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TOM TAT KHOA LUAN

NGUYEN TRAN MINH ANH, Pai hoc Nong Lam TP.HCM. Thang 9/2006.
“CHUYEN PLASMID CHUA GENE ALKB1, ALKB2 VAO Rhodococcus opacus B4
DE TANG NANG SUAT TAO ENZYME N- ALKANE MONOOXYGENASE
PHAN GIAI N- ALKANE TAO N-ALCOHOL”.
Gi4o vién huéng dan:
GS. TS. HISAO OHTAKE
TS. LE DINH DON
Khoa luan nhdm tao ching Rhodococcus opacus B4 c6 biéu hién cua enzyme
n- alkane monooxygenase ting so v&i dong chua bién nap, bang cach tao plasmid chira
gene alkB1/alkB2 rdi chuyén plasmid d6 vao R. opacus B4.
Mot sb két qua dat duoc:
- Tao dugc plasmid méi c6 promoter manh va c6 chira gene alkB1/ alkB2.
- Tao dugc dong R. opacus B4 méi c6 biéu hién gene alkB1/ alkB2 ting so voi
dong tu nhién.

- Pé xuét: kiéu bé phan tmg danh cho R. opacus.
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PHAN 1: MO PAU !

1.1. Pit van dé

Ngay nay, cac cong nghé san xuét cac hoa chat cé gia tri thuong mai tir cic chat
khong tan trong nudc nhu cac hydrocarbon tir ngudn dau moé bang xtc tac sinh hoc
dang rat dugc quan tim. Cac té bao thudong duoc sir dung lam xuc tac sinh hoc vi co
san cac cofactor (NADH,...) va c6 kha ning tai tao cac cofactor ndy. Kha ning tai tao
cac cofactor cua té bao rat can thiét cho cac phan tmg oxy hoa va khir. Trong nganh
cong nghé hoa chat, nguyén liéu dé tong hop hoa chat thuong khong phan cuc nhu cac
hydrocarbon trong dau mé va cac dan xuét cta chung. Cac nguyén liéu nay va cic san
phém tao thanh c6 ddc tinh cao ddi vai cac xtc tac sinh hoc va lam gi61 han viéc ung
dung xtc tac sinh hoc trong nganh cong nghiép hoa chat. Giai phap cho van dé nay l1a
phai str dung céc vi sinh vat chu (host strain) c6 kha nang chiu dugc cdc dung moi hiru
co lam xtc tac sinh hoc.

Rhodococcus opacus B4 tham chi c6 thé séng, sinh trudng tdt va co thé xuc tac
nhiéu phan mg sinh tong hop trong mdi truong tham chi chi 6 dung méi hitu co nén
1a d6i twong dang rat duoc quan tdm . Va trong cac phan tmg ma nd xic tac , phan Gng
chuyén d6i n- alkane dong mot phan quan trong.

1.2. Muc dich va yéu cau
1.2.1. Muc dich

Tao ching R. opacus c6 biéu hién gene alkB cao hon chung binh thuong, nham

phuc vu cho san xuat hoa chat bang xtic tic sinh hoc sau nay.
1.2.2. Yéuciu
Tao ching R. opacus c6 ning suit chuyén hoéa n- alkane cao hon ching binh

thuong.



PHAN 2: TONG QUAN TAI LIEU

2.1. TAm quan trong cta san xuit héa chit bang sinh vat

Qua trinh xir 1y sinh hoc dugc 4p dung khi can thiét dé giam ch i phi va ning
luong cho toan bo qua trinh san xuat.

San xudt ban g xuc tac sinh hoc don gian , it ton hoa chat va nang luong hon sir
dung xuc tac hoa hoc . Bén canh d6 con c6 thé tao cac san pham déc hiéu vé ciu tric
khong gian (stereo-), diéu khién dwgc noi phan ng xay ra trén co chat (regio-) va
tranh dugc san phim phy khong mong muédn . Ca té bao vi sinh vat 1a xuc tac sinh hoc
1y twong vi c¢6 kha ning téi tao cac co factor (nhu NAD(P)H ...), rat can thiét cho phan
tig sinh tong hop . Cho dén nay , xuc tac sinh hoc dugc tmg dung trong ngan h cong
nghiép hoa chit dé san xudt cac hoa chat dic biét , polymer va mot s6 cac hoa chét

quan trong khac.

Xir 1y hoa hoc Xu ly sinh hoc Xu ly hoa hoc

Hinh 2.1: Cong nghiép san xuit hoa chit
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So d0 2.1: Quy trinh san xuit phenol tir benzene

Tinh kha thi vé mat kinh té cua viéc st dung xuc tac sinh hoc phu thudc nhiéu
yéu td nhu loai xuc tac sinh hoc, loai bé phan tng, ciu hinh may moc ... Phan 16n cac
phan tng chuyén hoa dang dugc quan tam 1a phan ing chuyén hoa cac chat khong
phan cuc. Cac hop chit phan cuc khong tan trong nudc va rit doc d i vi cac té bao .
Mit khac, enzyme 6n dinh hon trong dun g méi hiru co (11). Vi vdy, bé phan tng hai
pha long gém c6 pha nude va pha dung méi hitu co thudng duoc st dung.
2.2. Gidi thiéu chung

Loai vi khuan Rhodococcus. spp duoc Zopf dé cip lan dau tién vao nam 1891,
14 loai vi khudn mang sic t6 do, quan trong vé mat thu y, bénh ly, cong nghiép. Hau
hét ho rhodococci (ngoai trix R. equi 1a ngudn gay bénh trén thil va ngudi) ¢6 tiém
nang thuong mai cao do c6 kha ning tao nhiéu chat hoat tinh bé mat — acid mycolic —
va c6 hé théng enzyme c6 tac dung chuyén hoa va phan hay sinh hoc . Rhodococcus
opacus B4, duoc phan 1ap tir ving dit nhiém dau, 1 d6i tuong 1y tuéng dung trong
phan hity sinh hoc cac loai hydrocarbon vi né cé thé phan huy nhiéu loai hop chét hiru
co pho bién trong méi truong, bé mat vi khuan c6 tinh ky nuée va hip thu ngudn
hydrocarbon béng cach tao cac chat hoat hda bé mat nén chiu duge nhiéu loai dung
moi hitu co khac nhau.

