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Linh vwe ki thuit dwoc dé cip

Sang ché dé cap dén enzym B-xylosidaza chiu nhiét, polynucleotit ma hoa enzym
ndy, vecto biéu hién enzym nay, thé bién nap chira vecto nay, va phuong phép san xuét

san phdm phén giai lignoxenluloza bing enzym nay.
Tinh trang k§ thuit cia sing ché

Trong nhitng nam gan déy, viéc phét trién cic ngudn ning luong thay thé ddu mo
ngay cang trd nén quan trong, do cic van d& vé maéi trudng nhu trai dit nong 1én va o
nhiém bau khi quyén, ciing nhu quan ngai lién quan dén viéc cung cip ning lugng cho
cac phuong tién véan tai. Sinh khdi thuc vat 12 ngudn ning luong tai tao phong pht nhét
trén trai dit, duoc mong doi 1a ngudn ning luong thay thé cho ddu mé. Lignoxenluloza 13
thanh phan chinh cta sinh khéi thuc vt va bao gdm cac polysacarit nhu xenluloza,
hemixenluloza (bao gdm xylan, arabinan va mannan), va lignin. C4c polysacarit ndy duoc
thity phan thanh cdc monosacarit nhu glucoza va xyloza bai nhidu glycosit hydrolaza va
duge str dung 13m nhién liéu sinh hoc hodc nguyén liéu dé san xuét nhiéu sin phdm héa

hoc.

Lignoxenluloza 12 hop chat ¢ cdu triic rat phirc tap, nén rat kho c6 thé phan giai
hozc thity phan dugc bing mdt enzym duy nhét. Do dé, trong sé cac polysacarit, qua
trinh thiy phan xenluloza thudng cidn ba loai enzym glycosit hydrolaza, bao gdm
endoglucanaza (endo-1,4-B-D-glucanaza, EC 3.2.1.4), exo-xenlobiohydrolaza (1,4-B-
xenlobiosidaza hodc xenlobiohydrolaza, EC 3.2.1.91, EC 3.2.1.176), va B-glucosidaza
(EC 3.2.1.21). Mat khéc, cAu triic cia hemixenluloza lai thay dbi phu thude vao loai thuc
vat, vi du xylan 1a thanh ph?ln chinh c6 trong thuc vét gS cung va thuc vat than thdo. Qua
trinh thily phan xylan ¢an c6 xylanaza (endo-1,4-B-xylanaza, EC 3.2.1.8) va enzym p-
xylosidaza (EC 3.2.1.37). Enzym B-xylosidaza 1a mdt enzym tham gia vao qua trinh thdy
phan oligosacarit dugc tao ra trong qua trinh thity phan hemixenluloza bing xylanaza dé

tao ra monosacarit.
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Trong quy trinh théng thudng dé bién ddi lignoxenluloza thanh etanol, co chit ban
dau voi néng dd chat rin cao nam trong khoang tir 30% dén 60% d3a duoc thir nghiém
nham dat dugc hiéu suét ndng lugng cao hon. Tuy nhién, khi néng d6 chét rin trong co
chit cao, thi d6 nhét cia hén dich sinh khdi dic cling 16n va phan Gng thiy phén |
lignoxenluloza hiu nhu khong thé xay ra. Do d6, bang cach sir dung enzym chiu nhiét va
thuc hién phan tng thiy phan & nhiét do 80°C hodc cao hon, thi téc dd phan tng thiy
phén ¢6 thé dugc ning cao, va do nhét ciia hdn dich sinh khdi dédc cling dugce giam xuéng,
nh& vay c6 thé rit ngin duoc thoi gian thity phan va giam lugng enzym cén sir dung. Do
d6, trong s cac glycosit hydrolaza khac nhau, cin phét trién cc enzym c6 do 6n dinh

nhiét cao

Nhiéu glycosit hydrolaza chiu nhiét da duoc thu nhan bing cach phan 14p va xac
dinh cac vi sinh vat ua nhiét séng trong méi truong c¢b nhiét do cao, tdch dong cac gen tir
cac vi sinh vat dd duoc phan 14p va nubi cdy, va xac dinh trinh tr ADN cua chung, sau d6
biéu hién chung br:fmg E. coli, nAm s¢i hodc céc sinh vat tuong tu. Vi dy, Tai li€u sang ché
1 dé cap dén enzym B-xylosidaza c6 ngudn gbc tir nAm soi. Tai liéu sang ché 2 @& cép
dén enzym PB-xylosidaza c6 ngudn gdc tir nAm sqi Aspergillus oryzae ¢6 hoat tinh enzym
& nhiét do 30°C. Tai lidu sang ché 3 d& cap dén enzym B-xylosidaza c6 ngudn gbc tir
Alicyclobacillus acidocaldarius c6 hoat tinh enzym & d6 pH = 5,5 hoic thap hon va nhiét
d6 50°C hoic cao hon. Tai liéu sang ché 4 d& cap dén enzym B-xylosidaza c6 ngudn gdc
tr Acremonium cellulolyticus c6 hoat tinh enzym & nhiét do 45°C. Ngoai ra, Tai liéu phi
sang ché 1 dén 6 dé cap dén enzym B-xylosidaza duoc phan 14p tir vi khudn va ném soi

dic trung c6 nhiét d9 t6i ru khoang 60°C..
Tai liéu vién dan

Tai liéu sang ché 1: Ban dich tiéng Nhat d3 cong bb sb6 Hei 11-507837 ciia Pon
PCT.

Tai liéu sang ché 2: Pon Cong bd Patent Nhat Ban s6 Hei 11-313683.
Tai liéu sang ché 3: Ban dich tiéng Nhat da cong bb sb 2011-523346 ciua Don PCT.

Tai liéu sang ché 4: Pon Cong bd Patent Nhat Ban sb 2013-59272.
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Tai lidu phi sang ché 1: Kormelink ef al., Journal of Biotechnology, 1993, vol. 27,
p. 249-265.

Tai liéu phi séng ché 2: Herrmann et al., Biochemical Journal, 1997, vol. 321, p-
375-381.

Tai liéu phi sang ché 3: Kitamoto et al., Applied and Environmental Microbiology,
1999, vol. 65, p. 20-24.

Tai lieu phi sing ché 4: La Grange et al, Applied and Environmental
Microbiology, 2001, vol. 67, p. 5512-5519.

Tai lidu phi sang ché 5: Shao et al., Applied and Environmental Microbiology,
2011, vol. 77, p. 719-726.

Tai liéu phi sang ché 6: Morais et al., Journal of Biological Chemistry, 2012, vol.
287, p. 9213-9221.

Ban chit ky thuit ciia sing ché

Muc dich cia sang ché 1a dé cap dén enzym (-xylosidaza chiu nhiét thé hé mdi c6
hoat tinh thity phan co chat p-nitrophenyl-p-D-xylopyranosit (sau dy goi tit 1a PNPX) it
nhét & nhiét do bang 80°C va dd pH bing 4,0, polynucleotit ma héa enzym nay, vecto
biéu hién enzym nay, thé bién nap chtra vecto ndy, va phuwong phdp san xuét san phdm

phan gii lignoxenluloza bang enzym nay.

bé giai quyét cac van d€ néu trén, cac tic gid sang ché di thu nhan thanh cong
enzym B-xylosidaza chiu nhiét co trinh tu axit amin m&i bang cach chié€t xuat ADN truc
ti€p tir dat c6 nhiét do cao & khu vuc sudi nude noéng va thuc hién gidi trinh tu bd gen cia

hé vi sinh vit khé nudi cay lay tir moéi trudng nay va hoan thanh sang ché nay.

Cu thé, enzym B-xylosidaza chiu nhiét, polynucleotit, vecto biéu hién, thé bién nap,
phuong phép san xudt enzym B-xylosidaza chiu nhiét, hdn hop glycosit hydrolaza, va
phuong phap san xuét san phidm phan giai lignoxenluloza theo sang ché duoc mé ta trong

cic phuong 4n tir 1 dén 10 dudi day.
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Phuong 4n 1: Enzym B-xylosidaza chiu nhiét, chtta ving xuc tac B-xylosidaza gdm:

(A) polypeptit c6 trinh tu axit amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3
hodc SEQ ID NO.5,

(B) polypeptit c6 trinh ty axit amin dugc tao ra béng cach loai bé, thay thé hodc bd
sung it nhat mot axit amin trén trinh tu axit amin nhu néu trong SEQ ID NO.1, SEQ ID
NO.3 hodc SEQ ID NO.5, va c6 hoat tinh thuy phdn co chét p-nitrophenyl-B-D-
xylopyranosit it nhét & nhiét d6 béng 80°C va d¢ pH béng 4,0, hoac

(C) polypeptit c6 trinh tyr axit amin c6 d6 turong ddng bang 80% hoic cao hon so
v6i trinh ty axit amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3 hodc SEQ ID NO.5, va
¢6 hoat tinh thiy phén co chit p-nitrophenyl-p-D-xylopyranosit it nhat & nhiét d bang
80°C va d6 pH bang 4,0.

Phuong 4an 2: Enzym B-xylosidaza chiu nhiét theo phuong én 1, trong d6 enzym nay con

c6 hoat tinh B-glucosidaza.
Phuong 4n 3: Polynucleotit, chira mién ma héa viing xuc tic B-xylosidaza gom:

(a) trinh tu nucleotit ma héa polypeptit c6 trinh tu axit amin nhu néu trong SEQ
ID NO.1, SEQ ID NO.3 hodc SEQ ID NO.5,

(b) trinh tr nucleotit ma hoa polypeptit ¢6 trinh tir axit amin dugc tao ra bang cach
loai bd, thay thé hodc bd sung it nhét mot axit amin trén trinh tu axit amin nhu néu trong
SEQ ID NO.1, SEQ ID NO.3 hoic SEQ ID NO.5, va c6 hoat tinh thiy phan co chét p-
nitrophenyl-p-D-xylopyranosit it nhit & nhiét 6 bang 80°C va d6 pH bang 4,0,

(¢) trinh ty nucleotit ma hoa polypeptit ¢6 trinh tu axit amin c6 do twong dong
bang 80% hoic cao hon so véi trinh ty axit amin nhu néu trong SEQ ID NO.1, SEQ ID
NO.3 hoac SEQ ID NO.5, va c6 hoat tinh thdy phén co chit p-nitrophenyl-B-D-
xylopyranosit it nhit & nhiét d6 bang 80°C va d6 pH bang 4,0,

(d) trinh tu nucleotit c6 do tuong dong bﬁng 80% hodc cao hon so v6i trinh tu
nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hoac SEQ ID NO.6, va ma hoa
polypeptit c6 hoat tinh thiy phan co chit p-nitrophenyl-p-D-xylopyranosit it nht & nhiét
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d6 bang 80°C va do pH bing 4,0, hoic

(e) trinh tu nucleotit cua polynucleotit ma lai héa véi polynucleotit c6 trinh tu
nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hoic SEQ ID NO.6 trong diéu kién
nghiém ngit, va 13 trinh ty nucleotit ma hoéa polypeptit c6 hoat tinh thiy phan co chét p-
nitrophenyl-B-D-xylopyranosit it nhit & nhiét do bang 80°C va d6 pH bang 4,0.

Phuong 4n 4: Polynucleotit theo phuong 4n 3, trong d6 polypeptit ndy con ¢6 hoat tinh B-

glucosidaza.

Phuong 4n 5: Vecto biéu hién, chira polynucleotit theo phuong 4n 3 hoic 4, trong d6
vecto ndy c6 kha ning biéu hién polypeptit c¢6 hoat tinh enzym B-xylosidaza & té bao vat

chu.
Phuong 4n 6: Thé bién nap, chira vecto biéu hién theo phuong 4n 5.

Phuong 4n 7: Thé bién nap theo phuong 4n 6, trong d6 thé bién nap nay 1a sinh vat nhan
that.

Phuong an 8: Phuong phép san xudt enzym p-xylosidaza chiu nhiét, bao gdm budc tao

enzym B-xylosidaza chiu nhiét trong thé bién nap theo phuong an 6 hoic 7.

- Phuong 4n 9: Hdn hop glycosit hydrolaza, chita enzym B-xylosidaza chiu nhiét theo
phuong an 1 hodc 2, enzym B-xylosidaza chiu nhi¢t ma hoa bdi polynucleotit theo
phuong an 3 hoic 4, hoic enzym B-xylosidaza chiu nhiét duoc san xuét bang phuong

phép theo phuong an 8, va it nhit mot glycosit hydrolaza khac.

Phuong 4n 10: Phuong phép san xuét san phdm phén giai lignoxenluloza, bao gdm budc
tao ra san phim phén giai lignoxenluloza bing cach cho nguyén liéu lignoxenluloza chra
xenluloza, hemixenluloza va lignin tiép xuc v6i enzym P-xylosidaza chiju nhiét theo
phuong 4n 1 hodc 2, enzym B-xylosidaza chiu nhiét ma héa bdi polynucleotit theo
phuong an 3 hodc 4, thé bién nap theo phuong 4n 6 hoic 7, enzym B-xylosidaza chiu
nhiét dugc san xuit bing phuong phip theo phuong 4n 8, hoic hén hop glycosit
hydrolaza theo phuong 4n 9.

Enzym B-xylosidaza chiu nhi€t theo sing ché c6 hoat tinh thiy phan co chét
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p-nitrophenyl-p-D-xylopyranosit it nhit & nhiét 4o bang 80°C va d6 pH bang 4,0. Do d6,
enzym B-xylosidaza chiu nhiét nay thich hop dé thily phan nguyén liéu lignoxenluloza &
nhiét d6 cao, vi du enzym B-xylosidaza chiu nhiét nay thich hop dé thiy phan nguyén

liéu lignoxenluloza chita hemixenluloza hodc xenluloza .

Ngoai ra, enzym B-xylosidaza chiu nhiét theo sang ché ciing thich hop dé thuy
phan hop chit c6 lién két B-xylosidic & nhiét d6 cao, dic biét 1a nguyén liéu chia

oligosacarit c¢6 lién két B-xylosidic.

Mit khac, enzym B-xylosidaza chiu nhiét theo sang ché ciing thich hop dé thuy
phan hop chét ¢ lién két B-glycosidic & nhiét do cao, dic biét 1a nguyén liéu chira

oligosacarit c6 lién két B-glycosidic & nhiét d6 cao.

Ngoai ra, polynucleotit theo sang ché, vecto biéu hién chtra polynucleotit nay va
thé bién nap chtra vecto nay ciling thich hop dé san xuit enzym B-xylosidaza chiu nhiét

theo sang che.
M6 ta vin tat cac hinh vé

Fig.1 14 hinh v& thé hién sy sép thing hang trinh ty axit amin (SEQ ID NO.1) cta
san pham tich dong gen AR19M-311-2 va trinh tu axit amin ciia enzym B-xylosidaza
GH3 (SEQ ID NO.10) ¢6 ngudn gbc tir Dictyoglomus thermophilum.

Fig.2 14 hinh v& thé hién sy sdp thing hang trinh tu axit amin (SEQ ID NO.1) cua
khung doc mé& AR19M-311, trinh ty axit amin (SEQ ID NO.3) cta protein AR19M-311-2,
va trinh ty axit amin (SEQ ID NO.5) cta protein AR19M-311-11.

Fig.3A 13 hinh 4nh thé hién két qua phan tich dién di trén gel SDS-PAGE ctia
protein AR19M-311-2 thu dugc bang cach biéu hién gen AR19M-311-2 & E. coli trong vi
du 1 (hinh anh bén trai).

Fig.3B 1a hinh 4nh thé hién két qua phan tich dién di trén gel SDS-PAGE cua
protein AR19M-311-11 thu duoc bang cach biéu hién gen AR19M-311-11 & E. coli (hinh
anh bén phai) trong vi du 1.

Fig.4 12 40 thi thé hién két qué do hoat tinh thiy phan cac co chét khac nhau ctia
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protein AR19M-311-2 duogc biéu hién & E. coli trong vi du 1.

Fig.5 1a db thi thé hién két qua do hoat tinh thiy phan PNPX (& d6 pH = 4,0) clia
protein AR19M-311-2 duogc biu hién & E. coli & cac nhiét d6 khac nhau trong vidu 1.

Fig.6 1a dd thi thé hién két qua do hoat tinh thiy phan PNPX (¢ nhiét d6 70°C)
ctia protein AR19M-311-2 duoc biéu hién & E. coli & cac 6 pH khac nhau trong vi du 1.

Fig.7A 1a d thi thé hién sy thay ddi cudng do huynh quang ciia thubc nhudém mau
cam SYPRO do su bién tinh nhiét cua protein AR19M-311-2 duoc biéu hién & E. coli

trong vi du 1.

Fig.7B 1a b thi thé hién dao ham bac nhat “-d(Cudng dd huynh quang)/dt” cia
cuong d0 huynh quang cua thuéc nhudm mau cam SYPRO do su bién tinh nhiét cia
protein AR19M-311-2 duogc biéu hién & E. coli trong vi du 1.

M0 ta chi tiét sang ché
Enzym B-xylosidaza chiu nhiét theo sang ché

Nhiéu vi sinh vat, bao gém ndm soi, vi khudn, va vi khuén cb rat khé dugc nudi
cdy va 99% vi sinh vat sdng trong méi trudng nhu dat 13 chua duge biét dén. Dic biét, rat
kho nudi cdy dugce vi sinh vat séng trong trong méi trudng c6 nhiét do cao, va chi 0,1%
hoic it hon vi sinh vat séng trong dit da dugc phan 14p va nudi cdy bang cac k§ thuat da
biét. Viéc kho nudi cdy vi sinh vat sdng trong trong dit c6 nhiét d6 cao 1a mét yéu té can

trd su phét trien cac enzym chiu nhiét.

Gan day, nho sy phét trién ctia may giai trinh ty thé hé méi cho phép giai trinh tur
dugc hang ty cip bazo, nén di c6 thé giai trinh tu toan bd hé gen cuia vi sinh vét chira
trong dit va cac méi trudng tuwong tir. Bing cach sir dung k¥ thuit phén tich nay, phuong
phép phan tich hé gen méi trudng da duoc dé xuit, trong 6 ADN hé gen clia quin thé vi
sinh vat duoc tong hop tir miu mdi truong nhu dit, bd gen clia quin thé vi sinh vét co
thanh phan khéng dong nhit dugc giai trinh tu truc tiép va toan b, va dit liéu trinh tu
dugc lip rap bing mdy tinh song song, dé thiét ké lai trinh ty bd gen cta vi sinh vat.
Phuong phap niy gép phin rat ngan thoi gian giai trinh tr bd gen cia vi sinh vat khé
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nudi cy.

