac nhau van con chua dugc sang t6. Vi vay, viéc nghién ctru lam sang té
cAu trac cia nhém PS nay 1a yéu cau cip thiét d6i voi khoa hoc, dbi véi thuc
tién nham muyc dich phat trién kha ning tmg dung chung trong cac linh virc va

cudc song.
1.1.2. Hoat tinh sinh hoc cia sulfated polysaccharide tir hai sam

Su da dang vé cAu trac cua PS lién quan dén céac hoat tinh tinh sinh hoc
ddy tiém ning ctia ching. Cac hoat tinh sinh hoc khac nhau cua FCS phu
thudc vao cac dic diém cau trac tinh vi cua ching, ch:flng han nhu muc do
sulfate hoa, vi tri ciia nhoém sulfate, ban chét va vi tri ciia nhanh [18,38,39].
Bén canh d6 tuy thudc vao trong lugng phan tur, thanh phﬁn monosaccharide
ma hoat tinh sinh hoc ctia PS cta cac loai hai sdm ciing khac nhau. Mot sb
hoat tinh sinh hoc ctia FCS d3 dugc nghién ctu va cong bd gdm hoat tinh
chdng viém, chdng ung thu, trong d6 hoat tinh chdng dong mau dugc cong bd
nhiéu nhat [40,41]. Vasconcelos va cong sy vao nim 2018 d cong bd rang
ngay ca nhitng thay doi nho trong cu trac ciia nhom sulfate ciing c6 thé 1am
thay d6i hoat tinh sinh hoc cta hop chit. Vi du nhu 2-sulfated fucan chiét
xuat tir Strongylocentrotus franciscanu thé hién hoat tinh chdng déng mau
yéu hon 4-sulfated fucan chiét xuat tir Lytechinus variegatus [42]. Cac PS
giau fucose tu nhién co tac dung chéng huyét khéi, chéng virus va chéng ung

thu tuyét voi cung voi nhiéu hoat déng sinh hoc khéc [18,43]. Vi du, mot loai



FS c6 hoat tinh chdng ung thu dd dwgc phan lap tir hai sdm Viét Nam
Stichopus variegatus. FCS duoc phan lap tir H. spinifera c6 cu tric tuong tu
dén FCS tuong tmg cta B. argus. Ca hai polysaccharides nay déu chimg minh
hoat tinh chéng dong méu trong dng nghiém. Tuy nhién FS dugc phan lap tir
H. spinifera thuc té lai khong hoat dong trong cac thir nghiém nay, mic du

c6 ham lugng sunfat kha cao [2].

Véi su da dang trong cAu tric ¢ anh huong dén hoat tinh sinh hoc, can
c6 cac nghién ciru vé dic tinh ctia FCS va FS cua hai sim v6i muc dich tim ra
cac chit sinh hoc méi ¢6 tim quan trong thuc té va thiét 1ap cac mbi tuong
quan giira cAu tric va hoat tinh sinh hoc riéng bi¢t doc dao nay. Cac nha khoa
hoc dang tap trung vao mdi quan hé giita cdu tric va hoat tinh sinh hoc nham
1am rd co ché hoat dong ctia hop chat, mo ra tiém nang mg dung trong nhiéu
linh vyc. Tuy nhién, cdu trac phtc tap va khong dong nhat cia PS giy kho
khin cho viéc phan tich chi tiét, dan dén sy chua rd rang trong mdi twong
quan gitra cdu tric hoa hoc va hoat dong sinh hoc cta chung. Dé giai quyét
van dé nay, viéc st dung cac enzyme co6 tinh dac hi¢u cao nhu fucoidanase 1a
can thiét dé thuy phan cac phan tir PS phtic tap. Phan tich cac manh PS nho s&
gitip xac dinh cdu trac héa hoc cia PS, tir d6 1am & mdi lién hé giira cac
thanh phﬁn cau tric va hoat dong sinh hoc cua chung. Pac biét, sy phat trién
ctia cong nghé duoc pham sinh hoc va ki thuat di truyén da tao tién dé cho
viéc nang cao tng dung ctia PS c6 ngudn gde tir bién. Fucoidanase voi kha
ning san xuét cac oligosaccharide sulfated chtra dung nhiéu tiém ning tng

dung trong linh vuc nay [14].

1.1.3. Tinh hinh nghién ctru sulfated polysaccharide chiét xuat tir cac
loai hai sim ¢ ving bién Viét Nam

Hai sam 1a mot trong nhitng loai sinh vat bién gidu ngudn chat hoat tinh
sinh hoc dic biét 1a cac PS, duoc biét dén véi nhiéu tac dung sinh hoc nhu

chdng oxy hoa, chéng dong méu, chdng ung thu va chdng tiéu dudng [44].

Viét Nam c6 khoang 70 loai hai sim phan bd cha yéu & ving ven bién,
dac biét tai cac khu vuc nhu Nha Trang, Phu Quéc va Con Pdo. Pay la nguén
tai nguyén sinh hoc phong phi va la d6i tuong nghién ctru tiém nang dé khai
thac cac hop chit co gia tri cao, trong d6 c6 PS. Mot $6 nghién ctru da dugc

tién hanh nham xac dinh cau truc va tinh chat sinh hoc ctia PS tir cac loai hai



sam nhu Bohadschia argus, Stichopus variegatus, Holothuria spinifera va
Bohadschia ocellata [44,45,46,47]. Cac polysaccharide nay thuong chira cac
thanh phan nhu fucose, glucuronic acid va sulfate tao nén cac dic tinh sinh
hoc da dang. PS tir hai sdm Viét Nam di duoc chimg minh c6 nhiéu hoat tinh
sinh hoc quan trong. Pic biét, cac nghién ciru gan day tip trung vao tac dung
chéng ung thu va chong tiéu dudng ctia FCS. Céc hoat chét nay con co tiém
ning tré thanh cac liéu phap moi trong diéu trj cac bénh man tinh, thong qua

viéc trc ché cac enzyme va tin hi€u li€én quan dén phat trién bénh [48].

Mic du da dat dugc nhimg két qua nhat dinh, nhung sé lwong nghién
ctru vé PS tir hai sim & Viét Nam van con han ché so véi tiém nang cua
ngudn tai nguyén nay. Nhiéu loai hai sém c6 mit & Viét Nam nhung chua
dugc nghién ciru déy dt vé thanh phﬁn va hoat tinh sinh hoc. Bén canh do,
cac nghién ctiru chii yéu méi dimg lai & két qua nghién ctru cu trac va hoat
tinh sinh hoc ctia mot s6 PS tir hai sim ma chua phat trién kha ning Gng dung

chiing vao thyc tién.

Vi su gia ting nhu cau vé cac san pham sinh hoc c6 ngudn gbc tir bién
trong y hoc, thuc pham chirc ning va my pham, PS tir hai sim Viét Nam hira
hen s& mo ra co hoi cho cac tng dung méi. Pic biét, viéc dau tu vao cong
nghé chiét xuat, tinh ché va san xuat quy mé pilot c6 thé gitp dua cac san

pham tir PS ra thi trudong quéc té.
1.2. TONG QUAN VE FUCOIDANASE
1.2.1 Khai niém, ngudn goc va co ché xiic tac

Fucoidanase 1a mot nhom enzyme xiic tic qué trinh phéan cét lién két
glycoside giita cac gdc fucose sulfate hoa trong phén tir PS. Dya vao vi tri cat
lién két, nhom enzyme nay duoc chia thanh hai loai chinh: endo-fucoidanase

[49] va exo-fucoidanase, con dugc goi la a-L-fucosidase [50].

Endo-fucoidanase c6 kha ning phan cat cac lién két glycoside & bén
trong phéan tir fucoidan, dan dén sy hinh thanh cac oligosaccharide voi cac
muc d6 polyme héa khac nhau. Cac enzyme nidy duoc xép vao nhom EC
3.2.1.121 va EC 3.2.1.122. Nguoc lai, a-L-fucosidase la nhém enzyme c6 kha

nang xuc tdc qua trinh cat cic don vi a-L-fucose & dau mut cuia phan ti
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fucoidan. Cac enzyme thudc nhom nay duoc xép vao cac nhém EC 3.2.1.51,
EC3.2.1.111,EC3.2.1.63 vaEC 3.2.1.127.

Tuy thudc vao cau tric phan tir, lién két xtic tac dic hiéu hay co ché hoat
dong ma fucoidanase c6 thé duoc phan loai thanh cac nhém khac nhau. Dya
vao sy twong dong cua trinh ty amino acid va trung tdim hoat dong cta céc
enzyme, fucoidanases dugc xép vao 4 ho cua nhom enzyme thiy phéan lién
két duong (Glycoside hydrolase — GH) 1a GH107, GH168, GH29 va GH95
[51,52] theo hé théng phan loai Carbohydrate-Active enzymes (CAZy
database). Trong khi do, dua vao loai (dang) lién két duoc phan cat gifta cac
gbc fucose hodc sulfated fucose trong mach chinh cta phan tr co chat ma
fucoidanase dugc phan thanh 2 nhom chinh 1a o(1—4) fucoidanase va
a(1—3) fucoidanase [53,54].

1.2.2. K§ thuét biéu hién tai to hop fucoidanase trong cac hé thong vi

sinh vat

Phan 16n fucoidanase thuong duoc chiét xuét tr cac sinh vat bién, vi du
dong than mém bién [55,56], vi ndm bién, vi khuan bién [57,58,59]. Tuy
nhién tinh 6n dinh cua fucoidanase tu nhién khong cao khién viéc phat trién
enzyme tai to hop tré nén can thiét. Gan ddy, cac nghién ctru tip trung vao
khai thac trinh tu gen tir ngdn hang NCBI va hé thong phéan loai CAZy. Pic
biét sau khi cdu tric tinh thé dau tién cua fucoidanase dugc xac dinh vao nim
2018, vung trung tdm hoat dong cua endo-(1—4) fucoidanase dugc phat hién
thi dén nay dd c6 thém nhiéu fucoidanase di duoc tim thdy va xac dinh dic

tinh bang hudng di nay [60].

Biéu hién tai to hop fucoidanase thuong duogc thuc hién trong cac hé
théng vi sinh véat nhu Escherichia coli (E. coli), Pichia pastoris, Bacillus
subtilis va nam men. Céc vi sinh vat nay duoc st dung nhu "nha may sinh
hoc" dé tao ra lugng 16n enzyme fucoidanase thong qua viéc chuyén gene ma
hoéa fucoidanase tir sinh vat ngudn sang hé thong biéu hién. Mot s6 yéu t6 can
xem xét khi lya chon hé théng vi sinh vat 1a kha ning biéu hién protein ngoai
lai, mic d6 glycosyl héa (lién quan dén viéc thém duong vao protein), kha
nang tiét enzyme ra ngoai moi truong va sy dé dang trong viéc thu hoi san
pham. Trong hé théng biéu hién phd bién nhu E. coli, viéc biéu hién

fucoidanase c6 loi nhd téc do sinh truong nhanh, chi phi nuéi cdy thap va kha
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nang diéu chinh biéu hién d& dang. Nho vao k¥ thuat biéu hién tai to hop
trong vi sinh vat, nghién ctru va tng dung fucoidanase da c6 bude tién dang
ké, mé rong kha nang sir dung enzyme nay trong nhiéu linh vyc khac nhau, tir

dugc pham, thyc pham chic ning dén nganh cong nghiép hoa my pham.
1.2.3. Thu nhén va tinh sach fucoidanase tai t6 hop

Pé thu nhén va tinh sach enzyme fucoidanase tur cac nguén khac nhau,
cac nha nghién ctu dd phat trién nhiéu phwong phap nhu két tia bing
ammonium sulfate, sic ky trao ddi ion va sic ky loc gel cho ngudn enzyme
thu nhan tryc tiép tir vi sinh vét [61,62] hay phuong phap sic ky 4i luc cho
ngudn enzyme tai to hop [63,64].

Ky thuat tai to hop DNA d3 mo ra mot huéng méi trong viée san xuat
enzyme fucoidanase voi sd lugng 10n va do tinh khiét cao. Bang cach sir dung
cac hé théng biéu hién nhu E. coli, nAm men, hodc cac hé théng té bao dong
vat, gene ma hda fucoidanase co thé duoc chén vao va biéu hién dudi dang
enzyme tai to hop. Cac phuong phap nay khong chi giup ting ning suat san
Xudt ma con cho phép tinh chinh cac dic tinh ciia enzyme thong qua céc ky
thuat dot bién dinh hudng.

1.2.4. Pac diém xuc tac cia mot so fucoidanase tai to hop

Mdi fucoidanase co dic diém xiic tac riéng, bao gébm kha nang phan cit
cac loai lién két glycoside khac nhau, chang han nhu lién két o(1—3) hodc
a(1—4), cling nhu yéu cau vé diéu kién xtic tac toi vu. Khi hoat dong trén cac
co chat khac nhau, cac diéu kién xuc tac (nhu nhiét do, pH, va su hién dién
ctia ion kim loai) ciing c6 thé thay d6i dé phu hop véi dic diém ciu trac cia
polysaccharide, nham t6i da hoa hiéu qua phan tmg. Viéc nghién ctru va toi
uu héa diéu kién xtc tac cho timg loai fucoidanase khong chi giup ting hiéu
qua thity phan ma con mé rong kha ning tng dung cta chiing trong san xuat
cac san pham oligosaccharide chitc ning. Trong nghién ctru ndy, dic diém
x0c tac cia mot sé fucoidanase tai to hop ti€u biéu nhu Mefl, Mef2, Fdal,
Fda2 va Fhf2 duoc chon dé mo ta chi tiét vi day 1a cac enzyme d3 dugc ching

minh c6 hoat tinh phan giai tot trén cac co chat polysaccharide cuy thé.
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1.2.4.1. Fucoidanase Mef1

Enzyme Mefl, mot endo-a(1—4)-fucoidanase c6 ngudn g tir vi khuan
bién Muricauda eckloniae, c6 cu trac twong déng voi cac enzyme thude ho
GH107. Qua phan tich bing phuong phép dién di trén gel carbohydrate
polyacrylamide, Mefl cho thdy kha ning xtc tic phan cat cac lién két
a(1—4) giita cac gbc sulfated fucose tai vi tri C2 trong céu tric [-3)-a-L-
Fucp2S-(1—4)-a-L-Fucp2S-(1-]n tir polysaccharide cuia Fucus evanescens.
Phan tich dong hoc ctia Mefl dugc thuc hién bang quang phd hong ngoai bién
ddi Fourier (FTIR), cho thay hoat tinh ciia Mefl fucoidanase (Uf) trén
fucoidan cta Fucus evanescens 13 0,1 x 107 Uf uM—1. Céu triic tinh thé cta
Mefl, dugce xac dinh & do phan giai 1,8 A, cho théy cac axit amin His270 va
Aspl87 tham gia vao vi tri hoat dong cia enzyme, cung cip cic nhém
axit/bazo va nucleophile can thiét cho qua trinh thiy phan cac lién két
glycosid trong phan tir polysaccharide. Méat do dién tich cia enzyme da chi ra
su hién dién cua hai ion Ca**, mot ion tiép xuc mot phﬁn v6i ranh hoat dong,
trong khi ion con lai dugc phdi hop chit ché. Mot chudi nude duge phat hién
ndi tir bén ngoai enzyme vao vi tri hoat dong, di qua vi tri phéi hop chit ché

cua ion Ca** [65].
1.2.4.2. Fucoidanase Mef2

Enzyme Mef2, thudoc loai enzyme endo-a(l—3)-fucoidanase, la
fucoidanase thtr hai dwoc phan 1ap tir ching vi khuan bién Mauricauda
eckloniae. Mef2 da duogc phan 1ap va giai trinh tu. Dya trén phan tich trinh tu
chinh, Mef2 dugc phan loai thugc ho GH107 theo hé théng phan loai CAZy.
Enzyme Mef2 hoat dong t6i wu ¢ pH 8 va nhiét 46 35°C, mic du né co6 kha
ning chiu nhiét 1én t¢i 50°C. Su hién dién cua ion Ca*" lam ting nhiét do
néng chay cua enzyme tir 38°C 1én 44°C va ion nay 1a can thiét dé dat hiéu
qua hoat dong t6i wu cua Mef2. Fucoidanase Mef2 hoat dong hiéu qua trong
dém UB4 véi pH tir 6,0 dén 8,0, dat t6i vu & pH 7,0 dén 8,0. Tuy nhién, hoat
tinh enzyme giam dang ké khi st dung dém Borate trong ctng khoang pH
[66].

Dic tinh co chat cia Mef2 dugc nghién ciru bing phuong phip quang
phd hong ngoai bién doi Fourier (FTIR), cho thiy hoat tinh ctia enzyme (don
vi trén mdi pM enzyme: Uf/uM) 1a 1,2 x 107 Uf/uM trén polysaccharide tir
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Fucus evanescens va 3,6 x 107 Uf/uM trén polysaccharide tir Saccharina
latissima. Diac biét, Mef2 1a fucoidanase dau tién duoc ghi nhén c6 hoat tinh

trén polysaccharide tu S. /atissima.
1.2.4.3. Fucoidanase Fdal, Fda2
Enzyme Fdal va Fda2 la hai endo-fucoidanase thuéc ho GH107 (EC

3.2.1.-) duoc nghién ctru. Ca hai enzyme nay déu c6 kha ning xuc tic qua
trinh thuy phan PS chua lién két I-fucosyl a(1—3), duoc chiét xuat tir cac
loai rong nau S. Cichorioides, U. pinnatifida. O cau trac phan tir ban dau, hoat
tinh thiy phan ctia ca hai enzyme Fdal va Fda2 rt nhay cam va dé bj bién
d6i. Vi vay, viéc toi uu hoa cau trac phan tir bang cach loai bé khoang 40%
trinh tu protein tir dau carboxyl, gitp ning cao kha ning hoat dong va bén
vitng ctia enzyme 1a cach dé han ché van dé trén [67]. Nghién ctru ndy cung
cap thong tin quan trong vé hoat tinh va cau tric ctia Fdal va Fda2, dong thoi
mé rong hiéu biét vé co ché phan huy polysaccharide cua cic enzyme nay.
Nhitng phat hién nay c6 thé gop phan vao viéc phat trién quy trinh san xuat
oligosaccharide tir polysaccharide, v6i tmg dung tiém ning trong cac linh vuc
nghién ctru va cong nghiép.
1.2.4.4. Fucoidanase Fhf2

Enzyme Fhf2, mo{t fucoidanase duoc xac dinh trong by gene cua vi
khuan bién hiéu khi Gram am Formosa haliotis, cho thiy su twong dong vé
trinh tu voi cac endo-a(1—4)-fucoidanase (EC 3.2.1.212) thudc ho GH107.
Dot bién x6a dau C cua Fhf2, dugc goi 13 Fhf2A484, thiéu 484 axit amin ¢
dau C-terminus va ¢ trong lugng phan tir khoang 46 kDa, di duoc ché tao va
cho thay tinh 6n dinh cao hon so véi protein Fhf2 ddy du [68]. Fhf2A484 c6
kha ning xuc tac qué trinh thity phan PS tir nhiéu loai rong bién, bao gom
Fucus evanescens, Fucus vesiculosus, Sargassum mcclurei va Sargassum
polycystum, véi hoat tinh cao nhdt quan sat duoc trén PS tir Fucus
evanescens. Enzyme nay hoat dong hiéu qua trong khoang nhiét o tir 20°C
dén 45°C va ¢ pH tir 6 dén 9, voi diéu kién t6i wu tai 37°C va pH 8. Fhf2A484

cling duogc xac dinh 1a phu thude vao canxi [68].

