Nghién ctru khoa hoc céng nghé

PHAN LAP VA TUYEN CHON VI KHUAN PAT CO KHA NANG
PHAN HUY THUOC BAO VE THUC VAT CO PHOSPHO
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1. PAT VAN DE

Hop chét co phospho (organophosphorus compounds - OPs) 1a nhém cac hop
chat hitu co chtra phospho, thuong gip 1a este clia axit photphoric. OPs gay bat hoat
mot ho enzyme 10n serine hydrolase (lipase va esterase), trong d6 c6 mot enzyme rat
quan trong - acetylcholinesterase (AChE). Doc tinh cép ciia OPs do wc ché khong
thuan nghich enzyme AChE trong cac té bao than kinh, ngan can AChE phén giai
acetylcholin dan téi tich tu acetylcholin, gay rdi loan qué trinh truyén xung than
kinh, réi loan chtrc ning ciia co va suy ho hip dan dén hon mé va ti vong [1]. Thude
bao v¢ thuc vat (BVTV) OPs (methyl parathion - MP, parathion, diazinon,
chlorpyrifos - CP,...) c6 hiéu qua cao, giap bao vé cac loai thyc vat khoi ¢on tring
gdy hai trong vai ngay hodc vai tuan. Trong sudt nhiéu thap ky, thudc BVTV OPs di
rat pho bién ca vé sb luong va thi phan trén toan thé gidi. Viéc st dung qua nhiéu
OPs lam cho du lugng thude bao vé thuc vat bi rira troi vao nudce hodc thim vao dit,
khong chi giy 6 nhiém dat, nuéc, ma con anh hudng truc tiép hodc gian tiép dén
moi truong va suc khoe con nguoi.

Su phan huy ciia thuéc BVTV OPs thuong 1a su két hop ctia mot sb qua trinh,
bao gdm thily phan hoa hoc va phan hiy vi sinh, dong thoi ciing bi anh huéng boi
mot sd dic tinh hoa 1y nhu pH, cacbon hitu co va do am. Tuy nhién, phan hiy sinh
hoc 14 co ché chinh dé phan huy va khir doc thuéec BVTV trong nhiéu loai dét [2].
Céc san pham phan hity cta diazinon bao gdm diazoxon va 2-isopropyl-6-methyl-4-
hydroxypyimidin (IMHP oroxypyrimidin) [3] hay p-nitrophenol - san pham phan
huy cta methyl parathion va parathion 1a cic san phidm it déc hon va vi sinh vét
cling c6 thé phan huy tiép cc san pham do6 [1].

Hién nay, nhiéu nghién ctru trén thé giéi da cong bd trong dit co cac vi sinh
vat c6 kha nang phan hay OPs thudc cac chi nhu Aspergillus, Cladosporium,
Penicillium, Flavobacterium, Pseudomonas, Bacillus, Lactobacillus, Serratia,
Stenotrophomonas, Burkholderia, Athrobacter, Plesiomonas, ... [4]. Cycon cong bd
chung Serratia marcescens c6 kha nang phan huy CP, fenitrothion va parathion [5].
Ramu thong bao ching Pseudomonas aeruginosa Is-6 cd kha nang phan huy ca
acephate, dimethoate, parathion, MP, CP va malathion [6]. Deng cong bd chung
Stenotrophomonas sp. G1 c6 kha nang phan huy MP, methyl paraoxon, diazinon,
phoxim, parathion, CP, profenofos, triazophos; Pseudomonas sp. WBC-3 c6 kha
nang phan hiy MP, CP, ethyl parathion va sumithion [7]. Pdc biét cac ching
Flavobacterium sp. ATCC 27551 va P. diminuta MG chtta gen opd ma hoa enzym
Orghanophosphoruse hydrolase (OPH, EC 3.1.8.1) thity phan manh nhiéu loai thudc
BVTV OPs va ca cac tac nhan chién tranh hoa hoc (Chemical Warfare Agents) nhu
Sarin, Soman [8].
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Str dung vi sinh vat phan hity cac loai thubc BVTV 14 bién phap phan hity sinh
hoc ¢6 nhiéu ti€ém nang, an toan va than thién véi moéi truong. Muc dich ctia nghién
ctru nay nham phan lap, sang loc ra mot s6 vi khuan dat ¢6 kha nang phan huy thuoc
BVTV OPs.

