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(57) Sang ché dé cap dén sinh vat dugc cai bién gen, cu thé 1a vi sinh vat nhu vi khuan va
nam men, cho viéc tao san pham sinh hoc gia tri gia ting nhu chuyén biét sacarit, sacarit da
dugc hoat hoa, nucleosit, glycosit, glycolipit hodc glycoprotein. Cu thé hon, sang ché dé
cap dén té bao vat chu duoc cai bién ve mat chuyén hoa sao cho chang c6 thé tao ra céac
san pham riéng co gia tri da néu vai sb lwong 16n va & ty 16 cao bang cach khic phuc cac
van dé k¥ thuat kinh dién xuAt hién trong cac qua trinh san Xudt c6 xuc tac sinh hodc hodc
1én men. Ngoai ra, sang ché dé cap dén phuong phap tao ra fucosyllactoza.
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Linh viwc k§ thuat dwoc dé cap

Sang ché @& cap dén sinh vat duoc cai bién gen, dic biét 13 vi sinh vat nhu vi khuan va
ndm men, cho viéc tao san phim sinh hoc gia tri gia ting nhu sacarit, glycolipit va
glycoprotein. Cu thé hon, sang ché aé cap dén té bao vat chu dugc cai bién vé mat
chuyén héa sao cho ching c6 thé tao ra cic san pham riéng cé gia tri di néu véi sb
luong 16m va & ty 18 cao bang cach khic phuc cic van dé k§ thuat kinh dién xuét hién

trong cac qud trinh san xuat c¢6 xtc tac sinh hoc hodc 1én men.
Tinh trang ky thuit ciia sang che

Gi4 ca ngdy cang ting ciia cic ngudn dau mé 1am ting nhan thirc vé tiém ning cla cac
qué trinh san xut sinh hoc. Piéu nay l1am ting cic nd luc nghién ctru clia cac cong ty
va cac trung tdm nghién ctru theo hudng phat trién cc cong nghé than thién véi moi
truong va kha thi vé kinh té cho viéc tao mot sé luong ngiy cang ting cac san phim
sinh hoc, vi du, nhién liéu sinh hoc, hoa chét sinh hoc va polyme sinh hoc. Cac san
phim nay dé& phan hily va dugc tao ra véi yéu cdu nang luong va dong thai tdi thiéu.
Mic du bdi canh thuén loi cho qué trinh san xuit dua trén cong nghé sinh hoc, nhung
su phat trién cac phwong an thay thé cho cac con dudng tdng hop hda ma duge trang bi
t6t thuong rat can dau tu vé thoi gian va rat tén kém. Két qua 13, ¢6 nhu cau rd rang

doi véi su phat trien nhanh hon va ré hon cac chiing san xuat moi.

Ngay nay, oligosacarit thuong duoc tdng hop qua cac qua trinh chuyén hoa sinh hoc.
Céc enzym dugc phan tach va tinh sach (duoc goi 1 chuyén héa sinh hoc in vitro) va
toan bd cac chit xuc tac sinh hoc trong té bao thuong dugc st dung. Vé ban chét,
chung chuyén hoa mot hodc nhiéu tién chit thanh san pham sinh hoc mong mudn.

Tuy nhién, viéc 4p dung cac chuyén héa sinh hoc in vitro thuong bi can tré bai vi su
téng hop san phdm nay c6 thé cin dén nhiu budc enzym hoidc bdi vi cdn dén cac dong

nhén t6 khac (NADH, NADPH, UTP,...), ma rit dit.
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Nhugc diém khac cua téng hop in vitro 1a trong thuc té su biéu hién va sy tinh sach
nhidu enzym rit kh6 va quy trinh tinh sach ching c6 thé din dén 1am gidm hoat tinh
ctia enzym. Ngoai ra, mdi enzym trong quy trinh chuyén héa sinh hoc nhiéu enzym
nhu vay ¢6 cac thong sé quy trinh t&i vu riéng ctia né, ddn dén cac quy trinh t6i wu hoa
rat phire tap. Trong quy trinh nhu vAy, cdn bang phan tng ciing déng mot vai trd rat
quan trong. Vi du, khi ding phosphorylaza, ty 18 co chit/ san pham duoc diéu chinh
ma gidi han hiéu suit san phim s& & trong tm tay. Diéu nay tao ra cac so dd xur Iy san

pham phirc tap dé tach san phadm tir co chét (33, 35).

Cai bién vé& mit chuyén héa 1a phuong phap khac dé t6i wu hoa viée tao cac san phdm
sinh hoc gia tri gia ting nhu hydratcacbon chuyén biét. Thong thuong, toan bd té bao
duoc cai bién vé mit chuyén hoa dé tao ra san pham sinh hoc gia tri gia ting bit du tir
tién chat dugc cung cip. Lién quan dén vin dé nay, cac té bao nay duoc cai bién sao
cho tat ca céc con dudng chuyén hoa lién quan dén su thoai bién tién chit bi bat hoat
(3, 45, 70, 77, 100). Bang cach 1am nhu viy, tién chit dugc chuyén hoa hiéu qua va

truc tiép thanh san phdm mong mubn.

Nhuge diém chinh cia phuong phap néu trén 1a thuc té su tong hop sinh khdi va su
téng hop sinh hoc duoc du tinh doi héi cac chat chuyén héa ban dau khéac nhau. Vi du,
E. coli dugc cai bién vé mat chuyén hoa cho su tao ra hi¢u qua 2-deoxy-scyllo-inosoza
tir glucoza. Chién luoc nay 1am cho E.coli dugc cai bién vé& mit chuyén hoa khong
thich hop dé sinh trudng trén glucoza, cin sy bd sung cic co chit khac, vi du, glyxerol

dé cho phép dbi véi su tong hop sinh khéi (45).

Nhuoc diém thi hai cua cac hé théng tao té bao nguyén ven do 1a c6 nhu cau d6i voi
hai pha, pha sinh truéng, trong d6 sinh khdi duoc tao ra (hodc tong hop sinh khéi), sau
d6 12 pha san xuét san phidm duogc du tinh. Piéu nay c6 nghia 14 pha sinh trudng va pha
san xuat dugc tach biét v& thoi gian (cac pha lién tuc). Didu nay din dén ty 16 tao tdng
thé san phAm mong mudn rit thdp. Ngoai ra, quy trinh loai nay that khé dé t6i wu hoa.
Qua thuc, cac quy trinh 1én men da duogc phat trién tin dung cac té bao duogc cai bién
vé mit chuyén héa ma biéu hién qua mirc cac gen ciia con dudng san xuat. Luong 16n
co chét nay duoc chuyén hoa thanh sinh khéi, ddn dén chi dong nho co chét huéng dén
san pham (13).
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Ban chat k§ thuit ciia sing ché

Muc dich cia séang ché 1a khic phuc céc nhugc diém néu trén bdi vi n6 dé xuét sinh
vét duoc cai bién vé mit chuyén hoa ma c6 kha ning tao ra cac san phim mong muébn
c¢6 san luong cao va hiéu suit cao duoc dam bao (Fig. 1). Diéu nay duoc thuc hién
béng cach tach ro rét su chuyén hoa cta sinh vat thanh hai ph?m: 1) cai dugc goi la
‘phan san xuét hodc ‘con dudng san xuét’, va 2) phin ‘sinh khéi va bd sung dong nhan
t6’ hodc ‘sinh khdi va/ hodc con duong san xudt enzym xuc tic sinh hoc’. Hai phin
nay dugc tao ra béng cach tadch duong thanh: a) sacarit da dugc hoat hoa, va b) sacarit
khong duoc hoat héa. Mdi sacarit a) hoic b) nay 1a hodc co6 thé 1a tién chét thir nhét
clia con dudng san xuét a) hodc sinh khéi va/ hodc con dudng san xuit enzym xic tac

sinh hoc b), cho phép mdt co ché hut/ddy trong té bao.

Qua thue, tong hop sinh khdi, ma 12 muc tiéu chinh cua té bio, chuyén héa sacarit da
duogc hoat héa hoic sacarit thanh sinh khéi va dich chuyén can bing cta phan tng tach
duong thanh sacarit d dugc hoat hoa va sacarit. Trong con dudng nay, xu thé duy tri
sur sdng cua té bao hoat dong dudi dang co ché hut dbi v6i con dudng san xuét. Tac
dung hat ndy duoc tao ra bang téng hop sinh khéi bdi vi né dam béo su tich lily phan
tr co chat dau tién clia con dudong san xudt, ma, theo cach hiéu thong thuong va lan
luot, ciing thiic ddy con duong san xuét. Chién luoc nay giai quyét van dé vé téc do
tao xay ra trong cac chién luge san xuat gdbm hai pha nhu duoc mé ta trong tinh trang
ky thuat. Ngoai ra, bang cach di héa mot phan cta gbc duong, té bao ludn duoc cung
cAp cac ddng nhan t6 can thiét va nhu ciu ning luong can thiét cho sur tao ra san phdm
sinh hoc chuyén biét. Do d6, chién lugc hién nay ciing giai quyét vin d& vé su bd sung
dong nhén t6 ma 1a can thiét trong su tao ra chét xuc tic sinh hoc nhu duoc mé ta
trong tinh trang k¥ thuat. Ngoai ra, cac enzym can thiét trong con dudng san xuét luén
dugc tdng hop c6 hiéu qua va dé dang dugc duy tri qua chién lugc cai bién cua sang
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ché.

Ngoai ra, sdng ché dé xuat viéc st dung 2-fucosyltransferaza c6 nguon goc tu
Dictyostellium discoideum dé tao ra 2-fucosyllactoza bédi sinh vat dugc cai bien vé mat

chuyén hoa theo sang ché.
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Mo ta van tat hinh vé

Fig. 1: (a) Phan tng cin bing binh thudng, xay ra trong cac k¥ thuit san xuét hién nay
(b) nguyén tic hut/ddy: cin bang duoc dich chuyén theo hudng sacarit va sacarit da
duoc hoat hoa. Muc tiéu chinh ctia té bao 1a sinh trudng, do d6 nd hut & sacarit (xem vi
du), dé tao ra sinh khdi (’sinh khdi va/ hodc con dudng san xuét enzym xuc tac sinh
hoc™) va bd sung cac dong nhan t§ cin thiét cho con dudng san xut bén canh viéc duy
tri su séng. Do tac dung hut nay, sacarit dd dugc hoat hoa s€ tich liiy trong té bao va

thiic day con duong san xuat.

Fig. 2: Toc do 16n cta thé bién nap E. coli trén méi trudong t6i thiéu mang plasmit ma

hoa sucroza phosphorylaza. (cac chit viét tit duoc néu trong Bang 2).

Fig. 3: Dong cacbon duoc dy kién trong ching dai. Miii tén nho: chi ra cac phan ting
trong qué trinh chuyén hoéa, mii tén ddm: Chi ra cic phan Ung ting cudng hoic méi
dugc dua vao, duong chéo: chi ra su bat hoat gen (knock-out) hodc 1am cho gen giam

chirc néng.

Fig.4: Dong cacbon dugc du kién trong ching gbc 1. Vén aglucoza-1-phosphat
(aG1P) trong chung gbe 1 ting do cic phan tmg chinh ma chuyén héa aG1P thanh cac
thanh phan cta té bao bi bat hoat. Mili tén nhé: Chi ra cac phan ung trong qua trinh
chuyén héa, miii tén d4m: Chi ra cac phan tmg duoc ting cudng hodc méi duge dua
vao, duong chéo: chi ra sy bat hoat gen hodc 1am cho gen giam chirc ning.

Fig. 5: Vén aglucoza-1-phosphat trong E. coli MG1655 (WT) dai sinh truéng trén
glucoza, E. coli MG1655 P22-BaSP sinh trudéng trén sucroza, va trong ching nut
MG1655 AglgC Apgm AlacZ P22-BaSP sinh trudng trén sucroza: tht nghiém trong
binh lic va thir nghiém mé dung tich 1,5 L.

Fig. 6: Su chuyén hoa cia sucroza, axetat va néng do sinh khéi trong qua trinh nuoi
cdy ApgmAlacZAglgC (3KO) P22-BaSP trén mdi truong LB duge dém.

Fig. 7: Su chuyén hoa cua nﬁ“)ng dd aGlucoza-1-phosphat, fructoza, glucoza, va
pyruvat trong qua trinh nudi cdy ApgmAlacZAglgC (3KO) P22-BaSP trén mdi trudng
LB duogc dém.

Fig. 8: Gian d6 ctia ngudn xenlobioza ApgmAlacZAglgC (3K0) P22-BaSP-CuCP.
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Fig. 9: Su tao xenlobioza va hiéu suat ciia ApgmAlacZAglgCAagp (4KO) P22-BaSP-
CuCP. Phosphat cao chi ra ndng d6 phosphat 0,2M, phosphat thip chi ra ndng d6 ciia
phosphat 13mM.

Fig. 10: Bat ddu tir ching gbc 5, cdc din xuit cia dudng duoc fucosyl hoéa nhu
fucosyllactoza va cu thé hon 1,2-fucosyllactoza c6 thé dugc tao ra. Ching nay duoc
cai bién dé ép té bao tao ra frucoza-6-phosphat 14 chét trung gian trong tong hop GDP-
fucoza. Glucoza hodc glucoza-1-phosphat (néu enzym khéi ddu 1a sucraza hoic
sucroza phosphorylaza) tiép d6 dugc cung cip cho su chuyén héa cacbon trung tim
qua con dudng pentoza phosphat. Fig 10 thé hién con duong dan dén san phdm va sinh
khdi va céc bt hoat gen cin thiét dé dat duoc diéu ndy, con dudng bén trai chi ra 1o
trinh t81 wu véi sucroza phosphorylaza va con dudng bén phai chi ra 16 trinh t6i wu véi

invertaza dugc két hop véi glucokinaza.

Fig.11: Trinh ty ciia mot phin hé gen cta nhiém sic thé kiéu dai & vi tri ciia gen pgm.

Trinh tu gen pgm dugc bdi ddm/in nghiéng.

Fig. 12: Trinh tu ctia m6t phin hé gen cua ching dot bién trong d6 chi seo giit ¢ vi tri

cua gen pgm. Trinh tu seo nay dugc boi ddm/in nghiéng.

Fig. 13: Trinh tu cia mdt phan hé gen ctia ching dot bién pgm trong d6 gen pgm duoc
thay bang mét phan cia trinh tu protein GFP. Trinh ty méi duoc dua vao nay duge boi
dam/in nghiéng.

Fig. 14: Trinh tu cia mot phan hé gen ciia chung dot bién pgm trong d6 gen pgm duoc

thay bang catxet kanamyxin. Trinh ty méi duge dua vao ndy dugc bdi ddm/in nghiéng.

Fig. 15: Lugng glucoza ma duoc gidi phong sau khi thity phan polysacarit ddi véi cac
ching dai duoc bién nap bing sucroza phosphorylaza khic loai ¢6 ngudn gbc tir
Bifidobacterium adolescentis va ching dot bién ApgmAagpAglgCAlacZAglkAptsG véi
sucroza phosphorylaza khac loai c¢6 ngudn gbc tir Bifidobacterium adolescentis va gen

noi sinh #s ¢6 ngudn goc tir Streptococcus pneumoniae.

Fig. 16: Kojibioza, maltoza va su tién trién mat do quang hoc ding lic cia ching tao

kojibioza véi kiéu gen AlacZAglgCAagpAptsGAmalPQAycjU pCXp22MPp22KP.

Fig. 17: So db sinh trudng va su tich lily F6P cua ching dot bién ApgiApfkd ApfkB

trong moi trudng co s¢ sucroza.
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Fig. 18: Cay phat sinh chung loai cia fucosyltransferaza tur cac ho glycosyltransferaza
khéc nhau, cdy nay da thiét ké boi MCoffee (58).

Fig. 19: Tha tu cia Dictyostelium discoideum va Helicobacter pylori
fucosyltransferaza, cac axit amin dugc danh diu 13 cac motif duoc tim thdy trong céc
2-fucosyltransferaza cua GT ho 11. B6i ddm chi ra motif 1, gach chan, motif 2, va

nghiéng, motif 3 (67).

Fig. 20: Céc két qua LC-MS ciia thir nghiém fucosyltransferaza ¢6 mau d6 ciia phenol.
Biéu dd sic ky bén trén 1a mau tring khong c6 GDP-fucoza, thip hon 1a miu cua thir
nghiém fucosyltransferaza cta D. discoideum. Pinh 13,5 phut cta 2FL xuét hién trong
biéu dd sic ky nay.

Fig. 21: Phan tich LC MSMS 2-fucosyllactoza ctia mot phin cia enzym
fucosyltransferaza. Biéu dd sic ky bén trén thé hién tiéu chuin 100mg/l cta 2-
fucosyllactoza, biéu dd sic ky bén duéi thé hién dinh 2-fucosyllactoza cua thir nghiém
enzym ndy. Trong thir nghiém nay chi khéi 2-fucosyllactoza duoc quét bang quang
phd ké.

MG ta chi tiét sang ché

Sang ché dé xuét sinh vat dugc cai bién vé mat chuyén héa, cu thé 13 vi sinh vat, ma ¢
kha ning tao ra san phim sinh hoc gia tri gia ting c6 san lugng cao va ning suit cao
dugce dam bao. Sinh vit theo sang ché duoc cai bién v& mat chuyén héa sao cho hai 1
trinh khéc biét dugc cai bién tao ra san phdm va din dén sy sinh truéng/tao sinh khéi.
Diéu nay dat dugc br:ing cac lam giam hodc loai bd hoat dong cia cac phan rng xuc tic
béi enzym chuyén héa cac chét chuyén héa tir 'phan sinh khéi va/ hodc phin enzym
xtc tac sinh hoc va/ hodc phan bd sung dong nhan t&' thanh cac chit chuyén héa tir
phén 'con dudng san xuit' va nguoc lai, vi du bang cach 1am giam hoic loai bé/bat
hoat it nhit mét, mot s6 hodc tit ca cac gen ma hda cac enzym tién hanh cac phéan tng
chuyén hoa céc chét trung gian cta con dudng san xuat thanh tién chét sinh khdi, va/
hodc gidm hodc loai bo/bat hoat it nhat mot, mot sé hodc tit ca cac gen ma hoéa cic
enzym tién hanh cac phan ung ma lam thodi bién cac chit trung gian. Ngoai ra, cac
thay d6i vé mat chuyén hoa/ thay dbi di truyén nay khong 1am giam sy sinh trudng ctia
té bao dugc cai bién. Vi du: hydratcacbon hydrolaza két hop véi hydratcacbon kinaza,

hydratcacbon syntaza, va, hydratcacbon phosphorylaza c6 thé duoc dua vao té bao.

-7-
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Céac enzym nay chuyén hoa céc co chit chia sacarit, oligosacarit, polysacarit hodc hon
hop ciia chung trong gbc dudng va gbc dwdong hoat hoa (vi du gbc sacarit dugc
phosphoryl héa, UDP, CMP, GDP, ADP, TDP hoic dTDP... gbc dudng duoc hoat
héa). Sy cai bién vé mit chuyén hoa bd sung ciia t& bao bao gdm su phong bé con
dudng bit dau tir gbc dudng duoc hoat hoa theo hudng cac thanh phan ctia sinh khéi.
Theo cach nay, géc dudong khoéng duoc hoat héa duoc ding lam ‘nhién liéu’ (hodc
ngudn ning lwong) va don vi cdu tric cho su tong hop sinh khéi, ctia nhiéu enzym xuc
tac sinh hoc ma s& tién hanh su chuyén hoa gdc dudng duoc hoat héa thanh san phdm
mong mudn (= vi du hydratcacbon chuyén biét) va dong nhan t6 can thiét (NADH,
ATP, UTP ...). Nguoc lai, gbc dudong duoc hoat héa ciing ¢6 thé dugc dung lam
‘nhién liéw’, trong khi gdc duong duoc hoat héa bang hydratcacbon kinaza va ‘duoc

day’ vao 10 trinh tao san pham chuyén biét mong muodn.

Bing cach dung sinh vat dugc cai bién theo sang ché, su tao san phdm qua su chuyén
héa dudng duoc hoat hoa c6 thé duge gin véi su sinh trudng trong d6 duoc cap lidu
bang gbc duong khac (hodc ngugce lai). Theo cich nay, xu huéng tu nhién cta té bao
ddi v6i sy nhan 1én duge dung lam tai san dé thuc déy su san xudt cla san phém sinh
hoc mong mubn. Didu nay c6 nghia 1a mit han ché trudc day dé tao sinh khdi trude su
san xuét thue té cla san pham sinh hoc ¢6 thé bét dau hién tai mang lai loi ich. Phuong
phép ludn nay din d&n ty 18 san xudt cao, ma khong gip phai khé khan vén c6 véi cac
hé nhidu enzym va hé 1én men hai pha. Ngoai ra, sinh vét theo sang ché c6 thé ding
(cac) co chit gidng nhau nhu néu trén d6i véi ca sy sinh trudng hoic tao sinh khéi va
su tao san phAm mong mudn & ty 1é cao, do d6 nguyén tic tong thé nim sau chién lugc
ctia cai bién vé& mat chuyén hoa nay 1a nguyén tic hit/ddy ciing dugc giai thich & trén.
Su chuyén hoa & cacbon trung tdim ma dan dén sinh khéi va d@)ng nhén td hat & mot
phén ciia gbc duong dé sinh trudng trong khi phan khéc tich lily trong té bao, thtic day
con dudng san xuét.

Phuong phép sau ciing ¢6 thé khong chi duoc ding dé tao ra cac hydratcacbon chuyén
biét mong mudn hoic hydratcacbon dugc hoat héa ma con co thé dugc ap dung cho su
tbng hop rit nhidu hop chat duoc glycosyl hoéa, vi du, sacarit, nucleosit,
glycosylphosphat, glycoprotein va glycolipit.

Nhiéu enzym khéi ddu ¢ thé duge dua vao té bao dé tach su chuyén hoéa thanh hai

phén, két hop v6i su bét hoat gen. Céc vi du khong gidi han vé cac enzym ma co thé

-8
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dugc ding dé tach dudng thanh sacarit hoat héa va sacarit 1 sucroza phosphorylaza,
sucroza syntaza, sucraza (invertaza) dugc két hop véi glucokinaza va/ hodc
fructokinaza, trehalaza duoc két hop voi glucokinaza, maltaza dugc két hop voi
glucokinaza, sucroza-6-phosphat hydrolaza dugc két hop voi fructokinaza, maltoza
phosphorylaza, maltoza syntaza, amylaza dugc két hop voi phosphorylaza hoic
syntaza hodc hydrolaza, lactoza syntaza, lactoza phosphorylaza, lactaza (hodc beta-

galactosidaza) dugc két hop véi galactokinaza va/ hogc glucokinaza.

Sang ché dé cip dén sinh vat dugc cai bien vé mdt chuyén hoa cho viéc tao it nhat san
pham chuyén biét dugc chon tir nhém bao gdm sacarit, sacarit dd dugc hoat hoa,

nucleosit, glycosit, glycolipit va a glycoprotein, dic trung & chd:

a) sinh vt da néu duoc bién ddi gen v6i viéc dua vao it nhét: i) gen mi héa
hydratcacbon hydrolaza két hop véi gen ma héa hydratcacbon kinaza, ii) gen ma
hoa hydratcacbon syntaza, hodc, iii) gen ma hda hydratcacbon phosphorylaza, sao
cho sinh v4t dd néu c6 kha ning tach disacarit, oligosacarit, polysacarit hoic hon

hgp ctia chiing thanh sacarit dd dugc hoat hoa va sacarit, va

b) sinh vét d néu con duoc bién ddi gen sao cho it nhit mot gen khac so véi gen
bat ky trong sb cac gen dd dugc dua vao ciia bude a) clia sinh vat dd néu duge lam
giam chtic nang hodc khong c6 chiic nang va trong d6 gen khac dd néu mi hoa
enzym chuyén hoa sacarit da dugc hoat héa da néu thanh sinh khéi va/ hodc enzym

x1c tac sinh hoc.

Thudt ngit ‘sacarit’ dé cap dén monosacarit nhu, khong gidi han &, aldoza, ketoza,
pentoza, metylpentoza, hexoza, polyol c6 hodc khong c6 nhoém carbonyl, carboxyl,
amino hodc trong d6 nhom hydroxyl dugc thay bang, khong giéi han ¢ hydro, amino,
thiol, phosphat va/ hodc nhém twong tu hodc dan xuit ciia cac nhém nay. Thuat ngit
‘sacarit’ ciing dé cép dén di-, oligo-, va polysacarit ma dugc tao ra tir mdt hodc nhiéu
monosacarit nhu duge md ta & trén, lién két v6i nhau bang lién két glycosit.

Thudt nglt ‘nucleosit’ dé cap dén mdi monosacarit ma duoc thé b%mg nucleotit vi du,
khoéng gidi han 6, UDP, GDP, ADP, TDP, CMP, hodc dTDP.

Thuit ngit ‘glycosit’ dé cap dén sacarit ma tao ra lién két glycosit v6i cac hop chit hoa
hoc khac, nhu, khéng gidi han & sterol, phenol, axit béo, phosphatidylinositol, vitamin

C, cartenoit va artimisinin.



272178

Thuét ngit “glycolipit’ d& cdp dén sacarit ma tao ra lién két glycosit véi axit béo hozic
lipit.

Thuat ngit ‘glycoprotein’ dé cdp dén sacarit ma tao ra lién két glycosit v6i protein.
Thuét ng “glycosylphosphat’ d& cap dén dugc sacarit phosphoryl hoa.

Sang ché con dé cip dén sinh vat nhu néu trén trong d6 sinh vat d néu con duoc bién
dbi gen voi viée dwa vao it nhit mot gen khac ma chuyén hoa sacarit d duoc hoat héa
da néu thanh san phdm chuyén biét, hodc, trong d6 it nhét mdt gen nodi sinh khic cta
sinh vat di néu chuyén hoéa sacarit dd dugc hoat hoa da néu thanh san phém chuyén

biét dugc bicu hién qua muec.

Ngoai ra, sang ché dé cap dén sinh vat nhu néu trén trong d6 sinh vat da néu c6 kha
ning sinh trudng trén disacarit, oligosacarit, polysacarit hogc hon hgp clia chung nhu
1a ngudn cacbon chu yéu . Thuat ngit ‘chu yéu’ c6 nghia 1a ngudn cacbon quan trong
nhét dé tao sinh khéi, tirc 1a 75, 80, 85, 90, 95, 98, 99% cua tAt ca cacbon mong mudn
duge ¢6 ngudn gbe tir ngudn cacbon néu trén. Theo mot phuong 4n cla sang ché,
ngudn cacbon di néu 1a ngudn cacbon duy nhét cho sinh vat di néu, tic 12 100% cua

tat ca cacbon mong mudn dugc c¢6 nguon goc tir nguon cacbon néu trén.

Thuét ngit ‘cai bién v& mit chuyén héa’ duge ding dé chi thuc tién cua viée t6i wu hoa
cac qua trinh di truyén va qua trinh diéu hoa bén trong sinh vét da néu dé lam ting su
san xudt ra chat hodc san phim mong muén nhét dinh cda sinh vét. San pham nay theo
d6 dugc goi 1a “san pham chuyén biét” va cu thé 1a d& cép dén sacarit mong mudn
(duoc hoat hoa hodc khoéng dugc hoat hoda), nucleosit, glycosit, glycolipit hodc
glycoprotein. Mot sé vi du khong gi6i han vé céc san phim nay 13 cic din xuit cta
duong nhu 1,2-fucosyllactoza, 1,3-fucosyllactoza, 1,4-fucosyllactoza, 1,6-
fucosyllactoza, galactinol, stachyoza, globotrioza, galactoza(betal-4)rhamnoza,
sophoroza, xenlobioza, UDP-glucoza, sophorolipit, myo-inositol, L-arabinoza, scyllo-
inosoza, glycosylphosphatidylinositol, lacto-N-bioza, lacto-N-tetraoza, lactosamin,
galactosyloligosacarit dugc fucosyl hoa, L-fucoza, N-Ac glucosamin, axit sialic,

sialyllactoza, chitosan va kitin.

Thuat ngit ‘cai bién’ dé cap dén ky thuat da dugc biét 13 bat ky ma c6 thé dugc dung
dé bién ddi gen sinh vat nhu vi du duge mo ta trong (9, 17, 19, 21, 22, 42).

-10-



272178

Céac thut ngir ‘sinh vat c6 kha nang sinh trudng trén disacarit, oligosacarit, polysacarit
" hozic hdn hop cta chung nhu 14 ngudn cacbon chi yéu > c6 nghia 13 sinh vat theo sdng
ché c6 thé dung cung disacarit, oligosacarit, polysacarit hoic hdn hop clia ching dé
sinh trudng (hoic tao sinh khdi) va tao san phdm mong muén, va, rang ching co thé
ding sacarit sau cing nhu 12 ngudn cacbon duy nhit dé nhén 1én va/ hodc c6 hoat tinh
vé mat chuyén héa. Tom lai, sinh vat theo sang ché c6 kha nang nhéan 1én va chuyén

héa trong hodc trén méi trudong chira sacarit da néu nhu 1a nguon cacbon duy nhat.

Thuat ngit “tach (hodc chuyén héa) thanh sacarit di dugc hoat hoa va sacarit’ c6 nghia
1a sacarit sau cing ma dugc ding 1am ngudn cacbon s& duoc tach (hodc chuyén héa)
b6i sinh vat theo sang ché thanh gbc duong hoat héa —mot sé vi du khéng gidi han vé
cac gbe duong dugce hoat hoa 1a cac gde duong mang nhém phosphat, UDP, GDP,
ADP, TDP hoac dTDP - va géc duong khong dugc hoat héa ma khong mang hodc

khong gan vdi cdc nhdm sau cung.

