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MO PAU
1. Ly do chon d@ tai

Lignocellulose 1a thanh phﬁn chinh cta sinh khéi thuc vat trong tw nhién dugc thai ra vdi mot khéi luong
rat 16n. O nude ta, wéc tinh hang nim, ngudn sinh khdi nay tir phé pham ndng nghiép nhu rom, ra, bi cay
mia,... lén dén 50 triéu tin. bay chinh la nguyén liéu cua nhiéu nganh cong nghiép dé tao ra cac san pham co
gia tr1 nhu con sinh hoc, chat dinh dudng bo sung cho nguoi va vat nudi,.... Hién nay bién phap xu ly cac phé
pham nay chu yéu 1a dbt gay lang phi rt 16n, anh huong tiéu cuc den mdi truong sdng va sic khoé con
nguoi. Trong cac phuong phéap xu 1y sinh khdi thyc vat, thi phuong phép sir dung tac nhan vat 1y va hoa hoc
¢6 nhiéu nhuge diém nhu ‘hiéu sudt tao duong don thap, yéu cau cac thlet bi chuyén dung phu hop véi gia
thanh cao, cic dung moi van ton du trong san pham va giy ra cac van dé vé mai truong, .. . Phuong phap xur
1y bang enzyme cO nhiéu uu diém vuot troi nhu chu dong diéu khién cac phan Gmg va san pham cua tung giai
doan chuyén hoa, khong ton du hoa chét nén than thién v61 moi trudng,.... Vi vy viée tim kiém va san xuét
ngudn enzyme thuy phan sinh khdi thuc vat, vin dang dugc quan tim & héu hét cac qudc gia trén thé giGi
trong d6 c6 Viét Nam.

Trong cac thanh phan cua lignocellulose thi hemicellulose c6 cau tric phtc tap va khong dong nhat, gdm
nhiéu loai phén tir sinh hoc khac nhau. Do d6 dé chuyén hoa triét ¢é hemicellulose can nhiéu nhém enzyme
nhu: xylanase, B-xylosidase, arabinofuranosidase, a-glucuronidase, acetyl xylan esterase, a-galactosidase,
arabinanase, ... Beta-xylosidase 13 enzyme c6 kha ning cit & vi tri dau khong khir trén mach chinh xylan va
cac phan tir duong doi xylobiose thanh dudong don xylose, nén rat can thiét trong hé thong enzyme chuyén
hoa hemicellulose.

Méi 14 loai c6 kha ning tiéu hoa lignocellulose rat hi¢u qua do sy hd trg clia hang loat enzyme nhu
cellulase, hemicellulase co nguon gbc tir vi sinh vat song trong rudt moi. Viéc tim kiém cac lignocellulase tur
vi sinh vat sng trong rudt mdi 1a mot huéng duoc nhiéu nghién ctru quan tim. Tuy nhién hau hét cac vi sinh
vat trong rudt méi van chua nudi céy duogc, nén viéc khai thac nguén lignocellulase trude day bi han ché.
Hién nay véi su ra doi cua ki thuat Metagenomics cho phép giai trinh ty toan bd hé gen clia quan xa sinh vt
thu duoc truc tiép tir mau moi truong. Két qua giai trinh DNA da hé gen tao ra nguon dit liéu khong 16 khé
c6 thé xur ly bang phwong phap thi cong, ma nho sy hd tro cua hang loat cong cu tin sinh hoc hién dai dang
lién tuc xudt hién, cap nhat va cai tién. Pay chinh 13 co s& thuc ddy su ra doi cac du an nghién clru vé DNA
da hé gen ctia hé vi sinh vat c6 kha ning chuyén hoa lignocellulose, trong d6 ¢ cac nghién ctru vé DNA da
hé gen ctia vi sinh vat trong rudt mbi.

Tir hd trg tai chinh cia dé tai hop tac Viét Nam - Nhat Ban "Phan 1ap gen md hoa enzyme
lignocellulolytic vi sinh vét trong rudt méi & Viét Nam béing ky thuit Metagenomics” giai doan 2012-
2015, DNA da hé gen ciia vi sinh vét sdng trong rudt mbi Coptotermes gestroi duoc tach chiét va doc trinh
tu. Sau khi xir 1y s6 liéu da xac dinh dugc 587 ORF ma hoa cho enzyme thiy phan lignocellulose. Céch
tim kiém va lwa chon gen ma hoa lignocellulase tir 587 ORF nay da sir dung phwong phap thi cong nhu
sau: Dau tién 1a chon timg gen ma hoa enzyme thily phan lignocellulose theo u6c doan ban dau ciia cong
ty giai trinh tu. Sau d6 khao sat ving bdo thu cua protein va thiét 1ap so bo cay phat sinh tirng loai enzyme.
Cudi cung s& lua chon ORF theo tiéu chi (1) trinh ty méi, (2) trung tdm hoat tinh rd rang, dac hiéu va (3)
trinh ty don gian dé biéu hién. Tuy nhién cach chon gen nay mat rat nhiéu thoi gian vi dir liéu DNA da hé
gen qua lon. Hon nira, phan 16n gen da dugc chon rat kho biéu hién thanh céng. 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 c6 hoat tinh yéu.

Nhitng han ché cua nghién ctru trude ddy da dat ra yéu cau phai xay dung duoc mot phwong phéap hiéu
qua, dé tim kiém nhanh duoc gen dich ma hoa dang lignocellulase tir dir 1iéu DNA da hé gen cua vi sinh
vat trong rudt mdi C. gestroi va phai c6 hoat tinh ding cia enzyme muyc ti€u sau khi biéu hién. Ngoai ra,
su da dang hé vi khuan va enzyme thuy phan lignocellulose trong rut mdi chua duge nghién ciru. Day chinh
1a 1y do dé chang toi tién hanh dé tai: “KHAI THAC DU LIEU DNA PA HE GEN, BIEU HIEN VA
NGHIEN CUU 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 ciru duge su da dang hé vi khuén va enzyme thuy phan lignocellulose trong rudt mébi C. gestroi
tir dir lidu giai trinh ty DNA da hé gen. Pong thoi xdy dung duge mot phuong phap hiéu qua dé tim kiém
nhanh duoc gen dich ma héa ding lignocellulase tir dit 1iéu DNA da hé gen cua vi sinh vat trong rudt moi
C. gestroi va phai c6 hoat tinh ding ctia enzyme muc tiéu sau khi biéu hién.



2.2. Muc tiéu cu thé

- Khai thac dugc dir liéu DNA da hé gen cuia vi sinh vt trong rudt mébi C. gestroi da cé dé nghién cuu da
dang hé vi khuan va enzyme thuy phan lignocellulose;

- Xay dyng dugc phuong phap méi va hiéu qua dé tim kiém gen muyc tiéu tir dir liéu giai trinh ty DNA da
hé gen cua vi sinh vét trong rudt mbi C. gestroi;

- Nghién ctru duge biéu hién gen Xbx14 va tinh chat ctia enzyme tham gia thity phan lignocellulose.

3. N¢i dung nghién ciru

- Nghién ctru da dang hé vi khuan va lignocellulase theo hé thdng phén loai ciia CAZY tir dit liéu DNA
da hé gen ciia hé vi khudn trong ruot mbi C. gestroi di duoc thiét 1ap;

- Tim kiém céc trinh ty axit amin cta B-xylosidase da dugc nghién ctu chi tiét vé tinh chat va lua chon
cong cu tin sinh hoc dang tin cdy dé xdy dung mau do. Sir dung miu do dé tim kiém nhanh gen ma hoa p-
xylosidase tir dir li€u giai trinh ty DNA da h¢ gen cuia vi sinh vat trong rudt mébi C. gestroi;

- Biéu hién va nghién ctru tinh chit cua p-xylosidase.

4. Doi twgng

Dur li¢u giai trinh ty DNA da h¢ gen cua vi sinh vét song trong rudt mbi C. gestroi cua phong K¥
thuat Di truyén, Vién Cong nghé Sinh hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam; mot s6 ngudn
dit liéu khai thac trén cac CSDL va cong cu tin sinh hoc.

5. Pham vi nghién ciru

Nghién ctru dic diém hé vi khuédn trong rudt mdi C. gestroi va phuong phap xy dung miu 'do phuyc vu
cho viéc khai thac va lya chon gen mong mudn tir dir liéu da hé gen ciia vi sinh vat trong rudt mdi C. gestroi
d3 co6. Thuc nghiém biéu hién gen trong té bao E. coli Rosseta 1 va xéac dinh cac dic diém cua p—xylosidase.
6. Y nghia khoa hoc va thuc tién ciia dé tai
6.1. Y nghia khoa hoc

D3 phan tich dugc hé vi khuin séng trong rudt mdi C. gestroi ¢ Viét Nam va sy da dang cic
lignocellulase theo phén loai cia CAZY;

Cung cap mot phuong phap mdi va hiéu qua cho viée tim kiém gen muc tiéu tur dir li¢u gidi trinh tw DNA
da hé gen bang mau do duoc xdy dung dua trén cac trinh tu axit amin cta p-xylosidase va cong cu tin sinh
hoc;

Pa biéu hién va xac dinh hoat tinh ctia B-xylosidase tir vi sinh vét tu do trong rudt mébi C. gestroi.

6.2. Y nghia thue tién

B-xylosidase 1a mdt enzyme mdi, c6 hoat tinh tbt, hoat dong tdi uu trong moéi trudng kiém va nhiét do
cao. Pay 1a enzyme hira hen mang lai hiéu qua cao khi tmg dung trong thuc té thity phan lignocellulose, dic
biét két hop voi phuong phap tién xur 1y sinh khi thuc vat bang kiém va nhiét.

7. Pong gop moi ciia luédn an

Pay 1a nghién ctru dau tién vé hé vi khuan song tu do va sy da dang enzyme thiy phéan lignocellulose
theo phan loai CAZY tu dit liéu DNA da h¢ gen cuda vi sinh vat trong rut moi C. gestroi ¢ Viét Nam;

Da xay dung va tng dung thanh cong mau do dua trén sy phén tich céc trinh ty axit amin thudc nhom B-
xylosidase duoc nghién ctru thyc nghiém. Stir dung mau do da tim kiém duoc gen mi hoa cho B-xylosidase tir
dir liéu trinh tw DNA da h¢ gen cua vi sinh vt trong rudt mdi C. gestroi;

p—xylosidase la enzyme mdi co ngudn goc ttr vi sinh vt trong rudt mdi C. gestroi ¢ Viét Nam, da duoc
biéu hién va tinh ché thanh cOng, v4i hoat tinh tbt, hoat dong tdi wu trong moi truong kiém va nhiét do cao.

8. Noi thue hién dé tai ludn an

Luan an dugc nghién ctru va thuc nghiém tai phong Ky thuat di truyén, Vién Cong nghé Sinh hoc, Vién
Han 14m Khoa hoc va Cong nghé Viét Nam va T Di truyén hoc, Khoa Sinh hoc, Truong Pai hoc Su pham
Ha Noi tir thang 12 nam 2013 dén thang 6 nam 2017.

