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TOM TAT

Aniline la nhitng hop chdt hitu co djc hai gdy
6 nhiém méi truong, nhdt 1a moi truong nuée, va
gay hai dén sitc khée con nguoi ciing nhw cdc lodi
thity sinh vit. Trong s6 7 dong vi khudn dwoc phdn
IGp tir biin va nude cong ranh ciia phong thi nghiém
DPai hoc ang Thdp c6 kha nang sir dung aniline
nhu la nguén carbon va nitrogen duy nhat dé sinh

truong, Pseudomonas moraviensis AN-5 co hiéu
qud cao nhdt. P. moraviensis AN-5 phdn hity hoan
toan aniline sau 3 ngdy ¢ nong dé <4,0 mM. Sy bé
sung yeast extract va succinate nhw la nguén dinh
dudng thir 2 lam kich thich sy sinh truong va phdn
hity aniline ciia AN-5. Nghién citu vé con duong
phan ity aniline ciia AN-5 thdy rang vi khudn nay
phdn huy aniline theo con dwong ortho-cleavage.

Tir khoa: aniline, Pseudomonas moraviensis AN-5, ortho-cleavage

MO PAU

Aniline 14 chét hitu co doc hai duge sit dung
rong rdi trong coéng nghiép va nhidu cac nganh
khac lién quan. Aniline 14 nguyén liéu chinh dé san
xudt phim nhudm azo, sir dung trong céng nghiép
ché bién cao su, san xuét verni, thudc chira bénh
va thude diét co [3, 15].

Viéc st dung rong rdi aniline trong cong
nghiép gdy anh huéng nghiém trong dén méi
truong dit, nuéce va khong khi. Aniline 13 hoa chét
ddc hai, gay ung thu va cac bénh khac. Vi dgc tinh
cao va kho phén huy, aniline dugc coi 13 chét gy
6 nhiém moi truong quan trong [14]. Ching duoc
liét k& trong nhom cac hop chit doc hai tai
76/464/CEE ciia Chau Au va trong danh sach cac
chit gay 6 nhiém quan trong ctia Co quan Bao vé
Maoi truong Hoa Ky [16].

Trén thé giéi dd c6 nhidu nghién ciru vé ton
du cua céc loai aniline trong dat va trong nudc. Thi
du aniline trong nuéc thai tir cong ty duge phdm
1én t&i 2.480 mg/L [11] hay trong nuwdc ngdm 1a 17
mg/L [4]. Cac cac nghién ciru vé sy phan hay
aniline boi cac vi sinh vat trén thé giéi da dugc
cong bd [11-13, 20]. Sy ton du cta chit nay lam 6
nhiém hé sinh thai, ngu(‘Sn nudc nudi thiy san, co

thé 1am chét ca, tdm va cac loai thuy sinh khéc.
Tuy nhién, cho dén nay chwa c6 cong bd nao vé sy
nghién cru phéan hiy aniline tai Viét Nam.

Phong thi nghi¢m Hoa hoc, Sinh hoc va Khoa
hoc méi trudng & Truong Pai hoc Pong Thap 1a
noi sinh vién thuong xuyén lam thi nghi€ém. Qua
trinh 1am thi nghiém co thé c6 mot luwong aniline
10 i ra mbi trudng ngoai, thoat qua hé thong cong
ranh. Trong bai bao nay, vi khuin phan hiy aniline
dugc phéan 1dp tr ranh nude phong thi nghiém
duogc khao sat vé kha ning sir dung aniline nhu 13
ngudn dinh dudng duy nhit ciing nhu con duong
phén hiy co cht ctia chung.

