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LOI CAM DOAN

T6i xin cam doan luan &n: "Xay dwng co s6 dir lieu DNA metagenome hé vi
khuan da cé dé va khai thac, nghién cu tinh chat cia endo-xylanase" 1a cong
trinh nghién ctu cua chinh minh duéi sy huéng dan khoa hoc cua tap thé hudng
dan. Luan &n su dung thdng tin trich dan tir nhiéu nguon tham khao khac nhau va
cac thong tin trich dan duoc ghi rd ngudn gbc. Céc két qua nghién ciu caa toi dugc
cdng bd chung véi cac tac gia khac da duoc sy nhat tri cua dong tac gia khi dua vao
luan &n. Cac s liéu, két qua duoc trinh bay trong luan &n 12 hoan toan trung thuc va
chua tirng duoc cong bd trong bat ky mot cong trinh ndo khac ngoai cac cong trinh
cdng bd cua tac gia. Luan an dwgc hoan thanh trong thoi gian t6i 1am nghién cau
sinh tai Hoc vién Khoa hoc va Céng ngh¢, Vién Han 1dam Khoa hoc va Céng nghé
Viét Nam.
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T6i xin bay t6 16ng biét on siu sic téi GS. TS. Truwong Nam Hai va PGS.
TS. P§ Thi Huyén, Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam da dinh huéng nghién ctru, huéng dan tan tinh va tao moi diéu kién
cho t6i hoan thanh luan an nay.

T6i xin bay to 10ng cam on sdu sic t6i cac can bo, thay cd tai Hoc vién Khoa
hoc va Cong nghé va Vién Cong nghé sinh hoc, Vién Han lam Khoa hoc va Céng
nghé Viét Nam di giang day va chi bao cho tdi kién thirc chuyén mdn va céc ky
ning can thiét, ciing nhu tao moi diéu kién thuan loi cho tdi trong qua trinh hoc tap
va lam thu tuc bao vé luan an.

T6i xin chan thanh cam on tap thé Phong Ky thuat di truyén, Vién Cong nghé
sinh hoc - noi t6i thuc hién luan an nay - da giup do, chi bao tan tinh cling nhu chia
sé nhitng kinh nghiém chuyén mén quy bau.

T6i xin cam on sy hd tro kinh phi tir Bé tai Nghi dinh thu cip Nha nudc, hop
tac gita Viét Nam va Cong hoa Lién bang Puc (md sé NPT.50.GER/18) do GS.
TS. Truong Nam Hai lam chu nhiém va mot phan kinh phi tr dé& tai
DTDLCN.15/14 do PGS. TS D5 Thi Huyén Iam cha nhigm.

Cudi cung, tdi xin cam on gia dinh, ban bé d3 gitap d&, dong vién va chia sé
kho khin cung toi trong sudt thoi gian qua!
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MO PAU

Thuc té hién nay, nhién liéu hoa thach (than d4, dau mo, khi dét...) van dong
vai tro 16n chi phdi sy phat trién caa kinh té thé gigi nhiéu nim qua. Qua nhiéu nim
khai thac, cac ngudn nhién liéu nay dang ngay cang can Kiét va viéc sir dung ching
gay ra nhiéu hau qua tiéu cuc vé moi trudng séng. Nham diéu chinh thich ang voi
bién ddi khi hau, kiém ché sy néng 1&n toan cau, bao dam phéat trién bén viing,
nhiéu qudc gia trén thé giéi da di theo huéng st dung nhién liéu tai tao thay thé cho
nhién liéu hoa thach va trong d6 phai ké dén nhién liéu sinh hoc [1].

Lignocellulose, mot trong nhitng ngudn nguyén liéu tai tao doi dao trén Trai
Dit tich trix trong cac phu pham san xuit nong 1am nghiép nhu than cay, 14 cay...
Phan 16n céc loai rac thai nay bi dét bo, gay lang phi va anh huong nghiém trong
dén chit lugng méi truong séng ciing nhu sitc khoe cua ngudi dan. Véi su phat
trién ciia cong nghé sinh hoc, lignocellulose c6 thé dugc chuyén hoa thanh nhién
liu sinh hoc va cac chat c6 gia tri khac thay thé cho nguén nguyén, nhién liéu
khdng thay thé, phuc vu phéat trién kinh té x& hoi. Dién hinh, furfural va 5-
hydroxymethylfurfural - mot trong nhitng san pham dugc chuyén hoa tir
lignocellulose - duoc dung dé diéu ché rat nhiéu loai dung méi, polymer, nhién liéu
va cac hop chat hitu ich khéac [2]. Vi vay, viéc tan dung nguon nguyén liéu du thira
nay khéng nhiing lam giam thiéu 6 nhiém moi truong ma con gop phan giai quyét
nhu cau nang lugng qudc gia, tao nguon thu nhap tai chd cho ndng dan.

Trong nhitng nam gan ddy, chung ta da c6 nhiéu giai phap dé tan dung duoc
ngudn sinh khéi trén. Tuy nhién, trén thuc té, lignocellulose 1a sinh khdi ran chac
khé chuyén hoa va duong héa. Viéc chuyén hda lignocellulose trong céng nghiép
hién nay cha yéu bang cac phuong phap vat ly va hoa hoc rat phirc tap, cé gia thanh
cao va chua thyuc sy hidu qua va kho xir ly cac chat thai hda hoc. Huéng xur ly phan
giai lignocellulose bang phuong phap sinh hoc than thién véi méi trudng ngay cang
dugc xem trong va ng dung rong rdi. Van dé khai thac nhiing enzyme phan giai
lignocellulose (goi chung la lignocellulase) cé hoat tinh cao da va dang 1a mot trong
nhitng huéng nghién ctu trong tm caa nhiéu nha khoa hoc trén thé giéi.

Vi sinh vat n6i chung va vi khuan noéi riéng da tir 1au duoc nghién cau chang
minh ¢ rat nhiéu &ng dung thuc tién trong cac linh vuc caa doi sbng con ngudi bao
gom san xuat cdng nghiép, ndng nghiép, xu 1y moi trudng, khai thac vat lisu méi,
san xuit cac ché pham y dwoc hoc... Vi khuan khu trd trong céc khu hé giau
lignocellulose nhu mun dét [3], duong tiéu hoa cua dong vat nhai lai [4],... duoc
xac dinh 1a nhitng ngudn tiém ning dé khai thac gene n6i chung va gene phan giai



lignocellulose néi riéng vi sy da dang va phong phd cua chdng. Tuy nhién, thuc té
hién tai 99% cac loai vi sinh vét van chua thé phan 1ap va nudi ciy dugc. Bé khic
phuc han ché do, k¥ thuat Metagenomics cho phép nghién ciru va danh gia truc tiép
va tong thé tat ca céc loai vi sinh vat trong mau ma khéng can nudi cay [5]. Vi vay
day 1a ngudn gene quan trong cho khai thac cac gene ma hoa lignocellulase.

Trong tu nhién, nhiéu loai sinh vat c6 kha ning thuy phan lignocellulose nhd
cau tric hé cellulosome gom nhiéu loai enzyme thuy phan lignocellulose tao cau
trlc theo trat tu phan cat nhat dinh gan trén bé mat té bao. Vi du cellulosome cua C.
cellulovorans c6 mang cac enzyme cellulase, hemicellulase, pectinase, chitinase va
nhiéu enzyme phu trg khac dé phan giai thanh té bao thuc vat [6]. Cac vi khuan
thuoc nganh Bacteroidetes dac biét la chi Prevotella lai c6 cac vung sir dung
polysaccharide (PUL-polysaccharide ultilization loci) mang mot chudi gene ma hoa
nhiéu loai enzyme khéac nhau gitp té bao chuyén hoa lignocellulose thanh duong
don. Cellulosome va PUL dugc tim thiy rat phong phua, da dang trong da co dé,
tuan 16¢ nhung celulosome chua tim thay trong da c6 ctia dong vat nhai lai khac nhu
trdu, bo. Vi vay, hé sinh thai mini cta da coé dé nubi ¢ Viét Nam la mot trong nhiing
hé rat tiém ning, chwa duoc nghién ciu nhiéu. Vi vy, nghién ctu nay duoc thyc
hién dé giai ma DNA da hé gene vi khuan trong da co dé (giai ma tao bo dit liéu
nho, thong thuong (dung luong khoang 8-10 Gb) va giai ma sau (dung luong trén
40 Gb) dé danh gia kha ning khai thac gene cua ca hai bo dir lidu) va tim cach tiép
can méi nham khai thac hiéu qua enzyme phan giai lignocellulose, bao gdom cac
nhom enzyme tién xir ly, enzyme phan giai cellulose, hemicellulose va lignin. Do
d6, ching toi dd thyc hién d& tai luan an: “Xay dwng co sé di lidu DNA
metagenome hé vi khudn da cé dé va khai thac, nghién cizu tinh chdt ciia endo-

xylanase”.
e Muc tiéu nghién ciru:
- Xay dung duoc bo dir lidu DNA metagenome cua hé vi khuan da co dé;

- Biéu hién va nghién ciru duoc tinh chat cia mot endo-xylanase ma hoa tir gene
trong bo dir liéu gene chuc ning phan giai lignocellulose tr mau DNA
metagenome vi khuan da co dé.

e Noi dung nghién cwu:

Pé dat dugc muc tiéu cua dé tai, ching t6i da thuc hién cac noi dung nghién
ctru chinh sau:

1. Nghién ciru giai ma DNA da hé gene cua vi khuan trong da co dé véi dung lugng



thong thuong (8-10 Gb) va dung luong I6n (giai ma sau, 45-50 Gb), xay dung bo
dir liéu va danh gia da dang vi khuan trong da co dé;

. Khai thac gene va thiét 1ap céng cu HMM chd giai chirc ning gene cho khai thac
gene ma hda enzyme/protein tham gia chuyén héa lignocellulose.

. Nghién ctu lya chon gen, biéu hién va xac dinh dic diém endo-xylanase ma hoa
boi gene trong dit liu DNA metagenome cua vi khuan trong da co dé.

Y nghia khoa hoc thuc tién caa Luan an:
* ¥ nghia khoa hoc:

- Bo dit liéu giai ma sau DNA metagenome cua vi khuan trong da co dé
la bo dir liéu rat 16n, voi sy da dang cua vi khuan va gene ma hda céc loai
enzyme tham gia vao nhiéu con duong chuyén héa khac nhau. Bo dit liéu 1a
ngudn gene gié tri cho viéc khai thac tim kiém céc enzyme/protein méi co thé
ung dung trong céng nghiép, ndng nghiép va y duoc.

- P lam chu phuong phap xay dung mé hinh Markov an (HMM), thiét
lap thanh cong quy trinh khai thac, chu giai gene dwa trén cac cong cu tin sinh dé
khai thac nhanh va chinh xac cac enzyme/protein mai tir dir liéu DNA da hé gen.

- Xac dinh dwgc vai trd quan trong cua chi vi khuan Prevotella sinh
enzyme/protein phan giai lignocellulose gitip ting cudng chuyén hda thire an cia
dé duya trén két qua khai thac gene tir dir liéu DNA da hé gen.

* ¥ nghia thyc tién:

- Pi biéu hién dugc enzyme endo-xylanase c6 hoat tinh cao, c6 thé st
dung dé phdi tron véi cac enzyme khac dé 1am ting chuyén hoa lignocellulose
thanh dudng, phuc vu cho thir nghiém san xuét ethanol.

Nhirng déng gép méi caa Luan an:

. i xay dung dugc bo dir lieu DNA metagenome vi khuan da coé dé voi dung
luogng 48,66 Gb va lan dau tién vai tro cua Prevotella trong viéc ting cuong tiéu
hoa thire an trong da co dé da dugc phén tich su va goi y lam rd.

. Lan dau tién, luan an da xay dung duoc cong cu mé hinh Markov an (HMM) cho
chu giai chirc ning caa nhdm gene ma hda vung lién két carbohydrate (CBM) va
mot s6 enzyme tham gia tién xu Iy lignocellulose, cellulase, hemicellulase.

. Endo-xylanase EXL ma hoa tir gene cua vi khuan Prevotella trong da co dé da
duoc biéu hién, tinh sach thanh céng véi hoat tinh cao.



CHUONG 1. TONG QUAN
1.1. Ky thuat Metagenomics nham khai thac hi¢u qua gene tiém ning
1.1.1. So Iwgc chung vé kj thugt Metagenomics

Thuat ngit ”Metagenomics” duoc sir dung lan dau vao nam 1998 dé chi céc
nghién ciru vé toan bo hé gene cua tat ca cac vi sinh vat trong mot khu hé mai
treong, nguoC voi hudéng tiép can chi phan 1ap va nudi cdy mot loai vi sinh vat duy
nhét in vitro [7]. K§ thuat Metagenomics khic phuc duoc nhugc diém cua nhiing
phuong phap nghién ciru truyén thong vé phan lap, véi thuc té 1a hién nay, van chua
c6 phuong phap thich hop dé nudi cay va phan lap thanh céng hon 99% s vi sinh
vat trong sinh quyén [5]. Vé nguyén tic, bat ky nghién ctu nao hudng dén doi
tuong 14 tat ca cac cé thé trong mot quan x& vi sinh vat nhu 1a mét nguén DNA duy
nhat déu dugc coi la nghién ctu metagenomics [8]. Hién nay ky thuat
Metagenomics di va dang duoc st dung ngay cang nhiéu dé nghién ciru da dang vi
sinh vat cta nhiéu khu hé sinh thai nhu méi trudng sudi nuée nong [9], méi trudng
bién [10], moi trudng dat [11], moi trudng bén trong co thé nguoi va dong vat - hé
vi sinh vat khu trd trong hé tiéu hoa ctua nguoi [12] hay cac dong vat nhai lai [13].
Mbi tuong tac gitra cac loai sinh vat cong sinh trong duong tiéu hda cua dong vat
nhai lai duwoc thé hién manh mé& trong qua trinh phan giai cac hop chat
lignocellulose, vi vay déy 1a d6i twong tiém ning cho viéc nghién ciru khai thac cac
gene méi ma hoa cho cac enzyme tham gia chuyén héa sinh khdi thuc vat [14].

Phuong phap nghién ciru metagenomics gom hai huéng tiép can chinh, bao
gom huéng tiép can theo chirc nang va hudng tiép can theo trinh ty. Huéng tiép can
theo chirc nang dua vao viéc xay dung mét thu vién vat Iy cac doan trinh tw DNA tur
mau DNA metagenome sau khi da duoc tach chiét, trong d6 cac doan trinh tu nay
duoc tach dong trong cac vector c6 thé chén nhiing doan kich thudc Ion (vector
cosmid hozc fosmid) [15], biéu hién trong hé vat cha phd bién sau d6 tién hanh
sang loc dé tim nhitng dong thé hién hoat tinh sinh hoc mong muén. Han ché Ion
cia phuong phap nay 1a hau hét cac gene khong duoc biéu hién, tao san pham
protein hoan chinh trong nhitng ching vi khuan xac dinh chuyén ding dé tach dong,
vi du nhu E. coli, mic du c6 rat nhiéu gene tir c&c ngudn vi sinh vat khac nhau da
dugc biéu hién thanh cong trong dbi twong nay [16]. Pay van la rao can cuc Ién
khién cho viéc thu nhan thong tin nghién ciu metagenome bang phuong phap nay
bi han ché. Mot han ché nira ctia phuong phép nay 14 tan s6 dong ¢ hoat tinh mong



muén tir thu vién DNA metagenome 13 rat thap. Vi dy, nghién ciu cua Henne va
cac cong su chi thu dugc 1 dong trong 730.000 dong trong thu vién DNA
metagenome cua vi sinh vat trong dét thé hién hoat tinh lipolytic [17].

Mot hudng tiép can khac trong nghién ctu Metagenomics d6 1a giai trinh ty
toan bo DNA metagenome va phan tich dir liéu. Trong nhitng nim gan day, véi su
phét trién vuot bac cua khoa hoc cdng nghé, viéc giai trinh tu toan bo hé gene da tro
nén don gian, tiét kiém thoi gian va kinh phi, cung cidp mét lwong 16n théng tin vat
chat di truyén cua cac l0ai vi sinh vat trong méi truong, d6 1 ngudn nguyén lidu dé
khai thac cac gene mai phuc vu cho muc dich cua con ngudi. Ky thuat giai trinh tu
thong luong cao (High Throughput Sequencing - HTS) phan biét dac thu véi ky
thuat giai trinh tu truyén théng (giai trinh tu Sanger) vé mat dung luong giai trinh ty
v6i mdi 1an tién hanh. Cu thé, véi mau giai trinh ty Sanger thuong tao ra dugc 102
trinh tu (v6i d6 dai 600-900 bp) thi HTS c¢d thé giai dwgc 10° — 10° trinh tu (v6i do
dai 100-700 bp) cho mdi lan thuc hién [18]. Vé6i wu diém giai trinh ty nhanh va
chinh xéc, cac hé thong may giai trinh tu thé hé méi - Next Generation Sequencing
(NGS) duoc st dung phd bién nhu may giai trinh ty cua Roche 454 cua 454 Life
Sciences, HiSeq 2000 cua Illumina va AB SoL.id cua Life Technologie [19].

Két qua giai trinh tu DNA da hé gene 12 tap hop cac doan trinh tu riéng ré. Sau
d6, nhimg doan DNA di duogc giai trinh ty s& duoc tap hop va lap ghép lai thanh
nhitng doan trinh tu dai bang cach s dung maét trong hai cach sau, lip ghép dua
trén trinh ty tham chiéu dwoc so sanh hoic Iap ghép de novo. Théng tin trinh ty
dugc phan tich xir Iy bang phan mém dé phan chia cac doan trinh ty DNA vao cac
nhom phan loai cé thé dai dién cho mot loai hoic mot nhém loai. Dya trén nhiing
co sé dit liéu tham khao c6 sian nhu KEGG 14 co sé dit liéu truc tuyén lién quan dén
hé gen, cac con dudng enzyme va céac san pham sinh hoc [20], eggNOG 1a co s¢ dit
liu chira cac trinh tu tir nhiing ngudn khéc biét nhung ¢6 chung nguén gbc to tién
dugc xép chung vao mot nhdm [21], COG 1a co sé dit liéu protein cia sinh vat nhan
so, nhan chuan don bao [22], PFAM/TIGRFAM -protein families 1 co sé dit liéu
cac ho protein [23, 24], véi mot mic do twong dong nhat dinh khi so sanh trinh tu
can chl giai véi trinh tu tham chiéu, nhitng trinh ty ndy c6 thé dugc dy doan chirc
nang. Tuy nhién, chd giai chuc nang cua dir liéu metagenome luén la mot thach
thie 16n, van chua ¢ ¢éng cu ndo co thé chi giai hoan toan tat ca céc trinh ty mot
cach chinh xéc tuyét d6i. Nhitng trinh tu khdng thé cha giai c6 thé 1a két qua cua
qua trinh giai trinh ty dwa dén két qua 16i, hoic cd thé I1a gene that nhung ma hoa
cho nhtng chire nang sinh hoc chua xac dinh, hoac la gene méi khong co tinh tuong
dong voi nhitng gene da biét, da cong bd. Vi vay, nhu ciu xac dinh dugc nhiing



phuong phap méi va hiéu qua dé chu giai va khai thac gene tiém ning theo nhu cau
thuc té luon dugc dé cao.

1.1.2. Tinh hinh nghién ciu #ng dung ky thugt Metagenomics trong khai thac

gene
1.1.2.1. Nghién citu trng dung Metagenomics trén thé giGi

Huéng nghién ctru da hé gene theo chirc ning da duoc st dung dé phat hién
nhiéu gene chirc ning méi nhu gene ma héa polyketide synthase, gene khang khéng
sinh nhu aminoglycoside va tetracyline, gene ma hda cac enzyme nhu oxido-
reductase, esterase va glycosidase hay cac gene ma héa chat xuc tac sinh hoc khéc
[25]. Tuy nhién c6 kha nhiéu thach thac trong nghién ctu Metagenomics theo
huéng chirc nang. Truéc hét, diéu kién séng cia cac quan xa vi sinh vat trong moi
truong cuc Ky phic tap, DNA cua nhiing loai vi sinh vat c6 mat do thap c6 nguy co
khong dugc tach chiét va phan 1ap. Thir hai, c6 kha nang cac doan DNA nho bi mat
trong qué trinh tach dong gen. Thir ba, kha nang biéu hién cua cac gene ngoai lai
trong cac chiing tach dong 1a kha thap. Thir tu, nhitng phuong phap sang loc hién
nay van con han ché, khong thé dap ung toan bo yéu cau sang loc enzyme. Thir
nam, qua trinh sang loc ¢ hiéu suat thap, udc tinh tir hang chuc ngan dong phan
lap, chi c6 mot vai dong la c6 hoat tinh va duogc lya chon. Thar sdu, vai nhitng han
ché vé nhiét o, pH va nhiing yéu té khéc, chi c6 mot phan rat nho enzyme trong s6
cac enzyme dugc biéu hién c6 hoat tinh c6 thé dugc tng dung vao thyc tién. Ngoai
ra, nghién cuu giai trinh tu metagenome noéi chung va nghién ciru theo hudng chic
nang néi riéng chi duoc tap trung & nhimg nudc phat trién, nguén vat chat di truyén
cuc 16n & cac nudc dang phat trién van con bi bo ngo.

Giai trinh tu metagenome d3 duoc &p dung voi mau vi khuan, nim, virus va
c4c loai khac. Nhirng phuong phap phan tich tin sinh hoc duoc sir dung dé xac dinh
trinh tw genome cua vi sinh vat dua trén hé gene tham chiéu. Trong truong hop
khong c6 san nhimg thong tin co ban vé trinh ty gene tham chiéu, két qua giai trinh
tu duoc 13p rap de novo. Bang phuong phap nay, thong tin di truyén cua virus maoi
nhu COVID-19 d3 duoc cong bd [26]. Nghién ctu Metagenomics di duwoc Gng
dung trong nghién ctiu vi sinh vat tir rat nhiéu ving sinh thai da dang vé diéu kién
moi truong séng, va duoc &p dung trong viéc nhan dang céc vi sinh vat gay bénh
trong duong tiéu hda, hé mién dich. Aron-Wisnewsky va cong su da sir dung dir
liéu giai trinh tu metagenome duong tiéu hoa cua ngudi dé phét hién hé vi sinh lién
quan dén bénh viém gan caa nhdm ngudi khdng nghién ruou [27]. Tuong tu, hé Vi
sinh vat lién quan dén bénh tu mién [28] va bénh ung thu [29] ciing da duoc phat



hién. Giai trinh tu metagenome gop phan phat hién nhiéu vi khuan khang khéang
sinh [30] va gene khang khang sinh mai [31]. Nam 2021, Chi nhanh Phong thi
nghiém Y dugc cua Hoi Y hoc Trung Québc cong bd mot béo cdo chuyén gia,
khuyén dung phwong phap giai trinh tu thé hé méi dé ap dung trén ddi twong mau
nghi nhiém bénh nhung khong dwgc phat hién bing phwong phap thudng quy nhu
phan tich héa sinh, nudi cay vi sinh vat va viéc sir dung cac liéu trinh chéng nhiém
khuan thong thuong khong cé tac dung. Hién nay, giai trinh tu metagenome da
duoc wng dung rong rdi trong viéc phat hién cac tac nhan gay bénh, vi du nhu nam
loai sinh vat (Neisseria meningitidis, Streptococcus agalactiae, Candida albicans,
Mycobacterium fortuitum, Mycobacterium abscessus) di dugc phét hién bang giai
trinh tu metagenome mau dich ndo tay [32] gay bénh viém mang ndo mé cau va
bénh viém ndo Nhat Ban. Nghién ciu metagenome ciing da duoc ung dung trong
viéc san xuit ruou, cu thé da dang céc thanh phan quan x& vi sinh vat va dic tinh
ctia quan xa trong ham ruou anh huang rat I6n dén kha nang cai thién chat luong va
huong vi cta ruou [33]. Nghién ciru metagenome ciing cho thay gia tri duoc lidu
cua céac loai thudc Trung Qudc tir cac ving duoc liéu khac nhau cd sy khac biét
dang keé, lién quan dén thanh phan vi sinh vat cia méi trudng dudi diéu kién khi hau
va thd nhudng dic trung, va sy gia ting cua san luong duoc liéu lién quan mat thiét
dén quan x4 vi sinh vat trong dét va ré cay [34].

Hé vi sinh vat n6i chung va hé vi khuan néi riéng trong duong tiéu hda cua
dong vat nhai lai dong vai trd cuc ky quan trong nhu 13 mét ngudn xir Iy va cung
cap ning luong cho vat chi. Vi vay, nghién ciru da dang hé gene trong vi hé sinh
thai nay dé danh gia va du doan nhiing thay ddi c6 thé gay nén nhing rdi loan
chuyén hoa cua vat chi dong vai trd quan trong. Viéc nghién ciru da hé gene caa
toan bd hé sinh vat duong rudt duoc tién hanh bai cong nghé giai trinh ty va nhiing
huéng tiép can  “omic”, bao gdbm  Metabolomic, Metaproteomic,
Metatranscriptomic, Metagenomic [25]. Cong nghé giai trinh ty dua ra nhiing két
qua vé dinh danh caa hé vi sinh vat, con nhitng huéng nghién ctu “omic™ 1am rd
chire niang cua nhiing vi sinh vat c6 trong da co va khang dinh vai tro tuong hd cia
c4c Vi sinh vat trong dudng tiéu hoa ddi véi vat cha. Cu thé, nhiéu nghién ctiu cho
thay vi khuan nganh Bacteroidetes chiém ty 1& Ién hon dang ké trong duong tiéu
hoa so v&i nganh Firmicutes. Cac vi khuan noi sinh trong da co ¢6 thé chuyén hoa
cac thanh phan carbohydrate trong thirc an thanh cac VFA (volatile fatty acid - axit
béo bay hoi), cung cap dén 80% ning luwong cua vat cha dong vat nhai lai. Protein
cua ban than vi khuan MCP (microbial crude protein — protein thd cua vi khuan) bi
vat ch tieu hoa va hap thy & rudt non, chiém 50-90 lugng protein di vao ta trang va



cung cap hau hét cac amino acid can thiét cho sy sinh tredng va tao sira, vi viy diy
cling 1a mot ngudn dinh dudng quan trong [35]. Hon nita, mot sb lodi vi khuan da
c6 ¢d thé tdng hop nhiéu loai vitamin, nhu vitamin nhém B va vitamin K, bd sung
vao thanh phan dinh dudng cua vat chu [36]. Vai trd 16n nhat cua vi sinh vat da co
noi chung la kha nang phan giai cac polysaccharide va dam v6 co trong thic an,
chuyén héa thanh nhirng thanh phan c6 thé dugc hip thu bai vat cha. Hé vi sinh vt
da co6 dong vai tro thiét yéu trong qué trinh sir dung hiéu qua thire dn, qua trinh tiét
stra va chat luong sita [36]. Dé tiéu hoa hiéu qua chat dinh dudng trong thirc an, su
can bang gitra qua trinh chuyén hoa carbohydrate va nitrogen la cuc Ky quan trong.
Du thwra nitrogen trong rudt non gay ap luc Ién su sinh truwdng cua vi sinh vat
chuyén hoa carbohydrate, thay d6i cau tric hé vi sinh vat va anh huong dén mdi
tuong tac chung gitra vat chu va hé vi sinh [37]. Nghién ciu cua Wang va cac cong
su cho thady Fibrobacter succinogenes, Butyrivibrio fibrisolvens va
Ruminococcus_sp.. HUNOO7 1 nhing loai vi khuan da co tbi thiét trong qua trinh
chuyén hoéa nitrogen cung cip cho vat chu [38]. Vi khuan thuéc nganh
Proteobacteria, Tenericutes, cac chi Anaeroplasma, Campylobacter, Clostridium c6
lien quan chat ch& dén qué trinh phan giai chat xo trong duodng tiéu hoéa caa lon
[39]. K¥ thuat Metagenomics dd gop phan lam rd qué trinh chuyén hoéa chét dinh
dudng trong da co, md rong co sé dir lidu vé hé vi sinh vat, giai thich mdi quan hé
twong ho gitra vat cha va hé vi sinh vat duong ruét.

1.1.2.2. Nghién ciru trng dung ky thudt Metagenomics ¢ Viét Nam

Huéng nghién cau st dung ky thuat Metagenomic da dugc mot sé nhom
nghién ciu 4p dung ¢ Viét Nam trong giai doan gan day. Nhém nghién ctu cua
PGS. TS. Tran Dinh Man di giai trinh ty DNA metagenome vi sinh vat subi nudc
nong Binh Chéu, tinh Ba Ria — Ving Tau, va xdy dung duoc bd dir liéu DNA
metagenome dung lwong 9,4 Gb voi 106.903 gene dugc chd giai trén tong sb
156.093 gene du doan. Qua phéan tich nhom tac gia da xac dinh duoc da dang vi
sinh vat gdm 41 nganh, 57 16p, 128 bo, 245 ho, 825 chi va 2.250 loai khac nhau, Véi
nganh da dang nhét la nganh Proteobacteria, tiép dén 1a Firmicutes, déu thuoc nhom
vi khuan ua nhiét [40]. Nhoém nghién ctiu cua TS. Kim Thi Phuong Oanh tir Vién
Nghién cau hé gene da phan tich dir liéu metagenome tir tu hai (Lutraria
rhynchaena) bi nhiém bénh sung voi & ving nudi tu hai Cat Ba, Hai Phong va Van
DPdn, Quang Ninh. Metagenome cua tu hai nhidm bénh sung voi da duoc giai ma
bang hé thbng NGS cua Illumina va may MinlON cuaa Oxford Nanopore. Két qua
hé gene cua vat chi tu hai di duoc 13p rap va chu giai thanh cong. Bén canh do, dir
liéu metagenome cua cé4c loai vi sinh vat trong dich loc voi tu hai nhiém bénh da



dugc xac dinh [41], va phat hién mot hé gene virus méi [42]. PGS. TS. H6 Huynh
Thuy Duong va cong su da sir dung cong nghé giai trinh tu Oxford Nanopore Vi
mau vi sinh vat tir nude dam nudi tdm ¢ Ninh Thuan va xac dinh thanh phan quan
xa vi sinh vat va kha nang khang khang sinh, tir 46 dinh hudng ng dung trong viéc
kiém soat stc khoe tdm nudi trong nganh cdng nghiép thuy san [43]. TS. Tran Binh
Minh va cong su da xdy dung co s& dir liéu quan x4 vi sinh vat trong mau nudc mit
thu thap tir song Serepok cua vuon Qubc gia Yok Don, Tay Nguyén. Co sé dit lidu
cung cap théng tin vé da dang quan xa vi sinh vat va chicc ning, c6 thé duoc sir
dung dé ting cuong cong tac bao ton ciing nhu ting kha ning san xuat nguyén liéu
tai tao [44]. Nhom nghién ciu cua TS. Nguyén Trung Nam da thu thap va giai trinh
tu DNA ribosome 16S ciia mau vi khuan trong duong tiéu héa caa bénh nhan dai
thao duong type 2 cua Viét Nam bang cng nghé giai trinh tu caa lllumina va so
sanh véi d6i chung khong bi bénh. Két qua cho thiy co su khac biét rd rang vé ty 18
nganh Firmicutes va lép Clostridia gitra bénh nhan va ddi chung, goi y rang su suy
giam ty 1& cua nganh va Iop trén c6 lién quan dén ching béo phi va bénh tiéu duong
type 2 [45]. Nhdm nghién ctru ctia GS. TS. Chu Hoang Ha da nghién cuu giai trinh
tu metagenome cua Vi sinh vét trong cac dam nudi tdm & Viét Nam trén hé thong
Illumina. Két qua giai trinh ty cho thay dinh da dang vi khuan khu tra trong hé tiéu
hda cia tom nudi va moi trudng xung quanh [46] ciing nhu vai trd caa chi vi khuan
Pseudomonas trong viéc chuyén héa nitrogen caa quan x4 vi khuan trong mau nuéc
tir ba dam nudi tdm ¢ Soc Trang. Két qua nay hia hen kha niang s dung chi
Pseudomonas trong viéc xtr Iy nude dam nudi tém [47].

Nghién ctru metagenomic ciing duoc tng dung dé khai thac cac ciu trdc gene
méi, danh gia da dang cau tric gene moi ma cac huéng tiép can khac kho thyc hién
duge. Dién hinh, tir nim 2014 dén nim 2017, bang ngudn kinh phi cua Dé tai doc
lap cap Nha nuéc (M& s6: PTPLCN.15/14) do PGS. TS B3 Thi Huyén lam cha
nhiém, DNA da hé gene cua vi khuan trong da c6 dé da duoc giai ma, khai thac céac
ngudn gene khac nhau tham gia thay phan lignocellulose va ddo tao hai nghién cau
sinh. Trong d6 NCS Nguyén Khanh Hoang Viét da thyc hién va bao vé thanh cong
dé tai luan an “Nghién ctru danh gia sy da dang va vai tro cuia mot s6 module trong
cau tric enzyme thay phan cellulose tir khu hé vi sinh vat trong trong da co cua dé”
nam 2022. Luan an da tap trung khai thac cac gene ma héa nhém cellulase tur bo dir
liéu DNA da hé gene 8,4 kb va da khai thac dugc 816 trinh ty ma hda cho cellulase
trong d6 phét hién cau trac dic thi cua beta-glucosidase trong da co dé c6 mang chi
yéu ving FN3 nam phia sau ving xtic tac. Trong khi do, cac endo-glucanase chu
yéu ¢6 mang ving lg va nam & phia trude cua ving xGc tac. Duy nhat, mét trinh ty
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ma hoa cho endo-glucanase nhung c6 mang ving FN3 va nam & phia truéc ving
xuc tac. Cac ving module nay di duoc tach dong, tai té hop va nghién ctu phat
hién duoc vai trd cua ving FN3 trong viéc 1am 6n dinh ciu trc phan tir cua
enzyme, 1am ting ai luc ciia enzyme véi co chét, gilp 6n dinh viing xdc tac cho sy
hoat dong chuyén hda cua enzyme [48]. Luan an chwa nghién ctu tao bo dir liéu
DNA metagenome. Dong thoi, luan 4n ciing chua danh gia ciu truc, da dang vi
khuan trong toan bé dit liéu, chua nghién cru vai trd caa vi khuan trong thay phan
lignocellulose ndi chung, vai tro cua Prevotella noi riéng. Bo dir liéu 8,46 Gb duoc
xé4c dinh 1a ¢6 chi s6 d6 bao phu (mapping rate) chi dat khoang 27%, vi vay can giai
trinh ty véi dung luong cao hon vai hy vong bao pha hoan toan, tir d6 phan tich sau
dé so séanh trén khia canh da dang vi khuan, d6 da dang, phong pht cua cac gene
lién quan dén chuyén hoa lignocellulose ¢ hai bo dix liéu, vai trd caa vi khuan
Prevotella trong thuy phan lignocellulose va tim kiém cac gene mi héa endo-
xylanase méi dé san xuat ¢ dang tai té hop. Do vay, luan 4n nay duoc tién hanh
song song dé giai quyét cac van dé duoc néu & trén.

