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TOM TAT

O cic loai mbi bac thip nhu Coptotermes gestroi, cellulose va hemicellulose dwoc thity phan bai cellulase

va hemicellulase tir vi khuan, vi khudn cé, dong vat nguyén sinh va nim séng ¢ rudt sau trong éng tiéu hoa cua
mbi. Trong d6, enzyme thily phan chi yéu dugc tiét ra boi dong vat nguyén sinh. Tt bo dit lidu trinh ty DNA
da hé gen vi sinh vat ruét mdi C. gestroi thu thap & mién Bic Viét Nam (125.423 khung doc mé - open reading
frame- ORF) va bang phin mém MEGA, 100.340 ORF duoc dy doan c6 ngudn gbe tir 1.368 loai vi khudn gdm
628 chi, 217 ho, 97 bg, 41 16p va 22 nganh (Do et al., 2014). Trong sb nay, 2.131 ORF (2,12%) thudc 24 loai
vi khuan (chiém 1,75% téng s6 loai vi khuén) thudc 11 ho, 9 b9, 8 16p va 5 nganh c6 kha nang sinh cellulase,
679 ORF thudc 18 loai vi khudn nim trong 8 ho, 6 by, 5 16p, 4 nganh dugc dy doan c6 kha nang sinh
hemicellulase. S6 loai c¢6 kha ning sinh cellulase chii yéu thudc nganh Firmicutes (15/24 loai), phan 1on thudc
16p Clostridia, bo Clostridiales. Loai chiém wu thé nhit c6 kha ning sinh cellulase 1a Pseudomonas fluorescens
(1.258 ORF) thudc bd Pseudomonadaceae. Trong 18 loai sinh hemicellulase, loai chiém wu thé nhit 1a
Clostridium thermocellum (113 ORF) thugc nganh Firmicutes, sau d6 1a 3 loai thugc nganh Bacteroidetes. Cac
vi khudn c6 kha ning phan hity ca cellulose, hemicellulose dugc u6c doan 1a C. thermocellum, Ruminococcus
flavefaciens va Bacillus subtilis. Ké qua nghién ctru nay da gop ph’a‘”ln cung cip dit lidu vé thanh phan cia vi

khuédn phan huy cellulose va hemicellulose séng trong duwdng rudt mbi C. gestroi.

Tw khoa: Coptotermes gestroi, vi khudn, cellulase, hemicellulase, metagenomics.

MG PAU

Méi déng mdt vai tro quan trong dbi voi hé sinh
thai boi kha nang phan huy sinh khdi lignocellulose
va gbp ph?m vao chu trinh carbon. Tuy nhién, mdi
cling 1a mot trong nhiing sinh vat gay hai ddi vdi cac
cong trinh kién trac cua con nguoi. Trong d6, C.
gestroi 1a mot trong nhiing loai mdi nguy hai nhit &
ving ddng bang. Ciing nhu nhiing loai méi thuc chi
Coptotermes, hé vi sinh vat sdng trong dudng rudt
clia loai mdi nay déng vai trd quan trong trong viéc
tiéu hoa hiéu qua ngudn thirc an lignocellulose dé
cung cép chit dinh dudng cho méi (Brune, 2011).

H¢ vi sinh vat trong rudt méi rat da dang, bao
gdm rat nhidu nganh khac nhau va cha yéu 1a vi sinh
vat khong thé nudi cdy (Brune, 2014). O 2 loai mdi
béc thip phd bién nhat 1a Coptotermes formosanus

va Reticulitermes speratus, vi khuan duong rudt
ctia chung chu yéu thudc cac nganh Bacteroidetes,
Spirochaetes, Fibrobacters, Elusimicrobia,
Firmicutes va Proteobacteria. Nhitng nganh nay déu
¢6 cac loai c6 kha nang phan huy lignocellulose, vi
du  Bacillus thugc nganh Firmicutes tiét

endoglucanase (Mathew et al., 2011),
Pseudotrichonympha  grassii  thudc  nganh
Bacteroidetes c6 kha nang tao ra cellulase

(Nakashima et al., 2002). Tuy nhién, ty 1€ cac loai
thudc cac nganh nay ¢ 2 loai hoan toan khac nhau.
Trong d6, Bacteroidetes chiém ty 1& rit cao trong
duong rudt cua Coptotermes formosanus, con
Spirochaetes chiém wu thé trong duong rudt cia R.
speratus (Brune, 2014).

