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MO PAU
Cytochrome P450 (P450) 1 ho enzyme phan b6 rong rdi va da dang nhat nhat, dong vai trd quan
trong trong rat nhiéu con dudng chuyén hoa vat chét trong co thé ciing nhu trong ty nhién. P450 c6 mit &
hau hét cac gidi trong hé théng sinh vat hoc, rat da dang vé cAu truc va chire nang, tham chi cac P450 cia
mdt loai cling ¢ thé ¢é ciu tric, chirc ning va tinh chat khac nhau, dic biét 1a tinh dic hiéu co chat. Chinh
vi vay P450 duoc tmg dung rong rii nhét trong tat ca linh vuc nong nghiép, cong nghiép, méi trudng, y
duogec...

Dé dap timg duogc yéu cau ciia cic quy trinh san xudt mot sd cac san pham sinh hoc & quy mé cong
nghiép nhu thuc hién phan tng & nhiét do cao, trong sy c6 mat ciia mot s6 loai dung mdi doi héi cac enzyme
tham gia vao cac quy trinh nay phai co tinh cht dic biét nhu bén nhiét, chiu dung méi, chiu ap... Vi vay,
viéc tim kiém cac P450 bén nhiét méi tir tyr nhién hodc gay dot bién dinh huéng dé nang cao tinh bén nhiét
cua cac P450 da duogc déc biét quan tdm nghién ciru.

Céc enzyme bén nhiét thuong dugc thu nhan tir cac vung dia nhiét nhu subi nude néng, miéng
nui lira, gian khoan dau khi... Mot trong nhiing loi thé cua Viét Nam 1a c6 mot mang ludi hon ba tram subi
nude néng vo cung phong phu, trai dai tir Bic téi Nam. Tuy nhién, cac nghién ctru danh gia vé khu hé vi
sinh vat ra nhiét & cac sudi nudc nong dé c6 thé thdy duoc tiém ning va vai tro cta ching dbi voi hé sinh
thai va con ngudi con han ché. Cho dén nay, nhitng nghién ctru vé vi sinh vat ua nhiét va hé enzyme cua
chung da duoc nghién ctru tai Viét Nam, chii yéu tap trung vao nhom vi sinh vét phan 1ap duoc ciing nhu
hé enzyme thity phan ctia chung nhu amylase, protease, cellulase... Mit khac, subi nudc nong thuong co
s6 luong vi sinh vat rat thap, chi 0,1% tong sb vi sinh vat c6 thé phan 1ap duoc truc tiép bang phuwong phap
truyén théng. K§ thuat metagenomic ra doi cho phép cac nha nghién ctru tiép cin sdu hon véi hé gen cua
vi sinh vat khong théng qua nudi cdy. Trong nhirng nim gan day da co rat nhiéu cong bd khai thac nhiing
gen mdi, protein/enzyme mdi cua vi sinh vat nho ky thuat nay. Chinh vi vay, trong nghién ctru nay chung
t6i dat muc tiéu tim kiém gen méi mi hoa cho cytochrome P450 tir sudi nuéc néng Binh Chau — mot trong
nhitng sudi nudc nong cé nhiét do nong nhat tai Viét Nam voi hy vong sé& tim thiy P450 bén nhiét méi bang
k¥ thuat khong nudi cdy. Dé thuc hién duge muc tiéu ndy, ching t6i da thuc hién nhitng ndi dung nghién
clru nhu sau:

- Thu nhén, tach chiét DNA metagenome sudi nuéc néng Binh Chéu, giai trinh ti va xdy dung
co s6 dit liéu v& nhoém gen mé hoa cho P450.

- Biéu hién gen ma hoa P450 méi, tinh sach va nghién ctru mot sb tinh chét ctia P450 tai to hop.

- Nghién ctru hé thdng truyén dién tir va xac dinh phd co chét tiém ning cua enzyme thu duoc.



Chuwong 1: TONG QUAN
1.1. Hé enzyme cytochrome P450

Cytochrome P450 (P450) 1a ho enzyme 16n nhét, dong vai trd quan trong trong mot s6 con dudng
chuyén héa vat chit trong co thé ciing nhu trong ty nhién. P450 c6 mit & hau hét cac gidi trong hé thdng
sinh vat hoc: vi khuan, nim, thuc vat, dong vat Céac P450 1a cac monooxygenase bén ngoai, do do, chung
can mot chat cho dién tir dé khoi dong qua trinh oxi héa va hydroxyl héa co chat nhu so ¢6 phan tng sau:

RH + 02 + NAD(P)H + H+ —» ROH + H20 + NAD(P)+

S6 luong cac gen ma hoa cho cac P450 ¢ tat ca cac loai trong hé théng sinh vat hoc hién nay 1a
khoang hon 37.000 trinh tu dugc cong bd trén Ngan hang gen va sb lugng nay tiép tuc duoc ting 1én khi
cac nhom nghién ctru tim ra dugc cac gen P450 méi & cac loai sinh vat khac nhau

1.1.1. H¢ enzyme cytochrome P450 ¢ vi sinh vdt

Véi cac dic trung nhu toc do phan ng nhanh, c6 kha niang hoa tan va biéu hién duoc trong té bao E. coli
nén cac enzyme P450 ciia vi khuan thu hit sy quan tdm nghién ctru ciia cac nhom nha khoa hoc vi ¢6 thé
dua vao hé¢ enzyme P450 cuia vi khuén dé phat trién cac mo hinh chuyén hoéa sinh hoc trong ty nhién hodc
dé nghién ciru cdu tric va chirc ning cac hé enzyme P450 cia céac loai eukaryote. P450 cua vi sinh vat dong
vai tro quan trong trong viéc chuyén hoa cac co chat khac nhau nhu sinh tong hop cac hop chit c6 hoat tinh
sinh hoc tmg dung trong tai tao méi truong, duge pham va néng nghiép.

Céc xa khudn thuong mang cac gen P450 thuéc CYPome (cytochrome P450 complement) tham gia vao
cac qué trinh sinh tong hop cac hop chit c6 hoat tinh sinh hoc tu nhién tng dung trong y duoc. Mic du s6
luong cac P450 cia vi sinh vat khong ngimg ting 1én, tuy nhién cac nha khoa hoc du doan ring rat nhiéu
P450 tir vi sinh vat van dang ton tai trong ty nhién va chua dugc khai thac, dac bi€t ¢ nhitng viung c6 hé
sinh thai méi truong cyc tri ma khong thé thu nhén cac vi sinh vat hodc enzyme bang cach nuéi cay théng
thuong.

