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MO DAU
1. Ly do chon d@ tai

Viét Nam 1a mot dat nudce co truyén théng nong nghiép tir xwa dén nay, va do
d6 nong nghiép 1a nganh déng gop tich cuc cho phat trién kinh té, xa hoi cua dat nude.
Tuy nhién, ciing véi sy phat trién manh cta nong nghiép 1a sy lam dung va sir dung
pho bién thudc hoéa hoc trir sdu bénh. Pic biét, do sy han ché vé hiéu biét cia nguoi
dan va cong tac quan 1y con 16ng 1éo nén mot lwong 16n hoa chat bao vé thue vat da
duogc st dung tran lan trong mdt thoi gian dai va phat tadn ra moi truong; gy ra 6
nhiém. Trong d6, dang chi y 1a hai chit kho phan huy 1a DDT (Dichloro-
Trichloroethane Diphenyl) va Lindane (Ce¢H¢Cls) hay con dugc goi la v-
hexachlorocyclohexane (y-HCH).

DDT va Lindane 1 hai hoa chét diét con tring duoc sir dung pho bién nhat va
ciing 13 tac nhan gy 6 nhiém moi trudong nghiém trong. DDT va Lindane dugc phan
loai 14 chat 6 nhiém hitu co kho phéan hiy vi tinh 6n dinh cao trong méi trudng, khién
chung tr& thanh nguén 6 nhiém 1au dai cho hé sinh thai. Ngoai ra, DDT va Lindane
con ¢6 thé duoc hap thu d& dang va tich tu trong co thé cia cac sinh vat séng; nong
d6 cac chét nay tré nén cao hon & cac bac cao hon ctia chudi thire an, dic biét 1a trong
cac loai sinh vét 16n va séng lau. Ngoai tac dung gy doc truc tiép, cac thude trir sdu
ké trén c6 thé con bi bién doi thanh mot hodc nhiéu chat chuyén hoa ma cc chat nay
¢6 thé ¢6 tinh chit hoa hoc va doc tinh khac véi hop chit ban dau.

O Viét Nam, thuc trang tdon du cac héa chit DDT va Lindane van con rét
nghiém trong trong dat néng nghiép. Trude thuc trang 6 nhiém néu trén can c6 nhiing
phuong phap hitu hiéu dé phan giai DDT va Lindane con t6n du. Cac cach tiép can
khac nhau da dugc sir dung dé phan giai DDT va Lindane, d6 1a xir Iy héa hoc, d6t
va chén lap. Tuy nhién, cac phuong phap nay khong xt 1y duoc triét dé, van dé lai
mot s6 anh huong doc hai véi moi trudng va stic khoe con ngudi. Do vy, viée xur 1y
6 nhidém bang cac phuong phap xtr Iy sinh hoc an toan v6i mdi truong dang dan tro

thanh nhing giai phap dugc mong mudn nhét.
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Xtr 1y cc chat 6 nhidm bang phuong phap phan hily sinh hoc hién nay dang
dugc xem 13 mot huéng di méi bén ving va nhiéu trién vong trong viée giai quyét
cac van dé 6 nhidm trong d6 c6 6 nhiém DDT va Lindane. Phuong phap nay thuong
dua trén nguyén tic st dung cac vi sinh vat c6 kha nang phan hity cac chat 6 nhiém,
nén chiing an toan, than thién véi hé sinh thai va moi truong. Phuong phap phan huy
sinh hoc 1a phwong phap it phirc tap, khéng doi hoi cac didu kién moi trudng qué khat
khe, va chi phi thip; do d6 rat phu hop véi diéu kién nudc ta. Tuy nhién, hién nay
van chua c6 nhiéu nghién ctru vé vi sinh vat phan giai hiéu qua DDT va Lindane.
Trong khi d6, viéc sir dung cac chung vi sinh vat c6 ngudn goc & Viét Nam va c6
tiém nang phan giai hiéu qua DDT va Lindane s& phu hop khi ing dung thuc té tai
Viét Nam. Mic du vdy, cac nghién ciru gin ddy di cho thay han ché cua viée sir dung
cac chung don 1é trong thyc té, dic biét do sy kém linh hoat trong kha nang thich nghi
ctia ching véi méi trudng tu nhién. Do d6, mot xu thé hién nay 1a phat trién cac ché
pham vi sinh vat dang hdn hop da chung véi nhimng twong tac bd tro cho nhau gitp
1am tang hiéu qua xt 1y 6 nhiém va ting kha ning thich ing véi cac dicu kién moi
truong khac nhau.

Pé phat trién cac ché pham vi sinh da chang méi xir Iy DDT hodc Lindane
mot cach hiéu qua nhat, mot cach tiép can mai hién nay la dya trén danh gia tiem
nang trao d6i chat va kha niang xir Iy 6 nhiém DDT va Lindane thong qua phan tich
hé gen (genome-mining) cua vi sinh vat va tir d6 xay dung (in silico) nhitng phuong
an t6 hop chung tao ché pham sinh hoc tiém ning nhat. Cac phuong an nay sau d6 sé
dugc khao sat hiéu qua thuc sy trong phong thi nghiém va trong thuc té dé cudi ciing
dua ra dugc cac ché pham sinh hoc tmg dung t6t ngoai thuc dia dé xir 1y dit 6 nhiém.
Pay ciing 1a nén tang dé phat trién nhitng quy trinh cong nghé sinh hoc khac biét gitp
xu ly d4t 6 nhiém DDT va Lindane ¢ Viét Nam mot cach hiéu qua.

2. Muc tiéu nghién ciru

- Nghién ciru phén tich dugc genome ciia cac ching vi khuan va xa khuan

trong bo suu tip gidng phan 1ap tai Viét Nam c6 kha ning phan giai DDT hodc

Lindane da dugc tuyén chon. Tur d6, du doan dugc cac tuwong tac ti€ém nang gilra cac
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chung tuyén chon va dua ra dugc cac to hop ching tiém ning c6 kha ning phan giai
hiéu qua DDT hoic Lindane. Pong thoi, danh gia duoc hiéu qua phan giai va kha
ning tng dung thue té cua cac to hop nay, qua d6 Iya chon dugc phuong an t6i vu dé

phat trién ché pham sinh hoc xir Iy 6 nhiém DDT hodc Lindane.

- Xay dung duoc quy trinh san xuét ché phim sinh hoc da chung xtr Iy 6 nhiém
DDT hoic Lindane trong dit va bude dau thir nghiém duoc xtr 1y dat 6 nhiém DDT

hoic Lindane bang ché pham sinh hoc.
3. N¢i dung nghién ctru

Noi dung 1: Nghién ctru phén tich hé gen, du doan céc t6 hop tiém ning, ddnh
gia hiéu qua phan giai DDT hodc Lindane va kha nang thich nghi vé6i cac diéu kién
thue té cua cac to hop d6 nham xdy dung cac t6 hop ching gitp phan giai hiéu qua

DDT hoac Lindane

Noi dung 2: Nghién ctru xay dung quy trinh san xuat ché pham da chung tir

cac t6 hop chung xay dung dugc

Noi dung 3: Thtr nghiém xt 1y dat 6 nhiém DDT hoic Lindane bang ché pham
sinh hoc & quy mo phong thi nghiém va budce dau thir nghiém xir Iy & moé hinh thuc

té
4. Y nghia khoa hoc va thuec tién
Y nghia khoa hoc:

Hién chua c6 cong trinh khoa hoc nao nghién ctru va cong bd vé viée chu
dong xay dung cong thire t6 hop vi sinh vat nhdm phén giai hiéu qua DDT va Lindane.
Ngoai ra, cach tiép can st dung cac k¥ thuat méi nhu giai trinh tu toan hé gene va
khai thac hé gen nham danh gia triét dé tiém nang trao ddi chat va xir Iy 6 nhidm ciing
chua dugc 4p dung cho cac nghién ctru kha ndng phéan huy sinh hoc cta vi sinh vat.
Phat hién vé kha nang phan giai DDT va Lindane cia cac ching, dic biét 14 tuong

tac ctia cac chiing trong céc to hop chung khac nhau 1 mét dong goép méi cho khoa

14



hoc. Pac biét, nhitng ching ban dia c6 ngudn goc tai Viét Nam va c6 tiém nang phan

giai hiéu qua DDT va Lindane s€ phu hop khi rng dung thuc té tai Viét Nam.
Y nghia thuc tién:

Quy trinh san xuat ché pham sinh hoc va cong nghé xir Iy DDT, Lindane bang
cac ché pham duoc nghién ciru va phat trién trong luin an ndy c6 ¥ nghia quan trong
trong viéc cai thién chit lvgng dit 6 nhidm, giam thiéu nguy co 6 nhiém méi trudng
va tac dong tiéu cuc dén strc khoe cong déng do hai chét doc nay gay ra. Thyuc té hién
nay cho théy, nhiéu khu vuc tai Viét Nam van con ton du DDT va Lindane trong dat,
trong khi cdc phuong phap xtr 1y héa — Iy dang duogc ap dung thuong c6 chi phi cao

va hiéu qua chua triét de.

Trong bdi canh do, ché pham sinh hoc t6 hop vi sinh duoc xay dung tir cac
ching vi sinh vat ban dia c6 kha nang phan giai DDT va Lindane, dugc thir nghiém
trong diéu kién thuc té tai Viét Nam, mang lai hiéu qua xu 1y cao va phu hop voi diéu
kién trong nudc. Bén canh d6, quy trinh cong nghé xt Iy duoc thiét ké don gian, chi
phi thap va dé trién khai tai cic ving nong thén — noi hién nay van con nhiéu khu vue
bi 6 nhiém DDT va Lindane — gép phan tao ra giai phap kha thi, bén viing va than
thién v61 moi truong. Pac biét, ché phém sinh hoc xir Iy DDT va Lindane van chua
xuét hién trén thi truong. Do do, ché phém dugc nghién ctru hra hen s€ 1a mgt san
pham méi hap din cho cac doanh nghiép hoic dia phuong c6 nhu cau.

5. Nhirng déng gép méi ciia dé tai

+ Lan dau tién nghién ctru xay dung cong thuc to hop vi sinh vat phan giai
DDT hoic Lindane hiéu qua cao, trén co s& str dung cach tiép can phén tich hé gen
(genome-mining) dé lya chon va phdi hop cac chung vi sinh vat téi wu.

+ D¢ xuat va phat trién thanh cong ché pham sinh hoc da ching c6 kha ning
phan giai hiéu qua DDT hoic Lindane, dong thoi xay dung duoc quy trinh cong nghé
xir ly dat bi 6 nhiém bai hai hop chat ndy bang cac ché pham da tao ra. Quy trinh di

dugc thtr nghi€ém va ching minh hiéu qua cao.
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CHUONG 1: TONG QUAN
1.1 Tong quan chung vé thuc trang 6 nhiém va ton dw DDT va Lindane
1.1.1 Gié6i thiéu vé DDT

DDT (dichloro-diphenyl-trichloroethane) dugc phat hién 1an dau tién vao nim
1873 boi Othmar Zeidler va dugc nha héa hoc Thuy S Paul Herman Muller st dung
rong rii nhu mot loai thude trir sdu tir ndm 1939. Trong y té, DDT duoc st dung dé
diéu tri bénh sdt rét, sot phat ban va cac bénh khac do con triung gy ra & nguoi trong
Thé chién tht hai. Nho vay, s6 binh si chét vi bénh sot rét da giam tir 400 000 vao
nim 1946 xudng duéi 10 vao nam 1950. Trong nong nghiép, DDT dugc st dung dé
kiém soat cac loai gdy hai nhu sau duc than ngd, sau duc qua chin, ... Nho hiéu qua
nhanh chong, DDT duoc st dung rong rdi & Hoa Ky va nhiéu qudc gia trén thé gidi.
Tuy nhién, DDT gy ra nhiing hau qua nguy hiém ddi véi strc khoe con ngudi, sinh
vat, cling nhu anh hudng dén méi trudng ti nhién, nhu 1am ting tinh khang thube &
nhiéu loai con trung gdy hai anh huéng dén mua mang [122]. Theo Cong udc
Stockholm vé cac chat 6 nhiém hitu co khé phan huy, hiép wdc méi truong quic té
duogc ky vao thang 5 nim 2004 quyét dinh loai bo san xuat, sit dung DDT trong vai

tro lam thuoc trir sau.

DDT c6 cong thirc hoa hoc C14HoCls va khdi lwong phan tir 1a 354,5 g/mol,
thuoc nhom hop chét hitu co hai vong thom chira gbc chloride trong phan tir. Hon
hop DDT k¥ thuét duoc sir dung trong phong trir siu c6 chira 14 cac dong phan khac
nhau ctia DDT (Hinh 1.1), trong d6, thanh phan chii dao (chiém tir 65-80%) 1a dong
phan c6 hoat tinh p,p-DDT [74].

O dang tu nhién, DDT la mgt hop chét khong mau, khong mui, ki nuéde, co
kha ning hoa tan tét trong dung méi hiru co va chat béo. Do tinh chét 6n dinh voi
nhiét va anh sang, DDT d& hép thu vao dit, khuéch tan rong trong méi trudng. Dong
thoi, do tinh chat doc hai cling nhu kha nang tich Ity sinh hoc voi néng do cao theo

chudi thtrc dn, DDT da gay nhiéu tac dong tiéu cuc dén cac loai sinh vat.
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Hinh 1.1. Céu tric héa hoc ciia DDT va cac chit chuyén héa pho bién [44]

1.1.2  Gi6i thiéu vé Lindane

Lindane con duoc biét dén 1a gamma - hexachlorocyclohexane (y - HCH), dugc
t6ng hop vao nim 1852 bdi nha khoa hoc ngudi Anh Michael Faraday bang cach cho
benzen phan g vdi chloride duéi anh sang mat troi. Nhung dén nam 1912, tén cua
loai hoa chat nay da duoc dat theo té€n ctia nha hoéa hoc ngudi Ha Lan Teunis van der
Linden, nguoi dau tién phan 1ap dugc y-hexachlorcychloridehexane tinh khiét. Pay 1a
mot loai thude trir sau gde chloride hiru co duge san xut hang loat tir nhimg nam 1940
cho ca muc dich nong nghiép va duoc pham. Trong nong nghiép, Lindane di duogc st
dung 1am thudc trir sau dé xu 1y hat gidng, ciy trong va gb, cling nhu xit 1y cac loai ki
sinh trén gia suc. Vao nhitng nam 1950, Lindane 1an dau tién duge gi61 thi¢u nhu mot
loai thudc tri ghé dung cho ngudi [83]. Tuy nhién, do nhitng tac dong c6 hai dén con
nguoi va moi trudng, viée st dung Lindane véi muc dich trir sau da bi cAm ké tir nam
2009 nhung van duoc san duoc san xuat va st dung cho cac muc dinh y té theo cong

udc Stockholm.
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Lindane (CsHesCls) voi khdi lwong phén tir 13 290,9 g/mol duogc san xuat bang
cach quang hoa benzen bang tia UV thu duoc mot t6 hop gdm nhiéu dong phan la
1,2,3,4,5,6 hexachlorocyclohexane (HCH). Cong thirc HCH 1a t6 hop cua cac dong
phan khac nhau, chi yéu 13 0-(53-80%), B-(5%—14%), v-(8%—15%), 8-HCH (2%—
16%) va e-HCH (3—5 %). Tuy nhién, y-HCH 14 dong phan duy nhét ¢ hoat tinh diét
cOn trung [114].

ullQ

cl ¢l ¢l
a-HCH B-HCH y-HCH
cl cl
A o C Ol cl
el o N Yo
cl cl
8-HCH e-HCH

Hinh 1.2. Céu tric héa hoc ciia Lindane va cac dong phan [44]

Lindane 1a mot chit ran két tinh mau tréng, c6 mui mbc nhe (mui cua HCH 1a
do tap chét), it tan trong nudc nhung lai hoa tan tét trong dung mdi hitu co. Lindane
6n dinh vé6i anh sang, khong khi, nhiét, CO, va axit manh. Do Lindane c6 tinh on
dinh, wa 4m va dé& bj bay hoi, chit nay dé tich liy sinh hoc theo chudi thirc dn va
khuéch tan rong trong moi truong.

1.2 Hién trang va tac hai cia DDT va Lindane dén con ngwdi va méi truong

Mic du Cong ude Stockholm dd cdm hoan toan viéc sir dung DDT trong ndng
nghiép, nhiéu qubc gia chau Phi va chau A van ap dung hoa chat nay cho muc dich y
té, diac biét dé phong chong sét rét. Theo Henk van den Berg va cong su (2017), dén
nay chi con ndm nudc la Botswana, Gambia, Namibia, Swaziland va Zimbabwe la

van tiép tuc dung DDT dé kiém soat bénh nay. San lugng DDT toan cau giam khoang
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32% trong giai doan 2001-2014 (tir 5,144 xubng 3,491 tdn/nam), trong khi luong tiéu
thu ciling giam khoang 30%, tir trung binh 5,388 tdn/nam (2001-2007) xudng 3,772
tan/nam (2008-2014). Trong d6, An D6 van 1a quéc gia san xuit va sir dung DDT
16n nhat, tiéu thu khoang 5,000 tAn nim 2004 va duy tri trén 3,000 tAn/nam trong giai
doan 2006-2014 [113]. Bén canh d6, DDT 14 hop chat kho phan huy do thoi gian ban
phan huy c6 thé 1én d&én 30 nim do d6 ham luwong tdn du cao trong nude va dat. Day
ciing 12 hop chat it tan trong nudc, dé lién két véi chat hitu co trong dat, tich liiy trong
mé m& va khuéch dai sinh hoc qua chudi thirc 4n, nén da duoc phat hién ca & cac khu
vue xa x0i nhu Bic Cuc va Nam Cuc. Nam 2020, méot cude diéu tra cho réng, nhiéu
thap ky trudc, cac cong ty san xuat DDT da dénh chim céc thung DDT bi ro ri sau
xudng Thai Binh Duong ngoai khoi bd bién California thay vi tiéu huy dung céch.
Anh huong cta 6 nhiém DDT dbi véi ca va cac sinh vat bién khac da ton tai trong
nhiéu thap ky [113]. Cac chat DDT va chuyén hoa ciia nd ¢é c6 thé xam nhap co thé
chu yéu qua thuc pham nhu thit, c4, sita, gia cAm, ... gdy nhiéu tac hai: réi loan than
kinh, noi tiét, sinh san, suy giam mién dich, doc gan va c6 kha ning gy ung thu
(IARC/WHO). Chét chuyén hoa DDE con lién quan dén nguy co ung thu v, ung thu
tinh hoan va béo phi ¢ ni gidi. Tac dong ctia DDT 1én ty thé ciling dugc xem 1a mot

co ché quan trong giy ton thuong gan va ung thu [57].

Péi voi Lindane, chat nay dugc st dung cho muc dich néng nghiép tir nim
1950 dén nam 2000 udc tinh khoang 450, 000 tin. Trong d6, sd luong st dung &
Chau A 13 73,000 tdn, Chau Au 1a 280,000 tdn, Chau My 1a 64,000 tan va Chau Phi
12 29,000 tan. Cac Gng dung rdng rai cia Lindane gy ra cac méi de doa nghiém trong
d6i voi moi trudong. Lindane c6 xu hudng hip phu vao vat liéu hitu co kho phan huy;
do d6, n6 c6 thé ton tai 1au dai. Lindane dugc tim thay & rat nhiéu noi nhu trong khong
khi, nudce, dat va trAm tich, cling nhu trong cac sinh vat dudi nudce va trén can vi thoi
gian ban phan huy cta Lindane trong dat va nudc lan lugt 1a 708 va 2292 ngay [26].
Mic du 1énh cim toan cau ddi véi Lindane nhu mét loai thudc trir siu nong nghiép
s& lam giam tac dong moi trudng ciia nd, nhung viée tiép tuc st dung no trong y té

cling c6 thé gay ra nhitng lo ngai v€ mdi trudong.
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Céc chit thai tir Lindane ciing gdy nguy hai cho sinh vét va con ngudi. Nam
2009, cac dong phan HCH duogc dinh nghia 1a chat 6 nhiém hitu co kho phéan huy
trong Cong udc Stockholm va tir ndm 2015, Lindane dugce To chirc Y té Thé gidi dua
vao danh sach chat gay ung thu cho con nguoi [115]. Véi hiéu qua diét sau hai cao,
Lindane nhanh chéng tré nén phd bién va duoc strdung trong nong nghiép trén toan
thé gi6i. Tuy nhién, cac nghién ctru sau d6 vé Lindane da chi ra nhiéu tac dong tiéu
cuc cta hoa chat trir sdu nay lén strc khde cua con nguoi va dong vat. O dong vat co
v, ngd doc Lindane cép tinh c6 thé dan dén suy giam chirc ning hd hip, run toan
than, co giat va tham chi tir vong [87]. V&i nguoi, Lindane gy doc than kinh va sy
phoi nhiém Lindane kéo dai c6 thé din dén nhiéu triéu chirng nghiém trong trén toan
co thé nhu suy giam chirc nang gan, rdi loan nhip tim va thay ddi kinh nguyét [83].
Céc nghién ctru khac vé cac trudng hop tir vong do doc tinh cia Lindane ciling phat
hién ra sy thoai héa cta co tim, gan bi nhiém m& va hoai tir cac mach nio, phéi va
than [124].

Tai Viét Nam, viéc khao sat sb luong 16n mau dat & mién Bic va mién Nam
Viét Nam cho thiy nhitng mau dit nong nghiép c6 ton du thudc bao vé thyuc vat 16n
hon so véi nhitng mau dat trén viing cao, thé hién rd rang chat nay da duoc st dung
rong rai trong nong nghiép trudc day [78]. Yang Ding va cong su (2024) bao cao du
lugng DDT va HCH van ton tai pho bién trong dat néng nghiép Viét Nam, dic biét &
céc ving trude day timg luu trit hodc st dung thude trir sdu. Nong do tong DDT trong
dat trung binh 1a 6,0 ng/g, trong khi tong HCH 14 0,043 ng/g. Cac dong phan p,p’-
DDT, p,p’-DDE va B-HCH van chiém uu thé, chimg t6 su ton luu dai han va qua
trinh phan giai cham cua cac hop chit nay trong diéu kién nhiét d6i am cua Viét Nam
[43]. Ciing trong nghién ctru nay, khi phan tich ham luong DDT va Lindane (HCH)
thdy rang mic di ham luong HCH hién nay con khé thap nhung ham lugng DDT van
con rat cao nhu 85 ng/g va 47 ng/g. Mic dit mirc d6 6 nhiém c6 xu hudng giam nhd
1énh cim sir dung DDT va HCH tu cudi thap nién 1990, su ton tai 1au dai cua cac

ddng phan bén nhu B-HCH va p,p’-DDE cho thiy nguy co phat tan thir cip van con.
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Trudce day, & Viét Nam, gan 9000 tan DDT va Lindane duoc nhap khiu mdi
nam tir Lién X6 cil, véi muc dich phong ngira bénh sét rét va phuc vy nong nghiép.
Khéi lwong DDT di dwogce str dung 14 315 tdn ndm 1961 va giam con 22 tin vao nim
1974. S6 luong théng ké cho thdy DDT nhap vao Viét Nam dé kiém soat bénh sot rét
tir nm 1975 dén nam 1990 1a 24,042 tan [78]. Trong khi d6, Lindane dugc st dung
nhiéu nhéat & Viét Nam tur nhitng nam 1960-1993 vaéi vai tro 1a thudc diét sdu bo, ndm
bénh va ing dung trong bao quan nong san. Ngoai ra, Lindane cling dugc sit dung
trong y t& dé diét con trung truyén bénh hay cac bénh lién quan dén chiy, ghé. Hon
nita, chit nay khong nhitng duogc str dung nhidu ma con da ting duoc san xuat nhiéu
& Viét Nam. Pon ctr, nha may héa chat Viét Tri c6 cong suat san xuat Lindane 1 200
tAn/nam voi néng do 1a 13% vao nam 1961. O giai doan do, néng do thudc trir sdu
Lindane trong nudc thai ciia nha may Viét Tri vuot qua 121 1an tiéu chuan cho phép.
Vao nam 2006, theo Quyét dinh s6 31/2006/QD-BNN ciia B6 Nong nghiép va Phat
trién nong thon, Lindane dugc dua vao vao danh muc thude bao vé thuc vat bi cAm
st dung ¢ Viét Nam.

Theo Quyét dinh sé 1946/QD-TTg ngay 21 thang 10 nim 2010 cta ctia Tha
tuéng Chinh pha va Bio cdo ctia B6 Tai Nguyén va Moi Truong vé xir 1y, phong
ngura 6 nhiém moi truong do hoa chit bao vé thuc vat tdn luu, co tdi hon 200 dja
diém khu vuc ton luu cac chit bao vé thuc vat gdy nguy co cao dén strc khoe con
nguoi va moi truong. Mot sb diém nong trong diém tap trung & mot s dia phuong
nhu huyén Tan Ky va huyén Nghia Pan, thudc tinh Nghé An, hay huyén Cam Xuyén,
huyén Duc Tho va huyén Thach Ha, thudc tinh Ha Tinh, va mot s6 dia diém khéac &
Thanh Hoéa, Thai Binh, Nam Dinh,... Riéng tai huyén Nghia Pan (tinh Nghé An),
theo Quyét dinh s6 1949/QD-TTg ngay 21/10/2010, ¢6 21 diém ton luu thudéc BVTV
trén dia ban huyén. Sau ngay 10/01/2020, UBND tinh Nghé An phé duyét Quyét dinh
s6 101/QD-UBND phé duyét bo sung 02 diém tai xa Nghia Tan va x Nghia Phi, nén
tinh dén nay Nghia Pan c6 tong 23 diém ton luu thudec BVTV. Trong d6, tai Khoi
Tan Hop, thi trin Nghia Pan, huyén Nghia Pan, tinh Nghé An, ¢6 nhiéu ho gia dinh

hién dang song & noi con 6 nhiém DDT & mirc tir vai chuc dén vai trim, thim chi
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hang nghin mg/g. Tuong tu, tai huyén Puc Tho va huyén Thach Ha, tinh Ha Tinh, c6
nhiéu noi dugc ghi nhan 14 c6 kho thudc bao vé thyc vat cil. Tai nhitng noi ndy, nhiéu
ho gia dinh xung quanh déu c6 ngudi mic bénh ung thu va ndng do thuéec BVTV ton
du trong dat cling & muc vai chuc dén vai trim mg/g.

1.3 Céc phwong phap xir Iy 6 nhiém, ton dw DDT va Lindane
1.3.1 Tinh hinh chung trén thé giéi
Phwong phap vt ly — héa hoc

DDT va Lindane 1a cac hop chat hitu co ¢6 ciu triic vong thom bén viing, kho
bi phan huy trong diéu kién tu nhién. Do do, tai nhiéu quéc gia, chon léip van duoc
ap dung nhu mot giai phap quan 1y chat thai nguy hai, dic biét trong bdi canh céac
cong nghé xu 1y tién tién chua dugc trién khai rong rai. Phuong phap nay doi hoi hé
thong h6 chon 1ap phai dugc thiét ké theo tiéu chuan k¥ thuat nghiém ngat nham dam
bao do 6n dinh va han ché phat tan cac chat 6 nhiém ra méi truong. Tuy nhién, day
khong phai giai phap an toan tuyét ddi, vi hoa chat c6 thé theo dong ri thAm ra moi
truong, lan t6i sudi, song, ho va cudi ciing xam nhap tang nudc ngam. Trén thyc té,
bai chon lap Sardas va Bailin & Tay Ban Nha, noi tién hanh chén l4p cac san pham
thai ctia Lindane, dugc bdo céo 1a gy ro ri nhiéu chat giy 6 nhiém thir cip gom
dioxin, furan va PCDD/F [52]. Tuong tir, mdt nghién ctru tai 5 diém chon lap thude
bao vé€ thuc vat & Tanzania ghi nhan su ton luu dang ké cia DDT, DDE, DDD, HCH
va cac hop chat hiru co clo khac (OCPs) trong dat. Mau duoc thu & cac do sau téi 220
cm va ghi nhin ndong ¢6 DDT va HCH tong 1én dén hang nghin mg/kg, phan anh qua
trinh phan hily rat cham va kha ning tich tu 1au dai. Nong do cac chat 6 nhiém c6 xu
hudng giam déan theo khoang cach tur diém chon lép, nhung van xudt hién sy tich tu
& tang sau, cho thdy nguy co ro ri va 6 nhiém nudc ngdm nghiém trong [72].

Xtr Iy nhiét 13 mot phwong phap phd bién khac dé loai bo thudce trir sau, trong
d6 cac hop chat hitu co khé phan hity duge dong xir 1y trong 16 nung xi ming hoic 10
luyén kim hoat dong ¢ nhiét d§ cao. Phuong phép nay hi¢n van dugc xem la mot

trong nhitng cong nghé hiéu qua nhit dé tiéu huy triét dé cac hop chit POPs nhu DDT
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va Lindane. Uu diém ndi bat ciia phuong phap nay 1a kha ning dat hiéu suét pha hay
rat cao trong thoi gian ngén, thuong dat trén 99,9%, nho cac diéu kién nhiét do cao
va thoi gian luu thich hop trong 16 nung. Qua trinh dong xtr 1y trong 10 xi ming hoic
10 luyén kim con cho phép tan dung nhiét lwong sin cd, qua d6 giam déng ké lugng
chét thai cubi ciing va tranh dugc nhu ciu xdy dung cac co so xir Iy chuyén biét. Tuy
vy, qué trinh ndy c6 thé phat sinh cac chit 6 nhiém tht cip nhu dioxin, furan va
nhiéu loai khi doc khac [86]. Hai chat doc thir cap 1a polychlorinated dibenzo-p-
dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) dugc ghi nhan 1a san
pham ciia qué trinh xir 1y nhiét DDT [48]. Mot s6 nghién ctru da dé xuat bo sung cac
chat hd tro, chang han kich hoat persulfate dé ting kha nang phan hity Lindane, nham
han ché su hinh thanh cac san pham phu [86]. Du vdy, nhitng yéu cau nghiém ngit
vé thiét bi va diéu kién xir 1y POPs & nhiét dd cao van 1a thach thirc 16n cho viée van
hanh va dp dung phuong phap nay trén di¢n rong.

Phuong phap oxy héa hoa hoc cling dugc sir dung dé han ché su phat tan cua
chat 6 nhiém va phan giai hiéu qua chat 6 nhiém in-situ [16]. Cac chat oxy héa pho
bién 1a 12 permanganat, hydro peroxide va sit, persulfate va ozone. Trong qué trinh
xtr 1y chat 6 nhiém bang phuong phap oxy héa hoa hoc, nhiéu phan mg khac nhau
can duoc xdy ra dé dam bao phan giai triét dé chat 6 nhiém [16]. Nhuoc diém cia
phuong phép nay doi hoi yéu cau ki thuat phuc tap do d6 khién cho phuong phap nay
thuong kha tén kém. Hon nita, cac chat xtic tac dugc sir dung c6 thé 1a ngudn 6 nhiém
thir cap.

C6 thé thay rang, cac phuwong phap xu 1y vat Iy — hoa hoc mang lai nhiéu loi
thé nhu tdc d6 xir Iy nhanh va hiéu qua cao. Tuy nhién, diém han ché chung ctia chung
la chi phi van hanh kha 16n, khién viéc ap dung trén dién rong, dac biét ¢ cac quéc
gia dang phat trién, gip nhiéu kho khin. Bén canh d6, qua trinh phan huy bang hoa-
1y c6 thé tao ra cac san pham phy, lam ting nguy co tai 6 nhiém moi trudng. Vi vay,
nhu cau tim kiém giai phap thay thé than thién hon v&i méi truong ngay cang duoc

quan tdm. Trong bdi canh d6, cac cong nghé xur 1y sinh hoc duoc danh gia cao nho
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tinh bén virng, an toan sinh thai va tiém ning tmg dung rong rii trong xu Iy cac hop
chét hitu co doc hai.

Phwong phap sinh hoc

Céc cong ngh¢ xtr 1y sinh hoc dya trén viéc khai thac hoat dong ctia cac thanh
phan sinh hoc nhdm phan giai, loai bé hoic chuyén hoa cac chat 6 nhiém thanh nhirng
dang c6 doc tinh thap hodc khong con gy hai cho méi trudong. Phuong phap ndy c6
kha ning khoang hoa hoan toan cac hop chét 6 nhiém hoic chuyén hoa chiing thanh
cac san pham an toan hon, dong thoi han ché sy hinh thanh cac chit 6 nhiém tht cép.
Bén canh d0, quy trinh xir 1y sinh hoc thudng c6 murc d6 an toan cao, it tiém an rai ro
d6i véi strc khoe con ngudi va co kha nang thich tng t6t véi sy bién dong cia cac
diéu kién moi trudng. Cac d6i twong sinh hoc dugce sir dung trong xir Iy 6 nhiém rat
da dang, tir vi sinh vat nhu vi khuén, nam, tao dén thuc vat, hodc su két hop cua nhiéu
nhom sinh vat khac nhau.

Dbi véi cac hop chét hiru co chira clo, dién hinh 1a DDT va Lindane, qua trinh
xtr 1y sinh hoc c6 thé dién ra thong qua nhiéu co ché khac nhau nhu: (i) tich tu sinh
hoc (bioaccumulation) thong qua kha ning giit hodc két tia cac chat nay nho sinh vat,
hay (ii) hap phu sinh hoc (biosorption) thong qua kha niang hip phu céc chét nay Ién
cac cau trac sinh vat, hodc (iii) chuyén héa sinh hoc (biotransformation) théng qua
kha ning chuyén hoa cac chat nay thanh cac san pham khéc it doc hon cua sinh vat,
dic biét 1a vi sinh vat [32]. Cac bién phap xt Iy sinh hoc DDT va Lindane bao gdm
hai nhém chinh 14 str dung thuc vét (phytoremediation) va sir dung vi sinh vat dé phan
giai [37]. Céc vi sinh vat phan giai dugc DDT va Lindane 1a céc vi sinh vat c6 kha
ning tan dung chit nay nhu 1a ngudn carbon hodc chat nhan electron [107]. So véi
cac bién phap xur Iy hoa 1y truyén thong, xir 1y sinh hoc duoc xem 1a giai phap hiéu
qua va bén vig trong khic phuc 6 nhidm moéi trudong do co thé xir Iy dat 6 nhiém in
situ, than thién véi moi truong va cd tinh bén virng cao. Mat khac, st dung vi sinh
vt cling dem lai tinh linh dong cao cho phuong phéap khi vi sinh vat c¢6 thé thich ing

v61 nhicu diéu kién moi truong khac nhau va trong mét so trudong hop, vi sinh vat co
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thé trai qua qua trinh bién d6i di truyén dé c6 thém kha ning phan giai cac chit la
sinh hoc (xenobiotic).

1.3.2 Tinh hinh tai Viét Nam

O Viét Nam, viéc nghién ctru cac cong nghé xir Iy 6 nhiém DDT va Lindane
van con han ché. Tran Dinh Trinh va cong su (2020) da tién hanh thi nghiém 6 thang
tai Bic Giang, két hop trong cé vetiver voi cac mirc bd sung nano-Fe;O4 khac nhau
dé xtr Iy dat 6 nhiém thudc trir sau chloride hitu co [109]. Két qua cho thiy hé s6 toc
dé phan huy DDE tang theo néng do nano-Fe304, dat 0,264; 0,350; va 0,434 theo
thang 1an luot trong Gmg vé6i 0, 25 va 100 mg/kg nano-Fe;O4 [109]. Ngoai ra, cong
nghé Phyto-Fenton ciing dugc thir nghiém tai dat nhiém DDT ¢ Cam Binh, Ha Tinh
cho hiéu qua xtr 1y dat 98,4% con Lindane ndng d6 phat hién & mirc rat thap [39].

Vi cac nghién ctru theo cach tiép can sinh hoc, tinh dén thoi diém hién tai,
Viét Nam méi chi ghi nhan cac nghién ctru cia nhém DPang Thi Cam Ha va cong su,
trong d6 ching ndm FNA1 c6 thé xu 1y trén 92% hdn hop DDT va DDE ¢ ndng d6
200 ppm sau 7 ngay nudi cdy, con chung FNA4 dat mirc phan hity 94,48% hdn hop
nay sau 14 ngay [3]. Ngoai ra, nhom Ping Thi Cam Ha va cong su ciing bao cdo
chung FNA33 ¢ kha ning phan giai Lindane 1én dén 88% sau 14 ngay [3]. Pic biét,
chua c6 nghién ciru nao vé cac vi khuan va xa khuan phén giai DDT va Lindane ¢

Viét Nam.

Céc phuong phap phén giai sinh hoc nhin chung c6 nhiéu vu diém vé kha ning
phan giai va tinh than thién v6i méi truong do khong gy phat sinh cac san pham 6
nhiém thir cip. Phuong phap xir 1y sinh hoc nhd vi sinh vat 1a phuong phap dugc

nghién ctru phat trién manh nhat.
1.4 Sir dung to hop vi sinh vat phin giai DDT va Lindane

Vi sinh vat dong vai trd quan trong trong viéc loai bo cac hop chit doc hai nhd
kha ning tong hop cac enzyme chuyén biét tham gia vao qua trinh phan gii cac loai
thude bao vé thuc vat [13]. Qua trinh phan giai sinh hoc cac hoa chat bao vé thuc vat

chu yéu dua trén hoat dong ctia quan xa vi sinh vat ban dia ton tai trong moi truong
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dat, noi cac cht 6 nhidm duoc chuyén hoa thanh cic san pham cubi cung it doc hoic
khong doc trong diéu kién hiéu khi hodc ki khi. Trong bdi canh hién nay, xir Iy 6
nhiém bang vi sinh vat dang dugc dic biét quan tAm va vu tién phat trién nhd nhimng
vu thé nhu k¥ thuét trién khai twong dbi don gian, tiém niang ap dung xu 1y tai chd,
hiéu qua 1au dai véi chi phi hop 1y, ddng thdi dam bao an toan cho strc khoe con ngudi

va hé sinh thai, gop phan hudng t6i phat trién bén ving.
1.4.1 Phan hiy sinh hgc DDT nho vi sinh vt

Viéc loai bo nguyén tir chlorine ra khéi cdu triic phan tir 1a mot bude quan
trong trong phan giai DDT [74]. Viéc loai chlorine (dechlorination) nay c6 thé xay
ra tu phat do cau triic phan tir khong bén hodc dién ra nhd su xuc tac boi cac enzyme
dic hiéu [56]. Qu4 trinh phan giai DDT c6 thé dién ra trong ca diéu kién hiéu khi va
ki khi. Theo tong hop ctia Xiao va cong su (2011), co ché phd bién cua vi sinh vat
trong phan giai DDT trong diéu kién ki khi 1a loai chlorine hoa theo kiéu khir
(reductive dechlorination); con co ché phan giai trong diéu kién hiéu khi 13 13 loai
hydrochlorine (dehydrochlorination) [125]. Cac con dudng phan giai DDT duoc tong
hop trong Hinh 1.3.

Phéan huy sinh hoc ki khi 12 su phan hity cac hop chat hitu co 6 nhiém boi vi
sinh vat trong diéu kién khong c6 oxy. Vi sinh vat sir dung mot chit khac ngoai oxy
lam chat nhan dién tu; trong mot ) truong hop, ban than chat 6 nhidm co thé dong
vai tro chat nhan dién tir [110]. Kha nang phan hity DDT trong diéu kién ki khi dugc
biét dén chii yéu 1a qué trinh khir loai chloride. Phan ung dién ra boi sy khir goc
chloride va thay bang nguyén tir hydro. Con dudng phan giai DDT trong diéu kién ki
khi c6 thé duoc hiéu r& hon qua nghién ctru vé kha ning phan giai DDT & Aderomonas
hydrophila HSO1 nhu sau: sau khi hinh thanh DDD, san pham nay s& dugc tiép tuc
bi loai chloride dé tao DDMS; tuong tu, DDMS sé& duogc chuyén thanh DDNS; cac
phan tmg oxy héa sau d6 sé& chuyén DDMS va DDNS thanh DDOH va DBP; hai chat
DDOH va DBP khong dugc quan sat thdy bién doi tiép trong dicu kién ki khi [34].

Tuy nhién, con duong trao d6i hiéu khi va ki khi phan hay DDT ciia vi sinh vat c¢6
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nhirng san pham trung lip véi nhau, diéu nay cho thdy hai con dudng phan giai nay

c6 moi lién hé thong nhat.
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Hinh 1.3. Céc con dwong chuyén hoa phan hiiy sinh hoc DDT [74]

Ghi chi: mau xanh (hiéu khi); mau d6 (ki khi). DDT: 1,1,1-dichlorodiphenyl trichloroethane;
DDE: DDD:  1,1-dichloro-2,2-bis(p-
1-chloro-2-2-bis-(4’-chlorophenyl)ethylene; DDMS: 1-
1,1-bis(4-chlorophenyl)ethylene; DDOH:
DBP: 4,4’-
2

1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene;
chlorophenyl)ethane; DDMU:
chloro-2,2-bis(4’-chlorophenyl)ethane; DDNU:
2,2-bis(4’-chlorophenyl)ethanol; DDA:
DDM: bis(4’-chlorophenyl)methane.

2,2-bis(p-chlorophenyl)acetate;

dichlorobenzophenone; 1 Proteus vulgaris,

Klebsiella pneumoniae, 3 Ralstonia eutropha AS, 4 Pseudomonas acidovorans M3GY, 5
Aeromonas hydrophila, 6 Pseudomonas putida, 7 Bacillus sp., 8 Chryseobacterium sp.
PYR2

Phan huty sinh hoc hiéu khi 14 sy phan hay cac hop chat hitu co 6 nhiém bdi vi
sinh vat trong diéu kién co6 oxy. Vi sinh vat su dung oxy lam chit nhéan dién tir dé tao
ra nang lugng. Cu thé, oxy duogc sur dung dé oxy hoéa cacbon trong chit 6 nhiém mot
phan hoic hoan toan. Mot chung vi khuan dién hinh phan hay DDT trong diéu kién

hiéu khi 1a R. eutropha A5, di duoc Nadeau nghién ctru 1am rd con duong chuyén
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hoa [81]. Budc dau tién trong con dudng niy 1a oxy héa DDT & vi tri ortho va meta
tao chét trung gian 2,3-dihydrodiol-DDT. San phdm nay sau d6 s& dugc tiép tuc phan
gidi thanh 2,3- dihydoxy-DDT bo6i mot enzyme dehydrogenase. 2,3-dihydroxy-DDT
trai qua phan Ung cit md vong meta va cudi cung s& duoc di hoéa thanh 4-
chlorobenzoate (4-CBA), san pham cudi cung trong con dudng phan giai cua R.
eutropha A5. Mot nghién ctiru khac cho thiy, mot ching Pseudomonas sp. ciing cd

kha nang phan huy DDT thanh 4-CBA thong qua con duong tuong tu [63].
1.4.2 Phan huy sinh hoc Lindane nho vi sinh vat

Lindane (y-hexachlorocyclohexane) c6 thé duoc chuyén hoa théng qua nhiéu
con duong trao ddi chat khac nhau, phu thudc vao loai vi sinh vat. Lindane c6 thé bi
phan giai trong ca moi truong hiéu khi va ki khi. Tuy nhién, qua trinh khoang héa
hoan toan thudng chi xay ra trong diéu kién hiéu khi va thudng can su phdi hop cua
nhiéu chung vi khuan, hiém khi chi mot chung riéng 1é c¢6 thé thuc hién [13, 133].

Cl

Cl Cl Cl Cl Cl Cl Cl OH
. Cl OH A
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TCA

Hinh 1.4. Cic con dwong phan hity hiéu khi Lindane [133]

Ghi chi: pentachlorocyclohexane (PCCH), 2,4 trichlorobenzene (1,2,4-TCB),
2,5dichlorophenol (2,5-DCP), 2,5-dichlorohydroquinone (2,5-DCHQ), 1,3,4,6-tetrachloro-
1,4-cyclohexadiene (1,4-TCDN), 2,5-dichloro-2,5-cyclohexadiene-1,4-diol (2,5-DDOL),
chlorohydroquinone (CHQ), hydroquinone (HQ), axit tricarboxylic (TCA)
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Mot trong nhitng con dudng phén giai Lindane phd bién nhat 13 qua trinh khir
chloride ban dau, sau d6 13 qua trinh oxy hoa dé pha v& cdu trac vong. Con dudng
nay dugc xuc tac bdi mot loat enzyme do céc cum gen /[inABCDEFGHJ ma hoa,
thudong duoc tim thdy & cac vi khuan thudc chi Sphingobium [32]. Cac san pham trung
gian sau d6 tiép tuc bi phan giai thong qua cac con duong trao ddi chat co ban cua vi
sinh vat. Phan tng khir halogen, cu thé 1a khir chloride trong cac phan tir thude trir
sau chura clo hitu co nhu Lindane, dong vai tro quan trong trong qué trinh phan giai

sinh hoc [32].

