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1
MO PAU

1. Tinh cép thiét ciia dé tai

Trong nhitng nim gan day, do ngudn nguyén liéu hoa thach ngay cang can kiét
cung v6i nhu cau phat trién kinh té bén viing, than thién véi méi trudng nén nhidu
ngudn nguyén liéu sinh hoc dang duoc tim kiém. Trong dé lignocellulose 14 ngudn
sinh khéi tu nhién co trit luong 16n, ré tién va c6 kha nang tai tao cao dugc cho la
ngudn nguyén lidu sinh hoc ¢6 vai trd quan trong trong nén kinh té. Lignocellulose
dugc st dung lam nguyén li¢u tho dé san xuat cac nhién liéu sinh hoc va do dé duoc
coi 14 nhién liéu sinh hoc thr hai. Nhiéu cong nghé da duoc phat trién dé san xuét
nhiéu san pham khac nhau nhu rugu, axit hiru co tir sinh khéi lignocellulose dong
thoi cac quy trinh cong nghé san xuit cac chat co ngudn gdc tir sinh khdi
lignocellulose hién co ciing ngay cang dugc md rong va phat trién nham nang cao

hiéu qua kinh té thu dugc.

Sinh khéi lignocellulose dugc chuyén hoa qua ba giai doan chinh gdm: tién xtr
Iy bang tac nhan khac nhau mot cach hiéu qua; phan giai cellulose, hemicellulose
bang cac enzyme cellulase, hemicellulase dé tao dudng don Cs va Cg; 1én men duong
don va cac qua trinh xtr 1y tiép theo dé tao san pham mong mudn nhu con sinh hoc,
axit hitu co... Hién nay, gia thanh cac san pham sinh hoc san xuat tir lignocellulose
con kha cao so v4i cac san pham san xut tir sinh khoi héa thach. Mot trong nhiing
nguyén nhan 1 do kho khin trong qua trinh phan giai cellulose va hemicellulose bang
cac enzyme sinh hoc so véi thily phan bang tac nhan 1y, hoa. Pé nang cao hiéu qua
clia qua trinh thity phan ciing nhu giam gié cua cac san pham thu dugc va thuc day
phat trién kinh té sinh hoc thi viéc tim ra enzyme c6 thé tham gia hiéu qua vao qua
trinh thuy phan cellulose, hemicellulose ¢6 vai trd quan trong. Trong d6 cac enzyme
cellulase c6 vai trd quan trong trong viéc nang cao hiéu qua phan giai sinh khdi
lignocellulose do trong sinh khdi nay cellulose thuong chiém ti 1¢ 16n. O cac hé sinh
thai c6 sy phan giai lignocellulose dién ra manh mé nhu rudt mbi, da cé trau bo... &
12 ngudn tiém nang dé tim kiém va khai thac cac enzyme phan giai cellulose 0 gia
tri cao trong cong nghiép. Da co nhiéu cong trinh khac nhau cong bd vé nghién ctru
su da dang cua vi sinh vat va khai thac cac gen ma hoa enzyme thily phan

lignocellulose hiéu qua trong cac hé sinh thai nay [1, 2].



2

N4m muc trang va dat xung quanh ndm muyc tring ciing 13 hé sinh thai ma sy
phan huy lignocellulose dién ra manh mé&. Trong d6, ndm muc tring c6 kha ning phan
huy tt ca cac thanh phan trong ciu tao cua gb va dic biét hiéu qua trong viéc phan
giai lignin khong dic hiéu. Ban chat khong dic hiéu cua cac hé thong phan hay lignin
tir nAm muc tring da khién cac nha nghién ctru phat hién ra viéc sir dung chiing trong
phan hiy sinh hoc mét s6 luong 16n cac chat giy 6 nhiém mdi trudng. Trong qua
trinh nAm phén giai gd d6 d4 xay ra cac phan tng oxi héa khir din dén qua trinh axit
héa nhanh va manh méi truong dét, qua trinh chuyén héa thir cap clia ndm tao ra chat
doc trong dat. Vi vay, cac vi sinh vt ton tai trong dat xung quanh khu ndm muc tring
phai c6 nhiing dic diém dic biét vé da dang loai va cic enzyme tham gia vao qué
trinh chuyén hoa cac cht. Cac enzyme & vi khuan c6 thé 13 cic enzyme riéng r& hoic
cac phic hop enzyme gifip ndm muc tring phan giai hiéu qua cellulose va
hemicellulose [3]. Mic du c6 nhiéu nghién ctru vé ndm muc tring va vi khuan dat
xung quanh khu nim muc tring nhung co ché dang sau su twong tac nay van chua
duogc sang to, cac dac tinh chirc nang cua ching van can duoc xac dinh lai béng thuc
nghiém. O Viét Nam, cho dén nay van chua c6 nghién ctu vé da dang céc l0ai vi
khuan o rimng Qudc Gia Ctic Phuong néi chung va da dang loai cac vi khuan dat xung
quanh khu ndm muc trang néi riéng ciing nhu khai thac cac enzyme phan giai
cellulose ctia vi khuan trong hé sinh théi nay.

Dé khai thac cac enzyme mong mudn tir cac khu hé vi sinh vat khac nhau nhu
da co dé, ruét mdi, dat, nude thai...thi ngoai con duong truyén théng 1a phan lap tir
ngan hang gen, ngay nay ky thuat metagenomic da dugc sir dung rong rai. Pay la ky
thuat hién dai, c6 hi¢u qua cao st dung két qua giai trinh tu gen thé hé méi dé co thé
danh gia da dang thanh phan loai va tim kiém, khai thac cdc gen mdi ma hoa enzyme
dich tir vi sinh vat khong théng qua nudi ciy.

Nham phan tich va danh gia mic d6 da dang thanh phan loai cia vi sinh vat
trong dat xung quanh khu ndm muc tring no6i chung va phan tich da dang loai vi sinh
vat sinh cellulase ndi riéng bang ky thuat metagenomics, tir d6 khai thac va lya chon
duoc enzyme ma hoa cellulase co dic tinh méi khong thong qua nudi cdy, ching toi
d3 tién hanh nghién ctru dé tai: “Nghién citu da dang khu hé vi khudn quanh nim

muc tring thiiy phan lignocellulose va khai thac gen ma héa cellulase bing kj



thudt Metagenomics”.

2. Muc tiéu ciia d@ tai

Danh gia dugc da dang caa khu hé vi sinh vat dat mun xung quanh khu nim
muc trang phan hay lignocellulose va xac dinh duoc da dang enzyme tham gia vao
qua trinh phan giai lignocellulose, khai thac va lua chon dugc enzyme phén giai
cellulose c6 tiém ning tng dung trong thyc tién san xuat tir khu hé vi khuan dat xung
quanh khu ndm muc tring & rirng Quéc gia Cuc Phuong bing ki thuat Metagenomics.

3. Pdi twong nghién ciru

- Cé4c vi sinh vat trong dat mun xung quanh khu ndm muc tring c6 sy thuy
phan lignocellulose trong rirng qudc gia Ctuc Phuong.

4. Noi dung nghién ciru

- Phan tich va danh gia muc do da dang loai caa khu hé vi khuan trong dat
xung quanh khu niam muc trang thuy phan lignocellulose bing ky thuat
Metagenomics;

- Phén tich va danh gia muc d6 da dang cua cac enzyme tham gia phan giai
lignocellulose cua khu hé vi khuan dat xung quanh khu ndm muc trang thuy phan
lignocellulose bang k¥ thuat Metagenomics;

- Tim kiém va lya chon céc trinh ty gen moi ma hoa cellulase ¢6 tiém ning
ing dung bang céc cong cy tin sinh hoc;

- Nghién ctu biéu hién tai to hop cia mot gen da lwa chon, tinh ché va danh
gia tinh chat cua enzyme B-glucosidase.

5. Y nghia khoa hoc va thue tién cia dé tai

5.1. Y nghia khoa hoc

- Panh gia dugc su da dang cua vi khuan quanh khu nAm muc tring, dic biét
la sy da dang caa céc vi khuan san sinh enzyme phan giai lignocellulose khéng thong
qua nudi cay bang phuong phap metagenomics.

- Cung c4p thém céc trinh ty DNA ma hda cellulase c¢é kha nang phan huy phé
phu pham néng nghiép, cong nghiép chira cellulose.

5.2. Y nghia thuc tién

Xac dinh dugc cac enzyme mai tham gia phan giai nguyén liéu chira cellulose

tir vi khuan trong dat quanh khu nAm muc trang. C4c enzyme nay c6 vai tro quan
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trong trong san xuat cac nhién liéu sinh hoc thé hé thir hai va phan giai sinh hoc cac
chat gay 6 nhiém méi truong

6. Péng gbp méi cia dé tai

- Pay 1a nghién ciru dau tién vé da dang vi khuan xung quanh khu ndm muc
tring phan giai lignocellulose & rimg Quéc gia Cuc Phuong bang ky thuat
Metagenomics.

- ba nghién ctru duogc da dang enzyme tham gia phan giai lignocellulose ¢ khu
hé vi khuan xung quanh nim muc tring & rimg Qudc gia Cuc Phuong, lwa chon va
danh gia duoc tinh cht cua enzyme B-glucosidase GH3S2 tir DNA da hé gen cua vi

khuan dat mon xung quanh nim muyc tring.
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CHUONG 1. TONG QUAN TAI LIEU

1.1. Khéi quéat chung vé lignocellulose

Lignocellulose 1a tén goi chung cho sinh khdi thue vat duoc ciu tao tir ba thanh
phan chinh 13 cellulose, hemicellulose va lignin (Hinh 1.1). Cellulose va
hemicelluloses lién két chit ché vé6i lignin. Cellulose 1a mét polymer duge cu tao tir
cac monomer la B-D-glucopyranose, ddy 13 thanh phan chinh trong cau triic ctia thanh
té bao thyc vat thudng chiém ty 16 38 — 50% [4]. Tiép dén 1a hemicellulose chiém ty
17 — 32% c6 cau trac khong dong nhat, co sy phan nhanh cao thuong duge cau tao tir
cac dudng don pentose va hexose [5]. Cac hemicellulose tao ra cac lién két chéo giira
c4c cellulose. Lignin chiém 15 — 30% bao gém cac polyphenol thom, dugc sinh tong
hop va tao thanh cdu tric bao boc xung quanh hai thanh phan cellulose va
hemicelluloses, cung cép thém do bén co hoc cho thanh té bao, chong lai con tring
hogc diéu kién am uét.
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]
H e . '
" i ! . . " H
Hemicellulose "°\/'§$ e
1 { S S
| ey et
: S o H
i § <& :
:n.co,‘,..“_/, Ay . H
H A H
A R e e e '
Te baO Cellulose CHOH M " ois
s O [ Wi
ngnocellulose‘ K :‘,,. > < ;;u i > < o > on wY i
. OH 9 N ot
H « .
B R i ; SHEH,
.i D D
me 'C\T [0) { aronT Tt con="y
E ( H cH CH i
! CH CH CH !
G . 8 N N H
EL ) | ]
5 A | . S W ) '
| Lignin | S "0CH, CHO™SS~OCH, N~ !
% ol OH o :
l\, sniferyl alcohol sinapyl alcohol p-coumaryl alcoho! H

.......................................

Hinh 1.1. Cdu tgo cua lignocellulose [4]

Néi chung, thanh phan cta lignocellulose phu thudc vao ngudn gbe ciia chung
nhu g cting hay gd mém, cé hay cy cong nghiép, san pham thai trong nong nghiép
hay san xuét cong nghiép (Bang 1.1) [5]. O mot sé nguyén liéu, cellulose thudng
chiém ty 1¢ kha cao nhu soi cotton 90%, ciy gai dau kho 57%, gd mém 45- 50 %, cao
lurong ngot 45%, ba mia 42% [6].
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Bang 1.1. T7 I¢ thanh phdn cua lignocellulose trong cac nguyén ligu khac nhau [5]

Vit liéu Cellulose (%) Hemicellulose (%0) Lignin (%)
Ba mia 42 25 20
Cao luvong ngot 45 27 21
Cay phong 40-45 24-40 18-25
G mém 45-50 25-35 25-35
Bép ngod 45 35 15
Théan ngo 38 26 19
Romra 32,1 24 18
V6 qua hach 25-30 25-30 30-40
Bao 40-55 25-40 18-30
Co 25-40 25-40 10-30
Lda mi 29-35 26-32 16-21
Chat thai chudi 13,2 14,8 14
Ba mia 54,87 16,52 23,33
1.1.1. Cellulose

Cellulose c6 cong thirc phan tir (CsH100s)n 12 polysaccharide mach thang dugc
ciu tao tir cac monosaccharide 1a p-D-glucopyranose. Cac phan tir dudng don nay
lién két v6i nhau boi lién két p-(1-4) glucosidic [4], vi vay cellulose ¢ cdu trac bén
ving, kho bi thuy phan. Thong thudng, trung binh mdi vi sgi cellulose c6 khoang
5000-7000 don phan glucose [7], s6 lugng don phan nay thay doi phu thudc vao
ngudn gbc cua cellulose nhu: bong 1000 — 3000 don phén, bot gd 500 — 1500 don
phén [8]...

Lién két hydro

. R ndi phén tir
Pau khdng

khw Anhydroglucose Pau khw
------ OH o)
., HO )
Lien két 1O : __

--HO H
OH

hydro lién

phén tir <\ / . /
OH
HO" Ho - OH

Kéo dai chudi Cellobiose

Hinh 1.2. Cdu tric cua cellulose [8]

Cac don phan D-glucose cua cellulose c6 nam nhoém hydroxyl (OH) trong do6
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¢6 ba nhém & vi tri C2, C3, C6 tham gia hinh thanh lién két hydro 1a lién két dong vai
trd quan trong trong cau tric cua cellulose [6]. CAc nhém -OH nay tham gia tao ra
cac lién két hydro noi phan tir, lién két hydro lién phan tir va lién két giita cac phan
tir cellulose ké nhau 1am cho ciu triic chudi soi ctia cellulose rat bén virng. Cellulose
¢6 céu truc 2 dau, mot dau khong khir c6 ciu trac vong khép kin, dau con lai c6 tinh
khtr chira nhom carbonyl tu do (Hinh 1.2). Vi vay, cellulose la phan tr phan cuc,
trong d6 cac don phan glucose méi dugce gin thém vao dau khong khir dé kéo dai
chudi [9].

Nishikawa va Ono (1913) da phat hién ra cac vi sgi cellulose don 1¢ thuong
sap xép theo cac trat ty khac nhau dé hinh thanh trang thai két tinh cia cellulose.
Nhitng ving nao ma céc vi soi cellulose sép Xép co trat tu cao, hinh thanh mét sb
lugng 16n céc lién két hydro trong vi soi va gitta cac vi soi, luc Van der Waals 16n
(goi 12 ving tinh thé) thi cdu trac cellulose rat bén vitng. COn nhitng ving ma cic
chudi cellulose sap xép khong theo trat ty chit ché, lién két vai nhau 1ong 1éo (goi 1a
ving vo dinh hinh) thi cau trac cellulose kém bén viing, d& bi thay phéan. Vi vay, chi
s6 két tinh (crystallinity index - CI) 1a mot trong nhiing chi s quan trong nhat anh
huong dén kha nang bi thuy phan cua cellulose. Nhin chung, trong ty nhién, cac chi

s6 két tinh dao dong tir 40% dén 95%, phan con lai 14 cellulose v6 dinh hinh [10].

Cellulose v Cellulose Cellulose vo
dinh hinh tinh thé dinh hinh
Dau khéng khtr, C, Bl kb, G o

tao lién két glucoside

Hinh 1.3. Cdu tric tinh thé va cdu tric vé dinh hinh cua cellulose [9]
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Thong thudng, ¢ khoang 24 - 36 cac vi soi cellulose xép xen k& véi nhau theo
huéng hinh thanh it cac lién két hydro ndi phan tir, ting sd luong lién két hydro lién
phan tir, lién két hydro hudng ra ngoai tao nén mot téng thé cau trac cellulose rat
vitng chic, it bi hoa tan trong nude [11] (Hinh 1.3). Nghién ctu cong huong tir hat
nhan (NMR) cua cellulose cho thay nhiéu dit liéu vé cac dang cau tric tinh thé cua
cellulose da duoc phan tich. Do cac don phan D-glucose cua cellulose cé thé tao ra
nhiéu loai lién két hydro khac nhau, thém vao d6 1a su sip xép khac nhau cua cac
vong pyranose va su chuyén di vi tri cia cac nhom — OH so véi mit phang vong
carbon nén cellulose c6 thé ton tai nhiéu dang ciu tric tinh thé khéac nhau [12]. C6 4
dang céu trdc tinh thé khac nhau cuaa cellulose da duoc xac dinh 1a celluloses I, 11, 111,
IV trong d6 dang cau tric quan trong nhét la cellulose I va Il

O thuc vat va nhiéu lodi vi khuan Gram dwong, Gram am duoc béo céo c6 kha
ning t6ng hop cellulose nhu Clostridium thermocellum, Streptomyces sp.,
Ruminococcus sp., Pseudomonas sp., Cellulomonas sp., Bacillus sp., Serratia,
Proteus, Staphylococcus sp., Bacillus subtilis [13]. Ngudi va dong vat khong tong
hop duoc cellulase nén khong tiéu hoa dugce cellulose. Nhung dong vat nhai lai
do c6 hé vi khuan duong rudt nén cé kha ning tong hop cellulase tiéu hoa
cellulose trong co thanh chét dinh dudng cho co thé. Tuuy cellulose khong c6
gia tri dinh dudng véi ngudi va dong vat nhung c6 tac dung hd tro qua trinh
tiéu hoa, diéu hoa ham luong dudng trong mau, giam md mau, giam can va
giam ung thu dai trang, diéu hoa hé vi sinh duong rudt, thai cac san pham thai
ra khoi co thé.

1.1.2. Hemicellulose

Hemicellulose 14 polysaccharide di hop, bao gdm cac chudi phan tir duong cd
d6 phan nhanh cao va gém nhiéu loai nhu glucuronoxylan, glucomannan va mot sé
polysaccharite khac. Murc d6 tring hop cta hemicellulose vao khoang dudi 200, ¢6
mach bén c6 thé bi acetyl hoa. Hemicellulose dugc cau tao chu yéu boi cac phan tir
duong D-glucose, D-galactose, D-mannose, D-xylose, L-arabinose, axit D-
glucuronic va axit 4-O-methyl-D-glucuroni [14]. O c6 va vé trau, hemicellulose chu
yéu la arabinan, galactan va xylan trong khi d6 hemicellulose ¢ g ctrng va gd mém

cha yéu 1a mannan [15]. Chung dugc Xép vao nhom hemicellulose c6 duong tham


https://www.sciencedirect.com/topics/chemistry/glucuronoxylan
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/glucomannan
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/arabinan
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/galactan
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/xylan
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gia cau trdc mach chinh nhu xylan, mannan va glucan véi xylan va mannan pho bién
nhat. Galactan, arabinan va arabinogalactan ciing thudc nhém hemicellulose nhung
khdng chira lién két p-1,4 trong cau trdc. Trong go cing chta chu yéu hemicellulose
loai glucuronoxylan (O-acetyl-4-O-methyl-glucurono-p-D-xylan) trong d6 mach
chinh duoc tao boi xylospyranose. Trong ligncellulose, hemicellulose chiém khoang
25 — 35% va trong luong phan ta trung binh [a nhé hon 30.000 dvC. Cellulose va
hemicellulose lién két chat vai nhau trén bé mat caa vi soi cellulose. Hemicellulose
ban dau duoc cho 1a chat trung gian trong qua trinh sinh tong hop cellulose.

1.1.3. Lignin

Lignin 13 thanh phan khong phai carbohydrate, chiém ti 16 nho nhat trong sinh
khéi lignocellulose (10-25%). Lignin gop phan tao ra do ctng chic va tinh ky nude
cho thanh té bao thuc vat dong thoi bao vé cac polysaccharide khoi sy phan hily cia
cac vi sinh vat. Lignin 1a polyme sinh hoc c6 chtta vong thom, trong luong phan tu
cao va dugc tao thanh tir cac tiéu don vi 1a phenylpropan (lignin syringyl (S), guaiacyl
(G) va hydroxyphenyl (H)), nhém methoxyl va cac hop chit poly phenol gin céac
thanh phan cua thanh té bao véi nhau [16]. Cac phenylpropan nay dugc Ky hiéu 1a c6
0, 1, 2 nhém methoxyl gan vao cac vong tao ra cau trlc dic biét I, 11 va 111. Cac cau
trdc nay phu thugc vao ngudn thuc vat ma chung thu dugc. Cau tric | ton tai ¢ co,
cau tric 11 ¢6 trong go (cay la kim) trong khi cau tric 111 ton tai trong gd rung la.
Lignin hoat dong gidng nhu mot chat keo, lap day khoang tréng xung quanh phtc
hop cellulose va hemicellulose. Lignin ngan can sy tiép can cua cellulase véi
cellulose va 1am giam dang ké hiéu qua caa cac enzyme trong qua trinh chuyén héa
sinh khéi lignocellulose.

1.2. Cellulase

1.2.1. Khdi qudt chung vé cellulase

Enzym cellulase cung voi hai nhom enzyme 1a hemicellulase va enzyme tién
xtr 1y tham gia vao qué trinh phan hay sinh khdi lignocellulose. Cellulase thuéc nhém
enzyme glycoside hydrolase (GH) (EC 3.2.1.-) ¢6 vai tro thiiy phan lién két p-1,4-
glycoside trong phan tir cellulose tao thanh cac san pham cello-oligosaccharide,
cellobiose va glucose [10] hodc phan cat cac lién két glycosidic giita hai hay nhiéu

carbohydrate hodc giira mot carbohydrate va mot gbe khong phai carbohydrate. Hién


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/glucan
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/arabinogalactan
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/deciduous-wood
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nay, GH da dugc phan thanh 130 ho khac nhau. Cellulase dugc xép vao cac ho GH
khac nhau trén co s& tuong dong vé trinh tu axit amin. Cellulase c6 ving xuc tac
(catalytic domain CD) phan cit lién két glycosidic, ving gin co chét (carbohydrate-
binding module CBM) va & mét sé loai cellulase ¢é viing/cau tric phu trg giébng FN3
[17], [18].

Cellulase c6 nguén géc tlr nhiéu sinh vat khac nhau vi khuén, nim, thuc vét,
dong vat [19]. Trong d6 cellulase & ndm va vi khuan c6 sy da dang 16n cia cac enzyme
phan giai thanh té bao do su phong phu vé ngudn gen, khac biét cia cac mRNA
treong thanh va cac qua trinh sira ddi sau dich ma [20]. Vi vdy, ndm va vi khuan tré
thanh d6i twong chu yéu dé nghién ciru cellulase quy mé cong nghiép. Mot sb loai
nam va vi khuan phan giai cellulose dugc trinh bay & bang 1.2.

Bang 1.2. Mét sé logi ndm va vi khuan tham gia phan gidi cellulose va nguéon géc

cua chang [19]

Vi khuan Nguén goc NAm Nguén goc
Cellulomonas fimi Pat Geotrichum candidum Pat, phan
tron
Cellvibrio japonicas Dt Penicillium Dit, gd muc
chrysogenum
Cytophaga hutchinsonii D4t, Phan  Phanerochaete Phan tron
tron chrysosporium
Paenibacillus polymyxa Phan tron  Rhizopus oryzae Dit, chat hitu
co chét
Pseudomonas fluorescens ~ Pat, bun  Trichocladium Dt
canadense
Pseudomonas fluorescens Dt Trichoderma reeseli Dit, vai muc
nat
Bacillus brevis Rudt méi  Trichoderma Dt
longibrachiatum
B. thuringiensis Rudtsau  Chaetomium Dt
budm thermophilum
Bacillus cereus Pat, daco  Corynascus Phan tron
B. subtilis thermophilus nam

Hién nay, nam Chytridiomycetes va Basidiomycetes 1a c4c nhdm sinh vat sinh
cellulase dugc nghién ciru nhiéu nhat nho kha ning tiét mot luong 16n cac enzyme
phan giai cellulose c6 hoat tinh cao [21], [22]. Trong d6 nAm Basidiomycetes c6 kha
nang phan hay gd mot cach hiéu qua nhat. Nhitng loai nAm hiéu khi nay tiét ra céc

enzyme ngoai bao phan hay lignocellulose. Khdng giéng nhu ndm hiéu khi, mot s6
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nam Ky khi Chytridiomycetes c6 phirc hop da enzyme tuong tu nhu cellulosome cua
vi khuan [23], [24], mét sb loai ky khi séng trong dng tiéu hoa cia dong vat nhai lai
nhu Anaeromyces, Caecomyces, Neocallimastix, Orpinomyces va Piromyces. Trong
gd muc nat va dat ring, thanh phan caa nam tiét enzyme phan giai cellulose cé
Zygomycetes dai dién la Mucor, Ascomycetes va Basidiomycetes dugc dai dién bai
cac chi nhu Trichoderma, Aspergillus, Penicillium... Hai trong sé cé4c loai nim dugc
nghién ciru nhiéu nhat vi tinh lién quan dén cdng nghiép cua chang 1a Trichoderma
reesei va Phanerochaete chrysosporium [25]. Hon hop cellulase cua T. reesei bao
gom cac exoglucanase (80%), endoglucanases (15%) [18] va mot luong PB-
glucosidase nho vi vay can phai bo sung tir cac nguon khac nhu Aspergilli [26]. Cac
enzym tir Aspergilli hau hét ¢ hoat tinh tong sé cellulase thap [27], tuy nhién B-
glucosidase cua chang c6 hoat tinh cao. Chi Aspergillus Ia mét trong nhitng nhom
sinh vat san xuit cellulase da dang tao ra tac dong ndi bat trong qué trinh xi ly sinh
hoc [28]-[33]. Ngay nay, hon 14.000 loai nam c6 kha ning phan giai cellulose va cac
hop chét phurc tap da duoc biét dén [34].

Viéc phat hién ra cac dac tinh phan giai cellulose dic biét cua vi khuan tir cac
chi Clostridium va Thermotoga di gép phan vao viéc chuyén dan nguon enzyme phan
giai cellulose tir cAc ngudn nam sang cac ngudn vi khuan [35], [36]. Pic diém cua
cellulase tir nhitng loai nay 1a chiu nhiét va cé kha ning hoat dong tét & cac diéu kién
nhiét d6 cao tir 60 - 125°C, vi vay chiing 1a nhirng &ng cir vién quan trong dé cai thién
kinh té-cong nghé cua qua trinh duong hoéa sinh khoi [37]. Vi khuan tir cac chi
Clostridium va Thermotoga ciing tao ra hé théng enzyme goi 1a cellulosome dé thary
phan hiéu qua cau truc phic tap caa cellulose [38]. Mot s6 nhom vi khuan tiét
cellulase duoc biét dén 1a Bacillus, Cellulomonas, Streptomyces, Cytophaga,
Cellvibrio va Pseudomonas. Vi khuan ky khi va hiéu khi c6 cic cach khac nhau dé
phan hay cellulose. Trong khi céc vi khuan ki khi sir dung cellulosome dé phan hiy
cellulose thi vi khuan hiéu khi tiét cac enzyme riéng biét hoat dong hiép dong dé phan
hity co chat. Cac vi khuan ky khi bo Clostridiales (nganh Firmicutes) phan giai
cellulose thudng dugc phét hién trong dat min, da co cua trau bo, dé, nudc thai, con
trang [39], [40]. Vi khuan hiéu khi bo Actinomycetales (nganh Actinobacteria) da

dugc tim thiy trén dit, nudc, man, phé thai ndng nghiép va la cdy muc nat tiét
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cellulase [41]. Do céc vi khuan sinh enzyme phan giai cellulose ¢ sy da dang cao
nén c6 thé xép vi khuan thanh ba nhém: (1) vi khuan 18n men ki khi dién hinh 1a Gram
duong (Clostridium va Ruminococcus) nhung véi mot s loai Gram am (Butyvibrio
va Acetivibrio) c6 lién quan vé mat phét sinh loai véi Clostridium (Fibrobacter); (2)
vi khuan Gram dwong hiéu khi (Cellulomonas va Thermobifida) va (3) vi khuan soi
hiéu khi (Cytophaga va Sporocytophaga) [40].

1.2.2. Phan loai cellulase

Trong ty nhién, qua trinh thuy phan cellulose dugc thyc hién nho sy hoat dong
phdi hop cua it nhit ba loai cellulase chinh 1a p-1,4-endoglucanase (EC3.2.1.4),
exoglucanase hodc cellobiohydrolase (EC 3.2.1.91) va p—glucosidase (EC 3.2.1.21).
Ba loai enzyme nay khac nhau vé ciu trac va co ché hoat dong, trong d6
endoglucanase thuy phan céac lién két p-1,4-glucoside bén trong chudi cellulose dé
tao ra cic dau chudi mai; exoglucanase thuy phan cac lién két glucoside & hai dau
ctia chudi dé giai phong cac phan tir cellobiose hodc glucose hoa tan; p-glucosidase
thily phan cac cellobiose thanh glucose. Hoat dong phdi hop ciia ba enzyme nay trén
cellulose tinh thé c6 muc do hoat dong va hiéu qua thily phan cao hon nhiéu so voi
tong hoat dong ctia cac enzyme don 1é cho thdy ddy 1a mot phirc hé enzyme thily phan
cellulose rat hiéu qua [42].

1.2.2.1. Endoglucanase

Endoglucanase 12 nhom enzyme dau tién tham gia thuy phan cellulose. Cac
enzym ndy phan cat tir bén trong trong cac soi cellulose tai cac ving vo dinh hinh,
tao ra cac oligosaccharid véi cac kich thudce khac nhau va tao ra cac dau chudi mai
c6 thé bi tn cong bai cac exoglucanase. Hoat tinh cao nhat ctia enzyme nay thuong
xay ra ddi voi cac dang cellulose hoa tan hoic cellulose vo dinh hinh dugc xir 1y bang
axit. Endoglucanase ¢ cac loai nam Sclerotium rolfsii va Gloeophyllum sepiarium c6
trong lugng 44 — 90 kD. N6i chung, endoglucanase khong bi glycosyl hoa, pH tdi uu
4 -5 (endoglucanase duy nhét dugc biét dén v6i do pH trung tinh 14 tir Basidiomycete
(Volvariella volvacea), nhiét do t6i wu trong khoang tir 50 dén 70°C [43]. Céac
endoglucanase khac nhau cd c&c ving/cau tric xuc tac thudc cac ho GH5-9, 12, 44,
45, 48, 51 va 74. Céc endoglucanase ctia nAm thudng c6 mot ving/cau triic XUc tac,

c6 thé c6 hodc khdng CBM, trong khi cac endoglucanase cua vi khuan ¢ thé c6 nhiéu
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ving/cdu tric Xdc tdc, CBM va cac ving/cau trac khac chua xac dinh chic ning [44].
Cac Vl‘mg/céu trlic xUc tac cta hau hét cac endoglucanase c6 mdt vi tri hoat dong hinh
khe/ranh cho phép endoglucanase lién két va phén cét cellulose dé tao glucose, cac
cellodextrin tan hodc cac doan cellulose khong hoa tan. Tuy nhién, mot sb
endoglucanase c6 thé thuy phan cac cellulose tinh thé va tao ra cac san pham chinh
la cellobiose hoac cac cellodextrin dai hon [45].

1.2.2.2. Exoglucanase

Enzyme exoglucanase (cellobiohydrolases) xuc tac qua trinh thily phan tir hai
dau cua vi soi cellulose tao ra san pham chinh 14 cac phan tir cellobiose, dugc thity
phan badi cac B-glucosidase. Ching chiém tir 40 dén 70% trong hé thong cellulase va
c6 kha nang phan cit cellulose ¢ cac vung tinh thé [31]. CAc exoglucanase phan cit
dic hiéu trén cac dau cua cellulose, chang han nhu & T. reesei cellobiohydrolase
(CBH) I va II lan luot tic dong 1én dau chudi cellulose c6 tinh khir va khong khur.
Cac enzym nay co kich thudc nho hon endoglucanase, mirc do glycosyl hoa thap
(khoang 0 - 12%), pH tdi uu cta chiing 13 4 dén 5, v6i nhiét d6 toi uu tir 37 dén 60°C,
tiy thudc vao sy két hop enzym-co chat cu thé. Exoglucanase c6 mit trong cellulase
clia nAm muc tring, mot s6 loai nAm muc niu Basidiomycetes nhu Fomitopsis
palustris [46]. Cellulose tinh thé (Avicel) 13 co chat tt cho exoglucosidase, tuy nhién
mot s6 endoglucanase c6 thé giai phong dang ké duong khir tir Avicel [47]. Cac
exoglucanase khac nhau cta vi khuan va ndm c6 c4c ving/cdu tric xuc tac thudc cac
ho GH5, 6, 7, 9, 48 va 74. Exoglucanase ctia nam hiéu khi chi c6 & ho GH6 va 7, ciia
nam ky khi thugc ho GH48; exoglucanase cua vi khuén hiéu khi c6 trong ho GH6 va
48, cua vi khuan ki khi thuéc ho GH9 va 48. Pic diém ciu trac quan trong nhat trong
viing/ciu tric XUc tac ciia cac enzyme exoglucanase 1a cau trac dudng him duge hinh
thanh boi hai vong bé mit. Pudng hiam c6 thé bao phu toan b (vi du: ho GH7) hoic
mot phan cia vi tri dang hoat dong (vi du: ho GH48). Vi tri hoat dong dang duong
ham cta exoglucanase cho phép enzyme thuy phan cellulose theo cach doc dao [48].
Ho GH48 exoglucanase dugc cho la dong vai tro quan trong trong qua trinh thuy phan
cellulose tinh thé cua hé thdng cellulase cua vi khuan. Vai tro ctia chung duogc cho 1a
tuong ty nhu vai tro cua Trichoderma CBHI (Cel7A).

