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XAC DPINH POAN GEN MA HOA DIOXYGENASE CUA CHUNG VI KHUAN

PAENIBACILLUS SP.

Ao3 PHAN HUY DIBENZOFURAN PHAN LAP TU BUN AO

THUQC KHU PAT NHIEM CHAT DIET CO CHUA DIOXIN TAI DA NANG

Nguyén Ba Hiru, Pang Thi Cim Ha
Vién Céng nghé Sinh hoc

TOM TAT .

Chiing vi khuan Ao3 phén hity dibenzofuran duoc phan 18p tir bun ao thuge khu vire nhidm chét diét
¢d chita dioxin tai cin c& qudn sy cii cia My & sén bay Da N’c’mg Khuin lac ching Ao3 mau tring duc,
tron, tron, 16i nhe, dudmg kinh 1,5 - 3 mm sau 7 ngdy nudi cdy trén méi trurdng mudi khoang chira
dibenzofuran, Té bao ching Ao3 hinh que, ¢é kich thudc 0,53 - 0,6 um x 1,67 - 2,8 um. Két qua phan
tich trinh ty 16S rDNA cho thiy chiing nay cé quan hé gan giii véi cac ching thudc chi Paenibacillus
nhu Paenibacillus sp. HMI, P. validus ICM9077, P. napthalenovorans DSM14203, Paenibacillus sp.
YKS. Dya trén céc dic diém hinh thai va phan tich trinh tu gen 165 rRNA, ching Ao3 duoc xép vao chi
Paenibacillus va c6 t€n 12 Paenibacillus sp. Ao3. Cap mdi DIOXY-F, DIOXY-R va DNA tong sb ching
Ao3 da dugc sir dung dé tach dong doan gen mi hoa dioxygenase. Trinh ty nucleotide cua san phim
PCR nhén tir chiing Ao3 cho thdy ching niy mang doan gen dioxygenase va c¢6 mirc tuong dbng 93% -
vGi doan gen ahDOa cita chung Paenibacilius sp. YKS. Tuy nhién, trinh ty amino acid suy dién cua doan
gen nhan tir ching Ao3 giong hét v6i san phédm doan gen ahDOa cia ching Paenibacillus sp. YKS. Dé
jam sang t6 moi quan hé giilta cac chiing Ao3 va YKS cin thiét ¢ thém cic phan tich phén loai héa hoc,

lai DNA:DNA ciing nhur xac dinh trinh tr diy dv gen dioxygenase & hai chiing vi khudn nay.

Tir khoa: Dibenzofuran, gen md héa dioxygenase, Paenibacillus, vi khudn, 16S rRNA

MO bAU

Trong khoang théd gian 10 n&m tir 1961 - 1971,
quin doi My da sir dung hon 20 chét diét co khac
nhau (hdn hop ciia 2,4-dichlorophenoxyacetic acid
(2,4-D) va 2.4 5-trichlorophenoxyacetic acid (2,4,5-
T)) chita dibenzo-p-dioxin (DD) phun, rai xudng
nhidu ving & mién Trung vd Nam Viét Nam
(Stellman et al., 2003). Hién nay, dit tai mét sb
“diém noéng” & cac cin cir quan su trude diy cia My
vin bj 6 nhifm ning cac chit diét co, DD,
dibenzofuran (DBF) va cac hop chét tuong tu. Tiy
d6c cac diém néng & Da Ning bing phén hay sinh
hoc dang dugec tién hanh va cho két qua rdt kha quan
(Pang Thi Cdm Ha er al., 2005), phuong phap nay
c¢6 gia thanh thip va than thién véi mdi trudmg. Tuy
nhién, dé ning cao hi¢u qua va ép dung réng rai &
chc “diém néng” khac cin ¢6 cic nghién ciru sdu vé
da dang, kha ndng phin hdy sinh hoc va cac gen
tham gia qua trinh phan hity c4c chét ddc trén cia tap
doan vi sinh vét ban dia. Trong sb cac chét djc trén
céc hop chét DD va DBF dugc chil ¥ dic biét do tinh
dbc cao cua chung, dac biét 1a 2,3,7,8-TCDD/DBF.
Chuyén héa sinh hoc cac hop chét DD, DBF c6 su
tham gia cia qu4 trinh khir loai chlor cta vi khuln