Con dudng phan giai Lindane hiéu khi dwoc nghién ciru rat k§ ¢ ching vi khuan
Sphingobium japonicum UT26 (Hinh 1.4). UT26 c6 kha nang tdn dung va st dung y-
HCH 1am ngudn cacbon va ning luong cho ban than [82]. So sanh vé trinh tu ctia cac
gene Jin (dong vai trd quan trong trong viéc phan giai Lindane) cho thiy: cac chung
khac phéan giai dugc Lindane va UT26 c6 trinh ty cic gene nay gan nhu giéng hoan
toan; qua d6 goi y rang con dudng phan giai Lindane & cac chung ndy ciing s& trong
tu nhu & UT26 [82]. Trong con dudng nay, Lindane dugc chuyén hoa thanh 2,4
trichlorobenzene  (1,2,4-TCB),  2,5dichlorophenol  (2,5-DCP) va  2,5-
dichlorohydroquinone (2,5-DCHQ) béi hoat dong cua cac enzyme dehydrochlorinase
(LinA), halidohydrolase (LinB) va dehydrogenase (LinC). Su phén gidi Lindane thanh
2,5-DCHQ duoc goi 1a con duong nguoc dong, duogc tiép ndi bang con duong xudi
dong. 2,5-DCHQ dugc chuyén thanh B-ketoadipate bang dechlorinase khir (LinD),
dioxygenase phan cit vong (LinE) va maleylacetate reductase (LinF). Cac nha nghién
ctru d3 ghi nhan B-ketoadipate nhur mot chat chuyén hoa danh dau sy phan huy cac hop
chat chira vong thom. B-ketoadipate trung gian tiép tuc duoc chuyén thanh succinyl-
coenzyme A (CoA) va acetyl-CoA bdi succinyl-CoA: 3-oxoadipate CoA transferase
(LinGH) va B-ketoadipyl CoA thiolase (LinJ). Ca hai hop chit nay déu dugc chuyén
hoéa trong chu trinh axit tricarboxylic (TCA). Ngoai ra, cac nghién ctru khac bao céo
rang Lindane c6 thé dugc chuyén hoa béi vi sinh vat dé tao ra pentachlorocyclohexene
(PCCH), 3,4,5,6-tetrachloro-cyclohexene (TCCH), pentachlorobenzene (PCB), hodc
trichlorobenzene (TCB) [51]. Cac enzyme LinA, LinB, LinD, LinE xtc tac nhiéu phan
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g, con LinC chi xtic tac cho mdt phan tmg. Céc gen lind, linB, linC nam rai rac trén
genome cua UT26. Ngoai UT26, chung Sphingomonas paucimobilis B90 dugc phan
lap tir dat trong lta & An Do ciing dugc phat hién 13 phan huy Lindane trong diéu kién
hiéu khi [27]. Céc gen lind, linB, linC tim thdy & Sphingomonas paucimobilis B90 ¢6
su twong ddng véi cac gen lind, linB, linC & Sphingomonas paucimobilis UT26.
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Hinh 1.5. Cac con dwong phan hiy ki khi Lindane [133]

Ghi chu: pentachlorocyclohexane (PCCH), tetrachlorocyclohexene (TCCH), 1,2,3-
trichlorobenzene (1,2,3-TCB), 2,5-dichlorocyclohexanol (DCCH), chlorobenzene (CB)

Nhin chung, con dudng phan giai Lindane trong diéu kién ki khi khac va khong
phttc tap nhu con duong hiéu khi. Khac voi con duong phan giai hiéu khi, cac gene
mi hoa va cac enzyme tham gia vao con dudng chuyén hoa ki khi da phan déu chua
duoc biét dén [73]. Du ¢6 nhitng khac biét nhu vay, phan ung khir chlorine/loai bod
chlorine hoa déu 1 phan tmg thiét yéu trong ca hai con duong. Quintero va cong sy
(2006) da nghién ctru vé kha nang phén giai bén dong phan HCH 13 a-HCH, f-HCH,
y-HCH va 8-HCH bing vi sinh vat trong bioreactor ki khi. Cac san pham trung gian
ma nhom nghién ctru phat hién duoc gom cé: cac dong phan pentachlorocyclohexane
(PCCH), tetrachlorocyclohexene (TCCH), 1,2,3-trichlorobenzene (1,2,3-TCB), 1,3-

dichlorobenzene (1,3-DCB) va cubi ciing 1a chlorobenzene (CB). Ciing trong cong
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trinh nay, nhom tac gia nhan xét ring cic san pham trung gian khéng duogc tich liy
va thuong di hét con dudng phan giai dé tao thanh chlorobenzene (CB). Mot sb céac
nghién ctru khac, str dung cac vi khuan Clostridium va Bacillus, lai ting ho gia thuyét
cho rang TCCH moi 14 san pham trung gian trong con dudng chuyén héa ki khi
Lindane [89]. Dya vao ca hai quan diém trén, c6 thé tam thoi thé hién con duong

phan giai lindane ki khi nhu & Hinh 1.5.
1.4.3 Cac nghién ctru vé sir dung t6 hop chiing phin giai DDT va Lindane

DDT va Lindane 13 nhitng chat c6 cau tric phire tap, mot don chung nhiéu kha
ning s& khong thé phan giai hiéu qua cac chit nay. Do vy, cach tiép can phdi hop
cac don chung dé tao thanh to hop ching phan giai DDT hay Lindane 1a mot giai
phap day hira hen dé khai thac hiéu qua hon cac ngudn gen vi sinh vat phan giai DDT
va Lindane.

Trudc ddy, cac vi sinh vat tiém ning duogc biét dén tham gia vao qua trinh phan
hay DDT va Lindane cha yéu 1a don ching vi khuan. Cac vi du c6 thé ké dén nhu
Rhodococcus erythropolis ET54b phan giai 32.3% Lindane 200 mg/L trong 5 ngay
[133] hay Bacillus cereus phan giai 41-48% va 26-31% DDT ¢ ndng d6 50 mg/L va
200 mg/L tuong ung [50].

Trén thuc té, viéc st dung cac ché phém sinh hoc dya trén mot ching vi sinh
vét da dugc nghién ciru kha nhiéu. Tuy nhién, hiéu qua ctia cac ché pham nay khi dua
ra thuc té van 1a mot ddu hoi 16n. Thém nita, do DDT va Lindane 1a nhiing chét co
ciu truc phire tap, mot don chung nhiéu kha ning s& khong thé phan giai hiéu qua
chat nay. Do vay, cach tiép can phdi hop cic don ching dé tao thanh to hop ching
phan giai DDT va Lindane ciing di duoc cht y va nghién ctru. Dén nay, cac nghién
ctru da phan vé dbi twong 1a cac to hop ching tu nhién va da thu dugc nhiing két qua
nhat dinh. Pon cir, Wang va cac cong su (2020) di bao cdo rang quan xi vi sinh vat
c6 san trong dat sau khi dugc lam giau c6 kha nang phan giai DDT tét hon cac don
ching [117]. Mdt nghién ctru khac da phan 18p va chon loc dugc 8 chung véi kha
nang phan giai DDT tdt tir chat lang cong nghiép c6 chira DDT tai Mexico, két qua
cho thay khong c6 su khac biét trong hiéu qua phan giai DDT giira t6 hop 8 chung va
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don chung, nhung chit chuyén hda méi — khong tim thay khi sir dung don ching - d
dugc phat hién khi t6 hop phan giai DDT [50]. Péi voi Lindane, kha ning dong xur
1y Cr(VI) va Lindane cho thiy t6 hop gom 4 chung Streptomyces sp. M7, MC1, A5
va Amycolatopsis tucumanensis DSM 45259 khong c6 su khac bi¢t so véi don chung
Streptomyces sp. MC1, nhung t6 hop gém 4 ching d3 gitp gia ting thoi gian séng
sot ciia cac ching xa khuan nay trong diéu kién dat thuc té [15]. Diéu nay 1a vo cing
quan trong do su sinh trudng cua cac vi sinh vat thudng chiu nhiéu anh hudng boi
moi trudng va c6 thé bi chét do cac tac dong tu nhién dan dén khong hoan thanh qua
trinh xu li.

1.4.4 Cach tiép cin genome mining trong nghién ciru vi sinh vat hoc

Vi su phat trién ctia cac phuong phap giai trinh tu thé hé méi trong thoi gian
gan day, ngay cang c6 nhiéu nghién ctru vi sinh vat sir dung cach tiép can la giai trinh
tu toan bg hé gen (whole genome sequencing — WGS) [35]. Day 1a k¥ thuat cho phép
xac dinh toan b hoac gén nhu toan bd trinh ty DNA bd gene va/hodc DNA plasmid,
DNA ty thé, DNA luc lap ctia mot sinh vét xac dinh. Két qua cung cap cac thong tin
vé dic diém phan loai, di truyén, tién hoa va du doan chirc nang cua sinh vat do. Cac
thong tin nay 1a mot phan quan trong trong cac nghién ctru y hoc, dich t&, sinh thai
hoc va cong nghé sinh hoc. Trong cic nghién ciru vé vi sinh vat hoc, giai trinh tu toan
bd hé gene 1a mdt cong cu thiét yéu dé phat trién ching va t6i wu hoa vi sinh vat, danh
gia dugc cac gen tiém ning tir d6 xac dinh duoc vai trd cua vi sinh vat trong cac 6
sinh thai va dua vi sinh vat thanh cac ching san xuét hodc cac ché phém sinh hoc ¢c6
hiéu luc trong ndng nghiép hoac y duoc hoc.

Trén co sé két qua WGS, mdt huéng di méi duge quan tAm nhiéu 13 genome
mining. Genome mining theo nghia chung nhat dé cap dén qua trinh chiét xuat nhiéu
thong tin khac nhau qua viéc phén tich dir liéu hé gene [136]. Vao giita thé ky trudc,
sau su phat hién khang sinh penicillin tach chiét tir nAm méc thudc chi Penicillium,
mbi quan tim dén cac hop chat chuyén hoa thir cip cta vi sinh vt duogc ddy 1én manh
m&; chinh vi vay, cac nghién ciru phan ttr v& vi sinh vét sau d6 da tap trung nhiéu hon

vao cac gene sinh tong hop cac san pham trao doi chat thir cap. Tuwong ty nhu vay,
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sau khi duoc phat trién, phuong phap genome mining trong vi sinh vat hoc cling chu
yéu tap trung vao viéc du doan cac hop chat c6 hoat tinh sinh hoc sinh ra béi vi sinh
vat va con dudng tong hop cac cht nay [135].

Phuong phép genome mining dugc tmg dung rong rai nham dy doan va phan
tich tiém ning chirc ning cua vi sinh vat. Cac hé gen thudng rat 16n va nhu vay viée
phan tich can su hd tro dic luc cua cac cong cu tin sinh hoc, dua trén cac co s¢ di
liéu 16m vé trinh tu gen, protein, cac con duong trao doi chat, v.v... Mot trong nhiing
cong cu dic luc nhat dé phan tich chirc ning gen 12 phan mém Prokka. Sau khi hé gen
duoc lap rap de novo, qua trinh du doan va chu giai gene thudng duoc thuc hién bang
phan mém Prokka, giup xac dinh cac gen mi héa protein va enzyme dua trén co s
dir liéu tham chiéu. Céc protein dugc chu giai tiép tuc phan loai theo nhom chirc ning
COG bang EggNOG, tir d6 hd trg nhan dién cac nhém gen twong dong tién hoa. Di
liéu sau @6 s& dugc phan tich trén cac co sé dir liéu co san. Vi du nhu hé théng KEGG
Mapper dé xay dung ban do chuyén héa va danh gia tiém ning trao do6i chét cia ting
ching vi sinh vat thong qua céc con duong KEGG Orthology (KO). Phuong phap
nay cho phép xac dinh sb luong va loai con duong chuyén héa, qua dé suy luan kha
nang sinh hoc va tiém ning tng dung cua chung dugc nghién ctru. Trong thoi gian
gan ddy, mot sd nghién ciru d3 quan tAm hon dén viéc st dung st dung genome
mining dé tim ra mot s cac enzyme phan giai dic biét ¢ trong céc vi sinh vat, thong
qua viéc st dung co so dit liéu CAZy (Carbohydrate-Active enZYmes) dé dy doan
cac enzyme phan giai mot vai chat dic thu tir dir liéu genome [42, 69].

C6 mot sb co so dit lidu khac nhau chira thong tin vé cac enzyme trao d6i chat
c6 thé duoc s dung dé chu gidi h¢ gene. Mot s6 dai dién c6 thé nhic dén nhu
MetaCyc, Reactome, CAZy va KEGG. Hai CSDL vé cac con duong chuyén hoa cd
tinh bao quat va toan dién nhét trong s nay 1a KEGG va MetaCyc; day ciing dong
thoi 12 hai CSDL 1au doi nhat, dugc phat trién tir nhitng nam 1990. M6t s6 cac CSDL
khac nhu Reactome, CAZy, Wikipathways chtra mot s6 lwong it hon cac con duong

chuyén hoéa, giéi han trong mot s it cac sinh vat mé hinh [123].
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Dé xay dung dugc mot ban do chuyén hoéa hoan chinh cia cac don chung,
KEGG da dugc lya chon trong nghién ctru nay vi hai 1y do chinh: mét la, KEGG co
cach thé hién mang lu6i cic con dudng chuyén hoa rit truc quan va dé nim bét; hai
13, quan trong hon, chi CSDL KEGG c¢6 dit lidu vé cac con duong phan giai cac chat
khé phan huy sinh hoc, trong d6 ¢c6 DDT va Lindane [12].

KEGG (Kyoto Encyclopedia of Genes and Genomes) la co s¢ dir liéu (CSDL)
sinh hoc cung cip co so dit liéu dé phan tich mot cach c6 hé thong cac chirc ning gen,
tir d6 lién két dir liéu hé gen véi thong tin vé chirc ning & cap do cao hon. Thong tin
trong CSDL KEGG duoc phan loai vao 4 danh muc gém: thong tin hé théng (system
information), thong tin di truyén (genomic information), thong tin hoa hoc (chemical
information) va thong tin strc khoe (health information). Pbi v6i muc dich khai thac
dir liéu lién quan dén con duong trao d6i chat cua cac sinh vat, CSDL KEGG
PATHWAY la co so dir lidu duoc sir dung chu yéu [12].

Céch tiép can st dung CSDL KEGG cho dit liéu genome dé thiét 1ap ban do
chuyén hoa va dy doan tuong tac trao doi chat giita nhiéu cac chung vi sinh vat khac
nhau chua tirng duoc dé cip t6i trong cac nghién ctru trude day va 1a mot trong nhiing
tinh mai ndi bat cuia nghién ctru nay. Céch tiép can nay cho phép xay dung cac t6 hop
chung dé tao ché phém phan huy sinh hoc mdt cach ¢6 tinh toan, dua trén cac tuong
tac trao doi chat dugc du doan tir genome mining; qua d6 dugc ky vong s& tao ra cac
t6 hop chung phan huy hiéu qua hon va thich nghi véi méi trudong thuc té tot hon.
Pay ciing 14 diém khac biét so voi cac nghién ctru trude ddy, von chi sir dung don
chung, hoic str dung cac t6 hop chung trén co sé phdi hgp ngau nhién cac chung tot.
1.4.5 Cac yéu to thuc té anh hwéng dén cac td hop vi sinh vét ¢6 kha ning phan

giai DDT va Lindane

Trong thyc té tmg dung xtr 1y sinh hoc, su phan hiy DDT va Lindane boi to
hop vi sinh vat c6 thé bi anh huong boi cac yéu td khac nhau. Cac to hop co thé co
kha nang thich nghi tét hon cac ching don 1é trong nhitng mdi trudng bat lgi, nho
tuong tac ctia chung, vi du nhu loai ndy c6 kha ning xtr 1i chat chuyén hoa cua loai

khac trong to hop. Chinh tinh da dang loai trong cting mét t6 hop cho phép t6 hop d6
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¢6 tinh linh hoat cao trong méi trudng sdng, duy tri chirc ning trong nhiéu diéu kién
khac nhau. Vi vay, trong thuc té nghién ciru, rt can tim hiéu anh huong cua cac yéu
t6 moi truong nhu pH, nhiét d6, ndng d6 co chat hay cac yéu té khac nhu ngudn
cacbon, nito, dich vi lugng hay ty 1& tiép gidng toi kha niang ton tai va hiéu qua xt 1y
6 nhiém cua céc t6 hop chung, dé danh gia dugc su khac biét ma tuong tac vi sinh

vat trong mdi t6 hop mang lai.

Anh hwong ciia nhigt dp: Nhiét do anh huong dén qua trinh phan hay sinh
hoc DDT va Lindane théng qua anh huéng dén ban chat vat 1y - hoa hoc va tée do
chuyén hoa hydrocacbon bai vi sinh vat ciing nhu thanh phan cta t6 hop vi sinh vat.
Nhin chung, khoang nhiét do t6i wu cho qué trinh phan hiy cac dong phan Lindane
nam trong khoang 25-30 °C do day 1a khoang nhiét do thuc ddy manh mé hoat dong
trao doi chit ctia vi sinh vat va lam giam sy hap phu cua Lindane 1én pha ran [89]).
Két qua tuong ty dugc Benimeli va cong su ghi nhan khi chung Streptomyces sp. M7
loai b6 Lindane hiéu qua nhat & 30°C [20]. Tuy nhién, mot sé chung Sphingobium
van c6 kha ning thich nghi va phan giai Lindane & nhiét do thap t¢i 4°C [134]. Trong
khi d6, d6i véi DDT, kha nang phén giai thuong duoc quan sat 1a giam khi nhiét do
giam; diéu nay duoc cho la két qua chu yéu cua viéc giam tbc do hoat dong cua
enzyme. Nhiét d6 cao hon 1am ting tdc d6 chuyén hoa hydrocacbon dén muc tdi da,
dién hinh 1a trong khoang 30 dén 40°C; trén murc d6 thi doc tinh mang té bao cia
hydrocacbon ting 1én. Theo Pan va cong su (2016), su phan giai DDT do nudi cay vi
khuan & 35°C 13 0,034 mg/l/ngdy trong khi su phan huy sinh hoc & 15°C 1a 0,022
mg/l/ngay [85]. Tuy nhién, & mc nhiét do cao (>70°C), do lién quan dén su giam
kha ning hoa tan oxy, hoat dong trao doi chét cua vi sinh vat hiéu khi da giam. Hon
nita, & mot mie d6 nhét dinh, pham vi nhiét d0 s€ xac dinh céc loai vi sinh vat chiém
uu thé va hoat dong enzyme ctia chiing dé dam bao qua trinh phan giai.

Anh huwéng ciia pH: Céac két qua nghién ciru da cho thay pH 1a mot trong
nhing yéu to quan trong nhat anh huéng dén sy phan hay DDT va Lindane. Theo
Hua Fang va cong su (2010), thoi gian ban phan hay caa p,p’ - DDT, o,p’” - DDT,
p,p’ - DDD va p,p’ - DDE & pH 7,0 ngan hon dang ké vé mit thong ké (p < 0,05) so
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v6i thoi gian ban hity & pH 5,0 va 9,0. Két qua chi ra rang diéu kién trung tinh thuin
lgi cho sy phan huy DDT cua chung Sphingobacterium sp, trong khi pH cao hon hoac
thip hon s& wrc ché sy phan giai [47]. Bidlan va Manonmani ciing béo cdo rang d6 pH
gan trung tinh 13 thuan loi nhat cho sy phan hay DDT bdi S. marcescens DT-1P trong
moéi trudng khoang co ban [28]. Tuong tu vay, Elcey va Kunhi (2010) bao cdo ring
mot quan thé vi sinh vat d3 duoc thich nghi c6 thé phan giai Lindane & khoang pH tir
3 dén 9 nhung tdi uu nhét 13 tir 6 dén 8 [46]. Mot nghién ciru khac boi Murthy va
Manonmani (2007) v6i mot t6 hop 10 loai vi sinh vat cho thay khong c6 sy phén giai
Lindane nao dién ra & pH 4 va khi ting din pH vé muc trung tinh thi ¢6 anh hudng
dang ké dén kha nang séng sot ctia cac ching thanh phan [80]. Piéu nay cho thdy pH
moi trudng c6 anh huong dang ké dén kha ning ton tai cta cac thanh phan trong to
hop.

Anh hwéng ciia nong dj chit 6 nhiém: Nong a6 cia DDT va Lindane ciing
c¢6 anh huong dang ké dén hoat dong cua vi sinh vat vi ndong do cao s& dan dén tinh
trang gy doc hoic trc ché. Trong khi d6, ndng do qua thap c6 thé chua da dé cam
ung hoat dong cho cac enzyme phan giai [18]. Theo Xiong Pan va cong su (2016),
tbc 46 ma Stenotrophomonas sp. DDT! phan hity DDT ¢ ba nong d6 0,1, 1,0 va 10,0
mg/L 1an luot 13 0,004, 0,038 va 0,086 mg/L/ngay [85]. Mot bao cdo cho thay hdn
hop ching gém Bacillus sp., Micrococcus sp., Pseudomonas sp., va Flavobacterium
sp. ¢o toc do phan giai DDT giam khi ting nong d6 DDT tir 50 1én 500 mg/L sau 1
thang [104]. Theo Pesce va Wunderlin (2004) cho thdy mot quan thé vi khuan lam
tang toc do phan huy Lindane khi ting dan nong d6 Lindane, tuy nhién khi ting tir
0,069 1én 0,412 mM thi hiéu suét phan huy sinh hoc lai giam tor 100% Xuéng con
83,3% [88].

Bén canh cac yéu t6 trén, cac yéu td quan trong khac nhu ngudn cacbon, nito
va vi lugng (ngoai chat 6 nhidém san c6 trong méi truong) trong mdi trudng ciing anh
hudng rat 16n dén kha nang phan giai chat 6 nhiém. Trong qué trinh phan huy DDT
hay Lindane, vi sinh vat thuong sir dung céc chat nay 1am ngudn ning luong chinh

(duoi dang nguén cacbon, nito, ...).
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Anh hwéng ciia nguon cacbon bé sung: Céc ngudn cacbon ma vi sinh vat st
dung dong vai trd 14 co chat cia mang luéi trao d6i chat, trong d6 ching duge phan
giai dé cung cip cac nguyén lidu dé tao nén cac cdu tric trong té bao vi sinh vét. Tuy
nhién, khi bd sung hai nguén déu thuéc mot nhom, vi khuan thuong c6 xu hudng su
dung ngudn uu tién (co tc do sinh trudng cao hon) trude [121]. Cac ngudn bd sung
nay khong phai lac nao ciing kich thich sy phan giai ma trong mét sd truong hop 1am
han ché qua trinh phan giai [90]. Pon ctr, trong nghién ctru cia Wang va cong su nim
2023, tc d6 phan huy DDT cia A. globiformis DC-1 dat gan 80% sau 24 gid & mau
khong bo sung ngudn cacbon [119]. Sau khi bo sung glucose, sucrose va fructose, su
phan hay sinh hoc DDT ciia 4. globiformis DC-1 bi trc ché dang ké, tc do phan giai
chi dat 50,6 - 63,9%. Trong khi do, Benimeli va cdng su (2007) bdo cdo chung
Streptomyces sp. M7, khi ¢6 su xuat hién cua glucose, khong nhiing ting sinh khéi

manh ma con kich thich manh mé€ qua trinh phan gidi Lindane [21].

Anh hwéng ciia nguén nito bo sung: Nguodn nito ¢ thé duoc sir dung tir nhiéu
dang khac nhau, dan dén anh huong khac nhau ciia cac ngudn nito 1én cac loai vi sinh
vat khac nhau, dic biét 1a trong nhiing t6 hop da dang vi sinh vat. Vi du, trong s cac
nguén nito khac nhau, amoni la nguén nito dugc wa thich, hd tro ting trudng nhanh,
trong khi céac nguén nito thay thé khac, chéng han nhu mot sb axit amin, lai duoc coi
12 nguodn nito kém, kho hd trg ting trudng cho vi sinh vat hon nhiéu. Mot s6 nghién
ctru cho thdy, viéc bd sung mdt s ngudn nito vao mdi trudng khong chi giup tang
cudng hoat dong cua vi sinh vat trong dat ma con giup 6n dinh d6 pH cua dat [118].
Tuy nhién, Guillén-Jiménez va cong sy (2012) khi danh gid anh hudng cia ham luong
nito va phospho dén qua trinh phan huy sinh hoc Lindane bai Fusarium verticillioides
AT-100, da nhan thdy ham luong nito va photpho han ché va su khong bo sung chat
hoat dong bé mit s& thiic diy qua trinh phan hay Lindane [138].

Anh hwong ciia nguon cdc chit vi lwong: Nhiéu nguyén t6 khoang khong thé
thiéu trong qua trinh sinh truéng va phat trién cta vi sinh vat. Mdi vi khuan c6 nhu
cau dinh dudng riéng tiy thudc vao cac chat chuyén hoa ma né c6 kha ning tu tao ra.

Hau hét cac vi khuan déu kha linh hoat, c6 nghia 1a ching c6 thé tim cach phat trién
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trong nhiéu diéu kién dinh dudng khac nhau. Tuy nhién, thiéu hut chat dinh dudng 1a
mot yéu to gidi han nghiém trong dbi v6i sy phat trién cta vi sinh vat va kha ning
duy tri quan xd [102]. Mt bao cao vé viéc bd sung cac nguyén t6 vi lugng nhu
(NH4)2804, MgS04, KH,POs, KH2PO4, CaClz, NaCl, MnSO4, FeSO4 ciing gitup hd
trg phan hity DDT 1én dén 80% sau 18 ngay [96].

Anh huéng cia ty Ié tiép giong: Ty 18 sinh khdi vi sinh vat dua vao moi trudng
khi xtr 1y 6 nhiém ciing rat quan trong, vi ty 1¢ khong phii hop cé thé can trd hodc trc
ché hoat dong cua vi sinh vat va kha ning phan hay sinh hoc. M6t s6 nghién ctru da
chi ra rang viéc st dung tiép gidng 16n hon c6 thé lam tang hiéu suat phan hiy Lindane
[138]. Tuy nhién, mac du sy trao ddi cht cua vi sinh vat c6 thé tam thoi tang 1én khi
st dung mdt ty 1€ pha tron nhét dinh, sy e ché 1au dai ddi v&i cac vi sinh vat quan
trong vé mit chirc niang c6 thé dan dén that bai trong qué trinh xir 1y sinh hoc [102].
Trong mot nghién ctru khéac, viée ting lugng giéng ban dau cia ching Candida sp.
VITJzNO4 tir 0,02 1€n 0,06 mg/L da giap tang hi€¢u qua xu 1y Lindane tir 40 1é€n 100%
cung mot thoi gian nhung khi tang tiép lugng giéng vuot mirc thi anh huong khong
con dang ké [10]. Hon nira, viéc xac dinh $6 luong vi sinh vat tdi thiéu co thé hd tro
va duy tri hoat dong phéan giai mong mudn c6 lién quan truc tiép dén tinh kinh té cua

qua trinh xur ly sinh hoc [102].
1.5 Ché pham sinh hoc xir Iy 4 nhiém DDT va Lindane trong dat
1.5.1 Ché pham sinh hoc phan hiiy thuéc BVTV

Vi sinh vat phan hiy hoa chat BVTV thudng theo co ché sir dung céc chat nay
1am nguon ning lugng chinh hodc téng hop cc enzyme phan hily chat 6 nhiém thanh
cac hop chat don gian va c6 doc tinh it hon [38]. Do d6, ché pham sinh hoc c6 ngudn
gbc tir vi sinh vat dang dugc nghién ctru va ung dung nhiéu hién nay. Két qua ly
tudng nhat 1a sy khoang héa, phan hity hoan toan thuéc BVTV thanh H>O va CO2 ma
khong tich ty cac chat trung gian ddc hai [62]. Cac san pham phan hity c6 d6 an toan
cao, mang tinh bén viing (khong doc hai, than thién ddi véi sirc khoe con nguoi, hé

sinh thai va khong anh huong xAu dén hé vi sinh vat dét) 1a md&t Iya chon hiéu qua va
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ré tién dé xir Iy 6 nhiém thuéc BVTV. Tuy nhién, hiéu qua phan hay thuéc BVTV

bang ché pham sinh hoc phu thudc nhiéu yéu t6 nhu:

Diic diém héa hoc ciia thuéc BVTV: Tdc d6 phan hiy sinh hoc phuc thudc
vao thanh phan cua timg loai thuéc BVTV vi mdi loai thuéc BVTV ¢6 tinh chét vt
1y, hoa hoc khac nhau. Kha ning xir Iy thuéc BVTV phu thudc vao cdu trac, trong
lwong phan tir cling nhu nhom chit hoa hoc. Céc chat ¢ co ciu tric phire tap s& khod
bi phan huy sinh hoc hon [95].

Quan xd vi sinh vit tai ché: Tc d6 phan huy chét 6 nhiém phu thudc vao su
c6 mat cua vi khuan trong khu vuc bi 6 nhiém, thong thuong 1a vi sinh vat tai chd.
Kha ndng phan huy sinh hoc bi anh huong bdi mat do vi sinh vat, sy tuong tac gitra
cac vi sinh vat va sy phan bd cua chiing. Kha ning san xuit enzyme cua vi sinh vat
cling anh hudng tryc tiép dén toc d6 phan huy cia thuéc BVTV & cac khu vuc bi 6
nhiém [95].

Yéu t6 méi trwong: Cac yéu t6 khac nhau nhu pH, do am, nhiét do, tinh chét
ctia dat, nguon dinh dudng dugc xay dung dé xur 1y thudc BVTV trong céac diéu kién
khac nhau. Vi sinh vat can nhirng diéu kién sinh truéng, tdn tai va hoat dong trao doi
chét khac nhau. Viéc tang tinh kha dung sinh hoc ctia ché pham bang cach bd sung
chit hoat dong bé mat ty nhién nhim gitp vi sinh vat dé tiép can chét 6 nhiém cling
13 mét yéu tb rat quan trong.

1.5.2 Tinh hinh nghién ciru ché phiam xir Iy ton dw DDT va Lindane

Déi v6i cac ché pham xu Iy DDT: Nam 2010, Yuechun va cc cong su di sir
dung ché pham dich chiét xuat enzyme laccase tir nAm muc tring dé xir 1y sinh hoc
dat nhiém DDT va dat hiéu suit phan giai 69% sau 25 ngay [128]. Viéc két hop nhiéu
chung vi sinh vét ciing thé hién kha nang xir 1y dat 6 nhiém DDT hiéu qua trong thuc
té, thé hién qua tac hiéu qua phan giai dén 65% ctia mot s6 ché pham sir dung hdn
hop chung nhu Daramend® va BioSite® [74]. Nam 2003, Sasek va cac cong sy da
ding hdn hop ching Xenorem® dé u phan tron 1én dat 6 nhiém DDT & song
Savannah, két qua thu duoc hiéu qua phan giai 1én dén 95% [101]. Tuy nhién, cac

cong trinh nghién ciru ché pham sinh hoc phan hity DDT van con han ché, diéu nay
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cho thiy viéc nghién ctru san xuat ché pham xur 1y hiéu qua 6 nhiém DDT tbn du
trong dat 1a mot hudng di trién vong.

Dbi v6i cac ché phdm xu 1y Lindane: Nam 2014, Juliana M.Saez cing cic
cong su da nghién ciru xtr 1y Lindane khoi bun dat bang dich nudi cay tir ching vi
sinh vat Streptomyces ¢6 dinh trong tai vai voi hidu qua phan giai 70% [98]. Nam
2021, Zeba Usmani va cac cong su di sir dung sinh khdi vi khuan tir cac ching vi
khuan Actinobacteria dé xt Iy dat 6 nhiém Lindane véi hiéu qua phan giai 70% sau
30 ngay t [112]. Tuy nhién, cac cong trinh nghién ctru vé ché pham sinh hoc xir Iy
Lindane véi thoi gian st dung 1au dai van con han ché, vay nén viéc nghién ctru nham
san xuat ché pham xir 1y hiéu qua 6 nhiém Lindane ton du trong dat dugc danh gia 1a

mot hudng nghién ctru can dugc quan tam thém.

Tai Viét Nam, cac nghién ctru vé viée tim kiém va ung dung vi sinh vat c6 kha
nang phan giai cac hop chét hitu co kho phan hay nhu DDT va Lindane van con han
ché. Nhu trén da néu, moi chi c6 mot cong bd vé chiing nam soi FNA1 ¢6 kha ning
phan hiy DDT véi hiéu quéa cao [1] va mot cong bd khac vé ching nim soi FNA33
c6 kha niang phan hiy Lindane hiéu qua [3]. Thuc té nay cho thay vin con mot khoang
trong nghién ctru dang ké, dong thdi mo ra trién vong cho viéc phat trién cac hudng
nghién clru maéi nham tao ra cac ché phém vi sinh — dac biét 1a ché phém sinh hoc da
chung tir vi khuan va xa khuan — ¢6 kha niang xt 1y hiéu qua 6 nhiém DDT va Lindane

ton du trong dat tai Viét Nam.
1.5.3 San xuit ché pham sinh hoc

Viéc nghién ctru san xuat ché pham sinh hoc vi sinh vat nham xir Iy 6 nhiém
t6n du thubc BVTV trong dat 13 mot huéng di méi, hira hen kha nang xt 1y tai chd
cling nhu xir 1y triét dé chat 6 nhiém véi chi phi hop 1y. Vi vay, xay dung duoc quy
trinh san xuit ché pham sinh hoc 13 rt quan trong trong qua trinh dwa nghién ctru tir
phong thi nghiém dén ap dung trong thuc té. Trong d6, cac khau 1én men, thu hdi sinh
khdi, bio quan va hoan thién ché pham 1a rat quan trong can dugc quan tdm nghién

cuu.
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1.5.3.1 Lén men thu sinh khéi vi khuin

Lén men duoc hiéu 14 qué trinh chuyén héa co chét cua vi sinh vat, tir d6 1am
tang sinh khéi va téng hop cac san pham trao d6i chit c6 hoat tinh sinh hoc [84]. Do
day 12 mot budc quan trong, trong nghién ciru nham san xuat ché pham sinh hoc, cn

danh gia anh hudéng cua nhiéu yéu t6 dén quy trinh 1én men thu sinh khdi vi sinh vét.

Dé qua trinh 1én men dat hiéu qua ti wu, méi truong nudi cdy can cung cip day
du cac dudng chét thiét yéu cho su sinh truéng, phat trién va kha nang tao san pham
clia vi sinh vat. Cac thanh phan co ban trong mdi trudng 1én men thuong bao gdom

nguon cacbon, nito va cac nguyén to vi luong.

Ty Ié tiép giong: Ty 18 bd sung vi khuan cho vao méi truong anh hudng rat 1on
dén qua trinh 1én men. Viéc cung cap vi khuén thich hop thi qua trinh 1én men dién
ra tot va hiéu suat thu hdi cao. Theo Irfan va cong su (2016), khi ting luong giéng tir
murc thap gitip 1am ting san lugng enzyme dén mot gié tri tdi wu. Tuy nhién, khi vuot
qua ngudng toi vu (khoang 1,5-2%), hiéu suit xylanase giam do su can kiét dinh

dudng trong mdi truong 1én men [60].

Nguén cacbon: Ngudn cacbon can duoc xac dinh ngay tir giai doan dau cia
qua trinh 1én men vi né anh huéng dén sinh trudng cia vi sinh vat, qua d6 anh hudng
truc tiép dén hiéu suit san xuét san phém. Chét thai thuc phém nhu ri dudng hoac
chat thai chan nudi duoc coi 1a ngudn co chat dang thé it ton kém, ¢6 ngudn cung doi

dao dong thdi dap tmg duoc nhu cau dinh dudng cho vi sinh vt [66].

Nguén nito: Ngoai cacbon thi nito dong vai trd quan trong trong sinh tong
hop cac axit amin, thanh phan c4u tao nén protein, purines and pyrimindines — co s&
cAu thanh DNA va RNA, va cho céac phan tir khac nhu glucosamine. Cac ngudn nito
thuong duoc str dung khi 1én men gdm ¢ cic ngudn vo co nhu (amonin, mudi nitrate)

va cac ngudn hiru co nhu acid amin (pepton, nudc mam, cao nam men, ...).
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1.5.3.2 Thu hdi va bio quan sinh khéi vi khuin sau 1én men

Viéc thu nhan sinh khéi vi khuan sau 1én men vé6i hiéu suét cao c6 ¥ nghia quyét
dinh ddi vai tinh kinh té ctia mot phuong phap thu hoi. Thu hdi san pham sau 1én men
thudng bét dau bang cach tach sinh khdi vi sinh vat khoi dich nuéi bang phwong phap
nhu ly tAm, loc... Viéc thu hdi san pham 1én men rat phirc tap, mdi loai hinh yéu cu
nhiing phuong phép tach, tinh sach san pham riéng biét. Mdi loai vi sinh vét dugc lén
men s& phtl hop véi cac phuong phap thu hdi khac nhau. Vi du, trong nghién ctru cua
ctia Prabakaran va Hoti, phuong phap loc ¢ hiéu suét cao hon so véi phuong phap ly
tam, thé hién qua luong sinh khoi Bacillus thuringiensis thu duoc tir phwong phap loc
14 53,3 g/L, so v6i ly tam 13 39,0 g/L [91]. Vi vay, viéc lua chon phuong phéap thu hoi

sinh khoi hi€u qua va kinh t€ 14 van dé rat quan trong.

Viéc sir dung chit mang dé bao quan sinh khéi vi sinh vat ciing 13 mot khau
quan trong. Theo Smith (1992), hai dic tinh can thiét & chat mang phai 14 hd tro su
phat trién cta vi sinh vt va duy tri cac quan thé vi sinh trong ché phim trong mot
khoang thoi gian mong muén. Pé dat dugc nhitng myc tiéu nay, chat mang phai c6
kha nang gitr nudce cao, thé hién tinh déng nhét vé mit hoa hoc va vat 1y, déng thot
khong doc dbi voi cac ching trong ché pham ciling nhu an toan véi moi truong [146].
Théng qua danh gia hiéu qua bao quan cua mot sb vat liéu tng dung lam chat mang
nhu than bun sinh hoc, khoang sét...., dd cho thiy chiing déu c6 kha ning phan hay
sinh hoc, doc tinh thap, quy trinh chuan bi don gian, pho bién va chi phi kha thap
[129]. MGt sb chat mang thuong dugc str dung dé bao quan vi sinh vat nhu than bun,
than cui, bot talc, cam gao, ba mia, phan hitu co hay chat mang c6 nguén gc tir tro
rom v&i thanh phan gdm 60% cacbon va 35%Si0> [54]. O Viét Nam, than bun 1a chat
mang duogc st dung kha nhiéu dé bao quan vi sinh vat, bén canh d6 con mot sb chét
mang khac nhu cam gao, tinh bot sin, phin hitu co ciing di dugc nghién ciru ing
dung kha nhiéu [7]. DAy déu 1a nhiing vt liéu c6 s6 lugng 16n, gia thanh ré, thich hop
dé str dung lam chit mang dé san xuét ché pham sinh hoc. Bén canh tac dung cta vi

sinh vat, hiéu qua xr 1y ciia ché pham c6 1& cling nhd cong thirc ché pham phu hop.
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Theo Nguyén Thi Hiang Nga va cong su (2016), ty 1& khdi luong vi sinh vt : chét

mang = 1:10 d3 duoc chtirng minh 13 t6i vu cho nhiéu loai ché pham [6].

Hién chua c6 nghién ctru vé cac chat mang trong ché pham sinh hoc nham xir
1y 6 nhiém DDT va Lindane ton du trong dat. Do d6, day 1a mot thach thirc trong viée
san xuat ché pham sinh hoc xtr 1y 6 nhiém thuéc BVTV néi chung va DDT hay

Lindane no6i riéng nham cai tao moi truong dat nong nghiép.

1.5.3.3 Anh huéng ciia cac diéu kién thyc té dén hiéu qua phén giai chit 6 nhiém

ciia ché pham sinh hoc khi dwoc dwa vao dat

Piét 1a mot hé thong rat phirc tap bao gom nhiéu vat chat khac nhau véi cac
dac tinh vat 1y, héa hoc va sinh hoc khac nhau. Kha ndng sinh truéng, hoat tinh cua
ché pham vi sinh bo sung vao dat dé bi anh huong boi cac thay doi vé tinh chat vat 1y
cAu trac dat, tinh chat hoa hoc, ham luong chit dinh dudng va su c6 mdt cua cac vi
sinh vat ¢ san trong moi truong xung quanh. Do d6, cac két qua ngoai thuc dia co
thé sai khac 16n so v6i két qua thi nghiém trong phong thi nghiém. Nhiing diéu kién
dic thu va thay ddi lién tuc ciia moi truong cé thé giy cang thang sinh hoc cho vi

khuan, gy (rc ché su phat trién va hoat tinh cua chung [97].

Ham lwong nwéc va nhiét dp dit: Tuy theo chu ky thdi gian trong nim, nhiét
do, luong mua, do am c6 thé thay doi, anh huodng truc tiép dén cac qua trinh sinh hoc
cta vi khuan dua vao dat. Nhu di trinh bay & trén, ham luong nuée va nhiét d6 bién
thién anh huong 16n dén sinh trudong ciia vi khuan. Pay 13 hai yéu to gin lién véi
nhau, ddng thoi cling anh hudng gian tiép dén d6 pH va ham luong dinh dudng trong
dat [97]. Pic biét, d6 am 1a mot yéu té anh huong quan trong dén sinh truong cia vi
sinh vat. Moi loai vi sinh vat déu sinh trudng trong mdt gidi han do Am nhat dinh, tur
d6 anh huong dén kha ning phan giai DDT va Lindane cta vi sinh vat. Vi du, trong
thi nghiém cua Bumpus va cdng su, Phanerochaete chrysosporium da dugc st dung
dé hd tro qua trinh khoang héa DDT. Anh hudng cta d6 am dugc xac dinh bang cach
thay d6i do am 20, 40, 50, 80 va 90%, cac két qua cho thay rang d¢6 am khoang 40%
1a t6i wu [31]. Trong mdt nghién ctru khac, Boul da phat hién du luong DDT giam
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manh hon trong cac canh dong co6 tudi nudc so voi cac canh dong khong duoc tudi

nuée [29]. Su tut giam DDT nay c6 thé do s gia ting d6 4m trung binh cua dat [29].

Twong tdc véi vi sinh vit tai ché: Dat 13 noi sinh sdng ctia mot hé sinh thai
rong lén cua céc sinh vt dat. Vi vay, viéc bo sung ché phém sinh hoc vao dat s& c6
nhirng anh huéng khong thé doan truée duoc. Khi ty 16 bo sung ché pham vao dit
kha thip, vi khuan dugc bo sung can sinh trudng, phat trién, canh tranh voi lugng 16n
vi sinh vt tai chd. Day c6 thé 1a yéu t6 anh hudng truc tiép anh huéng dén hoat tinh

cua ché pham sinh hoc

Kha ndng tiép cdn chét é6 nhiém ciia vi sinh vdt: Tré ngai 16n ddi véi phan
huy sinh hoc DDT va Lindane 13 kha ning tiép can kém ctia vi sinh vat téi cac cht 6
nhiém do tinh ki nuGe cua cac chét nay. Vi vay, viéc bo sung chit hoat dong bé mat
nham gitp vi sinh vat dé dang tiép can chat 6 nhiém 1a van dé quan trong. Trong
nghién ctru ctia Betancur va cong sy (2015), viée bo sung 6,55 mg/kg Tween 80 vao
quan thé vi sinh vat ty nhién trong dat 1am giam 94,3% DDT tir ndng d6 ban dau
99,46 ppm sau 8 tudn. Trong trudng hop khong bo sung Tween 80, luong DDT chi
giam 4,28% [23]. Nghién ctru ctia Wang va cong sy (2018) thi cho thay, viéc sir dung
Arthrobacter globiformis bd sung 5mg/kg Rhamnolipis 1am giam 64,3% du luong
DDT sau 150 ngay, cao hon 12,2% so véi khi khong bo sung chit hoat dong bé mat
nay [120] . Bén canh d9, ciing c¢6 nhiéu nghién ctru d3 cong bd rang su bo sung Tween
80 c6 thé tao diéu kién cho su hoa tan va phan huy Lindane trong dat va nude. Theo
Saez va cong su (2015), viéc bo sung 1-1,25mM Tween 80 giup hoa tan Lindane tbt
trong nudc v4i ndng do 50-100 mg/L, tir d6 giup vi sinh vét dé dang tiép cin va phan

huy Lindane voi hiéu qua 1én dén 97% [100].
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CHUONG 2: VAT LIEU VA PHUONG PHAP
2.1 Vitliéu
2.1.1 Thiét bi, dung cu, héa chat

Nghién ctru dugce thuc hién tai phong thi nghiftm GREENLAB - Trung tam
Nghién ctru Khoa hoc Su séng va phong thi nghi¢ém B mon Vi sinh vat hoc, Khoa

Sinh hoc, Truong Pai hoc Khoa hoc Ty nhién, Dai hoc Quéc gia Ha Noi.
Thiét bi, dung cu

Céc thiét bi, dung cu co ban can thiét: may vortex IKA vortex3 (Puc), may
quang phd ELISA microplate reader Plus384 (Hoa Ky), may ly tim Eppendord
5424R (btrc), micropipette (PBuc), h¢ GC-FID 7890B (Agilent), h¢ GS-MS 5977C
GC/MSD (Agilent),...

Céc thiét bi, dung cu dung cho cdac thi nghiém sinh hoc phan tir: may PCR 9700
(Applied Biosystems, My), may ly tam 5417R (Eppendorf, Puc), may dién di ngang
(BioRad, My¥), ban soi gel LMW-20 UVP (UK), méay do OD (LaboMed, Hoa Ky)

Céc thiét bi, dung cu dung cho cac nghién ctru 1én men va thu hoi sinh khbi:
hé théng 1én men 10 lit Bioflo 120 (Eppendorf, Puc), may lic 6n nhiét ES-20/60
(Prc), ndi khir tring SH-AC-128L (Han Qudc), may ly tam Eppendord 5424R (Pirc),
hé thong loc tiép tuyén GE HealthCare (Hoa Ky), may dong kho FDTA-5025 (Han
Quéc), may vortex IKA-3 (Puc), may do OD (LaboMed, Hoa Ky), micropipet
(btrc),...

Céc thiét bi khac: May tinh va phan mém Excel phuc vu cho ghi chép, luu trit
va xur 1y sb liéu tir may do tu dong
Héa chét: Cac hoa chat déu dam bao chit luong va dugc mua tir cac hing uy

tin nhu Sigma-Aldrich, Merk, Xilong... bao gom:

+ Chéat chuén: 4,4’-DDT 99,8% (Dr. Ehrenstorfer, Ptrc), Lindane 99.8%
(Sigma, buc)
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+ Hoba chét nudi céy vi sinh vat: MgS04.7H>0, FeS04.7H20, KoHPO4, CaSOs,
(NH4)2S04, NaCl, peptone, tinh bt tan, cao nim men.

+ Hoba chat dé pha dung dich vi luong: ZnCl,, MnCL.4H,0, CaCl,.6H,O,
CuClL.6H20, NiCl2.6H,0, NaMO4.2H>0, CoCl.6H>0, H3BO:s.

+ Hoa chat st dung dé xac dinh dic tinh sinh hoc cta vi sinh vat: fructose,

galactose, maltose, lactose, sucrose, phenol, ammonium citrate, glycine, KNOs.

+ B0 kit tich DNA bao gdm: DNeasy® Blood & Tissue va DNeasy®
PowerSoil Pro Kits. (Qiagen, Dtic).

+ Hoba chét dé tach chiét DDT va Lindane: chloroform, n-hexane.

+ Cac chat mang duoc thir nghiém: xi than va than bun (loai 1: chi tiéu k¥
thuat: ham lugng hitu co: 30-35%, mau den than, do min: qua sang 3,5 mm, do am:
20-30%) dugc cung cap boi Xuong than Truong Thay, An Khanh, Hoai Puc (Ha
Noi, Viét Nam); tinh bot san va cam gao dugc mua & dang thuong phém phé bién

trén thi truong (Ha No1, Viét Nam).

+ Pat sir dung cho thi nghiém danh gia kha ning phan giai DDT va Lindane
trong dét ctia cac ché pham duoc 1dy tir thon Pai Lan, x3 Duyén Ha, huyén Thanh Tri

(20°55'29.5"N 105°52'42.2"E).
2.1.2 Moi trudong
Céc dung dich stock DDT va Lindane: dung dich stock DDT hodc Lindane

ndéng do 1000 ppm (1000 mg/L) duge chuan bi trong acetone (thuong 1a 100 mg DDT

hodc Lindane pha vao 100 mL acetone).

