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tinh xylanaza, trong d6 xylanaza GH10 bién tinh nay hodc phén doan cua n6 co do bén

nhiét dugc tang cuong so voi enzym xylanaza GH10 gbc, xylanaza GH10 gdc da dugc cai
bién tai, it nhat, hai trong s6 cac vi tri sau: 7, 33, 79, 217 va 298, trong d6 viéc danh sb dua
theo cach danh sb axit amin cia FveXyn4 (S6 ID TRINH TU' 1). Cu thé, enzym xylanaza
bién tinh theo sang ché c6 cac bién tinh sau:
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T33V;

K79Y, V, F, I, L hodc M (t6t hon 13 K79Y, F hodc V, tot hon nita 13 Y);

A217Q, E, P, D hoaic M (tét hon l1a A217Q, E hoac P, tdt hon nira 1a Q); va

T298Y, F hodc W (t6t hon 13 Y hoic F, tét hon nita 13 Y).
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Linh vue ky thuit dwoe dé cap

Sang ché d& cdp dén cic xylanaza méi c6 tinh bén nhiét va viée s@ dung
xylanaza nay trong cac tng dung, bao gdm cac ing dung trong thic an chan nudi,
trong quy trinh ndu rugu bia hay tao mach nha, trong xt Iy arabinoxylan chira nguyén
liéu nhu nguyén liéu co nguf’)n géc tr hat ngt cbe, vi du trong san xuét nhién liéu sinh
hoc hoac céc san pham lén men khac, bao gdm cic chat hoa sinh (vi du, isopren gdc
sinh hoc). va/hodc trong nganh cong nghiép tach gluten-tinh bt lua mi, va cac phuong
phép st dung cac xylanaza ndy, cling nhu céc ché phém (nhu ché phidm phu gia thuc

an chin nudi) chtra cac xylanaza nay.

Tinh trang ky thuit ciia sang ché

Trong nhiéu niam, endo-B-1,4-xylanaza (EC 3.2.1.8) (sau day duoc goi la
xylanaza) da dugc str dung dé cai bién hydrat cacbon phuc c6 ngudn gde tir vat liéu
thanh té bao thuc vét. Trong nganh, chiing ta biét & rdng chirc ndng ciia cac xylanaza
khac nhau (c6 ngudn géc tr cac vi sinh vat hodc thuc vat khac nhau) sé khac nhau rd
rét. Xylanaza la tén dugce dat cho mdt loai enzyme phan giai polysacarit beta-1,4-xylan
tuyén tinh thanh xylooligosacarit hodc xyloza, tir d6 phé v& hemixenluloza, mot trong
nhirng thanh ph?m chinh cua thanh té bao thuc vat.

Dua trén thong tin cdu tric va thong tin di truyén, xylanaza duoc phan loai thanh
cac ho Glycosit Hydrolaza (GH) khéc nhau (Henrissat, (1991) Biochem. J. (Tap chi Héa
sinh hoc) 280, 309-316).

Ban déu tat ca céac xylanaza da biét va dac trung déu thudc cac ho GH10 hoic
GHI11. Céc nghién ctru sau nay da nhan dang céc loai Xylanaza khac thudce céc ho
GHS, GH7, GH8 va GH43 (Collins va cong su (2005) FEMS Microbiol Rev. (Tap chi
Vi sinh vdt hoc FEMS), 29 (1), 3-23).
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Cho dén nay ho GH11 khac véi tat ca cac ho GH khac, 13 ho duy nhét chi bao
gdm xylanaza dic hiéu xylan. CAu trac cua xylanaza GHI1 c6 thé dugc mb ta 1a ciu
truc dang truc keo déng P hodc cdu triic cudn gép tang kep soi B (Himmel va cong s,
1997 Appl. Biochem. Biotechnol. (Cong ngh¢ sinh hoc va Héa sinh hoc ing dung) 63-
65, 315-325). Enzym GH11 c6 mién xuc tic bang khoang 20 kDa.

Xylanaza GH10 c6 mién xtic tac co khéi lwong phan tr ndm trong khoang 32-
39 kDa. CAu tric cia mién xuc tac cta xylanaza GH10 bao gdm barrel p/o. 8 vong
(Harris va cOng su 1996 — Acta. Crystallog. Sec. D (Tap chi Tinh thé hoc Phan D) 52,
393-401).

Mot s6 lugng 16m cac enzym ho GH10 ¢6 cAu tric 3 chiéu, dugc phan giai trudce
tién 1a cac ciu trac cia xylanaza A cla Streptomyces lividans (Derewenda va cdng s,
J Biol Chem (Tap chi Sinh hoa hoc), 19/08/1994; 269(33) 20811-4), endo-glycanase
Cex cua C. fimi (White va cdng su, Biochemistry (Sinh héa hoc), 25/10/1994; 33(42)
12546-52), va Xynl0A cia Cellvibrio japonicus (truéc ddy la phan loai xylanaza A
cia Pseudomonas fluorescens) (Harris va cOng su, Structure (Céu truc), 15/11/1994;
2(11) 1107-16.). La thanh vién cia ho GHA, chung ¢ cudn gip TIM barrel (a/B)g kiéu
cb dién véi cac axit glutamic & hai diém hoat héa chinh nam tai dau C cua soi beta 4
(axit/bazo) va 7 (4i nhan) (Henrissat va cdng su, Proc Natl Acad Sci U S A (Ky yéu
Vién Han 1am Khoa hoc Quéc gia Hoa K¥), 18/07/1995; 92(15) 7090-4).

Céc nghién ctru toan dién dinh rd dédc trung cia chirc ndng cia Xylanaza da dugc
thuc hién trén céc co chét tinh khiét va cuc ky dac trung (Kormelink va cong su, 1992,
bic trung hoa va phuong thirc hoat dong cia xylanaza va mot s6 enzym phu. Gido Su
Thesis, Agricultural University Wageningen, Ha Lan (Tr. 175, ban tom tit Tiéng Anh va
Tiéng Ha Lan)). Céc nghién ctru nay chi ra rdng cc xylanaza khac nhau ¢6 cac yéu cau cu
thé khac nhau theo sy thé khung xyloza ctia arabinoxylan (AX). Mot s6 xylanaza yéu ciu
3 gbc xyloza khong dugc thé dé thily phan khung xyloza; cac xylanaza khéc chi yéu cau
mdt hodic hai gbc. Ly do dan dén cac khéc biét ndy trong tinh dic hiéu duge cho 1a do chu
tric ba chidu bén trong cac mién xuc tic giy ra, cic mién nay nguoc lai lai phu thude vao
chu truc bac mot clia xylanaza, tic 12 trinh tw axit amin. Tuy nhién, cho dén nay chua c6
béng ching dugc ghi lai vé su dich ma céc khéc biét ndy trong trinh tw axit amin thanh
céc khéc biét trong chirc ndng cla céc xylanaza khi xylanaza hoat dong trong mdi truong

phirc tap, nhu trong nguyén liéu thuc vét, vi du trong thitc &n chan nuoi.
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Céac co chét xylanaza trong nguyén li€u thuc vat, vi du, trong lta mi, thuong
duoc chia thanh hai phin cét: Phin cit khong thé chiét xuét trong nudc AX (WU-AX)
va phén cét c6 thé chiét xuét trong nuéc AX (WE-AX). C6 rit nhidu cach giai thich tai
sao lai ¢6 hai phin cdt AX khac nhau. Tai liéu truée kia (D’ Appolonia va MacArthur -
(1976, Cereal Chem. (Héa hoc ngii cb¢) 53. 711-718) va Montgomery va Smith (1955,
J. Am. Chem. Soc. (Tap chi Hoi héa hoc Hoa Ky) 77. 3325-332) mo ta sy khac bi¢t kha
cao trong murc do thé gitta WE-AX va WU-AX. Mirc do thé cao nhit dugc phét hién
trong WE-AX. Diéu nay duogc sir dung dé giai thich tai sao mot s6 AX lai ¢6 thé chiét
xuét dugc. Mt d6 thé cao khién polyme tan dugc, so véi mitc thé thip hon, murc nay c6
thé tao ra lién két hydro giita cac polyme va cubi cing dan dén két tia.

Su khac biét gifra chitc ndng cia cac xylanaza khac nhau dugce cho la do su khéac
biét trong tinh diic hidu ctia xylanaza va tir d6 dan téi cac wu tién dbi véi cac co chét
WU-AX hodac WE-AX.

Cac enzym xylanaza dd dugc ghi nhan tr gén 100 vi sinh vat khac nhau, bao
gém thue vat, nAm va vi khudn. Céc enzym xylanaza dugc phan loai thanh mot sb
trong hon 40 ho enzym glycosyl hydrolaza. Enzym glycosyl hydrolaza bao gbm
xylanaza, mannanase, amylaza, f-glucanase, xenlulaza, va hydrat cacbon khac, dugc
phan loai dua trén cac tinh chit nhu trinh ty c4c axit amin, ciu trac 3 chiéu cta ching
va hinh dang cua vi tri xGc tic cia ching (Gilkes, va cong sy, 1991, Microbiol.

Reviews (Tap chi vi sinh vat hoc) 55: 303-315).

Ban chit ky thuit cia sang ché

Két qua quan trong cta sang ché 13 sy cai bién xylanaza GH10, gitip xylanaza GH10
c6 tinh bén nhiét hon.

Lén dAu tién, cc nha sang ché da xac dinh dugc cac gde chinh cho phép cai bién
khién cho xylanaza GH10 c6 tinh bén nhiét hon.

Ngoai ra, 14n dau tién, cac nha sang ché da xac dinh céc thay thé/cai bién chinh
khién cho xylanaza GH10 ¢ tinh bén nhiét hon.

Cu thé 13, sang ché lién quan dén viéc nhan dang cdc gbc didc hiéu trong va céc
cai bién dic hiéu cua xylanaza, vi du xylanaza GH10, dé khién n6 c6 tinh bén nhiét hon,

trong khi vin dam bao khong thay ddi céc tinh chét khic ctia xylanaza.
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Céc tinh chit khac cia xylanaza cia sang ché 1a kha ning pha v& (hoa tan) céc
arabinoxylan khong tan (AXinsol).

Cu thé, céc xylanaza bién thé cta séng ché c6 thé pha v (hoa tan) hidu qua
AXinsol trong pham vi rdng 16n cac co chét, bao gém ng0, laa mi, DDGS, v.v., cu thé 1a
ngd va cac co chét gbe ngd, cu thé 12 ca sin phdm tir lta mi (bao gdm san phdm san xudt
tir laa mi) va ngd (bao gdm san phim san xuit tr ngd). Diéu nay trai nguoc véi cac
enzym da biét trudc day, cac enzym ndy thuong kém trong hoa tan AXinsol trong ngd
hoic co chét gbc ngd hodc khong c6 higu qua trong céc co chét c6 gbc 12 lta mi va ngd.

Ngoai ra, cdc xylanaza bién thé ciia sang ché dic biét manh & chd khong chi pha
v& (hoa tan) AXinsol, ma con ¢ kha niang phd vd (hay phan giai) cac polyme dugc
hoa tan mot cach hiéu qua. Do ¢6 kha ndng phé vd (phan giai) hiéu qua (nhanh choéng)
c4c polyme hoa tan (thu dugc tir bude hoa tan AXinsol), dd nhét s€ gidm (nhanh) hodc
cac polyme hoa tan (thu dugc tir budc hoa tan AXinsol) s€ khong thé khién cho do
nhét tang. Hidu qua sau rat quan trong trong mot sé tmg dung dugc yéu ciu bao ho.

Khong b rang budc bdi bat ky hoc thuyét nao, enzym bién thé ciia sang ché chu
yéu s& giai phong cac polyme, cac polyme ndy khong c6 anh hudng t¢i do nhét do
chung 13 polyme ngén.

Nhin chung, xylanaza thong thuong cd thé ph4 v& AXinsol, nhung thuong sé
1am ting d9 nhét ctia hdn hop. Do nhét ting 1a didu bét loi trong nhiéu tng dung.

Khong bi rang budc boi bat ky hoc thuyét nao, mic du mot s6 xylanaza thong
thudong c6 thé pha v& AXinsol, nhung ching s& 1am téng cc san phédm phan giai ¢6
tinh tan c6 khoi lugng phan tir cao, din t6i 1am ting d6 nhét cla hdn hop.

Ngoai ra, hay hoic 1a, va tiép tuc khong bi rang budc béi bét ky hoc thuyét nao,
mic di mot sé enzym xylanaza thong thudng cé thé pha v& AXinsol, nhung do ching
khong phén gidi du nhanh céc san phim dwoc hoa tan c6 khdi lugng phéan tir cao nén
hdn hop s& c6 dd nhét khong 1y tudng. Nguoc lai, voi cadc phuong phap va cach sir
dung cua sang ché, cac xylanaza bién thé c6 thé pha v& AXinsol ma khong lam ting do
nhét va/hodce s& 1am gidm dd nhét nhanh chong so v6i cac enzym thong thuong.
Khong bi rang budc bsi bat ky hoc thuyét nao, ngudi ta cho ring cic enzym clia sang
ché khong tao thanh céc san phim c6 khdi lugng phan ti cao.

Céc enzym clia sang ché nhu dwgc md ta trong ban md ta nay dugc phat hién la
khong nhitng c6 thé pha v& (hoda tan) cac arabinoxylan (AXinsol) khong tan trong
pham vi rong 16n céc co chét, bao gém ngd, lba mi, DDGS, v.v., cu thé 14 ngd va céc
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co chét gbe ngd, cu thé 1a ca san pham tir lda mi (bao gbm san phdm san xudt tir laa
mi) va ngd (bao gdm san pham san xudt tir ngd), ma con ¢ thé dam bao mot cdch hicu
qua 1a s& khong lam tang d6 nhét va/hodc dam bao lam gidm do nhdt. Khong bi rang
budc boi bét ky hoc thuyét nao, ngudi ta cho ring cac enzym cila sang ché khong tao
thanh c4c san phim c6 khdi lwgng phén tir cao.

Do d6 sang ché dé cap dén cac enzym c6 kha ning hoa tan cac pentosan, cu thé
14 cac nguyén liéu chira xylan, nhu céc arabinoxylan, cu thé 1a arabinoxylan khong tan.
Cu thé, enzym ddc biéc manh trong viéc lam hoa tan pentosan, cu thé 1a trong cac
nguyén liéu chira xylan, nhu cac arabinoxylan, cu thé 13 arabinoxylan khong tan, trong
pham vi rdng 1én céc co chét, bao gbm cac co chét gbc ngd.

Sang ché con d& cap dén cac enzym c6 kha ning phan gidi AXsol hodc sén
phim bj pha v& cia AXinsol dé ¢am bao dd nhét sé khong ting va/hodic s& giam trong
hdn hgp phan tng.

Nhiéu xylanaza dugc thuong mai héa dé str dung trong thirc &n chan nudi aé
hoa tan pentosan 1a cidc enzym GHI11l. Céc chuyén gia trong nganh da cho ring
xylanaza GH10 khong manh bang xylanaza GHI1 trong viéc lam hoa tan cac
pentosan, cu thé 12 AXinsol. That ngac nhién 12 nguoi ta da phat hién ra loai xylanaza
moéi nhu duge md ta trong ban md ta nay, do chinh la xylanaza GH10, ddc bi€t manh
trong kha nang phén giai AXinsol trong pham vi rong 1én céac co chét, bao gdbm céc co
chét gbc ngd. Tham chi, cac nha sang ché da phat hién ring xylanaza GH10 bién thé
ctia sang ché con vuot trdi xylanaza GH11 thuong mai trong kha ning lam hoa tan
pentosan. Ngoai ra, cdc xylanaza GH10 bién thé con c6 tinh bén nhiét.

Thuec té cac enzym nay phén giai hiéu qua AXinsol tir ngd va co chit gbc ngd 1a
mdt vu diém dang ké do ngd c6 nhidu AX duédi dang khong tan hon rat nhidu so véi cac
ngii cbc khac, vi du nhu lda mi va lta mach den. Do d6 chi céc xylanaza c6 thé pha v&
AXinsol méi ¢6 thé mang lai loi ich déng ké ddi v6i dong vat duge nudi bang khau phan
3n c6 ngudn gde tir ngd, vi du khau phan d4u nanh - ngd.

That bat ngd khi xylanaza GH10 lai manh dén thé trong phan gidi AXinsol
trong ngii cde, cu thé trong ngd va trong co chat gbc ngd.

Cac enzym cla sang ché c6 thé phan giai hiéu qua (va nhanh chéng) polyme va
oligome dugc san sinh tir viéc phén giai AXinsol hodc c¢6 mit trong nguyén liéu co ngudn
gbc tir hat ngii cde. Piéu ndy din t6i wu diém bit ngd clia cac xylanaza GH10 dé cap
trong ban mo ta ndy & chd ching dic biét manh trong mot s6 tmg dung duy tri dd nhét
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thép hodc giam dd nhdt, vi du trong thirc an chan nuoi; trong nganh niu bia ruou hodc tao
mach nha; trong san xuét glucoza tir ngli cde, vi du trong ché bién chuyén sau dbi véi
nhién liéu sinh hoc va/hodic cac chit hoa sinh (vi du, isopren géc sinh hoc); hodc trong
nganh cong nghiép tach gluten-tinh bt la mi, vi dy, dé san xuét tinh bot.

Pang cht y 1a da phat hién ra ring san phim phan giai c6 do dai trung binh ngén
hon d6i v6i enzym GH10 duoc thir nghiém trong ban mé ta so v6i enzym GH11. Pidu
ndy c6 nghia 1 san phdm phan giai khong gép phan hoic khong 1a nguyén nhan lam
tang do nhot.

Dua trén céc két qua ndy, cdc xylanaza bién thé theo sang ché c6 thé dugc sir
dung @& phan giai nguyén lidu chra xylan, cu thé 1a cac arabinoxylan, cu thé 1a
AXinsol. Ngoai ra, hay hoic 13, cac xylanaza theo sang ché c6 thé duoc st dung dé
phan giai polyme tan (vi du oligome) dugc san sinh tir sy phan giai AXinsol hodc ¢6
mat (mdt cach ty nhién) trong nguyén li€u co6 ngudn gde tir hat ngii cde. Pang ngac
nhién 13 ngudi ta da phat hién ring cac xylanaza bién thé theo sang ché c6 thé duge sir
dung dé phan giai nguyén liéu chira xylan, cu thé 12 céc arabinoxylan, cu thé 1a
AXinsol, va dé phan giai polyme tan (vi du oligome) dwgc san sinh tir sy phéan giai
AXinsol.

Céc enzym nay dugc tng dung mot cach hitu ich trong nhidu nganh, bao gdm
nganh san xuit thirc an chin nudi, nganh ndu ruou bia hay tao mach nha, trong xt 1y
arabinoxylan chtra nguyén lidu nhu nguyén liéu c6 ngudn gdc tir hat ngii cbe, trong
ban mé ta nay nguyén liéu c6 ngudn gde tir hat ngii céc bao gdm théc lta va ngii cbc,
trong nganh cong nghiép tach gluten-tinh bot tir laa mi, trong san xuét si-rd chiét Xuét
tur tinh bdt, trong san xuét nhién liéu sinh hoc, v.v.

Thuét ngit "(c4c) xylanaza bién thé" nhu dugc st dung trong ban md ta nay cé
thé dugc sir dung thay thé véi "(cac) xylanaza cai bién".

Theo phwong 4n thtr nhét, sang ché dé xuét enzym xylanaza GH10 cai bién hozc
phan doan ciia né ¢ hoat tinh xylanaza, trong d6 enzym xylanaza GH10 cai bién hoic
phén doan cta n6 dugc ting cudng tinh bén nhiét so vdi enzym xylanaza GH10 gdc,
enzym xylanaza GH10 gbc da duoc cai bién & it nhat hai (tot hon 12 it nhét ba, tot hon
nita 13 it nhét ndm) vi tri trong sb céc vi tri sau: 7, 33, 79, 217 va 298, trong d6 viéc
danh s dua theo cach danh sb axit amin cia FveXyn4 (SO ID TRINH TU 1).

Theo phwong 4n khéc, sang ché dé xuit phan tir axit nucleic (vi du phan tir axit
nucleic phan 14p hodc tai t& hop) ma hoa xylanaza bén nhiét va bao gdm (hodc gdm
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¢6) trinh tu polynucleotit khung bao gdm (hodc gdm c6) trinh ty nucleotit dugc chon

tr nhém bao gdm:

a.

trinh ty nucleotit dugc mo ta trong bdn mo ta nay co SO ID TRINH TU
2, SO ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH TU 4, SO
ID TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hodc SO ID TRINH TU 33; hoic

trinh tu nucleotit c¢6 it nhit 70% ddng nhit (it nhat 80% la phi hop, it
nh4t 90% la phi hop, it nhit 95% la phi hop, it nhat 98% la phu hop, it
nhit 99% 1a phd hop) v6i SO ID TRINH TU 2, SO ID TRINH TU 24,
SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH TU 30, SO
ID TRINH TU 31, SO ID TRINH TU 6, SO ID TRINH TU 32 hozc SO
ID TRINH TU 33; hoic

trinh tw nucleotit ¢6 thé duoc lai héa thanh SO ID TRINH TU 2, SO ID
TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH
TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID TRINH TU 32
hodc SO ID TRINH TU 33 trong céac diu kién cuc ky nghiém ngt;

trong d6 trinh ty polynucleotit khung dwgc cai bién & it nht hai (tt hon 1a it

nhat ba, tot hon nita 14 it nhat ndm) trong so cac cddon ma hda axit amin 7, 33,

79, 217 va 298 trong polypeptit duoc ma hoa, trong d6 viéc danh s6 dua theo
cach danh sd axit amin ctia FveXyn4 (SO ID TRINH TU 1).

Theo mét phwong 4n khéc, sang ché d8 xuét vecto (vi du plasmit) hogc ciu tric

bao gdbm (hodc gdm c6) trinh tu polynucleotit khung bao gbm trinh ty nucleotit dugc

chon tir nhom bao gdm:

a.

trinh tu nucleotit dugc mo ta trong ban mod ta nay co SO ID TRINH TU
2, SO ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH TU 4, SO
ID TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hodc SO ID TRINH TU 33; hosc

trinh tu nucleotit ¢6 it nhit 70% ddng nhat (it nhit 80% la phu hop, it
nhét 90% 1a phi hop, it nhit 95% 14 phi hop, it nhit 98% la phi hop, it
nhét 99% 1a phu hop) véi SO ID TRINH TU 2, SO ID TRINH TU 24,
SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH TU 30, SO
ID TRINH TU 31, SO ID TRINH TU 6, SO ID TRINH TU 32 hoic SO

ID TRINH TU 33; hoic
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c. trinh tu nucleotit c6 thé dugc lai hoa thanh SO ID TRINH TU 2, SO ID
TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH
TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID TRINH TU' 32
hoic SO ID TRINH TU 33 trong cac diéu kién cuc ky nghiém ngit;

trong d6 trinh ty polynucleotit khung duoc cai bién & it nhét hai (t5t hon 1a it

nhét ba, t6t hon nita 13 it nhét ndm) trong sb cac cddon ma hoa axit amin 7, 33,

79, 217 va 298 trong polypeptit dugc ma hda, trong d6 viéc danh s6 dua theo

cach dénh sb axit amin cia FveXyn4 (SO ID TRINH TU 1).

Sang ché con dé xuit t& bao chii chira axit nucleic theo séng ché hoidc vecto
hoic ciu tric theo sdng ché.

Theo mot phuong 4n, sang ché @& xuét phuong phép 1am ting cuong dd on dinh
nhiét cta xylanaza GH10, bao gém: budc cai bién xylanaza GH10 gbc & it nhét hai (t6t
hon 12 it nhét ba, t&t hon nita 1a it nhét nam) vi tri trong s6 céac vi tri sau: 7, 33, 79, 217
va 298, trong d6 viéc danh sd dua theo cich danh sd axit amin cia FveXyn4 (SO ID
TRINH TU 1).

Theo phuong an khéc, sdng ché @ xult enzym c6 hoat tinh xylanaza, trong d6
enzym nay 1a xylanaza GH10 hodc phan doan cua nd, enzym nay cé sy cai bién & it nhit hai
(thich hop 14 it nhét ba, thich hop nita 14 it nhit ndm) vi trf trong s6 céac vi tri sau: 7, 33, 79,
217 va 298, trong d6 viéc danh s dua theo cach danh s§ axit amin cta FveXyn4 (SO ID
TRINH TU 1), va enzym nay c6 do 4n dinh nhiét dugc ting cudng so v6i xylanaza GH10
bao gom trinh ty axit amin déng nhéit véi enzym nay nhung khong c6 céc céi bién da néu.

Sang ché con d& xuét enzym xylanaza GH10 hodc phan doan cia né c6 hoat
tinh xylanaza trong d6 enzym xylanaza GH10 nay bao gdm polypeptit ¢6 it nhit 70%
(thich hop 14 it nhé4t 80%, thich hop 14 it nhit 90%, thich hop 14 it nhat 95%, thich hop
1 it nh4t 98%, thich hop 1a it nhit 99%) dong nhét véi xylanaza GH10 (vi du xylanaza
GH10 géc); va bao gﬁ“)m c4c axit amin sau tai it nhat hai (thich hop 1a it nhét ba, thich
hop 1a tat ca) vi tri duoc chi thi: 7D; 33V; 79Y, V, F, I, L hoac M (tét hon 1a 79Y, F
hodc V, tét hon nita 12 Y); 217Q, E, P, D hodc M (tbt hon 14 217Q, E hoic P, t6t hon
nfta 1a Q); va 298Y, F hodc W (tét hon 12 Y hoic F, t6t hon nita 1a Y) trong d6 viéc
danh sé dya theo cach danh sé axit amin ciia FveXyn4 (SO ID TRINH TU 1).

Theo phuong 4an khac nita, séng ché con dé xuét enzym xylanaza GH10 hodc
phan doan cua né c6 hoat tinh xylanaza trong d6 enzym xylanaza GH10 nay bao gb6m
polypeptit ¢6 it nhat 90% (thich hop 1a it nhit 95%, thich hop 14 it nhat98 %, thich hop
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1a it nhit 99%) ddng nhéit véi xylanaza GH10 (vi du xylanaza GH10 khung hodc
xylanaza GH10 gbc); va bao gbm it nhit cac axit amin sau & it nhét hai (thich hop 1a it
nhét ba, thich hop 1a tit ca) vi tri dugc chi thi: 7D, 33V, 79Y, 217Q); va 298Y, trong d6
viéc danh sb dua theo cach danh sb axit amin ctia FveXyn4 (SO ID TRINH TU 1).
Pdng thoi sang ché con dé xudt phwong phép san xuét bién thé xylanaza, bao gom:

a.  budc cai bién (vi du, bién nap) t& bao chi bing phén tir axit nucleic theo
sang ché, hodc vecto hodc cAu trac (vi du cAu tric ADN) theo sdng ché,
hodc bang cdu tric ADN bao gdbm ving khéi dong c6 hoat tinh phién ma
trong t& bao chu ¢6 thé lién két v6i trinh tu polynucleotit khong tuong
ddng theo sang ché, hoic bing cAu trac ADN bao gdm ving khoi dong co
hoat tinh phién ma trong t& bao chi c6 thé lien két vé6i trinh tu
polynucleotit khong twong ddng ma hoa bién thé xylanaza theo séng ché;

b.  budc nudi cAy té bao chi cai bién (vi dy, bién nap) trong moi trudng nudi
chy phi hop dé cho phép biéu hién xylanaza.

Theo phuong an khac, sang ché d& xuit san phim 1én men dugc san xuét bing
phwong phép cia sang ché. |

Theo phuong 4n khéc nita, sang ché d& xuét xylanaza dugc san xuét bang phuong
phap cua sang ché.

Sang ché con dé xuit ché phidm enzym bao gdm a) enzym c6 hoat tinh xylanaza,
vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hoic phan doan cia
né theo sang ché, b) san phim 1én men theo séng ché hoic ¢) két hop céc san pham nay.

Sang ché con @& xuit ché pham phu gia thirc #n chin nuoi bao gbm a) enzym c6
hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai bién)
hodc phan doan cia no theo sang ché, b) san phim 1én men theo sang ché hodc c) két
hop c4c san phdm nay.

Theo mdt phuong 4n khéc, sang ché d& xuit hdn hop so ché bao gdm a) enzym
¢6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai
bién) hodc phan doan cta né theo sang ché, b) san phim 1én men theo sang ché, c) ché
phim enzym theo sing ché, d) ché phim phu gia thirc an chin nudi theo sang ché hoic
e) két hop céc san phém nay; va it nhat mot vitamin va/hodc it nhit mot khoang chét.

Theo mdt phuong 4n khac, sang ché dé xudt thic 4n gia suc (hay thirc &n chin
nudi) bao gdm a) enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym

xylanaza GH10 céi bién) hodc phan doan ctia né theo sang ché, b) san phdm 1én men
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theo sang ché, ¢) ché phdm enzym theo sang ché, d) ché phim phu gia thirc &n chin nudi
theo sang ché, ) hdn hop so ché theo sang ché hoic f) két hop cac san phdm nay.

Theo mot phuong an khéc, sang ché d& xuét phuong phap ché bién thtc an chin
nudi bao gdm bude tron thanh phén thic dn chin nudi v6i a) enzym cé hoat tinh
xylanaza, vi du enzym xylanaza GHI10 (nhu enzym xylanaza GH10 cai bién) hoic
phén doan cua n6 theo sang ché, b) san phdm 1én men theo sang ché, ¢) ché phim
enzym theo sang ché, d) ché phadm phu gia thirc dn chin nudi theo sang ché, e) hdn hop
so ché theo sang ché hoic f) két hop cac san phdm nay.

Theo mdt phuong an khéc, sang ché dé xuit phuong phap phan giai nguyén liéu
chtra arabinoxylan trong nguyén liéu chtra xylan, bao gdm budc tron nguyén liéu chira
xylan nay véi a) enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 céi bién) hodc phan doan cta n6 theo sang ché, b) san phdm 1én men
theo sang ché, ¢) ché phdm enzym theo séng ché, d) ché pham phu gia thitc in chin nudi
theo sang ché, e) hdn hop so ché theo sang ché hoic f) két hop céc san phim nay.

Theo mdt phuong an khéc, sing ché dé xuét viéc st dung a) enzym c6 hoat tinh
xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GHI10 céi bién) hodc phan
doan ctia n6 theo sang ché, b) san phdm 1én men theo sang ché, ¢) ché phim enzym theo
sang ché, d) ché phdm phu gia thirc &n chin nudi theo sang ché, ) hdn hop so ché theo sang
ché hoic ) két hop céc san phim nay dé hoa tan arabinoxylan trong nguyén liéu chia

xylan.

MO ta vén tit cac hinh vé

Hinh 1A md ta trinh tu chudi polypeptit (SO ID TRINH TU' 26) ctia xylanaza cua
sang ché (FveXyn4). Phan gach chan (chit thuong) cia trinh ty phan dnh peptit tin hi¢u
clia dAu N ¢6 thé bi tach ra truée khi enzym trudng thanh. Axit amin dugc thé hién bang
chit nghiéng in ddm cling cd thé bi tach ra do diéu hoa sau khi dich ma truéc khi enzym
trudng thanh hoan toan. Trong mot s6 phuong 4n, trinh ty ndy c6 thé 14 trinh ty khung.

Hinh 1B md ta trinh ty chudi polypeptit (SO ID TRINH TU 27) cua xylanaza
cua sang ché (FveXyn4). Axit amin dugc thé hién bang chit nghiéng in dam cling c6
thé bi tach ra do diéu hoa sau khi dich ma trudc khi enzym trudng thanh hoan toan.
Trong mdt s6 phuong 4n, trinh ty ndy c6 thé 14 trinh ty khung.

Hinh 1C m6 ta trinh ty chudi polypeptit (SO ID TRINH TU 1) clia xylanaza,

duoc goi 1a FveXyn4 trong ban md ta nay. Day la dang hoat hoa ctia enzym. Trong ban
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md ta nay, ddy c6 thé duoc goi 1a dang truéng thanh cia enzym (trong mot sd phuong
an, trinh ty nay 1a trinh ty khung).

Hinh 2A mb ta trinh tu nucleotit (SO ID TRINH TU 24) ma héa xylanaza ctia
sang ché (FveXyn4). Céc nucleotit chit thudng in ddm thé hién trinh ty intron (ving
khong ma hoa axit amin). Trinh ty ma hoa trinh tu tin hi¢u dugc in ddm (chit in hoa).

Hinh 2B m6é ta trinh ty nucleotit (SO ID TRINH TU 25) ma héa xylanaza cla
sang ché (FveXyn4). Trinh ty m& hoéa trinh ty tin hiéu dugc in ddm (chit in hoa).

Hinh 2C md t4 trinh tw nucleotit (SO ID TRINH TU 2) ma hoa xylanaza, trong
ban mo ta nay dugce goi la FveXyn4.

Hinh 3A md ta trinh tw chudi polypeptit (SO ID TRINH TU 28) clia xylanaza cia
sang ché (FoxXyn2). Phan gach chéan (chit thudng) cla trinh ty phén 4nh peptit tin higu
dAu N c6 thé bi tach ra trude khi enzym trudng thanh. Axit amin dwgc thé hién bang chit
nghiéng in dam cling c6 thé bi tach ra do diéu hoa sau khi dich mi trudc khi enzym
treong thanh hoan toan. Trong mdt s phwong 4n, trinh tw nay 14 trinh ty khung.

Hinh 3B md ta trinh tw chudi polypeptit (SO ID TRINH TU' 29) cta xylanaza
ctia sang ché (FoxXyn2). Axit amin dugc thé hién bang chit nghiéng in dam, cling c6
thé b tach ra do diéu hoa sau khi dich mi truéc khi enzym truéng thanh hoan toan.
Trinh ty ndy c6 thé 12 dang hoat héa ciia protein va c6 thé 1a mot dang hoat héa cia
protein. Pay co6 thé duoc goi 12 dang trudong thanh ciia enzym trong ban mé ta nay.
Trong mdt s6 phwong 4n, trinh ty nay 14 trinh tw khung.

Hinh 3C md ta trinh tu chudi polypeptit (SO ID TRINH TU 3) cua xylanaza,
dugc goi la FoxXyn2 trong ban md ta nay. Pay la dang hoat hoa khic cua enzym.
Trong mét sé phwong 4n, ddy c6 thé dugc goi 1a dang truéng thanh cla enzym trong
ban mo ta nay. Trong mot sb phwong 4n, trinh ty ndy 12 trinh ty khung.

Hinh 4A md ta trinh ty nucleotit (SO ID TRINH TU 30) ma héa xylanaza cta
sang ché (FoxXyn2). Cac nucleotit chit thuong in ddm thé hién trinh ty intron (ving
khoéng ma héa axit amin). Trinh ty ma hoéa trinh ty tin hi¢u dugc in ddm (chit in hoa).

Hinh 4B md ta trinh tu nucleotit (SO ID TRINH TU 31) mi héa xylanaza cla
sang ché (FoxXyn2), Trinh ty m& héa trinh tu tin hi¢u dugc in ddm (chit in hoa).

Hinh 4C md ta trinh tu nucleotit (SO ID TRINH TU 4) mi héa xylanaza, dwoc goi
la FoxXyn2 trong ban mo ta nay.

Hinh 5 md ta trinh tu chudi polypeptit (SO ID TRINH TU' 5) clia xylanaza tir

nam Fusarium - Dy 4n giai trinh ty so sanh nam Fusarium, Vién nghién ctu Broad
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Institute of Harvard va MIT (http:/www.broadinstitute.org/)). Trong mot s6 phuong

an, trinh ty nay la trinh ty khung.

Hinh 6A m6 ta trinh tu nucleotit (SO ID TRINH TU' 32) ma héa xylanaza dé sur
dung trong séng ché tir ndm Fusarium - thu duge tir Dy 4n giéi trinh ty so séanh nidm
Fusarium, Vién nghién ctu Broad Institute of Harvard va MIT

(http://www.broadinstitute.org/)). Cac nucleotit chit thuong in dam thé hién trinh tu

intron (ving khong ma héa axit amin). Trinh ty ma héa trinh ty tin hiéu duoc in dam
(chit in hoa). Cac thay dbi duoc so sanh voi SO ID TRINH TU 24 dugc gach chan.

Hinh 6B mo ta trinh tw nucleotit (SO ID TRINH TU 33) mi hoéa xylanaza dé st
dung trong sang ché tir ndm Fusarium - thu dugc tr Dy 4n giéi trinh tu so sanh nim
Fusarium, Vién nghién ctu Broad Institute of Harvard va MIT
(http://www .broadinstitute.org/)). Trinh tu ma hoda trinh ty tin hiéu dugc in dam (chir
in hoa). C4c thay dbi dwoc so sénh véi SO ID TRINH TU 25 dugc gach chan.

Hinh 6C mo ta trinh ty nucleotit (SO ID TRINH TU 6) ma héa xylanaza dé st

dung trong sang ché tir ndm Fusarium - thu dugc tir Dy 4n giai trinh ty so séanh nim
Fusarium, Vién nghién ciu Broad Institute of Harvard va MIT

(http://www .broadinstitute.org/)), cac thay ddi duoc so sanh voi SO ID TRINH TU 4

dugc gach chan.

Hinh 7 mé ta su bét cip cla cac protein trudong thanh dbi véi FveXynd (SO ID
TRINH TU 1), FoxXyn2 (SO ID TRINH TU' 3) va xylanaza dugc thé hién trong ban
md ta nay 1a SO ID TRINH TU' 5 (FVEG_13343T0).

Hinh 8 md ta trinh ty nucleotit (khéng c¢6 cac intron) cta trinh ty ma hoa
xylanaza GH10 bién thé theo sang ché (SO ID TRINH TU 7, SO ID TRINH TU' 8, SO
ID TRINH TU 9, SO ID TRINH TU 10, va SO ID TRINH TU 11).

Hinh 9 md ta trinh tu nucleotit (c6 cac intron dugc gach chéan) cta trinh tuy ma
héa xylanaza GH10 bién thé theo sang ché (SO ID TRINH TU 12, SO ID TRINH TU
13, SO ID TRINH TU 14, SO ID TRINH TU 15, va SO ID TRINH TU 16).Hinh 10
mo ta trinh ty axit amin cta xylanaza GH10 bién thé truéng thanh theo sang ché (SO ID
TRINH TU 17, SO ID TRINH TU 18, SO ID TRINH TU 19, SO ID TRINH TU 20, va
SO ID TRINH TU 21).

Hinh 11 thé hién gid tri Tm cva 5 bién thé A, B, C, D, va E so v6i FveXyn4. Gi4 tri
Tm duoc do 1a nhiét 6 ma tai mirc nhiét do nay thu dugc 50% hoat tinh con lai sau 10 phuat
0.
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Hinh 12 mé ta duong cong pH cta 5 bién thé dugc do tai pH bang 4,0, 5,0 va
6,0 va tat ca dit liéu lién quan dén FveXyn4 & mirc pH bang 5,0.

Céc Hinh 13a va b md ta sy hoa tan cua pentosan tr DDGS ng6 (phan trén -
Hinh 13a) va v6 c4m lta mi (phan dudi, Hinh 13b) 1a ham cua lidu luong xylanaza.

Hinh 14 mo ta sy giam dd nhét trong Giam d9 nhét trong xét nghiém mau dong
VAt trong éng nghiém duge cho trong Vi du 1 béi cac bién thé cua sang ché va duoc so
v6i FveXyn4 va Econase XT chudn. Mirc giam d nhét duge do trén la mi ¢6 do nhot
cao.

Hinh 15 md ta su thu hdi xylanaza sau khi tao vién thitc &n gia sic & 90 va
95°C. Hoat tinh dugc trinh bay theo mau dich ngdm. Cac mau chita FveXyn4 dugc
phan tich bing phuong phap chiét, trong khi cdc mau chira bién thé A-E dugc phan
tich bang phwong phép huyén ph dic, ca hai phuong phap duge mé ta trong nguyén
liéu va phuong phép ctia Vi du 1.

Hinh 16 minh hoa so dd plasmit cia pZZH254.

Hinh 17 minh hoa duong cong nhiét 6 cia FveXyn4.

Hinh 18 minh hoa so db plasmit ctia pZZH135.

Hinh 19 minh hoa duong cong nhiét d¢ cia FoxXyn2.

Hinh 20 minh hoa so d6 cta pEntry-FveXyn4.

Hinh 21 minh hoa so dd cta vecto pTTTpyr2 dich va vecto biéu hién ddi véi
FveXyn4 (pTTTpyr2-FveXyn4) va céc bién thé FveXyn4 (pTTTpyr2-FveXyn4_VAR).

Hinh 22 minh hoa sy giam d§ nhdt trong nguyén liéu c6 ngudn gbc tir hat ngii
cbe cia enxym khung (me) FveXynd so voi céc bién thé bén nhiét A, B, C, D, va E
theo sang ché. Fve Xyn4 va cic bién thé hoat dong theo cing phuong thirc, cho thay
muc giam d§ nhdt 55-67% so véi tri trong (chi danh cho SPEZYME® CL).

MG té chi tiét sang ché

Trlr khi dugc quy dinh khac di, tht ca céc thuat ngtt k§ thudt va khoa hoc dugc st
dung trong ban mo ta nay cé cing nghia thong thuong theo hiu biét ctia chuyén gia trong
nganh ma sang ché nay thudc vé. Singleton, va céng sw, DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY, (TU PIEN SINH HOC PHAN TU
VA VI SINH VAT HOC) LAN XUAT BAN THU 20, John Wiley and Sons, New York
(1994), va Hale & Marham, THE HARPER COLLINS DICTIONARY OF BIOLOGY

(TU PIEN SINH HOC HARPER COLLINS), Harper Perennial, NY (1991) cung cép cho
-14-



38318

céc chuyén gia tir dién tbng quat voi nhidu thuat ngit dugc st dung trong tai liéu cong b
nay.

Tai lidu cong bd nay khong gisi han trong cac phuong phap va nguyén liéu vi du
duoc mod ta trong ban md ta nay, va phuong phap va nguyén li¢u bét ky tuong tu hoic
twong duwong vé6i cac phuong phap va nguyén liéu duge mo ta trong ban mo ta nay c6 thé
duoc st dung trong thuc hanh hodc thtr nghiém céc phuong 4n cua ban cong bb sang ché
nay. Cac khoang gié tri s6 bao gdm céc sd xac dinh khoang gié tri s6. Trir khi duoc quy
dinh khac, trinh tu axit nucleic bat ky dwoc viét tir trai sang phai theo huéng 5' dén 3';
trinh ty axit amin duoc viét 1an lugt tir trdi sang phai lan lugt theo huéng amino dén
carboxy.

Cac d& muyc nho trong ban mo ti nay khong han ché cac phuong dién hoic
phuong an khac nhau cua ban cong bd nay, ddng thoi co thé thuc hién dugc chung bang
cich vién dan t&i toan bd ban mo ta. Theo dd, cac thuét nglt duge dinh nghia ngay dudi
day duogc dinh nghia déy dt hon bﬁng cach vién dan t6i toan bo ban md ta.

Axit amin dugc dé cap dén trong ban md ta nay bang viéc sir dung tén cua axit
amin, chit viét tit 3 chir cai hodc chit viét tat 1 chit cai.

Thuat ngit "protein", nhu dugc st dung trong ban md ta nay, bao gdm protein,
polypeptit, va peptit.

Trong ban mé ta nay, thudt ngit “trinh ty axit amin” ddng nghia véi thuat ngit
“polypeptit” va/hodc thudt ngit “protein”. Trong mot sb truong hop, thut ngit “trinh tu
axit amin” ddng nghia v6i thut ngit “peptit”. Trong mot s6 trudng hop, thuat ngit “trinh
tu axit amin” ddng nghia véi thuat ngit “enzym”.

Trong ban mo ta nay, thudt nglt "protein” va "polypeptit" dugc st dung thay thé cho
nhau. Trong ban céng bb ndy va céc yéu ciu bao hd, c6 thé st dung cac ma 1 chit cai va 3
chit cai thong thudong danh cho cac gde axit amin. Ma 3 chit cai cho axit amin dugc xéac
dinh tuan tht theo TUPACIUB Joint Commission vé Danh phép hoé sinh (IUPACIUB Joint
Commission on Biochemical Nomenclature, JCBN). Ciing ¢6 thé hiéu ring polypeptit c6
thé duge ma hoa béi nhiéu hon mot trinh t nucleotit do su suy bién ctia ma di truyén.

Céac dinh nghia thuat ngtt khéac co thé xuét hién trong toan by ban mo ta. Trudce
khi cac phuong 4n vi du duge mo ta chi tiét hon, cin phai hiéu ring ban cong b6 nay
khong gidi han trong cac phuong an cu thé dugc mo ta, do do6, di nhién c6 thé duoc

bién dbi. Ciing cin phai hiéu ring hé thuat ngit dugc st dung trong ban md ta nay chi
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dé nhdm mo ta cac phuong 4n cu thé, chtr khong c6 y giéi han, do pham vi cua sang
ché s& chi dugc giGi han bdi cac yéu ciu bo ho trong ban cong b6 nay.

Khi khoang gia tri s6 dugc cung cp, can phai hiéu rang mdi gia tri xen k&, bing dén
mot phan muoi don vi clia gia tri gidi han dudi, trix khi ngit canh quy dinh khéc, gitta gia tri
gioi han trén va dudi ciia khoang s§, dwong nhién ciing dugc cong bb. Mbi khoang nhé hon
gifta gia tri hodc gia tri xen k& duoc néu bat ky trong khoang dugc néu va gia tri hodc gia tri
xen k& dugc néu khac bét ky trong khoang dugc néu do déu dugc bao gdm trong ban cong
bb sang ché ndy. Céc gia tri trén va dudi cla cac khoang nho hon nay, mot cach doc lap,
ciing c6 thé c6 hodc khong c6 trong khodng, va mdi khoang c6 mot trong hai hodc khong c6
ca hai giGi han c6 mat trong cac khoang nho hon nay cling dugc bao gdm trong ban cong b6
sang ché nay, theo gi6i han loai trir cu thé bat ky trong khoang duge néu. Khi khoang dugc
néu bao gdm mét hodc hai gi6i han, cc khoang khong bao gdm mot hodc ca hai giéi han
bao gdm nay cling duoc bao gdm trong ban cong bb sang ché nay.

Can luu ¥ 14 khi duoc str dung trong ban mo t& ndy va cc yéu cdu bao ho dinh
kém, dang sb it "mot" bao gdm ca cac sb nhiéu trir khi ngit canh quy dinh khéc. Do do,
vi dy, tham chiéu dén "enzym" bao gdm nhiéu tmg vién ctia chét nay va tham chiéu
dén "thtrc &n chin nudi” bao gdm tham chiéu dén mot hay nhidu thirc dn chin nuoi va
cac loai twong duong ma chuyén gia trong nganh d&u biét, va c nhu thé.

Céac van ban dugc trinh bay trong ban mo ta nay dugc cung cip chi v6i muc
dich 1a cong bd thong tin trude ngdy ndp don xin clp bang sang ché nay. Khong c6 ndi
dung nao trong ban mo ta nay cho phép cac van ban do6 tao thanh ky thuat trudc day
d6i v6i cac yéu cdu bao ho ciia bang cong b sang ché nay.

Viéc tang gia nguyén liéu thuong dugc dung lam ngudn ning luong trong thirc
an dong vat, lam nguyén liéu cép trong san xuét nhién lidu sinh hoc, 1am thanh phén
trong quy trinh ndu ruou bia hay tao mach nha, hogc vi dy, 1am nguyén liéu clp trong
céc quy trinh tach gluten-tinh bot lia mi, da dan dén viéc st dung cac nguyén liéu chét
x0 gid thip trong cic co chit ddu vao cho cdc nganh cong nghiép nay, cu thé 1a viéc sir
dung cac phu pham 1a chit xo gia thip trong thirc &n chdn nuéi.

Viée bd sung chit xo ¢6 thé gdy ra mot sd hiéu ung khong c6 loi. Vi du trong thirc
an chan nudi, viée bd sung chét xo ¢6 thé gay ra hidu ting khéng dinh dudng. Sy c¢6 mat cla
cac polyme khong dugc phén gidi trong rudt dong vét s€ tao ra hdn hop c6 d6 nhét cao va
lam tr& ngai viée khuéch tan, két qua 1a giam hap thu chit dinh dudng. Pong thoi, cac

polyme cling ¢6 kha néng gitt nudc cao 1lam can tr¢ viée tai hap thu nude hiéu qua, va viée
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giftt nuée ndy lam tang lugng chira trong rudt, dan t6i giam thoi gian trung chuyén trong
rudt (Englyst & Kingman (1993) trong Human Nutrition and Dietetics (Khoa dinh dudng
va Dinh dudng cho con ngudi), 4n ban 1an tht 9 (BTV Garrow J. S., James W. P. T.,) tr.
53).

Trong thitc &n chin nudi, hemixenluloza va xenluloza (bao gbdm arabinoxylan
khong tan) ciing tao thanh cac rao can vat ly bao boc liy (hay gitr chat) cac chét dinh
dudng nhu tinh bot va protein va do d6 chin dudong tiép can clia dong vat dén cac chét
dinh dudng nay.

Hemixenluloza va xenluloza (bao gdm arabinoxylan khong tan (AXinsol)) tu
chung ciing 12 ngudn nang lugng tidém tang, do chira sacarit C5 va C6. Mono sacarit C6
¢6 thé duge sir dung 1am ngudn ning luong cho dong vat, trong khi oligo sacarit C5 ¢6
thé dugc bién nap thanh céc axit béo mach ngén boi vi thuc vat ¢6 mat trong rudt dong
vét (van den Broek va cdng su, 2008 Molecular Nutrition & Food Research (Nghién
ctru Thuc phdm & Dinh dudng phan tir 2008), 52, 146-63), cic axit béo mach ngén
nay ¢6 thé duoc rudt dong vat hut va tiéu héa.

Viéc giai phong cac chit dinh dudng va nuéc tir thitc &n chan nudi do sy phén
giai rao can vat ly phu thudc vao kha nang cla xylanaza trong vi¢c phén giai thanh
phén chét xo khéng tan (vi du, arabanoxylan khong tan (AXinsol)).

Sang ché @& xuét enzym trong d6 enzym la xylanaza GH10 hogc phan doan cua
nd c6 hoat tinh xylanaza, trong d6 enzym nay hoéc phén doan ctia né dugc ting cuong
d6 4n dinh nhiét so v6i enzym xylanaza GH10 gdc, enzym xylanaza GH10 gbc da
duoc cai bién tai, it nhét, hai trong sb cac vi tri sau: 7, 33, 79, 217 va 298, trong do
viée danh s dua theo cach danh sb axit amin cia FveXyn4 (SO ID TRINH TU 1).

Sang ché con dé xuit enzym trong d6 enzym la xylanaza GH10 hodc phan doan
ctia nd co6 hoat tinh xylanaza, trong d6 enzym hodc phén doan ctia né c6 dd 6n dinh
nhiét duoc ting cudng so véi enzym xylanaza GH10 gdc, enzym xylanaza GH10 gbe da
duoc cai bién tai, it nhat, ba trong sb céc vi tri sau: 7, 33, 79, 217 va 298, trong d6 viéc
danh s dua theo cach danh sb axit amin ciia FveXyn4 (SO ID TRINH TU 1).

Sang ché d& xut enzym trong d6 enzym la xylanaza GH10 hodc phéan doan cta
n6 ¢6 hoat tinh xylanaza, trong d6 enzym hodc phan doan ctia n6é c6 4o dn dinh nhiét
dugc tang cuong so vdi enzym xylanaza GH10 gbc, enzym xylanaza GH10 gbe da
duoc cai bién tai, it nhat, cac vi tri sau: 7, 33, 79, 217 va 298, trong d6 viéc déanh s6

dua theo cach danh s axit amin ctia FveXyn4 (SO ID TRINH TU 1).
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Theo mot phuong an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan ctia n6 theo sang ché, co
thé bao gdm it nhat hai (5t hon 12 it nhét ba) trong sb cac ci bién sau day:
N7D;
T33V;
K79Y, V, F, I, L hoiac M;
A217Q, E, P, D hodc M; va
T298Y, F hoac W.
Theo mdt phuong an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GH10 cai bién) hodc phan doan ctia n6 theo séng ché, ¢6 thé bao gdm
cAc axit amin sau tai it nhit hai (t5t hon 1 it nhat ba) trong s cac vi tri duoc chi thi:
7D;
33V,
79Y, V, F, I, L hoac M;
217Q, E, P, D hodc M; va
298Y, F hodac W.
Theo mdt phuong an, enzym xylanaza cai bién theo sang ché bao gdm it nhét
hai (t6t hon 12 it nhit ba) trong s cac ci bién sau:
N7D;
T33V;
K79Y, F hoac V;
A217Q, E hodc P; va
T298Y hodc F.
Theo mdt phuong an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GHI10
(nhw enzym xylanaza GH10 cai bién) hoic phan doan ctia né theo séng ché, co thé bao gdm
cAc axit amin sau tai it nhat hai (t6t hon 12 it nhét ba) trong s6 cac vi tri dwoc chi thi:
7D;
33V;
79Y, F hoac V;
217Q, E hoac P; va
298Y hodc F.
Theo mdt phuong &n, enzym xylanaza cai bién theo sang ché bao gbm it nhét

hai (t6t hon 1a it nhat ba) trong sd cac cai bién sau:
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N7D;
T33V;
K79Y;
A217Q; va
T298Y.
Theo mot phwong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GHI10
(nhu enzym xylanaza GH10 cai bién) hoic phan doan clia né theo sdng ché, ¢6 thé bao gbm
céc axit amin sau tai it nhat hai (t5t hon 1a it nhét ba) trong s6 cac vi tri duge chi thi:
7D;
33V;
79Y;
217Q; va
298Y.
Theo mét phuong an, enzym xylanaza cai bién theo sang ché bao gdm it nhit cac
cai bién sau:
N7D;
T33V;
K79Y, V, F, I, L hodc M;
A217Q, E, P, D hoac M; va
T298Y, F hodac W.
Theo mdt phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 céi bién) hodc phan doan cta né theo sdng ché, bao
gdm c4c axit amin sau tai cac vi tri dugc chi thi:
7D;
33V;
79Y, V, F, I, L hodc M;
217Q, E, P, D hodc M; va
298Y, F hodac W.
Theo mot phuong an, enzym Xylanaza cai bién theo sang ché bao gbm it nhét cac
cai bién sau:
N7D;
T33V;

K79Y, F hoac V;
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A217Q, E hodc P; va
T298Y hodc F.

Theo modt phwong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cla no theo sang ché, bao
gém c4c axit amin sau tai cac vi tri dugc chi thi:

7D;

33V;

79Y, F hoac V;
217Q, E hodc P; va
298Y hodc F.

Theo mdt phuong an, enzym xylanaza cai bién theo sang ché bao gdm it nhét cac
cai bién sau:

N7D;
T33V;
K79Y;
A217Q; va
T298Y.

Theo mdt phuong 4an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan ciia n6 theo sang ché, bao
gém cac axit amin sau tai cac vi tri dugc chi thi:

7D;
33V;
79Y;
217Q; va
298Y.

Theo mot phwong an, ngoai viéc duoc cai bién tai it nhét hai (tét nhét 1a tai it
nhét ba, tbt nhit 1a tai tat cd) vi tri trong sb cac vi tri 7, 33, 79, 217 va 298, enzym
xylanaza céi bién theo sang ché c6 thé con dugc cai bién thém tai it nhét mot trong s6
céc vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.

Theo mdt phuong an, ngoai viée dugce cai bién tai it nhét hai (tét nhét 1a tai it
nhét ba, t6t nhat 12 tai tht cd) vi tri trong sb cac vi tri 7, 33, 79, 217 va 298, enzym
xylanaza cai bién theo sang ché c6 thé con duge cai bién thém tai it nhét hai trong s6

céc vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.
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Theo mot phwong an, ngoai viéc dugce cai bién tai it nhét hai (tét nhét 14 tai it
nhét ba, t6t nhét 1a tai tat cd) vi tri trong s cac vi tri 7, 33, 79, 217 va 298, enzym
xylanaza cai bién theo sang ché c6 thé con dugc cai bién thém tai it nhét ba trong sd
cac vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.

Theo mdt phwong an, ngoai viéc dugc cai bién tai it nhét hai (tdt nhét 1a tai it
nhét ba, t8t nhét 1a tai tit cd) vi tri trong s cac vi tri 7, 33, 79, 217 va 298, enzym
xylanaza cai bién theo sang ché c6 thé con duge cai bién thém tai it nhéit bbn trong sd
cac vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.

Theo mdt phuong &n, ngoai viéc dugce cai bién tai it nhét hai (tét nhét 1a tai it
nhét ba, tdt nhat 1a tai tat cd) vi tri trong sb céc vi tri 7, 33, 79, 217 va 298, enzym
xylanaza cai bién theo sang ché c6 thé con duge cai bién thém tai it nhat nam trong sb
cac vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.

Theo mdt phuong an, ngoai viéc dugce cai bién tai it nhét hai (tét nhét 1a tai it
nhét ba, tot nhat 1a tai tAt ca) vi tri trong s& cac vi tri 7, 33, 79, 217 va 298, enzym
xylanaza cai bién theo sdng ché c6 thé con dugce cai bién thém tai it nhat bay trong s
cac vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.

Theo mdt phuong an, ngoai viéc dugce cai bién tai it nhét hai (t6t nhat 1a tai it
nhét ba, tét nhét 1a tai tat cd) vi tri trong sb céc vi tri 7, 33, 79, 217 va 298, enzym
xylanaza ci bién theo sang ché c6 thé con dugc cai bién thém tai it nhét chin trong s
cac vi tri sau: 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219.

Khi enzym xylanaza cai bién con duoc cai bién thém tai vi tri 25, cai bién co thé tai
N25P. N6i cach khéc, axit amin tai gbe 25 cia xylanaza GH10 ctia séng ché tét nhét 13 P.

Khi enzym xylanaza cai bién con duge cai bién thém tai vi tri 57, cai bién c6 thé
duoc chon tr S57Q, T hodac V (tét nhét 1a Q). Noi cach khac, axit amin tai géc 57 caa
xylanaza GH10 cua sang ché t6t nhét 12 Q, T hodc V (t6t nhat 1a Q).

Khi enzym xylanaza cai bién con dugc cai bién thém tai vi tri 62, cai bién c6 thé
duoc chon tir N62T hodc S (t6t nhét 1a T). N6i cach khic, axit amin tai gbc 62 cua
xylanaza GH10 cta sang ché t&t nhét 1a T hodc S (t6t nhat 1a T).

Khi enzym xylanaza cai bién con duge cai bién thém tai vi tri 64, cai bién c6 thé
duoc chon tir G64T hodc S (t8t nhat 1a T). N6i cach khéc, axit amin tai goc 64 clia
xylanaza GH10 cia sang ché t6t nhét 1a T hodc S (t6t nhat 1a T).

