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Linh vuwe ky thuit dwoe dé cap

Sang ché d& cap dén enzym beta-xylosidaza (B-xylosidaza) chiu nhiét,
polynucleotit ma hoa enzym nay, vecto biéu hién enzym nay, thé bién nap chura vecto

nay, va phuong phap san xuit san phim phan gii lignoxenluloza bing enzym nay.
Tinh trang ky thuit ciia sang ché

Trong nhitng nim gan day, viéc phat trién cac ngudn ning luong thay thé ddu mo
ngdy cang tré nén quan trong, do cac van dé vé& moi truong nhu trai dit néng 1én va 6
nhiém bau khi quyén, cling nhu quan ngai lién quan dén viéc cung cép nang luong cho
cac phuong tién van tai. Sinh khéi thuc vat 12 ngudn nang luong tai tao phong phu nhat
trén trai dat, dugc mong doi 1a ngudn nang luong thay thé cho dau mé. Lignoxenluloza la
thanh phan chinh ctia sinh khéi thuc vat va bao gdm cac polysacarit nhu xenluloza,
hemixenluloza (bao gdm xylan, arabinan va mannan), va lignin. Cac polysacarit nay dugc
thiry phéan thanh cic monosacarit nhu glucoza va xyloza bdi nhiéu glycosit hydrolaza va
dugc su dung lam nhién li€u sinh hoc hodc nguyén liéu dé san xuit nhiéu san phém hoa

hoc.

Lignoxenluloza 1a hop chét ¢6 cAu trac rat phtrc tap, nén rit kho c6 thé phan giai
hodc thﬁy phan dugc bing mét enzym duy nhét. Do do, trong s6 cac polysacarit nay, qua
trinh thiy phan xenluloza thuong cin ba loai enzym: endoglucanaza glucosit hydrolaza
(endo-1,4-B-D-glucanaza, EC 3.2.1.4), exo-xenlobiohydrolaza (1,4-B-xenlobiosidaza
hodc xenlobiohydrolaza, EC 3.2.1.91, EC 3.2.1.176), va B-glucosidaza (EC 3.2.1.21).
Mit khéac, mic du cdu trac ctia hemixenluloza cé thé thay doi phu thudc vao loai thuc vat,
vi dy, xylan la thanh phﬁn chinh c6 trong thuc vat 14 rong, thuc vat than thdo va cac thuc
vat trong tu. Dé thuy phan xylan, thi cin c6 xylanaza (endo-1,4-B-xylanaza, EC 3.2.1.8)
va B-xylosidaza (EC 3.2.1.37). B-xylosidaza la enzym tham gia vao qua trinh thuy phan
oligosacarit duoc tao ra trong qua trinh thity phan hemixenluloza bang xylanaza dé tao ra

monosacarit.

Trong quy trinh thong thuong dé bién ddi lignoxenluloza thanh etanol, co chit ban

dau c6 né)ng d6 chét ran cao nim trong khoang tir 30% dén 60% da dugc dung dé dat
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duoc hiéu qua niang lugng cao hon va st dung it nuéc hon. Tuy nhién, khi ndng do chat
rén trong co chit cao, thi phin ng enzym thity phan lignoxenluloza hau nhu khong thé
xay ra do d6 nhot cao cia dung dich sinh khéi da thuy phan cao. Do do, bang cach thuc
hién phan tmg thiy phan & nhiét do 80°C hodc cao hon va sir dung enzym chiu nhiét, thi
ngoai viée tang toc do phan ting thily phan, do nhét cia dung dich sinh khéi da thiy phan
cling dugc giam xubng, nho vay co thé rut ngan duogc thoi gian thily phan va gidm luong

enzym can st dung. Do d6, ¢6 nhu cau phat trien cac enzym c6 do On dinh nhiét cao

Nhiéu glycosit hydrolaza chiu nhiét da duoc thu nhan bang cach phan lap va xac
dinh céc vi sinh vat uva nhiét séng trong mdi truong cd nhiét do cao, tich dong cac gen tir
céc vi sinh vat da dugc phan 14p va nudi cdy ndy, va xac dinh trinh tv ADN cua ching,
sau d6 biéu hién chung béng E. coli, nAm soi va cac sinh vat twong tu. Vi du, B-
xylosidaza ¢6 ngudn gdc tir ndm soi va p-xylosidaza c6 ngudn gdc tir ndm soi Aspergillus
oryzae ¢6 hoat tinh enzym ¢ nhiét do 30°C 1an luot duoc boc 16 trong Tai liéu sang ché 1
va Tai liéu sang ché 2. B-xylosidaza c6 ngudn gbc tir Alicyclobacillus acidocaldarius c6
hoat tinh enzym & nhiét dd 50°C hodc cao hon va do pH = 5,5 hodc thép hon duogc bdc 10
trong Tai liéu sang ché 3. p-xylosidaza c6 ngudn gdc tir Acremonium cellulolyticus c6
hoat tinh enzym ¢ nhiét do 45°C dugce boc 10 trong Tai li€u sang ché 4. Ngoai ra, B-
xylosidaza dugc phan 1ap tir mot s6 vi khudn va ndm soi c6 nhiéu do tbi wu khoang 60°C

duoc boc 10 trong Tai liéu phi sang ché 1 dén 6.
Tai liéu vién dan

Tai liéu sang ché 1: Ban dich tiéng Nhat da cong bd s6 Hei 11-507837 ctia Pon
PCT.

Tai liéu sang ché 2: Pon Cong b Patent Nhat Ban s6 Hei 11-313683.

Tai liéu sang ché 3: Ban dich tiéng Nhat da cong bb s6 2011-523346 ctia Don
PCT.

Tai liéu sang ché 4: Don Cong bd Patent Nhat Ban s6 2013-59272.

Tai liéu phi sang ché 1: Kormelink et al., Journal of Biotechnology, 1993, vol. 27,
p. 249-265.
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Tai liéu phi séng ché 2: Herrmann et al., Biochemical Journal, 1997, vol. 321, p-

375-381.

Tai liéu phi sang ché 3: Kitamoto et al, Applied and Environmental

Microbiology, 1999, vol. 65, p. 20-24.

Tai liéu phi sing ché 4: La Grange et al, Applied and Environmental

Microbiology, 2001, vol. 67, p. 5512-5519.

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

Tai li€u phi séng ché 6: Morais et al., Journal of Biological Chemistry, 2012, vol.
287, p. 9213-9221.

Ban chét ky thuit ciia sang ché

Muc dich cta sang ché 13 dé cap dén B-xylosidaza chiu nhiét thé hé méi c6 hoat
tinh thiy phén co chét p-nitrophenyl-B-D-xylopyranosit it nhit & nhiét d6 bang 85°C va
d6 pH bang 6,0, polynucleotit ma héa enzym nay, vecto bidu hién enzym nay, thé bién
nap chtra vecto ndy, va phuong phap san xuét san phim phan giai lignoxenluloza bang

enzym nay.

bé giai quyét cac van dé néu trén, cac tac gia sang ché da thu nhan thanh cong -
xylosidaza chiu nhiét c6 trinh tu axit amin méi bang cach chiét xuat ADN tryc tiép tir dat
¢6 nhiét do cao & khu vuc sudi nude néng va thuc hién gidi trinh tu b gen ctia h€ vi sinh

vat kho nudi cay lay tir mdi trudng ndy va hoan thanh sang ché nay.

Enzym pB-xylosidaza chiu nhiét, polynucleotit, vecto biéu hién, thé bién nap,
phuong phép san xudt enzym PB-xylosidaza chiu nhiét, hdn hop glycosit hydrolaza, va
phuong phép san xuét san phdm phén giai lignoxenluloza theo sang ché dugc md ta trong

céc phuong an tir 1 d@én 10 duéi day.
1. Enzym B-xylosidaza chiu nhiét chira viing xtc tac p-xylosidaza bao gém:

(A) polypeptit ¢o trinh tu axit amin nhu néu trong SEQ ID NO.1;
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(B) polypeptit co trinh tir axit amin dugc tao ra bang cach loai bo, thay thé hodic bd
sung it nhét mot axit amin trén trinh tu axit amin nhu néu trong SEQ ID NO.1, va c6 hoat
tinh thity phan co chit p-nitrophenyl-p-D-xylopyranosit it nhit & nhiét d6 bang 85°C va
do pH br?mg 6,0; hodc

(C) polypeptit ¢6 trinh tir axit amin c6 do twong déng it nhit bing 80% so véi
trinh ty axit amin nhu néu trong SEQ ID NO.1, va ¢6 hoat tinh thity phan co chét p-
nitrophenyl-B-D-xylopyranosit it nhat & nhiét d6 bang 85°C va d6 pH bang 6,0.

2. Enzym B-xylosidaza chiu nhiét theo phuong an 1, trong d6 enzym nay con cé

hoat tinh B-glucosidaza.
3. Polynucleotit chira mién ma héa ving xtic tic B-xylosidaza bao gom:

(a) trinh tu nucleotit ma hoa polypeptit c6 trinh tu axit amin nhu néu trong SEQ
ID NO.1;

(b) trinh ty nucleotit ma héa polypeptit c6 trinh ty axit amin dugc tao ra bang cach
loai bo, thay thé hodc b sung it nhit mét axit amin trén trinh ty axit amin nhu néu trong
SEQ ID NO.1, va c6 hoat tinh thity phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit
& nhiét d6 bang 85°C va d6 pH bing 6,0;

(¢) trinh tu nucleotit ma hda polypeptit ¢6 trinh tu axit amin c6 d6 twong dong it
nhét béng 80% so v6i trinh ty axit amin nhu néu trong SEQ ID NO.1, va c6 hoat tinh
thity phan co chat p-nitrophenyl-p-D-xylopyranosit it nhit & nhiét d6 bing 85°C va do
pH béng 6,0;

(d) trinh tu nucleotit c6 d6 twong dong it nhat bing 80% so véi trinh tir nucleotit
nhu néu trong SEQ ID NO.2 hoidc SEQ ID NO.3, va ma hoéa polypeptit c6 hoat tinh thiy
phan co chit p-nitrophenyl-B-D-xylopyranosit it nhit & nhiét d6 bang 85°C va d6 pH
béng 6,0; hoac

(e) trinh tu nucleotit cia polynucleotit ma lai héa v6i polynucleotit cé trinh tu
nucleotit nhu néu trong SEQ ID NO.2 hodc SEQ ID NO.3 trong diéu kién nghiém ngjt,
va 13 trinh tu nucleotit ma héa polypeptit c¢6 hoat tinh thily phan co chét p-nitrophenyl-p-
D-xylopyranosit it nhit & nhiét d6 bang 85°C va d6 pH bang 6,0.
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4. Polynucleotit theo phuong &n 3, trong d6 polypeptit nay cling cé hoat tinh -

glucosidaza.

5. Vecto biéu hién chira polynucleotit theo phuong 4n 3 hoic 4, va c¢6 kha ning

biéu hién polypeptit c6 hoat tinh B-xylosidaza & té bao vét chiL.
6. Thé bién nap chira vecto biéu hién theo phuong 4n 5.

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

8. Phuong phép san xuét enzym B-xylosidaza chiu nhiét bao gdm budc san xuét

enzym B-xylosidaza chiu nhiét trong thé bién nap theo phuong 4n 6 hodc 7.

9. Hon hop glycosit hydrolaza chita enzym B-xylosidaza chiu nhiét theo phuong
an 1 hodc 2, enzym B-xylosidaza chiu nhiét ma héa badi polynucleotit theo phuong én 3
hodc 4, hodc enzym PB-xylosidaza chiu nhiét duoc san xudt bing phuong phap theo

phuong 4n 8, v it nhat mot hodc nhiéu loai glycosit hydrolaza khac.

10. Phuong phap san xuit san phdm phan giai lignoxenluloza bao gbém buée cho
nguyén liéu lignoxenluloza chira xenluloza, hemixenluloza va lignin tiép xtc v&i enzym
B-xylosidaza chiu nhiét theo phuong an 1 hodc 2, enzym B-xylosidaza chiu nhi€t ma hoa
b polynucleotit theo phuong an 3 hoic 4, thé bién nap theo phuong 4n 6 hoic 7, enzym
B-xylosidaza chiu nhiét dugc san xuit bang phuong phap theo phuong 4n 8, hodc hdn

hop glycosit hydrolaza theo phuong 4n 9.

Enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh thiy phan co chat p-
nitrophenyl-B-D-xylopyranosit (sau ddy duoc goi tit 14 PNPX) it nhat & nhiét do bing
85°C va do pH bang 6,0. Do d6, enzym B-xylosidaza chiu nhiét nay thich hop dé thiy

phan nguyén liéu lignoxenluloza & nhiét d9 cao.

Ngoai ra, enzym B-xylosidaza chiu nhiét theo sang ché ciing thich hop dé thuy

phan nguyén liéu chira oligosacarit c6 lién két p-xylosidic & nhiét do cao.
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Mit khac, enzym B-xylosidaza chiu nhiét theo sang ché ciing thich hop @ thiy
phén oligosacarit c6 lién két B-xylosidic hodc nguyén lidu chira oligosacarit c6 lién két

B-glycosidic ¢ nhiét do cao.

Nguyén liéu chtra oligosacarit c6 lién két B-xylosidic c6 thé dugc didu ché bang
cach thuy phén Iignoxenluloza chtra hemixenluloza bing xylanaza. Nguyén liéu chira
oligosacarit c¢6 lién két B-glycosidic c¢6 thé dugc didu ché bing cach thay phan

lignoxenluloza chira xenluloza bang xenlobiohydrolaza.

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 sang ché.
M®b ta vin tit hinh vé

Fig.1 1a hinh v& thé hién sy sp thing hang trinh ty axit amin (SEQ ID NO.1) cta
viing xuc tac hoat tinh B-xylosidaza ctia san phdm tach dong gen AR19M-346-18 va trinh
tu axit amin cda B-xylosidaza GH3 (SEQ ID NO.7) c6 ngudn gbc tr Fervidobacterium

gondwanense.

Fig.2 1 hinh v& thé hién két qua phén tich dién di trén gel SDS-PAGE cuia protein
AR19M-346-18 thu duoc bang cach biéu hién gen AR19M-346-18 & E. coli trong vi du
1.

Fig.3 12 biéu dd thé hién két qua do hoat tinh thily phan mdi co chét cta protein
AR19M-346-18 duoc biéu hién & E. coli trong vi du 1.

Fig.4 1 dd thi thé hién két qua do hoat tinh thity phan PNPX (& do pH = 6,0) cta
protein AR19M-346-18 dugc biéu hién & E. coli & cac nhiét do tuong g trong vi du 1.

Fig.5 1a @6 thi thé hién két qua do hoat tinh thity phan PNPX (& nhiét do 70°C) cua
protein AR19M-346-18 dugc biéu hién & E. coli & cac d pH tuong tmg trong vi du 1.

Fig.6 1 dd thi thé hién su thay d6i mat do huynh quang ciia thudc nhudm mau cam
SYPRO do su bién tinh nhiét cta protein AR19M-346-18 dugc biéu hién & E. coli trong

vidu 1.
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M@ ta chi tiét sang ché
Enzym B-xylosidaza chiu nhiét theo sang ché

Nhiéu vi sinh vat, bao gém nidm soi, vi khuén, va vi khudn cb rat khé dugc nubi
cAy va khoang 99% vi sinh vét séng trong méi trudng nhu dét 1a chua duoc biét dén. Pic
biét, rat kho nudi cdy dugc vi sinh vat sdng trong trong méi truong c6 nhiét do cao, va
chi 0,1% hodc it hon vi sinh vat séng trong dt da dwoc phan 14p va nudi cdy bing cac k¥
thuat da biét. Viéc kho nudi cdy vi sinh vat séng trong trong d4t c6 nhiét do cao 1a mot

yeu t0 can trd su phat trién cac enzym chiu nhiét.

Gan day, nhd su phat trién cia may giai trinh tu thé hé tiép theo cho phép gidi
trinh ty dugc hang ty cdp bazo, nén da cé thé giai trinh tu bd gen cia vi sinh vit chtra
trong d4t va cac mdi truong twong tw. Bing cach st dung k¥ thuat phan tich nay, phuong
phép phan tich hé gen méi trudng da duge d& xuét, trong d6 ADN bd gen ctia quan thé vi
sinh vét duge téng hop tir mdu méi trudng nhu dét, bd gen ciia quan thé vi sinh vét c6
thanh phin khong ddng nhit dugc giai trinh tu truc tiép va toan bg, va dit liéu trinh tu
duoc 1ap rap bang mdy tinh song song, dé thiét ké lai trinh tw bd gen clia vi sinh vat. Diéu

nay goép phan rit ngin thoi gian giai trinh tu bd gen cta vi sinh vat khé nudi ciy.

