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(57) Sang ché d& xuit quy trinh chuyen hoa sacarit thanh alluloza nho enzym. Sang ché
cling dé cap dén quy trinh diéu ché alluloza, trong d6 quy trinh ndy bao gom chuyén héa
fructoza 6-phosphat (F6P) thanh alluloza 6-phosphat (A6P), dugc xuc tac bdi alluloza 6-
phosphat 3-epimeraza (A6PE), va chuyén hoa AGP thanh alluloza, dugc xuc tac bai
alluloza 6-phosphat phosphataza (A6PP).
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Linh vwe ky thuit dwoe dé cip

Sang ché d& cap dén quy trinh diéu ché dudng D-alluloza. Cu thé hon 13,
sang ché dé cap dén phwong phap diéu ché D-alluloza bing cach chuyén hoéa sacarit
bang enzym (vi du, polysacarit, oligosacarit, disacarit, sucroza, D-glucoza, va D-

fructoza) thanh D-alluloza.

Tinh trang k§ thuit ciia sang ché

D-alluloza (ciing dugc biét dén 1a D-psicoza) (sau day goi la alluloza) 1a mot
chit lam ngot tu nhién, c6 ham lugng calo thép c6 do ngot béng 70% d0 ngot cla
sucroza, song chi c6 10% lugng calo. D-alluloza 14 mdt monosacarit hexoza cé
nguén gbe trong tu nhién ma chi chiém mot luong nho & lha my va céc loai thuc vat
khac. Alluloza da duoc chip nhan 1a mot chét phu gia thuc pham béi Cuc duge va
thuc phim (Food and Drug Administration-FDA) vao ndm 2012, Cuc nay da chi 1o
alluloza n6i chung duoc cho 1a an toan (generally recognized as safe-GRAS). Tuy
nhién, do gia ban alluloza cao, nén viéc sir dung né 1am chit lam ngot bi han ché.
Alluloza ¢6 vo s cac loi ich vé& mat strc khde: né c6 ham lwong calo thap (10%
sucroza); ¢6 chi sb dudng huyét rat thép bfmg 1; duoc hép thu hoan toan & rudt non
nhung khong bi chuyén hoa thay vao d6 dwoc bai tiét ra nudc tiéu va phén; gitp
diéu hoa lwong dudng huyét bang cach tc ché alpha-amylaza, sucraza va maltaza;
va ¢ cac chirc nidng twong tu nhu sucroza trong thuc phim va db udng. Vi thé ro
rang alluloza c6 nhiéu g dung trong nganh thuc phim va dd ubng.

Hién alluloza dugc san xuét chi yéu bang cach ddng phéan héa fructoza bing
enzym (cong bd don qubc té sb WO 2014049373). No6i chung, phuong phap nay
khéng thich hgp vi chi phi nguyén liéu cao, viéc tach alluloza khéi fructoza ton
kém, va hidu suit san xuét tuong dbi thip.

Can phat trién con duong tong hop hiéu qua vé mit chi phi dé san xuét
alluloza v6i hiéu suét cao trong d6 it nhit mot budce cia quy trinh ¢6 lién quan dén
phéan tmg hoa hoc tiét kiém ning lwong. Hon nita, can mdt quy trinh san xuét trong

d6 cac budc ciia quy trinh c6 thé duge tién hanh trong mdt thung hodc binh phan
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ting sinh hoc. Ciing cin quy trinh san xuét alluloza ma c6 thé dugc tién hanh & ndng
d6 phosphat twong ddi thip, trong d6 phosphat c6 thé duogc tai ché, va/hodc quy
trinh nay khong cin str dung adenosin triphosphat (ATP) 1am ngudn phosphat. Ciing
can con duong san xuit alluloza ma khéng cin st dung coenzym nicotinamit

adenosin dinucleotit (NAD(H)) tén kém & budc bit ky trong s cac bude phan tng.

Ban chit ky thuit ciia sang ché

Sang ché duge mo ta & day dé cap dén quy trinh san xuét alluloza. Theo cac
khia canh khéc, quy trinh nay bao gdm budc chuyén héa fructoza 6-phosphat (F6P)
thanh alluloza 6-phosphat (A6P), dugc xuc tac boi alluloza 6-phosphat 3-epimeraza
(A6PE); va chuyén héa A6P thanh alluloza, dwoc xtc tac bdi alluloza 6-phosphat
phosphataza (A6PP). Sang ché ciing dé cap dén alluloza duoc diéu ché bing quy
trinh bt ky trong sb cac quy trinh dugc moé ta & day.

Theo mdt vai khia canh ciia sang ché, quy trinh diéu ché alluloza ciing bao
gdm buée chuyén héa glucoza 6-phosphat (G6P) thanh F6P, trong d6 budc nay
dugc xuc tadc bdi phosphoglucoisomeraza (PGI). Theo cac khia canh khac, quy trinh
tong hop alluloza ciing bao gdm budce chuyén hoa glucoza 1-phosphat (G1P) thanh
G6P, va budc chuyén héa nay duoc xic tac boi phosphoglucomutaza (PGM).

Theo céc khia canh khac, quy trinh diéu ché alluloza c6 thé bao gdbm chuyén
hoa sacarit thanh G1P, duge xtic tic béi it nhat mot enzym; chuyén héa G1P thanh
G6P, duoc xuc tac béi phosphoglucomutaza (PGM); chuyén héa G6P thanh F6P,
duoc xtic tac bdi phosphoglucoisomeraza (PGI); chuyén hoa F6P thanh alluloza 6-
phosphat (A6P), dugc xtic tic bdi AGPE; va chuyén héa A6P thu dugc thanh
alluloza, dugc xuc tac bdi A6PP.

Sacarit duoc sir dung trong quy trinh bt ky trong sd cac quy trinh nay c6 thé
duoc chon tir nhém bao gdm tinh bot hoic din xuét ciia no, xenluloza hodc din xuét
clia né, va sucroza. Tinh bot hodc din xudt cta né c6 thé 1a amyloza, amylopectin,
tinh bt hoa tan, amylodextrin, maltodextrin, maltoza, hodc glucoza. Theo mot vai
khia canh ciia sang ché, quy trinh didu ché alluloza bao gdm chuyén héa tinh bot
thanh din xuét tinh bt bang cach thity phan bing enzym hodc thiy phan tinh bot

bé‘mg axit. Theo cac khia canh khac, din xuét tinh bot c6 thé duoc didu ché bﬁng
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cach thity phén tinh b6t bing enzym dugc xlc tac bodi isoamylaza, pullulanaza,
alpha-amylaza, hodc hdn hop hai hoic nhiéu trong sb cac enzym nay. Quy trinh
diéu ché alluloza, theo cac khia canh nhét dinh, ciing c6 thé bao gdm bd sung 4-
glucan transferaza (4GT).

Theo cac khia canh khéc, quy trinh diéu ché alluloza c6 thé bao gdm chuyén
hoa fructoza thanh F6P, duoc xtc tac béi it nhit mot enzym; chuyén héa F6P thanh
alluloza 6-phosphat (A6P) dugc xtic tic bd1 A6PE; va chuyén héa A6P thu dugc
thanh alluloza, dugc xuc tic béi A6PP. Theo cac phuong an khac, quy trinh san
xuét alluloza bao gE‘)m chuyén hoa sucroza thanh fructoza, dugc xuc tac béi it nhét
mot enzym,; chuyén héa fructoza thanh F6P, dugc xdc tac boi it nhit mot enzym;
chuyén héa F6P thanh alluloza 6-phosphat (A6P) dugc xuc tac boi AGPE; va
chuyén héa A6P thu dugc thanh alluloza, dugc xtc tac boi A6PP.

Theo céc khia canh khac cia sang ché, G6P dugc st dung trong quy trinh
didu ché alluloza c6 thé dugc tao ra béng cach chuyén hoéa glucoza thanh G6P, dugc
xuc tac boi it nhit mot enzym. Néi cach khac glucoza c6 thé duogc téng hop bing
cach chuyén hoa sucroza thanh glucoza, duge xtic tic béi it nhét mot enzym.

Theo cac khia canh khac cua sang ché, cac budc ciia quy trinh didu ché
alluloza duoc tién hanh khong cin ATP, khéng cin NAD(H), & ndéng d6 phosphat
nim trong khoang tir OmM dén 150mM, phosphat nay dugc tai ché, va/hoic it nhat

mdt budc cua quy trinh ¢6 lién quan dén phan ting héa hoc tiét kiém ning luong.

MO ta vin tit cac hinh vé

Céc hinh v& nay minh hoa céc khia canh nhét dinh ctia mét vai phuong 4n
theo sang ché, va khong nén dugc sir dung dé 1am gi6i han hodc x4c dinh sang ché.

FIG.1 12 so d6 minh hoa con dudng chuyén héa bing enzym fructoza 6-
phosphat thanh alluloza 6-phosphat va sau d6 thanh alluloza.

FIG.2 13 so d minh hoa con dwdng chuyén héa bing enzym tinh bt hodc
san phdm din xuét ctia né thanh alluloza. Céc thuat ngit viét tit dudi day duge six
dung: oGP, alpha-glucan phosphorylaza hod@c tinh bot phosphorylaza; PGM,
phosphoglucomutaza; PGI, phosphoglucoisomeraza; 1A, isoamylaza; PA,

pullulanaza; MP, maltoza phosphorylaza; PPGK, polyphosphat glucokinaza.

_4-
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FIG.3 thé hién con dwong chuyén héa bang enzym xenluloza hodc san phim
dan xut ciia n6 thanh alluloza. CDP, xenlodextrin phosphorylaza; CBP, xenlobioza
phosphorylaza; PPGK, polyphosphat glucokinaza; PGM, phosphoglucomutaza;
PGI, phosphoglucoisomeraza.

FIG.4 12 so &6 minh hoa con dudng chuyén héa bang enzym fructoza thanh
alluloza. PPFK, polyphosphat fructokinaza.

FIG.5 14 so ¢ minh hoa con dudng chuyén hoa bing enzym glucoza thanh
alluloza. PPGK, polyphosphat glucokinaza; PGI, phosphoglucoisomeraza.

FIG.6 thé hién con dudng chuyén hoa bing enzym sucroza hoic san phim
dan xuit ctia né thanh alluloza. SP, sucroza phosphorylaza; PPFK, polyphosphat
fructokinaza; PGM, phosphoglucomutaza; PGI, phosphoglucoisomeraza.

FIG.7 thé hién mirc nang lwong phén Gng Gibb gita cc chét trung gian dua
trén sy tao thanh ning lugng Gibbs clia phan tmg chuyén héa glucoza 1-phosphat

thanh alluloza.

MG ta chi tiét sang ché

Sang ché d& xuét con dudng st dung enzym, hoic céc quy trinh, dé téng hop
alluloza véi hiéu suét san phdm cao, ddng thoi lam giam dang ké chi phi tach san
phdm va chi phi san xuét alluloza.

Sang ché dé cap dén quy trinh didu ché alluloza, trong d6 quy trinh nay bao
gdm chuyén héa fructoza 6-phosphat (F6P) thanh alluloza 6-phosphat (A6P) dugc
xtic téc bdi epimeraza va chuyén héa A6P thu dugc thanh alluloza duge xuc tac boi
phosphataza (vi du, alluloza 6-phosphat phosphataza, A6PP). N6i chung, quy trinh
nay dugc thé hién trén FIG.1. Theo c4c phwong 4n nhét dinh, epimeraza xuc tc cho
sur chuyén hoa F6P thanh A6P 13 alluloza 6-phosphat 3-epimeraza (A6PE).

