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1. Thong tin chung:
- Tén @& tai: Ung dung k¥ thudt giai trinh tu xdc dinh cic nhém gen lién quan va

CRISPR/CAS 9 téng hop hoat chat sinh hoc ctia ching Streptomyces sp. CH8.1
Ma so6: B2023-MHN-02

Chii nhiém dé tai: TS. Nguyén Thanh Chung

Té chire chi tri: Truong Dai hoc Mé Ha Noi

Thoi gian thye hién: Tir thang 01/2023 dén thang 12/2025. Duge gia han téi
thang 6/2025

2. Muc tiéu
Muc tiéu téng quat cua dé tai 1a xac dinh duoc cum gen lién quan téi mot sb hoat

chét sinh hoc cua Streptomyces sp. CH8.1 va sir dung k¥ thuat CRISPR/Cas9 dé kich hoat
con duong sinh tong hop hoat chiét sinh hoc cua chiing xa khuan nay.
Muc tiéu cu thé:
Xiac dinh duoc cum gen lién quan té1 mot s6 hoat chit sinh hoc cta Streptomyces
sp. CHS.1.
Xac dinh duge cAu trac, hoat tinh sinh hoc va con duong sinh téng hgp mét ) hoat

chit sinh hoc trong nghién ciru tir chiing Streptomyces sp. CH8.1.

3. Tinh mai va sang tao
Tai Viét Nam, d& tai da lin ddu tién ap dung nén tang giai trinh tu thé hé thir ba

PacBio Sequel dé giai trinh tur va thu nhdn hé gen chung xa khuén Streptomyces sp. CH8.1
¢6 chat luong cao, chinh xéc nhét. Bing phan tich tin sinh hoc, ching Streptomyces sp.

CHS.1 duge xac dinh ¢6 22 cum gen ma hod céc san phém trao d6i chit béc hai, trong do6




nhiéu cum gen ¢6 tiém ning sinh téng hop chit méi. Dic biét, dir liéu hé gen nay tao co s¢
dé ap dung cong nghé chinh sira gen CRISPR/Cas9 nhim tao ra chung cai bién di truyén
¢6 thé sinh tong hop cac hoat chit khang khuin va ung thu ma ching Streptomyces sp.
CHS.1 khong thé tong hop trong diéu kién phong thi nghiém. Pay la nghién ciru tién phong
va ndi dung nghién cua d2 tai cling nam trong Nhom cong nghé chién luge (Cong nghé y
sinh hoc tién tién) theo Quyét dinh s6 1131/QD-TTg cua Thi tuéng Chinh phi ban hanh
ngay 12/06/2025. Hon nira, thanh cong cua dé tai c6 thé nhan rong cho cac nghién ctru va

¢mg dung vi sinh vét ban dja khdc tai Viét Nam nhim tao cdc san phim c6 gia tri kinh té.

4. Két qua nghién ciru
Piu tién, dé tai da xac dinh dwge 22 nhém gen sinh tong hop hop chét bic hai tir hé

gen cia Streptomyces sp. CH8.1, cho thdy tiém ning san xudt céc hop chit tw nhién c6 gia
tri y duge. Tir d6, du doan dugce con dudng sinh tong hop khang sinh amycomicin thong
qua phén tich cum gen sinh téng hop va con duong chuyén hoé tao tién chét. Két qua néi
bat nhét 13 da sir dung thanh cong CRISPR/Cas9 kich hoat cum gen sinh téng hop type 11
PKS @ tao bién chung Streptomyces CRIS. Hop chét type II PKS da duogc tinh sach, xadc
dinh cdu tric va danh gia hoat tinh khing khuén, trc ché & bao ung thu. Két qua nay khong
chi déng gop vao viéc kham phé con dudng sinh téng hop hop chét tu nhién ma con cung
cdp mot quy trinh cong nghé tién tién, ¢6 kha niang 4p dung cho cac vi sinh vét ban dia
khéc, hd trg phat trién cong nghiép duge phém va nghién ctru cong nghé sinh hoc tai Viét

Nam.

5. San pham

5.1. San pham khoa hoc

5.1.1. Bai bdo dugc dang (hodc chdp nhan ddng) trén tap chi khoa hoc cd trong chi muc
trich dan cia WoS, ranking Q1/Q2

Nguyen, Chung Thanh, Huong Thi Nguyen, Van Thi Hong Dao, Khanh Phuong Do,

and Thuy Thi Thu Ta (2025) Phenotypic characterization and whole-genome analysis

revealing the promising metabolic potential of a newly isolated Streptomyces sp.




