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Linh vie k§ thuét dwoe dé cap

Sang ché dé cip dén chung dot bien cia ndm soi cua chi Trichoderma, chung dot
bién nay c6 kha ning san xuat protein dugc tang cuong, va phuong phap san xuét protein

stt dung ching dot bién nay.
Tinh trang k¥ thuit ciia sang ché

NAm soi cta chi Trichoderma duge biét dén c6 kha nang san Xuat protein cao, va
cac nghién ctru trudge diy da duoc thyc hién v& viéc san xuét protein st dung nim soi.
NAm sgi cua chi Trichoderma duge st dung dic biét 1a dé san xuét xenlulaza dugc phan
loai lam enzym duong hoda trong sb cac protein st dung xenluloza, lactoza, xenlobioza,

hodc tuong tur lam chét cam tmg.

Bién ddi di truyén dang dugc nghién ciu dé lam tang thém luong san xult
xenlulaza, cu thé 13 dé tdng cuong lugng san xuét cua B-glucosidaza, chiém ty 1€ nhd
trong enzym duong hoa. Cac tién hanh thir nghiém nay bao gbm qué biéu hién hoic lam

khuyét yéu t6 diéu khién viéc san xuat xenlulaza.

Tai liéu khong phdi sang che 1 md ta rang nam s¢i cta chi Trichoderma dugce
bién ddi bang cach gidm chirc ndng cua Crel, 1a yéu to phién ma ki€ém ché vi€c san xuat
xenlulaza trong s6 cac yéeu to diéu khién viéc san xuat xenlulaza, do do thu nhéan duogc

chung dot bién ctia nAm s¢i ctia chi Trichoderma ma c6 kha ndng san xudt xenlulaza cao.

Trong khi do, dugc biét dén 1a bién dbi di truyén din dén gidm lwong san xult
xenlulaza. Tai liéu khong phai sang ché 2 mé ta rang & trudng hop khi chi Trichoderma
reesei trong d6 gen vén chuyén dudng cla n6 da duoc lam khuyét duoc str dung cung
vé6i lactoza hodc xenluloza 1am chét kich thich, lugng sén xuét xenlulaza giam.

Tai liéu trich dan

Tai liéu khong phai sang ché

Tai liéu khong phdi séang ché 1: Juliano P, Single nucleotide polymorphism

analysis of a Trichoderma reesei hyper-cellulolytic mutant developed in Japan,
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Bioscience, Biotechnology, and Biochemistry, Volume 77, 2013, Issue 3, P534-543

Tai liéu khong phai sang ché 2: Porciuncula Jde, Identification of Major
Facilitator Transporters Involved in Cellulase Production during Lactose Culture of

Trichoderma reesei PC-3-7, Biosci Biotechnol Biochem. 77, 1014-1022 (2013).
Ban chit k§ thuit ciia sing ché
Vén dé ky thuat

Nhu duge mo ta & trén, yéu td phién ma didu khién sy san Xudt protein & nam soi
cua chi Trichoderma da dugc xac dinh, nhung didu nay chi dugc coi 1a mot phan cia co
ché didu khién. Sau d6, muc dich ctia sang ché 1a thu nhan duoc ching dot bién ctia ndm
sgi cia chi Trichoderma ma c6 kha ning san xuét protein dugc ting cudng bang cach
thuc hién viéc tim kiém co ché méi didu khién su san xuét protein clia ném soi cia chi
Trichoderma, va d& xuét phwong phap san xuét protein st dung ching dot bién cta nAm
soi cua chi Trichoderma.

Giai quyét vén dé

Céc tac gia sang ché cho 1a néu gen cta nim soi cua chi Trichoderma ma, khi
dugc bién ddi, c6 thé dan dén viéc 1am ting su san xuét protein c6 thé 1a dac hiéu, sau
do lugng protein ma co thé dwoc san xuit bang ndm sgi cta chi Trichoderma c6 thé
duoc lam ting thém. Céc tdc gia sang ché d3 siéng ning tién hanh thit nghiém va, Kkét
qua 1a, da phat hién ra rang su cai thién vé tinh chét san xuit protein va tinh chét san
xuét B-glucosidaza c6 thé thu dugc bang cach nudi ciy ching dot bién cua ndm sgi cua
chi Trichoderma, ching dot bién nay da dugc giam, bang cch bién doi di truyén, vé
chtrc nang cuia polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2. Sang

ché duoc hoan thanh dya trén phat hién nay.

Cu thé hon, sang ché bao gdm cac dbi tugng (1) dén (6) sau day.

(1) Chiing dot bién ctia ndm sgi cta chi Trichoderma, c6 chirc nang cua polypeptit
gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2 dugc giam.

(2) Ching dot bién ctia ndm soi cta chi Trichoderma theo muc (1), trong do it
nhét gdc axit amin thir 413 va céc gbc axit amin ké tiép tir bén dau tan N & trinh ty axit
amin dugc néu trong SEQ ID NO: 2 dugc lam khuyét.
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(3) Phuong phép san xuét protein, phuong phap nay bao gbdm budc nudi cay

ching dot bién ctia nAm sgi cta chi Trichoderma theo muc (1) hodc (2).

(4) Phuong phéap san xuit xenlulaza, phuong phap nay bao gdm budc nudi chy

ching dot bién ctia nAm soi cua chi Trichoderma theo muc (1) hodc (2).

(5) Phuong phdp san xut xenlulaza theo muc (4), phuong phap nay bao gdm
budc nudi céy ching dot bién ctia ndm soi cta chi Trichoderma theo muc (1) hodc (2)
trong moi trudng nudi ciy bao gdm mot hodc nhidu loai chét kich thich dugc chon tir

nhém gdm lactoza, xenluloza, va xylan.

(6) Phuong phép san xuét dudng tir sinh khdi chira xenluloza, phuwong phap nay

bao gdm:

buée a 1a san xuAt xenlulaza bang cdch nudi ciy ching dot bién chi Trichoderma
reesei ¢O chirc ning cta polypeptit gbm trinh tu axit amin dugc néu trong SEQ ID NO:

2 duoc gidm; va
bude b 1a dudng héa sinh khoi bang cach sir dung xenlulaza thu dugc & budec a.
Hiéu qua cta sang ché

Chuiing dot bién ctia nAm soi cua chi Trichoderma ma di duge giam ¢ chirc nang
cta polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 da cai thién kha
nang san xuét protein khi so sanh voi nam soi cua chi Trichoderma trong d6 chitc nang
ctia polypeptit khong dugc giam. Hon nita, ddc biét 14 trong truong hop ma protein duge
san xuét 1a xenlulaza, hiéu qua bt ngd 12 xenlulaza c6 cac hoat tinh riéng duoc cai thién
khac nhau cling thu dugc.

M5 ta chi tiét sang ché

Séng ché khéc biét & chd dot bién dugc dua vao ching bd me ctia ndm soi cua
chi Trichoderma, 1a vi sinh vat ban dau c6 kha ning san XuAt protein tuyét voi, nho dé
tang cuong hon nita kha nang san xuét protein. Do véy, chiing bb me cia ndm sgi cua
chi Trichoderma dugc st dung theo sang ché khong bi gii han & ching dai, va chung
dot bién ctia ndm soi cta chi Trichoderma ma da dugc cai thién dé c6 kha nang san xuét
protein tang cling ¢ thé dugc st dung thuén lgi 1am ching bd me. Vi du, chung dot bién
c6 tinh chat san xuét protein da cai thién bang cach thyc hién xir ly dot bién véi tc nhan
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gdy dot bién, chiéu xa UV, v.v. ¢6 thé duogc st dung lam ching bd me cia ching dot
bién cuia nAm soi cua chi Trichoderma. Vi du cu thé cua chung dot bién c6 thé sir dung
Jam ching bd me bao gdm: chi Trichoderma parareesei (ATCC MYA-4777), 14 t6 tién
véi chi Trichoderma reesei; ching QM6a (NBRC31326), ching QM9123
(ATCC24449), ching QM9414 (NBRC31329), ching PC-3-7 (ATCC66589). Chung
QM9123 (NBRC31327), ching RutC-30 (ATCC56765), chung CL-847 (Enzym,
Microbiol. Technol. 10, 341-346 (1988)), ching MCG77 (Biotechnol. Bioeng. Symp. 8,
89 (1978)), va ching MCG80 (Biotechnol. Bioeng. 12, 451-459 (1982)), dugc biét dén
ching dot bién bét ngudn tir chi Trichoderma reesei; va ching bét nguon tlr cac ching
nay. Ching QM6a, ching QM9414, va ching QM9123 c6 san tr NBRC (NITE
Biological Resource Center), va ching PC-3-7 va ching RutC-30 ¢o san tir ATCC
(American Type Culture Collection).

Polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 la polypeptit s&
hitu boi ndm soi cta chi Trichoderma, va & National Center for Biotechnology
Information, polypeptit ndy ciing duoc dang ky dudi dang protein du doan (EGR44419)
ma chang Trichoderma reesei QMo6a cé. Polypeptit gbm trinh ty axit amin dugc néu
trong SEQ ID NO: 2 1 polypeptit ma chuc néng cua nd khong dugce biét dén, nhung
Conserved Domain Architecture Retrieval Tool of National Center for Biotechnology
Information mo ta rang goc axit amin thir 26 dén thir 499 tir phia dAu tan N ¢6 mién gen
véan chuyén duong (va cac chét khac). Sang ché cho rang polypeptit gdm trinh tu axit
amin dugc néu trong SEQ ID NO: 2 tham gia it nhét vio su van chuyén dudng gitta bén
trong va bén ngoai cla thé nidm. Theo séng ché, cum tir “gidm chirc nang cia polypeptit
gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2” ¢6 nghia la gen ma hoa

EGR44419 ¢6 dot bién.

Theo séng ché, sy giam chirc ndng cla polypeptit gbm trinh ty axit amin dugc
néu trong SEQ ID NO: 2 chi ra trang thai trong d6 trinh tu bazo ma hoéa trinh ty axit
amin duoc néu trong SEQ ID NO: 2 da trai qua dot bién, dan dén su giam hodc loai bo
chirc ndng ctia polypeptit. Ngoai ra, sy giam chirc nang cua polypeptit gdm trinh ty axit
amin dugc néu trong SEQ ID NO: 2 ciing bao gdm trudng hop trong do trinh tu bazo
khéc véi trinh tu bazo ma hda trinh tyr axit amin duoc néu trong SEQ ID NO: 2 da trai
qua dot bién va didu nay dan dén sy giam hodc loai bo biéu hién cta polypeptit gdm
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trinh ty axit amin dugc néu trong SEQ ID NO: 2. Dot bién cua trinh tu bazo 1a do thay

thé, 1am khuyét, chén hodc sao chép bazo, v.v..

Vi du cu thé ctia gen ma hoa polypeptit gbm trinh ty axit amin dugc néu trong

SEQ ID NO: 2 bao gdm trinh tv bazo dugc néu trong SEQ ID NO: 1.

Vi du cua phuong phap lam giam chirc nang cua polypeptit gbm trinh ty axit
amin dugc néu trong SEQ ID NO: 2 bao gdm phuong phap dua vao dot bién ma gay ra
lam khuyét toan phin mién gen van chuyén dudng (va cac chét khéac), 1am khuyét mot
phan mién gen vin chuyén dudng (va cac chét khéc), thay di & cAu hinh cia mién gen
van chuyén duong (va cac chét khac), hodc 1am khuyét toan phan polypeptit gdm trinh
tw axit amin dugc néu trong SEQ ID NO: 2. Co thé giam chirc ning cta polypeptit gbm
trinh tu axit amin dugc néu trong SEQ ID NO: 2, cling bﬁng cach dua vao dot bién ma

lam cho giam hoéc loai bo biéu hién ctia polypeptit.

Cum tr “lam Khuyét mién gen van chuyén dudng (va cac chét khéac)” c6 nghia 1a
mét toan phr:in hodc mot phén mién, thay ddi toan bo hoic mot s6 mién thanh (cac) axit
amin khac nhau, hoic két hop cta ching. Cu thé hon 13, cum tr d6 c6 nghia 1a do twong
ddng trinh ty v6i trinh tu axit amin cua mién gen van chuyén duong (va cac chét khac)
12 80% hoic it hon, tdt hon 12 50% hodc it hon, 6t hon 1a 20% hodc it hon, tot hon 1a
10% hodc it hon, tdt hon 1a 5% hodc it hon, &t hon 1a 3% hoc it hon, tt hon 1a 1%

hotc it hon, va t&t hon 1a 0%.

Theo séng ché, vi du cu thé cta truong hop trong d6 chirc ndng clia polypeptit
g@)m trinh ty axit amin dugc néu trong SEQ ID NO: 2 duge giam béng dot bién, nhu lam
khuyét, thay thé, hodc bd sung, d4 xay ra ¢ trinh tu axit amin ndm & mién gen van chuyén
duong (va cac chét khéc) bao gdm dot bién thay d6i khung & trinh ty bazo dugc néu
trong SEQ ID NO: 1 trong d6 11 bazo da duge dua vao vi tri thit 1415. Puoc gia su
réng dot bién 1am cho viéc dich ma két thac & vi tri thi 419 trong trinh ti axit amin dugc
néu trong SEQ ID NO: 2 va didu nay da rat ngén trinh ty axit amin cAu thanh mién gen
van chuyén duong (va cac chét khéc), dan dén su giam chirc nang ban dau.

Viéc lam khuyét toan phan mién gen van chuyén dudng (va cac chét khéc), 1am
khuyét mot phan mién gen van chuyén dudng (va céac chit khac), va lam khuyét toan
phan polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2 thu dugc bing
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cach khién trinh tu gen ma hoa polypeptit gbm trinh ty axit amin dwgc néu trong SEQ
ID NO: 2 trai qua dot bién thay d6i khung hodc dimg codon do lam khuyét, chén, thay

thé bazo, v.v..

Viée giam hodc loai bé biéu hién cta polypeptit gdm trinh tur axit amin dugc néu
trong SEQ ID NO: 2 thu dugc bang cach gy dot bién cho ving khai dong hodc vung
két thiic ctia gen ma hoa trinh ty axit amin dwgc néu trong SEQ ID NO: 2. Nhin chung,
vung khai dong va vung két thiic twong ing v6i ving ¢6 chiéu dai hang tram bazo trudc
va sau khi gen tham gia vao qua trinh phién ma. Vidu cu thé cua trinh tu bazo chira gen
khoi dong va gen tham gia vao qua trinh phién ma cia polypeptit gdm trinh ty axit amin

duoc néu trong SEQ ID NO: 2 bao gbm trinh ty bazo dugc néu trong SEQ ID NO: 7.

P& dwa vio dot bién di truyén nay, c6 thé sir dung phuong phap dot bién di truyén
hién ¢6 nhu xir Iy dot bién véi tac nhan gdy dot bién dwoc bidt dén boi ngudi c6 hicu
biét trung binh trong linh vyc k¥ thuat hodc voi chiéu xa UV, v.v., tai td hop gen nhu tai

t4 hop twong ddng st dung gen dénh dau lya chon va dot bién bsi gen nhay.

Chung dot bién cua ndm soi ctia chi Trichoderma theo sang ché c6 kha ning san
xuét protein dugc ting cudng so voi nim soi cua chi Trichoderma trong d6 chirc nang
cta polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 khdng dugce giam.
Trong truong hgp ma chung dot bién ctia ndm soi cua chi Trichoderma theo sang ché
duoc nudi cdy, ndng do protein tang thu dugce khi so sanh voi dung dich nudi ciy clia
nam soi cta chi Trichoderma trong d6 chirc ndng cua polypeptit gbm trinh ty axit amin
duoc néu trong SEQ ID NO: 2 khong duge giam. Hon nira, trong trudng hop ma protein
1a enzym, enzym ndy dé ting hoat tinh riéng. Trong ban mod ta nay, ndng do protein lam
tang ty 1é hodc hoat tinh riéng enzym lam tang ty 1& khong bi gi6i han cu thé mién 1a

ndng d6 hodc hoat tinh riéng ting, nhung ty 1¢ tang tot hon 12 20% hodc nhiéu hon.