ky khi, phdn hiy béi ndm véi cdc enzyme
cytochrome P-450, lignin peroxydase, laccase v
phén hiy hiéu khi. Phan hity hiéu khi DBF va DD
dién ra theo hai co ché oxy héa vi tri bén va vi trf
goc clia nhén thom, trong d6 oxy héa dAu tién & vi tri
gbéc duge thyc hién boi enzyme dioxygenase duoe
quan tdm hon ca do con dudng ndy din dén chuyén
héa hoan todn DBF va DD (Armengaud et al., 1998;
Hiraishi, 2003). Trong cac cong trinh cong bd trudce
ddy, ching t6i moi chi quan t&m dén cac vi sinh vét
trong bii dit nhidm. Tuy nhién, nuwéc tir bai dht
nhiém chét diét co chira dioxin déu dwoc chay vao
ao. Do vy viéc nghi€n ctru vi sinh vét c6 kha néng
sir dung cdc hop chét d6c hai 1a hét stic cln thiét.
Trong nghién ciru ndy chung vi khuén Ao3 sir dung
DBF dugc phin lap theo phuong phap lam giau tir
miu bin ao, dinh tén dira trén so sanh gen ma hoa
16§ rRNA va xic dinh gen mi# hda enzyme
dioxygenase.

NGUYEN LIEU VA PHUONG PHAP

Phiin lip vi khuin
M&u biin duge 1Ay & ao chira nuéc chiy tir khu
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dét nhidm chét diét co chira dioxin tai cin cir quén sy
cli cia My & san bay Da Ning. Vi khuin sir dung
DBF duge phén 1dp theo phuong phap lam gidu trén
méi trudng khoang chira 3 mM DBF & 30°C véi tbe
do lac 200 vong/phit. Tiép tyc Iap lai dén lan lam
gidu thir 3 va gat djch huyén phit vi sinh vt trén mi
trudmg khoéng thach chira DBF. Sau khodng 7 ngay
nuéi cdy, nho 1 vai giot dung dich 100 uM 2,3 -
dihydroxybiphenyl (2,3-DHB) lén cic khuln lac.
Khuén lac chuyén mau vang duge tach sach va thir
lai kha ning sir dung DBF trén méi truomg mudi
khodng dich.

Xdc dinh trinh tyr gen mé& hoa 168 rRNA

Liy 1 khuin lac ching Ao3 chuyén vio éng
eppendorf 1,5 ml chira 100 pl dém Tris-Cl 10 mM,
pH 8,0, dun s6i 15 phut, sau 46 ly thm 10 phat &
12000 vong/phit. Hut 5 pl djch phia trén va nhan
gen 16S rRNA v6i cip mdi 27F va 1492R. San phim
PCR dugc lam sach theo kit QIAgen. Trinh ty
nucleotide doan gen mi hoéa 16S rRNA duge xdc
dinh truc tiép trén may xac dinh trinh ty nucleotide
fir dong ABT PRISM 3130x/ Genetic Analyzer véi bd
héa chit sinh chuin BigDye Terminator (Perkin-
Elmer) va sit dung cac mdi 27F, 530F, 945F, 518R,
1087R va 1492R. Trinh ty nucleotide duge xio ly
trén phin mém Sequencher version 4.0.5, Muc d9
twong ddng cia doan gen 16S rRNA ching Ao3
duge so sanh véi cac trinh tyr gen 168 rRNA trong
GenBank va Ribosome Database Project (RDP). Cay
phét sinh lodi dwa trén so sanh trinh ty gen 168
rRNA duoc thift ké dua trén cac phﬁn mém Clustal
X, Bioedit version 6.0.7, Gendoc, Neibough-Joining
{(NJ) tree, Mega. Trinh tu doan gen mi héa 168
TRNA dirge diing ky trong GenBank.

