MO PAU

1. TINH CAP THIET CUA DE TAI

Cong nghé sinh hoc dd va dang 1am thay d6i thé gidi. Chinh vi vy ma nhiéu t6 chirc va chuyén
gia trén thé gi6i da khang dinh thé ky 21 1a thé ky cua cong nghé sinh hoc va né di thuc sy trd thanh
cong cu khong thé thiéu, dong gop thiét thyc va hiéu qua trong nhiéu linh vuc nhu cong nghiép, nong
nghi¢p, y — duoc, vat liéu... véi viéc tao ra cac giéng cay tréng, vat nuoéi modi cho nang sut, chat lugng
v6i hiéu qua kinh té cao, cac loai enzyme da tao ra nhitng sinh phém phuc vu diéu trji bénh, va nhitng
ché pham vi sinh img dung trong xtr Iy mi trudng.

Véi toe d6 6 nhiém méi truong dang gia ting do viéc thai cac chat thai vao méi truong khong
kiém soat nhu hién nay, str dung cc phuong phap hoa hoc va sinh hoc thong thudong ngay cang kho dat
duge mirc d6 can thiét dé loai bo cac chat 6 nhiém. Do d6, viéc trién khai nhitng phuong phap xir li hidu
quéa va khong gy 6 nhidm thir cap 1a diéu cip thiét. Nhitng nghién ctru gan day da chimg minh duoc
enzyme c6 nhiéu kha ning va trién vong trong giai quyét van dé xtr Ii 6 nhiém moi trudng. Enzyme c6
thé hoat dong trén cac chat 6 nhiém dic biét kho xir 1i dé loai chiing bang cach két tiia, chuyén hoa, phan
hity cac chat 6 nhidm thanh dang khac. Ngoai ra, enzyme con c6 thé 1am thay doi cac dic tinh ctia chat
thai dwa ching vé dang dé xir li hodc chuyén thanh cac san phdm c6 gia tri hon. Phuong phéap xir li bang
enzyme c6 nhitng vu diém sau: dugc 4p dung v6i nhitng chit sinh hoc khé xir i, tic dung ca & ving
ndng d6 cht 6 nhi®m mai trudng cao, mot sé enzyme riéng biét ¢ tac dung trén pham vi rong pH, nhiét
do,...ma khong giy ra nhiing bién ddi bat thuong, khong gay ra cac can tré pha v can bang sinh thai.
Nhu di biét, cac chit doc hai trong méi trudng thuong 13 cac chat hiru co ¢6 vong thom nhu cac hop
chét phenol, amine vong hodc céac hop chét phosphore, dé dat duge muc dich xir li méi truodng can phai
pha hily hodc loai bo cac chat doc d6. Trong céac loai enzyme, thi enzyme phan Gmg oxy hoa khir thudc
16p 1 (oxidoreductase) va cac enzyme xuc tac phan ung thuy phan thudc 16p 3 (hydrolase) c6 kha nang
phan hity cac hop chét dugc néu trén rat cao.

Laccase 1a mdt enzyme déc biét phé bién va linh hoat dugc san xudt rong rai va da dang trong tu
nhién nhu tir thyc vat, ndm, vi khuén va cén trung. Laccase (EC 1.10.3.2, p-diphenol oxidase) thudc
nhom enzyme oxidase, cu thé 1 phenol oxidase, xtc tac qua trinh oxi hoa nhiéu hop chat hitu co bao
g6m diphenol, polyphenol, diamine, amine thom, benzenethiol va mot s6 hop chat vo co nhu iodine,...
Laccase c6 tinh oxy héa manh, c6 phd co chit da dang va sir dung oxygen phan tir [am chat nhan dién
tir nén enzyme nay duoc g dung rong rii trong cong nghiép, trong xir Iy phu phdm cong - néng nghiép
va ngudn nudc thai 6 nhiém. Bén canh do, laccase ciing 14 enzyme than thién véi méi truong do trong
phan g laccase chi can lay oxygen tir khong khi va san pham phu duy nhat tao thanh sau phan ung 1a
nudc.

V6i nhitng tng dung quan trong va nhimng loi thé wu viét nhu vy, chung t6i chon nghién ctru dé
tai: “Nghién ciku tao laccase tdi té hop va thir nghiém khd ndng khiv mau mét sé thudc nhuém cong
nghigp” nhim muc dich tao duoc laccase tai to hop dé phan giai cac hop chét hitu co kho phan huy gay

0 nhiém moi truong.



2. MUC TIEU NGHIEN CUU

Muc tiéu Ii thuyét

- Tuyén chon ra duoc chung vi sinh vat mai ¢ kha ning sinh tong hop laccase manh.

- Nghién ciru biéu hién laccase cua Fusarium oxysporum trong Pichia pastoris nhim nang cao
hiéu suat sinh tong hop.

Muc tiéu thwc nghiém: tao duoc laccase tai to hop dé phan giai cac hop chat hitu co khé phéan
hay gy 6 nhiém mai truong.
3.NOI DUNG VA PHAM VI NGHIEN CUU

Ngi dung nghién ciru

- Tuyén chon chung nam sinh tong hop laccase

- Tao dong gen laccase vao hé théng vector biéu hién cho vi sinh vat

- Sinh tong hop laccase trong Pichia pastoris

- Tinh sach va xac dinh dic tinh laccase tai td hop

- Khao sat kha nang phan hity cac hop chat mau hitu co (khé phan hity) ctia laccase ti to hop.

Pham vi nghién ciru

Tuyén chon chiing nim sinh tong hop laccase, tao dong gen, biéu trong Pichia pastoris, tinh sach
va xac dinh dic tinh laccase téi t hop, khao sat kha nang phan huy cac hop chit mau hiru co (khé phan
huy) cta laccase tai td hop duoc thyuc hién tai Phong thi nghiém ctia Khoa Sinh hoc, Truong Pai hoc
Khoa hoc va Vién Cong nghé sinh hoc, Pai hoc Hué.
4. PONG GOP MOI CUA LUAN AN

- Phan lap chiing Fusarium oxysporum HUIB02 c6 kha ning tiét laccase ngoai bao manh. Day
la nghién ctru dau tién ¢ Viét Nam vé laccase tir F. oxysporum.

- Tao dong va giai trinh tu thanh cdng 04 gen ma laccase tir DNA va cDNA cua chuang F.
oxysporum HUIBO02. Cac gen c6 d6 twong dong cao véi nhom gen laccase vai cac chang F. oxysporum
phan 1ap tir cac viing khac trén thé gigi cho thay c6 su bao thi cao vé nhdm gen ma hoa laccase ¢ nam
noi chung va F. oxysporum ndi riéng.

- Biéu hién tai to hop thanh cong gen ma hoa laccase tir cDNA cuaa chung F. oxysporum HUIB02
trong P. pastoris. Gen duoc ky hiéu Folacl, day 1a nghién ctru dau tién trén thé gisi vé biéu hién tai to
hop thanh cong Folacl trong vat chu.

- Laccase ty nhién va laccase téi to hop cd kha ning loai b mau nhiéu thudce nhudm tong hop véi hiéu
suat hon 90%. Két qua ching minh tinh tng dung cao cua laccase trong i ly céc hop cht hitu co gdy 6 nhiém
moi truong.

5. CAU TRUC LUAN AN

Luan an duoc trinh bay trong 110 trang A4 (khéng tinh tai liéu tham khao). Trong d6, phan Mg
dau 3 trang, Tong quan tai liéu 29 trang, Dbi twong va Phuong phap nghién ctu 15 trang, Két qua nghién
ctu 47 trang, Ban luan 14 trang, Két luan va Kién nghi 1 trang, Danh muc cac cong trinh cong b 1 trang,
Tai liéu tham khao 15 trang véi 138 tai liéu tham khao bang tiéng Anh va tiéng Viét. Luan an c6 7 bang va
49 hinh.