Khi enzym xylanaza cai bién con dugc cai bién thém tai vi tri 89, cai bién co

thé dugc chon tir S89G, N, Q, L hodc M (t6t hon 14 G hoic Q, tt hon nita 1a G). Néi
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cach khac, axit amin tai géc 89 cua xylanaza GH10 cua sang ché t6t nhit 1a G, N, QL
hodc M (t6t hon 1a G hodc Q, tét hon nita 12 G).

Khi enzym xylanaza cai bién con dugc cii bién thém tai vi tri 103, cai bién co
thé dugc chon tr T103M hodc K (tét nhét 1a M). Noi cach khac, axit amin tai géc 103
clia xylanaza GH10 cia sang ché t6t nhat 1a M hodc K (t6t nhét 1a M).

Khi enzym xylanaza cai bién con dugc cai bién thém tai vi tri 115, cai bién c6
thé duoc chon tir V115E hodc L (tét nhét 1a L). Néi cach khac, axit amin tai géc 115
cua xylanaza GH10 cia sang ché t&t nhat 1a E hodc L (t6t nhat 1a L).

Khi enzym xylanaza céi bién con duoc cai bién thém tai vi tri 147, cai bién c6 thé
tai N147Q. Noéi cach khéc, axit amin tai gbc 147 ciia xylanaza GH10 cua sang ché t6t
nhit 1a Q.

Khi enzym xylanaza cai bién con dugc cai bién thém tai vi tri 181, cai bién c6
thé duoc chon tir G181Q, A, D hodc P (5t nhit 1a Q). N6i cach khéc, axit amin tai gbc
181 cuia xylanaza GH10 cta sang ché tét nhat 1a Q, A, D hodc P (t5t nhét 1a Q).

Khi enzym xylanaza cai bién con dwoc cai bién thém tai vi tri 193, cai bién c6
thé dugc chon tir S193Y hogic N (t6t nhit 13 Y). Néi cach khac, axit amin tai gdc 193
clia xylanaza GH10 cta sang ché t6t nhat 1a 193Y hodc N (t6t nhét 12 Y).

Khi enzym xylanaza cai bién con dugc cai bién thém tai vi tri 219, cai bién c6
thé duoc chon tr G219D hodc P (tdt nhét 1a P). N6i cach khéc, axit amin tai gbc 219
clia xylanaza GH10 cua sang ché tt nhét 1a D hodc P (t6t nhit 13 P).

Theo mdt phuwong 4n, enzym xylanaza cai bién theo séng ché ngoai viéc bao
gdm céc cai bién tai it nhat hai (tdt nhat 12 tai it nhit ba, t&t nhit 1a tai tit ca) vi tri
trong sb cac vi tri 7, 33, 79, 217 va 298, con bao gf‘f)m cac cai bién trong céc géc sau:
25 va 89 (t6t nhit 1a N25P va S89G).

Theo mot phuong 4n, enzym xylanaza céi bién theo sang ché ngoai viéc bao
gém cac cai bién tai it nhét hai (tét nhét 12 tai it nhét ba, tét nhét 12 tai tit cd) vi tri
trong sb cac vi tri 7, 33, 79, 217 va 298, con bao gbm cac cai bién trong cac gde sau:
57, 62, 64 va 89 (t6t nhét 1a S57Q, N62T, G64T va S89G).

Theo modt phuong 4n, enzym xylanaza cai bién theo sdng ché ngoai viéc bao
gém cac cai bién tai it nhét hai (t5t nhat 1a tai it nhét ba, tbt nhat 1a tai tat ca) vi tri
trong s cac vi tri 7, 33, 79, 217 va 298, con bao g6m c4c cai bién trong céc géc sau:
25,57, 62, 64, 103, 115, 147, 181, 193 va 219 (t6t nhét 1a N25P, S57Q, N62T, G64T

T103M, V115L, N147Q, G181Q, S193Y va G219P).
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Theo mot phuong 4n, enzym xylanaza cai bién theo sang ché ngoai viéc bao
gdm céc cai bién tai it nhét hai (t6t nhit 13 tai it nhat ba, t6t nhat 1a tai tit ca) vi tri
trong sb cac vi tri 7, 33, 79, 217 va 298, con bao gém cac cai bién trong cac géc sau:
25, 57, 62, 89, 103, 115, 147, 181, 193 va 219 (t6t nhét 1a N25P, S57Q, N62T, S89G,
T103M, V115L, N147Q, G181Q, S193Y, G219P va T298Y.

Theo mdt phuong an, enzym Xylanaza cai bién theo sang ché ngoai viéc bao
gdm cac cai bién tai it nhat hai (t6t nhat 1a tai it nhét ba, t6t nhat 1a tai tat ca) vi tri
trong sb cac vi tri 7, 33, 79, 217 va 298, con bao gdm c4c cai bién trong cac gbe sau:
25, 89 va 64 (tot nhat 1a N25P, S89G, G64T)

Theo mot phwong an, enzym xylanaza cai bién (hay xylanaza GH10) theo sing
ché c6 thé bao gém céc axit amin sau tai cac vi tri dugc chi thi:

7D, 25P, 33V, 64T, 79Y, 89G, 217Q va 298Y;
b. 7D, 25P, 33V, 79Y, 89G, 217Q va 298Y;
c. 7D, 25P, 33V, 57Q, 62T, 64T, 79Y, 103M, 115L, 147Q, 181Q, 193Y,
217Q, 219P va 298Y;
d. 7D, 25P, 33V, 57Q, 62T, 79Y, 89G, 103M, 115L, 147Q, 181Q, 193Y,
217Q, 219P va 298Y;
7D, 33V, 57Q, 62T, 64T, 79Y, 89G, 217Q va 298Y;
79F 217Q _va 298F;
7D,_33V, 217Q_va 298F;
7D,_79F va 298F;
33V, 79F va_217Q;
7D, 33V va_298Y;
k. 33V, 217Q _va298Y;
l. 7D, _217Q va 298F;
m. 7D, 33V va2l17Q;
n. 79F va 298F;

= R oo

[e—e.

—.

o. 7Dva79F;
p. 33V _va79F;
q- 33Vva 298Y;

-

7D _va 33V; hodc
s.  33Vva A217Q.
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Theo mdt phuong an, enzym xylanaza cai bién (hay xylanaza GH10) theo sang

ché ¢ thé bao gdbm cac axit amin sau tai cac vi tri dugc chi thi:

a.
b.

C.

€.

7D, 25P, 33V, 64T, 79Y, 89G, 217Q va 298Y;

7D, 25P, 33V, 79Y, 89G, 217Q va 298Y;

7D, 25P, 33V, 57Q, 62T, 64T, 79Y, 103M, 115L, 147Q, 181Q, 193Y,
217Q, 219P va 298Y;

7D, 25P, 33V, 57Q, 62T, 79Y, 89G, 103M, 115L, 147Q, 181Q, 193Y,
217Q, 219P va 298Y;

7D, 33V, 57Q, 62T, 64T, 79Y, 89G, 217Q va 298Y;

Theo mot phuong an, enzym Xylanaza cai bién (hay xylanaza GH10) theo sang

ché c6 thé bao gdm céc cai bién sau:

a.
b.

C.

5 @ oo

[,

k.

2 o

=

N7D, N25P, T33V, G64T, K79Y, S89G, A217Q va T298Y;

N7D, N25P, T33V, K79Y, S89G, A217Q va T298Y;

N7D, N25P, T33V, S57Q, N62T, G64T, K79Y, T103M, V115L, N147Q,
G181Q, S193Y, A217Q, G219P va T298Y;

N7D, N25P, T33V, S57Q, N62T, K79Y, S89G, T103M, V115L, N147Q,
G181Q, S193Y, A217Q, G219P va T298Y;

N7D, T33V, S57Q, N62T, G64T, K79Y, S89G, A217Q va T298Y;
K79F _A217Q T298F;

N7D_T33V_A217Q_T298F;

N7D_K79F T298F;

T33V_K79F A217Q;

N7D_T33V_T298Y;

T33V_A217Q _T298Y;

N7D_ A217Q_T298F;

N7D_T33V_A217Q;

K79F T298F;

N7D_K79F;

T33V_K79F;

T33V_T298Y;

N7D_T33V; hoac

T33V_A217Q.
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Theo mdt phuong &n, enzym xylanaza céi bién (hay xylanaza GH10) theo séng
ché c6 thé bao gbm céc cai bién sau:

a. N7D, N25P, T33V, G64T, K79Y, S89G, A217Q va T298Y;

b. N7D, N25P, T33V, K79Y, S89G, A217Q va T298Y;

c. N7D, N25P, T33V, S57Q, N62T, G64T, K79Y, T103M, V115L, N147Q,
G181Q, S193Y, A217Q, G219P va T298Y;

d. N7D, N25P, T33V, $57Q, N62T, K79Y, S89G, T103M, V115L, N147Q,
G181Q, S193Y, A217Q, G219P va T298Y;

e. N7D, T33V, $57Q, N62T, G64T, K79Y, S89G, A217Q va T298Y;

Theo mét phuong an, enzym Xylanaza theo sang ché (vi dy, enzym xylanaza cai
bién) c6 trinh ti axit amin khung (trudc khi cai bién) bao gdm (hodc gbm c6) trinh tu axit
amin duoc chon tir nhém bao gdm SO ID TRINH TU 1, SO ID TRINH TU 26, SO ID
TRINH TU 27, SO ID TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29, hoic
SO ID TRINH TU' 5; hodc trinh tu axit amin c6 it nhit 70% ddng nht (it nhat 80% Ia phu
hop, it nhat 90% 1a phu hop, it nhat 95% l1a phi hop, it nhét 98% 1a pht hop, it nhat 99%
la pht hop) véi SO ID TRINH TU 1, SO ID TRINH TU 26, SO ID TRINH TU 27, SO
ID TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29, SO ID TRINH TU' 5;
hodc trinh ty axit amin dugc ma héa bai trinh tu nucleotit bao gém trinh tu nucleotit dugc
mé t trong ban md ta nay c¢6 SO ID TRINH TU 2, SO ID TRINH TU 24, SO ID TRINH
TU 25, SO ID TRINH TU 4, SO ID TRINH TU 30, SO ID TRINH TU 31, SO ID
TRINH TU 6, SO ID TRINH TU 32 hoic SO ID TRINH TU' 33; hodc trinh ty axit amin
duoc ma héa béi trinh ti nucleotit bao gdm trinh tir nucleotit c6 it nhit 70% ddng nhét (it
nhat 80% l1a phu hop, it nhat 90% la phi hop, it nhit 95% la phi hop, it nhit 98% la phu
hop, it nhat 99% 1a phu hop) v6i SO ID TRINH TU 2, SO ID TRINH TU 24, hodc SO ID
TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH TU 30, SO ID TRINH TU 31, SO
ID TRINH TU 6, SO ID TRINH TU 32 hoic SO ID TRINH TU' 33; hodc trinh ty axit
amin dugc ma héa béi trinh ty nucleotit c6 thé dwoc lai hoa thanh SO ID TRINH TU 2,
SO ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH TU
30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID TRINH TU 32 hoic SO ID
TRINH TU 33 trong cac diéu kién cuc ky nghiém ngit.

Thuét ngtt "me" c6 nghia la xylanaza, t5t nht 1a xylanaza GH10, dugc thuc hién
bién ddi dé tao ra enzym cai bién cla séng ché. Theo mdt phuong 4n, enzym me la

xylanaza GH10. Enzym me c6 thé phii hop 1a mot polypeptit xuét hién mot cich tu
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nhién (kiéu dai) hodc bién thé hodc phan doan ciia né. Theo mdt phuong an uu tién,
enzym me xuét hién mot cach ty nhién (polypeptit kiéu dai).

Xylanaza cai bién hodc xylanaza GH10 theo séng ché ¢6 thé bao gdm (hay gdbm
6, hay chu yéu gdm c6) trinh tu axit amin ddng nhit hodc co ban ddng nhét véi
enzym me¢ da néu trir cai bién & it nhét hai (tét hon 1 it nhét ba, t&t hon nita 1a it nhét
ndm) vi tri trong b cac vi tri sau: 7, 33, 79, 217 va 298, trong d6 viéc danh s6 dua theo
cach danh sé axit amin ctia FveXyn4 (SO ID TRINH TU' 1).

Trong mot s6 phuong 4n, xylanaza cai bién hoic xylanaza GH10 theo sang ché
bao gdm (hay gém c6, hay chit yéu gbm c6) trinh ty axit amin dbng nhit hoic co ban
ddng nhit voi enzym me da néu trir cai bién & it nhét hai (t8t hon 1a it nhét ba, t6t hon
nita 1 it nhit nam) vi trf trong sb céc vi trf 7, 33, 79, 217 va 298, ciing nhu tai it nhat
mot trong sb cac vi trf 25, 57, 62, 64, 89, 103, 115, 147, 181, 193, 219, trong d6 viéc
danh sb dua theo cach danh s axit amin ctia FveXyn4 (SO ID TRINH TU 1).

Xylanaza GH10 cai bién hoic xylanaza GH10 theo sang ché (va vi du nhu duoc
yéu cAu bao hd trong diém 1) c6 khoang it nhét 90% (t&t nhét 1a it nhat 93%, t6t nhét
13 it nhét 97%, t5t nhat 1a it nhat 99%) trinh tw ddng nhit véi enzym me 13 phu hop.

Thuét ngit "khung" nhu duoc st dung trong ban md ta nay c6 nghia la chudi
polypeptit 1a polypeptit xylanaza GH10, dugc cai bién dé bao gdm cac axit amin sau
tai it nhat hai (tét nhét 12 tai it nhét ba, t8t nhat 1a tai tat cd) vi tri trong sb cac vi tri
duoc chi thi: 7D; 33V; 79Y, V, F, I, L hodc M (tét hon 1 79Y, F hogc V, tét hon nita
14 Y); 217Q, E, P, D hodc M (tét hon 1 217Q, E hogc P, tét hon nita 1a Q); va 298Y, F
hoac W (tét hon 13 Y hodc F, t&t hon nita 12 Y) trong d6 viéc danh sb dua theo cach
danh sb axit amin ctia FveXyn4 (SO ID TRINH TU 1).

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 cta sang ché (vi du
enzym Xylanaza GH10 cai bién) tdt nhéit bao gdbm polypeptit c6 70% (it nhit 80% 1a phu
hop, it nhét 90% 1a phit hop, it nhit 95% 1a phi hop, it nhat 98% 14 phi hop, it nhat 99%
la phu hogp) ddng nhat véi xylanaza GH10 (vi du xylanaza GH10 gbc hodc xylanaza
GH10 khung); va bao gdm céc axit amin sau tai it nhét hai (t6t hon 1a it nhét ba, tét hon
nita 13 tht c&) vi trf trong sé cc vi tri duge chi thi: 7D; 33V; 79Y, V, F, I, L hogc M (tbt
hon 12 79Y, F hodc V, tét hon nita 1 Y); 217Q, E, P, D hodc M (t6t hon 12 217Q, E hodc
P, tot hon nira 13 Q); va 298Y, F hodc W (tét honla Y hodc F, tdt hon nita 13 Y) trong d6
viée danh sd dua theo cach danh sé axit amin ciia FveXyn4 (SO ID TRINH TU' 1).
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Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 cua sang ché (vi du

enzym xylanaza GH10 cai bién) t6t nhét bao gdm polypeptit co it nhét 95% (it nht
98% la phi hop, it nhit 99% la phu hop) dbng nhat véi xylanaza GH10 (vi du

xylanaza GH10 gbc hoic xylanaza GH10 khung); va bao gdm céc axit amin sau tai it

nhat hai (t6t hon 1a it nhét ba, tét hon nira 1a tt ca) vi tri trong sb cac vi tri dugc chi
thi: 7D, 33V, 79Y, 217Q); va 298Y, trong d6 viéc danh s6 dwa theo céch danh sb axit
amin cua FveXyn4 (SO ID TRINH TU 1).

Theo mot phuong an, xylanaza GHI10 gbc hodc xylanaza GH10 khung (truge

khi cai bién) 1a:

a.

xylanaza bao gbm trinh ty axit amin dugc chon tir nhém bao gdm SO
ID TRINH TU 1, SO ID TRINH TU 26, SO ID TRINH TU 27, SO ID
TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29 hoic SO
ID TRINH TU' 5; hoic

enzym xylanaza bao gdm trinh ty axit amin c6 it nhit 70% ddng nhét (it
nhét 80% 1a phu hop, it nhit 90% la phit hop, it nhat 95% 1a phu hop, it
nhét 98% 1a phi hop, it nhit 99% 1a phi hop) véi SO ID TRINH TU' 1,
SO ID TRINH TU 26, SO ID TRINH TU 27, SO ID TRINH TU 3, SO
ID TRINH TU 28, SO ID TRINH TU 29, hodc SO ID TRINH TU' 5;
hodc

enzym xylanaza dugc ma hoa boi trinh tu nucleotit bao gbm trinh tu
nucleotit dugc mé ta trong ban md ta nay c6 SO ID TRINH TU 2, SO
ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID
TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hodc SO ID TRINH TU' 33; hodc

enzym xylanaza dugc ma hoa bai trinh ty nucleotit bao gbm trinh tu
nucleotit ¢6 it nhat 70% ddng nhét (it nhat 80% 1a phi hop, it nhét
90% la phu hop, it nhéit 95% la phu hop, it nhit 98% la phu hop, it
nhét 99% 1a phi hop) véi SO ID TRINH TU 2, SO ID TRINH TU 24,
SO ID TRINH TU 25, SO ID TRINH TU 4, SO ID TRINH TU' 30,
SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID TRINH TU 32
hoic SO ID TRINH TU 33; hodc

enzym xylanaza dugc ma héa bai trinh tu nucleotit c6 thé dugc lai hoa

thanh SO ID TRINH TU 2, SO ID TRINH TU 24, SO ID TRINH TU
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25, 8O ID TRINH TU 4, SO ID TRINH TU 30, SO ID TRINH TU
31, SO ID TRINH TU 6, SO ID TRINH TU' 32 hogc SO ID TRINH
TU 33 trong cac diéu kién cuc ky nghiém ngit;

Theo mdt phwong én, trinh ty axit amin khung hodc trinh tu axit amin me ¢o it nhét
80% ddng nhét voi SO ID TRINH TU' 1, SO ID TRINH TU 26, SO ID TRINH TU 27, SO
ID TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29, hoge SO ID TRINH TU' 5.

Theo mot phuong an, trinh ty axit amin khung hodc trinh ty axit amin me co it nhét
90% ddng nhit véi SO ID TRINH TU 1, SO ID TRINH TU 26, SO ID TRINH TU 27, SO
ID TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29, hoge SO ID TRINH TU'5.

Theo mdt phwong an, trinh ty axit amin khung hodc trinh tu axit amin me co it nhét
95% ddng nhit véi SO ID TRINH TU 1, SO ID TRINH TU 26, SO ID TRINH TU 27, SO
ID TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29, hogc SO ID TRINH TU'5.

Theo mdt phwong an, trinh tu axit amin khung hodc trinh ty axit amin me ¢ it nhét
98% ddng nhit véi SO ID TRINH TU' 1, SO ID TRINH TU 26, SO ID TRINH TU 27, SO
ID TRINH TU 3, SO ID TRINH TU 28, SO ID TRINH TU 29, hoge SO ID TRINH TU'5.

Theo modt phuong an, enzym xylanaza khung hodc enzym xylanaza me co thé
duoc ma hoa boi trinh tw nucleotit bao gém trinh tu nucleotit ¢6 it nhét 80% ddng nhat
v6i SO ID TRINH TU 2, SO ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH
TU 4, SO ID TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hogc SO ID TRINH TU 33.

Theo mdt phuong &n, enzym xylanaza khung hodc enzym xylanaza me ¢ thé
dwoc ma héa boi trinh tw nucleotit bao gém trinh tu nucleotit ¢6 it nhat 90% ddng nhét
v6i SO ID TRINH TU 2, SO ID TRINH TU 24, SO ID TRINH TU' 25, SO ID TRINH
TU 4, SO ID TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hogc SO ID TRINH TU 33.

Theo mdt phuong 4n, enzym xylanaza khung hodc enzym xylanaza me c6 thé
dugc ma hoa boi trinh tu nucleotit bao gém trinh tu nucleotit c6 it nhét 95% déng nhét
v6i SO ID TRINH TU 2, SO ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH
TU 4, SO ID TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hogc SO ID TRINH TU 33.

Theo mdt phuong 4n, enzym xylanaza khung hodc enzym xylanaza me c6 thé
dwoc ma hoa boi trinh tu nucleotit bao gém trinh tu nucleotit ¢ it nhit 98% ddng nhét

v6i SO ID TRINH TU 2, SO ID TRINH TU 24, SO ID TRINH TU 25, SO ID TRINH
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TU 4, SO ID TRINH TU 30, SO ID TRINH TU 31, SO ID TRINH TU 6, SO ID
TRINH TU 32 hoic SO ID TRINH TU 33,

C6 thé thu duoc (mdt cach phu hop) xylanaza GH10 khung hodc xylanaza
GH10 gbc tir sinh vat Fusarium.

Xylanaza khung hodc xylanaza me pht hop 1a endo-1,4-B-d-xylanaza.

Xylanaza cai bién hay xylanaza GH10 theo séng ché t6t nhét 13 endo-1,4-p-d-
xylanaza.

Theo mdt phuong an wu tién, enzym c6 hoat tinh xylanaza, vi du enzym
xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan clia né theo
sang ché, c6 gia tri Tm 1én hon 70°C (t6t nhét 13 16n hon 75°C), trong d6 gia tri Tm
duoc do 1a nhiét d0 ma tai mirc nhiét do nay thu dugc 50% hoat tinh con lai sau 10
phut 1.

Do bén nhiét ciia xylanaza (vi du xylanaza cai bién) theo sang ché co thé duge
x4c dinh bang céch st dung "Xét nghiém do do én dinh nhiét" (xem phan dudi).

Xdc dinh do dé bén nhiét

Mirc do cai bién do nhiét cia céc bién thé FveXyn4 duge do bing cach pha
lodng va u trude cac mau enzym trong dung dich dém MES 25 mM, pH 6,0 trong 10
phut & cac nhiét dd khiac nhau (lén luot 1a 66, 66,7, 68,2, 70,6, 73,5, 76, 76,5, 76,8,
79,7, 81,9, 83,5, 84,6, va 85°C) va sau d6 do hoat tinh con lai béng phuong phép hoat
tinh xylanaza dugc mo ta trong Vi du 1. Hoat tinh do dugc ma khong U truée dugc dat
la 100% va hoat tinh con lai cia tirng bién thé & mdi muc nhiét d6 duoc tinh twong
quan véi hoat tinh nay. Gia tri Tm dugc tinh theo cdc murc dd cai bién do nhiét, 1a
nhiét o ma tai mc nhiét do nay thu dugc 50% hoat tinh con lai.

Theo mot phuong &n, enzym sé& dugc coi 1a bén nhiét theo sang ché néu no c6
gid tri Tm cao hon 70°C, trong d6 gia tri Tm la nhiét d¢ ma tai mirc nhiét do nay thu
dugc 50% hoat tinh con lai sau 10 phat u. Gid tri Tm nay co thé duogc do theo xét
nghiém do 4o 4n dinh nhiét nhu da duoc dé cap trong bdn mo ta nay.

Theo mot phuong an, enzym s& duogc coi la bén nhiét theo sang ché néu no c6
gia tri Tm cao hon 76°C, trong d6 gia tri Tm la nhiét d§ ma tai mic nhiét do nay thu
dugc 50% hoat tinh con lai sau 10 phat 0. Gid tri Tm nay c6 thé duogc do theo xét
nghiém do d6 én dinh nhiét nhu da duge dé cap trong ban md ta ndy.

Theo mdt phuong an, enzym s& dugc coi 1a bén nhiét theo sang ché néu no co

gia tri Tm cao hon 85°C, trong d6 gia tri Tm la nhiét d¢ ma tai muc nhiét do nay thu
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dugc 50% hoat tinh con lai sau 10 phut 4. Gia tri Tm nay co thé dugc do theo xét
nghiém do d6 6n dinh nhiét nhu da duoc dé cap trong ban mo ta nay.

Tét nhét 13, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu
enzym xylanaza GH10 cai bién) hodc phan doan clia né theo sang ché (hoic ché phdm
chira enzym nay) c6 thé chiu dwgc quy trinh xi 1y nhiét (vi du trong quy trinh tao vién)
1én tGi khoang 70°C; vi du 1én dén 75°C, vi du 1én dén 76°C, vi du lén dén khoang
85°C; hodc vi du 1én dén khoang 95°C. Quy trinh x{r 1y nhiét c6 thé duoc thuc hién
trong khoang thoi gian 1én dén khoang 1 phut; 1én dén khoang 5 phut; 1én dén khoang
10 phut; 1én dén khoang 30 phut; 1én dén khoang 60 phut. Chiu dugc quy trinh xt ly
nhiét nay nghia 13 it nhit 50% enzym c6 mit/hoat dong trong chét phu gia truéc khi
dun néng téi nhiét d6 quy dinh van c6 mit/hoat dong sau khi chét nay dugc dé nguoi
dén nhiét d6 phong. Tét nhét 13, it nhét khoang 80% enzym c6 mit va hoat dong trong
chét phu gia trudc khi dun néng dén nhiét d6 quy dinh vin c6 mit va hoat dong sau
khi chit nay duoc dé ngudi dén nhiét do phong.

Thuét ngit "do 6n dinh nhiét" 1a kha ning cla enzym khang lai sy mét hoat tinh
khong thuan nghich (thuong do cai bién) & nhiét d twong ddi cao. Didu nay c6 nghia la
enzym giit lai mot lugng xac dinh hoat tinh men sau khi & trong mo6i trueong nhi€t d xac
dinh trong mét khoang thoi gian da cho.

C6 rét nhidu cach dé do do dn dinh nhiét. Vi dy, cic miu enzym c6 thé duge G
khong ¢ co chét trong mot khodng thoi gian xac dinh (vi du 10 phat hodc 1 dén 30
phtit) trong mdi truong nhiét do cao so véi nhiét d6 ma tai mirc nhiét nay enzym on
dinh trong khoang thoi gian 14u hon (ngay). Sau khi 0 & nhi€t do cao, mau enzym dugc
phan tich hoat tinh con lai ¢ nhiét d§ cho phép, vi dy, 1a 30°C (hodc 25-50°C hodc ké
ca lén dén 70°C). Hoat tinh con lai dugc tinh theo mau enzym chua dugc U ¢ nhiét do
cao.

Do bén nhiét cling co thé dugc do béng su mat hoat tinh enzym theo ham nhiét
d6. O diy cac mau enzym dugc 0 khong c6 co chét trong mdt khoang thoi gian xéc
dinh (vi du 10 phut hodc 1 dén 30 phut) & cac nhiét d khac nhau va sau d6 két qua u
duoc phan tich hoat tinh con lai & nhiét 4o cho phép 1a 30°C (hodc 25-70°C hodc ké ca
cao hon). Hoat tinh con lai ¢ ting nhiét dd duoc tinh todn theo mAu enzym chua dugc
U & nhiét @6 cao. Mirc cai bién do nhiét (nhiét do dbi v6i hoat tinh con lai) c6 thé dugc
st dung dé tinh nhiét dd ma tai mac nhiét do d6 thu dugc 50% hoat tinh con lai. Gia tri

nay dugc dinh nghia la gid tri Tm.
-30-



38318

Hon nita, d6 dn dinh nhiét ciing c6 thé dugc do br?lng su mét hoat tinh enzym
theo ham thoi gian. O day cdc miu enzym dugc @ khong c6 co chét tai nhiét do cao
xé4c dinh (vi du 76°C) trong cac khoang thoi gian khac nhau (vi du trong khoang gitra
10 gidy va 30 phut) va sau do két qua U dugc phén tich hoat tinh con lai & nhiét do cho
phép 1a 30°C (hodc 25-70°C hodc ké ca cao hon). Hoat tinh con lai ¢ ting nhiét do
dugc tinh toan theo mau enzym chua dugc 0 & nhiét 6 cao. Mitrc do mét hoat tinh
(thoi gian ddi véi hoat tinh con lai) c6 thé dugc st dung dé tinh khoang thoi gian trong
d6 thu dugc 50% hoat tinh con lai. T1/2 1a gia tri thuong dugc cho.

bay 1a cac vi du v& cach do d6 dn dinh nhiét. Do bén nhiét ¢6 thé duoc do béng
céc phwong phap khéc. Tét nhét @ én dinh nhiét dugc danh gia bing cach sir dung "Xét
nghiém do dd 4n dinh nhiét" nhu da duge dé cap trong ban mo ta nay.

Khéc v6i do én dinh nhiét, hoat héa nhiét 1a hoat tinh enzym theo ham nhiét d¢. Dé
x4c dinh hoat héa nhiét, cdc mau enzym c6 thé duoc 0 (xét nghiém) trong khoang thoi
gian dugc xac dinh badi xét nghiém ¢ nhiéu nhiét d6 khac nhau véi sy c6 mit cua co chét.
Hoat tinh enzym thu dugc trong hodc ngay sau khi 0 nhu dugc x4c dinh bdi x€t nghiém
(vi du, doc tri s6 OD chi luong san phém phan tmg duoc tao thanh). Nhiét do dat dugc
hoat tinh cao nhat 13 nhiét do t81 wu clia enzym trong céc didu kién xét nghiém da cho.
Hoat tinh thu dugc & mdi nhiét dd c6 thé duoc tinh theo hoat tinh thu dugc & nhiét do tbi
wu. Theo d6, s& cung cap mirc nhiét dd cho enzym trong cac diéu kién xét nghiém da cho.

Trong don xin cdp bing sang ché nay, d6 6n dinh nhiét khong gidng nhu hoat héa
nhiét.

S& 1a hop ly khi xylanaza cai bién theo sang ché c6 dd pH 81 wu nim trong
khoang 4,6 dén 7, tt nhit khoang 5 dén 6.

Theo mot phuong an wu tién, Xylanaza cai bién theo sang ché bao gdm mot
trong sd céc trinh tw axit amin dugc néu trong ban md ta nay co SO ID TRINH TU 17,
sO ID TRINH TU 18, SO ID TRINH TU 19, SO ID TRINH TU 20, SO ID TRINH
TU 21, hodc phan doan cta nd c6 hoat tinh xylanaza.

Theo mot phuong 4n, céc cai bién trong trinh tu polynucleotit khung 1a cac cai
bién pht hop dé mang lai céc cai bién nhu @& cap chi tiét & phan trén trong trinh ty axit
amin dugc ma hoa.

Cac phuong phap cla sang ché ciing phu hop d8 mang lai c4c cai bién nhu da

d& cap & phan trén trong trinh ty polynucleotit hodc trinh tu axit amin.
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Té bao chu cta sang ché ¢6 thé dugc chon tir nhém bao gém té bao vi khudn, té
bao nim, té bao ndm men, té bao ndm dang sgi va té bao thuc vat. T4t nhét té bao chu
1a té bao vi khuén hodc t& bao ndm.

Theo mdt phuong 4n wu tién, enzym co hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cta nd theo sang ché duoc
san xuét theo phuong phap clia sang ché, dugc thu hdi.

Theo mot phuong 4n wu tién, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cua né theo sang ché duoc
san xuét theo phuong phap clia sing ché, dugc phan lap va/hoic tinh ché.

Trong mdt s phwong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan ctia né theo séng ché, c6 thé
duoc st dung truc tiép 1am san phim 1én men ma khong can phén 1ap va/hoic tinh ché
enzym.

Trong mot sb phwong an, ché phim chit phu gia thirc &n chin nudi theo sang
ché hodc hén hop so ché theo sang ché con bao g@)m mot hodc nhiéu enzym dugc chon
tr nhém bao gdm proteaza (vi du subtilisin (E.C 3.4.21.62) hodc bacillolysin (E.C.
3.4.24.28) hodc serin proteaza kiém (E.C. 3.4.21.x) hodc keratinase (E.C. 3.4.x.X))
va/hodc amylaza (bao gébm a-amylaza (E.C. 3.2.1.1), amylaza tao G4 (E.C. 3.2.1.60),
B-amylaza (E.C. 3.2.1.2) va y-amylaza (E.C. 3.2.1.3)).

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan cuia n6 theo sing ché, c¢6 thé dugc st dung trong
phuong phap phan giai nguyén liéu chira arabinoxylan trong nguyén li¢u chira xylan.

Arabinoxylan phu hgp ¢6 thé 1a arabinoxylan khong tan (AXinsol).

Theo moOt phuong an, nguyén liéu chita xylan dugc chon tir mot hay nhiéu loai |
tir nhom bao gdm: thirc an gia stic hay thitc #n chin nudi; thanh phan thtc #n chin
nudi; nguyén liéu c6 ngudn gdc tir hat ngii coc; dich ngdm, dich duong, mach nha; lua
mach chita mach nha; chét phu gia; dich ngdm lda mach; va bot ngii cbe.

Theo mdt phuong 4n wu tién, arabinoxylan dugc hoa tan ma khong lam tang d6 nhat
trong moi truong phan tng.

Theo mdt phuong 4n cla sing ché, thirc an chin nudi hay thanh phan thtic in
chin nudi bao gdm hay gém c6 ngd, DDGS (nhu DDGS ng6), lua mi, cam lta mi hodc

két hop céac thanh phan nay.
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Theo mot phuong 4n uu tién, thirc &n chan nudi la thirc dn chan nudi co nguodn
gdc tir ngd.

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan cua n6 theo sang ché, c6 thé dugce st dung két hogp véi
mdt hodc nhidu enzym dugce chon tir nhém bao gdm proteaza (vi du subtilisin (E.C.
3.4.21.62) hoic bacillolysin (E.C. 3.4.24.28) hodc serin proteaza kiém (E.C. 3.4.21.x)
hodc keratinase (E.C. 3.4.x.x)) va/hodc amylaza (bao gdbm a-amylaza (E.C. 3.2.1.1),
amylaza tao G4 (E.C. 3.2.1.60), B-amylaza (E.C. 3.2.1.2) va y-amylaza (E.C. 3.2.1.3)).

Theo mot phuong an, phuong phap hodc viéc sit dung theo sang ché bao gdm
bude cho dbi twong sir dung enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GH10 cai bién) hodc phan doan clia né theo sang ché, hoic san
phim 1én men chtra enzym nay theo séng ché, hoiic ché phdm enzym chira enzym
xylanaza nay theo sdng ché, hodc ché phdm chit phu gia thitrc n chin nudi chua
enzym xylanaza ndy theo sdng ché, hodc hdn hop so ché chira enzym xylanaza nay
theoséngchéhoécth&cénchénnuﬁich&aenzynlxykumzanéytheoséngché

Theornétphuongén,phuongphéphoacxd@:m&dungcﬁaséngchélé(hoécla
mdt phan cta) quy trinh tach gluten-tinh bt lia mi.

Theo mdt phuong an khac, phuong phép hodc viéc s dung cua sang ché 1a
(hodc la mdt phén cua) quy trinh sdn xuét nhién liéu sinh hoc (vi du ¢dn sinh hoc) hay
chét hoa sinh (vi du, isopren gdc sinh hoc).

Theo mdt phuwong an khac, phwong phép hodc viéc s dung cua sang ché 1a
(hodc 1a mdt phin cua) quy trinh ndu ruou bia hay tao mach nha.

Db ubng 1én men, vi du nhu bia, c6 thé duoc san xuit mot cach phi hop bang
phuong phéap theo sédng ché nhu da dugc dy kién trong sang ché.

Theo mét phwong an, enzym xylanaza me cia sang ché sau day c6 thé duoc goi la
FveXyn4. A

Ca trinh tw chudi polypeptit va trinh ty axit nucleic dé cap trong ban md ta nay
tbt nhit 1a dugc phén lap.

Xylanaza cta sang ché tot nhat 1 xylanaza GH10. N6i cach khac, xylanaza c6
thé ¢6 khéi luong phan tir ndm trong khoing 32-39 kDa, va/hodc mién xdc tac cla
xylanaza bao gdm ciu triic barrel B/oc 8 vong (duoc d& cap trong Harris va cong s,

1996 — Acta. Crystallog. Sec. D (Tap chi Tinh thé hoc Phan D) 52, 393-401).
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Theo mot phuong 4n cua sang ché, xylanaza cia sang ché 1a xylanaza thudc ho
Glycosit Hydrolaza (GH) 10. Thuét ngit "thudc ho Glycosit Hydrolaza (GH) 10" ¢6
nghia rang xylanaza dang dugc dé cép chinh 1a hoic ¢6 thé dugc phan loai trong ho GH
10.

Céac nghién ctru vé su tuong ddng protein (vi du giai thuat blast protein tai
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome) c¢6 thé
xac dinh liéu mdt trinh ty chua x4c dinh ¢ roi vao doan cé thanh phén thudc ho
xylanaza GH10 hay khoéng, cu thé 1a cac ho GH ¢6 thé duoc phén loai dua trén su
twong ddng trinh tw trong cdc vung chinh. Ngoai ra, hay hodc 1a, dé xéac dinh lidu
protein chua duge xé4c dinh c6 phai 12 protein xylanaza thudc ho GH10 hay khong, can
phai thyc hién danh gid, khong chi v& su ddng dang/tuong ddng/ddng nhét trinh tw, ma
con vé sy ddng dang cua cdu tric 3D. Sy phén loai cac ho GH thudng dya trén cudn
gép 3D. Phdn mém s& dy doan cudn gép 3D cua trinh ty protein chua x4c dinh la
HHpred (http://toolkit.tuebingen.mpg.de/hhpred). Piém manh cta phin mém nay
trong viéc du doan cAu trac protein nam & chd phén mém nhan dién dugc céc trinh tu
twrong ddng vai cdu tric da biét duge st dung 1am mau. Phin mé&m nay 1am viéc rat tot
boi vi céc clu trac phan ky chdm hon rat nhiéu so véi cac trinh ty bac mot. Cac protein
cung ho ¢6 thé ¢6 cac cdu tric rdt gibng nhau ngay ca khi c4c trinh tuy ctia ching phan
ky dén mirc kho nhan dang.

Trong thuc hanh, trinh ty chua x4dc dinh co th8 duwoc gan vao phin mém
(http://toolkit.tuebingen.mpg.de/hhpred) trong dinh dang FASTA. Sau khi thuc hién
xong viéc nay thi nghién ctru c6 thé dugc giri di. Két qua ciia nghién ctru s& hién thi
danh sach céc trinh ty ¢4 ciu tric 3D da biét. Dé x4c nhén trinh ty chua dugc x4c dinh
thuc sy 14 xylanaza GH10, c¢6 thé tim xylanaza GH10 trong danh sach cac chat dong
ding c6 xac suat > 90. Khong phai tit ca cdc protein duge nhan dang 1a chit ddng ding
déu c6 dic trung cua xylanaza GH10, nhung mot sd protein thi c¢6. Cac protein sau 1a
céc protein ¢6 ciu tric dd biét va c6 dic trung sinh héa hoc nhén dang ching la
xylanaza. Céc protein trudc khong cé dic trung sinh hoéa hoc 1a xylanaza GH10. Mot sb
tai liéu tham chiéu mé ta quy trinh nay la Soding J. (2005) Protein homology detection
by HMM-HMM comparison - Bioinformatics (Phat hién sy tuwong ddng protein bing
cich so sénh HMM-HMM - Tin sinh  hoc) 21,  951-960
(doi:10.1093/bioinformatics/bti125) va Soding J, Biegert A, va Lupas AN. (2005) The

HHpred interactive server for protein homology detection and structure prediction -
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Nucleic Acids Research (May chu twong tac HHpred dé phat hién tuong ddng protein va
du doén céu tric - Nghién ctru axit nucleic) 33, W244--W248 (Mdy cht web phat hanh)
(doi:10.1093/nar/gki40).

Theo trang Cazy (http://www.cazy.org/), ho glycosit hydrolaza 10 ¢6 thé ¢6 dic
trung nhu sau:

Hoat tinh d3 biét: endo-1,4-B-xylanaza (EC 3.2.1.8); endo-1,3-B-xylanaza (EC
3.2.1.32); tomatinase (EC 3.2.1.-)

Co ché: Gitr lai

Ho: GH-A

Ai nhan xuc tac/Bazo: Glu (thtt nghiém)

Chét cho proton xtc tac: Glu (thtr nghiém)

Trang théi cu trac 3D: (B/ a)g

Xylanaza GH10 cua sang ché c6 thé c6 mién xuc tac c6 khdi lwgng phan tir nam
trong khoang 32-39 kDa. CAu tric cua mién xuc tac cia xylanaza GH10 cua sang ché
bao gdm barrel p/o 8 vong (Harris va cong sw, 1996 — Acta. Crystallog. Sec. D (Tap
chi Tinh thé hoc Phan D) 52, 393-401).

- Mot sb lugng 16n céc enzym ho GH10 cé cAu trac 3 chiéu, duoc phan giai trudc
tién 1 cac céu truc clia xylanaza A cua Streptomyces lividans (Derewenda va cong su J
Biol Chem (Tap chi Sinh hoéa hoc), 19/08/1994; 269(33) 20811-4), endo-glycanase
Cex cta C. fimi (White va céng sw, Biochemistry (Sinh héa hoc), 25/10/1994; 33(42)
12546-52), va Xynl0A cta Cellvibrio japonicus (truéc ddy 1a phan loai xylanaza A
cua Pseudomonas fluorescens) (Harris va cong sw, Structure (Céu truc), 15/11/1994;
2(11) 1107-16.). La thanh vién ciia ho GHA, chung ¢6 cudn gip TIM barrel (a/B)g kiéu
c¢b dién vé6i cac axit glutamic & hai diém hoat hoa chinh nam tai dau C cua sgi beta 4
(axit/bazo) va 7 (4i nhan) (Henrissat va cdng su, Proc Natl Acad Sci U S A (Ky yéu
Vién Han 14m Khoa hoc Qudc gia Hoa Ky), 18/07/1995; 92(15) 7090-4).

Thuat ngit "xylanaza GH10" nhu dugc st dung trong bidn md ta nay chi
polypeptit c6 hoat tinh xylanaza va cé cudn gip TIM barrel (o/B)g cd dién voi cac axit
glutamic & hai diém hoat hoa chinh nim tai ddu C clia s¢i beta 4 (axit/bazo) va 7 (4i
nhan).

Trong ban mo ta nay, enzym xylanaza khung (hay me) c6 thé chi FveXyn4 hoic
FoxXyn 2 (c4c thuat ngit nay chi céc protein hoat héa, vi du protein trudng thanh).

Theo mdt phuong an, tot nhét xylanaza 14 xylanaza nam.
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Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhw enzym xylanaza
GH10 cai bién) hodc phan doan clia né theo sang ché, va/hodc enzym me la xylanaza
GHI10.

Theo mdt phuong an, t5t nhét 14 enzym c6 hoat tinh xylanaza, vi dy enzym Xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cua nd theo sang ché, (va/hoic
xylanaza me) 12 xylanaza GH10 nam.

Theo mot phuong an, tdt nhét 12 enzym c6 hoat tinh xylanaza, vi du enzym
xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cta no6 theo
sang ché, (va/hodic xylanaza me) 14 endoxylanaza, vi du, endo-1,4-B-d-xylanaza. Phan
loai endo-1,4-B-d-xylanaza 1a E.C. 3.2.1.8.

Trong mot s6 phwong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hoic phan doan clia né cla sang ché co do
pH t6i wu bang khoang 6.

Tét nhit 13, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu
enzym xylanaza GH10 cai bién) hodc phan doan cla no theo sdng ché, giit lai hon 70%
hoat tinh tdi da v&i d6 pH nam trong khoang giita pH 4 va 8, gitta pH 4,6 va 7 la phu
hop.

Trong mdt s6 phuong 4n, vi du trong céc tng dung thirc &n chdn nudi, enzym c6
hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 céai bién)
hodc phan doan ctia nd theo sang ché, t6t nhit 1a gitt lai hon 70% hoat tinh tdi da véi @6
pH nam trong khoang gitta pH 5,1 va 7.

Khong bi rang budc boi bét ky hoc thuyét nao, do pH ciing ¢6 thé co tac dong
quan trong lén tinh hitu hi¢u va tinh hi¢u qua cta enzym. Cy thé trong céc tmg dung
thire an chdn nudi, mic pH cua xylanaza cua sang ché hd trg hoat tinh trong rudt non,
trong cac diéu kién trung hoa.

Theo mdt phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 céi bién) hodc phan doan ctia n6 theo sang ché, c6
kha ning phan giai (hodc phén giai) nguyén li¢u chira xylan, cu thé 1a cac
arabinoxylan, cu thé 1a arabinoxylan khong tan (AXinsol).

Theo mot phuwong 4n khéc, enzym c6 hoat tinh Xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 céi bién) hodc phan doan ctia n6 theo sang ché, c6 kha
ning phan giai (hodc phéan gidi) polyme tan (vi du oligome) dugc san sinh tir sy phan giai

AXinsol hodc ¢6 mat (mdt cach ty nhién) trong nguyén li€u cd nguén géc tir hat ngli che.
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Theo mot phuong 4n khac, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan ciia né theo sang ché, c6 kha
ning phén giai (hodc phén giai) ca nguyén liéu chira xylan, cu thé 1a cac arabinoxylan, cu
thé 14 AXinsol, va polyme tan (vi du oligome) dugc san sinh tir su phan giai AXinsol.

Theo mdt phuwong an, enzym c6 hoat tinh Xylanaza, vi du enzym xylanaza GH10
(nhw enzym xylanaza GH10 cai bién) hoic phan doan cua né theo sang ché, khong bi anh
huong boi cac chét trc ché xylanaza Iia mi, vi du cac chét (rc ché protein, vi du céc chét tc
ché protein gidng TAXI trong lia mi. C4c xylanaza nim trong k¥ thuat trudc day c6 thé bi
tic ché 1én t6i 70-95% béi céc chét e ché protein lua mi. TSt nhat 14 cdc xylanaza cia sang
ché chi bi trc ché & mire t6i da 13 20-30% trong hau hét cac Gmg dung vé lia mi.

TAXI 1 céc chit trc ché xylanaza Triticum aestivum, c6 mit trong ngi che.

Trong ban md ta nay, thudt ngit "bao gbm chu yéu" c¢6 nghia 1a cac thanh phan
khong xac dinh co thé c6 mit trong didu kién cac dac diém cua ché phém yéu cau bao
ho khong bi anh hwdng dang ké.

Thuét ngtr "gdm c¢6" nghia 14 ty 1¢ cua céc thanh phin cu thé phai la téng 100%.

Trong ban mo ta nay, thudt ngit "bao gdbm" c6 thé dugc sta dbi trong mot sb
phuong 4n dé chi bao gdbm chu yéu hay gém c6 (ca hai déu c6 nghia han ché hon "bao
gbm").

Theo mot phwong 4n, arabinoxylan khong tan chira nguyén li¢u khong phai la
rom lda mi.

Trong ban mo ta nay, thuit ngit "phan doan cta n6" chi phan doan hoat héa. N6i
cach khac, phan doan 1a phan doan c6 hoat tinh xylanaza. Phan doan c6 thé, mot cach
phu hop, cé cung hoat tinh xylanaza gidng nhu toan bd enzym xylanaza GH10 cai bién
ddy du chiéu dai ma phan doan c6 ngudn gde tir d6. Hodc, phan doan c6 thé c6 hoat tinh
cai bién (vi du, hoat tinh dic hiéu, d6 pH, dudng cong nhiét 4o hodc tinh dac hi¢u dugc
tang cudng) so véi enzym xylanaza GHI10 céi bién diy du chidu dai ma phan doan c6
ngudn gdc tir d6. Ngoai ra, phan doan phai giit lai dugc cac tinh chét bén nhiét cta
enzym xylanaza GH10 cai bién ma né 1 phan doan tir do.

Theo mot phimng an, phan doan bang it nhit 60% toan bd chiéu dai cia enzym
xylanaza GH10 c4i bién ma phan doan c6 ngudn gde tir dob.

Theo mdt phwong 4n, phan doan bang it nhét 75% toan bd chidu dai ctia enzym

xylanaza GH10 cai bién ma phan doan c6 ngudn gde tir do.
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Theo mdt phuong 4n, phan doan bang it nhit 85% toan bd chiéu dai cua enzym
xylanaza GH10 cai bién ma phan doan c6 ngudn gde tir do.

Theo mét phuwong 4n, phan doan bing it nhit 95% toan bd chiéu dai cua enzym
xylanaza GH10 cai bién ma phan doan c6 ngudn gde tir do.

Theo mot phwong an, phan doan bang it nhat 98% toan bd chiéu dai ctia enzym
xylanaza GH10 cai bién ma phén doan c6 ngudn gbc tir do.

Theorn@tphudngén,ph&ldO@nléph&mdoancﬁaitnh&nn@tnhﬂlurduqcchQn
tir nhém bao gdm SO ID TRINH TU 17, SO ID TRINH TU 18, SO ID TRINH TU 19,
SO ID TRINH TU 20 hogc SO ID TRINH TU 21.

Theo mdt phuong an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan clia n6 theo sang ché a)
bao gdbm mdt trong sb céc trinh tu axit amin dugc néu trong ban md ta nay cd SO ID
TRINH TU 17, SO ID TRINH TU 18, SO ID TRINH TU 19, SO ID TRINH TU 20,
SO ID TRINH TU 21, hojc b) bao gdm trinh tu axit amin c6 it nhit 96%, tt nhét la it
nhét 98,5%, déng nhét vai cac trinh tu axit amin dugc néu trong ban md ta nay co SO
ID TRINH TU 17, SO ID TRINH TU 18, SO ID TRINH TU' 19, SO ID TRINH TU
20, SO ID TRINH TU 21 sao cho cac axit aminh & cac vi tri 7, 33, 79, 217 va 298
ddng nhat véi céc axit amin ¢6 trong SO ID TRINH TU 17, SO ID TRINH TU' 18, SO
ID TRINH TU 19, SO ID TRINH TU 20, hogc SO ID TRINH TU 21.

Theo mot phuong 4n, sang ché dé xuét phan tir axit nucleic theo sang ché hoic
vecto hodc ciu tric chira phén ti ndy, trong d6 trinh ty nucleotit dugc chon tir nhém bao
gdm: SO ID TRINH TU 7, SO ID TRINH TU 8, SO ID TRINH TU 9, SO ID TRINH
TU 10, SO ID TRINH TU 11, SO ID TRINH TU 12. SO ID TRINH TU 13, SO ID
TRINH TU 14, SO ID TRINH TU 15 va SO ID TRINH TU' 16; hodc trinh tu nucleotit
c¢6 it nhat 96%, t6t nhit 1a 98,5%, dE‘)ng nhéit v&i cac trinh tu nucleotit dugc néu trong
ban mé ta nay ¢6 SO ID TRINH TU 7, SO ID TRINH TU 8, SO ID TRINH TU 9, SO
ID TRINH TU 10, SO ID TRINH TU 11, SO ID TRINH TU 12. SO ID TRINH TU' 13,
SO ID TRINH TU 14, SO ID TRINH TU 15 va SO ID TRINH TU 16 sao cho cac
codon ma hda cdc vi tri axit amin 7, 33, 79, 217 va 298 trong protein trudng thanh cling
gibng nhu trong SO ID TRINH TU 7, SO ID TRINH TU 8, SO ID TRINH TU' 9, SO
ID TRINH TU 10, SO ID TRINH TU 11, SO ID TRINH TU' 12. SO ID TRINH TU 13,
SO ID TRINH TU 14, SO ID TRINH TU' 15 hogc SO ID TRINH TU 16.
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Thudt ngtt "cai bién", nhu dugc st dung trong ban md ta nay, nghia la thay dbi
hodc bién ddi. Cu thé, thuat ngit "cai bién", nhu dugc st dung trong ban md ta nay,
nghia 1a thay dbi so voi dang xuit hién mot cach tu nhién. Noi cach khac, khi cai bién
enzym, nguoi ta lam thay db1 enzym theo phuong thic khién cho enzym thay ddi so
v6i enzym khung me. Tét nhét 14 enzym cai bién khong tw minh tdn tai trong tw nhién.
Do d6 enzym cai bién 12 enzym khong xuét hién mot cach tu nhién,

Thuat ngit "dwoc cai bién", nhu duge st dung trong ban md ta nay, nghia la
duoc thay dbi so véi dang xudt hién mot cach tu nhién cta nd. Enzym cai bién theo
sang ché t6t nhit 1a khong phai enzym xuit hién mot cach tw nhién hodc cac bién thé
xuit hién mdt cach tw nhién. N6i cach khac, enzym cai bién theo sang ché tét nhat 14
céc enzym cai bién khong dugc tim thay trong tu nhién. Enzym cai bién theo sang ché
tdt nhét khong xuit hién mot cach tu y.

Trong mét sb phuong an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GH10 cai bién) hodic phan doan ctia n6 clia sing ché, dugc didu ché
bang cach cai bién enzym me hoic enzym khung. Tuy nhién, trong mot sd phuong 4n khac,
enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai
bién) hodc phan doan ciia nd cla sang ché, dugc diéu ché ma khong can phai cai bién
enzym me hodc enzym khung, vi dy, n6 co thé duoc diu ché bang cach tong hop. Trong
ban mo ta nay, thuat ngit "xylanaza cai bién" hodc "xylanaza GHI10 cai bién" khong c6 ¥
ring xylanaza da dugc diéu ché bang cach thay ddi enzym me. Xylanaza céi bién c6 thé
duge didu ché phit hop bing cac phuong phép khac, vi du, bang cach tong hop.

Su dung

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodic phan doan clia n6 cia sang ché, c6 thé duogc str dung phit hop trong
tng dung bat k¥ trong cac (mg dung sau:

a) Chét phuy gia trong thirc &n chin nudi; va/hodc

b) Chét bd sung cho thtrc &n chian nudi cho dong vat; va/hodc

¢) Pha v& nguyén lidu c6 ngudn gbe tir hat ngil cde (vi dy, c6 thé 1a nguyén hat
hodc hat v&). Céc san phém bi pha v& (vi du glucoza) cé thé dugc st dung 1am nguyén
liéu cdp cho quy trinh 1én men bét ky, nhu quy trinh san xudt nhién liéu sinh hoc (vi du

cdn sinh hoc) hay san pham khac nhu cac chit héa sinh (vi dy, isopren gdc sinh hoc).
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Do d6, theo mdt phuong an, sang ché dé cap dén viéc san xuét nhién liéu sinh
hoc (vi du ¢dn sinh hoc) va dé cap dén su ting cudng st dung nguyén ligu c6 ngudn
géc tr hat ngti cbe trong nganh nhién liéu sinh hoc; va/hodc

d) Nganh cong nghiép tach gluten-tinh bot ngi cbe (vi dy, laa mi). San pham
tao thanh c6 thé 1a tinh bot (vi dy, tinh bdt dugce tinh ché) va/hoic gluten va/hodc chét
x0 va/hodc chét tan trong nudc (nhu pentosan tan). Theo mot phwong én, sang ché dé
cap dén viéc san xuét tinh bot va/hodc gluten; va/hodc

e¢) Cai thién quy trinh niu rugu bia hay tao mach nha, vi du béng cach phé vo
nguyén liéu co ngudn gde tir hat ngii cdc (vi du, lta mach chira mach nha) va/hodc

f) phan giai AXsol hodc san phdm da bi pha v& ciia AXinsol d& dam bao do
nh6t khong tang va/hodc do nhét gidm trong hdn hop phan tng;

g) lam giam do nhat khi phan giai nguyén ligu 6 ngudn gde tir hat ngil cde, vi
du nhu quy trinh sén xuét nhién liéu sinh hoc (vi du c¢dn sinh hoc).

Theo mdt phuong 4an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cla nd cua sing ché,
duoc st dung trong thirc &n chédn nudi. T6t nhét thic an chin nudi chira ngd hodc 1a
thirc #n chin nudi ¢6 ngudn gde tir ngd.

Theo mét phwong 4an, enzym c6 hoat tinh xylanaza, vi dy enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cla nd cua sang ché,
dugc str dung trong quy trinh niu ruou bia hay tao mach nha.

Theo mot phuong an khéc, enzym c6 hoat tinh xylanaza, vi dy enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cla nd cua sang ché,
duogc str dung trong quy trinh tach gluten-tinh bot lta mi.

Theo mdt phuwong an khac, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cla nd cua sang ché,
duoc st dung dé pha v& nguyén liéu co ngudn gbc tir hat ngil cbe va c6 thé 1a mot
phan ctia quy trinh san xuit nhién liéu sinh hoc (vi du cdn sinh hgc).

Cdc wu diém

Enzym méi c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cua né nhu dugce dé cap trong ban mo ta nay,
c6 rét nhidu wu diém so v6i cc xylanaza da biét.

Enzym c6 hoat tinh xylanaza, vi dy enzym xylanaza GH10 (nhu enzym

xylanaza GHI10 cai bién) hodc phan doan cla no cla sang ché, c6 tinh bén nhiét. Vi
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du, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan cla n6 cia sang ché, ¢6 @0 dn dinh nhiét cao hon déng
ké so véi xylanaza me (khung) trude khi cai bién. Xylanaza cai bién, mot cach phu
hop, ¢6 gia tri Tm 16n hon 70°C (t6t nhat 1 16n hon 75°C), trong d6 gia tri Tm dugc
do 1a nhiét do ma tai mtc nhiét dd nay thu duge 50% hoat tinh con lai sau 10 phut u.

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan cua nd cua sang ché, ciing rit manh trong kha nang hoa
tan pentosan.

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GHI10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cia nd cia sing ché, rét manh trong kha
ndng hoa tan AXinsol.

Déng ngac nhién la da phat hién ra ring enzym c6 hoat tinh xylanaza, vi du
enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cua né
clia sang ché, dic biét manh trong kha ning phén giai cic nguyén liéu chira xy-lan,
nhu céc arabinoxylan, vi du AXinsol, trong pham vi rng 16n céc co chit, bao gém
ngod, laa mi, DDGS, v.v., cu thé 1a ngod va cac co chét géc ngo, cu thé 13 ca san phém
tir Ita mi (bao gdm san phim san xuét tir [ia mi) va ngd (bao gbm san pham san Xudt
tlr ngd). So voi xylanaza chudn 13 c4c xylanaza dugc san xuit va mua ban thuong mai,
xylanaza méi dugce dé cap trong ban md ta nay c6 kha nang phén gidi va giai phong
pentosan hi¢u qua hon nhiu tir nhidu nguyén liéu c6 ngudn gbe thue vat hon (cu thé 1a
co chit gbc ngd) so véi cac xylanaza ban trén thi truong. Déy 1a didu hoan toan bt
ngd. Diéu nay trai nguoc véi cac enzym da biét trudc ddy, cac enzym nay thuong kém
trong viéc hoa tan AXinsol trong ngd hodc co chét gbc ngd hodc khong c6 hiéu qua
tuong tu trong cic co chét ¢6 gbc 1a Ita mi va ng.

Ngoai ra, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cia né cla sang ché, dic biét c6 hiéu qua khong
chi trong viéc phéa v& (hoa tan) AXinsol, ma con c6 kha nang pha v& (hay phén giai) cac
polyme duogc hoa tan mdt cach hiéu qua. Do c6 kha néng pha v& (phan giai) hiu qua
(nhanh chong) cac polyme hoa tan (thu dugc tir viéc hoa tan AXinsol), nén chung sé giup
lam giam d6 nhét. Hi¢u tng sau rét quan trong trong mot sd g dung yéu cau bao ho.