VAT LIEU VA PHUONG PHAP
Vit liéu

Vi khudn dugc nuéi ciy trong dung dich
khoang chit ¢6 cac thanh phan nhu sau: 1.419,6
mg/L Na,HPO4; 1.360,9 mg/L KH>PO4; 98,5
mg/L MgSOy; 5,88 mg/L CaCl,. 2H>0, 1,16 mg/L
H3;BOs; 2,78 mg/L FeS04.7H,O; 1,15 mg/L
ZnS04.7H,0; 1,69 mg/L MnS0O4.H0, 0,38 mg/L
CuS04.5H,0; 0,24 mg/L CoCl,.6H,O va 0,10
mg/L MoO; [5]. pH dugc diéu chinh trong khoang
7,0 £ 0,1. Méi truong duge khir trung ¢ nhiét do
120 °C trong thoi gian 15 phut truéce khi nudi ciy
vi khuan (riéng méi truong c6 glucose duge khir
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tring & nhiét do 110 °C dé tranh su bién tinh ciia
chung). Méi trudng dic ding dé cdy vi khudn
duoc thém vao 2 g/L agar trude khi khir trung.
Phén lap va nhan di¢n vi khuin

Mau bun va nuéc cong ranh tir phan xa thai
ctia phong thi nghi¢m Truong Pai hoc Dong Thap
duogc thu va bao quan trong nudc da cho dén khi
tién hanh thi nghiém. 5,0 g mau dwoc cho vao binh
tam giac rdi thém moi truong dung dich khoang
chét cho dén 100 mL. 10,0 mM aniline dwoc thém
vao trong mau. Sau 5 ngay U & nhiét d6 phong (28
—32°C), 1,0 mL dung dich dugc chuyén vao 100
mL méi truong dung dich khoang chit va 10,0
mM aniline dugc bd sung. Qua trinh nhu vay duoc
lap lai sau 30 ngay, vi khudn dwoc phan lap trén
dia agar v6i aniline 1a chit cung cip ngudn
nitrogen va carbon duy nhit. Cac dong vi khuin
da phan 1ap dugc khao sat kha nang phan huy
aniline dé d4nh gia hiéu qua cia chung.

Dong vi khuén c6 hiéu qua cao nhét duge dinh
danh dua vao phan tich 16S rDNA theo phuong
phap dugc mo ta bdi Li [11]. 1466 bp 16S duoc
nhan 1én voi cap mdi dic hidu 27f (5-
AGAGTTTGATYMTGGCTCAG-3’) va 1.492r
(5-TACGGHTACCTTACGACT-3"). Qua trinh
duoc tién hanh véi téng cong 20,0 mL PCR buffer
chtra 2,0 mmol/l MgCl; 10,0 ng DNA; 0,2 mmol/l
x4 dNTP; 1,0 mmol mdi loai primer; 1,0 U Taq
polymerase. Su phan tng dugc thuc hién béng
thermal cycler (PTC 220, Bio-Rad Inc., USA) &
94 °C trong 5,0 phut cho pha khoi dau, tiép theo 1a
qua trinh nhan lén trong 35 chu ky & 94 °C trong
1,0 phut, sau d6 chuyén sang 1,0 phut & 55 °C va
1,5 phat ¢ 72 °C. Giai doan cudi cung duogc tién
hanh & 72 °C trong 5,0 phat. San phdm ciia PCR
dugc lam sach boi UNIQ-10 EZ Spin Column
PCR Production Purification Kit (Shanghai
Sangon Co. Ltd.). Cudi cing 1a qua trinh doc ma
16S dugce tién hanh. Trinh tu cua 16S rDNA duge
phan tich & NCBI (http://www.ncbi.nlm.nih.
gov/BLAST/).

Cay di truyén thé hién sy phan loai cuia dong
vi khuén dugc thiét 1ap dwa trén trinh tuy 16S
tDNA, sir dung phan mém MEGA 7.0. 16S rRNA

ctia cac dong vi khuin duoc sip xép & CLUSTAL
X. Qua trinh dugc thyc hién bing phuong phap
neighbor-joining [17]. Su phan tich Bootstrap
duogc thyc hién véi 1000 resamplings [6].

Kiém tra kha ning phin hiy aniline ciia vi
khuén trong méi truwong long

Vi khuan dugc nuéi trong méi truong khoang,
str dung aniline nhw 14 ngudn carbon va nitrogen
duy nhat, hodc dugc bd sung thém cic ngudn chét
dinh dudng khac (glucose, succinate, (NH4)2SO4,
NaNOs va Yeast extract (YE)). Lugng vi khuan
dugc chung vao moi truong ban dau véi khoang
3,5x10° cfu/ml.

