Nghién ctru khoa hoc céng nghé

XAY DUNG PROBE PE KHAI THAC VA CHON GEN MA HOA
BETA-GLUCOSIDASE GH3 TU DU LIEU GIAI TRINH TU DNA
METAGENOME VI KHUAN DA CO DE

NGUYEN KHANH HOANG VIET ¢*#% pO THI HUYEN *¥ NGUYEN HUU bUC ¥,
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1. MO PAU

Beta-glucosidase con c6 tén goi khac la beta-D-glucoside glucohydrolase
(EC.3.2.1.21), xtic tac cho qua trinh thuy phén céc lién két beta-glucoside & cac goc
alkyl, aryl va beta-glucoside nhu disaccharide va oligosaccharide chudi ngén tao ra
dudng glucose [3]. Beta-glucosidase rt phd bién trong ty nhién va c6 thé duoc tim
théy trong vi khuén, nam, thuc vat, va dong vat. Enzyme nay lam tang hiéu qua thuy
phan chit thai rit kho phan huy trong tu nhién c6 ngudn gdc tir thyc vat nhu
cellulose trong diéu kién hoat dong nhét dinh. Ngoai ra, beta-glucosidase con dugc
ung dung trong y hoc nhu lam thube hd tro tiéu hoa, hodc sir dung trong cac bd kit
xét nghiém ndng do duong [3].

Ung dung k¥ thuat metagenomics theo hudng phén tich dir liéu thu duogc tir
viéc giai toan bg trinh ty metagenome ctia hé vi sinh vat da c¢é dé, da khai thac duogc
164.644 khung doc mé (ORF), trong d6 udc doan gdm rat nhiéu trinh tuy ma hoa cho
beta-glucosidase dugc chu giai chiic nang dya trén dir licu KEGG, CAZy [6].
Phuong phap du doan gen tir dit liéu khong 16 DNA metagenome cuia vi sinh vat
trong da co dé budc dau d3 duoc thuc hién béng cach stir dung cac phén mém tin
sinh hoc, dua trén s liéu cac trinh tu tuong déng voi cac loai da dugce cong bd trong
ngan hang gen [1, 6]. Trong thyuc té probe da dugc sir dung trong rat nhiéu cac
nghién ctru nhu nhan dién cac ban sao hodc san phém RNA cua gen, céac sinh vat c6
quan hé gan giii v6i dbi trong nghién ciru nham tim kiém gen chtrc nang duge bao
ton qua tién hoa, tim kiém trinh tu tron ven cia gen ma hoa cho protein trong
genome,...[6]. Trong khudn khd bai bao nay, nhoém tac gia trinh bay phuong phap
dé xay dung probe dic hiéu enzyme beta-glucosidase ho GH3 va str dung probe cho
khai thac, lya chon nhanh mét sé gen mad hoa beta-glucosidase thuéc ho GH3 tir
ngué)n dit liéu rat 16n nay dé dwa vao biéu hién hiéu qua trong thuc nghiém.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ctru

Dir liéu metagenome DNA gdm 164.644 khung doc m& (ORF) cia vi sinh vét
trong rudt dé, duoc giai trinh tw bang hé thdng giai trinh ty HiSeq Iluminia (BGI,
Hong Kéng) va duoc chu giai chtrc ning dua trén dit liéu KEGG, CAZy [1, 3].
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2.2. Phuong phap nghién ctru
2.2.1. Xdc dinh cdac ho GH co chira beta-glucosidase theo CAZy

CAZy (Carbohydrate-Active enzymes; http://www.cazy.org) cung cap sb liéu
truc tuyén va cap nhat lién tuc cac dir liéu cia GenBank vé chudi thong tin cua gﬁn
340.000 enzyme tham gia chuyén hoa carbohydrate [4, 7] dugc phan vao 135 ho GH
v6i cac dic diém nhédn biét khac nhau [2]. Dya trén dir liéu ndy, cac trinh tu beta-
glucosidase da dugc nghién cuu tinh chat thudc ho GH3 duge thu thap, téng hop
thanh bang trong d6 tich hop trinh tu v6i dic diém enzyme nhu kha ning chiu nhiét,
chiu kiém/acid, cdu trac khong gian, trung tim hoat dong cua beta-glucosidase.