Ngoai ra dd dugc giam chirc néng cua polypeptit gbm trinh ty axit amin dugc néu
trong SEQ ID NO: 2, chung dot bién ctia nAm soi cua chi Trichoderma theo sang ché co
thé c6 dot bién gen mang lai sy cai thi¢n vé luong san xuét protein. Vi du cu thé cua né
bao gdm dot bién gen ma gidm chirc ndng cua polypeptit duoc néu trong SEQ ID NO:
8. Polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 8 1a polypeptit s¢ hitu

béi chi Trichoderma reesei, va & National Center for Biotechnology Information,
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polypeptit nay dwgc ding ky dudi dang protein dy doan EGR50654 ma ching
Trichoderma reesei QMo6a c6. Polypeptit gbm trinh ty axit amin dwgc néu trong SEQ
ID NO: 8 1a polypeptit ma chirc ning ctia né khong duoc biét dén, nhung Conserved
Domain Architecture Retrieval Tool of National Center for Biotechnology Information
mo ta rang gdc axit amin thir 95 dén 277 tir bén dau tan N c6 “mién gifta cua mién 4G
yéu t6 khoi dau sinh vat nhan chuin” (sau day goi tht 13 “mién MIF4G”) va rang gbc
axit amin thi 380 dén 485 tir bén dau tan N ¢6 mién MA-3. Hai mién, MIF4G va MA-
3, duoc biét dén c6 chirc nang lién két véi ADN hogc ARN (Biochem. 44, 12265-12272
(2005); Mol. Cell. Biol. 1, 147-156 (2007)). Sang ché cho rang polypeptit gom trinh tu
axit amin duoc néu trong SEQ ID NO: 8 it nhét c6 chirc ning lién két véi ADN va/hodc
ARN.

Vi du cu thé cta gen ma hoa polypeptit gdm trinh ty axit amin dugc néu trong
SEQ ID NO: 8 bao gdm trinh tw bazo dugc néu trong SEQ ID NO: 9. Vi du ca dot bién
gen ma giam chic nang cua EGR50654 bao gbdm 1am khuyét toan phan mién MIF4G
va/hodc midn MA-3 s& hitu bsi EGR50654, lam khuyét mot phin ciia mién MIF4G
va/hodc mién MA-3, va dot bién gen ma thay d6i mdi quan hé két cAu gitta mién MIF4G
va mién MA-3. Ngoai ra, chirc nang cua polypeptit gdm trinh ty axit amin dugc néu
trong SEQ ID NO: 8 c6 thé ciing dugc giam bing cach dua vao dot bién ma giam hozc
loai bo biéu hién cta polypeptit. Vi du cu thé ctia lam khuyét chirc ning cta polypeptit
gbm trinh ty axit amin dugc néu trong SEQ ID NO: 8 bao gdbm dot bién & trinh tu bazo
dugc néu trong SEQ ID NO: 9 ma lam khuyét bat ky trong s6 cac bazo nam trong khoang
tlr bazo thir 1039 dén bazo thir 1044.

Séang ché con dé cap dén phuong phap san xuét protein bao gdm budc nudi chy
chung dot bién ctia nAm soi cta chi Trichoderma, ching dot bién nay da duge giam chuc
ning cua polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2.

Protein cAn dugc san xuat theo sang ché khong bi giéi han cu thé, nhung protein
duoc tiét ra tlr thé nim c6 thé dwoc san xuat thich hop. Enzym duge vu tién trong s6 nay.
Puogc vu tién hon 1a enzym dudng héa nhu xenlulaza, amylaza, invertaza, chitinaza, va

pectinaza. Van duoc uu tién hon 1a xenlulaza.

Xenlulaza ma c6 thé duge san xuét theo sang ché bao gdm khac nhau hydrolaza,
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bao gdm enzym c6 hoat dong phan hiy chéng lai xylan, xenluloza, va hemixenluloza.
Vi du cu thé ctia n6 bao gdm xenlobiohydrolaza (EC 3.2.1.91), tao ra xenlobioza bing
céch thiy phan mach xenluloza, endoglucanaza (EC 3 2.1.4), thuy phan mach xenluloza
tir phan trung tAm cua nd, p-glucosidaza (EC 3 2.1.21), thity phan xenlooligosaccarit va
xenlobioza, xylanaza (EC 3.2.1.8), dugc dic trung boi tac dong 1én hemixenluloza va,
cu thé 13, 1én xylan, va B-xylosidaza (EC 3.2.1.37), thily phan xylooligosacarit. Nhu da
néu trén, ching dot bién ctia nAm soi cta chi Trichoderma theo sang ché c6 hoat tinh
san xuét protein ting cudng hay khong dugc xac dinh chic chin bang cach x4c dinh su
cai thién trong hoat tinh riéng xenlulaza bang cach xac dinh rang hoat tinh riéng cua bét
ky hydrolaza nao trong sb d6 cai thién. Xenlulaza duoc san xuét theo sang ché c6 hoat

tinh cai thién cua, cu thé 13, B-glucosidaza trong s6 cac enzym nay.

Hoat tinh riéng B-glucosidaza dugc xac dinh bang phuong phép sau day. Dau tién,
10 pL enzym pha loang dugc bd sung vao 90 pL dém axetat 50 mM chira p-nitrophenyl-
B-glucopyranosit 1 mM (dugc san xuit boi Sigma-Aldrich Japan), va hdn hop duge phép
phan tng ¢ 30°C trong 10 phit. Sau d6, 10 pL natri cacbonat 2 M dugc bd sung va dugc
tron k§ dé dimng phéan tng, va su ting do hép thu at 405 nm dugc do. Cudi cung, viée
giai phéng 1 pmol p-nitrophenol mdi phut duge xac dinh 1a 1 U hoat tinh va hoat tinh

riéng dugc tinh bang cach chia né cho lugng protein.

Hoat tinh riéng p-xylosidaza dugc xéac dinh bang phuong phap sau day. Dau tién,
10 pL enzym pha lodng dugc bd sung vao 90 pl. dém axetat 50 mM chira p-nitrophenyl-
B-xylopyranosit 1 mM (dugc san xuét boi Sigma-Aldrich Japan), va hdn hgp duge phép
phan tng ¢ 30°C trong 30 phut. Sau d6, 10 pL natri cacbonat 2 M dugc bd sung va dugc
tron k§ dé dimg phan tng, va sy tang do hép thu at 405 nm dugc do. Cudi clng, viéc
giai phong 1 pmol p-nitrophenol mdi phut dugc x4c dinh 12 1 U hoat tinh, va vi vay hoat
tinh riéng dugc tinh toan.

Hoat tinh riéng cellobiohydrolaza dugc xac dinh bang phuong phéap sau day. Dau
tién, 10 pL enzym pha lodng dugc bd sung vao 90 pL dém axetat 50 mM chira p-
nitrophenyl-p-lactopyranosit 1 mM (dugc san xuit boi Sigma-Aldrich Japan), va hdn
hop dugc phép phan tmg ¢ 30°C trong 60 phut. Sau d6, 10 pL natri cacbonat 2 M duoc
bd sung va dugc tron k§ dé dung phéan tng, va su tang do hép thu at 405 nm duge do.

Cudi cung, viéc giai phong 1 pmol p-nitrophenol mdi phut duge xac dinh 1a 1 U hoat
8
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tinh, va hoat tinh riéng dugc tinh bang cach chia né cho lugng protein.

Ché phdm moi trudng nudi ciy & budc nudi ciy khong bi gidi han cu thé mién
né6 1 ché phdm mdi trudng nudi cAy trong d6 chi Trichoderma reesei ¢4 thé tao ra protein,
va ché phdm moi trudng nudi ciy duoc biét dén cho vi khuén cta chi Trichoderma c6
thé duoc st dung. Viéc st dung c6 thé duoc thuc hién lam ngudn nito, vi du, polypepton,
bouillon, CSL, hogc banh dau nanh. Chét kich thich dé san xudt protein ¢6 thé dugc bd

sung vao mdi truong nudi cay.

Trong truong hop san xuét xenlulaza theo sang ché, ching dot bién c6 thé duoc
nudi cdy trong mdi truong nudi ciy chira mot hodc nhiéu chét kich thich dugc chon tur
nhom gém lactoza, xenluloza, va xylan. Pé dua xenluloza hodc xylan, sinh khéi chua
xenluloza hodc xylan co thé dugc bd sung lam chit kich thich. Vi du cu thé cta sinh
khéi chira xenluloza hodc xylan bao g@)m khong chi thye vat nhu thue vat co hat, duong
xi, réu, tdo va cdy ¢ nuGc, ma con la vat licu xay dung phé thai. Thuc vat c6 hat duogc
phén loai thanh cay hat trin va cay hat kin, va ca hai déu c6 thé duogc str dung thuén 1gi.
Thuc vat hat kin con dugc phén loai thanh cay mot 14 mam va ciy hai 14 mam. Vi du cu
thé cua cdy mot 14 mam duoc st dung t6t hon 1a bao gdm ba mia, cd switchgrass, 6
napier, erianthus, rdu ngo, 16i ngd, rom ra va rom lta mi, va vi du cu thé cua cay hai 14
mam dugc st dung tdt hon 1a bao gé)m bot cu cai duong, bach dan, sdi va bach duong

trang.

San phém da xur ly so bd co thé dugc st dung lam cho sinh khdi chira xenluloza
hodc xylan. Phuong phéap xir 1y so bd khong bi gidi han cu thé, nhung, vi du, phuong
phap dwoc biét dén nhu xi ly axit, xit ly axit sulfuric, xir Iy axit sulfuric loang, xr Iy
kidm, x ly thay nhiét, xtt Iy c4n t6i han, xt Iy nghién min, va xir Iy hép c6 thé duge st
dung. Bot gidy c6 thé duoc sir dung 1am sinh khdi da xtr Iy so bd chira xenluloza hodc

xylan.

Tai liéu khong phai sang ché 2 mb ta rang & truong hop khi chung dot bién thu
duoc biang cach lam khuyét gen van chuyén duong tix Trichoderma reesei dugc nudi cy,
st dung lactoza lam chét kich thich dén dén gidm lugng san xuét xenlulaza. Tuy nhién,
& truomg hop khi ching dot bién ctia nAm sogi cta chi Trichoderma theo sang ché duoc

nuoi céy st dung lactoza lam chét kich thich, khong chi thu dugc viéc cai thién luong
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san xuét protein ma con cai thién cac hoat tinh riéng xenlulaza khéc nhau.

Phuong phap nudi cly dot bién cua nim soi cua chi Trichoderma theo sang ché
khong bi giéi han cu thé, va dot bién ¢6 thé duge nudi céy, vi du, béng cach nudi céy
long st dung 6ng ly tdm, binh, binh 1€n men, bé chia, v.v. hodic nudi céy ran st dung
dia, v.v.. Chi Trichoderma reesei t6t hon 13 dugc nudi céy trong diéu kién hiéu khi, va
trong sd cac phuong phap nudi cdy nay, nudi cAy chim 12 thuc hién nudi chy bang cich
str dung binh 1én men hodc trong khi suc khi va khuy trong bé duoc uu tién. Tde d6 suc
khi t&t hon 12 ndm trong khoéang 0,1-2,0 vvm, t6t hon nita 12 nam trong khoang 0,3-1,5
vvm, dac biét t5t hon 13 nim trong khoang 0,5-1,0 vvm. Nhiét d6 nudi céy tot hon 12
ndm trong khoang 25-35°C, t6t hon nita 1a ndm trong khoang 25-31°C. Diéu kién d6 pH
trong khi nuodi céy t6t hon 13 @6 pH nam trong khoang tir 3,0 dén 7,0, tot hon nira 1a do
pH nam trong khoang tir 4,0 dén 6,0. Trong khoang thoi gian nuoi cy, viéc nuoi cay
duoc tién hanh trong diéu kién cho phép san xuét protein cho dén khi luong protein c6
thé phuc hdi dugc tich lily. Thong thudng, khoang thoi gian nuodi cAy nim trong khoang

24-240 gid, tot hon nira 12 ndm trong khoang 36-192 gio.

Phuong phéap thu hdi protein ¢6 trong dung dich nudi ciy trong d6 dot bién cla
nam soi cta chi Trichoderma da dugc nudi ciy khong bi gi6i han cu thé, nhung protein
¢6 thé dugc thu hdi bing cach loai bo thé ndm ctia ndm soi cua chi Trichoderma tir dung
dich nudi cdy. Vi du cua phuong phap loai bo thé nAm bao gém ly tAm, tdich mang va ép

loc.

Hon nita, trong trub“rig hop ma dung dich nudi ciy trong d6 dot bién cua ndm soi
ctia chi Trichoderma da duge nudi cdy duge st dung lam dung dich protein ma khong
loai bd thé ndm khéi d6, dung dich nudi céy tot hon 13 dugce xir Iy sao cho thé nAm cta
ndm soi cta chi Trichoderma khong thé phat trién trong d6. Vi du ctia phuong phép xur
ly dé ngén chan thé nAm phét trién bao gé)m xtr 1y nhiét, xur ly hoa hoc, xtr ly axit/kiém,
vaxua ly UV.

Trong trudng hgp ma protein 1a enzym, dung dich nu6i ciy ma thé ndm da dugc
loai bo khoi d6 hodc da duge xir 1y sao cho thé nAm khong thé phat trién nhu dugc néu

trén, c6 thé duoc st dung truc tiép lam dung dich enzym.
Xenlulaza thu duoc biang cach nudi cdy chiung dot bién ctia nam sgi cua chi
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Trichoderma theo sang ché, trong d6 chirc nang ctia polypeptit gbm trinh ty axit amin
dugc néu trong SEQ ID NO: 2 da dugc giam, cao & cac hoat tinh riéng xenlulaza khac
nhau, cu thé 12 & hoat tinh riéng cua p-glucosidaza, so v6i xenlulaza thu dugce béng cach
nudi ndm soi cta chi Trichoderma trong d6 chirc ndng cua polypeptit khong dugc giam.
Do vay, xenlulaza c6 thé phan hity thich hop sinh khéi chira xenluloza d& cung cdp dung
dich duong hoa co ndng do glucoza cao, 1am chono c6 thé thu dugc sb lugng 16n duong.
Phuong phap duong héa sinh khéi chira xenluloza d& san xuat duong khong bi gi6i han
cu thé. Phan tng dudng hoa co thé duoc tién hanh theo phuong phap ting dot hodc
phuong phép lién tyc.

Pidu kién cho phan tng dudng hoa khong bi gioi han cu thé. Nhiét do phan tng
dudng hoa t6t hon 13 nam trong khoéng 25-60°C, t6t hon nita 12 nam trong khoang 30-
55°C. Thoi gian phan tng dudng hoa t6t hon 12 ndm trong khoang 2-200 gio. Do pH
trong phan img duong hoa t5t hon 12 ndm trong khoang 3,0-7,0, t6t hon nita 1a ndm trong
khoang 4,0-6,0. Trong truong hop xenlulaza bat ngudn tir chi Trichoderma, 4o pH tbi
uvu cho phan Ung bang 5,0. Hon nita, do do pH thay dbi trong khi thuy phén, duoc uu
tién bd sung chit dém vao dung dich phan (g hodc tién hanh phan Gng trong khi gitt
do pH khong d6i bang cach st dung axit hodc kiém.

Ché pham enzym vi vy dugc sit dung co thé duoc tach va duoc thu hdi tir dung
dich duong héa thu dugc bang cach dudng hoa sinh khdi chira xenluloza. Phuong phap
tach va thu hdi ché phém enzym khong bi gidi han cu thé. St dung ¢6 thé duoc thuc
hién bang phuong phép trong d6 dung dich duong hoa dugc loc véi mang siéu loc hodc
loai trong tw dé thu hdi ché phim enzym trén mat khong thiAm. Theo nhu cau, buéc loai
b6 chét rén khéi dung dich dudng héa ¢6 thé duoc tién hanh trude khi loc. Xenlulaza da

thu hi lai ¢6 thé duge st dung cho phan ing dudng hoa.

Vi du thwe hi¢n siang ché
Séng ché dugc mod ta cu thé dudi day bang cach dé cap dén céac vi du.
Vi du tham chiéu 1: Phuong phap do ndng do protein

Chét thtr dé do ndng do protein (thir nghiém protein Quick Start Bradford, dugc
san xuét boi Bio-Rad Laboratories, Inc.) dugc st dung. 5 uL dung dich nudi céy nam

soi lodng dugc bd sung vao 250 pL chét thtt do ndng @0 protein tré vé nhiét do phong.
11
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Sau khi @& yén hdn hop & nhiét do trong phong trong 5 phit, d6 hép thu & 595 nm dugc
do st dung dau doc vi dia. Bing cach st dung BSA lam chét chudn, ndng d6 protein
duoc tinh dwa vao dudong cong hiéu chinh.