1.1.3. Chu gidi gene trong tin sinh hec
1.1.3.1. Mét s6 cong cu chii gidi gene théng dung

Chu thich chirc nang cua trinh tu protein véi d6 chinh xac cao (AC) da tro
thanh mot trong nhitng van dé& quan trong nhat trong viéc tim hiéu co ché phan tir
cua sy séng va cd anh huong Ién trong nghién cau sinh hoc co ban, bénh 1y va duoc
pham. Véi sy tich liiy nhanh chéng cta sb lwong trinh tu protein duoc giai trinh ty
va cong bd, viéc chu thich chiic nang cua protein ngay cang tré nén kho khin va cap
thiét. Nhitng phuong phap chua giai gene hién tai c6 thé chia thanh ba loai, dya trén
tuong dong trinh tu, dya trén twong déng cau tric chirc ning va dua trén bbi canh
gene (gene context).

Céc cong cu chd giai dua trén su twong dong trinh ty bang cach so sanh trinh
tu cua cac gene can xac dinh véi trinh ty cia co so dit liéu biét trude, tir d6 két luan
chic nang ctia gene néu do twong dong 16n hon ngudng giéi han véi do tin cay cho
phép. Phuong phap chu giai nay 1a phuong phap thong dung nhat nho kha nang tiép
can dé dang cac thu vién trinh ty s6 lwong lén ciing nhu kha nang du doan chirc
nang cua nhitng protein cling ngudn géc. Cong cu chi giai dua trén su twong dong
trinh tu pho bién nhat 1a BLAST (Basic Local Alignment Search Tool). Tuy nhién
cdng cu nay mat kha nhiéu thoi gian dé du doan chirc niang néu sé luong
gen/protein can chu giai kha I6n. Mot s cong cu chi giai hién dai dya trén sy twong
dong trinh ty sir dung phuong phap so sanh tdi uu co thé rit ngan thoi gian phan
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tich va chd giai gen. Céng cu eggNOG-mapper chl giai chirc ning bang céch so
sénh trinh ty véi nhitng cum trinh tu twong ddng cd chung ngudn gdc to tién
(ortholog), dua trén co s& dit liéu eggNOG vé cac nhom ortholog, c6 thé dua ra két
qua nhanh va chinh xac hon so véi so sanh ting cap [49]. Cong cu PANNZER la
mét cong cu chl giai twong tac truc tuyén cd kha ning xir Iy phan tich dén 100000
trinh tu dau vao cung lic va dua ra théng tin chu giai vé gene ontology (GO — ban
thé gen) [50]. BlastK OALA va GhostKOALA 1a nhitng cong cu chu giai trinh tu hé
gene va da hé gene dua trén co so dir lieu KEGG vé cac gene chic niang va con
duong trao d6i chat [51].

Céc cdng cu chd giai dya trén sy trong ddng cau tric chirc nang c6 vu diém
cao vé do chinh xéc, tuy nhién phuong phap nay cé nhing gisi han do bi phu thudc
chit ché vao théng tin cua nhing protein di dwoc nghién ciru sau vé cau truc tinh
thé va cau tric khong gian, trong mot sé trudng hop mdi quan hé giira sy twong
d6ng vé cdu trac khong gian va twong ddng vé chirc nang van chua duoc lam sang
t6 hoan toan. FunctionAnnotator 1a mot cong cu chd giai truc tuyén mot cach hiéu
qua, c6 thé chu giai chi tiét vé nhiéu khia canh, bao gom chd giai chtc ning cua
enzyme, phan loai GO, nhan dang vung hoat tinh domain/motif va du doan vi tri noi
bao [52]. Server dbCAN3 la mét cong cu truc tuyén cd kha ning cha giai tu dong
protein, v&i ddi twong tap trung 1a cac enzyme hoat dong trén carbohydrate, day 1a
phién ban nang cap cua céng cu dbCAN va dbCAN2 véi kha nang phan tich sau va
chinh xac hon [53]. Phyre2 1a mot b cong cu c6 san trén web dé dy doan va phan
tich cdu trdc, chirc ning va cac dot bién cua protein, cung cap cho cac nha sinh hoc
mot giao dién don gian va truc quan cho cac céng cu tin sinh hoc protein hién dai.
Phyre2 sir dung cac phuong phap phat hién twong dong tién tién dé xay dung mé
hinh 3D, du doan cac vi tri lién két phéi tr va phan tich tac dong cua cac bién thé
don amino acid ddi véi trinh tu protein [54]. Co s¢ dit liéu InterPro
(https://www.ebi.ac.uk/interpro/) cung cap théng tin phan loai cac trinh ty protein
tich hop thanh cac ho va xac dinh c&c vung chirc ndng quan trong cling nhu cac
vung bao tha trong trinh tu. InterPro (phién ban 90.0) c6 nhitng cap nhat va phat
trién mo rong co sé dix liéu, ddng thoi cung cap quyén truy cap dir liéu than thién
hon véi nguoi ding. Cac tinh nang cua cdng cu Pfam bao gom théng tin chung vé
cac ho protein, trinh ty va mé hinh dai dién chung cta ho cling dugc cap nhat vao
phién ban mai caa InterPro [55].

Phuong phap chu giai dya trén bbi canh gene xem xét dén vi tri, twong tac cua
gene can chu giai voi cac gene khéc, vi vay cd thé hd trg bd sung cho nhiing truong
hop cac gene méi khong twong dong véi gene da biét, khdng thé chl giai bang
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nhitng céch tiép can trén. Phuong phap nay dic biét phu hop trong viéc cha giai
chirc nang cua nhitng protein twong tac véi nhitng protein khac, nhirng protein duoc
ddng biéu hién trong té bao, tuy nhién bi han ché bai nhitng thdng tin gay nhiéu
trong dir liéu tuong tac protein [56]. Cong cu FunGeCo la mot cdng cu phén tich
tryc tuyén cho phép chl giai chitc ning metagenome vi khuan dua trén bdi canh
gen. Cu thé, cac don vi chirc ning GCM (Gene Context-based Module) dugc xac
dinh tir cc hé gene cu thé, xay dung mét hé théng ban d6 chi tiét thdng tin bdi canh
gen, ghi nhé vi tri trén genome [57]. Cong cu GeConT cho phép ngudi sir dung mo
hinh héa bdi canh cia mot gene hoic mot nhém gene trong genome va méi quan hé
tuong d6ng ngudn goc véi nhitng trinh ty da duoc bao cdo. Cong cu nay két hop
thong tin tir co so dir liéu COG, Pfam va KEGG, cho phép ngudi dung c6 biéu dién
d6 hoa tich hop vé chiic ning cua gene & nhiéu cap do, cay phat sinh chung loai va
bdi canh gene cua ching [58].

1.1.3.2 M6 hinh dai dien HMM: cong cu moi khai thac hiéu qua die liéu

metagenome

S6 luong cac protein dd duoc xac dinh cau tric khong gian va hoat tinh luén
nho hon rat nhiéu so vai sé luong protein da biét trinh ty ciu tric bac 1. Bé du doan
c4u trac khong gian, phwong phap phén tich sir dung mé hinh dai dién dya trén so
sanh trinh ty kha phé bién. Cu thé, néu mét trinh ty méi duoc phat hién c6 do twong
d6ng nhat dinh véi trinh tu cia mot protein da biét, chiing ta c6 thé du doan rang
hai protein c6 cau tric khong gian va hoat tinh twong dong [59]. Phuong phép phan
tich sa dung mé hinh dai dién 13 phuong phap nhan biét nhitng trinh ty it twong
d6ng bang cach so sanh trinh ty bac 1. Nhom trinh tu tuong dong nam trong ciing
mot ho s& duoc so sanh twong dong dé tao ra két qua so sanh da trinh ty. Thuat todn
so sanh twong déng sap xép céc trinh ty sao cho két qua so sanh co sb lwong vi tri
tuong dong 1a téi da va sé lwong khoang trong (gap) 1a toi thiéu. Mdi vi tri tuong
dong duoc danh gia bang diém sb, do tuong dong cang Ion thi diém sb cang cao,
néu 1a khoang tréng thi mang gié tri am. Két qua so sanh da trinh ty cudi cing la két
qua ma tong gia tri diém twong dong la cao nhat. Thong tin tir két qua so sanh da
trinh tu duoc lugng hoa bang mot ma tran gia tri twong @ng vai tirng vi tri trén trinh
tu, duoc goi 13 moé hinh dai dién (profile) [60]. St dung mo hinh dai dién dé tim
kiém trong co so dif liéu 1a phuong phdp mang d6 nhay va do dac hiéu cao hon so
Vv6i phuong phap so sanh cip doi sir dung hé thdng tinh diém doc 1ap cho ting vj tri.

M6 hinh dai dién dua trén mé hinh Markov an (Hidden Markov Model -
HMM) la mét trong nhitng phwong phap c6 d6 nhay va do chinh xac cao nhat dai
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dién cho cac trinh ty twong dong trong ho trinh ty [61]. U thé cia mé hinh dai dién
HMM so véi cac mo hinh dai dién khac duoc thé hién & viéc gia tri diém dai dién
cho kha ning mat hozc chén trinh ty duoc xay dung trén co so ly thuyét thong ké,
tréi v6i cac mo hinh dai dién khéc chi bang két qua suy dién thuc nghiém. Cu thé,
mé hinh HMM &p dung nguyén Iy xac suét thong ké dé wéce tinh tan s that ma mot
vi tri trinh ty c6 thé nhan tir két qua so sanh thuc nghiém trong khi cac mé hinh
thong thuong st dung chinh gia tri thuc nghiém [62].
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Hinh 1. 1. Mét phan mé hinh dai dién HMM cla ho GH10 [23]

Mo hinh dai dién HMM d4 va dang duoc str dung ngay cang pho bién dé phan
tich va nghién ciu cac ho protein. Hién nay, nhiéu co so dit liéu protein di ng
dung moé hinh dai dien HMM bao gom Pfam [23], TIGRFAM [24],
SUPERFAMILY [63], CATH/Gene3D [64]. Khi s6 lugng dit lidu giai trinh tu chi
tiét cua céc loai sinh vat cang ngay cang nhiéu, thong tin trinh tu trong cac co so dir
liéu trén ciing tang 1én nhanh chéng va ngay cang do so. Cu thé, khi moi duoc thiét
lap vao nam 1996, co s¢ dir liéu Pfam chi ¢6 100 ho protein xdy dung tur 10.431
trinh ty, phién ban Pfam 35.0 dwoc cdng b6 nam 2021 di chaa dén 19.632 ho
protein.

Uu thé cua viéc sir dung md hinh dai dién HMM so véi so sanh don 1¢ ting
d6i trinh ty 14 tién d& dé nhiéu két qua nghién ctu phat trién cac thuat toan giai
quyét cac van dé giita so sanh trinh tu véi mo hinh dai dién va gitra cdc mo hinh dai
dién voi nhau, trong d6 co6 cac thuat toan nhu SAM, Prof _Sim, COMPASS,
HHsearch, PRC, AlignHUSH va HMMER. Tinh chinh xac cta cac thuat toan duoc
tang cuong bang cach két hop véi phan tich so sanh théng tin vé cau trac, dic tinh
ly héa, ngudn gbc tién hoa véi muc tiéu cudi cung 1a dé cac trinh tu duoc so sénh
mot cach chinh xac nhat [65].

1.2. Tong quan veé lignocellulose
1.2.1. Vai tro cia lignocellulose trong nén kinh té sinh hoc

1.2.1.1. Lignocellulose 1& nguén ndng hrong tdi tao phong phii
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Nhu cau ning luong 1a nhu cau buc thiét caa nhan loai, nhu ciau nay khdng
ngimng ting 1én theo sy ting truong dan sb thé gioi. Bé thoa man nhiing tién nghi
trong doi séng, nhu ciu ning lwong cua con ngudi cang tré nén cao gap nhiéu lan
so vai nhu cau téi thiéu [66]. Sir dung cac ngudn ning luong truyén thong dé dap
tng nhu cau ning lwong di kém véi nhitng thach thirc vé méi truong. Ngudn ning
lwong tir nhién liéu héa thach (than da, dau mo, khi dbt) c6 nhitng han ché 16n: (i)
sy phét thai khi CO, cuc 16n tir qua trinh sir dung nhién liéu vao méi truong, dan
dén bién ddi khi hau; (ii) mot luong 16n céc loai khi doc hai, chat doc, cac tac nhan
gdy ung thu ciing dugc giai phong vao khi quyén, gy 6 nhiém méi truong; (iii)
ngudn nhién liéu hoa thach 1 tai nguyén gidi han, khéng thé tai tao [67]. Sir dung
nang luong cua nudc dé 1am thuy dién ¢ thé co tac dong xau dén moi trudng trong
truong hop cac ho thay dién gap truc tric, can phai xa tran dan dén ngap lut & khu
vuc ha du va anh hudng dén toan bo quan xa sinh vat. Tuong tu, si dung ning
luong hat nhan ciing c¢6 nguy co dan dén tham hoa sinh thai trong truong hop 10
phan &ng cta nha may dién hat nhan c6 su cd.

Khai thac nang lwong tir sinh khéi 12 mét trong nhitng ngudn ning lwong méi,
thay thé, bén canh khai thac ning lugng gid, nang lwong mit troi, ning luong dia
nhiét. Ngudn ning luong tir sinh khdi khac phuc nhitng nhwoc diém caa ngudn ning
luong hoa thach vi diy 13 ngudn ning luong c6 kha ning tai tao thuong xuyén,
trong qué trinh sir dung it phét thai cac loai hop chat doc hai cho méi truong, dong
thoi lwong khi cacbonic thai ra duoc tai hip thyu béi sinh vat san xuét [1].

Ba nhom sinh khéi chinh c6 thé duoc dung dé 1am ngudn nguyén liéu chuyén
hoa thanh nhién lidu xanh 1a: (i) dau thuc vat, m& dong vat; (i) tinh bot va (iii)
lignocellulose. Dwa trén cach sir dung ngudn sinh khdi, nhién liéu sinh hoc c6 thé
duoc chia thanh nhién liéu so cap va nhién liéu tha cap [68]. Nhién liéu so cap la
sinh khéi duoc st dung truc tiép ma khéng qua bat ky qué trinh xir ly bd sung nao,
vi du nhu gd, chat béo dong thyc vat, phé phu pham nong 1am nghiép duoc dot truc
tiép nham cung cap nhiét. Cach s dung nay rat pho bién ¢ cac nudc dang phat
trien. Nhién liéu so cip duoc s dung don gian, khong yéu cau nhiing quy trinh
cdng nghé phuc tap, tuy nhién tinh tng dung rat han ché. é khic phuc nhugc diém
trén, nhién liéu tha cp dugc san xuét tir sinh khéi bang cach chiét xuat nhitng hop
chat giau nang lugng bang qua trinh xir Iy céng nghé cao.

Dya trén ngudn sinh khéi, phuong phap xur Iy va san xuat, nhién ligu thir cap
hién tai duoc chia thanh 3 thé hé. Nhién liéu sinh hoc thé hé tht nhat sir dung nguén
sinh khoi 1a tir ddu m& dong thuc vat va tinh bot, dudng (mia duong, cu cai duong)
dé san xuat con va dau diesel sinh hoc. Qué trinh san xuat loai nhién liéu nay c6 uu
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diém 1a kha don gian va chi phi twong ddi thap nho st dung phuong phép 1én men
vi sinh vt, tuy nhién ciing di kém v&i nhitng han ché 16n. Cu thé 13, ning suit tao ra
nhién liéu nay kha thap vi chi c6 mot phan rit nho cua sinh khdi ¢6 thé duogc sir
dung dé san xuat nhién liéu, ddng thoi lai gay ra su canh tranh véi céng nghiép ché
bién thuc pham, hodc tham chi lam mat can bang cung-cau luong thuc [69].

Dé giai quyét nhitng van dé ton tai trong thé hé dau tién cua nhién liéu sinh
hoc, c4c nha khoa hoc di chuyén huéng st dung ngudn sinh khéi lignocellulose, 1a
ngudn sinh khéi cd trix lwong doi dao hon han. M6t s6 loai thuc vat c¢6 kha ning
sinh truong rat nhanh, thu hoach hang nam, déng thoi cac loai cay nay co thé duoc
trong ¢ cac khu dat ngoai vi nén khdng anh huong dén dién tich dat san xuat nong
nghiép, dam bao an ninh lwong thuc, ddng thoi dat trong can rat it phan bon nén han
ché kha nang 1am dat tré nén hoang hoa. Vi dy, cay bach dan c6 thé trong ¢ trén dat
nhiém man dén mac khong thé tréng céc loai cay luong thuc hay hoa mau, tham chi
con gilp phuc hdi trang thai cua dat dé san xuat trong twong lai [70]. Mdt ngudn
lignocellulose 16n khac ma c6 thé duoc khai thac 1a tir chat thai trong qué trinh san
Xuat va sinh hoat, dac biét 1a chat thai trong qué trinh ché bién gd (mat gd, mun cua)
va réc thai hiru co trong sinh hoat. Dya trén mot béo céo ciia Co quan Nang luong
Qudc té (IEA) nam 2007, ching ta c6 thé khai thac dén 10%° Jun don vi ning luong
tr nguon chat thai nay, chiém dén 20% téng nhu cau niang luong thé gigi. Tuy
nhién, dé khai thac hiéu qua ngudn sinh khéi lignocellulose, can c6 nhung phuong
phép xtr ly kh& phuc tap [71].

1.2.1.2. Lignocellulose la nguon tiém nang san xudt vit liéu, héa chdt moi

Chuyén hda lignocellulose cd thé tao ra cac hop chat trung gian quan trong
nhu cac monosaccharide (glucose, xylose), polyol (glycerol, arabitol, sorbitol),
furan (furfural, 5-hydroxymethylfurfural) va axit hiru co (2,5-furandicarboxylic
acid, levulinic acid, va lactic acid), trong d6 furfural va 5-hydroxymethylfurfural c6
vai trd néi bat 1a cau ndi gitra nguon nguyén liéu sinh khéi thd va nganh cong
nghiép tinh loc sinh hoc (biorefinery) [2].

Furfural c6 thé duoc chuyén hoa thanh furfuryl acohol, tetrahydrofurfuryl
alcohol, 2-methylfuran, 2-methyltetrahydrofuran, tetrahydrofuran, 1,2-pentanediol,
1,5-pentanediol, cyclopentanone, furfuryl acetate, furanic ester, 1-octanol, dioctyl
ether, va nhién liéu long. Furfuryl alcohol c6 vai trd quan trong nhat 1a nguyén liu
san xuét nhya déo poly(furfuryl alcohol) tir ¢6 san xuat plastic, xi-mang, chat dém,
chat két dinh [72]. Nhua poly(furfuryl alcohol) ¢6 wu diém 1a tro vé&i hoa chat va
kho chéy. Tetrahydrofurfuryl alcohol dugc st dung nhu chét tay ria, tiy mau son,
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dung méi thay thé cho cac dung mdi géc chlorine, trong dung dich son tan trong
nude, dé san xuit dugc pham va chit déo [72]. 2-Methylfuran duoc sir dung 1am
chat tao huong vi hoic t4 duoc trong duoc pham [72]. 2-Methyltetrahydrofuran 1a
thanh phan phan ung san xuét nhiéu hoa chat, 1a dung mdi hoa tan nhiéu hop chat
htru co chta kim loai, va lam dung dich dién giai trong pin lithium [72].
Tetrahydrofuran ciing 13 dung méi cua nhiéu loai polymer va chat déo bao gém
nhiéu loai muc, son, chit két dinh, 1a héa chat sir dung trong nganh dét may [72].
1,2-Pentanediol 1a hoa chét trong nganh hda my pham, duoc sir dung trong cac san
pham tay rira, 1am sach, bao gém xt Iy 6 nhiém khong khi, cling nhu san pham muyc
va nudc tay trang trong nganh trang diém [72]. 1,5-Pentanediol 12 chat hoa déo va
phu gia giam téc; trong y hoc, chat nay di duoc xac dinh 1a ¢ hoat tinh khéang
khuan va khang nam [73]. Cyclopentanone I chat trung gian san xuit sinh duoc
pham, thudc trir sdu va cao su [72]. Furfuryl acetate da duoc Cuc quan Iy Thuc
pham va Dugc pham Hoa Ky phé chuan 1a mot chat phu gia tao vi [72]. 1-Octanol
duoc str dung trong san xuat nuéc hoa, my pham, dau goi, chat nhii hoa, chat tay
rira, chat diéu vi, chat chéng tao bot [72]. Dioctyl ether ciing 1a mét loai dung mai
sir dung trong san xuat my pham, bao gém tay trang va dudng am [72].

5-Hydroxymethylfurfural c¢6 thé dwgc chuyén hoéa thanh 2.5-
bis(hydroxymethyl)furan, 2,5-bis(hydroxymethyl)-tetrahydrofuran, 2,5-
dimethylfuran, furfuryl alcohol, 1,6-hexanediol, 3-hydroymethylcyclopentanone, 1-
hydroxyhexane-2,5-dione, 1,2,6-hexanetriol,  3-(hydroxymethyl)cyclopentanol,
furfuryl ether. 2,5-Bis(hydroxymethyl)furan cé hoat tinh khang nam, c6 thé duoc st
dung trong y duoc. 2,5-Dimethylfuran duoc Cuc quan ly Thuc pham va Dugc pham
Hoa Ky phé chuan 1a mot loai ta duoc va chat tao vi. 1,6-Hexanediol duogc sir dung
nhu dung moéi trung gian san xuat nylon va polyester, chat phu, chat hda déo, chat
két dinh va trong cong nghiép dét may [72].

1.2.2. Enzyme phén gidi lignocellulose noi chung

Véi cau tric phtc tap cua thanh té bao thuc vat, &é phan giai hoan toan ciu
trdc ndy can phai trai qua 3 giai doan chinh: (i) phan giai cac hop chat gdc pectin
nam trong phién giira dong vai trd két dinh giita cac té bao véi nhau; (ii) tién xt ly
bang tac nhan hoa, ly hoic sinh hoc nham giai phong hai thanh phan chinh 1a
cellulose va hemicellulose ra khoi lignin - chat két dinh 1am ciu trac lignocellulose
bén vitng; (iii) phan giai cellulose, hemicellulose va lignin thanh cac don phan cau
trac.

1.2.2.1. Enzyme thity phdn pectin, lignin va cac enzyme ho tro' khdc
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Trong tu nhién, pectin bi phan hay béi moét hon hop cac enzyme pectinase,
trong d6 bao gdbm cac pectate lyase [74] (ho PL1, PL2, PL3, PL9 theo CAZy),
polygalacturonase [75], rhamnogalacturonase (ho glycoside hydrolase 28) [76],
pectin methylesterase (ho carbohydrate esterase 8) [77] va pectin acetylesterase (ho
carbohydrate esterase 12) [78]. Cu thé, pectin methylesterase va pectin
acetylesterase phan huy lién két este trong ciu tric pectin, giup cho enzyme
polygalacturonase va pectate lyase c6 thé tiép can co chit dé phan giai ciu tric
pectin thanh cac don phan [79]. Cac enzyme phan huy pectin duoc tiét bai mot loat
tac nhan gay bénh thuc vat, bao gom ca vi khuan va nim, dong vai trd quan trong
gay nén doc luc cua cac tac nhan nay.

Dé gitp cho khéi lignocellulose dugc phan giai mot cach hiéu qua hon, c6 mot
nhom protein déng vai tro hd tro trong viéc 1am néi long cau trdc tinh thé, tir 46 cac
enzyme phan hay cellulose, hemicellulose va lignin cé thé tiép can véi co chét va
xuc tac phan @ng phan huy. Cac protein ndy bao gém expansin, swollenin, loosinin
[80]. Expansin lam giam d6 bén viing cua thanh té bao théng qua mot co ché phu
thuoc pH, tuy nhién ban than protein khdng cd hoat tinh thay phan cau tric
lignocellulose [81]. Loosening la mot protein twong tur expansin, ¢6 hoat tinh néi
long vi soi cellulose, dan dén x&o tron cau tric tinh thé cellulose [82], duoc tim thay
& ndm muc trang Phanerochaete carnosa [83]. Swollenin dwgc tim thay ¢ chi nam
Trichoderma giup ting cudng kha ning tiép can cua cac enzyme phan hay cellulose
véi soi cellulose bang cach pha v ciu triic twong ty nhu expansin, nhung dong thoi
cling c6 thé c6 hoat tinh endoglucanase, cellobiohydrolase, hoic xylanase [84].

CAu trac phuc tap cua lignin, cung véi khéi lwong phan tir kha 16n va tinh chat
khong tan khién cho viéc phan hay lignin rat kho khan. Nhitng enzyme oxy héa
ngoai bao it dic hiéu cé kha ning giai phong nhitng san pham kém bén va d& dang
tham gia cac qua trinh oxy hoa khac nhau, 1a nhitng enzyme khoi dau caa qué trinh
thay phan lignin. Hai ho enzyme chinh lién quan dén qué trinh thay phan lignin la
peroxidase va laccase [85]. Lignin peroxidase (LiP) va peroxidase phu thudc
mangan (manganese-dependent peroxidase, MnP) la hai nhom peroxidase da dugc
nghién ctu kha ky. Enzyme peroxidase Iy tudng la enzyme c6 ca hai hoat tinh cua
LiP va MnP (versatile peroxidase, VVP). Laccase la phenoloxidase xuc tac phan ing
oxy hoa cac hop chat phenolic va non-phenolic dudi sy c6 mat caa chat trung gian
[86]. Nam muc thay phan gd la ngudn chinh tao ra laccase, tuy nhién enzyme nay
cling da duoc phan 1ap tir nhiéu loai nAm khac bao gom Aspergillus, Myceliophora
thermophila va Chaemotium thermophilum. C6 nhiing nghién cttu gan day cho thay
c6 nhirng loai vi khuan ciing c6 kha ning tiét laccase [87].
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1.2.2.2. Cellulase va hemicellulase

* Cellulase

Vi sinh vat thuy phan cellulose tao ra mot hon hop cac enzyme véi dic tinh va
co chat khac nhau, phdi hop véi nhau dé thay phan hoan toan ciu tric nay. Vé co
ban, enzyme cellulase thiy phan lién két B-1,4-glycoside trong cau trac phan tir
cellulose. Enzyme cellulase duoc chia thanh 2 loai la endoglucanase va
cellobiohydrolase. Endoglucanase (endo-1,4-B-glucanase, EC 3.2.1.4) thuy phan
lien két noi phan tir (ddc biét la trong vang vo dinh hinh) dé tao ra cac dau khir va
khéng khir méi. Cellobiohydrolase (exo-1,4-B-glucanase, EC 3.2.1.91) hoat dong
trén cac dau tan cang caa phan tir co chat cellulose. Ca hai loai enzyme nay hoat
dong tét nhat véi phan tir cellulose khéng nam trong cau trac tinh thé, giai phong
san pham la cellobiose.

Viéc thay phan hoan toan va hiéu qua cellulose con can thém mot loai enzyme
nita la B-glucosidase (EC 3.2.1.21), véi kha ning phan cat lién két doi trong phén tir
cellobiose dé tao ra hai goc glucose [88]. B¢ hoat dong binh thuong, endoglucanase,
exoglucanase va p-glucosidase can phai gitr dugc cau tric 6n dinh trong méi trudng
ngoai bao va hinh thanh phirc hé cau tric khdng gian chinh x4c véi co chat.
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Hinh 1. 2. Hé enzyme phan huy cellulose [89]

EG: endo-glucanase; CBH: cellobiose hydrolase; BGL: B-glucosidase; SWO: swollenin;
CBM: carbohydrate-binding module

* Hemicellulase
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Nhu dd dé cap ¢ phan trén, cau tric caa hemicellulose rat phic tap va khdng
ddng nhét, vi vay dé thuy phan hoan toan hemicellulose, can sy phdi hop cua rat
nhiéu loai enzyme [90].

Riéng dé thuy phan xylan, can sy c6 mat cua endo-1,4-B-xylanse (EC 3.2.1.8)
phan cit mach dai cua xylan tao ra cac oligosaccharide va xylan-1,4-B-xylosidase
(EC 3.2.1.37) thuy phan xylan oligosaccharide tao ra xylose. Twong tu V&i truong
hop mach khung cua phan tir hemicellulose khdng phai la xylan thi can cac enzyme
tuong tmg khac dé phan hay. Cu thé, can c6 sy c6 mit cua p-glucosidase va B-
mannosidase (EC 3.2.1.25) dé phan cit mach glucomannan, a-galactosidase (EC
3.2.1.22), PB-glucosidase va PB-mannosidase vai mach galactoglucomannan, o-
arabinanase (EC 3.2.1.99) véi mach arabinan, a-arabinanase va a-galactosidase ddi
vé&i mach arabinogalactan.

A Ferulic , p-coumaric
acid ‘f"amd esterase

esterase

L-arabino
furanosidase B-xylosidase
"",[-n-
(T

_;\_fq_fk__f\_a
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| a-D-glucuronidase Endo- B 1,4-xylanase o esterase
COOH CH,4

i) Glucuronic acid @ p-coumaric acid
GArabinofuranoside i Ferulic acid

CH,OH

{TiD-xylose

a-galactosidase B-glucosidase

esterase [B-mannanase
{_}; L\B/I;';mnose rj Galactose
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Hinh 1. 3. Hé enzyme phan huy hemicellulose [91]

A: enzyme phan hdy xylan; B: enzyme phan hdy mannan
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Ngoai ra, qua trinh phan huy hemicellulose c6 thé can cac enzyme khac nhu
acetyl xylan esterase (EC 3.1.1.72), acetyl mannan esterase (EC 3.1.1.6) phan giai
lien két este cua cac gdc acetyl véi mach xylan hay mannan, a-glucuronidase (EC
3.2.1.139) thay phan lién két véi gbc a-D-glucuroside, ferulic acid esterase (EC
3.1.1.73) va p-coumaric acid esterase (EC 3.1.1.B10) thay phan lién két este giai
phong gbc acid twong ung, a-L-arabinofuranosidase (EC 3.2.1.55) thuy phan céc
lien két véi gbc a-L-arabinofuranoside & dau khong khtr caa chudi polysaccharide,
tuong tac bo sung 1an nhau dé thay phan hiéu qua [91].

bong vat s dung lignocellulose trong ché d6 an tu nhién thuong luén phu
thudc vao kha nang tiét enzyme phan giai cellulose, hemicellulose do ban than vat
chua thiéu hé enzyme tuong tmg dé chuyén hoa nhiing cau tric nay. Vi vay vat chu
va vi sinh vat di hinh thanh mdi quan hé cong sinh trong dé vi sinh vét khu trd
trong dudng tiéu hoa cua vat chu s& phan giai thire an cung cép ning luong cho toan
bo vat chu va ban than vi sinh vat [92]. Hé tiéu hdéa cua dong vat nhai lai (trdu, bo,
dé...) 1a noi khu tru Iy twéng cua vo sé dang séng bao gom nam, dong vat nguyén
sinh, vi khuan c6 va vi khuan trong mot phtic hé c6 méi twong tac chat ché 13n nhau.

1.2.2.3. Vi khudn tham gia chuyén héa lignocellulose trong da cé

Thanh phan vi khuan khu tra trong da c6 cuc Ky da dang, trong d6 hau hét cac
loai déu truc tiép tham gia vao qua trinh thay phan sinh khéi thuc vat néi chung va
thanh té bao thuc vat ndi riéng. Cu thé, sé luong vi khuan truc tiép lién quan dén
qua trinh thiy phan lignocellulose chiém dén 50-75% tong s6 quan thé vi khuan
[93]. Dua theo chuc ning va dbi tugng co chat chuyén hoa, vi khuan duoc chia
thanh vi khuan phan giai cac cau trdc soi (cellulose, hemicellulose, pectin), lactic
acid, tinh bot, chat béo, tannin, protein.... Trong da cé c6 nhing loai vi khuan thé
hién kha nang phan giai cellulose chu yéu nhu Fibrobacter succinogenes,
Butyrivibrio fibrisolvens, Ruminococcus flavefaciens, Ruminococcus albus,
Clostridium cellobioparum, vi khuan c6 hoat tinh phan giai tinh bot nhu
Bacteriodes ruminicola, Ruminobacter amylophilus, Selenomonas ruminantium,
Succinomonas amylolitica, Streptococcus bovis, vi khuan phan giai lipid la
Anaerovibrio lipolytica, vi khuan phan giai lactate nhu Selenomonas lactilytica,
Megashaera elsdenii; bén canh d6 loai Lachnospira multiparus la loai vi khuan
dugc xac dinh ¢6 hoat tinh thuy phan pectin manh [94].

Chi vi khuan Prevotella thuong duoc béo cdo 1a chi chiém uu thé caa hé vi
sinh vat da co [95]. Cu thé, trong nghién ctiu toan dién cua Henderson va cac cong
sur tir hon 700 ca thé thudc 32 loai dong vat nhai lai tir 35 quéc gia khéac nhau, cac
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don vi phan loai dugc xac dinh nhiéu nhit twong tng véi cac thanh vién cua cac chi
Prevotella, Ruminococcus va Butyrivibrio, ciing nhu cac thanh vién chua dugc phan
loai cua cac bo Clostridiales va Bacteroidales va cua cac ho Ruminococcaceae va
Lachnospiraceae [96]. Trong mot nghién ctru khac véi 695 mau tir 8 vi tri trong 4
ngin cua da day triu ciing cho thay rang Prevotella nim trong sé cac chi phd bién
nhét [97]. Prevotella ciing dugc ching minh 1a mét trong nhiing chi phd bién nhat
trong mot nghién cau tap hop dir lieu caa 10.000 mau metagenome da ¢6 [4]. Hon
nira thé ky trugc, Robert Hungate va cac cong su da dua ra quan diém rang hé vi
sinh vat da co bi anh huong nhiéu boi ngudn thirc dn hap thy, mot qué trinh chon
loc duoc thuc day bai hiéu qua qua trinh trao ddi chat caa vi sinh vat, cac vi sinh vat
c6 kha niang canh tranh cao s& thay thé nhitng vi sinh vat kém canh tranh hon. Do
d6, su phong phu cuaa chi Prevotella trong cac nghién ctiru metagenomic trén mot sb
loai dong vat nhai lai cé 1& phan anh hiéu qua chuyén hoéa cua ching va su thich
nghi cua chung véi méi truong da co.

Prevotella dong vai tro quan trong trong qua trinh chuyén hoa carbohydrate va
nitrogen [98]. Tuong tu nhu mot sb chi khac trong nganh vi khuan Bacteroidetes va
néi chung 1a & vi khuan phan hay lignocellulose, hé gene cua Prevotella co cac
vung PUL la cac cum gene ma héa cac protein chuyén phéan giai carbohydrate phuac
tap [99]. Prevotella c6 thé phan hay nhiéu loai polysaccharide va c6 kha ning tong
hop propionate, 1a tién chat quan trong nhat cho qué trinh tong hop phan ti duong
glucose trong gan cia dong vat nhai lai [100]. Chi Prevotella thé hién vai tro thiét
yéu trong duy tri can bang hé vi sinh duong rudt, gitp duy tri sac khoe va han ché
bénh ddi véi hé tiéu hda cua nguoi [101]. Prevotella ciing c6 vai trd trong qua trinh
chuyén hoéa hydro, giam phat sinh methane trong qua trinh tiéu hoéa thic an
lignocellulose cua da co dong vat nhai lai [102].