2.2.2. Xay duwng probe va tim gid tri tham chiéu

Céc trinh ty thu thap dugc ¢ trén dugc so sanh muc do tuong déng béng
ClustalW - PBIL. Két qua so sanh s€ cho ra mdt trinh ty dugc cho 1a bao tdn cao
nhét (Ky hiéu Prim.cons), trong d6 c6 cac trinh ty dugc danh dau vé mirc d6 bao ton
dic thu cho ho enzyme. Dua trén két qua cta Prim.cons, cac vi tri gidng nhau hoic
tuong ddi giéng nhau s& wu tién lya chon dé lam probe va céc trinh tu trong dugc
loai bd. Probe nay s€ dugc so sanh lai vdi cac trinh ty da dung dé xay dung nén
probe bang BLASTP. Gia tri tham chiéu dugc x4c dinh 12 gia tri E, diém téi da, do
bao phi1 va murc do tuong dong thap nhit ma probe bat duoc véi trinh tu.

2.2.3. Lwa chon nhanh va wéc dodn cdu triic bic ba ciia cdc trinh tw ma héa
beta-glucosidase GH3 twr dir liéu DNA metagenome

St dung BLASTP dé so sanh probe véi trinh ty amino acid cia cac ORF thudc
metagenome cua vi sinh vat trong da c6 dé. Cac trinh tu co6 gia tri diém t6i da, mirc
d6 bao phu, twong ddng cao hon gia tri tham chiéu s& dugc lya chon. Sau dé cac
trinh ty nay dugc so sanh lai véi két qua chu giai gen dua trén dir liéu KEGG va
CAZy. CAu tric bac ba cua phan tir dugc wdc doan dya trén trinh ty va véi cac
protein khung da dugc nghién ctru vé cu triic bang phan mém Swiss Prot.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Lwa chon cac trinh tu beta-glucosidase GH3

Trén co s& s liéu ciia CAZy, beta-glucosidase duoc phan vao 8 ho GH gém
GHI1, GH2, GH3, GHS5, GH9, GH30, GH39, GH116 trong d6 chi ho GH9, GH39 c6
co ché xtc tac dao nguoc [5]. Enzyme thudc ho GH3 13 enzyme phong phu, phd
bién va ¢ tng dung nhiéu nhat. Enzyme nay co ciu tric khong gian chwa xac dinh,
gbc cho dién tir 1a Asp va gbe nhan dién tir 1a Glu [5]. Cac trinh tu beta-glucosidase
thudc ho GH3 da dugc nghién ctru tinh chit vé pH va nhiét do t6i wu duge thu thap,
tong hop trong bang 1.
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Bang 1. Tong hop dit liéu vé céc trinh tu beta-glucosidase GH3

ctia vi khuan dugc thu thap tir CAZy

Ma 56 trong Vi khuén S6.| pH Ntl:")iiéltrj 6
GENBANK aa | toiuwu

§9)
AFS34657.1 | Mucilaginibacter sp. QM49 781 8,0 30
AAA22082.1 | Agrobacterium tumefaciens 818 | 7,2-7,4 60
AAAS86753.2 | Prevotella bryantii B14 885 7,5 -
AEX88466.1 | Microbacterium steraromaticum KACCI16318 | 831 7,0 37
AAB66561.1 | Elizabethkingia meningoseptica 726 | 4,2-5 50
ADKO91094.1 | Serratia sp. TN49 790 - 20
AAC38196.1 | Cellulomonas biazotea 828 7,0 30
BAAO03152.1 | Cellvibrio gilvus ATCC13127 752 16,2-6,4 35
BAJ09393.1 | Paenibacillus relictisesami 753 6,5 37
AGS08637.1 | Novosphingobium sp. GX9 744 - -
CAA33665.1 | Ruminiclostridium thermocellum DSM 1237 754 6,0 -
AGU13704.1 | Bacteroides uniformis ZL1 755 6,0 30

