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Linh vwe k§ thuat dwgc dé cap

Sang ché d& cap dén quy trinh san xuit duong D-tagatoza. Cu thé hon, sang ché dé
cap dén phuong phdp san xudt D-tagatoza bang cach chuyén hoa fructoza-6-phosphat
(F6P) thanh tagatoza-6-phosphat (T6P) bang enzym, va chuyén héa T6P thanh D-
tagatoza, trong d6 cac budc dwoc tién hanh trong mot binh phan tng, va trong d6 cac

budc ctia quy trinh khong cin ATP.

Tinh trang k§ thuit ciia sang ché

D-tagatoza (sau ddy goi la tagatoza) 1a mot chét lam ngot tw nhién c¢6 ham lugng
calo thip ¢6 do ngot bang 92% d6 ngot ctia sucroza, song chi c6 38% ham luong calo.
Chét nay 1a mot hexoza monosacarit ¢c6 ngudn gdc trong tu nhién c6 mit véi lugng rat
nho trong hoa qua, cacao, va cac san pham bo sita. Tagatoza da dugc phé chuin lam chét
phu gia thuc phidm béi Cuc quan 1y duogc va thuc phim (Food and Drug Administration-
FDA) vao nim 2003, diéu nay chimg t6 1a chat nay noi chung duoc coi la an toan
(generally recognized as safe-GRAS). Tuy nhién, do gi4 ban cua tagatoza cao, nén viéc
st dung hop chét nay lam chét 1am ngot con bi han ché. Tagatoza dem lai loi ich suc
khoe gép van lan: khong gdy sdu rang; ham lugng calo thap; c6 chi s6 duong huyét rat
thip bang 3; 1am giam chi sé duong huyét cua glucoza 20%; lam giam luong glucoza
trong mau trung binh; giup ngan ngra bénh tim mach, dot quy, va cac bénh mach mau
khac bang cach lam ting luong cholesterol lipoprotein méat dd cao (high-density
lipoprotein-HDL); va la chat chéng oxy hoa va prebiotic dd duge xdc minh. Lu et al.,
Tagatoza, a New Antidiabetic and Obesity Control Drug, Diabetes Obes. Metab. 10(2):
109-34 (2008). Vi thé, tagatoza rd rang c6 nhidu Gtng dung trong cic nganh dugc, cong
nghé sinh, hoc thuat, thuc phim, d udng, thuc pham bd sung, va tap pham.

Gan ddy tagatoza duoc san xudt chu yéu bang cach thiy phan lactoza nhd thiy
phan bang lactaza hodc axit dé tao thanh D-glucoza va D-galactoza (cong bd don qudc té
s6 WO 2011150556, don yéu cdu cép patent Trung Qudc sé CN 103025894, don yéu ciu
cap patent M§ s6 US 5002612, US 6057135, va US 8802843). Sau d6, D-galactoza dugc

ddng phan héa thanh D-tagatoza bang phuong phap hoa hoc nhd canxi hydroxit trong cac
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didu kién kiém hodc bing enzym nhd L-arabinoza isomeraza trong céc diéu kién pH
trung tinh. San pham cudi duge tach ra bing cach két hop loc va sic ky trao ddi. Quy
trinh nay dugc thuc hién trong mot vai thung hodc binh phan Ung sinh hoc. Néi chung,
phuong phép nay c¢6 han ché vi viée tach cac dudng khac doi héi chi phi cao (vi du, D-
glucoza, D-galactoza, va lactoza chua dugc thiy phan) va hiéu sudt san pham thap. Mot
vai phuong phap nho 1én men té bao vi sinh vat dang dugc phat trién, nhung chua c6
phuong phap nao dugc ching minh la phuong phép thay thé trong thuc té do con phu
thudc vao ngudn nguyén liéu gde c6 chi phi cao (vi du, galactitol va D-psicoza), hiéu suét
san pham thap, va qua trinh tich doi hoi chi phi cao.

Van con nhu ciu phat trién con dudng tong hop cé hidu qua vé mit kinh té dé san
Xudt tagatoza v6i hiéu sudt cao, trong do it nhat 1d mot budce cua quy trinh ¢6 lién quan
dén phan tmg héa hoc c6 lgi vé mit ning lwong. Hon nita, van con nhu cau vé quy trinh
san xudt tagatoza, trong dé cac budc clia quy trinh ¢6 thé duoc tién hanh trong mot thing
hodc binh phan tmg sinh hoc. Ciing van con nhu cdu vé quy trinh san xudt tagatoza co thé
duoc tién hanh & ndng do phosphat twong ddi thép, trong d6 phosphat c6 thé dugc téi
tudn hoan, va/hodc quy trinh nay khong can s dung adenosin triphosphat (ATP) lam
ngudn phosphat. Ciing van con nhu cau vé con dudng san xuét tagatoza khong can sir
dung coenzym nicotinamit adenosin dinucleotit (NAD(H)) c6 chi phi cao trong budc
phan tng bét ky.

Patent Han Qudc s6 KR101480422 (B1) md ta quy trinh san xudt tagatoza tir
fructoza thong qua con dudng fructoza-6-phosphat va tagatoza-6-phosphat, c6 s dung
ATP.

Cong bd don Canada sé CA 2 912 540 (CJ CHEILJEDANG), 2014, boc 10
phwong phap san xuit tagatoza, trong d6 fructoza dugc chuyén hoéa thanh tagatoza nhd
ketohexoza C4-epimeraza.

Tai liéu ctia Bosshart va céc déng tac gia, ChemBioChem; 2015, pp. 592-601, boc
16¢c quy trinh chuyén héa sorboza thanh tagatoza bing epimeraza tir Pseudomonas
cichorii.

Tai liéu cua Xu va cac déng tac gia, Biochemical Engineering Journal; December

2015, pp. 28-34, md ta quy trinh ddng phan héa galactoza thanh tagatoza.

Ban chit ky thuit ciia sang ché
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Sang ché d& cap dén cac quy trinh san xuét tagatoza. Theo nhiéu khia canh, cac
quy trinh nay bao gdm chuyén héa fructoza 6-phosphat (F6P) thanh tagatoza 6-phosphat
(T6P), dugc xuc tac boi epimeraza; va chuyén héa T6P thanh tagatoza, dugc xdc tac baoi
phosphataza, trong d6 cic budc ciia quy trinh duge tién hanh trong mot binh phan tng va
trong d6 cac bude cua quy trinh khong can ATP.

Theo mot vai khia canh ciia sang ché, quy trinh san xuét tagatoza ciing bao gém
buéc chuyén hoa glucoza 6-phosphat (G6P) thanh F6P, trong dé budc nay dugce xic tac
bdi phosphoglucoza isomeraza (PGI). Theo cac khia canh khac, quy trinh téng hop
tagatoza ciing bao gdbm budc chuyén héa glucoza 1-phosphat (G1P) thanh G6P, va budc
chuyén hoa nay dugc xtc tac bai phosphoglucomutaza (PGM).

Theo mot vai khia canh, quy trinh san xut tagatoza c6 thé bao gdm chuyén hoa
sacarit thanh G1P, duoc xtc tac béi it nhat mot enzym; chuyén hoa G1P thanh G6P, duogc
xuc tac boi phosphoglucomutaza (PGM); chuyén hoa G6P thanh F6P, duoc xtc tic boi
phosphoglucoza isomeraza (PGI); chuyén hoa F6P thanh tagatoza 6-phosphat (T6P),
dugc xtc tac bdi epimeraza; va chuyén hoéa T6P sinh ra thanh tagatoza, dugc xtc tac boi
phosphataza.

Céc sacarit dugc sir dung trong quy trinh bét ky trong sd cac quy trinh nay c6 thé
duogc chon tr nhom bao g6m tinh bot hodc din xut ctia no, xenluloza hodc dan Xuét cia
nd, va sucroza. Tinh bdt hodc din xuit cta né co6 thé 1a amyloza, amylopectin, tinh bot
hoa tan, amylodextrin, maltodextrin, maltoza, hodc glucoza. Theo mdt vai khia canh cua
sang ché, quy trinh san xudt tagatoza bao gdm chuyén hoa tinh bot thanh din xuét tinh
b6t nho thity phan bing enzym hodc nho thily phéan tinh bot bang axit. Theo cac khia
canh khac, din xuét tinh bot c6 thé dugc tao ra bang cach thity phéan tinh bot bang enzym
duoc xuc tac bdi isoamylaza, pullulanaza, alpha-amylaza, hodc hdn hop ctia hai hodc
nhiéu enzym trong sd cac enzym nay. Theo cac khia canh nhit dinh, quy trinh san xuét
tagatoza ciing c6 thé bao gdm bd sung 4-glucan transferaza (4GT).

Theo cac khia canh khéc, quy trinh san xut tagatoza c6 thé bao gdm chuyén hoa
fructoza thanh F6P, dugc xuc tac boi it nhat mot enzym; chuyén hoéa F6P thanh tagatoza
6-phosphat (T6P) duoc xuc tac boi epimeraza; va chuyén hoa T6P sinh ra thanh tagatoza,
duoc xic tac béi phosphataza. Theo cac phuong an khéc, quy trinh san xuit tagatoza bao
g61n chuyén héa sucroza thanh fructoza, dugc xtc tac béi it nhit mot enzym; chuyén hoa

fructoza thanh F6P, dugc xiic tac boi it nhit mot enzym; chuyén héa F6P thanh tagatoza
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6-phosphat (T6P) dugc xtc tac bdi epimeraza; va chuyén héa T6P sinh ra thanh tagatoza,
dugc xic tac bdi phosphataza.

Theo cac khia canh khéc cta sang ché, G6P dugce st dung trong quy trinh san xudt
tagatoza c6 thé dugc tao ra nho chuyén hoa glucoza thanh G6P, dugc xuc tac boi it nhét
mdt enzym. Két qua 13, glucoza c6 thé dugce tao ra bing cach chuyén hoa sucroza thanh
glucoza, dugc xuc tac boi it nhat mot enzym.

Trong quy trinh theo sang ché, epimeraza dugc sir dung dé chuyén hoa F6P thanh
T6P 1a fructoza 6-phosphat epimeraza. Fructoza 6-phosphat epimeraza c6 thé dugc ma
hoéa béi polynucleotit bao gdm trinh tw nucleotit c6 it nhét 12 60%, it nhit 1a 70%, it nhat
12 80%, it nhét 12 85%, it nhét 1a 90%, it nht 1a 95%, it nhét 1a 97%, it nhét 1a 99%, hodc
100% trinh tu déng nhét vai cac trinh tu SEQ ID NO: 1, 3, 5, 7, 9, hodc 10. Theo céc
khia canh khéc, fructoza 6-phosphat epimeraza bao gom trinh tu axit amin c6 it nhét 1a
60%, it nhat 1a 70%, it nhét 1a 80%, it nhét 1a 85%, it nhat Ia 90%, it nhét 1a 95%, it nhat
14 97%, it nhat 12 99%, hodc 100% trinh tu déng nhit véi cac trinh tw SEQ ID NO.: 2, 4,
6, 8, hoac 11.

Trong quy trinh theo sang ché, phosphataza dugc sir dung dé chuyén héa T6P
thanh tagatoza la tagatoza 6-phosphat phosphataza. Tagatoza 6-phosphat phosphataza c6
thé duge ma hoa béi polynucleotit bao gém trinh tu nucleotit ¢6 it nhét 14 60%, it nhat 1a
70%, it nhat 12 80%, it nhét 1a 85%, it nht 1a 90%, it nhat 1a 95%, it nhat 1a 97%, it nhat
1a 99%, hodc 100% trinh tu d@)ng nhit véi SEQ ID NO.: 12, 14, hodc 16. Theo mdt vai
khia canh vé& quy trinh ndy, tagatoza 6-phosphat phosphataza bao gbm trinh tu axit amin
¢6 it nhat 12 60%, it nhét 1a 70%, it nhat 1a 80%, it nhat la 85%, it nht 1a 90%, it nhét la
95%, it nhét 1a 97%, it nhét 1a 99%, hodc 100% trinh tu dong nhat véi SEQ ID NO.: 13,
15, hoac 17.

Theo céc khia canh khac, quy trinh theo sang ché dugc tién hanh ¢ nhiét d6 nim
trong khoang tu 40°C dén 70°C, & pH nam trong khoang tir 5,0 dén 8,0, va/hoac trong
khoang tir 8 gio dén 48 gid. Theo mot vai khia canh, cac bude cla quy trinh san Xudt
tagatoza dugc tién hanh trong mdt binh phan tng sinh hoc. Theo céac khia canh khac, cac
buge duge tién hanh trong nhidu binh phan Gng sinh hoc dugc bé tri nbi tiép.

Theo cac khia canh khac cia sang ché, cac budc ctia quy trinh san xuit tagatoza

duoc tién hanh khong can NAD(H), & ndng d6 phosphat ndm trong khoang tir 0OmM dén
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150mM, phosphat dugc tai tuan hoan, va/hodc it nhat 1 mot budce clia quy trinh bao g6m

phan ung hoa hoc co 191 vé mét nang luong.

MBS ta vin tit hinh vé

Céc hinh v& nay minh hoa cac khia canh nhit dinh ctia mot vai phuong an theo
sang ché, va khong duge s dung nham 1am gi6i han hodc xac dinh sang ché.

FIG.1 12 so db minh hoa con dudng chuyén hoa bang enzym fructoza 6-phosphat
thanh tagatoza 6-phosphat va sau d6 thanh D-tagatoza (tagatoza).

FIG.2 la so d6 minh hoa con dudng chuyén héa bing enzym tinh bot hodc cac san
pham din xuit cia noé thanh tagatoza. Cac thuat ngit viét tit dudi day dugc st dung:
oGP, alpha-glucan phosphorylaza hodc  phosphorylaza tinh bot; PGM,
phosphoglucomutaza; PGI, phosphoglucoisomeraza; F6PE, fructoza 6-phosphat
epimeraza; T6PP, tagatoza 6-phosphat phosphataza; IA, isoamylaza; PA, pullulanaza;
MP, maltoza phosphorylaza; PPGK, polyphosphat glucokinaza.