2. VAT LIEU VA PHUONG PHAP

2.1. Vit liéu, héa chit

55 mau dat dugc thu thap tir cac ving dat nong nghiép & Ha Noi, Ha Nam,
Thai Binh, Nam Dinh va mau dat trong kho thuéc BVTV cii & Ha Nam (bang 1).
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Bang 1. Dia diém thu thap mau dat

Hoa chat: Methyl parathion (99%) - ky hiéu MP, chlorpyrifos (99%) - ky hiéu
CP va diazinon (99%) ctia Sigma-Aldrich.

Mbi truong: MM (minimal medium, pH 7,0) [9], mdi truong LB agar (Luria
Bertani agar: Peptone 10g/L, Yeast Extract 5g/L, muoi NaCl 10g/L).

2.2. Phwong phap
2.2.1. Lam giau va phdn ldp cdc chiing vi sinh vt

Can 15g mau dat mdi loai vao binh tam giac (250 ml) chira 50 ml méi truong
MM d3 b sung diazinon ndng do 50 mg/l va nudi lic 200 vong/phut, & 30°C, trong 7
ngdy. Sau d6, 2 ml dich huyén phu duoc sir dung dé cdy vao binh tam gidc moi
truong MM méi chira diazinon véi nong d¢ cudi 100 mg/l va nudi lac 200 vong/phit,
& 30°C, trong 7 ngay. Sau 3 lan cy chuyén tuong tu, ndng d6 diazinon dugc ning
dan 1én 200 mg/1, 300 mg/1 va 500 mg/l. O lan cy chuyén cudi ciing, 1y 100 ul dung
dich nudi cdy pha lodng 10 1an va trai 100 pl trén dia thach MM chira 200 mg/l
diazinon, u 3 ngay ¢ 30°C. Cac khuén lac don 1é duoc chon dé céy chuyén trén dia
thach MM chira 200 mg/1 diazinon méi cho dén khi thu dwoc ching thuan khiét.
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2.2.2. Khao sat khd nang phdn hiiy OPs ciia cdac chiing phan lgp

Céc ching thuan khiét dugc nudi lic 200 vong/phit, & 30°C trong 10 ml mai
truong MM chira 0,5% glucose. Sau 18-20 gio, té bao dugc thu bang cach ly tim
4000 vong/phut trong 10 phat ¢ 4°C, sau d6 rira ba lan bang nudc cit vo trung va
tron déu trong 2 ml nude cat vo tring. B6 sung khoang 1,3 ml dich té bao vao cac
binh 30 ml méi trudng MM c6 chira 50 mg/l OP dé mat d6 té bao cudi cung dat
ODgoo = 0,5 va nudi lac 200 vong/phut, & 30°C trong 14 ngay. Chuan bi binh d6i
chimg tuong tu nhung khong chira vi khuén.

Dich nudi ciy dugc chiét trong hdn hop dung méi 2 toluen : 1 acetone (v:v)
theo ty 16 2 miu : 5 dung mai (v:v), lac 200 vong/phut, & 30°C, trong 1 gio sau do ly
tam 4000 vong/phit trong 10 phut thu dich pha trén chira OP dé danh gia. Séc ky
ban mong (Thin layer chromatography-TLC) duoc tién hanh véi lugng mdi mau 50
pl. St dung ban mong silica gel 60 F254 cua Merck, d¢ day 0,25 mm lam pha tinh,
pha dong la h¢é dung moi 4 n-hexan: 1 aceton (v:v) [10]. Ban TLC dugc hién mau
dudi dén UV budc song 254 nm.

