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Linh vue ky thuit dwoe dé cip
Sang ché dé cap dén fucosyltransferaza va viéc timg dung ciia ching,
Tinh trang ky thuét ciia sang ché

R4t nhiéu (glyco)protein, (glyco)lipit hodc oligosacarit cin sy ¢6 mit cia ciu
trac fucosyl héa dic biét, dé thé hién hoat tinh sinh hoc cu thé. Vi du, nhiéu co ché nhan
biét gian bao can oligosacarit fucosyl hoa: vi du, & duoc lién két boi cac phan tir két
dinh t€ bao, nhu L-selectin, cac ciu tric t& bao dic biét cAn phai bao gébm carbohydrat
fucosyl héa. Vi du khac vé cac cdu triic fucosyl héa ¢6 chirc ning sinh hoc 13 cac ciu
tric tao thanh hé nhém mau ABO. Hon nita, cac (glyco)protein ding trong diéu tri dai
dién cho nhém céc chét phan tmg duoc ly ting truéng nhanh nhit, nhdy d6 cac tinh chét

duogc dong hoc va d6 dn dinh duoc cho 1a do céc glycan clia ching.

Do ban chét phtic tap va céc tinh chat héa hoc vén c6 ctia chiing, viée tdng
hop héa hoc céc glycoconjugate 14 thach thirc 16n va c6 nhitng khé khin dang ké.
Khéng gibng nhu cac protein va cac axit nucleic, viée téng hop ching mét cach tur
dong dd duoc Ung dung trong thuong mai, cic glycan, chuwa ké dén cac
glycoconjugate, khong thé (chua thé) duoc téng hop bing cach st dung cac hé da
duoc sir dung trong thuong mai thong thuong. Ngoai yéu ciu kiém soat héa hoc 1ap

thé, viéc tao thanh cac lién két dic hiéu cling rat kho khan.

Xét v& mirc d6 phirc tap clia viée tbng hop héa hoc hoic két hop tdng hop
enzym/héa hoc céc glycoconjugate, huéng tiép can hién nay la st dung céc
glycosyltransferaza dé tong hop biang enzym céc (glyco)protein va (glyco)lipit chira

cac goc oligosacarit.

Céc fucosyltransferaza, thudc nhém enzym glycosyltransferaza, c6 mét rong
rii & dong vat cé xuwong sbng, dong vat khong cé xuwong séng, thuc vat va vi khudn.
Ching xuc tac viéc van chuyén céc gbc fucoza tir thé cho, thong thuong la

guanosin-diphosphat fucoza (GDP-fucoza) dén thé nhan, bao gdm oligosacarit, cac
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(glyco)protein va (glyco)lipit. Cac co chit thé nhén fucosyl hoa nay c6 lién quan
dén nhiéu chu trinh sinh hoc va bénh hoc khac nhau.

Mot sb fucosyltransferaza dd@ dugc xa&c dinh, vi du trong vi khuén
Helicobacter pylori, Escherichia coli, Salmonella enterica, & ddng vat cd vu,
Caenorhabditis elegans va Schistosoma mansoni, cling nhu trong thuc vat, nho d6
dwa vao vi tri bd sung fucoza, cic fucosyltransferaza dwoc phan loai thanh cac

alphal,2, alphal,3/4 va O-fucosyltransferaza.

0 dong vat c6 via, GDP-Fucoza duoc tdng hop trong t& bao chit qua viée
téng hop de novo va chu trinh salvage. Véi viéc tbng hop de novo, GDP-manoza
dugc chuyén héa thanh GDP-fucoza qua hai enzym, trong khi d6 chu trinh salvage
sir dung xytosolic fucoza tw do lam co chét. Trong té bao, GDP-fucoza trd nén dam
dic trong cac bao nhod va duogc nhén biét béi cac fucosyltransferaza dudi dang co

chét cua thé cho.

Vi hoat tinh sinh hoc cta nhidu oligosacarit quan trong trong thuong mai,
céc (glyco)protein va (glyco)lipit phu thudc vao sw c¢6 mit clia cac goc fucoza cu
thé, trong linh vuc k§ thudt nay vin can téng hop hoic diéu ché mot cach hiéu qua

céc glycoconjugate c6 (cac) gbc oligosacarit mong mudn.

Vi vay, muc dich ctia sang ché 14 dé xuat cong cu va phuong phap diéu ché
céc co chét fucosyl héa mot cach hidu qua, tiét kiém thoi gian va chi phi, ¢6 hiéu
sut co chat mong mubn cao.

Ban chit ky thuét ciia sing ché

Theo séng ché, muc dich nay dugc giai quyét, ngoai nhing cach khéc, bing
cach d& xudt polynucleotit duoc phan 14p ma héa polypeptit ¢ hoat tinh alpha-1,3
fucosyltransferaza va bao gém trinh tu hodc chira trinh tu duoc chon tir nhom bao gém:

a) SEQ ID NO: 1, 3 hodc 5 ctia danh muc trinh tu dinh kém;

b) trinh ty axit nucleic bd sung cho SEQ ID NO: 1, 3 hoic 5;

c) c4c trinh tu axit nucleic lai trong didu kién nghiém ngit thanh cac

trinh tu axit nucleic dugc dinh nghia trong muc a) va b) hodc cac

chudi bd sung ctia ching,
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Céc polynucleotit theo sdng ché dai dién cho cac fucosyltransferaza cta céc
loai Akkermansia muciniphila va Bacteroides fragilis, trong d6 SEQ ID NO: 1 thé
hién trinh tw polynucleotit cta fucosyltransferaza méi dugc xdc dinh cla
Akkermansia muciniphila, va trong d6 SEQ ID NO: 3 va 5 thé hién céc trinh tu
polynucleotit cia hai fucosyltransferaza méi duge xac dinh cua Bacteroides
fragilis.

Céc fucosyltransferaza méi duge xac dinh c6 hiéu qua dang ngac nhién vi
bang cach sir dung chiing cac phan tng c6 thé duoc thuc hién ma khong xuét hién
trong ty nhién: Trong pham vi séng ché nay d3 ph4t hién ra ring céc
fucosyltransferaza alpha-1,3 dugc x4c dinh & trén c6 kha nang sir dung lactoza lam
co chdt va c6 kha ning tao thanh oligosacarit fucosyl hoa, cu thé 1a 3-
fucosyllactoza. Cho dén nay, khong c6 fucosyltransferaza alpha-1,3 da biét nao
duoc phén 1ép tor vi khuAn thé hién viéc st dung lactoza lam co chét tu nhién dé san
xuét fucosyllactoza. Vi vy, thich hgp 1a cac fucosyltransferaza dugc xac dinh dugce
sir dung d& san xuét oligosacarit fucosyl hoa gy ngac nhién 16n, va, vi vay, viéc su
dung chung la cong cu tuyét voi @ san xudt mot cach d& dang, hiéu qua va tiét
kiém chi phi, vi du, oligosacarit trong stta me (HMOs), nhu fucosyllactoza. Ngay
nay, hon 80 hop chét, thudc HMOs, dd duoc xic dinh ciu truc; chung dai dién
nhém oligosacarit phitc tap ¢ chirc ndng nhu prebiotic. Ngoai ra, sy tuong dbng vé
chu trac cia HMO véi cac epitop biéu md gitp béo vé chéng lai cac vi khudn gay
bénh. Trong dudng tiéu hoa cua tré so sinh, cic HMO nudi dudng mot cach chon
loc su phat trién ctia cac chung vi khuin duoc chon loc va, vi vay, la chit mdi cho
su phat trién ctia mot hé vi sinh vat dudng rudt déng nhét & tré bu sita me.

Vi cho dén nay, céc cdu tric phirc tap cua céc oligosacarit nay di can tré quy
trinh téng hop chiing, ngudn chii yéu HMO van 1a sita me. Vi vdy, c6 nhu ciu thu
dugc HMO mét cach dé dang, bang céch sir dung céc fucosyltransferaza thich hop
mdt cadch dang ngac nhién duoc trinh bay ¢ day.

MO ta viin tit cdc hinh vé
Mot sb phuong 4n theo sang ché dugc minh hoa trong céc hinh vé& va dugc

giai thich chi tiét hon trong phin mé ta duéi ddy. Trong céc hinh vé:
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Fig.1 thé hién biéu hién ctia Amuc0760co tir pDEST14-amuc0760co trong
Escherichia coli IM109(DE3); 15ug protein hoa tan tir dich chiét thé dwoc tach
trén 15 % SDS-PAGE va nhuém mau bing Coomassie Brilliant xanh;

Fig.2 thé hién viéc phat hién His-tagged Amuc0760co bing phuong phap
Western blot;

Fig.3 thé hién ban d6 vecto ctia pDEST14-amuc0760co, tirc 1a gen duoc tdi
uu codon amuc0760co ma hoa alpha-1,3-fucosyltransferaza Amuc0760co duoc
nhan dong vao pDEST14 (Invitrogen) bing phan tmg Gateway (A); ban dd vecto
cta pDEST14-fucTé6, tic 1a gen fucT6 tr Bacteroides fragilis ma hoa alpha-1,3-
fucosyltransferaza FucT6 dugc nhan dong vao pDEST14 (Invitrogen, Diic) bing
phan ting Gateway va (B); va ban dd vecto ctia pDEST14-fucT7, tirc 14 gen fucT7
tir Bacteroides fragilis ma héa alpha-1,3-fucosyltransferaza FucT7 dugc nhan dong
vao pDEST14 (Invitrogen, Pirc) bing phan tmg Gateway (C).

Fig.4 thé hién ban d vecto ctia pACYC-amuc0760co, tic 1a gen duoc i
uu codon amuc0760co ma hoa alpha-1,3-fucosyltransferaza Amuc0760co dugc
nhan dong vao pACYCDuet-1 (Novagen qua Ncol/Pst) (A); ban db vecto cua
pACYC-fucT6, tirc 1a gen duoc t6i wu codon fucT6 tir Bacteroides fragilis ma héa
alpha-1,3-fucosyltransferaza FucT6 duoc nhan dong vao pACYCDuet-1 (Novagen,
UK) qua Ncol/BamHI (B); va ban db vecto ctia pACYC-fucT7, tirc 14 gen dugc tdi
uu codon fucT7 tt Bacteroides fragilis ma hoa alpha-1,3-fucosyltransferaza FucT?7

dugc nhan dong vao pACYCDuet-1 (Novagen, UK) qua Ncol/EcoRI (C).

Fig.5 thé hién trinh tuv ADN va trinh tu axit amin cia gen amuc0760co va
protein Amuc0760co;

Fig.6 thé hién trinh tw ADN va trinh tu axit amin cla gen fucT6 va protein
FucTé.

Fig.7 thé hién trinh ty ADN va trinh tu axit amin ctia gen fucT7 va protein
FucT7;

Fig.8 thé hién viéc phan tich tinh ché 3-fucosyllactoza qua sic ky thdm
thdu gel BioGel P-2 sir dung séc ky 16p mong v6i pha dong 1a butanol/axeton/axit
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axetic/nude (35/35/7/23) va dung dich pha tinh la diphenylamin anilin (2%

diphenylamin, 2% anilin, 10% axit phosphoric, trong metanol); va

Fig.9 thé hién sic ky HPLC; tach bing cdt Phenomenex Rezex RCM Ca2+
v6i nude lam dung dich rira giai (0,6ml/phit trong 30 phut & nhiét d6 80°C) va phat
hién bing may do chi s§ khiic xa (Shimadzu, Ptic) (A); va sic ky HPLC; tach bing
c6t Dionex CarboPac PA1 v6i dung dich NaOH 50mM lam dung dich ria giai
(1ml/phit trong 30 phat & nhiét &6 30°C) va phat hién bang may phat hién dién hoa
DECADE II (Antec Leyden, Netherlands) (B).

