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XAC PINH GIEN MA HOA DIOXYGIENAZA TU CHUNG VI KHUAN
PHAN HUY DIBENZOFURAN TERRABACTER SP. DMA PHAl}J LAP TU PAT
NHIEM CHAT DIET CO CHUA DIOXIN TAI PA NANG

Trong chién tranh Viét Nam, cic chat diét
cd (hoén hop cua 2,4-dichlorophenoxyaxetic
axit (2,4-D) va 2.,4,5-trichlorophenoxyaxetic
axit (2,4,5-T)) chua dioxin (DD) dugc quan
doi My phun, rai xuong nhiéu ving & mién
Trung va Nam Viét Nam. Hién nay, dat tai
mot s6 “diém néng“ & cdc can c quan su
trugc day cua My van bi 6 nhiém nang cic
chat diét co ké trén, DD, dibenzofuran (DBF)
va cdc hogp chat tuong tu. Phuong phap phan
huy sinh hoc dé tdy doc cdc diém néng & Da
Ning dang dugc st dung va cho két qua rat
kha quan [3]. So véi cac phuong phap 1y, hod
va co hoc, phuong phap xtr 1y sinh hoc c6 gia
thanh thdp va than thién v6i moi truong. Tuy
nhién, dé nang cao hiéu qua va 4p dung rong
rdi ¢ cdc “diém nong* khéc can c6 cdc nghién
ctu sdu vé su da dang, kha nang phan huy
sinh hoc va cédc gien tham gia qud trinh phan
hlly cac chit doc trén cua tap doan vi sinh vat
ban dia. Trong s6 cac chat doc trén, cac hop
chit DD va DBF duoc chi y do tinh doc cao
cia ching, dac biét la 2,3,7,8-TCDD/DBF.
Qua trinh phan huy hi€u khi DBF va DD dién
ra theo hai co ché: Oxi hod vi tri bén va vi tri
g6c cua nhan thom, trong dé oxi hod dau tién
0 vi tri géc dugc thuc hién bdi tiéu don vi
alpha angular dioxygenaza dugc quan tdm hon
cd, vi con dudng nay chuyén hod hoan toan
DBF va DD [1, 4]. Mot s6 chung vi khuén
Gram duong thudc ciac chi Terrabacter,
Janibacter, Microbacterium va Rhodococcus
c6 kha nang stt dung DBF va DD theo mot
hoidc hai co ché oxi hoa ké trén [4]. Trong
nghién cttu nay, ching vi khuin DMA si
dung DBF duogc phan lap theo phuong phip
lam giau, dinh tén dua trén so sidnh gien ma
héa 16S rARN va x4c dinh gien md héa
enzym angular dioxygenaza.

NGUYEN BA HOU, PANG THI CAM HA

Vién Cong nghé sinh hoc
I. PHUONG PHAP NGHIEN CUU

1. Phan lap vi khu4n

Dt nhiém chat diét cd tai can cd quan su cii
cia My & san bay Pa Nang duoc 14y & do sau tir
5-20 cm. Vi khuén sir dung DBF dugc phan lap
theo phuong phdp lam giau trén moi trudng
khoang (g/): 0,05 g Ca(NO,),, 1 g (NH,),S0,,
0,2 g MgS0,. 7TH,0, 0,01 g Fe-NH, xitrat, 14 g
Na,HPO,, 2 g KH,PO, va 3 mM DBF & 30°C véi
toc do lac 200 vong/phiit. Tiép tuc lap lai dén
1an lam giau tha 3 va gat dich huyén pht vi sinh
vat trén moi truong khodng thach chita DBF.
Sau khoang 7 ngay nudi cdy, nho 1 vai giot
dung dich 2,3-dihydroxybiphenyl (2,3-DHB)
100 UM lén céc khudn lac. Khuin lac chuyén
mau vang dugc tach sach va thir lai kha nang su
dung DBF trén moi truong mudi khoang dich.