2.2.3. Dinh danh vi khuén

KV thuat nhuom Gram st dung bd nhudém Gram cuia hang Liofilchem; quan sat
hinh théi, do kich thudc té bao dudi kinh hién vi quang hoc Axiocam 503 color
(Imager.Z2) 100x; thir nghiém catalase st dung dung dich H>O2 3%; thir nghi¢m
oxidase trén dia gidy c6 tim 1% tetramethyl-p-phenylenediamin hydrochlorid.

Dinh danh bang phwong phap giai trinh tu gen ma hoa 16S rRNA: Tach chiét
DNA tir vi khudn bang b kit cua QIAgen, khuéch dai trinh tu gen 16S rRNA béng
phan tmg PCR véi cip mdi 27F (5’-AGAGTTTGATCCTGGCTCAG-3") va 1492R
(5-GGTTACCTTGTTACGAC TT-3") [11]. San pham PCR dugc tinh sach bang
cach st dung bd kit tinh sach QIAquick PCR Purification Kit (Qiagen - Dtic) va giai
trinh ty tai hang FirstBase. Trinh tu thu dugc so sanh v6i cac di 1i€u gen tuong Gng
NCBI GenBank bang cach sir dung cong cu BLAST.

2.2.4. Pdnh gid khd ning phén hiy diazinon biang phwong phip GC/MS
(Gas Chromatography/Mass Spectrometer)

Dich nudi cdy chung chon loc duoc thu theo thoi gian va bd sung acetonitril
vOi ty 16 2 mau : 8 acetonitril (v:v), tron déu, ly tdm ¢ 10.000 vong/phut trong 10
phut dé lorai bo can va loc qua mang 0,22 um. Thu dich sau loc dé xac dinh diazinon
trén hé thong GC-MS Thermo Scientific™ ISQ™ 7000 Single Quadrupole [12].

3. KET QUA VA THAO LUAN

3.1. Panh gia so by kha ning phan hiy diazinon cia cic ching phan lap

Hién nay c6 cac nghién ctru phan tich miu OPs bang k¥ thuat TLC nhu:
Sherma (phan tich azinphos- ethyl, diazinon, ethyl parathion, malathion, MP,...)
[10]; Islam (CP) [13]; Le (danh gia kha nang phan huy MP, diazinon) [12]; Pawar

(profenofos) [14]. TLC la ky thuét thuén tién, dé dang va linh hoat cho phép phén
tich dinh tinh mét so luwong 16n cac chat hoa hoc, ma tiy va thuoc BVTV [14].
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Tir 55 mau dat thu thap & cac khu vuc khao sat da phan 1ap dugc 24 ching vi
sinh (dya vao dic diém khuan lac) c6 kha ning st dung diazinon 1am ngudn cacbon
duy nhit. Cac ching sau phan 1ap dugc nudi cay va danh gia so bd kha ning phan
huy diazinon bang k¥ thuat TLC (hinh 1).

1 2 - Cp+ 4 5910 1113141516182021 2224153 6 7 81217 19 23
Hinh 1. Kha ning st dung diazinon lam nguén cacbon duy nhat cua 24 chung vi khuan

Ghi chii: “ - : méi truwong MM; “+” : méi trieong MM cé bé sung diazinon,
Cp: diazinon chudn, 1-24 (ching OPI-24).

Két qua thu dwoc 9 chung vi khuian OP5, OP9, OP10, OP11, OP13, OP15,
OP18, OP21, OP22 khéong xuét hién bang Rf ngang chuin Cp ching t6 cic chung
nay c6 kha nang phan hity diazinon va da sir dung diazinon 1am ngudn cacbon duy
nhat (hinh 1). 9 ching trén duoc lya chon dé danh gia kha nang phan hiy cac loai
OPs khac nhau.

3.2. Khio sat kha ning phan hiy MP, CP ciia cac chiing tuyén chon

9 chung OP5, OP9, OP10, OP11, OP13, OP15, OP138, OP21, OP22 dugc nubi
lac trong mdi truong MM chira MP hodc CP 50 mg/l. Sau 14 ngay thu dich nudi cay
de chiet va sir dung TLC d¢ danh gia so by kha nang phan huy MP va CP.