Nhin chung, xylanaza thong thuong co6 thé pha v& AXinsol, nhung thuong s&
lam ting cac san phim san xuét polyme, din t6i ting d nhét cua hdn hop. DY nhét

tang 1a diéu bit lgi trong nhiéu tng dung.
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Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan clia n6 clia sang ché, va cac enzym nhu dugc
md ta trong ban md ta nay dugc phat hién 1a khong nhitng ¢6 thé pha v& (hoa tan) céc
arabinoxylan (AXinsol) khong tan trong pham vi rong 16n cac co chét, bao gdbm ngod,
Ita mi, DDGS, v.v., cu thé 1a ngd va céc co chét géc ngo, cu thé 1a ca san phim tir laa
mi (bao gdm san phim san xudt tir laa mi) va ngd (bao gém sén pham san xudt tr ngo),
ma con ¢6 thé pha v& cac polyme duge hoa tan d6 mdt cach hiéu qua dé dam bao do
nhot sé khong ting va/hodc lam gidm do nhot.

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hosc phan doan ciia nd cua séng ché, va cac enzym nhu dugc md ta
trong ban mo ta nay c6 kha nang phan giai AXsol hodc san phim bj pha v& ctia AXinsol
dé dam bao dd nhdt khong ting va/hodc do nhét gidm trong hdn hop phan tng.

Nhiéu xylanaza la cac enzym GH11 dugc thuong mai hoa dé sir dung trong thirc
4n chin nudi nhadm muc dich hoa tan pentosan. Céc chuyén gia trong nganh tir 1au da
cho ring xylanaza GH10 khong manh bang xylanaza GH11 trong kha nang hoa tan cic
pentosan, cu thé 13 AXinsol. That bét ngd 12 ngudi ta da phét hién ra loai xylanaza cai
bién méi nhu duwgc mod ta trong ban md ta nay, d6 chinh la xylanaza GH10, dic biét
manh trong kha nang hoa tan AXinsol trong pham vi rdng 16n cac co chét, bao gém
céc co chit gbc ngd. Pang ngac nhién 13, cdc nha séng ché da phat hién ring xylanaza
GH10 cai bién cta sang ché (va duoc dé cap trong bin mo ta nay) da vuot trdi
xylanaza GH11 thwong mai trong kha ndng hoa tan pentosan.

Viéc cac enzym nay hoa tan hi¢u qua AXinsol tr ngd va co chét gbc ngd 1a mot
wu diém dang k& do ngd c¢6 nhiéu AX dudi dang khong tan hon rt nhiéu so vé6i cac ngil
cbc khéc, vi du nhu lta mi va lua mach den. Do d6 chi cac xylanaza co thé phé v
AXinsol méi ¢6 thé mang lai loi ich déng ké dbi véi dong vat duge nudi bang, vi du,
khiu phén 4n d4u nanh - ngd.

Hoan toan bit ngd ring xylanaza GH10 lai manh dén thé trong kha ning hoa
tan AXinsol trong ngii cdc, cu thé trong ngd va trong co chét gbc ngo.

Céc enzym clia sang ché c6 thé phan giai hiéu qua (va nhanh chéng) polyme va/hodc
oligome dugc san sinh tir viéc hoa tan AXinsol hogc ¢ mat trong nguyén li€u ¢6 ngudn gdc
tir hat ngfi cbe. Piéu ny din t6i wu diém bét ngd clia xylanaza GH10 cai bién duoc dé cap
trong ban mo ta ndy & chd ching dic biét manh trong mét s6 tmg dung duy tri d9 nhét thip

hodc giam d6 nhét, vi du trong thirc dn chan nudi; trong quy trinh niu bia rugu vi/hoidc tao
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mach nha; trong san xuét glucoza gdc hat ngil cbe, vi du trong ché bién chuyén sau dbi v6i
nhién liéu sinh hoc va/hoac cac chét hoa sinh (vi du, isopren géc sinh hoc); hodc trong
nganh cong nghiép tach gluten-tinh bt Iia mi, vi du @8 san xuét tinh bot.

Ngoai ra, xylanaza GH10 cai bién cua séng ché dic biét c6 tinh bén nhiét. Diéu
nay d3 mang lai cac lgi ich dang ké trong mét sd tmg dung. Cu thé, trong cac ng dung
thirc &n chin nudi, cac enzym c6 thé phai trai qua qua trinh xir 1y nhiét, vi du trong cic
quy trinh tao vién. Vi thé, cac enzym nay can phai c6 kha ning duy tri hoat tinh ctia
chung sau khi trai qua budc xt ly nay. Xylanaza cai bién cta sang ché bén nhiét mot
cach dic biét va dang ngac nhién.

Ngoai ra, d 6n dinh nhiét dugc nang cao ciing rat ¢6 loi trong qud trinh phan giai
tinh bdt, qua trinh ndy dién ra trong diéu kién nhiét do cao trong khi hoa long (khoang
85-95°C). Kha ndng chiu nhiét cho phép enzym dugc bd sung trong budc nay. -

Dang cht y 12 da phét hién ra rang san phdm dugc phan giai tir viéc st dung
xylanaza cai bién c6 do dai trung binh ngén hon d6i véi enzym GH10 duge thir nghiém
trong ban md ta so véi enzym GHI1. Diéu nay lam ting hiéu qua cta viéc lam giam do
nhot.

Ngoai ra, mot uu diém khac nita cia enzym c6 hoat tinh xylanaza, vi du enzym
xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hoic phan doan cua no theo sang
ché (khong nhu nhiéu xylanaza GH11) 1a chung khong bi anh hudng bdi cic chit tc ché
xylanaza lGa mi, vi du cac chit trc ché protein gibng TAXI, xuét hién trong lia mi.

Mot vu diém cta sang ché 1a sang ché cai thién viéc tach gluten-tinh bot lua mi.

Enzym cua sang ché dic biét hitu hi€u trong viéc lam ting cuong chét lugng
ctia dbi tugng hodc cai thién kha ning tiéu hoa nguyén ligu thd trong thirc &n chan nudi
va/hodc 1am cai thién hiéu qua cia thirc an chdn nudi trong dbi tuong.

Nguyén liéu chira xylan

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hogc phan doan clia n6 clia sing ché (hodc ché phdm chira xylanaza céi bién
cua sang ché), c6 thé dugc sir dung dé phan giai nguyén liéu chira xylan bat ky.

Theo mdt phuong 4n, nguyén liéu chira xylan 1a nguyén li€u thyc vét bat ky chira
arabinoxylan.

Theo mdt phuong 4n, nguyén liéu chira xylan 13 nguyén li¢u thyc vat bét ky chira

arabinoxylan khong tan (AXinsol).
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Theo mot phuong 4n, nguyén lidu chira xylan 1a thirc dn chin nudi hodc thanh
phén thirc dn chin nudi.

Theo mdt phuwong an, nguyén li¢u chira xylan la nguyén liéu c6 ngudn gde tir hat
ngl cbe (bao gém nguyén hat hodc hat v& hodc ngii cdc chira mach nha, vi du lia mach
chira mach nha). Khi phuong phap lién quan té1 san xuht nhién liéu sinh hoc (vi du san xuét
cdn sinh hoc) thi t6t nhat nguyén lidu chira xylan 1a nguyén liéu c6 ngudn gdc tir hat ngfi
cde.

Theo phuong an khéac, nguyén liéu chira xylan c6 thé 1a mach nha lia mach
ho#c dich ngdm lia mach hodc lia mach chira mach nha va cac két hop cua chung.

Theo phuong an khac nita, nguyén li¢u chira xylan c6 thé 1a bot ngii coc (vi du
bot lua mi, yén mach, lda mach den hodc lia mach). Khi phwong phap lién quan dén
qua trinh tach gluten-tinh bot, t5t nhat nguyén liéu chira xylan 1a bot ngii cbe (vi du bot
lua mi, yén mach, ltia mach den hodc lia mach).

Phd v& hodc phan gidi

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cua nd cia sang ché (hoic ché phim chua
enzym) cua sang ché, c6 thé dugc st dung dé pha v& (phan giai) AXinsol hodc AXsol
hodc cac san phdm phan giai ctia AXinsol.

Thuét ngit "phéa v&" hodc "phéan giai" ddng nghia véi thily phan.

Sw hoa tan / phdn gidi

Sang ché @& cap dén phwong phap phan giai nguyén liéu chira xylan, (t6t nhét 1a
nguyén li¢u chtta arabinoxylan, tdt nhit 12 nguyén liéu chtta arabinoxylan khong tan
(AXinsol)) @& san xut pentosan tan (c6 thé 1a polyme, oligome hodc monome).

Trong ban md ta nay, phuong phdp nay co thé dugec mo ta 1a sy hoa tan
pentosan hodc su hoa tan arabinoxylan hodc sy hoa tan AXinsol hodc sy phén giai
AXinsol.

Theo mdt phuong an, sang ché lién quan dén phuong phap phéan giai (hodc phé vo)
arabinoxylan khong tan (AXinsol). Phuong phép nay cling ¢ thé duoc goi 1a phuong phép
hoa tan arabinoxylan khong tan va/hoéc hoa tan pentosan.

Theo phuong &n khéc cua sang ché, phuong phap lién quan dén phan giai (vi
du, phd vo) céc polyme c6 ngudn gde tir sy phan giai arabinoxylan khong tan,

Arabinoxylan (ax)
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Trong ban mé ta nay, thuat nglt “arabinoxylan” (AX) c6 nghia la polysacarit
bao gébm khung xylan (1,4-don vi xyloza lién két) voi L-arabinofuranoza (L-arabinoza
trong dang vong 5 nguyén tir cia no) dugc gén ngiu nhién bdi la—2 va/hodc 1lo—3
lien két t6i cac don vi xyloza trong toan mach. Arabinoxylan la hemixenluloza ¢
trong ca thanh té bao so cAp va thanh té bao tht cép cua thuc vat. Arabinoxylan c6 thé
¢6 trong v cam cua cac hat ngii cbc nhu 1aa, ngd (bap), lda mach den va lua mach.

Arabinoxylan (AX) c6 mdi quan hé mat thiét voi thanh té bao thuc vat, tai day né
¢6 vai trd nhu chat keo lién két cac don thé khac nhau cta thanh té bao thuc vat va mo,
khién cho ca hai ¢6 cdu trac bén vimg va chéc chan.

Thuat ngit "pentosan" trong ban md ta nay chi nhém hydrat cacbon bat ky san
sinh ra pentoza khi thity phan hoan toan. |

Do xyloza va arabinoza (céc cAu tir cia arabinoxylan) cing 13 cic pentoza, nén
arabinoxylan thuong duoc phan loai 1a pentosan.

AX 1a phéan cit polysacarit khong phai tinh bot (NSP) chinh trong mot s&
nguyén liéu thirc dn chdn nudi quan trong, bao gdm lda mi va ngo.

V6i 6 lugng doi dao, viéc ¢6 mit trong nguyén ligu thuc vat va chu tric phén tir
khién AX c6 tic dong xAu, tiéu cue dbi vi sy tiéu héa thire an chan nudi, lam giam déng ké
gi tri dinh dudng trong nguyén liéu thd ma n6 c6 mét trong do. Didu nay khién cho AX tr&
thanh nhan t6 khang dinh dudng chinh, lam giam hiéu qua san xuat cia dong vit.

Ngoai ra AX ¢6 thé c6 tac dong x4u, tiéu cuc khi ¢b pha v& nguyén liéu thuc
vat, vi du, trong cac quy trinh nhu nau rugu bia, tao mach nha, san xuét nhién liéu sinh
hoc, lam giam dang ké luong co chét c6 thé tiép can dugc trong nguyén liéu thuc vat
thd.

AX ciing c6 thé gitt mot lugng 16n nude (c6 thé dugc goi 1a kha ning gitt nudce
cta ching) - kha nang nay co thé khién c4c arabinoxylan tan gy ra do nhét (cao) - day
1a diém bét loi trong nhiéu tng dung.

Thuét ngt “Hemixenluloza” — nhu dugc st dung trong ban md ta nay chi cac
thanh phan polysacarit cua thanh té bao thuc vat ngoai xenluloza. Thudt ngi
“hemixenluloza” nhu dugc st dung trong ban mo ta nay co thé chi cac polysacarit trong
thanh té bao thuc vat co thé dugc chiét xuét bang cac dung dich kiém pha lodng.
Hemixenluloza bao gdbm khoang mot phan ba hydrat cacbon trong md thyc vat la than
gd. Chu triic héa hoc clia hemixenluloza bao gdm cac mach dai cua céc loai pentoza,

hexoza, va céc axit uronic twong tng cua ching. Co thé tim thay hemixenluloza trong
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trai cdy, than cay va vo hat ngii cbe. Xylan 1a mdt vi du vé pentosan bao gbm céc don vi
D-xyloza véi 1p—4 lién két.
Arabinoxylan khéng tan trong medc (AXinsol)

Arabinoxylan khong tan trong nudc (AXinsol) con dugc goi la arabinoxylan khong
thé chiét xuit trong nuéc (WU-AX) tao thanh ty 1é dang ké chét khd cta nguyén liéu thyuc
vat.

O 1aa mi, AXinsol ¢6 thé chiém 6,3% chét kho. Trong vo cam lua mi va DDGS lia
mi, AXinsol c6 thé chiém khoang 20,8% hoic 13,4% chét kho (khéi lugng/khdi lugng).

() Ita mach den, AXinsol c6 thé chiém 5,5% chat kho.

O ngd, AXinsol ¢c6 thé chiém 3,5-6% (vi du 5,1%) chét khd. Trong DDGS ng,
AXinsol ¢6 thé chiém 10-20% (vi du 12,6%) chét kho.

AXinsol giy nén hién tuong gitt chéit dinh dudng trong thirc an chin nudi. Khéi
lwong 16n chét dinh dudng c6 thé tiéu hoa dé dang nhu tinh bdt va protein s€ bi gilt lai
duédi dang bi bao boc trong cac cum vt chét thanh t& bao hodc bi két dinh véi céc
mach bén ctia AX. Cac chat dinh dudng bi giit lai nay s&¢ khong duoc ti€u hoa va tiép
d6 1a khong duoc hip thy trong rudt non.

Arabinoxylan tan trong nudc (AXsol)

Arabinoxylan tan trong nuéc (AXsol) con dugc goi 1a arabinoxylan c6 thé chiét
xuét trong nuéc (WE-AX) c6 thé gay ra cac vén d trong san xudt nhién liu sinh hoc,
san xudt chét sinh hoa, xtr Iy hydrat carbon va/hodc quy trinh ndu rugu bia va/hoic tao
mach nha va/hodc trong thitc &n chan nudi do AXsol ¢ thé 1am ting do nhét do kha
nang lién két véi nuée cua ching.

Trong thirc &n chin nuodi, AXsol ¢6 thé c6 hiéu tng khang dinh dudng, cu thé
trong ddng vat da day don, do ching lam tang dang ké do nhét cta cac chit chira trong
rudt, hién twong nay bét nguén tr kha nang lién két v&i nude vuot trdi cua AXsol.
Viéc tang dd nhot co thé anh hudng dén sy tiéu hoa thirc an va st dung chit dinh
dudng do hién trgng nay co thé ngdn can viéc tron thirc &n ding cach bang cac enzym
tiéu hoa va mudi mat va/hodc 1am cham lai sy kha dung cling nhu sy hép thu chit dinh
dudng va/hodc kich thich sy 1én men trong phan rudt sau.

3 lda mi, AXsol ¢6 thé chiém 1,8% chat khd. Trong v6 cam lia mi va DDGS
lia mi, AXsol ¢6 thé chiém khoang 1,1% hoiic 4,9% chét khd (khéi lugng/khdi lugng).

G ltia mach den, AXsol c6 thé chiém 3,4% chat kho.

G laa mach, AXsol c6 thé chiém 0,4-0,8% chét kho.
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O ngd, AXsol c6 thé chiém 0,1-0,4% (vi du 0,1%) chat kho. Trong DDGS ngo,
AXinsol ¢6 thé chiém 0,3-2,5% (vi du 0,4%) chat kho.

Tuy nhién, ngoai lugng AXsol ¢ mat trong nguyén ligu thyc vét, khi xylanaza
hoa tan AXinsol trong nguyén li€u thuc vat, nd ¢ thé giai phong pentosan va/hodc
oligome, ddy 1a cac thanh phan gép phan vao ham lugng AXsol trong nguyén ligu thuc
vat.

Mdt vu diém dang ké ctia xylanaza cai bién cong b trong ban mo ta nay la ching
¢6 kha ning hoa tan AXinsol ma khong 1am tang do nhét. Ngudi ta tin rang ngay sau d6
céc san phidm c6 khdi lugng phan tir cao s& khong dugc tao ra.

Su phd v AXsol ¢6 thé 1am giam do nhét.

Sy phé v AXsol c6 thé 1am giai phong chét dinh dudng.

Do nhot

Sang ché nay co thé dugc st dung dé dam bao do nhét khong bi ting va/hodc dé
lam gidam dd nhot trong quy trinh bat ky trong d6 kha ning lién két v6i nude cua
AXsol s& lam tdng d6 nhét mot cach khong mong mudn.

Sang ché dé cap dén sy dam bao dd nhét s& khong bi tang va/hodc dén sy 1am giam
d6 nhét bang ‘céch phd v& (phan giai) AXsol hodc bing cach pha v& (phan giai)
polyme/oligome dugc san sinh khi hoa tan AXinsol.

Khéng bi rang budc bédi hoc thuyét bat ky, do c6 kha ning pha v& (phén giai)
hiéu qua (nhanh chéng) cac polyme bi hoa tan (vi du, oligome) san sinh tlr viéc hoa tan
AXinsol, ¢6 thé tranh duoc viée ting d6 nhét khong mong mudn va/hodc 1am gidm do
nhét. Thudt ngit "hiéu qua" trong ban md ta ndy c6 nghia la enzym c6 kha nang phén
giai cac polyme (vi du, oligome) dugc tao thanh tir viéc hoa tan AXinsol nhanh hon
tdc dd AXinsol bi phan giai (hodc bi hoa tan).

Viéc lam giam do nhot co nhidu vu diém trong nhiéu tmg dung dugc d& cap dén
trong ban mo ta nay.

Mot xét nghiém trong dng nghiém da thtt m6 phong moi truong trong rudt non
cia ga, dugc trinh bay 1an dau tién bai Bedford & Classen (1993 Poultry Sci. (Khoa
hoc gia cim), 72, 137-143). Xét nghiém bao gdm hai buéc, trude hét 14 bude u thirc dn
trong moi trudng ¢6 ¢ pH thap véi pepsin, sau do 1 véi dich tuy trong moi truong cd
do pH trung hoa. Nhin chung, nguoi ta dd cong nhan rang d6 nhét cia 16p bé mit sau

khi két thic & twong quan véi do nhét tao trong co thé séng trong céc con ga gio.
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Khong lam ting do nhét va/hodc lam gidm do nhét nhu dé cap trong ban md ta
nay dbi véi cac ing dung thirc &n chin nudi c6 nghia la vige bd sung xylanaza s& c6
két qua 1a do nhét khong thay i hodc dat duoc do nhét thip hon nhu dd duogc do
bing phuong phap md ta trong Vi du 1. Khong thay dbi c6 nghia 1a gid tri do duoc, 1a
trung binh s6 ctia ba 1an do lap lai, s& roi vao trong hai do 1éch chuén cua gia tri do
dwoc d6i v6i miu lia mi khong bd sung xylanaza.

Co thé do @ nhét bing cac thiét bi sau: Thiét bi phan tich Rapid ViscoAnalyzer
(RVA) (vi dy, trong ché bién cdn sinh hoc) va may do do nhét Haake VTS50
(Thermofisher) (vi du trong ché bién tinh bot gluten Ita mi). Ca hai thiét bi déu co thé
giam sat duge mirc 9 nhét trong céc quy trinh etanol nhién li¢u va quy trinh tach tinh bot
laa mi, cac diéu kién thir nghiém cua cc quy trinh nay duoc 14n luot néu trong Vi du 6 va
7.

Trong sang ché, c6 thé tinh dwgc mirc gidm do nhdt bang cach so sanh mdt mau
bao gbm xylanaza clia sing ché (hoic duoc néu trong ban md ta nay) so véi mau so sanh
khac khong c6 xylanaza cua sang ché (hoic duoc néu trong ban md ta nay).

Viéc so sanh mirc giam dd nhdt clia xylanaza cia sang ché v6i mirc giam dd nhét
cla (c4c) xylanaza chudn trén thi truong s& minh ching hiu qua hoat dong cua enzym.
Muc dich 1a 1am ting hiéu qua hoat ddng clia enzym so v6i mic chuén cua thi truong.
(Céc) enzym chuén cho timg (g dung dugc cung cép trong cac vi du duéi day.

Enzym chuidn dé so sanh mic gidm do nhot trong cac tmg dung thic @n chan
nudi c6 thé 12 Econase®XT.

Vi du vé xylanaza dugc st dung trong nganh c¢dn sinh hoc 14 Xylathin™,

Vi du v& xylanaza dugc st dung trong nganh tach gluten-tinh bot lia mi la
Shearzyme™.

Enzym chuin dé xem xét dd 6n dinh nhiét c6 thé 1a xylanaza me (khung) (vi du
trude khi cai bién).

Theo mdt phuong 4n cua sang ché, cac xylanaza dugc dé cap trong ban md ta
nay 1a chét khir d6 nhét.

Nhin chung, lta mi (hodc ngii cbe khac) trude hét duge xay xat khd dé tach vo cdm
va mam ra khoi ndi nhii, ndi nhii nay s& duogc xay ra thanh bot. Bot ndi nhii sau d6 duge
cit phan doan thém trong quy trinh tach tinh bot lia mi thanh mot s6 dong san pham c6
gia tri thwong mai khac nhau. Muc dich chinh Ia dé tao tinh bot hang A dugc tinh ché, bao

gdm cac hat 16n dang thdu kinh ¢6 dudng kinh ndm trong khoang 15-40 pm. Dong tht hai
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a tinh bot hang B bao gdm céc hat tinh bot kém tinh khiét hon, ¢6 hinh cau va nho (1-
10 um). (C.C. Maningat, P.A. Seib, S.D. Bassi, K.S. Woo, G.D. Lasater, Chuong 10 cubn
“Tinh bot” (2009) 441-451, Tinh bot lia mi: sin xudt, tinh chdt, cai bién va sir dung).
Tinh bdt lta mi phén ldp tao nguyén liéu @8 san xuét tinh bot cai bién véi cac tmg dung
trong thuc phdm va phi thuc phim. Bot gluten 12 san pham thi ba c6 gia tri gia ting trong
c4c quy trinh tach lta mi. Tinh bén dai ctia gluten laa mi phén l4p duoc xac dinh boi kha
ning tao cac mang ludi dinh va dan hdi cin thiét cho viéc 1am banh mi. Bt gluten bao
gdm cacbon dioxit dugc tao khi chudn bi bot nhdi trong qua trinh 1am bénh, két qua 13 1am
ting kich thudc banh mi. (dnne van der Borght, Hans Goesaert, Wim S. Veraverbeke, Jan
A. Delcour, Journal of Cereal Science (Tap chi Khoa hoc vé ngii coc) 41 (2005) 221-237,
Cdt phdn dogn lia mi va bot lia mi thanh tinh bot va gluten. toan cdnh cdc quy trinh
chinh va cde yéu t6 lien quan). Do d6, n6 thuong duge ding dé lam gidu bdt 1am banh mi,
dé thu duoc cac san phidm banh mi tdt hon. Céc thi truong khéac cho gluten bao gbm
gluten lam chit phy gia trong céc sén pham chay, thit, c4 hodc gia cdm, bao gém san
phim trong nganh thuc pham cho tht nudi lam cénh; trong bita &n phu bing ngil cc;
hodc trong nudc twong. Nho do dn dinh nhiét va cac tinh chét tao mang tdt, gluten cling
duoc st dung trong cac thi truong phi thuc phdm 1am chét keo dan. (L. Day, M.A.
Augustin, I.L. Batey, C.W. Wrigley, Cdc xu huéng trong Khoa hoc & Céng nghé thuc
phdm 17 (2006) 82-90, St dung gluten liia mi va nhu cau trong cong nghiép).

Céc xylanaza cai bién d& cap trong ban mo ta nay c6 thé duoc sir dung dé lam giam
d6 nhét (hodc khdng lam ting dd nhdt) trong cac quy trinh tich bt ngii cbe (vi du, bot Ita
mi, yén mach, lia mach den hoic Itia mach) thanh cac phin cit tinh bot va gluten va dé cai
thién viéc tach bang cach phan giai oligosacarit, chét ndy ngan can qué trinh két tu gluten.

D6 nhdt cua dich dudng, va do nhét cia dich ngdm lda mach va mach nha lua
mach trong quy trinh ndu ruou bia va tao mach nha c6 th8 gay ra nhirng bét lgi dang ké
trong qua trinh ndu ruou bia va tao mach nha. Sang ché dé cap toi viec giam do nhot
(hodc khong lam ting d6 nhdt) cua dich duong, dich ngdm laa mach va mach nha lua
mach hodc két hop cta chung.

Thite dn gia suc hay thiec dn chdn nudi

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza

GHI10 cai bién) hodc phan doan clia né cla sang ché, hoic ché phém phu gia thirc dn chin

nudi ciia sang ché c6 thé dugc st dung lam - hodc trong ché bién - thirc dn chan nudi.
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Thuat ngit "thtrc &n chin nudi" duge st dung cung nghia véi "thirc an gia stc"
trong badn mo ta nay.

Tt nhét nguyén lidu chira arabinoxylan cua sang ché 14 thire dn chin nudi, hogc
cAu tir cia thirc 3n chin nudi, hodc 1a thanh phén cua thirc dn chin nuoi.

Thttc &n chin nudi c6 thé c6 dang dung dich hodc dang rin hodc ban rin - tuy
vao cach st dung va/hodc ché do ap dung va/hodc phuong thire sir dung.

Khi dugc st dung lam - hodc trong ché bién - thirc #n chin nudi - nhu thirc an chan
nudi chirc nidng - enzym hodc ché phim ctia sang ché c6 thé dugc sir dung cing v6i mot
hodc nhidu trong s cac chét sau: chit mang dugc chdp nhan vé mat dinh dudng, chét pha
lodng duogc chép nhan vé& mat dinh dudng, t4 dugc duge chép nhan vé& mit dinh dudng, chét
phu gia dugc chép nhén vé mat dinh dudng, thanh phﬁn hoat tinh dugc chép nhén vé mit
dinh dudng.

Theo mdt phuong an vu tién, enzym hodc ché pham phu gia thic dn chdn nudi
clia sang ché dugc tron v6i thanh phé‘ln thirc &n chin nuoi dé tao nén thirc an chin nudi.

Trong ban mo ta nay, thuat ngt "thanh phan thirc #n chan nudi" c6 nghia la tat
c4 hodc mot phan cta thirc an chin nudi. Mot phin cia thirc #n chin nudi c6 thé ¢6
nghia 12 mdt hodc nhiéu hon mot chu tr cua thie dn chin nudi, vi du 2 hodc 3 hoic 4.
Theo mdt phuong an, thudt ngtt "thanh phén thirc #n chin nudi" bao gbm ca cac hdn
hop so ché hodc cAu tir ctia hdn hop so ché.

Tét nhét, thie dn chin nudi cd thé 1a thtrc an tho gia stc, hodc hdn hop so ché cua
n6, 13 thitc &n chan nudi hdn hop hodc hdn hop so ché ciia n6. Theo mot phuong én, ché
pham phu gia thirc 4n chdn nudi theo sang ché ¢6 thé dugc tron véi thirc an chdn nudi
hén hop, thanh phan thirc &n chin nudi hdn hop hodc véi hdn hop so ché cua thic dn
chan nudi hdn hop hodc véi thic &n thd gia suc, thanh ph?ln thirc dn tho gia stc, hodc
hén hop so ché cua thirc &n tho gia stc.

Trong ban mo ta nay, "thirc &n thod gia suc" chi thirc dn bét ky duoc cung cép cho
dong vat (khong phai do dong vat tu kiém duoc). Thirc #n tho gia suc bao gdm thuc vat
duogc cit nhé.

Thuét ngtt thirc dn tho gia suc bao gbm ¢6 1 tuoi, thirc &n dang nén va dang vién,
dau va khiu phén thire n tron, ddng thoi ca mam hat ngii cbc va rau dau.

C6 thé thu dugce thie dn tho gia stc tir mot hay nhiéu thuc vat duoc chon tir: ngd
(bép), co linh lang (Lucerne), lia mach, ¢6 ba 14 chan chim, cai bp, cai xoan, cai dau

(canola), cu cai (Thuy Dién), ci cai, cd ba 14, cO ba 14 lai, co ba 14 do, cd ba 14 moc
-50-



38318

ngim, co ba 12 tréng, ¢o roi, cd gidng yén mach, ke, yén mach, cao lwong, dau nanh, cay
céc loai (chdi cia cdy bdm dot dé tao thirc an kho), lta mi, va rau déu.

Thuat ngit "thtrc dn chin nudi hdn hgp" chi the dn chan nudi thuong mai dudi
dang bot, dang vién, hat, banh hodc banh hép. Thite an chan nuodi hdén hop c6 thé dugc
tron tir nhidu nguyén lidu va chét phu gia khac nhau. Cac hdn hop nay c6 cong thire theo
yéu cau cu thé ciia dong vat dbi tuong.

Thirc #n chin nudi hdn hop c6 thé 1a thirc dn chin nudi hoan chinh cung cp tat
ca dudng chit can thiét hang ngdy, cac san pham c6 dic cung cp mot phan cia khau
phin 4n (protein, ning lwgng), hodc cac chét bd sung chi cung clp chét dinh dudng vi
lwong bd sung, nhur khoéng chét va vitamin.

Thanh phén chinh dugc st dung trong thirc &n chidn nudi hdn hop 1a cac loai hat
ngll cbe, bao gém: ngod, lta mi, bt cai dau thd, bot canola thd, dau lupin, ddu nanh,
cao luong, yén mach va Ida mach.

Trong ban mo ta nay, hdn hop so ché c6 thé phu hop 1a ché pham duoc lam tr
cac vi hop ph?m nhu vitamin, khoéng chét, hoa chit bao quén, thude khang sinh, san
pham 1én men, va céc thanh phin quan trong khac. Hén hop so ché thuong 1a cac ché
phdm phu hop dé tron thanh céc suét an thuvong mai.

Thite an chan nudi bét ky clia sang ché c6 thé chira mot hodc nhidu nguyén ligu
thtrc dn dugc chon tir nhom bao gém a) ngll cbe, nhu céc loai ngil c¢bc hat nho (vi dy, Iua
mi, lta mach den, lua mach, yén mach, tiéu hic mach va két hgp clia chung) va hat 16n
nhu ngd hodc cao luong; b) phu pham tir ngii cbe, nhu bot gluten ngd, dudng miéng 4m
(cu thé dudng miéng dm c6 ngudn gbc tir ngd), ba ngil cdc 1én men (Distillers Dried
Grain, DDG) (cu thé 14 ba ngii cbc 1én men co ngudn gbc tir ngd (DDG ngd)), ba rugu
kho (Distillers Dried Grain Solubles, DDGS) (cu thé 12 ba rugu khd 6 ngudn gbe tir
ngd (DDGS ngd)), vo cdm lta mi, laa mi tAm, vun lda mi, cdm gao, vo triu hat gao, vO
trdu yén mach, hat co, va bt nhdo tir qua ho cam quyt; ¢) protein thu dugc tir cac ngudn
nhu ddu nanh, hat huéng duong, dau phong, ddu lupin, ddu Ha Lan, déu rang ngua, hat
bong, dau hat cai, bot c4, dam bot huyét twong kho, bot xwong thit, dam khoai tay, nudc
sita, kho dira, kho vimg d) dau va m& thuc vat va dong vat; e) khoang chét va vitamin.

Theo mdt phuong an, thirc &n chin nudi bao gdm hay gdm c6 ngd, DDGS (nhu
DDGS ngd), lta mi, cdm ltia mi hodc két hop c4c thanh phan nay.

Theo mdt phuong 4n, thanh phan thirc dn chin nudi c6 thé 12 ngd, DDGS (nhu

DDGS ngd), lta mi, cdm ltia mi hodc két hop céc thanh phén nay.
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Theo mdt phwong an, thirc an chan nudi bao gbém hay gbdm c6 ngd, DDGS (nhu
DDGS ngd) hoic két hop cic thanh phén nay.

Theo mét phuong an, thanh phan thirc dn chin nudi c6 thé 1a ngd6, DDGS (nhu
DDGS ngd) hoic két hop cac thanh phan nay.

Thitc &n chan nudi cla séng ché 6 thé chira it nhit 30%, it nhét 40%, it nhét
50% hoic it nhat 60% khdi lugng bdt ngd va bot ddu nanh hodc ngd va ché phém dau
nanh con nguyén chit béo, hogc bot lta mi hodc bot hat huéng duong.

Thttc n chin nuéi cta sang ché co6 thé chira khoang 5 dén khoang 40% DDGS ng.
Dbi voi gia cam - thire &n chin nudi ¢6 thé chtra trung binh khoang 7 dén 15% DDGS ngo.
Déi véi lon (heo) - thirc &n chdn nudi co thé chira trung binh 5 dén 40% DDGS ngd.

Thirc An chin nudi cta sang ché c¢6 thé chira ngd 1a loai ngil cbc duy nhit, trong
trudng hop nay, thirc dn chdn nudi ¢ thé chtra khoang 35 dén khoang 80% la ngd.

Trong thirc an chan nudi bao gém ngil cbe tron, vi du bao g6m ngod va lua mi,
thirc &n chan nudi c6 thé chira it nhat 10% 1a ngo.

Ngoai ra, hay hodc 13, thirc dn chin nudi cua sang ché ¢6 thé chira it nhit mot
nguyén liéu nhidu xo va/hogc it nhat mot phu phim cia it nhit mot nguyén liéu nhiéu
xo dé cung cip thirc 4n chin nuéi ¢6 ham luong chét xo cao. Céc vi du vé nguyén lidu
nhidu xo bao gém: lia mi, lta mach den, lua mach, yén mach, phu phdm tir ngii cbc,
nhu bdt gluten ngd, thirc an tir gluten ngd, duong miéng 4m, bd ngi cbe 1én men
(DDG), ba rugu khd (DDGS), cdm lda mi, lda mi tAm, vun la mi, cdm gao, vo triu
hat gao, v trdu yén mach, hat co, va bdt nhdo tir qua ho cam quyt. Mot s ngudn
protein cling co thé dugc coi 1a chira nhidu xo: protein thu duge tir cac ngudn nhu hat
huéng duong, dau lupin, ddu rang ngua va hat bong.

Theo mot phuong an, thirc @n chdn nudi cua sang ché bao gdm it nhit mot
nguyén liéu nhiéu xo va/hodc it nhat mot phu phém cta it nhat mot nguyén liéu nhiéu
x0 duoc chon tir nhém bao gém, vi du, b ruou kho (DDGS) - cu thé 1a DDGS ngd,
duong miéng 4m, ba ngil cbe 1én men (DDG) - cu thé 1a DDG ng6, cam lta mi, va lua
mi.

Theo mdt phuong an, thirc &n chin nudi cia sang ché bao gbm it nhit mot nguyén
liéu nhiéu xo va/hoic it nhét mot phu phém clia it nhit mot nguyén liéu nhiéu xo dugc
chon tir nhém bao gdm, vi dy, ba regu khd (DDGS) - cu thé 1a DDGS ngd, cam laa mi, va

lua mi.
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Trong sang ché, thirc n chin nudi co thé 12 mot hogc nhidu trong sb thirc an
sau: thirc an chan nudi hdn hop va hdn hop so ché, bao gém vién, hat hodc banh (cho
gia suc); cay trdng hoic phén bo di cla cay trdng: ngd, diu nanh, cao lwong, yén
mach, kho6 Iia mach, rom, rom ra bam, phﬁn bd di cta cu cai duong, bot cé, bot xuong
thit, mat mia, banh kho diu va banh ép; oligosacarit; thuc véat cdy c6 lam thuc an du
trit: ¢6 U twoi; rong bién; hat trong quéa va ngil cdc hat, connguyén hat hodc duoc ché
bién b%mg cach nghién, xay, v.v; mam hat ngil cbc va rau dau; chiét xuit nAm men.

Thuét ngit "thirc &n chin nudi" trong sang ché trong mdt sb phuong 4n bao gdm
thire an cho vat nudi lam canh. Thirc an cho vat nudi lam céanh 1a nguyén liéu thuc vat hay
dong vat dugc ché bién cho thi cung #n, nhu thirc &n cho ché hogc cho meo. Thirc &n cho
vat nudi lam canh, nhu thitrc &n cho ché hodc cho meo, ¢ thé co dang khd, nhu bot nghién
thd cho chd, hodc c6 dang u6t dong hdp. Thirc &n cho meo ¢6 thé chira axit amin taurin.

Thuat ngtt "thrc an chdn nudi" trong sang ché trong mot s6 phwong 4n bao gdm
thirc &n cho c4. Thitc 4n cho cé4 thudng chira chét dinh dudng da luong, nguyén t vi
luong va vitamin can thiét dé ca séng khoé manh. Thirc dn cho cd co thé c6 dang cbm,
vién hodc vién nén. Dang vién, mot s6 chim rit nhanh, thuong dugce st dung cho ca
16n hon hodc cac loai kiém an duéi tang day. Mot sé thirc dn cho c4 con chura chét phu
gia, nhu beta caroten hog@c hormon gidi tinh, dé tang cudng mau sdc clia c4 canh.

Thuét ngtt "thirc dn chin nuoi" trong sang ché trong mot s phwong an bao gdm
thire dn cho chim. Thac an cho chim bao gém thirc #n duoc st dung trong mang cho
chim 4n va dé nudi chim canh. Thong thuong, thirc dn cho chim bao gbm nhiéu loai
hat khac nhau, nhung c¢6 thé bao gdm m& rin (m& bd hodc clru).

Trong ban mé ta nay, thudt ngit "duoc tiép xtic" chi viéc st dung gidn tiép hay truc
tiép enzym (hoic ché phim chtra enzym) clia sang ché vao san phdm (vi du, thirc &n chin
nudi). Cac vi du vé cac phuong phap st dung co thé dugc st dung, bao gbm, nhung
khong gi6i han trong cac phuong phép sau: xu 1y san phim trong nguyén liéu bao gdm
ché pham phu gia thirc &n chin nudi, 4p dung truc tiép bang cach tron ché phém phu gia
thite &n chdn nudi v6i san pham, phun ché phdm phu gia thirc an chén nudi 1én bé mit san
phAm hodc nhiing san pham vao hdn hop ché pham phu gia thirc &n chan nuoi.

Theo mdt phuong an, ché phém phu gia thitc &n chan nudi cia sang ché t6t nhét
la dugc tron voi san phém (vi duy, thtrc an chdn nudi). Hodc, ché phém phu gia thirc dn

chin nudi c6 thé c6 trong nhil twong hay thanh phén thd cta thirc &n chin nudi.
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Trong mot s6 tng dung, viéc ché phim duogc ché bién sin trén bé mit cla san
phim s& bj anh hudng/xir Iy 1a rit quan trong. Viéc ndy cho phép ché phédm truyén mot
hogc nhidu trong s6 cac dic diém co loi sau day: cac l¢i ich vé hidu qua hoat dong.

Enzym cai bién (hodc ché phim chira enzym cai bién) clia séng ché ¢6 thé duoc
st dung dé ric 1én, bao phu va/hodc tAm 1én san phém (vi dy, thirc dn chan nudi hodc
thanh phan thd ctia thirc &n chin nubi) véi mot lwong kiém soét.

Theo mot phuong an vu ti€n cu thé, enzym (hoic ché phdm chtra enzym) cua
sang ché dugc tron ddng nhat hoa dé tao bot.

Theo mdt phuong an wu tién khac, enzym (hodc ché phdm chtra enzym) cia
sang ché co cong thirc dang hat nhu mo ta trong WO2007/044968 (duoc goi 12 hat
TPT) hoic WO1997/016076 hodc WO1992/012645, céc tai liéu nay hop nhat v6i ban
md ta nay bang vién dan.

Theo phwong an wu tién khac, khi ché phdm phu gia thic &n chin nudi c6 cong
thirc dang hat, cac hat bao gbm 16p mudi chén hydrat héa bao phu 1én 13i protein. Uu
diém cta 16p vé mudi nay 14 gitip kha nang chiju nhiét duoc cdi thién, do 6n dinh trong
diéu kién bao quan va kha ning bao vé ting 1én d6i voi cac chét phu gia thic dn chin
nudi khéc c6 anh hudng bit loi 1én enzym.

Tét nhét 13, mudi st dung trong vo mudi c6 hoat tinh trong nuée 16n hon 0,25
hogc dd 4m khong d6i 16n hon 60% & 20°C.

T6t nhét 13, vo mudi chira Na,SO4.

Phuong phéap didu ché enzym (hodc ché phdm chita enzym) cla sang ché c6 thé
con bao gdm thém bude tao vién tir bot. Bot ¢6 thé duge tron véi cac thanh phan khac
da biét trong nganh. Bot, hodc hdn hop bao gf‘)m bot, ¢b thé bi ép vao khudn va céc sgi
di ra dugc cét thanh cac vién c6 chiéu dai khac nhau phu hop.

Tuy chon, budce tao vién ¢ thé bao g@)m budc xit ly b?mg hoi, hodc giai doan xur
ly v6i nude va nhiét, trude khi tao vién. Hbn hop bao gbm bot duge cho vao may khudy
tron, vi du, may trdn c6 phun hoi nudc. Hén hop duge 1am nong trong mdy khudy tron
dén nhiét d6 cu thé, nhu bing tir 60-100°C, nhiét do thong thuong 1a 70°C, 80°C, 85°C,
90°C hodc 95°C. Thoi gian hdn hop luu trong médy c6 thé khac nhau, tir khoéng thoi
gian tinh bang gidy dén tinh bang phut va thdm chi tinh bing gid. Nhu 5 gidy, 10 gidy,
15 gidy, 30 gidy, 1 phat 2 phat, 5 phat, 10 phit, 15 phut, 30 phat va 1 gio.

RO rang 1a enzym (hodc ché phdm chira enzym) cua sang ché phu hop dé duoc

bd sung vao nguyén liéu thitc an chan nudi thich hop bét ky.
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Chuyén gia trong nganh s€ hiéu 1a cac dong vat khac nhau s& yéu cAu céc loai
thirc an khac nhau, va ngay ca cung loai dong vét cling co thé yéu cau cac loai thic &n
khéc nhau, tiy thudc vao muc dich nudi dong vat do.

Tuy chon, thirc &n chan nudi cling ¢ thé chira khoang chit bd sung, vi du nhu canxi
va/hodc vitamin bd sung,

Tét nhét 13, thirc #n chin nuoi 1a hdn hop bdt d4u nanh va ngod.

Theo mdt phuong an, tdt nhit thirc an chin nudi khong phai 1a thirc &n cho dong
vat nudi lam canh,

Theo mdt phuong an khac, phuong phéap san xuét thirc #n chan nudi duge d&
xuét. Thirc #n chin nudi thuong dugc san xudt trong cdc nha may thirc &n chdn nudi
trong d6 nguyén li¢u tho trudce hét duge xay cho dén khi c6 kich thudc hat phu hop va
sau d6 duoc tron voi phu gia phu hop. Thirc dn chdn nudi sau do c¢6 thé duoc san xuét
thanh dang hdn hop cam hodc dang vién; dang vién thudng lién quan dén phuong phap
trong d6 nhiét do duogc ting dén mitc nhat dinh va sau d6 thitc an chin nudi dugc cho
qua khuon dé tao vién c6 kich thude cu thé. Cac vién nay dugc dé ngudi. Sau do, co thé
thém chit phu gia 1éng nhu m& va enzym vao. San xuét thirc &n chdn nudi cling c6 thé
lién quan dén budc bd sung bao gdm ép trdi va cho gidn nd trude khi tao vién - cu thé
bang cac k§ thuat phu hop co thé bao gdm it nhat bude sir dung hoi nude.

Thire n chin nudi c6 thé 1a thitc dn chin nudi cho dong vét da day don, nhu gia
cAm (vi dy, ga gio, ga mai, ga giéng, ga tay, vit, ngSng, chim nudc), va logn (ta"tt ca cac
loai), dong vat nhai lai nhu gia stc (vi du, bo sira hodc bo duc (bao gém bé con)), ngua,
clru, thu cung (vi du chd, meo) hodc cd (vi du, ca khong ¢ da day, ca c6 da day, ca
nudc ngot nhu ca hi, céa tuyét, c4 hodi van va ca chép, vi du, ca chép Nhat Ban, ca bién
nhu ¢4 mu, va loai gidp xac nhu tdm, trai va so). Tét nhét thire 3n chin nudi 1a cho gia
cam.

Thikc dn chdn nudi c¢6 nguon gdc tir ngé

Theo mdt phuong én wu tién, thirc dn chin nudi co thé 13 thirc n chin nudi c6
ngudn gdc tir ngd. Trong ban mod ta nay, thuat ngit "thirc an chan nudi ¢6 ngudn goc tir
ngd" ¢6 nghia la thirc dn chin nudi bao gbm hodc gébm c¢6 ngd (bdp) hodc phy phim ctia
ngo.

Tét nhit 13 thirc an chin nudi c6 ngudn gdc tir ngd bao gdm ngd hogc phy phém ctia
ngd 13 cAu tir chinh. Vi dy, thirc &n chan nubi c6 ngudn gdc tlr ngd c6 thé bao gbm it nhit

35% ngd hodc phu phim cla ngd, nhu it nhét 40% ngd hodc phu phém ctia ngd, nhu it nhét
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50% ngd hodc phu pham cla ngd, nhu it nhét 60% ngd hodc phu phdm clia ngd, nhur it nhét
70% ngd hoic phu phim ctia ngd, nhw it nhit 80% ngd hode phu phdm ctia ngd, nhu it nhat
90% ngo hodc phu phém ciia ngd, vi du 100% ngd hodc phu phdm ctia ngo.

Trong mdt sd phuong én, thirc &n chin nudi co ngudn gbc tir ngd co thé bao gdm
ngd hodc phu phim ciia ngd lam chu tir phy; trong trudng hop ndy, thic dn chin nudi c6
ngudn gbc tir ngd cb thé dugc bd sung ngd hogc phy phdm ciia ngd. Vi dy, thirc &n chin
nudi c6 ngudn gbe tir ngd ¢6 thé bao gbm, vi du, lta mi dugc bd sung ngd hodc phu phim
cda ngo.

Khi ngd hodc phu pham ciia ngd 1a cAu tr phu cua thirc &n chadn nudi, ngd hodc
phu phim ctia ngd chiém it nhat 5%, tét nhét 12 it nhét 10%, tot nhét 1a it nhét 20%, ot
nhat 14 it nhit 30% thtc &n chin nudi.

Al

D& tranh nhdm 13n, thuat ngit "ngd" trong ban mo ta nay ddng nghia véi bép, vi
du, ngd c6 danh phap Zea mays.

Theo mét phuong an, phu phim cta ngd co thé 1a ba ruou ngd kho (DDGS ngd)
hodc dudng miéng 4m san xuét tir ngd hodc ngfi cbc ngd 1én men (DDG) hodc bot gluten
ngd hodc thirc dn la gluten ngd hodc su két hop ctia chung.

Theo mot phuong an, t6t nhét nguyén liéu chira arabinoxylan cua sang ché chtra
phu phim ctia ngd, nhu ba rugu ngd kho (DDGS ngd) hodc dudng miéng 4m san xuét
tir ngd hodc ngi cdc ngd 1én men (DDG) hodc bot gluten ngd hodc thirc an la gluten
ngd hoic su két hop clia chiing.

Thike én chdn nudi ¢é nguon goc tir lia mi

Theo mot phwong an wu tién, thirc an chan nudi co thé 12 thirc an chan nudi c6 ngudn
gde tir lta mi. Trong ban md ta nay, thuat ngit "thirc dn chdn nudi ¢6 ngudn gbc tir lia mi"
¢6 nghia 1a thirc &n chan nudi bao gdm hodc gdm c6 Ita mi hodc phu phim ctia [da mi.

Tét nhét 14 thie &n chin nudi ¢6 ngudn gde tlr lia mi bao gbm lta mi hodc phy
phim ciia Iia mi 1am cdu t&r chinh, Vi dy, thirc an chdn nudi c6 ngudn gde tir laa mi c6
thé bao gdm it nhAt 40% lta mi hodc phu phim clia [da mi, nhw it nhat 60% laa mi hodc
phu phim ciia 16 mi, nhu it nhit 80% lia mi hoic phu phdm ciia lfa mi, nhu it nhat
90% ltia mi hodc phu phém cta lta mi, vi du 100% lta mi hodc phu phém cua lda mi.

Trong mdt s phuong 4n, thirc an chin nudi ¢ ngudn gbe tir la mi c6 thé bao gdm
lua mi hodc phu phim ciia Iia mi lam cdu tir phy; trong trudng hop nay, thirc dn chan nudi
cd nguén géc tir laa mi ¢6 thé duoc bd sung lua mi hodc phy phém cta lta mi. Vi dy, thirc

an chan nudi c6 thé bao gom, vi dy, lta mi dugc bd sung lua mi hodc phu pham cua lua mi.
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Khi lta mi hodic phu pham cta lta mi 1a cAu tr phu ctia thirc #n chin nudi, lua
mi hodc phu phim ctia 1ga mi chiém it nhét 5%, tét nhét 1a it nhat 10%, tot nhat Ia it
nhat 20%, tot nhat 12 it nhat 30% thirc 4n chan nudi.

Theo mot phuong an, phu phém cta lta mi ¢6 thé 14, vi dy, vo cam lua mi, [ta
mi tAm, chét xo laa mi.

Vé cam 1a 16p bén ngoai ciing cua hat va gbm c6 hat aloron va vo hat. Cling vé6i
mam, no 1a phén hop nhat cta toan bo hat, thuong dugce tao lam phu phém cua qua
trinh xay xat khi san xuét hat tinh ché. Khi vo cam bi tach ra khoi hat, hat s& bi mét
mdt phan gia tri dinh dudng cta n6. Vo cam c6 trong ngil cde va c6 thé da bi x4t bo di
tir hat ngii cbc bt ky, bao gbm lda gao, ngd (bép), lta mi, yén mach, lta mach va keé.
V6 cam dic biét gidu chit xo thuc phim va c4c axit béo quan trong va chira s6 luong
dang ké tinh bot, protein, vitamin va khoang chét thuc pham.

Lua mi tm 13 cc hat thd va min cta phan cam lta mi va 13 c4c hat min ctia vun
Ita mi, mim lGa mi, bot laa mi va cac phé phim khong quan trong khac.

Lua mi tAm 13 phu pham ré tién trung gian gifta thitc dn cho ngudi va thirc an
cho ddng vat. Theo mot phuong an, tdt nhét 12 nguyén lidu chtra arabinoxylan cta sang
ché bao gdm cam lia mi va/hodc lua mi tAm.

Puong miéng dm, bd ngil coc 1én men (DDG) va ba ruou khé (DDGS)

Pudng miéng am, ba ngil cbc 1én men va ba rugu kho 13 céc san phdm thu dugc
sau khi tach rugu etyl bang cach chung cét tir ngii cbc hodc hdn hop ngil cbe duge lén
men bing nim men bang cac phuwong phép st dung trong nganh chung cit rugu tir ngil
ce.

Cin ruogu tir viéc chung cit (vi du, bao g6m nudc, phén ba ngli cde, té bao nim
men) duogc tach thanh phan "rén" va phan 1éng.

Phén rén dugc goi 1a "dudng miéng 4m" va c6 thé st dung lam thic &n chin
nuoi.

Phan 16ng dugc cho bay hoi (mdt phan) thanh xi-rd (dung dich tan).

Khi duong miéng 4m dugc sdy kho, ta s& thu dugc ba ngil cbe 1én men (DDG).

Khi duong miéng 4m dugc sdy kho ciing v6i xi-rd (dung dich tan), ta thu dugce
ba rugu kho (DDGS).

C6 thé st dung dudng miéng 4m trong cac trang trai nudi bo sita va trang trai

nudi bo thit.
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C6 thé st dung DDGS trong thitc &n cho gia stc (vi dy, bo sita, bo thit va lon)
va thirc &n cho gia cAm.

DDGS ng6 14 ngudn protein rat tdt cho bo sira.

Bot gluten ngo

Theo mdt phuong an, phu phim ctia ngd c6 thé 14 bot gluten ngd (CGM).

CGM la phu phim dang bot ctia nganh xay x4t ngd. CGM duoc su dung trong, vi
du, thite &n chan nudi. N6 ¢6 thé dugce st dung lam ngudn protein gia ré trong thic an chin
nudi, nhu thrc dn cho vét nudi lam canh, thirc dn gia stc va thirc an gia cm. P4y 1a ngudn
axit amin xystein ddc biét tbt, nhung phai duge can bang véi céc protein khéc vé lysin.

Ché phdm phu gia thikc dn chdn nudi

Ché phdm phu gia thirc &n chan nudi cla sang ché va/hodc thirc &n chdn nudi
chira ché phim nay c6 thé dugc st dung dudi dang phi hop bét ky.

Ché pham phu gia thirc dn chan nudi cua sng ché c6 thé duge st dung duéi dang
ché phém rin hodc 16ng hodc dang khac. Vi du vé ché phém rin, bao gém bot, bt nhao,
vién tron, vién nang, vién nhd, vién nén, manh vun, va hat c6 thé 1am uét, phun kho hodc
dong kho. Vi du vé ché phim dang 16ng bao gdm, nhung khong giéi han, dung dich chira
nuée, dung dich hitu co hodc dung dich hitu co chira nuée, huyén phi1 va nhil twong.
Trong mot s& phwong 4n, ché phim phu gia thic an chan nudi cla séng ché co thé dugc
tron voi thire &n chin nuoi hodc duge dung theo dudng nudc ubng,

Theo mdt phuong &n cia sang ché, phuong phap ché bién ché pham phu gia thirc
4n chian nudi bao gdm budc tron xylanaza dugc dé cap trong ban mo ta ndy vai chat
mang, chit pha lodng hodc chét phu gia dung trong thic &n chan nudi, va (tly chon)
budc dong goi.

Hén hop so ché

Thitc #n chin nudi va/hodic ché phdm phu gia thitc dn chin nudi co thé dugc két
hop véi it nhit mot khoang chit va/hodc it nhit mot vitamin. Ché phim c6 ngudn gbe
nhu vy c6 thé dwoc goi 1a hdn hop so ché trong ban mo ta ny.

Quy trinh tao mach nha va néu bia reou

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan clia nd cia sang ché (hodc ché phim chira
enzym cua sang ché) co thé duogc st dung trong quy trinh tao mach nha va niu bia

ruou.
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Hat lta mach chua 1,7 dén 4,1% (khdi luqng/khéi luong) chét c6 thé chiét xuit
trong nudc va 3,6 dén 6,4% (khéi lwong/khdi lugng) tong beta -glucan (Anderson,
M.A., Cook, J.A., & Stone, B.A., Journal of the Institute of Brewing (Tap chi Hoc vién
v& san xuét bia), 1978, 84, 233-239; Henry, J., Journal of the Science of Food and
Agriculture (Tap chi Khoa hoc thuc pham va nong nghiép), 1985, 36, 1243).

Hat Ita mi chtra 0,1 dén 0,8% (khéi lugng/khdi lugng) chét c6 thé chiét xudt
trong nude va 0,6 dén 1,4% (khdi lwong/khdi luong) tbng beta -glucan (Anderson, MLA.
va cong su (1978) nhu trén).

Viéc thuy phan hidu qua arabinoxylan (AXsol) va beta-glucan 1a quan trong boi
vi cac hop chét ndy c6 thé lién quan dén céc vén d@ trong san xuét nhu d6 nhét cta dich
duong (Ducroo, P. & Frelon, P.G., Proceedings of the European Brewery Convention
Congress (K¥ yéu DPai hoi cac nha san xuét bia chau Au) Zurich, 1989, 445; Viétor, R.J.
& Voragen, A.G.J., Journal of the Institute of Brewing (Tap chi Hoc vién v& san xuét
bia), 1993, 99, 243) va khéa nang loc va su tao swong mu (Coote, N. & Kirsop, B.H.
1976., Journal of the Institute of Brewing (Tap chi Hoc vién v& san xuét bia), 1976, 82,

34; Izawa, M., Kano, Y. & Kanimura, M. 1991. Proceedings Aviemore Conference on
| Malting, brewing and Distillling (Ky yéu Hoi nghi Aviemore vé& quy trinh tao mach nha,
néu bia va chung cét), 1990, 427).

Sang ché dé xudt phuong phap thiiy phén arabinoxylan (vi du, AXinsol va
AXsol) trong quy trinh tao mach nha va niu bia trong d6 hat lGa mi, hat lta mach hoéc
két hop cia ching, hodc cac phﬁn ctia hat lia mi va/hodc hat la mach, dugc tron voi
xylanaza ci bién cta sing ché.

Theo mdt phuong 4n cua sang ché, sang ché c6 thé lién quan dén ché pham thuc
phdm 13 d6 udng, bao gbm, nhung khong gidi han trong d6 udng 1én men nhu bia va
ruou, bao gdm enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan clia n6 cia sang ché.

Theo mét phuong an khéc, sang ché c6 thé lién quan dén ché phim thue pham 1a
dd ubng, bao gdm, nhung khong gi6i han trong dd ubng 1én men nhu bia va rugu, bao
gdm xylanaza ci bién theo sang ché.

Trong ngit cdnh cla sang ché, thuat ngir "dd udng 1én men" c6 nghia 12 bao gdm
dd udng bat ky duge san xuat bang phuong phép bao gdm quy trinh 1én men, nhu 1én

men bang vi khuan, nhu 1én men bang vi khuan va/hodc ndm men.
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Theo mot phuong 4n cua sang ché, @6 ubng 1én men 1a bia. Thuat nglt "bia" c6
nghia bao gdm dich dudng 1én men bét ky dugc san xuét bang cach Ién men/néu bia
nguyén liéu thyc vat chira tinh bot. Thong thuong, bia dugc san xuét tir mach nha hoic
chét phu gia, hodc két hop bat ky ctia mach nha va chét phu gia 13 nguyén li¢u thuc vét
chira tinh bot. Trong ban md ta nay, "mach nha" dugc hiéu 1a ngil cbc ¢6 mach nha,
nhu 1da mach hogc ltia mi cé mach nha.