2. Xac dinh trinh tu gien ma héa 16S rARN

L4y 1 khu4n lac ching DMA chuyén vao
eppendorf 1,5 ml chita 100 pl dém Tris-Cl 10
mM, pH 8,0, dun so6i 15 phit, sau dé ly tam 10
phit & 12.000 vong/phit. Huat 5 pl dich phia trén
va nhan gien ma héa 16S rARN véi cap moi 27F
va 1492R. San pham PCR duoc lam sach theo
kit QIAgen. Trinh tu nucleotit ciia doan gien ma
héa 16S rARN dugc xac dinh truc ti€p trén may
xdc dinh trinh tu nucleotit tu dong ABI PRISM
3130x/ Genetic Analyzer v6i bo hoa chat
BigDye Terminator cua Perkin-Elmer va su
dung cdc moi 27F, 530F, 945F, 518R, 1087R va
1492. Trinh tu nucleotit dugc xu 1y trén phan
mém Sequencher version 4.0.5. Miic do tuong
dong cta doan gien 16S rARN ching DMA
dugc so sanh véi cic trinh tu gien ma héa 16S
rARN trén ngan hang dit liéu GenBank va
Ribosome Database Project (RDP). Cay phat
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sinh loai dua trén so sdnh trinh tu gien ma héa
16S rARN dugc thiét k&€ dua trén cdc phan mém
Clustal X, Bioedit version 6.0.7, Gendoc,
Neibough-Joining (NJ) tree, Mega. Trinh tu
doan gien ma héa 16S rARN dugc dang ky trén
GenBank.

3. Xac dinh trinh tu doan gien ma hoa
enzym dioxygenaza

a. Thiét ké'moi

Trinh ty cic gien ma hod enzym
dioxygenaza tir cdc chiing vi khuén sir dung DD,
DBF, carbazol, cic hgp chit vong thom don va
da nhan duoc tai tr GenBank va so sanh trén
phan mém Clustal X. Hai ving c6 nhiéu
nucleotit tuong dong nhat dugc chon lam cap
moi.

b. Xdc dinh trinh tu doan gien md hod enzym
dioxygenaza

Nhiét do gdn mdi t6i uu dugc kiém tra véi
dai nhiét do tur 48°C dén 63°C v6i ADN clia
ching vi khuin st dung DD va DBF
Sphingomonas sp. RW1. Phan tng PCR ti€p
theo nhan doan gien ma hod enzym dioxygenaza
tlr ching DMA dugc thuc hién véi thé tich 50 pl
gém 2,5 ul mo6i moéi loai (10 pM), 1 ul hdén hop
dNTP 12,5 mM, 5 pl dém PCR 10 lan, 0.4 pl
enzym Taq polymeraza (5 don vi/ul), 5 pl ADN
téng s6 vi khudn. Phan ting dugc thuc hién trén
mdy PCR v6i chu trinh nhiét nhu sau: 95°C-5
phut, 34 chu ky (95°C - 1 pht, 50°C - 1 phut,
72°C - 1 phut 10 giay), 72°C - 7 phuit, gitt nhiét
do & 4°C. San pham PCR dugc dién di trén gel
agaroza 2%, nhuom vé6i EtBr va quan sat duéi
tia UV. Lam sach sian phim PCR theo kit
QIAgen va xdc dinh trinh tu truc ti€p véi cap
moi DIOX-F va DIOX-R. Xt ly, so sanh trinh
tu va dung cay phdt sinh nhu mo ta & phan 2.2.
Trinh tu doan gien va trinh tu axit amin suy dién
(theo http: //www.expasy.org) dugc dang ky trén
GenBank.

