[ 1apa3nT-Xo3anH
CTpaTerna BbIXXMBaHUA

[Naxapykosa M.HO.



nature Vol 460(16 July 2009| doi:10.1038 /nature0 8160

ARTICLES

The genome of the blood fluke Schistosoma
mansoni

Wang et al. Genome Biology 2011, 12:R107

JFgenomebiol Lom ' -
http:/g biology.com/2011/1 210/R107 GEﬂOme Blﬂlogy

The draft genome of the carcinogenic human
liver fluke Clonorchis sinensis

nature

COMMUNICATIONS

ARTICLE

Received 3 Mar 2014 | Accepted 11 Jun 2014 | Published 9 Jul 2014 OPEN

The Opisthorchis viverrini genome provides
insights into life in the bile duct



[1apa3nT-xo3auH

* HeT adpPpeKTMBHOroO cnocoba KyNbTMBUPOBAHUA B
nabopatopum

* OYHKUMKM KOogMpyeMbIX 6eNKoB HEN3BECTHbI
e OYHKLUMOHAIbHOCTb MEeTaboNNYECKNX CUCTEM

* Bbibop adppeKTUBHOro benka mulieHu ansa
aHTUNAPa3UTapPHOM Tepanuu



1 Superclass: Basic Domains

(Basic-helix-loop-helix)

1.1 Class: Leucine zipper factors (bZIP)
1.1.1 Family: AP-1(-like) components; includes
(c-Fos/c-Jun)
1.1.2 Family: CREB
1.1.3 Family: C/EBP-like factors
1.1.4 Family: bZIP / PAR
1.1.5 Family: Plant G-box binding factors
1.1.6 Family: ZIP only

1.2 Class: Helix-loop-helix factors (bHLH)
1.2.1 Family: Ubiquitous (class A) factors
1.2.2 Family: Myogenic transcription factors
(MyoD)
1.2.3 Family: Achaete-Scute
1.2.4 Family: Tal/Twist/Atonal/Hen

1.3 Class: Helix-loop-helix / leucine zipper factors

(bHLH-ZIP)
1.3.1 Family: Ubiquitous bHLH-ZIP factors;
includes USF (USF1, USF2); SREBP (SREBP)
1.3.2 Family: Cell-cycle controlling factors;
includes c-Myc

1.4 Class: NF-1
1.4.1 Family: NF-1 (A, B, C, X)

1.5 Class: RF-X

1.6 Class: bHSH

2 Superclass: Zinc-coordinating DNA-

binding domains

2.1 Class: Cys4 zinc finger of nuclear receptor type
2.1.1 Family: Steroid hormone receptors
2.1.2 Family: Thyroid hormone receptor-like
factors

2.2 Class: diverse Cys4 zinc fingers
2.2.1 Family: GATA-Factors

2.3 Class: Cys2His2 zinc finger domain
2.3.1 Family: Ubiquitous factors,
includes TFLIA, Spl
2.3.2 Family: Developmental / cell cycle
regulators; includes Kriippel
2.3.4 Family: Large factors with NF-6B-like
binding properties

2.4 Class: Cys6 cysteine-zinc cluster

2.5 Class: Zinc fingers of alternating composition

3Superclass: Helix-turn-

helix

3.1 Class: Homeo domain
3.1.1 Family: Homeo
domain only; includes Ubx
3.1.2 Family: POU
domain factors;
includes Oct
3.1.3 Family: Homeo
domain with LIM region
3.1.4 Family: homeo
domain plus zinc finger
motifs

3.2 Class: Paired box
3.2.1 Family: Paired plus
homeo domain
3.2.2 Family: Paired
domain only

3.3 Class: Fork head / winged helix
3.3.1 Family:
Developmental regulators;
includes forkhead
3.3.2 Family: Tissue-
specific regulators
3.3.3 Family: Cell-cycle
controlling factors
3.3.0 Family: Other
regulators

3.4 Class: Heat Shock Factors
3.4.1 Family: HSF

3.5 Class: Tryptophan clusters
3.5.1 Family: Myb
3.5.2 Family: Ets-type
3.5.3 Family: Interferon
regulatory factors

3.6 Class: TEA ( transcriptional

enhancer factor) domain
3.6.1 Family: TEA
(TEAD1, TEAD2, TEADS3,
TEAD4)