CH6. Applied Sciences 15, no. 13: 7126. https://doi.org/10.3390/app15137126 (WoS, Q2,
JB 2.5)
5.1.2. Bai bdo dwoc déng trén tap chi khoa hoc trong nude digc HDGSNN tinh diém

Thi Huong Nguyen, Thi Ngoc Anh Nguyen, Bao Son Dang, Ngoc Oanh Nguyen,
and Thanh Chung Nguyen (2025) Physiological and biochemical characteristics and

identification of actinomycete strains isolated from soil samples in Hanoi. Vietnam Journal

of Biotechnology, 23(2): p. 265-276. DOL: 10.15625/vjbt-22858

5.1.3. Hé so bdo cdo dé tai
ba ndp.
5.2. San pham dao tao
Pao tao thac si:
Di hudng dan t6t nghiép thanh cong 01 hoc vién cao hoc Ngo Hoang Nhit Linh
(ngdy bao vé& t6t nghiép 27/01/2024).

5.3. San pham ing dung

5.1.3. Trinh tw bo gene cua chung xa khudn Streptomyces sp. CHS.1 c6 do dai tir 6+12
Mb, sé contig khéng qua 10
Trinh tu bd gene cua chung xa khuén Streptomyces sp. CH8.1: d§ dai 6.635.835 bp;
6 contig; ding ky trén co so dit liéu Genbank (NCBI) véi ma sd6 JBPEOW000000000.
Trinh tu bd gene cua chung xa khuin Streptomyces sp. CH6: do dai 6.936.977 bp;
ding ky trén co s¢ dir liéu Genbank (NCBI) v6i ma sé6 IBNOXK000000000 (sin pham
ting thém).
5.3.2. So do con duong sinh tong hop lén hop chat khdng khudn dwgc trinh bay mét cdch
cu thé ting budc. Cdc gene tham gia con duong sinh téng hop duogc dw dodn chirc

nang béang tin sinh hoc (cong cu BLAST, AntiSMASH)

D3 phén tich cum gen va dy dodn con dudng trao doi chat bac 2 ciia amycomicin va

din xudt tir trinh tr genome cua ching xa khuan CHS.1




3.1. 01 bién chung xa khudn thu nhén tic ching tu nhién Streptomyces sp. CH8.1 ¢o kha
néng sinh tong hop 01 hoat chat sinh hoc ma chung tir nhién khong tong hop dugc

& diéu kién nuéi cay thong thuong

Di tao dugc bién chung Streptomyces CRIS ¢o6 kha ning sinh hop chit type IT PKS
béng cach sir dung CRISPR/Cas9 dé chinh stra bd gen. Chung dugc luu trit tai Phong thi
nghiém Coéng ngh¢ cao, Vién Cong nghé Sinh hoc va Cong ngh¢ Thue phfim, Trudmg Dai
hoc M& Ha Noi.

3.2. 01 hop chdt khdng sinh tinh sach (Smg; do tinh sach >95%; c6 ho so xdc dinh cdu

triic kém theo)(lam ré chdt nay nhdn dugc tir ching tw nhién hay chung cai bién)

D3 tinh sach duge 15,2 mg 1 hop chit type 1T PKS, va xéc dinh cAu trac bing NMR
két hop LCMS. Hop chat type II PKS dugc sinh téng hop boi ching cai bién bing
CRISPR/Cas9. Hop chat nay di dwgc xdc dinh c6 hoat tinh khéang khuédn (Staphylococcus
aureus CCARM 3640 (MRSA), Bacillus subtilis VTCC 6633, Enterococcus faecalis 19433,
Escherichia coli ATCC 25922) va tic ché té bao ung thu (ung thu gan Huh7, ung thu phdi

A549, ung thu cd tir cung Hela).

6. Phuong thirc chuyén giao, dia chi ing dung, tic dong va lgi ich mang lai cua két
qua nghién ciru:

6.1. Phwong thirc chuyén giao

K&t qua nghién ctru duge sir dung 1am tai li¢u hd tro giang day chuyén dé dbi véi
hoc vién cao hoc, tai liéu tham khao cho céc nghién ctru lién quan téi linh vue cua dé tai
thong qua: bao cao tong két; cong bé cac bai bao khoa hoc trén tap chi khoa hoc trén tap
chi khoa hoc ¢6 trong chi muc trich din cia WoS, ranking Q1/Q2 va trén tap chi khoa hoc
trong nudce duge HDGSNN tinh diém; chia sé dir liéu hé gen cua Streptomyces sp. CH8.1
va Streptomyces sp. CH6 trén co sO dit licu GenBank. Pong thoi la két qua tién dé cho
nghién curu tiép theo vé ching CHS.1 cling nhu hop chét type 11 PKS da tinh sach dugc tai
Vién Cong nghé Sinh hoc va Cong nghé Thuc phﬁm, truong Pai hoc Mo Ha Noi.