Phan tich NMR cho thdy Fhf2A484 xuc tac qua trinh thuy phan cac lién
két a(1—4) gitra cac gdc L-fucosyl sulfated gin tai vi tri C2, twong ty nhu
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enzyme Fhfl to Formosa haliotis. Pac biét, Fhf2A484 con gidi phong
oligosaccharide chira mot lugng dang ké du lugng fucose da dugc disulf hoa
tai vi tri 2,4. Nhimg dir liéu nay cho thﬁy enzyme Fhf2A484 cé tiém nang 16n
trong viéc san xuét cac oligosaccharide c6 ham lugng sulfate cao, va ¢ thé 1a

ung cur vién gia tri cho nghién ctru hoat tinh sinh hoc ctia fucoidan [68].
1.2.5. Cac phuwong phap xac dinh hoat tinh thiy phan cia enzyme

Sau khi thu nhan dugc enzyme, viéc danh gia hoat tinh cua fucoidanase
1a budc quan trong dé xac dinh kha ning thuy phan fucoidan ctia enzyme
cling nhu céc dic tinh sinh hoc cta san pham phan giai. Hoat tinh cua enzyme
fucoidanase thudng dugc do bang cach xac dinh luong san phdm phan giai
fucoidan sinh ra trong mot khoang thoi gian nhat dinh. Mot trong nhimg
phuong phap phd bién 13 sir dung sic ky 16ng hiéu nang cao (HPLC) dé phan
tich cac monosaccharide hoac oligosaccharide duoc tao ra tir qua trinh thuy
phan. Phuong phap nay cho phép xac dinh chinh xac ciu trac va lugng cac
phan doan fucoidan co trong lwong phan tir thap, qua d6 danh gia hoat tinh
ctia enzyme [69]. Phuong phap do quang pho (spectrophotometry) ciing duoc
str dung rong rai, trong d6 su bién d6i mau sic ctia miu phan anh sy phan giai
cua fucoidan. Phuong phép nay, mac du don gian, nhung mang lai thong tin

quy gia vé hoat dong cua enzyme trong cac diéu kién khac nhau [70].

Bén canh d6, phuong phap C-PAGE (Clear-native PAGE) 1a mét ky
thuat phd bién dé xac dinh hoat tinh thuy phan cta enzyme thong qua kha
ning phan giai cac polysaccharide trén gel dién di. Piém dic biét ctia phuong
phap nay 13 cho phép tryc tiép quan sat hoat tinh enzyme ma khong can
nhudém gel, nhd su tao ra cac ving sang trén nén gel khi polysaccharide bi
thay phan. C-PAGE thudng dugc st dung dé danh gia hoat tinh cta cac
enzyme thity phan polysaccharide, chang han nhu fucoidanase, agarase, hodc
cellulase, trong cac nghién ctru lién quan dén bién hoic tng dung cong nghiép
[71].

1.3. MOT SO UNG DUNG CUA FUCOIDANASE

1.3.1. Cong cu trong nghién ctru cdu tric cia fucoidan, sulfated

polysaccharide

Enzyme fucoidanase dong vai trd quan trong trong vi¢c nghién ctru cau
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tric ctia fucoidan, mot loai PS véi nhidu chirc nang sinh hoc da dang.
Fucoidanase dugc san xuét boi cac sinh vat bién nhu vi khuan, ndm, va dong
vét bién, hd trg qua trinh thity phan cac lién két glycosidic cu thé trong céu
tric cua fucoidan. Hoat dong nay rat can thiét dé 1am sang to sy phirc tap
trong cau trac cua fucoidan, bao gdm cdc mo hinh phan nhanh va muc d6

sulfate hoa, vn c6 lién quan mat thiét dén céc hoat tinh sinh hoc ctia n6 [14].

Vi duy, cac enzyme duogc phan 1dp tu Mariniflexile fucanivorans va
Pseudoalteromonas citrea d dugc str dung dé nghién ctru cu trac fucoidan
tir tio nau. Nhitng enzyme nay gitp cac nha nghién ctru xac dinh cac tinh chat
chtic ning ciia cdc manh fucoidan, chiang han nhu kha ning chdng ung thu
hodc diéu hoa mién dich, thuong phu thudéc vao mo hinh sulfate hoa cu thé
[62].

Nhimng tién bd trong nghién ctru fucoidanase dd mé rong kha niang tng
dung chung trong cong nghé sinh hoc, cai thién hiéu biét vé co ché xuc tac va
tiém ning tmg dung & quy méd cong nghiép. Mic du vy, nhimg hiéu biét vé
cac enzyme ndy van con nhiéu han ché. Nghién ctru trong twong lai c6 thé tap
trung vao viéc thiét ké cac fucoidanase voi dd bén va hoat tinh cao hon trong
cac diéu kién khac nhau, mo rong tiém ning Gng dung cua chung trong ca
nghién ctru cdu trac va phat trién liéu phap.

1.3.2. Piéu ché sulfated polysaccharide trong lwong phéan tir thap,
cac oligosaccharide

Ung dung cta fucoidanase trong diéu ché oligosaccharide dic biét hap
dan do kha ning tao ra hang loat cac oligosaccharide co cdu trac khac nhau,
vbn c6 tac dung sinh hoc manh mé trong y hoc, bao gom kha ning chdng
viém, chong dong mau, khang virus, va tiém niang chdng ung thu [14]. Céc
oligosaccharide nay khong chi c6 hoat tinh sinh hoc manh ma con khong ddc
hai, gitip chiing trd thanh mg vién 1y tudéng cho cac san pham chiam soc stc

khoe va thyc pham chirc nang.

Qua trinh thuy phan fucoidan bang fucoidanase c6 nhiéu vu diém so véi
phuong phap hoa hoc thong thuong, dac biét la kha nang duy tri cac nhom
sulfate trong san pham cudi, yéu t6 quan trong dé dam bao hoat tinh sinh hoc

cia oligosaccharide [72]. Viéc bao tén cau tric sulfate giup céc



16

oligosaccharide duy tri dic tinh sinh hoc manh mé, déng thoi enzyme nay c6
thé hoat dong & nhiét do va pH 6n dinh, giup giam nguy co bién doi khong

mong mudn trong san pham [14].

Nhiéu nghién ctru da ghi nhan rang fucoidanase c6 ngudn goc tir cac vi
sinh vat bién nhu vi khuan va ndm c6 hiéu quéa cao trong viéc thity phan PS
thanh cac phan doan co trong luong phan tir thap [61]. Chang han, enzyme
fucoidanase tir vi khudn Mariniflexile fucanivorans duogc phat hién co kha
ning thiy phan PS mot cach hiéu qua, tao ra cac san pham co trong luong
phan tir tir 10 dén 30 kDa, nhiing phan doan nay cho thiy kha ning khang
viém va chdng oxy héa manh mé hon so v6i PS trudc khi thuy phan [62].
Tiém ning cua fucoidanase trong viéc diéu ché cac polysaccharide trong
luong phan tir thap khong chi gidi han & viéc cai thién cac dic tinh sinh hoc
cua PS ma con mé rong trng dung cua cac PS nay trong y hoc va cong nghi¢p
thuc pham. Cac san pham fucoidan c6 trong lugng phan tir thip duogc tao ra
boi fucoidanase da dugc ching minh 13 c¢6 kha nang e ché su phat trién cia
té bao ung thu phdi va dai truc trang trong cac thir nghiém tién 1am sang, cho
thdy tiém nang to 1on trong viéc phat trién cac phuong phap diéu trji ung thu
moi [64].

Hién nay, enzyme fucoidanase d3 va dang chting minh duoc tiém ning
to 16n trong viéc dicu ché cac PS c6 trong lugng phan tir thap. Nhiing nghién
ctru hién nay khong chi gitp mé rong hiéu biét vé fucoidan va cac enzyme
lién quan, ma con mé ra nhitng co hoi méi cho viéc phét trién cac san pham
cham soc stc khoe va y hoc méi. Véi su tién bo cia cong nghé enzyme hoc
va sinh hoc phan tir, tiém ning tmg dung cia fucoidanase chic chin s& con

tiép tuc dugc khai thac va phat trién trong tuong lai [73,74].
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Chuong 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1.POI TUQNG VA VAT LIEU NGHIEN CUU
2.1.1. Pdi twong nghién ciru

05 (ndm) chung vi khuan E.coli BL21 chita plasmid tai t6 hop mang
gene ma hoa fucoidanase thudc bod suu tdp Vi sinh vat cia Vién Nghién clru
va Ung dung cong nghé Nha Trang, dugc liét ké & Bang 2.1.

Bing 2.1. Théng tin ching vi khudn mang vector tdi t6 hop sir dung trong

nghién cru
Trong lwgng
Fucoidanase Dang Chung vi Ky hiéu .
STT . . i fucoidanase
tai to hop enzyme khuan fucoidanase (kDa)
E. coli
Endo 1-4 BL21/
1 Fhf2 . F1 46
fucoidanase | pET-18b-
Jhf2
E. coli
Endo 1-4 BL21/
2 Mefl . F2 45
fucoidanase | pET-18b-
mefl
E. coli
Endo 1-3 BL21/
3 Mef2 . F3 105
fucoidanase | pET-18b-
mef2
E. coli
Endo 1-3 BL21/
4 Fdal . F4 43
fucoidanase | pET-18b-
Fdal
E. coli
Endo 1-3 BL21/
5 Fda2 . F5 53
fucoidanase | pET-18b-
Fda2




18

2.1.2. Vat li¢u nghién ciru

03 (ba) co chéit PS (Ba, He va Hs) tach chiét lan luot tir cac loai hai sim
Bohadschia argus, Holothuria edulis va Holothuria spinifera. PS tir cac loai
hai sim néu trén hién nay van chua hoan toan xac dinh duoc ciu trac, viée
xac dinh dic tinh thuy phan cia cac fucoidanase tai t6 hop trén cac co chat
ndy s& gop phan 1am tuong minh cau tric cia cac co chat PS tir hai sam.

02 (hai) co chét fucoidan chiét tir cac loai rong nau Fucus evanescens,
Sargassum mcclurei dugc cung cip boi phong Hoa phan tich va trién khai
cong nghé, Vién Nghién ctru va Ung dung cong nghé Nha Trang. Pay 1a cac
PS di xac dinh duoc ciu tric, dong vai trd 1a PS d6i chimg trong nghién ciru.

2.2. THIET BIL, DUNG CU VA HOA CHAT
2.2.1. Thiét bi, dung cu

Mot s thiét bi chinh bao gém: Tu U lic, diéu chinh nhiét d6 (Shaking
incubator NB -250V); Bo dién di dimg (Cleaver scientific); B chuyén mang
lai (Bio-Rad); Can phan tich (KD-TBED-600); May do quang phd (DLAB
SP-UV1100); May do pH (Hanna HI98107); May khudy tir gia nhiét (Velp
scientifica); May Vortex (IKA); May li tim (Hermle Z 446 K); Noi hp tiét
trung (Tomy ES-315); Tt G vi sinh 37°C (Memmert); TG cdy vo tring
(Telstar AV-100)); Tu mat 4°C (Sanyo); Tu lanh -20°C (Sanaky); Tt lanh am
sau -80°C (Sanaky); Tu sy (France etuves).

Va mot s6 dung cu co ban cua phong thi nghiém vi sinh-sinh hoc phan tir
gdm: micropipette, dau tip, 6ng nghiém céac thé tich, que cdy, dén con, dia

petri, becher, erlen, binh tia, 6ng falcon 15ml, 50ml...
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2.2.2. Héa chit

Bing 2.2. Vit tw héa chat chinh sir dung trong nghién ciru

STT Tén vat tw Xuit xir hoa chat

1 Tris base Sigma, My

2 | Boric-acid Sigma, My

3 | Bisacrylamide Sigma, My

4 | Acrylamide Sigma, My

5 | Phenol red Sigma, My

6 | Ammonium persulfated (APS) Sigma, My
N,N,N,N'-Tetramethylethylenediamine _ .

7 Sigma, My
(TEMED)

8 | Alcian Blue 8GX Sigma, My

9 | Toludine Blue O Sigma, M¥§

10 | Kanamycin My

11 | Arabinose M¥
Chét cam tng IPTG (Isopropyl b-D

2| | My
thiogalactoside)

13 | Imidazole My

14 | Mang lai Polyvinylidene difluoride (PVDF) My

{5 Monoclonal antipolyHistidine peroxidase- Sigma-Aldrich,
conjugated antibody Steinheim, Germany

) . . ) Sigma-Aldrich,
16 | Kit thuoc nhuom AEC Kit

Steinheim, Germany
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2.3. THOI GIAN VA PIA PIEM NGHIEN CUU
Thoi gian nghién ctru: tir thang 02 nim 2024 dén thang 11 nim 2024

Dia diém nghién ctru: tai phong thi nghiém Vi sinh vat bién, Trung tim
Nghién ctru tién tién va sang tao Hon Chdng, Vién Nghién ctru va Ung dung

cong nghé Nha Trang — Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
2.4. PHUONG PHAP NGHIEN CUU

2.4.1. So' d0 nghién ctru chung

05 (nam) chung vi khuan: E. coli BL21/pET-18b-fhf2; E.
coli BL21/pET-18b-mefl1; E. coli BL21/pET-18b-mef2; E.
coli BL21/ pET-18b-Fdal; E. coli BL21/ pET-18b-Fda2

4

- Biéu hién enzyme
- Thu nhan enzyme
- Tinh sach enzyme

4

Thu nghiém, xac dinh hoat tinh thuy phan PS tur
hai sam bang enzyme tai t6 hop thu nhan duoc.

4

Khao sat anh hudng cua thoi gian, ndng d6 canxi
(Ca?"), nhiét @0, pH dén hoat tinh cua fucoidanase

Hinh 2.1. So d6 cdc ndi dung nghién ciru chinh ciia dé tai
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Sinh khéi té Pha v& té bao bang Ly tam
bao song si€éu am lanh
Loc qua mang véi ]
Enzyme tho kich thudc 16 0,22 <:| Thu dich no1
um

Hinh 2.2. So d6 cdc budc thu nhén fucoidanase tdi té hop

2.4.2. Phwong phap biéu hién, thu nhin va tinh sach fucoidanase tai
t6 hop

2.4.2.1. Biéu hi¢n va thu nhan fucoidanase tdi té hop

Fucoidanase tai t6 hop dugc biéu hién va thu nhén theo cic budc co ban

ctia ki thuat biéu hién gene:

- Tur cac dng gidng gdc, cac chung vi khuan duge hoat hoa trong méi trudng
LB chira céc loai khang sinh voi ndng do tuong tng, & diéu kién 37°C, 18
gi0, toc do lic 180 vong/phit.

- Sau d6 cdy chuyén véi ty 1& 1/100 (v/v) va nudi cay & diéu kién 37°C, 18
gi0, toc do lac 180 vong/phut cho dén khi ODggonm dat gia tri trong khoang
0,6 dén 0.8 thi tién hanh cam tng.

- Cam tUng biéu hién bang chit cam tGng Isopropyl B-D-1-
thiogalactopyranoside (IPTG), ndng do cudi dat 1mM, tiép tuc nudi cdy lac
180 vong/phut, ¢ nhiét do 37°C, 18 gio.

- Sinh khéi té bao dugc thu nhan bang cach ly tim dich nudi cay véi toe do
8000 vong/phut, & 4°C trong 15 phuat. Sinh khéi s& dugc can khoi lugng va

bao quan ¢ -20°C, cho cac budc nghién ciru tiép theo.

Céc chung vi khuan E.coli mang vector tai to hop pET-18b-thf2, pET-18b-
mefl, pET-18b-mef2, pET-18b-fdal va pET-18b-fda2 tong hop cac fucoidanase
tuong ung Fhf2 (F1), Mefl (F2), Mef2 (F3), Fdal (F4) va Fda2 (F5) duogc hoat
hoa va biéu hién theo diéu kién dd duoc cong bd [67,10,66,65], liét ké chi tiét &
Bang 2.3.
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Bing 2.3. Piéu kién biéu hién ciia cdc ching vi khudn tdi t6 hop

Fucoidanase

Diéu ki¢n biéu hi¢n

Moi
truong

Nong dd
khang sinh

ODsoo

nm

Nong dd
ciam ung
(IPTG)

Diéu kién

nuodi cay

F1

F2

F3

F4

F5

LB

50 pg/mL
kanamycin, 34
pg/mL
chloramphenicol

va arabinose
0,05% (w/v)

100 pg/mL
ampicillin, 34
ug/mL

chloramphenicol

100 pg/mL
ampicillin, 34
pg/mL
chloramphenicol

va arabinose
0,05% (w/v)

0,6 -
0,8

1 mM

Nudi cdy
14c180
vong/phut;18
gio, 20°C

Kiém tra kha ning biéu hién bang cac phan tich miu sinh khdi thong qua
ky thuat dién di trén gel polyacrylamide (SDS-PAGE) va lai Western blot.

2.4.2.2. Tinh sach fucoidanase tdi té hop

Sinh khéi vi khuan sau biéu hién s& duoc hoa tan lai trong dung dich
dém chiét 20 mM Tris-HCI, 250 mM NaCl, 20 mM Imidazole, pH 74,
lysozyme 0,2 mg/mL. Tién hanh phé v& té bao bang song siéu 4m (dong may
UP400S Hielscher, Teltow, btc) voi cuong do 100%, chu ky siéu am 30
gidy, nghi 20 gidy, & 4°C, tong thoi gian siéu 4m 13 2 phat. Sau d6, ly tam hén
hop dich té bao véi tdc d6 20000 vong/phut, trong 30 phut, & 4°C, thu dich
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ndi va loc qua mang c6 kich thude 16 0,22 um dé loai bo xac té bao. Phan dich
qua mang thu dugc 13 enzyme thod, duge st dung 1am ngudn nguyén lidu dé
tién hanh tinh sach.

Enzyme fucoidanase duoc tinh sach bang cot Sepharose Histrap HP (GE
Healthcare, Uppsala, Thuy Dién), chtra Nikel (Ni2*) lam chit mang. Dung
dich rtra giai 20 mM Tris-HCI, 250 mM NaCl, pH 7.4, voi néng d6 Imidazole
tang dan tr 20 dén 500 mM. Dich enzyme sau khi qua cgt Nikel, sé dugc thu
nhan thanh cac phan doan. Kiém tra do tinh sach cua cac phan doan bang k§y
thuat SDS-PAGE va lai Western blot.

Cac phan doan enzyme tiép tuc duoc loai mudi va Imidazole bang cot
PD10 (GE Healthcare, Uppsala, Thuy Dién), duoc tién hanh theo huéng dan

cua nha san xuat.

Céc budc tinh sach enzyme fucoidanase déu phai dugc thuc hién & 4°C
dé khéng giy anh hudéng dén cau trac va hoat tinh cua chung [75,10,54].
Enzyme fucoidanase sau tinh sach, dugc tién hanh x4c dinh ham lugng
protein theo phuong phap Lowry, sau d6 chia nho thé tich vao cac dng
eppendoft va bao quan & -80°C dé thyc hién cac nghién ciru tiép theo.

2.4.3. Phwong phap thir hoat tinh ciia fucoidanase tai to hop

2.4.3.1. Thir nghiém hoat tinh ciia fucoidanase tdi té hop trén co chit
ddc hiéu

Hoat tinh ctia cac fucoidanase tai to hop thu nhan dugc xac dinh trén cac
co chat fucoidan chiét tir cac lodi rong nau F. evanescens va S. mcclurei 13 céc
fucoidan di duoc xac dinh cdu trac va co chira lién két (1—3) va (1—4) giita
cac phan tir fucose trong mach chinh. Hoat tinh enzyme duogc xdc dinh bé”tng
phuong phap C-PAGE (chi tiét trong muc 2.4.5.).