Chuong 1. TONG QUAN TAI LIEU
Luan 4n da tham khao va tong két vé 3 van dé chinh véi cac ngi dung: (1) Gigi thiéu chung vé laccase;
(2) Hé théng biéu hién Pichia pastoris; (3) Thuéc nhudm céng nghiép va cac bi¢n phap xir Iy
Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1 Poi twong nghién ciru
Céc chung ndm méc phan lap tir xac ba thuc vat tai cac dia diém khac nhau trén dia ban tinh Thira
Thién Hué.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phén 1ap cac chiing nAm méc c6 hoat tinh laccase
2.2.2. Xac dinh hoat dd enzyme laccase.
2.2.3. Xac dinh protein ngoai bao bing phwong phap Bradford
2.2.4. Xac dinh mdt s6 diic tinh ciia laccase nhw dnh hwéng cia pH, nhiét d va ion kim loai.
2.2.5. Pinh danh phin tir chiing nim c6 hoat tinh laccase manh nhit
2.2.5.1. Tdch chiét DNA tong s6
2.2.5.2. Khuéch dai trinh o 1TS 1-4
2.2.5.3. Gidi trinh tw va xdy dung cdy phat sinh loai
2.2.6. Phan 1ap cac gen ma hoa laccase
2.2.6.1. Sinh tong hop ¢DNA va khuéch dai gen tir cDNA
2.2.6.2. Khuéch dai gen Folacl, Folac2, Folac3, Folac4 bang phdn itng PCR véi cip moi dic hiéu
2.2.6.3. Gdn san pham PCR vao vector tao dong
2.2.6.4. Bién nagp vao E. coli TOP10 va chon loc thé bién nap
2.2.6.5. Gidi trinh tu gen laccase
2.2.7. Biéu hién gen ma hda emzyme Folacl trong P. pastoris
2.2.7.1. Tao dong trong vector bi¢u hién pPICZoA
2.2.7.2. Bién nap vao P. pastoris
2.2.7.3. Biéu hién gen laccase
2.2.8. Xac dinh hoat tinh enzyme tii t6 hop
2.2.9. Khao sat yéu t6 anh hwéng dén sy biéu hién laccase tai to hop
2.2.10. Tinh sach protein tai td hop
2.2.11. Dién di SDS - PAGE
2.2.12. Khao sit mdt s6 yéu to6 anh hwéng dén hoat tinh laccase tai to hop
2.2.13. Thir nghi¢m kha ning phan hity thudc nhugm céng nghiép ciia laccase tw nhién va laccase
tai to hop
2.2.13.1. Thu nghiém xu ly mau cta ching tu nhién
2.2.13.2. Thir nghiém xtr Iy mau cua chiing tai td hop
2.14. Xir Iy thong ké



Chuwong 3. KET QUA NGHIEN CUU

3.1. PHAN LAP CAC CHUNG NAM MOC CO HOAT TINH LACCASE
3.1.1. Phin lap, sang loc cic chiing nAm méc c6 kha ning phén hiy lignin

Cac mau mun thyc vat duoc thu thap tir nhiéu dia diém khac nhau, duoc tién hanh pha lodng va
st dung 10 dé cy trai trén moi truong dia thach PDA. Sau 3 dén 5 ngay nudi & 30°C, quan sat chon
nhitng chung nim soi tring c6 khuan lac phét trién manh, tién hanh thir dinh tinh kha ning sinh laccase
trén moi truong BSM b sung co chét 1 guaiacol (0,01%) 1am chi thi mau cho cac phan ting ciia laccase.
Qua kiém tra, so sanh viing mau phan giai trén dia thach, ching t6i chon ra 3 ching nim F4; F5 va F8,

¢6 ving mau dam hon, vuot tri vé kha ning phéan huy guaiacol, dé tiép tuc nghién ciru (hinh3.1).

Hinh 3.1. Sang loc chung sinh tong hop peroxidase trén méi trudng chon loc ¢6 bd sung guaiacol

3.1.2. Mot sb dic diém hinh thai khuan lac va cudng sinh bao tir cia cac chung F4; F5 va F8
Céc ching nam F4, F5 va F8 duoc nudi trén moi truong PDA sau 3 dén 5 ngay, do kich thuéc

dudng kinh khuan lac, quan sat mau sic khuan lac bang mit thuong va quan sat hinh thai khuén lac dudi

kinh hién vi quang hoc (hinh 3.2).

Hinh 3.2. Khuan lac soi nam chiing F4, F5, F8
3.1.3. Panh gia kha niing sinh laccase ciia ba chiing nAm F4; F5 va F8
3.1.3.1. Khdo sdt kha néng tich liiy laccase trén cdc diéu kign moi trwong 1én men
Khao sat kha ning tich lity enzyme laccase, chung t6i chon 2 diéu kién nudi cay 1a 1én men ban
ran (10% co chit) va 1én men 16ng (5% co chat). Trén mdi diéu kién, chung t6i chon 2 loai méi truong

BSM bd sung co chét 1a bot rom va bot gd.



Két qua khao sat kha ning tich liiy laccase ciia ching F4, F5 va F8 trén 4 diéu kién 1én men 13
MF1, MF2, MF3 va MF4 qua 18 ngay nudi céy, thé hién 1an lugt trong hinh 3.3, 3.4, 3.5.
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Hinh 3.3. Kha nang tich lity laccase cua ching F4 ¢ 4 méi truong 1én men
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Hinh 3.4. Kha nang tich lily laccase cta ching F5 ¢ 4 méi truong 1én men
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Hinh 3.5. Kha nang tich liiy laccase ciia ching F8 ¢ 4 méi trwong 1én men
Nhu vy, rom 1a mét co chét tiém niang dé san xuét laccase - mot ngudn nguyén lidu ré tién va hiéu qua.

3.1.4.2. Khdo sat khd ndng tich liiy laccase trén cdc diéu kign nhigt dé 1én men
Chiing F4; F5 va F8 c6 kha ning sinh enzyme laccase ngoai bao trong diéu kién Ién men long
cao hon so v4i 1én men ban ran. Vi vay ching t6i da tiép tuc khao séat kha nang tich lily laccase trén 3
khoang nhiét d6 1én men la 25°C; 30°C va 35°C trong diéu kién 1én men long.
3

N
1

[ERN
L

Hoat do laccase (U/mL)

3 6 9 12 15 18
Thoi gian 1én men (ngay)
——25°C —8—30°C —4—35°C
Hinh 3.6. Kha nang tich liy laccase ciia chung F4 ¢ 3 nhiét do 1én men Khdc nhau trong moi truong

1én men MF3



250

N

o

o
L

150 A

100

Hoat d9 laccase (U/mL)

(o]
o
L

3 6 9 12 15 18
Thoi gian 1én men (ngay)
——25°C —8—30°C —&—35°C

Hinh 3.7. Kha nang tich liiy laccase cua chung F4 ¢ 3 nhiét dé 1én men khdac nhau trong méi truong
Ién men MF4.

Chung F5 dugc nudi ¢ cac nhiét do khac nhau trén 2 loai moi truong la MF3 va MF4, két qua dugc danh
gia trong 18 ngay Ién men.
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Hinh 3.8. Kha nang tich liiy laccase cua chung F5 ¢ 3 nhiét dé 1én men khac nhau trong maéi truong
Ién men MF3
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Hinh 3.9. Kha nang tich liiy laccase cua chung F5 ¢ 3 nhiét do 1én men khac nhau trong moi truong

Ién men MF4

Chung F8 dugc nudi ¢ cac nhiét do khac nhau trén 2 loai moi truong la MF3 va MF4, két qua dugc danh

gia trong 18 ngay Ién men
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Hinh 3.10. Khd nang tich lity laccase cia chung F8 ¢ 3 nhiét do lén men khdc nhau trong méi truong

1én men MF3



Hoat d¢ laccase (U/L)
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Hinh 3.11. Khd nang tich lity laccase cua chung F8 ¢ 3 nhiét do lén men khdac nhau trong méi truong
Ién men MF4
3.1.4.3. Ham lrgng protein tong so va d9 sach clia enzyme

Bdng 3.1. Ham luong protein va hoat tinh laccase cua 3 chung F4, F5, F§

Chiing Protein tong s6 (ng/mL) Hoat tinh (U/mL) Hoat do riéng (U/mg)
F4 45,7 186 4,07
F5 59,0 5,72 0,1
F8 25,7 3,3 0,13

Hoat d¢ riéng 1a s6 don vi enzyme/Img protein (U/mg). Dua vao bang 3.1, laccase tir ching F4

¢4 do sach cao hon nhiéu so véi chung F5 va F8.
3.1.4. Khio sat mdt sé diic tinh ciia laccase ty nhién
3.1.5.1. Anh hwéng ciia pH

Enzyme laccase do F4 sinh ra hoat dong xuc tic phan ng manh nhat trong khoang pH tir 4 — 6,
khi ting pH tir 3 dén 5 hoat d6 enzyme ciing ting tir 72,1% (145 U/L) dén 100%, laccase nay hoat dong
tdi wu khoang pHS, tai day hoat tinh laccase do dugc 1én dén 201,1 U/L. Hoat tinh giam nhe khi tang
I1én pH 6 con 89,5% (180 U/L), sau d6 giam manh khi tang pH 1én 8 chi con 33,1% (66,7 U/L).
3.1.5.2. Anh huéng cia nhiét do

Khi nhiét d6 tang dan tir 20°C dén 45°C hoat tinh laccase do chung F4 sinh ra ciing ting dan tir
66,4 % (139,4 U/L) dén 100% (208,8 U/L), nhiét d6 thich hop nhat cho laccase hoat dong khoang 45°C
(208,5 U/L) va giam khi nhiét d6 tang 1&€n 50°C con 74,7% (155,7 U/L).
3.1.5.3. Anh hwéong ciia cac ion kim loai dén hoat dd laccase

Enzyme bi mét hoat tinh hoan toan khi bo sung 5mM ion Fe?* vao hdn hop phan tmg va hoat

tinh giam 96,7% so véi ddi ching. Cu®*; Mg?* va Co®* 1am ting nhe hoat tinh laccase 1én twong tng 5%;




15%; 4% so véi dbi ching, nhung ciing khong dang ké.
3.1.5. Pinh danh vi sinh vt

Trinh ty ITS cta F4 duogc xac dinh bao g@)m 514 cap base nito, so sanh véi cac trinh ty gen 18S
rRNA ciia cic chung vi ndm da cong bd trén cac ngan hang dit liéu Genbank, EMBL cho thiy chung F4
¢6 mirc twong ddng cao véi cac ching vi ndm thudc chi Fusarium, loai F. oxysporum
3.2. TAO DONG CAC GEN LACCASE TU FUSARIUM OXYPORUM
Két qua khuéch dai PCR gen Folacl, Folac2, Folac3 va Folac4 bing cip mdi dic hiéu
FolaclF/FolaclR; Folac2F/Folac2R; Folac3F/Folac3R; Folac4F/Folac4R dugc trinh bay ¢ hinh 3.12

A

M Folac4

2,2kb

— 2 kb

. n

M: GeneRuler 1 kb DNA Ladder (Thermo Scientific, M¥),
A.San pham gen Foclacl v6i khudén mau 1a cDNA va cip mdi FolaclF/FolaclR.

