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Transcriptional regulation in
Ebola Virus

The role of VP30




Ebola virus

Imternational Rusiness Times,Hanna Sender
FRANCE
1 SUSPECTED CASE
UNITED STATES SPAIN H
1 CASE, 1 DEATH v 1 CASE, 1 DEATH '
SUSPECTED CASES IN OELAHDMA,

Source: WHO
HAWAII AND NEW YORK 7 SUSPECTED CASES

SENEGAL
1 CASE, 0 DEATHS
GUINEA
1,350 CASES, 778 DEATHS NIGERIA
SIERRA LEONE 20 CASES, 8 DEATHS
2,950 CASES, 930 DEATHS

LIBERIA
4,076 CASES, 2,316 DEATHS DR CONGO
73 CASES
BRAZIL 43 DEATHS

1 SUSPECTED CASE

I WIDESPREAD AND INTENSE TRANSMISSION WEST AFRICA EBOM
T VIRUS OUTBREAK

I UNRELATED OUTBREAK

B UNCONFIRMED OR SUSPECTED CASES As of Oct. 10, 2014

www.ibtimes.com/updated-ebola-outbreak-map-virus-spreads-out-africa-death-toll-tops-4000-1703162 (2018/01/26)

First symptoms 2 days after infection (fever, decreased liver- and kidney-function, bleeding...)
Death after 6 — 16 days (~ 50%)
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Ebola virus

Nucleoprotein (N - VP40 (M atriX)

e & Transcription ]
VIRION ; ,:—:.-...,,.._ ﬂfactnrva ‘ VP24 (Matrlx)

e —-g. , Glycoprotein (GP) &

- r\ _
Ly - i3
Sl b _

GP (Glycoprotein)

Ful:.rmerase' Gk A
cofactor VP35 5% SR\

NP (Nucleoprotein)

Polymerase (L)

L (Polymerase)

@ VP30
(Transcription factor)

www.ibtimes.com/updated-ebola-outbreak-map-virus-spreads-out-africa-death-

toll-tops-4000-1703162 (2017/10/05) (Polymerase cofactor)

nonsegmented, filamentous, encapsidated, (-) sSSRNA
Family: Filoviridae (Marburg virus, Lloviu virus, ...)

Matrix VP40




Ebola virus
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Question

1.) VP30-dependence of transcription
2.) Influence of NP hairpin

3.) Potential binding sequences of VP30?
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1.) VP30-dependence of transcription

>

NP (+) hairpin,
AG =-10.3 kcal/mol

OrOOErrO»CC”
OCOOCCCC»>

" max. reads 203
small RNAs 200 T
<200 nt ]
T S I
o 56: 24%
150k 57: 25% N i
ooly(A) RNAs - 58: 43% max| reads 268459

CGGACACACAAAAAGAAAGAAGAATTTTTAGGATCTTTTGTGTGCGAATAACTATGAGGAAGATTAATAATTTTCCTCTCATTGAAATTTATATCGGAATTTAAATTGAAATTGTTACTGTAATCACACCTGGTTTGTTTCAGAGCCACATCACAAAGATAGAGAR!

I [ | NP mRNA
leader stem |oop stem

CG

U A

§ § NP (-) hairpin,

_ A, AG =-6.8 kcal/mol

levels mRNA/leader transcripts ~9:1 ua

AU
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Question

1.) VP30-dependence of transcription
2.) Influence of NP hairpin

3.) Potential binding sequences of VP30?




