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Abstract

Parvoviruses are currently being studied for uspasible genetic vectors in
gene therapy. They are small, non-enveloped \dsrauseicosahedral structure, and
possess a single-stranded DNA genome of approxim&@00 base pairs that
replicate only during the S-phase of the host célie viral replication strategy
resembles the rolling circle replication model reigg the viral protein NS1. This
protein functions as a site specific DNA bindingtein, thus, binding the viral origin
and initiating self-replication process. Studieséhahown that genetic constructs with
two viral terminal palindromic structures are sti#nt for autonomous replication of
the molecule in the presence of NS1. To compare tieplication of a minigenome
containing two left termini with that of one comaig a left and right palindrome of
Lulll the DsRed gene from the pCMV-DsRed (Clonteags inserted between the
hairpins of both vectors. The red fluorescent pro{®sRed) allowed monitoring of
the replication of these constructs. The resultsvstinat Lulll 3'-DsRed-3’ and Lulll
3'-DsRed-5’ were both capable of expressing flumerse in the cells over time, thus,
indicating that both recombinant plasmids were bigpaf self replication. The results
also suggest that replication of Lulll 3'-DsRedv#as more efficient than Lulll 3'-
DsRed-5'. This result suggests that a Lulll geneéictor containing two copies of the
3’ hairpin (identical palindromic sequences) may rhere efficient than a vector
containing the Lulll 3' and 5 palindromes. Thissearch has been helpful in
providing insight about the replication efficieneypected, based on the response of

the 3’ and 5’ terminal hairpin arrangements in gieneectors used in gene therapy.



Resumen

Los parvovirus estan siendo estudiados actualmeoreo posibles vectores
genéticos en la terapia genética. Estos virus semuegiios, sin envoltura, con
estructura icosahedral y poseen un genoma de ADNcatiena simple de
aproximadamente 5,000 pares de bases que se replcadurante la fase S de la
célula hospedera. La replicacion de los parvovaeisasemeja al modelo circular de
replicacion el cual requiere la asistencia de tagina NS1. Esta proteina se enlaza de
manera especifica al origen de replicacién e in@igroceso de replicaciéon. Los
estudios han demostrado que las construccionestigenécon dos terminales
palindrémicos virales son suficientes para la oagiion autbnoma de la molécula en
la presencia de NS1. Para comparar la replica@amndminigenoma que contiene dos
palindromes izquierdos con otro que contiene umg@gedme izquierdo y otro derecho
de Lulll y el gen de DsRed de pCMV-DsRed (Clohjese insertdé entre los
terminales en ambos vectores. La proteina fluordsamja (DsRed) nos permitié el
monitoreo de la replicacion en estas construccioness resultados mostraron que
Lulll 3'-DsRed-3’ y Lulll 3'-DsRed-5" son capacesdnducir fluorescencia en las
células con respecto al tiempo, indicando asi quboa plasmidos recombinantes
fueron capases de auto-replicacion. Los resultéaodién sugieren que Lulll 3'-
DsRed-3’ tienen una mejor eficiencia de replicacgue Lulll 3'-DsRed-5'. Estos
resultados sugieren que de construirse un veeiétigo del parvovirus Lulll éste
seria mas eficiente si tiene dos copias del tedm@hasecuencias palindrémicas

idénticas). Esta investigacion ha sido atil parapprcionar una visidn sobre la



eficiencia de replicacion esperada, basada a faiesta de los terminales 3 'y 5' en

vectores genéticos utilizados en la terapia génica.
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CHAPTER |

Introduction

The Parvoviridaefamily consists of viruses that are small, nakedsahedral and
are currently being studied for human gene the(&axwell, 2002). This family can infect
cells from a range of animal species and humaney Hne characterized by a number of
morphological and physicochemical properties asl wasl distinct features of genome
organization and replication (Maxwell and Maxw@002). The most characteristic feature
of parvoviruses is the structure of their DNA. Thi®lecule is linear and has about 5,000
nucleotides in length. Both ends of the DNA molecaite folded back to form short double

stranded, hairpin like structures (Rommelaere, 2000

Lulll is an autonomous parvovirus that has the sgem®omic organization of the
rodent parvoviruses. Lulll encapsidates the mintend of the genome and has different 3’
and 5’ terminal sequences. It is compared withutervirus of mice (MVM) and Hamster
virus (H-1). The genome organization of Lulll wheompared to the rodent parvoviruses
differed in two regions (Diffoot et al., 1993). AT-rich region of 47 bp long, found as a
direct repeat in MVM and H-1, is present once irllLand it's sequence is believed to
function as an internal origin of replication. Teeguences of the terminal palindromes in
parvoviruses are necessary for replication. Fa& tbason, models have proposed in which
the left and right end hairpins act as originsaglication (De Jesus Maldonado, 2004) and

are important in minigenomes of these viruses.



The minigenomes containing two copies of the lefl @alindrome of Lulll (nt 1-
277) and one copy of the left end a copy of théitrignd palindromes, have been
constructed previously. These constructs was usedristruct Lulll 3'-DsRed- 3" and Lulll
3’-DsRed- 5'. A red fluorescent protein (DsRed adpr gen) was inserted between the
hairpins in both clones. The Lulll 3'-DsRed-3’" ahdlll 3’-DsRed-5’ plasmid will then be

transfected into human cells to compare replicagificiency of both minigenomes.

The use of Lulll as a transient genetic vectortf@rapeutic purposes can only be
accomplished by elucidating the basic biology @& garvovirus genus. This investigation

aims to understand the combination of the terntia&ipins in replication.



CHAPTER Il

Literature Review

Autonomous parvoviruses (APVs) are found in mamgcsgs and they do not
require a helper virus for replication but theyrdquire proliferating cells and in some
cases, tissue specific factors (Maxwell, Terrell dmaxwell, 2002). APVs are some
of the smallest viruses found in nature and thainlnameparvusmeans small. Their
linear genomes terminate in little imperfect patordes that fold back on themselves
to form complex hairpin telomeres which play an artpnt role in the modified form
of rolling circle replication (RCR) (Cotmore andti@asall, 1995). Using its terminals
hairpin as a primer for DNA synthesis, the linearvovirus genome is amplified
through a series of double-stranded, monomeric, aodcatemeric replicative
intermediate DNA forms by a unidirectional, leadisgrand-specific fork. The
replication takes place in the nucleus of the leedit The virus replication is during

the S and early G-2 phase of the cell cycle (Cotnamd Tattersall, 1987).

Classification

The Parvoviridae family is divided in two subfamiliesDensovirinaeand
Parvoviridae which infect vertebrates and invertebrates respdyg (Berns, 1996.,
Cotmore and Tattersall, 1987he Densovirinaeare invertebrate viruses that infect
insects, they are divided into four genu3ensovirus, Iteravirus, Brevivirusnd

Pefudensovirus.The Parvoviridae subfamily includes the generBependovirus,



Erythroviru, Amdovirus, Bocavirugnd Parvovirus All members are similar in
clinical symptoms caused, structure, replicationt different in host range, gene
expression and pathogenesis (Berns, 1996; Faisst Rommelaere, 2000).
Erythroviruses are named for their tropism for bdolod cell progenitor cells. These
include human parvoviruses B19 and V9, and theasimarvovirus (SPV) (Cossart et
al., 1975). B19 is found to cause the common cbibdhdisease erythema infectious
and the replication is restricted to the erythnqmidgenitor cells in the bone marrow, it
is not clear how the virus causes destruction le¢otells. This parvovirus particularly
spreads from person to person, just like a coltenothrough respiratory secretions
and hand to hand contact. Once the rash appeargetizon with the illness is no
longer considered contagious and does not need isolated.

Only members of th®ependovirus, Bocaviruand Erythrovirus genera are
known to infect humans. They regulate gene expyas&NA replication and to have
site specific integration, rescue from the integgastate and packaging. AAV is
identified as a parvovirus that replicates exclelyivn cells co-infected with a helper
virus. In the absence of helper functions, AAV esitithe latent pathway integrating
the virus, therewith, threatening the host cellhwiisertional mutagenesis. AAV has
acquired the unique feature of integrating in & sipecific manner into a locus at
human chromosome 19q13.3-gter (Lusby et al., 1B80pw and Berns, 1987).

Bocavirusand Amdovirusare new genera, recently created by International
Committee on Taxonomy of Viruses Virus Index Datsha(ICTVdB, 2005,

www.danforthcenter.org iltab ictvret




The Amdovirus genus includes aleutian mink disease virus. Thea R
terminus, is shorter than those of other parvoesusand, lacks a phospholipase A2
enzymatic core, which is required for viral infedly (Zadori et al., 2005).