Hién nay, viéc st dung hé théng oxy hoa alkane cta vi khuan lam xtc tac sinh

hoc trong san xuit hoa chat va duoc pham rat dugce quan tim . Cac phan (mg sinh hoc



nay thu hat nhidu sy quan tdm vi viéc dua nguyén tt  [O] vao cac hoa chét bét h oat?
nhu alkane bang con duong hoa hoc ¢6 dién co nhiéu kho khan . Mot phan vi cac chét
oxy héa manh can dé kich h oat nguyén tir C thuong khong tuwong thich vdi co chét
Phén khac vi thuong tao ra cac sa n phdm oxy hoa phu khac théng qua cac phan tng
phu.

Tinh ky nuéc cua vi khuan gitp bao vé vi khuan khoi doc tinh cua cic hop chét
tan trong nudc . Chi c6 Rhodococcus c6 thé chiu duge ndng do cao chat hitu co tan .
Hon nira, lipid hoat hoa bé mit rhodococci gop phan tao kha ning trao d6i alkane.

Su trao ddi alkane duoc ma hoa chu yéu boi gene alkane hydroxylase (alk)
duoc bao ton trong nhidu 1 0ai vi khudn. AIkB c6 tinh bao t6n cao va co nhidu ph ién
ban nén biéu hién cua mdi loai alkB dugc diéu khién béi mdi loai nhan t6 phién ma
khac nhau. Cho dén nay, nguoi ta da biét dén 60 dang alkB c6 trinh ty rat da dang.

Alkane chiém tir 20 — 50% trong thanh phan dau thd , phu thuéc vao ngudn dau.
Tuy nhién, nhiéu loai sinh vat nhu vi khu an, cay cdi va mot s6 1 0ai dong vat cling san
sinh ra alkane. Alkane tro vé mit hoa hoc va phai duoc hoat hoa trude khi chuyén hoa.
Khi ¢6 mit oxygen , phan tng oxy hoa thu ong bt dau tir oxy héa nhoém methyl cubi
cung tao n- alcohol va sau d6 qua trinh oxy hoa tiép tuc boi enzyme dehydrogenase dé
tao acid béo tuong ng.

Mot vai 1 oai vi khudn chi co mét loai  alkane hydroxylase, trong khi mot sé
loai khac c6 nhiéu dang alkane hydroxylase hon. Cac 1oai alkane hydroxylase nay
thuong co dang co chét twong ty nhau , chi khac nhau 1a chiing dwgc ta 0 ra & phase 6n
dinh ban dau hay phase ting truong trong giai doan sinh truong cta vi khuan (17).

Hau hét cac 1 oai vi khuan c6 kha niang chuyén héa  chudi alkane dai hon 10
nguyén tt C (Cy, t6i Cyo hay tham chi C 30). Trong khi rat nhiéu loai vi sinh va t ¢6 kha
nang sir dung alkane c6 chudi C dai , dang thé 16ng thi mot sb 10ai vi khuan Gram (+)
nhu Corynebacterium — Nocardia — Mycobacterium — Rhodococcus chi ¢6 thé chuyén
hoéa céc alkane chudi ngan, dang thé khi.

AlkB1, alkB2 la cac gene c6 san trong genome cua R. opacus B4, mi hoa cho
enzyme n- alkane monooxygenases (2 enzyme lién két v6i mang té bao), c6 tac dung
XUc tic qué trinh oxy hoa nhom methyl cudi ciing trong mach carbon cua n- alkane dé

tao alcohol, aldehyde va acid béo (cac hgp chét hiru co quan trong trong nganh cong



nghiép hoa chét). Alcohol, aldehyde va acid béo 1a cac loai hoa chit rit quan trong?
trong cac qué trinh san xuat va trong doi song hiang ngay. Nhung dé san xuét cac chat
nay bang con dudng hoéa hoc phai can qui trinh san xuét & nhiét d6 va ap suét cao.

Nhan t6 chinh va qu an trong nhét dé c6 thé giam chi phi cia t oan bd qui trinh
san xuét 1 chi phi xuc tac sinh hoc , quyét dinh boi gia ca cia méi truong va ngudn C
dung cho té bao , hoat tinh va tinh 6n dinh cta xtc tic sinh hoc trong di &u kién san
xudt. Néu hoat tinh xuc tac sinh hoc gap d 6i va 6n dinh s& giam t oan bd chi phi cua
qua trinh dén 5,7 USD/Kg (d6i véi fed — batch) va 5,9 USD/kg (ddi voi qui trinh san
xuat lién tuc). Vi vdy viéc ting hoat tinh ctia enzyme déng vai tro rat quan trong.
2.3. Giéi thiéu vé Rhodococcus opacus B4

Tt trude dén nay, ho rhodococci rat it duoc quan tim vi nhiéu 1y do. Mot trong
nhitng ly do d6 1a ho vi khuan nay sinh trudng cham , kho phan 1ap va thié u ddu hiéu
dé nhan biét c6 phai 12 ngudn gay bénh hay khong . Gan day, ho vi khuan nay dang 13
d6i twong nghién ctru trén nhiéu qudc gia . Mot trong nhitng nghién ctru 13 ing dung
chung vao bién doi hoa hoc va sinh téng hop cac hop chat hitu co.

