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TOI UU HOA PIEU KIEN NUOI CAY VA KHAO SAT KHA NANG
PHAN HUY DIBENZOFURAN VA NAPHTHALENE CUA CHUNG VI
KHUAN Paenibacillus naphthalenovorans 4B1
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Tém tat. O nhiém cac hop chét hydrocarbon thom da vong gay ra do du luong chdt doc chién tranh
hodc tir chat thai cta cac hoat ddng cong nghiép da d€ lai nhiéu hdu qua nghiém trong cho sttc khoe
con nguoi va moéi truong sinh thai. Phuong phap phuc héi sinh hoc sit dung cac vi sinh vét ¢ kha
nang phan htiy cac hop chat 6 nhiém cho thay hiéu qua xtt ly cao, chi phi thap, bén viing va than thién
véi moi treong hon so voi cac phuong phap ly héa thong thwong. Trong nghién cttu nay, chung vi
khudn Paenibacillus naphthalenovorans 4B1, phan lap tir ddt nhiém dioxin, dwoc nghién ctu t&i wu héa
cac diéu kién nudi cdy va danh gia kha nidng phéan hty cac hgp chét dibenzofuran va naphthalene. Két
qua nghién cttu cho thdy chung vi khuan nay sinh trudng tot nhat trén moéi truong mudi khoang bd
sung 1250 mg/L dibenzofuran hodc 750 mg/L naphthalene, pH 7,0, nu6i cay ¢ nhiét 6 45°C va tdc do
khudy trén 180 vong/phut véi mat do t€ bao lan lwgt 1a 9,42 x 107 va 5,6 x 107 CFU/mL. Phan tich séc ky
khi ham luwong co chdt con lai trong moi treong nudi cdy cho thdy chung 4B1 ¢6 kha nang phan hay
dibenzofuran va naphthalene véi hiéu suét lan lwot la 79,76% va 83,03% sau 72 gio nudi cdy. Két qua
nay la co s¢ cho viéc tng dung chung vi khudn Paenibacillus naphthalenovorans 4B1 trong nghién ctu xt
ly cic moi truong bi 6 nhiém cac hop chat hydrocarbon thom da vong.
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Abstract. The pollution of polycyclic aromatic hydrocarbon compounds caused by herbicide residues
contaminated with dioxin from the war and other wastes from industrial activities has left severe
consequences to human health and the environment. Bioremediation using microorganisms capable of
decomposing pollutant compounds exhibits more advantages than physicochemical treatment
methods as it is highly efficient, economically feasible, sustainable, and eco-friendly. In this study,
Paenibacillus naphthalenovorans strain 4B1, isolated from dioxin-contaminated soil in Vietnam, was
optimized the culture conditions and evaluated its abilities to degrade dibenzofuran and naphthalene.
The results revealed that strain 4B1 showed the best growth on mineral salts medium supplemented
with dibenzofuran 1250 mg/L or naphthalene 750 mg/L, pH 7.0, incubated at 45°C and 180 rpm with a
cell density of 9,42 x 107 va 5,6 x 107 CFU/mL, respectively. Gas chromatography analysis of the
substrate concentrations indicated that strain 4B1 could degrade 79.76% of 1250 mg/L dibenzofuran
and 83.03% of 750 mg/L naphthalene after 72 hours of incubation at optimal conditions. These results
make Paenibacillus naphthalenovorans 4B1 a potential candidate for application in bioremediation of

environments contaminated with polycyclic aromatic hydrocarbon compounds.
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1 Mo dau

O nhiém moi truong la van dé nghiém trong d6i
véi toan cau, gdy ra nhiéu hau qua va hé luy khong
nhitng dén méi treong sinh thai ma con dén stc khoe
con ngudi. Hién twong 6 nhiém dat 1a do anh huong tir
chét thai trén bé mat va cac chat trong long dat. Cac
hop chat phd bién gay 6 nhiém mdi truong dat la
hydrocarbon déau, hydrocarbon thom da vong (PAH),
dung méi, thudc trir sdu, kim loai ndng... Trong dé, cac
chat 6 nhiém hitu co néi chung cé dd bén cao, kha ning
phén hay thap do tinh chét ky nuwde cao va 6n dinh hda
hoc ctia ching. Cac hop chét nay cé thé bi giit lai ¢ cac
khoang chét dét trong thoi gian dai, sau d6 duoc tich
lity sinh hoc théng qua chudi thikc dn, vi vy c¢6 nguy co

gay hai cho sttc khée con nguoi [1].

