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MO PAU
1. Ly do chon d@ tai

Lignocellulose 14 thanh phan chinh cua sinh khéi thuc vat trong ty nhién
duoc thai ra véi mot khdi lugng rat 16n. O nudc ta, wéc tinh hang ndm, nguén sinh
khéi nay tir phé phdm néng nghiép nhu rom, ra, bi ciy mia,... 1én dén 50 triéu tan.
Pay chinh la nguyén liéu cua nhiéu nganh céng nghiép dé tao ra cic san phim co
gia tri nhu con sinh hoc, chit dinh dudng bo sung cho nguoi va vat nuoi,.... Hién
nay bién phap xir Iy cac phé pham ndy chu yéu 1a dét gy lang phi rit 16n, anh
huong tiéu cuc dén moi truong sdng va stic khoé con nguoi. Trong cac phuong
phap xir 1y sinh khi thuc vat, thi phuong phéap sir dung tic nhan vat 1y va hoa hoc
¢6 nhiéu nhuoc diém nhu hiéu suét tao duong don thép, yéu cau cac thiét bi chuyén
dung phu hop véi gia thanh cao, cic dung méi van ton du trong san pham va gy ra
cac van dé vé moi truong,.... Phuong phap xir 1y bang enzyme c6 nhiéu wu diém
vuot troi nhu chu dong diéu khién cac phan Gng va san pham cua ting giai doan
chuyén hoa, khong tdn du héa chit nén than thién véi moi truong,.... Vi vay viéc
tim kiém va san xuat nguon enzyme thuy phan sinh khéi thyc vat, van dang dugc

quan tdm & hau hét cac qubc gia trén thé gidi trong d6 c6 Viét Nam.

Trong cac thanh phan cua lignocellulose thi hemicellulose c6 cdu triic phirc
tap va khong dong nhét, gdm nhiéu loai phan tir sinh hoc khac nhau. Do dé dé
chuyén hoa triét dé hemicellulose can nhiéu nhém enzyme nhu: xylanase, B-
xylosidase, arabinofuranosidase, oa-glucuronidase, acetyl xylan esterase, a-
galactosidase, arabinanase, ... Beta-xylosidase 12 enzyme c6 kha ning cat ¢ vi tri
dau khong khir trén mach chinh xylan va cic phan tir duong d6i xylobiose thanh
duong don xylose, nén rat can thiét trong hé thong enzyme chuyén hoéa

hemicellulose.

Moi 12 loai co kha ning tiéu hoa lignocellulose rat hiéu qua do sy hd trg cua
hang loat enzyme nhu cellulase, hemicellulase c6 nguén goc tir vi sinh vat song
trong rudt moi. Viéc tim kiém céc lignocellulase tir vi sinh vat song trong ru¢t moi

la mot hudng dugc nhi€u nghién ctru quan tdm. Tuy nhién hau hét cac vi sinh vat



trong rudt méi van chua nudi cdy duoc, nén viée khai thac ngudn lignocellulase
truée ddy bi han ché. Hién nay véi su ra doi cua ky thuat Metagenomics cho phép
gidi trinh ty toan by hé gen cua quﬁn xa sinh vat thu duoc truc tiép tr mau moi
truong. Két qua giai trinh DNA da hé gen tao ra ngudn dit liéu khong 16 kho c6 thé
xtr Iy bang phuong phap thii cong, ma nhd sy hd trg cua hang loat cong cu tin sinh
hoc hién dai dang lién tuc xuat hién, cap nhat va cai tién. Pay chinh 14 co so thic
déy su ra doi cac du an nghién ctru vé DNA da hé gen cua hé vi sinh vat c6 kha
nang chuyén hoa lignocellulose, trong d6 c6 cac nghién ctru vé DNA da hé gen cua

vi sinh vat trong rudt moi.

T ho tro tai chinh cua dé tai hop tdc Viét Nam - Nhat Ban "Phan 1ap gen ma
hoa enzyme lignocellulolytic vi sinh vat trong ruét moi & Viét Nam bang k¥ thuat
Metagenomics” giai doan 2012-2015, DNA da hé gen cila vi sinh vat song trong
rudt mdi Coptotermes gestroi dugc tach chiét va doc trinh ty. Sau khi xir Iy s6 liéu
da xac dinh dugc 587 ORF mé& hda cho enzyme thuy phan lignocellulose. Cach
tim kiém va lya chon gen ma hoéa lignocellulase tir 587 ORF nay da sir dung
phuong phéap thi cong nhu sau: Pau tién 1a chon ting gen mi hoa enzyme thity
phan lignocellulose theo uéc doan ban dau cuia cong ty giai trinh ty. Sau d6 khao
sat ving bao thu cua protein va thiét 1ap so bd cdy phat sinh ting loai enzyme.
Cudi cung s& lya chon ORF theo tiéu chi (1) trinh ty méi, (2) trung tim hoat tinh
ré rang, dic hiéu va (3) trinh ty don gian dé biéu hién. Tuy nhién cach chon gen
nay mat rat nhiéu thoi gian vi dit liéu DNA da hé gen qua 16n. Hon nita, phan 16n
gen da duoc chon rat khé biéu hién thanh cong. Vi dy, sau khi chon dugc 8 gen dé
dua vao biéu hién thi 06 gen khong biéu hién hodc biéu hién khong tan va chi co
02 gen biéu hién, nhung enzyme cé hoat tinh yéu.

Nhitng han ché ciia nghién ctru trudc day di dit ra yéu cau phai xdy dung
duoc mot phuong phap hiéu qua, dé tim kiém nhanh dugc gen dich ma hoa dung
lignocellulase tir dit liéu DNA da hé gen cta vi sinh vat trong ruét méi C. gestroi
va phai co hoat tinh dung clia enzyme muc tiéu sau khi biéu hién. Ngoai ra, su da
dang hé vi khuan va enzyme thuy phan lignocellulose trong ruét méi chua duoc
nghién ctru. Pay chinh 1a 1y do dé ching t6i tién hanh dé tai: “KHAI THAC DU
LIEU DNA PA HE GEN, BIEU HIEN VA NGHIEN CU'U TINH CHAT CUA



B-XYLOSIDASE TU VI SINH VAT RUQT MOI Coptotermes gestroi O VIET
NAM”.

2. Muc tiéu
2.1. Muc tiéu chung

Nghién ctu duoc sy da dang hé vi khudn va enzyme thuy phan
lignocellulose trong rudt méi C. gestroi tir dit liéu giai trinh ty DNA da hé gen.
Pong thoi xdy dung duoc mot phuong phap hiéu qua dé tim kiém nhanh duoc gen
dich mé hoa dung lignocellulase tir dir liéu DNA da hé gen cua vi sinh vt trong
rudt moi C. gestroi va phai c6 hoat tinh diing ctia enzyme muc tiéu sau khi biéu
hién.

2.2. Muc tiéu cu thé

- Khai thac dugc dir licu DNA da hé gen cua vi sinh vat trong rudt méi C. gestroi
d3 c6 dé nghién ctru da dang hé vi khuén va enzyme thity phan lignocellulose;

- Xay dung dugc phuong phap méi va hidu qua dé tim kiém gen muc tiéu tir dir
lidu giai trinh ty DNA da hé gen cta vi sinh vt trong rudt méi C. gestroi;

- Nghién ciru duoc biéu hién gen Xbx14 va tinh chit ciia enzyme tham gia thay
phan lignocellulose.
3. Noi dung nghién ciru

- Nghién ctru da dang hé vi khuan va lignocellulase theo hé thong phén loai cta
CAZY tir dit liéu DNA da hé gen cta hé vi khuan trong rudt méi C. gestroi da dugc
thiét 1ap;

- Tim kiém céc trinh ty axit amin cta p-xylosidase da dugc nghién ciru chi tiét vé
tinh chat va lya chon cong cu tin sinh hoc dang tin cdy dé xdy dung mau do. Sir
dung mau do dé tim kiém nhanh gen ma héa B-xylosidase tir dit liéu giai trinh tu

DNA da hé gen cua vi sinh vt trong rudt méi C. gestroi;

- Biéu hién va nghién ctru tinh chét cua B-xylosidase.



4. Pbi twong

Dir liéu giai trinh ty DNA da hé gen cua vi sinh vat sdng trong rudt moi
C. gestroi ctia phong K¥ thuat Di truyén, Vién Céng nghé Sinh hoc, Vién Han 14m
Khoa hoc va Cong nghé Viét Nam; mdt ) nguén dir liéu khai thac trén cac CSDL
va cong cu tin sinh hoc.
5. Pham vi nghién ctru

Nghién ctru dic diém hé vi khudn trong rudt méi C. gestroi va phuong phap
xdy dung mau do phuc vu cho viéc khai thac va lya chon gen mong muén tir dir liéu
da h¢ gen cua vi sinh vat trong rudt méi C. gestroi da c6. Thuc nghiém biéu hién
gen trong té bao E. coli Rosseta 1 va xac dinh cac dic diém cua B—xylosidase.
6. Y nghia khoa hoc va thue tién ciia dé tai
6.1. Y nghia khoa hoc

D3 phan tich dugc hé vi khuan song trong rudt mbi C. gestroi ¢ Viét Nam va

su da dang cac lignocellulase theo phan loai cuia CAZY;

Cung cap mot phuong phap méi va hidu qua cho viéc tim kiém gen muc tiéu
tor dir licu gidi trinh ty DNA da hé gen béng mau do dugc xay dung dya trén céc
trinh ty axit amin cua B-xylosidase va cong cu tin sinh hoc;

D4 biéu hién va xac dinh hoat tinh cua B-xylosidase tir vi sinh vat tu do trong
rudt moi C. gestroi.

6.2. Y nghia thue tién

B-xylosidase 1a mgt enzyme mdi, c6 hoat tinh tdt, hoat dong tdi wu trong moi
truong kiém va nhiét d6 cao. Pay 1a enzyme hira hen mang lai hiéu qua cao khi ing
dung trong thuc té thiy phan lignocellulose, dic biét két hop v6i phuong phap tién
xir 1y sinh khéi thyc vat bang kiém va nhiét.

7. Dong gop méi cia ludn an

Diy 13 nghién ctru dau tién vé& hé vi khuan sdng ty do va su da dang enzyme

thuy phan lignocellulose theo phan loai CAZY tur dit liéu DNA da hé gen cua vi

sinh vat trong rudt mébi C. gestroi ¢ Viét Nam;



Pi xay dung va tng dung thanh cong mau do dua trén su phan tich cac trinh
ty axit amin thudc nhém B-xylosidase dugc nghién ciru thyc nghiém. Sir dung mau
do da tim kiém duoc gen ma hoa cho B-xylosidase tir dir li€u trinh ty DNA da hé

gen cua vi sinh vt trong rudt méi C. gestroi;

B—xylosidase 12 enzyme méi c6 ngudn gde tir vi sinh vat trong rudt mdi C.
gestroi ¢ Viét Nam, da duoc biéu hién va tinh ché thanh cong, vé6i hoat tinh t6t, hoat
dong tdi uu trong moi truong kiém va nhiét do cao.

8. Noi thuc hién dé tai luin 4n

Luan an duogc nghién ctru va thyc nghi¢ém tai phong Ky thuat di truyén, Vién

Codng nghé Sinh hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam va T6 Di

truyén hoc, Khoa Sinh hoc, Truong Pai hoc Su pham Ha Néi tir thang 12 nam 2013
dén thang 6 nam 2017.



Chuwong 1. TONG QUAN NGHIEN CUU
1.1. LIGNOCELLULOSE VA QUA TRINH CHUYEN HOA
1.1.1. Lignocellulose

Lignocellulose 1a thanh phan chinh cua sinh khéi thuc vat v6i cdu tric bén
virng. Trén thé gidi ude tinh thuc vat tdng hop luong lignocellulose khoang 2.10*
tan/nam [142]. Pay 1a ngudn chat thai gay ra 6 nhiém moi trudng néu khong duogc
xur 1y triét dé. Tuy nhién, nguén sinh khéi dugc coi 14 rac thai nay chinh 1a nguyén
lidu cho san xuat nhiéu san pham c6 gia tri khac nhau nhu nhién liéu sinh hoc, hoa
chét, hay b6 sung dinh dudng cho thirc an dong vat ,...0 Viét Nam nguon sinh khoi
nay dang dugc noéng dan xir Iy bang cach dot, gay lang phi 16n va anh hudng tiéu

cuc dén moi trudong sdng [170].
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Hinh 1.1. Cdu trac caa lignocellulose [178]

Lignocellulose dugc tao thanh tir ba polyme chinh 1a cellulose (38-50%),
hemicellulose (23-32%) va lignin (15-25%) [17] (Hinh 1.1). Ty 1& cac thanh phan
trong lignocellulose thay di tiy theo ngudn sinh khdi nhu c6, ngii cbc, gd mém, gb

ctmg, phé pham ndng nghiép, rac thai nha may dudng, nha may go....



Lignin lién két chit ché véi cellulose, hemicellulose va cac thanh phﬁn khac,
tao nén do bén co hoc & thanh té bao thuc vat, lam cho thanh té bao thuc vat cung,
chic va gion. Dong thoi két ndi cac té bao voi nhau tao thanh ciu trac dinh hinh &
thue vat. Thuc vat cang gia, luong lignin tich tu cang 16n. Lignin duogc cau tao tir 3
thanh phan chinh 14 p-coumaryl alcohol (H), coniferyl alcohol (G) va sinapyl
alcohol (S). Ty 1é cac thanh phan khong gidng nhau tily thudc vao ngudn gdc sinh
khéi thuc vat. Su phan huay lignin trong md cua thuc vat than gb 1au nam c6 thoi

gian dai nhat va dong goép phan 16n chat mun trong ty nhién [63].

Thanh phan chiém ty 1¢ 16n nhat trong sinh khdi thuc vat chinh 1a cellulose.
Cellulose c6 cau triic co ban 1a cac vi s¢i, khong phan nhanh xép song song va lién
két voi nhau bang lién két hydro trong thanh té bao [155]. Cellulose dugc hinh
thanh tir cac don vi glucose két hop vi nhau qua lién két B-1,4-glycoside, tao thanh
cdu trac tinh thé va ciu trac vo dinh hinh. Cau tric tinh thé rat viing chic, bén vai
nhiét va 6n dinh hon so véi ciu triic v dinh hinh do ton tai cac lién két hydro, luc
van der Waal giita cac chudi polysaccharide va cac vi soi & canh nhau [137]. Do dé
trong qua trinh tién xur 1y sinh khéi phai pha v& dugc cau trac tinh thé cia cellulose
tao diéu kién cho cic enzyme c6 thé tiép can va xtc tac chuyén héa hiéu qua.
Cellulose c6 cdu tric rat bén va kho bi thuy phan. Nguoi va dong vat khong co
enzyme phan gidi cellulose (cellulase) nén khong tiéu hoa duoc cellulose, vi vay
cellulose khong co6 gia tri dinh dudng, nhung c6 vai tro diéu hoa hoat dong cua hé¢

thong tiéu hoa.

Hemicellulose 13 mot trong ba thanh phan tao nén sinh khéi chinh trong tu
nhién, lién két chit véi cellulose va lignin. Pay 1a polysaccharide di hop c6 d6 phan
nhanh cao, thanh phan chi yéu 1a cac phan tir duong 5 carbon (xylose, arabinose),
duong 6 carbon (mannose, galactose, glucose) va mot sé axit. Hemicellulose dugc
tao ra tir nhiéu chudi carbohydrate nhu xylan (don phan 1a xylose), xyloglucan (don
phan la D-xylose va D-glucose), galactogluicomannan (don phan la D-glactose, D-
glucose va D-mannose), glucomannan (don phan l1a D-glucose va D-mannose) va

arabinogalactan (don phan l1a D-galactose va arabinose). Trong dé xylan la thanh



phén nhiéu nhat trong vat li¢u g5 cing va rom ra; glucomannan lai chiém chu dao
trong nguyén vat liéu gb mém [108]. Hemicellulose thudng duoc phan loai theo

thanh phan cau tao khung céu trac chinh nhu xylan, galactose, mananose,....
1.1.2. Sw chuyén héa lignocellulose

Qua trinh chuyén hoa lignocellulose tao ra hang loat cac san pham trung gian,
dugc ung dung trong nhiéu linh vyc nhu cong nghiép, dét may, moi trudng, san

pham cham soc st khoe,.... dic biét trong san xut nhién liéu sinh hoc (Hinh 1.2).

Nguyén liéu San pham trung gian San pham cuéi ciing Ung dung
San xuat
@ H,, Methanol, Rwou, céng nghiép
Tinh bét |
—— D&t may
Khi déng héa
; sinh I?oc ° Glycerol, Lactic,
Vit - Axit Propionic, Axit o
/ Malnonic, Serine,... > San xuat nhién ligu
Hemicellulose } i ° ’ ’
Axit Scuccinic, —> M6bi trwong
Glucose Fumaric, Aspatic,
Fructose Threonin, ... -
Xylose H| San xuat thire an |
Arabinose

i Lactose Axit Glutamic, o~
{4 Sucrose Xylonic, Xylitol, Truyen thong
L/l Arabitol, ...

Cellulose
/ ﬁ| Giai tri |
Axit Gluconic,
. 1 Sorhitol, Lysine, ... >l San pham gia dinh
Dau thyc vat
—>| San pham cham séc
Axit Galic, Fumaric, |— strc khoée

Hinh 1.2. So' dé md hinh chuyén héa sinh khéi thanh cac sdn phdam [62]
Ghi chl: C2, C3, C4, C5, C6, SG va AG la cdc san pham chuyén héa trung gian
Sy vimng chic trong cau trac cua lignocellulose 1am cho viéc xir Iy chung mot
cach triét dé rat khé khan va thudng trai qua hai giai doan 1a: tién xir 1y dé ndi long
ciu trac thanh té bao, pha v& lién két cua lignin va cdu tric tinh thé cua cellulose,

sau d6 sir dung cac enzyme dé thay phan céc thanh phan con lai thanh monome.



Trong thyc té sinh khdi thuc vat dugce tién xtr Iy bang phuong phap vat ly (nhu
nghién va xay sinh khdi, str dung birc xa electron va chiéu xa vi séng), phuong phap
hoa hoc (nhu st dung kiém, amoniac, axit, tic nhan oxi hoa va cic dung méi hiru
o) va phuong phéap sinh hoc (st dung vi sinh vat hodc enzyme dé phan huay truc
tiép). Trong cac phuong phap trén phwong phap xir 1y bang vat 1y va héa hoc déu co
nhirng nhuoc diém rat 16n nhu chua phan huy dugc hét lignin, hiéu suét tao dudng
don thép, cn c6 cac thiét bi chuyén nganh phu hop véi gia thanh qua cao hoic su
t6n du dung moi trong ché pham gay trc ché qua trinh duong hoa va 1én men tiép
theo, hodc gdy ra cac van dé lién quan dén moéi truong,... Phuong phap xir 1y sinh
hoc khic phuc duoc cic nhuge diém trén, dic biét phuwong phap sir dung enzyme ¢
nhiéu vu diém nhu an toan véi méi truong, d& dang diéu khién va thu hdi san pham
theo ting giai doan xur 1y,.... Do d6 nhiéu nghién ctru di tap trung tim kiém hé
théng enzyme giup xur 1y triét dé ngudn sinh khi thuc vat khong 16 duoc thai ra
hang nam. Hé thong enzyme chuyén héa lignocellulose gdm ba nhém chinh Ia

ligninase, cellulase va hemicellulase.

Enzyme chuyén hoa lignin: Dé phan huly lignin can nhiéu enzyme khac nhau,
trong d6 nhoém peroxidase va oxidase déng vai tro phd v& ciu truc cia polyme.
Trong cac peroxidase thi lignin peroxidase phan cit su tring hop cua chudi polyme
va mangan peroxidase gilp oxi hoa ca hop chat phenolic va khong phai 1a phenolic.
Céc thi nghiém dd ching minh mangan peroxidase dd pha v& cdu tric cua dimer,
trimer, tetramer va phenolic cua cac oligo lignin. Bén canh cac enzyme nay thi
laccase cting 1a mot enzyme oxi héa mét dién tir cua phenol, vong thom amin va
mot sO chat giau dién tir khac. Ngoai ra laccase c6 thé oxi hoa cac hop chéat khong
phai 14 phenolic vdi sy ¢c6 médt ciia mdt s6 chat phu tro khac nén cling tham gia vao

xu ly lignin [37].

Enzyme thily phan cellulose: Cellulase 1 mot phirc hé enzyme c6 tac dung cat
lién két B -1,4-glucoside trong cellulose dé tao thanh dudng don. Lép enzyme nay
duogc tong hop chu yéu tir vi sinh vat sinh trudng trén moi trudng song cé cellulose
nhu nam, vi khuan, dong vat nguyén sinh va thuc vat [7]. Dé phan hiy hoan toan

cellulose thanh san pham cudi cung 1a glucose can c6 sy két hop cua it nhat 3 loai
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enzyme la: exoglucanase (EC 3.2.1.91), endoglucanase hay (EC 3.2.1.4) va B-
glucosidase (EC 3.2.1.21) [178].

Enzyme thuy phan hemicellulose: Vi cdu trac khong dong nhit bao gdm rat
nhiéu thanh phan khac nhau, do d6 dé phan giai hemicellulose can nhiéu nhom
enzyme nhu: endo-f-1,4-xylanase (E.C. 3.2.1.8), B-xylosidase (E.C.3.2.1.37), a-L-
arabinofuranosidase (E.C.3.2.1.55), endo-a-1,5-arabinanase (E.C.2.1.99), a-
glucuronidase (E.C.3.2.1.139), endo-B-1,4-mannanase (E.C.3.2.1.78), exo-B- 1,4-
mannosidase (E.C.3.2.1.25), a-galactosidase (E.C.3.2.1.22), B-glucosidase
(E.C.3.2.1.21), endo-galactanase (E.C.3.2.1.89), acetyl xylan esterase
(E.C.3.1.1.72), acetyl mannan esterase (E.C.3.1.1.6), ferulic va p-cumaric axit
esterases (E.C. 3.1.1.73),...[178].

1.2. METAGENOMICS VA CONG CU TIN SINH HQC KHAI THAC DU
LIEU DNA PA HE GEN

1.2.1. Metagenomics
1.2.1.1. Khdi ni¢m

Thuat ngtr “Metagenomics” dugc st dung bo1 Handelsman, Clardy, Goodman
va mot sb tac gia khac, xuat ban lan dau tién vao nam 1998 [68]. Metagenomics Ia
ky thuat phan tich da hé gen (DNA metagenome) cua tat ca vi sinh vat thu nhéan truc

tiép tir bat ky mau mai truong tu nhién nao khong thong qua nudi cay [69].

Theo udc tinh Trai Dét c6 trén 10% loai prokaryote dang sdng [21], trong d6
khoang 95% - 99,9% vi sinh vat chua thé nudi cdy duogc trong phong thi nghiém
[102]. Trong nhitng nim gan day, cung vai sy phat trién nhanh caa cong nghé giai
trinh tu gen thé hé méi, ki thuat Metagenomics cho phép giai ma khéi lwong gen d6
sO tir vi sinh vat thu duoc trong mot mau mai truong, khdng can théng qua nudi
cay. Pay la ngudn di liéu di truyén vo ciing phong phu, cho phép khai thac téi da

ngudn gen quy.
1.2.1.2. Céch tiép cin trong nghién ciru Metagenomics

Metagenomics nghién ciru DNA da hé gen cuia quan x3 sinh vat thong qua ba

budc gém: 1) Tach chiét axit nucleic trong mau thu thap; 2) Thiét 1ap thu vién da hé
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gen hodc giai trinh ty toan bd DNA da hé gen bang may giai trinh tu thé hé méi; 3)
Sang loc gen dua vao ngan hang gen hodc phan 1ap gen dya vao s6 liéu giai trinh tir
gen.

K§ thuat Metagenomics co thé tiép can va nghién ctru DNA da hé gen theo hai
huéng: (1) Phan 1ap gen dya trén viéc thiét 1ap thu vién DNA da hé gen va (2) khai
thac trinh ty DNA va phan 13p gen dua trén dir li¢u gidi trinh tu truc tiép DNA da hé
gen. Trong d6, cach tiép can thi nhat thudng ton rat nhidu thoi gian va cong stc, do
phai sang loc mot khéi lugng 16n cac dong trong thu vién, yéu cau sé lugng dong
thu vién phai rat 16n va chat luong thu vién phai cao [176]. Cach tiép can thir hai
dang ngay cang pho bién va Gmg dung rong rdi hon nho k¥ thuét giai trinh ty thong
luong cao (HTS) miu DNA da hé gen cua quin xi vi sinh vat sdng trong moi
truong sinh thai nhét dinh. Véi vu diém gidi trinh ty nhanh va chinh xac, cac hé
théng may giai trinh ty thé hé méi (NGS) dugc sir dung phd bién nhu may giai trinh
tu Roche 454 cua 454 Life Sciences, HiSeq 2000 cua Illumina va AB SoLid cua
Life Technologies [106]. Piém khac biét quan trong gitta HTS va k¥ thuat giai trinh
tu Sanger truyén thong 1a thong lugng. Trong khi mot Sanger dién hinh tao ra duoc
102 trinh ty (voi do dai 600 dén 900 bp) thi HTS c6 thé sinh ra 10° dén 10° trinh tu
(v6i do dai 100 dén 700 bp) cho mot 1an chay [64]. Thiét bi giai trinh tw gen hién dai
nhu hé théng giai trinh ty cia [lumina, mot lan chay trén ban 96 giéng, c¢6 thé cho ra

khoang 12-15 triéu trinh tu va mdi trinh ty c6 do6 dai trén dudi 100 bp [106].
1.2.1.3. Mgt s6 thanh twu teng dung Metagenomics

Sau gan 20 ndm phat trién, ky thuat Metagenomics d try thanh cong cu manh
mé& dé phan tich da dang di truyén va loai, chtrc ning gen va protein, sy twong tac va
tién hoa cua vi sinh vat trong nhiéu loai mdi truong khac nhau nhu: dat, nude, hé
tiéu hoa clia ngudi, da co ctia dong vat nhai lai,.... Trong mot s6 nim tro lai day kha
ning giai trinh tu nhanh chéng véi chi phi thap ctia hang loat may thé hé moi, da
1am bung nd cudc cach mang vé sb licu di truyén [46]. Dir liéu va siéu dir liéu DNA
da hé gen khong chi dung lai & viéc mo ta sy phat sinh loai hay mot sb dic diém cua
gen thong qua hé thong di truyén 16S RNA, ma toan bo chirc ning cia gen, mbi

quan hé gilta cac gen trong mot nhém hay gitra cdc nhém sinh vat déu duogc lam
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sang to [127]. Cac nghién ctru da st dung dir liéu DNA da hé gen dé thiét ké thi
nghiém thong lugng cao va thong lugng thap, tap trung vao viée xac dinh vai tro
clia gen va vi sinh vét trong viéc thanh 1ap cong dong vi sinh vat dong [192].

Metagenomics ciing dugce ting dung trong nhiéu linh vuc ciia khoa hoc Trai
Pit, khoa hoc su séng, khoa hoc y sinh [180], san XUAt nang luong, xr ly moi
truong, cong nghé sinh hoc, nong nghiép [69]..... Trong dé phai ké cac tmg dung
vuot trdi trong y hoc [38] nhu du an ctia “Human Microbiom” budc dau da st dung
trinh ty DNA da hé gen cua cac cong déng vi khuan ¢ 15-18 vi tri khac nhau trén co
thé 250 ngudi dé danh gia sy thay doi va méi quan hé cua chung véi stic khoe cua
con ngudi. Mot nghién ciru y té khac cua dy an MetaHit (Metagenomics of the
Human Intestinal Tract) tién hanh & 124 ngudi tir Pan Mach va Tay Ban Nha mic
bénh duong rudt, thira can va cau kinh di cong bo thong tin vé su da dang phat sinh
loai vi khuan tiéu héa. Nghién ctru dd chting minh ring hai nganh vi khuan
Bacteroidetes va Firmicutes chiém hon 90% ciia cac loai dugc biét dén dang thong
tri vi khuan dudng rudt. Sir dung tan sd gen lién quan dugc tim thay trong rudt da
xac dinh 1.244 cum gen cua DNA da h¢ gen giit vai trd v0 cung quan trong cho stc
khoe cua dudng rudt [30]. Trong san xuat ning luong rat nhidu két qua di cong bd
vé phan tich va so sanh DNA da hé gen giita cac vi sinh vét trong hé thdng 1én men
khi sinh hoc [167], trong duong ti€u hoa cua dong vat an co6 nhu con trung, thu an
co [72]. Thé gi6i dd cong bd khoang 75 hé gen cua céac loai vi sinh vat giit vai trd
nhit dinh trong qua trinh san xuat ning luong sinh hoc [184] . O Viét Nam sir dung
ky thuat Metagenomics dé phan lap gen da duoc thyc hién trén mot sé déi tugng
nhu gen mé hoa laccase ciia ndm Basidiomycetes trong mau dat rimg Nam Cat Tién
[89], gen m& hda protease va amylase bén nhiét tir thu vién DNA da hé gen cua vi
sinh vat sudi nudc néng [194], gen ma héa pectinase tir cong dong vi sinh vat dat
[195], ....

Trong cac du an Gng dung k¥ thuat Metagenomics dé danh gia da dang vi sinh
vat va tim kiém gen mi hoéa lignocellulose phai ké dén nhiéu du 4n gii trinh tu
DNA da hé gen cua vi sinh vat séng trong rudt méi. Hang loat nghién ctru da danh
gia da dang vi sinh vat trong rudt cia méi R. speratus [77], N. ephratae [182],
Microcerotermes [76], N. corniger va A. wheeleri [70], R. flavipes [60], C.
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formosanus [75] va khai thac gen ma hoa cho enzyme thuy phan lignocellulose tur
hé vi sinh vat ruot mdi N. ephratae [182], R. speratus [171], N. corniger va A.
wheeleri [70]. K¥ thuét nay ciing dd dugc sit dung dé phan tich DNA da hé gen cia

vi khuan sdng tu do trong rudét mdi C. gestroi & Viét Nam [166].
1.2.2. Mt s6 cong cu tin sinh sit dung dé phan tich s6 liéu

Viéc phan tich va khai thac s liéu giai trinh tu da hé gen c6 thé st dung rat nhiéu
phin mém tin sinh hoc truc tuyén va khai thac mién phi. Nghién ctu nay st dung
mét s6 cong cu tin sinh hoc dé phan tich dir 1iu giai trinh ty da h¢ gen cua vi sinh

vat ruot moi C. gestroi va tim kiém duoc gen mi hoa lignocellulase nhu sau:
1.2.2.1. BLAST (Basic Local Alignment Search Tool)

BLAST Ia mdt trong céc cong cu noi tiéng dung trong sinh hoc tinh todn, dua
trén giai thuat tim kiém nhiing trinh tu axit nucleic/protein twong dong luu trit trén
nhiéu CSDL. Ba nguon CSDL cong cong 16n nhat vé trinh ty DNA va protein duoc
BLAST tham chiéu dén 1a NCBI, EMBL va DDBJ [205].

BLAST st dung giai thuat so sanh cac chudi sinh hoc nhu chudi amino axit
ctia protein hay chudi nucleotide cia DNA. Khi dugc cung cdp mot CSDL phu hop,
BLAST s& cho phép tim kiém chudi con gidng véi chudi c6 sdn ma ngudi ding
quan tim. Dé chay BLAST can dau vao 1a chudi truy van (hay con goi 1a chudi
dich) va mot CSDL. BLAST sé& tim kiém chudi con trong cdu truy van giéng voi
cac chudi con trong CSDL. Théng thudng, khi sir dung, chudi truy vin nho hon rét
nhiéu so v6i CSDL. Y tuwéng ciia BLAST dya trén co s xac suit nhitng chudi bat
cdp trinh ty thuong so hiru nhiéu doan chudi con cé tinh twong déng cao. Nhing
chudi con nay dugc mé rong dé ting tinh twong dong trong qua trinh tim kiém.
Thuét toan ciia BLAST c6 2 phan, mot phan tim kiém va mot phan danh gia thong

ké dua trén két qua tim dugc.

BLASTall 14 tap hop chuong trinh tim kiém duoc thiét ké dé kham pha tat ca
CSDL trinh tu c6 san, bat ké d6 1a protein hay DNA bao gom: 1) BLASTp tim kiém
tat ca trinh ty protein twong dong véi trinh ty protein can phan tich trong CSDL

protein; 2) BLASTN tim kiém tat ca trinh ty nucleotide tuwong dong véi trinh tu


http://vi.wikipedia.org/wiki/ADN
http://vi.wikipedia.org/w/index.php?title=NCBI&action=edit&redlink=1
http://vi.wikipedia.org/w/index.php?title=EMBL&action=edit&redlink=1
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http://vi.wikipedia.org/w/index.php?title=Chu%E1%BB%97i_DNA&action=edit&redlink=1
http://vi.wikipedia.org/wiki/C%C6%A1_s%E1%BB%9F_d%E1%BB%AF_li%E1%BB%87u
http://vi.wikipedia.org/wiki/C%C6%A1_s%E1%BB%9F_d%E1%BB%AF_li%E1%BB%87u
http://vi.wikipedia.org/wiki/B%E1%BA%AFt_c%E1%BA%B7p_tr%C3%ACnh_t%E1%BB%B1
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DNA can phan tich trong CSDL DNA; 3) TBLASTn tim trinh ty protein tuong
d6ng trong CSDL DNA bang cach dich mdi trinh tw DNA ra tat ca 6 khung doc mo;
4) BLASTX tim trinh tu nucleotide trong ddng trong CSDL protein bang cach dich
trinh tu nucleotide can phan tich sang tat ca 6 khung doc mé. Trong nghién ctu
DNA da hé gen, sau khi co duoc dy doan vé khung doc mé can quan tam, sir dung
cdng cu tim kiém trinh tu axit amin trong ddng trong BLASTp c6 thé diéu tra ving
bao ton cua mdi enzyme do ORF ma héa [54].

1.2.2.2. EXPASY (Expert Protein Analysis System)

EXPASY la mot cong théng tin tai nguyén sinh hoc do Vién tin sinh hoc Thuy
Si thiét ké (SIB), cho phép ma rong va tich hop truy cap cia cong cu phan mém vao
tai nguyén khoa hoc, CSDL va trong nhiéu linh vuc cua doi song [196]. Cac nha
khoa hoc ¢6 thé truy cap vao hang loat nguon dit liéu nhu protein, gen, phat sinh
loai/ tién hoa, hé théng sinh hoc, di truyén hoc quan thé, transcriptomics,.... Ngoai
trang web chinh & Thuy Si, thi bay chi nhanh khac duoc dat & hau hét chau luc dé

phuc vu cho cong dong ngudi ding.

EXPASY bit dau hoat dong tir nim 1993 va hoat dong nhu mot may cha
proteomics dé phan tich chudi protein. EXPASY cung cap cbng cu phan tich
chuyén dung gitra protein vai protein va truy cap dén mot loat CSDL nhu SWISS-
PROT, SWISS-2DPAGE,... Tit c4 CSDL ¢ san trén EXPASY déu tham chiéu dén
hau hét CSDL trén toan thé gisi. Vi du SWISS-PROT tham chiéu chéo dén khoang
50 CSDL khac nhau chuyén vé protein va trinh ty axit nucleic, méd hinh ciu tric
3D, phan loai sinh vat, théng tin di truyén, cac ving va dau hiéu cua ho
protein/enzyme, sira doi sau dich m4,... Céng cu phan tich c6 sin trong EXPASY
déu thuc hién cac nhiém vu cu thé lién quan dén protein gém: tim kiém tuong ty, du
doan thay d6i, du doan cau trdc lién két, phan tich ciu tric bac 1, 2, 3, 4,.... Di liu
cua proteomics duwa trén ngudn thdng tin vé dién di va thi nghiém quang pho, do d6
do chinh xac kha cao.