Trong ban mo ta nay, "chit phu gia" chi nguyén liéu thyc vat chira duong
va/hodc tinh bot bét ky khong phai 12 mach nha, nhw mach nha la mach hogc lta mi.
Vi du v& chét phu gia, c6 thé d& cap dén nguyén liéu nhu bot ngd thd thong thuodng,
bdt ngd thd tinh ché, nAm men xay dé 1am bia, gao, cao luong, tinh bdt ngod tinh ché,
laa mach, tinh bot lia mach, la mach da boc vo, lda mi, tinh bot lta mi, ngli cbe séy
kho, vun ngii cbe, laa mach den, yén mach, ngd (bép), khoai tay, bot sén, tinh bot sén
va xi-rd, nhu xi-rd ngd, xi-rd dudng mia, xi-rd duong mia nghich chuyén, lia mach
va/hodc xi-rd 1Ga mi, v.v. cO thé duogc st dung 1am nguén tinh bot,

Trong ban md ta nay, thudt nglt "dich ngdm" chi huyén phi ddc chtra nude cia
nguyén liéu thuc vat chira duwong va/hodc tinh bot bét ky nhu mach nha, vi dy, bao gdm
mach nha lia mach xay, mach nha xay, va/hodc chét phu gia khac hodc két hgp cua
chung, sau do duogc tron voi nude dé dugc tach ra thanh dich dudng va ba ngil cde.

Trong ban mo ta nay, thudt ngtt "dich duong" chi phan dung dich chay ra khong
dwoc 1én men sau khi chiét xuat mach nha trong qua trinh U ruou.

Phuong 4n khac ctia sang ché d& cép dén phuong phép ché bién dd udng 1én men
nhu bia bao gdm buédc tron xylanaza cai bién cua sang ché v6i mach nha hodc chét phu gia.

Vi du vé bia bao g(“)m: bia mach nha, bia niu theo luat bia “Reinheitsgebot™, bia ale,
bia IPA, bia lager, bia déng, Happoshu (bia thir hai), bia thirc ba, bia kho, bia khong cdn, bia
nhe, bia do cdn tha“ip, bia co calo thé'lp, bia den, bia bock, bia den manh, rugu mach nha, bia
khong c¢bn, rugu mach nha khong c¢dn, v.v., ngoai ra con ¢ cac loai d6 udng tir mach nha
va ngii cbc khac nhur d6 udng tir mach nha mui trai cy, vi du d6 ubng tir mach nha mui cam
quyt, nhu do udng tir mach nha mui chanh v xanh, mui cam, mui chanh v6 vang hay mui
trdi mong, dd uéng tir mach nha mui ruou, vi du rugu mach nha mui vodka, rum, hay
tequila, hodc do uéng tir mach nha mui ca phé, nhu rugu mach nha mui cafein, v.v.

Pha vé nguyén liéu co nguc‘;n géc ter hat ngii cée, vi du, dé san xudt nhién liéu sinh hoc

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza

GHI0 céi bién) hodc phan doan ctia né cita sang ché (hogc ché pham chira enzym) 6 thé
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duoc st dung dé pha v (phéan giai) AXinsol va AXsol hodc trong qud trinh xir Iy ngi cbe
tr nguyén liéu co ngudn gde tir hat ngfi cbe. Nguyén liéu c6 ngudn gdc tir hat ngfi cbe ¢o
thé 1a ngll cbe nguyén hat (vi dy, hat lta mi, lda mach, lta mach den, tiéu héc mach hoic
ngd hodc hdn hop ctia ching) hodc céc phin clia ngii cbc nguyén hat, hodic hon hop cia
chiing.

Theo mdt phuong 4an, enzym c6 hoat tinh xylanaza, vi dy enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cua nd cua sang ché
(hodc ché phdm chira enzym) c6 thé duge st dung dé pha v& (phan giai) AXinsol va
AXsol trong nguyén liéu co ngudn gde tir hat ngil cbc hodc ngii cde nguyén hat.

Dé tranh nhim 13n, ngii cbc nguyén hat c6 thé dugc lam v& co hoc.

Nguyén liéu co ngudn gbc tir hat ngil cbe ¢6 thé duge pha v& hodc phan giai
thanh glucoza. Glucoza sau d6 c6 thé duoc st dung lam nguyén liéu cip cho quy trinh
1én men bét ky, vi dy, trong san xuit nhién liéu sinh hoc (vi du ¢On sinh hoc) va/hodc
san xudt cac chét hoa sinh (vi dy, isopren gbc sinh hoc).

Nguyén liéu co ngudn goc tir hat ngil cbe c6 thé 1a nguyén lidu cép cho quy
trinh san xuét nhién liéu sinh hoc (vi du c¢on sinh hoc).

Ngay nay, phé‘ln 16n etanol nhién liéu dwgc san xut tir hat ngd (bép), dugc xay
hodc nghién, xir ly bang enzym amylaza dé thiiy phan tinh bot thanh duong, cho 1én
men, va dugc chung cit. Mic du da dat dugc nhitng bude tién dang ké trong viéc giam
gi4 thanh san xuét etanol, vAn con ton tai rit nhidu thch thirc. Van can st dung k thuat
nang cao dé giam chi phi nguyén liéu san xuét nhién lidu sinh hoc trong san xuét etanol.
Vi du, trong san xuét etanol c6 ngudn gde tir ngil cbe, viéc phan giai arabinoxylan c6 thé
lam ting kha nang tiép can ctia tinh bot.

Sang ché dé xuét xylanaza cai bién dé sur dung lam pha v& hemixenluloza, vi du,
arabinoxylan — cu thé 13 AXinsol va AXsol.

Vi du, trong nganh cong nghi¢p cdn nhién liéu chau Au, céc loai hat ngii cdc nhd
nhu lga mi, lda mach va laa mach den la cac nguyén li€u phé bién, tai My, ngd duge su
dung 1a chu yéu. La mi, lda mach va laa mach den chira, sau tinh bot, polyme polysacarit
khong phai tinh bot (NSP) & mitc cao, nhu xenluloza, beta-glucan va hemixenluloza.

Ty 18 chiém gitt ctia cac NSP khéac nhau 1a khic nhau trong ting nguyén liéu
cap. Bang duéi ddy cho biét lwgng NSP khac nhau trong lia mi, lia mach va laa mach

den so vai cac nguyén li¢u cap khac.
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Bang 1: Polysacarit khong phai tinh bdt c6 trong nguyén ligu cip khéc nhau (g
kg chit kho)

Ngo [Liami |Lta mach den|Lia mach Yén mach
Covd Bocvo |Covd [Boc vod
Beta-Glucan 1 8 16 42 42 28 41
Xenluloza 22 (1720 |15-16 43 10 82 14
NCP' tan va khong tan. |75 |89-99  |116-136 144 114 150 113
Tong NSP 97 |107-119(132-152 186 124 232 116

1 polysacarit khéng dugc tao tir xenluloza: pentosan, (arabino)xylan va cdc hemixenluloza khac.

NSP ¢6 thé tao d6 nhét cao cho dich ngdm ngii cdec. PO nhét cao c6 anh hudng
khong t6t dén san xuét etanol do n6 han ché ndng do chét rin c6 thé duge sir dung trong
budc U rugu va s€ lam giam hiéu sudt ning lwong cla quy trinh. Ngoai ra,
hemixenluloza con lai ¢c6 mit trong toan by quy trinh ¢6 thé gbp phén lam tic ngh&n bo
trao ddi nhiét va thiét bi chung cat. Tac dong 16n nhét nhin théy duoc ciia dd nhdt cao 1a
khi dich ngdm duoc 1am mat t6i nhiét do 1én men (32°C). Diéu nay gidi thich rang do
nhét cin phai duge giam trong quy trinh ¢ giai doan bét ky trudc budc 1am mat.

Theo mdt phuong an cia sang ché, phuong phap phan giai nguyén liéu c6 ngudn gbc
tir hat ngii coc bao gdm bude tron xylanaza cai bién nhu dugc cong bd trong ban mo ta
nay cang sém cang tt trong quy trinh san xuét nhién lidu sinh hoc (vi du con sinh hoc), vi
du tbt nhét 13 trong qua trinh trdn nguyén liéu c6 ngudn gbc tir hat ngii cbe khi mai bt
du quy trinh. Mot wu diém cua viéc thém xylanaza cai bién nhu duge cong bd trong ban
md ta nay tai giai doan du clia quy trinh 1a cac enzym s& pha v& do nhét ban dau.

Theo mdt phuong 4n cua sang ché, phuong phap phén giai nguyén liéu c6 ngudn gbc
tir hat ngfi cb¢ bao gdm budrc trén xylanaza cai bién nhu dugc cong bd trong ban mo ta nay
trude hodc trong quy trinh héa 1ong, quy trinh duong héa, quy trinh 1én men, quy trinh
dudng héa va 1én men dong thoi, sau quy trinh 1én men hodc két hop céc quy trinh nay.

Do d6, theo mdt phuong 4n, sang ché dé cap dén budc 1am giam dd nhét khi phan
giai nguyén liéu ¢o ngudn gde tir hat ngil cde, vi du nhu trong quy trinh san xuét nhién
liéu sinh hoc (vi du ¢dn sinh hoc).

Viéc st dung enzym c¢6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu
enzym xylanaza GH10 cai bién) hodc phén doan ciia n6 clia sang ché va duoc dé cap

dén trong ban mo ta nay, dé lam giam d§ nhét khi phan gidi nguyén liéu c6 ngudn goc
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tur hat ngii cde, vi du trong quy trinh san xuit nhién liéu sinh hoc (vi du cdn sinh hoc),
mang t6i nhiéu loi ich:

e  (Cothé st dung dich ngdm c6 ham lugng chét khd cao hon trong quy trinh

e (o thé dat duoc ham luong chét ran cao hon trong xi-rd cudi

° Truyén nhiét tdt hon, yéu cAu it nang lugng hon

e  Giam tic nghdn mdy bay hoi, dan t6i gidm chi phi vé sinh

e  Ting san lugng etanol hoan thién

e  Nang cao chét lwgng DDGS (phu pham)

e  Téach tét hon phin chit rin va phin chét 16ng trong qué trinh tach can rugu

(sau khi chung cit). P nhét thdp hon 1am ting hi€u qua tach.

Uu diém dang ké khac ctia sing ché 13 viéc st dung enzym c6 hoat tinh xylanaza,
vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hodc phin doan cua
no6 cua sang ché, trong san xuét nhién liéu sinh hoc con gitp ning cao chét lwong san
phdm (phu phim) dugc san sinh tir quy trinh d6 nhu duong miéng 4m, ba ngii cdc 1én
men (DDG), b rugu khé (DDGS). Do do, mot vu diém cua sang ché 1a do duong miéng
4m, DDG va DDGS la san phidm (phu phdm) ctia quy trinh san xuét nhién liéu sinh hoc
(vi du cdn sinh hoc), nén viéc st dung séng ché s& gitp nang cao chét luong cua cac san
phdm (phu phim) nay. Vi dy, céc arabinoxylan trong cc san pham (phu phim) c6 thé
da dugc hoa tan trong quy trinh sén xudt nhién liéu sinh hoc.

Tach gluten-tinh bot trong ngii céc (vi du liia mi)

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan clia n6 clia sang ché (hoic ché phém chra enzym) clua
sang ché hodc nhur da cong b trong ban md ta nay c6 thé dugc sir dung dé phd v& (phan
giai) AXinsol va AXsol trong qud trinh tdch gluten va tinh bot ua mi.

Sau khi tich ban diu v6 cdm va mam lia mi khéi ndi nhil, 4p dung theo phuong
phap cong nghidp quy trinh cAt phan doan bot ndi nhii lia mi thanh phan ct tinh bot va
gluten trén quy mé 16n dé thu duge tinh bot A va phu phim tinh bot B va bot gluten chat
luong cao.

San pham cua viéc phan gidi bot ngil cbe (vi du bot lta mi) trong sang ché nay 1a
tinh bot (tinh bot A chit lugng cao).

Ngoai ra, phu pham tinh bot B va bot gluten cling duoc tao ra. Sau d6 timg san pham

duogc xir Iy tiép dé bd sung hodc lam cai bién dic tinh thuc phim theo nhu cau thi trudng.
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Béan mod ta nay mo td mot s6 quy trinh tich lua mi dugc s dung trong cong
nghiép. C4c quy trinh cong nghiép nay khic nhau chu yéu & dang hdn hgp nudc - bt
dugce dua vao thiét bj ¢t phan doan (mdy ly tm, may tach xyclon hodc thiét bi sang
loc) hodc trong diéu kién phan tng ban diu nhu nhiét do va viéc tdc dung luc cit
(Abdulvahit Sayaslan, Lebensm.-Wiss. U.-Technol (Cong nghé) 37 (2004) 499-515,
Nghién wot bot lia mi: quy trinh cong nghiép va phwong phdp thir nghiém quy mo
nho).

Trong phuong phap tach bot ngii cbe (vi du bot lta mi) thanh phan cit tinh bot
va gluten, phuong phdp bao gdm budc tron bt ngi cde (vi dy bdt lta mi), nude va
xylanaza cai bién, Bot ngil cdc, nude va xylanaza cai bién c6 thé dugc tron dong thoi
hodc lién tiép. Trong mot sb phuong 4n, co thé tron bot ngil cbe (vi du bot lua mi) va
nuée véi nhau trude khi tron véi xylanaza cai bién.

Nhin chung, bdt ngli cbe (vi du bdt la mi) duge tron thanh bot nhdi hodc bot
nhdo, v&i ham lugng chat rén kho thay d6i trong khoang tlr 35 dén 63%, & nhiét do ~20-
45°C. Sau d6 hdn hop duoe xir Iy tiép bang cach:

1) d& hdn hop nghi trong mt thoi gian (~30 phit) va lién tiép rira sach tinh bot
ra khoi hdn hop bing cach st dung thiét bi sang loc, may ly tdm hodc may tach
xyclon dé tach sira tinh bot tir gluten, hodc

2) tac dung lyc cit vao hdn hop, tity chon ¢6 thé pha loang hdn hop thém nita
va sau d6 tach bot lua mi bang mdy tach xyclon, hodc may ly tdm truc ngang 2
hodc 3 pha.

Thuat ngit "chét rdn khd" duogc st dung trong ban md ta nay nghia la tbng chét
rén (tan va khong tan) cla huyén phu dic (theo %) trén co s& khéi lugng khs.

Theo mdt phuong 4n cua sang ché, phwong phép hodc viéc st dung duge yéu
cAu bao hd c6 thé bao gém cac buéc tron bot lia mi dé tao bot nhoi hodc bot nhio véi
ham luong chét rin kho ndm trong khoang 35-63%, & nhiét do bang khoang 20 dén
khoang 45°C va budc tach tinh bdt tir gluten.

Phuong phép cua sang ché ¢6 thé con bao gom:

a) dé hdn hop nghi trong khoang 30 phit va lién tiép rira sach tinh bot khdi hdn
hop bing cach sir dung thiét bi sang loc, may ly tim hodc mdy tach xyclon dé tach stta

tinh bot tr gluten; hodc
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b) tac dung luc cit vao hdn hop, va tiry chon c¢6 thé pha lodng hdn hop thém nira,
tach tinh bot ra khoi gluten bang may tach xyclon hodc may ly tdm truc ngang 2 hodc 3
pha.

Sang ché nay cung cAp céch cai thién quy trinh tach tinh bdt va gluten bing cach
thém enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan cua n6 cua sang ché mét cach phi hop trong budc pha
tron bot va nudc ban du trong cac quy trinh khac nhau dwgc md ta nhu trén duge s
dung dé tach tinh bot Iia mi. Viéce tach dugc cai thién bang cach thém xylanaza cai bién
trong budc pha trdn ban dau, do su giam do6 nhét va sy thiy phdn AXsol va/hodc
AXinsol anh huéng dén cac hat gluten. Bing cach phéan gidi cac polyoligosacarit va
oligosacarit nay, su két tu gluten ting 1én, din t6i cai thién san luong gluten. (S.4.
Frederix, C.M. Courtin, J.A. Delcour, J. Cereal Sci. (Tap chi Khoa hoc vé ngii cé'c) 40
(2004) 41-49, Tinh chon loc co chét va tinh nhay chat ikc ché anh hudng dén chirc ning
ctia xylanaza trong viéc tdch gluten-tinh bét tir bot lia mi).

Mdt vu diém cia sang ché 1a sang ché gitip mang lai san lugng tinh bot A cao
hon va/hodc gluten co chét luong tdt hon (vi du bot gluten ¢6 chét luong tét hon).

Mot wu diém cia sang ché 1a sang ché cai thién viéc tach gluten-tinh bt lia mi.

Mot trong céac cach danh gia chét luong gluten 1a theo ddi sy két tu gluten. Khi
tac dung lyc ma sat nhét dinh qua viéc nhao bdt hodc tron bdt nhdo, cac hat gluten co
xu huéng két tu thanh céc hat 16n hon dé tao thanh mang polyme, dugc goi 1a "bot
gluten". C6 thé thém "bot gluten" vao thuc phim dé cai thién tinh chét cua thuc phdm
nudng nhu do dai ctua bot nhoi, thoi han st dung va khéi lugng banh mi (L. Day, M.A.
Augustin, I.L. Batey va C.W. Wrigley; Wheat-gluten uses and industry needs (Sir dung
lia mi-gluten va nhu cau trong nganh); Trends in Food Science & Technology (Xu
hwéng trong Khoa hoc & Cong nghé thuc phdm) 17 (2006) 82-90).

Trong nganh céng nghi¢p lam banh, chét luong va sb lugng gluten trong bot laa
mi duge xac dinh bing xét nghiém tidu chudn ICC S6 155 (AACC 38-12) sir dung méy
Glutomatic. Trong thiét bi nay, bot nhdi duge tao ra tir bot laa mi (10,0 gr) trdn véi
luong nhé dung dich NaCl 2% (4,2 — 4,8 ml). Sau budc pha tron 20 gidy, bot dugc
nhao lién tuc trong khi dwgce rira trong 5 phit v6i dung dich NaCl 2% & nhi€t do phong
(~22 °C), dung dich nay dugc bom qua chiéc cde tron véi luu lugng bing ~70 ml/phut.
Trong budc rira nay, nude rira chira tinh bt thu duoc va cdc hat gluten s&€ tao vién

gluten trong bd phén sang loc cia may Glutomatic.
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Chét luong gluten duge do bang cach danh gia su két tu gluten. Viéc ndy duge
thuc hién bang cach ly tim vién gluten trong may ly tdm dic bigt co chtra mot rdy nho.
Céc hat gluten di qua rdy nay dugc can (gluten nho) va tbng lugng gluten dugc cn.
Chi sb gluten dugc tinh bang (tdng gluten uét — gluten wdt nho)/téng gluten wét. Sy
két tu gluten cang dugc cai thién, phén cht gluten nho s& cang nho hon va gia tri chi sb
gluten cang cao hon. Chi sb gluten cao, v6i chi s6 ti da theo ly thuyét 1a 100%, cho
biét vién gluten co chét lugng cao.

Gia tri khac dé dinh lugng gluten 12 san lugng gluten kho (%). Gia tri nay duoc
tinh bang cach 1iy sé gam cua tdng gluten kho chia cho tbng lwgng bot khd da duge su
dung trong thi nghiém. Cang thu hdi dugc nhiéu gluten kho, viéc tach s& cang dé dang
hon. Xét nghiém cdng nghiép nay hién dang duoc didu chinh d& mo phéng quy trinh
tach bot nhdi duogce sir dung trong cdng nghiép.

Liéu lwong

Tbt nhit 14 enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu
enzym xylanaza GH10 cai bién) hozc phan doan clia nd cua sang ché c6 mait trong
nguyén liéu chtra xylan (vi du thite an chin nudi) v6i lvong nam trong pham vi khoang
500 XU/kg dén khoang 16.000 XU/kg nguyén liéu chira xylan (vi du thtc &n chan
nudi), tbt hon 1a khoang 750 XU/kg thtc an chan nudi dén khoang 8000 XU/kg
nguyén liéu chtra xylan (vi du thirc &n chin nudi), tdt hon nita 1a khoang 1500 XU/kg
thtrc &n chian nudi dén khoang 3000 XU/kg nguyén liéu chira xylan (vi du thirc an chdn
nudi), tét hon nita 1a khoang 2000 XU/kg thirc an chén nuoi dén khoang 2500 XU/kg
nguyén liéu chita xylan (vi du thirc dn chan nudi), va thdm chi t6t hon nita 12 khoang
1000 XU/kg nguyén liéu chira xylan (vi du thitc @n chdn nudi) dén khoang
4000 XU/kg nguyén liéu chira xylan (vi dy thirc &n chin nudi).

Theo mét phwong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GH10 cai bién) hodc phan doan cua né cua sang ché c6 mit trong
nguyén liéu chira xylan (vi du thtrc &n chdn nubi) v6i lugng 16n hon khoang 500 XU/kg
nguyén liéu chtra xylan (vi du thirc &n chan nudi), 16n hon khoang 600 XU’kg nguyén
lidu chira xylan (vi du thirc dn chan nudi) 1a phd hop, 16n hon khodng 700 XU/kg
nguyén liéu chira xylan (vi du thtc &n chian nudi) la phu hop, 16n hon khoang
800 XU/kg nguyén liéu chira xylan (vi dy thic @n chin nudi) 1a phu hop, 16n hon
khoang 900 XU/kg nguyén liéu chira xylan (vi du thirc &n chin nudi) 1a phu hop, lon

hon khoang 1000 XU/kg nguyén liéu chira xylan (vi du thirc an chén nudi) la phu hop,
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16n hon khoang 2000 XU/kg 1a phu hop, 16n hon khoang 2500 XU/kg 1a phu hop, 16n
hon khoang 3000 XU/kg nguyén liéu chira xylan (vi du thirc dn chdn nudi) 14 phu hop,

Theo mdt phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cua no cla sang ché ¢co
mit trong nguyén liéu chia xylan (vi du thitc an chin nudi) c6 ham lugng nim trong
khoang 2000 XU/kg dén khoang 2500 XU/kg.

Theo mdt phwong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GH10 cai bién) hodc phan doan cua nd cla sang ché ¢6 mit trong
nguyén liéu chira xylan (vi dy thitc an chin nu6i) véi lwong nho hon khoang 16.000 XU/kg
nguyén liéu chira xylan (vi dy thtre &n chan nu6i), nho hon khoang 8000 XU/kg nguyén liéu
chira xylan (vi du thirc in chin nuoi) 1a phu hgp, nhé hon khoang 7000 XU/kg nguyén li¢u
chtra xylan (vi du thirc dn chn nudi) 1& pht hop, nhé hon khoang 6000 XU/kg nguyén liéu
chira xylan (vi du thirc an chin nudi) 1a phu hgp, nhé hon khoang 5000 XU/kg nguyén liéu
chtra xylan (vi du thirc &n chan nudi) & pht hop, nhé hon khoang 4000 XU/kg nguyén liéu
chira xylan (vi du thirc dn chdn nudi) 1a phu hop.

T6t nhét 12 enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu
enzym xylanaza GH10 cai bién) hodc phan doan cua n6 cia sang ché c6 thé co6 mait
trong ché phdm phu gia thitc &n chdn nudi vo6i luong ndm trong pham vi khoang
100 XU/g dén khoang 320.000 XU/g ché phém, t6t hon 1a khoang 300 XU/g dén
khoang 160.000 XU/g ché phém, va tham chi tt hon nita la khoang 500 XU/g ché
phidm dén khoang 50.000 XU/g ché phdm, va tham chi tbt hon nita 1a khoang
500 XU/g ché phim dén khoang 40.000 XU/g ché pham.

Theo mdt phuong &n, enzym c6 hoat tinh xylanaza, vi dy enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cuia né ciia sang ché ¢6
mat trong ché phdm phu gia thirc dn chin nudi voi luong 16n hon khoang 100 XU/g
ché phim, 16n hon khoang 200 XU/g ché phim 1a phu hop, 16n hon khoang 300 XU/g
ché phim 14 phi hop, 16n hon khoang 400 XU/g ché phim 1a phu hop, 16n hon khoang
500 XU/g ché phdm 1a phi hop.

Theo mdt phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan clia n6 cua sang ché co
mit trong ché phdm phu gia thic an chdn nudi v6i luong nhd hon khoéng

320.000 XU/g ché phim, nhé hon khoang 160.000 XU/g ché phédm 1a phi hop, nho
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hon khoang 50.000 XU/g ché phédm 1a phu hop, nhé hon khoang 40.000 XU/g ché
pham 1a phtt hop, nhé hon khoang 30000 XU/g ché phadm 13 phu hop.

Hoat tinh xylanaza c6 thé dwogc biéu hién trong cac don vi xylanaza (XU) dugc
do tai pH 5,0 v6i arabinoxylan AZCL (arabinoxylan lta mi lién két ngang véi azurine,
vi du vién Xylazyme, Megazyme) lam co chit. Su thuy phan bdi endo-(1-4)-p-D-
xylanaza (xylanaza) tao ra céc phan doan dwgc nhudm mau tan trong nudc, va ty I¢
giai phong cac phan doan nay (tdng kha ning hép thu tai 590 nm) c6 thé lién quan truc
tiép dén hoat tinh enzym. Céac don vi xylanaza (XU) dugc xdc dinh theo tiéu chuén
enzym (Danisco Xylanaza, c6 tai Danisco Animal Nutrition) & didu kién phan tng tiéu
chuén 13 40°C, thoi gian phan ung 1a 5 phut trong dung dich dém Mcllvaine, pH 5,0.

Hoat tinh xylanaza cia enzym tiéu chudn dugc x4c dinh 13 sé luong nhém cudi
mach cta duong khir dugce gidi phong tir co chét xylan tir yén mach va Ita mi spenta
trong mdi phut trong didu kién pH 5,3 va nhiét do 50°C. Nhom cubi mach cla duong
khtt phan Gng v6i axit 3, 5-Dinitrosalicylic va su hinh thanh san phdm phan tmg c6 thé
duoc do Iuong khi c6 sy tdng kha ning hép thy tai 540 nm. Hoat tinh enzym dugc dinh
lugng theo dudng cong chuén xyloza (dwong lugng duong khir). Mot don vi xylanaza
(XU) 1a lugng enzym tiéu chuén giai phong 0,5 pmol duong lugng duong khir trong
mdi phut tai pH 5,3 va 50°C.

Theo mot phuong 4n, enzym dugce phan loai mot cach thich hop bang cach st
dung phén loai E.C. nhu trén, va phan loai E.C. s€ chi dinh enzym c6 hoat tinh d6 khi
duogc thr nghiém trong xét nghiém dugc dé cap trong ban md ta nay dé xac dinh
1 XU.

Tét hon 13 enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhw enzym
xylanaza GH10 cai bién) hogc phan doan ciia n6 cla sang ché c6 mit trong bude trdn cua
quy trinh tach tinh bdt ta mi trong bot nhdi hoc bdt nhdo véi lwong nim trong pham vi
bang khoang 10 mg/kg (0,01 kg/MT) DS bot nhdi hodc bot nhdo dén khoang 600 mg/kg
(0,60 kg/MT) DS, t6t hon 14 khoang 50 mg/kg (0,05 kg/MT) DS dén khoang 45 mg/kg
(0,45 kg/MT) DS bdt nhdi hodc bot nhdo, va tét hon nita la khoang 100 mg/ke
(0,10 kg/MT) DS dén khoang 250 mg/kg (0,25 kg/MT) DS bdt nhdi hoge bdt nhdo.

Trong mdt sb phwong 4n (cu thé 14 theo phuong 4n tach tinh bt lia mi), enzym
¢6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhw enzym xylanaza GH10 cai
bién) hodc phan doan cla nd cla séng ché co6 thé dugc dinh lwgng trong pham vi

khoang 0,019 mg/kg DS bot Ita mi (twong dwong véi 0,019 g protein/MT DS) dén
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khoang 119 mg/kg DS bot lia mi (twong duong voi 119 g protein/MT DS) — trong d6
DS ¢6 nghia 1a ham luong chét rén kho va MT nghia 14 tén.

Trong mot sd phuong an (cu thé 1a theo phwong 4n téch tinh bt lua mi), enzym
¢6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai
bién) hodc phin doan cia nd cua sang ché c6 thé dugc dinh lugng vao khoang
1,19 mg/kg DS bot 1ua mi (trong dwong voéi khoang 1,19 g protein/MT DS) — trong do6
DS c6 nghia 1a ham lugng chét rin kho va MT nghia 12 tén.

Trong mot sd phuong an (cu thé 1a theo phwong 4n tach tinh bot lua mi), enzym
¢6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza GH10 cai
bién) hodc phan doan cta nd cua sang ché ¢6 thé duoc dinh lwgng trong pham vi tlr
khoang 9 dén khoang 120000 don vi/kg bot Iaa mi, thich hop hon la trong khoang 900-
1200 don vi/kg bot laa mi (trong d6 1 don vi dwgc xac dinh 1 lugng enzym yéu clu dé
tao ra 1 micromol duwong lugng duong khir xyloza trong mdi phut trong didu kién cla
x6t nghiém gb buld cta Vi du 4).

Trong mot sb phuong an (cu thé 14 phuong 4n phan giai nguyén liéu c6 ngudn
gbc ngii cbc), enzym co hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cia né cla sang ché ¢6 thé duoc dinh lugng
trong pham vi tir khoang 0,29 g protein/MT DS lua mi (twong duong véi 0,29 mg/kg
DS) dén khoang 0290 g/protein/MT DS lua mi (twong dwong véi 290 mg/kg DS).

Trong mdt sd phuong an (cu thé 1a theo phuwong 4n phén giai nguyén liéu c6
ngudn gdc ngii cbe), co thé dinh lugng xylanaza & muc 2,9 g/protein/MT DS lia mi
(twong duong véi 2,9mg/kg DS).

Trong mot s6 phuong 4n (cu thé 1a theo phuwong an phén giai nguyén li¢u c6
ngudn gdc ngil cbe), co thé dinh lugng xylanaza trong pham vi tir khoang 22 dén
285000 don vi/kg, thich hop 1a khoang 1100 dén khoang 5700 don vi/kg, thich hop la
khoang 2200 dén khoang 2850 don vi/kg (trong d6 1 don vi dugc xac dinh 13 luong
enzym ye€u cdu dé tao ra 1 micromol duong lugng dudng khir xyloza trong mdi phut
trong didu kién ctia xét nghiém gd buld cua Vi du 4).

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GHI10 cai bién) hodc phan doan clia né cla sang ché va/hodc ché phdm bao gbm enzym
theo sang ché c6 thé dugc ché tao dé dinh luong st dung mot 13n hodc c6 thé duge ché

tao dé sir dung (vi du chin nu6i) hang ngay.
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Luong enzym tdi wru ¢6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan ctia n6 clia sang ché va/hodc ché phim co chira
enzym dugc st dung trong sang ché nay s& phu thudc vao san phdm duge xt ly vavhodc
phuong phép cho san phédm tiép xuc véi ché pham va/hodc muc dich sir dung san pham.

Luong enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 céi bién) hoic phan doan cua no cla sang ché duge st dung trong ché
phém phai 13 mot lvgng d dé c6 hiéu qua.

Luong enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cta né cla sang ché duge st dung trong ché
pham phai 12 mot luong du dé c6 hiéu qua va dé duy tri du hiéu qua, vi du, trong viéc
cai thién hiéu qua thirc dn chdn nudi c6 chira ché phdm da néu. Khoang thoi gian hiéu
qua nay phai kéo dai it nhét dén thoi gian st dung sén pham (vi du ché phdm phu gia
thirc An chdn nudi hodc thirc dn cho gia suc ¢6 chira ché phim nay).

Cong thirc diéu ché

Theo mdt phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hoic phan doan clia n6 cua sang ché ¢
thé c6 cong thure tao thanh dang chét l16ng, vién hodc bot kho.

C6 thé didu ché vién hodc bot kho bing cac phuong tién duge cac chuyén gia trong
linh vuc nay biét dén, nhu trong thiét bi phun phu tir trén xudng kiéu tang soi, trong quy
trinh Wurster phun tir du6i 1én hodc tao vién bing thing quay (vi dy tao vién bing tbc do
dich chuyén cao), su ép trdi, bao phii trong 1ong chéo hodc trong may tron vi hop phan.

Trong mdt sb phuwong 4n, enzym c6 hoat tinh xylanaza, vi dy enzym Xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cua né cla sang ché co thé
duoc bao phu, vi du dugce boc trong nang.

Theo mdt phuong an, 16p bao phi s& bao v¢ enzym cai bién khong bi tac dong tir
nhiét va dugc xem 1a chat bao vé nhiét.

Theo mot phuwong an, ché pham phu gia thirc &n chin nudi ¢6 cong thirc dang hat
hodc bot khé nhu d3 mo ta trong W0O2007/044968 (duoc goi la hat TPT) hodc
WO01997/016076 hodc WO1992/012645 (duoc két hop ddy di vao tai lidu nay bing
vién dan).

Theo mdt phuong an, ché phdm phu gia thirc dn chin nudi co thé c6 cong thirc
dang hat cho ché phém thirc dn chdn nuoi bao gém: 16i; chét hoat tinh; va it nhét mot

16p phu, chit hoat tinh cta vién gitt lai it nhéit 50% hoat tinh, it nhit 60% hoat tinh, it
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nhét 70% hoat tinh, it nhét 80% hoat tinh sau khi xi 1y trong céc diéu kién duoc chon
tir mot hodc nhidu trong sé a) quy trinh tao vién thirc an chan nudi, b) quy trinh tién xir
ly thirc &n chan nudi dugc lam nong bang hoi, ¢) bdo quan, d) bao quan dudi dang mot
thanh phan trong hdn hop chua dugc tao vién, va e) bao quan dudi dang mot thanh
phan trong hdn hop co s¢ thirc &n chan nudi hodc hdn hop so ché thirc dn chin nudi
bao gdm it nhat mot hop chit dugc chon tir khoang vi lugng, axit hitu co, duong khir,
vitamin, cholin clorua, va cic hgp chit mang dén hdn hop co sé thirc an chan nudi
hodc hdn hgp so ché thtrc an chin nudi c6 tinh bazo hodc axit.

Déi vé6i hat c6 it nhat mot 16p phu ¢6 thé bao gdbm nguyén lidu hydrat hoa hit am
tao thanh it nhit 55% (w/w) hat; va/hodc it nhét mot 16p phi ¢o thé bao gdm hai 16p
phu. Hai 16p phu ¢6 thé 1a 16p pha hydrat hoa hut 4m va 16p pht chin hoi 4m. Trong
mot s6 phwong 4n, 16p phu hydrat hoa hat 4m c6 thé ndm trong khoang 25% va 60%
(w/w) hat va 16p pht chén 4m c6 thé ndm trong khoang gitta 2% va 15% (w/w) hat. L6p
pht hydrat héa hut dm c6 thé duoc chon tir mudi vo co, sucroza, tinh bt va
maltodextrin va 16p phii chin dm c6 thé dugc chon tir polyme, gdm, nude sita va tinh
bot.

C6 thé tao hat bing quy trinh tao vién thirc an chdn nudi va co thé thuc hién quy
trinh tién x@ 1y thirc &n chin nudi trong khoang thoi gian Ién dén vai phut ¢ nhiét do
nim trong khoang 70°C va 95°C, nhu nhiét do nam trong khoang 85°C va 95°C.

Theo mdt phuong én, ché phim phu gia thirc &n chdn nudi c6 thé c6 cong thirc
didu ché dang vién cho ché phdm thirc &n chin nudi bao gbm: 15i; chét hoat tinh, chét
hoat tinh cua hat gitt lai it nhét 80% hoat tinh sau khi bdo quan va sau quy trinh tao
vién duoc lam néng biang hoi trong d6 hat 1a mot thanh phan; 16p pht chén 4m; va 16p
pht hydrat héa hut 4m it nhat bang 25% (w/w) hat, hat c6 hoat do nuéc nhd hon 0,5
trude quy trinh tao vién dugce lam nong bang hoi.

Hat 6 thé ¢6 16p pht chin 4m dugc chon tir polyme va gdbm va nguyén ligu hydrat
hoéa hat 4m c6 thé 1a mudi vo co. Lép pht hydrat hoa hut 4m c6 thé bang khoang gitta
25% va 45% (w/w) hat va 16p phu chin 4m co thé bang khoang gitta 2% va 10% (w/w)
hat.

C6 thé tao hat bang quy trinh tao vién dugc lam nong bang hoi c6 thé duoc thuc hién
trong khoang thoi gian 1én dén vai phut & nhiét do nim trong khoang 85°C va 95°C.

Trong mot s& phuong 4n, c6 thé pha loang enzym bang chit pha lodng, nhu tinh

bot, da voi hodc tuong tu.
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Theo mdt phuong 4an, enzym c6 hoat tinh xylanaza, vi du enzym Xylanaza
GHI10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cla n6 cua sang ché hoic
ché phdm chtra enzym & dang ché phdm 16ng thich hop cho sy tiéu dung, t6t nhat 1a su
tiéu dung chét 16ng nay chira mot hodc nhidu thanh phan sau: dung dich dém, mudi,
sorbitol va/hodc glyxerol.

Theo phuong 4n khéc, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GHI10 cai bién) hodc phan doan cla n6 cua sang ché hoic ché
phdm chira enzym c6 thé dugc didu ché bang cach cho, vi du phun xit, enzym 1én co
chét chit mang, vi du nhu lta mi nghién.

Theo mot phwong 4an, enzym c6 hoat tinh xylanaza, vi dy enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hoic phan doan cla n6 cua sang ché hoic
ché phdm chira enzym theo séng ché c6 thé dugc didu ché dudi dang hdn hop so ché.
Vi duy, hdn hop so ché c6 thé bao gém mdt hodc nhiéu thanh phén thirc an chan nudi,
nhu mét hodc nhidu khoang chét va/hoic mot hodc nhiéu vitamin.

Theo mdt phuong an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GHI10
(nhu enzym xylanaza GH10 cai bién) hodc phan doan cta no, dé str dung trong sang ché
duoc didu ché véi it nhit mot chét mang dugc chép nhan vé& sinh 1y hoc duge chon tir it
nhét mot trong cac thanh phén maltodextrin, d4 voi (canxi cacbonat), xyclodextrin, lia mi
hodc thanh phén lta mi, sucroza, tinh bot, Na,SO,, hoat thach, PVA, sorbitol, benzoat,
sorbiate, glyxerol, sucroza, propylen glycol, 1,3-propane diol, glucoza, paraben, natri
clorua, xitrat, axetat, phosphat, canxi, metabisulfit, format va hdn hop ctia chung.

Dong goi

Theo mot phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan ciia nd cia sang ché
va/hogc ché phdm chira enzym nay (vi du ché phdm phu gia thitc dn chan nudi)
va/hoic hdn hop so ché va/hodc thire #n chin nudi theo séng ché dugc dong goi.

Theo mét phuong an uu tién, ché phdm phu gia thitc &n chan nudi va/hodc hdn
hop so ché va/hodc thirc &n chin nudi duge dong gdi trong bao, nhu bao gidy.

Theo phuong an khac, ché phdm phu gia thirc &n chan nudi va/hodc hdn hop so
ché va/hoic thitc #n chan nudi c6 thé dwoe dong kin trong dung cu chira. Co thé sir dung
bét ky dung cu chira nao phu hop.

Cdc dang ché pham
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Enzym c6 hoat tinh xylanaza, vi du enzym Xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan ctia né cla sang ché hodc ché phim chtra enzym (vi du ché
phdm phu gia thirc &n chin nu6i) cta sang ché va céc thanh phan khac va/hodc thirc &n chan
nudi c6 chita enzym nay c¢6 thé dugc st dung dudi bét ky dang phii hop nao.

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym xylanaza
GH10 cai bién) hodc phan doan cua né cua sang ché hodc ché phdm chtra enzym (vi du
ché pham phu gia thirc &n chin nudi) cua sang ché c6 thé duogc st dung dudi dang ché
phim rin hoic 10ng hodc dang khac. Vi du v& ché phdm rén bao gdm bot, bdt nhdo, vién
tron, vién nang, vién nhd, vién nén, vién dugc bao phd, vién nang, nodn, dung dich hodc
huyén pht, manh vun, va hat c6 thé 1a dang co6 thé thAm nudc, phun khd hodc dong kho.
Vi du v& ché phim dang 1ong bao gbm, nhung khong gidi han, dung dich chira nudc,
dung dich hitu co hodc dung dich hitu co chita nude, huyén pht va nhil twong.

Theo mdt phwong 4an, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10
(nhu enzym xylanaza GH10 cai bién) hodc phan doan cia n cua sang ché ¢6 thé chira
chét tao huong vi hodc tao mau, st dung cho tac dung tic thi, tic dung tri hon, tdc dung
c&i bién, tac dung duy tri lién tuc, tic dung xung hodc tic dung giai phong c6 kiém soat.
Vi du, néu ché phim ctia séng ché duoc sit dung & thé ran, vi du dang vién, n6 cling c6 thé
chita mot hodc nhiéu trong s6 cac thanh phén sau: t4 duoc nhu xenluloza vi tinh thé,
lactoza, natri xitrat, canxi cacbonat, diaxit canxi phosphat va glyxin; chét ra nhu tinh bot (tét
nhit 13 tinh bdt bip, khoai tdy hodc tinh bot sdn), glycollate tinh bdt natri, natri
croscarmellose va silicat phtrc nhét dinh; chét két dinh tao hat nhu polyvinylpyrrolidone,
hydroxypropylmetylxenluloza (HPMC), hydroxypropylxenluloza (HPC), sucroza, gelatin
va acacia; chét bdi tron nhu magie stearat, axit stearic, glyxeryl behenat va hoat thach.

Vi du v& chit mang dwgc chip nhéan vé mat dinh dudng dé st dung trong didu
ché cac dang bao g(“)m, vi dy, nude, dung dich mudi, ruou, silicon, sap, vazolin, dau thuc
vét, polyetylen glycol, propylen glycol, hat m&, duong, gelatin, lactoza, amyloza, magie
stearat, hoat thach, chét hoat dong bé mit, axit silixic, parafin nhét, dau thom,
monoglyxerit axit béo va diglyceride, este axit béo petroethral, hydroxymetyl-xenluloza,
polyvinylpyrrolidone va tuong tu.

T4 dugc uvu tién danh cho cidc dang ché phém bao gém lactoza, tinh bot,
xenluloza, duong sita hodc polyetylen glycol c6 khéi lwong phén tit cao.

Pbi v6i huyén phu chita nuée va/hodc rugu thudc, ché phim ctia sang ché c6 thé

két hop véi chét tao ngot hodc chét tao huong vi khac nhau, chét tao mau hoic thube
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nhudm véi chdt nhii héa va/hodc chét tao huyén phu va véi chét pha loing nhu nuéc,
propylen glycol va glyxerin va cac két hop ctia ching véi nhau.
Déi twong

Thuat ngit "d6i twong", duoc sir dung trong ban md ta nay, chi dong vat s& hodc
da duoc st dung xylanaza cai bién theo sdng ché hodc ché phdm phu gia thic dn chin
nudi theo sang ché hodc thirc dn chin nudi chira ché phim phu gia thirc an chin nuéi
nay theo sang ché.

Thuét ngit "d6i twong", nhu duge sit dung trong ban mo ta nay, chi dong vat.

Theo mdt phuong an, dbi tugng 1a dong vat c6 vi, chim, ca hodc loai giap xac
bao g@)m, vi du, vat nudi hodc dong vat thuan hoéa (vi du thii cung).

Theo mot phuong an, "d6i twong" 1 vat nuoi.

Thuét ngtt "vat nudi", nhu duge st dung trong ban md ta nay, dé cap dén dong
vat dugc chan nudi bét ky. T4t nhét, vat nudi 12 mot hodc nhiéu dong vat nhai lai nhu
gia stc (vi du bo cai hodc bo duc (bao gbm bé con)), dong vat da day don nhu gia cdm
(bao gbm ga thit, g gid va ga tdy), lon (bao gbm lon con), chim, dong vat séng dudi
nudce nhu cé, cd khong c6 da day, ca cé da day, ca nude ngot nhu ca hdi, ca tuyét, ca
hdi van va ca chép, vi du cé chép Nhat Ban, ca bién nhu ca4 mu, va dong vat gidp xé4c
nhu tém, trai va so), ngua (bao gém ngua dua), ctru (bao gdm ciru con).

Theo phuong &n khéc, "d6i tuong" la dong vat thudn héa hodc tha cung hoic
dong vat dugc bao tdn trong moi truong vudn bach thi.

Thuét ngir "dong vat thuan héa hogc thu cung hodc dong vét duge bao tdn trong
mdi trudng vudn bach tha" duge st dyng trong ban mo ta nay dé cap dén dong vat bat
ky lién quan bao gdbm ho ché (vi du chd), ho meéo (vi du meo), loai gam nhim (vi du
chudt lang, chudt nhét, chudt céng), chim, ca (bao gém ca nudc ngot va ca bién), va
ngua.

Hiéu quad

Nhu dugc st dung trong ban mo ta ndy, "hiéu qua chdn nudi" c6 thé dwoc x4c dinh
bang hidu qua ctia thirc &n chin nudi va/hodc sy tang trong cta vat nudi va/hodc bang ty 1&
chuyén héa thirc #n chin nudi va/hodc bang sy tiéu héa dudng chét trong thic in (vi du sy
tiéu hoa axit amin) va/hodc nang luong ti€u hda hodc ning luong trao d6i trong thirc dn
va/hodc bang su duy tri nito va/hodc bang kha ning tranh dugc cac dnh hudng ti€u cuc

cta bénh viém rudt hoai tir & vat nudi va/hodc phdn tng mién dich ctia doi tugng.
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Tét nhét 13 "hidu qua chin nudi" dugc xac dinh bang hiéu qué thirc an chan nudi
va/hodc su ting trong cta vat nudi va/hodc ty 1€ chuyén hoa thirc &n,

"Hiéu quéa chin nudi dugc cai thién" nghia 12 hiu qua thirc an chan nuodi tang,
va/hoic su ting trong ting va/hodc ty 1€ chuyén héa thirc &n giam va/hodc su tiéu héa
dudng chét hodc ning luong trong thirc dn duge cai thién va/hodc sy duy tri nito dugc
cai thién va/hodc phan ung mién dich dugc cai thién & dbi tugng do su dung ché phém
phu gia thirc dn chdn nuoi cta sang ché trong thitc 4n chin nudi so vai thirc dn chidn
nudi khong chtra ché phdm phu gia thirc an chan nudi nay.

Tt nhat, "hiéu qua chin nudi duge cai thién" nghia la hi¢u qua thirc an chin
nudi ting va’hodc sy ting trong tdng va/hodc ty 1€ chuyén héa thirc an gidm.

Nhu duogc sit dung trong ban mo ta nay, thuét ngit "hiéu qua thic &n chan nudi"
chi khéi lugng ting trong dat duogc trén mdi don vi thitc dn khi vat nuéi duge cho an
theo nhu cu hodc cho an mot luong thire an xac dinh trong mot Khoang thoi gian.

"Hiéu qua thtrc dn chdn nudi tang" nghia la vige s dung ché phdm phu gia thirc
in chin nudi theo sang ché trong thirc an chan nudi mang dén két qua 1a trong lugng
dat duoc ting theo mdi don vi thire &n dugce hép thu so véi thie &n chin nudi khong c6
phu gia thire dn chén nudi nay.

Ty l¢ chuyén héa thike dn (FCR)

Nhu duge st dung trong ban md ta nay, thuat ngir "ty 1¢ chuyén hoa thirc dn"
chi lugng thirc dn cho vat nudi dé tang trong lugng vat nuodi theo mot luong xéc dinh.

Ty 18 chuyén héa thirc &n dugc cai thién nghia 1a ty 18 chuyén héa thirc &n thap
hon.

"T¥ 1& chuyén héa thirc &n thép hon" hogc "ty 18 chuyén héa thirc an dugc cai thién"
nghia la viéc str dung ché pham phu gia thitc &n chdn nudi trong thirc dn dan dén lugng thirc
4n can thiét dé vat nuoi ting trong thip hon mot lugng xac dinh so véi luong thirc an can
thiét dé tang cung trong Iuong khi sit dung thirc an khong chira ché phim phu gia thtc &n
chan nudi.

Tiéu hda dwdng chit

Tiéu hoa dudng chit duge st dung trong ban md ta ndy nghia 1a phin dudng
chét tiéu bién khoi duong da diy rudt hodc mot doan da day rudt xac dinh, vi dy, rudt
non. Sy tidu hoa dudng chat c6 thé duoc do bang su khac nhau gitra thanh phin ma ddi

tuong nap vao va thanh phan di ra trong phén cia d6i tuong, hodc gitta thanh phan dbi
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tugng nap vao va thanh phﬁn con lai trong phén thtc an duogc tiéu hoa trén mot doan
da day rudt xac dinh, vi du rudt hdi.

Su tiéu hoa dudng chit nhu duge sir dung trong ban md ta ndy co thé dugc do bing
su khac nhau gitta sy nap vao dudng chit va su bai tiét dudng chét bing phuong phap thu
thap toan bo phan trong mdt khoang thoi gian; hodc v6i viée sir dung chit danh ddu tro
khong bi dong vat hap thy, va cho phép cac nha nghién ciru tinh todn lugng dudng chét da
tiéu hoa trong toan b dudng da day rudt hodc mot doan da day rudt. Chét d4nh dau tro nay
¢6 thé 1a titan dioxit, crom (III) oxit hodc tro khong tan trong axit. Sy ti€u hoa c6 thé dugc
biéu hién duéi dang phan tram dudng chét trong thirc an chin nudi, hodc dudi dang don vi
khéi lwgng dudng chét dugc tiéu héa trén don vi khdi lwong dudng chét trong thirc an.

Su tiéu hoa dudng chat duoc st dung trong ban mo ta nay bao gbm su tiéu hoa
tinh bot, ti€u hoa chit béo, tiéu hoa protein, va tiéu hoa axit amin.

Su tidu hoa niang lwgng dugc st dung trong ban mo ta ndy nghia 1a tdng ning
lugng thirc dn da tiéu thy trir di tbng ning lwgng phan hogc tbng nang lugng thirc dn da
tiéu thu trir di tdng ning luong phan thic dn dugc tiéu hoa con lai trén doan da day
rudt xac dinh cua vat nudi, vi du rudt hdi. Nang luong trao ddi chit dugc st dung
trong ban mo ta nay chi ndng luong trao d6i bidu kién va 1a tdng ning lugng thic &n
da tiéu thy trir di tong ning lwong ¢ trong phén, nude tidu va san phdm khi cla sy tiéu
hoéa. Su tiéu hda nang lugng va ning lugng trao dbi c6 thé duge do bang su khac nhau
gifta tong ting lwgng nap vao va tdng niang luong dugc bai tiét trong phan hodc phan
thirc an duogc tiéu hoa co trong doan da day rudt xdc dinh, bang cach st dung phuong
phép twong tw d& do ludng su tiéu hoéa dudng chét, v6i viée diéu chinh bai tiét nito
thich hop dé tinh ning lugng trao d6i cua thire an.

Két hop véi cdc thanh phdn khdc

Enzym c6 hoat tinh xylanaza, vi du enzym xylanaza GH10 (nhu enzym
xylanaza GH10 cai bién) hodc phan doan cia n6 cua sang ché ¢6 thé dwoc sir dung két
hgp vdi cac thanh phan khac.

Theo mot phuong 4n, enzym c6 hoat tinh xylanaza, vi du enzym xylanaza
GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan cuia nd cua sang ché co
thé duoc str dung két hop véi probiotic (vi khuén c6 ich) hodc vi sinh vat dugc cho an
truc tiép (DFM), vi du vi khuén duoc cho an truc tiép.

T6 hop clia séng ché bao gdm enzym c6 hoat tinh xylanaza, vi du enzym

xylanaza GH10 (nhu enzym xylanaza GH10 cai bién) hodc phan doan clia n6 ciia sang
-76-



38318

ché hodc ché phdm chira xylanaza, vi du ché phdm phu gia thirc &n chin nudi, va thanh
phé”ln khac thich hop cho su hép thu & nguoi hodc dong vat va co thé mang dén 1oi ich
vé st khoe hodc sinh 1y hoc cho d6i tuong tidu dung.

Theorn@tphuong:hy'%hmﬂlphénkhéd‘céthélétnéthoacIﬁﬁéuenzynlkhéc
(vi dy, enzym thirc dn chdn nudi khac hodc enzym trong san xudt rrou bia hodc mach
nha, hoic enzym xtt 1y hat hodc enzym tach tinh bot-gluten lia mi).

Enzym b sung thich hop dé st dung trong sang ché nay c6 thé 1a mot hogc nhiéu
enzym dugc chon tir nhém bao gbm: endoglucanase (E.C. 3.2.1.4); celliobiohydrolase
(E.C. 3.2.1.91), p-glucosidaza (E.C. 3.2.1.21), xenlulaza (E.C. 3.2,1,74), lichenase (E.C.
3.1.1.73), lipaza (E.C. 3.1.1.3), lipit acyltransferase (thuong dwgc phén loai la E.C.
2.3.1.x), phospholipaza (E.C. 3.1.1.4, E.C. 3.1.1.32 hogc E.C. 3.1.1.5), phytaza (vi du 6-
phytaza (E.C. 3.1.3.26) hodc 3-phytaza (E.C. 3.1.3.8), amylaza, alpha-amylaza (E.C.
3.2.1.1), xylanaza khac (E.C. 3.2.1.8, E.C. 3.2.1.32, E.C. 3.2.1.37, E.C. 3.1.1.72, E.C.
3.1.1.73), glucoamylaza (E.C. 3.2.1.3), hemixenlulaza, proteaza (vi du subtilisin (E.C.
3.4.21.62) hoic bacillolysin (E.C. 3.4.24.28) hodc serin proteaza kiém (E.C. 3.4.21.x)
hoic keratinase (E.C. 3.4.x.x)), enzym khtr nhanh, cutinase, esteraza va/hodc mannanase
(vi du B-mannanase (E.C. 3.2.1.78)).

Theo mot phuong &n (cu thé danh cho tng dung trong thirc &n chidn nuoi), thanh
phén khéc c6 thé 13 mdt hodc nhidu enzym duge chon tir nhém bao gém amylaza (bao
gdbm o-amylaza (E.C. 3.2.1.1), amylaza tao G4 (E.C. 3.2.1.60), B-amylaza (E.C.
3.2.1.2) va y-amylaza (E.C. 3.2.1.3)); va/hodc proteaza (vi du subtilisin (E.C.
3.4.21.62) hoic bacillolysin (E.C. 3.4.24.28) hodc serin proteaza kiém (E.C. 3.4.21.x)
hodc keratinase (E.C. 3.4.x.x)) va/hodc phytaza (vi du 6-phytaza (E.C.3.1.3.26) hodc
3-phytaza (E.C. 3.1.38)).

Theo mdt phuong an (cu thé danh cho tng dung trong thirc &n chin nudi), thanh
phin khac c6 thé 1a

t6 hop amylaza (vi du a-amylaza (E.C. 3.2.1.1)) va proteaza (vi dy subtilisin (E.C.
3.4.21.62)).

Theo mdt phuong an (cu thé danh cho tmg dung trong thirc &n chidn nudi), thanh
phan khac c6 thé 14 B-glucanase, vi du endo-1,3(4)-p-glucanase (E.C. 3.2.1.6).

Theo mdt phwong 4n (cu thé danh cho Ung dung trong thirc n chin nudi), thanh
phin khac c6 thé 1a phytaza (vi du 6-phytaza (E.C.3.1.3.26) hodc 3-phytaza (E.C. 3.1.38).
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Theo mot phuong an (cu thé danh cho tng dung trong thic an chdn nu6i), thanh
phan khac co thé 1a mannanase (vi du f-mannanase (E.C. 3.2.1.78)).

Theo mdt phuong an (cu thé danh cho tng dung trong thirc &n chan nudi), thanh
phan khéac c6 thé 13 lipaza (E.C 3.1.1.3), lipit acyltransferase (thuong dugc phan loai 1a
E.C. 2.3.1.x) hoic phospholipaza (E.C. 3.1.1.4, E.C. 3.1.1.32 hodc E.C. 3.1.1.5), thich
hop 1a lipaza (E.C. 3.1.1.3).

Theo mdt phuong an (cu thé danh cho tng dung trong thirc &n chan nudi), thanh
phén khéc c6 thé 1a proteaza (vi dy subtilisin (E.C. 3.4.21.62) hodc bacillolysin (E.C.
3.4.24.28) hodc serin proteaza kiém (E.C. 3.4.21.x) ho#c keratinase (E.C. 3.4.x.X)).

Theo mot phuong an, thanh phan b6 sung c¢6 thé 1a chat 8n dinh hodc chit nhii twong
hodc chét két dinh hoic chét mang hoic ta dugc hogc chét pha loédng hodc chét ra.

Thuét ngit "chét én dinh" dugc sir dung & ddy dugc dinh nghia 1a thanh phan
hoic td hop cac thanh phan giit cho san phim (vi du san pham thtrc &n chan nu6i) khong
bién dbi theo thoi gian.

Thuét ngft "chat nhii héa" duge st dung trong ban md ta nay chi thanh phén (vi
du thanh phén thtrc &n chian nu6i) ngin chin viéc tich nhil twong. Nhii twong 13 hai
chét khong thé tron 1an vao nhau, mot chit hién dién & dang giot nho nim trong chét
kia. Nhil twong c6 thé bao gdbm dau trong nuéce, trong d6 giot nho hodc pha phén tan la
dau va pha lién tuc 1a nuéc; hodc nudce trong dau, trong d6 nudc tré thanh pha phén tan
va pha lién tuc 13 dau. Bot, 1a khi trong chét 16ng, va huyén phu, 13 chét rén trong chat
16ng, ciing c6 thé duge dn dinh bang cach sir dung chét nhii hoa,

Nhu duge sir dung trong ban mo ta nay, thuat ngit "chét két dinh" chi thanh phéan
(vi du thanh phan thirc dn chin nu6i) lién két san phdm vé6i nhau thdng qua phéan tmg vat
Iy hodc hoa hoc. Vi du trong qua trinh "dong cimg", nudc duge hép thu, mang dén hiéu
qua két dinh. Tuy nhién, chét két dinh co6 thé hép thu cac chét long khéc, nhu dau, gitt lai
cac chét 1ong d6 trong n6. Trong ngit canh cua sang ché nay, chét két dinh thuong dugc
stt dung trong chit rén hodc san phém 6 d6 4m thép, vi du san phém nudéng: banh ngot,
banh ran, banh mi va cac san phém khac. Vi du vé chét két dinh tao hat bao g6m moOt hodc
nhidu trong s céc chit sau: polyvinylpyrrolidone, hydroxypropylmetylxenluloza
(HPMC), hydroxypropylxenluloza (HPC), sucroza, maltoza, gelatin va acacia.

"Ch4t mang" nghia 13 cdc nguyén liéu thich hop cho viéc sir dung enzym va bao

gf?)m bét ky nguyén liéu ndo nhu vay duge biét dén trong linh vuc nay nhu, vi dy, chét
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long, gel, dung moi, chét pha lodng ¢ thé 1éng, chét hoa tan bt ky hodc tuong tw khong
gy doc hai va khong tuong tac v6i thanh phan bat ky ctia ché phim mot c4ch c6 hai.

