Contents

- mm‘butors 000....‘Q........"00...000’.........O...‘O"..I.‘....0....‘0.’ IIIII ...0..Xi
es of Chromatin Signaling and Their Impact on Diseases Pathogenesis ...... Saarbtis i e AR & J o bR

:2ISTONE MARK WRITERS

one Acetyltransferases, Key Writers of the Epigenetic Language «..........oooriiiaeanns 3

T P SR A R R R R Rt i 3

sesional and Mechanistic Impact of Histone Acetylation ..........oiiieiieiiiiiiiiiiire e 4

—sificarion of the First Histone Acetyltransferases, a Historical Pu‘spectwe ................................... 5

Histone Acetyltransferases Belong to Three Different Families  ..........ooiiiiiiiiiiiiiiinn, 8

— Families of Metazoan Histone Acetyltransferases and Their Roles in Animal Development ......... o sty 11

of Histone Acetyltransferases in the Pathogenesis of Human Diseases .........cooooioieeiaevninen Pt 15

Jusions and FULUTe DITECHIONS .ttt vuren et et et e et e e e te s e e et s et e et e s s 17

d Acronyms AN ADBIEVIATIONS  « « v v e v e e et ettt e e e e ea e et e e e e 17

........................................................................................ eee 18

.............................................................................................. 18

~acts of Histone Lysine Methylation on Chromatin ... ..., 23
ANOU J. HADDAD, P. ZHANG AND J.-F. COUTURE

smatin Regulation and Posttranslational Modifications ..........cooviiiiiiiiiiiiiininniinee 26

ne Lysine Methyltransferases .. ......o..ooonieoanininniuiit e 27

26 HBK4 Methylation ... ....eeveeteentntttae et et en it tttte st ettt 28

one H3KO Methylation .. ...oonnnnuntittttte et oottt ettt 31

B ome H3K27 Methylation ... .evvnerun e ettt saee e ettt e et bia st 33

; SN I‘BK36 Methylation ......... S L I 35

ome HBKT9 Methylation .« ... .v ettt ittt ittt e e ettt i e et e e et 36

gone HAK20 Methylation ... ...ouueetune ittt et ettt CkE s 38

omethylation of H4K20 Promotes Mitotic Chromatin Condensation and DNA Replication , .......oovvvnin.n. 39

rsing Roles of Non-Canonical Histone Lysine Methylation ..........ccoovoiiiiiiiiiniieneiinnens 40

e R D PP S S R TR TR 41

sr of Acronyms and ABBIEVIAtIONS .. ... .uuuiteenntee et 42

42

e L 1 o T L R R AR R R R R I I IC S IR ST TR T L T S S

" The Role of Histone Mark Writers in Chromatin Signaling: Protein Arginine Methyltransferases 55
SAGHANDISH AND J. COTE

4 FOBUCTION. - ¢ v v v v st sesonsonesasenvoasssesesossssansastserorsstssittsssssasriotosresrresearssrssstrsssrsns 55
General Properties of Protein Arginine Methyltransferases ........oooiiiieiiiiiiii 56
“-mnahan Protein Arginine Methyltransferases and Their Effects on Gene Expression ... Rt S wieeh s B Gt 61
T I R R R PR R R RS AC AR AR R AR AR 70
~ List of Acronyms and Abbreviations ........ U Al SO SRS AP T 70
_- BBOEEATY . ... .. eeeiee e ee et 71




vi CONTENTS

Acknowledoments ... ..l i it e e ... ..l 71
Refarences ... i donnines e i it e . ... 71
4, Historie Kinases and Phosphatases ... .. ... i oiienint R . ... e et 75
N.A. WATSON AND J.M.G. HIGGINS
{ii\a (e s [1Te te) o RN JUNUEE NP U AN PRI e e o - RS 75
Histone Phosphotylation: Basic Concepts - vouvuooievi v i 7ad S IR 0 ., RO R CE 75
Histone Kinases in Nucleosome Packing and Assembly . ... .. .ottt i aens 78
Historie:Kinases:and Cell Division ... oot voiind o e b G B I B . s di i 78
Histone Kinases in' DNA Repair and Replication .. ..cvrvvvir it e e e aensenneasansns 82
Histone Kinases and Programmed Cell Death ™ ... ... ..o oo i e e enis .83
Histone Kinases and Transcription ........... RPUPTORIERRRR I . o R R 84
EliStome POSDRAtases: . oo i vin oo trnnronennsinsisidinronensrs s e e 87
BORCIISIONS: ©. fih s vvveaod s veses s S b st Db vl i B e i s v 88
List:of Acronyms and ABbreviations . ..vvvuivi it i b et erne i b e s e e i i 88
i SR SR SRS SRS AMINIIDRITII i syl 0o L SO ORIG DA W SO S 89
T i e R N SRR PP ASOPRE LS A S STMCTOO RPN RO N xS SRR o MG F 89

