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¥ ewka éiccelb,ch opd? ¢ cods efige ¢ict fo piid 2 d fecs en dicwsid @ he, cd ¢ icald daitf hi'd & a ededs -

ge,efs g¢ epest abili 12 Hey, eége ¢ icall_dé¢ e Bt edch epa-
Tt stde ae,’o(agéed}lodawghe celb dnt'g i @i, 1 afeces
‘e pedeligs ¢ict hedid ce,s ¢ cof hechalld gt g (ne! ids ¢
+hech epdt # delige ¢ ic field** @ eke € eoces cet- bt g
+oeligd ¢ict hedd ces @sepbl of hetuclew o pest he ba ic
~eledt gw4 of ch epd 4 . The! “wclew o e cd s #'s of 145 147
ba e #is of DNA,, a®leda 64 dahif @ cod ape cdtat 1 gd e
hst & e (H3 H4)pt ¢ ape ¢ dfy, e hst ¢ e H2A H2Bdipes>. &
1 wclew o e s cx ba- ies fo DNA- eld ed € eces &+ he st
fist beds as epbled e alle,, DNA- edlici i¢ ,DNA-ebii ¢ & ¢ -
sci®id macht e is @ accas' he DNA. Felle, # g DNA- e4ica-
+ig dwt gS éha e wclew o a eas epbled,t co o 44 gbé h
& ¢talhst d & o & el s 1 haizedhs' @ & ,4 a @ ocas called
- edlicd id -cened 'udesyo:‘e s epbl_ Nuclew o pe s e pbl_ dwn -
1 gge & dscifid ¢ dhit @ eevchd geoccns h enghest he cell
cycle-f a ellicd i@ 4 del¢ ded a4 e 12
Ea lyﬁf'«die suggat ed hi+ wclew o e &s e,},blyoccws 1 atel e
N7 ¢ L hehst @ e (H3 H4),f ¢ ape 1 clndt'gbé helddt & e,
H3 H4,5 deleiedfist , ¢ d hi 5- aédl felle,, ed b delai i¢ of
+,,0H2A H2Bdipes °. Sullet 1 ¢ hi Q,ogel;f ¢ "RCYCQ epaltte -
dedid & cod at + g(H3 H4)f ¢ apes 4 dDNA, called ¢ = o6,
aefe edy he hit ¢ & a et cwbded, A hDNAL+ he e ¢ ceof
hit @ echae & & invitro’. Hs' ¢ echade & a eke_ €4 of s hd
fa ¢ i@ 4 ol idest € off wclew o pe fo Wi i¢ (Box 1; Table 1).
Cd ¢ icalhs' @ eH3 (;, hich,? highe ewka Y‘ iccelb ; efest @ H3.2
¢ d H3.1,,, hich diffe b @ capt e acidt” hpds) s deei ed
¢t e DNA bt hehif @ echale @ e CAF-1dw+ gDNA- edich id
condled nclee oye s epbl (Fig. 1a,b). Thehit ¢ e H3 ! ig+ H3.3,
diffe + gf em ct @ ical H3'b fen o fi eamt eacid,s des ed,
al¢ g\-ihhs @ e H4, b+ hehst @ echale ¢ & HIRA 2 d Davvd
- ellicd id 4 del¢ det )"'wlec ope 3 e,‘b].y8 10 3 hs. e ity e
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New H3-H4 dimers bind various histone chaperones. Ne,,1 s i" -
+ he ized H3 H4 peoleculs allat ofe pdstt ¢ €é et coplevs
shet | felle, + gt hei s 4 has 4+ he ct oz p. Pwn ificd id of
hapd’ cd & ical hat ¢ e H3.1 f o)p HeLa c! & olic e¥- aés, fel-
ley, ed b sefadid off he €6 et co@,ﬁey«s b ch end og ath
sugget €édt hd 4 ¢, H3.1 asecide ,ihthe et chale d'e
B c70 befe e bet g @s epbled4+ @ ala ge compéevce at 4 ghs -
t¢ echaled e NASP hit ¢ eHd ot d Léet chale ¢ e 5 &0
{ ef. 18). H3 H4' he asecides yihfhelst? eacé 1 dsfeae
Hé 1 RbA6, fo acé liid , ¢ d hit @ ¢ chale ¢'e Afl o d
iplet 1 -4 befo ef wclea ipPel 18 Me e ece 1 4 & ols e Ved
+ hd dedé¢ id of NASP- awls 4 - edwced ape#is of feechs' @ &
H3 H4 ¢ dt hd NASP @éeés hitd & f o® deg addid b
chale ¢ e-pedid ed a eéhag ;* h ewgh 1 hibi i¢ eof 5 &0 ¢
B c70aé il 19 Thos # e, H3'1 H4fe p a ies copdlevs ih
diffe ¢+ h' @ echale @ &' e eguld ef echi' ¢ eabw dt ced d
+ -wclea i‘!,(oJ sy hich @ obabl_affe¢st he dele-i id of &, H3 H4
¢f e edlicdi4 g DNA.