Nhu dugc thé hién trong vi du 1, céc tac gia sang ché da tong hop dugc ADN hé
gen (ADN hé gen moi trudng) cia quan thé vi sinh vat séng trong dit ¢ nhiét do cao thu
duge & khu vuce subi nuée néng (vi du, mau nuée thu duge & khu vuc subi nudce néng co
nhiét d6 nim trong khodng tir 58°C dén 78°C chira dét, bun, tham vi sinh vat, mang sinh
hoc va c4c loai twong tu), va thuc hién giai trinh ty ADN hé gen mdi truong nay. Két qua
1a thu dugc 406 khung doc m& (Open Reading Frame - ORF) mi héa céc trinh tu axit -
amin twong ddng vdi cac B-glucosidaza hodc enzym B-xylosidaza da biét (tirc 1, cac trinh
tir axit amin ¢6 tri s6 ky vong (tri s6 E) nho hon 1¢°). Péi v6i mdi khung doc mé ¢6
chidu dai ddy o, ma tir d6 ving xtc tac p-glucosidaza hodc ving xtc tac B-xylosidaza
duge x4c dinh, doan mdi duoc thiét ké dya trén thong tin trinh ty nucleotit cia khung dQc
m& ndy, va cdc gen tiém ning dugc tach dong tir ADN hé gen mdi trudng cia dit c6 nhiét
dd cao & khu vuc sudi nudc néng bang phuong phap PCR. Cac ADN da tach dong PCR
duoc bién nap vao E. coli, va cac protein ma hda bai cac trinh tu nucleotit nay dugc biéu
hién va sang loc chirc nang bang cich do hoat tinh phén giai PNPX. Cudi cing, thu dugc
hai enzym p-xylosidaza chiu nhiét c6 hoat tinh phan giai PNPX 1a AR19M-311-2 va
AR19M-311-11 tir cac khung doc md& nay. Trinh tu axit amin cia AR19M-311-2 va trinh
tu nucleotit ma héa trinh tu axit amin cia AR19M-311-2 1an lwot nhu néu trong SEQ ID
NO.3 va SEQ ID NO.4, trinh tu axit amin cia AR19M-311-11 va trinh tu nucleotit ma
hoa trinh tur axit amin cia AR19M-311-11 1an luot nhu néu trong SEQ ID NO.5 va SEQ
ID NO.6 .

Nhu dugc thé hién trong Vi du 1, ARI9M-311-2 c6 hoat tinh thity phan manh
PNPX, va enzym nay cling c6 hoat tinh thiuy phan p-nitrophenyl-B-D-glucopyranosit
(PNPG). Tréi lai, AR19M-311-2 hiu nhu khéng c6 hoat tinh phan giai Avicel trrong né
lién hop axit phosphoric (sau ddy goi tit 1a PSA), xenluloza tinh thé Avicel, carboxymetyl
xenluloza (sau ddy goi tit 14 CMC), laminarin chiéra B-1,3 glucan va PB-1,6 glucan,
lichenan chira B-1,3 glucan va B-1,4 glucan, va xylan. Tt Két qud phéan tich 4§ dédc hiéu
co chét nay ching t6 ring AR19M-311-2 1a glycosit hydrolaza c6 hoat tinh enzym f-

xylosidaza.

Thuét ngir “hoat tinh enzym B-xylosidaza” dugc ding trong ban mé ta dé chi hoat
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tinh thiy phan co chit PNPX.

Ngoai ra, thuat ngit “hoat tinh p-glucosidaza” duoc ding trong ban mé ta dé chi

hoat tinh thity phan co chit PNPG.

Hon nita, thuét nglt “c6 hoat tinh™ hodc “biéu hién hoat tinh” duoc dung trong ban
md ta dé chi hoat tinh thity phan it nhit mét co chit va tao ra su khéc biét dang ké vé ham
luong ddu khir hodc cudng do phan tng tao mau cia co chit da thay phén so véi mau ddi

ching am.

Do d6, thuét ngit “c6 hoat tinh enzym p-xylosidaza” dugc ding trong ban mé ta dé
chi hoat tinh thuy phan it nhét mot co chdt PNPX va tao ra su khéac biét dang ké v& ham
lwong diu khtr hodc cudng d phan tng tao mau cia co chit PNPX di thiy phan so véi

mau doi chimg am.

Tuong tu, thuat ngit “cé hoat tinh B-glucosidaza” dugce dung trong ban mo ta dé
chi hoat tinh thuy phan it nhét mot co chdt PNPG va tao ra su khac biét dang ké v& ham
luong dau khir hodc cudng do phan ung tao mau cia co chat PNPG di thiy phan so véi

mau doi chiing am.

Ngoai ra, thuit ngit “c6 hoat tinh enzym B-xylosidaza” cling dugc dung trong ban
md ta dé chi hoat tinh thuy phan it nht mot hop chit c6 lién két p-xylosidic, va tét hon
néu hop chét nay 13 co chat chira oligosacarit ¢6 lién két B-xylosidic va tao ra su khac biét
dang k& vé& ham luong diu khir hodc cudng d phan tmg tao mau clia co chit di thuy

phén so véi mau doi ching am.

Ngoai ra, thudt nglt “c6 hoat tinh enzym B-xylosidaza” ciing dugc dung trong ban
mb ta dé chi hoat tinh thily phan it nhit mét hop chat c6 lién két B-glucosidic, va tét hon
néu hop chit nay 1a co chét chira oligosacarit c6 lién két B-glucosidic va tao ra su khac
biét dang k& v& ham lugng du khir hoic cudng do phan Gng tao mau cta co chét da thiy

phén so véi mau ddi chimg 4m.

Két qua tra ctru trinh tu axit amin cia AR19M-311-2 béng co s& dir liéu trinh tur
axit amin d3 biét cho thiy trinh tr axit amin cia AR19M-311-2 c¢6 d6 tuwong ddng cao
nhét véi trinh tr axit amin cta enzym B-xylosidaza GH3 (SEQ ID NO.10) (mé truy cép
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Ngan hang Gen: YP_002250567.1) ¢6 ngudn gbc tir Dictyoglomus thermophilum, va
béng 70%. Céc phan tich d§ dic hiéu co chét, va do tuong d&“)ng cua trinh tu axit amin
ndy véi cac protein da biét cho thiy AR19M-311-2 13 enzym B-xylosidaza GH3 thé hé

moi.

AR19M-311-2 c6 hoat tinh thity phan co chét p-nitrophenyl-B-D-xylopyranosit
(tirc 13 hoat tinh enzym B-xylosidaza) it nhit & nhiét d6 bang 80°C va d6 pH bing 4,0. Cu
thé, nhu duoc thé hién trong phin 10 cia vi du 1, & d6 pH bang 4,0, AR19M-311-2 ¢6
hoat tinh enzym pB-xylosidaza & khoang nhiét do réng nim trong khoang tir 30°C dén
90°C. Hoat tinh enzym B-xylosidaza ciia AR19M-311-2 duoc biéu hién béi E.coli ting
khi nhiét d6 ting nam trong khoang tir 30°C dén 80°C, nhung sau d6 thi giam khi nhiét
0 tang ndm trong khoang tir tir 80°C dén 100°C. Ngoai ra, hoat tinh phan giai PNPX cta
AR19M-311-2 c6 nhiét d6 t6i vu (T ) = 80°C va nhiét d6 néng chay T, = 82,7°C, do
d6 enzym B-xylosidaza chiu nhiét AR19M-311-2 c6 dd dn dinh nhiét cao hon cic enzym
p-xylosidaza da biét. Do pH tdi wu cho hoat tinh phan giai PNPX ciia AR19M-311-2 1a
pH = 4,0, tuy nhién enzym nay c6 hoat tinh enzym B-xylosidaza ¢ khoang pH réng nim
trong khoang tir 3,5 dén 8.0.

Nhin chung, & protein c6 mot sb hoat tinh sinh hoc, mot hoac nhiéu axit amin c6
thé duoc loai bo, thay thé, hoic bd sung, ma khong lam gidm hoat tinh sinh hoc cta
protein nay. Noi céch khéc, trong AR19M-311-2, mot hodc nhiéu axit amin cling co thé
dugc loai bo, thay thé, hoic bb sung ma khéng lam gidm hoat tinh thily phan glycosit ctia

n6, bao gdbm hoat tinh enzym B-xylosidaza.

Enzym pB-xylosidaza theo sang ché 1a glycosit hydrolaza chiu nhiét chira viing xtic

tac B-xylosidaza gdm polypeptit bit ky trong sb cac polypeptit tir (A) dén (C) sau:

(A) polypeptit c6 trinh tu axit amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3
hodc SEQ ID NO.5,

(B) polypeptit ¢6 trinh tir axit amin dugc tao ra bing cach loai bo, thay thé hoic bd
sung it nhit mot axit amin trén trinh tur axit amin nhu néu trong SEQ ID NO.1, SEQ ID
NO.3 hoic SEQ ID NO.5, va cé hoat tinh thiy phin co chit p-nitrophenyl-B-D-
xylopyranosit it nhat & nhiét ¢ bang 80°C va do pH bang 4,0, hoic -
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(C) polypeptit ¢ trinh ty axit amin c6 d6 twong ddng bang 80% hoic cao hon so
Vi trinh tu axit amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3 hogc SEQ ID NO.5, va
c6 hoat tinh thuy phan co chét p-nitrophenyl-p-D-xylopyranosit it nhét & nhiét do bang
80°C va do pH bang 4.0. '

Thuat ngir “polypeptit trong d6 c6 axit amin dugc loai bdé” duge dung trong ban

mé ta dé chi doan axit amin ma tao ra polypeptit bi mat (loai bo).

Thuat ngit “polypeptit trong d6 axit amin duge thé” dugc ding trong ban mé ta dé

chi axit amin ma tao ra polypeptit dugc thay thé bing axit amin khéc.

Thuat ngir “polypeptit trong d6 axit amin dugc bd sung” duge ding trong ban mo

ta dé chi axit amin méi dugc chén vao polypeptit.

Trong polypeptit (B), tot hon néu s luong axit amin dugc loai bo, thay thé, hoic
b sung trén trinh tur axit amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3 hoic SEQ ID
NO.5 nim trong khoang tir 1 d&n 20, t5t hon nira néu ndm trong khoang tir 1 d&én 10, va

con tot hon nita néu nam trong khoéng tir 1 dén 5.

Trong polypeptit (C), khong ¢6 giéi han cu thé v& do twong ddng vai trinh tu axit
amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3 hoic SEQ ID NO.5 mién 13 ndm trong
khoang tir 80% dén 100%, t6t hon néu nim trong khoang tir 85% dén 100%, t6t hon nita
néu nim trong khoang tir 90% dén 100%, con tét hon nita néu ndm trong khoang tir 95%

dén 100%, va t6t nhat nira néu nim trong khoang tir 98% dén 100%.

Do tuong déng trinh tu (d0 tuong déng) gifta cdp trinh tu axit amin dugc xac dinh
bang cach dit hai trinh tyr axit amin canh nhau sao cho céc axit amin twong mg 13 gidng
nhau, déng thoi khoang tréng dugc chén vao cac vi tri xuit hién dot bién chén thém va
loai bo, va ty 1é axit amin gidng nhau so v6i tdng s6 trinh t axit amin trir di khoang tréng
trén trinh tu sip thing hang dugc xac dinh 13 d6 twong ddng trinh tir. Do twong ddng giira
cac trinh tur axit amin c6 thé dugc xac dinh bang nhiéu phdn mém tra ctru do twong ddng
d3 biét trong linh vire nay. Theo sang ché, d6 twong ddng clia céc trinh tu axit amin duoc
xé4c dinh dya trén trinh ty sip thing hang thu dugc bang phin mém tra ctru d6 twong dong
BLASTP.
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Céc polypetit (B) va (C) c6 thé dugc thiét ké nhan tao hodc ciing c6 thé 1a thé

tuong dong ctia AR19M-311-2, cé4c bién thé twong tu, hodc cac doan protein ciia chung.

Céc polypetit (A) dén (C) c6 thé 14n luot dugc tong hop hoéa hoc dua trén trinh tur
axit amin, hodc ciing c¢6 thé dugc san xuit boi hé biu hién protein sir dung polynucleotit
theo sang ché. Ngoai ra, cac polypetit (B) va (C) ciing c6 thé dugc téng hop nhan tao dua
trén polypeptit c6 trinh ty axit amin nhu néu trong SEQ ID NO.1, SEQ ID NO.3 hodc
SEQ ID NO.5 bing k¥ thuat tai t5 hop gen dé chén thém dot bién axit amin.

Céc polypeptit (A) d&n (C) c6 hoat tinh thiy phin co chit p-nitrophenyl-B-D-
xylopyranosit (hoat tinh enzym B-xylosidaza) it nhat & nhiét d6 bing 80°C va d6 pH bang
4,0. Do d6, khi enzym chira viing xtic tac p-xylosidaza la polypeptit bt ky tir (A) dén (C),

thi c6 thé thu dugc enzym B-xylosidaza chiu nhiét.

Enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh thily phan co chét
PNPX. Enzym p-xylosidaza chiu nhiét nay ciing c6 hoat tinh thily phan co chat f-glucan,
oligosacarit hodc cac co chét khac. Vi du vé cac co chit khac cta enzym B-xylosidaza
chiu nhiét theo sing ché bao gdm PNPG, p-nitrophenyl-a-L-arabinofuranosit, p-
nitrophenyl-a-L-arabinopyranosit, p-nitrophenyl-p-L-arabinopyranosit, p-nitrophenyl-f-
D-mannopyranosit, p-nitrophenyl-a-D-galactopyranosit, p-nitrophenyl-B-D-
galactopyranosit; glucan chira lién két B-1,3 va B-1,4 nhu lichenan; xenluloza tinh thé,
nhu Avicel, xenluloza vi tinh thé c6 ngudn gbc tir vi khudn (BMCC) va gidy loc,
xenluloza phi tinh thé nhu Avicel truong né lién hop axit phosphoric (PSA), CMC,
glucan chua lién két B-1,4, oligosacarit chira lién két B-1,4 nhu xenlobioza; glucan chira
lién két B-1,3 va B-1,6 nhu laminarin; glucan chira lién két B-1,3; glucan chtra lién két p-
1,6 va oligosacarit chura lién két p-1,6 nhu gentiobioza. Ngoai PNPX, thi t&t hon néu
enzym B-xylosidaza chiu nhiét theo sang ché ciing c6 hoat tinh thiy phan it nhét mot co
chdt dugc chon tr nhém bao gém PNPG, p-nitrophenyl-a-L-arabinofuranosit, p-
nitrophenyl-a-L-arabiﬁopyranosit, p-nitrophenyl-B-L-arabinopyranosit, p-nitrophenyl-p-
D-mannopyranosif, p-nitrophenyl-a-D-galactopyranosit, va  p-nitrophenyl-B-D-
galactopyranosit, va t5t hon nita néu enzym B-xylosidaza chiu nhiét theo sang ché ciing

c6 hoat tinh thity phan co chit PNPG.
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Tét hon néu enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh phén giai co
chat PNPX (hoat tinh enzym B-xylosidaza) it nhit & d6 pH bang 4,0 va nhiét d6 nim
trong khoang tir 70°C dén 85°C, t6t hon nita néu & nhiét d6 nim trong khoang tir 60°C
dén 85°C, con t6t hon nita néu & nhiét 36 nim trong khoang tir 30°C dén 90°C. Tt hon
néu nhiét d6 t&i wu ctia enzym B-xylosidaza chiu nhiét theo sang ché nam trong khoang tir

70°C dn 85°C va tét hon nita nim trong khoang tir 75°C dén 85°C.

Maic du thay dbi phu thudc vao nhiét d6 phan tng, nhung d6 pH 81 wu cua
enzym PB-xylosidaza chiu nhiét theo sang ché nim trong khoang tir 4,0 dén 6,0. Tét hon
néu enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh enzym B-xylosidaza it nhét

& d6 pH nim trong khoang tir 4,0 dén 8.,0.

Enzym B-xylosidaza chiu nhiét theo sing ché ciing c6 thé c6 hoat tinh glycosit
hydrolaza khac v6i hoat tinh enzym pB-xylosidaza. Vi du vé& cac hoat tinh glycosit
hydrolaza nay bao gdém hoat tinh endoglucanaza, hoat tinh xylanaza, hoat tinh B-
glucosidaza va hoat tinh xenlobiohydrolaza. Ngoai hoat tinh enzym B-xylosidaza, t6t hon

néu enzym B-xylosidaza theo sang ché ciing c6 hoat tinh p-glucosidaza.

Enzym B-xylosidaza chiju nhiét theo sing ché c6 thé chi chira ving xuc tic B-
xylosidaza gdm polypeptit bat ky tir (A) dén (C), hodc ¢ thé ciing chira cic ving khéc.
Vi du vé& cac ving khac bao gdm ving khic véi ving xuc tac enzym cia enzym p-
xylosidaza da biét. Vi du, enzym B-xylosidaza chiu nhiét theo sang ché ciing bao gdm cac
enzym thu duoc bang cach thay thé viing xtc tic enzym ctia enzym P-xylosidaza da biét

bing cac polypeptit tir (A) dén (C).

Khi enzym B-xylosidaza chiu nhiét theo sang ché chira mot hodc nhiéu ving khéc

v6i viing xuc tac B-xylosidaza, thi tbt hon néu enzym nay chira viing Fibronectin loai III.

Ving Fibronectin loai III ¢6 thé ndm trudc (¢ ddu N) hodc nim sau (& dau C) ving
x1c tac B-xylosidaza. Ngoai ra, vung Fibronectin loai III va viing xtc tac B-xylosidaza c6
thé duogc lién két truc tiép v6i nhau hodc thong qua phan tir lién két c6 chidu dai thich
hop. Tt hon néu enzym B-xylosidaza chiu nhiét theo sang ché chira viing Fibronectin
loai III ndm truéc hodc ndm sau ving xuc tic p-xylosidaza thong qua phan tir lién két, va

t6t hon nira néu enzym B-xylosidaza chiu nhiét theo sang ché chira viing Fibronectin loai
13
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11T ndm sau ving xtc tac B-xylosidaza thong qua phan tir lién két.

Ngoai ra, enzym p-xylosidaza chiu nhiét theo sang ché c6 thé ciing chira peptit tin
hiéu c¢6 kha ning dinh vi enzym nay vao viing dic hiéu & t& bao, hoic peptit tin hiéu tao
ra tdc dung bai tiét enzym nay ra ngoai té bao & dau N hoic dﬁu C. Vi du v& cac peptit tin
hiéu nay bao gbm peptit tin hiéu vin chuyén khong bao, peptit tin hiéu duy tri mang luéi
ndi chét, peptit tin hi¢u van chuyén nhan, hodc peptit tin hiéu bai tiét. Vi du cu thé vé
peptit tin hiéu duy tri mang lu6i ndi chit bao gdm peptit tin hiéu chira trinh ty axit amin
HDEL. Khi chira peptit tin hiéu & diu N hodc dau C, thi enzym B-xylosidaza chiu nhiét
theo séng ché duogc biéu hién & thé bién nap theo sang ché c6 thé duoc bai tiét ra ngoai té

bao hodc dugc dinh vi trong mang ludi ndi chat hodc vung bén trong tuong tu cua té bao.

Ngoai ra, enzym B-xylosidaza chiu nhiét theo sang ché ciing c¢6 thé chia cac trinh
tu danh ddu khac nhau & diu N hoic ddu C dé cho phép tinh ché d& dang va hiéu qua khi
san xuét enzym nay béng hé biéu hién. Céc trinh ty danh ddu His, trinh tu ddnh ddu HA
(hemaglutinin), trinh ty d4nh ddu Myc, va trinh ty d4nh d4u Flag dé biéu hién va tinh ché

protein tai td hop c6 thé dugc sir dung 1am trinh ty ddnh dAu theo sang ché.
Polynucleotit ma hoa enzym [-xylosidaza chiu nhiét theo sdng ché

Polynucleotit néu trén md héa enzym B-xylosidaza chiu nhiét theo séng ché.
Enzym B-xylosidaza chiu nhiét theo sang ché c6 thé dugc san xuét bang hé biéu hién cta

vat chi dugc tao ra bang cach chén vecto bi€u hién chira polynucleotit nay vao vét chu.