1.2.3. Xylanase

1.2.3.1. Vai tro cua xylanase

Do céu tric héa hoc phic tap va khong déng nhat ciia xylan tu nhién, dé thiy
phan hoan toan xylan can c6 su phéi hop cua mot hdn hop céc enzyme tuong hd 13n
nhau. Hé enzyme phan giai xylan bao gom B-1,4-endoxylanase, p-xylosidase, a-L-
arabinofuranosidase, a-glucuronidase, acetyl xylan esterase, phenolic acid (ferulic
va p-coumaric acid) esterase. Thong thudng, hé enzyme phan giai xylan duoc tiét ra
d6ng thoi bai nhitng ching ¢ kha nang phan huy xylan, bao gém vi khuan [103],
nam [104], xa khuan [105]. “Xylanosome” 1a mdt cau tric tap hop da enzyme c6
nhiéu chic nang, dugc tim thay trén bé mat cua mot sé vi sinh vat vi du nhu phirc
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hé xylanosome tim thidy & Cellulosimicrobium funkei va Cellulosimicrobium
terreum phan giai hemicellulose mét cach hiéu qua [106]. Phic hé xylanosome tir
Clostridium papyrosolvens C7 c6 khéi luong trong khoang 500-660 kDa véi 7 tiéu
phan protein [107].

Trong s6 nhitng enzyme thuy phan xylan, xylanase (B-1,4-endo-xylanase)
dong vai tro quan trong bac nhét vi enzyme giit chirc ning xuc tac phan cit mach
chinh cua phan tir xylan, tao thanh cac xylooligosaccharide kich thwéc ngan [108],
tir d6 tao diéu kién dé cac enzyme khéc tiép tuc thuy phan dé giai phong cac don
phan. Cac xylanase trong phirc hé xylanosome thudng ¢ tinh dic hiéu co chét khac
nhau nhung tring 14p 1én nhau, tuong tac, hd tro nhau gitp vi sinh vat c6 thé phan
hay xylan mot cach hiéu qua nhat. Trong qué trinh thiy phan, tuong tac giita Cac
enzyme trong phuc hé sé giai phdng acetic acid nho hoat dong cua acetyl xylan
esterase gitip 1am ting hoat tinh cua endo-xylanase, dong thoi hoat dong cua endo-
xylanase tao ra nhiéu doan nho oligosaccharide chira goc acetyl, gitp hoat dong cua
enzyme esterase hiéu qua hon nita. f-xylosidase tang cuong hoat dong cua endo-
xylanase bang cach giai phong wc ché ¢ cac dau tan cing mach xylan, twong tu,
hoat dong cua a-arabinofuranosidase giup tang cuong hoat dong cua endo-xylanase
trong phan cat mach arabinoxylan [91].

1.2.3.2. Phan loai xylanase

Dua trén khéi luong phan tir va diém dang dién, xylanase duoc chia thanh hai
nhém d6 13 nhom cao phan tir (khdi lugng 16n hon 30 kDa) nhung c6 diém dang
dién thap (p! acid) va nhom c6 khéi lwong phan tir thap (nho hon 30 kDa) nhung c6
diém dang dién cao (pl kiém). Tuy nhién c6 mot s6 truong hop enzyme c6 hoat tinh
xylanase khéng phu hop véi cach phan loai nay [109], vi vay, méot cach phéan loai
chi tiét va chinh xac hon dwa trén ca yéu t6 cau trdc tinh thé va vung trung tam xuc
tac clng Véi cac dic tinh dong hoc xuc tac, dic hiéu co chat va san pham da duoc
dé xudt [110]. Céch phan loai méi nay phan chia enzyme xylanase vé cac ho
glycoside hydrolase (GH) theo co so dir liu CAZy.

Nhitng ho GH c6 thé hién hoat tinh xylanase la cac ho GH 5, 7, 8, 9, 10, 11,
12, 16, 26, 30, 43, 44, 51, 62. Cac enzyme thuoc ho GH 9, 12, 26, 30, 44 chi thé
hién hoat tinh xylanase nhu 14 hoat tinh thi cip. Dya trén phan tich cau tric va trinh
tu ctia vung trung tdm hoat dong, xylanase thuéc hai ho GH10 va GHI11 da duoc
phan tich chi tiét, trong khi thong tin lién quan dén xylanase thudc cac ho con lai
van con kha han ché [108]. Theo co s& dit liéu CAZy, nhitng ho GH quan trong
nhét c6 hoat tinh xylanase 13 GH 5, 7, 8, 10, 11 va 43 [111].
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Céch thac thuy phén xylan cia xylanase vai cac ho GH duoc thuc hién theo
hai co ché: co ché giit nguyén hoic co ché dao ngugc. Véi co ché giit nguyén, goc
amino acid glutamate cua enzyme thay phin dong vai tro rat quan trong. Co chat
cua phan tng & dang B-glycoside s& hinh thanh san pham trung gian dang o voi
enzyme xuc tac trude khi duoc giai phong ¢ dang B & san pham cudi cung [112].
Cac ho GH 5, 7, 10 va 11 hau hét déu thuy phan theo co ché nay. Nguoc lai, véi co
ché dao nguoc, san pham thuy phan cudi ciing c6 su thay dbi vé cau triuc khdng gian
SO Vi co chat ban dau, tir dang B thanh dang a va nguoc lai; cac amino acid c6
vong thom nhu glutamate va acid aspartic dong vai tro 1a cac gdc xuc tac trong yéu
[113]. Enzyme thudc ho GH 8 va 43 thity phan theo co ché nay.

Enzyme xylanase thuoc ho GH 10 thuong 1a cac protein c6 khéi lwgng phan tu
I6n véi diém dang dién acid va c6 cau tric khdng gian dang hop hinh thanh tir 8
phién o/p [114]. Cac xylanase trong ho GH10 c6 tinh dic hiéu co chat twong ddi
thap, c6 thé xuc tac thay phan mot phd co chit rong hon so véi xylanase cua ho
GH11 [115]. Xylanase GH10 thay phan nhiing lién két gan véi cac goc xylose gan
véi mach bén cua phan tir xylan [116]. Mac d6 bién d6i cua mach bén phan tu
xylan anh huong dén sy twong tac cau trdc cua enzyme Voi co chat, dan dén thay
d6i kha nang phan giai xylan cta céc loai xylanase.

1.2.3.3. Xylanase trong tu nhién

Xylanase rat pho bién trong tu nhién, su c6 miat ciia enzyme nay da dugc phat
hién ¢ rat nhiéu loai sinh vat, bao gém cac vi khuan khu tru trong dai duong, trong
dat va trong da co ciia dong vat [117], nam ua nhiét d6 cao [118] va trung binh
[119], thuc vat bac cao [120], dong vat nguyén sinh [121], dong vat nganh Thén
mém nhu sén ¢6 vo [122], cdn tring [123], tao [124]. Xylanase tir vi khuan va nim
da va dang dugc nghién ciru va tng dung rong réi trong nhiéu nganh céng nghiép.

Trong céc loai vi khuan, chi Bacillus di duoc xac dinh 1a ngudn sinh enzyme
phan giai xylan quan trong nhat, cu thé 1a Bacillus sp., B. halodurans [125], B.
pumilus [126], B. subtilis [127], B. amyloliquefaciens , B. circulans, B.
stearothermophilus [117]. Xylanase vai kha nang chiu nhiét cao (60-70°C) da duoc
phan lap tox chang B. pumilus, B. halodurans TSEV1 [128], Clostridum
thermocellum [129], Rhodothermus marinus [130], Streptomyces sp. [131],
Stenotrophomonas maltophila [132], Thermotoga thermarum [133]. Nguoc lai,
xylanase cd thé chiu lanh tuy khdng qua phé bién nhung di dugc phan Iap tir mot sb
chung vi khuan nhu Clostridium sp. PXLY1 [134], Flavobacterium sp. MSY-2
[135], Pseudoalteromonas haloplanktis [136], Flavobacterium frigidarium [137].
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Mot vai xylanase chiu kiém da dwoc phan 1ap tir vi khuan thuéc nganh Firmicutes
nhu B. pumilus, B. halodurans TSEV1, Geobacillus thermoleovorans [138], hoac
xa khuan nhu Actinomadura sp. Cpt20 , Streptomyces althioticus LMZM [139].

1.2.3.4. Ung dung cuia xylanase

Cac enzyme phan huy xylan néi chung va xylanase néi riéng c6 tiém ning rat
l6n dé ung dung trong rat nhiéu nganh céng nghiép, vi du nhu cong nghiép thuc
pham, thtrc 3n chin nudi, san xuat gd va gidy. Ngay tir khoang nhitng nim 1980,
xylanase dd bat dau dwogc ung dung trong nganh san xuét thic in chin nudi.
Xylanase duoc sir dung trong qua trinh xir Iy nguyén liéu lignocellulose dé 1am ting
kha ning tiéu hoa thic an [140]. Xylanase duoc bd sung vao ba rugu dé gilp phan
giai nhitng thanh phan chat xo phuc tap, gitip lam ting gia tri dinh dudng cua thanh
phan nay khi sir dung 1am thitc an chin nudi [141]. Xylanase tang ty Ié chuyén hoa
thirc 4n cta vt nudi, giup 1am ting kha ning tang trong, dic biét ddi véi dong vat
c6 da day don [142].

Trong cong nghiép thuc pham, xylanase dwgc sir dung trong qué trinh 1&n men
banh mi. Cu thé, xylanase phan huay arabinoxylan trong khéi bot, giup phan bb déu
nudc trong qué trinh nhao bot [143], cai thién sy hinh thanh mang gluten, dan dén
ting 46 mém xbp, do6 déo, do dan hdi, thé tich khdi bot, d6 ctirng va gion cua san
pham [144]. San pham thay phan cua arabinoxylan, cu thé la cac arabino-
xylooligosaccharide trong khdi banh mi ¢6 nhiéu lgi ich véi suc khoe [145]. Ngoai
ra, xylanase ciing dugc str dung trong qué trinh xir Iy san pham nuéc ép hoa qua,
gip l1am giam d6 nhét caa dich ép, han ché hinh thanh vén cuc, ting do trong sudt,
mui thom va mau sic cua san pham [146]. Xylanase tir Streptomyces sp. duoc St
dung trong dich ép nudc cam, chanh ngot, dua [147]. Xylanase tir B. pumilus VLK-
1 duoc st dung trong nudc ép cam va nho [148]. Xylanase tir Pediococcus
acidilactici GC25 c6 tac dung lam tang luong duong cling nhu lam giam d6 duc cua
dich chiét cac loai qua [149].

Trong cdng nghiép san xuét gidy, xylanase duoc st dung dé lam tring bot
gidy. Cu thé, xylanase duogc sir dung trong qua trinh tién xir Iy dé 1am ting hiéu qua
cua hoa chat, ban than xylanase khong truc tiép tac dong thiy phan céc gbc cau
thanh lignin ma xylanase thuy phan mang xylan ma lignin bao quanh. Viéc thuy
phan & mirc d6 nhat dinh mang xylan gitip ting hiéu qua tiép xdc va tac dong cia
c4c tac nhan hda hoc trong céc loai hda chat tay tring. Trong nghién ctu caa Nagar
va cong sy nam 2021, xylanase bén nhiét va chiu kiém c6 nguon géc tir B. pumilus
SV-205 duoc biéu hién luong 16n va st dung trong qué trinh tay trang bot gidy, véi
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két qua thu duoc 1am ting do sang 1,08 lan so vai dbi chung, giam 19,01% luong
chlorine dwogc sir dung dé thu duoc bot gidy c6 do sang twong dwong [150]. Qué
trinh 1am gidy va xu ly bot gidy dién ra ¢ diéu kién phd pH va nhiét d6 rat rong, vi
vay nhirng enzyme xylanase c6 kha niang chiu kiém va chiu nhiét doéng vai tro rat
quan trong trong qué trinh san xuat. Chung Bacillus chiu kiém c6 kha ning tiét
enzyme xylanase hoat dong ¢ nhiét do cao (60°C) va pH cao (6-10) da duoc ung
dung trong qué trinh tay tring bot gd kraft dé lam bia [151]. Xylanase tir
Scytalidium thermophilum hoat dong & nhiét do 50-70°C dugc sir dung dé tay trang
bot ba mia [152]. Mt khac, qué trinh tdy muyc tir cac san pham gidy da qua st dung
1a budc rat quan trong trong qua trinh tai sir dung va tai ché. Nhiing cach xu ly bang
hoa hoc nhu st dung c4c chat tay ria géc ClO", NaOH, NaCOs, H20,, Na:SiO;
thuong gy tac dong 16n dén moi truong [153] nén nhitng bién phap xu Iy bang
enzyme véi uu diém than thién véi moi trudng hon dang duoc nghién ciu thay thé
[154].

Xylanase ciing duwgc st dung trong xir ly san pham soi bong, 1am ting do bén
chic cua san pham [155] va lam trang vai thay vi st dung bién phéap héa hoc anh
huong dén méi trudong [156]. Céac chung B. stearothermophilus SDX, B. pumilus
ASH [157], Trichoderma longibrachiatum KT693225 [158] la nhitng chang san
sinh xylanase dugc stir dung trong qué trinh xur ly vai.

San pham phan giai xylan cua xylanase, cac xylo-oligosaccharide cé nhiéu
ting dung trong cdng nghé duoc pham. Cac xylo-oligosaccharide khong dugc hap
thu va chuyén héa bai hé tieu hoa cua dong vat, vi vy chung dong vai trd quan
trong nhu 1 ngudn prebiotic — ngudn dinh dudng cuaa probiotic, nhitng vi sinh vat
c6 loi cho tiéu hoa cua dong vat va nguoi [159]. Xylo-oligosaccharide con cé tiém
nang tng dung trong viéc diéu hoa hé mién dich [160], khang ung thu [161], khang
khuan, chéng oxy hda [162], chéng di tng, chong viém [163].

1.2.3.5. Tinh hinh biéu hién xylanase trong nuéc va trén thé gidi

Xylanase la mot trong nhitng enzyme phén giai lignocellulose dwoc nghién
ctru va biéu hién nhiéu trong cac nghién ciru cua céc nha khoa hoc & khip noi trén
thé gigi. Xylanase duoc khai théc tir nhiéu ngudn khac nhau bao gom c6 nam mdc
Aspergillus niger [164], A. oryzae [165], nam soi Cryptovalsa mangrovei [166],
Myceliophthora thermophila [167], con trung nhu loai bo thugc ho Xén toéc Apriona
japonica [168], mot duc qua ca phé Hypothenemus hampei [169], dong vat khong
xuong sdng nhu 6¢ sén Ampullaria crossean [170], thuc vat bac cao nhu hat dai
mach Hordeum vulgare nay mam [171], dong vat nguyén sinh Polyplastron
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multivesiculatum [172]. Xylanase duoc khai thac tir rat nhiéu loai vi khuan thuoc
cac chi Acidobacterium, Bacillus, Bacteroides, Caldicellulosiruptor, Cellulomonas,
Cellulosimicrobium, Clostridium, Demequina, Dictyoglomus, Fibrobacter,
Geobacillus, Kocuria, Lechevalieria, Paenibacillus, Paraglaciecola, Planococcus,
Ruminiclostridium, Sorangium, Sphingobacterium, Streptomyces, Thermobacillus,
Thermotoga, trong dé cac chi Bacillus, Geobacillus, Paenibacillus, Streptomyces la
cac chi duoc nghién ctu va khai thac nhiéu. Xylanase di duoc biéu hién truc tiép tir
chung tu nhién hoic biéu hién tai t6 hop trong mot sé vat cha phd bién nhu vi
khuan Escherichia coli, nAm men Pichia pastoris, nAam mdc Aspergillus oryzae.
Xylanase thuong mai di duwoc san xuit va phan phdi boi hing Sigma-
Aldrich/Merck, trong d6 xylanase c6 ngudn gbc tir Thermomyces lanuginosus duoc
biéu hién tai t6 hop trong Aspergillus oryzae, san pham xylanase tinh sach ton tai &
dang bot vai hoat tinh it nhat 1a 2500 U/g. San pham dugc ban vai gia 234 SGD/10
g hoac 561 SGD/ 50 g (thdng tin truy cap trén trang chu cta hdng Merck vao ngay
22 thang 5 nam 2023).

Tai Viét Nam, mot s6 nghién ctru lién quan dén biéu hién xylanase da duoc
tién hanh tuy nhién van con han ché vé sé lugng. Xylanase tai to hop ngudn goc tir
chung Aspergillus oryzae VTCC-F187 trong A. niger VTCC-F017 da duoc biéu
hién bai nhdm nghién ciu cia PGS. TS. D& Thi Tuyén nhim tao ra xylanase c6
hoat tinh cao [165]. Xylanase tai t6 hop c6 khéi luong 21 kDa véi hoat tinh riéng la
1025 TU/mg d6i voi co chat xylan c6 nong do 0,5% (khdi lugng/thé tich). Trong
mot nghién ctiru khac tir nhdm nghién ctu cia PGS.TS. Vi Nguyén Thanh, gene
xylanase c6 ngudn goc tir chung nam Bispora sp. MEY-1 dugc biéu hién tai to hop
trong nAm men P. pastoris véi hoat tinh 96 1U/ml dich nuéi cay [173]. Nghién ctu
cua Tran Lién Ha va cong su da tach dong gene xylanase tir Aspergillus niger C1 va
biéu hién tai t6 hop trong E. coli BL21, thu dugc dich enzyme thé cé hoat tinh 381
U/ml [174].
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Péi tweng, vat liéu hoa chat va thiét bj may mac
2.1.1. Doi twong va vdt liéu nghién ciru

Nghién ctru nay dugc thuc hién ¢ phong thi nghiém cua Vién Cong nghé sinh
hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam, véi cac héa chat va thiét bi
uy tin.

v’ Péi twong nghién ciru: Mau da c6 cia 3 dé Co va 2 dé Bach Thao thu
thap tai tinh Ninh Binh (toa d6 GPS 20.269002 105.893267), 2 dé Co, va 3 Bach
Thao thu tai Thanh Hoéa (toa do GPS 19.897450 105.795899). Dé duoc lua chon la
dé an co, |4 cay va canh cy trén nui vao ban ngiy, ban dém cho an thém phé phu
pham néng nghiép khéac nhau, khong cho an cam.

v/ Cac chang vi sinh vat: Chung vi khuan E. coli DH10B (F— mcrA
A(mrr-hsdRMS-mcrBC) ®80lacZAM15 AlacX74 recAl endAl araD139
A(ara leu) 7697 galU galK rpsL nupG A-) cua hang Invitrogen (My) duoc st
dung lam thé nhan trong thi nghiém tach dong gene; chung E. coli
BL21(DE3) (F-ompT hsdSg(rs ' mg’) gal dcm (DE3)), Rosettal (F- ompT gal
dem lon hsdSg(rs mg™) A(DE3 [lacl lacUV5-T7p07 ind1 sam7 nin5]) [malB*]«-
12(A%)), IM109 (endAl gIinV44 thi-1 relAl gyrA96 recAl mcrB* A(lac-proAB)
el4d- [F' traD36 proAB™ lacl® lacZAM15] hsdR17(rk'mk*)), SoluBL21 (BL21
Soluble), Origami (F- ompT gal dcm lon hsdSg(rs'mg™) trxB gor A(DE3
[lacl lacUV5-T7p07 ind1 sam7 nin5]) [malB*]k.12(A%) duoc sir dung lam thé
nhan dé biéu hién gene.

v Plasmid: pET22b(+) duoc sir dung lam vector biéu hién gene (Thermo
Scientific, MY).

2.1.2. Mgt sé dung dich hoéa chdt chinh:

* C4c dung dich si dung trong tach chié¢t DNA plasmid tzr E. coli:

Dung dich | (50 mM glucose, 25 mM Tris-HCI, pH 8,0; 10 mM EDTA, pH 8,0);
Dung dich 11 (0,2 N sodium hydroxide, 1% SDS); Dung dich Il (3 M potassium
acetate, 11,5% acetic acid); Dung dich phenol: chloroform: isoamylalcohol ty I¢é
theo thé tich twong tng 1a 25: 24: 1.

* Dung dich sz dung trong dién di DNA:
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Dung dich TAE 50X (Tris-base 2 M; acetic acid 1 M; EDTA 0,05 M, pH
8,0); Dung dich nhuém gel: ethidium bromide 0,5 pg/ml.

* Dung dich si dung trong dién di protein:

bém xu Iy mau protein 6X (Tris-HCI 0,64 M, pH 6,8; glycerol 20%; SDS
10%; 2-mercaptoethanol 6%; bromophenol 0,12%); Bém chay dién di (Tris-HCI 50
mM pH 8,4; glycine 192 mM; SDS 0,1%); Dung dich nhuém gel polyacrylamide
(coomassie brilliant blue 0,1%; methanol 30%; acetic acid 10%); Dung dich tiy
nhuom coomassie (methanol 40%; acetic acid 10%).

* Dung dich sir dung dé tinh ché protein:

Dung dich can bang gia thé (Tris-HCI 20 mM, NaCl 100 mM, imidazole 10
mM); Dung dich rra mau (Tris-HCI 20 mM, NaCl 100 mM, 50-100 mM
imidazole); Dung dich thu mau (Tris-HCI 20 mM, NaCl 100 mM, 250 mM
imidazole).

* Dung dich do ham luong protein: Dung dich Bradford reagent (Sigma),
BSA chuan (Sigma).

* Dung dich thi hogt tinh enzyme: Dung dich PBS 10X (NaCl 1,37 M, KCI
27 mM, NaoHPO4 100 mM, K2HPO4 20 mM); Dung dich Tris-HCI 1 M; Dung dich
dém citrate 1 M; Dung dich xylan 1% (khéi lwong/thé tich); Dung dich
pNPG/pNPX (Sigma) 100 mM: Dung dich CMC (Trung Quéc) 1%; Dung dich
Congo red 0,1% (khéi lugng/thé tich); Dung dich mau DNS (DNS 1%; NaOH 1%;
K-Na-tartrate 18,2%) va mét sé dung mdi hiru co khac.

* Mot sé b kit dwoc sir dung: DNeasy Blood & Tissue va QIAquick Spin;
QIAquik gel (Qiagene); cot PD-10 loai mudi (Amersharm Biosciences, MY),
PSP®Spin Stool DNA (Invitek GmbH); QlAamp® DNA Stool Mini Kit (Qiagen)
diing cho tach chiét, tinh ché DNA metagenome.

* Méi trieong nudi cay:

Moi trudng LB long (bacto-trypton 1%; cao nam men 0,5%; NaCl 1%) duoc
pha trong nudc loc RO; Mbi truong LB dic: Mai trudong LB long c6 bo sung thém
1,6% agar; Mbi truong PE: Bao gdom 2% bacto-peptone, 1% cao nAm men pha trong
nudc loc RO; Moi truong TB: 1,2% bacto tryptone, 0,5% cao nim men, 0,4%
glycerol, 72 mM K;HPO4, 17 mM KH2POs4, pH 7 - 7,2; Mo6i truong SB: 2%
Bacto™ yeast extract, 3% Bacto™ tryptone, 1% MOPS; Mbi truong YT: 1%
Bacto™ yeast extract, 1,6% Bacto™ tryptone, 0,5% NaCl; Méi truong SOB: 0,5%
Bacto™ yeast extract, 2% Bacto™ tryptone, 10 mM NaCl, 2,5 mM KCI, 20 mM
MgSOsa.

Céac méi truong sau khi pha dugc khir tring ¢ 121°C trong 30 phit, dé ngudi
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va bo sung ampicillin dén ndng d6 cubi cung 1a 100 pg/ml.
2.1.3. May moc va thiét bj

Mot s6 may mac va thiét bi chinh sir dung nhu may quang phd UV 1650C
(Shimadzu, Nhat Ban), may giai trinh ty thé hé mai Hiseq 2000 (Illumina, M¥),
may PCR (Applied Biosystems, M¥), may dién di (Bio-Rad, My), can phan tich
(Precisa, Thuy Si), can dién tir (Precisa, Thuy Si), may do ndéng do quang hoc
nanophotometer (Implen, Dtc), may do pH (Metler, Thuy Si), ta nudi cay té bao
(Multitron, Duc), may sic ki FPLC (Amersham Pharmacia, M¥), may UV (Bio-
Rad, M), may ly tdm lanh (Sorvall RC5B, My va Sorvall RC5B, My),, may lic 6n
nhiét (New Jersey, My), may hut chan khéng — speed Vac Sc 110? (Savant, M¥), cot
sac ki &i luc Hitrap (GE, Healthcare, Thuy Dién), tu lanh sau -80°C (Panasonic,
Nhat), may doc ELISA ELx800 (BioTek, M¥).

2.2. Phwong phap nghién ctiru
2.2.1. Cac phwong phdp sinh hoc phan ti, vi sinh vt
2.2.1.1. Tach chiét, tinh ché DNA metagenome

Dich da co dé& mdi con dé duoc loc qua 4 16p vai man. Phan can khong qua lop
vai dugc hoa vao 2 lit dung dich PBS (137 mM NaCl, 2,0 mM KH2PO4, 10 mM
NazHPO4 va 2,7 mM KCl, pH 7,4) sau d6 loc lai bang 4 16p vai. Dich long thu duoc
dugc don lai va ly tam ¢ toc d¢6 700 vong / phat (v/p) (khoang 150-200 xg) trong 10
phut dé tach riéng protozoa va xac, ba thuc vat con sét lai. Budc nay duoc 1ap lai
hai 1an. Céc vi khuan trong dich noi duoc thu lai bang ly thm 4500 xg trong 5 pht,
rira hai 1an vai dung dich PBS, va huyén phii vao 500 ml dung dich PBS pH 7,4 ¢6
chaa 20% glycerol va giit trong -80°C. Quy trinh tach chiét DNA metagenome duoc
dua trén phuong phap ctia Sambrook va cong su [175]. DNA metagenome cua vi
khuan dugc tach chiét bang phuong phéap tach chiét DNA vi khuan (dé loai trir
DNA cua nim va eukaryot khéac) cai bién theo phuong phap cua Sambrook va cong
su (2001) sau d6 duoc tinh ché bang bo sinh pham PSP Spin stool DNA kit (Stratec,
Pric) theo hudng dan ciia nha san Xuat.

Hé vi khuan trong da co dé c6 tinh dic thu theo hé gene, theo cé thé, theo vi tri
dia ly. Vi vay, véi muc dich khai thac gene ma hoa enzyme thuy phén
lignocellulose va tim hiéu vai trd caa vi khuan tham gia chuyén hoa lignocellulose
trong da co dé, yéu té dinh dudng 12 yéu té dong vai trd quan trong nhat. Clng voi
gia thanh giai trinh tu, thoi gian cling nhu nguén luc cho phan tich b dit liéu I6n,
viéc giai trinh twy DNA metagenome cua tirng ca thé dé hoic ting nhom dé ¢ thoi
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diém thyc hién luan &n gap nhiéu kho khan. Vi vdy mau DNA metagenome di tinh
sach c6 ham luong nhu nhau tir 10 con dé duoc tron chung thanh mot mau DNA
metagenome cua vi khuan da c6 dé Viét Nam. Mau nay duoc gii sang cong ty BGI
Hong Kong dé giai ma tao hai bo dit liéu 1a bo dir liéu c6 dung lwong khoang 8-10
Gb (b6 dir liéu thong thuong - conventional metagenomic data) va b dir liéu co
dung luong 40-50 Gb (b dir liéu giai ma sau - deep metagenomic sequencing data).
Bo dit liéu thong thuong dugc giai ma trudc va nhan thiy d6 bao phu gene trong dit
licu nay chi dat 27%. Vi vay chung toi da tién hanh giai ma sau dé hy vong c6 duoc
bo dir liéu tét cho phan tich da dang ciing nhu khai thac gen.

2.2.1.2. Phuwong phap giai trinh tw da hé gene

Mau DNA metagenome sau khi tach chiét duoc Kiém tra dé dam bao dat yéu
cau vé do sach, ndong 6 DNA va khdng c6 mat cua chat tc ché phan tng PCR.
Mau dat yéu cau duogc giri sang cong ty BGI (Hong Kong, Trung Qudc) dé giai
trinh tu da hé gene trén hé thong Illumina [176]. Vé co ban, nguyén Iy cia phuong
phéap giai trinh ty nay tuong ty nhu giai trinh ty DNA theo phuong phap Sanger,
trong d6 DNA polymerase tong hop chudi DNA hinh thanh bang céach sir dung
dNTP gin vao dau 3’ ctia chudi DNA dang tong hop theo nguyén tic bo sung. Tuy
nhién, d4i véi giai trinh tu thé hé mai, thay vi giai trinh ty mot doan don 1¢, ky thuat
nay cho phép giai trinh tu voi mot lugng 16n cac doan DNA khac nhau song song
tai cing mot thoi diém, tir d6 tiét kiém thoi gian va cho luong dir lidu dau ra vo
cung 16n so vai phuong phap Sanger c.

2.2.1.3. Téng hop gene, thiét ké vector biéu hién mang gene exl

Sau khi duoc phan tich lya chon bang cac phan mém tin sinh hoc, gene ma
hoa endo-xylanase dugc nghién cau toi wu ma bo ba dé biéu hién trong vi khuan E.
coli, va loai bo trinh tu tin hiéu tiét tu than cua gene. Sau d6, gene duogc tong hop
nhan tao tai cong ty Genscript (M¥). Gene phan lap va tong hop duoc dua vao
vector pET22b(+) dua trén diém cat cua cap enzyme gigi han Ncol va Xhol. Céc
phuong phap cit, ndi gene duogc thuc hién theo phuong phap ciia Sambrook va dong
tac gia [177].

2.2.1.4. Bién nap DNA plasmid vao vi khudn E. coli

Té bao E. coli kha bién duoc chuan bi va bién nap theo phuong phap séc
nhiét cua Froger va Hall [178]. DNA plasmid (1 pl) duoc tron déu vai 50 pl té bao
kha bién (str dung cho séc nhiét) da duoc lay tir ta bao quan -80°C, dé san trén da
vun trong 30 phit. Sau d6 mau duoc u ¢ 42°C trong 90 gidy, tiép theo dé trén da
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trong 2 phut truéc khi bd sung 500 ul méi trudng LB, nudi lic 180 vong/phut (v/p)
& 37°C trong 45 phut. Dich té bao dwogc cdy trai trén dia méi trudng LB ¢ b sung
100 pg/ml (méi trudng LBA) dic, u ¢ 37°C trong 16 gid. Khuan lac moc trén dia 1a
chung mang plasmid.

2.2.1.5. Tdch chiét DNA plasmid tir té bao vi khudn E. coli

DNA plasmid trong té bao E. coli duoc tach chiét theo phuong phap cua
Sambrook va cong su [179]. Mau DNA plasmid sau khi tach chiét duoc kiém tra
bang dién di trén gel agarose 0,8%.

2.2.1.6. Pién di trén gel agarose

Kich thudc doan DNA va plasmid duoc kiém tra bang phuong phap dién di
trén gel agarose theo Sambrook va cong su [180]. Gel agarose nong do thich hop
dugc chuan bi trong khudn chuyén dung. Sau khi gel thanh hinh, cac mau DNA
duogc tron véi dém xa Iy mau va duoc nhod vao céc giéng. Toan bo ban gel ngam
trong dém dién di dugc dit trong dién truong cta dong dién mot chiéu 100 V trong
thoi gian thich hop dé phan tach cac doan DNA. Két thuc dién di, dung dich
ethidium bromide néng d6 0,5 pg/ml duoc sir dung dé nhuom toan bd ban gel trong
khoang 10 phat. Biang DNA trén gel dugc quan sat khi duoc kich thich bang tia tir
ngoai & budc séng 302 mm.

2.2.1.7. Tinh ché DNA tir gel agarose

San pham cat DNA tir gel agarose hozc san pham PCR dugc tinh ché theo cac
budéc chi dan caa bo sinh pham tinh sach DNA QlAgene - QIAquick Gel Extraction
Kit.

2.2.2. Cac phwong phdp héa sinh protein
2.2.2.1. Biéu hién protein tdi t6 hop trong E. coli

Quy trinh biéu hién protein tai t6 hop duoc thuc hién dua trén quy trinh cua
Sambrook va cong su [181] c6 diéu chinh. Sau khi tao duoc cac chung E. coli chira
vector biéu hién mang gene can nghién ctu, dong khuan lac mang céc gene duoc
lya chon cdy chuyén vao 5 ml méi truong LBA va nudi lic 200 vong/phat & 37°C
qua dém. Dich té bao nudi ciy qua dém duoc chuyén sang mdi trudng méi sao cho
ODeoo dat khoang 0,1 (hodc ty I& 1/100). Dich nudi cdy tiép tuc duoc lic 200
vong/phit & 37°C cho dén khi ODeoo dat khoang tir 0,4 dén 0,6 (khoang 1,5-2 gio)
thi dwgc cam ng sinh tdng hop protein tai té hop bang cach bé sung IPTG dén
nong d6 cudi cung 0,1 mM va tiép tuc nudi trong thoi gian 5 gio & nhiét do 25°C.
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Céc diéu kién anh huéng dén sinh tong hop protein tai t6 hop nhu nong do IPTG,
nhiét ¢, moi truong nudi ciy ciing s& duoc khao sat. Sau thoi gian cam ¢ng biéu
hién, cac té bao dugc thu lai bang cach ly tim 6000 vong/phut, trong 10 phut va dua
vé cling gia tri ODeoo bang 10 véi dém thich hop. Protein dwoc phan tich bang
phuong phap dién di bién tinh trén gel polyacrylamide.

Dé danh gia kha ning tan cua protein tai to hop, té bao biéu hién duoc pha v
bang siéu &m véi chu ky 10 gidy siéu am va 20 gidy nghi trong tong khoang 30 dén
40 xung & tan s6 20 kHz. Sau d6, dich siéu am duoc ly tim 13.000 vong/phdt trong
10 phat dé tach protein pha tan va pha khong tan. Pha tan 1 phan dich néi dugc thu
lai, con phan can 13 pha khong tan duoc hoa trg lai trong nudc cit vo tring va dién
di trén gel polyacrylamide 12,6% dé kiém tra so sanh véi mau protein téng s, xac
dinh kha nang tan, tia cua enzyme.

2.2.2.2. Pién di protein trén gel polyacrylamide

Quy trinh dién di protein trén gel polyacrylamide dugc dua trén quy trinh
chuan Laemmli va dong tac gia [182].

* Chudn bj gel: TUy theo muc dich kiém tra ma 2 loai gel polyacrylamide bién
tinh va khong bién tinh (khong co6 SDS) duoc sir dung. Gel dugc chuan bi véi thanh
phan va nong d6 nhu mé ta trong Bang 2.1. Céc thanh phan duoc bo sung theo thir
tu Va tron déu trude khi cho vao gia do ban gel. Gel tach duoc chuan bi trude va tra
vao khudn cho dén khi dong hoan toan (khoang 30 phdt) méi chuan bi tiép gel co.
Ban gel 6n dinh sau khi gel co dugc dua vao ban gel sau khoang 30 phut c6 thé
duoc sir dung dé dién di kiém tra protein.

