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(i) Muc tiéu nghién ciru

+ Nghién ctru phan tich dugc genome cia cac chung vi khuan va xa khuan trong bo suu
tap giong phan lap tai Viét Nam c6 kha nang phan giai DDT/Lindane da duoc tuyén chon. Tu
do, du doan dugc cac tuong tac tiém ning gitra cac ching tuyén chon va dua ra dugc cac to
hop chung tiém ning c6 kha nang phan giai hiéu qua DDT/Lindane. Pong thoi, danh gia duoc
hiéu qua phan giai va kha nang ung dung thuc té clia cac to  hop nay, qua do Iya chon dugc
phuong an t6i uu dé phat trién ché pham sinh hoc xtr Iy 6 nhiém DDT/Lindane.

+ Xay dyng dugc quy trinh san xuat ché pham sinh hoc da chung xu 1y 6 nhi‘ém
DDT/Lindane trong dat va budc dau thtr nghiém dugc xtr Iy dat 6 nhiém DDT/Lindane bang
ché pham sinh hoc.

(i)  Péi twong va phwong phdp nghién ciru

Péi tugng nghién ciru 1a 19 chung vi sinh vat thudc bo suu tap ching ctia phong thi
nghi¢ém GREENLAB — Trung tdm Nghién ctru Khoa hoc Su séng dugc phan 1ap tai Viét Nam.
Céc chung da dugc chiing minh c6 kha nang phan giai DDT va Lindane hi¢u qua tir cac nghién
ctru trude day ciia nhom nghién ciru va duge deposit tai Trung tim nghién ciru ngudn gen thudc
DPai hoc Phenikaa (PU-PRC).

Céc phuong phap chinh bao gdm: Phan tich hé gen dé xay dung t6 hop chung dé xuat.
Str dung phurong phap tach DNA, giai trinh ty WGS va phan tich hé gen bang cac cong cu tin
sinh. Panh gi4 cac con dudng trao doi chét bang co sé dir liéu KEGG va xdy dung cac t6 hop
dé xuit c6 kha ning phan giai DDT/Lindane. Nghién ctru danh gia hiéu qua phén giai cac to



hop 6 cac moi truong long, ban ran va rén Két hop khao sat anh huong cua cac diéu kién thyc
té (nhiét do, d6 am, pH moi truong, ndéng d6 chat 6 nhidm, ty 18 cp gidng, ngudn cacbon bd
sung, nguon nito bo sung va cac chat dinh dudng khac). Ham luong DDT va Lindane duoc xac
dinh bang cac phuong phap danh gia kha nang sinh enzyme loai chloride, phuong phap sic ki
khi GC-FID, phuong phap sic ki khi GC-MS. Song song, luan an nghién ctru quy trinh san
xuat ché phdm quy mo phong thi nghiém bang cac phuong phap khao sat cac diéu kién phu
hop 1én men quy mé 10L (ty 18 tiép giéng, ngudn cacbon, ngudn nito), khdo sat cac phuong an
thu hoi sau 1én men (phuong phap loc, phuong phap déng khoé va phuong phap ly tam), khao
sat cac chit mang phu hop dé bao quan. Quy trinh xur Iy dat 6 nhiém cung dugc thiét lap thong
qua khao sat ty 1& ché pham, d6 4m dit va bd sung chat hoat dong bé mat

(iii)  Két qud chinh ciia ludn dn

+ P lam rd tiém ning cua vi sinh vat phan 1ap tir cac diém 6 nhiém trong viéc phan
huay cac hop chat chloride hitu co bén vitng, thong qua cach tiép can két hop giira phan tich hé
gen va dy doan twong tac trao doi chat. Trén co s& d6, 10 t6 hop chung phan giai DDT hiéu
qua tir 10 chung tuyén chon c6 kha ning phan giai hiéu qua DDT va 10 t6 hop ching phén giai
Lindane hiéu qua tir 10 chung tuyén chon c6 kha ning phan giai hiéu qua Lindane di dugc xay
dung.