B. San phim gen Folac2 v6i khuon mau 1a DNA téng sé va cip mdi Folac2F/Folac2R.

C. San phim gen Folac3 voi khuon mau 1a DNA téng s va cip mdi Folac3F/Folac3R.

D. San phdm gen Folac4 véi khuén mau 1a DNA tdng sb va cap mdi Folac4F/Folac4R

San pham PCR trén gel agarose 1% xuét hién bang rd, khong ¢ cac san pham phy, c6 kich thuéce khoang
2 kb d6i voi Folacl va Folac3, kich thude gen 2,2 kb dbi véi Folac2 va Folac4, tuong duong kich thudce
cac gen laccase cua F. oxysporum f. sp. lycopersici 4278 da dugc cong bd trén NCBI

3.2.2. Tao dong cic gen ma héa enzyme laccase trong vector pPGEM®T-Easy

Kb M 1 2 3

~ 4
~3

Hinh 3.13. San pham cit han ché bang ECORI cta plasmid tai t6 hop pGEM®T-Easy-Folacl.
M: GeneRuler 1 kb DNA Ladder (Thermo Scientific, M¥);

10



1: plasmid tai t6 hop pGEM®T-Folac1 tach chiét tir E. coli TOP10;
2: san pham PCR gen Folacl trén DNA khu6n méu 1a plasmid tai t6 hgp pGEM®T-Folacl;

3: san pham phan tmg cit plasmid tai t6 hop pGEM®T-Folacl bang enzyme EcoRl.

M 1 2 3

- 3kb
-1,5kb

- 0,7 kb

Hinh 3.14. San pham ct han ché bang EcoRI plasmid téi t6 hop pGEM®T-Easy-Folac?.

M: PreciGene 1 kb DNA Ladder (BioPioneer),

1: San pham PCR gen Folac2 trén DNA khudn mau 1 plasmid tai to hop pGEM®T-Folac?;
2: San pham phan wng cat plasmid téi t6 hop pGEM®T-Folac2 bang enzyme EcoRl;

3: Plasmid tai t6 hop pGEM®T-Folac? tach chiét tir E. coli TOP10.

Kb 1 M 2 3

Hinh 3.15. San phdm cdt han ché bang EcoRI ciia plasmid tdi t6 hop pGEM®T-Easy-Folac3.

M: GeneRuler 1 kb DNA Ladder (Thermo Scientific, M¥); 1: plasmid ti t6 hop pGEM®T-Folac3 tach
chiét tir E. coli TOP10; 2: san pham PCR gen lac] trén DNA khudn mau 1a plasmid tai tb hop pPGEM®T-
Folac3; 3: san phim phan tmg cit plasmid tai t6 hop pPGEM®T-Folac3 bing enzyme EcoRI

11
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Hinh 3.16. Sdan phdm cat han ché bang EcoRI ciia vector tdi t6 hop pGEM®T-Folac4
Thang DNA chuén (GeneRuler 1 kb DNA Ladder (Thermo Scientific, M¥)); 1: San phdm PCR gen
Folac4 sir dung vector tai t6 hop pGEM®-T-Folac4 lam DNA khuén mau; 2: San pham phan tng cit
vector tai tb hop pGEM®T-Folac4 bing enzyme EcoRI; 3: Plasmid tai t hop pGEM®-T- Folac4 tach
chiét tir E. coli TOP10
3.2.3. Gidi trinh tu gen laccase
Plasmid mang vector t&i t6 hop cia timg gen Folacl, Folac2, Folac3 va Folac4 dugc giri giai trinh tu
nucleotide béi cong ty FIRST BASE (Malaysia).
3.2.3.1. Trinh tyw gen Folacl
Gen Folacl duogc tao dong tir cDNA ¢6 kich thude 2064 nucleotide trong trinh tu nucleotide thu duoc
khéng co6 cac doan intron.
3.2.3.2. Trinh ty gen Folac2
Gen Folac2 co chiéu dai 2229 nucleotide va chira 5 viing khéng ma hoa vai chiéu dai cta cac ving lan
lugt 1a 52 nucleotide, 48 nucleotide, 52 nucleotide, 55 nucleotide, 47 nucleotide, da dugc dang ky trén
Genbank véi ma s6 KY825237.
3.2.3.3. Trinh tw gen Folac3
Gen Folac3 c6 chiéu dai 1957 nucleotide bang kich thudc khuoén mau gen Folac3 ciia chung F.
oxysporum f. sp. lycopersici 4287. Trinh ty hoan chinh gen Folac3 dugc dang ky trén ngan hang gen
Genbank vo6i ma s6 K'Y825238.
3.2.3.4. Trinh tu gen Folac4
Gen Folac4 c6 chiéu dai 2238 nu va chira 5 ving khéng ma hoa véi chidu dai cia cac ving lan luot 12
53 nucleotide, 50 nucleotide, 59 nucleotide, 52 nucleotide, 47 nucleotide. Trinh ty nucleotide da duoc
dang ky trén ngan hang gen GenBank véi ma sé K'Y825239.
3.3. BIEU HIEN GEN LACCASE TRONG P. PASTORIS
3.3.1. Tao dong cFolacl vao pGEM®T-Easy va bién nap vao E. coli Top10

Chung t6i chon cFolacl dé tiép tuc nghién ctru san xuat laccase tai to hop thong qua vat cha P.

pastoris

12



— 4 kb
— 3 kb

— 2kb

Hinh 3.17. San pham cit han ché bang EcoRI plasmid tai t6 hgp pGEM®T-Easy-Folacl.
M: GeneRuler 1 kb DNA Ladder (Thermo Scientific)

1: plasmid tai t6 hop pGEM®T-Folacl tach chiét tir E. coli TOP10;

2: san pham PCR gen Folacl trén DNA khu6n méu 1a plasmid tai t6 hgp pGEM®T-Folacl;
3.3.2. Tao dong vao vector biéu hi¢n pPICZaA

Hinh 3.18. San pham PCR cFolac] sir dung cip primer AOX1.
M: GeneRuler 1 kb DNA Ladder,
1-4: san pham PCR cFolacl tir DNA tong sé ciia P. pastoris tdi to hop
3.3.3. Biéu hién gen Folacl trong P. pastoris
Xac dinh hoat dé laccase tai td hop
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Hinh 3.19. Hoat d¢ Folacl tai to hop theo thoi gian cam tng.
3.3.4. T6i wu héa sy biéu hién laccase tai to hop

3.3.4.1. Anh huéng thoi gian cim ving
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Hinh 3.20. Hoagt tinh rFolacl theo thoi gian cam ung
Hoat d¢ cua rFolacl tang dan va dat cuc dai 944,8 U/L vao ngay thir 4. Laccase bat dau duoc tich liy
trong moi trudng co cam tng 1% methanol & ngay nudi cay thir 1. Hoat do laccase bat dau giam vao
ngay thir 5, tuy nhién ¢ ngay nudi cay cudi cing, hoat d6 enzyme van cao hon so v6i ngay nudi cdy thir
1
3.3.4.2. Anh hudng ciia ndng do chit cim timg, mat dd té bao, nhiét d va toc do lic
* Anh hwéng ciia mat do té bao
rFolacl duoc nudi trong méi trudng cam tmg YPM bing cach bd sung methanol tai cac thoi diém ODsgoo
12 0,5; 1; 1,5; 2 va duy tri néng d6 methanol 1% trong 6 ngay dé san xuét laccase. Tir két qua cho théy,
gia tri OD =0,5, OD =1, OD = 1,5 va OD = 2 hoat dong laccase déu co su tang hodc giam ro rét gilra

cac khoang thoi gian
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Hinh 3.21. Anh huéng ciia mdt do té bao
*Anh hwéng ciia nong d9 chat cam ing (methanol)

