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Linh vue ky thuat dugc dé cap

Sang ché dé cap dén chung dot bién Trichoderma reesei ¢ kha nang san Xuét

protein dugc ting cuong, va phuwong phap san xuét protein st dung ching dot bién nay.
Tinh trang ky thuat cia sang ché

Trichoderma reesei dugc biét 1a c6 kha nang san xuét protein cao, va cac
nghién ctru trude kia da duge thuc hién lién quan dén viéc san xuét protein st dung loai
nam soi nay. Trichoderma reesei ¢ kha nang tuyét voi trong viéc san xudt, trong so cac
protein, dic biét 1a xenlulaza dugc phan loai la enzym duong hoa, va dé ting cuong hon
nita, vi dy, san lugng xenlulaza, viéc biéu hién qua hodc xda yéu t§ diéu khién sy san
xuht xenlulaza dugc thuc hién. Trong tai liéu khong phai sang ché 1, ching dot bién
Trichoderma reesei c¢6 kha nang san xuat xenlulaza cao thu dugc bang cach lam giam,
trong sb cac yéu t6 didu khién su san xuit xenlulaza & Trichoderma reesei, chirc nang

ctia Crel 12 yéu t6 phién ma kim ham sy san xuét xenlulaza.
Tai liéu vién dan
Tai lidu khong phai sang ché
Tai liéu khong phai sang ché 1: Juliano P, Single nucleotide polymorphism

analysis of a Trichoderma reesei hyper-cellulolytic mutant developed in Japan,

Bioscience, Biotechnology, and Biochemistry, Volume 77, 2013, Issue 3, P 534-543
Bin chit k§ thuét ciia sang ché
Vén dé k¥ thuat

Nhu duge mo ta & trén, yéu t6 phién ma ma 12 mot trong sd cac yéu td didu
khién su sén xuét protein & Trichoderma reesei dugc nhan dién, nhung yéu t6 nay chi
dugc xem nhu 1a mot phan ctia co ché didu khién. Do d6, muc dich cua sang ché 1a thu
| dugc ching dot bién Trichoderma reesei c6 kha ndng san xuét protein dugc tang cuong
bing cach tién hanh tim kiém yéu td méi d8 didu khién sy san xudt protein &
Trichoderma reesei va dé xut phuong phap san xuét protein stt dung chung dot bién

Trichoderma reesei.
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Giai quyét vin s

Cac tac gia sang ché cho ring trong trudng hop yéu to didu khién chua biét
truée kia ddi véi su san xuét protein & Trichoderma reesei dugc nhéan dién, san luong
protein & Trichoderma reesei cO thé dugc tang hon nita, va két qua tir cac nghién cliu
chuyén siu la, da phat hién ra rang dic diém san xuét protein c6 thé dugc cai thién bang
cach nudi ching dot bién Trichoderma reesei da dugc giam chirc nang cta polypeptit
gbm trinh ty axit amin duoc néu trong SEQ ID NO: 2. Sang ché dugc hoan thanh dya

trén phat hién nay.
Cu thé hon, sang ché gdm cac d6i tuong (1) dén (5) sau day.

(D) Chung dot bién Trichoderma reesei trong d6 chirc nang cua polypeptit
gém trinh tu axit amin dugc néu trong SEQ ID NO: 2 duoc giam.

(2) Chung dot bién Trichoderma reesei theo (1), trong d6 hai gbc axit
amin thtr 347 va 348 trong trinh ty axit amin dugc néu trong SEQ ID NO: 2 dugc x06a.

3) Phuong phép san xuét protein, phwong phap nay bao gdm budc nudi
chiing dot bién Trichoderma reesei theo (1) hodc (2).

4) Phuong phép san xuit xenlulaza, phuong phdp nay bao gdm budc
nudi ching dot bién Trichoderma reesei theo (1) hodc (2).

(5) Phuong phéap san xuét duong tr sinh khdi chira xenluloza, phuong
phap nay bao gbm:

budc a san xuit xenlulaza bang cach nudi ching dot bién Trichoderma reesei
trong d6 chic ning cla polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO:

2 dugc gidm; va
budc b dudong hoa sinh khoi bang cach sir dung xenlulaza thu dugc ¢ budc a.
Hiéu qua cia sang ché

Trichoderma reesei duoc 1am giam chirc nang ctia polypeptit gbm trinh ty axit
amin duoc néu trong SEQ ID NO: 2 ¢6 kha néng san xuét protein dugc cai thién, so voi
Trichoderma reesei trong d6 chiic ning ctia polypeptit khong dugc giam. Ngoai ra, viéc
st dung Trichoderma reesei theo sang ché gitp c6 thé ting cudng san xuét protein. Hon

nita, trong trudong hop protein san xuAt ra 12 xenlulaza, con thu dugc hiéu qua bét ngd 1a

2
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céc hoat tinh riéng khac nhau cua xenlulaza dugc cai thién.
M6 ta chi tiét sang che

Sang ché khac biét & chd dot bién dugc dwa vao ching Trichoderma reesei b
me cua vi sinh vt ban dau c6 kha ning san xuét protein tuyét voi va kha nang san xuét
protein nhd d6 dugc tang hon nita. Do do, chang bb me Trichoderma reesei dé duoc st
dung trong sang ché khong bi gioi han & ching kiéu dai, va chiing dot bién Trichoderma
reesei thu dugc tir viée bién dbi dé tang kha ning san xuét protein cling c6 thé dugc st
dung thich hop lam ching b6 me. Vi du, ddi véi chung dot bién Trichoderma reesei,
ching dot bién duogc dua qua xt Iy dot bién bing tac nhan gay dot bién hodc birc xa UV,
v.v. d8 cai thién ning suit protein co thé duoc st dung lam chung bd me duoc mo ta &
trén. Vi du cu thé vé chiing dot bién dung lam chung bb me bao gdm cac ching dot bién
da biét thu dugc tir Trichoderma reesei, nhu ching QM6a (NBRC31326), ching
QM9414 (NBRC31329), ching PC-3-7 (ATCC66589), ching QM9123 (NBRC3 1327),
ching RutC-30 (ATCC56765), chung CL-847 (Enzyme. Microbiol. Technol. 10, 341-
346(1988)), ching MCG77 (Biotechnol. Bioeng. Symp. 8, 89 (1978)), chung MCG80
(Biotechnol. Bioeng. 12, 451-459 (1982)), va cac chung thu dugce tur do. Ching QM6a,
chung QM9414, va ching QM9123 la ¢6 s&n tt NBRC (NITE Biological Resource
Center), va ching PC-3-7 va chung RutC-30 1a ¢6 s&n tir ATCC (American Type Culture
Collection).

Polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2 la polypeptit
ma Trichoderma reesei c6, va trong Trung tAm Thong tin Cong nghé sinh hoc Qudc gia,
n6 con duge dang ky 13 protein du bao (EGR50654) ma Trichoderma reesei chung
QMB6a cd. Polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 1a polypeptit
¢6 chirc nang chua duoc biét, nhung Censerved Domain Architecture Retrieval Tool cua
Trung tdm Thong tin Céng nghé sinh hoc Québc gia boc 10 rang cic gbc axit amin tir thir
95 dén thir 277 & phia dau tan N c6 "mién gitta cia mién yéu t khéi dau 4G sinh vat
nhan chuén" (trong phan md ta nay, con dugc goi la mién MIF4G) va gbc axit amin tir
thit 380 dén thir 485 & phia dau tan N ¢6 mién MA-3. Hai mién MIF4G va MA-3 duge
biét 14 ¢6 chirc ning lién két véi ADN hoic ARN (Biochem. 44, 12265-12272 (2005),
Mol. Cell. Biol. 1, 147-156 (2007)). Tlr cic md ta nay, polypeptit gdm trinh ty axit amin
duoc néu trong SEQ ID NO: 2 dugc ude luong 13 ¢6 it nhét 1a chic nang lién két voi
ADN va/hodc ARN.
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Theo sang ché, viéc 1am giam chirc nang ctia polypeptit gbm trinh ty axit amin
dugc néu trong SEQ ID NO: 2 chi ra trang thdi trong do trinh tw bazo ma hoéa trinh tu
axit amin dugc néu trong SEQ ID NO: 2 chiu dot bién va do d6 chirc nang cua polypeptit
dugc giam hodc chirc ndng nay dugce x6a bo. Ngoai ra, khi trinh ty bazo khéc ngoai trinh
tw bazo ma hoéa trinh ty axit amin dugc néu trong SEQ ID NO: 2 chiu dot bién va do do
polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2 dugc gidm muc biéu
hién hodc mét su biéu hién, didu nay ciing dugc bao gom boi viée lam gidm chirc nang
cua polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2. Dot bién ctia trinh

tu bazo dugc gy ra bdi su thay thé, x6a, chén, nhan doi, v.v.

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

SEQ ID NO: 2 bao gém trinh tu bazo dugc néu trong SEQ ID NO: 1.

Phuong phap cu thé @ 1am giam chtrc ning cia polypeptit gbm trinh tu axit
amin dugc néu trong SEQ ID NO: 2 bao gdm phuong phéap dua dot bién vao dé gay ra
su x0a toan bd mién MIF4G va/hodc mién MA-3, x6a mot ph?m mién MIF4G va/hoic
mién MA-3, su thay dbi mdi quan hé cAu tric gitta mién MIF4AG va mién MA-3, hodc

x6a toan bd polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2.

Viée x6a mién MIF4G va/hogc mién MA-3 thé hién sy mét toan bo hodc mot
phan ctia mién, sy thay ddi toan b hodc mot phan ctia mién thanh (cac) axit amin khéc,
hodc két hop ctia ching. Cu thé hon, thuat ngit nay c6 nghia la trong trinh ty axit amin
dugc néu trong SEQ ID NO: 2, d6 déng nhéat trinh ty véi trinh ty axit amin cua mién
MIF4G hogc midn MA-3 gim dén 80% hogc thép hon, t6t hon 1a dén 50% hodc thip
hon, t6t hon nita 1a dén 20% hoic thép hon, t6t hon nita 1a dén 10% hoic thép hon, tot
hon nita 1a dén 5% hoic thép hon, t&t hon nita 1a dén 3% hoic thép hon, tét hon nita la

dén 1% hodc thip hon, va tbt nhit 1a dén 0%.

Su thay dbi vé mdi quan hé cAu tric gitta mién MIF4G va mién MA-3 duoc
gay ra boi dot bién trong d6 viéc xoa, thé hoic bd sung axit amin xay ra trong trinh tu
axit amin nim & vi tri gitta mién MIF4G va mién MA-3. Mién MIF4G va mién MA-3
duoc goi 12 mién protein, va mién protein c4u thanh mot phan cla cAu trac trinh tu
protein va 1a sy ¢6 mit mang chirc nang. Trong truong hop co nhidu mién, cu hinh gdm
nhidu mién cAu thanh mot phan cla cu hinh protein va do do, khi cAu trac gifta cac

mién bi thay ddi, diéu nay dan dén sy thay doi cau hinh protein va giam chic nang
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protein. Vi duy, streptokinaza sinh ra béi chi Streptococcus ¢ téng cdng ba loai mién,
nghia 1a, mién o, mién B va mién v, va mién o va mién B dugc lién két bai 12 gde axit
amin, va mién B va mién y duoc lién két bai 15 gde axit amin. Trong Biochem. Biophys.
Acta. 9, 1730-1737 (2010), duoc néu rﬁng hoat tinh streptokinaza bi giam hodc mét do
su xuat hién dot bién nhu dot bién thé, ) sung hodc x0a géc axit amin trong trinh ty
axit amin nam & vj tri gitra mién o va mién B va gilta mién B va mién v. Viéc thé trong
trinh tu axit amin gitta cac mién dugc md ta trong bang 1 va bang 2, va viéc x6a hodc
bd sung trong trinh ty axit amin gilta cac mién dugc mo ta trong bang 5 va bang 6, cua
cung tai liéu.

Theo cach nay, dugc biét ring ngay ca khi dot bién axit amin nhu x6a, thé hogc
bd sung khong xudt hién trong chinh trinh ty axit amin cAu thanh mién, chirc ning cua
protein ciing dugc gidm do su xuit hién cta dot bién axit amin nhu xo6a, thé hodc bd
sung trong trinh tu axit amin nam & vi tri gitta hai mién. Theo sng ché, trinh tu amino
nim & vi tri gitta mién MIF4G va mién MA-3 chi ra ving tir gbc axit amin thir 278 dén
thr 379 & phia du tan N trong trinh tu axit amin dugc néu trong SEQ ID NO: 2. Hon
nita, theo sang ché, trinh ty bazo ma hoa trinh ty amino nam & vi tri gitta mién MIF4G
va mién MA-3 chi ra ving ctia céc trinh tu bazo tur thir 832 dén thar 1137 trong trinh tu

bazo dugce néu trong SEQ ID NO: 1.

Theo sang ché, vi du cu thé v& su giam chirc nang cua polypeptit gdm trinh tu
axit amin dugc néu trong SEQ ID NO: 2, ma duoc gay ra boi su xudt hién cua dot bién
nhu dot bién x6a, thé hodc bd sung trong trinh ty axit amin nam & vi tri gitta mién MIF4G
va mién MA-3, bao gdm dot bién trong d6 bét ky trong s cac bazo tir thr 1039 dén thir
1044 trong trinh ty bazo dugc néu trong SEQ ID NO: 1 dugc x6a. Su x6a bazo nay la
x6a hai gbc axit amin, 347 va 348, trong trinh tur axit amin ndm & vi trf gitra mién MIF4G
va mién MA-3 cta polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2.
Puoc gia dinh rang do dot bién néu trén, trinh ty axit amin lién két midn MIF4G va mién
MA-3 duoc lam ngén lai va do d6 méi quan h¢ cAu tric ba chiéu giita mién MIF4G va
mién MA-3 dugc thay doi.