Epimeraza chuyén héa F6P thanh A6P c6 thé dugc st dung trong quy trinh
theo sang ché. Epimeraza ciing c6 kha ning chuyén hoa A6P thanh F6P. Theo mot
vai khia canh ciia séng ché, epimeraza thich hop dé sir dung trong quy trinh dé
chuyén héa F6P thanh A6P c6 trinh ty axit amin ma c¢6 muc ddng nhét véi trinh ty
axit amin néu trong SEQ ID NOs.: 3 hoic 6, it nhét 1a 45%, tbt hon nita it nhét 1a
50%, tot hon nita it nhat 13 55%, tét hon nita it nhit 1a 60%, t6t hon nita it nhét 1a
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65%, t0t hon nita it nht 1a 70%, tSt hon ni¥a it nhét 1a 75%, tét hon nita it nhét la
80%, t6t hon nita it nhat la 85%, tham chi t6t hon nita it nhét 1a 90%, it nhét 1a 91%,
it nhét 1a 92%, it nht 1a 93%, hodc it nhat 13 94%, tét nhét it nht 1a 95%, va tham
chi tét nhit it nhit 1a 96, 97, 98, 99 hoic 100%. Epimeraza thich hop dugc ma héa
boi polynucleotit ¢6 trinh tw nucleotit ma c6 mirc déng nhét vé6i trinh tu nucleotit
néu trong SEQ ID NOS.: 1, 2, 4, va 5; it nhét 12 30%, t&t hon nita it nhit 1a 35%, tbt
hon nita it nhat 1a 40%, t6t hon nita it nhét 12 45%, t&t hon nita it nhat 1a 50%, tét
hon nita it nhat 1a 55%, t5t hon nita it nhét 12 60%, t&t hon nita it nhat 1a 65%, tét
hon nira it nhat 1a 70%, tSt hon nita it nht 1a 75%, t6t hon nita it nhét 1a 80%, tét
hon nita it nhat 14 85%, tham chi tét hon nira it nhit 1a 90%, t6t nhét it nhét 1a 95%,
va tham chi t6t nhat it nhit 12 96, 97, 98, 99 hodc 100%.

Vi du vé A6PE bao gém, nhung khong chi giéi han & cac protein sau, dugc
xac dinh béi cac s ID UNIPROT: D9TQJ4, AOA090IXZS, va P32719. Trong sb
nay, D9TQJ4 va AOA090IXZ8 1a thu dugc tir cac sinh vat wa nhiét. P32719 thu
duoc tir sinh vét va 4m. P32719 gidng 53% so v6i AOA090IXZ8 va gidng 55% so
v6i D9TQJ4, va mdi protein xic tac cho qua trinh epime hoa F6P thanh A6P. Hon
nita, AOA090IXZ8 gibng 45% so v6i DITQJI4. Nguoc lai, cac protein epimeraza
khdc dugc xac dinh béi cac sé6 ID UNIPROT: A0A101D823, RIAXDS,
AO0A150LBUS, A0A023CQGY, va HIXWY2, ma c¢6 mirc ddng nhit véi D9TQJI4
bang 45% hoic it hon khong xuc tac cho qua trinh epime hoa F6P thanh A6P.

Theo mot vai khia canh ciia sang ché, epimeraza thich hop @& sir dung trong
quy trinh @ chuyén hoa F6P thanh A6P st dung cac ddng yéu t6 kim loai c6 hoa tri
hai: t6t hon nita, nhung khong chi gigi han &, coban. Theo cédc khia canh khac cua
sing ché epimeraza chira nhung khong chi giéi han & viéc chira ving 6ng (o/p)s dé
Xuc tac; ngoai ra nhung khong chi giéi han & chira ving gén két v6i phosphat bao
gdm Ser & ddu cta dai B thit 7 ciia viing dng, Ser & dau dai B thir 8 cua ving 6ng, va
Gly & vi tri c¢6 hoat tinh cua vong; ngoai ra nhung khong chi gidi han & viéc chia
ving gan két voi kim loai bao gdm His & cac dai thir hai va thi ba cua ving 6ng;
ngoai ra nhung khoéng chi giéi han & viéc chira Asp & dai B thir 2 va thir bay cua
ving éng @& hoat dong nhu 14 chét xuc tac axit/bazo d& van chuyén proton & vi tri

1,1, va ngoai ra nhung khong chi giéi han & viéc chira ky hiéu goc Asp ki nude c6



39000

dudi His trong dai B thi hai ctia viing dng trong d6 His duoc sit dung dé lién két voi
kim loai va Asp dugc ding dé xtc tac nho axit/bazo. Cac ky hiéu nay la da biét
trong linh vuc k§ thuit nay, va dugce vién din trong tai li€u, vi du, Chan et al.,
Structural Basis for Substrate Specificity in Phosphate Binding (beta/alpha)8-
Barrels: D-alluloza 6-Phosphat 3-Epimeraza from Escherichia coli K-12.
Biochemistry. 2008; 47 (36); 9608 — 9617. Tét hon nita, epimeraza dung trong quy
trinh theo sdng ché chira ving éng (a/B)s dé xtic tac, Ser & diu cua dai B ther 7 cua
ving dng, Ser & ddu cua dai B thtr 8 ciia viing dng, Gly & vong vj tri hoat tinh, His &
dai B thir hai va thit ba ctia ving 6ng, Asp & dai p thtr hai va thit 7 cta ving dng, va
ky hidu gbc Asp ki nuée c6 dudi His trong dai B thir hai ciia viing 6ng.

Quy trinh theo sang ché st dung phosphataza d& chuyén hoa A6P thanh
alluloza (D-alluloza). Theo mdt vai khia canh cta sang ché, phosphataza thich hgp
cho quy trinh chuyén héa A6P thanh alluloza c6 trinh tu axit amin ma c6 mic déng
nhét v&i trinh tu axit amin néu trong SEQ ID NO.: 9, it nhét 13 45%, tdt hon nita it
nhét 1a 50%, tot hon nita it nhat 1a 55%, t6t hon nita it nhit 12 60%, t6t hon nita it
nhét 1a 65%, tot hon nita it nhit 13 70%, t5t hon nita it nhit 1a 75%, tét hon nita it
nhét 1 80%, t6t hon nita it nhét 12 85%, tham chi tét hon nita it nhat 1a 90%, tét
nhét it nhét 1a 95%, it nhét 1a 91%, it nhit 1a 92%, it nhét 1a 93%, hoic it nhét 1a
94%, va thdm chi tdt nhat it nhat 1a 96, 97, 98, 99 hoiic 100%. Céc epimeraza thich
hop dugc ma hoa béi polynucleotit c6 trinh t nucleotit c6 mirc ddng nhit véi trinh
tu nucleotit néu trong SEQ ID NOS.: 7 va 8; it nhét 14 30%, t6t hon nita it nhat 1a
35%, tot hon nita it nhit 14 40%, t6t hon nira it nhét 13 45%, t6t hon nita it nht 1
50%, tot hon nita it nht 1a 55%, tt hon nita it nhét 1a 60%, tét hon nira it nhat 1a
65%, tot hon nita it nht 1a 70%, tt hon nira it nhAt 1a 75%, tét hon nita it nhét Ia
80%, tt hon nira it nhét 13 85%, tham chi tét hon nita it nhit 1a 90%, t&t nhat it nhét
12 95%, va thdm chi t6t nhét it nhit 12 96, 97, 98, 99 hodc 100%.

Vi du vé A6PP bao gém, nhung khoéng chi gidi han & cac protein sau, duogc
x4c dinh béi cac s6 ID UNIPROT: A3DC21, Q5LGR4, va Q89ZR1. A3DC21 ddng
nhit 46% véi QSLGR4 va ddng nhat 45% véi Q89ZR1, va mbi protein xtic tac cho
viéc loai phosphoryl ddc hi¢u ctia phan ting chuyén héa A6P thanh alluloza. Ngugc

lai, cdc phosphataza khac c6 ngudn gdc tir siéu ho haloaxit dehydrogenaza, protein
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dugc xac dinh bdi cac s6 ID UNIPROT: HOUQ29, Q67LU4, AOAOK6IPMS3,
C8WSJ0, AOA151YX61, va cic chi s§ khac, ma dong nhét it hon 45% so véi
A3DC21 khong xtc tic cho viée loai phosphoryl ddc hiéu ctia phan tmg chuyén héa
A6P thanh alluloza.

Phosphataza chuyén héa A6P thanh alluloza, thich hop @é sir dung trong quy
trinh theo sang ché 13 dic hiéu véi alluloza 6-phosphat. Nhu duogc st dung & day,
dac hiéu vé6i alluloza 6-phosphat ¢6 nghia 13 c6 hoat tinh dic hiéu cao hon trén
alluloza 6-phosphat so v6i glucoza 1-phosphat, glucoza 6-phosphat, hoic fructoza
6-phosphat.

Phosphataza chuyén héa A6P thanh alluloza sit dung ddng yéu t6 kim loai
héa tri hai: t6t hon 14 magie. Theo cac khia canh khac cia sang ché phosphataza
chita nhung khong chi gi¢i han & viéc chira viing gip Rossmanoid dé xuc tac; ngoai
ra nhung khong chi gi6i han & viéc chira ving mii C1 dic hiéu véi co chit; ngoai ra
nhung khong chi gi6i han & viéc chira ky hiéu DxD & dai B thir nhét cia ving gip
Rossmanoid dé phéi hop véi magie, trong d6 Asp thir hai 1a chit xtc tic axit/bazo
néi chung; ngoai ra nhung khong chi giéi han & viéc chtra Thr hodc Ser & dau cia
dai B thir hai ctia ving gip Rossmanoid ma gitip 1am on dinh cac chét trung gian
phén tng; ngoai ra nhung khong chi giéi han & viéc chira Lys & déu N cta vong
xo0én 0, & ddu C so véi dai B thir ba ctia ving gip Rossmanoid ma giup 1am n dinh
cac chit trung gian cia phan Urng; va ngoai ra nhung khong chi giéi han & viéc chia
ky hiéu GDxxxD & diu cta dai B thi tu ciia ving gip Rossmanoid dé phdi hop
magie. Cc ddc diém nay 1a da biét trong linh vyc k¥ thuat nay 1a duge vién din
trong tai li€u, vi du, Burroughs et al., Evolutionary Genomics of the HAD
Superfamily: Understanding the Structural Adaptations and Catalytic Diversity in a
Superfamily of Phosphoesterases va Allied Enzymes. J. Mol. Biol. 2006; 361;
1003-1034. Tét hon nita, phosphataza chuyén hoa A6P thanh alluloza dugc st dung
trong quy trinh theo sdng ché chira viing gép Rossmanoid dé xuc tac, vung mii Cl1,
ky hiéu DxD trong dai p thir nhit ctia ving gip Rossmanoid, Thr hoic Ser & dau
ctia ddi B thtr hai clia viing gdp Rossmanoid, Lys & ddu N cua vong xoén o, & déu C
s0 v6i dai B thur ba clia ving gdp Rossmanoid, va ky hidéu GDxxxD & ddu cua dai p

thir trr cia viing gip Rossmanoid.
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Theo mot vai phwong 4n, quy trinh diéu ché alluloza theo sang ché ciing bao
gbm budc chuyén héa bing enzym glucoza 6-phosphat (G6P) thanh F6P, va budc
nay dugc xuc tac bdi phosphoglucoisomeraza (PGI). Theo cac phuong an khac,
ngoai ra quy trinh didu ché alluloza bao gdbm budc chuyén héa glucoza 1-phosphat
(G1P) thanh G6P, trong d6 budc nay dugc xuc tac bdi phosphoglucomutaza (PGM).
Theo cac phuong 4n khéc nita, quy trinh san xuét alluloza ciing bao gdm buéc
chuyén hoa sacarit thanh G1P ma dugc xic tac boi it nhit mét enzym.

Do d6, quy trinh didu ché alluloza theo sang ché c6 thé, vi du, bao gdm céc
bude sau: (i) chuyén hoa sacarit thanh glucoza 1-phosphat (G1P) sitr dung mdt hodc
nhiéu enzym; (i) chuyén héa G1P thanh G6P str dung phosphoglucomutaza (PGM,
EC 5.4.2.2); (iii) chuyén hoa G6P thanh F6P st dung phosphoglucoisomeraza (PGI,
EC 5.3.1.9); (iv) chuyén hoa F6P thanh A6P nhd AG6PE, va (v) chuyén héa A6P
thanh alluloza nhd A6PP. Vi du vé quy trinh nay trong d6 sacarit 14 tinh bt dugc
the hién trén FIG.2.

