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TOM TAT

Enzyme oxi hoa da dong c6 kha ning phan hiy da dang cdc loai co chit, vi vay, chiung duoc tmg dung nhiéu
trong thuc tién. Cac enzyme thudc nhém nay rat da dang & cac hé sinh thai khac nhau. Dir liéu DNA
metagenome cua vi sinh vat quanh khu nam muc trang dugc giai trinh ty, thu duge bo dir liéu 51,8 Gb. Sir dung
phin mém MGA di du doan dugc 4.104.872 ORF. Bang phan mém HMM di khai thac dugec 901 ORF mé hoa
enzyme oxi hoa da dong, trong d6 c6 338 ORF chira gen hoan thién. Trong s6 338 ORF hoan thién ¢6 109 ORF
chira trung tdm hoat dong la cac nguyén tu dong Dé khai thac duoc cac ORF d6, ching tdi sir dung phin mém
MegaX dé phan tich sy da dang vé gen. Két qua cho thdy cac gen dugc phan loai theo cac nhom: laccase,
ferroxidase, ascorbate oxidase, bilirubin oxidase, manganese oxidase va mot s6 dang enzyme oxi hoa khac. Két
qué phén tich cac ving chirc ning bang Pfam cho thiy c6 80 ORF chira 3 ving chirc nang va 29 ORF ¢6 2 ving
chirc nang. Cac nhém gen nay duge so sanh bang Blastp vdi co s dit liéu cia NCBI dé du doan chirc ning va
danh gid mirc d6 tuong dong. Két qua thay 14 ORF dai dién thudc 6 nhém enzyme nay c6 do bao phu tur
93 - 100%, 9 ORF co6 d0 tuong ddng cao vai cac protem da cong bd trén ngan hang NCBI (tir 85% tro 1én), con
lai 5 ORF c6 d6 tuong dong tlr 55 - 74%. Phin mém Phyre2 dugc st dung dé xac dinh céu tric bac hai cta cac
gen thudc cac nhom khac nhau, két qua thiy ciu truc bac hai cia cac enzyme oxi hoa da ddng véi cac protein da
dugc cong bd véi do tin cdy déu 12 100% va do bao phu tir 58 - 97%.

Tur khoa: Enzyme oxi héa da dong, lignocellulose, metagenome, metagenomic, nam muc trang, tin sinh hoc.