How are new (H3-H4), tetramers formed? @ ce be+# df e 4 f1,
1 ¢, H3 H4s imlel edf o®t hect oz B o het wcles . Va ies
stdis haeshef hi ¢ e mpelecule of A f1 bt & # H3 H4
hé e odipe o fo pahé e 6 ipe ic co,‘deyl‘*vzo,\;i h 4 f1 bt d-
1 g he H34 e face? ol ed! fo wdid efa(H3 H4)j ¢ ape !
(Fig. 2a,b). Sipila 1 4 ha bed s hey~ hd HJURP (Scp31 _ea'),
+ hechae ¢ efot Hecdt- eppe ic hif & e H3 4@ it CENP- 22 24,
bt & he CENP-A #1 e face? ol ed? ¢ ape fo pdid 226
(Fig. 2c). Ths , A f1 ¢ d HJURP: e ¢t aclas of H3 Ha chale -
¢ &t hd bt df hedipe icfe B of H3 H4.

REVIEW

Qe key’w.‘ 6olved (e id B he,, (H3 H4);' ¢ apes ae
fo ped f o’ e, H3 H4 dipes co,ﬁ,deyed vih A fl Evide ce
fop V2 igw st udie s Olgts 2 pedelt | hich H3 H4 ef he A f1
H3 H4 co,},dey 3. #sfe- ed @6 he hit ¢ echale & & ,swcha
CAF-1 ¢ d R 106, fe # ucle® epe &s epbl . Fist ,4 hupd celk,
5 fl- eguld et he fool of H3 H4 a ailable’ @ CAF-1dn 4 g edica-

fid st a5 2.3 baddt g eal, s fl es ¢ ialfe acé i¢ of H3
l);-! e 56 (H3K56ac)!>28,a mpa k off ¢, 1 s #4 ha ized'H3 ( ef. 29).
I,}"oi #+ ] A fla dH3K56aca e e (i ed fe- he effici¢t @s ecia-
+i¢ ef H3 'H4,Ah Rt 1064 d CAF-linvitrod dinvivo®. Bt all
A fldiedl 44e ads A hf he hupd &0 (_ea Cac2)swb+¢ 4 ef
CAF-1{ ef :31,32). Invitro, A f1 bt & H3 I¥4‘,;i hs ipila afft 4
s CAF-le R' 106bt df g @ H3 H4( ef.33 35),, hich as &t he
et id of he, H3 H4cd bel- #sfe- edf ep A fH @6 he hs -
t ¢ echale @ &. A ecdt stwd 4 dicd et hd RbA S8, as b -i ef
CAF-1,bt & h¢ e odipe icHy H4d d hd Aflct asecide,;ih
+ he RbA®8 H3 H4 copfer. 4 e ot ¢ gly;f he afft 4 _ of 4 f1 fo
RbA8 H3 H4 s le, e ht+ hd fo H3 'H4( ef. 36),, hichsg-
gafst hdf het! e a¢ i@ bé, ed Afld dH3 H4s , cakd edd ce
<t he A f1 H3 H4 co.}deyas ocid & yAhéhe hit ¢ echale ¢ & .
Tegé¢ he + he e &-wls s-wgga!-t hd-f hetf e ad id bé, ed Afld d
éhe hitd echale ¢ & »a_facil4 e hel- ¢sfe of H3 H4f o
+he A fl H3 Hicopdex o6 he hst & echale ¢ o .