Dung dich vi luong duoc chuin bi véi thanh phan nhu sau: 1g FeSO4.7H0;
0,07g ZnCl; 0,1g MnCl,.4H,O; 0,006g H3BOs3; 0,13g CaCl,.6H.O; 0,002g
CuCl2.6H>0; 0,024g NiCl,.6H>0; 0,036g NaMO4.2H,0; 0,238 g CoCl,.6H,0O; pH
7,0-7,2
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Céac méi truong LB, YS, ISP2, MSM va MSM b6 sung ri duong (MSM — ri
duong) (cong thic cu thé ¢ Bang 2.1) duoc sir dung trong nghién ctru nay dé nudi
ciy vi khuén va xa khuén trong céc thi nghiém khac nhau. Sau pha tron, cac moi
truong dugce khur trung ¢ 121°C trong 15 phut, riéng moi truong MSM-ri duong dugc

khtr trung 101°C trong 20 phut trudc khi sir dung.

Biang 2.1. Cac loai méi truwdng va thanh phan sir dung trong nghién ciru

Tén moi treong

Thanh phén (cho 1 L méi truong)

Mo6i truong Luria-Bertani

(LB)

10g peptone, 5g cao nam men, 10g NaCl, pH 7,0-7,2, bo

sung 16g thach néu 1am méi truong thach

Mo6i truong Yeast-Starch | 10g tinh bot tan, 2g cao nam men, pH 7,0-7,2, bo sung 16g
(YS) thach néu lam mai truong thach
Moi trudng ISP2 4g cao men, 10g cao malt, 4g glucose, pH 7,0-7,2; bo sung

16g thach néu 1am moéi truong thach

Moéi trudng mudi khoang

Mineral Salts Medium

(MSM)

0,4g MgS04.7H20; 0,002g FeS04.7H20; 0,2g KoHPO4;
0,2g (NH4)2S04; 0,08g CaS0Os4; 0,1% vi lugng; pH 7,0-7,2,

b sung 16g thach néu 1am mai truong thach

Moi truong 1én men thu sinh

khoi: MSM —ri dudng

10g ri duong, 1g NH4(SO4)2, 0,4g MgS04.7H20; 0,002g
FeSO4.7H20; 0,2g KoHPOs 0,2g (NHs)SOs 0,08g

CaSO0y; 0,1% vi luong; pH 7,0-7,2.

Cac moi trudng néu trén, néu chira DDT hoic Lindane, thi duoc bd sung dung
dich stock DDT hoic Lindane tuong tmg (ndng d6 1000 ppm) sau khi khir tring véi
lugng phu hop dé dat dugc ndong d6 DDT hodc Lindane can thtr nghiém.

2.1.3 Déi twong nghién ciru

Céac chung vi sinh vat thudoc bd suu tdp chung cia phong thi nghiém
GREENLAB - Trung tdim Nghién ctru Khoa hoc Sy séng duoc phan 13p tai Viét Nam.
Céc chung da dugc chung minh c6 kha nang phan giai DDT va Lindane hi€u qua tur

cac nghién ctru trude day [2, 9, 116] cia nhoém nghién ctru va dugc ki giri (deposit)
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tai Trung tAm nghién ctru ngudn gen thudc Pai hoc Phenikaa (PU-PRC), bao gdm 19
chung (Bang 2.2):

Bang 2.2. Danh sach cac chiing dwge sir dung trong nghién ciru

STT | Ki hiéu Pinh danh Ma luu triv Co6 kha Co6 kha
tai PU-PRC | niang phin | ning phin
gidi DDT gidi
Lindane

1 T006 Pseudomonas sp. nov. PU50001 X

2 TO87 Pseudomonas putida PU50002 X

3 TNO30 | Cupriavidus PU50003 X
metallidurans

4 PAMO64 | Pseudomonas PU50004 X
lalkuanensis

5 PAMG67 | Pseudomonas PU50005 X
anuradhapurensis

6 Y077 Pseudomonas PU50006 X
nitroreducens

7 Y042 Stenotrophomonas PUS50007 X
maltophilia

8 Y050 Stenotrophomonas PUS50008 X X
maltophilia

9 DDT21 | Streptomyces marianii PUS50009 X

10 | DDT23 | Streptomyces nojiriensis | PUS0010 X

11 T069 Pseudomonas putida PU50011 X

12 | Y027 Sphingobacterium PU50012 X
mizutaii

13 | Y049 Sphingobacterium PU50013 X
multivorum
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STT | Ki hiéu Pinh danh Ma luu triv Cé kha Co6 kha
tai PU-PRC | niang phin | ning phin
gidi DDT gidi
Lindane

14 | Y052 Sphingobacterium PU50014 X
multivorum

15 | Y076 | Pseudomonas kribbensis | PU5S0015 X

16 | PAMG6S | Pseudomonas putida PU50016 X

17 | PAMG66 | Pseudomonas putida PU50017 X

18 LDO02 | Streptomyces PUS50018 X
WUYUANensis

19 | Al19 Streptomyces katrae PUS50019 X

2.2 So d6 nghién ciru

Trén co s& bd chung vi sinh vat cé kha nang phan giai DDT va Lindane da

duogc tuyén chon tir cac nghién ctru trudc day, nhém nghién ciru mudn hudng toi xay

dung t6 hop chung va ché pham sinh hoc c¢6 hiéu qua cao trong xir Iy dat 6 nhidm cac

hoéa chét bao vé thuc vat nay.

Toan bd ndi dung nghién ctru trinh bay ¢ trén c6 thé dugc so d6 hda nhu sau

(Hinh 2.1);
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Phén tich h¢ gen dé xdy dung t6 hep
ching giip phan giii hiéu qua DDT va

Tach DNA va phan tich WGS cac chung

Lindane

!

e

Chon tao to hop chiing dua trén du doan tuong tac

¥
~

.

e

Khao sat kha nang phan giai DDT/Lindane cua cac

t6 hop ching d& xudt trong méi truong khac nhau
vy

¥
Ny

-

-~

Khao sat kha ndng phan giai DDT/Lindane cua cac
to hop chung dé xuat trong cac diéu kién thuc te

S

Nghién ctru quy trinh 1én men quy mé 10L thu
sinh khoi céac chung thanh phan

1

Nghién ciru quy trinh thu héi sinh khéi sau 1én men

i

Nghién ctru chit mang phi hop dé bao quan
sinh khéi

)

Xay dyng quy trinh san xuét ché phim da chung

Xiy dyng quy trinh xir 1y dét 6 nhiém

Thir nghiém xtr 1y dit 6 nhiém DDT/Lindane ¢
quy mé phong thi nghiém

DDT va Lindane bing ché phim sinh

i

hgc va thir nghi¢m trén md hinh thyc té

|

Xay dung quy trinh xir Iy dat
6 nhiém DDT/Lindane

A

i

[

J

Thir nghiém trén mé hinh thuc té

Hinh 2.1. So' dd nghién ctru

bé dat duoc muc tiéu do, nghién ctru dugc trién khai theo ba ndi dung chinh:

Noi dung 1 13 x4y dung t6 hop ching
& mirc 40 in silico bang cach tiép can sau:

toan bd hé gen (whole genome sequencing

gitp phan giai hiéu qua DDT va Lindane
cac chung vi sinh vat dugc giai trinh tu

— WGS) va du doan céac tuong tac tiém

nang giita cac ching tuyén chon dugc trong chuyén hoa phan giai DDT va Lindane
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dua trén két qua phan tich hé gen, tinh ddi khang va kha ning sinh biosurfactant; tir
d6 chon ra mét s6 to hop ching tiém niang phéan giai hiéu qua DDT va mét sb t6 hop
chung tiém ning phan giai hiéu qua Lindane. Sau d6, hiéu qua phan giai cta nhiing
t6 hop chiing tiém ning phéan giai hiéu qua DDT va nhiing t6 hop chung tiém ning
phan giai hiéu qua Lindane dugc danh gia trong méi truong 10ong, rin va ban rin. Trén
co s& két qua thu duoc, chon ra mét s6 t6 hop ching c6 kha ning phan giai DDT va
mot s6 t6 hop chung c6 kha ning phan giai Lindane v6i hiéu qua cao. Tiép d6, nghién
clru anh huéng cia cac diéu kién trong thuc té (nhiét d6, pH moéi trudng, ndng dod
chat 6 nhiém, ty 1¢ tiép gidng, ngudn cacbon, ngudn nito va cac chit dinh dudng khéc)

1én kha nang xt Iy DDT va Lindane cua cac t6 hop chung dugc lya chon.

Noi dung 2 sé& 1 xay dung quy trinh san xuat ché pham sinh hoc dya trén cic
phuong an t6 hop ching wu viét nhat o trén: Tir két qua ctia ndi dung 1, 2 phuong an
t6 hop chiing wu viét nhat phan giai DDT va 2 phuong an t6 hop chiing wu viét nhat
phan giai Lindane s& duoc lira chon dé nghién ctru tiép. Céc thi nghiém tiép theo s&
bao gom: (i) nghién ctru quy trinh 1én men quy mé 10L (ty 1é tiép giéng, ngudn cacbon
phtt hop, ngudn nito pht hop) dé thu sinh khéi cac chung thanh phan cua cac to hop
mot cach hiéu qua nhét; (ii) nghién ctru quy trinh thu hoi sinh khéi sau 1én men (loc,
ly tam, déng khé); (iii) nghién ctru chit mang phi hop tao ché pham dé bao quan sinh
khéi céc ching mot cach hiéu qua nhét, thong qua khao sat anh hudng cia cac loai
chat mang nhu tinh bot san, cam gao, than bun, xi than dén kha ning séng sot va hoat

tinh loai chloride ctia cac chung theo thoi gian.

Noi dung 3, ndi dung tiép theo, 1a dé danh gia dugc tiém ning ung dung thuc
té ctia két qua nghién ciru, sé 1a xay dung quy trinh xur 1y d4t 6 nhiém DDT va Lindane
bﬁng ché phém sinh hoc tao dugc va thtr nghiém trén mo hinh thuc té. Ché phém sinh
hoc tot nhét duge lya chon dé nghién ctru kha nang xu 1y d4t 6 nhiém DDT va Lindane
& quy mo phong thi nghiém: (i) véi cac ty 18 bo sung nudc khac nhau; (i) voi cac ty
1é bd sung ché phém khac nhau; va (iii) voi su bo sung cac chét hoat dong bé mat
khac nhau. Trén co so d6, quy trinh xtr Iy dat nhiém DDT va Lindane bang ché phim

tuong ung duoc xay dung va duoc thir nghiém tai cic mé hinh thuc té.
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2.3 Phuong phap

2.3.1 Nhém phwong phap phuc vu phan tich hé gen dé xiy dung cac té hop

chiing wu viét phan gidi DDT va Lindane
2.3.1.1 Phwong phap tach DNA
DNA téng s ctia mdi chiing nghién ctru dugc tich theo quy trinh nhu sau:

Véi mdi ching vi khudn, ching dugc nudi ciy qua dém trén méi truong LB
1ong ¢ 30°C. Sau d6, 100pL sinh khdi dugc ly tam ¢ 6000 vong/phut trong 5 phut dé
thu té bao va tach DNA bang kit DNeasy® Blood & Tissue (Qiagen, Purc) theo quy
trinh nhu trong huéng dan di kém cia nha san xuat. Chat luong san pham tach DNA
tong so dugc kiém tra bang may quang pho (LaboMED UV-2502, Hoa Ky) va dién
di.

Véi mdi chung xa khuan, chung duoc nudi ting sinh khéi trong méi truong
YS & 30°C trong 48 gid. Sau d6, Iml dich huyén phu dugc ly tim & 6000 vong/phut
trong 5 phut dé thu té bao va tich DNA bang kit DNeasy® PowerSoil Pro (Qiagen,
Pric) theo quy trinh nhu trong hudng dan di kém ciia nha san xuét. Chat lugng san
pham tach DNA tong s duoc kiém tra bang may quang phd (LaboMED UV-2502,
Hoa Ky) va dién di.
2.3.1.2 Phwong phap gidi trinh ty

Mau DNA tong s dat yéu cau chat luong duogc giai trinh ty boi LOBI (Viét
Nam) bang hé théng BGI sequencing DNBseq 150PE. Dit liéu giai trinh tu duoc danh
gia do tinh sach cling nhu tinh sach béng cong cu FastQC. Nhitng doan c¢6 dg dai nho
hon 70 bp hodc chira trén 10% nucleotide khong xac dinh hodc 4 loai nucleotide 1ién
tiép c6 diém chat lugng trung binh nho hon 30 (QC<30 nghia 14 c¢6 1 base sai trong
1000 sé& bi loai bo [137]. Pé danh gia kha ning bi nhiém cua dit liéu, dit lidu doc trinh
tu duoc phan loai st dung cong cu Kraken?2 trén co s¢ dit liéu miniKraken2. Dir liéu
sau tinh sach s& dugc dung dé 1ap rap de novo hé gen bang phan mém SPAdes véi

chi sb k-mer duoc lya chon tu dong [140]. HE gen sau khi lép rap s& dugc danh gia
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chét lugng bang phan mém QUAST dua trén cac tiéu chi: kich thude hé gen tong sb,

d6 dai contig 16n nhat va chi s N50 [139].
2.3.1.3 Phwong phap phan tich hé gen

Trudc khi chua giai h¢ gen, dé dam bao tinh chinh xac, chét lugng dit li¢u trinh

tu thu dugc sau khi lap rap de novo s& dugc danh gia bang phan mém BUSCO [145].

Hé gen sau khi lip rap de novo duge du doan gen va chi giai chirc ning bang
phén mém Prokka: trén co s& dit liéu trinh tu céc contig cua h¢ gen quan tam, Prokka
dung cac thuat toan va co sé dit liéu san co6 du doan chitc ning gen va dua ra bo dir
lidu vé chirc ning ctia cac gen va cac san pham (protein, enzyme) lién quan. Dit liéu
protein chii giai dugc siap xép vao nhitng nhom chic ning COG (Cluster of
Orthologous Groups) bang phian mém EggNOG (evolutionary genealogy of genes:
Non-supervised Orthologous Group).

Dit liéu vé protein sau khi hé gen duoc chu giai bang Prokka s& dugc phan
tich, st dung co s¢ dir liéu (CSDL) va cac cong cu cua KEGG dé du doan céac con
duong trao doi chat ciia mdi chiing hay to hop ching. Trong co so dit liéu KEGG, hai
nhém con duong trao ddi chit c6 lién quan nhat dén dé tai nghién ciru 1a “Global and
overview maps” (cac con duong co ban) va “Xenobiotics biodegradation and
metabolism” (cac con dudng chuyén hoa cac chat kho phan huay, c6 thé lién quan dén
phan giai DDT va Lindane). Vi vdy, hai nhom nay dugc st dung chinh trong phéan
tich kha nang trao doi chat va tiém ning phan giai DDT va Lindane ciia cac chung
nghién ctru. S6 lugng enzyme trong cac nhom con duong ndy cua cac chung duoc
thong ké va dbi sanh.

Cac cong cu KEGG Mapper — Reconstruct
(https://www.genome.jp/kegg/mapper/reconstruct.htmL), cong cu KEGG Mapper —
Search (https://www.kegg.jp/kegg/mapper/search.htmL) va cong cu KEGG Mapper
— Color (https://www.kegg.jp/kegg/mapper/color.htmL) dugc sir dung dé tao va phan
tich ban d6 chuyén hoa cua timg chung vi sinh vat théng qua hé thong KEGG
Orthology (KO) dugc xdy dung tir dir liéu genome [141]. Dya vao ban d6 chuyén
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hoa, tién hanh danh gia ti€ém nang trao doi chat cua cac chung vi sinh vat vé cac
phuong dién nhu s6 lugng gen dugc chi giai, s6 lugng con duong chuyén hoa, va

loai con dudng chuyén hoa.
2.3.1.4 Phwong phap xac dinh cac t6 hop chiing tiém ning

Céc ban dd chuyén héa cac don chung (thu duoc ¢ trén) dugce quan sat va ddi
sanh dé tim ra nhitng diém bo trg vé cac con dudng trao doi chit c6 thé cé gifta cac
chung. Ban d6 chuyén hoa chung cta to hop cac ching bét ki ciing dugc xay dung
bang cac cong cu KEGG Mapper — Reconstruct, cong cu KEGG Mapper — Search va
cong cu KEGG Mapper — Color trinh bay & trén [141]. Cac ban do nay duoc thé hién
theo hudng chi rd cac con duong chung va cac con dudng chuyén hoa dic thu cia
tirng don chuing trong t6 hop, theo ca hai khia canh: céc con dudng trao doi chit co
ban va cac con dudng trao doi chat lién quan dén phan giai DDT va Lindane. Céc con
duong chuyén hoa dic trung cia timg don chung trong to hop dugc loc bang

Microsoft Excel.

Trén co s phan tich, dy doan céc tuong tac bo tro gilta cac ching vé trao doi
chét dua vao cac ban d6 chuyén hoa, cac to hop chung c6 tiém ning trao doi chat da
dang, trong d6 cac chung b6 tro nhiéu cho nhau, dugc dé xuét xay dung. Bén canh
ban d6 trao doi chat, nhirg thong tin vé dic diém sinh 1y, sinh hoa chung cta cac
chung, dic biét 1a vé tinh dbi khang va kha ning sinh biosurfactant ciing dugc cin
nhic trong qua trinh xay dung cac t6 hop ching. Tir d6, dua ra duoc 10 t6 hop ching
tiém ning phan giai hiéu qua DDT va 10 t6 hop ching tiém ning phan giai hiéu qua

Lindane.
2.3.2 Cac phwong phap phan tich kha nang phan giai DDT va Lindane
2.3.2.1 Phwong phap danh gia kha nang sinh enzyme loai chloride

Phuong phap nay dugc xay dung dua trén phuong phap cua Bergmann va cong
su [22] va tién hanh theo cac budc sau: Dich huyén phu can phan tich dugc tiép gidng
10% vao cac 6ng nghiém chira lan lugt MSM, MSM bb sung 30 ppm DDT hodc 50 ppm
Lindane (tiiy ching c6 hoat tinh phan giai gi), nuéi lic 7 ngay, ¢ tc d6 150 vong/phut,

54



& 30°C. Sau 7 ngay, hut 200uL dich nuéi lic sang mot giéng trén dia 96-giéng, bd sung
20uL dung dich 0,25M Ferric ammonium sulfate [Fe(NH4)(SO4).12H>0] trong 9M
Nitric acid va 20pL dung dich bdo hoa Mercuric thiocyanate trong Ethanol. Tron déu
hdn hop va quan sat sy thay d6i mau sic (vang dan néu ¢ chloride ti do). Sau 10 phut,
do d6 hip thu quang & bude song 460nm bing may do quang phd. Mau tring (blank) va
mAau dé dung dudng chuin chira ndng d6 NaCl khac nhau (0,2.5,10,30,50 mg/L) dugc
xtr Iy twong tir. Luong chloride bi loai tir DDT hay Lindane ra mi truong duoc tinh bang

hiéu sb luong chloride giita mau phén tich va mau dbi ching.
2.3.2.2 Phwong phap phén tich DDT va Lindane bing GC-FID

Déi voi cac mau phan tich DDT duoc dinh luong bang GC-FID theo theo Pant
va cong su (2013) [144]: phan dich chiét bang chloroform (duoc chiét véi ty 18 thé
tich 1:1) duoc phan tich bang may GC (Agilent 7890). Piéu kién phén tich dugc thiét
1ap nhu sau: str dung ¢t mao quan thity tinh HP-5 (dudng kinh trong 0,32 mm, chiéu
dai 30 m, do day 16p phim 0,2 um); khi mang 13 nito (N2) véi téc d6 dong 1,2
mL/phut; ché d6 tiém mAu chia dong véi ty 1& 1:10; thé tich tiém mau 1a 1 pL. Chuong
trinh nhiét do duoc cai dat gém: nhiét do buéng tiém 250°C; nhiét do 16 cot ban dau
170°C, giit trong 5 phut, sau d6 ting véi tbe dd 35°C/phat dén 275°C va duy tri trong
5 phat. Nhiét do dau do ion héa ngon lira (FID) dugc dit & 275°C. Két qua thuc
nghiém cho thiy dinh sic ky dic trung ciia DDT xuat hién on dinh tai thoi gian luu
khoang 10,4 phut. Pudng chuan duoc xay dung riéng cho ting dot phan tich dya trén
tin hiéu thu dugc tir cac mau chuan co néng do DDT khac nhau. Cu thé, d6i v6i miu
dich chiét tir méi truong 1ong, cac dung dich MSM (1 mL/méu) chita DDT & nong do
10, 30 va 50 ppm duoc st dung. Trong trudng hop phan tich dich chiét tir méi trudng
ran hodc ban ran, cac khdi thach MSM (1 cm?/mAu) chira DDT & cac néng d6 tuong

tmg duoc dung dé thiét 1ap duong chuan.

P6i voi mau can phén tich Lindane theo cac cong bd trude day cé thé duoc
dinh luong bang GC-MS theo Manickam va cong su (2007) [142] sau khi duoc tach

chiét bang cac dung moi hexane, acetone va ethyl acetate theo Manickam va cong su
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(2008) [143]. Tuy nhién, trén thyc té thir nghiém ching t6i nhan thiy quy trinh tuong
tu st dung GC-FID cfling gitp dinh luong Lindane mot cach hi€u qua. Do do, chung
t61 stt dung GC-FID dé phan tich Lindane véi quy trinh nhu sau: miu (dich chiét n-
hexane sau khi chiét véi ty 1¢ thé tich 1:1) dugc phan tich bang may GC (Agilent
7890). Diéu kién van hanh cuy thé nhu sau: ¢6t mao quan thiy tinh HP—5 (duong kinh
trong 0,32 mm, chiéu dai 30 m, d6 day 16p phim 0,2 pm); khi mang 13 nito (N2) véi
tbc do dong 1,2 mL/phat. Mau duoc tiém & ché do chia dong voi ty 18 chia 1:10, thé
tich tiém mau 1a 1 pL. Nhiét d6 budng tiém dugc duy tri & 250 °C. Chuong trinh nhiét
dd cta 10 cot duoc thiét 1ap nhu sau: nhi¢t d§ ban dau 180°C, giir trong 5 phut, sau
d6 tang véi téc d6 30°C/phut dén 300°C va giit trong 3 phut. Nhiét do dau do ion hoa
ngon lira (FID) duoc cai dit & 300°C. Két qua thuc nghiém cho thiy dinh sic ky cta
Lindane xuét hién on dinh tai thoi gian luu khoang 6,8—6,9 phut. Pudng chuin dugc
xay dung cho ting 1an phan tich dua trén tin hiéu thu dugc tir cic mau chudn c6 nong
d6 Lindane khac nhau. Cy thé, d6i voi mau dich chiét tir moi trudng long, cac dung
dich MSM (1 mL/mau) chtra Lindane & cac ndng do 10, 50 va 100 ppm duoc sir dung.
Pbi v6i mau dich chiét tir méi truong rin hodc ban ran, cac khéi thach MSM (1
cm?/mau) chira Lindane v6i ndng d6 10, 30, 50 va 100 ppm dugc ding dé xay dung

duong chuan.
2.3.2.3 Phuong phap phan tich DDT va Lindane bing GC-MS

Do méu dét ¢ cac thanh phan phuc tap c¢6 thé anh huong dén do chinh xéac
ctia phuong phap phan tich bang GC-FID nén chung t6i str dung GC-MS dé phan tich
DDT va Lindane trong cac miu dat. Phuong phép xay dung dua trén EPA8270 (Hiép
hoi Bao vé mdi truong — EPA, Hoa Ki). M&i mau dat dugc chiét bang n-hexane theo
ty 18 (thé tich) 1 mau : 1 n-hexane (vortex trong 30 gidy, sau d6 ly tam 6000 vong/
phut trong 5 phit, thu dich trén). Phan dich chiét dwgc phan tich bang may GC
(Agilent 7890), v&i diéu kién van hanh cu thé nhu sau: cot glass capillary HP5-MS
(duong kinh trong 0,25 mm, chiéu dai 30 m, do day 16p phim 0,25 pm; ma cot
19091S-433); khi mang 13 heli voi téc do dong 1,0 mL/phit; ché do tiém mau chia
dong véi ty 18 chia 1:20; thé tich tiém mau 1a 1 pL. Chuong trinh nhiét d6 dugc thiét
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lap nhu sau: nhiét do buéng tiém 280°C; nhiét do 16 cdt ban dau 80°C, gitr trong 1
phut, sau d6 ting v&i toc d6 40°C/phat dén 300°C va giit trong 1,7 phut; giai doan
chay sau (post-run) ¢ 300 °C trong 0,5 phat. Hé thong khéi phd (MS, model 5977C
GC/MSD) dugc van hanh véi cac thong sé: nhiét do dudng truyén MSD 300 °C, nhiét
d6 ngudn ion 230 °C, nhiét dd bd tir cuc (quadrupole) 150 °C, thoi gian tré dung moi
(solvent delay) 1a 4,5 phut. Nong do cac hop chat va san phim chuyén hoa dugc xac
dinh béng phén mém MassHunter, déng thoi cac chat phan tich dugc nhan dién dya

trén viéc so sanh phé khéi vé6i thu vién chuan NIST.
2.3.3 Phuong phap xac dinh mat do vi sinh vat

Céc chung vi khuan déu dugc nudi va gilr trén moi truong LB con céc ching

xa khuan thi trén moi truong Y.

Khi 1am thi nghiém kiém tra mat do vi khuan, chiing tdi tién hanh pha loang
mau can kiém tra véi dung dich NaCl 0,9% da khtr tring r0i cay trai trén dia thach
LB v&i vi khuan hodc YS thach vé6i xa khuan, va a & nhiét do 30°C trong 24 — 48h.

S6 luong khuan lac trén thach dugc dém va mat d6 vi khuan co trong 1ml mau

dich thi nghiém dugc tinh theo cong thuc [8]:

D.
M;(CFU/ml) = A; X 7‘

Trong d6:  Mi: S luong té bao c6 trong mau
Ai: S6 khuan lac trung binh trén mot dia
Di: Do pha lodng cua dich dugc cay
V: Dung tich huyén phu té bao cho vao mdi dia (ml)
2.3.4 Chuan bi sinh khoi ciia cic t6 hop chiing
Chudn bj sinh khoi ciia tirng chiing vi khudn

Dich nudi cay mdi cua tung chung dugc chuan bi bang cach lac u trong moi

truong LB & 200 vong/phit, 30°C, thuong trong 12 gid. Dich nudi ciy sau d6 duoc
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ly tam & 6000 vong/phut trong 15 phut dé thu sinh khéi. Cin té bao thu duoc dugc
rira hai 1an bang dung dich muébi sinh 1y: dao tron dé hoa déu roi ly tam lai & 6000
vong/phiit trong 15 phut. Sau khi rtra, cin té bao duoc hoa trong mét thé tich thich
hop méi truong MSM dé thu duge huyén phu té bao c6 mat do xap xi 1 x 10°
CFU/mL.

Chudn bi sinh khéi ciia tieng chiing xa khudn

Sinh khéi duoc chuan bi duéi dang bao tir. Ching dwoc nudi trén dia thach YS
cho dén khi truong thanh va tao bao tir, thuong sau 5 — 7 ngay. Bao tir sau d6 dugc
thu bang cach bd sung thém 3 — 5 mL dung dich 0,001% Tween 80 va cao nhe bang
que ciy vo tring. Mat d6 (CFU/mL) cua dich huyén phu nay dugc xac dinh bang
phuong phap pha lodng tuan tir va cdy trai trén dia thach YS. Khi str dung trong thi
nghiém, dich bao tir géc s& dugc pha lodng voi mot thé tich thich hop méi trudng

MSM dé dat mat d6 xap xi 1 x 10° CFU/mL.
Chudn bi dich huyén phii ciia cdc té hop chiing

Dich huyén phul ctia mdi to hop chiing dugc tao bang cach tron cac thé tich
bang nhau cta dich huyén phu timg chung riéng 1é c6 cting mat d6 sinh khéi (~10°
CFU/mL) theo cong thirc t6 hop di xac dinh. Nhu vay, trong to hop nay, tong mat do
vi sinh vat khoang 10° CFU/mL. Ty 1& phdi tron co6 thé 1a 1:1:1 (ddi véi to hop 3
chung), 1:1:1:1 (d6i voi to hop 4 ching) hodc 1:1:1:1:1 (d6i véi td hop 5 chung), tiy

theo cong thirc cia timg t6 hop.

2.3.5 Phwong phap khio sat kha niing phén giai cac t hop chiing dé xuit trong

cac moi treong khac nhau

Céc t6 hop ching va cac chung don 1¢ duoc thir nghiém kha nang phan giai
DDT va Lindane trong méi trudng MSM dang 16ng, ban ran (0,25% thach) va ran
(1,6% thach) c6 chtra 30 ppm DDT hoic 50 ppm Lindane. Pau tién, 100 pL ctia mdi
dich huyén phu can thir nghiém (chuan bi nhu mé ta & myc 2.2.5) duoc nhé vao 1000
uL méi trudng MSM 16ng hodc 1én bé mit thach ciia 1000 uL mdi truong MSM ban

ran hodc ran trong 6ng nghiém. Néu 6ng nghiém chira moéi truong ban ran hoac ran,
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dng duoc xoay nhe bang tay dé dung dich trai déu trén bé mit thach. Voi mdi thi
nghiém, ba 6ng nghiém (3 lan 1ap lai) duoc chuan bi. Cac miu duoc u & pH 7,0 va
30°C (lic ¢ 200 vong/phut chi ddi voi mau nudi 16ng). Hiéu suat phan giai DDT hodc
Lindane ciia mdi mau dugc danh gia bang cach do ndng d6 DDT hoic Lindane con
lai trong méi trudng sau 7 ngay va 14 ngay bang sic ky khi véi dau do ion héa ngon

Ira (GC-FID) (xem mo ta muc 2.2.3.2).

Trude khi phan tich GC-FID tai mdi thoi diém, dé chiét DDT trong thi nghiém
moi truong 16ng, 1000 pL chloroform duoc thém vao mdi dng nghiém. Ong duoc
dao tron (vortex) khoang 20 gidy dé chiét DDT. Tuong tu, dé chiét DDT trong thi
nghiém méi trudng ban ran hodc ran, 1000 puL chloroform dugc thém vao mdi 6ng
nghiém va khéi thach déng duogc cat bang que nhon thanh bon phan bang nhau. Ong
sau d6 duoc dé yén trong 16 gio. Khoang 300 pL dung dich chiét (pha chloroform)
chtta DDT dugc lay dé phan tich GC-FID.

Tuong tu, dé chiét Lindane v&i méi trudong 1ong, tai moi thoi diém kiém tra,
1000 pL n-hexane duoc thém vao ting dng nghiém. Ong dugc dao tron (vortex)
khoang 20 gidy dé chiét Lindane. P6i véi méi truong ban ran hodc rin, tai mdi thoi
diém kiém tra, 1000 pL n-hexan dugc thém vao timg dng nghiém va khdi thach dong
duogc céit bang que nhon thanh bdn phan co thé tich bang nhau. Sau do, ong dugc dé
yén trong 16 gid. Khoang 300 pL dung dich chiét (pha n-hexan) chira Lindane dugc
lay dé phan tich bang GC-FID.

Néng do DDT hodc Lindane dugc xac dinh dua theo duong chuan duoc thiét
1ap tai mdi thoi diém do. Hiéu suat phan giai ciia mdi mau sau d6 sé duoc tinh bang
cong thirc:

(ndng dd DDT ban dau — ndng dd DDT trong mau)
nong dé6 DDT ban dau

Hiéu suat phan giai (H%) = x 100%

Hiéu quéa phan giai cia mot t6 hop ching so véi cac don ching thanh phan

dugc danh gia thong qua ty 1& % chénh léch giita hi¢u suat phan giai ciia t6 hop va

hiéu suat phén giai trung binh cta cac don chung (trong ciing mot diéu kién thi nghiém
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dugc thuc hién). Néu ty 18 phan trim chénh 1éch nay 1a >0 thi ching t6i gia thuyét
rang cac chung cé tac dung bé trg (twong tac dwong), 1am cho td hop phan giai hiéu
qua hon; do chénh Iéch cang 16n thi tdc dung bo tro cang manh. Nguoc lai, néu ty 1¢
phan tram chénh 1&ch nay 1a <0 thi gia thuyét rang cac chung c6 tac dung kim ham
triét tiéu 13n nhau (twong tac m), lam cho t6 hop phan giai kém hiéu qua hon; d6

chénh léch cang 16n thi tuong tdc am do cang manh.

2.3.6 Cac thi nghiém khao sat kha nang phan giai DDT hoac Lindane cta cac

t6 hop chiing dé xuit trong cac diéu Kkién thuc té

Sau khi khao sat kha ning phén giai & cac méi truong khac nhau, 5 to hop ching
¢6 kha ning phan hiy DDT hiéu qua nhit va 5 t6 hop ching c6 kha ning phan hay
Lindane hi¢u qua nhat dugce lva chon. Tiép theo, &nh huong cua cac diéu kién thuc té
dén hiéu qua phan giai DDT va Lindane ctia cac t6 hop nay duoc khao sét.

Anh hwong ciia nhigt dé

10% thé tich mdi to hop can khao sat duoc cho vao dng nghiém chira méi trudng
MSM long ¢6 30 ppm DDT hodc 50 ppm Lindane dé dat tong thé tich 2 mL. Cac mau
nay duoc 1 lic (150 vong/phut) & cac nhiét do khac nhau: 10, 25, 30 va 40°C. Sau 7
ngay, dich dugc dem ra phan tich kha ning loai chloride nhu mo td & muc 2.2.3.1.

Anh hwéng ciia pH

10% thé tich mbi t6 hop dugc cho vao éng nghiém chira méi truong MSM 1ong
¢6 30 ppm DDT hodc 50 ppm Lindane (tong thé tich 2 mL). pH cta mdi trudong MSM
duoc diéu chinh trudce béng dung dich HC1 0,1 M hoac NaOH 0,1 M dén cac mirc pH
can khao st (3, 5, 7, 9 hodc 11). Cac mau dugc u lic (150 vong/phit) ¢ 30°C. Sau 7

ngay, dich dugc dem ra phan tich kha nang loai chloride nhu mé ta & muc 2.2.3.1.
Anh hwéng ciia nong dp co chit

10% thé tich mdi t6 hop dugc cho vao 6ng nghiém chira moi trudong MSM

16ng c6 ndéng d6 DDT 1a (0, 2, 5, 10, 20 or 30 ppm) hodc ndng do Lindane 1a (0, 5,
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10, 30, 50 hodc 70 ppm). Mdi mau duogc u lic (150 vong/phut) ¢ 30 °C. Sau 7 ngay,

dich dugc dem ra phan tich kha nang loai chloride nhu mo ta & muc 2.2.3.1.
Anh hwéng ciia nguéon cacbon bo sung

10% thé tich mdi t6 hop duoc cho vao éng nghiém chira méi truong MSM
16ng ¢6 30 ppm DDT hoic 50 ppm Lindane (tong thé tich 2 mL). Pdng thoi, bd sung
cac ngudn cacbon khac nhau véi lugng mol C tuong dwong: 1 g/L d6i véi fructose
hodc galactose (M = 180,16), 0,95 g/L ddi véi maltose, lactose hodc sucrose M =
242.3), hodc 0,52 g/L dbi v6i phenol (M = 94,11). Mdi mau dugc o lic (150
vong/phut) & 30°C. Sau 7 ngay, dich dugc dem ra phan tich kha nang loai chloride

nhu mo ta & muc 2.2.3.1.
Anh hwéng ciia nguon nito bé sung

10% thé tich mdi t6 hop dugc cho vao dng nghiém chira méi truong MSM
16ng ¢6 30 ppm DDT hodc 50 ppm Lindane (tong thé tich 2 mL). Pong thoi, bo sung
cac ngudn nito khac nhau voi lwong mol N tuong duong: 1 g/L (NH4)SO04 (M =
132,14), 1,23 g/L ammonium citrate (M = 243,22), 1,53 g/ KNOs (M =101,1), 1,51
g/L peptone (tong N > 14%) hoic 1,14 g/L glycine (M = 75,07). Peptone dai dién cho
nguon nito hitu co gidu dinh dudng, glycine 1a axit amin d& st dung, cac chat khac
cung cép cac nguén nito vé co dang NH4" hodc NOs™. Mdi mau duoge U lic (150
vong/phut) ¢ 30°C. Sau 7 ngay, dich dugc dem ra phan tich kha nang loai chloride

nhu mo ta & muc 2.2.3.1.
Anh hwéng ciia nguyén t6 vi lwong

10% thé tich mdi t6 hop duoc cho vao 6ng nghiém chira méi truong MSM
16ng ¢6 30 ppm DDT hoic 50 ppm Lindane (téng thé tich 2 mL). Dung dich vi luong
duge bo sung véi ty 1é xac dinh (0,1; 0,5; 1; 2 hodc 5%). Mdi mau duge U lic (150
vong/phut) & 30°C. Sau 7 ngay, dich dugc dem ra phan tich kha nang loai chloride

nhu mo ta & muc 2.2.3.1.
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Anh huwéng ciia ty 1¢ tiép giong

MGdi t6 hop duoc bd sung vao dng nghiém chira méi truong MSM 10ng ¢6 30
ppm DDT hoic 50 ppm Lindane véi cac ty 18 5%, 10%, 15% hodc 20% (v/v), dén
tong thé tich 1a 2 mL. Mdi mau duoc u lic (150 vong/phit) ¢ 30 °C. Sau 7 ngay, dich
duoc dem ra phan tich kha nang loai chloride nhu mé ta @ muc 2.2.3.1.

2.3.7 Céc thi nghiém nham xiy dung quy trinh 1én men quy mé 10L thu sinh
khdi cac chiing sir dung tao ché phim

Sau khi khao sat cac diéu kién thuc té, 2 t6 hop ching c6 kha ning phan hay
DDT hiéu qua nhit va 2 t6 hop ching c6 kha nang phan huy Lindane hiéu qua nhat
duogc lya chon dé nghién ctru tao ché pham. Trude hét, can nghién ciru quy trinh 1én
men thu sinh khéi cac don ching thanh phan trong cac t6 hop ndy mdt cach hiéu qua.
Cong viéc nay bao gom cac thi nghiém chon mai truong 1én men phu hop.

Vi¢ce xac dinh moi trudong phu hop dung cho 1én men céc ching dugc khédo sat
bang cach danh gia kha ning sinh truéng ctia chung voi cac ngudn cacbon va ngudn
nito khac nhau. Cac thi nghiém duoc tién hanh theo cac budc nhu sau:

Chudn bj giong: Cac chung nghién ctru s& dugc hoat hoa trén dia LB hodc YS
dé thu khuan lac méi. Khuan lac vi khuan sau d6 dugc nhit dé tiép giong vao moi
truong LB 16ng, nudi lic & 150 vong/phut, 30°C. Sau 24 gio, thu sinh khéi vi khuan
bang ly tam 6000 vong/phit trong 15 phut. Sinh khdi duoc rira 2 1an bang MSM, ly
tam bo dich, cudi cung dugc hoa lai bang MSM. Bao tir xa khuan dugc thu truc tiép
trén dia YS va hoa lai bang MSM. Céc loai dich huyén phtl ¢c6 ODeoonm khoang 1,0 s&
duoc dung cho cac thi nghiém tiép theo.

Khao sdt ty 1¢ tiép giong

Sinh khéi chuing nghién ctru duogc chuén bi nhu trén & dang 50 mL dich huyén
phu trong méi trudng MSM (mét d6 ~10° CFU/ml), va duoc tiép gidng vao binh tam
giac chira 450mL mai truong 16ng twong Gng (ty 18 10%), lac 150 vong/phut, & 30°C
cho dén khi mat d¢ vi khuan dat 10° CFU/ml. Gidng nay duoc sir dung dé tiép giong
theo ty 1¢ thir nghiém (5%, 10%, 15%) vao ndi 1én men chtra 9,5 L moi truong MSM
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chtra nguon cacbon va nito toi wu. Tién hanh 1én men ¢ di€u kién: nhiét d6 30°C, pH

7,0, toc do khuay 50 vong/phat. Xac dinh OD ¢ budc song 600nm.
Khio sdt nguén cacbon

Dich huyén phu duoc tiép gidng 5% vao cac dng nghiém chira méi trudng
MSM b6 sung mot trong cac ngudn cacbon thir nghiém sau véi ty 18 1% (glucose,
sucrose, maltose, tinh bot tan, hoac ri duong). Sau do, nuodi lic 6150 vong/phut, 30°C.
ODeoonm duge x4c dinh sau cac mdc thoi gian ¢ dinh, sau d6 duoc phan tich so sanh
dé danh gia kha nang sinh truong ciia chiing vi khuan nghién ctru trong MSM bo sung
céc ngudn cacbon thay thé; tir 6 lwa chon ngudn cacbon phii hgp nhat cho thi nghiém

tiép theo.
Khado sdt nguén nito

Dich huyén phu duoc tiép giong 5% vao cic dong nghiém chtra mdi truong
MSM bb sung 1% ngudn cacbon thay thé phu hop nhat di xac dinh va 0,1% ngudn
nito thay thé thir nghiém (amonium sulfate, potassium nitrate, nurdc mam, cao nim
men, bot dau twong). Sau do, nudi liac 150 vong/phut, 30°C. ODeoonm dugc xac dinh
sau cac mdc thoi gian ¢ dinh, sau d6 dugc phan tich so sanh dé danh gid kha nang
sinh truéng ctia chung vi khuan nghién ciru trong MSM bb sung cac ngudn nito thay
thé; tir d6 lira chon ngudn nito phu hop nhit cho thi nghiém tiép theo.
2.3.8 Cac thi nghiém khao sat cac phwong an thu hoi sinh khdi sau 1én men

Céc chung vi khuan va xa khuan dugc nudi cay véi thé tich 600 mL trong diéu
kién 30°C, téc d6 lic 200 vong/phit. Qué trinh nudi cdy vi khuan dugc thuc hién
trong moi truong LB trong thoi gian 24 gid va xa khuan dugc nudi trong moi truodng
YS trong 48 gid. Dich huyén phu nay sau d6 s& dugc st dung ¢ cac thi nghiém sau.

Sau thu hoi, sinh khéi thu duge duoc hoa vao dung dich mubi sinh 1y thé tich
tuong duong luc trude thu hdi (600 mL). Trude va sau thu hoi, dich chira sinh khoi

dugc xac dinh mat do vi khu nhu trinh bay ¢ muc 2.2.4, sir dung méi trudng nudi cay
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12 LB 1 trong 24 gio d6i véi mau vi khuan hodc st dung méi trudng nudi cay 1a YS
U trong 48 gid, & 30°C, d6i véi mau xa khuan.
Hiéu suit thu hdi dugc tinh bang cong thirc:

o ; x. Mt d6 CFU sau thu hoi
Hi¢u suat thu hoi (H%) = ————— —x 100%
Mit do trwdc thu hoi

Thir nghi¢m thu hoi sinh khéi bang phwong dn dong khé

Thi nghiém duogc thuc hién theo cac budc cu thé nhu sau: Dich huyén phu sau
1én men dugc chuyén vao cac dia petri chua sita gay 20% va acid glutamic 1% (ty 1&

1:1). Pong kho mau trong 24 gid & -30°C.

Thu hoi bang phwong dn ly tim

Thi nghiém dugc thuc hién theo cac budc cu thé nhu sau: Dich huyén phu sau
1én men dugc chuyén vao cac 6ng falcon, ly tim ¢ 6000 vong/phut trong 15 phit, bo
dich, giir sinh khdi.

Thu héi bang phwong dn lpc

Thi nghiém dugc thuc hién theo cac budc sau: Dich huyén phu vi khuén sau
lén men duoc loc béng hé théng loc tiép tuyén, tbc do may bom 300 vong/ phut, kich
c0 cot loc 0,2um. Riéng voi xa khuan, do sinh khdi & dang sg¢1 von cuc, chung to1 tién

hanh loc bang gidy loc 0,45um.
2.3.9 Cac thi nghiém xac dinh chat mang phu hop dé bao quéan ché pham

Dich huyén phu vi sinh vat dugc chuan bi nhu sau: (1) v6i cac chung vi khuan:
sau khi nudi cip 1 trén moi truong LB ¢ 30°C trong 24 gid dat ODeoonm = 1,0 — 1,1
(trong duong khoang 108 CFU/mL) thi chuyén 10% dich huyén phu cap 1 nay vao
moi truong LB, nudi lic (200 vong/phut, 30°C, 24 gid), sau dé ly tam (6000
vong/phiit, 15 phut), rira hai 1an bang dung dich MSM v6 tring va tao huyén phu tré
lai trong MSM; (ii) v6i cac chung xa khuan: sau khi nuéi trén thach YS (30°C, 5
ngay) dé hinh thanh bao tir, b6 sung 2—3 mL nudc cat chira 0,01% Tween 80, cao bé

mit thach dé thu bao tir va dao tron (vortex) dé dong nhit dich bao tir. Mt d6 véi cac
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chung vi khuin dat 10° — 10'° CFU/mL con xa khuan dat 10® — 10° CFU/mL. Sinh
khdi thu duge duoc phéi tron v&1 mat trong cac loai chét mang (than bun, xi than,
tinh bot sdn hodc cdm gao) theo cong thirc chit mang: silica: sinh khdi = 9:1:1 (ty 16
khéi luong). Chat mang dugc sdy kho & 60°C, ray min va khir trung hai 1an & 110°C
trong 20 phut. Ché pham sau phdi tron duge chia vao cac tai bac 1 g, hut chan khong,
han kin, bao quan ¢ nhiét do phong va kiém tra & cac mdc thoi gian 0, 1,2,3,4,5va
6 thang. M&i méc thoi gian sé& 14y hai tai tir mdi loai chat mang va mdi chiing vi sinh
vat duoc 1y ra dé danh gia kha ning séng sot va hoat tinh phan hiay DDT hoic

Lindane cta ché phim thong qua kha ning loai chloride.

Pénh gia kha ning song sot ciia vi khuan va xa khuan: Ly 1g ché pham tron
v6i 9mL MSM long, thu duoc dich huyén phu ¢ d6 pha lodng 10™. Sau d6, tiép tuc
pha lodng, cdy trai d&m CFU trén moi trudng thach LB véi vi khuan hodc trén moi

truong thach YS véi xa khuan theo phwong phép thuong quy (muc 2.2.4).