Aniline dugc pha ché du6i dang stock trong
cOn tuyét ddi. Thi nghiém duogc tién hanh véi tde
do lac 150 vong/phiit & nhiét do phong. Mau duge
lay theo chu ki 3 gio 1 1an (mdi 14n 1,0 ml) va duoc
bao quan & 4 °C cho dén khi phan tich. Cac thi
nghiém vé kha nang phan hity aniline nhu 1a ngudn
hitu co duy nhét duge thuc hién & cac néng do
aniline khac nhau, va céc thi nghiém v& sy anh
hudng cua chét dinh dudng dén sy phan huy
aniline hay sinh trudng cua vi khuin dugc thuc
hién & n6ng d6 10,0 mM aniline.

Nong d6 aniline trong mdi truong long duge
xac dinh bang phuong phap sic ky long hiéu ning
cao (HPLC - High Performance Liquid
Chromatography), voi ¢t (5 um, 250 mmx4,6
mm; Hyperclone, Phenomenex, USA) va dau do
quang phd tir ngoai 240 nm. Pha dong 1a hén hop
acetonitrile (70 %) va nudc tinh khiét (30 %).

Su sinh trudng Iy thira ciia vi khuan duogc xéc
dinh bang phuong phap do do duc bang tan xa anh
sang quang phd ké (spectrophotometer) & budc
song 600 nm (ODggo). Su sinh truéng cta vi khun
dugc tinh theo phuong phéap cua Zeyer [22]. Tat
ca cac thi nghiém dugc tién hanh it nht 3 1an lip
lai, tai Pai hoc Chulalongkorn (Bangkok, Thai
Lan).

Phan tich muc d¢ khac nhau cta cac nghiém
thirc duge thyc hién bang phan mém SPSS phién
ban 22. Su khac biét nay dugc thé hién bﬁmg cac
chit cai. Cac chit cai giéng nhau thé hién sy gidng
nhau hodc sy khac biét khong cé y nghia théng ké
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gitra cac nghiém thtrc véi P < 0,05. Céac chir cai
khac nhau thé hién sy khac biét c6 ¥ nghia théng
ké giira cac nghiém thtrc.
Xac dinh cach thirc phan hiily vong benzene ciia
vi khuan khi phan hiy aniline

Viéc xac dinh cach thitc phan huy aniline dua
2,3-
dioxygenase va catechol 1,2-dioxygenase trich ly

vao viéc phat hién enzyme catechol

tir vi khudn khi @ trong méi trudng c6 aniline.
Phuong phéap xac dinh enzyme nay dugc thuc
hién theo md ta ctia Liu [13]. Vi khudn dugc nudi
trong moi truong cé 10,0 mM aniline sau 12 gio,
mau duge ly tim & tbe d 10.000 rpm trong 5 phut,
rira lai bang dung dich Tris-HCI buffer (pH = 7,8)
rdi cho vao trong dung dich nay. Té bao sau do
duoc phd hiy nhd French (Thermo Electron
Corporation) ¢ 12.000 psi. Mau duoc ly tim &
10.000 rpm trong 5 phut, va phan dung dich phia
trén dugc st dung dé phan tich. 3,0 mL bao gém
2,0 mL phosphate buffer; 0,6 mL 1 mM catechol,
0,2 mL nudc khir ion va 0,2 mL dung dich trich ly
tir t& bao. Cac enzyme catechol 1,2-dioxygenase
va chlorocatechol 1,2-dioxygenase dugc phan tich

94
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100

duya trén sy hinh thanh san phdm trung gian 1a 2-
hydroxymuconic semialdehyde & 375 nm [18] va
muconic acid ¢ 260 nm [10].

KET QUA VA ’[HAO LUAN
Phén 1ap vi khuan phén hiy aniline

Tr mAu bun — nudc tir hé théng cbng ranh
chung t6i di phan lap duoc tdng cong 7 dong vi
khuan duge dit tén theo thir tu tr AN-1 dén AN-
7. Trong s6 nay c6 5 dong vi khuan Gram am va 2
dong vi khuén Gram duong. Dong vi khudn AN-5
¢6 kha ning phan hiy aniline cao nhét (qua phan
tich HPLC, s6 lidu so sanh khong dugc thé hién &
day) duoc sir dung dé tién hanh cac thi nghiém tiép
theo.