O mién Trung va mién Nam Viét Nam, mot
trong nhitng nguyén nhan gay 6 nhiém mdi treong dat
la do du lwong 16n chat diét co cb chita cac hgp chét
dioxin dugc rai xuéng cac vung nay trong chién tranh
[2]. Dioxin dwgc xem la hdéa chat doc hai nhat de doa
stec khoe cong dong theo bdo cdo cua Cuc bao vé moi
treong Hoa Ky (EPA) nam 1994 [3]. Ngoai ra, hoat
ddng ctia cac nganh cong nghiép dau mo, san xuét gidy,
cong nghiép dét nhuém... hang nam da thai ra mét
luong 16n cac hgp chat PAH. Naphthalene (Nap) la hop
chdt don gian nhat trong 16 loai PAH, gém 2 vong
benzen va it tan trong nuwdc; chat nay va cac dan xuat
methyl hod ctia n6 da duge EPA xé&p vao nhém céc chat
6 nhiém doc hai, gay dot bién va ung thu, anh huong

nghiém trong d6i véi stec khoe con nguoi... [4].
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Miéc du ¢6 nhiéu phwong phap xtt ly méi truong
6 nhiém dioxin va PAH nhu phuong phap vat ly, héa
hoc; tuy nhién, nhitng phuong phap nay ton kém chi
phi va d€ lai ganh nédng cho méi treong do huy hoai cac
thanh phén tw nhién von cé trong moéi truong. Phuong
phap phuc hoéi sinh hoc (bioremediation) la phuong
phap xtt ly 6 nhiém duoc biét dén véi hiéu qua cao, chi
phi thdp va than thién véi moi truong, ddc biét d6i véi
6 nhiém cac hop chat hitu co bén viing vé héa hoc [5].
Hién nay, da c¢é nhiéu nghién cttu vé cac chung vi sinh
vat ¢6 kha nang chuyén hoa sinh hoc cac hop chét hitu
co 6 nhiém thanh cac hop chat it ddc hon, hita hen mét
su thay thé day tiém nang cho cac phuwong phap xu ly
truyén théng. Mot s6 chung vi khuan ¢6 kha nang phan
huy hop chét dioxin hodc twong tw dioxin st dung
dibenzofuran (DF) la chat thit nghiém da duoc cong bd
nhw Pseudomonas sp. HH69, Sphingomonas sp. RW1 [6],
putida B6-2 [7],
Burkholderia cepacia DF2 va DF4 [8], Pseudomonas veronii

Comamonas  spp., Pseudomonas
Pvy [9]. Tuong tu, cac vi khuan phan hay Nap ciing da
dwgc phan lap nhwe Pseudomonas sp. N7 [10],
Streptomyces sp. QWE-5 [11], Rhodococcus sp. VIPG5
[12], Ochrobactrum MB-2 [13].

Viéc nghién cttu tim kiém cac chuing vi sinh vat
moai, nhat 14 cic vi sinh vat ban dia 1a cAn thiét cho viéc
phuc hdi sinh hoc cac ving dat bi 6 nhiém. Chung vi
khuén Paenibacillus naphthalenovorans 4B1, phéan lap ti
dat nhiém dioxin & A Lwéi, Thira Thién Hué, c6 kha
nang st dung mot s6 hop chat PAH lam ngudn carbon
d€ sinh truong [14]. Trong nghién cttu nay, chung toi

t61 vu hoéa diéu kién nudi cdy, khao sat kha nang phan
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huy DF va Nap cta chung vi khuén 4B1, tir ¢6 lam co
s6 d€ dinh hudéng ting dung xtt ly cac vi tri bi 6 nhiém
dioxin hoac PAH.

2 Dadi tugng va phuong phép nghién
cliru

2.1 D6i tugng nghién ctru

Chung vi khudn P. naphthalenovorans 4B1 duoc
phan 1ap tir dat nhiém dioxin & san bay A So (cii),
huyén A Ludi, tinh Thira Thién Hué [14]. Chung 4B1 la
vi khuén wa nhiét c6 kha nang sinh truéng trén moi
treong mudi khoang t6i thi€u cd chita mot s6 hop chat
PAH.

2.2 Phwong phap nghién cttu
Mai truong nudi cdy

Chung vi khuén P. naphthalenovorans 4B1 duoc
nudi cdy trén mdi truong mudi khoang co ban W [14]
gom: 1,7 g/L KH:POs, 9,8 g/L Na2HPOs 1,0 g/L
(NH4)2S04, 0,1 g/L MgSO4+.7H20, 5 mg/L FeSO+.7H20,
10,75 mg/L MgO, 2,0 mg/L CaCOs 45 mg/L
FeSO.7H20, 1,44 mg/L ZnSO+7H:0, 1,12 mg/L
MnCl2.4H2O, 0,25 mg/L CuSO4«.5H:0, 0,28 mg/L
C0S04.7H20, 0,06 mg/L HsBOs, moi trudong rén bd sung
thém 50 mg/L yeast extract va 15 g/L agar. Nguon
carbon la DF hodc Nap (Sigma Aldrich, USA).