Chuong 1. TONG QUAN NGHIEN CUU
1.1. LIGNOCELLULOSE VA QUA TRINH CHUYEN HOA
1.1.1. Lignocellulose: Trinh bay vai tro va thanh phan ciu tao cta lignocellulose

1.1.2. Su chuyén héa lignocellulose: M6 ta hé thong enzyme tham gia chuyén hoa lignocellulose



1.2. METAGENOMICS VA CONG CU TIN SINH HQC KHAI THAC DU LIEU DNA PA HE GEN
1.2.1. Metagenomics: Trinh bay khai niém chung vé Metagenomics, cach tiép can trong nghién ciru va tig
dung.
1.2.2. Mot s6 cong cu tin sinh sir dung dé phan tich so liéu
Mo ta ngudn gbc, co so xay dung dit lidu, cach st dung, do tin cdy cia mot s6 cong cu tin sinh hoc sir dung

trong phan tich sb lidu cia luan 4n bao gdm: BLAST, EXPASY, Phyre 2, Swiss model, TBI, Alcapred va
Phylogeny,...
1.2.3. Cac ngufﬁn dir li€u: Mo ta chi tiét bao gém nguf)n géc, luong dir li€u, cdp nhat dir liéu va do tin cay
cta hai ngudn dir liéu sir dung trong nghién ctiru gom CAZY va NCBI.
1.2.4. Mau do DNA va tng dung

So lugc chung vé mau do DNA va céc ung dung, dac biét la cac nghién ciu vé mau do d3 duge st dung
trong phéan tich DNA da hé gen.
1.3. ENZYME B—xylosidase

Néu tong quan vé enzyme B—xylosidase bao gdm tén goi, mé hinh hoat dong, ciu tric khdng gian, hoat
tinh, tmg dung va ngudn cung cip.
1.4. KHU HE VI SINH VAT VA ENZYME CHUYEN HOA LIGNOCELLULOSE
1.4.1. Mot s6 khu hé vi sinh vat chuyén héa lignocellulose

Téng quan chung vé cac khu hé vi sinh vat chuyén hoa lignocellulose trong ty nhién.
1.4.2. Hé vi sinh vt va enzyme thity phan lignocellulose trong rudt méi

M0 ta vé dic diém sinh hoc ctia mdi va sy da dang cua vi sinh vat cdng sinh trong rudt mbi — nguén khai
thac enzyme xt ly phan huy lignocellulose.
1.4.3. Tong quan nghién ctu vé da dang vi sinh vat va enzyme chuyén hoéa lignocellulose trong rudt
moi C. gestroi & Viét Nam
Tom tat cac két qua da nghién ciru vé mdi, hé vi sinh vat, enzyme thuy phan lignocellulose trong rudt ciia C.
gestroi ¢ Viét Nam, cach chon gen dé biéu hién tir dit liéu DNA da hé gen va cac véan dé can giai quyét trong
nghién clru nay.

Chwong 2. POI TUQNG, VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. POI TUONG VA VAT LIEU
2.1.1. i twong

Sur dung dir li€u trinh ty DNA da hé gen cda vi sinh vt trong rudt mbi C. gestroi da duoc chu thich béi
cong ty giai trinh tu BGIL bao gébm 125.432 ORF. Trong d6 c6 587 ORF mi hoa enzyme thiy phan
lignocellulose 1am ngudn di liéu dé chon trinh ty gen ma s6 Termite 2_ GL0112518 ma hoa B—xylosidase.

2.1.2. Hoa chit va thiét bi may méc
Cic logi héa chat: Hoa chit str dung trong nghién ctru dugc dit mua tir cac cong ty dat tiéu chuan quc té
nhu Bio-Lab (M¥), Fermentas (M¥), Sigma (M¥), Merck (Ptrc). Nghién ctru str dung cia may moc ctia phong
Cong nghé trong dieém, Vién Cong nghé Sinh hoc, Vién Han Lam Khoa hoc va Cong nghé Viét Nam.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phwong phap xdy dung mau do
Dé xay dung mau do cho enzyme p—xylosidase nghién ciru thyc hién theo so dd hinh 2.2.
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Hinh 2.2. So'dé cdc buéc co bin trong xdy dung méu do

2.2.2. Cé4c phwong phap xir Iy s6 li¢u bang phin mém tin sinh hoc

Phan tich da dang céac loai vi sinh vat dién hinh trong rudt mébi C. gestroi; Phan tich da dang ORF cua
enzyme thuy phan lignocellulose theo phan loai cia CAZY; So sanh trinh ty ORF ctia dir liéu DNA da hé
gen vai co so dit liéu cua NCBI bang BLAST; Thiét ké mdi bang phan mém FastPCR; Kiém tra vi tri cta
enzyme han ché trén gen quan tim bang phan mém tryc tuyén RestrictionMapper; Chuyén ma trinh ty DNA
sang trinh ty axit amin bang chuong trinh dich ma EXPASY; Du doan cau tric cia Xbx14 bang phan mém
Phyre2 va Swiss model; Dy doan ngudn gbc ciia gen bang cong cu BLAST-Explorer; Xac dinh d6 sach cua
protein Xbx14 sau khi tinh ché bang phan mém Quantity One.
2.2.3. Cac phuong phip vi sinh: Giir ching E. coli; ciy ria tao khuan lac don; nudi cdy vi khuan.
2.2.4. Cic phwong phap sinh hoc phan tir: Giai trinh ty DNA bang may giai trinh ty thé hé méi HiSeq2000
ctia Illumina, bién nap DNA plasmid vao vi khuén E. coli biang sb¢ nhiét, tich chiét DNA plasmid tir t& bao
vi khuan E.coli, cat kiém tra gen, dién di DNA trén gel agarose, dong biéu hién gen.
2.2.5. Cac phwong phap héa sinh protein: Phuong phap dién di bién tinh protein trén gel polyacrylamide —
SDS, tinh ché protein bang tua phan doan, dinh lugng axit nucleic/protein bang phuong phap do mat do
quang, phuong phap xac dinh hoat tinh f—xylosidase, xac dinh anh hudng cua nhiét do va pH, xac dinh d6
bén ctia enzyme, phuong phap xéac dinh théng s6 dong hoc cia enzyme.

A ] Chuwong 3. KET QUA VA THAO LUAN
3.1. NGHIENACUU bA DiANG HE VI‘KHUAN VA LIGNOCELLULASI§ THEO HE
THONG PHAN LOAI CUA CAZY TU DU LIEU DNA DA HE GEN CUA VI SINH

VAT TRONG RUQT MOI C. gestroi
3.1.1. Nghién ciru da dang hé vi khuin song trong rudt méi C. gestroi
3.1.1.1. Thanh phén cdc loai vi khuin c6 sé lwong ORF I6n trong rugt moi C. gestroi

Nghién ciru trude day da sir dung ky thuat Metagenomics giai trinh tyr da hé gen cta vi sinh vat séng
trong rudt mdi C. gestroi & Viét Nam. Trén co sé dir liéu nay ching toi s& tap trung vao phan tich vi sinh vat
chiém s6 lugng l6n nhit theo théng ké ban dau d6 chinh 1a vi khuan. Pay 1a nhom vi sinh vt tiét ra
lignocellulase quyet dinh vi¢c thuy phén hoan toan lignocellulose trong thire an cua ca mdi bac thap va m01
béc cao. Dua trén sb liéu du doan vé loai, ching toi tién hanh loc va thong ké duogc 20 loai vi khuan cé s6

luong 16n hon 300 ORF (Hinh 3.1).



Mahella australiensis
Yokenella regensburgei
Dethiosulfovibrio peptidovorans
Delftia acidovorans
Aminomonas paucivorans
Blastopirellula marina
Dysgonomonas mossii
Enterobacter cloacae
Tannerella forsythia
Candidatus Azobacteroides..
Aminobacterium colombiense
Stenotrophomonas maltophilia
Spirochaeta caldaria
Pseudomonas fluorescens
Lactococcus garvieae
Dysgonomonas gadei
Lactococcus lactis

Lactococcus raffinolactis

302
322
330
361
403
409
530
583
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Treponema azotonutricium 5202

Treponema primitia 10267
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Hinh 3.1. Biéu dé thong ké 20 loai vi khudn c6 ORF Ién nhdt trong rugt C. gestroi
3.1.1.2. Pic diém céc |0ai vi khudn giup C. gestroi qhuyén héa Nito

Tham gia vao qua trinh chuyén hda Nito gom c6 sau loai la Treponema primitia, Treponema
azotaurricium, Candidatus Azobacteroides pseudotrichonymphae, Aminobacterium colombiense,
Aminomonas paucivorans, Stenotrophomonas maltophilia. Trong d6 ba loai Aminobacterium colombiense,
Aminomonas paucivorans va Stenotrophomonas maltophilia chi c6 ¢ C. gestroi.
3.1.1.3. Pic diém céc |0di vi khudn giup C. gestroi chuyén héa lignocellulose

Vi khuan séng trong rudt C. gestroi c6 16 loai véi s6 lugng ORF 16n tham gia vao qua trinh chuyén héa
lignocellulose, bao gbém: 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 (Hinh 3.1).
Trong s6 16 loai dién hinh tham gia chuyén hoa lignocellulose trén, thi 5 loai chi xuat hién trong rudt cua
mdi C. gestroi bao gdm: Mahella australiensis, Blastopirellula marina, Yokenella regensburgei (Koserella
trabulsii), Delftia acidovorans, Dethiosulfovibrio peptidovorans.

Tém lai, dua trén sé lugng cac ORF da duoc wdc doan tur dir liéu DNA da hé gen cua vi sinh vt trong
rudt mbi C. gestroi & Viét Nam, chung t6i tim thdy 20 loai vi khuan véi s6 lwong ORF rit 16, trong d6 ¢6 03
loai tham gia chuyén hoa Nito va 05 loai tham gia thuy phan lignocellulose khong c6 & cac loai mdi khac,
gilp C. gestroi c6 thé ton tai va phat trién trong diéu kién nguon thirc an giau lignocellulose va thiéu hut
Nito. Nhu vay két qua nghién ctru da dang céc loai vi khuan c6 s6 ORF 16n trong ruét mdi C. gestroi di bd
sung thém két qua v€ h¢ vi sinh vét san Xudt lignocellulase khong chi ¢6 dong vét nguyén sinh ma vi khuén
g6p phan cung cip cac enzyme can thiét cho mbi tiéu hoa hleu qua thirc an.

3.1.2. Nghién ctru da dang lignocellulase ctia vi sinh vit song trong rudt moi C. gestroi
3.1.2.1. Pa dang ORF ma hoa lignocellulase theo phéin loai ciia CAZY

Theo udc doan ban dau ciia cong ty giai trinh ty BGI c6 587 ORF mi héa enzyme thuy phan
lignocellulose tir dir li¢u trinh ty DNA da hé gen cuda vi sinh vat trong rut moi C. gestroi. Dé danh gia sy da
dang cua cac enzyme ndy, chung toi tién hanh sip xép ching vao hé théng GH trong bang phén loai cua
CAZY. Dua vao két qua phan tich cia CAZY, s& dé dang so sanh véi két qua nghién ciru tuong ty tir cac loai
mdi khac. Két qua chi tiét dugc trinh bay trong bang 3.1.