1.1.2. Hé théng truyén dién tir ciia P450

Vi cac P450 1a cac monooxygenase bén ngoai, do vay ching can chét cho dién tir dé khoi dong chudi truyén
dién to va chuyén hoéa co chét. Cac P450 c6 hé théng truyén dién tir thudc nhém 1II dai dién cho cac P450
thudc nhom eukaryote. Hé thdng monooxygenase ciia nhoém nay duge tim thiy & mang ludi ndi chit (ER)
ctia té bao eukaryote bao gdm hai protein lién két mang: P450 va reductase phu thuéc NADPH (Hinh 1C).
Reductase chira ca nhém FAD va FMN, dong vai tro truyén dién tir tir NADPH t&i mot trong cac isozyme

cua P450.
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Hinh 1.1: So d6 mot s6 hé thdng truyén dién tir dién hinh cta cic nhom P450. A) Hé théng P450 cua vi
khuan (Nhém Ia); B) Hé thong P450 ty thé (Nhom Ib); C) Hé thdng P450 té bao (Nhom II); D) Hé thong
tu xtc tic CYP102A1 (Nhom VIII)

1.1.3. H¢ enzyme cytochrome P450 bén nhigt ¢ vi sinh vt

Mot trong s6 cac tiéu chi dbi véi cac enzyme trién khai & quy mo cong nghiép 1a tinh bén, trong d6 c6 tinh
bén nhiét. Tuy nhién, sy khong on dinh cta cac P450 trong cac diéu kién san xuét cong nghié€p ¢ nhiét do
cao, xic tac trong sy c6 mit ciia dung moi da han ché nhimg tmg dung clia hé enzyme ndy & quy mo san
xuét 16n. Chinh vi vay, viéc tim kiém cac P450 bén nhiét tir tw nhién hodc gay dot bién dinh hudng dé nang
cao tinh bén nhiét cta cac P450 d3 biét d3 dugc quan tdm nghién ctru.

Cho dén nay, chi c6 5 enzyme P450 bén nhiét thu nhan tir cac ching ¢6 khuan phan 1ap dugc ngoai
ty nhién bao gom CYP119A1, CYP119A2, CYP175A1, CYP231A2 va CYP154HI1 dugc cong bd. Tir
nhitng két qua nghién ctru trén Thé gidi co thé thiy ring sé lwong cac P450 bén nhiét tir cac nhém vi sinh
vét van con kha han ché midc du c6 tiém niang ung dung trong cong nghiép rat 16n. Chinh vi thé viéc tim
kiém, khai thac dé thu nhan, nghién ciru cu tric, tinh chat va ing dung cac P450 bén nhiét méi tir tw nhién
1a can thiét va co y nghia.

1.1.4. Ung dung ciia cytochrome P450

Céc P450 co thé tham gia xuc tac rat nhidu loai phan tmg sinh hoa khac nhau, do d6 ing dung cua
ho enzyme nay rat rong rii. Qua trinh gan nhom hydroxyl vao co chét ciia ho enzyme P450 thuong din dén
viéc thay doi tinh chat ctia co chit nhu thay d6i tinh hoa tan, tinh dic hiéu va doc tinh. Do vdy ho enzyme
nay thuong dugce sir dung dé tong hop cac hop chét hitu co kho thu nhan bang con dudng hoéa hoc hoic dé
phan giai cac chat hitu co khé phan hiy ngoai méi truong 6 nhiém. Bén canh cac hop chat steroid, cac P450
ctia vi khuén ciing duogc sir dung dé xtic tic qua trinh tong hop cac hop chét nhu axit epoxyeicosatrienoic,
leukotoxin B va cac epoxide eicosanoid khac

1.2. Ky thuit metagenomic trong qua trinh khai thac cac gen méi

K¥ thuat metagenomic dugc st dung lan dau tién boi Jo Handelsman va cong su. Metagenomic duoc dinh
nghia 1a mot ing dung cta ky thuat di truyén hién dai dé nghién ctru mot hé sinh théi vi sinh vat truc tiép
tir moi trudng sdng ma khong can phén 1ap riéng ré cac chung nhu cac k¥ thuat truyén thdng, 12 phuong
phap phan tich hé gen ctiia mot quan x4 vi sinh vat. K§ thuat metagenomic nghién ctru metagenome quan
xa sinh vat thong qua ba budc chinh, bao gdm: (i) tach chiét nucleic acid tir mau thu thap; (ii) thiét lap thu
vién metagenome hodc gidi trinh ty DNA metagenome sir dung thiét bi giai trinh ty thé hé moi; (iii) phan
tich, sang loc gen béng cac k¥ thudt tin sinh hoc hoac phan 1ap gen dua vao s6 liéu giai trinh ty, qua do tao
tién dé cho viéc tach dong va biéu hién gen. Cac bo dit liéu metagenome chi c6 thé dugc phén tich hiéu qua
khi str dung cac cong cu tin sinh hoc.

1.3. Khai thic DNA metagenome bang cong cu tin sinh

Tin sinh hoc 12 mdt linh vuc khoa hoc sir dung cac cong nghé ctia nganh toan hoc tmg dung, tin hoc, théng
ké, khoa hoc may tinh va toan sinh hoc dé giai quyét cac van dé sinh hoc. May giai trinh tir thé hé méi tao
ra cac doan trinh tu doc ngén thong qua cac phan tng tong hop song song va tao ra mot lwong 16n dir lidu
trong mdi thi nghiém, bén canh d6 con giam dang ké chi phi giai trinh tu. Tuy nhién, cac doan doc do cac
hé théng nay tao ra ngan hon rat nhiéu so véi hé may dau tién, nén can do bao phu cao hon dé thoa man



tiéu chi xac dinh bang sy chong ldp. Thuat toan lap rap de novo va cac ung dung ciia né dang dugc xay
dung dé dép ung cac thach thic ton tai ddi v6i dir lidu giai trinh ty méi. R4t nhiéu thuat toan lap rap de
novo da duoc thyc thi, mdi loai c6 nhiing tién d¢, diém manh yéu riéng. Mdi chwong trinh lip rdp mang
tinh chat dic thu riéng, tuy nhién ching déu c¢6 co s& chung va tit ca déu giai quyét sy phuc tap cta dit lidu
giai trinh ty thé hé moi.

Dtr liéu tho

Dtr liéu tinh sach

Q Lap rap
Contigs
Q Du doan gene
Genes
Phan loai sinh thai Chu gidi chirc nang

Hinh 1.2: Quy trinh xdy dung va phan tich hé gen tu div liéu gidi trinh ty
Chuong 2: VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Vat liéu
2.1.1. Vat li¢u
- Méu nuéc thu tir sudi nudc nong Binh Chau.
2.1.2. Vi sinh vt
- Chung Escherichia coli TOP10F’ (str dung trong thi nghiém nhan dong gen)
- Chung Escherichia coli C43(DE3) (st dung trong thi nghiém biéu hién gen)
- Chung Escherichia coli BL21(DE3) (sir dung trong thi nghiém biéu hién gen).
- Chung Escherichia coli IM109(DE3) (sir dung trong thi nghiém biéu hién gen).
2.1.3. Vector

- Vector pUC19 gén gen tong hop nhén tao trinh tu doan ORF denovo 35152 (ky hiéu 1a P450-T2)
(Phu Sa Biochem Ltd.)

- Vector pET17b (Novagen, USA).
2.1.4. Moi siv dung

- 35152f: gatcCATatgggccttggcagcttcca



- 35152f: gatcAAGCTTAGTGGTGATGGTGATGATGctgggcecttgagcetgeagea
Cap moi duoc dit tai Phu sa Biochem Ltd. (Viét Nam)
2.1.5. Cac moi trwong sir dung

Moi truong LB (g/L):

Peptone 5
Cao nAm men 5
NaCl 3

Moi truong TB (g/L)

Bacto Tryptone 12

Cao nim men 5

Glycerin 4 mi

H20 900 mL

Sau khi khir trung, bd sung 100 ml:

K2HPO4 0,72 M

KH2PO,4 0,17 M
Moi truong SOC (g/L)

Bacto Tryptone 20

Cao nim men 5

NaCl 0,5

H-0 980 mL

Sau khi khir trung bd sung 20 ml dung dich glucose 1M v6 tring.
2.2. Phwong phap nghién ciru
2.2.1. Cac phwong phap sinh hoc phén tir
2.2.1.1. Tach chiét DNA metagenome
Quy trinh tach chiét duoc thuc hién theo kit PowerWater® DNA Isolation.