Bang 2. Khao sat kha nang sir dung MP va CP 1am ngudn cacbon duy nhét
ctia 9 chung vi khuan bang k¥ thuat TLC

L en P06 diam cia biang Rf D dam cia bang Rf
Ig,fl::,ggu ngang chuén Ki hiéu chiing ngang chuén
MP cp MP CP

Déi chimg ++ ++ OP13 + ]
OP>5 + - OP15 n -
OP9 + - OP18 i -
OP10 + : OP21 T+ R
OP11 + _ OP22 — "

Ghi chii: Ki hiéu dwa vao dé dam mau ciia bang Rf ngang chudn OP:
++, +, - twong vmg véi ddam mau, nhat mau va khéng xudt hién bang.
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Két qua khao sat kha nang phan hiy MP cia 9 chung vi khuan duoc thé hién
trén bang 2 cho théy: 5 chung OP9, OP10, OP11, OP13, OP15 c¢6 bang Rf ngang
chuan MP nhat mau hon so véi ¢ ddi chimg ching té 5 chiing nay c6 kha ning phan
hay MP va da sir dung MP 1am ngudn cacbon duy nhat. Két qua trén bang 2 ciing
chi ra: 7 chung OP5, OP9, OP10, OP11, OP13, OP15, OP18 khong thay xuét hién
bang Rf ngang chudn CP trong khi 2 ching OP21 va OP22 xuét hién bang nhung
nhat mau hon miu dbi chimg. Minh ching thyc nghiém nay chtng to 7 chung OPS5,
OP9, OP10, OP11, OP13, OP15, OP18 c6 kha nang phan huy CP va da st dung CP
1am ngudn cacbon duy nhét.

Qua cac két qua phan tich & trén cho thay: 5 chung OP9, OP10, OP11, OP13
va OP15 c6 kha niang phan huy va st dung duoc ca 3 loai thubc BVTV nhom OPs
lam ngudn cacbon duy nhat. Cac nghién ctru qubc té vé cac ching vi khudn c6 kha
ning phan hiy nhiéu loai OPs nhu: ching S. marcescens (phan hiy diazinon, CP,
fenitrothion va parathion) [5]; ching P. aeruginosa Is-6 (acephate, dimethoate,
parathion, MP, CP va malathion) [6]; chung Stenotrophomonas sp. G1 (MP, methyl
paraoxon, diazinon, phoxim; parathion, CP, profenofos va triazophos) [7],.. . O Viét
Nam chi c¢6 mot sd cong bd vé vi khuan dat co kha ning phan huy 1 loai thude
BVTV OP [15, 16, 17]. Trudc d6 ching t6i cling da phan 1ap dugc 5 ching c6 kha
nang phan huy MP, 5 chung c6 kha nang phan huy diazinon trong d6 c6 2 chung c6
kha nang phan huy cd MP va diazinon (Klebsiella variicola P9 va Priestia
aryabhattai H14) [12].

Chung vi khuan OP15 c¢6 kha nang phan huy t6t ca 3 loai thu(f)c BVTV (MP,
CP, diazinon) va sinh truéng tot trén ca 3 dia moi truong MM agar bo sung MP, CP,
diazinon 300 mg/l dugc lya chon d€ 1am sang t6 kha nang phan huy dianizon va cay
phat sinh chung loai ctia chung vi khuan OP15.