Tai ndng d6 methanol 2% hoat dong enzyme laccase cao nhét vao ngay thir tu 1a 2093,6 U/mL.
Methanol tai cac néng do 1% va 1,5% thi hoat tinh laccase khong on dinh tir sau ngay thtr tu. Hoat tinh
enzyme tlr ngy thir 4 dén ngay thir 5 giam va sau d6 tang lai tir ngay thir 5 dén ngay thu 6.
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Hinh 3.22. Anh hwéng ciia nong dé chdt cam irng methanol

*Anh hwong ciia nhiét dd nudi ciy

Hoat d6 enzyme laccase ting chdm tir ngay thir 1 (1032 U/mL) dén ngay tht 6 (1102,5 U/mL),
chi & ngay tht 5 thi hoat dong enzyme laccase giam nhe (1069,9 U/mL). Déi voi 30°C, thi hoat dong
enzyme cao nhat & ngay thir 3 (1028.8 U/mL). Hoat dong enzyme ting dan tir ngay thir 1 (975,6 U/mL)
dén ngay thtr 3 (1028,8 U/mL) va sau ngay thw 3 thi hoat dong enzyme giam. Hoat d6 enzyme & ngay

thir 6 thap hon so voi ngay dau tién
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Hinh 3.23. Anh huéng nhiét dé nudi cdy
*Anh hwéng ciia tbe dd lic
Téc d6 lac 150 rpm, 180 rpm va 240 rpm thi hoat tinh laccase khong thay d6i nhidu giira cac
ngdy cam tmg. Tuy nhién, & téc do lic 210 rpm thi cho thiy hoat tinh laccase ting dan tir ngay thir nhat
(860,7 U/mL) dén ngay thir 3 (1106,5 U/ml), & ngay thir 4 thi ting manh va sau ngay thir 4 thi hoat tinh

enzyme giam dan. Hoat tinh laccase & ngdy thtr 6 cao hon so véi ngdy thir nhit.
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Hinh 3.24. Anh huéng ciia téc dé lic
3.3.5. Tinh sach enzyme
Khéi lwong phan tir ctia Folacl duoc tinh sach 1a khoang 76 kDa. bao gdm khdi lwong phén tur
ctia enzyme khoang 74 kDa va peptide tin hiéu khoang 2,7 kDa khi dugc bd sung methanol 1%.
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Hinh 3.25. Két qua hinh anh dién di SDS — PAGE ciia protein laccase
M: Thang phan tir protein c6 kich thudc tir 35 kDa dén 180 kDa (hing Thermo Sciencetific);
1: Chung P.pastoris mang gen Folacl cam trng methanol,

2: Chung P. pastoris mang gen Folacl khong cam ing methanol.

3.3.6. Khio sat dic diém enzyme tai to hop

3.3.6.1. Anh huéng ciia pH dén enzyme

Laccase bén & pH tir 4 dén 7, hoat tinh laccase con lai 59% - 43%. Enzyme khong bén trong cac dém
kiém pH>17.,5. O pH 7,5 hoat tinh con lai chi béng Y hoat tinh ban dau va & pH 8 hoat tinh chi con lai
chi dat < 50% hoat tinh ban dau.
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© 40
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2 25 3 35 4 45 5 55 6 6,5 7 75 8
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Hinh 3.26. Anh huéng ciia pH dén dé bén ciia laccase
3.3.7.2. Anh huéng ciia nhiét d 1én enzyme
Sau 1 gio 0 tir 20°C dén 40°C hoat tinh laccase ting dan tir 54% dén 65,65%. Hoat dong enzyme ting
manh tlr 40°C dén 60°C
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Hinh 3.27. Anh huong cua nhiét do dén dé bén cia enzyme

3.3.7.3. Anh hwéng ciia ion kim loai 1én enzyme
Hoat tinh cua enzyme di duogc ting khi ¢ Cu?* ¢ nong 6 1 mM, Ca®* ¢ ndng d6 2 mM, Zn?* & ndng
d6 1 mM va Co?* & nong d6 1 mM. Trong do, ion Cu?* 1am ting manh hoat dong cua enzyme lén dén
132%.
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Hinh 3.28. Anh hwéng ciia ion kim logi dén d¢ bén ciia laccase
3.4. THU NGHIEM KHA NANG PHAN HUY THUOC NHUQM CONG NGHIEP CUA

LACCASE TU NHIEN VA LACCASE TAI TO HQP
3.4.1. Kha niing phan hiiy thuéc nhugm céng nghiép cia laccase ti nhién
Kha ning phan hiy thudc nhuém tong hop ctia F. oxysporum HUIBO2 ty nhién dugc thé hién
trong bang sau
Bang 3.2. Ty 1& khtr mau thuéc nhudém téng hop cua F. oxysporum HUIB02

Hiéu suit phan hiy thudc nhudm (%)

Thudc nhuém téng hep Thai gian nudi cay (ngay)
3 6 9 12 15
Bromothymol blue 99.22° 99.672 99.742 99.73? 99.68?
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Methylene blue 19.48° 25.07° 30.02% 31.76% 32.32%
Methyl orange 94.63" 96.14° 99.20% | 99.39° 99.56°
Crystal violet 4.26° 6.21° 8.73% 8.98% 9.33%

Remazol brilliant blue R 96.48° 98.77% 98.93* | 98.71° 98.66°
Aniline blue 29.36° 33.94° | 38.24" |4125® | 43.97°
Evans blue 23.15¢ 35.99°¢ 49.34° 55.65% 57.64%
Reactive black 11.09° 12.85° 13.95% | 14.26%® 18.06%
Indigo carmine 76.93° 77.88° 90.53" | 95.10* |97.75°
Orange I 8.01° 10.04° 9.81° 9.95° 9.76°

Malachite green 56.16° 65.58° 68.58% | 74.36° 75.47°

Dt liéu dwoc biéu thi trung binh cia ba lan lap lai va dwoc phdn tich bc%ng ANOVA mét chiéu véi p

<0,05. Cac chir cdi a,b,c, d trong moi hang chi ra sy khac biét dang ké

F. oxysporum HUIBO2 loai bo thuéc nhuom tong hop ¢ mirc @6 khac nhau. Hiéu ing khir mau duoc thé
hién t6i da trén cic mau nhu Bromothymol blue, Methyl orange, Remazol brilliant blue R, Indigo
carmine voi hiéu sudt gan 100%. Bén canh d6, F. oxysporum HUIBO02 ciing di loai bo trén 50% céac loai

thudc nhudém nhu evans blue va malachite green. Con doi véi mot s6 thuoc nhudm nhu: Crystal violet,

Reactive black, Orange II thi kha nang xur li khong dat hi€u qua cao.

3.4.2. Kha niing phan hily thudc nhudm cong nghiép ciia laccase tai to hop

Bing 3.3. Ty Ié khir mau thuéc nhudm tong hop ciia laccase tdi to hop

Hiéu suét phan hiy thuéc nhudm (%)
Thuéc nhuém téng hep Thoi gian phan hay (gio)
4 8 12 24
Bromothymol blue 39.2° 41.5° 43.3" 50.0%
Methylene blue 24.7° 26.9™ 29.9 31.2°
Methyl orange 435 454 45.1° 50.9%
Crystal violet 30.4° 36.0° 41.2° 48.2°
Remazol brilliant blue R 65.1° 76.5% 86.0% 88.4°
Aniline blue 27.1° 45.5° 56.0° 57.9%
Evans blue 27.7° 27.9° 30.0° 46.1°
Reactive black 34.2° 52.4% 56.1° 58.5%
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Indigo carmine 29.5¢ 40.0° 77.9° 82.7°

Orange 1l 13.7° 17.5° 20.4° 27.3%

Malachite green 34.5 43.5° 54.0° 61.4%

Dit liéu duoc biéu thi trung binh cua ba lan lap lai va dwoc phan tich bcing ANOVA mét chiéu véi p
<0,05. Cdc chir cdi a,b,c, d trong moi hang chi ra sy khac biét dang ké.
Enzyme c6 kha nang khir mau khoang 50% thudc nhugm sau 24 gio phan (mg. Dic biét Folacl co thé
khir mau 82,7% va 88,4% trong truong hgp Indigo carmine va Remazol brilliant blue R. Khi so sanh
v6i hoat tinh khir mau trong Fusarium oxysporum HUIB02, Folacl tai to hop cho thay sy céi thién dang
ké 38,87%, 13,93%, 40,44% va 17,54% trong truong hgp mau Crystal violet, Aniline blue, Evans blue
va Orange II.

Chuong 4. BAN LUAN
4.1. PHAN LAP CAC CHUNG NAM MOC CO HOAT TiNH LACCASE
Chung t6i chon dugc 3 chung F4, F5 va F8 c6 kha nang phén huy lignin, trong d6 chung F4 c6 kha nang
sinh tong hop laccase manh nhat, dat 186 U/L sau 12 ngay 1én men. So sanh véi cac két qua da duoc
nghién ciru trong va ngoai nudc, ching F. oxysporum HUIBO2 c6 hoat tinh laccase rat cao, c6 thé tao
ra nhiéu tiém ning tmng dung trong viéc xtr Iy moi truong, dic biét xir Iy thuée nhudm tong hop.
4.1.1. M6i trwong
San xuét laccase v6i ngudn carbon 1 rom ra thay vi st dung glucose c6 y nghia 16n vé mit thwong mai.
Hoat tinh laccase cta T.versicolor BBEL0970 dugc ting cuong khi st dung rom lam nguén co chét, dat
t6i 1030 U/g, cho thiy tiém ning cao dé san xuét laccase tir rom ra.
4.1.2. X4c dinh mét s6 dic tinh cia laccase tw nhién
* pH

Hau hét cic laccase nam hoat dong & céc gia tri pH acid hodc trung tinh nhung mat hoat tinh
trong diéu kién kiém. Laccase tir F. oxysporum HUIBO2 ciing hoat dong toi uvu & pH5, twong tu voi cac
laccase & cac chung khéc ctia nhidu nghién ciru trén thé gioi.