Céc thuat ngir ‘enzym xuc tac sinh hoc’ dugc dung dé chi tat cad cic enzym can cho

viéc tao hydratcacbon chuyén biét.

Thuét ngir ‘sinh khéi’ duoc dung dé chi tit ca thanh phan té bao (ttc 1a protein, ADN,
ARN, phosphatidylserin, phosphatidyletanolamin, cardiolipin, phosphatidylglyxerol,
putrescin, spermidin, peptidoglycan, glycogen va/ hodc lipopolysacarit (63) ma co6 thé
duge tong hop trong ching san sinh hydratcacbon chuyén biét duge cai bién tir gbc
duong ma khong duoc dung trong 19 trinh tao ra hydratcacbon chuyén biét (va céc san

pham gi4 tri gia tang khéc).

Céc thuat ngit ‘gen ma duge ding lam giam chirc ning hodc 1am mét chirc ning’ dugc
dung dé chi cac k§ thuat da dugc biét r5 dbi véi ngudi cé hiéu biét trung binh trong
linh vuc nay (nhu viéc dung siRNA, RNAi, miRNA, asRNA, dot bién gen, loai bo, dot
bién gen nhay, ...) ma dugc ding dé bién ddi gen theo cach ma chiing ¢6 kha ning kém
di (tire 1a “kém di” so v6i gen kiéu dai vé mit chirc ning) hodc hoan toan khong c6
chtc nang (nhu cac gen bi bit hoat) dé tao ra thanh pham c6 chirc ning (2, 4, 5, 7, 8,
14, 19, 37, 40, 47, 73, 79, 80, 85, 93, 98).

Do d6, thuét ngit ‘gen bi bat hoat (knock out)’ duoc ding dé chi gen ma bi lam cho

khong c6 chirc ndng.
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Thuét ngir ‘polysacarit’ dugc dung dé chi sacarit chira nhiéu hon hoic bang 6 duéi don

Vi monosacarit.

Séang ché con dé cap dén sinh vat duoc cai bién vé& mat chuyén héa nhu néu trén trong
d6 su bién dbi gen cua bude a) 1a tiy v, hodc, duge thay bang su biéu hién qua mirc it
nhét: i) gen ndi sinh ma héa hydratcacbon hydrolaza két hop véi gen ndi sinh hodc
khac loai ma hoa hydratcacbon kinaza, ii) gen ndi sinh ma hoéa hydratcacbon syntaza,
hodc, iii) gen ndi sinh ma hoa hydratcacbon phosphorylaza, va trong d6 sinh vat da
néu c6 kha ning tach disacarit, oligosacarit, polysacarit hodc hdn hgp cla chung thanh

sacarit 3 duoc hoat hoa va sacarit.

Hydratcacbon hydrolaza dugc uu tién theo sing ché 1a lactaza, invertaza, sucroza,
trehalaza, sucroza-6-phosphat hydrolaza, maltaza hodc amylaza. Hydratcacbon kinaza
dugc wu tién theo sang ché 1a galactokinaza, fructokinaza, glucokinaza hodc

manokinaza.

Sang bhé con dé cap dén sinh vat duoc cai bién vé mit chuyén hoéa nhu néu trén trong
do sacarit da dugc hoat hda da néu & budc b) duge thay béng sacarit da néu. Do do,
‘gbc dudong dugc hoat héa’ trong phuong 4n nay dugc dung 1am ‘nhién liéu’, trong khi
‘gbc duong’ nay duoc hoat héa bing kinaza va dugc ddy vao 16 trinh tao ctia san pham

chuyén biét mong dgi.

Sang ché cling dé cap dén sinh vat dugc cai bién vé mat chuyén héa nhu néu trén trong
do6 gen da néu & budc a) tach disacarit, oligosacarit, hodc polysacarit thanh hai sacarit
da dugc hoat hoa gidng nhau hodc khac nhau hodc thanh hai sacarit gidng nhau hoic

khéc nhau.

Thuét ngtt ‘sinh vat’ nhu néu trén dugce dung dé chi vi sinh vat dugc chon tir danh sach
bao gém vi khudn, nim men hodc té bao niAm, hoic, dugc dung dé chi té bao thuc vat
hoic té bao dong vat. Tbt hon, cac vi khuén nay thudc loai Escherichia coli. Tt hon,
néu nim men thudc loai Saccharomyces cereviseae.

Cu thé hon, sang ché d& cap dén sinh vat dugc cai bién vé miat chuyén héa nhu néu
trén, trong do sacarit da dugc hoat héa da néu dugc chon tir nhém bao gdm alpha

glucoza-1-phosphat, alpha galactoza-1-phosphat, beta glucoza-1-phosphat, beta
galactoza-1-phosphat, fructoza-6-phosphat, glucoza-6-phosphat, UDP-glucoza va
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UDP-galactoza va trong do sacarit dd néu dugc chon tor nhém bao gbém fructoza,

glucoza va /hodc galactoza.

Séng ché, nhu néu trén, con dé cap dén sinh vat duoc cai bién vé mat chuyén hoéa nhu
néu trén, trong d6 hydratcacbon hydrolaza dd néu la lactaza, invertaza, sucraza,
maltaza, trehalaza, sucroza-6-phosphat hydrolaza va/ hodc amylaza, va, trong do
hydratcacbon kinaza dd néu la galactokinaza, fructokinaza, glucokinaza va/ hodc

manokinaza.

Tham chi cu thé hon, sang ché dé cdp dén sinh vat dugc cai bien vé mét chuyen hoa

nhu néu trén trong do:
- gen dd néu ¢ bude a) ma hda sucroza phosphorylaza, va/ hodc

- cac gen sau ddy & budc b) duge lam cho khong c¢6 chuc ndng: gen ma hoa
beta-galactosidaza, va/ hoac, gen ma hoa phosphoglucomutaza, va/ hodc, gen ma hoa
glucoza-1-phosphat adenylyltransferaza, va/ hodc, gen mi héa phosphataza (nhu
khong gidi han ¢ glucoza-1-phosphataza) va/ hogc, gen ma héa glucoza-1-phosphat
uridyltransferaza, va/ hodc, gen ma héa UDP-glucoza-4-epimeraza, va/ hodc, gen ma
héa UDP-glucoza:galactoza-1-phosphat uridyltransferaza, va/ hodc, gen ma hoéa UDP-
galactopyranoza  mutaza, va/ hodc, gen md hoéa  UDP-galactoza:
(glucosyl)lipopolysacarit-1,6-galactosyltransferaza, va/ hodc, gen mad hoéa UDP-
galactosyltransferaza, va/ hodc, gen ma héa UDP-glucosyltransferaza, va/ hodc, gen
mi héa UDP-glucuronat transferaza, va/ hodc, gen ma hoa chit mang UDP-glucoza
lipit transferaza, va/ hodc, gen ma héa UDP-duong hydrolaza, va/ hodc, gen ma hoa
invertaza, va/ hoac, gen ma hoa maltaza, va/ hodc, va/ hodc gen ma hoa trehalaza, va/
hoac, gen ma hoda phosphotransferaza van chuyén duong, va/ hodc, gen mi héa

hexokinaza.
Vi du vé sinh vat dugc cai bién vé mat chuyén hoéa sinh vat 1a sinh vat trong do:

- gen di néu ¢ budc a) 1a gen ma hoa sucroza phosphorylaza c6 thé (nhung
khong phai 1a duy nhit) c6 ngudn gbc tir vi khudn axit lactic nhu Bifidobacterium
adolescentis, Leuconostoc mesenteroides, Lactobacillus acidophilus, va/ hodc

Streptococcus mutans, va/ hodc
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- cac gen di néu & bude b) 1a: gen lacZ, gen pgm, gen ycjU, gen glgC, gen agp,
gen ptsG, gen glk, gen glf, gen waaB, gen ushA, gen wead, gen weaC, gen weakE, gen
weal, gen weal, gen weal, gen galU, gen galF, gen galE, gen malP, gen malQ, va/
hodc, gen galT (20, 25, 27, 28, 32, 46, 48, 49, 52, 54, 62, 82, 86, 87, 96, 97).

Vi du khéc vé sinh vat duoc cai bién vé& mat chuyén hoa nhu néu trén 1a sinh vét trong
do:

- gen da néu ¢ bude a) ma hoa sucroza phosphorylaza c6 thé (nhung khong phai
1a duy nhit) c6 ngudn gbe tir vi khuin axit lactic nhw Bifidobacterium adolescentis,
Leuconostoc mesenteroides, Lactobacillus acidophilus, va/ hodc Streptococcus

mutans, va/ hoac

- cac gen da néu & budce b) la: gen PGM1, gen PGM2, gen GLG1, gen GLG2,
gen INM1, gen INM2, gen GLK1, gen HXK1, gen HXK2, gen GAL10, gen GAL7,
gen YHLO12W, gen UGP1, gen GSY1, gen GSY2, gen DIE2, gen ALGS, gen ATG26,
gen SUC2, gen MAL32, gen MAL12, gen YJL216C, va/ hogc, gen YGR287C, va/
hodc, FEN1, va/ hoic, FKS1, va/ hodac, GSC2, va/ hodc, TPS1 (10, 12, 15, 16, 18, 24,
30,31, 36,41, 51, 56, 57, 59, 61, 66, 76, 81, 84, 89-91, 99).

Céc sinh vat duoc cai bién nay c6 th€, vi du khong giéi han &, dugec dung dé tao ra
xenlobioza, kojibioza, threhaloza, L-arabinoza, myo-inositol, rafinoza, stachyoza, L-

rhamnoza hoic L-riboza duéi dang san phdm chuyén biét.

Theo khia canh khac, sang ché d& cip dén sinh vat duoc cai bién vé& mat chuyén héa
nhu néu trén trong d6 sucroza phosphorylaza dad néu cia budc a) duge thay bang
sucroza syntaza, maltoza phosphorylaza hodc maltoza syntaza, hodc, trong d6 sucroza
phosphorylaza d3 néu cua bude a) duoc thay bang lactoza phosphorylaza hoic lactoza

syntaza.

Céc sinh vat nay c6 thé, vi du nhung khong gi6i han &, duge ding dé tao ra sophoroza,
UPD-glucoza, glycolipit, flavon 3-O-B-D-glucosit (sucroza syntaza & budc a),
galactoza(betal-4)rhamnoza (lactoza phosphorylaza & budc a), hodc, UDP-galactoza,
galactinol, stachyoza hodc globotrioza, psychosin (lactoza syntaza & buéc a) dudi dang

cac san pham chuyén biét.
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Sang ché con dé cdp dén sinh vat dugc cai bien vé mat chuyén héa nhu néu trén trong
d6 sacarit da dugc hoat héa da néu & budce b) dugce thay bang sacarit da néu va trong
do:

- gen da néu ¢ a) ma hoa sucroza phosphorylaza, va/ hodc

- cac gen sau day & budc b) duge lam cho khong c¢6 chirc ning: gen ma hoa
beta-galactosidaza, va/ hodc, gen ma hoa glucoza-6-phosphat isomeraza, va/ hodc, gen
mai hoa glucoza-1-phosphat adenylyltransferaza, va/ hodc, gen ma héa phosphataza (vi
du, glucoza-1-phosphataza), va/ hodc, gen ma hoa phosphofructokinaza A, va/ hodc,
gen ma hoéa phosphofructokinaza B, va/ hodc, gen mad hoéa phosphogluconat
dehydrataza, va/ hodc, gen m3 hoa 2-keto-3-deoxygluconat-6-phosphat aldolaza, va/
hodc, gen ma hoéa glucoza-1-phosphat uridyltransferaza, va/ hodc, gen ma héa UDP-
glucoza-4-epimeraza, va/ hodc, gen ma hoéa UDP-glucoza:galactoza-1-phosphat
uridyltransferaza, va/ hoac, gen ma héa UDP-galactopyranoza mutaza, va/ hodc, gen
ma héa UDP-galactoza: (glucosyl)lipopolysacarit-1,6-galactosyltransferaza, va/ hodc,
gen md hoa UDP-galactosyltransferaza, va/ hodc, gen ma héa UDP-
glycosyltransferaza, va/ hoac, gen ma héa UDP-glucuronat transferaza, va/ hodc, gen
ma hoa chit mang UDP-glucoza lipit transferaza, v/ hoic, gen ma héa GDP-manoza
hydrolaza, va/ hodc, gen ma héa UDP-duong hydrolaza, va/ hodc, gen mad hoda
manoza-6-phosphat isomeraza, va/ hodc, gen mid hdéa UDP-N-axetylglucosamin
enoylpyruvoyl transferaza, va/ hodc, gen mad hdéa UDP-N axetylglucosamin
axetyltransferaza, va/ hoac, gen ma hoéa UDP-N-axetylglucosamin-2-epimeraza, va/
hodc, gen ma hdéa undecaprenyl-phosphat-alfa-N-axetylglucosaminyl transferaza, va/
hodc, glucoza-6-phosphat-1-dehydrogenaza, va/ hodc, gen mad hoéa L-glutamin:D-
fructoza-6-phosphat aminotransferaza, va/ hodc, gen ma hoéa manoza-6-phosphat
isomeraza, va/ hodc gen ma hoa sorbitol-6-phosphat dehydrogenaza, va/ hodc, gen ma
héa manitol-1-phosphat 5-dehydrogenaza, va/ hodc gen ma hoa aluloza-6-phosphat 3-
epimeraza, va/ hodc, gen ma hoda invertaza, va/ hodc, gen ma héa maltaza, va/ hogc,
va/ hodc gen ma hoéa trehalaza, va/ hodc, gen ma hdéa phosphotransferaza vin chuyén

duong, va/ hodc, gen ma hoa hexokinaza.

Cu thé hon, sang ché dé cap dén sinh vat dugc cai bién vé mat chuyén hoa nhu néu

trén trong do:
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- gen dd néu & budc a) 1a sucroza phosphorylaza c6 nguon goc tir vi khuén axit
lactic nhu Bifidobacterium adolescentis, Leuconostoc mesenteroides, Lactobacillus

acidophilus, hoac Streptococcus mutans, va/ hodc

- cac gen di néu & budce b) la: gen lacZ, gen pgi, gen glgC, gen agp, gen pikA,
gen pfkB, gen waaB, gen ushA, gen eda, gen edd, gen wcaA, gen wcaC, gen wcak,
gen wcal, gen wecal, gen wcal, gen wcaB, gen weaF, gen weakK, gen weaD, gen galU,
gen galF, gen galE, gen gmm, gen galT, gen manA, gen murA, gen IpxA, gen rffE, va/
hoac, gen rfe, gen glmS, gen srlD, gen mtlD, gen alsE va/ hodc, zwf (6, 20, 25, 28, 29,
32,43, 44, 46, 49, 52-55, 62, 65, 75, 78, 82, 86, 87, 96, 97, 101).

Sinh vat dugc cai bién v& mit chuyén hoa theo sang ché 14 sinh vat trong do:

- gen d4 néu & budce a) 1a gen ma hoa sucroza phosphorylaza c6 nguon goc tir vi
khuin axit lactic nhu Bifidobacterium adolescentis, Leuconostoc mesenteroides,

Lactobacillus acidophilus, hoac Streptococcus mutans, va/ hodc

- cac gen dd néu & budc b) 1a: gen PGI1, gen PFK1, gen PFK2, gen PFK26, gen
PFK26, gen PFK27, gen GND1, gen GND2, gen PMI40, gen ZWF1, gen GFA1, gen
GLGI1, gen GLG2, gen INM1, gen INM2, gen GLK1, gen HXK1, gen HXK2, gen
GAL10, gen GAL7, gen YHLO12W, gen UGP1, gen GSY1, gen GSY2, gen DIE2, gen
ALGS, gen ATG26, gen SUC2, gen MAL32, gen MAL12, gen YJL216C, va/ hodc,
gen YGR287C, va/ hoac, FEN1, va/ hoac, FKS1, va/ hodc, GSC2, va/ hodc, TPS1 (12,
15, 16, 24, 26, 30, 31, 34, 36, 38, 39, 41, 51, 56, 57, 59-61, 64, 66, 74, 76, 83, 84, 89,
90, 95, 99).

Sinh vat dugc cai bién nay cé thé, vi du, duogc dung dé tao ra cac dan xuét duong dugc
fucosyl héa nhu fucosyllactoza, va cu thé hon a-1,2-fucosyllactoza, a-1,3-
fucosyllactoza, a-1,4-fucosyllactoza, a-1,6-fucosyllactoza dudi dang cic sin phim
chuyén biét v6i din xuét fucosyltransferaza cu thé tir vi du khong giéi han &
Helicobacter pylori, Bacteroides sp., Homo sapiens, Mus musculus, Bos taurus va,
Dictyostelium discoideum. Ngoai ra, sinh vat dugc cai bién da néu co thé duoc dung dé
tao ra kitosan bang kitin syntaza va kitin deaxetylaza hoc dé tao ra myo-inositol bang

cach cho inositol-1-phosphat syntaza két hop véi inositol monophosphataza.

Céac vi du cu thé v€ cac gen ma chuyén hoa sacarit dd dugc hoat hoa da néu thanh san

phdm chuyén biét 12 cic gen ma hoda epimeraza, transferaza, reductaza,
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(pyro)phosphorylaza, (de)carboxylaza, dehydrataza, permeaza, syntaza va/ hodc
isomeraza. Do d6, sang ché @& cap dén sinh vat dugc cai bién vé mit chuyén hoa nhu
néu trén trong d6 cac gen ma chuyén hoa sacarit ¢ dugc hoat héa di néu thanh san
phém chuyén biét ma hoa epimeraza, transferaza, reductaza, dehydrogenaza, oxidaza,
pyrophosphorylaza, (de)carboxylaza, dehydrataza, permeaza, syntaza va/ hodc
isomeraza. Tham chi cu thé hon séng ché dé cap dén sinh vat dugc cai bién vé mat
chuyén hoa trong d6 epimeraza d néu 1a UDP-galactoza-4-epimeraza hogc UDP-N-
axetylglucosamin epimeraza, va/ hodc, trong d6é transferaza di néu Ia

glycosyltransferaza, sialyltransferaza hodc sulfotransferaza.

Sang ché con dé cap dén sinh vat dugc cai bién vé& mit chuyén hoa nhu néu trén trong
do6 san phém chuyén biét d3a néu la monosacarit, disacarit, trisacarit, tetrasacarit,
pentasacarit, oligosacarit, polysacarit, nucleosit, O-glycosit, S-glycosit, N-glycosit, C-
glycosit, glycoprotein, glycolipit hodc hydratcacbon dugc hoat hoéa nhu khong gi6i han
& myo-inositol, L-arabinoza, Scyllo-inosoza, glycosylphosphatidylinositol, lacto-N-
bioza, lacto-N-tetraoza, lactosamin, galactosyloligosacarit dugc fucosyl hoa (GOS), L-
Fucoza, N-Ac glucosamin, axit sialic, sialyllactoza, chitosan, chitin, 1,2-
fucosyllactoza, 1,3-fucosyllactoza, 1,4-fucosyllactoza, 1,6-fucosyllactoza, galactinol,
stachyoza, globotrioza, galactoza(betal-4)rhamnoza, sophoroza, xenlobioza, UDP-

glucoza va sophorolipit.

Sang ché con dé cap dén phuong phap tao san pham chuyén biét nhu duge md ta &

trén bao gdbm budc:
i) cai bién vé mit chuyén hoa vi sinh vat nhu duge md ta & trén, va
i) nudi cdy vi sinh vét dugc cai bién gen di néu, va
iii) chiét va tinh ché san pham chuyén biét da néu.
R& rang 14 phwong phép bt ky da biét trong linh vuc nay dé nuoi ciy vi sinh vat, va

chiét va tinh ché cac san pham chuyén biét tir vi€éc nudi cdy da néu c6 thé duoc dung

trong sang ché.

Ngoai ra, sang ché dé cap dén viéc ding 2-fucosyltransferaza c6 ngudn gbe tir
Dictyostelium discoideum va c6 c6 trinh ty axit min dugc xdc dinh b::ing SEQ ID NO

1, hodc, manh ctia ching c6 hoat tinh 2-fucosyltransferaza, hodc, bién thé cua ching
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c6 do tuong déng vé trinh tu it nhit 75% va c6 hoat tinh 2-fucosyltransferaza dé tao ra
2-fucosyllactoza (al,2-fucosyllactoza). Manh cu thé c6 hoat tinh 2-fucosyltransferaza
nhu néu trén duge xac dinh bang SEQ ID NO 4.

Viéc ding axit nucleic ma héa 2-fucosyltransferaza nhu néu trén, va cu thé 14 trong d6
axit nucleic da néu dugc x4c dinh bang SEQ ID NO 2 hoic SEQ ID NO 3 (ma ca hai
ma hoéa SEQ ID NO 1), dé tao ra fucosyllactoza 13 mot phan cia sang ché. Cac axit
nucleic ma héa SEQ ID NO 4 dugc xac dinh bang SEQ ID NO 5 va SEQ ID NO 6 va

cling 1a mgt phan cia sang ché.

Thuat ngit ‘méanh’ dugce ding dé chi protein (hodc peptit hodc polypeptit) chira it axit
amin hon so véi trinh tu axit amin nhu duoc mé ta bing SEQ ID NO 1 va van gitr lai
hoat tinh 2-fucosyltransferaza da néu. Manh nay c6 thé -vi du- 14 protein bi mat nho
hon hoic bang 10% tong sd axit amin & dau tan cing C- va/ hodc N hodc ¢6 thé tuong
ung voi SEQ ID NO 4. Thuat ngix “bién thé” duge dung dé chi protein c6 do tuwong
ddng v& trinh ty it nhit 75%, t&t hon 14 ¢6 do twong dong vé trinh tu it nhét 76-85%,
t6t hon nita 1a ¢6 do twong dong vé trinh ty it nhat 86-90% hodc t6t nhét 1a c6 do tuong
ddng vé trinh tu it nhat 91, 92, 93, 94, 95, 96, 97, 98 hoic 99% so véi SEQ ID NO 1
hodc so voi manh cta chung, va, md mi héa protein van giit lai hoat tinh 2-

fucosyltransferaza da néu.

Do d6, thé tuong ddng, hodc cic gen trong cic chi va loai khac (khong phai l1a
Dictyostellium discoideum ma tr d6 thu duge SEQ ID NO 1) ¢6 d6 déng nhit it nhat
75% & mirc axit amin, va c6 chic ndng da néu la mot phﬁn cua sang ché. Phan tram do
trong ddng vé trinh tu axit amin dwoc xac dinh bing cac sap xép hai trinh trr nay va
xé4c dinh sé lugng vi tri axit amin gidng nhau duoc tach ra trong doan ngén hon ctia
c4c trinh tw ndy x100. ‘Bién thé’ nay ciing c6 thé khic so véi protein nhur duge md ta
béng SEQ ID NO 1 chi trong céc su thay thé va/ hodc su cai bién bao toan, sao cho
kha niing cua protein dé khong mét di hoat tinh 2-fucosyltransferaza. "Su thay thé bao
toan " 1a su thay thé trong d6 axit amin duoc thay thé cho mot axit amin khac ma c6
dic tinh twong tu, sao cho ngudi ¢6 hiéu biét trung binh trong linh vuc héa protein
mong mudn ban chit cua protein hiu nhu khong thay ddi. N6i chung, cac nhom axit
amin sau day biéu hién cac thay ddi bao toan: (1) ala, pro, gly, glu, asp, gln, asn, ser,
thr; (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; va (5) phe, tyr,
trp, his.
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Céc bién thé ciing c6 thé 1a (hoic theo cach khac) protein nhu dwgc mb ta & ddy duoc
cai bién, vi du, béng su mat hodc thém axit amin ma cé anh huéng rat nho dén hoat
tinh 2-fucosyltransferaza nhu dugc xac dinh & trén, cAu tric thir cép va béan chét chita

bénh bang nudc cua enzym nay.
Céc trinh tu cu thé sau day, nhu néu trén, 1a mot phan cta sang ché:

SEQ ID NO 1: trinh ty axit amin hoan chinh cta 2-fucosyltransferaza cua

Dictyostellium discoideum:

MNDSPIISVVLPFLIKDNDDKSLNYQGINNLIISIDSIIEQTFKEWELILVDDGSNN
EILEQLLSKRYSTDNRIKFIINKENKGIVKSLNDAILNHCSPTSKYIARMDSDDIS
HPTRLQSQLKYLQSNETIDILGCPIKMFNNNKLIEILNNNNNNNNINNNVKELIN
IINNEESFKFIQHPDKDILMWSMFFNCCIVHPSVIFKRSIFTIEHCYEENNQFPFIE
DYLFWLKSLIMKGLNISNIQSSTPLLYLRKHNNSISFKNIEKQKDSTANASCYY
LNILFKRFNIDSEIIQNSSLSMKEIIQFFQLSPSSLSKINNISIELFEFAFKYLELIEK
SCTKQQPNYSNSIKDAANEKMGELVSLCLSNYPNNQKSSLLWEKWLSRNPTS
QLLSLLSNLNVKSSTTIINNNINNNNNNNNNNNNNNNNNNNNNNNNNNNNSI
LNFISGINSNKINTPK SNNNKFKENGIRIICFSKDRAFQLKEYLRTFFKYLKNDD
NGNDKFEIIVDVLFTYSNEKFKNSYQLVIESFPQVNFIKEENFTDQLINLVQKTN
KLEYVMFSVDDILY YNEFNLKEYCLSLNSEPLALGFYMKLNKNITYCHTCNQ
DITIPLNSNTISRTENNFKYLKWNRNDNDCKKDWNYPWDLCSTIYRCNDIDSII
NGIVKYYGIRNGINHPNRFEFNGNRPIIQKQIYQNKPYCLCLSDHYSPMSVVTI
NRVQDVYDNPIYDQTLSLDDLDQLLYSNKSLNDEKYKENSLSLNFKSVHIGEL
FIS

SEQ ID NO 2: trinh tu nucleotit dugc tdi uu hoa codon ma héa SEQ ID NO1 dé biéu
hién trong E. Coli:

ATGAACGATAGCCCGATTATTAGCGTTGTTCTGCCGTTTCTGATCAAAGAT
AACGATGATAAAAGCCTGAACTACCAGGGCATTAACAACCTGATTATTAG
CATCGATAGCATCATCGAGCAGACCTTTAAAGAATGGGAACTGATTCTGGT
TGATGATGGCAGCAATAACGAAATTCTGGAACAGCTGCTGAGCAAACGTT
ATAGCACCGATAACCGCATCAAATTTATTATTAATAAAGAAAATAAAGGC
ATTGTGAAAAGCCTGAATGATGCCATTCTGAATCATTGTAGCCCGACCAGC
AAATATATTGCACGTATGGATAGCGACGATATTAGCCATCCGACCCGTCTG
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CAGAGCCAGCTGAAATATCTGCAGAGCAATGAAACCATTGATATTCTGGG
TTGCCCGATCAAAATGTTTAATAATAATAAACTGATTGAAATTCTGAATAA
TAATAACAATAACAACAATATTAATAATAATGTGAAAGAACTGATTAATA
TTATTAATAATGAAGAAAGCTTTAAATTTATTCAGCATCCGGATAAAGATA
TTCTGATGTGGTCCATGTTCTTCAATTGCTGTATTGTTCATCCGAGCGTGAT
TTTTAAACGCAGCATTTITACCATCGAGCACTGCTATGAAGAGAATAATCA
GTTTCCGTTCATCGAGGATTACCTGTTTTGGCTGAAATCCCTGATTATGAAA
GGCCTGAACATTAGCAATATCCAGAGCAGCACACCGCTGCTGTATCTGCGT
AAACATAATAACAGCATTAGCTTTAAAAATATTGAAAAACAGAAAGATAG
CACCGCCAATGCCAGCTGTTATTATCTGAACATTCTGTTCAAACGCTTTAA
CATCGACAGCGAAATTATTCAGAATAGCAGCCTGAGCATGAAAGAAATCA
TCCAGTTTTTTCAGCTGAGCCCGAGCAGCCTGTCCAAAATTAATAACATTA
GCATCGAACTGTTTGAATTTGCCTTTAAATATCTGGAACTGATCGAGAAAA
GCTGTACCAAACAGCAGCCGAATTATAGCAACAGCATTAAAGATGCAGCC
AACGAAAAAATGGGTGAACTGGTTAGCCTGTGTCTGAGCAATTATCCGAA
TAATCAGAAAAGCAGTCTGCTGTGGGAAAAATGGCTGAGCCGTAATCCGA
CCAGCCAGCTGCTGAGTCTGCTGAGCAATCTGAATGTTAAAAGCAGCACC
ACCATTATTAATAACAATATTAACAACAACAATAATAATAACAACAATAA
TAACAATAACAATAACAATAATAACAACAACAACAATAATAATAATAACA
ACAACAGCATTCTGAATTTTATTAGCGGCATTAATAGCAATAAAATTAATA
CCCCGAAAAGCAACAATAACAAATTTAAAGAGAATGGCATTCGCATTATT
TGCTTCAGCAAAGATCGTGCATTCCAGCTGAAAGAATATCTGCGCACCTTC
TTCAAATATCTGAAAAATGATGATAATGGCAATGATAAATTTGAAATTATT
GTGGATGTGCTGTTTACCTATAGCAATGAAAAATTCAAAAATAGCTATCAG
CTGGTGATCGAAAGCTTTCCGCAGGTTAACTTTATTAAAGAAGAAAACTTT
ACCGATCAGCTGATTAACCTGGTGCAGAAAACCAACAAACTGGAATATGT
GATGTTCAGCGTGGATGATATCCTGTATTACAACGAGTTCAATCTGAAAGA
GTATTGCCTGAGCCTGAATAGCGAACCGCTGGCACTGGGTTTTTATATGAA
ACTGAATAAAAATATTACCTATTGCCATACCTGCAACCAGGATATTACCAT
TCCGCTGAATAGCAATACCATTAGCCGCACCGAAAATAACTTTAAATACCT
GAAATGGAATCGCAACGATAATGATTGCAAAAAAGACTGGAACTATCCGT
GGGATCTGTGTAGCACCATTTATCGTTGCAACGACATTGACAGCATCATTA
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ATGGTATTGTGAAATATTATGGTATTCGCAACGGCATTAATCATCCGAATC