MO té chi tiét sang ché

Theo sang ché, thuat ngit "(cac) polynucleotit" thong thuong 1a ding dé chi
polyribonucleotit hodc polydeoxribonucleotit bat ky, c6 thé la ARN hoic ADN
khong cai bién hoic ARN hoic ADN cai bién. "(Céac) polynucleotit" bao gom,
nhung khéng giéi han &, chudi ADN don va dbi, ADN 1a hdn hop gém céc ving
chudi don va doi hoic cac ving chudi don va doi va ba, ARN chudi don va d6i, va
ARN 13 hdn hop gdm cac ving chudi don va doi, cac phén tir lai bao gdm ADN va
ARN c6 thé 1a cac ving chudi don hoic, thong thuong hon 1, chudi d6i, hoic
chudi ba, hodc hdn hop gdm céc ving chudi don va ddi. Ngoai ra, "polynucleotit”
nhu duogc str dung & day dung dé chi chudi ba viing bao gdm ARN hozc ADN hodc
¢4 ARN va ADN. Cac chudi trong viing nay c6 thé tir cing mot phan tir hogic tir cc
phéan tir khéc nhau. Ving nay c6 thé bao gdm toan bd mot hogc nhiéu phan tir nay,
nhung théng thuong hon 14 chi lién quan dén mét ving cac phan tir ndy. Mot trong
s& cac phan tir nay chira ving xoén ba thudng 1a mét oligonucleotit. Nhu duoc st
dung & day, thuat ngit "(cac) polynucleotit" ciing bao gdm cac ADN hoic cic ARN
nhu dugc md ta & trén chira mot hodic nhiéu bazo cai bién. Vi vay, cac ADN hodc
cdac ARN c6 mach chinh duoc cai bién vi d6 6n dinh hodc vi cac ly do khac la
"(céc) polynucleotit" nhu thuat nglt dugc sit dung & day. Hon nita, cic ADN hodc
cac ARN bao gém cac bazo bét thudng, nhu inosin, hodc céc bazo cai bién, nhu
cac bazo tritylat hoa, dugc dua ra day lam hai vi duy, la céc polynucleotit nhu thuéat
ngit duoc st dung & ddy. Ciing dwoc dénh gi4 cao 1a nhidu cai bién 16n khac nhau
duoc thue hién voi ADN va ARN tao ra nhiéu muc dich hitu ich da duoc nguoi co

hiéu biét trung binh trong linh vuc k§ thuat nay biét r5. Thudt ngit "(céc)
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polynucleotit" nhu dugc sir dung & day bao gdm céc dang cai bién héa hoc, enzym
hodc chuyén héa ctia cic polynucleotit, cling nhu céc dang héa hoc ctia ADN va
ARN déc trung cta virut va té bao, bao gém, vi du, té bao don va t& bao phure.
Ciing nhu vy, "(c4c) polynucleotit” ciing bao'gdm cac polynucleotit ngan thuong

dé chi (céc) oligonucleotit.

"Cac polypeptit" ding dé chi peptit hodc protein bt ky bao gdm hai hodc
nhiéu axit amin két hop véi nhau bai lién két peptit hodc lién két peptit dwoc cai
bién. "Cac polypeptit" ding dé chi ca cdc mach ngén, thong thuong dung dé chi cac
peptit, oligopeptit va oligome va cic mach dai hon thong thuong 1 ding dé chi cac
protein. Céc polypeptit c6 thé chira céc axit amin khong phai 13 20 axit amin dugc
mé héa gen. "Céc polypeptit" bao gém cac chat dugc cai bién bdi cac chu trinh tu
nhién, nhu cic cai bién trong chu trinh va céc cai bién sau phién ma khac, va boi
céc k¥ thuat cai bién hoa hoc. Cac cai bién nay di dugc mo ta chi tiét trong céc tai
liéu co ban va trong cac cong trinh nghién ctru chi tiét hon, ciing nhu trong céc tai
liéu nghién ctru phong pht, va ching di duoc ngudi cé hiéu biét trung binh trong
linh vuc k¥ thuat nay biét r3. Pugc danh gia cao 14 cac dang cai bién nay c6 thé c6
mit & ciing mot hogc nhiéu mac d6 khac nhau tai mét sd vi tri trong polypeptit da
cho. Ciing nhu véy, polypeptit di cho c6 thé chira nhiéu kiéu cai bién. Céc cai bién
c6 thé xudt hién & vi tri bt ky trong polypeptit, bao gdm mach peptit chinh, mach
bén axit amin, va ddu cubi amino hodc carboxyl. Cac cai bién bao gém, vi du,
axetyl hoa, axyl hoa, ADP-ribosyl hoa, amit hda, gén két déng hoa tri cua flavin,
gin két ddng hoa tri ctia gbc heme, gin két ddng hoa tri ctia nucleotit hodc cé
ngudn gbc nucleotit, gin két ddng hoéa tri cua lipit hodc ¢ ngudn gde lipit, gin két
ddng hoa tri ctia phosphotidylinositol, lién két ngang, déng vong, tao lién két
disulfua, khir metyl hoa, tao lién két ngang hoa tri hai, tao pyroglutamat, formyl
hoa, gamma-carboxyl hoa, glycosyl hoa, tao GPI anchor, hydroxyl hoa, iot hoa,
metyl héa, myristoyl hoa, oxy hda, quy trinh phén giai protein, phosphoryl hoa,
prenyl héa, racemic héa, gin lipit, sulfua héa, gamma-carboxyl héa céc gdc axit
glutamic, hydroxyl héa va ADP-ribosyl héa, selenoyl hoa, cong trung gian ARN
van chuyén axit amin thanh protein, nhu arginyl héa va ubiquitin hoa. Céc

polypeptit ¢6 thé 12 mach nhénh hozic mach vong, c6 hozc khong cé mach nhéanh.
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Céc polypeptit vong, nhanh va vong nhanh c6 thé duoc tao thanh tir cac chu trinh
tu nhién sau phién ma va c¢6 thé dugc tao thanh hoan toan bing phwong phép tong

hop, cling dugc.

"Puoc phan lap" c6 nghia 1 duoc bién dbi "bdi ban tay ctia con ngudi” tir
trang thai tu nhién cta nd, tic 1a, néu né c6 xuét hién trong tu nhién, thi n6 cé thé
dugc thay dbi hodc duoc loai bd khoi méi trudng géc, hodc ca hai. Vi du,
polynucleotit hodc polypeptit c6 mit trong tu nhién trong t& chic séng khong
"dugc phan 1dp", nhung polynucleotit hodc polypeptit nay duoc phén ldp tir céc
nguyén li¢u déng tdn tai & trang thai tu nhién "dugc phan lap", déi voi thuét nglt
duoc sir dung & ddy. Tuong tu, trinh ty "tdng hop", nhu thuat ngit dwoc sir dung &
day, c6 nghia 12 trinh tu bét ky duogc tao thanh bing cach téng hop va khong dugc
phan 14p truc tiép tir ngudn tu nhién. "Thé tai t6 hop" c6 nghia 1a ADN bién dbi gen
duoc san xudt bang cach ciy ghép hodc ndi cac gen tir mot loai vao té bao t6 chuc
vat chu cda loai khac. ADN nay tré thanh mot phén ctia cAu truc di truyén cla vat

chu va dugc sao chép.

Thuat ngtt "polynucleotit ma hoéa polypeptit" nhu dugc st dung & déy bao
gdm céc polynucleotit chira trinh tu ma héa polypeptit theo sang ché, cu thé la
alpha-1,3-fucosyltransferaza c¢ trinh tu axit amin nhu duoc thé hién trong SEQ ID
NO: 2, 4 va 6. Thuat ngit nay ciing bao gdm cac polynucleotit chita viing lién tuc
don hodc vung khong lién tuc ma héa polypeptit (vi du, bi gian doan boi thé thuc
khuén tich hop hoc trinh tu bd sung hodc sira d6i) ciing véi ving b sung ciing c6

thé chira trinh tw ma hoa va/hoic khong ma héa.

"(Cé4c) bién thé" nhu thuat ngit duoc st dung & day, la polynucleotit hoic
polypeptit 1dn lugt khic polynucleotit hodc polypeptit tham khao, nhung gitt duge
c4c dic tinh cin thiét. Bién thé dién hinh cta polynucleotit khéac vé trinh tu
nucleotit v&i cac polynucleotit khac, polynucleotit tham khao. Su thay ddi trong
trinh tu nucleotit ctia bién thé nay c6 thé c6 hodc co thé khong thay dbi trinh tu axit
amin cua polypeptit dugc ma hoéa bdi polynucleotit tham khdo. Su thay ddi
nucleotit ¢6 thé din dén thé doan, thém doan, khuyét doan, hop nhit va cét doan
axit amin trong polypeptit dugc ma hoa bdi trinh tu tham khao, nhu duge mo ta

dudi ddy. Bién thé dién hinh ctia polypeptit khac biét trong trinh tu axit amin véi
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cac bién thé khéc, polypeptit tham khao. Thong thudng 1a, sy khac nhau bi giéi han
sao cho céc trinh tu cta polypeptit tham khao va bién thé nay twong tu nhau vé
tdng thé va, trong nhiéu ving, 1a tuong ddng. Mot bién thé va polypeptit tham khao
¢6 thé khac nhau trong trinh ty axit amin bdi mot hodc nhiéu thé doan, thém doan,
khuyét doan trong két hop bét ky. Géc axit amin thé hodc chén c6 thé 1a hodc c6 thé
khong phai 1a gbc duge ma hoa béi ma di truyén. Bién thé ctia polynucleotit hozc
polypeptit c¢6 thé xudt hién trong tu nhién nhu bién thé alelic, hodc c6 thé 1a bién
thé khong tim thdy trong tu nhién. Céc bién thé khong xuét hién trong tur nhién ciia
cac polynucleotit va polypeptit ¢ thé duoc tao thanh bing k¥ thuat dot bién gen,
bing céc phuong phap tbng hop khac va bing phuong phép téi t6 hop khéac da duoc
ngudi ¢6 hidu biét trung binh trong linh vuc k§ thuat nay biét dén.

Céc thut ngit "alpha-1,3-fucosyltranferaza hodc fucosyltransferaza" hodc
axit  nucleic/polynucleotit m& héa  "alpha-1,3-fucosyltranferaza  hodc
fucosyltransferaza" dung dé chi glycosyltransferaza xuc tic van chuyén fucoza tir
co chat thé cho, vi du, GDP-fucoza, dén phén tu thé nhén trong lién két alpha-1,3.
Phan t& thé nhin nay c6 thé 1a carbohydrat, oligosacarit, protein hodc
(glyco)protein, hodc lipit hodc (glyco)lipit, va c6 thé 13, vi du, N-aketylglucosamin,
N-axetyllactosamin, galactoza, fucoza, axit sialic, glucoza, lactoza hodc két hop bét
ky cta ching. Trong pham vi cua sang ché, cac bién thé da hinh, céc allen, cac
dang dot bién va cac dang ddng ding gifta cac loai clia axit nucleic/polynucleotit va
polypeptit cling dugc bao gbm trong thuit ngit ndy, chung c6 trinh ty axit amin 16n
hon 60% trinh tu axit amin tuong ddng, 65%, 70%, 75%, 80%, 85%, 90%, t6t hon
14 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hoic 99% hogc nhidu hon céc trinh
tu axit amin, tét hon 13 trén mét khu vuc cé cac axit amin it nhét khoang 25, 50,
100, 200, 500, 1000, hodc nhiéu hon, trong d6ng véi polypeptit dugec ma hoa boi
axit nucleic dugc chon tir SEQ ID NO: 1, 3 hodc 5, hodc trinh ty axit amin duoc
chon tir SEQ ID NO: 2, 4 hodc 6.