ASuperclass: beta-Scaffold Factors

with Minor Groove Contacts
4.1 Class: RHR (Rel homology region)
4.1.1 Family: Rel/ankyrin; NF-kappaB
4.1.2 Family: ankyrin only
4.1.3 Family: NEAT (Nuclear Factor of Activated T-
cells) (NFATC1, NFATC2, NFATC3)
4.2 Class: STAT
4.2.1 Family: STAT
4.3 Class: p53
4.3.1 Family: p53
4.4 Class: MADS box
4.4.1 Family: Regulators of differentiation; includes
(Mef2)
4.4.2 Family: Responders to external
signals, SRF (serum response factor)
(SRF)
4.5 Class: beta-Barrel alpha-helix transcription factors
4.6 Class: TATA binding proteins
4.6.1 Family: TBP
4.7.1 Family: SOX genes, SRY
4.7.2 Family: TCF-1 (TCF1)
4.7.3 Family: HMG2-related, SSRP1
4.7.5 Family: MATA
4.8 Class: Heteromeric CCAAT factors
4.8.1 Family: Heteromeric CCAAT factors
4.9 Class: Grainyhead
4.9.1 Family: Grainyhead
4.10 Class: Cold-shock domain factors
4.10.1 Family: csd

0 Superclass: Other Transcription
Factors0.1 Class: Copper fist proteins
0.2 Class: HMGI(Y) (HMGA1)
0.2.1 Family: HMGI(Y)
0.3 Class: Pocket domain
0.4 Class: E1A-like factors
0.5 Class: AP2/EREBP-related factors
0.5.1 Family: AP2
0.5.2 Family: EREBP
0.5.3 Superfamily: AP2/B3
0.5.3.1 Family: ARF
0.5.3.2 Family: ABI
0.5.3.3 Family: RAV
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Parasite regulation by host hormones:
an old mechanism of host exploitation?

[MnoTe3a TPAHCPETYNAUNMN - ropmoHbl, copepalimeca B KPOBM X03AMHA, MOTYT BbITb
TaK»Ke UCNOo/b30BaHbl Napa3MTomM AN peryaaumm cobctBeHHoro metabonnsma nam metamopdosa

Transregulation

. Host hormones
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Ovary % Testis
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Kidney

Perynaumna TmpeonaHoro
FOPMOHa AB/IAETCA BaXKHbIM
3BEHOM B 3BO/IIOLIMM XOPAO0BbIX. Y
amodunbuin n pblb — BaXKHbIN
perynatop metamopdosa.

Proliferation

Differentiation

fomonorn THR HanaeHsbl in
platyhelminthes, mollusks and
crustaceans u oTCyTCTBYIOT
MO/IHOCTbIO Y KPYIbIX YepBe
(Nematoda) n uneHmncToHormx
Arthropoda.

Establishment

Nucleus

Cytoplasm

Parasitic cell



Cross-kingdom hormonal signaling: an insight from thyroid hormone functions

The Journal of Experimental Biology 208, 4355-4361 in marine larvae
Published by The Company of Biologists 2003
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Y aktuHuu Aiptasia pulchella (Cnidaria), tyrosine and six other amino
acids (histidine, isoleucine, leucine, lysine, phenylalanine and

valine) nony4yaer n3 cMMbMOHTOB BOAOPOCNEN.

Leodia (Urnokdxume, Echinodermata) — TMpoKcnH Heobxoamm ans
perynaumMm metamopdosa, nepexoaa ns NMYNHOYHOM BO B3POC/YHO
cTaguio. dK30reHHbIM TH cnocobcTByeT ycKopeHUto meTamopdo3sa.

B oTCyTCTBMM CBOEWN CUCTEMbI CMHTE3A TUPEOUAHbIX FOPMOHOB, MCTOYHMKOM FOPMOHOB ABNAETCA
dbnTopaumnoH



Hun3HeHHbIN UnKn Opisthorchis felineus

ﬁ= Infective Stage
A= Diagnostic Stage

Metacercarae in flesh or
skin of fresh water fish are

Aingasted by human hnsl.‘i K‘;

Free-swimming cercariae /

encyst in the skin or flesh

of fresh water fish.

Engs are ingested
/W;Vail (2] \

:’5“‘%_?

Miracidia Sporocysts Rediae Cercariae Embryonated eggs

Da) D D D passed in feces. My biliary duct

®

9 Excyst in

duadenum

® CmeHa Tpex Xo3AaeB

® OgHa cBOOOAHOXKMBYLLLAS
cTagmsa

@ WeCTb XXN3HEHHbIX popm
g YepenosaHue ctagum c

6ecnonbiM 1 MONOBbIM
PA3MHOMKEeHNEM



[omonorua [AHK- B T e Parasites
&Vectors
cBA3biBatowero agomeHa THR

RESEARCH Open Access

Molecular characterization of thyroid hormone
receptor beta from Schistosoma japonicum and
assessment of its potential as a vaccine candidate
antigen against schistosomiasis in BALB/c mice

BullFregTRa
BullfrogTRb

AB Cc D E F
ThR A1 - DBD - - LBD . 930 aa
154 254
ThR A2 - DBD - | 664 aa
REDHTTSVEDETIEV|{
ThR B . DBD - 4 LBD - 721 aa
115 215

bullfrogTRa
BullfragTRE




TupeougHblie peuenTopbl y TpemaTtop,

- - )
BNVIC Evolutionary Biology BioMed Centa
Research article Open Access

Thyroid hormone receptor orthologues from invertebrate species
with emphasis on Schistosoma mansoni

