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MO DAU

1. Tinh cip thiét caa luan an

Lignocellulose 12 ngudn sinh khéi ty nhién, ré tién ¢ trir lugng lon
va duoc téi tao lién tuc dugc xac dinh 1a ngudn sinh khéi tu nhién dé thic
day nén cong nghiép sinh hoc. Tuy nhién, viéc chuyén hoa sinh khéi nay
bang enzyme sinh hoc gap nhiéu kho khan, dic biét 1a qua trinh dudng phan.
Vi véy, gia thanh cac san pham sinh hoc con kha cao so véi cac san pham
san xuat bang nhién liéu hoa thach. Bé ha gia thanh ciing nhu thiic ddy phat
trién kinh té sinh hoc thi viéc tim ra enzyme cd thé tham gia hiéu qua vao
qud trinh thay phan cellulose ¢6 vai trd quan trong vi cellulose chira ham
lugng cao trong céc sinh khéi lignocellulose. Cac hé sinh thai ma sy phan
giai lignocellulose dién ra manh mé sé& 1a ngudn tiém nang dé tim kiém va
khai théc cac enzyme ¢ gié trj trong cong nghiép. Nam muc tring va dat
xung quanh nam muc tring ciing 1a hé sinh thdi ma sy phan hay
lignocellulose di&n ra manh mé&. Trong d6, nAm muc tring la sinh vat nhan
chuan c6 kha nang phan giai tét cac loai co chat khac nhau. Tuy nhién, su
thiy phan nay thuong dugc két hop cling vai cac enzyme cua vi khuan séng
trong cting hé sinh thai. Vi khuan ton tai trong nhitng diéu kién nay phai c6
nhitng dic diém dic biét vé thanh phan loai va cac enzyme chuyén héa cac
chat. Mac du ¢ nhiéu nghién ciru vé nam muc trang va vi khuan dét xung
quanh khu ndm muc tring nhung co ché ding sau sy tuong tac nay van chua
dugc sang to, cac dic tinh chirc niang ciia ching van can duoc xac dinh lai
bang thuc nghiém. O Viét Nam, cho dén nay van chua c6 nghién ctu vé da
dang cac loai vi khuan ¢ rimg Quédc Gia Ctic Phurong néi chung va da dang
loai cac vi khuan dat xung quanh khu nam muyc tring néi riéng ciing nhu khai
thac céc enzyme phan giai cellulose cua vi khuan trong hé sinh thai nay. Bé
sang loc enzyme mong mudn tir khu hé vi sinh vat khdng théng qua nudi ciy,
ky thuat metagenomics c6 nhiéu uu thé. Nham danh gia da dang thanh phan
loai vi sinh vat trong dat xung quanh khu nim muyc trang ciing nhu sang loc
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enzyme méa hoa cellulase c6 nhiéu dic tinh mai khdng théng qua nudi ciy,
chung t6i da str dung k§ thuat metagenomic dé tién hanh dé tai: “Nghién ciru
da dang khu h¢ vi khudn quanh ndm muc trang thay phan lignocellulose
va khai thac gen ma hoa cellulase bang ky thudt Metagenomics”.

2. Muc tiéu nghién ctru caa luan an

Panh gia dugc da dang caa khu hé vi sinh vat dat min xung quanh
khu nim muc tring phan hay lignocellulose va xac dinh dugc da dang
enzyme tham gia vao qué trinh phan giai lignocellulose, khai thac va lya
chon duoc enzyme phan giai cellulose ¢6 tiém ning (g dung trong thyc tién
san xuat tir khu hé vi khuan dat xung quanh khu ndm muc tring & rimg Quéc
gia Ctc Phuong bang ki thuat Metagenomics.

3. Cac ngi dung nghién ctru chinh caa luan an

- Phan tich va danh gi4a mac d6 da dang loai cua khu hé vi khuén
trong dat xung quanh khu nam muc trang thiry phan lignocellulose bang k§
thuat Metagenomics;

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

- Tim kiém va Iya chon cac trinh ty gen méi ma hoa cellulase c6
tiém nang wng dung bang céc cong cu tin sinh hoc;

- Nghién ctru biéu hién tai t6 hop cua mot gen di lua chon, tinh ché
va danh gia tinh chét ctia enzyme p-glucosidase.

4. Y nghia khoa hoc va thuc tién cia dé tai

4.1. Y nghia khoa hoc

- Panh gia dugc su da dang caa vi khuan quanh khu nim muc tréng,
dic biét 1a sy da dang cua cac vi khuan sinh enzyme phan giai lignocellulose
khéng thong qua nudi ciy bang phwong phap metageneomics.

- Cung cap thém trinh ty DNA ma héa cellulase c6 kha ning phan
hity phé phu pham néng nghiép, cong nghiép chira cellulose.



4.2. Y nghia thyc tién

Xac dinh dugc c&c enzyme mai tham gia phan giai nguyén liéu chira
cellulose tir vi khuén trong dat quanh khu nim muc tring. Cac enzyme nay
c6 vai tro quan trong trong san xuat cac nhién liéu sinh hoc thé hé thir hai va
phan giai sinh hoc c4c chat gay 6 nhiém moi truong

CHUONG 1. TONG QUAN TAI LIEU

1.1. Khéi quéat chung vé lignocellulose

Lignocellulose dugc cAu tao tir ba thanh phén chinh 1a cellulose,
hemicellulose va lignin. Cellulose va hemicelluloses lién két chit ché véi
lignin. Cellulose 14 thanh phan chinh trong céu tric ciia thanh té bao thuc vt
thuong chiém ty 16 38 —50%. Cellulose dugc ciu tao tir don phan D-glucose
va chiu trach nhiém vé d6 bén co hoc ctia thanh té bao thuc vat. Tiép dén 1a
hemicellulose chiém ty 17 — 32% c6 ciu triic khong dong nhit, co su phan
nhanh cao thudng duoc cu tao tir cac dudng don pentose va hexose. C4c
hemicellulose tao ra cac lién két chéo giira cac cellulose. Lignin chiém 15 —
30% bao gém cac polyphenol thom, dugc sinh tong hop va tao thanh cau
tric bao boc xung quanh hai thanh phan cellulose va hemicelluloses, cung
cép thém dd bén co hoc cho thanh té bao, chéng lai con trung hoac diéu kién
am uot.

