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Abstract

Flavivirusesare human pathogens that cause large epidemics and tens of thousands of deaths
annually in many parts of the worlthey havea significant public health impact in different parts
of the world.Organization of these viruses and their associated structutaimzdias provided
insight into the molecular transitions that occur during the viral life cgoteimmune evasion
Many studies identify flaviviral RNA polymerase N&$potential therapeutic targdn this study
the interaction betweethe viral NS5 potein of TBEV and WNV with the high temperature
requirement protein A2 (HtraA2/Omi) have been asseskkda cells were cultured and
transfected with plasmids (pKH&/NS5HA, pKH3-TNS5HA, pEYFRC1-DENVNSS5, pEYFP
CL-WNVNSS5, pEYFRC1-TBEVNS5, pcDNAHtrA2 — FLAG, pcDNA-HtrA2 A133-GFP and
pcDNA-OMP25HA). Followed by ce immunoprecipitation and ImmunoblottingltrA2/Omi
was found to be toxic toells The study suggested that twelveurs post transfection was not
good enough for communoprecipitationTherewas weak nteraction between viral NS5 and
HtrA2 in some membranesvhile other membranes theneere no bandsbservedinconclusive
and open resultsve hadcould be due to many factorsuch aspull down effecs (buffers),

antibodiesandlimited time wehad.

Key words; Apoptosis, Culex, Flaviviruses, HtrA2/Omi, NS5, OMP25, Tilmkne Encephalitis,
TBEV, Viruses, West Nile Virus,

1. Introduction

Proteinprotein interactios areessential events that play an important role irri@sef biological
processesRecent studies identifiyovel interactions between tiNS5 of West Nile virus(\WNV)

and tick borne encephalitend two mitochondrial proteins; the high temperature requirement
protein A2 (HtraA2/Omi) and the outer membrane protein 25 (OMPH5)Both Tick-borne
encephalitis viru¢TBEV) and WesiNile virusarearthropodborne flaviviruses that have a major
impact on global healtfor exampleclimate changdack of medical surveillancetc.havegreatly

contributed to the increase in flaviviral infections worldwide



1.2 Flaviviruses
Flavivirusesbelong tathe family flaviviridae. Depending on the vector used for virus transmission

flaviviruses are divided into thregoups:

- Tick-borne (e.gtick-b or ne encephalitis virus “TBEV”")
- Mosquiteborne (e.g. Yellow fever virus, Japanese encephalitis virus, Dengue viruses and
West Nile virus)
- Not known Vector FlavivirusefNKV) (e.g.Chimeric yellow fever virus 17D (YFAL7D)
and dengue virus type 2 (DE/2) [2].

This studyfocused mainly on tickorne encephalitis virus (TBEV) and West Nile virus
(WNV).

1.3 Tick-borne encephalitis virus (TBEV)

Tick-borne enephalitis (TBE)is acentral nervousystem viral infection caed by TBEV. TBE

is endemic irSouthEastern Sweden as well as in the Baltic regions, Central Europe and Russia
[3,4]. The virus is transmitted bixodes tickswith high incidences of cases between the months
of April and November due to high tick activitj4,5]. An abundance of ticks containing a
sufficient dose of infectious TBEV is a major factor contributinghe incidence of the disease.
Studies on infected individuals showed thabre than70 % patients are asymptomatic or
experiencesubclinical symptoms@]. The remaining percentage of patients experience febrile
illness that might progress to encephalitis with mortality rate reachitgghsas 2630% [7].
Usually those who progress to encephalitis are accompanied by symptoms sudtessfeve
nauseaand vomiting, neck stiffness, headachechanges in mental state; such as confusion,
drowsiness, or disorientation, seizures (fits) sensitivity to bright light (photophobia) and inability
to speak. However, it has been reported that TBE can be successtutiynted by vaccind].

1.4 West Nile virus (WNV)

WNV whichis vectored by ulexmosquitocycles between mosquitos and bif8ls Some infected

birds, can develop higlevels of the virus in theiblood stream and mosquitbecome infected
by biting thee infected birdsNew birds then get infected through subsequent infected mosquito

bites, and thus thspread.Mosquitoswith WNV also bite and infect people, horses and other



mammals. However, humans, horses and other magameatiead end hosts, which melaay do
not dewelop high levels of viruses itheir blood strea [9]. With incubation period of 2 to 14
d a y sajorityrof humans infected with WNV usually have no or very mild symptfiog
Approximately only 20% of infeed patients develop a febriltness with malaise, myalgia
headache and lymphadenopathy][10urrently there isneither specific antiviral therapyor
licensedvaccinefor treatment ohumans.