H3K56ac 5 lecd ed fa ay,a_f epf he H3 4! e face4 ol edt
(H3 H4),t ¢ ape fo pdid >, | hichswggafsthd R 106 ¢ d
CAF-1 ade® a diffe ¢+ Neode of HHeadid (Ahhild a co®p-
&, edt of hd of A f1 (Fig. 2b). ¥ deed, ece+ st-wdis ¢ dicd ef hd
(H3 H4)y ¢ apes a e £ obabl_fe pedd R 1064 d CAF-1befe e
delsiid of H3 H4 pelecwls 4 he edicd i¢ fo k. Rt 106 cd -

tats adipe izd id depat 4+ heRH 106 Nt e p s ¢ da dewble
Aeclst- 1 hepeleg (PH) depat+ hd 5 c-iicalfe. ecegiid of
H3K56ac3>37 39 (Fig. 2d). In vitro, bé h' he Rt 106 dijpe izd id
deyat # df het # deyp PH depats bt d H3 H4,,4 hf he Rf 106
dipe izd id depat bt dt g« acé ldedH3 H44 df hel & depp
PH de®ats . eceg izt g H3K56ac®. ¥ addii¢ , Rt 106 bt & a
(H3 HA4)
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Table 1 Histone chaperones and their functions during nucleosome assembly

Histone chaperone Histone cargo

Function during nucleosome assembly Key references

Anti-silencing factor 1 (Asfl) H3-H4
Chromatin assembly factor 1 (CAF-1) H3.1-H4
Death domain—associated protein (Daxx) H3.3-H4

Histone import; histone transfer to CAF-1 and HIRA; 14,20,30
regulation of H3K56ac
H3.1-H4 deposition; (H3-H4), formation 8,12,34,116

H3.1 H4 des+ é Wiv,Aih’ e, H3.1 H4' o fo B Bpived’ uclee-
sops dut gS éhaxeof hecell cycle”.

H3 and H4 modifications regulate replication-coupled nucleo-
some assembly. Hi' @ e Pécts ae »a ked,b_hi' ¢ c-pedif 1 g
¢z Ws,,ih let i #sldid al Medificd i@ s s wcha acé ld'id ,
»é yhi i¢ , 4he the ldi¢ o dubid li¢ Theemals hage
dst4 ¢ f4 ¢ ids ¢ d eguld ea wpbe of cellwla 2 ecas & 2. Ney,,
H3 H4s pedified fet+- ¢ sk ig all swch hd-i 5 dst+ gws hable
fomé ¢t alhst & eH3 H4( ef.27,29,43). Rece+ st wdies 4 dicd e
+ hd medificd i¢s @ 4 ¢, H3 H4affed. edlicd id -cenfed wclee-
seye as epbl 4 A ies y,a5,1 clndt gf he egnld id ofhit @ ¢
Léct foldt gt dPecast g'527, hif @ e wclea ipfet 444 d he
tfe atid bé,ed hs' @ s & dhif ¢ echale ¢ &304
M¢ ené¢ h ldid ef ha' ¢ e H3 151 €9
(H3K9®el)s ¢ ea l.y pakebe Ved ¢ ¢,
s ?N he ized h#' ¢ e H34 Mpaypypalid celb”.