Nhu duge thé hién vi du 1, cac tac gia sang ché da téng hop dugc ADN bd gen
(ADN hé gen mdi trudng) clia quan thé vi sinh vat sdng trong dit c6 nhiét d6 cao thu
duge & khu vue subi nude néng (vi du, mau nuéc thu duge & khu vuc sudi nuée noéng co
nhiét d6 ndm trong khoang tir 58°C dén 78°C chira dit, bun, tham vi sinh vat, mang sinh
hoc va céac loai tuong tu), va thuc hién giai trinh ty ADN hé gen mdi trudng nay. Két qua
1a thu duoc 405 khung doc ma mé (Open Reading Frame - ORF) ma héa céc trinh tu axit
amin twong ddng véi cac B-glucosidaza hodc B-xylosidaza da biét (vi du, cac trinh ti axit
amin c¢6 do trong ddng bing 20% hodc cao hon va tri s6 Ky vong (ttrc 14 tri s E) nhé
hon 1e?°). Trong sé cac khung doc m3 mé ndy, cic doan mdi duge thiét ké dua trén
théng tin trinh tw nucleotit cia 167 khung doc ma mé ¢6 chidu dai diy du trong do6 su c6
mit cua ving xdc tic B-glucosidaza hoic ving xuc tic B-xylosidaza c6 thé duoc xéc
dinh, cc gen tiém ning duoc tach dong tir ADN hé gen méi trudng ciia dat co nhiét do
cao & khu vuc subi nuéc néng bang phuong phap PCR. Cac ADN duoc tich dong PCR

duoc bién nap vao E. coli, va cac protein ma hda béi cac trinh tu nucleotit nay dugce bi€u
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hién. Cac protein nay dugc sang loc chirc nang bang cach do hoat tinh phan giai PNPX.
Cudi cing, enzym PB-xylosidaza chiu nhiét c6 hoat tinh phan giai PNPX (sau ddy duoc
go1 tat 14 “AR19M-346-18") thu dugc tir cac khung doc md@ md nay. Trinh ty axit amin
cta AR19M-346-18 va trinh tu nucleotit ma hoa trinh tu axit amin cua AR19M-346-18
1an luot nhu néu trong SEQ ID NO.1 va SEQ ID NO.3.

Nhu duge thé hién trong Vi du 1, ARI9M-346-18 c6 hoat tinh thiy phan ca PNPX
1an p-nitrophenyl-B-D-glucopyranosit (sau ddy goi tat [a PNPG). Trai lai, AR19M-346-18
hdu nhu khong c6 hoat tinh phan giai Avicel truong nd lién hop axit phosphoric
(phosphoric acid swollen Avicel - PSA), carboxymetyl xenluloza (CMC), laminarin chira
B-1,3 glucan va B-1,6 glucan, lichenan chua B-1,3 glucan va B-1.4 glucan, va xenluloza
tinh thé Avicel. Tl két qua phan tich d dac hiéu co chét nay ching to ring AR19M-346-
18 1a glycosit hydrolaza c6 hoat tinh B-xylosidaza.

Thuét ngir “hoat tinh p-xylosidaza” dugc dung trong ban mo ta dé chi hoat tinh
thity phan co chat PNPX.

Ngoai ra, “hoat tinh B-glucosidaza” dugc dung trong ban mo ta dé chi hoat tinh

thity phan co chat PNPG.

Hon nita, thudt ngtt “c6 hoat tinh” dugc dung trong ban mo ta dé chi hoat tinh trén
it nhat mét co chét va tao ra su khac biét déng ké vé ham luong dau kht duogc thuy phan
ctia co chat hoic cuong do phéan ung tao mau khi so v&i mau dbi chimg am. Do d6, thuat
ngtt “c6 hoat tinh B-xylosidaza™ dugc dung trong ban md ta dé chi hoat tinh trén it nhét
mot co chit PNPX va tao ra su khac biét dang ké vé ham luong dau khir duogc thuy phéan
ctia co chit PNPX hodc cuong do phan ting tao mau khi so véi mau d6i chimg am. Thuat
ngit “cé hoat tinh B-glucosidaza” dugc dung trong ban mo ta dé chi hoat tinh trén it nhat
mot co chit PNPG va tao ra su khac biét dang ké vé ham luong dau khir duoc thuy phan

ctia co chit PNPG hodc cudng do phan tmg tao mau khi so véi mau doi ching am.

Két qua tra ctru trinh ty axit amin cua AR19M-346-18 bang co sé dit liéu trinh tur
axit amin da biét cho thdy trinh tu axit amin ctia AR19M-346-18 c6 do tuong dong cao
nhét v6i trinh tu axit amin cua B-xylosidaza GH3 (SEQ ID NO.7) (ma truy cép Ngin
hang Gen: AFY97406.1) c6 ngudn goc tir Fervidobacterium gondwanense, va bang 76%.
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Céc phén tich d6 dic hiéu co chit, va phan tich d6 twong ddng cta trinh tu axit amin nay

v6i céc protein da biét cho thdy AR19M-346-18 1a B-xylosidaza GH3 thé hé méi.

AR19M-346-18 ¢6 hoat tinh thiy phan co chit p-nitrophenyl-p-D-xylopyranosit
(tirc 1 hoat tinh B-xylosidaza) it nhat & nhiét do bang 85°C va do pH bang 6,0. Cu thé,
nhu duge thé hién trong phén 10 cua vi du 1, AR19M-346-18 c6 hoat tinh B-xylosidaza &
nhiét d6 nam trong khoang tir 50°C dén 95°C, va ¢6 hoat tinh B-xylosidaza manh & nhiét
d6 nam trong khoang tir 70°C dén 90°C. Cu thé hon, hoat tinh B-xylosidaza cia AR19M-
346-18 tang khi nhiét d6 ting nim trong khoang tir 50°C dén 85°C, va giam nhanh khi
nhiét do trén 90°C.

Nhin chung, & protein ¢c6 mdt sé hoat tinh sinh hoc, mot hoic hai hoic nhiéu axit
amin c6 thé dugc loai bo, thay thé, hoidc bd sung, ma khong lam gidm hoat tinh sinh hoc
clia protein ndy. N6i cach khac, trong AR19M-346-18, mot hodc hai hodc nhiéu axit amin
cling ¢6 thé dugc loai b, thay thé, hoic bd sung ma khong 1am giam hoat tinh thily phan

glycosit, bao gdm hoat tinh p-xylosidaza.

Enzym B-xylosidaza theo sang ché 13 glycosit hydrolaza chiu nhiét chira viing xtic

tac B-xylosidaza bao gdm polypeptit bat ky trong s cac polypeptit tir (A) d&én (C) sau.

(A) polypeptit c6 trinh tu axit amin nhu néu trong SEQ ID NO.1 (trc 1a AR19M-
346-18);

(B) polypeptit co trinh tr axit amin dugc tao ra bang cach loai b, thay thé hodc bd
sung it nhat mot axit amin trén trinh ty axit amin nhu néu trong SEQ ID NO.1, va c¢6 hoat
tinh thuy phan co chit p-nitrophenyl-B-D-xylopyranosit it nhit & nhiét d6 bang 85°C va
do pH béng 6,0; hoac

(C) polypeptit ¢6 trinh tu axit amin c6 dd twong ddng it nhit bang 80% so vdi
trinh tu axit amin nhu néu trong SEQ ID NO.1, va c6 hoat tinh thiy phan co chét p-
nitrophenyl-B-D-xylopyranosit it nhat & nhiét d6 bang 85°C va d6 pH bang 6,0.

Thuét nglt “polypeptit trong d6 axit amin dugc loai bd” duge dung trong ban md

t4 dé chi doan axit amin ma tao ra polypeptit bj khuyét doan (loai bo).
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~ < A%

Thuét ngir “polypeptit trong dé axit amin duge thé” dugc dung trong ban mo ta dé

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

Thuat ngit “polypeptit trong d6 axit amin duge bd sung” dugc ding trong ban md

ta dé chi axit amin méi duge chén vao polypeptit.

Trong polypeptit (B), t6t hon néu sé luong axit amin duge loai bo, thay thé, hoic
bd sung trén trinh tu axit amin nhu néu trong SEQ ID NO.1 nim trong khoang tir 1 dén
20, t5t hon nita néu ndm trong khoang tir 1 dén 10, va con tét hon nita néu nim trong

khoang tir 1 dén 5.

Trong polypeptit (C), khong ¢6 gidi han cu thé vé d6 tuong dong vai trinh ty axit
amin nhu néu trong SEQ ID NO.1 mién 14 nim trong khoang tir 80% dén 100%, t&t hon
néu nam trong khoang tir 85% dén 100%, t&t hon nita néu nam trong khoang tir 90% dén
100%, con tét hon nira néu ndm trong khoang tir 95% dén 100%, con tét hon nita néu

nam trong khoang tir 98% dén 100%.

D6 tuong ddng trinh tr (d6 twong ddng) gitta cac trinh ty axit amin dugc x4c dinh
bang phuong phép sau: & trang thai, trong d6 khoang tréng duge tao ra & cac vi tri xuét
hién d6t bién chén thém hodc loai bd, hai trinh tu axit amin dugc dit canh nhau sao cho
c4c axit amin tuong tng 1 gidng nhau; va ty 1¢ axit amin gidng nhau so véi tng s6 trinh
tur axit amin trir di khoang tréng trén trinh tu sép thing hang duoc xac dinh 13 d6 tuong
ddng trinh ty. D6 twong ddng gitra cac trinh tu axit amin c6 thé dugc xac dinh bang nhiéu
phan mém tra ctru d6 twong dong da biét trong linh vuc nay. Theo sang ché, d tuong
ddng ctia cac trinh ty axit amin duoc xac dinh dua trén trinh tu sép thang hang thu duoc

bang phan mém tra ctru do trong dong BLASTP.

Céc polypetit (B) va (C) c6 thé duoc thiét ké nhan tao hodc ciing ¢ thé 1a thé
tuong déng cia AR19M-346-18 va céac bién thé tuong tu, hodc cic doan protein cla

chung.

Céc polypetit (A) dén (C) c6 thé 1an luot dugc tong hop hoéa hoc dua trén trinh tu
axit amin, hodc ciing c6 thé dugc san xuit bsi hé biéu hién protein st dung polynucleotit

theo sang ché. Ngoai ra, cac polypetit (B) va (C) ciing c6 thé 14n luot dugc tdng hop nhan
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tao dua trén polypeptit c6 trinh ty axit amin nhu néu trong SEQ ID NO.1 bing k¥ thuat

tai t6 hop gen dé chén thém dot bién axit amin.

Céc polypeptit (A) d&n (C) c6 hoat tinh thuy phan co chit p-nitrophenyl-p-D-
xylopyranosit (hoat tinh B-xylosidaza) it nhit & nhiét d6 bang 85°C va d6 pH bing 6,0.
Do d6, Khi enzym chira ving xtc tac -xylosidaza 1a polypeptit bat ky tir (A) d&én (C), thi

¢6 thé thu dugc B-xylosidaza chiu nhiét.

Enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh thiity phan co chat
PNPX. Enzym B-xylosidaza chiu nhiét nay ciing c¢6 hoat tinh thiy phan co chit B-glucan
hoic oligosacarit khac. Vi du vé cac co chét khac ctia enzym B-xylosidaza chiu nhiét theo
sang ché bao gdm PNPG, p-nitrophenyl-a-L-arabinoﬁlranosit, p-nitrophenyl-a-L-
arabinopyranosit, p-nitrophenyl-B-L-arabinopyranosit, p-nitrophenyl-B-D-
mannopyranosit, p-nitrophenyl-a-D-galactopyranosit, p-nitrophenyl-p-D-
galactopyranosit; glucan chtra lién két p-1,3 va B-1,4 nhu lichenan; xylan; glucan chua
lién két p-1,4 bao gdm xeniuloza tinh thé, nhu Avicel, xenluloza vi tinh thé ¢6 ngudn géc
tir vi khudn (BMCC) va gidy loc, xenluloza phi tinh thé nhu Avicel truong ng lién hop
axit phosphoric (phosphoric acid swollen Avicel - PSA), va CMC; oligosacarit chira lién
két B-1,4 bao gdm xenlobioza; glucan chira lién két p-1,3 va p-1,6 nhu laminarin; glucan
chtra lién két B-1,3; glucan chira lién két B-1,6 va oligosacarit chia lién két p-1,6 nhu

gentiobioza.

Ngoai PNPX, thi enzym B-xylosidaza chiu nhiét theo sang ché ciing c6 hoat tinh thiy
phan it nhit mét co chit duoc chon tir nhém bao gdm PNPG, p-nitrophenyl-o-L-
arabinofuranosit, p-nitrophenyl-a-L-arabinopyranosit, p-nitrophenyl-p-L-
arabinopyranosit, p-nitrophenyl-f-D-mannopyranosit, p-nitrophenyl-a-D-
galactopyranosit, va p-nitrophenyl-B-D-galactopyranosit, va ddc biét la enzym -

xylosidaza chiu nhiét theo sang ché ¢ hoat tinh thiy phan co chit PNPG.

Tét hon néu enzym B-xylosidaza chiu nhiét theo sang ché c6 hoat tinh phéan giai
PNPX (hoat tinh B-xylosidaza) it nhit & do pH bang 6,0 va nhiét d6 nim trong khoang tir
70°C dén 90°C, tét hon nita néu & nhiét do nim trong khoang tir 60°C dén 95°C, con tt

hon nita néu & nhiét d6 nim trong khoang tir 50°C dén 95°C. Tét hon néu nhiét do t6i uu
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ctia enzym B-xylosidaza chju nhiét theo sang ché nam trong khoang tir 70°C dén 90°C va

t5t hon nita ndm trong khoang tir 80°C dén 90°C.

Mic du thay dbi phu thudc vao nhiét 46 phan tng, nhung d6 pH tdi wu cua enzym
B-xylosidaza chiu nhiét theo sang ché nim trong khoang tir 5,0 dén 7,0. Tt hon néu
enzym PB-xylosidaza chiu nhiét theo sang ché c¢6 hoat tinh B-xylosidaza it nhit & d6 pH
nam trong khoang tir 4,5 d&n 8,0, va tét hon nita néu enzym B-xylosidaza chiu nhiét theo

sang ché co hoat tinh phén giai PNPX & d6 pH nam trong khoang tir 4,0 dén 8,0.

Enzym p-xylosidaza chiu nhiét theo sang ché ciing c6 thé c6 hoat tinh thiy phan
glycosit khac véi hoat tinh p-xylosidaza. Vi du vé c4c hoat tinh thity phan glycosit khac
bao gdm hoat tinh endoglucanaza, hoat tinh xylanaza, hoat tinh p-glucosidaza va hoat

tinh xenlobiohydrolaza.

Enzym B-xylosidaza ch;u nhiét theo sang ché c6 thé chi chia ving xuc tac B-
xylosidaza bao gdm polypeptit bat ky tir (A) dén (C), hoidc c6 thé chira cac ‘Vﬁng khéc. Vi
du vé& cac ving khac bao gdm ving khic véi ving xtc tic enzym cia B-xylosidaza da
biét. Vi du, enzym [-xylosidaza chiu nhiét theo sdng ché bao gém cac enzym thu dugc
bang cach thay thé viing xic tac enzym cua B-xylosidaza da biét bang cac polypeptit tir
(A) dén (C).

Khi enzym B-xylosidaza chiu nhiét theo sang ché chira viing khéc v&i viing xtc tic

B-xylosidaza, thi t6t hon néu enzym nay chtra viing twong tu Fibronectin loai III.

Vung tuong tu Fibronectin loai IIT ¢6 thé nam trudc (dﬁu tan cung N) hoac nam
sau (dau tan cing C) viing xtc tac p-xylosidaza. Ngoai ra, ving tuong tu Fibronectin loai
III va ving xtc tac B-xylosidaza c6 thé duoc lién két truc tiép v6i nhau hoic thong qua
gbc lién két c6 chiéu dai thich hop. Tt hon néu enzym B-xylosidaza chiu nhiét theo sang
ché chira ving twong tu Fibronectin loai III ndm truéc hoic nim sau ving xuc tac -
xylosidaza thong qua gbc lién két, t6t hon nita néu enzym B-xylosidaza chiu nhiét theo
sang ché chita ving twong tw Fibronectin loai III nim sau ving xtic tac B-xylosidaza

théng qua gbc lién két.

