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BSA  : bovine serum albumin 

CBB  : Coomassie Brilliant Blue 

DTT  : dithiothreitol 

EDTA  : ethylenediaminetetraacetic acid 

IPTG  : isopropyl-β-D-thiogalactopyranoside 

Ni-NTA  : nickel-nitrilotriacetic acid 

OD  : optical density 

PAGE  : polyacrylamide gel electrophoresis 

PMSF  : phenylmethylsulfonyl flyoride 

SDS  : sodium dodecyl sulfate 

Tris  : Tris hydroxymethyl aminomethane 

PEG  : polyethylene glycol 
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AA©B� � CD  

©−©ªEF26�GHI DNA �FJKLM�  

� «¬01z­®��¯°� DNA±G\² 60³�´µ¶·�¸i²�¹º±» 2 m

�¼½¾¿À� DNA Á9s 10 μm Â����F�KLºÃYXI¿��Á2Ä�I

|Å�±iÀ�\®���FJÆÇ�GXY DNA�ÈÉiÊhiQËiÌÍÎ�Ï�

ºÐÑÐ� DNA Ò¥ÁÓÔ�ÕÖÃ�HÃ×�·�X¿EF26�¯°� DNA ±i

FJØ�Ù�Úbv�ÛiÜ<��¸ÝÐÃ|�������zÞ[ÛYXI (1)¿�

�FJ�GHI��������±i��ßàÛ|áâ������ãäbåßæÛ|

ç������ãäÁÄè�I (2)¿áâ������ãäé± DNA �ÈÉÁê
º

Ãiç������ãäé±ë��ºÃIÀbÁì·ÃYG¸iÀ�Àb¶·¼���

����b DNA Ò¥�M���
�±�í�îÖIbxÎ·ÃI (3,4)¿�����

�ïðM�ñò±i4óô�����Ø�Ù�Ú(H2AiH2BiH3iH4)Á 2qrõW

¶·�I���� 8 jk�i146 �´µ� DNA Áö÷ø� 1.65 �È÷øùX|��

�����bú×ÃIûüý���kéþI (5) (Figure 1)¿À��������ÁT

���DNA �\�Y��ý�W�Á¸i���������Á�	
{�IÀbéÜ

<�������zÞ[ÛYFJ�KLºÃYXI¿ 

 

©−�ª���������	
�  

� �
Û|\®�iEF26�¯°� DNA±i�������z´Vñòb�I��

�����zÞ[ÛYFJ�KLºÃYXI¿���1�éi�������±G\²

106�´µñòé����zÞ[ÛYG¸iÈÉz±�Åb�IºÐÑÐ� DNA Ò¥

ÁÕÖÃI��±i²�����������Ü<��Á����������IÀb 
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Á��ºÃYXI (6)¿Ü<��¸ÝÐÃ|�������±iDNA �M����µ

ÛY��m���|ÅiDNA Ò¥ÁÓ��ÕÖÃI|Å�±i���������	


�± �!"#éþI¿������Ü<����z¢ø$À���bÛYiDNA

���%�i�����NOPQRi����STU��������&�'¸()i

����*+,��i�����T-.T�/Ê�k�ÏÁ01·ÃI (7-11)¿ÀÃ

·���±i��������GHI����2DNA 3��	
{i����2���

�3��	
{iº·�±�������2�������3��	
{z��º4i

������Ü<����z5$ÛYXIbxÎ·ÃYXI¿���6789�\�Yi

¯°�:��é� DNA���%�i�����NOPQRi����STU���;

èÙØ���ÏÁ��ºÃiÀÃ·���±<lm�
�ºÃYXIÀbÁ=·¶��

�YøYXI (12)¿À�\®�i�������± DNAzFJ�KL�I>m�?@

AHé��iºÐÑÐ����\�Y�m�����ÛiDNA �M���
�zÕ�

YXIbxÎ·ÃYXI¿ 

 

©©−Bª�����NOPQR  

� �������������CbW������NOPQRÁþI¿�DY����

�Ø�Ù�Ú±iNEFG\] CEF���zG|�X intrinsic disorder (ID)ãäb

Ê��α-helix¶·�[ºÃI����HUãä¶·�[ºÃYXI (Figure 2)¿��

���NOPQR�±i��%�iUI�%�içJK���iSUMO�iT�L�i

*�%T��i���M%��ÏÁ1�ºÃYG¸i²�N�±iID ãä�GHIN

OPQRéþI (8,13-18)¿IDãä&�NOPQR±iºÐÑÐ� DNAÒ¥�îÖI

Ø�Ù�Ú������&�v�Oi�����Pé��������2������ 
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�3��	
{�
�éþIbxÎ·ÃYG¸iÀÃÐéN��*+ÁÕÖÃYø| 

(19-21)¿Û¶Û���*+�\�Yi����HUãä�GHINOPQRÁ DNA�

ÈÉz±�Åb�IºÐÑÐ� DNA Ò¥�
�éþIÀbÁ1�ºÃ| (12,22)¿À

�Àb¶·i����HUãä�GHINOPQRÁ9ím���������QRz

½S�ÀbÁxÎ·ÃI (23,24)¿ÒTm������NOPQR�±i������

�Á��ßàÛ|áâ������Þ[�U�îV�I H3 K9 ���%�G\] H3 

K27���%�i�����ÁåßæÛ|ç������Þ[�îV�I H3 K4��

%�G\] H3 K9�UI�%��ÏÁþI¿º·�i����STU��ÁW�m�

NOPQRzXHIÀbÁ1�ºÃYG¸iY��ÊZ�
��\�YÜ<�����

���ÁÞ[ºÃIbxÎ·ÃYXI(25-27)¿À�\®������NOPQR±i

���������ODNAÒ¥M�z(��I�éY��
�éþIbxÎ·ÃYX

I|Åi�è¼�����NOPQR�îÛYN��*+ÁÕÖÃYXI¿ 

 

©©−[ª����STU��  

� ��������}ÐÃI 4 óô������®\ H2AiH2BiH3 �±iU�°

L���ÁÜ�iÐ|«¬r]Á��I����STU��ÁN�Äè�IÀbÁ1�

ºÃYXI (28)¿�èÐé�¯°�^_�é�`ºÃYXI���GHI����S

TU��±iH2ASTU��bÛY H2A type 1-CiH2A type 1-B/EiH2A type 1i

H2A type 1-AiH2A type 1-DiH2A type 1-HiH2A.JiH2AjiH2A type 2-AiH2A 

type 2-BiH2A type 2-CiH2A type 3iH2A.Z.1iH2A.Z.2iH2A.XiH2A.B.1iH2A.B.2i

macroH2A.1imacroH2A.2iH2BSTU��bÛY H2B type 1-BiH2B type 1-Di

H2B type 1-C/E/F/G/IiH2B type 1-HiH2B type 1-JiH2B type 1-KiH2B type 1-Li
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H2B type 1-MiH2B type 1-NiH2B type 1-OiH2B type 2-EiH2B type 2-FiH2B 

type 3-BiH2B type F-MiTSH2BiH2BFWTiH3STU��bÛY H3.1iH3.2i

H3.3iH3TiH3.5iCENP-AiH3.XiH3.Y�ÏÁ1�ºÃYG¸iH4STU��±

ÄèÛ�X¿��Jé mRNAÁï¼��ÛYXI����STU��z conventional 

histone bÛYia�����STU��b�U�°L���z�Û| (Table 1)¿�

�26$m���\�Yi����STU���ÌbW�miþIX±��cdeÄm

���O�������;è�ÏÁ=·¶���YøYXI (26,29-31)¿fkm�±i

DNAÊheÄm����I H3.1O H3.2iggW�m� TSH2BO H3TiG1d��

�ÛI����U�;è�I CENP-Ai«¬r�ÈÉhij�k�N�;è�I

H2A.ZO H3.3i!ë� Xlmk��næºÃ| macro H2AiDNAo
pqrste

Äm�T�L�zXHI H2A.X�ÏÁ01·ÃI¿����STU��±Wu���

���ãä�'¸(ÐÃIÀb�\¸icu����������������
�é

þIbxÎ·ÃYXI¿Û¶Ûiv����STU���\I������	
�M�

±wAxbyÏ=·¶���YX�X¿ 

 

©©−zª���� H2A.Z 

� ���� H2ASTU���CbWéþI H2A.Z±i{|¶·��ÐéÜ��}Äº

ÃYXI����STU��éþI (32)¿Tetrahymena thermophila�Mus musculus�

Drosophilla melanogaster�G\] Xenopus leavis �Ï�GXY H2A.Z± ~�«¬

réþI¿Mus musculus�Drosophilla melanogaster�þIX± Xenopus leavis�G

HI H2A.Z «¬rz���Ibi�2�Âé����\�Y��b�I (33-35)¿?

eiSaccharomyces cerevisiaeO Schizosaccharomyces pombe�GXY H2A.Z«¬ 
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rz���Ibi�2�b��ÛY�������Á���I¼��i����±�·

�X (36,37)¿À�Àb±iH2A.ZÁ26ó�\�Y��IM�z��IÀbz��Û

YXI (38)¿��O{|�GXY±iH2A.Z (Htz1)Á«¬r�ÈÉhij�k�N�

;è�IÀbÁ1�ºÃYXI (39-44)¿À�Àb¶·iH2A.ZÁ«¬r��
��î

Ö�YXIÀb±��ºÃYXIÁi«¬r��
��GHI H2A.Z �?@±��=

·¶���YX�X¿Ð|iH2A.Z± DNAst���ÛYst�ò�à��IÀb¼

1�ºÃYXI (45,46)¿º·�iH2A.Z±�2�d�GXY ~��réþIÀb¼

1�ºÃYXI (47)¿À�\®�iºÐÑÐ���J��Â�GXY H2A.Z±
��

M�zw|ÛYXI¿ 

� Ð|i���6�GXY H2A.Z «¬r�± isoform bÛY H2A.Z.1 (H2AFZ)i

H2A.Z.2 (H2AFV)ÁÄè�IÀbÁ1�ºÃYXI(35)¿�� H2A.Z.1b H2A.Z.2±

BU�°L��¸i��26$m��¶· H2A.Z.1b H2A.Z.2±iUI�%�QR�

�XÁþIÀbÁ��ºÃYXI (48)¿º·�iH2A.Z.2 �±����*�/STU

��bÛYiH2A.Z.2.1iH2A.Z.2.2iH2A.Z.2.3iH2A.Z.2.4iH2A.Z.2.5 ÁÄè�I 

(49,50)¿Ð|iH2A.Z.1 �«¬rz��Û|��Fz�����d�����Ibi

����b�IÀbÁ1�ºÃYXI(35)¿À�Àb±iH2A.Z.1 �M�z H2A.Z.2

Á��Û�XbX®Àbz�ÛYG¸iH2A.Z.1 b H2A.Z.2 ±��IM�z��IÀ

bÁ��ºÃIÁi²Ã·�M���X±��=·¶���YX�X¿ 

 