1.2.2.3. p-Glucosidase
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B-D-glucosidases thily phan cellobiose hoa tan va cac cellodextrin khac dé tao
ra glucose nham loai bo sy e ché cellobiose [8]. p-glucosidase c6 mot vi tri hoat
dong hinh tai, cho phép chung lién két rdi tach glucose ra khoi cellobiose hoic
cellodextrin. B-Glucosidase sir dung co ché giir nguyén cdu hinh vong hoic co ché
nghich dao cdu hinh vong cia glucose sau khi thuy phan. p-glucosidase giit nguyén
céu hinh vong phén cit lién két B-glucoside tao thanh glucose dang B trong khi f-
glucosidase nghich dao cdu hinh vong thi glucose tao thanh c¢6 cu hinh a. Cac enzym
nay c6 kich thudc khoang 35 - 640 kDa va chiing c6 thé 14 don phan hoic ton tai dudi
dang dong phan lap thé. Hau hét cac B-glucosidase déu duoc glycosyl hoa, mot sd
truong hop nhu B-glucosidase 300 kDa tir Trametes versicolor glycosyl hoa c6 thé
cao hon 90%. b6 pH t6i wu cla ching nam trong khoang tur 3,5 dén 5,5 va nhiét do
t6i wu clia chung nam trong khoang tir 45 dén 75°C.

B-Glucosidase 1a mot loai enzyme c6 ngudn gdc tir cac loai: vi khuan, ndm,
thuc vat va dong vat [49]. Trong d6, nAm duoc xem 1a ngudn san xuét p-glucosidase
chinh nhu ndm soi Acremonium persicinum, Thermomyces lanuginosus—SSBP,
Aspergillus niger [50]. B-glucosidase ciing dugc tim thay ¢ vi khuan vi kha niang xtic
tac manh mé va nhiéu dic tinh gia tri cia cellulase vi khuan [51]. B-glucosidase tir
nhiéu loai vi khuan ciing di dugc tinh ché va xac dinh tinh chat nhu Flavobacterium
johnsoniae, Lactobacillus brevis [52], Caldicellulosiruptor saccharolyticus [53]. Cac
B-glucosidase duoc san sinh ra dudi dang cic enzym ndi bao, ngoai bao hoic lién két
bé mit té bao [32]. Trong khi phan 16n cic B-glucosidase ctia ndm duge tong hop
ngoai bao va thuéc GH3 [54] thi hau hét cac p-glucosidase cta vi khuan 1 ndi bao
va thuéc GHI vi dy nhu ¢ khuan Baciulus circulans subsp. Alkalophilus. p-
Glucosidase phan cat cac lién két p-D-glucoside tir nhiéu hop chat khic nhau giai
phoéng san phém cudi cung la glucose. Do c6 su khac biét rat nhiéu vé tinh dic hiéu
co chét, dic biét 1a ddi voi gbe aglycone khién viéc phan loai B-glucosidase 1a mot
thach thirc [55]. C6 hai cach phan loai: 1) phan loai theo co chat va 2) phan loai dua
trén nhan dang trinh ty nucleotide va phan tich nhém ky nudc. Tiy thudc cac co chat
bi phan giai, B-glucosidase dugc phan loai thanh ba nhém: 1) aryl-B-glucosidases chi
thity phan lién két aryl-B-glucoside, 2) cellobiases chi thity phan cellobiose va 3) dic

hiéu co chat rong, B-glucosidase thity phan pham vi rong cua co chit c6 cac lién két
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khac nhau nhu lién két p 1-4, p 1-3 glucoside (thudong thiy & cac p-glucosidase c6
ngudn gde tir vi sinh vat) [55].

1.2.3. Céu triic va co ché xic tic ciia cellulase

Ciu trac cua cellulase thuong gdm ba ving 1a: ving c6 vai trd xdc tac
(Catalytic Domain - CD), mét hodc mot sd ving ¢6 vai trd gin két v6i carbohydrate
(Carbohydrate-Binding Domain - CBD hay con goi la CBM va doan trinh tu peptide
ndi giita hai ving CD va va viing CBD [56] (Hinh 1.4).

Vung xuc tac (CD)

Ving lién két
cellulose

o - gty
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Hinh 1.4. M hinh cdu trac chung cuia cellulase [56]

Ving CD chiém trén 70% trinh tu protein. Phan tich trinh ty ving nay & cac
cellulase khic nhau cho thay chiing rat da dang va vi tri xiic tac clia enzyme co ba
cach sap xép cau triic khong gian: (1) Dang tai (thuy phan cac polymer hodc dimer
v6 dinh hinh nhu cellulose hoic cellobiose); (2) Dang khe ho (d6i véi endoglucanase
thily phan polymer tinh thé); (3) Dang khe ngam (d6i v6i exoglucanase thy phan
polymer tinh thé) (Hinh 1.5). Ving CD dugc glycosyl hoa ddu N va thuc hién chire
nang phan cit lién két p-glucoside thong qua co ché thily phén axit stir dung chét cho

proton va nucleophyle/base nhu axit glutamic hodc axit aspartic [23].

Ving CBD tham gia vao qua trinh thity phan bang cach giir ving CD gan co
chat, do d6 sy co6 mat ciia ving CBD réat quan trong trong hoat dong cuia cellulase.
Ving CBD thuong duoc O-glucosyl hoa dé tranh sy phan cit cia protease, chira tir
30 dén khoang 200 axit amin va thudng ton tai thanh 1, 2, hodc 3 ving trong protein.
Vi tri cta chiing trong protein c6 thé 14 ca hai, dau C hodc N va déi khi nim & vi tri
trung tAm. Cac ving CBD cua cac cellulase khac nhau c6 trinh ti khac nhau dang ké.

Cac CBD dua enzyme tién vao gan hon véi co chat, gan két véi co chat lam tang toc
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dd xuc tac ciia enzyme vdi co chét. Viéc loai bo CBM khéi enzyme hodc khoi protein
khung trong cellulosome 1am giam dang ké tinh enzyme ctia n6 [56]. Su c6 mit cia
CBD g6p phén cai thién kha ning lién két va hoat dong cta cellulase trén cac chat
nén khong hoa tan nhung khong anh huéng dén hoat dong ctia chung trén cac chat

nén hoa tan [57].

Hinh 1.5. Cdu tric khdng gian vung x(c tac cua cellulase (A): Dang tdi; (B):
Dang khe ha; (C): Dang khe ngam [57]

Poan peptide néi 1a mot doan trinh tu chira tir 6 — 59 axit amin néi giita hai
vung CD va ving CBD. Poan peptide nay rat linh hoat cho phép céc ving trong cau
trdc cua enzyme c6 thé hoat dong doc lap. Cac enzyme khéc nhau thi doan peptide
ndi ndy khac nhau nhung ching déu giau proline, treonine va serine nhu trinh
tu PTPTPTPTT(PT)7 cua enzyme endoglucanase ¢ C. fimi va trinh tu
NPSGGNPPGGNPPGTTTTRRPATTTGSSPG cua cellobiohydrolase | ¢ T.
reesei. Treonine va serine con lai caa doan peptide ndi dugc O-glycosyl hoa
cao dé duoc bao vé khoi su phan giai cua protease. Néu doan peptide néi qua
ngan hozc khong ton tai thi hoat dong cua ca hai mién CBD va CD bj anh huong
va giam &i lyc [58]. Mot sé vi du vé ving/cau tric cua cellulase & cac vi khuan
khac nhau dugc thé hién o bang 1.3.

Do cellulose ¢6 cAu tric chit chd nén dé phan huy dugc cellulose, trude hét bé

mat cua cellulose can phai dugc noi 1ong dé gitp cac enzyme c6 thé xam nhép va ti€p
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xuc truc tiép vai cac soi cellulose ¢ bén trong [54]. Mot khi cac enzyme cellulase co
thé xAm nhép vao duoc mang ludi cellulose thi chiing tién hanh thuy phan cellulose
tirng bude dé giai phong glucose.

Bang 1.3. Vung/cdu tric cua cellulase ¢ mét sé logi vi khuan khéc nhau [59]

Vi khuan Céu tric vang/cau tric Gene Bank
code
Anaerocellum thermophilum GH9-(CBM3) 3 -GH48 ACM60955
Bacillus subtilis GH5-CBM3 CAA82317 CAA82317
Clostridium phytofermentans  GH9-CBM3-(1g)2-CBM3 ABX43720
Clostridium thermocellum GH48-(Doc) 2 AAA23226
Clostridium thermocellum GH26-GH5-CBM11-(Doc) 2 AAA23225
Cellulomonas fimi GH48-Fn3-CBM2 AAB00822
Thermobifida fusca CBM2-Fn3-GH48 AAD39947

Pé thily phan hoan toan cellulose, can c6 sy hoat dong két hop cua it nhat 3
loai enzyme la endoglucanase, exoglucanase va B-D glucosidase trong d6 mdi enzym

cé vai tro khac nhau (Hinh 1.6) [59].

Glucosidase
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Poan ‘/ °<_/<_f°
peptide - O{JO \ \
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vung tinh thé Vung v6 dinh hinh Vung tinh thé

Hinh 1.6. Co ché hoat dong cua cellulase [60]
Dau tién, endoglucanase tan cong ngau nhién va phan cit cac lién két p 1,4 -

glucoside bén trong cac chudi cellulose, dic biét 1a & cac ving vo dinh hinh c6 cau
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tric kém chit ché, tao ra cac chudi oligosaccharid c6 cac dau khac nhau. Tiép theo 1a
exoglucanase (cellobiohydrolase) thuty phan cac chudi nay tir hai dau cia ching tao
ra glucose, cellobiose va oligosaccharide ngén. Hai enzym nay hoat dong hiép dong
va thuong bi (e ché boi cellobiose [60]. Cubdi cung, B-glucosidase phan huy
cellobiose va cac oligosaccharide ngin thanh cac don vi glucose, do d6 loai bo cac
trc ché cellobiose trén endoglucanase va cellobiohydrolases [61]. Pdi véi cellulose
tinh thé, hoat dong ctia B-glucosidase hau nhu khong dang ké. Hoat dong cia ba loai

enzyme trén xay ra dong thoi, nang cao hi¢u qua phan giai cellulose.

O cac vi sinh vat ki khi nhu Clostridium, Acetivibrio, Bacteroides va
Ruminococcus thudng san xudt mot luong 16n phiic hop da enzyme duoc goi la
cellulosome badm vao bé mat té bao vi sinh vat [62] dé phan giai cellulose. Cac
cellulosome khong chi phan giai cellulose ma né con phan hity thanh té bao thuc vat.
Cellulosome 1a phtrc hgp enzyme ngoai bao 16n c6 kha nang phan huy cellulose,
hemicelluloses va pectin. Chiing c6 thé 1a phirc hop enzyme ngoai bao 16n nhét duoc
tim thdy trong ty nhién mic du kich thudc cellulosome riéng 1é nam trong khoang tir
0,65 MDa dén 2,5 MDa, mdt sd polycellulosomes da dugc bao cdo la 16n tdi 100
MDa [63].
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Hinh 1.7. Cdu trtc cellulosome cza vi khuan [64]
Gan day, cdu trac cellulosome phtre tap v6i nhiéu protein khung cho phép lién

két nhiéu enzyme hon di duoc tim thay [41]. Cac két nbi cohensin-dockerin thanh
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phan quy dinh cau tric tong thé ctia cellulosome. Nhu vay, hé thong phtic hop enzyme
cellulosome hoat dong c6 hiéu qua trong viéc phan giai cellulose do cdu trac cua nd,
kha ning gin két hidu qua vé6i co chit va sy da dang cuia cac enzyme thuy phan hoat
dong hiép ddng. Cellulosome chwra duoc xac dinh ¢ vi khuan phat trién trén 65 °C va
chua duogc xac dinh trong vi khuén ¢ [64].

1.2.4. Ung dung ciia cellulase

Cellulase 1a chét xuc tac sinh hoc 6 vai trd quan trong, ching c6 tiém ning
tmg dung to 16n trong san xuat. Trong cong nghiép dét may, enzyme cellulase l1a
nhém enzyme 16n thtr ba duoc sir dung trong nganh dét may, dic biét di véi qua
trinh dét udt, phan hay sinh hoc vai denim, danh bong sinh hoc sgi dét, lam mém
hang may mdc va loai bo thudc nhudom du thira khoi vai. Cellulase con duoc ung dung
trong nganh cong nghiép gidy va bot gidy theo hudng tai ché va tai sir dung giay:
nghién thanh bot, khir kim loai, xtr 1y sinh hoc chat thai cong nghiép, ty tring va
tang cuong chat xo. Trong cong nghiép gidt va chét tay rira thi cac enzyme kiém dugc
st dung rong rii. Cellulase kiém 13 chat phu gia phu hop nhét véi chat tiy rira thong
thuong. Vi cellulase c6 kha ning loai bo dat va cac hat bui ban tir cac khoang khong
ctia vai. Cellulase loai bé cac cdu tric thd rép cua soi cellulose 1am ting d6 bong va
min cho vai. Viéc ap dung cellulase trong ndng nghiép 1am ting ning suét cy trong
va han ché bénh thuc vat. C6 nhiéu loai cellulase vi khuan c6 kha nang thic déy tang
trudng thuc vat, cai thién nang suét cay tréng, bao v¢ cay tréng khéi bénh tat. Trong
y té, cac cellulase dugc san xuat bang qué trinh 1én men tu nhién ctia Trichoderma
reesei va Bacillus licheniformis da duoc dua vao hon hop enzyme nhim tiéu hoa thuc
phém giau chat xo nhu trai cay va rau, ngii cde, cac loai dau, cam, cac loai hat va hat
[65], [66]. Cellulase tir nam c6 thé ap dung trong viéc kiém soat cac mam bénh [67].
Ngay nay, cellulase dugc ung dung ngay cang nhiéu trong cong nghé sinh hoc thuc
pham nhu: nudc ép trai cay va rau qua, giam do6 nhét cia mat hoa, ¢ dic chat tinh
khiét, thay ddi cac dic diém bé ngoai cuia qua [68], trong nganh san xuét thirc dn chin
nudi, cellulase duoc bd sung dé nang cao kha nang st dung thirc an c6 ngudn gdc tir
ngil cde va dé tang gia tri dinh dudng cho thirc 4n gia stc ...

1.2.5. Tinh hinh nghién civu khai thic gen mi héa cellulase ¢ thé gidgi va
Viét Nam
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1.2.5.1. Tinh hinh khai théc gen md héa cellulase trén thé gici

Trong sinh khdi lignocellulose thi cellullose chiém ti 18 16n. Vi vay, dé nang
cao hiéu qua str dung sinh khéi lignocellulose thi viéc tim kiém va phén 14p cac chung
sinh enzyme phan giai cellulose va nghién ciru dic diém, tinh chat cta enzyme nay
c6 vai trd quan trong. Tuy nhién, nha khoa hoc dd nhan thiy sb lugng vi sinh vat c6
thé phan 1ap dugc théng qua nudi ciy 1a rat it. Vi vay, viéc sit dung ky thuat
metagenomic nhdm nghién ctru va khai thac cac gen ma hoa cellulase truc tiép tir moi
truong khong thong qua nudi cay c6 nhiéu thuan loi. Nam 2006, 1an dau tién Xu va
cong su phan tich DNA da hé gen cua khu hé vi sinh vat tir cin bot gidy cho thiy da
dang cac vi khuan trong mdi truong nay gom 4 nganh Spirochaetes, Proteobacteria,
Bacteroidetes va Firmicutes. Viéc sang loc chirc ndng gen thu dugc hai gen ma hoa
endoglucanase, ba gen ma hoa exoglucanase va hai gen p-glucosidase [69]. D liéu
DNA da h¢ gen cua vi sinh vat trong manh trang tho cling dugc du doan chirc nang
gen va sang loc cellulase [70]. Theo d6 mudi mot gen ma hoa cellulase gdm bon gen
endo-B-1,4-glucanase va bay gen B-glucosidase da dugc phan lap. Theo dir liéu cia
Guo va cdng su (2008), tir dit liéu 4,8x10°kb DNA da hé gen cua vi sinh vat trong da
Co trau bo da phan 1ap dugc 118 gen c0 hoat tinh B-glucosidase. Viéc sang loc cac
gen ndy cho thdy tdm gen c6 hoat tinh p-glucosidase cao & pH 5,0 va 37°C va mot
trong s6 tam gen do tiép tuc duoc khao sat sau hon, thu duge két qua gen chon loc c6
d6 twong dong cao véi gen ma hoa B-glucosidase tir Bacillus sp. [71]. Nam 2008,
Kim va cong su cling di tim ra gen méi mi hoa endoglucanase tir mau dét rimg ¢
Han Quéc. Khai thac dir licu DNA da h¢ gen cua vi sinh vat trong mau dit, nhom
nghién ciru di thdy mot dong pCM2 st dung carboxymethyl cellulose (CMC) lam
ngudn carbon duy nhat. Cac phan tich sdu hon cho thdy hai gen celM2 va xynM2
chtra sb axit amin 1an luot 13 226 va 662 axit amin, trong d6 trinh ty axit amin suy
dién ctia celM2 tuong dong 36% véi trinh tu cellulase tir Synechococcus sp., trinh tir
axit amin ciia xynM2 twong dong 59% véi trinh tir cta endo-1,4-beta-xylanaseA tir
Cellulomonas pachnodage. CelM2 tai to hop thé hién hoat tinh phan giai co chat CMC
cao nhét ¢ pH 4,0 va 45°C. Mic du enzym CelM2 c6 thuy phén ca cellulose tinh thé
va xylan nhung khong thily phan trén cac co chét oligosaccharid nhu cellobiose, pNP-

beta-cellobioside... Nhitng két qua nay cho thidy CelM2 1a mot loai endoglucanase
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m&i. Ngoai ra c6 rat nhidu gen ma héa callulase mé&i duwoc phat hién trén nhiéu d6i
tuong khac nhau nhu rudt bao ngu [72], hé vi sinh vat loai rudi Hermetia illucens
[73], phan trun qué [74]...

1.2.5.2. Tinh hinh khai thac gen ma hoa cellulase o Viét Nam

O Viét Nam, cac phan tich va danh gia vé thanh phan cac loai vi sinh vat va
phan 1ap, tim kiém céc gen mi hoa cellulase da duoc tién hanh tir nhitng nam 2000.
Trong dé cac nghién ciru déu tién hanh theo huéng phan 1ap cac ching sinh cellulase
va tim kiém cac enzyme mdi ctia ndm méc, xa khuan [72]-[74]. Theo huéng nay,
Phan MTT va cong su (2012) d3 phan 14p cac ching vi khuan tir ving ngdp mdin tinh
Nam Pinh va lira chon dugc chung vi khuan Bacillus sp VLSH08 c6 kha ning sinh
tong hop endo-1,4 B-glucanase ngoai bao. Két qua kiém tra cho thiy chung Bacillus
sp VLSHO08 twong dong 98% vai chung Bacillus amyloliquefaciene JN999857 va cac
enzyme thu duoc tir nhom nay déu thudc cellulase [75]. Quyen va cong su (2018) da
tién hanh nghién ctru da dang ndm modc trong 6 mau dat & rimg Ma Pa (Pong Nai)
trong d6 c6 19 chung thuoc nhom Aspergillus niger, 3 ching thuoc Curvularia sp., 9
chung thudc Penicilium lilacinum, 2 chung thudc Penicilium sp.1, 3 chung thudc
Penicilium sp.2, 3 ching thudc Penicilium sp.3, 2 chung thudc Penicilium sp.4, 1
chung thudc Penicilium sp.5, 3 ching thudc Penicilium sp.6, 3 chung thudc
Penicilium sp.7 va 2 chung thudc Trichoderma sp. Nghién ctru kha nang phan giai
cellulose trén moi trudng Czapek-Dox bo sung 1% CMC cho thay, tit ca cac chung
nam méc nay déu c6 kha niang phan giai cellulose, trong d6 cac ching c6 hoat tinh
cellulase cao thudc chi Penicilium [76]. Tuy nhién, viéc nghién ctru phu thugc moi
truong nudi ciy khong thé danh gia day du muac do da dang loai cac vi sinh vat va
tim kiém dugc cac gen méi ma héa cellulase. Tir nam 2012, Truong Nam Hai va cong
su d4 bit dau st dung k¥ thuat metagenomic trong khai thac gen ma hoa enzyme thily
phan lignocellulose tir khu hé vi sinh vat rudt mbi Viét Nam br:ing ky thuat
metagenomic. Két qua phan tich dir liéu DNA da hé gen cua vi sinh vat cho thiy khu
hé vi sinh vat rat phong pha khoang 1460 loai, véi 12 b phong phi nhét 1a
Spirochaetales, Lactobacillales, Bacteroidales, Clostridiales, Enterobactees,
Pseudomonades trong d6 c6 316 ORF c¢6 lién quan dén sy phan huay cellulose bao

gdm PB-glucosidase, licheninases, endoglucanases, cellobiosidases, va phosphorylase
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cellobiose [77]. Ciing bang k¥ thuat metagenomic, DNA da hé gen cua vi sinh vat
trong da c6 dé mot sb dia phuong & Viét Nam ciing di dugc Do TH va cong su (2018)
nghién ctru khai thac, két qua thu duoc 9 Gb DNA da hé gen trong d6 c6 816 ORF
ma hoa 11 ho GH cua cellulase [2]. Nam 2021, dir liéu DNA da hé gen cua vi sinh
vat sudi nudce nong Binh Chau da dugc xéac dinh c6 kich thudc 9,4 GB. Qua phan tich
d3 xac dinh duoc phan loai hoc vi sinh vat gdm 41 nganh, 57 16p, 128 bo, 245 ho,
825 chi va 2.250 loai khac nhau; bo dit liéu vé cac gen mi hoa cho cellulase gdm 82
trinh ty ma hoa cho endoglucanase, exoglucanase va f-glucosidase [78]. Nhu vay, vi
sinh vat tir cac h¢ sinh thai nhé ¢ qua trinh phan hay cellulose manh nhu rudt mbi,
da co dé hay sudi nudc néng da dugc nghién ctru thanh phan loai va nghién ctru khai
thac, tim kiém cic mé hoa cellulase. Trong nghién ctru ndy, chiing t6i tiép tuc sir dung
k¥ thuat metagenomic dé phén tich, danh gia da dang thanh phan loai va tim kiém céc
gen ma hoa cellulase tir DNA da hé gen cta khu hé vi sinh vat ¢ hé sinh thai c6 qué
trinh phan huay lignocellulose dién ra ciling rat manh mé d6 1a dat xung quanh khu
nam muc tring & vuon Qudc gia Ctic Phuong.

1.3. Nam muc tring va khu h¢ vi sinh vét xung quanh khu nAm muc tring
thuy phan lignocellulose

1.3.1. Nim muc tring

Lignocellulose 1 mot ngudn sinh khdi doi dao cung cap nguyén liéu cho nganh
san xuat nhién liéu va hoéa chat. Tuy nhién, qua trinh phan giai thanh phéan
carbohydrate ciia lignocellulose bi can trd bdi lignin. Pay 1a chat khé phan hity hoa
hoc va sinh hoc do lignin c¢6 dic diém cau trac hoa hoc phirc tap va cac lién két khong
théng nhat. C6 ba nhom ndm khac nhau voi tic dong va co ché phan giai
lignocellulose khac nhau di dugc xac dinh d6 1a ndm muc mém, nAm muc nau va
nam muc tring. Trong d6, nAm muc tring 1a nhém duy nhit c¢6 kha ning phan huy tat
ca cac thanh phan cua lignocellulose trong rom ra: lignin, cellulose va hemicellulose
[79]. Khi sdng trén gia thé g, nAm muc trang 13 nhom co6 kha nang phan hay lignin
hiéu qua nhét [80]. Kha ning ndy c6 dugc 1a do nAm muc cé hé thong enzyme ngoai
bao doc dao khong dac hi¢u cling nhu cac enzyme oxi hda ndi bao, tir dé nim muc
trang c6 thé khoang hoéa hoan toan co chat lignin thanh CO; [81] va phéan hily mot

loat cac chat khac nhau gdm cac chit doc gy 6 nhiém c6 mui thom nhu hydrocarbon
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da vong thom, polychlorinated biphenyls, thudc nhudém azo, thude trir siu va duoc
pham. Vi vy, nAim muc tring tham gia vao chu trinh carbon va déng vai trd quan
trong trong viéc cung cip chat dinh dudng trong cac ring nhiét d6i [82] dong thoi
nam muc trang va dat xung quanh khu nim muc tring ciing 1a mét ngudn quan trong
dé tim kiém cac gen phéan giai lignocellulase. Mot s6 nAm muc tring c6 kha ning
phan giai cac thanh phan cua g 1a Phanerochaete chrysosporium, Phanerochaete
carnosa, Pleurotus ostreatus, Pyctisnoparinusa cin, Stropharia coronilla va
Trametes versicolor [82].

1.3.2. Twong tdc giita ndm muc trang va khu hé vi sinh vit xung quanh nim
muc trd’ng

Cung hé sinh thai v6i ndm muc trang thi khu hé vi sinh vat dat xung quanh
nam muc trang ciing 1a ddi tuong tiém ning dé nghién ciru khai thac, tim kiém céc
gen moi ma hoa enzyme tham gia chuyén hoa cellulose [83]-[85]. NAm muc tring c6
kha nang phan giai cac thanh phan cua lignocellulose trong d6 kha ning phan giai
lignin 1 hiéu qua nhét. D& phan giai hiéu qua lignocellulose thi khong chi c6 sy tham
gia cia ndm ma con c6 ca khu hé vi sinh vat trong dat xung quanh khu nAm muc
trang. Hién nay, c6 nhiéu nghién ctru chirng minh vai trd cta vi khuan va ndm trong
thity phan lignocellulose nhung c4c cong trinh nghién ctru mdi twong tac chit ché
giita nam va vi sinh vat thi con khé it. Haq va cong su (2022) di nghién ciru xac dinh
quan x4 vi sinh vat xung quanh nAim muc tring Fomes fomentarius trén than cdy bach
duong. Két qua cho thay quan x4 vi sinh vat xung quanh nim nay déu dugc thong tri
boi Protobacteria tiép theo 1a Firmicutes, Actinobacteria, Acidobacteria va ¢ xung
quanh khu ndm muyc déu c6 do da dang vi sinh vat kém hon [3]. Trong nghién ctru
ctia Boer va cong sy khi danh gia anh hudng ctia nim gay bénh thdi tring 1én quan
X4 vi sinh vt trén cac khoi gd sbi vo trung nhan thiy vi khuan kém da dang hon &
moi trudng tuoi [86]. Nhu vay & cic mdi trudong chon loc nhu gb muc nat, giita nAm
va vi khuén c6 sy twong tac qua lai voi nhau dé ciing ton tai. Vi khuén thich tmg duoc
v6i diéu kién moi truong thuong xuyén thay doi va khic nghiét do nam tao ra, trong
khi ndm 14 sinh v4t nhin chuén c6 nhu cau dinh dudng cao hon, hé enzyme c6 kha
nang oxi héa cao hon nén phan hay lignocellulose tét hon [87]. Cac nha khoa hoc khi

tién hanh dong nudi cdy ndm muc tring véi vi sinh vat khac trong phong thi nghiém
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thi kha nang chuyén héa lignocellulose ctia ndm ting lén. Folman va cong sy da
nghién ctru anh hudng cia 2 nAm muc Hypholoma fasciculare va Resinicium bicolor
1én s6 luong va thanh phan vi khuan sinh séng trén cac khdi gb soi tir dat rimg. Tong
s6 vi khuan xung quanh va sb vi khuan song trén khéi gb c6 ndm muc trang 1a rét it
so voi tong sb vi khuan xung quanh khéi gb dbi chung. Piéu nay cho thiy ndm muc
trang da canh tranh voi cac vi khuan sdng trong cting khu hé sinh thai. Su c6 mit cia
nam muc tring din dén su thay doi twong ddi sb luong cac ho vi khudn xung quanh
cay gd [88]. Wieschen va cong su ciing d3 nghién ctru tvong tac gitra nAm muc trang
va vi khudn dit dya trén danh gia su phan huy cac hop chit gay 6 nhidm dét (1a cac
hidrocacbon thom da vong, gom 3 dang: ba, bén va nim vong. Hai loai ndm duoc thir
nghiém 1a Dichomitus squalens va Pleurotus ostreatus tiét ra luong enzyme phén giai
lignin 14 nhu nhau nhung P. ostreatus c6 kha ndng khoang hoa cac hydrocacbon thom
tdt hon, dic biét 13 céc hydrocacbon 5 vong thom. Trong khi do, vi sinh vat xung
quanh khu ndm muc trang lai ¢6 kha nang phan huy cic hop chat thom 3 vong va 4
vong thom mét cach manh mé&. Trong dong nudi cAy nAm muc tring va vi khuan, kha
nang khoang hoa cac hop chat gay 6 nhiém cia ca vi khuan dat va P. ostreatus bi han
ché mot phan do twong tac ddi khang nhung co ban van dugc duy tri. Do do, véi sy
c6 mit cua P. ostreatus dd lam ting dang ké qua trinh phan giai cac hydrocacbon
thom khdi lugng phan tir cao, dong thoi 1am giam sy khoang hoa ctia cac hop chat
thom khdi lugng phén tir thap [89].

Nhu véy, su thity phan lignocellulose ctia cac enzyme tir nAm muc trang dé ¢
hiéu qua cao thi thuong dugc két hop cing voi enzyme ciia cac vi sinh vat séng trong
cung khu hé sinh thai. Su twong tac gitta ndm va vi khuan séng trong cung khu vuc
c6 thé 12 quan hé hd trg va/hodc canh tranh [90]. Khi dong nudi cdy nam va vi khuan,
vi khudn khéng nhiing tiét enzyme dé nang cao hiéu qua thuy phan lignocellulose
cuing v&i ndm, ma vi khuan con gitp tao ra moi truong thuan loi cho ndm chuyén héa
lignocellulose, khong canh tranh ngudn dinh dudng véi ndm, sir dung cic chét co
phan tir lwrong thap tir ndm chuyén héa dé lam thire in, cung cdp ngudn nito cho nam,
gitip phong tranh nhiém vi sinh vat doc hai. Trong qua trinh ndm phén giai gb, diéu
kién moi trudong trd 1én rt chon loc ddi véi vi khuén do qua trinh acid hoa nhanh va

manh, 1a san pham cua cac phan ing oxy héa khir va su ¢c6 mat cia cac chat doc tu
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nam la san pham cta qua trinh chuyén héa th cap. Vi khuan ton tai trong nhing diéu
kién nay phai c6 nhitng dac tinh dac biét va méi mé. o) nhitng hé sinh théi trén can,
noi ma sy phan hity cac chat hitu co phirc tap 1a dang ké thi nAm ton tai nhiéu. Sy
xuét hién nhiéu cia nAm & hé sinh thai trén can co tac dong manh mé dén murc d6 tién
hoa cua cong dong vi khuan ¢ hé sinh thai nay. Mot mat, sy phan huy cac chit hiru
co phtrc tap nhu lignin da lam mat cac vi khuén cii, mat khac sy xuit hién cua nAim
d3 tao ra cac ching vi khuan méi tuong tng véi né.

1.4. Metagenomic va mdt sb cong cu tin sinh, co s& dit liéu dwoe sit dung
trong khai thic DNA da hé gen

Theo truyén théng, nghién ciru vé vi sinh vat thuong dua trén viéc nubi
cdy, tuy nhién viéc nay c6 mét sé nhuoc diém. Metagenomics 1a mot phuong
phap méi dé nghién ciru vé tong sd bo gen ciia quan x4 vi sinh vat trong mot moi
trudng cu thé bang cach sir dung sang loc chtrc ning gen hoic sang loc trinh tu.
Trong metagenomics, viéc nghién clru cac hé gen cua cac vi sinh vat trong mot
quan xa khéng chi cho biét vé di truyén, sinh 1y va hoa sinh cta cac vi sinh vat
ma con cung cap thong tin chi tiét vé vong tuan hoan dinh dudng va ning luong
trong quan xa, cau tric bo gen, chirc ning gen, di truyén quan thé va chuyén gen
gitta cac thanh vién ctia mot quan thé sinh véat khong thé nudi ciy. Nghién ctru
metagenomics dang phat trién nhanh chong trong y hoc, nong nghiép, bao vé méi
trrong va cac linh vuc khac.

Metagenomics cung cap thong tin vé chirc ning gen cia cac quan x4 Vi
sinh vat va do d6 dua ra mo ta rong hon nhiéu so véi cac khao sat vé ngudn goc
gen thudng chi dua trén su da dang ctia mot gen chang han nhu gen 16S rRNA.
Bing k¥ thuat metagenomics, cac thong tin vé chéat xuc tac sinh hoc hodc cac
enzyme méi, mdi lién két giita chirc niang va phat sinh loai ddi véi cac sinh vat
chua duoc nudi cay cé thé dugc phat hién. Metagenomics ciing 13 mot cong cu
manh mé dé tao ra cac gia thuyét méi vé chirc ning cua vi sinh vat nhu quang di
dudng dya trén sinh vat quang di dudng hoic vi khuan c6 oxy héa amoniac [91].

Pay con 1a cong cu duoc st dung dé khai thac cac gen ma hoa cac enzyme
m&i c6 ¥ nghia trong cong nghiép va san xuat ¢ cac dia diém khac nhau nhu: dat [83],

nudée, rudt moi [84], da co ctia dong vat nhai lai [85]...
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1.4.1. Cdc phwong phdp khai théic gen biang metagenomics

Metagenomics khai thac da hé gen theo hai hudng chinh 1a: (1) Thiét lap thu
vién DNA da hé gen va tir d6 phan 1ap gen va (2) dua trén dir liéu giai trinh tu truc
tiép DNA da hé gen dé tir d6 khai thac, tim kiém va phén 1ap gen. Trong d0, cach
nghién ctru dua trén dit liéu giai trinh tu truc tiép DNA da hé gen to ra co nhiéu vu
thé [85].

