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MO DAU

1.1. Tinh cap thiét caa luan an

Lignocellulose, mét trong nhitng ngudn ning lwong tai tao doi dao
trén Trai DAt phan 16n bi dem di d6t, gay lang phi va anh huong nghiém
trong dén chat luong méi truong sdng ciing nhu stc khoé cua ngudi dan.
Vi vay, viéc tan dung ngudn nguyén liéu du thira nay dé chuyén héa ching
thanh nhién liéu sinh hoc khong nhiing 1am giam thiéu 6 nhiém méi truong
ma con gop phan giai quyét nhu cau ning luong quéc gia. Tuy nhién, trén
thuc té, lignocellulose 1a sinh khéi ran chic khé chuyén héa va dudng hoa.
Hudng xir ly phan giai lignocellulose bang phuong phap sinh hoc theo
hudng than thién vai moi truong ngay cang dugc xem trong va ung dung
rong rdi. Viéc tim kiém nguon lignocellulase ¢6 hoat tinh manh da va dang
la mot trong nhitng huéng nghién ciu trong tdm caa nhiéu nha khoa hoc
trén thé gigi. Vi khuan khu tri trong cac khu hé giau lignocellulose dugc
xac dinh 12 nhitng ngudn tiém niang dé khai thac gene ndi chung va gene
phén giai lignocellulose ndi riéng vi sy da dang va phong phd cua chung.
Tuy nhién, thuc té hién tai 99% vi sinh vat vin chua thé phan lap va nudi
cdy dugc. Dé khic phuc han ché do, k§ thuat metagenomics cho phép
nghién ciru va danh gia truc tiép va tong thé tat ca cac loai vi sinh vat trong
mau ma khdng can nudi cay. Hé sinh thai mini cua da co dé nudi ¢ Viét
Nam 12 mot trong nhitng hé rat tiém nang, chua dugc nghién ctu nhiéu. Vi
vay, nghién ciru nay duoc thuc hién dé giai ma DNA da hé gene vi khuén
trong da co dé (giai ma tao bo dit liéu nho, théng thuong va giai ma sau dé
danh gia kha ning khai thac gene cua ca hai bo dir liéu) va tim cach tiép
can méi nham khai thac higu qua enzyme phan giai lignocellulose, bao gom
enzyme tién xu ly, enzyme phan giai cellulose, hemicellulose va lignin. Do
do6, ching t6i da thyuc hién dé tai luan 4n: “Xay dwng co sé dir ligu DNA



metagenome h¢ vi khudn da cé dé va khai thac, nghién cizu tinh chdt cia
endo-xylanase”.

1.2. Muc tiéu nghién cau:

- Xay dung duoc bo dir lisu DNA metagenome cua hé vi khuan da
co dé;

- Biéu hién va nghién ctru duoc tinh chat cuia mot endo-xylanase ma
hoa tur gene trong bo dir liéu gene chirc nang phan giai lignocellulose tir
mau DNA metagenome vi khuan da co dé.

1.3. N§i dung nghién ctru:

Dé dat dwoc muc tiéu cua dé tai, ching t6i di thuc hién céc noi
dung nghién ctru chinh sau:

1. Nghién ciru giai ma DNA da hé gene cua vi khuan trong da co dé
voi dung lugng thong thuong (8-10 Gb) va dung lugng 16n (giai ma sau,
45-50 Gb), xay dung bo dir liéu va déanh gia da dang vi khuan trong da co
dé;

2. Khai thac gene va thiét 1ap cong cu HMM chu giai chirc ning gene
cho khai thac gene md héa enzyme/protein tham gia chuyén héa
lignocellulose.

3. Nghién ctru lya chon gene, biéu hién va xac dinh dic diém endo-
xylanase ma hda bai gene trong dir liéu DNA metagenome cua vi khuan
trong da co dé.



CHUONG 1. TONG QUAN

1.1. Tong quan vé lignocellulose

Lignocellulose 1a mot thanh phan quan trong va chiém ty 1& Ion
nhét cua sinh khdi thuc vat, cha yéu cdu thanh nén thanh té bao thyuc vat.
Lignocellulose duoc cdu thanh tir ba thanh phan chinh déu la cac polymer
phan tir 16n: cellulose, hemicellulose, lignin. Sinh khéi lignocellulose l1a
mét trong ba nguon sinh khdi chinh cé thé dugc sir dung dé san xuat nhién
liéu sinh hoc, la ngudn nang luong méi, khic phuc nhitng nhuoc diém cua
ngudn ning lugng hoa thach. Thanh phan cua lignocellulose khi dwoc phan
giai ngodi viéc cung cap ning lwong con cd tng dung trong nhiéu nganh
kinh té - x& hoi khac nhu cong nghiép thuc pham, y duoc, mién dich...