Ngoai ra, enzym B-xylosidaza chiu nhiét theo sang ché c6 thé ciing chira peptit tin

hiéu cho phép dinh vi enzym nay vao vung dic hiéu & té bao, hoic peptit tin hi€u tao ra
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tac dung bai tiét enzym nay ra ngoai té bao & dAu tan cing N hodc d4u tan cing C. Vi du
v& peptit tin hiéu bao gdm peptit tin hiéu van chuyén khéng bao, peptit tin hiéu duy tri
mang ludi ndi chét, peptit tin hiéu van chuyén nhén, peptit tin hiéu bai tiét, hodc cac
peptit tin hidu twong tw. Vi du vé peptit tin hidu duy tri mang luéi ndi chét bao gdm peptit
tin hiéu chira trinh tu axit amin HDEL, hogc trinh tu axit amin tuong tu. Khi chira peptit
tin hiéu & ddu tin cung N hodc dau tin cing C, thi enzym B-xylosidaza chiu nhiét dugc
biéu hién & thé bién nap theo sang ché c6 thé duoc bai tiét ra ngoai té bao hoic duoc dinh

vi trong mang luéi ndi chat hoic ving bén trong twong tu clia té bao.

Ngoai ra, enzym B-xylosidaza chiu nhiét theo sang ché ciing c6 thé chira cac trinh
tu danh ddu khac nhau ¢ du tdn cing N hodc du tin cing C d& cho phép tinh ché dé
dang va hiéu qua khi san xudt enzym nay bang hé biéu hién. Céc trinh ty danh déu His,
trinh tu danh diu hemagglutinin (HA), trinh ty danh d4u Myc, va trinh tu dénh du Flag
dé biéu hién va tinh ché protein tai t6 hop c6 thé duoc st dung lam trinh tu danh dAu.

Polynucleotit ma hoa enzym B-xylosidaza chiu nhiét theo sang ché

Polynucleotit néu trén ma hdéa enzym f-xylosidaza chiu nhiét theo sing ché.
Enzym B-xylosidaza chiu nhiét theo sang ché ¢ thé dugc san xuat bang hé biéu hién cia

vat chi thu dugc bing cach chén vecto biéu hién chira polynucleotit ndy vao vét chu.

Cu thé hon, polynucleotit theo sang ché chira mién ma héa ving xic tic p-

xylosidaza, gdm trinh tw nucleotit bt ky trong s§ cac trinh tu nucleotit tir (a) dén (e) sau:

(a) trinh tu nucleotit ma hoa polypeptit c6 trinh ty axit amin nhu néu trong SEQ
ID NO.1.

(b) trinh tu nucleotit ma hoa polypeptit c6 trinh tur axit amin dugc tao ra bang cach
loai bd, thay thé hodc bd sung it nh4t mot axit amin trén trinh tu axit amin nhu néu trong
SEQ ID NO.1, va c6 hoat tinh thiy phan co chat p-nitrophenyl-B-D-xylopyranosit it nhét
& nhiét do bing 85°C va d6 pH bang 6,0.

(c) trinh tu nucleotit ma héa polypeptit cd trinh tur axit amin ¢6 do tuong dong it
nhét bing 80% so véi trinh tu axit amin nhu néu trong SEQ ID NO.1, va c6 hoat tinh
thiy phan co chét p-nitrophenyl-p-D-xylopyranosit it nhit & nhiét do bang 85°C va do
pH bing 6,0. |
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(d) trinh tr nucleotit c6 dd twong dong it nhit biang 80% so véi trinh tu nucleotit
nhu néu trong SEQ ID NO.2 hodc SEQ ID NO.3, va ma hoa polypeptit cé hoat tinh thuy
phan co chit p-nitrophenyl-p-D-xylopyranosit it nhit ¢ nhiét o biang 85°C va do pH
bang 6.0.

(e) trinh tu nucleotit cua polynucleotit ma lai héa véi polynucleotit ¢6 trinh tu
nucleotit nhu néu trong SEQ ID NO.2 hodc SEQ ID NO.3 trong didu kién nghiém ngit,
va 14 trinh ti nucleotit ma hoéa polypeptit ¢6 hoat tinh thily phan co chit p-nitrophenyl-p-
D-xylopyranosit it nhat & nhiét o bang 85°C va do pH bang 6,0.

Thuét nglr “polynucleotit trong d6 nucleotit dugc loai bd” dugec dung trong ban

mo ta dé chi doan nucleotit ma tao ra polynucleotit bi khuyét doan (loai bo).

Thuat ngit “polynucleotit trong dé nucleotit dugc thay thé” dugc dung trong ban

md ta dé chi nucleotit ma tao ra polynucleotit dugc thay bang nucleotit khac.

Thuat ngit “polynucleotit trong dé nucleotit dugc bd sung” dugc ding trong ban

md ta dé chi nucleotit méi duge chén vao polynucleotit.

Vi du vé& “céc diéu kién nghiém ngit” theo sang ché bao gdbm phuong phép dugce
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 phan cta dung dich SSC 20x: 3M natri clorua, 0,3M dung dich
axit xitric, d pH bang 7,0), dung dich Denhardt 5x (thinh phan dung dich Denhardt
100x: 2% khéi lwong albumin huyét thanh bo, 2% khéi lugng ficoll, 2% khéi luong
polyvinylpyrolidon), 0,5% khéi Iugng SDS, 0,1mg/mL ADN tinh tring cé hoi, va 50%
formamit, & nhiét d6 nim trong khoang tir 42°C dén 70°C trong vai gio dén qua dém. Sau
khi 1, tbt hon néu dung dich SSC 1x chira 0,1% khéi lugng SDS duoc sir dung lam dung
dich dém rl’ré, va t6t hon nira néu dung dich SSC 0,1x chtra 0,1% khéi lugng SDS dugce

st dung lam dung dich dém rtra.

Tir cac trinh tu nucleotit tir (a) dén (e), c6 thé chon loc duge bo ba ma héa thoai
bién ¢6 tAn xuét st dung cao & vat chu. Vi du, trinh tu nucleotit (a) c6 thé 1a trinh tu
nucleotit nhu néu trong SEQ ID NO.2, trinh tu nucleotit nhu néu trong SEQ ID NO.3,

hodc trinh tu nucleotit thu dugc bang cach cdi bién dé c6 bd ba ma hoda c6 tan xuat s
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dung cao & vét chi ma khong 1am bién ddi trinh tu axit amin cin ma héa béi trinh tu
nucleotit nhur néu trong SEQ ID NO.2 hoic SEQ ID NO.3. Luu ¥ ring, cic bd ba ma hoa
nay c6 thé duogc cai bién bang k§ thuat cai bién trinh tu gen hodc téng hop gen nhan tao
da biét.

Polynucleotit ¢6 trinh tu nucleotit nhu néu trong SEQ ID NO.2 hoidc SEQ ID
NO.3 ¢ thé duoc téng hop héa hoc dua trén théng tin vé trinh tu nucleotit hodc
polynucleotit nay c6 thé dugc tdng hop dudi dang gen ma héa AR19M-346-18 c6 chidu
dai ddy da (ciing duoc goi 1a “gen AR19M-346-18”) hodc mot doan gen clia n6 chira
ving xtc tic B-xylosidaza (tirc 12 ving ma hoa doan peptit chira 325 gdc axit amin tir
threonin & vi tri s& 23 dén valin & vi tri s& 347, ving ma héa doan peptit chira 260 gbc
axit amin tir isoleucin & vi tri s6 379 dén threonin & vi trf s§ 638, hoic vung ma hoéa doan
peptit chtra 616 gbc axit amin tir threonin & vi tri s6 23 dén threonin & vi tri s6 638 trén
SEQ ID NO.1) tir ty nhién bang k§ thuit ti tb hop gen. Gen AR19M-346-18 c6 chidu dai
dﬁy dd hodc mot doan gen cuia nd ¢co thé du:qc téng hop béng cach thu nhin mau chira cac
vi sinh V4t tir tu nhién; va thuc hién phuong phap PCR véGi khudn 1a ADN bd gen thu
duoc tir mau, ciing nhu doan mdi xudi va doan moi nguoc dugc thiét ké dya trén trinh tu
nucleoit nhu néu trong SEQ ID NO.2 hoic SEQ ID NO.3. ADN bd sung (ADNbs) duogc
tbng hop bang phan Gmg phién ma nguoc tir khuén 1a ARN théng tin thu duge tir mAu.
Luu y rang, tbt hon néu mAu dé thu nhan khudn axit nuclecic 13 miu thu duoc tir moi

truong cd nhiét do cao, nhu dat & khu vuc sudi nude nong.

Khéng c6 gi6i han cu thé vé do twong ddng ciia trinh tu nucleotit (d) so véi trinh
tu nucleoit nhu néu trong SEQ ID NO.2 hoic SEQ ID NO.3 mién 14 ndm trong khoang tir
80% dén 100%, t6t hon néu nim trong khoang tir 85% dén 100%, tot hon nira néu nim
trong khoang tir 90% dén 100%, va con t6t hon nita néu nim trong khoang tir 95% dén

S

100,

Luu y rang, do twong ddng trinh tu (46 twong ddng) giita cac trinh tu nucleotit
duoc x4c dinh bang phuong phap sau: ¢ trang théi trong d6 khoang trdng duoc tao ra &
cac vi tri xuét hién dot bién chén thém hodc loai bé, hai trinh tu nucleotit dugc dit canh
nhau sao cho céc trinh tr nucleotit twong Gng 13 gidng nhau; va ty 1é cac trinh tu nucleotit
gidng nhau so véi tong sd trinh tu nucleotit trir di khoang trdng trén trinh tu sip thing
hang dugc x4c dinh 1a d tuong déng trinh tg. DJ tuong déng trinh ty gifta céc trinh tu

-16-



26973

nucleotit ¢6 thé dugc x4c dinh bang nhiéu phin mém tra ciru d6 twong dong da biét trong
linh vuc nay. Theo sang ché, do tuong déng cua cac trinh tu nucleotit duoc xac dinh dua
trén trinh ty sip thing hang thu dugc bang phan mém tra ciru d6 twong ddong BLASTN da
biét.

Vi du, polynucleotit chira trinh tu nucleotit (b), (c), hodc (d) co thé 1an luot duoc
téng hop nhén tao béng cach loai bd, thay thé, hodc bd sung mot hodc hai hodc nhiéu
nucleotit trong polynucleotit co trinh ty nhu néu trong SEQ ID NO.2 hoac SEQ ID NO.3.
Ngoai ra, trinh tu nucleotit (b), (c), hodc (d) ciing ¢6 thé 1a trinh tu c¢6 chiéu dai diy du
ctia gen twong ddéng voi gen AR19M-346-18 hodc mot doan trinh tu cia néd. Gen tuong
dong cia gen AR19M-346-18 c6 thé thu dugc bang k§ thuat gen tai té hop ding dé thu

nhan gen tuong dong clia gen co trinh tu nucleotit da biét.

Polynucleotit theo sdng ché c6 thé chi chia mién ma hdéa vung xic tic -
xylosidaza, hodc ngoai mién ma hda vung xuc tac B-xylosidaza, thi polynucleotit theo
sang ché cling c6 thé chira mién ma hdéa doan gan két xenluloza, goc lién két, cac petit tin

hiéu khac nhau, céc trinh tu danh ddu khac nhau, hoac céc trinh tu twong tu.
Vecto biéu hién theo sang ché

Vecto néu trén 1a vecto chira polynucleotit theo sang ché va c6 kha nang biéu hién
polypeptit c6 hoat tinh thity phan co chat p-nitrophenyl-B-D-xylopyranosit it nhit ¢ nhiét
do bang 85°C va do pH bang 6,0 ¢ té bao vét chi. Cu thé, vecto nay 1a vecto biéu hién
chira polynucleotit ma hoa enzym B-xylosidaza chiu nhiét theo sang ché. Dic biét, vecto
biéu hién can duoc két hop véi cat-xet biéu hién chira, tir doan nim trude, ADN c6 trinh
tw ving khai diu, polynucleotit theo sang ché, va ADN ¢6 trinh tu vung két thic. Luu y
ring, polynucleotit theo sang ché c¢6 thé dwoc bién nap vao vecto biéu hién nay bang k§
thuat tai to hop gen da biét. Kit téng hop vecto biéu hién c6 ban trén thi truong cling co

thé dugc sir dung dé bién nap polynucleotit vao vecto biéu hién.

Thuat ngit “vecto biéu hién” duoc dung trong ban mé ta dé chi vecto chura, tir
doan nam truge, ADN c6 trinh tu vung khoi dau, ADN c6 trinh tu dé két hgp ADN ngoai
sinh, va ADN c6 trinh ty ving két thuc.
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Vecto bi€u hién theo sang ché c6 thé duge chén vao té bao nhan so nhu E. coli
hodc t€ bao nhan thit nhu nam men, nam soi, t€ bao con trung, t€ bao dong vat co v,
hodc té bao thuc vat. Vecto bat ky tuong tich véi vat chu c6 thé duge st dung lam vecto

bi€u hién theo sang che.

Tt hon néu, vecto biéu hién theo sang ché khong chi chira polynucleotit theo sang
ché, ma con chira gen khang thudc hoic gen twong tu. Pidu nay cho phép dé dang chon

loc dugc té bao da chuyén gen va té bao chua chuyén gen biang vecto nay.

Vi du v& gen khang thudc bao gdbm gen khéng kanamycin, gen khang hygromycin,

gen khang bialaphos, hodc cic gen tuong tu.
Thé bién nap theo sang ché

Thé bién nap néu trén chira vecto biéu hién theo sang ché. Enzym B-xylosidaza
chiu nhiét theo sang ché c6 thé duoc biéu hién & thé bién nap nay. VAt chi dé chén vecto
‘biéu hién theo sang ché c6 thé 1a té bao nhén so nhu E. coil, hodc t& bio nhan that nhu
nidm men, ndm soi, té bao con trung, té bao dong vat cé v hodc té bao thuc vat. Thc 13,
thé bién nap theo sang ché 14 E. coli, nAm men, ndm soi, té bao con trung, té bao dong vat

c¢6 v, té bao thuc vat, hoidc té bao tuong tur chtra vecto biéu hién theo sang ché.

Enzym B-xylosidaza chiu nhiét theo sang ché c6 thé duoc san xuit mot cach don
gian voi hidu sut cao bang cach nudi cdy thé bién nap E. coli nay. Mt khac, do protein
bi thity phén & té bao nhan that, nén B-xylosidaza chiu nhiét ¢6 d6 én dinh nhiét cao hon
¢6 thé dugc san xuét béﬁg cach st dung t& bao nhan that chtr khong sir dung té bao nhan

SO

Khéng c¢6 gi6i han cu thé vé& phuong phdp san xuét thé bién nap theo sang ché
bing cach st dung vecto biéu hién va thé bién nap theo sang ché c6 thé dugc san xuét
bang phuong phap thong thuong. Vi du v& cac phuong phap san xuit thé bién nap bao
gdm phuong phap séc nhiét, phuwong phap chuyén gen nhd Agrobacterium, phuong phap
stng hat, phuong phéap xung dién, phuong phap chuyén gen nhd polyetylen glycol, va cac
phuong phéap twong ty. Khi vat chu 13 t€ bao thuc vét, tot hon néu thé bién nap theo séng
ché dugc san xuit bang phuong phép sung hat hoic phuong phap chuyén gen nhd

Agrobacterium.
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Khi t& bao nhan so, ndm men, nim SO1, té bao con trung, té bao dong vat c6 vu
hodc cac té bao tuong tu dugc stir dung lam vét chu, thi thé bién nap thu duogc co thé dugc
nudi cdy bang phuong phéap thong thudng gidng nhu phuong phap nudi cdy vat chii chua

chuyén gen.
Phuong phap san xuat enzym B-xylosidaza chiu nhiét theo sang ché

Phuong phép san xuit enzym B-xylosidaza chiu nhiét theo sang ché ché 1a phuong
phap @ san xudt enzym p-xylosidaza chiu nhiét trong thé bién nap theo sing ché. Khi
nuoi céy thé bién nap dugc san Xuét béng cach st dung vecto biéu hién chta
polynucleotit theo sang ché nim sau ving khoi ¢iu ma khong ¢6 kha ning diéu hoa thoi
gian biéu hién hodc cic yéu té tuong tu, enzym B-xylosidaza chiu nhiét theo sang ché
dugc biu hién lién tuc. Mat khac, trong thé bién nap duoc san xudt bﬁng cach st dung
ving khéi diu cam tmg biéu hién dé cam tmg biéu hién bing hop chét dic hiéu, diéu kién
nhiét d dic hidu, hodc cac yéu té twong tu, thi enzym B-xylosidaza chiu nhiét dugc biéu
hién trong thé bién nap niy bang cich nudi cdy thé bién nap va thyc hién cdm tng phu

hop véi di€u kién cadm Ung bicu hién tuong ting

Enzym P-xylosidaza chiu nhiét dugc san xudt bang thé bién nap c6 thé dugc s
dung & trang thai ndm trong thé bién nap, hodc c6 thé duoc chiét xudt/tinh ché tir thé bién

nap.