Vi du tham chiéu 2: Phuwong phap do hoat tinh riéng ctia xenlulaza

Phuong phép do hoat tinh riéng cua B-glucosidaza

Thém 10 pL dich pha lodng enzym vao 90 uL dém axetat 50mM chta p-
nitrophenyl-B-glucopyranosit 1 mM (Sigma-Aldrich Japan san xuét), va hoén hop dugc
cho phan ting & 30°C trong 10 phut. Sau do, thém 10 pL natri cacbonat 2M va tron déu
dé dung phan mg, va sy ting do hép thu & 405 nm duoc do. Su giai phong 1 pmol p-
nitrophenol mdi phut duge xac dinh 1a 1 U hoat tinh, va hoat tinh riéng duoc tinh béng

cach chia n6 cho lugng protein.
Phuong phép do hoat tinh riéng cua B-xylosidaza

Thém 10 pL dich pha lodng enzym vao 90 pL dém axetat 50mM chtra p-
nitrophenyl-B-xylopyranosit 1mM (Sigma-Aldrich Japan san xuét), va hon hop duoc
cho phéan tmg & 30°C trong 30 phut. Sau do, thém 10 pL natri cacbonat 2M va tron déu
dé dung phan mg, va sy ting do ha?ip thu & 405 nm dugc do. Su gidi phong 1 umol p-
nitrophenol mdi phut duge xac dinh 1a 1 U hoat tinh, va hoat tinh riéng duoc tinh bang
cach chia n6 cho lugng protein.

Phuong phép do hoat tinh ri€ng cta xenlobiohydrolaza

Thém 10 pL dich pha lodng enzym vao 90 pL dém axetat 50mM chtra p-
nitrophenyl--lactopyranosit 1mM (Sigma-Aldrich Japan san xuét), va hdn hop dugce
cho phan tmg & 30°C trong 60 phut. Sau do, thém 10 pL natri cacbonat 2M va tron déu
dé dung phan tng, va sy tang dd hép thu & 405 nm dugce do. Cubi cung, su giai phong
1 umol p-nitrophenol mdi phut duge xac dinh la 1 U hoat tinh, va hoat tinh riéng dugc

tinh bing cach chia n6 cho lwgng protein.
Vi du tham chiéu 3: Thtt nghiém duong hoa sinh khdi chira xenluloza

Lam sinh khdi cin duoc dudng hoa, xenluloza dugc nghién thanh bot bat nguén

tir gd Arbocel (nhan hiéu da duoc dang ky) B800 (J. Rettenmaier & Sohne san xuét)
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ho#c ba mia dugc nghién thanh bot dén duong kinh hat trung binh 12 100 pm dugc su
dung. Lam dung dich enzym, san pham loc thu dugc bang cach 14y mau 1ml dung dich
nudi cdy chi Trichoderma reesei hogc ching dot bién chi Trichoderma reesei, ly tam
dung dich nudi cy da ldy mAu, thu hdi chat ndi bé mat sau khi loai bo thé nim, va loc
chit ndi bé mit qua dung cu loc 0,22 pm, dugc st dung. Xenluloza dugc nghién thanh
bot bat ngudn tir gd Arbocel (nhén hiéu da duoc dang ky) B80O0 (J. Rettenmaier & Sohne
san xuét) is sau day thuong dugc goi la “Arbocel B800™.

Phan ing dudng hoa

Phan tng duong hoa dugc tién hanh theo cich sau diy. Pua vao bng 2 mL
Arbocel (nhan hiéu da dugc dang ky) B800 hodc ba mia dugc nghién thanh bot dén
duong kinh hat trung binh 100 pm va dém natri axetat (d0 pH 5,2) dé din dén nong do
cudi cing bang 0,1 M. Nude tinh khiét dugc bd sung vi mot lugng dé dan dén ndng do
chét rin & thoi didm khéi dAu phan g bing 8% khdi luong trong trudng hop st dung
Arbocel (nhan hiéu da duoc ding ky) B800 hodc 10% khéi luong trong trudng hop st
dung bi mia. Dung dich enzym con dugc bd sung dé bit d4u phan ng trong diéu kién
phan g 50°C st dung rotato khéi nhiét. Mau thu dugc sau khi phan ing duong hoa da
duoc tién hanh trong 24 gid dugc ly tdm trong 10 phut trong didu kién 10000xg va chét
ndi bé mit dugc 1iy ra. Phan ing dudng hoa dugce két thiic bang cach b6 sung dung dich
nuéce natri hydroxit 1 N vao chit ndi bé mat véi lugng ciia mot phan mudi khéi luong
clia chét ndi bé mat. Ndng do duong & dung dich duong hoa sau khi chdm dut phan tmg
duogc xac dinh bang cach dua dung dich dudng hoa dé phan tich duong bang UPLC dugc
thé hién dudi day. V6i dung dich enzym can duogc st dung & phan tmg duong hoa, luong
bd sung ctia né duge tinh toan tir ndng do protein ciia dung dich nudi cAy va hoat tinh
riéng dé thich hop cho didu kién dugc sit dung & mdi trong sb cac vi du va vi du so sanh.

Xéc dinh nong do duong

Dung dich dudng héa dugc phan tich dinh luong cho glucoza, xyloza va
xenlobioza trong diéu kién sau day st dung hé théng ACQUITY (nhén hi¢u da duge
dang ky) UPLC (Waters).

Phan tich dinh luong duoc tién hanh trén co sé dudong cong hiéu chinh dugc

chudn bi v6i méu tiéu chuén cia glucoza, xyloza, va xenlobioza. Cac nong do
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xenlobioza thdp hon 1 g/L dugc coi 1a duéi gidi han phat hién.

Cot: Cot AQUITY (nhan hiéu da dugc déng ky) UPLC BEH Amit 1,7 pm
2,1x100 mm

Phuong phap tach: HILIC

Pha dong: pha dong A: 80% axetonitril, dung dich TEA 0,2% chtra nudc, va pha
dong B: 30% axetonitril, dung dich TEA 0,2% chira nuéc, theo gradien sau day. Gradien

la gradien tuyén tinh dat dén ty 18 tron tuong Gmg voi thoi gian dudi day.

Didu kién khéi diu: (A 99,90%, B 0,10%), 2 phut sau khi bt dau: (A 96,70%, B
3,30%), 3,5 phut sau khi bt diu: (A 95,00%, B 5,00%), 3,55 phit sau khi bét dau: (A
99,90%, B 0,10%), 6 phut sau khi bt dau: (A 99,90%, B 0,10%)

Phuong phap phét hién: ELSD (b do tan xa anh sang bay hoi)
Tdc d6 dong: 0,3 mL/phit

Nhiét do: 55°C

Vidul

Chuén bi ching dot bién chi Trichoderma reesei QM9414 1 ¢6 chic nang cua

polypeptit gdm trinh tu axit amin dugc néu trong SEQ ID NO: 2 giam:

Chung dot bién chi Trichoderma reesei c6 chirc nang cua polypeptit gdm trinh tu
axit amin duoc néu trong SEQ ID NO: 2 giam dugc tao ra béng cach chuin bi manh
ADN gdm trinh tu gen dugc néu trong SEQ ID NO: 3 dudi dang manh ADN chira gen
ma hoa polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 trong d6 chtrc
ning cia polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 da dugc giam,
va sau d6 bién ddi chung Trichoderma reesei QM9414 v6i manh ADN. Bing phuong
phép nay, chung dot bién chi Trichoderma reesei thu dugc trong d6 11 bazo da duge
chén vao vi tri thir 1415 trong SEQ ID NO: 1 dé c6 polypeptit trong d6 viéc dich mé két
thic & vi tri th@ 419 & SEQ ID NO: 2. Axetamit va gen acetamidaza (AmdS) (amdS) c6
kha nang phan hiy axetamit dugc st dung lam gen d4nh diu lua chon dé dua manh
ADN. Bé cho phép manh ADN gbm trinh ty bazo dugc néu trong SEQ ID NO: 3 dugc
dua cung chiéu va nguoc chidu cua trinh tw ADN chira amdS, plasmit dé dua dot bién

duoc tao ra dé bd sung tuong déng mot phan vao trinh tu gen cua chung 77 richoderma
14



53815 15/55

reesei QM9414.

Cu thé 13, doan ADN thu dugc bang cach xir Iy doan ADN da tbng hop duogc thé
hién béi SEQ ID NO: 4 véi enzym gidi han AfIII va Kpnl duge st dung lam doan ADN
nguoc chiéu. Ngoai ra, PCR dugc thyc hién st dung ADN bd gen dugc tach theo cach
thong thuong tlr chiing Trichoderma reesei QM9414 va cac oligo ADN duoc n€u trong
SEQ ID NO: 5 va 6, va doan ADN thu dugc bé‘mg cach xir ly doan khuéch dai thu duoc
v6i enzym gi6i han Mlul va Spel dugc st dung lam doan ADN cung chiéu. Céac doan
ADN nguoc chidu va cung chidu dugc dua vao plasmit duge cai xen amd$ bang cach
str dung enzym gi6i han AfIII va Kpnl va enzym gi6i han Mlul va Spel, theo thir tu, aé
tao cAu tric cho plasmit dé dua dot bién vao. Plasmit dé dua dot bién vao sau d6 duoc
xt Iy véi enzym gi6i han Pacl va Sphl, va chung Trichoderma reesei QM9414 (NBRC
#31329) dugc bién nap véi doan ADN thu dugce duge thé hién boi SEQ ID NO: 3. Céc
thao tac lién quan dén k§ thuat sinh hoc phan tir dugc thuc hién nhu dugc mo ta trong
Molecular cloning, laboratory manual, 1st, 2nd, 3rd (1989). Ngoai ra, viéc bién nap dugc
tién hanh st dung k¥ thuat chuén, nghia 13, phuong phap PEG té bao tran, va cu thé 13,
duoc thuce hién nhu duge md ta trong Gene, 61, 165-176 (1987). Ching dot bién chi
Trichoderma reesei thu dugc dugc st dung 1am chung dot bién QM9414 I trong céc thir
nghiém dudi day.

Vidu?2

Thir nghiém san Xuét protein s dung ching dot bién QM9414 I

Nudi ciy trong binh tam giac

Sau khi bao tir cia ching dot bién QM9414 I dugc tao ra & vi du 1 dugc pha
lodng v&i nuGce mubi sinh 1y 1a 1,0x107/mL, 0,1 mL dung dich bao tu loang dugc céy
vao 10 mL moi treong binh dugc thé hién & bang 1 hodc 2 ma dugc dit trong binh ¢o
vach ngin 50 mL, va dugc U trén may lic trong diéu kién 28°C va 120 rpm trong 120
gio. Nong dd protein trong dung dich nudi cdy dugc xac dinh bang phuong phéap dugc
md ta ¢ vi du tham chiéu 1, va céac hoat tinh riéng xenlulaza khac nhau dugc xac dinh
bang phuong phéap duge mo ta & vi du tham chiéu 2. Két qua thu dugc sau khi nudi ciy
trong mdi truong nudi cly dugc thé hién & bang 1 dugc dua ra trong bang 3, va két qua
thu duoc sau khi nudi céy trong moi truong nudi céy duoc thé hién & bang 2 dugc dua
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ra trong bang 4.
Béang 1
Arbocel B800 (J. Rettenmaier & Sohne san xuat)
5x dung dich Mandel*
10x dung dich amoni tartrat**
Dich ngdm ngd
Dung dich yéu t6 vi lugng***
Tween 80

PE-M

16/55

20g
200 mL
100 mL
50g

1 mL
0,5 mL
1 mL

(mdi 1 L)

* 5% dung dich Mandel chira (NH4)2SO4 7 g/L, KH,PO4 10 g/L, CaCl2-2H,0 2

g/L, va MgS04-7TH0 1,5 g/L.

#* 10x dung dich amoni tartrat chira amoni tartrat 92 g/L.

s%* Dung dich yéu t6 vi lugng chira HzBO53 0,3 g/L, (NH4)sM07024-4H20 1,3 g/L,
FeCls-6H20 5 g/L, CuSO4-5H20 2 g/L, MnClo-4H:0 0.4 /L, va ZnCl10 g/L.
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Bang 2

Lactoza 20g

5x dung dich Mandel* 200 mL
10x Dung dich amoni tartrat** 100 mL
Dich ngdm ngd 50g
Dung dich yéu t6 vi lugng*** 1 mL
Tween 80 0,5 mL
PE-M 1 mL

(mdi 1L)

Gom dung dich nudi chy

Sau 120 gi¢ tu luc b4t dAu nudi cdy, 1 mL dung dich nudi ciy duge gom. Dung
dich nudi cdy dugc ly tam & diéu kién 15.000xg va 4°C trong 10 phut dé thu dugc chét
ndi bé mit. Chat ndi bé mat 1a san phém duoc loc qua dung cu loc 0,22 pm, va san phém

loc dugc sir dung 1am dung dich xenlulaza trong cac thi nghiém dudi day.
X4c dinh ndng d6 protein va cac hoat tinh riéng xenlulaza khac nhau

Nong do protein trong dung dich nudi cly 0 120 gio tur lac bét dau nudi cay dugc
do str dung k¥ thuat duwoc mo ta trong vi du tham chiéu 1, va sau do, cac hoat tinh riéng
ciia xenlulaza duoc xéac dinh bang phuong phap duge md td ¢ vi du tham chiéu 2. Két

qua dugc thé hién & bang 3 va 4.
Vidu3

Chuln bi ching dot bién chi Trichoderma reesei QM9414 11 dugc giam chie
nang polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2:

Ching dot bién chi Trichoderma reesei dugc giam churc nang polypeptit g6m
trinh tu axit amin dugc néu trong SEQ ID NO: 2 dugc tao ra bang cach san xuit manh
ADN gém trinh tu gen dugc néu trong SEQ ID NO: 10, va sau do bién dbi chung
Trichoderma reesei QM9414 v6i manh ADN. Bing phuong phéap nay, amdS dugc xen
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gitta bazo thit 435 va tha 436 & SEQ ID NO: 1, va thu dugc chung dot bién chi
Trichoderma reesei dugc giam chic ning SEQ ID NO: 2. Dé cho phép manh ADN gdm
trinh tu bazo duge néu trong SEQ ID NO: 10 dugc dua & phia trén va 6 phia dudi cua
trinh tw ADN chira amdS, plasmit dé dua dot bién dugc tao ra dé bd sung mot phén

tuong dong vao trinh ty gen cia chung Trichoderma reesei QM9414.

Cu thé 13, PCR dugc thuc hién st dung ADN bo gen duoc tach theo cach thong
thudng tir ching Trichoderma reesei QM9414 va céac oligo ADN duoc néu trong SEQ
ID NO: 11 va 12, va manh ADN thu dugc bang cach xt Iy manh khuéch dai thu duoc
v6i enzym gi6i han AfIIT va Notl dugc sir dung lam manh ¢ phia trén. Ngoai ra, PCR
duge tién hanh st dung ADN hé gen va cac oligo ADN dugc néu trong SEQ ID NO: 13
va 14, va manh ADN thu duoc béng cach xir Iy manh khuéch dai thu dugc v6i enzym
giéi han Mlul va Sphl dugc sir dung lam manh ADN 6 phia duéi. Manh ADN & phia
trén va & phia dudi dugc dua vao plasmit dugc xen amdS bang cach st dung enzym gidi
han AfIIT va Notl va enzym gi6i han Mlul va Sphl, 1an luot, dé cAu trac plasmit cho viée
dua dot bién. Plasmit dé dua dot bién sau d6 duoc xtt Iy v6i enzym giéi han AfIII va
Sphl, va chiing Trichoderma reesei QM9414 dugc bién nap v6i ADN thu duge duge thé
hién biang SEQ ID NO: 10 theo cach nhu dwgec md ta & vi du 1. Chung dot bién chi
Trichoderma reesei thu dugce duge st dung 1am chung dot bién QM9414 11 & thi nghiém

sau day.