Sang ché dé xuat phuong phap diu ché ché pham (vi du ché phdm phu gia thtrc
an chin nudi) bao gdm budc tron enzym cla sang ché véi it nhdt mot chit mang duoc
chép nhén vé sinh ly hoc dugc chon tir it nhét mét trong céc thanh phén maltodextrin, da
vdi, (canxi cacbonat), xyclodextrin, lia mi hodc thanh phén lta mi, sucroza, tinh bot,
Na,SO,, hoat thach, PVA, sorbitol, benzoat, sorbiate, glyxerol, sucroza, propylen glycol,
1,3-propan diol, glucoza, paraben, natri clorua, xitrat, axetat, phosphat, canxi,
metabisulfit, format va hdn hgp cta chung.

Vi du vé "td dugc” bao gdm mot hodc nhiéu chét trong sb céc chét sau: xenluloza
vi tinh thé va xenluloza khéc, lactoza, natri xitrat, canxi cacbonat, diaxit canxi phosphat,
glyxin, tinh bot, dudng sita va polyetylen glycol co khéi lwong phén ti cao.

Vi du vé "chit rd" bao gém mot hodc nhidu chét trong sb cac chét sau: tinh bot
(tSt nhét 1a tinh bdt bap, khoai tdy hodc tinh bt sén), glycollate tinh bdt natri, natri
croscarmellose va silicat phirc nhét dinh.

Vi du vé "chét pha loang" bao gém mot hodc nhiéu chét trong sb c4c chét sau: nude,
etanol, propylen glycol va glyxerin, va cac két hop ctia chiing v6i nhau,

C6 thé str dung dong thoi cac thanh phan khac (vi du khi ching dugc trdn véi nhau
hodc ngay ca khi chiing dugc cung cap bang duong dung khéac) hogc sir dung mot cach tuan
tw (vi du chung c6 thé duge cung cép bang duong dung khéc) v6i xylanaza clia sing ché.

Tét nhét 1a khi ché phim phu gia thirc @n chdn nudi cua sang ché duoc tron véi
thanh ph?m khac, DFM van ¢ thé tdn tai.

Theo mot phuong 4n, tét nhét 14 ché pham phu gia thirc dn chin nudi theo sang
ché khong bao gbm crom hodc crom hitu co

Theo mot phuong an, tdt nhat 13 chét phu gia thitc dn chin nudi theo sang ché
khong chira glucanase.

Theo mot phuong an, tdt nhét 1a chit phu gia thirc an chin nubi theo sang ché
khong chira axit sorbic.

Phan ldgp

Theo mdt phuong 4n, tdt nhat 1a chudi axit amin, hodc axit nucleic, hodc enzym
theo sang ché & dang phan 1ap. Thuét ngit "phén l4p" nghia la chudi hodc enzym hodc
axit nucleic it nhit v& co ban duoc tach khai it nhat mot thanh phﬁn khéc lién két tu

nhién véi chudi, enzym hodc axit nucleic trong ty nhién va nhu dugc tim théy trong tu
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nhién. Chudi, enzym hodc axit nucleic clia sang ché c6 thé dugc cung cdp dudi dang
v& co ban khong ¢6 mot hoge nhidu chit nhiém bin ma chét c6 thé lien két. Vi vay, vi
du, v& co ban no c6 thé khong c6 mdt hay nhiéu polypeptit va/hodc phan tir axit
nucleic ¢6 kha ning gy nhidm ban.

Tinh ché

Theo mot phuong an, tSt nhét 14 chudi, enzym hodc axit nucleic theo sang ché &
dang duogc tinh ché. Thut ngit "tinh ché" nghfa 1a thanh phan da cho c6 mat ¢ muc
cao. Tét nhét thanh phan 13 thanh phan chiém wu thé c6 mit trong ché pham. Tét nhét
la thanh phin hién dién & muc it nhit khoang 90%, hodc it nhat khoang 95% hodc it
nhét khoang 98%, mirc da néu dwoc xac dinh trén co s& khdi lugng kho/khoi lugng
kho theo toan bo ché phdm dang dugce xem xét.

Trinh tw nucleotit

Pham vi ctia sang ché bao gbém trinh ty nucleotit ma hoa protein c6 céc tinh chét
dic hiéu nhu dugce xac dinh trong ban mo ta nay.

Thuét ngit "trinh tw nucleotit" nhu dugc st dung trong ban mo6 ta nay d& cap dén
trinh tu oligonucleotit hodc trinh ty polynucleotit, va bién thé, chit ddng ding, phan
doan va din xuét cta chiing (nhu cac phan ctia chung). Trinh ty nucleotit c6 thé ¢6
ngué‘)n géc tir bd gen hodc téng hop hodc tai td hop, c6 thé 1a s¢i kép hoac soi don du
thé hién 12 soi ma héa hodc d6i ma.

Thuat ngit "trinh ty nucleotit" li€én quan dén sang ché bao gdbm ADN ctia bd
gen, ADN b sung, ADN tdng hop va ARN. Tét nhét né la ADN, t6t hon nita la trinh
tu ADN b sung ma hoa cho sdng ché.

Theo mdt phwong an, thudt ngft "trinh ty nucleotit" chi ADN bd sung.

Theo mot phuong an uu tién, trinh ty nucleotit khi li€n quan dén va khi thudc
chinh pham vi cta sang ché khong bao gdm trinh tu nucleotit ty nhién theo sang ché
khi & moi truong ty nhién ctia né va khi lién két vé6i trinh tu lién két ty nhién cua né
cling ¢ trong mdi truong tu nhién. Dé d& dang tham khao, chiing toi s& goi phuong 4n
uu tién nay la "trinh tu nucleotit khong tu nhién". V& vén dé nay, thudt ngtt "trinh tu
nucleotit ty nhién" nghia 1a toan b trinh tw nucleotit trong moi truong ty nhién cua no
va khi lién két thuc té v6i toan bo ving khoi dong ma no lién két ty nhién, ving khoi
dong d6 ciing ndm trong mdi trudng tw nhién ciia nd. Tuy nhién, trinh tw axit amin
thudc pham vi clila sang ché co thé 1a biéu hién cua trinh tu nucleotit sau khi dugc phéan

lap vad/hodc tinh ché trong sinh vat ty nhién ctia n6. Tuy nhién, tdt hon hét 1a trinh tu
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axit amin thu¢c pham vi cua sang ché ¢6 thé duoc bidu hién béi trinh ty nucleotit trong
sinh v4t ty nhién nhung trong d6 trinh tu nucleotit khong thudc sy kiém soat ciia ving
khoi dong ma né lién két tu nhién bén trong sinh vt do.

Thong thuong, trinh ty nucleotit thudc pham vi cia sang ché duoc didu ché
bang cach str dung k§ thuat ADN tai t6 hop (tirc 1a ADN tai td hop). Tuy nhién, theo
phuong 4n khéc cua sang ché, trinh tu nucleotit c6 thé duoc tdng hop, toan bd hodc
mot phén, bing cach st dung phuong phéap héa hoc dugc biét dén trong linh vuc nay
(xem Caruthers MH va céng su, (1980) Nuc Acids Res Symp Ser (Chudi héi nghi
chuyén dé nghién cieu axit nucleic) 215-23 va Horn T va cong sw, (1980) Nuc Acids
Res Symp Ser (Chudi hoi nghi chuyén dé nghién ciku axit nucleic) 225-232).

Diéu ché trinh tw nucleotit

Trinh tu nucleotit ma héa protein c6 tinh chit dic hiéu nhu d3 x4c dinh trong ban
mo ta nay hodc protein phu hop dé cai bién c6 thé duge nhan dang va/hodc phén lap
va/hodc tinh ché tir bt ky t& bao hodc sinh vat ndo san sinh ra protein nay. Nguoi ta da
biét 1a c6 nhidu phuong phap khac nhau trong linh vie cho phép nhén dang va/hodc phén
1ap va/hodc tinh ché trinh tu nucleotit. Vi du, ¢6 thé sir dung k¥ thuat khuéch dai PCR dé
diéu ché nhiéu trinh tu khi trinh ty pht hgp da duge nhan dang va/hodc phan 18p va/hodc
tinh ché.

Vidu tiép theo, ADN cuia bd gen va/hodc thu vién ADN bd sung cO thé duoc cAu tao
bing ADN nhidm séc thé hogc ARN thong tin tir sinh vat san sinh enzym. Néu dé biét trinh
tur axit amin ctia enzym, doan do oligonucleotit dugc gan nhan ¢ thé duoc tong hop va st
dung dé nhan dang cac dong t& bao ma hoa enzym tir thu vién bd gen dugce diéu ché tir sinh
vat. Ngoai ra, c thé str dung doan do oligonucleotit dugc gan nhan chira cic trinh ty tuong
ddng véi gen enzym da biét khac dé nhan dang céc dong té bao ma héa enzym. Trong
truong hop sau, sit dung su lai hoa va diéu kién rira it nghiém ngat hon.

Ngoai ra, cdc dong té bao ma héa enzym c6 thé dugc nhan dang bang cach dua
cac phan doan ADN cua by gen vao vecto biéu hién, nhu plasmit, bién dbi vi khuan
mang enzym am v6i thu vién ADN cuia bd gen thu duoc, va sau d6 dua vi khudn bién
nap lén dia thach chua co chit cho enzym (ttrc 13 arabinoxylan), tir d6 cho phép nhan
dang dugc cac dong té bao biéu hién enzym.

Hodc, trinh tu nucleotit ma hoa enzym c6 thé dugc didu ché tong hop bang phuong
phép tiéu chudn dugc thiét 1ap, vi du phuong phap phosphoroamidite dwgc mo ta bdi

Beucage S.L. va cong su, (1981) Tetrahedron Letters 22, trang 1859-1869, hodc phuong
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phép dugc mo ta béi Matthes va cong sw, (1984) EMBO J. 3, trang 801-805). Trong
phuong phép phosphoroamidite, oligonucleotit dugc tdng hop, vi du trong may téng hop
ADN tu dong, dugc tinh ché, u, dugc that budc va tach dong trong vecto phit hop.

Trinh tw nucleotit ¢6 thé ¢6 ngudn gdc tir gbc téng hop va bd gen pha tron, gbc ADN
b sung va tong hop pha trdn, gbc ADN bd sung va bd gen pha trdn, dugce diéu ché bing
cach thit budc cac phan doan gbc tong hop, bd gen hodc ADN bd sung (néu phi hop) theo
k¥ thuét tiéu chuan, Mdi phan doan dugc thit budc tuong tmg véi cac phan khéc nhau cla
toan bo trinh tu nucleotit. Trinh ty ADN cling ¢6 thé duoc didu ché bang phan tmg chudi
polymeraza (PCR) st dung doan moi dic hiéu, vi du theo mo ta trong 4,683,202 My hodc
trong Saiki R K va cong su, (Science (Khoa hoc) (1988) 239, trang 487-491).

Trinh tw axit amin

Pham vi cuia sang ché ciing bao gdm trinh ty axit amin cta enzym c6 tinh chét
didc hiéu nhu dugc mo ta trong ban md ta nay.

Trong ban md ta nay, thuat nglt “trinh tu axit amin” ddng nghia véi thuat ngit
“polypeptit” va/hodc thudt nglt “protein”. Trong mot s§ truong hop, thuat ngt “trinh ty
axit amin” déng nghia véi thuat ngit “peptit”. Trong mot sb truong hop, thuat nglt “trinh
ty axit amin” dong nghia v6i thuat ngit “enzym”.

Trinh ty axit amin c6 thé dugc diéu ché/phan 1ap tir ngudn phit hop, hodc ¢6 thé
dugc tao ra b%mg cach téng hop hodc ¢o thé dugc diéu ché béng cach st dung k¥ thuat
ADN tai td hop.

Tét nhét 1a trinh tu axit amin khi lién quan dén va khi thudc chinh pham vi cua
sang ché thi khong phai 1a enzym ty nhién. V& van dé nay, thuét ngit "enzym ty nhién"
nghia 14 toan bd enzym trong moi trudng ty nhién cla nd va khi n6 duge biéu hién béi
trinh tu nucleotit ty nhién cta no.

Béng nhét trinh tw hodc tuong dé‘ng trinh tu

Sang ché ciling bao gdm viéc st dung trinh ty c6 mirc do dbng nhét trinh tu hodc
tuong df‘)ng trinh ty voi trinh tu axit amin cta polypeptit c6 tinh chit dac hiéu dugc
xac dinh trong ban mo ta nay hodc cua bét ky trinh tw nucleotit nio ma hoa polypeptit
nay (sau day goi la "trinh ty twong ddng"). O day, thuat ngit "chit dong déng" nghia la
thuc thé c6 su trong ddng nhat dinh véi trinh ty axit amin chu dé va trinh tu nucleotit

chu d&. G day, thudt ngit "twong dong" c6 thé dugc xem 1a "ddng nhat".
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Trinh tu axit amin twong ddng va/hodc trinh ty nucleotit phai cung cAp va/hoic
ma hoa polypeptit, polypeptit ndy gift lai hoat tinh chirc ning va/hodc néng cao hoat
tinh cua enzym.

Trong ngtt canh hién tai, trong mot s6 phuong 4n, trinh ty tuong dong duogc
hiéu 1 bao gdm trinh tu nucleotit hogc axit amin c6 thé ¢6 it nhat 97,7% ddng nhit, tbt
nhét 12 it nhat 98 hodc 99% ddng nhit v6i trinh ty cha d&.

Trong mdt sd phuong an, trinh ty twong ddng duogc hiéu 13 bao gbm trinh tu
nucleotit hodc axit amin c6 thé ¢6 it nhat 85% dong nhét, t6t nht 1a it nhét 90 hoic
95% ddng nhit v6i trinh tu chu dé.

Thong thuong, chit dong ding s& bao gdm c4c vi tri hoat héa nhu nhau v.v., vi
du nhu trinh ty axit amin chu dé. Mic du tinh twong ddng cling c6 thé duoc xem xét
theo khia canh ddng dang (tirc 1a gbc axit amin c6 chirc nang/tinh chét héa hoc gidng
nhau), nhung trong ngit canh cla sing ché, wu tién biéu hién tinh twong ddng theo khia
canh ddng nht trinh tu.

Theo mo{t phuong 4n, trinh ty tuong déng dugc hiu 1a bao gém trinh tu axit
amin hodc trinh tu nucleotit c6 mdt hodc mot s6 bd sung, 1am mét va/hoic thay thé so
v6i trinh ty chi de.

Trong nglt canh hién tai, "trinh tu chu dé" chi trinh ty nucleotit hodc trinh tu
polypeptit/axit amin theo sang ché.

Tét nhit 1a % ddng nhét trinh tu lién quan dén trinh tw chudi polypeptit dugc
xé4c dinh bing cach str dung S6 ID TRINH TU 1 lam trinh ty cha @& trong bat cdp trinh
tu. Theo mdt phuwong an, trinh ty cha d@ polypeptit duge chon tir nhém bao gdbm S6 ID
TRINH TU 1, 6 ID TRINH TUJ 26, S6 ID TRINH TU 27, 8 ID TRINH TU' 3, 86 ID
TRINH TU 28, $6 ID TRINH TU 29 hogc S6 ID TRINH TU'5.

Tt nhét 1a % dong nhét trinh tu lién quan dén trinh ty nucleotit duoc x4c dinh
béng cach st dung S$ ID TRINH TU 2 1am trinh ty cht dé trong bét cdp trinh tu. Theo
mot phuong an, trinh ty chu dé cho trinh tu nucleotit c6 thé duogc chon tir nhém bao
¢dm $6 ID TRINH TU 2, $6 ID TRINH TU 24, $§ ID TRINH TU 25, S6 ID TRINH
TU 4, S6 ID TRINH TU' 30, S6 ID TRINH TU 31, $§ ID TRINH TU'6, S6 ID TRINH
TU 32 hogc S6 ID TRINH TU 33.

"Axit nucleic me" hoac "axit amin me" 1an luot chi trinh tu axit nucleic hodc

trinh ty axit amin ma héa polypeptit me.
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Theo mdt phuong é&n, sang ché dé cap dén protein c6 trinh ty axit amin dugc aé
cip trong ban mo ta nay hodc protein dugc din xuét tir protein (me) nay bing céch
thay thé, lam mét hodc bd sung mot hodc mot s axit amin, nhu 2, 3, 4, 5,6, 7, 8, 9
axit amin, hodc nhidu axit amin, nhu 10 ho#c hon 10 axit amin trong trinh ty axit amin
cua protein me va c6 hoat tinh ctia protein me.

Theo cach thirc phu hop, mirc do dbng nhat véi trinh ty axit amin dugc xac dinh
trén it nhat 20 axit amin 1ién k&, t6t nhét 1 trén it nhit 30 axit amin lién k&, tt nhét 1a
trén it nhét 40 axit amin 1ién k&, t5t nhAt 13 trén it nhét 50 axit amin lién k&, t6t nhat 1a
trén it nhét 60 axit amin lién k&, t6t nhét 1a trén it nhit 100 axit amin lién ke, t0t nhét 1a
trén it nhat 200 axit amin lién ké.

Theo mot phuong an, sang ché d& cap dén trinh tu axit nucleic (hodc gen) ma hoéa
protein ¢6 trinh ty axit amin dugc dé cap trong ban mo ta nay hodc mi héa protein dugc
dan xuét tir protein (me) bang cach thay thé, 1am mAt hodc bd sung mot hodc mot s axit
amin, nhu 2, 3, 4, 5, 6, 7, 8, 9 axit amin, hodc nhiéu axit amin, nhu 10 hodc hon 10 axit
amin trong trinh ty axit amin cua protein me va c¢6 hoat tinh cua protein me.

Trong ngit canh nay, theo mdt phuong an, trinh ty twong déng hoéc trinh tu
ngoai lai dugc hiéu 1a bao gérn trinh tu nucleotit c6 thé c6 it nhéat 97,7% dé)ng nhét, 6t
nhét 13 c6 it nhit 98 hoic 99% ddng nhit véi trinh tu nucleotit ma hoa polypeptit ciia
sang ché (trinh tu chu de).

Theo mot phuong én khdc, trinh tu twong dbng dwoc hidu 1a bao gbm trinh tu
nucleotit ¢6 thé ¢6 it nht 85% ddng nhat, tdt nhét 1a it nhit 90 hodc 95% dong nhat véi
trinh ty nucleotit ma hoa polypeptit ctia sang ché (trinh tu chu d8).

Thong thuong, chét ddng ding s& bao gdm c4c trinh ty nhu nhau ma héa cho vi
tri hoat hoa v.v. nhu trinh ty cha d&. Mic du tinh twong ddng ciing c6 thé dugc xem
xét theo khia canh déng dang (toc la géc axit amin ¢O chirc ndng/tinh chét héa hoc
gidng nhau), nhung trong ngit canh cua sang ché, vu tién biéu hién tinh twong dong
theo khia canh ddng nhét trinh ty.

Viéc so sanh tinh tuwong déng ¢6 thé duge thuc hién bing mét, hoic thong
thuong hon, véi sy trg giup cia chuong trinh so sénh trinh ty san cé. Nhitng chuong
trinh may tinh dugc bén trén thi truong nay co thé tinh % twong dong hodc % dong
nhét gitra hai hodc nhidu trinh tu.

C6 thé tinh % tuong df“)ng hoac % d(“)ng nhét trén cac trinh tu 1ién k&, tirc 1a mot

trinh ty dwgc bit cip véi trinh tu khéc va mdi axit amin trong mot trinh ty dugc so
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sanh truc tiép véi axit amin twong Gng trong trinh ty khac, mot gbc mot thoi diém. Pay
dwoc goi 14 bt cip "khong c6 khoang trng". Thong thuong sy bit cip khong ¢
khoang trdng nay chi dugc thuc hién trén s6 luong gbc twong d6i thép.

Maic du diy 1a phuong phép don gian va nhét quan, nhung khong dugc xét toi
béi vi, vi duy, trong mot cdp trinh tu déng nhét khéc, viéc dua vao hoic lam mét s& lam
cho céc gbe axit amin tiép theo bi dwa ra khoi sy bét cdp, vi vay c6 kha ning din dén
sy suy giam 16n vé % tuong ddng hodc % dong nhit khi thue hién bét cp toan bd. Vi
vay, hau hét phuong phap so sanh trinh ty dugc kién tao dé tao ra su bét cip t8i wu o
xem xét dén viée c6 thé dwa vao hodc lam méat ma khéng anh hudng qué muc dén tong
sé didm twong ddng. Co thé thuc hién viéc nay bang cach chén "khoang trbng" trong
bét cap trinh tu ¢é t6i da hoa tinh twong dong cuc bd.

Tuy nhién, cac phuong phép phirc tap hon gan "diém phat khodng trng" cho mbi
khoang tréng xuét hién trong bét cap dé, dbi véi cling s6 lugng axit amin ddng nhét, su
bét cdp trinh tu c6 khoang trbng it nhit c6 thé - phan 4nh su lién két cao hon giita hai
trinh tu dugc so sanh - s€ dat dugce didm cao hon bt cap co nhiéu khoang tréng. "Chi
phi khoang tréng tuyén tinh" thuong dugc st dung dé tinh phi khé cao cho su ton tai ctia
khoang tréng va diém phat thap hon i véi mdi gbc tiép theo trong khoang tréng. Pay
1a hé théng tinh diém khoang trbng duoc st dung phd bién nhét. Diém phat khoang
trbng cao tat nhién sé& tao ra sy bét cap tdi wu c6 it khoang tréng hon. Hau hét chuong
trinh bét cap déu cho phép didu chinh diém phat khoang trbng. Tuy nhién, wu tién st
dung gia tri mdc dinh khi st dung phdn mém nay dé so sénh trinh ty.

Vi thé, viée tinh % tuong déng hodc % déng nhét t6i da trudce tién yéu cAu tao ra
su bt cap toi uu, c6 xem xét dén diém phat khoang tréng. Chuong trinh mdy tinh phu
hop dé thuc hién su bét cip nay 1a Vecto NTI (Invitrogen Corp.). Vi du v& phan mém c6
thé thuc hién so sanh trinh ty bao gdm, nhung khong gi¢i han, géi BLAST (xem
Ausubel va cong su 1999 Short Protocols in Molecular Biology (Quy trinh ngin trong
sinh hoc phan ttr), Ldn xuét ban thtt tu - Chuong 18), BLAST 2 (xem FEMS Microbiol
Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1): 187-8 va
tatiana@ncbi.nlm.nih.gov), FASTA (Altschul va cdng sy 1990 J. Mol. Biol. (Tap chi
sinh hoc phan tir) 403-410) va AlignX, vi du. ft nhét c6 sin BLAST, BLAST 2 and

FASTA cho tim kiém ngoai tuyén va truc tuyén (xem Ausubel va cdng sy 1999, trang 7-

58 dén 7-60), vi du nhu cong cu tim kiém GenomeQuest (www.genomequest.com).
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Mic du % twong ddng hodc % dbng nhét cudi cling c6 thé duoc do theo tinh
ddng nhét, quy trinh bét cdp tw né thuong khong dya vao so sanh cép tuong dong hoan
toan hogc khong tvong ddng. Thay vao d6, ma trdn diém tuong ddng theo ty 1§ thuong
duoc st dung dé gan diém s6 cho mdi so sanh timg do6i dya trén tinh twong ddng hoa
hoc hodc khoang céach tién hoéa. Vi du vé ma tran thudng duoc st dung nay 1a ma trén
BLOSUMS62 - ma tran mic dinh cho b chuong trinh BLAST. Chuong trinh Vecto
NTI thudng st dung gia tri mdc dinh chung hodc bang so sanh biéu twong tiiy chinh
néu duge cung cip (xem huéng din ngudi dung dé biét thém chi tiét). D6i véi mot sd
trng dung, wu tién s dung gia tri mic dinh cho go6i Vecto NTIL.

Ngoai ra, ¢ thé tinh phan trim tuong ddng bang cach st dung dic diém bét cap
nhidu trinh ty trong Vecto NTI (Invitrogen Corp.), dua trén thuat toan, tuong tu voi
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

Mot khi phén mém da tao ra su bét cap tdi wu, ¢ thé tinh % tuong déng, tt
nhit 1a % ddng nhét trinh tu. Phin mém thudng 1am viéc nay nhu mot phén ciia viée so
sanh trinh tu va tao két qua la gid tri sb.

Diém phat khoang trng phai dugc st dung khi x4c dinh tinh d6ng nhét trinh tu,

sau do6 tbt nhit 13 sir dung cic thong sb sau cho bt cap timg doi:

DANH CHO BLAST

MO KHOANG TRONG

MG RONG KHOANG TRONG 2

DANH CHO CLUSTAL ADN | PROTEIN
Ma trdn trong s6 IUB Gonnet 250
MG KHOANG TRONG 15 10

MO RONG KHOANG 6,66 0,1
TRONG

Theo mdt phuong 4an, ¢6 thé st dung CLUSTAL véi diém phat khoang trong va
mé rong khoang tréng dugc thiét 1ap nhu da xéc dinh & trén.

Tbt nhét 13, mac do déng nhét ddi v6i trinh tu nucleotit hodc trinh ty protein
dugc xac dinh trén it nhét 20 nucleotit/axit amin lién k&, t6t nhit 13 trén it nhét 30

nucleotit/axit amin 1ién ké, tdt nhat 13 trén it nhit 40 nucleotit/axit amin lién k&, tdt
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nhét 13 trén it nhit 50 nucleotit/axit amin lién k&, tt nhdt 1a trén it nhat 60
nucleotit/axit amin lién k&, t6t nhét 13 trén it nhat 100 nucleotit/axit amin lién ké.

Tt nhét 13, mic d6 déng nhat ddi véi trinh tu nucleotit dugc xac dinh trén it
nhét 100 nucleotit lién k&, t8t nhit 14 trén it nhét 200 nucleotit lién k&, tot nhét 13 trén it
nhét 300 nucleotit lién k&, ot nhét 13 trén it nhat 400 nucleotit 1ién k&, tot nhét 12 trén it
nhit 500 nucleotit lién k&, t5t nhat 1a trén it nhét 600 nucleotit lién k&, t&t nhét 1a trén it
nhét 700 nucleotit 1ién k&, tét nhét 1a trén it nhat 800 nucleotit lién ke.

T4t nhat 13, mic dd dong nhit dbi vé6i trinh tu nucleotit c6 thé dugc x4c dinh
trén toan bo trinh tw duge dé cap trong ban mo ta nay.

Tt nhét 13, mac d déng nhét dbi vai trinh tw nucleotit ¢d thé duogc xac dinh trén
toan bd trinh tu dugc d& cap trong ban mo ta nay nhu trinh ty trudng thanh, vi du S6 ID
TRINH TU 2 hogc S6 ID TRINH TU 24 hoc $6 ID TRINH TU' 25 hogc S6 ID TRINH
TU 4, $6 ID TRINH TU 30, S6 ID TRINH TU 31, S§ ID TRINH TU' 6, S6 ID TRINH TU
32 hodc S6 ID TRINH TU 33. Tét nhét 13, mirc do ddng nhit dbi vai trinh tw nucleotit ¢6
thé dugc xac dinh trén toan bo trinh tw duoc d& cap trong ban md ta nay nhw S6 ID TRINH
TU 2.

Tt nhét 1a, mirc dd ddng nhét dbi vai trinh ty protein (axit amin) dugc xac dinh
trén it nhét 100 axit amin lién k&, t6t nhat 14 trén it nhét 200 axit amin lién k&, t6t nhét
a trén it nhét 300 axit amin lién ke.

T4t nhét 13, mic d6 déng nhat dbi v6i trinh tu axit amin hodc protein cé thé
duogc xac dinh trén toan bo trinh ty duoc dé cap trong ban md ta nay.

Tt nhét 14, muc d6 déng nhat d6i voi trinh tw axit amin hodc protein ¢ thé
duogc xac dinh trén toan b trinh tu duoc dé cip trong ban mo td nay nhu trinh tu
truéng thanh, vi du 86 ID TRINH TU' 1, $6 ID TRINH TU 26, $6 ID TRINH TU' 27,
6 ID TRINH TU 3, S6 ID TRINH TU 28, S6 ID TRINH TU 29 hogc S6 ID TRINH
TU 5. Tt nhit 13, mtrc 6 ddng nhat ddi v6i trinh tu axit amin hodc protein c6 thé
dugce xac dinh trén toan bd trinh ty duoc dé cip trong ban mo ta nay nhu S6 ID
TRINH TU 1.

Trong ngtt canh nay, thuat ngit "trinh tu truy vAn" nghia 13 trinh ty twong ddng
hodc trinh tu ngoai lai dugce bét cip v6i trinh tw chi dé dé xem no cé thudc pham vi
cta sang ché hay khong. Theo do, trinh tu truy vén c6 thé, vi dy, 1 trinh tu trong k¥

thudt trude ddy hodc trinh ty bén thir ba.
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Theo mdt phwong an wu tién, trinh ty dugc bét cip boi chuong trinh bét cip toan
bo va déng nhét trinh ty dugc tinh bﬁmg cach xé4c dinh sd tring khop chinh xéc duoc xac
dinh bang chuong trinh dugc chia cho chidu dai cta trinh ty chi d8.

Theo mo{t phuong an, mirc do ddng nhét trinh ty gifta trinh ty truy vén va trinh tu
chit d& duoc x4c dinh bing cach 1) bit cip hai trinh tw bing chuong trinh bét cip phit hop
bét ky st dung ma trén tinh diém maic dinh va diém phat khoang tréng mac dinh, 2) xac
dinh s trang khép chinh x4c, trong d6 trung khép chinh xéc 1a khi chuong trinh bét cip
da nhin dang axit amin hodc nucleotit ddng nhét trong hai trinh ty dugc bét cip & vi tri da
cho khi bt cip va 3) chia s6 tring khép chinh xac v6i chidu dai cta trinh tu chi d&.

Theo phwong 4n wu tién khéac, chuong trinh bét cdp toan bd dugc chon tir nhém
bao gdm CLUSTAL va BLAST (t6t nhit 12 BLAST) va dong nhét trinh ty dugc tinh
bang cach nhan dang s6 trung khép chinh xdc duge xac dinh bang chwong trinh dugc
chia cho chidu dai cua trinh tu chu dé.

Céc trinh ty cling c6 thé c6 su 1am mét, chén hoic thay thé géc axit amin tao chat
twong duong vé chirc ning. Viée thay thé axit amin ¢6 chi y ¢6 thé dugc thyc hién trén co
sG tuong d@)ng vé su phan cuc, dién tich, d§ hoa tan, tinh ky nudc, tinh va nudc, va/hodc
ban chét ludng tinh cia cac gbe. Vi dy, axit amin tich dién 4m bao gdm axit aspartic va
axit glutamic; axit amin tich dién duong bao gdm lysin va arginin; va axit amin v6i nhom
dau cuc khong tich dién c6 gia tri wa nudc tuong ty bao gé)rn leuxin, isoleuxin, valin,
glyxin, alanin, asparagin, glutamin, serin, threonin, phenylalanin, va tyrosin.

C6 thé thuc hién thay thé bao thi, vi du theo Bang bén dudi. Axit amin trong

cung 6 & cOt thir hai va tbt nhét trong ciing hang & cot thit ba c6 thé duoc thay thé cho

nhau:
BEO Khong phén cyc GAP
ILV
Phén cuc — khong tich CSTM
dién
NQ
Phan cyc — tich dién DE
KR
THOM HFWY
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Sang ché ciing bao gdm su thay thé trong dong (thay thé va thé chd déu dugc
sit dung trong ban mo ta nay dé chi su thay thé gdc axit amin hién tai bang mot gbe
khéc) c6 thé xay ra, tirc 14 sy thay thé twong ing nhu bazo thay cho bazo, axit thay cho
axit, phan cuc thay cho phan cuc, v.v. Thay thé khong twong ddng cling c6 thé xay ra,
tre 12 tr mot 16p cua gbe dén 16p khac hogc lién quan dén viéc bao gdm axit amin
khong tu nhién nhu ornithin (sau déy dugc goi 13 Z), ornithin axit diaminobutyric (sau
day duoc goi 1a B), norleucine ornithine (sau day duogc goi 1a O), pyriylalanine,
thienylalanine, naphthylalanine va phenylglyxin.

Su thay thé cling c6 thé dugc thuc hién boi axit amin khong tu nhién bao gbm;
axit amin alpha* va axit amin hai 14n thé alpha*, axit amin N-alkyl*, axit lactic*, dan
xuét halogenua clia axit amin ty nhién nhu triflotyrosin*, p-Cl-phenylalanin*, p-Br-
phenylalanin*, p-I-phenylalanin*, L-alyl-glyxin*, B-alanin*, axit L-a-amino butyric*,
axit L-y-amino butyric*, axit L-o-amino isobutyric*, axit L-g-amino caproic”, axit 7-
amino heptanoic*, L-metionin sulfon#*, L-norleucine*, L-norvaline*, p-nitro-L-
phenylalanin*, L—hydroxyproline#, L-thioproline*, dan xult metyl ctia phenylalanin
(Phe) nhu 4-metyl-Phe*, pentametyl-Phe*, L-Phe (4-arnino)#, L-Tyr (metyl)*, L-Phe
(4-isopropyl)*, L-Tic (axit 1,2,3,4-tetrahydr0isoquinoline-3-caerxyl)*, axit L-
diaminopropionic® va L-Phe (4-benzyl)*. Ky hiéu * dugc st dung vi muc dich cia
phan trinh bay bén trén (lién quan dén viéc thay thé twong ddéng hodc khong twong
dong), dé biéu thi tinh ky nuéc cua chit dan xuét, trong khi d6 # duoc st dung dé biéu
thi tinh wa nuéc cua cht dn xuét, #* bidu thi dic diém ludng tinh,

Céc trinh tu axit amin bién thé ¢ thé bao gdm cic nhom doan dém phu hop ¢6
thé duge chén vao gifta hai gbc axit amin bét ky cua trinh ty bao gdm nhém alkyl nhu
metyl, etyl hodc nhom propyl ngodi cdc doan dém axit amin nhu gbc glyxin hodc -
alanin. Dang bién thé khéc, lién quan dén sy c6 mat ctia mdt hodc nhiéu géc axit amin
& dang peptoid, s& dugc cac chuyén gia trong linh vuc hiéu ro. D& tranh nham 14n,
"dang peptoid" dugc st dung dé chi cac gbc axit amin bién thé, trong d6 nhém thé o-
carbon nim trén nguyén tit nito cua gbc chir khong phai a-carbon. Quy trinh didu ché
peptit dudi dang peptoid duoc biét dén trong linh vuc, vi du Simon RJ va cdng su,
PNAS (1992) 89(20), 9367-9371 va Horwell DC, Trends Biotechnol. (Cdc xu hudng
trong cong nghé sinh hoc) (1995) 13(4), 132-134.
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Theo mot phuong an, xylanaza dugc st dung trong sang ché ¢6 thé bao gdbm
trinh tw chudi polypeptit duoc trinh bay ¢6 S6 ID TRINH TU 17, $6 ID TRINH TU
18, $6 ID TRINH TU 19, 86 ID TRINH TU 20, hoge S6 ID TRINH TU 21 v6i sw
thay thé bao tha it nhat mot trong cac axit amin.

Tét nhét 13, c6 it nhat 2 thay thé bao thu, nhu it nhit 3 hoc it nhit 4 hogc it nhét

Tét nhét 13, ¢6 it hon 15 thay thé bao thi, nhu it hon 12, it hon 10, it hon 8 hodc
it hon 5 thay thé bao thu.

Trinh tu nucleotit dugc st dung trong sang ché c6 thé bao gdm nucleotit cai
bién hoic tdng hop. S6 kiéu cai bién khac nhau ddi véi oligonucleotit da dugc biét dén
trong nganh. Cac kidu nay bao gébm khung methylphosphonate va phosphorothioate
va/hodc bd sung chudi acridin hodc polylysine & dau 3' va/hodc 5' cuia phan tir. Vi muc
dich cta sang ché, c6 thé hiéu rang cac trinh tw nucleotit dugc mo ta trong ban mo ta
nay c6 thé dugc lam cai bién bing bit ky phuong phap nao hién c6 trong nganh. C6
thé thuc hién cai bién nhu viy dé nang cao hoat tinh trong co thé séng hodc tudi tho
clia trinh tu nucleotit cuia sang ché.

Sang ché ciing bao gbm viéc str dung trinh ty nucleotit bd sung cho trinh ty duoc
dé cip trong ban mo ta nay, hodc chét dan xuét, phan doan hodc chat din xuét bit ky
ctia ching. Néu trinh tu bd sung cho phan doan cta no thi co thé st dung trinh tw d6 lam
doan do dé nhan dang trinh tw ma hoa twong ty trong sinh vat tw nhién khac v.v.

Polynucleotit khong tuong ddng 100% véi trinh ty cla sang ché nhung thudc
pham vi cla sang ché ¢6 thé thu duoc theo nhiéu cach. C6 thé thu dugc cac bién thé
khac cua trinh tu dugc md ta trong ban mod ta nay, vi du, bang cch thim do thu vién
ADN duogc tao ra tir cac ca thé riéng 1€, vi du ca thé riéng 1é tlr cac quan thé khac nhau.
Ngoai ra, c6 thé thu dugc chét ddng dang khac va chét ddng déng nay va phan doan cia
n6 noi chung sé c6 kha ning lai hoa chon loc thanh céc trinh ty duge trinh bay trong
danh séach trinh ty trong ban md ta nay. Co thé thu duoc céc trinh ty ndy bang cach thdm
do thu vién ADN b sung duoc tao ra tr hodc thu vién ADN clia bd gen tlr céc loai dong
vat khac, va tham do thu vién nay béng doan do bao gém toan b hodc mat phén clua
mdt trinh tu bt ky trong danh séch trinh ty dinh kém trong didu kién nghiém ngit &
muc d tir trung binh dén cao. Ap dung céc xem xét twong tw cho chét ddng déng & cac

loai thu duoc va bién thé allen ctia trinh tu polynucleotit hodc nucleotit clia sdng ché.
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Céc bién thé va chit ddng ddng & dong/loai cling c6 thé thu dugc bang cach sit
dung PCR suy bién, PCR nay s& st dung doan mdi duge kién tao dé nhim dén cac
trinh tu trong pham vi cac bién thé va chit ddng ddng ma hoéa trinh ty axit amin bao
thu trong pham vi céc trinh ty cua sang ché. Co6 thé du doan céc trinh ty bao thi, vi du,
bing cach bt cip trinh tu axit amin tir mot s6 bién thé/chat ddng dang. Co thé thuc
hién bét cip trinh tw bing céc st dung phan mém mady tinh dugc biét dén trong nganh.
Vi du chuwong trinh GCG Wisconsin PileUp dugc st dung rong rai.

Poan mdi duge sir dung trong PCR suy bién s& chira mot hodc nhiéu vi tri suy
bién va s& dugc sit dung & diéu kién it nghiém ngdt hon doan mdi duge st dung dé tach
dong céc trinh ty véi doan moi trinh tu don d6i vdi trinh ty da biét.

Ngoai ra, c¢6 thé thu dugc céc polynucleotit nay bing cach gay dot bién duoc
dinh huéng vi tri & céc trinh ty ddc trung. Viéc nay co thé hitu ich khi, vi du, can thay
dbi trinh tuy codon cam d8 81 wu hoa wu tién codon cho té bao chi cu thé ma trong dé
trinh tu polynucleotit dang dwoc biéu hién. Cac thay dbi trinh ty khéc c6 thé can thiét
dé dua vi tri nhan dang enzym gi¢i han vao, hodc dé thay ddi tinh chét hoic chirc ning
cta polypeptit dugc ma hoa bing polynucleotit.

Polynucleotit (trinh ty nucleotit) cia sang ché c6 thé dugce st dung dé tao doan
mdi, vi du doan mdi PCR, doan mdi danh cho phan g khuéch dai thay thé, vi du
doan do dugc gan nhan bang nhin biéu 10 bing phuong tién thong thudng st dung
nhan phéng xa hodc khong phdng xa, hodc polynucleotit co thé duogc tach dong thanh
vecto. Poan mdi, doan do nay va cac phan doan khéc s& ¢ chidu dai it nhét 1a 15, t6t
nhét it nhat 1a 20, vi du it nhét 25, 30 hodc 40 nucleotit, va cling bao gém trong thuét
ngilt polynucleotit ciia sang ché dugc st dung trong ban mo ta nay.

Céc polynucleotit nhu doan do va polynucleotit ADN theo sang ché c6 thé duoc tao
ra bing cach tai t6 hop, téng hop, hodc bing bat ky phwong tién no c6 sin d6i véi cac
chuyén gia trong nganh. Chung ciing ¢ thé duoc tach dong bing k¥ thuat tiéu chuén.

Noi chung, doan mdi s& dugce tao bang cach téng hop, bao gém viéc san xuét
trng bude mdt nucleotit cua trinh ty axit nucleic mong muén trong mot thoi diém.
Thuc hién viéc ndy bang cach sir dung k¥ thuét ty dong da c6 san trong nganh.

Polynucleotit dai hon thuong s& duoc tao ra bang cach tai t6 hop, vi du str dung
k§ thuat tich dong PCR (phéan ng chudi polymeraza). Doan mdi c¢6 thé dugc kién tao
dé chua vi trf nhan dang enzym gi6i han phu hgp d8 ADN duoc khuéeh dai 6 thé dugc

tach dong thanh vecto tach dong phu hop.
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Bdnh s6 axit amin

Trong séang ché nay, c6 thé st dung viéc danh s cu thé vi tri gbc axit amin trong
xylanaza dugc st dung trong sang ché. Bang céach bt cap trinh ty axit amin cta xylanaza
mau véi xylanaza clia sang ché (cu thé 12 S8 ID TRINH TU 1), ¢6 thé chi dinh s6 cho vi
tri gbc axit amin trong xylanaza mau nay twong ng v6i vi tri gbc axit amin hogc danh sd
trinh tu axit amin dugc thé hién trong S6 ID TRINH TU cua sang ché.

Sw lai hoa

Sang ché nay ciing bao gém trinh ty bd sung cho trinh ty axit nucleic ctia sang
ché hodc trinh tu c6 kha ndng lai hda thanh trinh ty cla sang ché hodc trinh tu b sung
cho trinh ty cta séng ché.

Thuéat ngtt "lai hoéa" dugce sir dung trong ban mo ta nay bao gbm "quy trinh ma soi
axit nucleic lién két voi soi bd sung théng qua viée bit cip bazo" ciing nhu quy trinh
khuéch dai nhu da duoc thue hién theo k§ thuat phan ting chudi polymeraza (PCR).

Sang ché ciing bao gébm viéc st dung trinh tu nucleotit ¢6 kha nang lai héa
thanh trinh ty bd sung cho trinh tu dugc dé cap trong ban mo ta nay, hodc phan doan
hodc dan xuét bat ky ctia ching.

Thuét ngit "bién thé" cling bao gém céc trinh tu bd sung cho céc trinh ty c6 kha
ning lai hoa thanh trinh ty nucleotit duogc d& cap trong ban mo ta nay.

Tét nhat 14 thuat ngit "bién thd" bao gdm cac trinh tur b sung cho céc trinh tw ¢6 kha
nang lai hoa trong diéu kién nghiém nggt (vi du 50°C va 0,2xSSC {1xSSC =NaCl 0,15 M,
Na;sxitrat 0,015 M, pH 7,0}) thanh trinh tu nucleotit dugc d& cap trong ban mo ta nay.

Tét hon nita 1a thuat ngir "bién thé" bao gdm céc trinh tu bd sung cho céc trinh tu
c6 kha ning lai héa dudi didu kién rat nghiém ngit (vi du 65°C va 0,1xSSC {1xSSC =
NaCl 0,15 M, Nasxitrat 0,015 M, pH 7,0}) thanh trinh ty nucleotit dugc dé cap trong
ban mo ta nay.

Sang ché nay ciing dé cap dén cac trinh tu nucleotit c¢6 thé lai hoa thanh céc trinh tu
nucleotit cta sang ché (bao gdm céc trinh tur bd sung ctia cac trinh ty duge d& cap trong ban
mo ta nay).

Sang ché nay cling dé cap dén cic trinh tu nucleotit bd sung cho cac trinh tu c6
thé lai hoa thanh c4c trinh tw nucleotit cta sang ché (bao gdm céc trinh ty bd sung cia
céc trinh ty dugc dé cap trong ban mo ta nay).

Tbt nhét 1a sy lai hoa duoc phén tich trén toan bd céc trinh tu duogc dé cap trong
ban md ta nay.
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Biéu hién enzym

Trinh tu nucleotit dé st dung trong sang ché co thé dugc hop nhét vao vecto ¢6
thé sao chép tai td hop. C6 thé st dung vecto dé sao chép va biéu hién trinh tu
nucleotit, & dang protein/enzym, trong va/hodc tir té bao chi twong thich.

C6 thé kiém soat biéu hién bing cach st dung cac trinh ty d6i ching, vi du céc
trinh ty diéu hoa.

Protein dugc tao ra bing té bao chu tai td hop bing biéu hién cua trinh tu
nucleotit ¢6 thé dugc tiét ra hodc dugc chua trong té bao tuy trinh tuy va/hodc vecto
dugce st dung. Trinh tuy ma hoa co6 thé dugc kién tao véi trinh ty tin hiéu dinh huéng su
tiét ra chit ma hoa trinh tu thong qua mang té bao nhan so hodc nhén thyc.

Vecto biéu hién

Thuét ngit "vecto biéu hién" nghia 1a chu trac c¢6 kha ning biéu hién trong co
thé séng hodc trong ong nghiém.

T4t nhét 13 vecto biéu hién dugc hop nhét vao bd gen cua sinh vat chu phu hop.
Thuét ngit "hop nhét" tt nhét 13 bao gbm su hop nhét dn dinh vao bd gen.

Trinh tw nucleotit cia sang ché co thé c6 mit trong vecto trong d6 trinh tu
nucleotit c6 thé lién két v6i céc trinh tu didu hoa c6 kha ning cung cép biéu hién cua
trinh ty nucleotit thong qua sinh vat chu phu hop.

Vecto duge sit dung trong sang ché co thé dugc bién nap thanh t& bao chi phu hop
nhu dugc md ta & phan bén dudi dé cung cép biéu hién cta polypeptit ctia sang ché.

Viéc lua chon vecto, vi du plasmit, cosmid, hodc vecto thyuc khuédn thuong s&
tuy thudc vao té bao chi ma né dugc dua vao.

Vecto dugc sir dung trong sang ché c6 thé chtra mot hodc nhidu gen danh ddu lua
chon- nhu gen, tao nén sy dé khang khang sinh, vi du khang ampixilin, kanamyxin,
cloramphenicol hodc tetraxyclin. Ngoai ra, c6 th lua chon bang cach dong bién nap
(nhu dugc mo ta trong WO91/17243).

C6 thé sir dung vecto trong 5ng nghiém, vi du dé tao ra ARN hoic duoc sit dung dé
chuyén nap, bién nap, chuyén dbi hodc truyén té bao chu.

Vi vay, theo phuong é4n khac, sang ché dé xuit phuong phép tao ra trinh tu
nucleotit cua sang ché bang cach dua trinh tu nucleotit cua sang ché vao trong vecto ¢
thé sao chép, dua vecto vao trong té bao chu twong thich va phat trién té bao chu trong

cac diéu kién gitp sao chép vecto.
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Vecto ¢6 thé con bao gdm trinh tu nucleotit gitip vecto sao chép trong té bao
chu dang dé cap. Vi du vé céc trinh tu nay 1a cac gdc sao chép cua plasmit pUC19,
pACYC177, pUB110, pE194, pAMBI1 va plJ702.

Trinh tw diéu hoa

Trong mdt sb tmg dung, trinh ty nucleotit duge st dung trong séng ché c6 thé lién
két véi trinh tu didu hoa c6 kha ning cung cAp biéu hién cla trinh ty nucleotit, nhu bing
cach théng qua té bao chu da chon. Vi dy, sang ché bao gébm vecto chira trinh ty nucleotit
cla sang ché c6 thé lién két v6i trinh tu didu hoa nay, tic 1a vecto 1a vecto biéu hién.

Thuét ngit "c6 thé lién két" chi su lién k& nhau, trong d6 cdc thanh phan duoc
md ta trong mbi quan hé cho phép chiing hoat dong theo cach thirc dinh san. Trinh tu
didu hoa "c6 thé lién két" véi trinh ty ma hoa dugc thit bude sao cho dat duge bidu
hién cuta trinh ty ma hoa trong diéu kién twong thich véi trinh ty d6i chung.

Thuét ngft "trinh tuy diéu hoa" bao gdm viung khéi dong va ving ting cudng va
céc tin hiéu diu hoa biéu hién khac.

Thuat ngit "ving khoi dong" dugc st dung theo nghia thong thudng trong
nganh, vi du vi tri lién két polymeraza ARN.

Biéu hién ting cuong cla trinh tu nucleotit ma héa enzym ctia sang ché ciing c6
thé dat dugc bang cach lua chon céc ving diéu hoa khong tuong ddng, vi du ving khéi
dong, ving dan dau su tiét va viing két thic.

Tét nhat 14 trinh tu nucleotit theo sang ché c6 thé lién két véi it nhét 13 ving khoi
dong.

Cac ving khoi dong khéc c6 thé dugc dung dé dinh huéng biéu hién cia
polypeptit ciia sang ché.

Céc vi du vé ving khéi dong phtt hop dé dinh huéng phién ma cua trinh ty
nucleotit trong vat chu vi khuan, nAm hodc nAm men da dwogc biét dén trong nganh.

Ving khéi dong cé thé bao gbébm thém cic dic diém dé dam bao hoic ting
cudng biéu hién trong vat chit phit hop. Vi du, cac dic diém c6 thé 1a cac ving bao thu
nhu Hop Pribnow hodc hop TATA.

Cdu triic

Thuét ngft "cdu truc" - ddng nghia véi thuat ngit nhu "lién hop", "cassette" va

"lai ching" - bao gdm trinh tu nucleotit dugc st dung theo sdng ché gén 1ién véi ving

khéi dong mot cach truc tiép hodc gidn tiép.
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Vi du v& sy gin lién gidn tiép 1a su cung cAp nhém doan dém pht hop nhu trinh ty
intron, nhu intron Shl hodc intron ADH, trung gian gifta ving khoéi dong va trinh tu
nucleotit ctia sang ché. Twong tu nhu vy dbi v6i thuat ngit "hop nhat" trong séng ché bao
gdm sy gén lién truc tiép hodc gian tiép. Trong mot s6 truong hop, thuat ngt khong bao
g0m su két hop tu nhién cta trinh ty nucleotit ma héa cho protein lién két thong thuong véi
vung khdi dong gen kiéu dai va khi ching déu & trong mdi trudng tw nhién cta ching.

Tham chi cAu tric c6 thé chira hodc biéu hién gen danh diu, cho phép lua chon
c4u tréc di truyén.

Ddi véi mot s6 ing dung, tt nhét 1a cAu trac cua sang ché bao gom it nhét trinh tur
nucleotit ctia sang ché c6 thé lién két v6i ving khoi dong.

Té bao chii

Thuét ngir "té bao chi" - lién quan dén sang ché bao gdbm té bao bit ky bao gém
trinh tu nucleotit hodc vecto biéu hién nhu dugec md ta & phén trén va dugc st dung
trong san xuét protein tai to hop c6 tinh chit dic hiéu nhu duge mo ta trong ban mo ta
nay.

Theo mdt phuong an, sinh vt 1a vat chu biéu hién.

Vi vdy, phuong an khéc cua sang ché cung cép t& bao chu duge bién nap hoic
chuyén nap voi trinh tu nucleotit biéu hién protein cua sang ché. Té bao s& duoc chon sé&
tuong thich vdi vecto da n€u va co thé 13, vi du, té bao nhan so (vi du vi khuén), nAm hozc
nim men.

Vi du v& sinh vat chu vi khuan phti hop 14 loai vi khuin gam duong hodc gam

Theo mot phuong an, Xylanaza duoc dé cap trong ban mo ta ndy dugc biéu hién
trong vét chu biéu hién Trichoderma reesei.

Trong mdt s& phuong 4n, vét chi biéu hién cho xylanaza dugc d& cap trong ban
md ta nay c6 thé 1a mot hodc nhiéu vat cht biéu hién 1a ndm sau day: Fusarium spp.
(nhu Fusarium oxysporum); Aspergillus spp. (nhw Aspergillus niger, A. oryzae, A.
nidulans, hodc A. awamori) hodc Trichoderma spp. (nhu T. reesei).

Trong mot $b phuong an, vt chu biéu hién c6 thé 12 mdt hodic nhiéu trong s6
c4c vat chu biéu hién 1a vi khuén sau day: Streptomyces spp. hodc Bacillus spp. (vi du
Bacillus subtilis hodc B. licheniformis).

Viéc st dung té bao chii phu hop - nhu té bao chu 12 ndm men va nim - c6 thé

cung cp su diéu hoa sau dich ma (vi du myristoyl hoa, glycosyl héa, sy cét cut, lipit
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héa va tyrosin, serin hodc phosphoryl héa threonin) khi can dé mang dén hoat tinh sinh
hoc t6i vu trén san pham biéu hién tai td hop cia sang ché.
Sinh vat

Thuét ngit "sinh vat" trong sang ché bao gém bét ky sinh vat ndo c6 thé bao
gbm trinh tu nucleotit ma hoa cho polypeptit theo sang ché va/hodc san pham thu dugc
tu do, va/hodc trong d6 vung khdi dong co thé cho phép biéu hién cia trinh ty
nucleotit theo sang ché khi c6 mit trong sinh vét.

Theo mdt phuong an, sinh vat 1a vat cha biéu hién.

Sinh vét phu hop ¢6 thé bao g@)m sinh vat nhan so, ndm, ndm men hoic thurc vit.

Thuat nglt "sinh vat bién dbi gen" trong séng ché bao gdm bét ky sinh vat nao
bao gbém trinh tw nucleotit ma hoa cho polypeptit theo sdng ché va/hodc san pham thu
dugc tir do, va/hodc trong d6 vung khéi dong cod thé cho phép biéu hién cua trinh tu
nucleotit theo sang ché khi & trong sinh vét. T&t nhét 13 trinh ty nucleotit dugc hop
nhét vao bo gen clia sinh vAt.

Thuat nglt "sinh vat bién ddi gen" khong bao gdm trinh ty ma héa nucleotit tyu
nhién trong moi trudng tw nhién ctia ching khi ching chiu sy kiém soét ctia ving khoi
dong ty nhién cta chung cling ndm trong méi trudng tw nhién.

Vi vay, sinh véat bién ddi gen cua sang ché bao gém sinh vét chira trinh ty hodc
td hop trinh tu bat ky trong céc trinh tu nucleotit hodc td hop trinh ty nucleotit ma hoa
cho polypeptit theo sang ché, cAu tric theo sang ché, vecto theo séng ché, plasmit theo
sang ché, té bao theo séng ché, mé theo sang ché hodc san pham theo sang ché.

Vi du, sinh vat bién dbi gen cling co thé chtra trinh tu nucleotit ma hoéa cho
polypeptit ciia sang ché dudi sy kiém soat cua ving khéi dong khong twong dong.

Bién nap té bao/sinh vat chil

Nhu da néu & phén trude, sinh vat chi 6 thé 12 sinh vat nhan so hodc nhan thye. Vi
du v& vat chii nhan so bao gdm E. coli, Streptomyces spp. va Bacillus spp., vi du Bacillus
subtilis.

Nhitng hoc thuyét vé bién nap vat chi nhan so dugc ching minh ro bang tai liéu
trong nganh, vi du, xem Sambrook va cong s (Molecular Cloning (Téch dong phén tir):
A Laboratory Manual (Huéng din phong thi nghiém, 4n ban thtr 2, 1989, Cold Spring
Harbor Laboratory Press). Néu vat cha nhan so dugc sit dung, thi co thé can cai bién

phu hgp trinh ty nucleotit trude khi bién nap - nhu bang cach loai bé intron.
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Té bao nim dang soi co thé dugc bién nap bang cac phuong phéap khac nhau
duge biét dén trong nganh - nhu quy trinh lién quan dén su hinh thanh thé nguyén sinh
va bién nap thé nguyén sinh, sau d6 la tai tao thanh té bao theo cach thirc da biét. Viéc
st dung Aspergillus 1am vi sinh vat chi dugc mo ta trong EP 0 238 023.

Bién nap sinh vat nhan so, ndm va ndm men thudng dugce chuyén gia trong
nganh biét dén.

Sinh vat cht ¢6 thé 12 ndm - nhuw ndm méc. Vi du v& vat thé chi phit hgp nay
bao gdm thanh vién bit ky thudc gidng Trichoderma (vi du T. reesei), Thermomyces,
Acremonium, Fusarium, Aspergillus, Penicillium, Mucor, Neurospora va tuong tu.

Theo mét phuong an, sinh vat chu co thé 12 ndm. Theo mot phuong 4n wu tién,
sinh vat chu thudc giéng Trichoderma, vi du T. reesei).

Nubi cdy va san xudt

Té bao chi bién nap bing trinh tu nucleotit clia sang ché c6 thé duoc nudi cdy
trong cac didu kién c6 lgi cho san xuét polypeptit dugc ma hoa va tao didu kién thu hoi
polypeptit tir t& bao va/hodc mdi trudong nudi céy.

Mai truong duge sit dung dé nuodi chy té bao co thé 12 mdi truong thdng thudng
phi hop bat ky dé nudi cdy té bao chu dang dé cap va thu duge biéu hién cta polypeptit.

Protein dugc tao ra boi té bao tai tb hop cé thé duoc biéu hién 1én trén bé& mat té
bao.

Protein c6 thé duoc tiét ra tir t& bao chi va co thé dugc thu hdi mét cach thuén loi
tir moi treong nudi cdy bing quy trinh da biét.

Sw tiét ra

Thong thuong, nguodi ta mong mudn protein s& duge tiét ra tir vt chu biéu hién
vao mdi truong nudi cdy ma tir d6 protein c6 thé duoc thu hdi d& dang hon. Theo sang
ché, trinh ty dan dau su tit ra ¢6 thé duoc lua chon trén co s& vat chi biéu hién mong
mudn. Trinh tu tin hiéu lai ciing c¢6 thé duoc sir dung theo ngft canh cia sang ché.

Ung dung trén quy mé lén

Theo mdt phuwong an vu ti€n cua sang ché, trinh tu axit amin dugc st dung cho
cac ung dung trén quy mo 16n.

T6t nhét 14 trinh tu axit amin duoc tao ra theo sd lugng tr 1 g trén mdi lit dén
khoang 100 g trén mdi lit trong tdng thé tich nuoi cly t€ bao sau khi nuéi cdy sinh vat chi.