Do d6, phuong én uu tién cta Trichoderma reesei ¢6 chirc ning cua polypeptit
gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 giam bao gbdm ching dot bién

Trichoderma reesei trong do6 hai gbc axit amin, 347 va 348, trong trinh tu axit amin duoc
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néu trong SEQ ID NO: 2 dugc x0a. Cum tir "hai géc axit amin, 347 va 348, dugc x6a"
duoc st dung trong phan md ta nay c6 nghia 1a it nhét hai gbc axit amin d6 dugc x6a
trong trinh tu axit amin dugc néu trong SEQ ID NO: 2, va cac phuong an uu tién la
phuong an trong d6 hai axit amin, 347 va 348, dugc x6a, va phuong an trong d6 ngoai
viéc x0a hai axit amin nay, mién MIF4G va/hodc mién MA-3 dugc x6a toan bd hodc

mién MIF4G va/hodc mién MA-3 dugc x6a mot phﬁn.

Viéc x0a hai géc axit amin, 347 va 348, trong trinh tu axit amin duogc néu trong
SEQ ID NO: 2, x6a toan by mién MIF4G va/hodc midn MA-3, x6a mot phan mién
MIF4G va/hoac mién MA-3, va x6a toan bd polypeptit gém trinh tu axit amin dugc néu
trong SEQ ID NO: 2 dugc géy ra boi su dich chuyén khung hodc dot bién bd ba két thac
bdi su x0a, chen, thé, v.v. bazo trong trinh tu gen ma hoa polypeptit gém trinh tu axit

amin dugc néu trong SEQ ID NO: 2.

Dbi véi polypeptit gdm trinh ty axit amin dugc néu trong SEQ ID NO: 2, viéc
giam muc biéu hién hodc mét biéu hién duoc gay ra boi dot bién trong vung trinh tu
khéi dau hodc trinh tu két thuc cua gen ma hoa trinh ty axit amin dugc néu trong SEQ
ID NO: 2. Nhin chung, vung trinh tu khoi dau va trinh tu két thic twong tng voi ving
¢6 chidu dai gdbm hang tram bazo trude va sau gen tham gia vao qua trinh phién mé, va
vi du cu thé cta trinh tu bazo chtra trinh ty khoi ddu va trinh tu két thic tham gia vao
qua trinh phién ma cua polypeptit gbm trinh tu axit amin duoc néu trong SEQ ID NO:

2 bao gom trinh ty bazo dwgc néu trong SEQ ID NO: 7.

DPé dua vao dot bién gen, phuong phap dot bién gen hién nay nhu dot bién bang
t4c nhan gdy dot bién hodic buc xa UV dé biét véi ngudi c6 hidu biét trung binh vé linh
vuc nay, su tai t6 hop gen nhu tai t6 hop dong nhét st dung gen danh du chon loc, hodc

dot bién bﬁng transposon ¢o thé duogc str dung.

Chung dot bién Trichoderma reesei theo sang ché c6 kha nang san xuét protein
duoc ting cudng, so voi Trichoderma reesei trong d6 chirc ning cua polypeptit gbm
trinh tu axit amin duge néu trong SEQ ID No: 2 khong duge giam. Trong trudng hop
trong d6 chung dot bién Trichoderma reesei theo sang ché dugc nudi ciy, ndéng do
protein tdng, so v6i dung dich nudi cdy Trichoderma reesei trong d6 chirc nang cla
polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID No: 2 khong dugc giam. Hon

nita, trong truong hop trong do protein la enzym, hoat tinh riéng clla enzym tang. O day,

6
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ty 16 tang ndng do protein hodc ty 1¢ ting hoat tinh riéng ctia enzym khong bi gidi han
cu thé mién 12 ndng d6 hoic hoat tinh riéng dugc tang, nhung ty 1€ tang t6t hon 12 20%

hoéc cao hon.

Sang ché ciing dé cap dén phuong phép san xuit protein bao gdm budc nudi
chy Trichoderma reesei c6 chuc néng cua polypeptit gbm trinh ty axit amin dugc néu

trong SEQ ID NO: 2 giam.

Thanh phan mdi trudng nudi cdy trong budc nudi cAy khong bi gi6i han cu thé
mién n6 12 thanh phdn moi trudng nudi chy trong d6 Trichoderma reesei ¢0 thé san xut
ra protein, va thanh phin moi trudng nudi chy da biét dbi v6i ndm soi thudc chi
Trichoderma c6 thé duge st dung. Lam ngudn nito, vi du, polypepton, bouillon, CSL,
hodc banh dau tuong co6 thé duoc sir dung. Ngoai ra, chit cam tng dé san xuét protein

¢6 thé dugc thém vao mdi truong nudi cay.

Phuong phéap nudi ciy khong bi giéi han cu thé, va viéc nudi cly ¢6 thé dugc
thuc hién, vi du, béi moi trudng nudi ciy long st dung éng ly tAm, binh tam giéc, thiét
bi 1én men kiéu binh, thung, v.v., hodc moi truong nuoi céy rén su dung dia, v.v.
Trichoderma reesei tt hon 1a dugc nudi chy & didu kién hiéu khi, va trong s6 cac phuong
phap nuoi ciy ndy, nudi ciy chim gbm viéc thyuc hién nudi cdy bang cach sir dung thiét
bi 1én men kiéu binh hodc ddng thoi suc khi va khudy trong thung duoc uu tién. Ty 18
suc khi tdt hon 1a khoang tir 0,1 vvm dén 2,0 vvm, tot hon nita 1a tir 0,3 vvm dén 1,5
vvm, con tét hon nita 1a tir 0,5 vvm dén 1,0 vvm. Nhiét d6 nuoi céy tdt hon 1a nam trong
khoang tir 25°C dén 35°C, tot hon nita 1a tir 25°C dén 31°C. Didu kién pH trong qua
trinh nudi cdy tét hon 1a pH tir 3,0 dén 7,0, t6t hon nita 1a pH tir 4,0 dén 6,0. B6i véi giai
doan nudi céy, viéc nuoi céy dugc thuc hién & cac diéu kién cho phép san xuét protein
cho dén khi luong thu hdi duge cia protein dugc tich liiy. Thong thuong, giai doan nubi

chy 1a khoang tir 24 gioy dén 240 gio, tot hon nira la tir 36 gio dén 192 gio.

Protein san xudt ra theo sang ché khong bi gidi han cu the, nhung protein tiét
ra ngoai co the cua nam c6 the duge san xuét hiéu qua. Trong s6 chung, protein tot hon
1a enzym, tot hon nita 1a enzym duong héa nhu xenlulaza, amylaza, invertaza, chitinaza,

hodc pectinaza, con tot hon nita la xenlulaza.

Yenlulaza san xuét ra theo sang ché chta nhiéu loai hydrolaza khac nhau va
chtra enzym c6 hoat tinh phén hity doi véi xylan, xenluloza va hemixenluloza. Vi du cu

7
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thé ctia n6 bao gdm xenlobiohydrolaza (EC 3.2.1.91) san xuét ra xenlobioza bang céch
thiy phan mach xenluloza, endoglucanaza (EC 3.2.1.4) thity phan mach xenluloza tur
phan tAm cta nd, B-glucosidaza (EC 3.2.1 21) thiy phan xenlooligosacarit hodc
xenlobioza, xylanaza (EC 3.2.1.8) tdc dong 1én hemixenluloza hodc cu thé 13 1én xylan,
va B-xylosidaza (EC 3.2.1.37) thiy phén xylooligosacarit. Nhu dugc mo td & trén, viéc
x4c nhén sy ting cudng hoat tinh riéng xenlulaza dé x4c nhén su ting cuong kha nang
san xudt protein cta ching dot bién Trichoderma reesei theo sang ché duge thuc hién
bang cach xac dinh rang bét ki trong sb cac hoat tinh riéng cta cac hydrolaza nay dugc

tdng cuong.

Hoat tinh riéng B-glucosidaza dugc do bang phuong phéap sau day. Trude tién,
thém 10 pL dich pha loang enzym vao 90 pL dém axetat 50mM chira p-nitrophenyl-f3-
glucopyranosit 1mM (Sigma-Aldrich Japan san xuét), va hdn hop dugce cho phan ung &
30°C trong 10 phut. Sau do, thém 10 pL natri cacbonat 2M va tron k¥ dé dimg phéan tmg,
va su tang do hip thu ¢ 405 nm dugc do. Cubi cung, su giai phong 1 pmol p-nitrophenol
mdi phut duge xac dinh 12 1 U hoat tinh, va hoat tinh riéng duoc tinh bang cach chia né

cho lugng protein.

Hoat tinh riéng B-xylosidaza dugc do bang phuong phép sau day. Trude tién,
thém 10 pL dich pha lodng enzym vao 90 pL dém axetat 50mM chtra p-nitrophenyl-f3-
xylopyranosit ImM (Sigma-Aldrich Japan san xudt), va hdn hop duge cho phan tng ¢
30°C trong 30 phut. Sau do6, thém 10 uL natri cacbonat 2M va tron Ky dé dirng phan ung,
va su tang do hip thu ¢ 405 nm duoc do. Cubi cung, su giai phéng 1 pmol p-nitrophenol
mdi phat duge x4c dinh 12 1 U hoat tinh, va hoat tinh riéng dugc tinh bang cach chia nd
cho lugng protein.

Hoat tinh riéng xenlobiohydrolaza dugc do bang phuong phap sau day. Trudc
tién, thém 10 pL enzym dich pha loang vao 90 uL dém axetat 50mM chtra p-nitrophenyl-
B-lactopyranosit ImM (Sigma-Aldrich Japan san xudt), va hon hop dugc cho phan tmg
& 30°C trong 60 phut. Sau d6, thém 10 pL natri cacbonat 2M va tron k§ dé dimg phén
Umg, va su tang do hép thu & 405 nm dugc do. Cudi cung, su giai phéong 1 umol p-
nitrophenol mdi phit duge xac dinh 1a 1 U hoat tinh, va hoat tinh riéng duoc tinh br?mg

cach chia n6 cho lugng protein.



45882

Trong truong hop san xuét xenlulaza béi sang ché, xenluloza va/hodc xylan co
thé dugc bd sung lam chit cam tmg vao mdi truong nudi cdy. Sinh khdi chira xenluloza
hodc xylan co thé dugc bd sung lam chit cam tng. Vi du cu thé vé& sinh khéi chtra
xenluloza hodc xylan bao gbm khong chi thuc vat nhu cdy 14y hat, cay khong c6 hoa,
cdy réu, tao, va cdy thuy sinh, ma con ca cac phé liéu xay dung. Cay 14y hat dugc phan
loai thanh cy hat trdn va cdy hat kin, va ca hai loai déu c6 thé duoc sir dung thich hop.
Cay hat kin dugc phén loai tiép thanh cay mot 14 mam va ciy hai 14 mam. Vi du cu thé
vé cdy mot 14 mAam bao gém ba mia, cé switchgrass, ¢ napier, Erianthus, rom ngo, 161
ngd, rom lua, va rom lua my, va viducu thé vé cdy hai 14 mam dugc st dung tdt hon 1a

bao gdm bdt ct cai, cdy khuynh diép, cay sbi, va cay bach.

D61 v6i chat cam tng chira xenluloza va/hodc xylan, san pham da dugc xir ly
so bd ¢b thé dugc str dung. Phuong phap xu 1y so bd khong bi gidi han cu thé, nhung,
vi du, phuong phéap da biét nhu xu ly bang axit, xir Iy bang axit sulfuric, Xt ly axit
sulfuric loang, xi Iy bing kiém, xi Iy thiy nhiét, xit Iy duéi t6i han, xr Iy nghién min,
va xtr Iy hoi nudc ¢ thé dugc st dung. Bot gidy c6 thé duoc st dung lam sinh khéi chira

xenluloza va/hodc xylan da duge xt Iy so bo.

Phuong phap thu hdi protein chira trong dung dich nudi ciy trong do thé dot
bién Trichoderma reesei dugc nudi ciy khong bi gi6i han cu thé, nhung protein ¢o thé
dugc thu hdi bang cach loai bd thé ndm Trichoderma reesei ra khoi dung dich nu6i cAy.

Vi du vé& phuong phap loai bo thé nim bao gdm ly tam, tach mang, €p loc, v.v.

Hon nita, trong truong hop dung dich nudi ciy trong do thd dot bién
Trichoderma reesei duge nudi cay duge st dung lam chét 1ong hoa tan protein ma khong
loai bo thé ndm khéi do, dung dich nudi cdy t6t hon 12 duge xur Iy sao cho thé ndm khong
thé phat trién trong d6. Phuong phap xu Iy dé ngin thé ndm phat trién bao gdm xtt ly
nhiét, xir Iy hoa chét, xir Iy axit/kiém, xt Iy UV, v.v.

Trong trudng hop trong d6 protein la enzym, dung dich nudi ciy trong do thé
ndm dugc loai bod hodc ngan khong cho phat trién c6 thé duge st dung truc tiép lam
dung dich enzym.

Hon nita, trong truong hop trong do protein la xenlulaza, dudng cd thé duoc

san xuét bang cach duong hoa sinh khoi chira xenluloza st dung xenlulaza.