2.4.3.2. Thir nghiém hoat tinh ciia fucoidanase tdi t6 hop trén co chit

sulfated polysaccharide tir hai sam

Co chét PS st dung trong nghién ctru nay 1a Ba, He va Hs tach chiét lan
luot tir 3 loai hai sAm B. argus, H. edulis va H. Spinifera sdng & ving bién
Viét Nam va 1a cac PS chua tuong minh trong cdu triic. Hon hop phan tmg
giita fucoidanase va co chat dugc 0 theo didu co ban, gdm: 1 mg/mL co chat

PS va 0,1 mg/mL enzyme fucoidanase trong dém co ban (10 mM Tris-HCI
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pH 7,5; 50 mM NaCl; 10 mM CaClz) & 30°C trong 24 gi¢. Phan g dirng lai
bang cach gia nhiét & 85°C trong 10 phut. Kha ning bé ngin mach PS duoc
xéc dinh bang phuong phap C-PAGE (chi tiét néu & muyc 2.4.5.).

2.4.4. Phwong phap nghién ciru mét sé yéu t6 dnh hwéng dén hoat
tinh fucoidanase tai to6 hop

Xdc dinh anh hwéng thoi gian dén hoat tinh ciia fucoidanase

Anh huong cia thoi gian phan tmg dén hoat tinh cia fucoidanase: sau
khi xac dinh duoc co chat PS ma enzyme fucoidanase tai to hop co thé xuc
tac, phan tng thity phan s& duoc thuc hién ¢ diéu kién phan tng co ban & cac
khoang thoi gian khac nhau: 0, 5, 10, 15, 30, 60, 120 pht.

Xdc dinh danh hwéng néng dp canxi (Ca®*) dén hoat tinh ciia

fucoidanase

Anh hudng ciia ndng do canxi (Ca>*) dén hoat tinh cua fucoidanase: sau
khi xac dinh duoc co chat PS, thoi gian phan tmg thich hop, phan tng thay
phan s& dugc thuc hién ¢ diéu kién phan tng co ban ¢ cac ndng do Canxi
(Ca*") khac nhau: 0, 2, 5 mM.

Xdc dinh anh hwéng nhigt dé dén hoat tinh ciia fucoidanase

Anh huodng ctua nhiét do dén hoat tinh cua fucoidanase: sau khi xac dinh
duoc co chat PS, thoi gian phan tmg va ndng d6 Canxi (Ca®") thich hop, phan
tmg thity phan s& duoc thuc hién ¢ diéu kién phan tng co ban ¢ cac diém
nhié¢t d6 khac nhau: 15, 20, 25, 30, 35, 40, 45°C.

Xdc dinh anh hwong pH dén hoat tinh ciia fucoidanase

Anh huong cua nhi¢t do dén hoat tinh cua fucoidanase: sau khi xac dinh
duoc co chat PS, thoi gian phan tng, nong do Canxi (Ca?") va nhiét 6 phan
tmg thich hop, phan Gng thuy phan s& dugc thuc hién ¢ diéu kién phan Gng co
ban & cac diém pH khac nhau: Tir pH 2 dén pH 10.

2.4.5. Cac ky thuat sir dung

2.4.5.1. Xdc dinh nong dé protein bang phwong phdp Lowry

Nguyén tic: Phuwong phap nay dua trén co so phirc chit dong protein khir
hdén hop photphomolipden—photphovonphramat (thudc thir Folin—ciocalteu)
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tao phtrc chdt mau xanh da troi co do hép thu cuc dai & budc song 660nm.
Cuodng do mau ctia hdn hop phan tGng ti 16 thuan voi ndng d6 protein trong
mot pham vi nhit dinh. Dua vao muc do hép thu quang hoc cua protein

chuan, c6 thé xac dinh dugc ham lugng protein trong mau nghién ctru [76].

Chét chudn 1a Albumin huyét thanh bo (BSA-Bovine Serium Albumin)

c6 nong do goc 1a 1 mg/mL.

2.4.5.2. Xac dinh trong lwong phdn tir va do tinh sach cua fucoidanase
tdi té hop bing phwong phdp dién di SDS-PAGE va Western blot

Pién di protein trén gel polyacrylamide c6 chira SDS duoc tién hanh
theo phuong phap ctia Laemmli va cong sy [77]. St dung hon hop protein
Precision Plus Protein™ Unstained Protein Standard (Bio-Rad, Hercules, CA,

USA) lam thang chuan protein.

Enzyme téi to hop dugc phan tach bang dién di SDS-PAGE theo phuong
phép néu trén, duoc phat hién bang phuong phap Western blot. St dung mang
Polyvinylidene difluoride (PVDF) va khang thé monoclonal anti-
polyHistidine peroxidase-conjugated antibody 1am yéu t6 chi thi. Fucoidanase
tai t6 hop gan két voi khang thé dic hiéu duoc phat hién bang Kit AEC
(Sigma-Aldrich, Steinheim, Germany), str dung theo huéng dan cua nha san

xuat.

2.4.5.3. Hoat tinh thiuy phdan PS cua enzyme fucoidanase dwoc xdc
dinh dwa trén phwong phap dién di carbohydrate trén gel polyacrylamide
(C-PAGE) [49].

Panh gia kha ning thuy phan va dic tinh xuc tac cta fucoidanase tai to
hop bang cach so sanh phd san pham xuét hién trén gel C-PAGE so voi miu
chuan. Mau chuén 13 san pham sau thiy phan cta enzyme fucoidanase FFA2
trén co chit fucoidan tir rong F. evanescens, di dugc xac dinh cAu trac va

kich thudc phan tu.

Quy trinh thuc hién bao gém: Dich thuy phan duoc pha voi dung dich
dém tai (20% glycerol va 0,025 phenol do)theo ty 1¢ 1:1 va chuan bij cho chay
C-PAGE bang cach nap 6 uL mau 1én gel polyacrylamide 20% (d6 day gel 1
mm), dém chay dién di la Tris-borate 100mM, pH 8,3, thoi gian dién di 1a 1
gid. Sau khi chay dién di, gel duoc nhuém lan dau véi dung dich chira 0,055
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alcian blue 8 GX trong 2% axit acetic trong 45 phut, sau do6 1a véi dung dich
0,01% O-toludine blue trong 50% ethanol va 1% axit acetic trong 1 gio. Bang
gel sau d6 dugc giai nhuém bang nudc cat dén khi thdy rd cac vach

oligosaccharide.
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Chuwong 3. KET QUA VA THAO LUAN

3.1. KET QUA BIEU HIEN, THU NHAN VA TINH SACH
FUCOIDANASE TAI TO HQP

3.1.1. Két qua biéu hién fucoidanase tai t6 hop

Fucoidanase tai to hop F1, F2, F3, F4 va F5 dugc cam tng biéu hién lan
luot tir cac chung E. coli BL21/pET-18b-fhf2, E. coli BL21/pET-18b-Mef1, E.
coli BL21/pET-18b-Mef2, E. coli BL21/pET-18b-Fdal, E. coli BL21/pET-
18b-Fda2 nhu mo ta & Bang 2.3 trong phan phuong phap Muc 2.4.2. Céc
mau sinh khéi sau biéu hién dugc thu nhan va phan tich sy biéu hién bang
phuong phap SDS-PAGE va lai Western blot. Két qua kiém tra kha ning biéu
hién céc fucoidanase tai to hop F1, F2, F3, F4 va F5 cta cac ching tuong tng
thé hién & Hinh 3.1.

Trén ban dién di SDS-PAGE, cac vét protein mau xanh & cac vi tri khac
nhau dai dién cho sinh khdi protein tir cac chung E. coli biéu hién fucoidanase
F1, F2, F3, F4 va F5. Céac vét nay phu hop vdéi kich thude du doan cua tirng
enzyme: F1 (46 kDa), F2 (45 kDa), F3 (105 kDa), F4 (43 kDa) va F5 (53
kDa) (Hinh 3.1). Vi¢c xac dinh duogc kich thude cia tung bang protein nay
cho thiy cac ching E. coli BL21 mang vector pET-18b ¢ kha ning di biéu
hién thanh céng cac fucoidanase mong muén khi duoc cam tng bang IPTG.
Két qua ban dau cho thdy mdi loai fucoidanase c6 kha ning da duoc biéu hién
thanh cong trong sinh khoi té bao. Sy xuat hién cia cac bing protein & cac
kich thudc khac nhau ciing cho thay rang cac diéu kién biéu hién va cam tng

dd dap tmg tot yéu cau vé su on dinh cta protein trong hé théng vi khuén.

Két qua Western blot 1a bang ching vé su biéu hién cua cac fucoidanase
tai to hop nho vao su hién dién cia cac bang protein chira dudi His-tag tai cac
vi tri c6 khdi lugng phan tir tuong ng véi timg enzyme muc tiéu. Khi st
dung khang thé dic hiéu nhan dién dudi His-tag, cac bang protein dic trung
xuat hién & vi tri ctia fucoidanase F1 (46 kDa), F2 (45 kDa), F3 (105 kDa), F4
(43 kDa) va F5 (53 kDa) (Hinh 3.1), cho thiy cac enzyme tai to hop khong
chi duoc biéu hién hiéu qua ma con gitr nguyén dudi His-tag can thiét cho cac

bude tinh sach tiép theo bang sic ky 4i luc trén cot niken (Ni2).
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Dua vao két qua phan tich dién di SDS-PAGE va lai Western blot chimg
té viéc thuc hién qué trinh nuoi céy va biéu hién theo cac diéu kién d3 duoc
néu & phan phuong phép, ca 05 chung vi khuan E. coli BL21 mang vector tai
t6 hop pET-18b-fhf2, pET-18b-Mefl, pET-18b-Mef2, pET-18b-Fdal, pET-
18b-Fda2 déu di san sinh dugc céc protein muc tiéu, d6 1a cac fucoidanase tai
t6 hop F1, F2, F3, F4 va F5 véi kich thudc tuong tmg, 1an luot 13 46, 45, 105,
43 va 53 kDa. Két qua nay 1a twong ddng va phu hop véi khdi luong phan tir
voi cac enzyme fucoidanase thf2 [68], Mefl [65], Mef2 [66], Fdal va Fda2
[67] d3 dugc cong bd trude dd. Vi vay, cac mau sinh khdi nay di duoc thu

nhan va bao quan & -20°C dé thuc hién cac nghién ctru tiép theo.

Nhu vay, két qua biéu hién va phan tich trén SDS-PAGE va Western
blot khong chi cho thay thanh cong trong biéu hién cac fucoidanase tai to hop
ma con cung cip co sO quan trong cho budc thu nhan va tinh sach enzyme.
Cac enzyme duoc biéu hién dung kich thude va co kha ning phan ung dic
hiéu v6i khang thé, cho thay hé thong biéu hién dang hoat dong on dinh, dang
tin cdy cho céc thi nghiém tiép theo. Viéc nay ciing giup tdi wu hoa quy trinh
san xudt fucoidanase tai to hop, tiét kiém thoi gian va ting hiéu sudt cho cac

nghién clru sau nay.
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Hinh 3.1. Kiém tra biéu hién cdc fucoidanase tdi t6 hop bang phwong phdp
SDS-PAGE va lai Western blot
Trong d6: Két qua SDS-PAGE (A1, B1, C1, D1, E1) lan luot cia
Fucoidanase (F1, F2, F3, F4, F5); Két qua Western blot (A2, B2, C2, D2, E2)
v6i kich thude tuong tng 46, 45, 105, 43 va 53 kDa lan luot cua Fucoidanase
(F1, F2, F3, F4, F5); (M): Thang chuén protein.
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3.1.2. Két qua thu nhan va tinh sach fucoidanase tai to hop

Quy trinh thu nhan va tinh sach fucoidanase tai t6 hop duoc thuc hién
qua nhiéu budc nham dam bao d6 tinh sach cao va bao toan hoat tinh enzyme.
Sau khi biéu hién enzyme thanh céng trong E. coli, qua trinh pha v& té bao
bang song siéu 4m va ly tdm lanh dugc tién hanh dé tach enzyme khoi té bao
chu, phu hop voi cac enzyme ndi bao (intra cellular, soluble enzyme) nhay
cam. Dich enzyme thd duogc loc qua mang 0,22 pm dé loai bo tap chét béng
phuong phap cu thé da duoc néu 6 Muc 2.4. Két qua thu nhan enzyme tho cua
nam loai fucoidanase tai to hop (F1, F2, F3, F4, F5) dugc trinh bay chi tiét
trong Bang 3.1.

Bing 3.1. Két qua thu nhén dich enzyme thé ciia 5 loai fucoidanase tdi t6 hop

Fucoidanase | Thé tich | Sinh khoi Dich Ham lwgng | Protein
1én men té bao enzyme protein tong sb

(Lit) (gram) tho (mL) | (mg/mL) (mg)

F1 3 95 40 1,56 62,4

F2 3 120 52 1,89 98,28

F3 3 77 37 1,43 52,91

F4 3 104 45 1,67 75,15

F5S 3 98 40 1,75 70

Két qua tir Bang 3.1 cho thiy, vdi cung thé tich 1én men (3 lit), lugng
sinh khoi té bao thu duge sau qué trinh biéu hién & céc ching c6 su khac
nhau. Trong d6, sinh khdi té bao ching vi khuan E. coli BL21/pET-18b-Mef]
(F2) thu duoc 13 cao nhat dat 120 gram, thap nhat 13 sinh khéi t& bao chung
E. coli BL21/pET-18b-Mef2 (F3) dat 77 gram. Két qua nay ciing tuong dong
véi cong bd ctia Maria va cong su [65] khi d3 biéu hién thanh cong
fucoidanase Mefl (F2), c6 trong luong phén tir 45 kDa va cdu tric phan tir chi
chira trung tdm hoat dong D1 cua fucoidanase, & mirc do biéu hién rat cao véi
cung diéu kién nudi cdy. Trong khi do, nghién ctru biéu hién fucoidanase

Mef2 (F4), c6 trong luong phan tir 105 kDa va cdu trac phéan tir khong chi
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chtra trung tdm hoat dong D1 cua fucoidanase ma con bao gdm cac ving chirc
nang khac nhu vung Cadherin-like domain (IPR003343), galactose binding-
like domain (IPR000421) hay vung Type IX secretion system (IPR026444)
[66] cho théy viéc biéu hién fucoidanase nay ¢ muc do khong cao, can duoc

xem xét thiét ké lai cau tric phan tir protein trude khi tién hanh tai to hop.

Vi cac fucoidanase tai t6 hop trong nghién ctru déu di duoc thiét ké
mang dudi Histidin nén cac enzyme fucoidanase tho s€ tiép tuc duoc tinh sach
bang phuong phép sic ky ai luc trén cot Nikel (Ni2%). Diéu nay cho phép loai
b6 cac protein tap khong bam hodc bam yéu trén cot, gitp thu nhan enzyme
muc ti€u véi do tinh sach cao. Cac protein muc ti€u bam dinh trén cdt, s&
duoc thu nhan thanh céc phan doan twong tmg bang cach sir dung dém rira véi
ndéng d6 Imidazole ting dan tir 50 dén 300 mM. Céac phan doan protein thu
nhan dugc sau khi qua cdt Nikel s€ dugc phan tich va danh gia dg tinh sach
bang phuong phap dién di SDS-PAGE va lai Western blot (Hinh 3.2).

Phan tich két qua trén gel dién di SDS-PAGE va mang lai Western blot
(Hinh 3.2) cho thiy: dich enzyme tho (1) va dich rtra giai (2) 13 mot hdn hop
rat nhiéu protein c6 kich thudc khac nhau duwgc biéu hién bang cac vét mau
dam trén gel SDS-PAGE; tuy nhién trén mang lai Western blot vét mau doé
twong Ung v&i trong luong phan tir muc tiéu cia fucoidanase tai to hop chi
xuat hién & miu dich enzyme tho (1) ma khong (hodc rat kho) phat hién &
dich rira giai (2). Piéu nay duoc giai thich 1a do cac fucoidanase muc tiéu
trong dich enzyme tho co chira dudi His-tag nén da lién két voi hat nhya
Nikel cua ¢t tinh sach, bam dinh trén cdt va khong bi rira troi khoi cot o

ndéng d6 Imidazole 20 mM.
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Hinh 3.2. Két qua tinh sach 05 fucoidanase tdi 16 hop (F1, F2, F3, F4, F5)
dwoc xac dinh bang phuwong phap SDS-PAGE va lai Western blot

Trong do: (1) dich enzyme tho; (2) dich rira qua cdt; (3, 4, 5, 6, 7): cac phan
doan thu nhan ¢ néng do Imidazole 50, 100, 150, 200 va 300 mM.

Trong khi phan 16n cac protein tap nhiém di dugc loai bo khoi cot sau

qua trinh rira giai. Di véi cac mau phan doan thu nhan (3), (4), (5), (6), (7) &
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néng do Imidazole tang dan tuong ung 50, 100, 150, 200, 300 mM cho théy,
& ndng d6 Imidazole 50 mM co ban chua thé phan tach fucoidanase tai to hop
ra khoi cot, fucoidanase tai to hop chi bat dau duoc phat hién khi ting nong
do Imidazole cao hon nhu 100, 150, 200 mM. Vo1 né)ng do Imidazole cao
nhat 13 300 mM van c6 kha ning tach rira cac fucoidanase tai to hop, tuy
nhién két qua Western blot gﬁn nhu khong phat hién dugc vét mau tai vi tri
tuong tmg véi trong luong phén tir ctia cac fucoidanase tai to hop, diéu nay 1y
giai 1a vi cac fucoidanase tai to hop di duogc rira giai hoan toan & nong do thap
hon str dung trude d6 (Hinh 3.2).

Bén canh kiém tra do tinh sach bang phuong phéap dién di SDS-PAGE va
lai Western blot, ham lugng protein & moi phan doan thu nhan duogc ciing

duoc xac dinh bang phuong phap Lowry. Két qua duoc thé hién & Bang 3.2.

Bing 3.2. Két qua xdc dinh ham lwong protein & cdc phan doan thu nhdn

dwoc cua cdc fucoidanase tai to hop

Ham lwong protein (mg/mL) thu nhan sau khi qua cot
Fucoidanase tinh sach twong ng véi ndong dd Imidazole

50 mM 100mM | 150 mM | 200 mM | 300 mM
F1 0,024 1,576 1,257 0,454 0,183
F2 0,065 1,839 1,602 0,327 0,016
F3 0,132 1,384 1,035 0,862 0,054
F4 0,069 1,432 1,971 1,003 0,258
F5 0,018 1,548 1,672 0,432 0,014

Két qua tir Bang 3.2 cho thdy, ham lugng protein o tit ca cic miu
fucoidanase déu co cung xu hudng, phan doan Imidazole 50 mM di c6 thé
tach rira dugc protein ra khoi cot tinh sach nhung rat it, ham luong protein &
cac mau chi tir 0,024 dén 0,132 mg/mL. O nong d6 Imidazole 100 va 150
mM, qué trinh tach rtra dién ra nhanh hon va manh hon, nén ham lugng
protein thu dugc & cac phan doan nay cua cac mau déu tang va dat cuc dai tur

1,035 dén 1,971 mg/mL. Ham luong protein sau d6 giam nhanh chong & cac
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phan doan c6 ndng d6 Imidazole 200 va 300 mM, chi con dao dong trong
khoang tir 0,014 dén 1,003 mg/mL.

Dua trén phan tich két quéa dién di SDS-PAGE va lai Western blot (Hinh
3.2) va ham lugng protein ctia cac phan doan thu nhan duoc (Bang 3.2), cung
voi muc dich thu nhan duoc fucoidanase tai to hop c6 do tinh sach cao, ham
luong protein cao, chung to6i da chon 2 phan doan c6 nong d6 Imidazole 1a
100 mM va 150 mM & mdi miu fucoidanase dé thu nhan miu fucoidanase

tinh sach, thyc hién cac nghién ctru tiép theo.