Bdng 3.1. So sanh cac hg enzyme thay phan lignocellulose (GH) cia vi sinh vdt céng sinh trong rugt méi
C. gestroi véi mgt so lodi mai khac

GH C. gestroi Nasutitermes R. speratus R. flavipes R. flavipes
(sinh vt cdng sinh)’ | (sinh vét cong sinh)?> | (sinh vt cdng sinh)® | (sinh vat cong sinh)* | (sinh vat 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
GH8 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
GH27 24 4 — — 1
GH28 2 6 — — —
GH30 2 — — 1

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 2 4 1
GH47 — — — 1 —
GH51 50 18 — —
GH52 — 3 — — —
GH53 3 12 —

GH55 1 — — — —
GH57 — 17 —

GH58 — 1 — — —
GH62 1 — — —
GH65 — 6 — — —
GH67 20 10 — — —
GH68 1 — — — —
GH70 — — — — 1
GH74 — 7 — —
GH76 — — — — 1
GH77 1 14 — 1 —
GH78 1 — — =
GH79 18 — — = =
GH82 1 — — = =
GH85 — — — — 1
GH86 2 — — —
GH87 4 — — — —
GH88 — 9 — — —
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Do et al., 2014 (sb lidu giai trinh tir DNA da hé gen cua vi sinh vt trong rudét mébi C. gestroi bang phuong
phap Metagenomics

2\(Varnecke et al. (sé liéu giai trinh tu DNA da hé gen cua vi sinh vét cOng sinh trong rudt mbi Nasutitermes
bang phuong phap Metagenomics bang viéc 1ap ngan hang DNA da hé gen)

STodaka et al. (sd lidu giai trinh tu DNA da hé gen cta vi sinh vat cong sinh trong rudt méi R. speratus
bang phuong phap 14p ngin hang cDNA).

“Tartar et al. (s6 lidu giai trinh tuy DNA da hé gen ciia vi sinh vét cong sinh trong rudt mdi R. flavipes bang
phuong phap 1ap ngan hang cDNA).

*Tartar et al. (s6 lidu giai trinh tur DNA da hé gen cua vi sinh vét ndi sinh trong rudt mdi R. flavipes bang
phuong phap 1ap ngan hang cDNA).

* GH st dung theo phén loai theo dir liéu cua CAZY tai trang web: http://www.CAZY .org/
Dau -: khong c6; dau » khong xac dinh so lugng gen

Tu két qua so sanh cho théy su da dang hon vé ca s6 ho GH va sb luong ORF thudc vé tirng ho GH trong
rudt cta C. gestroi. Ching toi ddc biét quan tdm dén cac ho GH chi xuat hién trong ruét mbi C. gestroi dé
xéac dinh kha niang phan giai cac thanh phan cua lignocellulose, tir d6 dua ra hudng khai thac va chon duoc
gen mai tir dit liéu DNA da hé gen da c6 san. Trong cac ho GH theo phan loai cia CAZY, ho GH117 va
GH130 tham gia thuy phan cac chudi nhanh cia hemicellulose. Hai ho enzyme nay chi xuat hién trong rudt
mdi C. geStrOI v6i s6 lugng ORF kha 16n 1an luot 1 40 (GHI 17) va 10 ORF (GH130). Piéu nay chung to,
rudt mdi C. gestroi c6 kha nang thiy phan mach nhanh va cac dimer c6 nguon gbc tir hemicellulose rat hidu
qua. Su phong pht cta cic hemicellulase tir dit liéu DNA da hé gen ciia méi C. gestroi 1a co s thuan loi dé
lua chon gen ma hda enzyme phéan hiy hemicellulose trong nghién ctru thuc nghiém.
3.1.2.2. Da dang ORF ma hoa f-xylosidase theo phén logi ciia CAZY

Trong nghién ctru nay chiang t6i quan tdm dén nhém hemicellulase va mdt trong nhiing enzyme co y
nghia 16n trong qua trinh thuy phan hemicellulose la B—xylosidase. Theo uwéc doan cua cong ty giai trinh tu
BGlI, thi trong rudt cua mdi C. gestroi, c6 48 ORF ma hoa B—xylosidase, trong d6 23 ORF dugc phan loai
vao 13 loai, s6 con lai chua duoc loai dén lodi. Cac ORF duoc xép vao 8 GH khac nhau va chiém wu thé 1a
cac GH43, 51, 116. Trong sé cac ho GH chua B—xylosidase thi ho GH43 xuit hién nhiéu nhét & 7 loai vi
khuan khac nhau. Dic biét loai Treponema primitia chira ORF ctia ca 8 GH (Bang 3.2).

Bdng 3.2. Pa dang ORF va GH ciia f-xylosidase trong rugt méi C. gestroi

Loai S6 ORF | GH Loai S6 ORF GH
Bacteroides eggerthii 1 43 Lactococcus raffinolactis 2 43,116
Clostridium hathewayi 1 51 Leeuwenhoekiella blandensis 1 1
Coprococcus eutactus 1 43 Marvinbryantia formatexigens 2 1,43,116
Paenibacillus oo 1, 3,5, 10, 39,
mucilaginosus ! ! Treponema primitia ° 43,51, 116



http://www.cazy.org/

Enterobacter mori 1 43, Treponema azotonutricium 1 51

Mabhella australiensis 1 3 Dysgonomonas gadei 3 43,51, 116

Mitsuokella multacida 3 1,51

3.2. XAY DUNG PHUONG PHAP TIM KIEM GEN MA HOA B-XYLOSIDASE TU DU LIEU DNA
PA HE GEN CUA VI SINH VAT TRONG RUQT MOI C. gestroi

Chung toi tién hanh xay dyng phwong phap mai dé chon gen tir dit liéu giai trinh ty DNA da h¢ gen da c6
bang mau do. Phuong phap xiy dung mau do dugc dya trén ly thuyet ve trinh ty axit amin cua mot loai
enzyme déu c6 vung trinh ty bao thu va gdc hoat tinh bao ton giéng nhau. Khi dé co mau do c6 thé tim
nhanh trinh tu gen dich tir dit liéu DNA da hé gen cta vi sinh vat trong ru6t méi C. gestroi. Gen chon s& ma
hoa diing enzyme dich va sau khi biéu hién s& c6 hoat tinh tét. Cu thé cac bude xay dung mau do s& duoc
tién hanh dé tim kiém gen ma hoa f—xylosidase tir dit liéu trinh tw DNA da hé gen cua vi sinh vat rut méi C.
gestroi nhu sau:
3.2.1. Xac dinh cac hg GH chwa p—xylosidase theo CAZY

Nghién ctru sir dung bang phan loai cia CAZY dé xac dinh B—xylosidase thudc vé timg ho GH, véi dic
diém chi tiét vé ciu tric khéng gian, thanh phan axit amin cho va nhén proton trong qua trinh hoat dong cua
enzyme. Dya trén sy bao ton cao vé sy cudn gap trong cAu triic khong gian cuia protein, sé dugc xep VAo cac
nhom 16n “clan”. Két qua chi ra enzyme nay thudc vé bon “clan” 1a GH-A, GH-D, GH-F, GH-O va dugc
sap xép vao 11 ho GHI, 3, 30, 31, 39, 43, 51, 52, 54, 116, 120. Cac thong tin chi tiét cta timg ho duoc tong
hop trong bang 3.3.

Bdang 3.3. Cac ho GH chaa p—xylosidase theo CAZY

MAE.C |GH| Clan | M hinh céu tric khong gian | €4 Cho diéntie | Chatcho | o 45 i tie
xuc tac proton xUc tac
32137 | 1 |GH-A (B/a)s Glu Glu Giit nguyén
3.2.18 3 Asp Glu Giir nguyén
3218 | 30| GH-A (B/a)s Glu Glu Giit nguyén
3.2.1.8 31| GH-D (B/a)gbarrel Asp Asp Gilt nguyén
3.2.1.8 39 | GH-A (B/a)sg Glu Glu Gitr nguyén
3.2.1.37 | 43| GH-F 5-fold B-propeller Asp Glu béo nguoc
3.2.1.37 | 51| GH-A (B/a)s Glu Glu Giit nguyén
3.2.1.37 | 52 | GH-O Asp Glu Gilt nguyén
3.21.37 | 54 Gilt nguyén
3.2.1.37 |116] GH-O Asp Glu Gilt nguyén
3.2.1.37 | 120 Asp Glu Gilr nguyén

3.2.2. Tim kiém céc trinh ty axit amin ciia p—xylosidase di dwgc nghién ctru thue nghiém

Bdng 3.4. Tong hep die ligu da dwec nghién cieu chi tiét vé p—xylosidase

S6 Mi s6 trong ] sé pH hoat | Nhiét dp
thw GENBANK Vi khuan aXI.t dong toi hoat dong
£ 0
tw amin uu toi wu ("C)
GH1
1 | CAD20872.1 | bacterium enrichment culture clone P11-6 | 464 | 6 | 40
GH3
1 | CAD48309.1 | C. stercorarium | 715 | | 50
GH30
| ABX45137.1.1 | Bifidobacterium breve | 448 | 6 | 45
GH43
1 CAA29235.1.1 Bacillus pumilus 535 7 40
2 AAC97375.1 Bacillus pumilus PLS 535 6 45
3 AAC27699.1 bacterium Bacillus sp. KK-1 533 55
4 BAA02527.1 Clostridium stercorarium 473 7 65
5 BAC879411 Clostridium stercorarium 497 3,5 80
6 AFZ7887.1 Enterobacter sp. enrichment culture clone 536 6 40



http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.8
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37
http://www.enzyme-database.org/query.php?ec=3.2.1.37

nf1B6

7 AATI9862.1 Geobacillus stearothermophilus T-6 (XynB3) | 535 6,5 60
8 ABC750041 Geobacillus thermoleovorans 1T-08 511 5 70
9 ADV16404.1 Paenibacillus woosongensis 477 6-7 30-45
10 AEF2882.1 Thermobifida fusca TM51 550 4,5 50
11 BAF982351 Vibrio sp. XY-214 535 7 36

GH52
1 BAA74507.1 Aeromonas caviae 729 8,7 60
2 AGE344791 Geobacillus stearothermophilus 705 5,5 70
3 ABI149956.1 Geobacillus stearothermophilus 705 6,3 65

GH120

Thermoanaerobacterium saccharolyticum

1 ABM68042.1 IW/SL-YS48 636 6 65

Chung t6i tién hanh tim kiém céc trinh ty axit amin hodc gen mi héa p—xylosidase dap tmg duoc ba tiéu
chi: (1) Cac trinh ty gen ma héa p—xylosidase da dugc nghién ciru thuc nghiém va phai ¢ thong tin chi tiét
vé kha nang biéu hién, nhiét 6 va pH hoat dong tdi wu, dé dam bao trinh tu nay chic chin c6 hoat tinh ding
ctia p—xylosidase; (2) Chi chon cac trinh tu gen/axit amin tir vi khudn, dé dam bao d6 tuong ddng va tring
khop céc vi tri axit amin bao ton; (3) Céc trinh ty khong dugc khac nhau quéa nhiéu vé do dai, dé sau khi xay
dung duoc mau do sé tim dugc gia tri tham chiéu t6t nhat vé mirc d bao phi va twong dong ciia mau do véi
cac trinh ty dich can tim. Ngudn dé tim kiém céc trinh ty axit amin lién quan dén p—xylosidase rat da dang,
nhung chu yéu tir CAZY va NCBI. Két qua chi tiét dugc tong hop trong bang 3.4.

