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TOM TAT

Trong nghién ctru treée, metagenomic DNA cua vi khuan trong da co dé da duogc giai trinh ty véi kich thude di
liéu 1a 8,4 Gb va 164,644 gen da dugc du doan. St dung cac bo dir lieu CAZy, KEGG, COG, 384 trinh ty ma
héa cho beta-glucosidase dd duoc khai thac trong d6 ¢6 131 trinh tu duge ude doan 1a trinh ty hoan thién. Phan
I6n (93,1%) trinh ty c6 kich thuéc 16n trén 700 amino acid, c¢é chi sé pl trong khoang 5,0-6,5 mang vuing trung
tam x{c tac thuoc ho GH3 va cé ving phu tro FN3. Cac enzyme duoc ude doan c6 chi sb alkaline cao, trong d6
67,9% enzyme c6 kha niang hoat dong o ving pH kiém (chi sé alkaline >0.6). Bn enzyme c6 chi s6 pl cao
nhung duoc wdc doan hoat dong tét & viing pH axit va 3 enzyme c6 chi sb pl cao dugc udc doan hoat dong &
viing pH kiém. Trong 7 enzyme nay, 5 enzyme dugc xac dinh 1a enzyme tiét, c6 trinh ty tin hiéu tiét ¢ phia dau N.
Hon nira s6 enzyme (69 enzyme) duoc uéc doan bén o nhiét do trén 65°C. Hai enzyme c6 kich thudc thip nhat
dugc ude doan c6 kha nang hoat dong ¢ pH kiém. Cac bién s6 do dal gen, gia tri pl, gi4 trj alkaline, kha nang
bén nhiét, cau tric enzyme la cac blen doc lap, chua xac dinh dugc méi lién quan véi nhau. Nghién ctru nay da
cung cap nhitng théng tin chung vé mot s6 dic diém co ban cua beta-glucosidase duge udc doan dya trén phan
tich tin sinh hoc, ¢6 gié tri cho dinh hudng khai thac gen va biéu hién gen.

Tir khoa: Beta-glucosidase, chi s alkaline, dix liéu 8,4 Gb, in silico, vi khuan trong da c6 dé.

MO DAU

Beta-glucosidase (BGL, EC 3.2.1.21) 14 enzyme quan trong dwoc (ng dung nhiéu trong nhiéu nganh céng
nghiép, ndng nghiép, thuc phdm va y dwoc. BGL ¢6 kha néng xuc tac chuyén héa gbe glucosyl tir dau khéng khiv
cla ca ba loai lién két aryl-, alkyl va beta-glucoside trong disaccharide va ca cac chudi oligosaccharide ngan
thanh glucose va cac chudi polysacchradide ngdn hon. Enzyme dwoc dung trong chuyén hoéa sinh khi
lignocellulose cho san xuét cdn sinh hoc. Ngoai ra, enzyme c¢6 vai trd quan trong trong nhiéu qua trinh sinh hoc &
cac co thé sdng khac nhau va dwoc (ing dung rong rai trong cong nghiép thuc phdm, cong nghiép hwong liéu, tai
ché gidy, khir doc bot sén va ting téc d6 dwdrng hda, chuyén hda chét xo trong thirc &n gia suc, gia cam, ting
hiéu qua st dung thirc &n, hap thu chét dinh dwéng tir thirc &n cho déng vat. & trong mét sé diéu kién nhat dinh,
beta-glucosidase con dwoc st dung trong tdng hop oligosaccharide, aryl-, alkyl-beta-glucoside. Day 1a cac hop
chét c6 tinh &n dinh cao, than thién v&i méi trwéng, bé mat khong bi ion héa va tw phan hady sinh hoc, dwoc tng
dung nhiéu trong ché tao thuéc, vaccine, sdn pham lam dep, céng cu trong chan doan,... (Seeberger, Werz,
2007; Tran et al., 2023; Ma et al., 2024). Vi vay enzyme nay rat dwgc cadc nhém nghién ctu trén thé gi¢i quan
tam nghién ctu, tim kiém dé (ng dung vao cong nghiép.