+ Ché pham xir 1y hiéu qua DDT 1a ché pham t6 hop HD4, bao gom cic chung
Streptomyces marianii DDT21, Cupriavidus metallidurans TNO030, Pseudomonas
nitroreducens YO077, Pseudomonas anuradhapurensis PAMO67 va Stenotrophomonas
maltophilia Y042). Ché pham xir 1y hiéu qua Lindane 1a ché pham t6 hop HH1, bao gom cac
chung Pseudomonas putida T0O69, Streptomyces katrae A119 va Pseudomonas putida PAM66).

+ Pa xay dung dugc quy trinh san xuit ché pham sinh hoc phyc vu xir Iy 6 nhiém dat
chira DDT va Lindane. Moi truong phu hop nhat st dung cho 1én men tao sinh khéi cac ching
12 moi truong toi thiéu MSM cai tién véi ngudn cacbon 1a ri dudng va ngudn nito 1a NH4(SO4)s.
Cong thirc phéi tron ché pham phu hop 13 10 than bun : 1 sinh khdi. Sau dé, ché pham duoc
sdy ¢ nhiét do 40°C trong 3 gio.

+ Pa xay dung dugc cac quy trinh cong nghé xir 1y dat 6 nhiém DDT va Lindane bang
ché pham sinh hoc. Di v6i dit 6 nhiém DDT, cac budc cin ban ciia quy trinh bao gom: bd
sung 5% ché phﬁm HD4, b6 sung nudc vao dat dé dat d6 Am 70%, bd sung chit hoat dong bé
mit Tween 80 dé dat ty 18 0,1%. Ddi v6i dat 6 nhiém Lindane, cac budc cin ban cta quy trinh
bao gdm: b sung 1% ché pham HH1, bd sung nudc vao dat dé dat do am 70%, bo sung chat
hoat dong bé mit Tween 80 dé dat ty 18 0,1%.

+ Két qua bude dau thir nghiém xu 1y dat nhi8m DDT va Lindane & hai mé hinh thyc té
da cho thay cac quy trinh xr Iy xay dung duoc 13 thuc su ¢6 hiéu qua. Vi mo hinh xir 1y dat
nhiém DDT bang ché pham HD4 tai Nghia Dan, Ngh¢ An, sau 12 tuan néng d6 DDT trong dat
duoc xur Iy giam ~85%, xubng ndng do 2,8 ppm. Vi mo hinh xir Iy dat nhidm Lindane bang
ché phém HHI1 tai Thach Ha, Ha Tinh, sau 12 tuan, n@)ng do Lindane trong dat dugc xur ly giam
trong dat duoc xtr Iy giam >90%, xudng dudi mirc phat hién.

(iv)  Nhitng déng gép mdi ciia dé tai



+ Lan dau tién nghién ctru xay dung cong thirc t6 hop vi sinh vat phan giai DDT/Lindane
hiéu qua cao, trén co s¢ sur dung cach tiép can phan tich hé gen (genome-mining) dé lya chon
va phdi hop cac chung vi sinh vt tbi wu.

+ D& xudt va phat trién thanh cong ché pham sinh hoc da ching c6 kha ning phan giai
hiéu qua DDT/Lindane, dong thoi xay dung duoc quy trinh cong nghé xir Iy dat bi 6 nhiém boi
hai hop chit nay bang cac ché pham da tao ra. Quy trinh d3 dugc thir nghiém va ching minh
hi€u qua cao.