Dong vi khuén AN-5 ¢6 Gram 4m, duoc dinh
danh qua phén tich 16S rDNA. Két qua cho thay
vi khudn nay c6 99,99 % gidng v6i Pseudomonas
moraviensis, va dugc dat tén la P. moraviensis
AN-5. Qua phan tich trén cay pha hé dua trén trinh
ty 16S rDNA va MEGA 7.0 ciing cho thiy, dong
vi khuin nay c6 quan hé gin vdi P. moraviensis
(Hinh 1).

P. moraviensis WW1 (KT443876.1)
P. moraviensis AN-5
P. syringae NCPPB 281 ( DQ318866.1)

P. lundensis ATCC 49968 (AB021395.1)

P. fluorescens P13 (EF487999.1)
| P. rhizosphaerae R2SsM1P1C16 (KF147110.1)
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L P corrugata P94 (EF153018.1)

P. congelans DSM 14939T (AJ492828.1)
P. congelans DSM 14939T(AJ492828.1)
P.amygdali (Z76654.1)

P. andersonii ARUPPA1 (HMS81511.1)
P. avellanae PD 2378 (HF558391.1)
Pseudomonas sp. 58 (LN713316.1)

P. moraviensis PSB32 (HQ242745.1)

P. stutzeri BD-1 (EU636773.1)

Erwinia amylovora HSA 6 (GQ222272.1)

Hinh 1. Cay pha hé thé hién dong vi khuén phan hity aniline P. moraviensis AN-5
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Kiém tra kha ning phan huy aniline ¢ cac ndng
d6 khac nhau

Panh gia kha nang st dung aniline nhu la
ngudn hitu co duy nhit duoc tién hanh véi cac
ndng do co chit khac nhau. Két qua cho thiy, &
ndng do cang cao thi tbc do phan huy aniline cang
giam (Hinh 2). Sy phan hity co chat va sinh truong
cta vi khudn hoan toan bj trc ché & ndng d6 25,0
mM. Sy giam téc d6 nay 1a do aniline 1a chit doc,
chung trc ché vi khudn khi ting ndng d6. Sy sinh
truong ctia vi khuan ciing duge danh gia dong thoi
v6i qué trinh phan huy aniline. O ndng d6 aniline
thip (1,0 hay 2,5 mM), hay qua cao (15,0 va 20,0
mM) lugng vi khudn trong moi truong khong

aniline thip, vi khuén khéng cé luong dinh dudng
ddi dao dé sinh trudng, va khi ndng d6 qua cao thi
chung lai trc ché sinh trudng. 0] néng d0<4,0 mM,
aniline hoan toan bién mat sau 3 ngay 1. O nong
d6 20,0 mM, vi khuan can 6 gio pha lag méi bt
du phan hiy aniline, va chung phan hity 67 % sau
3 ngay. Thi nghiém duoc tiép tuc cho dén 5 ngay
nhung & ndng do nay, ching khong hoan toan
phan huy hét co chét. Co 18 do thiéu khoang chét
va anh hudng ciia chit trung gian trong qué trinh
sinh trudng da e ché sy phan hiy hoan toan cia
aniline & ndéng dé nay. O cic nghiém thirc ddi
chimg, aniline thay d6i khong dang ké sau thoi

gian 0.
nhiéu bang ¢ nong d6 10,0 mM. Khi nong do
1.0
100 & 100 &
z £
s <
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Hinh 2. Sy phén hity aniline ciia vi khuén P. moraviensis AN-5 nhu ngudn hiru co duy nhét (nét 1ién) va sy sinh
truong cua chung (nét dut) ¢ cac nong do khac nhau