1.5 Structure and Replication of Flaviviruses

Flaviviruseshave a positive sense single stranded RNA genesi®NA () genome) of 141 kb
whi ch i s ¢ ap p[&]ldThey havetthree strbcturaleanddseven none structural (NS)
proteins lined inhefollowing order, CprM-E-NS1-NS2A-NS2B-NS3NS4A-NS4B-NS5(fig. 1)

that are required for replication in the host cg&lL]l]. The NS is about 900 Amino acids long.
comprises the RNA cap methyltransferase (Mtase) domain at -tsrnNnus and an
RNAZlependent RNA polymerase domain (RdRp) at keer@inal end 12]. Both of these
enzymatic ativities (Mtase and RdRp) formttractive targes for antiviral development [1,13
Flaviviruses replication occurs at replication complexes (RCs) present within induced
invaginations at the endoplasmic reticulum (ER) membifaned in thecytoplasn{11]. However,

not all flavivirusesRdRps localize to the cytoplasnfror example, irdengueand yellow fever
viruses the NS5 protein is primarily localized within the nuclduykl]. The rationalization for a
dengue and yellow fevdRdRp localizing to the nucleus when its actual enzymatic functions in

the virus life cycle are required in the cytoplasm is currently unkrjtjvn
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Figure 1.Theflaviviral genome with 1 open reading frame (ORF) that translates into a polyprotein, which is c

into 3 structural and 7 nonstructural proteifiaken from: BidekK, 2014 [ 13)

1.6 Apoptosis

Apoptosis is a programmed cell death that occurs in multicellular organisms. Inhibitors of
apoptosis (IAP) arageneration of proteins that are involved in cell cycle, immunity, inflananati
death and cell migration [L4APs were first discovered in 29 in baculoviruses as proteins were

able to protecinsect cells from apoptosis [14]15

I- High temperature reguirement protein A2 (HtrA2/0Omi)

The high temperature requirement protein A2 also known as Omi (HtrA2/Oanihitochondrial
serine proteasthat is released into the cytosol during apoptosis to antagonize/18P3When
released to the cytosol HtrAQmi contributesto caspase aniihally cause cell deatfiL7]. The
unprocessed form oH{rA2/Omi) is dtached to the inner mitochondrial membeahrough N
terminal of transmembrane domain while the more processed form HtrA2 is found in the cell
nucleus [1§. A study was done where by overexpression tAR/Omi wasfound tosensitize

cell apoptosis while the removal of endogenous HtrA2/Omi pretigom cultured cells by RNA
interferenceshowed reduced cell deafti4,16. However, apart frominducing apoptosis or
apoptoticlike features the protease activity of the HtrA2/Omi is requimd nfitochondrial

homeostasis [18].

2. Aim

Many studies have pinpointed NS5 as a key protein involved during viral RNA translation,
replication and pathogenesis. However, the physical interaction and the molecular biology of NS5
areyet to be clearly understooth this study the interaction betwe¢he viral NS5 protein of
TBEV and WNV with the high temperature requirement protein A2 (HtraA2/Omi) have been

assessed.



3. Material and methods

3.1 Plasmids

During the studyeriod the folloving plasmids were used pKHB&/NS5, pKH3TNS5 pEYFP
C1-DENVNS5, pEYFPC1-WNVNS5, (EYFP-C1-TBEV NS5, pcDNAHtrA2, pcDNA-HtrA2

A133 andpcDNA-OMP25.The plasmids weréagged eitheg triplicate sequence of influenza
hemagglutinin (HA), the FLAG peptide fusion consisting of eight amino acids, an enhanced
yellow-green variant of the Aequoré&ctoria greenfluorescent proteifGFP) or just GFP. A

schematic figure of each plasmid used in the study are shown in Figure 2.