Chu thich: (-) Chua xadc dinh.
3.2. X4y dung probe va gia tri tham chiéu

Két qua so sanh 12 trinh ty amino acid thu thap dugc bang phan mém
ClustalW - PBIL, dwa trén trinh tu tuong dong di xay dung dugc mot probe gém
330 amino acid trong ¢6 26 amino acid hoan toan giéng nhau ¢ cac trinh tu, 37 vi tri
giéng nhau & da s céc trinh tu va c6 21 vi tri giéng nhau & mot s6 trinh tu, con lai 1a
khac nhau. Két qua nay cho thiy trinh tuy ma héa enzyme beta-glucosidase thudc ho
GH3 cua vi khuan c6 su bao ton twong dbi cao (hinh 1).

DIDEXIAAMTLEEKAXLLT@ATTAPIERLGIPSXXMTDGPXGVRCFBSA
TGLASSWIDPXLVERVGALGXEARAYGVNVLLGPGVNIHRSPLXGRNFEY Y
SEPPLLSGEXAAAYXXEBVQSXGVGASLEHFAANGNQETXRXTXDSXVDER
ALREIYLXGFEIAVKKARPWTV'SS LNBVYXSENXWLLTXVEXXEMIG
FXBFVMSBWGXVXDRVAANAGLDLXMPGEPGQALVAAVKSGKLXEEXLD
XXVRRILXLIXRXGAFKKXGAXPHHALARXAAAEGMVLEKNVAVIBEXAX
DPRNXQEGGSSQVNPTYXVSXXEGLKAAGGDA

Hinh 1. Trinh ty probe cho beta-glucosidase thudc ho GH3
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Chii thich: X: Goc amino acid khéng xdc dinh; chir té mau la goc bdo ton 6 tat
cd cdc trinh tur (@); chir dam la cac gbc bao thi 6 da s6 trinh e @); chit nghiéng la
cde goc bao thii & mot sé trinh ty (@).

Pé tim gi tri tham chiéu cho viéc sir dung probe trong khai thac gen, nhém
tac gia tién hanh so sanh do tuong dong giita probe véi ting trinh tu da sir dung dé
xay dung nén chiing. Két qua dugc tong hop (bang 2) cho thay véi diém téi da trén
122, d6 bao phii va d6 tuong dong tdi thiéu l1an lugt 1a 79% va 38%, probe co thé
nhan biét 13 beta-glucosidase GH3.

Bang 2. So sanh tuong dong gitta probe v&i 12 trinh ty thuoec GH3

Tl;il;lh Ma trinh ty Diédn; toi g:::lgl Po lz(;a/g)phﬁ Giz;E tri ggn;ug)zg)
11 | CAA33665.1 244 244 98 2e-78 53
9 BAJ09393.1 244 244 95 2e-78 54
1 AFS34657.1 219 239 94 9e-69 50
12 | AGU13704.1 207 207 98 le-64 49
4 AEX88466.1 207 207 97 2e-64 49
2 | AAA22082.1 206 225 99 5e-64 49
3 AAA86753.2 199 199 98 2e-61 43
6 | ADK91094.1 184 202 85 9e-56 46
7 | AAC38196.1 162 200 98 Te-48 43
5 AAB66561.1 140 140 79% 4e-40 38
8 BAA03152.1 137 156 86 3e-39 40
10 | AGS08637.1 122+ 122 85 4e-34 39

Chii thich: (*) Gid tri tham chiéu.

3.3. Lua chon va danh gia cac trinh ty tir dir liéu DNA metagenome cua vi
khuén trong da cé dé

Két qua BlastP probe dugc xay dung v6i 164.644 ORF tir dit liéu DNA
metagenome cuia vi khuén trong da c6 dé, dua trén gid tri tham chiéu, probe da nhan
59/302 ORFs ma hoa beta-glucosidase GH3 dung nhu du doan béi dit liéu KEGG va
CAZy (bang 3).
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Bang 3. Trinh ty tr dit liéu DNA metagenome cua vi khuén da c6 dé
dugc khai thac bang probe dic trung cho beta-glucosidase GH3

bé bé bo bé
Mi | Piém | bao o, ... | twong | Mi | Piém | bao .., . | tuong
gen |téida | phi Gia tri E dong gen |tdida | phi Gid tri E dong
(%) (%) (%) (%)