* Nhiét d§

Trong nghién ciru ciia chung t6i, nhiét do t6i wu cho hoat dong cia laccase tir F. oxysporum
HUIBO02 la 45°C, mirc nhiét d6 nay ciing nim trong khoang nhiét d6 t6i uwu chung cia cac laccase c6
ngudn gdc khac nhau.

* Ion kim loai

Hoat tinh laccase dugc ting cudng bdi cac ion kim loai nhu Ca?*, Co?*, Cu?* va Zn?* & nong do
thap lmM. Tang ndng do6 cia cac ion kim loai ngoai trir Cu®* va Zn?* 1én dén 5 mM tr¢ 1én lam giam
hoat dong ctia enzyme.

4.2. PHAN LAP CAC GEN MA HOA LACCASE
Khi so sanh vé6i cac két qua nghién ctru khac nhu cua Jing Wu va ¢s cho thiy, cic gen ma hoa

laccase tir F. oxysporum HUIB02 twong dong cao va co cac dic tinh ciia mét laccase dién hinh.
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4.3. BIEU HIEN GEN MA HOA EMZYME FOLAC1 TRONG P. PASTORIS
4.3.1. Biéu hi¢n gen Folacl
Laccase nam thuong duoc glycosyl hoa, véi khdi lugng ting 10% -25%, tuy nhién mot s6 laccase co
mirc ting hon 30%. Phin carbohydrate cua laccase dd duoc chimg minh dé dam bao sy 6n dinh vé hinh
dang va bao vé enzyme khoi su phan giai protein va bi bt hoat boi cac gbc tu do Vi thé, gen Folacl
duoc biéu hién trong P.pastoris ¢ ngudn gdc phan lap tir Fusarium oxysporum HUIBO2 ciing nam trong
quy luét nay.
4.3.2. Khao sat dic tinh enzyme tai t6 hop

Khi biéu hién gen lac4 Psc tir Pleurotus sajor caju trong P.pastoris, véi ABTS 1am co chét,
enzyme hién thi hoat dong t8i wu tai 35°C va pH 3,5; enzyme bi trc ché manh boi sodium azide va acid
thioglycolic. Trong nghién ciru ctia chung t6i, Folacl tai to hop biéu hién trong P. pastoris ¢ nhiét do
hoat dong tbi wu 1a 55°C tai pH 5,5.
4.3.3. T6i wu héa sy biéu hién laccase tai to hop

Trong nghién ctru laccase tir cDNA cua P. sanguineus biéu hién thong qua P. pastoris, 0,8%
alanine dugc sir dung trong mai truong tang truong BMM va pH duy tri khoéng 6,5 trong qua trinh nu6i
céy.
4.4. THU NGHIEM KHA NANG PHAN HUY THUOC NHUQM CONG NGHIEP CUA
LACCASE TAI TO HQP
Su khéc biét vé hiéu qua cua qua trinh khir mau cé thé do su khéc biét vé ciu trac phan tir cia thude
nhudm. Laccase thé hién hiéu qua rat cao trong viéc khir mau cia thudc nhudém anthraquinone RBBR,
tuong ty nhu laccase tinh khiét tir P. sanguineus. Nguoc lai, laccase tai td hop da dugc tinh ché tir P.
methanolica can 16 gio dé phan huy khoang 90% RBBR dudi hoat tinh laccase cao hon 25 U/mL Voi
su hién dién cta cac chit mediator, su khir mau cua indi g0 carmine brfmg laccase c6 thé duoc tang cuong
dang ké.

KET LUAN

Tir c4c két qua nghién ctu, ching i rt ra cac két luan nhu sau:
1. B phén 1ap dwoc chiing F. oxysporum cé kha ning sinh tong hop laccase manh dat 186 (U/L) sau 12
ngay Ién men.
2. Tao dong thanh céng gen cFolacl, cFolac2, cFolac3 va cFolac4 vao vector pGEM ® T-Easy. Cac
gen di duoc giai trinh tu nucleotide thanh cong va dang ky trén ngan hang gen Genbank voi ma sb:
cFolacl (MT362052); cFolac2 (KY825237); cFolac3 (KY825238) va cFolac4 (KY825239).
3. Kiém tra sy c6 mat gen Folacl trong hé gen cuaa ching P. Pastoris.
4. Chung P. pastoris tai to hop sinh tong hop laccase cao nhét khi dwoc nudi cy ¢ 25°C, toc do lic 210
rpm, mat do té bao ban dau ODggo = 1. Hoat do riéng enzyme la 66538 U/mg sau 4 ngay nudi ciy va
ndng d6 protein 12 0,9 pg/ul. Laccase tai td hop ¢ khdi lugng phan tir khoang 76 kDa, c6 khoang nhiét
d6 tbi wu 1a 55°C, pH t6i wu 1a 4,5, Ton Cu®* tang hoat tinh enzyme trong khi ion Fe?* tic ché su hoat
dong cua laccase.

5. Laccase tai t6 hop c6 kha ning khir mau khoang 50% thudc nhudém sau 24 gio phan tng. Dic biét

21



Folacl c6 thé khir mau 82,7% va 88,4% trong trudng hop Indigo carmine va Remazol brilliant blue R.
Khi so sanh v&i hoat tinh khir mau trong F. oxysporum HUIB02, rFoLacl cho thay su cai thién dang ké
38,87%, 13,93%, 40,44% va 17,54% trong truong hop mau Crystal violet, Aniline blue, Evans blue va
Orange Il
KIEN NGHI

1. Biéu hién va t6i uu biéu hién gen cFolac2, cFolac3 va cFolac4 trong hé théng biéu hién tai té hop
trong P. pastoris.

2. Thir nghiém laccase tai t6 hop trong diéu kién phong thi nghiém va thuc té dé xir Iy nhiéu hop chat

gay 6 nhiém nhu kim loai nang, cac chat khang sinh (trong nudc thai y té), cac thudc nhudém tong hop.

CAC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN
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1. The necessity of the study

Biotechnology has been changing the world. That is why many organizations
and experts around the world have affirmed that the 21% century is the
century of biotechnology and it has really become an indispensable tool,
making practical and effective contributions in many fields such as industry,
agriculture, medicine - pharmacy, materials, etc... with the creation of new
varieties of plants and animals with high yield, quality and high economic
efficiency, enzymes have created bio-products for disease treatment, and
microbial products for environmental remediation.

With the increasing rate of environmental pollution due to the uncontrolled
discharge of wastes into the environment today, it is increasingly difficult to
use conventional chemical and biological methods to achieve the necessary
levels to remove pollutants. Therefore, it is imperative to develop effective
treatment methods that do not cause secondary pollution. Recent studies have
demonstrated that enzymes have many possibilities and prospects for solving
the problem of environmental pollution. Enzymes act on particularly difficult
pollutants to remove them by precipitation, conversion, and decomposition of
pollutants into other forms.

In addition, enzymes change the properties of wastes to make them easier to
handle or turn into more valuable products. The enzyme treatment method
has the following advantages: applied to difficult biological substances,
effective even in areas of high concentration of environmental pollutants, a
number of specific enzymes have a wide range of effects, pH, temperature, ...
without causing abnormal changes, without breaking the ecological balance.
As is known, toxic substances in the environment are usually aromatic
organic substances such as phenol compounds, cyclic amines or phosphorus
compounds. To achieve the purpose of environmental treatment, it is
necessary to destroy or remove those toxins. Among enzymes, the redox
enzyme class 1 (oxidoreductase) and the enzyme catalyze hydrolysis reaction
class 3 (hydrolase) have a very high ability to degrade the compounds
mentioned above.

Laccase is a particularly common and versatile enzyme that is widely and
diversely produced in nature from plants, fungi, bacteria, and insects.
Laccase (EC 1.10.3.2, p-diphenol oxidase) belongs to the group of oxidase
enzymes, namely phenol oxidase, which catalyzes the oxidation of many
organic compounds including diphenols, polyphenols, diamines, aromatic
amines, benzenethiol and a number of inorganic compounds such as iodine...
Laccase has strong oxidizing properties, has a diverse substrate spectrum and
uses molecular oxygen as an electron acceptor, so this enzyme is widely used
in industry, in the treatment of industrial and agricultural by-products and
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polluted wastewater. Besides, laccase is also an environmentally friendly
enzyme because in the laccase reaction, it only needs to take oxygen from the
air and the only byproduct formed after the reaction is water.