R. opacus chiém phan 16n trong quan thé vi sinh vat sdng trong d4t . R. opacus
c6 thé sdng & 33°C, nhung khong thé sdng & 42°C, co thé sdng ¢ nhiét d6 thap
(4 — 10°C) va trong kh oang pH rong (5 — 9). Rhodococcus opacus c¢6 nhiém sic thé
dang thang va cac plasmid dang thang, c6 kich thudc rat 16n, c6 thé sir dung nhiéu loai
chat hiru co lam ngu@)n hydrocarbon nhu benzene, toluene, napthalene, n- alkane...

Khi c6 mat n- alkane , rhodococci tao ra 1 loai saccharide ngoai bao goi la EPS
(extra cellular polysaccharides ), phat trién cdu tric mang ndi bao  , ciing nhu tang
cuong phat trién vach té bao (lvshina va ctv, 1982; Glazacheva va ctv, 1990). Khi ting
truong trén n- alkane long, rhodococci ¢6 kha ning tong hop cac chit h oat tinh bé mat
gitp giam d6 cang bé mit cua nude |, tao thé sita va c¢6 nhiéu vu diém trong viéc tong
hop cac chit téy ria. Céc chat hoat tinh bé mat tir rhodococci it doc hai hon 100 1an so
véi cac chat tay rira tong hop khac.

Rhodococci rat duge quan tAm vé mit sinh thai va ca vé mit cong nghiép vi
chung c6 kha ning tong hop ca ¢ acid ngoai bao, bao gdm cac acid amine thiét yéu khi

phat trién trén n- alkane.



Hinh 2.2: Vi khuin Rhodococcus opacus B4

Béng 2.1: Pac tinh sinh ly sinh héa cia Rhodococcus

Neudn tao acid -

Nha ycam voi -

Glucose Penicillin G
Mannitol O Polymicine B
Inositol O 0/129
Sorbitol O Nalidixic acid
Rhamnose Tobramicine
Sucrose Chloramphenicol
Melibiose Thuy phén :
Amigdalin Aesculin
Arabinose Gelatin
Glycerol 0 Agar

Maltose Starch
Galactose Tween 40
Mannose Tween 80
Starch

Fructose 0)




Thtr nghié m sinh

Pha n orng Gram + J
hoa
Ta o bdo tir Urease +
Kboa 0E pH tang 5->9 | Lysine decarboxylase
trwong
Nong do NaCl tdng Ornithine
trwdng (%) decarboxylase
t&1i thiéu 0 B-galactosidase +
td1i da 9 Arginine dihydrolase
Ngub n carbon st dung Trypt'o phane
deaminase
Glucose Ta o Indole
Arabinose Voges-Proskauer +
Kh¢r Nitrate thanh
Mannose i
Nitrogen
Mannitol + Hinh thanh HsS
) Alkaline
N-acetyl-glucosamine + +
phosphatase
Maltose Esterase +
Gluconate + Esterase lipase +
Caprate Lipase +
Adipate + Leucine arylamidase +
Malate + Valine arylamidase +
Citrate Acid phosphatase +
Phenyl-acetate + a-glucosidase +
Acetic acid B-glucosidase +
Tang trwdng trén
Citric acid nd nhiéu méi trwdng| +
ran
D-Alanine TSA +
L-Alanine TSA + 3%NaCl +
L-Alaninamide NA +
L-Serine NA + 3%NaCl +
L-Leucine nd TSB +




(O: oxy hoa, nd: chua xac dinh) 8
2.4. N- alkane monooxygenase (hydroxylase)
Tén chinh thirc cua loai enzyme nay 1 a n- alkane monoxygenase, ngoai ra con

c6 nhiu tén goi khac nhu alkane 1- hydroxylase, fatty acid - hydroxylase, lauric

acid o- hydroxylase, w- hydroxylase.

Periplasm

W55-AlkB §55-AlkB
C;-C,, alkanes C4-C,; or longer alkanes
Hinh 2.3: M6 hinh AIkB - alkane hydroxylase (17)

Enzyme alkB duoc gia thiét 1a c6 6 truc xodn, dugc sip xép theo hinh luc giac
tao ra mot tui dai ky nuoc cho alkane mach thang  c6 thé che nvao. Cac phan tur
histidine c6 tinh bao ton cao gin voi nhan Fe.

Tinh chét: khong bén, trong lwong phan tir 16n, twong ddi khong tan, kho tinh
ché, 1a protein lién két mang c6 mang 2 nguyén tir Fe nhung khong mang nhan heme

(chi ¢6 1 Ivgng nho heme va flavin).



n — Octane
Pseudomonas oleovorans

Alkane 1 - monooxygenase

y

1 — Octanol <

Octane hydroperoxide

T Salmonella choleraesuis
Alkyl hydroperoxide
reductase
< Alcohol dehydrogenase
A\ 4
1 — Octanal
p Aldehyde
v dehvdrogenase
Octanoate
< Acyl — CoA synthetase
A 4

Octanoyl — CoA

v

Intermediary metabolism
(KEGG)

So' d6 2.2: Con dwong chuyén héa cia n-octane

< Co ché hoat dong:



AIKB chuyén 1 nguyén tir oxygen tur phan tr O , dén nhom methyl cu i cung 19
ctia phan tir alkane d¢é tao alcohol , con electron tir rubredoxin khir nguyén tir O con lai

thanh H,0.
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NADH + H* NAD'
reductase {0x) reductase (red)
"
rihredozin f{Fe“} rubredozin (Fe™)
2H
CH— CH,OH CHO COOH
’ + NaD' NADH
Dg N-'-ﬁ-‘D N.L'I:";DH + H+ + HED + I_I+

H,0
* N\,

So @6 2.3: Co ché oxy h6a nhém methyl cudi ciia n- alkane(18)
Rubredoxin 1a 1 loai protein c6 khdi lugng phan tir thip , c6 chira nhan Fe, ¢

vai tro quan trong trong viéc van chuyén dién tu trong té bao.