3.3. Kha niing phén hiy diazinon ciia chiing vi khuian OP15 xac dinh bing
GC-MS

Chung OP15 dugc nudi lic trong 30 ml moéi truong MM co6 chira 50 mg/l
diazinon va dugc lay mau theo thoi gian dé xac dinh muc d9 sinh truong (ODsoo) va
dinh luong hiéu suat phan hiy diazinon bang GC-MS.
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Hinh 2. Qua trinh sinh truéng va sy phan hiy diazinon cta chung OP15
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Két qua phan tich trén hinh 2 cho thdy ching OP15 sinh truong dat téi da sau
10 ngay nudi lic (ODeoo = 1,38). Sau 4; 8; 12 va 14 ngay nudi cdy ham luong
diazinon di giam tir 50mg/l xubng tuong tng con 43,7; 17,1; 4,51 va 3,43 mg/l ddng
nghia v6i ching OP15 da phan hiy lan luot duoc 12,6%; 65,8%:; 90,98% va 93,14%
diazinon. Két qua phan tich GC-MS ctia ching OP15 cho thdy hiéu qua phan hay
diazinon cia chung vi khuan cao hon dang ké so véi cong bd cua tac gia Nguyén
Vin Le (10 nhom vi khuan phéan huy 14,3 - 37,9% diazinon 20 ppm sau 14 ngay)
[17]; cua Mahiudddin (Pseudomonas peli BG1, Burkholderia caryophylli BG4 va
Brevundimonas diminuta PD6 phan huy hét 20 mg/l diazinon sau 12 ngay) [2]. Tuy
nhién, hiéu qua phan hity diazinon ctia chiing OP15 van thap hon cong bd cua Abo-
Amer (chung DI101 phén hty hoan toan 50 mg/l diazinon sau 11 ngay) [3] va cua
Deng (chung Stenotrophomonas sp. G1 phan huy 100% diazinon (50 mg/l) sau 24
gio [7].

3.4. Pinh danh chiing vi khuin OP15

Chung vi khuér} OP15 dugce lya chon dé nghién ctru cac dac diém hinh thai,
sinh hoa va phan tir d¢ dinh danh chung.

-

Hinh 3. Hinh thai khuén lac trén dia thach LB sau 3 ngay nudi ciy (A) va hinh thai
teé bao sau nhuom Gram dudi kinh hién vi (100 x) (B) cua chung vi khuan OP15
Nghién ctru cho thdy chung OP15 1a vi khuén Gram 4m, khuén lac moc trén
dia thach LB hinh tron, mau vang, bé mat nhén, té bao hinh que (rong 0,5 pm, dai
1,5-2,3 um) (hinh 3). Thir nghiém oxidase va catalase ctia ching vi khuan déu cho
két qua dwong tinh.
Gen ma hoa 16S rRNA ctia ching vi khuén OP15 dugc giai trinh tu voi d6 dai
1420 bp. Cay phat sinh chung loai da dugc xay dung dya trén cac dir liéu tuong tmg
cua vi khuan trén GenBank quoc té (hinh 4).

Trinh ty gen 16S rRNA cta ching OP15 twong dong cao nhit 99,58% voi
chung Sphingobium fuliginis ATCC 27551 (tén cii 1a Flavobacterum sp. ATCC
27551) va dugc ding ky trén ngan hang GenBank voi ma s MZ637486. Két hop véi
so sanh cac dic tinh hinh thai va mét sé dic diém sinh hoa chung té ching vi khuan
OP15 thudc chi Sphingobium va duoc dit tén 1a Sphingobium sp. OP15. Mot s dai
dién thudc chi Sphingobium ciing dwoc cong bd co kha ning phan hay OPs nhu:
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ching Flavobacterum sp. ATCC 27551 (sau phan loai lai d6i tén thanh Sphingobium
fuliginis ATCC 27551) c6 kha ning thiy phan nhiéu loai thuéc BVTV nhém OPs
nhu: diazinon, parathion, MP, fenitrothion [18], va c¢6 thé phan hily hoan toan 10 mg/I
CP trong mo6i truong MM sau 48h [19]. Enzyme OPH tir chiing ATCC 27551 ¢6 kha
ning thuy phan nhiéu loai OPs nhu phosphothioeste va phosphoflorua, bao gém cé
DFP va vii khi hoa hoc nhu Sarin va Soman va 1a enzym duy nhat c6 thé thuy phan
lién két P-S trong OPs [8]. Ahn cong bd chung Sphingobium sp. K22212 va
Sphingobium sp. Cam5-1 phan hily hoan toan 100 mg/l cadusafos 1an luot sau 7 gid
va 12 gio; phan huy hon 50% ethoprophos, phenthoate va phorate (25 mg/l) ma khong
phan hay duoc CP va diazinon sau 7 ngdy nudi cdy [20]. Chung Sphingobium sp.
TCM1 va Sphingomonas sp. TDK1 c6 kha nang phan huy céc OPs: haloalkyl
phosphate, Tris(1,3-dichloro-2-propyl)phosphate) va Tris(2-chloroethyl)phosphate [21].
{ Sphingobium sp. YBL3 (EU159273)
s Sphingomonas sp. Pu21 (KM386662)
&7 L Sphingobium sp. MEA3-1 (JNS958600)

