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Lecture Goal:
To explore vector systems based on animal viruses, focusing on their
structure, viral life cycle, and applications in genetic engineering.

Tasks:

1.Describe the characteristics and applications of Simian virus 40 (SV40) as a
vector in gene therapy and research.

2.Explain the viral life cycle and how it relates to the use of animal virus
vectors in molecular biology.

3.Discuss non-lytic episomal vectors and molecular vectors derived from
bovine papillomavirus type | (BPV-1) and adenoviruses, including their
advantages and limitations in genetic engineering.

Keywords: Animal virus vectors, Simian virus 40 (SV40), viral life cycle, non-
lytic episomal vectors, bovine papillomavirus type | (BPV-1), adenoviruses,
gene therapy, molecular biology, genetic engineering



Summary

. Animal virus vectors

Viruses that infect animal cells can be engineered to
deliver foreign genes efficiently.

Widely used in gene therapy, molecular biology
research, and genetic engineering.

. Simian Virus 40 (SV40)

A small DNA virus from monkeys, used as a vector for
gene delivery.

Can replicate as a non-lytic episomal vector, meaning it
exists independently in the host nucleus without killing
the cell.

Useful for transient or long-term gene expression in
mammalian cells.

. Bovine Papillomavirus type | (BPV-1)
Another non-lytic DNA virus used as episomal vector.

Maintains extrachromosomal DNA in host cells, enabling
stable expression.

(9]

. Adenoviruses

Double-stranded DNA viruses used as high-capacity vectors.

Can infect dividing and non-dividing cells, allowing transient
high-level gene expression.

Do not integrate into the host genome, reducing the risk of
insertional mutagenesis.

. Viral life cycle considerations

Understanding the viral life cycle is critical for designing safe and
effective vectors.

Modifications often remove viral genes responsible for
replication or cytotoxicity.

. Applications in molecular biology and gene therapy

Delivery of therapeutic genes to treat genetic disorders.
Functional studies of genes in mammalian cells.

Production of recombinant proteins for research and
pharmaceutical use.

. Genetic engineering of viral vectors

Viral genomes are modified to carry foreign DNA while
minimizing pathogenicity.

Episomal maintenance allows long-term expression without
chromosomal integration.




Key questions

1. What are the main advantages of using animal virus-based vectors for gene delivery?
2. How does SV40 function as a non-lytic episomal vector?

3. What are the differences between SV40, BPV-1, and adenovirus vectors in terms of gene expression and
integration?

4. Why is understanding the viral life cycle important for designing safe viral vectors?
5. Give examples of applications of viral vectors in gene therapy and molecular biology.

6. What modifications are commonly made to viral vectors to make them safe for laboratory or therapeutic
use?

7. How do episomal vectors differ from integrating vectors in terms of stability and expression?



Animal viruses

The monkey virus SV40 is an example of how simple a virus can be and still do its deadly job.

Viruses are tiny machines with a single purpose: to reproduce themselves.
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Simian virus 40 (SV40) was
discovered in 1960 as a contaminant of
poliovaccines. Hundreds of millions of
people worldwide were inadvertently
exposed to infectious SV40 in the late
1950s and early 1960s when they were
administered contaminated virus
vaccines prepared in rhesus macaque
Kidney cells.

The SV40 virus belongs to the
Polyomaviridae family of
polyomaviruses.

Contains 2-stranded circular DNA -
5243 bp.

- T-Antigen is a phosphoprotein
(708AK): responsible for replication,
helicase activity.

- t-Antigen has 174AK

Monkey virus SV40 (Green Af.:




= Simian virus 40 (SV40) is a nonenveloped virus with an icosahedral capsid symmetry.

= The structural gene products include VP1, VP2, and VP3, that associate within the infected cell to form the
72 capsomers of the viral capsid.

= SV40 large tumor antigen (T-ag) is involved in the initiation of viral replication in permissive hosts and
regulates the expression of the late structural gene products that associate to form virions.

» For scientists, SV40 has turned out to be an invaluable tool for dissecting
molecular details of eukaryotic cell processes. Numerous techniques now
commonly used in molecular biology were pioneered in the SV40 system. It
continues to serve as a model for basic studies of viral carcinogenesis.

v’ It was found in 1962 that SV40 was tumorigenic in newborn hamsters and could
transform many types of cells in culture.

v' However, the hamster model provides an excellent way to prospectively test
these hypotheses. Even if SV40 plays no role in human tumorigenesis, much can
still be learned from the hamster model regarding how viral agents
transform mammalian cells.



Physical map of the plasmid
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The SV40 virus genome includes a control region responsible for transcription and replication. This region contains various binding sites for cellular and viral
proteins, facilitating the regulation of viral gene expression and DNA replication.