Vidu4

Th nghiém san xuét protein st dung ching dot bién QM9414 1I:

Viéc nudi céy dugc thuc hién béi cling cac cong doan va diéu kién nhu & vi du 2
ngoai trir viéc ching dot bién QM9414 1I dugc su dung thay cho ching dot bién
QM9414 1 thu dugc ¢ vi du 1, va ndng dd protein chira trong dung dich nudi chy va
nhiéu hoat tinh riéng khac nhau cta xenlulaza dugc xac dinh. Két qua duoc thé hién &

bang 3 va 4.
Vi du so sanh 1
Thtr nghiém san xuét protein st dung chung Trichoderma reesei QM9414

Viéc nudi cdy dugc thuc hién béi cung cac di€u kién va cdng doan nhu & vi du 2

ngoai trir viéc chung QM9414 duge st dung thay cho ching dot bién QM9414 I thu
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dugc ¢ vidu 1, va ndng d6 protein chira trong dung dich nudi chy va nhiéu hoat tinh
riéng khéc nhau cta xenlulaza dugce xéac dinh bang cung phuong phép nhu ¢ vi du 2.
Két qua thu duge sau khi nudi cdy & mdi truong nudi chy duoc thé hién ¢ bang 1 duoc

cho & bang 3, va két qua thu dugc sau khi nudi cay ¢ moi truong nudi cay dugce the hién

& bang 2 dugc cho & bang 4.

Bang 3
Viduso , ,
, sanh 1 Vidu?2 Vidu 4
Nudi cay véi Arbocel B800 - -
Chung Chung dot bién Chung ddt bien
QM9414 QM9414 I QM9414 11
Gi4 tri tvong d6i cia ndng d6 protein 1 1,5 1,3
Gia tri t\I?)’I’lg doi cua hoat tinh riéng 1 1.9 1.7
B-glucosidaza
Gi4 tri twong d6i cuia hoat tinh riéng
. 1 1,3 1,9
B-xylosidaza
Gi4 tri twong dbi ctia hoat tinh riéng 1 13 11
xenlobiohydrolaza ’ ’
Bang 4
, vi dﬁ 0 Vidu2 Vidu4
Nudi cay véi lactoza san
Ching | Ching dot bién | Chung dot bién
QM9414 QM9%414 1 QM9414 11
Gia t.n twong doi ctia nong do 1 1.7 1.4
protein
Gia tri twong ddi cla hoat tinh
A . 1 43 1,6
riéng B-glucosidaza
C.}Ala tri tIIO'ng doi cua hoat tinh 1 2.5 12
riéng B-xylosidaza
Gia tri twong ddi cta hoat tinh
A A 1 3.5 1,1
riéng xenlobiohydrolaza
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Két qua tr vi du 2, vi du 4 va vi du so sanh 1 chira réng sau day lién quan dén
viéc nudi céy & moi truong dugce thé hién ¢ bang 1. Khi néng do protein ¢ dung dich
nudi cly trong d6 ching Trichoderma reesei QM9414 dugc nudi cdy duge cho 1a 1, gia
tri twong d6i cua ndng do protein & dung dich nuoi cAy cua ching dot bién QM941411a
1,5 va gia tri tuong dbi ctia ndng dd protein & dung dich nudi ciy cuia chiing dot bién
QM9414 11 13 1,3. Puoc hiéu tir cac két qua nay 1a khi chi Trichoderma reesei dugc
giam chirc ndng cua polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2
duge nudi cdy, lugng sén xuét protein c6 thé duoc tang khi so sanh véi truong hgp trong

d6 chitc nang cua polypeptit khong dugc giam.

Hon nita, dung dich nuoi céy thu duoc ¢ vi du 2, vi du 4, va vi du so sénh 1 dugc
kiém tra hoat tinh riéng xenlulaza bang phuong phap dugc mo ta & vi du tham chiéu 2.
Két qua 13, sau day dugc tim thdy. Khi cac hoat tinh riéng xenlulaza khac nhau & dung
dich nudi cAy trong d6 chung Trichoderma reesei QM9414 duoc nudi cdy dugce cho la
1, hoat tinh riéng B-glucosidaza 1a chung dot bién QM9414 I: 1,9, va ching dot bién
QM9414 II: 1,7, hoat tinh riéng B-xylosidaza la ching dot bién QM9414 1: 1,3, va chung
dot bién QM9414 1I: 1,9, va hoat tinh riéng xenlobiohydrolaza 1a ching dot bién
QM9414 I: 1,3, va ching dot bién QM9414 1I: 1,1. Duge hidu tir cac két qua nay 1a
xenlulaza thu duogc bing cach nudi ciy ching dot bién chi Trichoderma reesei dugc
giam chirc nang polypeptit dugc dai dién boi trinh ty axit amin dugc néu trong SEQ ID
NO: 2 khong chi dat dugc luong san xuét protein cai thién ma con din dén hiéu qua bat
ngd 1a thu duge cai thién & cac hoat tinh riéng xenlulaza khac nhau, khi so sanh voi

truong hop trong do chtre nang polypeptit khong duoc giam.

Trong khi do, dbi voi nudi cay ¢ mdi truong nudi cdy chura lactoza dugc thé hién
& bang 2, sau day duogc tim thay. Khi ndng do6 protein & dung dich nuoi cdy trong d6
ching QM9414 dugc nudi ciy duoc cho 1a 1, gia tri tuwong d6i ctia ndng do protein &
dung dich nuéi cdy cua ching dot bién QM9414 I1a 1,7 va gi tri tuong d6i cua ndng
do protein & dung dich nudi ciy ctia chiing dot bién QM9414 11 1a 1,4. Puogc hiéu tir cac
két qua nay 1a khi chi Trichoderma reesei duoc giam chitc nang polypeptit gdm trinh tu
axit amin duoc néu trong SEQ ID NO: 2 duge nudi cdy, luong san xuét protein c6 thé
duoc tang khi so sdnh v&i trudong hop trong do chtrc nang cta polypeptit khong dugc
giam.

20



53815

21/55

Hon nfta, dung dich nudi céy thu dugc duoc kiém tra cho hoat tinh riéng
xenlulaza bang phuong phap dugc m6 ta & vi du tham chiéu 2. Két qua 13, sau day dugc
tim thdy. Khi cac hoat tinh riéng xenlulaza khac nhau & dung dich nudi cdy trong d6
ching QM9414 dugc nudi cdy dugc cho 1a 1, hoat tinh riéng B-glucosidaza la chung dot
bién QM9414 I: 4,3, va ching dot bién QM9414 11: 1,6, hoat tinh riéng B-xylosidaza la
ching dot bién QM9414 I: 2,5, va chung dot bién QM9414 11: 1,2, va hoat tinh riéng
xenlobiohydrolaza 1a ching dot bién QM9414 1: 3,5, va chung dot bién QM9414 11: 1,1.
Puogc hiéu tir cac két qua nay 1a xenlulaza thu dugc bang cach nudi ciy chung dot bién
chi Trichoderma reesei duge giam chirc ning polypeptit dugc dai dién bai trinh tu axit
amin dugc néu trong SEQ ID NO: 2 khong chi dat duoc lugng san xuét protein cai thién
ma con dan dén hiéu qua bat ngd 1a thu duge cai thién ¢ cac hoat tinh riéng xenlulaza
khéc nhau, khi so sanh véi truong hop trong d6 chirc nang polypeptit khong dugc giam.
Céc két qua nay tiét 10 ring nudi cy ching dot bién QM9414 I, dugc gidm chire ndng
polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2, ¢ mo6i truong nudi chy
chtra lactoza dat dugc su cai thién lon vé cé4c hoat tinh riéng xenlulaza khac nhau hon

nudi cdy né & mdi trudong nudi cay chira xenluloza.
Vidu5

Tht nghiém phén (mg duong héa st dung xenlulaza tir chung dot bién QM9414

St dung dung dich nudi cy thu thap dugc & 120 gio sau khi khoi du nudi cy
chung dot bién QM9414 I thu dugc & vi du 2 trong moi truong nudi cay duoc thé hién
& bang 1, thir nghiém phan ung dudng héa sinh khéi chita xenluloza dugc tién hanh theo
cong doan va didu kién duoc mo ta & bang 5 va vi du tham chiéu 3. La sinh khéi chira
xenluloza, st dung Arbocel (nhan hiéu duge dang ky) B800 hozc ba mia dugc nghién

thanh bot. Két qua ciia n6 duge thé hién & bang 6.
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Béang 5
Arbocel B800 hodc ba mia dugce nghién thanh bot 80 mg
Pém natri axetat 1 M (d¢ pH 5,2) 100 pL
Luong bd sung enzym 0,06 mg
(mdi 1 mL)
Bang 6
Vi du so sanh Vidu5
7 Chung dot bién
Chung QM9%414 OMO414 1
Nong d6 glucoza
gcos 3,3 4,8
Arbocel (g/L)
B800 Nong d6 xyloza
3,9 4.9
(g/L)
Nong do6 glucoza
gcos 1,4 1,7
(g/L)
B3 mia -
Nong d0 xyloza
geoxy 2,3 2,5
(g/L)
Vidu6

22/55

Tht nghiém phan tng duong héa 1 st dung xenlulaza tir ching dot bién QM9414

II

Thir nghiém phan g duong hoa cta sinh khoi chita xenluloza dugc tién hanh

theo cong doan va dieu kién duge md ta ¢ vi du tham chiéu 3 st dung dung dich nudi

cAy thu thap dugc ¢ 120 gid sau khi khoi dAu nudi cdy & moi trudong nudi ciy duoc thé

hién & bang 1, dung dich nuéi cdy ching dot bién QM9414 II thu dugc & vi du 4. Pidu

kién phan tmg cho phan Gmg dudng héa cia Arbocel (nhin hiéu dugc ding ky) B800

duoc thé hién & bang 7, va diéu kién phéan ting cho phan ting dudng hoa cua ba mia dugc

nghién thanh bdt duogc thé hién & bang 8. Két qua cua né duge thé hién & bang 9.
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Bang 7
Arbocel B800 100 mg
Pém natri axetat 1 M (d0 pH 5,2) 100 pL
Luong bd sung enzym 450 pL
(mdi 1 mL)
Béang 8
B4 mia dugc nghién thanh bt 100 mg
Dém natri axetat 1 M (d6 pH 5,2) 100 pL
Luong bd sung enzym 400 pL
(mdi 1 mL)
Bang 9
o Vi du so sanh Vidu6
(;hét ndi bé mat cia moi truong nudi
cAy tir nudi cdy Arbocel B800 dugc s Chung dot
dung Ching QM9414 bién QM9414
- 11
Nong do glucoza
gcoe 13,0 14,3
Pudng hoa (g/L)
Arbocel B800 Nbng do xyloza
8,5 9,1
(g/L)
Nong d6 glucoza
gcoe 6,1 6,5
Duong hoa ba (g/L)
mia A n
Nong d6 xyloza
gaoxy 4,1 4,1
(g/L)
Vi du so sanh 2

23/55

Tht nghiém phén tng duong hoa 1 st dung xenlulaza tir ching Trichoderma

reesei QM9414
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Tht nghiém phan tng dudng hda cta sinh khéi chira xenluloza dugc thuc hién
béi cung cong doan va diéu kién nhu trong vi du 5 hodc 6, ngoai trur viéc st dung dugce
thuc hién bing dung dich nudi cdy thu thap dugc & 120 gi sau khi khoi du nudi ciy &
moi trorong nudi céy duoc thé hién & bang 1, dung dich nudi céy chung Trichoderma

reesei QM9414 thu dugc ¢ vi du so sanh 1. Két qua cia n6 dugc thé hién & bang 6 va 9.
Vidu7

Tht nghiém phén tng duong hoa s dung xenlulaza tir chung dot bién QM9414
II

Thir nghiém phén ang duong hoéa cua sinh khéi chira xenluloza dugc tién hanh
theo cong doan va didu kién duge mo t& & bang 6 va vi du tham chiéu 3 str dung dung
dich nudi cdy thu thap dugce & 120 gid sau khi khoi diu nudi cdy & moi truong nudi chy
duoc thé hién & bang 2, dung dich nudi cdy ching dot bién QM9414 II thu dugc ¢ vi du
4. Didu kién phan tng cho phan ing dudng hoa cla Arbocel (nhan hiéu dugc ding ky)
B800 dugc thé hién & bang 10, va didu kién phan tmg cho phan tng duong hoa cua ba
mia duogc nghién thanh bot duoc thé hién & bang 11. Két qua cta n6 dugc thé hién &

bang 12.
Bang 10
Arbocel B800 100 mg

Pém natri axetat 1 M (40 pH 5,2) 100 pL

Lugng bd sung enzym 350 pL
(mdi 1 mL)
Bang 11
Bi mia dugc nghién thanh bot 100 mg
DPém natri axetat 1 M (d6 pH 5,2) 100 puL
Luong bd sung enzym 400 pL

(mdi 1 mL)
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Bang 12
Vi du so sanh Vidu7
Qhét nbi bé mat cua moi truong nudi Chiine d6t
cay tr nudi cdy lactoza dugc st dung Ching QM9414 bién lep 414
I
Nong d6 glucoza
8o e 5,9 7,2
Pudng hoa (g/L)
Arbocel B800 Néng d6 xyloza iy \s
(gL) ’ ’
Nong do glucoza 0 g 3.0
Puong hoa Ba (g/L)
mia Nong do xyloza 5 s 3.0
(gL) ’ ’
Vi du so sanh 3

Thtr nghiém phén mg duong hoéa 2 st dung xenlulaza tir chung Trichoderma

reesei QM9414

Thir nghiém phéan tng dudng hoa cua sinh khéi chtra xenluloza dugc thyc hién
boi cung cong doan va didu kién nhu trong vi du 7, ngoai trir viée st dung dugc thuc
hién bing dung dich nudi cdy thu thip dugc ¢ 120 gio sau khi khoi dAu nudi ciy & moi
trrong nudi ciy dugc thé hién & bang 2, dung dich nudi cly ching Trichoderma reesei

QM9414 thu duge & vi du so sanh 1. Két qua clia n6 duge thé hién & bang 12.
Két luan

Két qua tir vi du 5 va vi du so sanh 2 chi ra sau day. Ddi v6i phan ung duong hoa
Arbocel (nhan hiéu duge déng ky) B800 véi dung dich nudi cdy thu duge bang cach
nudi ciy ¢ moi trudng nudi chy duge thé hién & bang 1, stt dung xenlulaza thu dugc tur
ching Trichoderma reesei QM9414 din dén dung dich duoc duong hoa co ndng do
glucoza 1a 3,3 g/L, trong khi sir dung ching QM9414 dot bién I dAn dén ndng do glucoza
124,8 g/L. Hon nita, str dung chiing QM9414 din dén ndng do xyloza ¢ dung dich duong
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hoa 12 3,9 /L, trong khi st dung ching QM9414 dot bién I dan dén ndng do xyloza la
4,9 g/L.

DP4i v6i phan ing dudng hoéa ba mia duge nghién thanh bot, st dung ching
QM9414 din dén ham lugng glucoza ty do 1a 1,4 g/L, trong do sit dung ching dot bién
I d3n dén ham luong glucoza tu do 1a 1,7 g/L. Sir dung chung QM9414 dan dén ham
luong xyloza tu do 12 2,3 g/L, trong d6 st dyng ching dot bién I din dén ham luong

xyloza tu do 1a 2,5 g/L.

Két qua ctia vi du 6 va vi du so sanh 2 tiét 19 céc diéu sau day. Débi v6i phan tmg
dudng hoa Arbocel (nhan hiéu dugc ding ky) B800 v6i dung dich nudi ciy thu dugc
bang cach nudi cdy & mdi truong nudi cdy duogc thé hién & bang 1, st dung chung
QM9414 din dén ham luong glucoza tu do 12 13 g/L, trong d6 su dung ching QM9414
dot bién II din dén ham luong glucoza tw do 1a 14,3 g/L. Hon nira, st dung chung
QM9414 dan dén ham luong xyloza tu do 1a 8,5 g/L, trong d6 st dung ching dot bién
11 dAn dén ham lugng xyloza ty do 14 9,1 g/L. Ddi v6i phan ing dudng héa bd mia duge
nghién thanh bot, st dung chung QM9414 din dén ham luong glucoza ty do 1a 6,1 g/L,
trong d6 st dung ching dot bién IT d4n dén ham luong glucoza ty do 12 6,5 g/L. Cé hai
chung QM9414 va chung dot bién II cho ham luong xyloza ty do 1a 4,1 g/L.