4506 | 205 98 4.00E-61 46 3894 190 94 1.00E-55 45

4363 | 205 98 5.00E-61 46 3914 190 86 1.00E-55 48

4221 | 205 98 4.00E-61 45 4178 189 98 2.00E-55 44

4563 | 204 98 8.00E-61 44 4103 189 94 2.00E-55 45

4566 | 202 98 4.00E-60 44 4378 189 94 2.00E-55 | 45

4750 | 202 90 | 4.00E-60 47 | 20457 | 188 95 6.00E-57 | 43

4252 | 201 98 9.00E-60 45 4125 187 94 1.00E-54 | 45

4509 | 199 98 4.00E-59 44 3979 | 187 89 2.00E-54 | 44

4580 | 198 98 9.00E-59 45 15453 | 184 90 4.00E-55 | 45

4222 | 198 98 2.00E-58 45 6729 184 90 4.00E-54 | 44

4456 | 197 98 3.00E-58 43 34030 | 184 &9 3.00E-56 | 43

8686 | 196 98 1.00E-58 43 4807 | 184 84 2.00E-53 | 48

4081 196 94 8.00E-58 46 9590 | 179 93 2.00E-52 | 46

4148 | 196 94 1.00E-57 46 | 21627 | 172 96 9.00E-51 42

27003 | 195 98 6.00E-60 44 3999 | 145 89 1.00E-39 | 41

4273 | 195 98 2.00E-57 43 3920 | 145 &3 2.00E-39 | 40

4240 | 194 98 4.00E-57 44 4317 | 143 &9 7.00E-39 | 40

4532 | 194 98 3.00E-57 43 15912 | 142 &9 3.00E-39 | 40

4309 | 194 98 5.00E-57 42 4279 | 142 89 2.00E-38 | 39

3916 | 194 98 6.00E-57 42 4885 142 87 9.00E-39 | 41

4151 194 94 5.00E-57 46 8510 | 142 87 1.00E-38 | 41

3960 | 193 97 8.00E-57 44 4005 141 &9 3.00E-38 | 39

4170 | 192 94 3.00E-56 46 4040 | 140 &9 7.00E-38 | 39

4133 | 192 94 2.00E-56 45 29414 | 140 87 2.00E-39 | 41

4109 | 192 94 3.00E-56 44 27578 | 138 79 2.00E-38 | 43

4110 | 192 84 3.00E-56 49 19474 | 137 88 7.00E-38 | 40

9646 | 191 94 | 4.00E-57 46 | 43583 | 137 83 7.00E-39 | 42

5940 | 191 90 3.00E-56 46 5059 134 79 6.00E-36 | 42

45892 | 191 82 2.00E-59 49 17700 | 131 79 3.00E-35 | 42

5436 | 190 98 7.00E-56 43
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bé khéng dinh r6 hon cac trinh tu khai thac 1a beta-glucosidase, cAu tric bac
ba ctia 5 trinh tu dugc lya chon ngau nhién duoc udc doan cAu trac béng Swiss Prot.
Két qua so sanh cac trinh tw ndy déu tuong dong véi cac khuon co hoat tinh beta-
glucosidase véi cdu trac bac 3 khac nhau tir 40,92+49,93% va d6 bao phu déu trén
85% (bang 4, hinh 2). Nhu vay, két qua thu duoc cho thay probe di xay dung dugc
la dac hi€u cho beta-glucosidase GH3.