Hién nay, viéc (r’ng dung BGL vao thuc t& con nhiéu han ché do enzyme thwérng cé hoat d6 thép, chi hoat dong
tbt nhét & nhiét d6 40—-70°C va pH 4,5-5, nhung cac (rng dung cdng nghiép thwéng can enzyme hoat dong & phd
pH rdng va nhiét dd ndm ngoai gi&i han nay. Vi du, cac budc tién xi Iy sinh khéi trong qua trinh san xuét nhién
liéu sinh hoc thwéng hoat dong & nhiét do trén 80°C (Rocha et al., 2023). D& tang hwong vi cho nwéc ép tréi cay,
cac enzyme c6 hoat tinh téi wu & pH acid 2,8-3,8 sé thich hop d& gidi phéng cac chat bay hoi cé chra két
glycoside (Godse et al., 2021). BGL thuéng rat nhay cdm véi glucose nén dé bj trc ché néu san phdm chuyén
héa tang cao (Ahmed et al., 2017). Vi vay, viéc nghién ctu mé& réng tim kiém cac ngudn gen méa héa cho céc
BGL c6 déc tinh quy, dwoc uéc doan tir dir liéu DNA metagenome tir cac hé sinh thai tiém n&ng la rat can thiét.
Hién nay, cong nghé Metagenomics da dwoc trng dung dé giai trinh ty da hé gen cuda vi sinh vat trong hé sinh
thai da cho ra nhirng bd di¥ liéu gen rat I&n t nguon vi sinh vat chwa nudi cay dwoc. Pay la ngudn gen rat mai,
chwa dworc khai thac, mang nhirng thong tin méi vé cu triic cla cac loai protein/enzyme khéac nhau. Cuing véi sy
phét trién ctia cong nghé thdng tin, viéc khao séat cAu tric va tinh chat clia enzyme tlr di¥ liéu 16n nay c6 thé thuc
hién dwoc dé dwa ra nhitng thong tin mai vé cau tric ciing nhw dac diém cla nhém enzyme trong hé sinh théi,
cho phép Iwa chon enzyme cé dac tinh quy cho nghién cru trng dung.
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NGUYEN VAT LIEU VA PHUONG PHAP

Vat liéu nghién ciru

D@ liéu DNA metagnome co kich thwéc 8,4 Gb cla vi khudn trong da c6 dé thu dwoc tir gidi trinh tw bang hé
thong HiSeq Illumina 2500 (lllumina, San Diego, Hoa Ky). T 8,4 Gb di liéu, chung téi da lap rap va wéc doan
duwoc 164,644 gene. Sau d6 st dung cdng cu BLASTall, cac gen nay da dwoc so sanh véi co s& div lieu CAZy
(carbohydrate-active enzymes database- CAZy, http://www.cazy.org), Kyoto Encyclopedia of Genes and

Genomes (KEGG) (Kanehisa et al., 2008), Cluster of Orthologous Groups (COG) (Powell et al., 2011) dé chu giai
chtrc nang cua tirng gen (Do et al., 2018a, 2018b).

Nghién ctru khai thac cac trinh tw ma héa beta-glucosidase tir b6 dir liéu DNA metagenome

Tu cac két qua chi gidi chire nang dua trén bo dir lieu CAZy, KEGG, COG, céc trinh tw ma héa cho BGL sé&
duoc trich xuét ra moét file riéng. Cac théng tin v& ma gen, trinh tw gen, trinh tw amino acid suy dién tir gen dugc
trich xuét bang cong thirc Vlookup trong Microsorf Excel. D6 twong ddng cla trinh tw amino acid v&i cac trinh tw
trong div liéu KEGG/CAZy/NR NCBI sé& dwoc trich xuét theo clng trinh tw.

