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Histone methylation and transcription. AeRi Kim*. School of Life Sciences, College of Natural Sciences,
Pusan National University, Pusan 609-735, Korea —~ Amino acids of histone tail are covalently modified
in eukaryotic cells. Lysine residues in histone H3 and H4 are methylated at three levels; mono-, di-
or trimethylation. Methylation in histones is related with transcription of the genes in distinct pattern
depending on lysine residues and methylated levels. Relation between transcription and methylation
has been relatively well understood at three lysines H3K4, H3K9 and H3K36. H3K4 is methylated in
active or potentially active chromatin and its methylation associates with active transcription. H3K9
is generally methylated in heterochromatin or repressed gene, but trimethylation of this lysine occur
in actively transcribed genes also. Methylation at H3K36 generally correlates with active chroma-
tin/transcription, but the correlation of its dimethylation with transcription is controversial. All to-
gether methylation patterns of individual lysine residues in histone relate with activation or repression
of transcription and may provide distinctive roles in transcriptional regulation of the eukaryotic genes.
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AMHE] DNAE 3 2E(histone) B @3} A3tato]
A 2 r}el(chromatin) e} 2 3 0}01] A A=
DNA §%& 918 AAAQ 728 7HAL 9len, 1 +%
9 718 tel= Waﬂlgé(nucleosome)t)]t} ZHEL

o, AR H(core reglon)QJr A2 8¢ (linker region)Z L}
g UHI0L mEEeEY AT Ul F7Y sl
(H2A, H2B, H3, H4)o] Zt7} 5 EAH Hof @i}% B AE
ﬂ&fﬂ](octamer)g} 146 bp] DNAZ A=, o] wj DNA
= BeAE o 17 13 240] 94 2Hcore par-
ticle)g % éfLEHW] FAYAEL FAFAHA e M=
AZHD, AARIlo) EANE E G TR HN2EL &
gHeEE9 e ts A9 53 l 71‘**@ o
24 828 9UAE $& 9 Yo 21 DN
Aeste &3] A% 712 FERE 9ES 3&‘4.
wEHLE GUYAN AR B
8e el Wol gtk o] F9lE BYs
AA gom, ME foA of F99 ojpitEL FFE
o 98} MR AT B2 ofulie} AY)e) @} obH D}
(acetylation), w9 3}(methylation), $12}8}(phosphorylation)
Tol doluH, 7 M¥ L ARnY Y 7294 7|5 &
ot & 828 W E A HAfoARH oAz}

= 3)2E
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®l(heterochromatin} 4], X G444 23443, DNA &4
HEH 2 8 YR e dE7 #HHT3,1834]. o
PR U 259 3&E ¥ 1 HE o o2 YBEFEA
Hge ‘5]4E FE(histone code)Ele Yo Z AATY
o, o4& DNA g7IX g o3 FAAR o {33
543 ARE AFde 245, & TAG(epigenetics) 9] F
8¢ FRo= AR el

3 2Ee vdsie ol gAY o)Al 7oA oyt
+ HYo|th. 27]9 Wds dF= F2 3| AE H39| K99
A o] Fo] Hom WAL FA3} AA o FHtH = oMY 9}
g AL A FA o FutEe WY oR A FHTH22]
o] 3 H3K9 o]9jo] o B-& o]l Z7|dA Y3}l diol
FAHA o™, AL #AA = ghol A Z7ld wet 47 o
27 Jetgth16,33]. 22712 ¥R vgs dr)e d&
E H39) K4, K9, K27, K36, K79¢} 3|2~E H4e] K20, =%
67 0|1, oo tste] Zzke gho|Al Z7)de dhtellA Al
AAAY Ad717F 232 4 ATH18,26]. wretA dds=
gro| o] X\ WEs}l o et ookt B9-9 47 7t
o, 2 AdE 2FY A o B B FEURE F
Atk o] AL W Es}s}t A T3l epigenetic R 9 Fo] ¢}
I USE gulsty, AAZ A4 €8P B @
719] op eyt F AR HAL E43tet HEE Aol vy,
Hggte goldld] fAd wat a8 FET gojAl 7
gt Z2%E g7 o e} gute AA 4590 B
AE BogF UTH9,33]

A AFe AT Fo| 3| AE Wdste oAz vd Y
FAolUG X E4A BE&43t9) Zo] He 9 22 A=z
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e Pz GANARE §87 st shbe] WA} 27
e F4% BEd BlUT. B 34 IAE Hol
SR A A ekl K4, K9, K36l A faate] WAl
AA A we wWds P S FHoe WEs BFshe &

Z:(methyltransferase), RNA polymerase 11 27339 #4,
Hegste 48 52 FAdinz o

H3K4 mgst

3|2F H39 N Zd®d 9x3te Kée gutzoz A
AT dojue fRAA dggtey. ol 53 nE
H3K49| w9 sl= 3|28 H3, H49] o} E3}el o o] &4
st9 AZ0gle] g EH A2 Ud4H g} Xd } 7} &
g o A H3K49] wlg3r} fd g ¥, okt & E

TR A Ka o d3}l A77E Ago] g9 '—515] 2
gl 3} 9 (dimethylated) H3K4 50)4 &9} Z2nje] g3

" 7 (chromatin immunoprecipitation, ChIP)2] 7]gt-& A X
We] §Ax =FdAM K W23 A5 7HE3HA e
[16]. o9} Bl Eo] Ak =3 T AROIA Al o277
2 ohekst FolA H3K4 W3l G401 7/, FelEden
Westd 3|2Ee q8E 234 WA ArH18,27].