The Bocavirusgenus includes bovine parvovirus type 1 (BPV), caminute
virus, and the recently identified human bocav{idBoV) (Schwartz et al., 2002; Qiu
et al., 2007). HBoV is a parvovirus that causeselovespiratory tract infections in
humans and it has been linked to gastroenteritism&mbers of the Parvoviridae
subfamily, have two major ORFs, howemrcavirushas a third middle ORF, which
encodes a nonstructural nuclear phosphoprotein diRibknown function (s) (Qiu et
al., 2007).

The Parvovirus genus, like feline panleukopenia virus (FPLV), cani
parvovirus (CPV) and aleutian disease of mink voagses serious diseases. They are
autonomous, lytic parvovirus (APVs), and only thdAstrand that is complementary
to the viral messenger RNA is encapsidated. Therviconsists of an icosahedral
protein capsid that contains the DNA molecules wery resistant surviving alcohol or
ether treatment, temperatures of up 56°C and pigegsmbetween 3 and 9. Porcine
parvovirus (PPV) is another member of the parvevigenus. PPV is the main
etiologic agent of the SMEDI syndrome (stillbirtnummification, embryonic death,
and infertility), a significant cause of reproduetifailure in pig. Minute virus of mice
(MVM), H-1 and Lulll are classified as rodent pawrois. Lulll was isolated as a

contaminant of a human lung carcinoma (Berns, 1996)



Genome Organization

The parvovirus genus share similarities in theinayee organization. The
parvovirus chromosome is a linear, non-segmented)esstranded DNA strand of
approximately 5,000 bases in length. This DNA can df positive or negative
polarity. The viral particles are icosahedral, B+#n in diameter and the genome
consists of genes that encode proteins involvetranscription (NS or REP) and
another that encodes the coat proteins (VP proteiige linear DNA plasmid has
palindromic sequences, which can fold back on tledres to form two secondary
structures (hairpin) that are stabilized by selfimgen bonding. These "hairpin”
structures contain theis-acting signals indispensable for genome replicatidrese
include the viral inverted repeat (ITR) sequendest serve as the origin of DNA
replication and can be different within individugénomes and species (Tam and
Astell, 1993).

Previous studies have established that terminahgraimes are essential for
successful replication of the human parvoviral geaoAll parvovirus termini contain
palindromic sequences. The human B19 virus, AAV ald Dependoviruses
characterized have identical DNA sequences at ketimini and the other
parvoviruses characterized have different 3" anteBhinal sequences.

The adeno-associated viruses (AAV) and B-19 eacdte hdentical inverted
terminal repeats of 147 bases long. These ITRs bHavegotential of forming a T-
shaped secondary structure by folding the termibdb self complementary

nucleotides (Lefebvre et al., 1984; Berns, 1996 TTRs sequences are signals for



encapsidation, integration into the cell genome amscue from either host cell
chromosome or recombinant plasmid.

The hairpins of Autonomous Parvovirus differ inesiand sequence (Berns,
1996). The 3' terminus at the left end containsthb1B22 bases long and can assume a
rabbit ear (Y or T-shape) structure. The 5’ termsimat the right end contains 206 to
242 bases long and can assume a rabbit ear (Y strape) or a hairpin (U-shape)
structure. When the 3’ hairpin structures of sonmomomous parvoviruses are
compared to a adeno-associated virus they havéicgdeDNA sequences and consist
of approximately 116 nucleotides in length (Asatlal., 1985).

The terminal palindromes exhibit orientations ahfigo andflop due to a few
mismatched nucleotides (Astell et al., 1985). Thagematched nucleotides within the
hairpin stem form a “bubble” structure that corsist a triplet 5° —GAA in one arm of
the palindrome paired to a 5" —GA doublet in theeotarm (Cotmore and Tattersall,
1987). The 3’ terminus of the minus strand of Ludékists only in the “flip”
conformation, a GAA sequence is opposed to GA sexpjeand can assume a T-shape
configuration (Diffoot et al., 1989) (Figure 1 Alhe 5’ terminus of the minus strand
of Lulll exists in both “flip” and “flop” conformabns, a TCC sequence is opposed to
TC sequence, and has a U-shape configuration @i al., 1989) (Figure 1 B).
Both conformations (left end and right end) haverbeelated to the DNA replication

of parvovirus. (Cotmore and Tattersal, 1988; Bet!®96 and Chem, 1988).
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Figure 1. Palindromic Termini of Parvovirus Lulll. A. DNA sequence of the left
terminus (3’end) of the minus strand of Lulll fomgi its characteristic T-shape
secondary structure. B. DNA sequence of the righmhinus (5’end) of the plus strand
of Lulll forming the U-shape secondary structuraghwits particular flip and flop

conformation (Adapted from Diffoot et al., 1989).



Viral Transcription and Proteins

For transcription, parvoviruses use the doublendiegd viral DNA in the
nucleus of the infected cell as template. Transorpgoes from left to right and starts
at two promoters. Termination occurs close to iletrend of the DNA (Berns, 1996).

The parvovirus genome has led to the evolution vhrety of strategies for
the expression of all of the proteins necessary doproductive infection. The
mechanisms involved include multiple promotersjcapd, alternative splice donor
and acceptor sites, use of an initiation codon, @noteolytic cleavage (Berns, 1990).
All proteins are encoded in one strand: the left biathe genome encodes regulatory
proteins, and the right half encodes structuratgang. The autonomous parvovirus
MVM and Lulll areorganized into two open reading frames (ORF's) utitecontrol
of two promoters, P4 located at map unit 4, and IB88ted at map unit 38 (Figure 2
and 3) (Diffoot et al., 1993). The left hand ORRdar the control of the P4 promoter,
codes for the two non-structural proteins NS1 ari82NThe right hand ORF of the
APVs drives the synthesis of the various capsiggeptides VP1, VP2 and VP3, all
under the control of P38 promoter (Figure 4) (Mabkved al., 2002; Berns, et al.,

1996).
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Figure 2. Minute virus of mice (MVM) transcriptional map. The genome is
organized into two open reading frames (ORF). Toation of the two promoters P4
and P38 is shown by arrows. The ITR’s (invertedhteal repeat) are shown by boxes
at both sites. 1 is showing the major transcrigsslthat encodes for the non-structural
protein NS1. In 2, two open reading frames are useshcode for the non-structural
protein NS2. 3 indicates the ORF used to encodéhfotwo structural proteins, VP1
and VP2. Alternative splicing is shown by the dobee. (Adapted from Wong and
Chatterjee, 2002)
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Figure 3. Structure of Lulll Parvovirus Genome. A: Genome organizatiorB:
Transcripts. Transcription initiates from two praers P4 and P38 shown by arrows
and terminates at a common poly A signal. Alterrsasplicing is shown by doted
line. The P4 and the P38 transcripts generates ngRloding nonstructural proteins
NS1 and NS2 as well as capsid proteins VP1 and Bgectively. (Adapted from
Maxwell et al., 2002)
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Figure 4. Structure of the Lulll and MVM Parvovirus Genome. Arrows indicate

the transcription, initiates from two promoters igaated P4 and P38; Black square:

non identical terminal inverted repetitions. (Adagpfrom Maxwell et al., 2002)

B19 initiates transcripts from a promoter at mapt @ drives both the
synthesis of the major non-structural protein N®&#l ¢he capsid proteins VP1 and
VP2 (Berns, 1996). AAV has three promoters locaiteihap units 5, 19 and 40, which
drives the synthesis of four non-structural pragRep proteins and capsid proteins.

In general, NS1 and NS2 are involved in replicadon cytotoxicity. NS1 has
a molecular weight of 83 kD and NS2 of 24 kD. Thée@ninal half of NS2 is coded
in a different reading frame by a region of abo&pl® This same region of the
genome codes for NS1 in the original reading fraNf®l is the most important non-
structural protein, essential for a productive imgtlon fork. This protein has a site-
specific protein, recognizing the sequence (ACCAJ firesent in the viral origins.
NS1 is dependent on protein kinase C phosphorylatidie NS2 is an auxiliary
regulatory protein, which contributes to cell-typpecificity and consists of three
isoforms, NS2-P, -L, and -Y, that differ at themrlooxy termini as a result of
alternative splicing events. NS2 play a criticalerin viral capsid assembly and in

MRNA translation (Cotmorem et al., 1997).