6.2. Dia chi ing dung

Ung dung tai cic truong dai hoc va vién nghién ciru trong ca nude.

6.3. Tac dong va lgi ich mang lai

Két qua nghién clru hé gen cua xa khudn va cac hoat chét sinh hoc tir n6 duge sir
dung lam tai li¢u giang day nang cao ddi véi dao tao thac sy, giup tang cudng chét lugng
dio tao nganh CNSH tai Vién Cong nghé sinh hoc va Coéng nghé Thuce pham, Trudng Dai
hoc Mo Ha Ngi.

D& tai tao tidn d& cho céc nghién ctru tiép theo vé xa khuén ban dja méi va sinh tong
hop hoat chit sinh hoc méi véi cach tiép can la ap dung cong ngh¢ NGS va ky thuat
CRISPR/Cas9.

Pé tai cling nang cao duoc trinh do nghién ctru trong linh vye hoa sinh, hoa duoc,
sinh hoc phan tir, cdc phuong phép phan tich hién dai cta céc can bd tham gia nhi¢m vu

trong Vién Cong nghé Sinh hoc va Cong nghé Thuc phém, trrdng Dai hoc Mo Ha Noi.

Hé Néi, ngay 4 thdang 8 nam 2025
T chire chii tri —S.U, Chii nhiém dé tai
(ky, hip-va tén, dong ddu) (ky, ho va tén)
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MINISTRY OF EDUCATION AND TRAINING
HANOI OPEN UNIVERSITY

INFORMATION ON RESEARCH RESULTS

1. General information
- Project title: Application of sequencing techniques to identify biosynthetic gene
clusters and CRISPR/Cas9 for biosynthesizing bioactive compounds from
Streptomyces sp. CH8.1
- Code number: B2023-MHN-02
- Coordinator: Dr. Nguyen Thanh Chung
- Implementing institution: Hanoi Open University

- Duration: From January 2023 to December 2025, extended to June 2025

2. Objective(s)
General Objective: To identify biosynthetic gene cluster (BGC) for producing bioactive
compounds of Streptomyces sp. CH8.1 and using CRISPR/Cas9 technique to activate the
silent BGC in CHS.1 strain.
Specific Objectives:

« Identify BGC for bioactive compounds of Streptomyces sp. CHS. 1.

« Determine the structure, bioactivity, and biosynthetic pathway of some bioactive

compounds from Streptomyces sp. CHS.1.

3. Creativeness and innovativeness

In Vietnam, this project is the first to apply the third-generation PacBio Sequel
sequencing platform to sequence and obtain a high-quality, accurate genome of the
actinobacterial strain Streptomyces sp. CHS8.1. Through bioinformatics analysis,

Streptomyces sp. CH8.1 was found to possess 22 gene clusters encoding secondary




metabolites, many of which have the potential to biosynthesize novel compounds. Notably,
this genomic data provides a foundation for applying CRISPR/Cas9 gene-editing
technology to create genetically modified strains capable of synthesizing antibacterial and
anticancer compounds that Streptomyces sp. CHS8.1 cannot produce under standard
laboratory conditions. This pioneering research aligns with the Strategic Technology Group
(Advanced Biomedical Technology) as outlined in Decision No. 1131/Qb-TTg by the
Prime Minister on June 12, 2025. Furthermore, the project’s success can be scaled up for
research and applications involving other indigenous microorganisms in Vietnam to

produce economically valuable products.

4. Research results

Firstly, the project identified 22 biosynthetic gene clusters for secondary metabolites in
the genome of Streptomyces sp. CH8.1, demonstrating the potential for producing valuable
pharmaceutical natural compounds. From this, the biosynthetic pathway for the antibiotic
amycomicin was predicted through analysis of biosynthetic gene clusters and precursor
metabolic pathways. The most significant achievement was the successful use of
CRISPR/Cas9 to activate the type II PKS BGC, resulting in a modified strain, Streptomyces
CRIS. The type II PKS compound was purified, its structure determined, and its
antibacterial and anticancer activities evaluated. These results not only contribute to the
discovery of natural compound biosynthetic pathways but also provide an advanced
technological process applicable to other indigenous microorganisms, supporting the

development of the pharmaceutical industry and biotechnology research in Vietnam.