Két qué ctia vi du 7 va vi du so sédnh 3 tiét 10 cac diéu sau day. Péi voi phan tmg
dudng héa Arbocel (nhan hiéu dugc ding ky) B800 vé4i dung dich nudi céy thu duge
bang cach nudi cdy & mdi truong nudi ciy duoc thé hién & bang 2, st dung chung
QM9414 dan dén ndng dd glucoza 1a 5,9 g/L, trong do sur dung chung dot bién II dan
dén ndng @) glucoza 1a 7,2 g/L. Hon nita, st dung ching QM9414 dan dén ndng do
xyloza 14 3,4 g/L, trong d6 sir dung chung dot bién II d4n dén ndng do xylozala 4,5 g/L.
Déi v6i phan ing dudng hoéa bd mia duge nghién thanh bdt, st dung ching QM9414
dan dén ndng do6 glucoza 1a 2,9 g/L, trong d6 su dung ching dot bién II dan dén ndng
do glucoza 12 3,9 g/L. Sir dung ching QM9414 din dén ndng do xyloza1a 2,5 g/L, trong
do6 st dung chung dot bién II dAn dén ndng @06 xyloza 1a 3,0 g/L. Dugc hidu tir cac két
qua nay la xenlulaza dugc san xudt bing ching dot bién cua nim s¢i cta chi
Trichoderma ma dugc giam chtrc nang polypeptit gbm trinh ty axit amin dugc néu trong
SEQ ID NO: 2 ¢o thé san xuét s6 lugng dudng 16n hon xenlulaza dugc san xuit bang

chung QM9414.
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Yéu ciu bao h

1. Chung dot bién cua nam soi cua chi Trichoderma reesei, c6 biéu hién ctia polypeptit
gdm trinh tu axit amin dugc néu trong SEQ ID NO: 2 giam, trong d6 ching dot bién nay
¢6 kha ndng san xuét xenlulaza cai thién so vi chung bd me Trichoderma reesei khong
duge bién ddi cia ching dot bién nay.
2. Phuong phap san xuét protein, phuong phap nay bao gbém budc nudi cdy chung dot
bién ctia ndm soi cta chi Trichoderma reesei theo diém 1.
3. Phuong phép san xuit xenlulaza, phuong phéap nay bao gdm budc nudi cdy chiing dot
bién ctia ndm soi cta chi Trichoderma reesei theo diém 1.
4. Phuong phap san xuét xenlulaza theo diém 3, phuong phép nay bao gbdm buéc nudi
ciy ching dot bién, trong moi trudng nudi ciy bao gbdm mdt hodc nhiéu loai chat kich
thich dugc chon tir nhém gém lactoza, xenluloza, va xylan.
5. Phuong phap san xut dudng tir sinh khdi chira xenluloza, phuong phép nay bao gbm:

budc a) san xuét xenlulaza bang cach nudi ciy ching dot bién Trichoderma reesei
theo diém 1; va

budc b) duong hda sinh khéi bang cach st dung xenlulaza thu dugc 6 budc a.
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DANH MUC TRINH TU

Toray Industries, Inc.

phap san xudt protein cua nod.

<110>
<120>
<130> 1906
<160> 14
<170>
<210> 1
<211> 1870
<212> ADN
<213>
<400> 1
atgaccgtcc
60
actctgctca
120
cagggattga
180
cactgggacyg
240
gtagctgtct
300
gatcgctatg
360
gccctgcagg
420
ggacaatcac
480
gtcggcactg
540
acttctcgag
600
gcctactggce
660
tccctaatge
720
gagattcccg
780
catgcctgaa
840

9WOO01

tcacctcacc

acaccgtctg

tgggcggtgt

aagaccagaa

actatctccc

gccgtatcaa

cctcagctat

aaccgaacta

gaatcttgaa

gccagttcgt

tggaattgta

ggtggcagtg

gtcgeccttece

tccececceget

PatentIn version 3.5

Trichoderma reesei

tctggccage

cctegtggcec

taacacgacg

cattgtcgtc

cggaacgctyg

aacaattgcc

gaatgcgaac

ttactgatga

cgcaatcacg

ttccattgag

cgtgectect

gtacttctaa

agatcctccc

ggctcgtcaa

tataatgtgg

ggactgtcga

cgcgactatg

gtcgataagc

tgecggttgtc

attgcctgtg

tggatgtttt

tgagatgaaa

cctgtgtggy

ttcaccctca

cactcaggat

atatcacgac

cctaatcctt

agtgggtcgt

ccaacaagct

tcttcttett

ccgagcgceat

cgctgectgca

tgcttggcgy

cgtggagtgt

gcggtatgte

cagcccgegt

caaccgagac

acattcttgg

ccccagtett

aacacatcct

ctgttcctca

gaagaagagyg

chung dét bién cua ndm soi ctia chi Trichoderma reesei va phuong

gtacaaaacc

cggctatgat

gggctttggce

gggcggtatce

ttggcttggt

ctgcgcagcc

gatgattctt

tctgaacggc

tgctgctcac

tgttgttgta

gtggaaagtc

ccttcatctg

tcatctggat

ctcgettcat
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ccttggtcegt
900

tgatattgtc
960

catgttcttt
1020

ctggctccag
1080

gatctttacg
1140

tatcacatac
1200

cacgggagca
1260

ggactctgta
1320

ctcgegeaac
1380

cattctttgt
1440

tgtatccggce
1500

ttggctggtc
1560

tgggctcttc
1620

caacgaaaag
1680

ggctctgtac
1740

cgacagcatc
1800

ggatcttgtt
1860

aaaggagtag
1870

<210> 2

<211> 543
<212> PRT
<213>

ctcecgtggea

aacatccaca

ggcattgggt

atattgcaag

attgctggca

atggtacgtt

gttcgccaca

ctggggagct

catcaatgcc

gttcctctac

cgagattttc

cattggcaac

tggtctaatc

acactctaca

cccgaatcga

tgggcctggg

cagggctcaa

atgagggcga

agcttgaagt

ctggaaagct

agtggatcgg

tcagcgcaaa

tagccaacac

ctgatctgcg

gtcggccagg

tcaggcaaag

actgccattt

cctctgcagg

ggctggtgtg

ttctectaggt

tttttggcgc

atcaacgaac

aggctgagcg

caaaccacgg

Trichoderma reesei

53815

ggacggccte
agacaccgcc
acacactggc
tattgcggga
ggacagactc
ctcctcacct
tcttcaccat
gcatttgcat
caagccagag
tcggcgctac
ttagagccaa
taagtgcact
gctcctgcectt
cgtcaacgcc
tctagaggag
taattttgcc

agttgtagat

aaggcggaag

aagcagcaga

cggcgegtge

atcaccattt

tgggttagcg

caaagattcc

cgatcgcata

gttcgtcgcecce

ccacatcggce

ctggctgacg

gggaaatgcc

tttcattctc

cctacgatct

ctgtccatcc

atggacctcg

aagctcaagg

attgagcaag

cagagtacaa

gctacttctc

agctggtcat

acggccctga

ggatcaacaa

atcacactaa

ggtcgcegtt

ggtggccteg

ggcgctgcaa

gttccttggt

tggggtgtcg

ctctececegte

tcaaggcgct

tcgtegtgtyg

tctttgctag

ctgaaaaccc

ttgccgagcc
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<400> 2

Met Thr Val Leu Thr Ser Pro Leu Ala Ser Tyr Asn Val Ala Asn Lys
1 5 10 15

Leu Tyr Lys Thr Thr Leu Leu Asn Thr Val Cys Leu Val Ala Gly Leu
20 25 30

Ser Ile Phe Phe Phe Gly Tyr Asp Gln Gly Leu Met Gly Gly Val Asn
35 40 45

Thr Thr Arg Asp Tyr Ala Glu Arg Met Gly Phe Gly His Trp Asp Glu
50 55 60

Asp Gln Asn Ile Vval val vVal Asp Lys Pro Leu Leu Gln Gly Gly Ile
65 70 75 80

val Ala Val Tyr Tyr Leu Pro Gly Thr Leu Cys Gly Cys Leu Leu Gly
85 90 95

Gly Trp Leu Gly Asp Arg Tyr Gly Arg Ile Lys Thr Ile Ala Ile Ala
100 105 110

Cys Ala Trp Ser Val Cys Ala Ala Ala Leu Gln Ala Ser Ala Met Asn
115 120 125

Ala Asn Trp Met Phe Cys Ala Arg Val Leu Asn Gly val Gly Thr Gly
130 135 140

Ile Leu Asn Ala Ile Thr Pro Val Trp Ala Thr Glu Thr Ala Ala His
145 150 155 160

Thr Ser Arg Gly Gln Phe Val Ser Ile @lu Phe Thr Leu Asn Ile Leu
165 170 175

Gly val val val Ala Tyr Trp Leu Glu Phe Gly Thr Ser Lys Tyr His
180 185 190

Asp Asn Thr Ser Ser Phe Ile Trp Arg Phe Pro Val Ala Phe Gln Ile
195 200 205

Leu Pro Leu Ile Leu Leu Phe Leu Ile Ile Trp Ile Met Pro Glu Ser
210 215 220

Pro Arg Trp Leu Val Lys val Gly Arg Glu Glu Glu Ala Arg Phe Ile



225

Leu

Ala

Ala

Lys

Leu

305

Ile

Gly

Thr

Gly

Ile

385

Thr

Thr

Ala

Trp

Thr

Gly

Glu

Lys

Leu

290

Gln

Phe

Ile

Ile

Gln

370

Asn

Phe

val

Lys

cys

450

Leu

Arg

Tyr

Gln

275

His

Glu

Thr

Asn

Asp

355

Gly

Ala

Phe

Pro

Gly

435

val

Tyr

Leu

Asn

260

Gln

Thr

Trp

Ile

Asn

340

Arg

Ile

Ser

val

Trp

420

Asn

Leu

Ile

Arg

245

Asp

Ser

Gly

Ile

Ala

325

Ile

Ile

Cys

Gly

Phe

405

Leu

Ala

Leu

Phe

230

Gly

Ile

Tyr

Arg

Gly

310

Gly

Thr

Gly

Met

Lys

390

Leu

Tyr

Trp

Leu

Gly

Asn

val

Phe

Arg

295

Ile

Ile

Tyr

Arg

Phe

375

Ala

Tyr

Pro

Gly

Pro

455

Ala

Glu

Asn

Ser

280

vVal

Ala

Ser

Met

Arg

360

Val

Ser

Thr

Ala

val

440

Thr

val

53815

Gly

Ile

265

Met

Gln

Gly

Ala

Phe

345

Trp

Ala

Gln

Ala

Glu

425

Vval

Ile

Asn

Glu

250

His

Phe

Leu

Ile

Lys

330

Ala

Thr

Gly

Ser

Ile

410

Ile

Gly

Phe

Ala

235

Asp

Lys

Phe

val

Thr

315

Asp

Thr

Leu

Gly

His

395

Phe

Phe

Trp

Lys

Leu

Gly

Leu

Gly

Ile

300

Ile

Arg

Leu

Tyr

Leu

380

Ile

Gly

Pro

Ser

Ala

460

Ser

Leu

Glu

Ile

285

Trp

Tyr

Leu

Ile

Trp

365

Ala

Gly

Ala

Leu

Ile

445

Leu

Ile

Lys

val

270

Gly

Leu

Gly

Trp

Cys

350

Gly

Arg

Gly

Thr

Gln

430

Gly

Asn

Leu

Ala

255

Asp

Ser

Gln

Pro

Val

335

val

Ala

Ala

Ala

Trp

415

val

Asn

Glu

val

240

Glu

Thr

Gly

Ile

Glu

320

Ser

Phe

val

Thr

Ala

400

Leu

Arg

Gly

Lys

val
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53815

32/55
465 470 475 480
Trp Ala Leu Tyr Pro Glu Ser Asn Gln Arg Thr Leu Glu Glu Met Asp
485 490 495
Leu Val Phe Ala Ser Asp Ser Ile Trp Ala Trp Glu Ala Glu Arg Asn
500 505 510
Phe Ala Lys Leu Lys Ala Glu Asn Pro Asp Leu val Gln Gly Ser Thr
515 520 525
Asn His Gly Vval val Asp Ile Glu Gln val Ala Glu Pro Lys Glu
530 535 540
<210> 3
<211> 7115
<212> ADN
<213> Trinh tu nhdn tao
<220>
<223> Manh ADN dé& bién nap.
<400> 3
cttaaggacc ggtggtgatg gcttagagct ccaccgactc gtcccagttc ttgactcagg
60
cccacggaca tcattggtgce gcataataac cgacaaaagc cggagcgatc gacagacgtg
120
ccgatggcege gcgttgetgg gctgtcaacg ctcectgagg gctgtaacag agtgacgaca
180
agaacagtat tccgggcata ctagtatcag ccagctccag cttttcccca tggagaaccc
240
caaactggag gcttctcttg cgataccatc tcatcattgg acagcgaccg gatggctccg
300
acgaagcgtt taagcgtctc agctggcgaa tgggatcccce tcattctgaa cagggagccc
360
gttttaggat accatttcct tcggaaacga tgagcttttt gatgctgcct aatcccatgce
420
gggatgccga tcttcggatg tcccacgatg atatcatata gatatataaa ggaacccccg
480
tctggcatct caatcctggg gaggaatgac ggagagagca cattcaacag acagcacaag
540
atcttcgtte tcgggtgcaa ccgagcatca tcgccatgac cgtcctcacc tcacctctgg
600
ccagctataa tgtggccaac aagctgtaca aaaccactct gctcaacacc gtctgcctcg
660



tggccggact
720

cgacgcgcga
780

tcgtcgtcga
840

cgctgtgegyg
900

ttgccattgce
960

cgaactggat
1020

gatgatgaga
1080

tcacgecctgt
1140

ttgagttcac
1200

ctcctcactce
1260

tctaaatatc
1320

ctcccectaa
1380

gtcaaagtgg
1440

ggcgaggacg
1500

gaagtagaca
1560

aagctacaca
1620

atcggtattyg
1680

gcaaaggaca
1740

aacacctcct
1800

ctgcgtettc
1860

gtcgatcttce

ctatgccgag

taagccgcetg

ttgtctgett

ctgtgcgtag

gttttgcggt

tgaaacagcc

gtgggcaacc

cctcaacatt

aggatcccca

acgacaacac

tcecttetgtt

gtcgtgaaga

gcctcaaggce

ccgccaagcea

ctggccggcg

cgggaatcac

gactctgggt

cacctcaaag

accatcgatc

ttctteggcet

cgcatgggct

ctgcagggcg

ggcggttgge

agtgtctgcg

atgtcgatga

cgcgttetga

gagactgctg

cttggtgttg

gtcttgtgga

atcctccttce

cctcatcatce

agaggctcgc

ggaagcagag

gcagagctac

cgtgcagctg

catttacggc

tagcgggatc

attccatcac

gcataggtcg

53815

atgatcaggg
ttggccactg
gtatcgtagc
ttggtgatcg
cagccgcecect
ttcttggaca
acggcgtcgg
ctcacacttc
ttgtagccta
aagtctccct
atctggagat
tggatcatgc
ttcatccttg
tacaatgata
ttctccatgt
gtcatctggce
cctgagatct
aacaatatca
actaacacgg

ccgttggact

6

attgatgggc

ggacgaagac

tgtctactat

ctatggecegt

gcaggcctca

atcacaaccg

cactggaatc

tcgaggccag

ctggctggaa

aatgcggtgg

tccecggtegce

ctgaatcccc

gtcgtctccg

ttgtcaacat

tctttggcat

tccagatatt

ttacgattgc

catacatggt

gagcagttcg

ctgtactggg

ggtgttaaca

cagaacattg

ctcceccggaa

atcaaaacaa

gctatgaatg

aactattact

ttgaacgcaa

ttcgtttcca

ttgtacgtgc

cagtggtact

cttccagatc

ccgetggete

tggcaatgag

ccacaagctt

tgggtctgga

gcaagagtgg

tggcatcagc

acgtttagcc

ccacactgat

gagctgtcgg
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ccagggcatt
1920

caaagcaagc
1980

cattttcggce
2040

attttccctce
2100

ggcaacggct
2160

ctaatcttct
2220

tctacatttt
2280

aatcgaatca
2340

cctgggaggce
2400

gctcaacaaa
2460

gtcgacaaga
2520

atcattggat
2580

aggtcacaca
2640

aagacctaga
2700

cgctgatgta
2760

agatcaaaga
2820

accgatatta
2880

acgccaggac
2940

tcagctgaat
3000

ggagagcatc
3060

tgcatgttcg

cagagccaca

gctacctgge

tgcaggttag

ggtgtgtaag

ctaggtgctce

tggcgcegte

acgaactcta

tgagcgtaat

ccacggagtt

acttgacggt

aggcagatta

aacaagcgct

tgatgaacta

tactcaatca

gagctctgat

gaattggtca

cgagcaagcc

cctggcaata

ctgaatgcaa

tcgcecggtgg

tcggcggege

tgctacctgyg

agccaaggga

tgcacttttc

ctgcttecta

aacgccctgt

gaggagatgg

tttgccaagc

gtagatattg

ctctttatac

ctcagcctga

aagatgcact

caacatgagg

agcctgatgt

gggtccaata

agcaccttat

cagatgagaa

cgagatacct

gtaacaaccg

53815

cctegetege
tgcaacattc
ctgacggttc
aatgcctggg
attctectct
cgatcttcaa
ccatcctegt
acctecgtcett
tcaaggctga
agcaagttgc
ataatttttc
atgacatcaa
tggtatgaca
tgttgcctce
aaatgctgcg
tagccgggtt
catttcatag
ccgacgcaga
gctttgaata

