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Linh vue k§ thuit dwge dé cip

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

san phdm phén giai lignoxenluloza bing enzym nay.
Tinh trang ky thuit ciia sang ché

~ Trong nhitng nim gan ddy, viéc phat trién cac ngudn ning luong thay thé ddu mé
ngdy cang tré nén quan trong, do cac van dé vé mdi truong nhu trai dat nong 1én va o
nhim bau khi quyén, ciing nhu quan ngai lién quan dén viée cung cip nang luong cho
cac phuong tién van tai. Sinh khéi thyc vat, ngudn ning luong tai tao phong pht nhit trén
trai dit, dugc mong doi 1a ngudn n;'mg luong thay thé cho diu mé. Lignoxenluloza 1a
thanh phin chinh ciia sinh khdi thuc vét va bao gdm céac polysacarit nhu xenluloza,
hemixenluloza (bao gdm xylan, arabinan va manan), va lignin. Cac polysacarit nay dugc
thily phan thanh cac monosacarit nhu glucoza va xyloza béi nhiéu glycosit hydrolaza va
duogc sir dung lam nhién li€u sinh hoc hodc nguyén li€u dé san xuit nhidu san phim héa

hoc.

Lignoxenluloza 13 hop chit ¢6 cau tric rit phirc tap, nén rat kho c¢6 thé phan gidi
hozc thity phan dugc bing mot enzym duy nhét. Do do, trong s nhiéu polysacarit, dé
thiy phan xenluloza thuong cin ba loai enzym glycosit hydrolaza, bao gbm
endoglucanaza (endo-1,4-B-D-glucénaza, 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). Mit khéc, mic du cdu tric ctia hemixenluloza c6 thé thay dbi phu thudc
vao loai thuc vat, vi du xylan 1a thanh phﬁ‘m chinh c6 trong thuc vat than g va thuc vat
than thao. D& thiy phan xylan thi cin c¢6 xylanaza (endo-1,4-B-xylanaza, EC 3.2.1.8) va
B-xylosidaza (EC 3.2.1.37). B-xylosidaza 1a hydrolaza thiy phén oligosacarit dugc tao ra

khi thity phan hemixenluloza bang xylanaza dé tao ra monosacarit.
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Trong quy trinh san xuét etanol sinh hoc thong thudng, nguyén liéu lignoxenluloza
c6 ndng dd chét rin cao ndm trong khoang tir 30% dén 60% da duoc dung dé dat duoc
hiéu suét ning lugng va bién ddi thanh etanol cao hon. Tuy nhién, khi ding ndng do chét
rin trong nguyén liéu cao nhu vay, thi phan ing enzym thiy phan lignoxenluloza hiu
nhu khéng thé xay ra do d6 nhét cao ciia dung dich sinh khéi da thiiy phan. Do d6, bang
cach thyc hién phan tng thiy phén ¢ nhiét dg cao, vi du ¢ nhiét 4o 80°C hodc cao hon va
sir dung enzym chiu nhiét, thi c6 thé lam ting tbc do phan tmg thiy phén, va giam dugc
d6 nhét ciia dung dich sinh khéi da thily phan, nhd vay c6 thé rit ngin dugc thoi gian
thity phén va giam luong enzym cin sir dung. Do d6, ¢6 nhu cu phét trién toan bd céc

enzym glycosit hydrolaza c6 d dn dinh nhiét cao hon.

Nhiéu glycosit hydrolaza chiu nhiét da dugc thu nhan bang cach phan l4p va xac
dinh c4c vi sinh vat ua nhiét séng trong méi trudng c6 nhiét do cao, tao dong céc gen tur
cac vi sinh vat da dugc phan 13p va nuoi céy nay, va xac dinh trinh ty ADN cua chung,
sau d6 biéu hién ching & E. coli, ndm sgi hodc cic sinh vat tuong tu. Vi du,
Tai liéu Sang ché 1 d& cap dén B-xylosidaza c6 ngudn gbe tir ndm soi. Tai liéu Sang ché 2
dé cap dén B-xylosidaza c6 ngudn gbc tir ndm soi Aspergillus oryzae c6 hoat tinh enzym
& nhiét do 30°C. Tai liu Sang ché 3 dé cip dén B-xylosidaza c6 ngudn gbe tir
Alicyclobacillus acidocaldarius c6 hoat tinh enzym & d6 pH = 5,5 hoic thdp hon va nhiét
d6 50°C hoidc cao hon. Tai liéu Sang ché 4 dé cap dén B-xylosidaza c6 ngudn gbe tir
Acremonium cellulolyticus c6 hoat tinh enzym & nhiét d¢ 45°C. Ngoai ra, Tai liéu phi
Sang ché 1 dén 6 d& cap dén B-xylosidaza dugc phén l4p tir vi khudn va ném soi dic
trung c6 nhiét d6 t6i wu khoang 60°C. Hon nita, Tai liéu phi Sang ché 7 d& cap dén
enzym B-xylosidaza chiu nhiét c6 nhiét d t6i uu bang 95°C. Tuy nhién, mic du hiéu suit
xuc tac K /K clia enzym nay déi v6i co chat p-nitrophenyl-B-D-xylopyranosit (PNPX -
p-nitrophenyl-p-D-xylopyranosit) 13 r4t manh va bing 1173.4 mM gidy, nhung thoi
gian ban gidm cua hoat tinh phéan gidi PNPX & nhiét d§ 90°C chi khoang 30 phut, do dé
enzym nay c6 do 6n dinh nhiét thap.

Tai liéu vién dan

Tai lidu Sang ché 1: Ban dich tiéng Nhat da cong bd sb Hei 11-507837 ciia Pon
PCT.
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Tai liéu Sang ché 2: Céng bb Pon yéu ciu cap Patent Nhat Ban sb Hei 11-313683.

Tai liéu Sang ché 3: Ban dich tiéng Nhat da cong bd sé 2011-523346 cita Pon
PCT.

Tai liéu Sang ché 4: Coéng bb Pon yéu ciu cip Patent Nhat Ban s 2013-59272.

Tai liéu phi Sang ché 1: Kormelink ef al., Journal of Biotechnology, 1993, vol. 27,
pp- 249-265.

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

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

Tai liéu phi Sang ché 4: La Grange et al, Applied and Environmental
Microbiology, 2001, vol. 67, pp. 5512-5519.

Tai liéu phi Séng ché 5: Shao et al., Applied and Environmental Microbiology,
2011, vol. 77, pp. 719-726.

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

Tai li€u phi Sang ché 7: Shi et al., Biotechnology for Biofuels, 2013, vol. 6, No. 27.
Ban chit ky thuit ciia sing ché

Muc dich ciia sang ché 1a @& cap dén enzym B-xylosidaza chiu nhiét c6 hoat tinh
thity phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit & didu kién nhiét do bing
105°C va d6 pH bang 5,0, polynucleotit ma héa enzym ndy, vecto biéu hién enzym nay,
thé bién nap chtra vecto nay, va phuong phap san xuét san phdm phan gidi lignoxenluloza

bang enzym nay.

Pé dat dugc muc dich néu trén, cac tic gid séng ché da thu nhan thanh cong -
xylosidaza chiu nhiét c6 trinh tu axit amin mdi béng cach tach chiét ADN truc tiép tir dAt

6 nhiét 4o cao ¢ khu vuc sudi nuée néng va thuc hién giai trinh tu da hé gen cta quan
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thé vi sinh vat khé nuéi cdy ldy tir méi trudng nay va hoan thanh sang ché nay.

Enzym B-xylosidaza chiu nhiét, polynucleotit, vecto biéu hién, thé bién nap,
phuong phép san xuit enzym p-xylosidaza chiu nhiét, hdn hop glycosit hydrolaza, va
phwong phap san xudt san phdm phan giai lignoxenluloza theo sang ché duge mé ta trong

céc phuong an tir 1 dén 10 dudi day.
1. Enzym B-xylosidaza chiu nhiét chira viing xtic téc p-xylosidaza bao gdm:

(A) polypeptit chira trinh tu axit amin nhu néu trong SEQ ID NO.1 hoic SEQ ID
NO.2;

(B) polypeptit chira trinh tur axit amin dugc tao ra bang cach loai b, thay thé hogc
b6 sung tir 1 dén 20 axit amin trén trinh tu axit amin nhu néu trong SEQ ID NO.1 hoic
SEQ ID NO.2, va c¢6 hoat tinh thily phén co chat p-nitrophenyl-B-D-xylopyranosit it nhat
& didu kién nhiét d6 bang 105°C va d6 pH bang 5,0; hodc

(C) polypeptit chira trinh ti axit amin c6 d twong ddng bang 75% hodc cao hon
so v6i trinh ty axit amin nhu néu trong SEQ ID NO.1 hodc SEQ ID NO.2, va ¢6 hoat tinh
thity phan co chét p-nitrophenyl-B-D-xylopyranosit it nhit & didu kién nhiét do bing
105°C va d6 pH bang 5,0.

2. Enzym B-xylosidaza chiu nhiét theo phuong 4n 1, trong d6 enzym nay ciing c6
it nhAt mot hoat tinh dugc chon tir nhém bao gém hoat tinh o-L-arabinofuranosidaza va

hoat tinh a-L-arabinopyranosidaza.
3. Polynucleotit chtra mién ma héa ving xtic tac B-xylosidaza bao gbm:

(a) trinh tu nucleotit ma héa polypeptit chira trinh tu axit amin nhu néu trong SEQ
ID NO.1 hodc SEQ ID NO.2;

(b) trinh ty nucleotit ma héa polypeptit chira trinh tu axit amin dugc tao ra bing
céch loai bo, thay thé hodc bd sung tir 1 dén 20 axit amin trén trinh ty axit amin nhu néu
trong SEQ ID NO.1 hodc SEQ ID NO.2, v ¢6 hoat tinh thity phan co chét p-nitrophenyl-
B-D-xylopyranosit it nhit & didu kién nhiét d6 bing 105°C va d6 pH bang 5.,0;

(c) trinh tu nucleotit ma héa polypeptit chtra trinh ty axit amin ¢6 d§ twong dong
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bing 75% hodc cao hon so véi trinh tir axit amin nhu néu trong SEQ ID NO.1 hoic SEQ
ID NO.2, va c6 hoat tinh thily phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit &
diéu kién nhiét 4o béng 105°C va do pH b%mg 5,0; hoac

(d) trinh tu nucleotit c6 d6 tuong ddng bing 80% hodc cao hon so véi trinh tu
nucleotit nhu néu trong SEQ ID NO.3 hodc SEQ ID NO.4, va ma hda polypeptit c6 hoat
tinh thty phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit & diéu kién nhiét do bang
105°C va d6 pH bang 5,0.

4. Polynucleotit theo phuong 4n 3, trong d6 polypeptit ndy ciing cé it nhdt mot
hoat tinh dugc chon tir nhém bao gdm hoat tinh a-L-arabinofuranosidaza va hoat tinh a-

L-arabinopyranosidaza.

5. Vecto biéu hién chira polynucleotit theo phwong 4n 3 hoic 4, trong d6 vecto nay

c¢6 kha nang biéu hién polypeptit c6 hoat tinh B-xylosidaza & té bao vat chi.
6. Thé bién nap chira vecto biéu hién theo phurong 4n 5.
7. Thé bién nap theo phuong 4n 6, trong d6 thé bién nap nay 14 sinh vat nhan that.

8. Phuong phap san xuét enzym PB-xylosidaza chiu nhiét bao gdm budc san sinh

enzym PB-xylosidaza chiu nhiét trong thé bién nap theo phwong 4n 6 hoic 7.

9. Hon hop glycosit hydrolaza chita enzym B-xylosidaza chiu nhiét theo phuong
4n 1 hodc 2, enzym B-xylosidaza chiu nhiét ma hoéa béi polynucleotit theo phuong 4n 3
hoic 4, hoic enzym B-xylosidaza chiu nhiét dugc san xuit bang phwong phap theo

phuong 4n 8, va it nhit mot glycosit hydrolaza khéc.

10. Phuong phép san xuét san phdm phan giai lignoxenluloza bao gdm budc tao ra
san pham phan giai lignoxenluloza bing cach cho nguyén lidu chtra lignoxenluloza tiép
xuc v6i enzym PB-xylosidaza chiu nhiét theo phuong 4n 1 hodc 2, enzym B-xylosidaza
chiu nhiét ma héa boi polynucleotit theo phuong 4n 3 hoic 4, thé bién nap theo phuong
4n 6 hoic 7, enzym B-xylosidaza chiu nhiét dwgc san xuit bang phuong phép theo

phuong 4n 8, hoic hdn hop glycosit hydrolaza theo phwong 4n 9.

Enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh thity phan co chét p-
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nitrophenyl-B-D-xylopyranosit (PNPX) it nhat & diéu kién nhiét do bang 105°C va do pH
bang 5,0. Do d6, enzym p-xylosidaza chiu nhiét nay thich hop dé thiy phan nguyén liéu

chira lignoxenluloza & nhiét d9 cao.

Ngoai ra, theo mdt khia canh khéc, enzym B-xylosidaza chiu nhiét theo sang ché
ciing thich hop dé thay phan nguyén liéu chira hop chét c¢6 lién két B-xylosidic & nhiét do
cao. Nguyén lidu chira hop chét c6 lién két B-xylosidic c6 thé dugc diéu ché bing cach

thity phan nguyén liéu lignoxenluloza chira hemixenluloza bing xylanaza

Mit khac, theo mot khia canh khéc, B-xylosidaza chiu nhiét theo sang ché cling
thich hop dé thity phan nguyén liéu chira gdc arabinoza, dic biét 1a gbc arabinofuranoza

hodc arabinopyranoza.

Ngoai ra, polynucleotit, vecto biéu hién chira polynucleotit nay va thé bién nap
chira vecto nay theo sang ché ciing thich hop dé san xuét enzym p-xylosidaza chiu nhiét

theo séang ché.
Mo ta vin tit hinh vé

Fig.1A 1 hinh v& thé hién sy sip thing hang trinh tu nucleotit (ntra doan thir nhét
cia SEQ ID NO.3) ctia khung doc md mé OJ1M-273 va trinh ty nucleotit (SEQ ID
NO.4) ctia gen tiém ning B-xylosidaza OJ1M-273-1.

Fig.1B 13 hinh v& thé hién sy sdp thing hang trinh tu nucleotit (ntra doan thir hai
cia SEQ ID NO.3 tiép theo Fig.1A) cta khung doc md mé OJIM-273 va trinh tu
nucleotit (SEQ ID NO.4) ctia gen tiém ning p-xylosidaza OJ1M-273-1.

Fig.2 1a hinh v& thé hién su sdp thing hang trinh tir axit amin (SEQ ID NO.1) cua
khung doc ma m& OJ1M-273 va trinh ty axit amin (SEQ ID NO.2) ciia gen tiém nang B-
xylosidaza OJ1M-273-1.

Fig.3 12 hinh v& thé hién su sip thing hang trinh tu axit amin (SEQ ID NO.2) cua
gen tiém ning B-xylosidaza OJIM-273-1 va trinh ty axit amin (SEQ ID NO.9) cia gen B-

xylosidaza c6 ngudn gbc tir Candidatus Caldatribacterium californiense.

Fig.4 13 hinh 4anh thé hién két qua phén tich dién di trén gel SDS-PAGE cua
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protein OJIM-273-1 thu dugc bang cach biéu hién gen OJIM-273-1 & E. coli trong vi du
1.

Fig.5 14 biéu db thé hién két qua do hoat tinh thity phén céc co chit tuong tng
cua protein OJ1M-273-1 dugc biéu hién & E. coli trong vi du 1 (trc 13, hoat tinh tuong
ddi vai quy wéc ring hoat tinh thity phan PNPX bing 100%).

Fig.6 1a d0 thi thé hién két qua do hoat tinh thity phan PNPX (& d pH = 5,0) cua
protein OJIM-273-1 dugc biéu hién & E. coli & cac nhiét d6 tuong tng trong vi du 1 (tGc
13, hoat tinh tuong d8i v6i quy wéc rang hoat tinh thiy phan & nhiét do 105°C bang
100%).

Fig.7 12 db thi thé hién két qua do hoat tinh thily phan PNPX (& nhiét d§ 105°C)
ctia protein OJIM-273-1 dugc biéu hién & E. coli & cac do pH trong Ung trong vi du 1
(tic 13, hoat tinh twong ddi vé6i quy ude ring hoat tinh thay phan & do pH = 5,0 bing
100%).

Fig.8 14 dd thi thé hién két qua danh gia d6 n dinh nhiét (¢ do pH = 5,0) dbi véi
hoat tinh thily phan PNPX ctia protein OJ1M-273-1 dugc biéu hién & E. coli trong vi du 1
(tic 13, hoat tinh twong di véi quy wdce ring hoat tinh thity phan miu khong dugc xir ly
(thoi gian git dé phan Gmg = 0 phit) bing 100%).

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

Nhiéu vi sinh vat, bao gém ném soi, vi khuén, va vi khuén cd rit khé nudi céy va
khoang 99% vi sinh vat séng trong moi truong nhu dat vin chua duge biét dén. Dic biét,
rat khé nuéi cdy duogce vi sinh vat séng trong trong madi trudng c6 nhiét do cao, va chi tdi
da khoang 0,1% vi sinh vét séng trong dat ¢ thé dugc phan 1ap va nudi cdy bang cac k§
thuét da biét. Viéc khé nudi céy vi sinh vat séng trong trong d4t co nhiét do cao la mot

yeu to can trd su phat trién cac enzym chiu nhiét.