Phuwong phap nuéi cdy [14]

Hut 10 puL dung dich vi khudn tir dng stock vao
dia petri chtta mdi treong W rén, sau d6 cdy ria dé thu
duoc khuan lac riéng ré. B8 sung ngudn carbon la Nap
(5 mg) hodc DF (5 mg) ¢ dang tinh thé vao nép dia petri
d€ bay hoi 1én moi treong nudi cdy, t ¢ nhiét do 40°C.
Sau 2 ngay nudi cay, trén bé mat dia thach xudt hién céc
khuén lac c6 mau tréng duc hodc chuyén qua mau vang
nhat. Mdi khuan lac s& duwoc cdy chuyén vao ong
nghiém c6 chita 5 mL moéi treong W bo sung Nap hodc
DF véi nong d6 tuwong tng la 500 mg/L va 1000 mg/L,
ti€p tuc nudi cdy 14c 150 vong/phat ¢ 40°C trong 2
ngay. Sau 2 ngay, tiép tuc lam giau sinh khdi bang cach

chuyén 5% dich nuéi cay tir ong nghiém sang binh tam
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giac 100 mL chita 25 mL moi truong W b6 sung Nap
hodc DF véi nong d6 nhu trén va nudi cdy trong diéu

kién tuong tur.

Phuong phap xac dinh mat d¢ t€ bao va téc do
sinh truéng

Thiét 1ap duong chuln gitra gia tri mat d6 quang
(ODew) va s6 luwong t&€ bao trong dich huyén phu vi
khuéan twong ting theo phuwong phap ctia Van Alst va cs
[15]. Tién hanh nuoi cdy vi khudn nhw phwong phap da
trinh bay & trén, ctt sau 12 gio nuodi cdy, thu 1 mL dich
huyén phu vi khuén, ly tdm ¢ 13.000 vong/phtt trong 5
phut, rira sinh khoi va tai huyén phu trong 1 mL dung
dich dém phosphate (8 g/L NaCl, 0,2 g/L KCl, 1,44 g/L
Na2HPOs, 0,245 g/L KH2POs) d€ tién hanh do ODsow. S6
lwgong vi khuan (CFU/mL) twong tng cac thoi diém thu
mau duoc xéc dinh gian tiép béng phuong phap dém
khudn lac trén méi truong W ran c6 bs sung 0,1%
glucose. Dung duwong cong sinh tredng dwa trén gia tri
ODesw va CFU/mL. Tiép theo, xay dung duong chudn
moéi lién hé gitta 2 gid tri nay stt dung cac diém thoi
gian nam trong pha tang truong cé ODew < 1,0.

Tdc d6 sinh truong ctia vi khuén duoce tinh toan
dwa trén logl0(CFU/mL) thu dwoc & pha logarit theo
cong thire [16]:

SO thé hé/gio k = (logio[X:] — logio[X0])/0.301 x ¢
Thoi glan/thé’ hé teen = 1/k

trong dé: Xo 1a CFU/mL & thoi diém 0, X:la CFU/mL &
thoi diém t, t 1a s gio chénh 1éch gitra 2 thoi diém.

Nghién ctru anh huwéng cta cac diéu kién nuébi
ciy dén sy sinh tredng ctia chung vi khuan 4B1

Anh hwéng ciia nong do co chit

Sinh khéi ctia chiing vi khuan sau khi lam giau
duoc cdy chuyén vao 25 mL modi trwong W, ngudn
carbon Nap & cac noéng dé twong tng 100, 250, 500, 750
mg/L hodc DF & cac nong do tuwong tng 250, 500, 750,
1000, 1250 mg/L, lic & 150 vong/phut va nudi cdy &
nhiét d6 40°C d€ khao sat nong d6 co chat toi wu. Mat

dd t& bao ban dau véi ODew xap xi 0,06. Sau mdi 24 gid
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nudi cdy, xac dinh s6 luong t€ bao CFU/mL. T6c d6
sinh tredng dwoc tinh toan theo phwrong phap trén.

Anh huwéng ciia nhiét do

Nuéi cdy vi khudn v6i ODen ban dau khoang
0,06 trong 25 mL mdi truong W, ngudn carbon la Nap
hodc DF ¢ nong d6 t6i vu da xdc dinh trong thi nghiém
trén, 1ic & 150 vong/phut va nudi cdy ¢ cac nhiét do
teong tng la 30°C, 37°C, 40°C, 45°C va 50°C. Xac dinh
s0 luwong t€ bao (CFU/mL) sau mdi thoi diém 24, 48, 72

gi0 nudi cay.

