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TOM TAT

Trong nghién ciu trude day, chung t6i da thu nhén va giai trinh ty DNA metagenome cua khu h¢ vi sinh

vét rudt mdi Coptotermes gestroi bang may giai trinh ty thé hé méi (Illumina) va d3 nhan duoc dit lidu DNA
v6i hon 5 Gb. Sir dung phin mém MGA (MetaGeneAnnotator) di du doan dugc 125.431 khung doc md
(ORF). S6 lwgng ORF c6 lién quan dén qua trinh trao déi carbohydrate 1a 8508, trong d6 c6 587 ORF ma hoa
cho cédc enzyme tham gia vao qua trinh thuy phén lignocellulose. Vi muc dich khai thac dugc cac trinh cac
trinh ty DNA tir dit liéu metagenome ma hoa enzyme c6 kha ning chiu kiém va dwa vao thuc nghiém thanh
cong, chiing t6i da tim kiém dugc mot sb ph?m mém phu hop dé du doan chie nang, cAu trac va dic tinh cua
enzyme v6i d6 tin cdy cao. Alcapred dé du doan kha ning chiu kiém, cong cu Blastp dé du doan ving bao tha
(conserved domain) cua trinh ty amino acid suy dién tir ORF, cong cu Phyre2 dé du doan cdu triic khong gian
va vi tri gén co chét cia enzyme, cong cu cua TBI d& du doan kha nang chiu nhiét ciia enzyme. Két qua la da
khai thic dwgc 6 ORF hoan thién mi hoéa enzyme chiu kiém cellulase (GL0101308, GL0038126) va
hemicellulase (GL0120095, GL0074258, GL0112518, GL0O067868) tur s6 lidu metagenome cua vi sinh vat ruot
mbi C gestroi. Cac ORF duoc lua chon tir két qua cua Blastp déu duge du doan c6 do bao phu tir 90% tr¢ nén va
hé s6 tuong dong tir thép (44%) dén cao (99%), chira ving bao ton va vi tri gén ctia enzyme vao co chit. Ty &
tuong ddng cAu triic bac hai cia cellulase va hemicellulase véi cic protein da dwoc cong bd khi dy doan bang
Phyre2 twong ty nhu Kkét qua dy doan cua Blastp, vdi d6 tin cay tir 98% dén 100%. Trong 6 enzyme lya chon
¢6 2 enzyme dugc du doan c6 kha nang chiu nhiét trén 65°C, 3 enzyme chiu nhiét tir 55°C~65°C va chi c6 mot

enzyme chiu nhiét duédi 55°C.

Tir khoa: Cellulase, Coptotermes gestroi, hemicellulase, lignocellulose, metagenomic, metagenome, tin sinh hoc

LOI MO BDAU

Trong ty nhién lignocellulose chu yéu dugc
phan huy boi cac enzyme cua vi sinh vat. Viéc tim
kiém mo hinh phén giai lignocellulose ctia ty nhién
dé gitp khai thac va tmg dung hiéu qua cic ngudn
enzyme vao trong san xuét. Trong cac loai sinh vt
thi mdi dong vai tro sinh thai quan trong phan giai
lignocellulose nhd sy hd tro tich cuc clia nhom vi
sinh vat trong duong ti€u hoa. Nhom vi sinh vat nay
¢6 kha nang tiét ra cac enzyme thiy phan hoan toan
lignocellulose. Do do6, hé vi sinh vét rudt mébi duoc
coi la ngudn dy trir phong pha va da dang cac
enzyme tham gia vao phan huy lignocellulose
(Scharf, Tartar, 2008).

Mbi C gestroi thudc mdi bac thap trong ho
Rhinotermitidae rat pho bién ¢ Viét Nam cling nhu
mot sO quoc gia trén thé gidi. Loai moi nay dugc