FIG.3 thé hién con dudng chuyén hoa bing enzym xenluloza hodc cic san pham
dan xuét cua n6 thanh tagatoza. CDP, xenlodextrin phosphorylaza; CBP, xenlobioza
phosphorylaza;, PPGK, polyphosphat glucokinaza; PGM, phosphoglucomutaza; PGI,
phosphoglucoisomeraza; FO6PE, fructoza 6-phosphat epimeraza; T6PP, tagatoza 6-
phosphat phosphataza.

FIG.4 12 so d minh hoa con duwdng chuyén héa biang enzym fructoza thanh
tagatoza. PPFK, polyphosphat fructokinaza; F6PE, fructoza 6-phosphat epimeraza; T6PP,
tagatoza 6-phosphat phosphataza.

FIG.5 1a so d0 minh hoa con duong chuyén héa bang enzym glucoza thanh
tagatoza. PPGK, polyphosphat glucokinaza; PGI, phosphoglucoisomeraza; F6PE,
fructoza 6-phosphat epimeraza; T6PP, tagatoza 6-phosphat phosphataza.

FIG.6 thé hién con duong chuyén héa bing enzym sucroza hodc céc san phadm dan
xudt cta n6 thanh tagatoza. SP, sucroza phosphorylaza; PPFK, polyphosphat
fructokinaza; PGM, phosphoglucomutaza; PGI, phosphoglucoisomeraza; FO6PE, fructoza
6-phosphat epimeraza; T6PP, tagatoza 6-phosphat phosphataza.

FIG.7 thé hién muc ning lugng Gibbs phan tng gitta cac cht trung gian dva trén

su tao thanh ning luong Gibbs dé chuyén héa glucoza 1-phosphat thanh tagatoza.
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MO ta chi tiét sang ché

Sang ché dé cip dén cac con dudng enzym, hodc cic quy trinh, dé tong hop
tagatoza v4i hidu suit san phim cao, trong khi d6 1am giam déng ké chi phi tach san
pham va chi phi san xuét tagatoza.

Sang ché dé cap dén quy trinh san xuét tagatoza, trong d6 quy trinh nay bao gdm
chuyén hoa fructoza 6-phosphat (F6P) thanh tagatoza 6-phosphat (T6P) duoc xtc tac boi
epimeraza va chuyén héa T6P sinh ra thanh tagatoza duoc xiic tac béi phosphataza (vi
du, tagatoza 6-phosphat phosphataza, T6PP). Quy trinh nay néi chung dugc thé hién
trong FIG.1. Epimeraza xiic tac su chuyén hoa F6P thanh T6P 14 fructoza 6-phosphat
epimeraza (FO6PE).

Theo mot vai khia canh cia sang ché, epimeraza thich hop dé s dung trong cic
quy trinh chuyén héa F6P thanh T6P bao gdm trinh tu axit amin c¢6 mirc dong nhét véi
trinh ty axit amin néu trong céc trinh ty SEQ ID NO: 2, 4, 6, 8, hodc 11 (duogc thé hién
dudi day), it nhit 1a 60%, tot hon it nhét 12 65%, tét hon nita it nhat 1a 70%, tot hon nita it
nhit 1a 75%, t6t hon nita it nhét 1a 80%, tot hon nita it nhat 1a 85%, tham chi tot hon nita
it nhét 12 90%, tt nhat it nhat 1a 95%, va tham chi ot nhat it nhat 1a 96%, 97%, 98%,
99%, hodc 100%. Cac epimeraza thich hgp dugc ma héa béi polynucleotit bao gdm trinh
tu nucleotit c6 muc déng nhét véi trinh tu nucleotit néu trong cac trinh ty SEQ ID NO: 1,
3,5,7,9, hoic 10 (duoc thé hién dudi day), it nhit 1a 60%, tot hon it nhat 1 65%, tt hon
nita it nhat 12 70%, t6t hon nita it nhat la 75%, tot hon nita it nhét 1a 80%, t6t hon nita it
nhét la 85%, tham chi tdt hon nita it nhat 12 90%, tot nhat it nhat 1a 95%, va thdm chi tét
nhit it nhét 1a 96%, 97%, 98%, 99%, hodc 100%.

Sang ché ciing dé cép dén epimeraza ma bao gom trinh ty axit amin c6 muc dong
nhét véi trinh tu axit amin néu trong cac SEQ ID NO: 2, 4, 6, &, hodc 11, it nhét 13 60%,
tot hon it nhit 1a 65%, tot hon nita it nhat 1a 70%, tot hon nita it nhét 1a 75%, tot hon nita
it nhét 1a 80%, tt hon nita it nhét 1a 85%, tham chi tét hon nita it nhat 1a 90%, tt nhat it
nhit 1a 95%, va tham chi t5t nhét it nhét 1a 96%, 97%, 98%, 99%, hodc 100%. Theo cac
khia canh khac, sang ché dé cap dén epimeraza duoc ma héa boi polynucleotit bao gdm
trinh tu nucleotit ¢6 mtrc déng nhit véi trinh tu nucleotit néu trong céc trinh tw SEQ ID
NO: 1, 3, 5, 7, 9, hodc 10, it nht 1a 60%, tt hon it nhét 1a 65%, tot hon nita it nhat la

70%, tot hon nita it nhat 1a 75%, t6t hon nita it nhat 1a 80%, t6t hon nita it nhat 1a 85%,
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tham chi t6t hon nita it nhét 1a 90%, t6t nhat it nhat 12 95%, va tham chi tot nhat it nhat 1a
96%, 97%, 98%, 99%, hoac 100%.

Phosphataza ma chuyén héa T6P thanh tagatoza (D-tagatoza) c6 thé duoc st dung
trong quy trinh theo sang ché. Theo mdt vai khia canh cua sang ché, phosphataza ma c6
thé dugc str dung dé chuyén héa T6P thanh tagatoza (D-tagatoza) bao gdm trinh tu axit
amin cO muc déng nhét véi trinh tu axit amin néu trong céc trinh tw SEQ ID NO: 12, 14,
hogic 16 (duoc thé hién dudi day), it nhat 1a 60%, tét hon it nhat 1a 65%, tot hon nita it
nhét 1a 70%, t6t hon nita it nhat 1a 75%, t6t hon nita it nhat 1a 80%, tt hon nita it nhat 1
85%, tham chi t&t hon nita it nhat 1a 90%, t6t nhét it nhat 1a 95%, va tham chi t6t nhat it
nhét 12 96%, 97%, 98%, 99%, hoic 100%. Tagatoza phosphataza dugc ma hoda bai
polynucleotit bao gém trinh tw nucleotit c6 murc dong nhét véi trinh tw nucleotit néu trong
céc trinh tw SEQ ID NO: 13, 15, hodc 17 (dugc thé hién du6i day), it nhét 1a 60%, tét hon
it nhét 1a 65%, tdt hon nira it nhat 1a 70%, tot hon nira it nhat 1a 75%, tot hon nira it nhét
1a 80%, tdt hon nita it nhét 1a 85%, tham chi t5t hon nita it nhéat 1a 90%, t6t nhét it nhat 1a
95%, va tham chi t6t nhat it nht 1a 96%, 97%, 98%, 99%, hodc 100%.

Sang ché ciing dé cap dén phosphataza ma chuyén héa T6P thanh tagatoza (D-
tagatoza) va bao gdm trinh tu axit amin c6 muc dong nhit véi trinh tu axit amin néu
trong céc trinh tw SEQ ID NO: 12, 14, hoiic 16, it nhét 1a 60%, tot hon it nhat la 65%, tot
hon nita it nhét 1a 70%, t6t hon nita it nhét 1a 75%, t6t hon nita it nhét 1a 80%, t6t hon nira
it nht 1a 85%, tham chi t6t hon nita it nhat 1a 90%, tot nhat it nhat 1a 95%, va tham chi
t&t nhét it nhét 12 96%, 97%, 98%, 99%, hodc 100%. Theo cac khia canh khéc, séng ché
dé cap dén phosphataza ma chuyén hoa T6P thanh tagatoza (D-tagatoza) va dugc ma hoa
boi polynucleotit bao gdm trinh tw nucleotit c¢6 muc ddng nhét véi trinh tu nucleotit néu
trong céc trinh tw SEQ ID NO: 13, 15, hoic 17, it nhét 1a 60%, tot hon it nhat 1a 65%, tot
hon nita it nhét 1a 70%, tot hon nira it nhét 1a 75%, tot hon nita it nhét 1a 80%, tot hon nira
it nhét 1a 85%, tham chi t6t hon nita it nhit 1a 90%, tot nhat it nhat la 95%, va tham chi
tot nhét it nhat 1 96%, 97%, 98%, 99%, hodc 100%.

Theo mot vai phuong én, quy trinh san Xut tagatoza theo sang ché ciing bao gdm
buée chuyén hoa bing enzym glucoza 6-phosphat (G6P) thanh F6P, va bude nay duoc
xtc tac bdi phosphoglucoza isomeraza (PGI). Theo cac phuong an khac, quy trinh san
xudt tagatoza con bao gdbm budc chuyén hoa glucoza 1-phosphat (G1P) thanh G6P, trong

d6 budc nay duge xtc tac bdi phosphoglucomutaza (PGM). Theo cdc phuong an khac
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nita, quy trinh san xudt tagatoza ciing bao gdbm buéc chuyén hoa sacarit thanh G1P dugc
xuc tac béi it nhat mot enzym.

Do d6, quy trinh san xut tagatoza theo sang ché c6 thé, vi du, bao gdm cac bude
sau: (i) chuyén hoa sacarit thanh glucoza 1-phosphat (G1P) nhd mét hodc nhidu enzym;
(ii) chuyén héa GIP thanh G6P nhd phosphoglucomutaza (PGM, EC 5.4.2.2); (iii)
chuyén héa G6P thanh F6P nhd phosphoglucoisomeraza (PGI, EC 5.3.1.9); (iv) chuyén
héa F6P thanh T6P nho fructoza 6-phosphat epimeraza (FO6PE), va (v) chuyén hoa T6P
thanh tagatoza nhd tagatoza 6-phosphat phosphataza (T6PP). Mot vi du vé quy trinh
trong d6 sacarit 1a tinh bot duoc thé hién trong FI1G.2.

Thong thuong, ty 1€ ciia cac don vi enzym dugc st dung trong quy trinh dugc mo
tala 1:1:1:1:1 (aGP:PGM:PGL:F6PE:T6PP). Dé t&i wu hoa hiéu sudt san phdm, céc ty 1¢
ndy c6 thé dugc didu chinh trong mot sb t6 hop bat ky. Vi du, ty 18 3:1:1:1:1 ¢6 thé dugc
sir dung dé lam tang tdi da ndng do cua cac chat trung gian dugce phosphoryl héa, ma s&
lam tdng hoat tinh ctia cadc phan ing xudi. Nguge lai, ty 1€ 1:1:1:1:3 ¢6 thé dugc st dung
dé duy tri viéc cip manh phosphat cho aGP, ty 1& nay s& gitip phén cit cac lién két alpha-
1,4-glycozit nho qué trinh phosphoryl phan m¢t cach hiéu qua hon. Ty 1€ cac enzym, vi
du, 3:1:1:1:3 ¢6 thé duoc str dung dé lam tang thém tdc dd phan tmg. Do do, cac ty 1€
enzym, bao gdm cac enzym tuy y khac duoc mo ta dudi day, cé thé duge thay d6i dé lam
ting hiu qua cua quy trinh san xudt tagatoza. Vi du, enzym cu thé c6 thé c6 mat véi
luong gip 2. 3, 4, 5 14n, v.v. so v6i lugng cia cac enzym khéc.

Mot trong sé cac uu diém quan trong cta cic quy trinh san xudt nay 1a & chd cic
bude cla quy trinh ¢6 thé duge tién hanh trong mét binh phan tng sinh hoc hodc binh
phan tng. Theo cach khéc, cac budc ciing co thé duge tién hanh trong nhiéu binh phan
tg sinh hoc, hodc cac binh phan Gng duge b tri ndi tiép.

Cac ion phosphat dugc tao ra béi qua trinh loai phosphat T6PP cua T6P sau do ¢6
thé dugc tai tudn hoan trong budc chuyén héa sacarit thanh G1P ciia quy trinh, cu thé 1a
néu toan bd cac budc cla quy trinh duoc tién hanh trong mot binh phan tng sinh hoc
hoac binh phan Gng. Kha ning tai tudn hoan phosphat trong cic quy trinh duge mo ta cho
phép st dung luong phosphat khong ty luong, luong nay gitp duy tri cac noéng do
phosphat trong phan tng thap. Kha ning nay tic dong dén toan bo con dudng va toan bd
tdc do cua quy trinh, nhung khong 1am han ché hoat tinh clia tmg enzym va cho phép dat

duoc tong hi¢u suat cia cac quy trinh san xuat tagatoza.
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Vi duy, cac ndng dd phosphat trong phan tng c¢é thé nam trong khoang tir 0OmM dén
300mM, tir OmM dén 150mM, tir ImM dén S0mM, tot hon tir SmM dén S0mM, hodc t6t
hon nira tir 10mM dén 50mM. Vi du, ndng d6 phosphat trong phan tmg c¢6 thé 1a 0,1mM,
0,5mM, 1mM, 1,5mM, 2mM, 2,5mM, SmM, 6mM, 7mM, 8mM, 9ImM, 10mM, 15mM,
20mM, 25mM, 30mM, 35mM, 40mM, 45mM, 50mM, hodc 55mM.

Do d6, ndng do phosphat thdp din dén lam giam chi phi san xuét do téng luong
phosphat thip va do d6 chi phi loai bo phosphat giam. Nong do thip nay cling ngan ngira
su rc ché T6PP do phosphat tu do ¢6 ndong do cao va lam giam kha ning 6 nhiém
phosphat.

Hon nita, cac quy trinh theo sang ché c6 thé duoc tién hanh ma khong can bd sung
ATP lam ngudn phosphat, tirc 13, khong sir dung ATP. Céc quy trinh nay ciing c6 thé
duoc tién hanh ma khong can bd sung NAD(H), tuc 13, khong st dung NAD(H). Cac uu
diém khac ciing bao gdm thuc té 1a it nhit 1a mot bude cta quy trinh dwoc mé ta dé san
xudt tagatoza bao gdm phan tmg héa hoc c6 lgi vé mit nang luong (FIG.7).