IL. KET QUA VA THAO LUAN

1. Phan lap va dinh loai vi khuin

Chung vi khuan str dung DBF dugc phan lap
nhu mo ta & phan phuong phdp. Sau 7 ngay nudi
cily chuing DMA trén moi truong mudi khoang
dich thé chita DBF, moi trudong chuyén sang
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mau nau chiing té ¢6 su phan huy sinh hoc DBF.
Trén moi truong muodi khoang thach chia DBF,
khuan lac ching DMA c¢6 mau vang chanh, 16i
nhe, tron tron, kich thuéc khoang 1,5-2 mm sau
7 ngay nuoi cdy (hinh 1). Chiing DMA thudc vi
khuan Gram duong, t€ bao hinh cau, kich thudc
0,27-0,53 pm (hinh 2).

Hinh 1. Khuén lac chiing DMA trén moi trudng
khodng thach sau 7 ngay nuoi cay

Hinh 2. T¢ bao chung DMA dué6i kinh hién vi
dién tir quét JEOL v6i do phong dai 15.000 lan

ADN tdng s6 dugc tdch chiét va nhan doan
gien ma héa 16S rARN gan 1500 bp, lam sach
va xdc dinh trinh ty. Sau khi thuc hién ghép cic
trinh tu xédc dinh truc ti€p véi 6 moi 27F, 530F,
945F, 518R, 1087R va 1492R, doan gien ma
héa 16S rARN ctia ching DMA c¢6 kich thude
1492 bp. Trinh ty nay duoc diang ky trén
GenBank v6i ma s6 EF065608.
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Hinh 3. Cay phat sinh ching loai ctia ching DMA va céc ching vi khudn dai dién dua trén so sanh
gien ma héa 16S rARN va sit dung phan mém NJ. Thuéc do thé hién 5 nucleotit khac nhau trén
1000 nucleotit so sénh

Hién nay, cdc cong b cho thay, cic vi khudn
stt dung DD, DBF va cdc hop chét tuong tu phan bo
trong cac 16p: Alphaproteobacteria
(Novosphingobium, Porphyrobacter, Sphingobium,
Sphingomonas), Betaproteobacteria (Burkholderia,
Ralstonia ~ (Wauteria)), Gammaproteobacteria
(Erwinia,  Klebsiella,  Pseudomonas),  16p
Actinobacteria  (Arthrobacter,  Brevibacterium,
Micobacterium,  Nocardioides,  Rhodococcus,
Terrabacer - Janibacter) va nganh Fimicutes
(Bacillus megaterium, Bacillus sp. BU3) [2 - 4].
K&t qua so sanh trinh tu gien ma héa 16S rARN
cho thdy, chung DMA c¢6 quan hé gin giii v6i
nhém vi khudn Gram duong cta hai chi
Janibacter va Terrabacter (hinh 3). Chung
DMA c6 mic tuong dong gien ma hda 16S
rARN cao nhat 97,3% (1391 nucleotit) véi
ching Janibacter limous DSM 11140", 97,5%
(1413 nucleotit) v6i Terrabacter sp. YK7 va
96,7% (1409 nucleotit) v6i Terrabacter sp.
YK3. Vi khuin thuoc hai chi Janibacter va

Terrabacter ¢6 miic do tuong dong rat cao khi
so sanh trinh tu gien 16S rARN [6]. Mot sO
chiing thudc hai chi nay c6 khuan lac mau vang,
tron, t€ bao dang cdu. Dua trén cdc dic diém
hinh théi va két qua so sanh trinh tu doan gien
ma héa 16S rARN trén RDP cho thdy ching
DMA c6 thé dugc xép vao chi Terrabacter va c6
ten 1a Terrabacter sp. DMA. Céac chung vi
khuan st dung DBF va DD thuoc hai chi
Janibacter va Terrabacter thudng dugc phan lap
tr cdc mau tro cua nha mdy dot rac, dit hoac
tram tich [4]. K&t qua phan lap va dinh tén
ching DMA cho thdy day la chung vi khudn
thudc chi Terrabacter st dung DBF dau tién
dugc phan 1ap tir dat nhiém cédc chat diét co chia
dioxin. Tuy nhién, dé c6 két luan chinh xac hon
v€ vi tri phan loai cia ching DMA can c6 thém
céc nghién citu vé dic diém sinh ly-sinh hod va
lai ADN-ADN.