xem 1 dbi twong gy hai rat 16n cho cac cong trinh
bang gb do kha ning sir dung gd lam thirc dn nhd hé
vi sinh vat cdng sinh phong phu trong duong tiéu
héa (Nimchua et al., 2012). Cac nghién ctru da chi ra
trong rudt mdi co khoang 10° dén 10® t& bao nhén so
chut yéu 1a vi khuin (90%). Viéc tiéu hoa
lignocellulose & médi 1a su cong tac chit ché gitra cac
enzyme ctia mdi va vi sinh vat cong sinh trong rudt
mdi tiét ra. Nguodi ta dd ching minh dugc cac
enzyme lignases, B-glucosidases (GH1),
endoglucanases (GH9), va B-xylosidases (GH43) c6
trong tuyen nuoc bot va ruot truéc cila moi; cac
enzyme feruloyl nim chu yéu 6 rudt gitra, phong phu
nhét 1a cac enzyme nam & rudt sau. CO it nhat 16 ho
GHF cua vi sinh vat cong sinh trong rudt sau bao
gdm: GH2, 3, 5,7, 10, 11, 16, 20, 26, 30, 42, 45, 47,
53, 77, 92 (Jodo Paulo et al., 2011; Scharf, Tartar,
2008). Ung dung k¥ thuat metagenomics theo huéng
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phéan tich dir liéu thu dugc tir viéc giai toan bd trinh
ty metagenome cua hé vi sinh vat cong sinh trong
rudt mdi, hy vong c6 thé khai thac dugc cac enzyme
thiy phan lignocellulose ung dung hi¢u qua trong
thuec tién.

Viéc tng dung metagenomics két hop véi ky
thuat giai trinh ty gen thé hé méi trong khai thac
ngudn gen di tao ra dit liéu khong 16 vé DNA. Dé
khai thic hiéu qua cac dir liéu ndy can c6 nhimng
cong cu tin sinh hoc chuyén biét dung trong du doan
chirc ndng gen, protein va dy doan cAu trac protein.
Hién nay trén mang dang c6 rat nhiéu phin mém
dung cho dy doan cdu trac, chirc ning va dic tinh
cua cac protein phuc vu cho nghién ciru co ban va
nghién cru tng dung. Tuy nhién, viéc lya chon va sur
dung cac cong cu tin sinh phu hop véi muc dich
nghién ciru cu thé 14 rat can thiét dé phan tich dir lidu
metagenome.

Trong nghién ctru trudc day, ching to6i da thu
nhan va giai trinh ty DNA metagenome cua khu
hé vi sinh vat ruét méi bang may giai trinh ty thé
hé méi (Illuminia) va da nhan dugc dir liéu DNA
v6i hon 5 Gb (Do TH et al., 2014). Trong nghién
cuu nay chung toi st dung cac cong cu tin sinh
hoc khac nhau dé du doan céac chic nang cua
nhom enzyme thuy phan lignocellulose tir dit li¢u
DNA metagenome nhén dwgc. Ddy 1a nhém
enzyme dang rit dugc quan tam trong viéc xu ly
céac san pham phe thai co ngudn gbe tir thuc vat,
giai quyet cic van dé& vé moi trudng va san Xuat
nhién liéu sinh hoc.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Vit liéu nghién ciu

Dit ligu metgenome DNA c6 kich thude 5,4
Mb cua vi sinh vat cdng sinh trong rudt mbi C
gestroi, dugc giai trinh ty bang hé théng giai
trinh ty HiSeqlllumina (Illumina, San Diego, Hoa
Ky). Tu 5,4 Mb dir liéu d3a khai thac dugc
125.431 khung doc mé (ORF) véi tdng chidu dai
1én téi 78.271.365 bp. Sau doé sir dung cdng cu
BLASTall, cac ORF nay da dugc so sanh voi: dit
liéu eggNOG (evolutionary genealogy of genes:
Non-supervised Orthologous Groups) va sip xép
gen vao cac nhom chirc nang va dit liéu KEGG
(Kyoto Encyclopedia of Genes and Genomes) dé
phan loai gen vao cac con duong chuyén hoa
khac nhau.
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Phuong phap nghién ciu

Dw dodn cic ORF biang phin mém MGA
(MetaGeneAnnotator)

T 5,4 Mb dir liéu da khai thac duogc 125.431
khung doc m& (ORF) véi tong chidu dai l1én t6i
78.271.365 bp. Sau d6 st dung cong cu BLASTall,
cac ORF nay duoc so sanh véi: dir licu eggNOG
(evolutionary genealogy of genes: Non-supervised
Orthologous Groups) dé sip xép gen vao cic nhoém
churc nang va dir liéu KEGG (Kyoto Encyclopedia of
Genes and Genomes) dé phan loai gen vao céc con
dudng chuyén hoa khac nhau. Sau khi dy doan dugc
chtrc ning va con dudng chuyén hoéa cua cic ORF,
chung t6i tién hanh tim kiém céc coéng cu tin sinh
hoc hd tro cho viée khai thac cac ORF ma hoa cac
enzyme chiu kiém c6 kha nang thuy phan sinh khoi
thuc vat va du doan cac thong s6 lién quan trude khi
thyc nghiém. Cac phan mém di sir dung déu dugc
cung cap dia chi va khi nhap dit liéu vao phian mém
s& chay v6i cac thong sb mic dinh.