Al hewgh pelecwla 1sigh 1+ ef he f# ¢ id eoff hi Mpedificd id
1 7 wclew e pe @s epbl & st ill lackt g, H3K9pel Bpa_ bed Volved
1 hitd e Pocast g f};llow-f ghst & es 7t hes o X/o‘r he ce -
yes i¢ off ¢, H3KOpel of- ipé h.y}é edyH3 l);-f e 9 (H3K9 pe3),
aMakd héeech epdd 1846 Sulyr y g e &t e idea, Jt a-
1ids 4 H3K9pellst e pé h};l dsfeaa haVe be¢ fe# df e affe¢
hé e och opd 4 ¥ egi ¥
Diacé l4 id ef hs' j eH44 1514 & 54 d 12 (H4K5,12ac),
o alyzedyb Hd 1 RDAIG( 6 .43.48), b dé et ed @ 7 ey, L5 1 -
thaivedhil @ e HAf oy et ¢ dlme celb ¢ db likel o be
¢ eal medificd i¢ eccn- 1 g@ 4 e, H3 H4( ef 18). Hit & ¢

H4 p+'dts ha be 4 g ¥4 ids 4 H4K5¢ d H4K12a eip et ed

les efficie- 1 44 ot hes ~uclew~ hd a e, ildt & hit & & *.

Me co e, Hé’'1 RbA®6 ¢ d H4 K5,12ac eguld eyhe ®s ocid id
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haVes he,#+ hd Davv,, hichfe ¥ a co,‘dey‘/;i ht hech epd 4 -

oft ha ¢ pedificd i#s- egnld ehst & e hit ¢ ¢ chal: ¢ e+ e ac-

- epodel gfaé @ ATRX,5 a H3.3 hit @ echale & %10, Al hewgh +ids 4. edlicd i@ -conded wclew o pe as epbl 4 5 Pas ible! hd

- ejpat st ebedé e Bt edy hé he Davy egali & H3.30ccn® c
4+ clope iché¢ e och opd 4 ,4 5 K o7 hd celb lackt g ATR
evhibi defeés 4 H3.3 eccn® c_4+ clope & ¢ d € iced- ic DNA
- egi®s 10, hichswggafst hi Da¥v ATRX 1 el edt H3.3dede-
siid 4t elodpe ic egids.? addii¢-f e HIRA# d Davyf he hwpd
he peleg ef D. melanogaster DEK 5 € ebabl_# 6 he H3.3 hst ¢ ¢
chale ¢ ey iha elet Maltal + ghée och opdd 4+ egd 4
&t th ewgh4s e aé ids |4 h HPlo ( ef . 66,67). Togé he 3t he e
st-udies 4 dicd ¢ hd H3.35 delsd ed4 diffe ¢4 ch opd 1 - egids
b, dst 4 ¢ hit @ echale ¢ .

Whd fa¢ @s aid4 - he- ec i p¢t of H3.3 hit & ¢ chal: ¢ ¢
copdevat o diffe ¢4 ch epd 1 leci? HIRAbt & dewbles!- ¢ ded
DNA # d RNA 4l ¥e @ e, hich f.vides a %&s ible yechd 5 p
v,he eb HIRA- .},egiﬁ ed wclew ope as epbl_ of H3.3 5 H ked' o
g¢ . dsc i®i¢ % The Davybl df g it e ATRX bt & c4 i,e
DNAs e (¢ ce %, ¢ & he ADD depat of ATRX: eced izs hallpa k
ch epdt sig 4w & ofhé¢ e och epdt swcha H3K9pe3, MeCP2
¢ d HP1o.{ ef. 70). Ths 4 5 @es ible! hd ATRX. ecwis Davx o

T elope iché¢ e och opd 4 fo H3.3 dele-i id . Tegé he { he esfwd-
is swggatt hd HIRA 4 dDavvae ecwded ods4 ¢ ch epdd
lecit h ewgh diffe ¢+ Mechd & N6 ;' & eguld e H3.3 eccnét c_4
det4+ edch epd 1 leci. Y