Half DRO DRI DRz DRI DR DRS  Pal0 juvenile
o i ek Ve B AT T T THre JK30reHHble
Negatvecontol ¢+ +  + AR I E TUpeonaHoble
i FOPMOHbI He
§5 TN S0 ShC Cop gR 6 5:'_3_ . mECm  B/AVAIOT Ha

Homodimer - = - == 5n KCcnpeccnr
G SR REERRRR0RREEE 5 P )
adult reHos-mumuleHeun

THRA1 THRB

Normalized fold expression
o - »N w A o (]
A b

ov—Nnvmwhmcxa
- T T T T o

- NmMm e WO ~ o o o~
rNm e Lo ~®O NNNNn&8SN8ISES

Het CFIELI,I/I(I)W-I HOCTW PaCNno3HaBaHWA

camnToB cBA3biBaHMA B JHK 9
A PeHOTUNNYECKUX USMEHEHUNI He Bbl1o NpuU

coaepXaHuu in vitro B TeueHune 21 gHA.



Sex Steroids Effects on the Molting Process of
the Helminth Human Parasite Trichinella spiralis
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Taenia SOIium Taenia solium tapeworms synthesize corticosteroids and sex steroids

in vitro

Llectoabl MOTyT CUHTE3UPOBATbL TECTOCTEPOH,
KOPTUKOCTEPOUbI, ECIN B KayecTse
npelwecTBeHHUKA UM NPeaoCTaBUTb
nporecTepoH

[Mapa3nTbl HE UMEKOT NONIHbIN CTEPOUNAOTEHHbIN NYTb,
OA4HAKO YacTb U3 3TUX PEPMEHTOB ECTb.
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Manipulation of vascular function by blood flukes?

Akram Da’darah and Patrick J. Skelly

Schistosomes and eicosanoids Eicosanoids are important signaling molecules derived from
essential fatty acids. There are four families of eicosanoids—the prostaglandins,
prostacyclins, the thromboxanes and the leukotrienes. LLinctocomsl npoussoaAT
Prostaglandin D2 (PGD2) and prostaglandin E2 (PGE2)- BazognnaTtatopbl. B meHbliem

KONMYecTBe NPOM3BOAAT Ba30OKOHCTPUKTOpbI leukotriene B4 (LTB4) and leukotriene C4
(LTCA4).




OKCMCTepOIIbI = 3TO NPOAYKTbI OKUC/ZIEeHUA XonecTtepoia

Cholesterol Oxysterols
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Transcriptional control of
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OKcucTeponbl MOryT 6bITb Metabolic intermediates
NPOAYKTOM peaKumu
CYP450 Signaling development and differentiation

Okcucrteponbl 06n1a4al0T NPOBOCNANIUTE/IbHOW aKTUBHOCTbIO, @ @ TaKXXe MyTareHHbIMuU
cBoucTBamu. OCHOBHbIE OKCUCTEPO/IbI B OPraHM3Me - XKeNuHble KUCNOoTbl (xonesas u
AE30KCUX0/1eBasA KUCIOTbl U NPOAYKTbI UX KOHblorauum). Mogudukauua xonecrepona no
nonoxxeumam C3,7,12,17, 24



AP site (apurinic/apyrimidinic site)

' Mpu penankauum Bo3HUKalOT

MmyTaumm Ha mecte AP canta

If left unrepaired, AP sites can lead to mutation during
semiconservative replication. They can cause
replication fork stalling and are bypassed by
translesion synthesis. In E. coli, adenine is
preferentially inserted across from AP sites, known as
the "A rule"
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Future Oncol. 2010 January ; 6{1): 75-91. do1:10.2217/fon 09.137.

Depurinating estrogen—DNA adducts in the etiology and
prevention of breast and other human cancers
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Schistosoma haematobium: Identification of new estrogenic molecules with
estradiol antagonistic activity and ability to inactivate estrogen receptor in
mammalian cells

mufz 624

2,3-KaTtexon sCcTporeHsl

CaN\ELI, M CaMKa Scheme 3. Hydroxylation of both C-2 and A3 on a ——** ——— -——F &—t—

oxidation into an estradiol-2,3-quinone. 10 Gene Expressiun

S. haematobium

OKucnenune C2,C3
NoJIOXeHne Konbla A

Fold increase

| ] ap a
= ER beta

C E2 [Ia] E2+ICI 5h SheEZ  SheiCl  Sh4EZeICI
Treatments

New estrogenic molecules previously unknown, present in schistosome worm
extracts and sera of Schistosoma-infected individuals. The existence of an
estrogenic molecule that antagonizes the activity of estradiol.
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Tumour-like phenotypes in urothelial cells after exposure to antigens from eggs
of Schistosoma haematobium: An oestrogen-DNA adducts mediated pathway?