Anh hwéng ciia 6 pH moi trieong

Vi khuén duoc nudi cdy trong cac moi truong W
c6 d6 pH khacnhau la 5, 6, 7, 8, 9, ngu6n carbon la Nap
hodc DF ¢ nong dd t&i wu, lac & 150 vong/phtt va nuoi
cdy O cac nhiét do thich hop da khao sat. Xac dinh s6
luong t€ bao (CFU/mL) sau mdi 24 gio, tinh toan téc d6

sinh truong ¢ cac diéu kién pH khac nhau.

Anh huwéng ciia toc d6 lic

Tién hanh nuoi cdy vi khuan trong cac diéu kién
nong dd co chat, d6 pH moi truong va nhiét do thich
hop, khao sét & cac tc dd lac khac nhau lan luot 1a 120,
150 va 180 vong/phut. Xac dinh s& luong t€ bao
(CFU/mL) tai c4c thoi diém nudi cdy khac nhau va tinh

toan t6c d¢ sinh truwong.

Khao sat kha nang phan huy dibenzofuran va
naphthalene

Chung vi khuén 4B1 dugc nudi cdy trong cac
diéu kién thich hgp cho sy sinh trudng da khao sat &
cac thi nghiém trén. D6i ching 1a 25 mL moéi treong W
bd sung Nap hodc DF véi nong d6 tuong tw, khong
chtta sinh khoi ctia vi khudn va nudi cdy ¢ cung diéu
kién. Sau 24, 48, 72 gio, tién hanh thu 25 mL dich huyén
phut nudi cdy, tach chiét luong Nap hodc DF con lai
trong moi truong bang dung dich ethyl acetate véi thé
tich bang mot nira thé tich nudi cay (12,5 mL). Sau khi
b8 sung, tién hanh 1ic véi tc dd 180 vong/phtt, & 30°C
trong 30 phut. Sau d¢6, dé léng vai tiéng cho dén khi
dung dich phan tach thanh 2 16p. Hut 16p dich & pha

trén, chuyén qua dng thay tinh c6 nép va ly tdm nhe d¢
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loai bo bot do polysaccharide cuia vi khuan tao ra trong
qua trinh nudi cdy, chuyén sang 6ng nghiém sach ¢6
chita tinh thé sodium sulfate khan d€ dehydrate héa
trong 10 phtt. Mau sau khi tach chiét dwoc pha loang
10 Tan trong ethyl acetate (900 pL ethyl acetate va 100
uL mau), dung mau trong cic 6ng vial danh cho sic ky
khi [14].

Dinh lugng dibenzofuran va naphthalene bing
phuong phap sac ky khi (GC)

Chuén bi cac dung dich chuén vé6i néng do khac
nhau ctia Nap hoac DF ttr 50, 100, 150, 200 va 250 mg/L
trong dung méi ethyl acetate d€ xay dung duong chuan
nong do co chat. Mau chuan duoc pha loang 5 lan trude
khi chay GC. Céc 6ng dung mau va chat chudn duoc
bao quan & -20°C cho dén khi chay sic ky. Lay 1 mL
chat chuan, mau va d6i chiing dé tién hanh dinh luong
bang phuong phdp GC, thi nghiém sic ky duoc thuc
hién ¢ Trung tdm ki€m nghiém thudc, my pham, thuc
ph&dm Thtra Thién Hué.

Tién hanh chay sic ky trén may sac ky GCMS-
QP 2010 Plus (Shimadzu, Japan), cot DB-1 fused silica
capillary, chiéu dai cot 30 m, dudng kinh bén trong 0,25
mm, d6 day film 0,25 mm. Chwong trinh chay sdc ky
khi: ché d6 bom mau tu dong, khong chia dong, luu
luong khi 1,71 mL/phtit, thoi gian can bang sau mdi lan
bom la 3 phut, nhiét d6 budng bom mau 250°C, nhiét
dd ban dau caa cdt 50°C, gitt 1 phut, sau dé ting lén
250°C véi toc dd 10°C/phut, gitt trong 15 phut. Dit liéu
séc ky duoc phan tich bang phan mém GCMSsolution
version 2.53.