MO PAU

Tién x& ly 1a giai doan quan trong va tén kém nhét trong qua trinh chuyén héa lignocellulose. Trong qua trinh nay,
cAu trdc tinh thé cua soi lignocellulose dwgc néi 16ng, tao didu kien dé cac enzyme tham gia thiy phan cellulose
va hemicellulose hiéu qud hon ngudn co chét nay (Haghighi et al., 2013; Zheng et al., 2014). Trong tw nhién, sinh
khéi nay dwoc phan hiy chi yéu bdi cac enzyme cla cac vi sinh vat trong cac hé sinh thai khac nhau. NAm muc
trdng c6 thé chuyén héa tat ca cac thanh phan trong gé gém cellulose, hemicellulose va lignin, trong d6 lignin
dwoc phan hiy nhidu nhat. Kha ning nay c6 dwoc la do ndm tiét phirc hop enzyme khéng dic hiéu ngoai bao
tham gia phan hay lignin trong suét qué trinh phan hay lignocellulose. Tinh khong ddc hiéu cia enzyme lam
chuing chuyé&n héa dwoc rat nhidu loai hop chét cé cAu tric twong tw lignin. Sy phan gidi hiéu qua lignin ctia ndm
thwerng dwoc két hop cling véi cac enzyme clia vi khuan sng trong cling hé sinh thai. Trong sb cac enzyme cla
vi sinh vat trong khu hé quanh khu ndm muc trdng, enzyme oxi héa da ddng (multicopper oxidase-MCO) 1a ho
enzyme xUc tac cho cac phan (rng oxi hdéa khtr cac co chat ddng thoi xay ra sw khir phan ti oxi thanh nwéc.
Trung tdm xGc tac cla enzyme oxi héa da déng phu hop cho méi phan trng, gdm bén hodc nhidu hon cac
nguyén t&r ddng thudc ba trung tam ddng khac nhau vé quang phd I1a T1, T2, T3 (Aleksandra et al., 2018).
Enzyme thudc ho nay dwoc md ta nhidu nhat la laccase, ascorbate oxidase, bilirubin oxidase, ferroxidases,
enzyme giéng laccase (laccase-like multicopper oxidases) va mot sé dang khac (Copete et al., 2015; Hoegger et
al., 2006). Kha nang oxi héa khi*r manh va cé kha nang xuc tac da dang cac loai phan tng lam cho ho enzyme
nay ngay cang phd bién va co tiém naéng &ng dung cao. Viéc tim kiém cac hé sinh thai cé vi sinh vat tiét enzyme
nay c6 vai trd quan trong. Trong dd, rirng 1a khu hé sinh thai déc biét véi cac ngudn gen da dang, déc biét rirng
qudc gia Cuc Phwong la noi c¢é cac ngudn gen tién héa tw nhién it bi anh hwéng bdi tdc déng clia con nguoi.
Khu hé sinh thai nay Ia noi rat tiém ndng dé tim kiém cac ngudn gen méi. C6 nhidu phwong phap khac nhau dé
sang loc va tim kiém gen méi, trong d6 metagenomics la phwong phap nghién ctru vé da hé gen vi sinh vat cta
cac khu hé sinh thai tw nhién ma khéng can nudi cay ching trong didu kién phong thi nghiém. Trong nghién ctru
nay chuing t6i thdng bao két qua khai thac cac gen ma héa enzyme oxi hda da ddng tir div liéu DNA metagenome
ctia vi sinh vat quanh ndm muc trdng (Trametes versicolor) bing cac céng cu tin sinh.
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NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

DNA metagenome clia mau vi sinh vat khu tri xung quanh ndm muc trang (Trametes versicolor) thily phan g
trong rieng nhiét doi Cuc Phwong da dugc gidi trinh tw bang hé thong giai trinh ty HiSeq 2500 cla lllumina
(HNlumina, San Diego, Hoa Ky) tai Céng ty BGI, Hong Kéng, Trung Quédc (két qua chwa cong bo).

Phwong phap nghién ctru
Khai théc diF liéu bang phan mém MGA va mé hinh dai dién HMM

B6 dir liéu 51,8 Gb duoc tap hop than h cac trinh ty dai “contig” bang phan mém idba_ud
(http://www.cs.hku.hk/~alse /idba_ud), sau dé bang phan mém MGA (MetaGeneMark), cac contig dwoc phan tich
dé& dy doan cac khung doc mé& (ORF) - gene ma hoa protein va sir dung mé hinh dai diégn HMM (Hidden Markov
Model) qé tim kiém trinh tw twong dong trong cac khung doc mé& ké trén. D& tim kiém nhirng trinh tw thwe sw
twong dong co y nghia, két qua thé dwoc loc véi tiéu chi gia tri E (e-value) nhd hon 1e-10, ty I& chiéu dai doan
twong déng v&i md hinh dai dién HMM dung dé tim kiém so voi chiéu dai mé hinh d6 Ion hon 0,75 va ty 1& gia tri
bias:score nhé hon 0,1. M6 hinh dai dién HMM chuyén két qua so sanh da trinh tw thanh mét hé théng diém
(score) dac trwng cho tirng vi tri, tr d6 co thé st dung dé so sanh trinh tw, tim kiém trong co s& dir ligu dé tim
kiém cac trinh ty tvong dong (Eddy, 1998). M& hinh dai dién HMM cho biét thong tin v& méi vi tri trong trinh tuw,
loai géc amino acid hay nucleotide ndo cé kha nang xuét hién cao nhét, dong thoi xac sudt xuét hién dot bién
chén hodc mét, vi vay cach tiép can nay wu viét hon so v&i viéc st dung phan mém BLAST truyén théng trong
viéc tim kiém céc trinh ty twong déng (Eddy, 2011).

