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Applied Mathematics from Genome to Environment

4 Teams ===l StatInfOmics dedicated to Statistics and Bioinformatic of Omics data

« Comparative genomic with evolution analysis
<+ Meta-Omics

< Transcriptomics

+ Methods in statistics and algorithmic

¢ Structural bioinformatics /
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15t Research axis: functional metagenomics using 3D-Omics

TENG
Relevance
- Biological property ~ Scan microbiota

- Therapeutical interest Hits identification

- Structural challenge Validation

Biomarker
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15t Research axis: functional metagenomics using 3D-Omics

- Biological property ~ Scan microbiota

- Therapeutical interest Hits identification

- Structural challenge Validation

Biomarker

Identification of genes of unknown function and unpredictable fold

- To address innovative function

- To highlight new fold
Intensive prediction of 3D structures of proteins involved in a specific pathway

- To map the generic conservation of protein folds & functions
- To 3D build the central metabolic pathway

Automatisation of metabolic engineering
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Outline

e Orf virus introduction
e OH1 structural characterization in silico/in vitro
* OH1 functional characterization in silico/in vitro
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Orf virus

Outer membrane

Inner membrane

Core wall

Core

DNA
genome

Viral
enzymes

Orf Poxvirus family dsDNA virus
Like Vaccinia & Variola virus Large 200-300 nm

Envelop
Orf = old english for « rough »
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Orf virus

Poxvirus family

Outer membrane

Inner membrane

/

Chordopoxvirinae Entomopoxvirinae
Core wall
Core \
DNA 6 other genera Orthopoxvirus genus
genome v

Parapoxvirus genus

Viral
enzymes

Orf Poxvirus family dsDNA virus
Like Vaccinia & Variola virus Large 200-300 nm

Vaccinia virus
Variola virus
Cowpox virus

Envelop
Orf = old english for « rough »
Bovine papular stomatitis virus
Parapoxvirus of red deer in New Zealand
Pseudocowpox virus
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Orf virus

* Isresponsible for Echtyma disease, primarily in sheep and goats

* Forms contagious pustular dermatitis

* Replicates in keratinocytes and epithelial cells of the oral mucosa.
* Isreported worldwide

* Is purulent for 7 weeks

* Prevents lambs form sucking mother ewes and causes weight loss
* Induces mastitis to mother ewes

* Canlead to death in its severe form on immune compromised animals
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Orf virus

Highly contagious by nature
Zoonotic through direct contact

Live vaccine that can cause reinfection

Sy | |
™ 50 doses

Scabivax™ Forte |

Contagious pustular
dermatitis vaccine, ‘
living (Orf vaccine) ‘
For the active immunisation

of sheep and lambs against J

0rf to reduce clinical signs
and/or lesions of the disease

* Isresponsible for Echtyma disease, primarily in sheep and goats

Contains Contagious pustular
dermatitis (Orf) virus,
10°TCIDso/dose ;

Schering-Plough

* Forms contagious pustular dermatitis

* Replicates in keratinocytes and epithelial cells of the oral mucosa.

Pp

O ted worldwid . .
s reported worldwide Vaccine: immunity for 6-8 months

* Is purulent for 7 weeks Secondary infections

* Prevents lambs form sucking mother ewes and causes weight loss Economical Impact +++
* Induces mastitis to mother ewes

* Canlead to death in its severe form on immune compromised animals
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Orf virus : new strain isolated in Uruguay in 2015

Strain UY1107 was fully sequenced : shows 90 essential and conserved genes
# Among them, a putative virulence factor was identified, by analogy with Vaccinia and Variola viruses
- Codes for a putative tyrosine phosphatase

# Deposited at genbank ID: KY651216

Hypothesis: KY651216 is a Tyr-phosphatase responsible for dephosphorylation of phosphorylated substrates

Signaling mediators: Tyrosine phosphatase/kinase are molecular switches that turns on/off host substrates

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
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Orf virus : new strain isolated in Uruguay in 2015

Signaling initiates at the membrane

* Regulates essential cellular processes
» detects external micro changes
e Adapts the cell to the environment accordingly

Survival of microorganism related to its ability to perceive, decode & transmit signal and to respond consistently

Reversible phosphorylation of proteins

HPO,2

Protein
phosphatase

H,O

Ser/Thr & Tyr Protein Kinases

* Protein kinase
* Phosphorylates Ser/Thr of substrates
* Stable bond

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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OH

ATP

Consistent regulation mechanism

Protein
kinase

OPO,2

Ser/Thr & Tyr Phosphatases

* phosphatase
* dephosphorylates Ser/Thr & Tyr of substrates
* Specifically phosphorylated by kinases

Martinez, Alzari & André-Leroux, 2013 EB
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e OH1 structural characterization in silico/in vitro
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Putative tyrosine phosphatase

# High 40% similarity with Vaccinia and Variola Tyr-phosphatase
# Strict conservation of the active site of a Tyr-phosphatase

Active site Aspartate loop
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Putative tyrosine phosphatase

- High 40% similarity with Vaccinia and Variola Tyr-phosphatase
- Strict conservation of the active site of a Tyr-phosphatase

Ser to Cys substitution within helix o,

ol o2 B3 But B4
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OVHI1I_A B BB B B

BilA 617 Nov

(&)
Zz
2.
m>p
mk
e

DU GENOME A UENVIRONNEME!



