NEW INSIGHT INTO THE INTERPLAY OF

BACULOVIRUS AND SUBNUCLEAR STRUCTURES

IN HEPG2 CELLS

Maija Hakkinen

Master’s Thesis

University of Jyvaskyla
Department of Biological and
Environmental Science
Molecular Biology

October 2007



PREFACE

This Master's thesis was carried out at the divisiof Molecular Biology of the
Department of Biological and Environmental Scienag,the University of Jyvaskyla
during years 2005 - 2006. First, | wish to thankij&ihinen-Ranta for providing me the
opportunity to join the group and work in this femsting research project. The greatest
acknowledgements belong to my supervisor Johania&Komen for the best advice and
endless support throughout the laboratory work #ed long writing process. Johanna
always understood my moments of high and low, kmphing me forward with her
positive spirit and most importantly: never stopgetouraging me. Additionally, | want
to express my gratitude to Irene Helkala, who gavefessional assistance with the
laboratory work countless times. Further importexperimental and intellectual support
was provided by Eila Korhonen, Arja Mansikkaviitiyulia Jylhava, Einari Niskanen,

Teemu lhalainen and Paavo Niutanen.

Yet more invaluable contribution during this praeéss come from my family, especially
my mother and farther, who continuously have ereged me with this project and
supported my studies in all possible ways - thamk! yrinally, a big hug to my sisters and
dear friends for listening to my lab reporting aedthusiastic explanations about cell

structure, viruses and gene therapy over the gasty

Jyvaskyla, October 2007

Maija Hakkinen



University of Jyvaskyla Abstract of Master’s thess
Faculty of Mathematics and Science

Author: Maija Helena Hakkinen

Title of Thesis: New Insight into thdnterplay of Baculovirus and Subnuclear Structires
HepG2 Cells

Finnish title: Bakuloviruksen ja tumarakenteiden véliset vuorouaikset HepG2 soluissa

Date: 4.10.2007 Pages:52 + 4

Department: Department of Biological and Environmental Science

Chair: Molecular Biology

Supervisors: M.Sc. Johanna Laakkonen

Docent Maija Vihinen-Ranta

Abstract:

Gene therapy is a fast growing research field offemore advanced and exquisite solutions conirigut
traditional medicine by not only alleviating thengytoms of disorders but also permanently removiady t
causes via gene transfer. Baculoviruses are of gregest as gene therapy vectors for they aectivie only

to arthropods, mainly insects, but can effectivedyisduce various human cells. Nevertheless, nesearch

is needed to explore the nuclear entry processjdtitbution and properties of baculoviruses in anncells

to assure the virus safe for transgene deliverg dim of this study was to establish the activakatof
Autographa californica  multiple nucleopolyhedrovirus(AcMNPV), the most studied member of
Baculoviridae family, into the nucleus of human hepatoma celedG2), to observe the possible
transcription of viral gendg-1 andie-2 in human cells, in addition to exposing the sulearclocalisation of
baculovirus with respect to several prominent trapsion sites. Confocal microscopy studies showed
baculovirus capsid accumulation into the nucleu$ a4 h post transduction (p.t). The RT-PCR asialpf
transduced HepG2 cells showed transcription of bothediate early viral genés-1 andie-2 at 6 - 48 h p.t.
When exploring possible transcription sites innleleus, baculovirus was found to be associateyl clese

to promyelocytic leukaemia nuclear bodies at 8 -h2d.t. No colocalization was found between theiwir
capsid and nuclear speckles. Qualitative confocédrascopy experiments with H2B-EYFP histone
expression plasmid and cell-permeable DNA probe DBA revealed a change in host cell chromatin
structure at 24 - 48 h p.t. Thus, this study presidnore insight into baculovirus interactions witbpG2
cells: the nuclear entry, accumulation, localizatimd virus-induced changes in the host nucleaphadogy
and transcription of viral genes. Finally, thessutts clearly indicate that further modificationtb& vector is
needed before more clinical trials.

Key words: gene therapybaculovirus, HepG2 cells, nuclear speckles, prooggic leukaemia nuclear
bodies, chromatirig-1, ie-2
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Tiivistelma:

Geeniterapia on nopeasti kasvava tutkimusala, miedt&tykselliset menetelmét tarjoavat perinteiselle
ladketieteelle aivan uusia ulottuvuuksia. Geenmigiiravulla pystytdan tulevaisuudessa paitsi hoitama
sairauksia, myds ehkaisemaan niiden puhkeaminepysgivasti poistamaan niiden aiheuttajat. Bakulovir
on suosittu tutkimuskohde geeniterapian alalldd giloiketen muista nykyisistd humaanivirusvektdegis
bakulovirus on infektiivinen vain niveljalkaisissdahinnd hyonteisissa, mutta sen avulla pystytdan
transdusoimaan monia nisékassoluja. Bakulovirukserttaytymisté nisdkassoluissa ei kuitenkaan tunnet
vield riittdvan hyvin. Tassa tutkimuksessa tarKastee Baculoviridae-perheen eniten tutkitun jasenen
Autographa californica multiple nucleopolyhedroviruksefAcCMNPV) sisddnmenoa maksasyodpasolujen
(HepG2) tumaan, varhaisten virusgeenierl ja ie-2 transkriptiota sek& viruksen sijaintia transkopti
kannalta merkittavien tumarakenteiden suhteen. #ladlimikroskooppisista tutkimustuloksista voi his@a
bakuloviruksen kasaantumisen tumaan 4 — 24 turatrestluktion jalkeen. Transkriptiotutkimuksissa RCHP
kokeet paljastivat virusgeeniéa1 jaie-2 lahetti-RNA:n tuoton 6 — 48 tuntia transduktiostamassa virus
havaittiin 1ahell& transkriptiossa toimivia tumaeakeita 8 — 24 tuntia transduktiosta, mutta vastaav
yhteyttad viruksen sijainnissa lahetti-RNA:n pilkkm®en osallistuvien tumarakenteiden suhteen eiuvoit
osoittaa. Liséksi havaitsimme muutoksia iséantasolujromatiinirakenteessa 24 — 48 tunnin transdoktio
jalkeen H2B-EYFP histoniplasmidin sekd DNA:ta vagan DRAQ5™:n avulla. Taméa tutkimus tarjoaa
uutta tietoa bakuloviruksen ja sen transdusoimamtésolun valisistd vuorovaikutuksista ja perustele
lisdtutkimuksen tarkeytta turvallisemman ja tehaltkanan geeniterapiavektorin kehittamiseksi.
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ABBREVIATIONS

ACMNPV  Autographa californica multiple nucleopolyhedrovirus

BSA bovine serum albumin

BV budded virus
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DAPI 4'-6-Diamidino-2-phenylindole

DMEM Dulbecco’s Modified Eagle’s Medium
dsDNA double-stranded DNA

EGFP enhanced green fluorescent protein
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FBS fetal bovine serum

g relative centrifucation force

GFP green fluorescent protein

ap glycoprotein

GV granulovirus

HepG2 human hepatoma cell line

IE immediate early

ie-1 immediate early gene 1

ie-2 immediate early gene 2

kb kilobase

kDa kilodalton

MEM Minimum Essential Medium

MOl multiplicity of infection

MW molecular weight

NPV nucleopolyhedrovirus

OobV occlusion derived virus

PBS Phosphate Buffered Saline

PFA paraformaldehyde

pfu plaque forming units

p.i. post infection

p.t. post transduction

PLP periodate-lysine-paraformaldehyde
rpm rounds per minute

RT room temperature

9 Spodoptera frugiperda 9

TRITC-De Tetramethylrhodamine isothiocyanate Dextr
wt wild type



1. INTRODUCTION

Watson and Crick discovered and published theioltgwnary model of the DNA
structure in 1954. However, a tegenetic engineering had already been introduced almost
twenty years before that at the Sixth Internaticdbahference of Genetics held in Ithaca,
New York, in 1932. The term was used to refer taapplication of genetic principles to
animal and plan breeding, as the contemporary ssidrad no idea of gene structure and
designed engineering of gene composition was \ayitanpossible. Thus, the foundation
for gene therapy was first laid by solving the stawe of DNA and thereafter, working to
escalate knowledge of the genetic bases of hunseask. During the past decade, gene
therapy research has emerged incredibly fast aatchesl a worldwide appreciated stand in

the world of science.

Simply defined, gene therapy is transporting cdiveagenetic material into sick cells. To
perform such sophisticated treatment, both theetatgucture which is the cell nucleus and
the transport vehicle either synthetic or viralethéo be precisely pronounced. Eukaryotic
nucleus is structurally composed of three mainsparticlear membrane, nucleolus and
chromatin. Nucleus holds various biologically aetivdynamic domains which move
within the intranuclear space, interchange proteind become modified according to
versatile cellular stress such as viral infecti@hus, the gene delivery vector needs to
overcome several physical barriers to first erfterriucleus and then circumvent triggering

immunological defence against foreign objects.

As a result of evolutionary host-virus competitivimuses posses very powerful machinery
for DNA delivery into cells. Baculovirus has mangvantageous features required for
human gene delivery vector. This insect virus igedb efficiently transduce various
mammalian cells but not replicate in them. HoweMeaiculovirus abilities to induce
changes in human host cell have not been prediséiyed yet, therefore, it is important to
study to which degree baculovirus can modify itgeacell. Also, studying the interplay of
viral and cellular processes reveals us importafarination about not only the viral

transduction, but also fundamental subnuclear stres and the whole cellular biology.