Nghién ctru danh gia da dang phé pl va chi sé axit/kiém dw doan cuia beta-glucosidase

Khéi lwong phan t& va gia tri pl cGa méi trinh tw enzyme BGL dwoc wéc doan bang céng cu wéc doan trong
EXPASY (https://web.expasy.org/compute_pi/). Khodng pH hoat dong clia enzyme dwoc wédc doan dwa trén
phén mém AcalPred (http://lin.uestc.edu.cn/server/AcalPred). Day 1a céng cu co thé dat dwoc dd chinh xac tdng
thé 1a 94, 01% (Fan et al., 2013). Khi mét trinh tw amino acid nhap vao, phén mém Sé ty dong tinh toan va cho ra
két qua cudbi cung vé kha nang chiu klem/aX|t clia protein sau vai phat. Két qua cudi 1a mot gia tri trong khoang
gi®i han tlr 0 dén 1 theo mrc tang cla chi sb truy van. Néu viéc khao sat mirc do hoat déng trong viing alkaline
thi trinh tw ndo c6 chi sb cang gan 1 1a trinh tw c6 kha néng hoat déng tét & viing alkaline. Do vay, d6i véi 1 trinh
tw, tdng gié tri alkaline va acid sé bang 1.

Dw doan kha nang chju nhiét cia enzyme

Dwa trén thanh phan va trinh tw cGa cac amino acid, lién két hidro, lién két Vanderwaals, twong tac ky nwéc va
d&c diém cla cac enzyme tlr cac sinh vat sdng trong diéu kién moi trwéng c6 nhiét dé cao (Ebrahimi et al., 2011),
Phan mém cda TBI (www.tbi.org.tw/tools) xay dwng trén sé liéu ctia 150.000 protein chiu nhiét d6 khac nhau
trong ngan hang NCBI dé dy doan kha nang chiu nhiét, dwa trén nguyén tic twong déng. Kha nang chiu nhiét
dwoc dw doan & ba mtrc 14 trén 65°C, 55-65°C va dwdi 55°C.

Dw doan cau tric chia enzyme

M6t sb cong cu dy doan ciu truc dwoc wng dung nhiéu trong nhitng n&m gan day la Swiss-Prot (c6 tich hop
AlphaFold), Phyre2 hay Comparative modelling. M&i cdng cu cé wu diém riéng, phu hop véi teng nhém trinh tw
c6 dd twong ddng véi cAu tric cé san khac nhau. Cong cu Swiss-Prot cho phép wéc doan cau tric phan tu cla
céc trinh tw mé&i, c6 do twong ddng thap, khé wéc doan duwoc bang Phyre2. Phyre2 la cong cu dw doan cAu tric
bac ba cla céc trinh tw dya trén nguyén Iy nhan biét viing cudn xoan theo cac twong tac phan t& ddi véi cac trinh
tw c6 d6 twong ddng voi cAu tric da biét trén 30%. Phwong phap Comparative modelling c6 thé giap dw doan
cu tric phan t& dbi véi céc trinh tw c6 dd twong ddng cao trén 50% so véi trinh tw da biét. Trong nghién ctu
nay, cac enzyme dwoc dy doan cAu tric dwa trén trinh tw amino acid b&ng céng cu Phyre2 (http://www.sbg.bio.ic
.ac.uk/~phyre2, truy cap thang 6/2024) voi ché d6 md hinh héa mé& rong (intensive) do ching c6 doé twong dong
phl hop vé&i véi clu tric da biét khoang trén 30%. CAc viing bao tha cia enzyme dwoc wéc doan dwa trén cong
cu wéc doan viing bao thd clia géi cong cu tryc tuyén BLAST.

KET QUA VA THAO LUAN
Khai thac cac trinh tw ma hoa beta-glucosidase

T 164,644 gene, chiing ti da thu dwoc 387 trinh tw ma héa betaglucosidase. Trong sb cac trinh tw nay chi co
131 trinh tw hoan thién (chiém 29,2%) 88 trinh tw thiéu ddu 3', 60 trinh tw thiéu dau 5' va 103 trinh ty thiéu ca hai
d3u. Trong s6 céc trinh tw hoan thién c6 43 trinh tw dwoc chi gidi chirc ndng dwa trén di liéu COG, 113 trinh tw
chu gidi chrc nang béi KEGG (dat 86,25%), 131 trinh tw dwoc chu gidi béi CAZy (dat 100%). Nhw vay, di liéu
CAZY cho dat ti 1& chi gidi gen thanh céng cao nhat, dat 100%.
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Hinh 1. Biéu dd phan b6 do dai (A) va pl (B) cia 131 trinh tw amino acid cta beta-glucosidase tir bd div ligu DNA
metagenome trong da cé dé