2. Xac dinh trinh tu doan gien ma hoa
enzym dioxygenaza
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Hién nay, cdc nghién cttu cho thdy budc dau
tién ctia qua trinh oxi hod DD, DBF va cic hgp
chat tuong tu boi vi khudn hi€u khi c6 su tham
gia cua enzym dioxygenaza va duoc nghién ctu
nhiéu nhat [2, 4, 8, 10]. Hai kiéu chti yé&u oxi hod
cac hop chat thom bdi enzym dioxygenaza la:

- Gin hai oxi & vi tri bén (lateral
dioxygenation) 1,2 va doi khi & céc vi tri 2,3
hoic 3,4 clia mot nhan thom va chuyén hoa DD,
DF sang dang cis-dihydrodiol hgp chit nay
giong nhu & cac con duong phan huy sinh hoc
naphthalen, biphenyl va cidc hgp chat thom
khdc. Dac diém cia kiéu phan huy sinh hoc nay
d6 1a tao ra cac san pham trao d6i chat trung
gian ¢ mau vang. Mot s6 chit trung gian c6 tac
dong tc ché nguoc lai vi khudn lam cho qué
trinh phan huy bi dimng lai.

- Gan hai oxi 6 vi tri géc (angular
dioxygenation) 4 va 4a cua nhan thom lién ké
céu noi ete (ether) va cdc san pham trung gian di
ti€p vao chu trinh Kreb. Do vay con duong nay
dugc nhiéu nha nghién ctu quan tam. Mot thanh

2,
% =
A -
% %, % 3
Y e %, 2
4 % %A
Z %9

CarA-CA10

vién trong nganh Proteobacteria c6 kha nang
phan huy DD va DF dugc nghién ctu chi tiét
nhit dé 1a chang vi khudn Sphingomonas
wittchii RW1 [1, 10]. Enzym tham gia vao budc
dau cla phan huy 1a phic da thanh phan gém
terminal hydroxylat dioxygenaza va hé van
chuyén dién tr. Trong dé terminal hydroxylat
dioxygenaza gobm dudi don vi 16n DxnAl ma
hod bai gien dxnAl va dudi don vi nhé DxnA2
ma hod boi gien dxnA2. Chudi hé thong van
chuyén dién tr gom ferredoxin (Fdx1) ma hod
bdi gien fdx/ va hai reductaza (RedAl va
RedA2) ma hod bai gien redAl [1, 10]. Ngoai ra
cic gien tham gia ma hod DBF angular
dioxygenaza ciing dugc nghién ctu nhiéu & vi
khuén thudc cac chi Terrabacter, Janibacter va
cac loai Pseudomonas resinovorans,
Pseudomonas stutzeri. Cac gien nay gom dbfAl
va dbfA2 ma hod DF 44a dioxygenaza, va
dbfA3 va dbfA4 ma hod dioxygenaza tham gia
vao hé thong van chuyén dién tr [4], carAc ma
hod carbazol 1,9a-dioxygenaza [9].

Hinh 4. Cay phdt sinh chling loai giita c4c tiéu don vi enzym alpha dioxygenaza.

Thuéc do thé hién 2 axit amin khdc nhau trén trinh tu 10 axit amin so sénh
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Két qué so sénh trinh tu axit amin céc tiéu
don vi alpha cla enzym dioxygenaza tir cac
chung vi khudn hiéu khi st dung DD, DBF, cic
hop chat nhan thom va hgp chat tuong tu cho
thdy su da dang ctia cdac enzym nay (hinh 4). C6
su khdc nhau tuong d6i vé trinh tu axit amin clia
mot s6 enzym alpha dioxygenaza nhu CarA,
DbfA va DxnAl & cdc ching vi khudn st dung
DBF va DD. Tur két qua so sanh trinh tu cia mot
s6 gien ma hod tiéu don vi alpha cla enzym
dioxygenaza cho thdy hai doan c6 nhiéu
nucleotit twong dong, hai doan nay dugc chon
dé tong hop cap méi DIOXY-F (50)-TGY ASN
TAY CAY GGV TGG-31J)) va DIOXY-R (5U-
TBV GGN CCV YKN GGV TGC C-3[).