Panh gi4 hoat tinh phan hay DDT hozc Lindane cta ché pham thong qua kha
nang loai chloride: Hat ImL dich huyén phu d6 pha loang 10! néu trén vao 6ng
nghiém chtra ImL MSM léng bd sung 60 ppm DDT dé dat ndng do cudi cung 30
ppm (néu thi nghiém v6i DDT) hodc bd sung 100 ppm Lindane dé dat nong do cudi
cung 50 ppm (néu thi nghiém véi Lindane), rdi ¢ lic & 150 vong/phut, 30°C. Sau 7
ngdy, mau duoc ly tim 6000 vong/pht, trong 15 phiit va lwong chloride tu do trong
phan dich trong duoc phan tich theo phuong phép trinh bay & muc 2.2.3.1; qua do

danh gia dugc hoat tinh loai chloride cta mau tai thoi diém nghién cuu.
2.3.10 Thir nghiém cai tién cong thirc chat mang

Sau khi chon duoc chat mang thich hop, sinh khéi vi khuin hodc xa khuan
dugc chuan bi nhu mé ta & myc 2.3.9. Sinh khéi sau d6 s& dugc tron véi chat mang
theo ty 1& 10 chat mang: 1 sinh khéi, rdi dem sdy & 40°C trong 3 gid. Pong thoi, dbi
chung tuong tmg 14 cong thirc cii cua cung loai chat mang nhung c6 bo sung silica
(muc 2.3.9). Ché pham sau phdi tron dugc chia vao cac ti bac 1 g, hat chan khong,

han kin, bao quan & nhiét d6 phong va kiém tra & cac médc thoi gian 0, 1, 2, 3,4, 5 va
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6 thang. O mdi mdc thoi gian, hai ti trong mdi truong hop thi nghiém duogc 14y ra dé
danh gia kha nang séng st va hoat tinh phan huy DDT hoic Lindane ctia ché pham

thong qua kha nang loai chloride nhu moé ta & muc 2.3.9.
2.3.11 Thir nghiém xir Iy 6 nhiém dat quy mé phong thi nghiém

Két qua phan tich cua nhém cho théy loai dit dugc lua chon cho thir nghiém
(trinh bay & muc 2.1.1) khong chira DDT va Lindane. Mau dat sau d6 dugc siy &
60°C trong khoang 10 gid cho dén khi khd hoan toan va dugc bd sung DDT 30 ppm

hoic Lindane 50 ppm dé mo phong 6 nhiém.

Sau khi chon duoc phuong an chit mang phu hop nhét, ché phim don ching
duoc chuin bi nhu mé ta & muc 2.2.10. Cac ché phém don chung dugc kiém tra mat
d6 bang phuong phap pha lodng cdy trai. Chi co cac ché pham dat mat d6 cubi cing

khoang 107 - 10® CFU/g méi dugc dung cho thir nghiém.

Pé tao mdi ché pham dang t6 hop chung, cac ché pham don chiing thanh phan
duogc tron (theo cong thirc trong tng cia to hop) sao cho ty 16 thanh phan vé mat do
giita cac ching la twong dwong. Mdi ché pham tao dugc ciing ¢6 mat do cudi cung

khoang 107 - 10® CFU/g ché pham.
Khao sat ty I¢ nuwoc khdac nhau

B6 sung ché pham véi ty 18 10% (khdi lwong) vao dat thir nghiém. B sung
dung dich stock DDT hodc Lindane dé thu duoc hdn hop chira 30 ppm DDT hoic 50
ppm Lindane. Bb sung nudc lan luot 10, 20, 30, 50, 70 mL cho mdi 100g dat, tuong
g véi ty 18 nude 1a 10%, 20%, 30%, 50%, 70%, rdi tron déu, giir trong diéu kién
nhiét d6 phong. Sau cac méc thdi gian ¢b dinh (1, 7, 14 ngay), 14y 0,5g dat tir cac vi
tri ngiu nhién khac nhau, chiét va phan tich nong do DDT hoic Lindane trong mau
bang GC-MS nhu trinh bay & muc 2.2.3.3. Tir cac két qua thu dugc, danh gia va so
sanh hiéu qua phan giai DDT hay Lindane giita cic truong hop thi nghiém dé chon
ty 1& bo sung nudc phu hop (ty 1¢ nay duoc ap dung cho cac thi nghiém tiép theo).
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Khao sdt ty 1¢ ché phiam khdc nhau

B6 sung ché pham lan luot 1 g, 5 g, 10 g, 15 g, 20 g vao dét dé tong khoi luong
mdi mau 1a 100 g, twong tmg cac ty 1& ché pham 1a 1%, 5%, 10%, 15%, 20% (khi
luong). Bo sung dung dich stock DDT hoic Lindane dé thu duoc hdn hgp chira 30
ppm DDT hoic 50 ppm Lindane, roi tron déu, tiép tuc bd sung nude theo ty 16 nude
d3 td1 wu bén trén. Sau cac mdc thoi gian ¢b dinh (1, 7, 14 ngay), lay 0,5 g dat tir cc
vi tri ngdu nhién khac nhau, chiét va phan tich ndng 6 DDT hoic Lindane trong mau
bang GC-MS nhu trinh bay ¢ muc 2.2.3.3. Tir cac két qua thu dugc, danh gia va so
sanh hiéu qua phan giai DDT hay Lindane giita cic truong hop thi nghiém dé chon
ty 18 ché pham bo sung phu hop (ty 1é nay duoc ap dung cho cac thi nghiém tiép theo).

Khao sdt cdc chit hoat dpng vé mdt khdc nhau

B sung nudc va ché pham theo ty 1é phit hop da Iya chon. Bo sung dung dich
stock DDT hoidc Lindane dé thu duoc hdn hop chira 30 ppm DDT hodc 50 ppm
Lindane. Cac mau s& duoc thir nghiém bo sung chat hoat dong bé mat véi cac phuong
an nhu sau: Tween 80 (¢ céac ty 1€ 0,01%; 0,1% va 1%), Rhamnolipids (& cac ty 1¢
0,01%; 0,05% va 0,1%), Digalactosyl Diglyceride (¢ cac ty 1€ 0,00002%; 0,00004%
va 0,00008%). Sau cac moc thoi gian c¢d dinh (1, 7, 14 ngay), ldy 0,5 g dat tir cac vi
tri ngiu nhién khac nhau, chiét va phan tich nong do DDT hosc Lindane trong mau
bang GC-MS nhu trinh bay ¢ muc 2.2.3.3. Tur cac két qua thu dugc, danh gia va so
sanh hiéu qua phan giai DDT hay Lindane gitta cac trudng hop thi nghiém dé chon
chat hoat dong bé mat phu hop va ty 1& bd sung phit hgp nham tao ché pham sinh hoc.

Trén co s cac ket qua khao sat néu trén, cac quy trinh st dung ché pham sinh

hoc dé xir 1y dat nhiém DDT va dit nhiém Lindane duogc xay dung.
2.3.12 Thir nghiém mé hinh thue té

Mé hinh xi¢ Iy é nhiém DDT

Mo hinh thir nghiém xir Iy DDT dugc tién hanh & Nghé An, cy thé 1a tai vuon
keo cua 6ng Ta Danh S., thudc khéi Tan Hop, thi tran Nghia Ban, huyén Nghia Dan,
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tinh Nghé An (toa d§ 19°19'1"B; 105°29'4"D). Lo dét co dién tich khoang 0,2 ha, voi
néng do DDT ton du dugc phan tich 1a 19,25 ppm. Theo thong tin tir Phong Tai
nguyén va Mai trudng huyén Nghia Pan, khu vuc nay trude day nam canh kho thude
cll cua Bénh vién — noi tap két ctia nhiéu hoa chat trong d6 c6 Lindane, DDT. Trong
qua trinh khao sat, nguoi dan dia phuong cho biét mot s6 ho gia dinh trong khu vuc

c6 ngudi mac ung thu.

Mo hinh duoc trién khai truc tiép ngoai thuc dia v6i 02 16 1a 16 thi nghiém c6
xtr 1y theo quy trinh d& xay dung va 16 ddi ching giit nguyén hién trang (Hinh 2.2).
Pé dam bao khong anh hudng dén cac cdy keo dang trong nén phuong an duge xir Iy
theo timg hé. Cu thé, mdi hd o kich thudc sau 80100 cm, rong khoang 100 cm va
duoc b tri cach nhau 30-50 cm, pht hop véi vi tri cic ciy keo. Luong dat dao tir
mdi hd duogce tap két thanh timg ddng riéng, sau d6 tron déu v6i ché pham theo ding

ty 18 trudc khi 1ap tro lai.

| Vi tri kho thudc cii I
1 1
| 1

| ? 0.9 ¢
R YN A va’f'o

AR
lelsaiigs' ” ’, :Lo xu'l che him ”
ARORYY

42m 23m —————

Hinh 2.2. B6 tri mé hinh xir 1y dat 6 nhiém DDT

Ghi chii: PC: Vi tri lay mau ¢ 16 dbi chimg; TN1 va TN2: Vi tri 1dy mau 1 va 2 & 16 thi

nghiém
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L6 thi nghiém duoc tién hanh xtr Iy nhu sau: Ché phim c6 hiéu qua phan giai
DDT tbt nhat dugc lua chon duge bd sung vao dat da xu 1y so bd theo ty 1€ 5% khdi
lwong bang cach rai déu, sau d6 tron déu, roi cho dat da tron ché pham xubng hd
tuong ng, 1ap lai nhu cii. Chuédn bi luong dung dich phu gia (Tween 80) twong Ung
v6i khéi lwong dat can xir Iy: 1 1it dung dich phu gia cho 1 m? dét (dé dat dugc ty 18
b6 sung cudi cung 13 0,1% (v/w)). Can cr vao d6 4m cua dat 1a 50%, dé dat d6 4m
cudi cung 1a 70% (theo quy trinh xir 1y), can bd sung thém 70% - 50% = 20%, nghia
1a cho 1 m® dét can bd sung 200 lit nudc. B6 sung luong dung dich phu gia néu trén
vao luong nude can bo sung, khudy déu dén hoa tan dé thu dugc nude chira Tween
80. Sau khi chuan bi nudc chita Tween 80, bo sung nudc niy vao dat trong moi hd
d3 bd sung ché pham sinh hoc (dang tién hanh & bude trén) (ty 16 nudc cudi cing
trong dat s& 1a 70%); vira bo sung vira két hop ddo tron déu. Sau khi tién hanh theo
quy trinh d4 xay dung, mau dat ¢ 16 thi nghiém duoc 1ay & cac thoi diém 6 tuan va 12
tuan dé kiém tra ham luong DDT, tir d6 tinh toan hiéu qua xir Iy DDT trong dat.
Mé hinh xir Iy é nhiém Lindane
Trén co s& tham khao cong vin sb 1927/STNMT-MT ngay 22/6/2020 cta S&
Tai nguyén va Mai trudng tinh Ha Tinh vé cac dia diém 6 nhiém thudc bao vé thuc
vat, dia diém thu nghi¢ém mo6 hinh xu ly dat 6 nhiém Lindane duoc lya chon tai vuon
nha ong Tran Vin H, thon Trung Trinh, xa Viét Tién, huyén Thach Ha, tinh Ha Tinh
(toa d6 18°23'39"B, 105°47'57"D). Két qua phan tich cho thay nong d Lindane ton
du trong dat 1a 11,5 ppm. L6 dét c6 dién tich khoang 0,2 ha, trudc ddy timg c6 mot
kho thudc bao vé thuc vat nay di bi pha d&. Do nén kho thip hon khu vuc xung
quanh, nén thudng xuyén ngip ung va ciing dé tranh mui nén gia dinh d3 1ap mot 16p
d4t méi cao tim 1m 18n trén bé mat. Mic du vay, theo phan anh thi sau khi troi mua
va ¢6 ning thi mui thuc vaAn con rat néng nic, ngudn nudce bi 6 nhidm va co anh
huong nghiém trong dén strc khoe, voi nhidu h c6 ngudi mac bénh ung thu. Gia dinh
ong Hai cling da c6 ngudi than qua doi vi bénh nay. Do lo ngai vé hoa chat ton dur,

ca gia dinh da chuyén di noi khac sinh séng.
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Hinh 2.3. B tri mé hinh xir ly dit 6 nhiém Lindane
Ghi chu: BC: Vi tri 14y mau & 16 d6i chung; TN1 va TN2: Vi tri 14y mau 1 va 2 ¢ 16 thi
nghiém
Mo hinh duoc trién khai truc tiép ngoai thuc dia voi 02 16 13 16 thi nghiém ¢
xtr 1y theo quy trinh d x4y dung va 16 ddi ching giir nguyén hién trang (Hinh 2.3).
Duya trén trao ddi voi gia dinh va dia phuong, phan dat 6 nhidm dugc chon lap dudi
16p dat sdu 1m. Do d6, trude hét phan dat phi ¢ trén v6i do day 1m duge muc 18n rdi

moi tién hanh xir Iy theo quy trinh.

L6 thi nghiém duogc tién hanh xir Iy nhu sau: Pau tién, khoang 1 m dat bé mat
dugc dao 1én va chuyén sang khu vue ria 16 thi nghiém hogc san nha cii dé giai phong
mit bang. Sau d6, theo quy trinh xir 1y, phan dat can cai tao phai dugc cay x6i dén do
sau khoang 100 cm nham tao diéu kién tron déu ché phim. Cong doan nay duoc thuc
hién bang may xtc dé dam bao do sdu va do dong nhét cua dat. Ché pham c6 hiéu
qua phén giai Lindane t6t nhat duoc Iya chon duoc bd sung vao dat da xir 1y so bd
theo ty 1€ 1% khdi luong béng cch rai déu, sau do6 tron déu dit véi ché phém bé‘mg
may xtic. Két qua do d6 am tai hién truong cho thdy dat dat muac 70%, ding véi yéu
ciu trong quy trinh nén khong cin bd sung thém nudc. Dé tién hanh budc bd sung
phu gia, dung dich Tween 80 dugc pha loang trong 10 m? nudc. Dung dich sau khi

hoa tan hoan toan dugc tudi déu 1én bé mat 16p dat da tron ché pham sinh hoc (Vi
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lwong nudc trén trong dung dich cho toan bo khéi dat xir Iy thi khéng anh hudéng dang
ké dén d6 Am cua dét). Toan bo dat d3 dugc xur 1y dugc dao tron ky mot 14n nira b@ing
may xtGc dé dam bao ché pham va dung dich phu gia phin b dong déu trong toan
khéi dat. Cudi cung, 16p dat bé mat bén trén dugc tra lai mit bang. Sau khi tién hanh
theo quy trinh da x4y dung, mau dat ¢ 16 thi nghiém dugc 1dy & cac thoi diém 6 tuin
va 12 tuan dé kiém tra ham luong Lindane, tir d6 tinh toan hiéu qua xir Iy Lindane

trong dat.

Cdch ldy mdu hi¢n trwong

Viéc léy mau dit tai hién truong duoc thyc hién theo TCVN 7538-1:2006 phén
1, TCVN 7538-2:2005 phan 2 va TCVN 7538-3:2005 phan 3 (theo quy dinh cua
QCVN 54-2013-BTNMT). Mau dugc thu béng khoan tay ¢ do sau 0,1-0,2 m cua lép
dat nghi ngd 6 nhiém. O mdi vi tri iy mau, dat duoc lay 3 1an va tron vao nhau thanh
mot mau dong nhét, dung va bao quan trong tii zip plastic bac (khéng hap phu DDT
va Lindane) & nhiét d6 10-20°C. Trong qua trinh thu mau, nguoi thyc hién di tng
hoic gidy dé cing, deo ging tay va khau trang. Mau dat sau khi 1ay vé duoc loc bang
rdy nham loai bo da vun, soi, giir lai cac hat dat min va siy ¢ nhiét do 80°C dén khi
khéi lugng khong d6i, sau d6 sé& duge phan tich ndng d6 Lindane bang may GC-MS
(trinh bay ¢ muc 2.2.3.3).

D4t ¢ 16 thi nghiém s& dugc 1y mau va phan tich nong do DDT hoic Lindane
vao thoi diém 0, 6 tuan va 12 tuan. Dat ¢ 16 d6i ching duoc 1ay mau va phan tich o
thoi diém cubi 1a 12 tuan.
2.3.13 Phén tich va xit 1y so liéu

Céc thi nghiém déu duoc 1ap lai 2-3 lan tuy thi nghiém. Cac gié tri trung binh,
sai s6 & dang do 1éch chuan va céc phan tich théng ké déu duoc tinh toan béng cach
st dung cac phuong phéap thong ké co ban véi cac cong cu trong Microsoft Excel. Y
nghia ctia sy khac biét giira cac dit liéu duoc danh gia bang phan tich t-Test; sai s6

giita cac lan lap lai duoc thé hién dudi dang do léch chuan.

Céc biéu d6 duoc v& bang phin mém Excel va GraphPad Prism 9.
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CHUONG 3: KET QUA VA BAN LUAN

3.1 Phan tich h¢ gen dé xay dung t6 hop chiing givip phan giai hiéu qua DDT

va Lindane
3.1.1 Két qua WGS ciia cac don chiing vi sinh vat
3.1.1.1 Tach DNA va gidi trinh tu

Trong cac nghién ciru trude ddy chung toi da thu thap dugce bo chung gdm 10
chung c6 kha nang phan gidi hiéu qua Lindane va 10 chung c6 kha nang phan giai
hiéu qua DDT [2, 9, 116]. Nham muc dich tao to hop chiing phan giai hiéu qua DDT
va Lindane, trudc hét chiing t6i phén tich hé gen cua cac ching dé phén tich va dy

doan su tuong tac gitta cac chung vé kha nang phan giai DDT va Lindane.

DNA tong sb cua 10 chung vi sinh vat ¢6 kha ning phan giai DDT hiéu qua
(Streptomyces marianii DDT21, Streptomyces nojiriensis DDT23, Pseudomonas sp.
nov. T006, Pseudomonas nitroreducens Y077, Stenotrophomonas maltophilia Y042,
Pseudomonas lalkuanensis PAMO64, Pseudomonas anuradhapurensis PAMO67,
Cupriavidus metallidurans TNO030, Stenotrophomonas maltophilia Y050,
Pseudomonas putida TO87) va 10 ching phan giai Lindane hi¢u qua (Streptomyces
wuyuanensis LDO02, Streptomyces katrae A119, Pseudomonas putida PAMG6S,
Pseudomonas  putida  PAM66,  Stenotrophomonas  maltophilia Y050,
Sphingobacterium  mizutaii Y027, Sphingobacterium  multivorum Y049,
Sphingobacterium multivorum Y052, Pseudomonas putida T069, Pseudomonas
kribbensis Y076) da duoc tach chiét thanh cong va dat tiéu chuan chét luong dé tién
hanh giai trinh tuy WGS. Pay 1a nhiing ching dugc tuyén chon c6 kha ning phan giai
hiéu qua DDT va Lindane ciing kha ning thich t6t v6i cac diéu kién méi truong khéac

nhau [2, 9, 116].

Két qua phén tich chit luong bang cong cu FastQC cho thiy tit ca cac mau
déu c6 diém chét lugng tot (diém chat luong trung binh vuot ngudng 30). Dit lidu

nay sau d6 dugc lam sach bang cong cu Fastq 14 c4c trinh tu sau tinh sach van giit lai
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hon 90% dir liéu gbc. Phan tich so bd bang Kraken2 cho thay cic mau c6 do tinh
khiét cao, trong khi danh gia toan ven hé gen bang BUSCO cho théy tat ca cac chung
déu dat chi sd toan ven trén 98% (Phu lyc 1). Két qua dinh danh dya trén dir liéu
WGS bang Kraken2 (Phu luc 1) pht hop vé6i két qua dinh danh trude d6 ctia nhom
nghién ctru, qua d6 khang dinh lai tinh chinh x4ac cua két qua phan loai cac ching vi

sinh vat dugc nghién cuu.

Hé gene sau d6 duoc lap rap bang cong cu SPAdes vai cac tham sé mic dinh.
Céc contig co kich thude dudi 500 bp dugc loai bo khoi ban lap rap. Két qua lap rap
nay dugc danh gid boi phan mém QUAST. Dé kiém tra lai contig da lip rap, cac
contig da lap rap duoc BLAST 1én co s& dir liéu NCBI. Két qua lap rap hé gene cudi
cung, sau khi da loai loc bd nhiém dugc thé hién trong (Bang 3.1). Cac két qua vé
kich thudc hé gene va ty 18 GC ctia hé gene sau lap rap 1a phu hop vai cac kich thudc
hé gene cua cac chung dai dién céc chi twong tng duge cong bd trén NCBI. Do do,
nhimg hé gene lap rap ndy cé do tin ciy cao va s& duogc sir dung trong nhitng budc

phan tich tiép theo.

Bang 3.1. Thong ké hé gen lip rap sau khi loc cac mau

STT | Miu | So contig | Contig l6m Kich thuéc hé GC N50
(contig) nhit (bp) gen (Mbp) (%)
1 PAM64 | 46 765256 6,11 64,11 | 336778
2 PAM67 | 814 996350 5,83 62,60 | 395688
3 Y042 40 531237 4,34 66,71 | 249630
4 Y077 | 126 737600 12,87 65,51 | 218589
5 T006 28 857778 6,47 65,79 | 558527
6 TO87 73 612566 5,43 63,49 | 137337
7 DDT21 | 42 1451334 10,43 71,04 | 542130
8 DDT23 | 114 556889 8,60 73,24 | 171071
9 TNO30 | 1526 541903 7,78 62,72 | 157628
10 | PAMG65 | 57 565465 5,69 63,05 | 248422
11 | PAM66 | 64 589144 5,78 63,02 | 195110
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STT | Maiu | SO contig | Contig l6m Kich thuéc h¢ GC N50
(contig) nhét (bp) gen (Mbp) (%)
12 | Y076 | 241 519919 6,40 60,07 | 237665
13 | Y027 |68 426089 4,64 39,88 | 146232
14 | AI19 |833 111026 8,51 72,79 | 19104
15 | T069 |77 721707 6,44 59,44 | 218233
16 | Y049 | 675 266696 6,26 40,51 | 83493
17 | Y052 | 159 205542 5,85 40,00 | 74028
18 |LD02 |76 547821 7,87 72,12 | 222702
19 |Y050 |53 538385 4,34 66,72 | 151015

3.1.1.2 Chii giai hé gen va ban d6 chuyén h6a KEGG

3.2) cho thay tit ca cac hé gene déu co do toan ven cao, vdi ty 1& toan ven BUSCO

Két qua danh gia do toan ven cua cac hé gen bang phan mém BUSCO (Bang

dat trén 98,0%.

Bang 3.2. Két qua du doan va d¢ toan ven cua hé gen cua cac mau

STT Mau CDS rRNA tmRNA tRNA Ti 1€ toan ven
BUSCO
1 PAM64 | 5562 3 1 59 99,6%
2 PAM67 | 5116 4 1 56 99,8%
3 Y042 3890 5 1 67 99,8%
4 Y077 5675 1 1 60 100%
5 T006 5869 5 1 51 99,6%
6 TO87 4838 2 1 61 99,7%
7 DDT21 9279 3 1 91 100%
8 DDT23 | 7668 3 1 103 100%
9 TNO030 6204 4 1 60 100%
10 | PAMG6S | 5114 3 1 59 99,9%
11 | PAM66 | 5153 5 1 58 99,9%
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STT | Miu CDS | rRNA | tmRNA tRNA Ti 1¢ toan ven
BUSCO

12 | Y076 | 5656 5 1 66 99,7%
13 | Y027 | 3977 5 1 39 98,1%
14 | Al119 | 7765 3 1 95 100%
15 T069 5772 3 1 60 99,2%
16 | Y049 | 5480 6 1 70 98%

17 | Y052 | 5126 5 1 68 98,7%
18 | LD02 | 6855 1 1 88 100%
19 | Y050 | 3888 2 1 58 99,2%

Céac hé gen sau khi duoc lap rap duoc chu giai chirc ning bang phian mém
Prokka. Két qua du doan va phan loai chitc ning protein theo nhém COG (Bang 3.3
va 3.4) cho thiy thanh phan cac nhém protein chtrc ning ctia cac chung khac nhau co
su twong dong kha cao. Tuy nhién, mot ty 1& dang ké protein duoc phat hién khong
xac dinh r0 chirc nang (thuoc nhém S) hoac chua dugc phan loai vao bat ky nhém
COG nao, chiém khoang 14-19% va 4-14% tong s protein, twong tng. Trong sb
nay ciing c6 thé c6 nhirng protein lién quan dén kha ning phan giai DDT va Lindane.
Ngoai ra, ddi voi nhém chiing c6 kha ning phén giai Lindane, dang chii y 14 hai ching
xa khuan A119 va LDO02 c6 s luong protein lién quan dén qué trinh chuyén hoa
carbohydrate cao hon so véi cac vi khuan con lai. Didu nay phan anh kha ning trao
d6i chat manh mé& cua xa khuan va cho thr?iy tiém ning hd tro cac vi khuén khi dugc

st dung phdi hop trong céc t6 hop ching.

Hai nhom con dudng dugce sir dung dé danh gia kha ning chuyén héa chung
va kha niang phan giai DDT va Lindane cta cac don chung lan luot 1a “Global and
overview maps” (cic con dudng trao ddi chit chung) va “Xenobiotics biodegradation
and metabolism” (cac con duong chuyén hoéa va phan giai cac chat kho phan hiy).

Dé so sanh muc d6 phong pht cac enzyme cé trong nhitng con duong trao dbi chét
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thudc vao hai nhém con dudng nay ctua cac don chuing, ban d6 heatmap duoc vé€ dya

vao sb lugng enzyme c6 trong cac con dudng chuyén héa (Hinh 3.1 va Hinh 3.3).

Céc con duong trao ddi chit duoc thé hién mot cach truc quan ¢ cac dang ban
d6 trao ddi chat khac nhau trong CSDL KEGG. Ban d6 “map01120: Microbial
metabolism in diverse environments” dwgc lwa chon trong nghién ctru ndy dé phan
tich cac con dudng trao doi chat dya vao cac enzyme chu giai tir genome cua cic
chung, do day 1a ban d6 trao ddi chat tong quat duy nhat co chira cac con dudng lién

quan dén DDT va Lindane.
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Bang 3.3. Két qua dw doan va phén loai chitc niing protein theo nhém COG cac chiing ¢6 kha ning phan giai DDT

Ghi chu: Str.m.. Streptomyces marianii; Str.n.: Streptomyces nojiriensis, P.lL: Pseudomonas lalkuanensis; P.a.: Pseudomonas
anuradhapurensis; P. nov.: Pseudomonas sp. nov.; P.p.: Pseudomonas putida; C.m.: Cupriavidus metallidurans; S.m.: Stenotrophomonas

maltophilia; P.n.: Pseudomonas nitroreducens

Ky hiéu Chirc nang cia nhom | Str.m. Str.n. P.l P.a. P. nov | Pp. Cm. | Sm. | S.m. | P.n.
nhém COG | chirc theo KEGG | DDT21 | DDT23 | PAM64 | PAM67 | T006 | TO87 | TN030 | Y042 | Y050 | Y077

Qua trinh xtr Iy va bién

A 5 RNA 5 5 ] ] 2 ] 0 2 2 2

B Cau tric va dong hoc 3 3 4 2 6 3 3 1 1 5
cua nhiém sac chat

C San xuat va chuyén| 5, 401 378 345 382 | 350 | 538 | 207 | 207 | 388
hoa nang lugng
Kiém soat chu ky té

D bao, phan chia e bao, | ¢, 91 52 52 51 50 | 55 a1 | a1 | 48
va phan chia nhiém sac
thé

E Vén chuyén va chuyén | o, 667 583 458 595 | 446 | 456 | 267 | 267 | 575
hoa axit amin

F Van chuyén va chuyén | - 177 118 152 126 | 143 | 129 85 85 | 119
hda nuclegtlde ,

G Van chuyén va chuyén | g0 442 189 232 242 | 200 | 225 | 162 | 162 | 233
hoa cacbohydrate

H Van chuyén va chuyén | 4 246 182 212 199 | 198 | 197 | 122 | 122 | 184
hda coenzyme

I Vén chuyén va chuyén | o, 366 291 168 309 168 | 310 145 | 145 | 310
hoa lipid
Dich ma, cau trac

J ribosome va sy hinh | 257 267 211 239 222 | 219 | 205 197 | 197 | 221
thanh ribosome

K Phién ma 1072 901 516 453 575 | 464 | 579 | 272 | 272 | 557
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Ky hi¢u Chirc nang cia nhom | Str.m. Str.n. P.L P.a. P. nov | P.p. C.m. Sm. | S.m. | P.n.
nhém COG | chirc theo KEGG | DDT21 | DDT23 | PAM64 | PAM67 | T006 | T087 | TN030 | Y042 | Y050 | Y077
L Sao chep, i tohop va | 5,0 333 190 169 150 | 162 | 257 | 136 | 137 | 150
stra chita DNA
M Sinh tong hop thanh (€ | ;¢ 305 274 335 335 | 307 | 372 | 274 | 274 | 307
bao, mang va vo té bao
N giaégang didong cia | o, 37 154 126 185 | 122 | 148 | 124 | 123 | 173
Bién doi sau dich ma,
0 luan chuyén va dieu |, 200 167 146 | 165 | 132 | 175 | 138 | 138 | 169
hoa protein
(chaperones)
p Van chuyén va chuyen | 54, 337 320 362 424 | 346 | 405 | 220 | 220 | 381
hoa ion vO co
Sinh téng hop, van
chuyén va di hoa céc
Q chit chuyén héa thi 378 375 198 135 202 | 127 | 225 89 | 89 | 197
cap
R Dy doan chic nang 0 0 0 0 0 0 0 0 0 0
chung
g;fga xac dinh chie | 330 | yes | o113 | 967 | 1166 | 909 | 1145 | 759 | 759 | 1129
T Co ché truyén tin higu | 554 466 351 284 374 | 256 | 237 | 218 | 217 | 363
Van chuyen ndi bao,
U bai t1et va van chuyén 99 90 169 111 168 116 197 159 159 154
thi tiét
v Co ché phong vé 201 162 66 51 63 53 58 69 | 6 | 67
w Cau trtic ngoai bao 1 1 0 0 1 0 0 4 4 1
Y Céu triic nhan té bao 0 0 0 0 0 0 0 0 0 0
z Khung xuong t€ bao |, 9 1 0 2 0 4 3 3 2
(bo xuong t€ bao)
Chua duge 1157 1059 326 287 305 | 276 | 389 | 282 | 282 | 294
phén loai
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Bang 3.4. Két qua dw doan va phan loai chitc niing protein theo nhém COG cac chiing c6 kha ning phén giai Lindane

Ghi chu: Str.k.: Streptomyces katrae; Str.w.: Streptomyces wuyuanensis; P.p.: Pseudomonas putida; P.k.: Pseudomonas kribbensis; Sph.mi.:

Sphingobacterium mitazuii; Sph.mu.: Sphingobacterium multivorum,; S.m.: Stenotrophomonas maltophilia

Ky hiéu Chirc nang cia nhom | Sw.k. | Strow. P.p. P.p. P.p. P.k Sph.mi. | Sph.mu. | Sph.mu. | S.m.
nhém COG | chiic theo KEGG A119 |LD02 | T069 | PAM65 | PAM66 | Y076 | Y027 | Y049 | Y052 | Y050

Qua trinh xir Iy va bién

A 35 RNA 5 3 0 1 1 1 0 0 0 2

B Cau truc va dong hoc | 5 3 3 3 3 3 2 2 2 I
cua nhiém sac chat

C San xut va chuyén héa | 59, 367 | 372 378 387 339 212 239 226 207
nang lugng
Kiém soat chu ky t€ bao,

D phan chia té bao, va| 86 87 57 54 50 60 35 35 29 41
phén chia nhiém sac thé

E Van chuyén va chuyén | oo, | 597 | 53 | 446 477 486 | 257 316 296 | 267
hoa axit amin

F Van chuyén va chuyén |, 126 | 136 147 144 155 78 104 88 85
hoa nucleqtlde

G Van chuyén va chuyén | 45, 440 | 268 218 228 260 234 352 331 162
hda cacbohydrate

H Van chuyén va chuyén | ), 199 | 205 201 203 211 159 173 168 122
hda coenzyme

I Van chuyén va chuyén | = 55 338 | 274 210 207 218 106 137 128 145
hoéa lipid
Dich ma, cau trac

J ribosome va suy hinh | 258 248 | 219 218 221 228 176 207 189 197
thanh ribosome
Phién ma 837 714 | 541 466 472 504 231 394 366 272

L Sao chép, téi 16 hop va | 54, 326 | 160 171 168 163 173 220 209 137
stra chirta DNA
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Ky hiéu Chirc nang cia nhom | Sw.k. | Strow. P.p. P.p. P.p. P.k. Sph.mi. | Sph.mu. | Sph.mu. | S.m.
nhém COG | chirc theo KEGG A119 |LD02 | T069 | PAM65 | PAM66 | Y076 | Y027 | Y049 Y052 | Y050
M Sinh tong hop thanh €| 5 Hgg | 330 | 3y 319 339 | 273 349 338 | 274
bao, mang va vo t€ bao
N g:)a ning di dong ciate | g 28 160 113 113 147 17 21 17 123
Bién doi sau dich ma,
0 luén chuyén va diduhoa | 189 214 160 130 129 156 114 164 154 138
protein (chaperones)
P Van chuyén va chuyén | - 5;g 317 | 412 381 389 394 262 352 339 220
hoa ion vO co
Sinh ) tong hop, van
Q chuyén va di héa cic| 338 281 188 146 143 162 57 71 67 89
chat chuyén hoéa thir cap
R Dy doan chic nang 0 0 0 0 0 0 0 0 0 0
chung
E;Ifga xac dinh chic |33 1 096 | 1130 | 1002 | 1007 | 1127 | 736 960 920 | 759
T Co ché truyén tin higu 464 444 317 292 290 325 136 229 216 217
Van chuyén ndi bao, bai
U tlet va van chuyén tai 82 76 178 107 109 181 82 96 95 159
tiét
3 Co ché phong vé 141 142 52 55 56 60 71 106 98 69
W CAu tric ngoai bao 1 1 0 0 0 0 0 2 2 4
Y Céu trac nhén té bao 0 0 0 0 0 0 0 0 0 0
z Khung xuong t¢ bao (b0 | 6 0 0 0 I I I I 3
xuong té bao)
Chua duge 1036 | 812 | 358 294 306 407 287 423 410 282
phéan loai
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Xét 10 chung c6 kha nang phan giai DDT, c6 thé thay ching xa khuan Streptomyces
marianii DDT21 ¢6 sb luong enzyme trong cac con dudng trao ddi chét 1a da dang nhit.
Cu thé, chung nay c6 848 enzyme thudc nhém “Metabolic pathways”, 341 enzyme thudc
nhom “Biosynthesis of secondary metabolites” va 257 enzyme thuoc nhom “Microbial
metabolism in diverse environments”, cao nhit trong sd cac chung khao sat (Hinh 3.1, phu
luc 2). Chung Cupriavidus metallidurans TN0O30 ciing dang duoc luu ¥ vi ¢6 sb luong
enzyme cao nhat & hai con dudng lién quan truc tiép dén phan giai cac hop chat chira
chlorine, gdbm 6 enzyme & con duong 1a “Chlorocyclohexane and chlorobenzene
degradation” va 4 enzyme & con dudng “Dioxin degradation”. Dbi véi cac chung
Pseudomonas sp. (PAM64, PAM67, T0O06, TO87 va Y077), mdc du nhin chung céc con
duong “global metabolic pathways” cua chiing c¢6 vé it da dang hon so véi DDT21, nhung
cac con dudng phan huy xenobiotics ciia chung lai da dang hon so voi DDT21 va c6 thé
dugc coi 1a twong ty nhu TNO30 (con duong ‘“chlorocyclohexane and chlorobenzene
degradation” ctia cac chung PAM64, PAMG67, T006, TO87 va Y077 lan luot 12 3,2,3,2 va
3). C6 thé thay rang cac ching Pseudomonas sp. ndy rat gidng nhau vé cac con dudng
chuyén hoa, dic biét 1 cac con duong lién quan dén qua trinh phan hay cic xenobiotics
nhu chlorideroalkane, chlorideroalkene, clorocyclohexane, chloriderobenzen, benzoate va
toluene, ¢6 lién quan dén qua trinh phan huy DDT. Pang chu y, hai chung 13 Pseudomonas
lalkuanensis PAM64 va Pseudomonas sp. nov T006 mang nhiéu con dudng phan hity
dioxin va con dudng phan huy xylene hon. Nhitng quan sat nay cho thay hai ching nay c6
kha nang phan huy DDT linh hoat va hi€u qua hon so véi cac chung Pseudomonas khéc.
Nguoc lai, hai ching Stenotrophomonas sp. (Y042 va Y050) dudng nhu c¢6 s luong con
duong “global metabolic pathways” ciing nhu con dudng phan hily xenobiotics it nhat
(phu lyc 2). Tuy nhién, ching sé hitu mot s gen mi héa mot sé enzyme ma cac ching
Pseudomonas kia khong co, chang han nhu carboxymethylenebutenolidase va haloalkane
dehalogenase (chi c6 & Stenotrophomonas maltophilia Y050) (Phu luc 2). C6 1€, nhiing
enzyme nay phan nao khién hai chiing Stenotrophomonas trd nén doc déo trong birc tranh

téng quat vé phan hity sinh hoc DDT.
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Hinh 3.1. Ban d6 heatmap so sanh d¢ phong phi tuwong débi trong 50 lwgng enzyme

& mot s6 con dwdng trao ddi chit & cac don chiing phan giai DDT trong nghién ciru.

Ghi cha: Gia tri 16n nhat trong mdi nhém dugce tinh 14 100%, gid tri bé nhat dugc tinh 1 0%.
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Hinh 3.2. Ban @6 chuyén héa ly thuyét ciia mot s6 don chiing phan giai DDT trong nghién ctru.

Ghi chu: Xanh duong: cac con duong phan hiy chloroalkane va chloroalkene; Pd: cac con duong phan huy chlorocyclohexane

chlorobenzene; Xanh la: cac con duong phan huy dioxin; Pen: cac con dudong chung
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Xét 10 ching c6 kha ning phan giai Lindane, c6 thé thdy hau hét cac ching nghién
ctru déu co cac con duong trao dbi chat co ban kha toan ven. Trong d6, boén chung
Pseudomonas sp. (T069, PAM65, PAM66 va Y076) c¢6 luong enzyme phong pha nhat
trong sb cac chung duoc chon (Hinh 3.3, phu luc 4).
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Hinh 3.3. Ban d6 heatmap so sanh d¢ phong phi tuwong débi trong 50 lwgng enzyme
& mot s6 con dwdng trao ddi chit & cac don chiing phan giai Lindane trong nghién

curu.
Ghi cht: Gia tri 1én nhat trong mdi nhoém duoc tinh 13 100%, gi tri bé nhét dugc tinh 13 0%.

Pang cha ¥, Pseudomonas putida T069 co s6 lugng enzyme cao nhit trong cac con
duong phan huy chlorocyclohexane va chlorobenzene, voi 4 enzyme dugc ghi nhan. Céc

chung Streptomyces katrae A119 va Streptomyces wuyuanensis LD02, mac du khong co

84



s6 lwong enzyme 16n nhat, nhung ¢ sy da dang cao nhat vé cac con dudng chuyén hoa so
v6i cac chung khac (Hinh 3.3, phu luc 4). Hon nita, cac chung nay c6 ning luc trao d6i
chat da dang hon dang ké so v6i cac chung khac vé chuyén héa axit amin, chuyén hoa
carbohydrate va sinh tong hop cac chit chuyén hoa thir cip ciing nhu cac qua trinh di hoa
khac (Phu luc 4). Nhitng quan sat nay cho thiy tiém ning bd sung cua cac chung
Streptomyces sp. cho cac chung vi khudn khac trong viéc phan hay Lindane. Pdi véi cac
chiung con lai, ba chung Sphingobacterium sp. (Y027, Y049 va Y052) va
Stenotrophomonas maltophilia Y050 s¢ hitu sd luong enzyme it nhat (phu luc 4). Tuy
nhién, Sphingobacterium mizutaii Y027 va Stenotrophomonas maltophilia Y050 van s&
hitu s6 lwong cac con dudng chuyén hoa gan bang v6i Pseudomonas putida T069, chung
c6 bd gen phong phu nhat. Pang chu v, Stenotrophomonas maltophilia Y050 1a chung vi
khuan duy nhat mang enzyme haloalkane dehalogenase - mot loai enzyme phan hiy cac

co chit twong ty nhu Lindane.
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Hinh 3.4. Ban d6 chuyén héa 1y thuyét ciia mét sé don chiing phan giai Lindane trong nghién ctru.

Ghi cht: Xanh duong: cac con duong phan huy chloroalkane va chloroalkene; Po: cac con duong phan huy chlorocyclohexane va

chlorobenzene; Xanh l4: cac con duong phan huy dioxin; Pen: cac con duong chung
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3.1.2 Chon tao to hop chiing thong qua du doin twong tic dua trén phan tich

genome

bé du doan tuong tac gitra cac don chung, ban do trao doi chat cua tung cap hai
don chung dugc doi sanh véi nhau dé theo doi su bo tro cua cac con dudong. Hai nhdém con
duong goém “Chlorocyclohexane and chlorobenzene degradation” va “Dioxin

degradation” dugc lua chon.

STT| KO | Gene | Enzyme
L Phiin huy Dioxin
_5 1|K01666 |mhpE 4-hydroxy 2-oxovalerate aldolase
2|K01821 |praC 4-oxalocrotonate tautomerase
3|K02554 [mhpD 2-keto-4-pentenoate hydratase
4I 4|K04073 [mhpF acetaldehyde dehvdrogenase
] 0 Piiin hiy Chiorocychloridehexane va chlorobenzene
'11 2 5|K01061 carboxymethylenebutenolidase
— 6|K01560 2-haloacid dehalogenase
K01561 |dehH haloacetate dehalogenase

K01563 |dhad haloalkane dehalogenase

{( muconate cycloisomerase
catechol 1.2-dioxygenase
tetrachlorobenzoquinone reductase

9 NAE R
-1
g 5
e
5
R
11 4 SI l
L 5 6,7
0 =L
-_ - 8
10 "9

Hinh 3.5. Chu thich nhirng gen va enzyme twong rng ctiia nhirng chiing nghién ciru
c6 tham gia vao hai con dwong “Chlorocyclohexane and chlorobenzene

degradation” va “Dioxin degradation” theo dir li€u KEGG

3.1.2.1 Cic to hop chiing ¢é kha ning phan giai DDT

Khi xét dén nhiing chung c6 kha niang phan giai DDT tot nhat, chung Cupriavidus
metallidurans TN030 dang dugc luu ¥ vi ¢6 s6 luong enzyme thudc hai nhom con dudng
“Chlorocyclohexane and chlorobenzene degradation” va “Dioxin degradation” cao nhit;
hai nhém con dudng nay lién quan dén viéc phan giai cac hgp chat c6 vong chira chloride,
ciu trac rat gan gili voi DDT (Hinh 3.1). Viéc s& hitu nhiéu enzyme trong hai nhém con
duong nay cho thiy Cupriavidus metallidurans TNO30 c6 tiém ning phan giai hiéu qua
DDT, va nén duoc chon lwa dua vao cac to hop ching. Bén canh d6, chiing Streptomyces
marianii DDT21 ¢6 sb luong enzyme trong cac con dudng trao doi chat 1a da dang nhét,

thé hién & sd lugng enzyme cao trong cac nhom con duong chung nhu “Metabolic
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pathways”, “Biosynthesis of secondary metabolites”, “Microbial metabolism in diverse
environments” va mot sé nhom con dudng phan giai cac xenobiotics (Hinh 3.1). Cac két
qua phan tich tong hop (Hinh 3.5 va Hinh 3.6) cho thdy ngoai 1 s6 con dudng chung thi
chung TN030 c6 thém mot s6 enzyme nhu muconate cycloisomerase (dudng (9) mau do
Hinh 3.5) va 4-oxalocrotonate tautomerase (duong (2) mau xanh Hinh 3.5) 1a nhiing
enzyme tham gia vao con dudng phan giai nhitng hop chét chira chloride. Dong thoi, sy
két hop hai chung nay mang lai sy da dang trao doi chat hon nhiéu, do d6 ma ching dugc

lwra chon 1am trung tAm cho céc t6 hop ching.

Ngoai ra, cac ching Pseudomonas c6 tiém ning hd trg Streptomyces marianii
DDT21 va Cupriavidus metallidurans TN0O30 trong cac t6 hop do tinh linh hoat chuyén
hoa cua cac loai Pseudomonas. Trong 5 chung thudc chi Pseudomonas dugc tuyén chon,
dua vao sd luong cac enzyme chil giai tir KEGG va két qua vé kha ning sinh enzyme oxy
hoa, enzyme loai chloride va kha nang sinh biosurfactant (Phu luc 6) thi chung
Pseudomonas putida T087 dugc nghi ngo 13 mot loai méi va ban d6 chuyén hoa cia nod
duong nhu la don gian nhét. Do do, 4 chung Pseudomonas con lai (PAM64, PAM67, T0O06
va Y077) duoc lya chon dé xay dung t6 hop chung. Trong s hai chung Stenotrophomonas
maltophilia Y042 va Stenotrophomonas maltophilia Y050 thi chung Y042 duoc lya chon
vi ¢6 kha ning sinh enzyme oxy héa vuot trdi hon va da dang hon & mét s6 con duong

trao doi chat (Phu luc 6).

TNO30+DDT21  ___ _/ =
—t— = | , ] o=
— L1 | A EHpcD |
| ’élf JL = =
B TND30 — = - T ‘
W DDT21 ] [ j—J_i
M Con duéng chung . | =i
A Hi e

] 4

Hinh 3.6. Bin d6 tong hop cic con dwong trao déi chit cia DDT21 va TN030.

Ghi cha: Con dudng dic trung ciia mdi chung dugc danh dau bang mau riéng. Nhiing con duong

bbi d4m 13 nhitng con dudng lién quan dén phan hity Chlorocyclohexane, chlorobenzene va dioxin
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Ké thira két qua nghién ctru trude, hai chung Pseudomonas sp. nov. T006 va
Pseudomonas nitroreducens Y077 1a hai chung don 1¢ c6 kha nang phan huy DDT, sinh
chat hoat dong bé mat sinh hoc cling nhu hoat dong ctiia enzyme oxy hoa va enzyme loai
chloride manh m& (Phu luc 6, [9, 116]). Do dé, hai t6 hop ba chung di duoc thiét ké bang
cach chi két hop mot trong hai chung don 1é ndy vé6i cac ching trung tim Streptomyces

marianii DDT21 va Cupriavidus metallidurans TNO30.