PHAN 3: VAT LIEU VA PHUONG PHAP NGHIEN "
CcUU

3.1. Thoi gian va dia diém
e Thoi gian thyuc hién dé tai: tir thang 2/2006 dén thang 6/2006.
e PDia diém: Phong thi nghiém sinh hoa cua khoa CNSH, truong Pai hoc Osaka,
Japan.
3.2. Vitliéu
3.2.1. Chiing vi khuin va phwong phap nudi cay
e Rhodococcus opacus B4 (duoc cung cap boi dai hoc Hiroshima ), duoc nudi
ciy trén méi trudng TSB, cung véi ngudn C , lic déu & 30°C.
e E. coli JIM109 (Takara, Japan), nudi cdy trén méi truong LB ¢6 ampicillin
(5 mg/ml) khi can thiét. Chon loc bang khang sinh va kha ning phan giai X — gal.
3.2.2. Plasmid
e pRO : vector plasmid

Cacl @ EcoR|
———

| PROPtac GTP Fstl
Dri. S dkhb tar
Sacl FepE  Fepa Sac|
Plasmid pRO c6 mang gene ma hoa RepA , RepB nén ¢ thé nhan ban trong E.
coli JM109 va Rhodococcus opacus B4. Promoter tac la promoter manh , ting kha
nang biéu hién cua gene.
o T-BLB2: (~4,2kb) 3kb+1,2kb

(Fy AkE1/E

3.2.3. PCR primers
e Bl F:



ROalkBLECOF (Tm°C = 62,9; ABS = 0,251; TE= 457,4 ul; 3557 ug;13

45,7 nmol)
GAG GTT GAA TTC GTG ACG ACG TCG G
e BLR:
ROalkB1BamR (Tm°C = 66,1; ABS = 0,245; TE = 468,3 ul; 359,1 ug;
46,8 nmol)
GGT AGG GGA TCC TCA CCG AAC TCC G
e B2F:
ROalkB2EcoF (Tm°C = 61,2; ABS = 0,293; TE = 503,1 ul; 391,4 ug;
50,3 nmol)
TGA GGA GAA TTC GTG ACG ACG AAC G
e B2R:
ROalkB2BamR (Tm°C = 61,2; ABS = 0,323; TE = 643,9 ul; 4889 pug;
64,4 nmol)

GAT AAC GGA TCC TTA CTT CGC TCC G
3.2.4. Moi trwong
s LB, TSB (20 g/)
% SOB
- Bacto Trypton (Difco) 20 g/l
- Yeast extract (Difco) 5 g/l

- NaCl 0,5 g/l

- 1IMKCI 2,5 ml/l
% SOC

- SOB 5ml

- 2M MgCl, 25 pl

- 1M MgSO, 100 ul

- 1M glucose 100 ul

% TB buffer
- PIPES 1.5 g ( thuong & dang rin va khong tan & pH thap, nén phai
dua pH 1én 6.7 bang cach thém KOH dé 1am tan).



- CaCl,2H,0  1.1g
- KCI 93¢
- MnCl4H,0 5459

- thém miliQ cho du 500 ml = loc = trir & 4°C.

% HS buffer
- pH 7.0
- Sucrose 8.63%
- HEPES 0.17%
>Trir 6 4°C
< Thanh phan hén hop PCR khuan lac
Phan phdi 20ul dich PCR / 1 mau
Thanh phén c6 trong 50ul dich PCR :

MgCl, 4ul (4°C)
Mg free buffer 5ul (4°C)
2mM dNTPs 5ul (-4°C)
Primer F 2ul
Primer R 2ul

Taq polymerase 0.2ul (on ice)

Thém nudc khir ion vao cho da 50 ul

14



3.3. Chién lwgc thi nghiém tong quat
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3.4. Phuong phap 16

3.4.1. Ky thuit
34.1.1. PCR
PCR 1a phuong phap dé khuéch dai 1 doan gene. Tur do, ta c¢6 thé ing dung dé
thu 1 doan gene mong mudn hay kiém tra xem vi khuan c6 mang d oan gene d6 hay
khong. Mot chu ky PCR ¢ 3 budc co ban : bién tinh, bit mdi, kéo dai.
% Budc bién tinh mé dau: viéc bién tinh hoan toan DNA khi bat dau phan tng
PCR rit quan trong . Bién tinh khong hoan toan DNA sé& dan dén viéc khong  str dung
hiéu qua khudén DNA , dan dén luong san pham PCR giam . Thuong dugc thuc hién &
94°C.
% Bién tinh: Chi can khoang 30 gidy dén 2 phiit & 94 — 95°C , vi san pham
PCR tong hop tir chu ky dau ngén hon hén so voi khuén DNA ban déu.
< Bt mdi: thuong thap hon 5°C so vdi nhiét d6 tan cta phirc hop DNA khuén
vamdi (Tm=4(G + C) + 2(A + T)).
% Kéo dai: thuong thuc hién ¢ 70 — 75°C, nhiét d6 thich hop nhat dé DNA taq
polymerase tong hgp DNA.
< Budc két thac: sau chu ky tong hop cudi cung , 4 & 72°C tr 5 — 15°C. Budc
nay c6 chirc niang hoan tat san pham PCR moi tong hop . Va ciing trong budc nay, Taq
DNA Polymerase thém a. nucleotides vao ddu 3' ctia san pham PCR  (dung dé ligate
voi pGEM — Teasy).
%+ Chu ky nhiét d6 cho n- alkane monooxygenase
AlkB1: 94°C (5 phat) = 94°C (1 phat) = 56°C (1 phat) = 72°C (1 phat) > 72°C
(10 phat): 30 chu ky.
AlkB2: 94°C (5 phuat) = 94°C (1 phat) = 52°C (1 phat) = 72°C (1 phat) > 72°C
(10 phat): 30 chu ky.
3.4.1.2. Thiét ké mdi: (Innis and Gelfand, 1991)
< Nguyén tac:
e Chiéu dai moi tir 17 — 28 base
e Thanh phan mdi nén tir 50 — 60% GC
e Moi nén két thiic bang G hay C hay GC hay CG dé ngin hién tuong