Cu thé hon, polynucleotit theo sang ché chira mién mi héa ving xic téc B-

xylosidaza, gdm trinh ty nucleotit bt ky trong sb cac trinh tu nucleotit tir (a) dén (e) sau:

(a) trinh tu nucleotit ma hoa polypeptit cé trinh ty axit amin nhu néu trong SEQ
ID NO.1, SEQ ID NO.3 hodc SEQ ID NO.5,

(b) trinh tw nucleotit ma héa polypeptit c6 trinh tir axit amin dugc tao ra bang cach
loai bo, thay thé hodc bd sung it nhit mot axit afnin trén trinh tu axit amin nhu néu trong
SEQ ID NO.1, SEQ ID NO.3 hodac SEQ ID NO.5, va c6 hoat tinh thiy phan co chét p-
nitrophenyl-p-D-xylopyranosit it nhit & nhiét 9 bang 80°C va d6 pH bang 4,0,
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(¢) trinh trr nucleotit ma hoéa polypeptit c¢6 trinh tur axit amin c6 do twong dong
bang 80% hoic cao hon so véi trinh tur axit amin nhu néu trong SEQ ID NO.1, SEQ ID
NO.3 hosc SEQ ID NO.5, va c6 hoat tinh thuy phin co chdt p-nitrophenyl-B-D-
xylopyranosit it nhit & nhiét d6 bang 80°C va d6 pH bang 4,0,

(d) trinh tu nucleotit c6 d twong déng bing 80% hoic cao hon so vdi trinh tur
nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hodc SEQ ID NO.6, va mi hoa
polypeptit c6 hoat tinh thity phan co chat p-nitrophenyl-B-D-xylopyranosit it nhit & nhiét
d6 bang 80°C va d6 pH bing 4,0,

(e) trinh tu nucleotit cia polynucleotit ma lai héa véi polynucleotit cé trinh tu
nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hodac SEQ ID NO.6 trong didu kién
nghiém ngit, va 13 trinh tu nucleotit md héa polypeptit ¢6 hoat tinh thiy phan co chat p-
nitrophenyl-B-D-xylopyranosit it nhit & nhiét d6 bing 80°C va d6 pH bang 4,0.

Thuét nglt “polynucleotit trong d6 nucleotit dugc loai bo” dugc dung trong ban

mo ta dé chi doan nucleotit ma tao ra polynucleotit bi mét (loai bd).

Thuat ngir “polynucleotit trong d6 nucleotit dugc thay thé” duge dung trong ban

mo ta @& chi nucleotit ma tao ra polynucleotit duoc thay bing nucleotit khac.

Thuat ngit “polynucleotit trong d6 nucleotit duge bd sung” duge ding trong ban

mo ta @ chi nucleotit méi duoc chén vao polynucleotit.

Vi du vé thuét ngit “cac diéu kién nghiém ngit” theo sang ché bao gébm phuong
phap dugc mo ta trong tai li€u: Molecular Cloning: A Laboratory Manual Third Edition
(Sambrook et al., Cold Spring Harbor Laboratory Press). Vi du, cac diéu kién trong
dung dich dém lai h6a SSC 6x (thanh phép cua dung dich SSC 20x: natri clorua 3M,
dung dich axit xitric 0,3M, d6 pH bang 7,0), dung dich Denhardt 5x (thanh phin dung
dich Denhardt 100x: 2% theo khdi luong albumin huyét thanh bo, 2% theo khéi luong
ficoll, 2% theo khéi luong polyvinylpyrolidon), 0,5% theo khéi lwong SDS, 0,1mg/mL
ADN tinh tring c hdi, va 50% formamit, & nhiét 4o nim trong khoang tir 42°C dén 70°C
trong vai gior #én qua dém. Sau khi 1, t6t hon néu dung dich SSC 1x chtra 0,1% theo khéi

lugng SDS duoc sir dung lam dung dich dém rira, va tét hon nita néu dung dich SSC 0,1x
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chtra 0,1% theo khéi lugng SDS dugc st dung lam dung dich dém rtra.

Tir céc trinh tu nucleotit tir (a) dén (e), c6 thé chon loc dugc bd ba ma héa thoai
bién c6 tin xult st dung cao & vat chd. Vi duy, trinh tu nucleotit (a) c6 thé 1a trinh tu
nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hodc SEQ ID NO.6, hodc trinh tu
nucleotit thu dugc béng cach cai bién dé c6 bd ba ma hoa c6 tin xult sir dung cao & vat
cht ma khéng 1am bién déi trinh tir axit amin cin ma héa bai trinh tu nucleotit nhu néu
trong SEQ ID NO.2, SEQ ID NO.4 hoic SEQ ID NO.6. C4c b ba mi héa nay c6 thé
duogc cai bién bang k¥ thuat cai bién trinh tir gen hoic téng hop gen nhén tao da biét.

Polynucleotit cé trinh tu nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4
hoiic SEQ ID NO.6 ¢6 thé dugc tong hop hoéa hoc dua trén thong tin v& trinh tu nucleotit
hodc polynucleotit ndy c6 thé duoc téng hop tir ty nhién bang k¥ thuat tai td hop gen
du6i dang gen ma héa ARI9M-311-2 c6 chidu dai ddy du (ciing duoc goi 1a “gen
AR19M-311-2” hodc “san phdm tach dong gen AR19M-311-2") hodc mot doan gen cla
n6 chtra viing xuc tic B-xylosidaza (vi dy, ving ma hoa doan peptit chira 325 gbc axit
amin tir threonin (T) & vi tri s6 18 dén alanin (A) & vi tri s6 342 trén trinh tu SEQ ID
NO.3, ving ma hoa doan peptit chira 236 gdc axit amin tir isoleucin (I) & vi tri s& 381 dén
threonin (T) & vi tri s§ 616 cia trinh ty SEQ ID NO.3, hoic ving mi hoa doan peptit
chira 599 gdc axit amin tir threonin (T) & vi tri s6 18 dén threonin (T) & vi tri s6 616 cia
trinh tu SEQ ID NO.3). Gen AR19M-311-2 ¢6 chiéu dai diy du hoic mot doan gen cia
n6 c6 thé duoc tdng hop bing cach thu nhan miu chira cac vi sinh vat tir tu nhién; va thuc
hién phuong phap PCR vé6i khudn 14 ADN bd gen thu duge tir mau nay, cing véi doan
moi xudi va doan moi nguogc dugce thiét ké dua trén trinh tu nucleoit nhu néu trong SEQ
ID NO.2, SEQ ID NO.4 hoic SEQ ID NO.6. ADN bb sung (ADNbs) dugc tdng hop bing
phan tng phién ma nguoc tir khudn 14 ARN théng tin thu dugc tir mau. Tt hon néu mau
dé thu nhan khuén axit nuclecic 1a mau thu dugc tir moi tnffmg ¢6 nhiét d6 cao, nhu dat &

khu vyuc sudi nude néng.

Khéng c6 gii han cu thé vé& d6 twong ddng cia trinh tu nucleotit (d) s0 v&i trinh
tu nucleoit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hodc SEQ ID NO.6 mién 13 nim
trong khoang tir 80% dén 100%, t6t hon néu nim trong khoang tir 85% dén 100%, t6t

hon nita néu nam trong khoang tir 90% dén 100%, va con tot hon nita néu ndm trong
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khoang tir 95% dén 100%.

D6 tuong ddng trinh tu (d6 twong ddng) giita cac trinh tw nucleotit duge xac dinh
bing cach dat hai hai trinh tw nucleotit canh nhau sao cho c4c trinh tu nucleotit trong tng
1a gibng nhau, ddng thoi khoang tréng dugc chén vao & cac vi tri xudt hién dot bién chén
thém hoic loai bd; va ty 1& céc trinh tu nucleotit gibng nhau so véi tong s trinh tur
nucleotit trir di khoang trdng trén trinh tir sip thing hang dugc x4c dinh 1a d6 tuong dong
trinh tu. D6 twong ddng trinh tr gitra cdc trinh tr nucleotit c6 thé duoc xac dinh biang
nhidu phdn mém tra ctru d6 twong ddng da biét trong linh vuc niy. Theo sang ché, do
tuong ddng cla cac trinh tu nucleotit duge x4c dinh dua trén trinh tu sip thing hang thu

dugc bang phin mém tra ciru d6 twong dong BLASTN.

Vi dy, polynucleotit chira trinh tu nucleotit (b), (c), hodc (d) c6 thé duoc téng hop
nhén tao Bf?lng cach loai bo, thay thé, hodc bd sung mot hodc nhiéu nucleotit trong
polynucleotit ¢ trinh tr nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hodc SEQ ID NO.6.
Ngoai ra, trinh tw nucleotit (b), (c), hodc (d) ciing c6 thé 14 trinh tu ¢6 chidu dai ddy da
clia gen tuong dong v6i gen AR19M-311-2 hodc mot doan trinh tu clia n6. Gen tuong
ddng cta gen AR19M-311-2 ¢6 thé dugc tao ra bang k¥ thuat gen téi td hop ding dé thu

nhén gen tuong ddng cia gen c6 trinh tu nucleotit da biét.

Polynucleotit theo sang ché c6 thé chi chtra mién mi héa ving xtc tic B-
xylosidaza, hodc ngoai mién ma hoéa ving xuc tac B-xylosidaza, thi polynucleotit theo
sang ché ciing c6 thé chira mot hodc nhiéu mién ma hoa doan gan két xenluloza, phan tir
lién két, cac petit tin hi€u khéc nhau, céc trinh tu danh d4u khac nhau, hodc céc trinh tu

tuong tu.
Vecto biéu hién theo sang ché

Vecto néu trén chtra polynucleotit theo sang ché va c6 kha ning bidu hién
polypeptit c¢6 hoat tinh thity phan co chit p-nitrophenyl-B-D-xylopyranosit it nhit & nhiét
do béng 80°C va d6 pH béng 4,0 & t& bao vat chi. Cu thé, vecto biéu hién nay chira
polynucleotit ma héa enzym B-xylosidaza chiu nhiét theo sang ché. Pic biét, vecto biéu
hién nay cin duogc két hop véi cat-xet biéu hién chura, theo thir ty xudi dong tir truée ra

sau, ADN c6 trinh tir viing khéi ddu (promoter), polynucleotit theo sang ché, va ADN c6
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trinh tur ving két thic. Polynucleotit theo sang ché c6 thé dugc bién nap vao vecto biéu
hién nay bang k¥ thuat t4i td hop gen da biét. Kit tdng hop vecto biéu hién c6 ban trén thi

treong ciing c6 thé duoc sir dung dé bién nap polynucleotit vao vecto biéu hién.

A 22

Thuat ngit “vecto biéu hién” dugc ding trong ban mé ta dé chi vecto chira, theo
theo thir tu xudi dong tir trude ra sau, ADN ¢6 trinh ty ving khaoi dau, ADN c6 trinh tu dé
két hop ADN ngoai sinh, va ADN ¢6 trinh tu viing két thic.

Vecto bi€u hién theo sang ché cé thé dugc chén vao t€ bao nhén so nhu E. coli
hodc té bao nhan that nhu nam men, nam sgi, t€ bao con trung, té bao dong vat c6 vu,
hodc t€ bao thuc vat. Vecto bat ky tuong tich véi vat chu c6 thé duge st dung lam vecto

bicu hién theo sang ché.

Tt hon néu, ngoai polynucleotit theo sang ché, thi vecto biéu hién theo sang ché
con chira gen khang thudc hoic gen twong tu. Pidu nay cho phép d& dang sang loc dugc

té bao vat chi da chuyén gen va té bao vat chii chua chuyén gen bang vecto nay.

Vi du vé cic gen khang thudc bao gdm gen khang kanamycin, gen khang

hygromycin, va gen khang bialaphos.
Thé bién nap theo sang ché

Thé bién nap ﬁéu trén chtra vecto biéu hién theo sang ché. Enzym p-xylosidaza
chiu nhiét theo sang ché c6 thé duoc biéu hién & thé bién nap nay. VAt chii d& chén vecto
biéu hién theo sang ché c6 thé 1a té bao nhan so nhu E. coil, hoic t& bao nhan that nhu
ndm men, nim soi, t& bao con trung, té bao dong vat c6 vi hodc té bao thuc vat. Tac 13,
thé bién nap theo sang ché 14 E. coli, nAm men, ndm so1, té bao con trung, té bao dong vat

c6 vu, hodc té bao thuc vat chira vecto bi€u hién theo sang che.

Enzym B-xylosidaza chiu nhiét theo sang ché c¢6 thé dugc san xuit mot cach don
gian trén quy mo 16n bang cach nudi ciy thé bién nap E. coli nay. Mit khac, do protein bi
glycosyl héa & t& bao nhén that, nén enzym B-xylosidaza chiu nhiét duoc tao ra bing té
bao nhén that s& c6 dd dn dinh nhiét cao hon enzym [-xylosidaza chiu nhiét dugc tao ra

bang té bao nhan so
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Khéng ¢6 giéi han cu thé vé& phuong phép sin xut thé bién nap theo sang ché
bing cach st dung vecto biéu hién va thé bién nap theo sang ché c6 thé dugc sin xuét
bing phuong phép thong thudng. Vi du v& cac phuong phép san xut thé bién nap bao
gdm phuong phép sbc nhiét, phuong phép chuyén gen nh& Agrobacterium, phuong phéap
ding stng gia téc hat, phuong phép xung dién, phuong phép chuyén gen nhd polyetylen
glycol. Khi vét cha 1a té bao thuc vat, t6t hon néu thé bién nap theo sang ché dugc san
xuit bing phuong phap ding sing gia téc hat hodc phuwong phép chuyén gen nho

Agrobacterium.

Khi té€ bao nhan so, nam men, nam sgi, t€ bao cén trung, t€¢ bao dong vat co vu
ho#c céc té bao tuong tu duge st dung lam vat chu, thi theé bién nap thu dugc c6 thé duoc

nudi cdy bing phuong phép giéng nhu phwong phép nudi cAy vat chi chua chuyén gen.
Phuong phap san xuét enzym B-xylosidaza chiu nhiét theo sang ché

Phuong phap néu trén 1a phuong phap dé san xuét enzym P-xylosidaza chiu nhiét
trong thé bién nap theo sang ché. Khi nubi cdy thé bién nap duogc san xuit bang cach st
dung vecto biéu hién chita polynucleotit theo sang ché da duoc bién nap nim sau ving
khoi dau khong c6 kha niang didu hoa thoi gian biéu hién hodc cac yéu td twong tu, thi
enzym B-xylosidaza chiu nhiét theo sang ché dugc bidu hién lién tuc. Mit khéc, trong thé
bién nap dugc san xuit bang cach st dung ving khéi d4u cam g biéu hién dé cam tng
biu hién bing hop chét dic hiéu, didu kién nhiét do dic hiéu, hoic cic yéu td tuong tu,
thi enzym B-xylosidaza chiu nhiét dugc biéu hién trong thé bién nap nay bang cach nuodi
ciy thé bién nap va thuc hién cam tng phu hop véi didu kién cam Gmg biéu hién tuong

ung

Enzym B-xylosidaza chiu nhiét dugc san xuét bang thé bién nap c6 thé dugc st
dung & trang thai nam trong thé bién nap, hoidc co thé dugc chiét xult va tinh ché tir thé

bién nap.

Khéng c6 gi6i han cu thé vé& phuong phap chiét xuit va tinh ché enzym p-
xylosidaza chiu nhiét tir thé bién nap mién 1a phuong phép nay khong lam giam hoat tinh
cia enzym [-xylosidaza chiu nhiét, va phuong phdp thong thudng d& chiét xuit

polypeptit tir t& bao hodc mo sinh hoc ¢6 thé duogc st dung. Vi du vé cac phuong phap
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nay bao gdm phuong phap, trong d6 thé bién nap duoc ngam trong dung dich dém thich
hop dé chiét xut enzym B-xylosidaza chiu nhiét, sau d6 dich chiét va ba rin duoc phan
tach. Tét hon néu dung dich dém chira chét ting d6 hoa tan nhu chit hoat dong bé mit.
Khi thé bién nap 1a thuc vat, thi thé bién nap cé thé dugc bam hoic nghién trude khi

ngdm trong dung dich dém.

Hon nita, phuong phdp phan tach rin-long da biét nhu phuong phép loc, phuong
phép loc nén, hodc phuong phép ly tm c6 thé dugc sir dung dé phan tach dich chiét va
b3 rin, hodc thé bién nap duoc ngidm trong dung dich dém c6 thé duge ép. Enzym B-
xylosidaza chiu nhiét trong dich chiét c6 thé dugc tinh ché bang phuong phép da biét nhu
phuong phap két tinh mubi, phwong phép sidu loc, hoic phuwong phép sic ky.

Khi enzym B-xylosidaza chiu nhiét theo sang ché dugc biéu hién & trang thai c6
peptit tin hiéu bai tiét nam trong thé bién nap, thi duhg dich chtra enzym B-xylosidaza
chiu nhiét c¢6 thé dugc thu nhan dé dang béng cach nudi céy thé bién nap, sau dé thu gom
phin dich ndi nudi cdy bang cach loai bé thé bién nap ra khéi dich nuoi cdy thu dugc.
Hon nita, khi enzym B-xylosidaza chiu nhiét theo sang ché c6 trinh tu danh diu nhu trinh
tur danh ddu His, thi enzym B-xylosidaza chiu nhiét trong dich chiét hoic dich ndi nudi
cdy c6 thé dugc tinh ché d& dang bang phuong phép sic ky ai luc sir dung trinh tw ddnh

dau nay.

N6i cach khac, phuong phap san xuit enzym B-xylosidaza chiu nhiét theo séng
ché bao gdm cac budc nudi cdy thé bién nap theo sang ché, san xuét enzym B-xylosidaza
chiu nhiét trong thé bién nap nay, sau d6 1a budc chiét xuit va tinh ché enzym p-

xylosidaza chiu nhiét tir thé bién nap (khi can).
Hbn hop glycosit hydrolaza theo sang ché

Hon hop glycosit hydrolaza néu trén chira enzym B-xylosidaza chiu nhiét theo
sang ché, hoic enzym B-xylosidaza chiu nhiét duoc san xut bang phuwong phap san xuét
enzym pB-xylosidaza chiu nhiét theo sang ché, va it nhit mot glycosit hydrolaza khac.
Enzym B-xylosidaza chiu nhiét dugc san xuit bang phuong phép san xuit enzym pB-
xylosidaza chiu nhiét theo sang ché c6 thé duoc sir dung & trang thai nim trong thé bién

nap theo sang ché hoic c¢6 thé duoc chiét xuit va tinh ché tir thé bién nap nay. Khi hdn
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hop glycosit hydrolaza theo sang ché dugc sir dung dé thiy phan polysacarit, thi c6 thé

phéan giai hi¢u qua nguyén li€u lignoxenluloza.

Khéng c6 gi6i han cu thé v& glycosit hydrolaza khac v6i enzym B-xylosidaza chiu
nhiét theo sang ché mién 13 né c6 hoat tinh thiy phén lignoxenluloza. Vi du vé cac
glycosit hydrolaza khiac bao gdm hemixenlulaza nhu xylanaza, xenlobiohydrolaza, B-
glucosidaza, va endoglucanaza. Tt hon néu ngoai enzym B-xylosidaza chiu nhiét theo
sang ché, thi hdn hop glycosit hydrolaza theo sing ché con chira it nhit mot
hemixenlulaza va endoglucanaza va t6t hon nita néu hén hop glycosit hydrolaza theo
sang ché chua ca hemixenlulaza 13n endoglucanaza. Pic biét, tt hon néu ngoai enzym p-
xylosidaza chiu nhiét theo sang ché, thi hdn hop glycosit hydrolaza theo sang ché chira it
nhat mot glycosit hydrolaza duoc chon tir nhém bao gdm xylanaza, enzym B-xylosidaza,
xenlobiohydrolaza, va endoglucanaza; va t6t hon nita néu hdn hop glycosit hydrolaza
theo sang ché chira toan bd cic enzym xylanaza, p-xylosidaza, xenlobiohydrolaza, va

endoglucanaza.