12



NS1 also transactivates P38 which drives the sgh@ the capsid proteins,
VP1 and VP-2 towards the end of the viral cyclevBarus particles contain two or
three different structural proteins of various necolar weights of approximately 83
and 64 kDa, but with overlapping amino acid seqgasrn®ujol et al., 1997; James et
al., 2004; Hickman et al., 2004). VP1 and VP2 shiaeemajority of their sequence;
however VP1 has a unigh&terminal region of approximately 140 amino acidkis
region includes a nuclebocalization signal (NLS) (Tullis et al., 1993; Dummnt et al.,
1994; Faisst and Rommelaere, 2000; Lombardd. e2002) and a phospholipase A2
activity (Zadori et al., 2001helieved to be necessary for delivery of an infegtriral
genome to the cell nucleus (Cotmore and Tatterd@B7; Maxwell and Maxwell,
2004). VP3 is derived by proteolytic cleavage whregmoves the amino-terminal
region of VP2 and occurs only after capsid assenallg packaging of the viral

genome.

Replication of parvoviruses

The DNA replication and assembly of parvovirusesuog in the nucleus,
during S-phase and are dependent on cellular fume{Berns et al., 1996; Cotmore et
al., 1994).

Parvoviral DNA replication is involving the formati of hairpin structures.
The first step in the replication of viral DNA ike conversion of the single-stranded

parvovirus DNA to form a complete double-strandegplicative form (RF).

13



Replication passes through a series of monomerid aoncatemeric duplex
replicative-form (RF) intermediates.

Since this process can be repeated indefinitelgagh end of the genome
creating, multimeric duplex intermediates contagnansingle continuous DNA strand.
Parvovirus have adapted the rolling circle replmat(RCR) mechanism to amplify
themselves by a unique “rolling hairpin” processdmated by the palindromic viral
telomeres (Cotmore and Tattersall, 2003).

MVM DNA Replication

Minute virus of mice (MVM) has a negative sense DBtAand containg a 4.8
kb single strand coding region flanked by hairpupleéxes of 120 and 248 nucleotides
at its 3' (left end) and 5’ termini (right end). @ mechanism of viral replication
postulates that the growing strand replicates kacktself, producing a tetrameric
conformation from which two plus strands and twoasi strands are generated by
endonuclease cleavage (Berns, 1990; Burnett é2@08§). The single-stranded virion
DNA gets converted into a closed, double-strandexhomeric replicative form (cRF)
by extension of the left terminal hairpin and ligat of the growing strand to the
folded-back right terminal hairpin (Figure 5) (Care et al., 1989; Baldauf et al.,

1997).

14
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Figure 5. Modified Rolling Hairpin Model for MVM DNA Replicat ion. NS1 is
shown as a small filled circle. Small arrowheadsidate DNA 3' ends. ss, SSDNA;
cRF, covalently closed RF (replicative form); eRikfended monomeric RF; reRF,
rabbit-eared RF; v, viral strand; ¢, complement&trgnd. The open polygon in step 6
represents the capsid (Adapted from Kuntz-Simal.e1999).
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Additional processing of cRF DNA requires the atyivof the viral non-
structural protein NS1 (Cotmosmend Tattersall, 1998; Cotmore et al., 2000). The
protein NS1 is necessary in order to initiate DNyatkesis, and the Y-shaped 3’
hairpin region serves as a primer for initiation@NA synthesis by a cellular DNA
polymerase. The opening of the cRF is given by ratsired sequences, which serve
as cleavage sites for the NS1 nuclease. Subseguédl becomes covalently
attached to the right termini of the viral genonfellowed by initiation of
displacement synthesis, copying of the right erqpisece, and formation of a terminal
extended molecule (5'eRF). Hairpin refolding at t#wetended terminus creates a
structure called rabbit ear replicative form (5'FR This structure provides
complement of the 5 terminal hairpin which thenrves as a primer for strand
displacement synthesis and dimeric replicative f(RF)). The dimer intermediate is
formed and the extended hairpin forms a palindrosatible-stranded sequence
termed the dimer junction. It bridges two unit ldrgghead-to-head duplex genomes.
Duplex DNA occurs due to the nucleotides of thelideilsequence. Now, in the dimer
junction, on each side of an axis of symmetry, tiongathe GAA and TC arms, where
the two potential origin sequences differ in length a single nucleotide. Through
replication, the dimer junction is associated iwto structures by NS1, where the NS1
interaction with a cellular protein called parvarinitiation factor (PIF) is able to
introduce a single-stranded nick into the lowearstl of the dimer junction to initiate

replication (figure 6).
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This factor is a binding site for the CREB/ATF féyrof host transcription factors and
recognizes two tetranucleotide ACGT sequence, muatithin the ATF consensus and
is located in the NS1 binding site (ACCA) (Cotmore and Tattersall, 1995). The
additional nucleotide in the GAA arm renders thisgia inactive and restricts
replication initiation to the TC arm of the dimemgtion, causing the configuration
asymmetric. The two types of monomeric replicafimen (RF) DNA are covalently
closed (5’eRF) or extended (3'-5'eRF) left-handntaer. The 5eRF molecule
generated in this way re-enters the cycle as ilicegpve form (5’reRF), while duplex-
to-hairpin transition at the right-hand palindroofethe 3’-5’eRF molecule is thought
to lead to the displacement of single stranded ggnoDNA, which is then

immediately packaged into the preformed empty chfféuntz-Simon et al., 1999).
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Figure 6. The dimer junction resolution and minimal origin of replication. The

left-hand hairpin of MVM is shown in diagrammatmrin. The small ears and bubble

sequence are indicated. The dimer junction crebyedblling hairpin replication, is

shown on the right. Cross-hatched boxes represalimdpomic sequences derived
from the hairpin ears. An arrow indicates the stk and the minimal active origin is
boxed. The arrow at the potential nick site is sensout to indicate that it is not an
active origin. Sequence details of the minimal iorigf replication and the bubble,

PIF, CRE, and NS1 binding sites, as the NS1 nitekagie shown at the bottom of the

figure (Adapted from Burnett and Tattersall, 2003).
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Lulll DNA Replication

The parvovirus Lulll contains cis-acting in thedt hairpinsequences required
for DNA replication. Theleft hairpin of Lulll has an active NSHriven origin of
replication that lacks the arrangement of the djgedomains in the dimmer duplex
intermediate proposed for MVM. It has been propaed the plus and minus DNA
strands independently initiate replication from tight and left hairpins respectively
resulting in an equivalent amount of both viral DM#&ands (Diffoot-Carlo et al.,
2005). The possible mechanism for the replicatibauwll is shown in Figure 7, the
plus strand starts replication from the right hargnd the minus strand from the left
hairpin, (step 1). This suggests that both hairgss serve as primers, which would
allow a host polymerase to synthesize a complementgpy of the internal sequence
of the viral genome until the growing stand readhesfolded back terminus, resulting
in a covalently closed replicative form (cRF). tes2, NS1 opens the cRF by nicking
the viral strand. These are active NSI nick sites@nt at both termini of parvovirus
Lulll that differ from each other (Diffoot et al1993). These nicks generate two
origins of replication running in opposite directfothat lead to strand displacement.
Subsequently the NS1 nick occurs and (step 3) tkeaadisplacement and copying of
the strand. In step 4 the development of an extemd@lecule containing covalently
joint viral and complementary DNA strands occurs.

Earlier studies suggested that the left terminughefLulll minus strand exists

only in the flip conformation, and the right termsof the plus strand exists in both
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the flip and flop conformations. This model howegeiggests in step 5 that in each
strand both flip and flop conformations at bothntam are synthesized (Diffoot et al.,
2005). This difference between Lulll and MVM haspiications on the replication of
these viruses. The unique encapsidation pattererodd for Lulll is due to the
presence of origins of replication at both the lfid right termini. This explains

mechanism used by Lulll for the replication ofutsal genome (Diffoot et al., 2005).
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Encapsidation Pattern

All autonomous parvoviruses of known sequences hawveidentical ends and
their encapsidation patterns allow separation thtee different subgroups. The DNA
encapsidated by parvoviruses can be of either gnlusinus polarity and the ratio of
the two strands varies among members of the Pardael Minute virus of mice
(MVM), H-1 virus has related terminal sequenceshwaver 90% homology and
encapsidate 99% minus strand (Table 1). This panw®B-19 and Lulll have similar
encapsidation patterns to that of the detectiverquanus adeno-associated virus

(AAV) (Diffoot et al., 1989).