With such important applications and advantages, we chose to research the
topic: ""Study on the production of recombinant laccase and application for
industrial dyes decolouration for the purpose of creating recombined
laccase to degrade persistent organic compounds that pollute the
environment.

2. Objectives of study
Theoretical objectives
- To isolate fungi with strong extracellular laccase production.

- To study laccase expression from Fusarium oxysporum in Pichia pastoris for
improvement of enzyme production.

- To successfully decolorize synthetic dyes by recombinant laccase.

Practical objectives: Produce recombinant laccase for degradation of
persistent organic compounds that pollute the environment.

3. Research scopes and contents

Research contents

- Isolation of fungi for laccase production;

- Cloning expression laccase gene in P. pastoris;

- Production of recombinant laccase in P. pastoris;

- Purification and characterization of the recombinant laccase;

- Investigation of the possibility of using recombinant laccase to degrade
synthetic dyes.

Research scope

Isolation of laccase production fungi, laccase gene cloning and expression,
purification and characterization of recombinant laccase, synthetic dyes removal
by recombinant laccases were carried out at the Laboratory of the Faculty of
Biology, University of Sciences and Institute of Biotechnology, Hue University.

4. Novelty of dissertation

- Isolated a strain named F. oxysporum HUIBO02 with strong extracellular
laccase production. This was the first study in Vietnam on laccase production
from F. oxysporum.

- Cloned and sequenced 04 genes encoding laccase from DNA and cDNA of F.
oxysporum HUIBO02. The genes with high similarity to the laccase gene of other
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F. oxysporum strains isolated from other regions indicating high conservation
among in the laccase gene group in general and in F. oxysporum in particular.

- Expressed gene encoding laccase from F. oxysporum HUIBO2 in P. pastoris.
The recombinant enzyme characterization provided detailed data on the laccase
properties from F. oxysporum.

- Natural laccase and recombinant laccase have the capacity to remove color
from many synthetic dyes with an efficiency of more than 90%. These results
demonstrate that laccase can degrade persistent organic compounds that
pollute the environment.

5. Dissertation structure

The thesis is presented in 110 A4 pages (excluding references), in which
Introduction is 3 pages, Literature review is 29 pages, Objects and Methods are
15 pages, Research results are 47 pages, Discussions is 14 pages, Conclusions
and Recommendations are 1 page, List of publications is 1 page, References are
15 pages with 138 references in English and Vietnamese. The thesis has 7 tables
and 49 figures.

Chapter 1. LITERATURE REVIEW

The thesis has consulted and summarized 3 main issues with the following
contents: (1) General introduction of laccase; (2) Pichia pastoris expression
system; (3) Industrial dyes and treatments

Chapter 2. MATERIALS AND METHODOLOGY
2.1. MATERIALS

Fungi those were isolated from wood decay in Thua Thien Hue and Dak Lak
provinces.

2.2. METHODOLOGY

2.2.1. Isolation of fungi strains with laccase activity

2.2.2. Determination of laccase enzyme activity.

2.2.3. Determination of extracellular protein by Bradford method

2.2.4. Determination of some properties of laccase such as influence of pH,
temperature and metal ions.

2.2.5. Molecular identification of the fungal strain with the strongest laccase
activity

2.2.5.1. Total DNA extraction
2.2.5.2. ITS 1-4 sequence amplification
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2.2.5.3. Sequencing and building a phylogenetic tree
2.2.6. Isolation of genes encoding laccase
2.2.6.1. cDNA biosynthesis and gene amplification from cDNA

2.2.6.2. Amplification of Folacl, Folac2, Folac3, Folac4 genes by PCR
reaction with specific primers

2.2.6.3. Attachment of the PCR product to the cloning vector

2.2.6.4. Transformation into E. coli TOP10 and selection of the transformed
variant

2.2.6.5. Sequencing the laccase gene

2.2.7. Expression of gene encoding the enzyme Folacl in P. pastoris
2.2.7.1. Cloning in the expression vector pPICZaA

2.2.7.2. Transformation into P. pastoris

2.2.7.3. Laccase gene expression

2.2.8. Determination of recombinant enzyme activity

2.2.9. Investigation of factors affecting recombinant laccase expression
2.2.10. Purification of recombinant protein

2.2.11. SDS — PAGE analysis

2.2.12. Investigation of some factors affecting recombinant laccase activity

2.2.13. Testing of the ability to degrade industrial dyes of natural and
recombinant laccases

2.2.14. Statistical processing

CHAPTER 3. RESULTS
3.1. Isolation of laccase production fungi
3.1.1. Isolation and screening of lignin degrading fungi

Wood decay samples were collected from different locations, diluted and
used 10 for spreading on PDA agar. After 3 to 5 days of culture at 30°C, we
observe and select strains of white filamentous fungi with strong growth
colonies, conduct a qualitative test for laccase production on BSM medium
supplemented with guaiacol (0.01%) as a color indicator substrate for laccase
reactions. Through testing and comparing the color resolution area on the agar
plate, we selected 3 strains of fungi F4; F5 and F8, which have a darker color
region and are superior in their ability to degrade guaiacol, for further research
(Figure 3.1).
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Figure 3.1. Screening for peroxidase production strains on selective medium
supplemented with guaiacol

3.1.2. Morphological characteristics of F4; F5 and F8 strains

Fungal strains F4, F5 and F8 were grown on PDA medium after 3 to 5 days due
to measured colony diameter, observed colony color with naked eyes and
observed colony morphology under optical microscope. (Figure 3.2).

Hé sgi ndm

|+ He sgi ndim *. Hé sgi ndm

Figure 3.2. Mycelial colonies of strains F4, F5, F8 strains
3.1.3. Evaluation of laccase production of fungi F4; F5 and F8 strains
3.1.3.1. Effect of culture conditions on laccase production

To investigate the ability to accumulate laccase enzyme, we chose 2 culture
conditions: semi-solid fermentation (10% substrate) and liquid fermentation (5%
substrate). On each condition, we selected 2 types of BSM medium
supplemented with substrates: straw and wood pulp.

The results of investigation on laccase accumulation ability of strains F4, F5 and
F8 on 4 fermentation conditions are MF1, MF2, MF3 and MF4 over 18 days of
culture, shown in Figures 3.3, 3.4, and 3.5, respectively.
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Table 3.1. The ability to accumulate laccase of strain F4 in 4 fermentation

media
Fermentatio Time (day)
n media 3 6 9 12 15 18
MF1 0,9740,12  2,07+0,19 3,09+0,07 3,30+0,19 2,52+0,07 2,55+0,14
MF2 1,97+0,05  2,08+0,09 2.43+0,12 2,89+0,07 3,47+0,07 3,22+0,21
MF3 1,60+0,36  2,52+0,07 1,67+0,05 1,18+0,21 0,90+0,10 0,76+0,07
MF4 30,97+5,52 95,69+4,75 148,61+4,18 186,25+6,50 179,86+3,48 170+5,86
7
-
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Figure 3.3. The ability to accumulate laccase of strain F5 in 4 fermentation

media
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Figure 3.4. The ability to accumulate laccase of strain F8 in 4 fermentation
media

Thus, straw is a potential substrate for the production of laccase - an inexpensive
and efficient source of raw materials

3.1.4.2. Effect of temperature on laccase production

Strain F4; F5 and F8 have higher ability to produce extracellular laccase
enzyme under liquid fermentation conditions than semi-solid fermentation.
Therefore, we continued to investigate the ability to accumulate laccase over 3
fermentation temperature ranges of 25°C; 30°C and 35°C under liquid
fermentation conditions

3

Laccase activity (U/mL)

3 6 9 12 15 18
Fermentation time (day)
——25°C —8—30°C —4&—35°C

Figure 3.5. The ability to accumulate laccase of strain F4 using MF3 culture
medium at different temperatures.
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Figure 3.6. The ability to accumulate laccase of strain F4 using MF4 culture
medium at different temperatures

Strain F5 was grown at different temperatures on two types of media, MF3 and
MF4, and the results were evaluated in 18 days of fermentation.
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Figure 3.7. The ability to accumulate laccase of strain F5 using MF3 culture
medium at different temperatures.
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Figure 3.8. The ability to accumulate laccase of strain F5 at 3 different
fermentation temperatures in MF4 . fermentation medium

The strain F8 was grown at different temperatures on two types of media, MF3
and MF4, and the results were evaluated in 18 days of fermentation
6

5 4

4 4
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Figure 3.9. The ability to accumulate laccase of strain F5 using MF4 culture
medium at different temperatures
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Figure 3.10. The ability to accumulate laccase of strain F8 at 3 different
fermentation temperatures in MF4 fermentation medium

3.1.4.3. Total protein content and enzyme purity

Table 3.2. Protein content and laccase activity of F4, F5, F8 strains

Strain Total Protein (ug/mL) Activity (U/mL) Specific activity (U/mg)

F4 45,70+0.68 186,25+6,50 4,0+0,13
F5 59,00+2.0 5,72+0,07 0,1+0,003
F8 25,70+0.62 4,8+0,25 0,19+0,05

Specific activity is the number of enzyme units/Img protein (U/mg). Based on

Table 3.2, the laccase from strain F4 has a much higher purity than strain F5 and
F8.