Gan day, nho su phat trién ciia may giai trinh tr thé hé tiép theo cho phép gidi
trinh ty dugc hang ty cip bazo, nén da c6 thé giai trinh trr bd gen cia quin thé vi sinh vat

sdng trong d4t va cac méi trudng twong ty. Bing cach st dung k¥ thuét nady, phuong phap
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phén tich da hé gien da dugc dé cap dén, trong d6 ADN bd gen cua quﬁn thé vi sinh vat
dugc tong hop tir mdu méi trudng nhu dét, bd gen ctia quan thé vi sinh vét ¢ thanh phén
khong df‘)ng nhét duge giai trinh tu truc tiép va toan bg, va dit liéu trinh ty dugc lép rap
bang may tinh song song, d& thiét ké lai trinh tu bd gen clia vi sinh vit. Phuong phap nay

g6p phan rit ngan thoi gian gidi trinh tw by gen ctia vi sinh vat khé nubi cdy.

Nhu dugce thé hién trong vi du 1, céc tac gia séng ché da chiét tach dugc ADN bo
gen (ADN da hé gien) ciia quan thé vi sinh vat séng trong dat c6 nhiét do cao thu duge &
khu vue sudi nuée néng (vi du, mau nuée thu duoc & khu vue sudi nude nong co6 nhiét o
nam trong khoang tir 58°C dén 78°C chira dit, bun, tham vi sinh vat, mang sinh hoc va
c4c loai twong tur), va thuc hién giai trinh tr ADN ciia da hé gen nay, két qua 1a thu dugc
cac khung doc md mé& (Open Reading Frame - ORF) ma hoa céc trinh tu axit amin tuong
ddng véi B-glucosidaza hodc p-xylosidaza da biét (tirc 13, céc trinh tu axit amin c6 do
turong ddng bing 20% hoic cao hon va ¢6 tri s6 ky vong (tri s6 E) nho hon 1e2%). Trong
s6 cac khung doc md mé nay, cic doan mdi dugc thiét ké dua trén thong tin trinh tu
nucleotit ctia cic khung doc md mé& c6 chiéu dai ddy du trong d6 su ¢6 mit cia vung xudc
tac B-glucosidaza hodc ving xuc tic B-xylosidaza c6 thé duoc xac dinh, va cac gen tiém
ning dugc tach dong tir ADN da hé gien ctia quén thé vi sinh vt séng trong dat c6 nhiét
d6 cao & khu vuc sudi nude néng bang phuong phap PCR. Cac ADN da duge tach dong
bing PCR duoc bién nap vao E. coli, va cac protein ma hoa boi cac trinh tu nucleotit nay
dugc biéu hién va sang loc chirc ning biang cach do hoat tinh phan giai PNPX. Cudi cung,
thu dugc B-xylosidaza chiu nhiét ¢6 hoat tinh phan giai PNPX (sau ddy goi tit 1a “OJ1M-
273-1” hodc “dong gen OJ1M-273-17) tir cac khung doc ma m& nay. Trinh ty axit amin
cua OJIM-273-1 nhu néu trong SEQ ID NO.2 va trinh ty nucleotit ma hoéa trinh tur axit
amin cia OJ1M-273-1 nhu néu trong SEQ ID NO.4.

Nhu dugc thé hién trong Vi du 1, OJIM-273-1 c6 hoat tinh thily phan manh PNPX,
p-nitrophenyl-o-L-arabinofuranosit (sau day goi tit 1a PNPAF), va p-nitrophenyl-a-L-
arabinopyranosit (sau ddy goi tit 12 PNPAP), va ciing c¢6 hoat tinh thay phén manh
arabinan va arabinogalactan. Ngoai ra, OJ1IM-273-1 ciing c6 hoat tinh thity phan yéu p-
nitrophenyl-B-D-glucopyranosit (sau ddy goi tit 1a PNPG) va xylan.

Két qua phén tich do dic hiéu co chit nay chung t6 ring OJ1IM-273-1 1a glycosit
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hydrolaza c6 it nhit hoat tinh B-xylosidaza va ciing ¢6 hoat tinh a-L-arabinofuranosidaza

va a-L-arabinopyranosidaza, tirc 1a OJ1M-273-1 1 enzym da chirc ning rat hiru ich.

Hon nira, thoi gian ban gidm hoat tinh phan giai PNPX cua OJIM-273-1 (Ty,)
b%mg khoang 180 phiit & ca nhiét d6 90°C 14n nhiét d6 95°C, va khoang 130 phut ¢ nhiét
d6 100°C. Do d6, B-xylosidaza theo sang ché, bao gdm OJ1M-273-1 c¢6 dd 6n dinh nhiét

rit cao, va rat thich hop dé thiy phan hemixenluloza & nhiét do cao.

Thuat ngit “hoat tinh B-xylosidaza” duoc dung trong ban md ta dé chi hoat tinh
enzym thily phan nguyén liéu chira hop chét c6 lién két B-xylosidic va hoat tinh thiy
phan co chit PNPX.

Thuét ngit “hoat tinh o-L-arabinofuranosidaza” dugc ding trong ban mé ta dé chi
hoat tinh enzym thity phan nguyén liéu chira gdc arabinofuranoza, va hoat tinh thay phén
co chat PNPAF.

Thuét ngit “hoat tinh a-L-arabinopyranosidaza” duoc dung trong ban mo ta dé chi
hoat tinh enzym thily phan nguyén liéu chira gbc arabinopyranoza va hoat tinh thily phan
co chit PNPAP.

Thuat ngit “cé hoat tinh” dugc dung trong ban mo ta dé chi enzym c06 hoat tinh
trén it nhat mot co chit va tao ra do chénh léch dang ké vé ham lugng dau kho hoic

cudng do phén tng tao mau clia co chat da duge thiy phan so v6i miu ddi ching am.

Thuat ngit “c6 hoat tinh B-xylosidaza” dugc ding trong ban mé ta dé chi enzym c6
hoat tinh trén it nhit mot co chdt PNPX va tao ra o chénh léch déng ké v& ham lugng
dAu khir hoic cudng do phan tmg tao mau cia co chét da dugc thuy phén so v6i mau dbi

ching am.

Thuét ngit “c6 hoat tinh o-L-arabinofuranosidaza” dugc ding trong ban md ta dé
chi enzym co hoat tinh trén it nhét mot co chit PNPAF va tao ra d6 chénh léch dang ké vé
ham luong dau khir hoic cudng d6 phan tng tao mau cia co chit da dugc thiy phéan so

v6éi mau doi chimg am.

Thuét ngit “c6 hoat tinh a-L-arabinopyranosidaza” dugc ding trong ban mo ta dé

chi enzym c6 hoat tinh trén it nhit mot co chit PNPAP va tao ra d6 chénh 1éch dang ké vé
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ham lugng dau khir hodc cudng d6 phan ng tao mau ciia co chit di duoc thay phén so

v6&i mau doi ching am.

Két qua tra ciru trinh ty axit amin cia OJ1M-273-1 béng co s& dit li€u trinh tur axit
amin da biét cho thy trinh tir axit amin cia OJIM-273-1 ¢6 d9 trong ddng cao nhét véi
trinh ty axit amin cta B-xylosidaza GH3 (SEQ ID NO.9) (ma truy cdp Ngan hang Gen:
WP_026140775.1) ¢6 ngudn gbc tir Candidatus Caldatribacterium californiense, va bang
62% ddi v6i toan bd chidu dai trinh tw va 65% déi v6i ving xic tac GH3 . Céc phan tich
d6 dic hiéu co chat, va phan tich do trong dong cia trinh tu axit amin nay voi cac

protein d4 biét ciing cho thdy OJ1M-273-1 1a B-xylosidaza GH3 thé hé méi.

OJ1M-273-1 c6 hoat tinh thity phan co chét p-nitrophenyl-B-D-xylopyranosit (tirc
12 hoat tinh B-xylosidaza) it nhat & diéu kién nhiét d6 bang 105°C va do pH bing 5,0. Cu
thé, nhu dugc thé hién trong vi du 1, OJIM-273-1 c6 hoat tinh B-xylosidaza & khoang
nhiét d6 rong nim trong khoang tr 70°C dén 110°C, va khodng pH rong nim trong
khoang tir 4,5 dén 7,0. Cu thé hon, hoat tinh B-xylosidaza cia OJ1M-273-1 tang khi nhiét
d6 ting nam trong khoang tir 70°C dén 105°C, nhung gidm nhanh khi nhiét d6 trén 105°C.

Nhin chung, & protein c6 mot sb hoat tinh sinh hoc, mot hodc nhidu axit amin c6
thé dugc loai bo, thay thé, hodc bd sung, ma khong lam gidm hoat tinh sinh hoc cua
protein ndy. N6i cach khéic, trong OJIM-273-1, mét hodc nhiéu axit amin cling cé thé
dugce loai bo, thay thé, hogic bd sung ma khong lam gidm hoat tinh thiy phan glycosit ctia

enzym nay, bao gdm hoat tinh B-xylosidaza.

Cu thé, p-xylosidaza theo sang ché 1 glycosit hydrolaza chiu nhiét chtra vung xuc

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

(A) polypeptit chira trinh tir axit amin nhu néu trong SEQ ID NO.1 hoic SEQ ID
NO.2 (tirc 13, khung doc md m& OJ1M-273 hodc dong gen OJ1M-273-1);

(B) polypeptit chira trinh ty axit amin duoc tao ra bang cach loai bo, thay thé hoic
bd sung tur 1 dén 20 axit amin trén trinh tu axit amin nhu néu trong SEQ ID NO.1 hoic
SEQ ID NO.2, va ¢6 hoat tinh thity phan co chét p-nitrophenyl-B-D-xylopyranosit it nhét
& diéu kién nhiét d6 bang 105°C va do pH bang 5,0; hodc
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(C) polypeptit chira trinh tur axit amin c6 d twong ddng bing 75% hodic cao hon
so v&i trinh ty axit amin nhu néu trong SEQ ID NO.1 hodc SEQ ID NO.2, va c6 hoat tinh
thity phan co chit p-nitrophenyl-p-D-xylopyranosit it nhit & diéu kién nhiét d6 bing
105°C va d6 pH bang 5,0.

Thuit ngit “polypeptit da loai bé axit amin” dugc dung trong ban mo ta dé chi

doan axit amin ma tao ra polypeptit bi khuyét doan (loai bd).

Thuit ngit “polypeptit da thay thé axit amin” dugc ding trong ban mé ta dé chi

axit amin ma tao ra polypeptit duoc thay thé bing axit amin khac.

Thuit ngir “polypeptit di bd sung axit amin” dugc ding trong ban mo ta dé chi

axit amin mdi dugce chén vao polypeptit.

Trinh ty axit amin nhu néu trong SEQ ID NO.1 1a trinh ty axit amin ma hoéa béi
khung doc md@ mé OJ1M-273 (SEQ ID NO.1), duge phén 1ap tir mau dit thu duogc & khu
vire sudi nuée néng bang phuong phap md ta trong vi du 1, va két qua phan tich co s dir
liéu cho thiy khung doc ma mé nay 1a khung doc md mé ma hoa gen p-glucosidaza hoic

gen B-xylosidaza.

Trong polypeptit (B), tbt hon néu sé lugng axit amin dugc loai bo, thay thé, hodc
bd sung trén trinh ty axit amin nhu néu trong SEQ ID NO.1 hodc SEQ ID NO.2 nam
trong khoang tir 1 d&n 20, t6t hon nita néu nam trong khoang tir 1 dén 10, va con tt hon

nita néu nam trong khoang tir 1 dén 5.

Trong polypeptit (C), khong ¢6 gi6i han cu thé vé d6 twong ddng véi trinh tu axit
amin nhu néu trong SEQ ID NO.1 hogc SEQ ID NO.2 mién 12 d6 twong ddng nim trong
khoang tir 75% dén 100%, t6t hon néu nam trong khoang tir 80% dén 100%, tbt hon nita
néu nam trong khoang tir 85% dén 100%, con tét hon nita néu ndm trong khoang tir 90%
dén 100%, con tét hon nita néu nim trong khoang tir 95% dén 100% va tbt nhit néu nim

trong khoang tir 98% dén 100%.

Do twong ddng trinh tr (46 twong ddng) giira cac trinh tr axit amin dugc xac dinh
bang phuong phap sau: & trang thai, trong d6 khoang tréng dugc tao ra & cac vi tri xut

hién d6t bién chén thém hoic loai bé, hai trinh tu axit amin dugc dit canh nhau sao cho
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céc axit amin twong tng 13 giéng nhau; va ty 18 axit amin giéng nhau so véi tdng s trinh
tu axit amin trlr di khoang tréng trén trinh tu sip thing hang duge xac dinh 1a d6 tuong
ddng trinh tu. PO trong ddng giita c4c trinh tu axit amin c6 thé dugc x4c dinh bang nhiéu
phan mém tra cru d6 tuong ddng da biét trong linh vuc nay. Theo sang ché, d6 twong
déng cua céc trinh tu axit amin dugc xac dinh dua trén trinh tu Sép théng hang thu dugc

bing phdn mém tra ctru d6 twong ddng BLASTP.

Céc polypetit (B) va (C) c6 thé dugc thiét ké nhan tao hoic cling c6 thé 1a thé
trong dong ciia OJIM-273-1 hodc cac bién thé tuong tu, hodc cic doan protein cua

chung.

Céc polypetit tir (A) dén (C) c6 thé 1an luot dugc tbng hop hoa hoc dua trén trinh
tu axit amin, hodc ciing ¢ thé duoc tao ra boi hé biéu hién protein sir dung polynucleotit
theo sang ché. Ngoai ra, cac polypetit (B) va (C) cling c6 thé 1an luot dugc tdng hop nhéan
tao dua trén polypeptit chira trinh tur axit amin nhu néu trong SEQ ID NO.1 hodc SEQ ID
NO.2 bing k¥ thuat tai t& hop gen dé chén thém dot bién axit amin.

Céc polypeptit tir (A) dén (C) c6 hoat tinh thiy phan co chat p-nitrophenyl-p-D-
xylopyranosit (hoat tinh B-xylosidaza) it nhit & didu kién nhiét do bang 105°C va do pH
bang 5,0. Do d6, khi enzym chua ving xuc tac B-xylosidaza 1a polypeptit bat ky tir (A)
dén (C), thi co thé thu dugc B-xylosidaza chiu nhiét.

Enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh thay phén co chit
PNPX. Enzym B-xylosidaza chiu nhiét nay ciing c¢6 hoat tinh thity phan co chét B-glucan
hoic oligosacarit hodc cac co chat twong tur khéc. Vi du v& céc co cht khac cia enzym [3-
xylosidaza chiu nhiét theo sang ché bao gdm PNPAF, PNPAP, PNPG, p-nitrophenyl-p-D-
fucopyranosit (sau ddy goi tit 1a PNPbdFP), p-nitrophenyl-B-L-arabinopyranosii, p-
nitrophenyl-B-D-mannopyranosit (sau diy goi tit 14 PNPMP), p-nitrophenyl-o-D-
galactopyranosit, p-nitrophenyl-B-D-galactopyranosit (sau diy goi tit 1a PNPGA), p-
nitrophenyl-a-L-fucopyranosit (sau diy goi tit 1a PNPFP), p-nitrophenyl-a-L-
rhamnopyranosit (sau ddy goi tit 1a PNPRP), va p-nitrophenyl-a-D-xylopyranosit (sau
diy goi tit la PNPadX); glucan chura gbc dudng arabinoza, nhu arabinan va
arabinogalactan; xylan; glucan chira lién két B-1,3 va p-1,4 nhu lichenan; xenluloza tinh

thé nhu Avicel, xenluloza vi tinh thé vi khuin (sau day goi tit 1a BMCC) va gidy loc;
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xenluloza phi tinh thé nhu Avicel truong né lién hop axit phosphoric (sau day goi tit 1a
PSA); glucan chira lién két B-1,4 nhu CMC; oligosacarit chira lién két B-1,4 nhu
xenlobioza; glucan chtra lién két B-1,3 va B-1,6 nhu laminarin; glucan chira lién két B-1,3;
glucan chira lién két B-1,6; va oligosacarit chira lién két B-1,6 nhu gentiobioza. Ngoai
PNPX, thi t6t hon néu p-xylosidaza chiu nhiét theo sang ché ciing c6 hoat tinh thily phan
it nhdt mot co chit dugc chon tir nhém bao gdm PNPAF, PNPAP, PNPG, PNPbdFP,
arabinan, arabinogalactan va xylan, t6t hon nita néu p-xylosidaza chiu nhiét theo sang ché
cling c6 hoat tinh thuy phdn PNPX, PNPAF, PNPAP, arabinan, arabinogalactan, PNPG va
xylan, va con t6t hon nita néu p-xylosidaza chiu nhiét theo sang ché cling c6 hoat tinh

thiy phan PNPX, PNPAF, PNPAP, arabinan va arabinogalactan.

Tét hon néu B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh phéan gidi PNPX
(hoat tinh B-xylosidaza) it nhit & d6 pH bang 5,0 va nhiét do nim trong khoang tir 90°C
dén 110°C, tét hon nita néu & nhiét d6 nim trong khoang tir 80°C dén 110°C, va con tdt
hon nita néu & nhiét d6 nim trong khoang tir 70°C dén 110°C. Tét hon néu nhiét do tbi
rru ciia B-xylosidaza chiu nhiét theo sang ché nim trong khoang tir 90°C dén 110°C va tbt

hon nita nim trong khoang tir 100°C dén 110°C.

Thuat ngir “chiju nhiét” dugc ding trong ban mé ta dé chi B-xylosidaza chiu nhiét
theo sang ché, tic 1 B-xylosidaza c6 hoat tinh B-xylosidaza & nhiét 46 nim trong khoang
tir 70°C dén 110°C.

Do pH t6i wu ctia p-xylosidaza chiu nhiét theo sang ché nim trong khoang tir 4,5
dén 6,0. T6t hon néu B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh B-xylosidaza it
nhét & d6 pH nim trong khoang tir 4,5 dén 7,0.