Két qua khao sat dé dai céc trinh tw cho thay, trinh tw gen c6 do dai ngan nhét la 257 amino acid va dai nhét la
894 amino acid. Trong d6 c6 122 trinh tw (chiém 93,1%) cé d6 dai trén 700 amino acid. Phan I&n cac trinh ty ¢
chi sb pl nghiéng vé phia axit nhe, ndm trong khoang 5,0-6,5 chi cé 1 trinh tw c6 chi sé pl thp dwdi 5 va 6 trinh
tw c6 pl cao trén 7 (Hinh 1B). Trinh tw cé kich thwéc thap nhat dwoc wéc doan cé chi sé pl thdp nhét. Khong co
méi lién hé nao gitra d6 dai va gia tri pl clia beta-glucosidase.

Théng thueng céc trinh tw beta-glucosidase GH1 thueng c6 kich thwéc khoang 400-500 amino acid. Dién hinh
nhw BGL GH1 ctia Trichoderma spp. thudng cé kich thuéc trong khodng 455 dén 466 amino acid (Mohamad Sobri
et al., 2020). C4c beta-glucosidase GH3 thwong ¢6 kich thwéc I¢n hon do phan t& thwong ¢ 2 module cho hoat
tinh xdc tac 1a GH3N va GH3C cling v&i cac ving phu tro khac gidp enzyme bam 1én co chat (Nguyen et al., 2021).
Trong nghién ctru ndy, tat ca cac trinh tw déu dwoc CAZy wdc doan la beta-glucosidase GH3 va phan 16n ¢
thém vang FN3 & phia sau ving GH3C. Day 1a cu tric kha dién hinh cla enzyme beta-glucosidase trong da cd
dé. CAc nghién ctru ciing cho thdy didm dang dién cla cac beta-glucosidase trong bd di¥ liéu nghiéng v& ving
axit nhe, trong khi d6 cac enzyme beta-glucosidase GH1 cta Trichoderma spp. c6 diém déng dién dao déng
trong khoang 5,10-5.53 (Mohamad Sobri et al., 2020).

Khao sat kha niang hoat déng & viing pH kiém ctia enzyme

Theo wéc doan bang phdn mém AcalPred, cac enzyme beta-glucosidase trong da cé dé cé kha naéng hoat déng
trong ving pH rat rong, tlr viing pH rét axit (v&i chi s alkaline thap nhat (0,05)) dén ving hoat déng rat kiém (chi
s6 alkaline cao nhat 1a 1). Néu phan loai chi s6 alkaline thanh 3 vung 1a viing axit (chi sé alkaline <0,4) viing trung
tinh (I&n hon 0,4 va nhé hon 0,6) va ving kiém (tlr 0,6 dén 1,0) thi 30 enzyme hoat dong & vung axit, 12 enzyme
hoat déng & viing trung tinh va 89 enzyme (chiém 67,9%) hoat dong & viing pH kiém (Hinh 2). Quan sat trén biéu
dd (Hinh 2B) c6 thé thay, sw phan bb enzyme hoat dong & céc ving pH khac nhau 1 ngdu nhién, khéng c6 méi
lién quan t&i diém déng dién cha enzyme. Tuy nhién, c6 4 enzyme c6 gia tri pl cao lai hoat dong tét & ving pH
axit, trong khi d6 cé 4 enzyme c6 pl cao hoat déng & ving pH cao, khéng c6 enzyme pl thp hoat déng & ving
pH cao va ciing khéng nhin thdy enzyme cé pl thap hoat dong & viing pH thap (Bang 1). Két qua khao sat mdi
lién quan gitra do dai trinh tw va gia tri alkaline ciia enzym ciing cho thay hai dai lwgng nay khdng cé méi lién hé
véi nhau (két qua khong dwoc trinh bay).
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Hinh 2. Biéu d6 phan b6 sé lwong cac trinh tw beta-glucosidase theo chi sé alkaline (A) va sw twong quan giira chi sé
alkaline véi pl ctia 131 trinh tw
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Bang 1. Mot sé dac diém chia 4 trinh tw c6 pl cao hoat déng trong viing pH thap va 3 trinh tw pl cao hoat ddng trong
viing pH cao trong bo dir liéu DNA metagenome cua vi khuén trong da cé dé