Lam sinh khéi chtra xenluloza dugc dung theo sang ché, sinh khéi tuong tu
9
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nhu sinh khéi chira xenluloza dugc md ta & trén ¢ dang chat cam Gng, hoac sinh khéi da

dugce xtr Iy so bd ¢ thé duoc st dung.

Xenlulaza thu dugc bang cach nudi chy chiing dot bién Trichoderma reesei
theo sang ché 1a xenlulaza thu dugc bang cach nudi ciy ching dot bién Trichoderma
reesei co chirc ning clia polypeptit gdm trinh tw axit amin dugc néu trong SEQ ID NO:
2 giam theo sang ché, va vi hoat tinh riéng cla, cu thé 13, B-glucosidaza, v.v. 1a cao so
v6i xenlulaza thu dugc bang céch nudi cly Trichoderma reesei trong d6 chuc nang cua
polypeptit khong dugc giam, dung dich duong hoa co ndng do glucoza cao c6 thé thu
duoc bing cach phan hiy hiéu qua sinh khdi chtra xenluloza, va do d6 luong 16n hon

cua duong cod thé thu dugc.

Didu kién phan tng dudng hoa khong bi gidi han cu thé, nhung nhiét do phan
{mg dudng héa tdt hon 1a tir 25 dén 60°C, tt hon nita 1a tir 30 dén 55°C. Thoi gian phan
ng duong hoa t5t hon 14 tir 2 dén 200 gid. pH cta phan Gng duong hoa tot hon 1a pH
tir 3,0 dén 7,0, tot hon nita 1a pH tir 4,0 dén 6,0. Trong trudng hop cia xenlulaza thu
duoc tr chi Trichoderma, pH t6i uu cho phan tGng 1a 5,0. Hon nita, vi cac thay d6i pH
trong qué trinh thiy phéan, phan Gmg tdt hon 1a dugc thuc hién trong khi bd sung dung
dich dém vao dung dich phan tng hogc gilr pH khong dbi bang cach sir dung axit hodc
kiém.

Trong trudng hop tach va thu hdi enzym tir dung dich dudng héa, enzym co
thé dugc thu hdi & phia khong thdm bang cach loc dung dich duong hoa qua mang sidu
loc ho#c tuong tu, va néu mudn, 1lam budc loc so bd, chét ran c6 thé dugc loai bo ra khoi
dung dich dudng héa. Enzym duge thu hoi ¢6 thé duoc st dung lai cho phan tmg dudng

hoa.
Vi du thye hién sang ché

Sang ché dugc mo ta cu thé duoi day bang cach dé cap dén cac vi du.
Vi du tham chiéu 1. Phuong phap do ndng do protein

Chét phan tng dé do ndng do protein (thir nghi¢m protein Quick Start Bradford,
do Bio-Rad san xut) dugc st dung. Thém 5 uL. dung dich nuoi ciy nam sgi pha loang
vao 250 pL chét phan ung do ndng do protein da quay trd lai nhiét do trong phong va
sau khi d& yén hdn hop & nhiét do trong phong trong 5 phat, do hép thu & 595 nm dugc

10
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do st dung dau doc vi dia. Bing cach st dung BSA lam chét chuin, ndng do protein

dugc tinh dya vao duong cong hi€u chinh.
Vi du tham chiéu 2. Phuong phap do hoat tinh riéng cua xenlulaza
Phuong phép do hoat tinh riéng cua B-glucosidaza

Thém 10 pL dich pha lodng enzym vao 90 pL dém axetat 50mM chtra p-
nitrophenyl-B-glucopyranosit 1 mM (do Sigma-Aldrich Japan san xuét), va hdn hop
duge cho phan tng ¢ 30°C trong 10 phut. Sau d6, thém 10 pL natri cacbonat 2M va tron
k§ dé dimng phéan ng, va su ting do hép thu & 405 nm dugc do. Cudi cung, su giai phong
1 umol p-nitrophenol mdi phut duge xac dinh 1a 1 U hoat tinh, va hoat tinh riéng dugc

tinh bang cach chia n6 cho lugng protein.
Phuong phap do hoat tinh riéng ctia B-xylosidaza

Thém 10 pL dich pha lodng enzym vao 90 uL dém axetat 50mM chira p-
nitrophenyl-B-xylopyranosit ImM (do Sigma-Aldrich Japan san xuét), va hdn hgp dugc
cho phan tmg & 30°C trong 30 phut. Sau d6, thém 10 pL natri cacbonat 2M va tron k¥
dé dimg phan g, va sy ting do hép thu & 405 nm dugc do. Cubi cung, su giai phong
1 umol p-nitrophenol mdi phit duge xac dinh la 1 U hoat tinh, va hoat tinh riéng dugc

tinh bang cach chia né cho lugng protein.
Phuong phap do hoat tinh riéng cua xenlobiohydrolaza

Thém 10 pL dich pha loang enzym vao 90 pl dém axetat S50mM chia p-
nitrophenyl-p-lactopyranosit 1mM (do Sigma-Aldrich Japan san xuét), va hdn hop duoc
cho phan g & 30°C trong 60 phut. Sau d6, thém 10 pL natri cacbonat 2M va tron k¥
dé dung phan ung, va su tdng do hép thu & 405 nm duoc do. Su giai phong 1 pmol p-
nitrophenol mbi phut duge xac dinh 1a 1 U hoat tinh, va hoat tinh riéng dugc tinh bang
cach chia né cho lugng protein.

Vi du tham chiéu 3. Thit nghiém dudng hoa sinh khoi chira xenluloza

Iam sinh khéi chtra xenluloza, Arbocel (nhan hiéu da dugc dang ky) B800 (do
J. Rettenmaier & Sohne san xuét) hodc ba mia dugc nghién thanh bot dén duong kinh
hat trung binh 12 100 pm duge st dung. Lam dung dich enzym, san phém loc thu dugc
bang cach 14y mau 1ml dung dich nu6i cly Trichoderma reesei hodc ching dot bién

11
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Trichoderma reesei, ly tim dung dich nudi cay da lay mau, thu hoi chét ndi bé mat sau

khi loai bo thé ndm, va loc chit ndi b& mat qua dung cu loc 0,22 um, dugc su dung.
Phan ing duong hoa

B4 sung 100 pL dém natri axetat IM lam dém cho phan ung dudng hoa, 2 uL.
dung dich erythromyxin 50 g/L dé ngan su ting sinh cta vi khuén tap, va 0,1 g, 1am muc
tiéu dé dudng hoa, Arbocel (nhan hiéu da duoc dang ky) B800 (do J. Rettenmaier &
Sohne san xuét) hodc ba mia dugc nghién thanh bot dén duong kinh hat trung binh 100
um, va sau khi bd sung 450 pL dung dich enzym khi st dung Arbocel (nhan hi¢u da
dugc ding ky) B800 lam sinh khéi chira xenluloza hodc bd sung 400 pL dung dich
enzym khi st dung ba mia lam sinh khéi chira xenluloza, hdn hgp dugc pha loang bing
nuéc vo trung dé tao ra tong 1a 1 mL va sau d6 cho vao 6ng 2 mL. Phan tng duong hoa
duoc thuc hién & didu kién nhiét do 50°C trong 30 gio, chét ndi bé mat sau khi ly tam
san phidm duong hoa duoc thu hdi dudi dang dung dich dudng héa, va thém dung dich
NaOH 1IN & luong bing 1/10 dung dich duong hoéa dugc thu hdi dé ding phan tng
enzym. Nong do glucoza trong dung dich duong hoa sau khi dimg phan Gng duoc do

bang UPLC dwgc md ta dudi day.
Po ndng dd glucoza

Glucoza duge phan tich dinh Iugng & cac didu kién sau day bang cach st dung
hé ACQUITY UPLC (Waters). Phan tich dinh luong duge thuc hién dya vao duong cong

hiéu chinh thu duogc tur mau glucoza chuén.
Cot: Cot AQUITY UPLC BEH Amit 1,7 pm 2,1x100 mm
Phuong phap tach: HILIC

Pha ddng: pha dong A: axetonitril 80%, dung dich TEA 0,2% chtra nudc, va
pha dong B: axetonitril 30%, dung dich TEA 0,2% chira nudc, theo gradien sau day.
Gradien 12 gradien tuyén tinh dat dén ty 18 tron tuong tmg v6i thoi gian dudi day.

Didu kién bit dau: (A 99,90%, B 0,10%), 2 phut sau khi bét dau: (A 96,70%,
B 3,30%), 3,5 phtt sau khi bét diu: (A 95,00%, B 5,00%), 3,55 phut sau khi bat dau: (A
99.90%, B 0,10%), 6 phit sau khi bat dau: (A 99,90%, B 0,10%)

Phuong phap phét hién: ELSD (b0 do tan xa anh sang bay hoi)

12
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Téc do dong: 0,3 mL/phut
Nhiét d6: 55°C
Vidul

Chuén bi chung dot bién Trichoderma reesei QM9414 1 ¢6 chitc nang cua polypeptit

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

Chung dot bién Trichoderma reesei ¢6 chirc nang cta polypeptit gbm trinh tu
axit amin dugc néu trong SEQ ID NO: 2 gidm dugc san xudt b%mg cach tao ra doan ADN
gbm trinh ty gen duoc néu trong SEQ ID NO: 3 lam doan ADN chira gen mé hoa
polypeptit gbm trinh tu axit amin dugc néu trong SEQ ID NO: 2, trong d6 chirc nang
cta polypeptit gbm trinh ty axit amin dugc néu trong SEQ ID NO: 2 dugc gidm, va bién
nap doan ADN vao ching Trichoderma reesei QM9414. Bing phuong phap nay, thu
duoc ching dot bién Trichoderma reesei trong d6 cac bazo tir 1039 dén 1044 duogc xda
trong SEQ ID NO: 1 dé ¢ polypeptit gdm trinh ty axit amin trong d6 hai gbc axit amin,
347 va 348, dugc x6a trong SEQ ID NO: 2. Gen (amdS) axetamit va axetamidaza
(AmdS) c6 kha nang phén hity axetamit duogc st dung lam gen danh dAu chon loc dé
dwa doan ADN vao. Dé cho phép doan ADN gdm trinh ty bazo dugc néu trong SEQ ID
NO: 3 dugc dua vao nguoc chidu va xudi chiéu véi trinh tw ADN chira amdS, plasmit
dé dua dot bién vao duge tao ra dé bd sung phan dong nhét véi trinh tu gen cia chung

Trichoderma reesei QM9414.

Cu thé, doan ADN thu duoc béng cach xt ly doan ADN da téng hop duoc thé
hién boi SEQ ID NO: 4 v6i enzym gidi han AfIII va Kpnl dugce st dung lam doan ADN
nguoc chidu. Ngoai ra, PCR dugc thuc hién sir dung ADN bd gen dugc tach theo cach
théng thudng tir chung Trichoderma reesei QM9414 va cac oligo ADN dugc néu trong
SEQ ID NO: 5 va 6, va doan ADN thu duoc béng cach xtr Iy doan khuéch dai thu duoc
v6i enzym giéi han Mlul va Spel dugc st dung lam doan ADN xu0i chiéu. Céac doan
ADN nguoc chidu va xudi chidu dugc dua vao plasmit dugce chen amdS béng cach su
dung enzym gi¢i han AflIl va Kpnl va enzym giéi han Mlul va Spel, theo thur tu, dé tao
cAu tric cho plasmit dé dua dot bién vao. Plasmit dé dua dot bién vao sau d6 duge xit
ly voi enzym gidi han Pacl va Sphl, va chung Trichoderma reesei QM9414 (NBRC
#31329) dugc bién nap vé6i doan ADN thu duge duoc thé hién bsi SEQ ID NO: 3. Cac
thao tac lién quan dén ky thuat sinh hoc phan tir dugc thuc hién nhu duge mo ta trong

13
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Molecular cloning, laboratory manual, 1st, 2nd, 3rd (1989). Ngoadi ra, viéc bién nap duogc
tién hanh st dung k¥ thuét tiéu chuén, nghia 13, phuong phap PEG té bao tran, va cu thé
13, dugc thuc hién nhu dugc mo ta trong Gene, 61, 165-176 (1987). Chung dot bién
Trichoderma reesei thu dugc dugc sit dung lam ching dot bién QM9414 I trong céc thir
nghiém dudi day.

Vidu2

Thir nghiém san xuét protein st 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 trong Vi du 1 dugc
pha lodng vé1 nudc mudi sinh Iy dén 1,0x10”/mL, 0,1 mL dung dich bao t pha lodng
duoc céy vao 10 mL moi trudong binh tam gidc dugc thé hién trong bang 1, dugc ddt vao
binh tam gidc c6 vach ngan 50 mL, va mdi truong binh tam gidc dugc u trong may lic

& didu kién nhiét do 28°C va tdc do 120 vong/phit trong 120 gio.

Bang 1

Arbocel B800 (do J. Rettenmaier & Sohne san xuét) 20g

5% dung dich Mandel * 200 mL
10x dung dich Amoni tartrat ** 100 mL
Dung dich nuéc ngdm ngo 50g
Dung dich yéu t6 vi lugng*** 1 mL
Tween 80 0,5 mL
PE-M 1 mL

(mdi 1L)

* 5% dung dich Mandel chura 7 g/L (NHs)2SO4, 10 g/ KH POy, 2 g/L CaCly-2H20, va
1,5 g/ MgSO4-TH20.

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

##% Dung dich yéu t vi lugng chira 0,3 g/L H3BO3, 1,3 g/L (NH4)sMo07024-4H:0, 5 g/L
FeCls-6H,0, 2 g/L CuSO4-5H,0, 0,4 g/L MnCl-4H20, va 10 g/L ZnCla.