3.2.3. Nhém cac trinh tw di tim kiém dwoc dé xic dinh ving twong dﬁng bing Clustalw - PBIL

ClustalW — PBIL 1a cong cu cho phép so sanh nhidu trinh ti axit amin dé xac dinh mic do bao ton cua
cac vi tri axit amin va sy tuong ddng giita cac trinh ty. Két qua so sanh céc trinh ty cta cong cu ndy sé dua ra
mot trinh ty bao tdn cao nhit (Ky hiéu Prim. cons). Sau khi nhap dir liéu ClustalW-PBIL s tinh toan va tra
két qua sau vai phut tily vao s lwong trinh ty can so sanh. Dé c6 thé xdy dung duge miu do, yéu ciu sb
lugng trinh ty ma hoa P—xylosidase cang nhiéu thi do tin ciy cua mau do sé cang cao. Dya trén s6 liéu thu
thap trinh ty axit amin thudc vé cac ho GH (Bang 3.4), chi duy nhat mot ho GH43 ¢6 sb lugng trinh ty du 16n
(11 trinh ty) dé c6 thé so sanh tim vung tuong ddng v&i nhau. Chung t6i nhan thay cac enzyme thu thap duoc
trong ho GH43 hoat dong t6i wu ¢ pH axit (pH = 3,5) dén trung tinh (pH = 7) va nhiét do tur 30°C dén 80°C,
c¢6 ngudn gdc tir vi khuan, d6 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 trlnh tu thudc GH43 bang phan mém ClustalW — PBIL nhu h1nh 3.2.
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Hinh 3.2. Két qud so sanh si twong déng cia 11 trinh tw ma héa p—xylosidase va xay dwng mdu do cho
p-xylosidase thugc hg GH43. Ghi chu: Mirc do bao thu cua cac goc axit amin duwoc danh dau tir dau “*”
den dau “:” dau “.” va khong duwoc danh dau. Cac vi tri gach chén trong trinh ti Prim. cons sé duroc dung

lam mdu do. Trinh tw 1,2 3, ....

la cdc trinh ti tir Bang 3.4 thudc ho GH43 tir s6 thir tw 1 dén 11

Dua vao murc d6 bao tdn cac vi tri axit amin, khi so sanh 11 trinh tu cho théy: ¢4 7 vi trf axit amin bao ton
cao nhat, hoan toan giéng nhau (mau do), 32 vi tri bao t6n & mirc trung binh, gidng nhau & da sb cac trinh tu
(mau xanh lyc) va 30 vi trf bao ton thap hon, gidng nhau & mot s6 trinh ty (mau xanh lam). O cac vi trf axit
amin con lai chi so sanh sy giéng nhau & cung mdt vi tri. Két qua so sanh c6 71 vi tri axit amin giéng nhau tir
8 dén 10 trinh tyr (mau cam), 102 vi tri gidng nhau tir 6 dén 7 trinh tyr (mau hong) O cac vi tri khac loai axit
amin nao chiém ty 18 l6n hon s€ duogc gitr lai (mau den). Trong trudng hop s6 lugng gitra cac loai axit amin
bang nhau thi trinh tu cudi cung s€ dé s6 - dai dién cho sd luong loai axit amin Idp lai nhiéu nhat (Vidu $6 2,
nghia 1a gitra 11 trinh ty ¢6 02 loai axit amin c6 s6 luong 16n nhit bang nhau). Nhitng vi tri axit amin c6 it
hon 50% trinh ty s& dugc danh déu 1a mau tim. Két qua nay cho thdy trinh ty axit amin ctia p—xylosidase
thudc ho GH43 & vi khudn bao ton rat cao, dam bao cho sb liéu mau do dang tin cay.

3.2.4. Xay dung miu do va gia tri tham chiéu
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Hinh 3.3. Trinh tw mdu do ciia f—xylosidase thujc ho GH43



Cin cr vao két qua so sanh giita 11 trinh ti thudc ho GH43 chung t6i s& lira chon cac vi tri dwoc bao ton
(mau do, mau xanh luc, mau xanh lam), vi tri cac da sb axit amin giéng nhau (mau cam va mau héng), Vi tri
chiém ty 1¢ 16n hon (mau den) va vi tri c6 loai axit amin bang nhau (s6) d¢ dam bao do dai dé xay dung mau
do. Nhirng vi tri khac (mau tim) s& loai bo. Mau do nay s& duoc so sanh lai v6i 11 trinh tu dé xac dinh mirc
d6 bao phii va trong dong bang BLASTP.

Mau do ctia ho GH43 duoc xdy dung bao gdm c6 464 axit amin. Trong d6 chira toan bd 7 axit amin mau
do, 32 vi tri mau xanh luc, 30 vi tri mau xanh lam, 71 vi tri axit amin mau cam, 102 vi tri mau héng, 165 vi
tri mau den va 57 vi tri 1a s& (Hinh 3.2). Trinh ty mau do thu duoc cho ho GH43 nhu hinh 3.3.

Két qua so sanh mirc do twong dong gitta mau do véi ting trinh tu cho thiy cic trinh ty ma hoa B
xylosidase GH43 phai c6 diém t6i da trén 17, d6 bao phu va do twong dong tdi thiéu 60% va 30% so voi mau
do (Bang 3.5). Tuy nhién, két qua so sanh ciing cho thdy mau do nay pht hop nhét véi cac trinh tw sé 1, 2, 3,
6,7, 8, 10, 11 (chi s6 diém t6i da trén 200, do twong dong trén 37% va do bao phii trén 99%) va khong dai
dién tét cho cac trinh tu s6 4, 5, 9 vi chi sé diém tbi da va do tuong déng thép. Tim hiéu sau hon vé trinh tu
4,5 va 9 cho thay: trinh ty 4 va 9 déu ma hoéa enzyme hai chirc ning B-xylosidase/o-arabinofuranosidase véi
hoat tinh ciia a-arabinofuranosidase manh hon va trinh ty 5 ma héa cho p—xylosidase. Do d6 dé kiém ching
chinh xac hoat tinh cua trinh tw axit amin 4, 5 va 9 mét lan nira chung t61 sir dung cong cu Swiss model. Két
qua cho thiy cdu tric khong gian ctia ca 03 trinh tir ‘nay déu tuong ddng cao voi ciu trac caa B- xylosidase/a-
arabinofuranosidase (Bang 3.6). Két qua nay c6 thé gia dinh rang trinh ty 4, 5 va 9 sir dung lam mau do c6
diém t6i da thip co thé 1a do ching thyc hién ddong thoi 02 chic ning, nhung chirc ning alpha-
arabinofuranosidase hoat dong manh hon, con voi trinh tg 5 nghién cou chua thir hoat tinh alpha-
arabinofuranosidase.

Bing 3.5. So sanh mirc dé twong dong ciia mau do véi cdc trinh tw thuéc ho GH43

Trinh tw Diém t6i da Tong diém [P bao phii (%)| GiatriE [P twong dong (%)
Trinh ty 2 608 608 100 0 72
Trinh ty 1 603 603 99 0 71
Trinh ty 3 596 596 99 0 71
Trinh ty 7 547 547 99 0 66
Trinh ty 6 444 444 99 5E-155 56
Trinh ty 10 358 377 98 9E-122 51
Trinh ty 11 351 351 99 4E-119 49
Trinh ty 8 231 248 99 2E-73 37
Trinh ty 5 101 134 83 3E-27 30
Trinh ty 4 25.8 76.2 61 0.003 33
Trinh ty 9 17.3 113 60 1.2 46
Bing 3.6. Uéc dodn ciu triic bdc ba ciia trinh tir 4, 5, 9 bang Swiss model
N o , Do Do Phuong A . Ze 4o
Trinh tw| Khudn Hoat tinh bao | tuong phap Cau truc | Phoi tir

phi | dong

Trinh tu 4|/4nov.1.A |Xylosidase/arabinofuranosidase Xsa43E | 0,6 | 30,28 X-ray, 3A | monomer | 1xCA

Trinh ty 5|3c2u.1.A [Xylosidase/arabinofuranosidase 0,94 | 27,08 | X-ray, 3A homo- 4x
tetramer B3P
Trinh tu 9 SgEL(.l. B-xylosidase/a-arabinofuranosidase 0,56 | 36,84 |X-ray,1.7A | monomer None

D¢ khai thac t6i da cac trinh ty gen ma héa enzyme c6 hoat tinh ctia p—xylosidase, khi str dung mau do
céac trinh tur c6 diém t6i da, d6 twong dong va do bao phu tbi thiéu lan luot 1a 17, 30% va 60%. Tuy nhién dé
dam béao chéc chin trinh tu gen lya chon khi dua vao thuc nghi€ém thanh cong, nén chon cac trinh tu cé diém
t6i da, do twong dong va do bao phi t6i thiéu 1an lugt 1a 200, 37% va 99%.

3.2.5. Khai thac trinh ty gen ma héa p—xylosidase bang miu do tir s6 liéu DNA da h¢ gen ciia vi sinh
vét trong rudt médi C. gestroi

Cong ty BGI khi giai trinh tu dua vao CSDL cta KEGG da chu giai 46 trinh tu ¢6 hoat tinh f—xylosidase
thuoc ho GH43. Khi str dung mau do, néu st dung chi sb diém tdi da trén 17, d6 bao phu va do tuong déng
tbi thiéu 60% va 30% thi chung t6i lya chon dugc 25 trinh tu, trong d6 ¢6 20 trinh tu trung véi du doan BGLL
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Tuy nhién van ¢6 05 trinh ty st dung mau do tim kiém dugc lai khong nam trong dy doan ctia BGI (Bang

3.7).
Bdng 3.7. So sanh sé lweng trinh tw khai thac bang mdu do véi du dodn ciia BGI
Két qua dur Két qua khai thac bing miu do
doan caa BGI Ma gen Ble(_lll; tot Tong diém bo lz;: )phu Gullztr! bo tu’g)l/:g dong
GL0104795 GL0104795 382 382 99 1le-130 48
GL0020896 GL0020896 285 285 62 3e-96 54
GL0117445 GL0117445 285 285 62 3e-96 54
GL0076106 GL0076106 243 259 85 2e-77 38
GL0006405 GL0006405 227 271 68 7e-75 57
GL0044986 GL0044986 225 256 87 Te-72 37
GLO0077826 GL0077826 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 GL 0088906 154 193 62 2e-48 53
GL0016592 GL0016592 130 160 64 8e-40 49
GL0021333 GL0021333 99,8 117 77 2e-27 30
GL0090776 GL0090776 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 GL0079004 37,0 85.1 65 5e-07 36
GL0050001 GL0050001 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
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Hinh 3.4. Két qud du dodn twong dong dic higu trinh tu va cac goc hogr dgng cia cac trinh tuw dwot lya
chon bang mdu do GH43. Chii thich: GH43_XYL: ho glycosyl 43 c6 kha nang phdn hiy cau trac beta-D-
xyloside; XynB2: enzyme beta-xylosidase