Ma trinh tw (E’jlém?na(i Itljgh’?lig pl \i(l]uncg le]énug t:;?’ ng MaCazyl Biséém Diém_ s6 Tm
acid)  (kDa) tac  C g/g)g KEGG g  alkaline

[denovogenes]_3474 819 90,6 8,62 GH3 40,93 CBK66838 0,29 0,71 >65
[denovogenes] 17198 493 54,1 8,35 GH3 FN3 46,36 K05349 0,78 0,22 >65
[denovogenes]_5059 741 81,7 8,32 GH3 FN3 44,48 K05349 0,21 0,79 55-65
[denovogenes] 11003 580 641 825 GH3 FN3 86,14  K05349 0,65 0,35 55-65
[denovogenes]_2683 869 97,0 8,11 GH3 FN3 76,46 K01188 0,95 0,05 55-65
[denovogenes]_ 2632 874 96,9 8,1 GH3 FN3 76,62 K01188 0,77 0,23 >65
[denovogenes]_4363 775 84,4 7,48 GH3 FN3 60,57 K05349 0,06 0,94 55-65

Dwa trén phan mém SignalP 5.0 cGa Trwong Pai hoc Ky thuat Dan Mach (https://services.healthtech.dtu.dk
/services/SignalP-5.0/), trong sb 7 trinh tw & trén, cac trinh tw c6 kich thwéc Ién hon 700 amino acid déu cé chira
tin hiéu tiét, con hai trinh tw kich thwéc nhé khéng chiva tin hiéu tiét. TAt ca cac trinh tw déu cé hai viing xic tac
ctia GH3N va GH3C trong d6 5 trinh tw c6 ving FN3 dwoc cu tao béi phién beta. Cac trinh tw d&u cé cAu tric
dic thu cla beta-glucosidase gdm céau tric TIM (B/a)8 barrel, (a/B)6 barrel (Hinh 3). Céac chu tric beta
glucosidase déu twong ddng 31-51% so v&i cAu tric cla beta-glucosidase trong div liéu PDB. Trinh tw FN3 da
dwoc nghién ctru cé kha nang lam tang gia tri pl cho enzyme (Nguyen et al., 2021). Enzyme ma hda tlr gen
[denovogenes]_3474 c6 cAu truc twong ddng 33% véi glycosyl hydrolase family 3 (Kim et al., 2011). Enzyme ma
hoa tir gen [denovogenes] 5059 c6 clu tric twong dong 37% véi beta-glucosidase chiu nhiét cta Clostridium
thermocellum (Almeida, Muniz, 2022). Quan sat ciu tric cia cac enzyme, ching ti khéng nhan thy cac diém
khéac biét gitra cac enzyme c6 pl cao nhwng c6 kha nang hoat déng & vung pH axit va enzyme c6 pl cao nhuwng
dy doan hoat déng trong vung pH bazo.

TIM (B/a)8 barrel (a/B)6 barrel

[denovogenes] 3474 [denovogenes] 5059

Hinh 3. C4u tric dw doan cua hai beta-glucosidase dién hinh ma héa tte hai trinh tw gen
Khao sat kha nang bén nhiét cia cac enzyme beta-glucosidase