Xic dijnh trinh (¢ doan gen mi héa enzyme
dioxygenase

Cap mdi DIOXY-F (5'- TGY ASN TAY CAY
GGV TGG -3") va DIOXY-R (5'- TBV GGN CCV
YKN GGV TGC C - 37) dugc sit dung trong nhén
doan gen mi hda enzyme dioxygenase. Phan ting
PCR nhén doan gen ma hda enzyme dioxygenase tir
chiing Ao3 duge thuc hign véi thé tich 50 pl gdm 2,5
ul moéi DIOX-F va DIOX-R (10 uM), 1 pl hon hop
12,5 mM dNTPs, 5 pl dém PCR 10 14n, 0,4 pl (5 don
vi/ ul) Taq polymerase, 5 ul DNA tong sb vi khuén.
Phan img dugc thyc hi€n trén may PCR véi chu trinh
nhiét nhu sau: 95 °C-5 phut, 34 chu ky (95°C -
phit, 50°C -1 phit, 72°C -1 phut 10 gidy), 72°C-7
phut, giit & nhiét dé 4°C. San phim PCR dugc dién
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di trén gel agarose, nhudém vai EtBr, quan sat dudi
tia UV, lam sach san pham PCR theo kit QlAgen va
xac dinh trinh tu truc tiép véi clip mdi DIOX-F va
DIOX-R. Xir ly, so sénh trinh ty v& dung cdy phat
sinh sit dung nhu mé ta & phén xé4c dinh trinh ty gen
mi héa 168 rRNA. Trinh tu doan gen va trinh tu
amino acid suy dién (theo http://www.expasy.org)
duge dang ky trén GenBank.

KET QUA VA THAQ LUAN

Phin 13p va dinh loai vi khuén

DNA tbng sé duge tach chiét va nhan doan gen
165 TRNA gén 1500 bp, 1am sach va xac dinh trinh
tur. Sau khi thue hién ghép cdc trinh tu xde dinh truc
tiép voi 6 mdi 27F, 530F, 945F, 518R, 1087R va
1492R, doan gen 168 rRNA ciia chiing Ao3 cé kich
thude 1492 bp. Trinh tr doan gen nay dugc diang ky
trén GenBank v&i mi sb EF208754.

Ching vi khuén sir dung DBF dugce phén lap
nhu md t& & phin phuong phép. Sau 7 ngay nudi cay
chiing Ao3 trén moi trudmg mudi khoang dich chira
DBF, méi trudng chuyén sang mau niu chimg té cé
sy phén hiy sinh hoc DBF. Trén mdi truomg mudi
khodng thach chita DBF khudn lac chiing Ao3 co
mau tring duc, 181 nhe, tron tron, kich thuéc khoang
1,5-3 mm sau 7 ngdy nudi céy (Hinh 1). Chung Ao3
c6 té bao hinh que, kich thudc 0,53 - 0,6 pm x 1,67 -
2,8 pm (Hinh 2).

Hién nay, cac cong bd cho thdy cac vi khudn sir
dung DD, DBF va cac hgp chét tuong ty phan b
trong cac 16p Alphaproteobacteria
(Novosphingobium, Porphyrobacter, Sphingobium,
Sphingomonas), lop Beraproteobacteria
(Burkholderia, Ralstonia (Wauteria), Comamonas),
16p Gammaproteobacteria {Erwinia, Klebsiella,
Pseudomonas, Xanthomonas), \Gp Actinobacteria

(Arthrobacter, Brevibacterium, Micobacterium,
Nocardioides, Rhodococcus, Terrabacer-
Janibacter), nganh  Fimicutes (loai Bacillus