Metagenomics, thong qua viéc giai trinh ty toan
bd DNA da hé gen, la mdt phuong phap hi€u qua cho
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phép nghién ciru sy da dang loai cac vi khuén khong
nudi cdy dugc tir hé sinh thai trong cac moi truong tu
nhién. Chinh vi vy, ) lugng cac nghién ctru da hé
gen cua khu hé vi sinh vat dya trén viéc gidi trinh tu
toan bd hé gen biang may giai trinh ty gen thé hé mai
(Next Generation Sequencing - NGS) khong nging
gia ting ké tir khi DNA da hé gen dau tién cta céc vi
sinh vét sdng trong hé thong thoat nudc ciia mo acid
dugc giai trinh ty (Tyson et al., 2004). Cho dén nay,
nhiéu DNA da hé gen ctia vi sinh vt & cac moi truong
khac nhau da duoc danh gia da dang vi sinh vat cling
nhu da dang di truyén nhu méi truong nudc bién
(Kennedy et al ., 2008), rudt nguoi (Gill ef al., 2006;
Arumugam et al., 2011), da cé bo (Hess ef al., 2011,
Dai et al.,, 2012), dat compost (Martins et al., 2013) va
dat (Xu et al.,, 2014)...

O Viét Nam, hon 100 loai mdi khac nhau da
duoc mo ta (Nguyén Pic Kham et al., 2007). Tuy
nhién, h¢ vi sinh vat noi chung va da dang vi khuin
phan huy lignocellulose noi riéng trong duong rudt
cia chiing van chua dwgc nghién ctru. Nam 2013,
phong K§ thuét di truyén, Vién Cong nghé sinh hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam lan
dau tién bang k¥ thuat giai trinh ty gen thé hé¢ méi da
giai trinh ty DNA da hé gen cua vi sinh vat song
trong rudt mbi C. gestroi thu tai nam dia diém tai Ha
Noi va mot dia diém tai Hung Yén (Do et al., 2014).
Bing cic cong cu tin sinh hoc, 125.423 ORF tir 5.4
Gb trinh ty da dugc udc doan trong do cé 100.340
ORF duoc du doan 1a c6 ngudn gde tir vi khudn, 533
ORF dugc du doan co ngudn gbe tir vi khudn cd.
Trong nghién ctru nay, ching toi tién hanh danh gi4
da dang cac vi khuan ¢ kha niang phan hity cellulose
va hemicellulose trong rudt loai mdi C. gestroi thu
thap o mién Béc Viét Nam.

VAT LIEU VA PHUONG PHAP
Vit liéu

B¢ dir liéu trinh ty DNA da hé gen vi sinh vat
rudt moi C. gestroi thu thap ¢ mién B?C Viét Nam va
danh sach cac don vi taxon vi khuan da duogc du
doan bang cac phan mém tin sinh hoc.
Phuong phap phan tich da dang vi sinh vat rugt
moi C. gestroi tir dir li€u giai trinh tu da hé gen

Twr dir bo dir liu trinh ty DNA da hé gen vi sinh
vat rudt moi C. gestroi ma chung t6i c6 dugc (Do et
al., 2014), dua vao cac co s¢ dir liéu dang tin cdy

(KEGG, eggNOG, Non redundant)‘, cac trjnh tr duoc
du doan gen va du doan taxon bang phan mém tin
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sinh (MetageneAnnotator/Metagene, MEGAN). Mitc
d6 bao phu cua trinh ty cac doan doc dbi véi trinh ty
gen cia co s dir lidu 1a 98%. Két qua du doan 1a
danh sach céac don vi taxon cua vi sinh vét noi chung
va vi khuén néi riéng song trong rudt mdi C. gestroi.