1.2. Cellulase

Enzym cellulase 1a mét trong 3 nhém enzym quan trong tham gia
vao phan hity sinh khéi lignocellulose. Cellulase dugc xép vao nhom enzyme
glycoside hydrolase (GH) (EC 3.2.1.-), c6 kha niang cat mdi lién két p-1,4-
glycoside trong phan tir cellulose tao thanh cic san pham cello-
oligosaccharide, cellobiose va glucose. Trong ty nhién, qua trinh thity phan
hoan toan cellulose dugc thuc hién nho sy hoat dong phéi hop cua ba loai
cellulase chinh: (1) endoglucanase (EC 3.2.1.4) thily phan céc lién két p-1,4-
glucoside ndi phan tir cia chudi cellulose mdt cach ngu nhién dé tao ra cac
dau chudi méi, (2) exoglucanase (EC 3.2.1.74, EC 3.2.1.91) phan cit chudi
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cellulose & dau khir va khong khir dé giai phong cac phan tir cellobiose hodc
glucose hoa tan va (3) B -glucosidase (EC 3.2.1.21) thuy phan céac cellobiose
thanh glucose. Trong nhitng nim gan dy, trén thé gi¢i da co nhiéu nghién
ctru khai thac gen mi hoa cellulase sir dung k¥ thudt metagenomic. O Viét
Nam, tir nim 2012, nhém nghién ctru ctia Truong Nam Hai da bat dau su
dung ky thuat metagenomic trong khai thac gen ma hoa enzyme thiy phan
lignocellulose tir khu hé vi sinh vat rudt mbi Viét Nam, vi sinh vat trong da
¢ dé ban dia & Viét Nam, vi sinh vét sudi nudc néng Binh Chau...

1.3. Nam muc tring va khu h¢ vi sinh vt xung quanh khu nim
muc tring thiiy phan lignocellulose

NAm muc tring 1a nhoém sinh vét duy nhat c6 kha nang phan giai tat
ca cac thanh phan cua lignocellulose. Khi sdng trén gia thé gb, nAm muc
trang 1a nhom c6 kha nang phan hiy lignin hiéu qua nhat. Kha ning nay ¢
duoc 12 do nAm muc c6 hé théng enzyme ngoai bao doc dao khong dac hiéu
cling nhu cic enzyme oxi héa ndi bao, tir d6 ndm muc tring c6 thé khoang
hoa hoan toan co chét lignin thanh CO, va phan hity mot loat cac chat khac
nhau. Vi vdy, ndm muc trang tham gia vao chu trinh carbon va déng vai trd
quan trong trong viéc cung cap chat dinh dudng trong cac rimg nhiét doi. Bé
phan giai hiéu qua lignocellulose thi khong chi ¢6 sy tham gia ctia nAm ma
con ¢6 ca cong dong vi sinh vat trong dit xung quanh khu ndm muc tring.
Sy twong tac gitra ndm va vi khuén séng trong cung khu vuc ¢6 thé 1a quan
hé hd trg va/hodc canh tranh. Trong qué trinh ndm phén giai gb, diéu kién
mai trudng tré 1én rat chon loc d6i voi vi khuan. Vi khuén ton tai trong nhitng
diéu kién nay phai c6 nhiing dac tinh dac bi¢t va mdi mé. Vi viy, vi sinh vat
trong dat xung quanh khu ndm muc tring 1a ngudn quan trong dé tim kiém
cac gen phan giai lignocellulase.

1.4. Metagenomic va mot s6 cong cu tin sinh, co s¢ dir liéu duwge
str dung trong khai thac DNA da hé gen

Metagenomic la phuong phap nghién cuu da hé gen
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(metagenome) cua tat ca cac vi sinh vét thu nhan tryc tiép tir miu moi
truong ty nhién ma khéng thong qua nudi cay. Metagenomics tiép can da
hé gen theo hai phuong phap chinh 1a: (1) Phan 14p gen dua trén viéc thiét
lap thu vién DNA da hé gen va (2) khai thac trinh ty DNA va phan 13p gen
dua trén dir liéu giai trinh tu tryc tiép DNA da hé gen. Hién nay, dé nghién
ctru khai thac va tim kiém céc gene tiém ning tir dir liéu DNA da hé gene,
thudng c6 3 bude: (1) tach chiét va giai trinh tu cac mau DNA da hé gene;
(2) tap hop cac doan read ngin thanh cac doan contig dai; (3) sir dung céac
phan mém chuyén dung dé wéc doan chirc ning gene. Cac gene cia DNA da
hé gene dugc dy doan vé don vi phan loai va churc ndng gene. Dya vao muc
do tuong déng cua trinh tu DNA da hé gene cua mau thu duge véi cac trinh
tu ctia cac CSDL tham khao s€ udc doan dugc don vi phén loai va chire nang
clia cac gene. Hién nay CSDL vé don vi phan loai cta gene thuong dung 1a
CSDL NR, cac CSDL vé chirc ning gene dang tin ciy nhu: KEGG, eggNOG,
COG, KOG, PFAM...Tuy nhién, khong c6 mdt CSDL nao chira dﬁy du tat
ca cac thong tin vé don vi phén loai va chirc ning sinh hoc cta gene trong
DNA da hé gene. Nén viéc hop nhat cac CSDL trong mot chuong trinh duy
nhat 14 can thiét. Trong nghién ctru nay, gen ma hoa cellulase dugc khai thac
bang k¥ thuat metagenomics dua trén dit liéu giai trinh ty truc tiép DNA da
hé gen. Co nhiéu cong cu tin sinh da dugc st dung dé khai thac gen tu dir
liéu DNA da hé gen nhu: BLAST, Periscope, Phyre2, AcalPred...
CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CU'U
2.1. Vit li¢u, héa chit
- C4c mau dat man xung quanh ndm muc trang trong Vudn Québc gia Cuc
Phuong dugc liy vao muia mua (thang 5 — 6 trong nim)
- Pia diém nghién ciru: Phong Ky thuat di truyén, Vién Cong nghé sinh hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam
- Céc chung vi sinh vat cua hang Invitrogen (My) va phong thi nghiém Héa
sinh, Pai hoc Téng hop Saarland (CHLB Drc) dugc st dung lam chang tach
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dong va chung biéu hién gen. Vector pET22b(+) cuia hdng Novagene (My)
dugc st dung lam vector biéu hién gen gh3s2 trong E. coli Rosetta 1.
- Cap moi khuéch dai gen 16S rDNA cua vi khuan:
27F: 5-GAGTTTGATCCTGGCTCAG-3'
1527R: 5-AGAAAGGAGGTGATCCAGCC-3'
- Hoa chat, thiét bi sir dung trong cac thi nghiém déu c6 ngudn géc, xuat xir
rd rang.
2.2. Phwong phap nghién ciru
C6 3 nhom phuong phép nghién ctru dugc st dung trong luan &n gom:
2.2.1. Cac phwong phdp vi sinh va sinh hoc phén tiv
2.2.2. Cdc phwong phap hoa sinh protein
2.2.3. Cac phwong phap tin sinh hoc
Quy trinh nghién ctu caa luan an dugc thuc hién nhu hinh 2.2