GCTTTGAATTTAATGGCAACCGTCCGATTATTCAGAAACAAATCTACCAGA
ACAAACCGTATTGTCTGTGCCTGAGCGATCATTATTCACCGATGAGCGTTG
TTACCATTAATCGTGTTCAGGATGTGTATGATAACCCGATTTATGATCAGA

CCCTGAGCCTGGATGATCTGGATCAACTGCTGTATAGCAATAAATCCCTGA
ACGATGAAAAATATAAAGAAAACAGCCTGAGTCTGAACTTCAAAAGCGTT
CATATTGGCGAACTGTTCATCAGCTAA

SEQ ID NO 3: trinh ty nucleotit nguyén mau mi héa SEQ ID NOI1: 2-

fucosyltransferaza cia Dictyostelium discoideum:

ATGAATGATTCACCAATAATAAGTGTAGTTTTACCTTTTTTAATAAAGGAC
AATGACGATAAATCATTAAATTACCAAGGAATAAATAATTTAATAATATCA
ATAGATAGCATTATTGAACAAACTTTTAAAGAATGGGAATTAATTTTAGTT
GATGATGGATCAAATAATGAAATTTTGGAGCAATTACTTTCAAAAAGATAT
AGTACAGATAATAGAATTAAATTCATAATAAATAAAGAGAATAAAGGTAT
TGTTAAAAGTTTAAATGATGCAATTTTAAATCATTGTTCACCAACTTCAAA
ATATATTGCTCGTATGGATTCAGATGATATTTCTCATCCAACAAGATTACA
ATCTCAACTTAAATATCTTCAATCAAATGAAACAATTGATATATTAGGTTG
TCCAATTAAAATGTTTAATAATAATAAATTAATTGAAATTTTAAATAATAA
TAATAATAATAATAATATTAATAATAATGTGAAAGAGTTAATTAATATAAT
TAATAATGAAGAATCTTTTAAATTTATTCAACATCCTGATAAAGATATTTT
AATGTGGTCAATGTTTTTCAATTGTTGTATTGTTCACCCTTCTGTAATATTT
AAAAGATCGATATTCACTATTGAACATTGTTATGAAGAAAACAACCAATTT
CCATTCATTGAAGATTACTTATTTTGGTTAAAATCCTTAATAATGAAAGGTT
TAAATATTTCAAATATCCAATCATCAACACCATTACTATATTTAAGAAAAC
ATAATAACTCTATATCTTTTAAAAATATTGAAAAACAAAAAGATTCCACTG
CTAATGCATCTTGTTATTATCTAAATATACTTTTTAAAAGATTTAATATTGA
TTCTGAAATTATTCAAAATTCTTCACTCTCAATGAAAGAAATTATTCAGTTC
TTTCAACTTTCACCATCATCTTTATCAAAAATCAATAATATTTCAATTGAAT
TATTTGAATTTGCATTTAAATATCTAGAATTAATTGAAAAATCATGTACAA
AACAACAACCAAACTATTCAAACAGTATAAAAGATGCAGCAAATGAAAAA
ATGGGTGAATTAGTATCTTTATGTTTATCAAATTATCCAAATAATCAAAAA
TCATCATTACTTTGGGAAAAATGGTTATCAAGAAATCCAACCTCACAATTA
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CTATCACTTTTATCAAATTTAAATGTAAAATCTTCAACTACTATAATTAATA
ATAATATTAATAATAATAATAATAATAATAATAATAATAATAATAATAATA
ATAATAATAATAATAATAATAATAATAATAATAATAATAATTCAATTTTAA
ATTTTATATCTGGCATTAATAGTAATAAAATAAATACTCCAAAATCTAATA
ATAATAAATTTAAAGAAAATGGAATTAGAATAATTTGTTTCTCAAAAGATA
GAGCATTTCAATTAAAAGAATATCTTAGAACATTTITTAAATATTITAAAAA
ATGATGATAATGGAAATGATAAATTTGAAATTATTGTTGATGTATTATTTA
CATATTCAAATGAGAAATTCAAAAACTCTTATCAATTAGTTATTGAAAGTT
TTCCACAAGTTAATTTTATTAAAGAAGAGAATTTCACTGATCAATTAATTA
ATTTAGTTCAAAAAACAAATAAACTTGAATATGTCATGTTTTCAGTTGATG
ATATTCTTTATTATAATGAATTCAATCTCAAAGAATATTGTTTATCTTTGAA
TAGTGAGCCATTGGCATTAGGTTTCTATATGAAGTTAAATAAAAATATTAC
CTATTGTCATACTTGTAATCAAGATATAACAATACCATTAAATTCAAATAC
TATTAGTAGAACAGAGAATAATTTTAAATATTTAAAATGGAATAGAAATG
ATAATGATTGTAAAAAGGATTGGAATTATCCATGGGATTITATGTTCAACCA
TTTATAGATGTAATGATATTGATTCAATCATTAATGGTATAGTTAAATATTA
TGGAATTAGAAATGGTATTAATCATCCAAATAGATTCGAATTCAATGGTAA
TAGACCAATCATTCAAAAGCAAATCTATCAAAATAAACCCTACTGTTTATG
TTTATCAGATCACTATTCTCCAATGTCTGTTGTAACTATTAATAGAGTTCAA
GATGTCTATGATAATCCAATTTATGACCAAACCCTATCTTITAGATGATTTA
GATCAATTACTTTATTCAAACAAATCATTAAATGATGAAAAATATAAAGAA
AATAGTTTATCTTTAAATTTTAAAAGTGTTCATATTGGTGAACTTTTTATTT
CTTAA

SEQ ID NO 4: trinh tu axit amin cua manh cia SEQ ID NO 1 c¢6 hoat tinh

fucosyltransferaza:

MSILNFISGINSNKINTPKSNNNKFKENGIRIICFSKDRAFQLKEYLRTFFKYLKN
DDNGNDKFEITVDVLFTYSNEKFKNSYQLVIESFPQVNFIKEENFTDQLINLVQK
TNKLEYVMFSVDDILYYNEFNLKEYCLSLNSEPLALGFYMKLNKNITYCHTCN
QDITIPLNSNTISRTENNFKYLKWNRNDNDCKKDWNYPWDLCSTIYRCNDIDS

IINGIVKYYGIRNGINHPNRFEFNGNRPIIQKQIYQNKPYCLCLSDHYSPMSVVTI
NRVQDVYDNPIYDQTLSLDDLDQLLYSNKSLNDEKYKENSLSLNFKSVHIGEL
FIS
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SEQ ID NO 5: trinh tu axit nucleic dugc tdi wu hoa codon ma héa SEQ ID NO 4 c6
ATG duoc bd sung:

ATGAGCATTCTGAATTTTATTAGCGGCATTAATAGCAATAAAATTAATACC
CCGAAAAGCAACAATAACAAATTTAAAGAGAATGGCATTCGCATTATITG
CTTCAGCAAAGATCGTGCATTCCAGCTGAAAGAATATCTGCGCACCTTCTT
CAAATATCTGAAAAATGATGATAATGGCAATGATAAATTTGAAATTATTGT
GGATGTGCTGTTTACCTATAGCAATGAAAAATTCAAAAATAGCTATCAGCT
GGTGATCGAAAGCTTTCCGCAGGTTAACTTTATTAAAGAAGAAAACTTTAC
CGATCAGCTGATTAACCTGGTGCAGAAAACCAACAAACTGGAATATGTGA
TGTTCAGCGTGGATGATATCCTGTATTACAACGAGTTCAATCTGAAAGAGT
ATTGCCTGAGCCTGAATAGCGAACCGCTGGCACTGGGTTTTTATATGAAAC
TGAATAAAAATATTACCTATTGCCATACCTGCAACCAGGATATTACCATTC
CGCTGAATAGCAATACCATTAGCCGCACCGAAAATAACTTTAAATACCTGA
AATGGAATCGCAACGATAATGATTGCAAAAAAGACTGGAACTATCCGTGG
GATCTGTGTAGCACCATTTATCGTTGCAACGACATTGACAGCATCATTAAT
GGTATTGTGAAATATTATGGTATTCGCAACGGCATTAATCATCCGAATCGC
TTTGAATTTAATGGCAACCGTCCGATTATTCAGAAACAAATCTACCAGAAC
AAACCGTATTGTCTGTGCCTGAGCGATCATTATTCACCGATGAGCGTTGTT
ACCATTAATCGTGTTCAGGATGTGTATGATAACCCGATTTATGATCAGACC
CTGAGCCTGGATGATCTGGATCAACTGCTGTATAGCAATAAATCCCTGAAC
GATGAAAAATATAAAGAAAACAGCCTGAGTCTGAACTTCAAAAGCGTTCA
TATTGGCGAACTGTTCATCAGCTAA

SEQ ID NO 6: trinh tu axit nucleic nguyén mAau mi héa SEQ ID NO4:

TCAATTTTAAATTTTATATCTGGCATTAATAGTAATAAAATAAATACTCCA
AAATCTAATAATAATAAATTTAAAGAAAATGGAATTAGAATAATTTGTTTC
TCAAAAGATAGAGCATTTCAATTAAAAGAATATCTTAGAACATTTTTTAAA
TATTTAAAAAATGATGATAATGGAAATGATAAATTTGAAATTATTGTTGAT
GTATTATTTACATATTCAAATGAGAAATTCAAAAACTCTTATCAATTAGTT
ATTGAAAGTTTTCCACAAGTTAATTTTATTAAAGAAGAGAATTTCACTGAT
CAATTAATTAATTTAGTTCAAAAAACAAATAAACTTGAATATGTCATGTTT
TCAGTTGATGATATTCTTTATTATAATGAATTCAATCTCAAAGAATATTGTT
TATCTTTGAATAGTGAGCCATTGGCATTAGGTTTCTATATGAAGTTAAATA

-23-



272178

AAAATATTACCTATTGTCATACTTGTAATCAAGATATAACAATACCATTAA
ATTCAAATACTATTAGTAGAACAGAGAATAATTTTAAATATTTAAAATGGA
ATAGAAATGATAATGATTGTAAAAAGGATTGGAATTATCCATGGGATTTAT
GTTCAACCATTTATAGATGTAATGATATTGATTCAATCATTAATGGTATAG
TTAAATATTATGGAATTAGAAATGGTATTAATCATCCAAATAGATTCGAAT
TCAATGGTAATAGACCAATCATTCAAAAGCAAATCTATCAAAATAAACCCT
ACTGTTTATGTTTATCAGATCACTATTCTCCAATGTCTGTTGTAACTATTAA
TAGAGTTCAAGATGTCTATGATAATCCAATTTATGACCAAACCCTATCTTT
AGATGATTTAGATCAATTACTTTATTCAAACAAATCATTAAATGATGAAAA
ATATAAAGAAAATAGTTTATCTTTAAATTTITAAAAGTGTTCATATTGGTGA
ACTTTTTATTTCTTAA

Do d6, sang ché dugc minh hoa béng cac vi du diéu ché cu thé.
SEQ ID NO 6: Trinh tu axit nucleic nguyén mau ma héa SEQ ID NO 4:

TCAATTTTAAATTTTATATCTGGCATTAATAGTAATAAAATAAATACTCCA
AAATCTAATAATAATAAATTTAAAGAAAATGGAATTAGAATAATTTGTTTC
TCAAAAGATAGAGCATTTCAATTAAAAGAATATCTTAGAACATTTTTTAAA
TATTTAAAAAATGATGATAATGGAAATGATAAATTTGAAATTATTGTTGAT
GTATTATTTACATATTCAAATGAGAAATTCAAAAACTCTTATCAATTAGTT
ATTGAAAGTTTTCCACAAGTTAATTTTATTAAAGAAGAGAATTTCACTGAT
CAATTAATTAATTTAGTTCAAAAAACAAATAAACTTGAATATGTCATGTTT
TCAGTTGATGATATTCTTTATTATAATGAATTCAATCTCAAAGAATATTGTT
TATCTTTGAATAGTGAGCCATTGGCATTAGGTTTCTATATGAAGTTAAATA
AAAATATTACCTATTGTCATACTTGTAATCAAGATATAACAATACCATTAA
ATTCAAATACTATTAGTAGAACAGAGAATAATTTTAAATATTTAAAATGGA
ATAGAAATGATAATGATTGTAAAAAGGATTGGAATTATCCATGGGATTTAT
GTTCAACCATTTATAGATGTAATGATATTGATTCAATCATTAATGGTATAG
TTAAATATTATGGAATTAGAAATGGTATTAATCATCCAAATAGATTCGAAT
TCAATGGTAATAGACCAATCATTCAAAAGCAAATCTATCAAAATAAACCCT
ACTGTTTATGTTTATCAGATCACTATTCTCCAATGTCTGTTGTAACTATTAA
TAGAGTTCAAGATGTCTATGATAATCCAATTTATGACCAAACCCTATCTTT
AGATGATTTAGATCAATTACTTTATTCAAACAAATCATTAAATGATGAAAA
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ATATAAAGAAAATAGTTTATCTTTAAATTTTAAAAGTGTTCATATTGGTGA
ACTTTTTATTTCITAA

Theo do, sang ché dugc minh hoa bé’lng cac vi du diéu ché cu thé.

Vi du thuc hién sang ché

Vi du 1: Vat liéu va phuong phap

Moi truong

Moi trudng dich Luria (LB) bao gém trypton pepton 1% (Difco, Erembodegem, Bi),
dich chiét nidm men 0,5% (Difco) va natri clorua 0,5% (VWR, Leuven, Bi). Moi
trrong cho cac thir nghiém binh l4c chira 2,00g/1 NHA4CI, 5,00g/1 (NH4)2S04, 2,993g/1
KH2PO4, 7,315g/1 K2HPO4, 8,372g/l MOPS, 0,5g/1 NaCl, 0,5g/1 MgSO4-7H20,
14,26g/1 sucroza hodc ngudn cacbon khic khi dugc cu thé hoa trong cac vi du, dung

dich vitamin 1ml/l, dung dich molybdat 100ul/l, va dung dich selen 1ml/l. M61i truong
nay duogc c¢b dinh & d6 pH 7 bang KOH 1M.

Dung dich vitamin bao gém 3,6g/1 FeC12 - 4H20, 5g/l CaCI2 - 2H20, 1,3g/l MnCl2 -
2H20, 0,38g/1 CuCl2 - 2H20, 0,5g/1 CoCI2 - 6H20, 0,94g/1 ZnClI2, 0,0311g/1 H3BO4,
0,4g/l Na2EDTA - 2H20 va 1,01/l thiamin - HCI. Dung dich molybdat chira 0,967g/1
Na2MoO4 - 2H20. Dung dich selen chira 42g/1 SeO2.

MBoi trudong tbi thidu dé 1én men chira 6,75g/I NH4CI, 1,25g/1 (NH4)2S04, 1.15g/1
KH2PO4 (méi trudng phosphat thap) hoic 2,93g/l KH2PO4 va 7,31g/1 KH2PO4 (mdi
truong phosphat cao), 0,5g/1 NaCl, 0,5g/1 MgSO4-7H20, 14,26g/1 sucroza, dung dich
vitamin 1ml/l, dung dich molybdat 100ul/l, va dung dich selen 1ml/l v6i cung didu
kién nhu dugc mo ta & trén.

Mbi truong phirc hop duoc tiét trung biang ndi hdp (121°C, 217) va méi truong toi
thiéu bing cach loc (0,22 pm Sartorius). Néu can, mdi truong ndy dugc lam cho ¢6
tinh chon loc bang cach bd sung khang sinh (ampixilin, cloramphenicol, kanamyxin).
Diéu kién nudi cy

Tir khuén lac don 1é trén dia LB, trong 5Sml moi truong LB, gidng nudi cdy so bo dugc
U trong 8 gid ¢ 37°C trén may lic tron & tbe do 200 vong/phut. Tir mdi trudng nudi
cdy nay, 2ml duoc chuyén vao 100ml moéi trudong t1 thiéu trong binh lic dung tich

500ml va duge U trong 16 gid & 37°C trén may lic tron & tbe do 200 vong/phit. 4%
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chét dé ching dugc dung trong binh nudi ciy 2 1 Biostat B Plus c6 dung tich 1am viéc
1,5 1 (Sartorius Stedim Biotech, Melsungen, Purc). Cac diéu kién nubi céy la: 37°C,
khudy & téc do 800 vong/phit, va tdc do dong khi 1a 1,5 1/phut. Cac diéu kién hiéu khi
duge duy tri bang cach suc khi. Po pH duoc duy tri & 7 bang H,SO4 0,5M va KOH
4M. Khi thai duge lam lanh xubng 4°C bing may lam mat khi thai (Frigomix 1000,
Sartorius Stedim Biotech, Melsungen, Dirc). Dung dich 10% cta chit chéng tao bot
silicon (BDH 331512K, VWR Int Ltd., Poole, England) duoc bd sung vao khi su tao
bot xuét hién trong qua trinh 1én men (x4p xi 10pl). Khi thai dugc do bing may phan
tich khi thai EL3020 (ABB Automation GmbH, 60488 Frankfurt am Main, Dtc). Tht
ca dit litu dugc 16ga bing hé thdng Sartorius MFCS/win v3,0 (Sartorius Stedim
Biotech, Melsungen, Dtic).

Tat ca cac chung dugc nudi cay it nhat hai 1an va do 1éch chuan vé nang suat va ty 1€

xac dinh dua vao it hit 10 diém dit liéu trong cac thir nghiém lap lai.
Nap miu

Thiét bi phan Gng sinh hoc chira bén trong né éng thu hoach (BD Spinal Needle,
1,2x152 mm (BDMedical Systems, Franklin Lakes, NJ - USA) két nbi véi cdng phan
tng, nbi bén ngoai v6i éng Masterflex-14 (Cole-Parmer, Antwerpen, Bi) tiép @0 1a
cdng thu hoach véi vach ngin dé nap miu. Mit kia ctia cong thu hoach nay duge nbi
phia sau véi binh phan tmg bang éng Masterflex-16. Hé théng nay dwoc goi 1a cudn
nap méiu nhanh. Trong nap mau, dich phan (rng dugc bom khip trong cudn nap maiu.
Nguoi ta wéc luong ring, & tbe dd chay 150ml/phit, dich phan tng nay can 0,04 gidy
dé tiép can cbng thu hoach va 3,2 gidy dé vao lai binh phan tmg. O muc d6 pO2 50%,
c6 khoang 3mg/l oxy trong chét 16ng nay & 37°C. Muc pO2 nay khéng bao gio nén
nhé hon 20% dé tranh didu kién vi hiéu khi. Do d6, 1,8mg/l oxy c6 thé duoc tiéu thu
trong khi di qua cudn thu hoach. Cho ring toc d6 hdp thu oxy la 0,4g oxy/g sinh
khéi/gid (tbe do hip thu oxy cuc dai dugc nhan thdy & pim,y), diéu ndy tao ra 5g/1 sinh
khéi, ty 1& hip thu oxy 2g/l/ gio hodc 0,56 mg/l/ gidy, ma dwgc nhan 3,2 gidy (thoi

gian c¢6 mit trong cudn nay) thu dugc su tiéu thu 1,8mg/1 oxy.

P8 két thuc su chuyén hoa cta té bao trong qué trinh nap mau, dich phan tmg duge hit
qua cdng thu hoach trong éng tiém dugc nap 62g hat thép khong gi duge 1am lanh so

bd & —20°C, dé 1am lanh 5ml dich ngay 1ap tic xudng dén 4°C. Nap mau sau d6 ngay
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1ap tirc 1a ly tAm lanh (15000g, 5 phit, 4°C). Trong cac thir nghiém theo mé, cic mau
dbi v6i ODgyoqm, CDW, va su chuyén hoa ngoai bao dugc thyc hién mdi gio béng cach
ding cudén nap miu nhanh va phuong phip nap mau hat thép khong gi lanh. Khi su
sinh truéng theo luét sb mil dat dugc, tn suét nap mau tang dén 20 dén 30 phut mot

Y
A

lan.
Nap mau dich

Dung nap miu nhanh, ma dugc cip ddi véi may 1én men, cdc mau ctia Iml dich duge
rt khoi may 1én men trong 0,5 gidy. Cac miu duge rat truc tiép vao trong cic dng
chirta 5ml dung dich lam két thic da duoc 1am lanh so bd & —40°C ma da duge tron
ngay 14p tirc sau khi nap mau bing cach xody. Cac ¢& mau chiét duoc dinh lugng trong

luong bang cach cin cic dng nay trude va sau khi nap mau.
Nap mau dich loc

Céac miu cta dich nudi cdy ngoai bao thu duge biang cach loc éng tiém (kich thuée hat
0,45um, celuloza axetat) & nhiét do trong phong khong ¢6 hat—Su loc truc tiép cua
mAu dich sau khi loai bé té bao, dich loc hodc dich ndi thu duge dugce tron ngay 1ap
tirc voi Sml dung dich 1am mat dé xir Iy cac mau nay theo ciing cach nhu cic mau
dich. Ciing trong truomg hop nay, luong miu chinh x4c thu duoc duoc dinh luong

trong luong.
Quy trinh 1am mat

Dung dich 1am mét duoc ding 13 metanol chira nudc 60% (thé tich/thé tich). Sau khi
két thuc cac miu dich trong dung dich lam mat, ma di duoc 1am lanh so bo dén
—40°C, hén hop mau /dung dich lam mat dugc ly tim trong 5 phut & 8000g trong ly
tam lanh (—20°C) béng cach dung roto ma da duogc lam lanh so bd & —40°C. Sau khi
léng gan, dich ndi (QS) duoc bao quan & —40°C cho dén khi chiét. Tiép d6, cac hat té
bao dugc tao lai huyén phi trong 5ml cia dung dich 1am mat & —40°C va duoc ly tAm
lai. Ciing vay, dich ndi thir cip nay (WS) dugc bao quan & —40°C cho dén khi chiét.
Dé xac dinh cac chit chuyén héa trong toan bo dich ciing nhu trong dich loc nudi cay,
quy trinh 1am mat twong tu dugc 4p dung; tuy nhién, toan bd hdn hop dich duge lam
mat (B) hodc cac dich loc nudi cdy duge 1am mét (F) khong duge ly tAm, nhung sau

khi xo4y triét dé, 500l cac hdn hop nay dugce rut ra cho sy chiét chit chuyén hoa.
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Quy trinh chiét chat chuyén hoa

Su chiét cac chit chuyén hoa tir cac hat té bao ciing nhu tir cac mau 500-pl tir toan bd
dich dugc 1am mat dugc thuc hién bing phuong phép etanol néng [34]. Céc chét
chuyén hoa duoc chiét trong etanol dang soi 75% (3 phut, 90°C). Sau khi lam mat, cac
dich chiét thu dugc dugc lam bay hoi dén khd trong RapidVap (Labconco
Corporation, Kansas, Missouri, USA) trong 110 phut trong chin khong. Sau khi tao
huyén phu lai mdi phan cin trong 500uL H,O, manh vyn té bao dugc bét hoat bing
cach ly tdm trong 5 phut & 5000g. Sau khi gan céac dich ndi dugc bao quan & —80 °C
cho dén khi phan tich thém.

Cac phuong phap phan tich

Mat d6 t& bao ciia méi trudong nudi cdy duoc kiém soat thuong xuyén bang cach do
mat d quang hoc & 600nm (quang phd ké Uvikom 922, BRS, Brussel, Bi). Trong
lwong khé ciia té bao thu dugc bing cach ly tdm (15 phut, 5000g, roto GSA, Sorvall
RC-5B, Goffin Meyvis, Kapellen, Bi) 20g dich phan tng trong falcon dugc lam kho
so bo va duge 1am cho ning thém. Tiép d6 cac hat nay dugc rira mot 14n bing 20ml
dung dich sinh 1y (9g/l NaCl) va lam kho & 70°C dén trong lugng én dinh. Dé c¢6 thé
chuyén hoa cac phép do ODgoonm thanh ndng do sinh khéi, dudng twong quan cla
ODgoopm SO V&1 n?)ng dd sinh khdi dugc tao ra. Cac néng do cia glucoza va céc axit
hitu co duge xdc dinh trén hé thdng Varian Prostar HPLC system (Varian, Sint-
Katelijne-Waver, Bi), st dung c6t Aminex HPX-87H (Bio-Rad, Eke, Bi) gia nhiét &
65°C, dugc trang bi tién c¢ot 1cm, sir dung SmM H2S04 (0,6ml/phut) 1am pha di dong.
May do song d6i UV-VIS (210nm va 265nm) (Varian Prostar 325) va may do chi s6
khuc xa vi sai (Merck LaChrom L-7490, Merck, Leuven, Bi) dugc dung dé do dinh.
Bing cach tach cac sy hip thu ctia cac dinh trong dich 265 va 210nm, cac dinh nay c6
thé dugc x4c dinh. Su tach nay tao ra gia tri dn dinh, dién hinh d6i véi hop chét xac

dinh (cong thirc Beer-Lambert).
Cac phép do hydratcacbon

Glucoza, fructoza, sucroza va glucoza-1-phosphat dugc xéc dinh br?mg HPLC béng cot
Hypercarb (100x4,6mm; c¢& hat Spm) va dugce phat hién béng may do ELSD hoac khdi
phd ké (Antonio et al., 2007; Nielsen et al., 2006). LOQ ctia sucroza va G1P 1an luot

12 30 va 20mg/1. T4t ca cic mau duge pha lodng trong khodng tuyén tinh ctia may do,
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ma nim trong khoang tir LOQ dén x4p xi 100mg/I chat chuyyén hoa. Khi nhidu dudng
dugc phosphoryl héa va nucleotit c6 mat trong dich, sur thich nghi cua phuong phéap
cta Bucholz va céng su dugc ap dung (11). Trong truong hop nay gradien cua nude
milliQ (A) va 20mM amoni axetat (B) dugc dung dé tach cac chat phén tich. Gradien
nay bit diu & A 100% vai dong 1ml/ phut va duge chuyén thanh B 100% & 1ml/ phut
trong 10 phut. Thanh phin eluens ctia B 100% tiép d6 duoc giit trong 4 phat & 1ml/
phut va tiép d6 duge chuyén thanh A 100% & 1ml/ phit trong 1 phit, ma sau d6 dong
nay dugc tang thanh 1,2ml/ phat va dugc giit trong 3 phut dé 1am giam thoi gian cn
bing cta cot. Sau ba phit ndy, dong nay lai dugc l1am gidm trong 2 phit thanh
1ml/phit. T4t ca cac chat phan tich dugc do bang diu do ELSD hodc khéi phd ké.

Dé phén tich mono-, di-, va oligo-sacarit cot Prevail Hydratcacbon ES (5p; 250 x 4,6
mm) duoc dung v6i gradien axeton 100% (A), axetonitril 100% (B) va nude 100%
(C). Gradient nay duoc bt diu & A 20%, B 60% va C 20%. Diéu nay dugc thay doi
trong 15 phut thanh A 15%, B 45% va C 40% va tiép dé lai thay dbi lai thanh A 20%,
B 60% va C 20% trong 1 phut. Tiép do6, cot ndy duge 1am cén bing & cac diéu kién
ban dAu ctia né trong 6 phut. T4t ca cac chét phan tich dugc xac dinh bang ELSD hoic
khéi phd ké.

Do trong luong kho ctia té bao

Tu mau dich, 4 x 10g t& bao duoc chuyén vao dng ly tdm, céc t& bao ndy duge quay
tron (5000g, 4°C, 5 phut), va cac t& bao nay duoc rira hai 1an bing dung dich NaCl
0,9%. Céc éng ly tAm chira c4c hat té bao dugc lam kh trong budng siy & 70°C trong
48 gitr cho dén trong lwgng 6n dinh. Trong lugng khd cla té bao thu duoc theo phan

tich trong luong; cic 6ng nay dugc lam mat trong 10 sdy trude khi can.
Do polysacarit sophoroza

Dé x4c dinh lugng polysacarit sophoroza ma dugc tao ra bang ching dot bién trong d6
gen tts khac loai (50) dugc biéu hién, 100ml méi trudng nuodi céy cua ching dot bién
nay va cua chung dai nay & xép xi OD 6 duoc ly tAm (5500 vong/phut, 4°C, 5 phut,
Heraus Biofuge stratos). Tiép d6, 80ml dich ndi duge két tia v6i 2 thé tich cta etanol
lanh (100% & -20°C) duoc giit qua dém & 6°C. Chét két tia duge tach khéi dich ndi
bing cach ly tdm (5500 vong/phut, 4°C, 5 phut, Hereaus Biofuge stratos) va duogc tai
tao huyén phu trong 25ml nuéc ct (88). Tiép do, thity phan 2ml dung dich polysacarit
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nay trong cac éng pyrex boriumsilicat (26 x 100mm) & 105°C bing 2,25M HCI (ndng
do cudi cung) trong 4h. Dé trung hoa dung dich nay cho viéc do glucoza, cac lugng
dang mol ciia NaOH dugc thém vao dung dich ndy sau khi 4 va lam mat. Luong
glucoza trong dung dich nay duoc xic dinh bang may phan tich héa sinh YSI (YSI
(UK) Ltd.).