Phwong phap dw doan cac vi sinh vat c6 kha nang
sinh cellulase, hemicellulase

Tir dit liéu da dang don vi taxon vi khuin séng
trong rudt méi C. gestroi di dwoc dy doan bing cac
phﬁn mém tin sinh hoc & trén, cac chi vi khuin ¢ cac
loai san sinh cellulase va hemicellulase da dugc cong
bd trong cac bai bao va co s¢ dit liéu NCBI dugc loc
riéng dé phan tich. Tiép theo, tir cac chi d loc ra, tat
ca chc loai cu thé c6 kha ning san sinh cellulase va
hemicellulase sé duoc xac dinh dua vao bo dir liéu cac
loai c6 kha nang san sinh cellulase va hemicellulase
da duge cong bd trude do trén thé gioi.

KET QUA VA THAO LUAN

Pa dang cic vi khuén cé kha ning sinh cellulase
trong rudt moi C. gestroi

Trén co s¢ bo dir liéu trinh ty DNA da hé gen,
muc do da dang vi sinh vét rudt mbi C. gestroi dugc
danh gia. Két qua cho thiy 80% ORF thudc vi khuin
gdm 1.368 loai thugc 628 chi, 217 ho, 97 b, 41 16p
va 22 nganh (Do et al.,, 2014). Trong do, 24 loai vi
khuén thudc 11 ho, 9 bo, 8 16p va 5 nganh co6 kha
nang phéan huy cellulose dd dugc tim thiy (Bang 1).
Dit liéu ciing cho thdy, s loai thudc nganh
Firmicutes chiém ty 1& cao nhat 15/24 loai va s6 loai
¢6 mét do ca thé cao chu yéu thude 16p Clostridia, bo
Clostridiales, ddc biét 3 loai chiém wu thé nhét cia
nganh nay la Clostridium phytofermentans (153
ORF), C. thermocellum (113 ORF) va Acetivibrio
cellulolyticus (85 ORF). Tuy nhién, trong 24 loai san
xuét cellulase tim thdy, P. fluorescens 1a loai chiém
wu thé nhdt (1258 ORF) thudéc bd
Pseudomonadaceae, ho Pseudomonadales, 1dp
Gammaproteobacteria, nganh Proteobacteria (Bang 1
va Hinh 1). Péy la loai vi khuin phan huy cellulose
phan bé rat phd bién & cac méi trudng sinh thai, dic
biét 1a moi truong dat. Theo nghién ciru cua Sethi va
ddng tac gia (2013), trong 4 loai vi khuin san xuat
cellulase phan lap dugc tir dit (P. fluorescens, B.
subtilis, Escherichia coli va Serratia marcescen) thi
P. fluorescens 1a loai san xuét cellulase t6t nhat. Do
do, rat co thé mat d¢ P. fluorescens cao trong rudt
mdi C. gestroi da gop phan gitp mbi tiéu hoa ngudn
thire an cellulose.
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Bang 1. Cac taxon vi khuan san xuét cellulase dugc tim thdy trong dir liéu DNA da hé gen vi khuén rugt méi C. gestroi thu
thap & mién Bac Viét Nam.