(v) Y nghia khoa hoc va thuc tién

V& mit khoa hoc, hién chua cé cong trinh khoa hoc nao nghién ctru va cong bd vé viéc
chu dong xay dung cong thirc t6 hop vi sinh vat nham phan giai hiéu qua DDT va Lindane.
Ngoai ra, cach tiép can s dung cac ky thuat moi nhu giai trinh tu toan hé gene va khai thac hé
gen nhiam danh gia triét dé tiém ning trao d6i chat va xur Iy 6 nhiém ciing chua dugc ap dung
cho cac nghién ctru kha ning phan huy sinh hoc cua vi sinh vat. Phat hién vé kha nang phan
giai DDT va Lindane ctia cac chung, dic biét 1a twong tac ciia cac chiing trong céc to hop chung
khac nhau la mot dong gop moi cho khoa hoc. Déc biét, nhiing chung ban dia c6 nguén goc tai
Viét Nam va c6 tiém niang phén giai hiéu qua DDT va Lindane s& phu hop khi ing dung thuc
té tai Viét Nam.

Vé mit thuc tién, luan an da xay dung duoc quy trinh san xuét ché phém sinh hoc va
cong nghé xur 1y dat 6 nhiém DDT/Lindane c6 tinh kha thi cao, chi phi thap, than thién moi
truong va phu hop diéu kién Viét Nam. Cac ché pham dugc tao ra c6 thé ing dung trong xur ly
cac diém ton luu thude bao vé thuc vat tai nhiéu dia phuong, gop phan cai thién chét lugng
moi truong dat, giam nguy co anh huong dén sirc khoe cong dong va tao ra san pham cong
nghé sinh hoc méi c6 tiém ning thuong mai hoéa.

12. Cac hwéng nghién ciru tiép theo:
+ Nghién ctru sau, lam rd hon céc con dudong phan giai cia cac ching va td hop ching
dugc lya chon va ban chat di truyén lién quan.

+ Ti vu hoa quy trinh san xudt ché phdm va quy trinh xtr 1y dat 6 nhiém dé tiét kiém
chi phi hon nira.
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() Thesis purpose and objectives

+ To analyze the genomes of selected bacterial and actinomycete strains from the
microbial collection isolated in Vietnam that are capable of degrading DDT and Lindane. Based
on the genomic data, potential interactions among the selected strains were predicted, and
promising microbial consortia with efficient DDT/Lindane degradation capacity were
proposed. In addition, the degradation efficiency and practical applicability of these consortia
were evaluated, thereby identifying optimal formulations for developing bioproducts for the
remediation of DDT/Lindane-contaminated soil.

+ To establish a production process for multi-strain bioproducts for the treatment of
DDT/Lindane-contaminated soils and to conduct preliminary field-scale applications of these
bioproducts for the remediation of contaminated sites.

(ii)  Thesis subjects and methodologies

The research subjects comprised 19 microbial strains from the culture collection of the
GREENLAB Laboratory — Center for Life Sciences Research, isolated in Vietnam. These
strains had previously been demonstrated, in earlier studies conducted by the research group,
to possess effective degradation capabilities toward DDT and Lindane, and were deposited in
the culture collection of the Phenikaa University Primary Research Center (PU-PRC).

The main methodologies included genome analysis for consortium design. DNA
extraction, whole-genome sequencing (WGS), and genome analysis using bioinformatics tools
were employed. Metabolic pathways were evaluated using the KEGG database to construct
proposed microbial consortia capable of degrading DDT/Lindane. The degradation efficiency
of the proposed consortia was assessed in liquid, semi-solid, and solid media. The effects of
practical environmental factors, including temperature, moisture, pH, pollutant concentration,
inoculum ratio, supplementary carbon sources, nitrogen sources, and other nutrients, were also
investigated. The concentrations of DDT and Lindane were determined by chloride-releasing



enzyme assays, gas chromatography with flame ionization detection (GC-FID), and gas
chromatography—mass spectrometry (GC-MS). In parallel, the dissertation investigated
laboratory-scale production processes for the bioproducts by optimizing fermentation
conditions in a 10L bioreactor (inoculum ratio, carbon source, and nitrogen source), evaluating
biomass recovery methods (filtration, freeze-drying, and centrifugation), and selecting suitable
carrier materials for preservation. Soil treatment protocols were established through optimizing
bioproduct application rates, soil moisture content, and surfactant supplementation.