©©−�ªV*+�WXY  

� ���*+�\�YiH2A.ZÁ DNA�ÈÉOQË�ÏiºÐÑÐ� DNAÒ¥�î

ÖI
������STU��éþIÀbÁ�ºÃYXI¿H2A.Z Á������'
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¸(ÐÃIÀbé���������Á5$ºÃiDNA �M���Á
�ºÃYXI

bxÎ·ÃYXIÁiH2A.Z �\I�������	
�M�±��=·¶���Y

X�X¿Ð|iH2A.Z.1 G\] H2A.Z.2 Á²Ã�ÃÏ�\®�M�z��I¶�WX

Y¼=·¶���YX�X¿V*+é±i������	
��GHI H2A.Z.1 G\

] H2A.Z.2�M���´üz=·¶��I|Å�iH2A.Z.1G\] H2A.Z.2z}~�

��������k����=iG\]6(m�Úz���IÀbz*+;mbÛ|¿

ÀÃ·���vw¶·iH2A.Z.1 G\] H2A.Z.2 z}~��������\I���

����	
�M��WXYxyÛ|¿ 

� VD£�GHIvB��»z�����¿AoBé±iÐõv�����ghefi

ghÛ|����z{X|����Ê�k�Z�[efiDNA �ghefi����

8jkb DNAz{X|��������Z�[ef�WXY
D|¿º·�iZ�[

Û| H2A.Z.1G\] H2A.Z.2z}~�������z{XYi^_ý	é���z�

�Û|¿ 

� A Bé±iH2A.Z.1G\] H2A.Z.2z}~��������v��iG\] X�

v�����zÕ�|¿�����vw=·¶���|iH2A.Z.1 b H2A.Z.2 ���

mW¡�WXY¢��£
Û|¿ 

� A¤Bé±iH2A.Z.1 G\] H2A.Z.2 z}~��������2�$m��iG\

]2���GHI H2A.Z.1G\] H2A.Z.2��	��zÕ�|¿2�$m���vwi

H2A.Z.1G\] H2A.Z.2z}~����������¥u�ÁiH2Az}~����

���\¸¼�XÀbÁ=·¶���|¿Ð|i��J�	�WXY��Û|vwi

H2A.Z.1 ± H2A.Z.2 \¸¼��J�	Á XÀbÁ=·¶���|¿º·�ij��

kz{X|�	���\�YiX �v�����¶·=·¶b��| H2A.Z.1 b
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H2A.Z.2�����Ái��J�	�GHI H2A.Z.1b H2A.Z.2��X�¦�éþI

Àbz=·¶�Û|¿ 

� A§Bé±iA BiA¤Bé�Û|*+vwz�¨ÛiH2A.Z.1 G\] H2A.Z.2

z}~��������\I������	
�M�iG\] H2A.Z.1b H2A.Z.2�

M����WXYxyÛ|¿ 
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��B� ��������Z�[G\]^_�����  

�2©ªC  

� �� H2A.Z.1G\] H2A.Z.2z}~��������M�����z�I|Å�±i

H2A.Z.1 G\] H2A.Z.2 z}~�������zÜ©��lh�I �ÁþI¿ÀÃ

ÐéÕÖÃYø|�������lh�N�±i��FJ¶·�������zñª�

I«féÕÖÃYø|¿Û¶Ûi��FJ�}ÐÃI��������±iºÐÑÐ�

����STU��ONOPQRzXH|����z}~�������Á¬èÛY

G¸i²�P¶·;m�����z}~��������)zñªgh�I�±Y��

­®éþI¿ 

� ²ÀéV*+é±i#¯°z{XYTH�J���Ø�Ù�ÚbÛYghÛ|i��

�����Ø�Ù�Úz{XY�������zZ�[Û|¿VBé±i������

���d±JZ�[f�WXY£
Ûiº·�Z�[Û|��������^_ý	é

����WXY��Û|¿ 

 

�2�ª`abcdef  

�2�2©ª���� H2A.Z.1 G\] H2A.Z.2 �gh 

� ���� H2A.Z.1G\] H2A.Z.2�gh±i²³�&ÕD£ (51)z´x�Û|¿Ð

õ H2A.Z.1G\] H2A.Z.2«¬rz}~����� pH2A.Z.1ipH2A.Z.2z#¯°�

BL21 (DE3)���Û|¿pH2A.Z.1G\]pH2A.Z.2±iH2A.Z.1«¬rG\]H2A.Z.2

«¬r��µ� hexa-histidine tag (His-tag)G\] Thromin protease¶·^_Áù¸

ºÃYG¸iampicillin������z��I¿BL21 (DE3)b�����z¬�Û¹

�é30q3>ºÛ|¿²�Pi42»é 45¼3>ºÛiSOC½¾ (tripton, yeast extract, 
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NaCl, MgCl2, MgSO4, glucose)z¸Î�Ë½¿zÕ�|¿�Ë½¿Pi100 μg/ml �

ampicillin z}~ LB ÀÁ½¾�Â°Ûi37»é?Ã>ºÛ|¿pH2A.Z.1 G\]

pH2A.Z.2Á��ºÃ|#¯°�H�M�z 5 L�LB½¾�Â°ÛiïÄn� 50 μg/ml

� ampicillinÄè��Y 37»é» 24Å3ÆÇ½¿Û|¿<�½¿Û|#¯°z 6,810

Ègé4»�Y10q3ÉÊ�IÀbéqªÛ|¿à°Û|#¯°z50 ml�buffer A [50 

mM Tris-HCl (pH 8.0), 0.5 M NaCl, 1 mM PMSF, 5% glycerol]�ËÌÛiÍÎÏÐÑ

-Ò��Ó� VP-30S (TAITEC)z{XYÍÎÏ�ÔzÕ�|¿ÍÎÏ�ÔPiÕ��

%z 39,191Ègé 4»�Y 15q3ÉÊqªÛ|¿qªÛ|Ö×6z buffer B [50 mM 

Tris-HCl (pH 8.0), 0.5 M NaCl, 7 M guanidine hydrochloride, 5% glycerol]�^�Ûi

��ØÙ�éÍÎÏ�ÔzÕ�|¿Õ��%z 4»é?ÃÚ��¸b¬�º4IÀbé

Û�kÁ��Ûi����Á"^�Û|¿<�i39,191Èg é 15 q3ÉÊqªÛi�

Üz 2 ml� Ni2NTA agarose (Qiagen)b¬�ÛYi4»é©Å3Ú��¸b¬�º4

IÀbéiNi2NTA agarose� hexa-histidine tag�� H2A.Z.1 (His2H2A.Z.1)G\]

H2A.Z.2 (His2H2A.Z.2)zv�º4|¿Õ��%z 1,000Ègé 4»�Y 10q3ÉÊq

ªÛ|PiÝH°��� (Bio-Rad)�ÞßÛ|¿����ÞßÛ| Ni2NTA agarose

zµ� 1 ml/miné 100 ml� buffer C [50 mM Tris-HCl (pH 8.0), 0.5 M NaCl, 5% 

glycerol, 5 mM imidazole]éàáÛ|Pi50 mlõW� buffer CG\] buffer D [50 

mM Tris-HCl (pH 8.0), 0.5 M NaCl, 5% glycerol, 500 mM imidazole]z{XYi5â

500 mM imidazole�9�m�n�ã^�\¸ His-H2A.Z.1G\] His-H2A.Z.2z^

äÛ|¿His2H2A.Z.1G\] His2H2A.Z.2�^äåqz 16% SDS-PAGE�\¸q�

Û|¿His2H2A.Z.1G\] His2H2A.Z.2z}~åqz�KÛi3 L� 10 mM Tris-HCl 

(pH 8.0) buffer�µÛYæ�Û|¿æ�PiÕ��%�n�tuzÕXi1 mg�Õ�
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�%�µÛY 1 unit� Thrombin protease (Roche)z¸Îiç�é 3Å3Ú��¸b¬

�º4�Á· His-tagzqrÛ|¿²�Pi16% SDS-PAGE�\�Y His-tag�qr

zÔ¶Û|¿º·�Mono S 10/100�������/�èé� (GE Healthcare Life 

Sciences)�\�YghzÕ�|¿Ðõi10 mM Tris-HCl (pH 8.0) buffer �^�Û|

H2A.Z.1 G\] H2A.Z.2 z Mono S ����êëº4i10 ml � buffer E [20 mM 

sodium acetate (pH 5.2), 0.2 M NaCl, 1 mM EDTA, 2 mM 2-mercaptoethanol]éàá

Ûi80 mlõW� buffer Eb buffer F [20 mM sodium acetate (pH 5.2), 0.8 M NaCl, 1 

mM EDTA, 2 mM 2-mercaptoethanol]z{XYi200â800 mM NaCl�9�m�n�

ã^�\¸ H2A.Z.1G\] H2A.Z.2z^äÛ|¿H2A.Z.1G\] H2A.Z.2�^äåq

z 16% SDS-PAGE�\¸q�Û|¿H2A.Z.1G\] H2A.Z.2z}~åqz�KÛi3 

L�Í©ì�µÛY 4�æ�PiívîïzÕ�|¿ 

 

��2�2�ª���� H2AiH2BiH4 �gh 

H2AiH2B�«¬rz}~����� pH2AipH2Bz#¯°� BL21 (DE3)���Û

|¿Ð|iH4�«¬rz}~����� pH4z#¯°� JM109 (DE3)���Û|¿ 

pH2AipH2BipH4±i«¬r��µ� hexa-histidine tag (His-tag)G\] Thromin 

protease¶·^_Áù¸ºÃYG¸iampicillin������z��I¿#¯°&��

������¶·Ø�Ù�Úgh±i�2�2©�£Û| H2A.Z.1G\] H2A.Z.2�g

hefb�ð�eféÕ�|¿ 

 

�2�2Bª���� H3.1 �gh 

� ÐõiH3.1�«¬rz}~����� pH3.1z#¯°� BL21 (DE3)���Û|¿
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BL21 (DE3)b�����z¬�Û¹�é30q3>ºÛ|¿²�Pi42»é 45¼3>

ºÛiSOC½¾z¸Î�Ë½¿zÕ�|¿�Ë½¿Pi100 μg/ml� ampicillinz}

~ LBÀÁ½¾�Â°Ûi37»é?Ã>ºÛ|¿pH2A.Z.1G\] pH2A.Z.2Á��º

Ã|#¯°�H�M�z 5 L� LB½¾�Â°ÛiïÄn� 50 μg/ml� ampicillinÄ

è��Y 37»é» 24 Å3ÆÇ½¿Û|¿<�½¿Û|#¯°z 6,810Ègi4»é 10

q3ÉÊ�IÀbéqªÛ|¿à°Û|#¯°z 50 ml� buffer A [50 mM Tris-HCl 

(pH 8.0), 0.5 M NaCl, 1 mM PMSF, 5% glycerol]�ËÌÛiÍÎÏÐÑ-Ò��Ó� 

VP-30S (TAITEC)z{XYÍÎÏ�ÔzÕ�|¿ÍÎÏ�ÔPiÕ��%z 39,191Èg

é 15q3ÉÊqªÛ|¿#¯°Jé����z��º4Ibi����±#¯°�\

�YÛ�kbú×ÃIßàkb�¸Ö×�I¿Ö×6�µÛY 50 ml� buffer Az¸

Î^�ÛiÍÎÏ�ÔzÕ®ÀbéÖ×6�}ÐÃI#¯°ñò�"^�Ø�Ù�zº

·�"^�Û|¿ÍÎÏ�ÔPiÕ��%z 39,191Ègi4»é 15 q3ÉÊqªÛ|¿

qªÛ|Ö×6z buffer B [50 mM Tris-HCl (pH 8.0), 0.5 M NaCl, 7M guanidine 

hydrochloride, 5% glycerol]�^�Ûi��ØÙ�éÍÎÏ�ÔzÕ�|¿Õ��%z

4»é?ÃÚ��¸b¬�º4IÀbéÛ�kÁ��Ûi����Á"^�Û|¿<�i

39,191Ègé 15q3ÉÊqªÛi�Üz Ni-NTA agarose (Qiagen)b¬�ÛYi4»é

©Å3Ú��¸b¬�º4IÀbéiNi-NTA agarose� hexa-histidine tag�� H3.1 

(His2H3.1)zv�º4|¿Õ��%z 1,000Ègi4»é 10 q3ÉÊqªÛ|PiÝH

°��� (Bio-Rad)�ÞßÛ|¿µ� 1 ml/miné buffer C [50 mM Tris-HCl (pH 8.0), 

0.5 M NaCl, 5% glycerol, 5 mM imidazole]éàáÛ|Pibuffer CG\] buffer D [50 

mM Tris-HCl (pH 8.0), 0.5 M NaCl, 5% glycerol, 500 mM imidazole]z{XYi5â

500 mM imidazole�9�m�n�ã^�\¸ His-H3.1z^äÛ|¿His2H3.1�^ä
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åqz 16% SDS-PAGE�\¸q�Û|¿His2H3.1z}~åqz�KÛi3 L� buffer 