Céc nghién ciru vé sy phan huy aniline trén
thé gioi da cong bd trude day nhu Psedomodas sp.
[2, 7, 9], Erwinia amylovora HSA6 [11] hay
Delfria sp. [12, 13]. So v6i ching, P. moraviensis
AN-5 thé hién su phan hily aniline kha tét khi
trong méi truong khong can mot ngudn hiru co nao
khac ngoai aniline va luong vi khuan ban dau kha
it. Pseudomonas sp. K1 c¢6 thé phan huy aniline
v6i ndng d6 8,0 mM nhung trong méi trudng di
¢6 sin ngudn nitrogen [9]. O mdt nghién ctru khac,
Delftia sp. XYT6 bi ttc ché & ndng d6 3.000 mg/L
[21]. Phat hién nay c6 y nghia quan trong khi Gng

dung AN-1 dé lam sach méi truong khi aniline c¢6
ndng do cao.
Anh huéng cia cdc chit dinh dudng dénﬁ su
sinh trwéng va phan hiy aniline cia vi khuan
Céc chit dinh dudng bao gdm ngudn carbon
(glucose va succinate) va nitrogen (NaNOs,
(NH4)2S04, va YE) dugc thém vao trong qua trinh
0 vi khudn. Két qua cho théy, su cO mit bat ky mot
ngudn dinh dudng nao déu kich thich su sinh
truong ctia vi khuan (Bang 1). Vi khuédn st dung
céc chéat dinh dudng bd sung nay dé sinh truong
ngoai ngudn co chét 1a aniline. Su bd sung glucose

Trang 35



SCIENCE & TECHNOLOGY DEVELOPMENT JOURNAL:

NATURAL SCIENCE, VOL 1, ISSUE 6, 2017

va NaNOj; khong thay déi dang ké toc do sir dung
aniline. Trong khi dé, bd sung YE va succinate
kich thich ca sy sinh trudng va phan huy aniline.
Succinate vira la ngudn carbon, vira a ngudn ning
luong. YE 1a ngudn carbon, nitrogen va chira

nhidu chit cin thiét khac giup cho vi khuén phat
trién t6t hon. Cong b truée day cho thiy, sy bd
sung 1,0 g/L glucose hay (NH4),SO4 1am tang nhe
tbe do phan huy aniline cua Candida tropicalis
AN1 [19].

Bang 1. Sy sinh trudng va sy phan huy aniline (10.0 mM) bdi P. moraviensis AN-5 trong diéu kién dinh

dudng khac nhau (s6 liéu dwoc tinh toan sau 1 ngay i)

Chét bo sung (0,05% | Sw phan hiy aniline | Sinh truong cua vi
moi chat) (uLM/gio) khuan/gio
Khong co 171.7 = 10.0? 0.015 £ 0.000*

Glucose 187.5+11.2° 0.017 +0.001°
Succinate 284.2+21.2¢ 0.019+0.001°¢
NaNO3 199.2 + 16.1% 0.015+0.001?
(NH4)2S04 262.5+18.3¢ 0.016 £ 0.002%
YE 279.2+22.2¢ 0.016 + 0.0012°

YE + (NH4)2S04 283.3+ 24.3¢ 0.018 + 0.002%
YE + Succinate 325.0 +£22.3¢ 0.023 + 0.002¢

Ghi chii: Cdc chir cdi khdc nhau (a, b, ¢ va d) thé hién sw khdc biét ¢6 y nghia thong ké giita cdc nghiém thuc trong
cung mot cot (p > 0,05)

Anh huéng cia néng do dinh dudng dén” sw
sinh truwéng va phan hiy aniline ctia vi khuan
YE va succinate kich thich su sinh trudng va
phan hiy aniline ciia AN-5 dugc khao sat dé tim
ra néng d6 chét dinh dudng phu hop nhét. Trong
thi nghiém nay, viéc bd sung cang nhiéu chét dinh
dudng thi su sinh truéng cua vi khudn cang cao

(Hinh 3). Nong d6 0,05 % YE va 0,05 % succinate
trong mi truong dan dén sy phan hay aniline cao
nhat. O ndng d chat dinh dudng thip, su sinh
truong ciia vi khudn thip, nén sb luong cua vi
khudn chwa du nhiéu dé phan hiy nhanh aniline.
Nhung khi ndng d6 cta ching qué cao, vi khuén
sir dung chét dinh dudng d6 dé sinh truéng thay vi
aniline nén sy phén hity aniline giam xudng.

r 1.0

100

r 0.8

Aline con lai (%)

Thdi gian 1 (gio)
—&— 0.02% YE + 0.02% succinate
—t— (0.05% YE + 0.05% succinate

—@— (0.07% YE + 0.07% succinate
—¥—0.10% YE + 0.10% succinate

Sw sinh trwéng ciia vi khuin (OD600)

Hinh 3. Anh huéng ciia ndng do YE va succinate dén su phan huy aniline (10,0 mM) (nét lién) va sy sinh truéng
(nét dut) cua vi khuan P. moraviensis AN-5
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Xéc dinh con dwong phan hiy aniline cia P.
moraviensis AN-5.