Tét nhit 13 trinh tu axit amin duoc tao ra theo sd Iugng tir 30 g trén mdi lit dén

khoang 90 g trén mdi lit trong tong thé tich nuoi cdy té bao sau khi nudi cdy sinh vét ch.
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K3 thudt, phirong phdp ludn vé adn tdi t6 hop téng qudt

Sang ché st dung, trir khi c6 chi dinh khac, k§y thuat thong thuong vé hoa hoc, sinh
hoc phén tir, vi sinh vt hoc, ADN tai td hop va mién dich hoc, tAt ca nim trong kha néng
cta chuyén gia binh thudong trong nganh. Céc ky thudt nay da duoc giai thich trong ban
md ta nay. Xem, vi dy, J. Sambrook, E. F. Fritsch, va T. Maniatis, 1989, Molecular
Cloning (Tdch dong phdn ti): A Laboratory Manual (Hudng dan phong thi nghiém), 4n
ban thir hai, Quyén 1-3, Cold Spring Harbor Laboratory Press; Ausubel, F. M. va cong su
(1995 va bd sung thuong ky; Current Protocols in Molecular Biology (Quy trinh hién nay
trong sinh hoc phdn i), chuong 9, 13, va 16, John Wiley & Sons, New York, N.Y.); B.
Roe, J. Crabtree, va A. Kahn, 1996, DNA Isolation and Sequencing (Gidi trinh tw va phdn
lip ADN): Essential Techniques (Cdc ky thudt can thiét), John Wiley & Sons; M. J. Gait
(Editor), 1984, Oligonucleotide Synthesis (T ong hop Oligonucleotide): A Practical
Approach (Phwong phdp tiép can thiec té), Irl Press; va, D. M. J. Lilley va J. E. Dahlberg,
1992, Methods of Enzymology (Phuong phdp Enzym hoc): DNA Structure Part A (Cdu
triic ADN phan A): Synthesis and Physical Analysis of DNA Methods (Phwong phdp tong
hop va phdn tich vdt Iy ADN) trong Enzym hoc, Academic Press. MB&i van ban tong quat
nay duogc két hop ddy du vao tai liéu nay bang vién dan.

Sang ché sau day s& duge md ta vi dy, theo cdc Hinh va Vi dy sau day.

Vi du thye hién sang ché
Vidul

Nguyén li¢u va phuong phap

Xay dung thu vién va plasmit

Trinh ty ADN chita ving ma hoa danh cho xylanaza 4 (ho GHI0) tir ndm dang
soi Fusarium verticilloides, FveXyn4, dugc khuéch dai tir ADN ctia bd gen v6i doan
mdi dic hiéu gen dugc kéo dai v&i vi tri attBl va attB2 dé cho phép tai td hop
Gateway® BP tach dong thanh vecto pDonor221 (Invitrogen, USA). Plasmit pEntry-
FveXyn4, nhu dugc minh hoa trong Hinh 20, dugc cac nha cung cip BaseClear (Ha
Lan) va Geneart GmH (Ptc) st dung 1am mau dé xay dung thu vién t6 hop.

Céc bién thé cua FveXyn4 da dugc tao ra nhu cdc thu vién td hop hodc dugc tao
ra bang cach dua dot bién dic hiéu vao va dugc kién tao dé bao gé)m s6 luong va tb hop
dot bién khac nhau duge trinh by trong Bang 1. Bién thé A, B, C, D va E va cdc bién

thé ctia Vi du 12 ddu dugc bao gdm trong céc bién thé nay.
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Bién thé t6 hop duoc tao bang k¥ thuat tai t6 hop Gateway® (Invitrogen, USA) véi
vecto dich pTTTpyr2 (Hinh 21). Plasmit biéu hién thu duge pTTTpyr2-FveXynd VAR
biéu hién Xyn4 véi cac dot bién khac nhau duoc khuéch dai trong dong Escherichia coli
DH5a, duoc tinh ché, duoc giai trinh ty, dugc sép xép riéng trong 96 MTP va duoc st dung
d8 bién nap ndm. Vecto biéu hién chira ving khoi dong T. reesei cbhl va ving két thiic cho
phép biéu hién cdm (mg manh cua gen quan tdm, gen dénh ddu chon loc Aspergillus
nidulans amdS va T. reesei pyr2 tao sy ting trudng thé bién nap trong moi trudng tdi thiéu
v6i axetamit khi khong c6 uridin. Plasmit duoc duy tri doc 1ap trong té bao ndm do ving
diém cui ctia nhidm sic thé din xuét tir 7. reesei. Viéc sit dung plasmit sao chép dan dén
tAn sudt bién nap gia ting va tranh cac van d& v& biéu hién phu thudc 16cut quan sat dugce
v6i su bién nap nim tich hop.

Dot bién dic hiéu dugc dua vao trinh tu bd gen cia xylanaza Xynd & Fusarium
verticilloides thong qua su tdng hop gen de novo (mdi) (GeneArt GmbH, Dtc). Sau d6
céc bién thé tong hop dugce nha cung cAp tach dong thanh vecto dich pTTT-pyr2 bang
k¥ thuat tai td hop Gateway (Invitrogen, Carlsbad, CA, USA).

Cdc dong ndm, méi truong ting trudng va sy bién nap

Plasmit biéu hién (5-10 ul) dugc bién nap bang phwong phép thé nguyén sinh PEG
thanh dong a 7. reesei dugc loai bod ddi vai xenlulaza chinh va xylanaza 2 (Acbhl Acbh2
Aegll Aegl2 Aegl3 Aegld Aegl5 Aegl6 Abgll Amanl Axyn2 Prdiv: iRNAxynl xyn3: amdS
pyr2-). Tiép tuc dat duoc sy giam bidu hién b sung cta nén xylanaza 1 va 3 ndi sinh qua
viéc dua cassette can thiép ARN can thiép (iIRNA) vao bd gen chung chi nhim muc dich
ngimg biéu hién xynl va xyn3 cing lic. T4t ca bién nap thong lwgng cao duge thyc hién
bang robot trong khudon MTP 24 16 str dung robot Biomek (Beckman Coulter, Hoa Ky).
Plasmit v&i cac bién thé dd duge nhan tir cic nha cung cdp trong MTP 96 18 duge sip xép
theo bd cuc dugc x4c dinh truge. Hon hop bién nap chira khoang 1 pg ADN va 5x 10° thé
nguyén sinh trong tbng thé tich 50 ul dugc xtt 1y bang 200 ul dung dich PEG 25%, dugc
pha loang vdi 1 thé tich sorbitol 1,2M/Tris10 mM, pH7,5/ dung dich CaCl, 10 mM, duoc
sép xép lai bing robdt vao trong MTP 24 15 va dugc tron v6i 1 ml moi chét t6i thiéu
agaroza 3% chira sorbitol 1M va NH4CI 10 mM. Sau khi tang trudng thé bién nap, céc
bao it tir mdi 13 dugc tap hop va rap lai trén MTP 24 15 m6i véi MM (méi chit tdi thiéu)
chtra axetamit cho ap sudt chon loc bd sung. Khi da hinh thanh bao tlr, cdc bao tir duge
thu hoach va st dung dé cdy truyén mdi trudng chét 16ng trong khuon MTP 24 15 hodc

binh l4c trong mdi chét san xuét sau day: 37 g/l glucoza, 1 g/l sophorose, 9 g/l axit
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casmino, 10 g/l (NH4),SOy4, 5 g/l KH,PO,4, 1g/1 CaClLx2H,0, 1 g/l MgSOxTH,0,
33 g/l 1,4-Piperazinebis(axit propanesulfonic), pH 5,5, 2,5 ml/L. nguyén t6 vi luong T.
reesei 400X (175 g/l axit xitric, 200 g/l FeSO4x7H,0, 16 g/l ZnSO4x7H,0, 3,2 g/l
CuSO,x5H,0, 1,4 g/l MnSO4xH,0, 0,8 g/l axit boric). 1 ml moi chét san xuit da dugc
thém vao dé tao ra bién thé trong MTP 24 1. Dbi véi binh lic, cac thé tich da dugc ting
1én.

Céc dia da dugc nudi cdy trong 6 ngy & 28°C va do 4m 80% va dugc lic véi toe do
200 vong/phut. Cac 16p bé mit ciia moi trudng nudi cdy dugce thu thap bang cach loc chan
khong va dugce st dung dé xét nghiém hiéu qua cling nhu murc d6 biéu hién ctia ching.

Déi véi viée san xudt & quy md 16n hon, thyc hién 1én men trong thiét bi phan tng
khudy tron lién tuc c6 thé hép 6 lit. Binh lic dugc cy truyén bao tir va dugc i cing va duge
lic trong 3 ngdy & 28°C trong moi chét binh lic sau: 5 g/l (NH4),SO,, 4,5 g/l KH,PO,,
1 g/l MgSOxTH,0, 14,4 g/l axit xitric x1H,0, 1 g/l CaCLx2H,0, 27,5 g/l glucoza, 1 giot
chét chéng bot (EROL DF 6000K). Do pH duoc diéu chinh véi NaOH (2M) dén 5,5 va moi
chit duge chung hép trong 20 phiit & 122°C. Sau khi lam mat, 2,5 ml/L nguyén t6 vi lwong
T. reesei 400X (175 g/l axit xitric, 200 g/l FeSO,x7H,0, 16 g/l ZnSOxXTH,0, 3,2 g/l
CuSO4x5H,0, 1,4 g/l MnSOxH,0, 0,8 g/l axit boric) da dugc bd sung. Cac té bao tir binh
lic dugc sir dung d& ciy truyén cho ndi phan g sinh hoc chira mdi chét ndi phan tmg sinh
hoc sau ddy: 4,7 g/l KH,PO,, 1 g/l MgSOxXTH,0, 4,3 g/l (NH),SOq4, 45 g/l glucoza,
0,7 ¢/l CaCLx2H,0, 0,3 &/l chit chdng bot (EROL DF 6000K), 2,5 ml/L nguyén t vi
luong T. reesei 400X (175 g/l axit xitric, 200 g/l FeSO4x7H,0, 16 g/l ZnSO4xTH,0,
3,2 g/l CuSOx5H,0, 1,4 g/l MnSO4xH,0, 0,8 g/l axit boric). Nhiét 46 dugce kiém soat &
34°C; d6 pH dugc kiém soét lién tuc bing cach thém amonihydroxit 20%. Oxy hoa tan
duoc kidm soat dén murc bao hoa tbi thiu 13 40% bang c4ch thay ddi tbe d6 khudy. Cacbon
dioxit khi thai va ham luong oxy dugc do. Khi glucoza ban dAu da can kiét, bit diu nap lién
tuc glucoza/sophorose. Cung lic do, nhiét do duoc giam xubng va duoc kiém soat & 28°C,
do pH tang va dugc kiém soat & muc 4,5. Quy trinh 1én men két thiic sau 140 gid. Nude cy
duoc loai bo khoi bé, va té bao duge loai bd bang cach loc. Sau khi tach té bao, dung dich
loc duoc ¢co dac béng cach loc qua may siéu loc. Cuébi ciing, dung dich ¢d ddc duoc loc vo
trung va dugc st dung dé nghién ctru tinh 6n dinh trong tao vién.

Méu enzym
Hoat tinh xylanaza cta 16p bé mit mdi trudng nudi cdy tir MTP dugc do bang

phuong phap do hoat tinh xylanaza nhu dugc md ta ¢ phan dudi. Lép bé mit mdi
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truong nudi cdy duoc pha lodng 20 va 130 lan trong natri axetat 25 mM, NaCl
250 mM, pH 4,0. 25 pl mau enzym pha lodng dugc tron véi 150 pl co chit WE-AX
0,5%, pH 5,0 va dugc 0 & 30°C trong 15 phit va duoc 14c. Sau khi 1, 45,4 pl mau
phan mg dugc tron v6i 135 pl dung dich PAHBAH va duge 1 ¢ 95°C trong 5 phut
treée khi duoc 1am mat dén 20°C trong 10 gidy. 100 ul m3u duge chuyén sang 16 ciia
dia vi chuén va dia dugc doc tai 410 nm.

Hoat tinh dugc tinh 13 gia tri trung binh cia ba 14n sao chép tru di tri trbng bao
gdm natri axetat 25 mM, NaCl 250 mM, pH 4,0 thay vi enzym. Nong d6 protein clia
mau dugc tinh dua trén dudng cong chudn cua FveXyn4 dugc tinh ché (S6 ID TRINH
TU 1). Tit ca miu dugc pha lodng dén 50 ppm trong natri axetat 25 mM, NaCl
250 mM, pH 4,0. Cac mau chuén hoa ndy duge sit dung lam dung dich gbc enzym trong
cac xét nghiém dugc mo ta dudi day.

Nong d9 protein trong dung dich gbc enzym duge do bang HPLC nhu dugc md
ta dudi day.

Hoat tinh xylanaza ctia dung dich c6 ddc dugc loc vo trung tir quy trinh san Xuét
quy md 16n dugce do b%mg xét nghiém hoat tinh sau day. 0,5 g mdi dung dich co dic
dugc can trong binh dinh muc 100 ml, tip theo 1a db day thé tich v6i dung dich dém
Mcllvaine, pH 5,0. Cac mau dugc pha lodng dén khoang 6 XU/ml bang cach st dung
dung dich dém Mcllvaine, pH 5,0. 100 pl mau da pha lodng dugce thém vao 1 ml dung
dich dém Mcllvaine, pH 5,0 trong 6ng nghiém va dugc can bing & 40°C trong 2 phut.
Vién Xylazyme (100 mg) dugc bd sung dé khoi tao phén Gng va mau duge u & 40°C
trong 10 phut trude khi phan Gng dung lai bang cach thém 10 ml Tris 2%, pH 12,0.
Dung dich dugc pha tron bing may vortex, dé yén trong 5 phut va tron 14n nita trude khi
ly tam véi tbc d6 3500 vong/phit trong 10 phit. Kha ning hép thu 16p bé mit dugc do
tai 590 nm. Mdi miu duge do hai 14n. Hoat tinh xylanaza dugc dinh lwgng twong dbi so
v6i tiéu chuén enzym (Danisco Xylanaza, da c6 tai Danisco Animal Nutrition).

Enzym chuin Econase® XT duoc ban trén thi trudng va duge léy tlr cac mau duogc
didu ché thanh dang kho thwong mai. Thanh phdn xylanaza tir cdc mau dugc diéu ché
thanh dang kho thuong mai Econase® XT duoc chiét xuét trong 33% (khéi lwong/khdi
lvong) huyén phi dic bang cch st dung dung dich dém Mcllvain, pH 5,0. Phin chiét
duge 1am sach bang cach ly tim (3000 RCF trong 10 phut) va dugc loc bang dau loc cho
bng tiém PALL Acrodisc PF (mang Supor 0,8/0,2 pm) va sau d6 dugc lam néng trong 20

phiit & 70°C. Sau khi loai bo chét két tia bing cach ly tim (38 724 RCF trong 15 phut),
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dung dich dém dugc thay thé bang dudng din di qua cdt Sephadex G25 (PD10 tir
Pharmacia) dwgc c4n bang véi Na xitrat 20 mM, NaCl 20 mM, pH 3,4. Tinh ché thanh
phan xylanaza duge thuc hién bang cach sir dung nhwa Source 158, tiép theo 14 rira giai
v6i gradien mudi ting tuyén tinh (NaCl trong dung dich dém Na xitrat 20 mM, pH 3,4).

Econase XT® 1a endo-1,4-B-xylanaza (EC 3.2.1.8) dugc san xudt bai dong
Trichoderma reesei RF5427 (CBS 114044), hién c6 tai ABVista.

Né)ng do protein dugc x4c dinh béng cach do su hép thu tai 280 nm. Hé sb tat 1a
su wdc lugng tir trinh ty axit amin. DPbi véi Econase XT, su he‘ip thu tai 280 nm cua
1 mg/ml duoc tinh bang 2,84 AU.

Xdc dinh protein bang HPLC

MTP (Agilent phin sb 5042-1385) chira dung dich gbc enzym 100 pl v6i nong
d6 khoang 50 ppm cho mdi 16 dugc st dung cho phwong phép xac dinh protein Tinh ché
sic ky léong hiéu ning cao (HPLC). Agilent 1260 hodc 1290 (Hewlett Packard) cho
HPLC duge trang bi cuing vé6i ¢dt Acuity UPLC BEH 125 SEC (Waters) dugc st dung
8 tach chat nhidm ban con lai. MAu dugc rira giai tir cot bang cach sir dung dung dich
dém natri phosphat 25 mM, pH 6,8, chita natri clorua 250 mM. Kha néng hép thu duoc
do tai 220 nm, dugc tich hop bang cach sir dung phan mém ChemStation (Cong nghé
Agilent) va ndng do protein ctia miu dugc xac dinh dwa trén duong cong chuén cia
protein/enzym FveXyn4 duogc tinh ché ¢6 trinh ty axit amin c6 S6 ID TRINH TU' 1.

Do hoat tinh xylanaza

Hoat tinh xylanaza cia mau enzym dugc xac dinh bang cach do lugng duong
khtr dugc giai phong tr lta mi dugc thity phdn WE-AX (arabinoxylan tan trong nudc).
Luong duong khu dugce do bang phuong phap PAHBAH. Tém lai, do diéu kién nhiét
va kiém, c4ac nhém mach cudi khir phan tng véi PAHBAH khong mau (Hydrazit axit
4-Para-Hydroxybenzoic), theo d6 PAHBAH dugc oxy hoa va kha ning hép thu dugc
do tai 410 nm (Lever, 1972).

Co chit WE-AX 0,5%, pH 5,0 dugc didu ché bing cich lam am 0,25 g
arabinoxylan Iia mi tan (vi du Megazyme, d0 nhot cao ~43 cSt, P-WAXYH) véi
2,5 ml etanol 96%, trudc khi bd sung 50 ml natri axetat 0,1 M, pH 5,0. Viéc x4c dinh
hoat tinh tiéu chudn duoc thuc hién tai pH 5,0. D& do tai gia tri pH khac, 50 ml natri
axetat 0,1 M, pH 5,0 dugc thay thé béng dung dich dém chi dinh. Dung dich dugc dun
néng trong khi khudy cho dén lic soi, va dugc lam mat trong khi khudy dén nhiét do

phong.
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Dung dich PAHBAH dugc diéu ché bing cach tron dung dich gbc PAHBAH
5% (4-Hydroxybenzhydrazit, vi du Sigma-Aldrich H9882) trong HCI 0,5M véi NaOH
0,5 M véi ty 1& 1:4 (thé tich/thé tich). Dung dich dwoc didu ché vao ngay phén tich va
dugc bao vé tranh dnh séng.

Mau enzym dugc pha loang trong dung dich dém chi dinh dén ndng d6 1 ug/ml
trude khi phan tich. 25 pl miu enzym pha lodng dugc tron véi 150 ul co chit WE-AX
0,5%, pH 5,0 va dugc 4 ¢ 30°C trong 15 phut va dugc lac. Sau khi 0, 45,4 pl mau
phan tmg duge tron véi 135 pl dung dich PAHBAH va dugc G ¢ 95°C trong 5 phut
trude khi duge 1am mét dén 20°C trong 10 gidy. 100 ul mAu duge chuyén sang 16 cua
dia vi chuén va dia dugc doc tai 410 nm.

Hoat tinh dugc tinh 1a gia tri trung binh cia ba 14n sao chép tru di tri tréng bao
gbdm dung dich dém pha lodng thay vi enzym.

Xét nghiém do dé én dinh nhiét

Mtic do cai bién do nhiét cia cac bién thé FveXynd4 dugc do bang cach pha
lodng va 0 trudc cdc miu enzym trong dung dich dém MES 25 mM (Tween 80
0,00125% — dung dich dém MES 25 mM, pH 6,0, Tween 80 0,00125% (Thé tich:Thé
tich)), pH 6,0 trong 10 phut & cac nhiét do khac nhau (lén luot 1a 66, 66,7, 68,2, 70,6,
73.5, 76,8, 79,7, 81,9, 83,5, 84,6, va 85°C) va sau d6 do hoat tinh con lai béng phuong
phap hoat tinh xylanaza dugc mo ta & phén trén. Hoat tinh do dwgc ma khong U trudce
duoc dit 1a 100% va hoat tinh con lai cua tung bién thé & mdi nhiét dd duoc tinh twong
quan v6i hoat tinh nay. Gia tri Tm dugc tinh theo cdc mirc do cai bién do nhiét, 13
nhiét 40 ma tai mirc nhiét do nay thu dugc 50% hoat tinh con lai.

Duong cong pH

DPuodng cong pH cua bién thé FveXyn4 dugc nghién ciru bang cach do hoat tinh
tai do pH 4,0, 5,0 va 6,0. Hoat tinh dugc do vé co ban nhu d3 md ta trong phwong phap
hoat tinh xylanaza dugc md ta bén trén. Cac mau enzym dugc pha lodng trong Na-
Axetat 0,1 M, pH 4,0, Na-Axetat 0,1 M, pH 5,0, BSA 0,1% (vi du Sigma A7906),
hodc dung dich dém Mcllvaine, pH 6,0 cho hoat tinh lan luot tai pH 4,0, 5,0 hodc 6,0
trude khi phan tich. Co chit WE-AX 0,5% tai pH 4,0 va 6,0 dugc diéu ché nhu dd mé
ta cho co chdt WE-AX 0,5%, pH 5,0, mac du natri axetat 0,1 M, pH 5,0 1an lugt duoc
thay thé béng Na-Axetat 0,1 M, pH 4,0 hodc dung dich dém Mcllvaine, pH 6,0. Tét ca
dit liéu duoc tinh déu lién quan dén FveXyn4 tai pH 5,0.

Hoa tan pentosan (hoa tan AXinsol)
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Co chit duoc sir dung dé do sy hoa tan pentosan bing céc bién thé FveXyn4 1a
DDGS ngd va vo cdm laa mi. 100 mg DDGS ngd hodc vo cam laa mi véi kich thuge
hat < 212 pm duge chuyén sang bng Eppendorf 2 ml va khdi lvong chinh x4c dugc ghi
lai. 750 pl dung dich dém u (HEPES 200 mM, NaCl 100 mM, CaCl, 2 mM, pH 6,0)
and 900 pl cloramphenicol (40 pg/ml trong dung dich dém 1) duoc bd sung. Liéu
lugng enzym ting duge thém vao dé tdng thé tich 1a 1,8 ml.

M&i mau duoc xét nghiém theo cip doi song song vdi mau d6i ching (khong c6
enzym). Cac mau duogc 0 & 40°C két hop véi lic. Sau 18 gio u, 16p bé mit dugc loc
b%tng ban loc 96 18 (Pall Corporation, Ban loc 96 16 AcroPrep, thiy tinh 1,0 pm, NTRL,
16 1 mL). Sau khi loc, cac mau dugc luu trit & 4°C dén khi phan tich tong lugng dudng
C5, arabinoza va xyloza.

Dinh luwong duwong C5 (pentosan)

Tdng lugng pentoza di dua vao dung dich dugce do bang phwong phap Rouau va
Surget (1994) v6i thiét bi phun dong lién tuc. Lép bé mit duge xir 1y bing axit dé thuy
phén polysacarit thanh dudong don. Phlorogluxinol (1, 3, 5-trihydroxybenzen) dugc bd
sung dé phan tmg v6i monopentoza va monohexoza, tao ra phirc hgp mau.

Bing cach do su chénh léch v& kha ning hép thu tai 550 nm so véi 510 nm, luong
pentoza trong dung dich duogc tinh bing dudng cong chudn. Khong nhu phtic hop
pentoza-phlorogluxinol, kha ning hép thu phirc hop hexoza-phlorogluxinol 1a khong dbi
tai cdc budc song nay. Glucoza dugc thém vao dung dich phlorogluxinol dé tao ra tin hidu
glucoza khong d6i va con dam bao khong c6 sw can thiép tir dudng hexoza. Nong
pentoza trong cac mau duge xdc dinh bang cach st dung duong cong chudn xyloza.

Gidm dp nhét trong xét nghiém mau dong vt trong ong nghiém

Giam d0 nhét trén lua mi duge xéc dinh bang phién ban dugc diéu chinh cua quy
trinh dugc Bedford & Classen md ta (1993 Poultry Sci. (Khoa hoc gia cam), 72, 137-143).
3,6 mL dung dich pepsin (2000 U/mL trong HCl1 0,1 N) dugc tron véi 2,4 g lGa mi trude
khi b6 sung luong xylanaza chi dinh (bién thé FveXyn4), tiép theo 13 1 45 phut & 40°C.
Sau d6 1,2 ml dung dich tuy (8 mg/mL trong MES 1 M, pH 6,8) dugc tron thanh huyén
phi dic tao do pH cudi cing 1a 6,0. MAu dugc phép 1 trong 60 phut & 40°C két hop véi
tron sau 30 va 60 phit. Sau d6 miu duoc dit trén nude dé trong 5 phut dé ngimg phan
tmg va dugc ly tdm trong 10 phut tai 3320 RFC, tiép theo 1a loc qua bd loc 0,45 pm dé thu
duoc 16p bé mit trong. Sau d6 d6 nhét mau duge do & 20°C bang may do do nhét 5O
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Brookfield (m4u DV-I+, Phong thi nghiém k§ thuat Brookfield, MA 02172, Hoa Ky)
dugc 1ép con CPE-40 va dia. M3i diém dit liéu 12 mirc trung binh cta ba lan 13p lai.
Tinh 6n dinh trong tao vién

Thtr nghiém tao vién duoc thyc hién ¢ quy mo toan dién tai Vién Cong nghé,
Kolding, Pan Mach. Mdi dung dich ¢d dic xylanaza dugc loc vo trung duge 1dp cong
thirc trén Ita mi va duge tron thanh hdn hop thic &n chin nudi ngd/dau nanh (61,1%
ngod, 31,52% dau nanh Hipro 48, 4,00% dau dau nanh, 0,40% natri bicacbonat, 0,25%
vitamin/khoang chét Leghennen, 0,20% DL-methionin, 1,46% dicanxi phosphat, 1,16%
d4 voi). Hon hop so ché duge didu ché bang céach tron bién thé xylanaza dugc 14p cong
thirc trén lia mi thanh 10 kg hdn hgp thitc an chin nudi ngd/ddu nanh va dugc tron
trong 10 phat. Sau d6 hdn hgp so ché dugc bd sung vao 120 kg thitc &n chan nudi va
duogc tron trong 10 phut trude khi xit Iy voi nude va nhiét. Thire &n duge xur Iy v6i nude
va nhiét trong 30 gidy & 90 va 95°C trudce khi tao vién. Dich ngdm va vién thirc an chén
nuéi thu dugc duge nghién bang cach sir dung may nghién trong phong thi nghiém
Perten (diéu quan trong 13 tht c& miu déu dwgc nghién cing luc), trude khi hoat tinh
xylanaza trong c4c miu dugc phén tich theo phuong phép chiét xudt hodc huyén phu dic
duoc md ta bén dudi bing cach st dung arabinoxylan lién két ngang azurine tir lua mi
(vi du vién Xylazyme, Megazyme, Ireland) lam co chét.

Phuong phap chiét xuét: 5,0 g mau da nghién duoc tron v6i 50 ml dung dich dém
Mcllvaine, pH 5,0 va dugc khudy trén may khudy tir trong 10 phut. Phén chiét xult duoc
loc qua gidy loc soi thiy tinh va dugc pha loang 3-6 lan trong 50 ml dung dich dém
Mcllvaine, pH 5,0. 100 pl phén chiét xuit da pha lodng dwoc trn v6i 400 pl dung dich dém
Mcllvaine, pH 5,0 va dugc cén bing & 50°C trong 2 phut. Vién Xylazyme (60 mg) dugc bd
sung dé khoi tao phan tmg va mau duge U & 50°C trong 60 phut trude khi phan ing dung
lai bang cach thém 5 ml Tris 2%, pH 12,0. Dung dich dugc tron bing méy vortex, dé yén
trong 5 phiit va tron 1an nita trude khi ly tam véi tdc d6 3500 vong/phiit trong 10 phut. Kha
ndng hip thu 16p bé mit duoc do tai 590 nm. Mdi miu duge do hai lan.

Hoat tinh xylanaza dugc dinh luong bang cach sir dung dudng cong chuén xylanaza
duge x4y dung bang cach sir dung mdi bién thé xylanaza trén dich ngm rong (khong c6
enzym) va thirc &n chan nuéi 90°C. Xylanaza dugc 1ap cong thirc theo lta mi trong ung
duoc chiét xuét trong 10 pht trong dung dich dém Mc Ilvaine, pH 5,0 & thu dwoc ndng do
160 XU/mL. Phan chiét xudt dugc loc qua gidy loc soi thiy tinh va sau d6 b6 sung 0, 200,

400, 600, 800, va 1000 p! chiét xuat vao 5,0 g mAu dich ngam rdng dugc nghién va thirc &n
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chin nuo6i & 90°C. Hoat tinh xylanaza trong cdc mau tiéu chudn ndy dwoc do nhu d& mo ta
trong phuong phéap chiét xuét trén. M&i dudng cong chuén duge tao mot lan.

Phuong phap huyén phu dic: 1,0 g mAu d3 nghién dugc trdn voi 50 ml dung
dich dém Mcllvaine, pH 5,0 va dugc khudy trén may khudy tir trong bé diéu nhiét &
50°C trong 2 phat. Vién Xylazyme (100 mg) dugc bd sung dé khoi tao phan g va
mAu duge 1 két hop véi khudy & 50°C trong 20 phut (30 phit cho Bién thé B). Sau khi
1, cac mau duoc loc qua gidy loc soi thily tinh va kha ning hép thu 16p bé mit dugc do
& 590 nm. M&i miu dugc do hai l4n.

Hoat tinh xylanaza dugc dinh luong bing cach st dung dudng cong chuin
xylanaza dugc tao dung cho mdi bién thé xylanaza trén thirc &n chin nudi dich ngam
rdng (khéng c6 enzym). Xylanaza dugc 14p cong thirc theo ltia mi twong Gng duoc chiét
xuét trong 10 phut trong dung dich dém Mc Ilvaine, pH 5,0 dé thu dwoc ndng do
30 XU/mL. Phin chiét xuit duoc loc qua gidy loc soi thity tinh va sau do6 bd sung 0,
200, 400, 600, 800, va 1000 ul vao 1,0 g mau thirc &n chin nudi dich ngdm rong duogc
nghién. Hoat tinh xylanaza trong céc mAu tiéu chudn nay dugc do nhu da mo ta trong
phuong phap huyén phu dédc & trén. Mdi dudng cong chudn duoc tao dung mot 1an.

Két qua thu hdi do duge trong thirc 4n chin nudi dich ngdm duoc thiét 1ap 13 100%
va hoat tinh con lai ctia thitc dn chin nudi ¢ nhiét d6 90 va 95°C dugc tinh lién quan dén gia
tri nay.

Két qud va bién ludgn

Sau thi nghiém quan trong, 5 bién thé cua xylanaza khung FveXyn4 duoc nhan
dang.

5 bién thé déu chiu nhiét tdt hon nhiéu so véi phén tu chuédn/me, FveXyn4, nhu
dugc minh hoa trong Hinh 11.

Sy biéu thi dic diém hon nita cla bién thé vé tinh chit sinh héa va hiéu suét c6
tinh chét rat quan trong dbi voi xylanaza sé dugc st dung, vi du, trong cic ing dung
thirc &n chin nudi da nhan dang cac bién thé nay 1a c4c bién thé déu c6 tinh bén nhiét

va ¢6 hoat tinh sinh héa/hi€u suat cao.

Bang 1. Téng quan vé dot bién trong 5 bién thé FveXyn4

Bién thé Dot bién

N7D N25P_T33V_S57Q N62T_K79Y_S89G_T103M_VI115L_N147Q_
A |GI81Q S193Y _A217Q G219P_T298Y

B IN7D N25P T33V S57Q N62T G64T K79Y _T103M V115L N147Q
-106-




38318

G181Q S193Y_A217Q G219P_T298Y
C |N7D_N25P T33V_K79Y S89G_A217Q_T298Y
D |[N7D_T33V_S57Q N62T G64T_K79Y_S89G_A217Q_T298Y
E  |N7D _N25P T33V_G64T K79Y_S89G_A217Q_T298Y
Viéc danh s6 dwa trén trinh ty truéng thanh cia FveXyn4. S6 ID TRINH TU 1.

Hinh 11 mo t gié tri Tm ctia 5 bién thé A, B, C, D, va E so véi FveXyn4. Gia tri Tm
duoc do 1a nhiét d6 ma tai mic nhiét do nay thu duge 50% hoat tinh ¢on lai sau 10 phit u.

Hinh 12 m6 ta dudng cong pH ciia 5 bién thé dugc do tai pH bang 4,0, 5,0 va 6,0
va tht ca dit liéu lién quan dén kiéu dai tai pH 5,0. Tht c& 5 bién thé ¢6 duong cong pH Iy
twong dé st dung, vi du, trong cc ing dung thirc &n chin nuoi.

Hinh 13a va 13b minh hoa lan luot dudng cong dap tng lidu lwong vé sy hoa
mnpmﬁmwnﬁrDDGSngévavécmnwmnﬁbéiSbﬁnﬂé.TﬁcéSbénﬂéchoﬂﬁy
kha nang hoa tan arabinoxylan (pentosan) cao tir c& DDGS va v6 cam lda mi va tht ca
déu & ciing mirc nhu phan ti kidu dai. T4t ca 5 bién thé déu rat phi hop dé str dung, vi
du, trong thirc &n chan nuoi.

Hinh 14 minh hoa su gidm d0 nhét trong "Giam d¢ nhét trong xét nghiém mau
dong vat trong éng nghiém" nhu dugce trinh bay trong Vi du 1. T4t ca 5 bién thé cho
thiy kha ning giam do nhét cao va tit ca déu & cing mirc nhu phan tir kidu dai va tbt
hon nhidu so v6i Econase XT chuén.

Hinh 15 minh hoa su thu hdi xylanaza trong thirc &n chdn nudi sau khi tao vién
tai 90 va 95°C. Tét ca 5 bién thé déu cho thdy kha ning thu hdi xylanaza cao sau khi
tao vién va cao hon kiéu dai déng ké.

Vidu2
Tdch dong xylanaza khung (me) Fusarium verticillioides (FveXyn4)

ADN ctia bd gen duge phan 1ap tir dong Fusarium verticillioides dugc st dung dé
khuéch dai gen xylanaza. Trinh ty gen dugc tach dong, goi la gen FveXyn4, dugc biéu thi
trong S ID TRINH TU' 2. Protein truéng thanh duge ma hoa béi gen FreXynd dugc biéu
thi trong S6 ID TRINH TU 1. San phdm protein ctia gen FveXyn4 thudc vé ho glycosyl
hydrolaza 10 (GH10) dya trén nghién ctru PFAM (http://pfam.sanger.ac.uk/).

Vidu 3
Biéu hién cia protein khung FveXynd (me)
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Gen FveXyn4 dugc khuéch dai tir ADN ctia bd gen ctia Fusarium verticillioides
bing cac doan mdi sau ddy: Poan mdi 1 5’-caccATGAAGCTGTCTTCTTTCCTCTA-
3 (6 ID TRINH TU 22), va Doan moi 2 5-
TTTTTAGCGGAGAGCGTTGACAACAGC-3’ (S6 ID TRINH TU 23). San pham
PCR dugc tach dong thanh vecto pENTR/D-TOPO (Invitrogen K2400) dé tao plasmit
pEntry FveXyn4. Thu dugc plasmit bidu hién pZZH254 bang phan Umg tach dong
Gateway gifta plasmit pEntry FveXyn4 va vecto biéu hién pTrex3gM (dugc md ta trong
2011/0136197 A1 Hoa K3) bang cach sir dung b kit enzym Gateway® LR Clonase® II
(Invitrogen 11791). So dd plasmit pZZH254 duge cung cép trong Hinh 16. Trinh ty cta
gen FyeXyn4 dugc xéc nhan bing cach giai trinh ty ADN (S6 ID TRINH TU'2). Plasmit
pZZH254 dugc bién nap thanh dong Trichoderma reesei dugc loai bé mot phén tu
(dugec mo ta trong WO 05/001036) bing phwong phép biolistic (ban gen) (Te'o VS va
cdng su, J Microbiol Methods (Tap chi phwong phép vi sinh vat hoc), 51:393-9, 2002).

Sau khi x4c nhén trinh ty, thé nguyén sinh ctia dong 7. reesei dugc loai bd mot phén
tur (dugc md ta trong WO 05/001036) dugc bién nap véi plasmit biéu hién pZZH254 bing
phuong phép thé nguyén sinh PEG (Penttila va cong su, Gene, 61:155-164, 1987). D¢ diéu
ché thé nguyén sinh, cac bao tir duge nudi cdy trong 10 gior & 24°C trong mdi chét t6i thiéu
(MM) Trichoderm (20 g/l glucoza, 15 g/l KH,PO,4, pH 4,5, 5 g/l (NH4)2SO,, 0,6 g/l
MgSO,x7H,0, 0,6 g/l CaCl,x2H,0, 1 ml dung dich nguyén td vi lugng T. reesei 1000X
(175 g/l axit xitric khan, 200 g/l FeSO4x7H,0, 16 g/l ZnSO4xT7H,0, 3,2 g/l CuSOy,
1,4 g/l MnSO,xH20, va 0,8 g/l axit boric). Bao tir nay mam thu dugc bang céch ly tim va
duoc xtr Iy v6i dung dich Vinoflow FCE 30 mg/mL (Novozymes, AG Thuy Si) trong
khoang thoi gian tir 7 gioy dén qua dém & 30°C véi tée do 100 vong/phiit & dung giai thanh
t& bao ndm. Thé nguyén sinh dugc rira trong dung dich dém Tris HCL 0,1 M (pH 7) chira
sorbitol 0,6 M va dugc tai huyén phi trong dung dich dém Tris HCL 10 mM (pH 7,5) chtta
sorbitol 1,2 M va canxi clorua 10 mM. Dé bién nap PEG, khoang 1 pg ADN va 1-5 x 107
thé nguyén sinh trong téng thé tich 200 pl duge xu ly véi 2 ml dung dich PEG 25%, dugc
pha loang véi 2 thé tich sorbitol 1,2 M/Tris 10 mM, pH 7,5/dung dich CaCl, 10 mM. Thé
bién nap dugc chon trong moi chét chira axetamit 13 ngudn nito duy nhét (axetamit 0,6 g/L;
xesi clorua 1,68 g/L; glucoza 20 g/L; kali dihydro phosphat 15g/L; magie sulfat
heptahydrat 0,6 g/L; canxi clorua dihydrat 0,6 g/L; sit (II) sulfat 5mg/L; kém sulfat
1,4 mg/L; coban (II) clorua 1 mg/L; mangan (II) sulfat 1,6 mg/L; thach 20 g/L; pH 4,25).

Cac cum dong té bao bién nap (khoang 50-100) xuét hién trong khoang 1 tudn. Sau khi ting
-108-



38318

truong trén dia axetamit, cac bao tir duoc thu hdi va chon lua lai trén dia axetamit. Sau
5 ngay, cac bao tir dugc thu hdi bang cach st dung glyxerol 10% va 1 x 10® bao tir duoc ciy
truyén trong binh lic 250 ml véi 30 ml moi chét x4c dinh glucoza/sophorose @& biéu hién
protein. Biéu hién protein dugc xac nhan bdi SDS-PAGE. Sau d6 huyén phu bao tr dugc
nudi cdy trong thing 1én men 7 L trong mdi chét x4c dinh chira thirc dn chin nudi glucoza-
sophorose 60%. Moi chét x4c dinh glucoza/sophorose (cho mdi lit) bao gdbm (NH,)2SO,
5g, dung dich dém PIPPS 33 g, axit casmino 9 g, KH,PO4 4,5 g, CaCl, (khan) 1g,
MgSO0,.7H,0 1 g pH dén 5,5 duoce didu chinh véi NaOH 50% voi Milli-Q H,O dé dat
966,5 mL. Sau khi tiét tring, c4c thanh phan sau dugc thém vao: 26 mL Glucoza/Sophrose
60%, va 2,5 mL kim loai vi lugng T. reesei 400X.

FveXyn4 duogc tinh ché tir dich 1én men ddm dic clia moi trudong 1én men 7L
bang cach str dung 2 cot sic ky. Dich 1én men dam dic duge dém trong dung dich dém
natri phosphat 20 mM, pH 6,0 chtra amoni sulfat 1 M dugc nap trén cot sdc ky twong tac
ky nuéc (Sepharose Phenyl FF, 26/10). Protein dugc rira giai tir ¢t bang cach str dung
gradien tuyén tinh ctia dung dich dém rta/can bing cho dén dung dich dém natri
phosphat 20 mM, pH 6,0. Phan cét chia protein FveXyn4 duge dua 1én cot loc gel
(HiLoad Superdex 75 pg 26/60), va pha dong dugc str dung la natri phosphat 20 mM,
pH 7,0 chita NaCl 0,15 M. Protein tinh ché duogc co dic bang thiét bj 3K Amicon Ultra-
15 va phan cét protein dam dic duge st dung trong cac nghién ciru tiép theo.

Trinh tu nucleotit ctia gen FveXyn4 dugce dit la S$ ID TRINH TU 24. Trinh tu
tin hiéu dugc t6 dam (chit hoa), va intron dy doan dugc t6 ddm va bang chit thudng.

Trinh ty axit amin cda protein FveXyn4 duoc dit 1a S4 ID TRINH TU 26. Trinh
tw tin hiéu dwoc phdn mém SignalP-NN dy doén dugc gach chan. Pay la pre-pro-
protein.

Trinh tu axit amin cua dang trudng thanh cua protein FveXyn4 duoc dit la S6 ID
TRINH TU 1. Pay 12 dang hoat héa cua enzym. S§ ID TRINH TU 27 cho biét pro-
protein, nghia 1a truée khi diéu hoa sau dich ma. Tuy thudc vao vat chu, sy diéu hoa sau
dich ma c6 thé thay dbi va vi thé sang ché nay cfing bao gdm céc dang hoat héa, trudng
thanh ctia S6 ID TRINH TU' 27.

Vidu4
Hoat tinh xylanaza cua FveXyn4 (xylanaza me)
FveXyn4 thudc ho glycosyl hydrolaza 10 (GH10, s6 CAZy). Hoat tinh beta 1-4

xylanaza ctia FveXyn4 dugc do bang cach st dung xylan 1% tur gd buld (Sigma
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95588) hodc arabinoxylan 1% tir bot lua mi (Megazyme P-WAXYM) lam co chét. Xét
nghiém dugc thue hién trong natri xitrat 50 mM, pH 5,3, dung dich dém Tween-80
0,005% & 50°C trong 10 phut.

Duong khtt duge giai phong duoc dinh lugng bang phan Ung véi axit 3, 5-
Dinitrosalicylic va do kha ning hip thu tai 540 nm. Hoat tinh enzym dugc dinh luong
twong quan véi duong cong chuén xyloza. Trong xét nghiém nay, mét don vi xylanaza
(U) dugc xac dinh 1a lugng enzym yéu cdu dé tao ra 1 micromol dwong lugng dudng
khir xyloza trong mdi phut theo diéu kién ctia xét nghiém.

Vidus
Duong cong nhiét dé cia FveXyn4 (xylanaza me)

Nhiét d6 t6i wu ctia FveXyn4 tinh ché (enzym me) duogc xac dinh béng cach xét
nghiém hoat tinh xylanaza & nhiét do thay d6i trong khoang 40°C va 75°C trong 10 phut
trong dung dich dém natri xitrat 50 mM tai pH 5,3. Hoat tinh duwoc ghi nhén 13 hoat tinh
twong ddi trong d6 hoat tinh & nhiét d6 t6i wu duoc thiét 1ap 1 100%. Pudng cong nhiét do
ctia FveXyn4 dugc minh hoa trong Hinh 17. FveXyn4 dugc ghi nhan 1a ¢6 nhiét do tb1 vu
12 60°C, va dugc ghi nhan 1a gitt lai hon 70% hoat tinh ti da trong khoang nhiét d¢ gitta
45°C va 64°C.

Vidu6

Giam dé nhot trong nguyén liéu co nguoén goc tir hat ngil céc (vi du trong san xudt
nhién liéu sinh hoc)

Giam do nhot lua mi

Trong nganh cong nghiép cdn nhién liéu chau Au, c4c loai hat ngii cdc nho nhu
Ita mi, lia mach va laa mach den 1a cac nguyén liéu phd bién, khéc v6i Hoa Ky chu
yéu st dung ngd. Céc hat ngii cdc nho nay chira, sau tinh bot, polyme polysacarit
khong phai tinh bdt (NSP) ¢ mirc cao, nhu xenluloza, beta-glucan va hemixenluloza.

Ty 18 chiém gitt ctia cdc NSP khac nhau 13 khac nhau trong ting nguyén li¢u
cip. Bang 1 cho biét lwgng NSP khéc nhau trong IGa mi, lda mach va lia mach den so
v6i cac nguyén liéu cdp khac.

Bang 1: Polysacarit khong phai tinh bt c6 trong nguyén liéu cip khéc nhau (g
kg chét kho)

Ngoé |Lua |Lua |Ltamach Yén mach
mi mach
den
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Cé6 | Boe Covd | Bocvd
VO vo
Beta- 1 8 16 42 42 28 41
Glucan
Xenluloza | 22 17-20 | 15-16 | 43 10 82 14
NCP’tan |75 |89-99 [116- |144 |114 150 113
va khong 136
tan.
Téng 97 |107- |132- |186 |124 |232 116
NSP 119 152

(Bach Knudsen, 1997) Ham lugng hydrat cacbon va lignin ctia nguyén lig¢u thyc vat duge sir dung trong thic
an chin nudi. Anim. Feed Sci. Technol. (Cong nghé khoa hoc thirc dn chin nubi), 67 (4): 319-338

2 Englyst, H. N., Anderson, V. va Cummings, J. H., 1983. Tinh bt va polysacarit khong phai tinh bdt trong mot
s thue #n ngii cbc. J. Sci. Food Agric. (Tap chi khoa hoc thuc phdm va nong nghiép), 34: 1434-1440.

Polysacarit khong dugc tao tir xenluloza: pentosan, (arabino)xylan va cdc hemixenluloza khac.

NSP tao d6 nhét cao cho dich ngam ngii cbc. P nhét cao c6 anh hudng khong
t5t dén san xuét etanol do n6 han ché néng d6 chét rdn c6 thé duoc sir dung trong budc
U ruou va s& lam giam hidu suit ning lugng ctia quy trinh. Ngoai ra, hemixenluloza
con lai ¢6 mét trong toan bd quy trinh co thé gop phan lam tic nghén bo trao dbi nhiét
va thiét bi chung cét. Tac dong 16n nhét nhin théy dugc cua d6 nhdt cao 1a khi dich
ngdm dugc lam mat téi nhi¢t ¢ 1én men (32°C). Diéu nay giai thich ring do nhét can
phai dugc giam trong quy trinh & giai doan bét ky trude budce lam mat. Tuy thude vao
quy trinh dugc st dung, enzym can phai hoat dong & 60°C va/hogc 85°C.

C6 thé thém enzym giam d6 nhét vao cac giai doan khac nhau cla quy trinh sén
xuét etanol: giai doan tron va/hodc giai doan dudong hoa/lén men. Tt nhit 12 bd sung
enzym trong giai doan tron dé pha vo d6 nhét ban dau.

Viée st dung enzym giam dd nhét trong quy trinh san xuét etanol mang lai nhiéu loi
ich:

e C6 thé sir dung dich ngdm c6 ham lugng chét kho cao hon trong quy trinh
e C6 thé dat duoc ham lwong chét rén cao hon trong xi-rd cubi

e Truyén nhiét t6t hon, yéu cdu it ning lugng hon

e Giam tic nghén may bay hoi, din téi giam chi phi vé sinh

e Tang san lugng etanol hoan thién

e Niang cao chit lwong DDGS
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Phuong phap

May phan tich d6 nhét nhanh (RVA 4500) cta Perten Instruments duogc st dung
dé do @6 nhét ciia dich ngdm lda mi. Dich ngdm Ita mi nay dugc didu ché theo quy trinh
sau:

Didu ché 60 gam huyén phu dic Iia mi DS 30% (hién tai 1a 34,65%) (cho cac
14n thuc hién trén 2 may RVA cung luc) nhu sau:

- Cén 20,80 gam lua mi

- Trong cbc bése 100 ml, can 39,20 gam nuGe may va thém 137 pl H,SO,4 4N

- Thém ltia mi vao nudc va khudy trong 5 phit véi tbc do tdi da (khoang 500
vong/phut) bing may khudy diia

- Chuyén 25,0 gam huyén phi dic sang cbec RVA, thém enzym dugc pha lodng glp
50 14n va bit diu chay may RVA (kiém tra xem d¢ pH ban dAu ¢6 phai bing khoang 5,3
khong)

- Kiém tra d6 pH khi két thiic chay RVA (5,6-5,7)

Trong mdi thi nghiém (25 gam huyén phu dic), xylanaza dugc dinh lwgng tai
25 pg protein (cho mdi 8,66 g lua mi 'hién tai'), twong tmg v6i 2,9 pg protein / g lta mi
'hién tai'. SPEZYME® CL dugc dinh lugng tai 150 mg/kg (0,15 kg/MT) Iia mi 'hién
tai' (2,2 AAU/g 'hién tai' hodac 2,6 AAU/g DS).

Su hoa 10ng laa mi chudn dwgec md phong trong RVA. Viée xur ly trude duge
thue hién trong 20 phut & 60°C, tiép theo 1a budc hoa 16ng trong 30 phut & 85°C. Sau
khi x 1y trudc va hoa long, huyén phu dic duge lam mét dén 32°C dé xac dinh do
nhét & diéu kién 1én men. D6 pH hoa 16ng dugc duy tri trong khoang 5,3-5,7.

Trong thi nghiém nay, hiéu suét cua FveXyn4 dugc so sanh véi Bién thé A, B, C,

DvaE.

Do nhét (mPa.s)
Trj tréng FveXvnd Bién thé | Bién thé | Bién thé | Bién thé | Bién thé
(0=2) A B C D E
Sau khi xu ly
U
rufy.c : o |533+£16] 206 220 232 224 235 240
(thoti gian xu ly
la 1200 gidy)
Sau khi héa 1éng

(thoi gian x 1y |347=16| 122 | 125 | 135 130 141 145
1a 3120 gidy)
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Tai nhiét d6 lén
men

(thoi gian xu ly
la 3660 giay)

765+20| 250 257 282 275 302 298

Céc két qua dugc trinh bay nhu trén va trong Hinh 22.

Dit liéu nay cho thdy Fve Xyn4 va céc bién thé hoat dong theo cung phuong
thie, cho thdy mirc giam do nhét 55-67% so véi tri tréng (chi danh cho SPEZYME®
CL).

Vidu7
Tdch gluten-tinh bot lia mi

Quy trinh tach bdt lta mi thanh phan éét tinh bot va gluten dugc ap dung cong
nghiép trén quy mo 16n dé thu duogc tinh bdt A va phu pham tinh bot B va bt gluten
chét lwong cao. Quy trinh tach dugc cai thién bing cach bd sung xylanaza.

7.1 Nguyén liéu va phwong phap

Thi nghiém sau ddy md phong sy tach tinh bt Iia mi ctia quy trinh bdt nhéo &
40°C. Trong thi nghiém nay, thém bot lua mi cdng nghié¢p (Cargill) vao nudc may
dugce lam nong trude (50°C) dé tao ra huyén phu dic DS 35% bing céach tron trong 1
phut trong mdy tron nha bép (Braun). Do pH cua huyén phu dic duy tri nhu 'hién tai' 1
~6,1. 100 gam huyén phu dic nay dugc chuyén sang may do d6 nhot Haake VT550
duge hiéu chudn & 40°C. Sau 1 phat 0, dung dich enzym dugc thém vao huyén phu
dic. Trong khi d6, dd nhdt duge theo doi trude va sau khi thém enzym trong téng cong
1a 15 phat. Sau khi 0, nhan ba cac mAu cta huyén phu dic duge 0 va mot mAu huyén
phu dac & ty dugc 14y di dé thuc hién thi nghiém quay. M&di méu thi nghiém quay c6
téng khdi lugng 1a 22,5 g, chtra 15,8-15,9 g mau huyén phu dic, thém 6,6-6,7 g éng ly
tam dung mot 1an (15 ml). TAt ca mAu déu duge ly tim trong mdy ly tdm Hermle Z400
trong 15 phut véi tde dd 3500 vong/phut. Gid tri Brix dugc xéc dinh tir xi-ro clia mau
dugc ly tam.

Vidu8
Tdch dong xylanaza khung (me) FoxXyn2 ¢ Fusarium oxysporum

Trinh tu nucleotit cia gen FoxXyn2 dugc phén 1ap ti Fusarium oxysporum

duoc dat 1a 86 ID TRINH TU 30 (Hinh 4A). Trinh ty tin hiéu dugc t6 dém, va intron

du doan dugc trinh bay bang chit thuong in nghiéng.
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Trinh tur axit amin ciia protein FoxXyn2 dugc dit 1a $6 ID TRINH TU' 29 (Hinh
3A). Trinh ty tin hiéu dugc trinh bay bang chit nghiéng.

Trinh tu axit amin cta dang truéng thanh cua protein FoxXyn2 dugc dat 1a Sd
ID TRINH TU 31 hodc S6 ID TRINH TU 4 (Hinh 3B va 3C).

San pham protein ctia gen FoxXyn2 thudc vé ho glycosyl hydrolaza 10. Piéu
nay cho thiy ring FoxXyn2 1a glycosyl hydrolaza dugc tiét ra.

Vidu9
Biéu hién ciia protein FoxXyn2 khung (me)

Gen FoxXyn2 dugc khuéch dai tir ADN ctia b gen ctia Fusarium oxysporum
bing céc doan mdi sau day: Poan mdi 1 5°-
ccgeggecgeaccATGAAGCTGTCTTCCTTCCTCTACACC-3’ (SO ID TRINH
TU:24), va Boan mdi 2 5°- ceggegegeecttaTTAGCGGAGAGCGTTGACAACAG -3’
(SO ID TRINH TU':25). Sau khi dugc xt ly bing Not I va Asc I, san phdm PCR dugc
tach dong thanh vecto biéu hién pTrex3gM (duge md ta trong 2011/0136197 Al Hoa
K¥) dugc xit Iy v6i cling enzym gi6i han, va plasmit thu dugc duge gan nhin
pZZH135. So d6 plasmit pZZH135 dugc minh hoa trong Hinh 18. Trinh ty cua gen
FoxXyn2 dugc xac nhan bing cach giai trinh ty ADN.

Plasmit pZZH135 dugc bién nap thanh dongTrichoderma reesei dugc loai bo mot
phin tu (duge md ta trong WO 05/001036, dugc két hop ddy dit vao tai ligu nay bang
vién dan) bing phwong phap biolistic (bdn gen) (dugc trinh bay trong Te'o VS va cong
su, J Microbiol Methods (Tap chi phwong phap vi sinh vat hoc), 51:393-9, 2002).
Protein dugc phan 1ap tir 16p bé mit ctia moi trudng nudi chy sau khi loc dé thyc hién
phan tich SDS-PAGE va xét nghiém hoat tinh xylanaza dé xac nhan biéu hién enzym.

Trinh tu nucleotit ctia gen FoxXyn?2 tir plasmit biéu hién pZZH135 dugc dat 1a
S8 ID TRINH TU 4. Trinh tu axit amin cta dang trudng thanh cta protein FoxXyn2
dugc dat 1a S6 ID TRINH TU' 3,

Protein FoxXyn2 dugc tinh ché tir 16p bé mit clia mdi trudng nudi chy bang
cach st dung nhua sic ky ai luc Blue Sepharose, 6FF va cac mau duoc sir dung dé
biéu thi dic diém sinh héa nhu dwge md ta trong cac vi du tiép sau day.

Vidu 10
Hoat tinh xylanaza cua FoxXyn2 khung (me)
FoxXyn2 thudc ho glycosyl hydrolaza 10 (GH10, s6 CAZy). Hoat tinh beta 1-4

xylanaza cia FoxXyn2 dugc do bang céach st dung xylan 1% tir gd buld (Sigma
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95588) hoic arabinoxylan 1% tir bot loa mi (Megazyme P-WAXYM) lam co chét. Xét
nghiém dugc thyc hién trong natri xitrat 50 mM, pH 5,3, dung dich ¢ém Tween-80
0,005% & 50°C trong 10 phut.

Puong khtr dugce giai phong duoce dinh lugng bang phan ng véi axit 3, 5-
Dinitrosalicylic va do kha ndng hép thu tai 540 nm. Hoat tinh enzym dugc dinh luong
twong quan v6i duong cong chuén xyloza. Trong xét nghiém nay, mot don vi xylanaza
(U) dugc xac dinh 1a lugng enzym yéu cAu dé tao ra 1 micromol duong lugng dudng
khir xyloza trong mdi phut theo didu kién cuia xét nghiém.

Vidull
Puong cong nhiét do cua FoxXyn2

Nhiét d6 tdi wu ctia FoxXyn2 tinh ché dugc xac dinh bang céch xét nghiém hoat tinh
xylanaza & nhiét d thay d6i trong khoang 45°C va 94°C trong 10 phit trong dung dich dém
natri xitrat 50 mM tai pH 5,3. Hoat tinh duoc ghi nhan 1a hoat tinh twong dbi khi hoat tinh &
nhiét d6 tdi wu duoc thiét 1ap 1a 100%. Pudng cong nhiét do ciia FoxXyn2 dwoc minh hoa
trong Hinh 19. FoxXyn2 duoc ghi nhan 1a c6 nhiét 46 t61 wu 14 60°C, va dugc ghi nhan 1a
gitt lai hon 50% hoat tinh tdi da & nhiét d6 trong khoang gitta 40°C va 65°C.

Vidul2
D¢ bén nhiét

Do bén nhiét cia kiéu dai FveXynd (wt) va bién thé cua FveXyn4 dugc do tai
63°C (xem dit liéu trong Bang 2). Co thé thiy ro ring tit ca bién thé thé hién cac s6 lugng
(2-4) va t6 hop dot bién khac nhau c6 hoat tinh con lai cao hon & 63°C so v6i FveXyn4 va
6 thé két luan rf?mg cac bién thé nay déu chiu nhiét tot hon kiéu dai FveXyn4 (vi dy, dugc
frinh by trong bang mé ta nay 1a S6 ID TRINH TU 1, hogc 86 ID TRINH TU' 27).
Nguyén liéu va phwong phdp

Cé4c bién thé cia FveXyn4 thu dugce tir thu vién t5 hop hodc béng cach dua vao
dot bién dic hidu theo md ta trong Vi du 1. PO bén nhiét cta bién thé FveXyn4 dugc
do bang cach pha lodng va U trude mau enzym trong dung dich dém MES 25 mM
(Tween 80 0,00125% — dung dich dém MES 25 mM, pH 6,0, Tween 80 0,00125% (thé
tich:thé tich)), pH 6,0 trong 10 phut & 63°C. Sau khi 1, hoat tinh con lai dwoc do bang
phuong phép hoat tinh xylanaza dugc mo ta trong Vi du 1. Hoat tinh do dugc ma
khong @ trude duge dit 1a 100% va hoat tinh con lai cla timg bién thé ¢ mbi mire nhiét

do twong tng dugce tinh twong quan voi hoat tinh nay.
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Bang 2 trinh bay 14 bién thé t6 hop ctia FveXyn4 voi do én dinh nhiét ting
dang k& khi so sanh véi kiéu dai FveXyn4. Do bén nhiét dugc do 13 hoat tinh con lai
sau khi 0 truée & 63°C trong 10 phit nhu dd mo ta ¢ trén trong phan Nguyén liu va

phuong phéap cia Vi du 12 nay.