G [10 mM Tris-HCl (pH 8.0), 2 mM 2-mercaptoethanol] �µÛYæ�Û|¿����

H3.1 z�[�IU�°L�± cysteine Á}ÐÃiH3.1 ÁÒ�%èé�v��\�Y

óôõ�ÛYÛÐ®¿²Àéö÷øz¸ÎIÀbéiÒ�%èé�v�Þ[z��Û|¿

æ�PiÕ��%�n�tuzÕXi1 mg �Õ��%�µÛY 1 unit � Thrombin 

protease (Roche)z¸Îiç�é 3Å3Ú��¸b¬�º4Y His-tagzqrÛ|¿²

�Pi16% SDS-PAGE�\�Y His-tag�qrzÔ¶Û|¿º·�Mono S 10/100�

������/�èé� (GE Healthcare Life Sciences)�\�YghzÕ�|¿Ðõi

buffer G �^�Û| H3.1zMono S����êëº4ibuffer E [20 mM sodium 

acetate (pH 5.2), 0.2 M NaCl, 1 mM EDTA, 2 mM 2-mercaptoethanol]éàáÛi

buffer Eb buffer F [20 mM sodium acetate (pH 5.2), 0.8 M NaCl, 1 mM EDTA, 2 

mM 2-mercaptoethanol]z{XYi200â800 mM NaCl �9�m�n�ã^�\¸

H3.1z^äÛ|¿H3.1�^äåqz 16% SDS-PAGE�\¸q�Û|¿H3.1z}~

åqz�KÛi3 L� 2 mM 2- mercaptoethanol�µÛY 4�æ�PiívîïzÕ

�|¿ 

 

��2�2[ª����ùjk�Z�[ 

� ghÛ|���� H2BiH3.1iH4G\] H2A.Z.1þIX± H2A.Z.2zú-%�é

¬�Ûi����Ø�Ù�Ú�ïÄn�Á 1.5 mg/ml ��I\®� Unfolding buffer 

[20 mM Tris-HCl (pH 7.5), 7 M guanidine hydrochloride, 20 mM 2-mercapto 

ethanol]z¸Îi4»é 90q3Ú��¸b¬�º4IÀbé����z��º4| (52)¿

<�iÕ��%z 500 ml� refolding buffer [10 mM Tris-HCl (pH 7.5), 2 M NaCl, 1 
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mM EDTA, 5 mM 2-mercaptoethanol]�µÛY[Å3���æ�z[�Õ�|¿²�

PiÕ��%z HiLoad 16/60 Superdex 200 (GE Healthcare Life Sciences)¯%û�

�������/�èé�z{XYqåÛivåqz 16% SDS-PAGE�\¸q�Û|¿

H2AiH2A.Z.1iþIX± H2A.Z.2biH2BiH3.1iH4�S��ü�ÁG\² 1:1:1:1

b��YXIè��*ý�z�KÛiAmicon Ultra 4 [molecular weight cut off 

(MWCO) : 30 kDa] (Millipore)z{X|þ�û��\�YnæÛi4»é}ÄÛ|¿ 

 

��2�2zªDNA �lh 

� ��������Z�[�{X| DNA±i���I����Uãä�`·ÃIT�

��^_éþIα-satellite DNA�?�z��Û| 146�´µ��£^_éþI (5)¿

�£^_��q��|I 73�´µ� DNAÁØ�.�� 16���ºÃ|ipNUC146

�����z#¯°� DH5α���Û|¿pNUC146±i73�´µ�9�� EcoRI site 

biÀ��µG\]�µ� EcoRV siteÁ��ºÃYXI¿DH5αb pNUC146z¬�

Ûi¹�é30q3>ºÛ|¿²�Pi42»é 45¼3>ºÛi100 μg/ml� ampicillin

z}~ LBÀÁ½¾�Â°Ûi37»é?Ã>ºÛ|¿Þ[ºÃ|H�M��®\©Wz

�KÛi5 ml� TB½¾ (tripton, yeast extract, glycerol, NaCl)é 37»i3Å3ÆÇ

½¿Û|¿²�Pi100 ml� 2ÈTY½¾ (tripton, yeast extract, NaCl)�Â°Ûi37»

é 4Å3½¿Û|¿°kz 1,580Ègé 10q3ÉÊ�IÀbéà°Ûi20 ml� LB½

¾éàáÛ|Pi8 L� TB½¾�Â°ÛYi37»é?ÃÆÇ½¿Û|¿½¿Û|#¯

°z 6,810Ègi4»é 10q3ÉÊ�IÀbéqªÛ|¿360 ml�U%�T^_ 1 [25 

mM Tris-HCl (pH8.0), 50 mM glucose, 10 mM EDTA]z¸ÎËÌÛi720 ml�U%�

T^_ 2 [0.2 N NaOH, 1% (W/V) SDS]z¸ÎÚ��¸b¬�Û|Pi20q3¹�é>
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ºÛ|¿<� 1,260 ml�U%�T^_ 3 [4 M potassium acetate, 2 N acetic acid]z¸

Î	Û�¬�Ûi¹�é 20q3>ºÛ|¿²�Pi6,810Ègi4»é 10q3ÉÊqª

Ûi�Ü�µÛY 1,200 ml� 2-propanolz¸Î	Û�¬�Û|¿ç�é©Å3>ºÛ

|Pi4»é 6,810Ègi30q3ÉÊqªÛiÖ×6z©â2Å3ó
îïº4|Pi20 

ml� TE10/50 [10 mM Tris-HCl (pH 8.0), 50 mM EDTA (pH 8.0)]iG\] 13 mg�

RNasez¸Îi37»é?Ã>ºÛ|¿��i�j 80 ml��I\®� TE10/50z¸Î	

Û�¬�Û|Pi[»é4,670Ègi10q3ÉÊqªÛ|¿�Ü�µÛYi40 ml�phenol: 

chloroform: isoamyl alcohol (25: 24: 1)z¸Î	Û�¬�Ûi4»é 4,670Ègi10q3

ÉÊqªÛ|¿ÀÃz 4�
¸�Û|P�i�Ü�µÛY 40 ml� chloroform: isoamyl 

alcohol (24: 1)z¸Î	Û�¬�Ûi4»é 4,670Ègi10q3ÉÊqªÛ|¿�Ü�µ

ÛY 12.4 ml� 5 M NaCli30.8 ml� 40% polyethylene glycol 6000 (PEG 6000)z¸

Î	Û�¬�Û|Pi¹�é 30q3>ºÛi4»�Y 39,191Ègé 20q3ÉÊqªÛ

| (53)¿Ö×6z 30q3E�îïº4i20 ml� TE10/0.1 [10 mM Tris-HCl (pH 8.0), 

0.1 mM EDTA (pH 8.0)]�^�Û|¿Õ��%�n�tuzÕXiEcoRV site�qr

�z�äÛ|¿DNA�n�±in�¹ 1 cm�I%étuÛ|��iÏ¹ 260 nm�

ên�Á 1.0éþIbø 50 ng/μl����I¿1 nmol� EcoRV site�µÛY 15 unit

� EcoRVz¸Îi37»é?Ã>ºÛ|¿EcoRV�\�Y;mr�ÁqrºÃYXIÀ

bzÔ¶�I|Å�iÕ��%z 6%Y���TU�T%U��¯%�\¸i0.2ÈTBE 

buffer [18 mM Tris, 18 mM boric acid, 0.4 mM EDTA]Pé 150 V�ØÙ�é 35q3

-.���IÀbéqªÛ|���inative2PAGEb£��¿�����¶·;mr�

ÁqrºÃYXIÀbzÔ¶Û|Pi��Ø�DNA z��|Å� PEG Ö×fz{X

|¿PEGÖ×f±ipolyethylene glycol�n�eÄm�iÕ���#øX DNA¶·
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Ö×�IbX®¦(z{X|DNA�qªeféþI (53)¿25 ml�Õ��%�µÛYi

8.1 ml� 40% PEG 6000b 5.5 ml� 5 M NaClz¸Î	Û�¬�Ûi4»�Y 4,670

Ègé 10q3ÉÊqªÛ|¿�Ü�µÛYi4 ml� 40% PEG 6000z¸Î	Û�¬�

Ûi4»�Y 4,670Èg é 10 q3ÉÊqªÛ|¿�Üz 6% native2PAGE �\¸q�

ÛiÕ��%¶·��Ø�DNA Á�¶ÃYXIÀbzÔ¶Û|¿Õ��%�µÛYi

2.5�j� 100% ethanoli0.1�j� 3 M sodium acetate (pH 5.2)z¸Î	Û�¬�Û

|Pi¹�é 30q3>ºÛ|¿Õ��%z 4»�Y 39,191Ègé 30q3ÉÊqªÛ|¿

Ö×6�µÛY 80 ml� 70% ethanolz¸Îi4»�Y 39,191Ègé 30q3ÉÊqª

Û|¿Ö×6z 30q3E�îïº4i8 ml� TE10/0.1�^�Û|¿Õ��%�n�t

uzÕXiDNA r��qr�z�äÛ|¿1 nmol � DNA r��µÛY 2 unit �

alkaline phosphatase (CIAP)z¸Îi37»é?Ã>ºÛ|¿<�iCIAP�(�\¸

DNA�EFÁåT�L�ºÃ|ÀbzÔ¶�I|Å�i500���Û|Õ��% 10 μl

� 5 μl� ligation high^_ (TOYOBO)z¸Îi16»�Y 2Å3>ºÛ|Pi6% native

2PAGEéq�Û|¿Õ��%�}ÐÃI CIAPz!ë��I|Å�i100 μl� 0.5 M 

EDTAz¸Îi65»�Y30q3>ºÛ|¿²�Pi10 ml�phenol: chloroform: isoamyl 

alcohol (25: 24: 1)z¸Î	Û�¬�Ûi4»é 4,670Ègi10q3ÉÊqªÛ|¿<�

�Ü�µÛY 10 ml� chloroform: isoamyl alcohol (24: 1)z¸Î	Û�¬�Ûi4»é

4,670Ègi10 q3ÉÊqªÛ|¿�Ü�µÛYi2.5 �j� 100% ethanoli0.1 �j

� 3 M sodium acetate (pH 5.2)z¸Î	Û�¬�Û|Pi¹�é 30q3>ºÛ|¿Õ

��%z 4»�Y 39,191Èg é 30 q3ÉÊqªÛ|¿Ö×6�µÛY 80 ml � 70% 

ethanolz¸Îi4»�Y 39,191Ègé 30q3ÉÊqªÛ|¿Ö×6z 30q3E�î

ïº4i8 ml� TE10/0.1�^�Û|¿Õ��%�n�tuzÕXiDNAr��qr�
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z�äÛ|¿1 nmol� DNAr��µÛY 25 unit� EcoRIz¸Îi37»é?Ã>º