1.2. Xylanase

Xylanase la mot trong nhirng enzyme phan giai xylan quan trong
nhat, v6i vai trd phan cit mach chinh cua xylan, tao diéu kién cho cac
enzyme khac hoat dong. Nhitng ho GH quan trong nhit c6 hoat tinh
xylanase 1a GH 5, 7, 8, 10, 11 va 43, theo co s& dit liéu CAZy. Xylanase rat
phd bién trong tu nhién, cd nguon gdc tir rat nhiéu I6p sinh vat, trong d6
xylanase tir vi khuan va nim d va dang duoc nghién ctru va ang dung rong
rdi trong nhiéu nganh céng nghiép.

1.3. Ky thuat metagenomics nham khai thac hiéu qua gene tiém niing

K3 thuat metagenomics la ki thuat nghién cuu truc tiép DNA da hé
gene ma khdng théng qua nudi cay, trong d6 hudéng di méi nhat 1a bang
phwong phap giai trinh ty toan bo nho nhitng tién bo cua k§y thuat giai trinh
ty. Thong tin trinh ty dugc phan tich xir Iy bang phan mém dé dinh dang vé
phan loai va chic nang. R4t nhiéu phuong phap méi di va dang duoc phat
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trién dé hd tro cho viéc phan tich va cha giai chirc nang gene mot cach hiéu
qua, trong d6 phuong phap st dung mo hinh dai dién HMM la mét phuong
phap c6 d6 nhay va do chinh xac cao nhat trong viéc dai dién cho céc trinh
tu tuong dong trong ho trinh tu.

CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twgng, vat ligu hda chat va thiét bi may mac

2.1.1. Péi twong va vt ligu nghién crru

v' Déi tweng nghién ciu: Mau da co cia 3 dé Co va 2 dé Bach Thao
thu thap tai tinh Ninh Binh (toa d6 GPS 20.269002 105.893267), 2 dé Co,
va 3 Béach Thao thu tai Thanh Hoa (toa d6 GPS 19.897450 105.795899).
Dé duoc lya chon 1a dé an co, 14 cdy va canh cay trén nui vao ban ngay, ban
dém cho an thém phé phu pham ndng nghiép khac nhau, khong cho an cam.

v Céc ching vi sinh vdt: Chang vi khuan E. coli DH10B cua hdng Invitrogen
(M¥) duoc sir dung 1am thé nhan trong thi nghiém tach dong gene; chung E. coli
BL21(DE3), Rosettal, JIM109, SoluBL21 (BL21 Soluble), Origami dwoc sir dung
Iam thé nhan dé biéu hién gene.

v Plasmid: pET22b dwoc sir dung 1am vector biéu hién gene (Thermo
Scientific, My).
2.1.2. M4t sé dung dich héa chat chinh:

Cac hoéa chat dugc mua cua Merck, Sigma, cac bo kit mua cua
Qiagen, Fermentas, Amersharm.
2.1.3. May mdc va thiét bj

Céc may moc va thiét bi déu c6 ngudn géc tir nhitng hdng uy tin
nhu Shimadzu (Nhat Ban), BioTek (M), Bio-rad (M¥). Sorvall (M¥),
Amersham Pharmacia (My), Applied Biosystems (M¥), GE-Healthcare
(Thuy Bién), Implen (Puc), Precisa (Thuy Si).



2.2. Phwong phap nghién ciu

2.2.1. Cac phwong phdp sinh hoc phan ti, vi sinh vt

Téch chiét, tinh ché DNA metagenome

Tong hop gene, thiét ké vector biéu hién mang gene exl
Bién nap DNA plasmid vao vi khuan E. coli

Téch chiét DNA plasmid tir té bao vi khuan E. coli
bién di trén gel agarose

Tinh ché DNA tir gel agarose

2.2.2. Cac phwong phap hoa sinh protein

Biéu hién protein tai to hop trong E. coli

bién di protein trén gel polyacrylamide

Tinh ché protein bing sic ki ai luc His-tag

Xéc dinh d6 sach cua enzyme tai to hop bang phan mém Quantity One
Dinh lugng protein bang phuong phap Bradford

Xac dinh hoat tinh xylanase

Xac dinh anh huong cua nhiét do, pH, cac ion kim loai va mot sé héa

chat Ién hoat tinh enzyme

Xéc dinh do bén nhiét cia enzyme
Xac dinh théng s6 dong hoc cua enzyme

2.2.3. Cdac phwong phdp tin sinh hoc

Lap rap DNA da hé gene, chi giai cAc gene chirc ning

Phuong phap nghién ciru Pfam cua céc trinh ty

Nghién ciru viing bao tha va du doan cau trlic bac ba caa cac trinh tu
Dy doan kha nang chiu kiém/acid

Du doan kha nang chiu nhiét cua enzyme

Dbinh loai loai cac trinh tw ORF

Té6i wu ma va tong hop gene ma hoéa enzyme thity phan xylan dugc khai

thac tir dir liéu giai trinh tw DNA metagenome vi khuén da co dé.



