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Waddington’s developmental landscape
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e Hypothesis of “epigenetic” changes, genome methylation: N. Koltsov (1915)
e “Epigenetics”: C. Waddington (1942)
* Gene nature was not known at those times



EPIGENETIC MECHANISMS
are affected by these factors and processes: .
¢ Development (in utero, childhood) o
e Environmental chemicals
Drugs/Pharmaceuticals

* Aging /ﬂ‘/ M/‘f
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HEALTH ENDPOQOINTS
e Cancer

¢ Autoimmune disease

¢ Mental disorders

¢ Diabetes

EPIGENETIC

FACTOR

/ DNA methylation

Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
and activate or repress genes.

HISTONE TAIL

DNA accessible, gene active

Histone modification

Histones are proteins around which
DNA can wind for compaction and
gene regulation.

HISTONE

DNA inaccessible, gene inactive

The binding of epigenetic factors to histone “tails
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.

Genetics
proposes
but
epigenetics
disposes

Image: Wikipedia


https://en.wikipedia.org/wiki/Epigenetics

Covalent histone modifications (the “histone code”)
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PHD finger o ' Bromodomain

It takes a PHD to read
the histone code

Methyl-Lysine Recognition by the
PHD Finger and Chromodomains

PHD = Plant homeodomain
>100 human proteins
PHD finger: Cys,-His-Cys, motif + 2Zn?*



https://www.cell.com/fulltext/S0092-8674(06)00821-X
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| Y g s e Build a homology model of PHF10’s DPF domain
PPrFSh: (HOYHRAE 378 22 g £ « Compare to other proteins’ DPF domains

. 498 aa Suggest PHF10’s affinity to histone modifications

PHF10-P: 1 —{JJSRM——}=rHD1[PHD2

BAF remodeling complex PBAF chromatin remodeling complex

BAF155/
BAF170

Image: Soshnikova et al. (2020), Acta Naturae



https://doi.org/10.32607/actanaturae.11092
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PHF10 DPF domain model

Homology model of
PHF10 DPF domain

e PHF10 DPF domain is homologous,
yet most unlike
e MOZ(47% id) is a template

e Two PHD domains, four Zn2*
« CCHC/C,
* Acidic pocket 1: 100% conserved,
anchors histone tails H3R2, H4R17

* Anchors H3R8

* Binds unmethylated H3K4 and H4K20,
rejecting Kme3 states via forming h-
bonding “niches” to [I/M]ECK bb’s

e PHF10: more acidic (HHEEE pattern),
presumably less tolerable to lysine
methylation, e.g. rejects H3K4me3

 Hydrophobic pocket binds
modified lysines: H3K14ac/cr/bu,

H3K9ac/me, H4K5/8/12/16ac
e PHF10: the trench is shifted,
presumed affinity to bulkier
H3K14/H4K16bu/cr



https://doi.org/10.3390/ijms222011134

PHF10 is evolutionary conserved and different from
other DPF-containing proteins
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Eurytemora afinis -2 PNAICKMCQGNVGQNKL--GLAEMMLNCTKCAQSC PTCAGLHLDLLQYVTGYNNECTICKMCLKCKDPSDEDKMLF IYCVG--LQEVPSGRWHCFNCTACISC
Drosophila melanogaster  +14 RLSTCGVCLRSQHRNAR--DMPEAFIRCYTCRKRVEPSCVDMPPRMVGRVRNYNWQCAGCKCCIKCRSSQRPGKMLY:! IYCLG--LRTVPDGRWSCERCCFCMRC
Caenorhabditis elegans -3 PSRPCDSCEKTGG---------- PQCIEMPERMAALVKTYEWSCVDCRLCSICNKPEKEDEIVF TYCVG--LKKLPQGTWICDTYCAIENM
Helobdella robusta -4 NSVRCGMCSQTTKNKY - --NEPDDLIKCNTCNVSNEPGCLGLSAEMVPMIKTYDWQCMECKVCYQCTQPHDEDKMMF TYCVG--LISIPEGRWDCVMCTTNNNI
Pomacea canaliculata +3 DRDSCRICKNAVYQGRN-KKVETKMIRCSECGKIABPSCLDLTEKMVQVISTYPWQCMECKTCVECTDPYDEDKMMF TFCVG--LRCLPTGRWECRSCKGTPVT
Stegodyphus mimosarum -2 PNAICKVCKMGPEGKVK-DGKPEELVHCSDCENSARPSCIELTSEVVDVLKTYPWQCMDCKVCSHCRDPNDEDKMLF TFCVG--LKSLPQGKWVCRRCGSCSVC