Thong thuong, ty 1€ cac don vi enzym dugc st dung trong quy trinh dwge mo
ta1a 1:1:1:1:1 (aGP:PGM:PGI:A6PE:A6PP). D& t&i uu héa hiéu suét san phdm, cac
ty 16 nay c6 thé dugc didu chinh trong mét sé dang két hop. Vi du, ty 16 3:1:1:1:1 ¢6
thé dugc sir dung dé t6i da hoa ndng d6 cua cac chit trung gian dugce phosphoryl
hoa, ma s& din dén lam tang hoat tinh clia cdc phan tmg phia sau. Nguoc lai, ty 1€
1:1:1:1:3 ¢6 thé duge st dung dé duy tri ngudn cung 16n phosphat cho oGP, ma s&
dan dén viéc phan cit cac lién két alpha-1,4-glycosidic nho phén giai phospho hiéu
qua hon. Ty 1€ cac enzym, vi duy, 3:1:1:1:3 ¢6 thé dugc str dung dé lam tang thém
tbc d6 phan tmg. Do d6, cac ty 16 enzym, bao gdm cac enzym tity ¥ khac dugc ban
luan du6i dy, c6 thé thay doi dé lam ting hiéu sudt tong hop alluloza. Vi du,
enzym cu thé c6 thé c6 mat voi luong b%lng khoang 2, 3, 4, 5 14n, v.v. so v6i luong
cla cdc enzym khéc.

Mot wu diém quan trong cla cac quy trinh ndy 1a & chd céc budc ciia quy
trinh ¢6 thé dugc tién hanh trong mot binh phan tmg sinh hoc hodc binh phan tng.
Theo cach khéc, cdc bude ciing c6 thé duge tién hanh trong nhiéu binh phan tng

sinh hoc hodc cac binh phan ng ma dugc bo tri noi tiép nhau.
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Ton phosphat dugc tao ra béi qua trinh loai phosphoryl ctia A6P sau d6 c6 thé
duoc tai ché trong bude chuyén hoa sacarit thanh G1P cta quy trinh, cu thé 1a khi
tAt ca cac budc clia quy trinh duge tién hanh trong mot binh phén ing sinh hoc hoac
binh phan trg. Kha ning tai ché phosphat trong céc quy trinh duge md ta cho phép
lugng phosphat khong ty lwong duge sir dung, ma duy tri ndng d6 phosphat trong
phan tmg thip. Diéu nay 1am anh hudng dén toan bd quy trinh va toan bd tdc do cua
quy trinh, nhung khong lam gi6i han hoat tinh cta timg enzym va cho phép quy
trinh san xuét alluloza thu dugc hiéu qud hoan toan.

Vi dy, nng d6 phosphat dung trong phan tmg c6 thé ndm trong khoang tir
0mM dén 300mM, tir OmM dén 150mM, tir ImM dén S0mM, t5t hon nita tir SmM
dén 50mM, hozc tét hon nita 1a tir 10mM dén 50mM. Vi du, ndng do phosphat diing
trong phdn Ung cé thé 12 0,ImM, 0,5mM, 1mM, 1,5mM, 2mM, 2,5mM, SmM,
6mM, 7mM, 8mM, ImM, 10mM, 15mM, 20mM, 25mM, 30mM, 35mM, 40mM,
45mM, 50mM, hoac 55mM.

Do d6, ndng d6 phosphat thip gitip 1am gidm chi phi san xuit do tdng lwong
phosphat thip va do d6 1am giam chi phi loai phosphat. Didu ndy ciing gitup ngén
ngira tinh trang e ché A6PP khi ndng do phosphat tu do cao va lam giam kha ning
6 nhiém do phosphat.

Hon nita, quy trinh duge mé ta & day c6 thé duge tién hanh ma khéng cin bd
sung ATP 1am ngudn phosphat, #¢c ld, khéng cAn ATP. Cac quy trinh nay ciing c6
thé dugc tién hanh ma khong cin bd sung NAD(H), fitc Ia, khong cin NAD(H). Céac
uu diém khac ciing bao gdm thye té 13 it nhit mot budce cia cac quy trinh san xuét
alluloza dugc mo ta c6 lién quan dén phan tmg hoa hoc tiét kiém ning lwong
(FIG.7).

Vi du v& cac enzym dugc st dung dé chuyén hoa sacarit thanh G1P bao gém
alpha-glucan phosphorylaza (aGP, EC 2.4.1.1 ma ciing c6 thé bao gdm
maltodextrin phosphorylaza, tinh b{t phosphorylaza, glycogen phosphorylaza, va
cac phosphorylaza phan huy lién két o-1,4 glycosidic khac), 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
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phosphorylaza (SP, EC 2.4.1.7), va hdn hop ciia chiing. Viéc chon enzym hodc hon
hop enzym tly thudc vao sacarit dugc st dung trong quy trinh nay.

Sacarit dwoc sit dung d& tao ra GIP c6 thé 1a polysacarit, oligosacarit,
va/hoic disacarit. Vi du, sacarit ¢6 thé 13 tinh bot, mot hodc nhiéu din xuit cta tinh
bot, xenluloza, mot hoac nhiéu din xuét cia xenluloza, sucroza, mot hoic nhiéu dan
xuét cua sucroza, hoic hdn hop ctia chung.

Tinh bt 1a hop chét dy trix nang lugng dugc st dung rong rai nhét trong tu
nhién va chu yéu c6 trong céc loai hat ctia thuc vat. Tinh bdt tu nhién chira amyloza
mach thing va amylopectin mach nhanh. Vi du vé cac din Xuét ciia tinh bot bao
gdm amyloza, amylopectin, tinh bot hoa tan, amylodextrin, maltodextrin, maltoza,
fructoza, va glucoza. Vi du vé cac din xut ctia xenluloza bao gbm sinh khéi da xtr
ly so bd, xenluloza tai sinh vd dinh hinh, xenlodextrin, xenlobioza, fructoza, va
glucoza. Cac dan xuét sucroza bao gém fructoza va glucoza.

Céc din xuét cta tinh bot c6 thé dugce diéu ché bang cach thiy phén tinh bot
bing enzym hoic thity phan tinh bot bang axit. Cu thé 1a, thiiy phan tinh bdt bang
enzym c6 thé duge xtc tic hodc duoc thic day biang isoamylaza (IA, EC. 3.2.1.68),
ma thity phéan c4c lién két a-1,6-glucosidic; pullulanaza (PA, EC. 3.2.1.41), ma thiy
phan céc lién két a-1,6-glucosidic; 4-a-glucanotransferaza (4GT, EC. 2.4.1.25), ma
xtic tdc cho phan tng transglycosyl héa maltooligosacarit mach ngin, tao ra
maltooligosacarit mach dai hon; hodc alpha-amylaza (EC 3.2.1.1), ma phan cit lién
két a-1,4-glucosidic.

Hon nita, cdc din xudt ctia xenluloza c6 thé dugc tao ra bang cach thity phan
béng enzym xenluloza dugc xuc tac boi hdn hop xenlulaza, béi axit, hodc béng cach
xir Iy so b sinh khéi.

Theo c4c phwong an nhét dinh, cic enzym dugc st dung d& chuyén hoa
sacarit thanh G1P chtra aGP. Trong budc nay, néu sacarit bao gdm tinh bot, thi G1P
duoc tao thanh tir tinh bot nhd aGP; néu sacarit chira tinh bot hoa tan, amylodextrin,
hoic maltodextrin, thi G1P dwoc tao ra tir tinh bdt hoa tan, amylodextrin, hodc
maltodextrin nhd aGP.

Néu sacarit bao gbm maltoza va céc enzym chita maltoza phosphorylaza,

G1P duge tao ra tir maltoza nhd maltoza phosphorylaza. Néu sacarit bao gdm
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sucroza, va cac enzym chira sucroza phosphorylaza, thi G1P duoc tao ra tir sucroza
nho¢ sucroza phosphorylaza.

Theo mdt phuong 4n khac nita, néu sacarit bao gdm xenlobioza, va céc
enzym chtra xenlobioza phosphorylaza, thi G1P dugc tao ra tir xenlobioza nhd
xenlobioza phosphorylaza.

Theo mdt phurong an khac, néu sacarit chira xenlodextrin va cic enzym bao
gdm xenlodextrin phosphorylaza, G1P dugc tao ra tir xenlodextrin nho xenlodextrin
phosphorylaza.

Theo mdt phuong 4n khac vé qué trinh chuyén héa sacarit thanh G1P, néu
sacarit bao gdm xenluloza, va enzym chira xenluloza phosphorylaza, thi G1P dwoc
tao ra tr xenluloza nh¢ xenluloza phosphorylaza.

Theo sang ché, alluloza cling c6 thé dwoc san xudt tir fructoza. Mot vi du vé
quy trinh nay duoc thé hién trén FIG.4. Vi du, quy trinh nay bao gom tao ra F6P tir
fructoza va polyphosphat dugc xtic tac bdi polyphosphat fructokinaza (PPFK);
chuyén hoéa F6P thanh A6P dwoc xuc tic bdi A6PE; va chuyén héa A6P thanh
alluloza dugc xtc tic bdi A6PP. Fructoza c6 thé dugc tao ra, vi du, béng cach
chuyén héa sucroza nh& enzym.

Theo cac phuong 4n khéc, alluloza c6 thé dugc didu ché tir sucroza. Mot vi
du vé quy trinh nhu vdy dugc thé hién trén FIG.6. Quy trinh nay dé xuét con duong
tong hop in vitro bao gdm cac budc sir dung enzym sau: tao ra G1P tir sucroza va
phosphat ty do dugc xtc tac bdi sucroza phosphorylaza (SP); chuyén héa G1P
thanh G6P duogc xtc tac boi PGM; chuyén hoéa G6P thanh F6P duoc xtc tac badi
PGI; chuyén héa F6P thanh A6P dugc xuc tac bdi AG6PE; va chuyén héa A6P thanh
alluloza dugc xtc tac bdi A6PP.

Céc ion phosphat dugc tao ra khi A6P dugc chuyén héa thanh alluloza sau
d6 c¢6 thé duge tai ché trong budc chuyén hoa sucroza thanh G1P. Ngoai ra, nhu
dugc thé hién trén FIG.6, PPFK va polyphosphat c6 thé duoc sit dung dé 1am tang
hiéu suét alluloza bing cach tao ra F6P tir fructoza tao thanh nhd phén cit bing
cach phén giai phospho sucroza bdi SP.

Theo mdt vai phuong 4n, quy trinh didu ché alluloza bao gém céc bude sau:

tao ra glucoza tir polysacarit va oligosacarit bing cach thity phan bang enzym hoic
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thily phan bang axit, chuyén héa glucoza thanh G6P duoc xtc tic boi it nhait mot
enzym, tao ra fructoza tr polysacarit va oligosacarit bing cach thuy phan bing
enzym hodc thity phan bang axit, va chuyén hoéa fructoza thanh G6P dugce xuc tac
boi it nhat mot enzym. Vi du vé polysacarit va oligosacarit dugc néu trén day.

Theo cac phuong dn khic, G6P dugce tao ra tir glucoza va natri polyphosphat
bing polyphosphat glucokinaza.

Sang ché d& xuét cac quy trinh chuyén héa sacarit, nhu polysacarit va
oligosacarit trong tinh bot, xenluloza, sucroza va cac san phém thu dugc cia ching,
thanh alluloza. Theo cac phuong an nhét dinh, cic con dudng téng hop bing enzym
khong cin ATP nhan tao (khong ty nhién) dugc dé xuit & chuyén hoa tinh bot,
xenluloza, sucroza, va cdc san phdm thu dwoc ctia chung thanh alluloza sit dung céc
hén hop enzym khong chira té bao.

Nhu dugc thé hién trén day, mot vai enzym c6 thé dugc sir dung dé thuy
phan tinh bot dé 1am ting hiéu sudt G1P. Céc enzym nhu vy bao gbm isoamylaza,
pullulanaza, va alpha-amylaza. Tinh bot ngd chira nhiéu nhanh ma can tr& hoat
dong ciia aGP. Isoamylaza c6 thé dugc sir dung dé bé nhéanh tinh bdt, tao ra
amylodextrin mach thang. Tinh bot da xu Iy so bo-isoamylaza c6 thé 1am ting ndng
do F6P trong san phim cubi. Isoamylaza va pullulanaza phan cit lién két alpha-1,6-
glycosidic, ma cho phép phan huy tinh bt hoan toan hon béi alpha-glucan
phosphorylaza. Alpha-amylaza phén cit cac lién két alpha-1,4-glycosidic, nho do6
alpha-amylaza dugc st dung dé phan huy tinh bot thanh cac doan dé chuyén hoa
thanh alluloza nhanh hon.