3.1.3. Két qua danh gia hoat tinh ciia fucoidanase tai to hop trén co

chit dic hiéu

Trong cac két qua nghién ctiru da duoc cong bd, cac fucoidanase tai to
hop F1, F2, F3, F4 va F5 da duogc xac dinh lién két xuc tac va co chat dic
hiéu twong Gng (Bang 3.3), vi vay trong nghién ctru nay, dé c6 thé danh gia
hoat tinh ctia cac enzyme trén sau qua trinh tinh sach, chiing t6i da tién hanh
thiét 1ap lai cac phan tng thay phan theo diing co chét dic hiéu va diéu kién
xUc tac twong Ung cho tung fucoidanase, da néu & Muc 2.4.4. Sau d6 phan
tich két qua bang phuong phap dién di C-PAGE (Hinh 3.3).

Bing 3.3. Lién két xiic tdc va co chat ddc hiéu ciia cdc fucoidanase tdi té hop
Fl, F2, F3, F4va F5

Fucoidanase Lién két xuc tac Co chit diic hiéu TLTK
F1 Endo (1—4) F. evanescens [5]
F2 Endo (1—4) F. evanescens [1]
F3 Endo (1—3) F. evanescens [2]
F4 Endo (1—3) S. mcclurei [6]
F5 Endo (1—3) S. mceclurei [6]

Két qua C-PAGE ¢ Hinh 3.3 cho thdy, tit ca 5 fucoidanase tai to hop
sau qu4 trinh tinh sach déu thé hién hoat tinh trén co chét dic hiéu tuong tng
(F1, F2 va F3 hoat dong trén co chit F. evanescens, F4, F5 hoat dong trén co

chat S. mcclurei). San pham tao thanh 1a cac oligo-fucoidan c6 trong luong
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phan tir thap hon, di chuyén vé phia dudi va phan bd khip bé mat bang gel
dién di.

M F1 F2 F3 F4 F5

Hinh 3.3. Két qua xdc dinh hoat tinh cdc fucoidanase tdi t6 hop trén co chat

ddc hiéu twong urng

Trong d6: (M): mau chuén oligo-fucoidan; (F1): dich phan ting cta
fucoidanase F1 trén co chat F. evanescens; (F2): dich phan tmg ctia
fucoidanase F2 trén co chat F. evanescens; (F3): dich phan (mg ctia
fucoidanase F3 trén co chat F. evanescens; (F4): dich phan tmg ctia
fucoidanase F4 trén co chét S. meclurei; (F5): dich phan tmg cua fucoidanase

F5 trén co chat S. mcclurei.
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Fucoidanase F1, F2 va F3 mac du cung hoat dong trén co chit dic hiéu
13 F. evanescens, nhung lai xac tac thiy phan cac lién két khac nhau: F1 va
F2 xtc tac thity phan lién két duong fucose (1—4), trong khi d6 F3 xuc tac
thuy phan lién két dudng fucose (1—3) trong mach chinh cua co chat
fucoidan, vi viy ma san pham tao thanh cua F3 s& c6 su khac biét so voi F1
va F2. Piéu nay ciing da duogc thé hién qua két qua dién di C-PAGE ¢ Hinh
3.3, khi pho san pham ctia F3 c6 khac biét so véi F1 va F2.

Nhu vay, dua trén cac két qua va phén tich néu trén, chung toi di thu
nhan duoc 5 fucoidanase tai to hop F1, F2, F3, F4, F5 c6 hoat tinh manh va
do tinh sach cao. Cac enzyme nay duoc chia nho va bao quan & -20°C dé thuc
hién cac nghién ciru tiép theo.

3.2. KET QUA THU NGHIEM HOAT TiNH THUY PHAN SULFATED
POLYSACCHARIDE TU HAI SAM CUA CAC FUCOIDANASE TAI
TO HQP

Trong nghién ctu nay, hoat tinh thiy phan PS tu ba loai hai sam B.
argus, H. edulis va H. spinifera cua céac fucoidanase F1, F2, F3, F4 va F5
duoc danh gia dé xac dinh kha ning phan cét cac lién két dic trung cia ting
loai enzyme trén cac co chit ¢ cau trac khac nhau. Cac phan tGng xdc tac
duoc thyc hién ¢ 30°C trong 24 gio, dimg phan Gng bang cach gia nhiét dén
85°C trong vong 10 phat. Kiém tra kha ning phan cit cta cac fucoidanase tai
t6 hop trén co chat PS tir hai sdm bang phuong phap dién di trén gel
polyacrylamide (C-PAGE). Két qua dugc trinh bay va phan tich ¢ Hinh 3.4
va Bang 3.4.

So sanh hoat tinh thidy phan ciia cic fucoidanase F1, F2, F3, F4 va F5:

Két qua dién di C-PAGE cho thay, ddi voi co chat PS tir B. argus va H.
edulis, khong c6 su thay doi ndo gitta mau co chit va cac mau dich sau phan
ung véi ca 5 fucoidanase (Hinh 3.4A va 3.4B), diéu nay cho théiy F1, F2, F3,
F4 va F5 déu khong c6 kha ning xtc tic phan cat mach PS tir cac loai hai sam
ndy. D6i v6i co chét con lai 1a PS tir H. spinifera, két qua nghién ctru cho thay
co chat nay bi phan cit boi ba fucoidanase 1a F3, F4 va F5, tao ra cic san
pham c6 trong luong phén tir thap hon va di chuyén xa hon trén gel dién di
(Hinh 3.4C).
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Su khac biét ro rang trong hoat tinh ctia F3, F4 va F5 so voi F1 va F2
trén co chét PS tir H. spinifera phan anh tinh dic hiéu ctia cac enzyme nay véi
lién két fucose trong co chét.

B)
Cg, M F1 F2 F3 F4 F5 Cye M F1 F2 F3 F4 F5

" iﬁiii “
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[0 4 . bin Shices

TE R s
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Cqx. M F1 F2 F3 F4 F5

Hinh 3.4. Két qua thir nghiém hoat tinh thity phdn PS tir hai sém ciia
fucoidanase tdi t6 hop bang phiong phdp C-PAGE

Trong d6: (A) (B) (C): két qua phan tng thity phan trén co chét PS tir hai sim
B. argus (Ba), H. edulis (He) va H. spinifera (Hs); (Cga), (Cie), (Crs): co chat
PS tir hai sam B. argus, H. edulis va H. spinifera; M: thang chuan oligo-
fucoidan; F1, F2, F3, F4, F5: dich phan tng cua cac fucoidanase tai t6 hop
F1, F2, F3, F4, va F5 trén co chat tuong tmg.
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Sw dic higu ciia enzyme véi cdc lién két fucose (1—3) va (1—4):

Bén canh d6, trén co sé két qua phan tich hoat tinh & Bang 3.4 con cho
thay, ca 3 fucoidanase F3, F4 va F5 c6 kha ning thiy phan co chat PS Hs, déu
1a cac endo-(1—3) fucoidanase. Trong khi cic enzyme F1 va F2 khong thé

hién hoat tinh trén cting co chat Hs 13 cac endo-(1—4) fucoidanase.

Sy phan bd hoat tinh thuy phan cta cac fucoidanase cho thay F3, F4 va
F5 l1a cac endo-(1—3) fucoidanase, phu hop véi lién két fucose (1—3) ¢o
trong PS tor H. spinifera, trong khi F1 va F2 1a cac endo-(1—4) fucoidanase
khong thé xuc tac thuy phéan trén ciing co chat nay. Két qua nay cho thay rang
PS tir H. spinifera c6 chita cac lién két fucose (1—3) trong mach chinh, tao
diéu kién thuén loi cho hoat dong cua cac enzyme F3, F4 va F5, nhung c6 thé
cling chtra mot s lién két (1—4), tuy nhién lai bi can tré vé mit khong gian
xtc tac boi cac nhém chie nén F1 va F2 khong thé tiép can dé xuc tac thuy
phan lién két nay, do d6 khong xuat hién hoat tinh trén gel C-PAGE.

Bing 3.4. Két qua phdn tich khd ndng thity phdan PS tir hdi sém ciia
fucoidanase tdi t6 hop

Co chit sulfated polysaccharide tir hai sim

Fucoidanase va Bohadschia Holothuria Holothuria
lién két xic tac dic argus edulis spinifera
hi¢u (Ba) (He) (Hs)

F1 Endo-(1—4) - - -

F2 Endo-(1—4) - - -

F3 Endo-(1—-3) - - +
F4 Endo-(1—-3) - - +
F5 Endo-(1—-3) - - +

Trong do: (-) khong co6 hoat tinh thiy phén; (+) c6 hoat tinh thiy phan
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Ddc diém cdu truc cua co chdt sulfated polysaccharide tiw hdi sdm va

anh hwéng dén hoat tinh enzyme:

Cau tric PS ctia ba loai hai sim B. argus, H. edulis va H. spinifera c6 su
khac biét rd rét vé thanh phan hoa hoc va kiéu lién két fucose trong mach
chinh, dan dén su khac nhau trong kha ning twong tac véi cac fucoidanase tai
t6 hop. Pic biét, PS tir H. spinifera c6 cau trac mach chinh chira lién két
fucose (1—3) va cac nhom sulfate gan & vi tri C2 va C4 cia cac gbc fucose,
lam cho PS nay phu hop voi hoat tinh ctiia cac enzyme endo-(1—3) nhu F3,
F4 va F5. Trong khi d6, PS tit B. argus va H. edulis c6 thé chira lién két
fucose (1—4) cung v&i mirc do sulfate hoa khac nhau, hodc ciing c6 thé chua
lién két fucose (1—3) nhung bi sulfate hoa & vi tri khac voi C2 va C4, hoac
n6 chi chira FCS ma khéng chira FS khién chung khong bi cac fucoidanase
nay thay phan. Nghién ctu truéc ddy da chi ra rang PS tir hai sam c6 hai
dang, dang FS thuong co cdu tric don gian va dong nhat hon PS tir rong bién,
v6i cac mach nhanh chira chu yéu 1a fucose cung vi tri sulfate hoa dic trung
[83,84], trong khi d6 FCS thi c6 cAu trac phtric tap hon. Chinh sy khac biét
cAu tric nay da 1y giai tai sao chi co PS tir H. spinifera c6 thé bi thuy phan bai

cac fucoidanase F3, F4 va F5.

Phan tich C-PAGE cho thdy, khi thuy phan PS tir H. spinifera, cac
fucoidanase F3, F4 va F5 tao thanh céc oligo-fucoidan c6 trong luwong phan tir
thap hon, dé dang nhan biét qua cac bang di chuyén xa hon trén gel. Nhimng
oligo-fucoidan nay c6 tiém ning tmg dung cao trong y sinh hoc nho cac dic
tinh sinh hoc nhu chéng oxy hda, chéng viém va trc ché sy phét trién cta té
bao ung thu. Cac nghién ctru trude ciing ghi nhan kha ning chéng dong mau
ctia san pham thity phéan tir PS chira fucose, lam tang tiém ning tng dung cia

céc oligo-fucoidan trong linh vuc y té va dugc pham.

Dua vao dic tinh sinh hoc cta cac oligo-fucoidan tao thanh, san pham tir
phan Gng thuy phan PS cua H. spinifera boi cac enzyme F3, F4 va F5 ¢o thé
13 ngudn nguyén liéu quan trong cho cac nghién ctru y sinh. San pham nay ¢
thé phat huy hiéu qua trong hd tro diéu tri cac bénh 1y lién quan dén viém
nhiém, cing thang oxy hoa, va tham chi 13 ung thu, mé ra hudng nghién ctru

tiém ning trong phat trién duoc liéu tir ngudn PS tu nhién co trong hai sam.

Ngoai ra, Bang 3.4 cling chi 0 su khac bi¢t trong hoat tinh thily phan
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clia cac fucoidanase. Cu thé, F3, F4 va F5 déu la cac endo-(1—3)
fucoidanase, trong khi F1 va F2 thudc loai endo-(1—4), nén chung khong thé
hién hoat tinh trén PS tir H. spinifera. Két qua nay cho phép du doan ring co
chit PS H. spinifera chira chu yéu céac lién két (1—3) fucose trong mach
chinh hoic nhanh, trong khi van c6 thé ton tai mot sb lién két (1—4) ma F1 va
F2 c6 thé tiép can. Tuy nhién, cac nhom chitc nhu sulfate, acetyl va mirc do
sulfate hoa trong cdu triic phan tir PS H. spinifera c6 thé ngan can su tiép can
cia F1 va F2, din dén viéc hai enzyme nay khong thé xuc tac thiy phan. Piéu
nay phu hop véi ban chat dic hiéu cao cua cac fucoidanase, von khong chi bi
anh hudng bai kiéu lién két gitra cac géc duong ma con béi vi tri va mic do
sulfate héa cua cac nhom chirc xung quanh [53,49,78].

So v6i PS chiét xuat tir rong bién, PS tir hai sam duoc cho 13 don gian va
ddng nhét hon vé ciu tric, v6i mach nhanh chi chia cac gbe duong fucose,
thuong dugc sulfate hoa tai cac vi tri C2 va C4 [79,80]. PS tu H. spinifera dac
biét thuéc nhom FCS, voi mach chinh chira lién két (1—3) giita cac gdc
fucose, glucuronic acid (GlcA) va N-acetylgalactosamine (GalNAc) nhu
Hinh 3.5 va Hinh 3.6. Cic nhanh chtra fucose nay c6 cac nhom sulfate & vi
tri C4 va C2, von duoc biét 1a cac vi tri dong vai tro quyét dinh trong hoat tinh
sinh hoc nhu chéng dong mau va chéng oxy hoéa [5,81]. Tuy nhién, dé tbi uu
hoéa céc tmg dung y sinh, viéc tim kiém cac enzyme c6 kha ning bé gdy mach
clia cac PS nay nham tao ra cac san pham co trong luong phan tir thdp van

ludn 12 muc ti€u nghién ctru quan trong.

0,50 OR!'
(o{e]o o
— o
§ 5 o %
OH NHAc
Me-7-07 or2 AA B R!' =S80,
dR? CR'=H
0,50

DR2=S80,,R®=H
ER2=H, R®=S0,
FR?=R3}=H
Hinh 3.5. Cdu tric cia FCS tir Hs, don vi lap lai cua FCS tu Hs

Trong do: don vi A chira Fuc2S4S (D), trong khi don vi A' chira Fuc3S4S (E)
hoac Fuc4S (F) [5]
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Hinh 3.6. Cdc khoi lap ciia fucan FS-BA-AT va FS-HS-AT [5]

Nho két qua nghién ctru nay di xac dinh duoc 3 loai fucoidanase tai t6
hop (F3, F4 va F5) c¢6 thé thuy phan PS tir H. spinifera, day 1a mot két qua
dang ghi nhin, m¢ ra cac hudng nghién clru maéi trong Gng dung enzyme
fucoidanase. Mac du ca ba fucoidanase (F3, F4, va F5) déu cho théy hoat tinh,
nhung xét vé tinh 6n dinh va hiéu suat, nghién ctu tiép theo s& wu tién tap
trung vao fucoidanase F3 va co chit PS tir H. spinifera dé tdi wu hoa quy trinh
va khao sat thém cac dic tinh sinh hoc cia san pham thuy phan.

3.3. KET QUA XAC PINH MOT SO YEU TO ANH HUONG DEN

HOAT TiNH CUA FUCOIDANASE TAI TO HQP TREN CO CHAT
SULFATED POLYSACCHARIDE TU HAI SAM

3.3.1. Thoi gian phan wng thich hgp

Viéc xéac dinh thoi gian phan Gng thich hop déng vai tro then chét trong
qua trinh thuy phén, vi n6 khéng chi dam bao hiéu qua cao nhat cua enzyme
ma con gitp tdi vu hoa qua trinh tao thanh cc san pham c6 trong lugng phan
tir thap, can thiét cho muc tiéu nghién ctru. Néu thoi gian phan ing qua ngén,
enzyme c6 thé chua kip xuc tac ddy du, din dén hiéu suat thiy phan thap va
khong dat dugc lugng san phdm mong mudn. Nguoc lai, néu thoi gian phan
g kéo dai qua mirc, san pham tao thanh c6 nguy co bi phan huy hodc thay
d6i cau tric do enzyme tiép tuc tac dong 1én chung. Diéu nay c6 thé gy ra su
suy giam hoat tinh sinh hoc hodc tham chi pha vo ciu tric dic thu cua céc
oligo-fucoidan, lam mét di cac dic tinh quan trong nhu kha ning chdng oxy

hoa, chong viém va cac tdc dung sinh hoc khac.

Do d6, viéc tim ra thdi gian phan Gng tdi uvu khong chi gitp tiét kiém chi
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phi va tai nguyén trong qua trinh san xudt ma con dam béo ring san pham
cudi cung c6 chat lwgng cao, duy tri dugce cac dic tinh sinh hoc can thiét cho
cac ung dung y sinh va cong nghi€p. Thoi gian phan ing phu hop s€ giup qua
trinh thity phan dién ra hiéu qua, dat mac d6 phan cat téi da ma khong giy ra
cac phan tng phu khong mong muén, tir d6 on dinh chat luong va gia tri cla
san pham.

Dé x4c dinh thoi gian thich hop cho qua trinh xtc tac thiy phan co chat
PS tir hai sim H. spinifera cua fucoidanase tai t6 hop F3, tién hanh thuc hién
phan tng ¢ 30°C voi cac khoang thoi gian khac nhau 0, 5, 10, 15, 30, 60, 120
phut. Dich phan tmg ctia mdi thi nghiém duoc kiém tra bang phuong phap C-
PAGE. Két qua dugc thé hién ¢ Hinh 3.7.

Hs M 0 S

Hinh 3.7. Dich thity phén PS Hs ciia fucoidanase tdi té hop F3 theo thoi gian
Trong d6: (Hs): co chat PS tir hai sam H. spinifera, (M): thang chuan oligo-
fucoidan; (0, 5, 10, 15, 30, 60, 120): thoi gian phan tng tinh bang phit.

Két qua tir Hinh 3.7 chi ra rang, san pham thuy phan bat dau xuat hién
ngay sau khi dién ra phan Gmg va c6 thé nhin thay rd sau 5 phut phan tng, khi



43

cac vét mo dugc phat hién trén gel C-PAGE. Su gia tang n6ng do cua cac san
pham co trong lwong phén tir thip duoc ghi nhan sau 10 phut, véi sy xuat
hién cua cac band 16 rang va ddm hon. Sau 15 phut phan Gng, san pham thay
phan dat muic cao nhat va duy tri 6n dinh khi thoi gian phan ung kéo dai dén
30, 60 va 120 phat. Thoi gian tdi wu cho hoat dong cua fucoidanase F3 1a 15
phut, diéu nay cho thiy enzyme nay c6 kha ning xic tac nhanh va hiéu qua
trén PS tir H. spinifera. Két qua nay phu hop véi cac enzyme fucoidanase c6
ngudn gdc tir vi khuan bién di dugc cong bd, voi thoi gian phan ung thudong
dao dong trong khoang tir vai phat dén vai gio, ty thudc vao ciu trac enzyme
va co chit. Qua trinh phan Gmg nhanh cua F3 c6 thé duoc 1y giai bdi cau trac
ddc hiéu cua enzyme, giup nd tiép can va phan cit lién két fucose (1—3)
trong mach chinh cua PS tor H. spinifera mot cach hiéu qua, tao thanh céc

oligo-fucoidan c6 trong lwong phan tir thap ngay tir nhitng phat dau phan tmg.