3x HA WNV-NS5
pKHA pPKHA3
3x HA TBEV-NSS5
WNV-NS5
pEYFP.C1 SEVER.CY
HtrA2 FLAG
pcDNA3 E : pcDNAB
HtrA2A133 EGEP

pcDNAB.I - pcDNA3.1

Fig. 2; Schematic remsentatiorof the plasmids involved in trsudy

3.2 cell culture

Henrietta Lacks, (HeLa cells) were cultured in 25dlasks Garstedt, NumbrechtCells were
maintained in DMEM Gibco, Life Technologi¢ssupplemented with 10% fetal bovine serum
(Gibco, Life Technologies) and 3% antibiotics [Penicillin (0.1U/mBtreptomycin (100ng/mi)
PEST,Gibco, Life Technologi¢sThe cultures were kept at 3C and 3% CO, environmeniand

cells were maintained dung the study period byassingevery72 hours.



3.3 Transfection

A six and twelvewell cultureplates Sarstedt, NUmbrechtvere used for transfectio8ince the
mitochondrial proteins are toxid 4,19 the first transfection was dento identify the optimal
concentratiorof OMP25 and HtrA2ncoding plasmidgFig. 3. Hela (1 x 16 ¢S/ well) were

seeded in a 12 weltulture plate cataining 2nm of growth mediumDMEM (Gibco, Life

Technologieks supplemented with 10% fetal bovine seru@ibo, Life Technologig¢sand 3%

antibiotics [Penicillin (0.1U/ml) + Streptomycin (100ng/mREST,(Gibco, Life Technologi¢s

followed by overnight incubatioat37°C and 5% C®@environmentThe following day cells were
transfected followelly 72Hs,incubation at 37C and 5% C@ X-tremeGENE9 DNAransfection

reageni{Roche diagnosti¢svas used foall transfections.

Table 1. The first Transfection plan. Abbreviations: (W@t transfected SFDMEM (serumfree medium)

Plasmid Plasmid Vol. X-treme Gene 9
(50nz/|-tl)

100l

pcDNA OMP25- 2pul ospul 2l
HA

3 pPCDNA-OMP25- aul o3l 2ul
HA

4 PcDNA-OMP25- 6l 91l 21l
HA

= PcDNA-OMP25- 8pul 89ul 21l
HA

6 pcDNA-OMP25- 10pl s87ul 2pul
HA

7 NT + X treme 100pul 2pul
Gene 9

8 pPcDNA-HtrA2 2l ospul 2l
A133 -GFP

=] pPcDNA-HtrA2 4pl 93 ul 2l
A133 -GFP

10 pcDNA-HtrA2 6l o1l 21l
A133 -GFP

11 pPcDNA-HtrA2 8l 39ul 2pl
A133 -GFP

12 pPcDNA-HtrA2 10l 871l 2l
A133 -GFP

Trypan blue exclusion tests were performed todebs viability[19]. Transfection reagent used
was XtremeGENE9 DNATransfection reagenRpche diagnostigs Secondtransfection was

done as descrilggreviously buthis timea six wellculture platevasused. ltwas doneusing the



optimal concentrationf pcDNA-HtrA2 was identifiedfig. 3). Cells were harvested B448h and

72hpost transfection.

Table 2. The second Transfectioaml Abbreviations: Not transfected,-BIMEM (serumfree medium)

Wllno. | lasmid 1 2ou) | Plasmid2 )
1 NT

100ul

2 PKH3-WNS5-HA PCDNA-HtrA2 A133 - 3ul 72ul
GFP

3 pKH3-TNS5-HA PCDNA-HtrA2 A133 - 3ul 72ul
GFP

4 PEYFP-C1-DENVNS5 ~ pcDNA-HtrA2 - FLAG  3ul 72ul

5 PEYFP-C1- WNVNS5  pcDNA-HtrA2 - FLAG  3ul 72ul

6 PEYFP-C1-TBEVNS5  pcDNA-HtrA2 - FLAG  3ul 72ul

Cell harvestingvas done in cold environmer@ulture platesand cell lysates were kept anice
box duringwhole period otell lysis andcharvestind20]. Cold PBS (137mM NaCl, 2.7 mM KClI,
4.3 MM NaHPQy, 1.47 mM KH POy, pH 7.4) was usefbr washing. RIPA buffer (5M NaCl,
0.5M EDTA, pH 8.0, M Tris, pH 8.0, NP40 [IGEPAL CA-630],10%sodium deoxycholate,10%
SDS, dHO) was prepared arslipplemented witprotease inhibitorRoche diagnosti¢s40Qul
of RIPA supplemented withocktail of protease inhibitowasadded to eactvell and incubated
on a shaker table for 15minutes. Lysates were transfernmicto cenrifuge tubes followed by
centrifugation at 4°C for 20 minutes at maximum speed. Precipifstsf werediscarded75ul
of clear lysates weremixed with 25ul of Lameli buffer (% SDS, 20% glycerol, 10%- 2
mercaptoethanol,.004%bromophenoblue and 0.12/ Tris HCI, pH approx. 6.8)The mixtures
were heated at 92 for 5minand then stored aR0°C until usedfor westernbloating. The
remaininglysates wer@lso at stored for immunoprecipitation-20°C.