Béang 2:

Bién thé | Dot bién Hoat tinh con lai & 63°C

FveXyn4 | WT (Kiéu dai) 0,04
1 K79F A217Q T298F 0,89
2 |N7D _T33V_A217Q T298F 0,80
3 N7D_K79F T298F 0,79
4 T33V_K79F_A217Q 0,77
5 N7D_T33V_T298Y 0,76
6 T33V_A217Q_T298Y 0,67
7 N7D_A217Q_T298F 0,65
8 N7D_T33V_A217Q 0,60
9 K79F T298F 0,59
10 |N7D_K79F 0,58
11 |T33V_K79F 0,57
12 |T33V_T298Y 0,55
13 |N7D_T33V 0,40
14 |T33V_A217Q 0,35

T4t ca van ban dugc dé cdp trong md ta trén dugce két hop ddy di vao tai liéu
nay bang vién din. Céc cai bién va bién dbi khac nhau cta phwong phéap va hé théng
ctia sang ché duge mo ta s& dugce cac chuyén gia trong nganh hiéu 16 ma khong tach
ro1 khoi pham vi va y tudng cua sang ché. Mic du sang ché duge mod ta cing v6i mot
sd phuong 4n wu tién cu thé, nhung can hidu rang sang ché nhu dugc yéu cau bao ho
khong gidi han trong cac phuong an cu thé nay mot cach cling nhéc. Thuc té, cac cai
bién khac nhau cta cdc phuwong phéap duge md ta d& thyuc hién sang ché ma cac chuyén
gia trong nganh sinh héa va cong nghé sinh hoc hodc cdc nganh lién quan coi la hién

nhién cling thudc pham vi cla cac diém yéu ciu bao hd sau.
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YEU CAU BAO HOQ

1. Bién thé cua enzym xylanaza GH10 c6 d¢ dn dinh nhiét duoc ting cudng so voi
enzym xylanaza GH10 gbc, xylanaza GH10 gbe c6 muc do gibng vé mat trinh ty it
nhét 14 90% véi trinh tu axit amin ¢6 sd ID TRINH TU 1, trong d6 bién thé nay da
dugce cai bién & it nhit hai hodc nhiéu vi tri trong sb cac vi tri sau: 7, 33, 79, 217 va

298 twong g vdi vide danh s6 axit amin cho s6 ID TRINH TU 1.

2. Bién thé ciia enzym xylanaza GH10 theo diém 1, trong d6 céi bién dwoc chon trong
s6:

N7D;

T33V;

K79Y, V, F, I, L hodc M;

A217Q, E, P, D hodc M; va/hodc

T298Y, F hodc W.

3. Bién thé ciia enzym xylanaza GH10 theo diém 1 hodc 2, trong d6 enzym xylanaza
GHI10 géc con duge cai bién tai it nhit mot vi tri trong sb cac vi tri sau: 25, 57, 62, 64,

89, 103, 115, 147, 181, 193, 219.

4. Bién thé ctia enzym xylanaza GH10 theo diém 3, trong d6 cai bién duge chon tir:
N25P;
S57Q, T hoac V;
N62T hodc S;
G64T hodc S;
S89G, N, Q, L hodc M;
T103M hoic K,
V115E hodc L;
N147Q;
G181Q, A, D hoac P;
S193Y hodc N, va/hodc
(219D hoéac P.
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5. Bién thé cua enzym xylanaza GH10 theo diém 4, trong d6 cai bién dugc chon tir:

i, N7D, N25P, T33V, G64T, K79Y, S89G, A217Q va T298Y;

ii. N7D, N25P, T33V, K79Y, S89G, A217Q va T298Y.

iii.  N7D, N25P, T33V, S57Q, N62T, G64T, K79Y, T103M, V115L,
N147Q, G181Q, S193Y, A217Q, G219P va T298Y;

iv.  N7D, N25P, T33V, S57Q, N62T, K79Y, S89G, T103M, VI15L,
N147Q, G181Q, S193Y, A217Q, G219P va T298Y;

V. N7D, T33V, S57Q, N62T, G64T, K79Y, S89G, A217Q va T298Y,

vi.  K79F, A217Q va T298F; |

vii.  N7D, T33V, A217Q va T298F;

viii. N7D, K79F va T298F;

ix.  T33V,K79F va A217Q;

X. N7D, T33V va T298Y;

xi.  T33V, A217Q va T298Y;

xii. N7D, A217Q va T298F;

xiii. N7D, T33V va A217Q;

xiv.  K79F va T298F;

xv. N7D va K79F;

xvi. T33V vaK79F;

xvii. T33V va T298Y;

xviii. N7D, T33V; va

xix. T33Vva A217Q.

6. Phén tir axit nucleic tai t6 hop ma hoa bién thé ctia enzym xylanaza GH10 theo diém bt

ky trong sb cac diém tir 1 dén 5.
7. Vecto chira phan tir axit nucleic tai t§ hop theo diém 6.
8. Chu triic tai to hop chira phén tir axit nucleic tai t6 hop theo diém 6.

9. Vat chu chira phin tr axit nucleic tai t6 hop theo diém 6.
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10. V4t chi theo diém 9, trong do té bao duge chon tir nhém bao gém té bao nim, té bao

ndm men, t€ bao nam s¢i, va t€ bao thuc vat.

11. Ché phdm enzym chira bién thé ctia enzym xylanaza GH10 theo diém bt ky trong s6

cac diémtir 1 dén 5.

12. Ché phim enzym theo diém 11, trong d6 ché phim nay con bao gébm mot hozc nhiéu
enzym dugc chon tir nhém gom it nhat mdt enzym proteaza, it nhat mot enzym amylaza, it

nhat mdt enzym phytaza vi/hodc enzym beta-glucanaza.

13. Ché pham phu gia dung cho thirc dn chdn nudi chtra bién thé cta enzym xylanaza

GH10 theo diém bat ky trong s6 cac diém tir 1 dén 5.

14. Ché phém phu gia dung cho thirc an chin nuéi theo diém 13, trong d6 ché phdm nay
con bao gém mot hodc nhidu enzym dugc chon tir nhém gém it nhat mot enzym proteaza, it

nht mot enzym amylaza, it nhit mot enzym phytaza va/hodc enzym beta-glucanaza.

15. Hon hop trén sin chira bién thé ctia enzym xylanaza GH10 theo diém bit ky trong s6

céc diém tir 1 dén 5 va it nhdt mot vitamin va/hodc it nhat mot khoéang chét.

16. Thirc &n chan nudi chira ché phdm enzym theo diém 11 hodc 12, hogc ché phim phu gia

dung cho thirc an chan nudi theo diém 13 hoic 14.

17. Thirc 4n gia stic chira ché phdm enzym theo diém 11 hodc 12, hogc ché phdm phy gia

dung cho thirc &n chin nuéi theo diém 13 hoc 14.

18. Phuong phéap phén gidi arabinoxylan trong nguyén 1iéu chira xylan, bao gdm budc
cho nguyén li€u chira xylan nay tiép xuc voi bién thé cia enzym xylanaza GH10 theo
diém bt ky trong s6 cac diém tr 1 dén 5, hodc ché phim enzym theo diém 11 hodc 12,

hodc ché phdm phu gia ding cho thirc dn chin nudi theo diém 13 hodc 14.

19. Phuong phap theo diém 18, trong d6 arabinoxylan nay 12 arabinoxylan khong tan,
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20. Phuong phép theo diém 18, trong d6 nguyén liéu chira xylan dugc chon tir nhom bao
gom thirc an chdn nudi hojc thirc &n gia suc; thanh phan cia thic @n chan nudi; nguyén
liéu ¢6 nguodn goc tlr cac hat; dich ngdm; dich dudng; mach nha; lia mach da tao mach

nha; chat phuy trg; dich ngdm lta mach; va bt ngli cbe.

21. Phuong phép diéu ché bién thé cla enzym xylanaza GH10 bao gdm cac bude sau
day:

a) bién nap vét chu bang chu truc tai t6 hop theo diém 8 va

b) nudi cdy vat chu biéu hién O budc (a) trong didu kién cho phép biéu hién bién

thé cta enzym xylanaza GH10.

22. Phuong phép san xudt céc san phdm 1én men tir nguyén liéu chira tinh bot bao gdm
cac budc sau:
(a) hoa long nguyén li¢u chira tinh bot bing hdn hop enzym chira bién thé cua
enzym xylanaza GH 10 theo diém bat ky trong sb cac diém tir 1 dén 5;
(b) sacarit hoa san phém & bude (a);
(¢) 1én men bang vi sinh vét thich hop; va

(d) tuy y, thu hdi san phém duogc tao ra & budce (c).
23. Phuong phap theo diém 22, trong d6 céc budc (b) va (c) dugce thuc hién dong thoi.

24. Phwong phép lam giam d0 nhot ciia nguyén liéu chira tinh bot da hoa léng bao gom
cho huyén phu dic ctia nguyén liéu chira tinh bot tiép xuc véi bién thé cha enzym

xylanaza GH 10 theo diém bt ky trong s cac diém tir 1 dén 5.

25. Phuong phap thiy phan arabinoxylan trong nguyén ligu ¢ ngudn gdc tir cac hat bao
gbm cac bude sau:

(a) cho nguyén liéu c6 ngudn gdc tir céc hat nay tiép xuc véi chét 1ong; va

(b) thiiy phén arabinoxylan trong nguyén li€u co nguén géc tir cac hat bing cach cho
nguyén liéu co ngudn gdc tir cac hat tiép xtc véi bién thé cta enzym xylanaza GH 10

theo diém bét ky trong sb cac diém tir 1 dén 5.
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HINH 1A
(SO ID TRINH TV’ 26)

mklissflytaslvaalPTAIEPRQAADSINKLIKNKG KLYYGTITDPNLLGVAKDTAIIKADFGAVTPEN
SGKWDATEPSQGKFNFGSFDQVVNFAQQNGLKVRGHTLVWHSQLPQWVKNINDKATLTK
VIENHVTQVVGRYKGKIYAWDVVNEIFEWDGTLRKDSHFNNVFGNDDYVGIAFRAARKADP
NAKLYINDYSLDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQTHLDPGAAGQIQGALTAL
ANSGVKEVAITELDI RTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRKEHDSLLFDAN
YNPKPAYTAVVNALR

HINH 1B

(SO ID TRINH T 27)

IPTAIEPRQAADSINKLIKNKGKLYYGTITDPNLLGVAKDTAIIKADFGAVTPENSGKWDATEP
SQGKFNFGSFDQVVNFAQQNGLKVRGHTLVWHSQLPQWVKNINDKATLTKVIENHVTQVV
GRYKGKIYAWDVVNEIFEWDGTLRKDSHFNNVFGNDDYVGIAFRAARKADPNAKLYINDYS
LDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQTHLDPGAAGQIQGALTALANSGVKEVAI
TELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRKEHDSLLFDANYNPKPAYTAV
VNALR

HINH 1C
(SO ID TRINH TY 1)

OAADSINKLIKNKGKLYYGTITDPNLLGVAKDTAITI KADFGAVTPENSGKWDATEPSQGKFNFGSFDOVVNFAQQ
NGLKVRGHTLVWHSQLPOWVKNINDKATLTKVIENHVTQVVGRYKGKIYAWDVVNEL FEWDGTLRKDSHFNNVFG
NDDYVGIAFRAARKADPNAKLYINDYSLDSGSASK‘VTKGMVPSVKKWLSQGVPVDGIGSQTHLDPGAAGQIQGAL
TALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVS DKNSWRKEHDSLLFDANYNPKPAYTAV
VNALR
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HINH 2A
(SO ID TRINH T 24)

ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCA
TCGAGCCCCGCCAGGCTGCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCT
CTACTACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACCGCCATC
ATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAACTCGGGCAAGTGGGACGCCACC
GAGCCCAGCCAGGGCAAGTTCAACTTCGGTAGCTTCGACCAGGTTGTCAACTTTGCCC
AGCAGAATGGCCTCAAGGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCTCA
GTGGGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCA
CCCAAGTCGTTGGACGCTACAAGGGCAAGATCTACGCCTGGgtatgttttattcccccagacttctt
cgaaatgactttgctaacatgttcagGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCC
GAAAGGACTCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTC
CGCGCCGCCCGCAAGGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCG
ACTCCGGCAGCGCCTCCAAGGTCACCAAGGGTATGGTTCCCTCCGTCAAGAAGTGGCT
CAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTGCC
GCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTG
CCATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAA
GGCCTGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAG
AACTCTTGGCGCAAGGAGCACGACAGTCTTCTGTTCGATGCTAACTACAACCCCAAGCC
TGCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 2B
(SO ID TRINH TV 25)

ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCA
TCGAGCCCCGCCAGGCTGCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCT
CTACTACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACCGCCATC
ATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAACTCGGGCAAGTGGGACGCCACC
GAGCCCAGCCAGGGCAAGTTCAACTTCGGTAGCTTCGACCAGGTTGTCAACTTTGCCC
AGCAGAATGGCCTCAAGGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCTCA
GTGGGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCA
CCCAAGTCGTTGGACGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGAT
CTTCGAGTGGGACGGTACCCTCCGAAAGGACTCTCACTTCAACAACGTCTTCGGCAAC
GACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCCAACGCCAAGC
TGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCAAGGGTAT
GGTTCCCTCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCT
CAGACTCACCTTGACCCCGGTGCCGCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCG
CCAATTCTGGTGTCAAGGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGC
CAACGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCAAGTGCATTGGTATCA
CCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGTCTTCTGTT
CGATGCTAACTACAACCCCAAGCCTGCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 2C
(SO ID TRINH TV 2)

ATTCCCACCGCCATCGAGCCCCGCCAGGCTGCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCTCTAC
TACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACCGCCATCATCAAGGCCGACTTTGGCGCC
GTTACCCCCGAGAACTCGGGCAAGTGGGACGCCACCGAGCCCAGCCAGGGCAAGTTCAACTTCGGTAGCTTCGAC
CAGGTTGTCAACTTTGCCCAGCAGAATGGCCTCAAGGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCT
CAGTGGGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCAAGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAAAGGAC
TCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCC
AACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCAAGGGTATGGTTCCC
TCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTGCC
GCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTGCCATCACCGAGCTCGAC
ATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCAAGTGCATTGGTATC
ACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGTCTTCTGTTCGATGCTAACTACAAC
CCCAAGCCTGCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 3A
(SO ID TRINH T 28)

mklssflytaslvaalPTAIEPRQASDSINKLIKNKGKLYYGTITDPNLLGVAKDTAIIKADFGAVTPEN
SGKWDATEPSQGKFNFGSFDQVVNFAQQNGLKVRGHTLVWHSQLPQWVKNINDKATLTK
VIENHVTNVVGRYKGKIYAWDVVNEIFDWDGTLRKDSHFNNVFGNDDYVGIAFRAARKADP
NAKLYINDYSLDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQTHLDPGAAGQIQGALTAL
ANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRKEHDSLLFDAN
YNPKAAYTAVVNALR

HINH 3B

(SO ID TRINH T 29)

IPTAIEPRQASDSINKLIKNKGKLYYGTITDPNLLGVAKDTAIIKADFGAVTPENSGKWDATEP
SQGKFNFGSFDQVVYNFAQQNGLKVRGHTLVWHSQLPQWVKNINDKATLTKVIENHVTNWV
GRYKGKIYAWDVVNEIFDWDGTLRKDSHFNNVFGNDDYVGIAFRAARKADPNAKLYINDYS
LDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQTHLDPGAAGQIQGALTALANSGVKEVAI
TELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRKEHDSLLFDANYNPKAAYTAV
VNALR

HINH 3C

(SO ID TRINH T 3)

OASDSINKLIKNKGKLYYGTITDPNLLGVAKDTAIIKADFGAVT PENSGKWDATEPSQGKFNFGSFDQVVNFAQQ
NGLKVRGHTLVWHSQLPOWVKNINDKATLTKVIENHVTNVVGRYKGKI YAWDVVNEIFDWDGTLRKDSHENNVFG
NDDYVGIAFRAARKADPNAKLYINDYSLDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQTHLDPGAAGQIQGAL
TALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRKEHDSLLFDANYNPKAAYTAV
VNALR
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HINH 4A
SO ID TRINH TU 30

ATGAAGCTGTCTTCCTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCA
TCGAGCCCCGCCAGGCCTCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCT
CTACTACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACTGCCATC
ATCAAGGCTGACTTTGGCGCCGTCACACCCGAGAACTCGGGTAAGTGGGATGCCACCG
AGCCCAGCCAGGGCAAGTTCAACTTCGGCAGCTTCGACCAGGTCGTCAACTTTGCTCA
GCAGAATGGCCTCAAGGTCCGAGGTCACACTCTAGTCTGGCACTCCCAGCTCCCTCAG
TGGGTTAAGAACATCAACGACAAGGCTACTTTGACCAAGGTCATCGAGAACCACGTCAC
CAACGTCGTTGGACGCTACAAGGGCAAGATCTACGCCTGGgtatgttticttcactcgaacttcttat
aaatggctttactaacatgttcagGACGTCGTTAACGAGATCTI'CGACTGGGATGGTACCCTCCGA
AAGGACTCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCG
CGCTGCCCGCAAGGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGAC
TCCGGCAGCGCCTCCAAGGTCACCAAGGGCATGGTTCCCTCTGTCAAGAAGTGGCTCA
GCCAGGGCGTCCCCGTCGACGGTATTGGTTCTCAGACTCACCTTGACCCCGGTGCCGC
TGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAACTCTGGTGTGAAGGAGGTTGCC
ATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTTACCAAGG
CCTGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGCGTATCTGACAAGAAC
TCTTGGCGCAAGGAGCACGACAGCCTTCTGTTCGATGCTAACTACAACCCCAAGGCTG
CTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 4B
SO ID TRINH TU 31

ATGAAGCTGTCTTCCTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCA

TCGAGCCCCGCCAGGCCTCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCT
CTACTACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACTGCCATC

ATCAAGGCTGACTTTGGCGCCGTCACACCCGAGAACTCGGGTAAGTGGGATGCCACCG
AGCCCAGCCAGGGCAAGTTCAACTTCGGCAGCTTCGACCAGGTCGTCAACTTTGCTCA

GCAGAATGGCCTCAAGGTCCGAGGTCACACTCTAGTCTGGCACTCCCAGCTCCCTCAG

TGGGTTAAGAACATCAACGACAAGGCTACTTTGACCAAGGTCATCGAGAACCACGTCAC
CAACGTCGTTGGACGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTTAACGAGATC

TTCGACTGGGATGGTACCCTCCGAAAGGACTCTCACTTCAACAACGTCTTCGGCAACGA
CGACTACGTTGGCATTGCCTTCCGCGCTGCCCGCAAGGCTGACCCCAACGCCAAGCTG
TACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCAAGGGCATGG
TTCCCTCTGTCAAGAAGTGGCTCAGCCAGGGCGTCCCCGTCGACGGTATTGGTTCTCA

GACTCACCTTGACCCCGGTGCCGCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCC
AACTCTGGTGTGAAGGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCA
ACGACTACGCTACCGTTACCAAGGCCTGCCTCAACGTCCCCAAGTGCATTGGTATCACC
GTCTGGGGCGTATCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGCCTTCTGTTCG

ATGCTAACTACAACCCCAAGGCTGCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 4C
SO ID TRINH TY 4

ATTCCCACCGCCATCGAGCCCCGCCAGGCCTCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCTCTAC
TACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACTGCCATCATCAAGGCTGACTTTGGCGCC
GTCACACCCGAGAACTCGGGTAAGTGGGATGCCACCGAGCCCAGCCAGGGCAAGTTCAACTTCGGCAGCTTCGAC
CAGGTCGTCAACTTTGCTCAGCAGAATGGCCTCAAGGTCCGAGGTCACACTCTAGTCTGGCACTCCCAGCTCCCT
CAGTGGGTTAAGAACATCAACGACAAGGCTACTTTGACCAAGGTCATCGAGAACCACGTCACCAACGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTTAACGAGATCTTCGACTGGGATGGTACCCTCCGAAAGGAC
TCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCTGCCCGCAAGGCTGACCCC
AACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCAAGGGCATGGTTCCC
TCTGTCAAGAAGTGGCTCAGCCAGGGCGTCCCCGTCGACGGTATTGGTTCTCAGACTCACCTTGACCCCGGTGCC
GCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAACTCTGGTGTGAAGGAGGTTGCCATCACCGAGCTCGAC
ATCCGCACTGCCCCCGCCAACGACTACGCTACCGTTACCAAGGCCTGCCTCAACGTCCCCAAGTGCATTGGTATC
ACCGTCTGGGGCGTATCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGCCTTCTGTTCGATGCTAACTACAAC
CCCAAGGCTGCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 5
SOID TRINHTY 5

OAADSINKLIKNKGKLYYGTITDPNLLGVAKDTAVIKADFGAVTPENSGKWDATE PSQGNENFGSFDQVVNEAQQ
NGLKVRGHTLVWHSQLPQWVKNINDKATLTKVIENHVTQVVGRYKGKIYAWDVVNEI FDWDGTLRKDSHENNVEG
NDDYVGIAFRAARKADPNAKLYINDYSLDSASASKVTKGMVPSVKKWLSQGVPVDGIGSQSHLDPGAAGQVQGAL
TALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVS DKNSWRKEHDSLLFDSNYNPKPAYTAV
VNALR

HINH 6A
SO ID TRINH TY 32

ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCA
TCGAGCCCCG CCAGGC_QGCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCT
CTACTACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACCGCCGTC
ATCAAGGCCGACTTTGGCGCCGTCACCCCCGAGAACTCGGGCAAGTGGGACGCCACC
GAGCCCAGCCAGGGCAACTTCAACTTCGGTAGCTTCGACCAGGTCGTCAACTTTGCTICA
GCAGAATGGCCTCAAGGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCTCAG
TGGGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCAC
CCAAGTCGTTGGACGCTACAAGGGCAAGATCTACGCCTGGgtatgttttcttgcctcgaccttctca
g_agatgagtttgctaacatgttcagGACGT_'[GTCAACGAGATCTTCGA_QTGGGACGGTACCCTCCG
AAAGGA]'_TCTCACTTCAACAACGTCTTCGGCAACGAIGACTACGTTGGCATTGCCTTCC
GCGCCGCCCGCAAGGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGA
CTCCG_QCAGCGCCTCCAAGGTCACCAAGGGQATGGTQ_CCCTCCGTCAAGAAGTGGCTC
AGCCAGGGCGTTCCCGTCGACGGCATTGGCTCCCAGTICTCACCTTGACCCCGGTGCCG
CTGGCCAAQ_TCCAGGGTGCTCTCACTGCCCTCGCCAA_C_TCTGGTGTCAAGGAGGTTGC
CATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCCACCGTCACCAAG
GCCTGCCTAAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAA
CTCTTGGCGCAAGGAGCACGACAGCCTTCTGTTCGACTCCAACTACAACCCCAAGCCT
GCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 6B

(SO ID TRINH TUJ 33)

ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCA
TCGAGCCCCGCCAGGCCGCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCT
CTACTACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACCGCCGTC
ATCAAGGCCGACTTTGGCGCCGTCACCCCCGAGAACTCGGGCAAGTGGGACGCCACC
GAGCCCAGCCAGGGCAACTTCAACTTCGGTAGCTTCGACCAGGTCGTCAACTTTGCTCA
GCAGAATGGCCTCAAGGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCTCAG
TGGGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCAC
CCAAGTCGTTGGACGCTACAAGGGCAAGATCTACGCCTGGGACGTIGTCAACGAGATC
TTCGAQTGGGACGGTACCCTCCGAAAGGA_'I_TCTCACTTCAACAACGTC'ITCGGCAACGA
]_'GACTACGTI'GGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCCAACGCCAAGCTG
TACATCAACGACTACAGCCTCGACTCCGCCAGCGCCTCCAAGGTCACCAAGGGLATGG
T_QCCCTCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCQCA
GICTCACCTI'GACCCCGGTGCCGCTGGCCAAQTCCAGGGTGCTCTCACTGCCCTCGCC
AACTCTGGTGTCAAGGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCA
ACGACTACGCCACCGTCACCAAGGCCTGCCTAAACGTCCCCAAGTGCATTGGTATCAC
CGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGCCTTCTGTTC
GACTCCAACTACAACCCCAAGCCTG CTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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HINH 6C

(SO ID TRINH TY 6)

ATTCCCACCGCCATCGAGCCCCGCCAGGCQGCCGACAGCATCAACAAGCTGATCAAGAACAAGGGCAAGCTCTAC
TACGGAACCATCACCGACCCCAACCTGCTCGGCGTCGCAAAGGACACCGCCQTCATCAAGGCCGACTTTGGCGCC
GTQACCCCCGAGAACTCGGGCAAGTGGGACGCCACCGAGCCCAGCCAGGGCAAQTTCAACTTCGGTAGCTTCGAC
CAGGTQGTCAACTTTGCECAGCAGAATGGCCTCAAGGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCT
CAGTGGGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCAAGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTEGTCAACGAGATCTTCGAQTGGGACGGTACCCTCCGAAAGGAE
TCTCACTTCAACAACGTCTTCGGCAACGAEGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCC
AACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCGECAGCGCCTCCAAGGTCACCAAGGGQATGGTQCCC
TCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCQCAGECTCACCTTGACCCCGGTGCC
GCTGGCCAAQTCCAGGGTGCTCTCACTGCCCTCGCCAAQTCTGGTGTCAAGGAGGTTGCCATCACCGAGCTCGAC
ATCCGCACTGCCCCCGCCAACGACTACGCQACCGTCACCAAGGCCTGCCTAAACGTCCCCAAGTGCATTGGTATC
ACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGQCTTCTGTTCGAQECQAACTACAAC
CCCAAGCCTGCTTACACTGCTGTTGTCAACGCTCTCCGCTAA
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38318

HiNH 8

S6 ID TRINH T 7

> trinh ty m4 héa enzym bién thé A (1 bp-987 bp, truc tiép) 987 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CCCCCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCCAGCAGGGCAAGTTCACCTTCGGTAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTATGCTGACCAAGGTCATTGAGAACCACGTCACCCAACTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAA
AGGACTCTCACTTCAACCAGGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAA
GGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCCAGAGCGCCTCCAAGGTCACC
AAGGGTATGGTTCCCTACGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGA
CTCACCTTGACCCCGGTCAGGCTCCCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAA
GGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCC
TGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGG
AGCACGACAGTCTTCTGTTCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCT
CCGCTAA

S6ID TRINHTY 8

> trinh ty m& héa enzym bién th& B (1 bp-987 bp, tryc tiép) 987 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CCCCCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCCAGCAGGGCAAGTTCACCTTCACCAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTATGCTGACCAAGGTCATTGAGAACCACGTCACCCAACTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAA
AGGACTCTCACTTCAACCAGGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAA
GGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCCAGAGCGCCTCCAAGGTCACC
AAGGGTATGGTTCCCTACGTCARGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGA
CTCACCTTGACCCCGGTCAGGCTCCCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAA
GGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCC
TGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGG
AGCACGACAGTCTTCTGTTCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCT
CCGCTAA
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HINH 8 tiép theo

SSIDTRINHTY 9

> trinh tu ma héa enzym bién th& C (1 bp-987 bp, truc tiép) 987 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CCCTCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCAGCCAGGGCAAGTTCAACTTCGGTAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCAAGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAA
AGGACTCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAA
GGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACC
AAGGGTATGGTTCCCTCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGA
CTCACCTTGACCCCGGTCAGGCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAA
GGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCC
TGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGG
AGCACGACAGTCTTCTGTTCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCT
CCGCTAA

S8 ID TRINH TU 10

> trinh tu mi hoa enzym bién th& D (1 bp-987 bp, truc tiép) 987 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CAACCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCCAGCAGGGCAAGTTCACCTTCACCAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCAAGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAA
AGGACTCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAA
GGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACC
AAGGGTATGGTTCCCTCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGA
CTCACCTTGACCCCGGTCAGGCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAA
GGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCC
TGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGG
AGCACGACAGTCTTCTGTTCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCT
CCGCTAA
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HINH 8 tiép theo

S6 1D TRINH TU 11

> trinh tu m& hoéa enzym bién th& E (tryc tiép) 987 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CCCCCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCAGCCAGGGCAAGTTCAACTTCACCAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCAAGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAA
AGGACTCTCACTTCAACAACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAA
GGCTGACCCCAACGCCAAGCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACC
AAGGGTATGGTTCCCTCCGTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGA
CTCACCTTGACCCCGGTCAGGCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAA
GGAGGTTGCCATCACCGAGCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCC
TGCCTCAACGTCCCCAAGTGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGG
AGCACGACAGTCTTCTGTTCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCT
CCGCTAA
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HINH 9

S6ID TRINH TY 12

>enzym bién th& A (121 bp-1159 bp, truc tiép) 1039 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CCCCCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCCAGCAGGGCAAGTTCACCTTCGGTAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTATGCTGACCAAGGTCATTGAGAACCACGTCACCCAACTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGTATGTTTTATTCCCCCAGACTTCTTCGAAATGACTTTGCTAA

CATGTTCAGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAAAGGACTCTCACTTCAACC
AGGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCCAACGCCAA
GCTGTACATCAACGACTACAGCCTCGACTCCCAGAGCGCCTCCAAGGTCACCAAGGGTATGGTTCCCTAC
GTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTC
AGGCTCCCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTGCCATCACCGA
GCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCAAG
TGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGTCTTCTGT
TCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCTCCGCTAA

S6ID TRINH TY 13
>enzym bién thd B (121 bp-1159 bp, tryc tiép) 1039 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
GGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CCCCCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCCAGCAGGGCAAGTTCACCTTCACCAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACTCTCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTATGCTGACCAAGGTCATTGAGAACCACGTCACCCAACTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGTATGTTTTATTCCCCCAGACTTCTTCGAAATGACTTTGCTAA

CATGTTCAGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGARAGGACTCTCACTTCAACC
AGGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCCAARCGCCAA
GCTGTACATCAACGACTACAGCCTCGACTCCCAGAGCGCCTCCAAGGTCACCARGGGTATGGTTCCCTAC
GTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTC
AGGCTCCCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTGCCATCACCGA
GCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCAAG
TGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGTCTTCTGT
TCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCTCCGCTAA
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HINH 9 tiép theo

S6ID TRINH TY 14

>enzym bién thd C (121 bp-1159 bp, tryc tiép) 1039 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGAT CAAGAACARGGGCARGCTCTACTACGGAACCAT CACCGACCC
CCCTCTGCTCGGCGTCGCAARGGACGTCGCCATCAT CARGGCCGACT TTGGCGCCGTTACCCCCGAGAAC
TCGGGCARGTGGGACGCCACCGAGCCCAGCCAGGGCAAGTTCAACT TCGGTAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTACT CTGACCAAGGTCATTGAGAACCACGTCACCCARGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGTATGTTTTATTCCCCCAGACTTCTTCGAAATGACTTTGCTAA

CATGTTCAGGACGTCGTCAACGAGATCT TCGAGTGGGACGGTACCCTCCGARAGGACTCTCACTTCAACA
ACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCCAACGCCAA
GCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCAAGGGTATGGTTCCCTCC
GTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTC
AGGCTGGCCAAATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTGCCATCACCGA
GCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCAAG
TGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCAAGGAGCACGACAGTCTTCTGT
TCGATGCTAACTACAACCCCAAGCCTGCT TACTACGCTGTTGTCAACGCTCTCCGCTAA

S6ID TRINH TY 15

>enzym bién thé D (46 bp-1084 bp, truc tiép) 1039 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGACCC
CAACCTGCTCGGCGTCGCARAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGTGGGACGCCACCGAGCCCCAGCAGGGCARGTTCACCTTCACCAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCARGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGTATGTTTTATTCCCCCAGACTTCTTCGAAATGACTTTGCTAA

CATGTTCAGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAAAGGACTCTCACTTCAACA
ACGTCTTCGGCAACGACGACTACGTT GGCATTGCCTTCCGCGCCGCCCGCARGGCTGACCCCAACGCCAA
GCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCARGGGTATGGTTCCCTCC
GTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTC
AGGCTGGCCANATCCAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTGCCATCACCGA
GCTCGACATCCGCACTGCCCCCGCCAACGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCARG
TGCATTGGTATCACCGTCTGGGGTGTCTCT GACAAGAACTCTTGGCGCARGGAGCACGACAGTCTTCTGT
TCGATGCTAACTACAACCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCTCCGCTAA

-137-



38318

HINH 9 tiép theo

S6 1D TRINH TU 16

>enzym bién thé E (46 bp-1084 bp, truc tiép) 1039 bp
ATGAAGCTGTCTTCTTTCCTCTACACCGCCTCGCTGGTCGCGGCCATTCCCACCGCCATCGAGCCCCGCC
AGGCTGCCGACAGCATCGACAAGCTGATCAAGAACAAGGGCAAGCTCTACTACGGAACCATCACCGALCCC
CCCCCTGCTCGGCGTCGCAAAGGACGTCGCCATCATCAAGGCCGACTTTGGCGCCGTTACCCCCGAGAAC
TCGGGCAAGCTGGGACGCCACCGAGCCCAGCCAGGGCARGTTCAACTTCACCAGCTTCGACCAGGTTGTCA
ACTTTGCCCAGCAGAATGGCCTCTACGTCCGAGGTCACACTCTGGTCTGGCACGGCCAGCTCCCTCAGTG
GGTTAAGAACATCAACGACAAGGCTACTCTGACCAAGGTCATTGAGAACCACGTCACCCAAGTCGTTGGA
CGCTACAAGGGCAAGATCTACGCCTGGGTATGTTTTATTCCCCCAGACTTCTTCGAAATGACTTTGCTAA
CATGTTCAGGACGTCGTCAACGAGATCTTCGAGTGGGACGGTACCCTCCGAAAGGACTCTCACTTCAACA
ACGTCTTCGGCAACGACGACTACGTTGGCATTGCCTTCCGCGCCGCCCGCAAGGCTGACCCCARCGCCAA
GCTGTACATCAACGACTACAGCCTCGACTCCGGCAGCGCCTCCAAGGTCACCAAGGGTATGGTTCCCTCC

GTCAAGAAGTGGCTCAGCCAGGGCGTTCCCGTCGACGGCATTGGCTCTCAGACTCACCTTGACCCCGGTC
AGGCTGGCCAAATCCNAGGGTGCTCTCACTGCCCTCGCCAATTCTGGTGTCAAGGAGGTTGCCATCACCGA
GCTCGACATCCGCACTGCCCCCGCCARCGACTACGCTACCGTCACCAAGGCCTGCCTCAACGTCCCCAAG
TGCATTGGTATCACCGTCTGGGGTGTCTCTGACAAGAACTCTTGGCGCARGGAGCACGACAGTCTTCTGT
TCGATGCTAACTACANCCCCAAGCCTGCTTACTACGCTGTTGTCAACGCTCTCCGCTAA
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HINH 10

S6ID TRINH TU 17

>enzym bién thé& A trudng thanh 306aa
QAADSIDKLIKNKGKLYYGTITDPPLLGVAKDVAIIKADFGAVTPENSGKWDATEPQQGKFTFGSFDQVV
NFAQQNGLYVRGHTLVWHGQLPQWVKNINDKAMLTKVIENHVTQLVGRYKGKIYAWDVVNEIFEWDGTLR
KDSHFNQVFGNDDYVGIAFRAARKADPNAKLYINDYSLDSQSASKVTKGMVPYVKKWLSQGVPVDGIGSQ
THLDPGQAPQIQGALTALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRK
EHDSLLFDANYNPKPAYYAVVNALR*

S6 1D TRINH TU 18

>enzym bién th& B trudng thanh 306aa
QAADSIDKLIKNKGKLYYGTITDPPLLGVAKDVAIIKADFGAVTPENSGKWDATEPQQGKFTFTSFDQVV
NFAQQNGLYVRGHTLVWHSQLPQWVKNINDKAMLTKVIENHVTQLVGRYKGKIYAWDVVNEIFEWDGTLR
KDSHFNQVFGNDDYVGIAFRAARKADPNAKLYINDYSLDSQSASKVTKGMVPYVKKWLSQGVPVDGIGSQ
THLDPGQAPQIQGALTALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRK
EHDSLLFDANYNPKPAYYAVVNALR*

S6 1D TRINH TU 19

>enzym bién thé C trudéng thanh 306aa
QAADSIDKLIKNKGKLYYGTITDPPLLGVAKDVAIIKADFGAVTPENSGKWDATEPSQGKFNFGSFDQVV
NFAQQNGLYVRGHTLVWHGQLPQWVKNINDKATLTKVIENHVTQVVGRYKGKIYAWDVVNEIFEWDGTLR
KDSHFNNVFGNDDYVGIAFRAARKADPNAKLYINDYSLDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQ
THLDPGQAGQIQGALTALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRK
EHDSLLFDANYNPKPAYYAVVNALR*

S6 1D TRINH T 20

>enzym bién thé D trudéng thanh 306aa
QAADSIDKLIKNKGKLYYGTITDPNLLGVAKDVAIIKADFGAVTPENSGKWDATEPQQGKFTFTSFDQVV
NFAQQNGLYVRGHTLVWHGQLPQWVKNINDKATLTKVIENHVTQVVGRYKGKIYAWDVVNEIFEWDGTLR
KDSHFNNVFGNDDYVGIAFRAARKADPNAKLYINDYSLDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQ
THLDPGQAGQIQGALTALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRK
EHDSLLFDANYNPKPAYYAVVNALR*

S6 ID TRINH T 21

>enzym bién thé E 306aa
QAADSIDKLIKNKGKLYYGTITDPPLLGVAKDVAIIKADFGAVTPENSGKWDATEPSQGKFNFTSFDQVV
NFAQQNGLYVRGHTLVWHGQLPQWVKNINDKATLTKVIENHVTQVVGRYKGKIYAWDVVNEIFEWDGTLR
KDSHFNNVFGNDDYVGIAFRAARKADPNAKLYINDYSLDSGSASKVTKGMVPSVKKWLSQGVPVDGIGSQ
THLDPGQAGQIQGALTALANSGVKEVAITELDIRTAPANDYATVTKACLNVPKCIGITVWGVSDKNSWRK
EHDSLLFDANYNPKPAYYAVVNALR*
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HINH 11
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HINH 13a
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HINH 14
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HINH 16

HINH 17
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HINH 18
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ColE1 orl
HINH 19
120 -
~100
é
S 80 -
2
o 60 -
2
E 40 -
§.
2 20 -
O T B T T < H
20 30 40 50 60 70 80
Nhiét 3 (°C)
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38318

HINH 20
attL2
Vi tri doan méilviing
khoi dong T7
: K Poan mdi ngwoc M13
peptit trwdng thanh

FveXymd 27l KanR

pEntry-FveXyn4
3622 bp

Doan méi xudi M13 (-20)
Doan mdi xudi M13 (-40)
két thic phién ma rrnB T1
két thac phién ma rrnB T2
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38318

HINH 21

Vung két thac amdS TrIEL

amdS ORF KanR

ving kh&i dong amdS

pTTT-pyr2(Spe-Kpn)
15441 bp

vung khi dong cbh1

phén con lai cua pyrG A. nidulans pyr2 CDS

phin con lai cta pyrG A. nidulans
viing két thac cbh1

TTEL ung két thac amdS
KanR TTEL

atiB2

exon2

FveXynd VAR viing két thic cbh1

attB1

cbh1 promoter
Viing két

&y—thac amdS

. TrTEL

pTTTpyr2-FveXyn4 VAR

phén con lai cua
14864 bp

pyrG A. nidulans

pyr2 CDS
pyr2 (Spe-Kpn fr

Ori
AmpR
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38318

HINH 22

900 -1 80

| i “‘nﬂﬂﬂﬂﬁﬂﬁuﬂ-b‘

860 1 80

|

700 \ 70
7 o0 %0 empién thé D
I\ _ y 2
% 500 50 ——Bfn th? E
< o Bibn thé B
8. == Bién the A

300 3g === FveXynd

= = Nhiét d6
200 20
100 R B e s 10
0 1 T T 0
0 . 1000 2000 3000 4000

Thoi gian (giay)
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38318

DANH MUC TRINH TU

<110> Dupont Nutrition Biosciences Aps

<120> BIEN THE CUA ENZYM XYLANAZA GH1O0,
NAY, CHE PHAM PHU GIA DUNG CHO THUC AN
XUAT CAC SAN PHAM LEN MEN TU NGUYEN LIEU

CHﬁ PHﬁM ENZYM CHUA BIEN THE
CHAN NUOI VA PHUONG PHAP SAN

CHUA TINH BOT
<130> P046822PCT

<140> PCT/EP2015/051982
<1l41> 2015-01-30

<150> GB 1401648.9
<151> 2014-01-31

<160> 35

<170> Phién ban sang ché 3.5

<210> 1
<211> 305
<212> PRT

<213> Fusarium verticillioides

<400> 1

Gln Ala Ala Asp Ser Ile Asn Lys Leu Ile Lys Asn Lys Gly Lys Leu
1 5 10 15

Tyr Tyr Gly Thr Ile Thr Asp Pro Asn Leu Leu Gly Val Ala Lys Asp
20 25 30

Thr Ala Ile Ile Lys Ala Asp Phe Gly Ala Val Thr Pro Glu Asn Ser
35 40 45

-148-



Gly

Ser

65

Arg

Asn

Thr

Val

Phe

145

Ala

Ser

Ser

Lys

50

Phe

Gly

Ile

Gln

Asn

130

Asn

Ala

Leu

Val

Trp

Asp

His

Asn

Val
115

VGlu

Asn

Arg

Asp

Lys
195

Asp

Gln

Thr

Asp

100

Val

Ile

Val

Lys

Ser

180

Lys

Ala

Val

Leu

85

Lys

Gly

Phe

Phe

Ala

165

Gly

Trp

Thr

Val

70

Val

Ala

Arg

Glu

Gly

150

Asp

Ser

Leu

Glu

55

Asn

Trp

Thr

Tyr

Trp

135

Asn

Pro

Ala

Ser

Pro

Phe

His

Leu

Lys

120

Asp

Asp

Asn

Ser

Gln
200

38318

Ser

Ala

Ser

Thr

105

Gly

Gly

Asp

Ala

Lys

185

Gly

Gln

Gln

Gln

90

Lys

Lys

Thr

Tyr

Lys

170

Val

Val

-149-

Gly

Gln

75

Leu

Val

Ile

Leu

Val

155

Leu

Thr

Pro

Lys

60

Asn

Pro

Ile

Tyr

Arg

140

Gly

Tyr

Lys

Val

Phe

Gly

Gln

Glu

Ala

125

Lys

Ile

Ile

Gly

Asp
205

Asn

Leu

Trp

Asn

110

Trp

Asp

Ala

Asn

Met

190

Gly

Phe

Lys

Val

95

His

Asp

Ser

Phe

Asp

175

Val

Ile

Gly

Val

80

Lys

Val

Val

His

Arg

160

Tyr

Pro

Gly



38318

Ser Gln Thr His Leu Asp Pro Gly Ala Ala Gly Gln Ile Gln Gly Ala
210 ' 215 220

Leu Thr Ala Leu Ala Asn Ser Gly Val Lys Glu Val Ala Ile Thr Glu
225 230 235 240

Leu Asp Ile Arg Thr Ala Pro Ala Asn Asp Tyr Ala Thr Val Thr Lys
245 250 255

Ala Cys Leu Asn Val Pro Lys Cys Ile Gly Ile Thr Val Trp Gly Val
260 265 270

Ser Asp Lys Asn Ser Trp Arg Lys Glu His Asp Ser Leu Leu Phe Asp
275 280 285

Ala Asn Tyr Asn Pro Lys Pro Ala Tyr Thr Ala Val Val Asn Ala Leu

290 295 300
Arg
305
<210> 2
<211> 942
<212> ADN

<213> Fusarium verticillioides

<400> 2

attcccaccg ccatcgagcc ccgccaggct gccgacagcea tcaacaagct gatcaagaac

-150-



aagggcaagc

accgccatca

gccaccgagce

gcccagcaga

cagtgggtta

acccaagtcg

ttecgagtggg

gactacgttg

atcaacgact,

tccgtcaaga

cttgaccccg

gtcaaggagg

accgtcacca

tctgacaaga

cccaagcctg

<210> 3

<211> 305

<212> PRT

<213>

<400> 3

tctactacgg

tcaaggccga

ccagccaggg

atggcctcaa

agaacatcaa

ttggacgcta

acggtaccct

gcattgcctt

acagcctcga

agtggctcag

gtgccgetgg

ttgccatcac

aggcctgcct

actcttggcg

cttacactgc

aaccatcacc

ctttggcgcece

caagttcaac

ggtccgaggt

cgacaaggct

caagggcaag

ccgaaaggac

ccgegecgece

ctccggcagce

ccagggcegtt

ccaaatccag

cgagctcgac

caacgtcccc

caaggagcac

tgttgtcaac

Fusarium oxysporum

38318

gaccccaacc
gttacccccg
ttcggtagct
cacactctgg
actctgacca
atctacgcct
tctcacttca
cgcaaggctg
gcctccaagg
cccgtcgacg
ggtgctctca
atccgcactg
aagtgcattg
gacagtcttc

gctctccget

-151-

tgctcggegt

agaactcggg

tcgaccaggt

tctggcactc

aggtcattga

gggacgtcgt

acaacgtctt

accccaacgc

tcaccaaggg

gcattggctc

ctgccctege

cccecgcecaa

gtatcaccgt

tgttcgatgc

aa

cgcaaaggac

caagtgggac

tgtcaacttt

tcagctccct

gaaccacgtc

caacgagatc

cggcaacgac

caagctgtac

tatggttccc

tcagactcac

caattctggt

cgactacgct

ctggggtgte

taactacaac

120

180

240

300

360

420

480

540

600

660

720

780

840

900

942



Gln

Tyr

Thr

Gly

Ser

65

Arg

Asn

Thr

Val

Phe
145

Ala

Tyr

Ala

Lys

50

Phe

Gly

Ile

Asn

Asn

130

Asn

Ser

Gly

Ile

35

Trp

Asp

His

Asn

Val

115

Glu

Asn

Asp

Thr

20

Ile

Asp

Gln

Thr

Asp

100

Val

Ile

Val

Ser

Ile

Lys

Ala

Val

Leu

85

Lys

Gly

Phe

Phe

Ile

Thr

Ala

Thr

Val

70

Val

Ala

Arg

Asp

Gly
150

Asn

Asp

Asp

Glu

55

Asn

Trp

Thr

Tyr

Trp

135

Asn

Lys

Pro

Phe

40

Pro

Phe

His

Leu

Lys

120

Asp

Asp

38318

Leu

Asn

25

Gly

Ser

Ala

Ser

Thr

105

Gly

Gly

Asp

Ile

10

Leu

Ala

Gln

Gln

Gln

90

Lys

Lys

Thr

Tyr

-152-

Lys

Leu

Val

Gly

Gln

75

Leu

Val

Ile

Leu

Val
155

Asn

Gly

Thr

Lys

60

Asn

Pro

Ile

Tyr

Arg

140

Gly

Lys

Val

Pro

45

Phe

Gly

Gln

Glu

Ala

125

Lys

Ile

Gly

Ala

30

Glu

Asn

Leu

Trp

Asn

110

Trp

Asp

Ala

Lys

15

Lys

Asn

Phe

Lys

Val

95

His

Asp

Ser

Phe

Leu

Asp

Ser

Gly

Val

80

Lys

Val

Val

His

Arg
160



Ala

Ser

Ser

Ser

Leu

225

Leu

Ala

Ser

Ala

Ala

Leu

Val

Gln

210

Thr

Asp

Cys

Asp

Asn

290

Arg

Asp

Lys

195

Thr

Ala

Ile

Leu

Lys

275

Tyr

Lys

Ser

180

Lys

His

Leu

Arg

Asn

260

Asn

Asn

Ala

165

Gly

Trp

Leu

Ala

Thr

245

Val

Ser

Pro

Asp

Ser

Leu

Asp

Asn

230

Ala

Pro

Trp

Lys

Pro

Ala

Ser

Pro

215

Ser

Pro

Lys

Arg

Ala
295

Asn

Ser

Gln

200

Gly

Gly

Ala

Cys

Lys

280

Ala

38318

Ala

Lys

185

Gly

Ala

Val

Asn

Ile

265

Glu

Tyr

Lys

170

Val

Val

Ala

Lys

Asp

250

Gly

His

Thr

-153-

Leu

Thr

Pro

Gly

Glu

235

Tyr

Ile

Asp

Ala

Tyr

Lys

Val

Gln

220

Val

Ala

Thr

Ser

Val
300

Ile

Gly

Asp

205

Ile

Ala

Thr

Val

Leu

285

Val

Asn

Met

190

Gly

Gln

Ile

Val

Trp

270

Leu

Asn

Asp

175

Val

Ile

Gly

Thr

Thr

255

Gly

Phe

Ala

Tyr

Pro

Gly

Ala

Glu

240

Lys

Val

Asp

Leu



Arg
305

<210> 4
<211>
<212>
<213>

ADN

<400> 4

attcccaccg

aagggcaagc

actgccatca

gccaccgagce

gctcagcaga

cagtgggtta

accaacgtcg

ttcgactggg

gactacgttg

atcaacgact

tctgtcaaga

cttgaccccg

gtgaaggagg

accgttacca

942

ccatcgagcc

tctactacgg

tcaaggctga

ccagccaggg

atggcctcaa

agaacatcaa

ttggacgcta

atggtaccct

gcattgccectt

acagcctcga

agtggctcag

gtgcecgetgg

ttgccatcac

aggcctgect

Fusarium oxysporum

ccgccaggcece

aaccatcacc

ctttggcgcc

caagttcaac

ggtccgaggt

cgacaaggct

caagggcaag

ccgaaaggac

ccgcgcetgcece

ctccggcage

ccagggcgte

ccaaatccag

cgagctcgac

caacgtcccc

38318

tccgacagca
gaccccaacc
gtcacacccg
ttcggcagcet
cacactctag
actttgacca
atctacgcct
tctcacttca
cgcaaggctg
gcctccaagg
cccgtcgacg
ggtgctctca
atccgcactg

aagtgcattg

-154-

tcaacaagct

tgctcggegt

agaactcggg

tcgaccaggt

tctggcactc

aggtcatcga

gggacgtcgt

acaacgtctt

accccaacgc

tcaccaaggg

gtattggtte

ctgccctege

ccceccgecaa

gtatcaccgt

gatcaagaac

cgcaaaggac

taagtgggat

cgtcaacttt

ccagctccct

gaaccacgtc

taacgagatc

cggcaacgac

caagctgtac

catggttccc

tcagactcac

caactctggt

cgactacgct

ctggggcgta

60

120

180

240

300

360

420

480

540

600

660

720

780

840



38318

tctgacaaga actcttggcg caaggagcac gacagccttc tgttcgatge taactacaac

cccaaggctg cttacactgce tgttgtcaac gctctccget aa

<210> 5
<211> 305
<212> PRT

<213> Fusarium sp.
<400> 5

Gln Ala Ala Asp Ser Ile Asn Lys Leu Ile Lys Asn Lys Gly Lys Leu

Tyr Tyr Gly Thr Ile Thr Asp Pro Asn Leu Leu Gly Val Ala Lys Asp
20 25 30

Thr Ala Val Ile Lys Ala Asp Phe Gly Ala Val Thr Pro Glu Asn Ser
35 40 45

Gly Lys Trp Asp Ala Thr Glu Pro Ser Gln Gly Asn Phe Asn Phe Gly
50 55 60

Ser Phe Asp Gln Val Val Asn Phe Ala Gln Gln Asn Gly Leu Lys Val
65 70 75 80

Arg Gly His Thr Leu Val Trp His Ser Gln Leu Pro Gln Trp Val Lys
85 90 95

Asn Ile Asn Asp Lys Ala Thr Leu Thr Lys Val Ile Glu Asn His Val
100 105 110

-155-

900

942



Thr

Val

Phe

145

Ala

Ser

Ser

Ser

Leu

225

Leu

Gln

Asn

130

Asn

Ala

Leu

Val

Gln

210

Thr

Asp

Val

115

Glu

Asn

Arg

Asp

Lys

195

Ser

Ala

Ile

Val

Ile

val

Lys

Ser

180

Lys

His

Leu

Arg

Gly

Phe

Phe

Ala

165

Ala

Trp

Leu

Ala

Thr
245

Arg

Asp

Gly

150

Asp

Ser

Leu

Asp

Asn

230

Ala

Tyr

Trp

135

Asn

Pro

Ala

Ser

Pro

215

Ser

Pro

Lys

120

Asp

Asp

Asn

Ser

Gln

200

Gly

Gly

Ala

38318

Gly

Gly

Asp

Ala

Lys

185

Gly

Ala

Val

Asn

Lys

Thr

Tyr

Lys

170

Val

Val

Ala

Lys

Asp
250

-156-

Ile

Leu

Val

155

Leu

Thr

Pro

Gly

Glu

235

Tyr

Tyr

Arg

140

Gly

Tyr

Lys

Val

Gln

220

Val

Ala

Ala

125

Lys

Ile

Ile

Gly

Asp

205

Val

Ala

Thr

Trp

Asp

Ala

Asn

Met

190

Gly

Gln

Ile

Val

Asp

Ser

Phe

Asp

175

vVal

Ile

Gly

Thr

Thr
255

Val

His

Arg

160

Tyr

Pro

Gly

Ala

Glu

240

Lys



Ala Cys Leu Asn

Ser Asp Lys Asn
275

Ser Asn Tyr Asn

290
Arg
305
<210> 6
<211> 942
<212> ADN
<213>

<400> 6

attcccaccg

aagggcaagc

accgccgtcea

gccaccgagce

gctcagcaga

cagtgggtta

acccaagtcg

ttcgactggg

260

Fusarium sp.

ccatcgagcc

tctactacgg

tcaaggccga

ccagccaggg

atggcctcaa

agaacatcaa

ttggacgcta

acggtaccct

Val Pro Lys Cys Ile

Ser Trp Arg Lys Glu

280

Pro Lys Pro Ala Tyr

295

ccgccaggcec

aaccatcacc

ctttggcgcecce

caacttcaac

ggtccgaggt

cgacaaggct

caagggcaag

ccgaaaggat

38318

265

gccgacagca
gaccccaacc
gtcacccccg
ttcggtagct
cacactctgg
actctgacca
atctacgcect

tctcacttca

-157-

270

285

300

tcaacaagct

tgctcggegt

agaactcggg

tcgaccaggt

tctggcactc

aggtcattga

gggacgttgt

acaacgtctt

Gly Ile Thr Val Trp Gly Val

His Asp Ser Leu Leu Phe Asp

Thr Ala Val Val Asn Ala Leu

gatcaagaac

cgcaaaggac

caagtgggac

cgtcaacttt

¢

tcagctcccect

gaaccacgtc

caacgagatc

cggcaacgat

60

120

180

240

300

360

420

480



gactacgttg
atcaacgact
tccgtcaaga
cttgaccccg
gtcaaggagg
accgtcacca
tctgacaagq
cccaagcctg
<210> 7