2. REVIEW OF THE LITERATURE

2.1 Gene Therapy — from History to Today

Gene therapy is a novel medicinal approach offergfmed solutions for treating human
pathological conditions in the future. The ultimafeal of gene therapy is not only to
alleviate the symptoms of disorders but also peantiy remove their causes, which can
be achieved by conducting corrective genetic matanto cells. The gene delivery
vehicles, vectors, are classified into two categgeaccording to their origin: non-viral and
viral. The first category comprises all non-viraktinods for gene delivery into cells, that
is, a variety of synthetic approaches ranging fobract injection of DNA with a gene gun
to liposome-DNA or polymer-DNA complex-based vestarhich facilitate genes to cross
the cell membrane (Verma & Somia 1997). The se@atelgory includes modified viruses
which have been completely or partially precludédheir pathogenic abilities. However,
these viruses still poses the powerful machineryCfNA delivery into cells, the delicate
product of continuous evolutionary host-virus cofitipg. The most studied viral vectors
so far have been retroviruses, lentiviruses, ademms and adeno associated viruses,
nevertheless, in the late 1990s, more potentialovesuch as herpesvirus and baculovirus
were discovered. As an insect virus, baculovirus Wwalieved to enter only anthropods
until in 1995, however, it was first discovereddfficiently express proteins in human
hepatocytes (Hofmaret al. 1995). Today, baculovirus vectors can be useddaostitutive
gene expression in several mammalian cell lines gs& Study of Baculoviruses for Gene
Therapy). Additionally, they are employed in a lr@ange of applications for example in
insulin signaling studies (Andersseh al. 2007), transducing neural cells (Sarktsal.
2000), tumor targeting in treating lung cancer ¢Keiset al. 2001), observing transgene
expression in complement inhibition rescued miceodid et al. 2005), producing
recombinant adeno-associated viruses (Sollerbeaad. 2001), regulating transduction
efficiency by pegylating the virions (Kirt al. 2006) and many others (Abdelhametcl.
1999; Delaneyet al. 2000; Lopezet al. 2002; McCormicet al. 2002; Wanget al. 2004).

Despite, more research is needed to learn stilenatwout the interactions between these
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insect viruses and mammalian cells to develop ndeteate and safe baculoviral gene-
transfer systems.

The foundation for gene therapy was first laid mvismg the structure of DNA and
thereafter, working to escalate knowledge of theeje bases of human disease. In 1956,
Lederberg was first to achieve permanent incorpmraif viral genomes into bacterial host
cell genomes, and his work was followed by simgaiccessful approaches of stable
integration of foreign DNA into mammalian cells é8itey 1962; Kay 1961). Human
genetic engineering and gene therapy were firsudiged at the beginning of 1970s (Davis
1970; Friedmann & Roblin 1972) and in the followidgcade, foreign genes could be
transferred into mammalian cells using retrovirattors (Shimotohno & Temin 1981;
Tabin et al. 1982; Weiet al. 1981). The first clinical trials to fight diseasgth gene
therapy were carried out in 1990 by Rosenberg afldagues. Several new gene delivery
systems were developed in the late 1990s, inclu@didgnovirus, herpesvirus, adeno-
associated virus and synthetic vectors (Brenneb;1B8Igner 1997; Friedmann 1997; Gao
& Huang 1995; Tseng & Huang 1998). During the gktyears, however, gene therapy
has emerged rapidly and become worldwide extenssteidied field of science aiming to

treat various genetic and acquired diseases.

In order to understand the function of genes aei ffroducts, scientists have developed
different models mimicking living organisms. Thenge of interest have been introduced
into targeted mammalian cells or tissues by trantigfie, direct injection, electroporation or
viral vectors (Shojiet al. 1997). The further need for more efficient vectéws gene
delivery is still emphasized in current gene thexapapproaches. Thus, safe and efficient
transfer of functional genetic material into targetlsin vitro andin vivo is the critical
stronghold in the success of gene therapy. Todeyyvector is selected depending on the
type of therapy required and the duration of gexgression needed. Verma and Somia
(1997) have listed the properties of an ideal we@s follows: high concentration,
convenience and reproducibility of production, -sipecific integration ability or episome
stability, editable regulatory elements of transtional unit, cell type specifity and
immuneresponse free composition. In consequenitiemstre research is needed before

these approaches can be used as routine treatonélhpatients.
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2.2 Baculovirus in Gene Therapy

2.2.1 Structure and Characteristics of Baculovirus

Autographa californica multiple nucleopolyhedroviruAcMNPV) is a large enveloped
DNA virus belonging toBaculoviridae family (Blissard 1996). This group of anthropod
pathogens is characterized by their cigar-shapettacapsid 200 - 400 nm long and 40 -
50 nm in diameter (Pieroni & La Monica 2001) coniag a large covalently closed
circular double stranded DNA molecule (Okaetoal. 2006). Based on the knowledge
obtained from sequencing over 20 unique baculovigesiomes, baculoviruses are
suggested to encode 90 - 180 genes of their tetadge size raging from 82 kb to almost
180 kb (Okancet al. 2006). The large alteration in size is due toata&m in gene content,
numbers of repeated genes and the extent of nangaquences (Hayakaveh al.
2000), which well reflects the diversity of the fiam

Baculovirus family comprises tw&enera based on occlusion body morphology: the
Nucleopolyhedroviruses (NPVs) and Granuloviruseg)JVolkmanet al. 1995). NPVs
produce large rod-shaped occlusion bodies contisewveral virions produced in the
nuclei of infected cells (Rohrmann, 1999), in congmn to GVs, which produce small
granular occlusion body containing a single vireamd the occlusion bodies are located
throughout the cell (Winstanley & O’Reilly, 199%ost research has focused on NPVs
due to difficulties in developing functional celulture systems for GV propagation
(Winstanley & Crook 1993).

Both theGenera of baculoviruses can produce two virion genotypegivserve different
functional roles in the infection cycle (Blissarfl9b6). Budded virions (BV) are produced
in the late phase of infection cycle when nuclesadp bud from cell surface and
subsequently use components of host cell plasmabmaem® in their coating process. The
occlusion derived virions (ODV), in contrast, amnoguced very late in infection when
nucleocapsids become enveloped within an occlusiatrix protein in the host cell

nucleus (with polyhedrin in NPVs and granulin in §VSubsequently, the function of
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ODV is to transmit infection from insect to insedtile BV passes from cell to cell within
an infected insect (Lanier & Volkmari998). Although the two virion genotypes are
structurally and functionally distinct, they areoguced at different times and at different
locations in the infected cells, the nucleocapsidbsoth of the virions are produced in the
nucleus. Consequently, BV and ODV share identiddA§Blissard, 1996).

In nature, insect larvae ingest baculoviruses whtir food and the viruses are released
back into the environment after the cell lysis mfiected insect host (Blissard 1996). The
primary infection takes place in the midgut of thest: the alkaline conditions cause
solubilization of the occlusion bodies and subsagueleases of the ODVs (O’'Reilly al.
1994). Infection results in the production of BVhieh are released and transported into
other tissues via hemolymph causing the seconddgection (Volkman 1997). Before
budding of BV or ODV, however, the host plasma meanb has to be modified by virally
encoded envelope fusion proteins: the major 64-§peoprotein gp64 or the proteins of
LD130 family named "F or Fusion proteins (Okastal. 2006). Thus, due to different
origin, hence a different composition of the enpel@nd associated structures of BV and

ODV, they move through cell membranes by diffemmethanisms (Blissard 1996).

Baculoviruses are present in remarkable numbeisoid and in the air, despite, they have
never found to cause any disease in any organigsideuphylumAutographa (Gréner
1986; Tjia et al. 1983; Volkman & Goldsmith 1983). Baculoviruses aneed as
biopesticides (Cory & Bishop 1997), and more comiyiothe extensively developed
insect cell-based baculovirus expression systemtilized for high-level expression of
recombinant proteins (Friesen 1996; Kost & Condr2@§2). The most commonly used
insect host cell lines are originally froBpodoptera frugiperda pupal ovarian tissue are
21 andSt9, the latter being a substrain 21 (Vaughnet al. 1977), and BTI-Tn-5B1-4
(“High 5 cells”) derived fromTrichoplusia ni egg cell homogenates (Granadsisal.
1994).
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2.2.2 Properties of Baculovirus Vector in Gene sl

Although productive infection of wild typAcMNPV is limited to anthropods, however,
genetically engineered baculovirus vectors chartgedsituation in the mid 1990s, when
Hoffman and colleagues (1995) followed by Boyce &cBer (1996) reported the first
transgene expression in mammalian cells. They desed that if the gene of interest is
governed by mammalian promoter, the recombinantulbgituses gain capacity to
efficiently transfer and express genes in mammalepatic cells. More recently,
recombinant baculoviruses have not only been ssfidgsshown to express heterologous
genes but also transduce various non-hepatic maammeell types, bothin vitro andin
vivo (Airenneet al. 2000; Condreast al. 1999; Maet al. 2000; Sarkist al. 2000; Shojiet

al. 1997; Song & Boyce 2001; Soegal. 2003; Wanget al. 2004).

Today, baculovirus is routinely used to expressetogienous proteins in insect cells,
nevertheless, this virus can also efficiently emi@merous vertebrate cells vitro andin
vivo with no visible cytopathic effect (Condrealyal 1999; Hofmanret al 1995; Sarkist

al 2000; Shojiet al 1997). Genetically engineerédMNPV has shown powerful transgene
delivery efficiency into several cultured mammal@eilsin vitro including rabbit, mouse
and numerous human hepatocytes such as Huh7 an@Z2H@pofmannet al. 1995),
chinese hamster ovary cells (CHO), african greemkmy kidney fibroblasts (CV-1),
transformed african green monkey kidney fibrobl#€®©S-7), human epithelial carcinoma
cells (HeLa), human embryonic kidney cells (HEK-R98aby hamster kidney cells (BHK)
(Boyce & Bucher 1996), pancreatic islet cells (Mal. 2000), primary human fibroblasts
(FFs) (Dwarakanathet al. 2001), human osteosarcomas (MG63), normal human
osteoblasts (NHO) (Kukkonemt al. 2003), keratinocytes, bone marrow fibroblasts
(Condreayet al. 1999) and neural cells (Sarlesal. 2000). The minimal cytotoxicity, in
addition to, the broad range of susceptible ce#diand the large insertion capacity up to
100 kb (Hartley 2006) engender baculovirus veryaative gene therapy vector for
mammalian cells (Sandigt al. 1996; Shanet al. 2006). Additionally, recombinant
baculoviruses are easy to construct and produtégtotitres (Hofmann & Strauss 1998;
Sollerbrantet al. 2001).
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Foreign gene expression studies with insect callsvsthe promoter has an amble impact
to the range of insect cells which can efficierstypport the production of foreign protein
(Morris & Miller 1992). Thus, the insertion of strg a mammalian promoter has been the
prerequisite for recombinant baculovirus-mediatexpression in mammalian cells
respectively (Haeseleet al. 2001). Efficient transduction of neural cells ssential to the
development of gene therapy for neurological disggSarkiset al. 2000). To deliver
genes to central nervous system, Sarkis and cok=a¢?000) designed a baculovirus-
derived vector functioning under cytomegalovirusvif@ promoter, Bac-CMV-GFP. In
this study, Bac-CMV-GFP was used successfully fangducing three human primary
neural cultures with an expression level of traesducells being over 50%. Even more
promising, however, was the transduction of tworablastomal cell lineg vivo by direct
injection into the brain of rodents and the fabgttthe vector did not become inactivated
by the complement system. Thus, learning more abaciloviruses; designing and testing
new baculovirus-derived vectors provides us impdriaformation for solving the current
difficulties of the vectors and for developing neyeneration of applications of high

efficacy and long-term expression.

