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TOM TAT

Gen mi hoa cho mét laccase cuia Fusarium oxysporum HUIB02 dwoc phén lap bang phan tmg chudi PCR vai
cap mdi dic hiéu. San phém PCR thu dugc trén gel agarose 0.8% c6 kich thude khoang 2,2 kb. Sau khi dwoc
tinh sach tir gel, san pham gin vao vector pPGEM®T-Easy va bién nap vao E. coli Top10. Vector tai t6 hop duoc
phan 1ap tir chung E. coli va gii giai trinh tw DNA. Két qua giai trinh ty cho thdy gen ma héa laccase dai
2229 nu va chira 5 ving khong mia hoa véi tong chiéu dai 291 nu. So sanh tuong dong véi dir lidu gen cia ching
F. oxysporum f. sp. lycopersici 4287 cho két qua twong dong cao 1én dén 99% véi gen laccase & phan nhom 2.
Do do, gen laccase dugc dat tén 1a Folac2. Folac2 ma héa mot protein cod chiéu dai 645 aa. Trinh tu amino acid
chira doan tin hiéu peptide dai 26 aa, cho thiy ddy la enzyme ngoai bao. Phan tich dy doan cau triic cho két qua
¢6 16 vi tri glycosyl hoa kiéu N, dong vai tro quan trong trong hoan thién chirc ndng enzyme sau dich ma. Chubi
polypetide ctia Folac2 c¢6 7 vi tri gap cudn xoan a va 36 vi tri gap cudn phién p.

Tuwr khoa: Fusarium oxysporum, laccase, gen, nhan dong.

MO PAU

Laccase thudc nhdm oxi hoa khir nhan ddng xdc tac cho qua trinh oxi hda cac hop chét hitu co bao gdm ca hop
chét phenol théng qua sw khir phan tlr oxy thanh nwéc. Laccase chiva 4 nguyén t&r ddng va hai cau lién két
disulfide phan b trong 3 viing khéc nhau goi la T1, T2 va T3. T1 1a mét trung tdm don nhan chira 1 nhan Cu,
trong khi mét nhan Cu khac & T2 va hai nhan Cu & T3. Qué trinh oxy héa co chét xay ra & ving T1 théng qua
trinh tw tripeptide His-Cys-His, sau d6 cac dién t&r dwoc chuyén dén trung tdm ba hat nhan T2/T3 va dién ra sw
kh&r Oz thanh nuwéc (Janusz et al., 2020; Mayolo-Deloisa et al., 2020). Dac diém phan tir déc trwng laccase la cé
chiéu dai khodng 500 amino acid v&i khdi lvgng phan tr khoang 50-300 kDa va tdn tai dwsi dang isoenzyme
(Kumar, Chandra, 2020). Laccase oxy hoa phd réng cac co chét tw nhién bao gébm phenol, polyphenol, anilin, aryl
diamine, phenol thay thé methoxy, hydroxyindol, benzenethiol, cac hop chét kim loai vo co- / hru co- va nhiéu
loai khac. Do do, laccase duoc ung dung nhiéu trong cong nghé sinh hoc nhw tay trang bot gidy, tdy mau thubc
nhuém vai, ché bién thuc pham st dung trong tdng hop chét hiru co, x& Iy cac ngudn nwéc thai bi & nhiém; x&
ly phu pham néng nghlep d& tao nguyén liéu cho cac qua trinh khac (Morsi et al., 2020). Cac phan (rng oxy héa
xuc tac laccase c6 thé duwoc ting cudng nhé cac mediator. Cac mediator phan 16n 1a cac hop chat hoa hoc nhé
véi kha nang bi oxi hda lién tuc bdi enzyme, sau d6 bi khir béng co chat. Thdng qua mediator, laccase c6 thé oxi
héa nhém co chat ma ban than enzyme khéng thé oxy héa truc tiép dwoc (Kumar, Chandra, 2020).