Û|¿EcoRI�\I DNA�qrz 6% native2PAGE�\¸Ô¶Û|¿²�PiEcoRI

�\�YqrºÃ|;m DNA r�b 12 �´µ�r�zqªgh�I|Å�iq'�

��º Prep Cell (Bio2Rad)z{XYghÛ|¿ÐõiÕ��%z Amicon Ultra 15 

[MWCO: 10kDa]z{XY 1 mlÐéþ�û��\InæzÕ�|Pi10%Y���T

U�T%U��¯%�\¸i0.5ÈTBE buffer [45 mM Tris, 45 mM boric acid, 1 mM 

EDTA]Pé 10 W�ØÙ�é Prep Cellz{XYghÛ|¿Õ��%±iTE10/0.1z{

XYµ� 1.5 ml/miné^äÛ|¿̂ äÛ|Õ��%z 6% native2PAGE�\¸q�Ûi

;m� DNA r�z}~åqz�KÛ|¿�KÛ|Õ��%z Amicon Ultra 15 

[MWCO: 10 kDa]z{XY 8 mlÐéþ�û��\InæzÕ�|¿Õ��%�n�t

uzÕXiDNAr��qr�z�äÛ|¿1 nmol� DNAr��µÛY 1 unit� T4 

ligasez¸Îi16»é?Ã>ºÛ|¿��¯�*ý��\�Y 146�´µ� DNAr�

ÁÞ[ºÃYXIÀbz 6% native-PAGE�\¸Ô¶Û|¿²�PiÕ��%z DEAE

�������/�èé� (TOSOH)�\�YghÛ|¿Õ��%z DEAE ����

êëº4i10 ml� TE10/0.1éàáPi0â600 mM NaCl�9�mn�ã^�\¸ 146

�´µ� DNAr�z^äÛ|¿̂ äÛ|Õ��%z 6% native2PAGE�\¸q�Ûi

146�´µ� DNAr�z}~åqz�KÛ|¿�KÛ|Õ��%z Amicon Ultra 15 

[MWCO: 10 kDa]z{XYi8 mlÐéþ�û��\�YnæÛiïÄgh6bÛ|¿ 

 

��2�2�ª��������Z�[ 

� Z�[Û|����8jkb146�´µ��������{DNAz{XYi2 M KCl

Äè�é DNA�ïÄn�Á 0.8 mg/mli¶W���� 8jkb DNA Á 1.3 : 1��
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��I\®�¬�Û|¿¬�6z 400 ml � reconstitution high buffer [10 mM 

Tris-HCl (pH 7.5), 1 mM EDTA, 2 M KCl, 1 mM dithiothreitol]�µÛYæ�Ûi1,600 

ml� reconstitution low buffer [10 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.25 M KCl, 

1 mM dithiothreitol]z 0.8 ml/min�µ�é !Û�Á·¸Îi�Å� 0.8 ml/min�

µ�é^_z"äÛ|¿À�ef�\�Yi#³�æ��_� KCl n�z��º4I

Àbéi�æ�f�\¸�������zZ�[Û| (52)¿Z�[ºÃ|Õ��%P

�±i����b DNAÁYW�m�v�ÛYXI¼�Á}ÐÃI¿À�YW�mv�

z�$�I|Å� 55»é 2Å3>ºÛ|¿²�Pi6%Y���TU�T%U��¯%

�\¸i0.2ÈTBE bufferPé 10 W�ØÙ�é Prep Cellz{XYghÛ|¿Õ��

%±iTCS (EDTA free) buffer [20 mM Tris-HCl (pH 7.5), 1 mM DTT]z{XYµ�

1.5 ml/miné^äÛ|¿^äÛ|Õ��%z 6% native2PAGE�\¸q�Ûi���

����z}~åqz�KÛ|¿�KÛ|Õ��%z Amicon Ultra 4 [MWCO: 30 

kDa]z{XYi100 μlÐéþ�û��\�YnæÛiïÄgh6bÛ|¿ 

 

��2�2%ª�mnop���\I��������qrs�tu 

� Z�[Û| H2A.Z.1G\] H2A.Z.2z}~��������qrs�tuzÕ®|

Å� Zetasizer Nano μV (Malvern)z{X|�mnop��zÕ�|¿Ðõi0.6 mg/ml

�lhÛ| 5 μl� H2A.Z.1iH2A.Z.2iH2Az}~�������z 2,990 ×gé 10

q3i4»éÉÊÛ|¿vÕ��%^_�®\i3 μlz^_�e¶·q'ÛiZetasizer 

Nano μV �\�Y 20»éqrs�tuzÕ�|¿v��������WXY 70â90

��tuzÕXi&'(�z�äÛ|¿ 
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��2Bªvwbxy  

�2B2©ª���� H2A.Z.1 G\] H2A.Z.2 �gh 

� �� H2A.Z.1 G\] H2A.Z.2 z}~����������zÕ®�þ|�Yi

H2A.Z.1 G\] H2A.Z.2 z#¯°z{X|TH�J���Ø�Ù�ÚbÛY��iG

\]ghzÕ�| (Figure 3A)¿Ðõi#¯° BL21 (DE3)é��º4| His2tag��

���� H2A.Z.1�His-H2A.Z.1�G\] H2A.Z.2�His-H2A.Z.2�zi��ØÙ�é

Ni2NTA agarose�������/�èé��\�Y)ghÛ|¿̂ äÛ|Õ��%z

16% SDS2PAGE �\¸q�Û| (Figure 3B)¿His2H2A.Z.1 �qrj± 15,716 Da

éþIÁic��-.���¶·�äºÃI*u�qrj± 16,089 Da éþIic�

�qrjbÖõ¶���IÀbÁq¶�| (Figure 3B)¿SDS-PAGE �GXYiØ�

Ù�Ú±+���,-.ë�øéþI SDS�\�Y��Ûiº·� SDSÁØ�Ù�Ú

T.��I%zÞ[�IÀbéØ�Ù�Ú±/�0-�I¿ÀÃ�\�YiØ�Ù�Ú

±Óe1�-.��ºÃI¿Û¶ÛØ�Ù�Ú�ú-j�\�Y±iØ�Ù�Ú�qr

jbc��-.���Á��I2�ÁþI¿His2H2A.Z.1 �ú-j± 10.73 éþI¿

À�\®�iHis2H2A.Z.1 ±�´�Ø�Ù�ÚéþI|ÅiÓe1&�-.��Á�

�ºÃiqrjbc��-.���Á��IbxÎ·Ã|¿ 

� <� His-H2A.Z.1G\] His-H2A.Z.2�}ÐÃI His-tagzqrÛ|¿Ø�Ù�Ú

�M���zÕ®�éiHis-tagÁ²�Ø�Ù�Ú�ë��QRzVÎI2�ÁþI|

ÅéþI¿²ÀéiHis-H2A.Z.1 G\] His-H2A.Z.2 � Thrombin protease (GE 

Healthcare Life Sciences)z¸ÎiHis2tagzqrÛ|¿His-tagÁqrºÃYXIÀ

bz 16% SDS-PAGE�\�Yq�Û|¿²�vwiThrombin3¸4P�GXYS� 
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�*è�Á5yºÃIÀb¶· His-tag ÁqrºÃYXIÀbÁÔ¶ºÃ|¿º·�

H2A.Z.1G\] H2A.Z.2zgh�I|Å�Mono S�������/�èé�zÕ�

|¿Mono S�������/�èé��\�YqåÛ|Õ��%z 16% SDS-PAGE

�\¸q�Û| (Figure 3C)¿q��vw¶·iH2A.Z.1 G\] H2A.Z.2 zÜ©��

}~åqz�K�IÀb�[6ÛiÀÃ·zïÄgh6bÛ| (Figure 3D)¿ 

 

��2B2�ª���� H2BiH3.1iH4 �gh 

� �������zZ�[�I��|�Yi4 óô������H2A.ZiH2BiH3i

H4�Á �b�I¿²Àé���� H2BiH3.1iH4�ghzÕ�|¿Ðõi#¯°

é��º4| His2tag ������ H2B (His-H2B)iH3.1 (His-H3.1)iG\] H4 

(His-H4)zi��ØÙ�é Ni2NTA agarose �������/�èé��\�Y)g

hÛ|¿̂ äÛ|Õ��%z 16% SDS2PAGE�\¸��Û|¿His-H2BiHis-H3.1i

G\] His-H4 �qrj¼Ð|c��-.���b��IÀbÁq¶¸i²�¦�±

His-H2A.Z.1G\]His-H2A.Z.2b�ðéþIbxÎ·Ã|¿<�His-H2BiHis-H3.1i

G\] His-H4�}ÐÃI His-tagz Thrombin protease�\�YqrÛ|¿His-tag

ÁqrºÃYXIÀbz 16% SDS-PAGE �\�Y��Û|¿���vwiH2A.Z.1

G\] H2A.Z.2 b�ð� Thrombin 3¸4P�GXYS��*è�Á5yºÃIÀb

¶·iHis-tag ÁqrºÃYXIÀbÁÔ¶ºÃ|¿º·� H2BiH3.1iG\] H4

zgh�I|Å�Mono S�������/�èé�zÕ�|¿Mono S������

�/�èé��\�YqåÛ|Õ��%z 16% SDS-PAGE�\¸��Û|¿À�vw

¶·iH2BiH3.1iG\] H4zÜ©��}~åqz�K�IÀb�[6Û| (Figure 

4)¿ 



 29

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 30

��2B2Bª����ùjk�Z�[ 

� ��������}ÐÃIv����±i2qr� H2A/H2B&â� 2jkb 1qr

� H3.1/H4 &â� 4 jk¶·�[ºÃI���� 8 jkzÞ[ÛYXI¿���� 8

jkz�d±JéZ�[�I�þ|�YighÛ|v���� H2BiH3.1iG\]

H4b H2A.Z.1iþIX± H2A.Z.2zú-%�é¬�Û|¿Z�[Û|Õ��%P�±

���� 8 jk�a�iH2A/H2B &â� 2 jkO H3.1/H4 &â� 4 jk�ÏÁ}Ð

ÃI¿À�Õ��%¶·���� 8jkzgh�I|Å�iHiLoad 16/60 Superdex 200

¯%û��������/�èé�z{XYghzÕ�|¿̄ %û��������/

�èé��\�YqåÛ|Õ��%z 16% SDS-PAGE�\�Y��Û|¿���vwi

v���� 8jk�±i���� H2BiH3.1iH4iG\] H2A.Z.1þIX± H2A.Z.2

Á 1:1:1:1�@�é}ÐÃYXIÀbÁÔ¶ºÃ| (Figure 5B)¿ 

 

�2B2[ªDNA �gh 

� �������Z�[�{X| 146�´µ� DNA±i���α-satellite DNA ñò

� 73�´µÁ 2qrv�Û|�£^_b��YXI (Figure 6A)¿À� 73�´µz}

~ cassette sequenceÁ 24���ºÃ|����� pNUC146z��Û|#¯°z½

¿ÛiU%�Tfz{XY#j� pNUC146 zghÛ| (Figure 6B-D)¿ghÛ|

pNUC146 z EcoRV (TaKaRa)éqr�IÀbéi73 �´µz}~r�Á7·Ã| 

(Figure 6E lane2)¿��Ø�DNA z�8�I|Å�i2 9:�n�� polyethylene 

glycol 6000 (PEG 6000) (Nacalai Tesque)z{XY PEG Ö×zÕ�|¿ 6% 

native-PAGE�\�Y��Û|vwi95%�����Ø�DNAÁ�8ºÃIÀbÁq

¶�| (Figure 6E lene 3, 4)¿19:;G\] 29:;� PEG 6000�n�±i²Ã� 
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Ã 6.5%i8.5%éþ¸i19:;éxbyÏ���Ø�DNAÁ�8éøYXIÀbÁq