The mechanism by which Lulll encapsidates eitheanst of its genome
remains unknown. Diffoot and colleagues (1989) ptbthat identical terminal ends
are not required for the encapsidation of bothnsisasince the autonomous parvovirus
Lulll has non-identical termini and encapsidateshbstrands with equal frequency
(Bates et al., 1984). Willwand and his colleag(te393) demonstrated that empty
MVM capsids bind to the left terminus of MVM repditve-form DNA, but not to the
right terminus. This suggests that binding to tb# énd of parvovirus genomes is
required for encapsidation of the minus strandiarglies that binding to the right end
might be required for encapsidation of the pluarsdr Lulll was sequenced and has
shown to have greater that 80% identity with rodeatvoviruses MVMp and H-1
(Diffoot et al., 1993). Comparison of the DNA seques of Lulll, MVM and H-1
reveals the presence of an adenine-thymine (AL region at right end sequence

that may be a determinant of the encapsidatioreqmafor Lulll. This region is 47
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nucleotides long located at map unit 89, 6 basesdiveam from the end of the right
open reading frame (ORF), and is not present iroHWVM. It has been suggested
that in Lulll, the A/T-rich region interferes witithe binding of cellular proteins to the
viral genome, allowing the virus to encapsidatespdund minus DNA strands with
equal frequency. During 1993 and 1994, Tam andllAdemtified a sequence near the
right palindrome of MVM as a cis-acting replicatisignal. This region has shown to
bind four cellular proteins which are thought to ibeolved with replication of the
MVM genome. Corsini and colleagues (1995) deternhitiee possible binding of
cellular proteins to this region of MVM and H-1 w#, hinders binding of the MVM
capsid to the right end, preventing encapsidatioh® plus strand. The presenting of
this protein-binding region by AT might eliminateasnd-selective encapsidation and
confer the facility to encapsidate either stradhils is the situation, insertion of the
47-nucleotide AT sequence into this region of Lailght disrupt the interactions with
cellular proteins, allowing empty capsids to bihd tight end and encapsidate the plus
strand.

Recent studies characterized packaging complexesaed in vivo, when the
right-end hairpin of MVM is replaced with that otilll, creating MML. The chimeric
virus that encapsidates 95% of the MVM sequendeasied to the right-hand terminus
of Lulll packaging 40% positive-sense DNA. MVM eneders difficulty in
internalizing explicit elements in the plus strafithis is due to the virus attempts to
encapsidate both positive and negative-sense gerssyguences. Full length positive

sense MML DNAs were found to be rare, while pahtigbackaged genomes
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accumulated to high levels in infected cells. Timdicates that the negative-strand
sequence of MVM has undergone selective pressusptimize its compatibility with
the encapsidation mechanism, while the positiveusecge has not (Cotmore and
Tattersall, 2005). These observations suggest foat viruses that package
predominantly a single strand, selective pressuexerted on that strand to minimize
the presence of unwanted elements, such as stepnetwdigurations, reiterated G4
clusters, and is optimal compatibility with thertséocation machinery. During viruses
from the Bocavirus, Parvovirus, and Amdovirus ganérattersall et al., 2005;
Cotmore and Tattersall, 2005), which package mdk#ynegative strand, stretches of
G4 or longer are completely absent from the mired compared to the plus strand.
Therefore, for example, the negative-sense sirgiaded regions of MVM, AMDV,
FPV, BPV, H1, and KRV are entirely devoid of sucheBads, whereas their related
positive-sense sequences contain different clystersespondingly. In compare, for
viruses from the Erythrovirus and Dependovirus ganehich package either strand
with the same efficiency, such runs of G are siryileepresented on together strands
(Cotmore and Tattersall, 2005). These viruses areeitly receiving attention as
potential experimental and therapeutic gene transéetors, since they allow the
efficient delivery of foreign genes to a wide rargjenammalian cells (Buning et al.,
2004; Cornelis et al., 2004). The observationsgmed here provide one potential for
this parvoviruses and suggest that minimizing negjiof potential secondary structure

in the transgene sequence may well enhance veeldr y
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Scientists using genomic chimeras of the MVM andlliLyenomes
established a possible connection between the mistica differences in the
processing of Oritc and OriR and the strand packaging bias of theseopguses
(Cotmore and Tattersall, 2005). Consequently, diative efficiency with which the
two genomic termini are resolved and replicatednaedly determines the polarity
with which single strands are excised from theicaple form (RF), and that these
are then packaged with equal efficiency. The paickpgubstrate is the newly released
single strand and not the duplex RF forms of theogee. Further, a single-strand
displacement model in which the functional asymmastbetween the right and left
hairpins restrict the release of positive-sensansts from the replicative form during
the packaging phase of infection. For this reafom plus strands are only released if
the right end nick site is suboptimal, produced theplaced minus strands cycle

through an obligatory dimer duplex intermediatet(@are and Tattersall, 2005).

Table 1. Encapsidation pattern of selected Parvouirs, Berns 1996.

Sub-family Parvovirus Terminal hairpin Encapsidation
Pattern
Dependovirus AAV Identical 50 % (+), 50 % (-)
Erythrovirus  B19 Identical 50 % (+), 50 % (-)
Parvovirus H1 Non-identical 99 % (-)
MMV Non- identical 99 % (-)
Lulll Non-identical 50 % (+), 50 % (-)
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Gene Therapy

Parvoviruses are considered as suited candidatgefe therapy because they
have small genomes and are capable of infectingahuells without causing clinical
symptoms because of which, Autonomous Parvovirustore (APV) are clearly an
interesting alternative for gene therapy. Adenoe&ssted Viruses (AAV) and
retroviruses have been successfully studied foemenransfer of experimental and
therapeutic proteins, particularly in cancer thgradore research is needed to fully
understand these vectors, particularly with respeehechanisms of transduction and
range of tissues that can be transduced in vivodbiasist of modified, capsids. The
most studied vectors are viruses, among which tbgt promising are the small non-
pathogeic viruses from the Parvoviridae family, AAMVM, H-1 and Lulll (Corsini
et al., 1996). Some parvoviruses, including H-1 BAGM, possess onco-suppressive
potential and inhibit proliferation of cells dertvdrom malignant human tumors in
culture. This tumor cells, including human neoptastlls, can also be targets for the
parvovirus onco-suppressive activity in animal'slcend destroy the surrounding
tissue and eventually kill the host (Spegelaeid.efi991).

AAV is a single-stranded DNA parvovirus with a 4«6 genome. Among the
most viruses currently being developed as vectordhiman gene therapy, AAV is
one of the most promising tools because is nonpgathio, nontoxic with low
immunogenicity, and allows gene expression in weitissues. The recombinants
molecules of AAVs have been successfully used mumber of animal models of

neurological disorders (Burger et al., 2005). rAAY the most commonly used
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serotype and transducers both neurons and epideratial in the central nervous
system (Davidson et al., 2000). AAV vectors careihgenetic material at a specific
site on chromosome and integrated long-term exjoress the transgenic suitable for
human applications (Maxwell et al., 2002). There #hitle disadvantages to using
AAV, including the small amount of DNA it can cargnd the complexity in
producing it. In difference to adenoviruses, maegppe treated with AAV will not
build an immune response to eliminate the virus #mel cells that have been
effectively treated with it. Several trials with AAare in the progress, mainly trying
to treat muscle and eye diseases (Rabinowitz anmuliSki, 2000). Therefore, are used
in specific muscles using compatible promotersoiE$f are made to develop highly
compact, active and yet tissue-specific promotersise in AAV vectors (Wang B et
al., 2008). AAV is considered as potential vectlmsthe genetic handling of lung
conditions due to their natural empathy for regpima epithelium. Other features
including their ability to be prepared in gene @gsion and their extrachoromosomal
existence has resulted in their development for tteatment of numerous other
diseases. Adenovirus vectors have been revealeeffimently infect target cell
populations and to express proteins in the defaoyienf toxicity (Goudy et al., 2001).
In many studies, AAV, have a predilection for intgpn at a defined chromosomal

location and may represent a safer alternativetrovirus.
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In the 1993, Diffoot and colleagues worked with lLwlector recombinants,
because of the successful infection of human eelts the highly infectious genomic
clone of Lulll, pGLu883. To develop several vecwystems based on the Lulll
genome, the viral coding sequences of this plaswace replaced by lacZ gene or
luciferase reporter. Currently under the controltteé viral constitutive P4 promoter
into a variety of human cells co-transfected witthedective virus construct that supply
viral helper functions in trans (Maxwell et al., 9. In other studies, Maxwell and
colleagues replaced the P4 promotor by non-viegjulated promoters, this resulted in
maintained trans-activation responses to tissueifsper cell types (Maxwell at el.,
1994). In addition, they demonstrated that Lullcambinant genomes can be
packaged in other parvoviruses capsids like thégd\dM and H-1 (Maxwell et al.,
2004). Replacement of the P4 promoter by bact&iahcycline operator sequences
lead to a constitutive expression in transient diected cells and used for Lulll

replication (Maxwell et al., 1999).
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CHAPTER 1lI