Céc vi du vé cac enzym duoc st dung dé chuyén hoa sacarit thanh GIP bao gdm
alpha-glucan phosphorylaza (aGP, EC 2.4.1.1), maltoza phosphorylaza (MP, EC
2.4.1.8), xenlodextrin phosphorylaza (CDP, EC 2.4.1.49), xenlobioza phosphorylaza
(CBP, EC 2.4.1.20), xenluloza phosphorylaza, sucroza phosphorylaza (SP, EC 2.4.1.7),
va hon hop ctia chung. Viéc chon enzym hay hdn hgp enzym tuy thudc vao sacarit duge
st dung trong quy trinh.

Sacarit duoc s dung dé tao ra GIP co thé la polysacarit, oligosacarit, va/hodc
disacarit. Vi du, sacarit co thé 1a tinh bot, mot hoic nhiéu din xuit cta tinh bét,
xenluloza, mdt hogc nhiéu din xuét cua xenluloza, sucroza, mot hodc nhiéu dan xuét cua
sucroza, hodc hdn hop cta chung.

Tinh bot 1a hop chét duy trix nang lugng dugc st dung nhiéu nhét trong tu nhién va
duoc du trir nhiéu nhét trong cac hat cdy trong. Tinh bot tu nhién chtta amyloza mach
thing va amylopectin mach nhanh. Vi du vé cac din xuét tinh bdt bao gbdbm amyloza,
amylopectin, tinh bot hoa tan, amylodextrin, maltodextrin, maltoza, fructoza, va glucoza.
Céc vi du vé cac dan xuét xenluloza bao gé)ln sinh khi da xu ly so bd, xenluloza v6 dinh
hinh duoc tai sinh, xenlodextrin, xenlobioza, fructoza, va glucoza. Céc dan xuét sucroza

bao gom fructoza va glucoza.
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Céc dan xuét cta tinh bot c6 thé duge tao ra bang cach thity phan bing enzym tinh
bdt hodc nho thiy phén tinh bt béng axit. Cu thé 1, thuy phan tinh bot béng enzym cé
thé duoc xtc tac hoac duge tdng cuong béng isoamylaza (IA, EC. 3.2.1.68), enzym nay
thity phan lién két a-1,6-glucozit; pullulanaza (PA, EC. 3.2.1.41), thiy phén lién két a-
1,6-glucozit; 4-a-glucanotransferaza (4GT, EC. 2.4.1.25), xtc tac chuyén glycosyl
maltooligosacarit mach ngén, tao ra maltooligosacarit mach dai hon; hodc alpha-amylaza
(EC 3.2.1.1), phan cit lién két o-1,4-glucozit.

Hon nita, cac din xuét xenluloza c¢6 thé dugc tao ra bang cach thiy phan bing
enzym xenluloza dugc xuc tic béi hon hop xenlulaza, bdi axit, hodc bang cach xur Iy so
b9 sinh khéi.

Theo céc phuong an nhat dinh, cac enzym dugc sir dung dé chuyén hoa sacarit
thanh G1P bao gdm oGP. Trong budc ndy, néu sacarit bao gdm tinh bot, thi GIP dugc
tao ra tir tinh bot béi aGP; néu céac sacarit chta tinh bot hoa tan, amylodextrin, hozc
1nahodexnjn,CHI’duqctaoratﬁthﬂlbéthbatan,anndodexujn,hoacrnahodexuhlbéng
aGP.

Néu sacarit bao gdm maltoza va cac enzym bao gdm maltoza phosphorylaza, G1P
duoc tao ra tir maltoza bing maltoza phosphorylaza. Néu sacarit bao gdm sucroza, va céc
enzym bao gdbm sucroza phosphorylaza, G1P dugc tao ra tir sucroza bang sucroza
phosphorylaza.

Theo mot phuong an khéc nita, néu sacarit bao gdm xenlobioza, va cac enzym bao
gébm xenlobioza phosphorylaza, thi G1P dugc tao ra tir xenlobioza bang xenlobioza
phosphorylaza.

Theo phuong 4n khac, néu cac sacarit bao gom xenlodextrin va enzym bao gom
xenlodextrin phosphorylaza, thi G1P dugc tao ra tr xenlodextrin bang xenlodextrin
phosphorylaza.

Theo mot phuong an khac vé chuyén hoa sacarit thanh G1P, néu sacarit bao gébm
xenluloza, va cdc enzym bao gdm xenluloza phosphorylaza, thi GIP dugc tao ra tir
xenluloza bang xenluloza phosphorylaza.

Theo séng ché, tagatoza ciing c¢6 thé dugc tao ra tir fructoza. Vi du vé quy trinh
nay dwoc thé hién trong FIG.4. Vi du, quy trinh nay bao gdm tao ra F6P tir fructoza va
polyphosphat dugc xtc tac bdi polyphosphat fructokinaza (PPFK); chuyén hoa F6P thanh
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T6P duge xtc tac boi FO6PE; va chuyén hoa T6P thanh tagatoza duge xuc tic boi T6PP.
Fructoza c6 thé duoc tao ra, vi du, béng cac chuyén hoa sucroza béng enzym.

Theo cac phuong an khac, tagatoza c6 thé duoc tao ra tir sucroza. Vi du vé quy
trinh nay dugc thé hién trong FIG.6. Quy trinh nay dé cap dén con dudng tdng hop in
vitro bao gdm céc bude c6 sir dung enzym nhu sau: tao ra G1P tir sucroza va phosphat tu
do dugc xuc tac boi sucroza phosphorylaza (SP); chuyén héa G1P thanh G6P dugc xuc
tac béi PGM; chuyén héa G6P thanh F6P duge xtc téc bdi PGI; chuyén héa F6P thanh
T6P dugce xuc tic bdi F6PE; va chuyén hoa T6P thanh tagatoza dugc xc tac bdi TEPP.

Céc ion phosphat dugc tao ra khi T6P dugc chuyén hoa thanh tagatoza sau d6 co
thé dugc tai tuan hoan trong budc chuyén héa sucroza thanh G1P. Ngoai ra, nhu dugc thé
hién trong FIG.6, PPFK va polyphosphat c6 thé duoc sir dung dé lam tang hiéu suét
tagatoza bang cach tao ra F6P tir fructoza dugc sinh ra nhd phédn cit sucroza bang SP
thong qua qua trinh phosphoryl phén.

Theo mét vai phuwong 4n, quy trinh san xuét tagatoza bao gdm céc budc sau: tao ra
glucoza tir polysacarit va oligosacarit bang cach thuy phan bing enzyma hodc thiy phan
béng axit, chuyén hdéa glucoza thanh G6P dugc xuc tac béi it nhit mot enzym, tao ra
fructoza tir polysacarit va oligosacarit bang cach thily phan bang enzym hodc thiy phan
bang axit, va chuyén hoa fructoza thanh G6P duoc xuc tic béi it nhat mot enzym. Vi du
vé céc polysacarit va cac oligosacarit dugc mo ta trén déy.

Theo cac phuong 4n khac, G6P duoc san xuat tir glucoza va natri polyphosphat
bang polyphosphat glucokinaza.

Sang ché dé cap dén cac quy trinh chuyén héa sacarit, nhu polysacarit va
oligosacarit trong tinh bot, xenluloza, sucroza va céc san pham dan xuat ctia chiing, thanh
tagatoza. Theo cic phuong an cia sang ché, cac con duong enzym khong st dung ATP
nhén tao (khong tu nhién) duogc dé xuét dé chuyén hoa tinh bdt, xenluloza, sucroza, va
céc san pham din xuit ctia chung thanh tagatoza st dung hdn hop enzym khong chira té
bao.

Nhu duoc thé hién trén ddy, mot vai enzym c6 thé duoc s dung dé thuy phéan tinh
bot dé 1am tang hiéu sudt GIP. Céc enzym nhu vdy bao g61n isoamylaza, pullulanaza, va
alpha-amylaza. Tinh bot ngé c¢6 nhiéu mach nhanh dé can tré hoat dong cta aGP.
[soamylaza c6 thé duoc st dung dé khtr nhanh tinh bot, tao ra amylodextrin mach théng.

Tinh bot da xur ly so bd bang isoamylaza c6 thé tao ra F6P véi nong do cao trong san
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phim cudi. Isoamylaza va pullulanaza phan cét lién két alpha-1,6-glycozit, ma cho phép
lam tho4i bién tinh bot hoan toan hon bang alpha-glucan phosphorylaza. Alpha-amylaza
phén cét lien két alpha-1,4-glycozit, do d6 alpha-amylaza dugc str dung dé lam thoai bién
tinh bot thanh cac phan doan dé chuyén héa nhanh thanh tagatoza.

Nhu dugc thé hién trong FIG.2, maltoza phosphorylaza (MP) c6 thé dugc st dung
dé 1am tang hiéu suit tagatoza bang cach phan cit bang qua trinh phosphoryl phan san
pham thoai bién maltoza thanh G1P va glucoza. Theo cach khéac, 4-glucan transferaza
(4GT) c6 thé duoc sir dung dé lam tang hiéu sut tagatoza bang cach tai tudn hoan cac
san pham thoai bién glucoza, maltoza, va maltotrioza thanh maltooligosacarit dai hon; ma
c6 thé duoc phan cit nho qua trinh phosphoryl phan bing aGP dé tao ra GIP.

Theo cach khéc, xenluloza 1a ngudn sinh hoc ddi dao nhét va la thanh phan chu
yéu cua thanh té bao thuc vat. Sinh khéi lignoxenluloza khong phai tir thuc pham chira
xenluloza, hemixenluloza, va lignin cling nhu la cac thanh phin thtr yéu khac. Xenluloza
tinh khiét, bao géln avicel (xenluloza vi tinh thé), xenluloza vo dinh hinh duoc tai sinh,
xenluloza vi khuén, giéy loc, va v.v., ¢6 thé duoc tao ra thong qua mdt loat cac bude xu
ly. Céc co chit xenluloza d thiy phan mot phan bao gdm xenlodextrin khong hoa tan
trong nudc ma c¢6 mic polyme héa 16n hon 7, cac xenlodextrin hoa tan trong nugc cé
mirc polyme hoa bang 3-6, xenlobioza, glucoza, va fructoza.

Theo cac phuong 4n nhit dinh, xenluloza va céc san pham dén xut ctia n6 c6 thé
duge chuyén hoa thanh tagatoza thong qua mot loat cac bude. Vi du vé quy trinh nay
dugc thé hién trong FIG.3. Quy trinh ndy tao ra con dudng tong hop in vitro bao 2bm cac
budce sau: tao ra G1P tir xenlodextrin va xenlobioza va phosphat tu do dugc xtc tac bai
xenlodextrin phosphorylaza (CDP) va xenlobioza phosphorylaza (CBP), tuong Ung;
chuyén hoa G1P thanh G6P dugc xuc tic bdi PGM; chuyén héa G6P thanh F6P dugc xtc
tc bdi PGI; chuyén héa F6P thanh T6P duoc xuc tac boi F6PE; va chuyén héa T6P
thanh tagatoza dugc xuc tac boi T6PP. Trong quy trinh nay, cac ion phosphat ¢ thé dugc
tai tudn hoan bang budc chuyén hoa xenlodextrin va xenlobioza thanh G1P.

Mot vai enzym c6 thé duoc s dung dé thiy phan xenluloza ran thanh cac
xenlodextrin hoa tan trong nudc va xenlobioza. Cac enzym nhu vy bao gdm
endoglucanaza va xenlobiohydrolaza, song khong bao gdm  beta-glucosidaza

(xenlobiaza).
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Trudc khi thiy phan xenluloza va tao ra G1P, xenluloza va sinh khéi ¢ thé duoc
xir ly truée dé lam ting d6 phan tng va l1am giam muc polyme héa clia cac chudi
xenluloza. Cac phuong phap xtr ly trudc xenluloza va sinh khéi bao gém xu ly trudc
bang axit lodng, cit phan doan lignoxenluloza trén co sé dung méi xenluloza, kéo dai soi
bing amoniac, ngdm trong dung dich nudc amoniac, xir Iy bang dung dich ion, va thiy
phan mdt phan bang cach st dung axit dim dic, ké ca axit clohydric, axit sulfuric, axit
phosphoric va hdn hop ctia ching.

Theo mot vai phuong an, polyphosphat va polyphosphat glucokinaza (PPGK) co6
thé duge bd sung vao quy trinh, nhd d6 lam tang hidu suat ctia tagatoza nho phosphoryl
hoa san phdm thodi bién glucoza thanh G6P, nhu duoc thé hién trong FIG.3.

Theo cac phuong an khéc, tagatoza cé thé dugc tao ra tur glucoza. Mot vi du vé
quy trinh nhu vdy duoc thé hién trong FIG.5. Quy trinh bao gdm céc bude tao ra G6P tur
glucoza va polyphosphat dugc xuc tac bdi polyphosphat glucokinaza (PPGK); chuyén
hoa G6P thanh F6P duogc xuc tac boi PGI; chuyén hoa F6P thanh T6P dugc xtc tac boi
F6PE; va chuyén hoa T6P thanh tagatoza dugc xuc tac bi T6PP.

Dung dich dém sinh hoc thich hogp bt ky da biét trong linh vuc k§ thuat nay co
thé duogc st dung trong quy trinh theo sang ché, nhu HEPES, PBS, BIS-TRIS, MOPS,
DIPSO, Trizma, v.v.. Dung dich dém phan ng theo tit ca cac phuong 4n ¢ thé co do pH
nam trong khoang tir 5,0 dén 8,0. Tt hon nita, 6 pH ctia dung dich dém phan tng ¢6 thé
nam trong khoang tur 6,0 dén 7.3. Vi dy, do pH cua dung dich dém phéan tng co thé 12 6,0,
6,2, 6,4, 6,6, 6,8, 7,0, 7,2, hoac 7,3.

Dung dich dém phan tng ciing c6 thé chira céc cation kim loai chinh. Vi du vé cac
ion kim loai bao gdm Mg>" va Zn?*.