Maudatmun  Blastalll 2. Phéan tich da
} NR .| dang VsV dit Hemicellulase
1. DNA KEGE
metagenome | 3. Du doan Py 4. Gen ma héa Enzyme tién xir
lignocellulase

Blastall | ¢ht'c nang DNA a
KEGG, | da hé gen HMM profile

eggNOG. I
Swiss-Prot

HMM-profile
5. Cellulase
HMM, Pfam/ dbCAN
3 J

6. Phan tich wving génl,rb%zan ':I';ﬂ 8. Nghién ciru
¢ na Iwa chon gen
chirc nang cellulase cellulase I on g

9. Biéu hién, tinh ché
va nghién c(ru tinh chét

Hinh 2.1. So' d@6 quy trinh nghién cizu trong ludn an
CHUONG 3: KET QUA VA THAO LUAN

3.1. Nghién ciru da dang khu hé vi khuén dit quanh khu nim

muc trang
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3.1.1. Tach chiét, tinh sach DNA da hé gen vi sinh vit dit

Céc miu dit mun dugc thu thap, tron lai v6i nhau dé dam bao tinh
da dang cua vi sinh vat dung cho tach chiét DNA da hé gen. Két qua tach
chiét thanh cong DNA da hé gen vai ndong dd DNA thu duoc tir 112 cho dén
145 ng/ul, A260/A280 déu nam trong khoang 1,8 dén 2, khi PCR bang mdi
16S cho két qua t6t. Nhu vay, DNA da hé gen da duoc tach chiét va tinh
sach, du diéu kién di giai trinh ty.

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

Tur khoang 100 ug DNA da hé gen dugc dua di giai trinh ty, thu duoc
tong kich thudc khoang 51,82 Gb (Bang 3.2).

Bang 3.2. Két qua gidi trinh tw DNA da hé gen bang hé thong gidi trinh ty

thé hé méi HiSeq llluminar
Loai phantich  Két qua thu dwoc  Pon vi

Read S6 luong 345.471.086 read
Tong kich thudc cac  51.820.662.900 cap base
read

Contig So lugng 2.611.883 contig
Kich thuéc trung binh -~ 898 cap base
Kich thuéc N50 1117 cap base
Kich thuéc I6n nhdt  611.845 cap base

Gen SO lwgng 4.104.872 gen
Kich thudce trung binh - 505 cap base
Kich thudc N50 615 cap base
Kich thudc I6n nhat ~ 20.541 cap base

3.1.3. Phan tich da dang vi sinh vit dit
Bang 3.3. Két qud phdn tich da dang tir di liéu DNA da hé gen vi sinh vt

ddt bang phan mém MEGAN (version 6) dira trén CSDL NR
S6 gen Tile Ngad Lép B Ho  Chi Loai

(%) nh
Vi 3.884.879 99,69 111 83 170 406 1971 738
khuin
Vi 293 0,01 9 12 18 23 50 8
khu,z'”in

A

co
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SV 1144 0,03 7 26 46 79 113 86
nhan
chuén
Virus 10565 0,27 0 0 2 14 101 84

Téng  3.896.881 100 131 118 237 523 2240 916
Tt dit lidu 51,82 Gb DNA da hé gen cua vi sinh vat dat quanh khu
nim muc tring & vuon Qudc gia Cuc Phuong, c6 4.104.872 gen mé hoa
protein da dugc xac dinh. Trong do, ¢6 3.923.046 gen (khoang 95,57%) duoc
cha giai trong co so dir liéu NR. Bang phan mém MEGAN céac gen nay d

duge xac dinh phan loai, c6 3.896.881 gen dugc xép vao cac giGi vi khuan,
sinh vat nhan chuan (Eukaryote), vi khuan c6 (Archaea) va virus. Trong do,
s6 gen dugc xép vao gidi vi khuan 1a chiém wu thé tuyét d6i véi 3.884.879
gen (chiém khoang 99,69% tong sb gen), cac gidi con lai 1a vi khuan c6 véi
293 gen (0,01%), sinh vat nhan thuc véi 1144 gen (0,03%) va virus la 10.565
gen (0,27%). Nhu vay, vi khuan c6 s6 luong gen nhiéu nhét va céc gen cua
vi khuan duoc xép vao 111 nganh, 83 16p, 170 b, 406 ho, 1971 chi va chi
c¢6 738 loai dugc xac dinh. Trong gigi vi khuan nay, c6 93,26% cua tong sb
gen dugc xac dinh & bac phan loai nganh. Trong 111 nganh vi khuan duoc
xac dinh, ¢6 5 nganh phé bién chiém 92,59% tong sé con lai 1a cac nganh
khéc. Trong s6 do, Proteobacteria 1a nganh phd bién nhat véi 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 12 nganh chiém wu thé 16n c6 s lugng gen cao gap 5,77 lan
nganh Bacteroidetes phé bién tht hai.

3.2. Nghién ciru khai thac gen ma hoa lignocellulase

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

Cac gen da dugc chu giai chirc nang dya trén cdc CSDL Swiss-Prot,
KEGG, eggNOG, Nr va HMM-profile. C6 3.925.740 gen (95,64%) dugc chd
giai chirc niang dya trén it nhat mot trong cdc CSDL trén. Dua trén dir liéu
KEGG, ¢6 2.809.791 gen (twong (ng khoang 68,45% tong sé gen) dwoc xac
dinh chirc ning ma hoa protein tham gia vao chuyén héa c4c chat trong té
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bao va co thé. Cac protein nay tham gia vao 5 nhém chuyén hoa bao gom:
cac qua trinh trong té bao, xir 1y thong tin moi truong, xu ly thong tin di
truyén, bénh & ngudi, su trao doi chét. Trong qua trinh trao doi cAc chat khac
nhau, trao d6i carbohydrate c6 297.103 gen m4 héa protein tham gia (chiém
khoang 13,56% trong tong sb cac gen tham gia trao d6i chat)