DNA metagenome duogc kiém tra chat lugng bang cach chay dién di trén gel agarose 0,8%. Nong
d6 va do tinh sach DNA duoc xac dinh trén may quang phé NanoDrop 1000 (Thermo Scientific) & budc
song 260 va 280 nm. D¢ tinh sach cia DNA dugc danh gia thong qua ty 1€ Azeo/Azgo. Protein dugc coi 1a
sach, du chat luong cho céc thi nghiém tiép theo khi ty 18 nay ndm trong khoang 1,8 + 2.0.

2.2.1.2. Gidi trinh tw DNA metagenome suéi nudc néng Binh Chdu

DNA metagenome cta khu hé vi sinh vat ¢ sudi nuéc nong Binh Chau duoc gui di giai trinh tu
bang thiét bi giai trinh ty thé hé méi Hiseq Illumina tai cong ty BGI (Hongkong). Dit liéu sau khi doc trinh
tu s€ duogc luu ¢ dang file fasstq.



2.2.1.3. Thiét ké moi

Mdi khuéch dai gen duoc thiét ké dua trén co s& dir liéu bao gém trinh tu cac gen ma hoa
cytochrome P450 bén nhiét da ctia khu hé vi sinh vét sudi nude néng Binh Chau. Cac cap moi duge tong
hop tai cong ty sinh hoa Phu Sa (Can Tho).

2.2.1.4. Khuéch dai gen P450-T2
Doan khung doc mé ctia gen nhan tao P450-T2 dugc khuéch tai tir vector pUCI19 mang doan gen nay.

Thanh phan phan tng cho tong thé tich 50 pl nhu sau:

5X Phusion HK Buffer 10 ul

Mdi 35152f (10 pmol) 2 ul

Mdi 35152r (10 pmol) 2 ul

Khuén pUC19-T2 (10 ng) 2,5 ul

5mM dNTPs 1 ul

DMSO 1,5 ul

Phusion polymerase 1,5 ul

dH20 29,5 ul
Phan ung dugc thyc hién & diéu kién sau:

98°C 30s

98°C 10s

60°C 10 35 chu ky

72°C 20s

72°C 5 min

10°C ©

San pham PCR chay kiém tra trén gel agarose 0,8% va duoc lam sach theo sy hudng din cia nha
san xuat Kit GeneJET PCR Purification (Thermo Fisher Scientific).

2.2.1.5. Chudn bj té bao Escherichia coli kha bién xung dién

Mot khuan lac E. coli moi dugc hoat hoa lai trén dia méi truong LB thach duge lwa chon dé cay
vao 10 ml moi truong LB 1ong. Nudi vi khuan qua dém & 37°C véi téc do lac 200 vong/phit. Hom sau,
dich té bao dugc chuyén vao binh tam giac thé tich 2 L chtra 1 L méi truong LB véi ty 16 gidng 1% va tiép
tuc nudi & 37°C, lic 200 vong/phit cho dén khi ODego dat 0,4-0,6. Dt binh nudi té bao vao da 15 phut trude
khi ly tam thu té bao & toc dd 4000 vong/phiit, 4°C trong 15 phiit. Cin té bao dugc rira sach trong nude cat
vo trung lanh 2 1an va trong 20 ml dung dich 10% glycerol lanh. Ly tdm thu cin té bao & toc do 4000
vong/phut, 4°C trong 15 phut. Hoa cin té bao vao 1,5-2 ml dung dich 10% glycerol va chia vao cac éng
eppendorf vo trung, mdi ong 50 ul dich. Lam dong té bao dot ngdt trong nito 16ng va bao quéan té bao & -
80°C cho dén khi sir dung.



2.2.1.6. Tqo vector biéu hién pET17b gdn doan gen P450-T2 (pET17b-T2)

Vector pET17b (Novagen) mang T7 promoter ¢ dau N, ving tao dong, T7 terminator, pBR322
origin dugc cit mé vong voi hai enzyme gigi han HindIII va Ndel (NEB) va loai gdc phosphate voi CIP
(NEB). Thanh phan phan img mé vong nhu sau:

Dém Smart cutter: 2ul
Ndel: 1 ul
HindlIlI: 1 ul
Plasmid (152 ng/pul): 6 ul

dH0: 10 pl

Phan tmg dugc u ¢ 37°C trong 1 gid. Bat hoat 2 enzyme gidi han bang cich nang nhiét do phan
g 1én 65°C trong 20 phut. Tiép tuc loai gdc phosphate véi thanh phan phan tng nhu sau:

DPém Smart cutter: 10 pl
Plasmid d3 mo vong: 20 pl

CIP: 5pul
dH0: 15 pl

Phan tmg u & 37°C trong 30 phat. Lam sach plasmid bang Kit GenJET Gel extraction (Thermo
Fisher Scientific).

Mat khac, san phém khuéch dai gen trong muc 2.2.1.4 ciing duoc cit tao dau dinh véi 2 enzyme
tuong tng Hind 111 va Ndel (NEB). Lam sach doan gen bang Kit GenJET Gel extraction (Thermo Fisher
Scientific).

Doan gen P450-T2 duogc gin vao vector pET17b dd mé vong tai 2 vi tri Hindl11 va Ndel bang Kit
Fast Link DNA ligation (Epicenter) véi thanh phan phan tng nhu sau:

bém 10x Fast-link ligation: 1,5 ul

10 mM ATP: 0,75 pl
pET17b m¢ vong: 3l
Poan gen P450-T2: 4 ul

dH0: 4,75 ul
Fast link ligase: 1 ul

Hdn hop duge 0 15 phit & nhiét d phong trude khi bat hoat enzyme & 70°C trong 15 phit.
2.2.1.7. Bién nap vdo E. coli bang phirong phdp xung dién

Hon hop gin & muc 2.2.1.6 (3 pl) dugc tron vao té bao kha bién E. coli TOP10F’ va dé trén da 5-
10 phut. Pdng thoi cac cuvette cling duoc dit trén da. Chuyén dich té bao tron hdn hop gin vao cuvette va
tién hanh xung dién & dién thé 1800-2000V. Phuc hdi té bao trong 1 ml méi trudng SOC, lc trong 1 gid &
37°C. Dich bién nap sau dé dugc cdy trai trén dia moi trudng LB ¢ bd sung ampicillin (100 pg/ml).

2.2.1.8. Chon loc dong E. coli mang vector pET17b-T2

Khuan lac moc trén dia méi truong LB (san pham muc 2.2.1.7) dugc tach sach va nuéi riéng ré& trén
mdi truong LB 16ng co khang sinh qua dém ¢ 37°C. Tach plasmid bang Kit GeneJET Plasmid miniprep



(Thermo Fisher Scientific) va cat kiém tra bang hai enzyme gi¢i han Hindlll va Ndel. Nhiing dong plasmid
nao ¢ xuat hién hai bang (kich thudc twong tng khoang hon 3000 bp va 1000 bp) thi dugc giir lai va gui
di doc trinh ty gen tai Phu sa Biochem Ltd.

2.2.1.9. Biéu hién gen P450-T2

Dong plasmid pET17b-T2 da xac dinh trinh ty dam bao du va dting ma di truyén s& duoc bién nap
vao cac té bao E. coli BL21(DE3), IM109(DE3) va C43(DE3) bang phuong phap xung dién.