Bang 2. 1. Thanh phan gel polyacrylamide bién tinh

, Gel bién tinh
Thanh phan
Gel tach 12,6% (ul) Gel 6 5% (ul)
Tris-HCI1 0,5 M pH 6,8 - 200
Tris-HCI 1,5 M pH 8,8 1125 -
Glycerol 50% 900 -
Bis-Acrylamide 30% 1890 140
SDS 10% 45 4
APS 10% 30
TEMED 3
dH20 550 450
Tong 4543 803
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* Quy trinh dién di trén gel polyacrylamide-SDS: Hon hop protein can dién di
dugc bod sung dém xu ly mau (sample buffer 6X) véi ty 16 mot phan niam thé tich
mau ban dau, tron déu trude khi duoc xir Iy ¢ nhiét do cao (100°C) trong 10 pht.
Sau d6, mau duoc lay ra, dit 18n da va tra vao giéng dién di. Khi miu dién di (c6
mang chét chi thi mau) van dang & trong phan gel c6 nong do acrylamide thap, toan
b6 ban gel va dém dién di duoc dat dudi cuong do dong dién 10 mA. Khi vach mau
chi thi mau da tién dén phan gel cd nong do cao, mdi ban gel dugc dién di voi
cudng do dong dién Ién hon (20 mA) dén khi vach chi thi da di hét chiéu dai ban
gel. Tiép do, ban gel dugc g ra khoi khung kinh va dwgc ngdm trong dung dich
thudc nhuém khoang 60 phut, truge khi loai bo thuéc nhuém bam khéng dic hiéu
trén ban gel bang dung dich tdy nhuém. Mau protein di duoc phan tach va gan
thuc nhuém c6 thé quan sat biang mit thuong.

2.2.2.3. Tdch chiét protein tdi t6 hop va tinh ché bang sdc ki di luc His-tag

Theo nhu chién luge dua gene exl vao vector biéu bién pET22b(+) va biéu
hién trong vat chi E. coli, gene exl khdng chira ma két thiic da dugc ni truc tiép
vGi mot doan DNA ngian ma hda 6 goc Histidine o tan cing dau 3°. Do d6, enzyme
tai to hop endo-xylanase duoc biéu hién trong hé vector nay theo ly thuyét s& duoc
biéu hién va dua ra khoang chu chét cua té bao E. coli, dong thoi protein déu c6
chaa doan trinh ty 6His (His-tag) & dau C. Cac gdc His nay sé lién két vai Ni2* trén
cot Hitrap gilp cho qua trinh tinh sach protein thuan tién. Bé tach chiét protein tai
t6 hop, mang té bao vat chii duoc phé v bang song siéu 4m cudng do cao dé giai
phong vat chat noi bao, sau d6 dich phé té bao duoc tinh ché bang sic ky.

Qué trinh tach chiét va tinh ché protein tai to6 hop duoc thuc hién theo céc
budc nhu sau: Chuyén 15 ml dich té bao c6 ODsoo = 10 vao ng falcon loai 25 ml.
Tién hanh pha té bao bang song siéu &m véi chu trinh phdng 10 gidy, nghi 5 giay,
téng thoi gian trong 9 phut trén d4. Ly tim dich pha té bao & tbc d6 8000 vong/pht
trong 10 phdt, thu pha tan chta protein tai to hop. Dich sau khi thu dugc bom toan
bo (15 ml) 18n ¢ot HisTrap 5 ml trude d6 di can bang véi dém Tris-HCI 20 mM (pH
7), 10 mM imidazole. Dich chay qua cot (F) dwoc thu hdi dé kiém tra mic do bam
cua protein tai to hop. Sau do, protein tap duoc ria lan luot bang 50 ml dém Tris-
HCI 20 mM, NaCl 100 mM chira imidazole c6 néng do 50 mM, 100 mM, 150 mM
imidazole. Thu cac dich rira dé kiém tra protein di ra khoi cot. Tiép theo, protein tai
t6 hop duoc day ra khoi cot bang 25 ml dém chira 250 mM imidazole. Dich chira
protein dwoc thu vao cac éng Eppendorf (2 ml/éng). Cac phan doan chira protein
tinh sach duoc gop lai va loai mudi bang cot PD-10 (Amersharm Biosciences, M¥)
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theo huéng dan cia nha san xuat.
2.2.2.4. Xdc dinh do sach ciia enzyme tdi té hop bang phan mém Quantity One

Pham mém Quantity One (http://www.biorad.com/en-us/product/quantity-one-
1-danalysis-software) la phan mém online cua Bio-Rad cho phép danh gia do tinh
sach caa mot mau protein dugc nhuém mau. Cac budc thuc hién chinh bao gém
dién di trén gel polyacrylamide cac mau protein can kiém tra cing véi thang chuén
protein. Sau d6, gel dugc nhudém bang thudc nhuém comassie, rira sach va dwa 1én
may scan dé quét. Ché do quét duoc cai dit 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
Quantity One version 4.6. Luong protein cd trén giéng chay s& duoc phan mém
nhan biét va quét dé dinh luong twong dbi. PO sach cua protein tai to hop chinh la
ty 1¢ caa khdi lugng xac dinh duoc cua bang protein tai t6 hop so véi tong khéi
luong cua protein trén méi duong chay o ban gel.

2.2.2.5. Binh lwong protein bang phwong phdp Bradford

Ham luong protein trong miu duoc xac dinh bang phuong phap Bradford
[183] c6 cai bién phu hop véi dung dich Bradford thuong mai 5X (Sigma). BSA
chuan (Sigma) dugc hoa trong nudc cat thanh 11 ndng d6 cach déu nhau lan luot tir
tir 0 dén 2 pg/pl. MGi phan @ng c6 téng thé tich 1a 250 pl gdm 200 pl mau dich BSA
chuan va 50 ul Bradford reagent. Mau dugc do ODsgs bang may doc ELISA. Két
qua do do hap thu & budc song 595 nm cua cac mau BSA véi nong do chinh xac
nhu trén duoc st dung dé thiét lap duong chuan biéu thi mdi quan hé gitta do hap
thu quang hoc & budc séng nay va ndng do protein trong mau di bo sung dung dich
Bradford (Hinh 2.1).

Pé do ndng do protein cua mau can quan tam, mau duoc pha lodng sao cho
mat d6 quang hoc do duoc nam trong khoang dudng chuan. Sau khi xac dinh duoc
gia tri ODsos cia mAu can do (y), lugng protein tuong tng (x) duoc xac dinh dua
vao phuong trinh tuyén tinh da dugc thiét lap. Ham luong protein trong mau duoc
xéac dinh 1a tich cua luong protein (x) va hé s6 pha lodng mau véi nudc cat trong
qua trinh chuan bi mau do.
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Hinh 2. 1. BPuwong chudn biéu thi sy lién hé gitra ODses va ham lwong BSA

2.2.2.6. Xac dinh hoat tinh enzyme

(i) X&c dinh hoat tinh xylanase

- Nguyén ly: Luong duong khir ¢ mat trong dung dich duoc xac dinh dua
vao phuong phap DNS cua Miller [184] c6 diéu chinh dé phd hop véi mau thuc
nghiém. DNS Ia chat phan ¢ng chtra dinitrosalicylic acid (DNS). Céu trdc hoa hoc
cuaa DNS c6 hai nhém nitro va khi c6 mat duong khir thi mét nhém nitro bi khir
thanh amino din dén DNS vén ¢ mau vang tro thanh 3-amino-5-nitrosalicylic c6
mau nau dé. Mau nau dé caa 3-amino-5-nitrosalicylic hap thu cao nhat & buéc séng
540 nm.

- Thiét 1ap duong chuan: 6 thi chuan duoc thiét l1ap véi thang chuan 6 nong
d6 duong D-xylose tir 0 dén 5 mM. Mdi 6ng phan tng cé thé tich 75 pl D-xylose
dugc pha loang va 75 pl chat phan ung DNS (DNS 1%, NaOH 0,25 M, Na-K
tartrate 0,645 M). Tat ca cac hdn hop dugc it & 100°C trong 15 phut. Sau d6 bd sung
25 ul K-Na-tartrate 40% va dé mau ngudi ¢ nhiét do phong. Mau duoc do OD &
buéc song 540 nm bang may doc ELISA. Két qua do ODs4o duoc st dung dé thiét
lap dudng chuan biéu thi mdi quan hé giita ODs4o Va ndng do dudng khtr.
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Hinh 2. 2. Bwong chuén xylose

- Xdc dinh hoat tinh xylanase trén co chat tan xylan: Hon hop dugc chuan bi
gom cd 100 pl enzyme thé dich pha tan, hoac 100 pl enzyme sau tinh ché loai mudi
(twong duong 5 pg enzyme), 100 ul dém PBS 5x pH 6,8 (hoic & gié tri pH tdi uu),
100 pl xylan 1% pha trong dém PBS 1x va nudc véi tong thé tich 1a 500 pl. Hon
hop sau d6 duoc u & 37°C (hoic nhiét do t6i uu) trong 30 phut. Sau thoi gian u, hon
hop duoc bd sung 500 pl chat phan g DNS va dun s6i hdn hop 15 phat. Sau do,
b sung tiép 125 pl K-Na-tartrate 40%. Mau dugc do OD & budc song 540 nm.
Lugng duong khi tao ra duoc tinh dwa vao duong chuan vé mdi quan hé giira
ODs40 Va nong do xylose da duoc thiét 1ap. Mdi phép thir duoc Iap lai 3 1an. Hoat
tinh xylanase (tinh theo don vi 1U) 1a s6 pmol xylose duoc giai phong ra trong moi
phlt ¢ diéu kién do nhu nhiét do va pH [185]. Mau dbi chiing cé thanh phan gidng
hét nhu mau phan ung nhung enzyme chi dugc bo sung sau khi di két thic qua
trinh 1.

(i1) Xac dinh hoat tinh cellulase

- Thiét 1ap duong chuan glucose

Luong duong khir glucose c¢6 mat trong dung dich sé dugc xac dinh dya vao
phuong phap DNS cua Miller c6 thay d6i phi hop véi mau thuc nghiém. Db thi
chuan duoc thiét 1ap véi thang chuan 6 néng d6 duong D-glucose tir 0 mM dén 10
mM (Hinh 2.3). Mdi dng phan &ng c6 thé tich 75 pl D-glucose dugc pha lodng va
75 ul chat phan ang DNS (DNS 1%, NaOH 0,25 M, Na-K tartrate 0,645M). Tat ca
cac hon hop dugc dun sdi 15 phut. Bo sung 25 ul K-Na-Tartrate 40% va dé mau
ngudi ¢ nhiét do phong. Tuong tu nhu dudng chuan xylose, mdi quan hé giira nong
d6 duong glucose trong phan tmg va d6 hap thu quang hoc ¢ budc séng 540 nm
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duogc thiét 1ap, tir d6 1a co so tinh toan lwgng glucose trong mau phan tng enzyme.

2.5

2 y = 0.4024x - 0.0993
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0OD540
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Hinh 2. 3. Bwéong chuén glucose.

* Xdc dinh hogt tinh cellulase thiy phdn co chdt CMC: Dich pha tan cua
enzyme thd hoic enzyme tinh sach duoc st dung dé xac dinh hoat do véi co chat 1a
CMC. Téng thé tich phan @ng 1a 0,5 ml gém c6 0,25 ml CMC 1%, 0,05 ml dém
PBS 10X, pH 6,8 (hoic pH ti uu) va 5 pg enzyme tinh sach. DPbi ching am co6
enzyme va co chat duogc 1 riéng ré, tron trude khi bo sung DNS. Phan tng duoc tién
hanh & 40°C (hoic nhiét do thich hgp) trong 30 phat. Sau do, hon hgp phan tng
dugc bd sung thém 0,5 ml dung dich DNS va dugc dun s6i trong 15 phit. Hon hop
dung dich phan ung dugc bd sung 125 pl Na-K tartrate 40%, dé ngudi o nhiét do
phong va do do hap phu tai buéc séng 540 nm. Mot don vi hoat d6 (1U) cellulase
dugc dinh nghia 1a luong enzyme can thiét dé phan giai co chat CMC thanh dudng
khir twong dwong voi 1 pmol glucose trong 1 phat ¢ diéu kién thi nghiém.

Xac dinh hoat tinh ctia enzyme thong qua do OD & budc song 540 nm dua trén
luong dudng khtr dugc giai phong so sanh véi duong chuan glucose [185].

* Xdc dinh hogt tinh cellulase thiy phdn co chdt gidy loc: Dich pha tan cia
enzyme thd hoic enzyme tinh sach duoc sir dung dé kiém tra hoat tinh véi co chat
la gidy loc. Gidy loc (Whatman No. 1) duoc cat bang kéo thanh cac miéng rat nho
va déu nhau theo phuong phap ciia Camassola va cong su [186]. Tong thé tich phan
tng 12 0,5 ml gom ¢6 10 mg giay loc, 0,05 ml dém PBS 10X, pH 6,8 (hoic pH tbi
uu) va 5 pg enzyme tinh sach. D6 chimg 4m c6 enzyme va co chat duoc u riéng ré,
tron trudc khi bo sung DNS. Phan ung duoc tién hanh & 40°C (hoic nhiét do thich
hop) trong 30 phit. Sau d6, hdn hop phan ung dugc bo sung thém 0,5 ml dung dich
DNS va duge dun sbi trong 15 phat. Hdn hop dung dich phan tmg duoc bd sung
125 pl Na-K tartrate 40% dé nguoi o nhiét do phong va do do hap phu tai budc song
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540 nm. Mét don vi hoat 6 dugc dinh nghia 1 lugng enzyme can thiét dé phan giai
co chat gidy loc thanh dudng khir trong dwong véi 1 pmol glucose trong 1 phit ¢
diéu kién thi nghiém.

(iii) Xac dinh hoat tinh beta-glucosidase va beta-xylosidase

- Thiét 1ap duong chuan p-nitrophenol (pNP)

Tuong tu Voi viéc xay dung dudng chuan ¢ trén, chat chuan pNP duoc pha
bang dém phosphate 20 mM véi 10 ndng do chat chuan tir 0 mM dén 10 mM. Két
qua do do hap thu ¢ 405 nm duoc sir dung dé thiét lap duong chuan biéu thi mdi
quan hé giira ODaos va nong do6 pNP (Hinh 2.4).

0.9
0.8 y = 4.4454x + 0.0068 pa
07 R*=0.9037 -r '
.08 A
o 04 e
0.3
0.2 7
01 s
D -
0 0.05 0.1 0.15 0.2
Ham lwerng pNP (umol)

Hinh 2. 4. Buwéong chuan pNP

* Xdc dinh hoat tinh beta-glucosidase va beta-xylosidase: Dich enzyme tinh
sach duoc sir dung dé kiém tra hoat tinh beta-glucosidase va beta-xylosidase voi co
chat twong ung 1a pNPG va pNPX. Enzyme c6 hoat tinh beta-glucosidase va beta-
xylosidase s& xUc tac phan tng phan cit hai co chat trén va tao ra pNP, lwong pNP
ty I¢ thuan voi hoat tinh cia enzyme. Mdi phan tng chaa 100 pl dich enzyme sau
khi tinh sach (twong duong 5 pg enzyme), 100 pl co chat 10 mM duoc pha trong
dém PBS 5X, pH 6,0 va 300 ul nudc deion. Phan tng dugc thuc hién ¢ nhiét do
37°C trong 30 phit. Phan ung duogc két thic bang cach bd sung 500 pl Na,COs 1
M, tron déu. Mau dugc do ODaos. Luong pNP tao ra do x(c tac cua enzyme dugc
tinh dya vao duong chuan. Cac thi nghiém déu duoc lap lai 3 1an va c6 bd tri dbi
ching am dé tinh todn hiéu qua thuy phan. Mot don vi hoat do beta-glucosidase/
beta-xylosidase dugc dinh nghia 1a luong enzyme can thiét dé phan giai co chat
tuong tng pNPG/ pNPX thanh 1 umol pNP trong 1 phut & diéu kién thi nghiém.

2.2.2.7. Xac dinh anh huong cua nhiét do, pH, cdc ion kim loai va mot s6 héa chat

lén hoat tinh enzyme
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* Xdc dinh anh hwong cua nhiér dé va pH: Dé xac dinh anh huéng cua nhiét
d6 dbi véi hoat tinh enzyme, phan tng thay phan xylan cia enzyme duoc tién hanh
& dai nhiét do: 40°C, 50°C va 60°C. Anh huéng cua pH dbi voi hoat tinh enzyme
dugc xac dinh khi thay doi pH caa dém PBS 10X (hoic thay bing dém citrate, dém
Tris) ¢ cac pH khac nhau la pH 4,0; pH 4,5; pH 5,0; pH 5,5; pH 6,0; pH 6,5, pH
7,0; pH 7,5; pH 8,0; pH 8,5; pH 9,0; pH 10,0; pH 11,0. Xac dinh Iwong duong khir
dugc giai phong sau phan tng dé danh gia hiéu qua thuy phan co chat & cac diéu
kién nhiét d6 va pH khac nhau, tir @6 xac dinh dugc anh huwdng caa nhiét do va pH
dén enzyme. Céc thi nghiém déu duoc Iap lai 3 1an va c6 bd tri dbi ching am dé
tinh todn hiéu qua thuy phan.

* Xdc dinh anh hwong cua ion kim logi va hda chat: Xac dinh anh huong cua
cac ion kim loai, hda chat dén hoat tinh cia enzyme duogc thyc hién theo phuong
phap danh gia hoat tinh cua endoglucanase véi co chat CMC duoc miéu ta & phan
trén nhung trong dung dich c6 bo sung cac ion kim loai va hda chat véi nong do

_ 5 2
khéac nhau. Céc ion kim loai pho bién dugc sir dung véi nong d6 10 mM la Mn +,

Fe Ca . Mgz+, cu” NiiT zn” K’ Na', Co'. Cac hoa chit duoc st dung voi
nong do khac nhau 1a 1 uM urea, 1 pM EDTA, 1 uM 2-mercaptoethanol, 1 uM
triton X-100, 1% SDS va 1 mM tween 80. Cac thi nghiém déu duoc lap lai 3 lan,
cling vé&i ddi chirng &m 1a cac thanh phan dém, enzyme, co chat dugc xir Iy doc 1ap
nhau nhung & ciing diéu Kién nhu mau can do, sau khi két thdc thoi gian u phan tng
thi dugc phéi tron va bo sung dung dich DNS.

2.2.2.8. Xdc dinh dé bén nhiét cia enzyme

Enzyme duoc ¢ ¢ cac nhiét ¢ khéac nhau tir 40°C, 50°C dén 60°C trong c4c
khoang thoi gian khéac nhau (1 gio; 2 gio, 4 gio, 6 gio va 24 gio) trong dém PBS,
pH 5,5. Sau khi két thdc thoi gian 1, hdn hop enzyme duoc bd sung thém co chit
xylan 1% dé thuc hién phan tng véi co chat. Thanh phan, quy trinh phan tmg dugc
thuc hién nhu da miéu ta ¢ trén. Hoat tinh cta enzyme sau khi xu ly nhiét duoc xac
dinh va so sanh véi hoat tinh cia enzyme duoc thuc hién cung thoi diém nhung
khong trai qua qua trinh u nhiét do.
2.2.2.9. Xdc dinh théng s6 déng hoc ciia enzyme

Gia tri Km, Vmax, duoc tinh toan dua trén phuong trinh twong quan giita toc
d6 phan ¢ng va ndng do co chét duoc thiét 1ap theo phuong phap cua Linewever-
Burk, trong d6 V dugc coi la sé micromole glucose duoc giai phong ra trong 1 pht,
1/[S] dugc tinh 1a 1/[ndng d6 co chat], & d6 ndng d6 co chit dugc tinh 1a mg/ml
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(Hinh 2.5). Hoat tinh xylanase dugc xac dinh & dai ndng d6 xylan khac nhau dé xay
dung 1én duong chuan 1am co so dé tinh toan gi tri Km, Vimax. Thi nghiém xac dinh
thong s6 dong hoc cua enzyme sau tinh ché théng qua phan tng thiy phin co chat
xylan ¢ dai ndong do khac nhau. Két qua thu dwoc c6 thé duoc biéu dién trén do thi
c6 phuong trinh dang y = ax/(b+x), trong d6 a 1a gid tri Vimax, b 12 gia tri Km; két qua
dugc xu 1y va do thi duong cong dugc xay dung qua phan mém trén web theo
duong dan.

v

A

1/Vmax

»
>

-1/Km 1/[S]

Hinh 2. 5. Sy phu thudc cta tbc dd phan (rng va ndng dé co' chat theo Lineweaver-Burk
[187]

2.2.3. Cac phwong phdp tin sinh hoc
2.2.3.1. Lap rap DNA da hé gene, chii gidi cdc gene chirc ning

Két qua giai trinh tw DNA da hé gene duoc phan tich, kiém tra chat luong, lap
ghép thanh cac contig, sau d6 dugc du doan trinh tu gene, tir d6 1a co so dé danh gia
phan loai vé da dang ciing nhu chu giai chirc nang gene. Cuy thé, dir lieu DNA tho
gom hang triéu doan trinh tu ngan (goi 1a cac read) dugc kiém tra chat luong bang
phan mém, tir d6 loai boé nhing trinh tu c6 chat luong thap, gom cac trinh tu c6
chta sb base khong xac dinh (ky hiéu N) Ién hon hoic bang 5%, cac trinh ty chira
tbi thieu 50% sd base cd chat lugng Q nho hon 20 va cac trinh ty adapter. Dit liéu
tho sau khi dugc xu ly tré thanh bo dir liéu tinh, duge dua vao phan mém chuyén
dung nhu IDBA-UD, megahit dé lap rap thanh cac contig, 1a cac doan trinh ty dai
chira céc trinh ty read c6 nhitng ving chong 1ap, gdi nhau. Phan mém Bowtie2 duoc
sir dung dé kiém tra lai cac contig véi cac thanh phan read tao thanh va chinh stra
cac contig, dong thoi danh gia su bao phu cua cac read. Phan mém MetaGene
Mark?2.0 duoc sir dung dé di doan cac gene tir cac contig di tinh chinh.
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Hinh 2. 6. Qua trinh phan tich va khai thac gene ttr di¥ liéu DNA da hé gene

Cac gene trén dugc dua vao cac phan mém twong ung dé dy doan vé phan loai
da dang hoc va chu giai chic nang. Phan mém MEGAN (MEtaGenomic ANalyser)
phién ban 4.6 duogc sir dung dé du doan cac mic do phan loai. Céc trinh tu gene
dugc so sanh véi trinh tu cta co s¢ dit liéu NR (trinh te khdng trung lap non-
redundant tir ngan hang gene NCBI cung véi cac trinh ty tir cac dir liéu ngén hang
khac nhu Refseq, PDB, SwissProt, PIR and PRF). Thuat toan co sé LCA (Least
Common Ancestors) ciia phan mém MEGAN dugc dung dé xac dinh cip do phan
loai cuia tirng gene. Trinh tu dugc xép vao nhém phan loai sao cho cap do phan loai
cta nhom d6 phan anh dugc murc d6 bao tha cua trinh tu gene. Viéc phan loai, danh
gia da dang vi khuan ¢ cac cap do duoc mé hinh héa bang cong cu Krona tich hop
Excel (http://krona.source).

2.2.3.2. Phuong phap nghién cuu Pfam cua cac trinh ty

Pfam 1a co s& dir liéu c&c ho protein dugc chd giai vung chirc nang dua trén so
sanh giong hang trinh tu co sir dung mé hinh Markov an. Dya trén két qua udc doan
chic ning gene bang cac CSDL CAZy, KEGG, eggNOG, ching tdi loc riéng cac
trinh ty mad hda cho enzyme c6 hoat tinh cellulase, hemicellulase tir dir liéu DNA
metagenome cua Vi sinh vat trong da cé dé. Cac trinh tu gene dugc dich mé sang
trinh ty amino acid va gitr nguyén ma trinh ty. Tap hop céc trinh ty amino acid
dugc format dudi dang FASTA va chuyén vao tim kiém Pfam tir CSDL PFAM theo
duong dan trén web http:/pfam.janelia.org/search. Két qua phan tich cung cap
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thong tin du doan vé cac viing bao thi, cac viing chic ning cua gene dua theo co sé
di liéu.
2.2.3.3. Nghién cuu vung bao thu va dy doan cau tric bdc ba ciia cac trinh tw

Pé udc doan ving bao tha cua trinh ty, chung t6i da st dung phan mém
BLASTP dé so sanh trinh ty amino acid suy dién tir cac ORF dugc lya chon voi dix
liéu san c6 trén NCBI theo duong dan http://blast.nchi.nlm.nih.gov/Blast.cgi. Bén
canh d6 dé dy doan cAu tric bac ba caa enzyme, ching tdi st dung hai phan mém
khac nhau bao gdm Phyre2 va Swiss model dé phan tich va so sanh két qua. So véi
phan mém Phyre2 udc doan cau tric khdng gian cua protein dua trén viéc so séanh

c4c vi tri amino acid bao ton, thi Swiss-Prot cho phép udc doan chi tiét dugc cau
tric khong gian cta hau hét cac trinh tu protein, dwa trén toan bo trinh ty. Trinh ty
amino acid caa cac ORF duoc xt ly tryc tuyén bang chuong trinh truc tuyén Phyre2
theo duwong din duoc thiét ké tén web c6 dia  chi
http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index. Phan mém sé& so sanh
muc do twong ddng cua cac trinh tu amino acid can nghién ctu véi cac trinh tu ¢6

san trén CSDL va dua ra dugc cau tric 3D thich hop nhat. Phyre2 1a phan mém dua
trén cac nguyén tic twong déng o cac ving bao ton cao cua protein, cho phép dy
doan cau trlic, chirc nang, phan loai, tién hoa,... cac cau trdc tinh thé protein. Pé
phan tich, cac trinh ty dugc so sanh twong déng cau tric Véi co so dir liéu ¢ san
cua Phyre2. Két qua so sanh trinh tu bao gom kha niang wdc doan muc do tin cay,
mé hinh 3D dugc du doan dya trén nhitng mé hinh da dugc cong bd, thong tin thu
duogc tir mot trong hai cau tric theo co so dit lidu Protein (Scop) hoic Ngan hang dir
liu Protein (PDB) tly thudc vao ngudn goc cua cac mau phét hién [54]. Cau tric
bac ba cua cac trinh tu co do twong ddng thap co thé duoc udc doan biang Swiss-
Prot trén web theo duong dan https://swissmodel.expasy.org/interactive.

2.2.3.4. Dy dodn kha nang chiu kiém/acid

DPé du doan kha ning chiu kiém hoic acid ctua cac enzyme dua trén trinh tu,
chung t6i da sir dung phan mém dé dy doan 14 AcalPred [188]. Pay la cong cu mé
dugc phat trién boi mot nhém nha khoa hoc Trung Québc. Cong cu nay duoc xay
dung nham phan biét cac enzyme chiu kiém va chiu acid chi dya vao trinh ty. Phan
mém nay dya trén cac thong tin theo tha tu té hop nhiéu chi s6 khac nhau cua cac
protein di nghién ctu thuc nghiém bao gém: thanh phan cac amino acid, chi sé6 GO,
nhom cac amino acid dugc bao ton, gid tri cua dién tich,.... Trang web truc tuyén
mién phi AcalPred dugc xay dung dya trén phan mém dé cung cip mét cong cu du
doan tinh chat cua trinh tu protein cho cac nha khoa hoc.
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2.2.3.5. Dy doan kha nang chiu nhiét cua enzyme

Dua trén thanh phan va trinh tu cua cac amino acid, lién két hydro, lién két
Van der Waals, tuong tac ky nude va dic diém caa cac enzyme tir cac sinh vat song
trong diéu kién méi truong co nhiét d6 cao [189], phan mém cua TBI duoc xay
dung trén sb liéu cua 150.000 protein chiu nhiét do khac nhau trong ngan hang
NCBI d3 dugc sir dung dé dy doan kha ning chiu nhiét, dyua trén nguyén tic twong
d6ng. Phan mém du doan kha ning chju nhiét s& du doan két qua Tm thé hién & ba
mtrc do: kha nang chiu nhiét do trén 65°C, dudi 55°C va trong khoang nhiét do
55°C-65°C twong wng Vi chi sb tinh todn tir phan mém 14 I6n hon 1, nhé hon 0 hay
trong khoang tir 0 dén 1. Phan mém nay cho phép du doan kha ning chiu nhiét cua
mét luong 16n trinh ty amino acid trong ciing mot lan thyuc hién.

2.2.3.6. Pinh loai loai cac trinh tw ORF

Cac ORF duogc dinh loai bang phan mém MEGAN (version 4.6) sir dung thuat
toan tim t6 tién chung gan nhat (LCA — lowest common ancestor) [190]. Thuat toan
nay dinh loai gene vé cac bac phan loai ma thé hién duoc mic do bao thu cua gene.
Diéu nay c6 nghia 1a céc trinh ty duoc phan loai & cac mic d6 cao hon trong ciy
phan loai trinh ty c6 do bao thu cao hon so véi céc trinh tu gene nam & cac nhanh
I6n hon.

Phan mém MEGAN s& phan loai cac trinh tu ORF vé céc bac phan loai tur
gidi, nganh, 16p, bo, ho, chi, loai. Sau d6, sé lwong va su da dang ciia mdi bac phan
loai duoc tap hop.

2.2.3.7. T6i wu md va tong hop gene md héa enzyme thiyy phan xylan dwoc khai théc

ter dir lieu giai trinh tw DNA metagenome vi khudn da cé dé

Mtc d6 biéu hién cua gene phu thudc vao nhiéu yéu té trong dé su phl hop
ma bo ba cua gene ngoai lai va chiing chi nhan gene dong vai tro rat quan trong. Vi
vay, gene ma hda enzyme tham gia thuy phan cellulose duoc khai thac tur dix liéu
giai trinh tw DNA metagenome cua vi sinh vat da co dé dugc kiém tra su phd hop
ma bo ba bang phan mém truc tuyén (Rare Codon Analysis Tool) cua héng
Genscript dé dam bao cac gene dugc biéu hién pht hop nhat véi hé biéu hién E. coli
(https://www.genscript.com/tools/rare-codon-analysis). Mot s6 thong s6 quyét dinh
su phi hop 1a chi s6 pht hop ma bo ba CAI, ty 18 nucleotide guanine va cytosine
cling nhu sy phan bé cua cac nucleotide loai nay trén gene, va su phan bé cac ma bo
ba ciing véi ty 1é cia chlng trén toan bo gene. Sau do6, bang phan mém téi wu ma bo
ba ciia Genscript, cac gene nay da duoc téi wu mi dé ting chi s CAIl 1én gan 1
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nhung khéng 1am thay ddi trinh ty amino acid. Gene exl sau khi tong hop tai cong
ty Genscript (M¥) dugc dua vao vector biéu hién tai vi tri Ncol+Xhol trén vector
DET22b(+).

2.2.3.8. Phwrong phdp xir Iy s6 liéu
Cac sd liéu thyc nghiém trong Béo céo tong hop dugc xt ly bang phan mém
Microsoft Excel. Két qua Ia trung binh cong cua 3 lan thi nghiém duoc trinh bay

dué6i dang +SE (Standard Error). Cac sé liéu lip rép, cha giai gene duogc xir ly theo
gia tri E<10°,
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Nghién ciru giai ma xay dung bd dir liéu va danh gia da dang vi khuin

trong da cé dé

3.1.1. Téach chiét DNA da hé gene cia vi khudn

Déi tuong khai thac gene cua dé tai 1a vi khuan trong da co, vi vay truée khi
tach chiét DNA, hé vi khuan trong da co6 dé duoc phan tach riéng ré khoi cac thanh
phan khac nho ly tim phan doan. Sau d6, DNA vi khuan trong da co dé da dugc
tach chiét theo phuong phap ctia Sambrook va cong va dugc tinh ché bang PSP
Spin stool DNA kit. Dya trén két qua tach chiét duoc thé hién bang hinh anh dién di
DNA tong s6 (Hinh 3.1A), ca 10 mu vi khuan tir da ¢ dé da duoc tach chiét, tinh
ché thanh cong véi DNA c6 kich thudc 16n, dap tmg dugc yéu cau nghién ciu.

1 2 3 45 6 7 8 9 10 M1

M2 mDNA M3

Bp

- 23130

! , - 4361

A Bp

1 2 3 45 6 7 8 9 10 M1 Kb 2000 — 2322
:160()0 1000
' 750
-3,0 500
-15 250
100
B C

Hinh 3. 1. Dién di dd phan tich DNA da hé gene vi khuan dworc tach chiét ttr 10 mau da
cé dé (A) va san pham khuéch dai gene 16S rDNA cla vi khuan tlr cac mau DNA dwoc
tach chiét (B); DNA metagenome dwoc gl gidi trinh tw (C).

M1: DNA chuan 1 kb (Fermentas); M2: DNA chudn D2000 (Tiangen), mDNA: DNA metagenome
cta vi khuan da cé dé sau khi gop dé gidi trinh tw (2 ul); M3: DNA lambda cét bang Hindlll
(Takara); 1-10: Mau c6 ngudn goc tir 10 mau da cé dé;

Pé dap ung yéu cau cho giai trinh tu DNA metagenome, nong d6 DNA trong
mau can phai dat 50 ng/ul va chi s A260/280 > 1,8. Két qua kiém tra chat lugng
DNA va ham lugng DNA bang may nanodrop cho thay, nong 6 DNA dat tir 53,5
dén 137 ng/uL va chi s6 A260/280 dat tir 1,921 dén 2,028. Nhu vay, nong do va
chat lugng mau sau tach chiét va tinh ché dap wng yéu cau cho giai trinh tu.

Dé dam bao cho viéc giai trinh ty dya trén nguyén ly tong hop gene nén céc
mau sau tach chiét da duoc kiém tra kha ning tc ché DNA polymerase ciia mau. Do
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vay, ca 10 mau DNA metagenome tir vi khuan da co dé dugc st dung lam khuén
cho khuéch dai doan gene ma hoa ribosome 16S (16S rRNA) cua vi khuan. Két qua
(Hinh 3.1B) cho thay, cac gene 16S rRNA c6 kich thude ~1,5 Kb da dugc khuéch
dai dic hiéu. Piéu nay chung té trong mau khdng chira chit uc ché DNA
polymerase dé c6 thé phat hién duoc.

Cac mau DNA da hé gene tach chiét tir da c6 dé duoc gop lai thanh mot mau,
sao cho lwong DNA tir 10 mau 13 nhu nhau. Hinh 3.1C cho thdy lvong DNA tir 2 pl
mau trén giéng duoc thé hé 1a bang rat sic nét. Sir dung may Qubit fluorometer,
nong d6 DNA do duoc la 48,4 ng/ul. V&i nong d6 DNA nay, 45 pg DNA
metagenome tir vi khuan da co dé da duoc guri sang Cong ty BGI dé giai trinh tu.