3.4. Western Bloating

During thestudy period western bltgchnique was performed sevadrales for different purpses

after different procedures. As per following reasdresfirst blot was done in order tconfirm

protein expression in the lysates white second blot was done afstmeptavidin pull dowrand



the third blot was done aftep-immunoprecipitation (CdoP). Equal amounts of protein (R0g )
were loaded ito the wells of a mini (8cm xd8n) format SDSFPAGE (10% BisTris Plus Gels
[Life Technologid$, alongwith molecular weight markerSheelectrophoresis voltage used was
100V DC for 84minutes. Dry blotting system iBlot 2ife Technologieswas used foprotein
transfer to membrane for 12 minutes. 5% ntatalry milk- TBST solution was useai blocking
membrane for at lea80 minutes. Therimaryantibodies used were Mouse ARtA, Rabbit Anti
GFP @bcan) and mousergi-Flag (Sigma Adrich). Secondary antiltbes used were antiguse
lgG-HRP whole Ab and antiabbit IgG-HRP whole Ab(GE Health carg 1.5ml super signal
western ot enhancer I(ife Technologieswas usedper membraneOdyssey ® CLx Imaging
System [I-COR Biosciencgswith Image St udi o™ s of t wapiceiresvaads

membrane analysis.

3.5. Immunoprecipitation
(A) Streptavidin Pull down

Dynabeads M280 dreptavidin (ife technologieswas used too-purify proteirs using biolinylated
antibody. Thédynabeads were washed using wash buffer (M0Tris-HCI (pH 7.5) 1 mM EDTA
2M NaCl). Tubes containing dynabeads amgia amount of wash buffavere mixed,placed
briefly on a magneand the supernatant were discardeispurification method was repeated
five times. Dynabeads were then added into the cell lysates supplemented wittAABIDtiN,
High Affinity (3F10) (Sigma Aldrich)followed by overnigt incubation on rotator at 4°C.
Following overnight incubation western blafas runas described previouslipwever this time
was loadedvith equal amounts of protei8uy gnto 15 wells of mini (8cm x 8cm) SDBAGE
Mouseanti-GFP Santa Crugwasused for detection. Secondamti bodyused was @i mouse
IgG-HRP whole Ab GE Health carg

(B) Co-immunoprecipitation (CoP)

12h and 24h post transfection lysates were used. Primary antibody used was mdt#&erabtit
anttGFP @bcan) and mouse afELAG (Sigma Aldrich. Plasmids were immunoprecipatated
using antHA, ant-GFP and antFlag Sigma Aldrich.

us edc
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Table3 —Tagged protein immunoprggtationplan

24 howrs (sates)
NT

PUC NT

pKH3-WNS5-HA Anti HA/GFP pKH3-WNS5-HA Anti GFP/HA
pcDNA-HtrA2 A133 -GFP pcDNA-HtrA2 A133 -GFP

pKH3-TNS5-HA Anti HA / GFP pKH3-TNS5-HA Anti GFP/HA
pcDNA-HtrA2 A133 -GFP pcDNA-HtrA2 A133 -GFP
pEYFP-C1-DENVNS5 Anti GFP/FLAG pEYFP-C1-DENVNS5 Anti FLAG/GFP
pcDNA-HtrA2 - FLAG pcDNA-HtrA2 — FLAG

PEYFP-C1- WNVNS5 Anti GFP/FLAG PEYFP-C1- WNVNS5 Anti FLAG/GFP
pcDNA-HtrA2 - FLAG pcDNA-HtrA2 - FLAG

pEYFP-C1-TBEV NS5 Anti GFP/FLAG pEYFP-C1-TBEV NS5 Anti FLAG/GFP
pcDNA-HtrA2 - FLAG pcDNA-HtrA2 - FLAG