Trong nhitng ndm qua bg suu tap cong cu cua EXPASY ra doi, hudng tai viéc
truy cap va hién thi CSDL dé phan tich chudi protein. EXPASY thiét Iap hé thong
cdng cu phan tich lién quan dén genome, protein, ciu tric khdng gian, hé thdng sinh
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hoc, tién hda, di truyén hoc quan thé, hoa dugc, dich mi,.... Dé chay cac cong cu
trong danh muc thiép 1ap san, ngudi dung chi can nhap trinh ty DNA hoac axit amin
vao, chon ché d6 phan tich va cho két qua sau tir vai phat dén vai gio dong ho tay
vao tirng loai cong cu. Trong nghién cau ndy mot sé cong cu cia EXPASY duogc
ching t6i sir dung dé phuc vu cho muyc dich dich m4, du doan signal peptide, trong

lwong protein, diém dang dién,... cua protein.
1.2.2.3. Céng cu dw dodn céu triic khéng gian

Hai cong cu sir dung dé du doan cdu trac khong gian cia protein trong nghién

ctru nay la Phyre 2 va Swiss model.

Phyre 2 la cong cu du doan cau tric khdng gian dya trén nguyén tac va ky
thuat mo hinh twong dong cua chudi protein, dua trén két qua so sanh cac vi tri axit
amin bao ton. Cong cu nay ké thira tir mé hinh 3D-PSSM cua Lawrence Kelley va
Bob MacCallum thugc phong thi nghiém mé hinh héa sinh hoc phén t tai Vuong
qudc Anh, may chi duoc gidm sat bai Michael Sternberg [197]. Cau tric bac cao
ctia protein dugc bao ton hon trong qua trinh tién hda so véi trinh tu chudi axit
amin. Tur chudi protein quan tdm (muc tiéu) cé thé duoc mo hinh héa véi do chinh
xac hop Iy dua trén mot chudi rat xa lién quan dén cau trac di duoc biét dén vé vi
tri axit amin bao tén. Thong thuong, trinh tuw axit amin caa mot chudi cu tric
protein s& duoc xir ly bang cach quét vai mot CSDL trinh tu protein Ion dé xuat ra
két qua. Nguon dit liéu sir dung chinh dé so sénh khi tim kiém céu trac twong dong
cua Phyre 2 chu yéu 1a NCBI. Dé du doan cau tric bac cao cua protein, ngudi ding
s& nhap trinh tu chudi axit amin va cho tir 30 phat dén vai gio (thy thuoc vao chiéu
dai chudi, sé lwong trinh ty trong ddng, tan sé 1ap lai,...) céng cu s& dua ra mot dur
bao cudi cung. Thang tin tom tat cua két qua di doan s& chuyén dén email ding ky.
Bang két qua chinh trong Phyre 2 cung cap mic do tin cay cua udc doan, hinh anh
mé hinh khéng gian, ngudn gbc hinh anh, trung tam hoat dong cua enzyme,.... Doi
v6i mbi két qua s& cd mot lien két dua nguoi dung dén ngudn géc trinh tu axit amin
va cau tric khong gian cua CSDL da sir dung. Céc tinh niang xtr ly hang loat cho
phép ngudi ding giri nhiéu hon mot trinh tu can udc doan. Theo mic dinh, ngudi Sir

dung c6 giéi han 1a 100 trinh tu trong mot 1an nhap dix liéu. Giéi han nay c6 thé
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dugc nang 18n bang cach lién lac véi quan tri, nhung mat nhiéu thoi gian hon. Trén
co so du doan cau trdc khdng gian caa phan mém Phyre 2, nghién cau c6 thé st
dung dé xac dinh mdi lién hé giira cu tric véi chie ning cua protein [8]. Két qua

nay sé& cung cap thdng tin cho viéc lua chon gen biéu hién trong vat chu.

Swiss model dugc tao ra vao nam 1986, tai Khoa Hoa sinh Y hoc cua Dai hoc
Geneva, Vién thdng tin sinh hoc SIB Thuy Si, sau d6 két hop véi thu vién di liéu
EMBL [198]. Khoang 85% trinh tu protein CSDL nay bat ngudn tir viéc dich céc
trinh tu mad hoa tur CSDL axit nucleic nhu EMBL-Bank/GenBank/DDBJ. Trong
Swiss model c6 thé phan biét hai 16p dit liéu 1a dix liéu ¢t 18i va chu thich. Déi véi
mdi lan nhap chudi, dir liéu cét 16i bao gom théng tin vé trinh tu, nguon trich dan
cua thu muc va phan loai (mé ta ngudn sinh hoc cua protein). Dit liéu chd thich bao
gom mo ta cAc myc nhu chirc ning ctia protein, stira doi sau dich méa (carbohydrate,
phosphoryl hoa, acetyl héa, GPl-anchor,...), vi tri va vling bao tén (ving lién két
canxi, kém, vi tri lién két ATP,...), cdu tr(c bac hai (chudi alpha, beta,...), bac cao
(homodimer, heterotrimer,...), su tuong dong vai protein khéc, bénh lién quan dén
su thiéu hut trong protein,... [10]. Bé c6 duoc théng tin chd thich, Swiss model st
dung nhan xét cua chuyén gia bén ngoai va an pham bao céo dit liéu trinh tu méi, so
sanh véi s6 lidu cii dé cap nhat dinh ky cha thich protein. Céc dit liéu duoc hop nhat
v6i nhau mot cach khoa hoc, giam thiéu sy du thira, dong thoi c6 thé tham chiéu
dén hon 100 CSDL khéc nhau [10]. Swiss Protein uwéc doan chi tiét duoc ciu trdc
khong gian cua hau hét trinh ty protein dwa trén ca théng tin ving bao ton va khéng
bao t6n, do d6 cho phép du doan dwoc mé hinh cau tric protein dich. So sanh voi
két qua du doan cau tric khdng gian protein caa Phyre 2, thi két qua du doan cua
Swiss Model s& mo rong hon. Bé du doan két qua, nguoi ding chi can nhap mot
hoac nhiéu trinh ty axit amin dich, cdng cu s& tinh toan dé dwa ra nhiéu thdng tin
lien quan dén ca hai lop dit liéu cbt 16i va chu thich. Dac biét cAu trac khong gian s&
dugc md ta mot cach chi tiét, véi cac ving chic ning dic trung cua ting loai

protein va cho phép ngudi dung thay d6i tham sé da mic dinh.
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1.2.2.4. Dw dodn khd ning chiu kiém/axit

Tim kiém ngudn lignocellulase c6 hoat tinh tét trong méi trudng kiém hoic
axit 1a muyc tiéu caa nhiéu nghién ctu tng dung. Vi vay trong nghién ciu tim kiém
lignocellulase, chung t6i ciing rat quan tam dén muc tiéu nay. Pé du doan trudc kha
nang hoat dong tdi uu ciia enzyme dugc ma hoa boi cac ORF di chon, ching toi
tién hanh tim kiém cong cu tin sinh hoc phu hop. AcalPred 1a cong cu duoc cung
cap mién phi bai Trung tdm Tin sinh hoc, Pai hoc Khoa hoc Cong nghé va bién tr,
Trung Qudc, giup du doan kha ning hoat dong cua enzyme trong diéu kién kiém
hoac axit [199]. Cong cu ndy dwa vao sy tong hop nhiéu chi sé khac nhau cua
protein da nghién ctu thyc nghiém bao gom: thanh phan axit amin, GO, nhém axit
amin dugc bao ton, gia tri dién tich,... CAc chi s nay s& la co s¢ dé phan mém thiét
ké vector hd trg SVM (Support Vector Machine) 1am vector tham chiéu chung. Khi
ta c6 mot trinh tu axit amin nhap vao, phan mém sé tu dong tinh toan va cho ra két
quéa cudi ciing vé kha niang chiu kiém hay axit ciia protein [104]. Két qua cudi cling
phan loai thanh hai nhém dua trén chi s6 phan tich. Néu chi s6 phan tich cang gan
VGi gia tri bang 1, thi pH hoat dong toi uu trong méi trudng kiém s& cang cao va
nguoc lai néu chi s gan véi 0 thi pH hoat dong téi uu s& trong méi trudng axit.
Phan mém nay cho phép ngudi dung ude doan cung luc hang trim trinh ty axit amin

khac nhau.
1.2.2.5. Phin mém dw dodn khd ning chiu nhiét

Viéc udc doan duoc kha ning chiu nhiét cia protein/enzyme cho phép ti wu
hoéa hang loat quy trinh cong nghé sinh hoc trong nhiéu linh vyre nhu nong nghiép,
dugce phim va moi truong [136]. Phan mém mién phi TBI do Vién nghién ctru Tin
sinh hoc cua Pai Loan thiét ké dua trén téng hop dac diém chiu nhiét cua protein da
nghién ciru, tir d6 xay dung vector hd trg cho viéc du doan dic tinh nay [200].
Vector st dung chi sé chiu nhiét (Tm) da thuc nghiém kiém tra trén 75 bd gen vi
khuan hoan chinh. Tir kha ning chiu nhiét cua gen duoc phan tich, s& tim ra mdi
lién hé voi kha nang chiu nhiét cua ching cha séng trong méi trudng c6 nhiét do
khéc nhau [94]. Bé chay chuong trinh, ngudi ding chi can nhap trinh ty axit amin

can xac dinh va chd tir mot dén hai phut, phan mém s& tir dong tinh toan cho ra két
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qua. Két qua dy doan nhiét do hoat dong (Tm) & ba mirc do: Néu két qua Tm 1on
hon 1 thi kha nang chiu nhiét ctia protein 1a trén 65°C; néu Tm nho hon 0 thi kha
ning chiu nhiét cia protein 1a dudi 55°C va Tm trong gi6i han tir 0 dén 1 thi kha
nang chiu nhiét cia protein 1a tir 55°C dén 65°C. Vi phan mém nay nguoi dung cd

thé udc doan cung luc kha nang chiu nhiét ciia nhi€u trinh ty axit amin khac nhau.
1.2.2.6. Phan mém dw dodan nguon goc ciia gen

Viéc xdy dung cy phat sinh l0ai tir trinh tu phan tr bang cong cu tin sinh
hoc gitip cho ngudi st dung co6 thé xir 1y sd litu nhanh va chinh xac.
Www.Phylogeny.fr 1& may chu phén tich sy phat sinh loai hoan toan ty dong tir
trinh tu nucleotide [201]. Phin mém nay sir dung dit liéu ciia hang loat ngan hang
nhu NCBI, Swiss Protein, Uniprot, ... bit dau tir viéc xac dinh twrong dong, sau do
dung cay phat sinh suy dién. Qu4 trinh phén tich s6 liéu duoc lién két véi hang loat
cong cu so sanh twong dong khac, cudi cing cong cu xir Iy nao cho két qua cé diém
cao nhat s& dugc sir dung dé xdy dung cdy phan loai. “Phylogeny analysis” cung
cap ba ché d6 chinh bao gdm: “One Click” la ché d6 xir 1y véi téc do va tham sb
mic dinh, pht hop v&i hau hét nghién ciru. “Advance” cho phép nguoi dung tuy
chinh cac thong sb cua chuong trinh. Ché d6 “A la Carte” linh hoat hon cho phép
nguoi dung dya trén phan mém dé thiét 1ap mot cdy phan loai v6i thong sé mong
muén. Nguoi diung chi phai cung cdp chudi dit liéu dich dé phan mém dung cay

phan loai cta chinh gen do [42].

BLAST-Explorer 1a mot cong cu nhé cta hé théng phan tich Phylogeny.fr,
dua trén sy két hop tim kiém tuong dong cia BLAST véi hang loat cong cu hd trg
cho viéc phan biét chinh xac giita cac trinh tu orthologous va paralogous. Dé chay
BLAST-Explorer, ngudi dung chi can nhap trinh ty dich, chon nguén dit liéu can so
sanh va giri yéu cau phan tich cay phét sinh. Két qua duoc tra lai 1a mot cay phan
loai vé mdi quan hé giira trinh ty gen can phan tich véi loai gan nhit va cac loai co
quan hé tién hoa xa hon. Trong nghién ctru nay ching t6i s& dung cong cu BLAST-
Explorer dé dung cay phan loai cho ma gen da lya chon, phuc vu cho muc dich xéc

dinh nguon goc cua gen.
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1.2.3. C4c ngudn dir liéu
1.2.3.1. CAZY
CAZY (Carbohydrate-Active enZYmes) 1a CSDL dugc phat trién béi nhém

Glycogenomics tai phong nghién ctru kién trac va chitrc ning ctia cac dai phan tur
sinh hoc (Architecture and Function of Biological Macromolecules: AFMB) &
Marseille ciia nudc Phap vao nam 1999. Pay 1a mot hé théng phan loai chira CSDL
vé enzyme tham gia vao qua trinh tong hop, trao ddi va van chuyén carbohydrate
[202]. Tinh dén thang 11/2013, CAZY chta thong tin vé gan 340.000 CAZYmes
[107] va duoc chia thanh 05 nhém 1én khac nhau bao gom: 94 ho glycosyl
transferase (GH), 104 ho glycosyl transferase (GT), 22 ho polysaccharide lysase
(PL), 16 ho carbohydrate esterase (CE) va 13 ho thuc hién hoat dong phu tro (AA).
Hang nam sb lugng ho enzyme nay ting dan theo cic cong bd nghién ciru méi vé
nhom enzyme chuyén hoa carbohydrate. Trong cac ho trén, ho thity phan lién két
glycosyl (Hydrolases Glycosyl: GH) da dugc gidi thiéu boi Bernard Henrissat vao
nam 1991 [91]. Nam 2015 dit liéu nay chira 135 ho GH va dén thang 6 nim 2017 la
145 ho GH, véi dic diém nhan biét khac nhau nhu: cu tric khong gian, co ché xuc
tac phan ng, chit cho dién tir va proton [71]. Ngoai ra mdi ho GH ctiia CAZY sé&
thdng ké cic cong bd vé sd lugng loai sinh vét chira enzyme (bao gdm vi khuén,
sinh vat nhan chuén, sinh vat chwa phan loai), cdu trac va dic diém cia enzyme.
Nguén dir lig¢u cua CAZY duoc cap nhat tu sb liéu cua Genbank. Cu thé cac bo gen
va ho enzyme méi dugc bd sung ngay sau khi chung xut hién trong phién ban hang
ngay cua GenBank va dya trén cong bd chi tiét hoat dong cua it nhat mot gen ma
hoa enzyme; Mit khac cac ho enzyme d3 c6 sin déu duoc cap nhat thuong xuyén
thong tin lién quan (céu tao, hoat tinh, co ché hoat dong,... cua enzyme). Nguén dur
liéu nay cho phép nhiéu cong cu tin sinh hoc tryc tuyén sir dung dé so sanh tuong

d6ng va phan loai CSDL dich theo hé théng phan loai cia CAZY.

Hién nay CAZY phat trién thém cong cu CAZYchip, dua trén thong tin DNA
ctia 55.220 vi khuan khéac nhau trong CSDL, dé xac dinh nhitng trinh ty gen thudc
vé timg ho cu thé [2]. Trén co s¢ d6 xdy dung dugc ving trinh ty dic trung cho

tirng ho GH, gitip so sanh va tim kiém nhanh céc vi tri twong dong cua trinh tu dich



20

v6i CSDL ctia CAZY. Do d6 nguoi dung c6 thé nhap ngudn dit liéu dich vao trong
trong hé thong truc tuyén cia CAZY, chd phan tich va nhan két qua. Trong nghién
curu nay cac ORF ma hoéa lignocellulase tir DNA da hé gen cua vi sinh vat trong rudt

mébi C. gestroi dugc so sanh voi CSDL cua CAZY dé phan loai theo hé¢ théng GH.
1.2.3.2. The National Center for Biotechnology Information (NCBI)

NCBI la trung tdm quéc gia vé thdng tin cong nghé sinh hoc, tién b khoa hoc
va y té ciia Hoa Ky [207]. NCBI cho phép truy cap dé tim kiém théng tin lién quan
dén y sinh hoc, di truyén va st dung dir lidu theo hé théng tng dung da duoc thiét
ké san nhu thir nghiém hoa sinh hoc, DNA va RNA, cu tric va ving bao ton
protein/gen, gen va biéu hién gen, gen va thudc, genome va ban d6 di truyén, phan
loai, so sanh twong dong,.... Hé théng cong cu phén tich dit liéu trén cho phép
nguoi dung dé dang thao tac, sap xép, quan sat va danh gia dir licu. NCBI thu thap
dit liéu nghién ctru khoa hoc va y té tir khap noi trén thé gi6i. Dit liéu cua NCBI bao
gdm dit liéu gbc do cac nha khoa hoc trén thé gi6i guri dén va trinh tu gen/axit amin

do qua trinh so séanh tham chiéu dén ngudn tai nguyén san c6 ciia NCBI.

St ménh ctia NCBI 14 phét trién cong nghé thong tin méi hd tro trong viée tim
hiéu vé di truyén co ban, qua trinh phan tir, kiém soat sirc khoe va bénh tat. Bé thuc
hién vai tro ctia minh, NCBI sir dung phuong phép toan hoc nghién ctru nhimng van
dé co ban cua y sinh hoc ¢ cip do phan tir; Duy tri su hop tac chat ché véi mot sd
vién, hoc vién, nganh cong nghiép va co quan chinh phu; Thuc ddy truyén théng
khoa hoc bang cach tai tro cac cudc hop, hoi thao va bai giang lién quan; Hb trg dao
tao nghién cuu co ban va ung dung trong sinh hoc tinh toan cho nghién ctru sinh
thong qua chuong trinh nghién ctru. NCBI ciing 1a thanh vién cua cong dong khoa
hoc quéc té trong nghién ciru tin hoc va dao tao thong qua nhiéu chuong trinh khoa
hoc; Hb tro va phdi hop véi cong dong khoa hoc va y té truy cap vao hang loat
CSDL va phan mém; Phat trién cac tiéu chuan vé CSDL ciing nhu danh phép trong
sinh hoc.

Nhiéu dy 4n nghién ctru co ban dugc thyc hién dé tang cudng cung cd, cong
bb cong khai CSDL va phan mém tng dung ctia NCBI. Nhimng nd luc hop tac

nghién ctru, di€u tra cua NCBI v6i cong dong nghién ctru bén ngoai, da dan dén su
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phat trién ctia nhiéu thuat toan tién tién (BLAST, PSI-BLAST, COG....), ngudn luc

co ban va phuong phap nghién ctru mai.
1.2.4. Miu do DNA va iing dung
1.2.4.1. Mdu do DNA

Trong sinh hoc phan tir, mau do 13 mot doan DNA hoic RNA hay axit amin
duoc st dung dé phat hién sy c6 mat cua trinh tu nucleotide, protein tuong déng.
Mau do dugc thiét ké dya trén nhimg trinh tu gen/axit amin c6 sin hodc tir trinh ty
genome cua sinh vat c6 quan hé gan giii voi ddi twong nghién ctru. Muc dich xay
dung mau do dé tim kiém gen chitc ning duogc bao ton qua tién hoa hay trinh tu axit
amin cia protein 1a san pham ciia gen. Thong qua viéc so sanh twong dong, tir d6

tim kiém trinh tu tron ven ctia gen ma hoa cho protein trong genome,...[121].

So sanh twong dong ciing dugc xem nhu céng cy hitu hiéu dé khai thac gen tir
nguodn dir liéu trinh ty DNA da hé gen [151]. Pong thoi co thé sir dung phuong
phap nay nghién ctru dic tinh va biéu hién cua gen [42]. Viéc lwa chon trinh tu gen
mong mudn duge thuc hién bang nhiéu phan mém du doan ciu trac va chirc ning
clia gen/protein. Mot s6 phan mém da ra doi dé tao mau do dua trén thong tin vé
gen chirc nang FGA (Functional Gen Arrays) nhu OligoArray [140], OligoPicker
[181] va YODA [128]. Trong nghién ciru phan tich dit liéu DNA da hé gen, mot sb
loai miu do di st dung cong cu tin sinh hoc thiét ké dé tim kiém gen nhu:
Hierarchical - miu do phéan cip dua trén gen chtc ning [31]; PhylArray 1a miu do
tim cac vi khuan chua timg dugc biét dén dua trén su thoéi hoa va khdng thoai hoa
cho mdi taxon [118]; CommOligo thiét ké mau do dua trén viéc sir dung céc trinh ty
twong dong cao va théng tin cua genome [103]; HiSpOD sir dung trinh ty
nucleotide bao ton hodc trinh ty nucleotide riéng 1¢ dé tao ra mau do c6 do dic hiéu

cao [50].

Nghién ctia Zhou va cong su di sit dung cong nghé PathoChip két hop véi
PCR dé phat hién sy hién dién tdc nhan gay bénh ung thu va mdt sb6 bénh khac &
ngudi. PathoChip thiét ké mau do dwa trén céc trinh tr DNA va RNA dic trung cia

mdi nhom sinh vat bao gdm 4200 tic nhan giy bénh (virus, vi khudn, ndm, ky sinh
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tring) da duoc cong bd trong NCBI. Dit liéu nay duoc tdp hop thanh mot DNA da
hé gen chta 58 nhiém sic thé voi do dai 448,9 tridu bp. Cong cu nay di thiét ké
khoang 5,5 triéu mau do tir DNA da hé gen trén dua vao vi tri hodc khu vuc bao tdn

cua bo gen gay bénh ¢ cac loai [12].
1.2.4.2. Mét s6 irng dung ciia méu do DNA

Mau do duge st dung trong nhiéu nghién ctru khac nhau nhu nhan di€én ban
sao hodc san pham RNA cuia gen, chi ra lodi sinh vat co quan hé gan giii véi d6i
tugng nghién ctru nham tim kiém gen chirc nang dugc bao ton qua tién hoa,...[123],
Kiém tra mtc do biéu hién cua gen quan tim & cac co quan [9], giai doan sinh
truong [105], diéu kién moi trudong [73]. Sir dung mau do dé kiém tra sinh vét bién
d6i gen [74]; kiém tra sy c6 mat va biéu hién cta gen chuyén, gen cia virus
[4],...Trong thyuc té viéc sit dung mau do dé tim kiém, sang loc trinh tu gen mong

mudn tir cac ngan hang DNA da hé gen di dugc sir dung [5].

Céch tiép can str dung mau do dé khai thac gen tir dit liéu giai trinh ty DNA da
hé gen da dugc Kushwaha va cong su tién hanh chon loc enzyme thuy phan mach
carbon tir vi sinh vat dat. Mau do nay dugc thiét ké dwa vao dir liéu cia NCBI va
thuat toan tin sinh hoc ciia Metcap, cho phép tu dong tao ra mau do thong lugng cao
thay thé cho viéc thiét ké mdi tim kiém trinh tu gen dich. Mau do tu dong sir dung
nhiéu théng sé cho phép nguoi dung cé thé thay d6i cac tiéu chuan nhu: do dai coa
mau do, nhiét 6 néng chay va ham lugng GC [97].

Nhu vay hau hét mau do trong nghién ctru DNA da hé gen di cong bd déu dua
trén CSDL san c6 ciia cac ngan hang gen. T4t ca trinh ty gen ma hoa cho protein
dich duoc lya chon va nhap vao phﬁn mém mot cach tu dong, sau do phén mém sé
st dung thuat toan so tring dé xay dung nén mau do. Tuy theo muc dich sir dung
ma ngudi ding c6 thé yéu cau vé do dai cia mau do va thong sb lién quan.

1.3. ENZYME p—xylosidase
1.3.1. Pic diém chung

Pé phan giai hoan toan hemicellulose thanh cac don phan, doi héi nhiéu loai

enzyme phan giai khac nhau do thanh phan ciu trac phic tap. Tuy nhién mot sb
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enzyme déng vai trd cit cac mach chinh va chudi nhanh cua hemicellulose nhu
endoxylanase, B-xylosidase, a-glucuronidase, a-arabinofuranosidase va esterase
acetylxylan (Hinh 1.3). Endo B-1,4 xylanase 1a mot trong nhitng enzyme phéd bién
nhét trong qua trinh thiy phan xylan. Enzyme nay thuy phan lién két 1,4 giita cac tiéu
don vi xylose trong polyme ciia xylan dé san xuat oligosaccharide, tir d6 p-xylosidase

s& phan cit thanh xylose [57].

o
0 ad-0-Me-GleA [Ai«tyl Xylan Esterase I

oAl pa o miad mw
m&_y .m.c@ [Arabinofuranosidase]

on

Hinh 1.3. Vi tri tAc dung ciza mgt sé hemicellulase trén mach xylan

Xylan-1,4-B-xylosidase (EC 3.2.1.37) 12 mot enzyme trong chudi chuyén hoa
xylan ra san pham cudi cing. Ngoai tén hé thong la xylan-1,4-B-xylosidase va tén
thuong goi la B-xylosidase, enzyme nay con cd mot sé tén goi khéac 1a xylobiase,
exo-1,4-B-xylosidase, B-D-xylopyranosidase, exo-1,4-xylosidase, exo-1,4-B-D-
xylosidase va 1,4-B-D-xylan xylohydrolase. Enzyme nay co vai tro quan trong phan
giai hemicellulose ndi riéng va sinh khéi thuc vat néi chung. Theo phan loai cua
CSDL CAZY thi p-xylosidase c6 cau trac kha da dang va duoc sap xép vao cac ho
GHL1, 3, 30, 31, 39, 43, 51, 52, 54, 116 va 120.

1.3.2. M6 hinh hoat dong

Trong hoat dong thuly phan cua B—xylosidase thude cac ho GH1, 3, 30, 31, 39,
51, 52, 54, 116 va 120 déu st dung co ché giit nguyén cdu hinh vong, chi c6 ho
GH43 sir dung co ché nghich dao cau hinh vong (Hinh 1.4) [202].
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Hinh 1.4. M hinh glycoside hydrolase thiy phan lién két glycoside
A. Co ché xuc tac gii nguyén cdu hinh vong sau khi thiy phan
B. Co ché xtc tac nghich dao cdu hinh vong sau khi thiy phan

1.3.3. C4u tric khong gian

Hinh 1.5. Cdu tric khong gian ciia enzyme thugc GH43 ¢ Cellvibrio japonicus [13]
B—xylosidase c6 cau truc khong gian kha da dang véi mot s6 mé hinh nhu

(B/a)s (GH1, 30, 39, 51), (B/a)g barrel (GH31) va 5-fold B-propeller (GH43). Pac

biét enzyme thudc ho GH43 c6 mé hinh ciu trac khong gian gdm nidm chudi gip

nép B xép thanh canh quat tao ra cdu trc hinh chit V véi cac khe ranh dai, xen ké&



25

v6i chudi a. Trung tam x(c tac 12 mot tai sau, duge quyét dinh boi ca hai axit amin
la glutamate va aspartate (Hinh 1.5). Hoat dong cua hai axit amin gay ra hién tuong
dao nguoc vi tri chudi B va a (tirc 1a ddo nguoc ciu tric 14p thé cua cac nguyén tir
carbon trong chét nén), nhung khong trd lai vi tri ban dau, din dén cu hinh trung
tam hoat dong ctia enzyme bj thay ddi. D6 chinh 13 co s giup cac enzyme trong ho
GH43 c6 thé két hop véi nhiéu dang co chat dé thuy phan lién két glycoside [13].
Céc nghién ctru khi sir dung aryl-glycoside 1am co chat cho thay enzyme trong ho
GH43 mang ca hai hoat tinh bao gdm alpha-L-arabinofuranosidase va beta-D-

xylosidase.

1.3.4. Hoat tinh ctia p—xylosidase

Khong Khir

0 T 0 e 0
pa=ta W, W Sner i i i W W B e 2 e
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OH
a (1->4)-8-D-xylan oligosaccharide n B-D-xylopyranose

B
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[(B-Xylosidase )}

C
Hinh 1.6. Hoat tinh cia p—xylosidase
A. Vi tri cdt cia f-xylosidase trén chudi xylan, B. f—xylosidase thiy phan (1,4)-
B-D-xylan, C. V; tri cdt ciia xylan f—xylosidase trén xylobiose
B—xylosidase (E.C 3.2.1.37) 1a mot enzyme c¢6 kha ning xtic tac phan tng cat

lién két B(1—4) glycoside & ddu khong khir ctua chudi xylan. Hoat tinh chu yéu cua
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enzyme nay la loai bo gdc D-xylose khoi ddu khong khur cua (1,4)-p-D-xylan
oligosaccharide (Hinh 1.6A), nho d6 chudi (1,4)-B-D-xylan oligosaccharide duoc
thuy phan thanh cac tiéu phan B-D-xylanpyranose (Hinh 1.6B). Ciing nhd kha ning
phan cit lién két B-1,4 nay, p—xylosidase con thity phan xylobiose (phan tir duong
d6i gdm 2 monome xylose lién két v4i nhau bang lién két B-1,4) (Hinh 1.6C). Mot
s6 hoat tinh exoglycosidase khac cta enzyme nay ciing duoc tim thdy & gan ciru

[28].
1.3.5. Ung dung ciia p—xylosidase

B—xylosidase duoc coi 1a enzyme quan trong pha v lién két glycoside cua
hemicellulose. Trong cong nghiép enzyme nay dugc sir dung dé phuc vu cho viéc
san xudt xylitol va gidy tai ché [86], giup chuyén hoa soi, giam sir dung chit tay

trong san xuat vai, bot gidy va gidy [160].

B—xylosidase két hop véi endo - xylanase trong san xuat banh mi s& cai thién
qua trinh nhao bot, ting kha ning hap thu nudc va do x6p cta banh [160], giam tinh
nhét khi 0 bia [20], gidp tach nudc va giai phong huong thom tir nho khi san xuét
rugu vang [96] va cai thién kha ning tiéu hoa cta vat nudi khi bo sung vao thic in
[86].

Cung v6i cellulase va cac hemicellulase khac, f—xylosidase gilp phan huy
lignocellulose tao ra cAc monosaccharide - nguyén liéu cung cap cho san xuat nhién
liéu sinh hoc [86]. Viéc san xuat nhién liéu sinh hoc tir sinh khéi thuc vat doi hoi
phai ¢d hdn hop cac cellulase va hemicellulase dugc xir Iy qua ting budc khac
nhau, trong d6 p—xylosidase 1a mot thanh phan khéng thé thiéu [124].

1.3.6. Nguén cung cap p—xylosidase

B—xylosidase thuong dugc tim thiy & sinh vat st dung sinh khéi thuc vat
lam thtc an, phan 1én trong sé d6 1a vi khuan va nam [18]. Nguon cung cap B—
xylosidase kha da dang nhu tir thuc vat rirng [34], vi sinh vat séng trong da cé cua
dong vat nhai lai [78] va trong rudt méi [115]..... Trong s6 cac ngudn khai thac
trén, thi vi sinh vat trong ruot mdi 1a mét trong nhitng d6i twong tiém ning, nho
vao kha nang phan giai hiéu qua lignocellulose.
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Méi C. gestroi rat phd bién ¢ Viét Nam ciing nhu mot s6 qudc gia trén thé
gidi. Mot s6 nghién ciru da chi ra ¢6 16 ho GH cua vi sinh vat sng trong rudt
C. gestroi la GH2, 3, 5, 7, 10, 11, 16, 20, 26, 30, 42, 45, 47, 53, 77, 92 [61]. Vi vay,
ching tdi sé tap trung nghién ctru gen ma hoa B—xylosidase tur dir liéu trinh tw DNA
da hé gen cua vi sinh vat rust méi C. gestroi & Viét Nam, dé chon loc va biéu hién,
tinh ché thanh céng, cung cap ngudn enzyme cho thuc tién.

1.4. KHU HE VI SINH VAT VA ENZYME CHUYEN HOA LIGNOCELLU-
LOSE

1.4.1. Mt s6 khu hé vi sinh vét chuyén héa lignocellulose

Tim kiém va khai thac dugc ngudn enzyme dé xtr 1y sinh khdi thuc vat du
thtra s& ung dung hiéu qua trong thuc tién nhu san xuat nhién liéu sinh hoc, thtrc an
chin nudi, han ché 6 nhiém méi trudng,.... Trong ty nhién sy phan hay
lignocellulose chu yéu 1a do vi sinh vét. Do d6 ma qua trinh phan huy lignocellulose

bang cac enzyme tir vi sinh vat c6 mdt y nghia rat 1on.

Trong nhitng nim gin ddy, nhiéu nghién ctu tip trung vao viéc tim kiém
nhiing enzyme c6 hoat tinh manh, gitp chuyén héa nhanh lignocellulose thanh
duong theo hudng tiép can va sir dung k¥ thuat Metagenomics. Hudng nay cho
phép khai thac dugc nhiéu gen quy tir cac vi sinh vat chwa nudi ciy dugc von chiém
tr 99% dén 99,9% vi sinh vat c6 trong moi truong ty nhién. Nhiéu du 4n nghién
ctru da thyc hién theo hudng tiép can lap thu vién DNA da hé gen nhu: Tu thu vién
DNA da h¢ gen cua vi sinh vat trong da c6 trdu da phan lap dugc 13 dong c6 hoat
tinh endoglucanase va 14 gen cellulase [49]. Nhém vi sinh vat phong phua nhét trong
da co 1a vi khuan, sau d6 dong vat nguyén sinh, c6 khuan va nim. Vi khuan t6n tai
trong da c6 khong giéng nhau va phu thudc vao ché do an cua trau [154]. Tur thu
vién DNA da hé gen cua vi sinh vat song trong chat thai ciia nha may gidy, da khai
thac duoc bdén nhom vi khuan phd bién 1a Spirochaetes, Proteobacteria,
Bacteroidetes va Firmicutes. Pong thoi da phan lap dugc 2 dong cé hoat tinh
endoglucanase, 3 dong c6 hoat tinh exoglucanase va 2 dong c6 hoat tinh -

glucosidase [187].
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Tuy nhién dé hiéu rd thanh phan vi sinh vat, nhiéu nghién ctru di sir dung k¥
thuat Metagenomics theo hudng giai trinh tu toan bo DNA da hé gen. Vi du két qua
phén tich trinh tw DNA da hé gen véi kich thudc 674.959.683 bp clia quin xi vi
sinh vat ky khi phan hay vun g Bach Duong da du doan duoc 893.380 gen. Trong
d6 s trinh ty ma hoa hemicellulase chiém ty 1 cao hon so véi cellulase. Cac nganh
vi khuan chiém ty 1é cao nhét 1a Firmicutes (45,9% ) va Proteobacteria (32,3%),
tiép theo 1a Bacteroidetes (9,9%) [185]. Nghién ciru khu hé vi sinh vét séng trong
hai miu dat @ phan hiru co ZC1 va ZC2 & cong vién vudn bach thu Sdo Paulo
(Brazil) c¢6 kich thudc twong tmg 1a 836 Mbp va 842 Mb. Trong d6 mau ZC1 co
15.623 gen va mau ZC2 ¢6 76.175 gen duoc dy doan. Vi khuan 1a loai chiém uu
thé, song trong mau ZC1 tir 84% dén 89% va trong mau ZC2 tir 93% dén 96%, con
lai 1 ¢6 khuan, virus va sinh vat nhan thuc. Mau ZC1 va ZC2 déu c6 nhiéu gen ma
hoa enzyme tham gia thuy phan lignocellulose nhu: ZC1 c6 112 trinh ty ma hoa
cellulase thudc ho GHS va 32 trinh ty ctia ving lién két cellulose (CBD), 65 trinh ty
axit amin vung dokerin (pfam00404), 36 trinh ty vung cohesin (pfam00963), 867
trinh ty gen ma hoéa cellulobiose phosphorylase. Mau ZC2 c6 9 trinh ty ma hoa
cellulase, 6 trinh ty axit amin vung dokerin (pfam00404) va 8 trinh tu vung cohesin
(pfam00963), 267 trinh tu gen ma hoa cellulobiose phosphorylase. Pong thoi, ZC1
va ZC2 ¢6 584 gen lién quan dén phan hiy pectin nhu pectate lyase va pectin
methylesterase [110].