Ngoai hoat tinh B-xylosidaza, thi enzym B-xylosidaza chiu nhiét theo sang ché
cing c6 hoat tinh glycosit hydrolaza khéc. Vi du vé cac hoat tinh glycosit hydrolaza khac
bao gém hoat tinh a-L-arabinofuranosidaza, hoat tinh a-L-arabinopyranosidaza, hoat tinh
endoglucanaza, hoat tinh xylanaza, hoat tinh p-glucosidaza hodc hoat tinh
xenlobiohydrolaza. Tét hon néu B-xylosidaza chiu nhiét theo sang ché c6 it nhit mot hoat
tinh dugc chon tir nhém bao gém hoat tinh a-L-arabinofuranosidaza va hoat tinh a-L-
arabinopyranosidaza ngoai hoat tinh B-xylosidaza va t6t hon nita néu -xylosidaza chiu

nhiét theo sang ché c6 toan bd hoat tinh B-xylosidaza, hoat tinh o-L-arabinofuranosidaza
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va hoat tinh a-L-arabinopyranosidaza.

Enzym B-xylosidaza chiu nhiét theo sang ché ¢ thé chi chira viing xic tac B-
xylosidaza bao gdm polypeptit bit ky tir (A) dén (C), hodc c6 thé chua cac vung khéc
ngoai viing xtc tac B-xylosidaza. Vi du vé cac ving khac bao gdbm viung khéac véi viing
xtc tic enzym ciia p-xylosidaza da biét. Vi du, enzym B-xylosidaza chiu nhiét theo sang
ché ciing bao gdm cac enzym thu dugc bang cach thay thé vung xuc tdc enzym cia f-

xylosidaza da biét bing cac polypeptit tir (A) dén (C).

Khi B-xylosidaza chiu nhiét theo sang ché chira mot hodc nhiéu vung khac ngoai

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

Ving Fibronectin loai IIT ¢6 thé nim trude (& du tan cing N) hodic ndm sau (&
dau tan cing C) so véi ving xuc tac p-xylosidaza. Ngoai ra, ving Fibronectin loai III va
viing xtic tic B-xylosidaza c6 thé dugc lién két truc tiép véi nhau hoic thong qua gdc lién
két c6 chiéu dai thich hop. Tt hon néu B-xylosidaza chiu nhiét theo sang ché chira vung
Fibronectin loai III nim trudc hogic ndm sau ving xdc tic p-xylosidaza thong qua gdc
lién két, t6t hon nita néu p-xylosidaza chiu nhiét theo sang ché chira vung Fibronectin

loai ITI ndm sau viing xuc tac p-xylosidaza théng qua gdc lién két.

Ngodi ra, enzym B-xylosidaza chiu nhiét theo sang ché c¢6 thé ciing chura peptit tin
higu cho phép dinh vi enzym niy vao viing dic hiéu trong té bao, hoic peptit tin hiéu tao
ra tac dung bai tiét enzym nay ra ngoai té bao & du tan cung N hogc diu tan cung C. Vi
du vé céc peptit tin hiéu nay bao gdém peptit tin hiéu van chuyén khong bao, peptit tin
hiéu duy tri mang luéi ndi chét, peptit tin hiéu van chuyén nhén, va peptit tin hiéu bai tiét.
Vi du cu thé vé peptit tin hiéu duy tri mang ludi ndi chit bao gdm peptit tin hiéu chira
trinh tr axit amin HDEL. Khi chira peptit tin hiéu & dau tan cing N hodc diu tan cung C,
thi B-xylosidaza chiu nhiét theo sang ché dugc biéu hién & thé bién nap theo séng ché c6
thé duoc bai tiét ra ngoai té bao hodc dugce dinh vi trong mang ludi ndi chét hodc vung

bén trong tuong tu cua té bio.

Ngoai ra, enzym B-xylosidaza chiu nhiét theo sang ché ciing c6 thé chtra c4c trinh
tu danh d4u khic nhau & dau tan cung N hodc dau tan cung C dé cho phép tinh ché d&

dang va hiéu qua khi san xuit enzym nay bang hé biéu hién. Céc trinh tu dénh d4u His,
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trinh tu ¢anh ddu hemagglutinin (HA), trinh tw danh diu Myc, va trinh tu dénh d4u Flag

dé biéu hién va tinh ché protein tai t& hop c6 thé dugc st dung 1am trinh ty dénh diu.

Noi cach khéac, theo mét khia canh, B-xylosidaza chiu nhiét theo sang ché chira
viing xtc tic B-xylosidaza gdm polypeptit bat ky tir (A) dén (C) néu trén; va khi cin
enzym nay ciing chira it nhdt mot gbc dugc chon tir nhém bao gdm ving Fibronectin loai
III nim trudc hodc ndm sau viing xuc tac B-xylosidaza, gbc lién két, peptit tin hicu dugc
b6 sung vio ddu tan ciing N hozc dau tin cing C cuia p-xylosidaza chiu nhiét nay, trinh tu
danh diu dugc bd sung vao ddu tan cing N hodc ddu tan cung C cua B-xylosidaza chiu

nhiét nay, va doan gin két xenluloza.
Polynucleotit ma hoa enzym B-xylosidaza chiu nhiét theo sang ché

Polynucleotit néu trén ma héa enzym B-xylosidaza chiu nhiét theo sang ché. B-
xylosidaza chiu nhiét theo sang ché c¢6 thé dugc san xuét bang hé biéu hién cia vat cha

thu duge bang cach chén vecto biéu hién chira polynucleotit nay vao vat chu.

Cu thé hon, polynucleotit theo sang ché chira mién ma héa vung xdc tac B-

xylosidaza, gdm trinh ty nucleotit bit ky trong sé cdc trinh tu nucleotit tir (a) dén (e) sau:

(a) trinh ty nucleotit ma héa polypeptit chira trinh tu axit amin nhu néu trong SEQ
ID NO.1 hodc SEQ ID NO.2.

(b) trinh tu nucleotit ma héa polypeptit chira trinh tu axit amin dugc tao ra bing
cach loai bd, thay thé hodc bd sung it nhit mot axit amin trén trinh tu axit amin nhu néu
trong SEQ ID NO.1 hogc SEQ ID NO.2, va c6 hoat tinh thity phan co chét p-nitrophenyl-
B-D-xylopyranosit it nhit & diéu kién nhiét d6 bang 105°C va dd pH bing 5,0.

(c) trinh tu nucleotit ma hoa polypeptit chira trinh ty axit amin c¢6 d twong dong
biang 75% hoic cao hon so véi trinh tir axit amin nhu néu trong SEQ ID NO.1 hoac SEQ
ID NO.2, va c6 hoat tinh thiy phan co chét p-nitrophenyl-B-D-xylopyranosit it nhét &
diéu kién nhiét d6 bang 105°C va d6 pH bing 5.0.

(d) trinh tu nucleotit c6 d6 twong ddng bing 80% hoic cao hon so véi trinh tu
nucleotit nhu néu trong SEQ ID NO.3 hogc SEQ ID NO.4, va ma hoa polypeptit c6 hoat
tinh thity phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit & diéu kién nhiét do bing
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105°C va d6 pH bang 5,0.

(e) trinh tu nucleotit clia polynucleotit lai héa vGi polynucleotit chira trinh tu
nucleotit nhu néu trong SEQ ID NO.3 hoic SEQ ID NO.4 trong diéu kién nghiém ngit,
va trinh ty nucleotit ndy ma héa polypeptit c6 hoat tinh thity phan co chit p-nitrophenyl-
B-D-xylopyranosit it nhit & diéu kién nhiét d6 bang 105°C va do pH bang 5,0.

Thuét ngit “polynucleotit da loai bd nucleotit” duge ding trong ban md ta dé chi

doan nucleotit ma tao ra polynucleotit bi khuyét doan (loai bd).

Thuat ngit “polynucleotit d4 thay thé nucleotit” dugc ding trong ban md ta dé chi

nucleotit ma tao ra polynucleotit duge thay bang nucleotit khac.

Thuat ngit “polynucleotit i bd sung nucleotit” duge ding trong ban md ta dé chi

nucleotit mgi dugc chén vao polynucleotit.

Vi du vé “céc diéu kién nghiém ngit” theo sang ché bao gdbm phuong phap duoc
mo ta trong tai liéu: 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 héa SSC 6x (thanh phdn ctia dung dich SSC 20x: 3M natri clorua, 0,3M dung dich
axit xitric, @ pH bang 7,0), dung dich Denhardt 5x (thanh phén dung dich Denhardt
100x: 2% khdi lugng albumin huyét thanh bd, 2% khéi lugng ficoll, 2% khdi luong
polyvinylpyrolidon), 0,5% khdi lugng SDS, 0,1mg/mL ADN tinh tring c4 hdi, va 50%
formamit, & nhiét 9 ndm trong khoang tir 42°C dén 70°C trong vai gitr dén qua dém. Sau
khi 1, t6t hon néu dung dich SSC 1x chira 0,1% khédi lvong SDS duge st dung lam dung
dich dém rtra, va tot hon nita néu dung dich SSC 0,1x chira 0,1% khdi luvgng SDS dugc

st dung lam dung dich dém rra.

Tir cac trinh tu nucleotit tir (a) dén (e), c6 thé chon loc dugc bd ba ma héa thodi
bién c6 tan xudt st dung cao & vét chu. Vi dy, trinh tu nucleotit (a) 6 thé 1a trinh tur
nucleotit nhu néu trong SEQ ID NO.3, trinh ty nucleotit nhu néu trong SEQ ID NO .4,
hoac trinh tu nucleotit thu dugc bﬁng cach cai bién @& c6 bd ba ma hoa c6 tAn xuét sir
dung cao & vat chi ma khong 1am bién déi trinh tir axit amin ma héa béi trinh tu nucleotit
nhu néu trong SEQ ID NO.3 hoic SEQ ID NO.4. Cé4c bd ba mi héa ndy c6 thé dugc cai
bién bang k¥ thudt cai bién trinh tir gen hodc tdng hop gen nhén tao da biét.
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Polynucleotit ¢é trinh tu nucleotit nhu néu trong SEQ ID NO.3 hoac SEQ ID
NO.4 ¢6 thé duge téng hop hoéa hoc dua trén théng tin vé trinh tu nucleotit hoic
polynucleotit nay c6 thé dugc téng hop dudi dang gen ma héa OJ1IM-273-1 ¢6 chidu dai
ddy da (sau day goi tit 1a “gen OJIM-273-17) hodic mdt doan gen cia nd chira vung xdc
tac B-xylosidaza tir tr nhién bang k¥ thuét tai t hop gen. Gen OJ1IM-273-1 ¢6 chidu dai
diy du hoic mét doan gen cia né c6 thé dugce téng hop béng cach thu nhan miu chira
quan thé vi sinh vét tu nhién; va thuc hién phuong phap PCR véi khudn 1a ADN b gen
thu dugc tir mau, cling nhu doan mdi xudi va doan mdi nguoc dugc thiét ké dua trén trinh
tu nucleoit nhu néu trong SEQ ID NO.3 hoic SEQ ID NO.4. ADN bd sung (ADNbs)
dugc tdng hop bing phan g phién ma nguoc tir khudn 12 ARN théng tin thu dugc tir

mau ciing c6 thé duge sir dung lam khuon.

T6t hon néu mau dé thu nhan khudn axit nuclecic 14 miu thu dugc tir méi truong

c6 nhiét do cao, nhu dat & khu vuc suoi nudc nong.

Khong c6 giéi han cu thé vé d6 trong ddng ciia trinh t nucleotit (d) so véi trinh
tu nucleoit nhu néu trong SEQ ID NO.3 hogc SEQ ID NO.4 mién 13 d6 trong dong nim
trong khoang tir 80% dén 100%, t6t hon néu nim trong khoang tir 85% dén 100%, tdt
hon nita néu nam trong khoang tir 90% dén 100%, va con tét hon nita néu nim trong

khoang tir 95% dén 100.

Do tuong dong trinh tur (d6 twong ddng) gifra cac trinh ty nucleotit dugc x4c dinh
bang phuong phap sau: & trang thai trong d6 khoang trbng dugc tao ra & cac vi tri xut
hién dot bién chén thém hodc loai bd, hai trinh tur nucleotit dugc dit canh nhau sao cho
cac trinh tu nucleotit twong Ung 13 giéng nhau; va ty 18 cac trinh tr nucleotit gidng nhau
s0 v6i téng s trinh tw nucleotit trir di khoang tréng trén trinh tu sap thang hang duoc xéc
dinh 12 d¢ twong ddng trinh ty. Po trong ddng trinh tyr giita cdc trinh tu nucleotit c6 thé
dugc xac dinh bang nhiéu phin mém tra ctru d6 twong ddng da biét trong linh vyc nay.
Theo sang ché, do tuong déng cua céc trinh tu nucleotit dugc xéc dinh dya trén trinh tu

sap thang hang thu dugc bang phdn mém tra ctru d6 twong ddng BLASTN da biét.

Vi du, polynucleotit chira trinh tur nucleotit (b), (c), hodc (d) c6 thé 1an luot duoc
téng hop nhén tao béng cach loai bo, thay thé, hodc bd sung mdgt hoac nhiéu nucleotit trén

polynucleotit c6 trinh ty nhu néu trong SEQ ID NO.3 hodc SEQ ID NO 4.
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Ngoai ra, trinh tu nucleotit (b), (c), hogc (d) ciing c¢6 thé 13 trinh tur c6 chiéu dai
ddy da cta gen tuong ddng véi gen OJ1IM-273-1 hodc mot doan trinh tu cia n6. Gen
tuong dong ciia gen OJ1M-273-1 c6 thé thu duoc bing k¥ thuit tai td hop gen ding dé

thu nhan gen twong ddng ciia gen c6 trinh tu nucleotit da biét.

Polynucleotit theo sing ché c6 thé chi chira mién ma hoa vung xuc tic f-
xylosidaza, hoic ngoai mién ma hoéa ving xuc tac p-xylosidaza, thi polynucleotit theo
sang ché ciing ¢ thé chira mot hoic nhiéu mién khac bao gdm mién ma héa doan gan két
xenluloza, géc lién két, cac petit tin hiéu khac nhau, cic trinh tu danh diu khac nhau,

hodc céc trinh tu tuong tu.

Noi cach khac, theo mot khia canh, polynucleotit theo sang ché chtra mién ma héa
ving xtc tac B-xylosidaza, gdm trinh tu nucleotit bt ky trong sb cac trinh tu nucleotit tir
(a) d&n (e) néu trén, va khi cin polynucleotit ndy cling chtra mién ma hoéa it nhit mot gbc
dugc chon tir nhém bao gdm ving Fibronectin loai III, doan gin két xenluloza, gbc lién

két, peptit tin hiéu va trinh tu dénh déu. -
Vecto biéu hién theo sang ché

Vecto biéu hién theo sang ché chira polynucleotit theo sang ché va c¢6 kha ning
biéu hién polypeptit c6 hoat tinh thiy phan co chit p-nitrophenyl-B-D-xylopyranosit it
nhit & diéu kién nhiét d6 bing 105°C va d6 pH bang 5,0 & t& bao vat chi. Néi cach khéc,
vecto nay 13 vecto biéu hién chira polynucleotit md héa enzym B-xylosidaza chiu nhiét
theo séng ché. Pic biét, cAn chén cat-xet bidu hién chira, tir doan ndm truéc, ADN cb
trinh tu viing khoi dau, polynucleotit theo sang ché, va ADN c¢6 trinh tu ving két thuc
vao vecto biéu hién nay. Polynucleotit theo sang ché c6 thé dugc bién nap vao vecto biéu
hién nay bang k¥ thuat tai td hop gen da biét. Kit tdng hop vecto bidu hién c6 ban trén thi

trudong cling c6 thé dugc sir dung @ bién nap polynucleotit vao vecto biéu hién.

Thuat ngit “vecto biéu hién” duoc ding trong ban md ta d& chi vecto chua, tir
doan nam truéc, ADN c6 trinh tu vung khoi dau, ADN c¢6 trinh tur dé két hop AND ngoai
sinh, va ADN c6 trinh tr ving két thic.

Vecto bi€u hién theo séng ché c6 thé dugc chén vao t€ bao nhan so nhu E. coli

hodc t€ bao nhén thit nhu nam men, nam sgi, t€ bao con trung, t€ bao dong vat co6 vi,
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hoic té bao thuc vat. Vecto bat ky tuong tich véi vat chu co thé dugc sir dung lam vecto

biéu hién theo sédng che.

Tét hon néu, vecto biéu hién theo sang ché khéng chi chira polynucleotit theo séng
ché, ma con chira gen khang thubc hodc gen tuong tw. Didu nay cho phép d& dang chon

loc duge té bao vat chu da chuyén gen va té bao vét chu chua chuyén gen bang vecto nay.

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

va gen khang bialaphos.
Thé bién nap theo sang ché

Thé bién nap néu trén chtra vecto biéu hién theo sang ché. B-xylosidaza chiu nhiét
theo sang ché co thé duogc biéu hién & thé bién nap nay. Vat cha dé chén vecto bidu hién
theo sang ché c6 thé 1a t& bao nhan so nhu E. coil, hodc té bao nhan that nhu nAm men,
ndm soi, t& bao con trung, té bao dong vat c6 va hoac té bao thuc vat. N6i cach khéc, vi
du vé thé bién nap theo sang ché bao gém E. coli, nAm men, nim soi, t& bao con tring, té

bao dong vat c6 vii, hodc t€ bao thuc vat chira vecto bi€u hién theo sang ché.