1.4.1.1. Phan lap gen tir thu vien DNA da hé gen

Cong nghé metagenomics trong giai doan dau ctia sy phat trién chu yéu dya
vao thu vién DNA da hé gen dé phan 1ap gen. Str dung phuong phéap nay da phat hién
nhiéu enzyme phan giai cellulose nhu: tir thur vién DNA da hé gen cia vi sinh vat
trong da co trdu c6 61 ORF khac nhau c6 hoat tinh cellulase da dugc phan lap, trong
do 13 ORF c6 hoat tinh endoglucanase [92]; tir thu vién DNA da h¢ gen cua vi sinh
vat séng trong chat thai ciia nha may gidy, co 7 gen ma hoa cellulase di duoc xac
dinh gdm: 2 ORF c¢6 hoat tinh endoglucanase, 3 ORF ¢6 hoat tinh exoglucanase va 2
ORF c6 hoat tinh B-glucosidase [70]; tir DNA da hé gen cua vi sinh vat trong da day
tho c6 11 ORF ma hoa enzyme c0 hoat tinh cellulase da duoc phan lap bao
gém: 4 ORF ma hoa endo-B-1,4-glucanase thuoc ho GH5 va GH3, 7 ORF ma hoa
B-glucosidase. Tur 102.000 ORF cua thu vién DNA da hé gen vi sinh vat rudt lon
Yorkshire, c6 11 gen ma hdéa cellulase, 4 gen ma hoa hemicellulase, 1 gen ma héa
polygalacturonase, 1 gen ma hda enzyme thudc ho mananase va 1 gen ma hoa
cellobiose phosphorylase da dugc phan lap [84]. Tur thu vién cosmid véi cac doan
chén 1a DNA da hé gen vi sinh vat dt bon phan hitu co kich thude trung binh khoang
33 kb gobm khoang 100.000 dong, Pang (2009) da tach dong dugc 3 gen gom umcel9A
kich thudc 1.852 bp, umcel9B kich thude 1.740 bp va umcel9C kich thudc 1.761 bp
déu ma hoa endoglucanase thudc ho GH9 va 1 gen umcel5A kich thudc 1.047 bp ma
héa endoglucanase thudc ho GH5 [70]. Ngoai ra, nhiéu gen khac ciing duogc sang loc
tur thu vién DNA da h¢ gen, vi du, tir khoang 930.000 dong ctia thu vién DNA da h¢
gen cua 3 mau dat khac nhau da sang loc dugc 5 dong thé hién hoat tinh 4-
hydroxybutyrate dehydrogenease trén moi truong co chat 4-hydroxybutyrate.

Mac du, metagenomics khai thac da h¢ gen thong qua xay dyng va sang loc

céc thu vién da hé gen 1a hudng tiép can khong qua phtc tap, it ton kém, tuy nhién
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no ¢6 3 han ché: (1) Su gi6i han cia cac hé thong sang loc; (2) khong phai tat ca cac
gen co thé duoc biéu hién mot cach hidu qua trong E. coli; (3) thu vién da hé gen c6
kich thudc bi giéi han. Ngoai ra, mot gen hoan chinh c6 thé thé hién hoat tinh t6t trén
co chat hay khong con phu thudc vao sy phit hop va vi tri gan két ctia né voi promoter
cua vector dung dé tao thu vién.

1.4.1.2. Nghién ciru khai thac gen tir DNA da hé gen

Hién nay, dé nghién ctru khai thac va tim kiém cac gen tiém ning tir dir liéu
DNA da hé gen, thuong c6 3 budc: (1) tach chiét va giai trinh ty cac mau DNA da hé
gen; (2) tap hop cac doan read ngin thanh cic doan contig dai; (3) st dung cic phan
mém chuyén dung dé udc doan chirc nang gen.

Trong cac nim qua, giai trinh tuy DNA da hé gen d dan chuyén tir cong nghé
giai trinh ty Sanger c6 dién sang giai trinh ty thé hé méi. Giai trinh tu Sanger dugc
coi 12 phuong phap chuan dé giai trinh tu vi ty 1& 1i thap, chiéu dai doc 16n (> 700
bp) va kich thudc chén 16n (> 30 Kb d6i voi fosmid hodc nhiém sic thé nhan tao cia
vi khuan). K¥ thuat nay vin c6 thé ap dung hiéu qua v6i muc tiéu tao ra cac bo gen
gan hoan chinh v6i do da dang thap, tuy nhién tén nhiéu cong stc, chi phi. Ky thuat
giai trinh tu thong luwong cao (High Throughput Sequencing - HTS) duoc ap dung
ngay cang nhiéu cho cac mau DNA da hé gen va c6 nhiéu danh gia tuyét voi. K¥
thuat HTS (454/ Roche va Illumina/Solexa) tao ra do dai doc trung binh 600-800 bp,
da dai dé chi gy ra cac sai khac nho trong mdi 1an chu thich [93]. Cho dén nay,
Illumina da san xuat dugc may giai trinh tw HiSeq 2500 m&i c6 kha ning cho 900
Gb-1Th/mbi 1an chay trong 6 ngay & ché do chay cong suit cao va 200 — 300 Gb/mdi
lan chay trong 60 gid & ché dd chay nhanh. Vi chi phi thap, do dai doc 16n va kha
nang ung dung cao trong nghién ctru metagenome thu nhén tir méi truong da lam cho
k¥ thuat giai trinh tw HTS bang cong nghé [llumina duoc sir dung ngay cang pho bién.
DNA da hé gen sau khi duogc giai trinh tu 1a cac dir li€u tho, cac dir li€u nay s€ duogc
chon loc dé thu dugc cac dit liéu tinh. Dit liéu tinh 13 cac doan trinh tu ngén riéng ré
(goi 1a cac read) duoc tap hop va lap rap lai thanh cac doan contig co kich thudc dai
hon [94]. Qué trinh sip xép cac read c6 thé dugc thuc hién theo 2 cach: lap rap dua
trén tham chiéu (dong lap rap) hodc lap rap de novo. Cac read sé duoc tap hop dua

trén trinh ty tham chiéu di c6 bang cac phin mém nhu Newbler (Roche), AMOS
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http://sourceforge.net/projects/amos/, hoac MIRA. Phuong phap nay c6 hiéu qua khi
bo dir liéu DNA da hé gen ctia mau véi bd gen tham chiéu sy nhiéu twong ddng. Tuy
nhién, su khac biét trong DNA da hé gen ctia mau so v6i tham chiéu c6 thé c6 nghia
la gen mau bi phan manh hodc cac ving khac nhau khong duge che phu. Mot luong
16n céc read ciing c6 thé duoc lap rap de novo dua trén so dd Bruijn. Tuy nhién,
phuong phap nay yéu cau vé bo nhd ciia may kha 16n, thoi gian vai ngay va déi véi
cac quan x4 vi sinh vat ¢ thanh phan chi va loai phtrc tap nhu méi truong dat thi viée
1ap rép va sap xép cac read kha kho khin va c6 nhiéu sai 1éch [95]. Céc read sau khi
duogc tdp hop va chinh sira s& duoc uwdc doan gen bang nhiéu phan mém chuyén dung
nhu  FragGeneScan (FGS), MetaGeneMark (MGM), MetaGeneAnnotator
(MGA)/Metagene...

Céac gen cua DNA da hé gen dugc du doan vé don vi phan loai cia gen va chuc
nang gen. Dya vao muc do twong dong cua trinh tu DNA da hé gen ctia mau thu duoc
voi cac trinh tu cua cac CSDL tham khao s€ uéc doan duoc don vi phan loai va chic
nang cua cac gen. Hién nay CSDL vé don vi phén loai cta gen thudng dung 14 CSDL
NR (1a CSDL chura céc trinh ty non — redundant tir ngan hang gen cung véi cac trinh
tu tr cac dir liéu ngan hang khac nhu Refseq, PDB, SwissProt, PIR va PRF), cac
CSDL vé chtrc ning gen dang tin cdy nhu: Kyoto Encyclopedia of Genes and
Geneomes (KEGG) (https://www.kegg.jp) 1a CSDL phan loai chirc niang gen theo
con dudng chuyén hoa [96], evolutionary genealogy of genes: Non-supervised
Orthologous Groups (eggNOG) la CSDL phan loai chirc ning theo tién hoa ciia gen
[97], Clusters of Orthologous Group (COG) la mét hé thng cta cac ho gen tir cac
genom hoan chinh [98], KOG- eukaryotic orthologous groups 1a CSDL tir 7 h¢ gen
ctia sinh vat nhan chuén: 3 loai dong vat, 1 loai thuc vat Arabidopsis thaliana, 2 loai
nam va cac ky sinh tring ndi bao, CSDL protein families (PFAM) la CSDL vé céc
ho protein [99].... Tuy nhién, khdng c6 mot CSDL nao chira day du tat ca cac thdng
tin vé don vi phén loai va chirc ning sinh hoc ctia gen trong DNA da hé gen. Nén viéc
hop nhét cac CSDL trong mdt chuwong trinh duy nhét 13 can thiét va da duogc trién
khai trong phién ban méi nhat cia MG-RAST va IMG/M [100].

1.4.2. Mt s6 cong cu tin sinh dé khai thic div liéu DNA da hé gen

1.4.2.1. Sir dung BLAST dé so sanh véi CSDL ciia NCBI
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BLAST (Basic Local Alignment Search Tool)
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) 1a mét trong cac cong cu phd bién ding
trong sinh hoc tinh todn, dua trén thuat toan tim kiém nhitng trinh ty axit
nucleic/protein twong ddng lwu trir trén nhiéu CSDL. Khi CSDL phu hop dugc dua
vao, BLAST s& tim kiém trong ngan hang NCBI cac chudi gidng v6i chudi ban dau.
C6 5 loai BLAST co ban bao gdbm BLASTn tim kiém c4c trinh tu nucleotide tuong
ddng voi trinh ti nucletide cia DNA dau vao trong CSDL DNA, BLASTp tim kiém
tat ca trinh ty axit amin twong dong vdi trinh tu axit amin ciia protein dau vao trong
CSDL protein, BLASTx tim kiém c4c protein tiém ning dwgc mé hoa béi cac chudi
nucleotide dua vao, tBLASTN tim kiém céc trinh tu nucleotide ma héa protein twong
ddng véi protein dua vao, tBLASTx tim kiém céc trinh ty nucleotide twong tu nhu
trinh tu dua vao dua trén cac protein ma chiing ma hoa. Trong nghién ctru vé DNA
da hé gen, sau khi du doan duoc cac gen ma héa enzyme dich c6 thé st dung cong cu
BLASTp dé du doan don vi phan loai loi ciia gen, chii thich chitc nang gen hay diéu
tra viing bao ton cia mdi enzyme do ORF ma hoa [101].

Dé dy doan cac muc do phan loai cua loai, cac ORF trong dit liéu DNA da h¢
gen ciia mau dugc so sanh cac ORF vai CSDL NR dé tién hanh phan loai. Ngoai ra,
don vi phan loai ctia loai con duoc du doan bang phin mém MEGAN (MEtaGenomic
Analyser). Cap d6 phan loai l0ai ctia mdi trinh ty dugc x4c dinh bang thuat toan LCA
(Least Common Ancestors). Thut todn nay sé can cr vao mirc d bao thu cua trinh
tu gen dé xép gen d6 vao cac nhom phan loai loai khac nhau. Dé dy doan chirc ning
gen, céc trinh ty amino acid twong trng dugc so sanh véi mot s6 co s& dir liéu nhu:
KEGG, eggNOG, Swiss - Prot, COG, GO, CAZy, ARDB... Cac CSDL nay s¢€ duoc
phéi hop v6i nhau dé dua ra du doan chung nhit vé chirc ning cia gen.

1.4.2.2. Phan tich cdc viing chitc ndng ciia ORF bang HMM profile

Céc protein dé thuc hién dugc chtrc ning xuc tac sinh hoc, chiing thudng co
mdt hodc nhiéu vung churc ndng, thuong duogc goi 1a vung (domain). Viéc xac dinh
cac vung chirc nang co trong protein cé y nghia quan trong trong viéc nang cao kha
ning xc tac cia protein cling nhu tng dung trong san xuit cong nghiép. Co so dit
liéu Pfam (http://pfam-legacy.xfam.org/) 1a mot t6 hop cac ho protein va ving chirc

nang cua protein dugc st dung rong rai dé phan tich cac h¢ gen, da h¢ gen va dé dinh
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huéng thir nghiém trén cac protein va hé thong cu thé [102]. Pfam dya trén mé hinh
Markov 4n (cau hinh HMM) cua cac ving chirc ning cua protein hoan chinh. Viéc
xac dinh cac ving chirc ning cta protein, cic thanh vién trong ho protein va su bat
cap la dua trén sy tuong déng vé trinh tu va cac cAu hinh HMM dé xé4c dinh chinh
xac va sip xép cac thanh vién [103]. M6 hinh dai dién HMM khong chi tinh toan trén
mot diém bat cip ma con tinh todn téng cac x4c suét trén toan bd tap hop bat cap. M6
hinh dai dién HMM cho biét thong tin cu thé vé céc vj tri trong trinh ty, loai géc axit
amin hay nucleotide nao Xuét hién nhiéu nhét, kha nang Xuét hién cac dot bién chén
hodc mét, vi vay cach tiép can nay co nhiéu thuan lgi. HMM dic biét ¢6 y nghia khi
nghién ctru vung chirc nang cua cac ho, khi ma co thé sir dung mot mo hinh dai di¢n
cho mot ho gdm hang trim trinh ty riéng 1é trong ddng [104]. Tuy nhién, viéc trién
khai mé hinh dai dién HMM trudc day cham hon BLAST khoang 100 lan. Diéu nay
lam giam hiéu qua ctia chung, vi téc d6 tinh toan rat quan trong véi kich thudc ngay
cang tang nhanh chong ciia CSDL hién dai. Hién nay da c6 phan mém méi 1a
HMMERS gilp tim kiém nhanh nhu BLAST, trong khi van giir duoc sttc manh cia
viéc sir dung cong nghé suy luan xac suét. Trong mo hinh dai dién HMM, dé tim kiém
nhiing trinh ty twong dong, két qua ban dau duoc loc véi gia tri E (e-value) nho hon
e0, ty 1 chiéu dai doan twong dong dung dé tim kiém so voi chiéu dai mé hinh d6
16n hon 0,75 va ty I¢ gia tri bias:score nho hon 0,1. M6 hinh dai dién HMM chuyén
két qua so sanh da trinh ty thanh mot hé théng diém (score) dic trung cho timg vi tri,
tir d6 co thé str dung dé so sanh trinh tu, tim kiém trong CSDL céc trinh tu tuong
ddng. Hién nay, Pfam khép v6i 72% trinh tu protein da biét nhung ddi véi cac protein
6 cAu triic da biét thi Pfam khép v6i 95% [105]. Bé du doan cac ving chirc ning cia
gen dua trén CSDL Pfam, cdc trinh ty protein quan tdim duoc tap hop dudi dang file
fasta va gui 1én trang web cua HMMer (
https://www.ebi.ac.uk/interpro/search/sequence/) gia tri e — value dugc sir dung la
1.0, két qua s& tra vé dia chi e-mail c4 nhan sau 2 — 3 ngay tuy thudc sé luong, chiéu
dai cac trinh tu va s6 lugng cc ving chirc nang trén céc protein dich.

1.4.2.3. D dodn mirc do biéu hién cia gen trong E. coli

Mirc d6 biéu hién ciia protein tai to hop trong vat chu E. coli ¢6 ¥ nghia quan

trong. Muc do bi€u hién nay c6 vai tro quan trong trong viéc thu dugc cac protein &
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dang hoa tan va hoat tinh ciia cAc protein dich. Mitc d¢ biéu hién nay trong khoang
chu chéit chju 4nh huong cua nhiéu yéu t6 khac nhau nhu: trinh tu axit amin, cac doan
peptide tin hiéu [106], téc dd gip cua protein [107]... Mot sb thuat toan va cong cu
tinh toan da dugc phat trién dé du doan kha niang hoa tan cia protein va toc do gip
ctia protein dya trén méi twong quan giira trinh ty axit amin va hai dic tinh quan trong
nay cua protein [108], [109]. Gan day, Periscope (Periplasmic expression classifier
for soluble protein expression) dugc xem nhu mot cong cu du doan mirc do biéu hién
clia gen ngoai lai trong té bao vi khuan E. coli. Phan mém dy doan mirc d6 biéu hién
gen Periscope dya trén mé hinh SVM (Support Vector Mechine) gdm 4 budc: (1)
Xay dung hé thong CSDL. Thay vi sir dung cdc CSDL c¢6 san nhu cac phan mém dy
doan khac, Periscope str dung cac dit liéu thuc té thong qua cac cong trinh cong bd
trén thu vién NCBI. Protein co nff)ng do 100 mg/l hoac 16n hon dugc dinh nghia la co6
muc dd biéu hién cao, mic d6 biéu hién thép co néng do 0,5 mg/l hoac nho hon.
Nhiing gia tri & gitta hai mbc nay duogc coi 1a c6 mirc do biéu hién trung binh. CSDL
nay duoc phan tach ngiu nhién thanh hai bo dé xay dyung va kiém dinh thir mé hinh
udc doan véi ti 1& 1an luot 12 85%:15%. (2) Xay dung bang thudc tinh va sang loc
thudc tinh. Co tat ca 7903 thudc tinh trich tir trinh ty amino acid duge xac dinh dé
xay dung 1én Periscope. (3) Thuat toan SVM cho md hinh phan biét va hdi quy. (4).
Kiém dinh hiéu suat ciia mé hinh.

Dé cung cip quyén truy cap vao cong cu du doan hai giai doan Pericsope nay,
mot may chii web truc tuyén (http://lightning.med.monash.edu/periscope/index.jsp)
d3 duogc thiét ké twong d6i dé st dung. Khi nguoi dung giri cac trinh tu axit amin,
Periscope thuc hién du doan bang cach sir dung cac mo hinh d3 xay dung va sau d6
tra vé muc do biéu hién va luong protein hoa tan dugc du doan trong khoang chu chét
cta E. coli. N6 cho phép gui t6i da ndm chudi truy van ¢ dinh dang FASTA mdi lan
guri va khong c6 gi6i han vé d6 dai ciia chudi truy van. Periscope véi ciu triic hai giai
doan con c6 thé dy doan dinh lurong cac protein hoa tan trong E. coli. Dua trén trinh
tur axit amin duoc cung cip cta peptit tin hiéu va protein dich, Periscope c6 thé phan
loai biéu hién cua protein dich dang tan thanh ba muc do: biéu hién cao, trung binh
hoic thap va du doan thém luong protein hoa tan trong E. coli, tinh bang don vi mg/I.

Céc két qua nay co thé truy xuét truc tiép hodc giri vé email cua ngudi ding.
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1.4.2.4. Ubc dodn cdu tric khdng gian va vi tri gan co chdt cia enzyme

Dé uéc doan cu tric khong gian cia cac chudi protein, cé thé sir dung nhiéu
phan mém. Trong do, Phyre2
(http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index) 1a phan mém dé& sir
dung, dua lai két qua trong thoi gian ngin. Phyre 2 dya trén cac nguyén tic twong
ddng & cac ving bao ton cao cua protein, cho phép du doan cau trac khong gian cia
protein & cac cip do khac nhau, chirc ning, ngudn gdc cua protein.... Trinh ty axit
amin cua cac protein dich dugc quét voi CSDL cac trinh tu protein va tim kiém sy
tuong ddng trong ciu trac bac hai, cAu trac bac ba cia cac protein d6 va xuat ra két
qua. Pé dy doan ciu tric khdng gian cia protein, ngudi dung sé nhap Cac trinh ty
chudi axit amin dinh dang fasta (thuong tdi da 13 100 trinh tu trong 1 1dn) va cho
khoang thoi gian nhét dinh (tuy thudc vao chiéu dai chudi, s luong trinh tu twong
dong, tan s lap lai...) cong cu s& dwa ra mot dy doan vé cdu trac khong gian cia
protein. Két qua du doan sé duoc tra vé e-mail dang ky. Két qua nhan duoc cho biét
chtrc ndng cua protein dang nghién ctu dya trén chirc ndng ctia gen khuon, dg bao
pht so v6i gen khudn mau va do tin cdy cta két qua thu duoc. Cac gen khudn dugc
sap xép theo chiéu giam dan ciia d6 trong dong. Két qua ciing cho thiy céac ciu tric
bac hai cua protein dich so vdi cAu trac bac 2 cta khudn, ciu tric cua protein trong
khong gian ba chiéu va mot sd cic trinh tu axit amin dic biét 1a ving bao thu cia
protein dich. Cac cau triac khong gian va trinh ty axit amin ndy c6 vai trd quan trong
trong viéc thé hién chtrc nang cua protein [110].

1.4.2.5. Du dodn kha néng chiu kiém/axit ciia enzyme

Gia tri pH c6 vai trd quan trong, anh huéng dén kha ning xtic tic clia enzyme.
Hau hét cac enzyme hoat dong tot trong pham vi pH tir 6 dén 8, mot s6 enzym cu thé
chi hoat dong tdt trong diéu kién axit manh (nghia la pH < 5,0) hoac kiém manh (tirc
la pH > 9,0). Zhang va cong su da trinh bay mot mé hinh ngau nhién dé phén biét cac
enzyme axit v6i cac enzyme kiém bang cach str dung thong tin vé trinh ty va céu tric.
Mo hinh c6 thé dat duge do chinh xac tong thé 1a 90,7% trong qua trinh x4c nhan
chéo 10 lan. Tuy nhién, d§ chinh x4c van chua nhu mong doi. Hon nita, ho khong
cung cép may chu web dé cic nha khoa hoc thuc nghiém cé thé thu duoc két qua

mong mudn biang cach ap dung cac phuwong phap cta ho [111]. Gan day, Fan va cong
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su da thiét ké may cha web mién phi goi 1a Pred-enzyme dé du doan cac enzyme c6
tinh axit va kiém. Cong cu du doan co thé dat dugc d6 chinh xac téng thé 14 94,01%
trong qua trinh xac nhan chéo 10 1an. Tuy nhién, cong cu du doan cua ho can thong
tin vé ban do ngir nghia gen (GO). Trong khi hau hét cac protein khong ¢ thong tin
GO (<50%) [112]. Néu mét protein truy van chua dugc chu thich trong CSDL GO
va chua c6 thong tin vé ban do ngit nghia gen thi dy doan voi mé hinh sé& khong kha
dung. Khic phuc nhimg nhuoc diém nay, nham du doan trude diéu kién pH tbi wu
cho hoat dong cuia cac enzyme, mdy chu tryc tuyén AcalPred di duoc sir dung
(http://lin.uestc.edu.cn/server/AcalPred). Khi ta cung cip céc trinh tu chudi protein
dang fasta, phan mém sé& tra vé két qua 1 hai chi s6 thé hién kha nang chiu kiém va
kha ning chiu axit ctia protein sau 1 — 3 phat [113]. Néu protein ¢6 chi sb chiu kiém
1a tir 0,5 — 1 va chi sb chiu axit tir 0 — 0,5 thi enzyme d6 hoat dong t6t trong moi
truong kiém va gid tri chiu kiém cang gan 1 thi enzym hoat dong t6i wu trong moi
truong cang kiém cao va nguoc lai. Cac enzyme c6 chi sé chiu kiém tir 0 — 0,5, chi
sb chiu axit tir 0,5 — 1 thi enzyme do6 hoat dong tdt trong moi truong axit. Phan mém
nay cho phép nguoi dung udc doan cung lic hang tram trinh ty acid amin khac nhau.

1.4.2.6. Du dodn kha nang chiu nhiét cua enzyme

Viéc du dodn kha nang chiu nhiét cua enzyme c6 vai tro quan trong vi day la
tién dé cho viéc lwa chon duogc cac enzyme chiu nhiét ¢ tiém niang ung dung cao
trong cac hoat dong san xuit cong nghiép [114]. Pé thuc hién viéc ndy, phdn mém
mién phi TBI ctia Pai Loan, Trung Quéc di duoc thiét ké dua trén tong hop cac dic
diém chiu nhiét cua protein dd nghién ctru nhu trinh ty, thanh phan axit amin cia
protein, lién két hidro giita cac phan tir, trong tac ky nudc, luc Van de waals... va
cc enzyme tir cac Vi sinh vat sng & cac sudi nude nong tir 46 xay dung vector hd
tro cho viéc du doan dac tinh nay [115]. Enzyme dugc du doan chiu nhiét & ba mirc
la dudi 55°C, 55 — 65°C va trén 65°C. Véi phan mém TBI, nguoi dung cd thé ude
doéan cung luc kha nang chiu nhiét cua nhiéu trinh ty axit amin khac nhau.

1.4.3. Mét s6 co s6 di liéu

1.4.3.1. The National Center for Biotechnology Information (NCBI)

Trung tdm Thong tin Coéng nghé Sinh hoc Qudc gia (NCBI)
http://www.ncbi.nlm.nih.gov tai Vién Y hoc Quéc gia Hoa Ky dugc thanh lap dé phat
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trién hé thong thong tin cho sinh hoc phan tir. Ngoai viéc luwu trit CSDL trinh ty axit
nucleic cia GenBank®, NCBI ¢on cung cip cac phan tich va truy xuat dit liéu trong
GenBank va céac dir li¢u sinh hoc khac dugc thuc hién thong qua trang web cua NCBI.
Céc tai nguyén NCBI bao gém Entrez, tién ich 1ap trinh Entrez, MyNCBI, PubMed,
PubMed Central, Gene, trinh duy¢t phan loai NCBI, BLAST, Lién két BLAST
(BLink), Primer-BLAST, COBALT, Splign, RefSeq, UniGene, HomoloGene,
ProtEST, dbMHC, dbSNP, dbVar, Epigenomics, Co quan ding ky kiém tra di truyén,
bd gen va cac cong cy lién quan, trinh xem ban db, trinh tao mé hinh, trinh xem bang
chimg, luu trit theo ddi, luu trit doc trinh tu, dy 4n sinh hoc, mau sinh hoc, cong cu
dinh kiéu gen retrovirus, co s dit lidu twong tac protein HIV-1/nguoi, biéu hién gen
Omnibus, tham do, di truyén Menden truc tuyén ¢ dong vat, co s¢ dir licu mé hinh
phan tir, co so dit li€u mién duge bao ton, cong cu truy xudt cu trac mién bao ton,
hé théng sinh hoc, cac cum protein va co s¢ dir liéu phan tur nho. Nhiéu ung dung
web bo sung cho cac chuong trinh BLAST duoc t6i wu hoa dé tim kiém cac dir lidu
chuyén biét. Tat ca cac tai nguyén nay co thé duoc truy cap thong qua trang chu cia
NCBI.

1.4.3.2. KEGG (Kyoto Encyclopedia of Genes and Genomes) [116]

KEGG la CSDL tich hgp gdm 16 CSDL duoc hién thi bing ma mau cua cac
trang web va phan loai thanh CSDL vé chirc ning clia cac cau trac sinh hoc nhu té
bao, sinh vat va h¢ sinh thai, cac thong tin tur cép bd gen va phan tir. Thong tin bd gen
duogc luu trir trong CSDL GENES 12 tap hop tat ca cac bo gen duoc giai trinh ty hoan
toan va mot sd bd gen dugc giai trinh ty mot phén vo1 chl giai cap nhat vé céc chuc
nang cua gen. Thong tin chirc nang bac cao dugc luu trir trong CSDL PATHWAY,
CSDL nay chira cac biéu dién d6 hoa cua cac qua trinh trong té bao nhu trao d6i chat,
van chuyén mang, truyén tin hiéu va chu ky té bao. Co so di lieu PATHWAY duoc
bd sung boi mot tap hop cac bang nhoém sinh vat nhan so/nhan chuin don bao cho
thong tin vé cac con duong dugc bao ton, thuong duoc ma hoa béi cac gen lién két
vi tri trén nhiém sic thé va dic biét hiru ich trong viéc du doan cic chic ning cua
gen. CSDL thtr ba trong KEGG 1a LIGAND cho thong tin vé cac chit hoa hoc, phan
tr enzyme va phan ung enzyme. KEGG cung cip cac cong cu do hoa Java dé duyét

ban do gen, so sanh hai ban do6 gen va thao tac trén ban d6 bi€u hién, cling nhu cac
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cong cu tinh toan dé so sanh trinh tu, so sanh d6 thi va tinh toan duong dan. CSDL
KEGG duwoc cdp nhit hang ngdy va duwoc cung cdp mién phi
(http://www.genome.ad.jp/kegg/). KEGG ciing chira cac thong tin vé strc khoe nhu
céc bénh, thube cling nhu nhitng cac san phém sinh hoc khac. CSDL KEGG da duoc
Phong thi nghiém Kanehisa thudc Pai hoc Kyoto phat trién tir nam 1995 va hién la
CSDL tham chiéu ndi bat dé tich hop va giai thich cac dit liéu phan tor quy mo 16n
duogc tao ra bang giai trinh ty bo gen thong luong cao.

1.4.3.3. Pfam (Protein families database)

Pfam 1a CSDL vé cac ho protein duoc st dung rong rai, chira 14.831 ho dugc
xép theo cach thu cong trong phién ban 27.0. Trong nhitng nim gan ddy, s6 luong ho
da tang 1&n 17.929 ho trong phién ban 32.0 va CSDL nay lién tuc duoc cai thién. Mdi
ho protein dugc xac dinh qua 2 trinh ty va mot mé hinh dai dién HMM. Mo hinh
HMM 142 mé hinh x4c suit, dugc xay dung tir mot tap hop cac trinh ty c6 cac doan
dic trung cho ho protein. Viéc xay dung md hinh dic trung nay rat can thiét vi n6
cung cép nén tang cho cac hiéu biét vé& cac amino axit dic biét, khoang tréng va do
dai trong méd hinh HMM. Trong Pfam, md hinh HMM duoc tim kiém dua trén mot
tap hop chudi 16n UniProt Knowledgebase (UniProtKB) [117] dé tim tat ca cac dic
trung cho ho protein. Cac vung trinh ty dat diém cao hon ngudng duogc cho la dac
trung cho ho protein. Mo hinh dai dién HMM dugc xay dung va tim kiém bang phan
mém HMMER (http://nmmer.janelia.org) [118]. Dit liéu pfam c6 san & nhiéu dinh
dang bao gom tép (lay tir co so dit lidu MySQL) va bang tuong quan, ca hai déu c6
thé duogc tai xudng tir trang FTP (ftp:/ftp.sanger.ac.uk/pub/co s dit liéu/Pfam).
Trang web Pfam (c6 tai hé théng may chi & Anh http://pfam.sanger.ac.uk/, hé théng
may chii & My http://pfam.janelia.org va Thuy Dién (http://pfam.sbc.su.se/)) cung cap
cac cach khac nhau dé truy cap nodi dung CSDL, cung cép biéu dién dd hoa va quyén

truy cap, tuong tac vao dir liéu.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Vit li¢u, hoa chat

2.1.1. Poi twong nghién ciru

Cac mau dat man xung quanh nim muc trang thay phan manh than cay g
trong Vuon Qudc gia Cuc Phuong ¢6 vi tri dia Iy GPS 20.27776; 105.71137. Céc
mau dat nay duoc liy vao mua mua (thang 5 — 6 trong nim) trong ban kinh 10 km.
Nhiét d6 trung binh ¢ Cuac Phuong 13 20,6°C, d6 4m va lugng mua hang nim lan luot
1a 90% va 2138 mm. Pay 1a khu bao ton thién nhién 16n nhat va c6 d6 da dang sinh
hoc cao ¢ Viét Nam. 45 mau dat man (mdi mau lay khoang 100 g) xung quanh khu
vuc ¢6 nam muc trang phan hay gd da duoc thu thap (Hinh 2.1). Gia tri pH cua céac
mau dét nay dao dong trong khoang 6,9 — 7,3. Cac mau dat muin duoc bao quan trong

hop d4 & 4°C va chuyeén vé phong thi nghiém.

Hinh 2.1. Céc vi tri mau dat mun xung quanh khu nam muc trang

duwoc thu thap

2.1.2. Pia diém nghién ciru

Phong K¥ thuét di truyén, Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc
va Cong ngh¢ Viét Nam

2.1.3. CAc chiing vi sinh vit, plasmid va cdp méi sir dung trong nghién ciru

- Céc chung vi sinh vat: chung E. coli DH10B (F-mcrA A(mrr-hsdRMS-
merBC) ®80lacZAM15 AlacX74 recAl endAl araD139 A(ara leu) 7697 galU galK
rpsL nupG A-) cua hang Invitrogen (M¥) dugc sir dung cho thi nghiém tach dong gen.
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Cac chung E. coli BL21 (DE43) (F ompT hsd Sg (rs" mg’) gal dcm (DE3),
Rosetta 1 (F ompT hsd Sg (rs" ms’) gal dem (DE3) pRARE (AmR), JIM109 (DE3)
(endAl recAl gyrA96 thi hsdR17 ( rk” mk*) relAl supE44 A— A(lac-proAB) F’
traD36 proAB laclqZAM15 ADES3, E. coli C43 (DE3) (F- ompT gal dcm hsdSB (rg’
mg’) (DE3), Soluble (DE3) (F- ompT hsdSg (rs” mg™) gal dcm (DE3)+ (Lucigen),
nhan tir phong thi nghiém Hoa sinh, Pai hoc Téng hop Saarland (CHLB Diic) duoc
sir dung 1am chang biéu hién trong thi nghiém biéu hién gen.