Céc chung va plasmit dugc ding cho sy mo ta dic tinh al,2-fucosyltransferaza cua

Dictyostellium discoideum

Codon t6i wu héa al,2-fucosyltransferaza c6 ngudn gbc tir Dictyostellium discoideum
duoc biéu hién khac loai trong E. coli ma c6 kiéu gen AlacZAglgCAmanAACA trén
plasmit ma dugc tao ra nhu duge Aerts va cong sy mo ta (1). CA chira tat ca cac gen
trong cum gen ma ma hoa con dudong sinh tdng hop axit colanic da dugc Stevenson va

cong sy mo ta (86).
Phuong phap tach enzym

Céc chung nay sinh truong trong LB (10g/1 trypton, dich chiét ndm men 5g/1 va 10g/1
NaCL) trong mdi truong nudi cdy qua dém (100ml trong binh lic dung tich 500ml) &
37°C va 200 vong/phut. Cac t& bao nay thu dugc bang cach ly tdm (15 phit & 7500
vong/phut va 4°C). Hat nay dugc tao lai huyén phi trong Sml dém PBS va siéu nghién
3 lan trong 4 phut trén nude lanh (chu ky 50%, cudong do 3). Méanh vun té bao duoc ly
tAm 15 phat nita & 7500 vong/phut va 4°C. Dich ndi duge dung lam dich chiét t€ bao
tho.

Xéc dinh protein

Ham lugng protein cta dich chiét enzym duoc xac dinh bang kit thir nghiém protein

Pierce BC (Thermo) nhu duoc cu thé héa trong sd tay san phim.

Su tao cAu trac plasmit dé biéu hién gen khéc loai va gen tuong déng
Plasmit ma duoc tao cAu trac nhu duge Aerts va cong sumo ta (1).
Céc phuong phéap di truyén hoc

Céc plasmit dugc duy tri trong E. coli DH5a chi (F°, 80d/acZAMI1S5, A(lacZYA-
argF)U169, deoR, recAl, endAl, hsdR17(rk’, mk"), phoA, supEA4, N, thi-1, gyr496,
relAl).
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Cac plasmit. pKD46 (plasmit trg giup Red, khang ampixilin), pKD3 (chtra gen (caf)
khang cloramphenicol boc suon FRT), pKD4 (chira gen (kan) khang kanamyxin boc
sudon FRT), va cac plasmit pCP20 (biéu hién hoat tinh FLP recombinaza) thu dugc tir
Prof. Dr. J-P Hernalsteens (Vrije Universiteit Brussel, Bi). Plasmit pBluescript
(Fermentas, St. Leon-Rot, Dirc) duge dung tao cdu tric cac din xuédt cia pKD3 va
pKD4 c6 thu vién yéu t6 khoi dau phién ma gen (promoter), hodic ¢6 cc alen mang
dot bién diém.

Céc dot bién. Cac dot bién 14n luot ¢ trong k¥ thuat dot pha gen (bt hoat gen-knock-
out, KO), su thay thé yéu t6 khéi diu phién ma gen ndi sinh bing yéu t6 khéi dau
phién ma gen nhén tao (hoat hoa gen-knock-in, KI). Chung duoc dua vao bang cach sir

dung khai ni¢m Datsenko va Wanner (19).

Thé bién nap mang plasmit tr¢ gitip Red sinh truéng trong méi truong LB 10ml c6
ampixillin (100mg/l) va L-arabinoza (10mM) & 30°C dén ODggonm 0,6. Cac té bao nay
dugc tao ra c6 hiéu luc dién béng cach rua ching béng 50ml nuéc d4 lanh, 14n thi
nhét, va bing 1ml nuéc dé lanh, 14n thtr hai. Tiép do, cac t& bao nay dugc tao lai huyén
phu trong 50ul nuéc da lanh. Tién hanh xung dién bang 50pl t€ bao va 10-100ng ctia
san phdm ADN soi kép thing bing cach sir dung gen Pulser™ (BioRad) (600,
25uFD, va 250 von).

Sau khi xung dién, bd sung té bao vao 1ml méi trudng LB dwoc G 1h & 37°C, va cubi
cung cAy trai 1én trén méi truong thach LB chira 25mg/l cloramphenicol hodc 50mg/1
kanamyxin dé chon thé bién nap khang khang sinh. Cac thé dot bién duoc chon duoc
kidm lai bing PCR c6 cac mdi xudi dong va nguge dong ciia ving cai bién va sinh
truéng trong mdi truong thach LB & 42°C dé mit plasmit tro gitip. Cac thé dot bién
nay duogc kiém tra vé tinh nhay d6i véi ampixilin.

Su loai trir gen khang khang sinh

Céc thé dot bién duoc chon (khang cloramphenicol hodc kanamyxin) duogc bién nap
bang plasmit pCP20, 13 plasmit khdng ampixilin va cloramphenicol ma thé hién su sao
chép nhay dbi v6i nhiét do va su cam ung nhiét ctia sy tong hgp FLP. Thé bién nap
khéng ampixilin dugc chon & 30°C, sau d6 mat it khun lac duoc tinh ché trong LB &

42°C va tiép d6 duoc thir nghiém ddi véi sy mét tit ca tinh khdng khang sinh va

-31-



272178

plasmit tro gitip FLP. Cac su bét hoat gen va hoat héa gen dugc kiém tra bing mdi dbi

chung va dugc x4c dinh trinh tu.

Cac mdi duge dung dé tao cAu tric cac thé dot bién bt hoat gen va dot bién hoat hoa

gen duoc néu trong Bang 1.

Bang 1: Cac mdi duge dung dé tao ciu tric su bét hoat gen

Gen

Fw-P1-H1

Rv-P2-H2

lacZ

CATAATGGATTTCCTTACGCG
AAATACGGGCAGACATGGCC

TGCCCGGTTATTAgtgtaggctgga

getgette

GTATGTTGTGTGGAATTGTGA
GCGGATAACAATTTCACACA
GGAAACAGCTcatatgaatatcctectt

ag

glgC

agaccgcecggttttaagcagegggaacatctct
gaacatacatgtaaaacctgcagtgtaggctgg
agctgctte

gtctggecagggacctgcacacggattgtgtgtg
ttccagagatgataaaaaaggagttagtccatat

gaatatcctccttag

agp

CATATTTCTGTCACACTCTTT
AGTGATTGATAACAAAAGAG
GTGCCAGGAgtgtaggctggagetgctt

C

TAAAAACGTTTAACCAGCGA
CTCCCCCGCTTCTCGCGGGGG
AGTTTTCTGcatatgaatatcctecttag

pgi

GGCGCTACAATCTTCCAAAG
TCACAATTCTCAAAATCAGA
AGAGTATTGCgtgtaggctggagetge
ttc

GGTTGCCGGATGCGGCGTGA
ACGCCTTATCCGGCCTACATA
TCGACGATGcatatgaatatcctecttag

GACTTCCGGCAACAGATTTC
ATTTTGCATTCCAAAGTTCAG
AGGTAGTCgtgtaggctggagctgettc

GCTTCTGTCATCGGTTTCAGG
GTAAAGGAATCTGCCTTTTTC
CGAAATCcatatgaatatcctccttag

CACTTTCCGCTGATTCGGTGC
CAGACTGAAATCAGCCTATA
GGAGGAAATGgtgtaggctggagetg

cttc

GTTGCCGACAGGTTGGTGAT
GATTCCCCCAATGCTGGGGG
AATGTTTTTGcatatgaatatcctectta

g

pgm thong

TGAGAAGGTTTGCGGAACTA

CATACGTAAAAAAGGGCGAT
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qua D&W

TCTAAAACGTTGCAGACAAA
GGACAAAGCAgtgtaggctggagcetg

ctte

CTTGCGACCGCCCTTTTTTTA
TTAAATGTGTcatatgaatatcctectta

g

pgm::kan

TGAGAAGGTTTGCGGAACTA
TCTAAAACGTTGCAGACAAA
GGACAAAGCAACGAAAGGCT
CAGTCGAAAG

CATACGTAAAAAAGGGCGAT
CTTGCGACCGCCCTTTTTTITA
TTAAATGTGTAGAACTCCAG
CATGAGATCC

pgm::GFP

TGAGAAGGTTTGCGGAACTA
TCTAAAACGTTGCAGACAAA
GGACAAAGCAgtgtaggctggagetg

ctte

CATACGTAAAAAAGGGCGAT
CTTGCGACCGCCCTTTTTTITA
TTAAATGTGTCATCCGTCAGG
ATGGCCTTC

ptsG

gccacgegtgagaacgtaaaaaaagcaccceat
actcaggagcactctcaattgtgtaggctggag
ctgcttc

Cacctgtaaaaaaggcagccatctggetgcectt
agtctccccaacgtcttacggacatatgaatatc

ctecttag

glk

CGAGAAGGCCCGGATTGTCA
TGGACGATGAGATACACCGG
AATATCATGGgtgtaggcetggagetge
ttc

CCAGGTATTTACAGTGTGAG
AAAGAATTATTTTGACTTTAG
CGGAGCAGTTGAAGAc atatgaat

atcctccttag

malPQ

ATATCCAGCCAGTCTTCCGGC
TGTAGTCCTAACAGAGCACT
GTTACTGTCagcattacacgtcttgage

g

GCTTTAAGTGGTTGAGATCA
CATTTCCTTGCTCATCCCCGC
AACTCCTCCcatatgaatatcctccttag

MP KI

ATATCCAGCCAGTCTTCCGGC
TGTAGTCCTAACAGAGCACT
GTTACTGTC
GTAAAACGACGGCCAGTG

CAACGGCCATTTTTTGCACTT
AGATACAGATTTTCTGCGCTG
TATTGCATTGCCGGGATCCG
ATGCATATGG

ycju

TTTTATTTTGCCCTTCAATGG
GACCGCTACCAAACATCAGG
AGGATGAATGAAACagcattacac

gtcttgageg

TTCCGTTGAAGGCAACAGTA
ATTGCGCCCCGGTTAAGCCC
GCGCCGATCCcatatgaatatcctectta

g
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CA thong
qua D&W

GTAGCATTGTTCCTAAGTATG
ACTCCATTTTTCCAGGAATGG
TCGCAAATCgtgtaggctggagetgcett

C

TTCACGCCGCATCCGGCAAG
CAAACCAGCTCATAAGCCGG
GAGAACAACCcatatgaatatcctectt

ag

CA thong

qua sacB

TTCACGCCGCATCCGGCAAG
CAAACCAGCTCATAAGCCGG
GAGAACAACCccgcttacagacaage

tgtg

GTAGCATTGTTCCTAAGTATG
ACTCCATTTTTCCAGGAATGG
TCGCAAATCagccatgacccgggaatt

ac

wcal thong

qua sacB

ATCGCCGACCACTTCGCGCC
GCTGATGGTTTTTTCACGTAA
GCTCATATCccgcttacagacaagetgt

g

GGATCTTCCCTTACCCCACTG
CGGGTAAGGGGCTAATAACA
GGAACAACGagccatgacccgggaatt

ac

wcal thong
qua sacB
va fusion

PCR

GGGGGCCCCCGGGGGTATGA
GCTTACGTGAAAAAACCATC
AG

GGGCCCGGGCCCGGGCGTTG
TTCCTGTTATTAGCCCCTTAC
CC

wcal thong
qua D&W

ATCGCCGACCACTTCGCGCC
GCTGATGGTTTTTTCACGTAA
GCTCATATCgtgtaggctggagetgett

C

GGATCTTCCCTTACCCCACTG
CGGGTAAGGGGCTAATAACA
GGAACAACGcatatgaatatcctectta

g

wcal thong

qua

TTTTGATATCGAACCAGACG
CTCCATTCGCGGATGTACTCA

TCTATGGTGCAACGCTTTTCA
GATATCACCATCATGTTTGCC

D&W 2 AGGTCGAACgtgtaggctggagetgett | GGACTATGcatatgaatatcctecttag
c

galET-H1- | TAGCCAAATGCGTTGGCAAA | CGGTTCGACGCATGCAGGCA

P22-RBS | CAGAGATTGTGTTTTTTCTTT | TGAAACCGCGTCTTTTTTCAG
CAGACTCATCTTTGTTTCCTC | ATAAAAAGCcatatgaatatcctecttag
CGAATTCG

Tuong ACCAATCAAATTCACGCGGC | GTCGGTAGTGCTGACCTTGCC
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dong mé | CAGGCGCCTGAATGGTGTGA | GGAGGCGGCCTTAGCACCCT
rong galET | GTGGCAGGGTAGCCAAATGC | CTCCGGCCAACGGTTCGACG
GTTGGCAAAC CATGCAGGC

Vi du 2. Cai bién va sir dung ching gbc 1 (ngudn cacbon: sucroza; dugc chuyén hoa
thanh glucoza-1-phosphat va fructoza bang sucroza phosphorylaza) — Sang loc sucroza

phosphorylaza khéc

Nhu ciu quan trong d6i véi sy thanh cong ciia ‘chiing gbc 17 1a su ton tai clia sucroza
phosphorylaza c6 hi€u lyc. Tuy nhién, méc du E. coli c6 sucroza phosphorylaza dugc
gia dinh (SP), né khong sinh truéng trén moi truong tbi thiéu c6 sucroza 13 ngudn
cacbon duy nhét. Do d6, 6 sucroza phosphorylaza tir cac ngudn vi sinh vat khac nhau

duoc sang loc (Bang 2).

Pé dat duogc diéu nay, 6 thé bién nap cua E. coli dai dugc tao cAu trac mdi thé mang
plasmit [pCX-yéu t6 khéi dau phién ma gen-SP] mi héa mdt sucroza phosporylaza
(SP) dugc néu trong bang 2. Su biéu hién ciia cac chiing nay dugce danh gia trong céc
binh lic, bing cach sir dung sucroza 1a ngudn cacbon duy nhat. Chiing dai (WT) dugc
két hop trong mo hinh thir nghiém 1am d6i chimg (pwr = 0).

Bang 2: Sucroza phosphorylaza dugc sang loc

Nguon sucroza phosphorylaza Viét tat
Bifidobacterium adolescentis BA
Lactobacillus acidophilus LA
Streptococcus mutans SM
Leuconostoc mesenteroides B742 LM B742
Leuconostoc mesenteroides B1149 LM B1149
Leuconostoc mesenteroides B1355 LM B1355
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Trong thtr nghiém sang loc nay, tbc d6 16n ciia cac thé bién nap khac nhau duoc gidm
sat va gin voi sy biéu hién sucroza phosphorylaza. Theo 14p luén nay chiing 16n nhanh

nhit khong tao ra sucroza phosphorylaza biéu hién t6t nhét.

Téc do 16n cta cac thé bién nap khac nhau duoc mét ta trong Fig. 2, nguyén 1y duge
ap dung d6i véi su tao hydratcacbon chuyén biét duge md ta trong Fig. 1: (a) Phan tmg
cin bang thong thudng, ma xdy ra trong cic k¥ thuat san xuat hién nay (b) nguyén ly
hat/ddy: can bang dugc dich chuyén theo hudng sacarit va sacarit dd dugc hoat héa.
Muc tiéu chu yéu cia t& bao sinh truéng, do d6 né hut, trong fig. nay & sacarit nay dé
tao ra sinh khéi. Do tac dung hut ndy, sacarit di dugc hoat héa sé tich Ifiy trong té bao

va thic day con duong san xuat.

Vi du 3. Xé4c dinh dac tinh cua sucroza phosphorylaza cua Bifidobacterium

adolescentis

Céc yéu t6 khéi diu phién ma gen co dinh nhan tao khac nhau dugc chén dé danh gia
anh hudng cia dd manh cta yéu té khoi dau phién ma gen dén toc do 16n. Dé dat duoc
didu nay, yéu td khdi dau phién ma gen yéu, khoe trung binh va khoe manh tir thu vién
yéu t& khoi dau phién mi gen sin c6 & The Centre of Expertise - Industrial
Biotechnology va Biocatalysis (Ghent University) duoc dua vao. Yéu t6 khoi dau

phién ma gen khde trung binh, ma thu duoc tdc do 16n cao nhét cudi cing dugce giit lai.

Hing s6 ai luc va tbe do 16n cuc dai ctia chiing E. coli mang plasmit ma héa sucroza
phosphorylaza cta Bifidobacterium adolescentis dugc xac dinh. Dé dat dugc diéu nay,
céc thir nghiém thé 6n dinh hoa tinh va theo mé duoc tién hanh. Anh huéng ctia nong
d6 phosphat d6i v6i cac thong sd nay ciing duoc kiém tra (Bang 3).

Céc dic tinh dong luc hoc cia ching duge cai bién dugc néu trong bang 3. Ro rang la
cac dic tinh dong luc hoc cta ching dwoc cai bién thich hop vé cac tng dung trong
nganh nubi cay.

Bang 3: Céc dic tinh vé& su sinh truéng cia E. coli mang sucroza phosphorylaza clia

Bifidobacterium adolescentis. PO43' cao = 64mM; PO43' thép = 8,5mM.

PO43 " cao PO43'
Heye dai (h-l) O,S 0,46
Ks (mg/L) <10 +/- 10
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Vi du 4. Chién luge cai bién cho viée cung cip a glucoza-1-phosphat ting

Dé x4c nhén viéc hop 1y cta chién lugc cai bién, quan trong 12 phai chting minh su gia
tang clia von oglucoza-1-phosphat trong chiing dot bién (Fig. 3), so vdi vdn aglucoza-
1-phosphat trong ching dai (Fig. 4). Trong ‘Chung gbc 17 su chuyén hoéa vi sinh dugc
tach thanh hai phan tich rdi bdi vi cdc phan tng chinh c6 kha ning chuyén hoa o
glucoza-1-phosphat dé tao sinh khéi bi bt hoat. Mot phin cta sy chuyén héa nay
chuyén hoa gbc fructoza thanh sinh khdi va nhidu enzym xuc tac sinh hoc (chuyén héa
trung tAm kinh dién). Phan con lai chuyén hoa gbc aglucoza-1-phosphat ciia sucroza.

Nong dd o glucoza-1-phosphat duge xac dinh dbi véi ca hai ching dai va mot sd
ching dugc cai bién. Dé dat duoc diéu nay, cac thir nghiém theo mé dugc tién hanh,

bang cach sir dung sucroza lam ngudn cacbon duy nhat.
Vén o glucoza-1-phosphat: so sanh chiing dai va chiing nuit
Pé danh gia tidm ning cia chién luoc cai bién vé miat chuyén héa du tinh, von
aglucoza-1-phosphat dugce xac dinh trong:
e FE. coli MG1655 dai sinh trudng trén glucoza,
o FE. coli MG1655 p22BaSP sinh trudng trén sucroza,
e FE. coliMG1655 AglgC Apgm AlacZ p22BaSP sinh trudng trén sucroza

Kich ¢ cia vbn ndy c6 tAm quan trong rat 16n béi vi cac con dudng duge ci bién vé
mit chuyén hoa cac hydratcacbon chuyén biét khac nhau dugc tao ra déu sir dung
aglucoza-1-phosphat 1am tién chat chu yéu. Do d6, vén oglucoza-1-phosphat cang 16n,
cang c¢6 nhiéu tién chit ma 1a sin c¢6 cho viéc tao ra cic hydratcacbon chuyén biét khac
nhau.

Cac két qua trong binh lic duge mo ta trong Fig.5. Nong @6 glucoza-1-phosphat noi
bao 1an luot 14 4,03 107 mmol/gcDW, 0,26 mmol/gcDW, va 1,27 mmol/gcDW. Do do6
dat dugc sy ting >20000% trong vén G1P. Vén ting nay cho phép su tao ra hiéu qua
nhiéu hydratcacbon chuyén biét.

Trong chung E. coli MG1655 dai glucoza-1-phosphat 13 tién chit cia cac thanh phan
lién quan dén thanh té bao, glycogen v.v. Dong cacbon bi gi6i han, dién hinh 13 c6

ngudn gde tir aglucoza-6-phosphat dii dé cung cap cho té bao du aglucoza-1-phosphat
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dé tao ra cac phan sinh khdi nhé nay. Do do, vbn aglucoza-1-phosphat c6 kich c& bi

gi6i han (4,03 10 mmol/gcDW).

Didu nay nguoc voi chién luge dugce dé xuét dé st dung sucroza 1am ngudn cacbon.
So v&i chung E. coli MG1655 dai vén glucoza-1-phosphat ting da duoc thé hién trong
cac ching dot bién ma chira sucroza phosphorylaza c6 hi€u Iyc ma tach hiéu qua

duong sucroza ré thanh fructoza va aglucoza-1-phosphat.

Céc két qua thu dugc trong binh phan tmg theo mé dung tich 1,5L dugc md ta trong
Fig.6. Nong d0 aglucoza-1-phosphat ndi bao lAn luot 12 4,03 10° mmol/gcDW,
0,65mmol/gcDW, va 0,89 mmol/gcDW.

Tao aglucoza-1-phosphat bang ApgmAlacZAglgC (3KO) P22-BaSP trén méi trudng
LB dugc dém & quy md binh phan ung

Kha nang cia ApgmAlacZAglgC P22-BaSP dé tao ra oglucoza-1-phosphat di duoc
x4c nhan. Dé dat dugc diéu nay, tién hanh nudi céy b?mg mdi truong LB duge dém véi
khoang sucroza 15g/1. O khoang 15h thém dung dich sucroza d4m dic chtra phosphat.
Trong Fig.7 va Fig.6 ndng dd cc san phim (phu) quan trong nhit dugc mé ta. Toe dd

16n cuc dai trong pha theo mé 1a khoang 0,552 h-1.

Trong pha theo mé trén mdi mol sucroza chuyén hoéa 0,74 mol glucoza-1-phosphat
dugc tao ra. Ly tudng 1a, 1 mol aglucoza-1-phosphat c6 thé duoc tao ra. Tuy nhién,
3KO duoc nghién ctru van chira gen ma san phim cta n6 c6 kha ning chuyén héa

aglucoza-1-phosphat, vi du, agp.

Tir thoi diém tit ca sucroza duge tiéu thy, ndng dd glucoza-1-phosphat gidm va ndng

do6 glucoza tang ma 1a do hoat tinh cua Agp.

Tiép d6 & khoang 15h thém sucroza bd sung, ma dugc chuyén hoa lai thanh glucoza-1-
phosphat va ma tich lily trong moi trudng. Fructoza ciing tich Iy trong moi truong, dé
chi ra rang té bao di gidi han tiém luc dé chuyén hoa tiép hop chét nay (0,64 mol

fructoza/mol sucroza).

Trong thir nghiém tiép theo, sucroza va phosphat duoc bd sung theo cac khoang thoi
gian déu dan trong qua trinh 1én men. Nong d6 aglucoza-1-phosphat cuc dai thu duge

khoang 57g/1.
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Vi du 5. Su bat hoat gen ma héa phosphoglucomutaza

Dé tach su chuyén hoa theo vi du 1-4 gen mi héa phosphoglucomutaza phdi dugc bét
hoat. Qua phuong phap kinh dién dugc Datsenko va Wanner md ta (19) su bét hoat
gen tao ra doan nhiém sic thé xdp xi 84 cip bazo. Cac chiing trong d6 gen bi bét hoat
theo cach dudong nhu dé sinh trudng trén moi truong phirc hgp nhung, that ngac nhién,
khong sinh truéng trén moi trudong tbi thiéu nhu duge mo ta trong phan vét liéu va
phuong phéap. Tuy nhién, chung nay sinh truéng trén mdi truong tbi thiéu khi catxet
kanamyxin dugc bd lai sau. Nhin bé ngoai su loai bé trinh tu géc & ving nhiém sic thé
nay dudong nhu 13 dé ngin can sy sinh trudng trén méi trudng tdi thiéu nhung su thay
thé trinh tu cu thé nay (gen pgm), ma héa phosphoglucomutaza, bang trinh tur ¢6 ciing
d6 dai ma khong. Viéc nay da duoc x4c nhan bing cach thay thé gen pgm bang mot
phén ctia gen GFP ma chinh x4c 1 c6 cuing kich thuéc nhu gen pgm. Piéu nay ciing
tao ra chung dot bién ma c6 kha ning sinh truéng trén moi truong tbi thiéu. Trinh tu
ctia cac ching nay & vi tri pgm trén nhiém sic thé duoc thé hién trong Fig. 11, Fig. 12,

Fig. 13 va Fig. 14.
Vi du 6. Tao xenlobioza & E. coli

Cac chiing tao xenlobioza dd dugc tao ciu tric bét dau tir ‘Chung gbc 1° (Fig.8). Bé
dat dugc didu nay plasmit chita ci hai sucroza phosphorylaza (Bifidobacterium
adolescentis) va xenlobioza phosphorylaza (Cellulomonas uda) dugc chén vao kiéu
dai & E. coli MG1655 A AglgC Apgm AlacZ (3KO), va E. coli MG1655 Aagp AglgC
Apgm AlacZ (AKO) (Bang 4). Cac gen b sung cin dugc bat hoat 14 glk va ptsG, béi vi
c4 hai gen nay chuyén héa glucoza thanh glucoza-6-phosphat.

Béang 4: Ching tao xenlobioza

Bit hoat gen Phan tng
lacZ Glu +Gal < Lactoza
pgm G1P < G6P
glgC G1P + ATP + H <> ADP-glucoza +
PPi
agp G1P + H,O - Glu + Pi
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yejM Suc = GIP + Fruc

ptsG Glu + PEP - G6P + Pyr

glk Glu + ATP - G6P + ADP
Hoat hoa gen Phén tGng

Sucroza Sucroza + Pi> GI1P + Fruc

phosphorylaza

Xenlobioza G1P + Glu = Xenlobioza + Pi

phosphorylaza

So sanh chung dai va chiing nut
Dé danh gi4 tiém lyc cla chién luge cai bién vé mit chuyén hoa duge du tinh dé tao ra
cac hydratcacbon chuyén biét, viéc tao xenlobioza dugc theo doi & nhiéu chiung dugc
cai bién khac nhau:

e FE coli MG1655 (WT) P22-BaSP P22-CuCP

e FE. coliMG1655 AglgC Apgm AlacZ (3KO) P2- BaSP P22-CuCP

e FE. coli MG1655 AglgC Apgm AlacZ Aagp (4KO) P22-BaSP P22-CuCP

Pé dat duoc didu nay, tién hanh thir nghiém trong binh lic. Mdi truong chira moi
truong LB duoc dém va sucroza va glucoza dugce bd sung theo cac lugng bing nhau
vao cac binh lic, sao cho ndng do cubi cing dat dugc trong binh lic 1a 1,978g
xenlobioza /L (Bang 5). Cac két qua trong cic binh lic duoc mb ta trong Fig. 5. Nong
do (ngoai bao) xenlobioza san phdm mong mudn ting bang s lwong cac dot bién da

duoc dua vao.

Bang 5: Su tao xenlobioza cua cac ching duoc cai bién khic nhau

Chiing Viét tit Xenlobioza (g/L)
E. coli MG1655 P22-BaSP | WT P22-BaSP P22-CuCP 0
P22-CuCP
E. coli MGI1655 AglgC | 3KO P22-BaSP P22-CuCP 0,539
Apgm  AlacZ P22-BaSP
P22-CuCP
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E. coli MG1655 AglgC | 4KO P22-BaSP P22-CuCP 1,978
Apgm AlacZ Aagp P22-
BaSP P22-CuCP

Su tao xenlobioza bang ApgmAlacZAglgCAagp (4KO) P22-BaSP P22-CuCP trén moi
truong LB dugce dém & quy mo binh phéan Ung.

Kha ning cta ApgmAlacZAglgCAagp P22-BaSP P22-CuCP dé tao ra xenlobioza dugc
x4c nhén trén quy md binh phan tng trong thir nghiém so bo. Pé dat duge didu nay,
tién hanh nudi cdy bang méi truong LB dugc dém. O khoang 9h va vao cic thoi diém
cu thé dung dich chira 500g/1 sucroza va 250g/l glucoza duoc bd sung vao mdi trudng
nudi cdy.

Hiéu qua nguogc cua khoang 30% (mol xenlobioza dugc tao ra/ mol sucroza dugc ti€u
thu) dat dugc va khoang 40% géc glucoza cda sucroza hét trong xenlobioza hodc trong
glucoza-1-phosphat. Do chuén cua khoang 15g/1 xenlobioza dat duoc & cudi ctia moi
trudng nudi ciy.

Thir hai, viéc tao xenlobioza dugc xac nhan trong nudi céy theo mé bit dau tir 70g/1
sucroza c¢6 ndng d6 phosphat cao va ndng do phosphat thap. Phosphat cao chi ra ndng
d6 phosphat 1a phosphat 0,2M, phosphat thdp chi ra ndng dd phosphat 13 mM. Diéu
nay anh huong dang ké dén sy san xuit. Nong d6 phosphat cao tao ra do chuan cudi
cung xép xi 20g/l va san lugng 0,33 g/g, trong khi ndng do phosphat thip tao ra do

chudn cudi ciing 12 42g/1 va san luong trén sucroza tiéu thu 1a 0,84g/g (Fig.9).
Vi du 7. Cai bién chiing gdc 2 (Sucroza- sucroza syntaza) va viéc sit dung n6

Bang cach cai bién v€ mdt chuyén hoa ching goc E. coli dugc tao cau chung ma la vat
tao hiéu qua cac hydratcacbon chuyén biét va cac dan xuat cia ching con dudng cua

n6 khéi dau tir UDP-glucoza.