Xay dwng cay phén loai ctia céc ORF bdng phan mém MegaX

S dung Megax (Molecular evolutionary genetics analysis) phan tich trinh tw protein dé tao ra cay phat sinh tir div
liéu. Bwdc dau tién, xac dinh cac trinh ty twong dong duéi dang file fasta. pé phan loai cac trinh tw d6, MEGA
cung cAp hai cong cu khac nhau: ClustalW va MUSCLE. Sau dé tinh nang mé hinh clia MEGA cho phép chon mé
hinh thay thé pht hop nhét. Cudi cling, MEGA cung c&p mét giao dién manh mé va linh hoat cho bwéc cubi cling
la vé cay phan loai.

Phén tich cdc vung chiec ndng ctia ORF bang Pfam

Co s& div liéu Pfam (http://pfam.xfam.org/) la mét tap hop Ién cac ho protein. Protein thwong bao gdbm mot hodc
nhiéu vung chtrc nang, thwong dwoc goi la mién (domaln) Do do, viéc xac dinh cac mien co6 trong protein c6 thé
cung cap hiéu blet sau sac vé chlrc nang cua chung DPé dy doan cac ving chirc nang cia ORF béng Pfam,
chuing t6i cung cAp céc trinh tw proteln quan tam, st dung gia tri e - value va cung cép dia chi e-mail ca nhan, xac
nhan gwvi I&n théng qua trang web cla HMMer, két qua sé tra vé sau 2 - 3 ngay tuy thudc chidu dai chudi, sé
lwgng cac mién trén chubi.

So sdnh véi div liéu cua NCBI nho BLAST

BLAST (https://blast.ncbi.nim.nih.gov/Blast) 1a tap hop cac chuwong trinh dugc thiét ké @& tim kiém cac vung
twong dong gitra cac trinh tw nucleotide hodc protein v&i cac trinh tw trong co s& di liéu. O day, BLASTp dwoc
st dung dé tim kiém céc trinh tw protein twong dong trong ngén hang NCBI v¢i trinh ty protein dang quan tam va
tra vé két qua. Chuing t6i quan tam hai tham sé trong phan tich la d6 bao phu va mirc d6 twong doéng, dé cé thé
danh gia dwoc mirc d6 twong ddng clia protein dang nghién ctru so v&i co s& div liéu clia NCBI.

M6 phéng cau tric khéng gian va vj tri gan co’ chat ciia enzyme bang phan mém Phyre2

Phyre2 (http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index) 1a mét bo céng cu cd sén trén web dé dw
doan va phan tich cau truc, chirc nang va dét bien protein. Dé dw doan cau truc bac cao cQa protein, nguoi dung
gWri trinh tw protein dén,dé xac dinh cau tric bac hai va bac ba cia cac mé hinh, thanh phan mien va chat lwgng
mé hinh cua protein. Két qué dw doan cu tric dién hinh sé duoc trd vé trong khoang tir 30 phat dén 2 gid sau
khi guri.

KET QUA VA THAO LUAN
Khai thac trinh tw DNA ma héa enzyme oxi héa da déng

DNA metagenome clia vi sinh vat xung quanh khu ndm muc tréng dwoc tach chiét va giai trinh ty toan bd béng
thiet bj giai trinh tw theé hé méi (NGS). Ket qua giai trinh tw cho ra b di liéu 1én dén 51,8 Gb va dwoc tap hop
thanh 2.611.883 contig c6 chiéu dai trung binh la 898 bp va 4.104.872 ORF dworc xac dinh. St dung mé hinh dai
dién HMM dé tim kiém trinh ty twong dong trong cac ORF thu dwoc 3021 trinh tw ORF, sau khi loc thu dwoc 901
ORF théa man cac dieu kién. Trong 901 ORF gom 275 ORF ma hda cho ferroxidase, 6 ORF ma hda cho
laccase, 58 ORF ma héa manganese oxidase, 23 ORF ma hoa bilirubin oxidase; 11 ORF ma héa L-ascorbate
oxidase; 528 ORF ma hoéa cho cac enzyme khac. Trong 901 ORF mé& héa cho enzyme oxi héa da ddng néi trén,
c6 338 (37,51%) ORF la chi*a gen hoan thién con lai 563 ORF la chwa hoan thién. Trong sé 338 ORF hoan
chinh, c6 109 ORF c6 trung tam hoat dong la cac nguyén tdr ddng, con lai 229 ORF khéng c¢é trung tdm hoat tinh.
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Trong nghién ctru nay, ching t6i wu tién chon 109 ORF hoan chinh c6 c& diu 5, 3’ va trung tam xuc tac dé tiép
tuc nghién ctu (Bang 1).