Acropora digitifera -1 PNALCGICLKGSEANKKVGGREYQYFLGIKLQFTGEPSCLDMNLQLVAVIQTYPWQCMECKTCIICRDPFDEDKMLF SFCVG--LKQIPVGRWTCDMCGMCASC
Saccoglossus kowalevskii -2 PDAVCGICLKGKDSSKK--KFSEQLVHCSQCDNSGEPTCLQMNDS LVHVIKTYPWQCMECKTCTLCGDP THEDKMMF TFCVG--LKSIPTGQWTCESCRKDISS
Latimeria chalumnae -4 PNAICGICLNGKESNKK--GKPEALIHCSQCHNSGREPSCLDMSVELVSVIKTYPWQCMECKTCIICGOPHHEEEMMF TFCVG--LKVIPSGRWICECCINDPTT
Ciona intestinalis -5 DEIVCGICSKDGSSNKK--GEAEELIKCSQCDNHGEPSCLEMSVEQVSVIETYNWQCMECKTCTICSMPHREDLMMF TFCVS--LRAIPSGVWACSRCKHADPN
Homo sapiens -2 PNAICGICLKGKESNKK--GKAESLIHCSQCENSGEPSCLDMTMELVSMIKTYPWQCMECKTCIICGOP HEEE TFCVG--LGAIPSGRWICDCCQRAPPT
Mus musculus -2 PNALCGICLKGKESNKK--GKAESLIHCSQCDNSGREPSCLDMTMELVSMIKTYPWQCMECKTCIICGOPHHEEE TFCVG--LGAIPSGRWICDCCQRAPPT
Alligator mississippiensis -2 PNAICGICLKGKESNKR--GRTEALIHCSQCDNSGEPSCLDMTPDLVAMIKTYPWQCMECKTCIICGOQP IHEEE TFCVG--LGAIPSGRWICDCCQKDTPV
Gallus gallus -3 PNAICGICLKGKESNKK--GKAEALIHCSQCDNSGEPSCLDMTPELVAMIKTYPWQCMECKTCIMCGOP HEEE TFCVG--LDAIPSGRWICDCCQKDPPI
Anolis carolinensis -4 PNAICGICLKGKESNKK--GKAEALIHCSQCENSGREPSCLDMSAELVAIIKTYPWQCMECKTCIICGOPHHEEE TFCVG--LGAIPSGRWICDCCERQPPI
Xenopus Laevis -4 PNAICGICLKGKDANKK--GRSERLIHCSQCDNSGREPSCLDMSAELVAVIKKYPWQCMECKTCIICGOP HEEE TFCVG--LGALPSGRWICDCCQKVPAT
Petromyzon marinus ® YNALCGICLKGRENNRK--GKAESLVHCSQCENSGEPSCLDMSNELVAVIKTYPWQCMECKTCVVCGOP HEEQLMF TFCVG--LDHIPMGRWNCATCEAKPVN
Danio rerio -1 PNAICGICQKGKEANKR--GKPEALIHCSQCQNSGRPSCLDMSVDLVAKIKMYPWQCMECKTCTVCQOPHHEEEMMF TFCVG--MDSIPMGCWVCDLCSKDIST
Rhincodon typus -2 PNAICGICLKGRESNKK--NKPEALIHCSQCDNSGRPSCLDMLSELVAVIKTYPWQCMECKTCIVCGOP HEEEMMF TFCVG--VASIPSGRWICACCANVPST
Hydra vulgaris -2 KDNYCGICMKGEEENKN--GIPEKLINCSQCSNGGEPSCLDMNKSLLKVIKGYPWQCMECKVCTECLAPHDEHEMMF SYCVG--VKEIPKGRWVCNRCGKCCSC

Naegleria lovaniensis -6 SRKLCKKCDSG-------- DQEDKLIHCVACNCYFRTFCHEPNMDHLEQQYRDNWLCADCKICLKCKKNSDESEMIT YRCLDPPLSEAPKGLWFCPTCQEQSSE
* |k * kK ok k. Kk K .o * . . * ok kK ok
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Image: Chugunov et al. (2021), Int. J. Mol. Sci.
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Image: Chugunov et al. (2021), Int. J. Mol. Sci.

Evolution of DPF-containing proteins
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] DPF REDUCTION

PHF10 is an ancient DPF-
containing protein
It has been evolving on its
own, gaining distinctive
features
In vertebrates, there are four
PHF10 splice-forms:
e Two PHF10-P with DPF
e Two PHF10-S with
reduced DPF domains
These forms yield different
targeting!
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Image: N. Soshnikova, personal communication

The roles of PHF10 P- and S-forms
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PBAF Proliferation genes

Neural progenitor
genes
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PHF10 P- and S-isoforms regulate
different gene pools due to
P120 distinct targeting, as shown in
newborn and adult mice brains:
l e PHF10-P (with DPF domain)
target H3K14ac-rich
PHE10-Ss proliferating genes
PPPPP e PHF10-S (without DPF domain)
target neurospecific and
housekeeping genes, enriched
i in H3K4me3

PDSM

dcPBAF Neurospecific genes
Housekeeping genes

Promoter




Conclusion

PHF10 has started its own evolution (separated from other DPF-proteins) as early as in first
multicellular organisms. In vertebrates, it multiplied into four splice forms (two reduced
“targeting” DPF domain)

Homology model of PHF10 DPF domain reveals common and unique features of this protein.
Predicted binding pockets for histone modifications:
e Acidic pocket 1: anchoring by H3R2, H4R17
e Acidic pocket 2: binding unmodified H3K4 and H4K20, rejecting methylated Kme3
 Hydrophobic pocket: recognizes hydrophobic lysine modifications,
e.g. H3K14/H4K16bu/cr

Following these ™ specificities, respective chromatin remodelers should behave differently:
e PBAF (contains PHF10-P: with DPF domain) remodel gene promotors at the activation
e dcPBAF (PHF10-S: without DPF domain) remodel constantly active genes — enriched with
H3K4me3



Thanks for your attention! _ -
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