2.) Influence of NP hairpin:

Minigenome infected human cells

Viral genome

N
\\\
N

, — , trailer
S
=z

WT leader WT leader
+ VP30 - VP30

leader

|
3’ i luciferase — 5’

poly-(A) RNA

small RNA [~ AV
(sequencing) _f\ /_/:/f:f‘ (sequencing)




2.) Influence of NP hairpin

W
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D VP35 GP VP30—VP24

trailer 5

WT Nhel (hairpin mutant)
. ] ® U,
iy A % | AG =-10.3 kcal/mol
UA A U-T70
sUJ A oJA
UaA oC A
S % 60-U A AG = - 3.7 kcal/mol
GC C G4
UuA 50 C G480 9(
GC I U A =k S !
3-GocU GEUUAUUIATAC GAGUAACUUUARA

AG = - 6.8 kcal/mol &AG = - 5.8 kcal/mol

Welik et al., J. Virol. 2005
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2.) Influence of NP hairpin:

Minigenome infected human cells

Viral genome

N
\\\
N

|
3’ 2 luciferase — 5’

~— trailer

/ / / /
© %
B - =z

WT leader WT leader Nhel leader Nhel leader
+ VP30 - VP30 + VP30 - VP30

small RNA [~ AV e poly-(A) RNA
(sequencing) _f\ /_/:/f:f‘ (sequencing)




2.) Influence of NP hairpin
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2.) Influence of NP hairpin
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2.) Influence of NP hairpin

qPCR
(mRNA, n24, 2 independent experiments)
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Question

1.) VP30-dependence of transcription
2.) Influence of NP hairpin

3.) Binding sequences of VP30




Immunoprecipitation
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3.) Binding sequences of VP30

- @ s @
cell lysis RNase :
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..GAGCAAGCATC..
.CATTGATTTCTG..
ATATGAATTTAA..
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3.) Binding sequences of VP30

(in vitro)

VP30 WT

@ S

3 /A

WT lead Q\J A\ S
cader Aeo 6S RNA U_V-V
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3.) Binding sequences of VP30

(in vitro) 480 k

400k a
300k I
200k —
100k

(+) |

0 O O O OO O e

+1 +79 +100 +112 +1524156

TACGCCAAGCT TGCAT GCCTG CAGGT CGACT CTAGA GGATC CTAATACGAC TCACT ATAGGT GATGT GGCTC TGAAA CAAAC CAGGT GTGAT TACAG TAACAATTTCAATTT AAATTC CGATATAAAT TTCAATGAGA GGAAA ATTAT TAATC TTCCT CATAG TTATT CGCACA CAAAA GATCC TAAAAATTCT TCTTT CTTTT TGTGT GTCCGGTCAC CGGAT GTGCTT TCCGG TCTGA TGAGT CCGTGAGGAC GAAAC CGGAC GAATT CACTG GCCGT
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3.) Binding sequences of VP30

(in vitro) 480 k

400k
300k 1
200k —
100k

(+) |

0 O O O OO O e

+1 +79 +100 +112 +1524156

TACGCCAAGCT TGCAT GCCTG CAGGT CGACT CTAGA GGATC CTAATACGAC TCACTATAGGT GATGT GGCTC TGAAA CAAAC CAGGT GTGAT TACAG TAACAATTTCAATTT AAATTC CGATA TAAAT TTCAA TGAGA GGAAA ATTAT TAATC TTCCT CATAG TTATT CGCACA CAAAA GATCC TAAAAATTCT TCTTT CTTTT TGTGT GTCCGGTCAC CGGAT GTGCTT TCCGG TCTGA TGAGT CCGTGAGGAC GAAAC CGGAC GAATT CACTG GCCGT
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3.) Binding sequences of VP30 (in vitro)
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3.) Binding sequences of VP30

(in vivo)

replication

()

VP30 DD mutant
phosphorylated

Biedenkopf et al.