Ngoai ra, polypeptit alpha-1,3-fucosyltransferaza co6 thé duoc thay ddi bang
cach bd sung hoic loai bd cic trinh tu peptit dé bién dbi tinh chét cua n6. Vi du, cac
trinh tu polypeptit c6 thé duoc hop nhit v6i polypeptit alpha-1,3-fucosyltransferaza

dé tao nén hoat tinh enzym bd sung. Theo céach khéc, axit amin c6 thé bi loai bo dé
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loai bo hodc thay d6i hoat tinh cila protein. Protein c6 thé duoc cai bién d thiéu
hoat tinh enzym alpha-1,3-fucosyltransferaza nhung giit lai ciu tric ba chiéu cua
n6. Cai bién nay hiru ich trong viéc phat trién cac khang thé chdng lai polypeptit

alpha-1,3-fucosyltransferaza.

Ngoai ra, cac san phdm gen alpha-1,3-fucosyltransferaza cé thé bao gdm cac
protein hodc polypeptit dai dién cho céc san phdm gen twong duong vé chirc ning.
Céc san phdm gen alpha-1,3-fucosyltransferaza tuong dwong niy cé thé chia
khuyét doan, thém doan hodc thé doan cta cac géc axit amin trong trinh tu axit
amin dugc mé hoéa boi céc trinh tur gen alpha-1,3-fucosyltransferaza dugc mo ta &
trén, nhung c6 thay dbi thim ling, nhd d6 tao thanh sin phim gen alpha-l,3-
fucosyltransferaza tuong duong vé chirc ning. Viée thay thé axit amin c6 thé duoc
thuc hién trén co s tuong déng vé tinh phan cuc, dién tich, 6 hoa tan, d ky nudc,
d6 than nudc va/hoic tinh ludng cuc cta cac gde cb lién quan. Vi duy, axit amin
khong phan cuc (ky nudc) bao gém alanin, leuxin, isoleuxin, valin, prolin,
phenylalanin, tryptophan va methionin; axit amin trung tinh hai chiéu bao gém
glyxin, serin, threonin, xystein, tyrosin, asparagin va glutamin; axit amin dién tich
duong (bazo) bao gdm arginin, lysin va histidin; va axit amin dién tich 4m (axit)
bao gbm axit aspartic va axit glutamic. Trong ndi dung sang ché nay, "twong duong
vé chirc ning", nhu dugc sir dung & ddy, dung dé chi polypeptit c6 kha ning thé
hién hoat tinh twong tu dang ké in vivo dé lam cac san phdm gen alpha-1,3-
fucosyltransferaza ndi sinh dugc ma hoa boi cac trinh tu gen alpha-1,3-
fucosyltransferaza dugc mo tad & trén, duge danh gid bdi cac tiéu chi, bao gém
nhung khong gidi han & tinh khang nguyén, tic 1a, kha ndng lién két voi khang thé
anti-alpha-1,3 -fucosyltransferaza, tinh midn dich, tirc 13, kha ning tao ra khéng thé
c¢6 kha ning lién két véi alpha-1,3 -fucosyltransferaza protein hodc polypeptit, cling

nhu hoat tinh enzym.

Thudc pham vi clia sang ché la cic protein alpha-1,3-fucosyltransferaza,
polypeptit, va cac dan xudt (bao gdm céc doan) duoc cai bién khac biét trong hodc
sau quéa trinh van chuyén. Hon nita, cac chit ddng ding axit amin khoéng théng
thuong hodc axit amin hoéa hoc ¢ thé duoc dua vao lam thé doan hodc thém doan

vao trinh tu polypeptit alpha-1,3-fucosyltransferaza.
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Polypeptit alpha-1,3-fucosyltransferaza c6 thé dugc san xuét bai k¥ thuat tai
t6 hop ADN st dung cac ky thuat da biét trong linh vuc k¥ thuat nay. Cac phuong
phap dd duoc ngudi ¢6 hidu biét trung binh trong linh vue k¥ thuat nay biét 3 c6
thé duoc sir dung dé tao thanh céc vecto biéu hién chia céc trinh ty ma hoéa alpha-
1,3-fucosyltransferaza va céc tin hi€u kidm soat van chuyén phién mi thich hop.
Cac phuong phép nay bao gdm, vi dy, cac k¥ thuat ADN téi t6 hop in vitro, k§
thuat tbng hop va tai td hop gen in vivo. Xem, vi duy, céc k¥ thudt duoc md ta trong
Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989).

"Oligosacarit" 1a thuat ngit dugc sir dung ¢ day va thong thudong duge hiéu
nhu trong linh vuc k¥ thuat nay, dung dé chi polyme sacarit chira sé luong nho,

thong thudng tir ba dén mudi dudng don, tic 1a monosacarit.

Theo phuong &n khdc cua séang ché, vecto dugc cung cip, chira trinh tu axit
nucleic 1am polypeptit md hoa c¢6 hoat tinh alpha-1,3-fucosyltransferaza, trong do
trinh tu axit nucleic ndy dugc lién két véi céc trinh tu kiém soat dugce nhan biét boi
té bao vat chi dugc bién nap vai vecto nay. Trong phuong an duge dic biét uu tién,
vecto 1 vecto bidu hién, va, theo phwong an khéc ciia sang ché, vecto ndy c6 thé c6

mit & dang plasmit, cosmit, thé thuc khuén, liposom hodc virut.

Pé san xuAt thé tai td hop, t& bao chu ¢6 thé dugc bién dbi gen dé két hop
cac hé bidu hién hodc cic phin cia ching hodc céc polynucleotit theo sang ché.
Viéc dua polynucleotit vao té bao chi ¢6 thé dugc thuc hién béng cac phuong phap
duoc md ta trong nhiéu sach hudéng din trong phong thi nghiém tiéu chudn, nhu
Davis et al., Basic Methods in Molecular Biology, (1986), and Sambrook et al.,
1989, supra.

Vi vay, polynucleotit theo sang ché, c6 thé, vi du, dugc bao gdm trong vecto
duoc bién nap/chuyén nap mdt cach dn dinh vao té bao chu. Trong vecto nay,
polynucleotit theo sang ché duoc dit dudi su kiém soat cia, vi du, trinh tu khoi
dong cam tmg, nhd d6 bidu hiéﬁ ctia gen/polynucleotit ¢6 thé duge nham t&i mot

cach cu thé, va, néu muon, gen nay c6 thé duge biéu hién qua murc theo cach nay.
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Céc hé biéu hién khéc nhau c6 thé duoc str dung dé san xuét cac polypeptit
theo sang ché. Cac vecto nay bao gém, ngoai cac vecto khac, chromosomal,
episomal va cic vecto ¢ ngudn gbc tir virut, vi du, cac vecto c6 ngudn gde tir cac
plasmit vi khuén, tir cac thuc khuln, tir cac gen nhay, tir cac episome ndm men, tir
cac yéu td chén, tir cac yéu t& chromosomal ndm men, tr virut, va cdc vecto cé
ngudn gdc tir két hop cia ching, nhu céc vecto ¢6 ngudn gde tir plasmit va cac yéu
t di truyén ctia thue khuén, nhu cosmit va phagemit. Cac cAu tric hé biéu hién c6
thé chira viing kiém soat diéu chinh cling nhu tao ra biéu hién. Thong thuong 13, hé
hoic vecto bt ky thich hop ¢ duy tri, nhan giéng hodc bidu hién cac polynucleotit
va/hodc dé biéu hién polypeptit trong vat chi c6 thé duoc sir dung dé biéu hién
trong trudng hop nay. Trinh tw ADN thich hop c6 thé duoc chén vao hé biéu hién
béng k¥ thuat thong thuong da biét bat ky, nhu, vi dy, k¥ thuat duoc néu trong

Sambrook va cac dong tac gia, xem & trén.

Do d6, sang ché ciing d& cap dén polypeptit dwoc phan lap c¢6 hoat tinh

alpha-1,3-fucosyltransferaza chira trinh tu axit amin dugc chon tir nhém bao gém:
(a)  trinh tu axit amin duoc thé hién trong SEQ ID NO: 2, 4 hodc 6;

b) trinh tu axit amin cta bién thé alelic ¢6 trinh tu axit amin dugc thé
hién trong SEQ ID NO: 2, 4 hodc 6, trong d6 bién thé alelic nay duoc
ma héa bdi phan tir axit nucleic lai trong diéu kién nghiém ngit thanh
cac chudi d6i dién cia phan tir axit nucleic dugc thé hién trong SEQ

ID NO: 1, 3 hoac 5;

C) trinh tu axit amin cua ortholog cé trinh tu axit amin dugc thé hién
trong SEQ ID NO: 2, 4 hoac 6, trong d6 ortholog ndy dugc ma hda
‘béi phan tir axit nucleic lai trong didu kién nghiém ngit thanh cac
chudi dbi dién cta phén tir axit nucleic duoc thé hién trong SEQ ID

NO. 1, 3 hodc 5; va

(d)  doan cia trinh tu axit amin duoc thé hién trong SEQ ID NO: 2, 4
hoic 6, trong d6 doan nay bao gdm it nhé4t 10 axit amin lién k&, va

trong d6 doan nay cé hoat tinh alpha-1,3-fucosyltransferaza.
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Thuét ngft "cac didu kién nghiém ngit" ding d& chi cac diéu kién trong d6
mot mau do s& lai thanh trinh tu dich cta n6, nhung khong thanh trinh tw khac. Cac
diéu kién nghiém ngit phu thudc vao trinh ty va s& khac nhau trong cac hoan canh
khac nhau. Trinh tu dai hon s& lai ddc biét & nhiét do cao hon. Thong thudng, cac
diéu kién nghiém ngit dwoc chon thdp hon khoang 15°C so véi diém néng chay
(Tm) d6i véi trinh tu cu thé & cudong do ion va d§ pH xé4c dinh trudc. Tm la nhiét
do6 (0 cuong do ion, do pH va néng d6 axit nucleic xac dinh trudc) & d6 50% méau
dd bd sung cho trinh tu dich lai thanh trinh tu dich & trang thai can béng. Cac diéu
kién nghi€ém ngdt cé thé vi du la: 50% formamit, 5x SSC va 1% SDS, u & nhiét do
42°C, hoic, 5x SSC, 1% SDS, u ¢ nhiét do 65°C, rira trong 0,2x SSC, va 0,1% SDS
& nhiét 6 65°C.

Ciing nhu vay, sang ché dé cap dén t€ bao vat chi chira vecto nhu duge dinh
nghia & trén, va cu thé 1a t& bao chu duoc chon tir nhém bao gém nidm bao gdbm té
bao ndm men, vi khudn, c6n trung, dong vat va thuc vat. Pugc dic biét uu tién néu

té bao vat chu 1a té bao Escherichia coli.

Nhu duoc sir dung & day, thuat ngt "t€ bao vat chi" dung dé chi té bao da
duoc bién nap hodc chuyén nap, hodc c6 kha ning bién nap hodc chuyén nap béi

trinh tu polynucleotit ngoai sinh.

Céc hé vecto bidu hién vat cht c6 thé duoc sir dung dé bidu hién trinh tw ma
hoa gen alpha-1,3-fucosyltransferaza theo sang ché. Céc hé biéu hién vat chu nay
biéu dién phuong tién ma nho né céc trinh ty mad héa quan tim co6 thé duoc tao
thanh va sau d6 dugc tinh ché, nhung ciing bidu din t& bao ma, néu duoc bién nap
hoac chuyén nap béng c4c trinh tu m3 héa nucleotit thich hop, thi biéu hién san
phdm gen alpha-1,3-fucosyltransferaza theo sang ché & dang vi tri ctia no.