Gom dung dich nu6i cly

Sau 120 gio tu lac bt dAu nudi cdy, 1 mL dung dich nudi ciy dugc gom. Dung
14
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dich nuéi cdy duoc ly tm & didu kién 15.000xg va 4°C trong 10 phut @& thu duge chét
ndi bé mat. Chéat ndi bé mat duge loc qua dung cu loc 0,22 pm, va san phém loc dugc

stt dung lam dung dich xenlulaza trong cac thir nghiém dudi day.
Do ndng do protein va céac hoat tinh riéng khac nhau cta xenlulaza

Nong dd protein trong dung dich nudi chy & 120 gio tir luc bét dau nudi cay
duoc do st dung k§ thuat duoc mo ta trong Vi du tham chiéu 1, va sau do, cac hoat tinh
riéng cta xenlulaza dugc do bang phuong phap dugc mo ta trong Vi du tham chiéu 2.

Két qua dugc thé hién trong Bang 2.
Vidu3

Séan xuét ching dot bién Trichoderma reesei QM9414 1I ¢6 chirc nang clia polypeptit

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

Chung dot bién Trichoderma reesei c6 chitc ndng cua polypeptit gbm trinh ty
axit amin duoc néu trong SEQ ID NO: 2 giam dugc san xuét bang cach tao ra doan ADN
gdm trinh ty gen dugc néu trong SEQ ID NO: 8, va bién nap doan ADN nay vao ching
Trichoderma reesei QM9414. Bing phuong phap nay, amdS duoc chén vao gitra bazo
tht 1206 va 1207 trong SEQ ID NO: 1, va thu duge ching dot bién Trichoderma reesei
dugc giam chtc ndng cia SEQ ID NO: 2. Pé cho phép doan ADN gdm trinh tu bazo
duoc néu trong SEQ ID NO: 8 dugc dua vao nguoc chidu va xudi chiéu trinh tw ADN
chtra amdS, plasmit dé dua dot bién vao duge tao ra dé bd sung phﬁn dong nhét véi trinh

tu gen cla chung Trichoderma reesei QM9414.

Cu thé 13, PCR duogc thyc hién s dung ADN b6 gen dugc tach theo cach thong
thuong tir ching Trichoderma re esel QM9414 va cac oligo ADN dugc néu trong SEQ
ID NO: 9 va 10, va doan ADN thu dugc béng cach xtr ly doan khuéch dai thu dugc véi
enzym gi¢i han AfIII va Kpnl dugc sir dung lam doan ngugc chiéu. Ngoai ra, PCR dugc
thuc hién sit dung ADN bd gen va cac oligo ADN dugc néu trong SEQ ID NO: 11 va
12, va doan ADN thu dugc béng cach xur ly doan khuéch dai thu dugc v6i enzym gidi
han Mlul va Spel dugc st dung lam doan ADN xudi chiéu. Poan ADN ngugc chiéu va
xudi chidu dugc dua vao plasmit da chen amdS bang cach st dung enzym gi6i han AflII
va Kpnl va enzym gidi han Mlul va Spel, theo thur tu, dé tao cAu trac cho plasmit dé dua
dot bién vao. Plasmit dé dua dot bién vao sau d6 duge xir Iy voi enzym giGi han AfIII

va Spel, va ching Trichoderma reesei QM9414 duoc bién nap v6i ADN thu dugc duge
15
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thé hién béi SEQ ID NO: 8 nhu duge md ta trong Vi du 1. Ching dot bién Trichoderma
reesei thu dugce dugce st dung lam ching dot bién QM9414 II trong céc thir nghiém sau
day.
Vidu4
Thir nghiém san xuét protein st dung chung dot bién QM9414 1I:

Viéc nuoi céy dugc thuc hién boi cung cac cong doan va diéu kién nhu trong
Vi du 2 ngoai trir viéc chung dot bién QM9414 II dugc st dung thay cho ching dot bién
QM9414 I thu dugce trong Vidu 1, va ndng do protein chira trong dung dich nudi chy va

c4c hoat tinh riéng khac nhau cia xenlulaza dugc do. Két qua duoc thé hién trong Bang

2.
Vi du so sanh 1
Thir nghiém san xuét protein st dung ching Trichoderma reesei QM9414

Viéc nudi cdy dugc thuc hién boi ciing cac diéu kién va cong doan nhu trong
Vi du 2 ngoai trlr viéc chung QM9414 duoc su dung thay cho chung dot bién QM9414
I thu duoc trong Vidu 1, va néng d6 protein chtra trong dung dich nudi céy va céc hoat

tinh riéng khac nhau cia xenlulaza dugc do. Két qua duge thé hién trong Bang 2.

Bang 2
Vidu so
L , Vi du 4
<inh 1 Vidu?2 idu
Chung Chung dot bién | Chung dot bién
QM9414 QM9414 1 QM9414 11
Gia tri twong ddi cta ndng do protein 1 1,5 1,4
Gi4 tri twong dbi ctia hoat tinh riéng . 3 Ls
B-glucosidaza ’ ’
G. ; N T . h ; A
14 tri t.uong doi cta hoat tinh riéng ! 15 15
B-xylosidaza
Gia tri tuong ddi cua hoat tinh riéng
) 1 1,4 1,3
xenlobiohydrolaza

Két qué tir Vi du 2, Vi du 4 va Vi du so sanh 1 chi ra rang khi gia dinh ndng do

protein chira trong dung dich nudi cay trong d6 ching Trichoderma reesei QM9414
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dugc nudi cdy 1a 1, gia tri twong db6i cua ndng dd protein chira trong dung dich nudi chy
ching dot bién QM9414 114 1,5 va gia tri twong dbi cuia ndng do protein chira trong
dung dich nudi cAy chung dot bién Trichoderma reesei QM9414 11 1a 1,4. Tu céc Kkét
qué nay cé thé hiéu rang khi Trichoderma reesei c6 chirc nang cta polypeptit gbm trinh
tu axit amin dugc néu trong SEQ ID NO: 2 giam duoc nudi céy, san luong protein co

thé tang so véi trudng hop trong d6 chirc nang cua polypeptit khong dugc giam.

Dbi v6i cac hoat tinh riéng khac nhau ctia xenlulaza, khi gia dinh cac hoat tinh
riéng khac nhau cua xenlulaza trong dung dich nudi ciy trong d6 ching Trichoderma
reesei QM9414 dugc nudi cdy 1a 1, hoat tinh riéng B-glucosidaza la chung dot bién
QM94141: 1,3, va ching dot bién QM9414 1I: 1,4, hoat tinh riéng B-xylosidaza l1a chung
dot bién Trichoderma reesei QM9414 1: 1,5, va chung dot bién QM9414 1I: 1,5, va hoat
tinh riéng xenlobiohydrolaza 1a chung dot bién QM9414 I: 1,4, va ching dot bién
QM9414 1II: 1,3. Tu cac két qua nay c6 thé hiéu rang ddi véi xenlulaza thu dugc bang
cach nudi cdy Trichoderma reesei c6 chirc nang cla polypeptit gbm trinh ty axit amin
duoc néu trong SEQ ID NO: 2 giam, khong chi lugng protein san xuét ra dugc ting ma
con thu dugce hiéu qua bét ngd 1a céc hoat tinh riéng khac nhau cua xenlulaza dugc cai
thién, so v&i trudng hop trong d6 chirc nang ctia polypeptit khong dugc giam.

Vidu5
Thir nghiém phan Gng duong hoa sir dung xenlulaza ciia chung dot bién QM9414 11

Tht nghiém phén (g duong héa cia sinh khdi chira xenluloza dugc thuc hién
theo phuong phap dugc md ta trong Vi du tham chiéu 3 bang cach st dung dung dich
nudi cdy sau 120 gid tir lic bit ddu nudi cdy ching dot bién QM9414 II thu dwgc trong
Vidu 4. Lam sinh khéi chira xenluloza, Arbocel (nhén hiéu da dugc dang ky) B800 hoac

bot ba mia dugc st dung. Két qua duoc thé hién trong Bang 3.
Vi du so sanh 2

Thir nghiém phan tng duong hoa st dung xenlulaza cua chiing Trichoderma reesei
QM9414

Tht nghiém phén tmg duong héa cta sinh khoi chira xenluloza dugc thuc hién
béi cung cong doan va didu kién nhu trong Vi du 5 ngoai trir viéc su dung dung dich

nudi cdy sau 120 gid tir lac bat ddu nudi cdy ching Trichoderma reesei QM9414 thu
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dugc trong Vi du so sanh 1. Két qua dugc thé hién trong Bang 3.

Béang 3

Chung QM9414 | Chung dot bién QM9414 11

Gié tri twong doi cua nong do glucoza

(dudmg héa B80O) ! 1.8

Gia tri tuong dbi ctia nong do glucoza

(duong héa ba mia) ! 1.8

Két qua tir Vi du 5 va Vi du so sénh 2 chi ra rang trong phén tng duong hoa
ctia Arbocel (nhén hiéu da duge dang ky) B800, khi gia dinh ndng dd glucoza chira trong
dung dich duong hoa st dung xenlulaza cta ching Trichoderma reesei QM9414 1a 1,
gia tri tuong dbi ctia ndng d6 glucoza trong dung dich duong hoa sit dung xenlulaza cua
ching dot bién QM9414 II 13 1,8. Hon nita, trong phan tmg duong hoa cua bad mia, khi
gia dinh ndng do glucoza chira trong dung dich duong hoa st dung xenlulaza cta chung
Trichoderma reesei QM9414 1a 1, gié tri tuong d6i ciia ndng dd glucoza trong dung dich
dudng hoéa st dung xenlulaza ctia chung dot bién QM9414 I1 1a 1,4. Tu céc két qua nay
¢6 thé hiéu ring khi phan tng duong hoa cia sinh khdi chira xenluloza dugc thyc hién
stt dung xenlulaza cua Trichoderma reesei ¢6 chirc nang cua polypeptit gdm trinh ty axit
amin duoc néu trong SEQ ID NO: 2 giam, ndng do glucoza trong dung dich dudng hoa
duoc ting va lugng dudng 16n hon ¢o6 thé duogc san xuét, so voi trudng hop su dung

xenlulaza cta Trichoderma reesei trong d6 chirc ndng cua polypeptit khong duge giam.
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YEU CAUBAO HQ

1. Chung dot bién Trichoderma reesei trong d6 su biéu hién ciia polypeptit gdm

trinh tu axit amin duoc néu trong SEQ ID NO: 2 dugc giam.

2. Chung dot bién Trichoderma reesei theo diém 1, trong d6 hai gbc axit amin &

vi tri thir 347 va 348 trong trinh tu axit amin dugc néu trong SEQ ID NO: 2 duoc xo6a.

3. Phuong phap san xuét protein, phuong phap nay bao gdm budc nudi cdy ching

dot bién Trichoderma reesei theo diém 1.

4. Phuong phap san xuét protein, phuong phap nay bao gdm budc nudi cdy ching

dot bién Trichoderma reesei theo diém 2.

5. Phuong phéap san xuét xenlulaza, phuong phap nay bao gébm budc nudi ciy

chung dot bién Trichoderma reesei theo diém 1.

6. Phuong phép san xuét xenlulaza, phuong phap nay bao gdm budc nudi cdy

chung dot bién Trichoderma reesei theo diém 2.

7. Phuong phap san xuat dudng tir sinh khéi chira xenluloza, phuong phap nay

bao gom cac budc:

san xuat xenlulaza bang cach nudi cay ching dot bién Trichoderma reesei trong
do6 su biéu hién cta polypeptit gdm trinh tu axit amin duoc néu trong SEQ ID NO: 2

duoc giam; va

dudng hoa sinh khéi bing xenlulaza trong dung dich nudi cy.
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<110>

<120>

Toray Industries,

45882

DANH MUC TRINH TU

Inc.

protein su dung ching nay.