Il HISTONE MARK READERS

5. The Bromodomain as an Acetyl-Lysine Reader Domain ...............coooiiiviiiiia... 97
S.G. SMITH AND M.-M. ZHOU
Lysine Acetylation and the Bromodomain ............ouiiiiiiiiiii i e 97
Discovery of the Bromodomain as an Acetyl-Lysine Recognition Module ............. ... o 98
Biological Functions of Bromodomain Proteins . ... ..ottt 100
Bromodomain Proteins in Human Disease Pathways .. ... oo e 104
Small Molecular Inhibitors of Bromodomains ..........o.uriteiii i e 104
Tl oot R T EN A SO N SO CISITITT IS (e i tie i P S I ST LI 107
List of Acronyms and Abbreviations .. ....veuutveeitvntitnuereeniitaiiarai i e 108
el stay s [0 e St et e e o e e O SR M S I G S 108
| 0T e S N S s ke e e E e PSR SRS R A D 108
g oClusms Dismiain Profeltiss v vl 0 L B s b e, 113
].C. EISSENBERG
R S I DTl s o o ey B A s B N A L e R 113
3B n BT {0V Te M BUs) Ve TV e n ) o b O e O TS e LS O PRI (G S S AP S PN 114
Natictiee ot Chromo - Domaing . i vo oy L e T T R R LT 114
B O B A i o i e e o T R R S TR N SO A 117
Nucleic Acid—Binding Chromo Domains . .......uiettit it e i e e et et i 117
Posttranslational Modifications and Chromo Domain Transactions .............oeiuiievrineireneneieneaneanan. 118
Targeting Chromo Domains for Therapeutics ... ....ouiuiuir vttty 119
Chromo Domain Association With Human Disease . ......vouuirtttirinttit ittt annennns 120
S e S S O AU S - S ot SR SN R b el R v O D s U DR i 121
List:of Acronyinsand Abbreviations ... .vvuiseieeuiine st siaiasierisaraatasataar e i e 121
i 010} LT Loy o) g e T U P o N R UL P PP ONPES NS R 122
R T e e T o e e e L S s T 122

7. The Role of PHD Fingers in Chromatin Signaling: Mechanisms and Functional
Consequences of the Recognition of Histone and Non-Histone Targets ........................ 127
E.A. MORRISON AND C.A. MUSSELMAN

15t a 762 [t o) LRI SR PR G S o PP 1 sl B Y RO 0 oL L SRR SO MR &0 5 A P 128
The History of the Plant Homeodomain Finger .......... oottt it ie et e et ieeeaens 128




Seructural Basis of Histone RECORNILION . ....uveusivunsiurrneonneruaesioeenoreuisiesseiecaneeioineines 128
The Mechanism of Plant Homeodomain Fingers in the Combinatorial Readout of Patterns of Histone

~ Pose-Translational Modifications ............ooviiiiiiiiiii 132
. R T PR PR PRSI 137
anding the Role of the Plant Homeodomain Finger in the Function of Its Host Protein  .................. 138
Hmneodomam B isnth Disdase ™ o oo Wi BB v G sl e Lo e e SRR R Sl 140

............................................................................................ 142
S S RS RO SIS SRR O 143
“sdor Domains as Methyl-Lysine and Methyl-Arginine Readers ............... ... .o, 149
BOTUYAN AND G. MER
B e s e i s g Rl ok e 149
s Aromatic Cage: Molecular Basis of Methyl-Lysine and Methyl Arginine Recognition .............coi0enn. 150
o Domains Interacting With Methylated Lysine-Containing Peptides  ..........ccooiiiiiiiiiiiiii. 152
wdor Domains Interacting With Methylated Arginine-Containing Peptides ..........c.ocoiiiiiiiiiiin, 158
L e U U NN DRI P e LSRN P 160
DI i e i e bt s v i S e e e 161
........................................................................................... 161
HISTONE MARK ERASERS
ne Deacetylases, the Erasers ofFtheCode: i i irmuy, Trai e i v nas R 169
=== 11, R.E. VERA, N.B. RUMIE VITTAR AND G. SCHNEIDER
........................................................................................... 169
Modifications and Gene Transcription .. ...oe e e on e e ettt 170
Deacetylase Families and Classes  .......ooiiiiieinitiiiie e 171
Deacetylases Structures and Catalytic Mechanisms ...t 172
Deacetylases as Modulators of the Epigenome ........ooiuiiiiiiiiiiii i 172
Deacetylases LT AN S SO SUR N B O R TS 174
N SRS LA SRRSO R ARSI S 176
d' Abbrewatlons .................................................................................... 176
........................................................................................... 176
ine Demethylases: Structure, Function, and Disfunction .......... ...t 179
A, R FUEYO AND M.A. MARTINEZ-BALBAS
............................................................................................ 179
- Funcrional and Structural FEatures ... ......outetutuin ittt 180
scriptional Output and Regulation  .......oin i e 182
9 1_4.-: Role ................................................................................... 184
B e L EJEtntes .. ovvverenvnnnrnnsencsonsnsanosionsiersinmssorsionsasnrsiostsdnniiniossnssneinn 186
Inhibitors as New Epigenetic DIUZS ... .vininititet et 189
L i G RGP P S SR (Pt 191
112 oV S R LR ET TR RRRTREREER 191
BEEETICES ...l eeeen e e e e e 191
- CHROMATIN SIGNALING
W ariarion, Modification, and Reorganization of Broken Chromatin ................. ..., 197
REY, ].A. DOWNS AND A L. CHAMBERS §
........................................................................................ 197