Trong sb cac khu hé vi sinh vat chuyén hoéa lignocellulose hiéu qua phai ké
dén hé vi sinh vat sdng trong rudt mdi. Nhidu nghién ctru st dung ky thuat
Metagenomics dé tim hiéu sy da dang cua vi sinh vat va khai thic enzyme chuyén
hoa lignocellulose tir ca4 moi bac thap va bac cao di cong bd. Tong quan vé khu hé
vi sinh vét trong rudt mdi s& duoc chi tiét trong ndi dung tiép theo.

1.4.2. H¢ vi sinh vt va enzyme thily phan lignocellulose trong rudt moi
1.4.2.1. Dic diém sinh hoc ciia méi
Moi phan bd giita 47° vi d6 bac va 47° vi d6 nam va chiém 68% bé mat Trai

Dit, véi tong sb khoang 2,4.10" ca thé. Khu vuc mdi phan b chinh thudc ving
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nhiét d6i va can nhiét d6i [92]. Theo udc tinh, hang ndim mdi tiéu thu khoang 3 dén 7

ty tan lignocellulose — véi hiéu qua ciia qua trinh tiéu hoa tir 79% dén 99% [172].

O Viét Nam, co 141 loai mbi phan thanh 4 ho: Kalotermitidae, Termopsidae,
Rhinotermitidae, Termitidae. Trong d6 ba loai C. gestroi, Coptotermes emersoni,
Coptotermes travians thuong xuyén dugc tim thiy tai Ha Noi va loai Coptotermes
curvignathus xuat hién ¢ mién nam Viét Nam [125], [126], [174]. Trong céc loai
mbi ¢ Viét Nam, Coptotermes la gidng méi dang chii y nhat vi ching 1a nhiing loai

méi an gd rat pho bién, pha hoai nhiéu cong trinh xay dung cta con ngudi.

Moi sdng thanh tip doan, mang tinh xi hoi, chia thanh dang cap khac nhau
bao gdm méi vua, mdi chiia, mdi linh, méi tho va mdi canh. Chung sdng trong mot
td, duoc phan hoa gitt chirc nang va nhi€ém vu khac nhau. Trong do, mdi tho chiu
trach nhiém tim kiém thuc an, tiéu hoéa va nudi dudng cac thanh vién con lai trong
t6 [36]. Mdi bac cao sir dung ndm lam thirc dn, con mdi gb, mbi dat va mbi bac thap
hoan toan chi sir dung g 1am thirc an [112]. Cho dén nay van chua dugc xac dinh
chinh xac su tuwong tac gitra té bao ctia rudt moi vai vi sinh vat séng trong rudét moi

dé phan huy lignocellulose.

Rudt mbi 6 ciu trac rat phtrc tap, duoc chia ra lam ba bg phan riéng biét gém
rudt trudc, rudt gitta va rudt sau (Hinh 1.7). Rudt trude bao gébm da day 1a noi
nghién thic n va tuyén nudc bot tiét ra mot sé endoglucanase. Rudt giita hinh dng
v6i moi trudng hiéu khi — 13 noi san xuét endoglucanase & mbi bac cao va dién ra
mot vai sy thity phéan lignocellulose. Rudt sau ¢6 da co - chinh 1a mot bé 1én men ky
khi. Pay 1a noi cu tra cia nhiéu loai vi sinh vat, dién ra phan 16n su thay phan

cellulose va cac qua trinh 1én men cac san pham tir sy thity phan d6 [152)].

Sy tiéu hoa lignocellulose cua mbi dugc thuc hién nho hé enzyme duoc tiét ra
tir ban than méi va vi sinh vat sdng trong rudt méi. Sau khi thire an dugc nghién nho
& miéng s& tron véi enzyme tir tuyén nudc bot va nghién nho ¢ tai rudt trude. Thac
in qua rudt giira s& tiép tuc duoc tiéu hoa mot phan. Phan thirc dn con lai sé bi thuy

phan boi enzyme cua vi sinh vat séng & rudt sau [131]. Vi kich thude rudt nho nén
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thoi gian van chuyén cta thic dn qua dudng rudt chi khoang 24 gio da anh hudng
dang ké dén thanh phan cua vi sinh vat trong rudt méi.

Rudt trudc Rudt giita Rudt sau
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Enzyme cua vat chu Van Piong vat nguyén sinh
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Hinh 1.7. Ciu tao ruét moi [24]
1.4.2.2. H¢ vi sinh vit song tw do trong rudt moi

Duya trén sy c6 mit hay ving mit cia dong vét nguyén sinh trong rudt moi ma
mdi duoc chia 1am hai nhom 12 mdi bac thap va mdi bac cao [1]. Pong vét nguyén
sinh chi ¢6 & rudt mdi bac thép, voi s luong tur 10% dén 10° ca thé, hon 90% trong
s6 d6 chu yéu tap trung ¢ rudt sau. Chlng con 14 noi sinh séng cta rat nhiéu loai vi

sinh vat nhan so ndi bao va ngoai bao [25].

Vi khuén chiém trén 90% vi sinh vat, duoc tim thfiy trong ca mdi bac thép va
mdi bac cao. Trong d6, Spirochaetes 12 nganh dic trung cta vi sinh vat rudt mdi an
0, chiém ty 18 cao (c6 thé hon 50% tong sé prokaryote). Ching c6 thé séng bam
trén bé mat té bao dong vat nguyén sinh hodc séng tu do trong dich rudt ctua rudt

sau [82]. Thong thudng nhitng loai vi khuan cé kich thudc 16n song tu do, con
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nhimg loai vi khudn c6 kich thuéc nho thudng sdng trong té bao chat hodc bam vao
bé mit ngoai ciia dong vat nguyén sinh. Ngoai ra nhiing loai sdng cong sinh bén
trong dong vat nguyén sinh thuong chiém mot phan dang ké cua quan xa vi khuan
trong rudt sau cia moi [24]. Vi khuan dudng rudt ctia hai loai mébi bac thap pho bién
la C. formosanus va R. speratus, chu yéu thudc cac nganh c6 kha ning chuyén hoa
lignocellulose nhu: Bacteroidetes, Spirochaetes, Fibrobacters, Elusimicrobia,
Firmicutes va Proteobacteria. Ty 18 loai vi khuan thudc cac nganh chiém uu thé cua
hai loai C. formosanus va R. speratus hoan toan khac nhau. Trong d6, Bacteroidetes
chiém ty 1¢ rat cao trong duong rudt ciia C. formosanus, con Spirochaetes chiém wu
thé trong duong rudt ciia R. speratus [24]. Thanh phan quan xi vi khuan rat giong
nhau gitta cac lodi méi trong cuing mot chi, nhung lai thay d6i manh giita hai chi.
Tuy nhién quan x3 vi khuan trong ruét moéi mang tinh dic trung cho ting loai méi
[95].

1.4.2.3. Sw da dang enzyme tham gia vao chuyén héa lignocellulose ciia moi

Céc nghién ciru trude ddy da chi ra trong rudt mdi bac thap, dong vat nguyén
sinh 12 ngudn san xuat enzyme phan huay cellulose [138]. Trung roi Parabasalia song
trong rudt mdi c6 kha ning san xuét exocellulobiohydrolase va endoglucanase can
thiét dé phan hiiy hiéu qua cellulose tinh thé. Gen ma hoa cellulase dd dugc phan
1ap tir tring roi Pseudotrichonympha grassii séng trong rudt C. formosanus [55]. Hé
dong vat nguyén sinh ctia mbi Coptotermes lacteus c6 kha ning san xuét p-1,4-
glucosidase, endo-B-1,4-glucanase va exo-B-1,4-glucosidase. Trichomitopsis
termopsidis song trong ruét mbi Zootermopsis c6 thé tidu héa duoc cé cellulose tinh
thé 1an xylan [130]. O ruét mdi Mastotermes darwiniensis, Hodotermopsis
sjoestedti, Neotermes koshunensis, C. formosanus va Reticulitermes flavipes, dong

vét nguyén sinh c6 kha ning tiét lignocellulase thudc ho GH5 va GH7 [171].

O ca moi bac thép va bac cao, lignocellulase dugc san xuit chu yéu tir hé vi
khuan séng trong rudt. Mot sb nghién ctru dd phan lap dugc cac gen don 16 mi hoa
enzyme thily phan lignocellulose tir vi khuan nhu: Gen ma hoa cellulase kich thudc
2,25 kb da duoc phan lap tir Enterobater loacase trong rudt mbi Heterotermes
indicola [129]; Vi khuan Dyella sp, Chryseobacterium sp va Bacillus dugc phan 1ap
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tir rudt Reticulitermes speratus san xuat enzyme endo-beta-1,4-glucanase [29];
endocellulase dugc san xuat tir hai loai vi khuan thudc ho Bacillus sdng trong rudt
méi C. formosanus [169]. O méi bac thiap nhu R. flavipes, c6 18% cellulase, 31%
hemicellulase, 57% chitinase va 13% alpha-carboxylhydrolase 14 c6 ngudn gdc tir vi
khuan séng trong rudt sau [165].

1.4.3. Tong quan nghién ciru vé da dang vi sinh vit va enzyme chuyén héa

lignocellulose trong rudt mdi C. gestroi ¢ Viét Nam
1.4.3.1. Xdc dinh da dang vi sinh vit trong rugt méi C. gestroi ¢ Viét Nam

Nghién ctru trude diy cia phong K§ thuat Di truyén, Vién Cong nghé Sinh
hoc, Vién Han lam Khoa hoc va Céng nghé Viét Nam da tién hanh thu thap sau
mau mbi ¢ 6 dia diém khac nhau (phuong Vin Quan, quan Ha Pong; xa Tan Linh,
huyén Ba Vi; ph6é Bui Xuong Trach, quan Thanh Xuan; phd Thai Ha, quan Péng
Pa; phb Vong Thi, quan Tay Ho va 1 dia diém tai huyén Van Lam, tinh Hung Yén),
dé giai trinh tr DNA da hé gen trong dy an “Phan 14p gen ma hoa lignocellulase
ciia Vi sinh vat song trong rudt mdi C. gestroi ¢ Viét Nam bang k¥ thuat
Metagenomics”, giai doan 2012-2015 hop tac gitta Viét Nam véi Nhat Ban. Dua
vao trinh tu DNA m3 héa rRNA 168 ti thé, sau mau méi ndy da duoc dinh danh déu
thudc loai Coptotermes gestroi [126].

DNA da hé gen cua vi sinh vat séng trong ruét moi C. gestroi dugc tach chiét
va doc trinh tu bing may giai trinh tu HiSeq 2000 cta Illumina. Sau d6, bang phan
mém chuyén dung SOAPdenovo va cong cu tin sinh hoc, may da sép xép cac trinh
tu ngan (read) dat yéu cau thanh contig. Phan mém MetagenAnnotator dugc sir
dung dé dy doan gen thudc cac contig. Trinh tu gen tiép tuc duoc du doan theo 2
khia canh la chirc nang sinh hoc va don vi phan loai dua vao mtrc d¢ tuong dff)ng
cua gen véi CSDL tham khdo. Trén co s¢ bg dir li¢u trinh ty DNA da hé gen, do da
dang vi sinh vt trong ruét méi C. gestroi duoc danh gia theo 2 cach: Thir nhdt, cac
trinh tu doc ngén (read) chét lugng cao dugc so sanh tryc tiép vO1 cac trinh tu cua
CSDL tir NCBI, RDP (Ribosomal Database Project) [33], hé gen nim va gen vi
sinh vat duong rudt nguoi. Thir hai, tit ca cac ORF dugc phan mém MEGAN
(MEtaGenomic ANalyser) [80] phan tich dwa vao CSDL NR (Non-redundant)
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[120]. Két qua cho thiy vdi kich thudc cua trinh tr DNA da hé gen 13 5,431.60
Mb, di xac dinh duoc 125.431 ORF va du doan thudc vé 1.460 loai, 731 chi, 282
ho, 138 bd, 65 16p va 46 nganh cta vi sinh vét. Trong d6, vi khuan chiém 1.368 loai
thudc 628 chi, 217 ho, 97 bd, 41 16p va 22 nganh. Nhu vdy sé ORF thudc vi khuan
1a 80%, thude virus 1a 0,2%, co khuan 1a 0,42%, sinh vat nhan chuan 1a 0,58%, con
lai 18,8% la cac ORF khong dy doan dugc [45]. Trong nghién ctru ndy mdéi chi
dimng lai phan tich su da dang cac loai vi sinh vat séng trong rudt mdi C. gestroi ¢
mirc thong ké chung dua trén udc doan chirc ning cia ORF, chua di siu vao nghién
clru vai tro ciia vi sinh vat chiém sb lugng 16n nhét 1a vi khuan trong chuyén héa
thire an. Nghién ctru tiép theo ctia chung toi s& khai thac va phan tich sau vé vai trd

ctia vi khuan tham gia chuyén hoa thirc in trong rudt moi C. gestroi & Viét Nam.

1.4.3.2. Nghién citu vé dw dodn chirc ning gen va lwa chon ORF dé biéu hién tiv

dir lieu DNA da hé gen cua sinh vat trong rugt C. gestroi

Sau khi gidi trinh ty DNA da h¢ gen cua vi sinh vat trong rudt mbi C. gestroi
va dy doan c6 125.431 ORF, nghién ctru da tiép tuc dich ma cac ORF sang trinh tir
axit amin tuong Gng. Dua trén trinh ty axit amin dé so sanh v&i cac CSDL eggNOG
[134], COG [166] va KEGG [120] bang BLASTP d¢ dy doan chirc ning. Dya vao
CSDL eggNOG, trinh ty axit amin twong tng ctia ORF thé hién chu yéu chtrc ning
cua sinh vat nhan so. Dua vao CSDL COG, 7.428 ORF duoc du doan lién quan dén
qua trinh chuyén héa carbohydrate va xép vao 210 nhém COG. Dya vao CSDL cua
KEGG, két qua du doan ciing thé hién sé luong ORF lién quan dén chuyén hoa
carbohydrate chiém 15.402 ORF va cao hon rat nhiéu so vé&i két qua dy doan dya
vao CSDL COG. Két qua du doan tong hop dugc 587 ORF mi hoéa enzyme phan
huy lignocellulose thudc vé cellulase (316 ORF), hemicellulase (259 ORF),

pectatelyase va pectinesterase (12 ORF), khong c6 enzyme chuyén hoa lignin [45].

Trong 587 ORF ma hoa cho lignocellulase khai thac tir dit ligu DNA da hé gen
vi sinh vat trong ruét mdi C. gestroi, chi c6 99 ORF la chira tron ven gen (gen hoan
thién, chta ca hai dau 3’ va 5%), con lai 488 ORF la khong hoan thién (mét mot
trong hai ddu hodc mat ca hai dau 3’ va 5°). Nhém ORF hoan thién gom c6 55 ORF
ma hoa cho 4 nhom cellulase va 44 ORF mé hda cho 6 nhom hemicellulase. Trinh
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tu axit amin cua cellulase va hemicellulase dugc ma hoa bd1 ORF hoan thién da
dugc st dung dé tim kiém céc trinh tu protein twong dong trén ngan hang gen NCBI
bang céng cu BLASTP. Qua d6 xac dinh chutc ning, ngudn gbc va dic biét 1a tinh
m&i clia gen (théng qua hé sb twong dong tdi da). Két qua tim kiém cho thay, trong
99 ORF hoan thién mi hoa cho cellulase va hemicellulase co: 38 ORF tuong dong
tir 86% dén 100%, 36 ORF tuwong dong tir 60% dén 85% va 25 ORF c¢6 do tuong
dong thap dudi 60% véi cac gen da biét [45].

Nghién ctru trudce day da lya chon gen tur dit licu DNA da h¢ gen cua vi sinh
vat trong rudt mdi theo 04 budc: (1) Trinh ty cac nucleotide trong ORF dugc
chuyén sang trinh ty axit amin trong chudi polipeptide va str dung dé xac dinh ving
bao thu dua trén BLASTP va BLAST PSI (lya chon céc trinh ty ¢6 vung hoat tinh
rd rang, dac hiéu va dic thu cho enzyme can chon). (2) Panh gia so sanh twong
dong véi cac trinh ty twong tng trén ngan hang gen (lya chon trinh ty nam trong
nhom enzyme dich c6 do tin cdy cao va c6 tinh mdi dua vao do tuong d@)ng khi so
sanh). (3) Budc tiép theo 1 truy nguyén nguodn gbc ctia gen (uu tién gen cd ngudn
gbc tir vi khuan). (4) Cudi cung 13 lya chon trinh tu don gian dé dé dang biéu hién
gen trong E. coli. Cac budc trén dugc thé hién chi tiét trong luan an nghién ctru
“Nghién ctru sang loc gen ma hoa enzyme tham gia thuy phan cellulose tir khu hé vi
sinh vat trong rudt mdi bang k¥ thuat Metagenomics” ctia nghién ctru sinh Nguyén
Thi Thao (2015) [193]. Theo cé&ch lam trén, nghién ctru sinh Thao di tién hanh chon
loc va so sanh trinh ty axit amin cua 5 ORF hoan thi¢n ma hoa endoglucanase vdi
CSDL cta NCBI bang BlastP. Két qua cho thdy ca 5 trinh ty déu co ty 1é tuong
ddng tir 46% dén 88% so véi cac trinh tir trong tng trong CSDL cua NCBL Duya
vao ty Ié tuong déng trinh tu nucleotide va trinh ty axit amin, da luya chon 2 ORF ¢6
mi s6 14 GL0033071 va GL0130684 dé nghién ctru biéu hién. Trinh tu axit amin
ciia 2 ORF nay ciing duoc du doan chirc ning bing cach so sanh véi CSDL khac
nhu COG, Pfarm,... va du doan cdu tric 3D bang Phyre 2. Két qua du doan cho
thdy trinh ty axit amin cia GL0130684 c6 quan hé rat gin giii v6i endoglucanase
ctia nhiéu lodi sinh vat va gan nhét v&i endoglucanase thudc vi khuan Yokenella
regensburgei. Pong thoi khi du doan bing cong cu tin sinh hoc trinh ty axit amin

cia GL0130684 ciing thé hién hoat tinh endoglucanase rd rang. Tuy nhién sau khi
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tién hanh thuc nghi¢ém biéu hién trong E. coli thi hoat tinh endoglucanase lai kha
thap (11,793 U/mg). Ngoai ra, nhém nghién ciru cling da thar nghiém biéu hién 8
gen khéc. Két qua biéu hién cho thiy: Protein khong tan (02), hodc tan it (02), biéu
hién kém (02) va biéu hién tan (02) va c6 hoat tinh yéu (S6 liéu khong cong bod).

Nhitng han ché cia nghién ctru trudc diy da dit ra yéu cau phai xay dung
duoc mot phuong phap hiéu qua dé tim kiém nhanh duoc gen dich ma héa ding
lignocellulase tir dit liéu DNA da hé gen cua vi sinh vat trong ruét méi C. gestroi
va phai c6 hoat tinh ding ctia enzyme muc ti€u sau khi biéu hién. Ngoai ra, su da
dang hé vi khuan va enzyme thily phan lignocellulose trong rudt mdi ciing chua
dugc nghién ctru. Nhitng van dé ton tai trén s& duoc chung toi sé giai quyét trong

nghién ctru nay.
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Chuong 2. POI TUQNG, VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG VA VAT LIEU

2.1.1. Pdi twong

Trong nghién ctru ching toi st dung dit liéu trinh tyr DNA da hé gen cua vi
sinh vét sdng trong ruét mdi C. gestroi di duoc chu thich bsi BGL bao gém
125.432 ORF do phong Ky thuat di truyén, Vién Cong nghé Sinh hoc, Vién Han
lam Khoa hoc va Cong nghé Viét Nam cung cép. Trong d6 c¢6 587 ORF mi hoa
enzyme thuy phan lignocellulose 1am ngudn dit liéu dé phan 1ap gen.

Cac chung vi sinh vdt: chung E. coli DH10B (F-mcrA A(mrr-hsdRMS-
mcrBC) ®80lacZAM15 AlacX74 recAl endAl araD139 A(ara leu) 7697 galU
galK rpsL nupG A-) ctia hing Invitrogen (M¥) dugc str dung lam thé nhan trong thi
nghiém tach dong gen.

Chung E. coli Rosetta 1 (F ompT hsdSg(rg” mg) gal dcm (DE3) pRARE
(Cam®)) 1a chung thuong mai ciia hing Novagen dugc st dung lam chung biéu hién
gen. Trong d6 mot s6 gen da bi gy dot bién dé thuan loi cho thyc nghiém biéu hién
gen nhu: khuyét gen ompT tranh cho protein tai to hop bi ph4 hily ngay trong té bao
Vva gilp cai thién thu hoi protein tai t6 hop con nguyén ven [66], khuyét hsdS khong
mi hoéa protease co chirc ning phan giai plasmid ngoai lai xAm nhap té bao chu lam
tang hiéu qua bién nap vector tai t6 hop, khuyét gen gal tranh viéc té bao st dung
galactose 1am ngudn carbon cho sinh truong [153], khuyét gen dcm giup gen ngoai
lai tranh bi methyl hoa, ddn dén sai khac trong viéc biéu hién protein tai to hop [19].
Mat khac E. coli Rosetta 1 chira doan gen ma héa cho T7- ARN polymease, c0
ngudn gdc tir bacteriophage T7 va dit dudi su diéu khién cua promoter lac, duoc
cam Ung biéu hién boi IPTG. Ngoai ra E. coli Rosetta 1 con duoc thiét ké dé ting
cudng biéu hién protein chtra cac codon hiém. Chilng chtra thém gen ma hoa tRNA
van chuyén argU, argW, ileX, glyT, leuW, proL, metT, thrT, tyrU, thrU va bod sung
thém 6 codon hiém la AUA, AGG, AGA, CUA, CCC, va GGA.

Trinh ty gen mi s6 Termite 2 GL0112518 mi héa p—xylosidase gom 1077
nucleotide c6 dugc tir dir li¢u gidi trinh tu DNA da hé gen cua vi sinh vat trong rudt
mdi C. gestroi (Phu luc 1).
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Vector pET22b(+) dung 1am vector biéu hién gen Xbx14 trong E. coli
Rosetta 1. H¢ vector pET dugc Studier va cong sy thiét ké dua trén co s6 promoter
manh c¢6 ngudn goc tir phage T7 va gen ngoai lai duoc biéu hién duéi sy phién ma
ciia T7-RNA polymease [183]. Vector pET22b(+) c¢6 chiéu dai 5493 bp, duoc sir
dung cho ca tach dong va biéu hién gen ngoai lai trong té bao E. coli. Thanh phan
ctia vector pET22b(+) chira day du yéu cau phuc vu cho muc dich tach dong va biéu
hién nhu: Trinh ti khéi dau sao chép (ori), gen chi thi chon loc (Amp~) khang
Ampicillin, ving da ndéi MCS (Multiple Cloning Site) ¢6 chtra diém cat ciia mot sd
enzyme han ché, promoter T7 kiém soat phién ma, gen quy dinh chudi tin hiéu tiét
pelB trudc dau tan cung N cua protein ¢ tac dung dinh hudng protein tai t6 hop
chuyén ra khoang chu chat cua té bao, phia sau vi tri cat da diém c6 mot doan trinh
tu ma hoa cho 6 axit amin Histidine tich dién 4am (dudi His-tag) dé tinh sach protein
tai to hop bang cot sic ki 4i luc, trinh ti kiém soat dich ma nhu diém bam cia

ribosome dugc bd tri thich hop va codon khai dau ATG.
pG - KJE8 (TaKaRa) la vector biéu hién chaperone, c¢6 kich thuéc 11,1 kb do

hang TaKaRa cung cip. Day la plasmid duoc thiét ké v6i myc dich biéu hién nhiéu
loai chaperone khéac nhau. Trong thanh phan cau tao gdom gen ma hoa DnaK-Dnal-
GrpE du6i su kiém soat cua promoter araB, dwgc cam tng biéu hién boi L-
arabinose va gen ma hda GroES-GroEL dudi su kiém soat ctia promoter pzt — 1,
dugc cam ung boi Tetracyline. Trén vector ¢6 chira gen khang Chloramphenicol

gitp cho viée kiém soat su ton tai va chon loc plasmid.

Cap moi ding dé kiém tra gen Xbx14 tir DNA da hé gen cua vi sinh vét trong
ruot méi C. gestroi duoc dit tong hop tai hing Integrated DNA Technologies
(Singapore).

GL0112518F-Ncol: ACCATGGATGATAAAGTTACCAATCCGGTG
GL0112518R-Xhol: ACTCGAGACGAGCAGCGTTCAG
2.1.2. Hoa chit va thiét bi may méc

Cdc logi héa chat: Hoa chat st dung trong nghién ctru duoc dit mua tir cac
cong ty dat tiéu chudn qudc té nhu Bio-Lab (MJ), Fermentas (M), Sigma (M),
Merck (Ptc) bao gom: SDS, Tris-HCI, EDTA, glycine, cao nim men, bactor
peptone, methanol, ethidium bromide, glycerol, ethanol, acetic acid, chloroform,
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phenol, iso-amylalcohol, glucose, acrylamide/bis-acrylamide, hydrogen peroxide,
imidazole, sodium carbonate, disodium hydrogen phosphate dodecahydrate, sodium
dihydrogen phosphate dihydrate, sodium hydroxide, sodium chloride, potassium
acetate, agar, dNTP, agarose, nickel (II) chloride, carboxymethylcellulose, xylan, 4-
nitrophenyl (-D-glucopyranoside, sodium potassium tartrate, PEG 8000, 3,5-
dinitrosalicylic axit va nhitng hoa chat thong dung khac dung trong sinh hoc phan tir.

Cac logi enzyme: Taq DNA polymease (Fermentas, M¥); cac loai enzyme han
ché (Bio-Lab va Fermentas, M¥); T4 DNA ligase (Fermentas, M¥).

Maéy méc va thiét bi: May PCR (Applied Biosystems, M¥), may ly tim lanh bé
(Sorvall RC5B, M¥), may ly tim lanh 16n (Sorvall RC5B, M¥), may 6n nhiét (M¥),
may dién di (Bio-Rad, M¥), may bién tinh, mady UV (Bio-Rad, M¥), mdy lic 6n
nhiét (New Jersey, M¥), can phan tich (Precisa, Thuy Si1), can dién tir (Precisa, Thuy
Si), may do pH (Metler, Thuy Si), may lic 6n nhiét, ti nudi cdy té bao (Multitron,
Prtic), may sic ki FPLC (Amersham Pharmacia, M), may hat chan khdng — speed
Vac Sc 110* (Savant, My), may do pH (Hana Instrument, M§), may NanoDrop
(Implen, Dtrc), ti lanh sdu -80°C (Panasonic, Nhat), may doc ELISA ELx800
(BioTek, M), may quang phé UV 165°C (Shimadzu, Nhat Ban), may giai trinh tu
thé hé méi Hiseq 2000 (Illumina, M¥).

MGi trieong nudi cdy vi khudan E. coli: Luria-Bertani (LB) 16ng c6 0,5% cao
nam men, 1% peptone va 0,1% NaCl. M6i truong LB bd sung 100 mg/l Ampicillin
(LBA), 20 mg/l Chloramphenicol (LBC).

Cdc dung dich: Cac dung dich str dung trong tach chiét DNA plasmid tir E. coli
g6m: Dung dich I c6 thanh phan gdm 50 mM glucose; 25 mM Tris-HCI, pH = 8,0 va
10 mM EDTA, pH = 8,0; Dung dich II gém c6 0,2N sodium hydroxide va 1% SDS;
Dung dich III gdbm 3M potassium acetate va 11,5% acetic axit. Dung dich phenol:
chloroform: isoamylalcohol ty 1é theo thé tich twong tng 25: 24: 1.

Dung dich sir dung trong dién di DNA gém dung dich TAE dic 50 1an (24,2 g
Tris-base; 5,71 ml glacial acetic acid; 10 ml EDTA 0,5 M, pH = 8,0; bod sung nudc
dén 100 ml). Dung dich nhudm gel ethidium bromide (EtBr) 0,5 pg/ml.

Dung dich sir dung trong dién di protein gdbm dém xt Iy mau protein dic 6 1an
(7 ml Tris-HCI 1 M, pH = 6,8; 3 ml glycerol 100%; 1 g SDS; 0,6 ml 2-mercapto-



39

ethanol; 1,2 mg bromophenol). Pém chay dién di protein (0,05 M Tris; 0,192 M
glycine; 0,1% SDS; pH = 8,4). Dung dich nhudém gel polyacrylamide kiém tra protein
(coomassie brilliant blue 0,1% wi/v; methanol 30% v/v; acetic acid 10% v/v). Dung
dich tdy nhuém coomassie (methanol 40% v/v; acetic acid 10% v/v).

Dung dich tinh ché protein gém: mubi (NHg),S0O4, dung dich PBS 10X (80 g
NaCl; 2 g KCI; 2,4 g KH,PO,; 14,2 g Na,HPO, b sung nudc cho dén 1 lit) va mot
s6 dung méi hitu co khac, dém phosphate (pH = 9).

2.2. PHUONG PHAP NGHIEN CUU

Dé tai duge thuc hién theo cac bude nghién ctru co ban nhu so dd hinh 2.1:

[ Dir liéu DNA da hé gen cua vi sinh vat séng trong rudt C. gestroi da dugc giai trinh tu ]

v

[ Nghién ctru da dang vi khuan song tu do trong rudt moi C. gestroi ]

v

Nghién ctru da dang lignocellulase va f - xylosidase thugc cac ho GH theo phan loai

cua CAZY

I

[ Xay dung mau do cho dé tim kiém gen ma héa p - xylosidase ]

v

[ Sir dung mau do dé chon gen mi hoa P - xylosidase tir dit liéu DNA da hé gen ]

v

Str dung céc cong cu tin sinh hoc dé udc doan cac dac diém cau tric, chirc ndng va

tinh chét cua gen da chon

[ Thuc nghiém biéu hién gen va nghién ctru déc tinh ]

Hinh 2.1. Cdc bwdc co ban trong nghién cizu cia lugn an

2.2.1. Phwong phap xiy dung miu do

Dé xay dung miu do cho p-xylosidase nghién ctru thuc hién theo so dd hinh 2.2.
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Cac ngudn tu liéu (CAZY, NCBI)

!

Thu thap trinh tw gen ma hoa B - xylosidase di dugc nghién ciru vé tinh cht

|

Sir dung cong cy tin sinh hoc dé tim ra ving twong ddng gitra cac trinh ty

|

Xay dung mau do va gia tri tham chiéu

I

Sir dung mau do tim kiém cac gen mi héa f - xylosidase tir dir liéu DNA da hé gen

|

Lua chon trinh tu c6 diém t6i da, do twong dong va do bao phu theo gid tri tham chiéu

Hinh 2.2. So' d6 cdc bwéc co ban trong xay dung mdu do

2.2.1.1. Xdc dinh cdac ho GH chira f—xylosidase theo CAZY

Tir hé thong phan loai cia CAZY, nghién ciru sé théng ké sb lugng cac ho GH
chira p—xylosidase. Sau d6 s& so sanh su khac nhau vé cdu triic khong gian, axit
amin cho va nhén proton trong qua trinh hoat dong cua enzyme thudc cac ho GH.

Két qua s& tong hop thanh bang phan loai dé tiép tuc tim hiéu thong tin cu thé.

2.2.1.2. Tim kiém cdc trinh tw axit amin cia p-xylosidase da dwoc nghién ciru

ddc tinh

Thu thép céc trinh ty axit amin ctia enzyme da duoc nghién ctru thuc nghi¢m
thuoc mdi ho GH dé tim ra sy twong dong, tir 46 xdy dung thanh mau do. Trong
nghién ctru nay sb lidu d3 cong bd vé dic diém lién quan dén p—xylosidase nhu pH
va nhiét d§ hoat dong tdi wu, cau trac khong gian, trung tam hoat dong cua enzyme,
trinh ty gen/axit amin s& duoc tong hop lai thanh bang. Chi nhiing nghién ctru co
thong tin chi tiét vé dic tinh cia enzyme méi duoc sir dung cho nghién ctru tiép

theo.
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2.2.1.3. Nhém cdc trinh tw dd tim kiém dwoc dé tim cdc ving twong dong bang

cong cu ClustalW - PBIL

ClustalW - PBIL 14 cong cu cho phép so sanh nhiéu trinh tuy nucleotide hoic
axit amin [196]. Cac trinh tu axit amin cua B-Xylosidase sau khi dugc thu thap tur
bude tim kiém s& duogc so sanh va tinh toan muc do tuong déng dé cho ra mot trinh
tu dugc cho 13 bao ton cao nhat (Ky hiéu Prim.cons) bang cong cu ClustalW -
PBIL. Két qua so sanh bang cong cu nay chi ra vi tri axit amin gidng nhau hoan
toan hodc mot phan giita cac trinh ty dé nguoi dung dé dang quan st va phan tich
két qua. Chung t61 chon tham s6 mic dinh khi sir dung cong cu ClustalW-PBIL

trong nghién ctru.
2.2.1.4. Xdy dwng méu do va xdc dinh gid tri tham chiéu

Két qua so sanh bang céng cu ClustalW - PBIL s& xac dinh dugc vi tri bao ton
cao va vj tri gibng nhau giira cac trinh ty. Trinh tu mau do bao gém thanh phan axit
amin &: (1) vi tri bao ton va gidng nhau hoic tuong dbi gidng nhau; (2) vi tri khong
bao ton nhung van gidng nhau trén 50% tong so trinh tu; (3) vi tri 1a s6; (4) vi tri ¢6

tir trén hai loai axit amin gitra cac trinh ty bang nhau.

Sau khi c6 trinh ty axit amin caa mau do s& sir dung dé so sanh lai véi chinh
c4c trinh ty da thu thap lam mau do bang BLASTP. Tir két qua so sanh nay s& xac
dinh mirc d6 bao phi va tuong dong caa mau do vai chinh cac trinh tu ban dau st
dung dé thiét ké né. Trén co so d6 xac dinh duoc gié tri tham chiéu vé do bao phu,
d6 twong dong va diém t6i da khi st dung mau do dé lua chon gen ma héa cho p—
xylosidase tir dir lieu DNA da hé gen cua vi sinh vat trong rut méi C. gestroi.
2.2.1.5. Uéc dodn céu triic bic ba ciia trinh tw ma héa p—xylosidase khai théac

CAu trac bac ba cua phan tir dugc udc doan dya trén trinh ty axit amin va so
sanh voi cac protein di dugc nghién ciru vé cdu triic bang cong cu Swiss model.
Trong nghién ctru nay céc trinh ty thu thap dé xdy dung mau do s& dugc udc doan

cau truc khong gian bang dung cong cu Swiss model, véi tham s6 mac dinh.


http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html
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2.2.1.6 Tim kiém va lwa chon gen ma héa cho p—xylosidase tir so liéu DNA da hé

gen ciia vi sinh vit trong rudt moéi C. gestroi

Sau khi x4y dung duoc mau do ma hoa cho p—xylosidase thudc cac ho GH, sé
tiép tuc st dung cong cu BLASTP dé so sanh mirc do twong ddng va bao phu cua
mau do, véi trinh tu axit amin tir dir liéu giai trinh tu tir vi sinh vat trong rudt mbi
C. gestroi. Trinh ty duogc Iwa chon phai c6 gia tri twong déng, do bao phu va diém

t6i da 16n hon hodc bang gia tri tham chiéu.
2.2.2. Cac phwong phap xir Iy s6 liéu bing phan mém tin sinh hoc
2.2.2.1. Phin tich da dang cdc loai vi sinh vit dién hinh trong rudt méi C. gestroi

Cong cu Excel cua MS Word dugc st dung dé loc ORF cua vi khuan, ho GH
va lignocellulase tir 125.431 ORF tur dir li¢u trinh tu DNA da hé gen ctia vi sinh vat
song trong rudt mdi C. gestroi da c6 san. Nhitng loai vi sinh vat c6 sb luong bang
hoac 16n hon 300 ORF sé tiép tuc dugc tap trung nghién ctru sdu hon. Vi moéi loai
s& tim kiém céc thong tin lién quan d3 duoc cong bd, tir d6 phén tich vai tro cua

chung trong chuyén hoéa lignocellulose.