Ngoai cac t6 hop ba chung, diéu can thiét 1a phai nghién ctru xem viéc sit dung
nhiéu ching Pseudomonas hon trong cc to hop c6 thé mang lai nhiéu tiém ning hon cho
cac to hop hay khéng. Xét hai chung Pseudomonas sp. nov. TO06 va Pseudomonas
nitroreducens Y077 c¢6 thé thdy cic con duong chuyén héa cta chung thyc sy rat giong
nhau (xem céac ban dd chuyén hoa ¢ Phu luc 14 va Phu luc 15). Tuong tu nhu vay véi hai
chung Pseudomonas lalkuanensis PAM64 va Pseudomonas anuradhapurensis PAM67
(Phu lyc 12 — Hinh 3.2C). Do viy, dé t6i wu kha ning b tro cua cac té hop, PAM64 va
PAMG67 s& khong c6 mit trong ciing mot t6 hop; twong tu nhu vay véi TO06 va Y077,

Chung Stenotrophomonas maltophilia Y042 dugc dy doéan s€ lam tang tinh da dang
chuyén hoa néu dugc bd sung vao t6 hop. Cac loai Stenotrophomonas spp. ciing duoc biét
1a c6 kha nang phan hity DDT t6t [85]. Trén thuc té, su két hop cua Stenotrophomonas
maltophilia Y042 véi to hop bon ching (DDT21, TN030, T006 va PAM64) (Hinh 3.7A)
cung cip su bod sung cho mot sé con duong chuyén hoa, chang han nhu cac con duong
phan hity pinene va geraniol, mot s6 con duong chuyén hoa axit amin va con duong chuyén
hoa pyruvate. Sy két hop ciing mang lai su b6 tro cho cac con dudng trao d6i chét trung
tam, chang han nhu modt budc trong qua trinh phan giai glucose/tao glucose mai do
glucose-1-phosphatase thyc hién va mot budc trong qua trinh chuyén hoa fructose va
mannose do 2-dehydro-3-deoxy-L-rhamnonate dehydrogenase thuc hi¢n. Sy da dang céc
con duong chuyén hoa trung tdm s& gitp cho viéc phan giai cac chat duoc dién ra triét dé
hon va gitp cac chat khoang héa nhanh hon. Hon nita, su da dang nay ciing c6 nghia 13
tinh linh hoat trao d6i chit cua céc to hop ching s& cao hon, qua dé sé& ting kha ning thich

nghi va thé hién hoat tinh ciia cac t6 hop khi duoc sir dung ngoai thuc dia.
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Hinh 3.7. Ban dd chuyén héa khi két hep cac don chiing phan giai DDT thanh cac t6 hop khac nhau

Ghi chu: A: (HD1 - DDT21, TN030, T006, PAM64, Y042); B: (HD4 - DDT21, TN030, Y077, PAM67, Y042); C: (HD7 - DDT21, TN030, Y077,
PAMG64); D: (HD10 - DDT21, TN030, Y077); Bo- TN030; Xanh la — DDT21; Xanh da troi — Y077; Xanh nudc bién — T006; Vang — PAM64; Cam —
PAMG67; Hong — Y042; Pen — Con dudng chung. Nhitng con dudng boi ddm 1a nhimg con dudng lién quan dén phan hay Chlorocyclohexane,

chlorobenzene va dioxin
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Duya trén cac phan tich va dy doan tuong tac néu trén, két hop véi hoat tinh sinh
enzyme oxy hoa, hoat tinh loai chloride, kha ning sinh biosurfactant va tinh tinh di khang
ctia cac don ching (Phy luc 6 va Phy luc 7), 10 to hop chung phan giai DDT tiém ning
nhit dugc dé xuit thir nghiém (Bang 3.5).

Bang 3.5. Cong thirc cac t6 hop phan giai DDT tiém ning dwgce dé xuit dwa

trén twong tac gitra cac don ching

STT Tén Thanh phén vi sinh vat

I HD1 DDT21, TN030, T006, PAM64, Y042
2 HD2 DDT21, TN030, T006, PAM67, Y042
3 HD3 DDT21, TN030, Y077, PAM64, Y042
4 HD4 DDT21, TN030, Y077, PAM67, Y042
5 HD5 DDT21, TN030, T006, PAM64

6 HD6 DDT21, TN030, T006, PAM67

7 HD7 DDT21, TN030, Y077, PAM64

8 HDS DDT21, TN030, Y077, PAM67

7 HD9 DDT21, TN030, T006

10 HDI10 DDT21, TN030, Y077

3.1.2.2 Cic to hop chiing ¢é kha ning phan giai Lindane

Khi x4y dung cac cong thirc to hop, yéu td dau tién 1a tinh ddi khang duoc xem xét.
Duya vao nhitng nghién ctru trudce, chung Pseudomonas kribbensis Y076 bi khang boi
chung Sphingobacterium multivorum Y049, Sphingobacterium multivorum Y052,
Streptomyces wuyuanensis 1LD02; chung Sphingobacterium mizutaii Y027, Streptomyces
katrae A119 bi khang bdi chung Pseudomonas kribbensis Y076. Cac ching con lai khong
dugc quan sat thdy co su d6i khang 1an nhau. Do d6, chung t6i quyét dinh khong sir dung

Y076 trong cac t6 hop ching (Phu luc 8) [2].

Ngoai ra, nhu da trinh bay trong muc 3.1.1, chung Pseudomonas putida T069 dugc
xéac dinh 1a ching c6 kha ning chuyén hoa phong phu nhét, bao gdm ca cac con duong

trao doi chat pho bién va cac con duong lién quan dén phan hity sinh hoc cac hop chét
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xenobiotic. Pong thoi, chung nay ciing so hitu sé luong enzyme lién quan cao nhat. Véi
dic diém ndi bat do, Pseudomonas putida T069 dugc lya chon lam chung trung tdm trong
qua trinh x4y dung céc t6 hop vi sinh. Bén canh d6, chung xa khuan Streptomyces katrae
A119 thé hién cic con dudng trao d6i chat da dang va c6 nhiéu con dudng khac biét so
v6i cac ching vi khuén con lai, bao gdm ca Pseudomonas putida T069. Do c6 tiém ning
b6 tro 1an nhau vé mat trao doi chat, hai chung T069 va A119 dugc lya chon lam thanh
phan cbt 15 trong cac t6 hop khi xay dung. C6 thé thiy, khi két hop cac ban dd chuyén
hoéa ctia hai chiing A119 va T069, cac chiing nay bo sung cho nhau trong mét s con dudng
chuyén héa cac hop chat chira chloride nhu ching Pseudomonas putida T069 c6 mot sb
enzyme nhu carboxymethylenebutenolidase, muconate cycloisomerase, catechol 1,2-
dioxygenase va tetrachlorobenzoquinone reductase; trong khi d6 chung Streptomyces
katrae A119 c6 enzyme nhu haloalkane dehalogenase (Hinh 3.8). Ngoai ra, hai chung
cling bd trg cho nhau trong nhiéu con dudng chang han nhu cac con duong chuyén hoa
cacbon, nhu con dudng pentose phosphate hodc cac con dudng chuyén hoa xenobiotic,
nhu con duong phan huy benzoate (Hinh 3.8). Vi duy, trong con duong phan hity benzoate,
chung A119 sé hitu enzyme 2-aminobenzoate-CoA ligase dé san xuat anthranilate, c6 thé

dugc enzyme catechol 1,2-dioxygenase cua T069 sur dung.
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Hinh 3.8. Bin d6 tong hop cic con dwong trao doi chit ciia A119 va T069.
Ghi cha: Con dudng dic trung ciia mdi ching duoc danh dau bang mau riéng. Nhiing con duong

bdi dam 14 nhitng con dudng lién quan dén phan huy Chlorocyclohexane va chlorobenzene
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Pé tang thém tinh da dang vé mat trao ddi chat cua cac t6 hop can xdy dung, cac
chung tiém ning khac d duoc chon dé két hop voi hai ching trung tdm. Trong sd hai
chung Pseudomonas putida PAMG65 va Pseudomonas putida PAM66 thi ching
Pseudomonas putida PAM66 c6 mot sb enzyme doc ddo nhu con duong phan huy 2-
hydroxy-6-oxonona-2,4-dienedioate hydrolase trong cac hop chat thom hoic cic enzyme
khac lién quan dén cac con duong trao doi chat, bao gdm chuyén hoa luu huynh, chuyén
hoa metan, phan huy furfural hodc cidc con dudng phan huy pinene va geraniol. Do do,
Pseudomonas putida PAM66 dugc lya chon dé dua vao xay dung td hop do tinh uvu viét

cua no trong su da dang vé cac con duong trao doi chat.

Ngoai ra, xét 3 chung Sphingobacterium thi chung Sphingobacterium mizutaii
Y027 duge lwa chon do c6 sb luong con dudng chuyén hoa cao va kha nang sinh hai loai
enzyme oxy hoa va loai chloride déu & muc tét (Phu luc 6). Chi Stenotrophomonas véi dai
dién 1a chung Stenotrophomonas maltophilia Y050 ciing dugc liwa chon do chira mét sb

enzyme doc dao co thé 1am ting do da dang trao d6i chat ctia to hop da chung.

Sau qua trinh chon loc néu trén, ndm chuing vi sinh vat dugc chon (T069, A119,
PAMG66, Y027 va Y050) di duoc két hop dé tao thanh 10 t6 hop vi sinh vat (Bang 3.6).
Hai ching trung tdm T069 va A119, da duoc két hop véi timg ching hd trg (PAMG6,
Y050 va Y027) dé tham do kha ning bd sung ctia cic chung nay. Ngoai ra, to hop bén
chung va nim chung chira hai chiing trung tdm va hai ching hd trg dé kiém tra tinh b
sung cua mdi ching hd trg véi cac ching hd trg khac va véi cac chung trung tam. Vi dy,
bd sung Stenotrophomonas maltophilia Y050 trong t6 hop bbén chung chira Pseudomonas
putida T069, Streptomyces katrae A119 va Pseudomonas putida PAM66 c6 thé hoan
thanh mot s6 con dudng lién quan dén chuyén hoa trung tdm va chuyén hoa tyrosine (Hinh
3.9B). Ngoai ra, ba t6 hop chi chtra cac chung vi khuan ciing di dugc xay dung dé nghién
clru cac tuong tac chuyén hoa khi chung xa khuan A119 khong c6 mat (Hinh 3.9A). Trong
mdi t6 hop ndy, PAM66 dugc thém vao dé ting tinh da dang vi ddy 1a mot trong nhiing
chung ¢ nhiéu chuyén hoa nhét, do d6 c6 kha ning cai thién tinh linh hoat vé chuyén hoa

cua cac to hgp nay.
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Hinh 3.9. Bin d6 chuyén héa khi két hop cac don chiing phan giai Lindane thanh cac t6 hop khac nhau

Ghi cha: A: (HH1:A119, T069, PAMG66);, B: (HH4:A119, T069, PAM66, Y050); C: (HH7:A119, PAM66, T069, Y050, Y027); D:
(HH10:T069, PAM66, Y050, Y027). Vi mdi mau sdc dai dién A119 —do ; T069 — Xanh duong ; PAM66 — Xanh 14 ; Y050 — Vang ; Y027 :

Tim va Den - con dudng chung. Nhitng con dudng boi ¢am 1 nhimng con duong lién quan dén phan hity Chlorocyclohexane va chlorobenzene
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Dua trén cac phan tich va du doan tuong tac néu trén, két hop voi hoat tinh
sinh enzyme oxy hoa, hoat tinh loai chloride, kha nang sinh biosurfactant va tinh tinh
d6i khang ciia cac don ching (Phu luc 6 va Phy luc 8) 10 t6 hop ching phan gidi

Lindane tiém ning nhit dugc dé xuit thir nghiém (Bang 3.6).

Biang 3.6. Cong thirc cc to hop phan giai Lindane tiém ning dwogc dé

xuit dwa trén twong tac giita cac don chiing

STT Tén Thanh phan vi sinh vat
1 HH1 T069, A119, PAM66
2 HH2 T069, A119, Y050
3 HH3 T069, A119, Y027
4 HH4 T069, A119, PAM66, Y050
5 HH5 T069, A119, PAM66, Y027
6 HH6 T069, A119, Y050, Y027
7 HH7 T069, A119, PAM66, Y050, Y027
8 HHS T069, PAM66, Y050
9 HH9 T069, PAM66, Y027
10 HH10 T069, PAM66, Y050, Y027

3.1.3 Nghién ctru danh gia hi¢u qua phan giai DDT va Lindane ciia cic to hop

chiing va danh gia cac dic tinh lién quan dén kha ning ing dung thyc té
3.1.3.1 Khio sit kha niing phan giii DDT ciia cac to hop chiing dé xuit trong

cic moi truong khac nhau

Hiéu qua phan gidi trong moi truong long

Trong méi trudng 1ong, hidu qua loai bé DDT ctia t6 hop cao hon mot chiit so
v6i cac ching riéng 1¢, nhin chung khoang 10% (Hinh 3.10). Céc t6 hop c¢6 kha ning
phan hity DDT t6t hon trong méi truong 1ong sau mét tuan la HD2, HD4, HDS, HD6
va HD10 (Hinh 3.10A), va cac t6 hop sau 2 tuan 1a HD1, HD2, HD3, HD8 va HD10
(Hinh 3.10B). Két qua cho thiy cac ching trong t6 hop c6 thé di c6 twong tac bd sung
trong qua trinh phan hay DDT nhu dy doan tir két qua khai thac bo gen, nhung chiing
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khong phat huy nhitng twong tac d6 mot cach manh mé trong mdi trudng 1ong, co thé
1a do chiing khong tiép xtic gin véi moi trudng nhu vay. Trong méi trudng 10ng, ngay
ca khi 1 lic, DDT van c6 thé tach khoi pha nudc, do d6 vi sinh vat kho tiép can va
cac tuong tic bd sung cta chiing cling ¢ thé khong gitip ich nhiéu.
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Hinh 3.10. Ty 1& phin trim chénh 1éch vé hiéu qua phan giai DDT giira cac to

hop chiing va cic don chiing thanh phin theo thoi gian & méi trudong léng

Hiéu qud phdn gidi trong méi trwong bdn rin

Trong mdi trudng ban ran, hiéu qua loai bd DDT cua cac t6 hop cao hon dang
ké so véi cac chung don 1é, 1én dén khoang 40% (Hinh 3.11). Céc t6 hop ciing phan
huy DDT t6t trong moi truong ban ran sau 2 tuan. So véi trong moi trudng 1ong, hidu
qua phan hiy DDT cua cac to hop chung trong méi trudng ban ran 13 dang ké va c6
su khéac biét rd rét giira cac to hop khac nhau. Cac t6 hop ndi bat vé hiéu qua phan
hay DDT trong méi trudng ban rin bao gdom HD1, HD3, HD4 va HD7.
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Hinh 3.11. T¥ 1& phin trim chénh 1éch vé hiéu qué phan giai DDT giira cac t6

hop chiing va cic don chiing thanh phén theo thoi gian & méi trudng ban rin
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Hiéu qud phdn gidi trong moi trwong rdn

Dbi v6i moi truong ran, kha nang phan huy DDT cua to hop khong tt bang
cac chung don 1é sau 1 tuan (Hinh 3.12) nhung tré nén cao hon nhiéu so véi sau 2
tuan, hon 20% (Hinh 3.12). Nhin chung, sau 2 tudn, cac t6 hop cho thy hiéu qua loai
b6 t6t hon (so voi cac chung don 1) 1a HD1, HD4, HD7 va HD10.

Trong méi trudng ran, vi khuan thuong can nhiéu thoi gian hon dé thiét 1ap su
tuong tac, do phai lan rong va san xuét cac hoa chit ngoai bao nhim tao diéu kién
cho cac qué trinh trao d6i. Vi mat do té bao ban dau trong ca cac nudi cdy don va to
hop duoc bé tri gan nhu twong duong, nén mat do cia tig chung trong to hop thap
hon so v&i khi nudi cdy riéng 1¢. Hiéu suat phan giai DDT ciia cac chung vi khuan
cling khong dong nhat. Do d0, trong tuan dau tién, khi sy tuong tac giira cac ching
trong hé t6 hop van con han ché, cac nudi cay don 1¢ thé hién kha ning phan huy
DDT t6t hon nhd mat d6 té bao cao cua ting chung. Nguoc lai, dén tuan tht hai, khi
su phat trién va phdi hop giita cac chiing trong to hop trd nén rd rét, hiéu qua phan
huy DDT dugc cai thién va vuot trdi hon so voi cac ching riéng 1€. Du chua c6 cong
trinh ndo dugc cong bd vé phan huy sinh hoc trong hé t6 hop dé ddi chiéu truc tiép,
mot s6 nghién ciru di cho thiy rang trong moi trudng rin, qua trinh phan hay thuong
khoi dau cham nhung lai ¢6 xu hudng hoan tat nhanh hon & giai doan sau so véi moi

truong 16ng [41] [75].
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Hinh 3.12. Ty 1¢ phan trim chénh 1éch vé hiéu qua phan giai DDT giira cac to
hop chiing va cac don chiing thanh phin theo thoi gian & méi trwomg rin
Téng hop cac két qua co thé thiy, nhin chung, cac t6 hgp ching thé hién kha

nang phan huy DDT cao hon so véi cac chung don 1€. Su khac biét nay dac biét 1o
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trong mdi truong ran, va ndi bat nhat & dicu kién ban ran. Mot nguyén nhan cé thé
xuat phat tir ddc tinh ki nudc ctia DDT, khién hop chét nay dé bj hap phu 1én bé mat
chét rin — trong trudng hop nghién ctru nay 1a agarose. Khi dd bam 1én bé mit, DDT
tré nén sén sang hon cho vi sinh vt tiép can va phan giai nho cac enzyme ngoai bio,
ddng thoi qua trinh nay c6 thé duoc ting cuong thong qua trao d6i chit giita cac
chung. Tuy nhién, trong méi truong ran, vi sinh vt thuong can nhiéu thoi gian hon
dé phat trién, lan toa va tiét enzyme so v6i trong méi trudong ban ran. Diéu nay c6 thé
giai thich vi sao t6 hop vi sinh dat hiéu qua phan giai DDT cao nhét trong diéu kién
ban rin. Két qua ndy ciing mang y nghia thuc tién, bdi mdi trudng ban ran co dic
diém tuong dong hon cé vai diéu kién dat ty nhién.

3.1.3.2 Khio sit kha niing phan giii DDT ciia cac to hop chiing dé xuit trong

cac diéu kién thuec té khac nhau

Tir cac két qua trinh bay & trén, 5 t6 hop c6 kha ning phan giai DDT tot nhat
l1a HD1, HD4, HD5, HD7 va HD10 dugc lua chon dé nghién ctru tiép. Cu thé, cac
diéu kién thuc té anh huong dén kha ning phéan giai DDT cua cac td hop nay duoc

khao sat.

Xét vé& anh hudng cua nhiét do, cac to hop c6 kha nang phan huy DDT & phd
nhiét do rong tir 10 - 40°C (Hinh 3.13A). Khoang nhiét d0 cho hoat tinh loai chloride
cao nhat 13 tir 25 - 30°C. Két qua nay cho thay, c6 1& kha ning tuong tac cta cac chung
v6i nhau da giup ting cudng tinh linh hoat ciia cac ching, qua d6 cho phép cac to
hop thich nghi tét hon véi nhiét do thay d6i. Cac td hop ndy sé& c6 nhimng loi thé thuc
té khi duoc sir dung & nhitng khu vuc c6 diéu kién khi hau khic nghiét, noi nhiét 6

dudi 10°C vao muia dong hodc trén 40°C vao mua hé nhu mién Trung ctia Viét Nam.

V& anh hudng cua pH, két qua (Hinh 3.13B) cho thay cac to hop duoc nghién
ctru c6 kha ning loai chloride t6t & pH 5-9, va pH tdi uu chu yéu 1a 7. Tuy nhién, cé
mot sb truong hop ngoai 1€, chéng han nhu HD5 loai chloride nhiéu nhit & pH9 hodc
HD4 hoat dong t6t nhat & pHS. Cac két qua nay 1a kho 1y giai, ciing c6 thé 1a do tuong
tac gitra cac chiing trong cac t6 hop do, cho phép thich tmg tot hon voi cac pH . Pang

chu ¥, HD10 c6 hoat tinh loai chloride tét trong phd pH rong tir 3-11. Diéu tha vi 13
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t6 hop nay chi bao gdm ba chung (Streptomyces marianii DDT21, Cupriavidus
metallidurans TNO30 va Pseudomonas nitroreducens Y077). Co 1& sy két hop cia
chi 3 chung nay 1a du dé dam bao kha nang thich nghi tot v&i sy thay doi pH. Cac chi
Streptomyces, Ralstonia va Pseudomonas dugc biét 13 c6 kha ning sinh trudng va

hoat dong trong pham vi pH rong [64].

Mot yéu t6 khac anh huong dén hiéu sudt phan giai DDT cua to hop 1a céac
chat dinh dudng, bao gdm ngudn cacbon va ngudn nito. Khi khao sat viéc bd sung
céc nguon cacbon bo sung khac nhau, cac to hop hoat dong khac nhau. Két qua thu
dugc cho thay, cac t6 hop c6 xu hudng loai bo chloride tét hon khi dugc bd sung
phenol hodc duong don, chﬁng han nhu galactose va fructose, so véi khi dugc bd
sung cac loai dudng phirc tap khac. Khi stir dung phenol 1am ngudn cacbon b sung,
hoat dong manh ctia cac t6 hop cho thdy chiing c6 kha ning phan huy cac hop chat
thom tot. Piéu nay c6 thé lién quan dén tiém niang phan huy DDT tét cta cac chung
riéng 1é. V& kha ning phat trién voi cac ngudn cacbon khac nhau, chung ta c6 thé
théy réng cac to hop HD7 va HD10 thé hién hoat dong loai chloride tich cuc va linh
hoat nhat véi cic ngudn cacbon bd sung da dang (Hinh 3.13C). Tét ca cac to hop nay
déu chtra ba chung DDT21, TN030 va Y77, va c6 18 sy twong tac giita cac ching nay
1a 1y do khién cac to hop thich nghi tot hon véi cac ngudn cacbon khac nhau. Pang
cha ¥, ba t6 hop nay (HD7, HDS va HD10) ciing cho thay kha ning linh hoat hon so
v6i cac t6 hop khac khi tiép nhan cac ngudn nito khac nhau (Hinh 3.13D), mic du
duong nhu tit ca cac t6 hop con lai déu co thé sir dung cac ngudn nito bod sung
(peptone, glycine — mot axit amin dé s dung, ammonium citrate, nitrate va
ammonium sulfate — nhitng ngudn nito ma vi sinh vat thuong d& sir dung). Ngoai ra,
céc to hgp HD2, HD6 va HD9 ciing thé hién hoat tinh phan giai DDT t6t v6i cac
ngudn nito khac nhau (Hinh 3.13D).
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Hinh 3.13. Anh huéng ciia diéu kién méi truwong dén hoat dong loai chloride

cuia cac ching vi sinh vat phan hiy DDT dwgc xay dung

Ghi cht: A: nhiét d9; B: pH; C: nguén cacbon; D: nguén nito; E: néng dd chat 6 nhiém; G:

ty 1& nguyén td vi lugng; H: ty 18 tiép gidng

Anh huéng cia ndng do DDT dén hoat tinh loai chloride ctia cac t6 hop ciing
dugc khao sat vi ddy 1a mot yéu té quan trong quyét dinh tiém ning ting dung cia
chung trong thyc té [85]. Két qua (Hinh 3.13E) cho thiy, nhin chung, téc d6 loai bo
chloride cua cac to hop giam khi ndng ¢6 DDT ban dau ting. Diéu nay 1a cé thé 1y
giai dugc vi khi ndng d6 DDT ting, cudng d6 trao d6i chit cua vi sinh vat ciing ting
1én do DDT c6 thé déng vai trd 13 ngudn cacbon va ning luong; tuy nhién nong do

DDT qua cao c6 thé giy trc ché hoat dong cua vi sinh vét [85]. Trong s cac t6 hop
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duoc thtr nghiém, HD10 thé hién kha nang loai chloride tdt & céac néng do DDT khac
nhau, nghia 12 n6 van loai bo chloride & mirc dang ké ngay ca khi ndng do DDT cao
(6 muc 20-30 mg/L). Pang cht y 13 t6 hop nay ciing thich nghi t6t nhat voi cac mic
pH khac nhau, nhu d3 thao luan & trén. Thuc té, qua trinh loai chloride thudng di kém
v6i sy giai phong HY, dan dén giam pH moéi truong [30]. Vi vdy, cac t6 hop chung
nao c6 kha ning thich nghi tot hon véi su thay d6i pH thudng ciing c6 kha ning thich

nghi t6t hon véi cac ndng d6 DDT khac nhau.

Ty 1& cac nguyén t6 vi lugng bo sung vao mdi truong nudi cdy ciing 1a yéu td
quan trong cho sy phat trién va hoat tinh cta vi sinh vat [70]. Két qua danh gia anh
huong ciia yéu té nay (Hinh 3.13G) cho thay cac t6 hop HD4, HD7va HD10 duy tri
hoat tinh loai chloride 6n dinh véi cac muc khoang vi lugng khac nhau. Hon nira,
viéc bd sung khoang 0,1 - 0,5% nguyén to vi luong vao méi trudng nudi cay nhin
chung phul hop véi tat ca cac to hop, trong khi viéc bo sung qua nhiéu cé thé we ché

mot sb t6 hop.

Ché pham vi sinh dugc coi 1a ¢ hiéu qua Gmg dung thuc té cao hon khi duoc
st dung véi ty 18 tiép gibng thap. Do d6, hiéu qua phan giai DDT cua cac t6 hop
chung duoc khao sat & cac ty 18 tiép gidng khac nhau. Két qua (Hinh 3.13H) cho thiy,
nhin chung, khi tang ty 1¢& tiép gidng tir 5% dén 20%, kha ning loai chloride ciia mbi
t6 hop déu ting dan.

Tong hop tat ca cac két qua néu trén, c6 thé thdy HD4 va HD7 1a nhirng t6 hop
vira ¢6 kha nang phan hay DDT hiéu qua vira thich tng vé6i cac diéu kién thuc té da
dang. Nhiing wu thé nay c6 thé 1a do su tuong tac giita cdc chung vi khuan trong cac
t6 hop d6. Pang chu ¥, trong ca 2 t6 hop d6, ngoai hai chiing trung tim Streptomyces
marianii DDT21 va Cupriavidus metallidurans TNO030, con cé su xuét hién cla
chung Pseudomonas nitroreducens Y077. Can luu ¥ rang Pseudomonas 1a mot chi
bao gé)m céc vi khuan co thé hoat dong manh mé va linh hoat trong céc diéu kién méi
truong khac nhau [105]. Khi phan tich k§ ban d6 KEGG (Hinh 3.8) vé trao doi chat

ctia cac t6 hop, chung ta c6 thé thiy rang viéc thém Pseudomonas nitroreducens Y077
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vao td hop c6 su xuat hién ciia mot sé enzyme nhur D-lactate dehydratase (K05523).
Enzym nay xuc tac phan tng chuyén doi 2-oxopropanal thanh lactate. Chét 2-
oxopropanal hay methylglyoxal 1 dang khir ctia axit pyruvic va la san pham phuy cia
qua trinh dudng phan va mét s con duong chuyén héa cacbon trung tdm khac [59].
Methylglyoxal 1a mot hop chat c6 doc tinh cao va c6 thé duge vi khuan tiét ra bén
ngoai [36, 132]. Hai chung Streptomyces marianii DDT21 va Cupriavidus
metallidurans TN030 khong c6 enzyme ndy. Do d6, viéc bd sung enzym nay bang
Pseudomonas nitroreducens Y077 ¢6 thé giup hd tro sy phét trién va hiéu suat cua vi
khuan ddi tac. Ngoai ra, Pseudomonas nitroreducens Y077 ciing cung cAp mot s6 con
duong bd sung lién quan dén qua trinh chuyén hoa ctia mot sb axit amin khac nhau
nhu glycine, serine, threonine va lysine. Khong chac chan rang cac dic diém néu trén
ctia Pseudomonas nitroreducens Y077 13 1y do cho nhitng vu diém cua HD4 va HD7

nhung day ciling c6 thé 1a mot kha nang.

3.1.3.3 Khao sat kha niing phan giai Lindane ciia cac to hop chiing dé xuit trong
cac dang moi treong khac nhau

Hiéu qua phan gidi trong moi truong long

Trong moi truong 1ong, cac t6 hop cho thiy hiéu qua loai bo Lindane cao hon
s0 v6i cac chiing riéng 1¢ sau 2 tuan, khoang 20% (Hinh 3.14). Sau 2 tuan, HH2, HH3,
HH4 va HH6 c6 hiéu qua loai bo Lindane tot nhat, voi chénh 1éch hiéu qua loai bo
ctia HH4 (so voi cac chung riéng 18) 18n téi 30%. C6 thé thay, HH7 (6 hop c6 thanh
phan phtic tap), s& can nhiéu thoi gian hon dé thich nghi so véi cac ching don 1¢. Mt
khéc, hiéu qua loai bo Lindane cta ba to hop khong chura xa khuan, bao gém HHS,
HH9 va HH10 cho hiéu qua thdp (chi cao hon khoang 15% so véi hiéu qué cta cac
chung don 1¢), tirc 1a thap hon nhiéu so véi hiéu qua cua céac t6 hop khac ¢ chira S.
katrae A119. Do d6, c6 thé dua ra gia thuyét rang su gop mit cua S. katrae A119
dong vai trd quan trong trong viée ting kha ning tiép can Lindane va ciing gop phan

cai thién kha nang chuyén hoa chung ciia cac to hop trong méi trudng 1ong.
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Hinh 3.14. Ty 1¢ phan triim chénh 1éch vé hiéu qua phén gidi Lindane giira cac
t0 hop chiing va cac don chiing thanh phan theo thoi gian & méi trwong 16ng
Hiéu qud phdn gidi trong méi trwong bdn rin
Trong mdi truong ban ran, hiéu qua loai bé Lindane cua t6 hop giam dang ké
hoic khong khac nhiéu so véi cac chung don 1é (Hinh 3.15). Chi ¢6 ba t6 hop (HH4,
HHS5 va HH6) hoat dong t6t hon mot chut so véi cac chung don 1é. Nhitng két qua
nay cho thiy c6 ca tuong tac tich cuc va tiéu cuc trong t6 hop, va trong tac tiéu cuc

c6 thé xay ra chu yéu hon trong diéu ki¢n moi trudng ban ran.

C6 thé gia dinh rang d6 rin cia méi trudng anh huéng dén muc d6 twong tac
giita cac vi sinh vat. Trong méi trudng 10ng, vi sinh vat d& dang di chuyén dén vj tri
¢6 chat can xur 1y, trong khi & méi trudng rin hodc ban ran, kha ning di chuyén nay
bi han ché. Cac ching phan huy Lindane c6 thé kho tiép can co chit trong mdi trudng
ban ran, dic biét khi khong co tinh huéng dong hoa hoc ddi voi Lindane. Didu nay
c6 thé dan dén sy canh tranh gay git vé ngudn ning luong va cacbon duy nhét 1a
Lindane, khi cic chung dugc nudi phdi hop. Sy canh tranh nay ¢ kha ning lam giam
tuong tac cong hudng va gia ting canh tranh dbi khang. Pang luu ¥ 13 trudng hop to
hop HH7, véi hi¢u suét loai bé Lindane thudc nhom thép nhét so véi cac td hop va
cac chung don 1¢ khac, mdc du chtra du cd nam chung (Hinh 3.15). Nguoc lai, hai to
hop gém bdn chung 1a HH4 va HH6 c6 hiéu suat phan hay cao hon so véi cac chung
don 1¢. Piém khac biét quan trong gitta HH4/HH6 va HH7 14 su ving mit dong thoi
ctia PAM66 va Y027 trong hai t6 hop hiéu qua ndy. Céac t6 hop khac chua ca hai
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chung trén, ching han HH9 va HH10, ciing cho hiéu qua thap, cho thdy kha ning ton

tai twong tac tiéu cuc giita PAM66 va Y027 trong mdi trudng ban ran.

Tuong tu két qua & moi truong long, cac t6 hop khong chira xa khuan (HHS,
HH9 va HH10) khong thé hién su khac biét dang ké vé hiéu qua phan huy so véi cac
t6 hop khac va véi cac ching don 1é. Piéu nay tiép tuc cing cb gia thuyét ring xa
khuan Streptomyces katrae A119 dong vai trd quan trong trong qua trinh phan huy

Lindane.
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Hinh 3.15. Ty 1¢ phan trim chénh léch vé hiéu qua phén giai Lindane giira cac to
hop chiing va cic don chiing thanh phan theo thdi gian & méi trwong ban rin

Hiéu qud phdn gidi trong méi truong rdn

Vé cac thi nghiém trén méi truong rin, két qua rat khong nhat quan véi cac thi
nghiém trén méi trudng ban rin: hiéu suit loai bo Lindane cua t hop thip hon dang
ké so v4i trong moi trudng 16ng, cho thay rang co thé co sy tuong tac tidu cuc gitra
cac chung thanh phan. Mic du mot s t6 hop cho thiy hiéu suit tdt (c6 thé 1a do twong
tac tich cuc) sau 1 tuan (HH1, HH2, HH4, HHS, HH7, HH8 va HH9), nhung su khac
biét vé hiéu suit loai b cao nhat so v4i cac chung don 1¢ chi dat gén 20% (theo HH1)
(Hinh 3.16). Hon nita, hau hét cac t6 hop cudi cung déu cho thiy hiéu suét loai bo
Lindane thap hon so véi cac chiing don 1¢ sau 2 tuan, ngoai trir HH1 va HH4 (Hinh
3.16). Nhitng két qua nay mdt 1an nita xac nhan rang cac twong tic tiéu cuc trong to

hop dugc the hién rod rét trong moi trudng ran, co the 1a do kha néng ti€p can cac co
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chét han ché, dan dén sy canh tranh gia ting giita cic ching thanh phan va do d6 1am

giam hiéu suat phan huy Lindane cua ting t6 hop.

Tuy nhién, trong mdi trudng ran, hai to hop HH1 va HH4 van duy tri hiéu qua
loai bé Lindane cao hon so véi cac ching don 1. Diéu nay cho thiy su twong tac tich
cuc vitng chic gitta cac ching ctia chiing. T6 hop 3 chung HHI1 chta Pseudomonas
putida PAM66, duoc cho 1a c¢6 tiém ning dang ké dé bd sung cho cac ching cbt 13i,
Streptomyces katrae A119 va Pseudomonas putida T069. Té hop HH4 - t6 hop 4
chung - thi chtta Pseudomonas putida PAM66 va ca Stenotrophomonas maltophilia
Y050. Do d6, Pseudomonas putida PAM66 c6 thé c6 vai tro bd sung quan trong trong
cac t6 hop nay, nhiéu kha ning 13 do cac enzyme ngoai bao ctia nd giup cai thién qua
trinh chuyén hoa va ting cudng kha niang tiép can Lindane. That vay, Pseudomonas
putida d3 duoc bao cdo 1a mot trong nhitng loai vi khuan tét nhat san xuat nhiéu loai
enzyme dé phan huy Lindane [53]. Hon nita, loai nay con ndi tiéng véi kha nang san
XUt rhamnolipid, mot chit hoat dong bé mit sinh hoc gitp tang kha ning tiép can

Lindane [25].
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Hinh 3.16. T 1& phin trim chénh 1éch vé hiéu qua phén giai Lindane giita cac

t6 hop chiing va cic don chiing thanh phin theo thoi gian & méi trwong rin

Tong hop cac két qua trén, co thé nhan thiy rang cac t6 hop c6 hiéu suét
phén giai Lindane tot nhat trong cac dang moi trudng khac nhau 1a: (i) HH2, HH3,
HH4 va HH6 trong moi truong long; (i1) HH4, HHS va HH6 trong moi trudong ban

ran; va (ii1) HH1 va HH4 trong méi trudong ran. Xét rang moi trudng ran gan gii
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v& mit cdu tric voi moi truong dét, theo nguyén tic xt 1y sinh hoc trong thuc té,
chuing toi tin rang khong nén bo qua cac to hop hoat dong tot trong mai trudong
ran. Do d6, dua trén cac két qua, chung t61 da chon HH1, HH3, HH4 va HH6 dé
nghién ctru thém. Bén canh d6, xét rang HH7, chira tit ca nim chung thanh phan,
c6 thé mang lai tiém ning sinh trudong va thich nghi trong thyc té tot hon trong
thoi gian dai, chung t6i dé xuét rang t6 hop nay van nén dugc nghién ciru chi tiét

va do d6 nén dugc dua vao danh sach lya chon dé nghién cuu tiép.

3.1.3.4 Khio sit kha niing phan giai Lindane ciia cac to hop chiing dé xuit trong

cac diéu kién thuec té khac nhau

Céc t6 hop c6 hiéu suit loai chloride t6t khi duoc thir nghiém voi dai nhiét 46
rong tir 10 dén 40°C, va dai nhiét d6 toi uu ciia chung 1a tir 25 dén 30°C. Nhiét do tbi
vu cho qua trinh phan huy sinh hoc trong dét, bun va moi truong nudi cay thong
thuong cling nam trong khoang tir 25 dén 30°C [71]. Mt khéc, cac nghién ciru trudc
day cta ching toi cho thiy cac ching Streptomyces katrae A119 va Pseudomonas
putida PAM66 phat trién va loai chloride cham & 10°C. Tuy nhién, t6 hop HH1 va
HH3, chta Streptomyces katrae A119, Pseudomonas putida PAM66 va
Pseudomonas putida T069, c¢6 thé sinh trudng t6t va loai chloride 6n dinh trong bén
diéu kién nhiét do, bao gém ca nhitng diéu kién khic nghiét nhu 10°C hoic 40°C
(Hinh 3.17A). Két qua nay cho thay viéc b sung cac ching thanh phan nay cé thé
tang cuong kha nang thich nghi ctia chung, va do d6 tang kha nang thich nghi ctia cac

t6 hop chtra chung voi phd nhiét do da dang.

Vé anh huong cua pH, két qua cho thay to hop vi sinh vat thich nghi véi phd
pH rong tir pH5 dén pH9, véi pH7 1a t6i wu (Hinh 3.17B). Nhimng két qua nay phu
hop véi cac cong bd trude day cho thiy pH 7 14 tdi wu cho vi khuan phan hiy Lindane
[49, 65]. Trong s6 cac to hop, chi c6 HH1 va HH4 van thé hién hiéu suat loai bo
Lindane t&t & pH3 va 11, trong khi cac to hop khac hau nhu khong loai chloride & cac
mirc pH nay. Do d6, HH1 va HH4 c6 thé thich nghi t6t hon véi cac diéu kién pH moi

truong khac nhau so véi cac td hop khac.
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Vé anh huong cia néng d6 Lindane, toc do loai chloride cua cac to hop duogc
thir nghiém khac nhau dang ké & nim ndng d6 lindane dugc thir nghiém (Hinh 3.16C).
Téc d6 nay cao ¢ nong do Lindane thap. Tuy nhién, toc d6 phan hity giam dan khi
ndng d6 ting (30 dén 70 mg/kg). Dua trén két qua, c6 thé thdy HH1, HH3 va HH7
duy tri hiéu suat phan huy Lindane 6n dinh hon céc t6 hop khac & cac ndng do lindane

khac nhau, ngay ca & 70 mg/kg (Hinh 3.17C).

Yéu t6 tiép theo dugc nghién ciru 13 ty 16 cac nguyén t6 vi lugng bd sung vao
moi truong nudi cdy. Két qua cho thiy tat ca cac t6 hop déu co hoat tinh loai chloride
khoi Lindane tt khi dung dich chira cic nguyén t6 vi lugng dugc bo sung theo ty 16
tir 0,5 dén 2%, tuy nhién hiéu qua nhin chung khong cao & mirc 1% (Hinh 3.17D).
Véi ty 18 bo sung 1a 5%, hoat dong loai chloride ting khong dang ké va tham chi giam
d6i voi mét s6 t6 hop HH4 va HH7. Nguyén nhén c6 thé do viéc bd sung mot luong
16n cac nguyén td vi luong gay trc ché sy phat trién cta vi sinh vat [77], do d6 anh
huong dén hoat dong loai chloride. Trong s céc to hop, HH1 thé hién hiéu suit loai
chloride tot véi pham vi rong vé ty 18 bo sung cac nguyén td vi luong. Két qua ciing
cho théy, néu st dung to hop cho ung dung thuc té, viéc bod sung 0,5% dung dich cac
nguyén té vi luong 13 di ¢é dam bao su sinh truéng va kha ning phan hay sinh hoc
hiéu qua ciia cac t6 hop vi sinh vat.

Anh huodng cta cic ngudn cacbon ciing da dugce nghién ctru, va két qua cho
thay cac t6 hop thich nghi véi cac ngudn cacbon khac nhau mot cach khac nhau (Hinh
3.17E). Tuy nhién, tat ca ching déu cé tdc do loai chloride cao v&i ca phenol va
maltose. Hoat tinh nhur vy v&i phenol cho thay tiém ning t6t cua t6 hop (dic biét 1a
HH4) trong viéc phan hiy cac hop chit thom nhu Lindane. Pang cht y, HH4 ciing
thé hién hiéu qua loai bo Lindane cao nhat trong mdi trudng long (Hinh 3.17E). Mt
khac, HH1 duong nhu thich nghi v&i phd ngudn cacbon rong nhét.

V& anh hudng cua cac ngudn nito bd sung, cac t6 hop c6 thé sir dung tat ca
cac loai nguén nito (Hinh 3.17G). Pac biét, chiing thé hién hoat tinh loai chloride cao
nhat khi méi truong duoc bd sung pepton, glycine hodc ammonium citrate, c6 thé 13

do cac ngudn nito nay ph hop hon dé chiing st dung cho su phat trién. Két qua nay
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1a ¢6 thé hiéu dugc vi: (i) peptone 1a ngudn nito hiru co giau dinh dudng, cung cp ca
nguyén t6 vi lugng va yéu té ting trudng cho vi khuan, (ii) glycine 1a axit amin don
gian nhat ma vi khuan c6 thé dé dang st dung, trong khi (iii) ammonium citrate c6
thé dong vai tro 12 ngudn cacbon va nito, va dé chuyén hoa vi nd 1a chat chuyén hoa
trung tdm [71]. Trong s6 cac t6 hop, HH1, HH3 va HH7 dudng nhu hoat dong tt voi

tat ca cac nguon nito, cho thay tiém nang thich nghi cua chung véi cadc nguodn nito da

dang.
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Hinh 3.17. Anh hwéng ciia diéu kién méi truwong dén hoat dong loai chloride

cua cac ching vi sinh vat phan hiy DDT dwgc xay dung

Ghi chu: A: nhiét do; B: pH; C: néng do Lindane; D: ty 1€ nguyén td vi luong; E: ngué)n

cacbon; G: ngudn nito; H: ty 18 tiép giéng
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Ty 16 tiép gidng 1a mot yéu td can xem xét khi 4p dung bat ky ché phdm vi sinh
nao trong thuc té. Két qua cho thiy hoat dong loai chloride cua t6 hop ting 1én cung
v6i su gia ting cua ty 1¢ tiép gidng tir 5 dén 20% (Hinh 3.17H). Két qua nay c6 thé 1a
do vi sinh vt phat trién tot hon & cua ty 16 tiép gidng cao hon. HHI 1a t6 hop cho
thay ty 1¢ loai bo chloride t6t nhét véi cta ty 18 tiép giéng tir 15 dén 20%. Xét vé van
dé chi phi, cua ty 18 tiép giébng phu hop cho cac t6 hop dugc ap dung trong thuc té c6

1& nén nam trong khoang tir 10 dén 15%.

Dua trén tat ca cac két qua trén (cho thay anh huéng cua diéu kién moi truong
dén hiéu suét loai bo Lindane cua cac to hop dugc thtr nghiém), chiing t61 nhan dinh
HH1, HH3 va HH4, dic biét 1a t6 hop HH1, 13 nhirng t6 hop ndi bat hon c4, do chiing
c6 kha nang thich nghi t6t nhat v6i nhidu diéu kién khac nhau nhu nhiét do, do pH,
ngudn cacbon va nito bd sung, va ndng d6 co chit. Tat ca cac to hop nay déu chira
Pseudomonas putida TO69 va Streptomyces katrae A119. Mat khac, ca t6 hop HH1
va HH4 déu chtra Pseudomonas putida PAM66. Hai ching 161 Pseudomonas putida
T069 va Streptomyces katrae A119 duoc dy doan 1a cac yéu t6 chinh cho kha ning
thich nghi rong rii cta cac to hop tuwong tng véi cac didu kién thuc té. Qua d6 co thé
thiy viéc xdy dung cac td hop ching dia trén phan tich genome 13 mot cach tiép can
hop 1y.

Nhu da phan tich ¢ trén, bén canh hai chung 161, Pseudomonas putida PAM66
1a chiing c6 cac con duong chuyén hoa phong pht nhit va cé thé cung cip nhiéu tinh
bd sung hon cho hai chiing 151, so v6i cac ching hd trg khac. Mit khac, t6 hop HH3
chta Sphingobacterium mizutaii Y027, day 1a ching duy nhat thé hién ca hoat dong
loai chloride manh va hoat dong cia enzyme oxy hoa manh trong nghién ctru trudce
day cua ching t6i (Phu luc 6). Do d6, Sphingobacterium mizutaii Y027 ciing c6 thé
1a mot chiing rat t6t cho vai tro hd tro trong cac to hop & cac diéu kién khac nhau.
Tuy nhién, mit khac, ching ta nén luu ¥ rang mot sb to hop khac ciing chtra ba chung
Pseudomonas putida T069, Streptomyces katrae A119 va Pseudomonas putida
PAMG66, nhung kha ning thich nghi v6i méi trudng cia chung khong tét bang HH1

va HH3. Do d6, c6 thé su bod sung giita Pseudomonas putida va xa khuin
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Streptomyces katrae d3 du dé cac t6 hop vi sinh vt thich nghi hiéu qua véi diéu kién
moi trudng. Sy ¢6 miat thém cua nhidu chung khac duong nhu anh huéng dén sy
tuong tac gitra hai chung ¢t 161, theo hudng tich cuc hodc tiéu cyc, dan dén viée ting
hodc giam kha ning thich nghi cua t6 hop. Xét vé moi mat, t6 hop HH1 duong nhu
14 t6 hop 1y twong véi kha ning loai b Lindane hiéu qué va kha nang thich nghi tuyét
voi so v6i cac to hop khac.

Céc két qua nghién ctru trén cung cb quan diém can sir dung cac to hop ching
vi sinh thay vi cac chung vi sinh don 1¢ dé xtr 1y sinh hoc, dic biét 1a khi xir Iy cac chat

6 nhiém khé phén hity, chang han nhu Lindane va cc hop chat hitu co chira chlo khéc.
3.2 XAy dung quy trinh san xuit ché pham da chiing

bé c6 mot ché pham tng dung hi€u qua thi ngoai vi¢c chung c6 kha nang phan
giai hiéu qua tot thi can nghién ctru t61 vu quy trinh sdn xuat lIén men dé vua hi¢u qua
va tiét kiém. Do d6, can khao sat cac diéu kién 1én men, thu hoi sau 1én men va bao

quan ché pham.