¶�|¿À�Àb¶·iG\² 3,000 �´µ���Ø�DNA b 73 �´µz}~r�

zqª�I�� PEG 6000�n�± 6.5â8.5%Á;qéþIÀbÁq¶�|¿<�iÀ

�r�Á ligase�\�Yv�Û�X\®�iåT�L�{< CIAP (TaKaRa)�\�Y

�(Û|¿ïP�iÀ�r�z EcoRI (TaKaRa)é�(�IÀb�\�Y 70�´µ+3

�´=ä�r�Á2[ºÃiT4 ligase^_ (Nippon Gene)z{XY��¯�*ý�º

4IÀbéi146�´µ�r�z
hÛ| (figure 6F)¿ 

 

��2B2zª��������Z�[ 

� Z�[Û|���� 8jkb�������{ DNAz¬�Ûi�æ�f�\�Y�

�������Z�[Û| (Figure 7A)¿Z�[Û|Õ��%�±i�������i

�������¶· H2A/H2BÁ 1qr�ªÛ|áKÕ���inaked DNAiG\]

DNA�YW�m�����Áv�Û|¼�Á}ÐÃI¿²ÀéÐõi����b DNA

�YW�mv�z�$�I|Å�Õ��%z 55»é 2 Å3>ºÛ|¿À�Õ��%z

6% native-PAGE�\�Yq�Û|vwinaked DNA�a��������G\]á

KÕ����S��Á>äºÃ| (Figure 7B,C lane 1)¿�������zÜ©��g

h�I|Å�q'���º Prep Cell (Bio-Rad)z{X|¿Prep Cell±iÕ��%zY

���TU�T%U��¯%z{XY-.��Ûī %¶·^äºÃ|?�Õ��%z

qå�IÀbÁéøI�ºéþI¿À��ºz{XIÀb�\¸i-.������I

naked DNAiG\]áKÕ���b�������zqª�IÀbÁéøI¿º·�i

Õ��%Á/@¶·Ó@&-.��ºÃI|ÅiÓ�0-Û|����Ø�Ù�ÚzA

��qª�IÀbÁéøI¿Prep Cell�\�YqåÛ|Õ��%z 6% native-PAGE 
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�\¸q�Û|vwi�������zÜ©��}~åqzqª�IÀb�[6Û| 

(Figure 7C)¿ 

��2B2�ª�mnopfz{X| H2A.Z.1 G\] H2A.Z.2 z}~��

������qrstu 

� Z�[Û| H2A.Z.1G\] H2A.Z.2z}~��������^_Pé���z��

�I|Å�i�mnopfz{X|���\I��������qrs�tuzÕ�| 

(Figure 8A)¿^_Pé±iBrÁ#øXxÏ²�C���D�±E�iBrÁðºX

xÏC���D�± X¿�mnopfé±i^_P�Br���Ó�nzFGÛiB

r�C���D��eÄÛ|opnz���IÀbéî _�}ÐÃIBr�Brsz

tu�I¿Vcd�GXYiH2A.Z.1 G\] H2A.Z.2 z}~����������µ

HbÛYiI������ H2Az}~������� (54)z{X|¿���vwil

hÛ|v�������±ñ?����z�Û| (Figure 8B)¿À�Àb±itu�{

X|�������ÁJ?éþIÀbz�ÛYXI¿Ð|iH2A.Z.2z}~�����

���qrs�qKÁH2A.Z.1OH2Az}~�������b��ÛYÖõ¶�LX

ÀbÁq¶�|¿À�Àb¶·i^_P�GXY H2A.Z.2 z}~�������±i

Öõ¶�D��ÁÜXÀbÁ��ºÃ|¿º·�iH2A.Z.1 G\] H2A.Z.2 z}~�

�������MJqr�s±²Ã�Ã 5.404i5.281 nméþ¸iH2Az}~���

�����MJqr�s± 5.394 nméþ�| (Figure 8C)¿X�v�����¶·i

H2Az}~���������s±G\² 5.5 nméþ¸i��tu�\�Y7·Ã|

H2A z}~��������qrsb�DYxS�Â��NéþIÀbÁq¶�| 

(50)¿ 
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BBB� H2A.Z.1 G\] H2A.Z.2 z}~�������� X �
v�����  
B2©ªC  

� ���¯°�:���;è���\�Yi���� H2A.Z ÁÈÉÁë��«¬r�

ÈÉhij�k�;è�IÀbÁ1�ºÃYXI (31)¿À�Àb¶·iH2A.Z ÁÈÉ

ë���îVÛYXIÀbÁü���ºÃI¿Ð|i2009 ����I«¬r]�H�

�ºÃ| H2A.Z.1�H2AFZ�G\] H2A.Z.2�H2AFV�ÁÄè�IÀbÁ1�ºÃi

ÀÃÐé� H2A.Z�î�IN��*+�GXYiH2A.Z.1G\] H2A.Z.2�OP��

Úz�Å�5yÛYX|ÀbÁ=·¶���| (47)¿OP�M����î�Iì`�

CbWbÛYi���� H2A.Z.1 «¬rz���Ib����b�IÀbÁ1�ºÃ

YXI (35)¿À�Àb±iH2A.Z.1�M�z H2A.Z.2Á��éø�XÀbz�ÛYG

¸iH2A.Z.1b H2A.Z.2Á��IM�z�ÛYXIÀbz��ÛYXI¿Û¶ÛiDNA

�M���
��GXYOPÁ²Ã�ÃÏ�\®�?@z­�YXI¶�WX

Y�ì`±���X¿²�¦��CbWbÛYiH2A.Z.2���01Á�XÀbÁ0

1·ÃI¿H2A.Z.2z}~���������k��z�=ÛiH2AO H2A.Z.1z}

~�������b�����z=·¶��IÀbéiH2A.Z.2�W¡m��Ú��=

OM��*uzÕ®ÀbÁdQºÃI¿ 

 ²ÀéVBé±i�� H2A.Z.1 G\] H2A.Z.2 z}~����������mW¡

z=·¶��I|Å�iX �v�����zÕXi¦rq��é�k��z�=Û|¿

VBé±iH2A.Z.©G\] H2A.Z.2z}~��������#jlhiv��iX�

v�����iG\] H2Az}~�������b������WXYD�|¿ 
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BB2�ª`abcdef  

B2�2©ªH2A.Z.1 G\] H2A.Z.2 z}~��������#jlh 

� H2A.Z.1 G\] H2A.Z.2 z}~��������ghef±i22226 é£
Û|I

¸éþI¿Prep Cell z{XYghÛ|Õ��%zi2.8â3.5 mg/ml ��I\®�

Amicon Ultra 4 [MWCO: 30kDa]z{X|þ�R��\�YnæÛ|¿næÛ|Õ��

%z��������v���;Û| 500 ml � CCS buffer [20 mM potassium 

cacodylate (pH 6.0), 1mM EDTA]�µÛY 2�æ�zÕ�| (54)¿ 

 

B2�2�ªH2A.Z.1 G\] H2A.Z.2 z}~��������v�� 

� 2.8â3.5 mg/ml�lhÛ| 1 μl�H2A.Z.1G\]H2A.Z.2z}~�������bi

1 μl�v��^_ [20 mM Potassium cacodylate (pH 6.0), 90â95 mM MnCl2, 50â

70 mM KCl]z�S�S���é¬�Û|¿|A\��S�S��z 500 μl��Ó�S

�^_ [20 mM Potassium cacodylate (pH 6.0) , 55 mM MnCl2, 35-45 mM KCl ]Á�

�|TU�V4�ÛÛiW.Xof�\�Yv��zÕ�| (55)¿G\² 1â2Y3Â

�é 500 μmÂ��ñv�Á7·Ã|¿7·Ã| H2A.Z.1G\] H2A.Z.2z}~��

������v�z!í_ [20 mM Potassium cacodylate (pH 6.0), 55 mM MnCl2, 

35â45 mM KCl, 28% 2-methyl 2,4-pentandiol, 2% trehalose]�ZÛ|PiG\²

-180»�_k[<Pé}ÄÛ|¿ 

 

B2�2BªH2A.Z.1 G\] H2A.Z.2 z}~�������� X ���c

d 

� #�\Gn]^ SPring-8 �J����� BL38B1 G\] BL41XU �GXYi
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H2A.Z.1G\]H2A.Z.2z}~��������ñv�z_M���Ø���`4|¿

Ðõiab�c�iG\]+90d� 2 c�¶·v�� X �zFGÛi7·Ã| X ��

�ez HKL2000�è��fUzg{ÛYiï¼;��v�,ihru�z*uÛi¶

W��"��.�ØéþI¶Ï®¶lD| (57)¿v�,Á P212121éþIÀbiG\]

��"��.�ØéþIÀbÁi=Û|Àb¶·iv�z 0°â180°�jké 0.3°õW

�Èº4�Á· X�zFGÛi�l 600m� X���ez7| (Figure 11B,C)¿7·

Ã|��ez HKL2000�è��fUz{XY�(Û|vwiH2A.Z.1iH2A.Z.2z}

~��������WXYi²Ã�Ã 3.07i3.20 Å�q���.�Øz'7Û|¿ 

 

BB2�2[ªH2A.Z.1 G\] H2A.Z.2 z}~����������g�� 

� Phaser �è��fUz{XYiqrºÍf�\�Y HKL2000 é�(Û|v��j

�ò��uzÕ�| (59)¿qrºÍzÕ®�þ|�Yi�� H2Az}~������

��v����PDB code: 3AFA�z-.%��bÛYg{Û| (54)¿<�iPHENIX

�è��fUz{XY���g��zÕ�| (60)¿���g��zÕ®�é-.%�

��S�U�zn·�|Å�iH2A.Z.1G\] H2A.Z.2z}~�������b H2A

z}~��������3é��Á#ø���IãäéþIiH2A.Z.1G\] H2A.Z.2

� L1 loop�cuãä�H2A.Z.1 S38âV43, H2A.Z.2 T38âV43�z�d��-.%¶

·�XYi���g��zÕ�|¿rigid-body refinementzÕ�|Pixyz-coordinatei

real-spaceiindividual B-factori occupancy refinementsiG\] COOT�è��f

Uz{X|«�é�-.%�oz
¸�ÛÕ�|  (61)¿�DY�g����Âé

secondary-restraintsiG\]��������}ÐÃI���� H2BiH3.1iH4i

H2A.Z.1 þIX± H2A.Z.2 �v 2 qrõW�µÛY noncrystallographic symmetry 
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(NCS) restraintsz;{ÛYg��zÕ�|¿MolProbity��/��z{XYH2A.Z.1

G\] H2A.Z.2 z}~�������ÁÓÛX��éþIÀbz>pÛiÀÃzïÄ

��bÛ| (62)¿X ���.�Ø���vwG\]��g��bïÄ���GHIq

l.�Ø�ÐbÅz Table 2 ��Û|¿VD£����DY����î�Ir±i

PyMOLzg{ÛY
[Û| (63)¿H2A.Z.1G\] H2A.Z.2z}~��������

¦r]&G\]-r�����±iRCSB Protein Data Bank�²Ã�Ã 3WA9G\

] 3WAA� PDB codeéstÛ|¿ 

 

BB2�2zª������������ 

� PyMOL�è��fUz{XYiH2A.Z.1 (PDB code: 3WA9)iH2A.Z.2 (PDB code: 

3WAA)iH2A (PDB code: 3AFA)z}~���������k��z
u�Ö4iv�

�������}ÐÃI H2A.Z.1iH2A.Z.2iH2Aqr�vU�°L�GHIαv<�

2j3wªztuÛ|¿ 

 