Enzym B-xylosidaza chiu nhiét theo sang ché c¢6 thé dugc san xuit mét cach don
gian vé6i lugng 16n biang cach nudi ciy thé bién nap E. coli nay. Mit khéc, do protein bi
glycosyl héa & té bao nhan that, nén enzym P-xylosidaza chiu nhiét c6 d6 6n dinh nhiét

rit cao c6 thé duoc san xuit bang té bao nhan that chir khong bang té bao nhan so

Khong c6 gidi han cu thé vé& phuong phap san xuét thé bién nap theo sang ché
bang cach str dung vecto biéu hién va thé bién nap theo sang ché c¢6 thé dugc san xuét
bang phuong phép théng thuong. Vi du vé& cac phuong phéap san xudt thé bién nap bao
gdém phuong phép sbc nhiét, phuong phép chuyén gen nho 4 grobacterium, phuong phap
sung hat, phuong phap xung dién, va phuong phap chuyén gen nhd polyetylen glycol.
Khi vat cha 1a té bao thuc vat, tbt hon néu thé bién nap theo séng ché duoc sén xuit béng

phuong phép sting hat hoic phuong phap chuyén gen nh&r Agrobacterium.

Khi t€ bao nhin so, nam men, nam sgi, t€ bao con trung, t€ bao dong vat c6 vi
hodc céc te bao tuong tu dugc st dung 1am vét ch, thi thé bién nap thu dugc c6 thé dugc

nudi cdy bing phuong phap thong thudng giéng nhu phuong phap nudi cdy vat chi chua
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chuyén gen.
Phuong phap sén xuét enzym B-xylosidaza chiu nhiét theo sang ché

Phuong phap san xuit enzym B-xylosidaza chiu nhiét theo sang ché ché 1a phuong
phép dé san xudt enzym B-xylosidaza chiu nhiét trong thé bién nap theo sang ché. Khi
nuoi céy thé bién nap duogc san ‘xuét b%mg cach st dung vecto biéu hién chua
polynucleotit theo sang ché nim sau viing khéi diu ma khong c6 kha ning diéu hoa thoi
gian biéu hién hoic cac yéu t6 tuong tu, thi B-xylosidaza chiu nhiét theo sang ché dugc
biéu hién lién tuc. Mit khac, trong thé bién nap dugc san xuét bﬁng cach st dung vung
khéi diu cam tng biéu hién dé cam g biéu hién bang hop chét dic hiéu, diéu kién nhiét
d6 dic hiéu, hoic cac yéu td twong tu, thi B-xylosidaza chiu nhiét dugc biéu hién trong
thé bién nap nay biang cich nudi cdy thé bién nap va thuc hién cam tng phi hop vé6i didu

kién cdm Umg bi€u hién tuong Gng

Enzym B-xylosidaza chiu nhiét dugc san xuét béng thé bién nap cé thé duoc st
dung & trang thai nam trong thé bién nap, hoic cé thé duoc chiét xudt/tinh ché tir thé bién

nap.

Khong c6 gii han cu thé vé& phuong phap chiét xuét hodc tinh ché B-xylosidaza
chiu nhiét tir thé bién nap mién 1a phuong phap nay khéng lam giam hoat tinh cta B-
xylosidaza chiu nhiét, va phuong phép thong thuong dé chiét xuit polypeptit tir t& bao
‘hodc mo6 sinh hoc ¢6 thé duge sir dung. Vi du vé cac phuong phap niy bao gdbm phuong
phép, trong d6 thé bién nap duoc ngim trong dung dich dém thich hop dé chiét xuét B-
xylosidaza chiu nhiét, sau d6 dich chiét thu duoc va ba rin duge phan tach. T6t hon néu
dung dich dém nay chira chét lam ting do hoa tan nhu chit hoat dong bé mit. Khi thé
bién nap la thuc vat, thi thé bién nap cé thé dugc bam hodc cit trude khi ngam trong
dung dich dém. Hon nita, phuong phap phén tach rin-1ong di biét nhu phwong phép loc,
phuong phap loc nén, hoic phuong phap ly tim c6 thé duoc sir dung dé phén tich dich
chiét va b3 rin, hoic thé bién nap dugc ngdm trong dung dich dém cé thé dugce ép. B-
xylosidaza chiu nhiét trong dich chiét c¢6 thé dugc tinh ché bang phuong phép da biét nhu
phuong phap két tinh mudi, phuong phép siéu loc, hodc phwong phép sic ky.

Khi enzym B-xylosidaza chiu nhiét theo sang ché duogc biéu hién & trang thai co
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peptit tin hi¢u bai tiét nam trong thé bién nap, thi dung dich chira B-xylosidaza chiu nhiét
c6 thé duge thu nhan d& dang bang cach nudi ciy thé bién nap, sau d6 thu gom phan dich
ndi nubdi céy béng cach loai bo thé bién nap ra khéi dich nudi céy thu dugc. Hon nira, khi
B-xylosidaza chiu nhiét theo sang ché c6 trinh tur danh d4u nhu trinh tr danh diu His, thi
B-xylosidaza chiu nhiét trong dich chiét hodc dich ndi nudi ciy c6 thé dugc tinh ché d&

dang bang phuong phap sic ky 4i luc sir dung trinh tyr danh d4u nay.

N6i cach khac, phuong phap san xudt enzym B-xylosidaza chiu nhiét theo séng
ché bao gdm budc san sinh -xylosidaza chiu nhiét trong thé bién nap theo sang ché, sau

d6 14 budc chiét xuit va tinh ché B-xylosidaza chiu nhiét tir thé bién nap (khi cin).
Hdn hop glycosit hydrolaza theo sang ché

Hon hop glycosit hydrolaza néu trén chira B-xylosidaza chiu nhiét theo sang ché,
hodc B-xylosidaza chiu nhiét dugc san xuit bing phuong phap san xuét enzym [-
xylosidaza chiu nhiét theo sang ché, va it nhat mot glycosit hydrolaza khac. B-xylosidaza
chiu nhiét dugc san xuat bing phwong phép san xuét enzym p-xylosidaza chiu nhiét theo
sang ché co thé dugc st dung & trang thai nim trong thé bién nap theo sang ché hoic c6
thé dugc chiét xudt hoic tinh ché tir thé bién nap nay. Khi hdn hop glycosit hydrolaza
theo sang ché dugc st dung dé thuy phan polysacarit, thi ¢6 thé phan gidi hi¢u qua

nguyén liéu lignoxenluloza chira xenluloza, hemixenluloza va lignin.

Khong c6 gi6i han cu thé v& glycosit hydrolaza khac bén canh B-xylosidaza chiu
nhiét theo sang ché mién 1 n6 c6 hoat tinh thily phan lignoxenluloza. Vi du vé glycosit
hydrolaza khac bao gdm hemixenlulaza nhu xylanaza, cing nhu xenlobiohydrolaza, f-
glucosidaza va endoglucanaza. T6t hon néu ngoai p-xylosidaza chiu nhiét theo sang ché,
thi hdn hop glycosit hydrolaza theo sang ché con chira it nhit mot glycosit hydrolaza
duge chon tr hemixenlulaza va endoglucanaza va t6t hon nita néu hdn hop glycosit
hydrolaza theo sdng ché chira ca hemixenlulaza 13n endoglucanaza. Dic biét, tdt hon néu
ngoai B-xylosidaza chiu nhiét theo sang ché thi hdn hop glycosit hydrolaza theo sang ché
con chira it nhit mét glycosit hydrolaza dugc chon tir nhém bao gdm xylanaza, B-
xylosidaza, xenlobiohydrolaza, va endoglucanaza; va t6t hon nita néu hdn hop glycosit
hydrolaza theo sang ché chira toan bd xylanaza, B-xylosidaza, xenlobiohydrolaza, va

endoglucanaza.
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Tét hon néu glycosit hydrolaza khac chira trong hdn hop glycosit hydrolaza theo
sang ché 1a glycosit hydrolaza chiu nhiét c6 hoat tinh it nhit & diéu kién nhiét d6 bang
105°C, va tét hon nira néu enzym nay 1 glycosit hydrolaza chiu nhiét c6 hoat tinh & nhiét
do it nhat bing 85°C va tét hon nita néu & nhiét d nim trong khoang tir 70°C dén 90°C.
Khi hon hgp glycosit hydrolaza theo sang ché chira toan bd cac enzym chiu nhiét (tuc 13,
c¢6 nhiét do t6i wu cho hoat tinh enzym hoic nhiét do bién tinh cua protein enzym béng
70°C hogc cao hon), thi c6 thé thity phan hiéu qua nguyén liéu chira lignoxenluloza bing
hén hop glycosit hydrolaza nay & diéu kién nhiét do cao. N6i cach khéc, khi hén hop
glycosit hydrolaza theo sang ché chi chira glycosit hydrolaza chiu nhiét dugc st dung dé
thity phan nguyén li€u chta lignoxenluloza, thi c6 thé thuc hién phan tng thuy phan
nguyén liéu nay & nhiét dd cao nim trong khoang tir 70°C dén 90°C (tirc la thily phan &
nhiét do cao). Khi thuy phin nguyén liéu nay & nhiét do cao, thi lugng enzym, thoi gian

thity phén va chi phi cho phan tmg thiy phén c6 thé giam dang ké.
Phurong phép san xuét san pham phén giai lignoxenluloza theo sang ché

Phuong phép san xuit san phdm phan giai lignoxenluloza theo sang ché (vi du, san
phim phan giai chira monosacarit nhu glucoza, xyloza hoic arabinoza), bao gdm budc
thity phan oligosacarit dugc tao ra biang cach thily phan hemixenluloza bing xylanaza
hoic xenluloza bing xenlobiohydrolaza thanh monosacarit bang B-xylosidaza chiu nhiét

theo sang ché.

Cu thé, phuong phép san xuét san phim phén gidi lignoxenluloza theo sang ché 1a
phuong phap san xuit san phidm phan giai ciia nguyén liéu chira lignoxenluloza, san
phdm phén gidi containing san phim phan gi4i cia hemixenluloza, sén phim phan giai
ctia xenluloza, hogc ca san phdm phén gii ctia hemixenluloza 13n san phim phan giai clia
xenluloza, bing cich cho nguyén liéu chira lignoxenluloza, nhu nguyén liéu chira
lignoxenluloza ma chira it nhat mot hop chét dugc chon tir nhom bao gém xenluloza va
hemixenluloza tiép xtic véi enzym B-xylosidaza chiu nhiét theo sang ché, thé bién nap
theo sang ché, B-xylosidaza chiu nhiét dugc san xuét bing phuong phép san xuit enzym

B-xylosidaza chiu nhiét theo sang ché, hoic hdn hop glycosit hydrolaza theo sang ché.

Khong c6 gi6i han cu thé vé nguyén liéu chira lignoxenluloza, mién 13 nguyén liéu

ndy chtra it nhat mot hop chit dugc chon tir nhém bao gdm hemixenluloza hoic
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xenluloza. Vi du cu thé vé nguyén li¢u nay bao gé)m sinh khdi xenluloza nhu ¢ dai, chét
thai néng nghiép, gidy thai, hodc nguyén liéu twong tr. Trudce khi tiép xuc véi enzym [3-
xylosidaza chiu nhiét theo sang ché, t6t hon néu nguyén liéu chua lignoxenluloza dugc
xur Iy co hoc, nhu cét hodc bam, xir 1y héa hoc béng axit, kiém, hodc hop chét tuong tu,

hodc ngdm hodc phan gidi vao dung dich dém thich hgp.

Néi cach khac, phuong phap san xuét san phdm phan giai lignoxenluloza theo
sang ché co thé con bao gdm budc xir Iy co hoc, xir Iy héa hoc, hodc ngdm hodc phan giai
nguyén liéu chira lignoxenluloza vao dung dich dém thich hop trudc khi tiép xuc véi

enzym B-xylosidaza chiu nhiét theo sang ché

Tét hon néu phéan tmg thity phan hemixenluloza béi p-xylosidaza chiu nhiét theo
séng ché dugc thuc hién & diéu kién ma & d6 enzym nay c6 hoat tinh thiy phan
xenlooligosacarit. T6t hon néu phéan tmg thity phan hemixenluloza dugc thuc hién & nhiét
d6 nim trong khoang tir 70°C dén 110°C va d6 pH niam trong khoang tir 4,5 dén 7,0, tdt
hon nira néu phan tng thiy phan hemixenluloza dugc thuc hién & nhiét do ndm trong
khoang tir 90°C dén 110°C va d6 pH nam trong khoang tir 4,5 dén 6,5 va con tt hon nira
néu phan Urng thiy phan hemixenluloza dugc thuc hi€n ¢ nhiét do nam trong khoang tir
95°C dén 110°C va d6 pH nam trong khoang tir 4,5 dén 6,0. Thoi gian phédn Gng thuy
phan hemixenluloza dugc didu chinh thich hop theo loai nguyén li¢u duge st dung,
phuong phép xtt Iy so by nguyén liéu, lugng nguyén lidu, va cac yéu t twong tw. Vi dy,
phan g thiy phan hemixenluloza c¢6 thé dugc thuc hién trong thoi gian tir 10 phut dén
100 gid, nhung khi phan gii nguyén liéu chira sinh khdi xenluloza, thi phan tng thiy

phan hemixenluloza c¢6 thé dugc thuc hién trong thoi gian tir 1 gior dén 100 gio.

Pé thiy phan nguyén liéu chira lignoxenluloza, tt hon nita néu sir dung it nhét
mot glycosit hydrolaza khac ngoai P-xylosidaza chiu nhiét theo sang ché. Glycosit
hydrolaza khac nay c6 thé gibng nhu glycosit hydrolaza chira trong hdn hop glycosit
hydrolaza néu trén, va t6t hon néu enzym nay 1a glycosit hydrolaza chiu nhiét c6 hoat
tinh it nhit & diéu kién nhiét do bang 85°C, va t6t hon néu & nhiét d6 it nhét ndm trong
khoang tir 70°C dén 90°C, tét hon nira néu & nhiét d6 nim trong khoang tir 70°C dén
105°C, va con tét hon nira néu & nhiét d6 nam trong khoang tir 70°C dén 110°C. Ngoai ra,

theo mdt khia canh, phuong phép san xuét sin phdm phan giai lignoxenluloza theo sang
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ché sir dung p-xylosidaza chiu nhiét theo sang ché, thé bién nap theo sang ché, hodc B-
xylosidaza chiu nhiét dugc san xuét bang phuong phap san xut enzym B-xylosidaza chiu
nhiét theo sang ché, trong khi d6 theo mot khia canh khéc, phuong phap san xuét san
phadm phan giai lignoxenluloza theo sang ché str dung hdn hop glycosit hydrolaza theo

sang ché .
Vi du thye hién sang ché

Sang ché s& dugc mo ta chi tiét théng cac vi dy dudi day. Tuy nhién, sang ché

khéng bi gidi han bdi cac vi du nay.
Vidul

Quy trinh tach dong B-xylosidaza chiu nhiét tir dat thu duoc & khu vuc sudi nuée

nong.

1. Chiét tich ADN tir d4t thu dugc & khu vire sudi nudc néng va giai trinh tu bd

gen

Pé giai trinh tr gen cia B-xylosidaza chiu nhiét theo sang ché ¢6 hoat tinh & nhiét
dd ndm trong khoang tir 70°C dén 110°C, ADN tir dt thu duge ¢ khu vuce sudi nudce néng
¢6 @9 pH tir trung tinh dén kiém yéu dugc thu nhan va ADN da hé gien ctia quin thé vi
sinh vt trong d4t nay duoc giai trinh tu.

Cac miu dit & khu vuc subi nude néng c6 do pH tur trung tinh dén kiém yéu
duoc 14y miu bang cach thu thap cic miu nuée chira dat, bun va sinh khéi dugc thu nhén
tir 5 diém 14y m&u & 3 khu vuc sudi nude néng cia Nhat Ban (cac miu ADN da hé gien
N2, AR19, AR15, OJ1, va H1). Cac miu dit & khu vuc subi nudc néng nay c6 nhiét do
nam trong khoang tir 58°C dén 78°C va do pH nam trong khoang tir 7,2 dén 8 & thoi diém
14y mAu.

ADN dugc chiét tach tir 10g m3i mAu dit thu duoc & cac khu vuc sudi nuée néng
bang kit chiét tich ADN (ISOIL Large for Beads ver. 2, do Nippon Gene Co., Ltd. san
xuit). ADN chiét tach dwoc duge gidi trinh ty bang may giai trinh ty GS FLX Titan 454
do Roche Diagnostics Ltd. san xuit va may gii trinh tw GA2x do Illumina, Inc. sin xuét.

ADN chiét tach duoc (5ug) va san phdm khuéch dai (5pg) duoc tao ra bang kit khuéch
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dai ADN bd gen (kit khuéch dai ADN GenomiPhi V2, do GE Healthcare Inc. san Xuét)
dugc giai trinh tir trong tng bang may giai trinh tw GS FLX Titan 454 va may giai trinh
tw GA2x. Khi giai trinh tw bing may giai trinh tu GA2x, thi thu vién ADN va cac chét
phan tg dugc d6 vao cong do dong chay bang hé thdng cBot do Illumina, Inc. san xut
dé tu dong tao ra cum gen c6 trinh tu gidng hét véi phan tir ADN duy nhét trong cong do
dong chay. Cac diu bét cip co chidu dai bing 101bp dugc gidi trinh ty bing may giai
trinh GA2x dé thu duoc dir liéu trinh tr da hé gien.

Qua trinh gii trinh tw ADN da hé gien cta miu dét sudi nudc nong OJ1 (sau day
goi tit 1a da hé gien OJ1) bang mdy giai trinh tg GS FLX Titan 454 d3 thu duoc trinh tu
bd gen c6 chidu dai doan doc trung binh bing 390bp, téng s cac doan trinh tu doc bang
6.301.450, va tong chiéu dai bd gen da dugc giai trinh ty bang 2.456.206.434bp va bang
may giai trinh twy GA2x da thu dugc trinh tur bd gen c6 chidu dai doan trinh tu doc trung

“binh bing 114bp & cac doan trinh ty doc c6 dau bat cip, téng s cac doan trinh tu doc
bang 545.185.016, va téng chiéu dai bd gen da dugc giai trinh tyr bang 62.151.091.824bp,
tire 12 tbng cong chidu dai bd gen da duge gii trinh tur bang khoang 64.6Gbp.