Bang 1. ORF ma héa cho enzyme oxi hoa da déng tir di¥ liéu metagenome vi khuan xung quanh khu ndm muc tréng

Enzyme M3 E.C cgl::::; atl:r:lhrllir;t °Rt,F,i2§a" thig: Zsu ogg:hsi?“ o'deg‘Jé“ Téng
tinh 3

Ferroxidase 1.16.3.1 48 77 87 43 68 275
Laccase 1.10.3.2 5 5 1 0 0 6
Manganase oxidase 1.16.3.3 15 9 22 9 18 58
Bilirubin oxidase 1.3.35 11 14 6 2 1 23
L-ascorbate oxidase 1.10.3.3 4 4 2 2 3 1"
Cac dang oxi héa khac 26 229 105 101 93 528
Téng 109 338 223 157 183 901

Xay dwng cay phan loai cua cac ORF

Két qua dw doan cay phan loai dwoc thé hién nhw trén Hinh 1. Tl két qua cay phat sinh chlng loai cho thay 109
ORF dwoc phan chia thanh cac nhém khac nhau va kha twong (rng véi s phan loai cac enzyme oxi hoa da
ddng theo EC. 109 ORF dwoc chia thanh 14 nhém theo thir tw [a: 6 nhém ferroxidase (fer), 2 nhém laccase (lac),
2 nhém manganase oxidase (Mn), 2 nhém bilirubin oxidase (Bil), 1 nhém L-ascorbate oxidase (asc), va 1 nhém
cac dang oxi hoa khac.

Két qua nay phu hop véi cac két qua phan loai enzyme oxi hoa da ddng trwdc d6 (Demet et al., 2011; Aleksandra
et al., 2019). Theo Demet va déng tac gia (2011), cac loai enzyme oxi héa da déng tim thay tlr nhiéu loai khac
nhau nhw ndm, thuc vat va trong nghién clru nay da tim dwgc 6 nhdém enzyme trong ho enzyme oxi héa da ddng,
thé hién sy c6 mat da dang cla loai enzyme nay trong khu hé vi khu&n quanh ndm muc trang.

Phan tich cac ving chirc nang cua ORF

Protein thwong bao gdm mét hodc nhiéu ving chirc néng goi la mién (domain). Viéc xac dinh cac mién co trong
protein cung cép hiéu biét sau sic vé chirc ndng cla ching. Nhdm danh gia vé chlrc ndng cta cac enzyme
chung téi tién hanh xac dinh cac mién cta 109 ORF hoan chinh. Trong s6 109 ORF, c6 80 ORF c6 3 mién la Cu-
oxidase_3, Cu-oxidase va Cu-oxidase 2, c6 29 ORF c6 2 mién |a Cu-oxidase_3, Cu-oxidase 2. Trong sb 80
ORF c6 3 mién bao gdbm 45 ORF ferroxidase, 5 ORF laccase, 4 ORF manganese oxidase, 3 ORF bilirubin
oxidase, 23 ORF céac dang oxi héa khac. Trong 29 ORF c6 2 mién gdm 3 ORF ferroxidase, 11 ORF manganese
oxidase, 8 ORF bilirubin oxidase, 4 ORF L-ascorbate oxidase, 3 ORF cac dang oxi héa khac (Hinh 2, 3). Két qua
nay cling phl hop véi két qua nghién clu truéc dé ciia Demet va ddng tac gia (2011). Theo d6, phan 16n cac
enzyme oxi héa da ddng c6 ba viing chirc nang, ngoai trir mét s laccase & vi khuan cé hai viing chirc ndng va
ferroxidase c6 sau vung chirc nang.
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Hinh 1. Cay phan loai 109 ORF ma hoa MCO hoan thién cé trung tam hoat tinh
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Hinh 3. Biéu do thé hién 2 mién chirc ning trén 29 ORF ma héa MCO