Sé luong cac hé biéu hién va vét chu thich hop ¢ thé, vi du, duoc tim théy
trong cong bd don quéc té s6 WO 98/55630, d6i v4i cac fucosyltransferaza dugc
tach tir Helicobacter pylori, cong bd nay dugc dua ra day dé tham khao.

Theo phuong én khac cua sang ché, axit nucleic ma héa polypeptit c6 hoat
tinh alpha-1,3-fucosyltransferaza thich nghi véi viéc str dung don vi ma cua té bio

tuong Ung.
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Séng ché dé cap dén phuong phap san xuét oligosacarit, cac (glyco)protein

va (glyco)lipit fucosyl hoa bao gdm cac budc:
a. cung cap polypeptit c6 hoat tinh alpha-1,3-fucosyltransferaza theo sang ché,

b. cho polypeptit c6 hoat tinh alpha-1,3-fucosyltransferaza ctia budce a. tiép xuc
v6i hdn hop bao gdm co chit thé cho chira gbc fucoza va co chét thé nhan
bao gdm mono- hoic oligosacarit, (glyco)protein hodc (glyco)lipit trong cac
diéu kién trong d6 polypeptit xuc tic vin chuyén gdc fucoza tlr co chét thé
cho t6i co chét thé nhan, nhd d6 tao thanh oligosacarit, (glyco)protein hodc
(glyco)lipit fucosyl hoa.

Theo séng ché, phuong phap san xut oligosacarit fucosyl hoa c6 thé duoc
thuc hién trong hé khong té bao hogc trong hé chira té bao. Céc co chat dugc phép
phan tng véi polypeptit alpha-1,3-fucosyltransferaza trong thoi gian thich hop va
trong cac diéu kién thich hop dé cho phép tao thanh sén pham enzym. Puoc hiéu la,
cac didu kién nay s& thay d6i phu thudc vao luong va do tinh khiét cta co chit va
enzym, h¢ ndy la hé khong té bao hay trong hé nén té bao. Cac diéu kién nay c6 thé
duoc didu chinh d& dang bai ngudi c6 hidu biét trung binh trong linh vuc k§ thuat
nay.

Trong cac hé khong té bao, polypeptit theo sdng ché, (c4c) co chét thé
nhan, (cac) co chét thé cho va, truong hop c6 thé 1, cac thanh phan hdn hop phin
ung khac, bao gbm cac glycosyltransferaza va cac enzym phu bang céch tron trong
mdi truong phan tmg nudc. Cac enzym nay cd thé duoc sir dung tu do trong dung
dich, hoac chung co thé duoc lién két hodc duogc ¢d dinh vao chit hd tro nhu
polyme va céc co chit ¢6 thé dugc bd sung vao chit hd trg. Chét hd tro c6 thé, vi

du, duoc nhdi trong cot.

Céc hé chira té bao dé tdng hop oligosacarit fucosyl hoa c6 thé bao gdm té
bao vat chi cai bién tai td hop.

Vi véy, sang ché cling d& cap dén phuong phap sin xuft cac oligosacarit,
(glyco)protein va (glyco)lipit fucosyl héa bao gdm céc budc:

a. cho sinh trudng, trong didu kién dinh dudng thich hop cho phép dé san

xuét oligosacarit, (glyco)protein va/hodc (glyco)lipit fucosyl hoa, va
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cho phép biéu hién polypeptit c6 hoat tinh alpha-1,3-fucosyltransferaza,

t€ bao vat chi nhu duge mo ta & trén;

b. cung cip, déng thoi hodc sau d6 vio bude a., co chit thé cho chira gbc
fucoza va co chit thé nhan bao gdm oligosacarit, (glyco)protein hoic
(glyco)lipit, nhd d6 alpha-1,3-fucosyltransferaza duoc biéu hién trong
té bao vat chil xuc tac van chuyén gbc fucoza tir co chit thé cho t6i co
chit thé nhan, nhd d6 tao thanh oligosacarit, (glyco)protein hodc
(glyco)lipit fucosyl héa; va

c. phan 1ap oligosacarit, (glyco)protein va/hodc (glyco)lipit fucosyl hoa

nay tur t€ bao vat cht hodc mdi truong ma no sinh trudng.

Trong phuong phap theo séang ché, co chat thé cho c6 thé la GDP-fucoza.

duogc dic biét vu tién néu co chit thé cho 13 GDP-fucoza.

Theo mot phuong 4n ciia sang ché, co chét thé nhin dugc chon tir N-
axetylglucosamin, N-axetyllactosamin, galactoza, fucoza, axit sialic, glucoza, lactoza

hodc két hop bét ky cta chung. Cu thé 13, lactoza duge wu tién lam co chit thé nhan.

Thuat ngft "co chét", nhu dugc sir dung & déy, c6 nghia 14 nguyén liéu bét ky
hoic két hop ciia cic nguyén liéu khac nhau c6 thé duogc tac dong bai polypeptit theo
séng ché d& tao thanh cac oligosacarit, (glyco)protein hodc (glyco)lipit fucosyl hoa.

Céc co chit dugc phép phan tmg véi polypeptit alpha-1,3-fucosyltransferaza
trong thoi gian thich hop va trong céc diéu kién thich hop dé cho phép tao thanh
san phdm enzym. Cac diéu kién nay s& thay dbi phu thudc vao luong va do tinh khiét
clia co chit va enzym, hé nay 1a hé khong té bao hay hé nén té bao. Nhing thay doi
nay s& dugc didu chinh d& dang boi ngudi ¢6 hiéu biét trung binh trong linh vuc k§

thuat nay.

Theo mdt phuong 4n ctia phwong phap theo sang ché, co chit thé cho duoc
cung cip trong budc b. bang cach san xuit no trong té bao vat chi. Lam nhu vay,
enzym chuyén hoéa, vi dy, fucoza, dugc bd sung vao t€ bao vat chu, thanh GDP-
fucoza duoc biéu hién dong thoi trong té bao vat chu. Enzym nay cé thé 1a, vi du,
fucoza kinaza/fucoza-1-phosphat guanylyltransferaza hai chirc, gibng nhu Fkp tir

Bacteroides fragilis, hodc két hop ciia mot fucoza kinaza riéng biét cing v6i mot

-15-



26998

fucoza-1-phosphat guanylyltransferaza riéng biét gibng nhu da biét & mot s6 loai

bao gdbm Homo sapiens, Sus scrofa va Rattus norvegicus.

Theo cach khac, trong budc b., co chét thé cho c6 thé duge bd sung vao

mdi trudng nudi cay/té bao vat chu hodc duogc san xuat nho trao doi chat t€ bao.

Theo phuong an khéc nita, sdng ché d& cap dén phuong phép bao gdm cac

budc sau:

a) cho sinh trudng, té bao vat chi duoc bién nap hodc chuyén nap dé
chira trinh tu axit nucleic dugce chon tlir i) SEQ ID NO: 1, 3 hodc 5 tir
danh muc trinh tu di kém, ii) trinh ty axit nucleic bd sung cho SEQ
ID NO: 1, 3 hoic 5, va iii) céc trinh tu axit nucleic lai trong didu kién
nghiém ngit vao céc trinh ty axit nucleic dugc dinh nghia trong 1) va
i) hodic chudi bd sung ctia ching, trong diéu kién dinh dudng thich
hop nho d6 trinh tu axit nucleic duoc chon tir i), ii) va iii) duoc biéu

hién dudi dang peptit ¢ hoat tinh alpha-1,3-fucosyltransferaza;

b) cung cAp, dong thoi hoic sau d6 vao budc a., co chét thé cho chira gbc
fucoza va co chét thé nhin bao gdm oligosacarit, (glyco)protein hodc
(glyco)lipit, nh¢r d6 alpha-1,3-fucosyl-transferaza duoc biéu hién trong
t& bao vat chd xic tic van chuyén gbe fucoza tir co chit thé cho t6i co
chit thé nhin, nhd d6 tao thanh oligosacarit, (glyco)protein hodc
(glyco)lipit fucosyl hoa; va

c) phan 14p oligosacarit, (glyco)protein va/hodc (glyco)lipit fucosyl hoa
nay tir t& bao vat chil hodc moi trudong ma n6 sinh trudng.

Trong cac phuong phép theo séng ché, peptit dugc biéu hién trong t& bao
vat chu, thé hién hoat tinh alpha-1,3-fucosyltransferaza va, nho d6, van chuyén géc
fucoza tir thé cho, vi du guanosin-diphosphat fucoza (GDP-fucoza), dén thé nhan,
bao gdm cac oligosacarit, (glyco)protein va (glyco)lipit. Theo cach nay, co chit thé
nhan fucosyl hoa cé thé duge st dung 1am chit phu gia thuc phdm, dé lam chit bd
sung cho thirc an tré em, hodc lam hop chét ¢6 hoat tinh diéu tri hodc dugc ly. Véi
cac phuong phap nay, cac san phim fucosyl hoa c6 thé dugc cung cép dé dang va

hidu qua, ma khong cin quy trinh téng hop phirc tap, ton thoi gian va chi phi.
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Nhu duoc st dung & diy, thudt ngit "phén 1ap" c6 nghia la thu hoach, thu
gom hodc tach tir hé bidu hién gen nay san phim duoc san xuit boi alpha-1,3-

fucosyltransferaza theo sang ché.

Do d6, sang ché ciing d& cap dén oligosacarit, (glyco)protein va/hodc
(glyco)lipit fucosyl héa thu duge bing cac phuong phap theo séng ché, ciing nhu str
dung polynucleotit, vecto hodc polypeptit nhu duge m6 ta & trén d& san xuét cac

oligosacarit, (glyco)protein va/hodc (glyco)lipit fucosyl hoa.

Theo phuong an khédc nita, viéc san xuét oligosacarit, (glyco)protein
va/hoic (glyco)lipit fucosyl héa nay duoc thuc hién bing céch biéu hién (qua mirc)

polynucleotit ma héa alpha-1,3 fucosyltransferaza khéac loai hodc tuong dong.

Trir khi ¢é dinh nghia khéc, tAt ca cac thuat ngit k¥ thuat va khoa hoc duge
str dung & day thong thuong 14 ¢6 cling nghia thong thuong duge hiéu boi nguoi co
hiéu biét trung binh trong linh vyc k¥ thuat nay. Thong thuong, danh phép dugc st
dung & day va quy trinh nudi céy té bao trong phong thi nghiém, di truyén hoc phan
tr, héa hoc hitu co va hoa hoc axit nucleic va phuong phap lai duge md ta ¢ trén va
dudi day da dugce biét 13 va thudong duoc st dung trong linh vuc k¥ thuédt nay. Cac
ky thuat thong thudng duoc st dung dé& tdng hop axit nucleic va peptit. Thong
thudng, cdc phan ing enzym va cac budc tinh ché duogc thuc hién theo thong sb k¥

thuét cia nha san xuat.

Séng ché ciing bao gém céc doan cua cac trinh tu polynucleotit duge boc 10
G day.

Céc uu diém khic dudi ddy mo ta cac phuong an va hinh v€ di keém.