3.2.2. Khai thdc gen duwa trén két qua chi gidi béi KEGG

Twr 297.103 gen dugc xac dinh chuc nang la tham gia vao qua trinh
chuyén hoa carbohydrate trén CSDL KEGG, c6 22.226 gen dugc udc doan
Ia cac gen ma hda cac enzyme c6 tham gia vao qua trinh phan giai sinh khoi
lignocellulose gdm: (1) 907 gen ma hda cac enzyme tham gia vao tién xu ly
sinh khéi chia thanh 4 nhém 1a pectinesterase 89,96%, feruloylesterase
8,27%, laccase 1,10% va expansin 0,67%; (2) 8301 gen ma hoda cellulase
(gém 5 nhém sip xép theo thu ty giam dan 1a B-glucosidas, endoglucanase,
6-phospho-beta- glucosidase, cellobiohydrolase, cellobiose phosphorylase);
(3) 13.018 gen ma héa hemicellulase dugc xép vao 20 nhom, trong d6 nhom
xyloglucan-active p-D-galactosidase 1a nhém phé bién nhat 25,26% (3288
ORF).

3.2.3. Khai thac gen dwa trén mé hinh dai dign HMM

Str dung md hinh HMM ma ban chét 1a dwa trén su tuong dong vé
motif, cd 13 ho enzyme tham gia thuly phén lignocellulose da duoc khai thac
hiéu qua hon so véi viéc khai thac gen dua trén sy twong dong vé trinh ty
trong KEGG. b6 la CBM (1-84), arabinanase (GH43), galactanase,
glucuronyl esterase, HPOXRE catalase, hydrogen peroxide oxidoreductase,
LPMO, laccase, axetylxylanesterase, beta- glucuronidase, cellobiohydrolase,
lichenase, beta-xylosidase. Trong d6 hydrogen peroxide oxidoreductase
(thudc nhém hemicellulase) va LPMO (enzyme tién xir 1y) 1a chua duoc tim
thiy dua trén dit lieu KEGG, CAZy. Biéu nay cho thiy khi str dung cong cu
ma&i 1a mé hinh dai dién HMM, c&dc nhdm enzyme quan trong da duoc tim
thiy. Pay 1a co so dé hiéu biét day di hon vé hé enzyme tham gia thay phan
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lignocellulose.
Bang 3.6. So sanh két qua xdc dinh gen ma hoa enzyme phan gidi

lignocellulose bang md hinh HMM va KEGG

STT Tén enzyme S6 lwgng S6 lwong
gene dua gene dua
trén HMM trén
KEGG

1 CBM (1-84) 3163 <300

2 Arabinanase (GH43) 343 -

3 Galactanase 17 -

4 Glucuronyl esterase 22 -

5 HPOXRE catalase 224 -

6 Hydrogene peroxide 224 0

oxidoreductase

7 LPMO 69 0

8 Laccase 1115 10

9 Axetylxylanesterase AXE1 79 1

10  p-glucuronidase 1044 277

11 Cellobiohydrolase 253 73

12 Lichenase 290 175

13 p-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  B-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. Pa dang vi khudn mang gen ma héa lignocellulase

Trong sb 22.226 gen ma hdéa enzyme tham gia phan huy
lignocellulose c6 22.092 gen (chiém 99,39%) la thuoc vé vi khuan dugc xép
vao 28 nganh, troi nhat 1a nganh Proteobacteria (11.288 gen, chiém 50,79%),
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tip theo la Bacteroidetes (8.164 gen, 36,73%). Ty I&
Bacteroidetes/Proteobacteria (0,72; 1) trong gen ma hda enzyme tham gia
phan hay lignocellulose cao hon nhiéu so véi ty 1& ndy trong tong sé ciu tric
vi khuan cia man xung quanh khu nam muc trang (0,17: 1). Diéu nay cho
thidy Bacteroidetes dong vai tro quan trong trong qué trinh thay phan
lignocellulose. O cip do b, phan tich ciing cho thiy Enterobacterales la bo
noéi bat nhit chiém 20,06%, tiép theo la Flavobacters 15,14%,
Sphingobacteria 11,62%. Phan tich sdu hon véi nhém enzyme tién xir ly cho
thiy rang nganh Bacteroidetes la nganh phong pha nhét (427 gen, chiém
47,08%), cao hon mot chit so voi Proteobacteia (45,31%). Trong khi o, ddi
voi nhom hemicellulase, Proteobacteria (44,20%) cao hon so Vi
Bacteroidetes (43,52%). Ddi vai cellulase, ty ¢ gitra Proteobacteria va
Bacteroidetes 1a 2,4 lan tuong Gng véi Proteobacteria 61,72% va
Bacteroidetes 24,96%. Nhu vay, ty 1é Proteobacteia/Bacteroidetes trong
DNA da hé gen vi sinh vat xung quanh nim muc tring la 5,77, trong khi déi
voi cellulase thi ty 1é Proteobacteria/Bacteroidetes la 2,4. Do do,
Bacteroidetes duong nhu dong mét vai tro quan trong hon trong qua trinh
thuay phan lignocellulose.
3.3. Khai thac va lya chon gen tiém ning mi héa cellulase

3.3.1. Phan tich cdc vang chirc ndng cuia cellulase

Dua trén CSDL KEGG, c6 8301 ORF méd hda cho enzyme cellulase
duoc chd giai trong d6 c6 1279 ORF hoan chinh, 1058 ORF hoan chinh cé
81 loai domain bao géom: 367 ORF ma héa endoglucanase, 6 ORF ma hoa
cellobiohydrolase, 475 ORF ma hoa B-glucosidase, 210 ORF ma hda 6-
phospho B-glucosidase. Trong d6, domain phé bién nhat thuoc ho GH (chiém
trén 80% ORF hoan chinh c6 domain). Pai dién la GH1 c6 245 ORF trong
d6 189 ORF (twong wng 77,14%) thuoc nganh Proteobacteria, 20 ORF
(8,16%) thuoc nganh Bacteroidetes con lai 1a thuoc cac nganh khéc. Tiép
theo 1a domain GH3+FN3 (220 ORF) trong d6 96 ORF (43,67%) thudc
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nganh Proteobacteria, 108 ORF (49,09%) thudc nganh Bacteroidetes. Sau do
la cac ho GH khac nhu ho GH8 (105 ORF), GH5 (72 ORF), GH4 (58 ORF)
trong do6 ti 16 cac ORF thudc nganh Proteobacteria lan luot 1a 91,43%;
52,78%, 94,83%.
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Hinh 3.5. C4c nganh vi khugn mang ORF hoan chinh c6 domain ma héa cellulase