A considerable drawback to baculovirus-mediatedegbrrapy is the significantly reduced
gene transfer capacity when the virus is appliedctly in vivo. This is due to first-line
host defense of the complement C system (C) of/@dtuman sera designed to eliminate
foreign elements (Hofmann & Strauss 1998). Bacu#bvn vivo gene transfer has been
studied in the neural, muscular and hepatic cdllsats and mice (Bilellcet al. 2001,
Pieroni et al. 2001). Hofmann and Strauss (1998) present twociptes to protect
baculovirus vectors from C inactivation: depletion exclusion of the C system before
applying baculovirus into animal models or modifica of the existing baculovirus
vectors. Their report demonstrates succesfull loauis-mediated gene transfer into
hepatocytesn vivo achieved by simultaneous application of C blockangbodies. Also, a
complement-resistant baculovirus has been intratleriseret al. 2001) among other
strategies contrieved to circumvent triggering €heascade (Hofmaret al. 1999, Ojaleet

al. 2001).
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Different applications of baculovirus-mediated gérasfer have greatly expanded during
the past ten years. A very recently published nuxlogy article (Anderssoat al. 2007)
introduces baculovirus as a heterologous viral gdakvery vehicle to be used for
functional gene expression in cultured cells aslasttute for recombinant adenovirus
vectors and lipid transfection agents. These repldools are utilized to study the effects
of over-expression of proteins on insulin mediaggdnts since the cationic lipid reagents
give rice to insulin unresponsiveness in cell aaléu and adenovirus treated cells
commonly cease to respond to insulin stimulatiomweliver, baculovirus transduced
mammalian cells do allow insulin signalling stugi#sus, baculovirus vector represents a

more functional alternative to be employed in theseminations.

In another kind of application introduced by Sdiemt and colleagues in 2001,
baculovirus was used as a tool to produce recombiadeno associated virus (rAAV).
This baculovirus-based chimeric vector method idetl co-infecting the producer cells
(HEK293) with three viruses: a baculovirus containthe reporter gene flanked by AAV
ITRs, a baculovirus expressing the AA¥p gene and a helper adenovirus expressing the

AAV cap gene, which successfully resulted in the produmctibinfectious rAAV patrticles.

Due to baculovirus inability to replicate in mamiaalcells, the viral genome is either lost
or degraded soon after infection (Hb al. 2006). This transient nature of transgene
expression, which usually lasts for 7 days, hasnbeee of the major limitations of
baculoviral transduction vector (Het al. 2003). Although partial integration of the
baculovirus into cellular chromosomes has beenrtegoby Merrihew and colleagues
(2001), such intregration was achieved under detegressure and being random and
infrequent, it can compromise the expression diizel genes. Nevertheless, it is possible
to enhance and prolong the expression level byrgfpetion (Huet al. 2003). Moreover,
prolonged vector maintenance up to 60 days andeudgrlenhanced transgene expression
of recombinant baculoviruses have been reportedwheulovirus-based vectors are built
utilizing elements of other viruses capable of asfiromosomal maintenance, such as the
episomal maintenance eleme@isP andEBNA-1 from Epstein-Barr virus (EBV) (Shaet

al. 2006). What is more, without any selective presdhe improved baculovirus vector

persisted in many different mammalian cells suchH&K293, monkey african green



16

kidney cells (Vero), Cos-7 and human epithelial durcells (Hone-1). In the recent years,
also other approaches of enhanced and prolongedldvaas-mediated expression
systems for mammalian cells have been publishdddimy the studies of Hat al. 2003;
McCormicket al. 2002; Pieronet al. 2001; Song & Boyce 2001; Soegal. 2003.

2.3 Baculovirus in Infected Insect Cells and Tramsdl Mammalian Cells

2.3.1 Entry and Propagation

Virus entry into host cell is an intricate processter the virus has successfully passed
through the cell membrane, it needs to infiltrdteotigh the cytoplasm and pass nuclear
membrane to enter the nucleus. For entering thé ¢telf baculoviruses encode two
different envelope fusion proteins: gp64 and F (@ket al. 2006). In short, the viruses are
suggested to enter their host insect cells viarptise endocytosis (Volkman & Goldsmith
1985) and mammalian cells by macropinocytosis athcin-mediated endocytosis (Long
et al. 2006; Matilaineret al. 2005). Once inside the cells of either type, thal\capsids
are released from the endosomal vesicles and ttaplagmic trafficking towards the
nucleus is suggested to be actin-dependent (Blistaal. 1992; Charlton & Volkman
1993; Lanier & Volkman1998; Salmineset al. 2005; van Lot al. 2001).

Salminen and colleagues (2005) have studied thenamé&zms and factors affecting the
cytoplasmic trafficking of baculoviruses in a meshmicrotubules and actin networks.
They suggest that endocytic modifications are remtegsary for cytoplasmic trafficking,

nor the nuclear import of recombinant baculovirdewever, consistent with the earlier
results of Volkman and Zaal (1990), progressivaganization and depolymerization of
microtubules seems to have a major role in nucteigsited viral movement,

consequently, MT reorganization could provide ap@method to enhance baculovirus-
mediated gene delivery in mammalian cells. TheagegHlular mechanism of nucleus-
oriented viral movement has been studied with weriother viruses as well (Sodeik 2000;
Stidwill & Greber 2000; Whittaker & Helenius 1998)evertheless, more research is
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needed to unveil the exact details of the evenfsrbeutilization is possible in gene

therapical approaches.

The dimensions of the unenveloped baculovirus meelpsids are appropriately adapt to
allow passage through the nuclear pores withousidageformation (Salmineet al. 2005;
van Looet al. 2001; Wilson & Price 1988). Hence, the viral cdgshave been shown to
localize in the nucleus at 3 - 4 h p.t. in studiagied out in human cells (Kukkonehal.
2003; Matilaineret al. 2005; Salmineret al. 2005). Also, baculovirus has been shown to
transduce both dividing and non-dividing mammatatis, consequently, the nuclear entry
of baculovirus is not associated with the mitotissdciation of nuclear membrane
(Laakkoneret al. 2007; van Lot al. 2001).

2.3.2 Gene Transcription

In infected cells, baculovirus gene expressionivadd into two phases; an early phase
preceding viral DNA replication and a late phasthatbeginning or after DNA replication
begins (Blissard & Rohrmann 1990). The early phastirther divided into immediate
early (IE) and delayed early (DE) stages accortlintpe function of the gene products of
each phase. Even transfected insect cells aretabieanscribelE genes because they
require no viral gene products for their transdoiptin contrast to th®E genes, which
require other viral proteins for their productidrhe genes of late phase are categorized
into Late genes and Hyperexpressed late genes, distinguished by the levels of mMRNA of
the latter remaining high throughout the infectaycle (Blissard & Rohrmann 1990).

The principal transregulator of baculovirus genpresgsion is theémmediate early gene 1
(ie-1) product IE-1 transcribed from two early promotédissard & Rohrmann 1990)
which transactivates various early gene promotach sasie-1, 39K, p35, gp64, pl43,
dnapol, pe-38, lef-1, lef-2, lef-3 (Friesen 1996) In addition to IE-1, three other early viral
gene expression transregulator proteins have lartified: IE-O, IE-2 and PE-38. IE-O
protein is a spliced variant of IE-1 and thus psgabto be required in viral replication as

well (Friesen 1996). IE-2 is suggested to stimulegporter genes linked to the-1
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promoter in addition to reinforcing IE-1-mediatedrtsactivation of the delayed eaB9K
gene (Yoo & Guarino 1994) aq-38 (Lu & Carstens 1993). PE-38 on its behalf has been

shown to mediate transactivation of {13 gene promoter (Lu & Carstens 1993).

Baculovirus incompetence to replicate in mammatielts was long considered a fact as it
was proven by numerous researchers such as Vollamaéiioldsmith (1983) who gained
frankfurt evidence of no replication in 35 diffetecell lines tested. Quite recently,
however, studies with HeLal4 and BHK cells haveicatkd thatAcMNPV is able to
transcribe some viral genes such iaf), ie-1, pe-38 and gp64 (Fujita et al. 2006).
Additionally, transcripts of severamhmediate-early viral genes were shown to accuraulat
in detectabldevels in HEK293 and primary cultures of rat Schwaells transduced with
another member of baculovirus familBombyx Mori (Kenoutis et al. 2006). Thus,
baculovirus genome seems to be able to act as @atnfor transcription in mammalian
cells through common infection pathway nevertheless evidence for the functional

expression of viral genes has yet been discovered.

2.4 Subnuclear Organization in Human Cells

The cell nucleus is a highly organized structurdctwitan be divided into three main
structures: the nucleolus, heterochromatin and reacatin (Maul 1998). However, our

understanding of the composition of the nucleusdsaslated through the study of DNA
viruses, which replicate in the nucleus and intevath several specific nuclear structures
in nonarbitrary fashion. Thus, analyzing virus mttions with specific nuclear structure
inevitably generates novel information of the bgital properties of that compartment too
(Maul 1998).