Xéc dinh kha ndng phan huy co chét theo cong
thirc:

Kha nang phan huy (%) = (CI - CF)/CI x 100

trong d6, CL: néng d6 ban dau, CF: noéng d6 con lai

Xt ly s6 liéu

Tat ca cac thi nghiém déu dwoc lap lai 3 Tan, s6
litu dwoc xi ly théng ké béng phan mém Microsoft
Excel 2019.
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3 K&t qua va thao luan

31 Duong cong sinh truwéng cta chung vi
khuén 4B1

Chung vi khuan 4B1 c6 kha ning sinh truong
trén ca hai ngudn co chat 1a DF va Nap. Dich nubi cay
chuyén thanh mau vang nhat trong moi trudng c6 Nap
hodc mau vang dam trong moi trueong c6 DF, ching to
co chat da bi chuyén hda boi cac enzyme ctia vi khuan,
phan cit vong benzen va hinh thanh cac hop chat trung

gian c6 mau vang ddc trung.

Két qua & hinh 1 cho thdy chung 4B1 sinh

trudng rat yéu trén moi truong mudi khodng co ban

(d6i chting), nhu vy chung nay st dung DF va Nap
nhw la nguén nang luong chinh cho t&€ bao. Sau 12 gio
dAau tién pha lag ctia qua trinh nudi cdy, mat dé t€ bao
tdng dan trong pha logarit va dat sinh truéng t6i da lan
luot 1a 7,57 x 107 va 3,68 x 107 CFU/mL sau 48 gi0, tc
d6 sinh trueong trong pha logarit [an lwot dat 9,34 va 8,3
gio/thé hé. Sau d6, sinh khéi t€ bao giam dan. Két qua
nay cho thay téc d6 sinh truéng cta 4B1 trong moi
truong cd DF thap hon so vdi Nap; tuy nhién mat do t€
bao thu dwoc lai cao gép ddi sau 48 gio. Diéu nay co thé
do DF la ngu6n co chét chinh duoc sit dung khi phan
lap chung 4B1, dong thoi ching vi khudn nay ¢6 méi
truong séng tw nhién la dat nhiém dioxin, do d6 wa

thich ngudn carbon DF hon 1a Nap.

B 9.0
8.0
7.0 7T TN 6.15
o !fI T
5.0
4.0
3.0
2.0
1.0
0.0

CFU/mL(x107)

Thoi gian nudi cdy (gio)

—=—Naphthalene —&—DF Déi chimg

Hinh 1. Sy sinh treong ctia chuing 4B1. A: sinh khéi vi khudn trén méi truong c6 DF (trai) va Nap (phai). B: Puong
cong sinh trudong ctia vi khudn trén hai loai co chat

3.2 T6i wu héa cic diéu kién nuébi cdy ctia ching vi
khuén 4B1

Anh huéng ctia néng do co chat

Khi tdng néng d6 co chit, téc d6 sinh trudng cta
ching 4B1 ting theo twong tng. O ndng d6 DF 1000 va
1250 mg/L, vi khuan sinh trudng t6t hon, mat d t&€ bao
tang nhanh sau 24 gio nudi cdy véi téc do sinh truong
twong duwong nhau xap xi 6,8 gio/th€ hé. Tuy nhién, mat
do t€ bao dat cao nhat sau 48 giv 6 nong d6 1250 mg/L
(8,6 x 107 CFU/mL) (Hinh 2A). Vi vdy, nong dd nay sé
duoc st dung cho céc thi nghiém tiép theo.
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Tuong tw, & néng d6 500 va 750 mg/L Nap, s6
luong t€ bao tang nhanh sau 24 gio, téc dd sinh trudng
pha logarit dat Ian luwot 1a 9,3 va 8,6 gio/thé hé. Sinh
truong cua chung vi khuan 4B1 dat cao nhét va khong
6 sai khac cé y nghia théng ké & 48 va 72 gio nudi cay
véi nong d6 750 mg/L (xap xi 5,1 x 107 CFU/mL) (Hinh
2B). Mt s6 nghién cttu cho thdy nong d6 co chat trong
moéi truong nudi cdy anh huong 1o rét dén su sinh
trudng ctia vi sinh vat vi ching cung cdp ngudn carbon
va nang lugng cho t& bao phat trién. Nuodi cdy chung
Pseudomonas sp. ISTDF1 & cdc ndng dd 150, 200, 250
mg/L DF cho két qua sinh trudng t8t nhat ¢ 200 mg/L
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trong vong 36 gio nudi cdy vdéi hiéu sudt phan huy la
85% [17].