 Homology modeling of Tyrosine phosphatase with 3D Vaccinia and Variola VH1 as 3D templates: Chains A then B.

* Reconstruction of the dimer by superposition onto the dimer template.

e Minimisation with Charmm to relax the side chains

Active site

Phosphate group pocket

Active site conserved

] Catalytic triad
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W
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‘ The main differences are located at the interface

‘ Helix a, at the N-terminal end is largely engaged in domain swapping

Chain B
\

B —

A

A

Ser to Cys substitution

Active site Helix o, 4

D |

Helix o,

/‘ [ A K

Cys residues facing each other

Disulfide bridge?

uuuuuuuuuuuuuuuuuuuuuuuuuu
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‘ The main differences are located at the interface

‘ Helix a, at the N-terminal end is largely engaged in domain swapping

Active site

e & \Y

Modeled as a extended IOOp ?

6 residue insertion

Really a similar dimer?

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Orf virus : tyrosine phosphatase

* Protein purified to homogeneity Histrap and size-exclusion chromatography wt and C112S

* Crystallisation screening using sitting drop vapor diffusion for both

Cristal conditions Beamline Proximal

200 mM NH4S04, 2 sets of data collection
100mM NaAc, pH 4,6

PEG MME 2K 30%
’ Data statistics 5SNCR
S SULEIL P2,
Institut Pasteur a, b, ¢ (A) 49.56 63.55 55.39
a, B, v () 90.00, 97.07 90.00

Crystal grew after 3 days for C112S
No crystal after 3 months for wt

Pdb deposition 5SNCR

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Refinement of the best at 1.89 A resolution

Molecular replacement using Phaser
Model building with Coot

Refinement cycles within Refmac CCP4 package and Buster

Rwork/Rfree 18.72/21.69
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Orf virus : tyrosine phosphatase

Solved structure reveals:

‘ Conserved fold of Tyr phosphatase DUSP- Dual Specificity Phosphatase

‘ Conserved active site
‘ Covalent dimer

‘ Ser to Cys15 substitution engages a disulfide bridge




Orf virus : tyrosine phosphatase

Solved structure reveals the conserved fold of DUSP —Dual Specificity Phosphatase

‘ Covalent dimer

‘ 7 residues insertion results in one extra o helix turn

‘ Extra interaction at Pro 141

ggiM 16-17 Nov



Orf virus : tyrosine phosphatase

Solved structure reveals a dimer organization distinct from Vaccinia phosphatase

=) The interface engages the same cluster of helices a., o et o,

Orf OH1 o
Interface of 678 A2

Interface of 978 A2

f’:BiM 16-17 Nov



Orf virus : tyrosine phosphatase

Solved structure reveals a dimer organization distinct from Vaccinia phosphatase

=) The interface engages the same cluster of helices a., o et o,

Orf OH1
OH1 a,, takes the position of VH1 a,;,

OH1 a5 takes the position of VH1 o,

uuuuuuuuuuuuuuuuuuuuuuuuuu

Pdb id 3cm3 Koksal et al, JBC 2009

zzzzzzzzzzzzzzzz
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Orf virus : tyrosine phosphatase

Solved structure reveals a dimer organization distinct from Vaccinia phosphatase

Orf OH1

- Incompatible with domain swapping

Superimposition of the two dimers

OH1

Stericclash

a0
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Orf virus : tyrosine phosphatase

Solved structure reveals a dimer organization distinct from Vaccinia phosphatase

* Ultra Analytical Centrifugation

SEDIMENTATION ANALYSIS -> C:\Users\Lenormand\Desktop\Sébastien\Project\Gwenaelle Andre-Leroux\AUC\111215\111215\181535\50001.Ra5... -18] x|
Data Copy Display Model Parameters Run Fit Generate Statistics Options Plot Help

- Not a crystallization bias because fin les SO0 Rt $0245 a5 . . . | ' . e,
rms’d=l].'I)]l]I58:2$ (n=42483,SSR=1.344829)