2.4.1. PML NBs

Promyelocytic nuclear bodies (PML NBs), also reddrto as PODs, ND10 or PML bodies,

are separate interchromosomal accumulations of 6®@eproteins including PML and
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spl00 (Maulet al. 2000). PML NBs have been found in most cell typad they seem
have a role in almost every cellular function imthg cell cycle control, growth
suppression, interferon-mediated cell defence, tmsoy gene regulation, transcription,
DNA repair and proteolysis (Borden 2002; EverettO&0 Maul et al. 2000). The
morphology of PML NBs becomes altered in diseaseh ®1s hepatocellular carcinoma
(Terris et al. 1995) or promyelocytic leukemia (Wegs al. 1994). The localization and
structure of PML NBs have also been studied in huo@ls infected with different viruses
such as adenovirus (Doucetsal. 1996; Ishov & Maul 1996), herpesvirus (Everettal.
1998; Maulet al. 1996) and papovavirus (Gucciome al. 2004). In these cases, the
parental genome has been proved to localize in RIB& and the domain has been the site
of early replication. Thus, the distribution and rpfwlogy of PML NBs becomes altered
during viral infection; different viruses can induwarious events from accumulation of
PML proteins into larger cytoplasmic bodies to ttegradation of the whole domain
(Bordenet al. 1998; Everetét al. 2004; Laakkoneet al. 2007; Maulet al. 1996).

2.4.2. Nuclear Speckles

In different literature, the nuclear speckles astemed to speckles, speckled domains,
SC35 domains, splicing factor compartments, nudetcing speckles and interchromatin
granule clusters (IGCs). The number of these dosniaireach cell varies from 25 - 30 as
they are very dynamic structures composed of varotein- and RNA particles, mainly
splicing factors and poly(A) RNA (Calado & Carmofiseca 2000; Handwerger & Gall
2006; Spector 2001). Thus, nuclear speckles aezv@ss of transcription- and pre-mRNA
splicing factors, which are recruited from thenthe sites of transcription. An additional
component of the speckles is poly(A) binding pnot@i (PABP2), which binds to the
poly(A) tails of mMRNAs controlling their length arektension (Calado & Carmo-Fonseca
2000). In studies of viral interactions with diféet nuclear domains, the nuclear speckles
have been interesting as possible transcriptioss siff viruses: Fortes and colleagues
(1995) have reported that influenza virus can dherlocalization of nuclear speckles, and
Hivin et al. (2005) suggest that human T-cell leulke virus accumulates into nuclear

specles. Consequently, the components of nucleskigs are in constant move between
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the nuclear speckles, nucleoplasm and the actaresdription sites (Lamond & Spector
2003).

2.4.3. Cellular Chromatin

In eukaryotic cells, chromatin serves as the pliggioal template for gene transcription,
DNA replication, and repair. O’'Reilly and colleagu@ 994) have studied the properties of
insect cell chromatin during baculovirus infectidrhey reported enlargening of the host
cell nuclei and dispersion of nucleolus, which tiseggested to be caused by baculovirus
early proteins stimulating dispersion of the hoktomatin. Also an additional study
(Volkman & Zaal 1990) suggests that viral interas with tubulin can induce the host

cell chromatin rearrangements.

Recently, chromatin remodeling caused by other DiNAses has been reported in various
human cells as well. Taylor and Knipe (2004) obsdnchanges in host chromatin
associated with herpes virus (HSV-1) infection ivaaiety of human cells. Herrera and
Triezenberg (2004) studied chromatin-modifying d¢ovators in HeLa and Vero cells.
They found HSV-1 virion protein VP16, which actigatthe viral immediate-early (IE)
gene transcription, associated with general tragptson factors and with chromatin-
modifying coactivator proteins of several types.daidnally, HSV-1 viral DNA was
found to be associated with histone H3 at earlysirof infection. Moreover, Moniet al.
(2000) showed by live cell dynamic measurementseapperal displacement of host
chromosomes that correlated with the expansiom®fviral replication compartment and
increased the volume of the nucleus. Thus, studyirey processes involved in viral
replication, especially the use of probes to l@ealthe virus with respect to certain
subnuclear proteins or RNA-structures has reveafhaohy functional domains in the
nucleus. Consequently, in unison with developingerdelicate viral vectors, increases the

knowledge of nuclear design.
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3. AIM OF THE STUDY

The objectives of the study were:

1. To monitor and establish the timeline of bacirleyaccumulation into human hepatoma

cell (HepG2) nucleus and to investigate the nucediry route of baculovirus.

2. To detect if the viral immediate early gene4 andie-2 are transcribed in HepG2 cells.

3. To study the localization of nuclear speckled BIML NBs, the possible transcription

sites of baculovirus, in transduced HepG2 cells.

4. To illustrate HepG2 host chromatin morphologypatulovirus transduction.
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4. MATERIALS AND METHODS

4.1 Cells

The experiments were performed in two cell linesman hepatoma (HepG2) and
Soodoptera frugiperda (S9) insect cells. HepG2 cells were grown in monolaye
Minimum Essential Medium (MEM) supplemented witl®d @eat inactivated fetal bovine
serum (FBS), antibiotics (10 000 U/ml penicillindah0 mg/ml streptomycin), L-glutamine
and Non-Essential Amino Acids. The cells were namgd at +37°C, in 5% CGQnd
cultured twice a weekS9 cells were grown in suspension at +27°C in seftam
HyQ®SFX-Insect medium without antibiotics and cuttd twice a week according to
standard protocols (Hyclone HyQ SFX-Insect insiong, Phelan 1998).

4.2 Viruses

This study employed two viruses: wild type (wButographa californica multiple
nucleopolyhedrovirusAcCMNPV) and recombinant baculovirus vp39EGFP (Kukkoee
al. 2003, kindly provided by Kari Airenne and Seppti-Herttuala). The recombinant
virus displays enhanced green fluorescent prole@HP) attached to the C-terminus of the
nucleocapsid major protein vp39. The viruses weundfipd and collected by sucrose
gradient centrifucations (25% sucrose gradient:0¢207 h, 4°C, Sorvall RC5, HS4,
continuous sucrose gradient 20 - 50%: 120 000 b,,4PC, LKB Bromma 2331 Ultrospin
70, SRP 28 SA). The virus titer was determined mg-point dilution method (O’Reillygt

al. 1994), which measures the baculovirus ability tteeh Sf9 insect cells as plaque

forming units per milliliter (pfu/ml).
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4.3 Transduction of Mammalian Cells

For the experiments, HepG2 cells were grown for daps on cover slips 80 000 - 120 000
cells/ 3cniplate. Cell densities used varied among the derfamehch experiment. Before
the transduction, cells were washed with PBS (Phaigp Buffered Saline) and the
transduction was performed with an appropriatesvitiuted in MEM containing 1% FBS.
Cells were incubated at +37°C, in 5% £I0r 1h, followed by an addition of 10% MEM.
Transfected cells (see 4.4 Electroporation of Hep€@ls) were transduced with wt using
200 pfu/ml. RT-PCR experiments were performed withusing 1000 pfu/ml and all other
experiments with vp39EGFP using 200 pfu/ml. At ayppiate time point, the transduction
was arrested by fixing the cells. In the fixing gedure, cells were washed once with PBS
and then incubated either in 4% paraformaldehyd@AJFRT for 20 min or in ice-cold
methanol for 6 min. Cells were maintained in PBS+4t°C until immunofluorescence

labelling (see 4.5.1 Immunofluorescence Labeling).

4.4 RT-PCR

Baculovirus transcription was studied in HepG2saihnsduced with wAcMNPV (1000
pfu/ml) at 6 - 48 h. In order to achieve controts the transcription ofe-1 andie-2
MRNA, 59 cells were infected with wvAcMNPV. The S9 cell stocks contained 2 million
cells / ml and the infection was performed usingf&/ml and 10 pfu/ml of wt. After
transduction (see 4.3 Transduction of mammalials)cedells were collected by scrabing,
dissolved in Trizo™ and freezed at -70 °C. The early gene transcrigifohlcMNPV in
transduced cells was analyzed with quantitativeMag RT-PCR (warm thanks to M.Sc.
Minna Kaikkonen, Al Virtanen Institute, DepartmeritMolecular Medicine, University of
Kuopio, Kuopio, Finland). Total RNA was isolatedngs Trizol™ reagent, treated with the
deoxyribonuclease DNasel and reverse-transcribleel |8vels ofe-1 andie-2 mRNA was
guantified with SYBR® Green RT-PCR using specifitrgers:

IE1forw 5-TTAACGCGTCGTACACCAGCG -3,

IE1lrev 5'- TTATAATAACTTAAATAGTCGT TGGG -3,
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IE2forw 5'- ATGAGTCGCCAAATCAACGC -3,

IE2rev 5'- GGCTTCGGGAGATGTTGTAAAG -3'.

The samples were amplified and performed as dupboaf each reaction containing 10 ng
of cDNA, 12.5 pl of PCR master mix and 7.5 pmolpoimers. To construct a standard
curve, four serial dilutions of cDNA obtained froimansduced HepG2 cells at 24 h p.t.
were employed. Input amounts of cDNAs were corgkdig amplification of the 18S
ribosomal RNA as an endogenous control and thesati target gene expression and 18S
expression (relative gene expression) were cakedliom the amounts of cDNA using the

standard curves constructed for the analysis.