- Plasmid: Vector pET22b(+) ctia hang Novagene (My) dugc sir dung lam
vector biéu hién gen gh3s2 trong cac chang biéu hién E. coli. Vector pET22b(+) c6
chiéu dai 5493 bp va c6 chaa day da cac thanh phan can thiét phuc vu cho muc dich
tach dong va biéu hién nhu: Trinh ty khéi dau sao chép (ori), gen chi thi chon loc
(gen khang khéang sinh Ampicillin - amR), gen quy dinh chudi tin hiéu tiét pelB dau
N cua protein c6 tac dung hudng protein ngoai lai tong hop ngoai té bao té bao, ving
da n6i MCS (Multiple Cloning Site) c6 chira diém cit ciia mot sé6 enzyme cat han ché,
phia sau vi tri nay con c6 mot doan trinh ty ma héa cho 6 axit amin Histidine (dudi
His-tag) dé thuan loi cho qua trinh tinh sach protein bang cot sac ki i luc, promoter
T7 kiém soat qua trinh phién ma, gene lacl ma hoa protein tc ché lac, lacO giup diéu
hoa qué trinh phién ma.

- Cap moi khuéch dai gen 16S rDNA cua vi khuan:

27F: 5-GAGTTTGATCCTGGCTCAG-3'

1527R: 5'-AGAAAGGAGGTGATCCAGCC-3'

2.1.4. Héa chiit va thiét bj

- C4c hoa chat: Tris-HCI, sodium EDTA, sodium monohydrogen phosphate,
sodium chloride, acrylamide/bis-acrylamide, APS, SDS, TEMED, ethidium bromide,
methanol, ethanol, phenol, chloroform, isoamylalcohol, isopropanol, esculine,
PNPG, isopropyl - D- thiogalactopyranoside (IPTG), acetic acid, calcium chloride,
sodium carbonate, potassium chloride, potassium acetate, 2-mercapto-ethanol,
sodium hydroxide, bromophenol, glycine, imidazole, disodium hydrogene phosphate
dodecahydrate, sodium dihydrogene phosphate dihydrate, nickel (1) chloride va mét

s6 hoa chat thong thuong trong phong thi nghiém sinh hoc phan tu.
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- Cac enzyme duoc str dung: Enzyme cit han ché Ncol va Xhol (Fermentas,
MY), enzyme cellulase 0,05U (Sigma, M¥);

- May mac, thiét bi: May giai trinh tu thé hé mai HiSeq 2500 (I1llumina HiSeq,
San Diego, My), may doc ELISA ELx800 (BioTek, My), may Nanophotometer P330
(Implen, Btrc), may Qubit™ 4 fluorometer (Thermo Fisher Scientific, M), may PCR
(Applied Biosystems, M¥), tu nudi ciy té bao, may lac té bao (Multitron, Puc), ta lic
on nhiét (New Jersey, M¥), may li tim nho, may li tam 16n (Sorvall RC5B, M¥), bé
on nhiét (M¥), bé dién di, thiét bi bién tinh protein, may do UV (Bio-Rad, M¥), can
dién tur, can phéan tich (Precisa, Thuy Si), may do pH (Hana Instrument, My), may hat
chan khong speed Vac Sc 110 (Savant, M¥), cot sac ki i luc Hitrap (Healthcare,
Thuy Dién), tu lanh sau -80°C(Panasonic, Nhat), may NanoDrop (Implen, Buc), May
quang pho UV-VIS 1650 (Shimadzu, Nhat Ban).

2.1.5. Méi truwong nuéi cdy va mét sé dung dich dwoc si dung

2.1.5.1. Méi truong nudi cdy

* Cac thanh phan méi truong nudi cdy: Cao nam men, bacto peptone,
potassium monohydrogen phosphate, potassium dihydrogen phosphate (Merck,
buc), agar (Himedia, An Do), glucose, glycerol, sodium chloride (GH tech, Trung
Quéc).

- Moi trudong LBA long: 0,5% cao nam men; 1% bacto peptone; 1% NaCl hoa
tan véi nudc cat mot lan bd sung ampicillin dén ndng d6 cudi cung 1a 100 pg/ml.

- M6i trudng LBA dic: Moi truong LB long bd sung thém 1,5% agar va duoc
bo sung ampicillin dén néng d6 cudi cung 1a 100 pg/ml.

- Moéi truong TB: 1,2% bacto peptone; 2,4% cao nam men; 72 mM K>HPOy;
17 mM KH2PO4; 0,4% glycerol; sau d6 bo sung ampicillin dén nong do cubi ciing 1a
100 pg/ml.

- Moéi truong TB cai bién: 1,2% bacto peptone; 2,4% cao nam men; 72 mM
K2HPO4; 17 mM KH2POq; 0,24% glucose; sau d6 bd sung ampicillin dén nong do
cudi cung 1 100 pg/ml.

- Mbi truong SB: 3,2% bacto peptone; 2% cao nAm men; 0,5% NaCl; sau d6

bo sung ampicillin dén néng d6 cudi cung 1a 100 pg/ml.
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- Mbi trudng PE: 1% cao nam men; 2% bacto peptone; sau do bd sung
ampicillin dén ndng d6 cubi cung 1a 100 pg/ml.
2.1.5.2. Mot s6 dung dich dvoc sir dung

- Céc dung dich tach chiét DNA plasmid tir E. coli: gém dung dich I (50 mM
glucose; 25 mM Tris-HCI, pH 8,0; 10 mM EDTA, pH 8,0), dung dich Il (0,2 N
sodium hydroxide; 1% SDS), dung dich 11l (3 M potassium acetate; 11,5% acetic
acid). Dung dich phenol: chloroform: isoamylalcohol ty 1¢ theo thé tich twong tng
25:24: 1.

- Dung dich str dung trong dién di DNA gém dung dich TAE 50 lan (24,2 g
Tris-base; 5,71 ml acetic acid; 10 ml EDTA 0,5 M, pH 8,0: b6 sung nudc dén 100
ml). Dung dich nhuom gel ethidium bromide (EtBr) 0,5 g/ml. Dung dich sur dung
trong dién di protein gom dém xu Iy mau protein 6 lan (7 ml Tris-HCI 1 M, pH 6,8;
3 ml glycerol 100%; 1 g SDS; 0,6 ml 2-mercapto-ethanol; 1,2 mg bromophenol).
bém chay dién di protein (0,05 M Tris; 0,192 M glycine; 0,1% SDS; pH 8,4). Dung
dich coomassie (coomassie brilliant blue 0,1% wi/v; methanol 30% v/v; acetic acid
10% v/v). Dung dich tay chat nhuém coomassie (methanol 40% v/v: acetic acid 10%
VIV).

- Dung dich tinh ché protein gém dung dich can bang cot 1a dém PBS 50 mM
pH7 khéng chira NaCl (gém 0,45 mM KCI; 1,67 mM NaxHPO4; 0,3 mM KH2POy,),
dung dich rira mau (gém 0,45 mM KCI; 1,67 mM NaHPO4; 0,3 mM KH2PO4; bd
sung 20 mM va 50 mM imidazole) va dung dich thu mau (gom 0,45 mM KCI; 1,67
mM NazHPO4; 0,3 mM KHPO4; b6 sung 300 mM imidazole) va mot sé6 dung moi
hiru co khac.

2.2. Phuwong phap nghién ctru

Pé tai duoc thuc hién theo cac budc co ban nhu Hinh 2.2.

2.2.1. Cac phwong phdp Vi sinh va sinh hoc phén tir

2.2.1.1. Tach chiét DNA da hé gen cua vi sinh vat dat

Cac mau dat mun da thu thap duoc tron déu, sau d6 hoa vao dém PBS 1X, pH
7,4 va tién hanh ly tm phan pha véi céc téc do khac nhau dé tach so bd mau ding
cho tach chiét DNA da hé gen. Mau duoc ly tdm 500 vong/phut trong 10 phit dé cac

tap chat kich thuéc I6n co trong dat ling xudng, thu dich ndi va bo can. Sau d6 ly tam
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2 1an, mdi l1an ly tam 600 vong/phdt trong 10 phit dé loai bo dan cac tap chat ton tai
trong dét. Tiép tuc ly thm 5000 vong/phut trong 1 phat dé thu dugc mau dung cho
tach chiét DNA da hé gen. Hoa toan bd mau thu duoc véi dung dich PBS 1x pH 7,4
c6 bd sung 20% glycerol. Mau duoc bao quan tai -80°C trugc khi tién hanh tach chiét
DNA da hé gen.

Mau dat man Blastall( 2. Phan tich da W

NR ,| dang VSV dét Hemicellulase

1. DNA I .
metagenome | 3. Dy doan Kﬁg‘g 4.Genmahoéa | e ven iy

Blastall | Chtrc nang DNA s | lignocellulase
KEGG, \ da he gen HMM profile

eggNOG, |

Swiss-Prot

HMM-profile

5. Cellulase

HMM, Pfam/ dbCAN

)
7. Dy doan mirc ign cu
X ! - 8. Nghién clru
dd biéu hién [ [-.ra?::hon gen }
cellulase ' -

6. Phan tich ving
chirc nang cellulase

9. Biéu hién, tinh ché
va nghién curu tinh chat

Hinh 2.2. So' d6 quy trinh nghién cizu trong lugn &n

Mau ding cho mdi lan tach chiét DNA da hé gen la tir khoang 10 g mau dat
mun ban dau di dugc xt 1y theo cac budc néu trén, mau nay duoc cho vao ng falcol
50 ml, b6 sung 20 ml dém ly giai gdm 100 mM dém Tris-HCI, 100 mM EDTA, 100
mM NazHPO4, 1,5 M NaCl va 1% CTAB (tit ca cac dung dich nay déu c6 pH 8,0)
vé6i 0,1 mg/ml protease K va duoc u ¢ 37°C trong 30 phut, cé lac nhe. Sau khi o, mau
dugc xu Iy véi 3 ml 20% SDS va tiép tuc u & 65°C trong 30 phdt, thinh thoang lac
nhe. Sau d6, phan dich néi phia trén dugc thu lai biang cach ly tam cac mau o tc do
7000 vong/phdt trong 5 phat, & 4°C va chuyén sang ong méi. Sau do,
phenol/chloroform/isoamyl alcohol (25:24:1 v/v) dugc thém vao dé tinh sach cac mau
DNA. L6p phia trén chira DNA da hé gen duoc thu lai sau khi ly tam ¢ téc d6 6500
vong/phut trong 10 phit & 4°C. Mau DNA duoc két tua lai bang cach b sung 6 ml
isopropanol, sau d6 ly tim & toc d6 13.000 vong/phut trong 10 phiit. DNA duoc ria

bang ethanol lanh 70%. Taa DNA duoc 1am kho trong may speedvac va dugc hoa lai
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Vv6i 300 pl nude khir ion vo tring. DNA da hé gen da tach chiét duoc kiém tra chat
lwong dua trén cac tiéu chi: (1) mirc d6 dut gdy cia DNA da hé gen bang dién di trén
gel agarose 0,8%, (2) Nong do va do tinh sach cia mau DNA duoc do biang may do
Nanophotometer P330 (IMPLEN, Puc), (3) su ¢6 mat hay khong cua céc chat wc ché
polymerase trong mau dua trén PCR khuéch dai gen 16S rDNA (vi DNA duoc giai
trinh tu bang phuong phap tong hop). DNA da hé gen tir ba lan tach chiét dugc tron
vao vai nhau va khoang 100 pg mau DNA tong sé nay di duoc gui dén BGI-Hong
Kong Co. Ltd. dé giai trinh ty metagenome.

2.2.1.2. Gidi trinh tw DNA da hé gen bang mdy HiSeq2500 ciia Illumina

K¥ thuat giai trinh ty DNA da hé gen thong lugng cao dugc chia lam 3 giai
doan: tao thu vién NGS (Next Generation Sequencing), tao nhém DNA va giai trinh
tu DNA bang phuong phéap tong hop trén hé thong Hiseq Hlumina 2500 do cong ty
BGI, Trung Quéc thuc hién.

2.2.1.3. Bién nap DNA plasmid vdo té bao chii E. coli

- Quy trinh tao té bao E. coli kha bién: Céc chung té bao E. coli DH10B, BL21,
Rosetta 1, IM109, Soluble, C43 kha bién dugc tao ra theo phuong phap ciia Sambrook
va cong sy (2001) [119]. Theo do, té bao vi khuan dugc xt 1y lanh, 4 véi 100 mM
CaCly ¢ céc thé tich khac nhau. Cudi cuing, té bao dugc hoa vao 100 mM CaCl, cd bd
sung glycerol vo triung dé dat nong do 15%, bao quan ¢ -80°C trong cac 6ng
eppendorf.

- Quy trinh bién nap DNA plasmid vao vi khuan E. coli: Phuong phap soc
nhiét da duoc sir dung dé bién nap DNA plasmid vao vi khuan E. coli [120]. Té bao
E. coli kha bién lay ra tir -80°C duoc bao quan trong da 30 phut roi bo sung DNA
plasmid va i mau trong d4 khoang 30 pht. Sau d6, mau dugc sbc nhiét & 42°C trong
1 phat 30 gidy va u lai 4°C trong 2 phat. Mau duoc nudi va ciy trai trén dia moi
truong LB dic ¢6 bo sung ampicilin 100 pg/ml va u ¢ 37°C qua dém.

2.2.1.4. Tdach chiét DNA plasmid tir té bao E. coli

DNA plasmid trong té bao E. coli c6 kich thudc va khdi lugng nho hon nhiéu
s0 voi DNA nhidm sic thé, vi vay DNA plasmid c6 thé dugc tach ra dudi dang vong
dong. Viéc tach chiét DNA plasmid nay duoc thyc hién theo phwong phap cua

Sambrook va cong su [120]. Phuong phap nay vé co ban la cac té bao vi khuan nudi
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cdy s& dugc hoa tan bang cac dung dich Sol I, II, III trong diéu kién lanh dé lam tan
c4c thanh phan ciu tao cua té bao, sau d6 mau té bao tiép tuc dugc hoa véi dung dich
loai protein, ly tim dé thu pha long & phia trén chira DNA plasmid. DNA plasmid
duoc 1am sach, hoa tan tré lai va bao quan ¢ -20°C, dién di kiém tra trén gel agarose
0,8%.

2.2.1.5. Cat kiém tra DNA plasmid bang enzyme cdt han ché

Dé kiém tra DNA plasmid tai t6 hop, hai loai enzyme cét han ché 1a Xhol va
Ncol (2 U/pl) dugc str dung. C6 hai phan @ng cat DNA plasmid, mdi phan tng c6
téng thé tich 1a 10 ul bao gdom 3 pl DNA plasmid (ham lwong 10 pg/ml), 2 ul dém
tango 2X, phan tng 1 b6 sung 0,3 pl enzyme han ché Xhol (2 U/ul) con lai 1 nuéc
cat, phan ng 2 duoc bo sung 0,3 pl Xhol va 0,3 pl Ncol (2 U/ul) con lai 1a nuéce cat.
HGn hop cac thanh phan duoc tron déu, G ¢ nhiét do 37°C qua dém. San pham cua
phan tng cat s& dugc dién di trén gel agarose 0,8% dé kiém tra.

2.2.1.6. Pién di DNA trén gel agarose

Dién di DNA trén gen agarose 0,8% duoc sir dung dé kiém tra kich thuéc doan
DNA plasmid va cac san pham sau khi cat bang enzyme cat han ché 1a 1a DNA dich
va plasmid. Phuong phap dién di nay duoc thuc hién theo Sambrook va cong su [120].

2.2.2. Cac phwong phap hoa sinh protein

2.2.2.1. Phwong phdp biéu hién gen gh3s2

Céc chung té bao E. coli mang plasmid pET22b(+)gh3s2 tai té hop duoc ciy
chuyén vao 5 ml maéi truong LBA, nubi lac 200 vong/phit ¢ 37°C qua dém. Sau do,
céc dich té bao d6 dugc chuyén sang méi truong LB ¢6 bo sung 100 pg/ml ampicillin
méi sao cho ODgoo dat 0,1 va tiép tuc lac 200 vong/phit & 37°C cho dén khi ODgoo
dat dén gia tri pht hop cho biéu hién gen 12 0,6. Lic nay, chat cam tng cho biéu hién
gen la isopropyl p- D- thiogalactopyranoside (IPTG) duoc bb sung dé dat nong do
cudi cung 1a 0,5 mM IPTG, nhiét d6 1én men duogc sir dung 1a 30°C, nudi lac 200
vong/pht trong 4 gio. Sau khi 1én men, dich nudi ciy té bao s& duoc li tam tdc do
5000 vong/phut, trong 5 phat dé thu cac té bao.

Sau khi lya chon dugc chung té bao dé biéu hién gen, nham thu duoc san pham
protein c6 ham lugng cao va hoat tinh sinh hoc tét, cac diéu kién anh huong dén hiéu

qua cta qua trinh 1én men duoc toi wu bao gdm: nhiét d6 biéu hién duoc khao sat tir
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18°C dén 37°C, thanh phan cua cac mdi truong nudi ciy géom ¢ 5 moi truong: LB,
TB, TB cai bién, SB va PE. Thém vao d6, néng d6 chat cam tng IPTG, thoi diém
cam ng va thoi diém thu mau téi wu ciing da duoc khao sat.

2.2.2.2. Phwrong phdp tdch chiét protein tdi té hop tir E. coli

CAc té bao thu duoc trong qua trinh 1én men duoc hda tan tré lai trong dém 20
mM Tris HCI, pH=8 dén gia tri ODgoo la 10. Dé kiém tra protein duoc biéu hi¢n &
pha tan hay pha khdng tan, té bao sau khi 1&n men dugc siéu am dé pha va té bao véi
cudng do 65% cong luc, 3 gidy “bat”, 3 gidy “tat” trong 10 phat. Sau khi siéu am,
dich protein tong s6 duoc phan pha tan va pha khong tan bang li tam lanh & 4°C voi
téc d6 12000 vong/phut trong 10 phdt. Phan dich noi phia trén Ia pha tan s& duoc thu
lai sang 6ng efpendorf khac, phan khong tan ling xuéng s& duoc dugc hoa tan tro lai
bang dém 20 mM Tris HCI, pH=8 véi thé tich twong dwong. C4c mau protein tong
s6, pha tan va pha khong tan dwoc kiém tra lai bang dién di bién tinh trén gel
polyacrylamide 12,5%.

2.2.2.3. Dién di bién tinh protein trén gel polyacrylamide-SDS

- Chuan bj gel: Hai loai gel polyacrylamide dugc chuan bi véi thanh phan va
nong d6 nhu mo ta trong Bang 2.1. Cé4c thanh phan dugc bo sung theo thir tuy va dao
déu trude khi cho vao gia do ban gel. Gel tach duoc chuan bi trude cho dén khi dong
hoan toan méi chuan bi tiép 1op gel cd. Ban gel dugc 6n dinh sau khi gel ¢6 duoc
chuan bi khoang 30 phuit.

Bang 2.1. Thanh phan gel polyacrylamide

Thanh phan Gel tach (12,5%) Gel ¢b (5%)

dH20 0,55 ml 0,45 ml
Tris-HCI 6,8 - 0,2 ml
Tris-HCI 8,8 1,125 ml -
Glycerol 50% 0,9 ml -
Acrylamide 30% 1,89 ml 0,14 ml
SDS 10% 45 ul 4 ul
APS 10% 30 ul 8 ul
TEMED 3ul 1 ul

Téng 4,543 ml 0,803 ml
- Quy trinh dién di:

Mau protein téng sd, protein & pha tan va pha taa dugc xir ly bang dém xu ly
mau (sample buffer 6X) va t & 95°C trong 10 phut. Sau d6, mau dugc cho vao giéng

va chay dién di véi cuong do dong dién 10 mA cho mdi ban gel cho dén khi mau qua
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hét 16p gel co. Sau d6, cuong d6 dong dién dugc tang 1én 20 mA cho mdi ban gel khi
mau dén 16p gel tach. Két thuc dién di, gel duoc nhudém Coomassie Brilliant Blue
R250. Sau khi ¢ véi thudc nhudm, gel dwoc rira sach bang dung dich tdy nhuém cho
dén khi quan sat dugc 16 rang cac bang protein.

2.2.2.4. Tinh sach protein GH3S2 bang sdc ky di lrc His-tag [121]

Mau té bao sau khi biéu hién duoc hoa lai trong nude dé dua vé ODsgoo = 10,
ldy 15 ml mAu té bao nay vao dng falcon loai 50 ml. Pha v& mau té bao nay bang
song siéu am power 65%, chu ky 3 gidy on, 3 gidy off trong 10 phut sau d6 b sung
300 mM PBS (khéng chira NaCl) dé dua vé nong d6 cudi cung 1a 50 mM PBS (khéng
chaa NaCl) pH 7,0. Ly tam lanh dich té bao ¢ téc ¢ 8000 vong/ phut trong 10 phdit,
4°C @ thu dugc pha tan chtra protein GH3S2, dich nay s& dugc sir dung dé tinh ché
enzyme. Cot sic ki &i luc His-tag duoc rira va can bang cot bang dém 50 mM PBS
(khdng chira NaCl) pH 7,0. Sau d6, bom 15 ml dich protein pha tan da chuan bi Ién
cot histrap 5 ml véi tbe d6 cham khoang 1 ml/phit. Dich thu duoc trong luc dua
protein 1&n cot (F) s& duoc thu lai st dung dé kiém tra mirc do bam cua protein
GH3S2. Sau do, rira cac protein tap lan luot bang 5 thé tich cot (5 CV) dém 50 mM
PBS pH 7,0 c6 chtra imidazol cac nong d6 1a 20 mM va 50 mM. Dich raa duoc thu
lai dé Kiém tra cac protein di ra khoi cot (W1, W2). Enzyme GH3S2 duoc thu lai véi
dém 50 mM PBS pH 7,0 c6 chira imidazol 300 mM vao cac 6ng eppendorf (1 ml/ong).
Cot duoc rira hét cac protein bang dém 50 mM PBS pH 7,0 chira imidazol 500 mM
va can bang cot tro lai bang 25 ml dém 50 mM PBS. Cac phan doan chira enzyme
GH3S2 s& duogc gop lai, bd sung glycerol dén ndng do cudi ciing 10%. Mau protein
da tinh sach thu duoc tiép tuc duoc loai b mudi bang tham tich lanh qua dém trong
ti tham tich 10 kDa (Thermo Scientific, My) trong dém 50 mM PBS, pH 7,0,
glycerol 10%. Ham luong protein c6 trong mau duoc xac dinh bing phwong phap
Bradford [122]. Sau d6, protein thu dugc s€ dugc dién di trén gel polyacrylamide véi
cac ham luong khéc nhau trong cac giéng dién di két hop voi phan mém Image Lab
v6.1.0 build 7 (https://www.bio-rad.com/en-vn/product/image-lab-software) dé kiém
tra do tinh sach cua protein. San pham protein sau khi loai mudi va dat duoc d6 sach
theo yéu cau sé tiép tuc duoc sir dung cho céc thi nghiém xac dinh hoat tinh va nghién

ctu tinh chat, dic diém caa enzyme.
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2.2.2.5. Xdc dinh d¢ sach cua protein GH3S2 sau tinh ché

Protein sau khi duoc biéu hién va tinh ché c6 thé duoc danh gia do sach twong
d6i bang phan mém Image Lab. Theo d6, mau protein d tinh sach va loai mudi dwgc
dién di trén gel polyacrylamide vé&i cac ham lwong protein & cac giéng la khac nhau
cuing v&i thang chuan protein. Sau khi dién di xong, ban gel dugc nhudém bang thude
nhudém comassie, rira sach nhiéu lan cho dén khi bang hién rd nét thi dua 1én may
scan dé quét. Ché do quét duoc lua chon sao cho anh dat dugc chat lwong tot nhat.
Anh quét duoc chuyén vé ché d6 den trang va dua vao phan mém Image Lab version
6.1.0 build 7 (https://www.bio-rad.com/en-vn/product/image-lab-software) dé phan
tich 1an va dinh luong twong doi ham luong protein. Phan mém s& nhan biét va quét
dé dinh luong tuong d6i protein tong sb trén giéng dwa trén nhitng ving xac dinh thay
¢6 bang protein. Cac protein GH3S2 dugc xac dinh bang mirc d6 dam cua bang twong
ung. Tu do, do sach cua protein dich dugc xac dinh chinh la ty 1€ gitra mac d6 dam
ctia bing GH3S2 so véi toan bo cic bing protein & mdi duong chay.

2.2.2.6. Xdc dinh ham lwong protein bang phwong phdp Bradford

0,6

y =0,0449x + 0,0071 *
0,5 R?*=0,9971

04

ODSQSnm
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0,2
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0,0
0 2 4 6 8 10 12

Ham lwong BSA (ug)

Hinh 2.3. Puong chudn BSA dwoc do OD ¢ buéc song 595 nm

- Xay dung dudng chuan: Trude khi xac dinh ham lugng protein trong mau
thu duogc can xay dung dudng chuan BSA. Pudng chuan s& dugc thiét 1ap bang BSA
VGi 8 gid tri tir 0 dén 12 pg BSA duoc pha voi nude deion vo trang (Hinh 2.3). Mi
dng thi nghiém c6 téng thé tich 1a 1000 pl bao gdm 800 pl BSA di duoc pha lodng
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bang nudc deion vo tring (c6 ham luong khac nhau tir 0 dén 12 pg) sau d6 bo sung
200 pl Bradford 5X, tron déu mau bing mdy vortex va dé & nhiét do phong trong 5
phat. Mau duoc do OD & budc song 595 nm, két qua nay s& duoc sir dung dé thiét
lap dudng chuan thé hién mdi twong quan gitta ODses VA Ndng do BSA.

- X4c dinh ham luong protein trong mau: 800 ul mau duoc pha lodng trong
dém 50 mM PBS, pH 7,0 & cac nong d6 khac nhau + 200 ul Bradford 5X, tron déu
bang may vortex va dé & nhiét o phong trong 5 phat. Tién hanh do ODsgs twong tir
nhu phan thiét 1ap duong chuan, dira vao phuong trinh thé hién méi tuong quan gitra
ODsgs va ham luong BSA dé tinh ham luong protein trong mau.

2.2.2.7. Xac dinh hoat tinh cua enzyme [-glucosidase

* Khao sét hoat tinh B-glucosidase: B-glucosidase c6 kha nang phan cat esculin
thanh glucose va esculetin. Trong moi trudng cd sat, ion sat s& bi esculetin khir tao
mau nau hozc nau tham. Thi nghiém kiém tra kha ning thiy phan esculin caa protein
tai to hop duogc thuc hién dua theo phuong phap ciia Veena va dong tac gia [123].
Dia thach moéi truong LBA c6 bd sung thém esculin (3 g/1) va ferric ammonium citrate
(0,2 g/1) dugc chuan bi san. Sau d6, dung dung cu tao cac giéng co duong kinh khoang
0,5 cm trén dia thach. Hat 50 pl protein tong sb pha tan nho vao mot giéng. Sau do,
dia duoc u & 37°C trong khoang 16-20 gid. B4i chirng &m 1a 50 pl d&ém PBS 50 mM,
pH 7,0 va ddi ching duong 13 50 pl cellulase (Sigma, 0,05 U).

* Xac dinh hoat do pB-glucosidase [124]

- Xay dung duong chuan: Pha loing chat chuan pNP (code 1048, Sigma) tir
nong d6 0,1 pmol/ml bang dém 50 mM PBS pH 7,0 vé c4c ndng do tir 0 ¢én 0,1 pmol
trong tong thé tich 200 pl (mdi ndng do l3p lai 3 1an) (Hinh 2.4). Sau d6 bo sung 800
ul 0,2 M Na2CO3 vao mdi ong, tron déu. Cac ng thi nghiém duoc do OD & budc
s6ng 410 nm. Két qua nay duoc st dung dé xay dung duong chuan thé hién méi twong
quan giita ODa10 va ndng do pNP. Phuong trinh duwong chuan: y = 14,461x + 0.0072
(R?=0,9998), trong d6 x la pmol pNP, y 1a gia tri ODa1o.

- Xac dinh hoat tinh cua enzyme GH3S2: Hoat tinh B-glucosidase cua GH3S2
dugc xac dinh dya vao kha niang thay phan co chat dugc sir dung pho bién l1a p-
nitrophenol-B-glucoside (pNPG), giai phong p-nitrophenol (pNP) [8]. M6t don vi

hoat tinh cua B-glucosidase 1a luong enzyme can thiét dé xtc tac cho phan tng giai
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phoéng ra 1 umol pNP trong thoi gian 1 phut [8]. Hoat tinh cia enzyme GH3S2 duoc
xac dinh bang céch: lay 20 pul enzyme téng sé pha tan (dwugc pha lodng 12-30 lan
trong dém 50mM PBS pH 7,0) tron véi 180 ul 5 mM pNPG. Ong ddi chang cé thanh
phan twong tu ng phan &ng chi thay 20 ul enzyme bang 20 pl dém 50mM PBS pH
7,0. Phan ttng duoc u & 37°C thoi gian 15 phut, sau d6 dirng phan tng bang cach b
sung 800 pl 0,2 M Na2COs rdi tron déu. Mau nay duoc do ODaio, dua vao duong
chuan thé hién mdi quan hé giita ODa1o va ndng do pNP dé tinh lwong pNP tao ra.

Pwong chuan pNP

y =14,461x + 0,0072
R?=0,9998

1,40
1,20
1,00
0,80
0,60
0,40
0,20
0,00

oD 410 nm

0 0,02 0,04 0,06 0,08 0,1
Nong dé pNP (umol)

Hinh 2.4 Puwong chudn pNP dwoc do OD ¢ buéc song 410 nm

2.2.2.8. Xac dinh anh huwong cua nhiét do, pH, cac ion kim logi va glucose
lén hoat tinh cua GH3S2

Truéc khi tién hanh cac phan mg xac dinh hoat tinh cua enzyme GH3S2,
enzyme s& dugc xr Iy & cac didu kién nhigt do 1a 30°C, 35°C, 37°C, 40°C, 50°C dé
xac dinh duoc anh huong cua cac nhiét do khac nhau dén hoat tinh cua GH3S2.
Enzyme duoc hoa trong dém 50 mM PBS c6 pH thay d6i pH 5,0; pH 5,5; pH 6,0; pH
6,5, pH 7,0; pH 8,0 rdi thuc hién céc phan tng xac dinh hoat tinh dé nghién cau anh
huong caa pH dén hoat tinh GH3S2. Cac ion kim loai Na*, K*, Ca?*, Mg?*, Ni?*,
Mn2*, FeZ*, Cu?* duoc thém vao phan tng xac dinh hoat tinh cia GH3S2 dé dat nong
d6 ion kim loai cubi ciing trong phan ang la 1 mM. Bé xac dinh anh huong cia dudng
glucose dén kha ning xuc tac cua GH3S2, glucose dugc thém vao phan ng xac dinh
hoat tinh cua enzyme dén céc nong do tir 2 — 300 mM trude khi thuc hién phan tng.

2.2.2.9. Xdc dinh dé bén cua enzyme voi nhiét do, pH
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Do bén cua enzyme véi nhiét d6 dugc xac dinh bang cach enzyme duoc 4 &
cac nhiét do 37°C, 40°C, 45°C, 50°C trong khoang thoi gian 1, 2, 3, 4, 6, 12 (gio).
Enzyme ciing duoc xac dinh do bén véi pH bang cach pha enzyme trong dém 50 mM
PBS c6 pH khac nhau: 5,0; 6,0; 7,0; 8,0 trong thoi gian 1, 2, 3, 4, 6, 12 (gio). Sau do,
mau enzyme s& duoc lay ra dé xac dinh hoat tinh nhu phuong phap trén.

2.2.2.10. Xac dinh thong 56 dong hoc cua GH3S2

Hoat tinh cua protein GH3S2 duoc xac dinh & cac diéu kién nhiét do va pH téi
ru 37°C va pH 6,0, nong do co chat pNPG thay doi tir 1-10 mM. Han hop phan tng
gom: 1 pug enzyme trong 20 pl dém 50 mM PBS pH 6,0 dugc bd sung 180 pl pNPG
c6 nong do tir 1-10 mM duoc i & 37°C thoi gian15 phit. Sau do, tiép tuc bo sung 800
ul 0,2 M NaxCOj3 dé dirng phan tng, mau dugc do OD & budc séng 410 nm. Céc két
qua nay duogc sir dung dé thiét 1ap do thi thé hién mdi twong quan giita toc do phan
g v6i ndng do co chét theo Linewever — Burk, trong d6 V 1a s6 umol pNP duoc
giai phong ra trong 1 phut, 1/[S] duoc tinh 12 1/[pNPG] véi nong do pNPG duoc tinh
la mM, tir phuong trinh d6 xac dinh dugc céc thong sé dong hoc cua GH3S2 13 K,
Vmax.

2.2.3. Cac phwong phap tin sinh hoc

2.2.3.1. Phan tich trinh tw DNA da hé gen vi sinh vt

DNA da hé gen tach chiét tir mau dat min duoc giai trinh tu bang hé thng
Illumina HiSeq 2500 (Illumina HiSeq, San Diego, M¥) dé thu duoc céc dix liéu thd.
Dix liéu nay bao gom hang triéu read ngan (1 read 1a 1 doan DNA duoc doc trinh tu).
Truéc hét c4c trinh tu c6 cht luong kém caa dit liéu tho duoc loai bo dé thu duogc dir
liéu tinh nho céng cu SOAPNnuke. Cac trinh tu ¢ chat lwong kém 1a cac read chira >
5% céac base khéng r6 rang, cac read chira trinh tu adapter (mac dinh la 15 base bao
phu boi cac read va adapter), cac read chira 50% base c6 chat lugng thap (Q<20) tro
lén. Sau d6, cac dir liéu di dugc loc s& dugc tap hop de novo bang hai phan mém
IDBA (version 1.1.0) [125] https://i.cs.hku.hk/~alse/hkubrg/projects/idba_ud/ (ngay
khai thac 03/08/2019) va phan mém MEGAHIT (version 1.0) [126]
https://github.com/voutcn/megahit (ngay khai thac 03/08/2019) véi mot loat cac kich
thuéc k-mer khac nhau. Va kich thudc k-mer phi hop nhét s& dugc lua chon dé tap

hop céc dit liéu tinh thanh céc contig. Céc két qua sap xép, lap rap nay s& dugc kiém
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tra lai bang céch so sanh céc contig thu dugc véi cac read ngan tham gia cau thanh
nd bang phan mém Bowtie 2 [127] véi tham sb “-p8-very-sensitive-local-k 100-
score-min L,0,1.2”. Sau dé, sir dung phan mém du doan gen MetaGeneMark (phién
ban 2.10, véi cac tham sé ¢6 san cia phan mém) dé du doan gen tir cac contig di 1ap
rap [128]. Céc gen du doan duoc phan nhém bang céch sir dung CD-HIT [129] véi
ngudng twong dong trinh tu 1a 95% va ngudng bao phu lién két 1a 90% [130]. Céc
trinh tw DNA da hé gen da duoc dang ky trén ngan hang dir liéu SRA (SRA-sequence
read archive) véi ma dang ky PRINA715592.