Objectives
The objective of this research is to compare tfieiefcy of the replication of Lulll
3’-DsRed-3’" and of the Lulll 3'-DsRed-5" minigenomieln order to accomplish this
objective it is necessary to:
1. Construct_ulll 3-DsRed-3" which will contain two identical termini (nt. 1-
278) of parvovirus Lulll, flanking the reporter reftlorescent protein gene
(DsRed).
2. ConstructLulll 3'-DsRed-5" which will contain the left (nt. 1-122) and the
right termini (nt. 4924-5135) of Lulll flanking theeporter red fluorescent protein
gene (DsRed).
3. Compare the replication of the minigenomes LW®HDsRed-3' and Lulll

3'-DsRed-5'.
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Materials and Methods

Construction of Lulll 3'-DsRed-3’

The 3' Lulll 3' minigenome has two copies of thé& kend palindrome of the
autonomous parvovirus Lulll (nt 1-277), cloned itb@ BanHI site of pUC19. This
clone has an insertion of a unknown segmentEe€herichia colisequence of
approximately 300 nt in length, between the twaniar (De Jesus, 2000 and Vélez,
2004). To construct Lulll 3'-DsRed-3’ the 3’Lulll3lasmid previously constructed
(Vélez, 2004) sequence was digested with the céistni enzymePmel (nt 140)
obtained from New England Biolabs, Beverly, MAnd generates two fragments of
~580 and 2966 bp respectively (Figure 8). The fragnoé 2966 bp corresponding to
the pUC19 sequence containing both copies of tthedieminus of Lulll was purified
using the Gene Clean Spin Kit® (QBio-gene, No. 120Q, Montreal, Canada). The
genetic material was treated with calf intestin&babne phosphatase (CIAP) (Roche
Applied Science, No. 10228023, Indianapolis, IN).

Independently the pCMV-DsRed plasmid (Caulifloweinoddic Virus promoter
(CMVp), (BD Biosciences Clontech, Palo Alto, CA) was digdsivith the restriction
enzymeSsp andAfd (New England Biolabs, Beverly, MA) (Figure &splandAfd
digestions generate three fragments of ~2599, 18M5%53 bp (Figure 9B). The
fragment of 1879 bp (containing pCMV-DsRed) wadatad using the Gene Clean
Spin Kit®. The 1879 bp (DsRed) and 2966 pb fragm&BtLulll3’ clone lacking E.

coli stuffer sequence) were then ligated with T4ANjase (Roche No. 10677521,
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Nutley, NJ) (Ausubel et al., 1998). The recombinantlecules were used or

transformation intd. coliDH50® competent cells (Stratagene, 200152, U.S.A.).

Mlul (Lulll nt 278) Miu(Lulll nt 278)
Pme (Lulll nt 140) Pringulll nt 140)

CMV-Red

(Lulll nt 0) (Lulll nt 0) (promoter+gene)

: PCI".'T\.* IE
arl

W CsRed-
3" Lulll 3' T!SL-.WT,:}\{ [JCM‘U'- Express
(~3575 bp) DsRed-Express

46kb sV

Meo'iKan" paly A,

Pmel AfelSsp
v
Isolation fragment the Isolation fragment the
2966 bp and CIAP treatment 1879 bp
v
Pmel Pmel Afel Ssp
L | T4 DNA Ligase | |

l

HindIl(pCMV nt 41) Stu(DsRed nt 530)

(Lull nt 0) (Lulll nt 0)
(PUC19 nt 447 Hindlll Hindll(pUC19 nt 447)

Lulll 3’-DsRec¢-3’

Figure 8. Strategy to construct Lulll 3'-DsRed-3’clone. Restriction sites and the
nucleotide position in their respective sites adidated.
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Construction of Lulll 3-DsRed-5'

To construct the Lulll 3'-DsRed-5’; the plasmid I3HII-5" was digested with
restriction enzymePme | (GTTT/AAAC) (New England Biolabs, Beverly, MA)
(Figure 9).Pmd linearizes the plasmid generating a fragment 06338 which was
extracted and purified by the Gene Clean Spin K{@Bio-gene, No. 1101-200,
Montreal, Canada). The genetic material was treatéd calf intestinal alkaline
phosphatase (CIAP) (Roche Applied Science, No. 80223, Indianapolis, IN). The
pCMV-DsRed sequence was isolated independently thighrestriction enzym8spl
andAfel. The DNA fragments 3786 pb (3’Lulll5’) and 1879 gCMV-DsRed) were
ligated with T4 DNA ligase (Roche No. 10677521, I8yt NJ) (Ausubel et al., 1998).
A sample containg all possible recombinant moleculere used for transformation

into E. coliDH5a® competent cells.
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Preparation and Transformation of Bacterial Competat Cells by the Calcium
Chloride Method

Competent cells were prepared as described by Als2@05. A single colony
of Escherichia colDH5a (¢p80dlacZAM15, recAl, gyrA96, thi-1, hsdR17 (rk -, mk+),
SupE44, relAl, deoRA(lacZYA-argF)U169) strain was inoculated into 5 ail LB
(1% Bacto® tryptone, 0.5 % Bacto® yeast extract,n®@@ NaCl and 1 M NaOH)
broth. The DH& Cells were grown overnight at 37 °C with constahaking at
250rpm. One milliliter from the culture was theartsferred to 100mL LB broth and
grown until an Olgyo of 0.3-0.4 was reached. The cells were harvested b
centrifugation at 1080 x g for 10 minutes at 4 T@e pellet was resuspended in 25 ml
of ice cold 50 mM CaGland placed on ice for 30 minutes. The cells werdrduged
at 1080 x g for 10 minutes and resuspended in &fnde cold 50 mM CaGlin 20%
glycerol. Aliquots of 100 uL were stored at - 80 6€ transferred into pre-chilled,
sterile polypropylene 1.5 mL microtubes.

The recombinant molecules were transformed into ®Kbmpetent cells.
Competent cells were thawed on ice for 15 minub#$A was added to the cells and
incubated on ice for 30 minutes. Cells were heatkéd at 42 ° C for 2 minutes bath
and subsequently incubated on ice for 2 minuteenThOOuL LB broth was added to
the samples and incubated at 37 °C for 1 h withkisgaat 225 rpm. DH&
transformed cells were spread on LB agar platesaging the antibiotic, 50 ug/ml

ampicillin. All the plates were incubated overnight37 °C.

34



The transformation ofE. coli DH5x competent cells was done with
approximately twenty-five nanograms of the respecligation mixture. The cells
with no DNA were used as a negative control, antbgeams (10ng) of pUC 19 were

used for a transformation control (Table 2).

Table 2 Transformation of E. coli DH5a with the products from the different

ligations.

Sample DNA added Amount of DNA Plate medium
(ng)

1 Control cells None 0 LB

2 Antibiotic control None 0 LB ampicillin

3 Standard control puUC19 10 LB ampicillin
20

4-6 Phosphatase control ~ 3’-Lulll-5’/ CIAP 30 LB ampicillin
50
20

7-9 Phosphatase control ~ 3’-Lulll-3'/ CIAP 30 LB ampicillin
50
20

10-12 Experimental Lulll 3'-DsRed-5’ 30 LB ampicillin
50
20

13-15 Experimental Lulll 3'-DsRed-3’ zg LB ampicillin
20
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Isolation and Characterization ofLulll 3'-DsRed-3’ and Lulll 3’-DsRed-5’

Recombinant Plasmids

The resultant transformants were inoculated in 5 ahlLB broth with
ampicillin, and incubated overnight at 37 °C, wabnstant shaking. Extraction and
purification of plasmid DNA from the cultures wed®ne using the Small-Scale
Plasmid Purification Protocol (Minilysates) (Ausubet al., 1998). The resulting
clones were characterized by restriction enzymelyaisa Once the restriction
characterizations were done, the molecule of eéadnpd was selected to be used in

the transfection assay.