1.Early Promoter Region: The TATA-box and the SP1 binding site are involved in the transcription of early mRNA. SP1 is a transcription factor that interacts with
the SP1 site to initiate transcription, crucial for early gene expression.

2.0rigin of Replication (ori): Located near the SP1 site, this minimal origin of replication spans 65 base pairs and serves as the starting point for DNA replication.
The origin is necessary for the replication of the viral genome in host cells.

3.Enhancer Region: Located downstream of the origin, the enhancer contains repeated 72 bp segments that boost transcription levels. This region is critical for
enhancing the efficiency of both early and late transcription processes.

4.Late Promoter Region: This region controls the transcription of late mRNA, essential for the synthesis of viral capsid proteins in the later stages of the viral life
cycle.

5.T-antigen Binding Sites: These binding sites, labeled as 1, 2, and 3, play a role in the regulation of replication. The T-antigen protein binds here, initiating and
controlling the replication of the SV40 genome.

6.Protein Binding Sites (AP1, OBP, AP2, AP3): Specific proteins bind to AP1, OBP, AP2, and AP3, influencing the transcription and replication processes. These
sites serve as regulatory elements that interact with host or viral factors to promote viral propagation.
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AP1, OBP, AF2, AP3, SP1 — Genkossie dakTopsl KINETKH, CBAIRIBAKIIHECH ¢ COOTBETCTBYIONIMMH palonamn supycHodl JIHK

Control Region of Transcription and
Replication of the SV40 Genome
*Labels in DNA Sequence:

*AP1 - Binding site for AP1 protein
*OBP - Binding site for Origin
Binding Protein

*AP2 - Binding site for AP2 protein
*AP3 - Binding site for AP3 protein
*Boxes and Regions:

*TATA-box

*Early mRNA

*SP1 Binding Site - SP1 is a protein
factor that binds to the SP1 site
*Minimal ori (65 bp) - Origin of
replication

*Enhancer Region

*Late mRNA

*T-antigen Binding Sites:
*Numbered as 1, 2,3

K. Benoist and P. Chambon showed in 1981 that deletion of one of the two sequences (72 bp) does
not affect expression.




* P. has:

* TATA-box (Hogness Block) at a distance of 30 bp from ORI
* 3 direct repeats of 21 bp, at a distance of 115 bp from ORI

[A] EARLY LATE
_ TRANSCRIPTION TRANSCRIPTION
" nucleotide# 35| 40 103 325
107 250
ENHANCER

EARLY LATE
_ TRANSCRIPTION TRANSCRIPTION

nucleotide# 35

AP1, OBP, AP2, AP3, SP1 - protein
factors

Enhanser area 72 + 72 bp.

ORI - cis position

Pre-mRNA is 19S




Alternative splicing of SV40 T antigen
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* Late pre-mRNA has 16S and 19S
coefficients sedimentation.

- Required for reading VP1, VP2 and
VP3 proteins.

- 360 capsid subunits

T-antigen 7

- In vivo in the form of nucleosomes
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Permissive cells are host cells
that are susceptible to the virus
and are capable of providing
productive virus infection.

In non-permissive cells, it
integrates into the genome,
causing oncogenic
transformation of cells.




HIV fuses to the
host-cell surface.

B The Viral Life Cycle

and other viral proteins
enter the host cell.

All viruses depend on cells for reproduction and metabolic
processes.

preintegration
complex

coreceptor —__ 5 _ X
(CCR5 or (
CXCR4)

By themselves, viruses do not encode for all of the enzymes

T necessary for viral replication. But within a host cell, a virus can
Host immune cell @ﬁ{faf:*sifiggoﬁvefse \ commandeer cellular machinery to produce more viral
il particles.
Viral DNA is

‘ transcriptase
transported across the page—

nucleus and integrates
# | into the host DNA.

NG i
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_— t%ry@i@i viral DNA

Adhesion .
@ Genetic material

. Adhesion

. Insertion of genetic material

. Synthesis of viral proteins

. Replication of genetic material

. Assembly of viral particles
. Release

host DNA

new viral RNA

New viral RNA is
used as genomic RNA
and to make viral

proteins.

A permissive cell, a cell
susceptible to a virus,

The virus matures
when protease
releases the

capable of ensuring its
proteins that New viral RNA p g
:;’;’:L:ZBHIV and proteins move

reproduction.

to the cell surface
and a new,
immature HIV forms.




SV40 virus vectors (lytic vectors)

 70-100% of the hybrid DNA is needed for packaging.
* Replacement vectors - late genes are used;
 Helper Virus;

» The first work on cloning was carried out by P. BERG (1976) - the
DNA of the lambda phage was inserted using the connector method.