Tt hon néu glycosit hydrolaza khac chira trong hdn hop glycosit hydrolaza theo
sang ché 14 enzym chiu nhiét c6 hoat tinh it nhit & nhiét d6 bang 85°C, va t6t hon nita
néu glycosit hydrolaza nay 13 enzym chiu nhiét c6 hoat tinh & nhiét d6 ndm trong khoang
tir 70°C dén 90°C. Khi hén hop glycosit hydrolaza theo sang ché chira toan bd cic enzym
chiu nhiét (tuc 13, cac enzym c6 nhiét do tdi vu cho hoat tinh enzym hodc nhiét do néng
chay cho protein enzym bing 70°C hodc cao hon), thi c6 thé phan giai hidéu qua nguyén
liéu lignoxenluloza bang hén hop glycosit hydrolaza nay & diéu kién nhiét do cao. Cu thé,
khi hén hop glycosit hydrolaza theo sang ché chi chira glycosit hydrolaza chiu nhiét duoc
sit dung dé thuy phan nguyén liéu lignoxenluloza, thi ¢6 thé thuc hién phan tng thiy
phén lignoxenluloza & nhiét d6 ndm trong khoang tir 70°C dén 90°C. Pbi véi qua trinh
thiy phan & nhiét d cao nay, thi lugng enzym, thoi gian thity phén va chi phi cho phan

tng thity phan c6 thé giam.
Phuong phép san xuat san phdm phan giai lignoxenluloza theo sang ché

Phuong phap san xuét san phim phan giai lignoxenluloza theo séng ché, bao gébm

budc thity phan oligosacarit duoc tao ra bing cach thiy phan hemixenluloza véi xylanaza
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hodc oligosacarit dugc tao ra b?lng cach thuy phéan xenluloza v6i xenlobiohydrolaza,

thanh monosacarit v6i enzym B-xylosidaza chiu nhiét theo sang ché.

Thuat ngit “san phdm phan giai lignoxenluloza” dugc ding trong ban md ta dé chi
san pham duoc tao ra bang cach phan cit lién két B-xylosidic hoic lién két p-glycosidic
trong nguyén li¢u lignoxenluloza, vi du nguyén liéu lignoxenluloza chira hemixenluloza
hoic xenluloza, v t6t hon néu nguyén liéu chua oligosacarit c6 lién két p-xylosidic hoic
oligosacarit c6 lién két B-glycosidic. Vi du cu thd vé& cic san phim phan giai

lignoxenluloza bao gom monosacarit, nhu glucoza, xyloza va cic dudng tuong tu.

Cu thé, san phidm phén giai hemixenluloza hogc xenluloza, va dic biét 1 san phdm
dugc tao ra bang cach phan cét lién két B-xylosidic hodc lién két B-glycosidic, dugc san
xuat bing cach cho nguyén li€u lignoxenluloza, vi du nguyén li€u lignoxenluloza chira
hemixenluloza hoic xenluloza, va tot hon néu nguyén liéu chira oligosacarit c6 liénb két
B-xylosidic hodc oligosacarit c6 lién két B-glycosidic tiép xtic v6i enzym B-xylosidaza
chiu nhiét theo sang ché, thé bién nap theo séng ché, enzym B-xylosidaza chiu nhiét duoc
san xuit bang phuong phap san xuit enzym B-xylosidaza chiu nhiét theo sang ché, hoic

hdn hop glycosit hydrolaza theo sang ché.

Theo mot khia canh khac, phuong phdp san xuit sian phidm phin giai
lignoxenluloza theo sang ché, bao gém budc tao san phém (vi du, monosacarit, nhu
glucoza, xyloza va céc dudng tuong tu) chi yéu bing cach phan cit vi tri gin két
B-xylosit ctia hemixenluloza, va t6t hon néu oligosacarit c¢6 lién két B-xylosidic, hoac
bang cach phan cit vi tri gin két B-glycosit ctia xenluloza, t5t hon néu oligosacarit c6 lién
két B-glycosidic, bing cach cho nguyén liéu lignoxenluloza, vi du nguyén liéu
lignoxenluloza chtta hemixenluloza hodc xenluloza, va t&t hon néu nguyén liéu chta
oligosacarit c6 lién két B-xylosidic hoic oligosacarit c6 lign két B-glycosidic tiép xtic véi
enzym B-xylosidaza chiu nhiét theo sang ché, thé bién nap theo sang ché, enzym [-
xylosidaza chiu nhiét dugc san xut bing phuong phap san xuit enzym B-xylosidaza chiu

nhiét theo sang ché.

Theo mot khia canh khic, phuong phdp sin xuit sin phdm phan giai

lignoxenluloza theo sang che, bao gom budc tao san pham (vi du, monosacarit, nhu
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glucoza, xyloza va cac dudng twong tw) bang cach phan cit vi tri gin két B-glycosit cia
hemixenluloza hoic xenluloza, bang cich cho nguyén liéu lignoxenluloza, vi du nguyén
lidu lignoxenluloza chira hemixenluloza hodc xenluloza tiép xtc véi hdn hop glycosit

hydrolaza theo sang ché.

Khéng c¢6 gidi han cu thé vé nguyén liéu lignoxenluloza, vi du nguyén liéu
lignoxenluloza chira hemixenluloza hodc xenluloza, va tét hon néu nguyén liéu chira
oligosacarit c6 lién két B-xylosidic hoic oligosacarit c6 lién két B-glycosidic, mién 1a né
chtra hemixenluloza hoic xenluloza, hodc t6t hon néu oligosacarit ¢6 lién két B-xylosidic
hoic oligosacarit c¢6 lién két B-glycosidic. Vi du vé nguyén liéu lignoxenluloza bao gdm
sinh khéi xenluloza nhu ¢ dai, chit thai nong nghiép, gidy thai, hodc nguyén liéu twong
tu. Truge khi tiép xtc véi enzym B-xylosidaza chiu nhiét theo sang ché, tét hon néu
nguyén liéu lignoxenluloza duoc xir Iy co hoc, nhu nghién hodc bam nho, xir Iy héa hoc
bang axit, kiém, hodc hop chét tuong tu, hodic ngdm hoic phan giai vao dung dich dém

thich hgp, hodc dung dich tuong tu.

Ttre 13, phuong phép séan xudt san pham phan giai lignoxenluloza theo sang ché c6
thé con bao gdm budc trong d6 nguyén liéu lignoxenluloza dwoc xi Iy co hoc, xtt Iy héa
hoc, hodc ngdm hodc phan giai vao dung dich dém thich hop trudc khi tiép xtc véi

enzym B-xylosidaza chiu nhiét theo sang ché

Tét hon néu phan ung thily phdn nguyén liéu lignoxenluloza b&i enzym p-
xylosidaza chiu nhiét theo sang ché dugc thuc hién & diéu kién ma & dé enzym nay cé
hoat tinh thuy phéan xenlodligosacarit. Tét hon néu phan tng thiy phan nguyén liéu
lignoxenluloza dugc thuc hién & nhiét 46 nam trong khoang tir 60°C dén 90°C va do pH
nam trong khoang tir 5,0 dén 9,0, va t6t hon nira néu phan tng thiy phan nguyén liéu
lignoxenluloza dugc thuc hién & nhiét d6 nam trong khoang tir 70°C dén 90°C va d6 pH
nam trong khoang tir 5,0 dén 9,0 va con tdt hon nira néu phan tmg thiy phan nguyén liéu
lignoxenluloza dugc thyuc hién & nhiét d6 nim trong khoang tir 70°C dén 90°C va d6 pH
nim trong 'khoéng tr 6,0 dén 8,5. Thoi gian phan tmg thiy phin nguyén liéu
lignoxenluloza dugc diéu chinh thich hop theo loai nguyén lidu dugc sir dung, phuong
phép xtr Iy so bo nguyén lidu, lugng nguyén liéu, hoic céc yéu té twong tu. Vi du, phan

g thity phan nguyén liéu lignoxenluloza c6 thé dugc thuc hién trong thoi gian tir 10
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phut dén 100 gir va khi phan giai sinh khdi xenluloza, thi phan ng thiy phan nguyén

liéu lignoxenluloza c6 thé duoc thuc hién trong thdi gian tir 1 gioy dén 100 gio.

Pé thuy phan nguyén liéu lignoxenluloza, tt hon nita néu sir dung ddng thoi hoic
riéng r& it nhit mot glycosit hydrolaza khac ngoai enzym B-xylosidaza chiu nhiét theo
sang ché. Glycosit hydrolaza nay c6 thé gidng nhu glycosit hydrolaza chira trong hdn hop
glycosit hydrolaza theo sang ché, va tot hon néu glycosit hydrolaza nay 1a enzym chiu
nhiét c6 hoat tinh it nhit & nhiét do bing 85°C, va t6t hon néu & nhiét do it nh4t ndm
trong khoang tir 70°C dén 90°C. Ngoai ra, theo mot khia canh phuong phap sin Xuét san
phim phan giai lignoxenluloza theo sang ché str dung enzym B-xylosidaza chiu nhiét theo
sang ché, thé bién nap theo sang ché, hodc enzym p-xylosidaza chiu nhiét dugc san xuét
bing phuong phép san xut enzym P-xylosidaza chiu nhiét theo sang ché, va theo mot
khia canh khac phuong phap san xuit san phdm phén giai lignoxenluloza theo sang ché

st dung hdn hop glycosit hydrolaza theo sang ché .
Vi du thue hién sang ché

Sang ché s& dugc mé ta chi tiét théng cac vi du dudi ddy. Tuy nhién, sang ché

khong bi gidi han béi cac vi du nay.
Vidul

Quy trinh tach dong enzym B-xylosidaza chiu nhiét thé hé méi tir dét & khu vuc -

sudi nudc néng.
1. Chiét tich ADN tur dat & khu vuc suoi nude néng va gidi trinh tu bo gen

Dé giai trinh tr gen cia enzym P-xylosidaza chiu nhiét thé hé méi theo sang ché
¢6 hoat tinh & nhiét 46 nim trong khoang tir 70°C dén 90°C, ADN tir dat & khu vuc sudi
nudc néng c6 do pH tr trung tinh dén kiém yéu dugc thu nhan va ADN hé gen mdi

truong ctia quan thé vi sinh vat trong dat nay dugc giai trinh tu.

Cac miu dat & khu vuc sudi nuéc néng c¢6 dd pH tir trung tinh dén kiém yéu
dugc thu nhan tir mAu nudc chira dat, bun va sinh khoi duge thu nhén tir 5 khu vuc sudi

nudc néng & 3 vung cia Nhit Ban dugc sir dung (cac miu ADN hé gen moi trudng N2,
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AR19, AR15, OJ1, va H1). C4c méu dit & khu vue sudi nude noéng nay cé nhiét dé nim
trong khoang tir 58°C dén 78°C va d6 pH nim trong khoang tir 7,2 dén 8,0 & thoi diém

lay mau.

ADN duoc chiét tach bang kit chiét tich ADN (ISOIL Large for Beads ver. 2, do
NIPPON GENE Co., Ltd. san xuét) tr 10g mdi miu dit thu dugc & cac khu vuc subi
nuéc néng. ADN chiét tach duoc duge giai trinh tu bing may GS FLX Titan 454 do
- Roche Diagnostics Ltd. san xudt va mdy HiSeq 2000 do Illumina, Inc san xuit. ADN
chiét tach dugc (5pg) va san phidm khuéch dai bang kit khuéch dai ADN bo gen (kit
khuéch dai ADN GenomiPhi V2, do GE Healthcare, Inc. san xuét) dugc giai trinh tu lan
luot bing méay GS FLX Titan 454 va may HiSeq 2000. Khi giai trinh ty bang may HiSeq
2000, thu vién ADN va c4c chit phan tng duoc db vao té bao chay bang hé théng cBot
do Tllumina, Inc. san xuit dé tu ddng tao ra cum gen c6 trinh tu giéng hét v4i phén to
ADN duy nhit trong té bao chay dong chay. Cac ddu bét cip c6 chiéu dai bing 101bp
duogc giai trinh tu bing may HiSeq 2000 dé thu dugc dit liéu trinh ty hé gen mai trudng.

Két qua giai trinh tr ADN hé gen moéi trudng clia miu dit sudi nude néng AR19
bang may GS FLX Titan 454 thu duoc cic doan trinh tu doc ¢6 chiéu dai trung binh bing
396bp, tdng s cac doan trinh tw doc bang 2.766.332, va tdng chiéu dai bo gen da duge
giai trinh ty bang 1.106.243.280bp va két qua giai trinh tur ADN hé gen moéi truong bing
may HiSeq 2000 thu dugc céc doan trinh tu doc ¢6 dau bat cap voi chiéu dai trung binh
bing 92,65bp, tong sb cac doan trinh tu doc bang 894.238.096, va téng chidu dai bd gen
da duogc giai trinh tu bﬁng 83.112.168.755bp, tac l1a téng cong chiéu dai bd gen da dugc
gii trinh ty bing khoang 84,2Gbp.

2. Qué trinh 1p rap va thdng ké dir liéu hé gen méi trudong clia mau dét thu duoc &
khu vuc subi nuée néng.

Céc trinh tr nucleotit doc duoc bang may GS FLX Titan 454 va may HiSeq 2000
duoc sang loc chét lwong va lp rap lai mdt 1dn nita bang hé théng CLC Genomics
Workbench (phién ban 5.5.1) do CLC bio A/S san xuét. Sau khi sang loc chit luong, tbng
chidu dai cac doan trinh tu doc bing may GS FLX Titan 454 bing 2.766.328bp, va tong
chiu dai doan trinh tu doc cta dit liéu trinh tu nucleotit thu dugc béng may HiSeq 2000
bang 81.323.692.563bp. Sau khi lip rap, tong sb luong cac doan tiép gip c6 chiéu dai
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bang 500bp hoic 16n hon bing 967.925, va tbng chiéu dai cac doan tiép giap nay bang
419.787.603bp, va doan tiép giap 16n nhat c6 chidu dai bing 287.641bp.

3. Quaé trinh x4c dinh cdc khung doc mé (Khung doc md - ORF) cia enzym (-

xylosidaza.

Cic trinh ty c6 ma phadn loai enzym 3.2.1.4 (xenlulaza), 3.2.1.21
(B-glucosidaza), 3.2.1.37 (B-xylosidaza), 3.2.1.91 (xenluloza 1,4-B-xenlobiosidaza), va
3.2.1.8 (endo-1,4;[3-xylanaza) deoc tai v& tr co s& dir lieu UniProt
(http://www.uniprot.org/, ngay truy cap: 09/12/2011), va co s& dit liéu v& cac gen ma hoa
glycosit hydrolaza ndy dugc thiét ké. Khung doc mé (cac ving gen) duge duge xac dinh
tir cc trinh ty tiép gidp thu duoc & phin 2 bing phin mém Metagene (Noguchi ef al.,
DNA Research, 2008, 15(6)) (tuy chon Metagene: -m). Gen ma hda glycosit hydrolaza tir
céc trinh tu khung doc mé thu dugc dugce xac dinh béng phﬁn mém BLASTP (phién ban
2.2.18) va dbi chiéu véi ¢ sé dir lidu néu trén. Didu kién tiy chon ciia phin mém
BLASTP duoc cai dit nhu sau: “trinh tu truy van = sai”, “tri s6 ky vong (E) < 1%, “tri
s6 mic dinh - tri s d& phat hién khoang tréng = -1, tri s6 d& mé rong khoang tréng = -1,
tri s sép théng hang dugc tao khoang tréng X =0, trj s6 ly thuyét cho céc trinh ty muc
tiéu mé& rdng = 0, c& chit = méc dinh”, va cac trinh ty khung doc mé muc tiéu thu duoc la
gen mi héa glycosit hydrolaza. C4c trinh tur nucleotit thu duogc bao gém cac gen ma hoa

glycosit hydrolaza nhu xenlulaza, endohemixenlulaza, va cic enzym cit mach nhénh.
4. Qua trinh phén loai c4c gen thanh c4c ho glycosit hydrolaza.

Céc trinh tu nucleotit thu duge & phan 3 néu trén duoc phan loai chitc ning bing
phin mém co s& dir liéu v& trinh tu vung chirc nang cia protein Pfam HMMs (Pfam
phién ban 23.0 va HMMER phién ban 2.3 Finn et al., Nucleic Acids Research Database,
2010, Issue 38, p.D211-222). Cu thé, mdi trinh tu nucleotit nay dugc phan loai thanh cac
ho glycosit hydrolaza (GH) dua trén do twong ddng ctia chung véi co s& dir liéu vé trinh
ty ving chirc ning cia protein Pfam bing thuit toan tra ciru d6 twong dong trinh tu
protein HMMER (Durbin et al., “The theory behind profile HMMs. Biological sequence
analysis: probabilistic models of protein and nucleic acids”, 1998, Cambridge University

Press.; hmmpfam (phién ban 2.3.2), tri s6 ky vong E < 1e”; co sé dit liéu = Pfam_fs (mo
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hinh c6 thé dugc sir dung dé phat hién cic doan ciia cac ving cu thé & trinh tir)). Céc
trinh tu nucleotit chta 70% trinh tu cia ving xtc tdc GH hodc cao hon dugc tinh 1a cac

gen md héa enzym thudc cac ho tuong tng.

Tir dit liéu trinh tu hé gen mdi truong AR19 c6 chiéu dai bang 84,2Gbp, 602.589
khung doc mé duge x4c dinh bang phan mém Metagene, va téng sb lugng khung doc mé

c¢6 chiéu dai day da bang 251.146.

406 khung doc m¢ muc ti€éu dugc xac dinh 1a trinh ty B-glucosidaza hoic enzym
B-xylosidaza bang phin mém tra ctru do tuong ddong BLASTP. Trong sé 406 khung doc
mo& ndy, 168 khung doc mé dugce xac dinh 1a gen ma héa B-glucosidaza hodc enzym f-
xylosidaza bang phan mém Pfam HMMs, trong khi d6 238 khung doc mé con lai (gdm
92 khung doc m& c6 chidu dai ddy di va 146 khung doc m& c6 chidu dai khong day du)
chira nhé hon 70% trinh tu viing xtc tdc GH, hodc khong phai 1a trinh ty muc tiéu trén co

s& dir liéu Pfam.