<130>

<160> 12

<170>

<210> 1
<211>
<212>
<213>

ADN
<400> 1

atgccgcacc
ccagcgcecgtt
gaggaggaga
ggcggcacgt
agcagcaagg
atcaacaagg
ctggtgcgcg
cccttcacge
ggcgagctgce
aaggccgtet
cacgagatgc
gtcgagattg
gccatttcca
aagcgaacgc
cacccggcca
gtggagcttg
gagtgggagg
agcgatgacg
aacgaagaga
cggaggacca

ctgatgaaga

2580

660M09391

gcgagcgcgg
cacgctcgcg
agcaggcggce
acatcccgcece
agtaccagcg
tcaacacggc
gccgcggect
ccatctacgc
tggtcaagcg
gtctgtcgtc
tggccggcca
ccgtgggett
tggccgtcectt
agtacatgat
tcaaggagga
atggcgagat
agcatgagga
aggagggcga
caaaggccat
tctacctcac

tcaacctgcc

PatentIn version 3.5

Trichoderma reeseil

caagcagcga
ctcgcgatcg
ggcaaaggcec
ggcgaggctg
gatggcgtgg
caacatcaag
cttctgccge
cgccatggcc
cctcatcatg
gaccaccttc
gatcctgctg
ctgcaaggag
cgaccagttc
tgaggtgctc
gctggacttg
tgatgtgcag
ggcatacaag
cgaggacgag
ggagatcaag
catcatgtcg

cgtcggccag

gaaggcggcg
ccgcctegeg
gagtacgaga
agggcgctgce
gaggcgctca
cacattgtgc
tccatcatga
gccattgtca
cagttccgceca
ctcgcccacc
ctgctgctgce
gttggccagt
cgcaacatcc
ttccagatca
gtggaggagg
gacggactca
aggctcaagg
gacgaggacg
gaccagtcta
agcgccgacce

gaacccgagc

1

actcgtaccg
cgccggtgcec
agctgctcaa
aggcgcagat
agaagagcat
ccgagctgtt
aggcccaggc
acaccaagct
agggcttcaa
tcatcaacca
acaagccgac
acctcgagga
tccacgagtc
ggaaggacaa
aggaccagat
acatcttcaa
cggagattct
agagctccga
acgccgactt
cagaggaagc

tgccctcgat

Chung dot bién Trichoderma reesei va phuong phap san xuat

cccctcecgagg
cgtgcggacg
catgcggtcg
cacggacaag
caacggcctg
tggcgagaac
cgccagtttg
gccgcaggtce
gcgcaacgac
gcaggtgcag
cgacgacagc
gatgcagcct
cgacattgac
gttcaaggat
cacgcacaag
gtacgacccg
gggcgaagcc
agatgaagaa
ggtcaaccta
agttcacaag

gattgtcgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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tgttgctcge
aagatcaatc
atccaccgat
gcttccgacg
acgtcgagca
ctggctaagc
ttcceccagag
atgggtgtac
cccgceccctg
actcactcat
ggcggtcgag
tactctgacg
tctactcgtg
cgggttgcca
aaccgcggtce
ccacgacgcg
cagagcccac
ccccgcaaga
ccgtcteggt
tcttatacgce
ggtcgtctga
gatagcgaga
<210> 2

<211> 859
<212> PRT
<213>

<400> 2

aggagaagac
ggctgtggtg
acgaaaacaa
ctctgggctg
gccgcatctt
tccgggcacg
agaaccctcg
tgaccgagga
ctgctcagga
catactcttc
gccgatcgcet
actcacggtc
ggcgaaggcg
gcagaagccg
gcgcacgaag
gcagagacgc
caggcggtcc
agccccgacg
cgccgtcgag
cgtcacgcag
ggggtgggag

gtgtttctcg

45882

gtacaccaag
cgacctcttt
caagctgcgg
gcactgcctt
catcaagatt
catgactgac
caacatccga
gatgcgagag
ccgctcggat
ccgctcgegce
ttcccgaact
accgtcgcgg
agcgtcgtac
aagctactcg
caactcgtat
agactcggcc
cgcaggtcga
ggacagccga
atctcgatcg
ccgcageccg
gtcgcctagt

gtcgccgect

Trichoderma reeseil

ttctttggcet
gagcaggcct
aacattgcca
tccgtcattce
ctgttccagc
gagacgctgc
ttctccatca
cacctcatga
acggactccg
tcacggtccc
ccgcctcgac
tcaagatcac
tcggccagtc
tcgggctcect
agttcctaca
agcccgcectce
aggaacagct
tcgccgtctce
cctccgecgg
cctccgecgca
cctcctttge

cctttgaagc

tgatcggcga
ttgtcaagta
tgctgtttgg
acctcaacga
acatttccga
ggcccagcect
actacttcac
acatgcccaa
tctcgagcecta
gatctgtggg
gtggcgcaag
gatcccgcetc
ctcceccggceg
cacggtctcc
gccgctctcece
cgcgaagggyg
cgtctgtcgg
gcgactattc
ctgcgcgtgg
gggtgaggga
cggtgaagag

gcgggagaag

gcgtttcgcec
ctacgagacg
ccacatgttt
ggaggagacc
ggaaatcggc
cgaaggcctc
cagcatcggc
gcctgegcetg
ttcgtcttac
tcgtcggagce
gagccgatcc
cgattccgtc
tggtggccgt
gccaccacgg
atcttcttca
tcgaccgcgce
cagcggaggyg
gtcccggtce
ccgaaggggc
tggctcgcecg
gaggcggtat

ggataactaa

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

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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Arg

Lys

Ile

65

Ser

Ile

Val

Cys

Ile

145

Gly

Lys

His

Leu

Val

225

Ala

Ser

Ala

Ala

50

Pro

Ser

Asn

Pro

Arg

130

Tyr

Glu

Arg

Leu

Leu

210

Gly

Ile

Asp

Pro

35

Glu

Pro

Lys

Gly

Glu

115

Ser

Ala

Leu

Asn

Ile

195

Leu

Phe

Ser

Ile

Val

Tyr

Ala

Glu

Leu

100

Leu

Ile

Ala

Leu

Asp

180

Asn

Leu

Cys

Met

Asp
260

Pro

Glu

Arg

Tyr

85

Ile

Phe

Met

Met

Val

165

Lys

Gln

Leu

Lys

Ala

245

Lys

Val

Lys

Leu

70

Gln

Asn

Gly

Lys

Ala

150

Lys

Ala

Gln

His

Glu

230

Val

Arg

Arg

Leu

55

Arg

Arg

Lys

Glu

Ala

135

Ala

Arg

Val

vVal

Lys

215

Val

Phe

Thr

45882

Thr

40

Leu

Ala

Met

vVal

Asn

120

Gln

Ile

Leu

Cys

Gln

200

Pro

Gly

Asp

Gln

Glu

Asn

Leu

Ala

Asn

105

Leu

Ala

val

Ile

Leu

185

His

Thr

Gln

Gln

Tyr
265

Glu

Met

Gln

Trp

90

Thr

Val

Ala

Asn

Met

170

Ser

Glu

Asp

Tyr

Phe

250

Met

Glu

Arg

Ala

75

Glu

Ala

Arg

Ser

Thr

155

Gln

Ser

Met

Asp

Leu

235

Arg

Ile

Lys

Ser

60

Gln

Ala

Asn

Gly

Leu

140

Lys

Phe

Thr

Leu

Ser

220

Glu

Asn

Glu

Gln

45

Gly

Ile

Leu

Ile

Arg

125

Pro

Leu

Arg

Thr

Ala

205

Val

Glu

Ile

Val

Ala

Gly

Thr

Lys

Lys

110

Gly

Phe

Pro

Lys

Phe

190

Gly

Glu

Met

Leu

Leu
270

Ala

Thr

Asp

Lys

His

Leu

Thr

Gln

Gly

175

Leu

Gln

Ile

Gln

His

255

Phe

Ala

Tyr

Lys

80

Ser

Ile

Phe

Pro

Val

160

Phe

Ala

Ile

Ala

Pro

240

Glu

Gln
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Ile

Asp

Gly

305

Glu

Leu

Asp

Ile

Tyr

385

Leu

Met

Gly

Leu

Glu

465

Ala

Glu

Arg

Leu

290

Glu

Trp

Gly

Glu

Lys

370

Leu

Met

Ile

Leu

Phe

450

Asn

Ser

Glu

Lys

275

val

Ile

Glu

Glu

Ser

355

Asp

Thr

Lys

Val

Ile

435

Glu

Asn

Asp

Glu

Asp

Glu

Asp

Glu

Ala

340

Ser

Gln

Ile

Ile

Glu

420

Gly

Gln

Lys

Ala

Thr
500

Lys

Glu

Val

His

325

Ser

Glu

Ser

Met

Asn

405

Cys

Glu

Ala

Leu

Leu

485

Thr

Phe

Glu

Gln

310

Glu

Asp

Asp

Asn

Ser

390

Leu

Cys

Arg

Phe

Arg

470

Gly

Ser

Lys

Asp

295

Asp

Glu

Asp

Glu

Ala

375

Ser

Pro

Ser

Phe

Val

455

Asn

Trp

Ser

45882

Asp

280

Gln

Gly

Ala

Glu

Glu

360

Asp

Ala

Val

Gln

Ala

440

Lys

Ile

His

Ser

His

Ile

Leu

Tyr

Glu

345

Asn

Leu

Asp

Gly

Glu

425

Lys

Tyr

Ala

Cys

Arg
505

Pro

Thr

Asn

Lys

330

Gly

Glu

Val

Pro

Gln

410

Lys

Ile

Tyr

Met

Leu

490

Ile

Ala

His

Ile

315

Arg

Asp

Glu

Asn

Glu

395

Glu

Thr

Asn

Glu

Leu

475

Ser

Phe

Ile

Lys

300

Phe

Leu

Glu

Thr

Leu

380

Glu

Pro

Tyr

Arg

Thr

460

Phe

Val

Ile

Lys

285

Val

Lys

Lys

Asp

Lys

365

Arg

Ala

Glu

Thr

Leu

445

Ile

Gly

Ile

Lys

Glu

Glu

Tyr

Ala

Glu

350

Ala

Arg

Val

Leu

Lys

430

Trp

His

His

His

Ile
510

Glu

Leu

Asp

Glu

335

Asp

Met

Thr

His

Pro

415

Phe

Cys

Arg

Met

Leu

495

Leu

Leu

Asp

Pro

320

Ile

Glu

Glu

Ile

Lys

400

Ser

Phe

Asp

Tyr

Phe

480

Asn

Phe
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Gln

Thr

Asn

545

Met

Lys

Ser

Ser

Arg

625

Tyr

Ser

Ser

Tyr

Ala

705

Pro

Gly

His

Asp

530

Pro

Gly

Pro

Val

Arg

610

Ser

Ser

Asp

Pro

Ser

690

Arg

Arg

Arg

Ile

515

Glu

Arg

vVal

Ala

Ser

595

Ser

Leu

Asp

Ser

Pro

675

Ser

Ser

Arg

Pro

Ser

Thr

Asn

Leu

Leu

580

Ser

Arg

Ser

Asp

Val

660

Arg

Gly

Asn

Gly

Arg
740

Glu

Leu

Ile

Thr

565

Pro

Tyr

Ser

Arg

Ser

645

Ser

Arg

Ser

Ser

Arg

725

Gln

Glu

Arg

Arg

550

Glu

Ala

Ser

Arg

Thr

630

Arg

Thr

Gly

Ser

Tyr

710

Asp

Ser

Ile

Pro

535

Phe

Glu

Pro

Ser

Ser

615

Pro

Ser

Arg

Gly

Arg

695

Ser

Ala

Pro

45882

Gly

520

Ser

Ser

Met

Ala

Tyr

600

Val

Pro

Pro

Gly

Arg

680

Ser

Ser

Asp

Pro

Leu

Leu

Ile

Arg

Ala

585

Thr

Gly

Arg

Ser

Arg

665

Arg

Pro

Tyr

Ser

Gly
745

Ala

Glu

Asn

Glu

570

Gln

His

Arg

Arg

Arg

650

Arg

Val

Pro

Ser

Ala

730

Gly

Lys

Gly

Tyr

555

His

Asp

Ser

Arg

Gly

635

Ser

Arg

Ala

Pro

Arg

715

Ser

Pro

Leu

Leu

540

Phe

Leu

Arg

Ser

Ser

620

Ala

Arg

Ala

Ser

Arg

700

Ser

Pro

Ala

Arg

525

Phe

Thr

Met

Ser

Tyr

605

Gly

Arg

Ser

Ser

Arg

685

Asn

Pro

Pro

Gly

Ala

Pro

Ser

Asn

Asp

590

Ser

Gly

Ser

Arg

Tyr

670

Ser

Arg

Ser

Pro

Arg
750

Arg

Arg

Ile

Met

575

Thr

Ser

Arg

Arg

Ser

655

Ser

Arg

Gly

Ser

Arg

735

Arg

Met

Glu

Gly

560

Pro

Asp

Arg

Gly

Ser

640

Arg

Ala

Ser

Arg

Ser

720

Arg

Asn
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Ser Ser Ser Val Gly Ser Gly Gly
755 760