Dy  doin  khd  ndng  chiu
(http://lin.uestc.edu.cn/server/AcalPred)

kiém/acid

V61 muyc dich tim ra cac enzyme c6 kha nang
chiu dugc méi truong kiém nén chiung t6i da tim
dugc phdn mém dé du doan 1a AcalPred. Pay 1a hé
thong phéan tich mién phi dwoc phat trién dé phan
biét giita cac enzyme kha nang chiu dugc moi truong
axit hay méi truong kiém. Phan mém nay dya trén
cac thong tin theo thir tw t& hop nhiéu chi sb khac
nhau cta cac protein da nghién ctru thuc nghiém bao
gém: thanh phén cac amino acid, chi sé GO, nhém
cac amino acid dugc bao ton, gia tri cua dién tich,...
Céc chi s6 nay sé 1a co so dé thiét ké vector SVM
(support Vector Machine) 1am chi sé tham chiéu vai
mau phan tich (Fan et al., 2013; Lin et al., 2013).
Khi ta ¢c6 mt trinh ty cdc amino acid nhap vao trong
phin mém s& ty dong tinh toan va cho ra két qua
cudi cung vé kha ning chiu kiém/axit ciia protein sau
vai phut.

Dy doan chitc ning cia cic ORF biang BLAST
(http://blast.ncbi.nlm.nih.gov/Blast)

BLASTall (Basic Local Alignment Search Tool) la
mét tap hop cac chuong trinh tim kiém duoc thiét ké dé
kham pha tat ca cac co s¢ dit liéu trinh ty protein va
DNA c6 sin. BLASTall ¢6 rat nhiéu loai tim kiém khac
nhau phuc vu cho nhiéu muc dich nghién ctru (Madden,
2013). Trong nghién ctru nay ching t6i quan tim dén
BLASTp dé tim kiém tit ca céc trinh tu protein twong
ddng v6i trinh ty protein can phén tich trong co s& dit
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liéu protein. Ket qua Blastp c6 thé xac dinh dugc chirc
nang, nguon gbc va dac biét 1a tinh mdi cua gen (thong
qua hé s6 tuong ddng t6i da). Dé chay, BLASTp chiing
toi cung cap mot chudi amino axit dang quan tam
(chudi truy van) va so sanh véi co so dit liéu ciia NCBL.
BLASTp se tim kiém cac chudi con trong chudi truy
vAn ma gidng véi cac chudi con trong co s& dir lidu, sau
d6 s& cho ra két qua sau mot thoi gian ngén. Trong
nghién ciru nay, ching t6i quan tim dén muc d¢ twong
déng, d6 bao phu, vung bao tén, ving xuc tac clia chudi
dich so v6i cac trinh tu ¢6 sin trong NCBI.

Du do4n ciu tric khong gian va vi tri gin co chit
cia enzyme bang phin mém  Phyre2
(www.sbg.bio.ic.ac.uk/phyre2)

Phyre?2 1a phan mem dua trén céc nguyén tic twong
ddng 0 cac vung bao ton cao ciia protein, cho phép du
doan céu tric, chirc nang, phan loai, tién hoa,.. va giai
quyét cac chu trac tinh thé protein. Céc trinh tu axit
amin ctia mdt protein s& duoc xir Iy bang cach quét doi
véi co so dit liéu cac trinh ty protein va tim sy tuong
ddng trong cac ving ciu trac, tir d6 xuét ra két qua
(Kelley et al., 2015). Bé du doan cu triic bac cao cia
protein ngudi dung s& nhap trinh tur chudi amino acid,
va cho tir 30 phit dén vai gio (tiy thude vao cac yéu td
nhu chidu dai chudi, s6 lwong trinh tw twong dong va
tan s va do dai cia chén va x6a) phan mém s& dua ra
mot du bao dé hoan thanh. Thong tin tom tit ciia két
qua du bao s& chuyén dén email dang ky. Bang két qua
chinh trong Phyre2 cung cép mirc do tin cy cua udc
tinh, hinh anh va cac lién két dén cac mé hinh ba chiéu
dy bao va thong tin thu dugc tir mot trong hai chu trac
theo co so dir li¢u Protein (Scop) hodc Protein Ngén
hang dit liéu (PDB) tily thudc vao ngudn gdc cua cac
mau phat hién.