2.2.3.2. Phadn tich da dang vi sinh vdt n0i chung va da dang cac Vi sinh vt
mang gen ma hoa lignocellulase tir dir liécu DNA da hé gen

Pon vi phan loai cia cac gen duogc thuc hién bang cach BLASTp véi trinh t
protein trong co so dir ligu NR (chra cac trinh ty non-redundant cung véi cac trinh
tu tir c&c di liéu ngan hang khac nhu Refseq, PDB, SwissProt, PIR, PRF). Sau do,
file két qua thu dugc sau khi BLASTp vai NR s& duoc tiép tuc phan tich bang phan
mém MEGAN (MetaGenomic Analyser version 4.6) [129]. Phan mém nay doc két
qua BLASTp nhu 1a thong tin dau vao va xép cac gen vao cac node trong thang phan
loai cia NCBI str dung thuat toan LCA (Least Common Ancestors) [129]. Thuat toan
LCA cin clr vao mirc 6 bao thi caa trinh tu gen dé xép cac gen vao nhom phan loai
twong tng. Thang phan loai cia NCBI dugc thé hién hinh cdy va kich thudc cua cac
node thé hién sé lugng cac gen duoc xép vao nhdm phan loai twong tng. Cac gen
duoc phan loai dén cling mot mie va thudc ciing mot nhém phan loai duoc tinh tong
va két qua phan loai duoc vé& bang cong cu bé trg Krona trong Excel.

2.2.3.3. Du doan chirc nang cua DNA da hé gen

Tat ca cac gen dd duoc du doan s& dugc so sanh mot s6 CSDL dang tin cay
bao gom SwissProt, KEGG (Kyoto Encyclopedia of Genes and Genomes — phan loai
chic niang theo con duong chuyén hoa) [131], EggNOG (Evolutionary genealogy of
gene: Non-supervised Orthologous Groups, Version: 3.0 — phén loai chitc nang theo
tién hoa cua gen) [132] va Nr (Non-redundant protein sequence database) vai gia tri
e-value nho hon 10°° [129], HHM - profile. Tong hop cac két qua so séanh nay, trinh
tu protein nao tuong doéng véi nhiéu CSDL khac nhau s& dugc chi giai vé chirc nang.

2.2.3.4. Khai thac gen ma hoa enzyme lignocellulase
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Trong khudn khé cua luan &n nay, nham du doan chirc ning ciia cac gen theo
con dudng chuyén héa carbohydrate nén cac két qua thu dwoc khi so sanh véi CSDL
KEGG sg tiép tuc dugc phan tich sdu hon. So véi cac CSDL khéc thi trong két qua
so sanh cac gen véi CSDL KEGG, cac gen ma hoa lignocellulase duoc xac dinh nhiéu
hon. Vi vay, trudc hét cac gen ma héa lignocellulase dugc nghién ctu dua trén két
qua xac dinh chirc ning cua KEGG va duoc phan loai dua trén s EC (Enzyme
Commission) [131]. Cac gen ma hoa lignocellulase cling dugc khai thac dya trén moé
hinh dai dién HMM tir Pfam nham khai thac hiéu qua cac enzyme.

2.2.3.5. Phan tich viing chitc nang ciia cde gen ma hoa cellulase bang PFAM
va HMMER

Céac ORF dugc xac dinh chirc ndang ma hoéa cellulase dua trén dir liéu KEGG
s& duoc xac dinh cac ving chire ning sir dung CSDL Pfam va phan mém HMMer tir
dir liéu dbCAN (https://www.ebi.ac.uk/Tools/hmmer/search/phmmer) [133]. Dé du
doan cac viung chirc nang cua ORF ma hoéa cellulase dya trén CSDL Pfam, c&c trinh
ty protein dich dudi dang file fasta duoc cung cap, lua chon sir dung tham sb e — value
la 1.0 va x&c nhan gui lén théng qua trang web caa HMMer, sau 3 — 4 ngay két qua
s& duoc tra vé e-mail ca nhan caa ngudi guri. Céc s6 liéu thu duoc sé tiép tuc duoc xur
ly bang phan mém Microsoft Excel.

2.2.3.6. Dy dodn mikc d biéu hién ciia cdc ORF ma héa cellulase trong té
bao E. coli

Mtc d6 biéu hién cua cac ORF ma hoa cellulase trong hé biéu hién E. coli
dugc du doan bang phan mén Periscope (Peri plasmic expression classifier for
soluble protein expression) truy cap mién phi tal
http://lightning.med.monash.edu/periscope/._Sau khi nguoi dung gui trinh tu cac axit
amin cua protein, Periscope s& thuc hién dy doan va tra vé két qua dinh luong twong
d6i mirc do biéu hién cua protein va luong protein pha tan (la protein c6 thé c6 hoat
tinh) trong E. coli. Periscope cho phép sir dung téi da 5 chudi polypeptide dinh dang
fasta trong mdi lan guri va khdng gisi han d6 dai chudi polypeptide truy van. Sau khi
ngudi dung giri c&c trinh ty axit amin, Periscope dua trén su két hop cua doan peptide

tin hiéu va trinh ty protein dich da phan loai mic d6 biéu hién cua protein dang tan
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thanh ba muc: cao, trung binh va thap, ngoai ra con cé ca chirc nang dy doan vé luong
protein dang tan tinh bang don vi mg/l.

2.2.3.7. So sanh trinh tw protein véi trinh tir trén NCBI bang céng cu Blast

Cong cu BLASTp di dugc sir dung nham tim kiém cac trinh tu twong dong
trong CSDL NCBI véi trinh tu protein dang quan tdm vé hai thdng sé 1a do bao pha
va mirc do twong dong. Pé thuc hién viéc tim kiém nay, chdng téi cung cap trinh ty
axit amin cua protein quan tAm dinh dang fasta va so sanh véi CSDL chuan caa NCBI.
BLASTp sé tién hanh tim céc ving trén protein dich gidng véi cac ving trong CSDL
va tra vé két qua cac trinh ty va mic do tuong déng véi chudi protein dang quan tim
trong 2 — 3 phut (100 trinh tu ¢6 mirc do twong dong cao nhat s& duoc hién thi ¢ két
qua chinh).

2.2.3.8. Dur dodn cdu triic khéng gian va vi tri gan co chdt ciia enzyme

Dé du doan cau trdc bac hai va cau tric bac ba cua cc protein, phan mém
Phyre2 (http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index) da duoc su
dung. Ngudi dung guri trinh tu protein dinh dang fasta, cung cp thong tin e-mail cé
nhan, str dung modelling mode binh thudng dé nhan duoc mot két qua duy nhat khdng
bao gom tat ca cac trinh tu trong protein trong khoang thoi gian ngan. Phyre2 cho
phép gui tir 5 - 6 trinh tw cung mot ldc & phan tim kiém chuyén sau trong ché do
chuyén gia va két qua dyu doan cau tric dién hinh s& duoc tra vé e-mail ngudi gui
trong 30 phut dén vai gio. D6i vai cac trinh tu khd du doan cau tric, phyre2 c6 thé
chay ty dong va tra vé két qua sau 4 — 7 ngay. Cac két qua tra vé gdom cu tric bac
hai, md hinh cau tric bac ba cua protein, thanh phan mién va chat lugng md hinh cua
protein so v&i mé hinh tham chiéu.

2.2.3.9. Dy dodn kha néng chiu axit hay kiém ciia enzyme

Phan mém AcalPred tai dja chi http://lin-group.cn/server/AcalPred da duoc st
dung dé du doan kha nang chiu axit hay kiém cua protein. Ngudi ding nhap trinh tu
protein dich vao 6 tim kiém, phan mém s& tra két qua vé kha ning ua axit hay kiém
ctia protein trong vai phat. Phan mém cho phép tim kiém t6i ¢a mdi lan 100 trinh ty.
Mai trinh tu dua vao sé& thu duoc chi sé chiju axit va chi sé chiju kiém. Néu chi sb chiu
axit tir 0,5 — 1, chi s6 chiju kiém tir 0 — 0,5 thi d6 1a enzyme chiu axit va nguoc lai la

enzyme chiju kiém.
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2.2.3.10. Dy dodn kha nang chiu nhiét cua enzyme

Phan mém cua TBI (http://www.tbi.org.tw/tools/) da duoc sir dung dé du doan
kha nang chiu nhiét caa enzyme. D6 bén nhiét cua enzyme duoc du doan & 3 muc 1
néu chi s6 Tm >1 thi Tm dy doén 14 trén 65°C, néu 0<Tm<1 thi Tm dy doén 1a 55°C
— 65°C va néu Tm<0 thi Tm Ia dudi 65°C. Dit liéu dau vao cua TBI 14 trinh ty axit
amin va sau vai phit s& cd két qua tra ve.

2.2.3.11. T6i wu md va tong hop gen md héa p-glucosidase khai thdc tir div
lieu DNA da hé gen vi sinh vat xung quanh nam muc trcfng

Dé dam bao cac gen B-glucosidase duoc biéu hién 1a phi hop vai hé biéu hién
E. coli, gen ma hoa enzyme B-glucosidase da duoc kiém tra sy phi hgp ma bo ba
bang phan mém truc tuyén (Rare Codon Analysis Tool) cua hdng Genscript
(https://www.genscript.com/tools/rare-codon-analysis). Bé phan tich cac ma bo ba,
ngudi ding chi can cung cap tén vat chu biéu hién, tén sinh vat mang gen va trinh ty
ma hoa cua gen bat day tir ATG. Phan mém phan tich duwa trén chi s6 CAl (Codon
Adaption Index — Chi sé pht hop ma bo ba) cho biét trinh tu ban dau c6 can tbi uu
dé biéu hién trong vat chii hay khong. Sau do6, bang phan mém t6i uu ma bo ba cua
Genscript, cac gen nay da duoc toi wu ma bang phan mém caa Genscript dé 1am ting
chi s6 CAI Ién 1 nhung khong lam thay doi trinh ty amino acid. Sau khi t6i uu, gen

duogc dat tong hop tai cong ty Genscript (M¥).
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Nghién ciru da dang khu hé vi khuin dat quanh khu nAm muc tring

3.1.1. Tdch chiét, tinh sach DNA da h¢é gen ciia vi sinh vit dit

Chat lugng DNA da hé gen tach chiét anh huong rat 16n dén két qua thu duoc
khi giai trinh tu gen va phan tich s liéu. Vi vay, ddi véi mdi loai mau khéac nhau can
lya chon phuong phap tach chiét DNA da hé gen khic nhau dé thu duoc két qua mong
mubn. DAt 1a mot trong nhirng ngudn tiém ning dé tim kiém cac enzyme va vi sinh
vat méi cho phan giai lignocellulose. Pac biét 1a mau dat & xung quanh khu vuc c6
su phan giai manh lignocellulose. Trong thi nghiém cua ching toi, 45 mau dat mun
xung quanh nAm muc tring phan giai manh than cay gé & vuon qudc gia Ctuc Phuong,
Ninh Binh dugc thu thap, tron lai véi nhau dé dam bao tinh da dang cua vi sinh vat
trong mau thu duoc cho tach chiét DNA da hé gen. Ké thira nhitng kinh nghiém cua
giai doan trude, ching t6i di lya chon phuong phap tach chiét DNA da hé gen cua
mau dat mun nay 13 phuong phap tach chiét bang phenol di duoc md ta ¢ phan
phuong phap. Dé c6 du lugng DNA da hé gen tinh sach cho giai trinh ty, ching toi
da tién hanh tach chiét, tinh ché DNA da hé gen tat ca ba lan. Két qua dién di kiém
tra dugc thé hién trén Hinh 3.1A.

M1 2 3

kb kb
10,0 — 10,0
6,0 — 6,0
40 — 4.0
30 — 3,0
15 — L5
10 — 1.0
05 —

0,5

A B
Hinh 3.1. (4) Pién di do kiém tra DNA da hé gen sau tach chiét, (B): San
pham PCR gen 16S rDNA tir khuén la DNA da hé gen twong img; 1-3: mau
DNA da hé gen cua 3 lan tach chiét Iép lai.
Két qua trén dién di db cho thiy trén ca ba dudng chay, ba miu DNA da hé

gen déu xuat hién mot bang dam duy nhat c6 kich thudc cao trén 10 kb, cac bing nay
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sang, rd nét va khdng thay dai mo & vi tri thap hon. Piéu nay chung to DNA da hé
gen cua Vi sinh vat di duoc tach thanh cong ma it bi dut gay. Po 16n cia cac mau
dién di la twong dwong nhau ching to qua trinh thu mau va tach chiét 1a 6n dinh.
Sau khi dién di kiém tra, mau DNA da hé gen cua vi sinh vat duoc do ndng do
va do sach bang may nanophotometer P330. Dé danh gia so bo do sach cia mau DNA
da hé gen, gié tri ti 16 Azeo/Azso dugc sir dung. DNA hép thu anh sang manh nhat ¢
buéc song 260 nm va protein hp thu anh séng manh & buée séng 280 nm. Do do,
gia tri cao cua ti 18 Azeo/Azso cho thay su hién dién cia DNA nhiéu hon va mau DNA
tinh khiét hon, néu ti 18 nay c6 gia tri thap cho thiy sy hién dién cua protein chiém
vu thé hon. Thong thuong khi tach chiét DNA c6 d6 tinh khiét tét thi ti I¢ nay thudng
c6 gié tri nay trong khoang 1,8-2. Két qua do ndng do va do sach cua miu DNA da
hé gen dugc thé hién ¢ Bang 3.1
Bang 3.1. Két qud do nong dé va dg sach ciia mdu DNA da hé gen vi sinh vdt xung

quanh khu ndm muc trang

Mau Nong dé (ng/pl) Asso/ Azso
1 145 1,921
2 112 1,922
3 126 1,931

Két qua do cho thiay nong 46 DNA thu duoc dao dong trong khoang tir 112
dén 145 ng/ul (tc 1a trén 100 ng/ul) va cac két qua A260/A280 déu xap xi 1,90. Két
qua nay tuong tu Véi két qua do DNA da hé gen caa mau nudc sudi nuéc néng Binh
Chau véi nong ¢ DNA 1a 139,3 ng/ul, A260/A280 dat 1,84 [78]. Nhu vay, mau
DNA da hé gen tir vi sinh vat dat da duoc tinh sach, loai bo cac tap chat khdng mong
mubn.

Mau DNA da hé gen sau khi duoc tach chiét, 1am sach duoc danh gia sy ton
tai hay khdng cta cac chat e ché hoat dong cua enzyme. Chat &c ché ndy anh huong
dén phan tng PCR bang cach ngin chin sy tuong tac gitta DNA khudn va enzyme
Taq polymerase. Phan (ing PCR khuéch dai gen 16S rDNA di duoc sir dung dé danh
gia sy c6 mat hay khdng cua chét Gc ché hoat dong cua polymerase. Két qua trén dién
di @b (Hinh 3.1B) cho thay khi PCR bang mdi 16S sir dung DNA da hé gen lam khudn
cho két qua tot. Trén ca 3 duong chay déu xuat hién bang PCR sang duy nhat, c¢6 kich
thuge khoang 1,5 kb, twong duwong véi kich thudce Iy thuyét cua doan gen 16S rDNA
16S & vi khuan. Biéu d6 chtng to phan ¢ng PCR vén dién ra, trong mau DNA da hé
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gen khong ton tai chat tc ché polymerase. Nhu vay, bang viéc kiém tra nong do, do
sach bang xac dinh gié tri ty 1& Asso/Azso, su khong ton tai cua cac chat uc ché
polymerase trong DNA da hé gen cho thay, mau DNA da hé gen da dugc tach chiét,
tinh sach thanh céng dam bao diéu kién cho giai trinh ty. Dé c6 su da dang thanh
phan loai cac vi sinh vat, lugng DNA da hé gen gidng nhau tir ba 1an tach chiét duoc
tron lai, sir dung may Qubit fluorometer do duoc néng d6 DNA 113,25 ug/ul. Tong
lwrong DNA da hé gen duoc st dung dé chuyén cho BGI giai trinh ty 1 100 pg.

3.1.2. Két qua gidi trinh tw DNA da hé gen vi sinh vit dit

DNA da hé gen cta vi sinh vat dat quanh nAm muc trang & vaon Quéc gia Cuc
Phuong duoc giai trinh ty bang hé thong HiSeq Illuminar. Két qua nay duoc sir dung
dé phan tich, nghién cau da dang khu hé vi khuan néi chung, nghién ciru da dang vi
khuan sinh cellulase noi riéng va tim kiém céac gen @ng vién tiém ning cho thity phan
sinh khéi lignocellulose.

Bang 3.2. Két qua gidi trinh ti DNA da hé gen bang hé thong HiSeq Illuminar

Loai phan tich Két qua thu dwoc ~ Pon vi
Read S6 luong 345.471.086 read
Tong kich thuéc cac read 51.820.662.900 cap base
Contig S6 luong 2.611.883 contig
Kich thudc trung binh 898 cap base
Kich thuéc N50 1117 cap base
Kich thudc I6n nhét 611.845 cap base
Gen S6 lugng 4.104.872 gen
Kich thudc trung binh 505 cap base
Kich thudc N50 615 cap base
Kich thudc 16n nhat 20.541 cap base

Tir khoang 100 pg DNA da hé gen duoc str dung dé giai trinh tu, két qua giai
trinh tu ban dau thu duoc & dang thd, ¢é Ian céc trinh ty bi 15i va trinh tu adapter.
Nhitng trinh ty nhiéu nay duoc loai bé khoi dir liéu thd nho cong cu SOAPNuke, thu
duoc dir liéu tinh 1a 345.471.086 read (1 read la mot doan DNA duoc doc trinh tur,
mdi read thudng c6 khoang 100 — 200 bp [134]) vai tong dung luong khoang 51,82
Gb. Dit liéu tinh duwoc cac phan mém chuyén biét 1a phan mém IDBA (version 1.1.0)
[125] va phan mém MEGAHIT (version 1.0) [126] xt ly, lp rap va phén tich dé thu
duogc cac contig co trinh tu dai hon. C6 tong s6 2.611.883 contig duoc tao ra véi téng
chiéu dai 14 2.346 Mb. Trong d6, chiéu dai trung binh cua céc contig 12 898 bp, contig
trung vi N50 c6 chiéu dai 1a 1117 bp (50% céc contig c6 kich thuéc > 1117 bp), contig
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c6 chiéu dai 16n nhat 1a 611.845 bp. Sau d6, phan mém MetaGene Mark da duoc sir
dung va du doan dugc 4.104.872 ORF (open reading frame) ma hoda protein tuong
duong khoang 2.074 Mb. Trong d6, chiéu dai trung binh cua céc gen 1a 505 bp, chiéu
dai cua N50 1a 615 bp (50% cac gen c6 chiéu dai > 615 bp) va gen dai nhét ¢ kich
thuéc 20.541 bp (Bang 3.2)

3.1.3. Phan tich da dang vi sinh vit dit quanh khu ndm muc tring

Tur dit liéu 51,82 Gb DNA da hé gen cua vi sinh vat dat quanh khu nAm muc
trang & vuon Qudc gia Cuc Phuong, c6 4.104.872 gen mi hoa protein dd duoc Xac
dinh bang phan mém MetaGene Mark. Trong do, c6 3.923.046 gen (khoang 95,57%)
dugc cha giai trong co s¢ dir liéu NR (la CSDL chira céac trinh tu non-redundant va
c4c trinh tu khac nhu Refseq, PDB, Swiss-Prot, PIR va PRF). Bang phan mém
MEGAN (MEtaGenome ANalyzer) (version 4.6) cac gen nay da dugc xac dinh phan
loai, c6 3.896.881 gen dugc xép vao cac giéi vi khuan, sinh vat nhan chuan
(Eukaryote), vi khuan co (Archaea) va virus. Trong dé, s6 gen dugc xép vao gigi vi
khuan 1a chiém wu thé tuyét d6i véi 3.884.879 gen (chiém khoang 99,69% tong sé
gen), cac gidi con lai 1a vi khuan c6 vai 293 gen (0,01%), sinh vat nhan thuc véi 1144
gen (0,03%) va virus 1a 10.565 gen (0,27%). Nhu vay, vi khuan c6 s6 lwong gen nhiéu
nhat va cac gen cua vi khuan dugc xép vao 111 nganh, 83 16p, 170 b, 406 ho, 1971
chi va chi c6 738 loai dugc xac dinh (Bang 3.3).

Bang 3.3. Két qud phdn tich da dang tir diz liéu DNA da hé gen vi sinh vdr dat sir
dung phan mém MEGAN (version 6) dira trén CSDL NR

S6 gen Tilé (%) Nganh Lép B Ho Chi Loai
Vi khuin 3.884.879 99,69 111 83 170 406 1971 738
Vi khuan ¢ 293 0,01 9 12 18 23 50 8
Sinh  vat 1144 0,03 7 26 46 79 113 86
nhan chuan
Virus 10.565 0,27 0 0 2 14 101 84
Tong 3.896.881 100 131 118 237 523 2240 916

Trong khi d6, vi khuan c6 dugc xép vao 9 nganh, sinh vat nhan chuan xép vao
7 nganh va virus chwa duoc xép vao muc phan loai nganh. Két qua nay 16n hon nhiéu
s0 véi cong bd vé thanh phan loai trude d6 cua Praeg va cong su (2020) trong nghién

clru V& quan xa vi sinh vat xung quanh ving ré Larix decidua-mét loai cay chiém uu
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thé & ddy Alps [135]. Theo d6, cac vi sinh vat & quan x& nay gom vi khuan duoc xép

vao 26 nganh, vi khuan ¢ duoc xép vao 4 nganh va nim dugc xép vao 6 nganh.

Nhu vay, két qua phan tich miu DNA da hé gen phan I6n 1a DNA cua vi khuan.
Diéu nay ciing cho thiy phuwong phap ly tam phan doan loai bé cac sinh vat bac cao
va nam 1a kha hiéu qua va phu hop véi muc tiéu thu DNA da hé gen cua vi khuan.
Trong gidi vi khuan nay, c6 93,26% cua tong sé gen dugc xac dinh & bac phan loai
nganh. Trong 111 nganh vi khuan duoc xac dinh, ¢d 5 nganh phé bién chiém 92,59%
t6ng sb con lai la cac nganh khac. Trong s6 do, Proteobacteria 1a nganh pho bién nhat
vé6i 3.106.400 gen chiém khoang 75,68%. Cac nganh tiép theo 1a Bacteroidetes chiém
13,11%, Actinobacteria 1,6%, Firmicutes 1,4%, Acidobacteria 0,8%. Nhu vay,
Proteobacteria 14 nganh chiém wu thé 16n cé sé lwong gen cao gap 5,77 lan nganh
Bacteroidetes pho bién tht hai. Két qua nay ciing twong tu véi cac két qua cong bo
trude d6 vé da dang vi sinh vat dat [3]. Theo két qua nghién ciu cua Rui Wang va
cong su (2017) trén dat bi nhiém vi khuan gay héo thyc vat va dat thuong khong
nhiém vi khuan gay héo, c6 26 nganh vi khuin dugc xac dinh. Trong do,
Proteobacteria ciing 1a nganh phd bién nhat chiém 27%, tiép theo la cac nganh
Actinobacteria 14%, Acidobacteria 14%, Chloroflexi 8% and Firmicutes 6% [136].
Trong nghién ciu thanh phan céc loai vi sinh vat trong mau dat bi nhiém kim loai
nang Cadmium va dat khdng bi nhidm Cadmium & gan nha may san xuat phan bon &
Shuangsheng, T Xuyén, Trung Quéc, két qua cho thiy Proteobacteria la nganh phé
bién nhat & ca hai mau dat véi ti 1& & dat nhiém kim loai 1a 57,85% va dat khong bi
nhiém kim loai la 38,56% [137]. Khi khao séat cong dong vi sinh vat trong ré cay Larix
decidua va khu hé vi sinh vat dat xung quanh, Praeg va cong su (2020) ciing nhan
thiy c6 26 nganh vi khuan trong d6 Proteobacteria 1a 36%, Acidobacteria 16%,
Actinobacteria 11%, Bacteroidetes 7%, Candidatus Saccharibacteria 6%,
Verrucomicrobia 5%, Planctomycetes 4% [135]. Piéu nay cho thay Proteobacteria la
nganh c6 wu thé trong khu hé vi sinh vat dat ndi chung va & cac ving dat c6 dic diém
dac biét ndi riéng.

Xét mic phan loai l6p, 6 93,68% cac gen dugc xac dinh & mac phan loai nay
va duoc xép vao 83 Iop. Lop phd bién nhat 1a Gammaproteobacteria 61,70%, tiép

theo la I6p Betaproteobacteria 11,35% va Alphaproteobacteria 6,85%, ba 16p nay déu
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thuoc nganh Proteobacteria. Hai Iop tiép theo 1a Sphingobacteria 6,39% va
Flavobacteriia 5,45% thudc nganh Bacteroidetes. Cac 16p con lai ¢6 ti 18 thap, duéi
1%. Nhiéu nghién ciru ciing chi ra rang trong cac hé sinh thai ma qua trinh phan hay
dién ra manh nhu mun trong tham thyc vat rirng nhiét doi, dat dudi cac ta thi thi hé
vi sinh vat thay d6i theo hudng cac nganh Proteobacteria, Actinobacteria, Firmicutes

tang 1én, dac biét 1a ho Alphaproteobacteria va Gammaproteobacteria [138].
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Hinh 3.2. (4). Phdan tich da dang cua khu hé vi sinh vdr dat xung quanh nam muc
trang ¢ mac phan logi: Gidi, nganh, bé, chi; (B). Pa dang céc 16p thugc nganh

Proteobacteria; (C). Pa dang cac lop thugc nganh Bacteroideres
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O muc phan loai bd, cd 3 bo chiém ti & 16n 14 Pseudomonadales chiém
29,16%, Enterobacterales chiém 22,26%, Burkholderiales chiém 11,19%. Tiép theo
la cac bo Sphingomonadales chiém 6,39%, Xanthomonadales chiém 5,88%,
Flavobacteriales chiém 5,44%, Sphingomonadales chiém 3,40%, Rhizobiales chiém
2,66%, Alteromonadales chiém 1,68%, con lai 1a cac bo ¢4 ti 18 thap dudi 1 %. Ba ho
chiém ti I¢ cao nhat 1a Pseudomonadaceae voi 16,3%, Enterobacteriaceae chiém
14,44% va Moraxellaceae chiém 11,02%. O muc phan loai chi, chi c6 45,27% trong
t6ng sé gen dugc phan loai & mac nay va ti 1¢ caa tat ca cac chi déu dudi 10%. Muc
phan loai loai cling dugc xac dinh, tuy nhién chi c6 0,55% tong s6 gen duoc phan loai
vao 738 loai. Piéu nay cho thay van con mot sb luong rat I6n céc trinh tu gen chua
duogc chd giai & mac phan loai sdu nhu chi va loai. Mudi 0ai troi dién hinh trong dat
xung quanh khu nAm muc trang thiy phan gd la Pseudomonas putida, Enterobacter
cloacae, Acinetobacter johnsonii, Beauveria bassiana, Stenotrophomonas
maltophilia, Enterobacter cancerogenus, Cedecea davisae, Acinetobacter
baumannii, Salmonella enterica, Shewanella decolorationis.

Nhu vay, vi khuan dat c6 d6 da dang cao, thanh phﬁn va su da dang cua khu
hé vi khuan trong dat phu thudc vao nhiéu yéu td sinh hoc va cac dic diém hoa ly
[139], bao goém: chét dinh dudng [140], sir dung dat, 6 nhiém dat [141]...Trong do,
pH duoc xem 1a mot trong nhirng yéu t6 quan trong, c6 mdi quan hé chit ché véi
thanh phan va sb luong loai ctia cong dong vi khuan dat [142]. Vai trd quan trong nay
ctia pH 14 do céc vi khuan c6 khoang pH hoat dong toi uu hep [143]. Nhiéu nghién
ctru cho rang khu hé vi khuan c6 d6 da dang cao trong mdi trudng trung tinh va & moi
truong axit d6 da dang cua cong dong vi khuan giam xudng [139], [144]. Céc nganh
Proteobacteria, Actinobacteria va Acidobacteria sinh truong phat trién vu thé trong
mdi truong dat trung tinh hodc hoi kiém [145]. Do da dang ciia céc 16p trong nganh
Proteobacteria tang lén khi pH tang, dac biét 1a l6p Gammaproteobacteria, trong khi
d6 hau hét cac nganh Actinobacteria va Bacteriodetes it bi anh hudng boi 6 pH cia
dat [143]. C6 1& su sinh trudng ciia cac nganh nay chiu anh huéng bai to hop cac yéu
t6 khac nhu dinh dudng, két cu dat, sir dung dat... hon 1a pH. Trong miu nAm muc
trang cta chiing t6i, khoang pH thu duoc 13 6,9 — 7,3. Pay la khoang pH phu hop cho

nganh Proteobacteria phat trién, dic biét 1a 16p Gammaproteobacteria.
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3.2. Nghién ciwru khai thac gen mad hoa enzyme tham gia thiy phan
lignocellulose

3.2.1. Dw dodn chirc ning ciia DNA da hé gen ciia hé vi khudn dit

Nham nghién ciu vé chire nang ctia cac DNA da hé gen vi khuan dat quanh
khu nAm muc trang, toan bo 4.104.872 gen trong dit liéu thu dugc da duoc xac dinh
chic nang gen bang BLASTp dua trén cac CSDL gom Swiss-Prot (dix liéu cac protein
da duogc xac dinh chirc nang qua thuc nghiém), KEGG (phan loai chirc nang theo con
duong chuyén hda), eggNOG (phan loai chirc ning theo tién hoda cta gen) va Nr
(CSDL céc trinh tu non-redundant tir ngan hang gene), HMM-profile cia Pfam.
Bang 3.4. So lwong gen tir diz liéu DNA da hé gen dwoc chi gidi chizc ndng dira trén

CSDL khéac nhau

Tong so NR Swiss- KEGG eggNOG  Téng so

gen ban Prot gen cha
dau giai dwoc
S6 4.104.872 3.923.046 2.382.630 2.809.791 3.279.853 3.925.740

gen
% 100% 95,57% 58,04% 68,45% 79,90% 95,64%

C6 mot sb luong 16m cac gen da duoc chi giai chire nang. Cy thé c6 3.925.740

gen (tuong ung khoang 95,64% tong sb gen) duoc chii giai chire ning duya trén it nhat
mot trong bén CSDL. Dya trén CSDL NR, s gen duoc chi giai 1a 16n nhat voi
3.923.046 gen (chiém khoang 95,57% tong sb gen), tiép sau do 1a c6 3.279.853 gen
(twong rng 79,90%) dugc xac dinh chirc nang dua trén CSDL eggNOG, trong khi d6
dya trén co s dit liéu Swiss-Prot chi c6 58,04% gen dugc chu giai (2.382.630 gen)
(Bang 3.4).

Trong s6 cac CSDL trén thi KEGG l1a CSDL bao gém céc gen dugc phan loai
theo chirc ning sinh hoc ddi vai té bao va co thé sinh vat. V&i muc dich udc doan
chuc nang gen va khai thac cac gen ma héa enzyme tham gia phan giai lignocellulose
thi dir lieu KEGG cho két qua co do chinh xac cao. Do d6, két qua xac dinh chuc
nang gen dua trén CSDL KEGG duoc st dung cho phan tich tiép theo trong nghién
citu DNA da hé gen. Dya trén dir ligu KEGG, c6 2.809.791 gen (twong ung
khoang 68,45% tong s6 gen) dugc xac dinh chirc nang ma hoa protein tham gia

vao chuyén hoa céac chat trong té bao va co thé. Cac protein ndy tham gia vao
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5 nhém chuyén hoa bao gom: cac qua trinh trong té bao, xir Iy thong tin moi
truong, xir ly théng tin di truyén, bénh & ngudi, su trao ddi chat. Trong do, trao
d6i chat 12 qua trinh c6 sy tham gia caa nhiéu gen nhat vai 2.191.252 gen (tuong
ing khoang 69,98% tong sé gen dugc xac dinh), sau d6 1a dén céc qua trinh xur
1y thong tin mdi truong 11,63%, cac qua trinh trong té bao 9,08%, xu ly thong
tin di truyén 5,16% va bénh ¢ ngudi 4,15%. Trong qua trinh trao d6i cac chat
khac nhau, trao d6i carbohydrate c6 297.103 gen ma hda protein tham gia

(chiém khoang 13,56% trong tong s6 cac gen tham gia trao doi chat) (Hinh 3.3).