So sanh véi dir liéu cia NCBI bang BLAST
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Céc gen sau khi dwoc dwng cay phan loai d& phan chia thanh cac nhém, sé dwoc lwa chon cac dai dién dé dw
doan chlrc nang va tinh méi bang Blastp. Trinh tw axit amin ctia cac ORF dwoc st dung dé tim kiém céc trinh tw
protein twong ddng trén ngan hang gen NCBI, qua d6 cé thé xac dinh chirc néng cla enzyme, ngudn géc va tinh
mé&i cia enzyme. C6 14 ORF dwgc chon twong (ng véi 14 nhém trén la:
GL0438616, GL0128778, GL0066452, GL0383976, GL0403474, GL0833795, 2 ORF ma hda
GL0436272, GL0023947, 2 ORF ma héa manganese oxidase: GL0029233, GL0040174, 2 ORF ma hda bilirubin
oxidase: GL0587006, GL0339309, 1 ORF ma hoa L-ascorbate oxidase: GL0110525, 1 ORF ma héa dang oxi héa
khac: GL0089833. Két qua thdy cac ORF ¢ dd bao phu tir 93 - 100% va c6 9 ORF ¢ d6 twong ddng cao véi
céac protein da cong bd trén ngan hang NCBI (tlr 85% tré 1&n), con lai 5 ORF c6 do twong déng tir 55 - 74%

6 ORF ma hoa ferroxidase:
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Bang 2. Két qua BLASTp dai dién 14 ORF hoan thién cé trung tam hoat tinh ma héa MCO

STT Ma gen Enzyme S6 axit amin | Do bao phu (%) | P twong dong (%)
1 GL0438616 Ferroxidase 592 100 93
2 GL0128778 Ferroxidase 745 100 98
3 GL0066452 Ferroxidase 490 99 63
4 GL0383976 Ferroxidase 430 99 55
5 GL0403474 Ferroxidase 460 100 98
6 GL0833795 Ferroxidase 520 100 74
7 GL0436272 Laccase 762 100 98
8 GL0023947 Laccase 758 100 92
9 GL0029233 | Manganese oxidase 510 100 89
9 GL0040174 | Manganese oxidase 535 97 68
11 GL0587006 Bilirubin oxidase 457 99 88
12 GL0339309 Bilirubin oxidase 527 94 87
13 GL0110525 | L-ascorbate oxidase 776 93 60
14 GL0089833 Dang oxi héa khac 923 100 87

Hinh 4. Dw doan cau tric bac hai ciia enzyme oxi héa da déng bang Phyre2
(A: GL0587006; B: GL0110525; GL0023947; D: GL0001853; E:GL0383976; F: GL0029233)