Khong c6 gi6i han cu thé vé phuong phép chiét xuit hoic tinh ché p-xylosidaza
chiu nhiét tir thé bién nap mién 1a phuong phép nay khong lam giam hoat tinh cta p-
xylosidaza chiu nhiét, va phuong phap thong thuong dé chiét xudt polypeptit tir t& bao
hodc md sinh hoc c6 thé duoc sir dung. Vi du vé céac phuong phap niy bao gdm phuong
phap, trong d6 thé bién nap duoc ngdm trong dung dich dém thich hop dé chiét xuat p-
xylosidaza chiu nhiét, sau d6 dich chiét va ba rin dugc phén tach. Tét hon néu dung dich
dém chira chét tang do hoa tan nhu chét hoat dong bé mit. Khi thé bién nap la thuc vit,
thi thé bién nap c6 thé dugce bam hozc nghién trude khi ngam trong dung dich dém. Hon
nita, phwong phéap phan tach ran-1ong da biét nhu phuwong phap loc, phuong phap loc nén,
hozc phuong phap ly tim c6 thé duge st dung dé phén tach dich chiét va ba rén, hoic thé

bién nap dwoc ngam trong dung dich dém c6 thé dugc ép. p-xylosidaza chiu nhiét trong
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dich chiét c6 thé dugc tinh ché bang phuwong phdp dd biét nhu phuong phéap két tinh

mudi, phuong phép siéu loc, hodc phuong phép sic ky.

Khi enzym B-xylosidaza chiu nhiét theo sang ché dugc biéu hién & trang théi c6
peptit tin hiéu bai tiét nim trong thé bién nap, thi dung dich chira B-xylosidaza chiu nhiét
¢6 thé duoc thu nhan d& dang bang cach nudi ciy thé bién nap, sau d6 thu gom phan dich
nbi nudi cdy bang cach loai bd thé bién nap ra khoi san phidm nudi cdy thu duoc. Hon
nita, Khi enzym p-xylosidaza chiu nhiét theo sang ché c6 trinh tw danh du nhu trinh tir
danh diu His, thi enzym f-xylosidaza chiu nhiét trong dich chiét hodc dich ndi nuéi céy
¢6 thé dugce tinh ché d& dang bang phuong phéap sic ky 4i luc sir dung trinh ty danh déu

nay.

N6i cach khic, phuong phap san xuat enzym P-xylosidaza chiu nhiét theo sing
ché bao gém budc san xuit enzym p-xylosidaza chiu nhiét trong thé bién nap theo sang
ché, sau d6 1a budc chiét xudt va tinh ché B-xylosidaza chiu nhiét tir thé bién nap (khi

cén).
Hbn hop glycosit hydrolaza theo sang ché

Hon hgp glycosit hydrolaza néu trén chira enzym B-xylosidaza chiu nhiét theo
sang ché, hoic enzym B-xylosidaza chiu nhiét dugc san xuit bing phuong phép san xuét
enzym B-xylosidaza chiu nhiét theo sang ché, va it nhit mot hodc nhiéu loai glycosit
hydrolaza khéc. B-xylosidaza chiu nhiét dugc san xuit bang phwong phap san xuét enzym
B-xylosidaza chiu nhiét theo sang ché c6 thé duoc sir dung & trang thai ndm trong thé
bién nap theo sang ché hoic c6 thé dugc chiét xuét hodc tinh ché tir thé bién nap nay. Khi
hdn hogp glycosit hydrolaza theo sdng ché dugc st dung dé thiy phan polysacarit, thi c6

thé phan giai hiéu qua lignoxenluloza.

Khong c6 giéi han cu thé vé glycosit hydrolaza khac v6i enzym B-xylosidaza chiu
nhiét theo sdng ché mién 1a né co hoat tinh thiy phéan lignoxenluloza. Vi du vé glycosit
hydrolaza khac bao gdm hemixenlulaza nhu xylanaza, xenlobiohydrolaza, B-glucosidaza,
endoglucanaza, hoic enzym twong ty. TSt hon néu ngoai enzym B-xylosidaza chiu nhiét
theo sang ché, thi hdn hop glycosit hydrolaza theo sang ché con chira it nhit mot glycosit
hydrolaza (ttrc 12 hemixenlulaza va endoglucanaza) va t6t hon nita néu hén hop glycosit

hydrolaza theo sang ché chira ca hai glycosit hydrolaza nay (tirc 1a chira ca hemixenlulaza
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14n endoglucanaza). Dic biét, tt hon néu hdn hop glycosit hydrolaza theo sang ché chua
it nhat mot glycosit hydrolaza dwoc chon tir nhém bao gdm xylanaza, B-xylosidaza,
xenlobiohydrolaza, va endoglucanaza; va tét hon nita néu hdn hop glycosit hydrolaza
theo sang ché chira toan bd céc glycosit hydrolaza (tic 13 xylanaza, B-xylosidaza,

xenlobiohydrolaza, va endoglucanaza).

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 & nhiét do bang 85°C, va tt
hon nita néu enzym nay 1a glycosit hydrolaza chiu nhiét c6 hoat tinh & nhiét d6 nim trong
khoang tir 70°C dén 90°C. Khi hén hop glycosit hydrolaza theo sang ché chira toan bd
céc enzym chiu nhiét (vi dy, nhiét d ti wu cta hoat tinh enzym hodc nhiét do bién tinh
clia protein enzym bang 70°C hoic cao hon), thi c6 thé phan giai hiéu qua lignoxenluloza
bang hdn hop glycosit hydrolaza nay & diéu kién nhiét do cao. Cu thé, khi hdn hop
glycosit hydrolaza theo sang ché chi chira glycosit hydrolaza chiu nhiét dugc sir dung dé
thity phan lignoxenluloza, thi c¢6 thé thuc hién phéan tmg thity phan lignoxenluloza & nhiét
d6 nam trong khoang tir 70°C dén 90°C (qu4 trinh thity phan & nhiét do cao). Dbi véi qua
trinh thuy phén & nhiét d§ cao nay, thi lugng enzym, thoi gian thity phan va chi phi cho
phan tmg thity phén c6 thé giam.

Phuong phép san xuét san phdm phan giai lignoxenluloza theo sang ché

Phuong phap san xudt san phdm phan giai lignoxenluloza theo sang ché bao gdm
buéc thity phan oligosacarit dugc tao ra bing cach thity phan hemixenluloza véi xylanaza
hodc oligosacarit dugc tao ra béng cach thuy phan xenluloza v&i xenlobiohydrolaza,

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

Vi du vé san pham phan giai lignoxenluloza bao gdm monosacarit, nhu glucoza va

xyloza.

Theo mot khia canh khac, phuwong phdp san xuit san phdm phan giai
lignoxenluloza theo séng ché 14 phuwong phép, trong d6 nguyén liéu chtra oligosacarit c6
lién két B-xylosidic dugc thiiy phan v6i enzym B-xylosidaza chiu nhiét theo sang ché dé
thu dugc san phidm phén giai lignoxenluloza chira san phdm phén giai cta oligosacarit

nay.
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Theo mot khia canh khac, phwong phdp san xudt san phdm phan giai
lignoxenluloza theo sang ché 14 phuong phép, trong dé nguyén liéu chira oligosacarit c6
lién két B-glycosidic dugc thuy phin véi enzym B-xylosidaza chiu nhiét theo sang ché dé
thu duoc san phdm phan giai lignoxenluloza chira san phim phén giai cta oligosacarit

nay.

Nguyén liéu chtra oligosacarit ¢6 lién két B-xylosidic ¢6 thé dugce didu ché bang
cach thuy phan lignoxenluloza chira hemixenluloza v6i xylanaza. Nguyén li¢u chira
oligosacarit c6 lién két B-glycosidic c6 thé dugc diéu ché bing cach thiy phéan
lignoxenluloza chira xenluloza v&i xenlobiohydrolaza. Cu thé hon, phuong phép san xuét
san phim phén giai lignoxenluloza theo sdng ché 12 phuong phap bao gdm budc san xuét
san phdm phan giai xenluloza hodc hemixenluloza bang cach cho nguyén liéu
lignoxenluloza, cu thé hon, nguyén li€u lignoxenluloza chta hemixenluloza hodc
xenluloza, tiép xtc v6i enzym P-xylosidaza chiu nhiét theo sang ché, thé bién nap theo
- sang ché, enzym B-xylosidaza chiu nhiét dugc san xuit bang phuong phap sin xuat
enzym PB-xylosidaza chiu nhiét theo sang ché, hoidc hdn hop glycosit hydrolaza theo sdng

7
A

ché.

Theo mot khia canh khic, phuong phap san xuit sin phidm phan giai
lignoxenluloza theo sang ché bao gdm budc cho nguyén lidu chira oligosacarit ¢ lién két
B-xylosidic tiép xuc v6i enzym B-xylosidaza chiu nhiét theo sang ché, thé bién nap theo
sang ché, hodc enzym B-xylosidaza chiu nhiét dugc san xuat bang phuong phép san Xudt
enzym B-xylosidaza chiu nhiét theo sang ché, hoic hdn hop glycosit hydrolaza theo sang

r
A

ché.

Theo mot khia canh khdc, phuong phdp san xuit sian phdm phan giai
lignoxenluloza theo sang ché bao gdm budc cho nguyén lidu chira oligosacarit c6 lién két
B-glycosidic tiép xtic véi enzym B-xylosidaza chiu nhiét theo sang ché, thé bién nap theo
sang ché, hodc enzym B-xylosidaza chiu nhiét dugc san xuét bang phuong phap san xuat
enzym B-xylosidaza chiu nhiét theo sang ché, hodc hdn hop glycosit hydrolaza theo sang

ché.

Nguyén liéu chira oligosacarit c¢6 lién két p-xylosidic c6 thé dugce diéu ché bing

cach thiy phan lignoxenluloza chirta hemixenluloza véi xylanaza, va nguyén liéu chira
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oligosacarit c¢6 lién két B-glycosidic c6 thé dugc diéu ché biang cich thiy phan

lignoxenluloza chira xenluloza véi xenlobiohydrolaza.

Khéng c6 gidi han cu thé vé nguyén liéu lignoxenluloza chira hemixenluloza hogc
xenluloza, mién 13 n6 chira hemixenluloza hoic xenluloza. Vi du vé nguyén li¢u
lignoxenluloza bao gdm sinh khdi nhu co dai, chit thai nong nghiép, gidy thai, hoic
nguyén liéu twong tu. Trude khi tiép xic véi enzym B-xylosidaza chiu nhiét theo séng
ché, t6t hon néu nguyén liéu lignoxenluloza dugc xit Iy vét 1y, nhu nghién hodc bam nho,
xtt Iy hoa hoc bang axit, kiém, hodic hop chit twong tu, hoic ngdm hodc phan gidi vao

dung dich dém thich hgp, hodc dung dich tuong tu.

Ttee 13, phuong phap san xuat san phim phan giai lignoxenluloza theo sdng ché ¢o
thé con bao gdm budc trong d6 nguyén liéu lignoxenluloza chira hemixenluloza hoic
xenluloza dugc x1r 1y vat ly, xtr Iy hdéa hoc, hoac ngdm hodc phéan giai vao dung dich dém

thich hop trudce khi tiép xtc v6i enzym B-xylosidaza chiu nhiét theo sang ché

Tét hon néu phan tng thiy phan hemixenluloza bdi enzym B-xylosidaza chiu
nhiét theo sang ché dugc thuc hién & didu kién ma & d6 enzym nay c6 hoat tinh thiiy phan
xenlooligosacarit. T6t hon néu phan tng thity phan hemixenluloza dugc thuc hién & nhiét
d6 nam trong khoang tir 60°C dén 90°C va d6 pH nam trong khoang tir 5,0 dén 9,0, va tbt
hon nira néu phan tng thily phan hemixenluloza dugc thuc hién & nhiét do nim trong
khoang tir 70°C dén 90°C va d6 pH nim trong khoang tir 5,0 dén 9,0 va con tét hon nita
néu phan tng thity phan hemixenluloza duoc thuc hién & nhiét d nim trong khoang tir
70°C dén 90°C va d6 pH nam trong khoang tir 6,0 dén 8,5. Thoi gian phan ting thiy phan
hemixenluloza dugc diéu chinh thich hop theo loai nguyén liéu dugc sir dung, phuong
phép xt Iy so by nguyén li€u, lugng nguyén li€u, hodc céac yéu té tuong tu. Vi du, phan
g thity phin hemixenluloza c¢6 thé dugc thuc hién trong thoi gian tir 10 phut dén 100
gir va khi phén giai sinh khéi chira xenluloza, thi phan tng thity phan hemixenluloza c6

thé duoc thuc hién trong thoi gian tir 1 gid dén 100 gio.

bé thuy phan lignoxenluloza, tot hon nira néu st dung it nhit mot hodc nhiéu loai
glycosit hydrolaza khac ngoai enzym PB-xylosidaza chiu nhiét theo sidng ché. Glycosit
hydrolaza khac c6 thé giéng nhu glycosit hydrolaza ma c6 thé chira trong hdn hop

glycosit hydrolaza néu trén, va t6t hon néu néu enzym nay la glycosit hydrolaza chiu

-23-



26973

nhiét c6 hoat tinh it nhit & nhiét d6 bang 85°C, va t6t hon néu & nhiét do it nhat nim
trong khoang tir 70°C dén 90°C. Ngoai ra, theo mdt khia canh phuong phap san xut san
phim phén giai lignoxenluloza theo sang ché sir dung enzym B-xylosidaza chiu nhiét theo
sang ché, thé bién nap theo sang ché, hodc enzym B-xylosidaza chiu nhiét duoc san xuét
bing phuong phap san xuit enzym B-xylosidaza chiu nhiét theo sang ché, va theo mot
khia canh khac phuong phap san xuét san phdm phan giai lignoxenluloza theo sing ché

sir dung hén hop glycosit hydrolaza theo sang ché .
Vi du thire hién sang ché

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

khong bi gidi han bai cac vi du nay.
Vidul

Quy trinh tich dong B-xylosidaza chiu nhiét thé hé méi tir dat & khu vuc subi nude

nong.
1. Chiét tach ADN tir dat & khu vuc sudi nu6e ndng va giai trinh tu bd gen

Dé giai trinh tu gen cla B-xylosidaza chiu nhiét thé hé méi theo sang ché c¢6 hoat
tinh & nhiét d6 nim trong khoang tir 70°C dén 90°C, ADN tir dit & khu vuc sudi nude
néng c6 do pH tir trung tinh dén kiém yéu duoc thu nhan va ADN hé gen mdi trudng cia

quan thé vi sinh vt trong dét dugc gii trinh tu.

Mau nude chira dit, bun va sinh khdi duoc thu nhan tir 5 khu vuc sudi nude nong ¢ 3
ving ciia Nhat Ban duoc sit dung lam mau d4t & khu vue sudi nuée nong c6 4o pH tur
trung tinh dén kiém yéu (cic mau ADN hé gen méi truong N2, AR19, AR15, OJ1, va
H1). Cac méu dit ¢ khu vuc sudi nude ndng nay cé nhiét d6 nim trong khoang tir 58°C
dén 78°C va d6 pH nam trong khoang tir 7,2 dén 8 & thoi diém 14y mAu.