Bing cach dua sucroza syntaza vao (vi du, c¢6 ngudn gbc tir Solanum tuberosum),
sucroza dugc tach thanh fructoza va UDP-glucoza. Bing cach bit hoat thém céc gen
ma hoéa UDP-glucoza 4 epimeraza (galE), UDP-glucoza galactoza-1-P
uridilyltransferaza (galT), glucoza-1-P uridilyltransferaza (galU, galF), 5'-nucleotidaza
/ UDP-duong hydrolaza (ushA), UDP-glucoza 6-dehydrogenaza (ugd), thudc operon

axit colanic (ca) thé dot bién duoc tao cu trac ma tich liiy UDP-glucoza (Bang 6).
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Bit hoat gen Phén tng
ca —> axit colanic
galU G1P +UTP <-->UDP-Glc + PPi
galF G1P +UTP <-->UDP-Glc + PPi
galE UDP-Glc¢ <--> UDP-Gal
galT UDP-Glc + GallP <--> UDP-Gal +
G1P
ushA UDP-duong + H,O <--> uridin-5’-
phosphat + 2H '+ aldoza-1-phosphat
ugd 2 NAD +UDP-duong + H,O <--> 2
NADH + UDP-glucuronat + 3H"
Hoat hoa gen Phan tng
Sucroza syntaza | Suc + UDP-> UDP Glu + Fruc

Vi du 8. Bicu hién cta sucroza syntaza & E. coli

Hoat tinh ctia sucroza syntaza dugc xac dinh b?mg cach str dung thir nghiém in vitro.

Sucroza syntaza tir Solanum tuberosum duoc biéu hién khac loai ¢ E. coli BL21. Tir

mdi trudng nudi cay nay, dich chiét enzym dugce diéu che, ma duge 4 voi 500mM

sucroza va 2mM UDP. Su chuyén hoéa lugng UDP-Glucoza dugc tao ra dugce néu

trong Bang 7.

Bang 7: Thir nghiém enzym sucroza syntaza minh hoa hoat dong cia phan ing phéin

cit sucroza syntaza (Hon hop chira 500mM sucroza va 2mM UDP)

Thoi gian nap mau UDP-Glucoza duoc tao ra
Oh 10 phut Smg/L
1h 40 phut 64mg/L
24h 300mg/L
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Vidu 9. Tao sophoroza

Bit dau tur chung géc 2 (UDP-Glucoza), ching dugc tao cAu tric ma tao ra luong 16n
sophoroza, dudi dang polyme cua cac don vi sophoroza. Diéu nay dat duoc bang cach
dua bd sung gen tts tir Streptococcus pneumoniae (50). Céc don vi sophoroza c6 thé
duoc tao ra ctia polymer sophoroza theo hai cach, tirc 1a, qua su thuy phin axit hodc
qua su chuyén héa enzym. Enzym ndy ciing c6 thé dugc biéu hién qua muc trong

ching san xuat.

Pé danh gia tiém ning cua chién luoc cai bién v& mit chuyén héa, polyme sophoroza
dugce xac dinh dbi véi ching E. coli MG1655 P22-BaSP P22-#ts, va 6KO P22-BaSP
P22-tts (E. coli MG1655 AglgC Apgm AlacZ Aagp AptsG Aglk) bang céach cho cac
chung nay sinh truéng trén moi truong tbi thidu chira lactoza 13 ngudn cacbon duy
nhat. Cac két qua duoc néu trong Fig. 15. Cac két qua nay chi ra rang cac ching dot

bién tao ra c6 hiéu quéa nhiéu polymer sophoroza so véi ching dai.
Vi du 10. Cai bién (Lactoza- lactoza phosphorylaza) ctia chiing gbc 3 va sy st dung n6

Bing cach dua lactoza phosphorylaza vao (20), lactoza dugc tach thanh glucoza va
galactoza-1-P. Bing cach loai bd bd sung cac gen ma hoa agp, galE, galT, lacZ, va su
chuyén hoa duoc tach thanh hai phan tach rdi. Tuy nhién, tat ca su két hop c6 thé co
clia cac gen ndy dan dén su tich lity galactoza-1-phosphat ting. Thay vi bét hoat cac
gen nay, muc tiéu nay cling c6 thé dat dugc bang cach cho ching c¢é nhuoc diém hoac

bang cach lam giam su biéu hién cta chiing (Bang 8).

Bang 8: Galactoza-1-phosphat cta ching gbc 3 (Lactoza- lactoza phosphorylaza)

Bit hoat gen Phan tng
lacZ Glu +Gal < Lactoza
galE UDP-Glc <--> UDP-Gal
agp G1P + H20 ->Glu + Pi
galT ~ | UDP-Glc + GallP <--> UDP-Gal +
G1P
Hoat hda gen Phén tng
Lactoza Lactoza + Pi—> GallP + Glucoza
phosphorylaza
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Vidu 11. Tao galactoza (f1-4)L.-Rhamnoza

C6 ngudn gbe tir ching gbc 3, chu tric tao Gal(B1-4)L-Rha dugc cai bién bing cach
chén thém vao gen mid hda (Ga)lacto-N-bioza D-galactosyl-(B1-4)-L-rhamnoza
phosphorylaza, ching chuyén héa Galactoza-1-phosphat va rhamnoza thanh Gal(B1-
4)L-Rha va phosphat.

Tién hanh 1én men sit dung Lactoza 1am ngudn cacbon chinh thu dugc luong Gal(B1-
4)L-Rha. L-rhamnoza dugc bd sung vio mdi trudong. Ngin nglra sy suy giam
rhamnoza khong mong muén bing cich bit hoat gen lién quan dén su suy giam

rhamnoza (rhad, rhaB, rhaC, rhaD).
Vi du 12. Cai bién ching 4 (Lactoza — lactoza syntaza) va sit dung nd

Béng viéc chén lactoza sythaza (71, 72) lactoza dugc tach ra thanh glucoza va UDP-
galactoza. Bang cach b4t hoat thém gen mi héa beta-galactosidaza (lacZ), UDP-
glucoza, galactoza-1-P uridilyltransferaza (ga/T) UDP-glucoza 4 epimeraza (galE), 5'-
nucleotidaza/UDP-duong hydrolaza (ushA), UDP-glucoza 6-dehydrogenaza (ugd),
thudc vé operon axit colanic (ca), su dot biét duoc tao ra gdy tich liiy UDP-Galactoza

(Bang 9).

Bang 9: UDP-Galactoza (Lactoza syntaza) cua chung gbc 4

Bit hoat gen Phan tng
lacZ Glu +Gal < Lactoza
galE UDP-Glc <--> UDP-Gal
galT UDP-Glc¢ + GallP <--> UDP-Gal +
G1P
ca —> axit colanic
ushA UDP-duong + HO <--> uridin-5’-
phosphat + 2H '+ aldoza-1-phosphat
ugd 2 NAD +UDP-duong + H,O <--> 2
NADH + UDP-glucuronat + 3H"
Hoat hda gen Phan tng
Lactoza syntaza | Lactoza - UDP-Gal + Glu
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Vi du 13. Tao galactinol

C6 ngudn goc tir ching gbc 4, cdu tric tao galactinol duge cai bién bing cach chén
thém vao gen ma hoa inositol 3-alpha-galactosyltransferaza, enzym nay xuc tac su

chuyén hoa:
UDP-galactoza + myo-inositol = UDP + O-a-D-galactosyl-(1—3)-1D-myo-inositol

Tién hanh 1én men st dung lactoza 1am ngudn cacbon chinh dé thu duoc lugng

galactinol trong d6 myo-inositol dugc bd sung vao moi trudng.
Vi du 14. Tao globotrioza

C6 ngudn gde tir ching gbce 4, c4u tric tao globotrioza dugc cai bién bing cach chén
thém gen [gtC tir Neisseria meningitidis (3) ma hoa o-1,4-Gal transferaza, enzym nay
xuc tac su chuyén héa UDP-Gal + Lactoza - UDP + Globotrioza. Tién hanh 1én men

sir dung Lactoza 1am ngudn cacbon chinh dé thu duoc lugng globotrioza.
Vi du 15. Cai bién ching gbc 5 va tao dudong fucosyl hoa

C6 ngudn gde tir chiing gbc 5, chiing nay l1am giau fructoza-6-phosphat, (dugc mo ta &
vi du 20 va vi du 28), din xuit duong fucosyl hoa nhu fucosyllactoza va cu thé hon 1a
1,2-fucosyllactoza c6 thé duoc san xuat. Dé két thic, ching nay duoc bién ddi so cho
té bao ¢6 kha nang tao fructoza-6-phosphat 1a tién chit cia GDP-fucoza. Glucoza hodc
glucoza-1-phosphat (néu enzym bit dau hodc 1a sucraza hodc sucroza phosphorylaza)
sau d6 dugc cung cip sy chuyén héa cacbon chinh thong qua con dudng pentoza
phosphat. Fig.10 thé hién quy trinh dat dugc su sén phim va sinh khdi va nhitng bét
hoat gen can thiét d dat dugc didu nay. D& tranh mét fructoza-6-phosphat thong qua
glycolysis, pfkA4, pfkB va pgi dugc bét hoat. D& tranh tich tu pyruvat, quy trinh Entner
Douderoff dugc bét hoat (edd va eda).

Vi GDP-fucoza 13 chét trung gian ctia con dudng sinh tong hop axit colanic, con
dudng nay duoc cai bién. Gen tir operon axit colonic ¢6 thé giam bat tiém 4n luong
san pham bi bat hoat. Cac gen ndy 1a gmm, wcad, weaBi, weaC, weaD, weaE, weaF,
weal, weaJ, weaK, weal va/hodc, weaM. Cac gen mand, cpsG, cpsB, gmd va, fcl (lan
luot md hoéa cho manoza-6-phosphat isomeraza, phosphomanomutaza, manoza-1-
phosphat guanylyltransferaza, GDP-manoza 4,6-dehydrataza va GDP-fucoza syntaza)

duoge ting cudng trong su biéu hién ting luong GDP-fucoza. Hodc operon axit colanic
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duoc bit hoat hoan toan, véi viée chén lai vao gen can thiét cho su biéu hién qué muc
yéu t6 khoi dau (yéu tb khoi dau phién ma gen) nhén tao tir thu vién chira cac yéu tb
khéi du, hodc operon dugc cai bién sao cho céc gen nhu mo ta & trén 1a cac gen bi bét
hoat bang mdt hodc nhiéu gen con lai trong operon duge ting cudng biéu hién bing
cach thay dbi yéu t6 khoi ddu ciia operon bing yéu t6 khoi du tao thanh nhin tao
(23). GDP-fucoza cudi cing duoc lién két véi lactoza thanh a-1,2-fucosyllactoza bing
a-1,2-fucosyltransferaza. Fucosyltransferazas da bit ddu thtr nghiém tir Helicobacter
pylori, Bacteroides sp., Homo sapiens, Mus musculus, Bos taurus and, Dictyostelium

discoideum.
Vi du 16. Cai bién chung gbc 3 E. coli (Galactoza-1-P) va sir dung nd

Bing cach bat hoat gen mad hoéa phosphataza (agp), UDP-glucoza, galactoza-1-P
uridilyltransferaza (galT), UDP-glucoza-4-epimeraza (ga/E) mot dot bién duoc hinh
thanh lién quan dén viéc tich tu galactoza-1-P. Bing cach biéu hién qui mirc gen ma
hoa galactokinaza (galK) va/hodc galactoza-1-epimeraza (galM), su tao thanh

galactoza-1-P dugc ting cuong (Bang ).

Bang 10: Ching gdc galactoza-1-phosphat

Bit hoat gen Phan g
galT GallP + UDP-Glucoza <« UDP-
Galactoza + G1P
galE UDP-Glucoza < UDP-Galactoza
agp Glucoza-1-phosphat + H,O —Pi +
glucoza
Hoat héa gen Phén Umg
galkK a-galactoza + ATP -> GallP +
ADP
galM B-galactoza < a-galactoza
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Vi du 17. Cai bién chung gbc 3 (Galactoza-1P) va st dung né

Bing cach bit hoat gen mi héa phosphataza (agp), UDP-glucoza, galactoza-1-P
uridilyltransferaza (galT), UDP-glucoza-4-epimeraza (galE) va bing cach biéu hién
qua mtrc thém gen ma hoa galactokinaza (galK), dot bién duoc cai bién tao ra sy tich

tu galactoza-1-P (Bang 11).

Bang 11: E. coli ching gbc galactoza-1-phosphat

Bit hoat gen Phéan Ung

galT GallP + UDP-Glucoza < UDP-
Galactoza + G1P

galE UDP-Glucoza «» UDP-Galactoza

galk a-galactoza + ATP - GallP +
ADP

galM B-galactoza < a-galactoza

agp glucoza-1-phosphat + H,0O —Pi +
glucoza

Hoat héa gen Phan Ung

galK a-galactoza + ATP - GallP +
ADP

Dé danh gia tiém ning cia chién lugc cai bién v& mit chuyén hoa, ndng do galactoza-
1-phosphat dugc x4c dinh dbi v6i E. coli MG1655 AgalET P22 galK ching dai, E.
coli MG1655 AgalETKM Aagp P22 galK, E. coli MG1655 AgalET P22 galK, va E.
coli MG1655 AgalETKM Aagp P22 galK + orotat (2g/L) bing cach lam ting truéng
ching trong méi truong tdi thiéu chira lactoza (15g/L) lam ngudn cacbon chinh. Két

quéa dugc mo ta trong bang 12.
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Béang: 12 Nong d6 galactoza-1-P clia cac dot bién E. coli khéc nhau

Ching Galactoza-1-P (mg/L)
E. coli MG1655 Khong phat hién duoc
E. coli MG1655 AgalET P22 galK 15,73
E. coli MG1655 AgalETKM Aagp P22 galK 69,08
E. coli MG1655 AgalET P22 galK 12,48
E. coli MG1655 AgalETKM Aagp P22 galK + orotat (2g/L) 64,90

Vi du 18. Tao glucoza-6-phosphat st dung sucroza phosphorylaza trong E. coli

Bing cach bd sung sucroza phosphorylaza, sucroza dugc tach ra thanh glucoza-1-P va
fructoza. Bang cach bét hoat thém gen ma héa phosphataza (agp), glucoza 6-phosphat-
1-dehydrogenaza (zwf), phosphoglucoza isomeraza (pgi), glucoza-1-phosphat
adenylyltransferaza (glgC), dot bién dugc cai bién dé tich lily glucoza-6-P.

Dot bién KO dugce chon theo cach ma qué trinh chuyén héa duge tach ra thanh hai
phan khong lién quan dén nhau. Tuy nhién, tit ca su két hop c6 thé cta cac gen nay
lam ting ngudn du trit. Thay vi bét hoat nhitng gen nay, muc dich ndy cling dat dugc

bang cach lam cho chiing bi khuyét hodc 1am giam sy biéu hién cia ching.

Bing cach cai bién chuyén hoa E. coli, ching goc dugce tao cau truc 1a cau tric ¢6 chic
niang cua carbohydrat dac hiéu va dan xuat ctia ching, ching cé quy trinh c6 ngudn

gbc tir Glucoza-6-P (Bang 13).

Bang 13: Glucoza-6-phosphat cua ching gbc sir dung sucroza phosphorylaza

Bat hoat gen Phan ung
zwf G6P + NADP - 6PG + NADPH
agp G1P + H,O - Glc + Pi
glgC G1P + ATP + H <> ADP-glucoza
+ PPi
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pgi G6P—F6P

Hoat hoa gen Phan tng
Sucroza Suc + Pi= G1P + Fru
phosphorylaza
pgm G6P—GI1P

Vi du 19. Tao glucoza-6-phosphat st dung invertaza & E. coli

Bing cach chén vao sucroza hydrolaza/invertaza, sucroza dugc tach ra thanh glucoza
va fructoza. Bing cach bat hoat thém gen ma héa phosphataza (agp), glucoza 6-
phosphat-1-dehydrogenaza (zwf), phosphoglucoza isomeraza (pgi), glucoza-1-
phosphat adenylyltransferaza (g/gC), phosphoglucomutaza (pgm), chu triic dot bién
duoc tao ra, no tich lily glucoza-6-P (Bang 14).

Bang 14: Glucoza-6-phosphat ciia ching gdc str dung invertaza trong E. coli

BAt hoat gen Phén g
wf G6P + NADP - 6PG + NADPH
agp G1P + H,O = Glu + Pi
pgi G6P—F6P
pgm G6P—~GI1P
Hoat hoa gen Phén ing
invertaza Suc + H,0—> Glc + Fru

Vi du 20. Tao fructoza-6-phosphat st dung invertaza trong E. coli

Bing cach chén vio sucroza hydrolaza/invertaza, sucroza dugc tach ra thanh glucoza
va fructoza. Bing cach bit hoat thém gen md hoa phosphataza (agp),
phosphofructokinaza (pfk4 va pfkB), phosphoglucoza isomeraza (pgi), glucoza-1-
phosphat adenylyltransferaza (g/gC), phosphoglucomutaza (pgm), cdu trac dot bién
duoc tao ra, no tich tu fructoza-6-phosphat (Bang 15).
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Bang 15: Fructoza-6-phosphat clia chiing gdc

Bit hoat gen Phan ng
prkA F6P+ATP—> FBP+ADP
pfkB F6P+ATP-> FBP+ADP
agp G1P + H,0 - Glc + Pi
pgi G6P<—F6P
pgm G6P—~GI1P

Hoat héa gen Phéan g
invertaza Suc + H,0 = Glc¢ + Fru

Vi du 21. Tao B-glucoza-1-phosphat sit dung maltoza phophorylaza trong E. coli

Bing cach chén vao maltoza phosphorylaza, maltoza dugc tach ra thanh B-D-glucoza
1-phosphat va glucoza. Bing cach bat hoat thém gen ma hoéa phosphataza (agp, y/bT),
phosphoglucomutaza (ycjU), maltoza hydrolaza (malPQ), cdu trac dot bién dugc tao
ra, no tich tu B-glucoza -1-P. Thé dot bién KO dugc chon, trong d6 quy trinh chuyén
héa dugc tach ra thanh phin khéng lién quan dén nhau. Tuy nhién, tat ca su két hop c6
thé cua nhitng gen nay lam ting ngudn duy trir. Thay vi bat hoat cac gen nay, muc dich
ndy ciing c6 thé ciing dat dugc bang cach lam cho chiing bi khuyét hodc 1am giam su

biéu hién ctia chung (Bang 16).

Bang 16: B-D-Glucoza-1-phosphat ctia chiung gdc st dung maltoza phophorylaza
trong E. coli

Bat hoat gen Phén ing
malPQ Maltoza = glucoza
yfbT B-D-glucoza 1-phosphat +H,O —>

glucoza+ Pi

agp Glucoza-1-phosphat  +H,O >

glucoza+ Pi
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yejU B-D-glucoza 1-phosphat <=> B-D-
glucoza-6-phosphat

Hoat hoa gen Phén tng

Maltoza Maltoza + Pi—> Glucoza-1P +
phosphorylaza | Glucoza
(MP)

Vi du 22. Tao B-glucoza-1-phosphat st dung trehaloza phophorylaza trong E. coli

Bing cach dua trehaloza vao, trehaloza phosphorylaza dugc tach ra thanh B-D-glucoza

1-phosphat va glucoza. Bing cach bat hoat thém gen ma hoéa phosphataza (agp, y/bT),

phosphoglucomutaza (ycjU), cic enzym suy bién trehaloza tw nhién khong mong

mudn (treABC, treC, treE, treF), cAu truc dot bién duogc tao ra, no6 tich tu B-glucoza -1-

phosphat (Bang 17).

Thé d6t bién KO duoc chon trong do6 su chuyén hoa dugc tach ra thanh hai phén

khong lién quan

dén nhau. Tuy nhién, tit ca su két hop c6 thé ciia cac gen ndy lam

ting ning suat. Thay vi bat hoat c4c gen nay, muc dich nay c6 thé dat dugc bang cach

1am cho chiing bi khuyét hodc 1am giam su biéu hién cta ching.

Bang 17: B-D-glucoza-1-phosphat cia chung gbc st dung trehaloza phosphorylaza

trong E. coli

Bit hoat gen Phan trng

treA trehaloza + H20 - 2 B-D-glucoza

treC trehaloza 6-phosphat + H20 = B-D-glucoza-6-phosphat + -
D-glucoza

treE trehaloza 6-phosphat + H,O < B-D-glucoza-6-phosphat + B-D-
glucoza

treF’ trehaloza + H20 « 2 B-D-glucoza

yfbT B-D-glucoza 1-phosphat +H,O = Glucoza + Pi

agp glucoza 1-phosphat +H,0O = Glucoza + Pi
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yejU B-D-glucoza 1-phosphat <> B-D-glucoza-6-phosphat
Hoat hoa gen Phan tng

Trehaloza Trehaloza + Pi—=> B-D-Glucoza-1P + Glucoza

Phosphorylaza (TP)

otsB Trehaloza-6-phosphat + H,O = trehaloza + Pi

Vi du 23. Tao kojibioza

Bing cach bd sung thém kojibioza phosphorylaza trong ching tich Ity B-D-glucoza 1-
phosphat va bit hoat thém gen mi héa glucokinaza (g/k) va, hé phosphotransferaza

(ptsG), cAu tric dot bién dugce tao ra, né tao kojibioza.

Su lén men dat duogc voi ching dot bién E. coli
(AlacZAglgCAagpAptsGAmalPQAycjU pCXp22MPp22KP) st dung maltoza va

glucoza 1am ngudn cacbon chinh thu dugc kojibioza. (Fig. 16).
Vi du 24. Tao UDP glucoza tir sucroza thong qua sucroza phosphorylaza

Bing cach cho sucroza phosphorylaza vao (vi du, c6 ngudn goc tir Bifidobacterium
adolescentis), sucroza dugc tach ra thanh fructoza va glucoza-1-P. Co ngudn gde tir
ching tich lily glucoza-1-phosphat (xem vi du & trén) va bang cach bat hoat thém gen
mid hoa UDP-glucoza 4 epimeraza (galE), UDP-glucoza galactoza-1-P
uridilyltransferaza (galT), 5'-nucleotidaza/UDP-dudng hydrolaza (ushA), UDP-glucoza
6-dehydrogenaza (ugd), thé dot bién dugc tao chu trac, no tich lily UDP-glucoza bang
cach ciing biéu hién qua mirc gen mi héa UDP-glucoza pyrophosphorylaza (vi du, dén

tr Bifidobacterium bifidum) (Bang 18).

Bang 18: Chung gbc UDP-glucoza tir sucroza qua sucroza phosphorylaza trong E. coli

Bat hoat gen Phan tng
lacZ Glu +Gal < Lactoza
galE UDP-Glucoza<—UDP-Galactoza
galT GallP + UDP-Glucoza < UDP-
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Galactoza + G1P

ca

- axit colanic

ushA

a UDP-duong + H,O <« uridin-5'-
phosphat + an a-D-aldoza-1-
phosphat + 2 H+

ugd

2 NAD+ + UDP-D-glucoza + H,O
< 2 NADH + UDP-D-glucuronat
+3 H+

pgm

GI1P < G6P

glgC

G1P + ATP + H <> ADP-glucoza
+ PPi

agp

G1P + H,O = Glu + Pi

ptsG

Glc + PEP - G6P + Pyr

glk

Glc + ATP - G6P + ADP

Hoat héa gen

Phén ting

galU/F

G1P +UTP —UDP-Glucoza + PPi

Sucroza

phosphorylaza

Suc 2 GI1P + Fru

Vi du 25. Tao UDP-glucoza trong E. coli v6i sucroza-6-phosphat syntaza két hop véi

sucroza PTS

Bing cach chén sucroza PTS (94) va sucroza-6-phosphat syntaza (69), sucroza dugc
chuyén hoa thanh fructoza-6-phosphat va UDP-glucoza. Cé ngudn gde tir chiing duge
mo ta trong vi du 4, khong c6 sucroza phosphorylaza, va bang cach bat hoat thém gen
ma hoa phosphataza (agp), UDP-glucoza 4 epimeraza (galE), UDP-glucoza galactoza-
1-P uridilyltransferaza (gal/T), 5'-nucleotidaza / UDP-duong hydrolaza (ushA4), UDP-
glucoza 6-dehydrogenaza (ugd), ciu truc dot bién duoc tao ra, né tich liy UDP-

glucoza bing cach biéu hién thém gen ma héa UDP-glucoza pyrophosphorylaza

(Bifidobacterium bifidum) (Bang 19).
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sucroza PTS

B4t hoat gen Phan tng

galE UDP-Glucoza<~UDP-Galactoza

galU/galF UTP + G1P <> UDP-Glucoza + PPi

galT GallP + UDP-Glucoza < UDP-
Galactoza + G1P

ca —> axit colanic

ushA a UDP-duong + H,O < uridin-5'-
phosphat + a-D-aldoza-1-phosphat
+2 H+

ugd 2 NAD+ + UDP-D-glucoza + H,0O
< 2 NADH + UDP-D-glucuronat
+ 3 H+

Hoat héa gen Phén tng

Sucroza 6P | UDP-glucoza + D-fructoza 6-

syntaza phosphat 2>
UDP + Sucroza 6-phosphat

Sucroza PTS | Sucroza + PEP->  Sucroza-6-
phosphat + Pyruvat

Vi du 26. Tao UDP galactoza thong qua galactokinaza

Bing cach biéu hién qua mirc gen mi héa galactokinaza (galK) va galactoza-1-
phosphat uridylyltransferaza (vi du, c6 ngudn gbc tir Bifidobacterium bifidum), su tao
thanh UDP-galactoza dugc ting cudng bing cach b4t hoat thém gen mi hoéa
phosphataza) (agp), UDP-glucoza, galactoza-1-P uridilyltransferaza (gall), UDP-
glucoza-4-epimeraza (galE) cau tric dot bién dugc tao ra, no tich lily galactoza-1-P

(Bang 20).
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Bang 20: UDP-galactoza cia ching gbc thong qua galactokinaza

Bat hoat gen Phan ing
galT GallP + UDP-Glucoza < UDP-
Galactoza + G1P
galE UDP-Glucoza «» UDP-Galactoza
galK a-galactoza + ATP - GallP +
ADP
galM B-galactoza <> a-galactoza
agp glucoza 1-phosphat + H20 —Pi +
glucoza
Hoat hoa gen Phén tng
galK a-galactoza + ATP - GallP +
ADP
Galactoza-1- GallP + UTP->UDP-Galactoza
phosphat +PPi
uridylyltransferaza

Vi du 27. Tao UDP galactoza thong qua lactoza phosphorylaza

Bing cach chén lactoza phosphorylaza (20), lactoza dugc tach ra thanh glucoza va
galactoza-1-P. Bing cach bit hoat gen mi héa phosphataza (agp), UDP-glucoza,
galactoza-1-P uridilyltransferaza (ga/T), UDP-glucoza-4-epimeraza (galE) chu triic dot
bién dugc tao ra, no tich lily galactoza-1-P. Bing cach biéu hién qua mirc gen ma hoa
galactoza-1-phosphat uridylyltransferaza (vi du, liy tir Bifidobacterium bifidum), su
tao thanh UDP-galactoza dugc ting cuong (Bang 21).

Thé @6t bién KO duoc chon trong d6 su chuyén hoa dugc tach ra thanh hai phé‘m
khong lién quan. Tuy nhién, tit ca su két hop c6 thé clia cac gen nay lam ting san
lugng. Thay vi bit hoat gen nay, muc dich nay c6 thé dat duoc bang cach lam khuyét

chung hodc bang cach lam gidm sy bi€u hién cta ching.
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Bang 21: UDP-galactoza ciia chiing gbc thong qua lactoza phosphorylaza

B4t hoat gen Phén Ung
lacZ Glu +Gal < Lactoza
galE UDP-Glc <--> UDP-Gal
agp G1P + H,O ->Glu + Pi
galT UDP-GIc + GallP <--> UDP-Gal +
G1P
Hoat hoa gen Phan tng
Lactoza Lactoza + Pi—> GallP + Glucoza
phosphorylaza
Galactoza-1- Gal1P + UTP->UDP-Galactoza +PPi
phosphat
uridylyltransferaza

Vi du 28. Tich liiy fructoza-6-phosphat trong E. coli

Su chuyén hoa duoc tach ra dé tich lily fructoza-6-phosphat. Diéu nay dat dugc bing
cach bit hoat gen md hoa phosphoglucoza isomeraza va hoat tinh
phosphofructokinaza. Trong E. coli hoat tinh ndy dugc ma héa bang gen pgi, pfkA va
pfkB. Tc @ tang trudng cia ching khong c6 hoat tinh nay duge md ta trong Bang 22
v& su sinh trudng trén glucoza va sucroza. Toc do ting trudong cia ching dai c6 phan
bi anh hudng khi sinh trudng trén sucroza sau khi thém vao sucroza phosphorylaza so
v6i su sinh trudng trén glucoza, tuy nhién sy dua vao sy bét hoat pgi va dot bién kép
pfkd va pfkB dan dén giam dang ké tdc do tang trudng, voi tbc do tang trudng sau d6
cuc thip (0,02h-1) trén glucoza. Ngac nhién 1a chiing dot bién ApgiApfkAApfkB c6 toc

d6 tang trudng twong tu voi dot bién don Apgi.
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Bang 22: Téc do ting trudng cu thé cua ching bat hoat glycolysis trong méi trudng t6i
thidu v6i glucoza va sucroza. O ching sinh trudng trén sucroza, plasmit mi hoa

sucroza phosphorylaza dugc dua vao.