Céc dong té bao E. coli tai t6 hop ban déu duogc nhén trong binh tam giac chira méi truong LB bd
sung ampicillin (100 pg/ml) ¢ 37°C qua dém lam giéng. Chuyén 1% gidng vao méi trudng TB va tiép tuc
lic & 37°C trong 3-4h cho dén khi ODego dat 0,8 — 1 thi b6 sung 1 mM IPTG va 0,5 mM &-amino levulinic
acid va ha nhiét do Xuéng 30°C. Sau 48 gio, ly tam thu can té bao va bao quan can té bao & -20°C cho thi
nghiém sau.

2.2.2. Cac phwong phdp hoa sinh
2.2.2.1. Tinh sach protein P450-72 tdi t6 hop

Can té bao duoc ra dong va dugc hoa tan trong 50 ml dém A (50 mM Kpi pH 7,4; 500 mM Na-
acetate; 0,1 mM EDTA; 1,5% Na-Cholate; 0,1 mM PMSF va 0,1 mM DTE). Té bao sau d6 dugc pha bang
song siéu am trong 15 phut. Dich pha té bao duoc ly tam & 35.000 vong/phut trong 30 phat dé thu dich tho
enzyme. Xac dinh ndng d6 ciia enzyme tai to hop theo phuong phap cia Omura va Sato.

Cot sic ky IMAC-Ni?* duge can bang bang dém B (50 mM Kpi pH 7,4; 500 mM Na-acetate; 1%
Na-Cholate; 0,1 mM PMSF va 0,1 mM DTE). Pwa mau enzyme thd vao cot va rira bang 50 ml dém B. Tiép
tuc rira b?mg 50 ml ¢&m C (50 mM Kpi pH 7,4; 0,1 mM EDTA; 1% Na-Cholate; 0,1 mM PMSF va 0,1 mM
DTE; 0,1 mM ATP). Protein tai t6 hop duoc day ra khoi ¢t bang dém D (50 mM Kpi pH 7,4; 400 mM
Imidazol AcO; 1% Na-Cholate; 0,1 mM PMSF va 0,1 mM DTE) thanh cac phan doan (2 ml/phan doan)
v6i te dd 1 ml/phut.

Céc phan doan dugc do quang phd UV-Vis tir bude song 700 dén 200 nm. Thu nhan cic phan doan
¢ ti 1& Aurr/Azeo tir 1,6-1,8. Céac phan doan dugc lya chon sé dugce hoa chung, loai imidazol b?mg phuong
phap tham tich va c6 lai dén thé tich mong mudn bang Centriprep 30 kDa. Mau protein tinh sach duoc kiém
tra trén ban dién di SDS-PAGE va xac dinh ndng d6 cytochrome P450.

2.2.2.2. bi¢n di SDS-PAGE
bién di SDS-PAGE dugc thuc hién theo phuong phép cua Laemmli

Nong do cytochrome P450 duge xac dinh bang may do quang phd CO-Difference dugc tinh toan
bang cong thirc guso 490y =91 MM™ cm? dya theo phuong phap ciia Omura and Sato. Phé UV-vis cia
cytochrome P450 duogc ghi lai & nhiét 46 phong bing may do quang phd UV2101PC, Shimadzu, Kyoto,
Japan.

2.2.2.3. Xac dinh phé hdp thu phén tir UV-Vis va phwong phdp xdc dinh nong dé cytochrome P450

Enzyme tinh sach duoc do trén may quang phd Shimadzu Photometer (UV2101PC, Kyoto, Japan)
& budc song tir 200-700 nm nhiam xéac dinh phd hap thy phan tir UV-Vis.



Nong do cytochrome P450 dugc xac dinh dua theo phuong phap ctia Omura va Sato. Cytochrome
P450 hép thu cuc dai & budc song 450 nm khi chiing bi khir thanh phic hgp Fe-CO. Néng do P450 duoc
tinh theo cong thurc:

(A4so-Aago) x hé s6 pha lodng

C(P450) =
exd

C(P450): ndng do cytochrome P450 [mM]
Auso-Aago: Hiéu s6 do hap thu & 2 bude song 450 nm 490 nm
&: Do hap thu phén tir (molar extinction coefficient) [91 mM1xcm-1]
d: Pudng kinh hoidc chiéu dai ciia cuvette [cm]
2.2.2.4. Xdc d@inh pH t6i wu va nhiét @6 toi wu cua PA50-T2 tdi t6 hop

Enzyme tai t6 hop tinh sach duoc hoa trong dém 50 mM Kpi véi dai pH tir 2-9 trong 15 phut. Ly
tam 12.000 vong/phut thu dich trong. Xac dinh hoat tinh cua enzyme theo phuong phap cia Omura va Saito
dé xac dinh gia tri pH cho néng d6 P450 cao nhét.

Enzyme tiép tuc dugc hoa trong d&m 50 mM Kpi 6 pH t8i uu va i & cac nhiét d6 40, 50, 60 va 70°C
trong 15 phut. Ly tam 12.000 vong/phtt thu dich trong. Xac dinh hoat tinh ctia enzyme theo phuong phap
ctia Omura va Saito dé xac dinh gia tri nhiét d6 cho néng d6 P450 cao nht.

2.2.2.5. Xdc dinh dé bén nhiét ciia P450-T2 tdi t6 hop

Gia tri Tso duoc xac dinh béng cach u protein tinh sach tai cac nhiét 46 40°C, 50°C va 60°C déng
thoi x4c dinh hoat tinh enzyme con lai sau mdi khoang thoi gian 15 phut.

Puodng cong bién tinh ciia enzyme dugc xac dinh thong qua dic diém cia ving hap thu tia UV xa
(far UV) str dung hé thong quang pho ludng sic tron (Circular dichroism - CD) JASCO J-715. Enzyme tinh
sach dugc hoa trong dém 10 mM Kpi pH 7,4 dén néng do cubi cung la 2 uM. Phd hép thu duoc do trong
ving UV xa tir bude séng 190 dén 260 nm. Mdi luot do cach nhau 1 phit voi toe d6 0,5s/nm va chiéu rong
cua bang 5 nm.

2.2.2.6. Xac dinh cdc redox partner trong hé thé'ng truyén dien tur cua P450-T2

Enzyme tai td hop tinh sach P450-T2 dugc tron chung voi cac hé ferredoxin reductase va ferredoxin
khéc nhau, bao gdm: (i) hé adrenodoxin reductase/ adrenodoxin rat gon (4-108) ciia ngudi; (i) hé ferredoxin
reductase arh1/ ferredoxin etp1 ctia nAm men; (ii) hé ferredoxin reductase BmCPR/ ferredoxin Fdx2 va (iii)
h¢ ferredoxin reductase BmCPR/ ferredoxin Fdx3 tir Bacillus megaterium. Tinh twong thich dugc xac dinh
dwa trén kha ning truyén electron (tinh khir) tir NADPH dén ferredoxin reductase, tiép dén ferredoxin va
cubi cung 1a dén P450. Cac hé redox partner twong thich s& khir P450 va hinh thanh nén phirc Fe-CO va c6
peak hap phu t6i da & budc séng 450 nm.

Phéan tng dugc thuc hién trong dém HEPES pH 7,2 v6i ty 1& P450:Fdx:FdR 1a 1:20:3 (uM). B
sung ImM NADPH, tron déu va chia vao hai cuvette thach anh CV10Q700 (Thorlabs). Sau thoi gian 1



phut, mét cuvette dugc suc bao hoa CO. Do mirc do hép thu cia mau tir budc song 400-500 nm béng may
quang phd Shimadzu Photometer (UV2101PC, Kyoto, Japan).