“breathing” o dau 3’ va tang hiéu suat khi bat moi



e Nhigt d tan tir 55 — 80°C 17

e Nén tranh chudi tr 3 G hay 3 C trd 1én vi d& gy bat cip nham véi trinh
tu giau GC bai tinh 6n dinh cua qua trinh bit mdi

e Tranh trinh tu tao dimer hay cAu trac kep téc

3.4.1.3. Sac ky khi
Séc ky khi 1a phuong phap phan tich mot hdn hop khi . Pha chuyén d6 ng 1a khi
tro hay mot chit bay hoi va pha 6n dinh 1a mot chat 1ong hay mot chat rin . Cu triic
clia may sac ky khi gdm 5 phén:

< Pha chuyén dong: ¢6 chirc ning mang mau di qua pha 6n dinh trong ¢t phan
tach. Dé thyc hién chirc ning ndy, ngudi ta thuong st dung cac khi tro nhu nitrogen |
helium, argon, ... Pha chuyén dong di qua cot nhanh hon miu phéan tich.

% Cbdng lay mau : 1a noi tiém mAu khi phan tich . Cong 14y mau phai c6 vach
ngin bang cao su dé ngan ro ri khi va dé tiém mau vao . Phan nay cua may co nhiét do
cao hon nhiét d6 so6i cua cac hop chat khi trong mau khi phan tich.

< Cot phan tach: duoc dit trong 10 6n nhiét. Cot chira pha 6n dinh. Pha 6n dinh
& day co thé 1a chat rin hay la chat 10ng khong bay hoi nhu hydrocarbon phu trén nén
ran. Dang tht hai nay dugc ding dé phan tach cac chat khi c6 khdi lugng phan tir t hap.
C6 2 loai cot :

e (Cotnén: gom c6 16i thuy t inh hay 15i sit khéng ri, duoc nhdi pha cd
dinh. Chiéu dai va duong kinh ¢ 6t anh hudng thoi gian luu . Thong thudng, chiéu dai
ctia cot tir 0,9 m dén 1,8 m, dudng kinh trong tir 2 — 4 mm.

e (ot mao dan: 1a mot 6ng mao dan mong 1 am tir thach anh ndng chay , co
pha 6n dinh phu trén bé mit phia trong éng . Pudng kinh cot thuong 13 0,25 mm va
0,32 mm. Loai 6ng phd bién nhét c6 chiéu dai 30 m.

< Detector: Cac thanh phan ciia hdn hop mau di qua cot v6i van tdc khac nhau
va duoc phat hién boi detector khi chung  ra khoi cot . C6 nhiéu 1 oai detector, thong
dung nhét 13 flame ionization detector (FID) gém ngon lira mau d6 tao boi khi H ,
khong khi va mot dia thu . Sau khi mau khi qua ¢ ot sac ky, no di qua ngon lira va giai
phong cac ion . Cac ion ndy phat ra lugng tin hiéu dién bang véi luong hop chit c6
trong mAu.

Tinh din dién cta khi twong Gmg véi ndng d6 cac h at mang dién tich trong khi .



Qua trinh ion hoa ngén hay dai 1a tuy thudc ban chit cia hop chét (cdu trac phan tir)!8
va nhiét d¢ ngon Itra (phu thudc ti 1¢ H,/ khong khi / khi mang).
FID c6 thé phat hién cho t6i 5 — 10% thanh phan c6 trong 1 ul mau van toc k hi
lru thong thuong. O ndng do cao hon, ngon lira bi qua tai, két qua sé khong chinh xac.
< Tong hop: 1a chuong trinh may tinh , xu ly dit liéu sau md i phép do dac, co
chtrc nang:
e Phén biét cac peak va duong bi nhiéu
e Xac dinh diém du va diém cubi cua cac peak
e Do dién tich cac peak
e Do thoi gian luu cac peak
e Diéu chinh lai d6 léch duong nén
e Diéu chinh lai & duoc cac peak dbi xing
Thiét bi sdc ky khi dugc dung & day c6 pha chuyén dong 1a khi Ny, cot mao dan
(0,25 mm x 30 m), FID.
v" GC (Shimadzu GC-14B)

Mau
1 Cg (999ul hexane + 1ul hexanol)
2 C¢l (AlkB1)
3 Cg2 (AkB2)
4  Cgcontrol (wild type)
5 C
6 C/l
7 Cq2
8 C;control
9 GCg
10 GCgl
11 Cg2