Du doan kha nang chiu nhiét cia enzyme
(www.tbi.org.tw/tools/)

Dua trén thanh phén va trinh ty clia cac amino
acid, lién két hydrogen, lién két Van der waals, tuong
tac ky nudc va dic diém ctia cic enzyme tir cic sinh vét
song trong diéu kién moi truong co6 nhiét do cao
(Ebrahimi et al, 2011). Phin mém cua TBI
(www.thi.org.tw/tools) xdy dung trén s liéu cia
150.000 protein chiu nhi¢t do khac nhau trong ngan
hang NCBI dé du doan kha nang chiu nhiét, dya trén
nguyén tic twong dong. Kha niang chiu nhiét dugc du
doan ¢ ba muc 1a trén 65°C, 55 - 65°C va dudi 55°C.
Dé dy doan kha nang chiu nhiét cua enzyme quan tam,
chi can ‘nhép s lidu trinh ty amino acid va phan mém
s& tra két qua sau vai phut.

KET QUA VA THAO LUAN

Théng ké s6 li¢u trinh tw DNA mi héa enzyme,
protein tir metagenome tham gia vao chuyén hoa
lignocellulose

Trong cong bd trude day (Do et al., 2014), toan bd
sinh vat trong ruét méi dugc thu nhan va tién hanh tach
chiét DNA va giai trinh tyr thu dugc b dir lidu
metagenome.

Béng phﬁn mém MGA (MetaGeneAnnotator),
125.431 khung doc mé (ORF) dd dugc khai thac vai
tong chiéu dai 1a 78.271.365 bp. Kich thudc trung binh
mdi ORF 1a 624,02 bp. Trong s6 do6, sé luong cac ORF
hoan chinh 14 37.545 (chiém 29.9%); con s6 ORF mat
mot hogc hai dau 3’ hodc/va 5 1a 87.886 (chiém
70,1%). Khoang 85.443 ORF did duoc phan loai vao
cac nhom chic nang (68,12%) va tham gia vao cac
con dudng chuyén héa (55,51%). S6 lwgng ORF ¢ lién
quan dén qué trinh trao ddi carbohydrate 1a 8508, trong
d6 c6 587 ORF (6,9%) ma hda cho cac enzyme tham
gia vao qua trinh thiy phan lignocellulose. Cac ORF
nay ma hoa cho 17 nhéom enzyme tham gia vao cac qua
trinh tién xir 1y (2), hemicellulase (7) va cellulase (8)
(Hinh 1).

Trong 587 ORF mi hoéa cho cac enzyme tham
gia vao qua trinh thuy phan lignocellulose duogc
khai thac tir dit liéu metagenome hé vi khuén trong
rudt mdi C. gestroi thi chi c6 99 ORF (16,87%) la
chtra tron ven gen (hoan thién), bao g(“)rn 55 ORF
ma hdéa cho 4 nhom cellulase va 44 ORF thudc 6
nhém hemicellulase, con lai 488 ORF 1a khong
hoan thién. Trong phén tich sé liéu cic gen ma
hoa lignocellulase, chiing t6i vu tién lya chon cac
ORF hoan chinh da dugc dy doan 1a c6 ca dau 3° —
5’ va c6 vung bam cua ribosome trong qua trinh
dich mi, dé thuan loi cho cac nghién ctru thyc
nghiém biéu hién gen sau nay (Bang 1).

Cong cu tin sinh hé trg' khai thac enzyme phan giai
lignocellulose

Dw  doin  khd  nang  chiu  kiém/acid
(http://lin.uestc.edu.cn/server/AcalPred)

Trong nghién ctru véi muc dich tim ra cac
enzyme c6 kha niang chiu dwoc moéi truong kiém nén
ching toi di tim dugc phin mém dé dy doan la
AcalPred. Khi ta ¢6 mot trinh tu cac amino acid nhap
vao trong phan mem s€ tu dong tinh toan va cho ra
két qua cudi cung vé kha ning chiu kiém hay acid
cua protein.
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Hinh 1. Cac ORF ma hoa enzyme lignocellulase hé vi khuan rudt méi C. gestroi.