Tissue Culture

The HelLa (ATCC, Rockville, MD) cells were grown Minimal Essential
Medium (MEM Eagle) (MP Biomedicals, Aurora, OH) slgmented with 10% fetal
bovine serum (FBS), (HyClone, Logan, UT) and PS@NB Penicillin G, 3mM
Streptomycin Sulfate, 200mM L-Glutamine). The cellsre then incubated at 37 °C
in 25 cnf plastic tissue culture flasks. For sub-culturitite cells were rinsed twice
with Phosphate-Buffered Saline (PBS) and incubatetiX Trypsin (Difco, Detroit,
MI) for 5 min at 37 °C. Cells were harvested bytao&umgation at 2490 x g for 5 min at
4 °C. The resultant pellet was resuspended in g@ium described above and seeded

into culture flasks at a proportion of 1:3.
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Transfection Assay

The new clones were transfected by the electrojporatethod into HelLa cells
(Maxwell and Maxwell, 1988). The HelLa cells wereimained in a 25 cfplastic
culture flasks in medium consisting of 90% MEM Dittw10% FBS supplemented
with PSG. Cells were incubated and harvested a&ngperature of 37°C until the
desired confluence (~90%) was obtained. Then they weshed three times with
PBS 1X to eliminate the serum and tripsinized at°@7for 5 min. Cells were
harvested by centrifugation at 5000 x g for 5 ntid 8C. The pellet was resuspended
in 10 ml PBS-10% and centrifuged as described abbive pellet was resuspended in
7.2 ml 1X MEM and a concentration of approximat&lyf cells/ ml (800 pl) were
transferred into 1.5 ml tubes; 15 pug of DNA waseltb the corresponding tubes and
incubated at 37°C for 10 min. The cells were tramsfl to sterile cuvettes with a 4-
mm electrode separation (Eppendorf, Westbury, Nijj electroporated individually
at 230 V and 960 pF using a capacitance dischargehime Gene Pulse I
Electroporation System (Bio-Rad Laboratories, HeguCalifornia). After the pulse,
700 pul of MEM/10% FBS was added to the cuvettetaedcells were mixed carefully
and were immediately transferred to 252cflasks containing 3ml warm culture
medium. They were placed in the incubator at 3TH&. flasks were maintained in the
dark at all times. Medium was replaced 24 hoursraitansfection, the cells were

observed at 24, 48, 72 and 96 hours.
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Fluorescent Microscopy

Samples were observed at 24, 48 72 and 96 houtgrposfection using a
Confocal Laser Scanning Microscope (Fluo View™ 300nfocal Microscope)
(Olympus, USA).

The plasmid encoding the DsRed sequence, expregstigenred fluorescent

protein, could be detected using the laser S43rGreme and the 60SBP filter.

Flow Cytometer

The cells were washed with PBS 1X and then trigsishiat 37°C for 5 min.
Cells were harvested by centrifugation at 2110 xog 5 min. The pellet was
resuspended in 10 ml PBS 1X and centrifuged asridescabove. The pellet was
resuspended in 1 ml PBS 1X, and counted 96 housstmmsfection using a BD

FACSAria Flow Cytometer (BD Biosciences).
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CHAPTER VI

Results and Discussion

Most autonomous parvoviruses contain non-identieapin structures at their
3" and 5' termini and encapsidate DNA strands afusnipolarity. Lulll has non-
identical termini, and like AAV and B19 encapsidatbe same amounts of plus and
minus strands. The palindromes at these terminibéxtwo alternative sequence
orientations recognized g andflop. Lulll syntheses equal amountsfop andflop
conformations at the right end of the plus and misiwands, while the left terminus of
the minus strand shows exclusivity tfi@ conformation. (Diffoot et al., 1989). The
aim of this work was to compare the efficiency eplication of the minigenomes
Lulll 3'-DsRed-3’ and Lulll 3'-DsRed-5’, which havéhe reporter gene, pCMV-
DsRed, inserted between their respective termimis fed fluorescent protein (DsRed)
gene was isolated from the coral Discosoma. Tipsesents a new marker that has
been codon-optimized for high expression in mamemnatells. The replication of
both constructions were analyzed qualitatively gsia fluorescent confocal
microscope and quantitatively utilizing flow cytotneto determine which hairpin
combination, 3'-DsRed-3’ versus 3'-DsRed-5’ replesamore efficiently. Our results
suggest that 3'-DsRed-3’ replicates more efficiemthen compared to the replication

of 3'-DsRed-5'.
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Restriction analysis to construct recombinant moleales

To construct Lulll 3'-DsRed-3’, the 3’Lulll3’ plasit previously constructed
(Vélez, 2004) which has two recognition sites ia tarminal sequence, was digested
with Pmd (nt 140) generating two fragments of ~580 and&28g (figure 10. A). The
2966 bp fragment corresponds to the pUC19 sequandeboth copies of the left
terminus of Lulll. The other fragment present is Ehcoli stuffer sequence. The 2966
bp fragment was purified and treated with (caléstinal alkaline phosphatase) CIAP,
removing the phosphate group at the 5' end of itked site. This treatment inhibits
the formation of a phosphodiester linkage betwden3' and 5' ends of the linear
vector, favoring the cloning of the DsRed inseft1l®79 bp.

The pCMV-DsRed plasmid was digested w&hplandAfel generating three
fragments of ~2599, 1879 and 553 bp (Figure 10.TBg 1879 bp (DsRed) and the
2966 bp fragments (3'Lulll3’ clone lackirig. coli stuffer sequence) were then ligated
with T4 DNA ligase (Roche No. 10677521, Nutley, NBusubel et al., 1998). The
recombinant molecules were then transformed Htaoli DH50® competent cells

(Stratagene, 200152, U.S.A)).
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Figure 10. A. Digestion of 3' Lulll 3' with Pmel. New England Biolabs,
Beverly, 2-log Ladder (bp: base paiB. Digestion of pCMV-DsRed withAfel/
Sspl. 1.2% agarose gel in 1X TAE buffer electrophorested0 V.
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To construct Lulll 3'-DsRed-5’ the 3’Lulll5’ plasrdipreviously constructed
(Sanchéz, 2004) sequence was digested Rutiat (Figure 11).Pmd linearizing the
plasmid generating a fragment of 3786 bp. The gemneaterial was treated with calf
intestinal alkaline phosphatase (CIAP) (Roche AgmpliScience, No. 10228023,
Indianapolis, IN), preventing the recircularizatiamd religation of the linearized
vector, favoring the cloning of the DsRed inseft1879 bp. The CMV-Red sequence
was isolated and treated as described above (FiguB). The DNA fragments were
ligated with T4 DNA ligase (Roche No. 10677521, Iyt NJ) (Ausubel et al., 1998).
The ligation mix containing the recombinant molesulvas transformed int6. coli
DH50® competent cells.

All DNA samples were analyzed by gel electroph@esi a 1.2% agarose gel
(Fisher, Molecular Biology Grade, BP1356100) in TXAE buffer (40mM Tris-

acetate, 2 mM EDTA, pH 8.5) at 70 V.
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Figure 11. Digestion of 3' Lulll 5" with Pmel. New England Biolabs, Beverly, 2-log
Ladder. 1.2% agarose gel in 1X TAE buffer electpeked at 70 V.
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Transformation of the recombinant molecules

Transformation into the bacterigl coliDH50 competent cells, were described
under the Materials and Methods section. Thesesfmamations were done in
independent assays with the corresponding DNA mtdsc(Appendix 1). In the
study, fifteen transformations were performed. Toatrol plates used in the all
transformation assays resulted as follows. Normmaivth of non-transformed cells
was observed on the plates without the antibiatpiaillin, indicating that the cells
were viable after the heat shock. No growth of transformed cells was observed on
the plates containing ampicillin indicating thatetltells were susceptible to the
antibiotic and that the cells were not contaminatBtlie colonies grew on the
transformation control plates, while the white ¢coés grew on a selective media of
the experimental samples. Since Lulll was clonetheBamHI site of the multiple
cloning site (MCS) of the pUC 19 vector and the MiSSnserted after the fourth
codon of thelacZa gene, Lulll interrupts the expression of the gerdl
transformations were handled similarly except vgiight changes of temperature and
time of the ligation reaction. T4 DNA ligase catdg the formation of a
phosphodiester bond between juxtaposed 5' phos@mate3' hydroxyl termini in
duplex DNA or RNA. This enzyme will join blunt erethd cohesive end termini as
well as repair single stranded nicks in duplex DN®NA or DNA/RNA hybrids
(Roche No. 10677521, Nutley, NJJ4 DNA ligase was used to join the abrupt

terminal ends (blunt ends) to generate Lulll 3'-BdR 'and 3'-DsRed-5According
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to the company Roche Applied Science, T4 DNA Ligsiseuld be used for Blunt-end
ligations. This is generally efficient at temperatibetween 15-20°C for 4-18 hours,
while sticky ends are ligated effectively at rooemperature (22°C) for 3 hours or if
necessary 4-8°C overnight. These changes in theftranations werenade as the
colonies obtained in the first two transformatiomsre not positive for the desired
clones.Transformation number fifteen resulted in coloroéshe desired recombinant
plasmids; this may have been the result of a 2BMperature and increase in time of

ligation (overnight) favoring the joining of thesaminal conformations.
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All plasmids isolated from transfection fifteen wesubjected to restriction
endonuclease analysis as described in the MataralsMethod section. The Lulll
3'-DsRed-3' and Lulll 3'-DsRed-5 recombinant males resulted from a
transformation with an efficiency of 3.3 x 1GFU/ug. All transformation assays had
a low efficiency in comparison to the 10FU/ ug (Ausubel et al., 1998) expected for
the calcium chloridenethod; this is probably due to the complexity lg§ &nd flop
conformations (left end and right end) of the pddomes present in the recombinant
molecules or the attraction of a cellular protemmlogy such as the parvovirus
initiation factor (PIF), identified in eukaryotieelis, which binds to the origin of the
DNA molecules. Replication at the 3' end of theayea has been associated to the

DNA replication of parvovirus (Christensen et 4B97; Christensen et al., 2002).