Thoi gian phan tng thich hop cia cac fucoidanase da dugc cong bd
trong nhiéu nghién ctu khac nhau [41,42,43] tuy thudc vao loai enzyme,
ngudn gbc fucoidan, va diéu kién phan tng cu thé. Mot sb enzyme
fucoidanase c6 thé dat hiéu suat t6i da trong khoang 4 dén 8 gio nhu
fucoidanase Fhf2 [53] hay FWfl va FW{2 [78], trong khi cac enzyme khac co
thé yéu cau thoi gian dai hon dé thuy phan fucoidan mét cach hiéu qua nhu
fucoidanase FcnA, Fdal hay Fda2 [67]. Tuy nhién, thoi gian toi wu thuong
dugc xac dinh thong qua thir nghiém cu thé, dua trén su gia tang néng do cua
san pham thuy phan fucoidan tai thanh trong qua trinh phan tmg. Trong pham
vi dé tai nghién ctru nay, ban dau thiét ké thi nghiém duoc thiét 1ap thoi gian
t6i da cho phan tng thuy phan 13 24 gid, tuy nhién voi két qua F3 dat hiéu
sudt cao nhat tir rat sém (sau 15 phat phan tng) va duy tri qua cac mdc thoi

gian d3 tao co sd cho viée rat ngan thdi gian phan Gng t6i da con 120 phut.

Viéc xac dinh dugc thot gian phan ing tdi vu 1a 15 phut cho fucoidanase
F3 khong chi gitip tdi wu héa quy trinh thiy phan PS tir H. spinifera ma con
mo ra tiém nang trong cic nghién ctru tiép theo. San pham thu dugc tir phan
g trong thoi gian ngan co thé duy tri dugc cac ddc tinh sinh hoc quan trong,
tranh hién tuong phan huy hodc bién tinh khong mong mudn do phan tmg kéo
dai. Piéu nay dic biét hitu ich trong cac ung dung y sinh, noi cac oligo-

fucoidan co6 trong lugng phan tu thép duoc cho la co6 hoat tinh sinh hoc cao,
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gitp ho trg di€u tri cac bénh lién quan dén viém nhiém va ung thu.

T két qua nay, co thé thdy rang thoi gian phan ung téi wu cho
fucoidanase F3 1a ngan, diéu nay rat co loi khi 4p dung trong san xuit céng
nghiép. Thoi gian phan tng ngin s& giup ting hiéu suit san xuét oligo-
fucoidan tir PS ctia H. spinifera, giam chi phi ning luong, dong thoi tranh
duoc cac hién tuong phan huy hoic mat hoat tinh sinh hoc cta san pham do
thot gian 4 kéo dai. Do dd, thoi gian phan img 15 pht s€ dugc lya chon cho
cac thir nghiém tiép theo dé duy tri hiéu qua thay phan va 6n dinh chét lugng

san pham.

Trong nghién ctu cia ching t6i, qua trinh thuy phdn PS bang
fucoidanase tai to hop F3 dat hiéu qua t6i da sau 15 phut. Vi vdy, thoi gian

phan tmg nay duoc chon cho céc nghién ctru tiép theo.
3.3.2. Nong dd canxi (Ca?*) thich hop trong phan tng

Cation kim loai déng vai trd quan trong trong viéc anh hudng dén hoat
tinh enzyme, boi chung tham gia vao nhiéu khia canh cua chirc ning enzyme.
Dau tién, nhiéu cation kim loai hoat dong nhu cac cofactor can thiét, hd trg
enzyme trong viéc thuc hién céc phan tng hoa hoc. Cac ion nhu Mg?*, Zn?",
Mn?* va Ca®" thudng tham gia vao viéc 6n dinh ciu tric clia enzyme hoic
truc tiép tham gia vao co ché xtc tac, tao diéu kién thuan loi cho sy lién két
v6i co chat hodc su hinh thanh trang thai chuyén tiép trong phan ng. Ngoai
ra cac cation nay c6 thé tac dong 1én ciu tric bac ba va bac bdn cia enzyme,
gitip dinh hinh viing trung tdm hoat dong hodc diéu chinh hoat tinh enzyme

thong qua cac thay doi cdu trac nho [82].

Déi voi enzyme fucoidanase, cac nghién ctru di chi ra rang sy hién dién
ctia mot s cation kim loai cu thé c6 thé ting cudng hodc trc ché hoat tinh cia
enzyme nay. Vi du, cation nhu Mg?* hodc Ca?* thuong lién quan dén viéc 6n
dinh ciu tric enzyme, trong khi cic cation khac, nhu Cu?" c6 thé gy bién
tinh hodc 1am suy giam hoat tinh enzyme do twong tac bat loi véi cdu trac
protein. Cac ion kim loai ciing c6 thé diéu chinh mic do hoat dong cua
fucoidanase bang cach anh huong dén sy lién két v6i co chat hodc sy phan cit

cac lién két glycosidic trong phan tir fucoidan [14].

Nhiéu nghién ctru cho thiy, hoat tinh phan 16n céc fucoidanase phu
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thudc vao su c6 mat cia canxi néng do Ca?" thich hgp thuong nam trong
khoang tir 1 mM dén 10 mM. Mot s6 enzyme fucoidanase yéu cau khoang 5
mM canxi dé dat hoat tinh t6i wu [49]. Diéu tha vi 1a trong tat ca céc ion kim
loai dugc nghién ciru, Ca?* 14 ion duy nhat khong gay bét hoat cho tit ca cac
fucoidanase duoc khao sat. Két qua nay co thé duoc 1y giai béi sau do, vi tri
lién két v6i ion Ca>* duoc tim thay trong hang loat trung tim hoat dong cta
cac fucoidanase nhu MfFcnA, PSAFcnA [60], FFA1 [83], FFA2 [84], FWfl-
4 [78] va Fhf2 [53].

Trong cac thi nghiém, phan tng thuy phan cua fucoidanase F3 trén co
chit PS tir H. spinifera dugc thuc hién ¢ céac néng d6 Ca?* khac nhau (0, 2, va
5 mM) nhim x4c dinh mic d6 anh huéng cua ion nay dén hiéu qua cua

enzyme.

Hinh 3.8. Dich thity phdn PS Hs ciia fucoidanase tdi té hop F3 véi cdc nong

do canxi khac nhau

Trong d6: (Hs): co chat PS tir hai sim H. spinifera, (M): thang chuan oligo-
fucoidan; (0, 2, 5): ndng d6 CaCl, tinh bang mM.

Két qua tir Hinh 3.8 cho thiy, khong ¢ su khac nhau cta san pham tao



46

thanh trong dich phan tmg & cac ndng do CaCl, ké ca truong hop khong bd
sung CaCl,. Nhu vdy c6 thé thay hoat tinh cua fucoidanase F3 khong phu
thudc vao sy c6 mat cua Ca** trong phan ing. So véi cac fucoidanase da dugc
cong bb, mot sd enzyme co yéu cau Ca?* dé duy tri hoat tinh cao nhat, nhu cac
fucoidanase tir rong bién hodc mot sé enzyme thuy phan polysaccharide khac,
von can tir 1 dén 10 mM Ca?* dé t6i wu hoa hiéu qua xtc tac. Kha nang hoat
dong cua fucoidanase F3 ma khong can Ca?* mang lai mét sb loi ich 16n cho
cac tmg dung cong nghiép, vi diéu nay gitip don gian hoa diéu kién phan tng,
giam chi phi cho viéc diéu chinh néng d6 ion kim loai, dong thoi gitip han ché

anh hudng cua Ca?" 1én céc tinh chat khéac ctiia sdn pham cudi cung.

Bén canh d6, fucoidanase F3 c¢6 thé dat hoat tinh cao ma khong can dén
Ca?', diéu nay cho thay cau tric enzyme cta F3 c6 thé da dugc t6i uu hoa ty
nhién dé duy tri d6 bén cau trac va hiéu qua xuc tic ma khong can cofactor.
biéu nay cé thé do cac lién két noi phan tr manh mé& hodc cAu trac vung hoat
dong dugc hinh thanh on dinh, khong phu thudc vao su lién két v6i ion kim
loai nhu Ca?*. Kha nang khong phu thudc nay giup F3 thich nghi tt trong cac
diéu kién phan tng bién doi, ting kha ning tng dung ciia enzyme niy trong

san xuat ma khong can dén cac yéu cau khat khe vé thanh phan ion kim loai.

Viéc khong phu thudc vao Ca?* khong chi gitip tiét kiém chi phi ma con
giam thiéu cac anh huong khong mong mudn cua ion kim loai 1én cac dic tinh
sinh hoc ctia san pham cudi cung, dic biét trong cac tng dung y sinh doi hoi
d6 tinh sach cao. Tir két qua nay, quy trinh thuy phan PS tir H. spinifera bang
fucoidanase F3 c6 thé t6i vu ma khong can bd sung Ca?*, giup giam thiéu
bude xir Iy ion kim loai trong cac cong doan san xuat, phu hop vai tiéu chi
than thién voi moi trudng va tiét kiém chi phi. Ngoai ra, co ché khong phu
thudc vao Ca** cua F3 cling tao diéu kién thuan loi cho viée ung dung enzyme
trong cac hé théng phan ung khac, noi sy c6 mit cia Ca** co thé gdy anh

hudng khong mong mudn dén cac thanh phan khac cta hé thong.

Ttr két qua nghién ctru, cho thay di voi phan tGng xtc tac phan Gng thuy
phén co chit PS tir hai sim H. spinifera cta fucoidanase tai to hop F3 khong
can sy ¢6 mit caa Ca?*, nén chung t6i s& khong bo sung CaCl, trong cac phan

mg & cac thi nghiém tiép theo.
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3.3.3. Nhiét do phan t&ng thich hop

Nhiét do0 anh hudéng manh mé dén hoat tinh cua fucoidanase, cling nhu
nhiéu loai enzyme khac. O nhiét d6 thép, hoat tinh fucoidanase thuong bi han
ché do sy suy giam chuyén dong phén tir, khién cho cac tuong tic giira
enzyme va co chét it hiéu qua hon. Nguoc lai, khi nhiét do tang 1én, tbe do
phan tng ting theo do cc phan tir di chuyén nhanh hon va ting cudng kha
ning tiép xtc gilta enzyme va co chat. Sy gia ting nhiét do c6 thé thuc day
tbe do phan tng enzyme Ién dén mot mirc nhiét d6 tdi wu, nhung néu vuot
qua ngudng ndy, hoat tinh enzyme c6 thé giam do mat 6n dinh ciu trac
protein va hién tuong bién tinh. Trong nghién ciru nay, dé danh gia tac dong
cua nhiét d0 1én hoat tinh cua enzyme va xac dinh nhiét do tdi wu cho
fucoidanase F3, phan ing enzyme va co chit tir hai sim H. spinifera duoc 0 &
cac nhiét do khac nhau (15, 20, 25, 30, 35, 40, 45°C). Két qua phan tich san
pham thuy phan dugc trinh bay trong Hinh 3.9.

Hs M 15 20 25 30 35 40 45

n vll

.......

s

Hinh 3.9. Dich thiy phdn PS Hs ciia fucoidanase tdi té hop F3 véi cdc nhiét
do phan ung khdc nhau
Trong d6: (Hs): co chat PS tir hai sim H. spinifera, (M): thang chuén oligo-
fucoidan; (15, 20, 25, 30, 35, 40, 45): nhiét 4o phan ung tinh béng °C.
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O nhiét d6 phan mg 1a 15°C fucoidanase F3 khong cho thdy su hoat
dong hodc hoat dong rat yéu nén khong thé phat hién san phﬁm tao thanh trén
gel C-PAGE. Hoat tinh cua fucoidanase F3 ting dan trong khoang nhiét do tir
20°C va dat muc cao nhat & 35°C, khi cic san pham trong lugng phén tir thap
xuat hién rd nét va tap trung. Hoat tinh F3 gin nhu mat hoan toan & 40°C va
45°C (Hinh 3.9).

Hoat dong cua fucoidanase dugc biét 1a rat nhay cdm véi nhiét dg, va ca
nhiét do qua cao hodc qua thip déu anh huong dén kha ning xuc tic cua
enzyme [49]. Hau hét cac fucoidanase dugc nghién ctru dén nay cho thdy hoat
dong t6i vu trong khoang tir 25 dén 30°C, nhu FFA1 [83], FFA2 [84], FWfl
[78] va MEF2 [66]. Nhung c6 mdt s6 enzyme van giit hoat tinh & mirc cao
hon, chang han nhu fucoidanase tai to hop c6 ngudn gdc tir vi khuan bién
Formosa haliotis (Fhf2), hoat tinh tdi wu & 35°C va van duy tri hoat dong &
nhiét do cao, 1én dén 45°C. Piéu nay khién Fhf2 tré thanh mot trong nhiing
fucoidanase c6 kha ning chiu nhiét tot nhat. Ngoai ra, enzyme nay c6 do bén
nhiét cao, gitt dugc hoat tinh sau khi 1 & 37°C, 40°C, va 45°C trong cac
khoang thoi gian khac nhau, tir 4 gid dén 5 phut [53].

Hoat tinh t6i uu cua fucoidanase F3 tai 35°C c6 thé lién quan dén ciu
tric khong gian cua enzyme, trong d6 cac lién két hydro va cac twong tac ion
trong c4u trac bac ba cua enzyme dugc 6n dinh & nhiét do nay. Nhiét do tbi
wu gitip enzyme duy tri cdu trac hoat dong va dam bao cac ving hoat dong c6
kha nang twong tac hiéu qua véi co chat. Ngoai ra, cac enzyme fucoidanase tir
vi khuan bién nhu F3 thuong co cau tric bén hon so voi cdc enzyme tir céc
ngudn khac, cho phép ching hoat dong on dinh trong moi trudng cd bién
dong nhiét do, diéu nay ly gidi cho su gia tang hoat tinh cua F3 khi nhiét 4o
tang 1én dén ngudng 35°C.

Khi nhiét d6 vuot qua 35°C, hoat tinh cta fucoidanase F3 bat dau suy
giam 1o rét, dic biét & 40°C va 45°C, enzyme gan nhu mat hoan toan hoat
tinh. Sy suy giam nay c6 thé dugc giai thich bai hién tuong bién tinh nhiét,
trong d6 céac lién két yéu trong cau triic khong gian cua enzyme (lién két
hydro, tuong tdc Van der Waals) bi pha v khi nhiét d§ tang cao. Qua trinh
ndy 1am thay doi cdu tric bac ba ctia enzyme, dan dén mat cu tric ving hoat

dong va khong con kha nang xuc tac. Sy nhay cam véi nhiét do cua F3 cho
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thdy rang enzyme nay khong bén vitng & nhiét d6 cao va 35°C 1a nhiét do tdi

ru nhat dé duy tri hoat tinh ciing nhu ciu tric bén vimg.

Nhiét @6 phan tmg thich hop ¢ 35°C cta F3 khong chi dam bao téi wu
hoa hoat tinh enzyme ma con gitp bao toan cac dac tinh sinh hoc ctua san
phém tao thanh. O nhiét d6 tbi vu nay, qua trinh thuy phan PS dién ra hiéu
qua va nhanh chéng, tao ra cac oligo-fucoidan véi dac tinh sinh hoc mong
mudn. Trong quy trinh cong nghiép, viéc xac dinh nhiét do t6i wu nay giup
tiét kiém ning luong, vi khong can phai duy tri hé thong & nhiét do cao, dong
thoi giam thiéu nguy co enzyme mat hoat tinh do nhiét. Pidu nay ciing gop
phan bao vé ciu tric san pham cudi cung, gitp duy tri hoat tinh sinh hoc cta

cac oligo-fucoidan cho cac ung dung trong y hoc va duoc pham.

Viéc x4c dinh nhiét d6 t6i wu cho F3 & muac 35°C cho phép linh hoat
trong viéc diéu chinh nhiét d6 cho cac tng dung cu thé, chang han trong cac
phan tng lién tuc hodc phan tmg duoc thiét ké cho méi truong khong on dinh
vé nhiét 6. Piac biét, trong cac ing dung can san pham c6 do tinh sach cao
hodc yéu cdu bao toan dic tinh sinh hoc, nhiét d6 phan tng toi wu ¢ 35°C
gitp giam thiéu ti da tic dong cua nhiét dén san pham, ning cao hiéu qua

thay phan ma vin dam bao chét luong cua céc oligo-fucoidan.

Nhin chung, cac fucoidanase tai to hop c6 xu hudng hoat dong tdi wu
trong khoang 30°C dén 40°C, mirc nhiét cao hon so véi cac fucoidanase tur
nhién da dugc nghién ctru trude day. Vi mic do 6n dinh nhiét cua enzyme cO
thé dugc cai thién thong qua k¥ thuat tai t6 hop hodc bién ddi gene dé phu
hop véi cac tmg dung cu thé, chang han nhu trong cac diéu kién moi truong

hodac quy trinh cdng nghiép doi hoi nhiét d6 cao hon.
3.3.4. pH phén ung thich hgp

pH 14 mot yéu t6 quan trong anh huéng dén hoat tinh ctia enzyme, mdi
enzyme c¢6 mot khoang pH t6i vu gitp cau trac gitr trang thai 6n dinh nhat va
t61 da hoa hoat tinh xtc tac. Néu pH nam ngoai khoang t6i wu, enzyme c6 thé
bi bién tinh hodc thay doi hinh dang, 1am suy giam hodc mat hoat tinh do su

pha v& céc lién két ion va hydro trong cau truc ctia no.

D41 voi enzyme fucoidanase, pH cling anh huéng manh mé dén qua trinh

thuy phan fucoidan. Cac nghién ctru cho thay fucoidanase thuong c6 hoat tinh
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cao nhat & moi truong trung tinh hoic kiém nhe (pH 6-8), tuy thudc vao
ngudn gbc cua enzyme. Néu pH giam qua thip hodc ting qua cao,
fucoidanase d& bj bién tinh va khong con kha ning xtc tac hiéu qua.

Trong nghién ctru nay, dé danh gia tac dong cia pH 1én hoat tinh cia
enzyme va xac dinh pH tdi wu cho fucoidanase F3, phan ung enzyme va co
chét tir hai sam Hs duoc thuc hién ¢ cac pH khac nhau (tir 2 dén 10). Két qua
phan tich san phim thuy phan dugc trinh bay trong Hinh 3.10.

H M 2 3 4 5 6 7 8 9 10

T

Hinh 3.10. Dich thity phdn PS Hs ciia fucoidanase tdi t6 hop F3 véi cdc mirc
pH phan vng khac nhau

Trong d6: (Hs): co chat PS tir hai sim H. spinifera, (M): thang chuén oligo-
fucoidan; (2, 3,4, 5,6, 7, 8,9, 10): pH phan ting.

Fucoidanase F3 c6 kha ning hoat dong trong khoang pH tir 6 dén 8,
trong d6 hoat tinh dat t6i wu & pH 6, giam nhe & pH 7 va pH 8, & pH 9 kha
nang thiy phan cta F3 cho thay su giam sit dang ké va mat hoan toan hoat
tinh & pH 10, tuong ty & ving kiém manh (pH 2-5) F3 ciing khong thé hién
hoat tinh (Hinh 3.10).
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Hoat tinh t6i wu cta fucoidanase F3 ¢ pH 6 cho thdy cau trac khong gian
ba chiéu cua enzyme, dic biét 1a vuing hoat dong, duogc 6n dinh nhat trong moi
truong axit yéu. O pH tdi wu ndy, cac lién két ion va hydro trong ciu tric bac
ba va bac bén cla enzyme dugc duy tri tdt nhat, dam bao cac géc axit amin
tai ving hoat dong c6 thé tuwong tac hiéu qua véi co chat. Khi pH nam ngoai
khoang tdi wu, cac ion H* hodc OH™ ¢6 thé pha v& cac lién két yéu nay, giy ra

su thay doi trong cau truc enzyme va lam gidm kha nang xuc téc.