Phan tich theo tirng nhém enzyme cho thay, thuéc nhém endoglucase
6 367 ORF Véi 47 loai domain. Trong d6, domain GHS 14 phé bién nhét voi
105 ORF, 96 ORF trong s6 nay (91,43%) thudc nganh Proteobacteria, chi c6
2 ORF (1,90%) thugc nganh Bacteroidetes. Loai domain pho bién thir hai
trong nhém enzyme nay l1a GH5 véi 72 ORF. Cac ORF chira domain GH5
hau hét thuoc hai nganh Proteobacteria (52.78%) va Bacteroidetes (34.72%).
Trong nhdm enzyme exoglucanase chi c6 6 ORF véi 6 loai domain khéc
nhau. Trong sb cac domain thuéc ORF ma héa exoglucanase ¢ 3 domain
Alginate_lyase, Amidase 3, GH128+Laminin G3 thugc nganh Bacteroidetes,
2 domain CBM2 va Znribbon8 thudoc nganh Acidobacteria, domain
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CBP_BcsO thudc nganh Proteobacteria. Nhom enzyme B-glucosidase la
nhém enzyme c6 sb lugng ORF nhiéu nhat 475 ORF (44,90%) véi 27 loai
domain. Trong nhém enzyme nay, domain cé s6 lwong nhiéu nhat 1a domain
GH3+FN3 vai 220 ORF, trong d6 96 ORF (43,64%) thuoc nganh
Proteobacteria va 108 ORF (49,09%) thudéc nganh Bacteroidetes con lai 16
ORF thudc cac nganh khéac. Tiép d6 1a domain GH1 (93 ORF) trong d6 60
ORF (64,52%) thuoc nganh Proteobacteria, 20 ORF (21,51%) thugc nganh
Bacteroidetes va 13 ORF con lai thuéc mét sé6 nganh khac. Trong nhém 6-
phospho-B-glucosidase, domain phé bién nhat 1a GH1 véi 152 ORF trong d6
c6 129 ORF (84,87%) thuoc nganh Proteobacteria, 15 ORF thudc nganh
Firmicutes con lai chwra dugc phan 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 thugc nganh Firmicutes.

3.3.2. Dw dodn mirce d biéu hién cia cac gen cellulase

Két qua xac dinh mirc d6 biéu hién ¢ E. coli cho thay trong 1058 gen
hoan chinh c6 domain ma hoéa cellulase, cac gen thuéc nhom endoglucanase
va B-glucosidase duogc xac dinh c6 kha ning biéu hién cao hon nhém
exoglucanase. Trong nhém endoglucase, c&c gen chira domain GH8 dugc du
doan c6 muc biéu hién cao nhat véi cac ma GL0183420, GL1155166,
GL0051672, GL0127466, GL0176868 déu c6 kha ning biéu hién trén 3000
mg/l. Céc gen nay thudc nganh Proteobacteria va Acidobacteria. Tiép theo
Ia cac gen chira domain GH5 thugc nganh Proteobacteria va Bacteroidetes
c6 muc biéu hién trén 2000 mg/l. Ngoai ra mot sé gen chira domain
PeptidaseM42, GH5-CBM6, DUF285 thudc nganh Bacteroidetes ciing biéu
hién tét trong hé biéu hién E. coli. Trong nhom B-glucosidase, cac gen c6
domain GH3 thudc nganh Proteobacteria déu murc do biéu hién tét: nhidu dai
dién cAu tric domain GH3+FN3 c6 muc do biéu hién cao trén 4000 mg/l,
gen c6 domain GH3 ¢6 muc biéu hién trén 1800 mg/l, ma gen GL0050362
VGi cau tric domain GH3+Exop_C c6 mirc d6 biéu hién cao nhat 4626 mg/l.



14

Bén canh do, cac gen B-glucosidase chira domain GH4, GH43, GH1 thudc
nganh Proteobacteria, gen p-glucosidase chira domain GH16 thuéc nganh
Bacteroidetes ciing biéu hién tét. Nhom 6-phospho B-glucosidase, gen cd
domain GH1 c6 mtc d6 biéu hién cao nhat 4714 mg/l, mot s6 gen chira
domain GH4 ¢ mirc d6 biéu hién trén 1000 mg/l.

3.3.3. Nghién ciru lwa chon gen ma hoa cellulase

3.3.3.1. Dy dodn viing bdo thii ciia gen bang BLASTp

Két qua xac dinh céu trdc protein do gen GL0050362 ma héa bing
BLASTp cho thiy protein nay c6 ba ving dic hiéu (specific hit) gom: (1) la
vung BglX (thugc siéu ho BglX) twong ung véi hai ving khong dac hiéu
(non-specific hit) PRK15098 va GH3-N (theo sb liéu duoc lién két voi
pfam00933) ma hoa B-glucosidase va cac glycosidase tham gia vao qué trinh
trao dbi carbohydrate (theo co s¢ dit lieu COG1472); (2) la ving GH3-C
(thudc siéu ho GH3-C) tham gia vao qua trinh xtc tac va c6 thé lién két beta-
glucan (theo sb liéu dugc lién két véi pfam01915); (3) Exop_C (thudc siéu
ho Exop_C) gidng vuing lién két voi Galactose, day 1a ving dau C duoc tim
thay trong ExoP (exo-1,3/1,4-beta-glucanase) tir Pseudoalteromonas. Ving
nay chira mot nép gap p thuong gap trong glycosyl hydrolase (GH7, 11, 12
va 16) va trong mot sb ving/cau tric lién két carbohydrate. Ving nay duoc
cho rang khéng chi c6 vai tro dinh huéng lién két voi co cht ma con gidp
lam 6n dinh cAu tric can thiét cho hoat dong cua ExoP.

Query - - -
specific hits A B . T EmeeC
G o_3_C

Hon-specific PRI 15008

— Gluco_hudra_3

Superf aniLi o Glyce_hydre_3 suporfosily Glyeo_hydre_3_C supaerfamily Exop C ouparfasily
FRX15008 superfamily

Bgl¥ superfamliy

Hinh 3.6. Két qud dir dodn chite ndng gen GL0050362 bang BLASTD.