= Modifications in DSB RePail . e . v ettt it e e 198



viii CONTENTS

Hiscene:VariantsinDSB Repair ... ..cciianivin compiaiatiBe e oo Bimied@line, ool oo sioms o 201
Chromatin Remeodeling Enzymes in DSBRepair i . . v Bt o oo i S b vt v s b 205
(@87 Tel (Tt ot e SO RCRIIRG o SOt L L - R e R S 211
IR 7T S TGRSO ST S SOSCINIIE - - - - ENTRERE e e S S S 211

12. Crosstalk Between Histone Modifications Integrates Various Signaling Inputs to Fine-Tune
TRae ORI s e i e R B v L e e R 217
S. NAGARAJAN AND S.A. JOHNSEN

IngeElicrionid =ucl e o0 L e s R G B e s R e o SR A 217
Crosstalk Between Histone Modifications and Their Consequences . .............o.uerirriririinennennnennenns. 218
Histone Marks and Recruitment of Chromatin Factors ...............uiuiernineuir oo eeenennanss 218
Histone Lysine Methglation and Acetylation . ... .. i r it iiiniinieieiiiiiiins i vesvneaiineeais 221
Histone Ubiquitination and Methylation: a Trans Effect ....... ..ot e 222
Rt PRI - - .. .o\ ovovi e T T e i i R R BT e e 224
Histone-Modifying Complexes Have Multiple Catalytic Roles and Functions ...............couirirniuneninann.. 226
Histomesa e MeEthylation: - ... .o it eiinirianaderisvnirieiininsiisuoneiniinesiennesbavaiaii 229
Histone Tail Cleavage Exhibits the Ultimate Irreversible Removal of Histone Modifications ..................... 230
Histone Modification at BnRancers .. ....oviviurniteiotit it uinnnneusenesvannreessssnsnseseessosesensesassns 231
[@Feyote Hinjle)o Bt i er i R R O P DU R S S A S S S S 231
List of Acronyms and Abbreviations .. .....ovivtirir ittt P 232
(@) (0175 e S il it r el Mt I SO U s i s S S S A O A e 235
| T S s e B S A P BRI SR S e (AU S S SO SINE S 235
13. Signaling and Chromatin Networks in Cancer Biology ....................oiiiiiiiiii... 241
E. HESSMANN, R. URRUTIA AND A. KOENIG
ol e e o e e G B Ui P R PO SO S SR AN S0 T 241
Regulation of Epithelial-Mesenchymal-Transition . ..........o.ueui et eens 242
Chromatin Remodeling in the Regulation of Cancer Cell Plasticity .. ...........civivninirn e eeieeeaannannn. 243
The Epithelial-Mesenchymal-Transition Transcription Factor Machinery .........o.ouiuinine i, 245
The Role of Posttranscriptional Regulation of Epithelial-Mesenchymal-Transition ...............couveeiuernen... 249
irjarrel by e R SR PR PR e o eI S T SO D R S sy T 249
G e S TS SR R RIS SO Selhe S N S S B ST S i AL S 250