Ngudn san xuét laccase chi yéu tir vi khuén, con tring, ndm va thwc vat (Morsi et al., 2020). Nhiéu nghién ctru
chtrng minh laccase tir ndm c6 hoat tinh phan giai lignin tét hon enzyme tlr ngudn khac do dc tinh oxi héa khir
cao. Trong d6, nAm muc trdng bao gdm Trametes versicolor, Pleurotus pulmonarius, Agaricus bisporus,
Pleurotus ostreatus,... 1a ngudn san xuét laccase t6t nhat. Hién nay, da c6 hon 150 laccase khac nhau dwoc
cong b trén thé gi¢i (Mayolo-Deloisa et al., 2020). Gan day, cac nghién ctvu chirng minh Fusarium oxysporum
tiét ra laccase v&i hoat dd cao. Enzyme ngoai bao kh& mau va khir déc thuéc nhudm téng hop véi hiéu qua cao
(El-Fakharany et al., 2016). Hién nay, genome cla F. oxysporum da dwoc gidi trinh tw va cong bd tai
https://mycocosm.jgi.doe.gov/Fusox2/Fusox2.home.html (Ma et al., 2010). Phan tich di¥ liéu cho thdy c6 38 gen
ma héa enzyme thudc nhém oxi hda nhan déng. Nghién ctru biéu hién gen laccase trong qua trinh sinh trwdng va
phat trién ctia oxysporum chirng minh cé it nhat 6 gen laccase biéu hién (Canero, Roncero, 2008; Reyes-Medina,
Macias-Sanchez, 2015). So sanh v&i co s& dir liéu laccase da dwgc dac tinh hoa va xac dinh cAu truc khéng
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gian, Kwiatos va cdng sw phat hién genome clia F. oxysporum cha it nhat 4 gen ma héa laccase. Laccase ma
héa b&i gen nhém 1, 2 va 4 1a cac enzyme ngoai bao, trong khi laccase 3 méa héa protein ndi bao do thieu trinh tw
ma hoa tin hiéu peptide & dau tan cung 5’ (Kwiatos et al., 2020).

Chang ndm F. oxysporum HUIB02 phan lap dwoc tir mau thwe vat véi hoat luc laccase ngoai bao. Enzyme ngoai
bao kh&r mau nhiéu loai thuéc nhuém téng hop khac nhau (Huy et al., 2020). Str dung k¥ thuat sinh hoc phan tt,
gen ma hda laccase nhém 3 va 4 da dwoc nhan dong va giéi trinh tw thanh céng véi két qua twong déng cao cac
gen twong (ng & chiing ndm F. oxysporum f. sp. lycopersici 4287 (Dang Thanh Ha et al., 2018; Bang Thi Thanh
Ha et al., 2020). O’ nghién cru nay, gen ma hoa laccase nhém 2 tiép tuc dwoc nhan dong va phan tich trinh tw
lam nguyén liéu di truyén tao chling tai t& hop biéu hién Folac2 ngoai bao.

VAT LIEU VA PHUONG PHAP
Vat liéu nghién ctru
Chung F. oxysporum HUIB0O2 dwgc phan lap tir xac ba thyc vat va da dinh danh phan t& (Huy et al., 2020).

Vector nhan dong dong pGEM®T-Easy dwoc mua tir hang Promega, My cho cac thi nghiém nhan dong. Chling vi
khuan E. coli Top10 (Invitrogen, My) dwgc st dung cho thi nghiém bién nap vector nhan dong mang gen laccase.

Phwong phap nghién ctru
Tach chiét DNA téng sé

DNA tdng sé ctia chling F. oxysporum HUIB02 dworc tach chiét dwa trén phwong phap tach chiét DNA tdng sb dung
dém cetyltrimethyl ammonium bromide (CTAB) nhu mé ta cia Sambrook va cs (Sambrook, Russell, 2003). Sinh
khéi ndm dwoc thu hdi bang ly tam 14000 vong/phut trong 5 phut, 4°C. Sau do, rira lai bang nwédc cht vé trung dé
loai bd hoan toan maéi trwéng nudi cly va tai huyén phu trong 500 pL dém CTAB (100 mM Tris-HCI, pH 8; 1,4 M
NaCl; 20 mM EDTA; 2% CTAB; 0,2% B-mercaptoethanol). Té bao dwoc pha vé bang séng siéu am & tan s 60 Hz,
khoang ngét quang 6 giay trong 5 phut bang thiét bi siéu am VC-130 (Sonics, My) két hop G 65°C trong 30 phut.
Dich chiét t& bao chira DNA tdng sb duoc 14000 vong/phut trong 5 phut, 4°C. DNA téng sb dwoc tach chiét va tinh
sach st dung 500 uL hén hop phenol: chloroform: isopropanol (ty & 25:24:1), tron déu bang vortex va phan tach
bang ly tdm lanh véi téc dd 14.000 vong/phut trong 10 phut, 4°C. Khoang 400 pL pha trén dwoc chuyén sang éng
1,5 mL m&i va DNA tbng sb dwoc két tha véi 2 1an thé tich ethanol tinh khiét, riva két tia béng ethanol 70% va hoa
tan trong 50 pL nwéc cat vo trung. DNA téng sb dwoc dién di kiém tra trén gel agarose 1% bd sung thudc nhuém
RedSafe™ Nucleic Acid Staining Solution 20000x (iNtRON Biotechnology, Han Quéc) bing dong dién mot chidu &
80V trong 55 phut. Gel dwgc quan sat dwéi dén tir ngoai (UV transilluminator, Wealtec).