ADN duoc chiét tach bang kit chiét tich ADN tir 10g mdi mau dat thu dugc & cac
khu vue sudi nude néng (ISOIL Large for Beads ver. 2, do NIPPON GENE Co., Ltd. sin
xuét). ADN chiét tach duoc dugc giai trinh tu bing may giai trinh tw GS FLX Titan 454
do Roche Diagnostics K.K san xuét va may giai trinh ty HiSeq 2000 do Illumina, Inc sin
xuit. ADN chiét tach duoc va san phdm (5pg) duge khuéch dai bang kit khuéch dai
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ADN b6 gen (kit khuéch dai ADN GenomiPhi V2, do GE Healthcare san xut) duoc giai
trinh tur 1an luot bing may giai trinh tu GS FLX Titan 454 va may giai trinh tu HiSeq
2000. Trbng qua trinh giai trinh tu bing may giai trinh ty HiSeq 2000, thu vién ADN va
céc chét phan tmg duoc dd vao cong do dong chay biang hé théng cBot do Illumina, Inc.
san xudt dé ty dong tao ra cum gen c6 trinh tir giéng hét véi phan tt ADN duy nhét trong
cong do dong chay. Cac dau bit cip ¢ chiéu dai bang 101bp duoc giai trinh tu bing may
giai trinh HiSeq 2000 dé thu duoc dit liéu trinh tu hé gen moi trudng.

Qua trinh giai trinh ty ADN hé gen mdi trudong niy duoc hién bang cach sir dung
mau dét sudi nude nong AR19. Két qué 1a thu dugc trinh tu bd gen co chiéu dai doan doc
trung binh bang 396bp, tdng sb cac doan trinh tu doc bing 2.766.332, va tdng chiéu dai
bo gen dd duogc giai trinh ty bang 1.106.243.280bp bang may giai trinh ty GS FLX Titan
454 va chiéu dai doan trinh tu doc trung binh bﬁng 92,65bp & cac doan trinh ty doc co
dAu bit cip, tong sb cac doan trinh tu doc bing 894.238.096, va téng chidu dai bd gen da
duoc giai trinh tu bang 83.112.168.755bp bang may giai trinh tw HiSeq 2000, tirc 13 tong
cong chiéu dai bd gen di duoc giai trinh tu bang khoang 84.2Gbp.

2. Qué trinh l4p rap va théng ké dir liéu hé gen moéi trudong ciia mau dét thu duoc &
khu vuc sudi nuée nong.

Trinh tu nucleotit thu dugc bang méy giai trinh tw GS FLX Titan 454 va may giai
trinh ty HiSeq 2000 duoc sang loc chét luong va ldp rap lai mot 1an nita bing hé thong
CLC Genomics Workbench (phién ban 5.5.1) do CLC bio san xuét. Sau khi sang loc chét
luong, tdng chidu dai doan trinh tu doc bing may giai tr‘mh» tu GS FLX Titan 454 bang
2.766.328bp, va téng chiéu dai doan trinh tu doc cua dit iiéu trinh tu nucleotit thu dugc
bing méy gidi trinh ty HiSeq 2000 bing 81.323.692.563bp. Sau khi 1ip rép,'téng sd
luong cac doan tiép gidp c6 chidu dai 16n hon 500bp bing 967.925, va tdng chiéu dai
bang 419.787.603bp. Trong sb cac doan tiép giap nay, doan tiép giap 16n nhét c6 chiéu
dai bang 287.641bp.

3. Qua trinh phét hién khung doc ma mé (Open Reading Frame - ORF) ctia B-xylosidaza.

Céc trinh tw 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-

B-xylanaza) duoc tai vé tir co s¢ dit liéu UniProt (http://www.uniprot.org/, ngay truy cap:
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09/12/2011), va co s& dir liéu v& cdc gen ma hoa glycosit hydrolaza nay dugc thiét ké.
Khung doc ma mé (cac ving gen) dugc phat hién tir cac trinh tu tiép giap thu duogc &
phﬁn 2 bang phin mém Metagene (Noguchi et al., DNA Research, 2008, 15(6)) (tity chon
Metagene: -m). Gen ma hda glycosit hydrolaza tir trinh tu ORF phét hién duoc dugc xac
dinh bang phin mém BLASTP (phién ban 2.2.18) va tham khdo ¢4 s& dit liéu néu trén.
Diéu kién tiy chon cla phén mém BLASTP duoc cai dit nhu sau: “trinh tu truy van =
sai”, “tri sb ky vong (E) < le'zo”, “tri 6 mac dinh - tri s6 dé phat hién khoang tréng =-1,
tri s6 d& mé rong khoang tréng = -1, tri sé sip thing hang duoc tao khoang trong X = 0,
tri s 1y thuyét cho cac trinh ty muc tiéu mé rong = 0, c& chit = mic dinh”, va céc trinh tu
khung doc m3 mé muc ti€éu dugc thu thap 1a gen ma hda glycosit hydrolaza. C4c trinh tu
nucleotit thu dugc bao gébm cidc gen md hoéa glycosit hydrolaza nhu xenlulaza,

endohemixenlulaza, va cdc enzym cit mach nhanh.
4. Qua trinh phan loai cac gen thanh cac ho glycosit hydrolaza.

Céc trinh tu nucleotit thu dugc & phan 3 néu trén dugc phan loai chirc ning bang
phan mém pfam HMMs (Pfam phién ban 23.0 va HMMER phién ban 2.3 Finn et al.,
Nucleic Acids Research Database, 2010, Issue 38, p.D211-222) duéi dang co s& dir 1iéu
v& trinh ty viing chtrc ning cta protein. Cu thé, mdi trinh ti nucleotit ndy dugc phan loai
thanh ho glycosit hydrolaza (GH) dua trén d6 twong ddng cta ching véi co so dir ligu
ving Pfam bang thuat ton tra ctru d twong ddng trinh tw HMMER (Durbin et al., “The
theory behind profile HMMs. Biological sequence analysis: probabilistic models of
protein and nucleic acids”, 1998, Cambridge University Press.; hmmpfam (phién ban
2.3.2), tri s6 ky vong E < 1¢”; co s6 dit liéu = Pfam_fs (m6 hinh c6 thé duoc sir dung dé
phat hién c4c doan cta cac ving dai dién & trinh tu)). Luu y ring bién thé chtra 70% trinh
tu ctia vung xtc tdc GH hodc cao hon dugc tinh 1a cdc gen ma héa enzym thudc cac ho

tuong Ung.

Tt dit liéu trinh tu hé gen méi truong AR19 c6 chiéu dai 84,2Gbp, 602.589 khung
doc ma mé& duogc x4c dinh bing phin mém Metagene, va tong sé lugng khung doc ma mo

c6 chiéu dai day du bang 251.146.

406 khung doc ma m& muc ti€u dugc xac dinh 1a trinh tu p-glucosidaza hodc B-

xylosidaza bing phin mém tra ctru d6 twong dong BLASTP. Trong sé 406 khung doc ma
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mé nay, 168 khung doc ma m¢d dugc xac dinh la gen ma hoa B-glucosidaza hodc B-
xylosidaza bang phan mém pfam HMMs, trong khi d6 238 khung doc ma m¢ chira trinh
tu vung xuc tic GH nhd hon 70%, hodc khong tuong dong vai trinh tu bat ky trén co s&

dit liéu pfam.

Két qua phan loai ho GH cua 168 khung doc ma m¢& dugce xac dinh la gen ma hoa
B-glucosidaza hodc B-xylosidaza duogc thé hién trong Bang 1. Cac trinh tu chtra viing xuc
tac GH nhé hon 70% va céc trinh tu khong twong déng véi trinh tu bat ky trén co sé dit
li¢u pfam dugc phan loai thanh ho GH chua biét. Nhu duoc thé hién trong Bang 1, trong
sb céc khung doc ma m¢& dugc xac dinh la gen ma hoa B-glucosidaza hodc B-xylosidaza,
19 khung doc ma m& cé chiéu dai déy da thude ho GHI1, 57 khung doc ma m¢ ¢co chiéu
dai d?ly dd thudc ho GH3, 13 khung doc ma m¢ ¢o chiéu dai d?ly du thudc ho GH31, va
13 khung doc ma m& c6 chiéu dai diy du thudc ho GH43 thu dugc tir hé gen moi truong
AR19. Cac doan mdi duoc thiét ké cho toan bd cac khung doc ma md& nay da dugc xéc
dinh 1a gen ma hoéa B-glucosidaza hodc B-xylosidaza, va cic gen nay dugc tich dong twr
ADN thu duoge tir dat & khu vuc sudi nude néng biang phuong phap PCR. Két qua la gen
B-xylosidaza dugc phan lap tr khung doc md m& AR19M-346 thudc ho GH3 va co6 trinh

tu cua gen PB-xylosidaza.

Bang 1
Hé gen moi trudong Phan loai ho GH cua céac gen B-glucosidaza hodc pB-xylosidaza
AR19 GHI GH3 | GH31 | GH43 | GH khac Tong sO
Céac khung doc ma mo
c6 chidu dai dy da | 1 37 13 13 3 105
Cac khung doc ma mo
c6 chiéu dai khong 3 52 4 4 0 63
day du
Tong s6 kﬁl‘?g docmd | o, 109 17 17 3 168

5. Khung doc md m& AR19M-346

Khung doc mad m& AR19M-346 ma hoa polypeptit (SEQ ID NO.1) chira 773 gbc
axit amin va c6 chiéu dai day du (SEQ ID NO.2), polypeptit nay bat dau tir metionin & vi
tri s6 1, va dau 3’ cua trinh tu nucleotit ma hoa polypeptit nay duoc két thuc bang bo ba
ma hoa két thiic. Két qua phan tich do twong dong trinh tu cho thdy polypeptit ma hoa boi
khung doc ma mé AR19M-346 14 protein da ving chtra dau tan ciing N ctia ving xtc tac

ctia glycosit hydrolaza GH3 chira 325 gdc axit amin tir threonin (T) & vi tri s§ 23 dén
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valin (V) & vi tri s 347, du tn cing C cta ving xic tac cia glycosit hydrolaza GH3
chira 260 gdc axit amin tir isoleucin (I) & vi tri s6 379 dén threonin (T) & vi tri s6 638; va
viing twong tu Fibronectin loai III chita 70 gbc axit amin tir axit glutamic (E) & vi tri s6
673 dén serin (S) & vi tri sb 742. Két qua phan tich bing phin mém dy doan trinh ty tin
hiéu SignalP 4.1, cho thdy trinh tu axit amin tir metionin (M) & vi tri s6 1 d6ng vai trd 13
bd ba mi hoa khoi dau dén axit amin & vi tri s§ 22 khong ma hoa peptit tin hiéu bai tiét

va ¢6 chitc ning chua biét.
6. Qua trinh tach dong gen.

Phén tng PCR dugc thuc hién bf‘mg cach st dung khudn 1a ADN thu duogc tir dét &
khu vuc sudi nude néng ma da dugce khuéch dai bing kit khuéch dai ADN b6 gen (kit
khuéch dai ADN GenomiPhi V2, do GE Healthcare san Xuét), va doan mdi xudi ¢6 trinh
tu nucleotit nhu néu trong SEQ ID NO.6 (5’-CACCATGGAGATTTATAAGGATCCA-
3” dugc thiét ké bang cﬁch bd sung 4 nucleotit (CACC) vao diu 5° cta trinh tu nucleotit
nhu néu trong SEQ ID NO.4. 4 nucieotit CACC dugc bd sung & dau 5° ia trinh ty dé chén
vao vecto) va doan mdi ngugce ¢o trinh ty nucleotit nhu néu trong SEQ ID NO.5 (5°-
TTATATAATTTTAACCTCGGTAAAGAATATCCTTT-3). Trinh tu nucleotit nhu néu
trong SEQ ID NO.4 14 trinh tu nucleotit twong ddng véi doan trinh tu chira cac nucleotit
& vi tri &6 1 dn 21 cua trinh tu nucleotit nhu néu trong SEQ ID NO.2 hodc SEQ ID
NO.3. Hon nita, trinh ty nucleotit nhu néu trong SEQ ID NO.5 14 trinh tg nucleotit bd
sung v6i doan trinh ty chira cac nucleotit & vi tri s& 2.288 dén 2.322 ciia trinh ty nucleotit
nhu néu trong SEQ ID NO.2 hoic SEQ ID NO.3. C4c san phim PCR da duoc khuéch dai
dugc chén vio vecto pET101/D-TOPO bang kit biéu hién Champion pET Directional
TOPO (do Life Technologies san xut), va bién nap vao ching One Shot TOP10. Cac
dong da biéu hién dugc chon loc bang phuong phap PCR truc tiép tir khuan lac, sau d6
nudi ciy trong méi trudong 1éng LB chira ampicilin v6i ndng d6 bang 100mg/L & nhiét dd
37°C va tdc d6 200 vong/phit trong 17 dén 20 gid, tiép theo cac plasmit duoc tdng hop
bang kit miniprep (hé théng tinh ché ADN Wizard plus SV Minipreps, do Promega san
xuit). Cac plasmit da tdng hop duogc giai trinh tu bing may giai trinh tw ADN 3730 do

Life Technologies san xuét.

Két qua thu dugc hai san phdm tach dong gen AR19M-346-18 va AR19M-346-43
tir khung doc ma md AR19M-346 bang qué trinh tach dong PCR. Trinh tu nucleotit ctia
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san pham tach dong gen AR19M-346-18 (hodc SEQ ID NO.3) la gen B-xylosidaza tiém
ning c6 chidu dai bing 2.322bp tuong ddng véi trinh ty nucleotit ciia khung doc ma mé
AR19M-346 (SEQ ID NO.2), va chi khac trinh ty SEQ ID NO.2 mdt nucleotit. Ttc 1a,
nucleotit & vi tri s6 1.653 ctia san phdm tach dong gen AR19M-346-18 (SEQ ID NO.3) la
xytosin (C), trong khi d6 nucleotit & vi tri s§ 1.653 cia khung doc m& m& AR19M-346
(SEQ ID NO.2) 1a thymin (T). Tuy nhién, khong c6 su khac biét gifta cac trinh tu axit
amin (SEQ ID NO.1) ma hoa bédi cac khung doc ma md nay.

Polypeptit (AR19M-346-18) ma hoa boi gen p-xylosidaza tiém niang AR19M-346-
18 (sau day duoc goi tit 1a “gen AR19M-346-18") chira 773 gdc axit amin, va c6 trinh tu
axit amin twong ddng véi trinh tir axit amin cia polypeptit ma hoa béi khung doc ma mé
AR19M-346 chira 773 gbc axit amin (SEQ ID NO.1). AR19M-346-18 13 protein da ving
chira dau tan cing N ciia viing xuc tic ciia glycosit hydrolaza GH3 chtra 325 gbc axit
amin tir threonin & vi tri s6 23 dén valin & vi tri s6 347 (T23-V347), dau tin cing C cia
viing xtc tac ciia glycosit hydrolaza GH3 chita 260 gbc axit amin tir isoleucin & vi trf s&
379 dén threonin & vi tri s6 638 (I379-T638); va ving tuong tu Fibronectin loai III chira
70 gdc axit amin tir axit glutamic & vi tri s6 673 dén serin & vi tri s6 742 (E673-S742).

Fig.1 1 hinh v& thé hién su sip thing hang céc trinh tir axit amin cta meg xuc tac
B-xylosidaza ctia san phim tach dong gen AR19M-346-18 va trinh tu axit amin cua p-
xylosidaza GH3 (ma truy cdp Ngan hang gen: AFY97406.1) c¢6 ngudn gde tir vi khudn
Fervidobacterium gondwanense thuoc nganh Thermotogae. Trén Fig.1, cac axit amin
nim sau ¢6 mau den/tring thé hién céc gbe axit amin giéng hét nhau trong toan bd céc
trinh tur axit amin ndy, va cac gbc axit amin duoc danh bong thé hién cic gbe axit amin
gan gidng nhau trén cac trinh ty axit amin ndy va ky tu “-” thé hién cac doan gach bd
(khoang trdng). Ving xuc tac B-xylosidaza ciia san phidm tach dong gen AR19M-346-18
chita khoang tréng c6 d6 twong ddng bing 76% so v6i P-xylosidaza GH3 cula

Fervidobacterium gondwanense.
7. Qua trinh biéu hién va tinh ché protein p-xylosidaza.