Nhiét do phan ung tai d6 cac budc cua quy trinh dugc tién hanh c6 thé nam trong
khoang tur 37 dén 85°C. Tt hon nita, cac bude co thé duoc tién hanh & nhiét do nam
trong khoang tir 40°C dén 70°C. Nhiét do c6 thé 1a, vi du, khoang 40°C, khoang 45°C,
khoang 50°C, khoang 55°C, hoac khoang 60°C. T6t hon, nhiét d6 phan ung 1a khoang
50°C.

Thoi gian phan Gng cua cac quy trinh dugc mo ta co thé duoc didu chinh néu can,
va ¢6 thé ndm trong khoang tir 8 gio dén 48 gid. Vi duy, thoi gian phan (mg c thé 1a
khoang 16 gio, khoang 18 gid, khoang 20 gio, khoang 22 gid, khoang 24 gio, khoang 26
gio, khoang 28 gi0, khoang 30 gio, khoang 32 gio, khoang 34 gio, khoang 36 gio,
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khoang 38 gio, khoang 40 gio, khoang 42 gio, khoang 44 gio, khoang 46 giod, hoic
khoang 48 gio. Tét hon nira, thoi gian phan Gng 12 khoang 24 gio.

Quy trinh theo sang ché co thé dat duoc hiéu suét cao do toan bd phan tng co
hang s6 can bang rat tét. Vi du, FIG.7 thé hién ning lugng Gibbs phan Gng gitta cac chét
trung gian dua trén sy tao thanh nang lugng Gibbs dé chuyén hoéa glucoza 1-phosphat

thanh tagatoza. Nang lugng Gibbs phan Ung dugc tao ra dua trén

http://equilibrator.weizmann.ac.il/. V& mat ly thuyét, tdi da 99% hiéu sut co thé dat dugc
néu nguyén liéu ban ddu duoc chuyén hoa hoan toan thanh chét trung gian.

Céc quy trinh theo sang ché st dung cic nguyén liéu ban dau véi chi phi thap va
lam giam chi phi san xuat nho lam giam céc chi phi ¢6 lién quan dén nguyén liéu cip va
viéc tach san pham. Tinh bot, xenluloza, sucroza va cic dan xuit ctia né 1a cic nguyén
liéu cip co chi phi ré hon, vi dy, lactoza. Néu tagatoza dugc san xuat tir lactoza, glucoza
va galactoza va tagatoza duoc tach bang cach sic ky, thi s& lam chi phi san xuét cao hon.

Ngoai ra, budc chuyén hoéa T6P thanh tagatoza theo sang ché la phan ung
phosphataza khong thuan nghich, bat ké nguyén liéu cip. Do d6, tagatoza dugc san xuat
v6i hidu sudt cao dong thoi lam giam chi phi tach san phdm sau d6 mot cach hiéu qua.

Nguoc véi cac phuong phap san xudt trén co s té bao, sang ché dé cap dén quy
trinh san xuét tagatoza khong sir dung té bao, ¢ téc do phan tmg twong dbi cao do loai
b6 mang té bao, mang té bao thuong lam cham sy van chuyén co chat/san phdm vao va ra
khoi té bao. Quy trinh nay ciing ¢6 san phdm cudi khong chira chit chuyén hoa té

bao/moi trudng lén men giau dinh dudng.

Vi du thue hién siang ché

Nguyén liéu va phuong phap

Céc hoa chat

Toan bd hoa chét, ké ca tinh bot ngd, tinh bot hoa tan, maltodextrin, maltoza,
glucoza, giéy loc 1a loai chét phan rng hodc loai cao hon va dugc mua tir Sigma-Aldrich
(St. Louis, MO, USA) hodc Fisher Scientific (Pittsburgh, PA, USA), trir khi dugc quy
dinh theo céach khac. Cac enzym gidi han, T4 ligaza, va Phusion ADN polymeraza dugc
mua tir New England Biolabs (Ipswich, MA, USA). Céc oligonucleotit dugc téng hop
bang céc cong nghé ADN két hop (Coralville, IA, USA) hodc Eurofins MWG Operon
(Huntsville, AL, USA). Xenluloza v6 dinh hinh dugc tai sinh dugc st dung trong quy
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trinh tinh ché enzym dugc didu ché tir Avicel PH105 (FMC BioPolymer, Philadelphia,
PA, USA) nho hoa tan va tai sinh cia né, nhu dugc mo ta trong tai liéu: Ye et al., Fusion
of a family 9 cellulose-binding module improves catalytic potential of Clostridium
thermocellum cellodextrin phosphorylaza on insoluble cellulose. Appl. Microbiol.
Biotechnol. 2011; 92:551-560. Escherichia coli Sigl0 (Sigma-Aldrich, St. Louis, MO,
USA) duoc st dung lam té bao chii dé thao tac ADN va E. coli BL21 (DE3) (Sigma-
Aldrich, St. Louis, MO, USA) dugc st dung lam té bao chu dé biéu hién protein téi td
hop. Mai trudng ZYM-5052 chita 100mg L' ampixilin hodc 50mg L' kanamyxin dugc
sir dung dé phat trién té bao E. coli va biéu hién protein tai t& hop. Xenlulaza tir
Trichoderma reesei (s6 Catalog: C2730) va pullulanaza (s§ Catalog: P1067) dugc mua
tor Sigma-Aldrich (St. Louis, MO, USA) va dugc san xuit boi Novozymes (Franklinton,
NC, USA). Maltoza phosphorylaza (S6 Catalog: M8284) duoc mua tir Sigma-Aldrich.

Tdong hop va tinh ché enzym tai t hop

Ching E. coli BL21 (DE3) mang plasmit biéu hién protein dugc U trong binh
Erlenmeyer ¢6 dung tich 1L véi 100mL mdi truong ZYM-5052 choa 100mg L
ampixilin hodc 50mg L' kanamyxin. Cac t& bao dugc nudi cdy & nhiét do 37°C va lic
quay ¢ tbc do 220 vong/phut trong 16-24 gidr. Céc té bao duoc thu hoach bang cach ly
tAm & nhiét do 12°C va rira mot 1an bang HEPES 20mM (pH 7,5) chira NaCl S0mM va
MgCl, 5mM (két tia bang nhiét va modun gin két véi xenluloza) hoic HEPES 20mM
(pH 7,5) chira NaCl 300mM va imidazol 5mM (tinh ché Ni). Cac két vién té bao dugc téi
huyén phu trong dung dich dém twong ty va dwoc phin giai bang cach siéu am (Fisher
Scientific Sonic Dismembrator Model 500; tao xung 5 gidy va nghi 10 gidy, tong cong 21
phiit & bién do 50%). Sau khi ly tdm, cac protein dich trong dich ndi dugc tinh ché.

Ba phuong phap duoc st dung dé tinh ché cac protein tai to hop khac nhau. Cac
protein ¢6 dudi His duoc tinh ché bang nhua Profinity IMAC Ni-Charged (Bio-Rad,
Hercules, CA, USA). Céc protein dung hop chira médun gan két v6i xenluloza (CBM) va
intein ty phan cat duoc tinh ché nho hép thu ai luc cao trén xenluloza vé dinh hinh duogc
tai sinh c¢6 dién tich bé mat 1on. Két tha bang nhiét ¢ nhiét do 70-95°C trong 5-30 phut
duogc su dung dé tinh ché cac enzym rat 6n dinh nhiét. D6 tinh khiét cta cac protein tai td
hop duoc thir nghiém bang cach dién di trén gel natri dodexyl sulfat polyacrylamit (SDS-
PAGE).

Céac enzym dugc sir dung va cac thir nghiém hoat tinh ctia ching

-16-



33773

Alpha-glucan phosphorylaza (aGP) tir Thermotoga maritima (Uniprot ID
G4FEH8) dugc st dung. Hoat tinh dugc thir nghiém trong dung dich dém natri phosphat
50mM (pH 7,2) chita MgCly ImM, DTT 5mM, va maltodextrin 30mM ¢ nhiét do 50°C.
Phan tng dugc dung nho loc enzym bang thiét bi c6 Vivaspin 2 (10.000 MWCO)
(Vivaproducts, Inc., Littleton, MA, USA). Glucoza 1-phosphat (G1P) dugc do béng cach
st dung kit thir nghiém glucoza hexokinaza/G6PDH (Sigma Aldrich, Catalog No.
GAHK20-1KT) dugc bd sung 25U/mL phosphoglucomutaza. Pon vi (U) duge md ta 1a
umol/phut.

Phosphoglucomutaza (PGM) tur Thermococcus kodakaraensis (Uniprot ID
Q68BJ6) duoc sir dung. Hoat tinh dugc do trong dung dich d¢ém HEPES 50mM (pH 7,2)
chira MgCly 5mM va G1P 5mM & nhiét d§ 50°C. Phan tng duoc dung bang cach loc
enzym bang thiét bi ¢d Vivaspin 2 (10.000 MWCO). San pham glucoza 6-phosphat
(G6P) dugc xac dinh bang cach st dung kit thir nghiém hexokinaza/G6PDH (Sigma
Aldrich, Catalog No. GAHK20-1KT).

Hai ngudén khac nhau cua phosphoglucoisomeraza (PGI) duoc st dung tir
Clostridium thermocellum (Uniprot ID A3DBX9) va Thermus thermophilus (Uniprot ID
Q5SLL6). Hoat tinh dugc do trong dung dich dém HEPES 50mM (pH 7,2) chra 5SmM
MgCl, va 10mM G6P & nhiét do 50°C. Phan tmg dugc dung nho loc enzym béng thiét bi
cd Vivaspin 2 (10.000 MWCO). San pham, fructoza 6-phosphat (F6P), dugc xac dinh
bang cach st dung thir nghiém enzym két hop fructoza 6-phosphat kinaza
(F6PK)/pyruvat dehydrogenaza (PK)/lactat dehydrogenaza (LD) trong d6 giam hép thu &
bude séng 340nm chung to co sy tdng hop F6P. 200uL dung dich phan tmg nay chira
HEPES 50mM (pH 7,2), MgCl, 5SmM, G6P 10mM, ATP 1,5mM, phosphoenol pyruvat
1,5mM, NADH 200 puM, PGI 0,1 U, PK 5 U,vaLD 5 U.

Fructoza 6-phosphat epimeraza (F6PE) tir Dictyoglomus thermophilum (Uniprot
ID BSYBD?7) dugc st dung. Hoat tinh dugc do trong dung dich dém HEPES 50mM (pH
7,2) chita MgCl, 5SmM, va F6P 10mM & nhiét d 50°C. Phan Gng dugc dung nho loc
enzym bang thiét bi ¢ Vivaspin 2 (10.000 MWCO). San pham, tagatoza 6-phosphat
(T6P), duge xac dinh bang cach s dung tagatoza 6-phosphat phosphataza va phét hién
su giai phong phosphat tu do. Pé phat hién su giai phong phosphat tu do, 500uL dung
dich chtra kém axetat 0,1M va amoni molybdat 2mM (pH 5) dugc bd sung vao S0uL
phan tmg. Hon hop dugc tron va duoc bd sung 125uL 5% axit ascorbic (pH 5). Dung
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dich nay duoc tron sau d6 dugc u ¢ nhi¢t do 30°C trong 20 phut. Muc hép thu & budc
soéng 850nm duoc doc dé xac dinh mirc giai phéng phosphat tu do.

F6PE wa nhiét tir Anaerolinea thermophila UNI-1 (Uniprot ID: ESNONG6)

Trinh tu nucleotit (SEQ ID NO.: 1)
ATGTTCGGCTCGCCTGCTCCCCTGCTGGATATGGTCACCGCGCAGAAACA
GGGCATGGCGCGGGGTATCCCATCCATTTGTTCGGCACATCCGGTGGTGC
TGAGTGCCGCCTGCCATCTTGCCCGCCGGAGCGGCGCGCCCCTGCTCATC
GAAACCACCTGCAATCAGGTCAACCACCAAGGTGGGTACAGCGGCATGA
CCCCCGCCGATTTTGTCCGCTTTCTGCGCGAAATTCTGGAACGGGAAGGTA
TTCCCCCGCAACAGGTCATCCTGGGCGGGGATCACCTGGGTCCTTACCCCT
GGCGGAAAGAGCCTGCCGAAACCGCCATAGCACAAGCGCTGGAAATGGT
GCGGGCATACGTGCAGGCAGGCTACACCAAAATTCATCTGGACGCTTCCA
TGCCCTGCGCCGATGACGACCCCGAGCGTCCCCTGCCGCTGGAGCGCATA
GCCCGACGGGCGGCGCAGTTGTGCGCCGCCGCCGAAGCCGCCGCGGGAG
CGGTTCAGCCGGTGTACGTAATTGGCAGTGAGGTGCCCCLCGCCCGGCGGC
GCGCAGGGTCAGGAGGCAAGACTTCACGTCACCACTCCGCAGGAAGCCC
AAGCCGCGCTGGATGCCTTTCGGGAAGCCTTTCTGCAGGCAGGCTTGACT
CCCGTTTGGGAGCGGGTCATTGCGCTGGTAGTCCAGCCGGGGGTGGAGTT
TGGCGTGGACAGCATTCACGCCTATCAGCGCGAAGCCGCCCGCCCGCTGA
AGACCTTCATCGAGGGCGTGCCCGGCATGGTGTATGAAGCCCACTCGACC
GATTACCAGACCCGTGCCTCCCTGCGTGCGCTGGTGGAAGACCACTTTTCC
ATTCTCAAGGTTGGTCCGGCACTAACCTTTGCCTACCGCGAAGCCGTGTTC
GCCCTGGAACACATCGAACGGGAAATATTGGGCAGGCAGGATATGCCTCT
CTCCCGCCTGAGTGAAGTCCTCGACGAGGTGATGCTGAACGATCCACGCC
ACTGGCAGGGATACTTTGCCGGCGCTCCCGCCGAACAGGCGCTGGCGCGC
CGCTACAGTTTCAGCGACCGCATTCGCTATTACTGGCACCATCCCGCCGCG
CAGGAAGCCGTGCGGAGACTGCTCGCCAACCTGATCGAAACCCCGCCGCC
GCTGAGTTTGCTCAGCCAGTACCTGCCGCGCGAGTATGAGATGGTGCGCG
CGGGGGAAATCTCCAGCCACCCGCAGGACCTGATTCGGGCACATATCCAG
CACACGCTGGAAGATTACGCTGCGGCGTGCGGGTAA