Khuéch dai gen ma héa laccase vé&i cip moi dic hiéu

Trinh tw mdi Folac2F (5-ATGGCTCTCATAGAGCGAGTATG-3'), Folac2R (5 TTAAATACCAGAATCACCTTCAAAG-3)
dung d& khuéch dai gen laccase 2 dwoc thiét ké dwa trén gen twong tw tlr co s& dir liéu nucleotide genome cuia
F. oxysporum f. sp. lycopersici 4287 v&i ma s dinh danh protein 10184. Thanh phan phan ng PCR bao gém:
40 ng DNA téng s6, 6 L Go Taq® Green Master Mix 2x (Promega, M¥); 0,5 uL méi xudi (10 pmol/ uL); 0,5 uL méi
nguwoc (10 pmol/ uL); nwéc dén thé tich 12uL.

Qua trinh PCR khuéch dai gen dwoc thwe hién trong may luan nhiét (Veriti ® 96-well Thermal Cycler, AB Applied
Biosystems, M) c6 chu trinh nhiét: bién tinh 95°C trong 5 phut; 30 chu ki nhiét v&i mdi chu ki 1& 95°C trong
1 phat, 55°C trong 1 phut va 72°C trong 1 phat 30 gidy; cudi cling la 72°C trong 10 phdt. S&n pham PCR duwoc
kiém tra bang dién di trén gel agarose 1%, dién ap 80V trong 30 phut.

Gén san phdm PCR vao vector nhan dong

San pham PCR duoc gan vao vector pGEM®T-Easy (Promega, My) bang T4 DNA Ligase, thanh phan phan (ng
gan bao gém: 50 ng vector pGEM®-T Easy, 5 ul dém, 3 don vi T4 DNA ligase, 70 ng san pham PCR, sau dé bo
sung nwéc vo trung dé dat thé tich cudi cting 10 pl, phan tng gan dwoc G 25°C trong 1 gio.

Bién nap va chon loc thé bién nap

H6n hop phan (rng gan duoc bién nap vao té bao Escherichia coli TOP10 bing phwong phap sbc nhiét. Thé bién
nap dwoc nudi cly trén dia petri chira méi trwdng LB c6 bd sung 50 pg/ml ampicillin, 5-Bromo-4-Chloro-3- IndonI
—D-Galactopyranoside (X-gal) va Isopropyl B-D-1-thiogalactopyranoside (IPTG) trong 16 gi& (o] 37°C. Thé tai té
hop dwgc chon loc dwa trén nguyen ly cua vector pGEM®T-Easy ¢4 vi tri gan san phdm PCR nam gii*¥a gen ma
hoéa B-galactosidase. San phdm PCR gén thanh céng vao vector s& lam gian doan trinh tw gen ma héa cho B-
galactosidase dan dén E. coli TOP10 tai td hop khdong san xuét dwoc enzyme B-galactosidase dé chuyén héa co
chét X-gal. Cac khuan lac c6 mau trdng xuét hién trén dia dwoc lwa chon va kiém tra sw hién dién cla vector tai
t6 hop chira gen laccase. DNA plasmid dwoc tach chiét si dung kit GeneJET Plasmid Miniprep Kit (Thermo
scientific, M§) theo hwéng dan ctia nha san xuét. Sy hién dién gen ma hoa laccase trong thé tai t hop véi vector
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pGEM ® -T Easy dwoc kiém tra bang phan (rng PCR str dung c&p mdi dic hiéu va cét bang enzyme cét giéi han
EcoRlI (Thermo scientific, My).