2. Qua trinh lip rap va théng ké dir liéu da hé gien ctia mau dét thu duoc & khu

vuc sudi nudc nong.

Céc trinh ty nucleotit thu dugc bang may giai trinh tw GS FLX Titan 454 va may
gidi trinh ty GA2x dugc sang loc chét lwong va 13p rap lai mot 14n nira bing phin mém
CLC Genomics Workbench (phién ban 5.4.8) do CLC bio A/S san xuét. Sau khi sang loc
chét lugng, téng chiéu dai doan trinh tu doc béng may giai trinh ty GS FLX Titan 454
bﬁng 2.446.280.452bp, va tdng chiéu dai doan trinh ty doc cta dit liéu trinh tu nucleotit
thu dugc bang mdy giai trinh tw GA2x bing 54.066.191.005bp. Sau khi lip rép, téng sb
lugng cac doan tiép gidp c6 chiéu dai bang 500bp hodc 16n hon bing 2.080.555, va tdng
chidu dai bang 1.083.520.858bp va doan tiép giap 16n nhdt c6 chidu dai bing
1.063.869bp.

3. Qua trinh phét hién khung doc md mé (Open Reading Frame - ORF) cua P-

xylosidaza.

Céc trinh tu c6 ma phan 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-
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B-xylanaza) dugc tai vé tir co s dir liéu UniProt (http://www.uniprot.org/, ngay truy cap:
09/12/2011), va co sé dir liéu v& cac gen glycosit hydrolaza nay duoc thiét ké. Khung doc
mi mé& (cic ving gen) dugc phat hién tir cic trinh tu tiép gidp thu dugc & phan 2 bing
phin mém Metagene (Noguchi et al., DNA Research, 2008, 15(6)) (tay chon Metagene: -
m). Gen ma héa glycosit hydrolaza dugc xac dinh tir trinh ty ORF phét hién dugc bing
phan mém BLASTP (phién ban 2.2.18) va ddi chiéu c& s& dir liéu néu trén. Didu kién ty
chon ciia phan mém BLASTP dugc cai dit nhu sau: “trinh tur truy van = sai”, “tri s ky

vong (E) < 1%

, (sau do, cac tri s6 mac dinh duge cai dit nhu sau: “tri sb dé phat hién
khoang trong = -17, “tri s6 dé mé& rong khoang tréng = -17, “tri sb sép thing hang dugc
tao khoang tréng X = 07, “trj s6 1y thuyét cho cac trinh ty muc dich mé rong = 0” va “co&
chit = m3c dinh”), va céc trinh tu khung doc md@ mé muc dich thu dugc 1a gen ma hoa
glycosit hydrolaza. C4c trinh tu nucleotit thu dugc bao gém cic gen ma hoa glycosit

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

Céc trinh tr nucleotit thu dugc & phin 3 duoc phan loai chirc ning bang phan
mém pfam HMMs (Pfam phién ban 23.0 vaA HMMER phién ban 2.3 Finn et al., Nucleic
Acids Research Database, 2010, Issue 38, p.D211-222) duéi dang co s& dir liéu vé trinh
tir viing chtrc ning ctia protein. Cu thé, mdi trinh tw nucleotit nay dwgc phan loai thanh ho
glycosit hydrolaza (GH) dua trén d twong ddng cia chiing véi co s dir liéu vung Pfam
béng thudt toan tra ctru do tuong d@)ng trinh ty 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), trj s6 ky
vong E < 1e”; co s& dit liéu = Pfam_fs (m6 hinh c6 thé duoc st dung dé phat hién céc
doan ciia cac ving dai dién & trinh tu)). Cac bién thé chira 70% trinh tur ciia viing xdc tac

GH hodc cao hon dugc tinh 1a cac gen mé hda enzym thude cac ho tuong ing.

Dua trén két qua tra ctru d6 twong ddng BLASTP va tra ciru ving HMMER bing
cach str dung dif li€u trinh tu da hé gien OJ1, 478 khung doc ma mé (331 khung doc ma
mé ¢ chiéu dai ddy da va 147 khung doc ma mé c6 chiéu dai khong dy du) duoc xdc

dinh 1a gen B-glucosidaza hodc B-xylosidaza

Két qua phan loai ho GH cua cac khung doc md mé nay duge thé hién trong Bang
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1. Cac khung doc ma mé chira 70% trinh tu ctia vung xic tdic GH hoac cao hon dugc
phan loai thanh mdi ho GH twong tmg. Nhu dugc thé hién trong Bang 1, tir da hé gien
OJ1 da thu dugc 46 khung doc ma mé ¢6 chiéu dai ddy du thude ho GHI, 197 khung doc
ma mé& c6 chiéu dai déy da thudc ho GH3, 1 khung doc ma mé cé chiéu dai déy da thudc
ho GH16, 1 khung doc ma m& c6 chiéu dai d?ly da thugc ho GH26, 37 khung doc ma m&
¢6 chidu dai diy du thudc ho GH31, 1 khung doc mi mé& c6 chiéu dai diy da thude ho
GH39, 47 khung doc ma m& cé chiéu dai déy dd thudc ho GH43 va 13 khung doc ma mé
c¢6 chiéu dai ddy du thudc ho GH52.

Bang 1
Pa hé gien OJ1 __Phan loai hg GH ciia cac gen p-glucosidaza hoic B-xylosidaza
GHI1 | GH3 | GH16 | GH26 | GH31 | GH39 | GH43 | GHS52 | Tong sb

Khung doc ma mg 46 | 197 | 1 1 37 1 47 1 331

c6 chiéu dai day du

Khung doc ma mé
¢6 chidu ddikhongddyaqa | 4 [ M8 | O | O M0 40 147
Tong s6 khung docmamd | 50 | 315 1 1 48 1 61 1 478

5. Tach dong gen tir khung doc ma mo OJiM-273

Céc doan mdi duge thiét ké cho toan bd cac khung doc ma mé da dugc xéc dinh 1a
gen B-glucosidaza hodc gen B-xylosidaza, va cic gen ndy dugce khuéch dai tir ADN da hé
gien thu dugc tir d4t & khu vuc sudi nuéc néng bang phuong phap PCR. Céc san phim
PCR di dugc khuéch dai dugc chén vao vecto pET101/D-TOPO bing kit biéu hién
Champion pET Directional TOPO (do Life Technologies Inc. san xuét), va bién nap vao
ching One Shot TOP10. C4c dong d biéu hién dugce chon loc bing phuwong phap PCR
truc tiép tir khuén lac va nudi cdy trong mdi truong 16ng LB chtra ampicilin véi ndng d6
bang 100mg/L & nhiét d6 37°C va tdc do 200 vong/phit trong 17 dén 20 gid, tiép theo
cac plasmit duge tdng hop bang kit miniprep (hé_théng tinh ché ADN Wizard plus SV
Minipreps, do Promega Corporation san xuét). Céc plasmit da tong hop dugc giai trinh tu
bing may giai trinh tr ADN 3730 do Life Technologies Corporation san xuét.

Két qua thu duge 4 dong gen OJ1M-273-1, 0J1M-273-3, OJIM-273-12 va OJ1M-
273-18 bang phuong phap PCR tir khung doc ma mé OJ1M-273 (SEQ ID NO.3) da duoc
xé4c dinh 1a khung doc md@ m& ma hda gen B-glucosidaza hodc gen B-xylosidaza. Trinh tu
nucleotit (SEQ ID NO.3) ctia khung doc ma m& OJ1M-273 c6 chiéu dai bang 2.178bp,
nhung do trinh trr d4u bét cip clia méy gii trinh tir GA2x dugc st dung, nén trinh tu nay
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con chira ca céc trinh tu chua biét (“doan trinh tr n” trén SEQ ID NO.3, va“doan trinh
tu Xaa” trén SEQ ID NO.1), va trinh tu nucleotit thuc té (SEQ ID NO.4) cia gen tiém
ning B-xylosidaza OJ1M-273-1 thu dugc cé chiéu dai bing 2.247 bp.

Fig.1A va Fig.1B 14 hinh v& thé hién su sip thing hang céc trinh tu nucleotit ctia
khung doc ma mé OJ1M-273 (SEQ ID NO.3) va gen tiém ning B-xylosidaza OJ1M-273-
1 (SEQ ID NO.4). Fig.2 13 hinh v& thé hién su sip thing hang trinh tu axit amin (SEQ ID
NO.1) cua khung doc md mé OJ1IM-273 va trinh ty axit amin (SEQ ID NO.2) cia gen
tiém ning B-xylosidaza OJIM-273-1. Trén Fig.1A, Fig.1B va Fig.2, cac chir cai mau
tréng trén nén den thé hién céc doan trinh tu & d6 nucleotit hodc axit amin khéac nhau,

hodc cac doan trinh tu chua biét trong khung doc ma mé.

_ Gen tiém ning p-xylosidaza OJIM-273-1 ma hoa polypeptit (SEQ ID NO.2) chta
748 gbc axit amin va ¢ chidu dai ddy du (SEQ ID NO.4), trong d6 polypeptit nay bit
dau tur géc axit amin metionin & vi tri sd 1, va ddu 3’ cua trinh tuy nucleotit ma hoéa
polypeptit ndy dugc két thiic bing bd ba ma hoa két thuc. Két qua phan tich do tucng
ddng trinh tu cho thiy doan peptit chira 406 gbc axit amin tir metionin (M) & vi tri s6 12
dén leucin (L) & vi tri s6 417 ma héa bdi gen tiém ning B-xylosidaza OJ1M-273-1 1a
viing xtic tic clia glycosit hydrolaza GH3. Két qua phan tich biang phin mém du doan
trinh tu tin hiéu SignalP 4.1 cho thiy trinh tu axit amin ma hoa bdi gen tiém nang f-
xylosidaza OJ1M-273-1 khong chira peptit tin hiéu. Dong gen ny 1a trinh ty thé hé mai,
trong d6 trinh ty axit amin ma héa boi dong gen nay c6 dd twong dong biang 65% va 62%
50 v6i viing xtic tic GH3 va trinh tw ¢6 chidu dai day du twong ung ciia B-xylosidaza c6
ngudn gde tir Candidatus Caldatribacterium californiense (Ma truy cap Ngan hang Gen:
WP_026140775.1) (SEQ ID NO.9). o twong ddng trinh tu dugc xac dinh bing phin

mém thuét toan ClustalW.

Fig.3 1a hinh v& thé hién sy sip thing hang trinh ty axit amin (SEQ ID NO.2) cta
gen tiém ning B-xylosidaza OJ1M-273-1 va trinh tu axit amin (SEQ ID NO.9) cta B-
xylosidaza c6 ngudn gdc tir Candidatus Caldatribacterium californiense. Trén Fig.3, céc
axit amin mau tréng trén nén den 1a cic gdc axit amin gibng hét nhau trong c4 hai trinh tu
axit amin ndy, va cac gdc axit amin mau den trén nén x4m thé hién cac vi tri & d6 cac gbc

axit amin trén c4c trinh tu nay la gan giong nhau va ky tu “-” thé hién cac doan khoang
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tréng trén trinh tu.
6. Qua trinh biéu hién va tinh ché protein enzym B-xylosidaza .

Sau khi giai trinh tu, cac plasmit chira gen dich duoc bién nap vao E. coli dé bidu
hién protein bang phuong phép sb¢c nhiét. Chiing BL21 Star (DE3) c6 sin trong kit biéu
hién Champion pET Directional TOPO (do Life Technologies Inc. san xuit) dugc 'sfr
dung 1am té bao chu dé chuyén gen. E. coli chira gen dich duoc ciy vao moi truong LB
chtra ampicilin v6i ham Irong bing 100mg/L va nudi cdy cho dén khi mat do quang &
buéc séng 600nm nidm 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 gior & cam tmg
qué trinh biéu hién protein dich. Két qua 1a protein enzym ma hoéa boi gen tiém ning p-

xylosidaza OJ1M-273-1 da dugc biéu hién yéu.

Pé lam ting muc do bidu hién cua protein enzym ndy, gen tiém ning B-xylosidaza
OJ1IM-273-1 dugc chén vao vecto biéu hién pLEAD (do Nippon Gene Co., Ltd. san xuét)
va bién nap vao chimg JM109. Vecto bidu hién pLEAD da dugc kiém chimg 13 c6 thé
biéu hién hiéu qua gen c6 ham lugng GC cao ma kho biéu hién duoc béng vecto biéu
hién E. coli thong thudng (Suzuki et al., J. Biochem., 1997, vol. 121, pp. 1031 to 1034;
and Ishida and Oshima, J. Biochem., 2002, vol. 132., pp. 63-70). Két qua phan tich da
kiém ching duoc ring protein enzym m3 héa béi gen tiém ning B-xylosidaza OJ1M-273-

1 da duoc biéu hién manh.

Cu thé, st dung khudn 1a vecto pET101/D-TOPO chua gen tiém ning P-
xylosidaza OJ1M-273-1, doan mdi xubi ¢6 trinh tu nucleotit nhu néu trong SEQ ID NO.7
(5°>-GTGATGTCGGTTCGGGTGAAGGAA-3’: trong d6 3 nucleotit (GTG) dugc b
sung vao dau 5’ cla trinh ty nucleotit nhu néu trong SEQ ID NO.5, va dau 5° nay dugc
phosphoryl héa), va doan mdi nguoc co trinh tu nucleotit nhu néu trong SEQ ID NO. 8
(5’-TAGAGCTCTCATGCGGGCTCAACTTCAA-3’: trong d6 trinh ty d& nhan biét
enzym cit gi6i han Sacl dugc bd sung vao dau 5’ cua trinh tir nucleotit nhu néu trong
SEQ ID NO.6, trinh tr Sacl dugc ding dé chén vecto), san phdm PCR da dugc khuéch
dai bang kit KOD-Plus-Neo (do Toyobo Co., Ltd. san xuit) dugc chén vao vecto
pLEADS, va bién nap vao ching E. coli IM109. Céc dong da biéu hién dugce chon loc
bang phuong phap PCR truc tiép tir khuin lac va nudi cdy trong méi trudng long LB
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chira ampicilin véi néng d6 bing 50mg/L & nhiét do 37°C va téc do 200 vong/phut trong
17 dén 20 gio, tiép theo cac plasmit dugc tdng hop bing kit miniprep (hé théng tinh ché
ADN Wizard plus SV Minipreps, do Promega Corporation san xuét). C4c plasmit da téng
hop dugc gidi trinh ty bing may giai trinh tr ADN 3730 do Life Technologies

Corporation san xuat.

Ching E. coli da chuyén gen chira trinh tu plasmit OJ IM-273-1/pLEADS di dugc
kiém chimg dugc cdy vao mdi truong canh thanh Turbo (do Athena Environmental
Sciences, Inc. san xuét) chira ampicilin v6i ndng do bang 50mg/L, va nudi ciy trong
khoang 20 gi dé biéu hién protein dich. Sau khi nuéi cdy, ching E. coli ndy dugc thu
nhan bang cach ly tim, va dung dich dém Tris-HCI 50mM (d0 pH = 8,0) c6 thé tich bang
1/10 thé tich dich nuoi céy duoc bd sung vao dé tao hdn dich vi khuén. Sau dod, quy trinh
phan cét trong 5 phut va d& yén trong 5 phut dugc 13p lai tir 7 dén 8 14n bing thiét bi siéu
am Astrason 3000 (do MISONIX, Inc. san xuét) d thu dugc dich chiét thd E. coli tai tb
hop gen chira protein dich. Dich chiét thé E. coli tai t hop gen nay duoc loc qua mang
loc (dudng kich 16 loc ¢ = 0,45um, do EMD Millipore san xuét), va dich loc thu duogc

dugc sir dung 1am dich ndi nubi ciy ddng nhit E. coli tai td hop gen.

Dich nbi nuéi ciy ddng nhét E. coli tai td hop gen dugc nap vao cot trao d6i ion
HiTrap Q HP (do GE Healthcare Inc. san xuét) dugc lam can bing vdi dung dich dém
Tris-HC1 50mM (d¢ pH = 8,0), va céc protein dugc phan doan véi gradient ndng do nim
trong khoang tir 0% dén 50% trong dung dich dém Tris-HCl 50mM (d0 pH = 8,0) chtra
1M NaCl bing hé théng sic ky 16ng AKTA (do GE Healthcare Inc. san xuét). Cac phan
doan c¢6 hoat tinh B-xylosidaza dugc tron toan bo, sau dé trao ddi véi dung dich d€m Tris-
HCl 50mM (dd pH = 8,0) chira 750mM amoni sulfat bing mang siéu loc ly tdm
VIVASPIN 20 (do Sartorius stedim Biotech SA san xuét). Cac phan doan c6 hoat tinh B-
xylosidaza sau khi trao d6i véi dung dich dém duoc nap vao cft phin tach tuong tac ky
nuéc HiTrap Phenyl HP (do GE Healthcare Inc. san xuit) duge lam cin bang véi cing
dung dich dém Tris-HCl 50mM (d¢ pH = 8,0), va céac protein dugc phin doan véi
gradient ndng d6 ndm trong khoang tir 0% dén 100% trong dung dich dém Tris-HCI
50mM (d¢ pH = 8,0). Cac phan doan c6 hoat tinh B-xylosidaza duoc tron toan bd, sau do
cb bing mang siéu loc ly tim VIVASPIN 20 cho dén khi thé tich dung dich bing khoéang
8mL. MAu di ¢ dugc bd sung vao cot loc gel Hiload 26/60 superdex 200 pg (do GE
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Healthcare Inc. san xuét) duoc lam can béng v61 dung dich dém Tris-HC1 50mM (d6 pH
= 8,0) chira 150mM NaCl, va phan doan bing ciing dung dich dém c6 thé tich gip 1 dén
1,5 1an thé thich ctia cot & téc do dong ndm trong khoang tir 2mL/phit dén 3mL/phut.
Cac phan doan c¢6 hoat tinh B-xylosidaza dugc tron toan bo, sau d6 trao d6i véi dung dich
dém phosphat 1mM (d6 pH = 6,8) va cb bang mang siéu loc ly tim VIVASPIN 20, miu
da c¢6 dugc nap vao cot hydroapatit CHTS-1 (do Bio-Rad Laboratories, Inc. san xuét)
dugc 1am can bang véi cing dung dich d&m, va cac protein dugc phan doan voi gradient
ndng d6 nim trong khoang tir 0% dén 100% trong dung dich dém axit phosphat 400mM
(@0 pH = 6,8). Cac phan doan c6 hoat tinh B-xylosidaza duogc tron toan bd mot 1an nita,
sau d6 trao ddi véi dung dich d&m Tris-HCI 50mM (d6 pH = 8,0) va c6 dé thu dugc
enzym tinh khiét c6 ndng do cudi ciing bang khoang 1,0mg/mL.