*  Production of recombinant OH1 * Size exclusion chromatography
MWM ~SF- IMAC TEVd IMAC, GF
’ =4 e W1
804 (1125 83,375
83,95
60 L R e e e e e s
2 L L
£ 40
25 kDa i L
20 = o & e = !og‘:fw o - o % @ Mf~41.0 kDa
15 kDa
0 f Y T y TRt T T T T T T T d 0 } ; : . . - - : . . - . . . . . . : T : . . . . - T
0 20 40 60 80 100 120 0 ! z st 5 . : ;
LUl 40 kDa = 2*20 kDa
OH1 is a dimer in solution
C15S shows also a dimer (data not shown)
C15S is not mandatory for a dimerization
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Detection of Parapox spe

Both Cys 15 and the 6 residues insertion are
conserved within Parapoxvirus genus

Phylogenetic studies explore how parapoxvirus
associates N-terminal Ser15 to Cys substitution

* Multiple sequence alignment of 64 phosphatases from
Chordopox family

* Tcoffee Alignment

* Position with >50% gaps filtered

tr—-QONCN7-Variola—vi late—Hi South:

* Correlation techniques based on mutual information

Ala40 locates in the vicinity of the active site

Tyr152 could stabilize helix o,

MATHEMATIQUES ET INFORMATIQUE APPLIQUEES
]
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D1-Bovine-papular-stomatitis-virus
tr-D31Z73

Cys15 Ala40

EAKNDAYAKLLLRCTRAGAP |YLRLTEYWL:EDARAWSGVDFN

tr-D3IZK4-Pseudocowpox-virus
tr-Q6TVR3-Orf-virus-SA2000
JAOA7MAB86—-Parapoxvirus-red-deer
tr-Q6TW43-ori-virus
tr-W5U9D4-Ori-virus
tr-Q070F0-Nile-crocodilepox-virus
tr-QB6VZG4-Canarypox-virus
sp-Q9J592-fowlpox-virus
tr-Q70H20-Fowlpox-virus
tr—AOAO68EF29-Penguinpox-virus
!r—AOAOﬁSEGSS Plgeonpox—wrus

1-Q98249- btype-1

tr-U3UBDO-Squirrelpox-virus
tr-Q77PC3-Rabbit-fibroma-virus
tr-Q85315-Rabbit-fibroma-virus
tr-QB8V3M6-Swinepox-virus
tr-Q9IGU7-Tanapox-virus
tr-Q9DHP1-Yaba-like-disease-virus
tr-HBTA62-Cotia-virus
1r-ADA097IVT2-Cotia-virus
tr-Q91T23-Lumpy-skin-disease-virus
tr—-AOA075CH78-Goatpox-virus
tr-Q6TUU3-Yaba-monkey-tumor-virus
tr-B2CWH6-Myxoma-virus
sp-Q85297-Myxoma-virus
tr-Q77GL6-Lumpy-skin-disease-virus
tr-Q77GC9-Lumpy-skin-disease-virus
tr-Q91MT8-Lumpy-skin-diseaseVIRUS
tr-QOWHO06-Sheeppox-virus
tr-T2AUO7-Myxoma-virus
tr-QO8FA1-Deerpox-virus
tr-QO8FS1-Deerpox-virus
tr-G3EIF7-Yoka-poxvirus
sp-P80994-Raccoon-poxvirus
tr-QONJL8-Variola-virus
'sp-P33064-Variola-virus
1r-QONS62-Variola-virus
tr-QONLWS-Variola-virus
frica
tr-QONG54-Variola-virus
tr-Q76Q11-Variola-minor-virus
tr-QB8V2S5-Camelpox-virus
tr-Q775U6-Camelpox-virus-strain-CMS
tr-Q8JLD2-Ectromelia-virus
tr-Q5IXT4-Monkeypox-virus
tr-Q8QMW6-Cowpox-virus
tr-I0AZF8-Ectromelia-virus
tr-QB8V4Z3-Monkeypox-virus-Zaire
tr-GOXX41-Cowpox-virus
tr-MOWG49-Vaccinia-virus
tr-QB0DY2-Cowpox-virus
tr-QONPBO-Taterapox-virus
A A

sp-P20495-V:
tr-Q77TK5-Vaccinia-virus-strain-Tian-Tan
tr-Q1M1MO-Vaccinia-virus

U—Q6RZK3 -Rabbitpox-virus

Western-R

sp-P07239-Vaccini i S

r-Q76RC6-Vaccinia-virus
tr-B9U114-BaU114Vaccinia-virus
tr-QOGNY5-QOGNY5-HorsepoxVirus
tr-A9J1R8-A9J1R8-VacciniavirusstrainAnkara
3CM3-Vaccinia

LLRETRAGTPLTFRLTEHVYL

DARSVLRESG | DFK

GNNSEWYARLLLRCTRAGTPLTFRLTEHVYLGSAEDARSVLRESGVDFK(
GDKSEWYARLLLRCTRAGPPLAMRLTDHVYLGSAEDARAVLRDSGVDFK(
DDKNDAWYARLLLRETOGGTPVVMRLTEYVYLGNAEDARRVVRETGVPFQX
(GDKSEWYARLLLRCTRAGPPLALRLTDHVYLGS) EDARAVLHD%VDFKI