megaterium) (Ishiguro er al., 2000; Hiraishi, 2003;
Wang et al., 2004). Gin déy, Tida va ddng téc gia da
phén 1ap duge mét sb ching vi khudn sir dung DBF
thudc chi Paenibacillus nhu YKS5, YK12, YK19 va
YK20 tir mdt miu dét mép nude sdéng va hd quan
Saitama va Yamanashi & Nhit Ban., Cic ching vi
khudn nay c6 quan hé gin giii véi cac vi khudn
thugc lodl P.  naphthalenovorans s dung
naphthalene (lida et al., 2006). Két qua so sanh trinh
tw gen 168 rRNA cho thdy ching Ao3 c6 quan hé
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gin giii voi cic vi khudn thudc chi Paenibacillus.
Ching Ao3 ¢6 mic twrong déng gen 16S rRNA cao
96% voi cac ching Paenibacillus sp. HMI
(1454/1506 nucleotide so sanh), P. validus
JCM9077  (1430/1479 nucleotide), P
naphthalenovorans DSM 14203 (1378/1423
nucleotide), Paeribacilius sp. YKS5 va Paenibacillus
sp. YKS (1376/1421 nucleotide). Dya trén mét sb
dic diém hinh thai va so sanh trinh tr doan gen 168
rRNA cho thdy ching Ao3 thujc vé chi
Paenibacillus va duge dit tén 14 Paenibacillus sp.
Ao3. Két qua trong nghién ciru nay cho thdy cac dic
diém hinh thai va so sinh gen 165 rRNA giita ching
Paenibacillus sp. Ao3, chiing Paenibacillus sp.
YK5 va céc chiung khdc trong chi Paenibacillus
twong di khic xa nhau, Chi Paenibacillus 1a mot
chi vi khuén lén gdm 61 loai. Do véy, dé c6 két ludn
lidu ching Paenibacillus sp. YK5 cé thudc mdt lodi
méi hay khéng? cin cé thém mdt sb nghién ciru dic
diém sinh 1y-sinh hoa, thanh phin héa hoc céu tric
mang va thanh t& bao ciling nhu lai DNA:DNA.

Két qua phén 1ap vi dinh tén ching Ao3 cho
thdy ddy 1a chung vi khuén thude chi Paenibacillus
sir dung DBF d4u tién dugc phin 1ap tir bin ao khu
vuc nhiém chit diét ¢o chira dioxin.

Ao3

0.01
P

Hinh 1, Khuan lac ching Ao3.

Hinh 2. Té bao ching Ac3 duwdi kinh hién vi dién t&
quét JEOL v&i dd phéng dai 15000 1an.

Thermobacillus xylanilyticus XET
P. naphthalenovorans DSM 14203
Paenibacillus sp. YK19

Paenibacilius sp. YK12

Paenibacillus sp. YK5

—— Paenibacillus sp. HM 1
—P. validus JCM9077
- P. validus ATCC29948
P, elgii SD17
P. koreensis KCTC2393
Bacillus ehimensis IFO15659

P. subsp, larvae DSM7030

Hinh 3. Cay phat sinh chiing loai chling Ao3 v& cac ching vi khuén dai dién duya trén so sanh gen méa hoa
16S rRNA va str dyng phin mém NJ. Thuéc do thé hién 1 nucleotide khac nhau trén 100 nucleotide so sanh.
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Xdc dinh trinh ty doan gen miA héa enzyme
dioxygenase

Hai qu4 trinh oxy héa DD, DBF va céc hop chét
twrong tir boi vi khuin hiéu khi c¢é sy tham gia cia
enzyme dioxygenase vi dwoc nghién ciru nhiéu nhét
d6 1 gin hai oxy & vi tri bén 1,2 va ddi khi & cac vi
tri 2,3 ho#c 3,4 ciia m{t nhén thom va chuyén hoa
DD, DF sang dang cis-dihydrodiol vi gin hai oxy &
vi tri goc 4 va 4a clia nhén thom 1ién k& ciu ndi ether
va cac san phdm trung gian di ti€p vao chu trinh
Krebs. Con dudng thir hai duoe nhidu nha nghién
ciu quan tim hon ci va ching vi khuin
Sphingomonas wittichii RW1 la d6i twong duoc
nghién ciru chi tiét nhit (Armengaud er af., 1998,
Wittich, 1998; Nojiri, Omori, 2002). Ngoai ra céc
gen tham gia ma héa DBF angular dioxygenase cling
dwogc nghién ctru nhidu & vi khudn thugc cdc chi
Terrabacter, Janibacter, loai  Pseudomonas
resinovorans, Pseudomonas stutzeri. Cac gen ndy
gdm dbfA12 mi hoa DF 4 4a dioxygenase, va dbfA3
vi dbfA4 mi hoa dioxygenase tham gia vao hé théng

Nguy&n Ba Hiru & Bang Thj Cim Ha

van chuyén dién tir (Hiraishi, 2003), cardc ma héa
carbazol 1,9a-dioxygenase (Sato ef al., 1997).