Dua trén phan mém TBI (www.tbi.org.tw/tools), kha ndng bén nhiét ctia enzyme théng qua chi sé Tm da duoc
wéc doan. Két qua, 100% céc trinh tw dwoc wdc doan cé kha nang bén nhiét cao tir 55°C tré 1én va khéng cé
trinh tw n&o bé&n nhiét thap dwéi 55°C. Trong d6 53% sb6 lwong enzyme (69 enzyme) dugc wéc doan bén & nhiét
do trén 65°C, ddng nghta la 53% enzyme sé& bi méat hoat tinh khi nhiét d6 tang lén trén 65°C va 47% sb enzyme
con lai bi mat hoat tinh & nhiét d6 55-65°C. Két qua khao sat mdi lién hé gitra d6 dai trinh tw v&i kha nang bén
nhiét clia enzyme cho thay, hai dai lwong nay khéng c6 méi quan hé v&i nhau. Trong dé dang chi y 1a hai
enzyme c6 trinh tw ngan nhét lai dwgc dw doan hoat dong & trong viing pH kiém. Trinh tw [denovogenes] 68027
tao thanh t» 257 amino acid 1& trinh tw ngén nhéat trong bd di liéu, tiép theo dé 1a trinh tw [denovogenes] 39321
c6 352 amino acid. Ké&t qua khao sat cAu trdc ctia enzyme bang Phyre2 cho thay ca hai trinh tw c6 cAu tric twong
ddng cao v&i beta-glucosidase trong dé enzyme [denovogenes] 68027 dwoc wdc doan cé clu tric twong ddng
52% so v&i cAu tric cla beta-glucosidase bglpccl cla Prevotella copri (Zhou et al., 2023). Enzyme ma héa ti
gen con lai cé clu tric twong ddng 45% va&i ciu tric cla beta-glucosidase cla Kluyveromyces marxianus
(Yoshida, Hidaka, 2010). Ca 2 enzyme d&u cé c4u tric FN3 & ving dau C va mot phan cia cau trac (a/B)6 barrel
& dau N. Do vay rat c6 thé enzyme bi thiéu di ving GH3N. Tuy nhién, d& chéc chan day cé phai la enzyme hoan
thién, cé thé& hién chirc nang sinh hoc hay khéng thi can phai duwgc nghién ciru tiép bang sinh hoc phan ti tai td
hop gen.
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Hinh 4. Biéu dd phan bé cac enzyme beta- qu005|dase dwa theo do dai, gia tri alkaline va kha nang bén nhiét
clia cac enzyme (A), cau tric wéc doan clia hai enzyme méa héa tiv hai gen dién hinh (B, C)

KET LUAN

Trong sb 131 trinh tw hoan thién ma héa cho beta-glucosidase dwoc khai thac tlr di¥ liéu giai trinh tw da hé gen
cta vi khuén trong da cé dé, 100% trinh tw c6 ving xGc tac GH3, 93,1% trinh tw c6 kich thwéc lon trén 700
amino acid, 67,9% enzyme c6 kha nang hoat déng & viing pH kiém (chi sb alkaline >0,6), 52,7% enzyme wéc
doan bé&n & nhiét d6 trén 65°C. Két qua nay cé y nghia cho lwa chon trinh tw ma héa enzyme cé d&c tinh mong
muén cho biéu hién protein dang tai t& hop.

La&i cam on: Cong trinh duwoc hé tror kinh phi tir @é tai nghién cizu ma s NCVCC08.05/24-25 do PGS. TS Pé Thi Huyén 1am
chi nhiém.
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SUMMARY

In a previous study, metagenomic DNA of bacteria in goats' rumen was sequenced to yield of 8.4 Gbh, from
which 164 644 genes were predicted. Using CAZy, KEGG, COG databases, 384 genes coding for beta-
glucosidase were mined, of which 131 sequences were estimated to be complete sequences. The majority
proportion (93.1%) of the enzymes coded by the complete genes had long size of over 700 amino acids. The
significant portion of the enzymes possessed pl value in the range of 5.0-6.5, contained a catalytic domain
belonging to GH3 family and an auxiliary region FN3. The enzymes were estimated to have a high alkaline
score, of which 67.9% of enzymes were predicted to be capable of exhibiting activity in the alkaline pH region
(alkaline index >0.6). Among them, four enzymes have high pl scores but were estimated to work well in the
acidic pH region and three enzymes had high pl scores but were estimated to work well in the alkaline pH
region. Of these seven enzymes, five enzymes were identified as secretory enzymes because of containing a
signal peptide sequence at the N-terminus. More than half of the enzymes (69 enzymes) were estimated to be
stable at temperatures up to 65°C. The two enzymes with the lowest sizes were predicted to be able to function at
alkaline pH. The amino acid length, pl value, alkaline value, Tm and enzyme structure were independent
variables, no relationship between each others were observed. This study has provided general information about
some basic characteristics of beta-glucosidase estimated based on bioinformatics analysis, which is valuable for
gene mining and expression.
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