Dua vao cac két qua di trinh bay & trén, nhiing t6 hop HD4 va HD7 duogc lya
chon dé nghién ciru phat trién ché pham phan giai DDT. Tuong tu, nhimg t6 hop HH1
va HH3 dugc Iya chon dé nghién ctru phat trién ché pham phan giai Lindane. Thanh

phan chung cuy thé ciia cac t6 hop nay nhu sau:

+ Ché pham t6 hop phén giai DDT: (i) HD4 (gdm Pseudomonas nitroreducens
Y077, Stenotrophomonas maltophilia Y042, Pseudomonas anuradhapurensis
PAMG67, Cupriavidus metallidurans TNO30 va Streptomyces marianii DDT21) va (ii)
HD7 (gém Pseudomonas nitroreducens Y077, Pseudomonas lalkuanensis PAM64,

Cupriavidus metallidurans TN030 va Streptomyces marianii DDT21)

+ Ché pham t6 hop phan giai Lindane: (i) HH1 (gdm Pseudomonas putida
PAMG66, Streptomyces katrae A119 va Pseudomonas putida T069) va (i1) HH3
(gdm  Sphingobacterium mitazuii Y027, Streptomyces katrae Al119 va
Pseudomonas putida T069)
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3.2.1 Nghién ciru quy trinh 1én men quy mé 10L tao ché phim véi cac chiing
phén giai DDT va Lindane
3.2.1.1 Khio sat ngudn cacbon
Cacbon 13 yéu t§ dinh dudng thiét yéu cho qua trinh sinh trudng cia vi sinh
vat, do d6 viéc lua chon nguén cacbon thich hop la budc quan trong dau tién. Nham
vu tién nhitng dang cacbon don gian, phd bién va dé tiép can, trong thi nghiém nay,
chung t6i danh gia kha ning sinh trudng cia cac chung thudc cac to hop duoc lua
chon trén cac ngudn cacbon khac nhau gém glucose, sucrose, maltose, tinh bot hoa

tan va ri duong.
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Hinh 3.18. Khio sat anh hwéng ciia cac ngudn cacbon (dé 1én men san xuit

sinh khéi quy mé 16n) dén kha ning sinh truéng cic chiing phan giai DDT
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Hinh 3.19. Khao sat anh hwéng ciia cac ngudn cacbon (dé 1én men san xuat
sinh khdi quy mé 16n) dén kha ning sinh truéng cic chiing phan giai Lindane

Két qua nghién ctru (Hinh 3.18 va 3.19) cho thiy ri duong 1a ngudn cacbon
tiém ning va hiéu qua cho qua trinh 1én men. Theo Truong Phudc Thién Hoang va
cong sy ndm 2021, ri duong 14 ngudn cacbon tdi wu nhat dé 1én men thu sinh khdi
nhiéu loai vi khuan [4].

Viéc lua chon ri dudng khong chi gop phan giam chi phi san xuat ma con phu
hop dé ap dung & quy mé cong nghiép. Tai Viét Nam, ri duong 1a nguyén liéu phd
bién, d& tim va c6 gia thanh thap hon nhiéu so v6i cac ngudn cacbon khac (chi khoang
1/10, twong duong 10,000 — 15,000 VNB/kg). Pay la lya chon kinh té cho qué trinh
1én men nham thu nhan sinh khdi vi khuan. Ngoai ra, nhiéu nghién ctru da chimng
minh ri duong la nguén cacbon thuan lgi cho sy phat trién ctia nhiéu loai vi sinh vAt.
3.2.1.2 Khio sat nguon nito

Sau khi xac dinh ri dudng 14 ngudn cacbon thich hop, chung t6i tiép tuc khao
sat cac nguon nito theo tidu chi don gian, dé tim va pht hop cho qua trinh 1én men.
Cac nguén nito duoc lua chon bao gém amoni sulfat, kali nitrat, nuéc mam, bot dau
tuong va cao nAm men. Két qua khao sat cac ngudn nito (Hinh 3.19 va 3.20) cho thay,

cac chung nghién ctru déu c6 kha nang st dung nhi€éu nguon nito khac nhau; hau hét

112



cac chung déu thich nghi tot véi cdc ngudn nito 1a amoni sulfate, nudc mam, bot dau

tuong va cao nam men.
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Hinh 3.20. Khao sat anh hwéng ciia cac ngudn nito' (dé 1én men san xuit sinh

khdi quy md 16n) dén kha ning sinh trudmg cic ching phan giai DDT

Tuy nhién, bdt dau tuong khé tan hoan toan trong nudc, nudc méim trén thi
truong rat da dang kho kiém soat chat lwong va lai c6 cac chat phu gia cling nhu cac
chét bao quan. Ngoai ra, v6i muc tiéu san xuit ché phim uu tién cac ngudn nguyén
liéu ré tién ma van dam bao chat lugng san phém on dinh, chung to6i dé xuét lya chon
amoni sulfate nhu 13 ngudn nito phit hop cho qué trinh 1én men dé tién hanh cac thi

nghiém tiép theo.
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Hinh 3.21. Khao sat anh hwéng ciia cac ngudn nito' (d¢ 1én men sin xuit sinh

khoi quy md 16n) dén kha niing sinh truwéng cac chiing phén giii Lindane

Két qua thu duoc phii hop véi nghién ciru cia Poan Thi Tuyét Lé va cong sy
(2020), trong d6 amoni sulfat dugc xéac dinh 1a nguén nito t6i wu cho qua trinh lén
men thu sinh khdi chung Bacillus subtilis LH1 [5]. Do d6, méi trudng mudi khoang
MSM bb sung 1% ri duong va 0,1% amoni sulfat dugc xay dung va str dung cho cac

thi nghiém tiép theo.
3.2.1.3 Khio sat ty I¢ tiép giong

Sau khi xac dinh dugc mdi trudng 1én men phu hop, chung tdi tiép tuc khao
sat anh huong cua ty 18 tiép gidng. Két qua thi nghiém véi cac chung duoc nghién
ctru (Hinh 3.22 va 3.23) cho thiy, kha ning sinh truéng ctia cac chung khi tiép giong

v6i cac ty 16 khac nhau 1a khong dang ké.

Vi vy, dé giam thiéu chi phi chuan bi nudi cdy gidng nham san xuat ché pham
c6 hiéu qua kinh té nhét, ty 16 tiép gidng 5% duoc lira chon dé 1én men. Két qua nay
turong dong vai két luan cua Truong Phude Thién Hoang va cong su cho thiy bo sung
ty 1& cap giéng 2,5% khi 1én men thi chung P. stutzeri KL15 sinh trudng va phat trién
tbt [4].
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Hinh 3.22. Anh huéng ciia ty 1¢ tiép giong khac nhau dén kha niing tao sinh

khdi khi 1én men céc chiing phan giai DDT
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Hinh 3.23. Anh hwéng ciia ty 18 tiép g

4
.

4

iong khac nhau dén kha nang tao sinh

khdi khi 1én men cac chiing phan giai Lindane
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Tir cac két qua khao sat, moi trudng 1én men t6i wu dugc thiét 1ap trén co sd
moi trudng mudi khoang MSM cii tién, ¢ bd sung 1% ri duong va 0,1% amoni
sulfat. Cong thirc nay vira dam bao kha ning sinh trudng ctia vi khuén, vira mang lai
hiéu qua kinh té. Bén canh do, ty 18 tiép giéng 5% duoc xac dinh 14 thich hop cho qua

trinh 1én men.
3.2.2 Nghién ciru quy trinh thu hdi sinh khdi sau 1én men

Sau khi xay dung dugc moi truong 1én men va ty I¢ cap giong cho vi khuan,
tiép theo can nghién ctru phuong an phu hop dé thu hoi sinh khoéi vi khuan sau lén
men, nham dam bao viéc san xuat sinh khoi hiéu qua va kinh té nhat. Cac chung can

nghién ctru dugc thu hdi bang 3 phuong an dong kho, loc tiép tuyén va ly tam.

Véi phuong 4n dong kho, hiéu suét thu hoi sinh khoi cac ching vi khuan kha
thap, tir 0,39- 1,95% tir mat d6 ban dau 16n hon 10° CFU/mL (Hinh 3.24). Két qua
thu duoc thép hon mdt chut so véi trong mot s6 cong b6 khac. Vi du, theo Louis va
cong sy, vi khuan E. coli van duy tri duoc 4% kha ning séng sot trong dung dich dém
phosphate sau khi dong kho [68]. Tuy nhién, ngay ca két qua dé cling néi 1én rang
dong kho c6 hiéu suét thu hoi sinh khdi khong cao. Doi véi ching xa khuan DDT21
va A119, hiéu qua thu héi sinh khdi sau déng kho kha cao. C6 1& do xa khuan c6 bao
tr nén kha ning song sot sau dong kho cao hon. Nhu vy, nhin chung déng kho ¢
hiéu qua thu hoi sinh khdi thdp va con 13 phuong phap kha tén kém, gdm nhiéu cong
doan phuc tap can t6i vu dé thu hoi sinh khéi hiéu qua, va khé ap dung dé san xuét

ché pham trong thyc té.

Mot phuong an thu hoi sinh khéi vi sinh vat dugc mg dung pho bién khac 1a
ly tam. Két qua (Hinh 3.24) cho thay, hiéu suat thu hoi bang ly tim cta cac chung vi
khuan tir 20,7- 39,5% tir mat d6 ban dau 16n hon 10° CFU/mL. Trong d6, véi chiing
Y042, hiéu suét thu hdi 1a thap nhat. Véi chiing xa khuan DDT21, hiéu suét thu hoi
b'fmg ly tam dat cao nhat, 1én dén 87,7% tir mat do géc ban dau khoang 10¢ CFU/mL
nhung voi ching A119, hiéu suat lai kha thap. Trong quy md cong nghiép san xuat

ché pham vi sinh, ly tim 1 mot phuong phap thudng duoc st dung phd bién dé co
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dic cac té bao, tach pha 10ng va pha rin trong dich nuéi cdy. Can nhic cac két qua
trén, ciing nhu tinh pho bién va tinh ing dung thyc tién cao ciia phuong phép ly tim,

day la phuong 4n dang can nhac dé thu hoi sinh khoi sau 1én men nham san xuat ché

pham.
A ELoc = Lytim mDoéng kho
120
< 100
<
S 80
=1
< 60
\(‘E
2 40 1 .
l
o 20
0 -
TNO030 PAM64 PAMG7 Y042 Y077 DDT21
Chiing
B MLoc ©Lytim mDPong kho
100
§ 80
]
< 60
=
=
=
g 40
w
I
z 2 1
0
PAM66 T069 Y027 Al19
Chiing

Hinh 3.24. Hiéu suét thu hdi sinh khdi cac chiing sir dung cho cic phuwong 4n
ché pham

Ghi chti: A: Nhitng chung phan giai DDT; B: Nhiing chung phan gidi Lindane

Bén canh hai phuong phap dong kho va ly tam, loc cling 1a mdt phuong an thu
hdi sinh khéi hiéu qua. Két qua khao sat (Hinh 3.24) cho thiy, hiéu suat thu hdi sinh
khéi ctia cac chung vi khuan déu trén 80% tir mat d6 ban dau 16n hon 10° CFU/mL,
chi riéng v6i chiing T069 thi hiéu sut 13 thap nhat: hon 40%. Ching xa khuan DDT21
va A119 ciing c6 hiéu suat thu hoi bang phuwong phap loc kha cao. Phuong phap loc
tiép tuyén co hiéu suat thu hdi cao hon so véi phuong phap ly tim. Tuy nhién, xét vé

chi phi va su phurc tap ciia may moc thi phuong an ly tdm dugc wu tién lya chon hon.
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Téng hop céac két qua trén, co thé thiy phuong phap dong kho ¢ hiéu qua thap
nhat; trong khi dé, loc, dic biét 1a loc tiép tuyén, dat hiéu suat thu hdi sinh khdi cao
nhat ddi voi tat ca cac chung, cao gap 2-3 1an so véi ly tim. Mic du vy, ly tim van 13
k¥ thuat phd bién, dé trién khai trong thyc tién va cho hiéu qua thu hdi & mutrc chip
nhan dugc. Do dé, tiy theo didu kién thiét bi va muc tiéu san xuat, ca loc va ly tim déu
6 thé dugc xem la nhiing Iyra chon kha thi cho qua trinh thu hdi sinh khéi vi khuan sau
1én men. Pong thoi, cac két qua thu dugc ciing khang dinh tiém ning tng dung thuc

tién cua cac ching dugc tuyén chon nhd kha niang thu hoi sinh khdi cao.
3.2.3 Nghién ctru chit mang phi hop dé bao quén sinh khoi

Sau khi thu nhan sinh khéi vi khudn tir qua trinh 1én men, viéc lwa chon chét
mang phul hop dé bao quan 13 yéu t6 then chét. Trong nghién ctru ndy, bon loai chét
mang phé bién va d& tim gém bot sin, cam gao, than bun va xi than da dugc khao sat.
Hiéu qua bao quan cia chung dugc danh gia thong qua kha ning duy tri su sdng sot
va hoat tinh cua cdc chung dugc lya chon theo thoi gian khi dugc phéi tron vo1 cac

chat mang trén.
3.2.3.1 Khao sat anh hwéng ciia chit mang dén kha ning sdng sét

Két qua khao sat kha niang sdng sot cia cac ching v6i cac chat mang khac
nhau (Hinh 3.25) cho thay, chat mang tot nhat 14 than bun, tiép d6 13 xi than hodc tinh
bot sén, va kém nhét 1a cam gao. Cuy thé, sau 6 thang, mat do cac chung voi chét mang
than bun duy tri & 10 — 107 CFU/g. Than bun do ¢ tinh chat x6p, min, kho va ham
luong dinh dudng twong ddi on dinh nén gitup tao méi trudng vi mo 6n dinh giup vi
khuan duy tri 1au dai. Trong khi d6, xi than cting hon, khéng toi xop, dinh dudng
nghéo, tro hon than bun. Tinh bot sin va cam gao thi ¢6 ham lwong dinh dudng cao
nén c6 1& dé bi phan hiy, khién té bao vi sinh vat phét trién va chét khi méi truong
hét dinh dudng. Hon nita, than bun phan hay rat cham, khong gy chua hoa hay ki
khi d6t ngdt, do d6 co tac dung bao quan vi khuan tét hon. Két qua ndy ciling tuong
tu két qua cta mot nghién ctiru khac cho thay chat mang than bun thé hién hiéu qua

duy tri mat do va hoat tinh ctia vi sinh vat theo thoi gian 1a cao nhét [6].
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Hinh 3.25. Két qua khao sat mat do ciia cac chiing vi sinh vét thir nghiém theo

thoi gian khi dwogc phdi tron véi cac loai chat mang khac nhau.

Ghi cha: Di ching: sinh khdi chiing tuong tmg khong dugc trén chat mang
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3.2.3.2 Khao sat anh hwéng ciia chit mang dén kha niing loai chloride

Ngoai viéc khao sat kha ning séng sot theo thoi gian cia cac chung khi duoc
phdi tron véi cac chat mang thi hoat tinh phan giai DDT hoic Lindane ciing duoc

danh gia thong qua kha nang loai chloride.

Két qua duoc biéu dién & Hinh 3.26, & hau hét cac ching khi dugc phdi tron
v6i chat mang than bun duy tri hoat tinh loai chloride & murc cao nhét trong sudt thoi
gian theo ddi, cho thiy déy 1a diéu kién bao quan phu hop nhat. Nguoc lai, chit mang

cam gao giam nhanh nhét va dat gia tri thip nhat & cudi thoi gian bao quan.

Trong giai doan dau bao quan, hoat tinh loai chloride giam tuong ddi nhanh &
tat ca cac chat mang thir nghiém, dic biét trong khoang ba thang dau tién. Sau do, tc
do giam c6 xu hudng cham lai va dan 6n dinh, cho théy quén thé vi sinh vat con lai

da thich nghi tot hon véi diéu kién bao quan.

Xu hudng bién dong hoat tinh loai chloride thu dugc hoan toan tuong dong
v6i két qua danh gia kha nang sdng sot ctia cac chung vi sinh vat. Diéu nay cho thay
mat do té bao song c6 mdi lién hé chit ché voi kha nang biéu hién hoat tinh phan giai
cac hop chét hitu co chtra chlorine. Khi mat do vi sinh vat giam, ) luong té bao tham
gia tong hop enzyme phén giai cling giam theo, dan dén sy suy giam hoat tinh loai
chloride. Nguoc lai, ¢ nhitng chét mang c¢6 kha nang duy tri mat do té bao cao, hoat

tinh sinh hoc cta cac chung ciing duoc bao t6n tét hon.

Dang chi1 ¥, than bun khong chi gitip duy tri mat do té bao séng cao va 6n dinh
ma con bao toan dugc hoat tinh loai chloride & muc cao nhit. C6 1& chinh kha nang
giit mat do vi khuan 6n dinh ctia than bun da gép phan chu yéu duy tri hoat tinh sinh
hoc loai chloride cta céc ching. Nhin chung, két qua nghién ctru cho thiy hiéu qua
ctia chat mang khong chi thé hién & kha ning bao vé té bao séng ma con & kha nang

duy tri hoat tinh chtrc nang cua vi sinh vét.

120



Y077 PAM64
_. 035 _.0.35
E 030 . -#. Cam gao E 030 -e- Cam gao
2 -m- Xithan g -m- Xithan
Z 02 -& Thanbon || E %% 5 -a+ Than bin
T 020 St o 5020 r§ oo ot o
5 -¥- Bét san 5 -¥- Bot san
5. 015 = 015 --
2 0.10 2 0.10 -
B 005 T o0
3 - g™
F 0.00 T T T T T T 1 = 0.00 T T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Thang Thang
PAMG67 TNO30
. 0.25 ) _.0.25 X
£ -®- Cém gao = -e- Cam gao
2 0.204 -m- Xithan 2 0.204 -m- Xithan
E - -&- Than ban E gl -&- Than bun
= 0154~ . =015+ . .
S -¥- Bot san 5 —— "»-}-H -¥- Bot san
& 0.10] = 0.10-] - ___?_
L 2 Y s
S 0.05 g 0.05 I
° L] ~§---
© o L e R
0 o L
F 0.00 T T T T T 1 = 0.00 T T T T T 1
0 2 3 4 5 6 0 1 2 3 4 6
Théng Thang
Y042 DDT21
_.0.30 035
E -®- Cam gao £ 0.30 -#- Cam gao
2 0.2 -m- Xithan 2 -m- Xithan
2o -& Than bun Z0% -&- Than bun
e . T 020 P
S 015 -¥- Bot san 5 s -¥- Bot séan
Z o0 LN
20 2010
2 o0s g
s S 0.05
F 0.00 T T T T T T 1 F 0.00 T T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Théang Thang
T069 PAM66
_ 025 X _. 0.25-
£ -e- Cam gao € -e- Cam gao
3 3 s
E - Xithan 2 0204 -m- Xithan
= & Thanbun || £ -2+ Than bin
Iy -¥. Botsan Eoasgo. s
o Y - -¥. Bot san
-y 3]
o 5 0.10
g o
8 3 0.05
F 0.00 T T T T T T 1 .(g
0 1 2 3 4 ~ 0.00 T T T T T 1
Théng 0 1 2 3 4 5 6
Y027 A119
. 0.30 = 0% ;
"E -e- Cam gao "E 030 -e- Cam gao
2 0257 -m. Xithan S 05 -u- Xithan
= § £ -&- Than bun
£ -& Than bun = 0.20 .
- L LS -¥- Bot san
- -¥- Bét san O 015
& N
E- é’ 0.10
% 0.054 :+ 8%
3 ! = 0.00 T T T T ==
L 0.00 : : : : : . 0 1 2 3 4 5 6
0 1 2 4 Thang

Hinh 3.26. Két qua khio sat kha ning loai chloride ciia cic chiing vi sinh vat

thir nghiém theo thdi gian khi dwgc phdi tron véi cac loai chat mang khac nhau
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Vi cac két qua trén, chiing t6i quyét dinh lwa chon than bun 13 chit mang tbi
vu dé tao ché pham vdi tit ca cac phuong an. C6 thé noéi day 1a su lya chon rat hop
1y vi than bun la vat li¢u dé& kiém, gia ré, trong khi lai c6 hi¢u qua bao quan sinh khdi

cao.
3.2.4 Cai tién cong thirc chit mang ning cao hi¢u qua bao quan

Tur két qua khao sat tai muc 3.2.3, mac du than bun dugc xac dinh la chat mang
t61 wu nhat, song mat do té bao sau 6 thang bao quan van c6 xu hudng sut giam manh,
chi con khoang 10° CFU/g (tham chi thap hon & mot s6 chiing). Bén canh d6, chi phi
cao cta silica cling 1a mot rao can cho viée tmg dung thuc tién & quy mé 16n. Dé khic
phuc cac han ché nay, ching t6i da tién hanh cai tién cong thirc ché pham bang cach

loai bo hoan toan silica va bd sung cong doan say sau phoi tron.

Két qua dugc trinh bay & Hinh 3.27 cho théy su cai thién ro rét vé mat do vi
sinh vat khi say ché pham so v&i khong sdy duy tri 6n dinh trén 10° CFU/g sau 6
thang bdo quan, déng thoi hoat tinh loai chloride van duoc bao toan tét so vai 16 ddi
chirng. Pac biét, hoat tinh loai chloride dugc duy tri tét hon khi séy. Quy trinh séy
ché phém ap dung nham dat d6 4m con lai 4-6 % gitp duy tri mat do té bao va hoat
tinh cac chung vi sinh vat 6n dinh sau 6 thang bao quan, ddm bao hi¢u lyc sinh hoc
lau dai — phu hop voi tiéu chuan ché pham vi sinh thwong mai (>7,0 Ig CFU/g trong
6 thang) [130]. Garcia-Rodriguez va cong su (2022) dd chuan bi ché pham kho véi
d6 am du < 5 % bang budc say nhe trude khi bao quan & 4°C va 25°C; sau 6 thang,
mau c6 sdy duy tri >6,0 log CFU/g, trong khi miu “u6t” giam xubng <5.,0 log CFU/g
[11]. Ap dung budc sdy ngan ¢ nhiét d6 vira phai gitip giam hoat dong ciia nudc, giam
ap luc thim thiu va qua trinh oxy héa, dong thoi bao toan chirc ning enzym [79].
Quy trinh cai tién sdy 40°C trong 3 gio sau khi tron ché pham vira tiét kiém chi phi
va hiéu qua bao quan gitp duy tri mat do va hoat tinh t6t hon cong thic ¢6 bo sung
silica. Do d0, quy trinhnay duoc lya chon dé san xuét cac ché phérn phuc vu cho cac

thir nghiém xtr Iy DDT va Lindane tiép theo.
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Hinh 3.27. (A) Kha niing song sét va (B) hoat tinh loai chloride ciia cc chiing vi sinh vit thir nghiém theo thoi gian

Ghi cha: Dbi ching: sinh khdi chiing tuong tmg khong dugc tron chat mang
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3.2.5 Quy trinh san xuét ché phidm sinh hoc dang t6 hop ching tir cac don

chung

Dua vao nhiing két qua nghién clru ¢ trén, quy trinh sdn xuat ché pham da

duogc xay dung nhu sau:

Céc chung vi khuan dugc hoat héa va 1én men cép 1 trong méi truong LB &
30°C, lic 150 vong/phut trong 24 gidr. Bi v6i cac chung xa khuén, qua trinh 1én men
cap 1 duogc thuc hién trong méi trudng ISP2 & 30°C, lac 150 vong/phut trong 48 gid.
Sau d6, dich huyén phu duoc cay chuyén véi ty 18 5% sang mdi trudng 1én men MSM
bd sung ri duong dé tién hanh 1én men cép 2 trong diéu kién khudy 50 vong/phit, suc
khi 1,5 lit/lit méi trudng/phit & 30°C trong 40 gid. Sinh khéi sau 1én men dat yéu cau
khi gia tri ODgoonm khoang 1,2, twong duong mat d6 vi khuan khoang 5 x 10° CFU/mL
va xa khuan khoang 1 x 108 CFU/mL. Sinh khéi duoc thu hdi bang ly tim & 6000
vong/phit trong 15 phut hodc loc qua mang loc kich thude 16 0,2 pm.

Dé tao ché pham, sinh khéi dugc hoa lai trong méi trudng MSM 10ng véi thé
tich bang mot nira thé tich dich 1én men ban dau nham tao dich sinh khdi c¢6 dic. Dich
sinh khdi sau d6 dugc phdi tron voi chat mang than bun theo ty 1 10 than bun : 1

sinh khéi, rdi siy ¢ 40°C trong 3 gio.

Than bun st dung lam chat mang duoc xir Iy bang cach loai bo tap chat co hoc
qua ray 0,5 mm dé thu than ban min. Sau d6, than bun duoc séy kho & 60°C va khur

trung & 110°C trong 20 phut (1ap lai hai 1an), sau d6 sy lai dén khi d6 am dudi 10%.

Ché phélm don chung sau khi tao thanh duogc kiém tra mat do vi sinh vat bﬁng
phuong phap cay trai trén méi truong LB dbi véi vi khuan va méi truong YS dbi voi
xa khuén. Ché phérn dat yéu cau khi mat do vi sinh vat> 1 x 107 CFU/ g. Truong hop
mat d¢ chua dat, sinh khi s& dugc phdi tron lai voi chat mang dé diéu chinh mat do
phu hop.

Cubi cung, cac ché pham don ching dat tiéu chuan duoc phdi tron theo ty 18
khéi lugng bang nhau dé tao ché pham t6 hop. San pham dugc déng goi trong tai kin,

han miéng bao va bao quan ¢ noi kho rao, nhiét do phong trude khi st dung.
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Quy trinh san xuét ché phim dwoc minh hoa nhu so d6 Hinh 3.28 nhu sau:

Chiing gidng
(vi khudn hodc xa khuén)

Lén men thu sinh khdi chiing vi khuén
Lén men cép 1 trong mdi truong LB (lic 150 vip,
30°C, 24 gio)
Lén men cap 2 trong moi trrong MSM — ri dudng
(tiép giong 3%, toc di khudy 50 vip, tée dg suc khi
1,5 lit/lit méi truong/phitt, 30°C, 40 gio)

Lén men thu sinh khéi ching xa khuén
- Lénmen cép 1 trong méi trudng ISP2 (ldc 150 v/p,
30°C, 48 gio)
- Lénmen cip 2 trong méi truong MSM — ri dudng
(tiép giong 3%, toc dd khudy 50 vip, téc d suc khi 1,5
liv/lit moi truong/phiit, 30°C, 40 gio)

T~

/

Thu hdi sinh khéi
- Phuong 4n 1: Ly tim (6000 v/p, 15 phi)

- Phuong an 2: Loc thu sinh khdi (kich thuée 16 loc 0,2um)

|

Hoa lai sinh khoi trong moi truong MSM
(thé tich = ¥ thé tich lén men truoc thu h&i)

Kiém tra mat d mdi chiing
(>1x10% CFU/g)

Phoi tron chéit mang cho tirng chiing
(Ty 1¢: 10 than bun : 1 sinh khoi) N
Say 40°C, 3 gio

Kiém tra mit d9 mdi ching
(=1x 107 CFU/g)

1 Khong dat

Phéi tron tao ché phim hén hop
(Ty 16 cdc san phdam don chiing déu nhau)

Doéng géi va bao quén
(bao quan nei kho, thoang, mat)

4

< Ché phim sinh hoc >

Hinh 3.28. So' d@d quy trinh san xuit ché pham
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3.3 Nghién ctru xay dung quy trinh xir Iy dit 6 nhiém DDT va Lindane bing

ché pham sinh hoc va thir nghi¢ém mé hinh thye té

Sau khi xdy dung dugc quy trinh san xuat cac ché pham sinh hoc ¢6 tiém ning
phan huy DDT va Lindane, budc tiép theo 1a tién hanh cac thir nghiém, xac dinh
phuong an hiéu qua nhét xtr Iy 6 nhiém DDT va Lindane trong dat trén co s& st dung
céc ché phélm tao duge. Dé dat duoc muc tiéu nay, cac yéu t6 nhu ty 1€ bod sung nudc,
ty 16 ché pham, cac phuong an bo sung céc chat hoat dong bé mit s& dugc khao sat &
quy mo phong thi nghiém. Trén co s d6, phuong an xir Iy tot nhat dugc xay dung,

va sau d6 dugc thir nghiém trén cac mo hinh thyc dia.
3.3.1 Thir nghiém xir Iy 6 nhiém dit DDT quy mé phong thi nghiém

Trén co s& tong hop cac két qua néu trén vé kha niang séng sot, duy tri hoat
tinh phan giai DDT cia cic ching trong qua trinh san xuét, ching t6i lya chon hai
ché pham sinh hoc don ching tét nhat (Pseudomonas anuradhapurensis PAM67 va
Stenotrophomonas maltophilia Y042) 1am d6i chtng dé khao nghiém tiép cung voi

cac ché pham t6 hop chiing t6t nhat (HD4 va HD7).
3.3.1.1 Khao sat ty 1€ nwéc khac nhau

Trong céc yéu td thi nudce 12 yéu té quan trong c6 anh hudng truc tiép dén kha
nang sinh truong va hoat dong ciia cac ching vi khuan. Do d6, kha nang xir 1y dat 6
nhiém DDT ctia cic ché pham sinh hoc don ching (Pseudomonas anuradhapurensis
PAMG67 va Stenotrophomonas maltophilia Y042) va cac ché pham dang t6 hop chung
c¢6 hiéu qua cao nhit (HD4 va HD7) duoc khao sat trong diéu kién b sung nuéc &
cac mire khac nhau (10, 20, 30, 50 va 70%). Két qua (Hinh 3.29) cho thay hiéu suét
phan huy DDT gia tang ty I¢ thuan véi lugng nude bod sung, dat gia tri cao nhat & muc
70%. Cu thé, P. anuradhapurensis PAM67 loai bo khoang 20% DDT, S. maltophila
Y042 khoang 30%, trong khi HD4 va HD7 lan luot dat toi 67% va 70% chi sau 2
tuan. Tir nhitng két qua ndy, c6 thé dua ra gia thuyét rang ham luong nudc cao tao
diéu kién ki khi, gitp cac ching vi khuan phan hity DDT hiéu qua hon thong qua con

duong loai halogen — von c6 thé 13 co ché chinh trong diéu kién tu nhién. Pang chi
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y, hai chi Pseudomonas va Stenotrophomonas da dugc ghi nhan cé kha nang sinh
trudng linh hoat trong ca méi trudng hiéu khi va ki khi, diéu nay cang cing ¢ cho
gia thuyét trén. Ngoai ra, nghién ciru ctia Xiaoxu Wang va cong sy (2018) ciing cho
thdy viéc bo sung 60% nudc vao dit tao moi truong thuan loi cho qua trinh phan huy
DDT boi A. globiformis [120].

Céc két qua thu dugc cho thay anh hudng ctia d6 4m ddi véi ca ché pham don
chung va ché pham t6 hop c6 xu hudng twong ddng. Pidu ndy ham ¥ rang co ché trao

d6i chét ciia cac chung vi sinh khong thay d6i nhiéu du ton tai & dang riéng 1é hay

trong to hop.
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Hinh 3.29. Kha ning xir Iy DDT trong dit bang cac ché pham don chiing va to

hop chiing trong thi nghiém bé sung nwéc theo céc ty 1é khac nhau

Véi truong hop to hop HD4 chira ca hai chung P. anuradhapurensis PAM67

va S. maltophila Y042, xu thé anh hudng cua do 4m c6 thé dugc giai thich d& dang,
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nhung véi HD7 — khong bao gém hai ching ndy — xu huéng ndy van dugc duy tri,
cho thiy day c6 thé 1a dic diém chung cuia tit ca cac ching dugc nghién ctru. Cu thé,
khi d6 4m ting, hidu qua phan giai DDT ciing ting, dat cao nhat & mic 70%. Dicu
nay goi y rang diéu kién ki khi ting cing v6i d6 4m cao c6 thé thac ddy qua trinh
phan giai. Nhu vy, con dudng ki khi nhiéu kha ning 1 co ché chii dao trong xur 1y
DDT.

Tu két qua trén, ching t61 dé xuat mirc bo sung nudc 70% la to61 uvu cho cac

ché pham va dugc ap dung cho cac thi nghiém tiép theo.
3.3.1.2 Khio sat ty 1¢ ché pham khac nhau

Ty 1é nudc toi vu 70% xac dinh 6 trén dugc ap dung trong thi nghiém tiép theo
1a danh gia anh hudng cia cac ty 1& bo sung ché pham khac nhau (1%, 5%, 10%, 15%
va 20%) dén hiéu qua xtr Iy DDT cta cic ché pham. Két qua (Hinh 3.30) cho thay
d6i voi ché pham don chiing, viéc ting dan ty 1¢ bd sung khong mang lai su cai thién
13 rét vé hiéu qua phén giai. Sau 14 ngay, hiéu qua xir Iy DDT & cac mirc 10%, 15%
va 20% gan nhu tuong duong nhau, trong khi & ty 1¢ thap hon 10%, qua trinh phan
huy dién ra cham dang ké. Pic biét, khi chi b sung 1% ché pham, ndng d6 DDT hau
nhu khong thay d6i. Pang cht ¥, voi cac ché pham to hop, ty 18 bd sung 5% lai cho
hiéu qua cao nhat, v4i ca HD4 va HD7 déu dat murc phan hiy khoang 60% sau 2 tuan.
Khi ting ty 1 bo sung trén 5%, hiéu qua xtr Iy khong ting ma tham chi giam, dic biét
& murc 20%. Xu hudng nay khac biét so vai cac ché pham don chung. Tong hop két
qua cho thay, ty 18 bd sung 10% duoc xem 1a phi hop cho ca hai ché pham don chung:
P. anuradhapurensis PAM67 phan huy khoang 30% va S. maltophila Y042 khoang
35% DDT sau 4 tuan.

Véi cac ché pham to hop chung, co 18 viéc bo sung lugng dau vao vira phai
(5%) gitp cac ching VSV trong t6 hop phét trién va hinh thinh mot quan x4 trong
dat phan giai hiéu qua hon so voi khi bd sung qua nhiéu ché phim dau vao. Viéc bd

sung qua nhiéu ché pham dau vao (>10%) c6 1& da dan dén viéc cudng birc tao ra mot
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quan x3 c6 thanh phan cb dinh (ty 16 s6 luong té bao cac chung gan bing nhau), ma

chua chic da t6i wu cho viéc phéan giai DDT.
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Hinh 3.30. Kha ning xir Iy DDT trong dat bang cic ché pham don chiing va t6
hop chiing trong thi nghiém bo sung ty 18 ché pham khac nhau

Do do, ¢6 thé théy, dé xir Iy DDT, néu sir dung ché phém don chung thi nén
chon ty 18 bd sung ché pham khoang 10%, con néu st dung ché pham t6 hop thi c6

thé chi can bd sung khoang 5%, phan nao thé hién loi thé vé tinh kinh té hon.
3.3.1.3 Khio sat cac chat hoat dong bé mit khac nhau

DDT 1a hop chét 6 nhiém c6 tinh ki nuéc, d& bi hip phu vao cac hat dat, tir d6
lam giam kha ning tiép can va phan hily ctia vi khuan. Vi vay, dé nang cao hiéu qua
xu 1y, nghién ctru da tién hanh khao sét tac dong cua cac chit hoat dong bé mit nham

hd tro vi sinh vat tiép xuc tét hon véi DDT trong dét. Ba loai chit hoat dong bé mat
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duogc Iya chon dé khao sat bao gdm: Tween 80 (Tw80) — mot chit phd bién, d& kiém
— & cac nong d6 0,01%; 0,1% va 1%; Rhamnolipids (RLs) — hop chat do nhiéu loai
vi sinh vat sinh téng hop - & céc néng do 0,01%; 0,1% va 1%; va Digalactosyl
Diglyceride (DGDG) — thudc nhém glycolipid, c6 ngudn gbe sinh hoc tir mot s6 loai
sinh vat — & cac nong do 0,00002%; 0,00004% va 0,00008%. Hiéu qua phan giai
DDT cua cac ché phim duoc danh gia khi thir nghiém cac phuong an bd sung cic
chit hoat dong bé mit khac nhau, dudi diéu kién ty 1€ nude 70% va ty 1€ bo sung ché
pham 10% d6i véi dang don chiing va 5% ddi véi dang t6 hop, duoc xac dinh 1a phu

hop nhét & trén.
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Hinh 3.31. Kha ning xir Iy DDT trong dit bang cac ché pham don chiing va to
hop chiing trong thi nghiém bo sung chat hoat dong bé mit theo cac
ty 1€ khac nhau
Ghi cht: Tw80: Tween 80 (Tw80); RLs: Rhamnolipids; DGDG: Digalactosyl Diglyceride
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Két qua (Hinh 3.31) cho thiy viéc bd sung chit hoat dong bé mit di cai thién
dang ké hiéu suat phan huy DDT cua cac ché pham don ching, vén chi dat khoang
50% khi khong bd sung. V6i P. anuradhapurensis PAM67, hiéu qua phan huy ting
tir ~40% 1én dén ~67% sau 2 tuan; trong d6 Tween 80 va Rhamnolipids cho két qua
tuong tu nhau, déu dat khoang 60%. Pac biét, kha nang thich ung tdt cua P.
anuradhapurensis PAM67 véi Rhamnolipids — von 1a chat hoat dong bé mit do nhiéu
loai Pseudomonas tong hop [33] giup ché phdm nay dat hiéu qua phan huy cao. Ddi
v6i Y042, hiéu suat phan hity dao dong tir 43% dén ~70%, trong d6 Tween 80 mang
lai tac dung 10 rét nhét. Khi bd sung Tween 80 & néng dd 0,1%, ché phém Y042 dat
hiéu qua vuot 70% véi ndng d6 DDT ban dau 30 ppm.

Déi voi cac ché pham to hop, tic dong ciia cac chat hoat dong bé mat ciing
tuong tu nhu ¢ don chung. Trong ba loai chit duoc khao sat, Tween 80 cho hiéu qua
tang cudng cao nhat, tiép dén 1a Rhamnolipids va DGDG. Pang chi y, khi b6 sung
Tween 80 & néng do 0,1%, hiéu qua phan huy cua HD4 dat t61 60% va HD7 vuot
50% chi sau 14 ngay.

Nhiéu nghién ctru trude day da ghi nhan hiéu qua cua viéc bd sung chat hoat
dong bé mit trong qua trinh xir Iy DDT. Cu thé, Xiaoxu Wang va cong su (2018) cho
thay viéc bo sung 5 mg/kg Rhamnolipids giup A. globiformis phan hity sinh hoc dugc
64,3% DDT sau 150 ngdy, cao hon 60,7% so v&i nghiém thirc ddi ching [120]. Trong
nghién ciru ciia Betancur-Corredor va cong su (2015), khi bd sung 6,55 mg/kg
(0,000655%) Tween 80, ndng d6 DDT (99,46 ppm ban dau) giam t6i 94,3% sau 8
tuan, trong khi ¢ ddi ching khong bd sung, muc giam chi dat 4,28% [24]. Bén canh
d6, Guo va cong su (2014) da thir nghiém nhiéu loai chat hoat dong bé mat nhu TX-
100, Tween 80, Brij35 va SDBS dé xur 1y dat 6 nhiém DDT. Két qua cho thdy Tween
80 1a lya chon t6i wu nhd kha nang hoa tan va rira giai t6t, giup giai phong DDT khoi
dat, dong thoi c6 mirc do hap phu vao dat thap va it gy tic dong tiéu cuc dén hé sinh
thai so voi cac chat con lai [55]. Do d6, viéc bd sung Tween 80 gitp ting cuong hiéu
qua phan hay DDT cao hon Rhamnolipids va DGDG. Nhu viy, xét ca vé hiéu qua

ting cudng va gia thanh, phuong an bd sung Tween 80 ¢ muc 0,1% c6 1& 1a phi hop
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nhat dé 4p dung cho quy trinh xir Iy DDT cta cac ché pham, ca don chung va t6 hop

chung.
3.3.1.4 Tong hop két qua va xay dung quy trinh xir Iy dat nhiém DDT

Téng hop cac két qua trén, c6 thé thy cac diéu kién phu hop dé cac ché phdm
xtr Iy DDT hiéu qua nhat 1a b6 sung ché pham & ty 1& 5%, b6 sung nude dat ty 16 70%
va Tween 80 dat ndng do 0,1%. Két qua thir nghiém & cac diéu kién phu hop nhat
nay trong 21 ngay (Hinh 3.32) cho thay ché pham HD4 cho hiéu qua xir 1y t6t nhat

so voi cac ché pham con lai (1am giam khoang 80% DDT trong dat sau 21 ngay).
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Hinh 3.32. So sanh hi¢u qua phén giai DDT trong dat ciia cic ché pham trong
thi nghiém ap dung cac diéu kién phi hop nhit (bé sung 5% ché pham + 70%

nudc + Tween 80 0,1%)

Tom lai, quy trinh xir 1y dt 6 nhiém DDT bang ché pham sinh hoc duoc thyc
hién qua céac budc sau. Trudc tién, mau dit 6 nhiém duoc thu thap theo tiéu chuin
TCVN 7538:2005 va tién hanh phan tich x4c dinh ham luong DDT ban dau. Sau dé,
dat dugc xir Iy so bo bﬁng cach dao, x6i tron dén d6 sau khoang 100 cm roi sau do
xéac dinh va diéu chinh gia trj pH cta dit (néu can) vé khoang thich hop tir 5-9. Tiép
theo, ché pham sinh hoc HD4 c6 mat d6 vi sinh vat tdi thiéu 1 x 107 CFU/g dugc bd
sung vao dat voi ty 18 5% (w/w). Ché pham duoc rai déu trén bé mit dat, sau do tién

hanh cay x6i va tron k¥ nham dam bao sy phan bo dong déu cua vi sinh vat trong
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toan bo khoi dat xur 1y. Sau khi bd sung ché pham, dung dich phu gia Tween 80 dugc
pha véi ty 18 1 1it cho m&i mét khbi dat can xir Iy. Luong nudce bo sung duoc tinh toan
sao cho d Am cudi cung cua dat dat khoang 70%. Dung dich Tween 80 dugc hoa vao
lwong nudce can bd sung trude khi twdi déu 1én dat nham ting kha ning hoa tan va
tiép xtic cia DDT véi vi sinh vat phan giai. Sau thoi gian xtr Iy, mau dat duoc 1ay lai
dé phan tich ham luong DDT con lai. Qua trinh xtr 1y duoc danh gia 1a dat yéu cau
khi ndng d6 Lindane giam trén 60% so véi ban dau va ham lwong DDT con lai thap

hon 16,5 ppm.

Quy trinh nay c6 thé dugc so d6 hoa nhu sau (Hinh 3.33):

Phén tich miu d4t 6 nhiém DDT
- Thu miu theo TCVN 7538:2005
- Phan tich ham luong DDT

.

Xur Iy so bd
- bao, x6i tron téi do sdu 100 cm
- Chinh pH dét (néu cin) vé trong khoang 5-9

\ 4

A A R |

Bo sung ché pham /1

- BO sung vdi ty 1€ 5% (w/w) vao dat bang
cach rai déu, cay x6i, tron déu

$

Bé sung dung dich phu gia va nwée ! Dung dich phu gia 1|

- Chuan bi luong dung dich phu gia Nl (Tvs;eenSO). |
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N7 Mitdo VSV = 1x 107 CFUg
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- B0 sung lugng dung dich phu gia can thiét (\I — Nuée :
vdo lugng nudc can b6 sung 0| @ @t——m——————————
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Phin tich lai miu d@it

Pit duoc xir Iy
Nong d¢ DDT giam > 60% va < 16,5 ppm

Hinh 3.33. So' @ quy trinh ing dung ché phim sinh hoc trong xir Iy dit
6 nhiém DDT
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3.3.2 Gia thuyét vé con dwong phan giai DDT bing ché phiam sinh hoc

Két qua phan tich sic ky 6 GC-MS cho thay: Khi st dung ché pham HD4 thi
DDT bi phan hity thanh cac chdt DDD, DDE va DDMU (Hinh 3.34). Ngoai ra, cudng
d6 cac dinh turong tng véi cac chit chuyén hoa trung gian nhu DDD, DDE va DDMU
déu giam dan theo thoi gian, cho thiy cac hop chat nay tiép tuc bi chuyén hoa trong
qua trinh phan huy. Diéu nay ching to khong chi DDT ban dau ma ca cac san phim
phan huy trung gian ciing dugc tiép tuc phan giai, 1am giam nguy co ton luu cac chat

doc hai thir cap trong méi truong.
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Hinh 3.34. Sic ky @ GC-MS thé hi¢n san pham chuyén héa ciia DDT
trong dat boi ché pham HD4 theo thoi gian

Ghi  cha:  1,1,1-dichlorodiphenyltrichloroethane  (DDT);  1,1-dichloro-2,2-bis(p-
chlorophenyl)ethylene (DDE); 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane (DDD); 1-

chloro-2-2-bis-(4’-chlorophenyl)ethylene (DDMU).

Dua trén cc chat chuyén hoa ndy, gia thuyét cua chung t6i vé con dudng phan

hay DDT trong dat ciia ché pham HD4 dugc dé xuat nhu sau (Hinh 3.35): Khi bo
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sung Tween 80 vao dat 6 nhiém DDT, chét hoat dong bé mit nay lam ting kha ning
hoa tan sinh hoc ctia DDT, gitp cac chung vi sinh vt tiép cin co chat hiéu quéa hon.
Trong cac vi méi trudng ki khi cta dat, DDT c6 thé bi khir chloride tao thanh DDD
va DDE [127]. Qua trinh nay c6 thé dugc hd tro boi cac enzyme khtr halogen nhu
haloalkane dehalogenase, enzyme da dugc phat hién & hai chung C. metallidurans
TNO30 va S. marianii DDT21. Su hién dién ciia enzyme ndy cho thiy cac ching vi
khuén trong ché pham cé tiém nang xuc tac qua trinh loai bo chloride khoi phén tir
DDT. Tiép theo, DDD va DDE tiép tuc bi loai chloride tao thinh DDMU thong qua

cac phan tng khir chloride d3 duoc ghi nhan trong nhiéu nghién ciru trude day.