Chung T6c d6 sinh trudng trén Téc do sinh truéng trén
glucoza (h-1) sucroza (h-1)
Loai dai 0,64 0,41
Apgi 0,18 0,23
ApfkAApfkB 0,02 n.d.
ApgiApfkAApfkB 0,23 0,24

Chi chiing dot bién ApgiApfkAApfkB tich liiy fructoza-6-phosphat trong moi trudong khi
sinh truéng trén sucroza, cac ching khac khong boc 16 bat ky sy tich liiy F6P nao. Cac

chi s6 tang trudng va tich lily F6P & chiing nay duge thé hién trong Fig. 17.
Vi du 29. Tich lily aglucoza-1-phosphat trong Saccharomyces cereviseae

Vi ban chit Saccharomyces cereviseae tach sucroza, tat ca cic sucroza khac lam giam
phan Ung (invertaza), ching dugc ma hoa bing gen SUC2, MAL32, MALI2,
YJL216C, YGR287¢, dugc bat hoat. Dé tranh sy déng hoa o-glucoza-1-phosphat,
enzym chuyén hoa cacbohydrat hoat héa nay dwgc hoan lai chirc ning kém hoic
khong c6 chirc nang. Cac enzym nay la phosphoglucomutaza, dugc ma héa bé1 PGM1
va PGM2, va glucoza-1-phosphataza, dugc md hoa bdi INM1 va INM2. Bing cach
chén sucroza phosphorylaza (vi du, c¢6 ngudn gbc tir Bifidobacterium adolescentis),
tuong tu voi su chuyén hoa phan cit cta E. coli (xem vi du & trén). Su chuyén hoa &
Saccharomyces cereviseae dugc tach ra thanh hai phan dan dén sy tich lily aglucoza-

1-phosphat.
Vi du 30. Tao xellobioza bang Saccharomyces cereviseae

Vi ban chét Saccharomyces cereviseae phan cét sucroza, tit ca cac sucroza khac lam
giam phan Ung (invertaza), ching dugc ma hoéa béng gen SUC2, MAL32, MAL12,
YJL216C, YGR287¢c, duoc bat hoat. Dé tranh su déng hoéa a-glucoza-1-phosphat,
enzym chuyén héa carbohydrate hoat héa nay dugc hoan lai chtrc ning kém hodc

khong c6 chirc nang. Cac enzym la phosphoglucomutaza, dugc ma héa béi PGMI va

-57-




272178

PGM2, va glucoza-1-phosphataza, dugc ma hoa bdi INM1 va INM2. Bing cach chén
sucroza phosphorylaza (vi du, c6 ngudn gbc tir Bifidobacterium adolescentis), twong
tu v6i su chuyén héa phan cit cia E. coli (xem vi du & trén). Su chuyén hoa &
Saccharomyces cereviseae duoc tach ra thanh hai phan dan dén su tich lily aglucoza-
1-phosphat. Bing cach chén gen xellobioza phosphorylaza c6 ngudn gbc tir

Cellulomonas uda, Saccharomyces cereviseae c6 kha nang tao xellobioza.

Dé tranh su phan hiy glucoza, hoat tinh glucokinaza, ma héa béi GLK1 ciing dugc bat
hoat. Vi hexokinaza trong Saccharomyces cereviseae khong dac hi€u, ching duoc thay
thé bang hexokinaza dic hiéu chét nén khéc loai cu thé. Fructokinaza c6 ngudn géc tr
E. coli hoac Bifidobacterium adolescentis thé hién hoat tinh glucoza thép va co thé

thay thé gen ma hoa hexokinaza tur nhién dugc ma héa béi HXK1 va HXK?2.

Vi du 31. Su tich liy fructoza-6-phosphat trong Saccharomyces cereviseae bing cach

chen sucroza phosphorylaza

Vi ban chét Saccharomyces cereviseae phan cit sucroza, tit ca cic sucroza khic lam
giam phan tng (invertaza), chung dugc ma hoa bang cac gen SUC2, MAL32, MAL12,
YJL216C, YGR287¢c, dugc bit hoat. Bing cach chén sucroza phophorylaza ¢ ngudn
gbc tir Bifidobacterium adolescentis, sucroza dugc tach ra thanh fructoza va glucoza-
1-phosphat. Dé tranh su chuyén héa fructoza-6-phosphat thanh sinh khéi, hoat tinh ciia
enzym phosphoglucoza isomeraza va phosphofructokinaza dugc gidm hodc loai bd
bang cach 1an lugt lam cho cac gen PGMI, PFK1 va PFK2 gidm chitc ning hodc

khong c6 chirc ning.
Vi du 32. Su tich liiy galactoza-1-phosphat trong Saccharomyces cereviseae

Galactoza-1-phosphat ¢6 ngudn gbc tir disaccarit lactoza. Vi ban chit Saccharomyces
cereviseae khong phén cat lactoza, heterologous B-galactosidaza (vi du, tt E. coli)
duge chén vao. Didu nay din dén sy phan hiy lactoza thanh galactoza va glucoza.
Muc dich 1a @ 1am ting ngudn galactoza-1-phosphat cho con dudng sinh tdng hop ctia
carbohydrat cu thé. Do d6, galactoza-1-phosphat c6 thé khéng duoc chuyén héa mot
chut nao thanh sinh khdi, n6 dugc xtc tic bang UDP-glucoza-hexoza-1-phosphat
uridylyltransferaza, aldoza reductaza. Diéu nay dat dugc bang cach bat hoat gen ma
hoa twong tng UDP-glucoza-hexoza-1-phosphat uridylyltransferaza va aldoza

reductaza, GAL7 va GRE3. Dé tranh su phan hily ctia galactoza-1-phosphat ndy, gen
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mid hoa galactoza-1-phosphataza dugc bat hoat. Ching 1a INM1 va INM2.
Galactokinaza dugc biéu hién quéa muc dé tang cuong sy tao thanh galactoza-1-

phosphat tir galactoza.

Vi du 33. Su tich Ity glucoza-6-phosphat trong Saccharomyces cereviseae thong qua

invertaza tu nhién

D& phan cit chuyén hoa & Saccharomyces cereviseae thanh hai phén (& ting cuong
ngudn glucoza-6-phosphat sao cho né ¢6 thé dugce st dung lam chét phong tda tao cdu
traic déi v6éi carbohydrate cu thé), glucoza-6-phosphat dehydrogenaza,
phosphoglucomutaza va phosphoglucoza isomeraza, ma 1dn lugt duge ma héa béi gen
ZWF1, PGMI1 va PGM2, va PGI1 duogc bét hoat. Trong ching nay, sucroza dugc cit
thanh fructoza va glucoza bing invertaza ty nhién va dugc phosphoryl hoa thanh
fructoza-6-phosphat va glucoza-6-phosphat bing hexokinaza tu nhién. Sau do,
glucoza-6-phosphat dugc cung cip cho qua trinh sinh tbng hop carbohydrat dic biét va
fructoza-6-phosphat dugc chuyén héa thanh sinh khéi.

Vi du 34. Sy tich liiy glucoza-6-phosphat trong Saccharomyces cereviseae thong qua

sucroza phosphorylaza

Saccharomyces cereviseae dugc cai bién dé tao glucoza-6-phosphat tir sucroza véi
sucroza phosphorylaza c¢6 ngubn gbc tir Bifidobacterium adolescentis. Vi sucroza
phosphorylaza canh tranh vé sucroza véi invertaza, cac gen mi hoa hoat tinh invertaza
duogc bat hoat. Cac gen nay la SUC2, MAL32, MAL12, YJL216C, va YGR287c. Sau
d6, glucoza-1-phosphat ciing dugc chuyén hoéa thanh glucoza-6-phosphat véi
phosphoglucomutaza dugc ma héa bdi PGM1 va PGM2. Dé tranh sy phan huy
glucoza-1-phosphat thanh glucoza, glucoza-1-phosphataza dugc ma hoa boi INM1 va
INM2 dugc bat hoat. Su dong hoa ciia saccarit dd hoat héa nay ciing duge giam bang
cach loai bo hoat tinh UTP glucoza-1-phosphat uridylyltransferaza trong té bao, bing
cach hoan lai gen YHLO12W va UGP1 c¢6 chirc niang kém hodc khong c¢6 chirc nang.
Géc fructoza duoc phosphoryl hoa bang hexokinaza tw nhién dugc mi héa boi HXK1

va HXK2 va duoc chuyén hoa thanh sinh khdi.

Vi du 35. Tang cuong su tao thanh UDP-glucoza trong Saccharomyces cereviseae

thong qua sucroza syntaza
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Vi ban chit Saccharomyces cereviseae phan cit, tat ca sucroza khac lam gidm phan
ung (invertazas) ma dugc ma hoa br?lng gen SUC2, MAL32, MAL12, YJL216C,
YGR287¢, dugc bat hoat. Sucroza syntaza, vi du, cé ngu@)n géc tr Solanum
tuberosum, dugc chén vao sao cho sucroza dugc tach ra thanh UDP-glucoza va
fructoza. Dé tranh sy chuyén héa UDP-glucoza thanh sinh khéi, hoat tinh ctia enzym
UDP-glucoza diphosphorylaza, UDP-glucoza 4-epimeraza, UDP-glucoza-hexose-1-
phosphat uridylyltransferaza, UDP-glucoza-glycogen glucosyltransferaza, UDP-
glucoza-1,3-beta-D-glucan glucosyltransferaza, UDP-glucoza-glucozaphosphat
glucosyltransferaza dugc lam cho kém chic ndng hodc khong cé chic ndng, cac
enzym nay lan luot dugc ma hoa boi cac gen UGP1 va YHLO12W, GAL10, GAL7,
GSY1 va GSY2, FENI va FKS1 va GSC2, va TPS1. Gbc fructoza moiety dugc
phosphoryl hoa bang hexokinaza tu nhién dugc ma héa boi HXK1 va HXK2 va duge
chuyén héa thanh sinh khéi.

Vi du 36. Tang cudong su tao thanh UDP-glucoza trong Saccharomyces cereviseae

thong qua sucroza Sucroza phosphorylaza

Dé ting cudong ngudn UDP-glucoza trong Saccharomyces cereviseae, chimg nhu md ta
trong vi du 29 ciing dugc cai bién bang cach biéu hién qué muc gen GAL7 mi hoa
UTP-glucoza-1-phosphat uridylyltransferaza xuc tic su chuyén héa a-glucoza-1-

phosphat thanh UDP-glucoza.

Vi du 37. Tang cuong sy tao thanh UDP-galactoza trong Saccharomyces cereviseae

thong qua B-galactosidaza

Dé tang cudng ngudn UDP-galactoza trong Saccharomyces cereviseae, ching nhu mo
ta trong vi du 32 ciing duoc cai bién thém bang cach biéu hién qua muc gen ma hoa
UTP-galactoza-1-phosphat uridylyltransferaza (vi du, c6 tir Bifidobacterium bifidum)
xuc tac su chuyén hoa a-galactoza-1-phosphat thanh UDP-galactoza.

Vi du 38. Chen vao hoat tinh dictyostellium discoideum al,2-fucosyltransferaza

Dictyostelium discoideum al,2-fucosyltransferaza (FT) la mot phﬁn cua loai
glycosyltransferaza méi. Tt ca FT thudc vé loai GTI11, trong khi FT cua D.
discoideum thudc vé loai GT74. FT nay co, dén nay, chi tim théy trong hai sinh vat
khéc cu thé 13, Desulfococcus oleovorans va Desulfotomaculum reducens. Loai thir ba

12 GT37, n6 chi chtra FT thuc vat (Fig.18). Su lién két clustal W va Tcoffee chi ra rang
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v6i H. pylori 1an lugt 9,7% va 15,5%. Su bién dbi dugc bao ton ctia GT11 duge thé
hién trong Fig.19 va chung khong xuét hién trong tit ca protein Dictyostelium (67).
Nhitng ving nay phan biét ddi véi hoat tinh fucosyl hoa cia transferaza. Hai su bién
dbi diu tién gidng nhau ddi véi o-1,2-fucosyltransferaza va a-6-fucosyltransferaza,
trong khi su bién d6i thir ba khac vé enzym so v4i hai bién dbi trén. o-1,3-

fucosyltransferaza chira hai sy bién doi bao ton khac nhau hoan toan.

Tuy nhién, FT cua Dictyostelium discoideum FT da dugc mo ta chi c¢6 hoat tinh trén
lacto-N-bioza va khong cé hoat tinh trén galactoza phenyl-B-galactosit, GalB1-6-
GlcNac, Lactoza, Galp1-6Gal, Xyl, Glc, GIcNAc va GalNac (92).

Trong Fig.20 phidn tich LC MSMS cta tht nghiém fucosyltransferaza cua
Dictyostellium discoideum dugc thé hién. Thir nghiém nay da cho thdy diéu dang ngac
nhién réng, fucosyltransferaz dugc biéu hién khac loai c6 hoat tinh véi Lactoza lam
yéu td nhan va GDP-fucoza va lam yéu t6 cho fucoza. Hoat tinh ctia enzym nay 14 0,19

+ 0,01U/mg protein va dugc xac dinh theo phuong phap cta Persson va Palcic (68).

Vi chi m6t nira enzym cua Dictyostelium discoideum cb vai tro vé hoat tinh al,2-
fucosyltransferaza, phan nay dugc tach dong theo cch gidng voi enzym hoan chinh,
tuy nhién v6i ma khéi dau bd sung (mi héa béi ATG) & phia trude trinh tu nucleotit.
Enzym mdi nay dugc tao trong ching dot bién AlacZAglgCAmanAACA va duge phan
tich hoat tinh al,2-fucosyltransferaza véi LC MSMS. Fig.21 thé hién rd rang ring mot

phéan enzym nay van c6 kha ning tao ra 2-fucosyllactoza tir GDP-fucoza va lactoza.

Vi du 39. Tao myo-inositol trong E. coli

C6 ngudn gbc tir chung gdc tich lity glucoza-6-phosphat, ciu tric tao myo-inositol
duoc cai bién bing cach chén thém vio gen mi hoéa myo-inositol-1-phosphat
syntaza (INO1, c6 ngudn gbc tir Saccharomyces cerevisiae) va myo-inositol-1(hodc
4)-monophosphataza (INM1 va INM2, ¢6 ngudn gdc tir Saccharomyces cerevisiae).

Vi du 40. Tao lacto-N-bioza trong E. coli

C6 ngudn gbe tir chung gde tich lily galactoza-1-phosphat, ciu tric tao lacto-N-bioza
dugc cai bién bing cach chén thém vao gen mid héa lacto-N-bioza
phosphorylaza (Inbp, Bifidobacterium longum). Tién hanh 1én men st dung lactoza va

N-axetylglucoamin 1am ngudn cacbon. Su phéan hily N-axetylglucosamin dugc (rc ché
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trong ching tao bang cach loai bé hoat tinh N-axetyl-D-glucosamin kinaza bat ky

(nagK) va hoat tinh N-axetylglucosamin PTS (nagFE, ptsH, ptsl, manXYZ).

Danh muc chit viét tit
3KO chung dot bién trong d6 gen pgm, lacZ va glgC dugce bat hoat
4KO ching dot bién trong d6 gen pgm, lacZ, glgC va agp duge bat hoat
6PG 6-phosphogluconat
BA  Bifidobacterium adolescentis
BaSP Sucroza phosphorylaza c6 ngudn gbc tir Bifidobacterium adolescentis
CA  operon axit colanic dugc x4c dinh boi Stevenson va cong su (86)
CDW Trong luong kho té bao
CuCP xellobioza phosphorylaza cia Cellulomonas uda
F6P  Fructoza-6-phosphat
FBP Fructoza-1,6-bisphosphat
Fru  Fructoza
FT  al,2-fucosyltransferaza
G1P Glucoza-1-phosphat
Gal1P Galactoza-1-phosphat
Glc  Glucoza
Glu Glucoza
KI Hoat hoa gen (knock-in)
KO  Bét hoat gen (knock-out)
KP  Kojibioza phosphorylaza
LA  Lactobacillus acidophilus
LB  dich Luria Bertani

LM  Leuconostoc mesenteroides
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MP  Maltoza phosphorylaza

P22  Gen hoat héa 22 trong thu vién gen hoat héa De Mey et a/ (2007)
pCXp22 Plasmit chtra gen hoat héa P22 theo Aerts et al (1)
PEP PhosphoenolPyruvat

Pi Phosphat vo6 co

PPi  Pyrophosphat

Pyr  Pyruvat

rpm  vong/phut

SM  Streptococcus mutans

SP  Sucroza phosphorylaza

Suc  Sucroza

UDP-gal UDP-galactoza

UDP-glc UDP-glucoza

WT Chung dai
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YEU CAU BAO HQ
1. Vi khuén duoc cai bién v& mat chuyén héa cho viéc tao ra fucosyllactoza, dic trung
& chd vi khuén nay:
a) duoc bién ddi gen bing cach dua vao gen khdng twong ddng mi hoéa sucroza
phosphorylaza c6 kha ning cit sucroza thanh glucoza-1-phosphat va fructoza;

b) chira fructokinaza dé xuc tac sy chuyén héa ciia fructoza thanh fructoza-6-phosphat;

¢) dugc bién dbi gen thém dé ngan ngira sy mét fructoza-6-phosphat théng qua dudong
phén do su pha v& gen ctia gen ndi sinh ma hdéa phosphofructokinaza, phosphoglucoza

isomeraza, hodc t0 hop cua ching; va

d) chta cic enzym sau ddy chuyén hoa fructoza-6-phosphat di néu thanh

fucosyllactoza:

(i) manoza-6-phosphat isomeraza dé xuc tac su chuyén héa cta fructoza-6-phosphat

thanh manoza-6-phosphat;

(ii) phosphomanomutaza dé xtic tic su chuyén hoa ctia manoza-6-phosphat thanh

mannoza-1-phosphat;

(iii) manoza-1-phosphat guanylyltransferaza dé xtic tac su chuyén hoa ctia manoza-1-

phosphat thanh GDP-manoza;

(iv) GDP manoza dehydrataza dé xtc tac sy chuyén hoéa cia GDP-manoza thanh GDP-

4-dehydro-6-deoxy-manoza;

(v) GDP fucoza synthaza dé xtc tac sy chuyén hoéa cia GDP-4-dehydro-6-deoxy-

manoza thanh GDP-fucoza; va

(vi) fucosyltransferaza d& xtGc tic sy chuyén héa cta GDP-fucoza thanh

fucosyllactoza.

2. Nam men duogc cai bién vé mat chuyén hda cho viéc tao ra fucosyllactoza, dic trung

& chd nim men nay:

a) dugc bién doi gen bang cich dua vao gen khong tuong dong md hoda sucroza

phosphorylaza c6 kha ning cit sucroza thanh glucoza-1-phosphat and fructoza;

b) chira fructokinaza dé xuc tac sy chuyén héa ctia fructoza thanh fructoza-6-phosphat;
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¢) dugc bién ddi gen thém dé ngan ngira sy mét fructoza-6-phosphat théng qua dudng
phan do sy pha v¥ gen cua gen ndi sinh ma hdéa phosphofructokinaza, phosphoglucoza

isomeraza, hodc t6 hgp cua chiing; va

d) chira cic enzym sau ddy chuyén héa fructoza-6-phosphat di néu thanh

fucosyllactoza:

(i) manoza-6-phosphat isomeraza dé xiic tac su chuyén hoéa cua fructoza-6-phosphat

thanh manoza-6-phosphat;

(ii)) phosphomanomutaza dé xtc tac sy chuyén héa cia manoza-6-phosphat thanh

mannoza-1-phosphat;

(iii) manoza-1-phosphat guanylyltransferaza dé xuc tac su chuyén hoa ctia manoza-1-

phosphat thanh GDP-manoza;

(iv) GDP manoza dehydrataza dé xuc tac su chuyén hoa ctia GDP-manoza thanh GDP-

4-dehydro-6-deoxy-manoza;

(v) GDP fucoza synthaza dé xtic tic su chuyén héa ciia GDP-4-dehydro-6-deoxy-

manoza thanh GDP-fucoza; va

(vi) fucosyltransferaza @& xGc tic su chuyén héa cia GDP-fucoza thanh

fucosyllactoza.

3. Vi khudn dugc cai bién vé mit chuyén héa theo diém 1 trong d6 vi khuin nay con
duoc tiép tuc bién ddi gen bang cach dua vao mot hodic nhidu gen khéng twong dong
ma hoa mot hodc nhiéu enzym ting cudng sy chuyén héa cia frictoza-6-phosphat da

néu thanh fucosyllactoza da néu.

4. Nam men dugc cai bién v€ mat chuyén hoa theo diém 2 trong d6 ndm men nay con
duoc tiép tuc bién d6i gen bang cach dua vao mot hodc nhiéu gen khong twong dong
ma hoa mot hodc nhiéu enzym ting cuong sy chuyén héa cua fructoza-6-phosphat da

néu thanh fucosyllactoza da néu.

5. Vi khuan duoc cai bién vé mit chuyén hoa theo di€ém 1, trong d6 vi khuan nay co6
kha nang sinh trudong trén disacarit, oligosacarit, polysacarit hodc hon hop cua ching

nhu 1a nguon cacbon chu yéu.
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6. Nam men dugc cai bién vé mat chuyén hoa theo diém 2, trong d6 ndm men nay co
kha ning sinh truéng trén disacarit, oligosacarit, polysacarit hoic hon hgp cta ching

nhu 14 nguon cacbon chi yéu.

7. Vi khuan dugc cai bién v€ mat chuyén hoa theo diem 1, trong dé vi khuan nay

1a Escherichia coll.

8. Vi khuan duoc cai bién vé mat chuyén héa theo diém 3, trong d6 mot hodc nhiéu
enzym ma dugc ma héa bd1 mot hodc nhiéu gen khong twong ddng duoc chon tir nhom
bao gdm: manoza-6-phosphat isomeraza, phosphomanomutaza, manoza-1-phosphat
guanylyltransferaza, GDP manoza dehydrataza, GDP fucoza synthaza, va
fucosyltransferaza c6 ngudn gbe tir sinh vat duoc chon tir nhém bao gdm Helicobacter
pylori, Bacteroides sp., Homo sapiens, Mus musculus, Bos Taurus, va Dictyostelium

discoideum.

9. NAm men duoc cai bién vé mit chuyén hoa theo diém 4, trong d6 mot hodc nhiéu
enzym ma duoc ma hoa béi mot hodc nhiéu gen khong twong ddng duge chon tir nhém
bao gdm: manoza-6-phosphat isomeraza, phosphomanomutaza, manoza-1-phosphat
guanylyltransferaza, GDP manoza dehydrataza, GDP fucoza synthaza, va
fucosyltransferaza c6 ngudn gdc tir sinh vat duoc chon tir nhém bao gdm Helicobacter
pylori, Bacteroides sp., Homo sapiens, Mus musculus, Bos Taurus, va Dictyostelium

discoideum.

10. Vi khuan duogc cai bién vé mat chuyén hda theo diém 1, trong d6 sucroza
phosphorylaza da néu la tr Bifidobacterium adolescentis.

11. Nam men duogc cai bién v€ mat chuyén hda theo di€m 2, trong d6 sucroza
phosphorylaza da néu 1a tr Bifidobacterium adolescentis.

12. Vi khuan dugc cai bién vé mat chuyén hoa theo di€m 1, trong d6 vi khuan dugc cai
bién vé mit chuyén hoa nay dugc bién doi gen sao cho gen ndi sinh md hoa
phosphofructokinaza bi pha v&.

13. Nam men dugc cai bién vé mat chuyén hoda theo diém 2, trong d6 nam men dugce
cai bién vé mit chuyén hoa nay dugc bién doi gen sao cho gen ndi sinh mi hoa

phosphofructokinaza bi pha v&.
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14. Vi khuan duogc cai bién v€ mét chuyén héa theo diém 1, trong d6 vi khuan dugc cai
bién v€ mat chuyén hoda nay dugc bién doi gen sao cho gen ndi sinh mi hoa

phosphoglucoza isomeraza bi pha vo.

15. Nam men dugc cai bién vé méat chuyén hoa theo diém 2, trong d6 nam men duogc
cai bien vé mat chuyeén hdéa nay dugce bién doi gen sao cho gen ndi sinh ma hoa

phosphoglucoza isomeraza bi pha v&.

16. Vi khuan duogc cai bién v€ mat chuyén héa theo diém 1, trong d6 vi khuan duogc cai
bién vé mat chuyén héa nay dugc bién doi gen sao cho mot trong sO gen ndi sinh ma

hoéa phosphofructokinaza va gen ndi sinh ma héa phosphoglucoza isomeraza bi pha vo.

17. Nam men dugce cdi bién vé médt chuyén hoa theo di€ém 2, trong dé6 nam men duogc
cai bién v€ mat chuyén hoa nay dugc bién doi gen sao cho mdt trong sd6 gen ndi sinh
ma hoéa phosphofructokinaza va gen ndi sinh ma héa phosphoglucoza isomeraza bi pha

VO.

18. N4m men dugc cai bién vé mat chuyén héa theo diém 2, trong d6 nim men nay
1a Saccharomyces cerevisiae.

19. Vi khuén duoc cai bién vé mat chuyén hoéa theo diém 1, trong d6 fucosyllactoza
duoc chon tor nhom bao gém 1,2-fucosyllactoza, 1,3-fucosyllactoza, 1,4-

fucosyllactoza, 1,6-fucosyllactoza, va t hop bét ky ctia ching.

20. Ndm men duogc cai bién vé mit chuyén hoa theo diém 2, trong d6 fucosyllactoza
duoc chon tr nhom bao gf?)rn 1,2-fucosyllactoza, 1,3-fucosyllactoza, 1,4-

fucosyllactoza, 1,6-fucosyllactoza, va td hop bét ky ctia ching.

21. Vi khuén duoc cai bién vé mit chuyén hoa theo diém 1, trong d6 fucosyllactoza 1a

1,2-fucosyllactoza.

22. N4m men dugc cai bién vé mit chuyén hoa theo diém 2, trong d6 fucosyllactoza la

1,2-fucosyllactoza.

23. Vi khuén duoc cai bién vé mit chuyén hoa theo diém 1, trong d6 fucosyllactoza la

1,3-fucosyllactoza.

24. N4m men dugc cai bién v& mit chuyén hoa theo diém 2, trong d6 fucosyllactoza la

1,3-fucosyllactoza.
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25. Vi khuén duoc cai bién vé miat chuyén hoa theo diém 1, trong d6 fucosyllactoza 1a

1,4-fucosyllactoza.

26. N4m men duogc cai bién vé mit chuyén héa theo diém 2, trong d6 fucosyllactoza 1a

1,4-fucosyllactoza.

27. Vi khuén duoc cai bién vé mat chuyén héa theo diém 1, trong do6 fucosyllactoza la

1,6-fucosyllactoza.

28. NAm men dugc cai bién vé mit chuyén héa theo diém 2, trong d6 fucosyllactoza la

1,6-fucosyllactoza.

29. Vi khudn dugc cai bién v& mat chuyén héa theo diém 1, trong dé
phosphofructokinaza di néu xic tac sy chuyén héa cia fructoza-6-phosphat thanh
fructoza-1,6-bisphosphat, va phosphoglucoza isomeraza da néu xuc tac su chuyén hoéa

cua fructoza-6-phosphat thanh glucoza-6-phosphat.

30. Ndm men dugc cii bién v& mit chuyén hoa theo diém 2, trong d6
phosphofructokinaza di néu xtic tac su chuyén hoéa clia fructoza-6-phosphat thanh
fructoza-1,6-bisphosphat, va phosphoglucoza isomeraza di néu xuc tac sw chuyén héa

cua fructoza-6-phosphat thanh glucoza-6-phosphat.

31. Vi khudn dugc cai bién v& mat chuyén héa theo diém 8, trong do
fucosyltransferaza c6 ngudn gbc tir Helicobacter pylori.

32. Nidm men dugc cai bién v& miat chuyén héa theo diém 9, trong d6
fucosyltransferaza c6 ngudn goc tir Helicobacter pylori.

33. Vi khuin duogc cai bién vé& mit chuyén hoa theo diém 8, trong d6 sucroza
phosphorylaza da néu la tir Bifidobacterium adolescentis.

34. Nidm men duoc cai bién vé mit chuyén hoa theo diém 9, trong d6 sucroza
phosphorylaza da néu la tir Bifidobacterium adolescentis.

35. Vi khuén duoc cai bién vé mat chuyén héa theo diém 8, trong d6 vi khuin dugc cai
bién vé miat chuyén héa nay dugc bién dbi gen sao cho gen ndi sinh mi héa

phosphofructokinaza bi phé v&.
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36. Nam men dugc cai bién v€é mit chuyén hoa theo diém 9, trong d6 nam men duogc
cai bién v€ mat chuyén hdéa nay dugc bien doi gen sao cho gen ndi sinh ma héa

phosphofructokinaza bi pha vo.

37. Vi khuan duoc cai bién v€ mit chuyén hda theo di€ém 8, trong d6 vi khuan dugce cai
bién vé mat chuyén hoda nay dugc bién doéi gen sao cho gen ndi sinh md hoéa

phosphoglucoza isomeraza bi pha v&.

38. Nam men duoc cai bién v€ mat chuyén hoa theo di€m 9, trong d6 nam men duogc
cai bién v€ mit chuyén hda nay dugc bién doi gen sao cho gen ndi sinh ma hoa
phosphoglucoza isomeraza bi pha v&.

39. Vi khuin dugc cai bién v€ mat chuyén hoa theo dieém 8, trong d6 vi khuan dugce cai
bién v€ mat chuyén hoa nay dugc bién doi gen sao cho mdt trong s6 gen ndi sinh ma
héa phosphofructokinaza va gen ndi sinh ma héa phosphoglucoza isomeraza bi pha vo.
40. Nam men duogc cai bién vé mit chuyén hoa theo diém 9, trong d6 nam men dugce
cai bién vé€ mat chuyén hoda nay dugc bién doi gen sao cho mdt trong sO gen ndi sinh

ma hoa phosphofructokinaza va gen ni sinh ma héa phosphoglucoza isomeraza bi phé

~,

VO.

41. Vi khuan dugc cai bién v€ mat chuyén hda theo diém 8, trong d6 vi khuan nay

1a Escherichia coli.