Mot s6 fucoidanase khac dugc cong b 1a c6 ving pH téi uu hep hon chi
trong khoang pH 8-9 nhu cac fucoidanase Fhfl, Fhf2 va MEF2 [46,20,47];
hay fucoidanase FWf2 hoat dong tot & mdi truong axit nhe nhung chi trong
khoang pH 6-6,8 [7]. Piéu niy c6 thé 1a do tinh chat cta co chat fucoidan,
vbn on dinh hon trong méi truong pH trung tinh dén axit yéu. Muc pH axit
yéu khong chi giup 6n dinh cau triic enzyme ma con c6 thé lam ting hiéu qua
phan cat lién két fucose trong PS tir H. spinifera, tao diéu kién thuén loi dé
san pham c6 hoat tinh sinh hoc cao. Khi pH phan tmg chuyén sang moi
truong qua kiém (pH 9-10) hodc qua axit (pH 2-5), hoat tinh ctia fucoidanase
F3 gidm manh va gﬁn nhu khong con hoat tinh. Hién tugng nay cé thé duoc
giai thich do céc thay d6i trong can bang ion, pha v& cac lién két noi phan tir
va lam bién tinh enzyme, khién cdc nhém chirc ning trong ving hoat dong
khong con & trang thai toi wu dé xuc tac phan Gng. Cau tric enzyme c6 thé bi

mat 6n dinh, dan dén su suy gidam hodc mat hoan toan hoat tinh xtc tac.

Xéc dinh pH tdi uvu & muirc 6 cho fucoidanase F3 mang lai nhiéu 1oi ich
trong san xuat cong nghiép. Duy tri pH & ving axit yéu gan trung tinh gitp
kéo dai tudi tho enzyme, ting hiéu suat va giam chi phi diéu chinh pH trong
cac phan tmg quy mé 16n. Méi trudng nay cling it anh hudng tiéu cuc dén san
pham, dic biét khi yéu cau do tinh khiét va hoat tinh sinh hoc 6n dinh. Véi
hoat tinh cao nhit & pH 6 va kha ning duy tri 6 pH 7 va 8, F3 ¢6 thé duoc ting
dung hiéu qua trong cac hé thong co bién dong nhe vé pH, gitip giam thiéu rai
ro giam hoat tinh va tang hiéu qua san xuit oligo-fucoidan c6 dic tinh sinh

hoc cao.
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KET LUAN VA KIEN NGHI

KET LUAN

Nghién ctru di biéu hién, thu nhin va tinh sach thanh céng 5 fucoidanase
tai to hop (F1, F2, F3, F4, F5) v6i do tinh sach cao va c6 hoat tinh thity phan
co chét dic hiéu twong tmg

Trong do6, 03 fucoidanase F3, F4, va F5 c6 hoat tinh thuy phan sulfated
polysaccharide tir hai sam H. spinifera, tao oligosaccharide c6 trong luong

phan tir thap.

D3 xac dinh duoc diéu kién phan tng thich hop cho hoat dong xuc tac
ctia fucoidanase F3 khi thay phan co chat sulfated polysaccharide tir hai sam
H. spinifera gdbm: thoi gian phan Gmg 15 phut, nhiét d6 phan tng 35°C va pH
0.

KIEN NGHI

Xac dinh sy anh hudng cua cac yéu té nhu nong d6 muoi, ion kim loai
va loai dém... dén hoat tinh xuc tac cua fucoidanase F3 trén co chat PS tir H.

spinifera nham thu nhan t6i da san pham trong luong phan tir thap.

Tiép tuc thuc hién nghién ctru dac tinh xuc tac ciia 02 fucoidanase F4 va
F5, nham tim kiém cac enzyme c6 kha ning thuy phan co chat PS hiéu qua va
tao ra san phém da dang vé clu tric cling nhu hoat tinh sinh hoc.

Nghién ctru ciing dé xudt mo rong phan tich cau tric héa hoc va hoat
tinh sinh hoc cua san pham, nham ting cudng Gmg dung hop chit tir sinh vat

bién trong y duoc.
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SUMMARY

ANALYSIS OF POTENTAIL FUCOIDANASE SEQUENCES FROM THE
MARINE BACTERIA Pseudomonas sp. S3178 WITH BIOINFORMATICS
SOFTWARE

Fucoidanase are enzymes that catalyze the conversion of fucoidan into short-chain oligosaccharides through
hydrolysis of sugar bonds between fucose or sulfate fucose residues, helping to prepare fucoidan
oligosaccharides with high biological activity and clear structure. The use of bioinformatics software to
search and identify potential fucoidanase sequences is an important research step to help improve efficiency
and save costs in recombinant fucoidanase research. In this paper, we analyze and compare the protein
sequence (PF1) originating from the marine bacterium Pseudomonas sp. S3178 with fucoidanase sequences
has been published on National Center for Biotechnology Information (NCBI) using bioinformatics
software. Analysis results show that PF1 is a protein of 402 amino acids, containing a 22 amino acid signal
peptide domain and a 380-amino-acid D1 functional domain typical of fucoidanase. In the D1 domain of
PF1, two amino acid residues D203 and H278 have been identified that are responsible for catalysis and
four amino acid residues Y142, N144, S231 and T327 belong to the active center of this enzyme.
Phylogenetic tree analysis showed that the PF1 sequence belongs to a(l/—3) fucoidanase group. These
results are the scientific basis and premise for further research to create high-performance, highly active
recombinant fucoidanase.

Keywords: fucoidanase, Pseudomonas sp. S3178, recombinant, bioinformatics tools

1. GIOI THIEU rong Nau [1]. Tuy nhién, vi ciu tric hoa
hoc phuc tap, trong lugng phéan ta 16n, va
d6 nhét cao nén cac san pham fucoidan
trén thi truong hién nay, cha yéu lién quan
dén cac san pham dinh dudng, thuc pham
chic nang va my pham. Chinh vi vay, cac

Fucoidan la mét trong nhing sulfate
polysaccharide c6 hoat tinh sinh hoc da
dang, dang quy va co6 gia tri irng dung cao
trong linh vyc y dugc ¢d nguon goc tir
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enzyme chuyén héa fucoidan trong d6 co
fucoidanase dang nhan dwogc rat nhiéu su
quan tam nghién cuu. Fucoidanase (EC
3.2.1.-) la cac enzyme xUc tac thuy phan
lien két duong gitta cac goc fucose hoic
sulfated fucose trong mach chinh cua
phén tir fucoidan. Dya vao kha nang xuc
tac thuy phan lién két duong ¢ céc vi tri
carbon khéc nhau giita cac gbc fucose
hoac sulfated fucose trong mach chinh
cia phan tr co chat fucoidan ma
fucoidanase dugc phan thanh 2 nhdm
chinh 1a a(1—4) fucoidanase va o(1—3)
fucoidanase [2]. Fucoidanase tai to6 hop
duoc tao ra bang ki thuat sinh hoc phan tu
gilp tao ra cac enzyme c6 hoat tinh manh
va d6 bén cao. Trong nhitng nam gan day,
nho vao su phat trién cua cac phan mém
phén tich tin sinh hoc ma théng tin cua
cac vung bao thu cua phan ta protein
fucoidanase ciing nhu ciu tric cua
enzyme nay da dugc lam séng to, qua do
giup nang cao khd ndng tim kiém céac
trinh ty fucoidanase tiém niang huéng dén
nghién ciru thanh cong fucoidanase tai to
hop [3-6]. Cong b cua Vicker va cong sy
vé cau tric tinh thé 3D cua 02 phan tu
fucoidanase PSAFcnA va MfFcnA tir vi
khuan bién Psychromonas SW5A va
Mariniflexile fucanivorans sp. nov. da chi
ra vung bao thu chiu trach nhiém hoat tinh
cua fucoidanase 1a vung D1, d6 la mot
doan polypeptide gom khOang 400 axit
amin c6 cau tric dang xoan va tam két
hop (B/a)8 tinh tur dau tan cung amino cua
chudi protein, mdi ving déu chtra 02 goc
axit amin la Aspartic (D) va Histidine (H)
chiu trdch nhiém xuc tac cuaa enzyme
fucoidanase (twong trng vai vi tri D226 va
H294 cua trinh ty MfFcnA, D201 va
H276 cua trinh tu P5SAFcnA), cung Vvoi
céc vi tri lién két khac trong d6 c6 lién két
véi ion Ca?* [5].

Nho vao cong bd vé trung tdm hoat dong,
vi tri x(c tdc va cau trac 3D cua
fucoidanase tir nhom nghién ctu cua
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Vicker va cong su, mot loat cac
fucoidanase khac cling da dugc xac dinh
va tai to hop thanh cong trong thoi gian
ngidn sau dé, nhu 04 fucoidanase tir Vi
khuan bién W. fucanilytica CZ1127T [6],
fucoidanase P19DFcnA tir vi khuan
Psychromonas sp. [5], fucoidanase Fhfl,
Fhf2 tir F. haliotis [3,4]. Cac fucoidanase
nay khéng phai dugc sang loc, phan lap,
tach chiét truc tiép tir té bao sinh vat nhu
c4c nghién ctru trude day, ma duoc tong
hop bang ky thuat sinh hoc phan tir nho
VAo Viéc dy doan cac trinh ty protein tiém
nang san c6 trén Ngan hang gen thé gigi
(National Center for Biotechnology
Information - NCBI). Trong cac nghién
cau nay, bén canh vung D1 va trung tam
hoat dong cua fucoidanase, mot s6 ving
bao thu khac nhu ving peptide tin hi¢u
(signal peptide), wvung Cadherin-like
domain (IgR) hay vung Type IX secretion
system (T9SS) ciing dugc xac dinh, mac
di vay cho dén nay vai trd cua cac ving
bao tha nay (loai trir ving D1) ddi Véi
hoat tinh cua fucoidanase van chua duoc
lam rd [4-7].

Trong nghién ctu nay, nhom tac gia da su
dung cac phan mém tin sinh hoc hién dai,
két hop véi cac thong tin khoa hoc méi
nhat vé trinh tu, cu tric cua fucoidanase,
dé phan tich trinh ty protein PF1 ¢4 ngudn
gdc tir chung vi khuan Pseudomonas sp.
S3178 dugc khai thac tir Ngén hang gen
thé gigi (NCBI).

2. VAT LIEU VA PHUONG PHAP
2.1 Vit ligu

DPoan trinh ty protein (PF1) cua chung vi
khuan Pseudomonas sp. $3178, c6 ma s
Genbank: WP_138682449.1 va mi sb
Protein ID: TMP05905.1 trén Ngan hang
gen thé gigi (NCBI).

2.2 Phuwong phap

Cong cu BLAST (Basic Local Alignment
Search Tool): mét tap hop cac céng cu tim



kiém, thong ké dugc thiét ké dé phan tich
mtc d6 twong ddng va do6 bao phu cua
trinh tu sinh hoc trén ngan hang dir liéu
gen NCBI.

Cong cu InterProScan: cung cap thdng tin
vé chirc nang cua protein bang cach phan
loai chdng thanh c&c ho va du doan cac
ving bao tdn cua trinh tu protein phan
tich.

Cong cu SignalP 5.0: du doan su hién
dién cua céc vung peptide tin hiéu (signal
peptide) va céc vi tri phan cit cua ching
trong trinh ty protein.

Phan mém CLC Genomics workbench
program 8.0: duoc sir dung dé xac dinh
cac viing va gbc axit amin bao ton cua cac
trinh tu protein phan tich, dung cay phat
sinh loai.

Hé thdng phan loai CAZy (Carbohydrate
Active Enzymes): phan loai enzyme hoat
dong trén co chat carbohydrate.

C4c trinh ty fucoidanase da dugc cong b
dugc su dung lam trinh ty tham chiéu
duoc liét ké ¢ Bang 1.

Bdng 1. Danh muc cac GH107 fucoidanase duoc
st dung lam tham chiéu

SW5A

P9DfcnA [Psychromonas sp,

[5] SW19D AYF59292.1
Fdal [10-| Alteromonas sp.

12] SN-1009 AAO000508.1

Fda2 | Alteromonas sp. AAGO0509.1

[10,11] SN-1009

Nguonvi | Phan

Enzyme Khuan loai Genbank
Mariniflexile
Mf[':;jnA fucanivorans CAI47003.1
SW5T

FFA1 [8] | Formosa algae WP_057784217.1

FFA2 [9] | Formosa algae WP_057784219.1

Endo-a

(1—4)

Fhfl [4] | Formosa haliotis WP_066217780.1

Fhf2 [3] | Formosa haliotis WP_066217784.1

EWf1-4 |Wenyingzhuangial
fucanilytica
(6] Cz1127T

AXES0_07305;
AXES0_07310

PSAfcnA Psychromonas sp| Endo-o AYF59291 .1

[5] Psychromonas (1-3)

3. KET QUA VA THAO LUAN

3.1 Két qua phan tich trinh tw va ving
bao tha cia PF1

Theo két qua phan tich bang Signal P 5.0
(ma SO tra ctu:
6677967F0016A135EBF45AA6,  ngay
23/06/2024) va InterproScan (ma so tra
cau: iprscan5-R20240622-121812-0969-
222055-p1lm, ngay 22/06/2024), PF1l la
mot protein gom 402 axit amin, ¢ chira
doan signal peptide gom 22 axit amin (vi
tri cit- cleavage site nam gitra axit amin
22 va 23) va khong chua bat ky mién du
doan chirc nang nao (Hinh 1 va Hinh 2).

....................................................................

Hinh 1. Chiéu dai va v tri signal peptide cua PF1
duoc xdc dinh bang SignallP 5.0
Phan tich d6 tuong dong ciia PF1 voi céc
trinh ty san co trén co so dir liéu cua
Ngan hang gen NCBI bing cong cu
BLAST (m4 sé tra ciru: 7F88UDIMO16,
ngay 23/06/2024) cho thay, PF1 c6 do
twong ddng cao nhit véi trinh tu protein
gia dinh (hypothetical protein) tir chung vi
khuan  Pseudoalteromonas  fuliginea
(WP_14961387.1), véi do twong ddng
(Identify percent) dat 90% va d¢ bao phu
(Query percent) dat 99%. Pi véi cac
trinh tu fucoidanase da dugc cong bd, PF1
c6 do twong dong cao nhit voi trinh tu




P5AFCNA Vi 63% do tuong dong va 90%
d6 bao phu. PSAFcnA la fucoidanase dac
hiéu lién két duong a(1—3) va cing la
fucoidanase dau tién dugc xac dinh cau
trac tinh thé 3D [5].

Hinh 2. Két qua phan tich viing chic nng cia
PF1 bang InterproScan

Két qua phan tich viing chac nang & Hinh
2 cho thay, trinh tw PF1 chi chtra ving
signal peptide va vung D1, vung bao thu
chiu trach nhiém cho hoat dong xuc tac
cua fucoidanase, ma khéng bao gom bét
ky mot ving chic ning nao khac. Cau
trac don gian cua PF1 ciing twong dong
véi mot sé fucoidanase da dugc cong bd
nhu P5AFcnA va P9DFcnA [5]. Mac du
vay, bén canh vung signal peptide va ving
D1, phan 16n céc trinh tu fucoidanase con
chtra thém mot s6 vung chirc nang khac
nhu vung Cadherin-like domain (IgR),
hay wvung Type IX secretion system
(T9SS)...cac ving nay c6 thé xuat hién
mét lan hozc nhiéu lan trong cau tric cua
cac enzyme fucoidanase [3-5,7].

3.2 Két qua phan tich axit amin bao tha
thugc vung chire nang D1 cia PF1

Trong viing D1, ¢6 hai goc axit amin chiu
trach nhiém xdc tadc cua fucoidanase la
Aspartic (D) hoat dong nhu tac nhan
nucleophile va Histidine (H) hoat dong
nhu chat x0c tac gbc axit. Trudc
do6,Vicker va cong su da xac dinh ¢ cac vi
tri D226 va H294, D201 va H276, D198
va H276 lan luot cua cac trinh tu
fucoidanase MfFcnA, P5AFcnAva
P9DFcnA [5]. Trong nghién ctu nay, da
duoc xac dinh trén trinh tu cua PF1, & cac
vi tri twong tng D203) va H278. Thém
vao do, két qua phan tich caa chung toi
cling chi ra rang, 2 axit amin nay xuat
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hién & tat ca cac trinh fucoidanase da
dugc cong bo (Bang 2).

Bdng 2. V; tri axit amin bao thu trong vung bdo
thu D1 cua PF1 va cac fucoidanase

Fucc:edana Axit amin bao tha cia vung D1
142 144 203 231 278 327
FF1 Yy IN |D |s |H |w
143 145 201 229 276 325
P5AFcnA v N D N H W
140 142 198 229 276 327
PIDFenA [ v |y | In |n |w
135 137 226 252 273 323
Fdal Yy |A |D [N |H |W
198 200 295 221 342 392
Fda2 Y |A |D [N |H |W
147 149 226 270 294 351
MfFcnA v N D N H W
142 144 223 266 290 364
Fhfl Yy IN |D [N |H |W
144 146 227 270 297 355
Fhf2 Yy IN |D [N |H |W
144 146 223 267 291 348
FFAL Yy [N |D [N |H |W
154 156 237 280 307 365
FFA2 Yy IN |D [N |H |W
129 131 225 267 293 357
FWil Yy [N [D [0 |H |w
365 367 464 506 537 611
FWi2 Yy IN |D [N |H |W
311 313 401 443 469 528
FWI3 Yy IN |D [N |H |W
150 152 229 273 297 354
FWf4 Yy IN |D [N |H |W

Trong do: 02 axit amin chiu trdch nhiém
xuc tac dugc in dam: Aspartate (D) va
Histidine (H); 04 axit amin thudc trung
thm hoat dong: Tyrosine (Y), 2 géc
Asparagine (N), Tryptophan (W). Sb
trong bang la vi tri axit amin twong Gng
Véi tirng trinh tu fucoidanase phén tich.

Bén canh do6, 03 trong 04 gbc axit amin
thuoc trung tadm hoat dong cua
fucoidanase bao géom Y147, N149 va
T351 da dugc céng bd trén trinh tu
MfFcnA [5], cling dugc xac dinh ¢ trinh
tu PF1, twong (ng Véi cac gdc axit amin
la Y142, N144 va T327. Trong khi do,




gbc axit amin con lai caa MfFcnA la
N270, duoc bién d6i thanh S231 trong
trinh tu PF1 (Bang 2).

DPéng chu ¥, co6 02 gbc axit amin thudc
trung tdm hoat déng khdng bao tén hoan
toan gitra tit ca céac trinh tu fucoidanase
nghién ctu. Géc N149 cua MfFcnA bi
bién d6i thanh Alanine (A) trong Fdal va
Fda2 [3,4]. Con gbc N270 cia MfFcnA bi
bién d6i thanh S231 trong PF1 va Q267
trong FWf1 (Bang 2). Mac du, can phai
phan tich sau hon vé goc d6 phan tir ciing
nhu sinh hoa dé thay duoc cac khéac biét
nay c6 anh huong nhu thé nao dén dic
tinh xdc tac cua mdi fucoidanase khac
nhau, nhung ciing c6 thé ly giai cho tinh
dac hiéu cao cua enzyme fucoidanase, do6
la, bén canh loai lién két gitta cac gdc
duong fucose & mach chinh cua co chét
fucoidan, dic tinh xdc tac cua cac
fucoidanase cting chiu anh hudng cua vi
tri va sé luong cac nhoém chic khac nhu
géc sulfate, goc acetyl...; hay mat do va
d6 phtic tap cua céu tric cac mach nhanh
[2,3,11].

3.3. Két qua phan tich cay phat sinh
loai caa PF1 véi cac fucoidanase khac

Cay phat sinh loai dwoc thuc hién tir két
qua phéan cua vung D1 gitra PF1 va 13
fucoidanase khac bang Phan mém CLC
Genomics workbench program 8.0
(Hinh 3).