GGKSNLYRDL | LNQTD TRAAFLQVTKN I YLG} (DNVSSGEF-RRHGFA)
MDEKQLYKY | INKSTD-TYVKFVK | TDYVYLGNYKNVSQLPE--KTFFK)
MDEKQLYKH| | TKSTN-TCVKFTK | TDYVYLGNYRNV | ELPN--KTFFK}
MDEKQLYKH| | TKSTN-TCVKFTK | TDYVYLGNYRNV | ELPN--KTFFK}
MDEKQLYKH | | TKETN-TCVKFTK | TDYVYLGNYKNVTELPN--KTFFK)
MDEKQLYKH | | TKETN-TCVKFTK I TDYVYLGNYKNVTELPN--KTFFK)
MDKKQLYRRL | LKSTSVMTKDELR | TEYVYLGSYNNAMALES-SGVPFR)
MDGKN | YEGLLLKSTGQLPRARSR | TENVYLGNYKDAMG | AA-SGVAFR)
MDKKSLYENVLLKSTGALPKAR | RVTDYVYLGNYNDAKAVPT-SGVGFK
MDKKSLYENVLLKSTGALPKAR | RVTDYVYLGNYNDAKAVPT-SGVGFK
MDRKSLYENVLLKSTGSLTKAKARVTEYVYLGNYNDA IN1CS-SE | PFK)
MDKKC | YENVLLKSTGL LPKAKARVTDYVYLGNYNNALS | NE-YGIQFK)
MDKKC | YENVLLKSTGL LPKAKARVTDYVYLGNYNNALS |NE-YGI QFK)
MDKKSLYENVLLKSTGYLEKAKARVTEYVYLGNYNDA | NAPY-SDVKFK}
MDKKSLYENVLLKSTGYLEKAKARVTEYVYLGNYNDA | NAPY-SDVKFK}
MDKKSLYENVL LKSTGSLPKAKARVTDYVYLGNYDDA | NA | S-SNVNFK
MDKKSLYENVL LKSTGSLPKAKARVTDYVYLGNYDDA I NA | S-SNVNFK}
VDKNAMYKNVL LKSTGLLPKAKARVTDYVYLGNYNDA | S | DE-SGVRFK}
MDKKSLYENVLLKSTGALPKARVRVTDYVYLGNYNDAKAAPT-SGI GFK)
MDKKSLYENVLLKSTGALPKARVRVTDYVYLGNYNDAKAAPT-SGI GFK)
MDKKSLYENVLLKSTGSLPKAKARVTDYVYLGNYDDA | NA | S-SNVNFK
MDKKSLYENVLLKSTGSLPKAKARVTDYVYLGNYDDA | NA | S-SNVNFK
MDKKSLYENVLLKSTGSLPKAKARVTDYVYLGNYDDA I NA| S-SNVNFK
MDKKSLYENVLLKSTGSLPKAKARVTDYVYLGNYDDA I NA| S-SNVKFK
MDKKSLYENVL LKSTGALPKARVRVTDYVYLGNYNDAKAAPT-SD | GFK}
MDKKSLYENVLLKSTGSLPKAKARVTNYVYLGNYNDALNAPY-SD1QFK)
MDKKSLYENVL LKSTGSLPKAKARVTNYVYLGNYNDALNAPY-SD | QFK}
MDKKSLYKYLL LF‘TMAKSHV‘I‘KNVYMGN 'KNAMEAPC-S | VDFK}

cific features of OH1

M. Manadassous

VVNMTTAAP-ES | AVYH | PLRDDNVTS | EGV | PPLVKLLEREEAEKKPTLVHCVAG | NRSGAAAMAY|
LVNMTMSTP-SGLTAYH | PLRDDDETN | TA IMPALVKLLEREEAERKPTLVHCVAG | NRSGAAAMAY)
LVNMTMSTP-SGLTAYH | PLRDDDETN | TA IMPALVKLLEREEAERKPTLVHCVAG | NRSGAAAMAY!
LVNMTMSTP-AG | TAYH | PLRDDDKTN | TS I MPALVKLLAREEAEKKPTLVHCVAGVNRSGAAAMGY!
VVNMTTSTP-SG | TAYH | PLRDDDVTD | SA IMPPLVKLLEREEAERRPTLVHCVAG | NRSGAAAMAY!
LVWTNSTF‘ AG| TAYH| PLRDDDTTN 1 AS | MPALVKL LAREEAEQKPTLVHCVAGVNRSGAAAMGY