- Phuong phap xir ly s6 liéu.
CHUONG 3. KET QUA VA THAO LUAN

3.1. Nghién ciru gidi ma sau, xay dwng b dir ligu va danh gia da dang
vi khuan trong da coé dé

3.1.1. Tach chiét DNA da hé gene ciia vi khudn

Dua trén két qua tach chiét, ca 10 mau vi khuan tir da co dé da
dugc tach chiét, tinh ché thanh cong véi DNA c6 kich thudc 16n, dap tng
dugc yéu cau nghién ciu. Két qua kiém tra chat lugng DNA va ham luong
DNA bing méay nanodrop cho thdy, ndng do DNA dat tir 53,5 dén 137
ng/uL va chi s A260/280 dat tir 1,921 dén 2,028. Ca 10 miu DNA
metagenome tir vi khuan da co dé duoc st dung 1am khuén cho khuéch dai
doan gene 16S cua vi khuan, két qua dam bao trong mau DNA khong c6
chét chat e ché qué trinh tong hop DNA in vitro, vi vdy mau DNA da sin
sang dé giai trinh ty.

3.1.2. Gidi trinh tuw, ddnh gid chdt lwong hai bg dir liéu va chi gidgi gene

Két qua cho thay ca hai bo dit liéu déu cé chat luong tét, Q30 déu
dat trén 90%. Tong dung luong dit lidu giai trinh tu metagenome cua vi
khuan trong da co dé 1a 392,63 triéu read. Sau khi loc bo da thu duoc 324
triu read dir ligu tinh twong dwong véi 48,66 Gb. Cac read c6 chat lugng
Q30 chiém 94,59% va ty I¢ read sach dat 82,61%. Sau khi lap ghép thanh
contig, sé lwong cac contig cua hai bo dit liéu 1a kha 16n. Bo dir liéu DNA
metagenome cua vi khuan trong da co dé duoc lip ghép thanh 3.411.867
contig voi tong d6 dai 1a 3.164 Mb. Trong dé, 50% trinh tu c6 kich thudc
I6n hon 1.162 bp, d dai trung binh cua cac contig 1a 927 bp va contig c6
kich thudc lon nhat la 295.214 bp. Cac contig bao phii khoang 64,22%
read.



3.1.3. Pdnh gid da dang vi khudn trong mgu DNA metagenome
3.1.3.1. Pa dang vi khudn trong da co dé duoc danh gia dwa trén bo dir
liéu 8,6 Gb

Tu dir liéu giai trinh tuy 8,6 Gb, 164.644 gene da dugc xac dinh,
trong d6 99,8% sb gene c6 ngudn gdc tir vi khuan. Trong sb do, 39.579
ORF di duoc xac dinh va dinh loai, trong d6 99,8% thudc vé vi khuan.
Nganh vi khuan chiém sb lugng dong nhét 1a nganh Bacteroidetes (63,5%),
tiép d6 14 nganh Firmicutes (22,6%), Proteobacteria (7,5%), Synergistetes
(3,1%). O cip do chi, Prevotella (35,3%) va Bacteroides (16%) thudc vé bo
Bacteroidales 1a phé bién nhét.
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Hinh 3. 3. Biéu db phan b4 da dang phan loai hoc & mirc do nganh va mirc do chi caa vi
khuan trong da c6 dé khai thac dugc tir dit liéu 8,6 Gb
3.1.3.2. Pa dang vi khudn trong da co dé dwoc danh gia dwa trén bo dir
liéu giai mad sdu

Két qua giai trinh tw siu DNA metagenome vi khuén da co dé thu
duogc 48,66 Gb dir liéu, so sanh vai dir ligu giai trinh tu 8,6 Gb, két qua
dinh loai 1a kha twong dong khi ty I¢ gene duogc xac dinh c6 nguon goc vi
khuan 1a 99,8%. Nganh Bacteroidetes la nganh chiém ty I¢ 16n nhét véi
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45,29% tong sé gene, tiép theo 1a nganh Firmicutes véi 30,38%. O mirc do
chi, 49,93% sb gene van chwa duoc phan loai. Chi phong pha nhat 1a
Prevotella, chiém 25,79% téng sb gene.
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Hinh 3. 4. Biéu db phan b da dang phan loai hoc & mirc d6 nganh va mirc dé chi cua vi
khuén trong da co dé khai thac dwgc tir dir liéu giai ma sau

3.2. Khai thac gene va thiét 1ap cong cu HMM cho ch giai gene, khai
thac gene ma héa protein/enzyme tham gia thiay phéan lignocellulose

trong da cé6 dé

3.2.1. Khai thac gene ma hoa enzyme thiy phan ligncoellulose deua trén
co s dir ligu KEGG

3.2.1.1. Khai th&c gene tr dir liéu gidi trinh tw 8,6 Gb

Tu dix liéu giai trinh ty DNA, 821 ORF chra domain carbohydrate
esterase (CE) va polysaccharide lyase (PL) tham gia vao qué trinh tién xu
ly trong chuyén héa lignocellulose cu thé 12 lignin, 816 ORF ma héa 11 ho
glycoside hydrolase (GH) c6 hoat tinh cellulase, 2252 ORF mang 22 ho
GH c6 hoat tinh hemicellulase da duoc khai thac.