3.3.3.2. Dy dodn cdu triic khéng gian va wée dodn vi tri gin co

chat ciia protein GH3S2
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Trong md hinh cau tric khdng gian ba chiéu, protein duogc xac dinh
dya trén khuon enzyme [-glucosidase tir Pseudoalteromonas sp. bbl
(c3f93D) c6 do bao phi 93% va d6 tin cay 100%.

Exop_C

GH_3_C

Hinh 3.7. M hinh cdu trtic khdng gian cia gen sing vién si dung Phyre2 dua
trén khudn c3f93D

Céu tric khdng gian bac 3 cua gen nay c6 47% tuong ddng voi B-
glucosidase cua khudn ¢3f93D vai d6 tin cay 100%, c6 ba viung dac hiéu
GH-3, GH-3-C va Exop_C, ngoai ra gen nay cd ving bao ton cao [H1S]249
gidng nhau giita protein tng vién va khuén c3f93D, mit khac enzyme tng
vién con ¢ vi tri xuc tac [GLY]848 lién quan dén hoat tinh B-glucosidase
theo uwdc doan cia Phyer2.

3.3.3.3. Dur dodn mét s6 tinh chat ciia enzyme vng vién

Phan mém AcalPred xac dinh kha ning chiu axit/kiém cua GH3S2
lan luot 12 0,507957 va 0,49204, enzyme nay c6 pH trung tinh, hoi nga axit.
Két qua khao sat kha nang chiu nhiét ctia protein GH3S2 ¢6 Tm la 0,66086,
nhu vy nhiét d6 t6i wu cho hoat dong ciia enzyme dugc du doan tir 55°C-
65°C.

3.4. Biéu hién, tinh ché va nghién ciru tinh chiat GH3S2

3.4.1. Nghién ciru biéu hién gen gh3s2

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

Gen gh3s2 sau khi duoc lva chon va tdi wu mi s& dugc dat tong hop
va gan vao vector biéu hién pET22b(+). DNA plasmid tai t6 hop
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pET22b(+)gh3s2 s& duoc bién nap vao té bao tach dong E.coli DH10b bing
phuong phap séc nhiét va thyc hién tach chiét plasmid.

3.4.1.2. Nghién cieu lva chon ching biéu hién GH3S2

Chung t6i nghién cau biéu hién GH3S2 trong 5 chung E. coli gom:
BL21, Rosetta 1, JIM109, C43, Soluble. Két qua cho thiy GH3S2 biéu hién
tbt trong cac chung BL21, Rosetta 1 (Hinh 3.9 B). Trong 2 ching nay, &
chung Rosetta c6 mat do té bao khi thu mau cao hon, hoat tinh twong ddi caa
enzyme tong s6 khi biéu hién ¢ chung Rosetta cao hon (Hinh 3.9 A).
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Hinh 3.9. (A). Mdr dé té bao va hoat tinh ciia enzyme thu diroc khi biéu hién trong cac

chuing biéu hién; (B). Pién di d6 GH3S2 téng s6, PC: protein tong sé ciia doi ching

vector khdng mang gen; 1, 2, 3: protein téng sé cac dong khac nhau 1, 2, 3 mang gen
gh3s2 cam éng IPTG; M: protein chudn (Fermentas)
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Két hop mirc do biéu hién, mat do té bao va hoat tinh enzyme thu
dugc, ching tdi lya chon Rosetta 1 1am chung biéu hién GH3S2. Sau khi
biéu hién trong ching E. coli Rosetta 1, hoat tinh p-glucosidase ciia enzyme
GH3S2 duoc kiém tra véi co chét esculin.

Hinh 3.10. Kiém tra hogt tinh ciia GH3S2 trén dia thach LB sit dung co chat esculin.

Két qua cho thiy kich thuéc vong mau nau ddi véi cac mau khéac
nhau c6 mirc d6 hoat dong B-glucosidase khéc nhau. Diéu ndy chung to riang
protein GH3S2 dé duoc biéu hién thanh céng ¢ dang hoa tan va cho thay cé
hoat tinh r6 rang (Hinh 3.10).

3.4.1.3. Nghién citu anh hwong ciia nhiét dg nuéi cdy dén sw biéu
hién cua GH3S2 trong E.coli Rosetta 1

Chuang E. coli Rosetta 1 mang DNA téi t6 hop duoc nudi ciy & cac
diéu kién nhiét do: 18°C, 20°C, 25°C, 30°C va 37°C. Dé nang cao hiéu qua
biéu hién, giam chi phi ning lugng ching tdi lya chon 25°C 1 nhiét do biéu
hién GH3S2 trong cac nghién ctu tiép theo.

3.4.1.4. Nghién cieu anh huéng ciia thanh phan méi trieong nudi cdy
dén suw biéu hién ciia GH3S2 trong E.coli Rosetta 1

Nam moi trudng nudi cy da duoc kiém tra bao gom: LB, TB, TB
cai bién, SB va PE. Méi truong duoc chon dé biéu hién protein tai té hop
GH3S2 1a méi truong TB cai bién.

3.4.1.5. Nghién citu anh hwong ciia nong dg chdt cam vmg IPTG dén
s biéu hién ciia GH3S2 trong E. coli Rosetta 1
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Céc ndng d6 IPTG khac nhau tir 0,05 mM, 0,1mM, 0,3 mM, 0,5 mM,
1mM, 1,2 mM, 1,5 mM duoc kiém tra dé biéu hién GH3S2 tai t6 hop. Két
qua cho thdy nong d6 IPTG thich hop dugc lya chon 13 0,3 mM dé cho cac
nghién ctru tiép theo.

3.4.1.6. Nghién civu anh hwong ciia mdt do té bao lic cam img dén
sw biéu hién ciia GH3S2 trong E. coli Rosetta 1

Dé biét mat do té bao tdi wu cho sy cam ung tong hop protein
GH3S2, ching t6i khao sat OD khi cam &ng 0,4; 0,8; 1,0; 1,5; 3,0; 4,0. Két
qua cho thiy mat do té bao khi cam ung 1 1 thi protein GH3S2 ¢ mirc do
biéu hién tét nhat va hoat tinh cao.

3.4.1.7. Nghién ciru xdc dinh thoi gian thu mau GH3S2 t6i wu sau
cam ung

Dé xac dinh khoang thoi gian sau cam ing pht hop cho su biéu hién
ctia protein GH3S2 tai té hgp, mau 1én men duoc thu trong khoang thoi gian
tir 1, 2, 3, 4,5, 6 va 22 gid sau khi cam ung. Két qua cho thay luong protein
GH3S2 tai to hop c6 thé dat duoc tét nhat sau 4 gio ké tir khi cam Gng.