S phat trién va chét ciia té bao 34,824
Tinh di dong cia t& bao 56,972
Cong ddng té bao - sinh vt nhin chuin | 630
Cong dong té bao - sinh vt nhén so 172,991
Vian chuyén va di héa 18,874
Vian chuyén mang 186,165
Truyén tin hi¢u 178,113
Cic phan tir tin hi¢u va sy twong tac 462
Gip, phén loai va phan hiy HEEN 44,285
Té4i ban va sirachira NN 60,674

Phienméa 1 5,418

Dichma B 50,639

Khéng thubc: Khing khuin HEEEE 50,368

Khéng thuéc: Chéng ung the M 13 585
Cic bénh ndi tiét va chuyén hoa W 10,745
Bénhmiéndich | 1,305
Cic b¢nh truyén nhiém: Vi khuin BN 37,080

Cic bgnh truyén nhiém: Ky sinh tring | 3,876
Cic b¢nh truyén nhiém: Vi rat 1 3,883
Bénh thodi héa thin kinh B 7,474
Su phy thuge thube | 1,769

Sy trao d6i chat
Bénh & ngudi

XU ly théng tin ditruyén
XU ly théng tin méi truwdrng

AN

Céc qua trinh trong t€ bao

Chuyén héa axit amin NI 271,186
Sinh tdng hop cac chit chuyén hoa thir cip khic NN 56,373
I 297,103
Suw chuyén ho4 ning lrong NN 149,467

an dd toan ciu va td d'oe‘l
Ban do toan cau va tong quan

Sinh tdng hop va chuyén héa glycan HEEEE 52 337
Chuyén héa lipid IS 99 932
Chuyén héa cic dong yéu t6 va vitamin I 162,202
Chuyén héa cic axit amin khic NN 82,055
Chuyén héa tecpenoit va polyketide HENEE 48 180
Chuyén héa nucleotide NN 06 772
Phén hiiy sinh hoc va chuyén héa Xenobiotics I 8] 581

Sb6 gen
Hinh 3.3. So' d6 chi gidi chite ndng gen tir dit liéu DNA da hé gen vi
sinh vdr dat dwa trén CSDL KEGG

3.2.2. Khai thdc gen ma héa lignocellulase dwa trén két qud chu gidi chirc
nang boi KEGG

Tir 297.103 gen duoc xac dinh chiic ning 1a tham gia vao quéa trinh chuyén
hoa carbohydrate trén CSDL KEGG, ¢6 22.226 gen dugc udc doan la cac gen mé hoa
c4c enzyme c6 tham gia vao qua trinh phan giai sinh khéi lignocellulose. Trong d6
¢ 907 gen duoc chd giai ma hoa cac enzyme tham gia vao tién xt ly sinh khéi, 8301

gen md hoa cellulase va 13.018 gen méd hoa hemicellulase (Bang 3.5).
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Bdng 3.5. Cac ORF mé hoa enzyme phan gidi lignocellulose duoc khai thac tr DNA

da hé gen cua vi sinh vdt quanh khu ndm muc tréng

Tén enzyme S6 S6ORF  S6 ORFhoan  Sé loai
ORF hoan chinh co domain
chinh domain
1. Enzyme tién xir ly 907 216 198 19
Pectinesterase 815 199 181 16
(EC3.1.1.11)
Feruloylesterase 75 12 12 2
(EC 3.1.1.73)
Laccase 10 5 5 1
(EC 1.10.3.2)
Expansin 7 0 0 0
2. Cellulase 8301 1279 1058 81
B-glucosidase 4272 503 475 26
(EC3.2.1.21)
Endoglucanase 2216 548 367 47
(EC 3.2.1.4)
6-phospho-beta- glucosidase 1718 213 210 2
(EC 3.2.1.86)
Cellobiohydrolase 73 15 6 6
(EC 3.2.1.91)
Cellobiose phosphorylase 22 0 0 0
(EC 2.4.1.20)
3. Hemicellulase 13018 2087 1828 151
Xyloglucan-active 3-D- 3288 330 298 36
galactosidase
(EC 3.2.1.23)
a-L-fucosidase 2279 464 413 30
(EC 3.2.1.51)
a-galactosidase 1033 163 134 15
(EC 3.2.1.22)
a-L-arabinofuranosidase 1016 169 161 7
(EC 3.2.1.55)
endo-B-1,4 xylanase 885 230 175 15
(EC 3.2.1.8)
a-D- xylosidexylohydrolase 762 62 55 9
(EC 3.2.1.177)
1,4-beta-xylosidase 659 146 134 4
(EC 3.2.1.37)
-mannosidase 611 46 37 4
(EC 3.2.1.25)
oligosaccharide reducing- 552 100 73 12

end xylanase (EC 3.2.1.156)
B-mannanase (3.2.1.78) 368 87 81 16
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Endopolygalacturonaselyase, 341 60 52 7
(EC4.2.2.2)
B-fructofuranosidase 255 38 36 5
(EC 3.2.1.26)
B-D-glucuronidase 227 33 28 3
(EC 3.2.1.31)
Exopolygalacturonase 223 74 69 2
(EC 3.2.1.67)
Licheninase 175 52 52 4
(EC 3.2.1.73)
a-glucuronidase 161 17 16 1
(EC 3.2.1.139)
Exopolygalacturonaselyase 142 9 9 1
(EC 4.2.2.9)
Endopolygalacturonase (EC 38 6 4 1
3.2.1.15)
endo- 2 1 1 1
transglycosylase/hydrolase
(EC 2.4.1.207)
Acetylxylanesterase 1 0 0 0
(EC3.1.1.72)

Trong 907 ORF duoc chi giai ma hoa cho cac enzyme tién xir ly, cac ORF
nay duoc xép vao 4 nhdm la pectinesterase, feruloylesterase, laccase va expansin.
Trong d6, pectinesterase 13 nhdm enzyme phd bién nhat véi 815 ORF (twong ¢ng
89,96%%), tiép theo 1a cac nhdm feruloylesterase 75 ORF (8,27%), laccase (1,10%)
va con lai expansin (0,67%). Cac nhom enzyme khac thuong tham gia vao qué trinh
tién xtr Iy nhu lignin peroxidase, lytic polysaccharide, monooxygenase, manganese
peroxidase khong dugc tim thay trong dir liéu. C6 8301 ORF duoc chi giai ma hoa
cho cellulase chia thanh 5 nhdm sap xép theo thir ty giam dan 1a B-glucosidase (EC
3.2.1.21), endoglucanase (EC 3.2.1.4), 6-phospho-beta- glucosidase (EC 3.2.1.86),
cellobiohydrolase (EC 3.2.1.91), cellobiose phosphorylase (EC 2.4.1.20); trong d6
phan 16n 12 cac ORF ma hda cho B-glucosidase chiém 51,46% (4272 ORF), tiép theo
la endoglucanase 26,70%, 6-phospho-beta- glucosidase 20,70%. Nhém enzyme
cellulase khac 1a cellobiose dehydrogenase khong duoc tim thiy trong dir lidu. Xét
trong nhom enzyme hemicellulase, c6 13.018 ORF dugc chi giai ma hoa cho
hemicellulase dugc Xép vao 20 nhom, trong d6 nhém xyloglucan-active p-D-
galactosidase (EC 3.2.1.23) 1a nhdm pho bién nhat 25,26% (3288 ORF), tiép theo la
cac nhom a-L-fucosidase (EC 3.2.1.51) chiém 17,51% (2279 ORF), o-galactosidase
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(EC 3.2.1.22) chiém 7,94%, a-L-arabinofuranosidase (EC 3.2.1.55) chiém 7,80%,
cac nhom con lai ¢6 sb lugng ORF dudi 1000. Mot sé nhém enzyme khac thudc
hemicellulase nhu acetyl xylan esterase, acetyl mannan esterase, a-D-Xylosidase, a-
L-fucosidase khong duoc tim thay trong di liéu.

3.2.3. Khai thac gen ma héa lignocellulase dwa trén moé hinh HMM

Trong nghién ciru chi giai chirc ning gen, trinh ty protein suy dién d6i khi chi
mét phan duoc 1ap rép tir dir liéu giai trinh ty DNA da hé gen va nhu vay c6 thé anh
huong dén chi giai dua trén su twong dong do khéng hoan chinh va 16i caa cac khung
duoc 1ap rap. Trong trueong hop d6, mic du do twong dong kém nhung céc protein
dugc dy doan c6 xu hudng thuc hién cac chiic nang tuong ty vai nhitng protein cé
cung trinh tw. Nhu vay, ching rat c6 thé cé cung kiéu motif. Md hinh HMM duoc
xay dung tir trinh ty axit amin cta cac ho protein hoic cic domain da biét sau d6
chung dugc st dung dé tim kiém cac trinh tu chua biét va phan loai chiing. Khai thac
gen str dung mé hinh dai dién HMM ma ban chat 1a dya trén su twong dong vé motif
cd thé chl giai duoc chirc nang ctia nhirng gen ma khdng c6 su twong dong cao vé
trinh ty. Trong nghién ciru nay, khi khai thac gen mé hoa lignocellulase dya trén mo
hinh HMM c6é 13 enzyme tham gia thuy phan lignocellulose da dugc khai thac hiéu
qua hon so véi viéc khai thac gen dua trén sy twong dong vé trinh tu trong KEGG.
bo 1a CBM (1-84), arabinanase (GH43), galactanase, glucuronyl esterase, HPOXRE
catalase, hydrogen peroxide oxidoreductase, LPMO, laccase, axetylxylanesterase,
beta- glucuronidase, cellobiohydrolase, lichenase, beta-xylosidase. Trong do
hydrogen peroxide oxidoreductase (thuoc nhém hemicellulase) va LPMO (enzyme
tién xa 1y) 1a chua duoc tim thay dya trén dit lisu KEGG, CAZy. Piéu nay cho thay
khi str dung c6ng cu mai 1a mo hinh dai dién HMM, cac nhom enzyme quan trong da
duoc tim thay. Day 1a co so dé hiéu biét day di hon vé hé enzyme tham gia thay phan
lignocellulose.

Bang 3.6. Khai thac mét sé enzyme hiéu qud tir dit liéu DNA da hé gen vi sinh vat

dat quanh khu ndm muyc trang bang mé hinh dai dién HMM

STT Tén enzyme S6 lwgng gen  S6 lwong gen
dwa trén dwa trén
HMM KEGG
1 CBM (1-84) 3163 <300

2  Arabinanase (GH43) 343 -
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3  Galactanase 17 -

4 Glucuronyl esterase 22 -

5 HPOXRE catalase 224 -

6 Hydrogen peroxide oxidoreductase 224 0
7 LPMO 69 0
8 Laccase 1115 10
9  Axetylxylanesterase AXE1 79 1
10  B-glucuronidase 1044 277
11  Cellobiohydrolase 253 73
12 Lichenase 290 175
13 B-xylosidase 945 659
14 B-mannosidase GH2 594 611
15  Xylanase (GH44) 599 659
16  Feruloylesterase 53 75
17 a-glucuronindase (GH76N) 102 161
18  a-L-arabinofuranosidase 431 1016
19  pB-glucosidase 1118 4272
20  Endoglucanase 557 2216
21  Polygalacturonase 45 223
22  Mannanase 40 368
23 Xyloglucanase 14 3288
24 Expansin 0 7

3.2.4. Nghién cvru da dang cdc vi sinh vdt mang gen ma hoa lignocellulase

Trong sb 22.226 gen m& hda enzyme tham gia phan huy lignocellulose c6 phan
I6n cac gen di xac dinh duoc ngudn gdc vi khuan & céc cip do phan loai, va chi 107
(chiém 0,49%) khong xac dinh dugc don vi phén loai. Trong sé nay, c6 22.092 gen
(chiém 99,39%) 1a thudc vé vi khuan dugc xép vao 28 nganh, troi nhat 1a nganh
Proteobacteria (11.288 gen, chiém 50,79%), tiép theo l1a Bacteroidetes (8.164 gen,
36,73%), Firmicutes 3,43%, Actinobacteria 3,30%, Acidobacteria 1,99%,
Verucomicrobia 0,53%, Cyanobacteria 0,11% Planctomycetes 0,11% va téng s 20
nganh khac chiém 0,22% (Hinh 3.4). Ty Ié Bacteroidetes/Proteobacteria (0,72; 1)
trong gen ma hoa enzyme tham gia phan hay lignocellulose cao hon nhiéu so véi ty
18 nay trong tong s cau tric vi khuan caa mun xung quanh khu nam muc trang (0,17:
1). Biéu nay cho thiy Bacteroidetes dong vai trd quan trong trong qué trinh thay phan
lignocellulose. O cip d6 bg, phan tich ciing cho thdy Enterobacterales 1a b noi bat
nhat chiém 20,06%, tiép theo la Flavobacters 15,14%, Sphingobacteria 11,62%.

Phan tich sau hon voi nhém enzyme tién xu Iy ching tdi thiy rang nganh

Bacteroidetes 14 nganh phong phu nhat (427 gen, chiém 47,08%), cao hon mot chut
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SO Véi Proteobacteia (45,31%). Trong khi d6, ddi véi nhom hemicellulase,
Proteobacteria (44,20%) cao hon so véi Bacteroidetes (43,52%). Déi vai cellulase, ty
& gita Proteobacteria va Bacteroidetes khac biét dang ké, dat 2,4 1an twong ng voi
Proteobacteria 61,72% va Bacteroidetes 24,96%. Nhu vay, ty €
Proteobacteia/Bacteroidetes trong DNA da hé gen vi sinh vat xung quanh nim muc
trang 1a 5,77, trong khi ddi vai cellulase thi ty 1é Proteobacteria/Bacteroidetes la 2,4.
Do d6, Bacteroidetes duong nhu dong mét vai tro quan trong hon trong qua trinh thuy

phén lignocellulose.
JE23)

H
w
Hinh 3.4. Da dang vi sinh vt mang gen ma hoa lignocellulase ¢ nganh va bo

So sanh & mirc d6 phan loai bo thé hién sy khac biét to 16n giita cac nhom
enzyme. Cac bo Flavobacteriales, Sphingobacteriales, Enterobacterales lan luot
chiém 29,88%, 19,63%, 17,42% la ba bo c6 vai trd quan trong trong nhém enzyme
tién xt ly; bo Enterobacterales 27,90% va Flavobacterales 11,02% la hai bo phé bién

trong cellulase; va dbi voi hemicellulase thi cac bo Flavobacteriales, Enterobacterales
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va Sphingobacteriales 12 b chiém vu thé lan luot 12 16,72%, 15,26%, 14.65%. Trong
khi d6, trong téng s6 hé vi sinh vat dat mun xung quanh nim muc tring, cac bo
Sphingobacteriales 6,39%, Xanthomonadales 5,88%, Flavobacteriales 5,44% thudc
bo phd bién thir hai dudi 10%, céc bo chiém wu thé nhat 1a Pseudomonadales 29,16%,
tiép theo 1a Enterobacteriales 22,26% va Burkholderiales 11,19%. Nguoc lai,
Pseudomonadales chi chiém lan luot 1a 3,75%; 4,04%; 0,45% trong nhém enzyme
tién xir ly, cellulase, hemicelulase. Do d6, Pseudomonadales 14 bo dién hinh c6 trong
hé vi sinh vat dit min nhung khong phai 1a bo chia gen tham gia mi hda
lignocellulase. Enterobacteriales 1a bo chiém wu thé trong ca mau man va enzyme
phan giai lignocellulose. By Flavobacteriales chiém wu thé trong tat ca cac vi sinh vat
chaa enzyme lignocellulase. Do d6, cac bo Flavobacteriales va Enterobacterales 1an
luot thugc nganh Bacteroideles, Proteobacteria dong mot vai tro quan trong trong qué
trinh phan giai lignocellulose cua mun. C6 nhiéu nghién ciru ciing chi ra rang
Bacteroidetes tong hop dugc cellulase ¢ nhiéu hé sinh thai khac nhau [146]. Trong
nghién ciu caa Vries va cong su (2015), khi nghién cau thanh phan loai céc vi sinh
vat & dat néng nghiép duoc xt ly theo cac cach khéac nhau, thay phan 16n cac enzyme
cellulase dugc chu giai cho Proteobacteria, Actinobacteria va Bacteroidetes [147]. Vi
khuan thuoc Bacteroidetes c6 vai tro quan trong trong phan giai polysaccharide va
dugc tim thdy & hau hét cac heé sinh thai [148]. C6 nhiéu nghién cau cho thay,
Bacteroidetes thuong chiém khoang 10% trong thanh phan céc vi sinh vat dat [149].
Cac vi khuan thudc nganh nay ciing duoc biét ¢ chia nhiéu gen ma hda cho cac
enzyme phan giai polysaccharide, cac gen duoc sap xép trong cum gen goi 13 PULs
(polysaccharide utilization loci). Trong nghién ctu vé dat than bin & Bac Cuyc, phan
I6n cac gen nghién ctu tham gia mi hoa cho enzyme phan giai sinh Kkhoi
lignocellulose duoc xac dinh thuéc cac nganh Bacteroidetes, Actinobacteria,
Verrucomicrobia (chiém khoang 70% céac gen). Trong két qua nghién citu ndy cho
thdy, ca hai nganh Proteobacteria va Bacteroidetes déu ¢6 mit trong khu hé vi sinh
vat trong dat xung quanh khu ndm muc trang phan hay lignocellulose trong d6
Proteobacteria chiém ti & 75,68% va Bacteroides chiém ti I& 13,11%, trong khi d6
trong cac gen ma hoa lignocellulase thi Proteobacteria chiém ti 1é giam xuéng 61,72%

va Bacteroidetes ting 1én 1,90 1an véi ti 18 24,96%. Diéu d6 cho thay nganh
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Bacteroidetes, bo Flavobacteriales c6 su phat trién wu thé trong s6 cac vi sinh vat
chtra gen mé héa enzyme phan giai lignocellulose. Két qua nay ciing phu hop véi két
qua dugc cdng bd trude d6 cua Soares va cong su (2012). Viéc giai trinh ty gen 16S
rRNA ¢ cac chung dugc phan Iap tir ¢4t Nam Cuc di cho thiy bo Flavobacteriia la
nhém chinh cua vi khuan tham gia phan giai cellulose [150]. Dic biét, Edwards va
cong su (2010) khi nghién ciru thanh phan loai trong cac moi truong cd sy phan huy
polysaccharide manh ciing thay chi ra rang cac bo Gammaproteobacteria thuoc nganh
Proteobacteria va bo Flavobacteriia thuc nganh Bacteroidetes [151] Ia cac bo chiém
vu thé tuyét dbi & cac moi trudng nay.

Trong sé cac gen ma hoa enzyme phan giai lignocellulose, & luan an nay ching
t6i tiép tuc tién hanh khai thac va lua chon gen tiém ning ma hoa enzyme thaty phan
cellulose dé tong hop/phan 1ap gen.

3.3. Nghién ciru khai thac va lwa chon gen tiém niing ma héa cellulase

3.3.1. Phan tich cac vung chirc nang ciia cellulase

Bang 3.7. Cac ORF ma hda cellulase trong DNA da hé gen vi sinh vt dat

Enzyme ORF diy di ORF mat ORFmat ORF mat Tong
dau 5’ diu 3 2 dau

Endoglucanase 548 447 503 718 2216
(EC 3.2.1.4)
Cellobiohydrolase 15 5 11 42 73
(EC 3.2.1.91)
B-glucosidase 503 765 1065 1939 4272
(EC 3.2.1.21)
6-phospho-- 213 397 454 654 1718
glucosidase
(EC 3.2.1.86)
Cellobiose 0 3 7 12 22
phosphorylase
(EC 2.4.1.20)
Tong 1279 1617 2040 3365 8301

Dua trén viéc tham chiéu véi CSDL KEGG, ¢6 8301 ORF duoc xac dinh ma
hoa enzyme cellulase. Cac ORF nay gém 5 loai enzyme gom: (1) endoglucanase c6
2216 ORF ma hda endoglucanase EC 3.2.1.4 — thay phan céc lién két 1,4-p-D-
glucoside bén trong mach cua cac chudi cellulose dé tao ra cac chudi ngin hon,
lichenin va cereal f-D-glucan; (2) exoglucanase c6 73 ORF mé& héa cellobiohydrolase

EC 3.2.1.91 - thay phan lién két (1,4)-B-D-glucoside ¢ hai dau caa cac chudi ngan
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cellotetraose, giai phong cellobiose; (3) 4272 ORF ma hoa PB-glucosidase EC
3.2.1.21- xdc tac phan tng phan cit lién két glycoside dé giai phéng phan tir p-D-
glucose tir hop chit glycoside hoic oligosaccharide; (4) 1718 ORF mi héa 6-
phospho-B-glucosidase EC 3.2.1.86 — xuc tac phan ung 6-phospho-B-D-glucosyl-
(1,4)-D-glucose + H20 -> D-glucose + D-glucose 6-phosphate; (5) 22 ORF mé& hoa
cellobiose phosphorylase EC 2.4.1.20 — xuc tac phan tng cellobiose + phosphate ->
a-D-glucose 1-phosphate + D-glucose). Trong s6 8301 gen dwoc chl giai m& hda cho
enzyme cellulase c6 1279 gen (15,41%) la chira gen day du c6 ca hai dau 5 va 3’ bao
gom: 548 gen endoglucanase, 15 gen exoglucanase loai cellobiohydrolase, 503 gen
B-glucosidase, 213 gen 6-phospho-B-glucosidase con lai 1a 7022 gen khong day du
(thiéu dau 5°, dau 3’ hodc thiéu ca hai dau). Trong nghién cau khai thac, phan tich
cau tric vung chirc nang cellulase, ching toi di wu tién lya chon 1279 ORF day du
da duoc du doan ¢ ca dau 3°, dau 5° dé phan tich. (Bang 3.7).

Cac enzyme thily phan cellulose thuong c6 cau tric gom nhiéu ving
chtrc khac nhau. Cac ving nay c6 vai trd quan trong anh hudng dén co ché hoat
dong va hoat tinh cua enzyme cellulase. Ching t6i tién hanh nghién ciu cac ving
chtrc nang (domain) cta cac gen ma hoa cellulase st dung CSDL Pfam va mo hinh
dai dien HMM. Két qua thu duoc trong s6 1279 gen day di ma hoa cac nhdm enzyme
cellulase duoc st dung cho phan tich thi ¢6 1058 gen c6 domain bao gém: 367 gen
mé& hda endoglucanase, 6 gen ma hoa exoglucanase loai cellobiohydrolase, 475 gen
ma hoa p-glucosidase, 210 gen ma hda enzyme 6-phospho B-glucosidase. Két qua
dugc thé hién trén Bang 3.8.

Bang 3.8. Két qud phan tich viing chire nang ciia cac ORF hoan chinh ma hoa

cellulase
Enzyme S6 ORF hoan chinh c6 Loai domain
domain
Tongs6  S6 ORF theo loai
domain
Endoglucanase 367 105 GH8
(EC 3.2.1.4) 72 GH5
38 PeptidaseM42
18 GH5-CBM6
14 DUF285

13 GH18
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CE2
40 loai khac
Alginate_lyase
Amidase 3

CBM2

CBP_BcsO
GH128+Laminin G3
Znribbon8
B-glucosidase 475 220 GH3+FN3
(EC3.2.1.21) GH1

FN3

GH3

GH43
GH3+Exop_C
DUF4886

CE3

LZ Tnp_1S481+rve
rve

Exoendophos

GH16
LipaseGDSL2
ExopC

HTH29+rve
Lacl+Peripla_BP_3
CBM32

GH89

rve3
AP_endonuc2
CBM32+GH55
GH87
GH16+CBM32
GH43+CBM32+LamininG3
GxDLY+Lipase_ GDSL_3+
CE3

1 HTH1+GH1
1 SpolIM
6-phospho-p- 210 152 GH1
glucosidase 58 GH4
Tong 1058 81 loai domain

Két qua nhan duogc cho thay trong 1058 ORF hoan chinh ma hda cellulase

O =
~N O

Cellobiohydrolase 6
(EC 3.2.1.91)

PR R

[
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chtra 81 loai domain. Trong d6, domain phd bién nhat thuéc ho GH (chiém trén 80%
ORF hoan chinh c6 domain). Pai dién la GH1 c6 245 ORF trong d6 189 ORF (tuwong
ung 77,14%) thuoc nganh Proteobacteria, 20 ORF (8,16%) thuéc nganh

Bacteroidetes con lai 1a thuoc cac nganh khac. Tiép theo 1a domain GH3+FN3 (220
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ORF) trong d6 96 ORF (43,67%) thuoc nganh Proteobacteria, 108 ORF (49,09%)
thudc nganh Bacteroidetes. Sau do6 1a cac ho GH khac nhu ho GH8 (105 ORF), GH5
(72 ORF), GH4 (58 ORF) trong d6 ti 1¢ cac ORF thudc nganh Proteobacteria lan luot
1a 91,43%; 52,78%, 94,83%. Ngoai ra, mot s6 cac domain khac nhu peptidase M42,
FN3, GH3, GH43, GH5-CBM6 ciing dugc xac dinh trong cac ORF (Hinh 3.5).
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Hinh 3.5. Céc nganh vi khuan mang ORF haén chinh c6 domain ma héa cellulase

Phan tich theo tirng nhdm enzyme cho thay, thudc nhom endoglucase c6 367
ORF Vvéi 47 loai domain. Trong d6, domain GHS 1a phé bién nhat véi 105 ORF, 96
ORF trong sé nay (91,43%) thudc nganh Proteobacteria, chi c6 2 ORF (1,90%) thudc
nganh Bacteroidetes, 5 ORF (4,77%) la nganh Acidobacteria va 2 ORF thuoc cac
nganh khac. Loai domain pho bién tha hai trong nhém enzyme nay 1a GH5 vai 72
ORF. Cac ORF chira domain GH5 hau hét thugc hai nganh Proteobacteria (52.78%)
va Bacteroidetes (34.72%). Tiép theo la cac loai domain Peptidase M42 (38 ORF),
GH5-CBM6 (18 ORF), DUF285 (14 ORF), GH18 (13 ORF), CE2 (10 ORF) trong

d6 phan Ion cac domain thuéc nganh Bacteroidetes véi ti 1& lan luot 12 100%,
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94,44%,92,86%, 92,31%, 80,00%. Con lai 43 loai domain (97 ORF) thudc nhiéu
nhém phan loai khac nhau.

Trong nhom enzyme exoglucanase chi c6 6 ORF v&i 6 loai domain khac nhau.
Trong sb céc domain thuoc ORF ma hoa exoglucanase c6 3 domain Alginate_lyase,
Amidase 3, GH128+Laminin G3 thudc nganh Bacteroidetes, 2 domain CBM2 va
Znribbon8 thuoc nganh Acidobacteria, domain CBP_BcsO thuéc nganh
Proteobacteria.

Nhém enzyme B-glucosidase 1a nhdm enzyme cé sé luong ORF nhiéu nhat
475 ORF (44,90%) vdi 27 loai domain. Trong nhém enzyme nay, domain c6 s6 luong
nhiéu nhat 1a domain GH3+FN3 v¢i 220 ORF, trong d6 96 ORF (43,64%) thudc
nganh Proteobacteria va 108 ORF (49,09%) thuoc nganh Bacteroidetes con lai 16
ORF thudc céc nganh khac. Tiép d6 1a domain GHI (93 ORF) trong d6 60 ORF
(64,52%) thuoc nganh Proteobacteria, 20 ORF (21,51%) thuoc nganh Bacteroidetes
va 13 ORF con lai thuoc mot sé nganh khac. Ngoai ra con nhiéu domain khac dugc
tim thdy nhue GH4, FN3, GH3, GH43, GH3+Exop C, DUF4886, CE3,
LZ Tnp_1S481+rve, rve, Exoendophos, GH16, LipaseGDSL2, ExopC, HTH29+rve,
LacI+Peripla BP 3, CBM32, GH89, rve3, AP_endonuc2. Cac domain nay déu thugc
nhém Proteobacteria, trong khi d6 mot s6 domain chi tim thiy ¢ nhém Baceroidetes
la: DUF4886, CE3, GH89, GH16+CBM32, GH43+CBM32+LamininG3,
GxDLY+Lipase_GDSL_3+CE3. Trong nhdm 6-phospho-p-glucosidase, domain pho
bién nhat 12 GH1 véi 152 ORF trong d6 co6 129 ORF (84,87%) thudc nganh
Proteobacteria, 15 ORF thuéc nganh Firmicutes con lai chua dugc phén loai nganh.
Domain con lai trong nhém enzyme nay la GH4 véi 58 ORF, trong d6 55 ORF
(94,83%) thudc nganh Proteobacteria va 3 ORF thudc nganh Firmicutes.

Tir cac két qua phan tich domain cua cac ORF mé hda cellulase c6 thé thiy
cac enzyme ma hoa cellulase c6 cau trac domain kha don gian, chiing khong chira
cac domain hoat tinh khac hoac cac domain khdng cé chirc nang xuc tic ma chi cé
mot domain x(c tac. C6 I& day 1a diac diém dic trung ciia cac enzyme cellulase cua
khu hé vi khuan dat quanh khu nim muc trang. Nhu vay trong phan tich caa ching
t6i, cac ORF thudoc nhom endoglucase chira domain GH8 nhiéu nhat, nhom B-

glucosidase chta domain GH3+FN3, GH1 Ia nhiéu nhat, nhém 6-phospho-pB-
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glucosidase chira domain GH1 nhiéu nhét véi su vu thé cia nganh Proteobacteria. O
cac nghién cau khac, khi phan tich DNA metageneome cua cac vi sinh vat trong da
c6 dé thu dugc GH5 va GH9 thé hién hoat dong endoglucanase, trong khi d6 GH3
dugc dy doan c6 hoat tinh B-glucosidase. Cac enzyme nay hau hét déu duoc phan loai
vao nganh Bacteroidetes, mot s6 enzyme dugc phan loai vao nganh Firmiticute nhu
GH5, GH6, GH9 s& di kém v6i CBM nhu CBM2, CBM3, CBM4, CBM63 [2]. Trong
thi nghiém cuaa Inoue va cong su (2014) khi tinh ché cellulase tir nim Talaromyces
cellulolyticus thu duoc cac ho GH3 hoat tinh B-glucosidase, GH5 hoat tinh
endoglucanase, GH6 va GH7 hoat tinh cellobiohydrolase. Trong CSDL CAZy mo ta
cac B-glucosidase chiu trach nhiém xur ly céc oligosaccharide nhé chii yéu duoc tim
thay trong GH1 va GH3, trong khi cac endo- va exocellulase chu yéu co trong GH5,
GH6, GH8, GH9, GH12, GH44, GH45, GH48 [152]. Pang chu v, trong két qua phan
tich domain ciia cac gen ma hoa p-glucosidase chi ra rang riéng trong nhom p-
glucosidase c6 khoang 90% cua cac domain GH3 c6 lién két ving/cau tric FN3 va
Exop_C. Pay 1a cac viing/cau tric doc 1ap va it duoc nghién cau. Cau tric GH3+FN3
xuat hién ca & nganh Proteobacteria va Bacteroidetes, cau tric GH3+Exop_C chi xuat
hién & nganh Proteobacteria. FN3 1a loai vung/cau tric lién két phd bién nhat chiu
trach nhiém néi long bé mit cellulose, 1am bong tréc soi cellulose va hudng chudi
cellulose vao 15i xtic tac dé dé dang chuyén doi co chat [153]. Ngoai ra sy ¢6 mit cia
viing/cau tric FN3 con gitip enzyme dugc hinh thanh va hoat dong. Két qua nay ciing
thong nhat vai cac cong bd trude do cua Nguyen va cong su (2021) khi khai thac
DNA da hé gen & da co dé thu dugc 90,9% cellulase GH3 chitra viing/cau triic FN3
[154]. Vung/cau truc Exop_C thuong it gap, vai tro chinh cua ving/cau trdc nay
khdng chi 12 lién két voi co chdt ma con c6 vai trd 6n dinh cau tric can thiét cho hoat
dong cua enzyme.

3.3.2. Dw dodn mirc dp biéu hign ciia cac gen ma hda cellulase

S6 lwong céc gen thu dugc sau khi phan tich DNA da hé gen thuong rat I6n.
Vi vay, dé dat duoc hiéu qua cao trong nghién ciru thuc nghiém thi mic d6 biéu hién
ngoai bao cua cac gen ndi chung va mic d6 biéu hién dang tan néi riéng can duoc du
doan. Sy biéu hién cua cac protein dang tan trong vat cha gilp cho cac protein git

nguyén duoc ciu tric khdng gian va co hoat tinh sinh hoc. Mirc d6 biéu hién nay phu
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thudc vao do tuong thich ctia gen can duoc biéu hién va vat cha. Trong sé cac vat cha
biéu hién hién nay thi E. coli la hé biéu hiéu phé bién va don gian nhat. Mrc do biéu
hién dang tan ciia 1058 gen hoan chinh c6 day du cau tric domain ma hoa cho enzyme
cellulase da duoc xac dinh bang phan mém Periscope. Céc gen dai dién cho mdi nhém
c4u tric domain va c6 muac d6 biéu hién cao nhit so véi cac gen con lai trong nhém
duoc trinh bay ¢ Bang 3.9.