. i . a Sé
T Nganh Lép Bo Ho Loai ORF
Bacillus
1 . ) 4
amyloliquefaciens
9 Bacillus 1
Bacilli Bacillales Bacil megaterium
3 aclllaceae Bacillus pumilus 2
4 Lysinibacillus 3
sphaericus
5 Bacillus subtilis 5
6 Clostridium 32
acetobutylicum
Clostridium
7 cellulolyticum 40
8 Clostridium 46
L cellulovorans
Firmicutes Clostridiaceae o
Clostridium
9 53
papyrosolvens
10 Clostridium 153
phytofermentans
Clostridia Clostridiales Clostridium
11 113
thermocellum
12 Lachnospiraceae Buty rivibrio 22
fibrisolvens
Acetivibrio
13 cellulolyticus 85
14 Ruminococcaceae Ruminococcus 62
albus
15 Rummog:occus 40
flavefaciens
16 Rhizobiales Methylocystaceae Smo“rh/zoblum 2
Alphaproteobac- fredii
- teria
17 Pr.oteobact Sphingomonadales Sphingomonadaceae 2y momonas 3
eria mobilis
18 Gammaproteob- Pseudomonadales Pseudomonadaceae Pseudomonas 1258
acteria fluorescens
) . . . Bacteroides
19 Zasctermde- Bacteroidia Bacteroidales Bacteroidaceae cellulosilyticus 156
. Cytophaga
20 Cytophagia Cytophagales Cytophagaceae hutchinsonii 14
21 . Cellulomonas fimi 6
tﬁé(;it;nobac- Actinobacteria Actinomycetales Cellulomonadaceae Cellulomonas
22 flavigena 2
23  Fibrobacteres Fibrobacteria Fibrobacterales Fibrobacteraceae F/brqbacter 19
succinogenes
24 Deinococcu- Deinococci Thermales Thermaceae Meiothermus 2
sthermus ruber
Téng 2131
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Nhu vay, bang cach tlep can la giai trinh ty toan
bo DNA da hé gen vi khuan rugt mdi, 24 loai vi
khuén san xuat cellulase da dugc tim thiy, dong thoi
mirc d6 chiém wu thé cia mdi loai trong rudt mét C.
gestroi ciing dugc chi ra. Két qua nay cho thay, day
1a cach tiép can hiéu qua hon dé tim hiéu sy da dang
vi khuén phan huy cellulose so v6i cac cach tiép can
khac. Bing cach khai thic gen theo chirc ning,
Mattéotti va dtg (2011a) chi sang loc dugc 3 dong
mang 3 ORF mi hoa céc cellulase tir mot s lugng rét
16n (khoang 7.700) dong cua thu vién DNA da hé gen
vi sinh vat rudt mdi Resticultermes santonensis. Cac
dong nay co trinh ty twong ddng cao Vi cic gen
tuong Ung cua Enterobacter sp. 638, Pectobacterium
carotovarum ssp. carotovarum va E. coli K12. Bing
mot cach tiép cén khac, Subodh va dtg (2012) ciing
chi phan lap tryc tiép dugc mot sé chung vi khuan cd
kha ning phéan huy cellulose tir mbi truong sdng rudt
mdi & bac phan loai chi 1a Cellulomanas,
Enterobacter va Citrobacter. Tuong tu, & dbi tugng
la vi khudn dudng rudt cia hai loai mbi bac thip

Nguyén Thi Thao et al.

Coptotermes curvignathus (Holmgren) va bac cao
Macrotermes gilvus (Hagen), Ramin va dtg (2008)
phan 1ap dwoc 3 loai vi khuén phan huy cellulose 1a
Enterobacter aerogenes, Enterobacter cloacae and
Clavibacter agropyri (Corynebacterium).

Xét vai tro cua vi khuén san xut cellulase trong
duong rudt méi C. gestroi thong qua 5O luong loai va
mat d¢ ca thé tuong ung, sb loai vi khuan c6 kha
nang phan huy cellulose chi chiém 1 ,154%
(24/1368) tong s6 loai dy doan dugc trong rudt mdi
C. gestroi nghién ciru. Téng s6 ORF cua cac loai nay
trong dir li¢u 1a 2.131/100.340 (2,123%). Nhu vay,
ca mat do cling nhu ) lugng loai vi khuan phén huy
cellulose déu chiém ty 18 khiém tén trong khu hé vi
khudn rudt méi C. gestroi. Két qua nay cho thdy, &
C. gestroi, vi khuén c6 vai tro nhat dinh trong sy
phan huy cellulose ma khong dong vai tro chu dao
trong viéc tiéu hoa ngudn cellulose thirc dn cta mdi.
Diéu nay ciing da dugc Brune (2014) dé cap dén &
c4c loai mdi bac thép.
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Hinh 1. S& lwong gen cla hai bdn loai vi khuan cé kha nang san xuét cellulase dwoc tim thay trong dir liéu DNA da hé gen

vi khuan rudt méi C. gestroi thu thap & mi&n Bac Viét Nam.
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Bang 2. Cac taxon vi khudn san xuét hemicellulase dwoc tim thay trong di¥ liéu DNA da hé gen vi khuén rudt méi C. gestroi

thu thap & mién Bac Viét Nam.