2.2.2.7. Xdc dinh cdc phé co chat tiém ning ciia P450-T2

Mot sb hop chét bao gom: Caffeic acid, L-Mimosine, Piceatamol, L-Resveratro, Butein, Emodin,
Luteolin, Morine, Isoscopoletine, Nalixic acid, Scopoletin duoc lya chon dé thu nghiém xac dinh phé co
chat tiém niang cta P450-T2. Co chét tiém ning cia P450-T2 dugc danh gia dwa trén sy thay d6i phd hap
thu cuc dai UV-Vis cua P450 tir dang low-spin (hap thu cyuc dai & 415-417 nm) khi khong c6 mit co chét
chuyén thanh dang high spin (hap thu cuc dai & 390-394 nm) khi c6 mit co chét.

2.2.3. Cac phwong phdp tin sinh hoc

Chat lugng doc trinh ty duoc danh gia bang phan mém FastQC. Qua trinh tién xir 1y dir liéu duoc
thuc hién béng cong cu Trimmomatic. Dir li€u DNA metagenome cia khu hé vi sinh vat & sudi nudce néng
Binh Chau duoc ldp rap dé tao thanh contigs bang phin mém SOAPdenovo2 véi cic thong sb mic dinh.
Cong cu Bowtie2 duoc sir dung nham giong hang cac doan doc ngan véi nhing contig duoc 1ap rép, qua
d6 nhitng doan trinh tu 15i dugc loai bo. Két qua lap rap dugc danh gia bang phan mém QUAST.

Lap rap: SOAPdenovo2

»

Du doan ORF:

Co s& dir ligu
MetaGeneMark v2.10

non-redundant protein

(NCBI)
Chu giai chirc ndng Khung doc m&
cac ORF (ORF)
Co sd dit liéu
cytochrome P450

vi khuan

Sang loc
cytochrome P450

Hinh 2.1: Quy trinh ldp rap va xu 1y s6 liu

MetaGeneMark v2.10 duoc str dung dé du doan khung doc mé (ORFs) dua trén két qua 1ap rap.
Tét cac khung doc mé sau d6 duoc so sanh voi ngan hang dit liéu NCBI bang cong cu Blast++ nham du
doan chirc ning ctia cic protein va sang loc ORF ma hoa cytochrome P450. Gen tiém ning ma hoa
cytochrome P450 duoc ddi chiéu véi co so dit lidu cytochrome P450 cua vi Kkhuén. Cong cu Tm Index duoc
st dung dé du doan nhiét do ma tai d6 50% cau triic mot protein bi dudi X04n, qua d6 loai bd nhitng gen
mi héa cytochrome P450 khong bén nhiét. Gen ma hoa cytochrome P450 duoc dich mi sang axit amin
bang phan mém ExPASy. Trinh ty axit amin ctia gen dugc phan lap tir DNA metagenome sudi nudc nong
Binh Chau va cac cytochrome P450 tuong dong duge sap hang bang Clustal Omega va thé hién thanh hinh
anh nhd cong cu ESPript3. Cay pha hé giita cac cytochrome P450 dugc xay dung bang phan mém MEGAT.



Chuwong 3: KET QUA VA THAO LUAN
Subi nudce néng Binh Chau thudc xa Bung Riéng, huyén Xuyén Mgc, tinh Ba Ria c6 nhiét do ¢ gﬁn
miéng giéng phun 1a 82-84°C, pH 7,5 — 7,7. Vi tri ldy miu c6 toa do 10°36°03.9” Bic va 107°33°30.0”
bong. Chi ti€u hod ly cta mau nuée thu nhén tir sudi nude néng Binh Chéu duoc trinh bay tai phu luc 1.

Hinh 3.1: Vi tri cac diém s6i ctia sudi nudce néng Binh Chau duogc lya chon dé léy mau
3.1. Tach chiét DNA metagenome tir miu sudi nwéc néng Binh Chau

Qua trinh tach chiét DNA metagenome dugc thuc hién theo hudng dan su dung kit PowerWater®
DNA lIsolation (MO BIO). Két qua tach chiét DNA metagenome ctia mau nudc sudi nudc noéng Binh Chau
duoc thé hién trong anh dién di ¢ hinh 3.2 cho tha"iy DNA metagenome clia mau nuée sudi nude néng Binh
Chau c6 chat lugng tot, DNA khong bi dut gay. Nong d6 ciia mau duoc do bang méay quang phd Nano Drop
1000 dat 139,3 ng/ul, Azeo:Azeo dat 1,84 dii didu kién dé giai trinh tu.

Hinh 3.2: DNA metagenome clia mau nudc sudi nwéc néng Binh Chau (Giéng 1). M: thang DNA
chuén 1kb.

3.2. Giai trinh tu DNA metagenome bang thiét bi HiSeq Illumina

DNA metagenome ciia sudi nudc nong Binh Chau duoc giri di giai trinh tu tai Cong ty BGI
(Hongkong)

3.3. Xay dung co sé dir liéu metagenome sudi nwée néng Binh Chau cic gen mi hoa cytochrome P450
bing cac cong cu tin sinh hoc

3.3.1. Gidi trinh tw va tién xur Iy dit liéu
Két qua gii trinh tr DNA metagenome sudi nudc néng Binh Chau & cong ty BGI (Hongkong) thu
dugc 10.2 Gb dit liéu tho. Phan tich bang phin mém FastQC cho thdy c6 0.04% dit liéu khong xac dinh



duogc 1a A,T,G hay C; 0,41% 1a trinh tu moi doc trinh tu, 6,97% dit liéu co chét luong kém (Q<20) (Hinh
3.3).

0.41%__ 6.97% 0.04%
\ [

u Trinh tw chat lwgng
tot

u Adapter

Hinh 3.3: Thanh phan cac doan doc tho trong mau doc trinh ty DNA metagenome ctia sudi nudc
néng Binh Chau

St dung phﬁn mém Trimmomatic nham loai bo trinh tu chét lugng kém, Kkét qua thu duogc
93.999.534 doan trinh ty (9,4 Gb di li¢u) chét lugng cao, phﬁn 16n trinh tu c6 diém chét lugng Q > 30

(Hinh 3.4).
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Hinh 3.4: Chit luong dit liéu sau khi tién xtr Iy bang Trimmomatic
3.3.2. Ldp rdp de novo metagenome

Dir liéu duoc lip rap dé tao thanh contigs bang phan mém SOAPdenovo2 va danh gia chat lwong
lap rap bang cong cu Quast (Quality Assessment Tool for Genome Assemblies). SOAPdenovo2 lip rap
61.212.496 doan trinh tu tao ra 51.346 contigs c6 d¢ dai trén 500 bp, trong do6 contig dai nhét 1 1.767.609
bp (Bang 3.1).