42. Nam men dugc cai bién v€ mit chuyen hoa theo diém 9, trong d6 nam men nay

1a Saccharomyces cerevisiae.
43. Phuong phap tao ra fucosyllactoza, phuwong phap nay bao gdm cac bude:

i) nubi cay vi khuan dugc cai bién v€ mét chuyén hoéa theo diém 1 hodc nam men dugc

cai bién vé mat chuyen hoa theo dieém 2; va

ii) chiét va tinh sach fucosyllactoza.
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Met Asn Asp Ser Pro Ile Ile Ser Val Val Leu Pro Phe Leu Ile Lys

Asp Asn Asp Asp Lys Ser Leu Asn Tyr Gln Gly Ile Asn Asn Leu Ile
20 25 30

Ile Ser Ile Asp Ser Ile Ile Glu Gln Thr Phe Lys Glu Trp Glu Leu
35 40 45

Ile Leu Val Asp Asp Gly Ser Asn Asn Glu Ile Leu Glu Gln Leu Leu
50 55 60

Ser Lys Arg Tyr Ser Thr Asp Asn Arg Ile Lys Phe Ile Ile Asn Lys
65 70 75 80

Glu Asn Lys Gly Ile Val Lys Ser Leu Asn Asp Ala Ile Leu Asn His
85 90 95

Cys Ser Pro Thr Ser Lys Tyr Ile Ala Arg Met Asp Ser Asp Asp Ile
100 105 110

Ser His Pro Thr Arg Leu Gln Ser Gln Leu Lys Tyr Leu Gln Ser Asn
115 120 125

Glu Thr Ile Asp Ile Leu Gly Cys Pro Ile Lys Met Phe Asn Asn Asn
130 135 140

-82-



Lys

145

Asn

Lys

Phe

Phe

Glu

225

Ile

Asn

Ala

Ile

Ile

305

Ile

Glu

Asp

Asn

Leu

Asn

Phe

Asn

Thr

210

Asp

Ser

Asn

Asn

Asp

290

Gln

Ser

Lys

Ala

Tyr
370

Ile

Val

Ile

Cys

195

Ile

Tyr

Asn

Ser

Ala

275

Ser

Phe

Ile

Ser

Ala

355

Pro

Glu

Lys

Gln

180

Cys

Glu

Leu

Ile

Ile

260

Ser

Glu

Phe

Glu

Cys

340

Asn

Asn

Ile

Glu

165

His

Ile

His

Phe

Gln

245

Ser

Cys

Ile

Gln

Leu

325

Thr

Glu

Asn

Leu

150

Leu

Pro

Val

Cys

Trp

230

Ser

Phe

Tyr

Ile

Leu

310

Phe

Lys

Lys

Gln

Asn

Ile

Asp

His

Tyr

215

Leu

Ser

Lys

Tyr

Gln

295

Ser

Glu

Gln

Met

Lys
375

272178

Asn

Asn

Lys

Pro

200

Glu

Lys

Thr

Asn

Leu

280

Asn

Pro

Phe

Gln

Gly

360

Ser

Asn

Ile

Asp

185

Ser

Glu

Ser

Pro

Ile

265

Asn

Ser

Ser

Ala

Pro

345

Glu

Ser

-83-

Asn

Ile

170

Ile

Val

Asn

Leu

Leu

250

Glu

Ile

Ser

Ser

Phe

330

Asn

Leu

Leu

Asn

155

Asn

Leu

Ile

Asn

Ile

235

Leu

Lys

Leu

Leu

Leu

315

Lys

Tyr

Val

Leu

Asn

Asn

Met

Phe

Gln

220

Met

Tyr

Gln

Phe

Ser

300

Ser

Tyr

Ser

Ser

Trp
380

Asn

Glu

Trp

Lys

205

Phe

Lys

Leu

Lys

Lys

285

Met

Lys

Leu

Asn

Leu

365

Glu

Asn

Glu

Ser

190

Arg

Pro

Gly

Arg

Asp

270

Arg

Lys

Ile

Glu

Ser

350

Cys

Lys

Ile

Ser

175

Met

Ser

Phe

Leu

Lys

255

Ser

Phe

Glu

Asn

Leu

335

Ile

Leu

Trp

Asn

160

Phe

Phe

Ile

Ile

Asn

240

His

Thr

Asn

Ile

Asn

320

Ile

Lys

Ser

Leu



Ser

385

vVal

Asn

Asn

Ile

Lys

465

Gln

Asp

Tyr

Phe

Ile

545

Val

Leu

Asn

Pro

Leu

Arg

Lys

Asn

Asn

Asn

450

Glu

Leu

Asn

Ser

Pro

530

Asn

Asp

Ser

Lys

Leu

610

Lys

Asn

Ser

Asn

Asn

435

Ser

Asn

Lys

Asn

515

Gln

Leu

Asp

Leu

Asn

595

Asn

Trp

Pro

Ser

Asn

420

Asn

Asn

Gly

Glu

Asn

500

Glu

Val

Val

Ile

Asn

580

Ile

Ser

Asn

Thr

Thr

405

Asn

Asn

Lys

Ile

Tyr

485

Asp

Lys

Asn

Gln

Leu

565

Ser

Thr

Asn

Arg

Ser

390

Thr

Asn

Asn

Ile

Arg

470

Leu

Lys

Phe

Phe

Lys

550

Tyr

Glu

Tyr

Thr

Asn

Gln

Ile

Asn

Asn

Asn

455

Ile

Arg

Phe

Lys

Ile

535

Thr

Tyr

Pro

Cys

Ile

615

Asp

272178

Leu

Ile

Asn

Asn

440

Thr

Ile

Thr

Glu

Asn

520

Lys

Asn

Asn

Leu

His

600

Ser

Asn

Leu

Asn

Asn

425

Ser

Pro

Cys

Phe

Ile

505

Ser

Glu

Lys

Glu

Ala

585

Thr

Arg

Asp

-84-

Ser

Asn

410

Asn

Ile

Lys

Phe

Phe

490

Ile

Tyr

Glu

Leu

Phe

570

Leu

Cys

Thr

Cys

Leu

395

Asn

Asn

Leu

Ser

Ser

475

Lys

Val

Gln

Asn

Glu

555

Asn

Gly

Asn

Glu

Lys

Leu

Ile

Asn

Asn

Asn

460

Lys

Tyr

Asp

Leu

Phe

540

Tyr

Leu

Phe

Gln

Asn

620

Lys

Ser

Asn

Asn

Phe

445

Asn

Asp

Leu

Val

Val

525

Thr

Val

Lys

Tyr

Asp

605

Asn

Asp

Asn

Asn

Asn

430

Ile

Asn

Arg

Lys

Leu

510

Ile

Asp

Met

Glu

Met

590

Ile

Phe

Trp

Leu

Asn

415

Asn

Ser

Lys

Ala

Asn

495

Phe

Glu

Gln

Phe

Tyr

575

Lys

Thr

Lys

Asn

Asn

400

Asn

Asn

Gly

Phe

Phe

480

Asp

Thr

Ser

Leu

Ser

560

Cys

Leu

Ile

Tyr

Tyr



625

Pro Trp Asp

Ile Ile Asn

Asn
675

His Pro

Gln TIle

690

Tyr

Ser Pro Met

705

Asn Pro Ile

Leu Tyr Ser

Leu
755

Leu Ser

<210>
<211>
<212>
<213>

2
2307
ADN
Trin

<220>
<223> Trin
<400> 2
atgaacgata
60

aaaagcctga
120

cagaccttta
180

gaacagctgc
240

gaaaataaag
300

agcaaatata
360

272178

630

Leu Cys

645

Gly Ile

660

Arg Phe

Gln

Asn

Ser Val

Ser

Val

Glu

Lys

Val

Thr Ile

Lys Tyr

Phe Asn

680

Pro
695

Tyr

Thr Ile

710

Tyr Asp

725

Asn
740

Lys

Asn Phe

h tu

h tu

Gln

Ser

Lys

Thr Leu

Asn

Leu

Val
760

Ser

nhén tao

635

Tyr Arg

650

Cys

Tyr Ile

665

Gly

Gly Asn Arg

Cys Leu Cys

Val
715

Asn Arg

Leu
730

Ser Asp

Asp Glu

745

Lys

His Ile Gly

gcccgattat tagcgttgtt ctgccgtttce

actaccaggg

aagaatggga

tgagcaaacg

gcattgtgaa

ttgcacgtat

cattaacaac

actgattctg

ttatagcacc

aagcctgaat

ggatagcgac

ctgattatta

gttgatgatg

gataaccgca

gatgccattc

gatattagcc

-85-

Asn Asp Ile

Asn Gly

670

Arg

Ile
685

Pro Ile

Leu Ser

700

Asp

Gln Asp Val

Asp Leu Asp

Glu
750

Tyr Lys

Glu Leu Phe

765

dugc téi wu hoda codon md hda SEQ ID NO

tgatcaaaga

gcatcgatag

gcagcaataa

tcaaatttat

tgaatcattg

atccgacccg

640

Asp Ser

655

Ile Asn

Gln Lys

His Tyr

Tyr Asp

720

Gln
735

Leu

Asn Ser

Ile Ser

taacgatgat

catcatcgag

cgaaattctg

tattaataaa

tagcccgacc

tctgcagagc



cagctgaaat
420

tttaataata
480

aataatgtga
540

catccggata
600

agcgtgattt
660

tttccgttceca
720

attagcaata
780

agctttaaaa
840

aacattctgt
900

atgaaagaaa
960

attagcatcg
1020

accaaacagc
1080

gaactggtta
1140

gaaaaatggc
1200

gttaaaagca
1260

aataataaca
1320

agcattctga
1380

aataacaaat
1440

cagctgaaag
1500

gataaatttg
1560

atctgcagag

ataaactgat

aagaactgat

aagatattct

ttaaacgcag

tcgaggatta

tccagagcag

atattgaaaa

tcaaacgctt

tcatccagtt

aactgtttga

agccgaatta

gcctgtgtct

tgagccgtaa

gcaccaccat

ataacaataa

attttattag

ttaaagagaa

aatatctgcg

aaattattgt

272178

caatgaaacc

tgaaattctg

taatattatt

gatgtggtcc

catttttacc

cctgttttgg

cacaccgctg

acagaaagat

taacatcgac

ttttcagctg

atttgccttt

tagcaacagc

gagcaattat

tccgaccagce

tattaataac

caataataac

cggcattaat

tggcattcgce

caccttcttc

ggatgtgctg

attgatattc

aataataata

aataatgaag

atgttcttca

atcgagcact

ctgaaatccc

ctgtatctgc

agcaccgcca

agcgaaatta

agcccgagca

aaatatctgg

attaaagatg

ccgaataatc

cagctgctga

aatattaaca

aacaacaaca

agcaataaaa

attatttgct

aaatatctga

tttacctata

-86-

tgggttgccc

acaataacaa

aaagctttaa

attgctgtat

gctatgaaga

tgattatgaa

gtaaacataa

atgccagctg

ttcagaatag

gcctgtccaa

aactgatcga

cagccaacga

agaaaagcag

gtctgctgag

acaacaataa

ataataataa

ttaatacccc

tcagcaaaga

aaaatgatga

gcaatgaaaa

gatcaaaatg

caatattaat

atttattcag

tgttcatccg

gaataatcag

aggcctgaac

taacagcatt

ttattatctg

cagcctgagc

aattaataac

gaaaagctgt

aaaaatgggt

tctgctgtgg

caatctgaat

taataacaac

taacaacaac

gaaaagcaac

tcgtgcattc

taatggcaat

attcaaaaat



agctatcagc tggtgatcga
1620

accgatcagc tgattaacct
1680

gtggatgata tcctgtatta
1740

agcgaaccgc tggcactggg
1800

acctgcaacc aggatattac
1860

aactttaaat acctgaaatg
1920

ccgtgggatc tgtgtagcac
1980

attgtgaaat attatggtat
2040

ggcaaccgtc cgattattca
2100

agcgatcatt attcaccgat
2160

aacccgattt atgatcagac
2220

aaatccctga acgatgaaaa
2280

catattggcg aactgttcat
2307

<210> 3

<211> 2307

<212> ADN

<213> Dictyostellium
<400> 3

atgaatgatt caccaataat
60

aaatcattaa attaccaagg
120

caaactttta aagaatggga
180

gagcaattac tttcaaaaag
240

gagaataaag gtattgttaa
300

272178

aagctttccg

ggtgcagaaa

caacgagttc

tttttatatg

cattccgctg

gaatcgcaac

catttatcgt

tcgcaacggce

gaaacaaatc

gagcgttgtt

cctgagcctg

atataaagaa

cagctaa

discoideum

aagtgtagtt

aataaataat

attaatttta

atatagtaca

aagtttaaat

caggttaact

accaacaaac

aatctgaaag

aaactgaata

aatagcaata

gataatgatt

tgcaacgaca

attaatcatc

taccagaaca

accattaatc

gatgatctgg

aacagcctga

ttaccttttt

ttaataatat

gttgatgatg

gataatagaa

gatgcaattt

-87-

ttattaaaga

tggaatatgt

agtattgcct

aaaatattac

ccattagccg

gcaaaaaaga

ttgacagcat

cgaatcgctt

aaccgtattg

gtgttcagga

atcaactgct

gtctgaactt

taataaagga

caatagatag

gatcaaataa

ttaaattcat

taaatcattg

agaaaacttt

gatgttcagc

gagcctgaat

ctattgccat

caccgaaaat

ctggaactat

cattaatggt

tgaatttaat

tctgtgcctg

tgtgtatgat

gtatagcaat

caaaagcgtt

caatgacgat

cattattgaa

tgaaattttg

aataaataaa

ttcaccaact



tcaaaatata
360

caacttaaat
420

tttaataata
480

aataatgtga
540

catcctgata
600

tctgtaatat
660

tttccattca
720

atttcaaata
780

tcttttaaaa
840

aatatacttt
900

atgaaagaaa
960

atttcaattg
1020

acaaaacaac
1080

gaattagtat
1140

gaaaaatggt
1200

gtaaaatctt
1260

aataataata
1320

tcaattttaa
1380

aataataaat
1440

caattaaaag
1500

ttgctcgtat

atcttcaatc

ataaattaat

aagagttaat

aagatatttt

ttaaaagatc

ttgaagatta

tccaatcatc

atattgaaaa

ttaaaagatt

ttattcagtt

aattatttga

aaccaaacta

ctttatgttt

tatcaagaaa

caactactat

ataataataa

attttatatc

ttaaagaaaa

aatatcttag

272178

ggattcagat

aaatgaaaca

tgaaatttta

taatataatt

aatgtggtca

gatattcact

cttattttgg

aacaccatta

acaaaaagat

taatattgat

ctttcaactt

atttgcattt

ttcaaacagt

atcaaattat

tccaacctca

aattaataat

taataataat

tggcattaat

tggaattaga

aacatttttt

gatatttctc

attgatatat

aataataata

aataatgaag

atgtttttca

attgaacatt

ttaaaatcct

ctatatttaa

tccactgcta

tctgaaatta

tcaccatcat

aaatatctag

ataaaagatg

ccaaataatc

caattactat

aatattaata

aataataata

agtaataaaa

ataatttgtt

aaatatttaa

-88-

atccaacaag

taggttgtcc

ataataataa

aatcttttaa

attgttgtat

gttatgaaga

taataatgaa

gaaaacataa

atgcatcttg

ttcaaaattc

ctttatcaaa

aattaattga

cagcaaatga

aaaaatcatc

cacttttatc

ataataataa

ataataataa

taaatactcc

tctcaaaaga

aaaatgatga

attacaatct

aattaaaatg

taatattaat

atttattcaa

tgttcaccct

aaacaaccaa

aggtttaaat

taactctata

ttattatcta

ttcactctca

aatcaataat

aaaatcatgt

aaaaatgggt

attactttgg

aaatttaaat

taataataat

taataataat

aaaatctaat

tagagcattt

taatggaaat



gataaatttg aaattattgt
1560

tcttatcaat tagttattga
1620

actgatcaat taattaattt
1680

gttgatgata ttctttatta
1740

agtgagccat tggcattagg
1800

acttgtaatc aagatataac
1860

aattttaaat atttaaaatg
1920

ccatgggatt tatgttcaac
1980

atagttaaat attatggaat
2040

ggtaatagac caatcattca
2100

tcagatcact attctccaat
2160

aatccaattt atgaccaaac
2220

aaatcattaa atgatgaaaa
2280

catattggtg aactttttat
2307

<210> 4

<211> 329

<212> PRT

<213> Dictyostellium
<400> 4

Met Ser Ile
1

Thr Pro Lys

Ile Cys Phe
35

272178

tgatgtatta

aagttttcca

agttcaaaaa

taatgaattc

tttctatatg

aataccatta

gaatagaaat

catttataga

tagaaatggt

aaagcaaatc

gtctgttgta

cctatcttta

atataaagaa

ttcttaa

discoideum

tttacatatt

caagttaatt

acaaataaac

aatctcaaag

aagttaaata

aattcaaata

gataatgatt

tgtaatgata

attaatcatc

tatcaaaata

actattaata

gatgatttag

aatagtttat

caaatgagaa

ttattaaaga

ttgaatatgt

aatattgttt

aaaatattac

ctattagtag

gtaaaaagga

ttgattcaat

caaatagatt

aaccctactg

gagttcaaga

atcaattact

ctttaaattt

attcaaaaac

agagaatttc

catgttttca

atctttgaat

ctattgtcat

aacagagaat

ttggaattat

cattaatggt

cgaattcaat

tttatgttta

tgtctatgat

ttattcaaac

taaaagtgtt

Leu Asn Phe Ile Ser Gly Ile Asn Ser Asn Lys Ile Asn

5

Ser Asn Asn Asn Lys Phe
25

20

Ser Lys Asp Arg Ala Phe

40

10

-89-

30

45

15

Lys Glu Asn Gly Ile Arg Ile

Gln Leu Lys Glu Tyr Leu Arg



Thr

Glu

65

Asn

Lys

Asn

Asn

Leu

145

His

Ser

Asn

Ile

Tyr

225

Asn

Tyr

Ile

Phe

50

Ile

Ser

Glu

Lys

Glu

130

Ala

Thr

Arg

Asp

Tyr

210

Tyr

Gly

Cys

Asn

Phe

Ile

Tyr

Glu

Leu

115

Phe

Leu

Cys

Thr

Cys

195

Arg

Gly

Asn

Leu

Arg
275

Lys

Val

Gln

Asn

100

Glu

Asn

Asn

Glu

180

Lys

Cys

Ile

Arg

Cys

260

Val

Tyr

Asp

Leu

85

Phe

Tyr

Leu

Phe

Gln

165

Asn

Lys

Asn

Arg

Pro

245

Leu

Gln

Leu

Val

70

Val

Thr

Val

Lys

Tyr

150

Asp

Asn

Asp

Asp

Asn

230

Ile

Ser

Asp

Lys

55

Leu

Ile

Asp

Met

Glu

135

Met

Ile

Phe

Trp

Ile

215

Gly

Ile

Asp

Val

272178

Asn

Phe

Glu

Gln

Phe

120

Tyr

Lys

Thr

Lys

Asn

200

Asp

Ile

Gln

His

Tyr
280

Asp

Thr

Ser

Leu

105

Ser

Cys

Leu

Ile

Tyr

185

Tyr

Ser

Asn

Lys

Tyr

265

Asp

-90-

Asp

Tyr

Phe

90

Ile

Val

Leu

Asn

Pro

170

Leu

Pro

Ile

His

Gln

250

Ser

Asn

Asn

Ser

75

Pro

Asn

Asp

Ser

Lys

155

Leu

Lys

Trp

Ile

Pro

235

Ile

Pro

Pro

Gly

60

Asn

Gln

Leu

Asp

Leu

140

Asn

Asn

Trp

Asp

Asn

220

Asn

Tyr

Met

Ile

Asn

Glu

Val

Val

Ile

125

Asn

Ile

Ser

Asn

Leu

205

Gly

Arg

Gln

Ser

Tyr
285

Asp

Lys

Asn

Gln

110

Leu

Ser

Thr

Asn

Arg

190

Cys

Ile

Phe

Asn

Val

270

Asp

Lys

Phe

Phe

95

Lys

Tyr

Glu

Tyr

Thr

175

Asn

Ser

Val

Glu

Lys

255

Val

Gln

Phe

Lys

80

Ile

Thr

Tyr

Pro

Cys

160

Ile

Asp

Thr

Lys

Phe

240

Pro

Thr

Thr



Leu Ser Leu Asp

290

Asn Asp Glu Lys

272178

295

305 310 315
Val His Ile Gly Glu Leu Phe Ile Ser

325
<210> 5
<211> 990
<212> ADN
<213> Trinh ty nhén tao
<220>
<223> Trinh tu
<400> 5
atgagcattc tgaattttat tagcggcatt aatagcaata
60
aacaataaca aatttaaaga gaatggcatt cgcattattt
120
ttccagctga aagaatatct gcgcaccttc ttcaaatatc
180
aatgataaat ttgaaattat tgtggatgtg ctgtttacct
240
aatagctatc agctggtgat cgaaagcttt ccgcaggtta
300
tttaccgatc agctgattaa cctggtgcag aaaaccaaca
360
agcgtggatg atatcctgta ttacaacgag ttcaatctga
420
aatagcgaac cgctggcact gggtttttat atgaaactga
480
catacctgca accaggatat taccattccg ctgaatagca
540
aataacttta aatacctgaa atggaatcgc aacgataatg
600
tatccgtggg atctgtgtag caccatttat cgttgcaacg
660
ggtattgtga aatattatgg tattcgcaac ggcattaatc
720
aatggcaacc gtccgattat tcagaaacaa atctaccaga
780

-01-

300

aaattaatac

gcttcagcaa

tgaaaaatga

atagcaatga

actttattaa

aactggaata

aagagtattg

ataaaaatat

ataccattag

attgcaaaaa

acattgacag

atccgaatcg

acaaaccgta

Asp Leu Asp Gln Leu Leu Tyr Ser Asn Lys Ser Leu

Tyr Lys Glu Asn Ser Leu Ser Leu Asn Phe Lys Ser

320

dugc tdi uwu hdéa codon mad hda mdét phidn cuia SEQ ID NO 2

cccgaaaagc

agatcgtgca

tgataatggc

aaaattcaaa

agaagaaaac

tgtgatgttc

cctgagcctg

tacctattgc

ccgcaccgaa

agactggaac

catcattaat

ctttgaattt

ttgtctgtgce



ctgagcgatc attattcacc
840

gataacccga tttatgatca
900

aataaatccc tgaacgatga
960

gttcatattg gcgaactgtt
990

<210> 6

<211> 987

<212> ADN

<213> Dictyostellium
<400> 6

tcaattttaa attttatatc
60

aataataaat ttaaagaaaa
120

caattaaaag aatatcttag
180

gataaatttg aaattattgt
240

tcttatcaat tagttattga
300

actgatcaat taattaattt
360

gttgatgata ttctttatta
420

agtgagccat tggcattagg
480

acttgtaatc aagatataac
540

aattttaaat atttaaaatg
600

ccatgggatt tatgttcaac
660

atagttaaat attatggaat
720

ggtaatagac caatcattca
780

tcagatcact attctccaat
840

272178

gatgagcgtt

gaccctgagc

aaaatataaa

catcagctaa

discoideum

tggcattaat

tggaattaga

aacatttttt

tgatgtatta

aagttttcca

agttcaaaaa

taatgaattc

tttctatatg

aataccatta

gaatagaaat

catttataga

tagaaatggt

aaagcaaatc

gtctgttgta

gttaccatta atcgtgttca ggatgtgtat

ctggatgatc tggatcaact gctgtatagc

gaaaacagcc tgagtctgaa cttcaaaagc

agtaataaaa

ataatttgtt

aaatatttaa

tttacatatt

caagttaatt

acaaataaac

aatctcaaag

aagttaaata

aattcaaata

gataatgatt

tgtaatgata

attaatcatc

tatcaaaata

actattaata

-02-

taaatactcc

tctcaaaaga

aaaatgatga

caaatgagaa

ttattaaaga

ttgaatatgt

aatattgttt

aaaatattac

ctattagtag

gtaaaaagga

ttgattcaat

caaatagatt

aaccctactg

gagttcaaga

aaaatctaat

tagagcattt

taatggaaat

attcaaaaac

agagaatttc

catgttttca

atctttgaat

ctattgtcat

aacagagaat

ttggaattat

cattaatggt

cgaattcaat

tttatgttta

tgtctatgat



272178

aatccaattt atgaccaaac cctatcttta gatgatttag atcaattact ttattcaaac
900

aaatcattaa atgatgaaaa atataaagaa aatagtttat ctttaaattt taaaagtgtt
960

catattggtg aactttttat ttcttaa

987

<210> 7
<211> 74
<212> ADN

<213> Trinh tuy nhédn tao

<220>
<223> Mbi

<400> 7
cataatggat ttccttacgc gaaatacggg cagacatggc ctgcccggtt attagtgtag
60

gctggagctg cttc

74
<210> 8
<211> 71

<212> ADN
<213> Trinh tuy nhédn tao

<220>
<223> Mbdi
<400> 8

gtatgttgtg tggaattgtg agcggataac aatttcacac aggaaacagc tcatatgaat
60

atcctcctta g

71
<210> 9
<211> 75

<212> ADN
<213> Trinh tu nhédn tao

<220>
<223> Mdi
<400> 9

agaccgccgg ttttaagcag cgggaacatc tctgaacata catgtaaaac ctgcagtgta
60

ggctggagct gcttc

75

<210> 10
<211> 82
<212> ADN

-03-



272178

<213> Trinh tu nhén tao

<220>
<223> Mbi
<400> 10

gtctggcagg gacctgcaca cggattgtgt gtgttccaga gatgataaaa aaggagttag
60

tccatatgaa tatcctcctt ag

82
<210> 11
<211> 70

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> Mbi
<400> 11

catatttctg tcacactctt tagtgattga taacaaaaga ggtgccagga gtgtaggctg
60

gagctgcttc
70

<210> 12
<211> 70
<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> Mbéi

<400> 12
taaaaacgtt taaccagcga ctcccccgcect tctcgecgggg gagttttctg catatgaata
60

tcctcecttag
70

<210> 13
<211> 70
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Mbéi
<400> 13

ggcgctacaa tcttccaaag tcacaattct caaaatcaga agagtattgc gtgtaggctg
60

gagctgcttc
70

-9Y-



272178

<210> 14
<211> 170
<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> Mdi

<400> 14
ggttgccgga tgcggcgtga acgccttatc cggcecctacat atcgacgatg catatgaata
60

tcctcecttag
70

<210> 15

<211> 69

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> Mdi
<400> 15

gacttccggc aacagatttc attttgcatt ccaaagttca gaggtagtcg tgtaggctgg
60

agctgcttc
69

<210> 16
<211> 69
<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Mbi

<400> 16
gcttctgtca tcggtttcag ggtaaaggaa tctgcctttt tccgaaatcc atatgaatat
60

cctccttag

69

<210> 17

<211> 71

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Mbdi
<400> 17

cactttccgc tgattcggtg ccagactgaa atcagcctat aggaggaaat ggtgtaggct
60

-05-



272178

ggagctgctt c

71
<210> 18
<211> 70

<212> ADN
<213> Trinh tu nhén tao

<220>
<223> M1

<400> 18
gttgccgaca ggttggtgat gattccccca atgctggggg aatgtttttg catatgaata
60

tcctecttag
70

<210> 19
<211> 70
<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> Mbéi

<400> 19
tgagaaggtt tgcggaacta tctaaaacgt tgcagacaaa ggacaaagca gtgtaggctg
60

gagctgcttc
70

<210> 20
<211> 71

<212> ADN
<213> Trinh tu nhén tao

<220>
<223> Mbi

<400> 20
catacgtaaa aaagggcgat cttgcgaccg cccttttttt attaaatgtg tcatatgaat
60

atcctcctta g

71

<210> 21
<211> 70
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> Mbdi

<400> 21

-96-
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tgagaaggtt tgcggaacta tctaaaacgt tgcagacaaa ggacaaagca acgaaaggct