s ; R . S6
STT  Nganh Lép Bo Ho Loai ORF
1 Thermoanaero- Family III. Thermoanaerob- Caldicellulosiruptor 18

bacterales Incertae Sedis acterales saccharolyticus
2 o ) ) Bacillus halodurans 10
Bacilli Bacillales Bacillaceae
3 Firmicutes Bacillus subtilis 5
4 Clostridiaceae Clostridium thermocellum 113
5 Clostridia Clostridiales ) Ruminococcus albus 62
Ruminococcac-eae
6 Ruminococcus flavefaciens 40
7 Prevotella bryantii 6
Prevotellaceae
8 Prevotella ruminicola 17
9 Bacteroides cellulosilyticus 156
10 Bacteroides eggerthii 32
Bacteroide- o Bacteroides
1 tes Bacteroidia thetaiotaomicron 21
Bacteroidales . . o

12 Bacteroidaceae Bacteroides intestinalis 81
13 Bacteroides xylanisolvens 13
14 Bacteroides ovatus 63
15 Bacteroides vulgatus 38
16 Bacteroides fragilis 80

17 Actinobac- Rubrobactera-les

teria Actinobacteria )
18 Actinomyceta-les

Rubrobacterace-ae Rubrobacter xylanophilus 1

Promicromono-

Xylanimonas cellulosilytica 13
sporaceae

Téng

769

DPa dang cac loai vi khudn c6 kha niang sinh
hemicellulase trong rudt moi C. gestroi

Trong nghién ciru ndy, 18 loai vi khuan c6 kha
nang san xuat hemicelllulase da duoc du doan tir b
dir liéu trinh ty DNA da hé gen vi khuén. Chung
thudc 4 nganh, 5 16p, 6 bd va 8 ho (Bang 2). Trong
6, co dén 9/18 loai thudc nganh Bacteroidetes, 16p
Bacteroidia, b Bacteroidales; ddng thoi, mat d ca
the clia cc loai nay ciing rit cao so voi cac loai san
xuét hemicellulase khac (s6 ORF ciia nhitng loai nay
chiém ty 18 rat cao 507/769). Theo Dodd va dtg
(2011), cac loai san xuét hemicellulase thudc nganh
Bacteroidetes cling chiém wu thé trong hé vi sinh vat
duong rudt nguoi va da co dong vat. Chung co6 vai
tro quan trong trong viéc phan huy hemicellulose tir
ngudn thirc n cua vat chi. Tuy nhién, trong nghién
clru ndy, két qua thé hién & Bang 2 va Hinh 2 cho
thay, cling giong nhu vi khuan san xuét cellulase, vi
khuén c6 kha ning san xuét hemicellulase c6 vai tro
nhit dinh trong viéc hd trg vat cha phan hiy

hemicellulose ma khong déng vai tro chu dao trong
cong viéc nay. SO loai vi khudn san xuét
hemicellulase va s6 ORF ctia chung twong tng
chiém 1,316% va 0,793% ciia tong s6 loai vi khuan
du doan dugc séng trong dudng rudt mbi C. gestroi.

Trong 18 loai, C. thermocellum (113 ORF), B.
cellulosilyticus (156 ORF), B. fragilis (80 ORF) va
B. ovatus (63 ORF) 14 4 loai chiém wu thé nhat (Hinh
2). Ngoai trir loai C. thermocellum thudc nganh
Firmicutes, 3 loai con lai déu thudc nganh
Bacteroidetes. C. thermocellum 13 loai vi khun cé
kha nang phan huy ca cellulose va hemicelulose.
Ngoai ra con c6 2 loai R. flavefaciens va B. subtilis
cling c6 kha nang nhu C. thermocellum. Nhitng loai
nay c6 dugc kha ning phan hiry dong thoi cellulose
va hemicellulose 12 nhd ¢ phirc hé cellulosome & bé
mit té bao chtra nhidu tiéu don vi xuc tic phan cit
cac loai polysaccharide khac nhau.