4.5 Confocal Microscopy Studies

4.5.1 Immunofluorescence Labeling

As previously described (see 4.1 Cells), HepG2soskre grown subconfluent on cover
slips, transduced and fixed before labelling thengas. All of the immunofluorescence
labeling procedures followed the same protocol wede performed in RT. For samples
fixed with 4% PFA, the pre-washes were carried ioupermeabilization buffer (0.1%
TritonX/ 1% BSA/ 0.1% NaBlin 1xPBS) and PBS a 20 min. For the cells fixethwi
methanol, 1.5% PBS-BSA washing solution was usstkad of permeabilization buffer.
The following primary antibody incubation of 1 h sveollowed by another identical set of
20 min washes. The secondary antibody incubati®0ahin and the following steps were
performed in dark. After the final two washes imrpeabilization buffer and PBS, the cells
were embedded with either Mowiol-DABCO, an anti-ffideaching mounting media (25
mg/ml) or ProLon® Gold antifade reagent with DAPI (4'-6-DiamidingaBenylindole).
DAPI is a chemical which forms fluorescent compkexeath natural double-stranded DNA

without changing the ultra structure of cells (Tamskiet al. 1991).
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4.5.2 Confocal Microscopy and Imaging

When atoms or molecules absorb light, they becdewrenically excited for a very short
interval, the fluorescence lifetime, after whickeyhreturn to an unexcited state and emit
the captured energy as light. Different atoms olemues become excited at different
wavelengths depending on their properties. In asechowever, the absorption maximum
is always slightly lower than the emission maxim@onfocal microscopy enables to view
the sample at different plains, which provides aune#ient means to locate the labels
accurately at particular cell structures. The insaggn then be overlaid to get an image of
a very high resolution presented in xyz planes.i#altblly, microscope enables to scan a
3D-like view of cell surface features when the tigh transmitted, but no fluorescence
channel is open, which is an imaging technique knas DIC (Differential Interference
Contrast) (Zeiss Operating Manual, Olympus Useranlhl). Background fluorescence
can be minimized by choosing the fixatives cargfulloreover, when using two or more
fluorescent dyes in one sample, the dyes shouldetected so that they do not have

overlapping fluorescence wavelengths.

Imaging of the samples was accomplished with twaf@zal laser scanning fluorescence
microscopes: LSM 510, Carl Zeiss AG, Jena, Gern{@8% nm argon, 546 nm and 633
nm helium neon-lasers, 63x Plan-Neofluoar oil imsi@r objective (NA = 1.25), pixel
resolution 100 - 110 nm/pixel, 512x512 pixels/imaged Olympus Fluo-View 1000,
Olympus Optical Co., Tokyo, Japan (488 nm argor§ B/ and 633 nm helium neon-
lasers, 60x APO oil immersion objective (NA = 1.3pixel resolution 100-110 nm/pixel,
512x512 pixels/image).

4.5.3 Electroporation

For electroporation experiments HepG2 cells wemvgrto semiconfluency: approx. six
million cells / 75 criculture flask (4.1 Cells). In order to collect thells, they were first
trypsinized 3 min at +37°C, in 5% GQhen suspended in 10% MEM, pelleted (1503g
min, Heraeus Instruments Labofuge 400) and finaluspended in 800 pl of 10% MEM.
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Cell suspension was divided into two electroporattuvettes (Bio-Rad), 400 ul each,
containing three million cells. An appropriate centration of the plasmid (50 - 100
png/ml) was added into the cuvette and the electadjpm was accomplished with Electro
Cell Manipulator® 600 (Capacitance & Resistance ®600 V; 1700 uF Capacitance, 72
ohm Resistance, 105 V Charging Voltage, 30 msesePuéngth). The transformed cells
were grown on cover slips in 10% MEM for 24 h beftransduction with wt 200 pfu/ml
(see 4.3 Transduction of Mammalian Cells), immubellmg (see 4.5.1
Immunofluorescence Labeling) and confocal microscagpudies (see 4.5.2 Confocal
Microscopy and Imaging). The following plasmids wersed: human expression plasmid
PABP2-EGFP (kindly provided by Dr. Carmo-Fonsecetituto de Medicina Molecular,
Faculdade de Medicina da Universidade de Lisboabdd, Portugal), human histone
plasmid H2B-EYFP (J. Langowski, German Cancer Rebke&enter, Heidelberg,
Germany)and humanpEGFP-sp100 plasmid (Dr. G. Dellaire, The Hospftal Sick

Children, Toronto, Canada).

4.5.4 Microinjection

For microinjections, HepG2 cells were grown foriB densities of 20 000 - 30 000 cells
/ cover slip. Prior to microinjection, 5ml of 10%BEW was added on the cells to improve
the contrast for injection procedure. The inject&miution composed of WGA (wheat
germ agglutinin) and TRITC-De (Tetramethylrhodamisethiocyanate Dextran) by 1:4.
WGA is a protein (MW 36 000) that binds to N-acglytosamine and N-
acetylneuraminic acid (sialic acid) residues ofcglyroteins and glycolipids. In this study,
WGA was used to block the nuclear pores. In ordevisualize the nuclear membrane,
WGA was combined with TRITC-De, a substance compaxfeDextran polysaccharide
(MW 10 000) conjugated with fluorescent dye TRITB2cause of the great tendency of
WGA to rapidly break down, the cells were firstsduced with 200 pfu/ml of vp39EGFP
for 2 h (see 4.3 Transduction of Mammalian Celtd)ofved by an injection of WGA —
TRITC-De 1:4 solution into the cytosol. The micieiction was performed by using a
semiautomatic system consisting of an inverted osimope joined to a Micromanipulator
5171 and Transjector 5246 (Eppendorf, Hamburg, @ayn The injection duration was



27

30 min at maximum, after which the cells were iretigld further at +37°C, in 5% G@br
1.5 h, or until the total viral transduction timeached 4 h (see 4.3 Transduction of

Mammalian Cells). Finally, the cells were fixed hwvitnethanol and immunolabeled (see
4.5.1 Immunofluorescence Labeling).
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5. RESULTS

5.1 Baculovirus Entry into the Nucleus

The general localization of baculoviruses in Hep&lls was studied using confocal
microscopy at 4 - 24 h p.t. The first viral capsidsre detected in the nucleus at 4 h p.t.,
however, most capsids were still located in th@syt Nuclear accumulation was further
observed at 6 - 24 h p.t. (Fig. 1). At 24 h p.e tlolume of capsids in the nucleus had
increased, nevertheless, at all time points a ptigeo of the capsids remained in the
cytosol. Vp39EGFP was labeled by rabbit-anti-GFB Atexa-488-conjugated goat-anti-
rabbit IgG to enhance the green fluorescence oEGEP attached to the C-terminus of the
nucleocapsid major protein vp39. The samples weneedded using ProlLofy Gold
antifade reagent with DAPI (4'-6-Diamidino-2-phenybole), which labels the nucleus

blue (see 4.5.1 Immunofluorescence Labeling).

DIC
VP39EGFI
24 hpt.
RS

e

Figure 1. Baculovirus capsids accumulate into the &pG2 nucleus.Images are 3D projections from the
middle parts of the cells transduced with vp39EGE®BO pfu/ml) at 24 h p.t. The green fluorescenc¢hef
virus was enhanced with rabbit-anti-GFP and Ale&8-donjugated goat-anti-rabbit IgG and the nucleus
labeled blue using ProLofigGold antifade reagent with DAPI. Scale bar 10pum.

To examine the previous suggestions of baculowntsy into the nucleus of mammalian
cells through the nuclear pore (VanLebal. 2001, Salminert al. 2004), WGA (wheat
germ agglutinin) microinjection experiment blockitige nuclear pores was performed (see
4.5.4 Microinjection). The results showed vp39EGEBO0 pfu/ml) accumulation near the

nuclear membrane outside the nucleus at 4 h jgt. 2. For better visualization the green
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fluorescence of vp39EGFP is enhanced with rablit@RP and Alexa-488-conjugated
anti-rabbit IgG. The nucleus is seen red with TRIDE a fluorescent compound mixed

with WGA in the injection solution.

DIC

Merge

Vp39EGFI
4 hp.t.

Figure 2. Baculovirus (Vp39EGFP) capsids remain ostde HepG2 cell nucleus at 4 h p.t. due to
blocking the nuclear pores with WGA microinjection. Cell nucleus is seen red due to fluorescent TRITC-
De - WGA mix. Vp39EGFP (200 pfu/ml) green fluoresce was enhanced by rabbit-anti-GFP and Alexa-
488-conjugated anti-rabbit IgG. Scale bar 10pum.

5.2 Baculovirus Immediate Early Gene Transcription

Another aspect of this study was to investigatetivrebaculovirus produces transcripts of
its immediate early genes in human cells. HepG% agére transduced with wt (1000
pfu/ml) at 6 - 48 h and the levels i@l andie-2 mMRNA were analyzed with quantitative
RT-PCR analysis (kindly performed by M.Sc. Minnaikk@nen). Transcription of both
the early viral genei®-1 andie-2 was detected in HepG2 cells at 6 - 48 h p.t. (B)gAt 6

h p.t. the immediate early gene transcription wasrditive; noie-1 mRNA was detected
and the quantity afe-2 transcripts was very scarce. However, the relajame expression
level of both mRNA transcripts became prominen24h p.t. and increased further up to
48 h p.t.
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Figure 3. Baculovirus immediate early geneie-1 andie-2 are transcribed in HepG2 cells at 6 - 48 h p.t.
HepG2 cells were transduced with wt 1000 pfu/ml.

5.3 Localization of Baculovirus and Subnuclear &uites

In order to monitor the localization of baculovinwgth certain subnuclear structures, two
distinct methods were used: either antibodies desigagainst a selected protein in the
structure of interest, or plasmids coding for flegrent proteins known to localize in those
structures. After introducing the appropriate agerib HepG2 cells, the cells were

transduced with either vp39EGFP or wt at seledted points.

5.3.1 PML NBs

Promyelocytic leukemia nuclear bodi@@ML NBs) were studied by transfecting HepG2
with pEGFP-sp100 expression plasmid (Murateinal. 2002), which codes for sp100
protein constituent of PML NBs. The transfectionswallowed by wt transduction (200
pfu/ml). Confocal microscopy studies assigned thiatapsids labeled with mouse anti-
vp39 and Alexa-633-conjugated mouse IgG were lacatgh or within the PML NBs
already at 8 h p.t. Similar localization patternswaore evident at 24 h p.t. (Fig. Due to
very low transfection efficiency of the plasmid mwolocalization kvantification was

performed.
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wt 8 h p.t. wt 24 h p.t.