Bang 1. ORF ma héa enzyme thily phan lignocellulose tir metagenome clia vi sinh vat rudt méi C gestroi.

Enzyme Ma E.C OBAF hoan OBF r:nét OBF r:nét ORf mat Téng
thién dau 5 dau 3 2 dau
Cellulase
6-phospho-B-glucosidase 3.2.1.86 19 20 15 6 60
B-glucosidase 3.21.21 29 40 55 87 211
cellobiose phosphorylase 2.4.1.20 0 1 1 4
cellulose 1,4-B-cellobiosidase 3.2.1.91 0 1 0 3 4
Endoglucanase 3.214 5 8 6 12 31
glucan 1,3-B-glucosidase 3.2.1.58 2 1 3
glucan endo-1,3-B-D-glucosidase 3.2.1.39 0 1 0 1
Licheninase 3.2.1.73 0 0] 2 0 2
Hemicellulase
a-galactosidase 3.2.1.22 9 20 22 26 77
a-glucuronidase 3.2.1.13 3 4 5 8 20
a-N-arabinofuranosidase 3.2.1.55 15 11 14 29 69
arabinan endo-1,5-a-L-arabinosidase 3.2.1.99 2 7 12
endo-1,4-B-xylanase 3.2.1.8 3 9 5 10 27
mannan endo-1,4-B-mannosidase 3.2.1.78 1 3 1 1 6
xylan 1,4-B-xylosidase 3.2.1.37 12 9 16 11 48
Enzyme tién xiv ly
pectate lyase 4222 0 0 0 7 7
Pectinesterase 3.1.1.11 1 2 1 1 5
Téng 99 131 147 210 587

Bang 2. ORF hoan thién ma héa cellulase va hemicellulase chiu kiém.
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STT Ma gen Enzyme Chi sé chiu acid Chi sé chiu kiém
Cellulase
1 GL0036080 alkaline enzyme 0.329652 0.670348
2 GL0055814 alkaline enzyme 0.135497 0.864503
3 GL0062475 alkaline enzyme 0.405365 0.594635
4 GL0068982 alkaline enzyme 0.391706 0.608294
5 GL0089695 alkaline enzyme 0.277601 0.722399
6 GL0101308 alkaline enzyme 0.102305 0.897695
7 GL0023880 alkaline enzyme 0.024886 0.975114
8 GL0038126 alkaline enzyme 0.006766 0.993234
9 GL0057320 alkaline enzyme 0.169742 0.830258
10 GL0071848 alkaline enzyme 0.014432 0.985568
11 GL0071911 alkaline enzyme 0.010604 0.989396
12 GL0085197 alkaline enzyme 0.024500 0.9755
13 GL0109414 alkaline enzyme 0.004207 0.995793
14 GL0105118 alkaline enzyme 0.006272 0.993728
15 GL0029085 alkaline enzyme 0.006841 0.993159
16 GL0066724 alkaline enzyme 0.479200 0.5208
17 GL0003694 alkaline enzyme 0.163982 0.836018
18 GL0079178 alkaline enzyme 0.125535 0.874465
19 GL0095893 alkaline enzyme 0.262734 0.737266
20 GL0113116 alkaline enzyme 0.004207 0.995793
21 GL0033071 alkaline enzyme 0.117700 0.8823
Hemicellulase
22 GL0050278 alkaline enzyme 0.479788 0.520212
23 GL0125198 alkaline enzyme 0.150251 0.849749
24 GL0120095 alkaline enzyme 0.050839 0.949161
25 GL0070950 alkaline enzyme 0.036672 0.963328
26 GL0080470 alkaline enzyme 0.044444 0.955556
27 GL0074258 alkaline enzyme 0.022364 0.977636
28 GL0076016 alkaline enzyme 0.324861 0.675139
29 GL0079057 alkaline enzyme 0.402239 0.597761
30 GL0107923 alkaline enzyme 0.256011 0.743989
31 GL0021085 alkaline enzyme 0.423751 0.576249
32 GL0024829 alkaline enzyme 0.24851 0.75149
33 GL0028245 alkaline enzyme 0.008125 0.991875
34 GL0072752 alkaline enzyme 0.341394 0.658606
35 GL0074257 alkaline enzyme 0.050608 0.949392
36 GL0075126 alkaline enzyme 0.458958 0.541042
37 GL0075711 alkaline enzyme 0.125509 0.874491
38 GL0024062 alkaline enzyme 0.114523 0.885477
39 GL0076106 alkaline enzyme 0.128208 0.871792
40 GL0112518 alkaline enzyme 0.015478 0.984522
41 GL0067868 alkaline enzyme 0.215684 0.784316