Khong can phai noi rang céac dau hiéu néu trén va cac dAu hiéu s& dugec mo
ta dudi day co thé duoc sir dung khong chi trong céc két hop cu thé tuong Gng ma

con trong cac két hop hoic riéng khéc, ma khong nim ngoai pham vi séng ché.
Vi du thye hién sang ché
Nhén dong gen

Gen nay ma hda fucosyltransferaza Amuc0760 dugc t8i wu codon va dugc

tdng hop boi GenScript, Piscataway, New Jersey (USA). V6i hai trinh tu flanking
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ma héa cho attB-Sites cho nhin dong Gateway (Gateway-Cloning) (trinh tur 5°: G-
GGGACAAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATAGAACC
(SEQ ID NO: 7), trinh tu 3°: TAGGACCCAGCTTTCTTGTACAAAGTGGTCCC-
C (SEQ ID NO: 8)) dugc nhan dong vao pUCS7 bing GenScript. Qua trinh chuyén
Gateway (Gateway-transfer) vao vecto pDEST14 (Invitrogen GmbH, Dirc) (xem
Fig.3A) duoc tién hanh theo huéng din clia nha cung cép (Invitrogen GmbH, Pric).
Polynucleotit m& hoéa cho N-terminally His-tagged Amuc0760co dugc khuéch dai
tir pUC57-amuc0760co st dung cac mdi GGGGACAAGTTTGTACAAAAAAGC-
AGGCTTCGAAGGAGATACAACCATGGGCCATCACCATCATCACCACAA-
AACGCTGAAAATTAGCTTTC (SEQ ID NO: 9) va GGGGACCACTTTGTAC-
AAGAAAGCTGGGTC (SEQ ID NO: 10). Polynucleotit ma hoa cho C-terminally
His-tagged amuc0760co duoc khuéch dai tir pUC57-amuc0760co sir dung cac moi
GGGGACAAGTTTGTACAAAAAAGCAGGCTTC (SEQ ID NO: 11) va GGGG-
ACCACTTTGTACAAGAAAGCTGGGTC (SEQ ID NO: 12).

Céc gen mi héa cho céc fucosyltransferaza FucT6 va FucT7 duoc khuéch
dai tir b0 gen ADN cua Bacteroides fragilis NCTC 9343 v6i cac mdi GGGGACA-
AGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATACAACCATGTGTGAT-
TGCTTGTCTATCATATTG (SEQ ID NO: 13)/GGGGACCACTTTGTACAAGA-
AAGCTGGGTCTTATTTTCTATCAAACAATTGAGAATAATATTC (SEQ ID
NO: 14) va GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGAT-
ACAACCATGGATATATTGATTCTTTTTTATAATACGATG (SEQ ID NO:
15)/GGGGACCACTTTGTACAAGAAAGCTGGGTCCATATCCCTCCCAATT-
TTAGTTCG (SEQ ID NO: 16), lan luot, va cling duoc nhan dong vao pDEST14
str dung Cong nghé Gateway (Invitrogen GmbH, Dtrc) (xem Fig.3B va 3C).

Biéu hién cta céc fucosyltransferaza

Céc gen amuc0760co, fucT6 va fucT7 duoc nhin dong bd sung vao vecto
biéu hién pACYCDuet-1 (Novagen, UK). Pé nhan dong amuc0760co bing cach
gi6i han bang Ncol/Pstl va mdi thit tiép theo AGCTAGCCATGGGCAAAACGC-
TGAAAATTAGCTTTCTG (SEQ ID NO. 17) va AGCTAGCTGCAGTTAGCGA-
CGCAGGCGATTTTTC (SEQ ID NO: 18) duoc str dung (vi tri gidi han duoc gach
chan) va san pham tao thanh dugc goi 1a pACYC-amuc0760co (xem Fig.4A).
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fucT6 duge nhan dong qua Ncol/BamHI str dung mdi GATCACCATGGGCTGTG-
ATTGCTTGTCTATCATATTG (SEQ ID NO: 19) va GATCAGGATCCTTATTT-
TCTATCAAACAATTGAGAATAATATTC (SEQ ID NO: 20) (vi tri gi¢i han
dugc gach chan) tao thanh pACYC-fucT6 (xem Fig.4B), va fucT7 dugc nhin dong
qua Ncol/EcoRI sir dung méi GATCACCATGGATATATTGATTCTTTTTTATA-
ATACGATGTGG (SEQ ID NO: 21) va GATCAGAATTCTCATATCCCTCCCA-
ATTTTAGTTCGTG (SEQ ID NO: 22) (vi tri gidi han dugce gach chén) tao thanh
pACYC-fucT7 (xem Fig.4C).

Céc ching E. coli IM109(DE3) hoic BL21(DE3) lacZ dugc bién nap véi
plasmit thich hop duge m6 ta & trén. Sml méi truong 2YT duge cdy bang vong ciy
va sinh trudng & nhiét do 37°C va 180 vong/phut qua dém. 400ml 2YT dugc ciy
v6i 4ml tir dung dich nudi cdy qua dém va sinh truéng & nhiét do 37°C va 180
vong/phut cho dén khi dat dugc OD660 12 0,5. Biéu hién duoc tao thanh béng cach
b6 sung 0,1mM IPTG va tiép tuc dé sinh trudng & nhiét d6 28°C va 180 vong/phut
qua dém. Té bao duoc thu gom va tai tao huyén phi trong 4 thé tich/trong luong
ctia 50 mM Tris-HCI d pH 7,5 + 5SmM MgCL hosc, néu duoc st dung dé tinh ché
qua cOt Ni Sepharose FF (HisPrep FF 16/10, GE Healthcare, Thuy Dién), trong 4
thé tich/trong luong 20mM Tris-HC1 d6 pH 7,5 + 500mM NaCl + 30mM imidazol.
Céc hat thiy tinh duoc bd sung véi lwong glp sau 1an trong luong cua té bao vién
va huyén phu té bao dugc khudy tron hai lan trong 5 phut, trong khi ¢ gitta huyén
phu té bao dugc dit trong nude d4 trong 5 phut. Sau khi phé v& té bao, cdc manh v
té bao dugc loai bd bing cach ly tAm trong 10 phit & téc d6 15000xg. Phin ndi lén
trén mit tao thanh duoc st dung dé phan tich trén SDS-PAGE hoic dé tinh ché qua
Ni Sepharose FF.

Phat hién bing phuong phap Western blot

His-tagged Amuc0760co duogc biéu hién nhu dugc mé ta & trén. Tir dich
chiét té bao tho 10mg protein dugc tach trén 10% SDS gel. Protein duoc tdm 1én
mang PVDF str dung bé Mini Trans-Blot (Bio-Rad, Puc) theo huéng din ciia nha
san xuét. His-tagged Amuc0760co duogc phat hién trén blot st dung bo His-Tag
Antibody HRP Conjugate Kit (Novagen, UK) theo huéng din ctia nha cung cip
(xem Fig.2).
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San xuét hop chét fucosyl hoa

Céc té bao E. coli BL21(DE3) BL21(DE3) lacZ pDEST14-fkp pCOLA-
lacY-fucP duoc bién nap véi pACYC mang gen fucosyltransferaza thich hop. Cac
khuén lac duogc nudi cdy trén dia 2YT voi khang sinh thich hop. 5ml méi truong
nudi ciy qua deém (2YT v6i khang sinh) ctia mdi ching dugc sinh trudng va tir moi
truong nudi cdy nay mdi 30ml mdi truong khoang dugc cdy vao 1%. Céac té bao
duoc sinh trudng st dung glyxerol lam ngudn cacbon va & OD600 = 0,2 tao ra
0,ImM IPTG va 20mM lactoza va 20mM fucoza dugc bd sung. Quy trinh san xuét
3-fucosyllactoza duoc didu khién biang phéan tich TLC va HPLC. So sanh luong 3-
fucosyllactoza (3-FL) duoc san xuét bing bidu hién ctia FutA tir Helicobacter
pylori so voi biéu hién cia Amuc0760co tir Akkermansia muciniphila cling nhu

FucT6 va FucT7 tir Bacteroides fragilis duge bidu dién trong bang 1 dudi day:

Bang 1: so sanh lwong hidu sudt 3-fucosyllactoza st dung cac alpha-1,3-
fucosyltransferaza FutA tir Helicobacter pylori, Amuc0760co tit Akkermansia
muciniphila va FucT6 va FucT7 tir Bacteroides fragilis

Hiéu suat 3-FL
Fucosyltransferaza

[mM]
Khéng c6 (mau d6i chimg 4m tinh) 0
FutA (Helicobacter pylori) 3,83
Amuc0760co (Akkermansia muciniphila) 5,39
FucT6 (Bacteroides fragilis) 4,95
FucT7 (Bacteroides fragilis) 6,89

Nhu c6 thé thdy tir bang 1, luong san pham 3-fucosyllactoza fucosyl hoa
cao hon déng ké néu sir dung céc alpha-1,3-fucosyltransferaza theo sang ché, tirc la
Amuc0760co tr Akkermansia muciniphila va FucT6 va FucT7 tu Bacteroides
fragilis, so voi alpha-1,3-fucosyltransferaza FutA tir Helicobacter pylori, da biét
trong linh vuc k¥ thuat nay.

Tinh ché san pham fucosyl hoa

3-fucosyllactoza duoc san xuit nhu duoc md ta & trén dwoc tinh ché trong

mot s6 bude. Bude thir nhit 14 tinh ché bing cach hip phu trén than hoat tinh. Phan
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nbi 1én trén cia mdi trudng nudi cly tir bude san xuit duge phu 1én nén than hoat
tinh. Dung dich chay qua duoc thu gom va phén tich, nhung khong co 3-
fucosyllactoza con lai dugc phét hién. Bé loai bo hop chét trung gian lién két khong
dic hiéu nhu vi du cidc mubi va axit amin nén than hoat tinh duoc rira bﬁng nudc
cat (khong c6 3-FL trong dung dich chay ra). Sau d6 3-FL va lactoza va fucoza con
lai dugc rira gidi béng etanol 96%. Sau d6 etanol dugc lam bay hoi trong thiét bi
lam bay hoi quay va cin dugc loc qua thiét bi 10kDa crossflow module (Microdyn
Nadir, Dtic). Céc mubi con lai dwoc loai bd bing cach thdm tich bing dién va sau
d6 ndi doc td duoc loai bd béng cach loc st dung crossflow module (Pall, Puc).
Sau d6 3-FL dugc téch tur lactoza va fucoza & quy md gam sir dung sic ky thim
thdu gel, nguyén liéu Biogel P-2 (BioRad, Puc) duoc nap vao cot thiy tinh 520mm
x 428mm bang frit. Budc tinh ché 3-FL duogc kiém soét béi sic ky 16p mong (xem

Fig.8). Cac phan doan chi chtra 3-fucosyllactoza dugc gom lai va lam déng kho.
Khiang dinh sy gidng nhau ctia san phdm