Nghién cttu & chang Staphylococcus aureu NS1A
va Pseudomonas fluorescens MM3 cho thdy ching sinh
truong toi da trong méi treong bd sung 0,015% Nap
sau 72 gid nudi cdy voi ODen tuong tng la 0,431 va
0,423 [18]. Cac chung vi khuan Pseudomonas fluorescens
AHB72N va Pseudomonas gessardii AHB79N thé hién

A
10.0
8.62 8.37
= 8.0
=
L]
< 6.0
=
5 40
=]
o
2.0
0.0
0 24 48 72
Thoi gian nudi cdy (gio)
—=—250 500 750 1000 —e—1250

kha nang sinh trudng tot trén co chat Nap ¢ néng do
600 mg/L voi ODew lan luot 1a 1,358 va 1,878 [19]. T
nhitng két qua nghién ctu trén cho thdy rang chung
4B1 c6 thé sinh truéng 6 noéng dd co chat cao hon so véi
da s6 cac chung vi khuin da céng bg; tir d6 cho thay
tiém ndng ung dung chiing nay trong cac thit nghiém

xtt ly moi treong bi 6 nhiém.

=]

6.0 543 5.15
5.0 451 1 1
S 40 z 1
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1.0 ﬂ,/f’%“_“—i-~_i
15
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Thei gian nudi cdy (gio)

—a—100 250 500 750

Hinh 2. Kha néng sinh treong ctia chung 4B1 ¢ cac nong d6 DF (A) va Nap (B) khéc nhau.

Anh hwéng cta nhiét d6

Nhin chung, kha néng sinh truéng cta vi khuan
4B1 téng 1én khi tdng nhiét d6 nudi cdy tir 30-45°C, khi
nhiét d6 1én dén 50°C thi sy sinh trudng lai giam.
Trong d6, tot nhét la trong khoang 40 - 45°C, s6 luong
t&€ bao t6i da dat duoc khong sai khac nhiéu gitta hai
nhiét d6 khi nudi cdy ¢ 1250 mg/L DF. Tuy nhién, &
nhiét dd 45°C téc dd sinh trudng (7,67 gio/thé hé)
nhanh hon so véi 40°C (10,12 git/thé hé) (Hinh 3A).
Trong moi treong cd 750 mg/L Nap, sau 24 gio vi
khuén sinh treong nhanh ¢ 45°C va sinh truong cham
O cac nhiét d§ con lai v6i s6 luong t€ bao khong ¢6 su
khéc biét so véi thoi diém bat dau nudi cay. Chi quan
sat thay su khéc biét vé su sinh trudng ctia vi khuan
gitra cac nhiét d6 sau 48 gio nudi. SO luong t&€ bao cao
nhét dat 5,44 x 107 CFU/mL & 45°C sau 48 gio va thoi
gian nhan d6i thé hé trong pha logarit 1a 9,3 gio (Hinh
3B).

Hau hét cac vi khuén phan huy DF va Nap déu
la vi khuan wa &m (mesophile) vdi nhiét do thich hop
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cho si sinh treong va phan huy sinh hoc xay ra trong
khoang tir 25°C-37°C, nhw Rhodococcus sp. P52 [20],
Pseudomonas gessardii AHB79N [19], Janibacter terrae X]-1
[21], Agrobacterium sp. PH-08 [22]. Vi khu&n 4B1 la mét
trong s6 it chung c6 kha nang phan huy co chét ¢ nhiét
d6 cao hon 40°C. Ngoai ra, chiing nay cting cé thé sinh
trudong trong khoang nhiét dé 30 - 50°C véi ngudn co
chédt DF, chiing to ¢6 thé€ thich nghi & cac méi truong
khac nhau véi diéu kién nhiét d6 thay déi.

Anh hwéng ctia pH moéi treong

Sy sinh treong ctia chung vi khuédn 4B1 t6t nhat
trong khoang pH 6 - 8. O pH 5, vi khuan hau nhu
khong sinh tredng, va su sinh treéng kha cham & pH 9,
sau 48 gio méi bat dau di vao pha logarit. Diéu kién pH
toi wu nhat cho chiang vi khuan nay sinh trudng trong
moi truong ¢ DF la pH 7 véi s6 luong t&€ bao dat 8,72 x
107 CFU/mL sau 48 gio nudi cay véi téc do sinh truong
la 7,1 gio/thé hé (Hinh 4A). Tuong ty, ching 4B1 sinh
trudong tot nhét & pH 7 va 8 trong méi truong cd Nap,
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v6i mat do t€ bao sau 72 gio nudi cdy khong sai khac c6
y nghia théng ké. Vi khudn sinh truong rat cham ¢ cac
pH khéc (Hinh 4B). Cac nghién cttu vé anh hudng cua
pH moi treong 1én sw sinh treong va phan hay cac hop
chat DF hodc Nap cho thdy da sd cac chung vi khuan
déu o6 pH t6i wu trong khoang trung tinh 6 - 7. Mot vai
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0 24 48 72
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nghién cttu hi€m hoi & cac chung vi khuan wa kiém nhu
Pseudomonas sp. SA3 phan hty Nap t6t nhat ¢ pH moi
truong 8.0 [23], chung Pseudomonas sp. ISTDF1 ¢4 thé
phén hty DF tang dan tir pH 6 dén 12 (t8i da & pH 10)
[17].
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Hinh 3. Kha ndng sinh trudng ctia chiing 4B1 ¢ cac nhiét d6 khac nhau trong méi treong ¢ DF (A) va Nap (B)
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Hinh 4. Kha nang sinh treeong ctia chung 4B1 ¢ cac d6 pH khac nhau trong méi treong c6 DF (A) va Nap (B)