V' CHROMATIN DYNAMICS IN NORMAL AND DISEASE CONDITIONS

14. Crosstalk Between DNA Methylation and Chromatin Structure  ...........oveeuenenn.... 257
M. ROQUE AND L. VARGAS-ROIG

T O e s e Tl e e s e e e s e e e e el e B T B R 257
Crosstalk Between DNA Methylation and Chromatin Structure .............ovuirner oot 259
Significance of Altered DNA-Chromatin Crosstalk in Disease ...........c..ouiiiiiririiir e, 264
EOMCIISIORST e e Tl o e T e T e e e SR R R T e e 267
Sl oo o i R A S O PG P & S R eI S I O SO RS ST RNe LI SEer 267
I o i R T O R H s e e o 268
15. Epigenetic Regulation of Endoplasmic Reticulum Stress ..........couevrinrennennenronn.n. 271
K. BARROSO AND E. CHEVET
a5 (o' T Vo o] RS SR S SR S0 R CPRGPO MRS B 25 I U o5 SRR KOS T R TI N D SR L B LI e 271
O O T s L e o L L T o e e s e i 281
T O P L L Ty 0 it e e it T st e s e s v nmerns st snsasennsononesitsnnasosnosnssssinassinesns 282
ACKNOW e ImMe S ottt e e e e e e 282
VS Tt B e e I O TN U i 00 PRI Sl cho O g B S SR IP BSRUR R ST 282

-1 1 ¢ ¥ 1§ B -




CONTENTS ix

16. Chromatin Signaling in Aging and Cellular Senescence ...............ccoiiiiiiinnenn. 287
£ COUTEAU AND F.A. MALLETTE '

~ Aging, Cellular Senescence, and Chromatin: an Introduction .........oooiiiiiiiii e 288
~ MNucleosomal Modifications in Senescence and AgINg .........otititiiiiiiiii 290
~ Histone Posttranslational Modifications During Cellular Senescence and Aging . ..vvvrereneieiiiiiiienen 293
" Modulation of Lifespan by Experimental Alreration of Chromatin Modifiers in Animal Models .............. i20F
~ Ace Dependent Regulation of the Chromatin-Metabolism Connection ........oooooii 300
. Efect of Telomere Shortening on Telomeric Chromatin «.......viiiiiri i s 301
"Conclusion ...... A SO BN E TR SR AN TIPS S DI R s S ¢ G AR ey 302

: .'-' = 1 = S T T I I L IS A A 303
_ Chromatin Dynamics and Epigenetics of Stem Cells and Stem-Like Cancer Cells ........... 311
SPAR-MAIA AND A. SEVILLA

MOLICTIOTL s v v - o v s e o o % 5 8 4 m s n a8 5 8 # 2 + 8 + 58 + 8+ % & 0 & 5 8 & & % 5 4 8 & 0 b + 8 + 5 4 AR B T E L EE S E B s 311

BNmclear Architecture  ........vvereeererinnenininieteisiniiiiidinieneneens e A SR AN S s, 312

BERETIALITY SETUCTUTE -+« o et v e v e et et asoa enen s onaaanesssaassneoafoseonsessoraounanenanasasnssansesennsenssn 312
Elisone Modifications and VAIANES ... vvvveee ittt e 313
Whromatin Remodeling . .....ooviiniinit e 314
{Bromatin Dynamics During Embryo Development  .............. B A T R A s 317
“heomatin Dynamics During Lineage Differentiation ... s e 317
Cancer Stem-Like Cells: Historical Perspective ........o.ooii i 318
E-ssenetic Factors Regulating Tumorigenesis and Cancer Stem Cells ... 320
Eissone Modifications and Variants in CSCs .. vvvvvviireiniiitt i 320
Chromatin Remodeling in CSCs ..o ovvtinit it 322
. ESTOTL + o v v v v e n o e s vt oot sassononnssssssassssssossnnsssbstessssssntssassdosatosatsssesasssssnttessirsss 3 24

........................................................................................... 324
i Altered Chromatin Signaling in Cancer ...........iiiiiiiiiiioeiiiiieiiiiiiiiiinien, 329
| L RN TS S SR SO U U 329
."‘ =11 Readers ........................................................................... AR 331
._ woomb and Trithorax ............................................................................... 332
—=holic Regulation of Epigenetic Signaling ...........oooviiiiiiiiii i 341
............................................................................................ 341
............................................................................................. 342
Impact of Chromatin Changes in Pathogenesis of Infectious Diseases: A Pathogen View ..... 347
SOPOLO AND M.C. TOUZ
.............................................................................................. 347
................................................................................................. 355
............................................................................................. 359
............................................................................................. 360
" Chromatin Remodeling and Epigenetic Reprogramming in Chronic Disease and Cancer
DI R PATICreas .. ..o ivivveriienniioannsivecsossiussaissssosnassionssanansosasss 365
= FERNANDEZ-BARRENA AND CL. PIN
L P e PP DR LR R . 365
Mevelopment of Pancreas and LIVET ... vt vtvvn st rnonenenenenenonenatiiiaeersaisisasssveoraraesosonsnsnss 366