9

3.2.1.2. Khai th&c gene tr dir liéu gidi trinh tw Séu 48,6 Gb

Tur két qua giai trinh tu shu DNA metagenome vi khuan da co dé
thu dugc 48,66 Gb dir lidu, 5.367.270 gene voi tong do dai la
2.828.583.591 bp da dugc xac dinh. Trong sé cac gene trén, co 4.385.296
gene da dugc udc doan chirc nang dwa trén viéc so sanh trinh tu protein
tuong (g Voi cac co so dir liéu Nr, Swissprot, KEGG, eggNOG. Cu thé,
Va1 co so dir liu KEGG, 2.809.791 gene da dugc udc dodn chic nang
trong d6 317.154 gene (11,3%) duoc xac dinh 1a lién quan dén qua trinh
chuyén hoéa carbohydrate.

Cellugses
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wlosidase |
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@ Alphs-L- polysaccharides
cosgase
\
v ' @2%
glucoses Xyloses/fucoses/ W””PSSS_’
glucuronic acids galactoses/arabinoses

Hinh 3.5. Buc tranh téng quan vé& cac ho GH/CE/PL lién quan dén qua trinh phan giai

lignocellulose ciia vi khuén trong da co dé

3.2.2. Phan tich da dgng vi khudn mang gene thay phan lignocellulose

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

Trong s6 816 ORF mi hoa gene cellulase, 2252 ORF méa hoda
gene hemicelulase va 821 ORF m4 hda gene tién xir Iy da duoc xac dinh,
chi ¢6 221 gene cellulase, 544 gene hemicellulase va 226 gene tién xir Iy 1a
c6 thé dugc dinh dang phan loai, chiém khoang 24-27%, phan con lai
khong dugc phan loai 1a rat Ion. Nhin chung, phan 16n cac gene trén thugc
nganh Bacteroidetes, cu thé 12 854 ORF trén tong sé 991 ORF, chiém ty I¢
86,2%. Nganh chiém ty I¢ 16n thir hai 12 nganh Firmicutes véi 94 ORFs
(9,5%).

3.2.2.2. Da dang vi khudn mang gene phan gidi lignocellulose khai thdc tir
ket qua giadi trinh ty sau
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Hinh 3. 6. Da dang phan loai vi khuin mang gene lignocellulase trong da ¢ dé Viét Nam da

duoc KEGG chu thich va phan loai boi MEGAN

T4t ca 65.554 gene méd hoa cho 30 enzyme/protein lién quan dén
qua trinh phan hay lignocellulose trong da co cia dé déu dugc dua vao
phan mém MEGAN. Két qua cho thiy c6 65.443 gene dugc xép vao Cac
don vi phan loai (99,85%). Trong don vi phan loai chi, chi I6n nhét Ia chi
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Prevotella dong gop 27% gene lién quan dén qué trinh phan giai
lignocellulose, tiép theo la Ruminococcus (5%) va Bacteroides (4%). Pang
cha y, Prevotella déng gop rat nhiéu cho qué trinh phan giai hemicellulose
va tién xu ly lignocellulose, voi viée chi nay dong gop toi 30% sb gene
chuyén hda hemicellulose va 36% gene tién xi ly lignocellulose.

3.2.2.3. Vai tro cua chi Prevotella trong tiéu hoa lignocellulose
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Hinh 3.8. Céc locus gene phan giai celluloses/hemicellulose trong nhiing contig tiém ning

xay dung tur dit liéu giai trinh tuw shu DNA metagenome vi khudn da co dé.

8.900 gene lignocellulase hoan chinh niam trong 8.364 contig, trong
d6 7848 contig chi mang mot gene trén mdi contig. Trong s 22 contig
mang it nhat 4 gen/contig thi c6 18 contig thudc chi Prevotella, 2 contig
thugc chi Bacteroides, 1 contig thugc chi Clostridium va 1 contig thuoc chi
Butyrivibrio. Hau hét cac cum gene lién quan dén qua trinh phan hiy
hemicellulose va hoat dong dic hiéu trén mot sé co chat nhét dinh. Ngoai
ra, tit ca cac gene trong mot cum duogc sip xép theo cuing mot huéng. Bén
canh cac enzyme chinh c6 hoat tinh hemicellulase, nhiéu gene ma héa cho
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cac enzyme thudc cac GH khéc nhau, c6 thé hd trg cho chic ning chinh
cua locus va mot s gene chua 18 chire ning ciing da duoc xac dinh.