Theo ly thuyét, doan gien ma hod tiéu don vi
alpha dioxygenaza c6 kich thudc khoang 600 bp.
Chung Sphingomonas sp. RW1 1a vi khuin hi€u
khi dugc nghién cttu s6m va siu nhat vé cac gien
tham gia phan huy DD va DBF [1]. Trong nghién
ctu nay, chung Sphingomonas sp. RW1 duoc st

M 49,25°C 50,5°C 51,75°C 53,0°C 54,25°C 55,5°C

750 bp
500 bp

Hinh 5. San phdm PCR nhan doan gien ma hoa dioxygenaza
tir chung Sphingomonas sp. RW1 véi cac dai nhiét do khac
nhau. M-thang ADN chuin X (Roche)

DMA duoc lam sach va xdc dinh trinh tu
truc ti€p (hinh 7). Trinh tu doan gien nay va
trinh tu axit amin suy dién dugc dang ky trén
ngan hang GenBank vG6i cic s6 dang ky
EF200064 va ABM92930.

So sanh trinh ty doan gien nhan 1én tir chung
DMA cho thay, san phdm PCR nhan dugc c6
miic tuong dong cao 97% véi gien ma hod tiéu
don vi alpha angular dioxygenaza ctia cac ching
Rhodococcus sp. DFA3, Terrabacter sp.

dung dé kiém tra, két qua & hinh 5 cho thay & 7
nhiét do khac nhau déu c6 bang ADN c6 kich
thuéc gin nhu 1y thuyét. Tuy nhién, & nhiét do
khoéang 50°C cho san pham PCR sic nét va dic
hiéu hon, san phdm PCR nay da dugc x4c dinh
trinh ty va ¢6 muc tuong dong 100% vdéi trinh tu
doan gien mi hod tiéu don vi alpha dioxygenaza
cua chung Sphingomonas sp. RW1 trén ngan
hang GenBank.

Két qua & hinh 6 cho thdy, san pham PCR
nhan doan gien ma hoéa dioxygenaza tut ADN
tong so cua hai ching RW1 va DMA véi nhiét
do gan mdi 50°C déu thu dugc céc bang ADN
¢6 kich thuéc nhu tinh toan 1y thuyét. Nghién
cttu khac st dung cap moi DIOXY-F va
DIOXY-R cho thay su ton tai ciia doan gien ma
hod dioxygenaza trong chung vi khuan BU3 su
dung dioxin [3]. Nhu vay cap moi DIOXY-F va
DIOXY-R ¢6 thé nhan dugc doan gien ma ho4
ma hoa dioxygenaza tir chiing cdc ching vi
khuan str dung DBF va DD.

DMA

RW1 M

—800 bp
600 bp

Hinh 6. Sin phim PCR nhan
doan gien ma hod dioxygenaza tir
chung RW1 va DMA. M: thang
ADN 200 bp (Promega)

DBF63, Rhodococcus sp. YK2; 96% vé6i gien
ma hod tiéu don vi alpha putative terminal
dioxygenaza cua chling Mycobacterium sp.
YK18. Hai ching Rhodococcus sp. DFA3 va
Rhodococcus sp. YK2 c¢6 kha nang phan huy
DBF [5], trong khi d6 ching Terrabacter sp.
DBF63 c6 kha nang phan hiy ca DBF va DD
[7]. K&t qua trén cling phut hgp véi két qua phan
loai cho thdy ching DMA thuoc chi
Terrabacter.
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Hinh 7. Trinh tu nucleotit chia doan gien mi hoa tiéu don vi alpha clia enzym dioxygenaza va trinh
tu axit amin suy dién nhan 1én tir ADN chung Terrabacter sp. DMA
va cap moi DIOXY-F va DIOXY-R