Figure 4. Close association of wt and sp100 proteifound in PML NBs is detected at 8 h p.t. and
becomes more prominent at 24 h p.tHepG2 cells were transfected with pEGFP-sp100esgion plasmid,
the fluorescent EGFP-tag is shown in red in thiagen The wt capsids were labeled with mouse ar@8vp
and Alexa-633-conjugated mouse IgG shown in gréba.colors have been modified for better visuaiarat
of the results. Scale bar 10pum.

5.3.2 Nuclear Speckles

To study if the virus had any interaction with read speckles involved in pre-mRNA
processing (Borden 2002), HepG2 cells were tratesfieevith an expression plasmid
PABP2-EGFP (Calapeat al. 2006) coding for a poly(A) binding protein 2, whiés a
component of nuclear speckle structure. The celisewthen transduced with wt (200
pfu/ml) for 24 h. The viral capsids were labeledhmmouse anti-vp39 and Alexa-633-
conjugated mouse IgG. As the results show, thes\imoalizes near the nuclear speckles,
but no colocalization is observed (Fig. 5Ap examine the interplay of baculovirus and
nuclear speckles further, a time series of vp39EG®BR pfu/ml) transductions at 4 - 48 h
was performed. In this experiment, nuclear specilese labeled using another nuclear
speckle marker sc-35 antibody and Alexa-555-conpdjamouse IgG. The green
fluorescence of the virus was enhanced with radnitGFP and Alexa-488-conjugated
rabbit 1gG. Supporting the results obtained withBIPR-EGFP plasmid experiments, the
virus was in close proximity to nuclear speckleisture (Fig. 5B) being most prominent at
6 - 12 h p.t., nevertheless, baculovirus did ndoaalize with nuclear speckles at any

timepoint.
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Figure 5A. Baculovirus (wt) capsids localize clos® nuclear speckles, but no colocalization is obsezd

at 24 h p.t..HepG2 cells were transfected with an expressiosnpi PABP2-EGFP shown in red and viral
capsids were labeled green using mouse anti-vp89Aéexa-633-conjugated mouse IgG. The colors have
been modified for better visualization of the résuBcale bar 10pum.
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24 h p.t.

Figure 5B. Baculovirus (vp39EGFP) does not colocak with nuclear speckles at 4 — 48 h p.The green
fluorescence of the virus was enhanced with radhiitGFP and Alexa-488-conjugated rabbit 1IgG. Nacle
speckles were labeled red with mouse sc-35 andafi®6-conjugated mouse IgG. Scale bar 10um

5.3.3 Cellular Chromatin

Baculovirus is known to stimulate host chromatiarrangements i8f9 cells (O'Reilly et
al. 1994; Volkman & Zaal 1990). Due to detecting transcription of viral gene®-1 and
ie-2 in HepG2 cells, it was most interesting to stutlypaculovirus transduction would
effect the nuclear organization of chromatin swuetalso in human cells. In the first
experiment, HepG2 cells were transduced with vp3PEG200 pfu/ml) at 24 h p.t.

Chromatin was dyed using DRAQ5™, which is a synthBuorescent compound with



34

high affinity for DNA, and the green fluorescendettee virus was enhanced using rabbit-
anti-GFP and Alexa-488-conjugated rabbit IgG. As ba seen from the control cells, host
heterochromatin seems to line the nuclear lamimbracleoli. After 24 h of transduction,

chromatin ceases to have this pattern and is spagaidmly all around the nucleus (Fig.6).

VP39EGFP 24 h p.t.
Anti-GFP DRAQ5™

Control DRAQ5™

Figure 6. Morphology of HepG2 chromatin is
altered by baculovirus (vp39EGFP) transduction at

24 h p.t. In control cells, chromatin seems to line
around the nuclear membrane and nucleoli, however,
the chromatin in vp39EGFP (200 pfu/ml) transduced
HepG2 is randomly dispersed around the nucleus.
Chromatin was dyed red using DRAQ5™ and the
green fluorescence of the virus was enhanced with
rabbit-anti-GFP and Alexa-488-conjugated rabbit.lgG
Scale bar 10um.

To study the interactions between baculovirus aast lthromatin further, the plasmid
H2B-EYFP (Weidemanret al. 2003) was used to monitor the virus localizatioithw
respect to H2 protein component of histone coreptexn The distribution of histone
protein was clearly altered in the HepG2 cellsgduted with wt (1000 pfu/ml) at 24 h p.t.
(Fig. 7). Thus, the observed change in histonetimeatrengthens the preceding result of
virus-induced alterations in the morphology of H@pghromatin.
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wt 24 h p.t

Anti-vp39 H2B-EYFF

10um
——

Control H2B-EYFP

Figure 7. The chromatin location is altered due to
wt transduction in HepG2 cells at 24 h p.tThe cells
were transfected with H2B-EYFP plasmid and
transduced with wt (1000 pfu/ml) at 24 h p.t. The
colors in the images were modified to accomplish
better image visualization. Thus, in all figureket
H2B-protein fluorescence is shown in red and the wt
capsids labeled with mouse anti-vp39 and Alexa633
conjugated mouse IgG shown in green. Scale bar

10um
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6. DISCUSSION

6.1 Study of Baculoviruses for Gene Therapy

Baculoviridae virus family comprise a number of common featuned share a unique life
cycle, nevertheless, the spectrum of viruses irfahely is truly large (Okanet.al. 2006).
Most research oBaculoviridae has been carried out #utographa californica multiple
nucleopolyhedroviru)AcMNPYV) due to its prominent manipulation possibégiand ease
of growth in cell culture. Following preceding eximeents, the viruses chosen for this
study included the wild-type (WAcMNPV and vp39EGFP (Kukkonesat al. 2003, kindly
provided by Kari Airenne and Seppo Yla-Herttuala] Xirtanen Institute). The
recombinant virus was constructed to allow betteualization of the viral capsids,
however, the enhanced green fluorescent proteif-fB@ttached to the C-terminus of the
nucleocapsid major protein vp39, was not suffidiemtetectable in confocal imaging.
Consequently, in this study the capsid fluorescemes enhanced with anti-GFP and

Alexa-conjugated secondary IgG.

Gene delivery efficiency is much dependent on theswdosage, hence, in each experiment
the infectious titer and multiplicity of infectiofMOI) indicating the baculovirus
transducing ability were chosen carefully. The sititers were determined by end-point
dilution method inS9 cells (O'Reillyet al. 1994) and expressed as plaque forming units
per milliliter (pfu/ml). Nevertheless, although Hee parameters are commonly used in
calculating the virus dosage in vast majority oblghed gene therapy articles up to date,
new data concerning the preciseness of these neethasl emerged. Chaa al. (2005)
have developed a titration protocol which direatheasures the biological activity of
baculovirus in transduced mammalian cells. Adddibn they suggest that as the
infectious titer and the associated MOI are basedaculovirus ability to infect insect
cells, consequently, these parameters are notspreni defining transducing titers in
mammalian cells. Therefore, since the infectiotes tin this study was obtained 810, it

might not be as accurate as if calculated usingévetitration method introduced by Chan
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and colleagues (2005). Thus, there might be slighiition in the reported infectious titers
of different virus stocks and their real efficieegi in transducing HepG2 cells.
Nevertheless, the O'Reilly’'s method is widely usmad accepted in giving very good
direction of the virus dosage. However, the acqumicthe new titration protocol will

certainly be helpful when designing future expentsewith baculovirus and other viral

vectors.

Baculoviruses are pathogenic only for their natdrasts, insects, predominantly of the
orders Ledioptera, Hymoenoptera and Diptera. However, wt and recombinant
baculoviruses have been shown to effectively traosdzarious mammalian cells without
cytopathic effects even at very high virus titepsta 5000 pfu/ml (Duisitt al. 1999; Kost

& Condreay 2002; Airennet al. 2000). The human hepatoma (HepG2) cell line used in
this study was chosen due to previous researclthvwassigns thadicMNPV enters human
hepatocytes in preference to other mammalian ¢Bllsllo et al. 2001; Boyce & Bucher
1996; Hoffmanet al. 1995) and the transgene delivery efficiency of nebimant
baculoviruses is well approaching 100 % in hepatxyBoyce & Bucher 1996; Hoffman
et al. 1995; Shojiet al. 1997). Additionally, baculovirus-mediated gene reggion was
achieved for the very first time in human hepatesyit 1995 (Hoffmat al. 1995) which
was soon followed by successful results in HepGpeetively (Boyce & Bucher 1996).
Since then, different studies have demonstratedmbiant baculovirus vectors capable
of high-level transgene expression in hepatic ¢€ksoet al. 2002; Sollerbrangt al. 2001,
McCormicket al. 2002, Wanggt al. 2004).

In addition to several hepatic cells, baculoviruaes capable of delivering transgenes into
non-hepatic mammalian cells, such as HelLa, COS®ji(®hal. 1997), neuroblastoma
cells, human primary neural cell cultures (Condretaal. 1999; Sarkist al. 2000), human
pancreatic islet cells (Met al. 2000), human p53-null tumor cells (Song & Boyce 200
human osteogenic sarcoma cell line Saos-2 (&bl 2003) and a variety of other cell
lines studied (Airennet al. 2000; Wanget al. 2004). Furthermore, baculovirus vectors
have not only shown to transfer genes with a ctedilnction efficiently into various cell
typesin vitro (Boyce & Bucher 1996; Condreay al. 1999; Dwarakanatlet al. 2001;
Hofmannet al. 1995; Kukkoneret al. 2003; Maet al. 2000; Pierongt al. 2001; Sarkiset
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al. 2000), but have also accomplished to achievedargene expressian vivo (Bilello et
al. 2001; Hofmanret al. 1999; Hofmann & Strauss 1998; Huseml. 2001; Ojalaet al.
2001; Pieroniet al. 2001; Shojiet.al. 1997; Song & Boyce 2001; Somtjal. 2003). For
these reasons, baculoviruses are of great intasesbnhuman viral DNA vectors in gene

therapy.