Nhu vay, ) luong loai vi khuén c6 kha nang
phan huy hemicellulose c6 mét trong rugt moi C.
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gestroi dugc xac dinh trong nghién ctru nay kha
phong phii va phong phti hon so véi cach tiép can
khéc ciing cling muc dich. Vi dy, Mattéotti va dtg
(2011b) chi sang loc dugc tit ca 8 dong vi khuan cé
kha nang phan huy cellulose hoac hemicellulose, ca
8 dong nay déu chua dwoc dinh loai; Phan tich trinh

Nguyén Thi Thao et al.

ty cia gen md hoa rRNA 16S cia vi khuan séng
trong duong rudt cia 2 loai mdi Nasutitermes
aquilinus va Cortaritermes fulviceps, Ben Guerrero
va dtg (2015) da tim thdy mot s it loai vi khudn
thugc chi Paenibacillus spp., Klebsiella spp. va
Cohnella c6 kha nang phan huy cellullose va xylan.
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Hinh 2. Mudi tam loai vi khuan san xuét hemicellulase dwoc tim thdy trong div liéu DNA da hé gen cla vi khuan rudt méi C.

gestroi thu thap & mién Bac Viét Nam.

KET LUAN

Bing Metagenomics voi hudng tiép can giai
trinh ty toan by DNA da hé gen vi khuan va phén
tich b dir liéu, 24 loai vi khuin c6 kha nang san
xuét cellulase va 18 loai vi khuin c6 kha niang san
xuét hemicellulase trong duong rudt cua mbi bac
thép C. gestroi da dugc du doan voi ) lugng ORF
tuong tmg 12 2.131 va 769 ORF. S6 lwong cac loai vi
khuan c6 kha ning phan hiay cellulose va
hemicellulose dwoc xac dinh dugc cho thiy chung ¢
mot vai tro nhét dinh trong sy phan hiy cellulose ma
khong dong vai trdo chu dao trong viéc ti€u hda
ngudn cellulose thirc dn cia mdi. Pong thoi, két qua
nghién ciru cling thé hién rang sé lugng cac loai vi
khuan phan huy cellulose va hemicellulose va gen
dugc du doan nho Metagenomics nhiéu hon so véi
viée xac dinh bang cac ky thuat khac. Nhu vay,
nghién ctru nay ciing gop phan khing dinh thém wu
thé vé& hiéu qua, sy chinh xac va nhanh chong cia
Metagenomics trong viéc xac dinh thanh phan loai vi
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sinh vat cling nhu cac gen cia ching c6 mat trong
moi truong song ty nhién so vai cac cach tiép can
khac.

Loi cam on: Cong trinh duoc hé tro vé kinh phi cua
dé tai Nghi dinh thu voi Nhdt Ban: “Phdn ldp hé gen
ma hoa cho enzyme thuy phdn lignocellulose tur khu
hé vi sinh ruot moi Viet Nam bdng kv thuat
Metagenomics".
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SUMMARY

In lower termite such as Coptotermes gestroi, cellulose and hemicellulose are hydrolysed by cellulases and
hemicellulases secreted from bacteria, archaea, protozoa and fungy in the hindgut. In which, majority of the
enzymes are contributed by protozoa. From the metagenomic DNA data (125,423 open reading frames -ORFs)
of free-living bacteria in the gut of C. gestroi harvested in Southern Vietnam and by MEGA 4.0 software,
100.340 ORFs were classified into 1,368 species, 628 genera, 217 families, 97 orders, 41 classes and 22 phyla
(Do et al., 2014). Among these, 2,131 ORFs (2,12%) belong to 24 bacterial species (account 1,75% bacterial
species), 11 families, 9 orders, 8 classes and 5 phyla were predicted have ability to produce cellulases; 679
ORFs belong to 18 bacterial species 8 families, 6 orders, 5 classes, 4 phyla were predicted have ability to
produce hemicellulase. Majority of cellulase producers were species which of Firmicutes (15/24 species),
accumulated in class Clostridia, order Clostridiales. The most abundant cellulase producer was Pseudomonas
fluorescens (1,258 ORFs) of order Pseudomonadaceae. Out of the 18 hemicellulase producers, the most
abundant species was Clostridium thermocellum (113 ORFs) in the phylum Firmicutes, followed by 3 species
belonging to the phylum Bacteroidetes. The species predicted to produce both cellulase, hemicellulase were C.
thermocellum, Ruminococcusns flavefaciens and Bacillus subtilis. Our study provides a data of gut cellulose
and hemicellulose - degrading bacteria composition of C. gestroi

Keywords: Coptotermes gestroi, bacteria, cellulase, hemicellulase, metagenomics