Khao sat lai ving bao thu b;"lng BLASTP tit ca cdc trinh ty du doan ma hoa B—xylosidase ctia BGI va mau
do du doan cho thay: Tat ca 25 trinh ty dugc lya chon bang miu do, cho thiy ching déu chira nhitng ving
dic thu cho B—xylosidase (specific hit) va ¢ vi tri hoat dong (active sites) (Hinh 3.4). Trong khi dé rit nhiéu
trinh ty gen ma hoa p—xylosidase do BGI du doan khong mi hoa cho enzyme nay. Diéu nay chimg to viée
xdy dung mau do dé tim kiém va lya chon duoc it trinh tu gen hon so voi dy doan cua BGI, nhung chinh xac
hon.
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3.2.6. Khio sat cAu triic bic 3 ciia cac trinh tw p—xylosidase da khai thac bang miu do
Pé xac dinh mirc d6 chinh xéc ciia cac trinh tu da lwa chon béng méu do, chung t6i tiép tuc kiém tra lai cau
trac khong gian bang cong cu Swiss model. Két qua cho thy da s céc trinh ty duogc lya chon bang mau do
deu duge ude doan c6 céu truc twong ddng cao véi p-xylosidase. Tuy nhién mot sb trinh tir c6 gia tri diém
t6i da (Max score) thap dudi 100, thi hoat tinh khdc Bp—xylosidase nhu hoat tinh arabinofuranosidase va
xylanase (Bang 3.8). Két qua nay cho thay, chi sé diém tdi da 1a rat quan trong dé xem xét tinh xac thuc cua
gen, protein khi sir dung cic cong cu tin sinh hoc dé wdc doan. Két qua nay mot 1an nita giup chung toi
khang dinh viéc chon chi s6 diém ti da trén 200 lam gia tri tham chiéu khi str dung mau do s& giup cho do
chinh xac cao hon khi chon gen dua vao thuc nghiém.
Bdng 3.8. Uéc dodn céu tric bdc ba cria céc trinh tar bang Swiss model

Diém D b < g
Ma gen " Khubn Hoat tinh bao | twong | Phwong phap | Cau trac Phoi tir
toi da . A
phi | dong
Xylosidase/
GL0104795 | 382 |3c2u.l.A Arabinosidase 0,95 | 54,77 X-ray, 1.3A 4 x B3P
GL0020896 285 | 3c2u.l.A beta-D-xylosidase 0,93 | 52,11 X-ray, 1.3A 4 x B3P
. . 4 X XYS-XYS, 4
GL0117445 285 2exj.1.A beta-D-xylosidase 0,96 | 55,34 X-ray, 2.2A homo- % CA. 3 X MES
tetramer 4 X XYS-XYS, 4
GL0076106 243 | 2exk.1.A | beta-D-xylosidase | 0,94 | 37,55 X-ray, 2.2A % CA. 3 X ME’S
. 4 x XYS-XYS, 4
GL0006405 227 | 2exk.1.A beta-D-xylosidase 0,98 | 59,53 X-ray, 2.2A % CA. 3 x MES
. . 4 X XYS-XYS, 4
GL0044986 225 | 2exj.1.A beta-D-xylosidase 0,94 | 40,29 X-ray, 2.2A x CA., 3 x MES
GLO0077826 | 216 | lyrz.1.A | beta-D-xylosidase | 0,96 | 57,85 X-ray, 2.0A monomer Khong
GL0112518 216 | lyrz.1.A beta-D-xylosidase | 0,93 | 58,86 X-ray, 2.0A monomer Khong

homo- | 4 x XYS-XYS, 4
tetramer | x CA, 3 x MES

homo-

GL0001262 214 | 2exk.1.A | beta-D-xylosidase | 0,94 | 36,73 X-ray, 2.2A

GL0095948 173 | 1yi7.1.A | beta-D-xylosidase | 0,93 | 46,52 X-ray, 1.9A tetramer 4xCA

GL0015489 | 161 |2exh.lA | beta-D-xylosidase | 0,98 | 46,56 | X-ray, 1.9A t:tcr’;“rgér 4% CA, 3x MES

GL0088906 | 154 | 1lyrz.1.A | beta-D-xylosidase | 0,96 | 64,1 X-ray, 2.0A monomer Khong

GLO016592 | 130 |1yi7.1A | beta-D-xylosidase | 098 | 489 | X-ray,1.0A | homo- 4xCA
tetramer

GL0021333 99,8 | lyrz.1.A beta-D-xylosidase 0,96 | 31,65 X-ray, 2.0A monomer Khéng

Endo-1,4-beta- homo- | 4 x XYS-XYS, 4

GL0090776 | 54,7 | 2exj.1.A 0,42 | 2422 | X-ray, 2.2A

xylanase tetramer | x CA, 3 x MES
GL0083296 | 439 |3c7g.1A E”i‘;‘liﬁ;sbeem' 0,93 | 3388 | X-ray,2.0A | monomer| 4xXYP,1xCA
GL0091901 | 404 |3c7g.1.A E”i‘)’/‘é’:a'sbeeta' 001 | 31,94 | X-ray,2.0A | monomer| 4x XYP, 1x CA
GL0079004 37 lyrz.1.A xylan beta-1,4- 0,94 | 18,62 X-ray, 2.0A | monomer Khéng
xylosidase
GL0050001 | 358 |3geelA | Pylosidaselrl- g qq | gooq | 3 16A | monomer 1XxCA
arabinofuranosidase
GLO106540 | 347 |4nov.lA |  Prvlosidaselo- g g0 | 5500 |y ey 13A | monomer 1XxCA
arabinofuranosidase
GLO119754 | 932 |2exhia | Vianbeald- oo | 4577 | Xeray, 1.9A | MOMO | 4y CA 3 x MES
xylosidase tetramer
GL0039878 | 558 |1yrz1A | Vlanbetald- o0 | 5109 | Xeray, 208 | monomer Khong

xylosidase




Endo-1,4-beta-

GL0122352 | 27,3 | 3kst.1.A 0,9 36 X-ray, 1.7A monomer 1xCA
xylanase
Endo-1,4-beta- homo- | 4 x XYS-XYS, 4
GL0068837 246 | 2exk.1.A xylanase 0,89 | 25,68 X-ray, 2.2A tetramer | X CA. 3 x MES
GL0042431 | 227 |3c7i1A E”‘i‘;'éff;sbeeta' 082 | 3208 | X-ray,1.5A | monomer 1x CA

Cha thich: B3P:2-[3-[[1,3-dihydroxy-2- (hydroxymethyl)propan-z-yl]amino]propylamino]-2-hydroxymethy|)
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 tdi da trén 200, d6 twong dong tbi thiéu 1a 37% va do bao phi
thap nhat 14 99% duoc kién nghi & trén dé chon gen dura vao thyc nghiém, thi chi duy nhat 01 trinh tu dat yéu
cau vé cac chi s6 tham chiéu. Do d6 dé co nhiéu su lra chon gen hon khi dua vao thyc nghiém, ching toi van
su dung mau do cua ho GH43 véi chi s6 tham chiéu vé do bao phu 12 60%, do tuong dong 1a 30% va nhung
diém t6i da phai trén 200. Nhu vay véi cac chi sé nay, ching t6i loc duge 11 mé gen tir dit liéu trinh tu DNA
da hé gen cua vi sinh vat trong rudt mbi C. gestroi bang mau do la: GL0104795, GL0020896, GL0117445,
GL0076106, GL0006405, GL0044986, GL0077826, GL0112518, GL0001262, GL0095948, GL00154809.
3.2.7. Dy doan ciu triic va chirc ning ciia cAc gen ma hoa p—xylosidase bang mdt s6 cong cu tin sinh
hoc

Viéc lya chon gen dé thuc nghiém s€ uu tién cac trinh ty tr Kkét qua duoc lya chon bﬁng mau do va udc
doan ban dau 1a ORF hoan thién. Trong sé 11 mi gen, c6 04 ma gen 1a hoan thién gom GL0104795,
GL0076106, GL0001262 va GL0112518 c6 mirc d bao phu va twong ddng voi mau do nhu bang 3.9.

Bdng 3.9. Pg bao phii va twong dong véi mdu do ciia cac gen ma héa f—xylosidase

STT Ma gen Mikc dd bao phii (%) | Mikc d twong dong (%) Gen hoan thién
1 GL0104795 99 48 X
2 GL0020896 62 54
3 GL0117445 62 54
4 GL0076106 85 38 X
5 GL 0006405 68 57
6 GL 0044986 87 37
7 GL0077826 67 48
8 GL0112518 67 56 X
9 GL0001262 82 35 X

10 GL0095948 63 39
11 GL0015489 67 42

Néu theo tiéu chi tot nhat dé chon gen dua vao thuc nghiém 1a diém tdi da trén 200, do tuong dong va do
bao phii 14 37% va 99%, thi trong 04 md gen hoan thién chi c6 ma gen GL0104795 thoa man cac tiéu chuan
trén. Tuy nhién, ngoai viéc chon dugc gen md héa p—xylosidase biéu hién thanh cong trong thuc nghiém,
ching tdi dic biét quan tim dén kha ning enzyme hoat dong tdi wu trong méi trudong kiém va nhiét d6 cao.
Do d6 st dung cong cu Alcapred va TBI dé tiép tuc chon loc 04 gen hoan thién bang cac du doan pH va
nhiét do hoat dong t6i wu.

Bdng 3.10. Két qud dw dodn pH va nhiét @ hoat dong ciia cdc mi

en f—xylosidase
STT Ma gen S6 axit amin pH hoat dong Nhiét d§ 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

Str dung phﬁn mém TBI du doan nhiét do hoat dong tdi wu cua enzyme cho the"iy: cd 4 enzyme déu c6 kha
nang hoat dong t8i wu & nhiét do tir 55°C dén 65°C. Khi du doan pH hoat dong t6i wu béng phﬁn mém
Alcapred, két qua cho thiy cdc ma gen GL0104795; GL0001262; GL0076106 va GL0112518 véi chi s6 du
doan lan luot 1a 0,217171; 0,509051; 0,871792 va 0,984522 (Bang 3.10). Theo két qua dy doan ctia phan
mém nay chi s6 cang gan voi gia tri bang 1, thi pH hoat dong t6i wu trong méi truong kiém s& cang cao va
nguoc lai cang gan véi 0 thi pH hoat dong t6i wu s& trong moi trudng axit. Nhu vy méa gen GL0112518
duoc du doan voi két qua chiu kiém cao nhat s& duoc vu tién lya chon dé dua vao thuc nghiém.
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Tém lai, str dung mau do ctia enzyme p—xylosidase ciia ho GH43, v6i do dai la 446 axit amin, gia tri tham
chiéu vé mirc d6 twong dong, do bao phu va diém tbi da t6i thiéu lan lugt 12 60%, 30% va 200, chung t6i lya
chon duoc 11 ma gen ma héa p—xylosidase tir dit liéu giai trinh tw DNA da hé gen c6 san. Trong dé chi co
ma gen GL0112518 la hoan thién, dugc du doan c6 kha nang hoat dong t8i wu & nhiét d6 cao va pH kiém.
3.2.8. Mot s6 dw dosn chi tiét gen GL0112518 ma hda p—xylosidase (Xbx14)
3.2.8.1. Két qua dw dodn chikc ning ciia Xbx14 bing BLASTP . )

Ma gen GLO112528 c6 chiéu dai 1a 1077 bp. Két qua dy doan bang BLASTP cho thay ma gen nay
mé& hoa cho Xbx14 thudc ho GH43, dung nhu dy doén ban dau khi lya chon bang mau do (Hinh 3.6).
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consortium
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Hinh 3.7. M0 hinh cdu trac khdng gian (A) dwa vao khuon clylfC va trung tam hoat déng (B) cia
enzyme Xbx14

Phan tich ciu trc bac hai Xbx14 duoc ma hda béi ma gen lua chon cé 41% la cac chudi gap nép B,
1% la chudi o va 62% trinh tu axit amin khong xac dinh duoc (Hinh 3.7A). M6 hinh ciu tric khdng gian
cho thdy cac chudi axit amin cia Xbx14 cudn gap lai dang hinh cau, c6 do twong dong va bao phu cao
nhét 1a 97% so Voi Cau truc beta-xylosidase cua Bacillus 2 subtillis (Hinh 3.7B).
3.2.8.3. Kiém tra nguén géc ciia ma gen GL0112518 bang cong cu Blast -Explorer

St dung cong cu Blast -Explorer cua Phylogeny.fr dé kiém tra nguon gdc clia md gen GL0112518. Két
qué cho thdy ma gen ndy nam trong nhanh phat sinh ciia cac vi khuan Treponema primitia (Hinh 3.8). Day
chinh 12 nhém vi khuén chiém sb lwong ORF 16n nhit, dic trung trong rudt mdi C. gestroi (Hinh 3.1).