Ac3 M bp

Hinh 4. San phdm PCR nhan doan gen mé hoa
dioxygenase tlr chlng Ao3. M: thang DNA 200 bp
(Promega).

ditAl Ps-BKME-9 (AF119621)
dodA Rh-SA0101(AB110633)
narA Rh-1BN(AJ40162)

nidA My-MHP-1(AB179737)

phdA No-KP7(AB031319)

pdoA2 My-6PY 1(AJ494743)
dhfAl Rh-DFA3(AB181127)
dhfAl Te-DBF63(AB0Y5015)

ahDO Pa-YK 5//clone C89 (AB201339)

L

Q.05

[AOS
ahDO Pa-YK5/clone C89(AB201841)

Hinh 5. Cay phat sinh chiing loai gitra mét s6 trinh tiy dai dién ma hoa enzyme a-dioxygenase va trinh tw nhan
1&n tir ching Ao3 stk dung cip mdi DIOXY-F va DIOXY-R. Thuée do thé hign 5 nucleotide khac nhau trén

trinh tw 100 nucleotide so sanh.

Cap mdi DIOXY-F va DIOXY-R duoe thiét ké
dua trén trinh tir cia mét s6 gen ma héa tidu don vi
o ciia enzyme dioxygenase, Theo tinh toan ly thuyét
doan gen mi héa tiéu don vi a-dioxygenase nhin
dirgc s& c6 kich thude khoing 600 bp. Két qua &
hinh 4 cho thiy sin phdm PCR nhan doan gen m#
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héa dioxygenase tir DNA téng sé ciia ching Ao3 co
kich thuée nhu tinh toan ly thuyét. Nghién ciru khac
st dung cip mdi DIOXY-F va DIOXY-R cho thiy
sir thn tai ctia doan gen ma hoa dioxygenase trong
ching vi khudn BU3 sir dung dioxin (Biing Thi Cim
Ha et al., 2005) va cac vi khudn str dung DBF nhu
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Terrabacter sp. DMA va Rhodococcus sp. HDN3
{Nguyén B4 Hitu, Diing Thj Cim Ha, 2007a; 2007b).

San phim PCR nhin doan gen mi hoéa
dioxygenase tir ching Ao3 dugc lam sach va xac
dinh trinh ty tryc tiép, Trinh tu doan gen nay va trinh
tw amino acid suy dién (Hinh 6) dugc ding ky trén
GenBank vai cac sb ding ky lan lugt 12 EF203474
va ABM92957.1.

So sénh trinh ty doan gen nhin 1én tir ching Ao3
cho thdy san phim PCR nhin dugc ¢6 mirc twong
ddng cao 93% véi trinh tur ddng PCR C89 gen ma
héa tiéu don vi o hydrocarbon dioxygenase cia
chitng Paenibacillus sp. YKS5 (240/258 nucleotide so
sanh) va 88% vdi trinh ty dong PCR 942 (40/45
nucleotide so sanh). Két qua so sanh trinh ty amino
acid suy dién doan gen nhén 1én tir ching Ao3 va
dong PCR C89 ctia ching Paenibacillus sp. YKS

cho thiy c6 mirc twong ddng 100%. Két qua nay
cling phit hgp voi nghién ctru dic diém phén loai clia
cic ching Paenibacillus sp. YKS va Paenibacillus
sp. Ao3. Tuy nhién, trinh ty dong PCR C89 rét ngin
va trong nghién ctru ndy doan gen tir ching Ao3 mdi
chi dwge xac dinh mét phin. Do véy, c4c két qua bd
sung vé phén loai va gen ma héa dioxygenase 13 rit
cin thiét d& khing dinh chinh x4c méi quan hé giira
cac ching vi khuén nay.