40ul ProteinA/G-agarose beadS$éanta Cruz Bioteghper sample were prepared lbgntrifuging
for 1 minat 12,000 x g and washed twice with LRIPA buffer at 4°C. Washed protein A/G
agarose beadwere then added to the overnight incubated sasTable 3) followed by 2h
incubation at 4°C. Afteincubation he beads were span down and wasfied timeswith 1ml
RIPA buffer45ul of 1 x lameli buffer (% SDS, 20% glycerol, 10%niercaptoethanol,.004%
bromophenoblue and 0.128 Tris HCI, pH approx. 6.8) were added into the sasiblen heated
at 96°C for 5minutes and spanngolwn readyfor immunoblotting. Westen blot was done as
described previousllyy loadingequalamount of samples g0from immunoprecipitation into the
15 wells of mini(8cm x 8 cm) format SDEAGE Sampéks imnunoprecipatated with arHA
and anttGFP were detected with mouse al\ and rabbit ati-GFP @Abcan) respectivelyWhile
samples immunoprecipatated witmtaFLAG were detected with mousti-FLAG and vice
versa Secondary antibodies used were arduse IgGHRP whole Ab and AntRabbitlgG- HRP
whole Ab GE Health carg
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4. Results

OMP25(100ng/[ ) OMP25 (200ng/| )l OMP25 (300 ng/d | )

control Control

OMP25 (400 ng/d | ) OMP25 (500 g/l | ) ERA2(100ng/ )

HtRA2 (300 ng/id | )

Figure 3. is drypan blue stainingof;, 1) OMP25 negative control ( 2a8nsTireacntsefde cwietdh whiptlh o2f|
6l of OMP25 (5) Transfected with 8pl of OMP25 (6) Trawstéaécied w
Transfected with 4pl of Hit r HARa A2 0) 1 Ty ansaerstfedt evd t Wi t6lpl 8 0l 020 x

magnification.
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Fig 4. Expression of various NS5 clones in HeLa cells. C
were harvested 24, 48, and 72 hrs. fiestsfection anc
detected using mouse monoclonal &fi(upper) and
rabbitpolyclonal antiGFP antibodies (lower).
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Fig 5. Ceexpression of HA and GFfagged various NS5 clones witt
Flag or GFP tagged Ht&133 in HeLa cells. Cells were harvested 2
48, and 74rs. postiransfection and detected with rabbit aB&P
antibody
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Fig 6. Coeexpression of various NS5 clones with FLA&yged HtrA2 construct in HelLa cells. Cells were

harvested 24, 48, and 72 hrs. pwahsfection and detected with mouse -#ttAG antibody.
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It is well k nHerwietta tatka t t sy ada ethdvéE mi t o2 hebimthigsiudy theyhwere thansfecdesle s H-
with optimal concertation of HtrA When cells die thegpill their cantents all over their neighbors [26], a procesdcl ed “ Apopt o
I nitiates”. This st udA2spllaggtgeeghbasringcells resalytemole @all deatlo witle timie. tSame effects

have been observed following western blot analysis of various NS5 clones on fig. 5 and fig. GsAmafig5 and fig.6 suggests
strong NS5 bands on 24h post transfection but they were fading with time and none at 72h. Since bands intensity dBcreases as
increases it can there be hypothesized that 12hr post transfection might have more pretssioexjpan 24h<48h<72h. Based on this

hypothesis it was decided to work with cells from 12h and 24h post transfectiorifomcmoprecipitation.

@ (289
an 2ud) (1%
(a) + HtrA2-Flag + HtrA2-Flag + HtrAA133-GFP + HtrAA133-GFP (b)
r A r 1 L L] r 1
& L& & & o L L o o & o > L & L & o
SSEFTEFFTESFTZ F & SASFSsFsF
120 -
120 | - -NS5-GFP 100 mm
] 80-
80 -
& 60 -
LT AL
40 40 -
30 4 30- -
.
20. L JL I 1 JL J 20- L L J L J J
24 h 12h 24h 12h ' 12h 24h 12h 24h
IP with a-FLAG IP with a-GFP IP with a-HA IP with a-GFP