3.2.3. Xay dung cong cu mai khai thac hiéu qud protein/enzyme tham gia
chuyén héa va tién xa ly lignocelullose

. Dya vao mé hinh HMM da dugc xay dung dé khai thac cho 29
enzyme/ving phu tro (accessory domain) khac nhau c6 lién quan dén
chuyén héa lignocellulose, cong cu da hd tro khai thac voi cac nhém
geneduoc khai thac hiéu qua trong bo dir liéu la galactanase, glucuronyl
esterase, hydrogen peroxide oxidoreductase (HPOXRE catalase),
xyloglucanase, laccase, CBM (1-84), cellobiohydrolase, beta-
glucuronidase, beta-xylosidase, beta-mannosidase GH2, lichenase, alpha-
glucuronidase (GH76N) va xylanase GH44.

3.3. Nghién citu lya chen, biéu hién va xac dinh dic diém cia endo-
xylanase

3.3.1. Nghién citu lwa chen gene ma héa endo-xylanase cho biéu hi¢n

3.3.1.1. Nghién citu da dang vi khudn mang enzyme endo-xylanase

Tur két qua giai trinh tu siu 48,6 Gb, dua theo két qua chu giai chuc
nang gene Véi cac co so dit liéu, co 3400 gene dugc xac dinh 1a endo-1,4-
beta-xylanase. Trong d6 c6 3213 gene duoc phan loai dén cac don vi phan
loai thugc 3 gidi, 19 nganh, 33 Iap, 48 b, 67 ho, 120 chi va 9 loai, chi c6
187 gene khong xac dinh dugc don vi phan loai. Chi xét riéng cac gene co
ngudn géc tir vi khuan, 3193 gene duoc xac dinh thudc 15 nganh, 27 16p,
43 1o, 62 ho, 113 chi va 7 loai.

O mirc 6 phan loai dén chi, 30% s6 gene endo-xylanase c6 nguon

gdc tir Prevotella, tiép theo 1a chi Ruminococcus (19%) va Butyrivibrio
(12%).
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3.3.1.2. Nghién citu da dang cdu triic endo-xylanase

Ma gen mé hoa endo-xylanase

200 400 [
B¢ dai trinh ty (amino acid)

Hinh 3. 10. Tém lugc c4c cau tric domain cia enzyme nhém endo-xylanase c6 mang viing

hoat tinh GH

Tur dit liéu giai trinh ty metagenomic thong thuong 8,6 Gb va giai
trinh tu sau 48,6 Gb cua vi khuan trong da co dé, 739 gene hoan chinh ma
hoa cho endo-xylanase duoc chd giai boi KEGG da duoc tach riéng va
phan tich ciu tric viing chie ning, ¢6 185 trinh ty 1a mang cac vang hoat
tinh glycosyl hydrolase. C6 180 trinh ty amino acid dugc suy ra tir 180
gene tuong dong véi endo-xylanase trong GenBank, trong d6 c6 tit ca 108
trinh tw c6 ngudn géc tir Prevotella. Trong sé nay, 10 gene ¢ trinh tw cho
vung hoat tinh phu CE1, 20 gene c¢6 trinh tu thém vung CBM6. Céc endo-
xylanase dugc mad hoéa bai 10 gene trén c¢d Tm cao hon 65°C va la cac
enzyme c0 tinh acid.
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3.3.1.3. Nghién curu lwa chon trinh ty xylanase dé biéu hién

1 75 150 225 300 375 450 525 600 675 740
|

GH10 Esterasel
GH10
XynA Fes
Esterase
Glycosyl hydrolase E-sa-5F Abhydrolase SF
Siéu ho XynA Siéu ho Fes

Hinh 3. 13. Dy doan cac vung bao thu trén trinh ty denovogenes_5086

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

Trinh ty protein tir gene denovogenes_5086 twong dong cao nhat
96% Vvéi  endo-1,4-beta-xylanase cua Prevotella sp. (md sé
MBR7030185.1) véi d6 bao phi 99%. Khi tim kiém céc viing bao tha trén
trinh tu gen, trinh ty denovogenes 5086 c6 chira hai vung bao thu:
Glyco_hydro_10 (tir 34-371) va vung E-set_Esterase (404-485), ngoai ra c6
mot vung Fes duge xac dinh la enterochelin esterase va cac enzyme lién
quan (479-668). M4 gene [denovogenes] 5086 c6 diém acid thap nhat la
0,363 trén tong diém Ia 1.
3.3.2. Nghién ciru biéu hign endo-xylanase
3.3.2.1. Phan tich téi wu md bé ba cua trinh tir gene exl