B2�2�ªH2A.Z.1iH2A.Z.2iG\] H2A ����r��� 

� H2A.Z.1iH2A.Z.2iG\] H2A z}~��������GHIv¦r�x·y�

#øºzlDI|Å�iPHENIX �è��fUz{XYv¦r����r�WXY�

�zÕ�|¿���r�N±v¦r�D���Üºz��¿H2A.Z.1iH2A.Z.2iG\

] H2A�vU�°L�αv<�WXY���rz����Û|¿ 
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BB2Bªvvwbxy  

B2B2©ªH2A.Z.1 G\] H2A.Z.2 z}~��������#jlh 

H2A.Z.1iH2A.Z.2z}~�������� X�v�����zÕ®�þ|�Yiv�

������zÜ©�¶W#j�lh�I �ÁþI¿²Àéi1 mg�������

�{ DNAb 1.55 mg����� 8jkz{XYi�æ�f�\�Y�������z

Z�[Û|¿Z�[Û|�������z 6% native-PAGE �\�Y��Û|vwi

Ü©���������ÁghéøYXIÀbÁq¶�| (Figure 9A)¿ghÛ|��

������ 4óô�����Áú-%é}ÐÃYXIÀbzÔ¶ÅI �ÁþI¿²

ÀéighÛ|�������z 16% SDS-PAGE�\�Y��Û|¿²�vwilh

Û|��������v����Á 1: 1: 1: 1�@�é}ÐÃYXIÀbÁÔ¶Å·Ã

| (Figure 9B)¿ 

� Ø�Ù�Ú�v��zÕ®|Å�±iÕ��%zÜn��lhÛi;q�^_�^�

�I �ÁþI¿²Àéiþ�û��\�Y�������z 3 mg/ml Â�Ðénæ

ÛiCCS^_ [20 mM potassium cacodylate (pH 6.0), 1 mM EDTA]�µÛYæ�Û

YiïÄgh6bÛ|¿ 

 

B2B2�ªH2A.Z.1 G\] H2A.Z.2 z}~��������v�� 

� H2A.Z.1 G\] H2A.Z.2 z}~��������ñv�z
h�I|Å�ighÛ

| H2A.Z.1G\] H2A.Z.2z}~�������bv��^_zújõW�S�S�

��é¬�Û�����^_�i250 �j��Ó�S�^_Á��|TU�V4�ÛÛ

| (Figure 10A)¿�Ó�S�^_�}ÐÃI�zn�Á����^_�}ÐÃI�z

n�\¸¼nX|Å�i�Ó�S�^_G\]����^_�n�ÁM{�|�IÐéi 
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����^_Áåì�I¿À�W.Xofz{XYÚ��¸b����^_P�Ø�Ù

�n�z�}º4iv��zÕ�|¿G\²©â�Y3Â�é 500 μmÂ��ñv�Á

7·Ã| (Figure 10B,C)¿ 

 

BB2B2BªH2A.Z.1 G\] H2A.Z.2 z}~�����������u 

� Ø�Ù�Ú� X �v�����zÕ®|Å�±iv��Û|Ø�Ù�Ú�ÜÝ~%

��� X�zFGÛ��ez7I �ÁþI (Figure 11A)¿À�ÜÝ~%��� X�

�µ�IØ�Ù�Ú����Òz�n�I|Å�iG\²-180»�[<.µzv���

øùH�Á· X �zFG�Ii�� X ���cdfÁÔ�ÛYXI(56)¿À�efz

{XI2�iØ�Ù�Úv�Á-180»éívÛ�X\®�!í_�ZÛiX���cd

zÕ®¿X���cd±i#�\Gn]^ SPring28�J�����iBL41XUG\]

BL38B1�YÕ�|¿H2A.Z.1G\] H2A.Z.2z}~�������� X���ez

HKL2000 �è��fU (57)zg{ÛY��Û|vwiH2A.Z.1 G\] H2A.Z.2 z}

~��������WXYi²Ã�Ã 3.07i3.20 Å �q���.�ØÁ7·Ã| 

(Figure 11B,C)¿���.�Ø�(±iCCP4��/��z{XYÕ�| (58)¿ 

� X �v������GHI��j�CbW�ò���ÁþI¿v�� X �zFG�

Ib 2 <÷� X ���eÁ7·ÃI¿X ���e�}ÐÃIv��j±i��ü�G

\]�Gc�01zGWÁò�01zG|�X¿²Àéiv��j�ò�01z�u�

I|Å�ºÐÑÐ�«fÁÔ�ºÃYXI¿Vcdé±qrºÍf�\�Y��j�ò

��uzÕ�|¿qrºÍf±i����ÜX�ì��k��¶·ò�z�u�Ief

éþ¸iV���GXY± H2Az}~��������PDB code: 3AFA���k�

�zg{ÛiPhaser��/��z{XY H2A.Z.1G\] H2A.Z.2z}~����� 
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�����.�Ø�ò��uzÕ�| (59)¿ÓÛ�qrºÍÁÕÖÃ|¶Ï®¶>p

�I|Å�iqrºÍ�\�Y7·Ã|�d��-.%�v�P�GHI^ºz

PyMOL�è��fUz{XY��Û| (63)¿���vwi�¸�®�������Á

	X��=�IÀb��^ºÛYXIÀbÁ=·¶b�¸iÀ�Àb¶·ÓÛ�qrº

ÍÁÕÖÃ|bxÎ·Ã| (Figure 12A)¿ 

� <�i�k��P�v¦rzÓÔ�-r�������Y±ÅI|Å�iPHENIX

�è��fUG\] COOT�è��fUz{XY���g��zÕ�| (60,61)¿��

�g��zÕ®�é-.%���S�U�zn·�|Å�iH2A.Z.1 G\] H2A.Z.2

z}~�������b H2Az}~��������3é��Á#ø���IÀbÁ

����¶·=·¶���|iH2A.Z.1G\]H2A.Z.2�L1 loop�cuãä�H2A.Z.1 

S38âV43, H2A.Z.2 T38âV43�ziqrºÍP�7·Ã|�d��-.%¶·�XY

���g��zÕ�|¿ÀÃ�\�Yicd.�Ø¶·l�ºÃ|-r��Á±�ø¸

b5yºÃiÓÔ�-.%�oÁ"�b��| (Figure 12B)¿U�°L��p���

±iFigure 12C���\®� 2.ciφG\]ψ�\�Yu�ºÃYXI¿Ø�Ù�Ú

� 2<��éþIiα2helixiβ2sheetiG\] loop��zÞ[�IU�°L�φG\]

ψ�c�jk±uÅ·ÃYXI¿Ø�Ù�Úz�[�IvU�°L�φG\]ψz 2<÷

�����Û|¼�Á Ramachandran plotbú×ÃI¿H2A.Z.1G\] H2A.Z.2z}

~��������z�[�IvU�°L� Ramachandran plot�GXYi�åÛ|

U�°LÁ�XÀbzÔ¶Û  (58)(Figure 12D)iÀÃzïÄ��bÛ|  (Figure 

13A,B)¿ 
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BB2B2[ªH2A.Z.1 G\] H2A.Z.2 z}~������������ 

� H2A.Z.1G\]H2A.Z.2z}~����������mW¡z=·¶��I|Å�i

H2A.Z.1iH2A.Z.2G\] H2Az}~������������zÕ�|¿V�é±i

Ðõ H2A.Z.1 G\] H2A.Z.2 z}~�������b H2A z}~��������

����zÕXiH2A.Zb H2A������WXYD�|¿<� H2A.Z.1b H2A.Z.2

z}~������������zÕXiH2A.Z.1 b H2A.Z.2 �3������WX

YD�|¿ 

 

B2B2[2©ªH2A.Z.1 G\] H2A.Z.2 z}~�������b H2A ���

����b�����  

� ÐõiH2A.Z.1G\] H2A.Z.2z}~�������b H2Az}~�������

�����zÕ�|¿����zÕ®|Å�iH2A.Z.1iH2A.Z.2iG\] H2A z}

~���������k��z PyMOL �è��fUz{XY
u�Ö4iH2A.Z.1

b H2A �vU�°L�GHIαv<¦r� 2 j3wªiG\] H2A.Z.2 b H2A �v

U�°L�GHIαv<¦r� 2j3wªzl�Û|¿²�vwiH2A.Z.1�����

��b H2A�������� L1 loopãä (H2A.Z.1 R39âG47, H2A G37âG44)�

GXYi5 ÅÂ���XÁ)·Ã| (Figure 14A,C)¿�ð�ÛYiH2A.Z.2����

���b H2A�������� L1 loopãä�GXY¼i6 ÅÂ���XÁ5yºÃ

| (Figure 14B,D)¿&Õ*+�GXYi���� H3T z}~�������� X �

v������vwi1 ÅÂ������Á��������¥u���ÛXQRzV

ÎIÀbÁ�ºÃYXI (54)¿À�Àb¶·¼iH2A.Z.1iH2A.Z.2b H2A� L1 loop

�GHI����±Y��#ø�i���������Ú�QRz½S�ÀbÁ��º 
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Ã|¿ 

� H2A.Z.1iH2A.Z.2b H2A� L1 loop�GHI�����WXYº·����I|

Å�ivU�°L� Cα�WXY���r���zÕ�| (Figure 15A-C)¿���rb

±iv���Pév¦r�x·y�#øºz�N�Û|¼�éþI¿À�N±v���

�q���¼eÄ�I¿H2A.Z.1iH2A.Z.2iG\] H2A z}~��������q

��±i²Ã�Ã 3.07i3.20i2.50 Åéþ�|¿H2A.Z.1iH2A.Z.2iG\] H2A�

���rz��Û|vwiH2A.Z.1iH2A.Z.2� L1 loopãä�GHI���rÁ H2A

� L1 loopãä\¸¼���ÜXÀbÁ=·¶b��| (Figure 15A-C)¿À�Àb±i

H2A.Z.1iH2A.Z.2� L1 loopãä�D��ÁH2Ab��ÛYÜXÀbz�ÛYXI¿

H2A.Z.2�GHI���r�S��/����Á H2A.Z.1O H2A\¸¼ÜX�±iq

��Á¦�éþIbxÎ·Ã|¿º·�iÀ�ãä�GHI-r��z5y�Ibi

H2A.Z.1iH2A.Z.2�GHI�p�-r��±�qm�5yºÃõi�p�-r��±

xbyÏ5yºÃ�¶�| (Figure 15D-E)¿?eiH2A�GHI-r��±i�pz

}Å±�ø¸b5yºÃI (Figure 15F)¿v���P�GXYD��ÁÜ�i�Ð�

|��zÞ[ÛYX�X2��-r��±±�ø¸b5yºÃ�X¿À�Àb¶·¼

H2A.Z.1iH2A.Z.2 �GHI L1 loop ãä±iH2A \¸¼D��ÁÜXÀbÁ=·¶

���|¿ 

 

BB2B2[2�ªH2A.Z.1 �������b H2A.Z.2 �������b����

�  

� <� H2A.Z.1 �������b H2A.Z.2 ������������zÕ�|¿

H2A.Z.1b H2A.Z.2�U�°L^_z���Ibi14�; (H2A.Z.1é± threonine, 
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H2A.Z.2é± alanine)i38�; (H2A.Z.1é± serineiH2A.Z.2é± threonine)i127

�; (H2A.Z.1é± valineiH2A.Z.2é± alanine)�B��Á��I (Figure 16A)¿

14�;b 127�;±i��zb·�X NEFiCEF�â�%ãä�GHI�Xéþ

IÁi38�;±����HU�GHI�XéþI¿H2A.Z.1b H2A.Z.2�vU�°L

�GHIαv<¦r� 2 j3wªzl�Û|¿²�vwiH2A.Z.1 �������b

H2A.Z.2��������GXYiL1 loop�U�°L^_±��éþI�¼¶¶Ö·

õiL1 loopãä�GXY 2 ÅÂ������XÁ)·Ã| (Figure 16B)¿H2A.Z.1

G\] H2A.Z.2� 38�;�U�°L±iL1 loop94�α1áT���ãä� CEF

�Äè�I¿À�Àb¶·iH2A.Z.1 S38G\] H2A.Z.2 T38Á L1 loop�����

�QRz½SÛiH2A.Z.1 �������b H2A.Z.2 �������b������

¦�b��YXIÀbÁxÎ·Ã| (Figure 16C,D)¿ 
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[[B� H2A.Z.1 G\] H2A.Z.2 z}~��������2�

$m��G\]��26$m��  

[2©ªCC  

� ÀÃÐé�&Õ*+éiH2A.Z z}~�������±ÈÉÁë��«¬r���

-�Ø�ãä�;è�IÀb=·¶b��YXI¿À�Àb¶·iÈÉ
��GXY

H2A.ZÁa� H2ASTU��b±��I�Úz��IÀbÁ��ºÃI¿4Bé
D

|\®�iX �v������\�YiH2A.Z.1 G\] H2A.Z.2 z}~������

�±W¡m��k��zÞ[ÛYXIÀbÁ=·¶���|¿²ÀéiH2A.Z.1G\]

H2A.Z.2 z}~���������k���GHI�XÁ6(m�Ú�Ï�\®�Q

Rz½S��¶zlDI|Å�i�d±J�GHIv��������¥u�bi2�

��GHI H2A.Z.1G\] H2A.Z.2��	�WXY��Û|¿º·�j��kz{X

|���\�YiX�v�����¶·=·¶b��| H2A.Z.1b H2A.Z.2����

�Á²Ã·���J�	�Ï�\®�QRzVÎI�¶zlD|¿ 

 

[2�ª`abcdef  

[2�2©ªH2A.Z.1iH2A.Z.2iH2A z}~�������z{X|�

���d 

� 800 ng�H2A.Z.1iH2A.Z.2i¼Û�±H2Az}~�������zïÄn� 400i

600i700i800 mM NaClz}~ 5 μl���^_ [20 mM Tris-HCl (pH 7.5), 1 mM 

EDTA, 1 mM DTT]b¬�Ûi55»é 1 Å3>ºÛ|¿²�PivÕ��%� NaCl

n�zl��I|Å�i400i200i100i0 mM NaClz}~ 5 μl���^_ [20 mM 

Tris-HCl (pH 7.5), 1 mM EDTA, 1 mM DTT, 5% sucrose]z¸Îi6% native-PAGE
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�\�Y��Û| (54)¿-.��Pi¯%z ethidium bromideé 10q3lmÛiÍ

©ìé 15q3åmÛ|PiLAS-4000é5yÛ|¿ 

 

[[2�2�ªGFP �� H2A.Z.1iH2A.Z.2iH2AiH2A.Z.1 S38TiH2A.Z.2 
T38S z��m����I HeLa ����:� 

� H2A.Z.1iH2A.Z.2iH2AiH2A.Z.1 S38TiH2A.Z.2 T38S�«¬rz pEGFP-C3

��Ø����Û| pEGFP-C3-H2A.Z.1ipEGFP-C3-H2A.Z.2ipEGFP-C3-H2Ai

pEGFP-C3-H2A.Z.1 S38TipEGFP-C3-H2A.Z.2 T38Sz
hÛ|¿ÀÃ·�����

�z Lipofactamine 2000 (Invitrogen)z{XY HeLa�����Û|¿�26Ú G418 

(Nacalai Tesque)z{XYi��m� GFP-H2A.Z.1iGFP-H2A.Z.2iGFP-H2Ai

GFP-H2A.Z.1 S38TiGFP-H2A.Z.2 T38Sz���I���z��Û|¿v����

GHI GFP�����������%zlDI|Å�i²Ã�Ã» 200����z�

n��� Ti-E�Nikon�z{XY5yÛi�nü�z NIS �è��fU�\�Ytu

Û|¿ 

 

[2�2BªFluorescence recovery after photobleaching (FRAP) 

� GFP-H2A.Z.1iGFP-H2A.Z.2iGFP-H2AiGFP-H2A.Z.1 S38TiGFP-H2A.Z.2 T38S

z�Â����I HeLa����iïÄn�Á 100 μg/ml��I\®� cycloheximide

z¸Îi30»�Y 30q3>ºÛ|¿��F��q� 488 nm� Ar ��Ó�zFG�

IÀbé GFP ��nz�mº4i��Ó�zFGÛYX�Xãä¶·� GFP ���

�������\I�n�Ëzi��j��� FV-1000 (Olympus)z{XY5yÛ| 

(65)¿åe±zq3�éBÅ3�QÛ|¿åe���è��fU ImageJ 1.46rz{X
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Yi��Ó�zFGÛ|ãäbFGÛYX�Xãä��nü�zltÛ| (64)¿��

Ó�FGP�9���[ºÃ| GFP���v������nz�Ó�I|Å�iS�

�/������nü�z�Û¢X|Pi��Ó�zFGÛYX�Xãä��nü��

µ�I��Ó�zFGÛ|ãä��nü�z����Û|¿ 

 

[[2Bªccdvwbxy  

[2B2©ªH2A.Z.1iH2A.Z.2iH2A z}~������������

d 

� X �v������\�YiH2A.Z.1iH2A.Z.2 z}~�������±iH2A z

}~������� (54)b��ÛYiL1 loopãä���½]�ÚÁ���YXIÀb

Á=·¶���| (Figure 14,15)¿À���m���Á��������¥u��QR

z½S�"��ÁxÎ·Ã||ÅiH2A.Z.1iH2A.Z.2iG\] H2A z}~����

������¥u��WXY��zÕ�|¿V�é±iÐõ��������¥u�z

���I|Å�����dzÕ�|¿����d±i��������µÛY��In

���z¸ÎiDNA2����3����v�zn º4IÀb�\�Yi�����

��Pé� DNA2����v����z native-PAGE �\�Y5y�I«féþI¿

vn���z¸Î|�������z native-PAGE�\�Y��Û|¿²�vwi&

ÕD£�vw (54)b�ð� H2Az}~�������±i800 mM��n���GX

Y¼��������µ��IS��Á5yºÃi�������Pé� DNA2���

�v�Á}GºÃYXIÀbÁq¶�|(Figure 17B, lane 4)¿?eiH2A.Z.1z}~

�������± 700 mM ��n�Ðé±��������µ��IS��Á5yº

ÃI��µÛi800 mM��n��é±iA��$¡ÛYXIÀbÁq¶�| (Figure  
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 17B lane 8)¿H2A.Z.2z}~��������WXY¼ H2A.Z.1z}~�����

��b�ð�i700 mM��n�Ðé±�������Pé� DNA2����v�Á}

GºÃI¼��i800 mM��n��é±��������¢�Á5yºÃ| (Figure 

17B lane 12)¿���vw¶·iH2A.Z.1G\] H2A.Z.2z}~�������±i

H2A z}~�������b��ÛY!¥u��������zÞ[�IÀbÁ=·

¶���|¿Ð|iH2A.Z.1 b H2A.Z.2 z}~��������¥u�±�Â�éþ

IÀbÁ�ºÃ|¿À�U�I�,�GXYi��������S���}ÐÃI¼�

bÛYi���� 8jkz}~��Ø���iH2A/H2BÁ 1qr�ªÛ|áKÕ��

�iH2A//H2BÁ 2qr�ªÛ|â�����Á¬èÛYXI"��ÁxÎ·Ã|¿�

Pi��������GHIÀÃ·�ý	�®\iH2A z}~�������ÁÏ�

ý	é¥u�}GºÃYXI¶�WXY¢�����I �ÁþI¿ 

 

[[2B2�ªGFP-H2A.Z.1iGFP-H2A.Z.2iGFP-H2A ���J�	�

� 

� 4�����\�Yi�d±J�GXYH2A.Z�������Á!¥uéþIÀbÁ

=·¶���|Àb¶·i<�H2A.Z����������Jé�¥u��WXY>�

Û|¿²�|Å�iH2A.Z.1iH2A.Z.2iH2A���FJ�GHI�	�WXY��z

Õ�|¿ÐõiGFP���H2A.Z.1iH2A.Z.2iH2Az��m����IHeLa���

z:�Û|¿��j���z{X|5y�\�YiGFP���v����ÁFJ�;è

�IÀbÁÔ¶ºÃ| (Figure 18A)¿<�iFluorescence recovery after 

photobleaching (FRAP)f�\�YH2A.Z.1iH2A.Z.2iG\]H2A���J�	z�

�Û|¿FRAPf±i��F��q�488 nm�Ï¹�Ar ��Ó�zFG�IÀbé 
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GFP�\I�nz�mº4i��Ó�zFGÛYX�Xãä¶·�qr���z�n�

ËbÛY���I«féþI (65)¿&Õ*+�\�YiH2A/H2B���J�	±

H3/H4b��ÛY XÀbÁ1�ºÃYXI (66)¿À�Àb±i��J�GXYH3/H4

±�����b¥u�v�ÛYG¸iH2A/H2B±�����b�v�G\]�ªÁ�

�m XÀbz�ÛYXI¿À�Àb¶·i����������¥u�b�����

��J�	�±î£ÁþIbxÎ·Ã|¿²ÀéiH2A.Z.1iH2A.Z.2iG\]H2A�

��J�	�WXY��zÕ�|¿cd�vwiH2A.Z.1��n�Ë±iH2Ab��Û

Y\¸ XÀbÁ=·¶���| (Figure 18B,C)¿¤¥UXÀb�iH2A.Z.1b

H2A.Z.2z}~����������¥u�Á�Â�éþ�|�¼îÖ·õiH2A.Z.2

��n�Ë±H2A.Z.1\¸¼EXÀbÁ=·¶���| (Figure 18B,C)¿À�Àb¶

·i�������J�	�±i����������¥u�AHé��ia�FJØ

�Ù�Ú�\I
�¼Ð|
�éþIÀbÁxÎ·Ã|¿H2A.Z.1bH2A.Z.2±i��

I����*+,��O�����T-.T�/Ê�k�\�Yi�³���FJ¦�

é
�ºÃYXI�¶¼ÛÃ�X¿ 

 

[[2B2BªGFP-H2A.Z.1 S38TiGFP-H2A.Z.2 T38S ���J�	�

� 

� 4�����\�YiH2A.Z.1 b H2A.Z.2 ���J�GHI�	Á��IÀbÁ=

·¶���|¿²Àé 3 B�GHI X �v�����¶·=·¶���|iH2A.Z.1

G\] H2A.Z.2 � L1 loop �����b²Ã·���J�	�GHI�Xb�î£�

WXY>�Û|¿²�|Å�iL1 loop ������¦�bÛYxÎ·ÃIU�°Li
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H2A.Z.1 S38b H2A.Z.2 T38izºÍÛ| H2A.Z.1 S38T��kG\] H2A.Z.2 T38S

��kz HeLa��Jé��m���º4iFRAPf�\I�	��zÕ�|¿¤¥U

XÀb�iH2A.Z.1 S38T��k±iH2A.Z.1b��ÛY�n�Ë���Á���IÀ

bÁ=·¶b��| (Figure 19)¿Ð| H2A.Z.2 T38S��k±iH2A.Z.2b��ÛY

�n�Ë���Á�}�IÀbÁq¶�|¿ÀÃ·�Àb¶·iH2A.Z.1 G\]