Fig.7. Western bloat analysis of-samunoprecipitation complexes of various NS5 with HtrAA-1%%) YFP tagged plasmids were-t@nsfected with HtrA2
Flag. They were cimmunoprecipatated with arfilag (A-2"%) YFP tagged plasmids were-tmnsfected with HtrAZlag. They were cémmunoprecipatated
with antiGFP. (B-1%) HA tagged plasmids were ¢can s f e ct e d wi 4GFRP. Fheyrwargé codmiur®precipatated with artiA. (B-2"%) HA tagged
plasmidswerect r ansf ect ed -GRPttagged Theymere-dmin3nBprecipatated with arGFP.
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Fig 7. Above bothmembanes were detected with rabbit a@fP.On the left side of membrane fig.(#3) there was no NS¥FP
bands detected while the right side of membrane fig. 2 Marious NS-YFP bands exgssed on 24h arfdinting bandson the 12h.
Same results observed on fig. 2{Band 7 (B"%) were by the left side (B) there wasio HtrA2 bandsdetected while the right side of
membrane (BY) Ht r A 2 -GEPLbarRls were express@tiese observations suggesteatthere was no intaction between viral
NS5 and HtrA2.

= () = @)
(a) + HtrA2-Flag + HtrA2-Flag + HtrAA133-GFP + HtrAA133-GFP (b)
o o & o D 6 & o
SEEEE NI
195 I
60 -
50 -
40 | HtrA2-Flag “
304
& ' i 12h i 12h 20 4 rr s o1l 3 a7
IP with a-FLAG IP with a-GFP 1P with a-HA 1P with a-GFP

Fig 8. Western bloat analysis of-samunoprecipitatiorcomplexes of various NS5 with HtrARA-1%) YFP tagged plasmids were-tmnsfected with HtrA2

Flag. They were cémmunoprecipatated with arfilag (A-2"%) YFP tagged plasmids were-dnansfected with HtrAzFlag. They were céimmunoprecipatated
with anti- GFP. (B-1%) HA tagged plasmids were ¢or ansf ect e d ABFR Theytvere éoPmudoprécipatated with arA (B-2"%) HA tagged

plasmidswereco r ansf ect ed wi t h Ht r-fimkhunipieBitat&rvith.an@R.ey wer e co
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Similar observiions on fig.8. (AStand A" which the membrane was detected with mouseFdat. The left side of membrane fig.8.
(A'Y) HtrA2-Flag bands were detected while the right side of membrane fig#8) @ bands were detected. These observations also
suggested that no interaction exists between viral NS5 and HH&®ever,onfig.8. (B') and (B") whichthemembrane was detected

with mouse antHA; strong NS5HA bands were etectedon the leftside of the membrane fig.8. {® and weak NS8A bands were
detected on theght side of membrane fig.8 tB) on the 24 but none on the 12h.These observations suggested that weak interaction
exist between val NS5andHt r A2. A133

1 1
o (o) e (2=
(a) + HtrA2-Flag + HtrA2-Flag + HtrAA133-GFP + HtrAA133-GFP (b)
1 ’ > u: ":’ & D 1
& e F8feafeés

NS5-GFP

HtrAA133-GFP

20
00
80
60
50
40
30

IP with a-FLAG 1P with a-GFP

Fig 9. Western bloat analysis of-znmunoprecipitation complexes of various NS5 with HtrA®-1%) YFP tagged plasmids were d4mnsfected with HtrA2
Flag. They were cammunoprecipatated with anfflag (A-2"%) YFP tagged plasmids were-tmnsfected with HtrAZFlag. They were immunoprecipatated with
anti- GFP(B 1*) HA tagged plasmids were ¢mansfectd wi t h -GFP.Theg werk ta®rBunoprecipatated with antHA. (B 2"%) HA tagged
plasmidswereco r ansf ect ed wWIFP.Ahey weld tmméndpredidatatd8d with ZBEP.
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Fig.9both membranes werestkcted with rabbit antsFP. The left side of membrane fig.9.
(A™®) there was no NSBFP bands detected while the right side of membrad®&)(®arious
NS5-YFP bands expressed on both 24h and 12h. The left side of membrane fit) o(B
HtrA2 detectedvhile the right side fig.9. BYHt r A 2 -GEPb&n8s were detected. These

observationslso suggestetthatthere was no interaction between viral NS5 and HtrA2.