Céc nghién ciru treéc diy cho thiy doan gen
nhén 1én tir cac chung sit dyng DBF Terrabacter sp.
DMA va Rhodococcus sp. HDN3 sit dyng ciip mobi
DIOXY-F va DIOXY-R déu cé quan hé gan véi gen
dbfA1 (Nguyén B4 Hiru, Pang Thi CAm Ha, 2007z;
2007b). Két qua trong nghién ciru nay mdt 1in nira
khing dinh sy da dang gen ma héa dioxygenase
trong céc chiing vi khuén sir dung DBF.,

ataaccttgacggcgacctgatcggecattgtecgegggggataaaatatatggagaagagatg
N L D GG DL I G I V A G D K I Y G E E M
gataagaaagactggggcctgegcccgattccgagagtagaggtatataaaggecttgatt
D K K bW GG UL R P I P RV E V Y K G L I
tttgcgaatctggaccctcaagectatgecgttggaggagttecttggegagtttagatgg
F A N L D P QAWM P L EEF L G E F R W
tatttggacatcatgctgggacggagecgatggagggatggaagtgeggggegtgectcag
Yy L, b1 M L 6 R §$ D GG MEV R G V P Q
cgctgggtegttcecatg

R W V V H

Hinh 6. Trinh ty nuclectide doan gen ma hoa tidu don vi a clia enzyme dioxygenase va trinh ty aminc acid
suy dién nhan I1&n tir DNA chiing Paenibacillus sp. Ac3 va cip moi DIOXY-F va DIOXY-R.

KET LUAN

Két qua phén loat dya trén mét sb dic didm hinh
thai va so sanh 16S rDNA cho thdy chiing vi khuén
Ao3 sir dung DBF phén lap tir dét nhim chét diét ¢o
chira dioxin tai cén cir quin sy cii cia My & sin bay
Pa Ning thudc chi Paenibacillus. Ching vi khuin
ndy duge dit tén 13 Paenibacillus sp. Ao3. Déy 1a
ching vi khudn thudc chi Paenibacillus sit dung
DBF déu tién dugc phan 14p tir miu bin ao khu vye
nhiém chét diét co chira dioxin & san bay Da Ning.
Trinh ty doan gen ma héa enzyme dioxygenase cla
chiing Ao3 c6 mirc tuong ddng cao 93% v6i gen ma
héa tiéu don vi o hydrocarbon dioxygenase cia
chiing vi khuén Paenibacillus sp. YKS.

Lot cdm an: Cong trinh niy dirge thuc hién béi kinfr
phi ctia dé tai cap nha mece (Nghién citu, phat trién
cong nghé phdn hiy sinh hoc va ky thudt nha chém

lam sach 6 nhiém chdt dgc hia hoc trong ddt) thugc
chuong trinh 33 va quy hoc bong DAAD (Cong héa
Lién bang Dikc).
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OF A GENE FRAGMENT ENCODED DIOXYGENASE IN

DIBENZOFURAN-DEGRADING BACTERIUM PAENIBACILLUS SP. Ao3 ISOLATED
FROM HERBICIDE/DIOXIN CONTAMINATED SOIL IN DANANG

Nguyen Ba Huu, Dang Thi Cam Ha"
Institute of Biotechnology

SUMMARY

The dibenzofuran degrading bacterium Ao3 was isolated from pond mud in the herbicide/dioxin
contaminated area in a former US military base at Danang Airport. Colony of Ao3 was cream white,
round, slight convex and 1.5 - 3 mm diameter after 7 days of incubation in mineral salt medium
containing dibenzofuran. Cells were rod shaped, with diameter ranging from 0.53 - 0.6 pm x 1.67 - 2.8
pum. 1658 rDNA sequence analysis indicated that strain Ao3 was closely related to strains in genus
Paenibaeillus including Paenibacillus sp. HMI, Paenibacillus validus ICM9077, Paenibacillus
napthalenovorans DSM14203, Paenibacillus sp. YK5. Based on morphological characteristics and
analysis of 165 rRNA gene sequence, Ao3 strain should be placed in genus Paenibacillus and named
Paenibacillus sp. Ao3. The degenerate primer pair DIOXY-F, DIOXY-R and total DNA of Ao3 strain
were used for isolation a part of dioxygenase encoding gene. The nucleotide sequence of PCR product
revealed that Ao3 carried the dioxygenase gene and had similar level of 93% to an ahDOa gene in
Paenibacillus sp. YKS. However, the predicted amino acid sequence of dioxygenase gene product of
Ao3 showed identical to ahDOa gene in Paenibacillus sp. YKS. In order to clarify the relationship
between Ao3 and YKS, the DNA:DNA hybridisation and chemotaxonomy analysis as well as full
nucleotide sequence of dioxygenase genes will be required.
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