Nhu duoc thé hién trén FIG.2, maltoza phosphorylaza (MP) c6 thé duogc st
dung d€ 1am ting hiéu suét alluloza bang cach phén cit san phim phéan hily maltoza
thanh G1P va glucoza nho phan giai phospho. Theo cach khac, 4-glucan transferaza
(4GT) c6 thé duoc st dung dé lam tang hiéu suét alluloza bang cach tai ché cac san
phdm phan hily glucoza, maltoza, va maltotrioza thanh maltooligosacarit mach dai
hon; ma c6 thé dwoc phén cét nhd phéan giai phospho bing aGP dé tao ra G1P.

Ngoai ra, xenluloza 1a ngudn sinh hoc dbi dao nhit va 1a thanh phin chi yéu
ctia thanh té bao thuc vat. Sinh khdi lignoxenluloza khong c¢6 ngui‘)n géc tir thue

phdm chira xenluloza, hemixenluloza, va lignin cling nhu 1a cdc thanh phin phu
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khac. Xenluloza tinh khiét, bao gém Avicel (xenluloza vi tinh thé), xenluloza tai
sinh v0 dinh hinh, xenluloza vi khuén, giéy loc, va v.v., ¢6 thé dugc tao ra nhd mot
loat cac quy trinh xtr ly. Céc co chét xenluloza dugc thuy phin mot phin bao gém
xenlodextrin khong tan trong nuéc c¢6 muc polyme héda 16n hon 7, xenlodextrin tan
trong nudc ¢ mirc polyme hoa bang 3-6, xenlobioza, glucoza, va fructoza.

Theo céc phuong an nhét dinh, xenluloza va san phdm din xuét ctia né c6 thé
duge chuyén héa thanh alluloza thong qua mét loat cac bude. Vi du vé quy trinh
nhu vdy dugc thé hién trén FIG.3. Quy trinh nay d& xut con dudng tdng hop in
vitro ma bao gdbm cic budc sau: tao ra GIP tir xenlodextrin va xenlobioza va
phosphat tw do dugc xtc tic bdi xenlodextrin phosphorylaza (CDP) va xenlobioza
phosphorylaza (CBP), tuwong ung; chuyén hoa G1P thanh G6P dugc xuc tac boi
PGM,; chuyén héa G6P thanh F6P dugc xtic tic bdi PGL; chuyén héa F6P thanh
A6P duogc xtc tic boi A6PE; va chuyén hoa A6P thanh alluloza dugc xtc tac bdi
A6PP. Trong quy trinh nay, cac ion phosphat c6 thé duoc tai ché bing budc chuyén
hoa xenlodextrin va xenlobioza thanh G1P.

Mot vai enzym c6 thé dugc st dung dé thuy phan xenluloza rin thanh
xenlodextrin tan trong nuéc va xenlobioza. Céc enzym nhu vy bao gbm
endoglucanaza va xenlobiohydrolaza, nhung khong bao gdm beta-glucosidaza
(xenlobiaza).

Trude khi thiy phan xenluloza va tao ra G1P, xenluloza va sinh khéi c6 thé
duge xtr Iy so bd dé 1am ting do phan Gng cua ching va lam giam mirc polyme héa
cac chudi xenluloza. Cac phuong phap xt Iy so bd xenluloza va sinh khéi bao gdm
xit Iy so bd bing axit lodng, cit phan doan lignoxenluloza dwa trén dung mdi
xenluloza, kéo dai sgi nhd amoniac, ngdm trong dung dich nuéc amoniac, xur ly
bing dung dich ion, va thity phan mot phin bing axit dam dic, ké ca axit clohydric,
axit sulfuric, axit phosphoric va hdn hop cta ching.

Theo mot vai phuong 4n, polyphosphat va polyphosphat glucokinaza
(PPGK) ¢6 thé dugc bd sung vao quy trinh, do do lam tang hiéu suit cia alluloza
nhd phosphoryl hoa san phim thodi bién glucoza thanh G6P, nhu dugc thé hién trén
FIG.3.
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Theo cac phuwong an khéc, alluloza c6 thé dugc tao ra tir glucoza. Vi du v&
quy trinh nhur vy dugc thé hién trén FIG.5. Quy trinh nay bao gdm céc budc tao ra
G6P tur glucoza va polyphosphat dugc xuc tic bdi polyphosphat glucokinaza
(PPGK); chuyén héa G6P thanh F6P dugc xuc tac boi PGI; chuyén hoa F6P thanh
AG6P dugce xtc tac bdi enzym; va chuyén hoa A6P thanh alluloza duoc xuic tac boi
AG6PP.

Dung dich dém sinh hoc thich hop bt ky da biét trong linh vuc ndy c6 thé
duoc sir dung trong quy trinh theo sang ché, nhw HEPES, PBS, BIS-TRIS, MOPS,
DIPSO, Trizma, v.v.. Dung dich dém phan {mg diing trong tit ca cac phuong an c6
thé c6 d6 pH nam trong khoang tir 5,0 dén 8,0. Tt hon nira 13, do pH cta dung dich
dém phan ting c6 thé nam trong khoang tir 6,0 dén 7,3. Vi dy, d6 pH cua dung dich
dém phan tmg c6 thé 14 6,0, 6,2, 6,4, 6,6, 6,8, 7,0, 7,2, hodc 7,3.

Dung dich d&m phan tmg ciing c6 thé chira cac cation kim loai chinh. Vi du
vé cac ion kim loai bao gdbm Mg?*, Co?*, va Zn*.

Nhiét d6 phan @ng ma tai d6 tién hanh cac budc cia quy trinh c6 thé ndm
trong khoang tir 37 dén 85°C. Tt hon nita 13, cac budc ndy c6 thé duoc tién hanh &
nhiét d6 ndm trong khoang tir 40°C dén 70°C. Nhiét do nay co thé 1a, vi du, khoang
40°C, khoang 45°C, khoang 50°C, khoang 55°C, hodc khoang 60°C. Tét hon nira,
nhiét d0 phan tng la khoang 50°C.

Thoi gian phan @ng cta cic quy trinh duge mé ta c6 thé duge didu chinh néu
can, va c6 thé nim trong khoang tir 8 gitr dén 48 giv. Vi dy, thoi gian phan tng c6
thé 12 khoang 16 gio, khoang 18 gid, khoang 20 gid, khoang 22 gidy, khoang 24 gio,
khodng 26 gid, khoang 28 gio, khoang 30 gio, khoang 32 gid, khoang 34 gio,
khoang 36 gid, khodng 38 gio, khoang 40 gio, khoang 42 gio, khodng 44 gio,
khoang 46 gid, hodc khoang 48 gid. Tét hon nita 13, thoi gian phan tmg 14 khoang
24 gio.

Céc quy trinh theo sang ché c6 thé c6 hiéu sudt cao do hing sb can bang cho
toan by phan tmg rat phit hop. Xét vé mat ly thuyét, ¢ thé dat dugc hidu suit tdi da
142 99% néu nguyén liéu ban dau dugc chuyén hoa hoan toan thanh chét trung gian.

Céc quy trinh theo sang ché sir dung cac nguyén lidu ban dau c6 chi phi thip

va lam gidm chi phi sdn xuat nho lam gidm céc chi phi ¢6 lién quan dén viéc tach
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nguyén liéu cép va san phém. Tinh bdt, xenluloza, sucroza va mot vai dan xuit cia
chiing 12 céc nguyén liéu cip it tbn kém hon, vi du, fructoza. Néu alluloza duogc tao
ra tir fructoza, hiéu suét thu duoc thép hon so v6i sang ché, va alluloza phai duoc
tach ra tr fructoza nhd sic ky, diéu nay din dén lam tang chi phi san xuét.

Ngodi ra, buéc chuyén hoa A6P thanh alluloza theo sang ché 1a phan tng
phosphataza khong thuan nghich, bit ké nguyén liéu cép. Do d6, alluloza dugc tao
ra ¢6 hiéu suét rt cao ddng thoi lam giam t6i thiéu céac chi phi tach san phidm sau
do.

Ngugc véi cac phuong phap san xuét dua trén té bao, sang ché d& xuit quy
trinh diéu ché alluloza khong can té bao, ¢6 tbc do phan ting tuong d6i cao do loai
bo mang té bao, nhd d6 thuong 1am chim sy van chuyén co chit/san phdm vao va
ra khoi té bao. Ngoai ra san pham cudi cing khong chira cac chit chuyén hoa cia té

bao/mdi trudng 1én men gidu chét dinh dudng.

Vi du thye hién siang ché

Nguyén liéu va phuong phap

Céc héa chét

Toan bd cic hoa chat, ké ca tinh bdt ngd, tinh bot hoa tan, maltodextrin,
maltoza, glucoza, gidy loc déu 12 loai chit phan g va dugc mua tlir Sigma-Aldrich
(St. Louis, MO, USA) hoac Fisher Scientific (Pittsburgh, PA, USA), trir khi duogc
quy dinh theo cidch khac. Cac enzym giéi han, T4 ligaza, va Phusion ADN
polymeraza dugc mua tr New England Biolabs (Ipswich, MA, USA).
Oligonucleotit dugc tong hop béi Integrated DNA Technologies (Coralville, 1A,
USA) hodc Eurofins MWG Operon (Huntsville, AL, USA). Trinh ty nucleotit, SEQ
ID NO 1, m8 héa cho A6PE wa nhiét tr Thermoanaerobacterium
thermosaccharolyticum (UNIPROT ID D9TQJ4). SEQ ID NO 2 1a mdt phién ban
duogc t6i wu hoéa codon ctia trinh tu nucleotit d6. SEQ ID NO 3 1a trinh tu axit amin
cua enzym. Trinh tu nucleotit SEQ ID NO 4 ma hoa A6PE wua nhiét tir Bacillus
thermoamylovorans (UNIPROT ID A0A090IXZ8). SEQ ID NO 5 1a phién ban
duogc tdi wu hoa codon cua trinh tu nucleotit d6. SEQ ID NO 6 1a trinh ty axit amin

cua enzym. Trinh ty nucleotit SEQ ID NO 7 ma héa cho A6PP wa nhiét tir
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Clostridium thermocellum (UNIPROT ID A3DC21). SEQ ID NO 8 1a phién ban
dugc tdi wu héa codon cuia trinh tu nucleotit. SEQ ID NO 9 1a trinh tu axit amin
twong mg v&i enzym. Xenluloza tai sinh vo dinh hinh duoc sit dung dé tinh ché
enzym duogc didu ché tir Avicel PH105 (FMC BioPolymer, Philadelphia, PA, USA)
nho phén hiy va tai sinh, nhu dugc mo ta trong tai li€u: Ye et al., Fusion of a family
9 cellulose-binding module improves catalytic potential of Clostridium
thermocellum xenlodextrin phosphorylase on insoluble cellulose. Appl. Microbiol.
Biotechnol. 2011; 92:551-560. Escherichia coli Sigl0 (Sigma-Aldrich, St. Louis,
MO, USA) duoc sir dung l1am té bao chii dé thao tic ADN va E. coli BL21 (DE3)
(Sigma-Aldrich, St. Louis, MO, USA) dugc sir dung 1am té bao chu dé biéu hién
protein tai t6 hop. Mdi trudng ZYM-5052 chira 100mgL! ampixilin hogic 50mgL ™!
kanamyxin dugc st dung dé nudi cdy té bao E. coli va biéu hién protein tai t& hop.
Xenlulaza tir Trichoderma reesei (S6 Catalog: C2730) va pullulanaza (s6 Catalog
: P1067) dugc mua tir Sigma-Aldrich (St. Louis, MO, USA) va dugc san xuét boi
Novozymes (Franklinton, NC, USA). Maltoza phosphorylaza (S& Catalog :
M8284) dugc mua tir Sigma-Aldrich.