Discussion

Since HtrA2/Omiand OMP25 are involved in cellular apopto$i$,16,21], we first
determine the optimal intracellular concentratadrihe two protein in cell transfection. We
found out that HtrA2 concentration of mottean 200ngwere toxic for the cells as cells
confluence decreased by more than 50% and cells appeared to have tefismegiated
membraneCell toxicity appeared timcrease a dose dependent manner of Plad OMP25
concentration. This feature makdégem interesting as other studies have shown that the
mitochondrion serine protease could be usedthsrapeutic target [22Kieper Netal also
found thatunderphysiological conditions, Omi/HtrA2 to be involved in protection against
cellular stress,ndicating that lossof Omi mitochondrial protease activity causes the
neuromuscular disordef2324]. Many studieshat have been conducted whaippors our
observations [16,17Hegde Ret alprovided evidence and mechanisms on how maduone

is released together with mature Smac from the mitochondria into the cytimisbl cause
apoptosis [25]. dder certain circumstancesnitochondrial serine proteasélt(A2/Omi)
seems beneficial while too much of it turns to be toxicttier cells.Combining literature
review andour study indingssuggestethat HtrA2/Omihave dual roles in mammalian cells
not only acting as an apoptos$iglucing protein butalso maintaining mitochondrial
homeostasisBasedon our observatior250ng was settled as an optimaloncertation for
HtraA2 for co-transfection studies in HelLa celldS5 itself is also toxic for the cells as
expression varioutNS5 clones that weranalyzed 2K,48h and 72h post transfection
indicated the level on NSbvere decreasingvith time. Thesefindings reinforce our
demonstration ohltrA2 cells toxicity but &this point it is difficult to conclude whether the
cellular toxicity we observed in our study is due to NS5 or HtrA2 but rather could be a

combination effectHegdeR et al hypothesize that matut@mi is released together with
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mature Smac from the mitochondria into the cytosol upon disruption of the outer
mitochondrial membrane during apoptodidature Omi carthen induce apoptosis in a
caspaseéndependent manner thrghits protease activity and in a caspdspendent manner

via its ability todisrupt caspas®AP interaction[25]. Our hypothesis is that mature Omi is
released from the mitochondria into the cytosol interact with NS5 during apofiosis the

cells wee dying in an increased time dependent manner, we also investigated the level of
various NS5 clones, as well HirA2 12 hrs piwahsfection. But as expected, neither NS5 nor
HtrA2 were detected due to low level of their preseidet K etal pointedthat flaviviruses
heavily rely on hascell for replication [1,13, 27}which then requires that there must be an
interaction between flaviviruses RNAs and/or proteins with host proteins that facilitate
replication.NS5 is a multifunctional protein invadd in viral replication, translation and
pathogenesis (apoptosis). The major aim of this study was to investigate the role of NS5 in
viral pathogenesis by investigating its interaction with the host factor HtrA2. Our results
using co-immunoprecipitation ah immunoblotting on analysis were not conclusive as we
are unable to show the interaction between the two protéavsever, a weak interaction of

NS5 with mutant HtrA2 lacking the tram@mbrane domain was observech4 post
transfection. This might suggithat the anchoring region (transmembrane domain) of HtrA2

IS not necessary for an interaction with NS5. It is only the mature form of HtrA2 (lacking the
transmembrane domain) that is translocated to the cytosol where it interacts with host factors
involved in apoptosis. Based on this facts, our results of interaction with the truncated variant
of HtrA2 is in line with previous reportinconclusive and open results we had could be due

to many factors and limitatiorsuch as protein concentration, antiipasncentration and

pull downconditions (the buffers)Also the choice ofintibodies thatecaynizethe protein
complexesave major role in immunoprecipitation and western blot analysis. It is important
to identify and use antibodies that recognize priggelded protein for immunoprecipitation
whereas for Western blot analysis antibodies that recognize denatured form of the protein is
necessaryDue to the limitation of time for this project, we were unable to do further analysis.
The study should be peated by testing different kinds of antibodies as well as different

conditions for immunoprecipitation, such time, buffers and prateins
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Also because above limitation we did not include OPM25 which is another mitochondrial

protein involved in apoptosis mur analysis.

Conclusions

Basedon our findings anditerature reviews it has been observed ti@f2 has did roles.

Not only it maintaingnitochondrial homeostasisut also is involvedn apoptosis. Bsults

from this work havealso found out that 12Ipost transfection igoo early for ce
immunoprecipitationStudies orwhether the viral NS5 interact with AR results were open

and inconclusive dut limited time we had. Further studies are needed in order to draw a
reliable conclusion. This studpdused only on NS5 it is possible that other none structural

proteins might be involved in this process.
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