5. Products
5.1. Scientific Products

5.1.1. Published or Accepted Articles in WoS-Indexed Journals (Q1/Q2 Ranking)

Nguyen, Chung Thanh, Huong Thi Nguyen, Van Thi Hong Dao, Khanh Phuong Do,

and Thuy Thi Thu Ta (2025). Phenotypic characterization and whole-genome analysis

revealing the promising metabolic potential of a newly isolated Streptomyces sp. CH6.




Applied Sciences, 15, no. 13: 7126. https://doi.org/10.3390/app15137126 (WoS, Q2, IF
2.5)

5.1.2. Article Published in a National Journal Recognized by the State Council for

Professorship

Thi Huong Nguyen, Thi Ngoc Anh Nguyen, Bao Son Dang, Ngoc Oanh Nguyen, and
Thanh Chung Nguyen (2025) Physiological and biochemical characteristics and
identification of actinomycete strains isolated from soil samples in Hanoi. Vietnam Journal

of Biotechnology, 23(2): p. 265-276. DOL: 10.15625/vjbt-22858

5.1.3. Project Report

Submitted.

5.2. Training Products

Master’s Training: Successfully supervised 1 master’s student, Ngo Hoang Nhat Linh,
who defended their thesis on January 27, 2024, titled: “Extraction of bioactive compounds

and genomic analysis of the actinomycete strain Streptomyces sp. TT8.4”
5.3. Applied Products

5.3.1. Genome Sequence of Streptomyces sp. CHS8.1
The genome sequence of Streptomyces Sp. CHS8.1, with a length of 6,635,835 bp
including 6 contigs, registered in GenBank (NCBI) under accession number

JBPEOW000000000.
The genome sequence of Streptoniyces sp. CH6 (6,936,977 bp) registered in GenBank
(NCBI) under accession number JBNOXKO000000000 (additional output).

5.3.2. Predicted biosynthetic Pathway for Antibacterial Compounds

The biosynthetic pathway for amycomicin and its derivatives was analyzed, and the

functions of genes involved were predicted using bioinformatics tools (BLAST,

AntiSMASH).




5.3.3. Mutant Strain

A mutant strain, Streptomyces CRIS, was developed from the wild-type Streptomyces
sp. CH8.1 using CRISPR/Cas9, capable of synthesizing a bioactive type I PKS compound
not produced by the wild-type under standard culture conditions. The strain is preserved at
the High-Tech Laboratory, Institute of Biological and Food Technology, Hanoi Open

University.

5.3.4. Purified Antibiotic Compound

15.2 mg of a type II PKS compound (purity >95%) was purified, with its structure
determined using NMR and LC-MS. This compound, produced by the CRISPR/Cas9-
modified mutant strain, exhibits antibacterial activity against Staphylococcus aureus
CCARM 3640 (MRSA), Bacillus subtilis VITCC 6633, Enterococcus faecalis 19433, and
Escherichia coli ATCC 25922, as well as anticancer activity against liver cancer (Huh7),

lung cancer (A549), and cervical cancer (HeLa) cell lines.

6. Transfer alternatives, application institutions, impacts and benefits of research

results:

6.1. Transfer alternatives

The research products are utilized as teaching materials for master’s programs and
reference materials for related studies through the project’s final report, publication of
scientific articles in WoS-indexed Q1/Q2 journals, and national journals recognized by the
State Council for Professorship. The genome sequence of Streptomyces sp. CH8.1 is shared
on the GenBank database. These results also serve as a material for further studies on
Streptomyces sp. CH8.1 and the purified type II PKS compound at the Institute of

Biological and Food Technology, Hanoi Open University.

6.2. Application institutions

Applied at universities and institute in Vietnam.




6.3. Impacts and Benefits

The research results on actinobacterial genomics and their bioactive compounds are
used as advanced teaching materials for master’s training, enhancing the quality of
biotechnology education at the Institute of Biotechnology and Food Technology, Hanoi
Open University. The project lays the foundation for further studies on novel indigenous
actinobacteria and the biosynthesis of new bioactive compounds using NGS technology
and CRISPR/Cas9 techniques. The project also enhances the research capabilities in
biochemistry, medicinal chemistry, molecular biology, and modern analytical methods for

staff at the Institute of Biotechnology and Food Technology, Hanoi Open University.

Hanoi, August 4, 2025
Host Institution é;@: Coordinator
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