Tom lai str dung BLASTP, chung t6i dy doan mé gen GLO112518 ¢6 chiéu dai 1a 1077 bp, ma hoa dung
p—xylosidase. Str dung cong cu kiém tra nguon gdc cho thiy, ma gen GLO1 12518 tuong dong cao nhét voéi
trinh ty gen tir vi khuan Treponema primitia — vi khuan dic trung trong rudt méi C. gestroi.
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E————1
—

GLOTI2SIS_QUERY
Clostridia_bacterium_c25|KUO72(96.1 |

Piémtbida E-value
¥ wP_010255887.1 (WP_010255887.1)

WP_ 0-0‘55°°“ 1 xylan 1,4-beta-xylosidase [Trepcnema primictiaj
ss==> Show/Hide Alignment

tp

2 e-136

VI WP_013700334.1 {WP_013700334.1}
NP_01 3 00334.1 xylan 1,4-beta-xylosidase [Trepcnema succini... S61 e-128
====> Show/Hide Alignment

N

v WP _ 009104132 1 {WP_009104132.1}
P_

W nng 04132.1 glycoside hydrclase 43 family protein [Irepo... 456 e-125
—— Show/sze Alignment

V] WP_027728697.1 (WP_027728697.1}

K?_ﬁzf‘ £697.1 xylan 1,4-becta-xylcsidase [Irepcnema sp. CEAS]) 456 e-125
====> Show/Hide Alignment

v KUD72096.1 {KUO72096.1)

KU072096.1 glycoside hydrolase family 43 [Clostridia bacter... 395 e-107

====> Show/Hide Alignment
Hinh 3.8. So dé nguon géc ma gen GL0112518
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(+)

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 thiy cac khuin lac moc tron, déu va dic trung cia vi khuén
(Hinh 3.9A). Phan tich bang dién di san pham tach plasmid 05 khuan lac trén dia bién nap Pet22Xbx cho
thiy, tit ca déu chay cao hon so vdi vector ddi chimg khong mang gen (Hinh 3.9B). Két qua nay chimg t6
vector Pet22b(+) c6 doan DNA chén vao ving da ndi, nén kich thude 16n hon va s& chay chdm hon.

A B

Hinh 3.9. Két qud bién nap vector Pet22Xbx (4) va dién di dé phan tich san pham tach dong gen Xbx14
(B). Duong chay 1: Plasmid Pet22b(+); Duwong chay 2-6: Plasmid Pet22Xbx

Nghién ctru tién hanh kiém tra gen Xbx14 trong vector Pet22Xbx bang phan tmg PCR, cit kiém tra bing
enzyme han ché va gii trinh tw gen.

So dd cac enzyme cat han ché trén vector pET22Xbx cho thiy enzyme Xhol, Ncol chi c6 1 diém cit, con
Hincll c6 3 diém cit trén vector (Hinh 3.10A). Két qua PCR bang cip mdi dic hidu cho duy nhat mot bang



sang, sic nét va tuong duong véi kich thude ciia gen Xbx14 (Hinh 3.10B). Khi sir dung enzyme cit riéng r&
HinclI cho ra ba bang véi kich thudc 1an luot 1a 4 kb, 1.8 kb va 0.6 kb va cit dong thoi bang Ncol, Xhol cho
ra hai bang sang 1 voi 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 xéac véi tinh toan 1y thuyét, ching
t6 gen Xbx14 di duoc gin vao vector pET22b(+).

bp
T7 terminator 6xHis
XhoI (15
Hincll (¢
G Hincll (e11
AmpR '—_-— 6000
NcoI (124 —
pelB signal sequence gt 3000
% RBS —
"""""" T7 promoter 1500
1000
Xbx14
500

Hincll (2643

A B c

Hinh 3.10. So dé vi tri cdt ciia enzyme cdt hgn ché Hincll, Xhol va Ncol trén vector Pet22Xbx (4), di¢n
di s@én pham PCR (B) va sdn pham cat Pet22Xbx bang Ncol va Xhol, Hincll (C)
buong chay 1, 5: Thang DNA chudn (Fermentas), dwong chay 2: San pham PCR gen Xbx14, dwong chay 3:
cat Pet22Xbx Hincll, dwong chay 4: Pet22Xbx bang Ncol va Xhol

Két qua sau khi giai trinh ty bang mdi xudi va mdi nguoc dic hiéu da dugc xur ly cho thiy trinh tuy gen
Xbx14 da duoc gin vao vector tich dong pET22b(+) dung nhu trinh tw gbc ban déu (Phu luc 1).
3.3.1.2. Dong biéu hi¢n gen ma héa Xbx14 va chaperone trong E. coli Rosetta 1

Vector tai t6 hop pET22Xbx duoc bién nap vao chung biéu hién E.coli Rosetta 1 dé khao sat biéu hién.
Két qua protein Xbx14 biéu hién rat tot, nhung khong tan. Vi vay nghién ctru nay tiép tuc tién hanh dong
biéu hién gen Xbx14 trong vector pET22Xbx va gen tong hop cac chaperone GroEL (60 kDa), DnaK (70
kDa) va DnaJ (40 kDa) trong vector pG - KJE8. Két qua dong biéu hién voi chaperone sau 5 gio cam tng,
duogc phan tich bang dién di trén gel SDS-PAGE 12,6% (Hinh 3.11). Dién di d6 cho thiy khi tién hanh dong
biéu hién v6i chaperone thi ca DnaK, Dnal, GroEL va Xbx14 déu xuat hién ¢ dang tan véi bang to, dam va
dung kich thude 1y thuyét. Mit khac protein Xbx14 khong xuét hién & dong dbi chig khong cam tmg IPTG.
Khi so sanh voi san pham biéu hién gen Xbx14 khong cd chaperone, thi protein Xbx14 hau hét nim ¢ pha
taa. Diéu nay chimg t6 dong biéu hién véi chaperone di giup cho Xbx14 di biéu hién tot va ¢ dang tan. Pong
thoi két qua thir hoat tinh tho cho thdy dng ddi chimg (PC) khong c6 mau vang dic trung ctia pNP do sy xtic
tac chuyén hoa ciia B-xylosidase nhur dng co protein Xbx14 tai t6 hop (Hinh 3.12).
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Hinh 3.11. DPién di dé phan tich so sdnh san

pham dong biéu hién gen Xbx14 véi chaperone  Hinh 3.12. Két qua thir hoat tinh thé ctia Xbx14
trong E. coli Rosetta 1 trén gel SDS-PAGE 12,6 %



M: Thang protein chudn (Fermentas); PC: Protein tong so khong cam vmg IPTG, Xbx14: protein Xbx14
biéu hién khéng c6 chaperone; Xbx14-Chaperone: protein Xox14 dong biéu hién véi chaperone pG-KJES;
TS: protezn ¢ dang tong sé; S: protein & dang tan; P: protein ¢ dang tia
3.3.1.3. Téi wu diéu kién biéu hién gen Xbx14
a. Nghién ciru dnh hwéng ciia nhiét d¢ dén biéu hi¢n gen Xbx14 trong té bao E. coli Rosetta 1
25°C 30°C
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Hinh 3.13. Mgt dé té bao biéu hiégn ~ Hinh 3.14. Di¢n di do phan tich biéu hién
E. coli Rosetta 1 (DE3) mang Xbx14 trong chung E. coli Rosetta 1 sau 6 gio
pET22Xbx cam wng IPTG ¢ cdc cam wng 0,5 mM IPTG o 20°C, 25°C, 30°C trén
nhiét djp 20°C, 25°C va 30°C gel PAGE-SDS 12,6%

Puong chay PC: doi chimg dm, protein tong so ciia dong té bao bleu hién mang vector Pet22Xbx khéng
cam ung IPTG; dwong chay TS: protein tong sé biéu hién trong té bao mang Pet22Xbx; duwong chay S:
protein dang tan biéu hién trong té bao mang Pet22Xbx; _dwong chay P: protein dang khong tan biéu hién
trong té bao mang Pet22Xbx; dwong chay M: protein chudn unstained (Thermo scientific)

Trong nghién ctru chiing t6i Iya chon ba nhiét 6 thip hon nhiét do sinh trudng cua E.coli 1a 20°C, 25°C
va 30°C dé kiém tra kha ning biéu hién ctia Xbx14. Mit khac theo khuyén cdo ctia nha cung cép vector pG-
KJES thi nhiét do thich hop dé cc chaperone biéu hién ¢ dang tan 1a dudi 25°C. Két qua thu té bao cho thiy
mat d6 té bao thu dugc sau 5 gio cam mg cao nhat & 30°C va thap nhat & 20°C (Hinh 3.13). Két qua dién di
d6 cho thiy protein Xbx14 duoc tao thanh c6 ca dang tan va dang khong tan ¢ ca 20°C, 25°C, 30°C (Hinh
3.14). Mic du lugng protein tai té hop téng s6 Xbx14 duogce tao ra & 30°C la cao nhit, nhung luong protein
Xbx14 dang tan & 20 C 1a nhiéu hon. Két hop khuyén cdo cua hiang cung cip vector pG-KJEB va két qua
luong protein tai to hop tan ¢ cac nhiét do trén, ching toi s€ lya chon nhiét do 20°C dé biéu hién gen Xbx14
trong cac thi nghiém tiép theo.

b. Nghién ctvu anh hwéng ciia nong dp IPTG dén hiéu qud cim iing

0D600

OD thu mau
- ¥} w . w (2] ~

0 005 01 03 05 07 1 12 15
Néng d6 IPTG (mM)

Hinh 3.15. Mt d¢ té bao biéu hién E. coli Rosetta 1 (DE3) mang Pet22Xbx cdm #ng IPTG ¢ cac nong dé
tir 0,0 dén 1,5 mM

D¢ kiém tra anh huong ciia ndng d6 IPTG cam tmg dén hidu qua biéu hién gen Xbx14 trong té bao E.coli

Rosetta 1 & 20°C, chung t6i da chon 9 n(‘Sng d6 IPTG cam tng 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. Tét ca cac miu da cam tmg dugc nudi & 20°C trong thoi gian 5 gio.