54 ¢, H3.3 H4 deleied 3 a dipe of¢ ape ?d 5 K o

4+ hd det gS$S bz e as yall f at i@ of & ¢t al (H3.3 H4),t ¢ a-
»ess &i 1t of wedipes of H3.3 H4d dfe B pived wclew o e
cetat 4 gbé b e, o deldH3.3 H4f hs 51 ce- aff e & ¢t a]
H3.1 H4 meleculs,y hich- ael s 4173 budd g ea, pived

4 -wclew ope a e @ipa il lecalized' o highlt- #s ¢ ibed- egid's
o . egulde elepdts’l.'The efe e, ¥ ce4 ‘a+ ot ¢, H3.1 H4
Meleculat hd a e likel f @ be deleiedt af ¢ ape ic fo B e,
H3.3 H4 ®a_be desiedt béhdipeicd dt ¢ ape ic fo ¥ .
T, ecdt -}I de¢ det st-wdis ha e she * hd L he hi ¢ e-
bt dt g depat (HBD) ef Davvfe ¥ aceppder, hf he H3.3 H4
h¢ e edipe 7273. Repa kabl , o H3.3s &cific- & idws, Gl 90
a4 d Ala87 of H3.3,2 ¢ €4 ci);l dée pt afs fo Davs @ efe einal

- ecegiid ofH33e e H3.1. Ala875- eced izedb, as halle, h d e-
&ebic Locké of Davy,, he es Gl 90bt &+ ea €ela ¢ Vi ¢ pet

+hd dsc ipt 4 & agat st Mé 90 onB.l.( ef. 72). Thest- ~wé-n e of he
DaxyHBD H3.3 H4cepdeval e e eab’ hd DaxyHBD H3.3 H4
cop® s \1hDNAfe hit & ebt dt g ¥ faé,# like full-l¢ ¢ h
Davvf he DavvHBD H3.3 H4copeves cd+ ¢ fo B¢ = ops 73,
yyhichsuggatst hd-f he ols e eds!- ~w¢-w e of Dayy HBD H3.3 H4
copflevs Nsf - de go Maje cd fo B4 id alchd gs dwt g he
®s epbl_ of H3.3 H4 4! o wclew e e . Fsin estudie a ef eeded

Teodée B e, hé¢ he HIRA s & asipila Mechd 5 B e eced ize
H3.3 H4 o d e elucidd e he,, HIRA 2 d Davy Lené e fo pd i¢
of H3.3 H4 cet at 1 gf wclew o e .

Histone modifications in replication-independent assembly.
Acé ldid Mals @+ ¢, 1 st heizedhs' ¢ & a ciplet a4t &
¢ ] ‘fef he eguld id of- eﬁicﬁ i@ -condled? ~nclew o pe 35 e B-
bl b ab e fo . edicd i¢ 4 def¢ de-+ wclew ope =s epbl . Feo
eya,!ﬁe,'f addi id < e-is.- eled - edlicd id -cenfled? wcled oNpe
BS e,!bly, H3K56ac .(QQ,‘ e hit @ eevchd ged dfws o€ 1 bwd-
dt g eat 7475 RE1094 dGe 54y, 0¢ z e cdal 7t gacé I id
of? ¢, H3 ( ef. 30,53), have bed she? + e acé ldehit d e H3
1 e4 (H3K4ac),a pa kce- el ed, A K- ¢sc i®id ala¢ i e 76,
s, acé i e ¢is & 4 ¢, H3 affe¢ bé h- edicd id -cendled
¢ d edicg i¢ 4 del¢ det 1 wcles eNe a5 e.!,bly, Becaws es e pe