Anh huéng ctia t8c d6 1ic

Két qua ¢ hinh 5 cho thdy chiung vi khuan 4B1
€6 thé sinh truong & ca 3 toc d6 khudy trén thtr nghiém,
khi ting tdc d6 lic tic la ting nong d6 oxy hoa tan
trong moéi trueong thi su sinh treong cua chung 4B1
cing ting lén twong ung. Trong d6, tdc doé 180
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vong/phut la thich hop nhét véi sinh truéng dat t6i da
sau 48 gio cho s6 luong t€ bao va téc do sinh trudng
trong méi truong cdé DF va Nap lan luot 1a 9,42 x 107
CFU/mL, 6,8 git/thé& hé va 5,6 x 107 CFU/mL, 8,6 gio/thé
hé. Qué trinh phan hay DF va Nap ¢ cac chung vi
khuén thuong xay ra trong diéu kién hiéu khi, vi vay

néng do oxy la yéu t6 quan trong anh huong dén suw

37



Lé Thi Ha Thanh va CS.

sinh tredng cling nhu phan huy co chét cua t€ bao vi
khuén. Oxy da duoc chiing minh nhu la mét chat nhan
dién t& hiéu qua trong cac nghién cttu vé phan huy sinh
hoc cdc hgp chét hydrocarbon thom. Ngoai ra, phan
tng dau tién trong con duong phan huy DF va Nap
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lién quan dén viéc két hop hai nguyén tir oxygen vao
mot trong cac vong thom ctia cac hop chat nay, dan dén
viéc hinh thanh cac hop chat trung gian, va sy phan cét

vong thom ¢ cac budce tiép theo [5].
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Hinh 5. Kha nang sinh trudng ctia ching 4B1 6 cac t8c d6 lac khac nhau trong méi truong c6 DF (A) va Nap (B)

3.3 Khad nidng phin huy dibenzofuran va
naphthalene cua chiung 4B1

b€ xac dinh kha néng phan huy DF va Nap cta
chang vi khuén 4B1, tién hanh nudi cdy trong moi

truong va diéu kién t6i wu da khao sat. Sau d6, thu

mAu, tach chiét luong co chat con lai trong méi tredng
nudi cdy va phan tich bang GC.

Pho séc ky cta chat chuan Nap va DF nong do
250 mg/L ¢ hinh 6 cho thdy Nap va DF xudt hién ¢ thoi
gian lvu lan lwot 1a 8,555 phut va 13,127 phut.

300,000

p=———Naphthalene

Dibengzofuran

T
5.0 e.0 10.0 11.0

Hinh 6. Phd séc ky khi ctia Nap va DF ¢ nong do 250 mg/L
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Hinh 8. Phd sac ky khi ctia dich chiét Nap con lai sau 72 gid nuéi cdy

Két qua phan tich néng dd DF con lai trong moi
truong nudi cdy o cac diém khac nhau va mau ddi
chiing cho thdy tat ca phd sac ky déu xudt hién 1 peak
v6i thoi gian luu gidng nhau (khoang 13,1 phut) trung

v6i peak ctia mau chuan (Hinh 7).

Sau cac khoang thoi gian nuéi cdy, ham luong
DF con lai trong méi truong giam ro rét (Hinh 9A).
Noéng d6 DF ban dau la 1250 mg/L da duoc chung 4B1
phan huy, sau mdi 24 gid nong d6 con lai twong tng la
1005,196; 492,841 va 252,975 mg/L. Hiéu suat phan hay
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DF thu duoc sau 72 gio 1a 79,76%. Két qua nghién ctu
cho thdy rang ching 4B1 c6 hiéu sudt phan hay DF
twong déi tot voi nong do ban dau cao hon va thoi gian
phan hty ngan hon mot s ching vi khuan da cong bd,
nhu chang Janibacter terrae XJ-1 phan huy hét 100 mg/L
DF sau 5 ngay nudi cay [21]; sau 100 gi¢ nudi cdy,
chung Paenibacillus sp. TSY30 chi phén hty hét duoc 17
mg/L DF [24]; trong khi Janibacter sp. YY-1 ¢6 hiéu suat
phan huy DF la 94% tir noéng d6 ban dau la 1000 mg/L
sau 96 gio nuodi cdy [25].
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Hinh 9. Kha nang phan huy DF (A) va Nap (B) cua chung P. naphthalenovoran 4B1