TR AL Adste] Wgsl d4& A E Y H3K49
Hgsts @439 20, & Aap A FolAY
ot ARAEAE FRAT FAH oz 43 e ¥
Tl dojdth4,1624,25]. & o F &3] Wgs) 3o
ot FHEH, 7 1Y WE7)7F Aol e 2vEse &

A Zdele] @ A(enhancer)$} I 2 T E(promoter), 1¥| 3L
AAHE fraAe] 453 F9(coding region)oll A dojd
th8,16](Fig. 1A, B, C). ©] 4 & H3K4 2d|€3h= BE 4 Hoj
A Yoluh= FAE WOl o9} Z K49 3wds
(trimethylation)= AAl7} 833 dojutn Ye FHAY
F3st BN AR dojur, Zolz} I fFHAY
ot §99 5 F-EAXN JF2H o2 LEPITHI5,
33]. o} e Fo 2 dojut}o] AL H3K4e 3mgst
7} @23 polymerase AZ T #AHE vt} & &
&9 W3 1993 (monomethylation)= HZ £ A7}
Al ZHE 31 9\1‘3} 2 = 3Mdsrt A4 Jede 22vkd
FES 2 59 1WEdr} #2HY, ol A=2vd
43 3 é°ﬂ"1 2xs 375y vgs Ay A8

Eo.2 HAUPA|Fg 10, 200 1YHE A} &
3] AAE KA S YeA @1, 84 el 17

2249 HY(globin locus) HAAM TAHAC. wlziA
H3K49] 1 WEsle AAA R 84 Jeid Z2ride &
Aoz HojA

Zho] A A7)el Wedle 3 AE v d 3§24 (methyltrans-
ferase)ol| &Jsj dojdot. EH—‘T'"E#-’] H3K4 Hgstarse v

7] 37hg Z)3heSET WS 7R gloy, Bahs)
FHE EATY. A5 2dd H3K44 g ate S59
Setl1o]TH3]. o] A& ERAN AF7HA) 5 /AT K4 v
g93laA® 123 Wed s 25 933 andA wds
Axvt MNE &, IHFE TG O TN A9 F
7o) Mgstasrt RagAt18]. 538 LHFANE o9
7ol dEgasso] HAHATH23). 2¥TE o]F 54

0
e o9 24 fAA=Z ZAEA BN o] 1179 FaF
o BEL vEdait Ad4rstE RNA polymerase 19} 2

gtohe Aolth. 229 Setl polymerases} A§sHEH,
E3 AFx7)9 &, = CTD =919 Ser57} ¢l43lg
polymerase 9} 73‘]’:}51\1}[21] TS T RFolA g3 W
#4 MLLE Ser5ol A Q14Fsl# RNA polymerase 119} A3}
FTH19]. o] AL A 58t B9 5 REA =4 U
ehte 2/39 93 el d U5k, RNA polymerase 119)
% YsEs $E %S shbRen.

H3K36 MIE!s

H3K36& #712 HALeL 2 E E e 3|28 wds}
ZA7)olt). K369 widale] tg die RN AFHA
on], H3K4v 93t 549 vSstaME 2 5E H3K36 )
93849 52 27 A7 Fulg #4& tstdn. &
Z9] H3K36 €3} a4 Set2= RNA polymerase 119} A%
3H0}H11,15,35]. 28} Setls} ©a] CTD domain® Ser27}
0]/\}§}51 e, = AA=<polymerasest A gt} o3t
SAL FAAY vdst FE4E YXF=, i”ﬂ 5
ROl 5 otas B9 Bk ¥ GEs B e SR
HEeslsh vebhdt oA Set27} A% polymerase g}
Adsto 715 L3S A2AYES ou|t Uﬂ%ﬂ}i’\ﬂr
RNA polymerase [[¢] 282 X{FFAAT BuEH) ¢
7t M) H3K36 WEstas2 ez HYPB= ﬂ*&i}%
polymerase9} Aehzoz AgST}30] 18} o] &4
in vitrooll A Ser2 = Ser5oll Al ¢1Aka}E polymerase
o} 2839, in vivo Aol A polymerase $14+3}¢}e] 47:]]
= obF g AA Furh