1 LNLS——YRAEGVKV ISLNVEDSPFD‘II S]YFKRFNALLI}.EKSJKK | LVHCVAGVNRSGAAVLSY|
| INVSTLLNRSDVTVLHFPLEDNDKVD | SKHINAVVGI LI LFKVPVLVHCMAG | NRSAAMIMSY
I VNVSMLLKRTD | TVLHFPLEDNDTVS | SKH 1 DAVTYVLKKGESLK | PVLVHOMAG INRSSAMIMGY
I VNVSMLLKRTD I TVLHFPLEDNDTVS 1 SKH1 DAVTVVLKK'ESLK 1PVLVHCMAG | NRSSAMIMGY!
I VNVSMLLKRTD | TVLHFPLEDNDTVS 1 SKH1 DAVTDVLKK'ESLK 1PVLVHCMAG INRSSAMIMSY|
I VNVSMLLKRTD I TVLHFPLEDNDTVS 1 SKH1 DAVTDVLKK'ESLK 1PVLVHOMAG INRSSAMIMSY|
VLNMSMVLPGSSAT | VH | P | PDNDQVH | AKY FDGVAAFLERCEKSHTPVLVHC | AGVNRSGAM IMAY|
VLNLTTELKQPHVTVVH | PLVDDESSDVRKY FDEVVAFLDRCERQCSPVLVHCVAGVNRSGVMIMAY!
ILNLTTE I KNSSVT | |HVPLVDDEYTDLTKYFDYTTTFLSNGEDKHYPVLVHOMAGVNRSGA | IMAY;
ILNLTTEIKNSSVT | IHIFLVDDEYTDLTKYFDYWTFLS'\'EDQO{YPVLV}{IMVNR&SAI IMAY/
ILNLTTELKNSSINI IPNFLIDDEHTDLHKYFDYVTSLLE@(NEHAI LVHC | AGVNRSGAM IMAY
ILNLTTEICNSSWN I I!-M’LLDNEITDLTMFDYWNFLS@N-!YPVLVPCIN}VNHSSAMIMM
ILNLTTEICNSSWN | IP-M’LLDNEI'I'DLTN-!FDYV'I'NFLSKhOﬂYPVLVPCIPGVNRSSAMIMAY
ILNLTPEIVNSPINI IHLFLIDDECTDLSKYFDYTI'NLL'I'K'EIEHYPI LVHC | AGVNRSGA | IMAY
ILNLTPEIVNSPINI IHLFLIDDECTDLSKYFDYTI'NLL'I'IQEIEHYPI LVHC | AGVNRSGA | IMAY
ILNLTTEFNDSRIN I IHVPL | DDEKTNLNI}{FDYVTNFLSK.)EEHYPVLVFCVAGVNR&EAM IMAY
ILNLTTEFNDSRINI IHVPL | DDEKTNLNWFDYVTKFLSK')EEHVPVLVFCW‘GVNRWM IMAY
ILNLTTEICNSSWN I IHVFLLDNEFTDLTN*FDYVTNFLSK.}BHVPVLVPCV}GVNRSE}WIIW\V
ILNLTTEIKNSSITI IFNFLVDDEYTDLTKYFDYATFFLS!"EXO'NPVLVPOMGVNRSEA 1 1IMAY]
ILNLTTEIKNSS | T | IHVPLVDDEYTDLTKYFDYATTFLSNGEDKHYPVLVHOMAGVNRSGA | IMAY]

MEIRVIYFLY |
MEIRVIYFLY |
MEIRVIYFLY |
MEIRVIYFL'
LHTRV I YFL'
LHRRFVYFL
MSRKFMYFLY | YHS | RECRGAFLENPSFRRQI | EKY | INET-
MSRKFMYFLY | YHS | RECRGAFLENPSFRRQ | EKY | INET-
MHRRF | YFLYVYHLVREKRGAF | ENPSFRKQI IDKY | INEST
MTKRFMFFLYVYHSVREGRGAFLENPSFRKQI | EKYV I KN-—
MTKRFMFFLYVYHSVREGRGAFLENPSFRKQI | EKYV I KN-—
MSRRFMYFLY | YHAVREKRGAFVENVSFRKQ INKY 1 VDT-—
MSRRFMYFLY | YHAVREKRGAFVENVSFRKQ| IN(IIVD =
MSKRF | YFLY | YHSMREKRGAF | ENPSFRKQL I DKY | INELK
MSKRF | YFLY | YHSVREKRGAF | ENPSFRKQL I DKY | INE-—