simila Mechd 5 ¥ ae~sed o eguld e- eflicd i@ 4 dels de+
4 uclew o e &s e pbl
¥ addi i eacé 14 id ,é he Wedificd ids € ebabl_affe¢t he
delsi i¢ of H3.3 IX4. Fe evapde, 4he he l4id ofhit ¢ eH4
sed e47 (H4S47 ), cd al_zed bt he €21-a¢ iA edkt & e2(Pak2),s
s ¢t ¢ hit & eH4 hi'ce-&i ifis \Ahflag dAsflbd Rap-
palig celb . H4S47éh @ o6 7 wclew o pec =s e pbl_ of H3.3 H4
4 d4 hibiss ~wcle® o pe as e.‘bly of H3.1 H4 by-f ceat ¢ hebt d-
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yedid ed pat 1+ h ewgh 5116,Mhe ea SSRP1 #efe ¢+ iall bt &
H3 H4( ef 86).% buddt g eat+ heNe s of @16 hg bee
she,7-f ebt dH3 H4invitro®,4 d Peb3t he SSRP1he peleg, cd -
+atst ¢ dep PH demat s 38, a pé ifab @ fe# d4- he H3 H4 chate -
¢ e R 1064 ef . 35,38,39). Ths , FACT »a, f# ¢ id & achale @ ¢
fe bé hH3 H44¢ d H2A H2B.
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Msididst codd + -laeaseocided,ihce g¢daldse L he-
boi¢ ic ¢ epiat € 1 (CDAI), a- ae di @ de. Evapf 4 i¢ of
edhecies fepCDAL & jgts. evealed defe¢s 4 hé e och epdt
sf-“wéw € d HPI lecalizd i¢ 12 Rece< 1 ,coedd + -1, & fot d' e
ce-&u if vihAsflag dAsflb( ef.45,113). Cedd 4 -1bt & /s f1
+h wghfyhes ame /s flsw faces de HIRA 2 d CAF-1,y, hichip dis
copfii¢ AhHIRA2 d CAF-1fe Aflbt dt gl'3. Ceds 4 -1
-~ &idwe Wided? CDAI & igts aefa. e,‘oved f oyt he A fl1
bt df gsie, ¢ codd 1 -1 yi ¢+ Léets habet g hee i a-
+id's evhibi ed defe¢s + A f1 bt dt g!!3. The e &wls swggaf-f hd
CDAI pa_becased b aledids 4 + uclees ope asepbl o d
highligh+'he imet & ce of Lo - eguld i@ of dit 1 ¢ st ¢4 of
4 ~wclew o pe as e pbl
Ft all,aledids + hit & e chae ¢ ¢ ev@es id have bee
decw et ed & & ¢+ ial fog &' ic pa kes fo diffe ¢ cd ces.
/5 f1b, @ eof he' | o5 ofe ¥ of A fI+ Mammalid celb,b- e (ni ed
fo cell #elife 4 i# , 2 d highe A flbs @s ecid edyih4 c eased
Méaab d dshele s ial ef beat ca ce &iie¢ts!l% High
CAF-1 &0 ce. eld & wvih adves eeicopes 1 - ¢ al, ¢ denpé- ial
# dce icalct ce 115 Becas e A flbt d CAF-1a et Jolyedd cell
lolife did 4+ ceaed @é et ab# dd cceff he efat @s ¥ cd ce
celb cenldbe due of he ¢ het ced € elife 4 id st 45 of cdt ce celb.
AMet 4 ivel 1 cexedapents of ha echale ¢ & pa_al e “uclee-
soepeasepbl , a4 gt gd epet st abii o df he Conéid of
Twme igd &5 Fut he 4 Vef igh id B+ eededyodé e ¢ & heet ¢t
+ @, hich he al e ed abw da ce of hi* @ e chale ¢ & ob e e
hapd cd ce 5t hecdse ¢ ceot he cas e oft -« po igd &5 .

Concluding remarks

G ed s ids ha e be¢ madet ¢ dest 2 M g he,, - edicd id -
condled ¢ d- elicé id 4 del¢ det 4 -wclee eNe as epbl & h-
was a e eguld edb hif ¢ echale & & ¢ dhi' ¢ ¢ »edificd id's .
1 addiid , c#+ ed'ids bé, ed defeds 1 4 wclew o e as e:’_bly
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