Giai trinh tw gen laccase

Plasmid tai t6 hop c6 mang gen dwoc gli di phan tich trinh tw dé& xac dinh gen quan tam tai cong ty First BASE
(Malaysia). Trinh ty gen laccase dwgc phan tich va so sanh véi gen laccase twong ting & ching F. oxysporum f.
sp. lycopersici 4287 va cac gen laccase khac trén co s& di liéu ngén hang gen the gi¢i GenBank
(https://www.ncbi.nlm.nih.gov/). B&c tinh clia gen laccase dwoc phan tich béng cac phan mém mién phi cda trung
tdm phan tich trinh tw sinh hoc, Pai hoc ky thuat Ban Mach (http://www.cbs.dtu.dk/index.shtml).

KET QUA VA THAO LUAN
Tach chiét DNA téng sé

Sau khi nuéi cay 72 gi®, sinh khéi F. oxysporum HUIB02 thu héi bang ly tam va tach chiét DNA téng sé bang dém
CTAB. bién di kiém tra két qua trén gel agarose 1% (Hinh 1) cho thay c6 mot band DNA véi kich thudc 16n voi
ham lwong khodng 400 ng/ulL. Bang DNA tdng sb thu dwoc khong bi dt gay, sach, khéng nhiém RNA, c6 thé st
dung lam khuén méau cho céac phan &ng PCR.

Kb M 1

—
N WOhoo

i

Hinh 1. Dién di d6 DNA tdng s6 tach chiét tir chling F. oxysporum HUIB02
Khuéch dai gen laccase

Hinh 2 cho thy ring gen laccase dwoc khuéch dai thanh cong tir DNA téng sb, san phdm PCR trén gel agarose
0,8% xuéat hién bang rd, khdng cé cac san phdm phu, cé kich thwéc khoang 2,2 kb, tuo’ng dwong kich thuéc gen
laccase cla F. oxysporumf Sp. lycopersici da dwoc cong bb. Két qua khuéch dai sdn pham PCR twong tw khi str
dung cac cap mdi dac hiéu dé khuéch dai cac gen laccase khac twr F. oxysporum HUIBO1 (Dang Thanh Ha et al.,
2018; Dang Thi Thanh Ha et al., 2020). Cac két qua chirng minh cé sy bao tha va tuo’ng déng cao cua ho gen
laccase & F. oxysporum HUIBO2 va F. oxysporum f. sp. lycopersici. Do do, san phdm PCR dap (ng dwoc cac
didu kién can thiét nhw ngudn nguyén liéu cho buwdc nhan dong va gidi trinh tw gen.

Kb M NC 1

Hinh 2. Dién di db san phdm PCR doan gen Folac2 vé&i véi khuon mau DNA tach chiét tiv chung F. oxysporum HUIB02
M: GeneRuler 1 kb DNA Ladder (Thermo Scientific, My); NC: déi chimg &m; 1: sén phdm PCR khuéch dai
ttr DNA téng sé v6i cap méi Folac2F/Folac2R
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Nhan dong gen laccase