Sau khi giai trinh tu, cac plasmit chira gen dich duoc bién nap vao E. coli dé biéu
hién protein bang phwong phap sb¢ nhiét. Ching BL21 Star (DE3) ¢6 sén trong kit biéu
hién Champion pET Directional TOPO (do Life Technologies san xuit) dugc st dung
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lam té bao chu dé chuyén gen. E. coli chita gen dich dugc ciy vao mdi truong LB chira
ampicilin véi ham luong bing 100mg/L va nudi cdy cho dén khi mat do quang & bude
séng 600nm nim trong khoang tir 0,2 dén 0,8, sau d6 IPTG (isopropyl-p-D(-)-
thiogalactopyranosit) duoc bd sung vao, va nudi cdy tiép trong 5 dén 20 gio. Két qua 1a
qué trinh biéu hién protein dich dugc cdm ung. Sau khi nuoi céy, E. coli dugc thu nhan
bing céach ly tAm, va dung dich dém Tris-HCI 50mM (d6 pH = 8,0) c6 thé tich bing 1/10
thé tich dich nudi cdy duoc bd sung vao dé tao hdn dich vi khuin. Sau d6, quy trinh phan
cét trong 5 phit va rung lic trong 5 phat duoc I3p lai tir 7 dén 8 14n bang thiét bi Astrason
3000 (do Misonix, Inc. san xuat). Két qua 1a thu dugc dich chiét thd chira E. coli téi td
hop gen chira protein dich. Dich chiét tho chira E. coli ti t6 hop gen duoc loc qua mang
loc (dudng kich 16 loc ¢ = 0,45um, do Millipore san xuét), va dich loc thu duoc duoc st

dung 1am dich ndi nudi cdy dong nhit E. coli tai t hop gen.

Dich ndi nudi ciy ddng nhat E. coli tai td hop gen duge nap vao cot trao dbi ion
HiTrap Q HP (do GE Healthcare san xuit) dugc 1am c4n bing véi dung dich dém Tris-
HCI 50mM (dd pH = 8,0), c4c protein dugc phan doan véi gradient ndng dd nim trong
khoang tir 0% dén 50% vé6i dung dich dém Tris-HC1 50mM (d6 pH = 8,0) chira 1M NaCl
bing hé théng sic ky 1ong ap suét tir trung binh dén cao AKTA (do GE Healthcare sin
xuét). Céc phan doan c6 hoat tinh B-xylosidaza dugc trdon toan b, sau do trao ddi voi
dung dich dém Tris-HC1 50mM (d6 pH = 8,0) chira 750 mM amoni sulfat bing mang
si€u loc ly tam VIVASPIN 20 (do Sartorius stedim san xuét). Céc phan doan c6 hoat tinh
B-xylosidaza sau khi trao d6i dung dich dugc nap vao cot phan tach tuong tac ky nudc
HiTrap Phenyl HP (do GE Healthcare san xuét) duoc 1am can bang véi cing dung dich
dém Tris-HCI 50mM (d6 pH = 8,0), cac protein dugc phan doan véi gradient ndng do
nam trong khoang tir 0% dén 100% véi dung dich dém Tris-HCI 50mM (d6 pH = 8,0).
Céc phan doan c6 hoat tinh p-xylosidaza dugc trén toan bd, sau d6 ¢d bang mang siéu loc
ly tim VIVASPIN 20 cho dn khi thé tich dung dich bing khoang 8mL. MAu d cb dugc
b6 sung vao cdt loc gel Hiload 26/60 superdex 200 pg (do GE Healthcare sin xuét) dugc
1am can bang véi dung dich dém Tris-HCI 50mM (dd pH = 8,0) chira 150mM NaCl, va
dugc phan doan biang cing dung dich dém c6 thé tich gip 1 dén 1,5 1an thé thich ctia cot
& tbc d6 dong nam trong khoang tir 2mL/phut dén 3mL/phit. Cac phan doan c6 hoat tinh
B-xylosidaza dugc tron toan bd, sau do trao dbi véi dung dich dém axit phosphoric 1mM

(do pH = 6,8) va co béng mang siéu loc ly tdm VIVASPIN 20, sau d6é nap vao cot
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hydroapatit CHT5-1 (do Bio-Rad Laboratories, Inc. san xuét) dugc 1am can bang véi
cung dung dich dém, cac protein dugc phan doan véi gradient ndng d6 ndm trong khoang
tir 0% dén 100% vé6i dung dich dém axit phosphoric 400mM (d6 pH = 6,8). Cac phan
doan c6 hoat tinh B-xylosidaza dugc tron toan bg, sau do trao d6i v6i dung dich dém
Tris-HCl 50mM (dd pH = 8,0) va ¢6. Két qua 1a thu duoc enzym tinh khiét c6 ndng do
cudi cing bing khoang 3,5mg/mL.

Dich néi nuéi cdy dong nhét E. coli tai td hop gen va enzym tinh khiét nay dugc
kiém chting bing phan tich dién di trén gel SDS-PAGE (dién di trén gel SDS-
polyacrylamit). Dich ndi nu6i cdy dong nhit E. coli tai to hop gen (5pg) va enzym tinh
khiét (0,5pg) 14n lugt dugc tron véi dung dich da duge co 4 lan chira 2-mercaptoetanol
chtra dung dich dém miu (do Wako Pure Chemical Industries, Ltd. san xuit) sao cho
ndng do dung dich dém bang 1 1dn, sau d6 gia nhiét & nhiét dd 95°C trong 4 phut, tiép
theo dién di bang gel khong chira thudc nhudém Criterion TGX 10% (do Bio-Rad
Laboratories, Inc. san xuét). Sau khi chay dién di, cac bang protein dugc hién bing mau

hé théng ChemiDoc (do Bio-Rad Laboratories, Inc. san xuét).

Fig.2 thé hién két qua phan tich dién di trén gel SDS-PAGE cta dich ndi nuéi ciy
ddng nhét E. coli tai td hop gen duogc didu ché tir E. coli da chuyén gen AR19M-346-18
va enzym tinh khiét duoc tinh ché tir dich ndi nubi cdy dong nhit E. coli tai t6 hop gen
nay. Lan 1 1a gen chi thi phan tir protein, lan 2 va lan 3 1an luot thé hién cac mau dién di
cta dich ndi nudi cdy ddng nhit E. coli tai td hop gen, hodc enzym tinh khiét. Két qua
phan tich cho thdy trong dich nbi nudi ciy dong nhét E. coli tai t6 hop gen (lan 2) c6 mot
bang ddm co trong lugng phan tir gén bang trong luong phan tir clia polypeptit duge xac
dinh tir trinh ty axit amin (SEQ ID NO.1), va trong enzym tinh khiét (1an 3) c6 mot bang

duy nhit tvong tng v6i bang néu trén (duge thé hién bing miii tén trén Fig.2).
8. Do hoat tinh B-xylosidaza bang co chit PNPX (hoat tinh thiiy phan PNPX)

PNPX dugc st dung lam co chét dé do hoat tinh B-xylosidaza. Dung dich co chat
dugc didu ché bang cach hoa tan PNPX (do Sigma-Aldrich Co. LLC. san Xuét) trong
nude va diéu chinh néng d6 dén 3,4mM (sau day duoc goi tit 1a “dung dich nuéc PNPX
3,4mM”). Luu vy ring dung dich nuéc PNPX 3,4mM duoc diéu ché bing phuong phap

néu trén dugc st dung trong toan bd cac thir nghiém sau.
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Hoat tinh thity phan PNPX cuta protein enzym (AR19M-346-18) m3 hoa bdi gen
AR19M-346-18 dugc do. Cu thé hon, hdn hop chia 100uL dung dich nuéc PNPX
3,4mM, 50pL dung dich dém axit axetic 200mM (dd pH bing 6,0), 20pL dich ndi nuéi
cdy ddng nhét E. coli tai té hop gen thu duge & phan 7 hoic dung dich enzym tinh khiét
(10ng/uL) dugc didu ché bing cach pha loang enzym tinh khiét (3,5mg/mL) véi nuéde, va
30pL nude tinh khiét duge dé phan tng & nhiét d6 nam trong khoang tir 30°C dén 100°C
trong 20 phit. Trong toan bd cac phép do, hdn hop duoc didu ché bang cach bd sung
nude tinh khiét thay cho dich ndi nudi ciy ddng nhit E. coli tai tb hop gen hoidc enzym
tinh khiét va phan tmg & cing didu kién duoc sir dung 1am méu d6i chimg. Hon nita,
dung dich co chét va enzym (dich néi nuoi chy déﬁg nhit E. coli tai td hop gen hozfic
enzym tinh khiét) duoc giit 14n lugt va riéng biét & nhiét do phan tng duoc duy tri trong
5 phit, sau d6 tron. Khoang thoi gian nay duoc thiét 14p dé kich hoat phan tng. Trong
qua trinh phéan tng, cac hdn hop nay dugc khudy bang may khudy nhiét (do Eppendorf
AG san xuét). Sau khi két thuc phan tng, phan tmg dugc dimg biang cach bd sung dung
dich natri carbonat 0,2M vao mdi hdn hop véi cing thé tich két hop khudy tron, sau d6 ly
tam. Két qua 1a thu duoc phan dich ndi. D6 hép thu & bude séng 420nm duoc do bing
mdy quang phd, va ham luong p-nitrophenol trong phin dich ndi dugc do bang duong
c_:huén p-nitrophenol. Ham lugng p-nitrophenol tao ra béi qué trinh thiy phan dugc do
bﬁng}céch so sanh do sai 1éch v6i miu dbi chimg. Hoat tinh enzym dé tao ra 1pmol p-
nitrophenol trong 1 phuat dugce tinh bing 1U, va tri sb thu duoc bing cach chia hoat tinh
ndy cho khéi luong protein dugc tinh bang hoat tinh riéng (U/mg). Ngoai ra, mdi phép do

dugc Lp lai 3 14n dé thu dugc tri sé trung binh va do léch chudn.

Két qua do cho thdy ca dich ndi nudi cdy dong nhat E. coli tai td hop gen 14n
enzym tinh khiét déu c6 hoat tinh p-xylosidaza (hoat tinh thity phan PNPX).

9. PO dic hiéu co chit cia AR19M-346-18

Hoat tinh thily phan céc co cht xenluloza va hemixenluloza khéc nhau ctia protein
enzym (AR19M-346-18) ma hoa boi gen AR19M-346-18 dugc do. Trong phép do nay,
dung dich enzym tinh khiét duoc diéu ché bang cach pha lodng enzym tinh khiét (ndng
d6 bang 3,5mg/mL) thu duoc & phin 7 thanh 10ng/pL véi nude duge sir dung. Ngoai ra,
PNPX (do Sigma-Aldrich Co. LLC. san xuat), PNPG (do Sigma-Aldrich Co. LLC. san
xuét), PSA, bot Avicel, CMC (do Sigma-Aldrich Co. LLC. san xuit), xylan (c6 ngudn
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gbc tir gb s6i, do Sigma-Aldrich Co. LLC. san xuét), lichenan (do MP Biomedicals, LLC.
- san xuét), va laminarin (c6 ngudn gbc tir Laminaria digitata, do Sigma-Aldrich Co. LLC.

san xuat) dugc sir dung lam céc co chat.

PSA duoc didu ché bing cach hoa tan tir tir bot Avicel (bot xenluloza vi tinh thé,
do‘Merck san xuit) v6i dung dich axit phosphoric, tiép theo két tia Avicel bang cach bd
sung nudc tinh khiét vo tring, sau d6 rira hdn hop nay cho dén khi d6 pH bang 5 hoic
cao hon. Luu ¥ ring PSA dugc sir dung trong toan bd cac thir nghiém sau dugc didu ché

bing phuong phap néu trén.

Cu thé hon, trudc tién phan tng enzym duoc thuc hién bang cach @ so bd hdn hop
phén Umg chtra 50pL dung dich dém axit axetic 200mM (dcf) pH bang 6,0), 20puL dung
- dich enzym tinh khiét (10ng/uL) va 30uL nuée tinh khiét & nhiét do 70°C trong 5 phit,
tiép theo bd sung thém 100uL mdi dung dich co chit (dung dich nudc chia 1% khbi
lugng PSA, bot Avicel, CMC, xylan, lichenan va laminarin, va dung dich nuéc chira
3,4mM PNPX va PNPG) vao va t hon hgp thu duge & nhiét do 70°C trong 20 phit (2 gid
khi co chét 1a bot Avicel). Khi PSA, bot Avicel, hodc xylan dugc st dung lam co chét, thi
trong qua trinh phan tng, hdn hop nay dugc khudy bang may khudy nhiét & tbc d6 1.400
vong/phit (do Eppendorf AG san xuét) dé tranh két tia cac co chit khong tan.

Khi PNPG hodc PNPX dugc st dung lam co chét, thi do hép thu & budc song
420nm ctia phan dich ndi ctia hdn hop sau phan tmg, ham luong p-nitrophenol dugc tao
ra bang qu4 trinh thity phan duogc do, va hoat tinh riéng (U/mg) dugc do theo ciing cach
thirc nhu néu trong phén 8. Khi PSA, bot Avicel, CMC, xylan, lichenan hodc laminarin
dugc st dung lam co chit, thi sau khi két thuc phan tng thubc thir axit 3,5-
dinitrosalixylic (dung dich DNS) dugc bd sung vao. Hon hop thu dugc dugc gia nhiét &
nhiét do 100°C trong 5 phut, 1am ngudi trén nude da trong 5 phut, sau d6 ly tdm & nhiét
d6 25°C, va tdc d6 15.000g trong 5 phut. Két qua 1a thu dugc phin dich ndi. D6 hip thu &
budc séng 540nm duoc do biang may quang phd, va ham luong duong khir trong phan
dich ndi duoc do bang dudng chudn glucoza (khi xylan dugc st dung 1am co chét, thi
ham lugng dudng khir trong phan dich ndi duoc do bing duge chuin xyloza). Luong
duong khir tao ra bdi qua trinh thuy phan duge do bing cach so sanh do sai 1éch véi tir
mAu d6i chung. Hoat tinh enzym d& tao ra 1pmol dudng khir trong 1 phut dugc tinh bang
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1U, va tri s6 thu dugc br?mg cach chia hoat tinh nay cho khdi lugng protein dugc tinh

bang hoat tinh riéng (U/mg).

M&i phép do duoc 1ap lai 3 lan dé thu dugc tri ) trung binh va dg léchrchuén. Cac
két qua do duoc thé hién trén Fig.3. Cac két qua nay cho thdy AR19M-346-18 c6 hoat
tinh thiy phan manh PNPX va ciing ¢6 hoat tinh phan giai PNPG. Trai lai, AR19M-346-
18 hiu nhu khéng c6 hoat tinh phén gii cc co chat khéc.

10. Banh gia mac do phu thudc vao nhiét do va do pH cuta hoat tinh B-xylosidaza
bang co chit PNPX.

Miuc @6 phu thudc vao nhiét do va do pH cua hoat tinh thiy phdn PNPX cua
protein enzym (AR19M-346-18) ma hoa boi gen AR19M-346-18 dugc danh gia. Trong
phép do nay, dung dich enzym tinh khiét (10ng/pL) duoc diéu ché bing cach pha lodng

enzym tinh khiét (ndng do bang 3,5mg/mL) thu duoc & phan 7 véi nude duge st dung.

Mitc d6 phu thudc vao d6 pH cua hoat tinh thiy phdn PNPX ctia enzym tinh khiét
AR19M-346-18 dugc do theo ciing cach thirc nhu néu trong phan 8, chi khac 1 cho hén
hop chtta 100pLL dung dich nugc PNPX 3,4mM, 50uL. dung dich dém Mcllvaine (d6 pH
nim trong khoang tir 3 dén 8), 50uL dung dich dém axit axetic (46 pH nim trong khoang
tir 3,5 dén 6), hodc 50uL dung dich dém axit phosphoric (¢ pH nim trong khoang tir 6
dén 8), 30puL nudc tinh khiét va 20pL dung dich enzym tinh khiét (10ng/pL) phan tng &
nhiét 6 70°C trong 20 phut, trong d6 ham lugng p-nitrophenol duoc tao ra bang qua
trinh thily phén, va hoat tinh thity phan PNPX (U/mg) dugc do.