ILNLTTEFNDSRIN | IHVIPL | DDEKTNLNDHFDYVTNFLSKEDEEHYPVLVHC

ILNLTTEFNDSRIN | IHVPL | DDEKTNLNDHFDYVTNFLSKEDEEHYPVLVHC

ILNLTTEFNDSRIN | IHVIPL | DDEKTNLNDHFDYVTNFLSKEDEEHYPVLVHC
I LNLTTEFNDSRIN | IHMPL IDDEK'INLNI}{FDYVTNFLS@EE’IYPVLVFCVN}VNRSSAMIMM
ILNLTTEIKNSSITI IPWLVDDEYTDLTKYFDYAHFLS'\W(HYPVLVKM‘GVNHSSAI IMAY]
ILNLTTELKNSHIN | IHVPL IDDETDLSKHFDYVTDFLS!@NDYPVLVH}VPGVNRSSAMIMA\
ILNLTTELKNSHINI IHVPL | DDBJTDLSKI-!FDYVTDFLSK')&Q]YPVLVFDVAGVNRSEAM IMAY]
I LNLTMEFCDSNINI IHIPL IDDMSTDI SKYFDYVTDFL'I'I@EFWEPVLVFCVPGVNR&‘:S\III LAYS

MDKKSLYKYLLLRSTGD | HRAKSRVTNNVYL

MDKKSLYKYL L LRSTGDVRRAKSRVTNNVYLGNYKNA | NAPS-SEVKFK}

ILNLTMDFTNSNIN | IHVPMVDDTSTDIS1 YFDDITAFLSK.:O’WEPVLVFCAAGVNR&EAMI LAY
VLNLTMDLPNSNINI IHIPLVDDTTTDI SKYFDDVTAFLSK.mNEPVLVFCVﬁGVNR&EAMI LAY

VLNLTMDLPNSNIN | IHIPLVDDTTTDI SKYFDUVTAFLSK.XPNEPVLVPCV}GVNRSEAMI LAY

LNLTMDLPNSNIN| [HI PLVDDTTTD | SKYFDDVTAFLSKCDCRNEPVLVHCVAGVNRSGAM | LAY]

LNLTMDLPNSNIN| IHI PLVDDTTTD | SKYFDDVTAFLSKCDCRNEPVLVHCVAGVNRSGAM | LAY]

..NLTNDLP'\SNINI IH |PLVDDTTTDI SKYFDDVTAFLS@FNEPVLV}-CV)GVNR%AMI LAY
] FOOVT/

MTKRFVYFL FLENPSFRKQV | EKYVT-———
MSRKFMYFLY | YHS | REGRGAFLENPSFRRQ | EKY | INET-
MSRKFMYFLY | YHS | REQRGAFLENPSFRRQI | EKY | INEHK
MSKRF I YFLY | £l 1 KQL IDKY | INE-—
MSKRF | YFLY | |ENPSFRKQL IDKY I INE——
MSKRF | YFLY | |ENPSFRKQL IDKY I INE——

MSKRF | YFLY | YHSVREKRGAF | ENPSFRKQL I DKY | INE——
MSRKFMYFLY | YHS | REGRGAFLENPSFRRQI | EKY | INET-
MTKRFMYFLY | YHSVREGRGAFLENPSFRKQI | EKY | INER-
MTKRF | YFLY | YHSVREGRGAFLENPSFRKQI | EKY | INER-

LRGAFVENPSFKRQ! | EKYV I DKN-
LFGAFVENPSFKFQI IEKIVID(N—

MDKKSLYKYLLLRSTGDVRRAKSRVTNNVYLGNYKNAVNAPS-SEVKFK
MDKKSLYKYLLLRSTGOMYRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYLLLRSTGDMYRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYLLLRSTGOVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK]
MDKKSLYKYLLLRSTGOVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGOVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SDVKFK
MDKKSLYKYL LLRSTGDVRRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHKAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHKAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYL LLRSTGDVHRAKSRVTNNVYLGNYKNAVDAPS-SEVKFK)
MDKKSLYKYL LLRSTGDVHKAKSRVTNNVYLGNYKNAVDAPS-SEVKFK)
MDKKSLYKYL LLRSTGDVHKAKSRVTNNVYLGNYKNAVDAPS-SEVKFK
MDKKSLYKYLLLRSTGOVHKAKSRVTNNVYLGNYKNAVDAPS-SEVKFK]
MDKKSLYKYLLLRSTGOVHKAKSRVTNNVYLGNYKNAVDAPS-SEVKFK

NDKKSLYKYLLLR;TG{MMKAKSRV‘IT\NVYLGN

'KNAVDAPS-SEVKFK

VLNLTNDLPNSNINI IHIFLVDDTTTDISKYFDDVTAFLSK ﬂﬁNEPVLVH:V}GVNR&SAM! LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCDCRNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCDQONEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKEDORNEPVLVHCVAGVNRSGAMI LAY
VLNLTMDFPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDQONEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCVAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCOCRNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCOCRNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCOCRNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCOCRNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHI PLVDDTTTD | SKYFDDVTAFLSKCOCRNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKEDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKEDORNEPVLVHCAAGVNRSGAMI LAY

LNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY
VLNLTMDLPNSNIN | IHIPLVDDTTTD | SKYFDDVTAFLSKCDORNEPVLVHCAAGVNRSGAMI LAY