M6 phéng cau tric khéng gian va vi tri gan co’ chét cia enzyme

Mb&i nhém enzyme trong ho enzyme oxi hoa da dong duoc Iya chon mét ORF dai dién dé du doan cu tric bac
hai clia cac ORF vé&i sw sap xép clia ciu tric xodn a va gép nép B khac nhau. Két qua cho thay cAu tric bac hai
ctia cac ORF ma hoéa MCO tiy dir liéu DNA metagenome twong ddng véi cac protein cé hoat tinh oxi hda da doéng
da dwoc cong bb véi d6 tin cay 100% va dd bao phi kha cao tir 58 — 97%. ORF GL0587006 c6 2% xodn a, 46%
gap nép B, 4% xoan TM va 13% khéng xac dinh; GL0110525 c6 5% xoan a, 27% gap nép B, 2% xodn TM va
33% khéng xac dinh; GL0023947: c6 6% xoan a, 42% gap nép B, 2% xoadn TM va 18% khong xac dinh;
GL0001853: c6 5% xoan a, 40% gap nép B, 3% xoan TM va 26% khéng xac dinh; GL0383976: c6 2% xoan a,
47% gép nép B, 4% xodn TM va 13% khdng xac dinh; GL0029233: c6 11% xoan a, 28% gap nép B va 35%
khong xac dinh. Két qua nay gilp khdng dinh cac ORF dwoc lwa chon cé chirc ndng ma héa cac enzyme oxi héa
da dong nhw dy doan ban dau va co thé dwoc lwa chon dé tién hanh cac thi nghiém nghién ctru hoat tinh sinh
hoc clia ching. Két qua cAu triic khdng gian ba chiéu clia 6 nhém thudc ho enzyme oxi héa da déng dwoc trinh
bay trén Hinh 4.

KET LUAN

Chung t6i da khai thac dwoc 901 ORF ma hoa cho enzyme oxi hoa da ddng tlr dir lieu DNA metagenome cua vi
sinh vat quanh khu nam muc trang, trong dé c6 338 ORF chlra gen hoan chinh va 109 ORF chtra gen hoan chinh
¢6 trung tdm hoat tinh dwoc phén loai thanh 6 nhém ma héa cac enzyme khac nhau trong ho enzyme oxi hoa da
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déng: ferroxidase, laccase, manganase oxidase, bilirubin oxidase, L-ascorbate oxidase va cac dang oxi héa khac.
Trong d6, c6 80 ORF cé 3 vung chirc nang, 29 ORF ¢6 hai ving chirc ndng. Phan tich cAu tric cho thy cac
enzyme trong nhém nay cé do twong ddng cao véi cac protein da dugc cong bb.

Loi cam on: Cong trinh duge thiee hién bing nguén kinh phi ciia dé tai Nghi dinh thw Viét Nam - Céng hoa Lién bang Pirc
giai doan 2018 - 2021 md s6 NPT.50.GER/18 va sit dung trang thiét bj ciia Phong Thi nghiém trong diém Céng nghé gen,
Vién Cong nghé sinh hoc, Vién Han lam Khoa hoc va Céng nghé Viét Nam.
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MINING GENES ENCODING MULTICOPPER OXIDASE ENZYME
FROM METAGENOME DATA OF THE BACTERIA AROUND
WHITE-ROT FUNGI ECOSYSTEM

Nguyen Thi Binh%3, Dao Trong Khoa 23, Le Thi Thu Hong"3, Truong Nam Hai'3

" Institute of Biotechnology, Vietnam Academy of Science and Technology
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SUMMARY

Multicopper oxidase enzymes have the ability to decompose a variety of substrates, so they are used in many
practical applications. Enzymes belonging to this group are very diverse in different ecosystems. DNA
metagenome data of microorganisms around the white-rot fungi were sequenced, obtaining 51.8 Gb data set.
Using the predicted MGA software, 4.104.872 ORF, using HMM representation model to search for 901 ORF
coding for multi-copper oxidase enzyme. To exploit those genes, we use the MegaX software to predict the
classification plants, the genes are classified into groups: laccase, ferroxidase, ascorbate oxidase, bilirubin
oxidase, manganese oxidase and some other types of enzymes. These gene groups are Blastp to predict function
and evaluate newness. The results show the coverage from 93-100%, the identity from 55-98%. Comparison
with Pfam data to identify functional regions showed that these enzymes had 3 regions (80 ORF) and
2 functional regions (29 ORF). Phyre2 was used to determine the quadratic structure of genes belonging to
different groups, resulting in the secondary structure of multi-oxidizing enzymes with published proteins with
100% confidence level. The coverage is quite high from 58 - 97%.

Keywords: Multi-copper oxidizing enzyme, lignocellulose, metagenome, metagenomic, white-rot fungi, bioinformatics.
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