Sau cac budc khir chloride, cac chat chuyén héa trung gian c6 kha ning tiép
tuc bi oxy hoa dudi diéu kién hiéu khi nho sy phdi hop hoat dong cia cac ching trong
t6 hop. Cac phan tng hydroxyl hoa va carboxyl hoa c6 thé chuyén DDMU thanh cac
hop chat don gian hon nhu DBP. O cic giai doan sau, enzyme catechol 1,2-
dioxygenase, dugc ma hoa boi gen catd va dugc phat hién ¢ cac chung S. marianii
DDT21, C. metallidurans TNO30, P. nitroreducens Y077 va P. anuradhapurensis
PAMG67 (duong (10) — Hinh 3.5, Hinh 3.2A,B,C, Phu luc 15), c6 thé phan huy phenol
va axit benzoic thong qua co ché phan cét ortho ctia vong thom, enzyme nay dugc
cho la tham gia vao giai doan mé vong thom & cac budc sau cua qua trinh phan giai
DDT, sau khi hop chét da duoc khtr chloride va hydroxyl hoa [14, 19]. Viéc m& vong
thom duoc xem 1a mot trong nhiing budc quan trong nhat trong qua trinh khoang héa
hoan toan cac hop chit hitu co bén viing, boi ciu triic vong benzen von rat kho bi
phan hily trong méi truong ty nhién. Sau khi vong thom bi cat md, cac chat trung
gian c6 thé d& dang di vao cac con dudng chuyén hoa trung tAm nhu chu trinh TCA

va cudi cung duoc khoang hoa thanh CO, va H,O [67].

Su xuat hién cia cac chat chuyén hoa cé ciu tric ngay cang don gian theo thoi
gian cho thdy DDT da dugc phan giai timg budc trong dat 6 nhiém DDT. Cac san
pham chuyén hoa dugc ghi nhan trong nghién ciru nay ciing twong dong véi két qua
ctia Pan va cong su (2016) [85], qua d6 cung cb thém gia thuyét vé con duong phan

giai dugc dé xuat. Mic du da c6 nhiéu nghién ctru vé phan giai DDT nhung hién nay
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van vi¢c xac dinh dac di€m cua toan bo con duong trao doi chat cting nhu nhirng gen

lién quan dén qué trinh trao d6i chat cia DDT vén chua dugc 1am sang t6 [74].

Trong nghién ctru ndy, chung t6i st dung phan mém Prokka dé du doan va
chu giai cac gen ma hoéa protein va enzyme. Mac du Prokka 1a mot cong cu nhanh va
phé bién trong chu giai b gen vi khuan, cong cu nay van ton tai nhuge diém 1a do
chinh x4c han ché ddi véi cac trinh ty méi hodc hiém gap, do phu thudc nhiéu vao
céc co sé dit liéu tham chiéu sén c6. Vi vay, Prokka c6 thé bo sot cac gen chirc nang
dic thu trong cac bo gen cd ngudn gdc mdi truong phirc tap va tao ra ty 1¢ cao cac
chu giai dudi dang protein gia dinh (hypothetical protein) [45]. Két qua trong nghién
clru ndy cho thay ty 1é protein dwgc gan 13 hypothetical protein van con kha cao
(34,28-50,50%) trong cac hé gen dugc phan tich. Piéu ndy phan anh thuc té rang
nhiéu trinh tu protein trong cic ching duoc nghién ctru mic du dwoc gan 1a
hypothetical protein khong dong nghia véi viéc khong c6 chiic ning ma do co so di

liéu cua phan mém Prokka con han ché.

70% nu'dc
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TNO30, Y077,

PAve7, Y022 B6 sung
m e pham o
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cl Cl
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Cl Cl 9
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Hinh 3.35. Gia thuyét vé qua trinh phan hiiy sinh hoc DDT trong dat boi ché
pham HD4

Ghi  cha:  1,1,1-dichlorodiphenyltrichloroethane  (DDT);  1,1-dichloro-2,2-bis(p-
chlorophenyl)ethylene (DDE); 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane (DDD); 1-
chloro-2-2-bis-(4’-chlorophenyl)ethylene (DDMU); 4,4’-dichlorobenzophenone (DPB)
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Mot s6 nghién ciru di chi ra cac ching vi khuan thudc chi Pseudomonas c6
kha nang hoat dong linh hoat & cac diéu kién moi truong khac nhau. Chiing hoat dong
tdt trong ca 3 moi truong hiéu khi, ki khi va ki khi tuy tién [76]. Cac loai Pseudomonas
c6 kha nang sinh enzyme xuc tac loai bo HCI hodc chloride dé tao thanh DDD/DDE
[94]. Ching Stenotrophomonas DDT™' phan 1ap tir dat bi 6 nhiém d3 duoc bao céo 1a
c¢6 kha ning str dung DDT nhu ngudn ning luong va cacbon duy nhat, cac san pham
phan giai dugc tao ra gdbm DDE, DDD, DDOH, DDMU va DDA [85]. M6t nghién
ctru vé mot chiing khac 13 Stenotrophomonas sp. DXZ9 da cho thay chung nay khong
chi [am gidam ham luong DDE ma con lam gidam ham luong DDT. Cu thé, hiéu qua
phan hay sinh hoc cua chung ddi véi DDE dat 39,4% sau 5 ngay va 41,9% sau 10
ngay, con dbi véi DDT dat tuong Gng 1a 55% va 57,6% [126]. Chung Ralstonia
eutropha A5 ¢ kha nang phan giai tot DDD trong diéu kién hiéu khi [58]. Ngoai ra,
hau hét cac xa khuan phan hity DDT theo cac con dudng hiéu khi, cong b cu thé vé
cac chung Streptomyces 885 c6 kha nang phan huy 55,9% DDD sau 28 ngay thanh
DDOH va DBP [61]. Bac bi¢t, enzyme catechol 1,2-dioxygenase giup phan giai DDT

dugc tim thdy & mot sb ching Streptomyces [14] hay Pseudomonas [108].
3.3.3 Thir nghiém xir Iy 6 nhiém dit Lindane quy md phong thi nghié¢m

Trén co s& tong hop cac két qua néu trén vé kha ning séng sot, duy tri hoat
tinh phan giai Lindane ctia cac chiing trong qua trinh san xuét, chung t6i lya chon hai
ché phim sinh hoc don chung tot nhit (Pseudomonas putida PAM66 va
Sphingobacterium mitazuii Y027) lam d6i chtrng dé khao nghiém tiép cing véiva cac
ché pham t6 hop chung tot nhat (HH1 va HH3).
3.3.3.1 Khao sat ty 1€ nwéc khac nhau

Kha ning xir Iy dat 6 nhiém Lindane bang cic ché pham don ching
(Pseudomonas putida PAM66 va Sphingobacterium mizutaii Y027) va cac ché pham
t6 hop chung (HH1 va HH3) véi cac ty 18 bd sung nude khac nhau (10, 20, 30, 50,
70%) duoc danh gia. Két qua (Hinh 3.36) cho thdy voi cac ti 1& bd sung nudc ting

dan, hiéu qua phan hiy Lindane ciing ting theo ty 1& thuan. Khac véi thi nghiém véi
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DDT, trong thi nghiém nay hiéu qua phén giai cta cac ché phdm don chung dudong
nhu d3 dat cao nhat véi ty 16 bo sung nude chi 1 50%: ca hai ché phim Pseudomonas
putida PAM66 va Sphingobacterium mizutaii Y027 déu lam giam ~30% Lindane sau
2 tuan, tuong tu nhu voi ty 18 70%. Tuy nhién, trong trudng hop cac ché pham t6 hop,
hiéu qua phéan giai cta cac to hop chi ting rd rét voi ty 1& bd sung nudc 70%: ché

pham HH1 lam giam ~50% Lindane, ché pham HH3 lam giam ~70% Lindane sau 2
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Hinh 3.36. Kha ning xir Iy Lindane trong dat bang cic ché pham don chiing va

t6 hop chiing trong thi nghiém nuéc theo cac ty 1& khac nhau

Nhu vay, gia thiét duoc dat ra vé anh huong cua ti I¢ nudc voi qua trinh phan

huy Lindane 13 twong ty nhu voi qua trinh phan hity DDT: ti 16 bd sung nudc cao tao
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diéu kién ki khi, tir d6 cac ching vi khudn phén giai Lindane t6t hon theo con duong
loai chloride. Tuy nhién, lugng nudc doi hdi cho hai chung chon loc phan giai
Lindane khong phai & qua nhiéu. Két qua nghién ciru kha twong dong voi két qua
ctia Juliana M. Saez va cong su (2014), cho thiy viéc bo sung hon 60% nudc vao dat

tao mo1 truong phan huy Lindane thuan 1gi cho Streptomyces [98].

Két qua trén ciing cho thiy, di véi qua trinh phan giai Lindane, 4nh huéng
ctia d6 am 1én cac ché pham dang don chung va dang t6 hop 13 khong hoan toan nhu
nhau. Tuy nhién, xu thé hiéu qua phan giai tang khi ty 1¢ nudc ting goi ¥ vai trd quan
trong ctia chuyén hoa ki khi. Co thé véi cac don ching Pseudomonas putida PAM66
va Sphingobacterium mizutaii Y027, ning luc phan giai Lindane trong diéu kién ki
khi ctia chung chi dat t&i gidi han nhat dinh nén hiéu qua phan giai khong tang hon
khi ty 1€ nudc ting té1 70%. Nhu vay, tuwong tu vé1 DDT, c6 1€ con duong hiéu qua
nhat dé xir Iy Lindane 13 dya trén phéan giai ki khi 1a chinh. Theo Camacho-Pérez va
cong su (2012), con duong phan huy Lindane dugc biét phd bién nhat 14 thong qua
loai chloride trude (ki khi) va 6xi hoa sau (hiéu khi) dé mé vong [32]. Do dé, két qua
thu duoc 1a c6 thé 1y giai dugc va cho thiy, can tao diéu kién ki khi dé cac t6 hop
chung phan giai Lindane hiéu qua hon. Vi cac két qua trén, chung toi nhan dinh ty
1¢ bd sung nudc 70% 1a phu hop hon ca véi cac ché pham va st dung cho cac thi

nghiém tiép theo.
3.3.3.2 Khio sat ty 1¢ ché pham khac nhau

Kha ning xir 1y dt 6 nhiém Lindane (50 ppm) bang cac ché pham don ching
t6t nhat (Pseudomonas putida PAM66 va Sphingobacterium mizutaii Y027) va cac
ché pham dang t6 hop chung t6t nhat (HH1 va HH3) véi cac ty 18 bd sung ché pham
khac nhau (1%, 5%, 10%, 15%, 20%) dugc danh gia, trong diéu kién bo sung nudc
dén ty 1¢ t6i vu 1a 70%.

Két qua thi nghiém (Hinh 3.37) cho thiy sau 14 ngay, cac ché pham don ching
Y027 va PAMG66 (ty 1é bd sung 10%) phén giai duoc khoang 20% va 7% Lindane tir
ndng do ban dau 50 ppm. Khi ting ty 1& ché pham 1én 15% va 20%, hiéu qua xtr Iy
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khong cai thién dang ké, cho thdy murc 10% Ia phit hop nhét dbi vé6i cac don chung.
Nguoc lai, ¢ cac ty 1€ thép hon 10%, su giam Lindane dién ra cham, va dic biét &
mirc 1% thi ndng d6 gan nhu khong thay do6i sau 28 ngay. Tuy nhién, c6 thé thdy dbi
v6i viée bd sung cac ché pham dang t6 hop chung, kha ning giam Lindane manh hon
so voi khi bd sung don ching. Pic biét, chi cAn bo sung ty 16 rat nho 1% da cho thay

hi€u qua vuot trdi (gidm con ~23%) sau 14 ngay.
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Hinh 3.37. Kha ning xir Iy Lindane trong dit bang cac ché phim don chiing va

t6 hop chiing trong thi nghiém bd sung ty 1é ché phim theo céc ty 1¢ khac nhau

Téng hop céac két qua va can nhéc thém khia canh kinh té, chung t6i nhan dinh,

dé xir Iy Lindane, néu sir dung ché pham don ching thi nén chon ty 1& bd sung ché
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pham khoang 10%, con néu sir dung ché pham t6 hop thi c6 thé chi cn bo sung theo

ty 18 1% ché pham.
3.3.3.3 Khio sat cic chit hoat dong bé mit khac nhau

Ba loai chét hoat dong bé mat duge lua chon khao sat gff)m: Digalactosyl
Diglyceride (0,00002%; 0,00004%; 0,00008%); Rhamnolipids (0,01%; 0,1%; 1%);
va Tween 80 (0,01%; 0,1%; 1%). Cac ché phim duoc danh gia kha ning xir 1y
Lindane khi bd sung céc chit hoat dong bé mit theo cac phwong an khac nhau néu

trén, dudi diéu kién ty 18 nudc 70% va ty 1& bo sung ché pham 1a 10%.
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Hinh 3.38. Kha ning xir Iy Lindane trong dit bang cac ché phim don chiing va
t6 hop chiing trong thi nghi¢m bd sung chat hoat dgng bé miit theo cac ty I¢

khac nhau

Ghi cht: Tw80: Tween 80 (Tw80); RLs: Rhamnolipids; DGDG: Digalactosyl Diglyceride
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Sau 14 ngay, cac ché pham don ching c6 bd sung chat hoat dong bé mit c6
hiéu qua phan huy Lindane dat tir khoang 30—-40% (Hinh 3.38), cao hon dang ké so
v6i khi chi bd sung nudc. Trong d6, Pseudomonas putida PAM66 ¢6 hiéu qua xtr Iy
dat gan 40%, con Sphingobacterium mizutaii Y027 thé hién hiéu qua ndi troi hon,
dao dong tir 40—-50%. Dic biét, khi bd sung Tween 80, ché pham Sphingobacterium
mizutaii Y027 cho két qua tot nhat véi hiéu qua phan hity 48% tir ndng d6 ban dau
50 ppm. So sanh giita cac chat hoat dong bé mat, Tween 80 nhin chung mang lai hiéu

qua cao hon hodc tuong duong so voi Rhamnolipids va DGDG.

Déi v6i ché pham 6 hop, tac dong cua cac chat hoat dong bé mit ciing tuong
tu nhu voi don chung, trong d6 Tween 80 tiép tuc thé hién vai tro ting cudng t6t nhat,
ké dén 1a Rhamnolipids va DGDG. Tuy nhién, so v&i két qua trén DDT, sy khéac biét
vé tac dung giita cac loai chat hoat dong bé mit trong xr Iy Lindane khong qué rd rét.
Péng chu ¥, khi bo sung Tween 80 ¢ nong d6 0,1%, hiéu qua xt 1y ciia cac to hop
HH1 va HH3 dat khoang 50% chi sau 14 ngay.

Céc két qua trén phi hop voi nghién ctru clia Saez va cong su (2015), trong do
viéc bd sung 1-1,25 mM Tween 80 gilip tang kha ning hoa tan Lindane trong dung
dich (50-100 mg/L), tao diéu kién cho vi sinh vt tiép can va phéan giai Lindane hiéu
qua, dat tdi 97% [100]. Nhitng phat hién nay c6 su twong dong vdi két qua nghién
ctru ctia chung t6i. Tuy nhién, tiém ning img dung Tween 80 trong cai thién qua trinh
xur Iy Lindane ngay tai méi trudng dat 6 nhiém van chua duoc khai thac triét dé. Do
do, tuong tu nhu ddi v6i DDT, xét vé ca chi phi va hi¢u qua, bo sung Tween 80 &
noéng d6 0,1% dugc xem l1a phwong 4n kha thi nhéat cho qua trinh xir Iy Lindane bang
céc ché pham. Trong truong hop can vu tién yéu t6 kinh té, két qua ciing goi ¥ rang

ty 1¢ Tween 80 & mirc 0,01% van c6 thé can nhac ap dung.
3.3.3.4 Tong hop két qua va xdy dung quy trinh xir Iy dit nhiém Lindane

Tong hop cac két qua trén, c6 thé thy cac diéu kién phu hop dé cac ché pham
xt Iy DDT hiéu qua nhat 1a b6 sung ché pham & ty 18 1%, bd sung nude dat ty 16 70%
va Tween 80 dat ndng do 0,1%. Két qua thr nghiém ¢ cac diéu kién phi hop nhat
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nay trong 21 ngay (Hinh 3.39) cho thdy ché pham HH1 cho hiéu qua xur Iy t6t nht

so voi cac ché pham con lai (1am giam khoang 75% Lindane trong dat sau 21 ngay).

nih Hl

Pt 1% HH1 _70% 1% HH3 70% 1% Y027 _70% 1% PAMG66_70%
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Hinh 3.39. So sanh hi¢u qua phén giai Lindane trong dit ciia cic ché pham
trong thi nghiém ap dung cac diéu kién phu hop nhat (b6 sung 1% ché pham +
70% nwdéc + Tween 80 0,1%)

Tom lai, quy trinh xir Iy dt 6 nhiém Lindane bang ché pham sinh hoc duoc
thuc hién qua cic budc sau. Trudc tién, mau dat 6 nhiém duoc thu thip theo tiéu
chuan TCVN 7538:2005 va tién hanh phan tich x&c dinh ham luong Lindane ban dau.
Sau d6, dat dugc xu 1y so bd bang cach ddo va x6i tron dén do sau khoang 100 cm
nham ting do dong nhit ciia mau dat. Gid tri pH cua dat duoc kiém tra va diéu chinh
(néu cﬁn) vé khoang thich hop tir 5-9 dé tao diéu kién thuan lgi cho hoat dong cua vi
sinh vat. Tiép theo, ché phdm sinh hoc HH1 c6 mat d6 vi sinh vt téi thiéu 1 x 107
CFU/g duoc b sung vao dét véi ty 16 1% (w/w). Ché pham duoc rai déu trén bé mat
dat, sau d6 tién hanh cay x6i va tron k§ nham dam bao su phan b dong déu cia vi
sinh vat trong toan bd khdi dat xtr 1. Sau khi bo sung ché pham, dung dich phu gia
Tween 80 dugc pha véi ty 18 1 lit cho mdi mét khdi dat can xir Iy. Lugng nude bo
sung duogc tinh toan sao cho do am cubi cung cua dat dat khoang 70%. Dung dich

Tween 80 dugc hoa vao lugng nudc can bo sung trude khi tudi déu 1én dat nham tang
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kha ning hoa tan va tiép xuc cua Lindane v6i vi sinh vét phan giai. Sau thoi gian xu
Iy, mau dat dugc 1ay lai dé phan tich ham luong Lindane con lai. Qué trinh xur 1y dugc
danh gia 1 dat yéu cau khi ndong do Lindane giam trén 70% so vi ban dau va ham
lwong Lindane con lai thap hon 24 ppm. Khi dép ung ddng thoi hai tiéu chi nay, dat

dugc xem 1a da duoc xir 1y thanh cong bang ché pham sinh hoc.

Quy trinh nay c6 thé dugc so d6 hda nhu sau (Hinh 3.40):

Phén tich miu dit 6 nhiém Lindane
- Thu miu theo TCVN 7538:2005
- Phan tich ham lugng Lindane

\ 4

Xir ly so bo
- bao, x61 tron té1 d6 sdu 100 cm
- Chinh pH dat (néu can) vé trong khoang 5-9

\ 4

B sung ché phim /1]
- Bo sung vai ty 1€ 1% (w/w) vao dat bang
cach rai déu, cay x6i, tron déu

\ 4

B6 sung dung dich phu gia va nwée T Dung dich phy gia ':
- Chuén bj lugng dung dich phy gia N (Tva;eenSO). |
(Tween80) phut hop: 1 livm? détcanxuly | ————————=———=—

- Tinh toan va chuan bi nudc can bd sung sao

—_——_—— e e —_————y

[
Y, Ché phim HH1 [
\I_| Mat d6 VSV > 1 x 107 CFU/g :

cho dd 4m cubi cing cua dat dat 70% P 1
- B0 sung luong dung dich phu gia can thiét (\I - Nuge :
vao lugng nudc can bo sung _——————

$

Phin tich lai mAu dét

¥

Pit duoc xir Iy
Nong do Lindane giam > 70% va <24ppm

Hinh 3.40. So dd quy trinh ing dung ché phim sinh hoc trong xir Iy dit &

nhiém Lindane
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3.3.4 Gia thuyét vé con dwong phan giai Lindane bing ché phim sinh hoc

Két qua phan tich sic ky d6 GC-MS cho thay: Khi str dung ché pham HHI thi
Lindane bi phan hily thanh cc chat nhuw PCCH va TCCH (Hinh 3.41). Day 1a nhiing
san pham dic trung cua qué trinh khir chloride trong con dudng phan giai ki khi da

dugc ghi nhan trude day [133].
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Hinh 3.41. Sic ky dd GC-MS thé hién san phim chuyén héa ciia Lindane trong
dit béi ché pham HH1 theo thoi gian

Ghi chu: pentachlorocyclohexane (PCCH), tetrachlorocyclohexene (TCCH)

Ngodi ra, ta c6 thé thay sau 7 ngay xir Iy cuong do dinh ciia Lindane giam rd
rét so voi thoi diém ban dau, dong thoi xuat hién thém cac dinh moi twong tng voi
cac san pham chuyén hoa trung gian 14 TCCH va PCCH. Piéu nay cho thiy Lindane
d3 bat dau bi phan huy va chuyén héa thanh cac hop chat trung gian thong qua qua
trinh khtr chloride. Dén ngay thtr 21, cudng do dinh cua Lindane tiép tuc giam manh,

d6ng thoi cac dinh cia TCCH va PCCH ciing giam dang ké so v6i thoi diém 7 ngay.
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Két qua nay chimg to cac chit trung gian khong tich liiy trong hé théng ma tiép tuc
dugc chuyén hoa trong qua trinh xir 1y. Két qua nay cho thdy quy trinh xir Iy bang
ché pham HH1 khong chi 1am giam ham lugng ban dau cta Lindane ma con tiép tuc
chuyén hoa cac san phim trung gian, gop phan han ché nguy co ton luu cac hop chét

doc hai thir cdp trong méi trudng.
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Hinh 3.42. Gia thuyét vé qua trinh phan hiiy sinh hoc Lindane trong dat boi
ché pham HH1
Ghi chu: pentachlorocyclohexane (PCCH), tetrachlorocyclohexene (TCCH), chlorobenzene
(CB)

Dua trén cac chat chuyén hoa ndy, gia thuyét cta chung t6i vé con dudng phan
huy Lindane trong dat ctia ché pham HH1 duoc dé xuit nhu sau (Hinh 3.42): Khi bd
sung 0,1% Tween 80 vao dat chira Lindane, Tween 80 gitp cac chung vi khuan tiép
xtc d& dang hon vé6i Lindane. Cac ching vi khuan s& chuyén héa Lindane thanh cac
chat co6 cau tric don gian hon 1a pentachlorocyclohexane (PCCH) va
tetrachlorocyclohexene (TCCH) bang cach loai chloride, chu yéu trong diéu kién ki
khi. Pay 14 nhiing san pham trung gian ctia sy phan giai Lindane [40, 99, 133]. Hai
chat PCCH va TCCH sinh ra c6 thé duoc tiép tuc loai chloride theo con duong ki khi,

nhiéu kha ning dén san pham té bao dé st dung 1 chlorobenzene (CB) [133], rdi sau
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d6 chat nay duoc mé vong va phan hity hoan toan nhd cac con dudng trao doi chat
trung tdm. Cac budc sau co thé lién quan dén ca cac con dudng hiéu khi nén viéc sir
dung t6 hop chung c6 18 rit quan trong, cho phép cac ching thanh phan hd trg 1an
nhau vé cic con duong phan giai hiéu khi va ki khi. Két qua nay ciing twong tur két
qua cta Quintero va cong sy (2006) vé sy phan hiy ki khi ctia Lindane thiy rang
nhiéu san pham trung gian 13 PCCH, TCCH, 1,2,3-TCB, 1,3-DCB va CB. Néong do
clia cac chat nay rat thip va khong bi tich lily theo thoi gian, theo thoi gian ciing phan
huy thanh CB nhu san pham cudi cung trong qué trinh phan hity nay [93]. Cubi cing,

cac san pham trung gian nay tiép tuc bi chuyén hoa triét dé trong qua trinh phan huy.

Trong con dudng phan giai Lindane dién hinh & Sphingomonas paucimobilis
UT26, enzyme LinB — mot haloalkane dehalogenase — ddm nhan budc thar hai trong
chudi phan tng chuyén hoa Lindane thanh cac chat trung gian it chloride hon [82].
Poonam Sharma va cong su (2006) bao céo rang enzyme haloalkane dehalogenase
tham gia tryc tiép vao qua trinh chuyén héa beta- va delta-HCH (Lindane) thanh
PCCH va mét s6 thanh TCCH [103]. Trong nghién ciru ndy, ching toi cling phat hién
thiy haloalkane dehalogenase & chung Streptomyces katrae A119, dugc mi hoa boi
gen dhaA, mic du cac nghién ciru trude ddy thuong cong bd enzyme ndy duoc ma
hoa boi gen linB [32, 99]. Két qua nay cho thiy cac dehalogenase khac (khong phai
enzyme pho bién dugc mi hoa boi /inB) ciia cac chung nghién ctru ¢ thé tham gia
vao qué trinh phan giai Lindane. Nhu vy, cac chung trong nghién ctru ndy co tiém
ning bo sung cho nhém mang gen /in dién hinh, qua d6 gitip mé rong tiém nang ung
dung vi sinh vat trong phan gidi Lindane.

Ngoai ra, nhu da phan tich & trén, do phu thudc nhiéu vao co s& dit liéu tham
chiéu, Prokka c6 thé chua nhan dién day du cac gen chirc ning dic thu trong cac bo
gen c6 ngudn goc tir moi trudng phrc tap, dan dén ty 18 cao céc trinh ty chi duge chi
giadi & muc protein gia dinh.

Kha ning thich nghi da dang va linh hoat cta cac vi khuan thudc chi

Pseudomonas trong cac diéu kién méi truong giup chung c6 kha ning hoat dong va
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st dung ngudn cacbon ca trong diéu kién hiéu khi va ki khi [76]. D3 c¢6 nhing két
qua nghién ctru cho thdy y-HCH c6 thé dugc phan huy boi chung Pseudomonas
nitroreducens J5-1 thanh y-PCCH, 1,2,4-TCB va 3,4,6-trichlorocatechol [131].
Trong mdt sb nghién ctru khac, cac xa khuédn ciing c¢6 thé phan huy Lindane theo co
ché linh hoat twong tw. Vi du, theo Sineli (2016), chung Streptomyces sp. M7 phan
giai Lindane sau 7 ngdy thanh cac dong phdn pentachlorocyclohexenes,

tetrachlorocyclohexenes, chlorobenzenes va chlorophenols [106].
3.3.5 Budc dau thir nghiém trong mé hinh thue té

Sau khi da xay dung duoc quy trinh xir Iy dat 6 nhiém DDT bang ché pham
HD4 va dat 6 nhiém Lindane bang ché pham HH1 ¢ quy mé phong thi nghiém, chiing
t6i tién hanh budc dau thir nghiém cac ché pham va quy trinh xtr Iy nay trén mé hinh
thue té. Pay 1a budc can thiét dé so bo danh gia hidu qua xir 1y thuc sy khi cac san

pham va quy trinh néi trén dugc ing dung ngoai thuc dia.
3.3.5.1 Thir nghiém xir Iy dat 6 nhiém DDT trén md hinh thyec té

Két qua theo doi ham lugng DDT con lai trong déat dugc thé hién & Hinh 3.43
cho thiy xu hudng giam 6 rét theo thoi gian, dic biét & 16 thi nghiém. Cu thé, ndng
d6 DDT ban dau 13 19,25 ppm, sau 6 tudn giam manh con khoang 7,9 ppm va tiép tuc
giam xudng chi con khoang 2,83 ppm & tuan tht 12 (hiéu sut phan giai dat ~ 85%).
Trong khi d6, 16 ddi chung chi giam nhe xudng 10,89 ppm sau 12 tudn.
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Hinh 3.43. Ham lwong DDT con lai trong déit theo thoi gian
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Su khac biét trén vé sy thay ddi ndng d6 DDT trong dit giira truong hop thi
nghiém va truong hop dbi ching khang dinh viée bo sung ché pham HD4 di thuc day
qua trinh phan giai DDT trong dat, mang lai hiéu qua xir Iy cao hon dang ké so véi

phan giai trong diéu kién ty nhién.

So véi md hinh trong phong thi nghiém, sau 3 tuin dau trong diéu kién thuc
dia, hiéu sut phan giai DDT chi dat khoang 5% cho thdy vi sinh vat can thoi gian
thich nghi v6i diéu kién dat 6 nhiém trude khi phat huy hiéu qua xt Iy. Sy khac biét
nay co thé do diéu kién thuc nghiém dugc kiém soat 6n dinh hon, trong khi ngoai
thyc dia chiu anh huong ctia nhiéu yéu td nhu tinh chat dat, sy canh tranh cua hé vi
sinh vat ban dia,... Tuy nhién, ché phém HD4 dat hiéu suét phan gidi DDT khoéang
80% sau 21 ngay, trong khi & mé hinh thyc té sau 12 tuan hiéu suat dat khoang 85%.
Diéu nay cho thay ché phim HD4 ¢ kha ning thich nghi va Gmg dung tét trong diéu
kién thyc dia, dong thoi chirng minh tiém ning xtr Iy 6 nhiém DDT trén quy mé thuc
té. Ciing luu y rang phan giai tu nhién trong thoi gian nay c6 18 tt hon mot phan 1a
do trong thoi gian thir nghiém c6 kha nhiéu tran mua tai dia diém thur nghi¢m (Nghia

ban, Ngh¢ An).

T6 hop HD4 gdém cac chung Streptomyces marianii DDT21, Cupriavidus
metallidurans TNO030, Pseudomonas nitroreducens Y077, Pseudomonas
anuradhapurensis PAM67 va Stenotrophomonas maltophilia Y042, trong d6 c6 2
ching trung tam 1a Streptomyces marianii DDT21 va Cupriavidus metallidurans
TNO030. Nhu da phan tich & trén, hai chung nay dong vai tro chinh, c6 da dang cac
con duong vé phan giai chlorocyclohexane, chlorobenzene va phan giai dioxin nhat.
Trong khi d6, cac chiing con lai ¢6 vai tro hd tro ting tiém ning trao ddi chat va ting
kha ning thich nghi ciia hdn hop véi cac diéu kién moi truong khac nhau. Co thé
thay, su két hop cua cac ching 1am hoan thién hon cac con duong trao doi chat, giup
cho qua trinh phan giai c6 thé dién ra triét dé va nhanh hon. Ngoai ra, khi & ngoai moi
truong voi nhitng diéu kién nhiéu bién d6i thi sy da dang trong cac con duong trao
d6i chét sé& gitip cho t6 hop thich nghi tét hon. Nhiéu nghién ctru déu cho thiy su phan
giai DDT boi t6 hop ching hiéu qua hon so v6i bai don chung [92, 117].
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Hinh 3.44. Ban d6 chuyén hoéa cac chiing ciia té hop HD4

Ghi chu: (1) glutaryl-CoA transferase; (2) glutarate dioxygenase; (3) glutarate dioxygenase;
(4) 2-aminobenzoate-CoA ligase; (5) 3-hydroxybenzoate 6-monooxygenase; (6) 4-hydroxy

2-oxovalerate aldolase

Khi phan tich ban d6 chuyén hoa cac chung ciia to hop HD4 (Hinh 3.44) ¢6
thé thay, chung Pseudomonas nitroreducens Y077 ¢ enzyme glutaryl-CoA
transferase (duong mau xanh da tro1 (1), Hinh 3.44) 1a enzyme quan trong giup
chuyén glutarate thanh glutaryl-CoA; trong khi d6 chang Pseudomonas
anuradhapurensis PAM67 c6 enzyme glutarate dioxygenase (duong mau cam (2),
Hinh 3.44) gitp oxy hoa glutarate thanh L-2-hydroxyglutarate. Glutarate 1a mot san
pham ctia qua trinh phéan hity cac hop chit c6 vong thom sau khi vong thom bj mé.
Do d6, sy hién dién dong thoi cia cac enzyme nay cho phép cac san pham trung gian
clia qué trinh phan huy hop chat vong thom duoc tiép tuc chuyén hoa thanh céc chét
trung gian cta chuyén héa trung tam, qua d6 gitp qua trinh phan hay dién ra triét dé
va hi€u qua hon. Ngoai ra, glutarate dioxygenase (duong mau cam (3), Hinh 3.44)
cling xuét hién trong ban db trao d6i chét ctia chung Pseudomonas anuradhapurensis

PAMG67, canh con dudng phan huy clorocyclohexan va clorobenzen.
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Enzyme 3-hydroxybenzoate 6-monooxygenase (duong mau xanh 14 (5), Hinh
3.44) 1a mot trong sd nhitng enzyme dic trung ctia chung Streptomyces marianii
DDT21 tham gia vio qua trinh di hoa hop chét cé vong thom dic biét trong qué trinh
chuyén héa cac dan xuét hydroxybenzoate — nhirng chat thudng hinh thanh sau khi
DDT va céc hop chit chira chloride hoa bi khir chloride va oxy hoa timg phan. Pay
cling 13 enzyme chi xut hién & ching Streptomyces marianii DDT21 cang chimg t6

tam quan trong ctia viéc bd sung chang Streptomyces marianii DDT21 trong td hop.

Enzyme 4-hydroxy 2-oxovalerate aldolase (duong mau den (6), Hinh 3.44) la
mot trong sd nhirng enzyme dic trung phan hity hop chat co vong thom thanh
acetaldehyde va pyruvate va dugc sinh boi 2 chung trung tdm la Streptomyces

marianii DDT21 va Cupriavidus metallidurans TN030.

C6 thé nhan thay rang, su phdi hop giita cac ching vi sinh vat lam gia ting
tinh da dang ciia cac con dudng chuyén hoa, qua d6 khong chi nang cao hiéu qua
phan giai ma con gitp cac chung thich nghi tot hon voi cac diéu kién moi truong khéac
nhau. Ngoai ra, viéc bd sung thém Tween 80 va moi trudng 70% do am gitip tao moi
truong ki khi va ting kha ning tiép xtc cta cac chung vi sinh vat véi DDT. Tir do,

ting cudng hiéu qua phan giai DDT cta ché pham HDA4.
3.3.5.2 Thir nghiém xir ly dat 6 nhiém Lindane trén mé hinh thyc té

Két qua (Hinh 3.45) cho thay ham luong Lindane trong dat tai 16 thi nghiém
giam rat nhanh so véi 16 d6i chimg. Ban dau, nong d6 Lindane 1 khoang 11,5 ppm,
giam xudng con khoang 4 ppm sau 1 tuan, duy tri & murc ndy dén tuan tha 3 va giam
xubéng mirc < 1 ppm, gan nhu khong con phat hién ¢ tuan th 6 cling nhu tuan tht 12
(hiéu suit phan giai dat >90%). Nguoc lai, 16 d6i chimg lai ¢6 xu hudng ting nhe tir
khoang 12 ppm 1én 20 ppm trong sudt thoi gian thi nghiém. Do tuan thi 6 khong phat
hién thay Lindane & 16 thi nghiém nén ching t6i tién hanh 1y mau sau hon vao tuan
thir 12, ¢6 1& do d6 thdy ndng do Lindane trong mau ddi ching co tang nhe; trong khi

d6 trong mau thi nghiém thi ham lugng Lindane van & dudi ngudng phat hién dugc.
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Hinh 3.45. Ham luwong Lindane con lai trong dat theo thoi gian

So véi mo hinh thyc nghiém trong phong thi nghiém, noi ché pham HH1 dat
hiéu suat phan giai khoang 75% sau 21 ngay, hiéu qua xir 1y trong diéu kién thuc té
cho théiy xu hudng cao hon khi thoi gian theo doi dugc kéo dai. Sy khac biét nay co
thé do trong md hinh thuc dia, mic du diéu kién méi truong phirc tap hon, nhung thoi
gian xtr Iy dai hon d tao diéu kién cho t6 hop vi sinh vat thich nghi tét v&i nén dat 6
nhiém va phat huy hiéu qua phan giai on dinh hon. Ngoai ra, trong diéu kién ty nhién,
cac yéu t6 nhu do thoang khi cua dét, hoat dong cua hé vi sinh vat ban dia va su bién
dong d6 am co thé gop phan hd trg qua trinh chuyén hoa cac hop chit chloride hiru
co. Két qua nay cho thdy ché pham HH1 c6 kha ning tmg dung thyc té cao va duy tri

hiéu qua xtr 1y bén virng trong diéu kién ngoai hién truong.

T6 hop HH1 gdm cac chung Pseudomonas putida T069, Streptomyces katrae
A119 va Pseudomonas putida PAM66. Nhu da phan tich & trén, hai chung
Pseudomonas putida T069 va A119 déng vai tro chinh va sy két hop thém chung
Pseudomonas putida PAM66 nham hd tro ting tiém ning trao d6i chat va tiang kha
nang thich nghi ctia hdn hop véi cac didu kién moi trudng khac nhau. Nhiéu nghién
ctru d cho thay sy vuot troi ciia hdn hop vi sinh vét so v6i don chung, dic biét trong
phan giai chat 6 nhiém kho xtr y. Nghién ctru vé kha nang phan giai Hexadecane cho
thiy su phdi hop cac don ching lam ting cudng kha ning phan giai Hexadecane

[111]. Dbi véi Lindane, nghién ctru vé kha ning ddng xur Iy Cr(VI) va Lindane cho
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thdy hén hop VSV chira bdn chung Streptomyces sp. M7, MCI1, A5 and
Amycolatopsis tucumanensis DSM 45259 c6 kha nang phan giai Cr(VI) va Lindane
t6t nhat trong tu nhu don ching tét nhat (Streptomyces sp. MC1). Pong thoi, su co
mit dong thoi ciia 4 chung vi sinh vat di gitp gia ting thoi gian sdng st cua cac

chung xa khuan nay trong diéu kién dat thyc té [17].

HH1 ——E‘

—
B =2

8
1 [ U
M T069 —1 |
W A119 , ==
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.
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Hinh 3.46. Ban dd chuyén hoéa cac chiing ciia té hop HH1

Ghi chu: (1) 2-aminobenzoate-CoA ligase; (2) 2-hydroxy-6-ox0-6-(2'-aminophenyl)hexa-
2,4-dienoate hydrolase; (3) vanillin dehydrogenase; (4) glutaryl-CoA transferase; (5)
haloalkane dehalogenase; (6) tetrachlorobenzoquinone reductase; (7) 2-hydroxy-6-oxonona-

2,4-dienedioate hydrolase.

Khi phan tich ban d6 chuyén hoa cic chiing ctia to hop HHI c6 thé thay, hai
chung 16i Pseudomonas putida T069 va Streptomyces katrae A119 bd trg cho nhau
trong mot s6 con dudng, bao gom cac con dudng chuyén héa cacbon nhu chu trinh
pentose phosphate, ciing nhu cac con dudng chuyén hoa cac hop chit ngoai lai, dién
hinh nhu con dudng phan huy benzoate (Hinh 3.46). Vi du, trong con dudong phan
huy benzoate, Streptomyces katrae A119 cd enzyme 2-aminobenzoate-CoA ligase

(duong mau do6 (1), Hinh 3.46) xtc tac tao anthranilate, chat nay sau d6 c6 thé duoc
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st dung bdi enzyme 6-0x0-6-(2'-aminophenyl) hexa-2,4-dienoate hydrolase (duong
mau xanh (2), Hinh 3.46) cta Pseudomonas putida T069. Nhirng két nbi chuyén héa
nay trong qua trinh chuyén hoa cac hop chat ngoai lai, cing véi mét sb két ndi khac,
c6 thé tiép tuc duogc lién théng vé6i cac con dudng chuyén héa trung tim théng qua
enzyme vanillin dehydrogenase (duong mau do (3), Hinh 3.46) cua chung
Streptomyces. Ngoai ra, Pseudomonas putida T069 s& hitu mdt enzyme quan trong
1a glutaryl-CoA transferase (dudng mau xanh (4), Hinh 3.46), ¢6 vai tro két ndi mot
nhanh khac ciia cac con duong chuyén hoa hop chéat ngoai lai v6i cac con duong

chuyén héa trung tim (Hinh 3.46).

Mot diém dang luu y khac lién quan dén cic con dudng sinh tong hop
histidine, mot axit amin quan trong trong chuyén hoa cac hop chit chira vong thom,
d6 1a: T069 thiéu enzyme thily phéan histidinol-phosphate thanh L-histidinol, trong
khi chiing Streptomyces katrae A119 ¢6 thé cung cap enzyme ndy. Ban than A119
con dong gdp mot sd con duong dic thu trong chuyén héa methane (Hinh 3.9A—C;
xem cum cac dudng mau do & goc trén bén phai ciia mdi ban dd) cho bat ky hdn hop
nao. Xét vé chuyén hoa cac hop chit kho xu 1y, Streptomyces katrae A119 va
Pseudomonas putida T069 ciing lan lugt bd sung cic enzyme riéng biét ciia minh nhur
haloalkane dehalogenase (dudong mau doé (5), Hinh 3.46) va tetrachlorobenzoquinone

reductase (dudng mau xanh (6), Hinh 3.46) vao mang ludi chuyén hoa tong thé.

C6 1& nhimg sy phdi hop da dang trong tinh bo tro chuyén héa giita
Pseudomonas putida TO69 va Streptomyces katrae A119 cho thiy viéc lya chon
chung lam cac chung 16i 1a mot chién luge ding dan cho viéc xay dung hdn hop vi
sinh vat, va viéc két hop hai ching nay s& cho phép qua trinh chuyén hoa (phan huay)
Lindane dién ra dr:iy da hon. Ngoai ra, chung con lai, Pseudomonas putida PAMG66,
cling gitip bd sung thém mot s6 enzyme dic trung nhu 2-hydroxy-6-oxonona-2.4-
dienedioate hydrolase (duong xanh 14 (7), Hinh 3.46) thudc cac con dudng phan huy

céc hop chat chira vong thom.
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Su két hop gitra cac ching vi sinh vat ¢ mé rong phd con duong chuyén hoa,
tir d6 tang hiéu qua xir 1y chat 6 nhiém va dong thoi nang cao kha nang thich nghi cia
hdn hop trong cac diéu kién méi truong bién dong. Ngoai ra, viéc bd sung thém
Tween 80 va moi trudng 70% do 4m gitp tao moi trudng ki khi va ting kha nang tiép
xuc cua cac chung vi sinh vat véi Lindane. Tur do, tang cuong hiéu quéa phan giai

Lindane cua ché pham HHI.
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KET LUAN VA KIEN NGHI
Két luan

+ D3 lam 13 tiém nang cua vi sinh vat phan 1ap tir cac diém 6 nhidm trong viéc
phan hiy DDT va Lindane — hai hoa chat BVTV bén viing, thong qua céch tiép can
két hop gitta phan tich hé gen va du doan twong tac trao dbi chat. Trén co sé do, 10
t6 hop chung phan giai DDT hiéu qua tir 10 ching tuyén chon c6 kha ning phan giai
hiéu qua DDT va 10 t6 hop chung phan giai Lindane hiéu qua tir 10 ching tuyén chon

c6 kha nang phan giai hiéu qua Lindane da dugc xay dung.

+ Ché pham xtr 1y hiéu qua DDT 1a ché pham t6 hop HD4, bao gdm cac ching
Streptomyces marianii DDT21, Cupriavidus metallidurans TNO30, Pseudomonas
nitroreducens Y077, Pseudomonas anuradhapurensis PAM67 va Stenotrophomonas
maltophilia Y042). Ché pham xir 1y hiéu qua Lindane 1 ché pham t6 hop HH1, bao
gdm cac chung Pseudomonas putida T069, Streptomyces katrae A119 va
Pseudomonas putida PAMG66).

+ Pa x4y dung dugc quy trinh san xuat ché pham sinh hoc phuc vu xtr 1y 6
nhiém dét chira DDT va Lindane. Mdi truong phu hop nhét str dung cho 1én men tao
sinh khéi cac ching 13 méi trudng toi thiéu MSM cai tién v4i nguodn cacbon 1a ri
duong va ngudn nito 13 NH4(SO4)2. Cong thirc phdi tron ché pham phi hop 13 10 than
bun : 1 sinh khéi. Sau phdi tron, ché pham dugc sdy ¢ nhiét do 40°C trong 3 gid dé

hoan thién.

+ D3 xay dung duoc cac quy trinh céng nghé xu 1y dat 6 nhiém DDT va
Lindane bang ché pham sinh hoc. Pdi véi dat 6 nhiém DDT, cic budc cin ban ciia
quy trinh bao gém: bd sung 5% ché pham HD4, b6 sung nudc vao dat dé dat ¢ am
70%, bd sung chét hoat dong bé mit Tween 80 dé dat ty 1¢ 0,1%. Déi voi dat 6 nhiém
Lindane, cac budc cin ban cta quy trinh bao gdm: bd sung 1% ché pham HH1, bd
sung nudc vao dat dé dat d6 am 70%, bd sung chit hoat dong bé mit Tween 80 dé

dat ty 18 0,1%.
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+ Két qua budc dau thir nghiém xur 1y dat nhiém DDT va Lindane & hai mé
hinh thyc té dd cho thiy cac quy trinh xir Iy xay dung duoc 14 thue su ¢6 hiéu qua.
V&i mo hinh xir Iy dat nhiém DDT bang ché pham HD4 tai Nghia Pan, Nghé An, sau
12 tuan ndéng d6 DDT trong dat dugc xur 1y giam ~85%, xudng noéng do 2.8 ppm. Vi
mo hinh xir Iy d4t nhidm Lindane béng ché phém HH]1 tai1 Thach Ha, Ha Tinh, sau 12
tuan, ndng d6 Lindane trong dat dugc xir Iy giam trong dat duoc xur Iy giam >90%,

xuong dudi muc phat hién.
Kién nghi

+ Nghién ctru sau, lam rd hon cac con duong phan giai ciia cac chung va to hop chung

duoc lya chon va ban chét di truyén lién quan.