»And in 1979, he achieved the expression of the rabbit beta-globin
eukaryotic gene.



yH R H_R
H B Yacruuueiid  ff B
IHOPOIHS
Hindlll
oFi f T H
H I
H H

l 1. EcoRl
2. BamHI1
kJTHK f-rnoGuna H “

EpOTHKA = B
H B
h—-n-Jg SVGT-5 |
H
H
J

| MHK-mrasa

Fuc. 14.1. MonegynapHO-reHeTHIECKan opraiusalms revoma supyca SV40.

ToncTwie cTpenkH — NecHeioBaTenbHOCTH BUPYCHEX MPHK, konupyioume coorsercTrylonie Genkm; sursarcolpasHbie SVGTS-RafG ¥

JHHHH — HHTPOHE Monekyn MPHE; A, —— yyacTel nonHaneHHIHPOBaHKS. Puc. 14.4. Cxe 6 = GTS-
Lpdrparn 0TMEYEHD THONCHKEHHE COOTBETCTEYIOMUMA ToucK Ha Jumansccroil kapre JHEK (& napax nywicornuoe) i BN R O e RV TSSO i




BamHI
Hpall
ori
l 1. Hpall

2. BamHI

Hincll len rl, BamHI

A E——— )
5' ¥
\,@K-mma
BamHI
Korpancdekums ¢ JIHK
SV4QsAZE

&

Puc. 14.5. Kouctpyuposaaue rabpuaHoro supyca SV40,
COMIEPIKAILIETO XPOMOCOMHBIE I'eH Mpe-MPOHHCYTHHA KPHICH #1;.

CreTneiM NpaMoyTroisHHKoM 0BoIHaYeH WHTPOH

HindlIIl
l 1. HacTunbtii ruaponus HindIl

2. Hyxneaza 51
3. Bell

BamHl_ =~~~
]

A
pLSV I BamHI1
Hell

Hindlll
NMurupoeanne ¢ parMeRTOM

Tacl-BamHI, conepeaiiiim
KOIHPYRLy I oDaacTs exa HBsAg

) BamHI
pLSV-HB=Ag

1. Hapatorea B E. coli
l 2. BamHI

p—————a-
+ AHK-nurasa

BamHI

IECOPCCCHA
LSV-HBsAg & Tpanc- ameﬁu COS

dherims (HOPMHEPOBIHRE
BHPYCHEIX YACTHL

Pue. 14,7, KOHCTPYHPOBAHHE MEHOMS
rubpsaHore spyea LEV-HEsAg



Non-lithic
episomal vectors

(5777 ..5799) M13/pUC Reverse
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Molecular vectors based on the genome of
bovine papillomavirus type | (BPV-1)

e 200-300 copies per cell without
Integration;

e - 7946 bp circular dsDNA
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W b e

El, E7 Tlopaepianne niazMHIHOTO COCTOAHHA
BHpycroil JIHK

E2 TpancKpHITIHOHHBIH MOIYNATODP BHPYCHRIX
MPOMOTOPOB

E4 CospeBanne BHPHOHOB

ES, E6  Mopdonormieckas TpancopMaliHA KIETOK

Ll OcHoBHOH KancHIHBIH DEnoK
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* Promotors: 89, 890(E8/E2 — 28kDa3, 2443,
3080(E2-TR - 31kDA ), 7185, 7250 (MPL -
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A. Bovine Papillomavirus 1 (7945bp)
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Adenoviruses

* Adenoviruses (Latin Adenoviridae) are a Pk 9
family of DNA-containin% viruses of
vertebrates, devoid of a lipoprotein
envelope.

DNA genome

e Adenoviruses have a diameter of 70-100
nm and contain a single double-stranded
DNA molecule 36 thousand base pairs
long (102-103 bp ITR for Ad2/Ad5).

* Mastadenovirus (mammalian): Ad2/Ad5
(99% homology)

e Aviadenovirus (birds)



HelLa cells: Origin of this important cell line in life
science research

Hela cells get their name from the person they belonged to: Henrietta Lacks, a Black woman and mother of
five who in 1951 got diagnosed with cervical cancer at Johns Hopkins Hospital.
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(A) The transcriptional map of human

adenovirus type 5 (HAd5). It is composed
of early (E) region (E1-E4) genes, which
are responsible for genome replication,
regulation of the viral transcription, and
suppression of the infected cell response
to the virus. The late gene transcription
units (L1-L5) are expressed late in the
viral replication cycle leading to the
synthesis of the maijority of viral structural
proteins.

(B) Diagrammatic representation of HAd5

vaccine vectors. The upper panel
represents the vector genome containing
the E1 and E3 deletions, and the lower
panel shows the vector genome
organization consisting of the E1-E4
deletions to increase the insertion
capacity of foreign gene cassette.
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Scheme of DNA-protein and protein-protein interactions in the region of initiation of adenovirus DNA
replication.

* The sequence of the DNA chain covalently bound to the TP protein is shown.The square brackets indicate
the DNA domains to which the corresponding proteins bind
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