Két qua dy doan kha niang chiu kiém cta cac
ORF hoan chinh ma héa enzyme thuy phan cellulose
va hemicellulose nhu bang 2. Theo du doan cua cong
cu nay, néu chi sb du doan cao hon 0,5 dén 1 thi
enzyme d6 c¢6 kha ning chiu kiém, con thap hon 0,5
thi enzyme d6 c6 kha nang chiu dugc acid. Két qua dy
doan v6i ORF hoan thién ma hoa cellulase chiu kiém

13 21 va hemicellulase chju kiém 1a 20.

Trong 99 ORF hoan chinh c¢6 41 ORF ma hoa
enzyme chiu kiém véi chi s6 du doan tir 0,52 dén 0,98.
Kha ning chiu kiém cta cac enzyme nay kha cao phu
hop véi cac nghién ctru trude ddy vé moi trudng rudt
mdi c6 thé dat dén gia tri pH 1a 12 (Brune et al., 1995;
Nimchua et al., 2012).
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Bang 3. Két qua Blast ORF hoan thién ma héa cellulase va hemicellulase chiu kiém.
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STT Ma gen Enzyme S6 axit amin gl?ﬂbg’;:) 22;::,2)9
Cellulase
1 GL0036080 6-phospho-beta-glucosidase 578 100 90
2 GL0055814 6-phospho-beta-glucosidase 474 99 77
3 GL0062475 6-phospho-beta-glucosidase 477 100 99
4 GL0068982 6-phospho-beta-glucosidase 484 100 77
5 GL0089695 6-phospho-beta-glucosidase 484 100 99
6 GL0101308 6-phospho-beta-glucosidase 471 100 71
7 GL0023880 aryl-phospho-beta-D-glucosidase 478 100 99
8 GL0038126 beta-glucosidase 846 98 44
9 GL0057320 beta-glucosidase 695 100 85
10 GL0071848 beta-glucosidase 478 100 99
11 GL0071911 beta-glucosidase 132 72 49
12 GL0085197 beta-glucosidase 762 95 58
13 GL0109414 beta-glucosidase 883 95 58
14 GL0105118 beta-D-glucoside glucohydrolase 763 100 97
15 GL0029085 Xylosidase 763 94 45
16 GL0066724 xylosidase 762 95 48
17 GL0003694 beta-xylosidase 761 93 44
18 GL0079178 endo-1,4-D-glucanase 353 99 47
19 GL0095893 Cellulase 362 100 90
20 GL0113116 cellulase 540 100 85
21 GL0033071 Cellulase 362 100 90
Hemicellulase
22 GL0050278 alpha-galactosidase 742 99 63
23 GL0125198 alpha-galactosidase 685 99 55
24 GL0120095 alpha-galactosidase 446 99 81
25 GL0070950 alpha-glucuronidase 672 99 52
26 GL0080470 alpha-glucuronidase 256 99 28
27 GL0074258 alpha-N-arabinofuranosidase 315 98 67
28 GL0107923 alpha-N-arabinofuranosidase 690 100 98
29 GL0021085 alpha-N-arabinofuranosidase 730 42 72
30 GL0024829 alpha-N-arabinofuranosidase 245 97 49
31 GL0028245 alpha-N-arabinofuranosidase 405 99 67
32 GL0072752 Alpha-L-arabinofuranosidase 477 100 55
33 GL0074257 alpha-N-arabinofuranosidase 508 99 69
34 GL0075126 alpha-N-arabinofuranosidase 485 98 67
35 GL0075711 alpha-N-arabinofuranosidase 519 95 52
36 GL0076106 Beta-1,4-xylosidase 553 100 97
37 GL0076016 Beta-1,4-xylosidase 553 100 97
38 GL0112518 xylan 1,4-beta-xylosidase 358 90 68
39 GL0071848 xylan 1 4-beta-xylosidase 619 94 57
40 GL0024062 Beta-1,4-beta-xylanase 455 82 41
41 GL0067868 Endo1,4 — xylanase 560 99 47
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Dy doan chirc ning ciia cac ORF bing BLAST
(http://blast.ncbi.nlm.nih.gov/Blast)