Téng hop va tinh ché enzym tai td hop

Ching E. coli BL21 (DE3) chira plasmit biéu hién protein dugc @ trong binh
Erlenmeyer c6 dung tich 1-L v6i 100mL mdi truong ZYM-5052 chira ampixilin
100mgL! hodic kanamyxin 50mgL!. Cac té bao dwoc nudi cdy & nhiét d6 30°C
bang cach lic quay & tdc d6 220 vong/phut trong 16-24 gid. Cac té bao dugc thu
hoach bing cach ly tAm & 12°C va rira mét 1an bang HEPES 20mM (pH 7,5) chira
NaCl 50mM va MgCl, 5mM (két tiia bang nhiét va modun gan két xenluloza) hozc
HEPES 20mM (pH 7,5) chtta NaCl 300mM va imidazol SmM (tinh ché Ni). Tai
huyén phu cic két vién t& bao trong ciing mot dung dich dém va phan giai bing
cach siéu am (Fisher Scientific Sonic Dismembrator Model 500; géy xung 5 gidy va
nghi 10 gidy, tong cong 21 phat & bién dd 50%). Sau khi ly tdm, c4c protein dich
trong dich ndi duoc tinh ché.

Ba phuong phap duoc sir dung dé tinh ché cac protein tai t6 hop khac nhau.
Céc protein c¢6 dudi His duoc tinh ché bang Profinity IMAC Ni-Charged Resin
(Bio-Rad, Hercules, CA, USA). Céac protein dung hgp chra moddun gin két
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xenluloza (cellulose-binding module-CBM) va intein ty phan cét dugc tinh ché
béng cach hap thu 4i lyc cao trén xenluloza tai sinh vo dinh hinh c6 dién tich bé mit
16n. Két tiia bang nhiét & nhiét do 70-95°C trong 5-30 phut duoc sir dung dé tinh
ché céc enzym rét 8n nhiét. Do tinh khiét cua protein i t6 hop dugc kiém tra bing
cach dién di trén gel natri dodexyl sulfat polyacrylamit (SDS-PAGE). A6PE duogc
tinh ché bang CoCl, 80uM c6 miit trong moi truong nudi cdy, dung dich dém giai
hép, dung dich dém thim tach, va dung dich dém bao quan protein.

Cac enzym dugc sir dung va céc thir nghiém hoat tinh cta ching

Alpha-glucan phosphorylaza (aGP) tit Thermotoga maritima (UNIPROT ID
G4FEHR) dugc st dung. Hoat tinh dugc thir nghiém trong dung dich dém natri
phosphat 50mM (pH 7,2) chira MgCl, ImM, DTT 5mM, va maltodextrin 30mM &
nhiét d§ 50°C. Phan ng dugc dimg bang cach loc enzym bang thiét bi c6 Vivaspin
2 (10.000 MWCO) (Vivaproducts, Inc., Littleton, MA, USA). Glucoza 1-phosphat
(G1P) duogc do bing cach st dung kit thir nghiém glucoza hexokinaza/G6PDH
(Sigma Aldrich, Catalog No. GAHK20-1KT) dugc bd sung phosphoglucomutaza
25U/mL. Don vi (U) dugc biéu thi dudi dang pmol/phit.

Phosphoglucomutaza (PGM) tr Thermococcus kodakaraensis (UNIPROT
ID Q68BJ6) duoc sur dung. Hoat tinh dugc do trong dung dich dém HEPES 50mM
(pH 7,2) chira MgCl, 5SmM va GIP 5mM & 50°C. Phan tmg duge dimg bang cach
loc enzym bang thiét bi cb Vivaspin 2 (10.000 MWCO). San phim glucoza 6-
phosphat (G6P) dugc x4c dinh bing cach sir dung kit thr nghiém
hexokinaza/G6PDH (Sigma Aldrich, Catalog No. GAHK20-1KT).

Hai ngudn phosphoglucoisomeraza (PGI) khiac nhau dugc st dung tir
Clostridium thermocellum (UNIPROT ID A3DBX9) va Thermus thermophilus
(UNIPROT ID QS5SLL6). Hoat tinh dugc do trong dung dich dém HEPES 50mM
(pH 7,2) chita MgCl> 5SmM va G6P 10mM & nhiét d6 50°C. Phan Gng duge ding
bang cach loc enzym bang thiét bj c6 Vivaspin 2 (10.000 MWCO). San phém,
fructoza 6-phosphat (F6P), dugc xac dinh bing cach st dung thir nghiém enzym
lien két fructoza 6-phosphat kinaza (F6PK)/pyruvat dehydrogenaza (PK)/lactat
dehydrogenaza (LD), trong d6 viéc giam hip thu & budc séng 340nm ching to F6P
duoc tong hop. 200uL hén hop phan ung nay chira HEPES 50mM (pH 7,2), MgCl,
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5SmM, G6P 10mM, ATP 1,5mM, phosphoenol pyruvat 1,5mM, NADH 200uM, PGI
0,10, PK 5U, va LD 5U.

Alluloza 6-phosphat  3-epimeraza (A6PE) tit Thermoanaerobacterium
thermosaccharolyticum (UNIPROT ID D9TQJ4), SEQ ID NO 3, duoc sir dung.
Hoat tinh dugc do trong dung dich dém HEPES 50mM (pH 7,2) chtta MgClz 5SmM,
CoCl2 80uM, A6PP 1U/mL, va F6P 10mM & nhiét &6 50°C. Phan tmg dugc dung
bang cach loc enzym bang thiét bi co Vivaspin 2 (10.000 MWCO). San phim,
alluloza 6-phosphat (A6P), dugc x4c dinh bang cach st dung alluloza 6-phosphat
phosphataza va phat hién su giai phong phosphat tu do. Pé phat hién sy gidi phong
phosphat tu do, 500uL. dung dich chtra kém axetat 0,1M va amoni molybdat 2mM
(pH 5) duoc bd sung vao 50 uL hén hop phan tmg. Hn hop nay dugc tron va sau do
duge bd sung 125l axit ascorbic 5% (pH 5). Dung dich sau khi tron dugc 0 &
nhiét d6 30°C trong 20 phut. Mitc hép thu & budc séng 850nm duge doc dé xac
dinh murc giai phong phosphat tu do.

Alluloza 6-phosphat phosphataza (A6PP) t Clostridium thermocellum
(UNIPROT ID A3DC21), SEQ ID NO 9, dugc sit dung. Hoat tinh dugc do trong
dung dich dém HEPES 50mM (pH 7,2) chira MgCl, 5SmM, CoCl, 80uM, A6PE
1U/mL, va F6P 10mM & 50°C. Phén tng duge dimg bang cach loc enzym bang
thiét bi co Vivaspin 2 (10.000 MWCO). San phém, alluloza, dugc xac dinh béng
cach phat hién murc giai phong phosphat ty do nhu duge md ta dbi véi A6PE.

Xenlodextrin phosphorylaza tai t6 hop va xenlobioza phosphorylaza tir C.
thermocellum dugc mo ta trong tai liéu Ye ef al. Spontaneous high-yield production
of hydrogen from cellulosic materials and water catalyzed by enzyme cocktails.
ChemSusChem 2009; 2:149-152. Hoat tinh cta ching dugc thtr nghiém nhu dugc
mo ta.

Polyphosphat glucokinaza ti t& hop tir Thermobifida fusca YX dwgc mo ta
trong tai liéu Liao et al., One-step purification and immobilization of thermophilic
polyphosphat glucokinaza from Thermobifida fusca YX: glucoza-6-phosphat
generation without ATP. Appl. Microbiol. Biotechnol. 2012; 93:1109-1117. Hoat

tinh ctia né dugc thir nghiém nhu dugc mo ta.
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Isoamylaza tai td hop tir Sulfolobus tokodaii dugc md ta trong tai liéu Cheng
et al., Doubling power output of starch biobattery treated by the most thermostable
isoamylaza from an archaeon Sulfolobus tokodaii. Scientific Reports 2015; 5:13184.
Hoat tinh ctia n6 dugc thir nghiém nhu duoc mo ta.

4-alpha-glucanoltransferaza tai t6 hop tir Thermococcus litoralis dugc md ta
trong tai liu Jeon et al. 4-a-Glucanotransferaza from the Hyperthermophilic
Archaeon Thermococcus Litoralis. Eur. J. Biochem. 1997; 248:171-178. Hoat tinh
cua né dugc do nhu duge mo ta.

Sucroza phosphorylaza tir Caldithrix abyssi (UNIPROT H1XT50) duoc st
dung. Hoat tinh ctia n6 dugc do trong dung dich dém HEPES 50mM (pH 7,5) chira
sucroza 10mM va phosphat hitu co 12mM. Glucoza 1-phosphat (G1P) duwoc do
bang cich st dung kit thir nghiém glucoza hexokinaza/G6PDH dugc bd sung
phosphoglucomutaza 25U/mL nhu véi alpha-glucan phosphorylaza.

Céc don vi enzym dugc st dung trong mdi vi du dudi ddy co thé duge ting
hodc giam dé diéu chinh thoi gian phéan ting néu mudn. Vi du, néu muén tién hanh
vi du 9 trong 8 gid thay vi 24 gid, céc don vi clia céc enzym sé& duoc ting 1én 3 1an.
Nguoc lai, néu muébn tién hanh vi du 9 trong 48 giv thay vi 24 gio, cac don vi
enzym c6 thé dugc giam 2 14n. Céc vi du nay minh hoa céch st dung lugng don vi
enzym dé lam ting hodc lam gidm thoi gian phan tmg dong thoi duy tri hiéu suit
khong ddi.

Vidul

Dé xac dinh tinh kha thi v& mat k¥ thuét clia qu4 trinh sinh téng hop fructoza
6-phosphat tir tinh bt nhd enzym, ba enzym dugce biéu hién tai t& hop: alpha-
glucan phosphorylaza tt T. maritima (UNIPROT ID  G4FEHS),
phosphoglucomutaza tir Thermococcus kodakaraensis (UNIPROT ID Q68BJ6), va
phosphoglucoisomeraza tir Clostridium thermocellum (UNIPROT ID A3DBX9).
Céc protein tai td hgp dwoc biéu hién qua mirc trong E. coli BL21 (DE3) va dugc
tinh ché nhu dugc mé ta trén day.

0,20mL hdn hop phan ting chira tinh bot hoa tan 10g/L, dung dich nudc mubdi
dugc dém phosphat SOmM pH 7,2, MgCl, 5mM, ZnCl; 0,5mM, oGP 0,01U, PGM
0,01U, va PGI 0,01U dugc 0 & nhiét d 50°C trong 24 gid. Phan tmg dugc diung
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bing cach loc enzym bang thiét bi c6 Vivaspin 2 (10.000 MWCO). San pham,
fructoza 6-phosphat (F6P), dugc xéac dinh bang cach sir dung thir nghiém enzym
dugc lién két fructoza 6-phosphat kinaza (F6PK)/pyruvat dehydrogenaza
(PK)/lactat dehydrogenaza (LD), trong d6 viéc giam mirc hép thu & budc séng
340nm ching t6 F6P dugc tong hop nhu duge md ta trén day. Nong do cudi cia
F6P sau 24 gid 1a 3,6g/L.

Vidu?2

Céc thtr nghiém giéng nhw Vi du 1 (ngoai nhiét do phan tmg) duoc tién hanh
& nhiét do nim trong khoang tir 40 dén 80°C. Nhan thiy rang tinh bot hoa tan 10g/L
tao ra F6P 0,9g/L & nhiét dd 40°C va F6P 3,6g/L & nhiét do 80°C sau 40 gi¢ phan
tng. Cac két qua nay goiy rang viéc 1am ting nhiét do phan tng d6i v6i nhom cac
enzym nay lam tang hiéu suit F6P, tuy nhién nhiét do qua cao ¢ thé 1am anh huéng
dén hoat tinh hoat enzym.

Vidu3

Nhan thiy ring, & nhiét do 80°C, ty 1& don vi enzym clia aGP:PGM:PGI xap
xi bang 1:1:1 dan dén tao ra F6P nhanh. Pugc luu y 12 ty 1& enzym khong lam 4nh
huong nhidu dén ndng do F6P cudi néu thoi gian phan tng du dai. Tuy nhién, ty 1€
enzym lam anh hudng dén tdc do phan tmg va tbng chi phi enzym dugc st dung
trong hé phan tng nay.