12 Cgcontrol
Khi mang: N,
Thé tich mau: 1 pl



Nhiét do 1o: 80°C/ 7 phit, sau d6 tang nhiét d6 1én dén 250°C voi vén tbe gia 19
nhiét: 5°C/ phut
Nhiét d6 ¢ cong ldy mau: 210°C
Nhiét do cot: 90°C
Nhiét do phat hién: 250 °C
3.4.2. Phuong phap
3.4.2.1. Phan lap Rhodococcus opacus B4 (5)
Mau dat duoc 14y tir cic nha may hoa chit va & ven dudng & Hiroshima, Japan.
U 5 g dat voi 1 dng nghiém nho chira benzene trong 1 binh 50 ml ¢ nap day trong
vong 1 tuan ¢ 28°C. Sau d6, hoa tan 1 g dat d6 v6i 4 ml nudce vo triung va dé yén trong
30 phat. Cho 1 ml dich dat nay vao 9 ml méi trudong MSB, thém 0,5 ml benzene trong
1 binh c6 nip day c6 1 dng nghiém nhé chaa 0,5 ml benzene. U, lic (120 rpm) binh
nay trong 5 ngay ¢ 28°C. Tiép d6, 1 ml dich cdy nay dugc U tiép véi 9 ml méi truong
MSB méi trong 2 ngdy. Ctr pha lodng nhu vay rdi cay trén moi trudng thach MSB r6i
U trong ti 1am kho véi 1 cdc becher chira benzene 16ng. Pem cac khuan lac thu duoc
ciy tro lai vao méi truong long dé khang dinh kha ning chuyén hoa benzene. Giir
chung vi khuan thu duoc trén dia thach TSB.
Chung B4 dugc quan tAm nhiéu vi c6 toc do sinh trudng nhanh nhat so véi cac
ching R. opacus khéc.
3.4.2.2. Phwong phap khuéch dai doan gene baing PCR
Khuéch dai d oan DNA mang cum gene ma héa cho n- alkane monooxygenase
alkB1, alkB2 tir DNA nhiém séc thé cua | oai R. opacus B4 bang PCR véi cip primer
dic hiéu lan luot mang site cat EcoRI va BamHI. Sau d6 cac doan khuéch dai véi kich
thudce khoang 1,2 kb s& duoc loc tir gel sau khi dién di va ligate vao pGEM — Teasy dé
tang hiéu sut khi xur Iy vdi enzyme gidi han (EcoRI va BamHI).
3.4.2.3. Phwong phap tach plasmid tir vi khuén (theo protocol cua Miniprep)
Nuoi cdy vi khuan trong 3 ml méi truong LB , ciing véi 3 pl khang sinh thi ch
hop (Ampicillin hay Chloramphenicol) qua dém.
Ly tam dich nudi cdy vi khuan 8000 rpm/1 phut/ 4°C. Hoa tan hoan toan tua té

bao trong 250 pl cell resuspension solution. Thém vao 250 ul cell lysis solution, dao 4

1an dé tron déu , thém vao 10 pl alkaline protease solution, dao 4 lan dé tron déu, u &



nhiét 4§ phong trong 5 phat. Thém vao 350 pl dung dich trung hoa (Neutralizationzo

solution), dao 4 14n dé tron déu. Ly tAm véi toc do cuc dai trong 10 phut.

Chuyén dich t rong vao column , dit trong collection tube, ly tim trong 1 phut.
Bo dich thu dugc. Thém vao 750 pl dung dich rira cot (da hoa EtOH nhu hudng dan ).
Ly tam voi téc d6 cuc dai trong 1phut. Lap lai budc rira plasmid voi 250 pl dung dich
rira cot. Ly tAm vdi toc d cuc dai trong 2 phat. Chuyén column vao eppendor f 1,5 ml.
Thém vao column 100 pul Nuclease free water, ly tim trong 1 phut.

3.4.2.4. Ligation vao T- vector

DNA 1ul
T — easy vector 0,5 ul
T4 DNA ligase 1ul

2X ligation buffer 2,5 ul
- 11 ¢ 16°C tir 30 phut cho dén khi bat ddu budc chuyén nap.
3.4.2.5. Ky thuit blunt-end
DNA 8l
Buffer 1 ul
9 ul = 1 70°C trong 5 phiit > thém vao 1 pl T4 DNA polymerase = 1 & 37°C
trong 5 phut.
- thém nudce khur ion vao cho du 400 pl
l <«— 40 pl sodium acetate
Phenol chloroform —» tta ethanol
3.4.2.6. Chuyén nap bing phwong phap shock nhiét
e Chuén bj E. coli IM109 (competent cell)
Cay chung JM109 trong moéi trudng LB (1 dia va 1 dng nghiém), & qua dém &
37°C. Lay 50 ul dich nudi cdy dé chuyén vao méi truong SOC léng. U khoang 2 — 3
gio & 37°C cho dén khi dat d6 OD & bude song 660 nm khoang 0,4 — 0,6. Gitr dich
nudi ciy trén da lanh khoang 10 phut. Ly tdm véi van tbc 3000 vong & 4°C trong 15
phut, sau d6 hoa tua té bao thu dugc trong 3,4 ml TB buffer. Bé trén da lanh 10 phat

roi dem ly tAm vé6i van téc 3000 vong & 4 °C trong 10 phit. Hoa tia té bao thu dugc



v6i 800 pl TB buffer va 7% (twong duong khoang 56 ul) dung dich DMSO. Pé trén?!
da lanh 10 phut, phan phéi 200 pl hay 400 pl vao mdi eppendorf. Pem trit lanh & -80
°C cho dén khi dung.

e Ligation and chuyén nap bang phwong phap shock nhiét
4ul insert DNA
1ul  vector DNA — 16 16°C trong 1gio
Sul - 2X ligation mixture

Competent cell JIM 109 dé tan tur tir trén da trong 10 phtt. Thém vao plasmid ,
hoa déu, dé trén da trong 30 phut, 1 & 42°C trong vong 30 gidy. Dé trén da trong
2 phat. Sau d6 thém moéi truong LB vao sao cho tong thé tichla 1 ml. Pemu ¢ 37°C
trong 30 phat. Ly tdm 5000 rpm /4°C/1 phit, bo di 900 pl dich ndi. Nuéi cay 100 pl
dich té bao con lai trén moi trudng LB thach v6i 20 pl Chloramphenicol. U qua dém &
37°C. Chuyén cac khuén lac thu dugc qua dia thach LB méi ¢6 chira Chlora mphenicol,
1l qua dém roi dem PCR ting khuan lac d6 dé xac dinh khuan lac nao c6 pRO —
B1/B2.