Két qua phan loai ho GH cta 168 khung doc mé duge xac dinh 1a gen ma hoa -
glucosidaza hodc enzym B-xylosidaza duoc thé hién trong Bang 1. Céc trinh tu chira nhd
hon 70% ving xtc tac GH va c4c trinh tw khong twong ddng véi trinh tu bt ky trén co s&
dit 1liéu Pfam dugc phéan loai thanh ho GH chua biét. Nhu dugc thé hién trong Bang 1,
trong s6 cac khung doc m& duoc x4c dinh 13 gen ma hoéa B-glucosidaza hodc enzym B-
xylosidaza thu dugc tir hé gen méi trudng AR19, thi 19 khung doc mé ¢6 chiéu dai day
du thudc ho GH1, 57 khung doc mé ¢o chiéu dai dﬁy du thuoc ho GH3, 13 khung doc m&
c6 chiéu dai dﬁy du thugc ho GH31, va 13 khung doc mé cb chiéu dai d?ly du thudc ho
GH43. Cac doan mdi dugce thiét ké cho toan bd cac khung doc mé& c6 chiéu dai dﬁy da ma
da dugc xac dinh 1a gen ma hoa B-glucosidaza hodc enzym B-xylosidaza, va cdc gen nay
dugc tach dong tir ADN thu duoc tir d4t & khu vue.sudi nuée néng bing phwong phap
PCR. Két qua 1a gen enzym B-xylosidaza duoc phan l4p tir khung doc m& AR19M-311

thudc ho GH3 va c6 trinh ty cla gen enzym B-xylosidaza.

Bang 1

Phén loai ho GH ciia gen B-glucosidaza hoic enzym -
xylosidaza ]
GH1 | GH3 | GH31 | GH43 | GHkhic | Téng sb

Heé gen moi trwomg AR19
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Cac khun% 'dc_)g mcz ¢O chiéu 19 57 13 13 3 105
dai day da
Cac khung doc mé ¢c6 chiéu
dai khong ddy da 3 >2 4 4 0 63
Tong s6 khung doc md 22 109 17 17 3 168

5. Khung doc m& AR19M-311

Khung doc m& AR19M-311 m4 héa polypeptit (SEQ ID NO.1) chtra 751 gbe axit
amin va c6 chiéu dai ddy da (SEQ ID NO.2), polypeptit ndy bt diu tir metionin & vi tri
sd 1, va diu 3’cua trinh ty nucleotit ma héé polyi)eptit nay dugc két thiic bing bd ba ma
hoa két thic. Két qua phan tich d6 tuong ddng trinh tu cho thiy polypeptit ma hoa bai
khung doc m&é AR19M-311 1a protein da ving chita ving xtic tac ctia glycosit hydrolaza
GH3 gbdm 325 gbc axif amin tir threonin (T) & vi trf s& 18 dén alanin (A) & vi tri s6 342,
viing xtc téc clia glycosit hydrolaza GH3 gdm 236 gbc axit amin tir isoleucin (I) & vi tri
s6 381 dén threonin (T) & vi tri s6 616; va viing Fibronectin loai III gdm 70 gbc axit amin
tir axit glutamic (E) & vi tri s6 651 dén serin (S) & vi trf s6 720. Két qua phan tich bang
phén mém x4c dinh trinh ty tin hi€u SignalP 4.1, cho théy trinh ty axit amin tir metionin
(M) & vi tri s6 1 dong vai tro 1a b ba ma héa khoi dau dén axit amin & vi tri s6 17 khong

mA hoa peptit tin hidu bai tiét va c6 chtrc ning chua biét.
6. Qua trinh tach dong gen.

Phén tmg PCR dugc thyuc hién bang cach str dung khudn 14 ADN thu duge tir dat &
khu vuc subi nuée néng da dugc khuéch dai bang kit khuéch dai ADN bd gen (kit khuéch
dai ADN GenomiPhi V2, do GE Healthcare, Inc. san xuét), va doan mdi xudi c6 trinh tu
nucleotit nhu néu trong SEQ ID NO.9 (5’-CACCATGGAAGAAAGATGGTTACAAAG-
3’ dugc thiét ké bang cach bd sung 4 nucleotit (CACC) vao dau 5° cla trinh tu nucleotit
nhu néu trong SEQ ID NO.7, trong d6 4 nucleotit CACC duoc bd sung & dau 5° nay 1a
trinh ty @ chén vao vecto) va doan mdi ngugc co trinh tu nucleotit nhu néu trong SEQ
ID NO.8 (5’-TTAAGGTTCTATAATTACCTCGCTAG-3’). Trinh tu nucleotit nhu néu
trong SEQ ID NO.7 1a trinh tu nucleotit tuong déng v6i doan trinh tu chira cac nucleotit
& vi tri s6 1 dén 23 cua trinh tu nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4
hodc SEQ ID NO.6 . Hon nffa, trinh tu nucleotit nhu néu trong SEQ ID NO.8 1a trinh tu
nucleotit bb sung v6i doan trinh tu chira cac nucleotit & vi tri 6 2.231 dén 2.256 ctia trinh

tu nucleotit nhu néu trong SEQ ID NO.2, SEQ ID NO.4 hodc SEQ ID NO.6. Cé4c san
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pham PCR da duoc khuéch dai dugc chén vao vecto pET101/D-TOPO bang kit biéu hién
Champion pET Directional TOPO (do Life Technologies Inc. san xuét), va bién nap vao
ching One Shot TOP10. C4c dong da biéu hién dugc chon loc bing phuong phap PCR
true tiép tir khuén lac va nudi cdy trong méi trudng LB 16ng chira ampicilin véi ndng do
bang 100mg/L & nhiét d6 37°C va tc dd 200 vong/phit trong 17 dén 20 gid, tiép theo
céc plasmit dugc tdng hop bang kit miniprep (hé théng tinh ché ADN Wizard plus SV
Minipreps, do Promega san xut). Cac plasmit da tong hop dugc gii trinh ty bing may
ADN 3730 do Life Technologies Corporation san xuét.

Két qua thu duoc hai san phdm tach dong gen AR19M-311-2 va AR19M-311-11
tir khung doc m& AR19M-311 bang qué trinh tich dong PCR. Trinh ty nucleotit (SEQ ID
NO.4) cia san pham tach dong gen enzym B-xylosidaza tiém ning AR19M-311-2 (sau
day goi tit 1a gen AR19M-311-2) va trinh tu nucleotit (SEQ ID NO.6) ciia san phdm tach
dong gen enzym B-xylosidaza tiém ning AR19M-311-11 (sau day goi tit 1a gen AR19M-
311-11) c6 chiéu dai déu bang 2.256bp twong ddng véi trinh ti nucleotit cia khung doc
md AR19M-311 (SEQ ID NO.2), va nhung khac trinh ty SEQ ID NO.2 14n lugt 19 va 20
nucleotit. Sy khac biét vé& cic nucleotit trén gen AR19M-311-2, gen AR19M-311-11 va
khung doc m& AR19M-311 duoc thé hién trén Bang 2. Su khac biét vé trinh tu nucleotit
ctia khung doc m& AR19M-311, gen AR19M-311-2, va gen AR19M-311-11 1a do su lap

rap 16i ctia may giai trinh hodc dang da hinh don nucleotit ctia cdc gen nay.

Bang 2

Nucleotit ¢ vi triso | AR19M-311 | AR19M-311-2 | AR19M-311-11
438
560
561
564
567
570
579
581
606
609
612
615
617
618
625
630
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672 C C A
932 C T T
1064 T C T
1086 T T C
1107 C C T
1224 T C C
1903 G A G

Trinh tu axit amin (SEQ ID NO.3) cua polypeptit (AR19M-311-2) ma hda boi gen
AR19M-311-2 va trinh ty axit amin (SEQ ID NO.5) cuda polypeptit (AR19M-311-11) ma
hoéa bdi gen AR19M-311-11 khéc biét véi trinh tu axit (SEQ ID NO.1) ma héa bdi khung
doc m& AR19M-311 14n luot & 6 gbe axit amin va 4 gdc axit amin. Su khéac biét vé cac
gbc axit amin trén protein ma hoéa boi gen AR19M-311-2, gen AR19M-311-11 va khung
doc m& AR19M-311 duge thé hién trén Bang 3. Ngoai ra, Fig.2 12 hinh v& thé hién sy sip
thang hang trinh tu axit amin ctia khung doc m& AR19M-311, protein AR19M-311-2, va
protein AR19M-311-11. Trén Fig.2, ky tu “«” thé hién c4c gbc axit amin gidng hét nhau,
trong khi cac gbc axit amin khéc biét dugc thé hién bang cac chit cai mau tring trén nén
den. Trinh ty axit amin cua protein AR19M-311-2, va protein AR19M-311-11 chi khéc
nhau & hai gbc axit amin, trong d6 gdc axit amin & vi tri s& 355 va vi tri s 635 cua
protein AR19M-311-2 14n luot 12 alanin (A) va isoleucin (I), trong khi d6 cac gbc axit

amin & vi tri s6 355 va vi tri s6 635 cua protein AR19M-311-11 déu 14 valin (V).

Bang 3
Axit amin & vi tri s6 | AR19M-311 | AR19M-311-2 | AR19M-311-11

187 R K K

194 \ A A

206 A G G

311 T 1 1

355 A\ A Vv

635 \ I \%

Fig.1 1a hinh v& thé hién su sdp thing hang c4c trinh tir axit amin ctia viing xtic tic
B-xylosidaza ctia san phim tich dong gen ARI9M-311-2 va trinh tir axit amin ctia
enzym PB-xylosidaza GH3 ¢6 ngudn gbc tir vi khuan Dictyoglomus thermophilum. Trén
Fig.1, c4c axit amin dugc thé hién bing cac chit c4i mau tring trén nén den 14 cac gbc
axit amin gidng hét nhau trong hai trinh tir axit amin nay, cac gbc axit amin dugc thé hién
béng cac chir cai mau den trén nén xam dugce danh béng 13 cac gbe axit amin gin gidng

66 9

nhau trén céc trinh ty axit amin nay va ky tu thé hién céc doan gach bo (khoang

trbng). Tinh c4 cic khoang trong, AR19M-311-2 c¢6 dd twong ddng bang 70% so véi
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enzym B-xylosidaza GH3 cia Dictyoglomus thermophilum.
7. Qua trinh biéu hién va tinh ché protein enzym B-xylosidaza.

Sau khi gidi trinh tu, céc plasmit chta gen dich (gen AR19M-311-2 hodc gen
AR19M-311-11) duoc bién nap vao E. coli d biéu hién protein bing phuong phap sbc
nhiét. Chimg E. coli BL21 Star (DE3) c6 sin trong kit biéu hién Champion pET
Directional TOPO (do Life Technologies Inc. san xuét) dugc st dung 1am té bao vét ch
dé chuyén gen. Cu thé, E. coli chira gen dich dugc ciy vao mdi truong LB chira ampicilin
v6i ham luong bang 100mg/L va nudi cdy cho dén khi mat d6 quang & budc séng 600nm
nim trong khoang tir 0,2 dén 0,8, sau d6 IPTG (isopropyl-B-D(-)-thiogalactopyranosit)
dugc bd sung vao, va nudi ciy tiép trong 5 dén 20 gid dé biéu hién protein dich. Sau khi
nudi cdy, E. coli duge thu nhin bang cach ly tAm, va dung dich dém Tris-HC] 50mM (do
pH = 8,0) co thé tich béng 1/10 thé tich dich nuoi céy duogc bd sung vao dé tao hon dich
vi khuan. Sau d6, quy trinh phén cét trong 5 phut va dimg phan cat 5 phut dugc 1ap lai tir
7 dén 8 14n bang thiét bi Astrason 3000 (do MISONIX, Inc. san xuét), nhd dé thu dugc
dich chiét thd E. coli tai t6 hop gen chira protein dich. Dich chiét thd chua E. coli tai td
hop gen nay duoc loc qua mang loc (dudng kich 16 loc ¢ = 0,45um, do EMD Millipore
Corporation san Xue”it), va dich loc thu dugc dugc st dung lam dich ndi nubi cfly déng

nhit E. coli tai td hop gen.

Dich ndi nudi ciy ddng nhit E. coli tai td hop gen chita gen AR19M-311-2 va gen
AR19M-311-11 dugc nap vao cot trao dbi ion HiTrap Q HP (do GE Healthcare, Inc. san
Xuét) duoc lam can br:ing v6i dung dich dém Tris-HCl 50mM (d6 pH = 8,0), céc protein
dugc phan doan véi gradient ndng d6 nim trong khoang tir 0% dén 50% trong dung dich
dém Tris-HC1 50mM (d6 pH = 8,0) chtra 1M NaCl bang hé théng sic ky 1ong AKTA (do
GE Healthcare, Inc. san Xuét). Céc phan doan c6 hoat tinh enzym B-xylosidaza dugc tron
toan bd, va trao ddi vai dung dich dém Tris-HCl 50mM (d6 pH = 8,0) chira 750mM
amoni sulfat bing mang siéu loc ly tim VIVASPIN 20 (do Sartorius stedim Biotech SA
san xuit). Cac phan doan c6 hoat tinh enzym P-xylosidaza sau khi trao dbi dung dich
dugc nap vao cdt phan tach tuong tac ky nuée HiTrap Phenyl HP (do GE Healthcare, Inc.
san xuét) duoc lam can béng v6i cung dung dich dém Tris-HCI 5S0mM (d6 pH = 8,0), va

céc protein dugc phan doan véi gradient ndng do nim trong khoang tir 0% dén 100%
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trong dung dich dém Tris-HCl 50mM (d6 pH = 8,0). Céc phan doan c¢6 hoat tinh enzym
B-xylosidaza dugc tron toan bo, sau d6 co béng mang si€u loc ly tdim VIVASPIN 20 cho
dén khi thé tich dung dich bing khoang 8mL. Mau di ¢6 dugc bd sung vao cot loc gel
Hiload 26/60 superdex 200 pg (do GE Healthcare, Inc. san xuit) duoc lam cén bang véi
dung dich dém Tris-HCI 50mM (d¢ pH = 8,0) chita 150mM NaCl, va dugc phan doan
bing cing dung dich dém c6 thé tich gdp 1 dén 1,5 14n thé thich cta cot & téc do dong

nim trong khoang tir 2mL/phut dén 3mL/phit.

Tiép theo, d6i voi gen AR19M-311-2, cic phan doan c6 hoat tinh enzym B-
xylosidaza dugc trdn toan bg, trao dbi véi dung dich dém Tris-HCI 50mM (dd pH = 8,0),
va cO bang mang siéu loc ly tim VIVASPIN 20, sau dé cic protein tiép tuc duoc phan
doan bang cdt trao ddi ion HiTrap Q HP theo cing cach thirc néu trén. Tiép theo, ddi véi
cd hai gen AR19M-311-2 va AR19M-311-11, cdc phan doan c6 hoat tinh enzym B-
xylosidaza dugc tron toan bg, trao dbi véi dung dich dém Tris-HCI 50mM (d¢ pH = 8,0)
va ¢o dé thu duoc enzym tinh khiét AR19M-311-2 ¢6 ndng do cudi cling bing khoang
3,77mg/mL va enzym tinh khiét AR19M-311-11 c6 ndng d6 cudi cing bing khoang
35,6mg/mlL.

Dich nbi nudi ciy dong nhét E. coli tai td hop gen va cic enzym tinh khiét nay
duoc phan tich dién di trén gel SDS-PAGE (gel SDS-polyacrylamit). D&i véi mdi gen,
dich nbi nubi cdy ddng nhét E. coli tai té hop gen (5pg) va enzym tinh khiét (0,5g) duoc
tron véi dung dich dém mau di duoc ¢6 4 1an chira 2-mercaptoetanol (do Wako Pure
Chemical Industries, Ltd. san xuét) dé diéu chinh néng do dung dich dém dén 1 1an, sau
d6 gia nhiét & nhiét d6 95°C trong 4 phut, tiép theo dién di trén gel khéng chira thude
nhuom Criterion TGX 10% (do Bio-Rad Laboratories, Inc. san xuét). Sau khi chay dién
di, cac bang protein dugc hién béng mau hé théng ChemiDoc (do Bio-Rad Laboratories,

Inc. san xuat).

Fig.3A hoic Fig.3B 1 hinh anh thé hién két qua phan tich dién di trén gel SDS-
PAGE cua dich ndi nuéi ciy dong nhét E. coli tai td hop gen dugc diéu ché tir E. coli da
chuyén gen AR19M-311-2 (Fig.3A) hodc gen AR19M-311-11 (Fig.3B) v c4c enzym tinh
khiét duge tinh ché tir cac dich ndi nudi cdy ddng nhit E. coli tai tb hop gen nay. Trén

Fig.3, 1an 1 thé hién mAu dién di ctia gen chi thi phan tir protein, lan 2 thé hién miu dién
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di cta dich nbi nubi cdy ddng nhit E. coli tai tb hop gen, va lan 3 thé hién mAu dién di
ctia enzym tinh khiét. Két qua phén tich cho thdy ddi v6i ca hai gen ARI9M-311-2 va
AR19M-311-11, thi trong dich ndi nudi cdy déng nhét E. coli tai tb hop gen (lan 2) ¢6
mot bang dam cé trong lugng phan tir gé‘ln'béng trong lugng phéan tir cia polypeptit cé
trinh tu axit amin 1in lugt néu trong SEQ ID NO.3 hoic SEQ ID NO.5, va trong mdi
enzym tinh khiét nay (Ian 3) c6 mot bang duy nhit trong tmg voi bing dam nay (duoc

thé hién béng mii tén trén Fig.3).

8. Po hoat tinh enzym B-xylosidaza bing co chit PNPX (hoat tinh thiy phan
PNPX)

Pé so sanh hoat tinh dic riéng clia enzym B-xylosidaza AR19M-311-2 va AR19M-
311-11 tinh khiét, thi hoat tinh thity phdn PNPX (hoat tinh enzym B-xylosidaza) ctia mdi
enzym nay dugc danh gia. Pdi v6i mdi enzym, dung dich enzym tinh khiét dutc_ré didu ché
bang cach pha lodng enzym tinh khiét thu dugc & phan 7 bang nuéc dén ndng do bang
10ng/pL dugce st dung.

PNPX dugc sir dung 1am co chit dé do hoat tinh enzym p-xylosidaza. Dung dich
co chit duge didu ché biang cach hoa tan PNPX (do Sigma-Aldrich Co. LLC. san xuét)
trong nudc & ndng dd 3,4mM (sau ddy dugc goi tit 1a “dung dich nuéc PNPX 3,4mM”).
Dung dich nuéc PNPX 3,4mM dugc diéu ché bang phuong phap néu trén duge sir dung

trong toan bg cac thir nghiém sau.

Cu thé, dung dich chtra 100pL dung dich nuéec PNPX 3,4mM, 50pL dung dich
dém axetat 200mM (d6 pH bing 4,0), 20uL dung dich enzym tinh khiét (10ng/uL), va
30uL nude tinh khiét duge dé phan tmg & nhiét do 70°C trong 20 phut. Trong toan b cic
phép do, dung dich hdn hop dugc diéu ché bang cach bd sung nuée tinh khiét thay cho
dich ndi nuoi cdy dong nhét E. coli tai td hop gen hodc enzym tinh khiét va dé phan tmg
& cung diéu kién duge s dung 1am mau dbi ching. Hon nita, dung dich co chit va
enzym (dung dich enzym tinh khiét) duoc giit riéng biét & nhiét d6 phan tmg trong 5 phut
trude khi trén voi nhau dé hoat hoa phan tmg. Trong mdi trudng hop, sau khi két thuc
phan tmg, phan tmg dugc dimg bing cach bd sung dung dich natri carbonat 0,2M vao

hdn hop phan ng véi cung thé tich, sau d6 hén hop thu dugc duge ly tAm dé thu duoc
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phén dich ndi. Do hép thu & budc séng 420nm dugc do bang miy quang phd, va ham
luong p-nitrophenol trong phan dich ndi duge do bang dudng chuén p-nitrophenol, sau
d6 ham luong p-nitrophenol tao ra bdi qua trinh thiy phén enzym dugc do bang cach so
sanh d6 sai 1éch véi mau dbi ching. Hoat tinh enzym dé taora 1 pumol p-nitrophenol trong
1 pht duge tinh bang 1U, va tri sb thu dugc bing cach chia hoat tinh nay cho khéi lugng
protein dugc tinh bang hoat tinh riéng (U/mg). Mdi phép do duoc 13p lai 3 lin dé thu

duoc tri sO trung binh va do Iéch chuan.