Characterization of the DNA Recombinants obtainedrom E. coli DH5a. cells

Preparations of 3-DsRed-5 recombinant DNA constisu were first
characterized by digestion wiBam HL Constructs with expected DNA fragments
generated three bands of ~2686 bp, 1961bp and )& enzyme was also used to
characterize the clones and orientation of the B8 gene in the construct. Digestion
with of BamHI/Stulgenerated four bands of 2686 bp, 1472 bp, 102%itx,449 bp,
fragments expected for the DsRed insert and thelB3. vector sequence (Figure 12;

lane 7-9; Table 3).
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Figure 12: BamHI and Stul digestions of the recombinats 3’-DsRed-5A. Lanes 1
and 14: Sizes of the IBg DNA Ladder indicated. Samples were electrophoresed
1.2% agarose gel in TAE 1 X buffer at 70V.
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Table 3. Expected length of the fragments generatetbr each plasmid when

digested with selected restriction enzymes. Charaatization of the 3'-DsRed-5’.

Plasmid Restriction| Expected length fragments (bp
enzyme
BamHI 2686, 1100
3'Lulils’ Stul Uncut
Bam 2886, 1100
HI/Stul
BamHI 2686, 1961, 1025
3'-DsRed-5 Stul 5672 (linearized molecule)
clone Bam 2686, 1472, 1025, 449
HI/Stul
BamHI 4107 (linearized molecule)
pCMV-DsRed Stul 2684,1423
Bam 2684, 1423
HI/Stul

The 3'-DsRed-3’ constructs were characterized kyestion with Stul and
Hindlll (Figure 13). If the construct is well oriented atwhtains two copies of the
Lulll-left hairpin, digestion withStul/Hindlll should produce four fragments of 2686,
926, 709 and 498 bp. The first fragment correspundo the pUC19 sequence, the
second fragment is pCMV-DsRed insert and third fand are fragments Left-Lulll-
Left hairpins. Digestion withStul should linearize the plasmid generating one
fragment of 4812 bp (Table 4). Origin of replicatics located at nucleotide 41 as

shown Figure 8.
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Figure 13: Digestion of 3'-DsRed-3’ withStul and HindllI. Lane 1: Sizes of the 2-
log DNA Ladder are indicated. Samples were electrogdent on two different
agarose gel (1%) in TAE 1 X buffer at 70V.
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Table 4. Expected length of the fragments generated for eacplasmid when

digested with selected restriction enzymes. Charaatization of the 3'-DsRed-3’.

Plasmid Restriction| Expected length
enzyme fragments (bp)
Stul/Hindlll 2686,498
3'Lulll3’
Stul Uncut
Stul/Hindlll | 2686, 926, 706, 498
3’-DsRed-3’ _ .
Clone Stul 4812 (linearized
molecule)
pCMV-DsRed Stul 2684,1423

Transfection of HelLa cells and Observation in Confoeal Microscope

Clones 3-DsRed-3' and 3’-DsRed-5 were indepenljertansfected by
electroporation into HelLa cells. The total amouhtDiNA used is important for
obtaining high transfection efficiency and is reecnemded DNA concentration is 2.5
to 20 pg of DNA per transfection (Bio Rad Gene BEr#ls Electroprotocol).
Replication of the plasmids was detected by tragkie expression of DsRed, the red-
emitting cells are detected by fluorescent confeualroscopy (Excitation/Emission
Maxima: 558 nm / 583 nm) (Baird et al., 2000) (Latcal., 2005). The reporter gene
pCMV-DsRed is controlled by the CMV promoter foetbxpression of the red protein
(BD Biosciences Clontech, Palo Alto, CA). The photes found in the cytoplasm or
nucleus and it is expressed independently of thpdicegion origin. Fluorescence
allows us to follow the plasmid and determine iadily if the plasmid could replicate

by itself in the HelLa cells. When the mother céelilside, the plasmid is passed on to
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the daughter cells, expressing the red fluorespmtein and therefore an increase in
the number of fluorescent cells is expected. Ifglesmid does not have the capacity
to replicate by itself, the plasmid will not be pad on to the daughter cells.
Expression of the fluorescent protein will onlydieserved in the mother cells and not
in the daughter cells, resulting in a loss of fegmence over time. The fluorescent
confocal microscope facilitated the observatiocelfs and the qualitative comparison
of the expression of red cells with 3’-DsRed-3’ &¥DsRed-5'.

When 3’-DsRed-3’ and 3'-DsRed-5" were transfectedn-structural protein
NS1 was also transfected. This protein is essefaiala productive infection and
replication of the virus (Legendre and Rommelad@92; Cotmore and Tattersall,
1995; Cotmore and Tattersall, 1994). It is an albmbdand long-lived nuclear
phosphoprotein of 83 kDa with 3' -to- 5' helicaG#&r(stensen and Tatersall, 2002) and
ATPase activities (Wilson et., al 1991). It is éesspecific DNA binding protein,
recognizing the sequence (ACGAdresent in the viral origins, and initiates reation
by introducing a single-stranded nick at a spe@&quence located close to the core
recognition site (Cotmore et., al 1995; Willwand at 1998). NS1 has been shown to
also cuts minigenomes by producing the nicks deedrireleasing the palindromic
terminal sequences from genetic constructs (V&e€04). Once transfected clones
were observed on the fourth day of transfectionl{86rs). The control cells used in
the transfection assay resulted as follows: the WdD4Red positive control
expressed the red fluorescent protein suggestingu@essful transfection and

expression of DsRed. Lulll 3'-DsRed-3’ and Lulll-BsRed-5" without NS1 protein,
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not configure the replication. The HeLa cell cohptate, non transfected cells, does
not have significant changes in the monolayer geebed. In the first experimental
sample, cells transfected with Lulll 3'-DsRed-30oaled a expression of red cells
similar to the positive control sample (pCMV-DsRea)d the second experimental
sample Lulll 3'-DsRed-5’ is low in the number oflreells in comparison (Figure 14)

to the positive control sample (pCMV-DsRed).
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Control Lulll 3’-DsRed-3'/NS1 Lulll 3'-DsRed-5'/NS1

Positive control , ,
pCMV-DsRed Lulll 3'-DsRed-3’ Lulll 3-DsRed-5

Figure 14. HelLa Cells were photographed at 96 hourpost-transfection and
observed in a fluorescent confocal microscopd.he cells were observed with a
magnification of 10X, laser S43 Green Hene , fiB®@6BP and a scale bar of 200.0

pum.
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Quantitative Analysis by Flow Cytometry

The transfected cells were counted at 96 hours-tparssfection with a
FACSAria Flow Cytometer (BD Biosciences). This gmuent allows the counting
and examination, of cells and chromosomes, in sugEethem in a stream of fluid
and passed by an electronic detection laser. Hagesded particle from 0.2 to 150
micrometers passing through the beam scattersayeand fluorescent chemicals
found in the particle or attached to the particleyrbe excited into emitting light at a
wavelength longer than the light sour&&rious detectors are aimed at the point
where the stream passes through the light beam:iroti@e with the light beam
(Forward Scatter or FSC) and several perpenditalar(Side Scatter or SSC) and one
or more fluorescent detectors. The cell mixture waparated on the basis of the
presence or absence of fluorescence. In all therarpnts, a total of ten thousand
cells were counted.