\
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OH1 from Orf virus: a new tyrosine phosphatase
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Highlights
e OH1 displays distinct structural features compared to VH1 phosphatases
e Orfvirus OH1 is a covalent dimer involving the N-terminal Cys15

e Orf virus OH1 possibly depicts the structure of Parapoxvirus genus phosphatases
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OH1 from Orf virus: a new tyrosine phosphatase
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e Orfvirus introduction

 OH1 structural characterization in silico/in vitro

e Conclusions & perspectives S AA
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Tyrosine phosphatase

‘ OH1 shows a phosphatase activity in vitro

0.25+
3
T 0.20- s
o % o _
£ 0.15- 07Ny Monitoring of dephosphorylation by absorbance at 405nm of pNP
=
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o
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0 5 10 15 20 25
[PNPP] (mM)

Phosphatase activity assayed at 37°C using the artificial substrate pNPP

Michaelis-Menten Kinetics constants

OH1 wt OH1 C15S
K., =2.6mM K. =2.0mM
K. =0.08st K, =0.08st

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

0

BilA 617 Nov



Tyrosine phosphatase

‘ OH1 shows a DUSP —Dual Specificity Phosphatase in vitro
Active on p-Thr 17mer peptide

m) O

H1 shows a phosphatase activity in vitro
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Phosphatase activity assayed at 37°C using the artificial substrate pNPP

Michaelis-Menten Kinetics constants

Rt wt OH1 C15S
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K.y =0.08 s71 . =008 s
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Active on p-Tyr containing protein
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Tyrosine phosphatase

‘ OH1 shows a phosphatase activity in vitro ‘ OH1 shows a DUSP —Dual Specificity Phosphatase in vitro
Active on p-Tyr containing protein Active on p-Thr 17mer peptide
0.25+ P-Y PT
"é’ 124 12
er: 0207 Na O " 210 g 1]
O \ O % 5 2 s
o o’P\\ g £ Dose dependent manner
E 0.15- o 5 6' § 6
‘Tc E 4 E H
E 0.10- : £,
o & [
z B pNPP L— N . . N o
C_ED 0.05-4 o~ o OH1- wt (uM) OH1-wt (uM)
=

: : : , ‘ Docking shows that OH1 accommodates p-Tyr in the active site
0 5 10 15 20 25
[PNPP] (mM)

Phosphatase activity assayed at 37°C using the artificial substrate pNPP

Michaelis-Menten Kinetics constants

OH1 wt OH1 C15S
K,=2.6 mM K, =2.0mM Crystal phosphate
K.t = 0.08 st K.yt = 0.08 s71
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A new tyrosine phosphatase

‘ OH1 highlights a new activity in vitro: a triple specificity - Docking evidences PdtIns bind in the pocket

Ptdins(3,5)P2
12-
z 10-
Qo
3 6
T
D 4
$
4
04
Y ™ ©
OH1-wt (uM)
+** Phosphoinositides can be dephosphorylated ¢ The phospho-sugar moiety can be accommodated
+** PtdIns3P and PtdIns5 (3,5)P2 can be dephosphorylated +* The phospho-group in 5’ binds into the active pocket

[ Relevant physiologically? J
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A new tyrosine phosphatase

‘ Why this phospholipid specificity should be relevant?

PtdIns

* Belong to phosphatidyl glycerides

 Compose the cytosolic side of eukaryotic cell membrane

* Regulate membrane homeostasis

e Aresignaling lipids

Glycolipid

Oligosaccharide
chains of ?
glycoprotein

Outside

Lipid
bilayer

| |
B A ))J JJJ
JB B JJ*\j
Phospholipid
polar heads

\)w"Q\)\)JJJ\)

Sterol

Peripheral protein
covalently linked Peripheral
to lipid Integral protein protein
(single trans-
membrane helix)

Figure 11-3
Lehninaer Princh

les of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

[ OH1 could extract and recycle host phospholipids to form viral envelop during virion maturation ]

Viral envelop allows to:

Evolution in favor of enveloped virus : Influenza, HIV, Ebola Virus
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Escape from the cell,

Stay stable

Get protected from immune system
Reinfect cell
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OH1 from Orf virus: a new tyrosine phosphatase

T T T T T T T
0 20 40 60 80 100 120
v (mL)

Highlights Segovia D et al, JMB 2017
OH1 displays distinct structural features compared to VH1 phosphatases
Orf virus OH1 is a covalent dimer involving the N-terminal Cys15
Orf virus OH1 possibly depicts the structure of Parapoxvirus genus phosphatases

Orf virus OH1 is a dual specifity phosphatase that presents activity towards PInsP in vitro
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OH1 from Orf virus: a new tyrosine phosphatase
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Outline

e Orfvirus introduction
 OH1 structural characterization in silico/in vitro

* OH1 functional characterization in silico/in vitro
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Interaction with STAT1

|:> Hypothesis: by analogy with Vaccinia and Variola viruses, OH1 could dephosphorylate STAT1
IFNy