Cay phan loai dugc phan thanh 2 nhanh
chinh, gdom Nhéanh A va Nhéanh B. Trong
do, tit ca cac fucoidanase xuc tac dac hiéu
cho lién két duong a(1—4) nhu MfFcnA
[5,7], FFAL [13], FFA2 [9], Fhfl [4], Fhf2
[3], FWf1,2,3,4 [6] déu thuoc Nhanh B.
Trong khi, PF1 thuoc cung Nhanh A cung
Véi cac fucoidanase xuc tac dac hiéu voi
lien két duong a(1—3) nhu Fdal va Fda2
[11,12] va P5AFcnA, P19DFcnA [5]
(Hinh 3).
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A) L Fdal
P5AFcnA
V—‘— P19DFcnA
‘ PF1
FFAL
Fhfl
Fhi2
(B)
FFA2
FWE4
FWI3
|— FWR2
05
FWfl

Hinh 3. Cay phét sinh loai cua PF1 va cac
fucoidanase

4. KET LUAN

Bang cong cu tin sinh hoc va nguon dir
lieu trén Ngan hang gen thé gi¢i NCBI, da
xac dinh dugc 01 doan trinh tu
fucoidanase tiém ning PF1. Két qua
nghién ctu s€ la luan chang khoa hoc
dang tin cay dé tién hanh lua chon trinh tu
PF1 cho nghién ctu tai to hop
fucoidanase.

Loi cam on: Két qua bai bao duogc thyc
hién tir ngudn kinh phi thuoc Dé tai Khoa
hoc cong nghé thudc cac huéng KHCN
vu tién (m3 sd6 VAST02.01/23-24) cua
Vién Han lam Khoa hoc va Cbng nghé
Viét Nam.
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VIEN HAN LAM CONG TTOA XA HOI CHUNGHIA VIET NAM

KHOA HQC VA CONG NGHT VN Djc 1ap - Tu do - Hanh phic
HOQC VIEN KITOA HQC VA CONG NGH

86: 4244 /QD-HVKHCN Ha Noi, ngay Of thang 11 nam 2024

QUYET DINH
Ve viée thanh 1ap Hi dong danh gia ludn van thac si

GIAM DOQ )
HOQC VIEN KHHOA HQC VA CONG NGHE

Can et Quyét dinh 56 303/QD-VHL ngay 01/03/2023 ciia Chii tich Vign Han
lam Khoa hoc va Cong nghé Viét Nam vé viée ban hanh Quy ché to chiec va hoat dong
cua Hoc vién Khoa hoc va Cong nghé,; ‘

Cén cir Thong tw s6 15/2014/TT-BGDDT ngay 15/5/2014 ciia Bé Gido duc va
Déo tao ban hanh Quy ché dao tao trinh do thac st; )

Cén ctr Quyét dinh sé 775/QD-HVKHCN ngay 21/1 1/2016 cua Giam doc Hoc
vién Khoa hoc va Cong nghé ban hanh Quy ché dao tao trinh do thac st )

Céin cie Quyét dinh 56 850/QD-HVKHCN ngay 31/05/2021 ciia Gidm doc Hoc vién
Khoa hoc va Cong nghé vé viéc cong nhdn hoc vién cao hoc tring tuyén dot 1 nam 2021;

Can cir Quyét dinh s6 65/0D-HVKHCN ngay 26/02/2024 ciia Gidm doc Hoc vien
Khoa hoc va Céng nghé vé viée cng nhan dé tai va cir nguci hiedng dan luan van thac st;

Can cir Quyét dinh sé 57/QD-HVKHCN ngay 26/02/2024 cua Gidm doc Hoc
vién Khoa hoc va Cong nghé vé viéc gia han thoi gian hoc tdp lan 2 cho hoc vién Tran
Thanh Hiéu;

Xét dé nghi ciia Truong khoa Khoa Cong nghé sinh hoc, Truong phong Dao tao.

QUYET DINH:

biéu 1. Thanh lap Hoi dong danh gia luan van thac si cho hoc vién Tran Thanh
Hiéu voi dé tai: “Thu nhan va thir nghiém hoat tinh thiy phén sulfated polysaccharide
tir hai sdm cua mot sé fucoidanase téi td hop”.

Nganh: Sinh hoc thuc nghiém Ma sb: 8 42 01 14

Danh sach thanh vién Hoi ddng danh gia luin van kém theo Quyét dinh nay.

Diéu 2. Hoi déng ¢6 trach nhiém danh gia luan van thac si theo dung quy ché
hién hanh ctia Bo Gido duc va Bao tao, Hoc vién Khoa hoc va Cong nghé. Quyét dinh
nay c6 hiéu luc trong thoi han téi da 60 ngay lam viéc ké tir ngay ky.

Hoi dong tu giai thé sau khi hoan thanh nhiém vu.

Diéu 3. Trudng phong T chire - Hanh chinh va Truyén thong, Trudng phong
Dao tao, Truong phong Ké toan, Truong Khoa Cong nghé sinh hoc, cac thanh vién ¢o
tén trong danh sach HQi ddng va hoc vién cao hoc ¢o tén tai Didu 1 chiu trach nhiém
thi hanh Quyét dinh nay./. fe-

Noinhan:

- Nhu Diéu 3;

- Luu hd so hoc vién;

- Luu: VT, DT, MT.07.




DANII SACH HOT DONG DANH GIA LUAN VAN THAC St

Cho v ‘g ¢0A HGE ¥ie
Tén dé ta Pﬁﬁf{ﬁc\ﬁ/(

L 4 40 A = <
{ur hai sam ¢ SC

Nganh: Sinh hoc thye nghi¢m
Ma sb: 84201 14

wly 56 4244 /QD-HVKHCN ngay 06/ 11/2024
WHoc vién Khoa hoc va Cong nghé)

»Trdn Thanh Hiéu
nghiém hoat tinh thuy pha

Ngudi huéng dan: 1. TS. Huynh Hoang Nhu Khanh
- Vién Nghién ciru va Ung dung cong ngh¢ Nha Trang,
Vién Han lam KHCNVN
2. TS. Cao Thij Thiy Hang
- Vién Nghién ctru va Ung dung cong nghé Nha Trang,
Vién Han lam KHCNVN

]

n sulfated polysaccharide

Trach

Ho va tén, hoc ham, Chuyén « " nhiém
B hoc vi ngz‘l{)h Co quan cong tdc trodnlg Hoi
ong
PGS.TS. Dao Viét| Hoasinh Vién Hai duong hoc -
1; . ¥ : 2 Chu tich
Ha hoc Vién Han lam KHCNVN .
Ky sinh .
2. | TS. Lé bi o trung va vi Phan Vién Tha Y Mién Trung, i Bign 1
SN sinh vat hoc Bo NN&PTNT AR
thi y
x A ; Vién Hai duong hoc .
3. |TS.N : g hoc,
guyén Xuan Vy | Sinh hoc Vién Han lam KHCNVN Phan bién 2
TS. Phan Thi Hoai | Céng nghé Vién Nghién cifu va Ung dung cong | Uy vién -
4| Trinh sinh hoc nghé Nha Trang, ;
- Vién Han 1am KHCNVN Thu ky
5 TS. Phan Quéc Vat liéu' Y i Trudng Dai hoc Khanh Hoa, i
* | Thong sinh Uy ban Nhan dan tinh Khénh Hoa g

(H6i dong gom 05 thanh vién)./.




KHOA HOC VA CONG NGHE VN Péc lap - Ty do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM ‘
(
|

Khdnh Hoa, ngay 22 thang 11 nam 2024

BIEN BAN HOP HOI DONG DANH GIA LUAN VAN THAC SI

Thue hién Quyét dinh sé: 1241/QD-HVKHCN ngay 06/1 1/2024 cua Giam
déc Hoc vién Khoa hoc va Cong nghé vé viéc thanh 1ap Hoi dong danh gid ludn
vin thac si cua hoc vién Tran Thanh Hiéu

Tén dé& tai: Thu nhan va thir nghiém hoat tinh thuy phéan sulfated
polysaccharide tir hai sdm cua mot sé fucoidanase tai to hop.

Nganh/Chuyén nganh: Sinh hoc thuc nghiém

Ma s6: 8 42 01 14

Hoém nay, ngay 22/11/2024 Hoéi ddng di hop tai Phong hop, Vién Nghién
ciru va Ung dung cong nghé Nha Trang, s6 02 Hung Vuong, Phuong Loc Tho,
TP. Nha Trang vao luc 09h00, Hoi dong gbm 05 thanh vién:

1. PGS.TS. Pao Viét Ha Chu tich hoi dong
2. TS. Phan Thi Hoai Trinh Thu ky hoi dong
3. TS. Lé Pinh Hai Phan bién 1

4. TS. Nguyén Xuén Vy, Phan bién 2

5. TS. Phan Quéc Théng Uy vién hoi dong

Thanh vién véng mat: 0/5 (Phan bién hodc Gy vién, da c6 ban nhan xét dong
y cho phép hoc vién dugc bao vé trude Hoi dong danh gia luan vin thac si).

NOI DUNG LAM VIEC

1. Pai dién co s& dao tao doc quyét dinh thanh 1ap Hoi dong danh gia luan van
2. Chu tich Héi ddng, diéu khién phién hop
3. Thu ky HB, doc li lich khoa hoc va bang diém cua hoc vién
4. Hoc vién trinh bay ludn van trudc Hoi dong
5. Phén bién 1: TS. Lé Dinh Hai thong qua ban nhan xét cta vé luan van va c6
nhiing y chinh nhu sau:
- Trong dé tai lun vin nay hoc vién di nghién ciru st dung enzyme fucoidanase tai
t6 hop dé phan cit cac sulfated polysaccharide tir hai sim & viing bién Viét Nam la



huéng nghién clru méi va khong c6 sy tring lp vai cac két qua nghién ctru trong nuoc
va trén thé gidi.

- Két qua ludn vin dugc trinh bay, rd rang, trung thyc va chinh xdc.

- N6i dung nghién ctru pht hgp véi chuyén nganh va ma s6 dao tao.

- Néi dung nghién ciru trinh bay rd rang, day du, khoa hoc, phit hop VUI ndi dung
nghién ctru, phuong phéap, vét liéu nghién ciru duge trinh bay chi tiét, day du co s
khoa hoc va phti hop véi cac ndi dung, muc tiéu nghién ciru. Nghién ciru mang tinh
khoa hoc va cd d9 tin cdy cao. Tai liéu tham khao dugc trich dan day du va duoc cap
nhat dén nam 2024.

- Két qua nghién ciru : ’

+ Pai biéu hién, thu nhén va tinh sach thanh cong 5 loai fucoidanase téi to
hop (F1, F2, F3, F4 va F5) dua trén céc diéu kién di dugc cong bo,
fucoidanase thu nhan dugc cé d6 tinh sach cao.

+ D3 xéc dinh dugce 03 enzyme fucoidanase tai t6 hop 1a F3, F4 va F5 c6
kha ning thity phan, bé ngén mach PS téch chiét tir loai hai sim Holothuria
spinifera tao ra cac oligosaccharide c6 trong lugng phén tur thap.

+ P xé4c dinh duge mot sé diéu kién tdi uu cho fucoidanase F3 hoat dong
xuc tac.

- Nhimg diém can chinh stta trong luén van:

+ Cén bb sung thong tin ngudn gdc cia S ching vi khuén E. coli BL21 tai to
hop.

+ Phén két qua thao luan can viét ngén gon, suc tich tranh lap lai cac thong tin
& phan phuong phép nghién ciru.

+ Ra soat, chinh sira cach sir dung cac thuat ngir khoa hoc, cach trinh bay phan
tich két qua nghién ctru d& r5 thong tin khoa hoc, chu thich diing cc hinh va bang.

+ Chinh sira 18i chinh ta va c4c tiéu muc trong luan van.

- C4u héi: Vi sao téc gia sir dung fucoidanase tai tb hop dé nghién ciru hoat tinh
thuy phan sulfated polysaccharide tir hai séim ma khong thu nhan fucoidanase tir tu
nhién?

* Két luAn chung:

Luén vin dép (mg diy dii yéu cAu ctia mdt luan vén thac sy.

6. Phan bién 2: TS. Nguyén Xuin Vy, di thong qua ban nhan xét ctia vé luan vin va
¢6 cac y kién:
- Phan bién 2 dong y véi cac nhén xét, gép ¥ ctia Phan bién 1.
- Nhing diém can chinh sira trong luan van:
+ Cén trinh bay ngén gon c4c phin mé dau, két qua va thao lun, két luan va
kién nghi.
+ Ra soét chinh stra cac thudt ngir, tén khoa hoc trong luan vin.




+ Thdng nhat céch trich dan va dinh dang tai liéu tham khao.
‘ A
* Ket ludn chung:
Luan vin d4p (mg day du yéu cau ciia mdt luan van thac sy.

7. Céc thanh vién HD va nhimg ngudi tham dy néu ciu hoi
* TS. Phan Quéc Thong thong qua ban nhan xét ludn van va c6 cacy kién:
-Dong y véiy kién nhén xét cua 2 phan bién.
- Can b sung tai liéu tham khdo cho théng tin trich din vé hoat tinh sinh hoc cua

sulfated polysaccharide.

* TS. Phan Thi Hoai Trinh c6 cicy kién:

- Cin dinh dang lai phan két qua va nghién ctru dé tranh cac khoang trong Phan
mo dau két qua nghién ciru va thao luan, két luan va kién nghi can trinh bay ngan gon,
xuc tich.

- Dinh dang tai liéu tham khao can théng nhat theo dung quy dinh cua Hoc vién
KHCN.

- Ra soét cac thuét ngir khoa hoc, cach trinh bay.

* PGS.TS Dao Viét Ha
' _ Phin thao luan cin trinh bay bam sét vio ni dung két qua nghién ciru dat duoc
cua ludn van.

- Trinh bay ngén gon phin mo dau, tranh lap lai ndi dung phén phuong phap &
phan két qua.

- Ra soat, chinh sira cac thuét ngir khoa hoc.

- Cau hoi: Trong nghién clru ndy c6 thé lugc bd muc 3.1.3 vé dénh gi4 hoat tinh
ctia fucoidanase tai t6 hop trén co chit dic hiéu dé sang phén thir nghiém hoat tinh
thuy phan sulfated polysacchande tir hai sim c6 dugc khong? Vi sao hoc vién Iua chon

enzyme F3 trong s6 03 enzyme fucoidanase téi td hop 1a F3, F4 va F5 dé nghién ctru
dic tinh xdc tac trén co chét sulfated polysaccharide tach chiét tir loai hai sam
Holothuria spinifera?
* Két ludn chung:
Luén van dap img day di yéu cau ciia mot luan vin thac s§.
8. Hoc vién tra loi

Cau 1. Vi sao tac gia sir dung fucoidanase tai t6 hop dé nghién ctru hoat tinh thuy
phan sulfated polysaccharide tir hai sém ma khong thu nhan fucoidanase tir tur nhién?

Tra 10i: Vi fucoidanase tur nhién c6 hoat tinh khong 6n dinh nén gy ra khé khin
trong nghién ctu thu nhén oligosaccharide tir polysacharide. Viéc lua chon
fucoidanase téi td hop la phtt hop véi xu hudng nghién ciru méi cia thé gi6i.



Cau 2. Trong nghién ctru ndy 6 thé luge bé muc 3.1.3 vé danh gid hoat tinh cua
fucoidanase tai t6 hop trén co chét dic hi¢u dé sang phan thir nghi¢m hoat tinh thuy
phan sulfated polysaccharide tir hai sém ¢6 duge khong"

Tra 1oi: Danh gia hoat tinh cua fucoidanase tai to hop trén co chat ddc hi¢u la can
thiét dé khang dinh hoat tinh thiy phan trén dang lién két cua sulfated polysaccharide
trude khi thir nghiém hoat tinh thuy phan sulfated polysacchande tir hai sam.

Cau 3. Vi sao hoc vién lua chon enzyme F3 trong s6 03 enzyme fucoidanase tai to
hoplaF3,F4vaTs dé nghién ctru dic tinh xuc tac trén co chét sulfated polysaccharide
tach chiét tir loai hai sam Holothuria spinifera?

Tra 10i: Do thoi gian nghién ctru ¢6 han nén hoc vién chi du dé thuc hién nghién
clru dic tinh xdc tic ctia enzyme fucoidanase tai tb hop F3 trén co chat sulfated
polysaccharide téach chiét tir loai hai sim Holothuria spinifera

9. Nhan xét ciia thay huong din vé hoc vién

TS. Huynh Hoang Nhu Khanh dai dién tap thé hudng dan di doc ban nhan xét cia
gio vién huéng dan va co nhimg danh gia cao vé qua trinh lam viéc nghiém tic cia
hoc vién.

10. Hoi ddng hop kin va cho diém
- Hoi dong bau ban kiém phiéu gém 3 thanh vién:
Trudng ban: TS. Phan Quéc Thong
Uy vién: TS. Nguyén Xuan Vy
Uy vién: TS. Phan Thj Hoai Trinh
- Két qua kiém phiéu nhu sau:
S6 phiéu phat ra: 05
S6 phiéu thu vé: 05
Téng s6 diém: 41,5
Diém trung binh: 8,3
Piém thudng cong trinh cong bé: 1
Tdng diém danh gia luan van va thuéng cong trinh cong bd: 9,3
- Két luan cia Hoi dong:
+ Luan van dat yéu cau cta ludn vin thac si.
+ N¢i dung va tén dé tai luan vin khong tring I3p véi céc cong trinh da cong bé.
+ Hoc vién can chinh sira lun vin theo nhan xét ctia 02 phan bién va céc gop y
ctia Hoi dong.
+ Trinh bay ngén gon cac phan md dau, két qua va thao luan, két luan va kién nghi.
+ Ra soat chinh stra c4c thuat ngf, tén khoa hoc trong luan van.
+ Théng nhét cach trich din va dinh dang tai liéu tham khao theo quy dinh ctia Hoc
vién Khoa hoc va Cong nghé.
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11. Chu tich Hgi dong, cong bo ket qua, yéu cAu hoc vién chinh sira luan van voi
cac ngi dung sau:
Luan van c6 ndi dung nghién ctru dap timg duge yéu cau ctia mot ludn van thac
s, hoc vién chinh sira theo g6p ¥ ciia héi ddng va hoan thién ho so giri co'so dao tao
dung han.

Budi hop di két thic vao 11 gio 05 phit ngay 22/11/2024.

Khdnh Hoa, ngay 22 thang 11 nam 2024

THU KY HQI PONG CHU TICH HQI PONG
Phan Thi Hoai Trinh Pao Viét Ha

XAC NHAN cmﬁ@&ﬁf}g@o
O GIAM bOC

7an Thi Phuong Anh

1

O
//

i ‘JW!)\

\.A
/1




e ——

CONG HOA XA HOI CHU NGHIA VIET NAM
Dgc lip — Ty do — Hanh phiic

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén nguoi nhan xét: Lé Dinh Hai Hoc ham, hoc vi: Tién s§
Chure danh trong Hoi ddng: Phan bi¢n 1
Co quan cong tac: Phan vién thu y mién Trung
Ho va tén hoc vién: Tran Thanh Hiéu
Tén dé tai: “Thu nhan va tha nghiém hoat tinh thiy phan sulfated polysaccharide tir hai sam
cuia mot sd fucoidanasc tdi td hop™
Chuyén nganh: Sinh hoc thye nghi¢m Mi s6: 8420114
NOI DUNG NHAN XET
1. Tinh cap thiét, tinh thoi sy, y nghia khoa hgc va thuc tién ciia dé tai ludn van:

Sulfated polysaccharide la nhirng hop chét ¢o hoat tinh sinh hoc da dang va c¢ kha

ning ung dung trong y hoc nhu: khang virus, chéng huyét khéi, khang viém, khang ung thu

.. Tuy nhién, chung van chua dugc sir dung thanh cong trong viéc ché tao thude do khoi
luomz phan tr 16n va céu truc khong rd, phire tap, do nhat cao. Dé giai quy &t vén dé nay cac
nha khoa hoc da nghién ciru sir dung cic phuong phap khdc nhau dé tao ra cac sulphated
polysacaride c6 khdi lwong phan tir thép.