3.4.2. Tinh ché protein GH3S2 bang cdt sic ky di luc

Khi tinh ché, protein GH3S2 bam cot rat tét va duoc thdi ra khoi gia
thé & cac phan doan thu protein dich & nong d6 300 mM imidazole. Két qua
thu dugc ham luong protein GH3S2 trong mau tinh sach 1a 1,54 mg/ml. Nhu
vay, trong 1 lit dich nudi cdy thu duoc lwong protein téng sé 735,68 mg trong
d6 lwgng GH3S2 tinh sach thu dugc 1a 41,80 mg. MAu protein dugc ddnh gia
d6 sach ciing nhu sir dung cho cac thi nghiém xac dinh dic diém cua protein
GH3S2. bé xac dinh do sach cua protein GH3S2, ching toi sir dung dién di
SDS-PAGE véi luong mau xac dinh va phan tich két qua bang phan mém
Image Lab dé danh gia do sach twong ddi cua protein GH3S2. Két qua thu
duoc d6 sach cia GH3S2 sau tinh ché 1a 97,3%, dam béo du tiéu chuan dé
xac dinh hoat tinh enzyme. Hoat tinh B-glucosidase ctia mau protein tong so
va mau di tinh sach duoc xac dinh, trong d6 hoat tinh cua protein tong sb 1a
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0,156 + 0.01 U/mg, hoat tinh ciia GH3S2 tinh ché 14 1,10 + 0.02 U/mg. Nhu
vay protein GH3S2 duoc tinh ché 7,05 lan, hiéu suét tinh ché 1a 40,06%

(Bang 3.10).

1;2(2) : '- : r:: -|!!. — < gh3s2
350 — - g
25,0 - ! - :

Hinh 3.1. Dién di dé kiém tra san pham trong cdc phdn dogn tinh ché enzyme
GH3S2 trén gel polyacrylamide 12,5%

1T(M) 2 3 4 1(M) 2 3 4

I

A B
Hinh 3.17. Két qua kiém tra dp sach GH3S2 sau tinh ché (4). Di¢n di do
GH3S2 sau tinh ché (2 ug); (B). Két qud do dé sach bang phan mém Image Lab

Bang 3.10. Bang tong két hiéu sudt tinh ché GH3S2 tai té hop
(*: tinh trén 1 lit dich nudi cay)

Téng Tonghoat  Hoattinh  P§  Higu
lwgng tinh (U)* riéng sach  suat
protein (U/mg) (1an)  thu hdi
(mg)* (%)
Protein 735,68+0,6 114,77+1,2 0,156x0,01 1 100

tong sb
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GH3S2 41,80%0,3 4598 + 0,8 1,10+ 0,02 7,05 40,06
tinh ché

3.4.3. Nghién ciru tinh chit ciia enzyme GH3S2

3.4.3.1. Anh huong ciia nhiét dg dén hoat tinh va dé bén nhiét ciia GH3S2

Pé danh gia anh huong caa nhiét do dén hoat tinh cia GH3S2, céc
phan tmg xac dinh hoat tinh cua enzyme dwoc u & cc nhiét ¢4 30°C, 35°C,
37°C, 40°C, 50°C trong 15 phut sau d6 ding phan wng. Két qua cho thiy &
37°C thi enzyme GH3S2 thé hién hoat tinh cao nhét. Bé kiém tra do bén
nhiét, GH3S2 duoc xir ly ¢ cac nhiét do 37°C, 40°C, 45°C, 50°C trong cac
khoang thoi gian khac nhau 1, 2, 3, 4, 6 va 12 gio trude khi u voi co chét.
Két qua cho thay, & nhiét do 37°C hoat tinh enzyme ciia GH3S2 gan nhu 6n
dinh, sau 12 gid xir ly hoat tinh ca enzyme van dat 90,78%. O cac nhiét do
cao hon, hoat tinh cua enzyme kém bén.
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Hinh 3.18. Anh huéng cua nhiét dé dén hoat tinh va dg bén nhiét
cua enzyme GH3S2 theo thoi gian

3.4.3.2. Anh hwéng ciia pH dén hoat tinh va dé bén pH ciia GH3S2

Trong nghién ciu nay, ching téi xu ly enzyme ¢ 6 gia tri khac nhau
tir 5,0; 5,5; 6,0; 6,5; 7,0; 8,0 dé tim pH t6i uu cho enzyme hoat dong. Két qua
cho thiy, ¢ pH 6,0 enzyme GH3S2 c6 hoat tinh cao nhat. Khi kiém tra do
bén cua enzyme véi cac diéu kién pH khéc nhau, & pH 6,0 enzyme dugc duy
tri sy 6n dinh khoang 70% hoat tinh sau 6 gio, & pH 7,0 hoat tinh enzyme
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dugc duy tri 70% sau 4 gio sau d6 giam xubng va pH cang cao hoat tinh cua
enzyme cang giam.
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Hinh 3.19. Anh hwéng ciia pH d@én hoat tinh va d@é bén pH cia enzyme

3.4.3.3. Anh huong cua mot 6 ion kim logi dén hoat tinh GH3S2
Pé danh gia anh huong ciia cac ion kim loai dén hoat tinh enzyme
cua GH3S2, trong nghién ctru nay chiing t6i sir dung 8 ion kim loai K*, Na*
Ca®*, Mg%, NiZ*, Mn?*, Fe%*, Cu® vé&i nong d6 cudi ciing trong phan tmg la
1 mM va phan ung xac dinh hoat tinh dugc thuc hién diéu kién tbi uu 1a
37°C, pH 6,0 trong thoi gian 15 phat.
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Hinh 3.20. Anh huong ciia cac ion kim logi dén hogt tinh GH3S2

Két qua cho thdy khi thém Ca?, Mg?, Mn?* hoat tinh ciia enzyme
lan luot 1a 208%, 119%, 108%. Trong khi d6, cac ion Fe?, Ni2*, Cu?* lam
giam manh hoat tinh ctia enzyme xudng con lan lugt 1a 37%, 33%, 14%. Cac
ion K*, Na* anh huong khong dang ké dén hoat tinh GH3S2.
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3.4.3.4. Nghién ciru anh hieong ciia glucose dén hoat tinh GH3S2