Bang 3.1: Két qua lip rdp de novo metagenome subi nude néng Binh Chau

Tong s6 doan trinh tur 93.999.534
S6 doan trinh ty duoc lip rap 61.212.496
Téng s contig 51.346
Contig dai nhét (bp) 1.767.609
Do dai trung binh céc contig (bp) 3.351

Do dai contig N50 (bp) 9.791

Do dai contig N90 (bp) 1.059
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Hinh 3.5: Phan bd d6 dai contig sau khi lap rap bang phan mém SOAPdenovo2
3.3.3. Dwr dodn gen va xiy dung co sé dit liéu metagenome sudi nwdéc néng Binh Chiu cum gen
md hod cytochrome P450

Str dung chtrc ning du doan ORF danh cho dit liéu metagenomic ciia phin mém MetaGeneMark
v2.10 véi 51.346 contig thu duoc 156.093 khung doc mé tiém ning. Phan bb d6 dai cua cac khung doc mo
duoc thé hién trong hinh 3.6. cho théy cac doan gen c6 do dai tir 500-999 bp c6 ti 1€ 47,2%, tiép theo 1a cac
doan gen c6 chiéu dai 1000-1499 bp va chiéu dai tir 1500-1999 bp co ty 1€ 1an luot 14 20,4% va 6,9%.
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Hinh 3.6: Phan b d6 dai cac gen duoc du doan tir co s& dir liéu DNA metagenome subi nudce néng
Binh Chau

Tt cac khung doc mé sau dé duge so sanh v6i ngan hang dir liéu NCBI bang cong cu Blast++. C6
tat ca 106.903 khung doc mé tiém ning da duoc chu giai, trong d6 ¢6 68 gen tiém ning ma hoa cytochrome



P450 bao gom 38 gen hoan chinh, 14 gen thiéu md mo dau, 9 gen thiéu ma két thic va 7 gen thiéu ca hai
dau (Bang 3.2)

Bang 3.2: Co so di liéu metagenome sudi nudc néng Binh Chau cum gen mi hoa cytochrome
P450.

Loai gen S6 lwong
Gen hoan chinh 38
Gen thiéu ma mo dau 14
Gen thiéu ma két thuc 9
Gen thiéu ca ma mo dau va ma két thic 7
Tong sb 68

Co s¢ dir liéu metagenome cum gen ma hoa cho cytochrome P450 c6 mang 38 ORF hoan chinh.
Céc trinh ty ndy dwoc phan tich va du doan chirc ning protein theo con duong KEGG. Két qua phan tich
cho thiy cac protein P450 ciia co s dit liéu dugc chia thanh 4 nhém (Hinh 3.7):

- Nhom 1 bao gém 15 enzyme tham gia chuyén hoéa Terpenoid va Polyketides hodc tham gia vao
qué trinh phan huy Limonene va pinene v&i mirc do twong dong protein vai cac cytochrome P450 da cong
b6 tir 41-81%.

- Nhém 2 bao gom 2 enzyme tham gia chuyén héa lipid va cac chit béo voi mirc d6 twong dong lan
luot 1a 42 va 61%

- Nhom 3 bao gdm 1 protein c6 do twong ddng 61% voi cytochrome P450 ctia ngudi (CYP4V)

- Nhom 4 bao gdm 20 cytochrome P450 chua rd chirc ning c¢6 murc do tuong dong protein véi cac
cytochrome P450 da cong b tir 28-100%.

25

20

[y
(5}

P450
o

S6 lwong cytochrome

o -

Nhdm1l Nhom2 Nhom3 Nhom4

Hinh 3.7: S6 luong cac cytochrome P450 trong co s dit liéu metagenome subi nude néng Binh
Chau dugc chia thanh 4 nhém: Nhom 1 - enzyme tham gia chuyén hoa Terpenoid va Polyketides hogc tham
gia vao qua trinh phan hay Limonene va pinene; Nhom 2 - enzyme tham gia chuyén hoa lipid va cac chat
béo; Nhom 3- enzyme tuong dong voi CYP4V; Nhém 4- nhoém chua 1 chirc nang.



3.3.4. D dodn nhiét dp néng chday (Tm) ciia cdc P450 tiém ning trong co sé dit ligu metagenome sudi
nwoc nong Binh Chédu

Tm ctia 38 ORF hoan chinh ma hoa cho cac cytochrome P450 tiém ning dugc dy doan truc tiép tir
trinh ty protein cua gen d6 thong qua phan mém T Index. Két qua cho thiy c6 13 doan ORF (34,21%)
duogc du doan c6 T ciia protein cao hon 65°C, 23 ORF (60,53%) ma hoa cho cac protein c6 T nam trong
khoang tir 55°C dén 65°C va 2 ORF (5,26%) ma hoa cho cac protein c6 Trm thip hon 55°C (Hinh 3.8).

[l 55°C<Tm<65°C
m Tm<55°C

& Tm>65°C

Hinh 3.8: Phin b Tm ctia cic cytochrome P450 tiém ning dugc ma hoa bai 38 ORF hoan chinh
tir co so dit liu metagenome sudi nudc néng Binh Chau.

3.4. Tach dong va biéu hién gen ma hoa cytochrome P450 tir DNA metagenome sudi nu6c néng Binh
Chau

3.4.1. Phan lgp gen md hoa cytochrome P450

Véi muyc tiéu tim kiém gen ma héa cytochrome P450 bén nhiét, nhitng ORF ¢6 Tm < 55°C bj loai
bo, 36 ORF c6 Tm > 55°C duoc st dung lam ddi tuong dé khuéch dai gen. St dung 36 cap moi ¢6 trinh tu
duoc thiét ké ¢ phu luc 3 dé khuéch dai cac ORF trong co s¢ dit liéu metagenome.

Phuong phép thong dung dé 1am giau s6 ban sao gen dich 1a 1am giau mat d6 vi sinh vét sinh tong
hop san phém duoc ma hoa boi gen dich trén co chét d3c hiéu, dic biét ddi voi nhom enzyme thily phan
(amylase, cellulase...). Tuy nhién cytochrome P450 1a nhém enzyme oxy hoa, can phai c6 sy tham gia ctia
rat nhiéu cofactor dé thuc hién qué trinh xtic tac. Hon nita, pho co cht ctia cac cytochrome P450 khac nhau
1a rt khac nhau, do vay viéc lya chon co chét dé lam giau s6 ban sao gen ma hoda cytochrome P450 trong
DNA metagenome 1a bat kha thi.

Trong thi nghiém nay, chung t6i da khong thanh cong trong viéc khuéch dai gen mi hoa cytochrome
P450 tryc tiép tir DNA metagenome sudi nudc néng Binh Chau. Do vay ching toi lya chon phuong phép
tong hop nhan tao 1 ORF trong co s¢ dir liéu metagenome dé biéu hién va nghién ciru tinh chat cua né.
3.4.2. Lua chon ORF hoan chinh ma héa cytochrome P450

Do bét cap vé tinh tuong thich nhiét do tdi wu cua céc enzyme trong chudi truyén dién tir, ching
toi khong co cac hé redox partner (ferredoxin reductase, ferredoxin) chiu nhiét, do vy tiéu chi dat ra dé lya
chon ORF bao gom:



- La ORF hoan chinh (c6 trinh tir nucleotide ma hoa Methionine khoi dau va két thic & Stop codon)
- C6 Tm du kién nam trong khoang 55 — 65°C

- C6 @6 twong ddng voi cac P450 di bibt < 85%

- Tham gia vao con dudng chuyén ho4 terpenoid va polyketide

Trong s cac ORF dugc sang loc, chiing toi da Iya chon ORF thudc contig [denovogenes] 35152
dap tng duoc céc tiéu chi trén dé tong hop nhan tao tai Cong ty TNHH MTV Phu Sa (Viét Nam).