tagaggctga

7

gcaaccatca

tttgtgttcc

cttggttgta

gtgtcgttgg

ccegtetggg

ggcgctcaac

cgtgtgggcet

tgctagcgac

aaacccggat

cgagccaaag

ctactagcgg

catgttaccc

agcccagtag

tgatccagtc

actcgattcg

ttgttaggac

agattgcggt

tttccttgge

ttttgaatag

cacggcaggt

atgcctcagg

tctacactgce

tccggecgag

ctggtccatt

ctcttectggt

gaaaagacac

ctgtaccccg

agcatctggg

cttgttcagg

gagtaggttc

ccgcctagtc

atgatacaat

tccgtttcaa

caactgcaaa

ctggatatga

agtccaccac

ttctagatct

acctgttgcet

ctcgeceget

gttgctaggg
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agcgtcgtgt
3120

aggctgctca
3180

gaagccacac
3240

cgtaatttaa
3300

ttctgecagct
3360

cagctaaacc
3420

agaatgaggg
3480

acactecgtcg
3540

aactggccgc
3600

agacgctgcc
3660

aggccgaact
3720

gagagttgac
3780

agttagtagg
3840

caagctgacg
3900

tctcgegcag
3960

actccatgge
4020

ctaagtcgtt
4080

aatgggctac
4140

gctccgcaaa
4200

ctgcgagaca
4260

tctacaaggce

gcgacgacag

cgtgactccc

actcgttagc

ttccttggcc

ctataattag

ggatgcgggy

agccaacatc

tgataagcgc

tgcggaagac

gaagatcaca

ctecggtggaa

gtcccctcta

ctggcttctyg

gcaagggaac

ctccccatcet

agatgtccct

atctcatggce

gccggtgcecg

gtcaacaaca

cagacgtctt

tcaagttcgce

atctttcagt

atggggctga

cgtaaaattc

tctcttatca

ctaaagaagc

ctgactataa

gcccgectcg

agcgttattg

gaggcctccg

gttacgctag

cctctcaggg

tgcagacaaa

tcgatgaata

ctctcaaaga

ttttgtcagce

taaacaagta

tcttctacgt

tcatcgggcg

53815

cgcggttgat
cctcgetget
aaagctctgt
tagcttaatt
ggcgaagcca
acaccatccg
ctacataacc
gctaacacag
caaaaaccat
atttcccaaa
ctgcagatct
cattctgtaa
agatgtaaca
ctgcgeccac
ctacgcaaag
ccagcttecga
taacatatgc
cgacgaaggyg
caagacctct

caccgtcaac

atatatgtat

tgtgcaataa

tggtgtttat

accgtttacc

gccaatcacc

ctcceccecggyg

ctcatgccaa

aatgcctcaa

ccctgatgaa

gaaatcgggc

tgtgtccaag

acgggcagca

acgccacctt

gagttcttcc

cacaagagac

gtcaaggtac

caccagggct

gactcggttc

gtcccgcaga

ccacgcaaca

gtttgactgc

tcgcagtggg

cagcaataca

agtgccgegyg

agctaggcac

atcaatgagg

ctcccagttt

tcctgggaag

tggaaagtcc

atcctttcag

ctggcggecg

atcgcccagce

atgggactat

ctgacgccgce

cegttggtec

accgttgccce

acgaaacatc

tgacaaccat

ccctgatggt

agaactggtc
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gtgcggceggce
4320

tgtaggaacg
4380

tctaaggccg
4440

ggagacggtg
4500

ctcttectte
4560

actatatacg
4620

tccgtecteg
4680

cagtccgagt
4740

tacaacttcg
4800

gtcgccgceac
4860

ttcggccacyg
4920

gatatcagtg
4980

atcaaagctyg
5040

atggagtacc
5100

atcatcgcgce
5160

tatgcctctg
5220

gataagaaca
5280

gtgcaggaag
5340

ggacggagac
5400

ggaaatgtgg
5460

agttctggtyg

gatatcggtyg

agtcatgggc

cacagcgttg

ttttcctgcet

agaccggcag

gtcaggagcc

cggacattat

acggcaatgt

tcgccaaagce

atctcatctc

catccggega

ttaacatgaa

ttgagaaatg

cgattacgcce

tgatcaacct

tcgataagaa

agtatgatcc

tcagtgaaga

tgactccata

gtgagggtgc

gctcgattcg

ggctgccgta

tcgggecgat

ctataccagg

tcactgatga

atggaaatac

tgcctccaag

ccttcecacac

cggtcacacc

ccatatctac

gccggegatt

cgagctctgg

gcgggaggcet

taccgctgcg

gctggatttc

gaatgagagt

ggaggcgtac

gaggacgttyg

gctaataagt

53815

gatcgttggg
agtgccggcc
tgcaaagatg
tacgcactct
cctccactgt
agtatgttag
gactccaagyg
atcaagaacg
cctecctatcece
gtgaccccgt
gcggctgacg
ccaaatatca
gacacgcatc
gaagaaaagg
gtacggcatg
acgagcgtgg
ttcaaggcgg
catggggcac
gcgattgcag

gtcagatagc

9

attcgtggtyg

gcgttcaact

gcgaacagca

gttgagggtyg

ccteetttet

acctccgect

tcatccccat

gcgggctcaa

tgcgcggegt

ggacgccata

gcagcgccga

aagacctact

tccagaagtg

ccgggaagga

accagttccg

ttgttceggt

ttagtgagct

cggttgcagt

aggaagtggy

aatttgcaca

gcgtcatcgg

tcctgtacgg

tggagggtca

agtccttcge

tgctttttat

cttcaccaaa

gcecctggegce

tatcggctac

ggaaaccacc

caagcacgat

cgtaatgcgc

gaacccgaac

gaattaccag

actggacgcc

gtactatggg

tacctttgcg

tgatgcccte

gcaggttatc

gaagttgctg

agaaatcaat
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accagcaact
5520

acctgcegta
5580

agggttgcgt
5640

tgtccgetygyg
5700

aatgaatcaa
5760

tcatacattt
5820

cggcagatgt
5880

tccaatctca
5940

ctgtgecctct
6000

cgggecttgt
6060

acagaatgtc
6120

caaacgacta
6180

ctcctaatac
6240

atagctacta
6300

tcgecttetgt
6360

tgagtgattt
6420

cctteceggta
6480

ccatcgttcc
6540

agtctttcct
6600

cggcgataga
6660

gtaaataagc

gaaccgaaga

ttccagtcta

agctgggcat

catatctcaa

caaatcccat

cattttgcag

tcactccatc

tgtcgcagaa

agcaaagctc

cccaccaggce

tctecggggtt

tggccatggt

caccttccga

cgctggactg

tggagaacat

gagctttgct

aagacacttt

gaaactcact

ccaggtctag

gctgaagtga

gatatgacac

gacgcgtctc

gtgtttaaac

gtacaagaga

cagtcatcag

atgcttcaga

cttgatcccce

gtgcatgacg

gcagattagg

aaatgcagcc

cccaagatct

ttcgtagggg

gtctgtatct

atttgctctc

tgctgatatg

tagcaccatt

atcggttagg

tgcectgtccce

actcgtatag

53815

ccatgccatg
gctteccatcect
gcatcaaact
.caacctcgat
tgcagcagct
gccccagcecec
aagtcgtcaa
tgccatccct
gcgggcgatce
gtggttgaac
acggggttac
ccectegtete
gctagccecctt
tcagtatctt
tcccaaagct
acgatgcgcg
agggcatggg
cctgcaaagc
atctttagac

atcggcaccg

10

ctacgaaaga

ctcaaaggaa

atttcggcac

tacctcacac

gagtacctgt

agtatcgatc

acttgacagyg

ccacaggcaa

ccaccgtctce

attctgtaca

agatgccacc

tcggtgacga

caattgtccc

catcgtceget

cgagttcctc

catagcgctg

ccagctttte

aatcatctag

acattgacgc

acagagaaag

gcagaaaaaa

gaatcccttc

gtggacacat

tggcggcagc

atatcatatc

ccaggcatct

ctcttctect

tttgatgtaa

aggatcatgt

ataatgaacc

gtcgcaactyg

cttcttgcca

aaccatcttg

ttcatcatca

ctccgtgaca

tatatcttgt

catattttgt

gacgctttgg

aagaacaatg

cggcctgtte
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tgagtgactc

agagaacatc

tgatagagta

cattctccaa

caccagagtt

cgacttcgcc

tgcaatagtt

gaaaatatcc

gagggcctct

agacatgaca

cggatacccg

atctcccttyg

gagccggteg

ctctecttatt

ccacgccatce

agcgtaaatt

Trinh tu nhén tao

Manh ADN d& bién nap.

cttaaggacc ggtggtgatg gcttagagct

atgatgtttt
6720
aaaatttcgt
6780
tcctegtccg
6840
gtcttgcgag
6900
cgcagcggag
6960
atcagaaagt
7020
tgtcecectggt
7080
ttcagecgtcc
7115

<210> 4
<211> 2514
<212> ADN
<213>
<220>
<223>
<400> 4
60
cccacggaca
120
ccgatggcgce
180
agaacagtat
240
caaactggag
300
acgaagcgtt
360
gttttaggat
420
gggatgccga
480

tcattggtgce

gcgttgetgg

tccgggecata

gcttctettyg

taagcgtctce

accatttcct

tcttcggatg

gcataataac

gctgtcaacg

ctagtatcag

cgataccatc

agctggcgaa

tcggaaacga

tcccacgatg

53815

tgcttaacct
tttaccagtc
cccgaggtge
gctctgaaat
agaaaccgaa
gcgagggagc
caggtcagtc

taaat

ccaccgactc
cgacaaaagc
ctccectgagg
ccagctccag
tcatcattgg
tgggatcccc
tgagcttttt

atatcatata

11

tgggatctcg

gctgcatcat

tggcgaatat

aagtaaccgc

tagcatcctg

gaagcttgtc

tgtcaatagg

gtcccagttc

cggagcgatc

gctgtaacag

cttttcceca

acagcgaccg

tcattctgaa

gatgctgcct

gatatataaa

cgagccccgg

ggtctgcggce

ctcatccagg

taactcaaga

ataggcatca

atgccgctca

actccagctc

ttgactcagg

gacagacgtg

agtgacgaca

tggagaaccc

gatggctccg

cagggagccc

aatcccatge

ggaacccccg
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tctggcatct
540

atcttegttc
600

ccagctataa
660

tggccggact
720

cgacgcgega
780

tcgtecgtega
840

cgctgtgcgg
900

ttgccattgce
960

cgaactggat
1020

gatgatgaga
1080

tcacgecctgt
1140

ttgagttcac
1200

ctcctcacte
1260

tctaaatatc
1320

ctcccectaa
1380

gtcaaagtgg
1440

ggcgaggacyg
1500

gaagtagaca
1560

aagctacaca
1620

atcggtattyg
1680

caatcctggg

tcgggtgcaa

tgtggccaac

gtcgatcttc

ctatgccgag

taagccgetg

ttgtctgett

ctgtgcgtgg

gttttgcggt

tgaaacagcc

gtgggcaacc

cctcaacatt

aggatcccca

acgacaacac

tccttetgtt

gtcgtgaaga

gcctcaaggce

ccgccaagca

ctggccggceg

cgggaatcac

gaggaatgac

ccgagcatca

aagctgtaca

ttcttcgget

cgcatgggct

ctgcagggcg

ggcggttgge

agtgtctgcg

atgtcgatga

cgcgttetga

gagactgctg

cttggtgttg

gtcttgtgga

atcctccttce

cctcatcatc

agaggctcgc

ggaagcagag

gcagagctac

cgtgcagctg

catttacggc

53815

ggagagagca
tcgccatgac
aaaccactct
atgatcaggg
ttggccactyg
gtatcgtagc
ttggtgatcg
cagccgecect
ttcttggaca
acggcgtcgg
ctcacacttc
ttgtagccta
aagtctccct
atctggagat
tggatcatgc
ttcatccttyg
tacaatgata
ttctccatgt
gtcatctggce

cctgagatct

12

cattcaacag

cgtcctcacc

gctcaacacc

attgatgggc

ggacgaagac

tgtctactat

ctatggecegt

gcaggcctca

atcacaaccg

cactggaatc

tcgaggccag

ctggctggaa

aatgcggtgg

tcceggtcege

ctgaatcccc

gtcgtctccg

ttgtcaacat

tctttggeat

tccagatatt

ttacgattgc

acagcacaag

tcacctctgg

gtctgecctcg

ggtgttaaca

cagaacattg

ctcceccggaa

atcaaaacaa

gctatgaatyg

aactattact

ttgaacgcaa

ttcgtttcca

ttgtacgtgc

cagtggtact

cttccagatc

ccgetggete

tggcaatgag

ccacaagctt

tgggtctgga

gcaagagtgg

tggcatcagc
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gactctgggt

cacctcaaag

accatcgatc

tgcatgttcg

cagagccaca

gctacctggce

tgcaggttag

ggtgtgtaag

ctaggtgctc

tggcgcegtce

acgaactcta

tgagcgtaat

ccacggagtt

acttgacggt

tagcgggatc

attccatcac

gcataggtcg

thCngtgg

tcggcggcgce

tgctacctgg

agccaaggga

tgcacttttc

ctgcttccta

aacgcecctgt

gaggagatgg

tttgccaagce

gtagatattg

ctctttatac

Trinh ty nhdn tao

0Oligo ADN cho PCR.

53815

aacaatatca
actaacacgg
ccgttggact
cctcegetege
tgcaacattc
ctgacggttc
aatgcctggg
attctcctct
cgatcttcaa
ccatcctegt
acctcgtctt
tcaaggctga
agcaagttgc

ataatttttc

atacgcgtct cgcatcaaac tatttcggca cg

gcaaaggaca
1740
aacacctcct
1800
ctgcgtcecttce
1860
ccagggcatt
1920
caaagcaagc
1980
cattttcggc
2040
attttccctce
2100
ggcaacggct
2160
ctaatcttct
2220
tctacatttt
2280
aatcgaatca
2340
cctgggaggc
2400
gctcaacaaa
2460
gtcgacaaga
2514

<210> 5
<211> 32
<212> ADN
<213>
<220>
<223>
<400> 5
32

<210> 6
<211> 39
<212> ADN
<213>

Trinh tu nhén tao

13

catacatggt

gagcagttcg

ctgtactggg

gcaaccatca

tttgtgttcc

cttggttgta

gtgtcgttgg

cccgtetggyg

ggcgctcaac

cgtgtggget

tgctagcgac

aaacccggat

cgagccaaag

ctactagcgg

acgtttagcc

ccacactgat

gagctgtcgg

atgcctcagg

tctacactgc

tccggccgag

ctggtccatt

ctcttetggt

gaaaagacac

ctgtaccccg

agcatctggg

cttgttcagg

gagtaggttc

ccge
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Oligo ADN cho PCR.