Sau khi bién nap vao E. coli Top10. Thé tai t& hop dwoc chon bang phwong phap khuan lac xanh trang Cac
khuén lac mau trdng dwoc kiém tra bing phan trng PCR v&i cap moi dac hiéu Folac2F/Folac2R cho san pham
véi kich thwée 2,2 kb dwoc chon tach chiét DNA plasmid. Phan tich hinh anh dién di agarose gel 0,8% plasmid
tai t6 hop, phan (rng PCR trén khuén mau DNA plasmid va phan tng cét han ché véi EcoRl dwoc trinh bay &
hinh 3. Két qua chirng minh ¢ DNA plasmid véi kich thwéc khoang 4 kb cao hon so véi kich thuwéc 3.0 kb cla
pGEM®T-Easy. Trong khi d6, plasmid tai t& hop mang gen ma hoa laccase c6 kich thwéc khodng 5 kb. Plasmid
tai t& hop co kich thwéc khac nhw 4 kb do plasmid & cac trang thai siéu xoan khac nhau dan dén téc do dich
chuyén trén gel khac nhau. Phan (rng khuéch dai PCR vé&i cép mdi Folac2 st dung DNA plasmid tai t6 hop lam
khuén mau Phan &ng cat bang EcoRI cho 3 band véi kich thuwéc 3 kb, 1,5 kb va 0,7 kb. pGEM®T-Easy chiva 2 vi
tri nhan biét EcoR| & 2 dau ving chén nén plasmid tai td hop sau cat sé chira doan DNA béng kich thuéc vector
va 1 doan DNA béng kich thwe'c doan chén. Sy xuét hién 2 band vai kich thwdc 1,5 kb va 0,7 kb c6 thé do gen
laccase chira vi tri nhan biét ctia EcoRI. Két qua phan &ng khuéch dai véi cap méi déc hiéu cho san pham cé
kich thuwéc 2,2 kb twong (rng véi chidu dai gen laccase khi khuéch dai tlr genome clia F. oxysporum HUIB02.

M 1 2 3

4 kb
3 kb

1 kb

Hinh 3. Dién di db plasmid tai té hop pGEIyI®T-Easy mang gen laccase
M: GeneRuler 1 kb DNA Ladder (Thermo Scientific, My); 1: sén pham PCR gen Folac2 trén DNA khu6n méu la plasmid
tai to hop; 2: sén pham phan (g cat plasmid tai té6 hop bang EcoRI; 3: plasmid tai té hop tach chiét tir E. coli TOP10.

Phan tich trinh tw gen laccase

Két qua giai trinh tw nucleotide cho thdy gen laccase cé chidu dai 2229 nucleotide. So sanh véi div liéu genome
cla ching F. oxysporum f. sp. lycopersici 4287 cho thdy 2 gen twong ddng 99% véi gen dwoc st dung lam
khuén mau thiét k& mdi. Gen /accase chira 6 viing khéng ma héa véi chidu dai clia cac ving 1an lwot 1a 52 nu, 46
nu, 50 nu, 53 nu, 47 nu, va 45 nu. Do d6, gen laccase dwoc dat tén la Folac2. D liéu trinh ty nucleotide cua
Folac2 da dwgc dang ky trén Genbank véi ma sb KY825237. So sanh véi cac két qua nghién ctru khac cho thay
Folac2 twong ddng cao v&i gen laccase tir F. proliferatum ET1 (ma sb: XM_031228032), F. verticillioides 7600
(XM_018901706).

N&m 2008 Okamoto va cong sw da tién hanh nhan dong va biéu hién gen laccase tir ndm théi trdng Pleurotus
ostreatus. Gen laccase cé chiéu dai 2929 nu véi viing ma héa bj gian doan béi 19 intron khac nhau (Okamoto et
al., 2003). Cordoba Cafiero da phan lap va xac dinh rd vai trdo cla 6 gen laccase tr F. oxysporum f. sp.
lycopersici gay bénh & ca chua. T4t ca cac gen lacT, lac2, lac3, lac4, lac5 va lac9 déu cé cac viing bao ton didc
trwng cho lién két véi ddng nhw cia enzyme phenol oxyase (Canero, Roncero, 2008). B dai cua cac gen
laccase & F. oxysporum khac nhau, khoang tir 1957-2471 nucleotide, trong d6 ham lwgng GC clia gen ndm trong
khoang tir 47 dén 51% (Kwiatos et al., 2015)