Két qua do cho thiy ca AR19M-311-2 1in AR19M-311-1 1d&u c6 hoat tinh enzym
B-xylosidaza (hoat tinh thily phan PNPX). Hoat tinh riéng cia AR19M-311-2 va ARI19M-
311-11& nhiét d6 70°C 1an luot bang 28,1U/mg, va 25,6U/mg. Trong céc thir nghiém dudi
day, AR19M-311-2 dugc st dung do nd cé hoat tinh riéng cao hon.

9. Do dic hiéu co chit cia ARI9M-311-2

Hoat tinh thiy phan cic co chét xenluloza va hemixenluloza khéc nhau cla
AR19M-311-2 dugc do. Trong phép do nay, dung dich enzym tinh khiét duoc didu ché
bing cach pha lodng enzym tinh khiét thu dugc & phan 7 véi nuée dén ndng do bing
10ng/uL. dugc st dung. Ngoai ra, PSA, bot Avicel, CMC (do Sigma-Aldrich Co. LLC.
san xudt), xylan (c6 ngudn gdc tir gb s6i, do Sigma-Aldrich Co. LLC. san xuét), lichenan
(do MP Biomedicals, Inc. san xut), va laminarin (c6 ngudn gbc tir Laminaria digitata,
do Sigma-Aldrich Co. LLC. san xuit), PNPX (do Sigma-Aldrich Co. LLC. sin xudt), va
PNPG (do Sigma-Aldrich Co. LLC. san xuét), duogc stir dung lam céc co chét.

PSA duoc diéu ché bang cach hoa tan tir tir bot Avicel (bdt xenluloza vi tinh thé,
do Merck san xuét) voi dung dich axit phosphoric, tiép theo két tiia Avicel bang cach bd
sung nuée tinh khiét vo tring, sau d6 rira hdn hop nay cho dén khi do pH bang 5 hoic
cao hon. PSA duoc st dung trong toan bd cac thir nghiém sau dugc diéu ché bang

phuong phap néu trén.

.Cu thé hon, trudc tién phan tng enzym dugc thuc hién bang cach 1 so b dung
dich phan tng chtta 50pL dung dich dém axetat 200mM (d6 pH bang 4,0), 20pL dung
dich enzym tinh khiét (10ng/pL) va 30pL nudc tinh khiét & nhiét d6 70°C trong 5 pht,
tiép theo bd sung thém 100pL mbi dung dich co chit (dung dich nuéc chira 1% theo khéi
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lugng PSA, bot Avicel, CMC, xylan, lichenan hodc laminarin, hodc dung dich nudc chira
3,4mM PNPX hoic PNPG) vao va i hdn hop thu dugc & nhiét do 70°C trong 20 phut
(hodc 2 gio khi co chit 1a bot Avicel). Khi PSA, bt Avicel, hodc xylan dugc stt dung 1am
co chét, thi trong qu4 trinh phan tng, hdn hop phén tmg nay dugc khudy b'allng may khudy
nhiét & tbc do 1.400 vong/phut (do Eppendorf AG san xuét) dé tranh két tia cac co chit
khong tan.

Khi PNPG hodc PNPX dugc st dung lam co chét, thi do hép thu & bude song
420nm cta phan dich ndi ciia hn hop sau phan tmg, ham lugng p-nitrophenol dugc tao
ra bang qua trinh thuy phan, va hoat tinh riéng (U/mg) duge do theo cling céch thirc nhu
néu trong phan 8 dé do hoat tinh thity phan PNPX ciia AR19M-311-2. Khi PSA, bot
Avicel, CMC, xylan, lichenan hoic laminarin dugc st dung lam co chét, thi sau khi két
thiic phan tmg thubc thir axit 3,5-dinitrosalixylic (dung dich DNS) dugc bd sung vao hdn
hop phan @ng véi cing thé tich, va hdn hop thu dugc dugc gia nhiét & nhiét do 100°C
trong 5 phut, 1am ngudi trén nudce da trong 5 phut, sau d6 ly tAm & nhiét do 25°C, va tbc
dd 15.000g trong 5 phut dé thu duoc phin dich ndi. D6 hip thu & budc séng 540nm duge
do bing may quang phd, va ham luong dudng khir trong phan dich ndi duge do bing
dudng chudn glucoza (khi xylan duge sir dung lam co chat, thi ham lugng dudng khir
trong phan dich ndi duoc do bing dugce chudn xyloza), va luong dudng khir tao ra béi
qua trinh thity phan dwoc do bing cach so sanh d6 sai l1éch v6i miu dbi ching. Hoat tinh
enzym dé tao ra 1pmol dudng khir trong 1 phut dugc tinh bang 1U, va tri s6 thu duoc
bang cach chia hoat tinh nay cho khéi luong protein duoc tinh bang hoat tinh riéng
(U/mg).

M3i phép do duoc lip lai 3 1an dé thu duoc tri s6 trung binh va d6 1éch chuén. Cac
két qua do duoc thé hién trén Fig.4. Cac két qua nay cho thdy AR19M-311-2 ¢6 hoat tinh
thﬁy phan manh PNPX va ciing c6 hoat tinh thity phan PNPG. Tréi lai, AR19M-311-2 hau

nhu khong c6 hoat tinh phan giai cic co chat con lai.

10. Déanh gia mtc do phu thudc vao nhiét do va d6 pH cta hoat tinh enzym $-
xylosidaza bing co chit PNPX.

Mtc do phu thudc vao nhiét d va do pH cua hoat tinh thuy phan PNPX cua
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AR19M-311-2 duogc danh gia. Trong phép do nay, dung dich enzym tinh khiét (10ng/uL)
dugc didu ché bang cach pha lodng enzym tinh khiét thu dugc & phan 7 véi nuée duge st

dung.

Mitc d6 phu thudc vao d6 pH cua hoat tinh thity phan PNPX cia enzym tinh khiét
AR19M-311-2 duge do theo cling cach thirc nhu néu trong phan 8, chi khac 13 cho hén
hop chira 100pL dung dich nuéc PNPX 3,4mM, 50uL. dung dich d€m Mcllvaine (40 pH
" nam trong khoang tir 3,0 dén 8,0), 50pL dung dich dém axetat (d6 pH nam trong khoang
tir 3,5 dén 6,0), hodc 50uL dung dich dém phosphat (d6 pH nam trong khoang tir 6,0 dén
8,0), 30pL nudc tinh khiét va 20uL dung dich enzym tinh khiét (10ng/pL) duoc cho phan
mg & nhiét d6 70°C trong 20 phut, va ham luong p-nitrophenol dugc tao ra bing qua
trinh thiy phan, va hoat tinh thity phan PNPX (U/mg) duoc do & mdi do pH.

Muc do phu thudc vao nhiét do ctua hoat tinh thiy phadn PNPX cta enzym tinh
khiét AR19M-311-2 dugc do theo cliing céch thirc nhur néu trong phan 8, chi khac 1a phan
trng dugc thuc hién & nhiét do 30°C, 40°C, 50°C, 60°C, 65°C, 70°C, 75°C, 80°C, 85°C,
90°C, 95°C, va 100°C, va ham lugng p-nitrophenol dugc tao ra bang qué trinh thily phén,
va hoat tinh thily phan PNPX (U/mg) dugc do & mdi nhiét do.

MB&i phép do duge lip lai 3 14n dé thu duoc tri sd trung binh va d6 1éch chuén .
Céc két qua do dugc thé hién trén Fig.5 va Fig.6. Fig.5 1a dd thi thé hién két qua do hoat
tinh thiy phan PNPX (& d6 pH bing 4.0) ciia enzym tinh khiét AR19M-311-2 & c4c nhiét
d6 khac nhau, trong d6 nhiét d6 dugc thé hién trén truc hoanh va Fig.6 1a dd thi thé hién
két qua do hoat tinh thay phan PNPX (& nhiét d6 70°C) ctia enzym tinh khiét AR19M-
311-2 & cac do pH khac nhau, trong d6 d6 pH dugc thé hién trén truc hoanh. Trén Fig.6
ky hiéu “MB” thé hién két qua do thu dugc khi sir dung dung dich dém Mcllvaine (d6 pH
nam trong khoang tir 3,0 dén 8,0), ky hiéu “SAB” thé hién két qud do thu dugc khi st
dung dung dich dém axetat (40 pH nam trong khoang tir 3,5 dén 6,0), va ky hiéu “PB”
thé hién két qua do thu duogc khi str dﬁng dung dich dém phosphat (d6 pH nam trong
khoéng tir 6,0 dén 8,0). Do pH dugc v& db thi bing cac tri s§ do thuc cia hdn hop dung

dich chira co chit, dung dich dém, va enzym.

0 d6 pH = 4,0, enzym tinh khiét AR19M-311-2 ¢6 hoat tinh thily phan manh
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PNPX & nhiét 4 nam trong khoang tir 70°C dén 85°C (Fig.5). Nhiét do t6i vu (T ) &
d6 enzym nay c6 hoat tinh manh nhét biang 80°C & d pH bang 4,0. Hoat tinh thiy phan
PNPX ctia enzym tinh khiét AR19M-311-2 bi giam nhanh khi nhiét d6 phan Gmg enzym
bang 90°C hoic cao hon & d6 pH = 4,0.

Ngoai ra, enzym tinh khiét AR19M-311-2 c6 hoat tinh thiy phan PNPX & d6 pH
nam trong khoang tir 4,0 dén 8,0 & nhiét d6 70°C (Fig.6). D6 pH tdi wu cia enzym tinh
khiét AR19M-311-2 & nhiét d6 70°C 1a 4,19 (cac tri sb do thuc ctia hdn hop dung dich

chtra co chat, dung dich dém, va enzym).

11. Panh gia d6 on dinh nhiét cta enzym B-xylosidaza bing phuong phép phan
tich nhiét cét 16p (Dfferential Scanning fluorimetry -DSF).

Phuong phap phan tich nhiét cit 16p (DSF) 1a phuong phap do nhiét d6 bién tinh
clia protein bang thudc nhudm huynh quang va may PCR dinh luong, va c6 thé ap dung
cho nhiéu protein. Thubc nhuém huynh quang duoc st dung dé phan tich nhiét cit 16p,
nhu thuéc nhuém mau cam SYPRO, 1a chét phat huynh quang trong diéu kién khong
phén cuc khi gin két vao vi tri ky nude, va su phat huynh quang bi tre ché trong diéu kién
phén cuc khi dugc hoa tan trong nudc. Nhin chung, cAu truc caa protein bi thao x04n &
nhiét @6 bién tinh, va cic ving ky nudc cta protein bi 16 ra khoi bé mit protein. Khi
thudc nhudm mau cam SYPRO gin két v6i cac ving ky nuée bi 16 ra béi anh sang kich
thich c¢6 budc séng nim trong khoang tir 470nm dén 480nm, thi thudc nhuém nay phat ra
4anh sang huynh quang c6 cuc dai & budc séng khoang 595nm. Bang cach ting dan nhiét
d6 ctia dung dich protein trong khoang thoi gian nhét dinh, va do cudng d6 huynh quang
tuong g thi ¢6 thé xac dinh dugc nhiét do bién tinh cua protein (tirc 12 nhiét do lam
thay d6i cuong do huynh quang).

Trong phép do nay, dung dich enzym tinh khiét (Img/mL) dugc diéu ché bang

cach pha lodng enzym tinh khiét thu duoc & phan 7 véi nuée dugc sir dung

Cu thé, 2pL thubc nhuém mau cam SYPRO da pha loing 100 1an (do Life
Technologies Inc. san xuit Inc.), 1L enzym tinh khiét c6 ndng d6 bang 1mg/mL, SuL
dung dich dém axetat 200mM (pH = 4,0) va 12pL nuéc tinh khiét duge bd sung vao cac
giéng cuia dia PCR 96-giéng (dia PCR 96-giéng MLL-9651, do Bio-Rad Laboratories, Inc.
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san xuét) sao cho thé tich ciia mdi giéng bang 20pL. Pia PCR dugc ddy kin bang cic nip
day ¢6 8 mii chup (do Bio-Rad Laboratories, Inc. san xuét), nhiét d6 cta céc giéng duoc
tang tir 30°C dén 100°C mdi 14n 0,2°C bing may PCR dinh luong (Hé théng PCR dinh
lugng CFX96 Touch, do Bio-Rad Laboratories, Inc. san Xuét), va sau 10 gidy ké tir khi
dat dén nhiét d6 muc tidu, cudong d6 huynh quang cta cic giéng twong tmg dugc dinh
luong ddng thoi. Thube nhudm mau cam SYPRO dugc kich thich bang di-6t phat quang
(LED) ¢6 bu¢c séng anh séng phat ra nim trong khoang tir 450nm dén 490nm, va 4nh
sang duogc phat xa tir thudc nhuém mau cam SYPRO dugc cho qua bd loc thong dai &
budc séng nam trong khoang tir 560nm dén 580nm, cudng d6 huynh quang duoc dinh
luong bang may anh CCD, va sy thay ddi vé cudong do huynh quang dugc v& d6 thi dudi
dang ham sb cuia nhiét do. Dt liéu duoc phén tich béng phén mém CFX Manager (do
Bio-Rad Laboratories, Inc. san xuit) dugc tich hop trén may PCR dinh lvong. Mdi phép

do dugc lap lai 3 1an.

Fig.7A va Fig.7B thé hién su thay dbi vé cudng d6 huynh quang ctia thuéc nhudm
mau cam SYPRO dugc dinh lugng bang phwong phap DSF va gdy ra boi sy bién tinh
nhi¢t cda protein enzym AR19M-311-2. Fig.7A thé hién dir lidu thue do duoc, va Fig.7B
thé hién dao ham bac nhit “-d(Cuong dé hupnh quang)/dT” ctia db thi thay ddi cuong do
huynh quang trén Fig.7A. Nhiét do bién tinh (nhiét do néng chay; tri s6 T,,) dugc xac
dinh 13 tri s& cuc dai ciia dao ham bac nhét “-d(Cuong do hupnh quang)/dT” duge thé
hién trén truc Y cta Fig.7B. Khi do pH = 4,0, dao ham béc nhét cuong d6 huynh quang
ciia AR19M-311-2 ¢6 hai cuc dai 14n luot & 71,5°C + 0,1°C (n=3)va82,7°C+0,1°C (n
= 3). Dua trén két qua do nhiét d6 t&i wu thuc té cho hoat tinh thity phan PNPX cia
AR19M-311-2 bang 80°C, thi nhiét do cuc dai thir nhat bang 71,5°C 1a do protein enzym
AR19M-311-2 bi bién d6i mdt phin cdu trac, nhung hoat tinh enzym cta n6 khéng bi
giam. Nhiét do cuc dai thir hai 12 gén bang nhiét do t6i wu Ty w = 80°C cho hoat tinh
enzym, va két qua nay cho thdy nhiét d6 nong chay cia protein enzym AR19M-311-2
bing 82,7°C. |
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YEU CAU BAO HQ

1. Enzym B-xylosidaza chiu nhiét bao gdm polypeptit cau thanh tir trinh ty axit amin nhu
néu trong SEQ ID NO.1 va it nhit mdt ving dugc chon tir nhém bao gdm ving tuong tu
Fibronectin loai I1I, gbc lién két, peptit tin hidu va trinh tu danh dau.

2. Enzym B-xylosidaza chiu nhiét theo diém 1, trong d6 enzym nay con c6 hoat tinh

B-glucosidaza.

3. Hon hop glycosit hydrolaza chira enzym B-xylosidaza chiu nhiét theo diém 1 va it nhat
mdt glycosit hydrolaza khéc.

4. Phuong phap san xuit san phdm phan giai lignoxenluloza bao 26m budc tao ra sin
phdm phén gii lignoxenluloza bing cich cho nguyén liéu lignoxenluloza chira xenluloza,

hemixenluloza va lignin tiép xtic véi enzym p-xylosidaza chiu nhiét theo diém 1.

5. Phuong phap san xuit san phim phén giai lignoxenluloza bao gbém budc tao ra san
pham phan giai lignoxenluloza bang cach cho nguyén liéu lignoxenluloza chtra xenluloza,

hemixenluloza va lignin tiép xuc v6i hdn hop glycosit hydrolaza theo diém 3.
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DANH MUC TRINH TU

<110> HONDA MOTOR CO., LTD.
<120> ENZYM BETA-XYLOSIPAZA CHIU NHIET, HON HQP GLYCOSIT HYDPROLAZA CHUA ENZYM NAY, VA PHUONG
PHAP SAN XUAT SAN PHAM PHAN GIAI LIGNOXENLULOZA
<130> H114098901
<160> 10
<170> PatentIn version 3.1
<210> 1
<211> 751
<212> PRT
<213> Trinh tu chua biét
<220>
<223> Trinh ty axit amin dugc suy ra cua khung doc m& AR19M-311
<400> 1 : .
Met Glu Glu Arg Trp Leu Gln Arg Arg Val Glu Glu Leu Leu Ser Lys
1 5 10 15
Met Thr Leu Glu Glu Lys Ile Ala Gln Leu Gly Ser Ile Pro Ser Gly
20 25 30
Lys Leu Val Glu Asn Gly Lys Phe Ser Arg Glu Lys Ala Lys Glu Leu
35 40 45
Leu Lys Asn Gly Ile Gly Gln Ile Thr Arg Val Ala Gly Tyr Ala Glu
50 55 60
Arg Glu Pro Glu Glu Ser Ile Glu Leu Ile Asn Glu Ile Gln Arg Phe
€5 70 75 80
Leu Lys Glu Glu Thr Arg Leu Gly Ile Pro Ala Ile Ile His Glu Glu
85 90 95
Cys Leu Ser Gly. Val Met Thr Lys Gly Ala Thr Thr Phe Pro Gln Ala
100 105 110
Ile Gly Met Ala Ser Thr Phe Glu Pro Asp Asp Ile Gln Arg Met Thr
115 120 125
Ser Ile Ile Arg Lys Glu Met Lys Ala Phe Gly Val His Gln Gly Leu
130 135 140
Ser Pro Val Leu Asp Ile Pro Arg Asp Pro Arg Trp Gly Arg Thr Glu
145 150 155 160
Glu Thr Phe Gly Glu Asp Pro Tyr Leu Val Ser Lys Met Ala Glu Ser
165 170 175
Tyr Ile Lys Gly Leu Gln Gly Glu Asp Trp Arg Glu Gly Ile Ile Ala
180 185 190
Thr Val Lys His Phe Thr Ala Tyr Gly Ile Ser Glu Gly Ala Arg Asn
195 200 205
Leu Gly Pro Ala Arg Val Ser Glu Arg Glu Leu Arg Glu Val Phe Leu
210 215 220
Phe Pro Phe Glu Val Ala Ile Arg Lys Ala Asn Ala Gly Ser Val Met
225 230 235 240
Asn Ala Tyr His Glu Ile Asp Gly Val Pro Cys Ala Ser Ser Lys Phe
245 250 255
Leu Leu Thr Lys Ile Leu Arg Glu Glu Trp Gly Phe Lys Gly Phe Val
260 265 270
Val Ser Asp Tyr Ser Ala Ile Glu Met Leu His Thr Phe His Lys Val
275 280 285
Ala Lys Asp Leu Lys Thr Ala Ala Ile Lys Ala Leu Glu Ala Gly Ile
290 295 300
Glu Ile Glu Leu Pro Glu Thr Lys Cys Tyr Gly Glu Pro Leu Leu Ser
305 310 315 320
Ala Val Lys Glu Gly Lys Val Ser Val Ser Val Ile Asp Thr Ala Val
325 330 335
Ala Arg Val Leu Arg Ala Lys Ile Leu Leu Gly Leu Leu Asp Asp Ile
340 345 350
Ile Tyr Val Asp Pro Ser Lys Ile Arg Ala Val Leu Asp Asn Pro Glu
355 360 365
His Arg Ala Phe Ala Arg Glu Leu Ala Arg Lys Ser Ile Val Leu Leu
370 375 380
Lys Asn Asp Gly Ile Leu Pro Ile Ser Lys Gly Val Lys Thr Ile Ala
385 390 395 400
Val Ile Gly Pro Ser Ala Asp Ser Thr Lys Asn Leu His Gly Asp Tyr
405 410 415
Ser Tyr Thr Ser His Ile Ala Gly Val Ala Asp Gly Val Arg Thr Val
420 425 430
Thr Val Leu Glu Gly Ile Lys Asn Lys Val Ser Ser Gly Thr Thr Val
435 440 445
Leu Tyr Ala Lys Gly Cys Glu Leu Ser Asp Glu Ser Arg Glu Gly Phe
450 455 460
Lys Glu Ala Leu Asp Ile Ala Ser Arg Ser Asp Val Ile Ile Ala Val
465 470 475 480
Met Gly Glu Asn Ser Gly Leu Phe Lys Arg Gly Ile Ser Gly Glu Gly