Ser Arg Ser Pro Ser Arg Asp Tyr
770 775

Pro Ser Arg Ser Arg Ser Pro Pro

785 790

Ser Tyr Thr Pro Ser Arg Ser Arg

805
Asp Gly Ser Pro Gly Arg Leu Arg
820
Leu Pro Val Lys Arg Arg Arg Tyr
835 840

Pro Pro Pro Leu Lys Arg Gly Arg
850 855

<210> 3

<211> 7801

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> DPoan ADN d& bién nap

<400> 3

taacttaagg cgcggattga gcccacgctg

gtgcctttca agtgagagcg aggttagggg

tggcgttgca gagtacatca atttgcgcag

tccgggagca gaggtactge tgcttgaagc

cgtgcacgct tttgccatct ttttcctegt

cgccgecate actcgattct gggtgacgac

gcagagcatt gcctgtgtct cctctcccag

cccttgaccg cccatctcta cgactcgaac

cgacacacac gatggcggcc gtcgtcgaca

aaggcggcga ctcgtaccge ccctcgaggc

cgectecgege geccggtgece gtgcggacgg

Pro

Ser

Pro

Ser

Gly

825

Asp

Arg

Arg Lys

Ser Arg

Ala Ala

795

Pro Pro

810

Gly Arg

Ser Glu

Asp Asn

gcatgaagtt
gggcttggat
tgacggatag
cgggctgctg
ttcgttgcectt
gacgaggcag
ttcaaccctt
gacatatacc
tgccgcaccg
cagcgcgttce

aggaggagaa

Pro
765

Lys

Ser Pro

780

Arg Gly

Pro Arg
Pro

Ser

val
845

Ser

tagagggaaa
tgggctggag
ggcggggtga
tggcgtgctg
cagccttagce
gcgtttttta
tgaatccttg
cttccecgtcc
cgagcgceggce
acgctcgcgce

gcaggcggcyg

Arg

Ser

Arg

Arg

Ser

830

Ser

Arg Asp

Arg Ser

Arg Gly

800

val
815

Arg

Pro Pro

Arg Ser

cgcgccagag
gtacggcgtg
ggtagagctt
taacttggcc
aaaacccatc
ttcttttcga
tcattgccgg
atccagatcg
aagcagcgag
tcgcgatcgce

gcaaaggccyg

60

120

180

240

300

360

420

480

540

600

660
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agtacgagaa
gggcgctgcea
aggcgctcaa
acattgtgcc
ccatcatgaa
ccattgtcaa
agttccgcaa
tcgcccacct
tgctgctgcea
ttggccagta
gcaacatcct
tccagatcag
tggaggagga
acggactcaa
ggctcaaggc
acgagagctc
ctaacgccga
acccagagga
agctgccctc
gcttgatcgg
cctttgtcaa
ccatgctgtt
ttcacctcaa
agcacatttc
tgcggcccag
tcaactactt
tgaacatgcc
ccgtctcgag
cccgatctgt

gacgtggcge

gctgctcaac
ggcgcagatc
gaagagcatc
cgagctgttt
ggcccaggcce
caccaagctg
gggcttcaag
catcaaccag
caagccgacc
cctcgaggag
ccacgagtcc
gaaggacaag
ggaccagatc
catcttcaag
ggagattctg
cgaagatgaa
cttggtcaac
agcagttcac
gatgattgtc
cgagcgtttc
gtactacgag
tggccacatg
cgaggaggag
cgaggaaatc
cctcgaaggc
caccagcatc
caagcctgcg
ctattcgtct
gggtcgtcgg

aaggagccga

45882

atgcggtcgg
acggacaaga
aacggcctga
ggcgagaacc
gccagtttge
ccgcaggtceg
cgcaacgaca
caggtgcagc
gacgacagcg
atgcagcctg
gacattgaca
ttcaaggatc
acgcacaagg
tacgacccgg
ggcgaagcca
gaaaacgaag
ctacggagga
aagctgatga
gagtgttgct
gccaagatca
acgatccacc
tttgcttccg
accacgtcga
ggcctggcecta
ctcttcccca
ggcatgggtg
ctgcccgecce
tacactcact
agcggcggtce

tcctactcectg

gcggcacgta
gcagcaagga
tcaacaaggt
tggtgcgcgg
ccttcacgcc
gcgagctgct
aggccgtctg
acgagatgct
tcgagattgc
ccatttccat
agcgaacgca
acccggccat
tggagcttga
agtgggagga
gcgatgacga
agacaaaggc
ccatctacct
agatcaacct
cgcaggagaa
atcggctgtg
gatacgaaaa
acgctctggg
gcagccgcat
agctccgggce
gagagaaccc
tactgaccga
ctgctgctca
catcatactc
gaggccgatc

acgactcacg

catcccgcecg
gtaccagcgg
caacacggcc
ccgcggcectce
catctacgcc
ggtcaagcgc
tctgtcgtcg
ggccggcecag
cgtgggctte
ggccgtcette
gtacatgatt
caaggaggag
tggcgagatt
gcatgaggag
ggagggcgac
catggagatc
caccatcatg
gcccgtecggce
gacgtacacc
gtgcgacctc
caacaagctg
ctggcactgc
cttcatcaag
acgcatgact
tcgcaacatc
ggagatgcga
ggaccgctcg
ttccegetcg
gctttcccga

gtcaccgtcg

gcgaggctga
atggcgtggg
aacatcaagc
ttctgccget
gccatggccg
ctcatcatgc
accaccttcc
atcctgctgc
tgcaaggagyg
gaccagttcc
gaggtgctct
ctggacttgg
gatgtgcagg
gcatacaaga
gaggacgagg
aaggaccagt
tcgagcgccg
caggaacccyg
aagttctttg
tttgagcagg
cggaacattg
ctttccgtca
attctgttcc
gacgagacgc
cgattctcca
gagcacctca
gatacggact
cgctcacggt
actccgcctc

cggtcaagat

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460
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cacgatcccg
gtcctcéccg
cctcacggtc
acagccgctc
ctccgcgaag
gctcgtctgt
ctcgcgacta
cggctgcgceg
gcagggtgag
tgccggtgaa
agcgcgggag
tagattgaaa
gttggtaccg
caacatgtta
acaagcccag
tcctgatcca
gcgactcgat
gttttgttag
tagagattgc
agatttcctt
atattttgaa
tgacacggca
gatatatatg
gcttgtgcaa
tgttggtgtt
attaccgttt
ccagccaatc
ccgctccccc
accctcatge

cagaatgcct

ctccgattcc
gcgtggtggce
tccgccacca
tccatcttct
gggtcgaccyg
cggcagcgga
ttcgtccecgg
tggccgaagg
ggatggctcg
gaggaggcgg
aagggataac
cggttaagcg
cggccgcecta
cccatgatac
tagtccgttt
gtccaactgce
tcgctggata
gacagtccac
ggtttctaga
ggcacctgtt
tagctcgccce
ggtgttgcta
tatgtttgac
taatcgcagt
tatcagcaat
accagtgccg
accagctagg
gggatcaatg
caactcccag

caatcctggg

45882

gtctctactc
cgtcgggttg
cggaaccgcg
tcaccacgac
cgccagagcc
gggccccgca
tcccegtete
ggctcttata
ccgggtegtce
tatgatagcg
taaaccttta
gagtggaatt
gtcatcattg
aataggtcac
caaaagacct
aaacgctgat
tgaagatcaa
cacaccgata
tctacgccag
gcttcagctg
gctggagagc
gggagcgtcg
tgcaggctgc
ggggaagcca
acacgtaatt
cggttctgca
caccagctaa
aggagaatga
tttacactcg

aagaactggc

gtgggcgaag
ccagcagaag
gtcgcgcacg
gcggcagaga
caccaggcgg
agaagccccg
ggtcgccgtce
cgccgtcacg
tgaggggtgg
agagtgtttc
ccttttgaac
gggtgggatg
gataggcaga
acaaacaagc
agatgatgaa
gtatactcaa
agagagctct
ttagaattgg
gaccgagcaa
aatcctggca
atcctgaatg
tgttctacaa
tcagcgacga
caccgtgact
taaactcgtt
gctttccttg
accctataat
gggggatgcg
tcgagccaac

cgctgataag

gcgagcgtcg
ccgaagctac
aagcaactcg
cgcagactcg
tcccgecaggt
acgggacagc
gagatctcga
cagccgcagc
gaggtcgcct
tcggtcgecg
gatgaattgt
ggaaaacgtg
ttactcagcc
gctaagatgc
ctacaacatg
tcaagcctga
gatgggtcca
tcaagcacct
gcccagatga
atacgagata
caagtaacaa
ggccagacgt
cagtcaagtt
cccatctttc
agcatggggc
gcccgtaaaa
tagtctctta
gggctaaaga
atcctgacta

cgcgeccgcece

tactcggcca
tcgtcgggcet
tatagttcct
gccagcccgce
cgaaggaaca
cgatcgccgt
tcgccteccge
ccgcctcecegce
agtcctcctt
cctcctttga
tcctcttgcet
taatagattg
tgaatgacat
acttggtatg
aggtgttgcc
tgtaaatgct
atatagccgg
tatcatttca
gaaccgacgc
cctgctttga
ccgtagaggc
cttcgcggtt
cgccctceget
agtaaagctc
tgatagctta
ttcggcgaag
tcaacaccat
agcctacata
taagctaaca

tcgcaaaaac
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2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200

4260



catccctgat
aaagaaatcg
tcttgtgtcc
taaacgggca
acaacgccac
cacgagttct
aagcacaaga
cgagtcaagg
tgccaccagg
ggggactcgg
tctgtcccge
aacccacgca
gggattcgtg
gccgcgttcea
atggcgaaca
tctgttgagg
tgtcctcctt
tagacctccg
aggtcatccc
acggcgggcet
tcctgcgecgg
cgtggacgcc
acggcagcgce
tcaaagacct
atctccagaa
aggccgggaa
atgaccagtt
tggttgttcc
cggttagtga

caccggttgce

gaatggaaag
ggcatccttt
aagctggcgg
gcaatcgccc
cttatgggac
tccctgacgce
gacccgttgg
tacaccgttg
gctacgaaac
ttctgacaac
agaccctgat
acaagaactg
gtggcgtcat
acttcctgta
gcatggaggg
gtgagtcctt
tcttgectttt
cctcttcacc
catgccctgg
caatatcggc
cgtggaaacc
atacaagcac
cgacgtaatg
actgaacccg
gtggaattac
ggaactggac
ccggtactat
ggttaccttt
gcttgatgcc

agtgcaggtt

45882

tccagacgct
cagaggccga
ccggagagtt
agcagttagt
tatcaagctg
cgctctcgcg
tccactccat
cccctaagtc
atcaatgggc
catgctccge
ggtctgcgag
gtcgtgcggce
cggtgtagga
cggtctaagg
tcaggagacg
cgcctcttcc
tatactatat
aaatccgtcc
cgccagtccg
tactacaact
accgtcgccg
gatttcggcc
cgcgatatca
aacatcaaag
cagatggagt
gccatcatcg
gggtatgcct
gcggataaga
ctcgtgcagg

atcggacgga

gcctgcggaa
actgaagatc
gacctcggtg
agggtcccct
acgctggctt
caggcaaggg
ggcctcccca
gttagatgtc
tacatctcat
aaagccggtg
acagtcaaca
ggcagttctg
acggatatcg
ccgagtcatg
gtgcacagcg
ttcttttect
acgagaccgg
tcggtcagga
agtcggacat
tcgacggcaa
cactcgccaa
acgatctcat
gtgcatccgg
ctgttaacat
accttgagaa
cgccgattac
ctgtgatcaa
acatcgataa
aagagtatga

gactcagtga

gacagcgtta
acagaggcct
gaagttacgc
ctacctctca
ctgtgcagac
aactcgatga
tctctctcaa
cctttttgte
ggctaaacaa
ccgtcttcta
acatcatcgg
gtggtgaggg
gtggctcgat
ggcggctgcece
ttgtcgggcc
gctctatacc
cagtcactga
gccatggaaa
tattgcctcc
tgtccttcca
agccggtcac
ctcccatatc
cgagccggceg
gaacgagctc
atggcgggag
gcctaccgcet
cctgctggat
gaagaatgag
tccggaggcg

agagaggacg

ttgatttccc
ccgctgcaga
tagcattctg
gggagatgta
aaactgcgcc
atactacgca
agaccagctt
agctaacata
gtacgacgaa
cgtcaagacc
gcgcaccgtc
tgcgatcgtt
tcgagtgccg
gtatgcaaag
gattacgcac
aggcctccac
tgaagtatgt
tacgactcca
aagatcaaga
caccctccta
accgtgaccc
tacgcggctg
attccaaata
tgggacacgc
gctgaagaaa
gcggtacgge
ttcacgagcg
agtttcaagg
taccatgggg

ttggcgattg
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4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000

6060



cagaggaagt
agcaatttgc
atgctacgaa
tctctcaaag
aatagggaat
tttgatatca
ctatgtgctt
actgctaacc
aatcttcaac
agcaccccca
cagctccaga
gacgacttca
gtacttgatg
cgtgatggtg
gtcttccggg
gtttgcgécg
gacggagatg
ccagacgtca
gcccgagttce
gcccacgtcg
acggtagtcc
cgcgccgecyg
ggcgcgcatc
ccgcgggcgyg
gttgtgcgcg
gcgcgtggtyg
catgttgacg
gtcagtggga
gcttcttact

g

ggggaagttyg
acaagaaatc
agagcagaaa
gaagaatccc
atttacttgg
ttagcgattc
gtgagcgaat
ccttctttcet
gacgcactgt
accttgacaa
ccctccacct
tccccagcegg
ggctcgggcece
gcatggacca
ttggggatgg
gcgacgacgce
aagcgcacga
aaggttccct
tcatcgaccc
acgcggcgcea
accacggccc
caccgcctgg
gtctccgact
aagttgtcga
tcgagcacca
ctgagatggg
gcctcttggt
tgttgcgtgt

gttccactga

45882

ctgggaaatg
aataccagca
aaaacctgcc
ttcagggttg
gttatgcgtc
aatacactaa
ctactggttt
tcttggcaat
ctgccccaat
gctgcttctc
cctcgaagac
acgaaacctc
aagccgtgtce
cgtacggatc
atggcgggag
gggagtgtag
cgaggtccag
cgcgagcggce
aggccccegt
gggcccgcegce
acgacatggt
cceccgggcett
gcacgacctg
cgacgtagct
tcgagcccgg
ggtatgcttc
acttgttcat
gagtgatttg

tggatatcgc

tggtgactcc
actgtaaata
gtagaaccga
cgtttccagt
acatagtagc
ttacggacaa
gactgctgca
ctatcgagga
gcaggtccac
ccccggceaca
gaaccccttg
aaacgcgata
cgcagcgatg
gtattcggcg
cgtcttgccc
tatcggatcg
cgcgacgggc
aagcgtgtgg
ctgcgtccag
gatggcgtag
cggccagcag
cccccactgce
cgtcaggtgg
catcatgcgg
gtacagctgg
catgccgaac
ggtcccatgc
tgtggaaatt

caaccgttgg

10

atagctaata
agcgctgaag
agagatatga
ctagacgcgt
accccctttt
tcaccttggc
cggtatatgt
gccaaagaag
agcaactcac
acatcgaacc
acgggcttct
ccgcggtcag
acggtgccag
aggggaaagg
tggaggatgt
acgacgtccc
tgggtgtcgce
tcgacctggc
tcgtgccacg
tacgccggct
tcgttgagcet
cgccgecagyg
gtgtacccgc
cgctcgtggce
gctgggtcgce
tcgctgacga
cagactgtgt
9999999999

atctgccgtg

agtgtcagat
tgaccatgcc
cacgcttcca
gatgggtggg
tttgcccttce
ttctgtcatt
gagatcgtgg
aagacgcttc
ccgctttcaa
cgttgtcact
ccgccgaaac
acaggtcgag
tcgcggegtce
gcttggtgat
ccgtcgcgga
tgcctgtgcg
tgctgacgac
cggtgacgag
tccggcagac
tcttgacgag
gccacaccag
ccttgtacgce
cgaggtcgtyg
cgatggccectt
tggccatgcg
agcggccgcce
ggagaggatg
9999999999

actagtgcat

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7801
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<210> 4
<211>
<212>
<213>