Eigenetics Of Liver DISEAses ... ... .. uuutueiuitiiii e 369



21. Pharmacological

R. URRUTIA AND G.A. LOMBERK

X CONTENTS
Epigenetics of PARCTEAtic TSEases ... ...i.iw ivimin s s iihemint: domr e MRt .
Future Directions: Clinical Potential of Targeting Chromatin-Remodeling Proteins ...............ccooviiivininn.
ACKDOWICABIIEIIES | vyt st s vt bnit s s siandiis winlsisies os 4 domiiotds B e e s ey i R |
RBfErENCRS & v i v i i siais s s eas vens o s mseihie me i o e R AR i e SR

and Therapeutic Targeting of Epigenetic Regulators ................ 3 scasinit

itt0s 2 e e e e IS AICNPO PR SIS . (R o - o T o R S S
Taraetineiihic PNA Methylation PAthway . iiuiu e ilvnenen i iiain it fo st baieie s e on bon s s bitinsin
PR e RN ARGl e o i e e e A e e e e i e e o i e Ve
Histone Acetylases and Deacetylases .. ....iivrvrvisin e e nenaesessrasoreeneneonsssessasassossssoenes
Histone Methylases and Demethylases ............. i s e s e e T
BhromatingRea e o iy v s o i o b i i e s e e e T A BB e W ek e
o) 7ol (Vo 4o 105171 o1 R S S AR S S U S SRR
R Sate - R RO S ST S ST SR T U DU LI P SO
22. Use o Clhisamatin Changes as Biomarkers ... ...foeioniniiiivisininmnneeiniorenissios i
R.A. HLADY AND K.D. ROBERTSON
|Eoin il 2 L i PR S LGN S N L RN W D L PRI SO S I 1 e SO o
Concept 1: Altered DNA Methylation Landscapes as Biomarkers of Human Disease ........... e e i st
Concept 2: Aberrant microRNA Expression in Disease SEAtES .. vvvvrrtrrtrrrrtreererrtarear e rnenenens
Concept 3: Disease-Specific Histone Posttranslational Modifications Function as Biomarkers
Concept 4: Tissue Surrogate Epigenetic Biomarkers ... c..o oo i i i e
e e S I S CAE St LIPS SN EAEEN B ORI PUERPRNE SO 0 B
List of Acronyms and ABDreviations . ... .....oeuii e e i e
o i e L R S N U A S U PRI UKD U NP AL T S
Pl TN (o i ol Y G S U O SO PR GRS SR SRR PN AL S SRS S E e A
120 (e R O R SOOI S SIS R S SRS SOy S SR P SR |
23. Regulation of Host Chromatin by Bacterial Metabolites ...............ccoiiiiiiiinaan.
5. MANI
P03 s i Te Ato] T O O o S AP PR N DTG N R o < s e B
The Commensal Bacterial Metabolome ... .. ....iiiiiiiit it ettt e it iaaens
B i A B a6 T S A - LB Bidnan Ve | RSP VNN D SR AP PO S g SV e P SR
Bile Acids: Microbial Bile-Ome and Nuclear Receptors .. ..........ouuiririinerotintie e,
Estrogens: Microbial Estrabolome and Chromatin Modulation ....... ... i iiaens
Ellagic Acid and Histones Methylation .. ... . u ittt e ettt e e e e e et
Short Chain Fatty Acids (SCFAs), G Protein—Coupled Receptors, and Histone Deacetylases
Indoles and Nuclear Receptors . ...ttt e et e e e e e e e e e
PO s e e s e e e e e e Y e e e e e i e
Bacterial Nucleomoduling .. .. ..ot i e e
e T S OUIE . s st b vt mrns sam oo e s aa s aum s aiaoiaaain ale ber e se a s oa s a binisie s oo n aat siersiee bie e a e e aeia s s
Non-Mammalian Systems ... ...ttt et e e e e e
| v e e e R Ol T G gl P D L ST YL R o AT DT o 100 et

Lessons to Apply from
Metabolite Mining for

Host Intermediary Metabolism and Chromarin ...t i
Ehromatin Moduldeion: a2 S i s sl i il sarna hdienia i e ka0t

T Tl LN 3 o b T A S AU SRS e ORI SIS

List of Acronyms and AbBDBreviations .. ... .... ittt et e e e e e e e

R O O I O i e s a i v s o rmanba s sahn as s s Sant sibas dobs omantesveaniosssseinetnins v iin en eedetpaanst
Todex: i v i e e PO O T SRS S SR s o TE P