Mau té bao cam ung & mdi nf)ng d6 IPTG thu duoc, sé do ODgg dé so sanh sinh khéi cudi cung Két qua cho
thay noéng d6 IPTG ccang tang tr 0,0 mM dén 1 ,5 mM thi sinh khdi té bao thu duoc giam dan (Hinh 3.15).
Két qua cam ung biéu hién Xbx14 tong s6 ¢ cac ndng d6 IPTG khac nhau duoc kiém tra bang dién di trén gel
polyacrylamide 12,6% c6 SDS (Hinh 3.16). Tir dién di d6 kiém tra protein Xbx14 tong sé cho thdy: & ndng

d6 IPTG 14 0,05 mM lugng protein tai t6 hop Xbx14 thu dwoc nhiéu nhét.
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Hinh 3.16. Di¢n di dé phén tich protein Hinh 3.17. Di¢n dt do phén tich protein
Xbx14 téong sé biéu hién trong té bao E. Xbx14 tan biéu hi¢n trong té bao E. coli
coli Rosetta 1 cam irng 09 nong dé IPTG Rosetta 1 (DE3) cam ung 09 nong dj
trén gel PAGE-SDS 12,6% IPTG trén gel PAGE-SDS 12,6%

Cdc duong chay 0,0 — 1,5: 1a protein tong sé/tan biéu hién khi té bao diroc cam ing nong dé IPTG tir 0,0
dén 1,5 mM; dwong chay M: protein chudn (Thermo scientific)

Kiém tra lugng Xbx14 dang tan cho thiy & cc nong do IPTG cam tig khac nhau thi lugng protein tai to
hop tan ciing ty 18 thuan vai lugng protein Xbx14 tong s6 (Hinh 3.16, Hinh 3.17). Do d6 dé thu dugc sinh
khoi té bao va lugng protein Xbx14 nhiéu nhat, ciing nhu ty 1¢ protein dang tan cao nhét thi ndng d6 IPTG
cam tmng thich hop nhat 1 0,05 mM.

C. Anh hwéng ciia thoi diém cam teng dén higu qud biéu hién protein Xbx14
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Hinh 3.18. MGt dj té bao biéu hi¢gn E. Hinh 3.19. Di¢n di do protein Xbx14 biéu hi¢n trong

coli Rosetta 1 (DE3) mang pET22Xbx té bao E. coli Rosetta 1 (DE3) cam iing IPTG tgi cic
cam trng o cdc OD gy khdac nhau ODgyy=0,7; 1,0; 1,5 trén gel PAGE-SDS 12,6%

Puong chay DC: doi chitng am, protein tong sé ciia dong té bao biéu hién khéng cam img IPTG, dwong
chay TS: protein tong sé biéu hién trong té bao mang Pet22Xbx; dwong chay S: protein dang tan; dwong
chay P: protein dang khéng tan; dwong chay M: protein chudn unstained (Thermo scientific)

Mau té bao duoc nudi ¢ 25°C dé cam tmg biéu hién chaperone va 20°C cam tmg biéu hién Xbx14. Mat do
té bao thu dugc sau 5 gid cam tmg dugc do OD dé kiém tra. Két qua chi ra khi cam tmg IPTG & ODgy 12 1,5
thu dugc luong sinh khéi t& bao 16n nhéat (Hinh 3.18). Mau té bao thu duoc tiép tuc kiém tra lugng protein
Xbx14 téng sb va & dang tan. Két qua kiém tra bang dién di trén gel polyacrylamide 12,6% c6 SDS cho thiy,
khi cam Gng tai thoi diém ODggo 12 0,7 va 1,5 thu duoc lugng protein Xbx14 tong sb va tan twong dwong
nhau. Tuy nhién cam tmg & ODg = 1,5 thu dugc sinh khéi té bao 16n hon (Hinh 3.19). Do d6 ching t6i s&
chon cam Ung & ODgy = 1,5 cho cac thi nghiém tiép theo.



d. Anh hwéng thoi gian thu méu dén hiéu qud biéu hién Xbx14
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Hinh 3.20. Mgt dé té bao
biéu hién E. coli Rosetta 1
(DE3) mang pET22Xbx thu
méu sau 5, 8, 15 va 20 gio
cam urng

Hinh 3.21. Pién di dé phan tich protein Xbx14 biéu
hién trong té bao E. coli Rosetta 1 (DE3) thu mau
sau 5, 8, 15 va 20 gio cam ung IPTG trén gel PAGE-
SDS 12,6%

Puong chay PC: doi chitng dm, protein tong sé cia dong té bao biéu hién khong cam iing IPTG; dwong
chay TS: protein tong so biéu hién trong té bao mang Pet22Xbx; duwong chay S: protein dang tan, dwong
chay P: protein dang khéng tan; dwong chay M: protein chudn unstained (Thermo scientific).

Té bao sau khi cam ung 0,05 mM IPTG & ODggp 1a 1,5 s& duoc nudi tiép & 20°C, mau sé duoc thu lai dé
kiém tra sau 5 gio, 8 gio, 15 gio va 20 gio cam ung. Két qua do ODegoo 0 cdc thoi diém thu mau khac nhau
cho thiy mat do té bao tang dan tir 5 gid va dat cao nhat tai thoi diém 15 glo sau d6 giam tai thoi diém 20
gid (Hinh 3.20). Mau té bao biéu hién sau khi thu, tlep tuc dugc pha bang siéu am dé kiém tra mirc d6 biéu
hién va dang tan ciia Xbx14. Két qua cho thiy luong protein Xbx14 tong s6 va tan thu duoc tai thoi diém thu
mAu sau 5 gio cam tng it nhat, sau 8 gid va 15 gio ting 1én va 20 gid mic du mat do té bao da giam, do moi
truong thiéu chit dinh dudng, nhung luong protein Xbx14 téng sé va tan van 6n dinh (Hinh 3.21). Két hop
v6i 6 lidu mat do té bao thu mau cudi cung, chung t6i lya chon thoi diém thu mAu 1a sau 15 gio cam ung, O
20°C.

Nhu vy cac didu kién t6i vu dong biéu hién Xbx14 vdi cac chaperone trong té bao E. coli Rosetta 1 bao
gom: nhiét do biéu hién 20°C, ndng d6 IPTG cam tng 0,05 mM, ODggo cam tng 1,5 va thu miu sau 15 gid
cam ung.

3.3.2. Tinh ché Xbx14

Theo thiét ké ban ddu gen GL0112518 duoc gin vao vector biéu hién pET22b(+) tai vi tri da ndi, phia sau
c6 mdt doan trinh tu ma hoa cho 6 axit amin Histidine tich dién 4m dé st dung trong tinh che bang cot sac ki
ai lyc. Tuy nhién miu protein Xbx14 chi tan trong nudc va bi tia hoan toan ¢ noéng do mubi rat thap bay la
1y do chiing t6i khong st dung duoc cot sic ky ai luc, ma sir dung mubi (NH,),SO, dé tinh ché bang cach tua
phén doan.
3.3.2.1. Tinh ché Xbx14 bang muéi (NH4),S04

Két qua cho thay Xbx14 bi taa theo tung phan doan tir nong do mudi cao, dén nong d6 mudi rat thap.
Hinh 3.22A cho thay Xbx14 bi tua & ndng do mudi 5% (NH,),SO0,, tiép tuc bi tua khi st dung cac ndng do
mubi (NH,),SO, thap hon 1a 3% (Hinh 3.22B), 1% (Hinh 3.22C), 0,2% (Hinh 3.22D) va 0,02% (Hinh
3.22E). Cang & ndng do mudi thp protein khong mong mudn bi tia cing Xbx14 it dan. Hau nhu cac loai
protein ¢ kich thudc 16n hon Xbx14 khong bi tia, do d6 ma luong protein tap nhiém con rét it. Dé tiép tuc
lam sach cac protein tap nhidm, chung t6i dwa trén diém ding dién cua protein Xbx14 va kha ning hoa tan
trong dém c6 pH khac nhau. Két qua chi ra, hiu hét cic protein khong mong muén di bi hoa tan, con Xbx14
van taa trong dém phosphate pH = 9. Nhu vdy viée sir dung dém phosphate pH = 9 dé rira taa, tiép tuc gitp
tinh sach Xbx14 (Hinh 3.22F).
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Hinh 3.22. Di¢n di do két qua tia protein Xox14 biéu hién trong té bao E. coli Rosetta 1 (DE3) bang
mudi (NH4)2SO4 theo phdn doan 5% (A), 3% (B), ‘y (C), 0,2%(D), 0 02% (E) va rira tiia bang dém
phosphate pH = 9 (F). Puong chay TS: protein tong sé biéu ‘hién trong té bao mang Pet22Xbx; duwong chay
S: protein dang tan; dwong chay 5%, 10%,... twong iing nong dé muoi (NH,),SOy sir dung dé tia Xbx14;
dwong chay F: dich cudi ciing sau khi tiia protein tan; dwong chay R: dich sau khi rita tiia protein Xbx14
bang dém phosphate (pH=9); dwong chay L: Xox14 sau khi rita bang dwong chay dém phosphate; M:
protein chudn unstained (Thermo scientific)

3.3.2.2. Kiém tra dd sach ciia Xbx14 sau tinh ché bang phin mém Quantity one
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Hinh 3.23. Két qud kiém tra d sach ciia Xbx14 sau khi tinh ché bang muéi (NH,),SO, v riva bang dém
phosphate (pH = 9)

Bing phan mém Quantity One, do sach tuong ddi cua protein Xbx14 da tinh ché dugc danh gia ¢
muc dinh luong. Mau dugce do ham luong va tinh todn cho mdi dudng chay 1a 2 pg va 4 pg protein (Hinh
3.23A). Mot vi tri nén (BGR) c6 mau sic va do sang gidng v6i nén & vi tri bang protein Xbx14 trén anh quét
ban gel dugc lya chon. Mbi bing dién di duge chi ra bdi mot dinh dudng cong twong tng trén db thi (Hinh
3.23B va 3.23C). Két qua phan tich hinh anh dién di dwgc quét va dugce tinh todn cta protein Xbx14 so véi
v6i protein tong s6 chiém 19,8%. Tuy nhién sau khi tinh ché thi Xbx14 chiém ty 1& 92,7%.