+ Tdi vu hoéa quy trinh san xuat ché pham va quy trinh xt Iy dat 6 nhiém dé tiét kiém

chi phi hon nfra.
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PHU LUC

Phu luc 1. Két qua phén loai so' bd dwa trén dir liéu gdc sir dung cong cu Kraken2

STT | Mau Chi chiém ti 1¢ 16n nhét (%) | Chi chiém ti 1¢ 16n thir 2 (%) | Chi chiém ti 1¢ 16n thit 3 (%) | Ty 1¢ chwa xac
dinh dwoc (%)

1 PAMG64 | Pseudomonas (51,76) Azotobacter (0,12) Burkholderia (0,06) 45,37

2 PAMG67 | Pseudomonas (72,47) Enterobacter (0,05) Burkholderia (0,03) 25,71

3 Y042 Stenotrophomonas (94,6) Xanthomonas (0,17) Pseudomonas (0,02) 4,65

4 Y077 Pseudomonas (44,3) Achromobacter (6,43) Bordetella (0,17) 45,48

5 T006 Pseudomonas (51,68) Azotobacter (0,13) Burkholderia (0,09) 44,85

6 T087 Pseudomonas (88,58) Streptomyces (0,03) Xanthomonas (0,01) 10,81

7 DDT21 | Streptomyces (67,28) Amycolatopsis (0,06) Kitasatospora (0,05) 31,17

8 DDT23 | Streptomyces (64,46) Kitasatospora (0,17) Streptacidiphilus (0,02) 33,27

9 TNO30 | Cupriavidus (95,7) Ochrobactrum (0,15) Brucella (0,02) 0,51

10 T069 Pseudomonas (69,08) Staphylococcus (0,33) Burkholderia (0,05) 27,41

11 Al119 Streptomyces (64,67) Staphylococcus (0,2) Kitasatospora (0,13) 32,13

12 PAMG6S5 | Pseudomonas (90,66) Stenotrophomonas (0,01) Cupriavidus (0,01) 8,55

13 PAMG66 | Pseudomonas (90,65) Stenotrophomonas (0,02) Burkholderia (0,02) 8,74

14 |Y027 Sphingobacterium (40,88) Brucella (22,26) Microbacterium (3,64) 29,8

15 Y076 Pseudomonas (78,79) Streptomyces (0,09) Klebsiella (0,05) 20,53




STT | Mau Chi chiém ti 1¢ 16n nhét (%) | Chi chiém ti 1¢ 16n thir 2 (%) | Chi chiém ti 1¢ 16n thit 3 (%) | Ty 1¢ chwa xac
dinh dwgce (%)

16 Y049 Sphingobacterium (58,38%) | Pseudopedobacter (0,03%) Pedobacter (0,03%) 38,73

17 Y052 Sphingobacterium (57,94%) | Pedobacter (0,03%) Pseudopedobacter (0,02%) 36,88

18 Y050 Stenotrophomonas (95,72) Xanthomonas (0,16) Pseudoxanthomonas 3,85

19 LDO02 Streptomyces (58,3) Kitasatospora (0,09) Rhodococcus (0,04) 39,32

Phu luc 2. Théng ké cac s6 lwrong enzyme c6 trong cic con dwong trao ddi chit chinh ciia cac chiing tuyén chon phin

giai DDT chu giai theo CSDL KEGG.

M3 sb | Tén con dudng | DDT21 | DDT23 | PAM64 | PAM67 | T006 | T087 | TN030 | Y042 | Y050 | Y077

Global and overview maps

01100 | Metabolic pathways 848 711 793 770 792 758 769 573 583 792

01110 | Biosynthesis —of secondary | 5, 329 285 291 279 | 287 | 298 | 247 | 253 | 291
metabolites

01120 | Microbial metabolism —in | 5, 206 245 216 244 | 216 | 249 | 136 | 137 | 237
leGrSC environments

01200 | Carbon metabolism 101 81 96 88 89 90 | 102 | 80 | 81 | 91

01210 | 2-Oxocarboxylic acid | oy 26 26 24 23 23 24 20 | 18 | 23
metabolism

01212 | Fatty acid metabolism 22 18 28 21 26 21 23 21 22 27

01230 | Biosynthesis of amino acids 106 104 106 104 101 104 103 95 93 102

01232 | Nucleotide metabolism 46 46 40 37 40 36 37 35 | 40 | 39

01250 f&;’;ﬁ;‘them of nucleotide | ¢ 31 41 41 39 36 | 34 | 30 | 32 | 35

il




M3 s0 Tén con duong DDT21 | DDT23 | PAM64 | PAM67 | T006 | T087 | TN030 | Y042 | Y050 | Y077
01240 | Biosynthesis of cofactors 144 133 141 140 141 141 131 111 105 142
01220 | Degradation of aromatic | 12 28 20 28 2 | 23 3 2 | 20
compounds

Xenobiotics biodegradation and metabolism

00362 | Benzoate degradation 17 9 27 22 27 23 23 5 5 24

00627 | Aminobenzoate degradation 13 8 9 4 7 3 13 1 1 7

00364 | Fluorobenzoate degradation 4 1 6 6 7 6 7 1 1 6
Chloroalkane and

00625 chloroalkene degradation 8 4 / > > 6 > 3 3 6

00361 Chlorocyclohexane . and 5 1 3 ) 3 ) 5 1 ) 3
chlorobenzene degradation

00623 | Toluene degradation 2 2 2 2 3 2 3 1 1 3

00622 | Xylene degradation 3 1 8 5 9 6 8 0 0 5

00633 | Nitrotoluene degradation 1 3 1 2 1 2 4 1 1 3

00642 | Ethylbenzene degradation 1 1 1 1 1 1 1 1 1 1

00643 | Styrene degradation 5 4 8 8 8 7 4 4 3 8

00791 | Atrazine degradation 7 4 6 3 6 4 3 0 0 6

00930 | Caprolactam degradation 5 5 5 2 6 2 4 1 1 6

00621 | Dioxin degradation 3 0 4 1 4 1 4 0 0 2

00626 | Naphthalene degradation 4 3 3 2 2 3 2 2 2 3
Polycyclic aromatic

00624 hydrocarbon degradation 2 0 2 2 2 2 2 0 0 2

00984 | Steroid degradation 7 4 7 1 1 1 3 0 1 2
Metabolism of xenobiotics

00980 by cytochrome P450 6 2 4 3 3 3 3 3 3 3
Drug metabolism -

00982 cytochrome P450 6 3 5 4 4 4 3 3 3 4

00983 | Drug metabolism - other | 4 14 9 10 9 10 9 8 | 10 | 10

enzymes

il




Phu luc 3. Két qua phan tich cic enzyme trong mét so6 con dwong cu thé lién quan dén phén giai DDT (va Lindane) caa

cac chiing tuyén chon phén giai DDT, dwa trén phan tich genome bing KEGG

K Enzyme

number DDT21 | DDT23 | PAM64 | PAM67 | T006 | TO87 | TN030 | Y042 | Y050 | Y077

Phdn gidi Lindane (00361 Chlorocyclohexane and chlorobenzene degradation)

K01061 | carboxymethylenebutenolidase X X X X X X X
K01560 | 2-haloacid dehalogenase X X
K01561 | haloacetate dehalogenase X X
K01563 | haloalkane dehalogenase X
K01856 | muconate cychlorideisomerase X X X X X X
KO03381 | catechol 1,2-dioxygenase X X X X X X
K21607 tetrachlorobenzoquinone

reductase
Phan giai DDT (00621 Dioxin degradation)
K01666 :l—clilgll(ailrs(éxy 2-oxovalerate X X X X
K01821 | 4-oxalocrotonate tautomerase X X X X X X
K02554 | 2-keto-4-pentenoate hydratase X X X X X
K04073 | acetaldehyde dehydrogenase X X X X

v



Phu luc 4. Théng ké cac s6 lwong enzyme co6 trong cac con duong trao doi chit chinh ciia cac chiing tuyén chon phén giai Lindane

chu giai theo CSDL KEGG

Mi 50 | Tén con dwdng | A119 | LD02 | T069 | PAM65 | PAM66 | Y076 | Y027 | Y049 | Y052 | Y050

Global and overview maps

01100 | Metabolic pathways 732 765 853 772 782 791 528 577 555 583

01110 | Blosynthesis of secondary | 5, 328 315 288 200 | 300 | 245 | 272 | 266 | 253
metabolites

01120 | Microbial metabolism in| 5y, 55 | gs9 | 227 | 230 | 225 | 134 | 152 | 145 | 137
diverse environments

01200 | Carbon metabolism 91 95 100 89 90 89 68 85 80 81

01210 | Z-Oxocarboxylic acid | 54 35 35 31 31 33 25 26 | 26 | 26
metabolism

01212 | Fatty acid metabolism 24 23 28 21 21 22 20 19 18 22

01230 | Biosynthesis of amino acids 98 102 109 103 104 105 94 103 102 93

01232 | Nucleotide metabolism 48 45 38 38 38 41 32 31 31 40

01250 f&;;fsnthem of nucleotide | 5, 35 40 38 37 a4 | 30 | 37 | 36 | 32

01240 | Biosynthesis of cofactors 137 132 148 140 143 142 106 113 106 105

01220 | Degradation —of —aromatic | 14 29 25 27 20 3 5 5 2
compounds

Xenobiotics biodegradation and metabolism

00362 | Benzoate degradation 8 10 27 24 28 7 23 5 5 5

00627 | Aminobenzoate degradation 9 10 9 5 5 3 5 2 2 1

00364 | Fluorobenzoate degradation 1 2 7 6 6 0 6 0 0 1
Chloroalkane and

00625 chloroalkene degradation 4 5 4 6 6 2 7 4 4 3
Chlorocyclohexane and

00361 chlorobenzene degradation 2 0 4 2 2 0 4 0 0 2




M3 s6 Tén con duong All19 LD02 T069 | PAM65 | PAM66 | Y076 | Y027 | Y049 | Y052 | Y050

00623 | Toluene degradation 1 0 3 2 2 0 2 0 0 1

00622 | Xylene degradation 0 0 8 8 10 0 5 0 0 0

00633 | Nitrotoluene degradation 3 3 0 2 2 1 1 1 1 1

00642 | Ethylbenzene degradation 1 0 1 1 1 1 1 1 1 1

00643 | Styrene degradation 3 5 8 7 7 1 8 0 1 3

00791 | Atrazine degradation 4 7 6 4 4 3 6 4 4 0

00930 | Caprolactam degradation 4 2 5 3 3 4 5 3 3 1

00621 | Dioxin degradation 0 0 4 3 4 0 1 0 0 0

00626 | Naphthalene degradation 2 3 2 3 3 0 3 3 3 2
Polycyclic aromatic

00624 hydrocarbon degradation 0 2 2 2 2 0 2 0 0 0

00984 | Steroid degradation 6 5 8 1 1 1 2 0 0 1
Metabolism of xenobiotics

00980 | {0 ovtochrome P450 2 4 3 3 3 0 3 32 ] 3
Drug metabolism -

00982 cytochrome P450 3 5 3 4 4 1 4 3 2 3
Drug metabolism - other

00983 | o zymes 13 12 10 10 10 9 o | 19 g

Phu luc 5. Két qua phan tich cic enzyme trong mot so6 con dwong cu thé lién quan dén phén giai DDT (va Lindane) ciia

cac chiing tuyén chon phén giii Lindane, dua trén phin tich genome bing KEGG

K number | Enzyme A119 | LD02 | T069 | PAM6S | PAMG66 | Y076 | Y027 Y049 Y052 | Y050
Phdn giai Lindane (00361 Chlorocyclohexane and chlorobenzene degradation)

K01061 Carboxymethylenebutenolidase X X X
KO01560 2-haloacid dehalogenase X

vi




K number | Enzyme Al119 | LD02 | T069 | PAM6S | PAMG66 | Y076 | Y027 Y049 Y052 | Y050
K01561 haloacetate dehalogenase X

K01563 haloalkane dehalogenase X X
K01856 muconate cychlorideisomerase X X X X

K03381 catechol 1,2-dioxygenase X X X X

K21607 tetrachlorobenzoquinone reductase X

Phén giai DDT (00621 Dioxin degradation)

K01666 4-hydroxy 2-oxovalerate aldolase X X X

KO01821 4-oxalocrotonate tautomerase X X X X

K02554 2-keto-4-pentenoate hydratase X X

K04073 acetaldehyde dehydrogenase X X X

Phu luc 6. Hoat tinh sinh enzyme oxy hda, hoat tinh loai chloride va kha nang sinh biosurfactant

Ghi chti: Khong ¢6 hoat tinh (-); Hoat tinh yéu (+); Hoat tinh kha manh (++); Hoat tinh manh (+++); Hoat tinh rit manh (++++)

Vil




Hoat tinh sinh enzyme oxi hoa

Hoat tinh loai chloride

Kha nang sinh biosurfactants

DDT21 - ++ +
DDT23 - ++ +
PAM64 ++++ ++ N
PAMG67 ++++ +++ +
T006 ++++ ++ N
TO087 ++++ ++ N
TNO030 + + +
Y042 ++++ + +
Y050 +++ ++ N
Y077 ++++ +++ +
Y027 + -+ -+
Y049 + + ++
PAMG65 + + T+
PAM66 + + T+
Y076 + -+ +++
T069 + -+ +
LD02 - - ++
Al119 - - ++
Y050 + ++ -+
Y052 + + +
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Phu luc 7: Két qua thir nghiém kha ning d6i khang giira cic chiing phan giai hi¢u qua DDT tuyén chon duwoc trong diéu
kién hiéu khi.

(Trong diéu kién ki khi, cac chung déu khong dbi khang nhau).

Ghi chu: hang ngang: cac ching dugc thir tinh dbi khang (théi thach); cot doc: cac chung dwogc thir kha nang bi d6i khang (cdy trai). -:
khong ddi khang; sb ¢ trong 6 (néu c6): dudng kinh vong khang (mm).

O ~ K I =) e~ 3 ° ~ <
S IR TR
= A~ ~ A A
T006 e
T087 ; ; ; ; ; ; ; ; ;
TNO3O | - | - e e e
Y042 - - - - - - - - -
Y050 T e
Y077 ; ; ; ; ; ; ; ; ;
PAM 64 - - - - - - - - -
PAM 67 | - ; ; ; ; ; ; ; ;
DDT21 | - ] ] ] ] ; ; ; 13
DDT 23 - - - - - - - - -

iX



Phu luc 8: Két qua thir nghiém kha ning dbi khang giira cac chiing phan giai hi¢u qua Lindane tuyén chon dwgc trong
diéu kién hiéu khi
(Trong diéu kién ki khi, cac chung déu khong dbi khang nhau).

Ghi chu: hang ngang: cac ching dugc thir tinh dbi khang (théi thach); cot doc: cac chung dwogc thir kha nang bi d6i khang (cdy trai). -:
khong ddi khang; sb ¢ trong 6 (néu c6): dudng kinh vong khang (mm).

— < ~ ~ >~ > > > > g g
LD02 - - - - - - - 8 + +
A119 ; ; ; ; ; ; ; + ; ;
T069 - - - - - - - - - -
T086 - - - - - - - - - -
Y027 - - - - - - - + - -
Y049 ; ; ; - - - - - - -
Y050 - - - - - - - - _ -
Y052 . . . . . - - - - -
Y076 - - - - - - - - - -
PAMG65 - - - - - - - - - -
PAM66 | - - - - - - - - - -




Phu luc 9. Dit liéu thd ciia thi nghiém danh gia hiéu suit phan giai DDT ciia cic ching vi khuén t6 hop, so sanh véi
hiéu suat phan giai DDT ciia cac chiing vi khuin don 1é.
Ghi cht: Nong do DDT trong mdi mau dugc xac dinh bang duong chuan da thiét 1ap tai mdi thoi diém do. Hiéu suat phan giai 1y thuyét

ctia to hop dugc tinh bang hiéu suat phan giai trung binh cta cic ching vi khuan don 1é trong t6 hop. Ty 1& chénh 1éch hiéu suat = Hiéu

suat phan giai thuc té - Hiéu suat phan giai 1y thuyét.

1 tudn — Méi trwong long
Peak area Néqg d6 DDT (ppm) theo duong Hiéu suat Hiéu suat SD Ty 1€ chénh SD
_ _ _ chyén _ _ phan giai ly phan giai 1¢ch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thuc té suat
HD1 22.61 21.13 28.19 26.30 3.32% 6.34% 4.59% 3.02% 0.139%
HD2 20.88 20.90 25.98 26.01 3.31% 10.64% 0.08% 7.33% 0.006%
HD3 21.78 21.69 27.14 27.02 3.22% 6.91% 0.28% 3.69% 0.010%
HD4 21.77 21.60 27.12 26.91 3.21% 7.12% 0.53% 3.92% 0.021%
HD5 21.38 21.93 26.62 27.33 2.27% 7.28% 1.73% 5.01% 0.087%
HD6 23.25 19.05 21.92 29.00 23.65 27.31 2.25% 8.36% 9.40% 6.11% 0.574%
HD7 22.03 21.67 27.45 27.00 2.14% 6.41% 1.10% 4.27% 0.047%
HDS8 25.03 23.41 23.63 31.28 29.21 29.49 2.13% -3.11% 3.86% -5.24% 0.202%
HD9 21.03 25.32 22.49 26.17 31.65 28.04 1.77% 1.61% 9.57% -0.16% 0.015%
HD10 23.35 18.84 20.47 29.13 23.38 25.46 1.60% 10.65% 10.01% 9.06% 0.907%
DDT21 22.81 23.00 28.45 28.69 1.78% 0.59%
PAM64 22.26 22.65 27.75 28.24 3.76% 1.20%

X1



PAMG67 22.17 22.76 27.63 28.39 371% | 1.84%
T006 22.53 2231 28.09 27.81 3.92% | 0.69%
TNO030 24.40 2241 30.47 27.93 039% | 6.18%
Y042 22.82 20.37 28.46 25.34 753% | 7.58%
Y077 22.12 22.95 27.57 28.63 341% | 2.58%
2 tuan — Méi trwong long
Peak area Néqg d6 DDT (ppm) theo duong Hiéu suat Hiéu suat SD Ty 1€ chénh SD
_ _ _ Chllﬁn _ _ phﬁn’giéi ly phéan giéi léc,h hiéu
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thyc té suat
HD1 17.32 18.45 23.17 24.68 9.67% 20.29% 3.56% 10.62% | 0.378%
HD2 18.25 17.83 24.41 23.84 9.16% 19.62% 1.35% 10.46% | 0.141%
HD3 18.97 17.97 25.37 24.04 9.04% 17.69% | 3.14% 8.65% | 0.272%
HD4 19.76 19.56 26.42 26.15 8.53% 12.40% | 0.64% 3.87% | 0.025%
HDS 19.11 19.25 25.55 25.75 9.64% 14.53% | 0.45% 4.89% | 0.022%
HD6 19.04 19.06 25.46 25.49 9.00% 15.11% | 0.09% 6.11% | 0.006%
HD7 20.61 20.30 27.56 27.15 8.85% 8.86% | 0.96% 0.01% |  0.000%
HD8 20.37 16.34 16.88 27.24 21.85 22.57 8.22% 20.41% 9.75% 12.20% | 1.189%
HD9 19.45 19.47 26.01 26.04 9.36% 13.28% 0.06% 3.92% | 0.002%
HD10 19.63 16.87 17.82 26.24 22.57 23.83 8.31% 1931% | 6.23% 11.00% | 0.685%
DDT21 21.65 20.30 28.96 27.14 6.54% | 4.28%
PAMo64 19.89 20.29 26.60 27.14 1047% | 1.27%
PAM67 21.17 20.16 28.31 26.96 7.93% | 3.18%
T006 20.51 18.60 27.42 24.87 12.88% | 6.02%
TN030 20.81 20.19 27.82 27.00 8.66% | 1.93%
Y042 20.21 20.29 27.03 27.13 9.78% | 0.23%
Y077 19.94 20.58 26.66 27.52 9.73% | 2.01%
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1 tudn — Méi trwong bdn rin

Peak area Néqg do DDT (ppm) theo duong Hiéu suét Hiéu suat SD Ty 1€ chénh SD
_ _ _ chyén _ _ phan giai Iy phan giai 1€ch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thuc té suat
HD1 3.91 3.94 16.32 16.47 21.25% 44.81% 0.36% 23.56% |  0.084%
HD2 3.56 5.21 4.47 14.86 21.87 18.72 22.06% 37.79% 11.82% 15.72% 1.858%
HD3 4.42 4.03 18.52 16.84 18.05% 40.50% 3.999%, 22.45% | 0.895%
HD4 2.82 3.38 11.70 14.09 18.87% 56.60% 5.70% 37.73% | 2.151%
HDS 4.78 3.66 20.02 15.29 23.83% 40.58% | 11.27% 16.75% | 1.888%
HD6 3.11 5.52 4.41 12.97 23.16 18.46 24.85% 38.76% 17.17% 13.92% 2.390%
HD7 3.26 3.95 13.59 16.52 19.84% 49.32% 6.97% 29.48% | 2.055%
HD8 434 422 18.15 17.66 20.85% 39.75% 1.17% 18.89% | 0221%
HD9 4.50 3.86 18.87 16.15 24.24% 41.07% 6.46% 16.83% | 1.088%
HD10 5.37 2.97 2.02 22.55 12.35 8.32 18.92% 51.50% | 24.68% 32.59% | 8.041%
DDT21 5.58 5.96 23.43 25.06 18.39% 3.87%
PAMo64 4.73 6.22 19.84 26.17 2259% | 15.06%
PAM67 4.77 5.62 19.99 23.59 26.66% 8.56%
T006 5.33 4.93 22.37 20.65 27.61% 4.08%
TNO30 5.50 4.88 23.08 20.46 26.73% 6.23%
Y042 5.40 7.19 22.68 30.25 10.92% | 18.01%
Y077 7.09 5.40 29.84 22.67 11.64% | 17.05%
2 tudn — Moi trwong bdn rin
Peak area Nong d6 DDT (ppm) theo dudng Hiéu suét Hiéu suat SD Ty 1¢ chénh | SD
_ _ _ chllén _ _ phan giai ly phan giai 1éch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thuc t€ suat
HD1 2.54 1.90 1.93 11.67 8.55 8.71 21.14% 66.63% | 6.08% 45.49% | 2.766%
HD2 2.78 2.31 12.87 10.59 30.95% 59.43% | 5.59% 2848% | 1.591%
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HD3 1.83 2.70 8.23 12.47 18.99% 64.19% | 10.36% 45.20% | 4.684%
HD4 1.80 2.58 1.96 8.06 11.91 8.83 28.80% 66.79% | 7.03% 38.00% | 2.672%
HDS 2.32 2.62 10.63 12.06 21.09% 60.76% | 3.51% 39.68% | 1.392%
HD6 3.33 3.28 15.56 15.29 33.35% 46.64% | 0.65% 13.29% | 0.087%
HD7 2.45 2.48 11.23 11.40 18.39% 60.87% |  0.41% 42.48% | 0.172%
HD8 2.64 3.25 12.19 15.15 30.65% 52.72% | 7.24% 22.07% | 1.599%
HD9 2.77 3.31 12.84 15.43 29.81% 51.10% | 6.35% 21.30% | 1.353%
HD10 3.73 2.99 17.52 13.91 26.22% 45.64% | 8.82% 19.42% | 1.712%

DDT21 4.66 5.53 22.05 26.33 16.34% | 10.47%

PAM64 591 6.80 28.19 32.57 5.09% | 10.71%

PAM67 3.16 3.76 14.73 17.68 43.96% | 7.21%
T006 3.59 3.42 16.81 16.00 43.25% | 1.98%

TN030 4.55 4.04 21.53 19.03 29.84% | 6.12%
Y042 4.56 5.90 3.93 21.58 28.13 18.49 21.37% | 17.02%
Yor7 5010 317 24.28 14.76 32.47% | 23.28%

1 tudn — moi trwong ran

Peak area Néqg d6 DDT (ppm) theo duong Hiéu suat Hiéu suat SD Ty 1€ chénh SD
_ _ _ chllén _ _ phan giai ly phan giai 1¢ch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thuc té suat

HD1 8.26 8.55 3537 36.64 27.32% 20.36% 2.99% -47.69% | 1.424%
HD2 5.54 8.07 5.52 23.72 34.58 23.63 29.34%, 8.71% 21.04% -20.63% 4.340%
HD3 6.10 6.00 26.10 25.69 29.99%, 13.44% 0.98% -16.55% 0.162%
HD4 4.35 4.77 18.60 20.39 32.01% 34.83% | 4.24% 2.82% | 0.119%
HDS5 7.03 428 4.65 30.11 18.32 19.88 27.36% 23.88% | 21.40% -3.48% | 0.744%
HD6 6.48 5.25 5.73 27.76 22.48 24.51 29.88% 16.70% 8.90% -13.18% 1.173%
HD7 5.95 4.65 5.67 25.46 19.89 24.26 30.69% 22.44% 9.80% -8.25% | 0.809%

Xiv




HDS

6.10 4.25 3.99 26.13 18.18 17.06 33.229%, 31.61% 16.53% -1.60% 0.265%
HD9 5.01 5.09 21.42 21.78 26.56% 27.79% 0.84% 1.23% | 0.010%
HD10 4.62 4.35 19.78 18.61 31.01% 35.83% 2.75% 4.82% | 0.133%
DDT21 2.83 4.12 5.60 12.08 17.63 23.95 4021% | 19.87%
PAM64 5.08 4.75 21.73 20.30 29.75% 3.39%
PAM67 4.69 3.72 422 20.07 15.90 18.02 39.84% 6.97%
T006 5.54 6.02 23.72 25.79 17.25% 4.90%
TNO30 5.80 5.07 24.85 21.69 22.22% 7.47%
Y042 4.83 5.78 4.65 20.67 24.76 19.91 27.19% 8.72%
Y077 5.11 5.31 4.14 21.87 22.73 17.69 30.59% 9.01%
2 tudn — moi truong ran
Peak area Néqg d6 DDT (ppm) theo duong Hiéu suat Hiéu suat SD Ty 1€ chénh SD
_ _ _ chllén _ _ phan giai ly phan giai 1¢ch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thuc té suat
HD1 2.83 2.26 12.28 9.75 37.60% 63.01% 6.00% 2541% | 1.523%
HD2 3.31 3.35 14.40 14.58 35.93% 51.33% 0.44% 15.40% | 0.068%
HD3 7.48 5.61 3.10 32.79 24.52 13.44 35.91% 20.78% 32.61% -15.13% 4.9339%,
HD4 2.26 2.85 9.76 12.36 34.24% 62.86% 6.17% 28.62% | 1.767%
HDS 2.75 2.89 11.92 12.54 40.34% 58.92% 1.46% 18.59% | 0.272%
HD6 2.46 3.34 10.62 14.52 38.25% 57.78% 9.28% 19.53% |  1.813%
HD7 2.62 2.91 11.33 12.64 38.22% 59.75% 3.12% 21.52% | 0.672%
HD8 2.96 3.05 12.85 13.26 36.14% 56.16% 0.97% 20.02% | 0.195%
HD9 3.24 5.73 14.06 | 25.06 35.58% 34.30% | 26.13% -1.28% | 0.335%
HD10 2.95 2.92 12.79 12.65 32.77% 57.28% 0.35% 24.51% | 0.085%
DDT21 3.16 3.55 13.73 15.43 51.04% 4.04%
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PAMO64 3.25 2.97 14.14 12.89 54.60% 2.96%
PAMG67 3.34 4.01 14.53 17.47 46.25% 6.97%
T006 491 6.25 21.44 27.35 18.05% 14.04%
TNO030 4.26 4.25 18.59 18.53 37.66% 0.16%
Y042 4.81 6.55 3.64 21.02 28.66 15.84 26.64% | 21.67%
Y077 6.06 6.24 26.51 27.31 9.61% 1.89%

Phu luc 10. Dir li¢u thd ciia thi nghiém danh gia hiéu suit phin giii Lindane ciia cic chiing vi khuan t6 hop, so sanh voi
hiéu suét phén giai Lindane ciia cac ching vi khuin don 1é.
Ghi chii: Nong do Lindane trong mdi mau dugc xac dinh bang duong chuan d thiét 1ap tai moi thoi diém do. Hiéu suat phan giai Iy thuyét

ctia to hop dugc tinh bang hiéu suat phan giai trung binh ctia cic ching vi khuan don 16 trong t6 hop. Ty 18 chénh 1éch hiéu suat = Hiéu

suét phan giai thuc té - Higu suat phan giai 1y thuyét.

1 tuén — méi trwong long
Peak area Nénlg d6 Lindane (ppm) theo duong Hi?u suét ' Hiéu suét SD ]:57 1é c.ilénh SD
_ _ _ chgan _ _ phan giai ly phan giai 1¢ch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thyc té suat

HH1 12.69 12.47 40.57 39.88 7.35% 17.19% 1.01% 9.84% 0.099%
HH2 12.16 11.66 38.92 37.33 4.59% 21.52% 2.31% 16.92% 0.390%
HH3 11.60 12.70 37.16 40.58 7.42% 19.98% 4.99% 12.56% 0.626%
HH4 11.67 12.44 37.36 39.77 5.32% 20.61% 3.51% 15.28% 0.536%
HHS5 12.21 13.51 39.07 43.12 7.02% 15.40% 5.90% 8.38% 0.495%
HH6 12.23 11.82 39.11 37.83 6.71% 20.80% 1.86% 14.09% 0.263%
HH7 13.32 13.32 42.53 42.54 7.94% 12.44% 0.02% 4.51% 0.001%
HHS 13.58 12.45 43.35 39.81 7.76% 14.40% 5.14% 6.64% 0.342%
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HH9 14.06 13.75 44.85 43.90 10.59% 8.65% 1.38% -1.93% 0.027%
HH10 14.50 13.23 46.23 42.24 9.08% 8.93% 5.80% -0.15% 0.009%
PAMO66 13.87 12.64 44.26 40.41 12.84% 5.601%
T69 13.05 13.40 41.69 42.78 13.05% 1.583%
Y27 14.14 14.94 45.10 47.61 4.57% 3.649%
Y50 14.67 12.53 15.81 46.76 40.07 50.35 5.86% 10.74%
Al119 15.81 12.90 15.48 50.33 41.22 49.30 3.35% 10.27%
2 tudn — méi truong long
Peak arca Nénig d6 Lindane (ppm) theo duong Hi?u suét ’ HicZeu suét SD ]:)’7 1é C.Eléllh SD
_ _ _ chllan _ _ phén giai ly phan giai 1éch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyet thuc té suat
HH1 12.16 13.00 40.41 43.05 11.71% 10.60% 3.99% -1.11% 0.044%
HH2 10.03 11.15 33.70 37.25 8.31% 24.01% 5.38% 15.70% 0.845%
HH3 10.45 8.00 11.86 35.03 27.31 39.47 10.07% 27.30% 13.18% 17.23% 2.271%
HH4 8.25 9.55 28.08 32.20 7.27% 35.43% 6.23% 28.15% 1.753%
HHS5 11.65 12.88 38.82 42.68 8.33% 12.69% 5.84% 4.36% 0.255%
HH6 9.53 11.40 32.13 38.02 7.87% 24.85% 8.92% 16.99% 1.516%
HH7 11.44 11.00 38.15 36.75 8.58% 19.77% 2.13% 11.19% 0.239%
HH8 13.30 13.59 44.01 44.91 8.32% 4.75% 1.35% -3.57% 0.048%
HH9 11.94 12.20 39.72 40.56 10.08% 14.01% 1.26% 3.93% 0.050%
HH10 11.98 11.43 39.84 38.11 7.87% 16.50% 2.63% 8.63% 0.227%
PAM66 13.35 11.55 44.17 38.50 11.44% 8.586%
T69 13.18 13.18 43.62 43.63 6.54% 0.010%
Y27 14.60 13.32 48.12 44.07 1.25% 6.129%
Y50 12.91 11.75 42.78 39.12 12.27% 5.530%
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A119 13.96 | 1095 46.09| 3661 | 11.41% | 14.364%
1 tuin — méi trwong bdn rin
Peak arca Nénlg d6 Lindane (ppm) theo duong Hi?u suét ' Hie::u suét SD 1:57 1é c'ilénh SD
chuén phan giai ly phan giai 1éch hiéu
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thuc té suat
HH1 18.81 20.13 42.48 45.65 21.57% 14.73% 4.34% -6.84% 0.297%
HH2 20.39 19.16 46.28 43.33 23.62% 13.29% 4.04% -10.34% 0.417%
HH3 20.40 19.47 46.30 44.06 18.48% 12.57% 3.06% -5.91% 0.181%
HH4 16.60 18.03 37.20 40.62 19.62% 24.71% 4.68% 5.08% 0.238%
HHS5 18.73 18.31 42.29 41.30 16.53% 19.13% 1.35% 2.59% 0.035%
HH6 17.00 15.81 38.15 35.29 22.20% 28.95% 3.92% 6.74% 0.264%
HH7 20.97 18.35 47.66 41.39 23.21% 13.83% 8.58% -9.38% 0.804%
HHS 19.16 18.53 43.32 41.82 30.60% 17.61% 2.06% -12.98% 0.267%
HH9 17.05 17.95 38.26 40.44 25.45% 23.85% 2.98% -1.60% 0.048%
HH10 2159 | 1857 2038 | 4916 | 4192 46.26 27.43% 11.41% | 7.05% 16.02% | 1.130%
PAMO66 15.52 18.86 15.94 34.59 42.61 35.62 27.23% 8.444%
T69 18.19 19.36 41.01 43.80 17.94% 3.824%
Y27 16.18 14.71 36.19 32.66 33.38% 4.841%
Y50 16.62 15.23 37.23 33.90 31.18% 4.567%
A119 22.83 20.15 20.87 52.11 45.69 47.44 6.31% 6.430%
2 tudn — méi truong bdn rin
Peak arca N(‘A)nxg do Lindane (ppm) theo duong Hi(i:u suét ’ Hi?u suét SD 'I:j’f 1é c.tlénh SD
_ _ _ chyan _ _ phan giai Iy phan giai 1éch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thyc té suat
HH1 16.62 19.09 21.66 39.75 45.34 51.14 25.01% 15.45% 10.60% -9.56% 1.013%
HH2 18.62 18.27 44.27 43.47 32.26% 18.31% 1.05% -13.94% 0.147%
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HH3 18.46 17.49 43.91 41.71 27.31% 20.28% 2.90% -7.03% 0.204%

HH4 14.23 14.33 34.33 34.56 23.31% 35.87% 0.30% 12.55% 0.038%

HHS5 17.73 16.68 42.26 39.88 20.34% 23.53% 3.12% 3.18% 0.099%

HH6 13.00 16.49 16.02 31.56 39.45 38.38 30.87% 32.11% 7.97% 1.24% 0.099%

HH7 14.58 16.32 17.07 35.13 39.07 40.77 28.65% 28.64% 5.39% -0.01% 0.001%

HHS 13.53 15.01 32.76 36.10 33.73% 35.89% 4.39% 2.16% 0.095%

HH9 15.64 14.95 37.52 35.96 28.78% 31.59% 2.06% 2.81% 0.058%
HH10 18.21 16.71 19.84 43.33 39.94 47.02 31.97% 19.13% 6.59% -12.84% 0.847%
PAM66 18.91 17.28 44.92 41.23 19.79% 4.86%

T69 16.64 16.27 39.79 38.95 26.69% 1.12%

Y27 12.83 13.03 31.17 31.62 41.54% 0.59%

Y50 12.05 14.60 29.41 35.18 39.87% 7.60%

Al119 19.67 18.62 46.64 44.26 15.37% 3.13%

1 tudn — méi truong rin

Peak arca Nénlg d6 Lindane (ppm) theo duong Hi?u suét ' Hie::u suﬁt SD '1:y 1é c.ilénh SD
_ _ _ chgan _ _ phan giai ly phan giai 1éch hiéu
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyét thyc té suat

HHI1 4.32 4.44 30.84 31.71 17.15% 36.46% 1.25% 19.31% 0.242%

HH2 4.68 4.74 33.51 33.93 15.44% 31.50% 0.60% 16.06% 0.097%

HH3 6.80 5.38 6.55 48.86 38.56 47.08 13.21% 8.92% 11.19% -4.29% 0.480%

HH4 5.42 5.42 38.89 38.89 12.00% 20.99% 0.00% 8.99% 0.000%

HHS5 5.75 4.99 41.28 35.73 10.67% 21.77% 7.98% 11.10% 0.886%

HH6 5.86 6.75 42.04 48.56 12.05% 7.97% 9.36% -4.07% 0.381%

HH7 4.99 5.20 35.72 37.30 12.38% 25.83% 2.27% 13.45% 0.305%

HHS 5.34 5.18 38.30 37.12 14.09% 23.39% 1.70% 9.30% 0.158%

HH9 5.48 5.60 39.30 40.15 11.87% 19.29% 1.21% 7.43% 0.090%
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HH10 7.04 6.33 50.67 45.50 11.04% 2.31% 7.43% -8.73% 0.649%
PAMO66 6.38 5.45 45.84 39.12 13.70% 9.66%
T69 6.91 6.53 49.70 46.90 1.87% 4.03%
Y27 6.25 6.28 44.92 45.10 8.56% 0.27%
Y50 5.88 5.10 42.19 36.54 20.03% 8.11%
Al119 5.25 6.04 37.65 43.34 17.74% 8.17%
2 tudn — méi truong rin
Peak arca Nénxg d6 Lindane (ppm) theo duong Hi?u suét ’ Hif;‘:u suﬁt SD 'I’:y 1é c.llénh SD
_ _ _ chllan _ _ phén giai ly phan giai 1éch hi¢u
Mau 1 Mau 2 | Mau 3 Mau 1 Mau 2 Mau 3 thuyet thuc té suat
HH1 5.12 4.23 35.85 29.57 23.62% 33.47% 9.04% 9.84% 0.890%
HH2 4.28 6.71 29.90 47.17 25.01% 21.63% 24.84% -3.38% 0.839%
HH3 5.39 4.99 37.81 34.93 27.07% 26.02% 4.15% -1.05% 0.044%
HH4 5.16 5.25 36.14 36.82 18.49% 25.80% 0.97% 7.31% 0.071%
HHS 5.77 5.89 40.53 41.35 19.73% 16.72% 1.17% -3.00% 0.035%
HH6 6.83 5.79 48.01 40.65 25.70% 9.84% 10.59% -15.86% 1.680%
HH7 5.41 5.84 37.94 41.01 24.04% 19.71% 4.42% -4.33% 0.192%
HH8 5.85 593 41.06 41.65 20.00% 15.88% 0.84% -4.12% 0.035%
HHO9 6.17 6.42 43.35 45.12 22.07% 10.03% 2.56% -12.04% 0.308%
HH10 6.33 5.49 44.51 38.52 21.94% 15.56% 8.62% -6.39% 0.550%
PAM66 5.20 6.37 36.43 44.76 17.43% 11.97%
T69 4.24 5.90 29.61 41.42 27.77% 16.99%
Y27 5.41 5.58 37.95 39.16 21.58% 1.75%
Y50 5.03 6.04 35.24 42.44 21.00% 10.35%
Al119 5.03 4.47 35.20 31.23 32.44% 5.71%
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Phu luc 11. Bin d6 chuyén hoéa 1y thuyét ciia don chiing DDT23

DDT23

Ghi chu: Xanh dwong: cdac con dwong phdn hiy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh lda: cdc con dwong phan huy

dioxin, Pen: cac con duwong chung

Phu luc 12. Ban d6 chuyén hoéa ly thuyét ciia don chiing PAM64

PAM64
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Ghi chu: Xanh dwong: cdc con dwong phan huy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cac con dwong phan huy

dioxin; Pen: cac con dwong chung



Phu luc 13. Bin d6 chuyén hoéa 1y thuyét ciia don chiing PAM67
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Ghi chu: Xanh dwong: cdac con dwong phdn hiy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh lda: cdc con dwong phan huy
dioxin, Pen: cac con duwong chung

Phu luc 14. Ban d6 chuyén héa ly thuyét ciia don chiing T006

T006
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Ghi chu: Xanh dwong: cdc con dwong phan huy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cac con dwong phan huy

dioxin; Pen: cac con dwong chung
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Phu luc 15. Bin d6 chuyén hoéa 1y thuyét ciia don chiing Y077
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Ghi chu: Xanh dwong: cdac con dwong phan huy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh lda: cdc con dwong phan huy
dioxin; Den: cdc con dwong chung

Phu luc 16. Ban d6 chuyén héa ly thuyét ciia don chiing T087
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Ghi chu: Xanh dwong: cdac con dwong phdn huy chloroalkane va chloroalkene; Po. cac con
dwong phan huy chlorocyclohexane va chlorobenzene;, Xanh la: cac con dwong phan huy
dioxin; Pen: cac con dwong chung
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Phu luc 17. Bin d6 chuyén hoéa 1y thuyét ciia don chiing Y042

Y042
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Ghi chu: Xanh dwong: cdac con dwong phdn hiy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh lda: cdc con dwong phan huy
dioxin, Pen: cac con duwong chung

Phu luc 18. Ban d6 chuyén héa ly thuyét ciia don chiing Y050

Y050

i T Dl )

;—i\ N — 244*_} —

— T 0 L
== _ T 7 1
1 ﬁ G
= = =T

Ghi chu: Xanh dwong: cdc con dwong phan huy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cdac con dwong phan huy
dioxin; Pen: cac con dwong chung
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Phu luc 19. Bin d6 chuyén hoéa 1y thuyét ciia don chiing PAM65
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Ghi chu: Xanh dwong: cdac con dwong phdn hiy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh ld: cdc con dwong phan huy
dioxin; Den: cdc con duwong chung

Phu luc 20. Ban d6 chuyén hoéa ly thuyét ciia don chiing PAM66
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Ghi chu: Xanh dwong: cdc con dwong phan huy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cdac con dwong phan huy
dioxin; Den: cdc con dwong chung
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Phu luc 21. Bin d6 chuyén hoéa 1y thuyét ciia don chiing Y076
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Ghi chu: Xanh dwong: cdac con dwong phan huy chloroalkane va chloroalkene; Do: cdc con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cdac con dwong phan huy
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dioxin; Den: cdc con duwong chung

Phu luc 22. Ban d6 chuyén hoéa 1y thuyét ciia don chiing LD02
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Ghi chu: Xanh dwong: cdac con dwong phdn huy chloroalkane va chloroalkene; Po. cac con
dwong phan huy chlorocyclohexane va chlorobenzene;, Xanh la: cac con dwong phan huy
dioxin; Den: cdc con dwong chung
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Phu luc 23. Bin d6 chuyén hoéa 1y thuyét ciia don chiing Y027
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Ghi chu: Xanh dwong: cdc con dwong phdn huy chloroalkane va chloroalkene; Po. cdac con
duong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cac con dwong phan huy

dioxin; Den: cdc con duwong chung

Phu luc 24. Bin d6 chuyén héa 1y thuyét ciia don chiing Y049

Y049 L F——E
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Ghi chu: Xanh dwong: cdac con dwong phdn huy chloroalkane va chloroalkene; Po. cac con
dwong phan huy chlorocyclohexane va chlorobenzene; Xanh la: cac con dwong phan huy

dioxin; Den: cdc con dwong chung
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Phu luc 25. Bin d6 chuyén hoéa 1y thuyét ciia don chiing Y052

Y052 L F—E
1

1=
Ghi chu: Xanh dwong: cdac con dwong phdn hiy chloroalkane va chloroalkene; Do: cdc con

dwong phan huy chlorocyclohexane va chlorobenzene; Xanh lda: cdc con dwong phan huy
dioxin, Pen: cac con duwong chung
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Phu luc 26. Pho khoi va cic cau tric dé xuit ciia sin pham phan hiiy DDT
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DDE
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Phu luc 27. Ph6 khdi va cic cdu tric dé xuit ciia sin pham phan hiiy Lindane

Lindane
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Component RT: 5.3095
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Phu luc 28. Trién khai m6 hinh xir ly 0 nhiém DDT tai Ngh¢ An
As < >
Noi dung Hinh anh

Dan, Ngh¢ An.

Van chuyén ché pham HD4, dd dac tir Ha Noi vao Nghia

Boc do va kiém ké ché pham, Tween 80 va cac vat tu

Do dac va chia 16 thi nghiém va ddi ching

mdi hd sao cho do am dat 70%

Do d6 am cua dat va tinh todn luong nude sé bd sung vao
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Tai 16 thi nghiém, tién hanh dao cac hd co do sau 80-100cm
va rong 100cm, cac hd cach nhau khoang 30-50 cm.

Trao d6i voi chinh quyén dia phuong va gia dinh truée khi
tién hanh

Lap dit bé bat va bom nudc giéng vao bé

Dung dich phu gia (Tween 80) dugc tinh todn tron vao nudce
sao cho khi bd sung vao dat dat néng do 0,1%.

Tinh toan lugng nudc can bo sung va hoa tan Tween 80

Tron déu lai ché pham HD4, chia lwong ché pham HD4 can
cho mdi hd sao cho dat 5% ché pham

Tron déu lugng dét ctia mdi hd véi ché phém HD4

Tra lai dat di tron déu ché pham HD4 vao timg hé. Pong
thoi, bd sung nudc dd pha dung dich phu gia.
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bao tron lai ting hé cho déu

Hinh anh h6 dat sau khi dugc thi cong xtr 1y va lap lai

nong d6 DDT c6 trong mau

Panh gia hiéu qua: Mau dit dugc 14y theo cic mdc thoi gian du tinh va phén tich

Phu luc 29. Trién khai mé hinh xir Iy 6 nhiém Lindane tai Ha Tinh

Noi dung

Hinh anh

Do dac va chia 16 thi nghiém va ddi chung

sau Im

May xuc tién hanh xtc bo 16p dét trén bé mat do

nudc can bo sung

Po d6 am cua dat va tinh toan luong Tween 80 va

Tron ché pham lai cho déu
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Rai ché pham 1én 16 thi nghiém

May xuc tién hanh ddo trén ché pham va dat cho

Tién hanh pha dung dich phu gia (Tween 80) vao

nudc

Tudi nude da pha Tween 80 vao 16 thi nghiém

May xtc dao tron lai dat ¢ 16 thi nghiém 1 luot

Lap lai phan dat da xtc. Hoan tra lai mit bang

Panh gia hiéu qua: Mau dat duoc 1dy theo cac mdc thoi gian dy tinh va phan tich

nong do Lindane c6 trong mau.

Phu luc 30: Co sé dir liéu (CSDL) ciia cac ngudn gen:

Cac co s6 dir lieu trén duoc cong bd online tai duong link:
https://sites.google.com/view/phamgroup/project-data?authuser=0
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Toan bg trinh tu hé gen ctia cac chung da duoc gui luu trit trén co s¢ dir li€u
GenBank (NCBI) v6i cac ma truy cdp tuong Ung nhu sau: SRX21629081 cho
Pseudomonas sp. nov. T006, SRX21629080 cho Pseudomonas putida TO87,
SRX21629073 cho Cupriavidus metallidurans TN030, SRX21629083 cho
Pseudomonas  lalkuanensis PAM64, SRX21629082 cho  Pseudomonas
anuradhapurensis PAM67, SRX21629079 cho Pseudomonas nitroreducens Y077,
SRX21629087 cho Stenotrophomonas maltophilia Y042, SRX21629086 cho
Stenotrophomonas maltophilia Y050, SRX21629091 cho Streptomyces marianii
DDT21, SRX21629090 cho Streptomyces nojiriensis DDT23, SRX21629085 cho
Sphingobacterium mizutaii Y027, SRX21629084 cho Sphingobacterium multivorum
Y049, SRX21629077 cho Pseudomonas putida PAM65, SRX21629076 cho
Pseudomonas putida PAM66, SRX2162907 cho Pseudomonas kribbensis Y076,
SRX21629078 cho Pseudomonas putida T069, SRX21629088 cho Streptomyces
wuyuarensis LD02, SRX21629089 cho Streptomyces katrae A119 va SRX21629074

cho Sphingobacterium multivorum Y052.
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