Trinh ty axit amin (SEQ ID NO.: 2)
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MFGSPAPLLDMVTAQKQGMARGIPSICSAHPVVLSAACHLARRSGAPLLIETT
CNQVNHQGGYSGMTPADFVRFLREILEREGIPPQQVILGGDHLGPYPWRKEP
AETATAQALEMVRAYVQAGYTKIHLDASMPCADDDPERPLPLERIARRAAQL
CAAAEAAAGAVQPVYVIGSEVPPPGGAQGQEARLHVTTPQEAQAALDAFRE
AFLQAGLTPVWERVIALVVQPGVEFGVDSIHAYQREAARPLKTFIEGVPGMV
YEAHSTDYQTRASLRALVEDHFSILKVGPALTFAYREAVFALEHIEREILGRQ
DMPLSRLSEVLDEVMLNDPRHWQGYFAGAPAEQALARRYSFSDRIRYYWHH
PAAQEAVRRLLANLIETPPPLSLLSQYLPREYEMVRAGEISSHPQDLIRAHIQH
TLEDYAAACG

F6PE wa nhiét th Caldicellulosiruptor kronotskyensis (Uniprot ID: EASEH3)

Trinh tu nucleotit (SEQ ID NO.: 3)
ATGAGTCCTCAAAATCCATTGATTGGTTTATTTAAGAATAGAGAAAAAGA
GTTTAAGGGTATTATTTCAGTTTGTTCTTCAAATGAAATAGTCTTAGAAGC
AGTTTTAAAAAGAATGAAAGATACAAACCTACCAATTATTATTGAAGCCA
CAGCGAACCAGGTAAATCAATTTGGCGGGTATTCTGGGTTGACACCGTCT
CAGTTCAAAGAACGAGTTATAAAAATTGCTCAAAAAGTTGATTTTCCACT
TGAGAGAATAATTCTTGGTGGGGACCATCTTGGACCATTTGTGTGGCGTG
ACCAGGAACCAGAAATTGCTATGGAGTATGCTAAGCAAATGATAAAAGA
ATACATAAAAGCAGGTTTTACCAAAATTCACATCGACACGAGTATGCCTT
TAAAAGGGGAGAACAGCATAGATGATGAAATAATTGCTAAAAGAACTGC
TGTGCTCTGCAGGATTGCGGAGGAGTGTTTTGAGAAGATTTCTATAAACA
ATCCCTATATTACAAGGCCAGTTTATGTGATAGGAGCTGATGTGCCACCTC
CCGGCGGAGAGTCTTCTATTTGTCAAACAATTACTACTAAAGATGAATTA
GAAAGAAGTTTAGAATATTTCAAAGAAGCATTTAAAAAGGAAGGAATTG
AGCATGTATTCGATTATGTAGTTGCTGTTGTTGCAAATTTTGGAGTTGAAT
TTGGGAGCGATGAAATTGTTGATTTTGATATGGAAAAAGTAAAGCCGCTA
AAAGAACTTTTGGCAAAGTACAATATAGTATTTGAAGGCCATTCTACAGA
TTATCAAACAAAAGAAAACTTAAAAAGAATGGTCGAATGTGGTATTGCAA
TTTTAAAGGTTGGTCCTGCTCTAACATTTACATTGCGCGAAGCGTTAGTAG
CACTTAGTCATATTGAAGAAGAAATTTATAGCAATGAAAAGGAGAAACTG
TCAAGATTTAGAGAAGTTTTATTGAATACTATGCTAACATGCAAAGATCA
CTGGAGTAAATATTTTGATGAGAATGATAAGTTAATTAAGTCAAAGCTCC
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TATATAGCTATCTTGACAGATGGAGATACTATTTTGAAAACGAGAGTGTG
AAAAGTGCTGTTTATTCTCTTATTGGAAATTTAGAGAATGTTAAAATTCCA
CCTTGGCTTGTAAGTCAGTATTTTCCTTCTCAGTACCAAAAGATGAGAAAA
AAAGATTTAAAAAACGGTGCTGCCGACCTAATATTGGATAAAATAGGGGA
AGTCATTGACCATTATGTTTATGCGGTAAAAGAATAA

Trinh ty axit amin (SEQ ID NO.: 4)
MSPQNPLIGLFKNREKEFKGIISVCSSNEIVLEAVLKRMKDTNLPIIEATANQV
NQFGGYSGLTPSQFKERVIKIAQKVDFPLERIILGGDHLGPFVWRDQEPEIAME
YAKQMIKEYIKAGFTKIHIDTSMPLKGENSIDDEITAKRTAVLCRIAEECFEKISI
NNPYITRPVYVIGADVPPPGGESSICQTITTKDELERSLEYFKEAFKKEGIEHVF
DYVVAVVANFGVEFGSDEIVDFDMEKVKPLKELLAKYNIVFEGHSTDYQTKE
NLKRMVECGIAILKVGPALTFTLREALVALSHIEEETYSNEKEKLSRFREVLLN
TMLTCKDHWSKYFDENDKLIKSKLLYSYLDRWRYYFENESVKSAVYSLIGNL
ENVKIPPWLVSQYFPSQYQKMRKKDLKNGAADLILDKIGEVIDHYVYAVKE

F6PE wua nhiét tir Caldilinea aerophila (Uniprot ID: 10I507)

Trinh tu nucleotit (SEQ ID NO.: 5)
ATGTCAACACTTCGCCACATCATTTTGCGACTGATCGAGCTGCGTGAACG
AGAACAGATCCATCTCACGCTGCTGGCCGTCTGTCCCAACTCGGCGGCGG
TGCTGGAGGCAGCGGTGAAGGTCGCCGCGCGCTGCCACACGCCGATGCTC
TTCGCTGCCACGCTCAATCAAGTCGATCGCGACGGCGGCTACACCGGTTG
GACGCCTGCGCAATTCGTCGCCGAGATGCGTCGCTATGCCGTCCGCTATG
GCTGCACCACCCCGCTCTATCCTTGCCTGGATCACGGCGGGCCGTGGCTCA
AAGATCGCCATGCACAGGAAAAGCTACCGCTCGACCAGGCGATGCATGA
GGTCAAGCTGAGCCTCACCGCCTGTCTGGAGGCCGGCTACGCGCTGCTGC
ACATCGACCCCACGGTCGATCGCACGCTCCCGCCCGGAGAAGCGCCGCTC
GTGCCGATCGTCGTCGAGCGCACGGTCGAGCTGATCGAACATGCCGAACA
GGAGCGACAGCGGCTGAACCTGCCGGCGGTCGCCTATGAAGTCGGCACCG
AAGAAGTACATGGCGGGCTGGTGAATTTCGACAATTTTGTCGCCTTCTTGG
ATTTGCTCAAGGCAAGGCTTGAACAACGTGCCCTGATGCACGCCTGGCCC
GCCTTCGTGGTGGCGCAGGTCGGCACTGACCTGCATACAACGTATTTTGA
CCCCAGTGCGGCGCAACGGCTGACTGAGATCGTGCGCCCTACCGGTGCAC
TGTTGAAGGGGCACTACACCGACTGGGTCGAAAATCCCGCCGACTATCCG
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AGGGTAGGCATGGGAGGCGCCAACGTTGGTCCAGAGTTTACGGCGGCCG
AGTTCGAGGCGCTGGAAGCGCTGGAACGGCGGGAACAACGGCTGTGCGC
CAACCGGAAATTGCAGCCCGCCTGTTTTTTGGCTGCACTGGAAGAGGCAG
TAGTCGCTTCAGATCGTTGGCGGAAGTGGCTCCAGCCCGATGAGATCGGC
AAGCCCTTTGCAGAATTAACGCCCGCACGCCGGCGCTGGCTCGTGCAGAC
CGGGGCACGCTACGTCTGGACTGCGCCGAAAGTTATCGCCGCACGCGAAC
AGCTCTATGCGCACCTCTCCCTTGTGCAGGCGGATCCACATGCCTACGTGG
TAGAGTCAGTCGCCCGGTCAATCGAGCGCTATATCGATGCCTTCAACTTAT
ACGACGCCGCTACATTGCTTGGATGA

Trinh ty axit amin (SEQ ID NO.: 6)
MSTLRHIILRLIELREREQIHLTLLAVCPNSAAVLEAAVKVAARCHTPMLFAA
TLNQVDRDGGYTGWTPAQFVAEMRRYAVRYGCTTPLYPCLDHGGPWLKDR
HAQEKLPLDQAMHEVKLSLTACLEAGYALLHIDPTVDRTLPPGEAPLVPIVVE
RTVELIEHAEQERQRLNLPAVAYEVGTEEVHGGLVNFDNFVAFLDLLKARLE
QRALMHAWPAFVVAQVGTDLHTTYFDPSAAQRLTEIVRPTGALLKGHYTDW
VENPADYPRVGMGGANVGPEFTAAEFEALEALERREQRLCANRKLQPACFL
AALEEAVVASDRWRKWLQPDEIGKPFAELTPARRRWLVQTGARYVWTAPK
VIAAREQLYAHLSLVQADPHAYVVESVARSIERYIDAFNLYDAATLLG

F6PE wa nhiét tu Caldithrix abyssi (Uniprot ID: HIXRG1)

Trinh tu nucleotit (SEQ ID NO.: 7)
ATGAGTCTGCATCCTTTAAATAAATTAATCGAGCGACACAAAAAAGGAAC
GCCGGTCGGTATTTATTCCGTCTGTTCGGCCAATCCCTTTGTTTTGAAAGC
GGCCATGCTACAGGCGCAAAAGGATCAGTCTTTGCTACTTATTGAGGCCA
CTTCCAACCAGGTAGATCAATTCGGCGGTTACACCGGCATGCGGCCCGAA
GATTTTAAAACAATGACGCTTGAACTGGCAGCCGAAAACAATTACGATCC
ACAGGGATTAATCCTGGGCGGCGACCATCTGGGGCCCAACCGCTGGACAA
AACTGAGCGCCTCCCGGGCCATGGACTACGCCAGAGAGCAGATTGCCGCT
TATGTTAAAGCCGGCTTTTCCAAAATCCACTTAGACGCCACCATGCCCTTG
CAAAACGATGCCACAGATTCCGCCGGCCGCCTTCCAGTCGAAACAATCGC
TCAACGTACCGCAGAATTATGCGCCGTGGCCGAACAAACTTACCGGCAGA
GCGACCAACTCTTTCCGCCGCCTGTTTACATTGTCGGCAGCGACGTGCCCA
TCCCGGGCGGCGCGCAAGAAGCGCTGAACCAGATCCATATTACGGAGGTA
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AAAGAGGTTCAACAGACCATTGATCACGTGCGGCGGGCCTTTGAAAAAAA
CGGCCTGGAAGCGGCTTACGAAAGAGTTTGCGCCGTTGTCGTGCAGCCAG
GCGTTGAATTCGCCGATCAAATCGTTTTTGAATACGCTCCCGACAGAGCG
GCGGCCTTAAAAGATTITATTGAAAGCCATTCGCAGCTGGTTTATGAAGC
GCACTCTACTGATTACCAGACCGCACCTCTTTTGCGCCAGATGGTAAAAG
ATCACTTTGCCATTTTAAAGGTCGGGCCTGCGCTCACCTTTGCCCTGCGCG
AAGCCATTTTTGCTCTGGCCTTTATGGAAAAAGAGCTTTTGCCATTGCACA
GAGCGCTCAAACCTTCTGCCATTCTGGAAACGCTGGACCAAACGATGGAC
AAAAACCCTGCTTACTGGCAAAAGCATTACGGCGGAACAAAGGAAGAAG
TACGCTTTGCGCAGCGGTTTAGCCTGAGCGACCGCATTCGTTACTACTGGC
CGTTTCCAAAGGTTCAAAAGGCCCTGCGCCAATTGCTAAAAAACTTGCAA
CAAATTTCCATTCCTCTAACTTTGGTAAGCCAGTTCATGCCAGAGGAATAC
CAACGTATTCGCCAAGGAACGTTAACCAACGATCCGCAGGCGCTGATTTT
GAACAAAATTCAAAGCGTATTAAAGCAATACGCGGAGGCGACGCAAATT
CAAAACTCTTTGACATTCACGCAAAATCAAAATTCATTAGCAATGGAGCG
ACTATGA

Trinh ty axit amin (SEQ ID NO.: 8)
MSLHPLNKLIERHKKGTPVGIYSVCSANPFVLKAAMLQAQKDQSLLLIEATSN
QVDQFGGYTGMRPEDFKTMTLELAAENNYDPQGLILGGDHLGPNRWTKLSA
SRAMDYAREQIAAY VKAGFSKIHLDATMPLQNDATDSAGRLPVETIAQRTAE
LCAVAEQTYRQSDQLFPPPVYIVGSDVPIPGGAQEALNQIHITEVKEVQQTIDH
VRRAFEKNGLEAAYERVCAVVVQPGVEFADQIVFEYAPDRAAALKDFIESHS
QLVYEAHSTDYQTAPLLRQMVKDHFAILKVGPALTFALREAIFALAFMEKEL
LPLHRALKPSAILETLDQTMDKNPAYWQKHYGGTKEEVRFAQRFSLSDRIRY
Y WPFPKVQKALRQLLKNLQQISIPLTLVSQFMPEEYQRIRQGTLTNDPQALIL
NKIQSVLKQYAEATQIQNSLTFTQNQNSLAMERL

F6PE wa nhiét tr Dictyoglomus thermophilum (Uniprot ID: BSYBD7)