I: OP15
87 100 Sphingobium fuliginis ATCC 27551 (AB465578)

70 Sphingobium sp. K22212 (MF582324)
—:sph;ngob;um japonicum UT26S (NR 102886)
70 —————————— Sphingobium herbicidovorans FL (EF065102)
a7 { Sphingobium sp. Cam5-1 (MF582325)

92 Sphingobium sp. NL1 (KF437555)
— Sphingobium sp. TCM1 (AB331643)

100 L— Sphingomonas sp. 3Y ( AY646154)
Holophaga foetida TMBS4 (NR_036891)

0.050

Hinh 4. Cay phat sinh chung loai dugc xay dung tur trinh tu gen 16S rRNA cua
chung OP15 va cac chung lién quan trén GenBank bang phan mém MEGA X

4. KET LUAN

- T 55 mau dat thu thap da phan 1ap duoc 24 chung vi khuan c6 kha ning
sinh truong trén moi trudng mudi khoang chira diazinon 1a ngudn cacbon duy nhit;
két qua sang loc duoc 9 chung c6 kha ning phan huy diazinon, trong d6 5 chung
OP9, OP10, OP11, OP13 va OP15 c6 kha nang phan huy va su dung ca 3 loai OPs la
methyl parathion, diazinon, chlorpyrifos 1am ngudn cacbon duy nhat;

- Chung OP15 dugc xac dinh Ia Sphmgobzum sp. OP15, sinh trudng dat muc
cao nhit 1a ODeoo = 1,38 sau 10 ngay nudi cy trong moi truong MM chtra diazinon
50mg/l, & 30°C, va phan huy dat 93,14% sau 14 ngay nudi cay.

Loi cam on: Cong trinh duoc thuc hién voi nguén kinh phi hé tro tir dé tai
“Nghién ciru tao va danh gid kha nang phdn giai chat doc co phospho ciia ché pham
enzyme OPH (Organophosphorus Hydrolase) cé nguon goc tir vi sinh vdt”, Trung
tam Nhiét doi Viét - Nga.
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SUMMARY

ISOLATION AND SCREENING OF SOIL BACTERIA CAPABLE
OF DEGRADING SOME ORGANOPHOSPHORUS PESTICIDES

For many decades, organophosphorus compounds (OPs) have been widely
used all over the world for several purposes like chemical weapons, flame-
retardants, ectoparasiticides and investigational new drugs, but mainly used in
agriculture and indoors. However, they have high toxicity to animals and also to
humans. Various methods have been used to detoxify these compounds. Among
them, biodegradation is preferable, as this method is environmentally and produces
less harmful substances. In this study, from the 55 soil samples collected from many
places where pesticides were used, we isolated and obtained 9 bacterial strains
capable of degrading OPs, of which 5 strains (OP9, OP10, OP11, OP13, OP15) are
capable of using all three types of OPs (methyl parathion, diazinon, chlorpyrifos) as
the sole carbon source. The OP15 strain has been identified as Sphingobium sp.
OP15, and exhibited a remarkable diazinon degradability in the minimal medium
with a reduction of 93.14% after 14 days of of growing (initial diazinon
concentration 50 mg/l). Research results open the possibility of applying these
bacterial strains in OPs contaminated soil treatment.

Keywords: Organophosphorus, biodegradation, TLC, GC-MS, phdn huy sinh
hoc, hop chdt co phospho.
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