Vidu4

0,20mL hdn hop phan tmg chira maltodextrin 10g/L, dung dich nuée mudi
duoc dém phosphat 50mM pH 7,2, MgCl, SmM, ZnCl; 0,5mM, aGP 0,01U, PGM
0,01U, va PGI 0,01U duoc u & nhiét do 50°C trong 24 git. Phan ung dugc ding
bing cich loc enzym bang thiét b c6 Vivaspin 2 (10.000 MWCO). Sén pham,
fructoza 6-phosphat (F6P), dugc xdc dinh bang cach st dung thit nghiém enzym
lién két fructoza 6-phosphat kinaza (F6PK)/pyruvat dehydrogenaza (PK)/lactat
dehydrogenaza (LD) trong d6 sy giam muc hép thu & budc séng 340nm chimg to
F6P duogc tdng hop nhu duge mo ta trén day. Nong d6 cudi ctia F6P sau 24 git 1a
3,6g/L.

Vidu5
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Pé kiém tra su tdng hop F6P tir Avicel, Sigma xenlulaza dugc sir dung dé
thuy phéan xenluloza & nhiét do 50°C. Pé loai bo beta-glucosidaza khoi xenlulaza
mua trén thi truomg, 10 don vi gidy loc/mL xenlulaza dwgc trdn voi Avicel 10g/L &
bé nuéc da trong 10 phut. Sau khi ly tdm & 4°C, dich ndi chira beta-glucosidaza
dwoc chit ra. Avicel ma lién két véi xenlulaza chita endoglucanaza va
xenlobiohydrolaza dugc tai huyén phu trong dung dich dém xitrat (pH 4,8) dé thuy
phéan ¢ nhiét 46 50°C trong ba ngay. Sén phim thiy phan xenluloza dugc trdn véi
xenlodextrin phosphorylaza 5U/mL, xenlobioza phosphorylaza SU/L, oGP 5U/mL,
PGM 5U/mL, va PGI 5U/mL trong dung dich dém HEPES 100mM (pH 7,2) chira
phosphat 10mM, MgCl, SmM va ZnCl, 0,5mM. Phan g duoc tién hanh & nhiét do
60°C trong 72 gid va ndng do F6P dugc nhan thdy 1a cao (lugng nhd glucoza va
khong c6 xenlobioza). F6P dugc phét hién bang cach sir dung thit nghiém enzym
lién két dugc md ta trén day. Glucoza dugc phat hién bang céach sir dung kit thir
nghiém hexokinaza/G6PDH nhu dugc mo ta trén day.

Vidu6

Dé tang lugng hidu suat F6P tir Avicel, Avicel duoc xtt Iy so bd bang axit
phosphoric dam dac dé tao ra xenluloza vo dinh hinh (RAC), nhu dugc md ta trong
tai liéu Zhang et al. 4 transition from cellulose swelling to cellulose dissolution by
o-phosphoric acid: evidence from enzymatic hydrolysis and supramolecular
structure. Biomacromolecules 2006; 7:644-648. DPé loai bd beta-glucosidaza khdi
xenluloza mua trén thi treong, 10 don vi giéy loc/mL xenlulaza dugc tron véi RAC
10g/L trong bé nuéc da trong 5 phit. Sau khi Iy tim & nhiét dd 4°C, dich ndi chira
beta-glucosidaza dugc chit ra. RAC dugc lién két véi xenlulaza chira
endoglucanaza va xenlobiohydrolaza dugc tai huyén phi trong dung dich dém xitrat
(pH 4,8) @& thtry phan & nhiét d 50°C trong12 gio. San phdm thity phan RAC dugc
trdn voi xenlodextrin phosphorylaza 5U/mL, xenlobioza phosphorylaza SU/L, aGP
5 U/mL, PGM 5U/mL, va PGI 5U/mL trong dung dich d¢ém HEPES 100mM (pH
7,2) chtta phosphat 10mM, MgClz SmM va ZnCl, 0,5mM. Phan Gng dugc tién hanh
& nhiét do 60°C trong 72 gio. F6P va glucoza véi ndng d6 cao dugc thu hdi vi
enzym khong dugc bd sung @& chuyén hoa glucoza thanh F6P. F6P dugc phét hién

bang cach str dung thtr nghiém enzym lién két duoc md ta trén day. Glucoza dugce
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phat hién bang cach sir dung kit thir nghiém hexokinaza/G6PDH nhu dugc md ta
trén day.

Vidu7

Pé lam ting thém hiéu suit F6P tr RAC, polyphosphat glucokinaza va
polyphosphat dugc bd sung. Dé loai bé beta-glucosidaza khéi xenluloza mua trén
thi trwong, 10 don vi gidy loc/mL xenlulaza dwgc tron véi RAC 10g/L trong bé
nude da trong 5 phut. Sau khi ly tAm & nhiét do 4°C, dich nbi chira beta-glucosidaza
duoc chit ra. RAC dugc lién két véi xenlulaza chira endoglucanaza va
xenlobiohydrolaza dugc tai huyén phil trong dung dich dém xitrat (pH 4,8) dé thuy
phan & nhiét do 50°C dugc U trong dung dich dém xitrat (pH 4,8) dé thuy phén &
nhiét d6 50°C trong 12 gid. San pham thily phan RAC duge tron véi polyphosphat
glucokinaza 5U/mL, xenlodextrin phosphorylaza SU/mL, xenlobioza phosphorylaza
5U/mL, aGP 5U/mL, PGM 5U/mL, va PGI 5U/mL trong dung dich dém HEPES
100mM (pH 7,2) chita polyphosphat 50mM, phosphat 10mM, MgCl. SmM va
ZnCl, 0,5mM. Phéan tng dugc tién hanh & nhiét 46 50°C trong 72 gid. F6P duge
nhan thiy 13 ¢6 néng d6 cao véi chi mot lwong nhd glucoza hién cé. F6P dugc phat
hién bang cach st dung thir nghiém enzym lién két dugc mo ta trén day. Glucoza
dugc phat hién béng cach str dung kit thir nghiém hexokinaza/G6PDH nhu dugc mo
t4 trén day.

Vidu$8

Pé x4c nhan su téng hop alluloza tir F6P, F6P 2g/L. duoc tron véi A6PE
1U/mL va A6PP 1U/ml trong dung dich d¢m HEPES 50mM (pH 7,2) chira MgCl»
5mM va CoCl, 80pM. Hén hop phan tmg dugc U trong 6 gid & nhiét do 50°C. 99%
F6P chuyén héa thanh alluloza dwgc nhin thdy nhor HPLC (Agilent 1100 series)
béng cach st dung cot Agilent Hi-Plex H va thiét bi phat hién chi sb khiic xa. Mau
duge chay trong HoSO4 5mM & téc d§ 0,6mL/phiit.

Vidu9

Dé x4c nhén su tong hop alluloza tir maltodextrin, 0,20mL hdn hop phan tng
chtra maltodextrin 20g/L, dung dich nuéc mudi dugc dém phosphat S0mM pH 7.2,
MgCl, 5mM, CoCl, 80uM, 0,05U oGP, PGM 0,05U, PGI 0,05U, A6PE 0,05U va
A6PP 0,05U dugce u ¢ nhiét @6 50°C trong 24 gid. Dung phén Ung bing cach loc
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enzym bang thiét bi c6 Vivaspin 2 (10.000 MWCO). Alluloza dugc phat hién va
dinh Iugng bing Agilent 1100 series HPLC véi thiét bi phat hién chi s6 khuc xa va
cot Agilent Hi-Plex H. Pha dong 1a H>SO4 5SmM, ma chay ¢ tdc d6 0,6mL/phut. Céc
tiéu chuén cua cac néng dd alluloza khéac nhau dugc sur dung dé xac dinh hiéu suét.

Vidu 10

Hdn hop phan tng chira maltodextrin 200g/L, dung dich dém axetat 10mM
(pH 5,5), MgClx 5mM, CoCl, 80uM, va isoamylaza 0,1g/L duoc U & nhiét do 80°C
trong 24 gio. Budc ndy duoc st dung dé tao ra hdn hgp phan ung khac chira
isoamylaza 20g/L dd xu ly maltodextrin, dung dich nuéc mubi dugc dém phosphat
50mM pH 7,2, MgCl, 5SmM, aGP 0,05U, PGM 0,05U, PGI 0,05U, A6PE 0,05U, va
A6PP 0,05U dugce U ¢ nhiét dd 50°C trong 24 gio. Luong alluloza tao ra duoc dinh
lugng nhu trong vi du 9.

Vidull

Hbn hop phan tng chira maltodextrin 200g/L, dung dich dém axetat 10mM
(pH 4,5), MgClx 5mM, va dung dich pha lodng Novozym D6 pullulanaza theo ty 1€
1:200 dugc 0 & nhiét d6 50°C trong 4 gid. Budce nay dugc sir dung dé tao ra hdn hop
phan tng khac chira pullulanaza 20g/L d& xi ly maltodextrin, dung dich nu6c mudi
dwoc dém phosphat 50mM pH 7,2, MgCl> 5SmM, CoCl, 80uM, aGP 0,05U, PGM
0,05U, PGI 0,05U, A6PE 0,05U, va A6PP 0,05U dugc G ¢ nhiét 6 50°C trong 24
gitr. Luong alluloza tao ra dugc dinh lugng nhu trong vidu9.

Vidu 12

Pé lam tang thém hiéu suét alluloza tir maltodextrin, 4-glucan transferaza
(4GT) 0,05U dugc bd sung vao hdn hgp phén tmg dugc mo ta trong vi du 9.

0,2mL hdn hop phan tng chira isoamylaza 20g/L da xir ly maltodextrin (xem
vi du 9), dung dich nuéc mudi dugc dém phosphat 50mM pH 7,2, MgCl, SmM,
CoCl, 80pM, oGP 0,05U, PGM 0,05U, PGI 0,05U, A6PE 0,05U, A6PP 0,05U, va
4GT 0,05U dugc 0 & nhiét 46 50°C trong 24 gio. Lugng alluloza tao ra dugc dinh
lugng nhu trong vi du 9.

Vidu 13

Dé x4c dinh khoang néng do cua dung dich nudc mubi dugc dém phosphat

(PBS), 0,20mL hdn hop phan tng chira maltodextrin 50g/L; dung dich nudc mudi
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dugc dém phosphat 6,25mM, 12,5mM, 25mM, 37,5mM, hodc 50mM pH 7,2;
MgCl, 5mM; aGP 0,1U; PGM 0,1U; va PGI 0,1U dugc u & nhiét do 50°C trong 6
gid. Khoang thoi gian ngin dé dam bao phan tng chua két thuc, va do d6 c6 thé
nhan théy rd rang su chénh 1&ch vé hiéu suét. Luong F6P tao ra dugc dinh lugng
bing cich st dung thir nghiém enzym lién két fructoza 6-phosphat kinaza
(F6PK)/pyruvat dehydrogenaza (PK)/lactat dehydrogenaza (LD) trong d6 viéc giam
hép thu & budc song 340nm ching té 1a F6P dugc tao ra. Hi€u suat F6P 4,5¢/L,
5,1g/L, 5,6g/L, 4,8g/L, hoac 4,9g/L lan luogt thu duogc dbi vai cac phan tng chua
dung dich nuéc mudi dugc dém phosphat 6,25mM, 12,5mM, 25mM, 37,5mM, hodc
50mM pH 7,2 (bang 1). Céc két qua nay ching t6 1a ndng 6 PBS 25mM pH 7,2 1a
Iy twdng cho cac diéu kién phan tmg cu thé nay. Quan trong can luu y rang ngay ci
khi st dung PBS 6,25mM & pH 7,2 vAn thu duoc hiéu sudt dang ké nhd tai ché
phosphat. Diéu nay chimg t6 12 phwong phap tai ché phosphat duge md ta 1a c6 thé
gitt cho lugng phosphat thip ngay ca & muc ning suit dung trong cong nghiép (vi
du, 200-300g/L maltodextrin).