Trinh tu nucleotit (SEQ ID NO.: 9)
ATGTGGCTTAGTAAAGATTATTTGAGAAAAAAGGGAGTTTATTCTATATG
TAGCTCTAATCCATATGTGATTGAGGCAAGTGTTGAATTTGCTAAGGAGA
AGAATGATTATATTTTAATTGAGGCGACACCTCATCAGATAAACCAGTTT
GGTGGATATTCAGGTATGACTCCCGAAGATTTTAAAAACTTTGTAATGGG
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AATAATAAAAGAAAAGGGAATAGAAGAGGATAGGGTGATTCTTGGAGGG
GACCATTTAGGCCCTCTCCCTTGGCAAGATGAACCTTCTTCTTCTGCAATG
AAAAAGGCAAAAGACCTTATAAGGGCCTTTGTGGAGAGTGGTTATAAGA
AGATACACCTTGATTGTAGTATGTCTCTTTCTGATGATCCTGTAGTGCTCT
CTCCCGAGAAGATAGCAGAAAGGGAGAGGGAACTTCTTGAGGTTGCAGA
AGAGACTGCTAGAAAGTACAATTTTCAGCCTGTGTATGTGGTGGGAACTG
ATGTACCGGTAGCTGGAGGAGGCGAAGAGGAAGGTATTACCTCAGTGGA
GGATTTTAGAGTAGCAATCTCCTCTTTAAAAAAATATTTTGAGGATGTTCC
AAGGATATGGGATAGGATAATTGGTTTTGTAATAATGCTTGGTATAGGTTT
TAATTATGAAAAAGTGTTTGAGTATGACAGGATTAAGGTGAGAAAAATTT
TAGAGGAGGTAAAGAAAGAGAATCTTTTTGTTGAAGGTCACTCTACTGAC
TATCAGACAAAACGTGCATTGAGAGATATGGTAGAGGATGGAGTAAGAA
TTCTTAAGGTTGGTCCTGCTTTAACAGCAAGTTTTAGAAGGGGAGTATTITT
TATTAAGTAGCATTGAGGATGAGCTTATATCGGAAGATAAAAGGTCTAAT
ATTAAGAAAGTTGTGCTTGAGACTATGTTAAAAGATGATAAATATTGGAG
AAAGTATTATAAGGATTCAGAAAGATTAGAATTAGATATTTGGTACAACT
TACTTGATAGGATTAGATATTATTGGGAATATAAAGAGATAAAAATAGCT
TTAAATAGGCTTTTTGAAAATTTTTCGGAAGGGGTTGATATTAGATACATC
TATCAATATTTTTATGATTCGTATTTTAAAGTAAGAGAAGGAAAAATAAG
AAATGATCCAAGGGAGCTAATAAAGAATGAAATAAAGAAGGTCTTGGAG
GACTATCACTATGCTGTAAACTTATAA

Trinh tu nucleotit duoc t6i wu hoa codon (SEQ ID NO.: 10)
ATGTGGCTGAGCAAGGACTACCTGCGTAAGAAGGGCGTTTACAGCATTTG
CAGCAGCAACCCGTATGTTATTGAAGCGAGCGTGGAGTTCGCGAAGGAGA
AAAACGATTACATCCTGATTGAAGCGACCCCGCACCAGATCAACCAATTT
GGTGGCTATAGCGGCATGACCCCGGAGGACTTCAAGAACTTTGTTATGGG
CATCATTAAGGAAAAAGGTATCGAGGAAGACCGTGTGATTCTGGGTGGCG
ATCACCTGGGTCCGCTGCCGTGGCAGGATGAGCCGAGCAGCAGCGCGATG
AAGAAAGCGAAAGACCTGATCCGTGCGTTCGTTGAAAGCGGTTACAAGA
AAATTCACCTGGATTGCAGCATGAGCCTGAGCGACGATCCGGTGGTTCTG
AGCCCGGAGAAGATCGCGGAACGTGAGCGTGAACTGCTGGAAGTTGCGG
AGGAAACCGCGCGTAAATACAACTTTCAACCGGTGTATGTGGTGGGTACC
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GATGTTCCGGTTGCGGGTGGCGGTGAGGAAGAGGGTATCACCAGCGTGGA
GGACTTCCGTGTTGCGATTAGCAGCCTGAAGAAATACTTTGAAGACGTTC
CGCGTATTTGGGATCGTATCATTGGTTTCGTGATCATGCTGGGCATTGGTT
TCAACTACGAGAAGGTGTTTGAATATGATCGTATCAAAGTGCGTAAAATT
CTGGAAGAGGTTAAGAAAGAGAACCTGTTTGTGGAAGGCCACAGCACCG
ACTATCAGACCAAGCGTGCGCTGCGTGACATGGTGGAGGATGGCGTTCGT
ATCCTGAAAGTGGGTCCGGCGCTGACCGCGAGCTTCCGTCGTGGTGTGTTT
CTGCTGAGCAGCATCGAGGACGAACTGATTAGCGAGGATAAACGTAGCA
ACATTAAGAAAGTGGTTCTGGAAACCATGCTGAAGGACGATAAATACTGG
CGTAAGTACTATAAAGACAGCGAGCGTCTGGAACTGGATATCTGGTACAA
CCTGCTGGACCGTATTCGTTACTACTGGGAGTACAAGGAAATCAAGATTG
CGCTGAACCGTCTGTTCGAGAACTTTAGCGAAGGCGTTGATATCCGTTAC
ATCTACCAATACTTCTACGACAGCTACTTCAAAGTGCGTGAGGGTAAAAT
CCGTAACGACCCGCGTGAACTGATTAAGAACGAGATTAAGAAAGTGCTGG
AAGACTACCATTATGCGGTGAACCTGTAA

Trinh tu axit amin (SEQ ID NO.: 11)
MWLSKDYLRKKGVYSICSSNPYVIEASVEFAKEKNDYILIEATPHQINQFGGY
SGMTPEDFKNFVMGIIKEKGIEEDRVILGGDHLGPLPWQDEPSSSAMKKAKD
LIRAFVESGYKKIHLDCSMSLSDDPVVLSPEKIAERERELLEVAEETARKYNFQ
PVYVVGTDVPVAGGGEEEGITSVEDFRVAISSLKKYFEDVPRIWDRIIGFVIML
GIGFNYEKVFEYDRIKVRKILEEVKKENLFVEGHSTDYQTKRALRDMVEDGV
RILKVGPALTASFRRGVFLLSSIEDELISEDKRSNIKKVVLETMLKDDKY WRK
YYKDSERLELDIWYNLLDRIRYYWEYKEIKIALNRLFENFSEGVDIRYIYQYF
YDSYFKVREGKIRNDPRELIKNEIKKVLEDYHYAVNL

Tagatoza 6-phosphat phosphataza (T6PP) tur Archaeoglobus fugidis (Uniprot ID

029805) dugc st dung. Hoat tinh dugc do trong dung dich dém HEPES 50mM (pH 7,2)
chira MgCl12 5SmM va T6P 10mM & nhié¢t do 50°C. Phan Gng nay dugc dung nho loc

enzym bang thiét bi ¢6 Vivaspin 2 (10.000 MWCO). Su san xut tagatoza dugc xac dinh

bang cach phat hién su giai phong phosphat tu do nhu dugc mo ta ddi v6i F6PE.

T6PP ua nhiét tr Archaeoglobus fulgidus (Uniprot ID:029805)
Trinh tu nucleotit (SEQ ID NO.: 12)
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ATGTTCAAACCAAAGGCCATCGCAGTTGACATAGATGGCACCCTCACCGA
CAGAAAGAGGGCTCTGAACTGCAGGGCTGTTGAAGCTCTCCGCAAGGTAA
AAATTCCCGTGATTTTGGCCACTGGTAACATATCTTGTTTTGCGAGGGCTG
CAGCAAAGCTGATTGGAGTCTCAGACGTGGTAATCTGCGAGAATGGGGGC
GTGGTGAGGTTCGAGTACGATGGGGAGGATATTGTTTTAGGAGATAAAGA
GAAATGCGTTGAGGCTGTGAGGGTGCTTGAGAAACACTATGAGGTTGAGC
TGCTGGACTTCGAATACAGGAAGTCGGAAGTGTGCATGAGGAGGAGCTTT
GACATCAACGAGGCGAGAAAGCTCATTGAGGGGATGGGGGTTAAGCTTG
TGGATTCAGGCTTTGCCTACCACATTATGGATGCTGATGTTAGCAAGGGA
AAAGCTTTGAAGTTCGTTGCCGAGAGGCTTGGTATCAGTTCAGCGGAGTT
TGCAGTTATCGGCGACTCAGAGAACGACATAGACATGTTCAGAGTTGCTG
GATTCGGAATTGCTGTTGCCAATGCCGATGAGAGGCTGAAGGAGTATGCT
GATTTAGTTACGCCATCACCAGACGGCGAGGGGGTTGTTGAGGCTTTGCA
GTTTCTGGGATTGTTGCGGTGA

Trinh tu axit amin (SEQ ID NO.: 13)
MFKPKAIAVDIDGTLTDRKRALNCRAVEALRKVKIPVILATGNISCFARAAAK
LIGVSDVVICENGGVVRFEYDGEDIVLGDKEKCVEAVRVLEKHYEVELLDFE
YRKSEVCMRRSFDINEARKLIEGMGVKLVDSGFAYHIMDADVSKGKALKEFV
AERLGISSAEFAVIGDSENDIDMFRVAGFGIAVANADERLKEYADLVTPSPDG
EGVVEALQFLGLLR

T6PP tir Archaeoglobus profundus (Uniprot ID D2RHV2_ ARCPA)

Trinh tu nucleotit (SEQ ID NO.: 14)
GTGTTCAAGGCTTTGGTAGTTGATATAGACGGAACTTTGACGGATAAGAA
GAGGGCAATAAACTGCAGAGCGGTCGAAGCACTTAGAAAACTAAAGATT
CCTGTTGTCTTGGCAACCGGAAACATTTCATGCTTTGCAAGGGCTGTAGCT
AAGATTATAGGTGTTTCCGATATTGTAATAGCTGAGAACGGAGGTGTTGT
CAGATTCAGCTACGACGGAGAGGACATAGTTCTGGGGGATAGAAGTAAA
TGCTTAAGAGCTTTGGAGACACTTAGAAAACGCTTCAAAGTAGAGCTTCT
CGACAACGAATATAGGAAGTCTGAGGTCTGCATGAGGAGGAACTTCCCTA
TAGAGGAAGCTAGAAAGATACTGCCAAAAGATGTTAGAATAGTCGATAC
AGGCTTCGCATACCACATAATCGATGCAAATGTCAGCAAGGGGAAGGCTT
TGATGTTCATAGCCGATAAGCTTGGCTTGGACGTTAAGGATTTCATTGCGA
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TAGGTGATTCCGAAAACGACATTGAAATGTTGGAAGTTGCAGGTTTTGGC
GTTGCAGTTGCGAATGCGGATGAAAAGCTTAAGGAGGTAGCGGATTTGGT
CACATCGAAGCCTAATGGAGACGGAGTTGTCGAAGCTCTTGAGTTCTTGG
GACTCATTTAG

Trinh tu axit amin (SEQ ID NO.: 15)
MFKALVVDIDGTLTDKKRAINCRAVEALRKLKIPVVLATGNISCFARAVAKII
GVSDIVIAENGGVVRFSYDGEDIVLGDRSKCLRALETLRKRFKVELLDNEYRK
SEVCMRRNFPIEEARKILPKDVRIVDTGFAYHIIDANVSKGKALMFIADKLGL
DVKDFIAIGDSENDIEMLEVAGFGVAVANADEKLKEVADLVTSKPNGDGVV
EALEFLGLI

T6PP tir Archaeoglobus veneficus (Uniprot ID F2KMK2 ARCVS)

Trinh tu nucleotit (SEQ ID NO.: 16)
ATGCTCCGTCCAAAGGGTCTCGCCATTGACATCGACGGAACCATAACATA
CAGGAATCGAAGCCTGAACTGTAAGGCCGTTGAAGCTCTCAGGAAGGTAA
AAATCCCTGTAGTTCTTGCAACTGGCAACATATCCTGTTTCGCAAGAACTG
CTGCAAAGCTTATAGGCGTCTCAGACATTGTTATATGCGAAAATGGAGGT
ATTGTTCGATTCAGCTACGATGGCGACGACATAGTGCTTGGGGACATAAG
CAAATGCCTTAAAGCGGCTGAAATTCTCAAAGAGTACTTTGAAATCGAAT
TCCTTGACGCTGAGTACAGGAAGTCGGAGGTCTGTCTTCGCAGAAACTTT
CCTATTGAAGAGGCGAGGAAAATTCTTCACGATGCAAAGCTTGATGTTAA
AATCGTCGATTCAGGTTTTGCGTACCACATAATGGATGCGAAGGTCAGCA
AAGGAAGGGCTCTTGAGTACATAGCTGATGAACTTGGTATAAGTCCGAAG
GAGTTCGCTGCAATTGGTGATTCTGAGAACGACATAGACCTGATTAAGGC
TGCCGGCCTCGGTATTGCCGTTGGAGATGCTGACTTAAAGCTCAAAATGG
AGGCCGACGTGGTAGTCTCGAAGAAGAATGGCGATGGAGTTGTTGAAGC
ACTTGAGCTTCTGGGCTTAATTTAA

Trinh tu axit amin (SEQ ID NO.: 17)
MLRPKGLAIDIDGTITYRNRSLNCKAVEALRKVKIPVVLATGNISCFARTAAK
LIGVSDIVICENGGIVRFSYDGDDIVLGDISKCLKAAEILKEYFEIEFLDAEYRK
SEVCLRRNFPIEEARKILHDAKLDVKIVDSGFAYHIMDAKVSKGRALEYIADE
LGISPKEFAAIGDSENDIDLIKAAGLGIAVGDADLKLKMEADVVVSKKNGDG
VVEALELLGLI
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Xenlodextrin phosphorylaza va xenlobioza phosphorylaza tai t& hop tir C.
thermocellum dwgc mo ta trong tai lidu cta Ye va cac dong tac gia. Viéc san xudt hydro
tu phat ¢6 hiéu suit cao tr cac nguyén liéu xenlulo va nudc duoc xtc tic bdi cac hon hop
enzym. ChemSusChem 2009; 2:149-152. Cé4c hoat tinh ctia ching dugc thir nghiém nhu
duoc mo ta.