Dich ndi nudi cdy ddng nhét E. coli tai t& hop gen va enzym tinh khiét nay
(protein enzym P-xylosidaza tinh khiét) dugc kiém chimg bang phan tich dién di trén gel
SDS-PAGE (gel SDS-polyacrylamit). Dich ndi nuéi cdy ddng nhit E. coli tai td hop gen
va enzym tinh khiét ndy dugc phén tich dién di SDS-PAGE bing gel khong chira thube
nhuém PROTEAN TGX (do Bio-Rad Laboratories, Inc. san xuit). Dich ndi nu6i cly va
enzym tinh khiét nay 14n luot dugc tron rvéi dung dich xt Iy Tris-SDS BME (do Cosmo
Bio Co. Ltd. sin xuét) theo ty 1& 1:1, va sau khi xir Iy cdc mAu dién di thu dugc nay &
nhiét @ 100°C trong 10 pht, dich ndi nudi cdy déng nhét E. coli tai t6 hop gen (10uL)
va enzym tinh khiét (2pg) dugc dién di twong Gmg. Sau khi chay dién di, cac bang protein

dugc hién mau béng thuéc nhuom CBB.

Fig.4 thé hién két qua phan tich dién di trén gel SDS-PAGE ciia dich ndi nudi cdy
ddng nhét E. coli tai td hop gen thu dugc tir E. coli da chuyén gen OJ1IM-273-1 va enzym
tinh khiét dugc tinh ché tir dich ndi nuéi ciy ddng nhét E. coli tai t& hop gen nay. Nhu
dugc thé hién bang hinh anh dién di trén Fig.4, 1an 1 14 gen chi thi phén tir protein, lan 2
thé hién hinh 4nh dién di ctia dich nbi nudi ciy ddng nhit E. coli tai tb hop gen va lan 3
thé hién hinh anh dién di ctia enzym tinh khiét. Két qua phén tich cho thay trong dich nbi
nudi ciy ddng nhét E. coli ti t hop gen (1an 2) c6 mot bang ddm co trong lugng phan tir
gan bang 78,9kDa 1a trong luong phan tir ctia polypeptit dugc xac dinh tir trinh tu axit
amin (SEQ ID NO.2), va trong enzym tinh khiét (1an 3) c6 mdt bang duy nhét tuong

dwong v6i bang néu trén (dugc thé hién bang miii tén trén Fig.4).
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7. Po hoat tinh B-xylosidaza bang co chdt PNPX (hoat tinh thiy phan PNPX)

PNPX dugc sir dung 1am co chit dé do hoat tinh B-xylosidaza. Dung dich co chét
dugc diéu ché bing cach hoa tan PNPX (do Sigma-Aldrich Co. LLC. san xuit) trong
nuée dé thu duge ndng d6 cubi cing dinh trude. Dung dich nuéc PNPX duoc didu ché
bang phuong phap néu trén dugc st dung 1am dung dich co chit PNPX trong toan b cac
thir nghiém sau. Trong phép do nay, dung dich dugc diéu ché bang cach pha lodng enzym
tinh khiét thu dugc & phan 6 bang dung dich dém Tris-HCI 0,05M (d6 pH = 8,0) dé thu
dugc ndng d6 nim trong khoang tir 0,1 dén 0,01 mg/mL dugc st dung.

Dung dich phéan ting chita 6uL enzym tinh khiét da pha loang, 294pL nuéc tinh
khiét, 150pL dung dich dém axetat 200mM (do pH =15), va 150pL dung dich nuéc PNPX
20mM.

Phan tmg dugc thuc hién ¢ nhiét 46 nim trong khoang tir 60°C dén 115°C trong
10 phiit bang thiét bi Reacti-Therm (do Thermo Fisher Scientific Inc. san xuit). Binh
thuy tinh ¢6 dung dich 1,5mL dugc str dung 1am binh phan Ung, va binh phan (mg nay
dugc trang qua bing dung dich nude chira 1,5% khéi luong BSA dé wc ché hap thu
protein enzym. Trong toan bd cac phép do, dung dich hdn hop duge diéu ché bing cach
thay dich ndi nubi cdy ddng nhét E. coli tai td hop gen hoic enzym tinh khiét bang dung
dich dém Tris-HC1 50mM (d6 pH = 8,0), sau d6 dé phan ung & cing diéu kién dugc st
dung 13m mau dbi chimg. Hon nita, dung dich hdn hgp chira enzym (dich ndi nudi cy
ddng nhét E. coli tai td hop gen hoic enzym tinh khiét), nu6e tinh khiét va dung dich dém
nay dugc giit & nhiét do phan tng trong 5 phut, (i so bo), sau d6 dung dich co chit dugc
bd sung vao, va thuc hién phéan tmg. Trong mdi trudng hop, sau khi dé phan tmg trong 10
phit, phan tmg dugc dimng bing cach bd sung dung dich Na,CO; 0,2M vao dung dich
phan tmg & thé tich bang thé tich cua dung dich hdn hop nay, sau d6 hdn hop thu duge
dugc ly tAm trong 5 phut dé thu duoc phan dich ndi. Him lugng p-nitrophenol trong phin
dich nbi dugc xac dinh bing cach do do hép thu & budc séng 420nm bing miy quang
phd, va ham luong p-nitrophenol trong phan dich ndi dugc do bing dudng chuin p-
nitrophenol, sau d6 ham lugng p-nitrophenol tao ra bdi qué trinh thily phan dugc do bing
céch so sanh d9 chénh l1&ch v6i miu dbi ching. Hoat tinh enzym dé tao ra Ipmol p-

nitrophenol trong 1 phit dugc tinh bang 1U, va tri s6 thu duoc bang céach chia hoat tinh
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ndy cho khéi lugng protein dwoc tinh bing hoat tinh riéng (U/mg). Mdi phép do duoc lap

lai 3 14n @& thu dugce tri sd trung binh va dd 1éch chuén.

Két qua do cho thiy ca dich ndi nudi cdy ddng nhét E. coli tai td hop gen 14n

enzym tinh khiét déu c6 hoat tinh p-xylosidaza (hoat tinh thuy phan PNPX).
8. D dic hiéu co chét cia OJIM-273-1

Hoat tinh thily phén céc co chat xenluloza va hemixenluloza khac nhau ctia prbtein
enzym (OJIM-273-1) ma héa bsi gen OJIM-273-1 dugc do. CMC (do Sigma-Aldrich
Co. LLC. san xuét), xylan (c6 ngudn gbc tir gd sbi, do Sigma-Aldrich Co. LLC. sin Xuét),
arabinan (c6 ngudn gbc tir ci cai duimg, do Sigma-Aldrich Co. LLC. san xuét),
arabinogalactan (c6 ngudn gbc tir gb thong rung 14, do Sigma-Aldrich Co. LLC. san xuét),
PNPX (do Sigma-Aldrich Co. LLC. san xuit), PNPG (do Sigma-Aldrich Co. LLC. san
xuat), PNPAF (do Sigma-Aldrich Co. LLC. san xuét), PNPAP (do Sigma-Aldrich Co.
LLC. san xuit), PNPGA (do Sigma-Aldrich Co. LLC. san xuit), PNPFP (do Sigma-
Aldrich Co. LLC. san xuét), PNPRP (do Sigma-Aldrich Co. LLC. san xuit), PNPMP (do
Sigma-Aldrich Co. LLC. san xuit), PNPadX (do Sigma-Aldrich Co. LLC. san xuft) va
PNPbdFP (do Sigma-Aldrich Co. LLC. san xuét) dugc sir dung lam céc co chét.

Pic biét, khi co chit dugc st dung khong phai 18 CMC, xylan, arabinan va
arabinogalactan, thi chi khic 14 sir dung enzym tinh khiét dugc pha loang dén ndng do
0,02mg/mL va dung dich nuéc chtra 20mM mdi co chit, va thuc hién céc phan Uung &
nhiét 46 105°C, va phuong phép tuong tu duge md ta trong phin 7 vin duoc sit dung dé
X4c dinh ham luong p-nitrophenol duge tao ra bdi qud trinh thily phan bing enzym, sau
do6 x4c dinh hoa tinh riéng (U/mg).

Khi co chét dugc str dung 1a CMC, xylan, arabinan hodc arabinogalactan, thi chi
khéc 1a sir dung enzym tinh khiét dugc pha loang dén ndng d6 0,02mg/mL va dung dich
nuée chita 1% khéi lugng mdi co chét, va thuc hién cdc phan tng & nhiét d6 105°C,
truée tién phan tng dugc thuc hién theo cing cach thirc dugc mé ta trong phin 7, va sau
khi két thic phan tng axit 3,5-dinitrosalixylic (dung dich DNS) dugc bd sung vao dung
dich phan ting & thé tich bang thé tich ctia dung dich phan tng, va hn hop thu duge duge
gia nhi¢t & nhi¢t do 100°C trong 5 phit, 1am ngudi trén nude dé trong 5 phit, sau do ly
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tdm & téc d6 17.500g trong 5 phiit & nhiét d6 phong dé thu dugc phin dich ndi. Ham
lugng dudng khir trong phén dich nbi dugc xac dinh bﬁng cach do dd hép thu & budc
s6ng 540nm bang may quang phd, va ham lugng dudng khir trong phin dich ndi duge do
béng dudng chuin glucoza (d3c biét, khi xylan dugce sir dung 1am co chit, thi ham lugng
dudng khir trong phan dich ndi duoc do bing dugc chuin xyloza, hodc khi arabinan hodc
arabinogalactan dugc sit dung 1am co chat, thi ham luong duong khtr trong phin dich ndi
dugc do bing dugc chudn arabinoza), sau d6 ham lugng duong khir tao ra bai qua trinh
thity phan bang enzym dugc do bing cach so sanh dd chénh léch véi miu dbi chung.
Hoat tinh enzym dé tao ra 1pmol dudng khir trong 1 phtit dugc tinh bang 1U, va tri sb thu
dugc bing cach chia hoat tinh nay cho khi lugng protein dugc tinh bing hoat tinh riéng
(U/mg).

Céc két qua do dugc thé hién trén Fig.5. Mbi tri s hoat tinh enzym duogc tinh theo
hoat tinh twong ddi (%) vé6i quy ude ring hoat tinh thiy phan PNPX bing 100%. Céc két
qua nay cho théy 0)] 1M—273-1 c6 hoat tinh thily phdn manh PNPX, PNPAF, PNPAP,
arabinan va arabinogalactan, c6 hoat tinh thily phan yéu PNPG va xylan, va hiu nhu

khong c6 hoat tinh thily phan céc co chit con lai.
9. Dong hoc phan tng enzym cia B-xylosidaza OJ1M-273-1

Tbc dod thily phan ban du cuc dai (Veye dai)s héng s6 Michaelis (K., va hiéu suét
xtc tac (Ke/Ky) dbi v6i co chit PNP cia enzym OJ1M-273-1 duogc do, chi khac 13 sir
dung dung dich nudc PNPX c6 néng do béng 0,2mM, 0,5mM, 1mM, 3mM, 5mM, 10mM
va 20mM, dung dich nuéc PNPAF va dung dich nuéc PNPAP déu c6 ndng do bing 1mM,
3mM, 5SmM, 10mM, 20mM, 30mM, 40mM, 50mM va 60mM, enzym da dugc pha lodng
dén ndng do bang 0,01mg/mL, v thuc hién céc phan img & nhiét do 105°C, c4c thong sb
dong hoc phéan ung enzym cia B-xylosidaza OJ1M-273-1 dugc do theo cing céch thirc
nhu md ta trong phin 7, va hoat tinh thity phan co chit PNP (U/mg) duge do trong mdi
trudng hop. Téc do thuy phan ban dau cuc dai (Veye dai) VA hfmg s6 Michaelis (Ky) dugce
x4c dinh theo mod hinh Michaelis-Menten bing phin mém Origin (do LightStone
Corporation san xuét), va céc tri s thu dugc dugce st dung dé xac dinh hiéu suét xtc tac

(Kcat/Km) .

Céc két qua dugc thé hién trong Bang 2. Tdc @6 thity phan ban diu cuc dai 1a cao
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nhét khi co chit PNPAF dugce st dung, nhung hiéu suét xuc tac 1a cao nhét khi co chit
PNPX duoc st dung. Diéu nay chimg té ring PNPX 1a co chét thich hop nhit déi véi
OJ1IM-273-1.

Bang 2
Vereasi (U/mg) | Kn (mM) | KoK (mM'gidy™)
PNPX 86,0 0,44 259,8
PNPAF 914,5 13,7 87,7
PNPAP 838.,5 20,6 53,6

10. Danh gid mirc 4§ phu thudc vao nhiét do va d6 pH cuia hoat tinh B-xylosidaza
bang co chit PNPX.

Mtrc d§ phu thudc vao nhiét d¢ va do pH cuia hoat tinh thiy phidn PNPX cla
protein enzym (OJ1M-273-1) ma hoa bdi gen OJ1M-273-1 dugc danh gia. Trong phép do
nay, dung dich enzym tinh khiét (0,1mg/mL) dwoc didu ché bang cach pha lodng enzym
tinh khiét thu duoc & phén 6 dugc st dung.

Muc d§ phu thugc vao nhiét do ctia hoat tinh thiy phdn PNPX ciia enzym tinh
khiét OJ1M-273-1 dugc do theo cing cach thirc nhu néu trong phan 7, chi khéc 1a phan
ing dugc thuc hién & nhiét do bang 60°C, 70°C, 80°C, 90°C, 95°C, 100°C, 105°C, 110°C
va 115°C, va & mdi nhiét do ham lugng p-nitrophenol dugc tao ra bing qua trinh thuy

phén enzym, va hoat tinh thiy phan PNPX (U/mg) dugc do.

Céac két qua duogc thé hién trén Fig.6. Cac tri ) hoat tinh enzym duoc tinh theo
hoat tinh twong dbi (%), véi quy u6c ring hoat tinh thity phdn manh nhét & nhiét do
105°C béng 100%. OJIM-273-1 c6 hoat tinh thily phan PNPX & nhiét do ndm trong
khoang tir 60°C dén 110°C. O khoang nhiét d6 nay, hoat tinh thiy phan PNPX ting khi
nhiét do phan g enzym ting, va nhiét d6 t6i wu (Tii w) & d6 enzym c¢6 hoat tinh manh
nhét 13 105°C. Khi nhiét d6 phan mg enzym ting trén 105°C, thi hoat tinh thuy phéan
PNPX gidm nhanh.

Mtrc d6 phu thude vao do pH cua hoat tinh thily phan PNPX ctia enzym tinh khiét
OJ1M-273-1 dugc do theo clng cach thitc nhu néu trong phin 7, chi khéc 14 sir dung
dung dich hén hgp chtra enzym tinh khiét da duoc pha lodng dén ndéng d6 bang
0,1mg/mL va 150uL dung dich dém Mcllvaine (49 pH nim trong khoang tir 3 dén 8) va
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thuc hién phan ng & nhiét 6 105°C, va & mdi d6 pH, ham luong p-nitrophenol dugc tao

ra bing qua trinh thity phan enzym, va hoat tinh thity phan PNPX (U/mg) dugc do.

Cac két qua dugc thé hién trén Fig.7. Céc tri sb hoat tinh enzym dugc tinh theo
hoat tinh twong d6i (%), véi quy uGe ring hoat tinh thiy phn manh nhét & pH 5.0 bang
100%. Céc tri sd do thuc coa dung dich hén hop chtra co chét, dung dich dém, va enzym
dugc v& db thi theo cac tri s6 do pH. OJIM-273-1 c6 hoat tinh thily phan PNPX & do pH
nam trong khoang tir 4,5 dén 7. Do pH t8i wu b'fmg 5,14 (tri sb do thyuc cia dung dich hén

hop chira co chét, dung dich dém, va enzym).
11. Panh gia d6 6n dinh nhiét ciia B-xylosidaza theo sang ché

Do én dinh nhiét caa hoat tinh thiy phdn PNPX ctia OJ1IM-273-1 dugc danh gia.
Céc phép do dugce thuc hién béng dung dich enzym tinh khiét duoc diéu ché br?mg cach
pha lodng enzym tinh khiét thu dugc & phan 6 dén néng do bing 0,1 mg/mL

Cu thé, dung dich hdn hop chira 6pL dung dich enzym tinh khiét (0,1mg/mL),
294uL nudce tinh khiét va 150 pL dung dich dém axetat 200mM (d9 pH = 5,0) wduoc giit
& nhiét do 85°C, 90°C, 95°C, 100°C hogc 105°C trong 0, 30, 60, 120 hodc 240 phit (G so
bg), sau d6 hoat tinh thiy phan dugc do & nhiét dg 95°C theo cung cach thirc nhu néu
trong phan 7, ham lugng p-nitrophenol duoc tao ra biang qua trinh thay phan enzym, va

hoat tinh twong d6i (U/mg) dugc do.