2.2.2.2. Phan tich da dang ORF ciuia lignocellulase theo phdn loai ciia CAZY

Tl 587 ORF da duogc ude doan ban dau, tiép tuc so sanh véi CSDL clia CAZY
bang chwong trinh chay ciia CAZY tryc tuyén theo tham s6 mic dinh. Két qua sé
dua ra bang sép Xép ORF vao cac ho GH khac nhau. Sau khi ¢6 dir li€u nhan duoc
tir phan tich cia CAZY, sé tiép tuc phan tich va so sanh vdi nghién ciru tuong tu &

cac loai mdi khac, dé danh gia sy da dang cua lignocellulase.

2.2.2.3. So sanh trinh tw ORF ciia dii liéu trinh tw DNA da hé gen c6 sin véi
CSDL ciia NCBI bang cong cu BLAST

Véi muc dich khai thac gen md hoa enzyme mong mudn tir cic ORF cua dit
liéu DNA da hé gen cuia vi sinh vat trong rudt mbi, BLAST truc tuyén cua NCBI s¢

dugc str dung. Phin mém nay sé& gitp so sanh mirc d6 twong dong ciia ORF quan
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tam voi trinh ty trén ngan hang gen. Qua trinh thyc hién duoc tién hanh theo duong

dan http://blast.ncbi.nim.nih.gov/ [205].

Trong nghién ctru nay ching toi st dung cong cu BLASTP dé so sanh sy
tuong dong cia trinh tu axit amin v6i ngan hang gen, theo tham sé mic dinh. Pé
chay BLASTP, trinh ty axit amin ctia B-xylosidase dugc dinh dang FASTA, s€ duoc
nhap vao khung chinh cta cong cu. Sau d6 chon tham sé mic dinh cia chuong trinh
va nhan 1énh BLAST, chd mot vai phut phan mém sé tra lai két qua. Thong thuong
két qua c6 hai phan bao gdm: (1) phan hinh chi ra ving bao tén va hoat tinh cia
enzyme, (2) so dd so sanh trinh ty dich véi céc trinh tu trong ngan hang gen vai chi
s6 chi tiét vé diém t6i da, mirc d6 bao phu, do twong dong va vat chu chia gen so

sanh.
2.2.2.4. Thiét ké méi biang phan mém FastPCR

Moi dic hiéu khuéch dai gen ma hoa Xbx14 duogc thiét ké dua vao trinh tu dau
5’ va 3’ ctia gen mong mudn co trong dit liéu trinh tw DNA da hé gen c6 sin. Sau
d6, trinh tuy moi dugce kiém tra chat lugng va chinh stra bé“mg phén mém FastPCR,
dya trén nhiéu thong s6 nhu nhiét d6 bat cap mdi, sb nucleotide loai G va C,... theo

tham s6 mic dinh [203].

2.2.2.5. Kiém tra vi tri ciia enzyme han ché trén gen quan tam bang phin mém

triee tuyén RestrictionMapper

Trinh ty DNA ctia gen quan tdm dugc vao chuong trinh RestrictionMapper
theo duong dan http://www.restrictionmapper.org/ [204]. Dua trén viéc dém vi tri
nucleotide trung khép véi vi tri cit cla tung loai enzyme han ché, chuong trinh s€
dua ra két qua s6 lwong va vi tri cat ctia cic enzyme han ché c6 trén.
2.2.2.6. Chuyén ma trinh tw DNA sang trinh tw axit amin bang chwong trinh

dich mi EXPASY

Trinh tu nucleotide ctia gen quan tdm duoc dua vao chuong trinh EXPASY
theo duong dan http://web.EXPASY .org/tools/translate/ [196]. Dé chay cong cu

”Translate tool” cua EXPASY, trinh ty nucleotide ma hoa B-xylosidase dugc dinh


http://blast.ncbi.nlm.nih.gov/
http://www.restrictionmapper.org/
http://web.expasy.org/tools/translate/
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dang FASTA, sau d6 nhap vao khung chinh ctia cong cu. Tiép theo s& chon tham sb
mac dinh cta chuong trinh va nhéan 1énh “Translate sequence”, cho mot vai phut.
Chuong trinh s& dua ra két qua 1a trinh tu axit amin twong tng véi 6 khung doc

khac nhau tir trinh tu nucleotide ban dau.
2.2.2.7. Dw dodn cdu tric cia protein bang cong cu Phyre2 va Swiss model

Trinh ty axit amin protein duoc xir 1y truc tuyén bang chuong trinh Phyre 2
theo duong dan http://www.sbg.bio.ic.ac.uk/phyre2/ntml/page.cgi?id=index [197]
va Swiss model theo duong dan https://swissmodel.expasy.org/interactive [198].
Bang cach so sanh muc d6 twong dong cua trinh ty axit amin nghién ciru véi céc
trinh ty c6 san trén CSDL va dua ra mé hinh cau tric 3D thich hop nhat theo tham
s6 mac dinh. Céng cu Swiss model sir dung dé dy doan cau trlic cua cac trinh tu gen
ma hoa enzyme dang tim kiém bang mau do. Cong cu Phyre 2 sir dung dé dy doan
cau truc cua gen Xbx14 mi hoa enzyme sau khi da lya chon, dé nghién ctu trong

thuc nghiém.
2.2.2.8. Dw dodn nguén goc ciia gen bang cong cu BLAST-Explorer

Trinh tu axit amin cia Xbx14 dugc xir 1y truc tuyén bang BLAST-Explorer
ctia hé thong phan tich Phylogeny.fr dé dung ciy phén loai [201]. Sau d6 chon tham
s mic dinh cta chuong trinh cho mot vai phat phan mém sé tra lai két qua dung

cay phan loai cho trinh tu axit amin dich.

2.2.2.9. Xdc dinh d¢ sach cua protein Xbx14 sau khi tinh ché bang phan mém
Quantity One

Viéc xac dinh khdi lugng protein dich dwa vao biang protein chuan trén gel
dién di bang phan mém Quantity One [206], |a budc trung gian dé c6 thé danh gia
d6 sach twong d6i cua protein. Pé danh gia do sach cia Xbx14, mau protein sau khi
tinh sach duogc dién di trén gel polyacrylamide 12,6% c6 SDS cuing véi thang chuéan
protein. Sau do, gel duoc nhudém bang thubc nhuém comassie, riza sach va dua Ién
may scan dé quét. Ché do quét dugc cai dat sao cho chat lugng anh dat duoc tét

nhat. Sau d6, anh quét dugc dua vé ché do den tring va chuyén vao phan mém


http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index
https://swissmodel.expasy.org/interactive
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Quantity One version 4.6. Biang phan mém nay, lugng protein c6 trén giéng chay
dugc nhan biét va quét dé dinh luong twong dbi protein tong s trén giéng. Tuy
nhién, dién tich quét trén giéng nén Ia nhimg ving xac dinh thiy c6 bing protein.
Bén canh d6, Xbx14 trong giéng ciing dugc quét va dinh luong. Do sach cua Xbx14

chinh 1a ty 1& cua khdi lvgng Xbx14 trén khéi lugng cua protein & mdi duong chay.
2.2.3. Cac phwong phap vi sinh
2.2.3.1. Giit chung E. coli

Té bao dwoc nudi cdy trong mdi truong LB (bd sung chat khang sinh
Ampicilin ndng d6 cudi cung 1a 100 pg/ml) dén khi ODggo dat khoang 2,0. Dich té
bao tiép tuc dugc bod sung glycerol vo tring (ndng do cudi 13 15%) va chia thanh

cac thé tich nho trong dng eppendorf dé gitr & -80°C trong thoi gian dai.
2.2.3.2. Cdy ria tao khudn lac don

Que cay vo trung dugc cho tiép xtac véi dich nudi cay vi khudn E. coli va cdy
ria trén dia petri chira moi truong thach. Dia thach duoc u & 37°C qua dém, sau do

gilt & 4°C va sur dung trong vong 14 ngay.
2.2.3.3. Nuéi céy vi khudn

Chon mét khuan lac don duong kinh khoang 2 mm trén dia thach va nuoi céy
vao mdi truong LB 10ng (bd sung chat khang sinh Ampicilin, Chloramphenicol ¢6
noéng do cudi cung lan luot 1a 100 pg/ml va 20 pg/ml ), nudi cay lic 200 vong/phut
& 37°C qua dém.

2.2.4. Cac phwong phap sinh hoc phan tir
2.2.4.1. Gidi trinh tw DNA bing mdy gidi trinh tw thé hé méi HiSeq2000 ciia
IHlumina

Céc deoxynucleoside triphosphate (ANTP) duoc st dung dé giai trinh tu déu
gin v6i nhan to két thuc dao nguoc di dugc danh dédu huynh quang. Mdi loai
nucleotide dugc danh diu huynh quang c6 mau sic khac nhau. Chu ki giai trinh ty

bét dau khi ANTP thir nhat duoc gin bd sung v6i khuén DNA. dNTP nay s& duoc
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tia laser quét dé xac dinh dinh mau sic huynh quang tao ra, ddng thoi dudi tac dong
cta laser, nhan t6 két thuc dao nguoc cia NTP d6 s& bi phan haty. Luc nay, dNTP
thtr hai méi c6 thé tiép tuc ga“in vao nucleotide thir nhét va lai duoc xac dinh. Qua
trinh giai trinh ty ¢t 13p di ldp lai nhu vay cho dén khi soi DNA bd sung dugc tong
hop xong. Trinh tu nucleotide dugc xac dinh dua trén cac dinh mau sic. May HiSeq

2000 giai trinh ty dong thoi duoc 10 triéu cum DNA.
2.2.4.2. Phwong phdp bién nap DNA plasmid vao vi khudn E. coli bang séc nhigt

Quy trinh tao té bao kha bién: ciy chuyén 1 khuén lac E. coli DH10B vao 5
ml mdi truong LB 16ng, lic 200 vong/phit ¢ 37°C qua dém. Chuyén 0,5 ml dich
nudi cdy chuyén sang 50 ml méi trudng LB 1ong, tiép tuc cdy lic 200 vong/phut &
37°C cho t6i khi ODggo dat 0,4 dén 0,6. Sau d6, dich té bao dugc dit 1én da khoang 1
gio. T budc nay trd di, mau ludn ludn duoc tién hanh & 4°C. Ly tam thu té bao &
tbc d6 4.000 vong/phut trong 10 phit. Té bao dugce hoa vao 50 ml CaCl, 100 mM
(v6 trung, dd duoc lam lanh) va u 30 phat. Ly tdm thu t& bao & 4.000 vong/phit
trong 10 phut. Té bao tiép tuc duoc hoa vao 25 ml CaCl, 100 mM va u 10 phut. Ly
tam 4.000 vong/phat trong 10 phut dé thu t& bao. Cudi cung, té bao dugc hoa vao
0,5 ml CaCl, 100 mM c6 b6 sung thém 15% glycerol dé bao quan & -80°C trong cac

ong eppendorf.

Ouy trinh bién nap: Té bao kha bién duogc 1y ra tir ta lanh -80°C duogc lam tan
tir tir trén da trong khoang 30 phut. Sau do, bd sung vao mdi éng té bao kha bién 1
g DNA, d4o nhe nhang d¢é DNA phan bd déu trong dich té bao kha bién. U miu &
4°C trong khoang 30 phut. Mau duoc sdc nhiét & 42°C trong 1 phut 30 gidy va on
dinh miu & 4°C trong 2 phut. B6 sung khoang 500 pul dén 600 pl LB long, lic hon
hop té bao & 37°C trong 45 phut dén 1 gio. Hat 100 pl dich té bao va ciy trai trén
dia moi truong LB dic c¢6 bd sung Ampicilin 100 pg/ml (Chloramphenicol 20
pg/ml) va 1 dia & 37°C qua dém.
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2.2.4.3. Phwong phdp tich chiét DNA plasmid tiv t¢ bao vi khudn E. coli

Phuong phap nay duoc thyc hi¢n theo Sambrook va cong sy (2001) [144] nhu
sau: Ciy chuyén 1 khuén lac riéng 1& vao éng nghiém chira 5 ml méi trudng LB ¢
b6 sung Ampicillin (ndng do cudi cing 1a 100 pg/ml), nudi cay lic 200 vong/phut
qua dém ¢ 37°C. HGt 2 ml dich nudi cdy vao 6ng eppendorf, ly tim 5000 vong/phut
trong 10 pht va thu té bao. Té bao dugc hoa vao 100 pul dung dich I, tron déu va dé
& nhiét d6 phong trong thoi gian 5 phut. B6 sung 200 ul dung dich II, dao déu nhe
nhang dé tranh dit gy DNA, @ hdn hop ¢ 4°C trong thdi gian 10 phut. Tiép tuc bd
sung tiép 150 ul dung dich III, ddo déu nhe nhang va nhanh. Tua protein xuat hién
va c6 mau tring dyc va U trong thdi gian 15 phat ¢ 4°C. Thém 450 pl
phenol/chloroform/isoamylalcohol, lac nhe dé cac protein nho hoa tan vao dich co
phenol. Ly tim 13.000 vong/phiit trong 15 phat. Lic ndy mau hinh thanh 3 16p: 16p
trén cung c6 chira DNA plasmid, 16p gilta 1a protein 16n khong c6 kha nidng hoa tan
va DNA hé gen, 16p dudi cung la phenol/chloroform cé chtra protein tap. Dung
pipet hut nhe nhang dung dich 16p trén va chuyén sang dng eppendorf méi loai 1,5
ml, sau d6 bd sung 2 1an thé tich ethanol 100% va t miu & -20°C trong 20 phat dé
tia DNA. Ly tam 13.000 vong/phut trong 10 phut va thu tua. Tua DNA plasmid
duogc rira lai bang ethanol 70% va ly tim 13.000 vong/pht trong 10 phit. Plasmid
DNA duoc 1am kho bang mdy hiit chan khong va hoa vao 20 dén 30 pl RNAase 1%
dé phan huy hét RNA 14n vao trong thdi gian 30 phut & 37°C. Plasmid DNA duoc
gitt & -20°C.

2.2.4.4. Phwong phdp cit kiém tra gen

Phan tmg cét kiém tra plasmid tai t6 hop Pet22Xbx, bang cac enzyme han ché,
duoc tién hanh trong tong thé tich 1a 10 ul gébm 3 pl DNA (10 pg/ml); 0,25 pl
enzyme han ché (2 U/ul); 5,7 ul nude cat vo trung. Hon hop duogc tron déu, u &
37°C trong khoang thoi gian 120 phut. San pham ciia phan tng cat dugc kiém tra

bang cach dién di trén gel agarose 0,8%.
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2.2.4.5. Dién di DNA trén gel agarose

Mau DNA dugc tra vao giéng cta gel agarose va dién di bang dong dién mot
chiéu v6i hiéu dién thé 100V trong khoang 30 dén 45 phit. Ban gel duoc 14y ra khoi
khuén va ngdm vao dung dich Ethidium bromide ndng do 0,5 pg/ml trong khoang 5
dén 10 phut roi rira lai bang nude. Cudi cung DNA duoc quan sat dudi anh sang tir

ngoai vai budc song 302 nm [144].
2.2.4.6. Phwong phdp dong biéu hién gen

Khuan lac mang gen Xbx14 va chaperone dugc cdy chuyén vao 5 ml méi
truong LB ¢6 100 pg/ml Ampicilin va 20 pg/ml Chloramphenicol, lic ¢ 37°C qua
dém véi téc do 200 vong/phut. Té bao nudi cay qua dém dugc chuyén sang moi
truong maéi sao cho ODgye khoang 0,1. M6i truong nudi céy duge bd sung L—
arabinose 500 mM va Tetracylin 5 pM, tiép tuc lac 200 vong/phut & 37°C cho dén
khi ODggo dat 1 dén 1,6 thi tién hanh cam Gng sinh tong hop protein ngoai lai bang
cach bo sung IPTG. Dich tiép tuc duoc nuodi va thu mau sau thoi gian 15 gio cam
mg, & nhiét do thich hop. Céac diéu kién anh huong dén sinh tong hop enzyme nhu
noéng d6 IPTG, nhiét do,... trong qua trinh nudi cdy chiing trong moi truong co chat
cam ung da duoc khao sat. Té& bao sau khi biéu hién duoc thu lai béng ly tdm 6.000
vong/phut trong 10 phat va thu tia. Taa té bao duoc hoa lai bang nude cit vo trung
dua vé cung gia tri ODggo= 10 dé thuan tién cho viéc so sanh két qua. Protein duoc
phan tich bang phuong phap dién di bién tinh trén gel polyacrylamide 12,6% c6
SDS [144].

Dbé danh gia kha nang tan cua protein tao thanh, té bao biéu hién di hoa vao
trong nude cat vo trung (ODggg = 10), duoc pha v bang siéu 4m v6i chu ky 10 gidy
siéu am va 20 gidy nghi trong tong khoang 30 dén 40 xung & tan s6 20 khz. Sau do,
dich siéu 4m dugc ly tam 13.000 vong/phut trong 10 phut dé tach protein pha tan va
pha khong tan. Pha tan 1 phan dich ndi dugc thu lai, con phan cin 1a pha khong tan
duogc hoa trd lai trong nude cat vo trung véi thé tich bang thé tich phan dich vira hut

ra va de dién di kiém tra.
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2.2.5. Cac phwong phap hoa sinh protein

2.2.5.1. Pién di bién tinh protein trén gel polyacrylamide - SDS

Phuong phap nay dugc thuc hién theo Sambrook va cong su (2001) [144].
Chudn bi gel: gel polyacrylamide duoc chuén bj v6i thanh phan va ndng d6 thé hién

nhu Bang 2.1.

Ouy trinh dién di: Mau duoc tra vao giéng va chay dién di voi cuong do dong
dién 10 mA cho mdi ban gel cho dén khi miu qua hét 16p gel co6 nong do
polyacrylamide thap (5%). Sau do, cuong d6 dong dién duogc ting 1én 20 mA cho
mdi ban gel khi mau dén 16p gel c6 ndng do polyacrylamide cao hon (12,6%). Két
thuc dién di, gel dugc nhuom Coomassie Brilliant Blue R250. Sau khi u voi thube
nhudm, gel duoc rira sach bang dung dich tdy nhuém cho dén khi quan sat duogc o

rang cac bang protein.

Bdng 2.1. Thanh phdn va néng dé cia gel polyacrylamide

Thanh phan Gel tach bién tinh 12,5% Gel ¢6 bién tinh 5%
dH,0 0,55ml 0,45 ml
Tris-HCI pH 6,8 - 0,2 ml
Tris-HCI pH 8,8 1,125 ml -
Glycerol 50% 0,9 ml -
Acrylamid 30% 1,89 ml 0,14 ml
SDS 10% 45 ul 4l
APS 10% 30 ul 8 ul
TEMED 3ul 1l
Téng 4,543 ml 0,803 ml

2.2.5.2. Phwong phdp tinh ché protein bang tiia phéin doan

Quy trinh tinh ché: lugng protein téng s6 biéu hién trong E. coli Rosetta 1
dué6i dang tan duogc thu lai va hoa vao trong nude. Sau d6 bd sung mudi (NH,),SO,
dé tia theo phan doan tir nong do mudi cao dén ndng do mudi thap. Cac phan doan

dugc chia nho dan dé tim ra nong do mudi thap nhat lam két tia hét protein mong
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mudn. Cac phan doan sau khi tua dugc hoa lai vao trong nuée va di¢n di kiém tra
trén gel polyacrylamide 12,6% c6 SDS. Phan doan sach s& dugc gitr lai dé kiém tra

hoat tinh va xac dinh thong ) dong hoc cua enzyme.
2.2.5.3. Pinh lwong axit nucleic/protein biang phwong phdp do mdt dé quang

Pé dinh luong axit nucleic/protein, chung t6i st dung phuong phap do mat do
quang bang may do NanoDrop. May hoat dong bang cach két hop cong nghé soi
quang, tinh ning cing thing bé mit ti nhién dé giit va do mau giita hai bé quang
ma khong cin st dung cuvette hodc dudng dng. Hé thdng sir dung cic dudng din
ngan cho phép do nong do axit nucleic, protein mot cach chinh xac véi nhiéu lua
chon khac nhau. Khdi lugng mau can thiét cho phéan tich quang phd ciia may rat it
nhung van thu duoc két qua rat chinh xac. Mau duoc dat truc tiép trén dau cua bé
mat phat hién va mot ¢t nudc tao thanh mdt dudng théng ding gitra cac dau cua
soi quang do strc cang thang bé mat. Sau d6 dén flash xenon cung cap ngudn anh
séng va soi quang phd tuyén tinh duoc sir dung dé phan tich anh sang di qua mau
[44]. Dé x4c dinh ham lugng protein/axit nucleic, chi can dua tir 1 pl dén 2 pl miu
1én thiét bi, chd may phén tich va tra két qua phan tich sau tir 1s dén 2s. Mau sau
khi do xong duoc lam sach mot cach nhe nhang bang gidy 1am sach bé mit quang

hoc.
2.2.5.4. Phwong phdp xdc dinh hoat tinh fi—xylosidase

Hoat tinh p—xylosidase duoc xac dinh dwa vao co chat duoc st dung phd 1a 4-
nitrophenyl B-D-xylopyranoside (pNPX). p—xylosidase thiy phan pNPX, giai phong
p-nitrophenol, nén hoat tinh cia p—xylosidase dugc xac dinh bang cach do lwong p-
nitrophenol dugc gidi phong ra & budc song 405 nm. Mot don vi hoat tinh B-
xylosidase (IU) 1a lwong enzyme can thiét dé giai phong 1 pmol p-nitrophenol trong 1
phat [40].

Thiét ldp dwong chudn nong dé p-nitrophenol: D thi chuan duoc thiét 1ap véi
thang chuan 10 néng do duong p-nitrophenol tir 0 mM dén 10 mM. P-nitrophenol
dugc pha ndng do 0,2 pmol/ml. Mdi dng phan tng ¢ tong thé tich 1a 1000 pl gdm
p-nitrophenol va dém phosphate, trong d6, thé tich p-nitrophenol giam dan tir 1000
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dén 0 pl, con thé tich dém phosphate ting dan tir 0 dén 1000 pl. Tit ca cac miu
duoc do OD & bu6e séng 405 nm bing may quang phdé UV 165°C. Két qua do
ODygs dugc st dung dé thiét 1ap duong chuin biéu thi moi quan hé gitta ODy5 Va

ndng do p-nitrophenol (Hinh 2.3).

Hoat tinh Xbx14 dugc xac dinh dua theo phuong phap cia Teng va cong su,
2011 [168]. Hon hop phan tng 50 ul gdm c6 20 ul co chat pNPX (p-nitrophenyl —
B- xylopyranoside) 10 mM, hoa trong dém phosphate (pH = 7,0) dugc 1 vai 30 pl
dich enzyme Xbx14 & 50°C trong 30 phut. Phan tng duoc ding lai khi bd sung 200
Ml Na,CO3 0,1M. Hoat tinh ctia enzyme dugc xac dinh thong qua viéc do do hép thu
pNP tao ra & budc song 405 nm. Lugng p-nitrophenol tao ra dugc tinh dya vao

duong chuan thé hién mdi quan hé gitta ODags va néng do p-nitrophenol.
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Hinh 2.3. Pwong chudn pNP dwoc do ¢ bwéc song 405 nm

2.2.5.5. Xac dinh anh hwéng ciia nhiét dp, pH va mét so6 héa chit

Phan tng xac dinh anh hudng cta nhiét d6 va pH dua theo phuong phap cta
Teng va cong sy [168]. Anh hudng cta nhiét d6 trong thi nghiém duoc tién hanh ¢
20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C, va 90°C. Anh hudng cua pH dbi véi
hoat tinh Xbx14 dugc thay d6i theo dém phosphate bao gom: pH = 5, pH = 6, pH =
7,pH =8, pH =9, pH = 10, pH = 11 va pH = 12. Anh huong ciia mot s6 hoa chat
dén hoat tinh cua enzyme dugc xac dinh theo phuong phép cta Lee va cong sy
[100].
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2.2.5.6. Xdc dinh d¢ bén ciia enzyme

Xbx14 dugc u & cac nhiét do khac nhau: 20°C, 30°C, 40°C, 50°C, 60°C, 70°C,
80°C, 90°C trong khoang thdi gian 1a mot gid va hai gid theo phuong phap cia
Pedersen va cong su (2007). Sau khi két thic thoi gian 1, mau duoc tron truc tiép
v6i dém va co chat. Phan ung enzyme dugc thuc hién nhu phuong phéap thir hoat
tinh da dé cap ¢ trén.
2.2.5.7. Xdc dinh théng sé dong hoc ciia enzyme

Hoat tinh tinh B—xylosidase dugc xac dinh ¢ cac néng do co chat khac nhau:
hdn hop phan tng bao gom 30 pl enzyme + 20 pl co chat pNPX pha trong dém
phosphat 1X (nong do tir 0 dén 20 mg/ml) duoc t & 60°C trong 30 phut. Sau d6, bd
sung 200 pl Na,CO3 0,1M. Mau dugc do OD & bude séng 405 nm. Luong dudng
khtr do Xbx14 tao ra trong cac phan ung dugc tinh twong duong véi lugng pNP theo

duong chuan.

bé xac dinh gia tri Kiy va Viax, dod thi phu thudc cua tde do phan tng vao néng
d6 co chat dugc thiét 1ap theo phuong phap cua Linewever-Burk (Hinh 2.4), trong
d6 V duge coi 1 sb micromole xylose (uM) dugc giai phong ra trong 1 phut, 1/[S]
dugc tinh 13 1/[pNPX], & 46 ndng do co chéat duoc tinh 1a mM.
1

A

/ 1Nm“

Al 11s]

Hinh 2.4. Sw phu thugc cia téc dg phan ieng vao néng dé co chat theo
Lineweaver-Burk [135]
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Chuong 3. KET QUA VA THAO LUAN

3.1. NGHIEN CUU PA DANG HE VI KHUAN VA LIGNOCELLULASE
THEO HE THONG PHAN LOAI CUA CAZY TU DU LIEU DNA PA HE
GEN CUA VI SINH VAT TRONG RUQT MOI C. gestroi

3.1.1. Nghién cttu da dang hé vi khuin sdng trong rudt médi C. gestroi

3.1.1.1. Thanh phdn cdc lodi vi khudn cé sé lwong ORF I6n trong rudt moi

C. gestroi

Trén thé gidi da c6 mot sd cong bd vé gen ma hoa lignocellulase cua vi sinh
vat rudt mdi bac thép, nhung hau hét tap trung nghién ctru sy da dang cua dong vat
nguyén sinh va ngudn gen cua chiing. Cho dén hién nay C4c nghién ciru danh gia
sdu vé sy da dang cta vi khudn ciing nhu sy da dang gen lignocellulase trong rudt
mbi béc thép con han ché. Trén co so dit liéu giai trinh ty DNA da hé gen cta vi
sinh vat song trong rudt mébi C. gestroi & Viét Nam, chiing toi can cir theo théng ké
ban dau VA tip trung vao phan tich vi sinh vét ¢ s6 luong ORF 16n nhét chinh 1a vi
khuan. Pay 1a nhém vi sinh vat tiét ra lignocellulase quyét dinh viéc thuy phan hoan
toan lignocellulose trong thirc dn cia ca mdi bac thap va mdi bac cao [24]. Mit khac
cac enzyme c6 nguon goc tir vi khuan song trong diéu kién khac nhiét nhu pH kiém
ctia rudt moi thudng rat on dinh 1én s& 1am ting kha ning thuy phan lignocellulose

[133].

Dua trén sd liéu DNA da hé gen dugc so sanh voi mot s6 CSDL ¢6 uy tin nhu
KEGG va eggNOG dé du doan vé loai, ching toi tién hanh loc va théng ké duoc 20
loai ¢6 s6 lugng ORF 16n hon 300 ORF. Tt ca céac loai co s luong ORF 16n déu
thudc vé vi khuan (Hinh 3.1). Vai trd ctia cac loai vi khuan nay s& duoc nghién ciru
chi tiét dé tim hiéu vé mdi quan h¢ gitra ché dd an g5 ctia vat cha véi hé vi khuan

cong sinh trong rudt mdi C. gestroi ¢ Viét Nam.
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Mahella australiensis = 302
Yokenella regensburgei W 322
Dethiosulfovibrio peptidovorans 330
Delftia acidovorans = 361
Aminomonas paucivorans 403
Blastopirellula marina 409
Dysgonomonas mossii 530
Enterobacter cloacae 583
Tannerella forsythia = 598
Candidatus Azobacteroides.. i 683
Aminobacterium colombiense | 870 ORF
Stenotrophomonas maltophilia | 923
Spirochaeta caldaria 938
Pseudomonas fluorescens | 1254
Lactococcus garvieae | 1810
Dysgonomonas gadei | 2176
Lactococcus lactis | 2852
Lactococcus raffinolactis | 4471
Treponema azotonutricium | 5202
Treponema primitia | 10267
0 2000 4000 6000 8000 10000 12000

Hinh 3.1. Biéu do théng ké 20 loai vi khudn c6 ORF lén nhdt trong rugt
C. gestroi

3.1.1.2. Dic diém céc 10ai vi khudn giup C. gestroi chuyén héa Nito

O Viét Nam méi C. gestroi 1a loai méi dn gd, nén thic an rat nghéo Nito, vi
vay mdi can sy hd tro cta vi sinh vat séng trong rudt mbi dé bu dflp phﬁn thiéu hut
chat dinh dudng thiét yéu chinh 1a cac axit amin. Khi phan tich vai trd cta cac loai
vi khuén c6 sb lugng ORF 16n cho thdy: Tham gia vao qua trinh chuyén hoa Nito
gdm co sau loai 1a Treponema primitia, Treponema azotaurricium, Aminobacterium
colombiense, Aminomonas paucivorans, Candidatus Azobacteroides
pseudotrichonymphae, Stenotrophomonas maltophilia. Loai chiém sé lwong 16n
nhat 1a Treponema primitia (10267 ORF) va Treponema azotonutricium (5202
ORF. Cho dn nay chung t6i chua tim thiy cong bd nao lién quan dén ba loai
Aminobacterium colombiense, Aminomonas paucivorans va Stenotrophomonas

maltophilia trong rudt cia cac loai méi khac ma chi c6 & trong dudng tiéu hoa cua
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C. gestroi. Theo nghién ctru cia Cleveland thi sy thiéu hut nito nghiém trong trong
ché d6 an ctia mdi co thé duge bu dip nho cac vi khudn cb dinh nito trong rudt [32].
S& di mdi phat trién manh trén gd do nhan duoc 30% - 50% tir con duong ¢ dinh
nito nho vi khuan [43]. Nhu vdy ché do an gd thiéu hut Nito cua C. gestroi dugc bu
ddp lai boi cac loai vi khudn trén do chung san sinh ra enzyme ngoai bao tham gia
vao qua trinh chuyén hoa axit amin va gitip mdi hap thy ngudn protein it 6i trong
thire an [51]. Pong thoi cho phép cac loai méi trong ho Coptotermes, trong dé co
C. gestroi chi sir dung gd 1am thirc an duy nhét van c6 kha ning thong tri toan ciu.

Trong thyc té méi C. gestroi chi an gd nhung dugc tim thay ¢ khip noi & Viét Nam.
3.1.1.3. Pdc diém céc 0ai vi khudn giip C. gestroi chuyén héa lignocellulose

Su ti€u hoa lignocellulose cua mdi duoc thue hién nho enzyme dugc tiét ra tur
ban than mdi va tir vi sinh vat sdng trong rudét méi. Tuy nhién cic nghién ctru da
ching minh enzyme do vi sinh vat sdng trong ruét mdi quyét dinh hau hét qua trinh
chuyén hoa thic an. O rudt sau ciia mdi bac thip vi sinh vat chuyén hoa
lignocellulose gdm vi khuan, nim va dong vt nguyén sinh san xuit cac cellulase
(exoglucanase, endoglucanase, B-glucosidase) va hemicellulase (nhu xylanase,
arabinosidase, mannosidase, arabinofuranosidase) c6 hoat tinh manh thuy phan hi¢u
qua cellulose va hemicellulose. Két qua thong ké s6 loai co ORF 16n cho thiy tham
gia vao qua trinh chuyén hoa lignocellulose trong rudt C. gestroi ¢ 16 loai vi khuan
bao gbébm: Treponema primitia, Treponema azotaurricium, Lactococcus
raffinolactis, Lactococcus lactis, Lactococcus garvieae, Spirochaeta caldaria,
Enterobacter cloacae, Mahella australiensis, Tannerella forsythia, Delftia
acidovorans, Dethiosulfovibrio peptidovoran, Blastopirellula marina, Pseudomonas

fluorescens, Yokenella regensburgei, Dysgonomonas gadei va D. mossii.

Theo mot s6 nghién ctru thi cac loai vi khuan trén dong vai trd cung cap
enzyme thuy phan lignocellulose nhu: cellulase dugc khai thac tir vi khuan
Pseudomonas fluorescens trong rudt méi Macrotermes subhyalinus [11]; cellulase,
hemicellulase va chitinase tir vi khuan Spirochaeta caldaria [51], trong rudt moi

Neotermes castaneus [48]. Ba loai Lactococcus raffinolactis, Lactococcus lactis,
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Lactococcus garvieae c6 so luong ORF rat 16n ¢ rudt sau ciia mbi an gb kho, lién
quan dén qua trinh 1én men axit lactic [190]. Sy hién dién cua loai Tannerella
forsythia san xut axit sialic, lam trung hoa doc t6 san sinh ra tir cac loai vi sinh vat
khac trong rudt mdi, gitip chéng lai mam bénh co trong ngudn thic dn ciia moi C.
gestroi. Pac biét loai Treponema primitia va Treponema azotaurricium vira tham

gia chuyén hoa nito, vira tham gia chuyén hoéa lignocellulose.

Trong s6 16 lodi c¢6 s6 lugng ORF 16n tham gia chuyén hoa lignocellulose
trén, thi 5 lodi chi xuat hién trong rudt cia mdi C. gestroi & Viét Nam bao gom:
Mabhella australiensis, Blastopirellula marina, Yokenella regensburgei (Koserella
trabulsii), Delftia acidovorans, Dethiosulfovibrio peptidovorans. Trong do loai
Mahella australiensis c6 kha nang 1én men carbohydrate nhu cellobiose [159]. Loai
Blastopirellula marina c6 kha ning san xuit axit tr duong [58]. Loai Delftia
acidovorans chira enzyme thuc hién ca hai hoat tinh mono va diestease [88]. Loai
Dethiosulfovibrio peptidovorans san xuét cac peptide va axit amin tir duong va axit
béo [99]. Yokenella regensburgei (Koserella trabulsii) san xuét cellulase trong quéa
trinh phan hity sinh khéi thyuc vat [122]. Su phong phu vé s6 lugng ORF ciia 05 l0ai
vi khuan tham gia phan giai lignocellulose trong rudt méi C. gestroi ¢ Viét Nam

khong c6 ¢ cac loai moi khac co6 theé do su khéac biét vé nguon thire an.

Tém lai, dua trén sb luong cac ORF da dugc udc doan tur dir licu DNA da hé
gen cua vi sinh vat trong rudt mbi C. gestroi ¢ Viét Nam, ching t6i tim théy 20 loai
vi khuan vé6i s6 luong ORF rét 16n, trong d6 c6 03 loai tham gia chuyén hoa Nito va
05 loai tham gia thuly phan lignocellulose khong c6 ¢ cac loai mdi khac, giup
C. gestroi co thé ton tai va phat trién trong diéu kién ngudn thic an giau
lignocellulose va thiéu hut Nito. Nhu vay két qua nghién ctru da dang céac loai vi
khuan c6 s6 ORF 1én trong rudt mdi C. gestroi di bo sung thém két qua vé hé vi
sinh vat san xuat lignocellulase khong chi c6 dong vat nguyén sinh ma vi khuan

cling dong gbép phan 16n enzyme can thiét cho méi tiéu héa hiéu qua thirc an.
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3.1.2. Nghién ciru da dang lignocellulase ciia vi sinh vt sng trong rudt méi

C. gestroi
3.1.2.1. Da dang ORF ma hoa lignocellulase theo phén loai ciia CAZY

Theo udc doan ban dau cua cong ty giai trinh ty BGI c6 587 ORF ma hoa
enzyme thuy phan lignocellulose tir dit li¢u trinh ty DNA da h¢ gen cua vi sinh vat
trong rudt mdi C. gestroi. Pé danh gia su da dang cua cac lignocellulase nay, ching
t6i tién hanh sip xép ching vao hé thong GH theo phan loai ciia CAZY. Dua vao
két qua phén tich cia CAZY, s& d& dang so sanh vé6i két qua nghién ciru twong tu tir

cac loai mdi khac. Két qua chi tiét dugc trinh bay trong Bang 3.1.