Nevertheless, more research is needed to assuwrikesafe and functional for transgene
delivery. The major matters of interest are the cexauclear entry process, the
biodistributionin vivo and the properties of baculoviruses in human .cé&lerefore, the
aim of this study was to establish the active iataf baculovirus into the nucleus of
human hepatoma cells (HepG2), observing whethenlbacus is able to transcribe viral
MRNA of its immediate early genés1 andie-2, in addition to, exposing the subnuclear

localisation of baculovirus in HepG2 cells.

6.2 Nuclear Entry and Accumulation of Baculoviruses

In order to study general localization of baculosigs in HepG2 cells, the cells were
transduced with vp39EGFP within a time period ef 24 h and the events were observed
by confocal microscopy. This experiment was arrdrigeshow that baculovirus does enter
the cell nucleus, in addition to, witnessing theimium time of the nuclear entry. In each
experiment, the nucledf the cells were labeled for distinguishable sgrtof the viral
capsids localized in the nucleus from the capsdiidisirs cell cytoplasm. As a result, the
virus was seen in HepG2 cytoplasm in all time poistudied (4 — 24 h p.t.) and the
accumulation of the viral capsids into the cell leus was observed starting at 4 h p.t.,
which was in agreement with previous knowledge (arienet al. 2003; Matilaineret al.
2005; Salmineret al. 2005). Accumulation into the nucleus increasethimrin later time
points and was most prominent at 24 h p.t. (Fig Rreviously, the localization of
baculovirus nucleocapsids in inoculated human d&ls been studied by Salminen and
colleagues (2005) who utilized immuno electron wscopy technique to show virus
capsids close to the nuclear pores in the nucléeu3 a 4 h p.t.. In insect cells, the

accumulation of viral capsids close to nuclear paseprominent already at 1 — 4 h post
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infection (p.i.) (Granadost al. 1981; Knudson & Harrap 1975; Wilson & Price 1988).
Thereafter, the accumulation has been described precisely by quantification of capsid

localization in the nucleus (Laakkonetal. 2007).

Baculovirus entry into the nucleus of mammaliariscisl suggested to function through the
nuclear pore (VanLoet.al. 2001, Salminemt.al. 2005) and the results of this study (see
5.1 Baculovirus Entry into the Nucleus) were inemgnent with the previous ones. In the
experiment, HepG2 cells were first transduced withvirus and the WGA microinjection
used to block the nuclear pores was performednap2., which is well before vp39EGFP
could have entered the nucleus, but late enougth®WGA substance to stay stable for
the rest of the transduction time. The schedulegarfsductions and injections was built on
the knowledge obtained from the publications of karkenet al. (2003) and Matilainemt

al. (2005), which both showed baculovirus in HepG2 ceitleus at 3 - 4 h p.t. Also,
according to studies with other mammalian cell dimecluding human endothelial cells
(EaHy), human osteocarcomas (MG63) and normal huwsteoblasts (NHO) cells
(Kukkonenet al. 2003), the viral capsids have already escaped &arly endosomes at 4
h p.t. Thus, the experiment was arranged carefidlysidering two important facts: the
virus will reach the nuclear membrane at the laa¢st h p.t. and WGA has a very short
operating time before breaking down. Additional lhage to the procedure was brought
by ensuring the cell survival as the cells expeser rough trial when subjected to
microinjection: They become shocked by a needlerawé to survive unsheltered in poor
conditions in RT for 30 min. Moreover, injectingtonthe cytoplasm of a hepatic cancer
cell with greatly enlargened nucleus and a verylisaygoplasmic area is challenging. In
the end, however, the experiment was successfultl@ndesults show the virus remains
outside the nucleus due to the blocked nuclearsp(ffey. 2). However, further studied
concerning the nuclear entry of baculovirus is eeetb reveal the actual elements that
operate in the transport machinery of the host ¢elhddition, revealing the baculoviral
proteins involved in nuclear entry is essentialoimler to develop a functional gene

transport system.
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6.3 Baculovirus Immediate Early Gene Transcription

Twenty five years ago in 1983, Volkman and Goldamproved that baculovirus is
incompetent to replicate in mammalian cells. Thigeeano reports of the exact course of
baculovirus gene transcription process in mammatdelfs, nor the machinery of it have
yet been published, although that should be ofrmdst interest in the field of baculovirus
gene therapy. Thus, another objective of this sttitgrefore, was to investigate whether
baculovirus transcribes its immediate early gemebklepG2 cells. For this experiment, a
long time series (6 - 48 h) of wt transductions wagormed and the levels @1 andie-2
MRNA were analyzed with quantitative RT-PCR analy#i recent study (Fujitat al.
2006) has revealed that appare ABMNPYV is able to transcribe some of its viral genes
(ie-0, ie-1, pe-38, gp64) in HeLa and BHK cells. The results of our studyHepG2 cells
further promoted baculovirus ability to exploit maralian host machinery in its viral gene
transcription: HepG2 cells showed transcriptiomath the early viral genes examinésl,

1 andie-2 respectively, already at 6 h p.t. and increasipgau48 h p.t. (Fig. 3). As the
viral capsids were seen in the nucleus of HepGZXs cgthrting at 4 h p.t. (see 5.1
Baculovirus Entry into the Nucleus), hence, theetipoint of baculovirus entry into the
nucleus well corresponds to the detected time puinhe beginning of transcription, that

is, the results support each other.

Laakkonen and colleagues (2007) have expanded tidy f ie-1 and ie-2 gene
transcription into human embryonic kidney cell 1{293) at 24 h p.t. and as a result, found
viral mRNA in transduced cells although the amounitst were much lower than in
HepG2 cells. Additionally, for the first time, thegddressed expression of viral IE-2
protein in human cells at 4 - 48 h p.t. In inseaslts; baculovirus is suggested to transcribe
its immediate early genes using the host RNA pohase Il (Friesen 1996). Accordingly,
Laakkonenet al. (2007) suggest that baculovirus transcription esscin human cells
resembles that of the insect cells, and the mashipebably includes the host RNA I
polymerase and associated transcription factorsvife proteins are not wanted by-
products in human gene therapy, it would be higtigresting to study how deletion of the

ie-2 gene would affect the vector properties - Coulgathaps in part attenuate the host
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defence against foreign elements (Hofmann & Strd@€8) occuring during baculovirus

transduction in human cells.

6.4 Localization of Baculovirus and Subnuclear 8uites

Another objective in this study was to monitor tbealization of baculovirus with respect
to specialized domains or subnuclear organelleshinvitthe nucleus: PML NBs

(promyelocytic leukemia nuclear bodies), nucleagcgtes and chromatin. Previously, the
initiation of transcription and the early replicati process of many viruses including
adenovirus (Carvalhet al. 1995; Doucagt al. 1996), herpesvirus (Everett 2001; Everett
& Murray 2005; Maulet al. 1996) and papovavirus (Guccioeeal. 2004) have been

shown localize in PML NBs, moreover, these viruses/e been shown to induce
alterations in the whole nuclear organization. ThBML NBs, nuclear speckles and
chromatin are interesting in now solving the pdsstbanscription site of baculoviruses in
mammalian hepatocytic cells, in addition to, obsey\the possible effects the transduction

might cause to the organization of the cell nucleus

PML NBs have a role in almost every function cglisrform i.e. gene regulation,
apoptosis, p53 function, DNA repair, chromatin dwynas, growth suppression,
proteolysis, protein modification, interferon reape and cell senescence (Borden 2002;
Everett 2006; Mauét al. 2000). The experiments of this study were perfarmsing two
different methods: antibodies designed againstlecsel protein and/or plasmids coding
for fluorescent protein products known to localimethis structure. The localization of a
virus with respect to any cellular structure is emeomplicated to detect using a plasmid
than an antibody due to the variations in the pidgransfection efficiency. Therefore, the

experiments were repeated various times to enkareetiability of the results.

In the results obtained in HepG2 cells at earlyetpoints of transduction, the viral capsids
(wt and vp39EGFP) localized in close proximity he tsp100EGFP-marker recognizing a
sp100 protein found in PML NBs (Fig. 4). Neverttsslein the subsequent experiments and
colocalization analysis by Laakkonen and colleag{Z07), no statistically significant
colocalization of viral capsids and PML proteinsswaund at 6 — 24 h p.t. An interesting

finding, however, was that during viral transduntidghe number of PML NBs per cell
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decreased and their size increased (Laakkasteal. 2007). Previously, Borden and
colleagues (1998) have shown the accumulation oE Pkbteins into cytoplasm due to
choriomengitis virus infection, which is contrarythe observed degradation of PML NBs
during HSV-1 infection (Everett & Maul 1994; Everé& Murray 2005). The increased
level of PML NBs during Epstein-Barr virus (Bowling Adamson 2006) and
cytomegalovirus (Kellyet al. 1995) have also been reported before. Moreover, t
increase in the size of PML NBs has previously biegred to cellular stress and virus-
induced interferon response (Buonangtial. 2005), however, no cellular stress signals
appeared during baculoviral transduction experisegported by Laakkonest al. (2007).
Furthermore, no cytopathic effects of baculovirusvén been observed in transduced
HepG2 cells (Hofmanmt al. 1995), nor in other mammalian cell lines studiediitro
(Duisit et al. 1999), even at very high virus titers (up to 5@30 / ml). Consequently,
Laakkonenet al. (2007) suggest that the alteration of PML NBs righ induced by the
virus to rearrange the structures better suitaderifus transcription or disassembly sites.
Nevertheless, the exact function of the PML NB# stimains uncertain in baculovirus
transduction. Perhaps more precise informationagutovirus location in the nucleus of
transduced cells could be obtained by examiningptheement of the viral genome more
carefully. Thus, in future experiments it might beeful to track the viral genome rather
than the capsid, since there is no data of how tbaggenome persists in the capsid during
the transduction.