Céc két qua dugc thé hién trén Fig.8. Cac tri sb hoat tinh enzym dugc tinh theo
hoat tinh twong d6i (%), v6i quy uéc rang hoat tinh dbi véi mau khong xir ly (thoi gian
giit: 0 phut) bing 100%. Thoi gian giit can thiét dé hoat tinh enzym cua gidam 50% so véi
hoat tinh ctia mu khong xir ly duge xac dinh 1a thoi gian ban giam Ty,. Tri sb Ty, coa
OJ1M-273-1 bing khoang 240 phut khi nhiét d6 giir bang 85°C, about 180 phut khi nhiét
do gitr bang 90°C hoidc 95°C, va 130 phut khi nhiét do giir bing 100°C. Trai lai, khi nhiét
do gitt bang 105°C, thi hoat tinh thiiy phan PNPX giam nhanh, va giam xuéng con
khoang 30% sau 30 phit.
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<160> 9
<170> PatentIn version 3.1
<210> 1
<211> 725
<212> PRT
<213> Trinh tu chua biét
<220>
<223> Khung doc md md OJ1M-273
<220>
<221> Trinh tuy khdéng chinh xé&c
<222> (300)..(318)
<223> Poan trinh ty axit amin Xaa chua biét
<400> 1
Met Ser Val Arg Val Lys Glu Leu Leu Ala Lys Met Thr Leu Glu Glu
1 5 10 15
Lys Val Ala Gln Leu Gly Ser Ile Ser Val His Arg Leu Met Thr Asp
20 25 30
Gly Lys Phe Asp Ile Ala Lys Ala Arg Glu Leu Leu Lys His Gly Ile
35 40 45
Gly Gln Ile Thr Arg Val Ala Gly Gly Ser Asn Leu Pro Pro Lys Glu
50 55 60
Ala Ala Gln Leu Ala Asn Glu Ile Gln Arg Phe Leu Ile Glu Glu Thr
65 70 75 80
Arg Leu Gly Ile Pro Ala Ile Val His Glu Glu Cys Leu Ser Gly Leu
85 90 95
Met Ala Arg Gly Ser Thr Thr Phe Pro Gln Ala Ile Asn Leu Ala Ser
100 105 . 110
Thr Phe Asp Pro Asp Leu Val Arg Glu Met Thr Thr Val Ile Arg Lys
115 120 125
Glu Met Arg Ala Val Gly Ala His Gln Gly Leu Ser Pro Val Leu Asp
130 135 140
Val Leu Arg Asp Pro Arg Trp Gly Arg Thr Glu Glu Thr Phe Gly Glu
145 150 155 160
Asp Pro Tyr Leu Ile Ala Cys Met Ala Val Ala Tyr Ile Ser Gly Leu
165 170 175
Gln Gly Glu Asp Leu Arg Gln Gly Val Ile Ala Thr Ala Lys His Phe
180 185 190
Ser Gly His Gly Trp Pro Glu Gly Gly Arg Asn Cys Ala Pro Leu His
195 200 205
Val Gly Pro Arg Glu Phe Arg Glu Val Leu Ser Phe Pro Phe Glu Ala
210 215 220
Ala Val Arg Val Ala Arg Val Gln Ser Val Met Asn Ala Tyr His Asp
225 230 235 240
Ile Asp Gly Ile Pro Cys Ala Ala Ser Arg Glu Leu Leu Thr Asp Leu
245 250 255
Leu Arg Gly Glu Trp Gly Phe Asp Gly Ile Val Val Ser Asp Tyr Ala
260 265 270
Ala Val His Met Leu Phe Asn Val His Arg Val Ala Val Asp Glu Lys
275 280 285
Asp Ala Ala Cys Gln Ala Leu Tyr Ala Gly Ile Xaa Xaa Xaa Xaa Xaa
290 295 300
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Phe
305 310 315 320
Asp Asn Pro Pro Phe Val Asp Pro Glu Ala Ala Pro Ser Val Phe Asp
325 330 335
Ala Pro Glu His Arg Gln Leu Ala Arg Leu Leu Ala Gln Lys Ser Ile
340 345 350
Val Leu Leu Lys Asn Asp Gly Asn Leu Leu Pro Leu Arg Lys Asp Leu
355 360 365
Ser Ser Ile Ala Val Ile Gly Pro Asn Ala Asp Asp Pro Arg Asn Met
370 375 380
Leu Gly Asp Tyr Ala Tyr Val Ala His Leu Asp Leu Lys Glu Thr Pro
385 390 395 400
Val Pro Ile Val Thr Val Leu Glu Gly Ile Lys Ala Lys Val Ser Pro
405 410 415
Ala Thr Lys Val Leu Tyr Ala Lys Gly Cys Glu Val Leu Asp Gly Thr
420 425 430
Thr Glu Gly Ile Ala Glu Ala Val Glu Val Ala Lys Gln Ala Glu Val
435 440 445
Val Val Leu Val Val Gly Asp Arg Ser Gly Leu Phe Gly Lys Gly Thr
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450 455
Gly Glu Gly Cys Asp
470
Glu Leu Val Lys Ala
485
Leu Ile Asn
500
Pro Ala Ile
515
Val Ala
530
Pro Ile Thr
545
Arg Ala Pro

Val
465
Glu
Val
Ile
Ala Asp
535
Pro Lys
550
Leu Ser His
565
Gln Phe Pro Phe Gly His
580
Asp Leu Thr Ile Ala Pro
595
Ile Ser Val
610
Gln Leu

Phe

Thr Val Lys

615
Tyr Val Arg

630
Lys Gly Phe
645
Arg Val Thr Phe His
660
Ala Met Arg Phe Val
675

Ser Ser Ser Glu Asp
690 695

val
625
Lys Glu Leu
Lys
Arg

Gly

Gly Asp Val Arg Glu Val Pro Gly Glu Arg Val Met

705 710
Glu Val Glu Pro Ala
725
<210>
<211>
<212>
<213>
<220>
<223> 0J1M-273-1
<400> 2
Met Ser Val Arg Val Lys
1 5
Lys Val Ala Gln Leu Gly
20
Lys Phe Asp Ile Ala
35
Gln Ile
50
Ala Gln

2
748
PRT

Gly
Gly Thr Arg Val
55
Leu Ala Asn
70
Ile Pro Ala
85
Ala Arg Gly Ser
100
Phe Asp Pro Asp
115
Glu Met Arg Ala Val
130 135
Val Leu Arg Asp Pro Arg
145 150
Asp Pro Tyr Leu Ile Ala
165
Gln Gly Glu Asp Leu Arg
180
Ser Gly His Gly Trp Pro
195
Val Gly Pro Arg Glu Phe
210 215
Ala Val Arg Val Ala Arg
225 230
Ile Asp Gly Ile Pro Cys
245
Leu Arg Gly Glu Trp Gly
260
Val His Met Leu Phe
275
Ala Ala Cys Gln Ala

Ala
65

Arg Leu Gly

Met Thr
Thr -Leu

Gly

Ala

Asp

Arg

val

Gly Arg Pro Val Thr Leu Gly Glu

Val Glu Ala Trp Phe Pro Gly Glu

520

Val Leu Phe Gly Asp Val Asn Pro

Val
Arg
Gly
Glu
600
Asn
Asp
Lys
Leu
Val

680
Ile

Trinh ty chua biét

Glu
Ser
Lys
40
Ala
Glu
Ile
Thr
val
120
Ala
Trp
Cys
Gln
Glu
200
Arg
vVal
Ala
Phe
Asn

280
Leu

26589

460
Val Asp Leu Arg Leu
475
Val Glu Thr Gly Lys
490

Pro

495

Leu

505 510

Glu

525

Gly

540
Val Gly Gln Val Pro
555

Asp Tyr Val
570

Leu Ser Tyr

585

Lys

Leu

Glu Met Lys

575

Thr Lys Phe

590

Pro Ala

605

Gly Asp Arg Glu

620

Val Ala Ser Arg
635

Arg Val Thr
650

Ser Ala Asp

665

Glu Pro Gly

Ile Ser Gly

Val Gly

Val Val
Pro
655
Ala

Leu Lys

Gln Leu
670
Thr Ile
685
Arg Leu Thr Gly Lys
700

Glu

Phe

Phe
715

Thr
15
Leu

Leu Leu Ala Lys Met
10
Ile Ser Val His Arg
25 30
Ala Arg Glu Leu Leu
45
Gly Gly Ser Asp Leu
60
Ile Gln Arg Phe Leu
75
Val His Glu Glu Cys
90
Phe Pro Gln Ala Ile
105 110
Arg Glu Met Thr Thr
125
His Gln Gly Leu Ser
140
Gly Arg Thr Glu Glu
155
Met Ala Val Ala Tyr
170
Gly Val Ile Ala Thr
185 190
Gly Gly Arg Asn Cys
205
Val Leu Ser Phe
220
Ser Val Met Asn Ala
235
Ala Ser Arg Glu Leu Leu
250 255
Asp Gly Ile Val val Ser
265 270
Val His Arg Val Ala
285
Tyr Ala Gly Ile Asp

Lys
Pro
Ile
Leu
95

Asn
val
Pro
Thr
Ile
175

Ala
Ala
Glu

Pro

Gln

val

Ile
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480
Val

Val
Gly
Gly
His
560
Asn
Glu
Thr
Asp
Arg
640
Gly
Phe
Val

Glu

Thr
720

Leu
Met
His
Pro
Glu
80
Ser
Leu
Ile
Val
Phe
160
Ser
Lys
Pro
Phe
Tyr
240
Thr
Asp

Asp

Glu

Pro Gly His

Val
Asp
Gly
Lys
Tyr
Val
Tyr
Val
Glu
Pro
Glu
Tyr
Met
Ile

Arg

Glu
Thr
Gly
Lys
Glu
Gly
Ala
Arg
Leu
Gly
Gly
His
Leu
Glu
His
Asp
Tyr
Glu

Leu

Gln
Leu
Lys
Asn
Leu
Ser
Pro
Ser
Ser
Val
vVal
Ala
Asp
val
Val

Val

Glu
Asp
Ile
Glu
Thr
Leu
Ser
Lys
Asp
Glu
Leu
Phe
His
Ala
Asp
Leu
Ala
Lys

Pro
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290 295 300
Leu Asn Cys Tyr Ala Lys Leu Ile Asp Ala Val Arg Glu Gly
310 315 320
Ser Glu Ala Ile Val Asp Glu Ala Val Arg Arg Val Leu
325 330 335
Glu Arg Leu Gly Leu Phe Asp Asn Val
340 345
Ala Pro Ser Val Phe Asp Ala Pro
355 360
Leu Ala Gln Lys Ser Ile
370 375 380
Leu Pro Leu Arg Lys Asp Leu Ser Gly Ile Ala Val
385 390 395
Ala Asp Asp Pro Arg Asn Met Leu Gly Asp
405 410
Leu Asp Leu Lys Glu Thr Pro Val Pro Ile
420 425
Lys Ala Lys Val Ser Pro Ala Thr Lys
435 440
Cys Glu Val Leu Asp Gly Thr
450 455
Val Ala Lys Gln Ala Glu Val
465 470
Gly Leu Phe Gly Lys Gly Thr Val Gly Glu Gly Cys
485 490
Arg Leu Pro Gly His Gln Glu Glu Leu Val Lys
500 505 510
Gly Lys Pro Val Val Leu Val Leu Ile Asn Gly
515 520 525
Leu Gly Glu Leu Val Asp Lys Pro Ala Ile Val
530 535 540
Pro Gly Glu Glu Gly Gly Asn Ala Val Ala Asp Val
545 550 555
Val Asn Pro Gly Gly Lys Leu Pro Ile Thr
565 570
Gln Val Pro Leu His Tyr Ser Arg Ala Pro
580 585
Val Glu Met Lys Asn Val Pro Gln Phe Pro
595 600 605
Tyr Thr Lys Phe Glu Tyr Ser Asp Leu Thr Ile Ala
610 615 620
Ser Pro Ala Gly Thr Val Ser Ile Ser Val Thr Val
625 630 635
Asp Arg Glu Gly Asp Glu Val Val Gln Leu Tyr Val
645 650
Ala Ser Arg Val Arg Pro Val Lys Glu Leu Lys Gly
660 665 670
Thr Leu Lys Pro Gly Glu Ala Lys Arg Val Thr Phe
675 680 685
Asp Gln Leu Ala Phe Tyr Asp Arg Ala Met Arg Phe
690 695 700
Gly Thr Ile Glu Val Met Val Gly Ser Ser Ser Glu
705 710 715
Thr Gly Lys Phe Glu Ile Val Gly Asp Val Arg Glu
725 730
Arg Val Met Phe Thr Gln Val Glu Val Glu Pro Ala
740 745

Asp
305
Ile

Leu

Thr Val

Pro Pro Phe Pro Glu

350

Glu His Arg
365

Leu Lys Asn

Lys Asp

Ala Gln Leu Ala Arg

Leu Val Leu Asp Gly Asn Leu

Ile Gly
400
val

Pro Asn

Tyr Ala Tyr Ala His
415
Val Thr Val
430
Val Leu
445
Thr Glu Gly Ile Ala
460
Val Val Leu Val val

475

Leu Glu Gly

Ile Tyr Ala Lys Gly

Glu Ala Val Glu

Gly Asp Ser
480

Arg

Arg
Asp Val
495
Ala

Asp

Leu Val val Glu

Thr Arg Pro Val Thr

Ile Glu Ala Trp Phe

Phe
560
val

Leu Gly Asp

Phe Pro Lys val
575

His

Gly

Leu Ser
590
Phe Gly

Arg Asp Tyr

His Gly Leu Ser

Pro Glu Lys Ile

Asn Val
640
Asp

Lys Gly

Arg Val Val

655

Phe Lys Arg Val

His Leu Ser Ala

Val Val Glu Pro
Ile
720
Val Pro

735

Asp Arg Leu

Gly Glu

<210> 3

<211> 2178

<212> ADN

<213> Trinh tu chua biét
<220>
<223>
<220>
<221>

Khung doc m& mdé OJ1M-273

Trinh ty 18i

<222> (900)..(954)

<223> Poan trinh ty axit nucleic “n” chua biét
<400> 3

atgtcggttc
cttggttcaa
cgtgagttgce
ccgccaaagg
aggttgggaa
tcaacgactt
gagatgacaa
cctgtcttgg
gacccatact
ttgaggcagg
ggtcgtaact

gggtgaagga
tttctgtcca
tcaagcatgg
aagcagcaca
ttceccgcetat
tcceccaage
cggtaattcg
atgtccttcg
tgattgcctg
gcgtcattge
gtgccccact

acttttggcg
caggctcatg
catcggtcaa
actcgccaac
cgtgcacgaa
catcaacttg
caaggaaatg
cgacccgcga
catggcggtc
taccgcaaag
tcatgtcggt

aagatgaccc
accgacggca
atcacccgceg
gaaattcagc
gaatgcctca
gcaagcactt
cgcgccgteg
tggggacgga
gcttacatct
cacttttcag
ccgagagagt

ttgaggagaa
aatttgacat
tcgetggegg
gcttectcat
gcggattgat
ttgaccccga
gagcgcatca
cggaagaaac
ctggcttgca
gtcacggttg
tcagggaagt
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agttgcccaa
tgcaaaggct
cagcaattta
tgaagagacg
ggcgcgaggg
tttggttcgg
aggtttgtcg
tttcggcgaa
aggcgaagat
gcctgaaggce
cctctcattc

60
120
180
240
300
360
420
480
540
600
660



ccctttgaag
attgatggca
tggggatttg
cacagggttg
NNNNNNNNNN
gacaatccgce
cgccaactcg
ttgcttccge
ccacgaaaca
gtgccaattg
ctctacgcca
gaagtcgcaa
ggcaaaggga
gaggaacttg
ggtcgccecceccg
tttccgggtg
ggcggcaaac
cgagcaccgc
gggcacgggce
atttcacccg
ggtgacgagg
aaggaactca
ttccacctgt
ccaggaacaa
tttgaaattg
gaagttgagc

<210> 4
<211>
<212>
<213>
<220>
<223>
<400> 4

atgtcggttc
cttggttcaa
cgtgagttgce
ccgcctaagg
aggttgggaa
tcaacgactt
gagatgacaa
cctgtcttgg
gacccatact
ttgaggcagg
ggtcgtaact
ccctttgaag
attgatggca
tggggatttg
cacagggttg
attgaactgc
atttccgagg
ggcttgtttg
cctgaacacc
gatggtaact
gccgacgacc
gaaacgcctg
acgaaagtcc
gaagcggttg
ggcttgttcg
ggtcaccaag
ctcatcaacg
gaggcttggt
gtcaacccag
cactatagcc
ttcccattceg
ccagagaaaa
gaccgagaag
cgacccgtca
cgggtgactt
gtggttgagc
accggcaaat
actcaggttg
<210> 5

<211>
<212>
<213>
<220>
<223>
<400> 5

ADN

21
ADN

2247

cggcagttag
tccectgege
acggcatcgt
cagttgacga
NNNNNNNNNn
cgttcgttga
ctcggttgcet
tacgaaaaga
tgctcggcga
tgactgtcct
aaggttgcga
aacaagcgga
cggtcggcga
tcaaggctgt
ttacgcttgg
aggaaggtgg
tccccatcac
tttcgcaccg
tcagttacac
caggcacagt
ttgtccagtt
aaggtttcaa
ccgctgacca
ttgaggtcat
tcggcgatgt
ccgcatga