Sau khi lya chon cac gen ma hda enzyme du
doan c6 kha ning chiu kiém, chirc ning va tinh
méi duge dy doan bing Blastp. Trinh ty amino
acid cua cac cellulase va hemicellulase dugc ma
hoa bdi cac ORF hoan thién chiu kiém da duoc sur
dung dé tim kiém céc trinh tu protein twong ddng
trén ngan hang gen NCBI, qua d6 c6 thé xac dinh
duoc chirc ning, ngudn gbe va dic biét 1a tinh moi

GLO101308

RS

GLO101308

ciia gen (thong qua hé sé twong ddng tdi da).
Trong s6 ORF hoan thién chiu kiém ma hoa cho
cellulase 1a 21 va hemicellulase 1a 20, ¢6 10 ORF
thuéc nhom cellulase c6 do twong ddng cao tir
85% — 100% so véi cac protein di cong bd trén
ngéan hang gen, con lai c¢6 do twong ddng tir 44%-
77%; Chi c6 4 ORF mai hoa cho hemicellulase ¢c6
d6 twong ddng tir 80% - 100 %, cac ORF con lai
cb d6 tuong dong kha thap voi cac gen di biét.
Két qua chi tiét trong bang 3.

Hinh 3. Dy doan vi tri gan co chéat cla cellulase va hemicellulase bang Phyre2.
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Dua trén két qua dyu doan kha nang chiu kiém va
chirc nang ctia cac ORF hoan chinh, chung t6i lya
chon 2 ORF mid hoda cellulase (GL0101308,
GL0038126) va 4 ORF ma hoa hemicellulase
(GL0074258, GL0067868, GL0120095,
GLO0112518). Cac ORF duogc lya chon tir két qua cua
Blastp déu duoc du doan c6 do bao phu tir 90% tro
nén va hé sb tuong dong tir thip (44%) dén cao
(99%), chira ving bao tén va vi tri gin cua enzyme
vao co chét.

Duw doan ciu tric khong gian va vj tri gan co chit
cia enzyme bing phin mém  Phyre2
(www.sbg.bio.ic.ac.uk/phyre2).

Phin mém Phyre2 da du doan cAu triic bac hai
clia cac ORF ma chiing ti Iya chon véi sy sap xép
clia cAu trac xodn a va gip nép B khac nhau. Két qua
cho thdy ty 1& twong ddng ciu triic bac hai cia
cellulase va hemicellulase voi cac protein dd dugc
cong bd tuong tu nhu két qua du doan cua Blastp,
v6i d6 tin cay tir 98% dén 100% (Hinh 2).

Két qua nay gitp chung t6i khing dinh lai viéc
lya chon cac ORF c6 nhiéu kha ning ding vai cac
dy doan chtrc nang ban diu va c6 kha ning thyc
nghiém thanh cong. Tiép tuc tim hiéu ky hon vé
cach thirc va kha nang hoat dong clia cac enzyme
nay, dir liéu vé cAu triic bac hai tiép tuc dugc giri dén

Nguyén Minh Giang et al.

Phyre 2 dé dy doan vi tri trung tdm hoat dong cua
cac enzyme, thanh phan ion va cac amino acid nim
trong trung tim hoat dong. Két qua phan tich cac
enzyme cellulase va hemicellulase nhu trong hinh 3.

Trong két qua nay cho phép mo ta chu trac
khong gian ba chidu cua enzyme, dic biét 1a vi tri
gin co chit cia 6 ORF ma hoa enzyme cellulase va
hemicellulase déu c6 cac ion kim loai nhu Mg*"
Ca2+, Zn*'... Bén canh d6 mod hinh dy doan ciing chi
ra céc loai amino acid dugc bao ton cao trong trung
tam hoat dong cua enzyme.