Miic d6 phu thudc vao nhi¢t do cda hoat tinh thiy phan PNPX cta enzym tinh
khiét AR19M-346-18 dugc do theo cung cach thirc nhu néu trong phan 8, chi khac 1a
phan tng duoc thyuc hién & nhiét do bang 30°C, 40°C, 50°C, 60°C, 65°C, 70°C, 75°C,
80°C, 85°C, 90°C, 95°C, hodc 100°C, trong d6 ham lugng p-nitrophenol dugc tao ra
bang qua trinh thiy phan, va hoat tinh thity phan PNPX (U/mg) dugc do.

Céc két qua do duogc thé hién trén Fig.4 va Fig.5. Fig.4 1 d0 thi thé hién két qua
do hoat tinh thuy phan PNPX (& d6 pH bang 6,0) clia enzym tinh khiét AR19M-346-18 &
cac nhiét dd tuong ung, trong d6 nhiét do dugc thé hién trén truc hoanh. Fig.5 1a db thi
thé hién két qua do hoat tinh thiy phan PNPX (& nhiét do 70°C) ciia enzym tinh khiét
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ARI19M-346-18 & cac do pH tuong Gng, trong dé do pH duogc thé hién trén truc hoanh.
Trén Fig.5 ky hiéu “MB” thé hién két qua do thu dugc khi dung dich dém Mcllvaine (do
pH nim trong khoang tir 3 dén 8) duogc sit dung, ky hiéu “SAB” thé hién két qua do thu
dugc khi dung dich dém axit axetic (d6 pH nam trong khoang tur 3,5 dén 6) dugc su
dung, va ky hiéu “PB” thé hién két qua do thu dugc khi dung dich dém axit phosphoric
(46 pH ndm trong khoang tir 6 dén 8) dugc sir dung. D6 pH duoc vé dd thi bing cac tri sb
do thyc cta hon hop dung dich chtrta cd chét, dung dich dém, va enzym.

Enzym tinh khiét AR19M-346-18 c6 hoat tinh thity phan manh PNPX & nhiét 4o
nam trong khoang tir 80°C dén 90°C (Fig.4). Nhiét d6 t6i uu (T w) & d6 enzym nay ¢
hoat tinh manh nhat bing 85°C & d6 pH bang 6,0. Hoat tinh thiiy phan PNPX cia enzym
tinh khiét AR19M-346-18 bi giam nhanh khi nhiét 46 phan tng enzym bang 95°C hoic

cao hon.

Ngoai ra, enzym tinh khiét AR19M-346-18 c6 hoat tinh thity phan PNPX & do pH
nam trong khoang tir 4,0 dén 8,0 & nhiét d6 70°C. Cu thé, enzym tinh khiét AR19M-346-
18 c6 hoat tinh thiy phan PNPX manh nhat & nhiét do 70°C va do pH =6.0.

11. Danh gia do 6n dinh nhiét cua p-xylosidaza bang phuong phap phan tich nhiét
cit 16p (Dfferential Scanning fluorimetry -DSF).

Phuong phap phan tich nhiét cét 16p (DSF) 14 phuong phép do nhiét d6 bién tinh
clia protein bang thudc nhuém huynh quang va may PCR dinh luong, va c6 thé ap dung
cho nhiéu protein. Thudc nhudém huynh quang dugc st dung dé phan tich nhiét cit 16p,
nhu thudc nhuém mau cam SYPRO, 1a chit phat huynh quang trong didu kién khong
phén cuc khi gin két vao vi tri ky nuée, va sy phat huynh quang bi trc ché trong diéu kién
phan cuc khi dugc hoa tan trong nuée. Nhin chung, cdu triic ciia protein bi thio xoin &
nhiét d6 bién tinh, va cac viung ky nudc cda protein bi 1 ra khdi bé mit protein. Khi
thudc nhudm mau cam SYPRO gin két véi cac ving ky nude bi 10 ra béi 4nh sang kich
thich ¢6 budc séng ndm trong khoang tir 470nm dén 480nm, thi thubc nhudm nay phat ra
4anh sang huynh quang c6 cuc dai & bude séng khoang 595nm. Bing cach ting dan nhiét
d6 ctia dung dich protein trong khoang thoi gian nhit dinh, va do mat d6 huynh quang
tuong Gng thi c6 thé xdc dinh dugc nhiét d6 bién tinh cta protein (tirc 12 nhiét do thay dbi

mat do huynh quang).
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Trong phép do nay, dung dich enzym tinh khiét (Img/mL) dugc didu ché bing
cach pha lodng enzym tinh khiét (ndng d6 bang 3,5mg/mL) thu dugc & phan 7 véi nude

dugc st dung

Cu thé hon, 2pL thubc nhudm mau cam SYPRO da pha loang 100 1an (do Life
Technologies san xuét Inc.), 1pL enzym tinh khiét c6 ndng d6 bang 1 mg/mL, SpL dung
dich dém axit phosphoric 200mM (pH 6,0) va 12uL nudc tinh khiét duge bd sung vao
cac giéng cna dia PCR 96-giéng (dia PCR 96-giéng MLL-9651, do Bio-Rad
Laboratories, Inc. san xuét) sao cho thé tich ciia mdi giéng bang 20 pL. Pia PCR dugc
déy kin bing cic ndp ddy c6 8 mil chup (do Bio-Rad Laboratories, Inc. sin xuét), nhiét
do cua cac giéng duoc tang tir 30°C dén 100°C mdi 14n 0,2°C bang may PCR dinh lwong
(He théng PCR dinh lugng CFX96 Touch, do Bio-Rad Laboratories, Inc. san Xuét), va
sau 10 gidy ké tir khi nhiét d6 dat dén nhiét d6 muc tiéu, mat d6 huynh quang ctia cic
giéng twong tng dugc dinh lugng ddng thoi. Thube nhudm mau cam SYPRO dugce kich
thich bang di-6t phat quang (LED) c6 budc séng anh sang phat ra nim trong khoang tir
450nm dén 490nm, va anh sang duogc phat xa tir thubc nhuém mau cam SYPRO dugc
cho qua bd loc théng dai & budc séng ndm trong khoang tir 560nm dén 580nm, mat do
huynh quang duoc dinh luong bing may anh CCD, va su thay doi vé mat d6 huynh
quang dugc v& db thi dudi dang ham sb cia nhiét do. Dir liéu duge phén tich bing phén
mém CFX Manager (do Bio-Rad Laboratories, Inc. san xuit) dugc tich hop trén may
PCR dinh luong. Fig.6 thé hién sy thay dbi vé mat do huynh quang ctia thuéc nhudm mau
cam SYPRO duoc dinh luong bang phuong phap DSF va gy ra béi su bién tinh nhiét
ctia protein enzym AR19M-346-18. Phin dd thi bén trén cta Fig.6 thé hién dit liéu thuc
do dugc, va phin db thi bén dudi cta Fig.6 thé hién dao ham bac nhat “-d(mdt dg hupnh
quang)/dT” cta @b thi thay déi mat d6 huynh quang cia phan dd thi bén trén ctia Fig.6.
Nhiét d bién tinh (nhiét d6 néng chay; tri sé Tp,) duge xac dinh 1a tri s cuc dai ctia dao
ham bac nhit “-d(mat dé huynh quang)/dT” duge thé hién trén truc Y ciia phan db thi bén
duéi trén Fig.6 ciia d6 thi mat d6 huynh quang dudi dang ham sd ciia nhiét d§. Nhiét do
bién tinh (T) cda protein enzym AR19M-346-18 dugc x4c dinh tir dao ham bac nhét cta
dd thi mat d6 huynh quang bang 91,9°C + 0,1°C (n = 3) khi d6 pH bing 6,0, gan bang
nhiét do tdi vu T v = 85°C clia enzym nay dinh luong duge & phan do hoat tinh thiy
phéan PNPX.
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YEU CAUBAO HO

1. Enzym beta-xylosidaza (B-xylosidaza) chiu nhiét chira polypeptit phén 1ap chu thanh tir
trinh tu axit amin nhu néu trong SEQ ID NO.1 va it nhit mot ving duge chon tir nhom
bao g@)m vung twong tu Fibronectin loai III, géc lién két, peptit tin hiéu va trinh tu danh

dau.
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<110>
<120>
<130>
<160>
<170>
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7
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1
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DANH MUC TRINH TU

<220>

<223>

<400>

Met
1
Asp
Ser
Gln
Pro
65
Asn
Ala
Thr
Leu
Gly
145
Arg
Ala
Arg
Ser
Leu
225
Lys
Val
Gly
Tyr
Ala
305
Lys
Ile
Leu
Gly
Asp
385
Pro

Ser

Pro

Glu
Leu
Ile
Lys

50
Gly
Lys
Ile
Ser
Ile
130
Ala
Trp
Thr
Asn
Glu
210
Arg
Ile
Ala
Phe
Glu
290
Leu
His
Asp
Phe
Leu
370
Gly
Asn
His

Lys

Ile
Leu
Trp
35
Ala
Gly
Ile
Met
Phe
115
Asn
His
Gly
Met
Gly
195
Gly
Glu
Gly
Ala
Asp
275
Tyr
Gln
Leu
Glu
Asp
355
Ala
Ile
Ala

Ile

Phe
435

Tyr
Ser
20
Ser
Tyr
Ala
Gln
His
100
Pro
Lys
Gln
Arg
Gly
180
Val
Gly
Val
Ser
Ser
260
Gly
His
Ala
Val
Ser
340
Asn
Leu
Leu
Glu
Ser

420
Asn

AR19M-346-18

Lys
5
Arg
Tyr
Glu
Thr
Arg
85
Glu
Val
Ala
Gly
Val
165
Cys
Ile
Arg
Phe
val
245
Glu
Ile
Lys
Ser
Glu
325
Val
Pro
Glu
Pro
Ser
405

Val

Leu

Asp Pro Ser
Met Thr Leu

Glu Leu Leu
40
Leu Leu Lys
55
Asn Phe Glu
70
Phe Leu Ile

Glu Cys Leu

Pro Ile Ala
120
Ala Ser Val
135
Leu Ala Pro
150

Ala
Glu
25

Asn
Tyr
Pro
Glu
Thr
105

Met
Ile

Val

Glu Glu Thr Phe

Ala Tyr Ile

Ala Thr Ala
200
Asn Trp Ala
215
Leu Leu Pro
230
Met Asn Ser

Glu Leu Ile

Val Val Ser
280
Ile Ala Glu
2%
Ile Asp Val
310
Leu Val Arg

Arg Arg Ile

Tyr Val Arg
360
Ile Ala Arg
375
Leu Lys Asn
390
Val Arg Asn

Met Leu Glu

Ser Gly Val
440

Asn
185

Lys
Pro
Phe
Tyr
Arg
265

Asp
Thr
Glu
Asp
Leu
345

Pro
Lys
Glu

Met

Asn
425

Pro
10
Glu
Glu
Gly
Glu
Asn
90
Gly
Ala
Arg

Leu

Val Ile
Lys Val
Asp Gly

Ile Gly
60
Arg Ala
75
Thr Arg

Tyr Met
Ser Thr
Asp Glu

140

Asp Val
155

NHIET

Leu Arg Val
15
Phe Gln Leu
30
Ser Phe Asp
45
Gln Ile Thr

Ala Glu Phe

Leu Gly Ile
95
Gly Leu Gly
110
Trp Glu Pro
125
Leu Arg Thr

Val Arg Asp

Glu
Gly
Glu
Arg
Ser

80
Pro
Gly
Glu

Val

Pro
160

Gly Glu Ser Pro Tyr Leu Val

170
Gly

His
Thr
Glu
Ser
250
Asp
Tyr
Lys
Leu
Gly
330
Lys
Ser
Ser
Met
Leu

410
Ile

175

Leu Gln Gly Asn Asp Leu

190

Pk Val Gly Tyr Gly Ala

Asn Ile
220

Ala Ala

235

Glu Ile

Val Leu
Phe Ser

Ala Gln
300

Pro Lys

315

Lys Ile

Val Lys

Lys Ile

Ile Val
380

Lys Val

395

Gly Asp

Asn Glu

205
Pro Pro Arg

Val Lys Ile

Asp Gly Val
255
Arg Lys Glu
270
Ile Ala Leu
285
Ala Ala Lys

Ile Asp Cys

Ser Glu Arg
335
Phe Leu Leu
350
Val Lys Asn
365
Leu Leu Lys

Ala Leu Ile

Tyr Met Tyr

415

Asn Phe Asn
430

Glu
Ser
240
Pro
Trp
Leu
Leu
Tyr
320
Leu
Gly
Ser
Asn
Gly
400

Leu

Ala

Lys Glu Ser Val Glu Lys Asn Met
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515

Ile Asp Ala
530

Ser Gly

545

Ile

Arg

Val Gln

Asp Val Leu

Ile Pro Arg

595

Ser Gly Gly
610

Lys Pro Leu

625

Tyr

Ser Asp

Val Glu Ile

Glu Val Vval
675
Val Lys
690

Lys

Pro

Glu
705
Tyr

Arg

Gly Ile

Met Ile Gly

Ile Asp Gly
755
Val Lys
770
<210> 2
<211>
<212>
<213>
<220>
<223>
<400> 2
atggagattt
agaatgactt
aatgaagatg
caaattacta
aataaaatcc
gaagaatgct
atggcaagta
ctcagaacag
agatggggaa
tgcgcttata
aaacattttg
ccacctcgtg
aaaatcggtt
gaggaactca
gattattttt
gcagccaagc
aagcatctcg
gtgagaagga
ccgtcgaaga
ctgcttaaaa
cctaatgcgg
gtgatgcttg
aaagaatcgg
gagggcataa
ttcagcaaag
aggtcaggtt
ctacccggtg
gttgttttga
atagttcagg
gggaagtata
ccgctcttce
tccgagagtg
tacagcgatt
ttaaatgtcg
agagaatacg
ataaaaccgg
tatggaatag
tcgtctgaag
ccaaatgaaa
<210> 3

Glu

ADN

Val
Pro
Ala
Tyr
580
Ser
Arg
Phe
Leu
Ser
660
Gln
Glu
Lys
Asp
Ser
740

Glu

Ile

Ser
Tyr
Trp
565
Gly
val
Ser
Glu
Glu
645
Leu
Leu
Leu
val
Met
725
Ser

Lys

Ile

520
val Gly
535

Leu

Asn
Ser Ala
550
Leu

Pro Gly

Lys Tyr Asn

Gln Ile
600
His

Gly
Ser Trp
615
Phe Gly
630

Ile

Phe

Thr Pro

Asn Val Glu

Tyr Ile Gly

680

Lys Gly Phe
695

Val Phe

710

Lys

Lys

Leu Cys

Ser Glu Asp

Tle Val

760

Lys

2322

ataaggatcc
tggaagaaaa
gaagtttcga
ggccaggcegg
agaggtttct
tgactgggta
cttgggaacc
ttggtgctca
gggtagaaga
tcaacggcct
ttggttacgg
aattaagaga
cagtgatgaa
tccgecgatgt
ccatagcact
tcgcgcttca
tagagttggt
tcctaaaggt
tcgttaagaa
acgatggtat
aaagtgttag
aaaatataaa
tagagaaaaa
aatacatcta
cattagaagc
tgacaaaaga
ttcaggaaga
taagtggcag
catggttacc
atccatctgg
attattttaa
tcaaaccact
tagaaatcac
agaacagcgg
cttcagtcac
gagaaaagag
atatgaagct
atatacgact
ggatattctt

Trinh tyu chua biét

Khung doc m& m& AR19M-346

aagcgcgcca
agtttttcag
cgagcaaaaa
tgctacaaat
cattgaaaac
catgggactt
agaactgatt
ccaaggcctt
aacttttgga
acaaggaaat
agcatccgaa
ggtgtttctce
ttcgtacagt
gcttagaaag
tttgtatgag
agcctctatc
gagggatggc
taagttcctg
ttctggacta
tcttccgeta
aaatatgtta
tgagaatttc
tatgagtatg
cgctaagggt
ggttgaaaaa
ttgcactaca
gttgattgac
accatattct
tggagaagcg
aaagcttcct
accatctggt
ttttgagttt
accatcgaga
agagctgtac
acgccctgtg
gaaggttgtt
atgtatcgaa
ccgtggaacg
taccgaggtt
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Lys Pro Val