H2A.Z.2� L1 loopãä±i²Ã·���FJ�GHI�	
��
��ãäéþIÀ

bÁ=·¶���|¿Û¶Ûi��k H2A.Z.1 S38TG\] H2A.Z.2 T38S±i²Ã�

Ã H2A.Z.2 G\] H2A.Z.1 ���J�	bA��±?�Û�XÀb¼q¶�|¿

H2A.Z.1bH2A.Z.2± 3U�°L��¸iH2A.Z.1 S38bH2A.Z.2 T38�a�H2A.Z.1 

T14b H2A.Z.2 A14iG\] H2A.Z.1 V127b H2A.Z.2 A127�U�°LºÍÁþI¿

À� 2U�°L±D��ÁÜ�iv���Pé±-r��Á5yºÃ�Xâ�%ãä�

Äè�I (Figure 20)¿Û|Á�YiÀÃ·�U�°L±����������¥u�

�±QRzVÎ�XbxÎ·ÃIÁiâ�%ãä±�����v��rb��	
{�


��ãäéþIÀb¶·iÀ�\®�â�%ãä�GHIU�°LºÍ±i����

v��rb��	
{z§ÛYiH2A.Z.1 b H2A.Z.2 ���J�	�QRz½S�À

bÁxÎ·Ã|¿ 
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zzB� ���D  

z2©ªH2A.Z �\I������	
�  

� ���H2A.Z�î�I*+�\�YiH2A.Z±DNA�ÈÉOQËz±�Åb�Iº

ÐÑÐ�DNA�M��îÖIÀbÁ��ºÃYø|¿H2A.ZÁ������'¸(Ð

ÃIÀbéÜ<��������Á��ÛiDNA�M�Á
�ºÃIbxÎ·ÃYX

IÁi²�¢����M���WXY±wA=·¶���YX�X¿²ÀéV*+é±i

H2A.Z�\I�������	
�M��´üz=·¶��I|Å�iH2A.Z��k�

�G\]6(m�Ú�WXY��zÕ�|¿X�v������vwiH2A.Z.1G\]

H2A.Z.2z}~�������±iH2Az}~�������b��ÛYL1 loopãä

��������Á5yºÃiº·�H2Ab��ÛYH2A.Z.1G\]H2A.Z.2�L1 

loopãä�D��ÁÜXÀbÁ=·¶���| (Figure 14,15)¿&Õ*+�\�Yi

H2ASTU���CbWéþIimacroH2A.1z}~��������L1 loopãä¼

W¡m���zÞ[ÛYXIÀbÁ1�ºÃYXI (67)¿À�Àb¶·ivH2AST

U���GXYL1 loopãä±¨����zÞ[ÛYG¸iÀ�W¡m���ÁvH2A

STU���W�m�M��
�éþIÀbÁ��ºÃ|¿ 

� ÈÉÁë��«¬r�ÈÉhij¶·�µ»200�´µ�ãä�±i�������

ÁÞ[ºÃ�Xãä ”nucleosome free region (NFR)”ÁÄè�I (68-70)¿NFRcu�

�����±i�����T-.T�/Ê�k�Ï�\�Y�����������Ûi

²�vwiRNA�T���©z}~ÈÉ�ºÁª«m�à��IbxÎ·ÃYXI 

(71-76)¿H2A.Z±À�NFR�4P�;è�IÀbÁ1�ºÃYG¸iH2A.Zz}~�

���������m�W¡ÁÈÉhij�������YXIbxÎ·ÃI 

(77-81)¿²ÀéiH2A.Z.1G\]H2A.Z.2z}~��������ÈÉ�GHIW¡m
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��Úz=·¶��I|Å�i�d±JéZ�[Û|H2A.Z.1G\]H2A.Z.2z}~�

���������¥u��WXY>�Û|¿²�vwiH2A.Z.1G\]H2A.Z.2z}

~�������±iH2Az}~�������b��ÛY!¥u��������z

Þ[�IÀbÁ=·¶���| (Figure 17)¿À�Àb¶·iÈÉhij�k�;è�

IH2A.Z±i!¥u��������zÞ[�IÀbéÈÉ�ë��z
�ÛYXIÀ

bÁxÎ·Ã|¿²Àé<�iH2A.Z.1G\]H2A.Z.2z}~����������J

é�¥u��WXY>�Û|¿GFP���H2A.Z.1G\]H2A.Z.2z��m���º4i

��J�	z5yÛ|¿²�vwiH2A.Z.1���J�	±H2Ab��ÛY\¸ XÀ

bÁ=·¶���| (Figure 18B,C)¿À�Àb¶·i��J�GXY¼H2A.Z.1z}

~��������!¥u�ÁiH2A.Z.1��	�QRz½SÛYXIÀbÁ��ºÃ

|¿?eéiH2A.Z.2���J�	±H2A.Z.1\¸¼EXÀbÁ=·¶���| (Figure 

18B,C)¿��J�GHI������	±i����*+,��O�����T-.

T�/Ê�k�\�Y
�ºÃYXI¿ÀÃ·�
��r¬±²Ã�Ã�����ST

U���W�ÛYXIÀbÁxÎ·ÃYXI|ÅiH2A.Z.1bH2A.Z.2±��I���

�*+,��O�����T-.T�/Ê�k�\I
�zXHYXI�¶¼ÛÃ�

X¿�P����STU��W�m�����*+,��O�����T-.T�/Ê

�kÁ�uºÃIÀbéi����STU���M����\¸¢����M���=

ÁdQºÃI¿Ð|iÈÉhij�k�H2A.Zz}~��������±iH3STU

���CbWéþIH3.3ÁÄè�IÀbÁ1�ºÃYXI (82)¿À�Àb¶·iH2A.Z

bH3.3z}~�������Á��FJ�GXYW¡m�M�z��ÛYXIÀbÁ

xÎ·ÃI¿�d±JéH3.3G\]H2A.Z.1þIX±H2A.Z.2z}~�������z

Z�[ÛiX�v�����b��¥u��dzÕ®bH3.1G\]H2A.Z.1þIX±
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H2A.Z.2z}~�������b����X±5yºÃ�¶�|¿À�Àb¶·i

H2A.ZbH3.3ÁFJéW�m�M�z��ÛYXIbÛ|·i�����NOPQR

O²�a�FJØ�Ù�ÚÁ
{�IÀbé�ÅYÈÉhijé�M�z­7�I�

¶¼ÛÃ�X¿ 

 

zz2�ªH2A.Z.1 G\] H2A.Z.2 �M���  

� ����GXYiH2A.Z.1z°��U���Ib����b�IÀb¶·iH2A.Z.2

± H2A.Z.1 �M�z��Û�XÀbÁ=·¶���| (35)¿À�Àb¶·iH2A.Z.1

b H2A.Z.2 ±��IM�z��IÀbÁ��ºÃYXIÁi²Ã·�M����WX

Y±��=·¶���YX�X¿V*+é±iH2A.Z.1 b H2A.Z.2 z}~�����

���M����´üz�=�I|Å�i²Ã�Ã���������v�����i

¥u��diG\]��J�	��zÕ�|¿v������vwiH2A.Z.1b H2A.Z.2

z}~���������k��P�GXYiL1 loop �����Á5yºÃ| 

(Figure 16)¿L1 loopãä±i�������Pé®? 2qr� H2A.ZÁ�	
{Û

YXIãäéþ¸iº·� DNAbv�ÛYXIãä�CbWéþIÀb¶·iÀ�ã

ä�GHI����± H2A.Z.1G\] H2A.Z.2z}~���������Úz�u�

I
��ãäéþIbxÎ·Ã|¿ 

� Ð|iH2A.Z.1bH2A.Z.2z}~�������z{XY����dzÕ�|vwi

H2A.Z.1 �������b H2A.Z.2 �������b�3���¥u������X

±5yºÃ�¶�|¿À�Àb¶·iH2A.Z.1b H2A.Z.2�GXY L1 loopãä��

���Á5yºÃ|ÁiÀ�����±����������¥u��±QRz½Sº

�XÀbÁq¶�|¿?ei¯X|Àb� H2A.Z.1b H2A.Z.2���Jé��	±�
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�IÀbÁ=·¶���| (Figure 18B,C)¿��J�	�GHI H2A.Z.1b H2A.Z.2

��XÁ L1 loop������\I¼�¶Ï®¶lDI|Å�i�����¦��U�

°LéþI H2A.Z.1 S38 b H2A.Z.2 T38 zºÍÛ| H2A.Z.1 S38T ��kG\]

H2A.Z.2 T38S ��k���J�	z5yÛ|¿²�vwiH2A.Z.1 S38T ��k±

H2A.Z.1 \¸¼�n�Ë��Á��ÛiH2A.Z.2 T38S ��k± H2A.Z.2 \¸¼�n

�Ë��Á�}Û| (Figure 19)¿À�Àb¶·iH2A.Z � 38 �;�U�°L±

H2A.Z.1G\] H2A.Z.2���J�	�
�éþIÀbÁ=·¶���|¿H2A.Z�

38�;�U�°L�µ��I H2A�U�°L± 36�;�TÒ� (H2A K36)éþ¸i

À� H2A K36 ±UI�%�O���M%�zXHIÀbÁ1�ºÃYXI (8)¿

H2A.Z.1 S38 O H2A.Z.2 T38 �NOPQR�WXY±wA1�ºÃYX�XÁi

H2A.Z.1b H2A.Z.2���J�	��X�¦�bÛYiL1 loopãä������¸Î

YiNOPQRO²Ãz¶·�IFJØ�Ù�Ú��XÁxÎ·Ã|¿ 

� ÀÃÐé� H2A.Z�î�I��26$m���N�±iH2A.Z.1b H2A.Z.2z°�

ÛYX�¶�|¿V*+�GXY H2A.Z.1b H2A.Z.2���J�	Á��IÀbÁ=

·¶��¸iDNA �M���
��GXY H2A.Z.1 b H2A.Z.2 Á��I¦�é��

ÀbÁ��ºÃ|¿Û¶ÛiH2A.Z.1 b H2A.Z.2 �M����¢��WXY±wA=

·¶���YX�X¿�PiH2A.Z.1 G\] H2A.Z.2 �¯°� DNA �é�;èOi

²Ã·Á
��I«¬r¬z�=�IÀbiº·�± H2A.Z.1G\] H2A.Z.2�W�

m��	
{�rz�u�IÀbéiH2A.Z.1 b H2A.Z.2 �M�Á�=ºÃIbxÎ

·ÃI¿ 
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� ���¯°�:������\�YiÈÉÁë��«¬r�ÈÉhij�k�±i

H2A b H2A.Z z©qrõW}~áâ���������ÁÄèÛiDNA �ÈÉl±

�
�éþIÀbÁ1�ºÃYXI (83)¿Ð|&Õ*+�\�Yi�������P

� H2Ab H2A.ZÁ 1qrõW}ÐÃI2�iH2AG\] H2A.Z� L1 loop��Á�

k²�z$À�bxÎ·ÃYX| (84)¿P�i��JG\]�d±J�GXY H2Ab

H2A.Z z}~áâ���������ÁÞ[ºÃIbX®1�Á�ºÃ|Àb¶· 

(83,85-87)i³·¶����\�Yáâ������������Þ[Á´TºÃI�

�M��ÁÄè�IbxÎ·ÃI (Figure 21)¿º·���i����STU��i�

����NOPQRiG\] DNA���%��ÏÁ<lm��������	
�z

­®ÀbÁ=·¶���Yø| (88)¿H2A.Z ±iÈÉë�������éþI�T�

�%�ºÃ| H3� 4�;�TÒ�iUI�%�ºÃ| H3� 9�;�TÒ�b���

���é�;è�IÀbÁ¯°������Ï�\�Y=·¶�ºÃYXI¿�P±i

��JéÞ[ºÃI H2A b H2A.Z záâ��}~�������OiH2A.Z bQR

����z}~��������\I������	
�M��WXY��zÕ®À

béiDNA�M���
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