Ma gene [desnovogenes] 5086 ky hiéu ex] md hdéa cho endo-
xylanase duoc lra chon dé biéu hién trong E. coli. Trinh tu gene exl téi uu
ma bo ba dé phi hop cho viéc biéu hién protein tai to hop trong E. coli
true khi duoc téng hop nhan tao va dua vao vector pET22b(+) bang cap
enzyme han ché Ncol/Xhol.
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3.3.2.2. Thiét ké vector biéu hién mang gene exl

San pham cat kiém tra vector c6 hai bang DNA c6 kich thudc dung
vé6i kich thuéc ly thuyét caa gene endo-xylanase va vector pET22b(+) &
dang thang. So sanh trinh ty exl trong vector khi kiém tra lai bang giai trinh
tu Vi trinh tu gene endo-xylanase guri dat tong hop thiy chiing c6 d6 twong
ddng 100% vé6i nhau. Nhu vay, gene endo-xylanase da duoc tong hop va
ghép ndi thanh cong vao vector biéu hién pET22b(+).
3.3.2.3. Biéu hién gene endo-xylanase [denovogenes] 5086

(1) Lua chon chung biéu hién endo-xylanase

Protein endo-xylanase da dwoc biéu hién thanh cong trong ca 5
chung BL21 Soluble, Rosettal, Rosetta2, JM109, Origami. Luong protein
tan cung voi hoat d thu duoc tir mot don vi dich nudi ciy cua chang
Rosettal la 16n nhét vi vdy ching toi lwa chon ching Rosettal dé lam
chung biéu hién gene endo-xylanase.

(2) Lya chon méi trudng biéu hién endo-xylanase

Protein EXL da duoc biéu hién trong cé4c loai méi truong LB, TB
cai bién, SOB, PE, YT, SB. Mbéi truong PE duoc lra chon dé biéu hién
endo-xylanase trong céc thi nghiém tiép theo.

(3) Lya chon nhiét d nudi cay

Endo-xylanase dugc nghién cau biéu hién ¢ cac nhiét do 20°C,
25°C, 30°C va 37°C. Protein dugc biéu hién tét ¢ dang tan va c6 hoat do
trén mot don vi moi truong nudi cdy & nhiét d6 20°C so véi cac nhiét do
khéc biéu hién & dang khong tan hozc biéu hién kém. Vi vdy ching toi
chon nhiét do biéu hién endo-xylanase 1a 20°C.

(4) Lwa chon ndng do chat cam ung IPTG
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Céc ndng d6 IPTG khéc nhau tir 0,05 dén 1,5 mM dugc kiém tra dé
biéu hién EXL tai t6 hop. Két qua cho thay nong do IPTG thich hop duoc
lwa chon 12 0,1 mM dé cho c4c nghién ctu tiép theo.

(5) Lya chon thoi diém thu mau biéu hién endo-xylanase

Chung Rosettal mang gene endo-xylanase dugc nghién ctu so
sanh thoi diém thu mau sau cam tng véi cac moc 1a 1 gio, 2 gio, 3 gio, 4
gio, 5 gio, 6 gio va 16 gio (qua dém). Thoi diém duoc lva chon dé thu mau
té bao biéu hién endo-xylanase 1a 16 gio sau khi cam ung.

3.3.3. Tinh ché protein endo-xylanase tai t6 hop

3.3.3.1. Tinh ché endo-xylanase bang sic ky &i luc His-tag

F F 1 2 i Ma G 7 8 > 10
kDa
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Hinh 3.23. Dién di d4 kiém tra san pham trong c4c phan doan tinh ché 1an 1.

S, P: protein pha tan va pha khong tan EXL téng sé; F: mau sau khi dwa qua cot; 1:
mau rira béng déem 50 mM imidazol; 2-3;: mau rtra béng dém 100 mM imidazol; 4-
10: cac phan doan mau khi rra bédng dém 250 mM imidazol; M: thang protein
chuén (Thermo Scientific)

Vi ndng do thich hop cua chat canh tranh imidazole, cac protein
nodi bao bam khong dic hiéu vai gia thé da bi raa trdi bang dém rira, cho
phép thu lai protein tai t6 hop xylanase twong ddi sach trong cac phan doan
thu lai bing dém day. Dé thu dugc protein c6 do tinh sach cao, san phim
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cua lan tinh ché lan 1 dwoc st dung dé tinh ché lai lan 2 ciing bang cot sic
ky ai luc His-tag.

Két qua phan tich bang phan mém dua trén phuong phap so sanh
d6 dam cua bang protein can phan tich véi toan b duong chay cho thay,
cac mau protein sau khi tinh sach chi c6 mot biang dam, cic bing protein
xylanase déu co do sach rat cao, lan luot 12 99,53% - 95,87% - 95,56%, dat
tiéu chuan cua protein tinh sach c6 do tinh khiét trén 95%.