53815

atgcatattt aaatttacgc tggatatttt cggacgctg

<220>
<223>
<400> 6
39

<210> 7
<211> 3127
<212> ADN
<213>
<220>
<223>
<400> 7
agtgtctcaa
60
cgccgctata
120
atgatagaat
180
tcgaaaaaga
240
tcggaagagc
300
gtactctgcc
360
agtagtgatt
420
gggcctgtgg
480
gctccaccga
540
aaccgacaaa
600
acgctccctg
660
cagccagctc
720
atctcatcat
780
gaatgggatc
840

tattgaagga

cagaagagac

aaagcagggyg

acgcccegtt

ttactcacca

cacttcgtat

ctgaaaacct

attctcagcg

ctcgtcecag

agccggagcg

agggctgtaa

cagcttttcc

tggacagcga

ccctcattet

Trinh ty nhdn tao

Manh ADN d& bién nap.

accttgatcg

gcggatacag

caagaagcac

gactgcgagc

ggatcgaacc

gacacgagca

ggggatcgtg

gagatcagct

ttcttgactc

atcgacagac

cagagtgacg

ccatggagaa

ccggatgget

gaacagggag

gctacgactt

taaatacata

aataatacta

ttgactgcaa

gggcgaatca

gacaaggctg

atgatgattg

tcgacaagtyg

aggcccacgg

gtgccgatgg

acaagaacag

ccccaaactg

ccgacgaagc

cccgttttag

14

gggatggaaa

gtgcgccaat

ttgttcgatc

gcttggetge

tacgctgtcc

ctcctcatac

gtgcgcatgg

accggtggtg

acatcattgg

cgcgegttge

tattccgggc

gaggcttctce

gtttaagcgt

gataccattt

agacatggtc

ataggtgcgt

taaaatggtg

agcatgtgac

ttctettggt

tactaatagc

ctgcecgtatt

atggcttaga

tgcgcataat

tgggctgtca

atactagtat

ttgcgatacc

ctcagctggce

ccttcggaaa
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cgatgagctt
900

atgatatcat
960

gacggagaga
1020

tcatcgccat
1080

acaaaaccac
1140

gctatgatca
1200

gctttggcca
1260

gcggtatcgt
1320

ggcttggtga
1380

gcgcagcecgc
1440

tgattcttgg
1500

tgaacggcgt
1560

ctgctcacac
1620

ttgttgtagc
1680

ggaaagtctc
1740

ttcatctgga
1800

atctggatca
1860

cgcttcatcce
1920

gagtacaatg
1980

tacttctcca
2040

tttgatgctg

atagatatat

gcacattcaa

gaccgtecctc

tctgctcaac

gggattgatg

ctgggacgaa

agctgtctac

tcgectatggce

cctgcaggcc

acaatcacaa

cggcactgga

ttctcgaggc

ctactggctg

cctaatgcgg

gattcccggt

tgcctgaatce

ttggtcgtct

atattgtcaa

tgttctttgg

cctaatccca

aaaggaaccc

cagacagcac

acctcacctc

accgtctgcec

ggcggtgtta

gaccagaaca

tatctccccg

cgtatcaaaa

tcagctatga

ccgaactatt

atcttgaacg

cagttcgttt

gaattgtacg

tggcagtggt

cgecttccag

ccceegetgg

ccgtggcaat

catccacaag

cattgggtct

53815

tgcgggatgce
ccgtctggea
aagatcttcg
tggccagcta
tcgtggcegg
acacgacgcg
ttgtcgtegt
gaacgctgtg
caattgccat
atgcgaactyg
actgatgatg
caatcacgcc
ccattgagtt
tgcctectcea
acttctaaat
atcctccceccce
ctcgtcaaag
gagggcgagg
cttgaagtag

ggaaagctac

15

cgatcttcgg

tctcaatcct

ttctcgggtg

taatgtggcc

actgtcgatc

cgactatgcc

cgataagccg

cggttgtctg

tgecctgtgcg

gatgttttgc

agatgaaaca

tgtgtgggca

caccctcaac

ctcaggatcc

atcacgacaa

taatccttct

tgggtcgtga

acggcctcaa

acaccgccaa

acactggccg

atgtcccacg

ggggaggaat

caaccgagca

aacaagctgt

ttcttcttcg

gagcgcatgg

ctgctgcagg

cttggcggtt

tggagtgtct

ggtatgtcga

gccegegtte

accgagactg

attcttggtyg

ccagtecttgt

cacatcctcc

gttcctcatc

agaagaggct

ggcggaagca

gcagcagagc

gcgcgtgcag
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ctggtcatct
2100

ggccctgaga
2160

atcaacaata
2220

cacactaaca
2280

tcgcegttgg
2340

tggccteget
2400

cgctgcaaca
2460

tccttggttg
2520

gggtgtcgtt
2580

ctccegtcetyg
2640

aaggcgctca
2700

gtcgtgtggg
2760

tttgctagcg
2820

gaaaacccgyg
2880

gccgagcecaa
2940

tcctactact
3000

tgtgtttaaa
3060

agtacaagag
3120

tcagtca
3127

<210> 8
<211> 859

ggctccagat

tctttacgat

tcacatacat

cgggagcagt

actctgtact

cgcgcaacca

ttctttgtgt

tatccggecg

ggctggtcca

ggctcttetg

acgaaaagac

ctctgtaccc

acagcatctg

atcttgttca

aggagtaggt

cgcatcaaac

ccaacctcga

atgcagcagc

attgcaagag

tgctggcatc

ggtacgttta

tcgccacact

ggggagctgt

tcaatgcctc

tcctcectacac

agattttccc

ttggcaacgg

gtctaatctt

actctacatt

cgaatcgaat

ggcctgggag

gggctcaaca

tcgtcgacaa

tatttcggca

ttacctcaca

tgagtacctg

53815

tggatcggta
agcgcaaagyg
gccaacacct
gatctgcgtc
cggccagggce
aggcaaagca
tgccattttc
tctgecaggtt
ctggtgtgta
ctctaggtgc
tttggcgccg
caacgaactc
gctgagcgta
aaccacggag
gaacttgacg
cgtggacaca
ctggcggcag

tatatcatat

16

ttgcgggaat

acagactctg

cctcacctca

ttcaccatcg

atttgcatgt

agccagagcc

ggcgctacct

agagccaagg

agtgcacttt

tcectgettcee

tcaacgccct

tagaggagat

attttgccaa

ttgtagatat

gtctctttat

ttgtccgctyg

caatgaatca

ctcatacatt

caccatttac

ggttagcggyg

aagattccat

atcgcatagg

tcgtcgeccgg

acatcggcgg

ggctgacggt

gaaatgcctg

tcattctcect

tacgatcttc

gtccatcctc

ggacctcgtce

gctcaaggct

tgagcaagtt

acataatttt

gagctgggca

acatatctca

tcaaatccca
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53815 s

<212> PRT
<213> Trichoderma reesei

<400> 8
Met Pro His Arg Glu Arg Gly Lys Gln Arg Glu Gly Gly Asp Ser Tyr

1 5 10 15

Arg Pro Ser Arg Pro Ala Arg Ser Arg Ser Arg Ser Arg Ser Pro Pro
20 25 30

Arg Ala Pro Val Pro Val Arg Thr Glu Glu Glu Lys Gln Ala Ala Ala
35 40 45

Lys Ala Glu Tyr Glu Lys Leu Leu Asn Met Arg Ser Gly Gly Thr Tyr
50 55 60

Ile Pro Pro Ala Arg Leu Arg Ala Leu Gln Ala Gln Ile Thr Asp Lys
65 70 75 80

Ser Ser Lys Glu Tyr Gln Arg Met Ala Trp Glu Ala Leu Lys Lys Ser
85 90 95

Ile Asn Gly Leu Ile Asn Lys Val Asn Thr Ala Asn Ile Lys His Ile
100 105 110

val Pro Glu Leu Phe Gly Glu Asn Leu Val Arg Gly Arg Gly Leu Phe
115 120 125

Cys Arg Ser Ile Met Lys Ala Gln Ala Ala Ser Leu Pro Phe Thr Pro
130 135 140

Ile Tyr Ala Ala Met Ala Ala Tle Val Asn Thr Lys Leu Pro Gln Val
145 150 155 160

Gly Glu Leu Leu Val Lys Arg Leu Ile Met Gln Phe Arg Lys Gly Phe
165 170 175

Lys Arg Asn Asp Lys Ala Val Cys Leu Ser Ser Thr Thr Phe Leu Ala
180 185 190

His Leu Ile Asn Gln Gln Vval Gln His Glu Met Leu Ala Gly Gln Ile
195 200 205

Leu Leu Leu Leu Leu His Lys Pro Thr Asp Asp Ser Val Glu Ile Ala
210 215 220

17



val

225

Ala

Ser

Ile

Asp

Gly

305

Glu

Leu

Asp

Ile

Tyr

385

Leu

Met

Gly

Leu

Gly

Ile

Asp

Arg

Leu

290

Glu

Trp

Gly

Glu

Lys

370

Leu

Met

Ile

Leu

Phe
450

Phe

Ser

Ile

Lys

275

val

Ile

Glu

Glu

Ser

355

Asp

Thr

Lys

Val

Ile

435

Glu

Cys

Met

Asp

260

Asp

Glu

Asp

Glu

Ala

340

Ser

Gln

Ile

Ile

Glu

420

Gly

Gln

Lys

Ala

245

Lys

Lys

Glu

val

His

325

Ser

Glu

Ser

Met

Asn

405

Cys

Glu

Ala

Glu

230

val

Arg

Phe

Glu

Gln

310

Glu

Asp

Asp

Asn

Ser

390

Leu

Cys

Arg

Phe

Val

Phe

Thr

Lys

Asp

295

Asp

Glu

Asp

Glu

Ala

375

Ser

Pro

Ser

Phe

val
455

Gly

Asp

Gln

Asp

280

Gln

Gly

Ala

Glu

Glu

360

Asp

Ala

val

Gln

Ala

440

Lys

53815

Gln

Gln

Tyr

265

His

Ile

Leu

Tyr

Glu

345

Asn

Leu

Asp

Gly

Glu

425

Lys

Tyr

Tyxr

Phe

250

Met

Pro

Thr

Asn

Lys

330

Gly

Glu

val

Pro

Gln

410

Lys

Ile

Tyr

18

Leu

235

Arg

Ile

Ala

His

Ile

315

Arg

Asp

Glu

Asn

Glu

395

Glu

Thr

Asn

Glu

Glu

Asn

Glu

Ile

Lys

300

Phe

Leu

Glu

Thr

Leu

380

Glu

Pro

Tyr

Arg

Thr
460

Glu

Ile

val

Lys

285

val

Lys

Lys

Asp

Lys

365

Arg

Ala

Glu

Thr

Leu

445

Ile

Met

Leu

Leu

270

Glu

Glu

Tyxr

Ala

Glu

350

Ala

Arg

val

Leu

Lys

430

Trp

His

Gln

His

255

Phe

Glu

Leu

Asp

Glu

335

Asp

Met

Thr

His

Pro

415

Phe

Cys

Arg

Pro

240

Glu

Gln

Leu

Asp

Pro

320

Ile

Glu

Glu

Ile

Lys

400

Ser

Phe

Asp

Tyr
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Glu

465

Ala

Glu

Gln

Thr

Asn

545

Met

Lys

Ser

Ser

Arg

625

Tyr

Ser

Ser

Tyr

Asn

Ser

Glu

His

Asp

530

Pro

Gly

Pro

val

Arg

610

Ser

Ser

Asp

Pro

Ser
690

Asn

Asp

Glu

Ile

515

Glu

Arg

val

Ala

Ser

595

Ser

Leu

Asp

Ser

Pro

675

Ser

Lys

Ala

Thr

500

Ser

Thr

Asn

Leu

Leu

580

Ser

Arg

Ser

Asp

val

660

Arg

Gly

Leu

Leu

485

Thr

Glu

Leu

Ile

Thr

565

Pro

TyrY

Ser

Arg

Ser

645

Ser

Arg

Ser

Arg

470

Gly

Ser

Glu

Arg

Arg

550

Glu

Ala

Ser

Arg

Thr

630

Arg

Thr

Gly

Ser

Asn

Trp

Ser

Ile

Pro

535

Phe

Glu

Pro

Ser

Ser

615

Pro

Ser

Arg

Gly

Arg
695

Ile

His

Ser

Gly

520

Ser

Ser

Met

Ala

Tyr

600

val

Pro

Pro

Gly

Arg

680

Ser

53815

Ala

Cys

Arg

505

Leu

Leu

Ile

Arg

Ala

585

Thr

Gly

Arg

Ser

Arg

665

Arg

Pro

Met

Leu

490

Ile

Ala

Glu

Asn

Glu

570

Gln

His

Arg

Arg

Arg

650

Arg

val

Pro

19

Leu

475

Ser

Phe

Lys

Gly

Tyr

555

His

Asp

Ser

Arg

Gly

635

Ser

Arg

Ala

Pro

Phe

val

Ile

Leu

Leu

540

Phe

Leu

Arg

Ser

sSer

620

Ala

Arg

Ala

Ser

Arg
700

Gly

Ile

Lys

Arg

525

Phe

Thr

Met

Ser

Tyr

605

Gly

Arg

Ser

Ser

Arg

685

Asn

His

His

Ile

510

Ala

Pro

Asn

Asp

590

Ser

Gly

Ser

Arg

Tyr

670

Ser

Arg

Met

Leu

495

Leu

Arg

Arg

Ile

Met

575

Thr

Ser

Arg

Arg

Ser

655

Ser

Arg

Gly

Phe

480

Asn

Phe

Met

Glu

Gly

560

Pro

Asp

Arg

Gly

Ser

640

Arg

Ala

Ser

Arg

46/55



Ala

705

Pro

Gly

Ser

Ser

Pro

785

Ser

Asp

Leu

Pro

Arg

Arg

Arg

Ser

Arg

770

Ser

Tyr

Gly

Pro

Pro
850

<210> 9
<211> 2

<212>
<213>

<400> 9

atgccgcacc gcgagcgcgg caagcagcga

60

ccagcgegtt cacgctcgcg ctcgegatcg

120

gaggaggaga agcaggcggc ggcaaaggcece

180

ggcggcacgt acatcccgec ggcgaggctg

240

Ser

Arg

Pro

Ser

755

Ser

Arg

Thr

Ser

Val

835

Pro

580

ADN
Trichoderma reesei

Asn

Gly

Arg

740

val

Pro

Ser

Pro

Pro

820

Lys

Leu

Ser

Arg

725

Gln

Gly

Ser

Arg

Ser

805

Gly

Arg

Lys

Tyr

710

Asp

Ser

Ser

Arg

Ser

790

Arg

Arg

Arg

Arg

Ser

Ala

Pro

Gly

Asp

775

Pro

Ser

Leu

Arg

Gly
855

Ser

Asp

Pro

Gly

760

Tyr

Pro

Arg

Arg

Tyr

840

Arg

53815

Tyr Ser Arg

715

Ala
730

Ser Ser

Gly Pro

745

Gly

Pro Arg Lys

Ser Ser Arg

Ala
795

Pro Ala

Pro Pro

810

Ser

Gly
825

Gly Arg

Asp Ser Glu

Arg Asp Asn

gaaggcggcyg

ccgectcegeg

gagtacgaga

agggcgctgc

20

Ser Pro Ser

Pro Pro Pro

Ala Gly Arg

750

Pro
765

Lys Arg

Ser Pro Ser

780

Arg Gly Arg

Pro Arg Arg

Ser
830

Ser Pro

val
845

Ser Ser

actcgtaccg

cgccggtgece

agctgctcaa

aggcgcagat

Ser
720

Ser

Arg
735

Arg
Arg Asn
Arg ASsp
Ser

Arg

Gly
800

Arg

Val
815

Arg

Pro Pro

Arg Ser

ccectegagg

cgtgcggacg

catgcggtcg

cacggacaag
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agcagcaagyg
300

atcaacaagg
360

ctggtgcgeg
420

cccttecacgce
480

ggcgagctge
540

aaggccgtct
600

cacgagatgc
660"

gtcgagattyg
720

gccatttcca
780

aagcgaacgc
840

cacccggcca
900

gtggagcttg
960

gagtgggagyg
1020

agcgatgacg
1080

aacgaagaga
1140

cggaggacca
1200

ctgatgaaga
1260

tgttgctcgce
1320

aagatcaatc
1380

atccaccgat
1440

agtaccagcg

tcaacacggc

gccgeggect

ccatctacgc

tggtcaagcg

gtctgtcgtc

tggccggeca

ccgtgggcett

tggccgtcett

agtacatgat

tcaaggagga

atggcgagat

agcatgagga

aggagggcga

caaaggccat

tctacctcac

tcaacctgcc

aggagaagac

ggctgtggtg

acgaaaacaa

gatggcgtgg

caacatcaag

cttectgccgce

cgeccatggcec

cctcatcatg

gaccaccttce

gatcctgetg

ctgcaaggag

cgaccagttc

tgaggtgctc

gctggacttyg

tgatgtgcag

ggcatacaag

cgaggacgag

ggagatcaag

catcatgtcg

cgtcggecag

gtacaccaag

cgacctcttt

caagctgcgg

53815

gaggcgctca
cacattgtgc
tccatcatga
gccattgtca
cagttccgca
ctcgcccacc
ctgctgetge
gttggccagt
cgcaacatcc
ttccagatca
gtggaggagg
gacggactca
aggctcaagg
gacgaggacyg
gaccagtcta
agcgccgacc
gaacccgagce
ttctttggct
gagcaggcct