-41-



Asn Asp Arg Ile Asp Leu

485

500

Lys Ala Leu Lys Glu Val

515

Gly Arg Pro Leu Ser Ile

530
Leu
545
val

Pro

Ile Phe Gly Asp

Lys Asp Val

28052

490

Lys Leu

505
Gly Lys
520

Lys Trp

535

Glu Val Trp Tyr Pro

550

565

580

Ala
595

Gly
610
Ile
625
val

Ile

Phe Ser Glu Tyr
His Gly Leu Ser
Pro Glu Asn Val
Arg Asn Thr

His Asp Glu Trp

Tyr
Gly Gln
Leu

Tyr

Gly Glu

Asn Pro

Pro Gly Vval

Pro Ile Val
525
Glu Lys Glu
540
Glu Gly Gly
555

Gly Gly Lys

570

Ile Pro
585

600
Thr Thr

615

630

645

660

Gly
675

Phe Arg Leu Phe Thr

690

Phe Val val Glu Ala

705

Glu Asp Ile Arg Leu Thr

Ile Thr Lys Asp Arg Lys

Phe Lys Arg Ile

Met
Gly Asn
Ala
His

Asp

Ile

Thr Thr Asp Thr

Val Tyr Tyr
Lys
605
Phe Glu Tyr
620

Pro Gly Gly Tyr Val Asp

635

Asp Gly Asp Glu Val

650

665
Leu
680
Gln

695

710

725

740

<210> 2

<211> 2256
<212> ADN
<213>
<220>
<223>
<400> 2

atggaagaaa
gaaaaaatag
tctagagaaa
ggatacgccg
ctaaaagagg
gtcatgacca
ccagacgata
catcaagggc
gaaacatttg
cttcagggag
ggtatttctg
gaggtattcc
aatgcctatc
atccttagag
atgttacata
gaggcaggaa
gcagtcaaag
agggcaaaga
agagctgtct
attgttttat
gttataggtc
catatagcag
aaagtgtcct
agagaaggat
atgggagaaa
gatctaaaac
ccaattgtgc
atcccagcta
gtaatatttg
ggacaaatac
gatactaaac
gaactaaaaa
gtaagaaata
tgggcaagtg
gcaagagaag
gaagtgatgc
gaagatataa

gatggttaca
cccaacttgg
aagccaaaga
agagagagcc
agactagact
aaggagcaac
ttcaaagaat
tctctectgt
gagaagaccc
aagattggag
agggagcaag
tctttccatt
atgagataga
aagaatgggg
cattccacaa
ttgaaataga
aaggaaaggt
tactcctagg
tagataaccc
taaagaatga
cgagtgcaga
gagtagcgga
caggaaccac
ttaaagaggc
atagcggact
ttccaggggt
tagttctagt
ttctagaagt
gagattataa
cagtctacta
ccttgtttecc
taatcccaga
caggcaatat
tagaaagacc
aaaagaaggt
gatttgtggt
gattaacagg

Gly Thr

Gly

Ser Val Glu Arg Pro Ile

Lys Ala Arg Glu Glu

685

Leu Ala Phe Tyr Asp

700

Phe Glu Val Met Val

715

Lys Phe Glu Val Leu

730

Phe Ala
745

Trinh tu chua biét

Khung doc md& AR1S9M-311

aagaagagtt
ttcaatacca
acttttgaaa
agaagaatcg
aggtataccg
aacatttcca
gacttccatt
ccttgatatt
atatcttgta
agaaggaatt
aaatttgggt
tgaagtcgca
tggggtccca
attcaaagga
agtagctaaa
attaccagag
atctgtctct
actattagat
agagcacagg
tggaatacta
tagtacaaaa
cggtgtaagg
tgtcctctat
attagatata
atttaagaga
tcaagaggaa
taatggaagg
atggtatcca
cccaggaggg
taatagaaag
atttggacat
aaatgtcatg
agacggagat
aataaaagaa
caccttcaga
agaagcaggg
taagtttgag

Ser Glu Vval

gaagagttat
tcgggtaaac
aatggtatag
atagaactta
gcaataattc
caggctatag
ataagaaaag
cctagggacc
tcaaagatgg
attgctacag
cctgccagag
ataagaaaag
tgtgcgtett
tttgtagtct
gacctaaaga
acaaaatgtt
gttatagata
gatattatct
gcatttgcca
cccataagta
aatctacatg
acagtaacag
gctaagggct
gctagtagat
ggaatctcag
cttctaaagg
cccctctcta
ggggaagaag
aagttaccaa
ccatctgcct
ggcttgagtt
cccgggggat
gaagtagtgc
ctaaaagggt
ttatttacag
acatttgaag
gtcttagaga

495
Gln Glu
510

Leu

Glu

Val Leu

Asn Ile Pro

Ala Ile
560
Ile

Asn

Pro
575
Arg

Leu

Asn
590
Pro

Lys

Leu Phe

Ser Glu Leu

Ile Ser
640
Val Gln
655
Lys Glu
670

Lys Lys

Glu Val

Gly Ser
720
Glu Thr
735

Ile Ile Glu
750

tatcgaagat
tagtagaaaa
gacaaataac
taaatgagat
acgaagagtg
ggatggctag
agatgaaggc
ctagatgggg
cagaaagtta
ttaaacattt
tatctgaaag
ccaatgctgg
ccaagttttt
cagactattc
ctgcagctat
atggtgaacc
ccgctgtagce
acgtagatcc
gagaactagc
aaggggtaaa
gagactatag
tgttagaggg
gtgaacttag
cagatgtcat
gagaaggtaa
ctttaaagga
taaagtggga
gaggaaacgc
tctcattccce
ttagtgaata
atacaacctt
atgtagacat
aactttatat
ttaagaggat
accagttagc
ttatggtagg
ccaaggttat

-42-

Leu Leu

Val Asn

Ala Ile

Ala Asp

Ser Phe

Pro Ser

Pro Phe

Lys Ile

Phe Lys

Leu Tyr

Leu Lys

Val Thr

Met Arg

Ser Ser

Lys Val

Pro

gactcttgaa
tggaaaattt
tagagtagca
tcagagattt
tctttcgggt
cacatttgag
atttggtgtt
aaggacagaa
tataaaaggg
tacagcttac
ggaattaaga
ttctgtaatg
actgacaaaa
agctatagag
aaaagcccta
acttttatca
tagagtctta
aagtaagata
tagaaaatct
aaccattgca
ttatacctca
tatcaaaaat
tgatgaatct
tatagcggtg
tgacaggata
agtgggtaaa
gaaagaaaat
aatagcagat
aaaggatgtt
cttaacaaca
tgagtattca
aagctttaaa
acatgatgaa
tcacctaaaa
attttatgat
gtcctcectca
aacaaaggat

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
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



28052

agaaaatttg ctagcgaggt aattatagaa ccttaa

<210> 3

751
PRT
Trinh ty chua biét

<211>
<212>
<213>
<220>
<223>

Met
1
Met

Glu
Thr

Lys Leu

Leu Lys
50
Arg Glu
65
Leu Lys

Cys Leu

Ile Gly

AR19M-311-2
<400> 3

Glu Arg Trp Leu
5
Leu Glu Glu
20

Glu Asn

Lys

Val Gly

35

Asn Gly Ile Gly
55
Glu Glu Ser
70
Glu Thr
85
Ser Gly Val
100

Met Ala Ser

Pro
Glu Arg
Met

Thr

115

Ile
130
Pro

Ser

Ser
145
Glu Thr

Tyr Ile

Thr Ala

Glu
135
Ile

Ile Arg Lys

Val Leu Asp
150
Phe Gly Glu Asp
165
Lys Gly Leu Gln
180

Lys His Phe Thr

195

Leu Gly
210
Phe Pro
225
Asn Ala

Leu Leu

Val Ser

Pro Ala Arg Val
215

Val Ala
230

His Glu
245

Thr Lys Ile
260

Asp Tyr Ser

Phe Glu

Tyr Ile
Leu

Ala

275

Ala Lys
290
Glu Ile
305
Ala Val

Ala Arg

Ile Tyr

Thr
295
Glu

Asp Leu Lys

Glu Leu Pro
310
Lys Glu Gly Lys
325 ’
Val Leu Arg Ala
340
Ala Asp Pro Ser

355

His Arg
370
Lys Asn
385
Val Ile

Ser Tyr

Thr Val

Ala Phe Ala Arg

375
Asp Gly Ile Leu

390
Gly Pro Ser Ala
405
Thr Ser His Ile
420

Leu Glu Gly Ile

435

Leu Tyr
450
Lys Glu
465
Met Gly

Asn Asp

Lys Ala

Ala Lys Gly Cys
455
Ala Leu Asp Ile
470
Glu Asn Ser
485
Arg Ile Asp
500
Leu Lys Glu

Gly
Leu

Val

515

Gly Arg
530

Leu Glu

Pro Leu Ser
535
Val Trp Tyr

Gln
Ile
Lys
40
Gln
Ile
Leu
Thr
Phe

120
Met

Pro Arg Asp Pro Arg Trp

Pro
Gly
Ala
200

Ser
Ile
Asp
Arg
Ile
280

Ala
Ile
val
Lys
Lys
360

Glu
Pro
Asp
Ala
Lys
440

Glu
Ala
Leu
Lys

Gly
520

Arg Arg Val Glu
10

Ala Gln Leu

25

Phe

Gly

Glu
45
val

Ser Arg

Ile Thr Arg
60

Leu Ile Asn

75

Ile Pro

90

Lys Gly Ala

105

Glu Pro Asp

Glu
Gly Ala
Thr

Asp

Glu Leu

Ser Ile
30
Lys RAla

Ala Gly

Glu Ile

Ile Ile
Thr
110
Ile

Phe

Gln

125

Lys Ala Phe Gly
140

155
Tyr Leu Val Ser
170
Glu Asp
185
Tyr

Trp Lys

Gly Ile Ser

Val His

Gly
Met

175
Gly

Lys

Glu
190

Glu Gly

205

Glu Glu Leu
220
Lys Ala Asn

235
Gly Val Pro Cys
250
Glu Glu
265
Glu Met

Arg

Arg

Trp Gly

Leu His

Arg Glu

Ala Gly

Ala Ser
255
Phe Lys
270

Thr Phe

285

Ala Ile Lys Ala
300
Lys Cys Tyr Gly
315
Ser Val Ser Val
330

Ile Leu Leu Gly
345

Ile Arg Ala Val

Leu Glu

Glu Pro

Ile Asp
335
Leu Leu
350

Leu Asp

365

Leu Ala Arg Lys
380
Ile Ser Lys Gly
395
Ser Thr Lys Asn
410

Gly Val Ala Asp
425

Asn Lys Val Ser

Ser Ile

Val Lys
His
415
Val

Leu

Gly
430

Ser Gly

445

Leu Ser Asp Glu
460
Ser Arg Ser Asp
475
Phe Lys Arg Gly
490

Leu Pro Gly Val
505

Lys Pro Ile Val

Ser Arg

val Ile

Ile Ser
495
Gln Glu
510

Leu Val

525

Ile Lys Trp Glu Lys Glu Asn

540

Pro Gly Glu Glu Gly Gly Asn

Ile

Ala

-43-

Leu
Pro
Lys
Tyr
Gln
80
His
Pro
Arg
Gln
Arg
160
Ala
Ile
Gly
Val
Ser
240
Ser
Gly
His
Ala
Leu
320
Thr
Asp
Asn
Val
Thr
400
Gly
Arg
Thr
Glu
Ile
480
Gly
Glu
Leu

Pro

Ile

Ser
Ser
Glu
Ala
Arg
Glu
Gln
Met
Gly
Thr
Glu
Ile
Arg
Phe
Val
Lys
Phe
Lys
Gly
Leu
Ala
Asp
Pro
Leu
Ile
Asp
Thr
Thr
Gly
Ala
Glu
Leu
vVal
Ala

Ala

Lys
Gly
Leu
Glu
Phe
Glu
Ala
Thr
Leu
Glu
Ser
Ala
Asn
Leu
Met
Phe
Val
val
Ile
Ser
Val
Ile
Glu
Leu
Ala
Tyr
Val
val
Phe
Val
Gly
Leu
Asn
Ile

Asp

2256



545
val

Pro
Ala
Gly
Ile
625
Val
Ile

Gly

Phe

Ile Phe Gly

550

Asp Tyr

565

Lys Asp Val
580
Phe Ser Glu
595
His Gly Leu

610

Pro Glu Asn

Arg Asn Thr

Gly Gln
Tyr
Ser Tyr
615
Val Met

630
Gly Asn

645

His Asp Glu
660
Phe Lys Arg
675
Arg Leu Phe

Trp Ala

Ile His

Thr Asp

555

28052

Asn Pro Gly Gly Lys Leu Pro

570

575

Ile Pro Val Tyr Tyr Asn Arg

600

585

590

Leu Thr Thr Asp Thr Lys Pro Leu

605

Thr Thr Phe Glu Tyr Ser Glu
620

Pro
Ile
Ser
Leu

680
Gln

Gly Gly Tyr
635
Asp Gly Asp
650
Val Glu Arg
665
Lys Ala Arg

Leu Ala Phe

Ile Asp Ile

Glu Val val
655
Pro Ile Lys
670
Glu Glu Lys
685
Tyr Asp Glu

560
Ile

Lys
Phe
Leu
Ser
640
Gln
Glu
Lys

Val

Ser
Pro
Pro
Lys
Phe
Leu
Leu
val

Met

Phe
Ser
Phe
Ile
Lys
Tyr
Lys
Thr

Arg

690
Phe Val Vval
705
Glu Asp Ile

Ile Thr Lys Asp Arg Lys

7
<210>
<211>
<Z212>
<213>
<220>
<223>
<400> 4

atggaagaaa
gaaaaaatag
tctagagaaa
ggatacgccg
ctaaaagagg
gtcatgacca
ccagacgata
catcaagggc
gaaacatttg
cttcagggag
ggtatatcgg
gaggtattcc
aatgcctatc
atccttagag
atgttacata
gaggcaggaa
gcagtcaaag
agggcaaaga
agagctgtct
attgttttat
gttataggtc
catatagcag
aaagtgtcct
agagaaggat
atgggagaaa
gatctaaaac
ccaattgtgc
atcccagcta
gtaatatttg
ggacaaatac
gatactaaac
gaactaaaaa
gtaagaaata
tgggcaagtg
gcaagagaag
gaagtgatgc
gaagatataa
agaaaatttg
<210> 5

<211> 751
<212> PRT
<213>
<220>
<223>
<400>

4
2256
ADN

5

695

Glu Ala
710
Arg

725

40

AR19M-311-2

gatggttaca
cccaacttgg
aagccaaaga
agagagagcc
agactagact
aaggagcaac
ttcaaagaat
tctctectgt
gagaagaccc
aagattggaa
aaggtggtag
tctttccatt
atgagataga
aagaatgggg
cattccacaa
ttgaaataga
aaggaaaggt
tactcctagg
tagataaccc
taaagaatga
cgagtgcaga
gagtagcgga
caggaaccac
ttaaagaggc
atagcggact
ttccaggggt
tagttctagt
ttctagaagt
gagattataa
cagtctacta
ccttgtttce
taatcccaga
caggcaatat
tagaaagacc
aaaagaaggt
gatttgtggt
gattaacagg
ctagcgaggt

AR1SM-311-11

Gly Thr

Leu Thr

Gly

700

Phe Glu Val Met Val Gly

715

730

745

Trinh tu chua biét

aagaagagtt
ttcaatacca
acttttgaaa
agaagaatcg
aggtataccg
aacatttcca
gacttccatt
ccttgatatt
atatcttgta
ggagggtata
aaatctgggce
tgaagtcgca
tggggtccca
attcaaagga
agtagctaaa
attaccagag
atctgtctct
actattagat
agagcacagg
tggaatacta
tagcacaaaa
cggtgtaagg
tgtcctctat
attagatata
atttaagaga
tcaagaggaa
taatggaagg
atggtatcca
cccaggaggg
taatagaaag
atttggacat
aaatgtcatg
agacggagat
aataaaagaa
caccttcaga
agaagcaggg
taagtttgag
aattatagaa

Trinh tu chua biét

Phe Ala Ser Glu Val

gaagagttat
tcgggtaaac
aatggtatag
atagaactta
gcaataattc
caggctatag
ataagaaaag
cctagggacc
tcaaagatgg
attgctaccg
cctgccagag
ataagaaaag
tgtgcgtctt
tttgtagtct
gacctaaaga
ataaaatgtt
gttatagata
gataftatct
gcatttgcca
cccataagta
aatctacatg
acagtaacag
gctaagggct
gctagtagat
ggaatctcag
cttctaaagg
cccctctcta
ggggaagaag
aagttaccaa
ccatctgcct
ggcttgagtt
cccgggggat
gaagtagtgc
ctaaaagggt
ttatttacag
acatttgaag
gtcttagaga
ccttaa

Ser
720

Lys Phe Glu Val Leu Glu Thr

735
Ile Ile Glu
750

tatcgaagat
tagtagaaaa
gacaaataac
taaatgagat
acgaagagtg
ggatggctag
agatgaaggc
ctagatgggg
cagaaagtta
ctaaacattt
tatctgaaag
ccaatgctgg
ccaagttttt
cagactattc
ctgcagctat
atggtgaacc
ccgctgtage
acgcagatcc
gagaactagc
aaggggtaaa
gagactatag
tgttagaggg
gtgaacttag
cagatgtcat
gagaaggtaa
ctttaaagga
taaagtggga
gaggaaacgc
tctcattcce
ttagtgaata
atacaacctt
atatagacat
aactttatat
ttaagaggat
accagttagc
ttatggtagg
ccaaggttat