Enzyme 1,2-dioxygenase va catechol 2,3-
dioxygenase trong dich trich ra tir t& bao vi khuin
duoc khao sat dé xac dinh phuong thirc phan hiy
aniline cia AN-5. Két qua cho thdy, hoat dong ciia
emzyme 1,2-dioxygenase la chu yéu (3,1
pmol/min/g vi khuén twoi), con 2,3-dioxygenase
1a khong dang ké (0,6 pmol/min/g vi khuin tuoi).
Trong qua trinh chay HPLC, sy bién mét cua
aniline (Retention time = 3,2 phiit), c6 sy xuat hién
cuia chét trung gian tring véi phd xudt hién véi
catechol (Retention time = 2,6 phit). Didu nay
chimng to6 P. moraviensis AN-5 phan huy aniline tai

NH, OH
OH
+0,
—

Aniline Catechol

+0,
—

- NH,

vi tri ortho (ortho cleavage pathway) 1a chii yéu.
Ttr d6, con dwdng phan huy aniline dugc dé xuit
& Hinh 4. Nghién ciru trude ddy ciing cho thiy két
qua tuong tu nhu Pseudomonas Ki [22] phan huy
aniline theo hudng ortho.

Tréi lai, nhidu nghién cuu khac cho théy su
phan huy aniline ciia Pseudomonas sp. theo con
duong meta [1, 9, 8, 14], hay Delftia sp. AN3 [23]
va Delftia sp. XYJ6 [20] cling phan huy aniline
theo meta-cleavage. Mot nghién ctu khac cho
thay su phan huy dién ra theo ca ortho va meta-
cleavage [1]. Sy phan huy theo con duong meta-
cleavage co nhuoc diém 1a khong phan huy triét
dé va san phadm cudi 1a cac chét hiru co [22].

COOH
COOH

—> —> (C0, +H,0

=

Cl

Cis-cis-muconic acid

Hinh 4. So d thé hién sy phan hity aniline theo con dudng ortho-cleavage cia P. moraviensis AN-5

KET LUAN

P. moraviensis AN-5 dugc phéan 1ap tir bun va
nudc cua hé théng cdng ranh co6 tiém nang nhiém
aniline. Vi khuin c6 thé phén hiy aniline ma
khong can sy bd sung thém ngudn hiru co nao
khac. Thi nghiém phan tich vai trd cia chit dinh
dudng bd sung dén sy hoat dong ctia vi khuén thiy

rang, sy bd sung thém YE va succinate kich thich
su sinh trudng va phén hiy aniline ctia chung. Su
xac dinh con duong phén phan huy aniline cta
AN-5 cho thdy chung pha v& vong benzene tai vi
tri ortho. Nghién clru nay c6 y nghia quan trong
trong viéc ing dung vi khuén dé tiy sach aniline
nhidm bén trong nudc hay trong dat trong twong
lai.
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Examing the aniline degradation by
Pseudomonas moraviensis AN-5

e Ha Danh Duc
DPdng ThapUniversity
ABSTRACT

Aniline is a toxic aromatic compound causing

environmental  pollution,  especially  water
problems, which harmfully affect to human and
aquatic species. Seven bacterial strains were
isolated from the sewerage of biological and
chemical laboratories using aniline as a sole
carbon and nitrogen source. Among them,

Pseudomonas moraviensis AN-5 showed the

highest efficiency. The aniline-degrading P.
moraviensis AN-5 utilized aniline completely after
3 days at concentrations < 4.0 mM. The addition
of yeast extract and succinate stimulated the
growth and aniline degradation of the strain. The
investigation of aniline degraration pathway of P.
moraviensis AN-5 showed that aniline was
degraded by AN-5 via the ortho-clevage pathway.

Keywords: aniline, Pseudomonas moraviensis AN-5, ortho-cleavage
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