Bdang 3.1. Bang so sdnh cac he enzyme thaiy phan lignocellulose (GH) c#a vi sinh

vdt trong rugt méi C. gestroi véi mét sé loai maéi khéc

GH C. gestroi | Nasutitermes | R. speratus | R. flavipes R. flavipes
(visinh vat)! | (visinh vat)? | (visinh vat)’ | (visinh vat)* | (sinh vt ni sinh)°®
GH1 187 22 — — 3
GH2 36 23 — 1 1
GH3 205 69 1 10 2
GH4 116 14 — — —
GH5 136 56 3 11 2
GH6 21 — — — —
GH7 20 — . 35 10
GHS8 13 5 9 1 1
GH9 16 9 — — 2
GH10 39 46 . 1 1
GH11 52 14 . 10 5
GH12 7 - - - -
GH13 10 48 - — 10
GH16 3 1 — 3 3
GH17 2 — — — —
GH18 1 17 — 5 8
GH20 — 15 — 3 4
GH23 — 52 — — —
GH25 — 1 — — —
GH26 6 15 : 5 1
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GH27 24 4 — 1
GH28 2 6 — -
GH30 2 - 1 3
GH31 6 26 — -
GH32 16 = — -
GH35 2 3 =

GH36 44 5 = —
GH37 1 — — 1
GH38 — 11 — 2
GH39 50 3 — -
GH42 30 24 1 -
GH43 60 16 - 1
GH44 6 6 - -
GH45 — 4 4 1
GHA47 — — 1 -
GH51 50 18 — -
GH52 - 3 — -
GH53 3 12 1 1
GH55 1 — — -
GH57 — 17 — —
GH58 — 1 — —
GHG62 1 — — —
GHG65 - 6 — -
GHG67 20 10 — -
GHG68 1 — — -
GH70 — — — 1
GH74 — 7 — —
GH76 — — — 1
GH77 1 14 1 -
GH78 1 - — -
GH79 18 - - -
GH82 1 — — —
GHB85 — — — 1
GHB86 2 — — —
GH87 4 - - -
GHB88 - 9 - -
GHI1 - 1 - -
GH92 - 2 1 —

GH93
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GH9%4 4 68 — = —
GH95 - 12 - — -
GH97 7 - - — -
GH98 - 1 - — -
GH103 = 3 — = —
GH106 2 — — -
GH109 = 3 — = —
GH113 3 — — — -
GH115 3 — — — -
GH116 1 — — — -
GH117 40 - - - -
GH119 2 — - — -
GH126 3 - - - -
GH128 3 — — — -
GH130 10 — — — -

Do et al., 2014 (sé li¢u gidi trinh ty DNA da hé gen cua vi sinh vat séng trong rudt

mbi C. gestroi béng k¥ thuat Metagenomics giai trinh tu toan bd da hé gen)

“Warnecke et al. [182] (sé liéu giai trinh ty DNA da hé gen cua vi sinh vét trong
rudt moi Nasutitermes ky thuat Metagenomics giai trinh tu toan b da hé gen tir
ngan hang DNA da hé gen).

*Todaka et al. [171] (s6 liéu giai trinh tw cta vi sinh vat trong rudt mdi R. speratus
bang phuong phap lap ngan hang cDNA).

*Tartar et al. [165] (s6 liéu giai trinh ty DNA da hé gen cua vi sinh vt trong rudt
mdi R. flavipes bang phuong phap 1ap ngan hiang cDNA).

*Tartar et al. [165] (sb liéu giai trinh ty DNA da hé gen cua vi sinh vat ndi sinh
trong rudt mdi R. flavipes bang phuong phap 1ap ngan hang cDNA).

* GH sit dung theo hé thong phan loai cia CAZY tai trang web:
http://www.CAZY .org/

Dau -: khong c6; dau » khong xac dinh so luong gen

Két qua phén tich cia CAZY cho thay 587 ORF tir vi sinh vt trong ruét moi
C. gestroi dugc phan vao 52 ho GH khac nhau. So sanh véi phuong phap 1ap thu
vién cDNA, Todaka va cong sy da xac dinh 580 gen va du doan chi thudc vé 10 GH
[171]. Warnecke va cong su di st dung k¥ thuat Metagenomics, 1ap ngan hang
DNA da hé gen véi khoang 3 tri¢u trinh tu doc ngén tr vi sinh vat trong rudt mbi

Nasutitermes. Két qua dd xac dinh hon 200 gen thuy phan cellulose va
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hemicellulose nhung ciling chi thudc 45 ho GH khac nhau [146]. Nhu vay so sanh
v6i két qua khi st dung k¥ thuat Metagenomics va giai trinh tir toan bd DNA da hé
gen cho thiy sb ho GH cua C. gestroi da dang hon nhiéu so véi viée 1ap thu vién
gen 6 R. speratus, C. formosanus, R. flavipes hay thu vién DNA da hé gen cua

Nasutitermes.

Ciing tir két qua nay cho thiy trong sé cac ho GH dy doan ¢ mdi C. gestroi ¢6
thé c¢6 hodc khong c6 trong loai mdi khac. Cu thé ¢6 22 GH (6, 12, 17, 32, 55, 62,
68, 78, 79, 82, 86, 87, 93, 97, 113, 115, 116, 117, 119, 126, 128 va 130) ¢ mbi C.
gestroi ma khéng cé ¢ mdi Nasutitermes; 24 GH (6,7,12, 17, 30, 32, 37, 55, 62, 68,
78, 79, 82, 86, 87, 97, 113, 115, 116, 117, 119, 126, 128 va 130) cua C. gestroi
vang mat & Nasutitermes. Tuy nhién chi ¢c6 17 GH (20, 23, 28, 45, 52, 57, 58, 65,
74, 88, 91, 92, 98, 103, 106 va 109) c6 mat trong Nasutitermes nhung Véng mat &
C. gestroi. Mat khac sb lugng ORF trong mdi ho GH cua C. gestroi hau hét duoc du

doan cao hon ¢ Nasutitermes (Bang 3.1).

Chung t61 dac biét quan tdm dén cac ho GH vdi s6 lugong ORF 16n chi Xuét
hién trong ruot mdi C. gestroi dé xac dinh kha niang phan giai thanh phan cia
lignocellulose, tir 46 dua ra hudng khai thac va chon duoc gen méi trén ngudn dir
liéu DNA da hé gen da c6. Trong cac ho GH theo phan loai cia CAZY, ho GHI117
tham gia vao thity phan neoagarooligosaccharide do cit lién két alpha-1,3 tao ra 3,6-
anhydro-L-galactose va D-galactose; ho GHI130 tham gia thiy phan
mannooligosaccharide, mannosylglucose,.. 1a cac chudi nhanh ctia hemicellulose.
Hai ho enzyme nay chi xudt hién trong rudt méi C. gestroi véi sé lugng ORF kha
16n 1an lugt 1a 40 (GH117) va 10 ORF (GH130). Diéu nay chimg t6, ruot mbi C.
gestroi c6 kha nang thily phan mach nhanh va dimer tir hemicellulose rat manh. Sy
phong phu cia hemicellulase tir dit liéu DNA da hé gen cta méi C. gestroi 1a co s&
thuan loi dé chung téi tiép tuc nghién ctru Iya chon gen mi héa nhém enzyme niy

trong thuc nghi¢m.
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3.1.2.2. Da dang ORF ma hoa f—xylosidase theo phin loai cia CAZY

Tir s6 liéu phan tich vé da dang enzyme chuyén héa thanh phan hemicellulose
trong rudt méi C. gestroi nhu trén, chung t6i quan tim dén mot trong nhiing enzyme

¢ y nghia 16n trong qua trinh thuy phan hemicellulose 1a B—xylosidase.

Hoat dong chinh cua p—xylosidase dugc tim thiy trong rudt sau ¢ mot sd loai
méi nhu Pseudacanthotermes militaris [15], Neotermes castaneus [48], R. speratus
[157] va R. santonensis [164]. Trong rudt cua mdi C. gestroi, theo wéc doan cé 46
ORF ma hoéa B—xylosidase, trong d6 23 ORF dugc phan loai vao 13 loai, 23 ORF
con lai chua duge phan loai dén lodi. Kiém tra cac ORF véi hé thong phén loai cua
CAZY cho thay ching dugc xép vao 8 GH (GHI, 3, 5, 10, 39, 43, 51, 116) va
chiém wu thé 13 GH43, 51, 116. Trong s6 cac ho GH chira B—xylosidase thi ho
GH43 xuat hién nhiéu nhat & 7 loai vi khuan va riéng loai Treponema primitia chira
ORF cua ca 8 GH (Bang 3.2). Bang phan loai nay gitip ching tdi ¢ co sé dé xdy
dung dugc phuong phap tim kiém gen muc tiéu va dé& dang so sanh véi két qua chd

giai gen tr cong ty giai trinh tu.

Bdng 3.2. Bang théng ké sé lwong ORF va he GH cia f—xylosidase trong ruét

C. gestroi
Loai S6 ORF GH
Bacteroides eggerthii 1 43
Clostridium hathewayi 1 51
Coprococcus eutactus 1 43
Dysgonomonas gadei 3 43,51, 116
Enterobacter mori 1 43,116
Lactococcus raffinolactis 2 43,116
Leeuwenhoekiella blandensis 1 1
Mahella australiensis 1 3
Marvinbryantia formatexigens 2 1,43, 116
Mitsuokella multacida 3 1,51
Paenibacillus mucilaginosus 1 1
Treponema azotonutricium 1 51
Treponema primitia 5 1,3,5, 10, 39, 43,51, 116
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3.2. XAY DUNG PHUONG PHAP TIM KIEM GEN MA HOA j-
XYLOSIDASE TU DU LIEU DNA PA HE GEN CUA VI SINH VAT TRONG
RUOQT MOI C. gestroi

Trong nghién ctru nay chung toi tiép tuc cai tién va xdy dung mot phuong
phap méi dé lya chon gen tir dit liéu giai trinh tw DNA da hé gen di ¢, d6 chinh 1a
phuong phap xay dung mau do. Phuong phép nay dya trén 1y thuyét vé cac trinh tu
axit amin cua mot loai enzyme déu co vung trinh ty bdo thu va géc hoat tinh bao tdn
gidng nhau. Pong thoi trinh ty axit amin ciia cing mot loai enzyme chira nhiéu vi tri
tuong dong. Nhu vay tir cac trinh ty axit amin da nghién ctru vé cung mot loai
enzyme c6 thé tim ra nhitng vi tri bao ton va trong dong nhau dé xay dung mot mau
do chung. Khi d3 c6 mau do s& gitip lya chon nhanh trinh tu gen tir dit liéu trinh tu
DNA da hé gen cta vi sinh vat trong rudt mdi C. gestroi theo nguyén tic so sanh
tuong dong. Gen chon phai ma hoa ding enzyme dich va sau khi biéu hién s& c6
hoat tinh t6t. Cu thé cac bude xay dung mau do s& duoc tién hanh dé tim kiém gen

ma hoa p—xylosidase tir DNA da hé gen cua vi sinh vét rudt méi C. gestroi nhu sau:
3.2.1. Xac dinh cac hg GH chira p—xylosidase theo CAZY

Chung t6i str dung dit liéu phan loai cia CAZY dé xac dinh B—xylosidase
thudc vé bao nhiéu ho GH. Trong mdi ho GH nay sé& c6 thong tin vé cau trac khong
gian, thanh phan axit amin cho va nhdn proton trong qua trinh hoat dong cua
enzyme,... Pong thoi dua vao su bao ton cao vé su cudn gip trong cau trac khong
gian cua protein, p—xylosidase s& dugc xép vao timg nhom 1én “clan”. Két qua chi
ra enzyme nay thudc vé bon “clan” 1a GH-A, GH-D, GH-F, GH-O va duoc sép Xép
vao 11 ho GHI, 3, 30, 31, 39, 43, 51, 52, 54, 116, 120. Cac thong tin chi tiét cua
tirng ho duogc tong hop trong Bang 3.3.

Theo két qua nay bén ho GH1, GH30, GH39 va GH51 thudc vé “clan” GH-A
gidng nhau vé cdu tric khong gian 13 (B/a)s. Ho GH31, GH41 thudc vé hai “clan” 13
GH-D, GH-F v4i mé hinh cau tric khong gian 1an luot 1a (B/a)g barrel va 5-fold B-
propeller. Ho GH52 va GH116 cung thudc vé “clan” GH-O, nhung van chua X4c
dinh duoc mé hinh ciu trac khong gian. Cac ho GH3, GH54 va GH120 chua xac
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dinh dugc ca “clan” va mo hinh cau tric khong gian. Tat ca cdc ho GH chua B—

xylosidase déu c6 chit cho dién tir va proton trong qué trinh hoat dong ciia enzyme

la glutamate (Glu) hodc 1a Aspactate (Asp). Hai co ché phan tmg xuc tac thuy phan

lién két glycoside thuong thdy nhat dugc Koshland dwa ra gdm c6 ché giit nguyén

va dao nguoc [93]. Két qua tim kiém chi ra ho GH43 thudc vé co ché dao nguoc,

con lai déu thuc hién theo co ché gilt nguyén. Riéng GH54 mdi chi xac dinh dugc

co ché xuc tac ma chua c6 thong s6 vé clan, mo hinh cau tric va chat cho/nhan dién

tur.
Bdng 3.3. Bdng cac hg GH chira f—xylosidase theo CAZY
I S __| Chit cho .
vaiecl cH | clan M6 hinh cﬁ-u truc/Chat cho dién oroton x(c Co cheé xuc
khéng gian tir xic tac ) tac
tac

32137 | 1 | GH-A (Blo)s Glu Glu |Giir nguyén
3.2.1.8 3 Asp Glu Gilr nguyén
3.2.1.8 | 30 | GH-A (B/a)g Glu Glu Gilt nguyén

3218 | 31 | GH-D (B/a)g barrel Asp Asp Gilt nguyén

3.2.1.8 | 39 | GH-A (B/a)g Glu Glu Gilt nguyén
3.2.1.37 | 43 | GH-F |5-fold p-propeller Asp Glu bao nguoc
3.21.37 | 51 | GH-A (B/a)g Glu Glu Gilr nguyén
32137 | 52 | GH-O Asp Glu Gilr nguyén
32137 | 54 Gilt nguyén
3.2.1.37 | 116 | GH-O Asp Glu  |Giir nguyén
3.2.1.37 | 120 Asp Glu Gilr nguyén
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3.2.2. Tim kiém céc trinh tw axit amin cia p—xylosidase di dwge nghién ciru

trong thuc nghiém

Dé xay dung miu do ching t6i tién hanh tim kiém céc trinh tu axit amin hogc
gen ma hoa B—xylosidase dap Uing dugc ba ti€u chi: (1) Trinh ty gen ma hoa B-
xylosidase d3 dwgc nghién ciru thuc nghiém va phai c6 thong tin chi tiét vé kha
nang biéu hién, nhiét do va pH hoat dong tdi wu, dé dam bao trinh tu nay chic chin
¢6 hoat tinh diing ciia B—xylosidase; (2) Chi chon trinh tu gen/axit amin tir vi khuan,
dé dam bao do twong ddng va trung khép voi vi tri axit amin bao ton; (3) Cac trinh
tu khong dugc khac nhau qua nhiéu vé d6 dai, dé sau khi xay dung dugc mau do s&
tim dugc gid tri tham chiéu t6t nhat vé mitc d6 bao phii va tuong dong ciia mau do
v6i trinh ty dich can tim kiém. Nguon dé tim kiém cac trinh tu gen/axit amin lién
quan dén p—xylosidase rat da dang, nhung chu yéu tir CAZY va NCBI. Két qua chi
tiét duoc tong hop trong Bang 3.4.

Bdng 3.4. Bang téng hep di liéu da dwec nghién cizu chi tiét vé f—xylosidase

. < pH | Nhiét dd | Nguon
S0 M3 sb trong S0 hoat hoat thu
thi Vi khua axit : L .
| GENBANK tichudn X | dong | dong t6i | thap sb
tw amin | . ” "
toiwu | wu ("C) liéu
GH1
bacterium enrichment
1 CAD20872.1 464 6 40 [116]
culture clone P11-6
GH3
1 CADA48309.1 C. stercorarium 715 50 [3]
GH30
Bifidobacterium
1 | ABX45137.1.1 448 6 45 [81]
breve
GH43
1 | CAA29235.1.1 Bacillus pumilus 535 7 40 [186]
2 AAC97375.1 | Bacillus pumilus PLS | 535 6 45 [98]
bacterium Bacillus
3 | AAC27699.1 533 55 [191]
sp. KK-1
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Clostridium
4 | BAA02527.1 . 473 7 65 [143]
stercorarium
Clostridium
5 BAC879411 ) 497 | 35 80 [162]
stercorarium
Enterobacter sp.
6 AFZ7887.1 enrichment culture 536 6 40 [27]
clone nf1B6
Geobacillus
7 AAT9862.1 | stearothermophilus T- | 535 6,5 60 [148]
6 (XynB3)
Geobacillus
8 ABC750041 thermoleovorans IT- 511 5 70 [175]
08
Paenibacillus
9 ADV16404.1 . 477 6-7 30-45 [91]
WO00soNngensis
Thermobifida fusca
10 | AEF2882.1 550 | 4,5 50 [59]
TM51
11 BAF982351 Vibrio sp. XY-214 535 7 36 [177]
GH52
1 BAA74507.1 Aeromonas caviae 729 8,7 60 [163]
Geobacillus
2 | AGE344791 _ 705 | 55 70 [79]
stearothermophilus
Geobacillus
3 ABI49956.1 . 705 6,3 65 [22]
stearothermophilus
GH120
Thermoanaerobacteri
1 ABM®68042.1 | um saccharolyticum 636 6 65 [149]
JW/SL-YS48

Két qua tim kiém dugc duy nhat 01 trinh ty thuéc ho GH1, GH3, GH30 va
GH120; 03 trinh ty thuéc GH52; 11 trinh ty thuéec GH43; cac ho GH31, GH39,
GH51, GH54, GH116 van chua tim thay cong bd ndo. Tir dit liéu vé sd céc trinh ty
ma héa cho p—xylosidase di duoc nghién ctru tinh chét s& tiép tuc so sanh dé tim ra

vung tuong dong.
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3.2.3. Nhém cac trinh ty di tim kiém dwoc dé xac dinh vang twong dong bang
ClustalW - PBIL
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-TSFSROGCMEKIKILEDGSIPQVEMTSCGSADEPLPGRG-YPAYIACNLFCGEESVYT
-TAFSRQGCMEPISFREDGT I PQVEMT SCGPNGGPLAGRG-YPAYLACNLFCKDEELYT
SOEFDGPELGLQWQWNHN "VNERWS-1.SKRPGY  TLEAMY-ESLLKARNTLTQKLIGEK
x

VOEFDD2TLN3HFQTLRI PFTEQ2GSI.TERPGH RLYGRESLTSS5FTQAFVAR RWQHF 2
FEAETAVSHFPKNIQQOAACT VNY YNTENWTALQVTYDD-LGRILELSVCENLAFSQPLT
FEAETAVSFFPENFQQSACT VNY YNTENWTALQVTYDE-LGRTLELSVCQONLAFSQPLA
FTAETAVDINPETFQQAACTVNY YNTENWTALQVTYDE-LGRILDVTICDNFTFSQPIK
FVAETKVSIRPTTHQQSACTVNY YNTONWTTLQTI TWHE-KGRILELMTCDHLVVDQPLR
FRAETRMQF' S PVHIQQSACT TCY YNSKNWSYCFVDYEE-QGRTIKVIQLDHNVPSWPLH

K

K

ATVETKLE NTPYEMACLCAYYARNGHYFLKMTAND-GERVLQVVGNINDVYGEYSN
CIFEACLE EDIROMAGITAYYNTRQWHYLRINRDD-GGVFAGVLTSDRGIIREVGR
NVS-TLLEFKPNQDNEEACLTVYMNEKHHYETIAL-TKKNGRINVVLKKTVGDIQVVVN-
—-—-L T GAWMNN-QFPKITQDGKDGDEEPGY IANMKDSATAGFKYEFDCKGIKSVKIKVR-
GFGASGAWMDS-RI'PKITQODGKDGDEEMGY IANM-TDSATAGFKYFDCHGIRRMTIQV-
GTATTELNTENLKNQORACLAFLGGTQENWIG-VREGE---SYIKAVTAGIRYHGPEIE

FTAETA22FKP2TFQOSACLVNYYNTENW22LOVTYDET-GGR2L3V33CDNLV2SQPL

KK-IIIPDEIPYVYLKVIVQRE-TYTYSYSEFDQOEWEKIDVPLESTHLSDDEFIRGGG--
HK-IIIPDEVTYVYLKVTVRKE-TYKYSYSEFDQKEWKEIDVPLESIHL.SDDFIRGGG--
DK-IVIPRDIQYVYLRVNVEWE-TYYYSYSEFNKKDWYKIEIPLESKKLSDDYVRGGG--
GREIVVPDDIEYVYLRVTVQAT-TYKYSYSFDGMNWIDLPVTFESYKIL.SDDYIKSRA--
EQPIPVPEQAESVWLRVDVDRL-VYRYSYSEFDGETWHAVPVTYEAWKLSDDYIGGRG--
DV---VIGDADTVYMRLELKTQ-WYQYSYSLDGVDWYEIGPALNSTPL.SDEGGPDIF--
RIS-V-TGWPKVFLRAEIDRN—LRFAV--5SDGSTWADMGVRLDMSILSDEYAEERFGN
YFS-—————— NTIIFSIQANPE-EYKFSEVDPNTGOTYLLGTGLTTLLSTEVAGGET--
CR———————————- G-——————- VFEVKTSWNGEVLGKIPVEEFSN-IWTEFSASIP---
CR———————————- G-——————- AFEIKTAWNGPVLGTIPVEFSN-VWKPYSTELV---
TP————————- NVWERAEIDLNGITQFYFSTDNENFIQLGGPCRL-—---— EAG-———--
2-SI2VPDDI2YVYLRV2VDRE-TYKYSYSFDGESW3KIPVPLESTKLSD2YIRG2GGN
———-—-FFTGAFVGMQCQ-DTSCERLPADFKYFRYEETTE--———-—
————-FFTGAFVGMQCQO-DTSCERLPADFHYFRYEETDE-—————
————-FFTGAFVGMQCQ-DTSCAHQHADFDYFMYKEL-———————
—-——--AFTGAFVGMHCR-DGSCONNYADFDYFLYKEL-=-==-—=——-—
—-—-—-FFTGAFVGLHCE-DISCDGCHADFDYFTYEPA-———-————
————-RFTGSFAALFVA-DITCQKRHADFDYFEYLEHSEQXENCE
PIMWGETGAFLGLWAH-DMTCAGLPADFDFCTYRPQSPS—————

*

PIMWEFTGAFVGL2C2YD2SC5GLPADEFDYF2YEE3SE2XENCE
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Hinh 3.2. Két qud so sanh sw twong dong cia 11 trinh tw ma héa p-xylosidase va

Xdy dung méu do cho f—xylosidase thugc ho GH43

Ghi ch: Mikc dé bdo thii ciia cdc goc axit amin dwoc danh dau tir dau “*” dén dau
“” dau “.” va khong dwoc danh déau. Cdc vi tri gach chan trong trinh tu
Prim. cons sé dwoc ding lam mau do. Trinh tw 1,2 3,.... 1 cdc trinh ti tir Bang 3.4
thudc ho GH43 tir s6 thir tw 1 dén 11

Pé c6 thé xay dung duoc miu do, yéu cdu sb luong trinh tr mi héa p—
xylosidase cang nhiéu thi d6 tin cdy ctia miu do s& cang cao. Duya trén so liéu thu
thap trinh ty axit amin thudc vé cac ho GH khéc nhau cho théy, chi duy nhat mét ho
GH43 ¢6 s6 luong trinh tu da 16n (11 trinh tu) dé c6 thé so sanh tim ving tuong
ddng. Chlng t6i nhan thay cac enzyme thu thap duoc trong ho GH43 c6 ngudn gbc
tir vi khuan, hoat dong toi wu tir pH axit (pH = 3,5) dén trung tinh (pH = 7) va nhiét
d6 tir 30°C dén 80°C, do dai khong khac nhau nhiéu tir 473 axit amin dén 550 axit
amin (Bang 3.4). Két qua phan tich sau khi so sanh 11 trinh tu thuoc GH43 bang
phan mém ClustalW — PBIL nhu Hinh 3.2.

Dua vao murc d6 bao ton cac vi tri axit amin trong chudi polipeptide, khi so
sanh 11 trinh tu cho thdy: C6 7 vi tri axit amin bao ton cao nhat, hoan toan giéng
nhau (mau d6), 32 vi tri bao tén & mirc trung binh, giéng nhau & da sb cac trinh tu
(mau xanh luc) va 30 vi tri bao ton thip hon, gibng nhau & mot sb trinh ty (mau
xanh lam). O cac vi tri axit amin con lai chi so sanh sy giéng nhau ¢ cung mdt $6 vi
tri ¢6: 71 vi tri axit amin giong nhau tir 8 dén 10 trinh ty (mau cam), 102 vi tri giong
nhau tr 6 dén 7 trinh tu (mau hé)ng), & cac vi tri khac loai axit amin nao chiém ty 1€
16n hon s& dugc git lai (mau den). Trong trudng hop sb luong giita cac loai axit
amin béng nhau thi trinh tu cudi cung s€ dé sb - dai dién cho sb lugng loai axit amin
lap lai nhiéu nhét (Vi du s6 2, nghia 1a giira 11 trinh tu c6 02 loai axit amin c6 sd
luong 16n nhit bang nhau). Nhitng vi tri axit amin chi c6 duy nhat & it hon 50%
trinh tu s& duoc danh dau 1a mau tim (Hinh 3.2). Két qua nay cho thay trinh tu cac

axit amin ctia B—xylosidase thuéc ho GH43 & vi khudn bao ton rat cao. Tinh bao ton


http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_clustalw.html
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cao cua axit amin trong céc trinh ty f—xylosidase cho théy viéc lua chon trinh tu chi
tir vi khuan dam bao cho s6 liéu miu do dang tin cay.
3.2.4. Xay dung miu do va gia tri tham chiéu

Tat ca 11 trinh tu axit amin ciia p—xylosidase thuéc ho GH43 rat dién hinh vé
chiéu dai, vi tri axit amin bao t6n va trung tdim hoat dong. Do dé ching toi s& lua
chon ca nhiing vi tri axit amin khong giéng nhau hoan toan ¢ 11 trinh ty, dé dam

bao dugc do dai va viéc hinh thanh ciu tric khong gian chinh xac.

Mau do nay s& dugc so sanh lai véi 11 trinh tu dé xac dinh diém tdi da, mirc
d6 bao phu va twong dong bang BLASTP. Trén co sd d6 xac dinh gia tri tham chiéu
cho mau do khi stir dung dé lua chon gen ma hoa cho B—xylosidase tir s6 liéu DNA
da hé gen cua vi sinh vat trong rudt méi C. gestroi. Can cir vao két qua so sanh gitra
11 trinh ty thudéc ho GH43 ching t61 s€ luva chon céc vi tri duge bao tdn (mau dé,
mau xanh lyc, mau xanh lam), vi tri da s6 axit amin giéng nhau (mau cam va mau
hong), vi tri chiém ty 1& 16n hon (mau den) va vi tri c6 loai axit amin bang nhau (s6)
dé dam bao d6 dai cho mau do. Nhirng vi tri axit amin ¢6 mat it hon 50% trinh tu
(mau tim) s€ loai bd.
I2NPVLKGENPDPSICRVGEDYYIAZ2STFEWFPGV2I2HSKDLVNWRL22RPL2R2SQLDM
KGNPDSGGVWAPCLSY2DGKFWLIYTDVKVVDGPWKDGHNYLVTADDIDGPWSPEP2PLNS
SGFDPSLFHDDDG2KYLLNMLWGHREGHHSFGG I V2QEFSVAEKKL.VCERKITF2GTP2KL
TEAPHLYKI2GYYYLLTAEGGTRYEHAVTVARSK2I3GPYEVHPDNPILTS2H2PE2PLOK
2CGHASTIVZ2THTGEWYLAHLTGRPIPTPPRGYCPLGRETATIQKLEWKDG VGGGKE22L
VE2PRYTI4EHP222TY3EVDEFDD2TLN3HFQTLRI PFTEQ2GSLTERPGHI RLYGRESLT
S5FTOAFVARRWQHF2FTAETA22FKP2TFQOSACTVNYYNTENW22LQVTYDETGGR2L3

V33CDNLV2SQPL3DDI2YVYLRV2VDREYKYSYSEFDGESW3KIPVPLESTKLSD2YIRG2
GGFEFTGAFVGL2C2YD2SG5GLPADEDYF2YEES3

Hinh 3.3. Trinh tw méu do ciia f—xylosidase thujc ho GH43
Két qua phan tich, mau do cua ho GH43 duoc xay dung bao géom c6 464 axit

amin. Trong d6 chtra todn bo 7 axit amin mau do, hoan toan giéng nhau bao ton cao

nhat; 32 vi tri mau xanh luc, giéng nhau bao ton trung binh; ¢6 30 vi tri mau xanh



71

lam, bao ton & mic do thap hon; 71 vi tri axit amin mau cam, giéng nhau tir 8 dén

10 trinh tw, 102 vi tri mau hdng, giéng nhau tir 6 dén 7 trinh tw, 165 vi tri mau den
va 57 vi tri 12 s6 (Hinh 3.2). Trinh tw mau do cua ho GH43 nhu hinh 3.3.

Chung t6i da so sanh mirc d6 twong dong gitra mau do voi ting trinh tu da st

dung biang BLASTP dé tim gia tri tham chiéu cho viéc st dung mau do trong khai

thac gen. Két qua cho thay céc trinh ty ma hoa p—xylosidase GH43 phai c6 diém toi

da trén 17, &6 bao pha va do twong ddng tdi thiéu 60% va 30% so vai mau do (Bang

3.5). Tuy nhién, két qua so sanh ciing cho thdy mau do nay phl hop nhat véi trinh
twsd 1,2, 3,6,7,8, 10, 11 (chi s diém téi da trén 200, d6 twong dong trén 37% va

d6 bao phu trén 99% ) va khong dai dién tot cho trinh ty 6 4, 5, 9 vi chi s6 diém toi

da va d6 twong dong thap.

Bdng 3.5. Bang so sdnh d¢ twong dong ciia mdu do védi cac trinh tw thugc GH43

Trinh tw |Diém ti da| Téng diém | P9 bao phii| Gij ¢rj E [P0 twong dong
(%) (%)
Trinhtw 2| 608 608 100 0 72
Trinhty 1| 603 603 99 0 71
Trinhty 3| 596 596 99 0 71
Trinhtw 7| 547 547 99 0 66
Trinhtuy 6 | 444 444 99 5E-155 56
Trinh tw 10| 358 377 08 OE-122 51
Trinhtw 11| 351 351 99 4E-119 49
Trinhty 8 | 231 248 99 2E-73 37
Trinhtw 5| 101 134 83 3E-27 30
Trinhtw 4 | 25,8 76,2 61 0,003 33
Trinhty 9 | 17,3 113 60 1,2 46

Tim hiéu sau hon vé trinh ty 4, 5 va 9 cho thdy: trinh tu 4 va 9 déu ma héa

enzyme hai chirc ndng PB-Xylosidase/a-arabinofuranosidase véi hoat tinh cua o -
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http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_207663
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arabinofuranosidase manh hon [91] va trinh ty 5 ma hoa cho B—xylosidase [161].
Do d6 ching t6i str dung cong cu Swiss model du doan cdu trac khong gian dé kiém
chtirng thém murc d§ chinh xac hoat tinh cua trinh ty axit amin 4, 5 va 9. Két qua cho
thdy cdu tric khong gian cta ca 03 trinh tu nay déu twong déng cao véi cau tric p-
xylosidase/a-arabinofuranosidase (Bang 3.6). Két qua ndy c6 thé gia dinh rang trinh
tu 4, 5 va 9 sir dung 1am mau do c6 diém tdi da thap co thé 13 do chung thyc hién
ddng thoi 02 hoat tinh, nhung hoat tinh alpha-arabinofuranosidase hoat dong manh

hon so véi hoat tinh ctuia B-xylosidase.

Bdng 3.6. Bang tong hep wéc dodn cdu tric bdc ba cia trinh twr 4, 5, 9 bang cong

cu Swiss model

5 0) bo . .
. . , ) " |Phwong| Cau | Phoi
Trinh tw| Khuon Hoat tinh bao | twong ) , Rk
i N phap | truc twr
phu | dong
. Xylosidase/arabinof X-ray, | Mono | 1x
Trinh tu 44nov.1.A . 0,6 | 30,28
uranosidase Xsa43E 1,3A -mer CA
i ) Hom
. Xylosidase/arabinof X-ray, 4 X
Trinh tu 53c2u.1.A . 0,94 | 27,08 otetra
uranosidase 1,3A B3P
mer
. 5glk.1. beta-xylosidase/ X-ray, | Mono | Khéng
Trinh tu 9 ) . 0,56 | 36,84 ]
A arabinofuranosidase 1,7A | -mer co

Dé khai thac tdi da cac trinh ty gen md hoa enzyme cé hoat tinh cta p—
xylosidase, khi sir dung mau do s& chon nhiing trinh ty c6 diém t6i da, do tuong
ddng va d6 bao phu tdi thiéu 1an luot 13 17, 30% va 60%. Tuy nhién dé dam bao cho
kha ndng gen da chon biéu hién thanh cong, ching toi dé xuit nén chon céc trinh tu
c6 diém t6i da, do twong dong va do bao phu tdi thiéu l1an luot 1a 200, 37% va 99%
v6i mau do.

Tom lai dit liéu vé trinh ty gen/axit amin duoc tim kiém chu yéu tir NCBI va

CAZY thoa man cac diéu ki¢n: c6 ngudn goc tur vi khuan, da dugc nghién ctru thuc


https://swissmodel.expasy.org/templates/4nov.1
https://www3.rcsb.org/ligand/CA
https://swissmodel.expasy.org/templates/3c2u.1
https://www3.rcsb.org/ligand/B3P
https://swissmodel.expasy.org/templates/5glk.1
https://swissmodel.expasy.org/templates/5glk.1
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nghiém vé dic diém hoat dong ctia enzyme, khong qua khac nhau vé chiéu dai s&
duge thu thap dé 1am mau do cho timg ho GH. Trong sb 11 ho GH chua p—
xylosidase, chi ho GH43 thu thap s6 trinh tuy di 16n dé xdy dung mau do co do dai
13 464 axit amin, voi gia tri tham chiéu vé diém t6i da, do twong dong va do bao phu
ctia mau do voéi gen lya chon tdi thiéu 1a 17, 30% va 60%. Tuy nhién nén lya chon
trinh tu gen c6 diém tdi da, d6 twong ddng va do bao phu tdi thiéu tt nhat 1a 200,

37%, 99% dé dua vao thyc nghiém.