SR WAL} B S H3K36 o g s} AFE 20D 3o A
AMREUAT F2 AN FRE d3e AAF 8 &
Ao ¢zt FHolA & 59 HIK36 2Mg3ls 1
511, RNA polymerase I19} d3tg vEdslase 54
< K36 2v|g3tE 3 dAbe daE ¥ oz A7
SHHTH11,35]. 1eju} H3K36 2M| & 3l7} f-8 2L HA} A 9}

Aol Sithe P2 BuE o] 3|2E Wyn fdx WAl
o] BA &) =& AR E A FFrH13,28]. o] v]so
A7 A7 22 AAE o8 198 BE ATE AN
AA 9 d@9 K36 2 d 3 el S B E}9](Fig. 1D). &
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Fig. 1. Histone methylation in the human f-globin locus. (A) The five globin genes and hypersensitive sites of locus control region
are represented in diagram. The locations of amplicons for real-time PCR are indicated with vertical bars below the
diagram. (B) Transcription level of the globin genes in erythroid K562 cells was showed, which was measured by RT-PCR.
(C, D, E) Histone methylation pattern of H3K4(C), H3K36(D) and H3K9(E) was represented at mono-, di- and trimethylation

through the globin locus. The methylation level was measured by chromatin immunoprecipitation and real-time PCR.
Adapted from [9].
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Bol a2uteo A fdEn, A Feje] whe} 2 T 39
g3l2 A¥se oy BATI).

H3K9 HEst

828 H3e| K9 H3K4%} tlo] &
ng st {}713} K9v1 “ﬂ%ﬁ}t EEi

41} XJA}Q]-,] A7} 1:} F3lS ,}u]a]-]:]- o] A A B
oA o gsyd H3K9S Heterochromatin Protein 1(HP1)
9 AFE f s, oW HPLo EAste 22X &Hd
o] Wdstd K9& Qlastn AFSH212]. HP1o AFL
o)l AgNA FAHE AF HFAHLE o] HA oA HIKY wg
gho] dste dulga

H3K9¢] g sl= 2174 ¢ A 2 (euchromatin) 5ol Zx)

ke A A AL Ao} AHE Aoz dEA g
oldi o] Wgsl el 20dslE HA} AAE FAAY =
ZRES ¢35 FHox dojdrt79,16]. 53] HA
o] &% K99 2d|ds}t BT KA FANA =A Y
ehdoh 22 A2 71EY A e} gubEe H3K9Y
2/3vidsl AH7} HHHAH32] AFH MEFAA FHA
7t 848 AU dAFd wet 2/3MEss 242 F718HA
U Zastdt. 53] 3ddsle A e fAzky o
3.3} B0l A el o9} wls=§ H3K9 3vg3}

e A7 AEFo F2H FARAME B2H 9] (Fig.
1E). & AA} 50 & 221 449 458 F9A
th AgA o g 3 Esyt dojdth a8y 2 e )&
o dF ARG 2ol A FEA vl A vEhdd.

H3K99] 2/3 vlgs}e} o] Y 1 Wds d7e &4
319 A7 -2 W HY HANA o] W o] YojFs Hy
ZUPIFig 15). 283 AAE AAE AL B 217
AE 1998 $F0] 2asta 2d8sh 3udgr) 4
ehdt). o= H3K4/K369) 1 €sle} zHeo] H3K99 1€ 3}
g 2458 2200y QBHA EAZ 44T 5 e,
S WA Aol w2 £E WgsE A9ER 2
A3 1vdste Zaste Aoz B

H3K9¢ 3u|gsty} o]ddMAdME Yojdthe A} 3&

Aztald e A3 Ade o3y o Aol A,
ol FYUG J|AE WHo| o] AENAT AAFN Y
77 g 48 sk Aoz 4T 5 9)5} o|Zs A
e AR K9 g3yt T3 985 st HP1 Z3elA

AR5 AYgALe] Afshe HP14 Hej7t ad

_2:

o] %

e AL & 5 AT o2 EgAd FEAA K99 2/3WE
3hg 143t Ashs HP1L o8t B Feile) Hig), 15 d
Ao} B4 A ReodE HP1E y FH7} 2k A

o) ARG AAT} N

o2 gge) 221 TRFY 45 %ol R
Aol H3K99] HEsts 29ate 84U AR & o=
A QH18]. Gax ARG A9 K9 vjg 3, SUV3%h
T oladade vdss 9dste 2484 ME UE 1F
o d&) ZzuldoR fEEo] JHAE WEEE 53T Ao
tH12,31]. =3 Gla7} t}2 G AE 7 Z4-5te) AALE
938} coactivatorg 283 F ,\lE}._ T+ H3K9¢ wgst
7F Tk A ol £ Ue-S 9ulFri14].
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J|4
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S|AE NjEs o1 st
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oz A oA ddge A4 Hdateke] #AE A
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