Val val
555
Gly

Lys
Glu Ala
570
Pro Ser
585

Pro

Gly

Leu Phe

Gly Asp Tyr
Ser
635

Val

Gly Leu

Ser Arg
650
Asn Ser
665

Arg

Gly

Glu Tyr

Ala Lys Val
Thr
715

Pro

Leu His

Ile Glu
730
Ile Arg
745

Pro

Leu

Asn Glu

gtgattttgc
ttgggttcaa
gcatatgagc
ttcgaacctg
acaagacttg
ggtggtacaa
aacaaggctg
gcaccggtac
gagtctccgt
gacctaagaa
ggcggaagga
ttaccgtttg
gaaatcgacg
gaatgggggt
tatcataaaa
gatgttgaat
aaaatttcgg
cttggattat
gctctcgaaa
aaaaacgaaa
ggcgattata
aatgctccga
attaagagtt
tgcgatgttc
tgtgacgtcg
ggggagtcaa
gcagtttcaa
cttgctaaag
ggagcagaag
ataacaattc
ggcagatcaa
ggttttggac
gtaagtggta
ggtgaggaag
aaagagttaa
ttcaaattgc
ccaggtgtgt
ttttcaatag
aaaattatat

525
Ile Vval
540

Asp

val

Lys Val

Ala Glu Ala
Pro
590

Phe

Lys Leu

His Tyr
605
Val Ser
620

Tyr

Glu

Thr Thr

Ser Gly Ile

Glu Leu Tyr

670

Ala Ser Val
685

Gly Ile

700

Glu

Lys

Gln Leu

Gly Val Tyr
Thr
750

Phe

Arg Gly

Ile
765

Arg

gagttgaaga
tttggagcta
ttttgaaata
aacgcgctgce
gaatacctgc
gttttccggt
cgtctgtcat
ttgatgttgt
atcttgtggce
acggagttat
actgggcacc
aggccgctgt
gagtcccagt
ttgatggtat
ttgctgagac
tacccaagat
aaaggctgat
ttgataatcc
tcgctagaaa
tgaaagttgc
tgtacctttc
aattcaatct
tgaaaactat
tgggaacgtc
cagttgttgt
gggatacatc
atgtgggtaa
ttgtcgataa
cgatatttga
cgagaagtgt
gctggcatgg
tatcgtacac
tcgggacagt
ttgttcaact
agggatttgc
acacagaaca
acaatgtcat
atggtgagaa
aa

Leu Ile
Ala
560
Phe

Ser

Ile
575
Ile Thr

Lys Pro

Ser Val
Glu
640
Thr

Phe

Gly
655
Gly Glu

Thr Arg

Pro Gly
Phe
720
Val

Ala

Asn
735
Phe Ser

Phe Thr

tttgctttct
tgaactactg
cggcataggt
agaatttagc
tataatgcac
accaattgct
tcgagatgaa
tcgggatccce
aacgatggga
tgcaactgct
gacgaatata
gaagatttca
agctgcttct
agttgtttcc
caaagcacaa
tgactgttac
agatgaatcg
ttacgttcga
atctatagtt
gctgatagga
tcacatcagt
ctctggtgtt
attcgatgaa
taccgaagga
ggtcggtgac
tactttaaaa
gcctgtgata
agtgtcggcet
tgttctgtat
tggacagatt
tgattatgtt
aacctttgag
tgaaatttct
ctacatagga
aaaagttggt
gttggcgttt
gattggtagt
aataaaagtt

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
2280
2322



<211>
<212>
<213>
<220>
<223> Gen
<400> 3

atggagattt
agaatgactt
aatgaagatg
caaattacta
aataaaatcc
gaagaatgct
atggcaagta
ctcagaacag
agatggggaa
tgcgcttata
aaacattttg
ccacctcgtg
aaaatcggtt
gaggaactca
gattattttt
gcagccaagc
aagcatctcg
gtgagaagga
ccgtcgaaga
ctgcttaaaa
cctaatgcgg
gtgatgcttg
aaagaatcgg
gagggcataa
ttcagcaaag
aggtcaggtt
ctacccggtg
gttgttttga
atagttcagg
gggaagtata
ccgctcttee
tccgagagtg
tacagcgatt
ttaaatgtcg
agagaatacg
ataaaaccgg
tatggaatag
tcgtctgaag
ccaaatgaaa
<210> 4

<211> 21

<212> ADN
<213>
<220>
<223>
<400> 4

2322
ADN
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AR19M-346-18

ataaggatcc
tggaagaaaa
gaagtttcga
ggccaggcgg
agaggtttct
tgactgggta
cttgggaacc
ttggtgctca
gggtagaaga
tcaacggcect
ttggttacgg
aattaagaga
cagtgatgaa
tccgegatgt
ccatagcact
tcgcgettea
tagagttggt
tcctaaaggt
tcgttaagaa
acgatggtat
aaagtgttag
aaaatataaa
tagagaaaaa
aatacatcta
cattagaagc
tgacaaaaga
ttcaggaaga
taagtggcag
catggttacc
atccatctgg
attattttaa
tcaaaccact
tagaaatcac
agaacagcgg
cttcagtcac
gagaaaagag
atatgaagct
atatacgact
ggatattctt

aagcgcgcca
agtttttcag
cgagcaaaaa
tgctacaaat
cattgaaaac
catgggactt
agaactgatt
ccaaggcctt
aacttttgga
acaaggaaat
agcatccgaa
ggtgtttctc
ttcgtacagt
gcttagaaag
tttgtatgag
agcctctatc
gagggatggc
taagttcctg
ttctggacta
tcttcegeta
aaatatgtta
tgagaatttc
tatgagtatg
cgctaagggt
ggttgaaaaa
ttgcactaca
gttgattgac
accatattct
tggagaagcg
aaagcttcct
accatctggt
ttttgagttt
accatcgaga
agagctgtac
acgccctgtg
gaaggttgtt
atgtatcgaa
ccgtggaacg

taccgaggtt

Trinh ty nhé&n tao

atggagattt ataaggatcc a

<210> 5
<211> 35
<212> ADN
<213>
<220>
<223>"
<400> 5

Trinh ty nhan tao

26973

gtgattttgc
ttgggttcaa
gcatatgagc
ttcgaacctg
acaagacttg
ggtggtacaa
aacaaggctg
gcaccggtac
gagtctcecgt
gacctaagaa
ggcggaagga
ttaccgtttg
gaaatcgacg
gaatgggggt
tatcataaaa
gatgttgaat
aaaatttcgg
cttggattat
gctctcgaaa
aaaaacgaaa
ggcgattata
aatgctccga
attaagagtt
tgcgatgttc
tgtgacgtcg
ggggagtcaa
gcagtttcaa
ctcgctaaag
ggagcagaag
ataacaattc
ggcagatcaa
ggttttggac
gtaagtggta
ggtgaggaag
aaagagttaa
ttcaaattgc
ccaggtgtgt
ttttcaatag
aaaattatat

M6 ta trinh tu nhan tao: doan mdi.

M6 ta trinh tu nh&n tao: doan mdi.

ttatataatt ttaacctcgg taaagaatat ccttt

<210> 6

<211> 25

<212> ADN
<213>
<220>
<223>
<400> 6

Trinh ty nhédn tao

caccatggag atttataagg atcca

<210> 7

<211> 775
<212> PRT
<213>
<220>
<223> GH3
<400> 7

Met Glu Ile Tyr Lys Asp Ser Ser Lys

1

Asp Leu Leu Ser Arg Met Thr Leu Glu

xylosidaza

5

20

M6 ta trinh tu nhan tao: doan mdi.

Fervidobacterium gondwanense

10

25

gagttgaaga
tttggagcta
ttttgaaata
aacgcgctge
gaatacctgc
gttttccggt
cgtctgtcat -
ttgatgttgt
atcttgtggce
acggagttat
actgggcacc
aggccgctgt
gagtcccagt
ttgatggtat
ttgctgagac
tacccaagat
aaaggctgat
ttgataatcc
tcgctagaaa
tgaaagttgc
tgtacctttc
aattcaatct
tgaaaactat
tgggaacgtc
cagttgttgt
gggatacatc
atgtgggtaa
ttgtcgataa
cgatatttga
cgagaagtgt
gctggcatgg
tatcgtacac
tcgggacagt
ttgttcaact
agggatttge
acacagaaca
acaatgtcat
atggtgagaa
aa

30
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tttgctttct
tgaactactg
cggcataggt
agaatttagc
tataatgcac
accaattgct
tcgagatgaa
tcgggatccc
aacgatggga
tgcaactgct
gacgaatata
gaagatttca
agctgcttct
agttgtttcc
caaagcacaa
tgactgttac
agatgaatcg
ttacgttcga
atctatagtt
gctgatagga
tcacatcagt
ctctggtgtt
attcgatgaa
taccgaagga
ggtcggtgac
tactttaaaa
gcctgtgata
agtgtcggcet
tgttctgtat
tggacagatt
tgattatgtt
aacctttgag
tgaaatttct
ctacatagga
aaaagttggt
gttggcgttt
gattggtagt
aataaaagtt

Pro Ile Glu Leu Arg Val Glu

15

Glu Lys Val Ser Gln Leu Gly

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
2280
2322

21

35

25



Ser
Gly
Pro

65
Asn
Ala
Ser
Leu
Gly
145
Arg
Ala
Lys
Ser
Leu
225
Lys
Leu
Gly
His
Ala
305
Ala
Leu
Leu
Asn
Lys
385
Ile
Tyr
Asp
Ser
Val
465
Glu
Ile
Gly
Glu
Leu
545
Ser
Ile
Met
Lys
Ser
625

Phe

Gly

Val
Lys

50
Gly
Lys
Leu
Asn
Val
130
Ile
Trp
Ser
Asp
Glu
210
Arg
val
Ala
Phe
Glu
290
Leu
His
Asp
Phe
Thr
370
Asn
Gly
Leu
Ala
Met
450
Gln
Gly
Val
Glu
Leu
530
Leu
Ala
Val
Thr
Pro
610
Val

Asp

Ser

Trp

35
Ala
Gly
Val
Met
Phe
115
Lys
His
Gly
Met
Gly
195
Gly
Glu
Gly
Ala
Asp
275
His
Glu
Val
Gln
Asp
355
Glu
Asp
Pro
Ala
Pro
435
Asn
Phe
Phe
val
Ser
515
Ile
Asn
Ile
Asp
Phe
595
Ser
Lys
Tyr

Val

Ser
Phe
Ala
Gln
His
100
Pro
Glu
Gln
Arg
Gly
180
Val
Gly
Ile
Ser
Ser
260
Gly
His
Ala
Leu
Thr
340
Lys
Leu
Gly
Asn
His
420
Lys
Lys
Thr
Asn
val
500
Arg
Ile
Gly
Val
val
580
Pro
Gly
Pro

Ser

Glu
660

Tyr
Glu
Thr
Lys

85
Glu
val
Val
Gly
Val
165
Cys
Ile
Arg
Phe
val
245
Arg
Leu
Lys
Gly
Asp
325
Val
Pro
Ala
Ile
Ala
405
Ile
Phe
Ile
Tyr
Glu
485
Gly
Asp
Glu
Arg
Glu
565
Leu
Arg
Gly
Leu
Gly

645
Ile

Gln
Leu
Asn

70
Phe
Glu
Pro
Thr
Leu
150
Glu
Ala
Ala
Asn
Met
230
Met
Glu
Val
Leu
Ile
310
Leu
Arg
Tyr
Leu
Leu
390
Ala
Lys
Asn
Lys
Ala
470
Ala
Asp
Ser
val
Pro
550
Ala
Tyr
Ser
Arg
Phe
630

Leu

Ser

Leu
Leu

55
Phe
Leu
Cys
Ile
Lys
135
Ala
Glu
Tyr
Thr
Trp
215
Phe
Asn
Leu
Val
Ala
295
Asp
Val
Arg
Val
Glu
375
Pro
Asp
Ile
Leu
Ser
455
Lys
Leu
Arg
Ala
Ser
535
Tyr
Trp

Gly

Alav

Ser
615
Pro
Glu

Leu

Leu

40
Lys
Gln
Ile
Leu
Ala
120
Val
Pro
Thr
Val
Thr
200
Ala
Pro
Ser
Leu
Ser
280
Arg
Val
Lys
Ile
Glu
360
Val
Leu
val
Met
Ser
440
Ile
Gly
Lys
Ser
Asn
520
Lys
Ser
Leu
Lys
Gly
600
Ser
Phe
Ile

Tyr

Asp
Asp
Pro
Glu
Thr
105
Met
Ile
val
Phe
Glu
185
Lys
Pro
Phe
Tyr
Thr
265
Asp
Asp
Glu
Ser
Leu
345
Pro
Ala
Lys
Arg
Leu
425
Ser
Glu
Cys
Ala
Gly
505
Leu
val
Leu
Pro
Val
585
Gln
Trp
Gly

Ser

val
665

Glu
Gly
Glu
Asn

90
Gly
Ala
Arg
Leu
Gly
170
Gly
His
Thr
Glu
Ser
250
Asp
Tyr
Lys
Leu
Gly
330
Lys
Ser
Arg
Lys
Asn
410
Glu
Val
Met
Asp
Val
490
Leu
Lys
Gly
Thr
Gly
570
Asn
Ile
His
His
Pro

650
Glu

26973

Asn
Ile
Glu

75
Thr
Tyr
Ser
Gln
Asp
155
Glu
Leu
Phe
Asn
Ala
235
Glu
val
Phe
Ala
Pro
315
val
Met
Lys
Lys
Asp
395
Met
Asn
Lys
Leu
Val
475
Glu
Thr
Leu
Lys
Arg
555
Glu
Pro
Pro
Gly
Gly
635

Ser

Asn

Gly Asn Phe Asp
45
Gly Gln Ile Ser
60
Val Ala Gln Phe

Arg Leu Gly Ile
95

Met Gly Leu Asn

110
Thr Trp Glu Pro
125

Glu Met Arg Asn

140

Val Ala Arg Asp

Ser Pro Tyr Leu
175

Gln Gly Glu Asp

190
Val Gly Tyr Ser
205

Ile Pro Pro Arg

220

Ala Val Lys Val

Ile Asp Gly Val
255

Leu Arg Lys Glu

270
Ser Val Lys Leu
285

Glu Ala Ala Lys

300

Asn Thr Asp Cys

Ile Pro Glu Lys
335

Lys Phe Lys Leu

350
Ala Lys Val val
365

Ser Ile Val Leu

380 .

Met Lys Val Ala

Leu Gly Asp Tyr
415

Val Asn Leu Ala

430
Lys Ser Val Glu
445

Leu Lys Glu Glu

460

Leu Gly Asp Ser

Asn Ser Asp Val
495

Met Asp Cys Thr

510
Pro Gly Val Gln
525

Pro Val Val Leu

540

Val Val Asp Lys

Ile Gly Ala Lys
575

Ser Gly Lys Leu

590
Leu Phe His Tyr
605

Asp Tyr Val Asp

620

Leu Ser Tyr Thr

Lys Val Pro Met

655

Thr Gly Glu Val
670

-46-

Glu
Arg
Asp

80
Pro
Gly
Glu
Met
Pro
160
Val
Leu
Ala
Glu
Ala
240
Pro
Trp
Ile
Tyr
Tyr
320
Leu
Gly
Lys
Leu
Leu
400
Met
Phe
Glu
Ser
Lys
480
Ala
Thr
Glu
Ala
Val
560
Ala
Pro
Phe
Glu
Asn
640
Ala

Glu



Gly
Thr
Pro
705
Ala
Asn

Phe

Phe

Glu
Arg
690
Gly
Phe
val

Glu

Thr
770

Glu
675
Pro
Glu
Tyr
Met
Val

755
Lys

Val
val
Lys
Gly
Ile
740

Asp

Val

val
Lys
Arg
Arg
725
Gly
Gly

Tyr

Gln
Glu
Lys
710
Asp
Ser

Met

Thr

Leu
Leu
695
val
Met
Ser

Arg

Phe
775

Tyr Ile
680
Lys Gly

Leu Phe
Lys Leu
Ser Asp

745

Arg Glu
760

Gly
Phe
Asn
Cys
730
Asp

Val

26973

Arg
Ala
Leu
715
val
Ile

Phe

Glu Cys
685

Lys Val

700

His Thr

Glu Pro
Arg Leu

Glu Asp
765

-47-

Ala
Asn
Asp
Gly
Lys

750
Arg

Ser
Leu
Val
Val
735
Gly

Val

Val
Lys
Leu
720
Tyr

Ser

Phe