987
ADN

<211>
<212>
<213>

<220>
<223>

<400> 7
atgaagctgt

gagccccgcece

tacggaacca

gccgactttg

cagggcaagt

ctctacgtcc

gcattgcctt

acagcctcga

agtggctcag

gtgccgetgg

ttgccatcac

aggcctgect

actcttggcg

cttacactgc

cttctttcct

aggctgccga

tcaccgaccc

gcgcecgttac

tcaccttcgg

gaggtcacac

ccgegecgec

ctccgceccage

ccagggcgtt

ccaagtccag

cgagctcgac

aaacgtcccc

caaggagcac

tgttgtcaac

Trinh ty nhé&n tao

ctacaccgcc

cagcatcgac

cccccectgetce

ccccgagaac

tagcttcgac

tctggtctgg

38318

cgcaaggctg
gcctccaagg
cccgtcgacg
ggtgctctca
atccgcactg
aagtgcattg
gacagccttce

gctctccget

Trinh tu xylanase GH10 bién thé

tcgctggtcg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cacggccagce

-158-

accccaacgce

tcaccaaggg

gcattggctc

ctgccctege

ccecccgecaa

gtatcaccgt

tgttcgactc

aa

cggccattcc

agaacaaggg

aggacgtcgc

gggacgccac

actttgccca

tccctcagtg

caagctgtac

catggtcccc

ccagtctcac

caactctggt

cgactacgcc

ctggggtgtc

caactacaac

caccgccatc

caagctctac

catcatcaag

cgagccccag

gcagaatggc

ggttaagaac

540

600

660

720

780

840

900

942

60

120

180

240

300

360



atcaacgaca

cgctacaagg

accctccgaa

gccttecegeg

ctcgactccce

ctcagccagg

gctccccaaa

atcaccgagc

tgcctcaacg

tggcgcaagg

tacgctgttg

<210> 8
987
ADN

<211>
<212>
<213>

<220>
<223>

<400> 8

aggctatgct

gcaagatcta

aggactctca

ccgcccgcaa

agagcgcctc

gcgttcecegt

tccagggtgce

tcgacatccg

tcceccaagtg

agcacgacag

tcaacgctct

gaccaaggtc

cgcctgggac

cttcaaccag

ggctgacccc

caaggtcacc

cgacggcatt

tctcactgcee

cactgcccce

cattggtatc

tcttctgtte

ccgctaa

Trinh ty nhén tao

38318

attgagaacc
gtcgtcaacg
gtcttcggcea
aacgccaagc
aagggtatgg
ggctctcaga
ctcgccaatt
gccaacgact
accgtctggg

gatgctaact

Trinh tu xylanase GH10 bién thé

acgtcaccca

agatcttcga

acgacgacta

tgtacatcaa

ttccctacgt

ctcaccttga

ctggtgtcaa

acgctaccgt

gtgtctctga

acaaccccaa

actcgttgga

gtgggacggt

cgttggcatt

cgactacagc

caagaagtgg

cccecggtceag

ggaggttgcc

caccaaggcc

caagaactct

gcctgcttac

atgaagctgt cttctttcct ctacaccgcc tcgctggteg cggccattcce caccgccatc

gagccccgec aggctgccga cagcatcgac aagctgatca agaacaaggg caagctctac

tacggaacca tcaccgaccc ccccectgete ggcgtcgcaa aggacgtcge catcatcaag

-159-

420

480

540

600

660

720

780

840

900

960

987

60

120

180



gccgactttg

cagggcaagt

ctctacgtcc

atcaacgaca

cgctacaagg

accctccgaa

gccttcegeg

ctcgactccce

ctcagccagg

gctccccaaa

atcaccgagce

tgcctcaacg

tggcgcaagg

tacgctgttg

<210> 9
<211> 987
<212> ADN

<213>

<220>
<223>

<400> 9

gcgccgttac

tcaccttcac

gaggtcacac

aggctatgct

gcaagatcta

aggactctca

ccgcccgcaa

agagcgcctce

gcgttcecegt

tccagggtgce

tcgacatccg

tcceccaagtg

agcacgacag

tcaacgctct

ccccgagaac

cagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggac

cttcaaccag

ggctgacccc

caaggtcacc

cgacggcatt

tctcactgcecce

cactgccccce

cattggtatc

tcttctgttc

ccgctaa

Trinh ty nhan tao

38318

tcgggcaagt
caggttgtca
cactctcagc
attgagaacc
gtcgtcaacg
gtcttcggca
aacgccaagc
aagggtatgg
ggctctcaga
ctcgccaatt
gccaacgact
accgtctggg

gatgctaact

Trinh tu xylanase GH10 bién thé

-160-

gggacgccac

actttgccca

tccctcagtg

acgtcaccca

agatcttcga

acgacgacta

tgtacatcaa

ttcecctacgt

ctcaccttga

ctggtgtcaa

acgctaccgt

gtgtctctga

acaaccccaa

cgagccccag

gcagaatggc

ggttaagaac

actcgttgga

gtgggacggt

cgttggcatt’

cgactacagc

caagaagtgg

ccccggtcag

ggaggttgec

caccaaggcc

caagaactct

gcctgcttac

240

300

360

420

480

540

600

660

720

780

840

900

960

987



atgaagctgt,

gagccccgcec

tacggaacca

gccgactttg

cagggcaagt

ctctacgtcc

atcaacgaca

cgctacaagg

accctccgaa

gcctteegeg

ctcgactccg

ctcagccagg

gctggccaaa

atcaccgagc

tgcctcaacg

tggcgcaagg

tacgectgttg

<210> 10
<211> 987

<212> ADN

cttctttccet

aggctgccga

tcaccgaccc

gcgccgttac

tcaacttcgg

gaggtcacac

aggctactct

gcaagatcta

aggactctca

ccgcccgcaa

gcagcgcctc

gcgttccegt

tccagggtge

tcgacatccg

tccccaagtg

agcacgacag

tcaacgctct

ctacaccgcc

cagcatcgac

ccctctgete

ccccgagaac

tagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggac

cttcaacaac

ggctgacccc

caaggtcacc

cgacggcatt

tctcactgcece

cactgccccce

cattggtatc

tcttctgttc

ccgctaa

38318

tcgctggtcé
aagctgatca
ggcgtcgcaa
tcgggcaagt
caggttgtca
cacggccagc
attgagaacc
gtcgtcaacg
gtcttcggceca
aacgccaagc
aagggtatgg
ggctctcaga
ctcgccaatt
gccaacgact
accgtctggg

gatgctaact

-161-

cggccattcc

agaacaaggg

aggacgtcgce

gggacgccac

actttgccca

tccctcagtg

acgtcaccca

agatcttcga

acgacgacta

tgtacatcaa

ttccecteegt

ctcaccttga

ctggtgtcaa

acgctaccgt

gtgtctctga

acaaccccaa

caccgccatce
caagctctac
catcatcaag
cgagcccagce
gcagaatggc
ggttaagaac
agtcgttgga
gtgggacggt
cgttggcatt
cgactacagc
caagaagﬁgg
ccccggtcag
ggaggttgce
caccaaggcc
caagaactct

gcctgcettac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

987



<213>

<220>
<223>

<400> 10
atgaagctgt

gagccccgcece
tacggaacca
gccgactttg
cagggcaagt
ctctacgtcc
atcaacgaca
cgctacaagg
accctccgaa
gccttcecegeg
ctcgactccg
ctcagccagg
gctggccaaa
atcaccgagc
tgcctcaacg

tggcgcaagg

cttctttcct

aggctgccga

tcaccgacce

gcgccgttac

tcaccttcac

gaggtcacac

aggctactct

gcaagatcta

aggactctca

ccgcccgcaa

gcagcgcctce

gcgttcecegt

tccagggtgce

tcgacatccg

tccccaagtg

agcacgacag

Trinh ty nhdn tao

ctacaccgcc

cagcatcgac

caacctgctec

ccccgagaac

cagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggac

cttcaacaac

ggctgacccc

caaggtcacc

cgacggcatt

tctcactgcece

cactgcccecece

cattggtatc

tcttectgtte

38318

Trinh tu xylanase GH10 bién thé

tcgctggtceg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cacggccagce

attgagaacc

gtcgtcaacg

gtcttcggca

aacgccaagc

aagggtatgg

ggctctcaga

ctcgccaatt

gccaacgact

accgtctggg

gatgctaact

-162-

cggccattcce

agaacaaggg

aggacgtcgce

gggacgccac

actttgccca

tccectecagtg

acgtcaccca

agatcttcga

acgacgacta

tgtacatcaa

ttcccteegt

ctcaccttga

ctggtgtcaa

acgctaccgt

gtgtctctga

acaaccccaa

caccgccatc

caagctctac

catcatcaag

cgagccccag

gcagaatggc

ggttaagaac

agtcgttgga

gtgggacggt

cgttggcatt

cgactacagc

caagaagtgg

ccccggtceag

ggaggttgcce

caccaaggcc

caagaactct

gcctgcttac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



tacgctgttg tcaacgctct ccgctaa

<210> 11
<211> 987
<212> ADN
<213>

<220>
<223>

<400> 11
atgaagctgt

gagccccgcec

tacggaacca

gccgactttg

cagggcaagt

ctctacgtcc

atcaacgaca

cgctacaagg

accctccgaa

gcctteegeg

ctcgactccg

ctcagccagg

gctggccaaa

cttctttcct

aggctgccga

tcaccgaccc

gcgccgttac

tcaacttcac

gaggtcacac

aggctactct

gcaagatcta

aggactctca

ccgcecgcaa

gcagcgcctc

gcgttccegt

tccagggtgce

Trinh tu nhé&n tao

ctacaccgcc

cagcatcgac

ccccectgete

ccccgagaac

cagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggac

cttcaacaac

ggctgacccc

caaggtcacc

cgacggcatt

tctcactgcce

38318

Trinh tu xylanase GH10 bién thé

tcgctggteg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cacggccagc

attgagaacc

gtcgtcaacg

gtcttcggca

aacgccaagc

aagggtatgg

ggctctcaga

ctcgccaatt

-163-

cggccattce

agaacaaggg

aggacgtcgc

gggacgccac

actttgccca

tccctecagtg

acgtcaccca

agatcttcga

acgacgacta
tgtacatcaa
ttccctceegt
ctcaccttga

ctggtgtcaa

caccgccatce

caagctctac

catcatcaag

cgagcccagce

gcagaatggc

ggttaagaac

agtcgttgga

gtgggacggt

cgttggcatt

cgactacagc

caagaagtgg

ccccggtcecag

ggaggttgcce

987

60

120

180

240

300

360

420

480

540

600

660

720

780



atcaccgagc

tgcctcaacg

tggcgcaagg

tacgctgttg

<210> 12

<211>

<212>
<213>

ADN

<220>

<223>

<400> 12
atgaagctgt

gagccccgcece

tacggaacca

gccgactttg

cagggcaagt

ctctacgtcc

atcaacgaca

cgctacaagg

actttgctaa

aaaggactct

1039

tcgacatccg

tccccaagtg

agcacgacag

tcaacgctct

cttctttcct

aggctgccga

tcaccgaccc

gcgccgttac

tcaccttcgg

gaggtcacac

aggctatgct

gcaagatcta

catgttcagg

cacttcaacc

38318

cactgccccc gccaacgact acgctaccgt caccaaggcc

cattggtatc accgtctggg gtgtctctga caagaactct

tcttctgttc gatgctaact acaaccccaa gcctgettac

ccgctaa

Trinh ty nhén tao

ctacaccgcc

cagcatcgac

ccccctgete

ccccgagaac

tagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggta

acgtcgtcaa

aggtcttcgg

Trinh ty xylanase GH10 bién thé

tcgcectggteg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cacggccagce

attgagaacc

tgttttatte

cgagatcttc

caacgacgac

-164-

cggccattcc

agaacaaggg

aggacgtcgc

gggacgccac

actttgccca

tccctcagtg

acgtcaccca

ccccagactt

gagtgggacg

tacgttggca

caccgccatc

caagctctac

catcatcaag

cgagccccag

gcagaatggc

ggttaagaac

actcgttgga

cttcgaaatg

gtaccctccg

ttgccttccg

840

900

960

987

60

120

180

240

300

360

420

480

540

600



cgccgeccgce

ccagagcgcec

gggcgttccc

aatccagggt

gctcgacatc

cgtccccaag

ggagcacgac

tgtcaacgct

<210>

<211>

<212>
<213>

13
1039
ADN

<220>

<223>

<400> 13

atgaagctgt

gagccccgec

tacggaacca

gccgactttg

cagggcaagt

ctctacgtcc

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccc

tgcattggta

agtcttctgt

ctccgctaa

cttctttcct

aggctgccga

tcaccgaccc

gcgccgttac

tcaccttcac

gaggtcacac

Cccaacgccaa

ccaagggtat

ttggctctca

ccctcgcecaa

ccgccaacga

tcaccgtctg

tcgatgctaa

Trinh ty nhén tao

ctacaccgcc

cagcatcgac

ccccecectgete

ccccgagaac

cagcttcgac

tctggtctgg

38318

gctgtacatc
ggttccctac
gactcacctt
ttctggtgtc
ctacgctacc
gggtgtctct

ctacaacccc

Trinh tu xylanase GH10 bién thé

tcgectggteg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cactctcagc

-165-

aacgactaca

gtcaagaagt

gaccccggtce

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgett

cggccattcc

agaacaaggg

aggacgtcgce

gggacgccac

actttgccca

tccctcagtg

gcctcgactc

ggctcagcca

aggctcccca

ccatcaccga

cctgcctcaa

cttggcgcaa

actacgctgt

caccgccatc

caagctctac

catcatcaag

cgagccccag

gcagaatggc

ggttaagaac

660

720

780

840

900

960

1020

1039

60

120

180

240

300

360



atcaacgaca
cgctacaagg
actttgctaa
aaaggactct
cgccgececge
ccagagcgcce
gggcgttccc
aatccagggt
gctcgacatc
cgtccccaag
ggagcacgac
tgtcaacgct
<210> 14

1039
ADN

<211>
<212>
<213>

<220>
<223>

<400> 14

aggctatgct

gcaagatcta

catgttcagg

cacttcaacc

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccce

tgcattggta

agtcttctgt

ctccgcectaa

gaccaaggtc

cgcctgggta

acgtcgtcaa

aggtcttcgg

ccaacgccaa

ccaagggtat

ttggctctca

ccctcgccaa

ccgccaacga

tcaccgtctg

tcgatgctaa

Trinh ty nhén tao

38318

attgagaacc
tgttttattc
cgagatcttc
caacgacgac
gctgtacatc
ggttccctac
gactcacctt
ttctggtgtc
ctacgctacc
gggtgtctct

ctacaacccc

Trinh tu xylanase GH10 bién thé

acgtcaccca

ccccagactt

gagtgggacg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtce

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgcett

actcgttgga

cttcgaaatg

gtaccctccg

ttgccttceg

gcctcgacte

ggctcagcca

aggctcccca

ccatcaccga

cctgcctcaa

cttggcgcaa

actacgctgt

atgaagctgt cttctttcct ctacaccgec tcgetggteg cggccattcc caccgccatc

gagccccgece aggctgccga cagcatcgac aagctgatca agaacaaggg caagctctac

-166-

420

480

540

600

660

720

780

840

900

960

1020

1039

60

120



tacggaacca

gccgactttg

cagggcaagt

ctctacgtcce

atcaacgaca

cgctacaagg

actttgctaa

aaaggactct

cgcecgeccge

cggcagcgcece

gggcgttccc

aatccagggt

gctcgacatc

cgtccccaag

ggagcacgac

tgtcaacgct

<210> 15

<211>

<212>
<213>

1039
ADN:

tcaccgaccc

gcgeccgttac

tcaacttcgg

gaggtcacac

aggctactct

gcaagatcta

catgttcagg

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccc

tgcattggta

agtcttctgt

ctccgctaa

ccctcetgetce

ccccgagaac

tagcttcgac

tctggtctygg

gaccaaggtc

cgcctgggta

acgtcgtcaa

acgtcttcgg

ccaacgccaa

ccaagggtat

ttggctctca

ccctcgecaa

ccgccaacga

tcaccgtctg

tcgatgctaa

Trinh tu nhdn tao

38318

ggcgtcgcaa
tcgggcaagt
caggttgtca
cacggccagc
attgagaacc
tgttttattc
cgagatcttc
caacgacgac
gctgtacatc
ggttccctcce
gactcacctt
ttctggtgtc
ctacgctacc
gggtgtctct

ctacaacccc

-167-

aggacgtcgc

gggacgccac

actttgccca

tccectecagtg

acgtcaccca

ccccagactt

gagtgggacg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtce

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgcett

catcatcaag

cgagcccagce

gcagaatggce

ggttaagaac

agtcgttgga

cttcgaaatg

gtaccctccg

ttgccttccg

gcctcgactce

ggctcagcca

aggctggcca

ccatcaccga

cctgcctcaa

cttggcgcaa

actacgctgt

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1039



<220>
<223>

<400> 15

atgaagctgt

gagcccegec

tacggaacca

gccgactttg

cagggcaagt

ctctacgtcc

atcaacgaca

cgctacaagg

actttgctaa

aaaggactct

cgcecgeecgce

cggcagcgcec

gggcgttcce

aatccagggt

gctcgacatc

cgtccccaag

ggagcacgac

cttctttcct

aggctgccga

tcaccgaccc

gcgccgttac

tcaccttcac

gaggtcacac

aggctactct

gcaagatcta

catgttcagg

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccc

tgcattggta

agtcttctgt

ctacaccgcc

cagcatcgac

caacctgctc

ccccgagaac

cagcttcgac

tctggtetgg

gaccaaggtc

cgcctgggta

acgtcgtcaa

acgtcttcgg

ccaacgccaa

ccaagggtat

ttggctctca

ccctcgecaa

ccgccaacga

tcaccgtctg

tcgatgctaa

38318

Trinh tyu xylanase GH10 bién thé

tcgctggteg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cacggccagce

attgagaacc

tgttttattc

cgagatctte

caacgacgac

gctgtacatc

ggttccctcce

gactcacctt

ttctggtgtc

ctacgctacc

gggtgtctct

ctacaacccc

-168-

cggccattcc

agaacaaggg

aggacgtcgc

gggacgccac

actttgccca

tccctcecagtg

acgtcaccca

ccccagactt

gagtgggacg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggte

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgett

caccgccatc

caagctctac

catcatcaag

cgagccccag

gcagaatggc

ggttaagaac

agtcgttgga

cttcgaaatg

gtaccctccg

ttgccttceg

gcctcgactce

ggctcagcca

aggctggcca

ccatcaccga

cctgcctcaa

cttggcgcaa

actacgctgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



tgtcaacgct ctccgctaa
<210> 16

<211> 1039

<212> ADN

<213> Trinh ty nhan tao

<220>
<223>

<400> 16

atgaagctgt
gagccccgece
tacggaacca
gccgactttg
cagggcaagt
ctctacgtcc
atcaacgaca
cgctacaagg
actttgctaa
aaaggactct
cgccgeccge
cggcagcgcec

gggcgttccc

cttctttect

aggctgccga

tcaccgaccc

gcgccgttac

tcaacttcac

gaggtcacac

aggctactct

gcaagatcta

catgttcagg

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggca

ctacaccgcc

cagcatcgac

ccccectgcetce

ccccgagaac

cagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggta

acgtcgtcaa

acgtcttcgg

ccaacgccaa

ccaagggtat

ttggctctca

38318

Trinh tu xylanase GH10 bién thé

tcgctggteg

aagctgatca

ggcgtcgcaa

tcgggcaagt

caggttgtca

cacggccagc

attgagaacc

tgttttattc

cgagatcttc

caacgacgac

gctgtacatc

ggttccctcc

gactcacctt

-169-

cggccattcc

agaacaaggg

aggacgtcgc

gggacgccac

actttgccca

tccctcagtg

acgtcaccca

ccccagactt

gagtgggacg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtce

caccgccatce

caagctctac

catcatcaag

cgagcccage

gcagaatggc

ggttaagaac

agtcgttgga

cttcgaaatg

gtaccctccg

ttgccttceg

gcctcgactce

ggctcagcca

aggctggcca

1039

60

120

180

240

300

360

420

480

540

600

660

720

780



aatccagggt

gctcgacatc

cgtccccaag}

ggagcacgac

tgtcaacgct

<210>
<211>

17

305 ¢
<212> PRT
<213> Trin
<220>
<223>

'

Trin

<400> 17

Gln Ala Ala

Tyr Tyr Gly

Val Ala Ile

35

Gly Lys

50

Trp

Ser Phe Asp

gctctcactg

cgcactgccc

tgcattggta

agtcttctgt

ctccgctaa

h tu

h tu

Ser

Asp

Thr
20

Ile

Ile

Lys

Ala

Asp

Gln Val

Ile

Thr

Ala

Thr

Val

38318

ccctcgeccaa ttcectggtgte
ccgccaacga ctacgctacc
tcaccgtctg gggtgtctct

tcgatgctaa ctacaacccc

nhén tao

xylanase GH10 bién thé

Ile
10

Asp Lys Leu Lys

Pro Leu Leu

25

Asp Pro

Phe
40

Asp Gly Ala Val

Glu
55

Pro Gln Gln Gly

Asn Phe Ala Gln Gln

-170-

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgcett

Asn Lys Gly

Val Ala

30

Gly

Thr Pro Glu

45

Lys Phe Thr

60

Asn Gly Leu

ccatcaccga

cctgcctcaa

cttggcgcaa

actacgctgt

Lys Leu

15

Lys Asp

Asn Ser

Phe Gly

Tyr Val

840

900

960

1020

1039



65

Arg

Asn

Thr

Val

Phe

145

Ala

Ser

Tyr

Ser

Gly

Ile

Gln

Asn

130

Asn

Ala

Leu

Val

Gln
210

His

Asn

Leu

115

Glu

Gln

Arg

Asp

Lys

195

Thr

Thr

Asp

100

Val

Ile

Val

Lys

Ser

180

Lys

His

Leu

85

Lys

Gly

Phe

Phe

Ala

165

Gln

Trp

Leu

70

Val

Ala

Arg

Glu

Gly

150

Asp

Ser

Leu

Asp

Trp

Met

Tyr

Trp

135

Asn

Pro

Ala

Ser

Pro

215

His

Leu

Lys

120

Asp

Asp

Asn

Ser

Gln

200

Gly

38318

Gly Gln
90

Thr Lys
105

Gly Lys

Gly Thr

Asp Tyr

Ala Lys

170

Lys Val

185

Gly Val

Gln Ala

-171-

75

Leu

Val

Ile

Leu

Val

155

Leu

Thr

Pro

Pro

Pro

Ile

Tyr

Arg

140

Gly

Tyr

Lys

Val

Gln
220

Gln

Glu

Ala

125

Lys

Ile

Ile

Gly

Asp

205

Ile

Trp

Asn

110

Trp

Asp

Ala

Asn

Met

190

Gly

Gln

Val

95

His

Asp

Ser

Phe

Asp

175

Val

Ile

Gly

80

Lys

Val

Val

His

Arg

160

Tyr

Pro

Gly

Ala



Leu

225

Leu

Ala

Ser

Ala

Arg
305

Thr

Asp

Cys

Asp

Asn

290

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

<220>
<223>

<400>

Ala Leu

Ile Arg

Leu Asn

260

Lys Asn
275

Tyr Asn

18
305
PRT

Trinh tu

Trinh tu

18

Gln Ala Ala Asp

1

Ala

Thr

245

Val

Ser

Pro

nhan tao

Asn

230

Ala

Pro

Trp

Lys

Ser

Pro

Lys

Arg

Pro

295

Gly

Ala

Cys

Lys

280

Ala

38318

Val Lys

Asn Asp
250

Ile Gly
265

Glu His

Tyr Tyr

xylanase GH10 bién thé

Glu

235

Tyr

Ile

Asp

Ala

Val

Ala

Thr

Ser

Val
300

Ala

Thr

Val

Leu

285

Val

Ile

Val

Trp

270

Leu

Asn

Thr

Thr

255

Gly

Phe

Ala

Glu

240

Lys

Val

Asp

Leu

Ser Ile Asp Lys Leu Ile Lys Asn Lys Gly Lys Leu

5

10

-172-

15



Tyr

Val

Gly

Ser

65

Arg

Asn

Thr

Val

Phe

145

Ala

Tyr

Ala

Lys

50

Phe

Gly

Ile

Gln

Asn

130

Asn

Ala

Gly

Ile

35

Trp

Asp

His

Asn

Leu

115

Glu

Gln

Arg

Thr

20

Ile

Asp

Gln

Thr

Asp

100

Val

Ile

Val

Lys

Ile

Lys

Ala

Val

Leu

85

Lys

Gly

Phe

Phe

Ala

Thr

Ala

Thr

Val

70

Val

Ala

Arg

Glu

Gly

150

Asp

Asp

Asp

Glu

55

Asn

Trp

Met

Tyr

Trp

135

Asn

Pro

Pro

Phe

40

Pro

Phe

His

Leu

Lys

120

Asp

Asp

Asn

38318

Pro

25

Gly

Gln

Ala

Ser

Thr

105

Gly

Gly

Asp

Ala

Leu

Ala

Gln

Gln

Gln

90

Lys

Lys

Thr

Tyr

Lys

-173-

Leu

Val

Gly

Gln

75

Leu

Val

Ile

Leu

Val

155

Leu

Gly

Thr

Lys

60

Asn

Pro

Ile

Tyr

Arg

140

Gly

Tyr

Val

Pro

45

Phe

Gly

Gln

Glu

Ala

125

Lys

Ile

Ile

Ala

30

Glu

Thr

Leu

Trp

Asn

110

Trp

Asp

Ala

Asn

Lys

Asn

Phe

Tyr

Val

95

His

Asp

Ser

Phe

Asp

Asp

Ser

Thr

Val

80

Lys

Val

Val

His

Arg

160

Tyr



Ser

Tyr

Ser

Leu

225

Leu

Ala

Ser

Ala

Arg
305

Leu

Val

Gln

210

Thr

Asp

Cys

Asp

Asn

290

Asp

Lys

195

Thr

Ala

Ile

Leu

Lys

275

Tyr

Ser

180

Lys

His

Leu

Arg

Asn

260

Asn

Asn

165

Gln

Trp

Leu

Ala

Thr

245

Val

Ser

Pro

Ser

Leu

Asp

Asn

230

Ala

Pro

Trp

Lys

Ala

Ser

Pro

215

Ser

Pro

Lys

Arg

Pro

295

Ser

Gln

200

Gly

Gly

Ala

Cys

Lys

280

Ala

38318

Lys

185

Gly

Gln

Val

Asn

Ile

265

Glu

Tyr

170

Val

Val

Ala

Lys

Asp

250

Gly

His

Tyr

-174-

Thr

Pro

Pro

Glu

235

Tyr

Ile

Asp

Ala

Lys

Val

Gln

220

Val

Ala

Thr

Ser

Val
300

Gly

Asp

205

Ile

Ala

Thr

Val

Leu

285

Val

Met

190

Gly

Gln

Ile

Val

Trp

270

Leu

Asn

175

Val

Ile

Gly

Thr

Thr

255

Gly

Phe

Ala

Pro

Gly

Ala

Glu

240

Lys

Val

Asp

Leu



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

<220>
<223>

<400>

Gln Ala

1

Tyr Tyr

Val Ala

Gly Lys
50

Ser Phe
65

Arg Gly

Asn Ile

19
305
PRT

Trinh tu

Trinh tu
19

Ala Asp

Gly Thr
20

Ile Ile

35

Trp Asp

Asp Gln

His Thr

Asn Asp
100

nhan tao

38318

xylanase GH10 bién thé

Ser

Ile

Lys

Ala

Val

Leu

85

Lys

Ile

Thr

Ala

Thr

Val

70

Val

Ala

Asp

Asp

Asp

Glu

55

Asn

Trp

Thr

Lys

Pro

Phe

40

Pro

Phe

His

Leu

Leu

Pro

25

Gly

Ser

Ala

Gly

Thr
105

Ile
10

Leu

Ala

Gln

Gln

Gln

90

Lys

-175-

Lys

Leu

Val

Gly

Gln

75

Leu

Val

Asn

Gly

Thr

Lys

60

Asn

Pro

Ile

Lys

Val

Pro

45

Phe

Gly

Gln

Glu

Gly

Ala

30

Glu

Asn

Leu

Trp

Asn

110

Lys

15

Lys

Asn

Phe

Tyr

Val

95

His

Leu

Asp

Ser

Gly

Val

80

Lys

Val



Thr

Val

Phe

145

Ala

Ser

Ser

Ser

Leu

225

Leu

Ala

Gln

Asn

130

Asn

Ala

Leu

Val

Gln

210

Thr

Asp

Cys

Val

115

Glu

Asn

Arg

Asp

Lys

195

Th_r

Ala

Ile

Leu

Val

Ile

Val

Lys

Ser

180

Lys

His

Leu

Arg

Asn

Gly

Phe

Phe

Ala

165

Gly

Trp

Leu

Ala

Thr

245

Val

Arg

Glu

Gly

150

Asp

Ser

Leu

Asp

Asn

230

Ala

Pro

Tyr

Trp

135

Asn

Pro

Ala

Ser

Pro

215

Ser

Pro

Lys

Lys

120

Asp

Asp

Asn

Ser

Gln

200

Gly

Gly

Ala

Cys

38318

Gly

Gly

Asp

Ala

Lys

185

Gly

Gln

Val

Asn

Ile

Lys

Thr

Tyr

Lys

170

Val

Val

Ala

Lys

Asp

250

Gly

-176-

Ile

Leu

Val

155

Leu

Thr

Pro

Gly

Glu

235

Tyr

Ile

Tyr

Arg

140

Gly

Tyr

Lys

Val

Gln

220

Val

Ala

Thr

Ala

125

Lys

Ile

Ile

Gly

Asp

205

Ile

Ala

Thr

Val

Trp

Asp

Ala

Asn

Met

190

Gly

Gln

Ile

Val

Trp

Asp

Ser

Phe

Asp

175

Val

Ile

Gly

Thr

Thr

255

Gly

Val

His

Arg

160

Tyr

Pro

Gly

Ala

Glu

240

Lys

Val



260

38318

265

270

Ser Asp Lys Asn Ser Trp Arg Lys Glu His Asp Ser Leu Leu Phe Asp

275

280

285

Ala Asn Tyr Asn Pro Lys Pro Ala Tyr Tyr Ala Val Val Asn Ala Leu

290

Arg
305

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

<220>
<223>

<400>

Gln Ala

Tyr Tyr

Val Ala

Gly Lys

20

305

PRT

Trinh tu

Trinh tu

20

Ala Asp

Gly Thr
20

Ile Ile
35

Trp Asp

295

nhén tao

xylanase GH10 bién thé

Ser Ile Asp

5

Ile Thr Asp

Lys Ala Asp

Ala Thr Glu

Lys Leu Ile
10

Pro Asn Leu

25

Phe Gly Ala
40

Pro Gln Gln

-177-

300

Lys Asn Lys Gly Lys Leu
15

Leu Gly Val Ala Lys Asp
30

Val Thr Pro Glu Asn Ser
45

Gly Lys Phe Thr Phe Thr



Ser

65

Arg

Asn

Thr

Val

Phe

145

Ala

Ser

Ser

50

Phe

Gly

Ile

Gln

Asn

130

Asn

Ala

Leu

Val

Asp

His

Asn

Val

115

Glu

Asn

Arg

Asp

Lys
195

Gln

Thr

Asp

100

Val

Ile

Val

Lys

Ser

180

Lys

Val

Leu

85

Lys

Gly

Phe

Phe

Ala

165

Gly

Trp

Val

70

Val

Ala

Arg

Glu

Gly

150

Asp

Ser

Leu

55

Asn

Trp

Thr

Tyr

Trp

135

Asn

Pro

Ala

Ser

Phe

His

Leu

Lys

120

Asp

Asp

Asn

Ser

Gln
200

38318

Ala

Gly

Thr

105

Gly

Gly

Asp

Ala

Lys

185

Gly

Gln

Gln

90

Lys

Lys

Thr

Tyr

Lys

170

Val

Val

-178-

Gln

75

Leu

Val

Ile

Leu

Val

155

Leu

Thr

Pro

60

Asn

Pro

Ile

Tyr

Arg

140

Gly

Tyr

Lys

Val

Gly

Gln

Glu

Ala

125

Lys

Ile

Ile

Gly

Asp
205

Leu

Trp

Asn

110

Trp

Asp

Ala

Asn

Met

190

Gly

Tyr

Val

95

His

Asp

Ser

Phe

Asp

175

Val

Ile

Val

80

Lys

Val

Val

His

Arg

160

Tyr

Pro

Gly



Ser Gln
210

Leu Thr
225

Leu Asp

Ala Cys

Ser Asp

Ala Asn
290

Arg
305

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

<220>
<223>

<400>

Thr His Leu

Ala Leu Ala

Ile Arg Thr
245

Leu Asn Val
260

Lys Asn Ser
275

Tyr Asn Pro

21
305
PRT

Asp

Asn

230

Ala

Pro

Trp

Lys

Pro

215

Ser

Pro

Lys

Arg

Pro

295

Trinh ty nhén tao

Gly

Gly

Ala

Cys

Lys

280

Ala

38318

Gln

Val

Asn

Ile

265

Glu

Tyr

Ala

Lys

Asp

250

Gly

His

Tyr

Trinh tu xylanase GH10 bién thé

21

-179-

Gly

Glu

235

Tyr

Ile

Asp

Ala

Gln

220

Val

Ala

Thr

Ser

Val
300

Ile

Ala

Thr

Val

Leu

285

Val

Gln

Ile

Val

Trp

270

Leu

Asn

Gly

Thr

Thr

255

Gly

Phe

Ala

Ala

Glu

240

Lys

Val

Asp

Leu



Gln

Tyr

Val

Gly

Ser

65

Arg

Asn

Thr

Val

Phe

Ala

Tyr

Ala

Lys

50

Phe

Gly

Ile

Gln

Asn

130

Asn

Ala

Gly

Ile

35

Trp

Asp

His

Asn

Val

115

Glu

Asn

Asp

Thr

20

Ile

Asp

Gln

Thr

Asp

100

Val

Ile

Val

Ser

Ile

Lys

Ala

Val

Leu

85

Lys

Gly

Phe

Phe

Ile

Thr

Ala

Thr

Val

70

Val

Ala

Arg

Glu

Gly

Asp

Asp

Asp

Glu

55

Asn

Trp

Thr

Tyr

Trp

135

Asn

Lys

Pro

Phe

40

Pro

Phe

His

Leu

Lys

120

Asp

Asp

38318

Leu

Pro

25

Gly

Ser

Ala

Gly

Thr

105

Gly

Gly

Asp

Ile

10

Leu

Ala

Gln

Gln

Gln

90

Lys

Lys

Thr

Tyr

-180-

Lys

Leu

Val

Gly

Gln

75

Leu

Val

Ile

Leu

Val

Asn

Gly

Thr

Lys

60

Asn

Pro

Ile

Tyr

Arg

140

Gly

Lys

Val

Pro

45

Phe

Gly

Gln

Glu

Ala

125

Lys

Ile

Gly

Ala

30

Glu

Asn

Leu

Trp

Asn

110

Trp

Asp

Ala

Lys

15

Lys

Asn

Phe

Tyr

Val

95

His

Asp

Ser

Phe

Leu

Asp

Ser

Thr

Val

80

Lys

Val

Val

His

Arg



145

Ala

Ser

Ser

Ser

Leu

225

Leu

Ala

Ser

Ala

Ala

Leu

Val

Gln

210

Thr

Asp

Cys

Asp

Asn

290

Arg

Asp

Lys

195

Thr

Ala

Ile

Leu

Lys

275

Tyr

Lys

Ser

180

Lys

His

Leu

Arg

Asn

260

Asn

Asn

Ala

165

Gly

Trp

Leu

Ala

Thr

245

Val

Ser

Pro

150

Asp

Ser

Leu

Asp

Asn

230

Ala

Pro

Trp

Lys

Pro

Ala

Ser

Pro

215

Ser

Pro

Lys

Arg

Pro

295

Asn

Ser

Gln

200

Gly

Gly

Ala

Cys

Lys

280

Ala

38318

Ala

Lys

185

Gly

Gln

Val

Asn

Ile

265

Glu

Tyr

Lys

170

Val

Val

Ala

Lys

Asp

250

Gly

His

Tyr

-181-

155

Leu

Thr

Pro

Gly

Glu

235

Tyr

Ile

Asp

Ala

Tyr

Lys

Val

Gln

220

Val

Ala

Thr

Ser

Val
300

Ile

Gly

Asp

205

Ile

Ala

Thr

Val

Leu

285

Val

Asn

Met

190

Gly

Gln

Ile

Val

Trp

270

Leu

Asn

Asp

175

Val

Ile

Gly

Thr

Thr

255

Gly

Phe

Ala

160

Tyr

Pro

Gly

Ala

Glu

240

Lys

Val

Asp

Leu



38318

Arg

305

<210> 22
<211> 27
<212> ADN

<213> Trinh tyu nhén tao

<220>

<223> Poan mdi 1

<400> 22

caccatgaag ctgtcttctt tcctcta 27
<210> 23

<211> 27

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Doan mdi 2

<400> 23

tttttagcgg agagcgttga caacagc 27
<210> 24

<211> 1039

<212> ADN

<213> Fusarium verticillioides

<400> 24
atgaagctgt cttctttecct ctacaccgee tcgctggtceg cggccattce caccgccatce 60
gagccccgec aggctgccga cagcatcaac aagctgatca agaacaaggg caagctctac 120

-182-



tacggaacca

gccgactttg

cagggcaagt

ctcaaggtcc

atcaacgaca

cgctacaagg

actttgctaa

aaaggactct:

cgccgeccegce

cggcagcgcc

gggcgttcce

aatccagggt

gctcgacatc

cgtccccaag

ggagcacgac

tgtcaacgct

<210> 25

<211>

<212> ADN

<213>

1039

tcaccgaccc

gcgccgttac

tcaacttcgg

gaggtcacac

aggctactct

gcaagatcta

catgttcagg

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccc

tgcattggta

agtcttctgt

ctccgctaa

caacctgctc
ccccgagaac
tagcttcgac
tctggtctgg
gaccaaggtc
cgcctgggta
acgtcgtcaa
acgtcttcgg
ccaacgccaa
ccaagggtat
ttggctctca
ccctcgccaa
ccgccaacga
tcaccgtctg

tcgatgctaa

Fusarium verticillioides

38318

ggcgtcgcaa
tcgggcaagt
caggttgtca
cactctcagc
attgagaacc
tgttttattc
cgagatcttc
caacgacgac
gctgtacatc
ggttccctcce
gactcacctt
ttctggtgtc
ctacgctacc
gggtgtctct

ctacaacccc

-183-

aggacaccgc

gggacgccac

actttgccca

tccctcagtg

acgtcaccca

ccccagactt

gagtgggacg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtg

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgcett

catcatcaag

cgagcccagce

gcagaatggc

ggttaagaac

agtcgttgga

cttcgaaatg

gtaccctccg

ttgccttccg

gcctcgactc

ggctcagcca

ccgctggcca

ccatcaccga

cctgcctcaa

cttggcgcaa

acactgctgt

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1039



<400> 25
atgaagctgt

gagccccgcece
tacggaacca
gccgactttg
cagggcaagt
ctcaaggtcc
atcaacgaca
cgctacaagd
actttgctaa
aaaggactct
cgcecgeccge
cggcagcgcce
gggcgttcce
aatccagggt,
gctcgacatc
cgtccccaag
ggagcacgac

'

tgtcaacgct

cttctttcct

aggctgccga

tcaccgaccc

gcgccgttac

tcaacttcgg

gaggtcacac

aggctactct

gcaagatcta

catgttcagg

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccc

tgcattggta

agtcttctgt

ctccgcectaa

ctacaccgcc

cagcatcaac

caacctgctc

ccccgagaac

tagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggta

acgtcgtcaa

acgtcttcgg

ccaacgccaa

ccaagggtat

ttggctctca

ccctcgecaa

ccgccaacga

tcaccgtctg

tcgatgctaa

38318

tcgctggtcg
aagctgatca
ggcgtcgcaa
tcgggcaagt
caggttgtca
cactctcagc
attgagaacc
tgttttattc
cgagatcttc
caacgacgac
gctgtacatc
ggttccctcce
gactcacctt
ttctggtgtc
ctacgctacc
gggtgtctct

ctacaacccc

-184-

cggccattcc

agaacaaggg

aggacaccgc

gggacgccac

actttgccca

tccctcagtg

acgtcaccca

ccccagactt

gagtgggacyg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtg

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgcett

caccgccatc

caagctctac

catcatcaag

cgagcccagce

gcagaatggc

ggttaagaac

agtcgttgga

cttcgaaatg

gtaccctccg

ttgccttccg

gcctcgacte

ggctcagcca

ccgctggceca

ccatcaccga

cctgcctcaa

cttggcgcaa

acactgctgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1039



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

<400>

Met

Pro

Ile

Leu

Ala

65

Gln

Gln

Gln

Lys

Thr

Lys

Leu

50

Val

Gly

Gln

Leu

26
328
PRT

Fusarium

26

Leu

Ala

Asn

35

Gly

Thr

Lys

Asn

Pro

115

Ser

Ile

20

Lys

Val

Pro

Phe

Gly
100

Gln

verticillioides

Ser

Glu

Gly

Ala

Glu

Asn

85

Leu

Trp

Phe

Pro

Lys

Lys

Asn

70

Phe

Lys

Val

Leu

Arg

Leu

Asp

55

Ser

Gly

Val

Lys

Tyr

Gln

Tyr

40

Thr

Gly

Ser

Arg

Asn

120

38318

Thr

Ala

25

Tyr

Ala

Lys

Phe

Gly

105

Ile

Ala

10

Ala

Gly

Ile

Trp

Asp

90

His

Asn

-185-

Ser

Asp

Thr

Ile

Asp

75

Gln

Thr

Asp

Leu

Ser

Ile

Lys

60

Ala

Val

Leu

Lys

Val

Ile

Thr

45

Ala

Thr

Val

Val

Ala
125

Ala

Asn

30

Asp

Asp

Glu

Asn

Trp

110

Thr

Ala

15

Lys

Pro

Phe

Pro

Phe

95

His

Leu

Ile

Leu

Asn

Gly

Ser

80

Ala

Ser

Thr



Lys

Lys

145

Thr

Tyr

Lys

Val

Val

225

Ala

Lys

Val

130

Ile

Leu

Val

Leu

Thr

210

Pro

Gly

Glu

Ile

Tyr

Arg

Gly

Tyr

195

Lys

Val

Gln

Val

Glu

Ala

Lys

Ile

180

Ile

Gly

Asp

Ile

Ala
260

Asn

Trp

Asp

165

Ala

Asn

Met

Gly

Gln

245

Ile

His

Asp

150

Ser

Phe

Asp

Val

Ile

230

Gly

Thr

Val

135

Val

His

Arg

Tyr

Pro

215

Gly

Ala

Glu

Thr

Val

Phe

Ala

Ser

200

Ser

Ser

Leu

Leu

38318

Gln

Asn

Asn

Ala

185

Leu

Val

Gln

Thr

Asp
265

Val

Glu

Asn

170

Arg

Asp

Lys

Thr

Ala

250

Ile

-186-

Val

Ile

155

Val

Lys

Ser

Lys

His

235

Leu

Arg

Gly

140

Phe

Phe

Ala

Gly

Trp

220

Leu

Ala

Thr

Arg

Glu

Gly

Asp

Ser

205

Leu

Asp

Asn

Ala

Tyr

Trp

Asn

Pro

190

Ala

Ser

Pro

Ser

Pro

270

Lys

Asp

Asp

175

Asn

Ser

Gln

Gly

Gly

255

Ala

Gly

Gly

160

Asp

Ala

Lys

Gly

Ala

240

Val

Asn



Asp Tyr

Gly Ile
290

His Asp
305

Thr Ala

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

<400>

Ile Pro

Leu Ile

Asn Leu

Gly Ala
50

Ala Thr
275

Thr Val

Ser Leu

Val Val

27
313
PRT

Fusarium
27

Thr Ala

Lys Asn
20

Leu Gly
35

Val Thr

Val Thr Lys

Trp Gly Val
295

Leu Phe Asp
310

Asn Ala Leu
325

Ala

280

Ser

Ala

Arg

verticillioides

Ile Glu Pro
5

Lys Gly Lys

Val Ala Lys

Pro Glu Asn
55

Arg

Leu

Asp

40

Ser

38318

Cys Leu Asn

Asp Lys Asn

Asn Tyr Asn

315

Val

Ser

300

Pro

Gln Ala Ala Asp

10

Tyr Tyr Gly Thr

25

Thr Ala Ile Ile

Gly Lys Trp Asp

-187-

60

Pro Lys Cys Ile

285

Trp Arg Lys Glu

Lys Pro Ala Tyr

Ser

Ile

Lys

45

Ala

Ile Asn
15

Thr Asp
30

Ala Asp

Thr Glu

320

Lys

Pro

Phe

Pro



Ser

65

Ala

Ser

Thr

Gly

Gly

145

Asp

Ala

Lys

Gly

Gln

Gln

Gln

Lys

Lys

130

Thr

Tyr

Lys

Val

Val

Gly

Gln

Leu

Val

115

Ile

Leu

Val

Leu

Thr

195

Pro

Lys

Asn

Pro

100

Ile

Tyr

Arg

Gly

Tyr

180

Lys

Val

Phe

Gly

85

Gln

Glu

Ala

Lys

Ile

165

Ile

Gly

Asp

Asn

70

Leu

Trp

Asn

Trp

Asp

150

Ala

Asn

Met

Gly

Phe

Lys

Val

His

Asp

135

Ser

Phe

Asp

Val

Ile

Gly

Val

Lys

Val

120

Val

His

Arg

Tyr

Pro

200

Gly

38318

Ser

Arg

Asn

105

Thr

Val

Phe

Ala

Ser

185

Ser

Ser

Phe

Gly

90

Ile

Gln

Asn

Asn

Ala

170

Leu

Val

Gln

-188-

Asp

75

His

Asn

Val

Glu

Asn

155

Arg

Asp

Lys

Thr

Gln

Thr

Asp

Val

Ile

140

Val

Lys

Ser

Lys

His

Val

Leu

Lys

Gly

125

Phe

Phe

Ala

Gly

Trp

205

Leu

Val

Val

Ala

110

Arg

Glu

Gly

Asp

Ser

190

Leu

Asp

Asn

Trp

95

Thr

Tyr

Trp

Asn

Pro

175

Ala

Ser

Pro

Phe

80

His

Leu

Lys

Asp

Asp

160

Asn

Ser

Gln

Gly



210

Ala Ala Gly Gln Ile
225

Val Lys Glu Val Ala
245

Asn Asp Tyr Ala Thr
260

Ile Gly Ile Thr Val
275

Glu His Asp Ser Leu
290

Tyr Thr Ala Val Val
305

<210> 28
<211> 328
<212> PRT

Gln

230

Ile

Val

Trp

Leu

Asn

310

215

Gly

Thr

Thr

Gly

Phe

295

Ala

<213> Fusarium oxysporum

<400> 28

Ala

Glu

Lys

Val

280

Asp

Leu

38318

Leu Thr

Leu Asp
250

Ala Cys

265

Ser Asp

Ala Asn

Arg

Ala

235

Ile

Leu

Lys

Tyr

220

Leu

Arg

Asn

Asn

Asn

300

Ala

Thr

Val

Ser

285

Pro

Asn

Ala

Pro

270

Trp

Lys

Ser

Pro

255

Lys

Arg

Pro

Gly

240

Ala

Cys

Lys

Ala

Met Lys Leu Ser Ser Phe Leu Tyr Thr Ala Ser Leu Val Ala Ala Ile

1 5

10

-189-

15



Pro

Ile

Leu

Ala

65

Gln

Gln

Gln

Lys

Lys

145

Thr

Thr

Lys

Leu

50

Val

Gly

Gln

Leu

Val

130

Ile

Leu

Ala

Asn

35

Gly

Thr

Lys

Asn

Pro

115

Ile

Tyr

Arg

Ile

20

Lys

Val

Pro

Phe

Gly

100

Gln

Glu

Ala

Lys

Glu

Gly

Ala

Glu

Asn

85

Leu

Trp

Asn

Trp

Asp
165

Pro

Lys

Lys

Asn

70

Phe

Lys

Val

His

Asp

150

Ser

Arg

Leu

Asp

55

Ser

Gly

Val

Lys

Val

135

Val

His

Gln

Tyr

40

Thr

Gly

Ser

Arg

Asn

120

Thr

Val

Phe

38318

Ala

25

Tyr

Ala

Lys

Phe

Gly

105

Ile

Asn

Asn

Asn

Ser

Gly

Ile

Trp

Asp

90

His

Asn

Val

Glu

Asn

170

-190-

Asp

Thr

Ile

Asp

75

Gln

Thr

Asp

vVal

Ile

155

Val

Ser

Ile

Lys

60

Ala

Val

Leu

Lys

Gly

140

Phe

Phe

Ile

Thr

45

Ala

Thr

Val

Val

Ala

125

Arg

Asp

Gly

Asn

30

Asp

Asp

Glu

Asn

Trp

110

Thr

Tyr

Trp

Asn

Lys

Pro

Phe

Pro

Phe

95

His

Leu

Lys

Asp

Asp
175

Leu

Asn

Gly

Ser

80

Ala

Ser

Thr

Gly

Gly

160

Asp



Tyr

Lys

Val

Val

225

Ala

Lys

Asp

Gly

His

305

Val

Leu

Thr

210

Pro

Gly

Glu

Tyr

Ile

290

Asp

Gly

Tyr

195

Lys

Val

Gln

Val

Ala

275

Thr

Ser

Ile

180

Ile

Gly

Asp

Ile

Ala

260

Thr

Val

Leu

Ala

Asn

Met

Gly

Gln

245

Ile

Val

Trp

Leu

Phe

Asp

Val

Ile

230

Gly

Thr

Thr

Gly

Phe
310

Arg

Tyr

Pro

215

Gly

Ala

Glu

Lys

Val

295

Asp

Ala

Ser

200

Ser

Ser

Leu

Leu

Ala

280

Ser

Ala

38318

Ala

185

Leu

Val

Gln

Thr

Asp

265

Cys

Asp

Asn

Arg

Asp

Lys

Thr

Ala

250

Ile

Leu

Lys

Tyr

-191-

Lys

Ser

Lys

His

235

Leu

Arg

Asn

Asn

Asn

315

Ala

Gly

Trp

220

Leu

Ala

Thr

Val

Ser

300

Pro

Asp

Ser

205

Leu

Asp

Asn

Ala

Pro

285

Trp

Lys

Pro

190

Ala

Ser

Pro

Ser

Pro

270

Lys

Arg

Ala

Asn

Ser

Gln

Gly

Gly

255

Ala

Cys

Lys

Ala

Ala

Lys

Gly

Ala

240

Val

Asn

Ile

Glu

Tyr
320



Thr Ala Val Val Asn Ala Leu Arg

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

<400>

29
313
PRT

Fusarium

29

Ile Pro Thr

1

Leu

Asn

Gly

Ser

65

Ala

Ser

Ile

Leu

Ala

50

Gln

Gln

Gln

Lys

Leu

35

Val

Gly

Gln

Leu

Ala

Asn

20

Gly

Thr

Lys

Asn

Pro

100

325

oxysporum

Ile

Lys

Val

Pro

Phe

Gly

85

Gln

Glu

Gly

Ala

Glu

Asn

70

Leu

Trp

Pro

Lys

Lys

Asn

55

Phe

Lys

Val

Arg

Leu

Asp

40

Ser

Gly

Val

Lys

38318

Gln

Tyr

25

Thr

Gly

Ser

Arg

Asn

105

Ala
10

Tyr

Ala

Lys

Phe

Gly

90

Ile

-192-

Ser

Gly

Ile

Trp

Asp

75

His

Asn

Asp

Thr

Ile

Asp

60

Gln

Thr

Asp

Ser

Ile

Lys

45

Ala

Val

Leu

Lys

Ile

Thr

30

Ala

Thr

Val

vVal

Ala
110

Asn

15

Asp

Asp

Glu

Asn

Trp

95

Thr

Lys

Pro

Phe

Pro

Phe

80

His

Leu



Thr

Gly

Gly

145

Asp

Ala

Lys

Gly

Ala

225

Val

Asn

Lys

Lys

130

Thr

Tyr

Lys

Val

Val

210

Ala

Lys

Asp

Val

115

Ile

Leu

Val

Leu

Thr

195

Pro

Gly

Glu

Tyr

Ile

Tyr

Arg

Gly

Tyr

180

Lys

Val

Gln

Val

Ala

Glu

Ala

Lys

Ile

165

Ile

Gly

Asp

Ile

Ala

245

Thr

Asn

Trp

Asp

150

Ala

Asn

Met

Gly

Gln

230

Ile

Val

His

Asp

135

Ser

Phe

Asp

Val

Ile

215

Gly

Thr

Thr

Val

120

Val

His

Arg

Tyr

Pro

200

Gly

Ala

Glu

Lys

38318

Thr

Val

Phe

Ala

Ser

185

Ser

Ser

Leu

Leu

Ala

Asn

Asn

Asn

Ala

170

Leu

Val

Gln

Thr

Asp

250

Cys

-193-

Val

Glu

Asn

155

Arg

Asp

Lys

Thr

Ala

235

Ile

Leu

Val

Ile

140

Val

Lys

Ser

Lys

His

220

Leu

Arg

Asn

Gly

125

Phe

Phe

Ala

Gly

Trp

205

Leu

Ala

Thr

Val

Arg

Asp

Gly

Asp

Ser

190

Leu

Asp

Asn

Ala

Pro

Tyr

Trp

Asn

Pro

175

Ala

Ser

Pro

Ser

Pro

255

Lys

Lys

Asp

Asp

160

Asn

Ser

Gln

Gly

Gly

240

Ala

Cys



Ile
275

Glu
290

Tyr
305

<210> 30
1039

ADN

<211>
<212>
<213>

A

<400> 30

atgaagctgt

gagccccgcec

tacggaacca

‘

gctgactttg

cagggcaagt

ctcaaggtcc

atcaacgaca

cgctacaagg

gctttactaa

260

280

295

310

cttccttect

aggcctccga

tcaccgaccc

gcgccgtcac

tcaacttcgg

gaggtcacac

aggctacttt

gcaagatcta

catgttcagg

Fusarium oxysporum

ctacaccgcc

cagcatcaac

caacctgctc

acccgagaac

cagcttcgac

tctagtctgg

gaccaaggtc

cgcctgggta

acgtcgttaa

38318

265

Thr Ala Val Val Asn Ala Leu Arg

tcgctggtcg

aagctgatca

ggcgtcgcaa

tcgggtaagt

caggtcgtca

cactcccagce

atcgagaacc

tgttttette

cgagatcttc

-194-

270

285

300

cggccattcece

agaacaaggg

aggacactgc

gggatgccac

actttgctca

tccctcagtg

acgtcaccaa

actcgaactt

gactgggatg

Gly Ile Thr Val Trp Gly Val Ser Asp Lys Asn Ser Trp Arg Lys

His Asb Ser Leu Leu Phe Asp Ala Asn Tyr Asn Pro Lys Ala Ala

caccgccatc

caagctctac

catcatcaag

cgagcccagce

gcagaatggc

ggttaagaac

cgtcgttgga

cttataaatg

gtaccctccg

60

120

180

240

300

360

420

480

540



aaaggactct

cgctgecccgce

cggcagcgcec

gggcgtcccc

aatccagggt

gctcgacatc

cgtccccaag

ggagcacgac

tgtcaacgct

<210>

<211>
<212>

31

987
ADN
<213>

<400> 31

atgaagctgt'

gagccccgcece

tacggaacca

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggta

gctctcactg

cgcactgccc

tgcattggta

agccttctgt

ctccgctaa

cttccttecct

aggcctccga

tcaccgaccc

gctgactttg, gcgecgtcac

cagggcaagt

ctcaaggtcc

tcaacttcgg

gaggtcacac

acgtcttcgg

ccaacgccaa

ccaagggcat

ttggttctca

ccctcgcecaa

ccgccaacga

tcaccgtctg

tcgatgctaa

Fusarium oxysporum

ctacaccgcc

cagcatcaac

caacctgctc

acccgagaac

cagcttcgac

tctagtctgg

38318

caacgacgac
gctgtacatc
ggttccctet
gactcacctt
ctctggtgtg
ctacgctacc
gggcgtatct

ctacaacccc

tcgctggtcg
aagctgatca
ggcgtcgcaa
tcgggtaagt
caggtcgtca

cactcccagce

-195-

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtyg

aaggaggttg

gttaccaagg

gacaagaact

aaggctgctt

cggccattcc

agaacaaggg

aggacactgc

gggatgccac

actttgctca

tccctcagtg

ttgccttceceg

gcctcgactc

ggctcagcca

ccgctggcca

ccatcaccga

cctgcctcaa

cttggcgcaa

acactgctgt

caccgccatce

caagctctac

catcatcaag

cgagcccagce

gcagaatggc

ggttaagaac

600

660

720

780

840

900

960

1020

1039

60

120

180

240

300

360



atcaacgaca
cgctacaagg
accctccgaa
gccttecgeg
ctcgactccg
ctcagccagg
gctggccaaa
atcaccgagc

‘

tgcctcaacg

tggcgcaagyg

actgctgttg

<210> 32
<211>
<212>
<213>

ADN
<400> 32 .
atgaagctgt
gagccccgcece
tacggaacca
gccgactttg

cagggcaact

1039

aggctacttt

gcaagatcta

aggactctca

ctgcccgcaa

gcagcgcctce

gcgtceccegt

tccagggtgce

tcgacatccg

tcceccaagtg

agcacgacag

tcaacgctct

Fusarium sp.

cttctttcct

aggccgccga

tcaccgaccc

gcgccgtcac

tcaacttcgg

gaccaaggtc

cgcctgggac

cttcaacaac

ggctgacccc

caaggtcacc

cgacggtatt

tctcactgcece

cactgccccce

cattggtatc

ccttcectgttce

ccgctaa

ctacaccgcc

cagcatcaac

caacctgctc

ccccgagaac

tagcttcgac

38318

atcgagaacc
gtcgttaacg
gtcttcggcea
aacgccaagc
aagggcatgg
ggttctcaga
ctcgccaact
gccaacgact
accgtctggg

gatgctaact

tcgctggtcg
aagctgatca
ggcgtcgcaa
tcgggcaagt

caggtcgtca

-196-

acgtcaccaa

agatcttcga

acgacgacta

tgtacatcaa

ttccctetgt

ctcaccttga

ctggtgtgaa

acgctaccgt

gcgtatctga

acaaccccaa

cggccattcc

agaacaaggg

aggacaccgc

gggacgccac

actttgctca

cgtcgttgga

ctgggatggt

cgttggcatt

cgactacagc

caagaagtgg

ccceggtgece

ggaggttgcc

taccaaggcc

caagaactct

ggctgcttac

caccgccatc

caagctctac

cgtcatcaag

cgagcccagce

gcagaatggc

420

480

540

600

660

720

780

840

900

960

987

60

120

180

240

300



ctcaaggtcc

atcaacgaca

cgctacaagg

aatttgctaa

aaaggattct

cgccgeecge

cgccagcgec

gggcgttccce

agtccagggt

gctcgacatc’

cgtccccaag

ggagcacgac

tgtcaacgct

<210> 33
<211> 987
<212> ADN

<213>

<400> 33

gaggtcacac

aggctactct

gcaagatcta

catgttcagg

cacttcaaca

aaggctgacc

tccaaggtca

gtcgacggca

gctctcactg

cgcactgccce

tgcattggta

agccttectgt

ctccgctaa

Fusarium sp.

tctggtctgg

gaccaaggtc

cgcctgggta

acgttgtcaa

acgtcttcgg

ccaacgccaa

ccaagggcat

ttggctccca

ccctegcecaa

ccgccaacga

tcaccgtctg

tcgactccaa

38318

cactctcagc
attgagaacc
tgttttcttg
cgagatcttc
caacgatgac
gctgtacatc
ggtcccctcece
gtctcacctt
ctctggtgtc
ctacgccacc
gggtgtctct

ctacaacccc

tccctecagtg

acgtcaccca

cctcgacctt

gactgggacg

tacgttggca

aacgactaca

gtcaagaagt

gaccccggtg

aaggaggttg

gtcaccaagg

gacaagaact

aagcctgcett

ggttaagaac

agtcgttgga

ctcaaagatg

gtaccctccg

ttgccttceeg

gcctcgactce

ggctcagcca

ccgctggcca

ccatcaccga

cctgcctaaa

cttggcgcaa

acactgctgt

atgaagctgt cttctttecct ctacaccgee tcgectggtcg cggccattcc caccgccatce

gagccccgec aggccgccga cagcatcaac aagctgatca agaacaaggg caagctctac

-197-

360

420

480

540

600

660

720

780

840

900

960

1020

1039

60

120



tacggaacca
gccgactttg
cagggcaact
ctcaaggtcc
atcaacgaca
cgctacaagg
accctccgaa
gcctteegeg
ctcgactccg
ctcagccagg
gctggccaag
atcaccgagc
tgcctaaacg
tggcgcaagg
actgctgttg
<210> 34

<211> 40

<212>
<213>

ADN

<220>
<223>

tcaccgaccc

gcgccgtcac

tcaacttcgg

gaggtcacac

aggctactct

gcaagatcta

aggattctca

ccgcecgcaa

ccagcgcctce

gcgttccegt

tccagggtgce

tcgacatccg

tccccaagtg

agcacgacag

tcaacgctct

Poan mdi 1

caacctgctc

ccccgagaac

tagcttcgac

tctggtctgg

gaccaaggtc

cgcctgggac

cttcaacaac

ggctgacccc

caaggtcacc

cgacggcatt

tctcactgcece

cactgccccc

cattggtatc

ccttctgttce

ccgctaa

Trinh tuy nhédn tao

38318

ggcgtcgcaa
tcgggcaagt
caggtcgtca
cactctcagc
attgagaacc
gttgtcaacg
gtcttcggca
aacgccaagc
aagggcatgg
ggctcccagt
ctcgccaact
gccaacgact
accgtctggg

gactccaact

-198-

aggacaccgc

gggacgccac

actttgctca

tccctcagtg

acgtcaccca

agatcttcga

acgatgacta

tgtacatcaa

tccecteegt

ctcaccttga

ctggtgtcaa

acgccaccgt

gtgtctctga

acaaccccaa

cgtcatcaag

cgagcccagce

gcagaatggc

ggttaagaac

agtcgttgga

ctgggacggt

cgttggcatt

cgactacagc

caagaagtgg

ccccggtgcece

ggaggttgcc

caccaaggcc

caagaactct

gcctgcttac

180

240

300

360

420

480

540

600

660

720

780

840

900

960

987



38318

<400> 34

ccgcggcecge accatgaage tgtcttecctt cctctacacce

<210> 35
<211> 37
<212> ADN:

<213> Trinh tu nhén tao

<220>

<223> Poan mdi 2

<400> 35
ccggcgegece cttattagecg gagagcgttg acaacag

-199-

40

37