Polyphosphat glucokinaza tai to hop tir Thermobifida fusca YX dugc md ta trong
tai liéu ctia Liao va cdc dong tac gid, One-step purification and immobilization of
thermophilic polyphosphat glucokinase from Thermobifida fusca YX: glucose-6-
phosphat generation without ATP. Appl. Microbiol. Biotechnol. 2012; 93:1109-1117.
Cac hoat tinh cia enzym nay dugc thttr nghiém nhu dugc mo ta.

Isoamylaza tai t& hop tir Sulfolobus tokodaii duge mé ta trong tai liéu cua Cheng
va cac dong tac gia, Doubling power output of starch biobattery treated by the most
thermostable isoamylase from an archaeon Sulfolobus tokodaii. Scientific Reports 2015;
5:13184. Cac hoat tinh cua enzym nay dugc thir nghiém nhu dugce mo ta.

4-alpha-glucanoltransferaza tai t6 hop tir Thermococcus litoralis duge md ta trong
tai liéu ctia Jeon va cac dong tac gia 4-a-Glucanotransferase from the Hyperthermophilic
Archaeon Thermococcus Litoralis. Eur. J. Biochem. 1997; 248:171-178. Hoat tinh cua
enzym nay dugc do nhu duge mo ta.

Sucroza phosphorylaza tu Caldithrix abyssi (Uniprot H1XT50) dugc st dung.
Hoat tinh cua enzym nay dugc do trong dung dich dém HEPES 50mM (pH 7,5) chta
sucroza 10mM va phosphat hitu co 12mM. Glucoza 1-phosphat (G1P) dugc do bing cach
st dung kit thir nghiém glucoza hexokinaza/G6PDH dugc bd sung 25U/mL
phosphoglucomutaza va alpha-glucan phosphorylaza.

Cac don vi enzym dugc st dung trong mdi vi du dudi day co thé duoc tang hoac
giém dé diéu chinh thoi gian phan Ung néu mudn. Vi du, néu mét enzym mudn thue hién
phan Gmg néu trong vi du 9 trong 8§ gi¢ thay vi 24 gio, thi cadc don vi cua cac enzym nay
can duoc tang lén gép khoang 3 lan. Nguoc lai néu mot enzym mudn thue hién phan tng
néu trong vi du 9 trong 48 gio thay vi 24 gio thi cac don vi enzym c6 thé duge lam giam
khoang 2 1an. Céc vi du nay minh hoa cach sir dung luong cac don vi enzym dé lam ting
hodc 1am giam thoi gian phan (mg dong thoi van duy tri duge hidu suat khong dbi.

Vidul
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Dé danh gia tinh kha thi vé mat k§ thuat cta quy trinh sinh téng hop fructoza 6-
phosphat tir tinh bot nhd enzym, ba enzym dugc biéu hién tai to hop: alpha-glucan
phosphorylaza tu 7. maritime (Uniprot ID GA4FEHS), phosphoglucomutaza tur
Thermococcus kodakaraensis (Uniprot ID (Q68BJ6), va phosphoisomeraza tu
Clostridium thermocellum (Uniprot ID A3DBX9). Cac protein tai td hop dugc biéu hién
qué muc trong E. coli BL21 (DE3) va dugc tinh ché nhu duge mo ta trén day.

0,20mL hdn hop phan ung chira 10g/L tinh bot hoa tan, dung dich nudc mudi
dugc dém phosphat S0mM pH 7,2, MgCl, SmM, ZnCl; 0,5mM, aGP 0,01U, PGM 0,01U,
va PGI 0,01U duogc u ¢ nhiét do 50°C trong 24 gio. Phan Ung dugc dung béng cach loc
enzym bang thiét bi ¢6 Vivaspin 2 (10.000 MWCO). San pham, fructoza 6-phosphat
(F6P), dugc xac dinh bing cach sir dung thir nghiém enzym két hop fructoza 6-phosphat
kinaza (F6PK)/pyruvat dehydrogenaza (PK)/lactat dehydrogenaza (LD) trong d6 mirc
hép thu & budce séng 340nm giam chung té ¢6 su tong hop F6P nhu duge mo ta trén day.
Néng do cudi ciia F6P sau 24 gio 1a 3,6g/L.

Vidu?2

Céc thir nghiém giéng nhu trong vi du 1 (ngoai nhiét do phan tng) duoc tién hanh
& nhiét d6 nam trong khoang tir 40 dén 80°C. Nhan thiy rang 10g/L tinh bdt hoa tan tao
ra 0,9¢/L F6P & nhiét do 40°C va 3,6g/L F6P ¢ nhiét do 80°C sau 40 gi¢ phan ung. Cac
két qua nay goi y rang viée ting nhiét do phan ung ddi véi nhém enzym nay da lam ting
hiéu suit F6P, tuy nhién nhiét d6 qua cao c6 thé 1am giam phan nao hoat tinh enzym.
Vidu3

Nhan thdy ring, & nhiét do 80°C, ty 1& enzym ctia aGP: PGM: PGI xap xi 1:1:1 da
dan dén su tdng hop F6P nhanh. Cin luu ¥ 13 ty 16 enzym khong lam anh huong nhiéu
dén ndng do F6P cubi néu thoi gian phan tmg da 1au. Tuy nhién, ty 1& enzym ciing tac
dong dén tdc do phan ng va téng chi phi cua cac enzym duoc sir dung trong hé phén
iung.

Vidu4

0,20mL hdn hop phan tmg chtra 10g/L maltodextrin, dung dich nudc mudi dugc
dém phosphat 50mM pH 7,2, MgCl 5SmM, ZnCl 0,5mM, oGP 0,01U, PGM 0,01U, va
PGI 0,01U dugc 0 & nhiét do 50°C trong 24 gid. Phan mg dugc dimg bing céch loc
enzym bang thiét bi ¢d Vivaspin 2 (10.000 MWCO). San pham, fructoza 6-phosphat
(F6P), dugc xac dinh bing thir nghiém enzym két hop fructoza 6-phosphat kinaza
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(F6PK)/pyruvat dehydrogenaza (PK)/lactat dehydrogenaza (LD) trong d6 mirc hap thu &
budc séng 340nm giam ching t6 ¢ su tong hop F6P nhu duge mb ta trén day. Néng d6
cudi cia F6P sau 24 gior 1a 3,6g/L.
Vidu 5

Dé thir nghiém sy tdng hop F6P tir Avicel, Sigma xenlulaza dugc st dung dé thuy
ph&1xenhﬂoza61ﬂﬂétd©SOWSJDéloaibébeuvghwoﬁdazakhéiXmﬂukaarnuanénthi
trudong, 10 don vi hoat tinh enzym thuy phan gidy loc/mL ctia xenlulaza duge tron véi
10g/L Avicel trong bé nudc d4 trong 10 phut. Sau khi ly tim ¢ nhiét do 4°C, dich ndi
chita beta-glucosidaza duogc ling gan. Avicel ma dugc gin két véi xenlulaza chta
endbglucanaza va xenlobiohydrolaza dugc tai huyén phu trong dung dich dém xitrat (pH
4,8) dé thuy phan ¢ nhiét do 50°C trong ba ngady. San pham thiy phan xenluloza dugc
tron voi S5U/mL xenlodextrin phosphorylaza, SU/L xenlobioza phosphorylaza, SU/mL
aGP, 5U/mL PGM, va 5U/mL PGI trong dung dich d¢ém HEPES 100mM (pH 7,2) chta
phosphat 10mM, MgCl> 5SmM va ZnCl, 0,5mM. Phéan Gng nay duoc tién hanh & nhiét do
60°C trong 72 gid va nhan thiy F6P ¢6 ndng do cao (mot lugng nhé glucoza va khong c6
xenlobioza). F6P dugc phat hién bang cach sir dung thir nghiém enzym két hop duge mo
ta trén ddy. Glucoza dugc phat hién bang cach st dung kit thir nghiém
hexokinaza/G6PDH nhu dugc mo ta trén day.
Vidu6

Pé lam tang hiéu suat F6P tir Avicel, Avicel duoc xir ly xo bo béng axit
phosphoric dam dic dé tong hop xenluloza vo dinh hinh (RAC), nhu duge md ta trong tai
litu cua Zhang va cac ddng tac gia A tramsition from cellulose swelling to cellulose
dissolution by o-phosphoric acid: evidence from enzymatic hydrolysis and
supramolecular structure. Biomacromolecules 2006; 7:644-648. Pé loai bo beta-
glucosidaza ra khdi xenlulaza mua trén thi truong, 10 don vi hoat tinh enzym thay phan
gidy loc/mL ctia xenlulaza dugc tron v6i 10g/L RAC trong bé nudc da trong 5 phut. Sau
khi ly tim & nhiét do 4°C, dich ndi chtra beta-glucosidaza dugc ling gan. RAC ma dugc
gan két v6i xenlulaza chira endoglucanaza va xenlobiohydrolaza dugc tai huyén phu
trong dung dich dém xitrat (pH 4,8) dé thity phan & nhiét do 50°C trong 12 gid. San pham
thuy phan RAC dugc tron vai SU/mL xenlodextrin phosphorylaza, SU/L xenlobioza
phosphorylaza, 5U/mL oGP, 5U/mL PGM, va 5U/mL PGI trong dung dich dém HEPES
100mM (pH 7,2) chira phosphat 10mM, MgCl, SmM va ZnCl> 0,5mM. Phan tng duoc
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tién hanh & nhiét d6 60°C trong 72 gid. F6P va glucoza dugc thu hdi v6i ndng do cao vi
enzym khong dugc bd sung dé chuyén hoa glucoza thanh F6P. F6P dugc phét hién bang
cach st dung thir nghiém enzym két hop duge mé ta trén day. Glucoza duoc phat hién
bang cach str dung kit thir nghiém hexokinaza/G6PDH nhu duge mo ta trén day.
Vidu7

Pé lam tang thém hiéu suit F6P tr RAC, polyphosphat glucokinaza va
polyphosphat dugc bd sung. Dé loai bo beta-glucosidaza ra khoi xenlulaza mua trén thi
truong, 10 don vi hoat tinh enzym thay phan gidy loc/mL ciia xenlulaza dugc tron véi
10g/L RAC trong bé nude d4 trong 5 phut. Sau khi ly tim & nhiét do 4°C, dich ndi chira
beta-glucosidaza duoc ling gan. RAC ma duogc gin két voi xenlulaza chira
endoglucanaza va xenlobiohydrolaza duoc tai huyén phu trong dung dich dém xitrat (pH
4,8) dé thuy phan & nhiét do 50°C dwoc u trong dung dich dém xitrat (pH 4,8) dé thuy
phan & nhiét d6 50°C trong 12 gid. San pham thiy phan RAC dugc tron véi SU/mL
polyphosphat glucokinaza, 5U/mL xenlodextrin phosphorylaza, 5U/mLl xenlobioza
phosphorylaza, SU/mL aGP, SU/mL PGM, va SU/mL PGI trong dung dich dém HEPES
100mM (pH 7,2) chtta polyphosphat S0mM, phosphat 10mM, MgCl, SmM va ZnCl,
0,5mM. Phan Umg dugc tién hanh & nhiét d6 50°C trong 72 gio. FO6P dugc nhan théy cod
ndng do cao chi véi mot lwong nhéd glucoza c¢6 mit. F6P duoc phéat hién bang cach st
dung thir nghiém enzym két hop duge mé ta trén diy. Glucoza dugc phét hién bang cich
str dung kit thir nghiém hexokinaza/G6PDH nhu dugc mo ta trén day.
Vidu 8

Dé danh gia su tong hop tagatoza tir F6P, 2g/L F6P dugc tron v6i 1U/ml fructoza
6-phosphat epimeraza (F6PE) va 1U/ml tagatoza 6-phosphat phosphataza (T6PP) trong
dung dich dém HEPES 50mM (pH 7,2) chira MgCl, SmM. Hon hop phan tng dugc
trong 16 gior & nhiét do 50°C. 100% F6P duoc chuyén héa thanh tagatoza dugc nhan thdy
bang HPLC (Agilent 1100 series) st dung cot Agilent Hi-Plex H va bo phat hién chi 56
khuc xa. Mau dugc chay trong dung dich H2SOs SmM & tde d6 0,6 mL/phut.
Vidu9

Pé danh gia su tong hop tagatoza tir maltodextrin, 0,20mL hon hgp phan ting chia
20g/LL maltodextrin, dung dich nudc muéi dugc dém phosphat SOmM pH 7,2, MgCl
5mM, aGP 0,05U, PGM 0,05U, PGI 0,05U, F6PE 0,05U, va T6PP 0,05U dugc U ¢ nhiét

do 50°C trong 24 gio. Phan ung dugc dung nho loc enzyme bang thiét bi c6 Vivaspin 2
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(10.000 MWCO). Tagatoza dugc phat hién va dugce dinh lugng bang Agilent 1100 series
HPLC véi1 bd phat hién chi sb khic xa va cot Agilent Hi-Plex H. Pha dong 1a H2SO4
5mM, ma chay & toc d6 0,6mL/phut. Thu dugce hiéu suit 9,2g/L tagatoza. Hiéu suat nay
tvong duong véi 92% hiéu suét theo ly thuyét do cac han ché vé sy thoai bién
maltodextrin ma khong c¢6 enzym nhu isoamylaza hodc 4-glucan transferaza. Tagatoza
v&i céac tiéu chuin néng do khéc nhau dugc st dung dé dinh lugng hiéu Suét.
Vidu 10

Hon hop phan tng chira 200g/L. maltodextrin, dung dich dém axetat 10mM (pH
5,5), MgCl, 5mM, va 0,1g/L isoamylaza dugc u & nhiét do 80°C trong 24 gid. Hon hop
nay dugc st dung dé tao ra hdn hop phan tmng khac chira 20g/L maltodextrin da xu 1y
béng isoamylaza, dung dich nuégc mudi duge dém phosphat 50mM pH 7,2, MgCl, 5SmM,
oGP 0,05U, PGM 0,05U, PGI 0,05U, F6PE 0,05U, va T6PP 0,05U duoc 0 & nhiét do
50°C trong 24 gio. San lugng tagatoza duge dinh luong nhu trong vi du 9. Hiéu suét cua
tagatoza dugc ting dén 16g/L ¢ xi 1y so bd maltodextrin bing isoamylaza. Hiéu suét
nay tuong duong véi 80% hiéu suat theo Iy thuyét.
Vidu 11

Pé tang thém hiu sudt tagatoza tir maltodextrin, 4-glucan transferaza 0,05U
(4GT) dugc bd sung vao phan tmg dugc md ta trong vi du 9.