3.4.2.7. Dién chuyén (Electroporation)

Nubi cdy ching B4 trong 6ng méi truong TSB trong 24 gio. Lay 1 ml dich nu6i
cdy nay cho vao binh tam giac thé tich 100 ml c¢6 chira 9 ml TSB (0.5% (w/v) glycine).
Léc, 0 & 28°C trong 24 gio.

Ly tam véi van téc 8000 g trong 5 phut & 4°C vara tia té bao 2 lan bang
buffer HS da dé lanh . Hoa tia té bao trong 1ml HS buffer (1/10 V). Ly 400 pl dich
nay tron v6i 1 wl DNA (dé ndng d6 cudi cung khoang 0,1 — 1 ug/ml). U & 40°C trong
10 phit, chuyén tat ca vao 2 mm gap cuvette , dem ap dung dong dién véi diéu kién
6,5 kV/cm, 725 Q, 50 uF. Ngay sau d6 chuyén vao 4 ml méi truong TSB trong 6ng
nghiém, dem 1 ¢ 28°C trong 24 gid. Sau d6 dem nudi cAy trén moi truong thach TSB
cung voi 20 pul Chloramphenicol.

3.4.2.8. Xac dinh hoat tinh enzyme
Nubi cdy tung 1 oai vi khuan riéng biét (R. opacus B4 binh thudng, R. opacus

B4 da chuyén nap AlkB1, R.opacus da chuyén nap AlkB2) trong méi truong TSB long



qua dém. Lay 100 pl vi khuén, G chung véi 900 pl tung loai n- alkane (1- hexane, 1-22
heptane, 1- octane) riéng biét . Sau 48 gio, trai ra dia TSB ¢6 Chloramphenicol , u qua

dém & 28°C, sau d6 dém so khuan lac va so sanh.
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PHAN 4: KET QUA VA THAO LUAN

4.1. Két qua
Thu vector plasmid pRO tu Ecoli JIM109, thu insert plasmid T-AlkB1/ AlkB2
tu Ecoli IM109.
Cit pRO bang enzyme cit Pstl. Cat T-AIkB1/B2 bang enzyme cat BamHI.

8

Hinh 4.1: Két qua dién di sau khi xir Iy enzyme cit
PstI d6i véi pRO, BamHI dbi véi T-AlkB1/AIKB2
Lane 1: thang chuan 1kb
O két qua dién di Hinh 4.1, sau khi cit plasmid chira g ene mi hoa cho alkB 1
bang BamHI, thu dugc 2 manh DNA riéng biét . Diéu nay c6 th é 1a do tap nhiém mot
doan DNA co kich thudce khoang 3 kb.
Sau xir Iy blunt-end cac doan DNA trén, cat ching bang enzyme gidi han
EcoRl.

. |




Hinh 4.2: Két qua dién di sau khi xir Iy bang enzyme giéi han EcoRI 24
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Tach manh DNA twong tng 1,2 kb d6i voi alkB1 /alkB2 va manh DNA tuong

tng khoang 5 kb d6i vdi pRO tir gel band, kiém tra lai ndng d6 DNA..

Hinh 4.3: Nong d9 cic manh DNA sau khi tach tir gel band
Tién hanh ligate dé tao pRO -B1 va pRO-B2, sau d6 chuyén plasmid méi tong
hop vao JIM 109, G qua dém ¢ 37°C . Chi chon nhitng khuan lac sdng sot khi nudi cdy
v6i Chloramphenicol va ¢ mau trang . Tién hanh PCR cac khuan lac da chon dé xac

dinh khuan lac nao ¢ chira plasmid méi tong hop (pPRO-B1/B2).

Mass (ng) Kilobases

Hinh 4.4: Pi¢n di két qua PCR khuan lac
Lane 1: thang chudn 2- log

Lane 2: di chimg duong
Lane 3-7: cac khuén lac nghi ngd c6 chira AIkB1
Lane 9-12: cac khuan lac nghi ngd c6 chira AIKB2
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Tach plasmid pRO-B1/B2 tr khuan lac E.coli IM109 cho két qua gibng ddi
ching duong va chuyén vao R.opacus B4 bang phuong phap dién chuyén

(electroporation)

Hinh 4.5: Két qua dién di khang dinh plasmid méi tao
Lane 1: pRO- Bl
Lane 2: pRO- B2
Lane 3: thang chuan 1 kb

Két qua xac dinh hoat tinh enzyme:

Sau 24 gio, dem céy ra dia va i qua dém , d6i voi n- hexane, quan sat thdy mat
d6 s6 khuan lac m ang plasmid chira gene ma hoa alkB 1 trén nhiéu hon han s6 khuan
lac alkB2 va wild -type. Diéu nay chimg to chung overexpress AIkB 1 ting kha ning
chuyén hoa n- hexane va AIkB2 khong anh hudng dén qua trinh chuyén hoa n - hexane
. Pbi voi n- heptane va n - octane, chung dot bién 1am ting kha niang chuyén hoa hai
loai alkane nay so voi ching wild-type.

Sau 48 gio, dem cay ra dia va i qua dém , quan sat thay chi con lai rat it khuan
lac loai wild-type. S6 lwong k hudn lac cua ching dot bién trénn - octane nhiéu hon
trén n- heptane va nhiéu hon trén n- hexane.

4.2. Thao luan

Ky thuat blunt-end dugc ap dung vi khoang cach tir tac promoter dén codon dau
tién cua gene cloned rat quan trong d6i voi biéu hién cua gene.