60

cagtcgaaag

70

<210> 22

<211> 71

<212> ADN

<213> Trinh ty nhén tao
<220>

<223> Mbdi

<400> 22

catacgtaaa aaagggcgat cttgcgaccg cccttttttt attaaatgtg tagaactcca

60

gcatgagatc c

71

<210> 23

<211> 70

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> Mbi

<400> 23

tgagaaggtt tgcggaacta tctaaaacgt tgcagacaaa ggacaaagca gtgtaggctg
60

gagctgcttc

70

<210> 24

<211> 71

<212> ADN

<213> Trinh tu nhadn tao
<220>

<223> Mbi

<400> 24

catacgtaaa aaagggcgat cttgcgaccg cccttttttt attaaatgtg tcatccgtca

60

ggatggcctt c

71

<210>
<211>
<212>
<213>

<220>

25

72

ADN

Trinh ty nhén tao

-97-
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<223> Mboi

<400> 25

gccacgcgtg agaacgtaaa aaaagcaccc atactcagga gcactctcaa ttgtgtaggce
60

tggagctgct tc

72
<210> 26
<211> 75

<212> ADN
<213> Trinh tu nhén tao

<220>
<223> Mbdi

<400> 26
cacctgtaaa aaaggcagcc atctggctgc cttagtctcc ccaacgtctt acggacatat
60

gaatatcctc cttag

75

<210> 27
<211> 70
<212> ADN

<213> Trinh tuy nhan tao

<220>
<223> Mbi
<400> 27

cgagaaggcc cggattgtca tggacgatga gatacaccgg aatatcatgg gtgtaggctg
60

gagctgcttc
70

<210> 28

<211> 76

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Mdi
<400> 28

ccaggtattt acagtgtgag aaagaattat tttgacttta gcggagcagt tgaagacata
60

tgaatatcct ccttag

76
<210> 29
<211> 70

<212> ADN

-08-



272178

<213> Trinh tu nhén tao

<220>
<223> Mbi

<400> 29
atatccagcc agtcttccgg ctgtagtcct aacagagcac tgttactgtc agcattacac
60

gtcttgagcg
70

<210> 30
<211> 70
<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> Mbi

<400> 30
gctttaagtg gttgagatca catttccttg ctcatccccg caactcctcc catatgaata
60

tcctcecttag
70

<210> 31
<211> ©8
<212> ADN

<213> Trinh tu nhan tao

<220>
<223> Mbdi
<400> 31

atatccagcc agtcttccgg ctgtagtcct aacagagcac tgttactgtc gtaaaacgac
60

ggccagtg
68

<210> 32
<211> 72
<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> Mbi

<400> 32
caacggccat tttttgcact tagatacaga ttttctgcgc tgtattgcat tgccgggatc
60

cgatgcatat gg
72

-99-
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<210> 33
<211> 75
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Méi
<400> 33

ttttattttg cccttcaatg ggaccgctac caaacatcag gaggatgaat gaaacagcat
60

tacacgtctt gagcg

75

<210> 34
<211> 70
<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> Mdi
<400> 34

ttccgttgaa ggcaacagta attgcgcccc ggttaagccc gcgccgatcc catatgaata
60

tcctcececttag
70

<210> 35
<211> 71

<212> ADN
<213> Trinh tu nhén tao

<220>
<223> Méi
<400> 35

gtagcattgt tcctaagtat gactccattt ttccaggaat ggtcgcaaat cgtgtaggcect
60

ggagctgctt c

71
<210> 36
<211> 70

<212> ADN
<213> Trinh tyu nhén tao

<220>
<223> Mbdi

<400> 36

ttcacgccgc atccggcaag caaaccagct cataagccgg gagaacaacc catatgaata
60

-100-
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tcctcecttag
70

<210> 37
<211> 70
<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> Mbi
<400> 37

ttcacgccge atccggcaag caaaccagct cataagccgg gagaacaacc ccgcttacag
60

acaagctgtg
70

<210> 38
<211> 71
<212> ADN

<213> Trinh tu nhén tao

<220>
<223> Mdi

<400> 38
gtagcattgt tcctaagtat gactccattt ttccaggaat ggtcgcaaat cagccatgac
60

ccgggaatta c¢

71

<210> 39

<211> 70

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Mbi

<400> 39
atcgccgacc acttcgecgece gctgatggtt ttttcacgta agctcatatc ccgcttacag
60

acaagctgtg
70

<210> 40
<211> 70
<212> ADN

<213> Trinh tuy nhé&n tao

<220>
<223> Mdi

<400> 40

-101-
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ggatcttccc ttaccccact gcgggtaagg ggctaataac aggaacaacg agccatgacc

60

cgggaattac

70

<210> 41

<211> 42

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> Mbi

<400> 41

gggggccccce gggggtatga gcttacgtga aaaaaccatc ag
42

<210> 42

<211> 43

<212> ADN

<213> Trinh ty nhédn tao
<220>

<223> Mbi

<400> 42

gggcccgggce ccgggcgttg ttcecctgttat tagcccctta ccc
43

<210> 43

<211> 70

<212> ADN

<213> Trinh ty nhan tao
<220>

<223> Mbi

<400> 43

atcgccgacc acttcgcgcecc gctgatggtt ttttcacgta agctcatatc gtgtaggctg
60

gagctgcttc

70

<210> 44

<211> 70

<212> ADN

<213> Trinh tu nhén tao
<220>

<223> Mbi

<400> 44

ggatcttccc ttaccccact gcgggtaagg ggctaataac aggaacaacg catatgaata

60

-102-
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tcctcecttag
70

<210> 45
<211> 70

<212> ADN
<213> Trinh tu nhén tao

<220>
<223> Mdi
<400> 45

ttttgatatc gaaccagacg ctccattcgc ggatgtactc aaggtcgaac gtgtaggctg
60

gagctgcttc
70

<210> 46
<211> 70
<212> ADN

<213> Trinh tuy nhén tao

<220>
<223> Mbi

<400> 46
tctatggtgc aacgcttttc agatatcacc atcatgtttg ccggactatg catatgaata
60

tcctecttag
70

<210> 47
<211> 70
<212> ADN

<213> Trinh ty nhan tao

<220>
<223> Mdi
<400> 47

tagccaaatg cgttggcaaa cagagattgt gttttttctt tcagactcat ctttgtttcc
60

tccgaattcg
70

<210> 48
<211> 70

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> Mdi

<400> 48

-103-
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cggttcgacg catgcaggca tgaaaccgcg tcttttttca gataaaaagc catatgaata

Trinh ty nhé&n tao

accaatcaaa ttcacgcggc caggcgcctg aatggtgtga gtggcagggt agccaaatgce

Trinh ty nhédn tao

gtcggtagtg ctgaccttgc cggaggcggc cttagcaccc tctccggcca acggttcgac

60
tcctcecttag
70

<210> 49
<211> 70
<212> ADN
<213>
<220>
<223> Mdi
<400> 49
60
gttggcaaac
70

<210> 50
<211> 70
<212> ADN
<213>
<220>
<223> Mbi
<400> 50
60
gcatgcaggc
70

<210> 51
<211> 1841
<212> ADN
<213>
<400> 51
agcatgatcg
60
tgcggaacta
120
aggccaacct
180
tgtactgaaa
240
ccgtggcagt
300

aacacatcat

tctaaaacgt

gcacaacaga

ccagaagcag

gcagcgcgcce

Escherichia coli

gcagtcgatg

tgcagacaaa

gtgatttgat

ggaatgcgga

acagctttaa

caattcccgg

ggacaaagca

taacgtcgcecce

gcacgcggtg

cgagccgcac

-104-

cggaattgat

atggcaatcc

caactgacgg

aaattcggta

attctggcga

tgagaaggtt

acaatcgtgc

cgcaatatta

cttccggtca

tcgctcagge



aattgctgaa
360

tcacgccctg
420

tgatgtcatt
480

cctggttcac
540

taacccgccg
600

caacgtcact
660

cgtgaagcgt
720

ggtgcagccg
780

gggcctgacg
840

tggcgagtat
900

ctttatgcac
960

ggcgggcectg
1020

tgaccgtcac
1080

ggcaatcaat
1140

aacgctggtt
1200

agaagtcccg
1260

tggcggcgaa
1320

cgacaaagac
1380

gaacccgcag
1440

tttgcaggca
1500

gaacgtgcga

tccgaacctg

gtgcaggaaa

aataaaaaag

gaagatggtg

aaagtggtgg

atctccctcg

ttcgtggaag

ctgggcgttg

tacaacctca

cttgataaag

ctggcactgc

ggtatcgtca

tacctgttcc

tcatctgcga

gtaggtttca

gagagtgcag

ggcatcatca

gaacactaca

gctgcgactt

272178

aaaacggcat

cattcatttc

acaatggctt

gtggcccgcet

gaatcaaata

aagacagggc

acgaagcgat

gtctggccga

atccgctggg

acctgactat

acggcgcgat

gtgataagtt

ctccggcagg

agcatcgtcc

tgatcgaccg

aatggtttgt

gggcttcctt

tgtgtctgct

acgaactggc

CCcgcacCaaaa

cactggccct

cgttctggaa

caccccgacg

ggcagacggt

caatccgcca

caacgcactg

ggcatccggt

tatcgttgat

cggttccggt

cgttaacgat

ccgtatggac

cgatctggcg

tttgatgaat

gcagtggggc

tgtggtcaac

cgatggtctg

cctgcgtttc

ggcggcggaa

aaaacgcttt

agcggcgctg

-105-

tgctatgtgg

gtgctggcag

cctgcecgttt

atcgtgatta

aatggtggcc

ctggccgatg

catgtgaaag

atggccgcga

atcgaatact

caggtcgatc

tgctccteeg

tttgctaacg

ccgaaccact

aaagatgttg

gacttgggcc

ttcgacggca

gacggcacgc

atcaccgctg

ggtgcgcecga

tctaagctgt

gtaaagatac

cgaacggcgt

ccaatgccat

caccgtccca

cggctgatac

gcctgaaagg

agcaggatct

ttcagaaagc

ggaagcgtat

aaaccttccg

agtgtgcgat

acccggatta

acctggcggt

ccgtcggtaa

gtaaactggt

gcttcggcett

cgtggtccac

tcaccggtaa

gctacaaccg

ctccggaaat



agcaccctgg

tctattggcg

acggaagacg

attgagaaag

ataaaaaaag

gatgcgctac

272178

caggtgaccc

gtctgaaagt

catataagat

aagcggttga

ggcggtcgca

gcttatcagg

Escherichia coli

cgtacacgcg tttactttgc ggcagatgaa

ggtgagcgcc
1560
caacggtgct
1620
tccgtcagge
1680
tcgcaagcag
1740
aacacattta
1800
agaattgcecct
1841

<210> 52
<211> 509
<212> ADN
<213>
<400> 52
60
aagccgaaac
120
aaatgcagca
180
aaggtttgcg
240
tgcttcgaag
300
tattcatatg
360
gacaaacaca
420
attgaattta
480
acgaacactt
509

<210> 53
<211> 2061
<212> ADN
<213>
<220>
<221> dac

atgtgccagg

tgatcgaaca

gaactatcta

ttcctatact

acacatttaa

gaattgcctg

agcgattttg

tgtcaacaaa

diém misc

cacgccgtat

catcatgcag

aaacgttgca

ttctagagaa

taaaaaaagg

atgcgctacg

taggccggat

ctgagtagc

Escherichia coli

gatcaccgcg

gatgactgac

ctactgcgaa

gattgttagc

agatcgccct

cctacgagga

caaacgctgc

tgggtgatca

tcgatgcaat

gacaaaggac

taggaacttc

gcggtcgcaa

cttatcaggc

aaggcgttca

-106-

cgcctgactg

aacggctggt

agcttcctcg

gaagttctga

tttttacgta

tgaaaaatgg

CCaacaccaa

tccecggegga

aaagcagtgt

ggaataggaa

gatcgccctt

ctacgaggat

cgccgcatcc

ctgctccggg

tcgcecgegeg

gtgaagaaca

aaaacgcgta

tgacaaacac

taatcagacc

caccggccgt

attgattgag

aggctggage

ctaaggagga

ttttacgtat

ggtgcaatat

ggcaaaaaca



<222>
<223>

<400> 53
cgtacacgcg
60

aagccgaaac
120

aaatgcagca
180

aaggtttgcg
240

tgcttcgaag
300

tattcatatg
360

aatagatgtg
420

cgtcgacctc
480

gtatggctag
540

aattagatgg
600

caacatacgg
660

ggccaacact
720

atatgaaaca
780

ctatattttt
840

atacccttgt
900

ttggacacaa
960

aaaagaatgg
1020

aactagcaga
1080

acaaccatta
1140

(707) ..(707)
n la a,

Cy

g,

tttactttgce

atgtgccagg

tgatcgaaca

gaactatcta

ttcctatact

gaccgatatc

atataatgtg

gaattcggag

catgagtaaa

tgatgttaat

aaaacttacc

tgtcactact

gcatgacttt

caaagatgac

taatagaatc

attggaatac

aatcaaagtt

ccattatcaa

cctgtccaca

272178

hoac t

ggcagatgaa

cacgccgtat

catcatgcag

aaacgttgca

ttctagagaa

ccgggcggcc

tacatatcca

gaaacaaaga

ggagaagaac

gggcacaaat

cttaaattta

ttcgggtatg

ttcaagagtg

gggaactaca

gagttaaaag

aactataact

aacttcaaaa

caaaatactc

caatctgccc

caaacgctgc

tgggtgatca

tcgatgcaat

gacaaaggac

taggaacttc

gcttcattta

tggcggccgce

tggggggttc

ttttcactgg

tttctgtcag

tttgcactac

gtgttcaatg

ccatgcccga

agacacgtgc

gtattgattt

cacacaatgt

ttagacacaa

caattggcga

tttcgaaaga

-107-

tgaaaaatgg

CcCCaacaccaa

tcccggcegga

aaagcagtgt

ggaataggaa

taaatttctt

tctagaagaa

tcatcatcat

agttgtccca

tggagagggt

tggaaaacta

ctttgcnaga

aggttatgta

tgaagtcaag

taaagaagat

atacatcatg

cattgaagat

tggccctgtc

tcccaacgaa

taatcagacc

caccggccgt

attgattgag

aggctggagc

ctaaggagga

gacattttgg

gcttgggatc

catcatcatg

attcttgttg

gaaggtgatg

cctgttccat

tacccagatc

caggaaagaa

tttgaaggtg

ggaaacattc

gcagacaaac

ggaagcgttc

cttttaccag

aagagagacc



acatggtcct
1200
acaaataact
1260
agcttggctg
1320
gcagaagcgg
1380
accccatgcec
1440
atgcgagagt
1500
gcctttegtt
1560
ggagcggatt
1620
taaactgcca
1680
tcctcggtga
1740
ttctgaaaaa
1800
gagaaagaag
1860
aaaaaagggc
1920
gcgctacgcet
1980
ggccggataa
2040
gagtagctca
2061

<210> 54
<211> 1735
<212> ADN
<213>

<400> 54

tcttgagttt

gcaggtcgac

ttttggcgga

tctgataaaa

gaactcagaa

agggaactgc

ttatctgttg

tgaacgttgc

ggcatcaaat

agaacatcgc

cgcgtaacta

cggttgagat

ggtcgcaaga

tatcaggcct

ggcgttcacg

aggaaatccc

272178

gtaacagctg

catatgggag

tgagagaaga

cagaatttgc

gtgaaacgcc

caggcatcaa

tttgtcggtg

gaagcaacgg

taagcagaag

aagcagattg

ctgcgaaagc

tgttagcgaa

tcgcectttt

acgaggatgg

ccgcatccgg

Escherichia coli

ctgggattac

agctcccaac

ttttcagcct

ctggcggcag

gtagcgccga

ataaaacgaa

aacgctctcc

cccggagggt

gccatcctga

agaaagaagc

ttccteggtg

gttctgaaaa

ttacgtatga

tgcaatatat

Caaaaacaac

acatggcatg

gcgttggatg

gatacagatt

tagcgcggtg

tggtagtgtg

aggctcagtc

tgagtaggac

ggcgggcagyg

cggatgctac

ggttgagatt

aagaacatcg

acgcgtaaac

caaacacaga

tgaatttaag

gaacactttg

gatgaactat

caggcatgca

aaatcagaac

gtcccacctg

gggtctcccce

gaaagactgg

aaatccgccg

acgcccgeca

tgcgaaagct

gttagcgaag

caagcagatt

acatttaata

attgcctgat

cgattttgta

tcaacaaact

cgtacacgcg tttactttgc ggcagatgaa caaacgctgc tgaaaaatgg taatcagacc

60

aagccgaaac atgtgccagg cacgccgtat tgggtgatca ccaacaccaa caccggccgt

120
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aaatgcagca
180

aaggtttgcg
240

cgaaagactg
300

caaatccgcc
360

gacgcccgcc
420

tttttgcgtg
480

tgtgtaggct
540

aggaacttca
600

aagcggaaca
660

tactgggcta
720

gggcttacat
780

ccagctgggg
840

ttgccgccaa
900

tcgtttcgcea
960

aagcggaaca
1020

tactgggcta
1080

gggcttacat
1140

ccagctgggg
1200

ttgccgccaa
1260

tcgtttcgcecg
1320

tgatcgaaca

gaactatcta

ggcctttegt

gggagcggat

ataaactgcc

gccagtgcca

ggagctgctt

agatcccctc

cgtagaaagc

tctggacaag

ggcgatagct

cgccctctgg

ggatctgatg

agatcccctc

cgtagaaagc

tctggacaag

ggcgatagct

cgccctctgg

ggatctgatg

cgggactctg
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catcatgcag

aaacgttgca

tttatctgtt

ttgaacgttg

aggcatcaaa

agcttgcatg

cgaagttcct

acgctgccgce

cagtccgcag

ggaaaacgca

agactgggcg

taaggttggg

gcgcagggga

acgctgccgce

cagtccgcag

ggaaaacgca

agactgggcg

taaggttggg

gcgcagggga

gggttcgaaa

tcgatgcaat

gacaaaggac

gtttgtcggt

cgaagcaacg

ttaagcagaa

cagattgcag

atactttcta

aagcactcag

aaacggtgct

agcgcaaaga

gttttatgga

aagccctgca

tcaagatctg

aagcactcag

aaacggtgct

agcgcaaaga

gttttatgga

aagccctgceca

tcaagatctg

tgaccgacca
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tccecggegga

aaagcaacga

gaacgctctc

gcccggaggg

ggccatcctg

cattacacgt

gagaatagga

ggcgcaaggg

gaccccggat

gaaagcaggt

cagcaagcga

aagtaaactg

atcaagagac

ggcgcaaggg

gaccccggat

gaaagcaggt

cagcaagcga

aagtaaactg

atcaagagac

agcgacgccc

attgattgag

aaggctcagt

ctgagtagga

tggcgggcag

acggatggcc

cttgagcgat

acttcggaat

ctgctaaagg

gaatgtcagc

agcttgcagt

accggaattg

gatggctttc

aggatgagga

ctgctaaagg

gaatgtcagc

agcttgcagt

accggaattg

gatggctttc

aggatgagga

aacctgccat



cacgagattt
1380

gggacgccgg
1440

aagcttcctc
1500

cgaagttctg
1560

ttttttacgt
1620

atggtgcaat
1680

ccggcaaaaa
1735

cgattccacc

ctggatgatc

ggtgaagaac

aaaaacgcgt

atgacaaaca

atattgaatt

caacgaacac

272178

gccgceccttcet

ctccagcgcg

atcgcaagca

aaacacattt

cagaattgcc

taagcgattt

tttgtcaaca

atgaaaggtt

gggatctcat

gattgagaaa

aataaaaaaa

tgatgcgcta

tgtaggccgg

aactgagtag
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gggcttcgga

gctggagttc

gaagcggttg

gggcggtcgce

cgcttatcag

ataaggcgtt

ctcaaggaaa

atcgttttcc

tctactgcga

agattgttag

aagatcgccc

gcctacgagg

cacgccgcat

tccca
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Fig. 10
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Sucroza
Sucraza phosphorylaza
Glucoza-1-P Fructoza
Pt makl
v g' ,
Glucoza-6-P %mem'ﬁ'l: l%é&gﬂ?ruttuza—1,ﬁ-bis]?
wand
Con dl;ﬁ’ng Mannoza-6-P
pentoza phosphat epsC
Mannose.1.P
GTP =
Sinh khdi cpsB
amist PPif/ i
mannoza % GDP-mannoza
Hy0 7| gma
GDP-4-dehydro-6-deoxy-mannoza
NADPH ™
nape* ¢ A

axit colanic + GDP-fucoza

wead, weaB, weaC, weald, woaE, weaF,
weal wead weakl weal, weahd a-1,2-fucagyltransferaza

a-1,2-fucosyllactoza
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Sucroza
Invertaza
Glucoza Fructoza
glk: mak{
3 g' !
Glucoza-6-P %Fm““'ﬁ'l’ UV Fructoza-1,6-hisP
wiand
Con d];, ong Mannoza-6-P
pentoza phosphat - sC
Mannose-1.P
4 GTP =,
Sinh khi cpsB
g 7,

mannoza ‘% GDP-mannoza

B0 | gmd
GDP-4-dehydro-6-deoxy-mannoza
NADFH ™
nape* | A

axit colanic + GDP-fucoza

wead, wealB, weaC, weald, weaE, weakF,
weal wead woakl, weal, weald a-1,2-fucosyltransferaza

a-1,2-fucosyllactoza
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Fig.11

AGCATGATCGAACACATCATGCAGTCGATGCAATTCCCGGCGGAATTGATTGAGAAGG
TTTGCGGAACTATCTAAAACGTTGCAGACAAAGGACAAAGCAATGGCAATCCACAATC
GTGCAGGCCAACCTGCACAACAGAGTGATTTGATTAACGTCGCCCAACTGACGGCGCA
ATATTATGTACTGAAACCAGAAGCAGGGAATGCGGAGCACGCGGTGAAATTCGGTACT
TCCGGTCACCGTGGCAGTGCAGCGCGCCACAGCTTTAACGAGCCGCACATTCTGGCGA
TCGCTCAGGCAATTGCTGAAGAACGTGCGAAAAACGGCATCACTGGCCCTTGCTATGT
GGGTAAAGATACTCACGCCCTGTCCGAACCTGCATTCATTTCCGTTCTGGAAGTGCTG
GCAGCGAACGGCGTTGATGTCATTGTGCAGGAAAACAATGGCTTCACCCCGACGCCTG
CCGTTTCCAATGCCATCCTGGTTCACAATAAAAAAGGTGGCCCGCTGGCAGACGGTAT
CGTGATTACACCGTCCCATAACCCGCCGGAAGATGGTGGAATCAAATACAATCCGCCA
AATGGTGGCCCGGCTGATACCAACGTCACTAAAGTGGTGGAAGACAGGGCCAACGCAC
TGCTGGCCGATGGCCTGAAAGGCGTGAAGCGTATCTCCCTCGACGAAGCGATGGCATC
CGGTCATGTGAAAGAGCAGGATCTGGTGCAGCCGTTCGTGGAAGGTCTGGCCGATATC
GTTGATATGGCCGCGATTCAGAAAGCGGGCCTGACGCTGGGCGTTGATCCGCTGGGCG
GTTCCGGTATCGAATACTGGAAGCGTATTGGCGAGTATTACAACCTCAACCTGACTAT
CGTTAACGATCAGGTCGATCAAACCTTCCGCTTTATGCACCTTGATAAAGACGGCGCG
ATCCGTATGGACTGCTCCTCCGAGTGTGCGATGGCGGGCCTGCTGGCACTGCGTGATA
AGTTCGATCTGGCGTTTGCTAACGACCCGGATTATGACCGTCACGGTATCGTCACTCC
GGCAGGTTTGATGAATCCGAACCACTACCTGGCGGTGGCAATCAATTACCTGTTCCAG
CATCGTCCGCAGTGGGGCAAAGATGTTGCCGTCGGTAAAACGCTGGTTTCATCTGCGA
TGATCGACCGTGTGGTCAACGACTTGGGCCGTAAACTGGTAGAAGTCCCGGTAGGTTT
CAAATGGTTTGTCGATGGTCTGTTCGACGGCAGCTTCGGCTTTGGCGGCGAAGAGAGT
GCAGGGGCTTCCTTCCTGCGTTTCGACGGCACGCCGTGGTCCACCGACAAAGACGGCA
TCATCATGTGICTGCTGGCGGCGGAAATCACCGCTGTCACCGGTAAGAACCCGCAGGA
ACACTACAACGAACTGGCAAAACGCTTTGGTGCGCCGAGCTACAACCGTTTGCAGGCA
GCTGCGACTTCCGCACAAAAAGCGGCGCTGTCTAAGCTGTCTCCGGAAATGGTGAGCG
CCAGCACCCTGGCAGGTGACCCGATCACCGCGCGCCTGACTGCTGCTCCGGGCAACGG
TGCTTCTATTGGCGGTCTGAAAGTGATGACTGACAACGGCTGGTTCGCCGCGCGTCCG
TCAGGCACGGAAGACGCATATAAGATCTACTGCGAAAGCTTCCTCGGTGAAGAACATC
GCAAGCAGATTGAGAAAGAAGCGGTTGAGATTGTTAGCGAAGTTCTGAAAAACGCGTA
AACACATTTAATAAAARAAAGGGCGGTCGCAAGATCGCCCTTTTTTACGTATGACAAAC
ACAGAATTGCCTGATGCGCTACGCTTATCAGGCCTACGAGGAT

Fig.12

CGTACACGCGTTTACTTTGCGGCAGATGAACAAACGCTGCTGAARRAATGGTAATCAGA
CCAAGCCGAAACATGTGCCAGGCACGCCGTATTGGGTGATCACCAACACCAACACCGG
CCGTAAATGCAGCATGATCGAACACATCATGCAGTCGATGCAATTCCCGGCGGAATTG
ATTGAGAAGGTTTGCGGAACTATCTAAAACGTTGCAGACAAAGGACAAAGCAGTGTAG
GCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAA
CTAAGGAGGATATTCATATGACACATTTAATAAAAAAAGGGCGGTCGCAAGATCGCCC
TTTTTTACGTATGACARACACAGAATTGCCTGATGCGCTACGCTTATCAGGCCTACGA
GGATGGTGCAATATATTGAATTTAAGCGATTTTGTAGGCCGGATAAGGCGTTCACGCC
GCATCCGGCAAAAACAACGAACACTTTGTCAACAAACTGAGTAGC
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Fig.13

CGTACACGCGTTTACTTTGCGGCAGATGAACAAACGCTGCTGAAAAATGGTAATCAGACCA
AGCCGAAACATGTGCCAGGCACGCCGTATTGGGTGATCACCAACACCAACACCGGCCGTAA
ATGCAGCATGATCGAACACATCATGCAGTCGATGCAATTCCCGGCGGAATTGATTGAGAAG
GTTTGCGGAACTATCTAAAACGTTGCAGACAAAGGACAAAGCAGTGTAGGCTGGAGCTGCT
TCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAACTAAGGAGGATATTC
ATATGGACCGATATCCCGGGCGGCCGCTTCATTTATAAATTTCTTGACATTTTGGAATAGA
ITGTGATATAATGTGTACATATCCATGGCGGCCGCTCTAGAAGAAGCTTGGGATCCGTCGAC
CTCGAATTCGGAGGAAACAAAGATGGGGGGTTCTCATCATCATCATCATCATGGTATGGCT
AGCATGAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATG
GTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATACGG
AAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGGCCAACACTT
GTCACTACTTTCGGGTATGGTGTTCAATGCTTTGCNAGATACCCAGATCATATGAAACAGC
ATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAGGAAAGAACTATATTTTTCAA
AGATGACGGGAACTACAAGACACGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAAT
AGAATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATTGG
AATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAGAATGGAATCAA
AGTTAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTCAACTAGCAGACCATTAT
CAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCCA
CACAATCTGCCCTTTCGAAAGATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTT
TGTAACAGCTGCTGGGATTACACATGGCATGGATGAACTATACAAATAACTGCAGGTCGAC
CATATGGGAGAGCTCCCAACGCGTTGGATGCAGGCATGCAAGCTTGGCTGTTTTGGCGGAT
GAGAGAAGATTTTCAGCCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACA
GAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTG
AAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGG
CATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGT
CGGTGAACGCTCTCCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAGCA
ACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAG
AAGGCCATCCTGACGGATGCTACTGCGAAAGCTTCCTCGGTGAAGAACATCGCAAGCAGAT
TGAGAAAGAAGCGGTTGAGATTGTTAGCGAAGTTCTGAAAAACGCGTAACTACTGCGAAAG
CTTCCTCGGTGAAGAACATCGCAAGCAGATTGAGAAAGAAGCGGTTGAGATTGTTAGCGAA
GTTCTGAAAAACGCGTAAACACATTTAATAAAAAAAGGGCGGTCGCAAGATCGCCCTTTTT
TACGTATGACAAACACAGAATTGCCTGATGCGCTACGCTTATCAGGCCTACGAGGATGGTG
CAATATATTGAATTTAAGCGATTTTGTAGGCCGGATAAGGCGTTCACGCCGCATCCGGCAA
AAACAACGAACACTTTGTCAACAAACTGAGTAGCTCAAGGAAATCCCA
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Fig.14

CGTACACGCGTTTACTTTGCGGCAGATGAACAAACGCTGCTGAAAAATGGTAATCAGACC
AAGCCGAAACATGTGCCAGGCACGCCGTATTGGGTGATCACCAACACCAACACCGGCCGT
AAATGCAGCATGATCGAACACATCATGCAGTCGATGCAATTCCCGGCGGAATTGATTGAG
AAGGTTTGCGGAACTATCTAAAACGTTGCAGACAAAGGACAAAGCAACGAAAGGCTCAGT
CGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCCTGAGTAGGA
CAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAGCAACGGCCCGGAGGGTGGCGGGCAG
GACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATCCTGACGGATGGCC
TTTTTGCGTGGCCAGTGCCAAGCTTGCATGCAGATTGCAGCATTACACGTCTTGAGCGAT
TGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAAT
AGGAACTTCAAGATCCCCTCACGCTGCCGCAAGCACTCAGGGCGCAAGGGCTGCTAAAGG
AAGCGGAACACGTAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAGC
TACTGGGCTATCTGGACAAGGGAAAACGCAAGCGCAAAGAGAAAGCAGGTAGCTTGCAGT
GGGCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGAATTG
CCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAAAGTAAACTGGATGGCTTTC
TTGCCGCCAAGGATCTGATGGCGCAGGGGATCAAGATCTGATCAAGAGACAGGATGAGGA
TCGTTTCGCAAGATCCCCTCACGCTGCCGCAAGCACTCAGGGCGCAAGGGCTGCTAAAGG
AAGCGGAACACGTAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAGC
TACTGGGCTATCTGGACAAGGGAAAACGCAAGCGCAAAGAGAAAGCAGGTAGCTTGCAGT
GGGCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGAATTG
CCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAAAGTAAACTGGATGGCTTTC
TTGCCGCCAAGGATCTGATGGCGCAGGGGATCAAGATCTGATCAAGAGACAGGATGAGGA
TCGTTTCGCGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCAT
CACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCC
GGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTCTACTGCGA
AAGCTTCCTCGGTGAAGAACATCGCAAGCAGATTGAGAAAGAAGCGGTTGAGATTGTTAG
CGAAGTTCTGAAAAACGCGTAAACACATTTAATAAAAAAAGGGCGGTCGCAAGATCGCCC
TTTTTTACGTATGACAAACACAGAATTGCCTGATGCGCTACGCTTATCAGGCCTACGAGG
ATGGTGCAATATATTGAATTTAAGCGATTTTGTAGGCCGGATAAGGCGTTCACGCCGCAT
CCGGCARAAAACAACGAACACTTTGTCAACAAACTGAGTAGCTCAAGGAAATCCCA
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