ADN
<220>
<223>

<400> 4
cttaaggcgce

cctttcaagt
cgttgcagag
gggagcagag
gcacgctttt
cgccatcact
gagcattgcc
ttgaccgccc
cacacacgat
gcggcgacte
ctcgcgcecgcec
acgagaagct
cgctgcaggc
cgctcaagaa
ttgtgcccga
tcatgaaggc
ttgtcaacac
tccgcaaggg
cccacctcat
tgctgcacaa
gccagtacct
acatcctcca
agatcaggaa
aggaggagga

gactcaacat

3186

ggattgagcc
gagagcgagg
tacatcaatt
gtactgctgc
gccatctttt
cgattctggg
tgtgtctcct
atctctacga
ggcggccgte
gtaccgcccc
ggtgccegtg
gctcaacatg
gcagatcacg
gagcatcaac
gctgtttggce
ccaggccgcec
caagctgccg
cttcaagcgc
caaccagcag
gccgaccgac
cgaggagatg
cgagtccgac
ggacaagttc
ccagatcacg

cttcaagtac

45882

Trinh tu nhan tao

Doan ADN d& bién nap

cacgctggca
ttaggggggg
tgcgcagtga
ttgaagccgg
tcctegttte
tgacgacgac
ctcccagttc
ctcgaacgac
gtcgacatgc
tcgaggccag
cggacggagg
cggtcgggcg
gacaagagca
ggcctgatca
gagaacctgg
agtttgccct
caggtcggcg
aacgacaagg
gtgcagcacg
gacagcgtcg
cagcctgcca
attgacaagc
aaggatcacc
cacaaggtgg

gacccggagt

tgaagtttag
cttggattgg
cggatagggc
gctgctgtgg
gttgcttcag
gaggcaggcg
aaccctttga
atataccctt
cgcaccgcga
cgcgttcacg
aggagaagca
gcacgtacat
gcaaggagta
acaaggtcaa
tgcgcggcecg
tcacgcccat
agctgctggt
ccgtctgtet
agatgctggc
agattgccgt
tttccatggce
gaacgcagta
cggccatcaa
agcttgatgg

gggaggagca

11

agggaaacgc
gctggaggta
ggggtgaggt
cgtgctgtaa
ccttagcaaa
ttttttattc
atccttgtca
cccgtccatce
gcgcggcaag
ctcgcgceteg
ggcggcggea
cccgccggeg
ccagcggatg
cacggccaac
cggcectctte
ctacgccgcece
caagcgcctc
gtcgtcgacc
cggccagatc
gggcttctgc
cgtcttcgac
catgattgag
ggaggagctg
cgagattgat

tgaggaggca

gccagaggtg
cggcgtgtgg
agagctttcc
cttggccegt
acccatccgce
ttttcgagca
ttgccggcecce
cagatcgcga
cagcgagaag
cgatcgccgce
aaggccgagt
aggctgaggg
gcgtgggagyg
atcaagcaca
tgccgctcca
atggccgcca
atcatgcagt
accttcctcg
ctgctgcectgce
aaggaggttg
cagttccgca
gtgctcttcc
gacttggtgg
gtgcaggacg

tacaagaggc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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tcaaggcgga
agagctccga
acgccgactt
cagaggaagc
tgccctcgat
tgatcggcga
ttgtcaagta
tgctgtttgg
acctcaacga
acatttccga
ggcccagcct
actacttcac
acatgcccaa
tctcgagcta
gatctgtggg
gtggcgcaag
gatcccgcete
ctccceggeg
cacggtctcc
gccgcectctcec
cgcgaagggg
cgtctgtcgg
gcgactattc
ctgcgcgtgg
gggtgaggga
cggtgaagag
gcgggagaag
attgaaacgg

ggtacc

<210> 5

gattctgggce
agatgaagaa
ggtcaaccta
agttcacaag
gattgtcgag
gcgtttcgcece
ctacgagacg
ccacatgttt
ggaggagacc
ggaaatcggc
cgaaggcctc
cagcatcggc
gcctgcéctg
ttcgtcttac
tcgtcggage
gagccgatcc
cgattccgtc
tggtggccgt
gccaccacgg
atcttcttca
tcgaccgcgce
cagcggaggg
gtcccggtcce
ccgaaggggc
tggctcgcecg
gaggcggtat
ggataactaa

ttaagcggag

45882

gaagccagcg
aacgaagaga
cggaggacca
ctgatgaaga
tgttgctcge
aagatcaatc
atccaccgat
gcttccgacg
acgtcgagca
ctggctaagc
ttccccagag
atgggtgtac
cccgeccectg
actcactcat
ggcggtcgag
tactctgacg
tctactcgtyg
cgggttgcca
aaccgcggtce
ccacgacgcg
cagagcccac
ccccgcaaga
ccgtctecggt
tcttatacgce
ggtcgtctga
gatagcgaga
acctttacct

tggaattggg

atgacgagga
caaaggccat
tctacctcac
tcaacctgcc
aggagaagac
ggctgtggtyg
acgaaaacaa
ctctgggcectg
gccgcatctt
tccgggcacg
agaaccctcg
tgaccgagga
ctgctcagga
catactcttc
gccgatcget
actcacggtc
ggcgaaggcg
gcagaagccg
gcgcacgaag
gcagagacgc
caggcggtcc
agccccgacg
cgccgtcgag
cgtcacgcag
ggggtgggag
gtgtttctcg

tttgaacgat

tgggatggga

12

gggcgacgag
ggagatcaag
catcatgtcg
cgtcggccag
gtacaccaag
cgacctcttt
caagctgcgg
gcactgcctt
catcaagatt
catgactgac
caacatccga
gatgcgagag
ccgctcggat
ccgctcgcegce
ttcccgaact
accgtcgcgg
agcgtcgtac
aagctactcg
caactcgtat
agactcggcc
cgcaggtcga
ggacagccga
atctcgatcg
ccgcagcccg
gtcgcctagt
gtcgccgect
gaattgttcc

aaacgtgtaa

gacgaggacg
gaccagtcta
agcgccgacc
gaacccgagc
ttctttggct
gagcaggcct
aacattgcca
tccgtcattce
ctgttccagc
gagacgctgc
ttctccatca
cacctcatga
acggactccg
tcacggtccc
ccgcctcgac
tcaagatcac
tcggccagtc
tcgggctect
agttcctaca
agcccgectce
aggaacagct
tcgcegtcetce
cctccgecgg
cctccgegea
cctcectttge
cctttgaagc
tcttgcttag

tagattggtt

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3186
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<211> 33
<212> ADN
<213>
<220>
<223>
<400> 5

45882

Trinh ty nhan tao

Oligo ADN dung cho PCR

atacgcgtga tgggtgggaa tagggaatat tta

<210> o
<211> 33
<212> ADN
<213>
<220>
<223>
<400> o

Trinh tyu nhan tao

0Oligo ADN dung cho PCR

atactagtca cggcagatcc aacggttgge gat

<210> 7
<211>
<212>
<213>

ADN
<400> 7

agagaagaat
cgattctgga
ggattgagcc
gagagcgagg
tacatcaatt
gtactgctgc
gccatctttt
cgattctggg
tgtgtctcct
atctctacga
ggcggecgte
gtaccgcccc
ggtgcccgtg
gctcaacatg
gcagatcacg

gagcatcaac

3516

cggcgatcga
gttgattcaa
cacgctggca
ttaggggggyg
tgcgcagtga
ttgaagccgg
tcctegttte
tgacgacgac
ctcccagttc
ctcgaacgac
gtcgacatgc
tcgaggccag
cggacggagyg
cggtcgggcy
gacaagagca

ggcctgatca

Trichoderma reesei

atgggcgtct
gtaatagtga
tgaagtttag
cttggattgg
cggatagggc
gctgctgtgg
gttgcttcag
gaggcaggcg
aaccctttga
atataccctt
cgcaccgcga
cgcgttcacg
aggagaagca
gcacgtacat
gcaaggagta

acaaggtcaa

ttggttcgtt
agaggtggaa
agggaaacgc
gctggaggta
ggggtgaggt
cgtgctgtaa
ccttagcaaa
ttttttattc
atccttgtca
cccgtccecatce
gcgcggcaag
ctcgcgcetceg
ggcggcggca
cccgcecggeg
ccagcggatg

cacggccaac

13

gtttaaagga
gcttggattg
gccagaggtg
cggcgtgtgg
agagctttcc
cttggccegt
acccatccgce
ttttcgagca
ttgccggcecce
cagatcgcga
cagcgagaag
cgatcgccgce
aaggccgagt
aggctgaggg
gcgtgggagg

atcaagcaca

gcgtgggcgg
ggtgaggcgce
cctttcaagt
cgttgcagag
gggagcagag
gcacgctttt
cgccatcact
gagcattgcc
ttgaccgccc
cacacacgat
gcggcgactce
ctcgcgcecgcec
acgagaagct
cgctgcaggc
cgctcaagaa

ttgtgcccga

33

33

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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gctgtttggce
ccaggccgcece
caagctgccg
cttcaagcgc
caaccagcag
gccgaccgac
cgaggagatg
cgagtccgac
ggacaagttc
ccagatcacg
cttcaagtac
gattctgggc
ctccgaagat
cgacttggtc
ggaagcagtt
ctcgatgatt
cggcgagcegt
caagtactac
gtttggccac
caacgaggag
ttccgaggaa
cagcctcgaa
cttcaccagc
gcccaagcect
gagctattcg
tgtgggtcgt
cgcaaggagc
ccgctccgat
ccggcgtggt

gtctccgceca

gagaacctgg
agtttgccct
caggtcggcg
aacgacaagg
gtgcagcacg
gacagcgtcg
cagcctgcca
attgacaagc
aaggatcacc
cacaaggtgg
gacccggagt
gaagccagcg
gaagaaaacg
aacctacgga
cacaagctga
gtcgagtgtt
ttcgccaaga
gagacgatcc
atgtttgctt
gagaccacgt
atcggcctgg
ggcctcttcce
atcggcatgg
gcgctgecceg
tcttacactc
cggagcggcg
cgatcctact
tccgtctcta
ggccgtcggyg

ccacggaacc

45882

tgcgcggceceg
tcacgcccat
agctgctggt
ccgtctgtet
agatgctggc
agattgccgt
tttccatggce
gaacgcagta
cggccatcaa
agcttgatgg
gggaggagca
atgacgagga
aagagacaaa
ggaccatcta
tgaagatcaa
gctcgcagga
tcaatcggcet
accgatacga
ccgacgctct
cgagcagccg
ctaagctccg
ccagagagaa
gtgtactgac
cccctgetge
actcatcata
gtcgaggccg
ctgacgactc
ctecgtgggcg
ttgccagcag

gcggtcgege

cggcctcectte
ctacgccgcc
caagcgcctc
gtcgtcgacc
cggccagatc
gggcttctgc
cgtcttcgac
catgattgag
ggaggagctg
cgagattgat
tgaggaggca
gggcgacgag
ggccatggag
cctcaccatc
cctgccegtce
gaagacgtac
gtggtgcgac
aaacaacaag
gggctggcac
catcttcatc
ggcacgcatg
ccctcgcaac
cgaggagatg
tcaggaccgc
ctcttcccge
atcgctttcc
acggtcaccg
aaggcgagcg
aagccgaagc

acgaagcaac

14

tgccgcectcca
atggccgcca
atcatgcagt
accttcctceg
ctgctgctgce
aaggaggttg
cagttccgca

gtgctcttcc

gacttggtgg
gtgcaggacg
tacaagaggc
gacgaggacg
atcaaggacc
atgtcgagcg
ggccaggaac
accaagttct
ctctttgagc
ctgcggaaca
tgcctttccg
aagattctgt
actgacgaga
atccgattct
cgagagcacc
tcggatacgg
tcgcgctcac
cgaactccgc
tcgcggtcaa
tcgtactcgg
tactcgtcgg

tcgtatagtt

tcatgaaggc
ttgtcaacac
tccgcaaggg
cccacctcat
tgctgcacaa
gccagtacct
acatcctcca
agatcaggaa
aggaggagga
gactcaacat
tcaaggcgga
aggacgagag
agtctaacgc
ccgacccaga
ccgagctgcece
ttggcttgat
aggcctttgt
ttgccatgcet
tcattcacct
tccagcacat
cgctgcggcec
ccatcaacta
tcatgaacat
actccgtctc
ggtcccgatc
ctcgacgtgg
gatcacgatc
ccagtcctcc
gctcctcacg

cctacagccg

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760
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ctctccatct
aaggggtcga
tgtcggcagce
ctattcgtcc
gcgtggccga
gagggatggc
gaagaggagg
gagaagggat
aaacggttaa
ggtgggaata
cccttetttg
gtcattctat
tcgtggactg
<210> 8