(iii)  Main results of the dissertation

The study clarified the potential of microorganisms isolated from contaminated sites in
degrading persistent organochlorine compounds through an integrated approach combining
genome analysis and metabolic interaction prediction. Based on this approach, 10 effective
DDT-degrading consortia from 10 selected DDT-degrading strains and 10 effective Lindane-
degrading consortia from 10 selected Lindane-degrading strains were successfully constructed.

The most effective bioproduct for DDT remediation was consortium HD4, comprising
Streptomyces marianii DDT21, Cupriavidus metallidurans TNO030, Pseudomonas
nitroreducens Y077, Pseudomonas anuradhapurensis PAMG67, and Stenotrophomonas
maltophilia Y042. The most effective bioproduct for Lindane remediation was consortium
HH1, comprising Pseudomonas putida T069, Streptomyces katrae A119, and Pseudomonas
putida PAM66.

A production process for bioproducts for the remediation of DDT- and Lindane-
contaminated soils was successfully established. The most suitable medium for biomass
production was modified MSM minimal medium, with molasses as the carbon source and
ammonium sulfate (NH4).SO4 as the nitrogen source. The optimal formulation for the
bioproduct was a ratio of 10 parts peat to 1 part biomass, followed by drying at 40°C for 3
hours.

Treatment protocols for DDT- and Lindane-contaminated soils using the developed
bioproducts were established. For DDT-contaminated soil, the protocol included the addition
of 5% HD4 bioproduct, adjustment of soil moisture to 70%, and supplementation with 0.1%
Tween 80. For Lindane-contaminated soil, the protocol included the addition of 1% HHI1
bioproduct, adjustment of soil moisture to 70%, and supplementation with 0.1% Tween 80.

Preliminary field trials at two real contaminated sites demonstrated the effectiveness of
the developed treatment processes. At Nghia Dan, treatment of DDT-contaminated soil with
HD4 reduced the DDT concentration by approximately 85% after 12 weeks, reaching 2.8 ppm.
At Thach Ha, treatment of Lindane-contaminated soil with HH1 reduced the Lindane
concentration by more than 90% after 12 weeks, to below the detection limit.

(iv)  Novel contributions of the dissertation

This is the first study to construct highly efficient microbial consortia for DDT/Lindane
degradation based on a genome-mining approach to select and combine optimal microbial
strains.

The dissertation successfully proposed and developed multi-strain bioproducts capable
of efficiently degrading DDT/Lindane, and established technological processes for the



remediation of soils contaminated with these compounds. The developed processes were
validated and demonstrated high effectiveness in practice.

(v)  Scientific and practical significance

From a scientific perspective, no previous studies have reported the deliberate design of
microbial consortia for efficient degradation of DDT and Lindane. Furthermore, the application
of advanced techniques such as whole-genome sequencing and genome mining to
comprehensively evaluate metabolic potential and pollutant degradation capacity has not been
widely applied in studies on microbial biodegradation. The findings on the degradation
capabilities of the selected strains, particularly the interactions among strains within different
consortia, represent a novel contribution to scientific knowledge. In particular, the use of
indigenous strains originating from Vietnam provides a strong basis for practical application
under local environmental conditions.

From a practical perspective, the dissertation established feasible, low-cost, and
environmentally friendly production processes for bioproducts and technological protocols for
the remediation of DDT/Lindane-contaminated soils in Vietnam. The developed bioproducts
can be applied to remediate obsolete pesticide-contaminated sites in various localities,
contributing to improved soil quality, reduced environmental risks, and mitigation of adverse
impacts on public health. Moreover, these bioproducts represent a novel biotechnology product
with promising commercialization potential.

12. Futher research directions

Further investigate and clarify the degradation pathways of the selected individual
strains and microbial consortia, as well as the underlying genetic basis involved.

Optimize the bioproduct production process and the contaminated soil treatment process
to further reduce operational costs.
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