Dw doan kha nang chiu nhiét cua enzyme
(www.tbi.org.tw/tools/)

Khi dua trinh ty amino acid ciia cic enzyme
cellulase va hemicellulase da lua chon vao phén
mém dé du doan kha nang chiu nhiét thu dugc két
qua nhu bang 4. Theo két qua du doan néu gia tri
Tm 16n hon 1 thi enzyme do6 c6 kha nang chiu nhiét
d6 cao hon 65°C, con Tm nam trong khoang tir 0 dén
1, thi kha nang chiu nhiét tir 55°C~65°C, va Tm nho
hon 0, thi kha nang chiu nhiét dudi 55°C. Nhu vay
trong 6 enzyme lya chon c6 2 enzyme dugc du doan
c6 kha nang chiu nhiét trén 65°C, 3 enzyme chiu
nhiét tr 55°C~65°C va chi c6 mdt enzyme chiu nhiét
dudi 55°C. Két qua nay s& gitp ching t6i khi thyc
nghiém c6 thé chon mirc nhiét d6 thich hop theo két
qué du doan dé kiém tra hoat tinh enzyme.

Bang 4. Két qua dy doan kha néng chiu nhiét cia cellulase va hemicellulase.

STT M gen Tm Nhiét do
1 GL0101308 1.2242989647072 > 65°C
2 GL0038126 1.399424567471 > 65°C
3 GL0120095 0.83571495201794 55°C~65°C
4 GL0074258 0.89572778424265 55°C~65°C
5 GL0112518 0.7027544545928 55°C~65°C
6 GL0067868 -0.060637515738974 < 55°C
KET LUAN hai va trung tam hoat dong baoi Phyre2, kha ndng chiu

Dir liéu metagenome cuia vi sinh vat rudt méi C
gestroi da dugc phan tich hiéu qua dudi su hd tro cia
cong cu tin sinh. Viéc xtr Iy va khai thac cac gen ma
hoéa cho enzyme can phan 1ap nho cac phan mém du
doan chirc nang va ving bao ton cua Blast, ciu tric bac
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kiém ciia Alcapred va kha ning chiu nhiét ctia enzyme
cua TBI. Can ctr trén cac du doan da chon duoc 6 ORF
mé hoa cho enzyme phén giai lignocellulose dé tién
hanh thyc nghiém, nghién ctru biéu hién va xac dinh
hoat tinh vé6i cac ddc diém ndi bat d6 1a kha nang chiu
kiém va chju nhiét kha da dang.
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Loi cam on: Cging trinh dwoc thuc hién bc%ng nguén
kinh phi cua dé tai Nghi dinh thu voi Nhdt Ban giai
doan 2012-2015.
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DECOMPOSE LIGNOCELLULOSE FROM METAGENOME OF FREE -
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BACTERIA IN THE GUT OF THE LOWER TERMITE COPTOTERMES GESTROI

Nguyen Minh Giang', Do Thi Huyen’, Truong Nam Hai*™

'Ho Chi Minh City University of Education

*Institute of Biotechnology, Vietnam Academy of Science and Technology

SUMMARY

Microbial metagenome DNA in the guts of Coptotermes gestroi has been extracted and sequenced by

metagenomic techniques. In previous studies, we acquired and sequenced more than 5 Gb of DNA
metagenome DNA of the termite gut microbiota by next-generation sequencing (Illumina). Software MGA
(MetaGeneAnnotator) exploited 125.431 open reading frames with 8508 ORFs related to carbohydrate
metabolism, including 587 ORFs coding for enzymes involved in the hydrolysis of lignocellulose. We
identified software to reliably predict function, structure and characteristics of proteins corresponding to DNA
sequences encoding alkaline enzymes from the metgenome of C gestroi. The online software Alcapred was
used to predict alkaline enzymes, Blastp to predict conserved domains of amino acid sequences deduced from
ORFs, Phyre2 to predict the three dimentional structure and substrate binding site of the enzymes, TBI to
predict melting temperature of the enzyme. We identified 6 ORFs encoding alkaline cellulases (GL0101308,
GL0038126) or alkaline hemicellulases (GL0120095, GL0074258, GL0112518, GL0067868). The amino acid
sequences deduced from ORFs had 90% coverage and from 44% to 99% identity to the corresponding
sequences in NCBI by BLASTP. All of them contained conserved domains with corresponding activities and
binding sites of the enzyme to the substrate. The three dimentional structures of amino acid sequences were
predicted by Phyre2 with reliability from 98% to 100% to the annotated activities. Among six selected amino
acid sequences, two sequences of enzymes had the melting temperature above 65 °C, three sequences had
melting temperature from 55°C to 65°C and only one below 55°C.
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