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

Do sach ciia miu protein duoc tinh bang phan tram ty 18 protein da
duoc tinh sach trén tong sb protein c6 trong mau. Bang phan mém Quantity
One, d6 sach cua 3 phan doan sau khi loai mudi dugc tinh toan dat cac gia
tri lan luot 1a 97% - 95% -98%, hoan toan thoa man yéu cau mau protein
sau khi tinh sach c6 do tinh sach tir trén 95%. Protein xylanase tai t6 hop da
duoc tinh sach va loai mudi lap lai 3 1an véi do 1ap lai cao. Hoat tinh cua
protein sau khi tinh sach duoc thu hdi vai ty 1é khoang 25%.

3.3.4. Nghién citu ddc tinh enzyme xylanase va cac théng sé dgng hec
enzyme

3.3.4.1. Nghién ciru xdc dinh nhiét do 16i wu cho enzyme hoat dong

Két qua nghién cau cho thay, enzyme xylanase thé hién hoat tinh
cao nhét khi dugc u & nhiét do 40°C, va thé hién hoat tinh twong d6i manh
khi nhiét do phan wng nam trong khoang 35°C - 50°C (dat trén 90% hoat
tinh t6i da so véi nhiét do 40°C).
3.3.4.2. Nghién ciru xdc dinh pH t6i wu cho enzyme hoat dong

Két qua nghién ciru cho thiy, protein xylanasse thé hién hoat tinh
cao nhit khi duoc u & pH 5,5 dat 25,6 U/mg, va thé hién hoat tinh twong
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dbi manh khi pH phan @ng nam trong khoang 5-6 (dat trén 90% hoat tinh
t6i da so véi pH 5,5).

3.3.4.3. Nghién citu tinh bén nhiét ciia enzyme

Két qua nghién ciu cho thay, enzyme xylanase bén tét & nhiét do
t6i uru cho hoat tinh 12 40°C, ¢ nhiét d6 50°C, hoat tinh bat dau giam chi sau
1 gio xtr ly va hoan toan mat hoat tinh sau khi u trong 24 gio. O nhiét do
cao (60°C), enzyme méat hoan toan hoat tinh chi sau 1 gio . Vi vay c6 thé
két luan enzyme xylanase khéng bén nhiét.
3.3.4.4. Nghién ciru anh huéng ciia mét sé ion kim logi va héa chat lén

hoat tinh xylanase

Két qua thir hoat tinh xylanase chirng minh khi c6 s c6 mat cua
cac ion Fe3*, Cu?*, Co?*, Zn*" va chat bién tinh SDS thi hoat tinh cua
enzyme xylanase giam manh, dac biét hai ion Fe3*, Cu? gan nhu lam cho
enzyme mat hoat tinh (hoat tinh chi dat 7% so v&i mau di chung khéng b
sung ion). Trong mdi truong ¢ sy c6 mat cua cac hoda chat 2-
mecaptoethanol, Tween-20 va Triton X100, hoat tinh cta endo-xylanase
ciing bi trc ché chi con khoang 40%.

3.3.4.5. Nghién citu tinh dic hiéu co chdt ciia enzyme

Dua trén biéu do cho thay, xylanase thé hién hoat tinh manh véi co
chat dic hiéu 13 xylan, nguoc lai gan nhu khong thé hién hoat tinh véi cac
loai co chit khac 1a CMC, gidy loc, pNPG va pNPX, cu thé 13 hoat tinh xtc
tac d6i voi cac loai co chét nay 1a khong dang ké. Vi vay c6 thé két luan
enzyme Xylanase c6 tinh dac hiéu véi co chat xylan. Bén canh do6, enzyme
EXL ciing da duoc thir hoat tinh voi mot s6 co chat esterase nhu gelatin,
pectin, tributyrin hay sita tich bo & nong d6 1% tuy nhién enzyme khong
thé hién hoat tinh.
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3.3.4.6. Nghién citu théng sé déng hoc ciia enzyme

Dua trén két qua thuc nghiém, duong chuan do twong quan gitra
nghich dao gia tri ndng do co chét 1/[S] va tdc do phan tmg 1/V dugc xay
dung la y=16,978x + 1,1658 vai hé sé tuong quan R?1én dén 0,9971 hay do
tin cay 1én dén hon 99%. Tir phuong trinh trén dua trén cong thirc cia
phuong trinh Lineweaver-Berk, cac thong s6 dong hoc 12 Km va Vax cia
enzyme Xxylanase dugc xac dinh twong tng la 14,56 mg/ml va 0,86
umol/phdt vai hoat tinh riéng dat 171,56 1U/mg.
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Hinh 3. 33. P4 thi tuong quan giita ndng d6 co chét va tbc d6 phan wng cia enzyme endo

xylanase téi t& hop.
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KET LUAN VA KIEN NGHI
KET LUAN