Gan day, cac nghién ciru da sir dung enzyme lam cong cu bé ngin mach sulfated
polysaccharide thanh cac oligosaccharide theo dinh hudng sir dung trong dugc hoc. Sulfated
polysaccharide tir hai sim gdm c¢6 thé dugc cit mach bang cich enzyme fucoidanase.
chondroitinase hodc hyaluronidase. Mac du enzyme fucoidanase ¢o thé tim thdy trong tu
nhién, tuy nhién viéc diéu ché enzyme nay trong tu nhién gip nhiéu kho khan d6 1a hi¢u suat
thu nhén thip va hoat tinh enzyme dé bi anh hudng trong qua trinh thu nhan va tinh sach.
Chinh vi vy tac gia dit vin d& nghién ctru thu nhén va thir nghiém hoat tinh thuy phédn
sulfated polysaccharide tir hai sim bing mot sé fucoidanase tai td hop can thiét, co tinh thoi
su.

Dé tai c¢6 y nghia khoa hoc va thyc tién d6 la co s& khoa hoc dé nghién ctru phat trién
cac loai enzyme fucoidanase tdi td hop. San pham cta dé tai la fucoidanase tai td hop c6 hoat
tinh trén sulfated polysaccharide tir hai sdm —¢0 tiém nang ng dung trong viéc san xuat cac
san phflm sinh hoc ¢6 gia tri, dac biét la trong y hoc.

2. S khong trung lap cua dé tai nghién ciru so véi cic cong trinh khoa hoc, ludn viin
da cong bd & trong va ngoai nudc; tinh trung thye, rd rang va diy di trong trich din
tai liéu tham khdio:

Trong nghién ciru nay, tac gia nghién ctru sir dung enzyme fucoidanase tai to hop dé
phan cit cac sulfated polysaccharide tir hai sim & ving bién Viét Nam la huéng nghién ctru
md&i va khong cé sy trung 1dp véi cac két qua nghién ciru trong nude va thé gidi.

Luan van la mot phin ciia dé tai khoa hoc cong nghé thuge cac huéng KHCN uu tién
(ma sb VAST02.01/24-25) ciia Vién Han 1am Khoa hoc va Cong nghé Viét Nam do TS.

1

g |




Huynh Hoang Nhu Khanh - hwéng dan ciia hoce vién 1am chti nhiém tai; cac nghién ctru duge
thye hién tai phong thi nghi¢m cta vién Nghién clru va Ung dung Cong ngh¢ Nha Trang nen
dam bao dugc tinh lnmg thwe, d chinh xac va do tin cdy cao. Cac sd liéu va cdc két qua
dugc trinh bay kha chi tiét, c6 nhicu hinh anh minh hoa.

Trong ludn vin tac gia da tham khao 89 tai li¢u; cdc tai li¢u néy la hoan toan phu hgp
Ay du c6 nhimng tai licu

voindi cac ndi dung nghién ciru; cae trich dan tai li¢u duge thé hi¢n da
an dén vén dé

xuAt ban nam 2024, didu nay chimg o tac gia rat cap nhét cac tai li¢u lién qu
nghién curu. ‘ ‘
3. Sy phu hop gitra tén dé tai voi ndi dung nghién ciru ciing nhu vGi chuyén nganh va

ma s6 dao tao:

Tén dé tai phu hop véi ndi dung ciing nhu két qua thu dugc; dé tai phu hop vai chuyén
nganh va ma s6 dao tao.

4. D tin ciy va tinh hién dai cia phwong phap nghién ciru da s dung dé hoan thanh
ludn van:

D¢ hoan thanh dugc nghién clru téc gia da sir dung nhiéu phuong phap va ky thuat
khac nhau. Trong d6 c6 nhirg phuong phap, k¥ thudt thuong quy nhur 1a nudi cay vi khuan.
xac dinh ham lugng protein theo phuong phap Lowry; tac gia ciing sir dung cac phuong phéap
hién dai nhu tinh sach protein béng phuong phép sic ky ai luc sir dung hat Niken, ky thuat
dién di SDS-PAGE, C - PAGE, phuong phip Western blot. Nhitng phuong phap, ky thuat
nay 1a phtt hop vai ndi dung nghién ctru va két qua thu dugce 1a hoan toan dang tin cay.

5. Két qua nghién ciru caa luan vin:
Két qua cta luan van bao gdm:

Da biéu hién va tinh sach thanh cong 5 enzyme téi t6 hop fucoidanase tir cdc chung
vi khudn E. coli BL21 mang gen tai td hop.

Pa xdc dinh dugce hoat tinh ciia 5 enzyme tai to hop fucoidanase trén co chét dac hiéu
va trén sulfated polysaccharide tir hai sam.

ba déanh gia dugc mot ) yéu td anh huong dén hoat dong xuc tac trén co chét cua
fucoidanase tai to hop.

Nhu vay, cac két qua thu duoc 1a phit hgp véi phuong phap nghién ciru va muc tiéu
dé tai dat ra.

6. Nhirng han ché, thiéu s6t ciia ludn vin vé ngi dung, hinh thic va cau hai:

- Trong phén dat van dé, hoc vién nén xem xét bd sung mot sé thong tin dé thiy duge
tdm quan trong ciia nghién ciru nay. Cu thé, tc gia can lam sang to hon tai sao nghién ctru
nay tac gia str dung fucoidanase tai t hop ma khong di thu nhan enzyme fucoidanase ¢6
trong tu nhién.

Bén canh do, trong phdn md dau néu téc gia dua tén dé tai trong phan mé dau thi phai
viét cho dung vdi tén & trang bia. Ciing trong phan nay, tc gia nén bo phan déi tuong nghién
ctru, vi phan ddi tugng nghién ctru da trinh bay & chuwong 2. Ngoai ra tac gia nén xem Xét
trinh bay lai cac ndi dung nghién ciru cho logic hon véi cac két qua thu dugc.

- Trong ph?m tébng quan, tac gia nén bd sung thém mot sé nghién ctru vé san xudt



Trong phﬁn xéc dinh hoat tinh cua fucoidanase tai td hop, tac gia thuce hién trong thaoi
gian 24 gid (muc 3.2 trang 37). Tuy nhién khi xac dinh téi uu v& thoi gian tdc gid chi thue
hién trong t6i da 120 phat (muc 3.3.1 trang 43). T4c gia nén gidi thich ro hon.

Nén ddi tén muc 3.3, tmng 43 thanh “két qua xac dinh mot sb ycu td anh huong dén
hoat tinh ctia fucoidanase tai t& hop trén co chat tir hai sim”

- Phan két ludn con qua dai va con mo ta qua nhiéu, Chl nén tap trung két luan cac két
qua thu dugc.

Trong phén tai liéu tham khao, tac gia nén thong nhét cach trich dan cho ding quy
dinh cua co sé dao tao.

Cac 10i khac: can 1¢ phan muc luc, danh muc bang: in nghiéng céc tén khoa hoc, thong
nhat viét cac chiy gmng nhau “virus”, “vi rat” “hoi axit’ * yiét thanh “axit yeu

Con mdt 56 16i danh may, chinh ta..

7. Néu tac gia chua viét bai bao khoa th thi ndi dung cua ludn viin c6 thé du
thanh cac bai biao dé glri ding trén trén tap chi khoa hqc, sach chuyén nganh hoac
tuy én tap cong trinh hgi nghj khoa hgc cap quoc gia, quoc té hay khong?

Theo hd so hoc vién da cung cdp, hoc vién da tham gia nghién clru va la dong tac gia cua
mot cong bd & tap chi phéan tich Hoa, Ly va Sinh hoc véi nodi dung nghién ciru la co s& dé phat
trién ludn 4n nay. Va véi két qua da dugce thé hién trong ludn 4n nay, theo 61 téc gia c6 the viét
thém 1 bai bao nira dé guri dang trén tap chi khoa hoc chuyén nghanh
8. Két luan chung (khing dinh mic dj dap wng cac yéu ciu dbi voi mot ludn vin Thac
st; ludn viin ¢6 thé dua ra bio vé dé nhan hoc vi Thac si dugc hay khong?):

Luan van la mot cong trinh nghién ctru nghiém tuc, kha cong phu, duoc thuc hién tai
nhirng phong thi nghiém c6 uy tin trong nudc. Két qua dat dugc dang tin cdy, cO ¥ nghia
khoa hoc, thue tién cao trong tinh hinh hién nay va cé déng gép mai.

Luan van dugc trinh bay khé dep, ding véi quy dinh cta c¢d s& dao tao. Noi dung va
ham luong khoa hoc nhu vy 1a phu hop véi mot ludn én thac si. Vi vay, c6 thé dua ra bao

Qc viét

vé dé nhan hoc vi thac si. ' _
l(,hcu{m.rﬁm...., ngay [9 thang 1. nam 2024

Xdc nhén cia co quan cong tac Nguoi nhin xét
KT. GIAM DOC , -
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Lé Dinh Hai

TS.Nguyén Thi Thim



CONG HOA XA HOI CHU NGHIA VIET NAM
Doce 1dp — Tu do — Hanh phuc

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén nguoi nhan xét: Nguyén Xuédn Vy, Hoe ham, hoc vi: TS

Chire danh trong Hoi dong: Phan bién 2

Co quan cong tac: Vién Hai duong hoc

Ho va tén hoc vién: Tran Thanh Hiéu

Tén dé tai: Thu nhan va thir nghiém hoat tinh thuy phan sulfated polysaccharide tir hai

sam cua mot so fucoidanase tai to hop

Nganh: Sinh hoc thuc nghi¢m. Misb: 84201 14
NOI DUNG NHAN XET

1. Tinh cap thiét, tinh thoi su, y nghia khoa hoc va thuc tién cua dé tai ludn van:
Nghién ctru nay sur dung 5 chung fucoidanases tai t6 hop da dugc bién nap vao vi khuén
E. coli d& xdc dinh hoat tinh thay phan sulfated polysaccharide chiét rut tir Hai sam.
Nhin chung dé tai co tinh thoi su, ¢6 y nghia khoa hoc va img dung trong thuc tién cho
nganh dugc.

2. Su khong trung lap cua dé tai nghién ciru so vai cic cong trinh khoa hoc, ludn van da
cong bd & trong va ngoai nudc; tinh trung thuc, rd rang va day du trong trich dan tai liéu
tham khao:

Viée sur dung fucoidanases tai to hop dé thuy phan sulfated polysaccharide trong Hai
sam 1a moi, chua dugce thuc hién nhiéu trén thé gi6i cling nhu tai Viét Nam dugc thé

hién trong danh muc tai liéu tham khao

3. Su phu hop gitra tén dé tai véi ndi dung nghién ctru cling nhu véi chuyén nganh va
ma so dao tao:

Tén dé tai va ndi dung phu hop véi nhau, nghién ciru nay ciing phu hop véi chuyén -
nganh dao tao vé cong nghé sinh hoc

4. Do tin cdy va tinh hién dai ciia phuong phdp nghién ctru da su dung dé hoan thanh
ludn van:
Nhu da trinh bay trong luan vén, tic gia sir dung 5 gene ma hoa cho fucoidanase tir vi

khuan, rong bién, da duoc bién nap vao E. coli. Nam fucoidanase dugc thir nghiém thuy
phan trén ba loai sulfated polysaccharide c¢6 duge tir 3 loai Hai sam. Cac buoc kiém tra
biéu hién, thu nhan, tinh sach enzyme ciing nhu xic dinh hoat tinh thuy phan va nghién
ctru cac diéu kién anh hudng la cac phuong phap thuong quy, dang dugc sir dung hién

nay.




5.Két qua nghién ctru cua ludn van:

Nghién ciru nay cho thiy. 3 enzym dugc ma héa tir rong ndu va vi khuan Formosa
haliotis ¢6 kha nang thiy phan duge sulfated polysaccharide cua loai Hai sam
Holothuria spinifera. D& tai nay ciing da xéc dinh duge mot sé dicu ki¢n moi truong toi
wu cho vie thily phan sulfated polysaccharide cia fucoidanase ¢6 nguén goc tir vi khudn
Mauricauda eckloniae: thoi gian phan (g la 15 phut, CaClz rong tir khong bo sung dén :
S mM, pH tai 6.0.

6. Nhirng han ché, thiéu sét cua luan van vé ndi dung, hinh thirc va cau hoi:

Nhin chung. luan van da trinh bay tuong dbi tot nhung van con mot so cho can hoan
chinh lai:

- Phan m¢ dau: Nén ngan gon thé hién rd ly do thuc hi¢n vay nghia cua luan van
nay. Thong thuong phan mé dau khong co trich dan. Nhiéu thong tin trong doan
hai chuyén vao phin Tdng quan

- Phan lom quan tai IILU Muc 1.1.2 trinh bay vé sultated polysaccharide tu Hai

sam nén thong tin vé sulfated polysaccharide trong cau gai nén tach ra thanh doan
van moi hoac chuyén tir “hai sim” trong tua dé thanh “da gai” cho phu hop voi
ndi dung thé hién.

Cac tén khoa hoc xudt hién lan dau tién thi viét tén day du, nhung lan tiép theo
thi viét tat tén gidng. Vi du Bohaschia (trang 9). Thay déi tir “thiéu mmh bach”
thanh tir khic phu hop hon, vi du “chua r6 rang’ " hay “dang tranh cai”. “sulfated
polysaccharide tur ngudn bién” nén chuyén thanh “sulfated polysaccharide co
ngudn gbc tir bién”™ Muc 1.2.4.2. Mef2 dugc phan lip tir Mauricauda thay vi
Marinobacter. Thém tir rong ndu trude tén la tinh cta ching dé nguoi doc dé-
hiéu. Muc 1.2.4.3. Trich dan Cao Ilang la chua dung, day la cong trinh QT, nén
trich din Cao va cs, kém sé thur tu. Muc 1.2.4.4. Trich dan thong tin cho hai doan
van.

- Phan két qua: Trach viét lai phuong phap trong phan két qua, vi du muc 3.1.2,
hay trang 32, 37, 43. Hinh 3.5 va 3.6 chua duorc trich dan vao phan viét. Day la
két qua cua tdc gia khéc thi dua sang phan tong quan tai liéu. Trang 63, két qua
pH 6.0 la t6t nhat nén khong thé tuong ddng voi hai enzyme khac, hoat dong &
trung tinh va kiém nhe.

- Két luan va kién nghi: Thu gon lai két luan, bang cac bo cac dong néi vé phuong
phap.

- Tai li¢u tham khao chua dong nhit véi nhau, dé nghi hoan thién lai

7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung cia luan van c¢6 thé dugc \1et
thanh cac bai bao dé giri dang trén trén tap chi khoa hoc, sach chuyén nganh hodc tuyén
tap cong trinh hoi nghi khoa hoc cip qudc gia, qudc té hay khong?

Hoc vién la dong tac gia cua cong trinh da xuat ban.

8. Két luan chung (khang dinh muc do dap (mg cac yéu cau dbi véi mot luan van Thac
si: ludn van co thé dua ra bao vé dé nhan hoc vi Thac si dugc hay khong?):

Dé tai dap ng dugc cac yéu cau doi voi mot luan van Thac si; ludn vin 6 thé dua ra
bao vé dé nhan hoc vi Thac si dugc

7 —
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VIEN HAN LAM

KHOA HOC VA C(')NG‘ NGHE VN
HQC VIEN KHOA HQC VA CONG NGHE

CONG HOA XA HOQI CHU NGHIA VIET NAM

Dgc ldp - Tu do - Hanh phic

. BAN GIAI TRINH CHINH SUA LUAN VAN _ i
THEO KET LUAN CUA HQI PONG DANH GIA LUAN VAN THAC Si

Ho tén hoc vién: Tran Thanh Hiéu

Lop: BIO 21A

Tén de tai luan van: Thu nhén va thir nghiém hoat tinh thiy phan sulfated

: N . R K . ro 2R
polysaccharide tir hii sim cia mot so fucoidanase tai to hop

Chuyén nganh: Sinh hoc thuc nghiém

Mi sb: 84201 14

Nguoi huéng dan khoa hoc:

1. TS. Huynh Hoang Nhu Khanh

2. TS. Cao Thj Thily Hing

Ngay bao vé luin vin: 22/11/2024

Cén cir bién ban hop héi dong danh gia ludn van thac si, hoc vién da chinh

stra luan van nhu sau:

STT

Noi dung dé nghi b sung, chinh stra

N¢i dung di bb sung, chinh sira

Can bb sung théng tin ngudn gbc cua 5
ching vi khuan E. coli BL21 ti t hop.

Pa bd sung théng tin vao Muc

2.1.1. Péi tuong nghién clru.

Phan két qua thao luan can viét ngin
gon, suc tich tranh lap lai cac thong tin
& phan phuong phap nghién ciru.

ba viét sic tich va ngan gon lai

theo gop y.

Ra soét, chinh stra cach sir dung cac
thuét ngir khoa hoc, cach trinh bay phan
tich két qua nghién ciru dé rd thong tin
khoa hoc, chu thich dung céc hinh va
bang.

DPa ra sodt, chinh stra cac thuit
nglr khoa hoc; B3 trinh bay phan
tich lai két qua nghién ctru cho &
thong tin khoa hoc; Pa chu thich
lai ding cac hinh va bang.

Chinh stra 16i chinh ta va céc tiéu muc

Da chinh stra 16i chinh ta va céc

,, . S
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trong luan van.

tiéu muc trong luan van.

Can trinh bay ngan gon cac phan mg
X A N \ \ ~ J4 A \
dau, ket qua va thao luan, ket luan va

kién nghi.

~ ok , ’ . < .
Pi viét suc tich va ngan gon lai

theo gop y.

Ra soat chinh stra cdc thuat ngi, tén

khoa hoc trong luan vin.

Pi ra soat, chinh stra cac thuat

ngft, tén khoa hoc trong luén van.

Théng nhét cach trich dan va dinh dang

tai liéu tham khao.

Pi chinh stra va thong nhat cach
trich dan va dinh dang tai liéu

tham khao.

Can bd sung tai liéu tham khao cho
thong tin trich dan vé hoat tinh sinh hoc

cua sulfated polysaccharide.

Pi bd sung tai liéu tham khao.

Can dinh dang lai phan két qua va
nghién ctru dé tranh céc khoang trong.
Phin m& d?lu, Kkét qua nghién ciru va
thao luan, két luan va kién nghi can

trinh bay ngan gon, stc tich.

Pi dinh dang lai phin két qua va
nghién cuu dé tranh cac khoang
tréng; Pi viét suc tich va ngan

gon lai theo gép y.

10

Dinh dang tai liéu tham khao can thong
nhit theo ding quy dinh ctiia Hoc vién
KHCN.

P4 chinh stra va thdng nhat cach
trich dan va dinh dang tai liéu
tham khao.

Ll

Ra soat cac thuat ngir khoa hoc, cach
trinh bay.

bi ra soat, chinh stra céc thuat
nglr khoa hoc va chinh stra cach
trinh bay theo goép y.

12

Phan thao luan cin trinh bay bim sat
vao ndi dung két qua nghién ctu dat

duoc cua luan van.

Pa diéu chinh va viét lai phan
thao luan theo goép y.

13

Trinh bay ngén gon ph?m md dé‘lu,_ tranh
lap lai ndi dung phan phuong phép &
phan két qua.

ba viét suc tich va ngan gon lai

theo gop y.




i 14 Ra sodt, chinh stra cac thuat ngir khoa | Dd ra soat, chinh stra cac thuat

hoe. ngr, tén khoa hoc trong luan van.

Nha Trang, ngay 10 thang 12 nam 2024

CHU TICH HQI DONG TAP THE HUONG DAN HOQC VIEN
Huéng dan 1 Huéng din 2
/ /
Pao Viét Ha Huynh Hoang Nhu Khénh  Cao Thi Thiy Hing  Trin Thanh Hiu

XAC NHAN CUA CO SO DAO TAO