3.4.3. Phén tich trinh tw gen ma hod cytochrome P450 tong hop nhin tgo (P450-T2)

Gen tong hop ¢ ky hiéu P450-T2 c6 chiéu dai 1188 bp mi héa cho 395 axit amin. P450-T2 c6
muc do xac dinh 70,8% va do tuwong déng 81,4% voi trinh ty axit amin CYP203A1 cta ching
Hydrogenophaga taeniospiralis. Do d6, c6 thé xép enzyme cytochrome P450 dugc ma héa gen méi tim
dugc vao nhom CYP203A1. Két qua nay duge xac dinh thong qua ciy pha hé neighbor-joining giita trinh
tu ciia gen ma hoa P450-T2 va cac cytochrome P450 khac (Hinh 3.9).

[~ CYP203A1-Sudi nzée néng Binh Chéu

L

CYP203A1 Hydrogenophaga taeniospiralis

CYP203A1 Rhodopseudomonas palustris

CYP203A2 Novosphingobium aromaticivorans

CYP200A1 Bradyrhizobium japonicum

CYP202B1 Rhodobacter sphaeroides

CYP202A1 Sinorhizobium meliloti

CYP202A3 Agrobacterium tumefaciens

CYP205B2 Frankia sp.

CYP204A1 Novosphingobium aromaticivorans

CYP204B1 Saccharopolyspora erythraea
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Hinh 3.9: Cay pha hé giira cytochrome P450 mi hoa boi gen phan lap tir DNA metagenome sudi
nude noéng Binh Chau va mot s6 cytochrome P450 khéc

Cytochrome P450 la mdt hemoprotein, n6é ¢6 dac trung la cac motif nhu EXR, CXG va heme
binding domain. M6t s cdu triic dic trung ctia cytochrome P450 nhu EXXR motif va heme binding domain
(FGHGIHFCLG) dugc thé hién trong hinh 3.10.
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Heme binding domain signature
T2 373 conserved cysteine
CYP203A1_Hydrogenophaga 372
CYP203Al1_Rhodopseudomonas_palu 367
CYP203A2 Novosphingobium aroma 375
CYP202Al_Sinorhizobium melilot 397
CYP202A3_Agrobacterium tumefac 397
CYP202B1_Rhodobacter_sphaeroid 375
CYP204Al1_Novosphingobium_aroma 427
CYP204B1l_Saccharopolyspora_ery 411
CYP200A1_Bradyrhizobium japoni 379
CYP205B2_Frankia sp. EANlpec 441

Hinh 3.10: Két qua so sanh trinh ty axit amin cia P450-T2 va mét s6 cytochrome P450 khac.



3.4.4. Thiét ké hé vector biéu hién gen ma héa P450-T2

Gen ma hoa P450-T2 duoc gan trong vector pUC19. Sir dung cap moi 35152f va 35152r dé khuéch
dai doan gen theo phuong phap trinh bay ¢ muc 2.2.1.4 (Hinh 3.11A). Sau d6, vector pET17b (Novagen)
va san pham PCR cung duoc xir Iy bang Ndel va HindIII truéc khi gin doan ORF cua P450-T2 vao vector
bang enzyme Fast link ligase (Epicenter). Vector tai to hop pET17b mang doan gen P450-T2 duoc nhan
1én trong E. coli TOP10F’ va cét kiém tra bang Ndel va Hindll
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Hinh 3.11: Pién di d6 san pham khuéch dai gen ma hoa P450-T2 (A) va cac dong vector pET17b
mang cac doan gen ma hoa P450-P2 sau khi cit bang Ndel va Hindlll (B). M: 1 kb ladder.
3.4.5. Biéu hi¢n gen ma héa P450-T2

Céc chiing tai t6 hop sau d6 dugc biéu hién trong binh tam gidc nhén c6 thé tich 250 mL chira 50
mL moi treong TB. Qua trinh cam tng dugc thue hién véi 1 mM IPTG va 0,5 mM 6-Aminolevulinic acid.
Sau 48 gio mirc d6 biéu hién P450-T2 chi dat & mirc 10,7 nmol/L qua thip.
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Hinh 3.12: Nong d6 P450-T2 tai t6 hop trong E. coli BL21(DE3) va JM109(DE3). M6 hinh biéu
hién duoc thuc hién trong binh tam giac nhdn c6 thé tich 250 mL chira 50 mL méi trudng TB.

Do hiéu suét biéu hién ban dau qua thdp nén chung t6i tiép tuc nghién ctru ning cao hiéu suit biéu
hién trong binh tam giac nhin dung tich 2000 ml chira 500 ml méi truong . Chung E. coli duoc lwa chon 1a
BL21(DE3). Mic du hiéu sudt biéu hién da duoc nang lén 60,3 nmol/L nhung higu sudt biéu hién van tha”ip
cho cac budc nghién ctru tiép theo.



Chung t6i tiép tuc thir nghiém biéu hién & quy mé binh tam giac c¢6 gd dung tich 2000 mL chira
250 mL méi truong TB st dung dong té bao E. coli C43(DE3) mang plasmid pET-T2. Két qua & Hinh 3.13
cho théiy mure do biéu hién da tang 1&n 10 rét, té bao E. coli c6 mau do, néng d6 cytochrome P450-T2 da dat
541 nmol/L, gép gan 9 lan so v&i hé thong biéu hién trude.
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Hinh 3.13: Mau séc té bao E. coli C43(DE3) tai tb hgp mang vector pET17b-T2 (A) va hiéu suét
biéu hién P450-T2 ctia hai hé thong binh tam giac va chung E. coli khac nhau.

3.5. Tinh sach P450-T2 ti to hop

Cin té bao E. coli C43(DE3) tai to hop dugc pha v& bang song siéu am dé thu dich enzyme tho.
Toan bd quy trinh tinh sach enzyme qua cot sic ky ai luc IMAC-Ni%* duoc thuc hién theo mé ta & phan
2.2.2.1.

Dich protein tho va protein tinh sach dugc chay trén dién di SDS PAGE, déng thoi xac dinh néng
dd cta enzyme tinh sach theo phuong phép cua Omura va Sato. (Hinh 3.14). Enzyme tinh sach c6 hoat do
1a 1120 umol/L, trong lwong phan tir 44,3 kDa nhu tinh toan 1y thuyét. San pham nay chi c6 1 dinh duy
nhit & budc song 450 nm khi bi khir boi Na-dithionite va bio hoa trong CO, khong c6 dinh & budc song
420 nm. Do dd, enzyme nay la enzyme ¢ trang thai hoat dong.

37 kDa _—




Hinh 3.14A: Pién di dd SDS-PAGE cua dich enzyme P450-T2 tho (1) va dich enzyme tinh sach
(2). M: protein ladder 10-250 kDa (Biorad). Hinh 3.14B: Pho dic trung cua cytochrome P450 ciia enzyme
tai to hop P450-T2 khi bi khir boi Na-dithionite va bao hoa trong CO.