B-glucosidase 1a mdt enzyme nhay cam véi sy ¢6 mat cia glucose.
Viéc tim dugc enzyme co thé chiu duge sy ¢ mit cla glucose c6 y nghia
quan trong khi phan giai cellulose trong cong nghiép. Anh hudng cua glucose
Ién hoat tinh GH3S2 duoc thuc hién & cac néng dd glucose khac nhau tir 2,
4, 6,8, 10, 15, 20, 25, 30, 50, 100, 150, 200, 250, 300 mM. Két qua cho thiy,
glucose dén ndng 46 6 mM, hoat tinh cia enzyme chi bi anh huéng it va duy
tri duoc khoang 70% sau d6 giam xudng chi con 6% khi ndng do glucose
tang 1én 300 mM. Enzyme GH3S2 nhay cam vé&i sy ¢6 mat cua glucose.
100
N
60

40

Hoat tinh gh3s2(%)

20
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c 2 4 6 8 10 15 20 25 30 50 100 150 200 250 300
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Hinh 3.21. Anh huong ciia glucose dén hogt tinh GH3S2

3.4.3.5. Pac diém dong hoc cua enzyme GH3S2

Hang sé dong hoc cua GH3S2 (Km, Vmax) duoc xac dinh bai dai
nong d6 co chat pNPG tir 1-10 mM trong dém PBS 50 mM, pH 6,0, véi
luong enzyme 1a 1 pg trong 1 phan wng. Két qua cho thay sy phu thudc toc
d6 phan tng vao nong 6 pNPG tuan theo phuong trinh y = 0,9275x + 0,2037
vai do tin cay R2 = 0,9953 (Hinh 3.22). Dya trén phuong trinh 1/v =
Km.1/Vmax.1/[S] + 1/Vmax, cac gia tri Km, Vmax cia GH3S2 dugc tinh
tuong tmg 13 4,55 mM va 4,91 pmol/phit. O diéu kién nay, enzyme GH3S2
c6 hoat tinh riéng 1a 2,23 U/mg véi co chat pNPG. Nhu vay, ai luc véi co
chat pNPG cia GH3S2 1a khong cao trong tuong quan véi mot s B-
glucosidase tir cac ddi tuong khac.
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Hinh 3.22. Sir phu thugc téc dé phan iing ciia gh3s2 vao néng dg co chdt pNPG
theo Linewever — Burk

KET LUAN VA KIEN NGHI

KET LUAN

Tir nhitng két qua thu duoc cua ludn an, chung toi rat ra dwgc céc
két luan sau:
1. Di xay dung bo dir liéu DNA da hé gen cua quan xa vi sinh vat dat
xung quanh khu nam muc tring ¢ vuon Québc gia Cic Phuong véi dung
luong 51,82 Gb va phan tich dugc 3.896.881 ORF thudc 131 nganh, 118 lap,
237 b, 523 ho, 2240 chi va 916 loai, trong d6 cd 3.884.879 ORF thudc gidi
vi khuan duoc thudc 111 nganh, 83 16p, 170 bo, 406 ho, 1971 chi va 738
loai. Proteobacteria la nganh phd bién nhat véi 3.106.400 gen (75,68%) va
nganh Bacteroidetes I6n thir hai (13,11%) trong s6 cac nganh dugc phan tich;
2. Dua trén CSDL KEGG da chu giai dugc chic nang ctua 22.226 gen
ma hoa enzyme tham gia thay phan lignocellulose trong d6 907 gen ma hoa
enzyme va protein tham gia tién xu Iy, 8301 gen ma héa enzyme cellulase
va 13.018 gen md hda enzyme hemicellulase. C6 22.092 gen duogc phéan loai
thuoc 28 nganh cua vi khuan, trong d6, troi nhit 1a nganh Proteobacteria
(50,79%) va nganh Bacteroidetes (36,73%). Da khai thac dugc 13 ho enzyme
tham gia thity phan lignocellulose bang mé hinh dai dién HMM;
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3. Trong s6 8301 gen ma héa cellulase dugc chd giai bang CSDL
KEGG, di xac dinh dugc 1058 gen hoan chinh dugc phan tich cac ving/ciu
trdc chire ning bao gdbm cac nhom: (1) endoglucanase véi 47 loai domain
(367 gen), trong d6 domain GHS 1a pho bién nhat; (2) exoglucanase voi 6
domain (6 gen); (3) B-glucosidase vai 27 loai domain (475 gen), trong do
domain phd bién 1a GH3 veéi ving/cau trac FN3, Exop_C), GH1; (4) 6-
phospho-B-glucosidase vai 2 domain GH1 va GH4 (210 gen); da xac dinh
dugc 1 gen ma hoa enzyme cellulase tiém ning;
4, D3 biéu hién thanh cong protein GH3S2 cé kich thudc khoang 91
kDa trong chang E. coli Rosettal ¢ 25°C, méi truong TB cai bién, 0,3 mM
IPTG, cam ung & ODgoo | 1 va thu mau 4 gio sau khi cam tmg. DA tinh ché
duoc enzyme tai to hop GH3S2 tir vi khuan E. coli Rosetta c6 d6 sach 12 97,3
%, ham luong dat 41,8 mg/lit dich 1én men; enzyme GH3S2 c6 Km = 4,55
mM va Vmax = 4,91 U/mg. lon Ca?* va Mg?" lam ting hoat tinh enzyme,
trong khi d6, ion Ni%* va Cu?* lam giam hoat tinh. Glucose ¢ nong d6 6 mM
anh huéng nhe dén hoat tinh cia GH3S2.
KIEN NGHI

Nghién ciru kha nang phdi hop cac enzyme B-glucosidase GH3S2
v6i enzyme endoglucanase va exoglucanase dé danh gia hiéu qua thiy phan
ngudn co chat cellulose.

NHUNG PONG GOP MOI CUA LUAN AN

- Pay la nghién ctru dau tién vé da dang vi khuan xung quanh khu
nim muc trang phan giai lignocellulose & ring Qudc gia Cuc Phuong bang
ky thuat Metagenomics.

- Pa nghién ciu dugc da dang enzyme tham gia phén giai
lignocellulose ¢ khu hé vi khuan xung quanh nim muc tring & rirng Qudc
gia Clc Phuong, Iya chon va danh gia duoc tinh chat cia enzyme pB-
glucosidase GH3S2 tir DNA da hé gen cua vi khuan dit mun xung quanh
nim muc tring.
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