carAa-Ps. CA10

dbfAl-Rh. YK2

dbfAl1-Rh. DFA3

dbfAl-Ter. DBF63

DMA

phdA-No. KP7

0.05

_

dxnAI-Sp. RW1

bphAl- Rh. TA421

Hinh 8. Cay phat sinh chiing loai gifta mot s6 trinh tu dai dién ma hoé tiéu don vi enzym alpha
dioxygenaza va trinh tu nhan 1én tir chung DMA st dung cap mo6i DIOXY-F va DIOXY-R.
Thuéc do thé hién 5 nucleotit khdc nhau trén trinh tu 100 nucleotit so sanh.

1. KET LUAN

K&t qua phan loai dua trén so sdanh gien ma
héa 16S rARN va mot s6 dac diém hinh thai cho
thay, chuing DMA st dung DBF, phan lap tir dat
nhiém chat diét co chia dioxin tai can ct quan
su cii chia My & san bay Da Nang 1a vi khudn
Gram duong va thudc chi Terrabacter. Chiing vi
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khuin nay duoc dat tén 1a Terrabacter sp.
DMA. Cap mo6i DIOXY-F, DIOXY-R da dugc
thiét k& va nhan dugc doan gien ma hoa enzym
dioxygenaza tit ching DMA. Trinh tu doan gien
ma hod enzym dioxygienaza ciia chuing DMA
c6 muc tuong dong cao 97% véi gien ma hod
tiéu don vi alpha angular dioxygenaza clia cdc
ching Rhodococcus sp. DFA3, Terrabacter sp.



DBF63, Rhodococcus sp. YK2; 96% véi gien ky thuat nha cham lam sach 6 nhiém chat

mi hod tiéu don vi alpha putative terminal doc hod hoc trong dat” thudc chuong trinh
dioxygenaza cua ching Mycobacterium sp. 33, Trung tam Thong tin khoa hoc va cong
YK18. nghé Quoc gia. Bo Khoa hoc va Cong nghé.
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CHARACTERIZATION OF GENE ENCODED FOR DIOXYGENASE IN
DIBENZOFURAN DEGRADING TERRABACTER SP. STRAIN DMA ISOLATED
FROM HERBICIDE/DIOXIN CONTAMINATED SOIL IN DANANG

NGUYEN BA HUU, DANG THI CAM HA

SUMMARY

The dibenzofuran degrading bacterium DMA strain was isolated from heavy herbicide/dioxin
contaminated soil in a US former military base at Danang airport. Colony of DMA is lemon yellow, round,
slight convex and 1.5 - 2 mm diameter after 7 days of incubation in mineral medium containing dibenzofuran.
Cells were Gram-positive, cocci shaped, with diameter ranging from 0.27 - 0.53 pm. 16S rDNA sequence
analysis indicated that strain DMA was closely related to Janibacter limous DSM 111407 (97.3%),
Terrabacter sp. YK7 (97.5%) and Terrabacter sp. YK3 (96.7%). Based on morphological characteristics and
analysis of 16S rARN gene sequence, DMA strain should be placed in genus Terrabacter and named
Terrabacter sp. DMA. The primer pair DIOXY-F va DIOXY-R were designed based on comparison of many
genes encoded for alfa subunit dioxygenase from aromatic hydrocarbon, dibenzofuran and dioxin degrading
bacteria. The PCR product amplified from total DNA of DMA strain was showed high similar levels 97% to
dbfAl genes in Rhodococcus sp. DFA3, Terrabacter sp. DBF63 and Rhodococcus sp. YK2; 96% to gene
encoded alpha putative terminal dioxygenaza in Mycobacterium sp. YK18. All of these Gram-positive
bacterial strains are able to degrade dibenzofuran.

Ngay nhdn bai: 17-1-2007
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