Tuong tw, phd sac ky ctia Nap con lai trong dich
nuoi cay o cac thoi diém khéc nhau va mau d6i ching
déu xudt hién 1 peak voéi thoi gian luu gan giéng nhau
(khoang 8,5 phut) trung véi peak ctia mau chudn
(Hinh 8).

Chung 4B1 c6 kha nang phan huy Nap (nong do
ban dau la 750 mg/L) sau 24, 48 va 72 gio v6i nong do
con lai twong tng la 669,029; 226,635 va 127,254 mg/L.
Hiéu sudt phan huy dat 83,03% (Hinh 9B). Khi so sanh
két qua véi mét s6 chiang vi khuan khéc, chiing toi thdy
rﬁmg chtng 4B1 ¢6 kha ndng phan hay Nap ¢ néng do
ban dau cao véi hiéu suat kha t6t. Hau hét cac chung vi
khuédn da cong bo ¢6 kha ning chuyén hoéa < 500 mg/L
Nap. Nhu chiang Pseudomonas aeruginosa PTCC 1707 chi
phén hay trong khoang néng dd 0,5-20 mg/L véi luong
co chat giam tir 33,4% - 65,5% sau 3 ngay nudi cdy [26].
Hai chuing Bacillus licheniformis JUG GS2 va B. sonorensis
JUG RS2(3) phéan huy Nap véi hiéu sudt lan luot la 73%,
48% va 52%, 29% v&i nong d6 ban dau twong tng la 100
mg/L va 200 mg/L [27]. Chung Achromobacter sp.
FBHYA2 c6 kha nang phan hay nhanh 500 mg/L Nap

sau 48 gio nudi cay véi hiéu suat 96% [28].

Nhin chung, hdu hét cac chung vi khuidn déu
phan huy DF va Nap véi nong d6 thdp, va nhiing
chtiing nay 1a vi khuén wa 8m, cé nhiét d6 t6i wu cho sy
phén hay trong khoang 30°C. Chung vi khuan wa nhiét
4B1 cho kha nang phan hty hai hop chét nay véi nong
d6 ban dau va hiéu sudt khd cao. Mot sd nghién ctiu
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cho thay réng kha néng hoat dong sinh hoc va d6 hoa
tan ctia cac chat aliphatic va polyaromatic hydrocarbon
phu thudc vao nhiét d6. Do hoa tan tang ¢ nhiét d¢ cao
anh huwong dén doc tinh cua ching va kha nang chuyén
hoéa sinh hoc cdc hop chdt nay xay ra trong thoi gian
ngén hon [29].

4  Kétluan

Qua cac két qua nghién cttu thu duoc, chung toi
nhéan thdy chiang vi khuan 4B1 c6 kha nang sinh trudng
nhanh trén ca hai co chat hydrocarbon thom da vong la
DF va Nap véi néng d6 tuwong d6i cao so véi cac nghién
ctru trude day, lan luot la 1250 mg/L va 750 mg/L. Céc
diéu kién nudi cdy tdi wu cho su sinh trudng cua ching
4B1 & ca hai co chét la twong tw nhau (45°C, pH moi
truong 7, t6c dd lac 180 vong/phut). Tuy nhién, kha
nang sinh truong t8t hon trong moi truong cd DF
(khoang 2 Tan so v6i Nap), dong thoi c6 thé sinh truong
0 khoang diéu kién nudi cdy rong hon khi st dung co
chét la DF (nhiét d6 tt 30 - 50°C, pH 6 - 9) so v6i Nap
(nhiét d6 37 - 45°C, pH 7 - 8). Hiéu qua xtt 1y co chéat dat
79,76% - 83,03% sau 72 gio nudi cdy. Cac ddc diém nay
ctia chung vi khuan P. naphthalenovorans 4B1 cho thdy
tiém nang tng dung trong cdc nghién ctu xt ly sinh
hoc cac mdi treong 6 nhiém céc hop chét hydrocarbon
thom da vong gy ra do du lwgng chat doc chién tranh
hogc tir chat thai ctia cac hoat ddng cong nghiép.
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