Ser Ser

Lys Val

Pro

gactcttgaa
tggaaaattt
tagagtagca
tcagagattt
tctttcgggt
cacatttgag
atttggtgtt
aaggacagaa
tataaaaggg
tacagcttac
ggaattaaga
ttctgtaatg
actgacaaaa
agctatagag
aaaagcccta
acttttatca
tagagtctta
aagtaagata
tagaaaatct
aaccattgca
ttatacctca
tatcaaaaat
tgatgaatct
tatagcggtg
tgacaggata
agtgggtaaa
gaaagaaaat
aatagcagat
aaaggatgtt
cttaacaaca
tgagtattca
aagctttaaa
acatgatgaa
tcacctaaaa
attttatgat
gtcctcctca
aacaaaggat

2256

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
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220



Met
1
Met

Glu Glu Arg Trp Leu
5
Thr Leu Glu Glu Lys
20
Leu Val Glu Asn Gly
35
Asn Gly Ile Gly
55
Pro Glu Glu Ser
70
Glu Glu Thr
85
Ser Gly Val
100
Gly .-Met Ala Ser
115
Ser Ile Ile Arg Lys
130
Pro

Lys
Leu Lys
50
Arg Glu
65
Leu

Lys Arg

Cys Leu Met

Ile Thr
Glu
135
Ser Ile
145
Glu

Val Leu Asp
150
Phe Gly Glu Asp
165
Lys Gly Leu Gln
180
Ala Lys His Phe Thr
195
Gly Pro Ala Arg Val
210 215
Pro Phe Glu Val Ala
230
Tyr His Glu
245
Thr Lys Ile
260
Ser Asp Tyr Ser
275
Ala Lys Asp Leu Lys
290
Ile Glu Leu Pro
310
Val Lys Glu Gly Lys
325
Arg Val Leu Arg Ala
340
Tyr Val Asp Pro Ser
355
Arg Ala Phe Ala Arg
370 375
Asn Asp Gly Ile Leu
390
Gly Pro Ser Ala
405
Thr Ser His Ile
420
Val Leu Glu Gly Ile
435
Tyr Ala Lys Gly Cys
450 455
Glu Ala Leu Asp Ile
470
Gly Glu Asn Ser
485
Asp Arg Ile Asp
500
Ala Leu Lys Glu
515
Arg Pro Leu Ser
530
Glu

Thr

Tyr Ile

Thr
Leu

Phe
225
Asn

Ala Ile

Leu Leu Leu

Val Ala
Thr
295
Glu Glu
305

Ala
Ala
Ile
His
Lys
385
val
Ser Tyr
Thr
Leu
Lys

465

Met Gly

Asn Leu

Lys Val
Ile
535
Pro

Gly

Leu
545
Val

Val Trp Tyr
550
Phe Gly Asp Tyr
565

Asp Val Gly Gln
580

Phe Ser Glu Tyr Leu
595

His Gly Leu Ser Tyr

Ile
Pro Lys
Ala

Gly

28052

Gln Arg Arg Val Glu
10
Ala Gln Leu Gly
25
Phe Ser Arg Glu
45
Ile Thr Arg Val
60
Glu Leu Ile Asn
75
Pro

Ile

Lys
40
Gln Ala

Ile Glu

Leu Gly Ile Ala Ile
90
Thr Lys Gly
105

Glu Pro

Ala Thr Thr
110
Phe Ile
120

Met

Asp Asp
125

Phe Gly
140
Arg Asp Pro Arg

155
Tyr Leu Val
170

Glu Asp Trp

185

Ala Tyr Gly Ile

200 205
Ser Glu Arg Glu Leu Arg

220
Ile Arg Lys Ala Asn Ala
235
Asp Gly Val Pro Cys Ala
250
Arg Glu Glu
265

Ile Glu Met

280

Ala Ala Ile

Lys Ala vVal

Pro Trp

Pro Ser Lys
Glu
190

Glu

Gly Lys

Ser

Trp Gly Phe

270

Leu His Thr

285

Lys Ala
300

Ile Lys Cys Tyr Gly

315
Val Ser Val Ser Val
330

Lys Ile Leu Leu Gly

345

Lys Ile
360

Glu Leu

Leu
Glu
Ile

Leu
350
Arg Ala Val Leu
365
Ala Arg Lys Ser
380
Ser Lys Gly Val
395
Asp Ser Thr Lys Asn Leu
410
Ala Gly Val Ala Asp Gly
425 430
Lys Asn Lys Val Ser Ser
440 445
Glu Leu Ser Asp Glu Ser
460
Ala Ser Arg Ser Asp Val
475
Leu Phe Lys Arg Gly Ile
490
Lys Leu Pro Gly Val Gln
505 510
Gly Lys Pro Ile Val Leu
520 525
Lys Trp Glu Lys Glu Asn
540
Gly Glu Glu Gly Gly Asn
555
Asn Pro Gly Gly
570
Ile Pro Val Tyr
585
Thr Thr Asp Thr
600
Thr Thr Phe Glu

Pro Ile

Lys Leu

Tyr Asn

590

Lys Pro
605

Tyr Ser

Leu
15
Ile
Ala
Gly
Ile
Ile
95
Phe
Gln
His
Gly
Met
175
Gly
Gly
Glu
Gly
Ser
255
Lys
Phe

Glu

Asp
335

Leu
Asp
Ile
Lys
His
415

val
Gly
Arg
Ile
Ser
495

Glu
val
Ile
Ala
Pro
575

Arg

Leu

Glu

-45-

Leu
Pro
Lys
Tyr
Gln
80
His
Pro
Arg
Gln
Arg
160
Ala
Ile
Gly
Val
Ser
240
Ser
Gly
His
Ala
Leu
320
Thr
Asp
Asn
val
Thr
400
Gly
Arg
Thr
Glu
Ile
480
Gly
Glu
Leu
Pro
Ile
560
Ile
Lys
Phe

Leu

Ser
Ser
Glu
Ala
Arg
Glu
Gln
Met
Gly
Thr
Glu
Ile
Arg
Phe
Val
Lys
Phe
Lys
Gly
Leu
Ala
Asp
Pro
Leu
Ile
Asp
Thr
Thr
Gly
Ala
Glu
Leu
val
Ala
Ala
Ser
Pro
Pro

Lys

Lys
Gly
Leu
Glu
Phe
Glu
Ala
Thr
Leu
Glu
Ser
Ala

Asn

Met
Phe
Val
val
Ile
Ser
Val
Ile
Glu
Leu
Ala
Tyr
Val
val
Phe
Val
Gly
Leu
Asn
Ile
Asp
Phe
Ser
Phe

Ile



610

625

615
Ile Pro Glu Asn Val Met Pro Gly Gly Tyr Val Asp Ile Ser

630

28052

620

635

640

Val Arg Asn Thr Gly Asn Ile Asp Gly Asp Glu Val Val Gln
650

Ile His Asp Glu

645

660

Gly Phe Lys Arg

675

Phe Arg Leu Phe

690

Phe Val val Glu

705

Glu Asp Ile Arg

<210>
<211>
<212>
<213>
<220>
<223>
<400> 6
atggaagaaa
gaaasaaatag
tctagagaaa
ggatacgccg
ctaaaagagg
gtcatgacca
ccagacgata
catcaagggc
gaaacatttg
cttcagggag
ggtatatcgg
gaggtattcc
aatgcctatc
atccttagag
atgttacata
gaggcaggaa
gcagtcaaag
agggcaaaga
agagccgtct
attgttttat
gttataggtc
catatagcag
aaagtgtcct
agagaaggat
atgggagaaa
gatctaaaac
ccaattgtgce
atcccagcta
gtaatatttg
ggacaaatac
gatactaaac
gaactaaaaa
gtaagaaata
tgggcaagtg
gcaagagaag
gaagtgatgc
gaagatataa
agaaaatttg
<210> 7
<211> 23
<212> ADN
<213>
<220>
<223>
<400>

6
2256
ADN

7

665

680

695

710

725

AR19M-311-11

gatggttaca
cccaacttgg
aagccaaaga
agagagagcc
agactagact
aaggagcaac
ttcaaagaat
tctcteccegt
gagaagaccc
aagattggaa
aaggtggtag
tatttccatt
atgagataga
aagaatgggg
cattccacaa
ttgaaataga
aaggaaaggt
tactcctagg
tagataaccc
taaagaatga
cgagtgcaga
gagtagcgga
caggaaccac
ttaaagaggc
atagcggact
ttccaggggt
tagttctagt
ttctagaagt
gagattataa
cagtctacta
ccttgtttcce
taatcccaga
caggcaatat
tagaaagacc
aaaagaaggt
gatttgtggt
gattaacagg
ctagcgaggt

655

Trp Ala Ser Val Glu Arg Pro Ile Lys Glu

670

Ile His Leu Lys Ala Arg Glu Glu Lys Lys

685

700

715

- 730
Ile Thr Lys Asp Arg Lys Phe Ala Ser Glu Val
740

745

Trinh tu chua biét

aagaagagtt
ttcaatacca
acttttgaaa
agaagaatcg
aggtataccg
aacatttcca
gacttccatt
ccttgatatt
atatcttgta
ggaaggtata
aaatctgggc
tgaagtcgca
tggggtccca
attcaaagga
agtagctaaa
attaccagag
atctgtctct
actattagat
agagcatagg
tggaatacta
tagcacaaaa
cggtgtaagg
tgtcctctat
attagatata
atttaagaga
tcaagaggaa
taatggaagg
atggtatcca
cccaggaggg
taatagaaag
atttggacat
aaatgtcatg
agacggagat
aataaaagaa
caccttcaga
agaagcaggg
taagtttgag
aattatagaa

Trinh tyu nhé&n tao

atggaagaaa gatggttaca aag

8
26
ADN

<210>
<211>
<212>
<213>
<220>
<223>

Trinh tu nhan tao

gaagagttat
tcgggtaaac
aatggtatag
atagaactta
gcaataattc
caggctatag
ataagaaaag
cctagggacc
tcaaagatgg
attgctaccg
cctgccagag
ataagaaaag
tgtgcgtctt
tttgtagtct
gacctaaaga
ataaaatgtt
gttatagata
gatattatct
gcatttgcca
cccataagta
aatctacatg
acagtaacag
gctaagggct
gctagtagat
ggaatctcag
cttctaaagg
cccctctcta
ggggaagaag
aagttaccaa
ccatctgccet
ggcttgagtt
cccgggggat
gaagtagtgc
ctaaaagggt
ttatttacag
acatttgaag
gtcttagaga
ccttaa

M& ta trinh tu nhan tao: doan mdi.

M& ta trinh tu nhan tao: doan mdi.

Thr Asp Gln Leu Ala Phe Tyr Asp Glu Val

Ala Gly Thr Phe Glu Val Met Val Gly Ser

720

Leu Thr Gly Lys Phe Glu Val Leu Glu Thr

735
Ile Ile Glu
750

tatcgaagat
tagtagaaaa
gacaaataac
taaatgagat
acgaagagty
ggatggctag
agatgaaggc
ctagatgggg
cagaaagtta
ctaaacattt
tatctgaaag
ccaatgctgg
ccaagttttt
cagactattc
ctgcagctat
atggtgaacc
ccgctgtage
acgtagatcc
gagaactagc
aaggggtaaa
gagactatag
tgttagaggg
gtgaacttag
cagatgtcat
gagaaggtaa
ctttaaagga
taaagtggga
gaggaaacgc
tctcattccc
ttagtgaata
atacaacctt
atgtagacat
aactttatat
ttaagaggat
accagttagc
ttatggtagg
ccaaggttat

-46-

Phe Lys

Leu Tyr

Leu Lys

Val Thr

Met Arg

Ser Ser

Lys Val

Pro

gactcttgaa
tggaaaattt
tagagtagca
tcagagattt
tctttcgggt
cacatttgag
atttggtgtt
aaggacagaa
tataaaaggg
tacagcttac
ggaattaaga
ttctgtaatg
actgacaaaa
agctatagag
aaaagcccta
acttttatca
tagagtctta
aagtaagata
tagaaaatct
aaccattgca
ttatacctca
tatcaaaaat
tgatgaatct
tatagcggtg
tgacaggata
agtgggtaaa
gaaagaaaat
aatagcagat
aaaggatgtt
cttaacaaca
tgagtattca
aagctttaaa
acatgatgaa
tcacctaaaa
attttatgat
gtcctcectea
aacaaaggat

2256

23

60
120
180
240
300
360
420
480
540
600
660
720
780
840
300
360

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220



28052

<400> 8
ttaaggttct ataattacct cgctag

<210> 9
<211> 27
<212> ADN
<213> Trinh tuy nhén tao
<220>
<223> M6 ta trinh tu nhan tao: doan mdi.
<400> 9
caccatggaa gaaagatggt tacaaag
<210> 10
<211> 762
<212> PRT
<213> Dictyoglomus thermophilum
<220>
<223> GH3 xylosidaza
<400> 10
Met Glu Glu Lys Glu Leu Ser Lys Lys Val Lys Asp Leu Ile Ala Lys
1 5 10 15
Met Thr Leu Glu Glu Lys Ile Ala Gln Leu Gln Ala Val Tyr Gly Lys
20 25 30
Asp Leu Val Asp Glu Asn Gly Asn Phe Ser Glu Glu Lys Ala Glu Lys
35 40 45
Leu Leu Lys Asn Gly Ile Gly Gln Ile Ser Arg Val Ala Gly Glu Arg
50 55 60
Gly Val Ser Pro Glu Lys Ala Val Glu Leu Ala Asn Lys Ile Gln Lys
65 70 75 80
Phe Leu Lys Glu Lys Thr Arg Leu Gly Ile Pro Ala Ile Ile His Glu
85 90 95
Glu Cys Leu Ser Gly Phe Met Ala Gln Gly Ala Thr Val Phe Pro Gln
100 105 110
Ala Ile Gly Met Ala Ser Thr Phe Glu Pro Glu Leu Ile Arg Arg Val
115 120 125
Ser Asp Val Ile Arg Gln His Met Lys Ala Ala Asn Val His Gln Gly
130 135 140
Leu Ser Pro Val Leu Asp Ile Pro Arg Asp Pro Arg Trp Gly Arg Thr
145 150 155 160
Glu Glu Thr Phe Gly Glu Asp Pro Tyr Leu Val Ser Arg Met Ala Thr
165 170 175
Glu Tyr Val Lys Gly Leu Gln Gly Glu Asp Trp Arg Glu Gly Ile Val
180 185 190
Ala Thr Val Lys His Phe Thr Ala Tyr Gly Ile Ser Glu Gly Ala Arg
195 200 205
Asn Leu Gly Pro Ala Lys Val Gly Glu Arg Glu Leu Arg Glu Val Phe
210 215 220
Leu Phe Pro Phe Glu Val Ala Ile Lys Glu Gly Gln Ala Gly Ser Leu
225 230 235 240
Met Asn Ala Tyr His Glu Ile Asp Gly Val Pro Cys Ala Ser Ser Lys
245 250 255
Phe Leu Leu Thr Lys Ile Leu Arg Trp Glu Trp Gly Phe Lys Gly Tyr
260 265 270
Val Val Ser Asp Tyr Ile Ala Val Arg Met Leu Glu Asn Phe His Lys
275 280 285
Val Ala Arg Asp Ala Lys Glu Ala Ala Val Leu Ala Leu Glu Ala Gly
290 295 300
Ile Asp Ile Glu Leu Pro Ser Val Asp Cys Tyr Gly Glu Pro Leu Ile
305 310 315 320
Gln Ala Val Lys Glu Gly Leu Ile Ser Glu Glu Val Ile Asn Ala Ser
325 330 335
Val Glu Arg Val Leu Arg Ala Lys Phe Met Leu Gly Leu Phe Asp Asp
340 345 350
Asn Leu Glu Lys Asp Pro Lys Lys Val Tyr Glu Val Phe Asp Lys Pro
355 360 365
Glu Phe Arg Asp Leu Ser Arg Glu Val Ala Arg Arg Ser Ile Val Leu
370 ' 375 380
Leu Lys Asn Asp Gly Thr Leu Pro Leu Ser Lys Asn Leu Lys Lys Val
385 3390 395 400
Ala Val Ile Gly Pro Asn Ala Asp Asn Pro Arg Asn Leu His Gly Asp
405 410 415
Tyr Ser Tyr Thr Ala His Ile Pro Ser Ile Ala Glu Gly Leu Glu Gly
420 425 430
Val Lys Val Glu Glu Lys Cys Val Val Arg Thr Val Ser Ile Leu Glu
435 440 445
Gly Ile Arg Asn Lys Val Ser Pro Glu Thr Glu Val Leu Tyr Ala Lys
450 455 460
Gly Cys Asp Ile Ile Ser Asp Ser Lys Asp Gly Phe Ala Glu Ala Ile
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465
Glu

470
Met Ala Lys Glu Ala
485
Gly Leu Phe His Arg
500
Leu Glu Leu Phe Gly
515
Leu Gly Lys Pro Ile
530 535
Leu Lys Trp Glu His
550
Gly Glu Glu Gly
565
Asn Pro Ser Gly
580
Gln Ile Pro Val Tyr
595
Ile Asp Glu Ser Ala
610 615
Ser Tyr Thr Thr Phe Glu
625 630
Val Asn Ser Leu Glu Lys
645
Arg Asp Gly Glu
660
Val Ala Ser Leu Glu Arg
675
Ile Tyr Leu Lys Pro Gly
690 695
Pro Glu Gln Leu Ala Phe
705 710
Lys Gly Val Phe Glu Val
725
Leu Met Gly Thr Phe Glu
740
Arg Lys Phe Ala Ser Asp
755

Ser
Thr
Lys
Ala

545

Tyr Pro

Asp Tyr
Gly

Tyr

Gly Asn

28052

475
Asp Val Ile Ile Ala Val
490
Gly Ile Ser Gly Glu Gly
505 510
Val Gln Arg Asp Leu Leu
520 525
Val Leu Val Leu Ile
540
Glu Asn Leu Asn Ala
555
Gly Asn Ala Val
570
Lys Leu Pro Ile
585
Asn Arg Lys

Asn
Ile
Ala Asp
Phe

590
Ser

Ser

Pro
605
Pro Leu Tyr Pro

620

Ser Asp Leu Lys

635
Glu Ile Ser
650

Val Val Gln

665
Pro Val Lys Glu
680 685
Glu Ser Lys Arg Val

700

Tyr Asp Glu Phe Met

715
Met Ile Gly Ser Ser
730
Val Leu Glu Thr Lys
745
Val Lys Val Glu
760

Tyr
600
Lys Phe

Tyr Ile

Val Phe Thr

Glu Leu Tyr

670
Lys

Leu
Thr
Arg

Ser

750
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Lys

Gly

val
575

Pro

Ala

Gly
Ser

Ile

655

Ile

Gly

Phe

Phe

Glu
735
Val Ile Thr

480

Met Gly
495
Asn Asp

Glu

Arg

Leu Glu

560
Ile

Ala
Phe
His
Pro
640
Lys
His
Phe
Thr
Ile

720
Asp

Glu
Arg
Leu
Pro
Ala
Phe
Val
Ser
Gly
Glu
Asn
Asp
Lys
Leu
Val
Ile

Glu

Glu
Thr
His
Gln
Trp
Gly
Thr
Asp
Leu
Lys
Thr
Gln
Lys
Tyr
Glu
Arg

Lys
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