Bang 4. U6c doan céu trac bac ba cua cac trinh ty bang Swiss Prot

by | Do
Ma Khuoén Hoat tinh ba? tu’:)’ ne Phu’(’)'ng Céu tric thon
gen : phu | dong phap tw

(Y0) | (“0)
4221 | 2x40.1.A | Beta-glucosidase | 90 | 49,22 | X-ray, 2.3A | homo-dimer | 8 x BR

. 1xGLC,
4363 | 2x42.1.A | Beta-glucosidase | 91 | 49,93 | X-ray, 2.1A | monomer
4xBR
. homo- R
45892 | 3abz.1.A | Beta-glucosidase I | 93 | 40,92 | X-ray, 2.1A Khong
tetramer
. homo- R
29414 | 3abz.1.A | Beta-glucosidase I | 98 | 53,21 | X-ray, 2.1A Khong
tetramer
) . 1xMPO,
27578 | 4i3g.1.A | Beta-glucosidase | 85 | 41,55 | X-ray, 1.4A | monomer IXBGC
X

Hinh 2. CAu tric bac ba cua beta-glucosidase GH3 twong dong
véi cac trinh ty duoc khai thac bang probe sir dung Swiss prot

Chu thich: A: Khuon (template) 2x40.1.A; B: 2x42.1.A; C: 4i3g.1.A; D: 3abz.1.4
thuoc ho GH3; BR: Bromide; GLC: (2§,3R,4S,5S,6R)-6-(hydroxymethyl)oxane-
2,3,4,5-tetrol; BGC: (2R,3R,4S,5S,6R)-6-(hydroxymethyl)oxane-2,3,4,5-tetrol; MPO:
3-morpholin-4-ylpropane- 1-sulfonic acid.
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4. KET LUAN

Probe dic hiéu beta-glucosidase GH3 da dugc thiét ké thanh cong c6 330
amino acid tir 12 trinh ty amino acid cua beta-glucosidase GH3 cua vi khuan. Sir
dung probe, da lua chon dugc 59 trinh tu beta-glucosidase GH3 tir dir liu giai trinh
tw DNA metagenome cua vi sinh vat trong da cé dé. Cac trinh ty nay déu duoc ude
doan 1a beta-glucosidase dua trén dir licu KEGG, CAZy va SwissProt. Viéc lua chon
cac trinh tir acid amin cta enzyme nay da dugc nghién ctru chi tiét vé hoat tinh tir vi
khuan dé x4y dung 01 probe thuéc ho GH3 sé& tiét kiém duogc thoi gian va hd trg
hiéu qua cho viéc lya chon cac gen ma hoa cho beta-glucosidase tir by dir licu DNA
metagenome rat 16m thu duge thong qua giai trinh tu da hé gen mau da c6 dé tai mot
s6 vung sinh thai ctua Viét Nam.

Léi cam on: Cong trinh dwoc thwe hién bang nguon kinh phi cia Pé tai déc
lap: “Nghién ciru metagenome ciia mot sé hé sinh thai mini tiém ndang nham khai
thdc cdc gen méi ma héa hé enzyme chuyén héa hiéu qua lignocelluloses", ma sé
PTPLCN.15/14, trang thiét bi ciia Phong Thi nghiém trong diém Cong nghé gen.
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SUMMARY

PROBE DESIGN FOR EXPLOITING GENES ENCODING
BETA- GLUCOSIDASE GH3 FROM DNA METAGENOME
OF BACTERIA IN GOAT RUMEN

Beta-glucosidase enzyme belongs to family GH3 is widely used in food,
medicine and pharmaceutical industries. In order to quickly search for these enzyme
coding sequences from DNA metagenomic data, in this study, bacterial-derived
enzyme-coding sequences which was investigated empirically on the CAZy database
was collected. By analogy, we have developed that a specific probe for beta-
glucosidase GH3 had a length of 330 amino acids, which contains 26 conserved
residues in all sequences, 37 residues similar in almost sequences, and 21 residues
conserved in many sequences and homologous with all the reference sequences with
the lowest coverage and identity of 79% and 38% respectively and max score of
122. Probe was used and extracted 59 coded sequences of beta-glucosidase GH3
from the metagenome DNA sequences of goat rumen bacteria. The most ORFs were
annotated as beta-glucosidase GH3 by KEGG and CAZy. The sequences are
estimated to have a tertiary structure similar to beta-glucosidase.

Keywords: BLASTP, beta-glucosidase GH3, DNA metagenome, ClustalW, probe.
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