3.1.2. Gidi trinh tu, ddnh gid chdt Iwong bé di liéu va chu gidi gene

403 o) AT
= zs HH
o y
£ b I
2307, 30, I
o Gii bang mbi xubi § Giai bang moi nguwoc
‘2 20+ 20
o ® 16
8
10 10

1234567891530 34-45 49-64 70-79 90-105 109-120 129150 " 15 345678 9 15-30 34-45 49-64 70-79 90-105 109-120 129-150
A Vi tri cGa nucleotide trong read B Vi tri clia nucleotide trong read

Hinh 3. 2. Biéu db danh gia chat lwong giai trinh tw da hé gene cda vi khuan bang
FastQC trén bd di¥ liéu gidi ma sau
A: B6 di¥ liéu gidi bang médi xudi; B: B di¥ liéu gidi bang mébi nguoc

Dit liéu trinh tu nucleotide DNA metagenome ban dau & dang tho di duoc
danh gia diém chét luong Phred (ky hiéu l1a Q) véi mirc diém tir 0 dén 39. Néu gia
tri Phred cua mot base 1a Q=30 sé twong ung véi kha nang sai hong cho base duoc
goi la 1/1000 hay do chinh xac cua base do6 1a 99,9%. Tuong tu vai gia tri Q=20 va
Q=10, d6 chinh xéc cua cé4c base lan luot 1a 99% va 95%. Két qua cho thiy bo dir
liéu DNA metagenome co kich thudc nhé (metagenomic conventional sequencing -
MCS) c6 Q30 dat 90,01%, b dir licu DNA metagenome giai mé sdu (Metagenomic
deep sequencing - MDS) c¢6 Q30 dat 94.59%. Nhu vay, ca hai bo di lidu déu co
chat luong tét. Téng dung lwong dix lidu giai trinh tu metagenome cua vi khuan
trong da co dé lan luot 1a 89,96 triéu read va 392,63 triéu read. Sau khi loc bo céc
trinh tu 15i va trinh ty adapter, s6 luong read thu duoc 1a 84,62 triéu read tir dit lidu
MCS va 324 triéu read tr dix liéu MDS, dir li¢u tinh twong duong 8,6 Gb va 48,66
Gb (Bang 3.1).
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Sau khi lap ghép thanh contig, sb lwong cac contig caa bo di liéu 1a kha 16n.
Bo6 dit lisu DNA metagenome MDS cua vi khuan trong da co dé duoc lap ghép
thanh 3.411.867 contig vai tong d6 dai 1a 3.164 Mb. Trong d6, 50% trinh tu c6 kich
thudc 1on hon 1.162 bp, d6 dai trung binh cua céac contig 1a 927 bp va contig co kich
thude 16n nhat 12 295.214 bp. Cac contig bao phu khoang 64,22% read.

Bang 3. 1. CAc thdng tin vé bo dir liéu DNA metagenome cua vi khuén trong da cé dé sau
khi giai trinh tw va lap rap

Théng tin bé di liéu Dir liéu 8,6 GB Dir liéu giai trinh tw

(MCS) sau (MDS)
S6 lwong read thd (M) 87127 39263
Sé lwong base tinh (Gb) 8,46 48,66
Chét lvong read dung dé phan tich Q20 (%) 96,25 98,18
Chét lvong read dung dé phan tich Q30 (%) 90,01 94,59
S6 lwgng read tinh dung 1&p ghép contig 84.625.346 324.080.208
S6 lwong contig 172.918 3.411.867
Contig c6 kich thuwéc Ién nhét (bp) 124.798 295.214
Kich thwéc trung binh cta contig (bp) 1.032 927
Do dai contig N50 (bp) 1.879 1.162
Mtrc d6 bao pha cla contig I1én cac read (%) 27,3 64,22
Sé lwong gene thu dwoc (gene) 164.644 5.367.270
Téng dd dai ctia cac gene (bp) - 2.828.583.591
Do dai ctia gene N50 (bp) - 645
Do dai trung binh ctia gene (bp) - 527
S6 gene dworc chu giai dwa trén Nr 122.304 (74,28%) 4.360.747 (81,25%)
Sé gene duoc cha gidi dua trén SwissProt 33.471 (20,33%) 2.169.982 (40,43%)
S6 gene duwoc chu giai dwa trén KEGG 56.571 (34,36%) 2.700.371 (50,31%)
Sb gene dwoc chi gidi dua trén eggNOG 134.843 (81,9%) 3.414.550 (63,62%)

- . két qua khong dugc thong ké

So véi bo dir lisu MCS, mau DNA metagenome vi khuan da co dé tir bo dir
litcu MDS c6 dung luong gap 5,4 1an. Bo dix lieu MCS dir liéu tinh caa vi khuan
trong da co dé co kich thudc 8,46 Gb va céc contig chi bao phu duoc 27,3% céac
read, trong khi d6 giai trinh ty sdu MDS, dung luong giai trinh ty caia hé vi khuan
trong da co dé tang 1én 48,66 Gb va mirc do bao phu cua céac contig 1én cac read dat
64,22%. V&i mirc do bao phu dudi 65% thi ty I€ trinh tu gene khong hoan thién du
doan van s& con twong dbi cao, vi vay, dé c6 dugc bo dir liéu vi khuan day da hon
thi can phai giai trinh tw DNA ctia mau nay dat muc it nhat 90-95 Gb.

Dua trén cac contig thu duoc, phan mém MetaGeneMark da uéc doan dugc
hon 164644 gene khac nhau tir dir liéu NCS va khoang 5 triéu ORF tir bo dir liu
MDS cua vi khuan trong da co dé. S liéu gene duoc chu giai cu thé dua trén céc bo
dir liéu khac nhau la khac nhau (Bang 3.2), trong d6 sé lugng gene duoc chi giai
chac nang & bo dit lisu MDS bai it nhat mot co so dir liéu 1a 4.385.296 gene (chiém
81,7%).
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Bang 3. 2. Két qua chu giai gene chirc nang tw di liéu gidi trinh tw DNA metagenome vi
khuén trong da cé dé dwa trén cac co s& di liéu khac nhau

‘ Téng gene |Nr Swissprot KEGG eggNOG Téng quat

D@ liéu gidi trinh tw c6 dung lvgng 8,6 Gb

S6 lwong 164.644 122.304 33.471 56.751 134.843 -

(gene)

Tilée % 100% 74,28% 20,33% 34,47% 81,90% -
D@ liéu giai trinh tw c6 dung lwong 48,7 Gb

Sé lwong 5.367.270 [4.360.747 |2.169,982 |2.700.371 |[3.414.550 4.385.296

(gene)

Tilée % 100% 81,25% 40,43% 50,31% 63,62% 81,70 %

3.1.3. Pdnh gid da dang vi khudn trong mdgu DNA metagenome
3.1.3.1. PBa dang vi khuan trong da co dé duoc danh gid dua trén bo dir liéu 8,6 Gb

Tu dir liéu giai trinh tu 8,6 Gb, 164.644 gene da dugc xac dinh, trong d6
99,8% s6 gene c6 ngudn goc tir vi khuan, con lai chi 0,02% ¢ nguon géc tir sinh
vat nhan that, 0,005% tir virus va 0,17% gene tir vi khuan cé. Trong sé do, 39.579
ORF da dugc xac dinh va dinh loai, trong d6 99,8% thudc vé vi khuan, cu thé,
39501 ORF vi khuan dugc xéac dinh thuoc vé 28 loai, 41 16p, 95 bg, 181 ho, 571 chi
va 1634 loai. Nganh vi khuan chiém sé luong dong nhét 14 nganh Bacteroidetes
(63,5%), tiép d6 1a nganh Firmicutes (22,6%), Proteobacteria (7,5%), Synergistetes
(3,1%). Ty l¢ dién hinh cua Firmicutes so v&i Bacteroidetes trong hé vi khuan la
0,36: 1. Phén tich sau hon cho thay rang, trong nganh Bacteroidetes, bo dong nhat 13
Bacteroidales (60,8%). Bo dong nhat ciia nganh Firmicutes Ia Clostridiales (16,4%),
tiép theo 1a Selenomonadales (2,8%). Bo Synergistales thuoc nganh Synergistetes
chiém khoang 3,1% ORF va Aeromonadales — mot bd cia nganh Proteobacteria,
cling chiém ty I¢ nhat dinh trong dir liéu. O cap do chi, Prevotella (35,3%) va
Bacteroides (16%) thuoc vé bo Bacteroidales 14 pho bién nhat. Phan tich 13 loai
phong phu nhat cho két qua 1a tdm loai thudc chi Prevotella, mét loai thugc chi
Bacteroides, hai loai thuoc bo Clostridiales va chi mét loai thuoc bd Synergistales.
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Hinh 3. 3. Biéu dd phan bé da dang phan loai hoc & mirc dd nganh va mirc dd chi cta vi
khuan trong da coé dé khai thac dwoc tir di¥ liéu 8,6 Gb.

Nhin chung, cau tric vi khuan vé mat phan loai tuong tu voi két qua dugc mo
ta trong cac nghién ctru da duoc cong bd vé da co dong vat, dic biét 1a ty Ié giira
Firmicutes va Bacteroidetes. Ty I¢é Firmicutes/ Bacteroidetes 1a 0,36:1, twong duong
V6i ty 1 loai twong ung trong da co cua tuan loc Svalbard [191], curu [192], bod
Jinnan [193] va kha pht hop véi ty 1¢ 0,3:1 ¢ dé da co luc 110 ngay tudi thich nghi
véi nguyén liéu thuyc vat [194]. Nhu vay trong nghién cau nay, ty 1€
Firmicutes/Bacteroidetes thap (0,36:1) cho thay cau tric vi khuan trong da co dé
Viét Nam thich nghi tét véi ché d6 an 1a cac phé phu pham nong nghiép.
3.1.3.2. Pa dang vi khuan trong da co dé dwoc danh gia dua trén bo dir liéu giai ma
sau

Két qua giai trinh ty shu DNA metagenome vi khuan da c6 dé thu duoc 48,66
Gb dit lidu, dugc sap xép thanh 3.411.867 contig vai ty 1¢ bao phua 1a 64,22%. T
do, 5.367.270 gene véi téng do dai la 2.828.583.591 bp da dugc xac dinh. St dung
phan mém MEGAN, 4.311.093 gene (80,32% trong téng s6 5.367.270 gene) duoc
phan vao cac bac phan loai, trong d6 chi c6 mét ty Ié nho sé gene thudc vé bac phan
loai khong xac dinh (1,35%), vi khuan c6 (0,45%) va sinh vat nhan that (0,14%)
(Hinh 3.1). So sanh véi dit liéu giai trinh tu 8,6 Gb, két qua dinh loai 1a kha twong
ddng khi ty 1& gene duogc xac dinh c6 ngudn gbc vi khuan 13 99,8%.
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Hinh 3. 4. Biéu dd phan bé da dang phan loai hoc & mirc dd nganh va mirc dd chi cta vi
khuan trong da cé dé khai thac dwoc tir di¥ liéu gidi ma sau

Nganh Bacteroidetes 14 nganh chiém ty 18 16n nhat véi 45,29% tong sé gene,
tiép theo l1a nganh Firmicutes véi 30,38%. Ngoai ra, nganh Synergistetes va
Probacteria ciing 1a nhitng nganh Ion véi ty 18 lan luot 12 6,52% va 3,13% sé gene
duge dinh loai c6 nguon goc vi khuan. O muc do chi, 49,93% sé gene van chua
dugc phan loai. Chi phong phi nhat 1a Prevotella, chiém 25,79% tong s6 gene. Néu
tinh riéng sb luong gene da dugc phan loai dén cap nganh thi chi Prevotella chiém
dén 32,74% sb gene, tiép theo 1a chi Selenomonas (2,62%), Fretibacterium
(2,46%), Bacteroides (1,86%), Butyrivibrio (1,8%). Chi Butyrivibrio I chi vi khuan
dong vai tro rat quan trong trong qué trinh hydro hoa sinh hoc céc acid béo khdng
no C18. Céc loai vi khuan khu tra trong da co dé thudc chi nay c6 d6 da dang rat
cao, trong d6 ¢6 mot s6 luong 16n 12 loai chua duoc xac dinh. So sanh vé cau trdc vi
khuan trong hai bo dir lisu MCS va MDS c6 thé thay, nho viée ting dung luong va
d6 bao phu cua bo dit lisu MDS so véi MCS nén ty Ié vi khuan chua dugc phan loai
& bo dit lisu MDS thap hon nhiéu so véi bo dir lieu MCS. Nguoc lai, ¢ su twong
ddng vé thanh phan nganh vi khuan da dang nhit cua ca hai bo dit liéu, cu thé hai
nganh Bacteroidetes va Firmicutes lan luot 1a hai nganh chiém ty I¢ 16n nhat. Chi
Prevotella déu Ia chi vi khuan dugc xac dinh chiém ty 18 16n nhat, goi y vai trd quan
trong cua chi nay trong qué trinh chuyén hoéa lignocellulose trong da co.

3.2. Khai thac gene va thiét 1ap céng cu HMM cho chd giai gene, khai thac

gene ma hoa protein/enzyme tham gia thuay phan lignocellulose trong da cé dé

3.2.1. Khai thac gene mé& hoa enzyme thay phén ligncoellulose dwa trén co s div
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lieu KEGG
3.2.1.1. Khai thac gene tr dir liéu gidi trinh ty 8,6 Gb

Dt liéu giai trinh tu kich thude 8,6 Gb da dugc phan tich, so sanh chua giai va
khai thac gene dua trén co s¢ dit liéu KEGG (Kyoto Encyclopedia of genes and
genomes - Co so dit liéu vé bo gen, con dudng sinh hoc, bénh tat va cac chat hoa
hoc). Két qua khai thac gene tién xu Iy lignocellulose dugc thé hién ¢ Bang 3.3.

Bang 3. 3. Két qua khai thac gene ma héa enzyme tién xt ly lignocellulose tir di¥ liéu giai
trinh tw 8,6 Gb dwa trén di¥ liéu KEGG

Ho enzyme COoG

(ORFs) (s6 ORF) COG/KEGG/GO (s6 ORF) EC
CE1 (161) COG3693 (1)  Beta-1,4-xylanase/enterochelin esterase (1) --
Enterochelin esterase va enzyme lién quan(122) --
CE1-GH10 (60) Enterochelin esterase
CE12 (104) COG2755 Lysophospholipase L1 va esterases lién quan (22) --
(22)
COG4677 (4)  Pectin methylesterase/pectinesterase (4) 31111
Pectinesterase (24) 3.1.1.11
CE4 (66) COGO0726 (7)  Xylanase/chitin deacetylase (7) --
COGO0726 (1)  Xylanase/chitin deacetylase (1) 3.5.1.-
COGO0726 (3)  Xylanase/chitin deacetylase (3) 3.5.1.41
Polysaccharide deacetylase (12) --
CE®6 (103) COGO0656 (2)  Aldo/keto reductases, trong tu diketogulonate reductase (2) --
COG2272 (5)  Carboxylesterase type B (28) 3111
enterochelin esterase va enzyme lién quan (27) --
CE8 (75) COG4677 Pectin methylesterase/pectinesterase (11) 31111
(11)
Pectinesterase (37) 31111
PL1 (108) COG3866 (6)  Pectate lyase (6) 4222
COG3866 Pectate lyase (4)
Pectate lyase (32) 4222
Pectinesterase (1) 3.1.1.11
PL10 (36) Pectate lyase (2) 4222
Pectate lyase (3)
Pectinesterase (9) 31111
PL9 (8) Pectate lyase (4) 4222

CE1-CBM4 (7), CE13 (3), CE2 (33), CE3-GH11-CBM22 (1), CE6-GH43 (1), CE6-GH95 (1), CE7-GH26
(18), CE7 (29), PL9 (1)
Pectate lyase (6)

Tong so 821 ORF

Tu dir liéu giai trinh tw DNA, 821 ORF chira domain carbohydrate esterase
(CE) va polysaccharide lyase (PL) tham gia vao qua trinh tién xu ly trong chuyén
hoa lignocellulose cu thé 1a lignin, 816 ORF mi hoa 11 ho glycoside hydrolase
(GH) c0 hoat tinh cellulase, 2252 ORF mang 22 ho GH c0 hoat tinh hemicellulase
d3 duoc khai thac. Hau hét cac CE déu c6 hoat tinh pectin esterase, riéng CE6 u6c
doan co hoat tinh khir cua reductase va carboxylesterase c6 kha nang tham gia trong
khir cac hop chat cua lignin. Trong sé nay, 61 ORF duoc chl giai ¢ hai chiic ning
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la hemicellulase- (GH10) va esterase (CE1). Thém vao d6, c6 18 ORF ma hoéa cho
enzyme c0 hai vung chic nang hemicellulase GH26 va esterase CE7, 1 ORF c6
chta hai ving chirc ning cua hemicellulase GH43 va esterase CE6. Hau hét cac
enzyme thudc ho PL trong dit liéu nay déu c6 hoat tinh thuy phan pectin.

Cac ORF duogc chu giai mad hda enzyme tham gia phan giai hemicellulose bao
gom 2252 ORF. Cac ORF uéc doan mi hoa cho 22 hemicellulase bao gdbm endo-
1,4-beta-xylanase (67 ORF), beta-xylosidase (27 ORF) va nhém enzyme phan cit
nhanh bao gom: alpha-galactosidase (62 ORF), alpha-galactosidases/6-phospho-
beta-glucosidase (1 ORF), alpha-glucosidase (74 ORF), alpha-glucuronidase (37
ORF), alpha-L-arabinofuranosidase (93 ORF), alpha-mannosidase (1 ORF), alpha-
N-acetylgalactosaminidase (1 ORF), alpha-N-arabinofuranosidase (57 ORF),
arabinan endo-1,5-alpha-L-arabinosidase (36 ORF), arabinogalactan beta-
galactosidase (1 ORF), arabinogalactan endo-1,4-beta-galactosidase (78 ORF),
beta-galactosidase (216 ORF), beta-glucuronidase (30 ORF), beta-xylosidase/alpha-
N-arabinofuranosidase (5 ORF), beta-xylosidase/arabinan endo-1,5-alpha-L-
arabinosidase (5 ORF), carboxylesterase type B (1 ORF), endopolygalacturonase
(35 ORF), galacturan 1,4-alpha-galacturonidase (3 ORF), mannan endo-1,4-beta-
mannosidase (63 ORF), unsaturated glucuronyl hydrolase (2 ORF).

Thém vao d6, mot s6 ORF khong duoc nhan biét tham gia thuy phén
lignocellulose biang CAZy nhung lai duoc cac co so dir lieu khéc
(COG/KEGG/GO) udc doan 1a tham gia thuy phan lignocellulose bao gom endo-
beta-xylanase (2 ORF), endo-beta-xylanase cellulase (3 ORF), endo-beta-xylanase
xyn5a (2 ORF), maltodextrin glucosidase (1 ORF), mannan endo-beta-mannosidase
(2 ORF), xylan beta-xylosidase (1 ORF).

Bang 3. 4. Danh sach enzyme thiy phan hemicellulose ma héa tir gene trong di¥ liéu giai
trinh tw 8,6 Gb dwa trén di lieu KEGG

GHs (s6 ORF) COG (s6 ORF)

COG/KEGG/GO (s6 ORF)

CEL (1) COG3693 (1)
GH10 (54), GH10-CE1 (25) ~ COG3693 (23)
GH10-CBMS6 (16), GH10-CBMO (9), GH10-
CBM22 (1), GH10-CBM9 (1)
GH11 (1)

GH2 (358) COG3250 (12)
COG3250 (1)
GH2-CBM32 (4)

GH26 (48), GH26-CBM35 (17), GH26-CE7 (42)
GH27 (11), GH27-CBM35 (8)
GH28 (194) COG4225 (2)
COG5434 (35)

Endo-1,4-beta-xylanase (1)
Endo-1,4-beta-xylanase (52)
Endo-1,4-beta-xylanase (12)

Endo-1,4-beta-xylanase (1)
Beta-galactosidase (179)
Beta-glucuronidase (30)
Beta-galactosidase (1)

Mannan endo-1,4-beta-mannosidase (63)
Alpha-galactosidase (10)
Alpha-N-acetylgalactosaminidase (1)
Unsaturated glucuronyl hydrolase (2)
Endopolygalacturonase (35)
Endo-1,4-beta-xylanase (1)

Galacturan 1,4-alpha-galacturonidase (3)
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GH30 (16) Glucosylceramidase (7)
GH35 (64), GH35-CBM32 COG1874 (11) Beta-galactosidase (31)
(11)
GH36 (52) COG3345 (2) Alpha-galactosidase (52)
GH38-CBM32 (1) Alpha-mannosidase (1)
GH4 (2) COG1486 (1) 6-phospho-alpha-glucosidase (1)
COG1486 (1) Alpha-galactosidases/6-phospho-beta-glucosidase (1)
GH42 (1) Beta-galactosidase (1)
GH43 (492) COG3507 (4) Beta-xylosidase (10)

GH43-CBM13 (29)

COG3940 (2)

Beta-xylosidase/alpha-N-arabinofuranosidase (2)

COG3507 (5) Beta-xylosidase/arabinan endo-1,5-alpha-L-
arabinosidase (5)
COG3507 (3) Beta-xylosidase/alpha-N-arabinofuranosidase (3)

COG3507 (17)
COG2017 (35)

Beta-xylosidase (17)

Galactose mutarotase/aldose 1-epimerase (35)
Arabinan endo-1,5-alpha-L-arabinosidase (32)
Alpha-N-arabinofuranosidase (56)

Arabinan endo-1,5-alpha-L-arabinosidase (4)

GH51 (138) COG3534 (62) Alpha-L-arabinofuranosidase (93)

GH53 (76) COG3867 (7) Arabinogalactan endo-1,4-beta-galactosidase (75)
GH53-CBMS61 (3) COG3867 (3) Arabinogalactan endo-1,4-beta-galactosidase (3)
GH67 (58) COG3661 (34) Alpha-glucuronidase (37)

GH97 (178) Alpha-glucosidase (74)

COG2731 (1)

Beta galactosidase (4)
Carboxylesterase type B (1)

Arabinogalactan beta-galactosidase (1), endo-beta-xylanase (2), alpha-n-arabinofuranosidase (1), endo-
beta-xylanase cellulase (3), endo-beta-xylanase xyn5a (2), maltodextrin glucosidase (1), mannan endo-
beta-mannosidase (2), xylan beta-xylosidase (1)
GH10-CBM48-CE1 (1), GH113 (1), GH115 (121), GH120 (4), GH125 (4), GH127 (62), GH2-CBM57 (9),
GH26-CBM13 (2), GH43-CBMO (1), GH43-CBM32 (17),GH43-CBM6 (100), GH43-CBM61 (1), GH64-

CBMS (1)

Tong sb:

2252 ORF

Tat ca endo-1,4-beta-xylanase déu thudc ho GH10, trong dé 30,6% trinh tu c6

chtra vung bam carbohydrate CBM (CBMO0, CBM6, CBM9, CBM22, CBM483).
Tong s6 763 ORF ma hda cho cac CBM tham gia lién két cellulose, hemicellulose
va polysaccharide duoc xac dinh. Trong s cac CBM nay c6 mot trinh ty mé hoa
CBM63 duogc nghién ctu 14 trinh tu ¢6 chirc ning ctua expansin 1am néi long cau
trdc cellulose, bam cellulose gitp endoglucanase thuy phan tét cellulose.

Tu két qua khai thac gene tir dir liéu giai trinh ty 8,6 Gb, trinh tu
[denovogenes] 47103 md@ hda endoglucanase, trinh tu [denovogenes] 57823 ma
hoa expansin, trinh tu [denovogenes]_7603 méa hda alpha-D-glucuronidase, trinh tu
[denovogenes] 44301 méa hoa pectinesterase, trinh tu [denovogenes] 3070 mé hoa
cellobiose-phosphorylase di duoc lra chon dé thiét ké vector biéu hién trong chiang
E. coli. Ké qua biéu hién, tinh ché va tha hoat tinh cua trinh tu
[denovogenes] 57823 mi hoa expansin dd dwgc cdng bd trong mot bai bao nam
trong tuyén tap Béo cao khoa hoc Hoi nghi Céng nghé sinh hoc toan qudc nim
2018 va mot bang doc quyén giai phap hitu ich (cac cong bé khoa hoc lién quan dén
luan an).
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3.2.1.2. Khai thac gene tir dir liéu gidi trinh tw sau 48,6 Gb

Dé khai thac gene tir dix liéu giai trinh tu sau 48,6 Gb, cac trinh tu ORF dugc
du doan tir két qua giai trinh tu da duoc phan tich so sanh véi cac co so dir liéu Nr,
Swissprot, KEGG, eggNOG. Két qua tong hop khai thac gene ma héa enzyme phan
giai lignocellulose dugc thé hién ¢ Bang 3.5.

Bang 3. 5. Bang tbng hop cac enzyme lignocellulase khai thac tir hai bo dir liéu giai trinh
tw

B6 dix ligu 48,7 Gb

%

Enzyme M4 EC ;I;n viet lieu Téng sb Thiéu Thiéu :]-:ileu Hoan  Gene
8,6 Gb dau3’ daus’ A chinh  hoan
dau ,
chinh
Cellulases 448 21029 5786 3816 9091 2336 11.1
Licheninase 3.21.73 LCN 1 281 49 62 68 102 36.3
Endoglucanase 3214 EG 66 7368 1871 1406 3081 1010 13.7
Cellobiose
phosphorylase 24.1.20 CPB 27 1439 424 268 649 98 6.8

Beta glucosidase 3.21.21 BGL 341 10444 3001 1780 4702 961 9.2
6-Phospho-beta-

glucosidase 3.2.1.86 PBGL 13 1281 393 274 501 113 8.8
Cellobiose

dehydrogenase 1.1.99.18 0 0

Cellobiohydrolase 3.2.191 CPH 0 216 48 26 90 52 24.1
Hemicellulases 815 41756 12007 6658 17199 5892 14.1
Acetyl mannan 3.1.16 AcME 0 0

esterase

Acetylxylan esterase  3.1.1.72 AcXE 0 4 0 0 4 0 0.0
Alpha-D-xyloside 3.2.1.177 AXXH 0 2833 840 460 1277 256 9.0
xylohydrolase

Alpha- 3.2.1.139 AGLC 37 561 155 109 224 73 13.0
glucuronidase

Beta-D- 3.2.1.31 BGLC 30 888 292 127 343 126 14.2
glucuronidase

Beta- 3.2.1.26 BFF 0 1106 368 197 427 114 10.3
fructofuranosidase

Beta-mannosidase 3.21.25 BMAS 62 659 189 90 329 51 7.7
Endo- 2.4.1.207 XET/H 0 2 0 1 1 0 0.0
transglycosylase/

hydrolase

Endo-p-1,4 xylanase 3.2.1.8 XLA 67 3400 938 634 1121 707 20.8
Oligosaccharide 3.2.1.156 OREX 0 1213 422 191 363 237 19.5
reducing-end

xylanase

Xylan 1,4-beta- 3.2.1.37 XBX 10 1018 262 197 337 222 218
xylosidase

Xyloglucan-active 3.21.23 BGAL 290 11690 3326 1705 5490 1169 10.0
B-D-galactosidase

Alpha-galactosidase  3.2.1.22 AGAL 63 4020 1174 693 1638 515 12.8
Alpha-L- 3.2.1.55 ARA 138 6229 1882 891 2282 1174 18.8
arabinofuranosidase

Alpha -L-fucosidase  3.2.1.51 FUC 55 6896 1890 1136 2663 1207 175
Beta-mannanase 3.2.1.78 BMAN 63 1237 269 227 700 41 3.3
Tien xur ly 167 4769 1382 782 1845 760 15.9
Expansin 1 33 5 13 9 6 18.2
Feruloyl esterase 3.1.1.73 FAE 0 92 35 9 17 31 33.7
Laccases 1.10.3.2 0 9 2 2 4 1 111
Lignin peroxidase 1.11.1.14 LiP 0 0
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Lytic 1.1499.56 LPMO 0 11 3 0 7 1 9.1
polysaccharide

monooxygenase

manganese 111113 MnP 0 0

peroxidase

Pectinesterase 31111 PE 86 2525 704 483 919 419 16.6
Exopolygalacturona  3.2.1.67 EPG 38 635 216 66 223 130 20.5
se

Exopolygalacturona  4.2.2.9 EPGL 0 59 8 8 37 6 10.2
se lyase

Endopolygalacturon  3.2.1.15 ENPG 0 27 4 7 14 2 7.4
ase

Endopolygalacturon  4.2.2.2 ENPGL 42 1378 405 194 615 164 119
ase lyase

Tur két qua giai trinh tu siu DNA metagenome vi khuan da cé dé thu duoc
48,66 Gb dir lidu, 5.367.270 gene véi tong do dai 13 2.828.583.591 bp da dugc xac
dinh. Trong sé cac gene trén, c6 4.385.296 gene di duoc udc doan chirc ning dua
trén viéc so sanh trinh tu protein tuong tng véi cac co s¢ dir liéu Nr, Swissprot,
KEGG, eggNOG. Cu thé, véi co so dir liu KEGG, 2.809.791 gene di duoc uéc
doan chirc ning trong d6 317.154 gene (11,3%) duoc xac dinh 1 lién quan dén qué
trinh chuyén hoa carbohydrate.

Theo ly thuyét, nam loai enzyme cellulase khac nhau dong vai trd quan trong
trong qua trinh phan giai cellulose trong hai giai doan: giai doan tha nhat,
licheninase (EC 3.2.1.73) va endo-glucanase (EC 3.2.1.4) phan cat ngau nhién mach
dai cellulose thanh cac doan ngan oligosacchride va cellobiose, tiép theo cac
enzyme cellobiose phosphorylase (EC 2.4.1.20), 6-phospho-beta glucosidase (EC
3.2.1.86) va beta-glucosidase (EC 3.2.1.21) s& phan giai cac san pham trén thanh
duong don D-glucose. Trong két qua khai thac dugc, tat ca cac enzyme licheninase
déu thuoc vé ho glycosyl hydrolase 16 (GH16), hau hét cac cellobiose
phosphorylase déu thudc ho GH94, trong khi beta-glucosidase thuoc vé céac ho
GH3, GH16, GH1, GH4, trong d6 beta-glucosidase GH3 chiém da s6 vai ty 18 dén
88%. Enzyme endo-glucanase khai thac duoc rat da dang, thuoc vé 11 ho GH, tuy
nhién ho GH5 chiém ty I¢ 16n nhat (70%), tiép d6 1a GH9 (23%).

Qua trinh chuyén hoa hemicellulose thanh duong don trong da cé dé dugc xdc
tac bai it nhat 13 loai enzyme khéc nhau, trong dé alpha-D-xyloside xylohydrolase
(EC 3.2.1.177), alpha-glucuronidase (EC 3.2.1.139), endo-xylanase (EC 3.2.1.8),
oligosaccharide reducing-end xylanase (EC 3.2.1.156), xylan 1,4-beta xylosidase
(EC 3.2.1.72), beta-D-glucuronidase (EC 3.2.1.31), alpha-L fucosidase (EC
3.2.1.51) xuc tac chuyén hdéa hemicellulose va xylo-oligosaccharide thanh cac don
phan xylose, fucose va glucuronic acid. C4c endo-xylanase duoc xac dinh thuoc vé
cac ho GH10, GH11 va GH115 trong d6 endo-xylanase GH10 chiém da s véi ty I¢
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96%. Piéu nay khing dinh enzyme thudc ho glycosyl hydrolase 10 d6ng vai tro rat
quan trong trong viéc phan giai hemicellulose thanh céc san pham oligosaccharide
trong da co dé. Céac alpha-D-xyloside xylohydrolase chi thugc ho GH31 con alpha-
glucuronidase chi thuoc ho GH67. Oligosaccharide reducing-end xylanase dugc Xac
dinh thuoc ho GHS va GH43, trong dé enzyme thuéc ho GH43 chiém 77%; twong
tu beta-D-glucuronidase thuoc hai ho GH2 va GH141 trong d6 ho GH141 chiém
phan 16n véi 85% sb enzyme. Cac xylan 1,4-beta-xylosidase phan b twong dbi déu
thuoc vé hai ho GH43 (51%) va GH39 (49%). Cac alpha-L-fucosidase dugc chd
giai thuoc 12 ho GH khac nhau, trong d6 chiém ty 1& Ion nhat 12 ho GH95 (48%) va
GH29 (46%).

Mat khéac, cdc enzyme beta-fructofuranosidase (EC 3.2.1.26), beta-
mannosidase (EC 3.2.1.25), xyloglucan-active beta-D-galactosidase (EC 3.2.1.23),
alpha-galactosidase (EC 3.2.1.22), alpha-L-arabinofuranosidase (EC 3.2.1.55), beta-
mannanase (EC 3.2.1.78) x(c tac chuyén hoa hemicellulose va xylo-oligosaccharide
thanh cidc don phadn mannose, galactose va arabinose. Ciac enzyme beta-
fructofuranosidase déu thudc ho GH32 trong khi cac enzyme beta-mannosidase chi
thuoc ho GH2. Cac enzyme beta-mannanase thuoc hai ho GH la GH26 va GH5,
trong d6 beta-mannanase GH26 chiém 92%. Nguoc lai, cAc enzyme xyloglucan-
active beta-D-galactosidase, alpha-galactosidase, alpha-L-arabinofuranosidase déu
thuoc rat nhidu ho GH khic nhau, trong d6 beta-galactosidase GH2, alpha-
galactosidase GH36 va alpha-L-arabinofuranosidase GH43 1a nhitng nhém chiém
uu thé cua ting loai enzyme.

Bén canh cellulose va hemicellulose, lignin va pectin trong ciu tric
lignocellulose dwoc thiy phan bai 5 loai enzyme chinh bao gém endo-
polygalacturonase (EC 3.2.1.15) va&i 2 trinh ty thuoc ho GH28, endo
polygalacturonate lyase (EC 4.2.2.2) vaéi 86 trinh tu thudc 2 ho polysaccharide lyase
(PL) 1 va 9, exo-polygalacturonase véi 125 trinh ty thuoc ho GH28, exo-
polygalacturonate lyase (EC 4.2.2.9) véi 6 trinh tu thugc ho PL9, va 282 trinh tu
pectin esterase thuoc 3 ho carbohydrate esterase (CE8, CE10, CE12), mot ho PL10
va mdt ho GH105.
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‘ — Lignocellulose
| T
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Hinh 3. 5. Btrc tranh tdng quan vé cac ho GH/CE/PL lién quan dén qué trinh phan giai
lignocellulose cta vi khuan trong da cé dé

(cht thich: ho GH (s6 lwong gene))

Lignocellulose trong ché d6 an ciia dé bao gom ba thanh phan chinh: cellulose,
hemicellulose va lignin/pectin. Trong da co dé, cellulose duoc tiéu hoa chu yéu
bang 6 loai enzyme dé giai phong glucose. Hemicellulose bi phan huy bai it nhat 13
enzyme dé tao ra xylose, fucose, glucuronic acid, mannose, galactose, arabinose.
Lignin/pectin bi thay phan bgi 5 loai enzyme chiém uwu thé dé tao ra céc
polysaccaride acid keo. Trong co s& dit liéu, ching t6i tim thay 225 gene ma hoa
alpha-D-xyloside xylohydrolase GH31 nén dugc ky hiéu la alpha-D-xyloside
xylohydrolase (GH31(225)). Mot s6 enzyme c¢6 GH rat da dang vi du endo-
glucanase.