CHM»KeHuMe anonTo3a
CTumynayma MmTosa
YBenumyeHume ymcna mytauni

TN coeanHeHuA 06na,£|,ar0T NOBbILUEHHOM FrEHOTOKCUYHOCTbIO WU CHUXKAIOT anonTo3 KNeTOK
AMUTENNA MOYEBOTO Ny3bipA
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Urinary Estrogen Metabolites and Self-Reported
Infertility in Women Infected with Schistosoma a
haematobium
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93 women. The catechol-estrogens/ DNA adducts were associated with schistosomiasis (OR

3.35; 95% Cl 2.32-4.84). metabolites was positively associated with infertility (OR 4.33; 95%
Cl 1.13-16.70; P#0.05).



Liver flukes infection
is strongly associated with cholangiocarcinoma

International Agency for
Research on Cancer:
O. viverrini and C. sinensis
were both classified as
“carcinogenic to humans”
(Group 1)

www.thelancet.com/oncology Vol 10 April 2009

Carcinogenic potential
of O. felineus is not studied

Cholangiocarcinoma (CCA)

Minor, peripheral
biliary duct

dilation
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Carcinogenic liver fluke Opisthorchis viverrini oxysterols detected by @mm
LC-MS/MS survey of soluble fraction parasite extract KOHTPOJ1b

OMNMUCTOPX03

B nnsate Ov HanaeHbl metabonntbl C-2 and C-3 xonectepona u
AaNbHEWLLee NX OKUCIEHNE A0 KaTexo/1-3CTPOreHoB



LC-MS/MS analysis of OV and OF samples
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Trn MMMYHHOIO OTBETa

Th17
» Extracellular bacteria

fshon. ining of miestine)
* Fungi
* Autoimmunity

* Cell-mediated imm
inflammation

Physical Triggers of * Intracellglar pathogens

Immune Response:

* Infections Antigen
-Bacterial, viral Presenting Cells
-Fungal, parasitic

* Toxins
-Exogenous
-Endogenous - _J

* Food peptides

* Allergens

* Medications

* Auto antigens

Th2 /

* Antibody-mediated immunity

ThO: Naive T cells + Extracellular parasites

IL-35

Th: Helper T celis IL-10 + Asthma, allergy
Treg: Regulatory T cells
IL: Interleukin Treg IL-13

TNF-a: Tumor necrosis factor-alpha
IFN-7: Interferon-gamma
TGF-f: Transforming growth factor-beta

* Immune tolerance
* Lympocyte homeostasis

* Regulation of immune
responses

B nTOre BO3HMKAET LieNblii Kackag, peakumin MMMYHOTETA, KOTOPbIN NPUBOAUT K onpeaesieHHOMY
MMMYHHOMY cTaTycy. Tak npucnocobunca opraHMam YenoBeka 60poTbCA ¢ NapasnTamm, BUPycamu,
H6akTepmamn. ITo CTaHAAPTHaA cxema. MapasunTy, YTOObI BbIXKUTb HYXKHO 6OPOTLCS C ITUMU MEXaHU3MaMMU.
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[NonapaA B orpaHMU3m X03AMHA BMeCTe C
nuuien, Fasciola hepatica nonagaeT B TKaHU
KULWEYHMKa NpOoXoan Yepes anuTesInm c
nomoubto npoTeas cathepsin B u cathepsin L.

N benku F. hepatica (FhCL1, FhPrx n
FhHDM-1) n aHTUreHbl TerymeHTa
CMocobCTBYIOT Pa3BUTUIO peHOTMUNA
MaKpodaros xapaktepHoro ana M2 ¢peHoTtumna.

B KNneTku BpoXKAEHHOro MMMYHUTETA
HecnocobHbl pearMpoBaTb Ha CTUMYNALULO
H6akTepranbHbIMM TOKCMHAMMU

f KaK pe3ynbTaT He pa3BMBAETCA OTBET
Thl-and Thl7
N dacumonbl NPOHUKAIOT Yepes TKaHU

KNLWEYHMKA B NeYeHb B TEYEHME HECKOJIbKUX
AHEN.
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cathepsin L cysteine proteinases

10 80% 6enKOB B CEKPETOPHOM NPOAYKTE — 3TO LUCTENHOBbIE NPOTEa3bl

maponunsyroT UMMyHOrnobynunHel xo3amHa, preventing antibody-mediated killing
mechanisms from operating at this early stage in infection
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Carcinogenic Liver Fluke Secretes Extracellular
Vesicles That Promote Cholangiocytes to Adopt a
Tumorigenic Phenotype
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