0J1M-273-1

gggtgaagga
tttctgtcca
tcaagcacgg
aagcagcaca
ttcccgetat
tcccccaage
cggtaattcg
atgtccttcg
tgattgcctg
gcgtcattge
gtgccccact
cggcagttag
tccecectgege
acggcatcgt
cagttgacga
ccgacttgaa
cgatcgttga
acaatccgcc
gccaactcgc
tgcttccget
cacgaaacat
tgccaattgt
tttacgccaa
aagtcgcaaa
gcaaagggac
aggaacttgt
gtcgccecgt
ttccecggcga
gcggcaaact
gagcaccgct
ggcacgggct
tttcacccge
gtgatgaggt
aggaactcaa
tccacctgtce
caggaacaat
ttgaaattgt
aagttgagcc

ggtggcaaga
tgcttcecege
cgtttcagat
aaaagatgca
NNNNNNNNNN
ccccgaagca
cgctcaaaag
tttgtcaagce
ttacgcttat
tgaaggcatc
agttctggac
agtcgtcgtc
aggttgcgat
ggttgaaact
agaactcgtt
caatgctgtc
cttcccgaaa
cgattatgtg
gaagtttgaa
ctccatctcc
gtatgtccge
gcgagtgacg
gttggctttt
ggtcggaagt
cagggaagtt

Trinh ty chua biét

acttttggcg
caggctcatg
catcggtcaa
actcgccaac
cgtgcacgaa
catcaacttg
caaggaaatg
cgacccacga
catggcggtc
taccgcaaag
tcatgtcggt
ggtggcaaga
tgcttceccge
cgtttcagat
aaaagatgca
ctgctacgcc
cgaggcagtc
gttcgttgac
tcggttgctce
acgaaaagat
gctcggcgat
gactgtcctt
aggttgcgaa
acaagcggaa
ggtcggcgaa
caaggctgtg
tacgcttggg
agagggtggt
ccccatcacc
ttcgcaccge
cagttacacg
aggcacagtc
tgtccagttg
aggtttcaag
cgctgaccag
tgaggtcatg
cggcgatgtc
cgcatga

Trinh ty nhan tao

26589

gttcagtcgg
gagttgttga
tacgccgcecg
gcctgccaag
NNNNNNNNNN
gcaccttccg
tcaattgtgt
atcgccgtca
gtggctcact
aaggcgaaag
gggacaacgg
ttggtcgtcg
agggttgact
ggcaagcccg
gacaaaattc
gctgatgttt
gtcgtcggtce
gagatgaaaa
tacagcgact
gtgacggtca
gatgtcgtcg
ctgaagccag
tacgaccgag
tcgtctgagg
ccaggtgaaa

aagatgaccc
accgacggca
atcacccgceg
gaaattcagc
gaatgcctca
gcaagcactt
cgcgccgteg
tggggacgga
gcttacatct
cacttttcag
ccgagagagt
gttcagtcgg
gagttgttga
tacgccgcecg
gcctgccaag
aaattgattg
aggagggttc
cccgaagcag
gctcaaaagt
ttgtcaggca
tacgcttatg
gaaggcatca
gttctggacg
gtcgttgtct
ggttgcgata
gttgaaactg
gaactcgttg
aatgctgttg
ttcccgaaag
gattatgtgg
aagtttgaat
tccatctecg
tatgtccgeg
cgagtgacgc
ttggcttttt
gtcggaagtt
agggaagttc

M6 td trinh ty nhan tao: doan mdi

tcatgaacgc
ctgaccttct
tccacatgcet
ccctttatge
NNNNNNNNNN
tttttgacgce
tgctcaaaaa
tcggtccaaa
tggacttgaa
tttecgecege
aaggaatcgc
gtgaccgctc
tgaggcttcc
tcgtcttggt
cggcaatagt
tgtttggcga
aagtcccget
atgtcccgea
tgacaattgc
aaaatgtcgg
caagccgcgt
gtgaggctaa
cgatgaggtt
acattaggct
gggtcatgtt

ttgaggagaa
aatttgacat
tcgetggegg
gcttcctcat
gcggattgat
ttgaccccga
gagcgcatca
cggaagaaac
ccggcttgeca
gtcacggttg
tcagggaagt
tcatgaacgc
ctgaccttct
tccacatgct
ccctttatge
atgccgtceccg
tcactgtcaa
caccttccgt
caattgtgtt
tcgcegtceat
tggctcactt
aggcgaaagt
ggacaacgga
tggtcgtcgg
gggttgactt
gcaagcccgt
acaaaattcc
ctgatgtttt
tcgtcggtca
agatgaaaaa
acagcgactt
tgacggtcaa
atgtagtcgce
tgaagccagg
acgaccgagc
cgtctgagga
caggtgaaag
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ttaccatgac
gcgaggcgaa
tttcaatgtc
aggcattgan
nnnnttgttt
ccctgaacac
cgatggtaac
cgccgacgac
ggaaacgcct
cacgaaagtc
cgaagcggtt
aggcttgttc
cggtcaccaa
tctcatcaac
tgaggcttgg
tgtcaaccca
gcactatagc
attcccattc
ccctgagaaa
cgaccgagaa
ccgacccgtc
acgggtgact
cgtggttgag
caccggcaaa
cactcgggtt
2178

agttgcccaa
tgcaaaggct
cagcgattta
tgaagagacg
ggcgcgaggg
tttggttcgg
aggtttgtcg
tttcggcgaa
aggcgaggat
gcctgaaggc
cctctcattc
ttaccatgac
gcgaggcgaa
tttcaatgtc
aggcattgac
tgagggacta
ggaaaggttg
ttttgacgcc
gctcaaaaac
cggtccaaac
ggacttgaag
ttcacccgece
aggaatcgcc
tgaccgctca
gaggcttccc
cgtcttggtt
ggcaatagtt
gtttggcgat
agtcccgctg
tgtcccgecaa
gacaattgcc
aaatgtcggc
aagccgcegtc
tgaggctaaa
gatgaggttc
catcaggctc
ggtcatgttc

2247

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

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



atgtcggttc gggtgaagga a
<210> 6

<211>
<212>
<213>

21
ADN

<220>

<223>

<400> 6
tcatgcgggce tcaacttcaa c
<210> 7

<211>
<212>
<213>

25
ADN

<220>

<223>

<400> 7
caccatgtcg gttcgggtga aggaa
<210> 8

<211>
<212>
<213>

29
ADN

<220>

<223>

<400> 8
tagagctctc atgcgggctc aacttcaac
<210> 9

<211>
<212>
<213>

752
PRT

<220>

<223>

Beta-xylosidase

<400> 9

Met
1

vVal
Lys
Gln
Val

65
Leu
Cys
Phe
Met
Pro
145
Pro
Gly
Ala
Gly
Val
225
Asp
Arg
Val
Ala
Ala
305
Ser
Tyr
Val

Ala

130

210

290

Ala Leu Val Asn Glu
5
Ala Gln Leu Cys Ala
20
Phe Ser Glu Glu Lys
35
Ile Thr
50
Glu Leu

Arg Leu Leu
55
Gly Asn Ala
70
Pro Ala Met
85
Lys Gly Ala
100
Asn Pro Glu
115
Arg Ala Leu

Gly Ile
Thr Vval
Leu Val

Gly Val
135
Arg Trp
150
Leu Val Ser Arg
165
Asp Leu Arg Glu
180
Tyr Gly Ile Ser Glu
195
Glu Arg

Arg Asp Pro

Tyr

Glu

Glu Leu Arg
215
Ala Arg Val
230
Pro Cys Ala
245
Glu Trp Gly Phe
260
Arg Met Leu Ala Thr
275
Ala Val

Arg Glu

Gly Val

Glu

Leu Ala Leu
295
Phe Pro His
310
Val Leu Asn
325
Leu Gly Leu Leu
340
Val Leu Leu Asp Pro
355
Arg Ala Ala Leu Val

Asp Cys

Glu Glu

Glu

Trinh tu nhén tao

Trinh ty nhén tao

Trinh tu nhan tao

Leu
val
Ala
40
Gly
Ile
Ile
Phe
Gln
120
His
Gly
Met
Gly
Gly
200
Glu
Arg
Ala
Glu
Phe
280
Arg
Leu
Glu
Glu
Pro

360
Leu

26589

M6 ta trinh tu nhan tao: doan mdi

M6 ta trinh tu nhan tao: doan mdi

M6 ta trinh tu nhén tao: doan mdi

Leu Ser Arg Met Thr
10

His Ala Ser Arg Leu

25 30

Arg Thr Val Leu Ala

45
Thr Pro Asp Leu Glu
60
Gln Arg Phe Leu Lys
75

His Glu Glu Cys Leu
90

Pro Gln Ala Ile Gly

105 110

Lys Val Thr Thr Thr

125
Gln Gly Leu Ala Pro
140
Arg Thr Glu Glu Thr
155

Ala Ser Ala
170

Ile Val

185

Gly Arg

Tyr Ile

Ala Thr Ala

190

Leu Ala
205

Leu Phe Pro

220
Ser Leu Met Asn Ala
235
Ser Ser Phe Leu Leu
250

Gly Ile Val Vval Ser

265 270

His His Val Ala Glu
285

Gly Ile Asp Ile

300
Thr Ala Val Arg
315
Ala Val Arg Arg Val
330

Gly Leu Pro Phe Ala

345 350

Glu His Arg Ala Leu
365

Leu Lys Asn Asp Gly

Asn

Val Phe

Ala

Val

Candidatus Caldatribacteirum californiense

Leu
15
Leu
His
Pro
Glu
Ser
95
Leu
Ile
Val
Phe
Arg
175
Lys
Pro
Phe
Tyr
Thr
255
Asp
Asp
Glu
Glu
Leu
335
Asp

Ser

Val

-42-

Glu
Glu

Gly

Glu

Lys
80
Gly
Ala
Arg
Leu
Gly
160
Gly
His
Ala
Glu
His
240
Lys
Tyr
Glu
Leu
Gly
320
Ser
Pro

Arg

Leu

Leu
Ser
Lys
Asp
Glu
Leu
Phe
Lys
Val
Glu
Val
Glu
Lys
Pro
Cys
Val
Gly
Glu

Pro

Lys
Arg
Gly
Ala
Arg
Leu
Thr
Thr
Ile
Asp
Gln
Thr
Val
Ala
Ile
Leu
Ala
Asp
Asp
Ile
Lys
Asn
Val

Leu

21

21

25

29



26589

370 375 380
Lys Lys Asp Leu Arg Ala Leu Ala Val Ile Gly Pro Asn Ala His Asp
385 390 395 400
Pro Ile Asn Leu His Gly Asp Tyr Ser Phe Thr Thr His Val Pro Ser
405 410 415
Val Leu Ala Trp Lys Gly Arg Glu Ala Arg Trp Glu Val Ala Val Pro
420 425 430
Thr Val Thr Val Leu Glu Gly Ile Lys Ala Lys Val Ser Pro Glu Thr
435 440 445
Gln Val Leu Tyr Ala Arg Gly Cys Gly Leu Thr Glu Ser Ser Glu Glu
450 455 460
Asp Leu Arg Glu Ala Leu Glu Val Ala Gln Lys Ala Glu Val Ile Val
465 470 475 480
Ala Val Leu Gly Glu Arg Ser Gly Leu Phe Arg Gln Ser Leu Ser Gly
485 490 495
Glu Gly Ser Asp Arg Val Asp Leu Ala Leu Pro Glu Ala Gln Arg Asn
500 505 510
Leu Leu Lys Ala Leu Arg Glu Leu Gly Lys Pro Ile Val Leu Val Leu
515 520 525
Val Asn Gly Arg Pro Leu Glu Leu Leu Trp Glu Tyr Glu His Ile Pro
530 535 540
Ala Ile Leu Glu Ala Trp Tyr Pro Gly Glu Glu Gly Gly Asn Ala Ile
545 550 555 560
Ala Asp Val Leu Phe Gly Asp Tyr Asn Pro Ser Gly Arg Leu Pro Ile
565 570 575
Ser Phe Pro Lys Ala Ser Gly Gln Val Pro Val Tyr Tyr Asn Arg Lys
580 585 590
Pro Thr Ser Phe Ser Glu Tyr Val Thr Val Asp Ala Glu Pro Leu Phe
595 600 605
Pro Phe Gly His Gly Leu Ser Tyr Thr Thr Phe Ala Tyr Arg Asp Leu
610 615 620
Arg Ile Ala Pro Glu Lys Val Arg Gly Leu Glu Pro Val Thr Val Gln
625 630 635 640
Cys Thr Val Glu Asn Thr Gly Thr Cys Glu Gly Glu Glu Val Val Gln
645 650 655
Leu Tyr Leu Arg Asp Lys Val Ala Ser Cys Val Arg Pro Arg Gln Glu
660 665 670
Leu Lys Gly Phe Val Lys Ile Arg Leu Val Pro Gly Glu Arg Lys Thr
675 680 685
Val Thr Phe Thr Leu Phe Pro Glu Gln Leu Ala Phe Tyr Asp Ala His
690 695 700
Met Arg Phe Val Val Glu Pro Gly Thr Phe Glu Val Met Val Gly Ala
705 710 715 720
Ser Ser Arg Asp Ile Arg Leu Ser Gly Thr Phe Glu Val Leu Glu Glu
725 730 735
Arg Val Ile Pro Lys Tyr Arg His Phe Ala Ser Glu Val Thr Val Gly
740 745 750
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YEU CAUBAO HO
1. Enzym B-xylosidaza chiu nhiét chira ving xtic tic B-xylosidaza bao gdm:

(A) polypeptit chira trinh fur axit amin nhu néu trong SEQ ID NO.1 ho#ic SEQ ID
NO.2;

(B) polypeptit chira trinh ty axit amin duoc tao ra bang cch loai bé, thay thé hoic
b sung tir 1 dén 20 axit amin trén trinh ty axit amin nhu néu trong SEQ ID NO.1 hoic
SEQ ID NO.2, va c6 hoat tinh thiy phén co chit p-nitrophenyl-B-D-xylopyranosit it nhat
& diéu kién nhiét d6 bang 105°C va do pH bing 5,0; hoic

.(C) polypeptit chira trinh tu axit amin c6 do tuong déng biang 75% hodc cao hon
so vdi trinh ty axit amin nhu néu trong SEQ ID NO.1 hoic SEQ ID NO.2, va ¢6 hoat tinh
thily phan co chét p-nitrophenyl-B-D-xylopyranosit it nhit & diéu kién nhiét do bang
105°C va do pH bang 5,0.

2. Enzym B-xylosidaza chiu nhiét theo diém 1, trong d6 enzym ndy cling c6 it nhit mot
hoat tinh dwgc chon tir nhém bao gdém hoat tinh a-L-arabinofuranosidaza va hoat tinh o-

L-arabinopyranosidaza.
3. Polynucleotit chtra mién ma hoa ving xtc tac B-xylosidaza bao gdm:

() trinh tu nucleotit ma hoéa polypeptit chira trinh tir axit amin nhu néu trong SEQ
ID NO.1 hodc SEQ ID NO.2;

(b) trinh tu nucleotit ma hoa polypeptit chira trinh ty axit amin dugc tao ra bang
cach loai bo, thay thé hodc bd sung tir 1 dén 20 axit amin trén trinh ty axit amin nhu néu
trong SEQ ID NO.1 hodc SEQ ID NO.2, va c6 hoat tinh thily phén co chét p-nitrophenyl-
B-D-xylopyranosit it nhét & didu kién nhiét d6 bang 105°C va do pH bing 5,0;

(¢) trinh tu nucleotit ma héa polypeptit chira trinh tu axit amin ¢6 do twong dong
béng 75% hodc cao hon so vé6i trinh tir axit amin nhu néu trong SEQ ID NO.1 hodc SEQ
ID NO.2, va c6 hoat tinh thity phan co chét p-nitrophenyl-B-D-xylopyranosit it nht &
diéu kién nhiét d¢ bang 105°C va do pH bang 5,0; hodc

(d) trinh tu nucleotit c6 do twong ddng bing 80% hodc cao hon so véi trinh tu
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nucleotit nhu néu trong SEQ ID NO.3 hodc SEQ ID NO.4, va ma héa polypeptit c6 hoat
tinh thiy phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit & diéu kién nhiét d bing
105°C va do pH bing 5.0.

4. Polynucleotit theo diém 3, trong d6 polypeptit ndy ciing c6 it nhit mot hoat tinh duge
chon tir nhém bao gdm hoat tinh a-L-arabinofuranosidaza va hoat tinh o-L-

arabinopyranosidaza.

5. Vecto biéu hién chira polynucleotit theo diém 3 hodc diém 4, trong d6 vecto nay co6 kha

ning biéu hién polypeptit c6 hoat tinh B-xylosidaza & té bao vét chu.
6. Thé bién nap chira vecto biéu hién theo diém 5.
7. Thé bién nap theo diém 6, trong d6 thé bién nap nay 1a sinh vat nhan that.

8. Phuong phap san xudt enzym B-xylosidaza chiu nhiét bao gdm buéc san sinh enzym B-

xylosidaza chiu nhiét trong thé bién nap theo diém 6 hoic 7.

9. Hn hop glycosit hydrolaza chtra enzym B-xylosidaza chju nhiét theo diém 1 hoic 2,
enzym B-xylosidaza chiu nhiét ma héa boi polynucleotit theo diém 3 hoic 4, hodc enzym
B-xylosidaza chiu nhiét duoc san xuét bang phuong phép theo diém 8, va it nhit mot

glycosit hydrolaza khac.

10. Phuong phap san xuét san pham phén giai lignoxenluloza bao gdm budc tao ra san
pham phén giai lignoxenluloza bang cach cho nguyén liéu chira lignoxenluloza tiép xuc
v6i enzym B-xylosidaza chiu nhiét theo diém 1 hoic 2, enzym B-xylosidaza chiu nhiét ma
héa béi polynucleotit theo diém 3 hoidc 4, thé bién nap theo diém 6 hoic 7, enzym pB-
xylosidaza chiju nhiét dugc sin xuét bing phuong phip theo diém 8, hodc hén hop

glycosit hydrolaza theo diém 9.
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