3.2.2. Phdn tich da dang vi khudn mang gene thiy phan lignocellulose

3.2.2.1. Pa dang vi khudn mang gene phdn gidi lignocellulose khai thic dwoc tir dir
liéu 8,6 Gb

Trong s6 816 ORF ma hda gene cellulase, 2252 ORF mi hoéa gene
hemicelulase va 821 ORF ma hda gene tién xur 1y da dugc xac dinh, chi c6 221 gene
cellulase, 544 gene hemicellulase va 226 gene tién xu ly 1a ¢6 thé dugc dinh dang
phan loai, chiém khoang 24-27%, phan con lai khong duoc phan loai la rat Ion.
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Nhin chung, phan 16n c&c gene trén thudc nganh Bacteroidetes, cu thé 1 854 ORF
trén téng s6 991 ORF, chiém ty 1¢ 86,2%. Nganh chiém ty I¢ Ion tha hai 1a nganh
Firmicutes vai 94 ORFs (9,5%). Ty Ié¢ ORF theo nganh Firmicutes/Bacteroidetes la
0,11:1 va thip hon ty 18 chung cua toan bo quan xa vi khuan. O muc phan loai bo,
bo Bacteroidales c6 sé lugng ORF 16n nhat, tiép d6 1a Clostridiales. O cap d6 chi,
c6 398 ORF thuoc chi Prevotella, 300 ORF thudc vé chi Bacteroides, 39 ORF duoc
du doan co ngudn gbc tir Paraprevotella, 39 ORF c6 ngudn gbc tir Ruminococcus.
bac biét chi Aerophaga dugc du doan chi chira cdc ORF cho hemicellulase (7
ORF), trong khi chi Algoriphagus dugc du doan chi mang ORF cho CE va PL.

Khi xem xét chi tiét hon, c6 su khéac biét vé nhdm phan loai trong da dang
ngudn géc vi sinh vat cua tirng nhém enzyme phan hay lignocellulose. Vi nhém
enzyme tién xt Iy (ho CE va PL), nganh Bacteroidetes chiém ty I& 16n nhat véi 201
ORF (88,9%), tiép d6 1a nganh Firmicutes véi 14 ORF (6,2%), dan dén ty 16 ORF
theo nganh Firmicutes/Bacteroidetes giam rat thap, 0,07:1. Véi nhitng ORF ma héa
enzyme esterase, ty 1& nay c6 sy khac biét dang ké. Cu thé, 56 ORF mé hoa CE1 c6
ngudn gbc tir nhiéu nganh vi khuan nhu Bacteroidetes, Firmicutes, Planctomycetes,
Spirochaetes, trong khi 10 ORF ma héa CE1l cd lién két cac ving CBM
(Carbohydrate-binding domain), cu thé la CBM48 thi chi thuéc vé nganh
Bacteroidetes. Piéu nay ciing twong tu véi CE6 va PL1, 21 ORF ma hda CE6 c6
nguon goc tir Bacteroidetes va Verrucomicrobia, trong khi 45 ORF ma hoa PL1 c6
ngudn gdc tir Bacteroidetes va Firmicutes. Tuy nhién, enzyme mang da ving hoat
tinh CE6-GH95 va PL1 mang CBM6 hoac vung tuong tu fibronectin-3 (FN3) chi
cd ngudn gbc tir Becteroidetes. Ngoai ra, cac enzyme mang vung hoat tinh CE12,
CE7, CE7-GH26, CES8, CE8-Ig (vung tuong tu immunoglobulin), PL9, PL10 dugc
xac dinh chi tir Bacteroidetes, trong khi CE13 chi tir Firmicutes. O cap do loai,
Prevotella buccae 1 loai c6 nhiéu gene lignocellulase nhat.

Nhom hemicellulase 12 da dang nhat so véi cellulase va gene tién xir ly
lignocellulose, vai 20 nhom GHs khac nhau. Trong nhém nay, nganh phong phad
nhét tiép tuc la Bacteroidetes voi 500 ORF (chiém 91,9%), tiép theo la Firmicutes
(27 ORF), va sau do la Proteobacteia (7 ORF). Do do, ty I&€ Firmicutes so vai
Bacteroidetes lai thap 13 0,05: 1. O day, GH2 dugc wdc doan c6 ngudn goc tir cac
nganh da dang nhat nhu Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteia,
Thermotogae. Nhém chiém ty 1& 16n tiép theo 1a GH10, GH15, GH53. Firmicutes
va Bacteroidetes cling mang cac gene thuoc sau ho GH gom GH2, GH28, GH36,
GH6, GH51, GH53. Tuy nhién, nhiéu GH khac bao gom cac enzyme da chtic ning
cing chra vung hoat tinh CE hoac CBM, va duoc du doan la chi thudc
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Bacteroidetes, trong khi GH113, GH26-CBM35 chi thuoc Firmicutes. O cap loai,
Prevotella bergensis, P. bryantii, P. copri, Paraprevotella clara, B. graminisolvens,
P. albensis, P. paludivivens, B. cellulosilyticus. P. buccae, B. eggerthii, P.
ruminicola 1a nhiing loai mang gene hemicellulase phong phi nhit. Bé phan hay
hemicellulose hiéu qua, cic gene caa B. graminisolvens c6 thé mang chin loai ving
hoat tinh khac nhau, con sé nay véi P. copri va P. paludivivens 1a tim. Trong nhém
vi khuan tién xu ly lignocellulose, Prevotella sp. MSX73 dugc du doan 1a phan hay
tiém nang nhat voi sau ving xtic tic khac nhau. Diéu thi vi la c6 rat nhiéu loai chia
gene cho rat nhiéu chic nang phan hay lignocelluose. Vi du, Prevottella albensis
dugc dyu doan 1a mang ca hai loai cellulase va hemicellulases khi vi khuan nay so
hiru ca hai vung hoat tinh cellulase GH3-FN3, GH9-lg va hemicellulase GH10,
GH2, GH30, GH43-CBM13, GH43-CBM6, GH97. Bay loai chtra ca GHs cho
hemicellulases va CE va PLs dé tién xu ly lignocellulose. Cu thé hon, B.
cellulosilyticus va P. bryantii ¢4 10 gene cho cac vung xuc tac khac nhau.

3.2.2.2. Pa dang vi khudn mang gene phdn gidi lignocellulose khai thdc tir két qua
giai trinh ty sdu

Dua trén két qua chd giai chirc nang theo co so dir lisu KEGG, c6 tong cong
65554 gene ma hdéa cho 30 loai enzyme/protein lién quan dén phan giai
lignocellulose da duoc xac dinh. So sanh vai két qua giai trinh tu 8,6 Gb, véi dix
lieu giai trinh tu sau c6 khdi luong dir liéu 16n gap 5,7 lan, trong Gng véi ty I¢ lap
rap cuia cac contigs so Vi cac reads ting 2,35 1an tir 27,3% lén 64,22%, s luong
gene lién quan dén phan giai lignocellulose khai thac duoc ting 47 1an. Trong sb
65.554 gene, 8988 gene duoc xac dinh la gene hoan thién, cac gene nay duoc so
sanh véi co sé dit liéu CAZy dé xac dinh cac ving chirc nang protein.

Tat ca 65.554 gene ma héa cho 30 enzyme/protein lién quan dén qué trinh
phan hay lignocellulose trong da c6 cia dé déu duge dua vao phan mém MEGAN.
Két qua cho thiy c6 65.443 gene duoc xép vao cac don vi phan loai (99,85%).
Trong don vi phan loai chi, chi 16n nhat Ia chi Prevotella dong gop 27% gene lién
quan dén qué trinh phan giai lignocellulose, tiép theo 1a Ruminococcus (5%) va
Bacteroides (4%). Pang chu y, Prevotella dong gop rat nhiéu cho qua trinh phan
giai hemicellulose va tién xir ly lignocellulose, véi viée chi nay dong gop téi 30%
s6 gene chuyén hda hemicellulose va 36% gene tién xir ly lignocellulose (Hinh 3.6).
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Hinh 3. 6. Pa dang phan loai vi khudn mang gene lignocellulase trong da cé dé Viét Nam
da dwgc KEGG chu thich va phéan loai b&i MEGAN

Lignocellulase: toan bé gene ma héa enzyme phan giai lignocellulose; Cel: gene ma hoa
cho cellulase; Hem: gene ma hoéa cho hemicellulase; Pre: cac gene ma hoa
protein/enzyme lién quan dén tien xt ly lignocellulose

3.2.2.3. Vai tro cua chi Prevotella trong phan giai lignocellulose

Phan tich sau hon cho thiy ring trong nghién ciru ndy Prevotella khong phéat
hién c6 gene ma hda laccase, lytic polysacarit monooxygenase, expansin hoac
cellobiohydrolase, endo-transglycosylase/hydrolase, phospho beta glucosidase,
nhung déng gdp rat nhiéu cho qua trinh phan giai hemicellulose véi nhiéu enzyme
phan nhanh dac biét la acetyl xylan esterase, feruloyl esterase, alpha-D-xyloside
xylohydrolase (Bang 3.6).
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Bang 3. 6. Cac gene cua Prevotella ma héa enzyme tham gia thiy phan lignocellulose

Prevotella
g ‘A 2 % Ty 18 %
Enzyme Ky hi¢gu  Gene chu G.e_ﬂ eﬂf ha ljg“‘"f Tong so gene tur
giai theo gtai theo Toéngsd 8°¢ khac chung Prevotella
KEGG  CA%Y
HMMER

Acetylxylan esterase AcXE 0 327 327 4 331 98,8%
Feruloyl esterase FAE 0 38 38 15 53 71,7%
Alpha-D-xyloside
xylohydrolase AXXH 1508 1508 1191 2699 55,9%
Endopolygalacturonase lyase ENPGL 608 608 745 1353 44,9%
Exopolygalacturonase EPG 271 271 364 635 42,7%
Alpha-glucuronidase AGLC 227 227 317 544 41,7%
Oligosaccharide reducing-
end xylanase OREX 453 453 744 1197 37,8%
Endopolygalacturonase ENPG 9 9 15 24 37,5%
Alpha-L-arabinofuranosidase ARA 2258 2258 3888 6146 36,7%
Beta-D-glucuronidase BGLC 309 309 577 886 34,9%
Licheninase LCN 92 92 188 280 32,9%
Xyloglucan-active B-D-
galactosidase BGAL 3741 3741 7848 11589 32,3%
Pectinesterase PE 774 774 1719 2493 31%
Cellobiose phosphorylase CPB 416 416 1014 1430 29,1%
Alpha -L-fucosidase FUC 1953 1953 4803 6756 28,9%
Beta glucosidase BGL 2221 2221 7713 9934 22,4%
Beta-mannanase BMAN 227 227 945 1172 19,4%
Endo-B-1,4 xylanase XLA 583 583 2610 3193 18,3%
Endoglucanase EG 948 258 1206 5592 6798 17,7%
Exopolygalacturonase lyase EPGL 10 10 48 58 17,2%
Alpha-galactosidase AGAL 620 620 3364 3984 15,6%
Xylan 1,4-beta-xylosidase XBX 132 132 883 1015 13%
Beta-fructofuranosidase BFF 97 97 1007 1104 8,8%
Beta-mannosidase BMAS 37 37 607 644 5,7%
6-Phospho-beta-glucosidase PBGL 1 1 1278 1279 0.1%
Laccase Laccase 0 0 5 5 0%
Endo-
transglycosylase/hydrolase XET/H 0 0 2 2 0%
Cellobiohydrolase CPH 0 0 168 168 0%
Lytic polysaccharide
monooxygenase LPMO 0 0 5 5 0%
Expansin Expansin 0 0 31 31 0%
Téng 17495 623 18118 47690 65808 27,5%

Téng sb gene bao gébm 17495 gene dwoc chd thich chirc ndng bdi KEGG va 327 gene
AcXE, 38 gene FAE, 258 gene EG duwgc chu thich béi CAZy va HMMER. EG: Endoglucanase;
CPB: Cellobiose phosphorylase; BGL: Beta glucosidase; PBGL: 6-phospho-beta-glucosidase;
CPH: Cellobiohydrolase; AcXE: Acetylxylan esterase; AXXH: Alpha-D-xyloside xylohydrolase;
AGLC: Alpha-glucuronidase; BGLC: Beta-D-glucuronidase; BFF: Beta-fructofuranosidase; BMAS:
Beta-mannosidase; XET/H: Endo-transglycosylase/hydrolase; XLA: Endo-beta-1,4 xylanase;
OREX: Oligosaccharide reducing-end xylanase; XBX:. Xylan 1,4-beta-xylosidase; BGAL:
Xyloglucan-active  beta-D-galactosidase; AGAL: Alpha-galactosidase; ARA:  Alpha-L-
arabinofuranosidase; FUC: Alpha-L-fucosidase; BMAN: Beta-mannanase: FAE: Feruloyl esterase;
PE: Pectinesterase; EPG: Exopolygalacturonase; EPGL: Exopolygalacturonate lyase; ENPG:
Endopolygalacturonase; ENPGL: Endopolygalacturonate lyase.

Pay 14 nhitng enzyme rat quan trong dé ting cuong chuyén doi lignocellulose.
Xét tong sé gene, c6 18.118 gene mA hoda cho cac loai enzyme phan giai
lignocellulose 1a c6 ngudn géc tir Prevotella trong tong s6 65.808 gene, chiém ty Ié
27,5%. Pang chi ¥, 98,8% gene ma hoa acetyl xylan esterase 1a c6 ngudn goc tir
Prevotella. Piéu d6 cho thdy tim quan trong cua vi khuan nay trong chuyén hoa
chudi bén xylan, phan giai xylan thanh dudng don.
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Vi khuan mang gene lignocellulase trong quan xa c6 thé duoc chia thanh vi
khuan c6 tiém ning phan giai lignocellulose va vi khuan co hoi. Cac vi khuin co
hoi thudng chi san xuit beta glucosidase dé chuyén hda cac doan oligosaccharide
ngin thanh glucose nham cung cép ning lwong cho ban than chir khéng phai cho
vat chii. Nguoc lai, vi khuan tiém ning duoc dic trung boi kha ning san xuat nhiéu
hon mét loai enzyme dé phan hay lignocellulose. O vi khuan c6 kha ning phén giai
lignocellulose, cac gene ma hda cho cac enzyme phan huy lignocellulose thuong
nam & nhitng ving nhat dinh trong bo gene.

3.2.2.4. Vai tro ciia chi Prevotella trong hé tro' tiéu héa cac nguon thire dn khdc

trong da co dé

O Glycosyl transferase

@ Lignocellulase

O Esterase
Enzyme thuy phan tinh
bot

O Lipase
Enzyme thiy phan
polysaccharide

0 Enzyme khac

Hinh 3. 7. Cac gene ngudn gbc tir Prevotella tham gia tiéu hoa trong da cé dé

Dé hiéu rd vai tro cua Prevotella trong qué trinh tiéu hoa cac chat dinh dudng
khac trong da co cua dé, 17.495 gene c6 ngudn géc tir Prevotella ma héa cho cac
enzyme/protein lién quan dén sy phan hay lignocellulose duoc KEGG chi thich vé
mit chic ning trong s6 tat ca cac gene (547.751 gene) di duoc tach riéng dé phan
tich. Cac gene con lai bao gom cac gene chua biét chirc ning da dwoc phan tich
bang phan mém HMMER va so sénh véi co so dit liéu CAZy, tir 6 c6 tat ca 18.118
gene c6 ngudn gdc tir Prevotella d3 dugc cha thich chice nang. 510.840 gene khdng
khop voi co so dir ligu cta HMMER va CAZy, nghia la nhitng gene nay khong lién
quan dén enzyme.

HMMER va CAZy phan loai cac gene thanh ho GH, nhung KEGG chu thich
vao sb dinh danh enzyme (s6 EC). Vi vay, chi mot s6 ho GH c6 thé duoc lam rd
thanh s6 EC. Bang cach nay, trong sé cac gene duoc chl giai chirc ning, co 327
gene mé hoa cho acetylxylan esterase, 38 gene ma hoa cho feruloyl esterase, 258
gene ma hoa endoglucanase GH5 c6 ngudn goc tir Prevotella da duoc xac dinh dé
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thém vao céc gene lignocellulase dugc chi thich bing KEGG.

Bang 3. 7. Cac gene tlr Prevotella ma héa cac enzyme tham gia phan gidi cac chét dinh
duwdng khac dwoc phan tich tie di¥ liéu giai trinh tyw sdu metagenomic cla vi khuan trong

da cé dé Viét Nam

So S6 S6
Enzyme lwgng Enzyme luwgng Enzyme lwgng
gene gene gene

1. Esterases 3725 | 4. Lipase 537 | -Hemicellulases
CE 1621 | GDSLlIike Lipase 537 | GH2 153
Calcineurin-like phosphoesterase 1155 | 5. Phén giai tinh

bt 1117 | GH98 131
Thioesterase 332 | Alpha amylase 926 | GH2-SBD 108
Type | phosphodiesterase 251 | GH57 124 | GHe67 41
AcylACP thioesterase 176 | GH66 33 | GH115-GH67 35
Esterase-like activity of phytase 96 | Core2/l Branching 28

enzyme CE2 32
Glycerophosphory! diester 33 | GH63 2
phosphodiesterase GH38 30
Esterase PHB depolymerase 32 | Alpha amylaseCE 1| GH35 16
Phospholipase/Carboxylesterase 14 | GH119 1 | GH43-CE 10
protein thioesterase 9 | GH126 1 | GH10CECE1 9
LigT like Phosphoesterase 5 | GH63PE 1 | GH2-SBDCE 8
CE-lg 1]|6.

Lignocellulases 6199 | GH10CE 7
2. Glycosyl transferases 7153 | GH116 1| GH36 7
GT2 3562 | GH118 1 | GH28-CE 4
GT1 1925 | GH122 1| GH39 3
GT4 429 | GH18 47 | GH53CE 3
Transglycosylase 396 | - Cellulase 699 | GH115-GH20 2
Lipid A disaccharide synthetase 179 | GH30 165 | GH115-CE1 1
GT11 129 | GH124 1 | GH115-CE12 1
GT9 (heptosyltransferase) 114 | GH128 1 | GH115-GH28 1
GT 113 | GH16 20 | GH115-GH33 1
GT28 82 | GH26 164 | GH115-GH43 1
GT8 67 | GH26AcXE 4 | GH117 1
GT90 37 | GH3 252 | GH120 1
GT25 (LPS biosynthesis 28
protein) GH3-CE 1| GH121 1
GT-CBM 27 | GHS8 24 | GH123 1
GT26 24 | GH9 67 | GH125 1
GT10 (fucosyltransferase) 15 | -Hemicellulases 5344 | GH127 1
GT6 13 | GH43 769 | GH129 1
GT36 10 | GH92 647 | GH130 1
GT21 2 | GH8s8 576 | GH2-CE 1
Mannosyltransferase 1| GH28 476 | GH28-PE 1
3. Polysaccharide degradation 87 | GH10 448 | GH43-Lipase 1
Carbohydrate phosphorylase 46 | GH115 432 | GH43-GT1 1
GH76 34 | GH53 387 | GH59 1
GH65 4 | GH25 301 | -Tién xi Iy 156
GH85 2 | GH20 274 | PE 156
GH70 1| GH32 244 Khéc

GH31 173 | GH56-alpha L

fucosyl transferase

Cac gene con lai chu yéu ma hda cho glycosyl transferase (7.153 gene),
protein/enzyme lién quan dén phan giai lignocellulose (6.199 gene), esterase (3.725
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gene), enzyme thay phan tinh bot (1.089 gene), lipase (537 gene), enzyme phén giai
polysaccharide (87 gene) va cac enzyme khac (116 gene) (Bang 3.7). Trong nhom
glycosyl transferase, GT2 chiém wu thé nhat véi 3.562 gene, sau d6 1a GT1 (1925
gene). Enzyme cua Prevotella tham gia chuyén héa tinh bot cha yéu la alpha
amylase (927 gene), sau d6 la GH57, GH119, GHI126, GH63, GH66 va
Core2/enzyme phan nhanh. Pa dang nhit dugc tim thdy trong cic enzyme
lignocellulase véi 39 ho GH, esterase CE2 va pectin esterase (Bang 3.7).

Prevotella 1a mot trong gan 40 chi quan trong va pho bién trong da co dé co
chic nang hd tro phan giai lignocellulose ciing nhu chuyén hoa carbohydrate [195].
Su ¢ dinh caa vi khuan Prevotella trong da co dé dién ra dan dan tir ngay tha 14
cho dén khi tro thanh vi khuan chiém wu thé trong da co dé khi khau phan an tré
nén giau chat xo thuc vat [194, 195]. Bén 110 ngay, gene ngudn gbc Prevotella c6
thé chiém 22,37% sé gene cua vi khuan trong da co dé. Bang phan tich
metagenomic 16S rRNA, ¢ nhiing con dé duoc cho dn ché d6 an tir sita, Prevotella
chiém 8,91% quan xa vi khuan, nhung vé&i nhitng con dé st dung thtrc an thuc vat
dang ran, vi khuan trong chi ndy d3 ting 1én 56,02% [196]. Bekele va cong su di sir
dung phuong phap diéu tra su da dang cua vi khuan va chi ra rang Prevotella chiém
hon 50% vi khuan trong da c6 dé [197]. Théng thudng trong da cé néi chung,
Prevotella chiém khoang 42 - 60% [198]. Nhitng két qua nay phu hop véi phat hién
cua ching tdi trong da co cua dé, trong d6 ché d6 in cua dé bao gdbm co khd va
nhiéu loai co va 14 cay trén nui cling nhu tan du thuc vat. Trong dix lidu giai trinh tu
metagenome thap, Prevotella da duoc tim thay 1a chi phong phl nhét, chiém 35,3%
sb gene phan loai. Bang giai trinh ty sdu DNA metagenome cua vi khuan trong da
co dé Viét Nam, Prevotella xuat hién nhiéu nhat chiém 32,74% gene dugc phan loai
trong cac don vi phan loai nganh.

Lién quan dén qua trinh phan giai lignocellulose trong da co dé, mac di kich
thuéc cua dix liéu giai trinh ty sau chi tang 5,7 1an so véi kich thudc cua dir liéu giai
trinh ty cia dé tai giai doan trudce, nhung sé lugng gene ma hoa protein/enzyme lién
quan dén qua trinh phan hity lignocellulose khai thac duoc cao hon dang ké, 1én dén
47,24 1an, voi 30 loai enzyme/protein, trong d6 8988 gene dugc du doan 1a hoan
chinh. Cac enzyme thay phan lignocellulose rat da dang, GH phong pht va nhiéu
loai enzyme c6 cau tric module chta ca ving xdc tac va ving phu trg nhu ving
tuong ty globulin mién dich (Ig), ving gidng fibronectin (FN3) hoic ving lién két
carbohydrate (CBM) , ... Mot sé6 GH da dugc quan sat thay trong nghién ciru trudc
day cua Lim va cong su, phan l6n cac enzyme lan dau tién duoc nhin thay trong da
c6 dé nhu alpha-D-xylosidexylohydrolase, acetylxylan esterase, beta-
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fructofuranosidase, endo-transglycosylase/hydrolase, oligosaccharide-reducing-end
xylanase, feruloyl esterase, laccase, lytic polysaccharide monooxygenase,
exopolygalacturonase lyase, endopolygalacturonase. Pang chu ¥, Prevotella chiém
27% s6 gene phan loai theo NCBI ma hoa cho céac protein/enzyme lién quan dén su
phan hay lignocellulose. V&i méi nhom, Prevotella déng gép 19% gene ma hda cho
cellulase, 30% gene ma hoa cho hemicellulase va 38% gene ma hda cho
enzyme/protein lién quan dén qua trinh tién x&r 1y lignocellulose, dic biét 1a
pectinesterase. Trong nghién ciru trude day, voi két qua giai trinh tu 8,6 Gb, ching
t6i thdy rang Prevotella cung cip t6i 40% gene cho qua trinh phan hay
lignocellulose. Ddng y voi két qua nady, bang cach phan tich metagenomic cua vi
khuan mang gene ma hda cho cellulase trong da c6 dé Han Quéc, Lim va cong su
cling chi ra rang cac loai Prevotella déng vai tro quan trong d6i véi sy phan hay
cellulose [199]. Cac enzyme dwoc phét hién c6 nhiéu ving chirc ning khac nhau
ngodi ving xtc tac, 1 co sé dé khai thac cac enzyme méi ¢6 nhiéu chic nang. Vi
du, trong di liéu giai trinh tu 8,6 Gb, chung t6i di tim thdy mot gene ma hda cho
endoglucanase cé cau tric module bao gdm viing X & dau N, tiép theo 1a ving FN3
rdi dén ving hoat tinh GH5. Trong mét nghién ciru khac, FN3 di dugc ching minh
1a dong vai tro ting cudng kha ning hoa tan ciia enzyme va gitp hinh thanh cau tric
phu hop [48]. Két qua phan tich khang dinh rang dit liéu 16n vé cac gene ma hoa
protein/enzyme tham gia vao qua trinh phan hay lignocellulose rat c6 gia tri dé tim
kiém cac enzyme méi cho qua trinh phan hay lignocellulose hiéu qua, hd tro cho su
phat trién kinh té sinh hoc.

Két qua thu duoc tir cac phan tich sdu hon cho thay chi Prevotella c6 thé san
xuat nhiéu loai enzyme khéc nhau, chii yéu dé phan giai hemicellulose hon 1a phan
giai cellulose. Phat hién nay phd hop véi quan séat trong nghién ctu khac vé P.
bryantii B14 [200]. Pang chu y, nhiéu enzyme tir Prevotella 1a enzyme then chét dé
nang cao toc do phan giai lignocellulose nhu acetylxylan esterase [201] va feruloyl
esterase [202]. Trong tong sé 331 gene ma hoa acetylxylan esterase thi c6 327 gene
thudc Prevotella. Két qua thu duoc khiang dinh vai trd then chét caa Prevotella
trong qua trinh phan giai hemicellulose trong da co dé.

Véi muc dich tim ra cac dong vi khuan tiém ning, tit ca cac contig mang gene
hoan chinh (8.900 gene) mi hoa protein/enzyme lién quan dén qué trinh phan giai
lignocellulose di dugc tach riéng dé phan tich. Theo két qua thong ké, 8.900 gene
nam trong 8.364 contig, trong d6 7848 contig chi mang mot gene trén mdi contig.
Cac contig c6 kha ning phan huy lignocellulose bao gom: 4 contig chira 6
gene/contig, 2 contig chra 5 gene/contig, 16 contig mang 4 gene/contig, 54 contig
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chaa 3 gene/contig va 440 contig mang 2 gene/contig. D4i chiéu véi két qua phan
loai hoc, chiing tdi nhan thiy trong sé 22 contig mang it nhat 4 gene/contig thi c6 18
contig thuoc chi Prevotella, 2 contig thuoc chi Bacteroides, 1 contig thudc chi
Clostridium va 1 contig thudc chi Butyrivibrio. Cum gene lién quan dén qua trinh
phan giai lignocellulose trong mdi nhém tiém ning da duoc xac dinh va vé& biang
cong cu SnapGene DNA.
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Hinh 3. 8. CAc locus gene phan giai celluloses/hemicelluloses trong nhirng contig tiém
nang xay dwng ttr di¥ liéu giai trinh tw sGu DNA metagenome vi khuan da co dé.

CE: esterase; GH: glycosylase; PL: Polysaccharide lyase; EG: Endoglucanase; CBM: carbohydrate
binding model; BGL: Beta glucosidase; XLA: Endo-B-1,4 xylanase; OREX: Oligosaccharide
reducing-end xylanase; XBX: Xylan 1,4-beta-xylosidase; BGAL: Xyloglucan-active [-D-
galactosidase; AGAL: Alpha-galactosidase; ARA: Alpha-L-arabinofuranosidase; AFUC, FUC: Alpha
-L-fucosidase; BMAN: Beta-mannanase: AGL: Anpha glucosidase; AMY: amylase

Tir két qua phan tich (Hinh 3.8), c6 thé thay qué trinh phan hay hemicellulose
duoc xuc tac voi nhitng cum gene trén hau hét déu tuong tac dic hiéu voi mot sé co
chat nhat dinh. Vi du, trong contig-80, viing hoat tinh dic trung cua ho CE1, PL1 da
dugc nhin thdy ¢ phan dau cua contig, tiép d6 1a nhiéu gene chirc ning chua biét,
sau do la vung PL1, vung gene BGAL (Xyloglucan-active beta-D-galactosidase)
bao gom ving hoat tinh cia ho GH43-GH143-GH142, ving gene FUC (Alpha-L-
fucosidase) lién ké GH95, ké d6 1a bon gene BGALGH2 va nhiéu GH khac, tat ca
déu tap trung phan giai xyloglucan trong ciu tric hemicellulose. Két qua twong tu
cling dugc quan sét thiy ¢ contig 374 véi 6 gene BGAL nam gan nhau. Cac cum
gene phan giai xyloarabinofuranose duoc thiy & cac contig 527, 829, 193, 148, 616,
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813 vo6i sy tham gia cua arabinofuranosidase, oligosaccharide reducing-end
xylanase, endoxylanase, esterase, alpha-galactosidase va do6i khi v&i  beta-
glucosidase. Mot cum gene phan giai cellulose dugc tim thdy & contig 289, trong
do, cac gene ma hoa cho cellulase nhu endo glucanase, beta-glucosidase, cellobiose
phosphorylase da dugc quan sét.

Nhan manh vai tro cua Prevotella trong qué trinh phan giai lignocellulose dic
biét 1a hemicellulose, 22 contig chira gene cé kha nang phan huy lignocellulose vai
it nhat 4 gene/contig cd 18 contig thudc vé Prevotella. Vung chira mot cum gene
tham gia vao qué trinh phan hay polysaccharide dugc goi chung la PUL
(polysaccharide utilization loci). PULs thudng ¢ ¢ vi khuan duong tiéu hoa, tiéu
biéu 12 Ruminococcus ¢ rudt ngudi [203], Bacteroides ¢ da co dong vat [204, 205].
Tuy nhién, PUL ¢ Bacteroides ciling phtc tap twong tu nhu ¢ Prevotella, do su kha
ning phan giai co chat cuc da dang. Phan tich cac cum gene trong 11 contig, ching
t61 da tim thay 9 contig lién quan dén sy phan hay hemicellulose va tat ca déu thudc
vé Prevotella, hai contig gop phan vao su phan huy cellulose thudc vé Bacteroides
va Prevotella. Ngoai ra, tit ca cac gene trong mot cum dugc sap xép theo cling mot
huéng. Bén canh cac enzyme chinh c6 hoat tinh hemicellulase, nhiéu gene ma hoa
cho cac enzyme thudc cac GH khac nhau, c6 thé hd trg cho chirc ning chinh cua
locus va mét s6 gene chua rd chic ning ciing d3 duoc xac dinh. Bén PUL phan giai
arabinan duoc tim thy trong contig 527, 829, 813, 193, va ba PUL phan giai
galactan nam trong contig 80, 374, 464. Mot s6 PUL lién quan dén qué trinh phan
giai arabinan, xylan, galactan nam & contig 148 va 616. Cac PUL phan giai arabinan
da duoc tim thiy trong Prevotella copri trong rudt nguoi [206] nhung cac PUL
phan hay polysaccharide khac bao gdm galactan, xylan, arabinan trong Prevotella
lan dau tién dugc phat hién.

Nghién ctu vai trd cua Prevotella trong da co dé, ching t6i nhan thay
Prevotella s¢ hitu nhiéu gene ma hoda cho cic enzyme phan giai tinh bot va
polysaccharide, trong d6 enzyme quan trong nhat dé phan giai tinh bot 12 amylase
c6 nhiéu nhat (Bang 3.7). Mot nghién ctu trude ddy cling phat hién ra rang ching
25A cua Prevotella bryantiican 1én men nhanh chong tinh bot va giam 90% sy tich
tu lactate, dong thoi ting lwong succinate va propionate [207]. Bang cach nay,
Prevotella hd trg cung cidp mot luong 16n niang luong cho co thé vat chu dé. Viéc
nghién ctru cac enzyme phén giai tinh bot va polysaccharide do Prevotella trong da
cé con han ché. Trong nghién ctu nay, chung toi ciing tim thdy maot sb lipase tir
Prevotella. Tuy nhién, Prevotella dugc biét 1a khong phai 1a dbi tugng phan giai
lipid trong da co dé. Prevotella giam khi cho dé an khau phan giau lipid.
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T6m lai, Prevotella 1a mot chi cuc ky linh hoat, dong vai trd then chét trong
qua trinh phan giai hemicellulose va tham gia vao qué trinh phan giai tinh bot,
cellulose, hemicellulose va pectin trong da co6 dé.

3.2.3. Xay dwng cdng cu mdi khai thac hiéu qud protein/enzyme tham gia chuyén

hda va tien xa ly lignocelullose
3.2.3.1. Xdy dung mé hinh HMM dai dién cho cdc enzyme/protein can khai théc

Theo nhu phan phuong phap da trinh bay, cac trinh ty enzyme/protein hoan
thién da duoc khang dinh vé chirc ning di duoc thu thap tir cac bo dit liéu va tim ra
vung bao tha dac hiéu cho tirng nhom enzyme/protein. Cac trinh tu bao tha sau do6
duogc str dung dé xay dung méd hinh HMM dai dién cho ting loai enzyme/protein.
M6 hinh HMM cta mot s6 nhém enzyme/protein da duoc xay dung va cong b
trong co s& dir liéu Pfam va dugc trich xuat dé 1am tap hop moé hinh HMM co s& st
dung trong viéc khai thac gene phan giai lignocellulose (Bang 3.8). Tuy nhién van
con kha nhiéu enzyme chua cé trong co sé dit liéu ndy hodc da co nhung dir liu
con han ché, dac biét 1a nhoém carbohydrate-binding module (CBM). Véi nhém
CBM, co s¢ dit liéu Pfam méi céng bé mé hinh HMM cua 23 ho, dit liéu trinh tu
ctia 69 ho CBM da duoc tong hop, so sanh va xay dung md hinh HMM.