aacattgcca

21

agaagagcat

ccgagctgtt

aggcccaggce

acaccaagct

agggcttcaa

tcatcaacca

acaagccgac

acctcgagga

tccacgagtc

ggaaggacaa

aggaccagat

acatcttcaa

cggagattct

agagctccga

acgccgactt

cagaggaagc

tgcecctegat

tgatcggcga

ttgtcaagta

tgctgtttgg

caacggcctg

tggcgagaac

cgccagtttg

gccgcaggte

gcgcaacgac

gcaggtgcag

cgacgacagc

gatgcagcct

cgacattgac

gttcaaggat

cacgcacaag

gtacgacccg

gggcgaagcc

agatgaagaa

ggtcaaccta

agttcacaag

gattgtcgag

gcgtttcgcece

ctacgagacg

ccacatgttt
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gcttccgacyg
1500

acgtcgagca
1560

ctggctaagc
1620

ttccccagag
1680

atgggtgtac
1740

cccgececectg
1800

actcactcat
1860

ggcggtcgag
1920

tactctgacg
1980

tctactcgtg
2040

cgggttgcca
2100

aaccgcggtce
2160

ccacgacgcg
2220

cagagcccac
2280

ccccgcaaga
2340

ccgteteggt
2400

tcttatacgc
2460

ggtcgtctga
2520

gatagcgaga
2580

<210> 10
<211> 5789

ctctgggctg

gccgecatcectt

tccgggcacyg

agaaccctcg

tgaccgagga

ctgctcagga

catactcttc

gccgatecgcet

actcacggtc

ggcgaaggcyg

gcagaagccyg

gcgcacgaag

gcagagacgc

caggcggtcec

agccccgacg

cgcegtegag

cgtcacgcag

ggggtgggag

gtgtttcteg

gcactgcctt

catcaagatt

catgactgac

caacatccga

gatgcgagag

ccgcecteggat

ccgectcgegce

ttcccgaact

accgtcgcgg

agcgtcgtac

aagctactcg

caactcgtat

agactcggcc

cgcaggtcga

ggacagccga

atctcgatcg

ccgcagccceg

gtcgcctagt

gtcgecegect

53815

tccgteattce
ctgttccagce
gagacgctgc
ttctccatca
cacctcatga
acggactccg
tcacggtccc
ccgectecgac
tcaagatcac
tcggccagtce
tcgggctect
agttcctaca
agcccgectce
aggaacagct
tcgcegtcetc
cctccgecgyg
cctccgegea
cctecctttge

cctttgaagce

22

acctcaacga

acatttccga

ggcccagect

actacttcac

acatgcccaa

tctcgagcecta

gatctgtggg

gtggcgcaag

gatcccgcectce

ctcceceggeg

cacggtctecc

gcegetetee

cgcgaagggg

cgtctgtcgg

gcgactatte

ctgcgcgtygyg

gggtgaggga

cggtgaagag

gcgggagaag

ggaggagacc

ggaaatcggc

cgaaggcectc

cagcatcggc

gcctgegetg

ttcgtcttac

tcgtcggagce

gagccgatce

cgattccgtc

tggtggcegt

gccaccacgg

atcttcttca

tcgaccgegce

cagcggagygyg

gtcceggtcece

ccgaaggggc

tggctcgccg

gaggcggtat

ggataactaa
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<212> ADN
<213>
<220>
<223>
<400> 10
cttaagggtyg
60
atctaaaatg
120
tgcagcatgt
180
tccttetett
240
tactactaat
300
tggctgcegt
360
gtgatggctt
420
tggtgcgcat
480
tgctgggctg
540
ggcatactag
600
ctcttgecgat
660
cgtctcagcet
720
tttecttcgg
780
cggatgtccc
840
cctggggagy
900
gtgcaaccga
960
gccaacaagc
1020
atcttcttct
1080

cgtatgatag

gtgtcgaaaa

gactcggaag

ggtgtactct

agcagtagtg

attgggcctg

agagctccac

aataaccgac

tcaacgctcc

tatcagccag

accatctcat

ggcgaatggg

aaacgatgag

acgatgatat

aatgacggag

gcatcatcgc

tgtacaaaac

tcggctatga

Trinh tu nhdn tao

Manh ADN d& bién nap.

aataaagcag

agaacgcccc

agcttactca

gcccactteg

attctgaaaa

tggattctca

cgactcgtcc

aaaagccgga

ctgagggctg

ctccagcttt

cattggacag

atcccctecat

ctttttgatg

catatagata

agagcacatt

catgaccgtc

cactctgctc

tcagggattg

53815

gggcaagaag
gttgactgcg
ccaggatcga
tatgacacga
cctggggatc
gcggagatca
cagttcttga
gcgatcgaca
taacagagtyg
tcceccatgga
cgaccggatg
tctgaacagg
ctgcctaatc
tataaaggaa
caacagacag
ctcacctcac

aacaccgtct

atgggcggtyg

23

cacaataata

agcttgactg

accgggcgaa

gcagacaagg

gtgatgatga

gcttcgacaa

ctcaggccca

gacgtgccga

acgacaagaa

gaaccccaaa

gctccgacga

gagcccgttt

ccatgcggga

ccceegtetg

cacaagatct

ctctggccag

gcctegtgge

ttaacacgac

ctattgttcg

caagcttggce

tcatacgctg

ctgctcctea

ttggtgcgca

gtgaccggtg

cggacatcat

tggcgegegt

cagtattccg

ctggaggctt

agcgtttaag

taggatacca

tgccgatctt

gcatctcaat

tegttctcgg

ctataatgtg

cggactgtcg

gcgcgactat
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gccgagcgea
1140

ccgetgetge
1200

ctgcttggcg
1260

gcgtggagty
1320

tgcggtatgt
1380

aggcagatta
1440

aacaagcgct
1500

tgatgaacta
1560

tactcaatca
1620

gagctctgat
1680

gaattggtca
1740

cgagcaagcc
1800

cctggcaata
1860

ctgaatgcaa
1920

tctacaaggc
1980

gcgacgacag
2040

cgtgactccc
2100

actcgttagce
2160

ttcecttggcece
2220

ctataattag
2280

tgggctttgg

agggcggtat

gttggcttgg

tctgcgcagce

cgatgattct

ctcagcctga

aagatgcact

caacatgagg

agcctgatgt

gggtccaata

agcaccttat

cagatgagaa

cgagatacct

gtaacaaccg

cagacgtctt

tcaagttcgc

atctttcagt

atggggctga

cgtaaaattc

tctcttatca

ccactgggac

cgtagctgtc

tgatcgctat

cgcectgeag

tggacaatca

atgacatcaa

tggtatgaca

tgttgcctcc

aaatgctgcg

tagccgggtt

catttcatag

ccgacgcaga

gctttgaata

tagaggctga

cgcggttgat

cctegetget

aaagctectgt

tagcttaatt

ggcgaagcca

acaccatccg

53815

gaagaccaga
tactatctcc
ggccgtatca
gcctcagcta
caaccggcgg
catgttaccc
agcccagtag
tgatccagtc
actcgattcg
ttgttaggac
agattgcggt
tttcecttggce
ttttgaatag
cacggcaggt
atatatgtat
tgtgcaataa
tggtgtttat
accgtttacc
gccaatcacc

ctcccececggg

24

acattgtcgt

ccggaacgct

aaacaattgc

tgaatgcgaa

ccgectagtce

atgatacaat

tccgtttcaa

caactgcaaa

ctggatatga

agtccaccac

ttctagatct

acctgttgct

ctecgceeget

gttgctaggg

gtttgactgc

tcgcagtggg

cagcaataca

agtgccgegg

agctaggcac

atcaatgagg

cgtcgataag

gtgcggttgt

cattgcctgt

ctggatgttt

atcattggat

aggtcacaca

aagacctaga

cgctgatgta

agatcaaaga

accgatatta

acgccaggac

tcagctgaat

ggagagcatc

agcgtegtgt

aggctgctca

gaagccacac

cgtaatttaa

ttctgcaget

cagctaaacc

agaatgaggg
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ggatgcgggyg
2340

agccaacatc
2400

tgataagcgc
2460

tgcggaagac
2520

gaagatcaca
2580

ctcggtggaa
2640

gtccecctcta
2700

ctggcttctg
2760

gcaagggaac
2820

ctccccatcet
2880

agatgtccct
2940

atctcatggc
3000

gccggtgecg
3060

gtcaacaaca
3120

agttctggtg
3180

gatatcggtg
3240

agtcatgggc
3300

cacagcgttg
3360

ttttcctget
3420

agaccggcag
3480

ctaaagaagc

ctgactataa

gcccegecteg

agcgttattg

gaggcctccg

gttacgctag

cctctcaggg

tgcagacaaa

tcgatgaata

ctctcaaaga

ttttgtcagce

taaacaagta

tcttctacgt

tcatcgggcg

gtgagggtgc

gctcgattcg

ggctgececgta

tcgggccgat

ctataccagg

tcactgatga

ctacataacc

gctaacacag

caaaaaccat

atttcccaaa

ctgcagatct

cattctgtaa

agatgtaaca

ctgcgeccac

ctacgcaaag

ccagcttcga

taacatatgc

cgacgaaggyg

caagacctct

caccgtcaac

gatcgttggg

agtgccggcec

tgcaaagatg

tacgcactct

cctccactgt

agtatgttag

53815

ctcatgccaa
aatgcctcaa
ccctgatgaa
gaaatcgggc
tgtgtccaag
acgggcagca
acgccacctt
gagttcttcc
cacaagagac
gtcaaggtac
caccagggct
gactcggttce
gtcccgcaga
ccacgcaaca
attcgtggtg
gcgttcaact
gcgaacagca
gttgagggtg
cctecctttet

acctccgect

25

ctcccagttt

tcctgggaag

tggaaagtcc

atcctttcag

ctggcggccg

atcgcccagce

atgggactat

ctgacgccgc

ccgttggtcece

accgttgccc

acgaaacatc

tgacaaccat

ccctgatggt

agaactggtc

gcgtcatcgg

tcctgtacgg

tggagggtca

agtccttcgce

tgctttttat

cttcaccaaa

acactcgtcg

aactggccgce

agacgctgcce

aggccgaact

gagagttgac

agttagtagg

caagctgacg

tetecgegeag

actccatggc

ctaagtcgtt

aatgggctac

gctccgcaaa

ctgcgagaca

gtgcggegge

tgtaggaacg

tctaaggccg

ggagacggtg

ctcttecctte

actatatacg

tccgtccteg
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gtcaggagcc
3540

cggacattat
3600

acggcaatgt
3660

tcgccaaagce
3720

atctcatctc
3780

catccggcga
3840

ttaacatgaa
3900

ttgagaaatg
3960

cgattacgcc
4020

tgatcaacct
4080

tcgataagaa
4140

agtatgatcc
4200

tcagtgaaga
4260

tgactccata
4320

gtaaataagc
4380

gaaccgaaga
4440

ttccagtcta
4500

ccggtegect
4560

gaatcccccce
4620

cgtctcegtyg
4680

atggaaatac

tgcctccaag

ccttccacac

cggtcacacc

ccatatctac

gccggegatt

cgagctctgg

gcgggaggcet

taccgctgeg

gctggatttc

gaatgagagt

ggaggcgtac

gaggacgttg

gctaataagt

gctgaagtga

gatatgacac

gacgcgtttc

tccagatcct

gctggctcgt

gcaatgaggg

gactccaagyg

atcaagaacg

cctcecctatcecce

gtgacccegt

gcggctgacyg

ccaaatatca

gacacgcatc

gaagaaaagyg

gtacggcatg

acgagcgtgg

ttcaaggcgg

catggggcac

gcgattgcag

gtcagatagc

ccatgccatg

gcttccatct

taaatatcac

cccectaatce

caaagtgggt

cgaggacggc

53815

tcatccccat
gcgggctcaa
tgcgecggegt
ggacgccata
gcagcgccga
aagacctact
tccagaagtg
ccgggaagga
accagttccg
ttgttccggt
ttagtgagct
cggttgcagt
aggaagtggg
aatttgcaca
ctacgaaaga
ctcaaaggaa
gacaacacat
cttctgttcc
cgtgaagaag

ctcaaggcgg

26

gccctggege

tatcggctac

ggaaaccacc

caagcacgat

cgtaatgcgce

gaacccgaac

gaattaccag

actggacgcc

gtactatggg

tacctttgceg

tgatgccctc

gcaggttatc

gaagttgctg

agaaatcaat

gcagaaaaaa

gaatccctte

cctceccecttecat

tcatcatctyg

aggctcgcectt

aagcagagta

cagtccgagt

tacaacttcg

gtcgccgcac

ttcggccacg

gatatcagtg

atcaaagctg

atggagtacc

atcatcgcgce

tatgcctctg

gataagaaca

gtgcaggaag

ggacggagac

ggaaatgtgg

accagcaact

acctgececgta

agggttgcgt

ctggagattc

gatcatgcct

catccttggt

caatgatatt
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gtcaacatcc
4740

tttggcattg
4800

cagatattgc
4860

acgattgctg
4920

tacatggtac
4980

gcagttcgcecce
5040

gtactgggga
5100

aaccatcaat
5160

tgtgttcctc
5220

tggttgtatc
5280

gtcgttggcet
5340

cgtctgggct
5400

cgctcaacga
5460

tgtgggctct
5520

ctagcgacag
5580

acccggatct
5640

agccaaagga
5700

actactcgca
5760

tttaaaccaa
5789

<210> 11

acaagcttga

ggtctggaaa

aagagtggat

gcatcagcgce

gtttagccaa

acactgatct

gctgtcggcc

gcctcaggca

tacactgcca

cggccgagat

ggtccattgg

cttctggtct

aaagacactc

gtaccccgaa

catctgggcc

tgttcagggc

gtaggttcgt

tcaaactatt

cctcgattac

agtagacacc

gctacacact

cggtattgeg

aaaggacaga

cacctccteca

gcgtcttcac

agggcatttg

aagcaagcca

ttttcggcge

tttccectetg

caacggctgg

aatcttctct

tacatttttg

tcgaatcaac

tgggaggctg

tcaacaaacc

cgacaagaac

tcggcacgtyg

ctcgecatge

53815

gccaagcagc
ggccggcgcyg
ggaatcacca
ctctgggtta
cctcaaagat
catcgatcgce
catgttcgtc
gagccacatc
tacctggctg
caggttagag
tgtgtaagtyg
aggtgctcct
gcgccgtcaa
gaactctaga
agcgtaattt
acggagttgt
ttgacggtct

gacacattgt

27

agagctactt

tgcagctggt

tttacggccc

gcgggatcaa

tccatcacac

ataggtcgcc

gccggtggcec

ggcggcgctyg

ctacctggcet

ccaagggaaa

cacttttcat

gcttectacyg

cgcectgtec

ggagatggac

tgccaagctc

agatattgag

ctttatacat

ccgctggagce

ctccatgttc

catctggctce

tgagatcttt

caatatcaca

taacacggga

gttggactct

tcgectcgege

caacattctt

gacggttcct

tgcctggggt

tctecectetcec

atcttcaagg

atcctcgteg

ctcgtectttg

aaggctgaaa

caagttgccg

aatttttccet

tgggcatgtg
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53815

<211l> 37
<212> ADN
<213> Trinh ty nhidn tao

<220>
<223> 0ligo ADN cho PCR.

<400> 11

atgcatctta agggtgcgta tgatagaata aagcagg
37

<210> 12

<211> 35

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> 0Oligo ADN cho PCR.

<400> 12
atgcggccge cggttgtgat tgtccaagaa tcatc
35

<210> 13

<211> 33

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> O0ligo ADN cho PCR.

<400> 13
atacgcgttt ctaaatatca cgacaacaca tcc
33

<210> 14

<211> 33

<212> ADN

<213> Trinh tyu nhin tao

<220>
<223> O0Oligo ADN cho PCR.

<400> 14

atgcatgcga ggtaatcgag gttggtttaa aca
33

28
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