0,2mL hdn hop phan Gng chira 20g/L maltodextrin da xir Iy bang isoamylaza (xem
vi du 9), dung dich nudc mubi duoc dém phosphat 50mM pH 7,2, MgCl, SmM, aGP
0,05U, PGM 0,05U, PGI 0,05U, F6PE 0,05U, T6PP 0,05U, va 4GT 0,05U dugc U ¢ nhiét
d6 50°C trong 24 gid. San luong tagatoza dugc dinh lugng nhu trong vi du 9. Hiéu suat
clia tagatoza duogc tang 1én dén 17,7g/L bang cach bd sung 4GT vao maltodextrin da xir
Iy bang IA. Hiéu suét nay bang 88,5% hiéu suat theo Iy thuyét.
Vidu 12

Pé xac dinh khoang néng do cta dung dich nudce mudi duge dém phosphat (PBS),
0,20mL hén hop phan tng chtta 50g/L maltodextrin; dung dich nuéc mubi dugc dém
phosphat 6,25mM, 12,5mM, 25mM, 37,5mM, hodac S0mM pH 7,2; MgClx, 5SmM; aGP
0,1U; PGM 0,1U; PGI 0,1U; F6PE 0,1U; va T6PP 0,1U dugce u ¢ nhiét do 50°C trong 6
gi. Thoi gian phan tmg ngan 1am cho phan ung khéng két thic, va do d6 su chénh léch
vé hiéu sut c6 thé duoc théy rd rang hon. San luong cua tagatoza dugc dinh lugng nhu

trong vi du 9. Lan luot thu dugc hiéu suit bang 4,5g/L, 5,1g/L, 5,6g/L, 4,8g/L, hoic

-31-



33773

4,9¢/L tagatoza cia cdc phan Ung chta dung dich nudc mudi duge dém phosphat
6,25mM, 12,5mM, 25mM, 37,5mM, hodc 50mM pH 7,2 (Bang 1). Cac két qua nay chi ra
rang néng do PBS 25mM pH 7.2 1a ly twdng cho cac didu kién phan ung cu thé. Quan
trong can luu y 1a ngay ca khi sit dung PBS 6,25mM & pH 7,2 thi hiéu suét cao van co thé
dat duoc do su tai tudn hoan cta phosphat. Didu nay ching té 1a phuong phép tai tun
hoan phosphat da bdc 10 co thé duy tri lwong phosphat thdp ngay ca & mirc hiéu sudt thé

tich trong cong nghiép (vi du, 200-300g/L maltodextrin).

Bang 1
Nong do ciaa PBS pH 7,2 (mM) g/L Tagatoza
6,25 4,5
12,5 5,1
25 5,6
37,5 4,8
50 4,9

Vidu 13

Pé xac dinh khoang pH ciia phan tmg theo dot, 0,20mL hdn hop phan tng chia
50g/L maltodextrin; dung dich nudc mubi dugc dém phosphat 5S0mM pH 6,0, 6,2, 6,4,
6,6, 6,8, 7,0 7.2, hodc 7,3; MgCl, 5SmM; aGP 0,02 U; PGM 0,02U; PGI 0,02U; F6PE
0,02U:; va T6PP 0,02U duoc 0 & nhiét do 50°C trong 16 gid. Céac don vi dugc lam giam
dé phan tmg khong két thic, va do d6 sw chénh 1éch vé higu suit c6 thé dugc thdy rd rang
hon. San lugng cua tagatoza dugc dinh luong nhu trong vi du 8. Lan luot thu duge hiéu
sut 4,0g/L, 4,1g/L 42¢/L, 4,1g/L, 4,4g/L, 4,1g/L, 3,8g/L hodc 4,0g/L tagatoza cua cac
phan Gng chtra dung dich nudc mubi dugc dém phosphat S0mM ¢ pH 6,0, 6,2, 6.4, 6,6,
6,8, 7,0, 7,2, hodc 7,3 (Bang 2). Céc két qua nay chi ra ring pH bang 6,8 1 Iy tuéng cho

céc didu kién phan tng cu thé, cho du hé phéan tng c6 thé hoat dong trong khoang pH 16n

hon.
Bang 2
pH cua PBS g/L ctia Tagatoza
6,0 4,0
6,2 4,1
6.4 4,2
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6,6 4,1
6.8 4.4
7,0 4,1
7,2 3.8
7,3 4,0

Vidu 14

Dé nghién ctiru quy mo 1én, 20mL hdn hop phéan ung chira 50g/L maltodextrin da
xt ly bang isoamylaza (xem vi du 9), dung dich nugc mudi dugc dém phosphat 50mM
pH 7,2, MgCl, 5mM, aGP 10U, PGM 10U, PGI 10U, F6PE 10U, va T6PP 10U dugc u ¢
nhiét do 50°C trong 24 gid. San lugng tagatoza dugc dinh lugng nhu trong vi du 8. Hiéu
sudt cua tagatoza 1a 37,6g/L & quy md 20mL va 50g/L maltodextrin. Hiéu sudt nay tuong
dwong v6i 75% hiéu suét theo 1y thuyét. Céc két qua nay chi ra ring quy md san xut voi
thé tich phan mg 16n hon s& khong 1am mét hiéu sudt dang ké.
Vidu 15

Pé lam tang thém hiéu sudt tagatoza tir maltodextrin, maltoza phosphorylaza
0,05U duoc bd sung vao phan ting dugc mo ta trong vi du 9.
Vidu 16

Pé lam tang thém hiéu sudt tagatoza tir maltodextrin, polyphosphat glucokinaza
0,05U va polyphosphat 75SmM duoc bd sung vao phan tng duge mo ta trong vi du 9.
Vidu 17

Pé san xuét tagatoza tir fructoza, hdn hgp phan tmg chta 10g/L fructoza, dung
dich dém Tris 50mM pH 7.0, polyphosphat 75mM, MgCl, SmM, fructoza polyphosphat
kinaza 0,05U, F6PE 0,05U, va T6PP 0,05U dugc 4 ¢ nhiét do 50°C trong 24 gid. San
lugng tagatoza dugc dinh luong nhu trong vi du 9.
Vidu 18

Pé san xuit tagatoza tir glucoza, hon hogp phéan tmg chira 10g/L glucoza, dung dich
dém Tris 50mM pH 7,0, polyphosphat 75mM, MgCl, SmM, glucoza polyphosphat kinaza
0,05U, PGI 0,05U, F6PE 0,05U, va T6PP 0,05U dugc 0 ¢ nhiét do 50°C trong 24 gio.
San luong tagatoza dugc dinh lugng nhu trong vi du 9.
Vidul9
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Dé san xuit tagatoza tir sucroza, hdn hop phan tmg chira 10g/L sucroza, dung dich
nuéc mubi duoc dém phosphat 50mM pH 7,0, MgCl, SmM, sucroza phosphorylaza
0,05U, PGM 0,05, PGI 0,05U, F6PE 0,05U, va T6PP 0,05U dugc u ¢ nhiét do 50°C trong
24 gio. San lugng tagatoza dugc dinh Iugng nhu trong vi du 9.

Vi du 20

Dé lam ting thém hiéu sudt cia tagatoza tir sucroza, polyphosphat 75mM va

polyphosphat fructokinaza 0,05 dugc bd sung vao hdn hop phan mg trong vi du 15. San

luong tagatoza dugc dinh lugng nhu trong vi du 9.
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YEU CAUBAO HO

Quy trinh san xuét tagatoza bing eznym, trong d6 quy trinh nay bao g0m cac
budc:

(i) chuyén hoa fructoza 6-phosphat (F6P) thanh tagatoza 6-phosphat (T6P)
dugc xuc tac boi fructoza 6-phosphat epimeraza (F6PE); va

(ii) chuyén hoa T6P sinh ra thanh tagatoza dugc xtc tic béi tagatoza 6-
phosphat phosphataza (T6PP);
trong do, cac budce (i) va (ii) duoc tién hanh trong mot binh phin ting va trong d6

cac buGe ctia quy trinh khong can ATP.

Quy trinh theo diém 1, trong d6 quy trinh nay con bao gém budc chuyén héa
glucoza 6-phosphat (G6P) thanh F6P, trong d6 budc nay dugc xic tdc boi

phosphoglucoza isomeraza (PGI).

Quy trinh theo diém 2, trong d6 quy trinh ndy con bao gdm bude chuyén héa
glucoza 1-phosphat (G1P) thanh G6P, trong d6 budc nay dugc xuc tac boi
phosphoglucomutaza (PGM). |

Quy trinh theo diém 3, trong d6 quy trinh ndy con bao gdm budc chuyén héa
sacarit thanh G1P, trong d6 budc nay dugc xuc tac boi it nhét mot enzym, trong
d6 sacarit dugc chon tir nhom bao gém dan xudt tinh bot, tinh bot, xenluloza hoic

dan xuat cua nd va sucroza.

Quy trinh theo diém 4, trong d6 it nhit mot enzym duge chon tir nhém bao 26m
alpha-glucan  phosphorylaza  (aGP), maltoza  phosphorylaza, sucroza
phosphorylaza, xenlodextrin phosphorylaza, xenlobioza phosphorylaza, va

xenluloza phosphorylaza.
Quy trinh theo diém 4, trong d6 sacarit la dAn xuét tinh bot dugce chon tir nhém

bao gém amyloza, amylopectin, tinh bdt hoa tan, tinh bot, amylodextrin,

maltodextrin, maltoza, va glucoza.
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Quy trinh theo diém 4 hodc diém 6, trong d6 quy trinh nay con bao gém budc
chuyén héa tinh bot thanh din xuét tinh bot trong d6 dan xudt tinh bot duge didu

ché bang cach thily phén tinh bot bang enzym hodc thiy phén tinh bt bang axit.

Quy trinh theo diém 6, trong d6 4-glucan transferaza (4GT) dugc bd sung vao quy

trinh.

Quy trinh theo diém 7, trong d6 din xudt tinh bot duoc didu ché bang cach thuy
phan tinh bot bang enzym dugc xlc tic bdi isoamylaza, pullulanaza, alpha-

amylaza, hoic hon hgp cua chung.

Quy trinh theo diém 1, trong d6 quy trinh nay con bao gdm:
budc chuyén héa fructoza thanh F6P, trong d6 budc nay duoc xuc tac boi it

nhat mot enzym.

Quy trinh theo diém 2, trong d6 quy trinh nay con bao gdm:
budc chuyén héa glucoza thanh G6P, trong d6 bude nay dugc xtc tac boi it

nhat mot enzym.

Quy trinh theo diém bt ky trong sé cac diém tir 1 dén 11, trong do fructoza 6-
phosphat epimeraza dugc khac biét & chd: né duge ma hoéa béi polynucleotit bao
gdm trinh ty nucleotit ¢6 it nhat 60% trinh tu dong nhét v6i SEQ ID NO: 1, 3, 5, 7,
9, hoac 10; hoac nd bao gém trinh tu axit amin co it nhét 60% trinh tu d@)ng nhét

voi SEQ ID NO: 2, 4, 6, 8, hodc 11.

Quy trinh theo diém bét ky trong s cac diém tir 1 dén 12, trong d6 tagatoza 6-
phosphat phosphataza duoc khac biét & chd: né duoc ma hoa béi polynucleotit bao
gbm trinh tu nucleotit ¢6 it nhit 60% trinh tu dong nhat voi SEQ ID NO: 12, 14,
hoac 16; hodc nd bao g61n trinh tu axit amin ¢6 it nhat 60% trinh tu déng nhét véi

SEQ ID NO: 13, 15 hoac 17.
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Quy trinh theo diém bét ky trong sé cac diém tir 1 dén 13, trong dé cic budc cia
quy trinh dugc tién hanh & nhiét d6 nam trong khoang tir 37°C dén 85°C, ¢ pH
nim trong khoang tir 5,0 dén 8.0, va/hoic trong khoang thoi gian tir 8 gior dén 48
gid; va/hodc khong can NAD(H), & néng do phosphat niam trong khoang tur
0,1mM dén 150mM, phosphat duogc tai tudn hoan, va/hodc it nhat mot budc cua

quy trinh bao gdm phan tng héa hoc ¢6 loi vé mit nang luong.

Quy trinh theo diém bit ky trong sé cac diém tir 1 dén 14, trong d6 quy trinh nay
1a quy trinh san xuét tagatoza tir ddn xuét tinh bot bang enzym, trong d6 quy trinh
nay bao gdm cac budc:

(i) chuyén hoa sacarit thanh glucoza 1-phosphat (GIP) nho alpha-glucan
phosphorylaza (aGP), trong d6 sacarit duoc chon tir mdt hodc nhiéu din xuét cua
tinh bot;

(i) chuyén héa GIP thanh glucoza 6-phosphat (G6P) nho
phosphoglucomutaza (PGM);

(iii) chuyén héa G6P thanh fructoza 6-phosphat (F6P) nho
phosphoglucoisomeraza (PGI);

(iv) chuyén hoa fructoza 6-phosphat (F6P) thanh tagatoza 6-phosphat (T6P)
dugc xuc tac béi fructoza 6-phosphat epimeraza (FO6PE); va

(v) chuyén héa T6P sinh ra thanh tagatoza duoc xic tic bdi tagatoza 6-
phosphat phosphataza (T6PP),

trong d6 cac budce (i)-(v) dugc tién hanh trong mot binh phan tng.

Quy trinh theo diém 10, trong d6 quy trinh nay con bao gom budc chuyén hoa

sucroza thanh fructoza, trong d6 budc nay dugc xtc tac béi it nhat mot enzym.

Quy trinh theo diém 11, trong d6 quy trinh nay con bao gdm budc chuyén hoéa

sucroza thanh glucoza, trong d6 budc nay duogc xtc tac bdi it nhat mot enzym.
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