Bang 3. 8. Thdng ké cac md hinh HMM dwoc st dung cho khai thac nhom
protein/enzyme méi trong dé tai

STT | Ténenzyme N9u0n STT | Ténenzyme Ng uon
goc goc

1 Lignin peroxidase (LiP) Pfam 17 Feruloyl esterase Pfam

2 Hydrogen peroxide oxidoreductase Pfam 18 Xyloglucanse Pfam

3 Manganese peroxidase (MnP) Pfam 19 Mannanase Pfam

4 Versatile peroxidase (VP) Pfam 20 Beta-mannosidase Pfam

5 Laccase Pfam 21 Arabinase Pfam

6 Expansin Pfam 22 Galactanase Pfam

7 Lytic polysaccharide Pfam 23 Polygalacturonase Pfam

monooxygenase

8 Cellobiohydrolase Pfam 24 Beta-glucuronidase Pfam

9 Endo-1,4-glucanase Pfam 25 Glucuronyl esterase Pfam
CBM

. 1,2,3,6,9,10,11,14,15,19,

10 Beta-glucosidase Pfam 26 20,21,25,27,32,35,39,46, Pfam
48,49,53,60,65,77)
CBM (4,5,8,12,13,16-
19,22-24,26,28-31,34,36- | Tu xa

11 Endo-xylanase Pfam 27 38 40-45.47 50-52.54- dung y
59,61-64,66-76,78-84)

12 Beta-xylosidase Pfam 28 Fibronectin 3-like domain | Pfam

13 Alpha-L-arabinofuranosidase Pfam 29 Dockerin Pfam

14 Alpha-glucuronidase Pfam 30 Immu_noglobulln-llke Pfam
domain

15 Licheninase Pfam 31 Acetyl xylan esterase Pfam

16 Acetyl xylan esterase Pfam
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Dua trén céc dir liéu khéac nhau, cac trinh tu cho cac nhom CBM di duoc lay
dé tao bo dit lidu co so. Tong sb 391.140 trinh tu di duoc lay dé phan tich cho toan
bo dit liéu gdm 84 loai CBM. CAc trinh tir trén duoc phén tich so sanh tuwong dong
bang phan mém Usearch, sau d6 két qua so sanh dwgc xay dung md hinh mang luéi
bang cong cu Cytoscape 3.7.1 véi gisi han cut-off cua do twong dong céc trinh tu
0,55, két qua md hinh xay dung duoc cho thay cac trinh tu bao thu cua cac nhém
CBM la kh4 tach biét nhau (Hinh 3.9). Biéu nay chirng to cac vung trinh tu bao thu
nay dam bao kha ning xay dung mo hinh HMM dic hiéu cho mdi nhom, tir d6 1a
cdng cu tét cho viéc khai thac gen.

-5 CBMA8

'@ *
' -'_ Py L'
:

CBM20

Hinh 3. 9. K&t qua phan tich trinh tw viing CBM ¢6 c4u tric beta-sandwich bang
Cytoscape v&i gi¢i han cut-off clia d6 twong déng trinh tw 14 0,55

Dua trén két qua phan tich, mo hinh dai dién HMM cua cac ho CBM duoc xay
dung bang phan mém HMMERS3, két qua duoc tom tit trong Bang 3.9.
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Bang 3. 9. Théng ké do dai cac vung bao thd dung dé thiét 1ap mé hinh HMM cho khai
thac gene ho CBM

TT HoCBM bDgdai TT HoCBM bDodai TT Ho CBM D0 dai

(aa) (aa) (aa)
1 CBM4 153 21 CBM38 207 41 CBM64 86
2 CBM5 52 22 CBM40 196 42 CBM66 161
3 CBMS8 162 23 CBM41 107 43 CBM67 186
4 CBM12 57 24 CBM42 138 44 CBM68 187
5 CBM13 158 25 CBM43 111 45 CBM69 146
6 CBM16 145 26 CBM44 194 46 CBM70 169
7 CBM17 179 27 CBM45 148 47 CBM71 188
8 CBM18 42 28 CBM47 149 48 CBM72 199
9 CBM19 69 29 CBM50 47 49 CBM73 70
10 CBM22 153 30 CBM51 166 50 CBM74 323
11 CBM23 149 31 CBMS52 66 51 CBM75 298
12 CBM24 193 32 CBM54 153 52 CBM76 257
13 CBM26 89 33 CBMS5 169 53 CBM78 151
14 CcBM28 217 34 CBM56 85 54 CBM79 129
15 CBM29 142 35 CBM57 157 55 CBM80 94
16 CBM30 173 36 CBM58 109 56 CBM81 97
17 CBM31 107 37 CBM59 175 57 CBM82 234
18 CBM34 123 38 CBM61 159 58 CBM83 282
19 CBM36 119 39 CBM62 110 59 CBM84 165
20 CBM37 316 40 CBM63 96

3.2.3.2. Khai thdc cdc enzyme tham gia thuy phan lignocellulose tw dir lieu DNA da

hé gene vi khudn trong da cé dé

Dua vao md hinh HMM da dugc xay dung dé khai thac cho 29 enzyme/viing
phu tro (accessory domain) khac nhau c6 lién quan dén chuyén hoa lignocellulose,
cong cu da ho tro khai thac véi cac nhom gene duoc khai thac hiéu qua trong bo di
liéu la galactanase, glucuronyl esterase, hydrogen peroxide oxidoreductase
(HPOXRE catalase), xyloglucanase, laccase, CBM (1-84), cellobiohydrolase, beta-
glucuronidase, beta-xylosidase, beta-mannosidase GH2, lichenase, alpha-
glucuronidase (GH76N) va xylanase GH44 (Bang 3.10). Ngoai ra, cdc nhom
enzyme khac ciing dugc khai thac hiéu qua bang céng cu méi nhung cac gene tring
Vv6i gene dugc phat hién dua trén co so dit lieu KEGG nén khong duoc théng ke lai
o day.
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Bang 3. 10. Khai thac mét sé enzyme hiéu qua tir dir liéu DNA metagenome vi khuén
trong da cé dé bang mé hinh HMM da dwoc xay dwng

£ogps A SO luong gene SO lugng gene
S0 thr ty Ten enzyme dua tréngl—?MM dua tréngKgI]EGG
1 Galactanase 305 -
2 Glucuronyl esterase 165 -
3 HPOXRE catalase 1 -
4 Xyloglucanase 14 -
5 Laccase 350 9
6 CBM(1-84) 6875 270
7 Cellobiohydrolase 1645 216
&) Beta-glucuronidase 4171 888
10 Beta-xylosidase 3276 1018
11 Beta-mannosidase GH2 1890 659
12 Lichenase 350 281
13 Anpha-glucuronindase GH76N 615 561
14 Xylanase GH44 3534 3400
15 Axetyl xylan esterase (AXE1) 219 331
16 Anpha-L-arabinofuranosidase 2646 6896
17 Polygalacturonase 211 635
18 Arabinanase (GH43) 1894 6229
19 Endo-glucanase 2009 7368
20 Mannanase 263 1237
21 Beta-glucosidase 1582 10444
22 LPMO 1 11
23 Feruloylesterase 7 92

3.3. Nghién ciru lya chon, biéu hién va x4c dinh diic diém cia endo-xylanase

Vi khuan trong da co, dic biét I1a trong da co dé rat quan tim dén viéc khai
thac cac enzyme moi lién quan dén su phan huy lignocellulose trong ky nguyén di
licu Ion. Endoxylanase 1a mét trong nhitng enzyme quan trong nhat trong nhiéu
nganh cong nghiép nhu san xuat con sinh hoc, gidy, hda chat tét... Endoxylanase
khong chi phan giai xylan trong cau triic hemicellulose dé cac enzyme khéc chuyén
hda cac san pham xylanase thanh xylose ma con giup tach cellulose dé cellulase gan
vao va chuyén hoa. thanh glucose dé 1én men thanh san pham cudi cing. Céc
endoxylanase chu yéu dugc phan loai vao cac ho GH10 va GH11, mot sb trong ho
GH115.

3.3.1. Nghién ci#u lwa chen gene ma hoa endo-xylanase cho biéu hign
3.3.1.1. Nghién ciru da dang vi khudn mang enzyme endo-xylanase

Tir két qua giai trinh ty sau 48,6 Gb, dwa theo két qua chu giai chirc ning gene
véi cac co so dir liéu, co 3400 gene duogc xac dinh la endo-1,4-beta-xylanase. Toan
bo s gene nay duogc tich hop véi két qua dinh danh ngudn goc phan loai dya vao
phan mém MEGAN
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Bang 3. 11. Da dang vi khudn mang gene ma héa endo-xylanase

Sb Ty S6 ,
Nganh ORF | 1& Lép ORF | Tyl¢ | Bo SOORF | Tylé
Firmicutes 1435 | 49% | Clostridia 1189 | 44% | Clostridiales 1166 44%
Bacteroidetes 1110 | 38% | Bacteroidia 1065 | 40% | Bacteroidales 1056 40%
Spirochaetes 114 4% | Spirochaetia | 114 4% Spirochaetales 110 4%
Fibrobacteres 77 3% | Bacilli 84 3% Fibrobacterales 76 3%
Lentisphaerae 77 3% | Fibrobacteria | 76 3% Bacillales 49 2%
Khéc 117 4% | Khéc 163 6% Khéc 211 8%
Tong 2930 Tong 2691 Tong 2668
So Ty SO )
Ho ORF | 1& Chi ORF | Tylé | Loai S6 ORF
Butyrivibrio 3
Prevotellaceae 800 33% | Prevotella 577 30% | proteoclasticus
Ruminococcu Desulfotomaculu 5
Lachnospiraceae | 460 19% | s 375 19% | m hydrothermale
Ruminococcacea Melioribacter 2
e 441 18% | Butyrivibrio 233 12% | roseus
Spirochaetaceae | 110 5% | Treponema 108 6% Petrotoga olearia | S
Ruminococcus 4
Bacteroidaceae 95 4% | Bacteroides 81 4% albus
Ruminococcus 1
Fibrobacteraceae | 76 3% | Fibrobacter 67 3% champanellensis
Treponema 1
Clostridiaceae 66 3% | Clostridium 53 3% vincentii
Khac 345 14% | Khac 459 24%
Tong 2393 Tong 1953 Tong 21

Két qua phan tich cho thay, c6 3213 gene duoc phan loai dén cac don vi phan
loai thuoc 3 gidi, 19 nganh, 33 16p, 48 bo, 67 ho, 120 chi va 9 loai, chi c6 187 gene
khoéng xac dinh duoc don vi phan loai. Cu thé, trong 3213 gene duoc phan loai, c6
3193 gene dugc xac dinh thudc gidi vi khuan, chiém 99,4%, con lai chi 0,56%
thudc gigi sinh vat nhan chuan va 0,06% thudc gigi vi khuan co. Chi xét riéng céc
gene c6 ngudn gbc tir vi khuan, 3193 gene duogc xac dinh thudc 15 nganh, 27 16p,
43 bo, 62 ho, 113 chi va 7 loai (Bang 3.11).

O muc do phan loai dén chi, 30% sé gene endo-xylanase c6 ngudn gdc tir
Prevotella, tiép theo 1a chi Ruminococcus (19%) va Butyrivibrio (12%). Két qua
nay dong nhat vai két qua chung vé céc gene tham gia phan giai hemicellulose va
tién xu ly sinh khéi, cu thé 30% sé gene hemicellulase va 36% sé gene tién xu ly
sinh khéi trong dit liéu giai trinh tu 1a c6 ngudn gdc tir chi Prevotella.

3.3.1.2. Nghién ciru da dang cdu triic endo-xylanase

Endo-xylanase ¢6 nguon gdc tir Prevotella duoc nhiéu nha nghién cau quan
tam do c6 hoat tinh cao va 6n dinh trong méi trudng cua mot s6 chat tay raa nhu
tween, SDS,... Tur dir liéu giai trinh tu metagenomic thong thuong 8,6 Gb va giai
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trinh ty siu 48,6 Gb cua vi khuan trong da co dé, 739 gene hoan chinh ma héa cho
endo-xylanase duoc chi giai boi KEGG di duogc tach riéng va phan tich cau tric
vung chic nang.

M sio_7

B cem_2

I cem_a_o

B cems

- Dockerin_1

- Esterase

B cHi1s_c

B civco_hyaro_10

- Glyco_hydro_11

I Giyco_nyaro_11s
- Polysacc_deac_1
[ RicinB_lectin_2

- Trypan_PARP

hda endo-xylanase

dgenma

M

200 . 400 600 800
BPo dai trinh tw (amino acid)

Hinh 3. 10. Tém lwgc cac cau tric domain ctia enzyme nhom endo-xylanase c6 mang
vung hoat tinh GH, dwgc vé bang ngén ngl* R trén phan mém drawProteins

Gen danh diu * 1a gene duoc lua chon cho nghién ciru biéu hién

Theo phén loai cua co s¢ dir liéu CAZy, vung hoat tinh cta enzyme endo-
xylanase c6 thé thudc vé cac ho GHS3, 6, 8, 10, 11, 26, 30, 43, 98, trong d6 phan 16n
la ho GH10 va GH11. Két qua chi giai 739 trinh tu amino acid suy di&n tir cAc gene
hoan chinh bang phan mém Pfamscan cho thay c6 574 gene c6 thé xac dinh dugc
cac ving chiic ning, cac cau tric ving chic ning cia nhém nay rat da dang tuy
nhién chi cé 185 trinh tu 1a mang cac vung hoat tinh glycosyl hydrolase.
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Cac gene endo-xylanase duogc xac dinh thudc vé 3 ho GH 1a GH10, GH11 va
GH115, trong d6 wu thé nhét thudc vé ho GH10 (96% trong tong s trinh tu dwgc
xac dinh c6 mang it nhat mét vang hoat tinh GH). M6t luong 16n trinh tu chi c6 duy
nhat viing hoat tinh GH10. Khoang mét phan tu s trinh tu endo-xylanase c6 mang
it nhit mot vang hoat tinh GH 1a cac enzyme mang tir hai viing chirc ning trd 1én,
bén canh ving hoat tinh la nhitng ving hd tro nhu ving ting cuong kha nang bam
co chit nhu vung twong tu immunoglobulin, CBM2, CBM4 9, CBMS,
RicinB_lectin_2, dockerin hoac hoat tinh phu nhu vung esterase.

Két qua phan tich so sanh 739 gene hoan chinh véi BLASTP cho thay c6 180
trinh ty amino acid duoc suy ra tir 180 gene tuong dong véi endo-xylanase trong
GenBank, trong d6 c6 tat ca 108 trinh tu c6 nguon gdc tir Prevotella. T4t ca cac
gene ma hoa cho cac trinh tu twong ddng cao vai Prevotella endo-xylanase déu c6
vung hoat tinh xdc tac 1a GH10. Trong sé nay, 10 gene c6 trinh ty cho ving hoat
tinh phu CE1 (vung esterase), 20 gene ¢ trinh tu thém vung CBM6. Cac endo-
xylanase dugc ma héa bai 10 gene trén cd Tm cao hon 65°C va la cac enzyme c6
tinh acid.

3.3.1.3. Nghién ciru lya chon trinh tw xylanase dé biéu hién

Két qua tim kiém tuong dong vai trinh ty denovogenes 5086 trén co s¢ di
licu NCBI bang cong cu BLASTp dya trén dix liéu trinh ty NR (non redundant
protein sequences, https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins) dugc
thé hién ¢ Bang 3.12.

Bang 3. 12. C4c trinh ty twong ddng véi trinh tw denovogenes_5086

Mo ta biém toi da| Tong | P9 bao phii | GiatriE | D) twong
diém dong

Endo-1,4-beta-xylanase 0 0

[Prevotella sp. E2-28] 1264 1264 100% 0.0 82,3%

Endo-1,4-beta-xylanase 1250 1250 100% 0.0 81,76%

[unclassified Prevotella]

Glycosyl hydrolase family 10 0 0

[Prevotella sp. MA2016] 1213 1213 99% 0.0 80%

Endo-1,4-beta- xylanase/feruloyl 0 0

esterase [Prevotella sp. RM4] 1212 1212 9% 0.0 80%

Endo-1,4-beta- xylanase(fe_ruloyl 1211 1211 99% 0.0 80%

esterase [Prevotella ruminicola]

Endo-1,4-beta- xylanase(fe_zruloyl 1210 1210 99% 0.0 80%

esterase [Prevotella ruminicola]

Glycosyl hydrolase family 10 940 940 99% 0.0 63%

[Candidatus Bacteroides

timonensis]

Hypothetical protein [Bacteroides 939 939 100% 0.0 63%

cellulosilyticus]



https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_655548058
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_655548058
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_697060772
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_697060772
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_697060772
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_697060772
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_502830645
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_502830645
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_502830645
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_502830645
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_655528742
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_655528742
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_655528742
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_655528742
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_763413210
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_763413210
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_763413210
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_494398149
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_494398149
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_494398149
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Két qua tim kiém twong dong cho thay trinh tu protein suy dién tir gene
denovogenes_5086 tuong ddng cao nhit 96% véi endo-1,4-beta-xylanase cua
Prevotella sp. (md s MBR7030185.1) véi do bao phi 99% (két qua kiém tra lai véi
co sO dir liéu cap nhat ngay 31 thang 3 nam 2023). Ngoai ra trinh tu protein nay
cling twong dong 125 trinh tu endo-1,4-beta-xylanase cua Prevotella khac. Khi so
sanh véi céc trinh ty protein trong co s di liéu cia NCBI bang BLASTP, trinh tu
suy tir gene denovogenes 5086 c6 do twong ddéng cao nhit véi cac enzyme thuay
phan xylan thuoc ho GH10 thudc chi Prevotella hoac cac enzyme endo-1,4-beta-
xylanase/feruloyl esterase thuoc loai Prevotella ruminicola (truy cap ngay 5 thang
12 nam 2017).

Bang mau biéu thi d twong déng; ll<40 [M40-50 [150-80 [H80-200 [H>=200

Trinh ty denovogenes_5086

I I I I I I I I
1 100 200 300 400 500 600 700

Hinh 3. 11. K&t qua minh hoa trinh ty twong déng v&i trinh tw denovogenes_5086 trén
NCBI bang BLASTP

Két qua tir cy phan loai chiing loai ciing hoan toan tring khép véi két qua tim
kiém tuwong dong, trinh ty denovogenes 5086 ma hda cho enzyme c6 ngudn géc
gan véi cac enzyme thuy phan GH10 va endo-1,4-beta-xylanase/feruloyl esterase
thuoc chi Prevotella.
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0 05 1 15 2 25 3 35 4
0 Exyl BCS84816 Prevotella herbatica
97.2 o Exyl TKC66054 Bacteroidales bacterium
? 0 Exyl WP275550247 Bacteroide sovatus
100 86.5 0 Exyl UWP52333 Prevotella copri DSM18205
0 Exyl TFH78048 Prevotella hominis
=) Exyl MBQ0022762 Prevotellaceae
0 Exyl MCR5695475 Marinilabiliaceae

50.0 0 GH10TGY04180 Muribaculum sp
63.2 [© Exyl MBR5018221 Bacteroidales
99.94r¢ Exyl MBR5394233 Bacteroidaceae
96.6'| 0 ExylGH35 SEE25350 Prevotellasp
100 =0 Exyl WP 036913981 unclassified Prevotella
79.7° 1 GH10 MBE6265438 Prevotella ruminicola
99.25 o Exyl MBO4721030 Prevotella sp
100 0 Exyl MBP5799235 Prevotella sp.
91.60 Denovogenes_5086 A
8440 Exyl MBR7030185 Prevotella sp.

97.2 | 90

Hinh 3. 12. Cay phat sinh chdng loai trinh twr amino acid gene denovogenes_5086

Khi tim kiém cac vung bao thu trén trinh tu gen, trinh tu denovogenes 5086
c6 chira hai vung bao thu: Glyco _hydro 10 (tir 34-371) va vung E-set Esterase
(404-485), ngoai ra c6 mot vung Fes duoc xac dinh la enterochelin esterase va cac
enzyme lién quan (479-668).

1 75 150 225 300 375 450 525 600 675 740

GH10 | EsteraseN
GH10
XynA Fes
Esterase
Glycosyl hydrolase E-set-SF | Abhydrolase SF
Siéu ho XynA Siéu ho Fes

Hinh 3. 13. Dy doan cac vung bao tha trén trinh tw denovogenes_5086

GH10: Glycosyl hydrolase family 10; XynA: Endo-1,4-beta-xylanase; E-set-SF: Siéu ho bao gém
vung trwdc dau N esterase, EsteraseN: Vung trwdc clia dau N esterase; Fes: Enterochelin
esterase va enzyme c6 lién quan; SF: siéu ho.

Bang phan mém Phyre2, mé hinh ba chiéu cia enzyme da duoc xay dung. Phu
hop véi két qua so sanh BLASTP vé céc ving bao thi, cau trdc enzyme chira hai
viing riéng biét. Vung xtc tac GH10 nam & dau N va CE1 nam ¢ dau C. Trinh ty
cia GH10 twong déng 46% vaéi mot trinh ty xylanase mang g tir rudt méi, véi do
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tin cay 100% va 37% vai endo-xylanase kiém chiu nhiét tir Bacillus [208] ciing voi
do tin cay 1a 100%. Vung CE1 tuong dong 54% véi ferulic acid esterase [209] V6i
do tin cay ctia mo hinh la 100%.

Hinh 3. 14. M6 hinh c4u tric khong gian cta protein dwoc dw doan bang Phyre2
M4 gene [denovogenes] 5086 c6 diém acid thap nhat Ia 0,363 trén tong diém
1a 1. Pidu d6 c6 nghia 1a enzyme do gene nay ma hoa duoc du doan 13 c6 thé hoat
dong ¢ diéu kién kiém nhe. Do d6, ching toi da chon gene nay dé san xuét endo-
xylanase téi to hop.

3.3.2. Nghién cezu biéu hién endo-xylanase
3.3.2.1. Phén tich t6i wvu md bé ba cia trinh tw gene exl

Ma gene [denovogenes]_5086 ky hi¢u ex] ma hoa cho endo-xylanase dugc lya
chon dé biéu hién trong E. coli. Trinh tu cd 2223 nucleotide véi 63 nucleotide & dau
5' ma hda cho ving trinh ty tin hiéu tiét duoc du doan bang phan mém SignalP.
Trinh ty tin hiéu tiét ty than cua protein thudng duoc loai bo dé tranh 1am anh
hudng dén tinh chat va kha niang biéu hién ciing nhu hoat tinh ctia enzyme khi biéu
hién protein tai to hop.
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(B) Mtrc @6 phu hop ma bo ba trén gen

Hinh 3. 15. Kha nang str dung cac ma bd ba trén gene (A) va mirc dé phu hop cac ma bd
ba (B) clia gene exl ma héa dwoc so sanh véi trwdc va sau khi cai bién dé biéu hién trén
chdng chu E. coli

Trinh tu gene exl t6i vu mé bd ba dé phu hop cho viéc biéu hién protein tai to
hop trong E. coli trude khi dugc tong hop nhan tao va dua vao vector pET22b(+)
bang cip enzyme han ché Ncol/Xhol. Két qua sau khi duoc cai bién, ty Ié cac bo ba
c6 kha nang str dung trén gene 12 97% so véi 61% trude khi téi vu (Hinh 3.15).
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Hinh 3. 16. Trinh tw gene [denovogenes]_5086 truwéc va sau khi téi wu cac ma
hop cho viéc biéu hién trong E. coli.

bd ba phu

Gen gé'c: ’tr‘lnh tw gene dugc k,hai thac tir di liéu gidi trinh tw: gene opt: t(‘lnh tw gene sau khi dwoc
cai bién t6i wu ma bd ba dé biéu hién (chir mau dé la trinh tw dwoc cai bién)

Cé4c ma bo ba duogc cai bién co téi 83% trinh tu ¢6 muc do phu hop tir 91-
100% so v&i trudc cai bién 1a 63%. Ty 1é GC caa gene sau khi duoc cai bién van
dugc gitr & muac 54,67%, nam trong khoang tbi wu dé biéu hién protein (30-70%).
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3.3.2.2. Thiét ké vector biéu hién mang gene exl

Gen exl sau khi téi wu md bd ba dugc tdng hop nhan tao boi cong ty
GenScript. gene exl duoc dua vao vector pET22b(+) bang cip enzyme han ché
Ncol/Xhol. Vector pET22_ex] duoc bién nap vao chang tach dong E. coli DH10B
theo quy trinh da duwoc md ta. Khuan lac moc trén dia méi truong LB chtra chat
khang sinh ampicillin dwgc nudi ciy va tach plasmid. DNA plasmid dwoc cit kiém
tra bang hai enzyme gigi han Ncol va Xhol dé kiém tra su c6 mit cia doan gene da
duoc chen vao vector.

Theo ly thuyét, khi san pham cit tir plasmid pET22 c6 mang doan gene exl
bang hai enzyme Ncol va Xhol dugc dién di va nhuom véi chat hién mau la
ethidium bromide, hai bang DNA c¢o6 kich thuéc khoang 5,5 kb twong Gng voi
vector pET22b(+) dang thang va 2,2 kb twong tng véi gene exl s& xuat hién trén
dién di do. Két qua dién di thuc té duoc thé hién trén Hinh 3.17.

1 2 M

VTV VNN
[0}
o
o
o

ex| —»

\
N
o
o
o

Hinh 3. 17. Két qua dién di kiém tra vector pJET mang gene endo-xylanase
M: Thang chuan DNA. 1: Plasmid géc. 2: San pham cét

Két qua dién di trén Hinh 3.18 cho thy, san pham cit c6 hai bing DNA véi
kich thudc dung voi kich thuée ly thuyét cua gene endo-xylanase va vector
PET22b(+) ¢ dang thang. Bé khang dinh chac chan hon sy ¢ mat chinh xéac cua
gene exl trong vector tai té hop, vector nay duoc giai trinh tu bang cip méi dac hiéu
cua vector pET22. So sanh trinh tu doc dugc vai trinh tu gene endo-xylanase gui
dit téng hop thiy ching c6 d6 twong déng 100% véi nhau, voi tong chiéu dai 1a
2160 nucleotide. Nhu vay, gene endo-xylanase da duoc tong hop va ghép ndi thanh
cng vao vector biéu hién pET22b(+).
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3.3.2.3. Biéu hién gene endo-xylanase [denovogenes] 5086

(1) Lua chon chung biéu hién endo-xylanase

Vector pET22b(+) hoat dong theo co ché cua operon lac, cu thé 1a chat cam
tng IPTG (Mot chat dong hinh véi lactose) sé lién két véi protein tc ché vén ludn
duoc biéu hién trong té bao, din dén thay ddi ciu tric khong gian cua chat tc ché,
va 1am mat kha ning bam cua phan tir ndy vao trinh tu operator, tir d6 kich hoat sy
phién ma va dich ma cua c4c gene nam trong vung diéu khién cua operon, tong hop
nén cac protein twrong urng. gene exl ma hoa cho enzyme endo xylanase da dugc dua
vao 6 chang biéu hién khac nhau. Cac mau biéu hién cua cac ching duoc do do hap
thu quang hoc ¢ budc song 600 nm trudc khi ly tdm va hoa lai trong déém Tris-HCI
20 mM sao cho OD dat duoc 1a 10. Két qua dién di protein tong sé cac mau biéu
hién cuing mot lwong dich hoa té bao nhu nhau duoc thé hién ¢ trén Hinh 3.18.

Khi nuéi cay ¢ ciing mot diéu kién nhu nhau, cac chiing nudi cay khac nhau c6
kha ning sinh trudng va tong hop protein khac nhau, cu thé 1a ¢ hap thu quang hoc
& budc séng 600 nm cua cac mau BL21(DE3), BL21 Soluble, Rosettal, Rosetta2,
JM109, Origami lan luot 12 4,8 — 6,4 — 4,23 — 1,14 — 0,572 — 1,292. Két qua dién di
trén Hinh 3.19 cho thay, ngoai trir mau BL21(DE3), trén dudng chay caa cac chung
BL21 Soluble, Rosettal, Rosetta2, IM109, Origami déu xuat hién mot bang dam rd
nét c6 kich thudc khoang 80 kDa bang véi kich thuéc Iy thuyét dang don cua
protein endo-xylanase, trong khi mau ddi chirng ching khéng mang gene thi khéng
Xuat hién bing nay. Piéu nay cho thiy protein endo-xylanase di duoc biéu hién
thanh coéng trong ca 5 chung BL21 Soluble, Rosettal, Rosetta2, JM109, Origami.
Trong cac nghién ciru da dugc cdng bd, gene xylanase da dwoc biéu hién tai té hop
trong nhiéu ching khac nhau nhu chang nAm men Komagataella phaffii T07 [210],
chung Pichia pastoris [211], chung Aspergillus niger AG11 [212], nhung phan Ién
duoc biéu hién trong chung E. coli BL21.

Endo-xylanase 13 mot enzyme nén can phai duoc biéu hién ¢ dang tan thi méi
c6 kha ning thé hién hoat tinh sinh hoc, vi vay ching t6i kiém tra tinh tan cua
protein biéu hién bang cach dién di riéng ré hai pha tan va khong tan cua dich pha té
bao sau biéu hién.
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Chung E. coli mang gen endo-xylanase
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Hinh 3. 18. Dién di db protein téng sb (A), pha protein tda, pha protein tan (B) va hoat do
endo-xylanase tbng s6 (C) cua protein dwoc biéu hién trong cac ching E. coli mang gene
exl

(-): chiing db6i chirng mang vector pET22b(+) nhwng khdéng c6 doan chén gene endo-xylanase; (+):
chiing mang vector pET22b(+) mang gene endo-xylanase; M: thang chudn protein (Thermo
Scientific); mi tén chi vj tri cla endo-xylanase; T: Protein pha tan; KT: Protein pha khéng tan;

Két qua dién di trén Hinh 3.18A cho thay, protein duoc biéu hién cua ching
BL21 Soluble va Rosetta2 hau nhu chi ton tai ¢ dang khong tan, con dbi véi cac
chaung Rosettal, JM109 va Origami, protein ton tai & ca dang tan va khong tan. Tuy
nhién lwong protein tan cua chang Rosettal 12 16n nhat so véi hai chung con lai,
ddng thoi kha ning sinh truéng cua chung Rosettal cling 16n hon so véi hai chung
JM109 va Origami, thé hién ¢ s liéu quang phd hap thu cua dich té bao khi thu
mau Ién nhat, ddng thoi hoat tinh caa dich nudi ciy chung Rosettal 1a 16n nhat tron
tat ca cac chung (Hinh 3.18) vi vay ching toi lra chon chung Rosettal dé lam
chung biéu hién gene endo-xylanase.
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(2) Lua chon mdi trudong biéu hién endo-xylanase

LB TBTBCBSOB PE YT SB M kDa kDa M LB TBTBCBSOB PE YT SB
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Hinh 3. 19. Két qua dién di protein téng sb (A), protein pha tan (B) va hoat endo-xylanase
(C) tir cac chang E. coli Rosettal mang gene ma hda endo-xylanase dwgc nudi trong cac
moi tredng dinh dwdng khac nhau.

LB, TB, TBCB, SOB, PE, YT, SB: céc,méu biéu hién trong cac méi trwong LB, TB, TB cai
bién, SOB, PE, YT, SB; M: thang chuan protein (Thermo Scientific)

Chung Rosettal mang vector biéu hién pET22b(+) mang gene ma hda endo-
xylanase tiép tuc duoc tdi wu biéu hién bang céach thir nudi cy trong cac diéu kién
moi truong khac nhau nham ting toi da lugng protein biéu hién trong té bao dong
thoi nang cao sinh khéi trong ciing mot thé tich moi truong nudi cdy. Cac moi
truong nudi cay thir nghiém 1a cac moi trudng gidu chat dinh dudng nham cung cap
lugng 16n ngudn nitrogen va carbon cho qua trinh sinh trudng va sinh tong hop
protein tai to6 hop. Mat do té bao vi khuan & trong mau sau khi két thic qua trinh
nudi cay, thé hién bang chi s6 ODgoo, clng V&i hoat tinh thd tinh trén mot don vi
moi trudng nudi ciy ciing 13 mot théng sé quan trong dé danh gia kha ning sinh
truong va biéu hién protein tai t6 hop. Két qua dién di protein tong sé cua cac mau
biéu hién trong cac moi trudong khac nhau dugc thé hién trén Hinh 3.19.

Két qua dién di thé hién & hinh trén cho thiy, cac duong chay mau protein
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téng sé biéu hién trong cac méi treong LB, TB cai bién, SOB, PE, YT, SB déu xuit
hién mot bang dam rd nét co kich thude twong tng véi kich thude ly thuyét khoang
80 kDa cua protein endo-xylanase, chi c6 ¢ méi truong TB la bang nay khong rd.
Diéu nay chung té ¢ cac moi truong biéu hién ngoai trir méi trudng TB, protein
endo-xylanase déu duoc biéu hién twrong ddi tét. Cac protein néi chung va protein
tai to hop noi riéng chi cé thé thé hién hoat tinh sinh hoc khi dwoc biéu hién dung
ciu trdc va ¢ dang tan, vi vay chdng tdi tién hanh tach riéng hai pha tan va khong
tan ctia mau protein tong sé va dién di kiém tra. Két qua dién di cho thay, véi cing
mét luong té bao, protein endo-xylanase duoc biéu hién ¢ dang tan nhiéu nhét trong
moi trudng PE, thé hién ¢ viéc bang protein twong ¢tng vai kich thudc ly thuyét cua
protein tai t6 hop dam nhit ¢ duong chay mau biéu hién trong méi truong nay.
Trong céc nghién ciu biéu hién xylanase di duoc cong bd, protein tai to hop biéu
hién trong chang E. coli hdu nhu déu chi duoc biéu hién trong méi truong LB b
sung mot sb loai khang sinh twong ng véi gene chon loc trén vector [213-215].
Hoat tinh caa mau biéu hién trong méi treong PE tinh trén mot don vi thé tich moi
truong nudi cdy ciing 13 16n nhat so véi cac mau con lai, vi vay ching tdi lya chon
moi trudng PE dé biéu hién endo-xylanase trong cac thi nghiém tiép theo.

(3) Lua chon nhiét d6 nudi ciy

Téng s Tan Khong tan
KD M 20 25 30 37 20 2530 37 20 25 30 37°C Hoat d6 endo-xylanase thu dwoc tir mét don vi
a = 2.5 1 the tich méi trwong nuoi cay
= 2
E
2 154
O
T
®
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0 J - - ——
20°C 25°C 30°C 37°C

Nhiét do nuéi cay

Hinh 3. 20. Két qua dién di protein (A) va hoat d6 endo-xylanase tdng hop t ching E.
coli Rosettal mang gene ma héa endo-xylanase dwgc nudi cay trong méi trwong cam
trng & cac nhiét d¢ khac nhau (B)

M: thang chuén protein (Thermo Scientific)

Nhiét do nudi ciy ciing 1a mot trong nhirng yéu t tac dong dén qua trinh tong
hop protein cua chang tai t6 hop. Theo ly thuyét, nhiét do nudi cdy thap s& lam
giam tdc do sinh truéng cua chang, tuy nhién lai tao diéu kién dé protein tai té hop
duoc biéu hién ¢ dang tan trong mét sé trudng hop. Chung Rosettal mang gene ma
hoa endo-xylanase duoc thir nghiém biéu hién ¢ cac nhiét ¢ 20°C - 25°C - 30°C -
37°C, mau sau khi biéu hién dugc ly tdm loai bo moéi trudng, sinh khéi té bao duoc
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hoa vao dém Tris-HCI trude khi xtr Iy dé dién di kiém tra. Két qua dién di protein
cua c&c mau biéu hién trong cac nhiét do cam ung khac nhau dwoc thé hién trén
Hinh 3.20.