VP30 AA mutant
dephosphorylated



3.) Binding sequences of VP30

(in vivo)

VP30 WT VP30 DD mutant VP30 AA mutant
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ey 3-) Potential binding sequences of VP30

host transcripts

@© control ) vP30 WT

shared features of genomic islands

10 20 30 @ %@'VP’&O DD @VP?)OAA
o=@
— | 1

U1 small nuclear RNA

heterochromatin protein 1 binding protein 3 (HP1BP3)

ltchy E3 ubiquitin protein ligase (ITCH)

SMG1 nonsense mediated mRMA decay associated PI3K related kinase
KIAA1468 (KIAAL14638)

Fanconia anemia complementation group L (FANCL)

tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein zeta
transducin like enhancer of split 1 (TLE1)

ankyrin repeat domain 134 (ANKRD13A)

SHC adaptor protein 1 (SHC1)

plexin B2 (PLXNB2)

transmembrane protein 94 (TMEM94)

dedicator of cytokinesis 4 (DOCK4)

La ribonucleoprotein domain family member 1 (LARP1)

protein kinase cAMP-dependent type | regulatory subunit alpha
collagen type XXVl alpha 1 (COL27AL)

uncharacterized LOC105369317 (LOC105369317)
trinucleotide repeat containing 6A (TNRCGA)

SURP and G-patch domain containing 2 (SUGP2)
cyclin-dependent kinase 12 (CDK12)

family with sequence similarity 208 member B (FAM208)

WD repeat domain 74 (WDR74)

RADS2 homolog DNA repair protein (RADS2)

ubiquitin protein ligase E3 component n-recognin 4 (UBR4)
DEAD/H-box helicase 11 (DDX11)

heterogeneous nuclear ribonucleoprotein M (HNRNPM)

U2 small nuclear RNA 1 (RNU2-1)

ncRNA, uncharacterized (LOC15379574)

solute carrier organic anion transporter family 5A1 (SLCO5A1)
ncRMNA, uncharacterized (LOC15379524)

VP30 1
VP30 2
AA 2
AA 1l
DD 1
DD 2

control 3
control 2
control 1



3.) Potential binding sequences of VP30

Motives (enriched pentamers) (in vivo)

VP30 AA mutant
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Conclusion: Transcription Model
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Results in brief

VP30:

1) Binds to loop region of leader and NP hairpin (in vitro)

2) Has hardly any effect on leader transcripts

3) Is essential for transcription of NP

4) Does hardly bind to viral RNA (in vivo)?

5) Might bind to host RNAs (anion transporter, uncharacterized
NCcRNA)




Results in brief

Nhel (hairpin mutant):
1) Reduces leader transcription in favor of NP transcription
2) Introduces leaky NP transcription in absence of VP30




Conclusion

VP30 effects transcription transition from leader to NP,

effect might mediated via host factors

== \Weakening the NP hairpin (Nhel mutant),
enhances transcription of NP
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RAW reads
FastQ

Work flow

Trimming (cutadapt) FastQC
Quiality of reads

Removed:
Low quality sequences
Poly-A
Remaining sequencing adapters

Barcode assignment

NNNXXXNN - experiments Read length

Mapping (segemehl)
In vitro: pUC19, E. coli genome, >

Aquifex aeolicus 6SRNA
In vivo: Minigenome & Human transcript

Read separation
In vitro: pUC19 mapped only
In vivo: Minigenome mapped only
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2.) Influence of NP hairpin
3 %
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3.) Binding sequences of VP30

(1) UV crosslinking / cell lysis (2) limited RNase treatment (3) immunoprecipitation (4) dephosphorylation
RNase RNase Phosphatase
5' RBP 3 5 P 3 5 3
RNase RNase
5+ k monoclonal  Protein A
<:> antibody Sepharose
(5) 3’ RNA-linker ligation (6) radioactive 5’ end labeling | (7) protein gel / transfer | (8) proteinase treatment: RNA elution
RNA ligase Kinase
¥ RNA- R .
protein 5" TP puTO 3
oy puro 3' | 5 *P puro 3' -
free
RNA membrane
(9) reverse transcription (10) denaturing gel electrophoresis / purification of cDNA
¢ 32p  €RNA 300-
5 -ﬂ [?UI'O 3 cDNA 200-
¥ 150-
\_‘_I 100-
75
RT-primer 50.
circularization, oligo annealing, linearization igh-throughput sequencing
11) circularizati li li li izati 12) PCR 13) High-th hput i
oligo e
anneallng restriction & I
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