Bang 1
Nong dd cia PBS pH 7,2 (mM) g/L ciia F6P
6,25 4,5
12,5 5,1
25 5,6
37,5 4,8
50 4,9
Vi du 14

P& x4c dinh khoang pH clia phang tmg theo dot, 0,20mL hén hop phan ung
chira maltodextrin 50g/L; dung dich nuéc mudi duge dém phosphat 50mM pH 6,0,
6,2, 6,4, 6,6, 6,8, 7,0 7,2, hodc 7,3; MgCl, 5mM; aGP 0,02U; PGM 0,02U; va PGI
0,02U duogc U & nhiét dd 50°C trong 16 gio. Cac don vi dugce lam giam dé dam bao
phan ng chua dugc két thic, va do d6 muc chénh 1éch v& hiéu suét c6 thé dugc
nhén théy 16 rét. Luong F6P tao ra dugc dinh luong nhu trong vi du 12. Hiéu sut

F6P 4,0g/L, 4,1g/L 4,2¢/L, 4,1g/L, 4,4g/L, 4,1g/L, 3,8g/L hodc 4,0g/L 14n lugt thu
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duoc ddi véi cac phan tng chira dung dich nudc mubi duge dém phosphat 50mM &
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 rang pH
bang 6,8 12 ly twdng cho céc didu kién phan tmg cu thé ndy, mic du hé phan ung

nay hoat dong trong mot khoang pH rong.

Béang 2
pH cta PBS g/L ciia F6P
6,0 4,0
6,2 4,1
6,4 4,2
6,6 4,1
6,8 4,4
7,0 4,1
7,2 3,8
7,3 4.0
Vidu 15

Pé nghién ctru quy mb 16n, 20mL hdn hop phan tng chira isoamylaza 50g/L
da xir Iy maltodextrin (xem vi du 10), dung dich nude mudi dugc dém phosphat
50mM pH 7,2, MgCl, 5mM, CoCl> 80uM, aGP 10U, PGM 10U, PGI 10U, A6PE
10U, va A6PP 10U duoc G & nhiét dd 50°C trong 24 gio. Lugng alluloza tao ra dugc
dinh Ivgong nhu trong vi du 9.

Vidu 16

Pé lam tang thém hiéu suét alluloza tir maltodextrin, maltoza phosphorylaza
0,05U dugc bd sung viao hdn hop phén tng dugc mo ta trong vi du 9.

Vidu 17

Pé lam ting thém hiéu sudt alluloza tir maltodextrin, polyphosphat
glucokinaza 0,05U va polyphosphat 75SmM dugc bd sung vao hon hop phén tng
dugc mo ta trong vi du 9.

Vidu 18

Pé tao ra alluloza tir fructoza, hdn hgp phan tmg chira fructoza 10g/L, dung

dich dém Tris 50mM pH 7,0, polyphosphat 75mM, MgCl, SmM, CoCl> 80pM,
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fructoza polyphosphat kinaza 0,05U, A6PE 0,05U, va A6PP 0,05U duoc U & nhiét
do 50°C trong 24 gi¢. Lugng alluloza tao ra dugce dinh lwong nhu trong vi du 9.

Vidu19

Dé tao ra alluloza tir glucoza, hdn hop phan ting chita glucoza 10g/L, dung
dich dém 50mM Tris pH 7,0, polyphosphat 75mM, MgCl, SmM, CoClz 80pM,
glucoza polyphosphat kinaza 0,05U, PGI 0,05U, A6PE 0,05U, va A6PP 0,05U duoc
U & nhiét 6 50°C trong 24 gio. Lugng alluloza tao ra dugce dinh lugng nhu trong vi
du 9.

Vidu 20

Dé tao ra alluloza tir sucroza, hon hop phan tmg chira sucroza 10g/L, dung
dich nuéc mudi dugc dém phosphat 50mM pH 7,0, MgClx 5SmM, CoClz 80uM,
sucroza phosphorylaza 0,05U, PGM 0,05U, PGI 0,05U, A6PE 0,05U, va A6PP
0,05U duoc 4 & nhiét @6 50°C trong 24 gio. Lugng alluloza tao ra dwoc dinh luong
nhu trong vi du 9.

Vidu 2l

Dé lam ting thém hiéu sudt cta alluloza tir sucroza, polyphosphat 75mM va
polyphosphat fructokinaza 0,05U duoc bd sung vao hdén hop phan tng trong vi du

20. Luong alluloza tao ra dugc dinh lugng nhu trong vi du 9.
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YEU CAU BAO HQ

1. Quy trinh diéu ché alluloza, trong d6 quy trinh nay bao gbm cac bude:

chuyén hoéa fructoza 6-phosphat (F6P) thanh alluloza 6-phosphat (A6P),
dugc xhc tac boi alluloza 6-phosphat epimeraza; va

chuyén héa A6P thu dugc thanh alluloza, dugc xuc tac boi alluloza 6-
phosphat phosphataza (A6PP).
2. Quy trinh theo diém 1, trong d6 quy trinh con bao gbm budc chuyén hoéa glucoza
6-phosphat (G6P) thanh F6P, trong d6 budc nay dugc xtGc tic bdi
phosphoglucoisomeraza (PGI).
3. Quy trinh theo diém 2, trong d6 quy trinh nay con bao gdm bude chuyén hoa
glucoza 1-phosphat (G1P) thanh G6P, trong d6 budc nay dugc xuc tac boi
phosphoglucomutaza (PGM).
4. Quy trinh theo diém 3, trong d6 quy trinh ndy con bao gbém budc chuyén hoéa
sacarit thanh G1P, trong d6 budc nay dugc xic tac boi it nhit mot enzym, trong d6
sacarit dugc chon tir nhém bao gé)m tinh bot hodic dan xuét ciia nd, xenluloza hoiic
dan xuit ctia n6 va sucroza.
5. Quy trinh theo diém 4, trong d6 it nhit mot enzym dugc chon tir nhém bao gdm
alpha-glucan phosphorylaza (aGP), maltoza phosphorylaza, sucroza phosphorylaza,
xenlodextrin  phosphorylaza, xenlobioza  phosphorylaza, va  xenluloza
phosphorylaza.
6. Quy trinh theo diém 4, trong d6 sacarit 1a tinh bdt hodc dAn xuét cta tinh bot
dugc chon tir nhém bao gém amyloza, amylopectin, tinh bdt hoa tan, amylodextrin,
maltodextrin, maltoza, va glucoza.
7. Quy trinh theo diém 6, trong d6 quy trinh nay con bao gdm budc chuyén héa tinh
b6t thanh din xuét tinh bdt trong d6 din xudt tinh bot duge diéu ché bang cach thily
phén tinh bdt bing enzym hogc thity phan tinh bot bing axit.
8. Quy trinh theo diém 6, trong d6 4-glucan transferaza (4GT) duogc b6 sung vio
quy trinh.
9. Quy trinh theo diém 7, trong d6 dén xuét tinh bt dugc didu ché bing cach thiy
phén tinh bot bang enzym duge xtic téc bdi isoamylaza, pullulanaza, alpha-amylaza,

hozc hdn hop cua chung.
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10. Quy trinh theo diém 1, trong d6 quy trinh nay con bao gbm:

budc chuyén héa fructoza thanh F6P, trong d6 budc nay duge xic tic boi it
nhit mot enzym; va ty y, bude chuyén héa sucroza thanh fructoza, trong d6 budc
nay dugc xuc tac bai it nhét mot enzym.
11. Quy trinh theo diém 2, trong d6 quy trinh nay con bao gom:

bude chuyén hoa glucoza thanh G6P, trong d6 budc nay duge xic tac boi it
nhit mot enzym, va tlly y, bude chuyén hoéa sucroza thanh glucoza, trong d6 bude
nay dugc xtc tac bai it nhét mot enzym.
12. Quy trinh theo diém 1, trong d6 A6PE bao gbm trinh tu axit amin c6 it nhét
90%, it nhit 95% hoic it nhét 100% trinh tw twong ddng véi trinh ty axit amin néu
trong SEQ ID NO: 3 hoéc 6.
13. Quy trinh theo diém 1, trong d6 A6PP bao gbm trinh tu axit amin c6 it nhét
90%, it nhit 95% hoic it nhit 100% trinh tu twong déng véi trinh tw axit amin néu
trong SEQ ID NO: 9.
14. Quy trinh theo diém 1, trong d6 A6PP 1a déc hiéu véi alluloza 6-phosphat.
15. Quy trinh theo diém 1, trong d6 cac budc cla quy trinh dugc tién hanh & nhiét
do nam trong khoadng tur 40°C dén 70°C, & pH nam trong khoang tu 5,0 dén 8,0,
va/hoic trong 8 dén 48 gio.
16. Quy trinh theo diém 1, trong d6 cac budc cua quy trinh dugc tién hanh trong
nhiéu binh phan tng sinh hoc dugc bd tri ndi tiép.
17. Quy trinh theo diém 1, trong d6 céc budc cua quy trinh dwgc tién hanh khong
cin ATP, khong cin NAD(H), & ndng dd phosphat nim trong khoang tir 0OmM dén
150mM, phosphat nay duogc tai ché, va/hodc it nhit mdt budc cia quy trinh c6 lién
quan dén phan tmg héa hoc tiét kiém nang luong.
18. Quy trinh theo diém 1, trong d6 cac budc cua quy trinh dugc tién hanh trong

mot binh phan ng sinh hoc.
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<160> 9

<170> Patent phién ban 3.5

<210> 1

<211> 663

<212> ADN

<213> Thermoanaerobacterium thermosaccharolyticum

<400> 1

atgaaatatt tattttcgcc atctttaatg tgtatgaatt taatcaagct aaatgaacaa 60
atatctgttc ttaatagcaa ggcggatttt ttgcatgttg acatcatgga tggccatttt 120
gttaaaaata ttactttatc accgtttttt atagagcaga ttaaatcata tgtcaatatt 180
cctattgatg cacaccttat ggtagaaaat ccaggtgatt atattgaaat atgcgaaaaa 240
tcgggagcaa gttttataac tatacatgca gaaacaatta atagagaagc atttagaata 300
atagatagaa ttaaaagtca tggactcatg gttggcatag cattgaatcc agcaacacct 360
atttcggaaa ttaaacatta tattaataaa atagataaga taacaataat gactgtcgat 420
cccggctteg ctggtcaacc atttattccg gaggtattgg aaaagatccg agatctaaag 480
agactgaaag atgataataa ttataattat ttaattgaag cagatggttc ctgcaataaa 540
aatacgtttc aagtgctaaa agatgccgga tgtaaagttt tcgtattagg ttcatcaggg 600
ctttttaatc ttagcgatga tttgggaaaa gcgtgggaaa taatgattgg caattttaat 660
gga 663
<210> 2