Két qua dién di cho thay, cac duong chay tuong ng véi mau protein téng sb
ctia mau biéu hién & nhiét d6 20°C va 37°C déu xuit hién mot bang dam rd nét co
kich thuéc twong tng voi kich thude |y thuyét cua protein endo-xylanase, con &
duong chay twong (ng véi mau protein tong sé biéu hién & 25°C va 30°C, bing
protein twong @ng rat nho. Dich protein tong s6 cua mau biéu hién & ca bon didu
kién nhiét 6 déu thé hién hoat tinh endo-xylanase véi do6 manh yéu khac nhau, diéu
nay cho thy protein tai t6 hop déu duoc biéu hién di ¢ nhiét d6 nao. Tuy nhién
bang protein twong wng voi kich thudc Ky thuyét cua xylanase rat dam & mau pha
tan caa mau biéu hién & 20°C va pha khong tan cia mau biéu hién & 37°C. Biéu nay
chang to protein dwoc biéu hién & nhiét do 20°C ton tai chu yéu ¢ dang tan, nguoc
lai protein tai t6 hop biéu hién ¢ nhiét d6 37°C ton tai chu yéu ¢ dang khong tan,
con & hai nhiét do trung gian, mau biéu hién kém. Két hop véi hoat d6 cua enzyme
xylanase tinh trén mot don vi thé tich méi trudng nudi cdy caa mau biéu hién &
nhiét do 20°C 1a 16n nhét vi vay 20°C dugc chon la nhiét do biéu hién endo-
xylanase. Trong c&c nghién ctru lién quan dén biéu hién xylanase da duoc cong b,
thong sé hoat tinh ciia enzyme thé ciing nhu hoat tinh tinh trén mot don vi thé tich
moi truong nudi cay khong duoc nghién ciu. Phan Ion xylanase duoc biéu hién ¢
nhiét ¢ 37°C [214, 215] nhung ciing c6 nghién ciru biéu hién protein ¢ nhiét do
thap 16°C [213].

(4) Lua chon ndng d6 chat cam ung IPTG

- 2 A .
Protein tong so Protein pha tan Hoat d6 endo-xylanase thu dworc tir mét don vi
kba M0,05 0,10,250,5 1,0 1,50,05 0,10,250,5 1,0 1,5mM IPTG 2.5 the tich dich nudi cay
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Hinh 3. 21. Két qua dién di protein cac mau biéu hién endo-xylanase & cac ndng dd chat
cam ng

M: thang chuén protein (Thermo Scientific)
Nong do chat cam ung IPTG 1a mot trong nhiing yéu té 16n anh huong dén sb
lwong va tinh chat caa protein biéu hién tai t6 hop bang md hinh operon lac. Bé lra
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chon ndng do chat cam ung thich hop cho biéu hién endo-xylanase trong ching E.
coli Rosettal, ca&c mau biéu hién sau khi dugc nudi cay dén OD thich hop cho cam
g trude khi b sung chit cam wng vao cac mau véi ndng do lan luot 13 0,05 mM,
0,1 mM, 0,25 mM, 0,5 mM, 1 mM, 1,5 mM. Cac mau sau khi biéu hién duoc xu ly
thu hdi va dién di SDS-PAGE trén gel 12,6%.

Két qua dién di cho thiy, protein endo-xylanase biéu hién ngay tir khi mau
nudi cdy dugc cam ung ¢ ndng d6 IPTG thap 1a 0,05 mM, va lugng protein biéu
hién 1a gan nhu twong duong nhau ¢ cac mau tir 0,1 mM dén 1,5 mM nhung mau
cam @ng ¢ néng d6 0,1 mM c6 bang endo-xylanase 14 twong d6i ddm hon cac mau
con lai. Enzyme xylanase tai to hop trong cac nghién ctu di duoc cong b ciing
duoc biéu hién véi ndng do chat cam ang trong khoang 0,05 mM dén 1 mM [213-
216]. Khi so sanh hoat tinh dich nuéi cdy cua mau biéu hién vai cac ndng do chat
cam tng khac nhau c6 xu huéng giam khi nong d6 chat cam ung tang 1én, vi vay
ching tdi lra chon ndng d6 chat cam ung 13 0,1 mM dé biéu hién endo-xylanase.

(5) Lua chon thoi diém thu mAu biéu hién endo-xylanase

Theo ly thuyét, ching vi khuan tai to hgp mang vector diéu hoa bai hé théng
operon lac s& bat dau biéu hién protein tai t6 hop khi trong méi trudng xuat hién
chat cam &ng. Thoi diém thu mau té bao sau khi bo sung chat cam ¢ng sé anh
huong dén sé lugng va tinh chat protein tai té hop can biéu hién, tly thuoc vao ban
than cac chung va cac gene can biéu hién.

Chung Rosettal mang gene endo-xylanase duoc nghién ciru so sanh thoi diém
thu mau sau cam ng véi cac méc 1a 1 gio, 2 gio, 3 gio, 4 gio, 5 gio, 6 gio va 16 gio
(qua dém). San pham cua qua trinh biéu hién trén duoc xtr 1y dién di va do hoat do
tinh trén mot don vi madi truong. Két qua dugc trinh bay ¢ Hinh 3.22.

kDa M 1h  2h 3h 4h Sh 6h 16h

Hoat do endo-xylanase thu dwoc tir mot
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Hinh 3. 22. Két qua dién di protein pha tan va kiém tra hoat tinh thé cac mau biéu hién
endo-xylanase & cac thoi diém thu mau sau cadm ng

Két qua dién di cho thay, bang protein twong ng véi kich thudc khoang 80
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kDa cua protein endo-xylanase duoc biéu hién ngay sau khi bat dau kich hoat qua
trinh biéu hién bang cach thém IPTG khoang 1 gio. Véi ciing mot lwgng sinh khdi
té bao, lwong protein téi to hop duoc biéu hién ting dan dén khoang 3 gio sau cam
mg, sau d6 luong protein duoc duy tri trong dbi déu. Trong mot sb nghién ctu
biéu hién xylanase tai t6 hop da duoc cong bd, thai gian thu mau sau khi cam @ng la
tir 3-5 gior sau khi cam tmg dén 20 gid sau khi cam ung. Cu thé, Zhang va cong su
biéu hién xylanase trong 12 gi¢r sau khi cam wng [213], thong sb nay la 16 gio &
nghién cau cua Kiribayeva va cong su [215], va 5 gio trong nghién ciru cua Al-
Darkazali [214].

Hoat tinh thé tinh trén mot don vi thé tich méi treong nudi cdy caa chang biéu
hién ting dan sau khi cam tng, va dat gié tri cao nhat & mau biéu hién sau 16 gid so
Vv6i cac mau duoc thu hdi ¢ thoi gian ngan, ting khoang 3 1an so véi thoi diém 6 gio
sau khi cam ung. Vi vay, thoi diém duoc lva chon dé thu mau té bao biéu hién
endo-xylanase la 16 gio sau khi cam ung.

3.3.3. Tinh ché protein endo-xylanase tai té hop
3.3.3.1. Tinh ché endo-xylanase bang sdc ky di lwc His-tag

Theo nguyén ly cua sic ky, trinh tu 6 His & dau C cua protein xylanase tai to
hop s& lién két manh vai c4c ion kim loai héa tri II da duoc ¢ dinh trong gia thé
cua cot, con cac protein khac c6 cac His nam riéng ré va rai rac trong protein nén c6
&i lyc kém vai nhing ion trén va s& dé dang bi rira troi khoi gia the.

(7]
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Hinh 3.23. Dién di d6 kiém tra s&n pham trong cac phan doan tinh ché 1an 1.

S, P: protein pha tan va pha khéng tan cia mau biéu hién endo-xylanase; F: mau protein

sau khi dwa qua gia thé; 1: dich rira badng dém chira 50 mM imidazol; 2-3: dich rira bang

dém chra 100 mM imidazol; 4-10: cac phan doan mau khi rira béng dém chira 250 mM
imidazol; M: thang protein chuan (Thermo Scientific)

Mau protein sau khi biéu hién duoc hoa lodng trong dém can bang voi pH



88

thich hop cho viéc bam cua protein Ién gia thé. Két qua dién di trén Hinh 3.24 cho
thiy protein tai t6 hop dd bam hoan toan vao chit gia sau khi dugc dua qua cot, thé
hién & viéc hau nhu khong xuit hién bang protein twong ¢tng véi xylanase & trong
mau sau khi dua qua gia thé.
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Hinh 3. 24. Dién di do kiém tra san pham trong cac phan doan tinh ché lan 2
S; protein tinh ché 1an 1 da dwoc pha loang; F: dich sau khi dwa 1&n cot Ién 2; 1: dich riva
mau protein bang dém chira 100 mM imidazol; 2-5: cac Qhén doan thu hoi EXL bang dém
chra 250 mM imidazol; M: thang protein chuan (Thermo Scientific)

Véi ndng do thich hop caa chat canh tranh imidazole, cac protein noi bao bam
khong dic hiéu véi gia thé da bi raa troi bang dém rira, cho phép thu lai protein tai
t6 hop xylanase tuong ddi sach trong cac phan doan thu lai bang dém day. Tuy
nhién, van con cé thé quan sat duoc nhiing protein tap trong cac phan doan trén. Vi
vdy dé thu dugc protein c6 d6 tinh sach cao, san pham cua lan tinh ché lan 1 dugc
sir dung dé tinh ché lai 1an 2 ciing bang cot sac ky &i luc His-tag. Mau protein sau
khi tinh ché lan 1 dugc pha lodng bang dém can bang dé giam nong do Imidazole tir
250 mM xudng con 50 mM, 1a nong do thap hon nong d6 cua Imidazole trong dém
rira nham dam bao kha niang bam cua protein tai to hop vao gia thé trén cot sac ky.
Két qua dién di cho thay, duong chay twong ung véi cac phan doan caa xylanase
thu lai sau khi tinh ché lan 2 chi xuat hién mot bang duy nhat ma khdng quan sat
thiy c6 bang nao khac, kich thudc ciia bang protein nay so véi thang chuan protein
la twong tng vai kich thudc ly thuyét cua protein xylanase dang don. Bé dam bao
protein xylanase sau khi tinh ché dat duoc d6 sach can thiét, ching tdi st dung phan
mém Quantity One dé phan tich va danh gia.

* Kiém tra d6 sach cta san pham sau khi tinh ché bang phan mém Quantity
One

Phan mém Quantity One cua BioRad la phan mém théng dung va duoc sir
dung nhiéu trén thé gisi dé xac dinh d6 dam nhat cua cac bang protein trén dién di
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d6. Ching toi sir dung phan mém nay dé xac dinh do tinh khiét cua protein san
pham duoc dién di trén gel acrylamide bang k¥ thuat SDS-PAGE.

bamniy Fazbia ety
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Hinh 3. 25. X&c dinh dd tinh khiét cGa protein bang phan mém Quantity One
Két qua phan tich bang phan mém dya trén phuong phap so sanh ty 1¢ bang
protein can phan tich véi toan bo duang chay cho thay, cac mau protein sau khi tinh
sach chi c6 mot bang dam, cac bing protein xylanase déu co6 do sach rat cao, lan
luot 14 99,53% - 95,87% - 95,56%, dat tiéu chuan cua protein tinh sach c6 do tinh
khiét trén 95%.

3.3.3.2. Logi muéi protein endo-xylanase sau khi tinh sach

Mau sau khi tinh sach can phai duoc taa lai bang ammonium sulfate bdo hoa
va hoa lai véi nude deion vai thé tich téi thiéu. Dé loai bo hoan toan mudi va cac
hoa chat khac, mau sau khi taa duoc tién hanh loai mudi bang cot loai muéi PD-10.
Két qua loai mubi dugc thé hién ¢ hinh sau.
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Hinh 3. 26. Dién di d6 kiém tra san pham trong cac phan doan loai mubi.

DPudng chay 1: protein téng sé trwdc khi loai mudi; Pwdng chay 2: dich thu lai sau khi dwa
mau protein qua cét; Pwdng chay 3-9: cac phan doan thu protein xylanase sau khi loai
mudi; Pwdng chay M: thang protein chuan (Thermo Scientific)

Mau protein sau khi tinh sach bang sic ky thuong c6 nong do tuong d6i thap
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va thé tich 16n, khong thuan tién cho viéc thu hdi va bao quan ciing nhu thir nghiém
c4c tinh chit cua protein. Bong thoi, imidazole va mudi c¢6 trong mau sau khi tinh
sach thuong giy tac dong xau, khién cho enzyme hoat dong kém hiéu qua hoic
khong thé hoat dong xuc tac. Két qua dién di san pham loai mudi caa protein sau
khi tinh sach thé hién trén Hinh 3.26 cho thdy lugng mau protein tai to hop dua 1én
cot 12 ndm trong giéi han cua cot, thé hién & viéc hau nhu khong xuét hién bang
protein twong Gng Véi xylanase & trong mau sau khi dwa qua gia thé. Puong chay
tuong ng Vi cac phan doan cua xylanase thu lai sau khi loai mudi chi xuat hién
mot bang duy nhat khoang 80 kDa cua protein xylanase dang don ma khong quan
sat thiy c6 bang nao khac. Cac protein sau khi loai mudi tap trung vao khoang 3
phan doan, diéu nay giup dam bao mau protein sau khi loai mudi c6 nong do tuong
d6i cao. B¢ kiém tra do tinh sach cua protein xylanase, ching tdi sir dung phan
mém Quantity One dé phan tich va danh gia.

* Kiém tra d6 sach va nong do cua protein sau khi loai mudi

3 phan doan tuong Ung véi mau trén trén duong chay 4,5,6 cia Hinh 3.26
duoc kiém tra do sach bang phan mém Quantity One.

1 . 7
Intensity Intensity i Intensity .
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Hinh 3. 27. Két qua kiém tra d6 sach clia mau bang phan mém Quantity One

Do sach ciia mau protein dugc tinh bang phan tram ty Ié protein di duoc tinh
sach trén tong sé protein ¢ trong mau. Bang phan mém Quantity One, d6 sach cua
3 phan doan trén Hinh 3.27 duoc tinh toan dat cac gia tri lan luot 12 97% - 95% -
98%, hoan toan théa man yéu cau mau protein sau khi tinh sach c6 do tinh sach tir
trén 95%. Bang phuong phap Bradford, phan doan 3 cia mau protein sau khi loai
mubi twong ung véi duong chay sé 5 trén Hinh 3.26 ¢6 nong do protein dat 300
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ug/ml. Mau protein sau khi loai mudi s& duoc kiém tra hoat tinh sinh hoc bang
phuong phap DNS.

* C4c thong s cua qué trinh tinh sach va do hiéu suét thu hdi

Bang 3. 13. Cac thong sb cac 1an tinh ché enzyme endo-xylanase

Cic thong so tinh ché enzyme Lan 1 Lan 2 Lan 3
Ham luong protein tong s (mg/ml) 8,35 8,2 8,5
Hoat tinh enzyme tong s6 (IU/ml) 3,344 (3319 |[3,339
Luong mau load Ién cot tinh ché (ml) 20 20 20
Hoat tinh téng ctia mau load 1én cot (TU) 66,89 66,39 67,81
Thé tich mAu thu tir mé tinh ché (ml) 5 5 5

Néng do enzyme cua mau tinh ché (mg/ml) 0,3 0,295 0,31
Hoat tinh ctia mau tinh ché (IU/mg) 34,88 35,37 32,57
Hiéu suét thu hdi theo don vi hoat tinh (IU) 25,02% | 25,15% | 23,82%

Protein xylanase tai to hop di duoc tinh sach va loai mudi lap lai 3 l1an véi do
lap lai cao. Hoat tinh cua protein sau khi tinh sach duoc thu héi voi ty 1& khoang
25%, cho thay dé dam bao d¢ tinh sach cao cua protein sau khi tinh sach, c6 mot
luong twong ddi 16n protein di bi that thoét.

3.3.4. Nghién citu ddc tinh enzyme xylanase va cac théng sé déng hec enzyme
3.3.4.1. Nghién cuu xac dinh nhiét do 16i wu cho enzyme hoat dong
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Hinh 3.28. Biéu d6 thé hién sy anh hwéng cla nhiét dd dén hoat tinh xylanase

Két qua nghién ctru cho thay, enzyme xylanase thé hién hoat tinh cao nhat khi
duoc u ¢ nhiét do 40°C, va thé hién hoat tinh twong dbi manh khi nhiét &6 phan tng
nam trong khoang 35°C - 50°C (dat trén 90% hoat tinh ti da so véi nhiét d6 40°C).
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Mic du protein xylanase duoc du doan 1a c6 chi s6 néng chay Tm trén 65°C nhung
xylanse xudc tac phan ¢ng phan giai xylan yéu hon khi dwoc 0 ¢ nhiét do 30°C tro
xudng va 55°C tré Ién, va hoat tinh giam manh khi duoc u ¢ nhiét do trén 65°C.
Nhu vay khoang nhiét do thich hop nhét cho hoat dong cua enzyme la tir 40°C dén
45°C. Theo két qua nghién ctu cua Tabernero va cong su, xylanase c6 ngudn géc tir
Bacillus sp. dwoc biéu hién tai t6 hop trong E. coli, enzyme tai t6 hop c6 nhiét do
hoat dong tdi wu 1a 40°C [217]. Pay ciing 1a nhiét d6 hoat dong téi wu cua xylanase
c6 ngudn gdc tir Clostridium cellulovorans [218], Paenibacillus xylanilyticus [216],
day déu la nhiing trec khuan Gram (+), bén canh xylanase c¢6 ngudn gdc tir
Fibrobacter succinogenes [219], mét vi khuan cellulolytic va thuong xuyén duoc
tim thdy trong da coé cua cac lodi gia slc, hay la xylanase phan lap tr DNA
metagenome vi sinh vat caa mau dat [220], trong mau phan cua nguoi [221]. Tuy
nhién, dya trén nghién ctu caa Alvarez va cong sy nam 2013, nhiét d6 nay thip hon
nhiét do t6i uu cua endo-xylanase c6 ngudn gbc tir mot lodi vi khuan chwa dugc
dinh danh trong mau DNA metagenome cua dat [222]. Nhiét do téi wu cua mot sd
xylanase da dugc nghién ciru duoc liét ké ¢ bang S1 cua phu luc.

3.3.4.2. Nghién ciru xdc dinh pH toi wu cho enzyme hoat dong
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Hinh 3. 29. Biéu db thé hién sy anh hwéng ctia pH dén hoat tinh xylanase
V& anh huéng cua gié tri pH, trong nghién ctiru ndy, enzyme xylanase duoc thir
hoat tinh trong dai pH tir 4 dén 11 dé tim diéu kién t6i uvu. Mic du dugc du doan 1a
enzyme hoat dong & méi truong kiém nhe nhung két qua nghién ciu cho thiy,
protein xylanase thé hién hoat tinh cao nhat khi duoc u & pH 5,5 dat 25,6 U/mg, va
thé hién hoat tinh twong déi manh khi pH phan tng nam trong khoang 5-6 (dat trén
90% hoat tinh t6i da so véi pH 5,5). Xylanse xuc tac phan tng phan giai xylan yéu
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hon khi duoc t & pH 6,5 tré 18n, va gan nhu mat kha ning xuc tac khi duoc 6 & pH
duéi 4,5 hoic trén 10. Két luan dugc xylanase tai té hop EXL 1a enzyme hoat dong
& moi truong pH trung tinh va hoi acid. Theo cac két qua nghién ctu cua
Mannarelli va cong su nam 1990, Meng va cong su nam 2009, Qiu va cdng Su nam
2010, Kim va cong su nim 2014, xylanase c6 ngudn gbc tir Butyrivibrio
fibrisolvens [223], Demequina sp. JK4 [224], Streptomyces megasporus DSM
41476 [225], Streptomyces mexicanus HY-14 [226] ciing c6 pH hoat dong tbi vu &
5,5. Phan 16n cac xylanase da duoc biéu hién va nghién ctu su vé tinh chét ciing
déu hoat dong tét nhat ¢ khoang pH trung tinh va hoi acid. pH téi wu cua mot sb
xylanase da dugc nghién curu duoc liét ké ¢ bang S2 cua phu luc.

3.3.4.3. Nghién ciru tinh bén nhiét ciia enzyme

Pé kiém tra do bén nhiét cia enzyme, thanh phan va diéu kién cua phan ung
kiém tra hoat tinh xylanase duoc giir nguyén, tuy nhién xylanase tai to hop dugc xir
ly & 3 nhiét d6 40°C, 50°C, 60°C trong cac khoang thoi gian khac nhau 1, 2, 4, 6 va
24 gid truéc khi duoc tron véi co chat. Cac thanh phan cua ddi chimg am ciing
dugc xur ly & cing diéu kién dé dam bao loai bé yéu té anh huong. Két qua do hoat
tinh cua xylanase sau khi xt Iy nhiét dugc thé hién & hinh sau.
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Hinh 3. 30. Biéu dd nghién clru sy bén nhiét cta xylanase
Két qua nghién ciru cho thay, enzyme xylanase bén tét & nhiét d6 téi wu cho
hoat tinh 14 40°C, thé hién & viéc hoat tinh enzyme dwoc giit nguyén sau khi duoc u
& nhiét do nay dén 24 gio. O nhiét d6 50°C, hoat tinh bat dau giam chi sau 1 gio xt
ly (con khoang 66%) va giam dan theo thoi gian, chi con khoang 44% sau khi o 6
gio va hoan toan mat hoat tinh sau khi u trong 24 gid. O nhiét do cao (60°C),
enzyme mat hoan toan hoat tinh chi sau 1 gid . So sénh véi két qua nghién ciu cua
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Amaya-Delgado va cong su, enzyme endo-xylanase Xynl1lA ngudn gbc tir
Cellulomonas flavigena duogc biéu hién tai té hop trong E. coli ¢ hoat tinh t6i vu &
nhiét d6 55°C nhung chi gitt duoc 50% hoat tinh téi da sau khi u & nhiét do téi vu
trong mot gio [227]. Tuong tu, enzyme xylanase tai to hop XylK1 ngudn géc tir
Cellulosimicrobium sp. HY-13 biéu hién trong E. coli ciing c6 hoat tinh t6i wu &
nhiét d6 55°C, tuy nhién enzyme mat 50% hoat tinh sau khi o 10 phat & nhiét do toi
vu [228]. M6t enzyme xylanase khac, xynAS9 c6 ngudn gdc tir Streptomyces sp. S9
biéu hién tai to hop trong E. coli ¢6 hoat tinh téi wu ¢ nhiét d6 60°C va giit duoc
80% hoat tinh sau khi duoc xir Iy & nhiét do nay trong mot gio [229]. Vi vay c6 thé
két luan enzyme EXL tir luan &n khong phai 12 enzyme chiu nhiét nhung c6 kha
nang bén & nhiét do ti wu tot hon mot s6 enzyme xylanase tai to hop da duoc cong
bd.

3.3.4.4. Nghién cvru anh huong cua mot s6 ion kim logi va héa chat 1én hoat tinh

xylanase

Thong thuong, cac ion kim loai va cac loai hoa chat c6 thé 1am ting cudng
hodc han ché sy hoat dong xUc tac cua enzyme dbi Véi co chat, dic biét 1a véi
nhitng enzyme c6 phdi tir kim loai. Theo nghién ctu cua Bai va cong su nim 2012,
xylanase c6 ngudn gdc tir Bacillus sp. SN5 dugc biéu hién tai té hop trong E. coli
thé hién hoat tinh cao nhit ting 34% trong diéu kién moéi truong dém chira ion Na*
0,5 M va van gitt duoc 90% hoat tinh trong diéu Kién méi truong chia dén 2,5 M
NaCl [230]. Xylanase c6 ngudn gdc tir Geobacillus sp. 71 va biéu hién tai t6 hop
trong E. coli bi mat hoat tinh hoan toan khi b6 sung Hg?* va bi giam hoat tinh mot
phan khi c6 su c6 mat caa AI** va Cu?* [231]. Trong mot nghién ctu khéc, xylanase
tai to hop nguon gdc tir Geobacillus sp. MT-1 biéu hién trong E. coli thé hién hoat
tinh 6n dinh trong 1 mM céc chat tc ché (PMSF, EDTA, 2-ME hoic DTT) va trong
0,1% chat tay rira (tween 20 hoac triton X-100), trong khi do, enzyme bi wc ché
manh bai 1 mM SDS, vé mit ion kim loai, enzyme bi &c ché manh bai Ni2*, Mn%*,
Co?*, Cu?*, Zn?*, Cd?*, Hg?* va AI** nong d6 1 hoic 0,1 mM [232]. Tuong tu, Cu?*,
Zn?*, Pb?* va Hg?* ciing lam tc ché hoat dong cua xylanase ngudn gbc tir Kocuria
sp. Mn22 biéu hién téi t6 hop trong E. coli [233].

Xylanase téi t6 hop EXL dugc do hoat tinh trong diéu kién phan tng bo sung
mot s6 loai ion kim loai cling nhu mot s6 loai héa chat ¢ nong do cao. Cu thé khi so
sanh hoat do enzyme khi thuy phan xylan bang enzyme xylanase tai to hop ¢ bo
sung céc loai hoa chat vai khi thity phan trong méi trudng dém khong b sung thi
két qua thé hién trén Hinh 3.31.
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Hinh 3. 31. Biéu d6 &nh hwéng cla ion kim loai va hoa chét dén hoat do xylanase

Két qua thu hoat tinh xylanase chirng minh khi c6 sw ¢6 mat caa céc ion kim
loai ning Fe¥*, Cu?*, Co?*, Zn?* va chét bién tinh SDS thi hoat tinh cia enzyme
xylanase giam manh, dac biét hai ion Fe3*, Co?* gan nhu 1am cho enzyme mét hoat
tinh (hoat tinh chi dat 7% so v&i mau ddi chung khdng bd sung ion). Khi cé su c6
mat cua ion K* va Mg?* thi hoat tinh cua enzyme giam khong dang ké, con céc ion
con lai nhu Ni%*, Ca?*, Na*, Mn?* déu lam giam rd rét hoat tinh caa enzyme véi cac
mtc 6 khac nhau. Tuy nhién dac biét 1a khi c6 su c6 mat caa EDTA 1a mot chét c6
ai lyc cao voi cac ion kim loai tu do, enzyme van giit duoc 64% hoat tinh so véi
mau ddi chimg, diéu nay chuang to enzyme xylanase tai to hop c6 kha ning hoat
d6ng ma it phu thudc sy cd mat cua ion kim loai. Cac hda chat 2-mecaptoethanol,
Tween-20 va Triton X100 cling uc ché hoat tinh cua endo-xylanase EXL, chi con
khoang 40% so véi mau khéng bo sung céc chat nay, tuy nhién imidazole nong do
cao chi lam hoat tinh cua EXL giam tuong d6i nho, diéu nay giup han ché anh
huong cta qua trinh tinh sach enzyme dén qua trinh xuc tac cua enzyme.

3.3.4.5. Nghién cvru tinh ddc hiéu co chdt cia enzyme

Enzyme xylanase dugc xac dinh cO hai vung hoat tinh la vung xic tac
glycosyl hydrolase 10 nam & dau N va carbohydrate esterase 1 nam ¢ dau C. Theo
phan loai cua CAZy, enzyme thuéc ho GH10 cd thé thé hién hoat tinh endo-1,4-p-
xylanase (EC 3.2.1.8), endo-1,3-B-xylanase (EC 3.2.1.32) va ca endo-B-1,4-
glucanase (EC 3.2.1.4). Trén thuc té, c6 nhitng enzyme di duoc cdng b 1a mang ca
hai hoat tinh xylanase va glucanase. Nam 2011, Chang va c¢ong su da tach dong
gene RuCelA tir thu vién metagenomic khai thac tir hé vi sinh vat da co bo va biéu
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hién thanh enzyme endo-glucanse RuCelA, enzyme nay xac dinh cé hoat tinh caa
xylanase [234]. Két qua twong tu ciing duoc phat hién trong nghién ctu cua Ghatge
va cong su (2014) cho thidy endo-glucanase Cel5 tir chung Hahella
chejuensis KCTC 2396 la mot enzyme da chirc nang c6 ca hoat tinh cta endo-
glucanase va xylanase [235]. Dé kiém tra kha ning phan giai co cht caa EXL téi to
hop, enzyme sau khi duoc tinh sach duoc u véi céc loai co chit bao gom xylan,
pNPX, pNPG, CMC, giy loc.
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Hinh 3. 32. Biéu db thé hién tinh d&c hiéu co chét cla xylanase
Dua trén biéu do cho thiy, xylanase thé hién hoat tinh manh véi co chat dic
hiéu 1a xylan, nguoc lai gan nhu khong thé hién hoat tinh véi cac loai co chat khac
la CMC, gidy loc, pNPG va pNPX, cu thé 1a hoat tinh xuc tac d6i véi céc loai co
chat nay 1a khong déng ké. Vi vay c6 thé két luan enzyme xylanase c6 tinh dic hiéu
Vi co chét xylan.

3.3.4.6. Nghién ciru théng s6 dong hoc ciia enzyme endo xylanase tdi té hop
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endo xylanase téi té hop.
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Dua trén két qua thuc nghiém, duong chuan do twong quan giira ndong do co
chat va tc d6 phan tng cua enzyme endo-xylanase di duoc xay dung. Dé thuan
tién cho viéc xac dinh céc théng sb dong hoc, db thi twong quan gitta nghich dao gia
tri nong do co chét 1/[S] va tdc do phan tng 1/V dugc xay dung (phu luc hinh S1)
la y=16,978x + 1,1658 v&i hé sé tuong quan R? 1én dén 0,9971 hay do tin cay Ién
dén hon 99%. Tiu phuong trinh trén dya trén cong thuc cia phuong trinh
Lineweaver-Berk, cac thong s6 dong hoc 12 Km va Vmax Clia enzyme xylanase duoc
xac dinh twong tng la 14,56 mg/ml va 0,86 pmol/phat véi hoat tinh riéng dat
171,56 1U/mg ddi véi co chat xylan.

Protein xylanase dugc khai thac tir co so dir liéu DNA metagenome vi sinh vat
ruot dé bang cach sir dung trinh tu twong déng khi so sanh céc trinh tu xylanase
thuoc ho GH10 trén ngan hang gen, véi diéu kién 1a cac trinh ty nay di duoc biéu
hién va nghién cau tinh chat. Khi so sanh véi céc trinh tu xylanase da dugc nghién
ctru tinh chat nay, protein xylanase tai t6 hop c6 gia tri Km cao nhat, cu thé 1a gap
hon hai 1an so vai cac trinh ty c6 nguon gbc tir Paenibacillus sp. HPL-001 [236],
Kocuria sp. [233] va gap khoang 10 lan so véi cé&c trinh ty c6 ngudn goc tur
Bacteroides xylanisolvens [237] va Geobacillus sp. MT-1 [232] so véi cung co chat
xylan. Tuy nhién néu so sanh véi gié tri Km ctia cic protein xylanase khac da dugc
nghién ctu tinh chat cd ngudn gdoc tir Nesterenkonia xinjiangensis [238] va
Paenibacillus barcinonensis [239] lan luot la 16,08 mg/ml va 12,98 mg/ml thi gia
tri Km cua xylanase tai t6 hop EXL khong chénh Iéch qua 16n. Gia tri Km thé hién
tinh &i luc cua enzyme véi co chit, nén gia tri nay cho thiy enzyme xylanase téi to
hop ¢6 &i luc trung binh véi co chat xylan.

Mt khac, gi4 tri Vimax thé hién toc do phan ung téi da ma enzyme c6 thé dat
duogc, va gia tri nay cang lon thé hién enzyme cang c6 hoat tinh manh. So sénh véi
c4c trinh tu xylanase d3 duoc nghién ctu va cong bd, hoat tinh riéng cua enzyme
xylanase tai to hop 16n gap khoang 2-3 lan so véi cac xylanase c6 ngudn goc tir
Streptomyces sp. TN119 [240] va Paenibacillus barcinonensis [241]. Enzyme
xylanase tai to hop dwogc biéu hién vi vay c6 tiém ning cao trong tng dung xu ly
phan huy chat thai lignocellulose bao vé mai truong.
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KET LUAN VA KIEN NGHI

KET LUAN

1. DNA da hé gene cua vi khuan trong da co dé da duoc giai ma véi dung
luong thong thuong 1a 8,6 Gb va dung luong 16n (giai ma sau) la 48,66 Gb. T bo
dir liéu giai ma sau, 3.411.867 contig da dugc lap ghép véi ty 1& bao phu la 64,22%,
5.367.270 gene da dugc chu giai trong d6 4.311.093 gene (80,32%) da duogc phan
loai. Ca hai bo dir liéu déu du doan cac gene c6 ngudn géc vi khuan chiém 99,8%.
Nganh Bacteroidetes 12 nganh chiém ty I& 16n nhat voi 45,29% tong sb gen, tiép
theo 12 nganh Firmicutes véi 30,38%. O muc d6 chi, 49,93% sb gene van chua dugc
phan loai. Chi chiém ty I& 16n nhat la Prevotella, chiém 25,79% tong sb gen.

2. Tu bo dir liéu 48,66 Gb, 65.443 gene mé hoa cho 30 enzyme/protein lién
quan dén qua trinh phan hay lignocellulose di dugc xép vao cac don vi phan loai
(chiém 99,85% tong so gene lignocellulase) trong d6 c6 21029 gene cellulase,
41756 gene hemicellulase va 4769 gene tién xt 1y lignocellulose. Chi Prevotella c6
vai trd quan trong, cung cap téi 27% gene tham gia phan giai lignocellulose. Cac
gene nay duoc xac dinh trén cac ciu tric PUL dé tiang cuong thay phan
lignocellulose. Cong cu mo hinh dai dién HMM da duoc thiét ké thanh céng cho
khai thac hiéu qua cac gene galactanase, glucuronyl esterase, hydrogen peroxide
oxidoreductase, xyloglucanase, laccase, CBM (1-84), cellobiohydrolase, beta-
glucuronidase, beta-xylosidase, beta-mannosidase GH2, lichenase, alpha-
glucuronidase (GH76N) va xylanase GH44.

3. Trong s6 739 gene hoan chinh ma hoa cho endo-xylanase c6 108 trinh ty
dugce xac dinh c6 ngudn gdc tir Prevotella déu thuoc ho GH10 va 10 enzyme c6
thém vung phu trg CE1 c6 Tm cao hon 65°C va la cac enzyme c0 tinh acid. Trinh ty
denovogenes_5086 ma hoa cho endo-xylanase GH10-CE1 di duoc lwa chon, tdi uvu
ma bo ba va biéu hién thanh cong trong E. coli. Enzyme dugc tinh ché bang cot sic
ky &i luc His-tag v6i do tinh sach trén 95%, hiéu suat thu hdi 25%. Enzyme tinh
sach c6 hoat tinh téi wu ¢ 40°C, pH 5,5. Enzyme 6n dinh va bén & nhiét do téi vu
dén 24 gio nhung mét hoat tinh ngay khi u & 60°C trong 1 gid. Enzyme hoat dong
trén co chét dic hiéu 1a xylan. Hoat d6 caa enzyme giam khi bd sung cac ion Fe®*,
Cu?*, Co%, Zn*, Ni%*, Ca®", Na*, Mn%* (1 mM) va c4c loai hoa chat thuong ding la
SDS (1%), urea (1 pM), 2-mercaptoethanol (1 pM), EDTA (1 pM), tween 80
(ImM), triton X-100 (1 pM). Cac thong sé dong hoc 1a Km VA Vimax Clia enzyme
xylanase dugc xac dinh tuong tng la 14,56 mg/ml va 0,86 umol/phdt vai hoat tinh
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riéng dat 171,56 1U/mg.
KIEN NGHI
Tiép tuc nghién ctru phuong phéap va diéu kién thich hop dé xac dinh hoat tinh

esterase cuia enzyme EXL, tién téi san xuat hdn hop enzyme ang dung trong xir Iy
moi tredng va san xuat nguyén liéu - nhién liéu sinh hoc.
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