Tao thanh cong R. opacus co ning suit enzymen - alkane monooxygenase
AIkB1, AIKB2 ting. Nhung qua kiém tra kha ning tao n -alcohol trn - alkane

(n- hexane, n- heptane, n- octane) bang sic ky khi thi thay lvon g alcohol phat hién
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duoc khong nhidu h on dang ké so v6i chung  tu nhién. Mot trong nhiing 1y do 1a
enzyme d6 oxy hoa tiép alcohol tao thanh aldehyde va acid béo va cudi cing 1a CO,.
Mubdn dung qua trinh oxy héa & n - alcohol trong san xuat, phai tao gidng vi khudn da
loai bo gene ma hoa cho alkanol dehydrogenase.

Khi tiép xtic voi n - alkane, rhodococci tao ra cac phan tir hoat tinh bé mat , chu
yéu 1a glycolipid 1am ting kha ning st dung n - alkane cling nhu cac hop chat khong
tan khac dé ting truong . Rhodococci hau nhu bam chit 14y alkane va can c6 1 it méi
treong nude dé ting trudng va chuyén héa . Ho vi khudn nay chi c6 thé ting trudng &
phan tiép xtc gitta moi truong nudc  va phan hydrocarbon vi hydrocarbon oxygenase
khong tach khoi té bao ma luén bam lay mang té bao . Rhodococcus opacus c6 khuynh
huong két dinh voi nhau ¢ bé mat tiép giap gitra dau va nudc.

Do tinh chét c6 thé tao chat h oat tinh bé mat, ho rhodococci di dugc dem ung
dung trong nganh cong nghiép dau , chu yéu trong linh vuc ting cuong khai thac dau
va lam sach dau , tmg dung trong y khoa va my phdm . Hon nira, alkB con duoc d em
ng dung dé 1am sach moi trudng, san xuat hoa chat hay trong y khoa dung dé khir
methyl hoa DNA.

Chiéu dai chudi C cian - alkane cang thap thi doc tinh vdi té bao cang tin  g.
Thuong thi n- alkane tir C1o dén Cyg d& chuyén hoa nhét, trong khi cac alkane c6 chudi
C cang dai hon thi cang it tan hon, 1am giam tdc do oxy hoa.

Giatrician - alkanol van chua duogc xac dinh 1o . Nhung cho dén gio
n- octanol, tiéu biéu cho n - alkanol duogc st dung mot phan nao d6  dé san xuét chét
tay rira, nudc hoa, thude diét con trung, ciing nhu cac loai ester... Gia ca san phim thay
d6itr 4,5 USD.kg™t (98% nguyén chit ) néu san xut v6i s6 luong 16n , dén
23 USD.Kg™ dbi vai 99,5% nguyén chat 1- octanol, trong khi gia ¢ a nguyén liéu thay
d6itr 0,45 USD.kg™ (94% nguyén chit) dén 50,4 USD.kg™ (99% nguyén chét )
n- octane.

Hiéu qua kinh té duoc quyét dinh boi hiéu qua clia enzyme hay qua trinh tinh
ché san pham tur bé 1én men. Vi vy, mudn dua vao san xuét, ta phai tim diéu kién nudi
cdy, chuyén hoa cho thich hop nhat . Vi du nhu bé phan ting c6 canh khudy dé giam
kich thudc cac hat thé sita , lam ting dién tich tiép xtc v 4 trao ddi gitra té bao va co
chat. Cac yéu t6 khac ciing khong kém phan quan trong . N- alkane co mach C dai

thuong khong tan nén rat kho dé vi khuan chuyén hoa .Trong truong hop nay, ta c6 thé



28

st dung oleyl alcohol lam dung mdi hiru co dé hoa tan cac n - alkane dang rén. Oleyl
alcohol duoc chon st dung vi c6 ban chat tro , khong doc dbi voi cac té bao , it bay hoi
hon co chét va san pham nén tao thudn loi trong qua trinh tinh ché san phim sau nay .
Tinh dic hiéu co chit cua AIKB rat da dang , c6 thé oxy hoa nhiéu phéan tir khac
ngoai n- alkane. Ngoai chirc ning hydroxy hoa nhom methyl cudi cung trong phan tir
alkane, alkB con c6 thé phong thich epoxide tir alkene va cac hoa ché t khac c6 nbi doi
& cudi phén tir , oxy hoa alcohol thanh aldehyde va xuc tac cac phan tng khir methyl
hay sulfoxide hoa (19,20). Cac epoxide c6 tinh chat quang hoc nén co thé sir dung dé

san xuét cac hoa chit hitu dung dé tir d6 diéu ché nhiéu san pham co gia tri hon (17).
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PHAN 5: KET LUAN VA PE NGHI

5.1. Kétluan

C6 thé thuc hién phan Gng chuyén héan - alkane & Rhodococcus opacus trong
moi truong hau nhu chi c6 dung méi hitu co.

Chung B4 méi tao, voi hiéu suét tao enzyme AlkB 1/ AIKB2 ting, ting kha ning
chuyén hoa n- alkane.
5.2. D& nghi

Tuy nhién, lugng n- alkanol twong tng tao thanh khong ting. Dé tc ché chuyén
hoa tiép san pham tao ra , ta cd thé tao chung dot bié n da loai bo gene ma hoa cho
alkanol dehydrogenase.

Dé tng dung trong san xuat cong nghiép ¢ quy mo 16n, can phai nghién ciru vé
diéu kién san xuét cho thich hop dé enzyme dat tinh 6n dinh va c6 hiéu qua cao, quy
trinh tinh ché tir bé 1én men sao cho dat hiéu qua kinh té cao nhit nhu bé phan tng c6

canh khudy, dung oleyl alcohol dé hoa tan cac n- alkane c6 mach C dai.
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