The normal distribution of cells is determined bgit morphology, size and
complexity, (Figure 15A). The cells are separatedoeding to the presence or
absence of the fluorescent protein DsRed presetiteirHeLa cells, (Figure 15B). In
the experiments described below the populationedf ftuorescent cells occupy the
right quadrant and the non-fluorescent cells aenked in the left quadrant. In these
assays quadrants, Q1 and Q2 were not used bechaseetls only had red
fluorescence and there was no combination of otfheesochromes. In the case that
other combinations of more than one fluorochromeewssed, the distribution of the

cells would be, in Q1: presence of fluorochomer “afid absence of “G”, in Q2:
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presence of “Y” and “G”, in Q3: absence of “Y” at@”, and Q4, absence of “Y” and
presence of “G”.

To compare the replication between Lulll 3'-DsRéa3d Lulll 3'-DsRed-5’
clones were counted by the technique flow cytomatethe BD FACSAria Flow
Cytometer (BD Biosciences) at 96 hours. The redliitstrate that morphologically
the cells were in good health, according to compleand size (Figure 16). The
results were expressed as percentage (%), aoafdhiorescent cells with respect to
the total cell count (Table 5). This experiment wegseated three times.

In the experimental sample Lulll 3'-DsRed-3’ had expression of 473 red
cells similar to that of the pCMV-DsRed positive ntml sample (523). The
experimental Lulll 3'-DsRed-5' had a lower expressiof ds-red cells (221) in
comparison to the positive control (523). Lulll BsRed-3' and Lulll 3'-DsRed-5’
without NS1 protein, not express the red cells.sEheesults suggest similar findings

when compared to the observations from the confiwalescence microscope.
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Figure 15: Example of spatial distribution of cells generated by the flow
cytometer. A. Quadrant four shows the distribution of cells adawg to their size and
viability, with a total of ten thousand cells coedt B. Distribution of Hela cells
according to the presence or absence of the floenege (DAPI-A: effect DsRed
protein that show a DNA specific probe for flow aytetry; PerCP-A: peridinin
chlorophyll protein).
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Figure 16: Spatial distribution of HelLa cell populaion after 96 hours post-
transfection in the flow cytometer instrument. This includes: 1-control cells: HelLa
cells, non tranfected cells, 2-experimental: L@HDsRed-3'/NS1, 3-Lulll 3'-DsRed-
3’ without NS1 A. Distribution of cells according to their size amébility.B.
Distribution of cells according to the presencealsence of DsRed protein.
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Figure 16: Spatial distribution of HeLa cell populdaion after 96 hours post-
transfection in the flow cytometer instrument. 4-experimental: Lulll 3’-DsRed-
5'/NS1, 5-3'-DsRed-5’ without NS1 and 6-positiventml: pCMV-DsRed fluorescent
protein.A. Distribution of cells according to their size andbility. B. Distribution of

cells according to the presence or absence of DpReelin.
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Table 5. Percentage of fluorescent HelLa cells aftaransfection with plasmids

indicated.
Plasmid Cells # cells % Average of| Standard
fluorescent | deviation
Hela cells of
Average
Cell control NF 9929 99.29
F 51 0.51 43 17
Experimental NF 9501 95.01
Lulll 3'-DsRed-3'/NS1 439 30
F 473 4.73
NF 9864 98.64
Lulll 3'-DsRed-3'/ without 109 5
NS1 F 103 1.03
Experimental NF 9726 97.26
Lulll 3'-DsRed-5'/NS1 F 591 551 200 22
NF 9902 99.02
Lulll 3'-DsRed-5'/ without 65 7
NS1 F 73 0.73
pCMV-DsRed Positive NF 9430 94.30
control S 623 623 536 26

*NF: Non Fluorescent, F: Fluorescent

The experimental Lulll3’-DsRed-3'/NS1 cells had Img florescence in
comparison with the Lulll3’-DsRed-5'/NS1. That isgsible due to the combination
of the terminal hairpins, the presence of non-igahthairpin structures and may
confer different stability. The positive control pRed-CMV had a constant low
number of cells; this is possible due to the faet tells were observation at 96 hours
post transfection. According to the company Clontde pDsRed protein is detected

twelve hours after transfection. Our studies wefleseoved at 96 hours post-
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transfection. During earlier attempts these expenitswere observed at 12, 24, 48, 72
and 96 hours, but DsRed was slightly observed athdi2s for all samples. The
intensity increased over time (12, 24, 48, 72, @drk) with the highest intensity
observed at 96 hours post-transfection. For ttasor the experiments described here
were performed at 96 hours. The results have shibatLulll 3'-DsRed-3" and Lulll
3'-DsRed-5’ are capable to increase the fluorescasfcthe cells over time, thus
indicating that both recombinant plasmids were bbpaf self-replication. The results
also suggest that Lulll 3'-DsRed-3’ replicates meffeciently than Lulll 3'-DsRed-5'.
This research suggests that in the design genetitorv systems based on the Lulll
genome the presence of identical termini may beenefficient, such as those

described and currently being studied for parva/iiAV (Burger et al., 2005).
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CHAPTER V

Conclusions

Two different viral expression vectors were desgyne this investigation:
Lulll 3'-DsRed-3’ and Lulll 3'-DsRed-5’. These twaral constructs has a coding
sequence for a reporter gene that expresses dum@@dtent protein called DsRed.
Both were transfected with a NS1 expression systeHelLa cells by electroporation,
and then, monitored at different time points (12, 28, 72, and 96 hours) post-
transfection under a fluorescent confocal microscop
All transfected HelLa cells showed expression of &kR_ulll 3'-DsRed-3’ and Lulll
3'-DsRed-5’ containing cells showed maximum fluoerge at 96 hours post-
transfection, thus indicating that both plasmidseveapable of self-replication. The
results also suggest that Lulll 3'-DsRed-3’ hasdvaeplication efficiency than Lulll
3'-DsRed-5’ because more fluorescent HelLa cell& weunted by Flow Cytometry in
comparison to the positive control (pCMV-DsReds. ilhportant to point out that the
positive control replicates as a plasmid while lthdll constructs (Lulll 3'-DsRed-3’
and Lulll 3'-DsRed-5’) are expected to replicateaasonomous molecules that are
initially excised by NS1 from the plasmids. ThesH#edences between the positive
control (pCMV-DsRed) and the Lulll constructs (UuB'-DsRed-3’ and Lulll 3'-
DsRed-5’) in the nature of the molecules may cbaote significantly to the
differences in results observed by Fluorescent ddicopy and Flow cytometry In

addition this research suggests that when a panwiector is designed for gene

61



therapy the presence of identical termini may tasuh more efficient vector. Such as
those described and currently being studied fovgarus AAV. Our data suggests
that identical terminals in Lulll may be more eiiot, as observed in our results

(described in Figure 14 and Table 5).
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CHAPTER VI

Recommendations

1. Repeat Flow Cytometry experiments with an instrunoapable of counting more
than ten thousand cells.

2. Design a plasmid containing two right end termin@lscompare the replication
efficiency against the minigenome 3'-DsRed-3'.

3. Insert of the AT-rich region (nt. 4558-4604) of LUuhto the minigenome
3'DsRed-3’ to compare the replication efficiencyaangt a minigenome lacking

this AT sequence.
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Appendices
Appendix 1: Transformations oE. coli DH5a competent cells with Parvovirus Lulll

Minigenomes.

Number of colonie&. coli DH% obtained

Transformations Colony Forming Units Transformation
(-15ng DNA)  3.psRed-3' 3-DsRed-5 pCMV-DsRed Standard efficiency
clone clone clone control CFU/mL

pucl9

1 4 0 42 334  2.5x16 CFU/ug

2 8 3 25 322 2.4 x10 CFU/ug

3 0 0 35 195 1.4 x 16 CFU/ug

4 0 0 45 186 1.3 x 16 CFU/ug

5 3 2 14 365 2.7 x 16 CFU/ug

6 5 7 20 334  2.5x 106 CFU/ug

7 0 6 35 263 1.9 x 16 CFU/ug

8 0 0 58 225 1.6 x 16 CFU/ug

9 2 0 17 458 3.4 x 16 CFU/ug

10 0 0 45 228 1.7 x 16 CFU/ug

11 0 15 25 322 2.4 x10 CFU/ug

12 11 8 72 455 3.4 x 16 CFU/ug

13 13 0 63 420 3.1 x 16 CFU/ug

14 10 14 76 512 3.8 x 10 CFU/ug

15 13 9 68 450 3.3 x 16 CFU/ug

®Estimated concentration is based on the amourgcibv in the ligation reaction.
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