<211>

<212>
<213>

ADN
<220>
<223>

<400> 8
cttaagcgac

gcggecgteg
taccgcccct
gtgcccgtgce
ctcaacatgc
cagatcacgg
agcatcaacg
ctgtttggcg
caggccgcca
aagctgccgce
ttcaagcgca

aaccagcagg

5714

tcttcaccac
ccgcgccaga
ggagggcccc
cggtcccecgt
aggggctctt
tcgcecgggtce
cggtatgata
aactaaacct
gcggagtgga
gggaatattt
atatcattag
gtgcttgtga

ctaacccctt

tcgaacgaca
tcgacatgcecc
cgaggccagce
ggacggagga
ggtcgggcgg
acaagagcag
gcctgatcaa
agaacctggt
gtttgccctt
aggtcggcga
acgacaaggc

tgcagcacga

45882

gacgcggcag
gcccaccagg
gcaagaagcc
ctcggtcgcece

atacgccgtc

gtctgagggg
gcgagagtgt
ttaccttttg
attgggtggg
acttgggtta
cgattcaata
gcgaatctac

ctttcttett

Trinh ty nhan tao

Poan ADN d& bién nap

tataccctte
gcaccgcgag
gcgttcacgce
ggagaagcag
cacgtacatc
caaggagtac
caaggtcaac
gcgcggcecgce
cacgcccatc
gctgctggtce
cgtctgtctg

gatgctggcc

agacgcagac
cggtcccgca
ccgacgggac
gtcgagatct
acgcagccgce
tgggaggtcg
ttctcggteg
aacgatgaat
atgggaaaac
tgcgtcacat
cactaattac
tggtttgact

ggcaat

ccgtccatce
cgcggcaagce
tcgcgcetegce
gcggcggcaa
ccgceccggcga
cagcggatgg
acggccaaca
ggcctcttct
tacgccgcca
aagcgcctca
tcgtcgacca

ggccagatcc

15

tcggccagcec
ggtcgaagga
agccgatcgce
cgatcgcctce
agcccgcecte
cctagtcctc
ccgcctectt
tgttcctett
gtgtaataga
agtagcaccc
ggacaatcac

gctgcacggt

agatcgcgac
agcgagaagg
gatcgccgece
aggccgagta
ggctgagggce
cgtgggaggc
tcaagcacat
gccgctccat
tggccgcecat
tcatgcagtt
ccttcctege

tgctgctgct

cgcctcegceg
acagctcgtc
cgtctcgcga
cgccggctgce
cgcgcagggt
ctttgccggt
tgaagcgcgg
gcttagattg
ttggttgatg
cctttttttg
cttggcttct

atatgtgaga

acacacgatg
cggcgactcg
tcgcgcgcecg
cgagaagctg
gctgcaggcyg
gctcaagaag
tgtgcccgag
catgaaggcc
tgtcaacacc
ccgcaagggce
ccacctcatc

gctgcacaag
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2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480

3516

60
120
180
240
300
360
420
480
540
600
660

720



ccgaccgacg
gaggagatgc
gagtccgaca
gacaagttca
cagatcacgc
ttcaagtacg
attctgggcg
tccgaagatg
gacttggtca
gaagcagttc
actcagcctg
taagatgcac
acaacatgag
aagcctgatg
tgggtccaat
aagcacctta
ccagatgaga
acgagatacc
agtaacaacc
ccagacgtct
gtcaagttcg
catctttcag
catggggctyg
ccgtaaaatt
gtctcttatc
gctaaagaag
cctgactata
cgccegecte
cagcgttatt

agaggcctcc

acagcgtcga
agcctgccat
ttgacaagcg
aggatcaccc
acaaggtgga
acccggagtg
aagccagcga
aagaaaacga
acctacggag
acaagctgat
aatgacatca
ttggtatgac
gtgttgcctce
taaatgctgc
atagccgggt
tcatttcata
accgacgcag
tgctttgaat
gtagaggctg
tcgcggttga
ccctcgetge
taaagctctg
atagcttaat
cggcgaagcc
aacaccatcc
cctacataac
agctaacaca
gcaaaaacca
gatttcccaa

gctgcagatc

45882

gattgcecgtyg
ttccatggcee
aacgcagtac
ggccatcaag
gcttgatggce
ggaggagcat
tgacgaggag
agagacaaag
gaccatctac
gggtaccgcg
acatgttacc
aagcccagta
ctgatccagt
gactcgattc
tttgttagga
gagattgcgg
atttccttgg
attttgaata
acacggcagg
tatatatgta
ttgtgcaata
ttggtgttta
taccgtttac
agccaatcac
gctcccccecgg
cctcatgcca
gaatgcctca
tccectgatga
agaaatcggg

ttgtgtccaa

ggcttctgca
gtcttcgacc
atgattgagg
gaggagctgg
gagattgatg
gaggaggcat
ggcgacgagg
gccatggaga
ctcaccatca
gccgcctagt
catgatacaa
gtccgtttca
ccaactgcaa
gctggatatg
cagtccacca
tttctagatc
cacctgttgc
gctcgcccge
tgttgctagg
tgtttgactg
atcgcagtgg
tcagcaatac
cagtgccgcg
cagctaggca
gatcaatgag
actcccagtt
atcctgggaa
atggaaagtc

catcctttca

gctggcggcce
16

aggaggttgg
agttccgcaa
tgctcttcca
acttggtgga
tgcaggacgg
acaagaggct
acgaggacga
tcaaggacca
tgtcgagcgce
catcattgga
taggtcacac
aaagacctag
acgctgatgt
aagatcaaag
caccgatatt
tacgccagga
ttcagctgaa
tggagagcat
gagcgtcgtyg
caggctgctc
ggaagccaca
acgtaattta
gttctgcagc
ccagctaaac
gagaatgagg
tacactcgtc
gaactggccg
cagacgctgc
gaggccgaac

ggagagttga

ccagtacctc
catcctccac
gatcaggaag
ggaggaggac
actcaacatc
caaggcggag
ggacgagagc
gtctaacgcc
cgacccagag
taggcagatt
aaacaagcgc
atgatgaact
atactcaatc
agagctctga
agaattggtc
ccgagcaagce
tcctggcaat
cctgaatgca
ttctacaagg
agcgacgaca
ccgtgactcc
aactcgttag
tttccttggce
cctataatta
gggatgcggg
gagccaacat
ctgataagcg
ctgcggaaga
tgaagatcac

cctcggtgga
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780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460

2520



agttacgcta
acctctcagg
gtgcagacaa
ctcgatgaat
tctctcaaag
tttttgtcag
ctaaacaagt
gtcttctacg
atcatcgggce
ggtgagggtg
ggctcgattc
cggctgecegt
gtcgggccga
tctataccag
gtcactgatg
catggaaata
ttgcctccaa
tcecttecaca
ccggtcacac
cccatatcta
agccggcgat
acgagctctg
ggcgggaggce
ctaccgctgc
tgctggattt
agaatgagag
cggaggcgta
agaggacgtt
agctaataag

cgctgaagtyg

gcattctgta
gagatgtaac
actgcgccca
actacgcaaa
accagcttcg
ctaacatatg
acgacgaagg
tcaagacctc
gcaccgtcaa
cgatcgttgg
gagtgccggce
atgcaaagat
ttacgcactc
gcctccactg
aagtatgtta
cgactccaag
gatcaagaac
ccctectatce
cgtgaccccg
cgcggctgac
tccaaatatc
ggacacgcat
tgaagaaaag
ggtacggcat
cacgagcgtg
tttcaaggcg
ccatggggca
ggcgattgca
tgtcagatag

accatgccat

45882

aacgggcagc
aacgccacct
cgagttcttc
gcacaagaga
agtcaaggta
ccaccagggc
ggactcggtt
tgtcccgecag
cccacgcaac
gattcgtggt
cgcgttcaac
ggcgaacagc
tgttgagggt
tcctecttte
gacctccgcc
gtcatcccca
ggcgggctca
ctgcgcggcg
tggacgccat
ggcagcgcecg
aaagacctac
ctccagaagt
gccgggaagg
gaccagttcc
gttgttccgg
gttagtgagc
ccggttgcag
gaggaagtgg
caatttgcac

gctacgaaag

aatcgcccag
tatgggacta
cctgacgccg
cccgttggtce
caccgttgcecc
tacgaaacat
ctgacaacca
accctgatgg
aagaactggt
ggcgtcatcg
ttcctgtacg
atggagggtc
gagtccttcg
ttgcttttta
tcttcaccaa
tgccctggceg
atatcggcta
tggaaaccac
acaagcacga
acgtaatgcg
tgaacccgaa
ggaattacca
aactggacgc
ggtactatgg
ttacctttgc
ttgatgccct
tgcaggttat
ggaagttgct
aagaaatcaa

agcagaaaaa

17

cagttagtag
tcaagctgac
ctctcgcgca
cactccatgg
cctaagtcgt
caatgggcta
tgctccgcaa
tctgcgagac
cgtgcggcgg
gtgtaggaac
gtctaaggcc
aggagacggt
cctcttectt
tactatatac
atccgtcctc
ccagtccgag
ctacaacttc
cgtcgccgca
tttcggccac
cgatatcagt
catcaaagct
gatggagtac
catcatcgcg
gtatgcctct
ggataagaac
cgtgcaggaa
cggacggaga
gggaaatgtg
taccagcaac

aacctgccgt

ggtcccctcet
gctggcttcet
ggcaagggaa
cctccccatce
tagatgtccc
catctcatgg
agccggtgcece
agtcaacaac
cagttctggt
ggatatcggt
gagtcatggg
gcacagcgtt
cttttcctgce
gagaccggca
ggtcaggagc
tcggacatta
gacggcaatg
ctcgccaaag
gatctcatct
gcatccggcg
gttaacatga
cttgagaaat
ccgattacgc
gtgatcaacc
atcgataaga
gagtatgatc
ctcagtgaag
gtgactccat
tgtaaataag

agaaccgaag

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320
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agatatgaca
agacgcgttg
attgccatgc
gtcattcacc
ttccagcaca
acgctgcggce
tccatcaact
ctcatgaaca
gactccgtct
cggtcccgat
cctcgacgtg
agatcacgat
gccagtcctc
ggctcctcac
tcctacagcce
ccgcctecge
aacagctcgt
ccgtctcecgeg
ccgcecggcetg
ccgegeaggg
cctttgccgg
ttgaagcgcg
tgcttagatt
attggttgac
<210> 9

<211> 37

<212> ADN
<213>

<220>
<223>

<400> 9

cgcttccatc
tcaagtacta
tgtttggcca
tcaacgagga
tttccgagga
ccagcctcga
acttcaccag
tgcccaagcc
cgagctattc
ctgtgggtcg
gcgcaaggag
cccgetccga
ccecggegtgg
ggtctccgcec
gctctccatc
gaaggggtcg
ctgtcggcag
actattcgtc
cgcgtggccg
tgagggatgg
tgaagaggag
ggagaaggga
gaaacggtta

tagt

45882

tctcaaagga
cgagacgatc
catgtttgcect
ggagaccacg
aatcggcctg
aggcctcectte
catcggcatg
tgcgctgcecec
gtcttacact
tcggagcgge
ccgatcctac
ttccgtcectet
tggccgtegg
accacggaac
ttcttcacca
accgcgccag
cggagggccc
ccggtcceccecg
aaggggctct
ctcgcecgggt
gcggtatgat
taactaaacc

agcggagtgg

Trinh tu nhan tao

Oligo ADN dung cho PCR

agaatccctt
caccgatacg
tccgacgcete
tcgagcagcc
gctaagctcc
cccagagaga
ggtgtactga
gcccctgetg
cactcatcat
ggtcgaggcc
tctgacgact
actcgtgggce
gttgccagca
cgcggtcgceg
cgacgcggca
agcccaccag
cgcaagaagc
tctcggtcegce
tatacgccgt
cgtctgaggg
agcgagagtg
tttacctttt

aattgggtgg

atgcatctta agcgactcga acgacatata cccttcc

18

cagggttgcg
aaaacaacaa
tgggctggcea
gcatcttcat
gggcacgcat
accctcgcaa
ccgaggagat
ctcaggaccg
actcttccceg
gatcgctttc
cacggtcacc
gaaggcgagc
gaagccgaag
cacgaagcaa
gagacgcaga
gcggtcccge
cccgacggga
cgtcgagatc
cacgcagccg
gtgggaggtc
tttctcggte
gaacgatgaa

gatgggaaaa

tttccagtct
gctgcggaac
ctgcctttcc
caagattctg
gactgacgag
catccgattc
gcgagagcac
ctcggatacg
ctcgcgctca
ccgaactccg
gtcgcggtca
gtcgtactcg
ctactcgtcg
ctcgtatagt
ctcggccagce
aggtcgaagg
cagccgatcg
tcgatcgcect
cagcccgcect
gcctagtcct
gccgcectcect
ttgttcctct

cgtgtaatag

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5714

37
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

45882

10

33

ADN

Trinh tu nhéan tao

Oligo ADN dung cho PCR

10

atggtaccca tcagcttgtg aactgcttce tct

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

<220>
<223>

<400>

11

33

ADN

Trinh tu nhéan tao

0ligo ADN dung cho PCR

11

atacgcgttg tcaagtacta cgagacgatc cac

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

<220>
<223>

<400>

12

33

ADN

Trinh tu nhéan tao

Oligo ADN dung cho PCR

12

atactagtca accaatctat tacacgtttt ccc

19
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