3.2.5. Khai thic trinh tw gen mi héa p—xylosidase bing miu do tir dir liéu trinh

tw DNA da hé gen ciia vi sinh vat ruét méi C. gestroi

Theo két qua cua cong ty giai trinh BGI dya vao CSDL ciia KEGG da chi giai
46 trinh ty tr DNA da hé gen cua vi sinh vat trong rudt mdi c6 hoat tinh B—
xylosidase thudc ho GH43. Ching t61 s€ st dung mau do dé kiém tra lai d6 chinh
xac ctia udc doan tir BGI, bang cach so sanh twong dong voi tat ca dit liéu giai trinh
tw DNA da hé gen da co. Két qua cho théy, néu st dung diém t6i da trén 17, d6 bao
phu va do twong dong tdi thiéu 60% va 30% thi chung tdi lua chon dugc 25 trinh tu,
trong d6 c6 20 trinh tu trung v&i du doan BGI. Tuy nhién van c6 05 trinh tu sir dung
mau do tim kiém dugc lai khong nam trong du doan ctia BGIL. Néu str dung diém toi
da trén 200, d6 twong dong t6i thiéu 12 37% va d6 bao phu thap nhat 1a 99% dé chon
gen dua vao thuc nghiém, thi chi duy nhat 01 trinh tu dat yéu cAu vé céc chi sb tham

chiéu (Bang 3.7).

Bdng 3.7. Bang so sanh két qud khai thac bang mdu do véi dw dodn ciia BGI

Két qua du Két qua khai thac bang miu do
doan cua 3 Piém | Tong | PObao | | Pj twong
Ma gen .. 2 . GiatriE | |
BGI toida | diém phu dong (%)
GL0104795 | GL0104795 382 382 99 le-130 48
GL0020896 | GL0020896 285 285 62 3e-96 54
GLO0117445 | GLO0117445 285 285 62 3e-96 54



http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=1&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=2&HSP_SORT=1
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A1BBUFN611R&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=3&DISPLAY_SORT=3&HSP_SORT=3
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GL0076106 | GL0076106 243 259 85 2e-77 38
GL0006405 | GL0006405 227 271 68 7e-75 57
GL0044986 | GL0044986 225 256 87 7e-72 37
GL0077826 | GLO077826 216 265 67 9e-70 48
GL0112518 | GL0112518 216 265 67 9e-70 56
GL0001262 | GL0001262 214 266 82 8e-67 35
GL0095948 | GL0095948 213 213 63 3e-53 39
GL0015489 | GL0015489 201 201 67 2e-49 42
GL0088906 | GL0088906 154 193 62 2e-48 53
GL0016592 | GL0016592 130 160 64 8e-40 49
GL0021333 | GL0021333 99,8 117 77 2e-27 30
GL0090776 | GLO090776 54,7 119 63 4e-12 37
GL0083296 | GL0083296 43,9 58,1 67 4e-09 35
GL0091901 | GL0091901 40,4 54,3 64 3e-08 35
GL0079004 | GL0O079004 37,0 85,1 65 5e-07 36
GL0050001 | GLO050001 35,8 112 67 8e-07 36
GL0106540 | GL0106540 34,7 72,0 66 2e-06 35

GL0119754 93,2 156 61 3e-26 38

GL0039878 55,8 103 69 2e-13 36

GL0122352 27,3 102 69 4e-04 32

GL0068837 24,6 115 66 0,002 35

GL0042431 22,7 84,3 61 0,011 31

Chung tdi tiép tuc khao sat lai ving bao tha bang BLASTP tét ca céc trinh tu

du doan ma hoa B—xylosidase ciia BGI va mau do du doan cho thay: Tét ca 25 trinh



http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42520
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42817
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42527
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42693
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=374798542&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=A36D73EX114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_42800
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tu dugce lua chon bang mau do déu chira nhitng ving dic thu cho p—xylosidase
(specific hit) va ¢ vi tri hoat dong (active sites) (Hinh 3.4). Trong khi d6 rat nhiéu
trinh ty gen ma hoa f—xylosidase do BGI dy doan khong ma hoa cho enzyme nay.
Diéu nay ching to viéc xay dung mau do dé tim kiém va lya chon dugc it trinh tyr

gen hon so voi du doan cua BGI, nhung chinh xac hon.

Graphical summary [EFAPS oI A al show extra options »
1 L 150 25 k11 i 450 528 553

Query seq, e ———————————————————————————————————

active site § k 'y
inhibitor binding site j 4 Y k k Y k L

Specific hits

Non-specific Gluco_hudro_43
hits

Superfanilies GH43_62_32_68 superfamily
uli-domans G2

4

Hinh 3.4. Két qud dw dodn twong déng dic hiéu trinh tw va cac géc hoat déng

ciia C4c trinh tw dwoc lwa chon bang mdu do GH43

Chii thich: GH43_XYL: ho glycosyl 43 ¢6 khd ndang phdn hiy cau tric beta-D-

xyloside; XynB2: enzyme beta-xylosidase
3.2.6. Khio sat cau triic bic 3 ciia cac p—xylosidase di khai thac bang miu do

CAu tric bac ba ctia phan tir protein cho phép udc doan cu thé hon vé trung tim
hoat dong, cau hinh phan tir va phdi tir 1ién quan dén hoat tinh sinh hoc cta enzyme.
Dé xac dinh tinh chinh xac cta céc trinh tu da lva chon béng mau do mét lan nita,
chung tdi tiép tuc kiém tra lai cdu triic khong gian bang cong cu Swiss model. Két
qua cho théy da s6 trinh tu duoc lya chon bﬁng mau do déu duoc ude doan co ciu
tric tuong dong cao voi B—xylosidase. Tuy nhién mot s trinh tu c6 gia tri diém t6i
da thip dudi 100, thi c6 hoat tinh khac PB—xylosidase nhu xylanase va

arabinofuranosidase (Bang 3.8).

Bdng 3.8. Bang téng hgp wéc dodn cdu tric bac ba cia p—xylosidase di chon

bang céng cu Swiss model

Diem Do Do Phwong| Céu
Magen | téi | Khuon | Hoat tinh bao | twong Tng| AN by tir
K N phap | truc
da phu | dong
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GL0104795| 382 |acou1.a| “YIOSIUBSEIA- | g op | gy 27 | KTV, 4 X B3P
rabinosidase 1.3A
GL0020896| 285 |3c2u.l.A beta.-D- 0,93 | 52,11 X-ray, 4 x B3P
xylosidase 1.3A
4 x XYS -
. beta-D- X-ray, XYS, 4
GL0117445| 285 |2ex).1.A . 0,96 | 55,34
J xylosidase 2.2A x CA, 3
X MES
Homo-| 4 x XYS-
beta-D- X-ray, [tetram| XYS,4
GL0076106| 243 |2exk.1.A . 0,94 | 37,55
o xylosidase 22A | er | xCA '3
X MES
4 X XYS-
beta-D- X-ray, XYS, 4
GL0006405| 227 |2exk.1.A . 0,98 | 59,53
xylosidase 2.2A x CA, 3
X MES
4 X XYS-
. beta-D- X-ray, XYS, 4
L0044 22 2exj.1.A 4 | 40,2
GL0044986 225 ) 2ex] xylosidase 0.9 0.29 2.2A x CA, 3
X MES
beta-D- X-ray, | Mono R
GL0077826| 216 |1yrz.1.A ) 0,96 | 57,85 Khén
yrz xylosidase 2.0A | mer g
beta-D- X-ray, | Mono R
GL0112518| 216 |1yrz.1.A ) 0,93 | 58,86 Khén
yrz xylosidase 2.0A | mer g
Homo 4 X XYS-
beta-D- X-ray, XYS, 4
L0001262| 214 |2exk.1.A 4 7
GL000126 e xylosidase 094 ) 36,73 2.2A tr(:]t;z: x CA, 3
X MES
Homo
-D- X-
GL0095048 173 |1yi7T1a| @ 093 | 4652 | Y | tetra| 4xCA
xylosidase 1.9A
mer
Homo
beta-D- X-ray, 4xCA, 3
GL0015489| 161 |2exh.1.A . 0,98 | 46,56 tet
e xylosidase 19A | "y MES
mer
beta-D- X-ray, | Mono R
GL0088906| 154 |1yrz.1.A . 0,96 64,1 Khoén
yrz xylosidase 2.0A | mer g
Homo
. beta-D- X-ray,
GL0016592| 130 |1yi7.lA| o0 098 | 489 | 'Y | tetra| 4xcCA
xylosidase 1.9A

mer




77

beta-D- X-ray, | Mono .
GL0021333| 99,8 | 1yrz.1.A . 0,96 | 31,65 Kh
iz xylosidase 2.0A | mer ong
Homo 4 x XYS-
Endo-1,4-beta- X- XYS, 4
GL0090776| 54,7 | 2exj.1.A | SO LADE |y o og 20 | X | tetra S
xylanase 2.2A er x CA, 3
X MES
4
Endo-1,4-beta- X-ray, | M
GL0083296| 43,9 |3c7g.LA| O TP 593 | 3388 | Y | VOO vyp g
xylanase 2.0A | mer
x CA
Endo-1,4-beta X-ra Mono 4
GL0091901| 40,4 |3¢7g.1.A ’ 0,91 | 31,94 A X XYP, 1
xylanase 2.0A | mer
x CA
beta-1,4- X-ray, | Mono .
GLO0079004| 37 |1yrz.1.A . 0,94 | 18,62 Kh
yrz xylosidase 2.0A | mer ong
B-xylosidase/
-L- X-ray, | M
GL0050001| 358 |3qee.lA| % 0,09 | 5651 | © oY | VOO 1 ca
arabinofuranos 1.6A | mer
idase
B-
GL0106540| 34,7 |anov.1.a| YIOSIaSE/ar | o0 | pg gy | XTAY, EMONOL L on
arabinofuranos 1.3A mer
idase
beta-1,4 Xray, | O™ 4y cA,3
GL0119754| 93,2 |2exh.1.A o 0,81 | 42,77 O tet ’
e xylosidase 19A | "y MES
mer
beta-1,4- X-ray, | Mono R
L 7 lyrz.1.A 4 1 Kh
GL0039878| 55,8 |1yrz xylosidase 0,9 31,09 2 0A mer ong
GLO122352| 273 | 3kst 1A | 0O LADSE [ g gg | XAy, Mooy o0
xylanase 1.7A | mer
Homo 4 x XYS-
GL0068837| 24,6 |2exk 1.A| CNUOLADE | oo | s g | X | petra| XY 4
xylanase 2.2A er x CA, 3
X MES
GL0042431| 22,7 | 3c7f1.A | CNUOLADE | o) | g 0g | XY | MONO oA
xylanase 1.5A | mer
Chu  thich: B3P:2-[3-[[1,3-dihydroxy-2-(hydroxymethyl)propan-2-ylJamino]

propylamino]-2-(hydroxymethyl)propane-1,3-diol; XYS: xylopyranose; CA: Ca™";

MES: 2-morpholin-4-ium-4-ylethanesulfonate
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Xem xét du dodn cdu trac khong gian cia trinh ti ¢6 diém t6i da cao trén 100
cho thdy chung déu tuong dong véi beta-D-xylosidase va thudng ¢ vi tri lién két
v6i ion Ca™ nam & ving lién két giita cac phan tir polyme dé tao dang tetramer.
Pong thoi cac trinh tu ndy con c6 vung lién két voi xylopyranose dic thi trén phan
tr co chat cua P—xylosidase, ching t6 chung c6 hoat tinh phan cit xylose thanh
duong (Hinh 3.5). Nhu vdy hoan toan phu hop gitta wéc doan cdu tric va chirc ning
ctia phan tir. Tir két qua trén cho thay, chi s6 diém ti da 1a rat quan trong dé xem
x¢ét tinh xac thuc cua gen va protein khi st dung cac cong cu tin sinh hoc dé udce
doan. Két qua nay mot 1an nira gitp ching t6i khang dinh viéc chon chi sé diém tdi
da trén 200 14 gia trj tham chiéu khi st dung mau do 1am ting do chinh xéac khi chon

gen dua vao thuc nghiém.

Hinh 3.5. Cdu truc bdc ba ciia cac g-xylosidase khuén (template) 2exk.1.A (A),
1yrz.1.A (B), 1yi7.1.A (C), 3c79.1.A (D) ho GH43 twong déng Véi cac trinh tuw

dwoc khai thac bang mdu do s dung Swiss model



79

B3P: 2-[3-[[1,3-dihydroxy-2-(hydroxymethyl)propan-2-ylJamino]propylamino]-2-
(hydroxymethyl)propane-1,3-diol; XYS: xylopyranose; CA: Ca'"; MES: 2-

morpholin-4-ium-4-ylethanesulfonate

Theo két qua Bang 3.7 néu dya trén diém t6i da trén 200, d6 twong dong tdi
thiéu 14 37% va do bao phu thap nhat 12 99% dé chon gen dwa vao thuc nghiém, thi
chi duy nhat 01 trinh ty dat yéu cau vé cac chi s tham chiéu. Do d6 dé c6 nhiéu su
lga chon gen hon khi dua vao thuc nghiém, chiing t61 van su dung mau do cua ho
GH43 véi chi s6 tham chiéu vé do bao phu 1a 60%, d6 tuong dong 14 30% va nhung
diém tdi da phai trén 200. Nhu vay véi cac chi $6 nay, chung t61 loc dugc 11 ma
gen tir dit liéu trinh tir DNA da hé gen cua vi sinh vat trong ruét moi C. gestroi bang
mau do 1a: GL0104795, GL0020896, GL0117445, GL0076106, GL0006405,
GL0044986, GL0077826, GL0112518, GL0001262, GL0095948, GL0015489.

3.2.7. Dy doan ciu tric va chirc ning ciia cdc gen ma hoa p—xylosidase bing

mot so cong cu tin sinh hgc

Viéc lya chon gen dua vao thyc nghi€ém s€ wu tién cac trinh ty dugc udc doan
ban dau 1a ORF hoan thién. Trong s6 11 ma gen, c6 04 mi gen 14 hoan thién gdm
GL0104795, GL0076106, GL0001262 va GL0112518 c¢6 murc d bao phu va tuong

ddng véi mau do nhu Bang 3.9.

Néu theo tiéu chi tot nhat dé chon gen dwa vao thuc nghiém 1a diém tdi da trén
200, d6 turong dong va do bao phu 1a 37% va 99%, thi trong 04 ma gen hoan thién
chi c6 ma gen GL0104795 théa man céc ti€u chuén trén. Tuy nhién, ngoai vi¢c chon
dugc gen ma hoa p—xylosidase biéu hién thanh cong trong thyc nghiém, ching toi
con quan tim dén kha ning enzyme hoat dong tdi wu trong méi trudng kiém va
nhiét d§ cao. Do do6 04 gen hoan thién s€ tiép tuc duoc chon loc bﬁng cac phﬁn mém
du doan pH va nhiét do hoat dong t6i wu bang cong cu Alcapred [199] va TBI
[200].
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Bdng 3.9. Bdng tong hop dé bao phii va twong dong véi mau do ciia cdc gen di

chon ma hoa f—xylosidase

STT M3 gen Mikc d(({)/t))ao phu Mirc do (t;;:;’ng dong Getlll1 il(;)lan
1 | GL0104795 99 48 X
2 | GL0020896 62 54
3 | GL0117445 62 54
4 | GLO076106 85 38 X
5 | GL0006405 68 o7
6 | GL0044986 87 37
7 | GL0077826 67 48
8 | GL0112518 67 56 X
9 | GL0001262 82 35 X
10 | GL0095948 63 39
11 | GL0015489 67 42

Mot s6 nghién ctru da xac dinh duoc & mdi bac cao c6 su thay doi pH tr trung
tinh ¢ rudt trude va rudt gitra, dén rudt sau pH tang 1én dén kiém tinh va co thé dat
dén gia tri 12 [87]. Pay duoc cho 13 diéu kién kha 1y tuong dé ndi 1ong va pha v&
cac lién két cua lignin trong thanh phén cua lignocellulose. Pong thoi voi didu kién
nay, cac vi khuan ciing c¢6 kha ning san xuit enzyme hoat dong t6t trong moi
truong kiém. Duya trén co sé cic nghién ctru dd cong bd vé pH trong rudt moi,
ching t61 du doan cé thé tim duoc lignocellulase hoat dong tot trong moi1 trudong
kiém.

Két qua str dung cong cu TBI du doan cho thiy ca 4 gen déu mi hoéa enzyme
hoat dong toi wu & nhiét d6 tir 55°C dén 65°C. Khi dy doan bang cong cu Alcapred
cho thdy ma gen GL0104795, GL0001262, GL0076106 va GL0112518 véi chi sd
du doan lan luot 13 0,217171; 0,509051; 0,871792 va 0,984522 (Bang 3.10). Theo
két qua dy doan cia cong cu Alcapred néu chi sé du doan cang gan véi gia tri bang
1, thi pH hoat dong t6i wu trong méi truong kiém s& cang cao va nguoc lai cang gan

v6i 0 thi pH hoat dong t6i wu sé& trong moi truong axit. Nhu vy ma gen GL0112518
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duoc du doan voi két qua chiu kiém cao nhat s& duoc wu tién lya chon dé dua vao
thuc nghi¢m.
Bdng 3.10. Bing két qud dw dodn pH va nhiét dp hoat dong ciia cdc mi gen

hoan thi¢n ma hoa f—xylosidase

STT Ma gen S6 axit amin | pH hoat dong | Nhiét do hoat dong
1 GL0104795 561 0,217171 55°C - 65°C
2 GL0076106 553 0,871792 55°C - 65°C
3 GL0001262 555 0,509051 55°C - 65°C
4 GL0112518 359 0,984522 55°C - 65°C

Tom lai, st dung mau do cia B—xylosidase cuia ho GH43, véi do dai 1a 446
axit amin, gia tri tham chiéu vé muc do twong dong, do bao phu va diém tbi da lan
lugt 1a trén 60%, 30% va 200, ching t61 lya chon dugc 11 ma gen ma hoda -
xylosidase tur dit liéu giai trinh ty DNA da hé gen. Trong d6 chi c6 ma gen
GLO0112518 1a hoan thién, dugc du doan c6 kha nang hoat dong tdi wu & nhiét do

cao va pH kiém.
3.2.8. Mot s6 dwr doan chi tiét gen GL0112518 ma héa p—xylosidase (Xbx14)

Sau khi chon dugc ma gen GLO112528 ¢6 chiéu dai 1a 1077 bp ma hoa p-
xylosidase béng mau do véi cac du doan vé nhiét do va pH hoat dong tdi wu cua
enzyme nhu trén. Chung t6i s& tim hiéu thong tin chi tiét lién quan cau trac, chic

nang va ngudn goc clia gen dé co dinh hudng trong nghién ciru thyc nghiém.
3.2.8.1. Két qud dw dodn chirc ning ciia Xbx14 bang BLASTP

Céac ORF hoan thién ma héa cho lignocellulase c6 do twong dong cang thap thi
kha ndng ching lIa gen méi va ma hoa cho nhitng enzyme méi védi nhitng dac tinh
sinh 1y héa méi cang cao. Do d6, nhitng ORF ma hoa cho enzyme c6 d6 twong dong
Vi cac protein da biét dudi 86%, nhat 1a dudi 60% dugc dic biét quan tam. Két qua
du doan chirc ning bang BLASTP cho thdy ma gen ndy mi hoa cho Xbx14 thudc ho
GHA43, chtra nhitng vung dac thu va vi tri hoat dong ding nhu du doan ban dau khi

Ira chon bing miu do (Hinh 3.6). Ho enzyme nay chira nhiéu loai enzyme thuy
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http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_7083
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phan lignocellulose khac nhau nhu p-xylosidase (EC 3.2.1.37); a-L-
arabinofuranosidase (EC 3.2.1.55),.... Dua trén danh gia twong dong cho thiy ma
gen ndy c6 do bao phu axit amin cao véi xylan 1,4 — beta-xylosidase ctia nhiéu loai
vi khuan nhu: Paenibacillus sp. NFRO1 (ID: SET10311.1), Thalassospira sp.
KO164 (ID: OCKO06431.1), Fictibacillus solisalsi (ID: SDN26714.1), Bacillus
daliensis (ID: SD023417.1), Treponema primitia (ID: WP_010255887.1),
Treponema succinifaciens (Ma&: WP_013700334.1), Treponema sp. C6A8 (ID:
WP_027728697.1),.... Tuy nhién do twong dong ciia axit amin so véi cac trinh ty
trong NCBI cao nhét chi c6 68%. Do d6 nghién ctru niy cé thé s& tim ra mot gen

m& hoa Xbx14 méi so vai cac trinh ty gen di dugc cong bd.
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Hinh 3.6. Két qud dw dodn chirc ning Xbx14 bang BLASTP

3.2.8.2. Két qua dw dodn cdu triic khong gian ciia Xbx14 bang PHYRE 2 (Protein
Homology/analogY Recognition Engine)

Phan tich cdu trac bac hai Xbx14 duoc ma héa boi ma gen lya chon c6 41%

1a cac chudi gap nép B, 1% 1a chudi o va 62% trinh tir axit amin khong xac dinh


http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.55
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1094861996
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1094861996
https://www.ncbi.nlm.nih.gov/protein/1094861996?report=genbank&log$=protalign&blast_rank=14&RID=344TG7RH015
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1094861996
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1094861996
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1094861996
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1094861996
https://www.ncbi.nlm.nih.gov/protein/1086442753?report=genbank&log$=protalign&blast_rank=11&RID=344TG7RH015
https://www.ncbi.nlm.nih.gov/protein/497941731?report=genbank&log$=protalign&blast_rank=1&RID=344TG7RH015
https://www.ncbi.nlm.nih.gov/protein/503465673?report=genbank&log$=protalign&blast_rank=2&RID=344TG7RH015
https://www.ncbi.nlm.nih.gov/protein/654169210?report=genbank&log$=protalign&blast_rank=4&RID=344TG7RH015
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duoc (Hinh 3.7A). M6 hinh ciu triic khong gian cho thy cac chudi axit amin cia
Xbx14 cudn gip lai dang hinh cau, c6 d6 twong ddng va bao phu cao nhit 1a 97%
so v6i cdu truc beta-xylosidase cua Bacillus 2 subtillis (Hinh 3.7B). Protein nay
co do dai la 533 axit amin va trong lugng phan tr 1a 61,41 Kda, duoc biéu hién
trong té bao E. coli BL21(DE3). Trung tdm hoat dong xtc tac thiy phan cua ca
hai enzyme 1a beta - xylosidase va alpha-L- arabinanase [83]. Céu trac Xbx14
cling twong dong cao (trén 50%) véi beta-xylosidase ctia vi khuan Bacillus
halodurans c¢-125 [179], Geobacillus stearothermophilus va Clostridium

acetobutylicum [26].

Model (left) based on template c1yif€

PDB header:hydrolase

Chain: C: PDB Molecule:beta-1,4-xylosidase;
PDBTitle: crystal structure of beta-1,4-xylosidase
from badillus2 subtilis, new york structural genomics
consortium

Confidence and coverage
Confidence:  [TINLTY Coverage: CYZTIN

348 residues ( 97% of your sequence) have been
modelled with 100.0% confidence by the single
highest scoring template.

g
Interactive 3D view in JSmol
For other options to view your downloaded structure
offline see the FAQ

Image coloured by rainbow N — C terminus

A

Hinh 3.7. M6 hinh cdu trc khong gian (A) dewa vao khudn clylfC va trung tam
hoat dong (B) ciza enzyme Xbx14

Nghién ctru chi tiét vé co ché hoat dong cia enzyme niy tr vi khuan
Geobacillus stearothermophilus T-6 (XynB3) cho thdy: Mdi tiéu don vi ctia XynB3
gém nam chudi beta tao thanh mot cai tai, duoc dong kin tai dau N b?mg mot chudi
beta khac. Pay chinh 13 viing xtic tac ctia enzyme. Cau triic ndy c6 tac dung gi6i han
d6 dai co chat va enzyme phén cit co chat 1an luot tir ngoai vao trong. Axit amin
Asp & vi tri 128 c6 vai trd diéu chinh pK va giit cho trung tdm hoat dong dinh
huéng chinh xac & bé mit. Mt khac Asp128 giir vai tro lién két co chat voi trung
tam hoat dong thong qua vi tri 2-O cua glycon. Pay la 1y do giai thich vai trd quan

trong ctia Asp128 trong sy on dinh qua trinh chuyén doi trang thai va 1a mot bat
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bién trong trung tdm hoat dong [26]. Dya trén du doan cAu trac khong gian cho théy
ca hai dau N va C cua protein déu khong bi cudn vao trong cu tric ma nim 16 ra
ngodi. Vi dic diém nay s& giup cho viée tinh sach protein tai to hop khi gan dudi

His — tag s& thuan lgi.

3.2.8.3. Kiém tra nguén goc ciia ma gen GL0112518 bang céong cu Blast-Explorer
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Hinh 3.8. So' d6 nguon géc ma gen GL0112518

St dung cong cu Blast-Explorer cia Phylogeny.fr dé kiém tra nguon goc cua
ma gen GL0112518. Két qua cho thdy ma gen ndy niam trong nhanh phat sinh cta vi
khuan Treponema primitia (Hinh 3.8). Day chinh 1a nhém vi khuan c6 s luong
OREF 16n nhét trong ruot mdi C. gestroi (Hinh 3.1).

Tom lai st dung BLASTP, chiing t6i du doan ma gen GL0112518 c6 chiéu dai
1a 1077 bp, ma hoa dung P—xylosidase. Enzyme nay duoc du doan co cau tric

khong gian dang hinh cau va duogc hinh thanh chi yéu tir cic chudi beta bang cong


http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_7083
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_7083
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cu Phyre2. Sir dung cong cu kiém tra ngudn gdc Blast-Explorer cho thay, gen chon
trong ddng cao nhit véi trinh ty gen tir vi khuan Treponema primitia — vi khuén c6
s6 lwong ORF 16n nhat trong rudt mdi C. gestroi.

3.3. BIEU HIEN GEN Xbx14 VA NGHIEN CUU TINH CHAT CUA B-
XYLOSIDASE

3.3.1. Biéu hién gen Xbx14
3.3.1.1. Kiém tra gen Xbx14 trong vector pET22b(+)

Ma gen GLO112518 dugc chon bﬁng mau do dugc dit téng hop va gén san
vao vector biéu hién pET22b(+). Sau d6 dugc nhan dong trong té bao E. coli

DHI10B, kiém tra bang enzyme han ché, phan tng PCR va giai trinh tu.

Hinh 3.9. Két qud bién nap vector pET22Xbx (4) va di¢n di dé phan tich san
pham tach dong gen Xbx14 (B). Puong chay 1: Plasmid pET22b(+); dwong chay
2-6: Plasmid pET22Xbx

Dé thudn loi cho qua trinh phén 1ap, ghép ndi gen vao vector biéu hién, chung
t6i da khdo sat trinh tw enzyme han ché co trong gen bang phian mém tryc tuyén
Restriction mapper3. Két qua cho thiy gen Xbx14 khéng chira trinh ty cét cua
enzyme han ché Ncol va Xhol. Mit khac trong ving da ndi ctia vector biéu hién
pET22b(+) ¢6 vi tri cét cta hai enzyme nay. Do d6 hai ddu mdi xudi va mdi nguoc

duogc thém trinh tu nhan biét cua enzyme Ncol va Xhol phuc vu cho viéc kiém tra
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gen. Két qua bién nap vector pET22Xbx vao té bao DHI10B va tach plasmid dé
kiém tra nhu Hinh 3.9.

San pham bién nap gen va trai trén dia LBA cho thay cac khudn lac moc tron,
déu va dic trung cia vi khuan (Hinh 3.9A). Phan tich bang dién di san pham tach
plasmid 05 khudn lac trén dia bién nap pET22Xbx cho thiy, tat ca déu chay cao hon
so v&i vector d6i chimg khong mang gen (Hinh 3.9B). Két qua nay chimg to vector
PET22b(+) c6 doan DNA chén vao ving da ndi, nén kich thudc 16n hon va s& chay
cham hon trén hinh anh.

bp
T7 terminator 6xHis
XhoI (158)
HinclI (165)

fLont HinclI (s11)

6000
3000

AmpR
NcoI (1243)
pelB signal sequence
RBS
T7 promoter

1500
1000

pET22xbx

6516 bp

Xbx14
500

HinclI (2643)

(>

A B

Hinh 3.10. So do vi tri cdt cia enzyme han ché trén vector pET22Xbx (A4), di¢n di
sdn pham PCR (B) va san pham cdt pET22Xbx bang Ncol va Xhol, Hincll (C)

Puong chay 1, 5: Thang DNA chudn (Fermentas), dwong chay 2: San phim PCR
gen Xbx14, dwong chay 3: cat pET22Xbx Hincll, dwong chay 4: cat pET22Xbx
bang Ncol va Xhol

Nghién ctru tién hanh kiém tra gen Xbx14 trong vector pET22Xbx bang phan
mg PCR, cit kiém tra bang enzyme han ché va gidi trinh ty gen. Chiing t6i chon
mot dong (duong chay 3 cua hinh 3.9B) trong 05 dong plasmid chay cao hon dbi
chtng dé 1am khuon cho PCR va cét kiém tra bang enzyme han ché. So d6 enzyme
cit han ché trén vector pET22Xbx dugc kiém tra bang phian mém tryc tuyén tai
trang web http://www.restrictionmapper.org/. Két qua cho thiy enzyme Xhol, Ncol
chi ¢6 1 diém cét trén vector, con Hincll ¢6 3 diém cat trén vector (Hinh 3.10A).

Nhu vy khi duge xir 1y bang cap enzyme cit han ché Xhol va Ncol, vector s& duoc


http://www.restrictionmapper.org/
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cit thanh 2 doan, mét doan c6 kich thudc khoang 1,1 kb tuong duong véi kich
thudc cua gen Xbx14 va doan thir hai ¢ vi tri khoang 5,5 kb twong duong véi kich
thude cta vector pET22b(+). Khi xir Iy voi enzyme cét han ché HinclI s& thu duoc
3 doan c¢ kich thudce khoang 4 kb, 1,8 kb va 0,6 kb.

Két qua PCR bang cip mdi dic hiéu cho duy nhit mot bing sang, sic nét va
tuong duong vai kich thude ciia gen Xbx14 (Hinh 3.10B). Khi sir dung enzyme cit
riéng 1& Hincll cho ra ba bang véi kich thudc 1an luot 1a 4 kb, 1.8 kb va 0.6 kb, cit
dong thoi bang Ncol va Xhol cho ra hai bang sang rd véi kich thude khoang 1,1 kb
va 5,5 kb ding nhu tinh toan 1y thuyét (Hinh 3.10C). Két qua cit dong plasmid s6 3
bang cac enzyme han ché trén hoan toan chinh xac vdi tinh toan 1y thuyét, ching t6

gen Xbx14 di duoc gin vao vector pET22b(+).

Tuy nhién dé kiém tra chinh xac trinh ty ctua gen Xbx14 trong vector
pET22Xbx, chung toi tién hanh giai trinh tu gen Xbx14 trong plamid dong s6 3
bang cip moi dic hiéu. Két qua sau khi giai trinh tu cho thay trinh ty gen Xbx14
gdm 1093 nucleotide, trong d6 c6 16 nucleotide 1 trinh tw thém vao trong moi.
Phan con lai gdbm 1077 bp twong dong 100% so voi trinh tir gen mé sé Termite 2
GLO112518. Nhu vay c6 thé khéng dinh trinh tu gen ma héa Xbx14 da duogc gén
vao vector pET22b(+) ding nhu trinh ty gbc ban dau (Phu luc 2).

3.3.1.2. Pong biéu hién gen mi héa Xox14 véi chaperone trong E. coli Rosetta 1

Moi gen ngoai lai c6 anh huéng khac nhau téi sy sinh trudng, trao doi chat
ctia chung chu. Thong thuong nhitng san phim cta gen ¢ loi hodc phu hop tot voi
chung chi s& c6 xu thé biéu hién tét. Nguoc lai, san phim cta gen gy doc va co
anh huong khong tét téi sy sinh trudng cling nhu trao ddi chat ciia té bao thi khong
dugc biéu hién, hoic biéu hién yéu, hoic ¢ dang khong hoat dong [139]. Do do,
khong c¢6 mot quy luat chung nao cho phép biéu hién tdi wu nhiéu loai protein khac
nhau trong mdt hé biéu hién. Vi vay, dé thu duoc lurong 16n protein ngoai lai Xbx14
& dang tan, chiing toi tién hanh khdo sat cac yéu tb anh huéng dén qua trinh biéu

hién, @€ tim ra di€u kién to1 wu nhat.

Vector tai t6 hop pET22Xbx duoc bién nap vao chung biéu hién E. coli
Rosetta 1 dé khao sat biéu hién. Sau khi nuéi cay & 37°C, ODgo dat tir 0,6 dén 0,8,
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mau duoc chia thanh hai phan, mot phan cam tng IPTG va mét phan khong cam
tmg 1am ddi chimg. Két qua protein Xbx14 biéu hién rat t6t nhung khong tan. Sau
dé chung to1 tiép tuc t6i wu cac diéu kién biéu hién nhu nhiét do, néng d6 chét cam
g, thoi diém cam tGng, thoi gian thu mAu, ... nhung khong cai thién dugc kha ning
tan ciia Xbx14. Mot trong nhitng nguyén nhan cé thé do protein tai to hop Xbx14
duogc san xuat trong E. coli khong tao ra ciu trac khong gian chinh xac. Trong mot
sb truong hop, su biéu hién cac phan tr chaperone tao thuan 1gi cho san Xuét protein
va qué trinh cudn gip céu triic dang cua protein. Vi vay nghién ctru nay tiép tuc tién
hanh dong biéu hién gen Xbx14 trong vector pET22Xbx v&i cac chaperone GroEL
(60 kDa), DnaK (70 kDa) va Dnal (40 kDa) trong vector pG - KJE8. Phirc hé
DnaK-DnaJ-GrpE tham gia vao cac hoat dong khac nhau nhu ngin ngira sy két tap
protein m&i tong hop, giup cho qua trinh cudn gip ding khi hinh thanh ciu trac
khong gian, sap xép lai cac vi tri bi dirt quing va phén to protein, do dé ting cuong
d6 hoa tan ctia protein tai t6 hgp. Chaperone GroES-GroEL 14 protein thiét yéu cho
su ting trudng cia vi khuan & moi nhiét do, phan huy nhanh protein két tap va hd
trg san xuét protein cé kich thude 16n [109]. Ngoai ra cac chaperone nay con tham

gia vao qué trinh chuyén vi protein qua mang, ché bién RNA ribosome,....