1. DNA da hé gene cua vi khuan trong da co dé da duoc giai ma
v4i dung luong thong thuong 1a 8,6 Gb va dung luong lon (giai ma sau) la
48,66 Gb. Tir bo dit liéu giai ma sau, 3.411.867 contig da dugc lap ghép voi
ty 1&¢ bao phu la 64,22%, 5.367.270 gene da dwoc chd giai trong d6
4.311.093 gene (80,32%) di duoc phan loai. Ca hai bo dit licu déu du doan
cac gene c6 nguodn goc vi khuan chiém 99,8%. Nganh Bacteroidetes 1a
nganh chiém ty 1& 16n nhat véi 45,29% tong sb gen, tiép theo 1a nganh
Firmicutes vai 30,38%. O murc d6 chi, 49,93% sb gene van chua duoc phan
loai. Chi chiém ty I& 16n nhit Ia Prevotella, chiém 25,79% tong sb gen.

2. T bo dir liéu 48,66 Gb, 65.443 gene ma hoa cho 30
enzyme/protein lién quan dén qua trinh phan hiy lignocellulose da dugc
xép vao cac don vi phan loai (chiém 99,85% tong sé gene lignocellulase)
trong do c6 21029 gene cellulase, 41756 gene hemicellulase va 4769 gene
tién xu Iy lignocellulose. Chi Prevotella c6 vai tro quan trong, cung cap toi
27% gene tham gia phan giai lignocellulose. Cac gene nay dugc xac dinh
trén cac cau trac PUL dé tang cuong thuy phan lignocellulose. Céng cu md
hinh dai dién HMM da duoc thiét ké thanh cong cho khai thac hiéu qua cac
gene galactanase, glucuronyl esterase, hydrogen peroxide oxidoreductase,
xyloglucanase, laccase, CBM (1-84), cellobiohydrolase, Dbeta-
glucuronidase, beta-xylosidase, beta-mannosidase GH2, lichenase, alpha-
glucuronidase (GH76N) va xylanase GH44.

3. Trong s6 739 gene hoan chinh ma héa cho endo-xylanase c6 108
trinh tu duoc xac dinh c6 ngudn géc tir Prevotella déu thuéc ho GH10 va
10 enzyme c6 thém vung phu trg CE1 ¢ Tm cao hon 65°C va la céc
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enzyme cé tinh acid. Trinh ty denovogenes_5086 ma hoda cho endo-
xylanase GH10-CE!1 da duoc lya chon, téi wu ma bo ba va biéu hién thanh
cong trong E. coli. Enzyme duoc tinh ché bang cot sic ky ai luc His-tag véi
do tinh sach trén 95%, hiéu suat thu hoi 25%. Enzyme tinh sach c6 hoat
tinh ti wu & 40°C, pH 5,5. Enzyme 6n dinh va bén & nhiét do t6i wu dén 24
gio nhung mat hoat tinh ngay khi u ¢ 60°C trong 1 gio. Enzyme hoat dong
trén co chat dac hiéu 1a xylan. Hoat d6 cua enzyme giam khi bd sung cac
ion Fe**, Cu?*, Co?, Zn?*, Ni?*, Ca?*, Na*, Mn?* (1 mM) va céc loai héa
chét thuong ding 1a SDS (1%), urea (1 uM), 2-mercaptoethanol (1 uM),
EDTA (1 pM), tween 80 (ImM), triton X-100 (1 uM). Céc thong sé dong
hoc la K Va Vmax Cla enzyme xylanase dugc xac dinh twong tng la 14,56
mg/ml va 0,86 umol/phdt vai hoat tinh riéng dat 171,56 1U/mg.

KIEN NGHI

Tiép tuc nghién ctru phuong phap va diéu kién thich hop dé xac
dinh hoat tinh esterase cua enzyme EXL, tién toi san xuat hdn hop enzyme
g dung trong xir Iy mdi truong va san xuat nguyén liéu - nhién liéu sinh
hoc.
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NHUNG PONG GOP MO| CUA LUAN AN

1. Pi xay dung duoc bo dit liéu DNA metagenome vi khuan da co dé véi
dung luong 48,66 Gb va lan dau tién vai tro cua Prevotella trong viéc
tang cuong tiéu hoa thac an trong da co dé da duoc phén tich séu va
goi y lam r6.

2. Lan dau tién, luan an da xay dung duoc céng cu md hinh Markov an
(HMM) cho chi giai chirc niang cia nhém gene ma hoa ving lién két
carbohydrate (CBM) va mot sé enzyme tham gia tién xi ly
lignocellulose, cellulase, hemicellulase.

3. Endo-xylanase EXL mi hda tir gene cua vi khuan trong da co dé da
duoc biéu hién, tinh sach thanh cong véi hoat tinh cao.
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