STAT : Signal Transducers and Activators of Transcription

‘
\
qa ‘ ‘ X M‘W ( STAT1 is activated upon phosphorylation of its tyrosine Tyr701 -> STAT1®
JAK2

®
JAK1
® : . :
STAT1 STAT1 @ proteins homodimerize
STAT1 @ homodimer is now capable to translocate to the nucleus
®
Stat1_Stat1 . _
® STAT1 @ transactivates Stat-responsive genes

STAT1 @ is involved in cardiac hypertrophy, apoptosis, and inflammation.
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Stat1 ®Stat 1
GAS

JAK1/STAT1 pathway
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Interaction with STAT1

‘ OrfV dephosphorylates STAT1

|FN«{ Format: Abstract + Send to -

Virus Res. 2015 Oct 2;208:180-8. doi: 10.1016/j.virusres.2015.06.014. Epub 2015 Jun 22.

Orf virus inhibits interferon stimulated gene expression and modulates the JAK/STAT signalling
Y pathway.

Harvey R1, McCaughan 02, Wise LMa, Mercer AA4, Fleming SB®.

® JAK2 # Author information
JAK1

® Abstract
STAT1 Interferons (IFNs) play a critical role as a first line of defence against viral infection. Activation of the Janus kinase/signal transducer and
activation of transcription (JAK/STAT) pathway by IFNs leads to the production of IFN stimulated genes (ISGs) that block viral replication. The
Parapoxvirus, Orf virus (ORFV) induces acute pustular skin lesions of sheep and goats and is transmissible to man. The virus replicates in
keratinocytes that are the immune sentinels of skin. We investigated whether or not ORFV could block the expression of ISGs. The human
® gene GBP1 is stimulated exclusively by type Il IFN while MxA is stimulated exclusively in response to type | IFNs. We found that GBP1 and
Stat1_Stat1 MxA were strongly inhibited in ORFV infected HelLa cells stimulated with IFN-y or IFN-a respectively. Furthermore we showed that ORFV
® inhibition of ISG expression was not affected by cells pretreated with adenosine N1-oxide (ANO), a molecule that inhibits poxvirus mRNA
translation. This suggested that new viral gene synthesis was not required and that a virion structural protein was involved. We next
investigated whether ORFV infection affected STAT1 phosphorylation in IFN-y or IFN-a treated HelLa cells. We found that ORFV reduced the
levels of phosphorylated STAT1 in a dose-dependent manner and was specific for Tyr701 but not Ser727. Treatment of cells with sodium
vanadate suggested that a tyrosine phosphatase was responsible for dephosphorylating STAT1-p. ORFV encodes a factor, ORFV057, with
homology to the vaccinia virus structural protein VH1 that impairs the JAK/STAT pathway by dephosphorylating STAT1. Our findings show
that ORFV has the capability to block ISG expression and modulate the JAK/STAT signalling pathway.

®
Nucleus ~— Stat1 Stat1——————— Copyright © 2015 Elsevier B.V. All rights reserved.
e ® _—

GAS

JAK1/STAT1 pathway
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Interaction with STAT1

- OrfV dephosphorylates STAT1 IFN-y 2 + + + +
IFNy
| 3 ov - - - - +
;W [ m@ Na,VO, - - - + +
\
JAK<1D M 91 kDa — — — —— —— STATl-p
5@1)'AT‘I
91 kD == — D  w—C—  C— STAT1-e
Stat12$tat1 1
42 kD3 === | esangy essssses il SSumay s Actin

Nucleus

Harvey et al, 2015
®
Stat1 Stat1—————
tat1_Sta > ‘ Modeling of OH1/STAT1 direct interaction
GAS

JAK1/STAT1 pathway

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

zzzzzzzzzzzzzzzzzzzz

0

BilA 617 Nov



Interaction with STAT1

‘ Running hypothesis: OH1 dephosphorylates STAT1 by a direct interaction
* Modeling of the missing loop and phosphorylation at Tyr 701

* Docking of Protein/Protein interaction using protein/protein docking server

STAT1 Antiparallel homodimer

N

Statl

W\, Statl OH1 homodimer

1bf5 pdb id Chen et al, cell 1998
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OH1 from Orf virus: a new tyrosine phosphatase
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Perspectives
* OH1 /STAT1 needs further investigations in silico

e Pull-down in vitro experiments show that OH1 interacts directly with STAT1
* Pull-down in vitro experiments show that OH1 interacts with GAPDH - Glyceraldehyde-3-phosphate dehydrogenase
 GAPDH is a house-keeping protein involved in glycolysis and modulation of the organization of the cytoskeleton

* GAPDH could not only be a metabolic enzyme but could possibly be involved in immunity
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OH1 from Orf virus: a new tyrosine phosphatase
Distinct structural features & triple substrate specificity
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