Chiéu dai protein suy di&n tir két qua gidi trinh tw plasmid tai t& hop mang gen Folac2 gdbm 645 amino acid.
Folac2 chtra trinh tw tin hiéu peptide dai 26 aa. Folac2 dwgc so sanh v&i di¥ liéu ngan hang protein va dy doan
sy twong déng vé&i cac protein da dwoc cAu tric héa bang cong cu Phyre2 (Kelley et al., 2015). Ké&t qua cho thay
Folac2 c6 cAu tric va chirc ndng twong tw laccase cla Thielavia arenaria (PDB: 3PPS) (Kallio et al., 2011),
laccase clia Melanocarpus albomyces (PDB: 2Q90) (Hakulinen et al., 2008), multicopper oxidase cua Aspergillus
niger (PDB: 5LWX) (Ferraroni et al., 2017) va laccase cla Botrytis aclada (PDB: 3SQR) (Osipov et al., 2014) v&i
dd tin cay 100%. So sanh cAu tric khong gian protein cho thay cac histidine (His135, His137, His179, His181,
His513, His516, His518) clia Folac2 déng vai trd trung tam xuc tac gitba enzyme co chat c6 sw bao tha cao gitra
cac enzyme. Cysteine déng vai tro tao cau lién két disulfide ciing c6 tinh bao tht cao & cac vi tri Cys44, Cys52 va
Cys156, Cys356, Cys394. Bén canh do, Folac2 c6 16 vj tri glycosyl héa vén déng vai trd quan trong trong viéc
hinh thanh chirc nang cta laccase sau dich ma.
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Hinh 4. M6 hinh céu trac khéng gian 3 chiéu Folac2 tir F. oxysporum HUIB02
Cau trac phién B duge trinh bay bang hinh mi tén dang lat méng; cau tric cudn xoan a
duworc trinh bay bang hinh lat méng dang cudn.

Théng qua phadn mém Protein Homology/analogy Recognition Engine V 2.0 cho thAy Folac2 cé cAu tric twong tw
enzyme laccase ti T. arenaria véi d6 tin cay 100 %. Dwa trén céu tric khong gian cla protein TalLccl &
T. arenaria (ma sb c3ppsD), cAu tric khdng gian cta Folac2 da dwoc xay dwng va trinh bay & Hinh 4. Két qua
cho thay cAu tric bac 2 dy doan cla Folac2 cé 7 vi tri gap cudn xoan a va 36 vi tri gap cudn phién B.

KET LUAN

Gen ma hoa laccase 2 tir F. oxysporum HUIB02 da dwgc phan lap bang phan (rng PCR va giai trinh tw thanh
cbng. Chiéu dai ciia gen la 2229 bp, ma héa mét protein chiva 645 aa. Phan tich c4u tric protein cho két qua la
mot protein ngoai bao ¢é trinh tw tin hiéu peptide va cé 16 vi tri glycosyl héa. Ké&t qua nghién ctu cho thay sw
twong déng cao v&i cac gen laccase khac clia Fussarium. Bén canh d6, dac diém cau tric cla protein dy doan
phl hop véi ciu tric moét laccase dién hinh. K&t qua nghién clru la nguyén liéu di truyén dé chung téi tiép tuc
nghién ctu biéu hién gen laccase nay trong hé thdng vat cha thich hop.

Loi cam on: Nghién ciru ndy duoc tai tro béi Qui Phdt trién khoa hoc va céng nghé Quéc gia (NAFOSTED) trong dé tdi ma

séi 106.04-2018.51. Nhém téc gid tran trong cam on Bai hoc Hué da hé tro mét phan kinh phi cho nghién ciru qua dé tai ma
so DHH-2018-15-09.
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CLONING LACCASE 2 ENCODING GENE FROM Fusarium oxysporum
HUIB02 PROVIDING GENETIC RESOURCE FOR RECOMBINANT
EXPRESSION
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SUMMARY

Gene encodes for a laccase from F. oxysporum HUIBO02 has been isolated by PCR reaction with specific primers
pair. The PCR products observed from 0.8% agarose gel had molecular size of 2.2 kb. After gel purification, the
PCR products were ligated into pPGEM®T-Easy vector and transformed to E. coli Top10. Recombinant vectors
were isolated from E. coli transformants and performed DNA sequencing. The results indicated the laccase gene
consisted of 2229 nu inwhich contained 5 introns with length of 291 nu. Nucleotide sequence alignment with
F. oxysporum f. sp. lycopersici 4287 genome database resulted in high similarity of 99% to the laccase group 2.
Hence, the laccase gene named as Folac2. Folac2 encoded for a protein of 645 aa in length with a signal peptide
of 26 aa, indicating it is a extracellular enzyme. Protein structure prediction showed 16 N-glycosylation sites,
which played importance role of enzyme in post translation modification. The Folac2 polypeptide consisted of
7 alpha helixes and 36 beta strands.

Keywords: Fusarium oxysporum, laccase, gene cloning.
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