Pé tao duoc chung E. coli Rosetta 1 dong biéu hién protein Xbx14 va
chaperone, dau tién chung toi bién nap plasmid pG - KJE8 vao té bao E. coli
Rosetta 1. Té bao sau khi bién nap duoc chon loc trén moi truong LB cé
Chloramphenicol nong d6 20 pg/ml dé tao chung E. coli Rosetta 1 mang pG -
KJES8. Chung tai t6 hop nay s& dugc st dung lam té bao kha bién. Sau do tiép tuc
bién nap pET22Xbx vao va chon lgc trén moi truong LBAC chira 2 loai khang sinh
la Ampicillin néng d6 100 pg/ml va Chloramphenicol véi nong d6 20 pg/ml. Mau
té bao sau khi dong biéu hién dugc thu lai va kiém tra két qua. Dién di d6 cho thay
khi tién hanh déng biéu hién véi chaperone thi ca DnaK, DnalJ, GroEL va Xbx14
déu xuét hién ¢ dang tan voi bang to, ddm va ding kich thude 1y thuyét. Mit khac
protein Xbx14 khong xuat hién & dong déi chimg khong cam g IPTG. So sanh vai
san pham biéu hién gen Xbx14 khong cd chaperone, thi protein Xbx14 hau hét nim
& pha tia (Hinh 3.11). Piéu nay chimg t6 dong biéu hién véi chaperone da gitp cho
Xbx14 d3 biéu hién & dang tan.
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Hinh 3.11. Pién di dé phan tich sdn phdm protein dong biéu hién gen Xbx14 véi
chaperone trong E. coli Rosetta 1 trén gel SDS-PAGE 12,6% c6 SDS

M: Thang protein chudn (Fermentas), PC: Protein tong sé khong cam ing IPTG,
Xbx14: protein Xbx14 biéu hién khéong cé chaperone, Xbx14-Chaperone: protein
Xbx14 dong biéu hién véi chaperone pG-KJIES, TS: protein ¢ dang tong sé, S:

protein 0 dang tan, P: protein ¢ dang tua

Xbx14 bC

Xbx14 bC

Hinh 3.12. Két qud ths hoat tinh thd ciia Xbx14

Két qua nay phu hop véi hau hét nghién ciru dong biéu hién enzyme chuyén
hoa sinh khdi thuc vat véi chaperone nhu biéu hién beta-galactosidase tai t6 hop
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cung voi hé théng GroESL & 30°C tan rét tbt, v6i phirc hé chaperone KJE protein
tai to hop hoa tan & moi nhiét @6 thur [119]. Déng biéu hién chaperone véi xylanase
d3 lam ting do tan trong nude tir 33% dén 40% [84]. Két qua nay duogc giai thich 1a
do trong té bao chit, mdi loai chaperone c6 thé giup cudn gap chinh xac mét s loai
protein xac dinh nén lam ting kha ning tan cua protein [139]. Dong thoi sy c6 mit
ctia chaperone ciing giup tang sinh khdi ctia vi khuan E. coli & nhiét d6 thap [139].
Sau khi dong biéu hién gen Xbx14 & dang tan, chung t6i tién hanh kiém tra
hoat tinh thd bang co chat dic hiéu pNPX cua B-xylosidase theo phuong phép cia
Teng va cong su. Két qua kiém tra cho thdy 6ng ddi chimg (PC) khong c6 mau
vang dic trung cta pNP do sy xuc tic chuyén hoa ciia B-xylosidase nhu ong ¢
protein Xbx14 tai t6 hop (Hinh 3.12). Nhu vy san pham ddng biéu hién Xbx14 voi
chaperone gitip protein tai to hop tan va c6 hoat tinh. Do d6 chiing t6i s& chon dong

biéu hién gen Xbx14 véi chaperone dé phuc vu cho céc nghién ciru tiép theo.
3.3.1.3. T6i wu diéu ki¢n biéu hién gen Xbx14

a. Nghién civu dnh hwéng ciia nhié¢t d¢p dén biéu hign gen Xbx14 trong té bao
E. coli Rosetta 1

Nhiét do nudi cdy 1 yéu t6 hang dau anh hudng dén hiéu suat va chat luong
protein. Thong thuong té bao E. coli sinh truong tét nhat & 37°C va qua trinh sinh
téng hop protein ciing dién ra rat manh. Vi vay khi biéu hién gen ngoai lai ¢ nhiét
d6 nay, chung chii s& 6 at san xuat mot lugng 16n protein. Didu ndy ciing dong nghia
13 mot lugng 16n protease s& duoc tong hop va s& phan cit protein ngoai lai. Mt
khac khi sinh truéng & téc do cao, cac ban sao plasmid trong t& bao giam ciing s&
lam giam chét lugng cua san pham protein tao ra. Do d6 nhiét do t6i wu cho biéu
hién trong té bao E. coli thuong thdp hon 37°C s& cai thién do hoa tan cta protein
tai t6 hop [158]. O nhiét do thap thoi gian sinh truéng va tong hop protein cham lai,
gitip cho protein cudn xodn dung cdu triic nén giam sy két tap protein [90]. Hon nira
hau hét cac protease hoat dong kém tich cuc & nhiét d6 thap, nén lam gidm kha ning
phan huy protein ngoai lai. Vi¢c lua chon nhi¢t @6 thich hgp dong vai tré quan trong

trong viéc thu sinh khéi té bao va san luong protein tai to hop dang tan.
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K§ thuat han ché protein tai t6 hop khong tan 12 nudi cdy ¢ nhiét o thap [147]
va d3 ching minh thong qua cai thién d6 tan ciia mot sé protein nhu interferon -2
ctia nguoi, subtilisin E, chudi ricin A, bacterial luciferase, Fab fragments, [-
lactamase, lipoxygenase L-2 cua lua gao, lypoxygenase L-1 cua dau nanh,
kanamycin nuclotidyltransferase va glycogen phosphorylase cua tho [158],.... Mat
khéc khi protein muyc tiéu ting Ién, thi cic protein noi sinh cua vi khuan giam, s& gitp

cho qua trinh tinh ché protein d& dang va hiéu qua hon [145].

Trong nghién ctiru ching t6i lya chon ba nhiét do thép hon nhiét @9 sinh
truong cia E. coli 1a 20°C, 25°C va 30°C dé kiém tra kha niang biéu hién cua Xbx14.
Mit khac theo khuyén cdo ciia nha cung cap vector pG-KJES thi nhiét d6 thich hop
dé cac chaperone biéu hién ¢ dang tan 1a duéi 25°C. Ching biéu hién E. coli
Rosetta 1 mang hai vector pG-KJE8 va Pet22Xbx dugc nuoi sau khi cam tng IPTG
s€ tiép tuc nudi lac trong 5 gio ¢ ba nhiét do trén. Mau té bao thu dugc s& do ODgg

dé so sanh sinh khoi thu dugc cudi cung.

Két qua cho thdy mat do té bao thu duoc sau 5 gid cam tng cao nhét ¢ 30°C
va thap nhat ¢ 20°C (Hinh 3.13). Nhu vdy ¢ nhiét d6 cang cao thi sinh khoi té bao
thu dugc cang 16n 1a hoan toan phit hop véi quy luét sinh truéng cia E. coli. Té bao
thu duoc s& tiép tuc pha vd bang siéu 4m dé kiém tra kha ning tan cta protein tai to
hop. Két qua dién di do cho thay protein Xbx14 dugc tao thanh c6 ca dang tan va
dang khong tan & ca 20°C, 25°C va 30°C (Hinh 3.14). Mic du lugng protein tai to
hop tong s6 Xbx14 duoc tao ra & 30°C 14 cao nhat, nhung lugng protein Xox14 dang
tan & 20°C 1a nhiéu hon. Mit khac theo khuyén cdo cua hing cung cip vector pG-
KJES8, nhiét d6 dé biéu hién chaperone khong nén vuot qua 25°C. Nhu vay dé luong
chaperone tao ra & dang tan mot cach on dinh trong té bao E. coli Rosetta 1, gilp
cho viéc hinh thanh Xbx14 ¢ dang tan tdt hon, ching t61 s€ uu tién chon nhiét do
thap hon hodc bang 25°C. Can cir vao két qua lugng protein Xbx14 tan & cac nhiét
do trén, chiing t6i s& lya chon nhiét do 20°C dé tiép tuc biéu hién trong thi nghi¢m

tiép theo.
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Hinh 3.13. Mdt dé té bao biéu hién E. coli Rosetta 1 (DE3) mang pET22Xbx cdam
irng IPTG ¢ cac nhiér dp 20°C, 25°C va 30°C
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Hinh 3.14. Pién di dé phan tich san pham biéu hign Xbx14 trong E. coli Rosetta
1 sau 6 gio cdém zng 0,5 mM IPTG ¢ 20°C, 25°C, 30°C trén gel polyacrylamide
12,6% c6 SDS

Puong chay PC: dsi chitng am, protein tong sé cia dong té bao biéu hién
mang vector pET22Xbx khong cam #ng IPTG, dwong chay TS: protein téng sé biéu
hién trong té bao mang pET22Xbx, duweng chay S: protein dang tan biéu hién trong
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té bao mang pET22Xbx, dwong chay P: protein dang khong tan biéu hién trong té

bao mang pET22Xbx, diwong chay M: protein chudn unstained (Thermo scientific)
b. Nghién citu anh hwong ciia nong dp IPTG dén higu qud biéu hign Xbx14

IPTG 1a chat cam Ung tong hop protein Xbx14 dudi sy diéu khién cua
promoter T7 trong vector pET22Xbx. Trong méi trudng khong co chit cam tng,
gen Lacl nam trén hé gen vi khuan duoc phién ma tong hop protein Lacl - chat wc
ché c6 ai luc cao véi operon lac trén vector biéu hién. Khi duoc cam ung bang
IPTG, Lacl khong con ai lyc vdi operator lac, sé roi khdi phirc hgp operator trén
DNA cua chung chu va plasmid. Khi d6 promoter Lac hoat dong, khdi dong sinh
tong hop T7 RNA polymease va chinh enzyme nay s& bam vao vi tri T7 promoter
dé khoi dau qua trinh sinh tong hop protein ngoai lai. Nong d6 IPTG cam Gng anh
huong dén hiéu qua biéu hién gen ngoai lai. IPTG duoc st dung nhu mot yéu to
trung hoa chat tc ché, do d6 khong can bo sung mdt lugng quéa nhiéu trong qua
trinh cam tng. Ngoai ra IPTG con 1a chat gdy doc cho té bao, & ndng do cao s& trc
ché sy sinh truong cua vi khuan [53]. Mit khac gia thanh cta IPTG kha cao, nén
viéc xac dinh néng d6 IPTG phu hop 13 rat can thiét cho qua trinh san xut protein
tai t6 hop & quy mo 1on.

Dé kiém tra anh huong cua ndong d6 IPTG cam tng dén hiéu qua biéu hién gen
Xbx14 trong té bao E. coli Rosetta 1 & 20°C, chung t6i di chon 9 nong do IPTG cam
ung la 0 mM; 0,05 mM; 0,1 mM; 0,3 mM; 0,5 mM; 0,7mM; 1mM; 1,2 mM va 1,5
mM. M3u té bao sau khi nudi dén ODggo = 1 duogc chia thanh 9 phén béng nhau va
b6 sung IPTG theo dai ndng do trén. Tat ca miu da cam ung duoc nudi lac tiép o
20°C trong thoi gian 5 gio. Sau d6 thu té bao va do ODgyg dé so sanh sinh khdi cudi
cung.

Két qua cho thiy nong do IPTG cang ting tir 0,0 mM dén 1,5 mM thi sinh
khéi té bao thu dugc giam dan (Hinh 3.15). Dac biét ngay sau khi cam tng IPTG
sinh khdi té bao v6i ndng d6 IPTG rét thap 1a 0,05 mM, sinh khéi té bao da giam
gan mot nira. Pidu d6 ching t6 sy biéu hién cta gen da lam anh hudng toi qué trinh
trao doi chat cua chung chu. Hiéu qua biéu hién protein Xbx14 phu thudc dong thoi

ca luong té bao thu dugc va luong protein tai tb hop ¢ dang tan. Do d6 mau té bao
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cam mg voi ndong d6 IPTG khac nhau s& duoc pha v& bang siéu am dé kiém tra
mirc d biéu hién va dang tan cua Xbx14. Két qua cam tng biéu hién Xbx14 tong sd
& nong do IPTG khac nhau dugc kiém tra bang dién di trén gel polyacrylamide
12,6% c6 SDS (hinh 3.16).

OD thu mau
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Hinh 3.15. Mdt dé té bao biéu hign E. coli Rosetta 1 (DE3) mang pET22Xbx cam
ing IPTG ¢ cac néng dé tir 0,0 dén 1,5 mM
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Hinh 3.16. Dign di d6 phan tich protein biéu hign Xbx14 téng sé trong té bao E.
coli Rosetta 1 cdm #ng 09 nong dg IPTG trén gel polyacrylamide 12,6 % c6 SDS

Puwong chay 0,0 — 1,5: 1a protein tong sé biéu hién khi té bao dwoc cam ing
nong dé IPTG tir 0,0 dén 1,5 mM, dwong chay M: protein chudn (Thermo scientific)
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Tir dién di d6 kiém tra protein tong s cho thiy ¢ néng d6 IPTG 13 0,05 mM
luong protein tai t6 hop Xbx14 thu duoc nhiéu nhat. Khi nong d6 IPTG cam ung
tang dan thi lugng Xbx14 tong sé khong thay d6i nhidu va giam xudng & nong do
IPTG cao 1a 1,5 mM. Két qua nay c6 thé do khi cam tmg ndng d6 IPTG cao té bao
thich nghi kém nén sinh truéng chdm va kém theo do6 lugng protein tao ra cling
giam xudng [173].

Luong Xbx14 dang tan & cac nong do IPTG cam tmg khac nhau ciing ty 1¢
thuan voi luong protein Xbx14 tong sé (Hinh 3.16, Hinh 3.17). Luong protein tan
giam manh chu yéu 1 do luong té bao trong miu it hon. Do d6 dé thu dugc sinh
khdi té bao va lugng protein Xbx14 nhiéu nhat, ciing nhu ty 1é protein dang tan cao

nhat thi ndng d6 IPTG cam (ng thich hop 13 0,05 mM.

Kda 0 15 12 10 M 07 05 03 01 Q05
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Hinh 3.17. Pién di do phan tich sdén phdam biéu hién Xbx14 tan trong té bao E.
coli Rosetta 1 (DE3) cam #ng 09 néng dg IPTG trén gel polyacrylamide 12,6% c6
SDS

Cdc dwong chay 0,0 — 1,5: 14 protein tong sé biéu hién khi té bao dwoc cam
#ng nong dé IPTG tir 0,0 dén 1,5 mM, duong chay M: protein chuan (Thermo
scientific)
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¢. Nghién ciru anh hwéng ciia thoi diém cam teng dén hiéu qud biéu hién protein
Xbx14

OD thu mau
N

= 0D600

0.7 1 1.5
OD cam trng

Hinh 3.18. Mdt dé té bao biéu hign E. coli Rosetta 1 (DE3) mang pET22Xbx cdam

ung ¢ cac ODggy khac nhau
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Hinh 3.19. Dién di dé phan tich san pham biéu hién cia Xbx14 trong té bao E.
coli Rosetta 1 (DE3) cam w#ng IPTG tai cac ODgyy = 0,7; 1,0; 1,5 trén gel
polyacrylamide 12,6% cé SDS
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Puong chay PC: doi chirng am, protein tong sé cua dong té bao biéu hién
khéng cam ng IPTG, dwong chay TS: protein téng sé biéu hién trong té bao mang
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PET22Xbx, dwwong chay S: protein dang tan, duwong chay P: protein dang khéng
tan, duwong chay M: protein chudn unstained (Thermo scientific)

Giai doan sinh trudng cua té bao anh hudng 16n dén su tong hop va kha ning
hoat dong cua protein tai to hop. Mdi loai protein tai t6 hop biéu hién trong E. coli
s& c6 thoi diém thich hop dé cam ung riéng [156]. Vi du khi nghién ctru biéu hién
gen mé héa beta-defensin-4 ctia nguoi cho thiy thoi diém cam tng thich hop &
ODgqo trong khoang 0,8 — 1 [188], cua cystein protease tur Porphyromonas
gingivalis 1a 0,6 [39]. Trong nghién clru nay ching toi lya chon cam tng IPTG &
mat d6 té bao & 3 gia tri khac nhau bao gom ODgyo = 0,7; 1,0 va 1,5. Mat do té bao
thu duoc sau 5 gio cam ung dugc do OD dé kiém tra. Két qua chi ra khi cam tng
IPTG ¢ ODggo 12 1,5 thu duoc luong sinh khéi té bao 16n nhat (Hinh 3.18). Mat do
té bao cam ung nay ciing kha cao so véi cac nghién ciru trude d6 vé OD cam ng
gen ma hoa beta-xylosidase nam trong gii han tir 0,6 dén 1,0. Tuy nhién két qua
nay co6 thé do thi nghiém cua ching t6i tién hanh ddng biéu hién véi cac chaperone,
nén lugng chaperone tao ra trude cang nhiéu thi kha ning protein Xbx14 duoc bao

v€ va hinh thanh cau trac dung cling s€ tang 1én.

Mau té bao thu dugc tiép tuc kiém tra luong protein Xbx14 tong sd va ¢ dang
tan. Két qua kiém tra bang dién di trén gel polyacrylamide 12,6% c6 SDS cho thay,
khi cam trng tai thoi diém ODggp 12 0,7 va 1,5 thu duoc lugng protein Xbx14 téng )
va tan tuong duong nhau (Hinh 3.19). Tuy nhién cdm tng & ODgyo = 1,5 thu duogc
sinh khéi t& bao 16n hon. Do d6 chung t6i s& chon cam tmg & ODggo = 1,5 cho céc

thi nghiém tiép theo.

d. Nghién cieu dnh hwéng thoi gian thu mau dén higu qua biéu hién protein
Xbx14

Trong diéu kién nudi cdy thich hop, té bao sinh tong hop protein muc tiéu
ngay sau khi duoc cam Gng IPTG. Do d6 muc d6 tich lily san pham protein ngoai
lai theo 1y thuyét s€ tang 1én va dat cuc dai & mot thoi diém nhéat dinh. Tuy nhién
khi thoi gian nudi cay kéo dai, ngudn dinh dudng can dan va té bao chét c6 thé san
sinh ra san pham khong mong muén nhu cac protease sé& phan giai protein tai to hop

dan dén gidm san lugng. Vi vay chung t6i s€ nghién ctru dé xac dinh anh hudng cua
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thoi gian thu mau dén hiéu qua biéu hién gen Xbx14. Té bao sau khi cam tng 0,05
mM IPTG s€ duogc nuoi tiép & 20°C, mau sé duoc thu lai dé kiém tra sau 5 gio, 8

gio, 15 gid va 20 gio cam ing.
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Hinh 3.20. Mdr dé té bao biéu hign E. coli Rosetta 1 (DE3) mang pET22Xbx thu
mdu sau 5, 8, 15 va 20 gié cam #ng
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Hinh 3.21. Dién di dé phan tich san pham biéu hién cia Xbx14 trong té bao E.
coli Rosetta 1 (DE3) thu mdu sau 5, 8, 15 va 20 gi¢o' cam #ng IPTG trén gel
polyacrylamide 12,6% c6 SDS

Puwong chay PC: doi chiing am, protein tong so cua dong té bao biéu hién khong

cam ung IPTG, dwong chay TS: protein téng so biéu hién trong té bao mang
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PET22Xbx, dwwong chay S: protein dang tan, duwong chay P: protein dang khéng

tan, duong chay M: protein chudn unstained (Thermo scientific)

Két qua do ODggo ¢ thoi diém thu mau khac nhau cho thiy mat do té bao ting
dan tir 5 gid va dat cao nhat tai thoi diém 15 gio, sau d6 giam tai thoi diém 20 gio
(Hinh 3.20). MAu té bao thu dugc tiép tuc dugc pha bang siéu am dé kiém tra mirc
d6 biéu hién va dang tan cuia Xbx14. Pién di dd cho théy tai thoi diém thu mau sau 5
gio cam ung luong protein Xbx14 tong s6 va tan thu duoc it nhat do mat do té bao
thap. Tai thoi diém thu miu sau 8 gio, 15 gio mat do té bao tiép tuc ting va luong
Xbx14 biéu hién tong s va tan 13 twong dwong nhau. Tuy nhién tai thoi diém thu
mau sau 20 gio cam tng, mic di mat do té bao di giam, do moi trudng thiéu chét
dinh dudng, nhung lugng protein Xbx14 tong sb va tan van 6n dinh (Hinh 3.21). Két
qua nay cé thé giai thich, 1a do su c6 mat cta cac chaperone da bao vé enzyme
Xbx14 tranh khoi sy phan cét protease giai phong tir cic té bao bi chét. Nhu vy
d6ng biéu hién Xbx14 véi chaperone thu duoc san lwong protein tai to hop 6n dinh.
Két hop véi s6 liéu mat do té bao khi thu mau, ching t6i lwa chon thoi diém thu
mau 1a sau 15 gid cam tng & 20°C.

Tém lai cac diéu kién tdi vu déng biéu hién Xbx14 véi cac chaperone trong té
bao E. coli Rosetta 1 bao gdm: nhiét d6 biéu hién 20°C, néng d6 IPTG cam tng

0,05 mM, ODgo cam trng 1,5 va thu mau sau 15 gid cam tng.
3.3.2. Tinh ché Xbx14

Theo thiét ké ban dau gen GLO112518 duoc gin vao vector biéu hién
pET22b(+) tai vi tri da ndi, phia sau vi tri cit da diém c6 mot doan trinh tu m3 hoa
cho 6 axit amin Histidine tich dién am dugc goi la dudi His-tag. Pudi nay giap
protein tai t6 hop duoc giir lai khi chung di qua cot sac ki ai luc, do lyc hut tinh dién
giita phan dién tich 4m cua dudi His-tag véi dién tich duong cua cic cation co trong
cOt tinh sach. Cac protein nay s€ dugc tach khoéi cot khi dich dém c6 pH thich hop
chay qua.
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Trong céc thi nghiém tbi wu trén, ching toi hoa tiia té bao sau khi thu mau
vao trong nudc, siéu am dé pha té bao cho thdy Xbx14 tan hoan toan trong nudc.
Mubn st dung cot sdc ky ai luc dé tinh sach, thi protein Xbx14 tan sau khi pha té
bao phai duoc hoa bing chinh dém tinh ché. Do d6 mau protein Xbx14 tan trong
nude sé duoc bd sung mudi trong dém tinh ché trudce khi dua 1én cot. Tuy nhién sau
khi bd sung mubi protein Xbx14 bi tia hoan toan. Day la 1y do ching t6i khong st
dung duogc cot sdc ky ai luc, ma st dung mudi (NH,),S0O,4 dé tinh ché béng cach tua

phan doan.
3.3.2.1. Tinh ché Xbx14 biang muéi (NH4),SO4

Co s& khoa hoc dé tinh ché protein béng tia mudi dya trén do hoa tan cua
protein (dic biét 13 cac protein hinh cau) bi anh hudng khi b6 sung nong do mudi
thép (<0,15 M). Khi mudi duge thém vao dung dich, suc cang bé mat nudc tang 1én,
dan dén sy tuong tac gilta protein va nudc ting 1én. Protein dp Gmg véi tinh trang
nay bang cach giam thiéu tiép xtc thong qua viéc thu nho cdu trac 1am giam dién
tich bé mat, sau d6 din dén két tua [184]. Céac yéu té anh huong dén nong do mudi
lam protein két tua bao gém: sb lugng va vi tri ciia cac nhom phan cue, trong lugng

phéan tir cua protein, pH ctia dung dich va nhiét 46 [184].

Mubi (NHy),SOy4, duoc st dung dé taa protein vi c6 kha nidng vura lam trung
hoa dién (do céc ion tac dong twong hd véi nhom tich dién trai dau), vira loai bo 16p
v6 hydrat ctia phan tir protein. Mat khac mudi (NH4),SO, khong 1am bién tinh
protein va d& dang hoa tan tia protein bang cac dém khac nhau. Mdi loai protein bi
két tha & ndong d6 mudi khong gidng nhau, nén dé dang phan tach timg loai protein
ra khoi hon hop [184]. Trong nghién ctru nay ching t6i str dung mudi (NH,),SO, dé
tia theo phan doan, lan Iuot tir phan doan c6 néng do cao dén nong do thap dan
(Phu Iyc 3). Nong do mudi (NH,),SO, st dung thap nhit c6 kha ning tia duoc
nhiéu nhat Xbx14 va chira it cac protein khong mong mudn s& dugc str dung dé tinh

ché luong 16n.
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Hinh 3.22. Dién di d6 phén tich két qua tiia protein Xbx14 biéu hién trong té bao
E. coli Rosetta 1 (DE3) bing mudi (NH,),SO, theo phin doan 5% (A), 3% (B),
1% (C), 0,2% (D), 0,02% (E) va rira tiia biang dém phosphate pH = 9 (F)

Puwong chgy TS: protein tong sé biéu hién trong té bao mang pET22Xbx,

dwong chay S: protein dang tan, dwong chay 5%, 10%, ... twong g nong dé mudi

(NH,),SO, st dung dé tua Xbx14, dwong chay F: dich cudi cing sau khi tia protein

tan, dwong chay R: dich sau khi riza tia protein Xbx14 bang d@ém phosphate
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(pH=9), dwong chay L: Xbx14 sau khi riza bang dém phosphate, dwong chay M:

protein chudn unstained (Thermo scientific)

Sau khi b sung mudi (NH4),SO, vao dung dich pha té bao trong nuédc cho
théy Xbx14 bi tua theo ting phan doan tir néng do mudi cao, dén néng do mudi rat
thip. Trong hinh 3.22A, Xbx14 bi tia & nong do 5% mudi (NH,),SO0,, va tiép tuc bi
tia khi str dung cac ndng do thap hon 1a 3% (Hinh 3.22B), 1% (Hinh 3.22C), 0,2%
(Hinh 3.22D) va 0,02% (Hinh 3.22E). Cang & nong d6 mudi thap protein khong
mong muén bi tiia cing Xbx14 it dan. Hau nhu cac loai protein c6 kich thudc 16n
hon Xbx14 khong bi tila, do d6 ma lugng protein tap con rat it. Protein Xbx14 bi tiia
& néng do 0,02% (NH,),SO, rat thip so véi nghién ciru tia P-xylosidase tir
Aspergillus tamarii Kita la 60% [56], Emericella nidulans la 80% [113] va
Pseudozyma hubeinsis 12 90% [117]. Xbx14 bi tia ¢ nong d6 mudi thap c6 thé do
ciu truc khong gian c6 dang hinh cau [52], dung nhu du doan ban dau (Hinh 3.8).
Mit khac v6i nong d6 mudi thap thi san pham protein tinh sach khong can phai qua

giai doan loai mudi vi it &nh hudng dén hoat tinh cua enzyme.

Pé tiép tuc 1am sach cac protein khong mong mudn, nghién ciru dua trén diém
dang dién cua protein Xbx14 va kha ning hoa tan trong dém véi pH khac nhau.
Protein c6 xu hudng két tu va két tua tai pl ctia chung boi vi khong co dién day tinh
dién gitr chung tach nhau ra. Protein c6 diém ding dién khac nhau do cac chudi axit
amin khac nhau (s6 luong twong ddi ciia nhém anion va cation). Vé 1y thuyét cac
loai protein khac nhau co thé tich ra bang cach diéu chinh d6 pH cia dung dich.
Nghia 1a khi pH dugc diéu chinh dén ding pl ciia mot protein, né s& két tia va tach
ra khoi hon hop céac protein khac trong dung dich. Protein Xbx14 c6 diém dang dién
la 7,59 va sau khi tién hanh phé té bao cho thay Xbx14 bi tia gan nhu hoan toan
trong dém phosphate. Vi vay Xbx14 sau khi dwoc tia bang 0,02% (NH,),SO, s& tiép
tuc dugc rira bang dém phosphate v&i pH khac nhau. Sau d6 tién hanh ly tam thu
tha va dich tan dé kiém tra. Két qua chi ra, hau hét protein khong mong mudn di bi
hoa tan, con Xbx14 van tia trong dém phosphate pH = 9. Nhu vay viéc sir dung dém
phosphate pH = 9 dé rtra taa, tiép tuc giup tinh sach Xbx14 (Hinh 3.22F) theo dung
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Iy thuyét vé diém dang dién cua protein. So sanh véi phuwong phap st dung cot sic
ky ai luc thi phuong phap tinh sach st dung mudi (NH,),SO4 va dém phosphate pH
= 9 nay don gian va hiéu qua hon. Dic biét c6 thé dé dang sir dung phuong phap

nay tinh ché duoc luong 16n protein Xbx 14 trong mét thoi gian ngan.
3.3.2.2. Kiém tra dp sach ciia Xbx14 sau tinh ché bang phian mém Quantity one

Quan sat bang mét thudng hinh anh dién di san pham sau khi tinh ché va raa
bang dém phosphate pH = 9 cho thay xuat hién bang protein Xbx14 to va dam, kém
theo mot sb bang protein mo nhat khac. Bé“mg phén mém Quantity One, d0 sach
tuong dbi cua protein Xbx14 sau tinh ché duoc danh gia ¢ muc dinh luong. Miu
duoc tinh toan cho mdi dudng chay 1a 2 pg va 4 ug protein (Hinh 3.23A). Mot vi tri
nén (BGR) c6 mau sic va do sang gidng voi nén & vi tri bang protein Xbx14 trén
anh quét ban gel dugc lya chon. Mdi bing dién di dugc chi ra boi mét dinh duong
cong tuong Gng trén dd thi (Hinh 3.23B va Hinh 3.23C). Mdi dinh trén duong cong

dugc phan mém tu dong tinh khéi luong protein twong Ung.

Kda M TS 2ugd4pg M TS 2ug4ug TS

116 —

66,2—

45 —

35—

25— %

18,4—

Hinh 3.23. Két qud kiém tra dé sach ciia Xbx14 sau khi tinh ché bang muéi
(NH,),SO. va riva bing dém phosphate (pH = 9)
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Do sach ctia protein Xbx14 tinh ché duoc thé hién thong qua ty 1¢ giira khoi
luong protein Xbx14 va tong khdi lugng protein trén cing dudng chay. Két qua
phé&n tich hinh anh dién di dugc quét va tinh toan lugng protein Xbx14 so vdéi
protein tong s6 chiém 19,8%. Tuy nhién sau khi tinh ché thi Xbx14 chiém ty 1&
92,7%. Két qua tinh ché Xbx14 bang tia mudi ndy, thu duge do sach cao hon rat
nhiéu so v6i két qua tinh ché B- xylosidase tir Pseudozyma hubeinsis chi c6 d6 sach

14 53,12% [117].

Str dung mudi (NH,),SO, ¢ nong dd 0,02% dé tua phan doan va rira tia
Xbx14 bang dém phosphate (pH = 9) da thu Xbx14 véi do sach 92,7% du diéu kién
dé xac dinh hoat tinh ctia enzyme. Phuwong phap tinh sach nay kha don gian dé thu
dugc luong 16n protein Xbx14 khi tng dung trong cong nghiép. Két qua Xbx14 bi
tha ¢ ndng do mudi rat thap ciing cho phép du doan mé hinh ciu tric khéng gian

cua Xbx14 c6 dang hinh cAu, theo ding dy doan cua phﬁn mém Phyre 2.
3.3.3. Nghién cttu tinh chat ciia Xbx14
3.3.3.1. Xdc dinh hoat tinh ciia Xbx14

Hoat tinh cta Xbx14 duoc xac dinh bang co chat pNPX 10 mM pha trong dém
phosphate (pH = 7) theo phuong phap cua Teng va cong su [168]. Phan tng duogc
tron gitta 30 pl enzyme (0,253 mg/ml) va 20 pl co chat pNPX 10 mM a ¢ 50°C
trong 1,5 gio. O mau dbi ching enzyme va co chat dé riéng &, u cung diéu kién véi
mAau phan tng. Phan img duoc ding lai bang cach bo sung 200 pl Na,CO3 0,1 mM

va do ODyg5 dé xac dinh luong pNP tao ra theo duong chun.

Sau khi 0 1,5 gio bang mat thuong quan sat cho thdy & mau phan tng xuat
hién mau vang dic trung ciia pNP, con mau dbi chimg (PC) khong xuat hién mau
vang. Hoat tinh cua enzyme tiép tuc dugc xac dinh chinh x4c bang phuong phap do
Elisa & budc song 405 nm. Két qua do duoc tinh toan dua theo duong chuan cho
thiy sau 1,5 gio phan tng, tao ra luong pNP 1a 0,1692 pMol (Hinh 3.24). Nhu vay

protein Xbx14 sau khi tinh ché van giir nguyén dugc hoat tinh xuc tac cua p-
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xylosidase nhu mau thir enzyme thd ban dau. Két qua nay khang dinh viéc tinh ché
bang mudi (NH,4),SO, va rira tha bang dém phosphate pH = 9 hoan toan giit nguyén

dugc hoat tinh enzyme va dat hi€u qua cao trong nghién ctru nay.
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Hinh 3.24. Két qud thi hoat tinh cia Xbx14 bdng co chdt ddic hiéu pNPX

3.3.3.2. Xdc dinh tinh dic higu co chét ciia Xox14
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Hinh 3.25. Hoat tinh Xbx14 trén cdc co chit khac nhau

Mot s6 co chat phd bién 1a CMC, p-nitrophenyl-B-glucoside (pNPG), 4-
nitrophenyl - D-xylopyranoside (pNPX) va xylan dugc sir dung dé kiém tra tinh

dac hiéu cua Xbx14. Pay la nhiing co chat dic hiéu cua cac cellulase va
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hemicellulase. Trong d6, pNPX 1a co chit dic hiéu dang tan cua B—xylosidase,
xylan 1a co chét dic hiéu cua xylanase, CMC la co chét dic hiéu cua endoglucanase

va pNPG 1a co chat dic hiéu cua B-glucosidase.

Két qua kiém tra cho thiy, Xbx14 thé hién hoat tinh cao nhit trén co chét
pNPX, c6 hoat tinh yéu vé6i co chit xylan va khong phén cit co chat CMC va pNPG
(Hinh 3.25). Piéu nay ching to Xbx14 c6 hoat tinh dic hiéu cua f—xylosidase phan
cit duong doi xylose va phan tir dudong & dau cua mach xylan. Nhu vay c6 thé

khang dinh Xbx14 mang ding hoat tinh ctia p—xylosidase.
3.3.3.3. Nghién civru anh hwong ciia nhiét dp dén hoat tinh ciia Xbx14

Nghién ctru anh hudéng cua nhi¢t do dén hoat tinh cua enzyme Xbx14 theo mot
dai lién tuc la 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C va 90°C. Mau dugc u & cic
nhiét d6 trén trong 1,5 gid cho thiy hoat tinh p—xylosidase ting dan tir 20°C (31%)
dén 60°C (100%) va giam dan khi nhiét do ting dén 80°C va giam manh & nhiét do
90°C (0%) (Hinh 3.26). Nhu vay, nhiét d6 thich hgp nhat cho hoat dong ciia Xbx14
la 60°C. Nhiét d6 hoat dong t6i vu nay hoan toan ding véi udc doan ban dau bang
cong cu TBI d3 sir dung khi chon gen (tir 55°C dén 65°C). Nhiét ¢ hoat dong t6i uu
nay thap hon so v6i p—xylosidase ¢ Geobacillus thermoleovorans IT-08 duoc phan
1ap tir sudi nude nong 1a 70°C [175], twong duong véi hoat dong cua f—xylosidase &
Geobacillus stearothermophilus T-6 (XynB3) [148],... nhung cao hon han so véi
nhiét do hoat dong tdi uu cia P—xylosidase & da sd vi khuan nhu Selenomonas
ruminantium GA192 [35], Vibrio sp. XY-214 [177], Bacillus pumilus [186],.... Theo
mét sd nghién ctru vé enzyme trong rudt mdi di chi ra nhiét d6 hoat dong tdi wu
thuong dao dong tir 30°C dén 40°C, phu hop véi méi truong rudt mbi [16]. Tuy
nhién enzyme Xbx14 c¢6 kha niang hoat dong t6i vu & 60°C cao hon hin méi truong
rudt mdi thong thudng. Pay 1a enzyme c6 kha ning chiu nhiét rt tot va co thé Ia
mot enzyme hoan toan méi c6 ngudn gdc tir vi khuan Treponema primitia so véi

cac nghién ctru da cong bo.
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Hinh 3.26. Anh hwéng ciia nhigt dé dén hoat tinh Xbx14

3.3.3.4. Nghién ciru anh hwéng ciia pH dén hoat tinh ciia Xbx14
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Hinh 3.27. Anh hwéng ciia pH dén hoat tinh ciia Xbx14 ¢ 60°C

Theo udc doan bang phan mém Alcapred, Xbx14 14 enzyme c6 kha ning hoat
dong tot & ving pH kiém. Do d6 trong nghién ciru nay ching t6i chon dai pH =5, 6,
7,8, 9,10, 11, 12 dé thir hoat tinh cia Xbx14. Sau khi kiém tra hoat tinh chi ra,
Xbx14 khong ¢6 hoat tinh & pH = 5, hoat tinh ting dan tir pH = 6 (25%) dén pH = 9
va dat gia tri cao nhat & pH = 9 (100%). Sau d6 hoat tinh giam nhe ¢ pH = 10 con
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93% va giam sau ¢ pH = 12 chi con 13% (Hinh 3.27). Nhu vay pH hoat dong t6i wu
ctia Xbx14 cho thay enzyme nay hoat dong toi wu trong méi trudng kiém tinh, ding
v6i du doan ban dau khi st dung cong cu Alcapred. Két qua nay phu hop véi mot
s6 nghién ctru vé pH trong rudt ciia mdi cho rang tir rudt trude dén rudt giita ciia mbi
béc cao c6 gia tri pH trung tinh, nhung phan dau tién cta rudt sau ¢6 pH kiém tinh dat
dén gia tri 12 nhu ¢ mdi R. flavipes, Nasutitermes lujae [23]. Pay duogc cho 1a diéu
kién khé 1y twong dé ndi long va pha v cac lién két cua lignin trong thanh phan cia
lignocellulose. Pong thoi diéu kién nay ciing lam ting hiéu qua tiéu hoa thic in
trong rudt moéi C. gestroi. Tir hoat dong ciia Xbx14 cho phép du doan méi trudng
doan dau rudt sau ciia moi C. gestroi 1a moi trudng kiém twong tu nhu cac loai moi
khéac [87].