Bang 3.9. Dir dodn mike do biéu hién ciia gen ma hoa cellulase trong E. coli

Enzyme Loai domain Mai gen dai diéncé  Mike dd biéu
mikc d biéu hiéncao  hién (mg/l)
nhat trong nhom
Endoglucanase GH8 GL0183420 3739
GL1155166 3726
GL0051672 3622
GL0127466 3201
GL0176868 3196
GL0791089 2806
GL0946225 2752
GL0565361 2497
GL0613574 2367
GL0699893 2020
GH5 GL0285761 3199
GL0361483 2785
GL0599940 2613
GL0472979 2366
GL0309031 2246
PeptidaseM42 GL2894807 1067
GH5-CBM6 GL0472979 2366
DUF285 GL0168545 5382
GL0614297 5243
GL0239003 5012
GL0188991 4881
GL0652637 4856
GL0001438 4375
GL0042321 3391
GH18 GL0560255 36
CE2 GL0144694 15
43 loai khac
Exoglucanase Alginate_lyase GL0212614 743
Amidase 3 GL0221923 9
CBM2 GL2034110 9
CBP_BcsO GL0879211 15
GH128-Laminin G3 GL0058533 14
B-glucosidase GH3+FN3 GL0554917 4268
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GH1 GL0186901 2849

FN3 GL2121620 2320

GH3 GL0173907 3608

GL0336364 2302

GL0524609 1912

GL0168583 1911

GL0168583 1809

GH43 GL1276531 2478

GL0801723 2430

GL1531450 1203

GH3+Exop_C GL0050362 4626
DUF4886 GL0245593 22
CE3 GL0464911 24
LZ_Tnp_1S481+rve GL0280494 25
rve GL1394039 22
GL0888773 20
Exoendophos GL0437370 22

GH16 GL0003443 2100
LipaseGDSL2 GL0143432 27

ExopC GL1796064 1827
HTH29+rve GL1261227 22
Lacl+Peripla_BP_3 GL0732032 20
CBM32 GL0418067 25

GH89 GL0037389 2329
rve3 GL1983913 19
AP_endonuc?2 GL0596682 40
CBM32+GH55 GL0415923 15
GH87 GL1311891 16
GH16+CBM32 GL0278102 21
GH43+CBM32+La GL0130082 39

mininG3
GxDLY+Lipase G GL0475588 11
DSL _3+CE3

HTH1+GH1 GL0975522 18
SpolIM GL1042070 14

6-phospho f- GH1 GL0494307 4714

glucosidase GH4 GL0335762 1549

GL0413390 1093

GL0436665 1078

Két qua xac dinh mirc d6 biéu hién & E. coli cho thay trong 1058 gen hoan
chinh c¢6 domain mad hoda cellulase, cac gen thuoc nhom endoglucanase va -
glucosidase duoc xac dinh c6 kha niang biéu hién cao hon nhém exoglucanase. Trong
nhom endoglucase, cac gen chira domain GH8 duoc du doan c6 mirc biéu hién cao
nhat véi cac ma GL0183420, GL1155166, GL0051672, GL0127466, GL0176868
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déu c6 kha nang biéu hién trén 3000 mg/l. Cac gen nay thudc nganh Proteobacteria
va Acidobacteria. Tiép theo la cac gen chira domain GH5 thudc nganh Proteobacteria
va Bacteroidetes c6 mirc biéu hién trén 2000 mg/l. Ngoai ra mot s6 gen chira domain
PeptidaseM42, GH5-CBM6, DUF285 thudc nganh Bacteroidetes ciing biéu hién tot
trong hé biéu hién E. coli. Trong nhém B-glucosidase, cac gen c6 domain GH3 thudc
nganh Proteobacteria déu muc do biéu hién tét: nhiéu dai dién cau tric domain
GH3+FN3 c6 mirc d6 biéu hién cao trén 4000 mg/l, gen c6 domain GH3 c6 muc biéu
hién trén 1800 mg/l, ma gen GL0050362 vi cau tric domain GH3+Exop_C ¢ muc
d6 biéu hién cao nhat 4626 mg/l. Bén canh do, cac gen B-glucosidase chira domain
GH4, GH43, GHL1 thudc nganh Proteobacteria, gen B-glucosidase chira domain GH16
thudc nganh Bacteroidetes ciing biéu hién tt. Nhdm 6-phospho B-glucosidase, gen
c6 domain GH1 c6 mtc d6 biéu hién cao nhat 4714 mg/l, mot s6 gen chira domain
GH4 c¢6 mac do biéu hién trén 1000 mg/I.

3.3.3. Nghién ceiru lwa chen gen ma hoa cellulase

O quanh nam muc trang va khu dat xung quanh dién ra sy phan hay cellulose
manh c6 su tham gia cua nhiéu nhém vi sinh vat. Trong d6, cac vi sinh vat phan huay
cellulose manh thuong c6 nhiéu loai enzyme véi luong B-glucosidase cao va c4c vi
sinh vat co hdi thuong chi chira B-glucosidase [155]. Trong qua trinh phan hay do, B-
glucosidase tham gia vao qué trinh thiry phan céc lién két glucoside trong cac duong
d6i tao san pham 1a duong don, dé cac duong doi nay khéng e ché nguoc hai enzyme
endoglucanase va exoglucanase, ddm bao qua trinh phan hity cellulose duoc dién ra
thuan loi.

Duya trén CSDL KEGG dé tham chiéu, c6 8301 gen dugc xac dinh ma hoa
cellulase. Xét vé phan loai nganh, Proteobacteria 1a nganh duoc xac dinh nhiéu nhat
5123 gen (61,72%) trong cac gen ma hoa cellulase. Pay c6 thé 1a dic trung vé mat
loai ciia khu hé vi sinh vat quanh khu ndm muc trang & vuon Quéc gia Cuc Phuong.
Xem xét vé khia canh cdu trac gen, trong 8301 gen duoc chi giai ma hoa cellulase
c6 1058 gen day du c6 domain thugc 3 nhém enzyme chinh can thiét dé thay phan
hoan toan cellulose thanh glucose 1a endoglucanase (367 ORF day du),
cellobiohydrolase (6 ORF day di) va B-glucosidase (475 ORF day dua). Trong khudn

kho cua luan &n, ching toi nghién ctru lya chon mot gen ma hoa B-glucosidase dé tién



77

hanh phan Iap gen. Trong nhom B-glucosidase, GH3 la cau tric domain phé bién nhat
(260 ORF) trong dé co6 220 ORF c6 ciu tric GH3+FN3, 11 ORF cd ciu tric
GH3+Exop_C va 29 ORF chi chira GH3. Céc cau tric phu tro nhu FN3, Ig, CMC,
Exop_C 1a doc lap va it dugc nghién ciu. Nham tim kiém cac gen méi, c¢6 dic diém
khac biét thi cac gen ma hoa p-glucosidase cd cau trdc phu tro nhu Exop C, EN3 s&
duoc vu tién lya chon. Két hop voi két qua dy doan murc do biéu hién, 2 ma gen c6
cau tric GH3+FN3 c6 mirc do biéu hién trén 4000 mg/I va mot ma gen GL0050362
c6 cau tric GH3+Exop_C ¢6 murc do biéu hién cao nhat 4626 mg/l dugc lua chon.
Trong cac nghién ctru trudc, vung phu trg FN3 duoc coi 1a vung dac trung cua
cellulase GH3 trong da co6 dé vai ti 1€ 90,3% [154]. Vi vay, trong nghién & vi sinh vat
xunh quanh nim muc trang nay, ma gen cé ciu trdc phu tro méi Exop C duoc dy
doan tinh chat bang mot s6 céng cu tin sinh.

3.3.3.1. Dy dodn viing bdo thii ciia gen bang BLASTp

Viéc tim kiém cac ving tuong dong giira gen wng vién véi céc trinh tu khac
d3 duoc xac dinh chira nang bang thyc nghiém c6 vai trd quan trong trong viéc dy
doan chirc niang gen. Thém vao d6, khi sy twong dong gitra gen (ng Vvién va cac gen
khac cang thap thi kha ning chang 1a gen mdi, ¢6 nhiéu tiém ning trong nghién ctiru
va tng dung cang cao. Tuy nhién, néu sy twong dong 1a qua thap thi co thé s& gap
kho khan khi thue nghiém biéu hién. Vi vay, cac gen duogc lua chon thuong 1a cac
gen ¢6 do twong dong khoang trén 85% vai CSDL khi so sanh. Két qua khi so sanh
gen GL0050362 véi CSDL trén ngan hang gen cho thay gen GL0050362 c6 d6 bao
pht 99-100% va d6 twong dong tir 96% trg 1&n véi B-glucosidase caa nhiéu loai vi
khuan nhu: Stenotrophomonas maltophilia (ID: VUR03699.1), Stenotrophomonas
sepilia (ID: PZT38871.1), Pseudomonas aeruginosa (ID: CRP60742.1),
Pseudomonas hibiscicola (ID:  WP_019659734.1), Stenotrophomonas  sp.
HMSC10F07 (ID: 0FU99884.1). Piéu nay ciing cho thay tinh kha thi khi tién hanh
biéu hién gen va nghién cau tinh chat enzyme sau nay. Duya trén co sé dir lidu NR,
gen GL0050362 duoc du doan thuoc nganh Proteobacteria, 16p
Gammaproteobacteria, B¢ Xanthomonadales, Ho Xanthomonadaceae, Chi

Stenotrophomonas.
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Két qua xac dinh cau trdc protein do gen GL0050362 ma hoa bang BLASTp
cho thay protein nay c6 ba ving dic hiéu (specific hit) gdm: (1) 1a viing BglX (thudc
siéu ho BgIX) [156] tuong Gng va&i hai vung khong dac hiéu (non-specific hit)
PRK15098 [157] va GH3-N (theo s6 liéu dugc lién két véi pfam00933) ma hoa p-
glucosidase va cac glycosidase tham gia vao qué trinh trao ddi carbohydrate (theo co
so dir liéu COG1472); (2) la vung GH3-C (thudc siéu ho GH3-C) tham gia vao qua
trinh xdc tac va c6 thé lién két beta-glucan (theo sé liéu duoc lién két véi pfam01915)
[158]; (3) Exop_C (thudc siéu ho Exop_C) gidng ving lién két véi Galactose, day 1a
ving didu C duoc tim thidy trong ExoP (exo-1,3/1,4-beta-glucanase) tir
Pseudoalteromonas. Ving nay chiaa mot nép gap p thuong gap trong glycosyl
hydrolase (GH7, 11, 12 va 16) va trong mot sé ving/cau trac lién két carbohydrate.
Ving nay dugc cho rang khéng chi co vai trd dinh huéng lién két véi co chat ma con

gitp 1am 6n dinh c4u trdc can thiét cho hoat dong cua ExoP [159] (Hinh 3.6).
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Hinh 3.6. Két qud di dodn chite ning gen GL0050362 bang BLASTp.
Cac vung dac hiéu (specific hit): BgIX (COG1472), GH_3_C (pfam01915),
Exop_C (pfam18559).

3.3.3.2. Dy dodn cdu triic khéng gian ciia protein

Vi céc cap do cau trdc bac cao cia protein ¢6 xu huéng bao thi hon nhiéu so
Vi trinh ty axit amin caa chdng trong qua trinh tién hoa nén céc cau tric khong gian
cua enzyme do gen GL0050362 ma hoa duoc khao sat bang phan mém Phyre2. Két
qua thu duoc trong cau tric bac 2 cia enzyme c6 29% xoan a, 21% xoan B va 16%
khéng xac dinh dang cu tric. Phyer2 con du doan cau tric khéng gian ba chiéu cua
enzyme, tir 6 6 thé du dodn sau hon vé trung tam hoat dong, viing bao ton, vi tri
xuc tac cua enzyme.

Trong md hinh cau tric khong gian ba chiéu, protein duoc xac dinh dua trén

khudn enzyme B-glucosidase tir Pseudoalteromonas sp. bb1 (¢3f93D) ¢6 d6 bao phu
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93% va do tin cay 100%. Cau trdc khong gian bac 3 cia gen nay c6 47% tuong dong
véi B-glucosidase cua khudn ¢3f93D vai do tin cay 100%, c6 ba vung dac hiéu GH-
3, GH-3-C va Exop_C, ngoai ra gen nay cé ving bao ton cao [HIS]249 gidng nhau
gitra protein ng vién va khudn ¢3f93D, mat khac enzyme tng vién con cd vi tri xac
tac [GLY]848 lién quan dén hoat tinh B-glucosidase theo u6c doan ciia Phyer2 (Hinh
3.7).

Hinh 3.7. M hinh cdu tric khéng gian cuia gen ing vién si dung Phyre2
dwa trén khuon c3f93D

3.3.3.3. Dur dodn mét sé tinh chdt ciia enzyme ving vién

Ngoai cau tric khong gian thi mét s dic diém anh huong dén kha ning xuc
tac cua enzyme nhu pH, nhiét do tdi wu cho hoat dong cua enzyme ciing duoc du
doan. Mdi loai enzyme hoat dong tot & mot diéu kién pH cu thé, cac enzyme ua axit
hozc kiém ¢ nguon goc tir vi sinh vat ua axit hodc wa kiém c6 thé c6 nhiéu ung dung
trong cong nghiép san xuat. Khi dua trinh ty axit amin cta enzyme @ng vién dang
FASTA vao phan mém xac dinh kha ning chiu axit/kiém AcalPred thu dugc két qua
X4c xuat enzyme chiu axit va enzyme chiu kiém lan luot 1a 0,507957 va 0,492043.
Hai x4c xuat nay la gan giéng nhau va enzyme wng vién 1a enzyme c6 pH trung tinh,
hoi nga axit. Két qua nay cuing phil hop véi cac nghién ctru trude d6 cho rang diéu
kién pH 6,0-7,5 1a pH tdi uu cho hoat dong cua cac enzyme B-glucosidase [160].

Nhiét d6 1a mot trong nhitng yéu to quan trong anh huong dén kha niang xiic
tac ctia enzyme. Viéc udc doan kha nang chiu nhiét ctia enzyme khong chi thuan loi
trong lyra chon diéu kién cho thuc nghiém ma con 13 co so dé liwa chon cac gen c6 thé

g dung trong thuc tién san xuat. Cong cu TBI xéac dinh kha ning chiu nhiét cua
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enzyme theo 3 mtrc: néu Tm (temperature melting) > 1, enzyme chiu dugc nhiét do
trén 65°C, néu Tm tir 0-1 thi enzyme chiu dugc nhiét d6 1a 55°C-60°C va Tm<0 thi
nhiét d6 t6i wu cho hoat déng cua enzyme 1a dudi 55°C. Két qua xac dinh kha ning
chiu nhiét cta protein ung vién c6 Tm la 0,6606, nhu vay nhiét do tdi wu cho hoat
dong cua enzyme tir 55°C-65°C.

Dua trén cac két qua xac dinh vung hoat tinh, mirc 4o biéu hién trong hé biéu
hién E. coli, khao sat viing bao tht va ciu trac khong gian cling nhu mot sb tinh chat
ctia protein suy dién, ma gen GL0050362 da duoc lua chon dé biéu hién va nghién
ctru tinh chat ciia enzyme. M3 gen GL0050362 duoc ki hiéu 1a gen gh3s2.

3.4. Biéu hién, tinh ché va nghién ciru tinh chit protein GH3S2

3.4.1. Nghién ciru biéu hién gen gh3s2

3.4.1.1. Thiét ké vector tdi t6 hop pET22b(+) mang gen gh3s2

Gen gh3s2 ban dau duoc khai thac tir DNA da hé gen cua vi sinh vat dat co
chiéu dai 2547 bp ma hoa protein cd 849 axit amin. Protein ndy chira doan peptide
tin hiéu tiét dai 26 axit amin (tir axit amin 1 dén axit amin 26) theo phan mém truc
tuyén Phobius dy doan. Poan tin hiéu tiét nay c6 vai trd quan trong trong viéc chuyén
Vi cac protein da dugc tong hop ra ngoai mang sinh chat ¢ cac nhom sinh vat [161].
O sinh vat nhan so nhu E. coli, phan Ién su chuyén vi cua protein chua cudn xoan,
gap khuc 13 qua kénh Sec. Cac protein nay thudng chira tin hiéu ki nudc tai dau N
cua ching [162]. Mot con duong khac 1a con duong chuyén vi arginine doi (twin-
arginine translocation — Tat) trong d6 dau N cua tin hiéu tiét cd chira motif dic trung
Arg-Arg. Pay 1a con dudng chuyén cac protein di gip cudn sau dich ma. Trong
nghién ciru ndy, gen gh3s2 dugc ching toi thiét ké khdng bao gom trinh ty ma hoa
cho tin hiéu tiét. Nhu vay, sau khi loai bo trinh tu nay thi gen gh3s2 c6 kich thudc 1a
2483 bp tuwong tng & tong hop protein ¢ kich thudc 1a 91,04 kDa. Trinh tu cua gen
gh3s2 sau khi duoc xac dinh cac ma hiém va téi vu ma bo ba dugc trinh bay trong
phu luc 2 (Phu lyc 2: Trinh tu nucleotide cua gen gh3s2 sau khi téi wu ma bo ba va
trinh tu axit amin tuong ung).

Gen gh3s2 sau khi dugc lya chon va téi wu mi s& duoc dat tong hop va duoc
chén vao vecto biéu hién pET22b(+). DNA plasmid tai t6 hop pET22b(+)gh3s2 da
dugc tach dong trong chang tach dong E.coli DH10b. Nham khing dinh gen gh3s2
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trong DNA plasmid tai t6 hop pET22b(+)gh3s2, vecto nay sé& dugc cat kiém tra bang
enzyme cét han ché. Céc vi tri enzyme cit han ché trén vector dugc kiém tra bang
phan mém truc tuyén http://www.restrictionmapper.org/ cho thay Ncol chi ¢6 1 vj tri
cit va Xhol chi ¢6 1 vi tri cat. Cac vi tri cit cua enzyme cat han ché trén
pET22b(+)gh3s2 dugc thé hién trén hinh 3.8A. Dién di dd kiém tra san pham cat
vecto tai t6 hop pET22b(+)gh3s2 dugc thé hién trong hinh 3.8B.
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Hinh 3.8. (A). Cac v tri cdt cia enzyme cdt han ché trén pET22b(+)gh3s2. (B).
Pién di do san pham cdt vecto tai té hop pET22b(+)gh3s2. DCI: vector khéng
mang gen pET22b(+); PC2: vector tdi t6 hop pET22b(+)gh3s2; X: san pham cat
vector tai to hop bang Xhol; N+X: san pham cdt bang té hep Ncol va Xhol
Trén dién di d6 thay duong chay PC1 1a vecto khong mang gen co kich thudc
nhé hon so véi dudng chay DC2 1a plasmid tai to hop c6 mang gen gh3s2. Piéu do
ching t6 & plasmid tai to hop da tach chiét da duoc chén thém gen gh3s2 nén cé kich
thudc 16n hon. Khi cét vector tai to hop véi mot enzyme cat han ché Xhol thi thu
dugc plasmid ma vong co kich 7,978 kb (dudng chay X). Khi cat vector tai té hop
bang té hop hai enzyme cat han ché Ncol va Xhol (duong chay N+X) sé& thu duoc hai
doan gom mot doan c6 kich thudc 2,478 kb chinh 14 gen gh3s2 va mot doan
pET22b(+) c6 kich thuéc 5,5 kb. Trén dién di do thay san pham cit vector tai t hop
bang mot va hai enzyme cat han ché déu thu duoc cac bang DNA c6 kich thude dung.
Nhu vay, vector tai t6 hop pET22b(+)gh3s2 di duoc tong hop thanh cong.
3.4.1.2. Nghién ciru lwa chon chiing biéu hién protein GH3S2
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Dé biéu hién dugc céc protein tai to hop can c6 cac vat chu phu hop. E. coli 1a
mét trong nhitng vat chu duoc thudng lra chon dé biéu hién protein ngoai lai. Viéc
sir dung E. coli 1am vat cha dé biéu hién protein da dwoc thuc hién tir 1au va né da tre
thanh nén tang biéu hién phd bién nhat vi céc Iy do sau: (i) E.coli c¢6 téc do sinh
treong nhanh, vong doi ngan, (ii) mat do té bao khi nudi cy cé thé dat duoc cao dan
dén ham luong protein dugc biéu hién 16n (iii) DNA ngoai lai dugc biéu hién dé dang
va hiéu qua [163]. Tuy nhién, tiy thudc vao gen ngoai lai, vao cac chang biéu hién
khac nhau va mic d6 pht hop cua gen véi vat cha ma mirc d6 biéu hién cua gen va
trang thai hoat dong cua gen la khac nhau.

Protein tai t6 hop GH3S2 duogc nghién cau biéu hién trong 5 chung E. coli
khac nhau gém: BL21, Rosetta 1, JIM109, C43, Soluble. O chang E. coli BL21,
Rosetta 1, C43 va Soluble (DE3) c6 mot s6 gen di bi gay dot bién dé qua trinh biéu
hién gen duoc dién ra thuan loi: loai bo gen ompT dé cho protein ngoai lai khéng bi
phan huay trong té bao vat cha va ham luong céc protein tai to hop van gitr cau tric
khéng gian duoc ting cuong tir d6 giir dugc hoat tinh sinh hoc, thich hop biéu hién
protein ngoai lai & mirc d6 cao [164], thiéu gen hsdS c6 chic nang ma héa protease
phan giai plasmid ngoai bao xam nhap vao té bao chy, 1am tang hiéu qua bién nap
cac DNA plasmid tai to hop vao té bao vat cha, thiéu gen gal ¢d chic niang kich thich
té bao sir dung ngudn carbon 1a galactose cho céc hoat dong sinh truang phat trién
[165], thiéu gen dem gitip DNA ngoai lai khéng bi methyl héa cytosine thir hai trong
trinh tu 5'-CC (A/T) GG-3', do d6 protein ngoai lai dugc biéu hién chinh xac trong
vat chu. Ngoai ra, chung E. coli Rosetta 1 con c6 mang plamid pRARE mé& hda tRNAs
cho céc protein cua sinh vat nhan chuan cé chira cac bd ba hiém dugc sir dung trong
E. coli nhu AUA, AGG, AGA, CUA, CCC, GGA trén mot plasmid khang
chloramphenicol twong tng [164]. Chung E. coli IM109 sinh truéng tét, c6 thé duoc
bién nap hiéu qua bang nhiéu phuong phap khac nhau va c6 dot bién endonuclease
A~ dan dén tang hiéu qua biéu hién cua DNA plasmid tai to hop trong té bao vat chu.
Chung E. coli Soluble 1am ting kha niang biéu hién & dang hoa tan cua protein dich

dic biét 1a cac protein c6 ngudn géc tir dong vat c6 va.

Gen gh3s2 trong plasmid tai t6 hop pET22b(+)gh3s2 duogc diéu khién phién

ma bai promoter T7 bacteriaphage. Su biéu hién cua gen dich gh3s2 duoc cam tng
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boi ngudn T7-RNA polymerase tir vat chi E. coli [166]. Khi duoc cam tng day du,
gan nhu tat ca cac thanh phan cua té bao vat chii tap trung cho viéc biéu hién protein
ngoai lai, san pham protein mong muédn c6 thé dat dugc 50% protein téng s cua té
bao vat cha mot thoi gian ngin sau cam tng. Promoter T7 ciing dugc cam ung boi
hop chat isopropyl p-D-1-thiogalactopyranoside (IPTG) véi ham lugng thich hop khi
bd sung vao méi trudng nudi cdy. Pay 1a mot chat chuyén hoa lactose, kich hoat
promoter T7 va hoat dong phién ma ctia operon lac va do d6 nd duoc st dung dé cam

{rng tao su biéu hién protein.
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Hinh 3.9. (A). Mdt dé té bao va hoat tinh ciia enzyme thu dwroc khi biéu hién trong
cac ching biéu hién; (B). Pién di d6 GH3S2 tong so, PC: protein tong $é Ciia doi
ching vector khdng mang gen; 1, 2, 3: protein tong s¢ cac dong khac nhau 1, 2, 3

mang gen gh3s2 cam #ng IPTG; M: protein chudn (Fermentas)
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Két qua kiém tra sy biéu hién cua protein GH3S2 cho thay trong cac chang
BL21, Rosetta 1 protein GH3S2 duoc biéu hién hiéu qua cao, luong protein thu dugc
la nhiéu nhit dugc thé hién bang viéc xuat hién bang protein dam twong ng vaéi kich
thudc cia GH3S2 1a 91 kDa. Kha nang biéu hién cia GH3S2 trong hai chung C43 va
Soluble thip hon 3 rét, ching JM109 gen khong duoc biéu hién (Hinh 3.9B). Trong
2 ching c6 mirc do biéu hién gen tét 1a BL21, Rosetta 1 thi ¢ chang Rosetta ¢ mat
d6 té bao khi thu mau cao hon, hoat tinh trong d6i cua enzyme téng sé khi biéu hién
& ching Rosetta cao hon (Hinh 3.9A). Dya trén OD khi thu mau, ham lugng twong
d6i cua protein GH3S2 trén dién di d6 va hoat tinh cua enzyme thu duoc, chung

Rosetta 1 duoc lva chon 1am chung biéu hién enzyme GH3S2.

Hinh 3.10. Kiém tra hogt tinh ciia GH3S2 trén dia thach LB si dung co chat
esculin. T: protein téng sé, S: protein pha tan, P: protein pha khong tan, C-: protein

tong sé cua pET22b(+), -- @ém, +: cellulase 0,05U

Hoat tinh B-glucosidase cua enzyme GH3S2 sau khi biéu hién trong moi
truong LB ¢6 bd sung 100 pg/ml ampicillin, cam &ng 0,5 mM IPTG, nudi lac 200
vong/phut & 30°C trong 4 gio véi ching biéu hién E. coli Rosetta 1 ciing duoc kiém
tra v4i co chit esculin theo phuong phap ctia Vena va cong sy (2011) [123]. B-
glucosidase phan cit esculin dé tao ra esculetin va glucose. Sau d6, san pham
esculetin khir cac ion sit trong moi truong dé tao ra sat dan dén mau nau va cac vong
séng sé& duoc quan sat thiy trén dia co chat sau khi u qua dém.

Két qua xac dinh hoat tinh protein GH3S2 trén dia thach cho thay kich thudc
vong mau nau d6i véi cac mau khac nhau c6 micc do hoat dong p-glucosidase khéc

nhau. MAau protein tong s6 va mau dich pha tan cé hoat tinh manh hon so véi pha
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khong hoa tan va cac mau di chirng am. Pudng kinh ciia vong mau nau duoc tao ra
boi hoat tinh cua B-glucosidase trong mau protein téng s va mau protein pha tan 1a
khoang 4 cm. Diéu ndy chung t6 rang protein GH3S2 da duoc biéu hién thanh cong
& dang hoa tan va thé hién hoat tinh B-glucosidase kha tét (Hinh 3.10).

3.4.1.3. Nghién curu anh huwong cua nhiét do nudi cd'y dén sw biéu hién cua
GH3S2 trong E.coli Rosetta 1

10 100

8 80
o 6 60
o
w
6

4 40

20

0
18°C 20°C G e 37°C

Twong quan hoat tinh GH3S2 (%)

0D 600 Tuong quan hoat tinh GH3S2 (%)
A
\x\
a° O
&V (@) ) L ©
é:} & S S 3
= 1 1 1

1

)
kbDa M BC 'TST KT TST KT TST KT TS T KTTST KT
116,0 —

R g

45.0_.- IE BB BB =]

s50--SBE BE E= B= BE:
- - e :_

250 —an R R =N -— :

18,4 — v i i

wi-EEE |E == == =

Hinh 3.11. Anh huéng cua nhiér dé dén mdt dg té bao, sw biéu hién va hoat tinh cua
GH3S2. (A). Mdt dé té bao, hogt tinh GH3S2 ¢ cac nhiét dé khdc nhau, (B). Pién
di @6 GH3S2 biéu hién. T, S, P: protein téng sé, pha tan, pha khdng tan, C: mdu

doi chiing pET22b(+) khdng mang gen gh3s2, M: protein chudn (Fermentas)
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Pé thu duoc ham lugng protein GH3S2 cao va enzyme c6 hoat tinh tét, cac
diéu kién anh huéng dén sy biéu hién cua gen dugc khao sat dé xac dinh cac diéu
kién ti wu. Trong d6, nhiét do khi nudi cdy 1a mot trong nhiing yéu té anh huong 16n
dén téc do sinh truong cua E. coli tir d6 anh huong dén ham lugng protein tai to hop
biéu hién duoc. Nhiét do thuan loi cho su sinh truéng cua E. coli 1a 37°C va protein
GH3S2 ciing s& dugc biéu hién tét nhiéu & nhiét do nay. Tuy nhién, théng thuong sy
biéu hién protein ¢ nhiét d6 cao thudng dan téi viéc hinh thanh céc protein khong tan
hozc cac protein c6 hoat tinh kém [167]. Piéu nay la do ¢ nhiét d6 cao, protein duoc
t6ng hop nhanh dan dén ham lwong trong té bao cao, protein chwa kip cudn xoin ding
cau tric trong khi d6 cac lién két ki nudc dugc hinh thanh manh mé va chinh cac lién
két d6 da dan dén sy két tua cua protein (inclusion body) chiém wu thé hon so vdi su
gap cudn dung cau tric cua protein. Mot s6 protein phuc tap, protein o sinh vat nhan
chuan yéu cau thoi gian 1au hon dé c6 thé gap cuon vé dung cau tric [168]. Mot trong
nhitng bién phap hiéu qua dé gitr cho protein dich hinh thanh va cuon xoan dung cau
trdc khdng gian, giam su két taa cua protein va dé thu dugc protein ¢ hoat tinh 12
giam nhiét do 1én men [169]-[171].

Pé nghién ciu anh huong cua nhiét do nudi ciy dén sy biéu hién cua protein
GH3S2, ching E. coli Rosetta 1 mang DNA téi t6 hop dwoc cam wng 0,5mM IPTG,
nudi ¢ cac diéu kién nhiét d6 1a: 18°C, 20°C, 25°C, 30°C va 37°C. Két qua mat do té
bao cho thay, khi nhiét do tang thi mat do té bao ciing ting va mat do té bao thu duoc
I6n nhat & 37°C (Hinh 3.11 A). Biéu nay la phu hop véi quy luat sinh truéng cua vi
khuan E. coli. Két qua dién di kiém tra protein pha tan khi biéu hién & cac diéu kién
nhiét do khéac nhau cho thay, & ca nim diéu kién nhiét do déu xuat hién bang dam nét
tuwong tng Vi kich thudc 91 kDa chirng to protein GH3S2 da biéu hién tot & cac nhiét
d6 thi nghiém. G 25°C luong protein sau khi biéu hién ton tai pha tan 1a nhiéu nhat,
& nhiét do 18°C va 20°C lugng protein pha tan it hon. Khi nhiét d6 ting 1én dén 30°C
thi lwong protein & pha tan giam dan va dén 37°C thi khong thu duoc protein ¢ pha
tan (Hinh 3.11 B).

Protein sau khi duoc biéu hién & cac diéu kién nhiét do khéac nhau, pha protein
tan s& dugc kiém tra hoat tinh enzyme theo phuong phap cua Dashtban va cong su

(2010). Két qua cho thy ¢ 20°C va 25°C enzyme c6 hoat tinh cao nhit va tuong dong



87

nhau. Két hop mat do té bao thu duoc, lugng protein & pha tan, hoat tinh enzyme khi
biéu hién (hinh 3.11 A) va chi phi ning lwong, nhiét do biéu hién cho protein GH3S2
duoc lya chon trong cac nghién ciu tiép theo 1a 25°C. Cac két qua nghién ctru trude
d6 cling cho rang khi giam nhiét do biéu hién protein cé thé ting kha ning thu dwgc
protein ¢ pha tan va cac enzyme co hoat tinh sinh hoc cao [171], [172].

3.4.1.4. Nghién ciru anh hwéng ciia thanh phan méi truong nudi cdy dén sw

biéu hién ciia GH3S2 trong E.coli Rosetta 1
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Hinh 3.12. Anh huéng Ciia méi trieong nudi cdy dén mdt dg té bao E. coli, su biéu
hién va hogt tinh ciia GH3S2. (A). Mdt dé té bao va hogat tinh ciza GH3S2 khi nudi

cay trong 5 méi truong khdc nhau (B). Dién di d6 san pham protein thu duoc.
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Mbi truong nudi cay cung cap chat dinh dudng cho su sinh truéng cia cac té
bao chu vi vy ching c6 anh huéng lén dén tée d6 sinh truong cua té bao va ham
lwong protein ngoai lai thu duge. Nam méi trudng nudi ciy da duoc kiém tra bao
gom LB, TB, TB cai bién, SB va PE. So v&i méi truong LB tiéu chuan, cac moi
truong khac déu lam ting su biéu hién cua protein GH3S2. Bic biét, khi glycerol
trong méi truong TB chuan duoc thay thé bang glucose trong méi trudong TB cai bién
thi mat do té bao thu duoc trong méi truong TB cai bién gap 2,4 1an mat do té bao
thu dugc tir méi treong LB chuan (Hinh 3.12 A).

Két qua kiém tra luong protein biéu hién dugc cho thiy luong protein GH3S2
duoc tao ra tir cac té bao nudi cy trong moi truong TB cai bién ciing cao tuong tu
nhu khi nudi cay té bao trong cac méi trudng TB, SB, PE (Hinh 3.12 B). Diéu nay
chi ra rang nguén carbon trong méi trudng nudi cay cd vai trd quan trong, anh huéng
dén lugng protein GH3S2 thu dugc do ngudn carbon anh huéng dén mat do té bao
dat duoc khi nudi cay [172]. Kiém tra hoat tinh ciia protein thu duoc cho thay trong
moi trudng TB cai bién, hoat tinh cia GH3S2 14 cao nhat (Hinh 3.12 A). Két hop mat
d6 té bao nubi cay, ham luong protein thu duoc va hoat tinh cua protein (Hinh 3.12A)
thi moi truong TB cai bién 1a moi truong dugc lya chon sir dung trong céc thi nghiém
tiép theo.

3.4.1.5. Nghién citu anh hwéng ciia nong dé chat cam g IPTG dén su biéu
hién cua GH3S2

Gen méa hoa protein GH3S2 dugc gan vao plasmid pET22b(+) tao ra DNA
plasmid tai t6 hop pET22b(+)gh3s2 hoat dong dudi sy kiém soat baoi T7 promoter
trén vector. Chat cam &ng qua trinh phién ma va dich ma tong hop protein GH3S2 1a
IPTG. Khi méi truong cé day da chat cam ung, vat cha E. coli tong hop T7 RNA
polymerase va enzyme ndy bam vao vi tri T7 promoter khoi dau su phién ma tong
hop protein ngoai lai. Khi d6, hau hét cac thanh phan cua té bao déu tap trung cho
biéu hién cua protein. Vi vay, luong IPTG c6 vai trd quan trong quyét dinh hiéu qua
ctia qué trinh biéu hién. Tuy nhién, IPTG la hoa chat doc hai cho té bao vat chu &
nong d6 cao va lam giam hiéu qua biéu hién protein dich [173], [174]. Hon nita, gia

thanh cua IPTG kha cao. Vi vay, dé GH3S2 c6 thé biéu hién hiéu qua véi ham luong
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cao, hoat tinh tbt thi can khao sat ndng do chat cam tng IPTG t6i wu cho su biéu hién

nay.
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Hinh 3.13. Anh huéng cua nong dé IPTG dén mdt do té bao, si biéu hién va hoat
tinh ciia GH3S2. (A). Mdt dé té bao va hoat tinh GH3S2 khi cam #ng IPTG c6
nong dé khdc nhau (B). Pién di do san pham GH3S2 thu duoc.