3.6. Xdc dinh mdt sb tinh chit ciia P450-T2
3.6.1. Anh hwong ciia nhiét dg, pH lén hoat tinh ciia enzyme tdi té hop

Dich enzyme dugc hoa trong d€m 50 mM Kpi ¢ cac pH khac nhau 2-10, 1 trong 15 phut roi Xac
dinh hoat do ctia cytochrome P450 theo phuong phap cia Omura va Sato (1964). Két qua & Hinh 3.15 cho
thdy hoat tinh cao nhét ctia P450-T2 ¢ pH 7.
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Hinh 3.15: Anh hudng ctia pH 1én hoat tinh ctia P450-T2
Do mong muén thu nhan dugc cac P450 wa nhiét va/hodc bén nhiét nén chung t61 xac dinh anh hudng
ctia nhiét do 1én hoat tinh ctia enzyme tir 40-70°C trong 15 phut. Két qua dugc trinh bay & Hinh 3.16 cho
thdy P450-T2 tai to hop thé hién hoat tinh cao nhét & 50°C. Tuy nhién khi nang nhiét d6 1én 60°C thi P450-
T2 mét hoan toan hoat tinh.
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Hinh 3.16: Anh hudng cua nhiét d6 1€n hoat tinh P450-T2

3.6.2. g bén nhigt va nhigt dp bién tinh toan phan (Tm) ciia P450-T2
Trong budc du doan tinh bén nhiét ciia enzyme P450 théng qua phan mém Tp, index, trinh ty axit

amin ctia P450-T2 dugc du doan c6 hé sb Tm ¢ 60,2°C. D bén nhiét ctia P450-T2 thuc té duoc xac dinh
thong qua hai thong s Trm va Tso. Nhiét do nong chay cua P450-T2 duoc do bang phd ludng sic tron - CD.



Két qua duoc thé hién & Hinh 3.17 cho thay nhiét &6 néng chay ciia P450-T2 1a 56,8°C + 0.08 (R? = 0,99),
gan v6i gia tri du doan. O 50°C, tin hiéu CD bi giam khong dang ké so voi phd CD cua enzyme ¢ 30°C
nhung khi nang nhiét d6 1én >50°C, enzyme cytochrome P450 duoc biéu hién bi mét ciu trac bac 2. Diéu
nay duoc thé hién rd rang hon tai nhiét 6 60°C.
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Hinh 3.17: Puong cong biéu dién cac gia tri hip thu ¢ budc song 211 nm cua P450-T2 khi thay
d6i nhiét d6 tir 30-90°C. Piém giira duong cong thé hién sy thay ddi trang thai ctia cac chudi a tir trang thai
gap nép sang dudi xodn. Gia tri nhiét do twong tmg véi diém gitra ciia dudng cong chinh 13 hé sé nhiét do
néng chay cua protein.

Ddng thoi, dich enzyme dugc hoa trong dém 50 mM Kpi ¢ pH 7 va duge i ¢ 40-50°C. Cir 15 phat
lai 1y mau do hoat tinh dé xac dinh thoi gian bién tinh 50%. Két qua dugc trinh bay & Hinh 3.18 cho thiy
gia tri Tso ctia P450-T2 1a 50 phut & 50°C. Két qua tir Hinh 3.16, 3.17 va 3.18 ¢6 thé tam két luan P450-T2
khong phai 12 enzyme bén nhiét nhung 1a enzyme wa nhiét khi n6 c6 thé hoat dong & nhiét d6 40-50°C, cao
hon so véi hau hét cac P450 hién nay chi hoat dong & ngudng 30-37°C.
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Hinh 3.18: Puong cong biéu dién bién thién hoat tinh P450-T2 & 40 va 50°C theo thoi gian.



3.7. Redox partner thich hop trong chudi truyén dién tir ciia P450-T2

Trong khudn kho nghién ctru ndy, chung t6i khong c6 thong tin vé FdR va Fdx tu nhién ctia P450-
T2, do d6 chung t6i thir nghiém tinh twong thich ctia P450-T2 véi mot s6 hé théng FAR/Fdx ¢6 sin tai Khoa
Hoa sinh, Trudng Pai hoc Téng hop Saarland (CHLB Biic) bao gém (i) adrenodoxin (Adx) rut gon (4-108)
va adrenodoxin reductase (AdR) cua nguoi; (ii) ferredoxin reductase (BmCPR), ferredoxin Fdx 2 cta
Bacillus megaterium, ferredoxin reductase(BmCPR), ferredoxin Fdx 3 cta Bacillus megaterium, ferredoxin
reductase (arh1), ferredoxin (etpl) ctia nAm men véi ty 18 ndong d6 P450:Fdx:FdR 1a 1:20:3.
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Hinh 3.19: Sang loc céc h¢ redox partner thich hop cho P450-T2

Két qua & Hinh 3.19 cho thiy P450-T2 c6 thé twong tac thich hop nht v6i hé Fdx2/BmCPR cua B.
megaterium va ciing c6 thé tuong tac véi ca 3 hé ferredoxin reductase/ ferredoxin khac

3.8. Phd co chit tiém ning ciia P450-T2

Co chat tiém ning cia P450-T2 duoc danh gia dua trén su thay ddi phd hip thu cuc dai UV-Vis
ctia P450 tir dang low-spin (hip thu cuc dai & 415-417 nm) khi khong c6 mit co chét chuyén thanh dang
high-spin (hap thu cuc dai & 390-394 nm) khi c6 mit co chat.

Bang 3.3: Sang loc co chét clia P450-T2 dya trén sy thay d6i UV-Vis tir trang thai LS sang trang
thai HS.

Hop chit Thay d6i UV-Vis tir dang LS sang dang HS
Caffeic +
Citrinin -
L-Mimosine +
Piceatamol -

L-Resveratro -

Butein -

Emodin +




Luteolin +

Morine +

Isoscopoletine +

axit Nalixic -

Scopoletin +
KET LUAN

. Téch chiét dugc DNA metagenome cua khu hé vi sinh vt sudi nuée ndéng Binh Chau cé chét luong
cao: nong dd DNA 1a 139,3 ng/pl, Aso:Azeo dat 1,84. Giai trinh ty DNA metagenome sudi nudc
néng Binh Chau b:lfmg may giai trinh tu gen thé hé mai Hiseq [llumina thu dugc bo dir liéu sach 9.4
GB. Xay dung duoc b co sé dit lidu cua nhitng gen lién quan dén ho cytochrome P450 bao gom
68 gen tiém ning ma hoa cytochrome P450, trong d6 38 gen hoan chinh, 14 gen thiéu ma mé dau,
9 gen thiéu ma két thac va 7 gen thiéu ca hai dau.

. Biéu hién dugc gen ma hoa P450-T2 thudc ho CYP203A1 trong E. coli C43(DE3) dat nong do 541
nmol/L. Tinh sach dugc enzyme tai to hop bang hé thdng sic ky IMAC, enzyme tinh sach c6 nong
d6 1120 pmol/L. Xéc dinh duoc mot sd tinh chat ctia P450-T2 tai to hop: pHopt & 7, Tm & 56,8°C +
0,08 (R?=0.99), Tso ctia P450-T2 1a 50 phut & 50°C. P450-T2 khong phai 1a enzyme bén nhiét nhung
la enzyme ua nhiét.

. P450-T2 ¢6 thé nhan dién to duoc tir mot sb redox partner khac nhau dé khai dong chudi truyén
dién tr bao gdm Adx (4-108)/AdR cua ngudi; Fdx2/BmCPR, Fdx3/BmCPR cua B. megaterium,
arhl/etpl cta nAm men.

. Phd co chét tiém ning cua P450-T2 1a cac hop chat vong thom da dang, bao gdm: axit caffeic,
mimosine, isoscopoletine, scopoletine, emodin, luteolin, va morine.

KIEN NGHI
. Chuyén hoa céc co chit tiém ning in vitro
. Phan tich san phdm ctia qua trinh chuyén hoa in vitro bing cac k¥ thuat phu hop
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