3-fucosyllactoza dugc tinh ché duoc san xudt s dung céc
fucosyltransferaza theo sang ché dugc phan tich bing 1H-NMR va phd khbi. Phd
tao thanh phil hop véi phd du kién cho 3-FL. Ngoai ra céc phuong phap HPLC
khac nhau duogc st dung dé kiém tra su giéng nhau cua 3-FL tao thanh. Mot
phuong phép 1a tdch str dung c¢ft Phenomenex Rezex RCM Ca2+ stt dung nude lam
dung dich rira giai (0,6ml/phtit trong 30 phuit & nhiét d6 80°C) va phat hién bang
méy do chi sé khic xa (Shimadzu, Pirc) (xem Fig.9A). Phuong phap khac la tach
bing c6t Dionex CarboPac PAI sit dung 50mM NaOH lam dung dich rira giai
(1ml/phiit trong 35 phit & nhiét d@6 30°C) va phat hién bang may phat hién dién hoa
DECADE II (Antec Leyden, Netherlands) (xem Fig.9B).
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YEU CAU BAO HQ
1. Phuong phap san xuét oligosacarit dugc fucosyl héa, trong @6 phuong phép nay

bao gom cac budc:

a. cung chp polypeptit c6 hoat tinh alpha-1,3-fucosyltransferaza va c6 kha ning sir

dung lactoza, hodc oligosacarit bao gdm géc lactoza, 1am co chat thé nhén,

trong d6 polypeptit bao gém trinh ty axit amin dugc chon tir SEQ ID NO: 2, SEQ
ID NO: 4, SEQ ID NO: 6, trinh ty axit amin tuong déng it nhit 95% so véi trinh ty
axit amin duoc thé hién trong SEQ ID NO: 4, hojc trinh tu axit amin twong déng it
nhét 95% so véi trinh ty axit amin duoc thé hién trong SEQ ID NO: 6; va

b. tiép xtic polypeptit c6 hoat tinh alpha-1,3-fucosyltransferaza ciia budc a véi hén
hop bao gdm co chit thé cho chira gbc fucoza, va co chét thé nhan bao gdm lactoza
hoZc oligosacarit bao gdm gbc lactoza trong céc didu kién trong d6 polypeptit xtc
thc van chuyén gbc fucoza tir co chét thé cho téi co chét thé nhan, nhé d6 tao thanh

oligosacarit dugc fucosyl hda.
2. Phuong phap san xuét oligosacarit dugc fucosyl héa bao gbm cac budc:

a. cho sinh trudng in vitro, t& bao vat chi vi khuén hoic nim chura vecto, trong d6
the vecto chira trinh tu axit nucleic m3 hoa polypeptit c6 hoat tinh alpha-1,3-
fucosyltransferaza va c6 kha ning st dung lactoza, hodc oligosacarit chira géc
lactoza 1am co chit thé nhan, trinh tu axit nucleic dugc lién két véi trinh tu kiém
so4t, trong d6 trinh ty axit nucleic dugc chon tir nhdm bao gém trinh tu axit nucleic
dugc thé hién trong SEQ ID NO: 1, trinh ty axit nucleic dugc thé hién trong SEQ
ID NO: 3 trinh ty axit nucleic dugc thé hién trong SEQ ID NO: 5, trinh tu axit
nucleic bd sung cho trinh tu axit nucleic dugc thé hién trong SEQ ID NO: 1, trinh
tur axit nucleic bd sung cho trinh ty axit nucleic dugc thé hién trong SEQ ID NO: 3
va trinh tr axit nucleic bd sung cho trinh tyr axit nucleic dugc thé hién trong SEQ
ID NO: 5;

b. cung cdp ddng thdi hodc 1an lugt vao budc a co chit thé cho chita gdc fucoza va
co chit thé nhan chira lactoza hoic oligosacarit chira gbc lactoza, d& polypeptit
alpha-1,3-fucosyltransferaza xtic tic viéc van chuyén gdc fucoza tir co chit thé cho

dén co chét thé nhan, nhd d6 san xuét oligosacarit dugc fucosyl hoa, va
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c. phan 14p oligosacarit dugc fucosyl hod néu trén tu té bao vat chi hoic moi
truong sinh trudong cia no.
3. Phuong phap theo diém 1, trong d6 co chét thé cho 1a GDP fucoza.

4. Phuong phép theo diém 2, trong d6 co chét thé cho 1a GDP fucoza.

5. Phuong phap theo diém 3, trong & GDP fucoza dugc tao ra bdi enzym dugc
bidu hién ddng thoi trong té bao vat chi hodc bdi su trao dbi chét cua té bao vat

chu.

6. Phuong phéap theo diém 4, trong d6 GDP fucoza dugc tao ra boi enzym duoc
bidu hién ddng thdi trong té bao vat chi hodc boi sy trao ddi chét ctia té bao vat

chu.
7. Oligosacarit dugc fucosyl hoa thu dugc bing phuong phép theo diém 1.
8. Oligosacarit dugc fucosyl hod thu dugc bing phuong phép theo diém 2.

9. Phuong phép san xut fucosyllactoza bing céch sir dung t€ bao vét chu vi khuén

ho#c ndm bao gdm cac budc:

a. cho sinh trudng, in vitro, té bao vat chu vi khuén hoic nédm dugc bién nap hoic
chuyén nap dé biéu hién polypeptit ngoai sinh c6 hoat tinh alpha-1,3-
fucosyltransferaza va c6 kha nang sir dung lactoza lam co chét thé nhan, trong d6
polypeptit chtra trinh tu axit amin duge thé hién trong SEQ ID NO: 2, trinh tyr axit
amin dugc thé hién trong SEQ ID NO: 4, trinh ty axit amin dugc thé hién trong
SEQ ID NO: 6, trinh ty axit amin tuong dong it nhit 95% véi trinh tu axit amin
dugc thé hién trong SEQ ID NO: 2, trinh tyr axit amin twong ddng it nhat 95% véi
trinh ty axit amin dugc thé hién trong SEQ ID NO: 4 hodc trinh tv axit amin twong
df‘)ng it nhit 95% vd&i trinh tu axit amin duoc thé hién trong SEQ ID NO: 6; va

i) polypeptit ngoai sinh c6 hoat tinh fucoza-1-phosphat guanylyltransferaza/fucoza
kinaza hai chirc hoic ii) ca polypeptit ngoai sinh c6 hoat tinh fucoza-l-phosphat
guanylyltransferaza va polypeptit ngoai sinh c6 hoat tinh fucoza kinaza;

b. cung cip, ddng thdi hoic 14n lugt dén bude a co chit thé cho chira gbc fucoza va
co chét thé nhan, trong d6 co chét thé nhan dugc chon tir mono- hoc disacarit hosic

hdn hgp cta ching, trong d6 polypeptit alpha-1,3-fucosyltransferaza xuc tac viéc
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van chuyén gbc fucoza tir co chét thé cho dén co chit thé nhan, nho d6 san xuit

fucosyllactoza; va
c. phén l4p fucosyllactoza tir t& bao vét chi hojc mdi trudng sinh truéng clia né.

10. Phuong phép theo diém 1, trong d6 oligosacarit dugc fucosyl hoa duge tao ra la

3-fucosyllactoza.

11. Phuong phép theo diém 2, trong d6 oligosacarit dugc fucosyl hoa dugc tao ra la

3-fucosyllactoza.

12. Phuong phép theo diém 9, trong d6 polypeptit ngoai sinh chira trinh ty axit
amin dugc thé hién trong SEQ ID NO: 2, SEQ ID NO: 4 ho#c SEQ ID NO: 6.

13. Phuong phép theo diém 9, trong d6 t€ bao vat chu vi khuén hodc ndm duoc bién
nap bing phén tir axit nucleic ma hod polypeptit ngoai sinh, va trong d6 phén tir
axit nucleic chita trinh ty axit nucleic dugc thé hién trong SEQ ID NO: 1, SEQ ID
NO: 3 hodc SEQ ID NO: 5.

14. Phuong phap theo diém 2, trong d6 t& bao vét chi 14 t& bao E. coli hoic té bao
ném.
15. Phuong phép theo diém 5, trong d6 t& bao vat chu 14 t& bao E. coli hoic t€ bao
ném.

16. Phuong phép theo diém 9, trong d6 fucosyllactoza dwgc tao ra la 3-

fucosyllactoza.

17. Phuong phap theo diém 9, trong d6 polypeptit bao gdm trinh tu axit amin dugc
thé hién trong SEQ ID NO: 2, SEQ ID NO: 4 hoic SEQ ID NO: 6.

18. Phuong phép theo diém 9, trong d6 polypeptit bao gdm trinh tir axit amin twong
dc‘”)ng it nhét 95% vdi trinh ty axit amin dugc thé hién trong SEQ ID NO: 2, trinh tu
axit amin tuong ddng it nhat 95% véi trinh ty axit amin dugc thé hién trong SEQ
ID NO: 4 hoic trinh trr axit amin tuong dong it nhit 95% véi trinh ty axit amin
dwoc thé hién trong SEQ ID NO: 6.
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<210> 1

<211> 999

<212> ADN

<213> Akkermansia muciniphila

<400> 1
atgaaaacgc tgaaaattag ctttctgcaa agcaccecegg atttcggecg tgagggtatg 60

ctgcaactge tgaaatcteg ctatcatgtg gttgaagatg atagtgattt tgattacctg 120
gtggecgacge cgtggttcta tgttaacegt gaagectttt acgatttcct ggaacgegeca 180
ccgggcecata ttaccgtgat gtatggttge cacgaagega tcgeceegga ttttatgetg 240
ttcgattatt acattggect ggacaccgtg ccgggtageg atcgtacegt taaactgecg 300
tatctgegcec atcacctgga agaagttcat ggeggtaaag aaggectgga tgeacatgee 360
ctgetggeca geaaaacggg tttttgtaac ttcatctacg ccaatcgtaa atctcatccg 420
aaccgcegatg caatgtttca caaactgagt gegtttegtt tcgtgaatag cetgggeccg 480
catctgaaca ataccccggg cgatggtcac cgtgeggaag attggtatge cagetctatt 540
cgcatgaaaa aaccgtacaa attttctatc gecttcgaaa acgeatggta ccegggttac 600
accagcgaaa aaatcgttac gtctatgetg geceggeacca ttcegatcta ttggggtaat 660
ccggatatta gccgtgaatt taacagtgeg agctttatca attgecatga ttttccgacg 720
ctggatgatg cggeggegta tgtgaaaaaa gttgatgaag atgataacct gtggtgtgaa 780
attatgagcc gececegtggaa aaccceggaa caggaageac gttttctgga agaaaccgaa 840

cgcgaaacgg cgaaactgta taaaatcttc gatcagagtc cggaagaage ccgtcgeaaa 9‘OO
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ggcgatggta cctgggtgag ctattaccag cgttttctga aacgtggtea tegtatgecag 960
ctggcectgge gtegectgaa aaatcgectg cgtegetaa 999

<210> 2

<211> 332

<212> PRT

<213> Akkermansia muciniphila

<400> 2

Met Lys Thr Leu Lys Ile Ser Phe Leu Gln Ser Thr Pro Asp Phe Gly
1 5 10 15

Arg Glu Gly Met Leu Gln Leu Leu Lys Ser Arg Tyr His Val Val Glu
20 25 30

Asp Asp Ser Asp Phe Asp Tyr Leu Val Ala Thr Pro Trp Phe Tyr Val
35 40 45

Asn Arg Glu Ala Phe Tyr Asp Phe Leu Glu Arg Ala Pro Gly His Ile
50 55 60

Thr Val Met Tyr Gly Cys His Glu Ala Ile Ala Pro Asp Phe Met Leu
65 70 75 80

Phe Asp Tyr Tyr Ile Gly Leu Asp Thr Val Pro Gly Ser Asp Arg Thr
85 90 95

Val Lys Leu Pro Tyr Leu Arg His His Leu Glu Glu Val His Gly Gly
100 105 110

Lys Glu Gly Leu Asp Ala His Ala Leu Leu Ala Ser Lys Thr Gly Phe
115 120 125

Cys Asn Phe Ile Tyr Ala Asn Arg Lys Ser His Pro Asn Arg Asp Ala
130 135 140

Met Phe His Lys Leu Ser Ala Phe Arg Phe Val Asn Ser Leu Gly Pro
145 150 155 160
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His Leu Asn Asn Thr Pro Gly Asp Gly His Arg Ala Glu Asp Trp Tyr
165 170 175