Dé kiém tra anh huong ctia IPTG dén hiéu qua khi biéu hién GH3S2 thi cac
néng do IPTG tir 0,05 dén 2 mM duge bd sung vao dich té bao khi nuoi céy. Mat do
té bao thu dugc khi cam tng 4 gio 14 ting dan khi ndng d6 IPTG ting dan tir 0,05 dén
0,3 mM va sau d6 mat do té bao giam dan tir 0,5 mM IPTG (Hinh 3.13 A). Lugng
protein GH3S2 thu dugc cling tang dan tir 0,05 dén 0,3 mM va dat can bﬁng O cac
néng do tiép theo (Hinh 3.13 B). Hoat tinh ctia GH3S2 ¢ néng do 0,1 va 0,3 mM la
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tuong duong nhau, sau d6 giam dan & cac nong d tiép theo (Hinh 3.13 A). Phébi hop
cac diéu kién vé mat do té bao khi thu mau, mirc do biéu hién va hoat tinh cta protein
dich, dé dat duoc hiéu qua biéu hién tét nhit thi IPTG c6 ndng d6 0,3 mM thich hop
cho biéu hién protein GH3S2 va dugc str dung trong cac nghién ciru tiép theo.

3.4.1.6. Nghién ciru anh huéng ciia mdt dé té bao khi cam g dén su biéu
hién cua GH3S2
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Hinh 3.14. Anh huéng cia OD cam ing dén mdt dé té bao, sw biéu hién va hoat
tinh cia GH3S2. (A). Mdr dé té bao va hogt tinh GH3S2 thu dwoc khi cam ing ¢
cac thoi diém khac nhau (B). Pién di do san pham protein thu dwoc

Két qua thu cac té bao sau nudi cy cho thay, khi mat do té bao ldc cam ¢ng

tang 1én thi mat do té bao khi thu miu ciing ting nhanh, khi cam ung lGc mat do té
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bao 12 1 thi mat do té bao thu mau dat duoc gié tri cao nhat, sau dé duy tri on dinh
(Hinh 3.14 A). Két qua dién di va xac dinh hoat tinh so bd ciing cho thdy cam tng
ldc mat d6 té bao 1 1 thi protein GH3S2 c6 muc dd biéu hién tét nhat va hoat tinh
cao nhét (Hinh 3.14 B). Vi vay, dé thu duoc san pham biéu hién GH3S2 cao nhat va
hoat tinh tdt nhat thi mat d6 té bao cua mau ldc cam ¢ng 1a 1. Két qua nay ciing
chi ra rang cam ung & giita pha lily thira cho hiéu qua san xuat protein tai to hop
cao nhat.

3.4.1.7. Nghién civu xdc dinh thoi gian thu mau GH3S2 t6i wu sau cam iing
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Hinh 3.15. Anh huéng cua thoi gian sau cam ing dén mdt do té bao, su biéu hién
va hogt tinh GH3S2. (A). OD thu mdu va hogt tinh ciia protein thu diwoc khi cam

ing cac khodang thoi gian khdc nhau. (B). Pién di d san phdam protein thu dwoc.



92

Trong diéu kién nudi cay thich hop, té bao vat chi c6 thé sinh tong hop protein
dich ngay sau khi dugc cam &ng. Theo thoi gian, lugng protein nay s€ tang 1én va dat
t6i da vao mot thoi diém nhit dinh. Sau do, do chét dinh dudng giam dan va cac san
pham chuyén héa ting 1én nén hiéu qua sinh tong hop protein ngoai lai c6 thé giam.
Nhu vay, thoi gian sau cam ¢ng ¢6 anh huéng dén mat do té bao khi thu mau, hoat
tinh cua protein GH3S2 thu duoc ciing nhu hiéu qua ctia qua trinh biéu hién.

Dé xé4c dinh khoang thoi gian nudi cay sau cam wng thich hop cho s biéu hién
cua protein GH3S2, mau 1én men dugc tién hanh thu sau méi mot gio cam tng lién
tuc cho dén 6 gio va 22 gid sau khi cam tng. Két qua xac dinh mat d6 té bao khi thu
mau cho thay, thoi gian tang 1én tir 1 gio dén 6 gio thi mat do té bao thu mau ciing
tang 1én sau d6 cham dan (Hinh 3.15 A). Luong protein ngoai lai GH3S2 duoc biéu
hién ciing ting dan tir 1 gio dén 4 gio va duy tri 6n dinh dén 6 gio (Hinh 3.15 B).
Hoat tinh cta enzyme thu duoc ciing dat cao nhat trong khoang thoi gian tir 4-6 gio.
Khi thoi gian sau cam ng la 22 gio thi lugng protein dich giam manh va hoat tinh
thap (Hinh 3.15 A). Tong hop két qua xac dinh mat do té bao khi thu mau, ham luong
protein thu duoc va hoat tinh protein cho thay nuéi cay té bao sau khi cam ung 4 gid
s& cho hiéu qua biéu hién GH3S2 tét nhat.

Nhu vay, cac diéu kién téi wu dé biéu hién protein GH3S2 di duoc xac dinh
la biéu hién trong chung biéu hién E. coli Rosetta 1 & 25°C, méi trudng TB cai bién,
nong d6 chat cam wng 1a 0,3 mM IPTG, thoi diém cam wng khi mat do té bao 1a 1 va
thu mau sau khi cam tng 4 gio.

3.4.2. Tinh ché protein tdi t6 hop GH3S2 bing cot sic ky di luc

Tinh ché enzyme 1a qu4 trinh 1am tinh khiét enzyme dich tir hdn hop enzyme
ban dau cua té bao. Thong thuong, qua trinh tinh ché s& dya trén cac dic diém sai
khac cua protein dich véi cac protein khac trong hon hop nhu trong lwgng cua protein,
cac dic diém hoa 1y hay tuong tac cua protein vai cac chat khéac. Theo thiét ké plasmid
tai t6 hop, gen gh3s2 duogc ghép ndi vao plasmid pET22b(+) 1 vector cé thém trinh
tu ma hoa 6 axit amin Histindin (His-tag) ¢ dau 3’cuia gen. Vi vay, protein GH3S2 c6
thé duoc tinh ché tir hdn hop protein bang cach st dung cot sic ky &i luc. Do 1a do
protein GH3S2 cd duodi his-tag co thé lién két nhanh va manh vai ion Ni%* cia cot sac

ky &i luc va duogc gitr lai trén gia thé. Cac protein khac c6 cé4c his nam riéng ré va rai
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rac trong protein nén ai luc kém vai Ni*, khi hon hop protein dugc bom qua cot thi

c4c protein nay s& troi qua gia thé.

Két qua dién kiém tra sau tinh ché cho thay protein GH3S2 bam cot rat tét va
dugc thoi ra khoi gia thé kha tap trung khi sir dung dém c6 chaa ndong do 300 mM
imidazol. Protein GH3S2 duoc thu thanh 6 phan doan, mdi phan doan la 1 ml/1
eppendorf trong d6 protein duoc thdi ra chi yéu & cac phan doan 1, 2, 3, 4, dic biét
1a cac phan doan 2 va 3. O cac phan doan nay, luong 16n GH3S2 duoc théi ra thé hién
bang bing protein to va dam nét (Hinh 3.16). Cac phan doan 2, 3, 4 duoc thu lai, tron
vé6i nhau va dugc tham tich loai mudi dé khong anh huong dén hoat tinh cua enzyme.
Protein GH3S2 sau tinh ché dugc sir dung dé xac dinh ham luwong protein thu duoc
trong 1 lit dich 1&n men. Két qua thu dugc ham lugng protein GH3S2 trong mau tinh
sach la 1,54 mg/ml. Nhu vay, trong 1 lit dich khi Ién men lugng GH3S2 tinh sach thu
duoc la 41,80 mg. Mau protein dugc danh gia do sach ciing nhu str dung cho cac thi

nghiém xac dinh dic diém cua protein GH3S2.
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Hinh 3.16. Dién di do kiém tra cac phdn doan trong tinh ché GH3S2 bang cét
sac ky i liec. S: Protein téng sé pha tan; M: thang protein chudn (Fermentas,
SMO0431); F: dich thu dwoc khi bom mdu 1én cét; W1, W2 ldn lwot 12 dich rira
cot vai dém PBS 50 mM, pH 7 ¢6 chira 20, 50 mM imidazol; E1.1 - 1.6: cac
phdn doan thu mau chiza 300 mM imidazol; E2.1: phdn doan rira cét

Pé xac dinh d6 sach caa protein GH3S2, chiing toi sir dung dién di SDS-PAGE

vé6i lwong miu xac dinh va phan tich két qua bang phan mém Image Lab dé danh gia
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d6 sach tuong dbi ciia protein GH3S2. Mau trong mot duong chay 1a 2 g, thi nghiém
duoc 13p lai 3 1an (lane 2,3,4 Hinh 3.17A). Mbi bing trén ban dién di dugc phan mém
thé hién bai mot duong cong tuong tng trén so d6 (Hinh 3.17B, C). Mai dinh trén
duong cong dugc phan mém ty dong tinh lugng protein tuwong tng. Phan mém s&
nhan biét va quét dé dinh luong twong ddi protein tong sd, protein GH3S2 ciing duoc
xac dinh bang mac do dam cua bang twong tng. Ti 1¢ gitta mac d6 ¢dm cua bang
GH3S2 so voéi toan bo cac bang protein & moi duong chay duoc xac dinh 1a do sach
cua protein GH3S2. Két qua thu dugc do sach cua GH3S2 sau khi tinh ché 1a 97,3%,
dat tiéu chuan cho viéc sir dung dé tién hanh xac dinh dic diém enzyme. Két qua nay
cao hon két qua thu dugc khi tinh ché protein bglA tir Bacillus polymyxa (cho do sach
12 92,7%) [175].

1(M) 2 3 4 1M 2 3 4
|
- asas
A B

Hinh 3.17. Két qua kiém tra dé sach GH3S2 sau tinh ché (4). Pién
di do GH3S2 sau tinh ché (2 ug); (B, (C). Két qua do dé sach bang

phan mém Image Lab

Sau khi tinh sach protein GH3S2, hoat tinh p-glucosidase ctia mau protein tong
s6 va mau GH3S2 da tinh sach s& duoc xac dinh. Két qua thu duoc hoat tinh cua
protein tong sb 1a 0,156 + 0.01 U/mg, hoat tinh cua GH3S2 tinh ché 1a 1,10 + 0.02
U/mg. Nhu vay protein GH3S2 da duoc tinh ché 7,05 lan va hiéu suat tinh ché 1a
40,06% (Bang 3.10).
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Bang 3.10. Bang tong két hiéu sudt tinh ché protein GH3S2 tai té hop

(*: tinh trén 1 lit dich nudi cay)

Tong lwong  Téng hoat Hoat tinh D) Hiéu

protein tinh (U)*  riéng (U/mg) sach  suitthu
(mg)* (IAn)  hdi (%)
Protein 735,68+0,6 114,77+1,2 0,156+0,01 1 100

tong sb
GH3S2 41,80+ 0,3 45,98 + 0,8 1,10 £ 0,02 7,05 40,06
tinh ché

3.4.3. Nghién citu tinh chit ciia protein tdi té6 hop GH3S2

3.4.3.1. Anh hwong cua nhiét do dén hoat tinh va do bén nhiét cia GH3S2

Cac vi sinh vat trong dat ¢ cac khu ring nhiét déi nhu ring quéc gia Clc
Phuong thuong ua am, vi vay ma enzyme GH3S2 cua chling néu c6 ciing hoat dong
tdt & cac diéu kién nhiét do tir 20°C dén khoang 40°C. Do d6, dé nghién cau anh
huong cua cac diéu kién nhiét do khac nhau dén hoat tinh cua enzyme GH3S2, thi
cac tac dong cua cac nhiét do 30°C, 35°C, 37°C, 40°C, 50°C dén GH3S2 di duoc

khao sat.
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Hinh 3.18. Anh huéng cua nhiér dé dén hoat tinh va dé bén nhiét
cua enzyme GH3S2 theo thoi gian
Két qua thu dugc hoat tinh GH3S2 tang 1én khi nhiét do tang tir 30°C dén 37°C
sau d6 giam dan & 40°C va giam manh ¢ 50°C. Néu coi hoat tinh cia enzyme GH3S2
& nhiét d6 t6i uu 37°C 12 100% thi ¢ c4c nhiét dd 30°C, 35°C, 40°C, 50°C hoat tinh
cuia enzyme lan luot 13 82,19%, 93,66%, 80,97%, 37,26% (Hinh 3.18 A). Nhu vay, ¢
37°C thi enzyme GH3S2 thé hién hoat tinh cao nhat. So vai két qua du doan bang
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cac phan mém truc tuyén TBI thi nhiét d6 ti uu cho hoat dong cua enzyme 1a 55°C
- 65° thi két qua thu dwgc & mac nhiét thap hon. Tuy nhién, nhiét d6 ndy nam trong
khoang nhiét d6 tdi wu cua da sé cellulase cua vi khuan (tir 35°C dén 50°C). Theo
cong bd ctia Gomes-Pepe va cong su, 37°C ciing 1a nhiét d6 téi uu cua enzyme p-
glucosidase tir metagenome cua vi khuan dat [176]. Nhiét d6 t6i vu nay twong tu nhu
GH3S2 ¢ da co gia suc [177], Proteus mirabilis VIT117 nudi trén vo tém [178]. Tuy
nhién, nhiét d6 téi uu cao hon cua B-glucosidase ciing dugc cong bé: tir dich tidu hoa
cua au tring dudng 55°C [179]; A.fumigatus Z5 1a 60°C [180], B-glucosidase tai to
hop Bgl.blil tir Bacillus licheniformis CGMCC 2876 hoat dong t6i wu ¢ nhiét do
60°C [181].

Dé kiém tra do bén cua enzyme GH3S2 vai nhiét o, enzyme duoc xu ly ¢ cac
diéu kién nhiét do 37°C, 40°C, 45°C, 50°C trong cac thoi gian khac nhau 1, 2, 3, 4, 6
gio va 12 gio trudc khi tién hanh céc phan tng xac dinh hoat tinh. Két qua thu duoc
cho thay, & diéu kién 37°C hoat tinh sinh hoc cua enzyme GH3S2 kha 6n dinh, sau
12 gid xt ly nhiét d6 nay, hoat tinh cua enzyme van dat 90,78%. O nhiét d6 40°C,
enzyme van duy tri duoc khoang trén 70% hoat tinh trong 3 gio xtr ly, tir gio thi 4
hoat tinh enzyme giam nhanh. O céc diéu kién 45°C, 50°C hoat tinh enzyme giam
gan nhu mot nira trong 1 gio dau, sau d6 hoat tinh cua enzyme giam lién tuc (Hinh
3.18 B). Trong két qua nghién ctu cia Lin Zhang va cong su (2017), cen 502 1a mot
gen B-glucosidase tir vi khuan Bursaphelenchus xylophylus ciing chi bén ¢ nhiét do
dudi 40°C [182].

3.4.3.2. Anh hudng cia pH dén hoat tinh va dé bén pH ciia enzyme GH3S2

pH 12 yéu t6 quan trong anh hudng dén hoat tinh enzyme B-glucosidase. Bé
nghién cau pH anh hudng dén hoat tinh cia enzyme GH3S2, dém véi 6 gia tri pH
khac nhau tir 5,0 dén 8,0 duoc str dung dé pha lodng enzyme GH3S2 truéc khi thyuc
hién phan ung xac dinh hoat tinh. Két qua thu dugc ¢ pH 6,0 enzyme GH3S2 thé hién
hoat tinh cao nhat. Két qua thuc nghiém nay ding véi du doan bang cdng cu tin sinh
ban dau 1a enzyme GH3S2 hoat dong tét trong moi truong trung tinh hoi nga axit.
Pay 1a gia tri pH tdi wu thuong duoc cong bd véi nhitng B-glucosidase vi khuan va
GH3S2 ciing 13 enzyme vi khuan. O céc diéu kién pH kiém (8,0) hoic axit (5,0)
enzyme GH3S2 cd hoat tinh bi giam manh, chi dat khoang 20% hoat tinh & diéu kién
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t6i vu (Hinh 3.19 A). Két qua nay ciing phil hop véi cac cong bd trude dé nhu enzyme
B-glucosidase ¢ F.oxysporum, Cellulomonas flavigena, Clostridium thermocellum c6
pH téi wu cho hoat dong 12 6,0 [11], [183]; B-glucosidase cua Bacillus licheniformis
c6 hoat tinh thdp ¢ moi trudng axit va hoat tinh giam manh ¢ pH 8,0 [181]; B-
glucosidase cua Caulobacter crescentus [184], enzyme B-glucosidase dwoc phan lap
tir vi khuan dat c6 hoat tinh thap ¢ ca méi truong axit va kiém [185]-[187]. Trong
khi d6, cac B-glucosidase c6 ngudn gdc tir ndm nhu Aspergillus niger thé hién hoat

tinh téi wu & pH 5,0 [188], Sporiobolus pararoseus hoat tinh cao ¢ pH 5,0 [189].
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Hinh 3.19. Anh huéng ciia pH dén hoat tinh va dg bén pH
cua enzyme GH3S2 theo thoi gian

Khi kiém tra do bén cua enzyme véi cac diéu kién pH khéc nhau, ¢ pH téi vu
6,0 enzyme duoc duy tri sy 6n dinh khoang 70% hoat tinh sau 6 gio, ¢ pH trung tinh
7,0 hoat tinh enzyme duoc duy tri 70% sau 4 gid sau d6 giam xubng va pH cang cao
hoat tinh cia enzyme cang giam (Hinh 3.19 B). Trong thi nghiém trudc d6 cua Yin
va cong su ciing cho thay enzyme B-glucosidase c6 ngudn gdc tir vi sinh vat dat o
vung can nhiét d6i duy tri dugc 70% hoat tinh ¢ pH 6,0 — 7,5 [160].

3.4.3.3. Anh hwong cua mot s6 ion kim logi dén hoat tinh cia enzyme GH3S2

Cac enzyme ndi chung va enzyme thay phan cellulose néi riéng rat nhay cam
Vvé6i cac ion kim loai nang. Cac ion kim loai nay twong tac va c6 thé lién két véi
enzyme, tir d6 1am thay di cau trdc va hoat tinh cia enzyme. Cac ion kim loai c6 thé
1am tdng hodc giam hoat tinh cua enzyme tily thudc ting loai ion. Dé nghién ctu vai
tro caa ion kim loai trong viéc thé hién hoat tinh cua enzyme GH3S2, trong nghién

ctru ndy 8 ion kim loai gdm 2 ion hoa trj I: K*, Na* va 6 ion hoa tri 1l 1a Ca?*, Mg?*,
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Ni2*, Mn%*, Fe?*, Cu?* duogc st dung dé xt Iy enzyme véi nong d6 cudi cung 1a 1 mM.
Két qua xac dinh hoat tinh duoc thuc hién & diéu kién téi wu 1a 37°C, pH 6,0 trong
thoi gian 15 pht cho thay, ion Ca?*, Mg?*, Mn?* 1am ting hoat tinh cua enzyme, trong
d6 c6 ion Ca?* 1am ting manh mé hoat tinh enzyme cia GH3S2 1én 2,08 lan va Mg?*
1am ting thém 1,19 1an so véi mau khéng duoc bd sung ion kim loai. Nhu vay, néu
coi hoat tinh cia mau khong thém ion kim loai 1a 100%, thi khi thém Ca?*, Mg?*,
Mn2* hoat tinh caa enzyme lan luot 1a 208%, 119%, 108%. Trong khi d6, cac ion
Fe?*, Ni%*, Cu?* 1am giam manh hoat tinh cua enzyme xudng con lan luot 13 37%,
33%, 14%. Cac ion K*, Na* anh huéng khong dang ké dén hoat tinh cua protein
GH3S2, hoat tinh ctua enzyme sau khi xir Iy ion K*, Na* con lai lan luot 12 86% va
85% (Hinh 3.20). Piéu nay c6 thé do trung tm xuc tac cia GH3S2 chira vi tri lién
két véi cac ion hoa tri 1. Anh huéng lam ting hoat tinh GH3S2 cia Ca?* ciing da
dugc dé cap trong cac nghién ciru trude nhu: B-glucosidase cua vi sinh vat dat can
nhiét doi tang hoat tinh 1én 131% [160], B-glucosidase cua Streptomyces griseus tang
hoat tinh 1&n 118% [190] khi b sung ion Ca?*.
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Hinh 3.20. Anh hwéng cia mét sé ion kim logi dén hoat tinh ciia GH3S2

3.4.3.4. Nghién ciru anh hwéng ciia glucose dén hoat tinh ciia enzyme GH3S2
GH3S2 Ia mot enzyme nhay cam véi sy ¢6 mat cua glucose va thuong bi giam
hoat tinh khi nong do cua glucose tang 1én [191]. Viéc tim duoc GH3S2 c6 thé chiu
dugc sy ¢ mat cua glucose ¢6 y nghia quan trong khi phén giai cellulose trong céng
nghiép san xuat gidy, ruou, bia. Bé khao sat anh huong cua glucose dén kha nang xtic
tac ctia enzyme GH3S2, c4c nong do glucose tir 2-300 mM duogc b sung vao phan

g xéc dinh hoat tinh cua GH3S2. Két qua cho thay khi bo sung glucose dén nong
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do 6 mM thi hoat tinh cia enzyme GH3S2 chi bi anh hudng it va duy tri dugc khoang
70% hoat tinh sau d6 giam xudng chi con 6% khi nong do glucose ting 1én 300 mM
(Hinh 3.21). Diéu nay cho thay, glucose va GH3S2 di xay ra tuong tac canh tranh va
glucose &rc ché GH3S2 trong qué trinh phan giai co chat pNPG [192]. Trong nghién
ctru trude d6 cua Chen va cong su (2017) ciing cho thay khi ndng do glucose khoang
34 mM thi enzyme B-glucosidase tir B. licheniformis hoan toan mat hoat tinh [181],
hay hoat tinh xc tac cua B-glucosidase tir nim Gongronella butleri bi tc ché 50%

khi ham lugng glucose trong moi truong la 10 mM [83]...

100 -
80

60 -

Hoat tinh gh3s2(%)

40 -

20 -

]

c 2 4 6 8 10 15 20 25 30 50 100 150 200 250 300
Glucose (mM)

Hinh 3.21. Anh hwéng ciia glucose dén hoat tinh cia enzyme GH3S2

3.4.3.5. Pdc diém déng hoc cia enzyme GH3S2

Pé tim hiéu sau hon vé dic diém cua enzyme GH3S2, céc gia tri dong hoc K,
Vmax Clia enzyme GH3S2 nay da duoc tinh toan. Km chinh 1a néng do co chat cho
phép enzym dat dugc mot nira van téc cuc dai. Do d6, mot enzyme c6 Km cao cho
thiy enzyme d6 can nong do6 co chat Ion dé dat duoc van toc cuc dai va o ai luc thap
VGi co chit. Vimax 12 téc do hodc van toc toi da cia mot phan tng duoc xdc tac bang
enzyme GH3S2 dua trén sy bio hoa ctia enzyme véi co chat cua nd. Gia tri nay cang
I6n cho thay enzyme c¢6 hoat tinh cang manh. Dé xac dinh cac hang sé dong hoc cua
GH3S2 (Km, Vmax), trong phan tng xac dinh hoat tinh ciia enzyme nong do co chét
PNPG dugc su dung la tir 1-10 mM pha trong dém PBS 50 mM, pH 6,0 vai lugng
enzyme 1a 1 pg trong mot phan ung. Bé dam bao do chinh xéc, céac thi nghiém déu

duogc thyuc hién 13p lai 3 1an. Két qua cho thay méi twong quan gitta toc d6 phan tng



100

V6i nong d6 pNPG tuan theo phuong trinh y = 0,9275x + 0,2037 véi d6 tin cay R? =
0,9953 (Hinh 3.22).

Mt khéc, phuong trinh tong quét thé hién méi quan hé gitra téc d6 phan tng
va ndng d6 co chat a1V = Km.1/Vmax.1/[S] + 1/Vmax Nén cac gia tri Km, Vimax ctia
GH3S2 duoc tinh tuwong ung 1a 4,55 mM va 4,91 U/mg. O diéu kién nay, enzyme
GH3S2 c¢6 hoat tinh riéng 1a 2,23 U/mg véi co chat pNPG. Nhu vay, ai luc voi co
chat pNPG cua GH3S2 1a khdng cao trong twong quan véi mot sé B-glucosidase tir
cac dbi tuong khac nhu: B-glucosidase tir vi khuan dat c6 Km VA Vimax 14 0,16 mM va
19,10 pmol/phut [185]; B-glucosidase cua vi sinh vat dat Exiguobacterium sp. GXG2
cO Km va Vmax 12 1,1 mM va 12,14 U/mg [160]; B-glucosidase cua vi sinh vat dat
quanh géc cay bach dan c6 Km va Vimax 140,49 mM va 10,81 U/mg [176]... Tuy nhién,
c6 nhiéu nghién ctru ciing chi ra hoat tinh caa p-glucosidase 1a thap nhu B-glucosidase
& Caulobacter crescentus ¢60 Km va Vmax 12 0,24 mM va 0,04 U/mg [184], B-
glucosidase 32768 ¢ vi sinh vat séng trong suéi nuéc ndéng Binh Chau (Viét Nam)
€6 Km 0,66 MM va Vmax dat 81,81 pmol/min/mg [78].
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T6m lai, két qua nghién cau cac dac diém cua enzyme GH3S2 cho thay day 1a
enzyme c0 hoat tinh -glucosidase véi hoat tinh riéng la 2,23 U/mg, nhiét do va pH
t6i uu cho hoat dong 1a 37°C va 6,0, hoat tinh duy tri duoc 70% & nong do glucose
trong moi truong 14 6 mM, hoat tinh cia enzyme GH3S2 duoc tang 1én 2,08 lan khi
bd sung 1 mM ion Ca%". Nhu vay, hoat tinh cia GH3S2 dugc phan Iap tryc tiép tir

DNA da hé gen cua vi sinh vat dit quanh khu nAm muc tring c6 hoat tinh khéng cao.
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Diéu nay c6 thé do trong qua trinh lya chon gen ma hoa cellulase dwa trén ving/cau
trdc chirc ning, chung t6i vu tién lya chon gen ¢é ving/cau tric mai (GH3+Exop_C)
Véi cau tric phu tro Exop_

C nén hoat tinh cua protein chua dugc chu trong. Wilson va cong su (2008)
cling cho rang, & nAm va vi khuan c6 hai co ché khac nhau dé thuy phan cellulose, d6
la (1) tiét cac cellulase riéng ré, cac cellulase nay déu c6 CBM riéng va c6 y nghia
quan trong trong viéc phdi hop ciing phan giai cellulose ty nhién, (2) 1a st dung phirc
hé enzyme goi la cellulosome trong d6 hau hét cac enzyme trong cellulosome khdng
c6 CBM va c6 ving x(c tac bao phu nhau. Trong ca hai co ché nay, endoglucanase
va exoglucanase déu 1a cac enzyme pho bién nhat [193], hoat dong cua B-glucosidase
hau nhu khong déng ké d6i véi cellulose tinh thé. Mat khac, trong méi tuong tac gitra
vi sinh vat va ndm muc trang, hoat dong phan giai cellulose cé thé hau hét do cac nam
chuyén biét thuc hién nhu Basidiomycotava Ascomycota [175], [42], [176]. C4c ndm
hiéu khi nay cd thé tiét cellulase ngoai bao dé phan giai cellulose con cac hoat dong
phan giai cta vi khuan hau nhu khong dang ké. Piéu nay ciing dugc Folman va cong
su dé cap. Nhu vay, ¢ thé cho ring nAm muc trang da c6 anh huang dén thanh phan
c4c vi sinh vat sdng quanh d6 va cac vi sinh vat séng trong khu vyc nay ciing c6

nhitng ddc diém dé thich nghi va c6 thé ton tai ¢ day [88].
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KET LUAN VA KIEN NGHI

KET LUAN

T nhitng két qua thu duogc cua luan an, chiing toi rat ra duoc cac két luan sau:

1. Pa xay dyng bo dit lieu DNA da hé gen caa quan xa vi sinh vat dat xung
quanh khu ndm muc tring & vuon Quéc gia Ctac Phuong véi dung luong 51,82 Gb
va phan tich duoc 3.896.881 ORF thuoc 131 nganh, 118 l6p, 237 bg, 523 ho, 2240
chi va 916 loai, trong d6 c6 3.884.879 ORF thudc gisi vi khuan dugc thuse 111
nganh, 83 1p, 170 bo, 406 ho, 1971 chi va 738 loai. Proteobacteria 1a nganh phé bién
nhét véi 3.106.400 gen (75,68%) va nganh Bacteroidetes 16n thi hai (13,11%) trong
s6 cac nganh dugc phan tich;

2. Duatrén CSDL KEGG da chu giai duoc chirc nang cua 22.226 gen ma hoa
enzyme tham gia thuy phan lignocellulose trong d6 907 gen ma hoa enzyme va
protein tham gia tién xu ly, 8301 gen ma héa enzyme cellulase va 13.018 gen ma hoa
enzyme hemicellulase. C6 22.092 gen dugc phan loai thuoc 28 nganh cia vi khuan,
trong o6, troi nhat 1a nganh Proteobacteria (50,79%) va nganh Bacteroidetes
(36,73%). Pi khai thac duoc 13 ho enzyme tham gia thity phan lignocellulose bang
mo hinh dai dién HMM;

3. Trong s6 8301 gen ma hoa cellulase duoc chd giai bang CSDL KEGG c¢6
1058 gen hoan chinh dugc phan tich cac ving/cau tric chirc niang bao gdm cac nhom:
(1) endoglucanase vai 47 loai domain (367 gen), trong d6 domain GHS 1a phd bién
nhét; (2) exoglucanase véi 6 domain (6 gen); (3) B-glucosidase vai 27 loai domain
(475 gen), trong d6 domain phd bién 1a GH3 vai vung/cau tric FN3, Exop_C), GH1;
(4) 6-phospho-B-glucosidase vai 2 domain GH1 va GH4 (210 gen);

4. Pi biéu hién thanh coéng protein GH3S2 c¢6 kich thuéc khoang 91 kDa
trong chung E. coli Rosettal ¢ 25°C, méi truong TB cai bién, 0,3 mM IPTG, cam
ing & ODeoo 12 1 va thu mau 4 gid sau khi cam tng. Pa tinh ché dugc enzyme tai to
hop GH3S2 tir vi khuan E. coli Rosetta ¢6 d6 sach 1a 97,3 %, ham luong dat 41,8
mg/lit dich 1én men; enzyme GH3S2 c¢6 Km = 4,55 mM va Vmax = 4,91 U/mg. lon
Ca?*va Mg?* 1am ting hoat tinh enzyme, trong khi do, ion Ni?* va Cu?* lam giam hoat

tinh. Glucose & nong d6 6 mM anh huéng nhe dén hoat tinh caa GH3S2.
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KIEN NGHI
Nghién ctru kha ning phdi hop cac enzyme p-glucosidase GH3S2 véi enzyme
endoglucanase va exoglucanase dé danh gia hiéu qua thuy phan ngudn co chét

cellulose.
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Phu luc 2: Trinh tw nucleotide cia gen GH3S2 sau khi tdi wu mé bé ba va trinh

tw axit amin twong wng
atg aca tcg cag gcc ttc gtc atc cgc agc ggc gcg ctg gtc gcc gca ctg atg ctg gga
M T S Q A F \ I R S G A L v A A L M L G
ttg ctc ggc tgc cgc ggc cag gac cgg gct gcc gcc gcc gca gcc acc gac aag gat ccc
tgg ccg gag gtc atc tgg ccc ctg gct gcg gac ccg gcg ctg gag aag cgc atc acc gac
ctg atg gcc ggc atg acg gtg gag gaa aag gtc ggc cag ctg gtg cag ggt gac atc gcc
agc gtc acc cca gat gat gtg cgc cgc tac cgg ctt ggc tcg atc ctg gcc ggt ggc aac
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atc gat gcc gtg cac ggg cag agc aac atc att ggc gcc acg ttg ttc ccg cac aac atc
ggg ctg ggc gcc acg cgc aat ccg gag ctg ctt cgg cag atc ggt ggc atc acc gcg ctg
gag acc cgc gtt acc ggc atg gaa tgg acg ttc gcg ccg acc gtt gcc gta ccc cag gat
gat cgc tgg gga cgc acc tac gaa ggc tac tcc gaa tcg ccg gac gtg gtg gcc agc tat
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gac tgc ccg gcc acg atc aac gcg ggc ctg gac atg gcg atg gcc tcg gac agc tgg aag
ggt ttc tac gag acg acg ctg gct gcg gtg aag gat ggg cgg atc acg ccg caa cgc ctg
gac gat gcg gtg cgc cgg atc ctg cgg gtc aag ttc cgc ctt ggg ctg ttc gag gcc ggce

agg cca tcc acg cgg gcc gtc ggc ggg cag ttc gca ctg atc ggc gcg ccg gca cat cgce
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