3.3.3. Nghién ciru tinh chit ciia Xbx14
3.3.3.1. Xdc dinh hoat tinh ciia Xbx14

Hoat tinh ctia Xbx14 dugc xac dinh bang co chit pNPX 10 mM pha trong dém phosphate (pH = 7)
theo phuong phap cua Teng va cong su. Sau khi 0 1,5 gio bang mit thudong quan sat cho thay & mau phan
{mg xuét hién mau vang dic trung ciia pNP, con mau dbi chimg (PC) khong xuat hién mau vang. Hoat tinh
ctia enzyme s& dugc xac dinh chinh x4c bang phuong phap do Elisa ¢ budc song 405 nm. Két qua do duoc
tinh toan theo dudng chuan cho thiy, sau 2 gio phan tmg 30 pl Xbx14 (0,253 mg/ml) thity phan 20 pl pNPX
10mM tao ra lugng pNP 1a 0,1692 uMol (Hinh 3.24).
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Hinh 3.24. Két qua thir hoat tinh ciia Fig 3.25. Két qua xdc dinh hoat tinh ciia
Xbx14 bang co chat dac hiéu pNPX Xbx14 trén cac co chat khdac nhau

3.3.3.2. Xdc dinh tinh dic hiéu co chit ciia Xbx14

Mot sb co chét phd bién 1a CMC, p-nitrophenyl-B-glucoside (pNPG), 4-nitrophenyl p- D-xylopyranoside
(pNPX) va xylan dugc st dung dé kiém tra tinh dic hiéu cia Xbx14. Trong d6, pNPX 14 co chat dic hiéu
dang tan ctua Xbx14, CMC la co chit dic hiéu cua endoglucanase, xylan 1a co chat dic hiéu cua xylanase va
PNPG 14 co chat dic hiéu coa - glucosidase. Két qua kiém tra cho thay, Xbx14 thé hién hoat tinh cao nhét
trén co chat pNPX, c6 hoat tinh yéu vdi co chat xylan va khong phén cit co chat CMC va pNPG (Hinh 3.25).
Diéu nay chimg t6 Xbx14 c6 hoat tinh dic hiéu ciia enzyme p—xylosidase phan cit cac duong doi xylose va
phan cét phan tir duong & cac dau cia mach xylan.
3.3.3.3. Nghién ciru dnh hwéng ciia nhigt dp dén hoat tinh ciia Xbx14

Tiép tuc nghién ciru hoat dong t6i wu ciia enzyme Xbx14 theo mot dai nhiét d6 1a 20°C, 30°C, 40°C, 50°C,
60°C, 70°C, 80°C va 90°C. Két qua cho thiy hoat tinh p—xylosidase ting dan tir 20°C dén 60°C va giam dan
khi nhiét do ting dén 80°C va giam manh ¢ nhiét do 90°C. Nhu véy, nhiét do thich hop nhét cho hoat dong
ctia Xbx14 1a 60°C (Hinh 3.26), cao hon hau hét cac nghién ctru d cong bd vé nhiét do hoat dong cua p—
xylo§idase va dang véi du doan cta cong cu TBI. Pay hira hen sé& 1a mot enzyme mdi, ¢6 kha nang chiu nhiét
rat tot.
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Hinh 3.26. Anh hwéng nhigt dp dén hoat tinh Xbx14 Hinh 3.27. Anh hwing pH dén hoat tinh ciia Xbx14 é 60°C

3.3.3.4. Nghién ciru dnh hwéng ciia pH dén hoat tinh ciia Xbx14

Theo wéc doan bang phan mém Alcapred, Xbx14 1a enzyme c6 kha ning hoat dong tdt & ving pH kiém.
Két qua kiém tra hoat tinh cho thdy, enzyme khong c6 hoat tinh & pH = 5, hoat tinh ting dan tir pH = 6 dén
pH = 9 va dat gi4 tri cao nhat & pH = 9. Sau d6 hoat tinh giam nhe ¢ pH = 10 va giam sau ¢ pH = 12 (Hinh



3.27). Nhu véy pH hoat dong t6i wu cua Xbx14 thich hop trong mé1 trudong kiém tinh, dung vdi dy doan ban
dau khi st dung cong cu Alcapred. Enzyme nay co tiém nang ung dung rat hiéu qua khi két hop véi cac didu
kién xir 1y sinh khéi thuc vat bang dung dich kiém. Pay ciing chinh 14 enzyme ma chiing t6i dang mudn tim
kiém trong nghién ciru nay.
3.3.3.5. Nghién ciru d bén nhiét ciia Xbx14

Xbx14 dugce xtr 1y ¢ nhiét d tir 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C va 90°C trong cac khoang thoi
gian khéc nhau 1 gio va 2 gio trudc khi 0 véi co chat, dé kiém tra d6 bén nhiét. Két qua cho thay ¢ nhiét do
16n hon 70°C, Xbx14 mét hoan toan hoat tinh dii 12 thoi gian xir 1y ngén nhit (1 gid). O cac nhiét do tir 20°C
dén 60°C, hoat tinh enzyme gan nhu 6n dinh sau khi xir Iy nhiét tir 1 dén 2 gio. Nhu vay enzyme Xbx14 kha
bén nhiét trong khoang nhiét d6 20°C dén 60°C (Hinh 3.28).
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Hinh 3.28. Hogt tinh ciia Xbx14 khi xii Iy 6 cic Hinh 3.29. Anh hwiéng mét sé ion kim loai v
nhiét dp khdc nhau héa chit lén hogt tinh ciia Xbx14

3.3.3.6. Nghién ciru dnh hwéng ciia mét sé ion kim loai va héa chét lén hoat tinh ciia Xbx14

Pé danh gia anh hudng ciia ion kim loai 1én hoat tinh cua Xbx14, ching t6i di tién hanh theo phuong
phéap dugc mo ta boi Lee va cdng sy hodc Shi va cong su. Két qua chira & néng d6 10 mM, céc ion kim loai
déu 1am ting hoat tinh cta enzyme Xbx14. Imidazol v&i nong d6 10 mM khéng anh huéng dén hoat tinh cua
Xbx14, tuy nhién & ndong d6 1 uM 2- mercaptoethanol va 1 pM urea lam giam dang ké dén hoat tinh cua
Xbx14 (Hinh 3.29).
3.3.3.7. Nghién ciru dic diém dong hoc ciia Xbx14
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Hinh 3.30. Sw phu thugc ciia téc dg phdn ing ciia enzyme vao néng dé co chit
pNPX theo Linewever-Burk
Hang s6 Km ciia Xbx14 duoc xac dinh boi dai nong do co chat pNPX tir 2,0 dén 20 mg/ml trong dém
phosphate pH = 9. Thong sé dong hoc dugc xac dinh tir d6 thi Lineweaver-Burke. Két qua cho théy, véi
luong protein Xbx14 1a 0,253 mg/ml, phwong trinh phu thudc giita tbc d6 phan ing véi nong d co chét da
tuan theo ham y = ax+b v6i d tin cdy cao R* = 0,9937 (Hinh 3.30). Dya trén phwong trinh, Km va Vmax
cua Xbx14 tuong ung la 3,18 mM va 6,5 umol/phut. Do do, hoat tinh riéng ctia Xbx14 dat dugc la 24,54



U/mg. So v&i hoat tinh riéng ciia cac p-xylosidase di dugc nghién ciru tir nAm va vi khuan, thi hoat tinh ctia
Xbx14 kha cao.

T6m lai nghién ctru hoat tinh cia Xbx14 cho thay day 1a mot enzyme mdi, c6 kha ning hoat dong t6i wu &
nhiét do cao (60°C), moi trudng kiém (pH = 9) va bén nhiét, voi hoat tinh riéng tot 1a 24,54 U/mg. Enzyme
nay htra hen s& mang lai nhiéu loi ich kinh té khi két hop v6i phuong phap xir 1y sinh khi thuc vét bang
kiém va nhiét trong thuc tién.

KET LUAN VA KIEN NGHI
Két luan

1. Nghién ciru da khai thac duge 20 loai vi khudn c6 sd luong ORF 16n phu hop voi ché d6 an gd giau
llgnocellulose va nghéo Nito' cua mdi C. gestroi tir dir lidu trinh ty DNA da hé gen. Trong d6 co 03
loai tham gia chuyén hoa Nito va 05 loai tham gia thuy phan lignocellulose khong c6 ¢ cac loai mdi
khac. Pong thoi xac dinh cac lignocellulase ciia vi sinh vat ruot mbi C. gestroi thudc vé 52 ho GH
khéc nhau theo phan loai cia CAZY.

2. Xay dung duoc phuong phap tim kiém gen tir dir liéu trinh ty DNA da hé gen bang miu do dwa vao
cac trinh ty axit amin di nghién ctru tinh chdt va sy hd tro cta cac cong cy tin sinh hoc, theo dinh
hudng tng dung vé kha nang chiu nhiét va chiu kiém cua enzyme. St dung mau do thudc ho GH43 cb
d6 dai 1a 464 axit amin da tim kiém duoc gen GL0112518 mé hoa p—xylosidase tir dir liéu DNA da hé
gen cuia vi khuan rut méi C. gestroi;

3. Biéu hién thanh cong gen Xbx14 c6 hoat tinh p—xylosidase dung nhu du doan ban dau, véi cac thong
s6 dong hoc theo phuong trinh Lineweaver-Burk 1a Km = 3,18 mM, Vmax = 6,5 pmol/phut va hoat
tinh riéng dat dugc 1a 24,54 U/mg. Pay 1a mot enzyme méi, c6 hoat tinh tot voi kha ning hoat dong toi
uu trong diéu kién nhiét do cao va pH kiém.

Kién nghi
Thir nghiém str dung enzyme Xbx14 két hop véi cac cellulase va hemicellulase khac dé 1am hdn hop
enzyme thiy phan hoan toan lignocellulose.

i i CONG TRINH CUA TAC GIA
1. Nguyén Minh Giang, Do Thi Huyén, Truong Nam Hai (2015). Str dung cong cu tin sinh trong nghién

clru metagenomic - hudng nghién ctru va ing dung mdi trong sinh hoc. Tap chi khoa hoc Truong DHSP
TP.HCM, s6 thang 2 ndm 2015.

2. Nguyén Minh Giang, D5 Thi Huyén, Truong Nam Hai (2016). Str dung mot s6 cong cu tin sinh khai
thac gen mi hoa enzyme thily phan lignocellulose tir dit liéu da hé gen cuia vi sinh vat trong rudt mdi
Coptotermes gestroi. Tap chi Céng nghé Sinh hoc 14(1 ): 39-47.

3. Nguyen Minh Giang, Do Thi Huyen, Truong Nam Hai (2016). In silicon mining for alkaline enzymes
from metagenomic DNA data of gut microbes of the lower termite Coptotermes gestroi in Viet Nam. Tap chi
Sinh hoc 38(3): 374-383. DOI: 10.15625/0866-7160/v38n3.7811.

4. Nguyén Minh Giang, 5 Thi Huyén, Phung Thu Nguyét, Truong Nam Hai (2017). X4y dung probe dé
khai thac va chon gen ma hda xylan 1-4 beta xylosidase tur dir li€u giai trinh tu da hé gen. Tap Chi Cong
Nghé Sinh Hoc. Chdp nhén dding.

5. Nguyén Minh Giang, Nguyén Minh Thu, Nguyén Thi Duyén, D5 Thi Huyén, HO Thi Thuong, Pham
Bich Ngoc, Chu Hoang Ha, Truong Nam Hai (2017). Thiét ké vector biéu hién pCB301-Xbxs14-ELP va
biéu hién gen Xbxs14 ma hoa Xylan 1,4-beta xylosidase tir vi sinh vat ru6t mbi Coptotermes gestroi trong
cdy thudc 14 Nicotiana benthamiana. Tap chi Sinh hoc. Tap chi Sinh hoc, 39(2): 239-248.
DOI: 10.15625/0866-7160/v39n2.9843.

6. Nguyén Minh Giang, Pham Hai Nhu, Nguyén Minh Thu, D3 Thi Huyén, Dinh Nho Théi, Truong Nam
Hai (2017). Biéu hién gen Xbxs14 mi hoa xylan 1,4-beta xylosidase co ngudn gbc tir vi sinh vat ruét moi
Coptotermes gestroi trong té bao Escherichia coli Rosetta (DE3). Tap Chi Cong Nghé Sinh Hoc 15(3):1-7.


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://dx.doi.org/10.15625/0866-7160/v36n4.6177