Ala Ser Ser Ile Arg Met Lys Lys Pro Tyr Lys Phe Ser Ile Ala Phe
180 185 190

Glu Asn Ala Trp Tyr Pro Gly Tyr Thr Ser Glu Lys Ile Val Thr Ser
195 200 205

Met Leu Ala Gly Thr Ile Pro Ile Tyr Trp Gly Asn Pro Asp Ile Ser
210 215 220

Arg Glu Phe Asn Ser Ala Ser Phe Ile Asn Cys His Asp Phe Pro Thr
225 230 235 240

Leu Asp Asp Ala Ala Ala Tyr Val Lys Lys Val Asp Glu Asp Asp Asn
245 250 255

Leu Trp Cys Glu Ile Met Ser Arg Pro Trp Lys Thr Pro Glu Gln Glu
260 265 270

Ala Arg Phe Leu Glu Glu Thr Glu Arg Glu Thr Ala Lys Leu Tyr Lys
275 280 285

Ile Phe Asp Gln Ser Pro Glu Glu Ala Arg Arg Lys Gly Asp Gly Thr
290 295 300

Trp Val Ser Tyr Tyr Gln Arg Phe Leu Lys Arg Gly His Arg Met Gln
305 310 315 320

Leu Ala Trp Arg Arg Leu Lys Asn Arg Leu Arg Arg
325 330

<210> 3

<211> 996

<212> ADN

<213> Bacteroides fragilis

<400> 3
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atgtgtgatt gcttgtctat catattgtta gtcaaaatga aaaagattta tttgaaattt 60
gttgattttt gggatggatt tgatactatt tctaacttta ttgtggatge tttgtecatt 120
caatacgaag tagtactatc taatgagcca gattatttat tctattcatg ttttggaacg 180
tcacatttag aatatgattg tataaaaatc atgtttatag gtgaaaatat agttcctgat 240
tttaacgttt gtgattatge cataggtttt aattatattg attttgggga ccgttacttg 300
aggttgcctt tatatgctat atatgatgga ttttcaaact tgcagaataa aaagattgat 360

_ gtaaataaag ctttagaccg taaattttgt agtattgttg tttcaaataa taaatgggca 420
gatcctattc gtgagacttt ctitaaatta ctatctagtt ataagaaagt agactctggt 480
ggaagagctt ggaataatat aggaggacct gttgataata aattggattt tattagccaa 540
tataagttta atattgcttt tgaaaatagt agggtactgg gatatacaac agaaaaaata 600
atggaaccta tgcaggtgaa ttctattcca gtatattggg gaaatccttt ggttggtaaa 660
gattttaatg tggactcctt tgtaaatget catgattttg attctttaga aagattagtt 720
gagtatatta tagaattgga ttcttcaaag gataaatatc tggaaatgtt ggaaaaacct 780
tggcttctcg ataagacata titggattgg aaacaattge tgttaaattt tattaataat 840
attatgatga aatcatataa ggatgcgaag tatttggtta attatggtca tgctggaaag 900
tatagaaatg aacaacgctt ttgggggaga tgtgaacgta aatttaaact tcaaagaatt 960
attgaatatt attctcaatt gtttgataga aaataa 996

<210> 4

<211> 331

<212> PRT

<213> Bacteroides fragilis

<400> 4

Met Cys Asp Cys Leu Ser Ile Ile Leu Leu Val Lys Met Lys Lys Ile

1 5 10 15

Tyr Leu Lys Phe Val Asp Phe Trp Asp Gly Phe Asp Thr Ile Ser Asn

20 25 30

Phe Ile Val Asp Ala Leu Ser Ile Gln Tyr Glu Val Val Leu Ser Asn
35 40 45
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Glu Pro Asp Tyr Leu Phe Tyr Ser Cys Phe Gly Thr Ser His Leu Glu
50 55 60

Tyr Asp Cys Ile Lys Ile Met Phe Ile Gly Glu Asn Ile Val Pro Asp
65 70 75 80

Phe Asn Val Cys Asp Tyr Ala Ile Gly Phe Asn Tyr Ile Asp Phe Gly
85 90 95

Asp Arg Tyr Leu Arg Leu Pro Leu Tyr Ala Ile Tyr Asp Gly Phe Ser
100 105 110

Asn Leu Gln Asn Lys Lys Ile Asp Val Asn Lys Ala Leu Asp Arg Lys
115 120 125

Phe Cys Ser Ile Val Val Ser Asn Asn Lys Trp Ala Asp Pro Ile Arg
130 135 140

Glu Thr Phe Phe Lys Leu Leu Ser Ser Tyr Lys Lys Val Asp Ser Gly
145 150 155 160

Gly Arg Ala Trp Asn Asn Ile Gly Gly Pro Val Asp Asn Lys Leu Asp
165 170 175

Phe Ile Ser Gln Tyr Lys Phe Asn Ile Ala Phe Glu Asn Ser Arg Val
180 185 190

Leu Gly Tyr Thr Thr Glu Lys Ile Met Glu Pro Met Gln Val Asn Ser
195 200 205

Ile Pro Val Tyr Trp Gly Asn Pro Leu Val Gly Lys Asp Phe Asn Val
210 215 220

Asp Ser Phe Val Asn Ala His Asp Phe Asp Ser Leu Glu Arg Leu Val
225 230 235 240

Glu Tyr Ile Ile Glu Leu Asp Ser Ser Lys Asp Lys Tyr Leu Glu Met
245 250 255
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Leu Glu Lys Pro Trp Leu Leu Asp Lys Thr Tyr Leu Asp Trp Lys Gln
260 ‘ 265 270

Leu Leu Leu Asn Phe Ile Asn Asn Ile Met Met Lys Ser Tyr Lys Asp
275 280 285

Ala Lys Tyr Leu Val Asn Tyr Gly His Ala Gly Lys Tyr Arg Asn Glu
290 295 300

Gln Arg Phe Trp Gly Arg Cys Glu Arg Lys Phe Lys Leu Gln Arg Ile
305 310 315 320

Ile Glu Tyr Tyr Ser Gln Leu Phe Asp Arg Lys
325 330

<210> 5

<211> 891

<212> ADN

<213> Bacteroides fragilis

<400> 5
atggatatat tgattctttt ttataatacg atgtggggat ttccactcga gttccgaaag 60

gaagatttac ctgggggctg tgtgataacg actgatcgaa acctcattge aaaggeggat 120
getgtggttt tecatttgee cgatttgect teggtgatgg aggatgaaat cgataagegg 180
gaaggacage tttgggtggg atggagtctg gaatgtgaag agaattatag ttggacgaag 240
gatcccgagt tcagagagag ttttgactta tggatggggt atcatcagga ggatgatatt 300
gtgtatcctt attatggacc ggattatggg aagatgetgg ttacggeacg gagggaaaag 360
ccttataaga agaaggcatg tatgtttatt tcgagtgata tgaaccggag tcatcgacaa 420
gagtatctta aggaattgat gcagtatacc gacatcgatt cgtatgggaa actataccgt 480
aattgtgaat tacctgtfcga ggatcgggga cgggatacac ttcttagtgt gatcggggat 540
tatcagtttg tgataagttt tgagaatgcg atagggaagg attatgtgac agaaaagttt 600
ttcaatcctt tgttggecgg tactgttccg gtetatetgg gagetcccaa tattcgggaa 660

tttgctcegg gagaaaattg ttttctggat atttgtactt tcgattctce cgagggagta 720
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gcegctttta tgaatcaatg ctatgatgac gaggcattgt atgaacgttt ttatgcatgg 780
aggaaacggc ctttattatt gtcgtttaca aaaaagttag agcaagtccg gagcaatccg 840
ttaatcaggc tttgccaaaa aatacacgaa ctaaaattgg gagggatatg a 891
<210> 6

<211> 295

<212> PRT

<213> Bacteroides fragilis

<400> 6

Met Asp Ile Leu Ile Leu Phe Tyr Asn Thr Met Trp Gly Phe Pro Leu

1 5 10 15

Glu Phe Arg Lys Glu Asp Leu Pro Gly Gly Cys Val Ile Thr Thr Asp
20 25 30

Arg Asn Leu Ile Ala Lys Ala Asp Ala Val Val Phe His Leu Pro Asp
35 40 45

Leu Pro Ser Val Met Glu Asp Glu Ile Asp Lys Arg Glu Gly GIn Leu
50 55 60

Trp Val Gly Trp Ser Leu Glu Cys Glu Glu Asn Tyr Ser Trp Thr Lys
65 70 75 80

Asp Pro Glu Phe Arg Glu Ser Phe Asp Leu Trp Met Gly Tyr His Gln
85 90 95

Glu Asp Asp Ile Val Tyr Pro Tyr Tyr Gly Pro Asp Tyr Gly Lys Met
100 105 110

Leu Val Thr Ala Arg Arg Glu Lys Pro Tyr Lys Lys Lys Ala Cys Met
115 120 125

Phe Ile Ser Ser Asp Met Asn Arg Ser His Arg Gln Glu Tyr Leu Lys
130 135 140
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Glu Leu Met Gln Tyr Thr Asp Ile Asp Ser Tyr Gly Lys Leu Tyr Arg
145 150 155 160

Asn Cys Glu Leu Pro Val Glu Asp Arg Gly Arg Asp Thr Leu Leu Ser
165 170 175

Val Ile Gly Asp Tyr Gln Phe Val Ile Ser Phe Glu Asn Ala Ile Gly
180 185 190

Lys Asp Tyr Val Thr Glu Lys Phe Phe Asn Pro Leu Leu Ala Gly Thr
195 200 205

Val Pro Val Tyr Leu Gly Ala Pro Asn Ile Arg Glu Phe Ala Pro Gly
210 215 220

Glu Asn Cys Phe Leu Asp Ile Cys Thr Phe Asp Ser Pro Glu Gly Val
225 230 235 240

Ala Ala Phe Met Asn Gln Cys Tyr Asp Asp Glu Ala Leu Tyr Glu Arg
245 250 255

Phe Tyr Ala Trp Arg Lys Arg Pro Leu Leu Leu Ser Phe Thr Lys Lys
260 265 270

Leu Glu Gln Val Arg Ser Asn Pro Leu Ile Arg Leu Cys GIn Lys Ile
275 280 285

His Glu Leu Lys Leu Gly Gly
290 295

<210> 7
<211> 46
<212> ADN
<213> Nhan tao

<220>
<223> Mbi

<400> 7
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ggggacaagt ttgtacaaaa aagcaggctt cgaaggagat agaacc

<210> 8
<211> 33
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 8
taggacccag ctttcttgta caaagtggtc ccc

<210> 9
<211> 92
<212> ADN
<213> Nhan tao

<220>
<223> Moi

<400> 9

46

33

ggggacaagt ttgtacaaaa aagcaggcett cgaaggagat acaaccatgg gecatcacca

tcatcaccac aaaacgctga aaattagctt tc

<210> 10
<211> 30
<212> ADN
<213> Nhén tao

<220>
<223> Mdi

<400> 10
ggggaccact ttgtacaaga aagctgggtc

<210> 11
<211> 31
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 11
ggggacaagt ttgtacaaaa aagcaggctt ¢
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<210> 12
<211> 30
<212>ADN
<213> Nhan tao

<220>
<223> Moi

<400> 12
ggggaccact ttgtacaaga aagetgggtc 30

<210> 13
<211> 73
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 13
ggggacaagt ttgtacaaaa aagcaggctt cgaaggagat acaaccatgt gtgattgett 60

gtctatcata ttg 73

<210> 14
<211> 63
<212> ADN
<213> Nhan tao

<220>
<223> Moi

<400> 14
ggggaccact ttgtacaaga aagctgggtc ttattttcta tcaaacaatt gagaataata 60

ttc 63
<210> 15

211> 79

<212> ADN

<213> Nhan tao

<220>
<223> Moi

<400> 15
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ggggacaagt ttgtacaaaa aagcaggctt cgaaggagat acaaccatgg atatattgat 60

tettttttat aatacgatg 79

<210> 16
<211> 54
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 16
ggggaccact ttgtacaaga aagetgggtc catatcccte ccaattttag ttcg 54

<210> 17
<211> 38
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 17
agctagccat gggecaaaacg ctgaaaatta getttetg 38

<210> 18
<211> 34
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 18
agctagetge agttagcgac geaggegatt tttc 34