3.1.4. Characterization of natural laccase
3.1.5.1. Effect of pH

The laccase enzyme produced by F4 has the strongest catalytic activity in the pH
range from 4 to 6, when increasing the pH from 3 to 5, the enzyme activity also
increases from 72.1% (145 U/L) to 100%, this laccase works optimally around
pH5, where laccase activity is measured up to 201.1 U/L. The activity decreased
slightly when increasing to pH 6 to 89.5% (180 U/L), then decreased sharply
when increasing pH to 8 to only 33.1% (66.7 U/L).

3.1.5.2. Effect of temperature
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When the temperature gradually increased from 20°C to 45°C, the laccase
activity produced by strain F4 also increased gradually from 66.4% (139.4 U/L)
to 100% (208.8 U/L), the most suitable temperature for laccase to work is about
45°C (208.5 U/L) and decreases when the temperature is increased to 50°C to
74.7% (155.7 U/L).

3.1.5.3. Effect of metal ions

Enzyme was completely inactivated when adding 5mM Fe?* ions to the reaction
mixture and the activity decreased by 96.7% compared to the control, Cu?*;
Mg?* and Co?* slightly increased laccase activity by 5%; 15%; 4% respectively
compared with the control, but also not significant.

3.1.5. Identification of microorganisms

ITS sequence of F4 was determined to include 514 nitrogen base pairs,
compared with 18S rRNA gene sequences of fungal strains published in
Genbank, EMBL data banks, showing that strain F4 has a high level of
similarity with fungal strains of the genus Fusarium, species F. oxysporum

3.2. CLONING LACCASE GENES FROM FUSARIUM OXYPORUM

The results of PCR amplification of Folacl, Folac2, Folac3 and Folac4 genes
with specific primers FolaclF/FolaclR; Folac2F/Folac2R; Folac3F/Folac3R;
Folac4F/Folac4R is shown in Figure 3.12

A
M Folac1

Izk. I

Figure 3.11. The PCR product amplifies the laccase-coding genes.
M: GeneRuler 1 kb DNA Ladder (Thermo Scientific, USA),

A. Folacl gene PCR product, M: GeneRuler 1 kb DNA Ladder (Thermo
Scientific),

B. Folac2 gene PCR product, M: 100 bp PCR Molecular Ruler (Bio-Rad),
C. Folac3 gene PCR product, M: 100 bp PCR Molecular Ruler (Bio-Rad),
D. Folac4 gene PCR product, M: 100 bp PCR Molecular Ruler (Bio-Rad).

PCR product on 1% agarose gel appeared clear band, no by-products, about 2 kb
in size for Folacl and Folac3, 2.2 kb gene size for Folac2 and Folac4,

M Folacd

SNN-2,2 kb

B
M Folac2
22kb
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equivalent to the size of the laccase gene of F. oxysporum f. sp. lycopersici 4278
was published in NCBI

3.2.2. Clone genes encoding the enzyme laccase in the pGEM®T-Easy vector

Kb M 1 2 3

Figure 3.12. Restriction product by EcoRI recombinant plasmid pGEM®T-
Easy-Folacl.

M: GeneRuler 1 kb DNA Ladder (Thermo Scientific)
1: Recombinant plasmid pGEM®T-Folacl isolated from E. coli TOP10;

2: The Folacl gene PCR product on the template DNA is the recombinant
plasmid pPGEM®T-Folacl,

3: Recombinant plasmid cleavage product pPGEM®T-Folacl by EcoRI enzyme.
M 1 2 3

Figure 3.13. Restriction product by EcoRI recombinant plasmid pGEM®T-
Easy-Folac2.

M: PreciGene 1 kb DNA Ladder (BioPioneer),

1: The Folac2 gene PCR product on template DNA is the recombinant plasmid
pGEM®T-Folac2;
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2: Recombinant plasmid cleavage product pGEM®T-Folac2 by EcoRI enzyme;
3: Recombinant plasmid pPGEM®T-Folac?2 isolated from E. coli TOP10.

Kb 1 M 2 3

Figure 3.14. Restriction product by EcoRI recombinant plasmid pGEM®T-
Easy-Folac3.

M: PreciGene 1 kb DNA Ladder;

1: The Folac3 gene PCR product on the template DNA is the recombinant
plasmid pPGEM®T-Folac3;

2: Recombinant plasmid cleavage product pGEM®T-Folac3 by EcoRI enzyme;
3: Recombinant plasmid pGEM®T-Folac3 isolated from E. coli TOP10EcoRI

Kb

N W

Figure 3.15. Restriction product by EcoRI plasmid recombinant pPGEM®T-
Easy- Folac4

M: PreciGene 1 kb DNA Ladder (BioPioneer)

1: PCR product of Folac4 gene using recombinant vector pPGEM®T-Folac4 as
template DNA;

2: Recombinant vector cutting reaction product pPGEM®T-Folac4 by EcoRlI
enzyme;



3: Recombinant plasmid pPGEM®T- Folac4 isolated from E. coli TOP10
3.2.3. Sequencing the laccase gene

Plasmid carrying recombinant vector of each gene Folacl, Folac2, Folac3 and
Folac4 was sent for nucleotide sequencing by FIRST BASE company
(Malaysia).

3.2.3.1. Folacl gene sequence

The Folacl gene was cloned from cDNA with size 2064 nucleotides in the
obtained nucleotide sequence without introns.

3.2.3.2. Folac2 gene sequence

The Folac2 gene has a length of 2229 nucleotides and contains 5 non-coding
regions with the lengths of regions of 52 nucleotides, 48 nucleotides, 52
nucleotides, 55 nucleotides, 47 nucleotides, which have been registered on
Genbank with code KY825237.

3.2.3.3. Folac3 gene sequence

The Folac3 gene has a length of 1957 nucleotides equal to the size of the Folac3
gene template of strain F. oxysporum f. sp. lycopersici 4287. The complete
sequence of the Folac3 gene is registered on the Genbank gene bank with code
KY825238.

3.2.3.4. Folac4 gene sequence

The Folac4 gene has a length of 2238 nu and contains 5 non-coding regions with
the lengths of the regions being 53 nucleotides, 50 nucleotides, 59 nucleotides,
52 nucleotides, 47 nucleotides, respectively. Nucleotide sequences were
registered on the GenBank gene bank with code KY825239.

3.3. LACCASE GENE EXPRESSION IN P. PASTORIS

3.3.1. Cloning cFolacl into pGEM®T-Easy and transformation into E. coli
Topl0

We choose cFolacl to further study the production of recombinant laccase
through the host P. pastoris

3.3.2. Clone into the expression vector pPICZaA
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Figure 3.16. PCR product cFolacl using primer pair AOX1.

M: GeneRuler 1 kb DNA Ladder,

1-4: cFolacl PCR product from total DNA of recombinant P. pastoris
3.3.3. Folacl gene expression in P. pastoris

Determination of recombinant laccase activity

1000 A
200 | ‘/§/§/H\i
600 -

400 +

Laccase activity (U/L)
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0

1 2 3 4 5 6
Induction time (day)

Figure 3.17. Recombinant Folacl activity over induction time.
3.3.4. Optimization of recombinant laccase expression
3.3.4.1. Effect of induction time
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Figure 3.18. Recombinant Folacl activity over induction time.

The activity of rFolacl gradually increased and reached a maximum of 944.8
U/L on day 4. Laccase started to accumulate in 1% methanol-induced medium
on day 1 of culture. Laccase activity started to decrease on day 5; however, on
the last day of culture, enzyme activity was still higher than on day 1 of culture

3.3.4.2. Effect of inducer concentration, cell density, temperature and shaking
speed

* Effect of cell density

rFolacl was grown in YPM-inducible medium by the addition of methanol at
time points of ODego 0f 0.5; 1; 1.5; 2 and maintained at a concentration of 1%
methanol for 6 days for laccase production. From the results, the OD = 0.5, OD
=1, 0D = 1.5 and OD = 2 values of laccase activity all had a marked increase or
decrease between time periods
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Figure 3.19. Recombinant Folacl activity according to cell density
Effect of inducer concentration (methanol)

At 2% methanol concentration, the highest laccase enzyme activity on day four
was 2093.6 U/mL. Methanol at 1% and 1.5% concentrations, the laccase activity
was unstable after the fourth day. Enzyme activity from day 4 to day 5
decreased and then increased again from day 5 to day 6
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Figure 3.20. Recombinant Folacl activity according to methanol cam inducer
concentration

Effect of incubation temperature

Laccase enzyme activity increased slowly from day 1 (1032 U/mL) to day 6
(1102.5 U/mL), only on day 5, laccase enzyme activity decreased slightly
(1069.9 U/mL). For 30°C, enzyme activity was highest at day 3 (1028.8 U/mL).
Enzyme activity gradually increased from day 1 (975.6 U/mL) to day 3 (1028.8
U/mL) and after day 3, enzyme activity decreased. Enzyme activity on day 6
was lower than on day 1
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Figure 3.21. Recombinant Folacl activity according to culture temperature
Effect of shaking speed