<211> 663

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> A6PE thermoanaerobacterium thermosaccharolyticum dugc téi uwu héa codon
<400> 2

atgaagtacc tgtttagccc gagcctgatg tgcatgaatc tgattaagct gaatgaacag

attagcgttc tgaatagcaa agccgatttt ctgcatgttg atattatgga tggtcatttt

gttaagaaca tcaccctgag cccgtttttc attgaacaga ttaagagcta tgtgaatatc
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ccgattgatg
agcggcgcaa
attgaccgta
attagcgaaa
ccgggcetttg
cgtctgaaag
aatacctttc

ctgtttaatc

ggc

<210> 3

<211> 221
<212> PRT
<213>

<400> 3

Met Lys Tyr
1

Leu Asn Glu

Val Ile

35

Phe Phe

50

Ile

His Leu Met

65

Ser Gly Ala

Ala Phe Arg

Ile Ala Leu

115

Asn Lys Ile

130

Gly Gln Pro

cccatctgat
gttttattac
ttaagagtca
ttaagcatta
caggccagcc
atgataataa
aggttctgaa

tgagtgatga

Leu Phe

Gln
20

Ile
Met Asp
Glu Gln
Val

Glu

Phe
85

Ser

Ile
100

Ile
Asn Pro
Asp

Lys

Phe Ile

Ser

Ser

Gly

Ile

Asn

70

Ile

Asp

Ala

Ile

Pro

ggtggaaaat
cattcatgcc
tggtctgatg
tattaacaag
gtttattccg
ttacaactac
agatgcaggc

tctgggcaaa

Pro Ser

Val Leu

Phe
40

His

Lys Ser

55

Pro Gly

Thr Ile

Arg Ile

Thr Pro

120

Thr
135

Ile

Glu Val

39000

ccgggtgact
gaaaccatta
gtgggcattg
atcgacaaga
gaagtgctgg
ctgatcgaag
tgcaaagttt

gcatgggaaa

Leu Met
10

Cys

Asn Ser

25

Lys

Val Lys Asn

Tyr Val Asn

Ile
75

Asp Tyr

Ala
90

His Glu

Lys Ser His

105

Ile Ser Glu

Met Thr Val

Leu Glu Lys
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atattgaaat
atcgtgaagc
cactgaatcc
tcaccattat
aaaaaattcg
ccgatggtag
ttgtgctggg

ttatgattgg

Thermoanaerobacterium thermosaccharolyticum

Met Asn Leu

Ala Phe

30

Asp

Ile Thr

45

Leu

Ile
60

Pro Ile

Glu Ile Cys

Thr Ile Asn

Met
110

Gly Leu

Ile Lys His

125

Asp Pro

140

Gly

Ile Arg Asp

ttgtgaaaaa
atttcgtatt
ggccaccccg
gaccgttgat
cgatctgaaa
ttgcaataag
cagtagcggt

caattttaat

Ile
15

Lys

Leu His

Ser Pro

Asp Ala

Glu Lys

80

Arg Glu

95

Val Gly

Ile

Tyr

Phe Ala

Leu Lys

240

300

360

420

480

540

600

660

663



145

Arg Leu Lys

Ser Cys Asn

Val Phe Val

195

Gly Lys Ala

210

<210> 4

<211> 690
<212> ADN
<213> Baci

<400> 4
atgagcaaca

gaacagatta
cattatgtac
gatgttccga
attgatatta
cgcttaattg
acaagtgttg
gtcgacccag
ttaagaaaat
aatcggaaat
agcggtttgt
tttgaggaaa
<210> 5

<211> 690
<212> ADN

<213>

<220>
<223>

<400> 5

150

Asp
165

Lys Asn

180

Leu

Trp Glu

1llus

Asp Asn Asn

Thr

Gly Ser

Ile

Tyr

Phe Gln

Ser Gly

200

Met Ile

215

39000

155

Asn Tyr Leu

170

Val Leu
185

Lys
Leu Phe

Asn

Gly Asn Phe

thermoamylovorans

aaattgaatt ttcaccgtct ttaatgacaa

cttttttaaa
ctaatataac
tgtctgecccea
agtgtgaatg
atcaaatcca
atgcgattcg
gttttgcagg
tacgggaaga
ccttcaagaa
ttggattaca

tgactggcga

taatcatgtc
tctatccect
cttgatggtc
gatttgcatg
cgatgcggga
cccgtacatt
tcaacgcttt
acacggttat
aatttatgaa
cgaagatatc

aaaagtatta

Trinh tu nhédn tao

A6PE ua nhiét tu Bacillus

atgagtaaca agatcgaatt cagcccgagc

gaacagatca cctttctgaa caatcatgtt

cattacgtgc cgaatattac cctgagcccg

ggttcttacc
tggtttgtcc
acaaacccaa
cacgtagaaa
ttaaaagcag
gatttagtgg
attgatagta
aaatatgtga
gccggtcectg

gaaaaagcat

Ile Glu Ala

Asp Ala
190

Ser
205

Leu Asp

Asn Gly
220

tggatttaga
atatcgatat
aagaggtacg
gtttttgggt
cccttgatgg
gggtcgtatt
étaaagtcac
cattggagaa
ttgaaatgga
acatttatat

gggaaatcat

160

Asp Gly
175

Gly Cys Lys

Asp Leu

caagtttaaa
tatggacgga
gaaaattagt
acaacaactc
gttagctttc
aaatcctgaa
cattatgact
aatcgtggaa
tggatcttcg
tataggtcgc

gtgcaaagat

60

120

180

240

300

360

420

480

540

600

660

690

thermoamylovorans dugc tbi uu héa codon

ctgatgacca tggatctgga taaatttaaa

ggcagttatc atattgatat catggatggt

tggtttgttc aggaagtgcg caaaattagc
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gatgttccga

attgatatta

cgtctgattg

accagtgtgg

gtggatccgg

ctgcgtaaac

aatcgcaaaa

agtggcctgt

tttgaagaaa

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

<400>

6
230
PRT

Bacillus

6

Met Ser Asn Lys

1

Asp

Tyr

Ser

Ser

65

Ile

Gly

Ala

Tyr

Phe

Lys

His

Pro

50

Ala

Asp

Leu

Gly

Ile

130

Ala

Phe

Ile

35

Trp

His

Ile

Ala

Val

115

Asp

Gly

Lys

20

Asp

Phe

Leu

Lys

Phe

100

Val

Leu

Gln

tgagcgcaca
aatgtgaatg
atcagattca
atgccattcg
gctttgccgg
tgcgtgaaga
gctttaaaaa
ttggcctgea

tgaccggtga

tctgatggtt
gatttgcatg
tgatgccggce
tccgtatatt
ccagcgcttt
acatggttat
aatttacgag

tgaagatatt

39000

accaatccga

catgttgaaa

ctgaaagcag

gatctggttg

attgatagca

aaatatgtga

gcaggtccgg

gaaaaagcat

aaaagtgctg

thermoamylovorans

Ile

Glu

Ile

Val

Met

Cys

85

Arg

Leu

Val

Arg

Glu

Gln

Met

Gln

Val

70

Glu

Leu

Asn

Asp

Phe

Phe

Ile

Asp

Glu

55

Thr

Trp

Ile

Pro

Lys

135

Ile

Ser

Thr

Gly

40

Val

Asn

Ile

Asp

Glu

120

Val

Asp

Pro

Phe

25

His

Arg

Pro

Cys

Gln

105

Thr

Thr

Ser

Ser

10

Leu

Tyr

Lys

Ser

Met

90

Ile

Ser

Ile

Thr
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Leu

Asn

Val

Ile

Phe

75

His

His

Val

Met

Leu

gtttttgggt

ccctggatgg

gtgtggttct

ataaagttac

ccctggaaaa

ttgagatgga

atatttatat

gggaaattat

Met

Asn

Pro

Ser

60

Trp

Val

Asp

Thr
140

Glu

Thr

His

Asn

45

Asp

Val

Glu

Ala

Ala

125

Val

Lys

Met

Val

30

Ile

Val

Gln

Thr

Gly

110

Ile

Asp

Ile

tcagcagctg
cctggcecettt
gaatccggaa
catcatgacc
aattgtggaa
tggcagcagc
tattggccgt

gtgtaaggat

Asp

15

Gly

Thr

Pro

Gln

Leu

95

Leu

Arg

Pro

Val

Leu

Ser

Leu

Met

Leu

80

Asp

Lys

Pro

Gly

Glu

240

300

360

420

480

540

600

660

690
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145 150 155 160
Leu Arg Lys Leu Arg Glu Glu His Gly Tyr Lys Tyr Val Ile Glu Met
165 170 175
Asp Gly Ser Ser Asn Arg Lys Ser Phe Lys Lys Ile Tyr Glu Ala Gly
180 185 190
Pro Asp Ile Tyr Ile Ile Gly Arg Ser Gly Leu Phe Gly Leu His Glu
195 200 205
Asp Ile Glu Lys Ala Trp Glu Ile Met Cys Lys Asp Phe Glu Glu Met
210 215 220
Thr Gly Glu Lys Val Leu
225 230
<210> 7
<211> 651
<212> ADN
<213> Clostridium thermocellum
<400> 7
atgattaaat acaaagcggt attctttgat tttgactata cgctggcaga ttcatctaaa
gctgttatag aatgtattaa ctatgcactg caaaaaatgg gttatcccga atcttctceg
gaaagtattt gcagaacaat aggacttacg ttggccgagg cttttaaaat acttagcggg
gatacttctg attccaatgc ggaccttttc cgccaatact ttaaagaaag agcagatctg
gttatgtgtg accggactgt aatgtacagc actgttgaat gtgttttgaa gaagctgaaa
aaggcggatg taaaaacagg aattgtttca acgaagtaca gatacaggat agaggatata
ttaaaaaggg acaaactttt acagtatttt gatgtaattg tcggcgggga agatgttgceg
gcccataaac cggatccgga agggcttcta aaggccatat cgatggttgg ctgccaaaag
gaagaagtcc tttttgtcgg agacagtacg gtggatgcaa ggactgcaaa aaatgcggga
gtggattttg tggcggttct tacggggaca accggggcaa atgagttttc agagtataat
cctggtgetg tgattgaaga tttgagtggt ttattggata tgtttatgtt a
<210> 8
<211> 651
<212> ADN
<213> Trinh ty nhén tao
<220>
<223> A6PP dugc tbéi uwu héa codon tir Clostridium thermocellum
<400> 8

atgatcaagt acaaggccgt tttttttgat tttgattaca ccctggcaga tagcagcaaa

gccgttattg aatgtattaa ttacgccctg cagaaaatgg gctatccgga aagcagtccg
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180

240

300

360

420

480

540

600
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gaaagcattt
gataccagcg
gttatgtgtg
aaagcagatg
ctgaaacgtg
gcccataaac
gaagaagttc
gtggattttg
ccgggegeeg
<210> 9

<211> 217
<212> PRT
<213>
<400> 9

Met Ile Lys

1

Asp Ser Ser

Met Gly Tyr

35

Thr
50

Leu Leu

Ser Asn Ala

65

Val Met Cys

Lys Lys Leu

Tyr Arg Tyr

115

Phe
130

Tyr Asp

Asp Pro Glu

gtcgtaccat
atagcaatgc
atcgcaccgt
ttaagaccgg
ataaactgct
cggatccgga
tgtttgttgg
tggccgttcet

tgattgaaga

Tyr Lys

Lys Ala

20

Pro Glu

Ala Glu

Asp Leu

Asp Arg

85

Lys
100

Lys
Ile

Arg

Val Ile

Gly Leu

Ala

Val

Ser

Ala

Phe

70

Thr

Ala

Glu

Val

Leu

tggcctgacc
cgatctgttt
gatgtatagc
tattgtgagc
gcagtatttt
aggcctgctg
tgatagcacc
gaccggcacc

tctgagcggt

Clostridium thermocellum

Val Phe

Ile

Glu

Pro
40

Ser

Phe
55

Lys
Gln

Arg

Val Met

Val

Asp

Ile
120

Asp

Gly
135

Gly

Lys Ala

39000

ctggcagaag
cgccagtatt
accgtggaat
accaaatatc
gatgttattg
aaagcaatta
gttgatgcac
accggcgcaa

ctgctggata

Phe Asp Phe

10

Cys Ile Asn

25

Glu Ser Ile

Ile Leu Ser

Tyr Phe Lys

75

Ser Thr

90

Tyr

Lys Thr

105

Gly

Leu Lys Arg

Glu Asp Val

Ile Ser Met
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catttaaaat
ttaaagaacg
gcgtgctgaa
gctatcgtat
ttggtggcga
gcatggtggg
gtaccgccaa
atgaatttag

tgtttatgct

Asp Tyr Thr

Ala Leu

30

Tyr

Cys Arg Thr

Gly Thr

60

Asp

Glu Arg Ala

Val Glu Cys

Ile Val Ser

110

Asp Lys Leu

125

Ala
140

Ala His

Val Gly Cys

tctgagcggt
cgcagatctg
aaaactgaaa
tgaagatatt
agatgttgcc
ctgccagaaa
aaatgcaggc

cgaatataat

g

Leu Ala

15

Gln Lys

Ile Gly
Ser

Asp

Leu
80

Asp

Val
95

Leu

Thr Lys

Leu Gln

Pro

Lys

Gln Lys

180

240

300

360

420

480

540

600

651



145

Glu Glu Val

Lys Asn Ala

Ala Asn Glu
195

Ser Gly Leu
210

Leu Phe
165

Gly Val
180

Phe Ser

Leu Asp

150

Val

Asp

Glu

Met

39000

155 160

Gly Asp Ser Thr Val Asp Ala Arg Thr Ala
170 175

Phe Val Ala Val Leu Thr Gly Thr Thr Gly
185 190

Tyr Asn Pro Gly Ala Val Ile Glu Asp Leu
200 205

Phe Met Leu
215