<210> 19
<211> 37
<212> ADN
<213> Nhén tao

<220>
<223> Moi

<400> 19
gatcaccatg ggctgtgatt gettgtctat catattg 37
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<210> 20
<211> 44
<212> ADN
<213> Nhan tao

<220> .
<223> Mobi

<400> 20
gatcaggatc cttattttct atcaaacaat tgagaataat attc

<210> 21
<211> 43
<212> ADN
<213> Nhén tao

<220> X
<223> MOoi

<400> 21
gatcaccatg gatatattga ttctttttta taatacgatg tgg

<210> 22
<211> 38
<212> ADN
<213> Nhan tao

<220>
<223> Mbi

<400> 22
gatcagaatt ctcatatccc tcccaatttt agttcgtg
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Thang protein trude khi nhudém pageruler, Fermentas
JM109(BE3) -

JM109(DE3) pIEST 14-Amuc0760c0

IM109(DE3) pDEST14-N-His-Amucl760ca

JM1039(BE3) pOEST14-C-His-Amuc0760co

1 Thang protein triéc khi nhudm pageruler, Fermentas
1. JM109{DE3) pDEST 14-Amuc0760co

2. JM109(DE3) pDEST 14-N-His-Amuc0760co

3. JM109(DE3) pDEST 14-C-His-Amuc0760co

<,

maaTaTam A

I
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Pau cudi T7

Hindlll
EcoRI

Trinh ty khoi dong bla

amuc0760co

Xbal

attB1
Trinh tw khéi dong T7 ampR

pDEST14-amuc0760co
5646 bps

Sphl Pstl

pBR322 ori

Pcil Fig. 3A
EcoRI Hindlll
Dau cudi T7 EcoR
Hindll! .
Trinh ty khoi dong bla
Xbal
attB1
Trinh tur khéi dong T7 ampR Pstl
Sphl ’
°P pDEST14-fucTé
5640 bps
pBR322 orl
Pcil Fig. 3B
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Sfol

Xbal
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Sacl

Trinh tw khoi dong bla

Trinh tw khdi dong T7

pDEST14-fucT7
5535 bps

ampR

pBR322 ori

Pcil

Ncol

amuc0760co

pACYC-amuc0760cq s
4950 bps

- Al
Pau cudi T7
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Fig. 3C

Pstl
Sall
Hindlll
Notl
BsrGl

Ndel
EcoRV
Xhol

Fig. 4A
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Ncol

Miul

Trinh tw khéi dong T71

Apal
fucT6
BeiVI lacl
Sfol
pACYC-fucT6

Trinh ty khoi dong T7 2

BamHI
Sacl
Pstl
Sall
Notl
BsrGl

4972 bps - Ndel

EcoRV

DPau cudi T7 ol
Xbal
P15A gdc
cmR
Fig. 4B

Ncol
BamHI

Miul Trinh tu khorl dong T71

al

FucT7 EcoRl

Pstl

: Sall

lacl Hindlll

Notl
BsrGl
. o Ndel

p ACYC 'fu CT7 Trinh tw khéi dong T7 2 EcoRV

4858 bps

Sfol

Pau cudi T7

P15A goc /
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Trinh ty gen amuc0760co:
ATGAARACGCTGAAAATTAGCTTTCTGCAAAGCACCCCGGATTTCGGCCGTGAGGGTATGCTGCAACTGCTGA
AATCTCGCTATCATGTGGTTGAAGATGATAGTGATTTTGATTACCTGGTGGCGACGCCGTGGTTCTATGTTAAC
CGTGAAGCCTTTTACGATTTCCTGGAACGCGCACCGGGCCATATTACCGTGATGTATGGTTGCCACGAAGCGA
TCGCCCCGRATTTTATGCTGTTCGATTATTACATTGGCCTGGACACCGTGCCGGGTAGCGATCGTACCGTTAAA
CTGCCGTATCTGCGCCATCACCTGGAAGAAGTTCATGGCGGTAAAGAAGGCCTGGATGCACATGCCCTGCTGEG
CCAGkZAAAACGGGﬂTTTGTAACTTCATCTACGCCAATCGTAAATCTCATCCGAACCGC GATGCAATGTTTCAC
AMACTGAGTGCGTTTCGTTTCGTGAATAGCCTGGGCCCGCATCTGAACAATACCCCGGGCGATGGTCACCGTG
CGGAAGATTGGTATGCCAGCTCTATTCGCATGAAAAAACCGTACAAATTTTCTATCGCCTTCGAAAACGCATGG
TACCCGGGTTACACCAGCGAAAAAATCGTTACGTCTATGCTGGCCGGCACCATTCCGATCTATTGGGGTAATCC
GGATATTAGCCGTGAATTTAACAGTGCGAGCTTTATCAATTGCCATGATTTTCCGACGCTGGATGATGCGGCG
GCOTATGTGAAAAAAGTTGATGAAGATGATAACCTGTGGTGTGAAATTATGAGCCGCCCGTGGAAMACCCCG
GAACAGGAAGCACGTTTTCTGGAAGAAACCGAACGCGAAACGGCGAAACTGTATAAAATCTTCGATCAGAGT
CCEGAAGAAGCCCGTCGCAAMGGCGATGGTACCTGGGTGAGCTATTACCAGCGTTTTCTGAAACGTGGTCATC

GTATGCAGCTGGCCTGGCGTCGCCTGAAAAATCGCCTGCGTCGCTAA

Trinh tJ protein Amuc0760co;
MKT LK!SFLQSTPDFGREGMLQLLKSRYHWEDDSDFDYLVATPWFYVN REAFYDFLERAPGH!TV‘MYGCHEA!AP
DFMLFDYYIGLDTVPGSDRTVKLPYLRHHLEEVHGGKEGLDAHALLASKTGFCNFIYANRKSHPNRDAMFHKLSAFR
FYNSLGPHLNNTPGDGHRAEDWYASSIRMKKPYKFSIAFENAWYPGYTSEKIVTSMLAGTIPIYWGNPDISREFNSA
SFINCHDFPTLDDAAAYVKKVDEDDNLWCEIMSRPWKTPEQEARFLEETERETAKLYKIFDQSPEEARRKGDGTWY
SYYQRFLKRGHRMQLAWRRLKNRLRR

Fig. 5
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Trinh ty gen fucT6:
ATGTGTGAWGCWGTCTATCATATTGTTAGTCAAAATGAAAAAGATWATTTGAAAWGTTGAWGGGAT
GGATTTGATACTATTTCTAACTTTATTGTGGATGCTTTGTCCATTCAATACGAAGTAGTACTATCTAATGAGCCA
GATT A'mATTCTAWCATGTmGGAACGTCACAWAGAATATGAWGTATAAAAATCATGWATAGGTGAA
AAT:‘-\TAGTTCCTGATTITAACGTTTGTGAWATGCCATAGGWAATTATATTGATFTTGGGGACCGTTACTTG
AG GTTGCCTWATATGCTATATATGATGGATHTCAAACTTGCAGAATAAAAAGATTGATGTAAATAAAGCTW
AGACCGTAAAWGTAGTATTGTTGTWCAAATAATAAATGGGCAGATCCTAWCGTGAGACTTTCTTTAAAW
ACTATCTAGTTATAAGAAAGTAGACTCTGGTGGAAGAGCTTGGAATAATATAGGAGGACCTGTTGATAATAAA
TTGGATWATTAGCCAATATAAGTWAATATTGCTT'ITGAAAATAGTAGGGTACTGGGATATACAACAGAAAA
AATAATGGAACCTATGCAGGTGAATTCTATTCCAGTATATTGGGGAAATCCWGGWGGTAAAGAWAATG
TGGACTCCTTTGTAAATGCTCATGATTTTGATTCTWAGAAAGATTAGTTGAGTATATTATAGAATTGGATTCTT
CAAAGGATAAATATCTGGAAATGTTGGAAMACCWGGCTTCTCGATAAGACATATTTGGATTGGAAACAATT
GCTGTTAAATTITATFAATAATATTATGATGAAATCATATAAGGATGCGAAGTATTTGGTTAATTATG GTCATGC
H G(."iAAAGTATAGAAATGAACAACGCTTTTGGGGGAGATGTGAACGTAAATTTAAACTTCAAAGAATTATTGAA

TATTATTCTCAATTGTTTGATAGAAAATAA

Trinh tu protein FucT6:
MCDCLSIlLLVKMKK]YLKFVDFWDGFDTISNFIVDALSIQYEWLSN EPDYLFYSCFGTSHLEYDCIKIMFIGENIVPDF
NVCDYAIGENYIDFGDRYLRLPLYAIYDGFSNLONKKIDVN KALDRKFCSIVVSNNKWADPIRETFFKLLSSYKKVDSG
GRAWN NIGGPVDNKLDFISQYKFNlAFENSRVLGYTTEKlMEPMQVNSIPVYWGNPLVGKDFNVDSF\/NAHDFDS
LERL\fTEYHELDSSKDKYLEMLEKPWLLDWLDWKQLLLNF|NNIMMKSYKDAKYLVNYGHAGKYRNEQRFWGRC

ERKFKLQRIIEYYSQLFDRK

Fig. 6
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Trinh ty gen fucT7:
ATGGATATATTGATTCTTTTTTATAATACGATGTGGGGATTTCCACTCGAGTTCCGAAAGGAAGATTTACCTGG
GGGCTGTGTGATAACGACTGATCGAAACCTCATTGCAAAGGCGGATGCTGTGGTTTTCCATTTGCCCGATTTGE
CTTCGGTGATGGAGGATGAAATCGATAAGCGGGAAGGACAGCTTTGGGTGGGATGGAGTCTGGAATGTGAA
GAGAATTATAGTTGGACGAAGGATCCCGAGTTCAGAGAGAGTTTTGACTTATGGATGGGGTATCATCAGGAG
GATGATATTGTGTATCCTTATTATGGACCGGATTATGGGAAGATGCTGGTTACGGCACGGAGGGAAAAGCCTT
ATAAGAAGAAGGCATGTATGTTTATTTCGAGTGATATGAACCGGAGTCATCGACAAGAGTATCTTAAGGAATT
GATGCAGTATACCGACATCGATTCGTATGGGAAACTATACCGTAATTGTGAATTACCTGTTGAGGATCGGGGA
CGGOATACACTTCTTAGTGTGATCGGGGATTATCAGTTTGTGATAAGTTTTGAGAATGCGATAGGGAAGGATT

ATGTGACAGAAMAGTTTTTCAATCCTTTGTTGGCCGGTACTGTTCCGGTCTATCTGGGAGCTCCCAATATTCGG
GAATTTGCTCCGGGAGARAATTGTTTTCTGGATATTTGTACTTTCGATTCTCCCGAGGGAGTAGCCGCTTTTAT
GAATCAATGCTATGATGACGAGGCATTGTATGAACGTTTTTATGCATGGAGGAAACGGCCTTTATTATTGTCGT
TTAC AAMAAAGTTAGAGCAAGTCCGGAGCAATCCGTTAATCAGGCTTTGCCAAAAAATACACGAACT AAAATT

GGEAGGGATATGA

Trinh tJ protein FucT?7:
MOILILFYNTMWGFPLEFRKEDLPGGCVITTDRNLIAKADAVVFHLPDLPSYMEDEIDKREGQLWVGWSLECEENY
SWTKDPEFRESFDLWMGYHQEDDIVYPYYGPDYGKMLYTARREKPYKKKACMFISSDMNRSHRQEYLKELMQYT
DIDSYGKLYRNCELPYEDRGRDTLLSVIGDYQFVISFENAIGKDYVTEKFFNPLLAGTVPVYLGAPNIREFAPGENCFL
DICTFDSPEGVAAFMNQCYDDEALYERFYAWRKRPLLLSFTKKLEO;VRSNPLIRLCQKIHELKLGGI

Fig. 7
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