With shaking speeds of 150 rpm, 180 rpm and 240 rpm, laccase activity did not
change much between induction days. However, at shaking speed of 210 rpm, it
was shown that laccase activity increased gradually from day 1 (860.7 U/mL) to
day 3 (1106.5 U/ml), on day 4 it increased sharply and after day 4, the enzyme
activity gradually decreased. Laccase activity at day 6 was higher than that of
day 1.
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Figure 3.22. Recombinant Folacl activity according to shaking speed

3.3.5. Enzyme purification

The molecular weight of purified Folacl is about 76 kDa including an enzyme
molecular mass of about 74 kDa and a signal peptide of about 2.7 kDa when
supplemented with 1% methanol.
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Figure 3.23. Electrophoresis of the recombinant protein product of rFolacl
M: PageRuler™ Prestained Protein (Thermo Scientific),

1: P. pastoris strain carrying the methanol-inducible Folacl gene

3.3.6. Characterization of recombinant enzymes

3.3.6.1. Effect of pH on enzymes

Laccase is stable at pH 4 to 7, remaining laccase activity 59% - 43%. Enzymes
are unstable in alkaline buffers with pH > 7.5. At pH 7.5 the remaining activity
is only ¥ of the original activity and at pH 8 the remaining activity is only <
50% of the original activity.
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Figure 3.24. Effect of pH on the stability of recombinant laccase

3.3.7.2. Effect of temperature on enzymes

After 1 hour incubation from 20°C to 40°C laccase activity increased gradually
from 54% to 65.65%. Enzyme activity increased sharply from 40°C to 60°C
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Figure 3.25. Effect of temperature on the stability of recombinant laccase
3.3.7.3. Effect of metal ions on enzymes

Enzyme activity was increased in the presence of Cu?* at a concentration of 1
mM, Ca?* at a concentration of 2 mM, Zn?* at a concentration of 1 mM and Co?*
at a concentration of 1 mM. In which, Cu?* ions strongly increase enzyme
activity up to 132%.
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Figure 3.26. Effect of metal ions on the stability of recombinant laccase.
3.4. Evaluation the application of laccase
3.4.1. Synthetic dyes degradation by recombinant laccase
Table 3.3. Synthetic dye decolorization rate of recombinant laccase

Synthetic dyes Dye degradation efficiency (%o)
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Decomposition time (hour)

4 8 12 24
Bromothymol blue 39.2° | 415> |43.3° 50.0?
Methylene blue 24.7° 26.9% |29.9° 31.22
Methyl orange 435" 454> |45.1° 50.92
Crystal violet 30.4° 36.0° 41.2° 48.2°
Remazol brilliant blue R 65.1¢ | 76.5° | 86.0% 88.43
Aniline blue 27.1° 45.5P 56.02 57.92
Evans blue 27.7° | 27.9° |30.0° 46.1°
Reactive black 34.2° | 52.4% |56.12 58.5%
Indigo carmine 29.5¢ 140.0¢ |77.9° 82.72
Orange I 13.7¢ 17.5°¢ 20.42 27.32
Malachite green 345° 435" |54.0° 61.42

Data were expressed as the mean of three replicates and were analyzed by one-
way ANOVA with p < 0.05. The letters a, b, ¢, d in each row indicate a
significant difference.

Enzymes have the ability to decolorize about 50% of dyes after 24 hours of
reaction. In particular, Folacl was able to decolorize 82.7% and 88.4% in the
case of Indigo carmine and Remazol brilliant blue R. When compared with the
decolorization activity in Fusarium oxysporum HUIB02, recombinant Folacl
showed a significant improvement including 38.87%, 13.93%, 40.44% and
17.54% in the case of Crystal violet, Aniline blue, Evans blue and Orange Il
colors.

Chapter 4. DISCUSSION
4.1. ISOLATION OF LACCASE ACTIVE MOLD STRATEGY

We selected 3 strains F4, F5 and F8 capable of degrading lignin, in which strain
F4 had the strongest ability to biosynthesize laccase, reaching 186 U/L after 12
days of fermentation. Compared with the results studied at home and abroad, the
strain F. oxysporum HUIBO2 has very high laccase activity, which can create
many potential applications in the treatment of the environment, especially the
treatment of synthetic dyes.

4.1.1. Substrate

Producing laccase with the carbon source of rice straw instead of using glucose
Is of great commercial significance. The laccase activity of T.versicolor
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BBEL0970 was enhanced using straw as a substrate source, reaching 1030 U/qg,
indicating a high potential for laccase production from rice straw.

4.1.2. Determination of some properties of natural laccases

* pH

Most fungal laccases are active at acidic or neutral pH values but lose activity
under alkaline conditions. Laccase from F. oxysporum HUIBO02 also works

optimally at pH5, similar to laccases in other strains of many studies around the
world.

* Temperature

In our study, the optimal temperature for laccase activity from F. oxysporum
HUIBO02 was 45°C, which is also within the general optimum temperature range
of laccases of different origin.

* Metal ions

Laccase activity was enhanced by metal ions such as Ca?*, Co?*, Cu?* and Zn?*
at a low concentration of 1ImM. Increasing the concentration of metal ions
except Cu?" and Zn?* to 5 mM or more reduces enzyme activity.

4.2. Isolation of laccase coding genes

When compared with other research results such as that of Jing Wu et al., the
laccase-coding genes from F. oxysporum HUIBO2 are highly homologous and
have the characteristics of a typical laccase.

4.3. Enzyme folacl encoding gene expression in P. pastoris
4.3.1. Folacl gene expression

Fungal laccases are usually glycosylated, with a mass increase of 10% - 25%,
however some laccases have an increase of more than 30%. The carbohydrate
fraction of laccase has been shown to ensure conformational stability and to
protect the enzyme from proteolysis and inactivation by free radicals, so the
Folacl gene is expressed in P.pastoris-derived isolated from Fusarium
oxysporum HUIBO2 is also in this rule

4.3.2. Investigation of recombinant enzyme properties

When expressing the lac4 Psc gene from Pleurotus sajor caju in P.pastoris, with
ABTS as the substrate, the enzyme displayed optimal activity at 35°C and pH
3.5; The enzyme is strongly inhibited by sodium azide and thioglycolic acid. In
our study, recombinant Folacl expressed in P. pastoris had an optimal operating
temperature of 55°C at pH 5.5.

4.3.3. Optimization of recombinant laccase expression
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In the study of laccases from cDNA of P. sanguineus expressed through P.
pastoris, 0.8% alanine was used in BMM growth medium and pH was
maintained around 6.5 during culture.

4.4, Testing about recommended laccase industrial dyes

The difference in decolorization efficiency may be due to differences in the
molecular structure of the dyes. Laccase exhibits very high efficiency in
decolorization of anthraquinone dye RBBR, similar to purified laccase from P.
sanguineus. In contrast, the recombinant laccase purified from P. methanolica
required 16 h to degrade about 90% of RBBR under laccase activity higher than
25 U/mL in the presence of mediators, decolorization of indigo carmine by
laccase can be significantly enhanced.

CONCLUSION
From the research results, we draw the following conclusions:

1. Isolation high laccase production F. oxysporum strain with production level of
186 U/mL after 12 days of fermentation.

2. Clonning cFolacl, cFolac2, cFolac3 and cFolac4 genes into pPGEM ® T-Easy
vector. The nucleotide of these genes have been sequenced and registered on the
Genbank with accession code of: cFolacl (MT362052); cFolac2 (KY825237);
cFolac3 (KY825238) and cFolac4 (KY825239).

3. Recombinant expression cFolacl in P. pastoris.

4. The recombinant P. pastoris strain produced highest laccase under culture
conditions included temperature of 25°C, shaking speed of 210 rpm, initial cell
density ODeoo = 1. Specific enzyme activity reached 66538 U/mg after 4 days
culture and the protein concentration was 0.9 pg/uL. The recombinant laccase had
molecular weight of 76 kDa optimal temperature of 55°C, optimal pH of 4.5; Cu?*
ions increased enzyme activity while Fe?" ions inhibited laccase activity.

5. Recombinant laccase removed color of different synthetic dyes after 24 hours of
reaction. Especially, rFolacl decolorized 82.7% and 88.4% Indigo carmine and
Remazol brilliant blue R, respectively. In compared with the decolorization ability
by native strain F. oxysporum HUIBO02, rFolacl showed an improvement on crystal
violet, aniline blue, evans blue and orange Il degradation, reaching 38.87%,
13.93%, 40.44% and 17.54% color removal, respectively.

SUGGESSION

1. Optimization and production of rFolacl at the scale of 5 L fermenter to
increase recombinant enzyme production.
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2. Test the application of recombinant laccase under laboratory and practical
conditions to treat many contaminant compounds such as heavy metals,
antibiotics (in medical wastewater), synthetic dyes
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