So sanh vé6i cac nghién ctru vé p—xylosidase thuoc ho GH43 tir vi khuan va
nam cho thay sy khong dong nhat vé pH hoat dong t6i wu. O vi khuan dai pH hoat
dong toi wu thay doi tir trung tinh (Bacillus spp. [14]) dén axit (Selenomonas
ruminantium GA192 (pH = 5,3) [35]). Chi c6 B-xylosidase dugc phan lap tur thu
vién DNA da hé gen cua vi sinh vat trong mAu U rom ra co pH hoat dong t8i wu tir 8
dén 10 [111]. Trong khi d6 hau nhu cac p—xylosidase tir nAm c6 pH hoat dong tdi
wu nam trong gia tri axit nhu Penicillium sclerotiorum (pH = 2,5); Aspergillus
brasiliensis, A. niger (pH = 5) [132],... Nhu vay Xbx14 hoat dong t6i wvu ¢ pH = 9
12 enzyme mdi so v6i cac cong bo tir vi khuan trong rudt mébi C. gestroi. Enzyme
nay sé ung dung rat hiéu qua khi két hop véi diéu kién tién xir 1y sinh khéi thyc vat
bang dung dich kiém. Py ciing chinh 13 enzyme ma ching t6i dit muc tiéu tim
kiém trong qua trinh chon gen biéu hién. Két qua nay ciing ching minh viéc st
dung cong cu Alcapred ban dau dé du doan pH hoat dong t6i wu ctia enzyme Xbx14
14 hoan toan chinh xac.
3.3.3.5. Nghién ctru dé bén nhiét ciia Xbx14

Xbx14 dugc xtr Iy & nhiét d6 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C va
90°C trong cac khoang thoi gian 1 gio va 2 gid trude khi G voi co chat, dé kiém tra
d6 bén nhiét. O nhiét do 16n hon 70°C, Xbx14 mét hoan toan hoat tinh du 1a thoi
gian xtr Iy ngan nhat (1 gid). O nhiét do tir 20°C dén 60°C, hoat tinh enzyme gan
nhu 6n dinh sau khi xtr 1y nhiét tr 1 dén 2 gid. Nhu vdy enzyme Xbx14 kha bén
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nhiét trong khoang nhiét d6 20°C dén 60°C (Hinh 3.28). Pd bén nhiét & 60°C cia
Xbx14 tuong ty nhu p—xylosidase c¢6 ngudn gde tir nAm Aspergillus brasiliensis, A.
niger [132] va tir vi sinh vat trong mau 1 phan hitu co [47]. Sy bén nhiét ciia Xbx14
& nhiét do hoat dong tdi wu 60°C tiép tuc 1am ting hiéu qua sir dung enzyme trong

cong nghiép néu tién xur 1y sinh khdi thyc vat bang nhiét.
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Hinh 3.28. Hogt tinh ciza Xbx14 khi xa ly ¢ cac nhiér d¢ khac nhau
3.3.3.6. Nghién civu dnh huéng ciia mét so ion kim logi va héa chit lén hoat tinh
cua Xbx14
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Thong thuong, cac ion kim loai ¢6 anh huéng dén hoat dong ciia Xbx14 theo
huéng 1am ting hodc giam hoat tinh. Nhiéu nghién ctru cho thiy, trong khoang
ndng d6 tir 1 mM dén 10 mM, hoat tinh cua f—xylosidase c6 thé ting dan hodc giam
dan theo sy ting nong do ion. Pé danh gid anh hudng cua ion kim loai 1én hoat tinh
ctia Xbx14, chung toi da tién hanh theo phuong phap dugc moé ta boi Lee va cong su
[100]. Nong do cua cac ion kim loai sir dung trong phan tmg 13 10 mM, ndng d6 cia
mot sd chat khir nhu 2-mecaptoethanol, urea 1a 1uM va ciia imidazol 1a 10 mM.
Trong nghién ciru ndy, chiing t6i lwa chon 9 ion kim loai phé bién (K*, Mn?*, Cu?*,
Ca®", Ni*", Mgz+, Zn%", Fe2+), imidazole, Urea va 2 - mercaptoethanol dé danh gia
anh huong cua ching dén hoat tinh cua Xbx14. Tat ca duoc tién hanh & diéu kién

hoat dong ti wu ctia Xbx14 12 60°C va pH = 9.

Két qua thi nghiém cho thdy cac ion kim loai déu lam ting hoat tinh cia
enzyme Xbx14 tir 110% dén 146% (Hinh 3.29). Két qua nay twong tu v6i nghién
cuu anh hudng cua cac ion kim loai hoéa tri hai bao g@)m Ca2+, C02+, Fe2+, Mn?* va
Ni?* 1am tang hoat tinh ctia B—xylosidase, do ching di tham gia vao qua trinh
chuyén tir trang thai dimer sang tetramer trong ho GH43 [85]. Tuy nhién trong mot
nghién ctru khac chi ra ion Cu2+, ng+, I\/In2+, Pb2+, zZn?* lai {rc ché hon 90% hoat
tinh cua B-xylosidase cta Vibrio sp. XY-214 [177], hodc ion Ba®*, Ca?*, Fe**, Mg®,
Mn®*, Ni?*, Zn?* va Na* khong anh huong dén hoat tinh p—xylosidase cta vi khuin
C. stercorarium [161]. Hai ion Zn** va Ca** lam ting hoat tinh ctiia Xbx14 1én nhiéu
nhét, co thé do Ca®* 12 ion ndm & ving lién két giita cac phan tir polyme dé tao dang
tetramer, nén giup lam 6n dinh ciu tric cua Xbx14 [67]. Do d6 lam ting hiéu qua
tuong tac va phan cat giita Xbx14 véi co chat. Két qua cua chiing toi twong ty nhu
nghién ctru anh hudng cua ion Ca®* dd lam ting hoat tinh cia P—xylosidase tir
Humicola grisea var. thermoidea [6], T. thermophilus [67]. Néu nhu céc ion kim
loai néng Zn**, Ccu?, Mg2+ lam tang hoat tinh ctia Xbx14 thi mot ) nghién ctru khac

chi ra cac ion nay trc ché hoat dong cua p—xylosidase [114].

Kiém tra anh huéng cua Imidazol, Uré va 2-Mecaptoethanol cho thiy & nong

d6 10 mM imidazol khéng anh hudéng dén hoat tinh cua Xbx14, tuy nhién ¢ nong do
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1 uM chét khtr 2- mercaptoethanol va 1 pM urea lam giam dang ké dén hoat tinh
ciia Xbx14 (Hinh 3.29). Két qua nghién ctru 4nh hudéng cua Imidazol dén hoat tinh
cua Xbx14 twong tu nhu nghién ctru hoat dong cia beta-xylosidase RS223BX thudc
ho GH43. Nguyén nhan la do imidazole 14 phan tir trung gian trong lién két cua
Ca”* véi co chat va chinh imidazole cung cAp mét co ché dé 6n dinh, gitp kich hoat
hoat dong ctia enzyme [41]. Nhu vay imidazol 1a thanh phan gitip on dinh co ché
xuc tac cua Xbx14 nén khong lam giam hoat tinh cta Xbx14. Tuy nhién 2-
mercaptoethanol 13 chat pha huy cac lién két disunfit va tuong ty nhu Uré lam bién
tinh protein, nén hoat tinh ctia Xbx14 bi giam. Nhu vay anh huong ctia mot s6 ion
kim loai dén hoat tinh ctuia Xbx14 c6 mét sb sai khac so voi cac nghién ctru da cong
bb. Két qua nay s& 1a co so dé han ché cac loai hoa chat 1am giam hoat tinh cta
enzyme hoic sir dung ion thich hop lam ting hoat tinh cia Xbx14 khi can thiét trong

phan tg thuy phén sinh khéi thyc vat.

3.3.3.7. Nghién civu dic diém dong hoc ciia Xbx14

Héng s6 Km cua Xbx14 dugc xac dinh bai dai néng d6 co chat pNPX tu 2,0
dén 20 mg/ml trong dém phosphate pH = 9. Thong sé dong hoc duoc xac dinh tir dd
thi Lineweaver-Burke. Két qua cho thay, vai luong protein Xbx14 la 0,253 mg/ml,
phuong trinh phu thudc giita tc do phan tmg vdi ndng do co chét da tuan theo ham
y = ax+b v&i do tin cdy cao R” = 0,9937 (Hinh 3.30). Duya trén phuong trinh, Km va
Vmax cua Xbx14 tuong g 1a 3,18 mM va 6,5 umol/phat. Do d9, hoat tinh riéng
cua Xbx14 dat duogc la 24,54 U/mg.

Mot s6 nghién ciru cong bd Km ciia f—xylosidase thuoc ho GH43 & vi khudn
nam trong khoang 0,038 mM dén 28 mM. Vi du Km ctia B—xylosidase tir Vibrio sp.
XY-214 la 0,244 mM [189]; Clostridium acetobutylicum la 3,7 mM [101];
Thermoanaerobacterium la 28 mM [150]. Nhu vay, so v6i Bp—xylosidase tao ra tir vi
khuan khéac nhau thi cac gia tri gia tri Km cta Xbx14 13 3,18 mM 14 khé t6t so véi
cac nghién ctru da cong bd. Gia tri Vmax cua p—xylosidase thudc ho GH43 & cac
loai vi khuan ciing bién thién kha rong. Vi du nhu Vmax cta Paenibacillus

woosongensis la 1,4 pmol/phat [91]; Bacillus pumilus 1,23 pmol/phat [186];
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Clostridium stercorarium la 15 umol/phat [162],... Véi Xbx14, Vmax la 6,5
pmol/phut, ndm trong gia tri trung gian dai bién thién téc do phan mg cta p—

xylosidase tur vi khuan.
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Hinh 3.30. Sw phu thugc ciia tée dg phdn ing ciia enzyme vao néng dé co chit

PNPX theo Linewever-Burk

Céc nghién ctru vé hoat tinh dic hiéu cua p—xylosidase tir nAm c6 tan s bién
thién tir rat thap (2 U/mg) dén rat cao (50 U/mg) ¢ Fusarium sp. [141]. Su bién
thién nay ciing twong ty nhu & vi khudn, c6 thé tr 1,25 U/mg ¢ Caulobacter
crescentus [65] dén 17,5 U/mg & Clostridium acetobutylicum [101], .... Nhu vy
Xbx14 c6 hoat tinh riéng 1a 24,54 U/mg cao hon han hoat tinh cua da sd p—

xylosidase c6 ngudn gdc tir nAm va vi khuan di cong bé.

Tom lai két qua nghién ciru hoat tinh ciia Xbx14 cho thay day 1a mot enzyme
méi, c6 kha ning hoat dong t6i wu ¢ nhiét d6 cao (60°C), méi truong kiém (pH = 9)
va bén nhiét, voi hoat tinh riéng tét 1a 24,54 U/mg. Enzyme nay htra hen s& mang lai
nhiéu loi ich kinh té khi két hop voi phuong phép tién xt Iy sinh khéi thuc vat bang

kiém va nhiét trong thuc tién.
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KET LUAN VA KIEN NGHI
Két luan

1. Nghién ctru di khai thac duoc 20 loai vi khuan c6 sb luong ORF 16n phu hop
v6i ché d6 an gd giau lignocellulose va nghéo Nito ctia mdi C. gestroi tir dit
liéu trinh ty DNA da hé gen. Trong d6 c6 03 loai tham gia chuyén hoa Nito va
05 loai tham gia thiiy phén lignocellulose khong c6 ¢ céc loai méi khac. Pong
thoi xac dinh céc lignocellulase cta vi sinh vat rudt mbi C. gestroi thudc vé 52
ho GH khac nhau theo phan loai cia CAZY.

2. Xay dung dugc phuong phap tim kiém gen tir dit liéu trinh tu DNA da hé gen
b:;ing mau do dua vao cac trinh ty axit amin da nghién ctru tinh chat va sy hd
trg cia cac cong cu tin sinh hoc, theo dinh hudng img dung vé kha nang chiu
nhiét va chiu kiém cua enzyme. St dung mau do thudc ho GH43 cé do dai la
464 axit amin da tim kiém duoc gen GL0112518 ma hda p—xylosidase tir dit
liéu DNA da hé gen cua vi khuan rudt méi C. gestroi;

3. Biéu hién thanh cdng gen Xbx14 trong té bao E. coli Rosetta 1 ¢6 hoat tinh p—
xylosidase dting nhu du doan ban dau, véi cac théng sé dong hoc theo phurong
trinh Lineweaver-Burk 1a Km = 3,18 mM, Vmax = 6,5 umol/phtit va hoat tinh
riéng dat dugc 1a 24,54 U/mg. Pay la mot enzyme mdi, cé hoat tinh tt véi

kha ning hoat dong tdi uu trong diéu kién nhiét do cao va pH kiém.

Kién nghi

Thir nghiém st dung enzyme Xbx14 két hop vé&i cic cellulase va

hemicellulase khac dé lam hdn hop enzyme thity phan hoan toan lignocellulose.


http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNDB_BATCH_ID=363837922&ALIGNDB_CGI_HOST=blast.be-md.ncbi.nlm.nih.gov&ALIGNDB_CGI_PATH=/ALIGNDB/alndb_asn.cgi&ALIGNDB_MASTER_ALIAS=SD_ALIGNDB_MASTER&ALIGNDB_MAX_ROWS=100&ALIGNDB_ORDER_CLAUSE=seq_evalue%20asc,aln_id%20asc&ALIGNDB_WHERE_CLAUSE=seq_evalue%20is%20not%20null&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&BLAST_SPEC=blast2seq&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=Proteins&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=X5TTZWH7114&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&USE_ALIGNDB=true&WORD_SIZE=3&OLD_VIEW=false&DISPLAY_SORT=4&HSP_SORT=0&CONFIG_DESCR=2,3,4,5,6,7,8#alnHdr_Query_7083
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PHU LUC
Phu luc 1: Trinh tw nucleotide ciia ma gen Termite-2_G1.0112518 (Xbx14)

ATGGATAAAGTTACCAATCCGGTGCTTACCGGTTTTCACGCCGACCCCTCGATTGTGAG
AGTCGGGGATTATTTTTACATCGCTAATTCCACTTTTGAATGGTATCCAGGCGTGGAAC
TGCACCGTTCAAAAAACTTGGCGAATTGGGAATCGCTGCCTTCGCCGCTGGGCGAACG
GCGGCTTCTGGACATGGAAGGCGCGCGCGCGTCCTGCGGCATCTGGGCGCCCTGCTTG
AGCTACGCCGACGGGCTTTTCTGGCTCATCTATACCAACGTGCGCACCTGGAACGCGG
GGCCGTGGAAGGACTGCCCCAACTACCTGACAACCGCCAAGTCAATCGAAGGCCCGT
GGTCAGACCCCGTGTTCCTCAACTGCTCAGGCTTTGACCCCTCGCTTTTTCATGACGAT
GACGGCAGAAAGTGGCTGGTCAACATGGAGTGGGACTACCGCAAGCCGGGCGACCCC
GAAGGCCCGCAGTTTTCGGGCATACTGATTCAGGAATACAGCCCCGCGGAAAAAAGG
CTCGCGGGGCCGGTTCGCAAGATTTTCACGGGTTCCCCGATAGCCTGCGTGGAAGGCC
CGCACGTCTACAAGCGGGACGGCTGGTACTACCTGCTCACCGCCGAGGGCGGCACGGT
GTATAACCACGCGGCGACCCTTGCCCGCTCCCGCGCGTTGGAAGGGCCTTACGAGATT
CACCCGCAGAACCCGCTTATCAGTTCGCGGGGGAAGCCGGAACTGCGCCTGCAAAAA
GCGGGGCACGCGAGCTGGTGCGAGACCGCCGACGGCAGAACCTACCTGGCCTTCTTGT
GCGGGAGGCCGCTGCCCGGCACGCAAAACTGCCCGCTGGGGCGGGAGACTTCGATAG
CCGAGCTGGTCTGGCACGAGGGGTGGCCGTATGTCAAAGGCGAAGACGGAAACAGGC
AGAATTTCCCCGCGGACACTTTCGAGCCTCCCGTGAAAATTGCCGCCCCGGCGCGAAA
GAGGCGCGGGCGCTCTATCAGTTTGACGGCCCCGCCATCCACGGCGACTTCAAGACTC
TCCGCGTTCCCGCCGACCCTGAACGCTGCTCGTTGA.

Phu luc 2: Két qud gidi trinh tw gen Xbx14

Trinh ty g6C ------------—---mmmmmo - ACCATGGATGATAAAGTTACCAATCCGGTGGGTTAGGC
MO1 Xubi W  mmmmmmmmm e mmmmmeeea o ACCATGGATGATAAAGTTACCAATCCGGTGGGTTAGGC
MO1 NEUQC === s o m s s o m oo o oo oo
Sk 3k >k sk 5k sk sk sk sk skosk sk sk sk sk sk sk ok sk sk sk sk sk ok kk ok
Nu bao tén  -----------mm e ACCATGGATGATAAAGTTACCAATCCGGTGGGTTAGGC
Trinh ty g6c ATGGATAAAGTTACCAATCCGGTGCTTACCGGTTTTCACGCCGACCCCTCGATTGTGAGA
Moi xudi ATGGATAAAGTTACCAATCCGGTGCTTACCGGTTTTCACGCCGACCCCTCGATTGTGAGA
MOL NEUOQC === == m = s s o oo oo oo o e e e meoo oo

K K oK oK ok 5k 3k 3k K oK oK oK ok ok 3k 3k oK oK ok ok ok 3k 3k ok oK oK oK ok ok 3k 3k ok oK oK ok ok 3k 3k ok oK oK ok ok 3k 3k o K oK oK oK ok 3k 3k ok ok oK ok ok sk ko ok K K

Nu bao tén ATGGATAAAGTTACCAATCCGGTGCTTACCGGTTTTCACGCCGACCCCTCGATTGTGAGA
Trinh tu géc GTCGGGGATTATTTTTACATCGCTAATTCCACTTTTGAATGGTATCCAGGCGTGGAACTG
Moi xudi GTCGGGGATTATTTTTACATCGCTAATTCCACTTTTGAATGGTATCCAGGCGTGGAACTG
MOL NEUQC —mmm oo oo oo s oo m oo oo

>k >k 3k 3k >k 5k 5k >k >k 3k 3k 5k 5k %k >k 5k 3k >k 5k 3k >k 5k 3k %k >k 3k %k >k 5k 3k %k 5k 3k >k 5k 5k >k >k 5k 3k >k 3k >k 5k %k >k 5k >k >k >k 3k %k >k 3k >k >k >k >k %k 5k %k Xk >k %k %k
Nu bdo toén GTCGGGGATTATTTTTACATCGCTAATTCCACTTTTGAATGGTATCCAGGCGTGGAACTG
Trinh ty goéc CACCGTTCAAAAAACTTGGCGAATTGGGAATCGCTGCCTTCGCCGCTGGGCGAACGGCGG
Moi xudi CACCGTTCAAAAAACTTGGCGAATTGGGAATCGCTGCCTTCGCCGCTGGGCGAACGGCGE
Moi ngugc CACCGTTCAAAAAACTTGGCGAATTGGGAATCGCTGCCTTCGCCGCTGGGCGAACGGCGG
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CACCGTTCAAAAAACTTGGCGAATTGGGAATCGCTGCCTTCGCCGCTGGGCGAACGGCGG
CTTCTGGACATGGAAGGCGCGCGCGCGTCCTGCGGCATCTGGGCGCCCTGCTTGAGCTAC
CTTCTGGACATGGAAGGCGCGCGCGCGTCCTGCGGCATCTGGGCGCCCTGCTTGAGCTAC
CTTCTGGACATGGAAGGCGCGCGCGCGTCCTGCGGCATCTGGGCGCCCTGCTTGAGCTAC
s sk sk ok ke ok sk ok 3k ok sk ok ok oK ok K ok K ok ok ok K ok ok ok o ok sk ok sk ok ok ok sk ok ok s ok ok ok sk ok sk ok sk ok ok ok ok ok ok ok ok ok ok koK ok ok
CTTCTGGACATGGAAGGCGCGCGCGCGTCCTGCGGCATCTGGGCGCCCTGCTTGAGCTAC
GCCGACGGGCTTTTCTGGCTCATCTATACCAACGTGCGCACCTGGAACGCGGGGCCGTGG
GCCGACGGGCTTTTCTGGCTCATCTATACCAACGTGCGCACCTGGAACGCGGGGCCGTGG
GCCGACGGGCTTTTCTGGCTCATCTATACCAACGTGCGCACCTGGAACGCGGGGCCGTGG
oK ok K ok ok 3k oK 3k oK 3k oK ok oK 3k K ok K ok K ok K ok K ok oK 3k ok 3k oK ok oK 3k 3K 3k K 3k K ok K ok K ok K ok K oKk ok 3k oK 3k oK ok oK 3k K ok K ok K ok K
GCCGACGGGCTTTTCTGGCTCATCTATACCAACGTGCGCACCTGGAACGCGGGGCCGTGG
AAGGACTGCCCCAACTACCTGACAACCGCCAAGTCAATCGAAGGCCCGTGGTCAGACCCC
AAGGACTGCCCCAACTACCTGACAACCGCCAAGTCAATCGAAGGCCCGTGGTCAGACCCC
AAGGACTGCCCCAACTACCTGACAACCGCCAAGTCAATCGAAGGCCCGTGGTCAGACCCC
K ok K 5k ok 3k oK 3k oK 3k oK ok oK ok K ok 3 ok K oK K oK K ok oK 3k oK 3k oK ok oK 3k K 3k K ok K ok K ok K ok K ok oK ok koK 3Kk ok koK sk ok ok ok ok ok ok
AAGGACTGCCCCAACTACCTGACAACCGCCAAGTCAATCGAAGGCCCGTGGTCAGACCCC
GTGTTCCTCAACTGCTCAGGCTTTGACCCCTCGCTTTTTCATGACGATGACGGCAGAAAG
GTGTTCCTCAACTGCTCAGGCTTTGACCCCTCGCTTTTTCATGACGATGACGGCAGAAAG
GTGTTCCTCAACTGCTCAGGCTTTGACCCCTCGCTTTTTCATGACGATGACGGCAGAAAG
K 5k K ok ok 3k oK 3k oK 3K oK ok oK 5K 3K ok 3 oK K ok 3 ok K ok 3 oK 3k oK 3k oK ok oK 3k 3K 3k K ok K ok 3 ok K ok 3 ok K oK oK 3k oK 3k oK ok oK K K ok K ok K ok K K
GTGTTCCTCAACTGCTCAGGCTTTGACCCCTCGCTTTTTCATGACGATGACGGCAGAAAG
TGGCTGGTCAACATGGAGTGGGACTACCGCAAGCCGGGCGACCCCGAAGGCCCGCAGTTT
TGGCTGGTCAACATGGAGTGGGACTACCGCAAGCCGGGCGACCCCGAAGGCCCGCAGTTT
TGGCTGGTCAACATGGAGTGGGACTACCGCAAGCCGGGCGACCCCGAAGGCCCGCAGTTT
K ok K ok ok 3k oK 3k oK 3K oK 3K oK oK K ok 3 oK K oK K oK K ok 3 oK 3k oK 3k oK ok oK 3k K oK oK oK koK koK kK ok K ok K oK 3 oK K oK oK oK koK ko kK
TGGCTGGTCAACATGGAGTGGGACTACCGCAAGCCGGGCGACCCCGAAGGCCCGCAGTTT
TCGGGCATACTGATTCAGGAATACAGCCCCGCGGAAAAAAGGCTCGCGGGGCCGGTTCGC
TCGGGCATACTGATTCAGGAATACAGCCCCGCGGAAAAAAGGCTCGCGGGGCCGGTTCGC
TCGGGCATACTGATTCAGGAATACAGCCCCGCGGAAAAAAGGCTCGCGGGGCCGGTTCGC
sk sk ok sk ke ok sk ok sk ok sk ok ok ok sk ok ok 3k ok ok sk K sk ok sk ok sk sk ok sk ok ok ok sk ok sk ok sk K sk ok sk ok sk ok sk ok ok ok sk sk ok sk ok sk ok sk ok sk ok ok ok ok ok
TCGGGCATACTGATTCAGGAATACAGCCCCGCGGAAAAAAGGCTCGCGGGGCCGGTTCGC
AAGATTTTCACGGGTTCCCCGATAGCCTGCGTGGAAGGCCCGCACGTCTACAAGCGGGAC
AAGATTTTCACGGGTTCCCCGATAGCCTGCGTGGAAGGCCCGCACGTCTACAAGCGGGAC
AAGATTTTCACGGGTTCCCCGATAGCCTGCGTGGAAGGCCCGCACGTCTACAAGCGGGAC
sk sk sk sk ok sk ok sk ok sk ok sk ok sk K ok ok ok ok sk K sk ok sk ok sk sk ok sk ok ok ok sk ok sk ok sk ok sk ok sk ok sk ok sk ok ok ok ok sk ok sk sk ok sk ok sk ok ok ok ok ok ok
AAGATTTTCACGGGTTCCCCGATAGCCTGCGTGGAAGGCCCGCACGTCTACAAGCGGGAC
GGCTGGTACTACCTGCTCACCGCCGAGGGCGGCACGGTGTATAACCACGCGGCGACCCTT
GGCTGGTACTACCTGCTCACCGCCGAGGGCGGCACGGTGTATAACCACGCGGCGACCCTT
GGCTGGTACTACCTGCTCACCGCCGAGGGCGGCACGGTGTATAACCACGCGGCGACCCTT
sk sk ok sk ke ok sk ok sk ok sk ok ok ok sk K ok 3k ok K ok ok ok ok ok ok sk ok sk ok ok ok sk ok sk ok sk K ok K ok ok ok ok sk ok ok ok ok sk ok sk ok sk ok sk ok ok ok ok ok ok ok
GGCTGGTACTACCTGCTCACCGCCGAGGGCGGCACGGTGTATAACCACGCGGCGACCCTT
GCCCGCTCCCGCGCGTTGGAAGGGCCTTACGAGATTCACCCGCAGAACCCGCTTATCAGT
GCCCGCTCCCGCGCGTTGGAAGGGCCTTACGAGATTCACCCGCAGAACCCGCTTATCAGT
GCCCGCTCCCGCGCGTTGGAAGGGCCTTACGAGATTCACCCGCAGAACCCGCTTATCAGT



Nu bao tén
Trinh ty goc
Moi xubi

Moi ngugc

Nu bao ton
Trinh ty goc
Moi xudi

M6i nguoc

Nu bdo tén
Trinh ty goc
Moi xubi

M6i nguoc

Nu bdo tén
Trinh ty goc
M6i xudi

M6i nguoc

Nu bdo tén
Trinh tu goc
Moi xudi

M6i ngugc

Nu bdo tén
Trinh tu goc
Moi xudi

Moi ngugc

Nu bdo tén
Trinh ty goc
Moi xudi

Moi ngugc

Nu bdo tén

141

>k >k 3k 3k >k 3k 3k %k 3k 3k 3k 5k 5k 3k >k 3k 3k >k 3k 3k >k 3k 3k %k >k 3k >k >k 5k 3k %k >k 3k 3k >k 5k 3k >k 3k 3k >k 5k 3k >k >k 3k >k >k 3k >k >k 5k 3k %k >k 3k 3k > >k %k *k %k k k%

GCCCGCTCCCGCGCGTTGGAAGGGCCTTACGAGATTCACCCGCAGAACCCGCTTATCAGT
TCGCGGGGGAAGCCGGAACTGCGCCTGCAAAAAGCGGGGCACGCGAGCTGGTGCGAGACLCC
TCGCGGGGGAAGCCGGAACTGCGCCTGCAAAAAGCGGGGCACGCGAGCTGGTGCGAGALCC
TCGCGGGGGAAGCCGGAACTGCGCCTGCAAAAAGCGGGGCACGCGAGCTGGTGCGAGACLCC
K ok sk ok ok 3 ok K 3 ok K ok ok ok oK K ok K ok ok K ok ok K ok K K ok K ok ok ok ok K ok 3k 3 ok K ok K ok ok ok oK ok K ok K ok ok ok KK ok K K
TCGCGGGGGAAGCCGGAACTGCGCCTGCAAAAAGCGGGGCACGCGAGCTGGTGCGAGACC
GCCGACGGCAGAACCTACCTGGCCTTCTTGTGCGGGAGGCCGCTGCCCGGCACGCAAAAC
GCCGACGGCAGAACCTACCTGGCCTTCTTGTGCGGGAGGCCGCTGCCCGGCACGCAAAAC
GCCGACGGCAGAACCTACCTGGCCTTCTTGTGCGGGAGGCCGCTGCCCGGCACGCAAAALC
sk ok sk ok ok 3 ok K ok ok K ok ok ok K K sk K ok ok K ok K K ok K ok ok K ok sk K ok K ok K ok ok ok ok K ok oK o ok K ok ok ok K K ok K ok ok Kk ok K ok
GCCGACGGCAGAACCTACCTGGCCTTCTTGTGCGGGAGGCCGCTGCCCGGCACGCAAAALC
TGCCCGCTGGGGCGGGAGACTTCGATAGCCGAGCTGGTCTGGCACGAGGGGTGGCCGTAT
TGCCCGCTGGGGCGGGAGACTTCGATAGCCGAGCTGGTCTGGCACGAGGGGTGGCCGTAT
TGCCCGCTGGGGCGGGAGACTTCGATAGCCGAGCTGGTCTGGCACGAGGGGTGGCCGTAT
K ok sk ok ok 3 ok K ok ok K ok ok ok K K ok K ok ok K ok ok K ok K ok K ok ok ok ok K ok sk ok K ok K ok sk ok oKk ok Kk ok K ok ok ok Kk ok ok
TGCCCGCTGGGGCGGGAGACTTCGATAGCCGAGCTGGTCTGGCACGAGGGGTGGCCGTAT
GTCAAAGGCGAAGACGGAAACAGGCAGAATTTCCCCGCGGACACTTTCGAGCCTCCCGTG
GTCAAAGGCGAAGACGGAAACAGGCAGAATTTCCCCGCGGACACTTTCGAGCCTCCCGTG
GTCAAAGGCGAAGACGGAAACAGGCAGAATTTCCCCGCGGACACTTTCGAGCCTCCCGTG
sk ok sk ok ok 3 ok K ok K ok ok K ok ok K ok ok ok K ok K ok ok K ok ok 3 ok K ok K ok ok sk ok ok sk K ok sk ok K ok ok Kk ok K ok ok ok K ok ok
GTCAAAGGCGAAGACGGAAACAGGCAGAATTTCCCCGCGGACACTTTCGAGCCTCCCGTG
AAAATTGCCGCCCCGGCGCGAAAGAGGCGCGGGCGCTCTATCAGTTTGACGGCCCCGCCA
AAAATTGCCGCCCCGGCGCGAAAGAGGCGCGGGCGCTCTATCAGTTTGACGGCCCCGCCA
AAAATTGCCGCCCCGGCGCGAAAGAGGCGCGGGCGCTCTATCAGTTTGACGGCCCCGCCA
K ok ok ok ok 3k ok K sk ok K ok sk ok K ok ok ok ok K ok sk K ok K 3 ok K ok ok K ok ok K ok sk ok Kk ok K ok sk ok ok sk ok Kk ok K ok ok ok K ok kK
AAAATTGCCGCCCCGGCGCGAAAGAGGCGCGGGCGCTCTATCAGTTTGACGGCCCCGCCA
TCCACGGCGACTTCAAGACTCTCCGCGTTCCCGCCGACCCTGAACGCTGCTCGTTGACGG

TCCACGGCGACTTCAAGACTCTCCGCGTTCCCGCCGACCCTGAACGCTGCTCGTTGACGG

3k 3k 3k skook >k sk ok 3k sk sk 3k 3k Sk ok >k sk ok >k sk sk 3k sk ok ok sk ok ok 3k Sk 3k 3k sk 3k sk ok 3k sk ok 3k Sk ok >k sk sk ok 3k sk 3k sk sk 3k >k ok ok sk sk ok 3k skook sk kok ok
TCCACGGCGACTTCAAGACTCTCCGCGTTCCCGCCGACCCTGAACGCTGCTCGTTGACGG
ATGACTTGCGACGAGCAGAGCTCA= = = = = = = = = = = = o o f oo oo

ATGACTTGCGACGAGCAGAGCTCA

>k >k 3k 3k >k 5k 3k >k >k 3k >k >k 5k %k >k %k >k >k 5k >k >k %k %k %

ATGACTTGCGACGAGCAGAGCTCA- - - = - = = == == == m o m oo
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Phu luc 3: Cong thirc pha mudi va lwong (NH4),SO, bio hoa bo sung dé tiia

Xbx14 ¢ cdc néong dé khéc nhau

1. Cong thirc pha mudi (NH4),SO, bio hoa & cac nhiét 36 khac nhau

Nhiét d9 (°C) 0 | 10

20

30

40

50 | 60

Khéi luong (NH4),S0, (g)

70,6 | 73

75,4

78,1

81,2

84,3 | 87,4

2. Lwong (NH4),SO, bio hoa bé sung dé tiia Xbx14 ¢ cac ndng dd khac nhau

Dich ban dau (ml) | Bo sung amoni sulfat | Nong dd bdo hoa Nong do
b&o hoa (ml) (%) (%)
10 0 0 0
10,31 0,31 3,00679 2,345296
10,64 0,33 6,015038 4,691729
10,99 0,35 9,008189 7,026388
11,37 0,38 12,04925 9,398417
11,81 0,44 15,32599 11,95428
12,24 0,43 18,30065 14,27451
12,67 0,43 21,0734 16,43725
13,1 0,43 23,66412 18,45802
13,6 0,5 26,47059 20,64706
Dich ban diu (ml) Suﬁgtsggg ﬁg"(“ral) Nong Cz%ﬁ" hoa | \ang d¢ (%)
10 0 0 0
10,02 0,02 0,199601 0,155689
10,041 0,021 0,408326 0,318494
10,061 0,02 0,606302 0,472915
10,081 0,02 0,803492 0,626724
10,102 0,021 1,009701 0,787567
10,122 0,02 1,205295 0,94013
10,142 0,02 1,400118 1,092092
10,163 0,021 1,603857 1,251009
10,184 0,021 1,806756 1,409269
10,205 0,021 2,008819 1,566879
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Dich ban diu (ml) Suﬁgtsggg ﬁ({;;o(nr:n) Nong f}f-;/o‘;ﬁ“ hoa | Nang db (%)
10 0 0 0

10,0021 0,0021 0,020996 0,016377
10,0041 0,002 0,040983 0,031967
10,0061 0,002 0,060963 0,047551
10,0081 0,002 0,080934 0,063129
10,0101 0,002 0,100898 0,078701
10,0121 0,002 0,120854 0,094266
10,0141 0,002 0,140801 0,109825
10,0161 0,002 0,160741 0,125378
10,0181 0,002 0,180673 0,140925
10,0201 0,002 0,200597 0,156466
10,0221 0,002 0,220513 0,172