Nuclear speckles are dynamic structures contaifaiogprs which are recruited from them
to sites of transcription (Spector 2001) and armggsested to be involved in pre-mRNA
processing (Borden 2002; Spector 2001). Studyirgriteraction between baculovirus and
nuclear speckles, the HepG2 cells were transfewidd an expression plasmid PABP2-
EGFP coding for a poly(A) binding protein 2, a campnt of nuclear speckle. The
resulting confocal images revealed no specific @ason between the plasmid and the
virus (wt) (Fig. 5A). The position of nuclear splekwith respect to viral capsids was also
studied in another set of experiments utilizing wclear speckle marker sc-35 and a
recombinant virus vp39EGFP. Still, supporting thevious results, no specific association

between the virus and nuclear speckle structude- &4 h p.t. could be detected (Fig. 5B).
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Another object of examination was the possible ioipaf ACMNPV transduction on the
morphology of chromatin of HepG2 cells. Previousdgs of the morphogenetic nuclear
events late iMcMNPV infection (about 22 - 24 h p.i.) &9 cells have shown baculovirus
induced changes in the intranuclear ring zone {&#blal. 1973; Volkmanet al. 1976).
The lack of continuity with the nuclear membranad ghe patches and vesicles that
develop within the ring zone seem to be conneatdohatulovirus infection switchover to
occluded virus production (OV), where the nuclesidp become enveloped to form
preoccluded virions (POV). Additionally, the anasy®f Williams and Faulkner (1997)
shows strong evidence to support nuclear membmare@vement in the process of POV
morphogenesis. Further, nuclear membrane disirttegrihat grossly resembles the events
of GV morphogenesis has been suggested to be cduysethosphorylation of nuclear
lamins by a cell-cycle-dependent nuclear-membrasso@ated kinase (Desset al.
1988). Still, the NPV and GV replication inducedanges in the nuclear membrane have
not been determined in detail. In this study, wented to extend the research to the
morphology of mammalian host cell chromatin and pussible baculovirus induced
changes in this structure. In the infection of aiskost cells, baculovirus early proteins
cause nuclear expansion and scattering of chronf@iReilly et al. 1994). Likewise,
peripheral displacement of host chromosomes has kegmorted to take place in human
cells due to infection with another DNA virus, hespsimplex virus-1 (HSV-1) (Moniet

al. 2000). As a part of HSV-1 replication process, tireis radically alters the nuclear
architecture: host chromatin first becomes margiedl and later dispersed. In our
experiments, the host chromatin structure in traced (Vp39EGFP) HepG2 cells was
detected using a synthetic cell-permeable DNA pfoB&AQ5™. The confocal images of
untransduced control cells showed the condensedchosmatin neatly lining the nuclear
envelope and nucleoli, however, this pattern okpge was clearly broken when the cells
were transduced with vp39EGFP (Fig. 6). This figdiwas later authorisized by
Laakkonenet al. (2007), who demonstrated the remodeling patternpésforming a
guantitative analysis of chromatin content in theells. Additionally, they proved that

using high viral titers (up to 1000 pfu / ml) doest induce interferon responce.

Subsequently, it was interesting to examine if Wreis induced alterations in HepG2

nucleosome core complex of chromatin consistingHgAA, H2B, H3 and H4 protein
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components. In this experiment, human H2B-EYFP esgion plasmid was used to
monitor the virus localization with respect to Hangonent of the nucleosome core.
Supporting the previous results, the host chromiatitransduced cells no longer clearly
lined the nuclear lamina or nucleolus, but in stemds randomly dispersed around the
nucleus at 24 h p.t. (Fig. 7). Laakkonen and cglies (2007) have further analyzed the
virus-induced changes in the host chromatin by tiiyamg the relative deviation of

histone protein H2B distribution in untransduced &daculovirus transduced cells and the
results show the differences are statistically ificgmt in HepG2 cells. Consequently, this
data suggests that baculovirus does remodel thastriicture of the nucleus and thus,

certainly needs modification before further clinitéls.

6.5 Conclusions

1. Baculovirus accumulates into HepG2 cell nuclstesting at 4 h p.t. and increases

further up to 24 h p.t. The virus seems to entemilicleus via nuclear pores.

2. Baculoviral immediate early geniesl andie-2 are transcribed at 6 - 48 h p.t. in HepG2

cells.

3. Close association of baculovirus and promyelocldukemia nuclear bodies (PML
NBs), which are possible transcription sites of #ims, was detected at 8 - 24 h p.t.

Baculovirus does not localize near nuclear speckids- 48 h p.t.

4. Host chromatin structure of HepG2 cells seembaaemodeled due to baculovirus
transduction. Compared to untransduced contro$,ctile chromatin pattern in transduced

cells evidently changes at 24 - 48 h p.t.
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APPENDICES

APPENDIX 1

Antibodies

All antibodies were tested before use to obtain libst possible dilutions for confocal
microscopy studies. Testing was performed in ustlaned HepG2 cells, which were
grown to subconfluency and fixed according to theb@dy used (see 4.3 Transduction of

Mammalian Cells).

Primary Antibodies:

anti-GFP, rabbit IgG fraction (Molecular Prob@&Y, dilution 1:300
anti-vp39, mouse IgG fraction (Molecular ProB¥3, dilution 1:70
anti-sc-35 mouse IgG fraction (Abcam Ltd.), dilution 1:100

Secondary Antibodies:

Alexa Fluor 488 goat anti-rabbit (Molecular Probes"), dilution 1:200
Alexa Fluor 555 goat anti-mouséMolecular Probe$"), dilution 1:200
Alexa Fluor 633 goat anti-mouséMolecular Probe$"), dilution 1:200

Plasmids

PABP2-EGFP
(Calapezt al. 2006) from Dr. Carmo-Fonseca, Instituto de Medidiolecular,
Faculdade de Medicina da Universidade de Lisbahda, Portugal.

H2B-EYFP
(Weidemanret al. 2003) from J. Langowski, German Cancer ResearcheGeHeidelberg,
Germany

PEGFP-sp100
(Murataniet al. 2002) from Dr. G. Dellaire, The Hospital for Sickildren, Toronto,
Canada



Solutions and Reagents

BSA

Albumin bovine serum, Fraktion V
1g BSA/100 ml PBS (1%)
(Merck)

DABCO

1.4 Diazbicyclo [2.2.2]-octan 98%

25 mg/ml in Mowiol-DABCO embedding solution
(Sigma-Aldrich)

DAPI
4'-6-Diamidino-2-phenylindole
(ProLong® Gold, Molecular Probé¥)
Drags™

Red fluorescent cell-permeable DNA probe
(Biostatus Ltd.)

FBS
Foetal Bovine Serum, 10% heat inactivated
(PAA Laboratories GmbH)

HyQ®SFX-Insect medium
(HyClone Inc., Logan)

Immersol®, 518N
(Zeiss)

L-glutamine 100x
(GibcoBRL, Life Technologies)

MEM
Minimum Essential Medium, Eagle's Supplement, Ltayiine
(GibcoBRL, Life Technologies)

Added before use (in 500 ml MEM):
5ml L-glutamine

5 ml Penicillin-Streptomycin

5 ml Non-Essential Amino Acids

5 ml Na-pyryvate (100 mM)

50 ml inactivated FBS (10%)

Methanol
(Baker)

54



Mowiol
(EMD Biosciences Inc. Calbiochem)

NaN3
(Baker)

Na-pyryvate, 100 mM (sterile filtered)
11 g GHsNaG;

11 dHO

(Merck)

Non-Essential Amino Acids
(GibcoBRL, Life Technologies)

PBS 25x, pH 6.4
400 g NaCl

10 g KH,POy
72.4 g NagHPOy
10 g KClI

21 dHO

PFA
paraformaldehyde
HO(CH,O)nH
(Merck)

Penicillin (G sodium 10.000 U/ml) - Streptomycin
Sulfate in 0.85 % saline 10.0Q@/ml
(GibcoBRL, Life Technologies)

Permeabilization buffer (250 ml)
250pl Triton®-X 100

1.25 ml BSA

2.5 ml NaN (10 %)

dilute in 1XPBS

TRITC-De
Tetramethylrhodamine isothiocyanate-Dextran
(Molecular Probe®")

Triton ®-X 100
(Sigma)

WGA
wheat germ agglutinin
(Molecular Probe®")
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APPENDIX 2

Cellular Microbiologyin press

Baculovirus-mediated Immediate Early Gene Expressand Nuclear
Reorganization in Human Cells

J. Laakkonett, M. Kaikkonerf, P.H.A. Ronkaineh T.O. Ihalainehy E.A. Niskaneh M.
Hakkinen!, M. Salmined, M.S. Kuloma4, S. Yla-Herttualj K.J. Airenné and M.
Vihinen-Ranta

'NanoScience Center, Department of Biological andBnmental Science, University of
Jyvaskyla, Jyvaskyla, FinlanBAl Virtanen Institute, Department of Molecular Meitie,
University of Kuopio, Kuopio, Finland®Department of Health Sciences, University of
Jyvaskyla, Jyvaskyla, Finlandinstitute of Medical Technology, University of Tasmg,
Tampere, Finland

ABSTRACT

Baculovirus, Autographa californica multiple nucleopolyhedrovirusAEMNPV), has the
ability to transduce mammalian cell lines withoeplication. The general objective of this
study was to detect the transcription and exprassioviral immediate early genes in
human cells and to examine the interactions betwéeh components and subnuclear
structures. Viral capsids were seen in large, discfoci in nuclei of both dividing and
nondividing human cells. Concurrently, the transtion of viral immediate early
transregulator geneg(l, ie-2) and translation of IE-2 protein were detectedaqitiative
microscopy imaging and analysis showed that vimassduction altered the size of
promyelocytic leukaemia nuclear bodies, which aiggested to be involved in replication
and transcription of various viruses. Furthermakered distribution of the chromatin
marker Drag5™ and histone core protein (H2B) imdchuced cells indicated that the virus
was able to induce remodelling of the host celbaotatin. To conclude, this study shows
that the non-replicative insect virus, baculovirusd its proteins can induce multiple

changes in the cellular machinery of human cells.



