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1  ����� 

1.1  �� 

1.1.1  �±�OÚ�ü DNA]678��Escherichia 

coli�DH5α� BL21(DE3)s�9ýþÏS!+,2�

pGEM-T vector �¯ Promega ��/�	2�

pET-21a(+) vectors�9ýþÏS!
�
�� P2

�)� DNA s*ëÈÉ������Å�����

	
! 

1.1.2  Ö½����]�¨Nì���Taq���

¯ TaKaRa��/IPTG�X-gal�dNTP��¯ Promega

��!Hv���s@�Þë���=!PCR�¯

MJ ��/���²³���¯����È���

Å/721a�~~r��¯3��Ý����/�

q� �¯ NBS ��/�!�"D#�¯$%&

'���/AKTA FPLC �¯ GE ��/(q)õ

*+§�¯ Sigma��/�q,-.�¯ LKB��/

/0[123�¯ Tanon��/�4øÇ)�¯56

7��/�(q89�¯ Thermo��! 

1.2  ����β�		
������ 

OÚ��:�;<=²³�¨>�?@���A

�º����É��BÇCD�E[3]@A! 

� GenBank 3æçè� P2 �����β���

��������]3F��]5G-GCTAGCGTGCGT- 

AAAATGGCAAC-3G/��*fH NheÕ���IJu

VF��]5G-AAGCTTTTAGTCTTCAGAAGATTTT- 

TCTTC-3G/��*fH Hind����IJ! 

Ò P2 ü DNA sôK@A PCR LM/opTU

s]94t 30 s/50t 30 s/72t 90 s/30iNj/

72t 10 min!OP 1.6 kbQR�ST/40H?@

. pGEM-T vector 3/A� E.coli DH5α;<=²³/

5H_ Amp/IPTG/X-gal� LBUK3VWXNKY/

PCRZ�>@A��! 

1.3  ��������� 

%�¨Nì�� NheÕ� Hind[0+,.

pGEM-T vector3����� β���)�V/�\

% NheÕ� Hind[]�OÚ pET-21a(+)/40Ó^@

A?@!0?@��A� E.coli DH5α;<=²³/

<��OÚ@ALM!_:?+,@A`a/b#�

:OÚ/��Z�!%Z��PsXN���OÚA

� E.coli BL21;<=²³! 

1.4  ����β�	����� 

0Pc�����de¯fgh A�20 mmol/L 

Tris-HCl/5 mmol/L EDTA/5 mmol/L MgCl2/pH7.5�

*/4t����>/12557×g *+ 15 min!03i

hj¯ 75tÏq 30 min/12557×g*+ 15 min>¯

3i*k¡(NH4)2SO4l 80%m�r!0
nop�

JKOq¯fgh A/3 Sephacryl S-200r�@A=

�!<=�»¼*Pc�\s/% SDS-PAGE �

Native-PAGE@A��[26]! 

=�>�β���12.5 mg/mL�80 μL/k¡ ATP

�50 mmol/L�10 μL�MgCl2�100 mmol/L�10 μL

Òtw�u�(NH4)2SO4�2 mol/L�/37tÏq 5 h/

% 5%� Native-PAGE��β�����vw! 

1.5  β������� !"# 

:nxyz�β����\s{j¯|}3/%

1%�~�c����| 2 min/%BCDE Tecnai 20

5 50000��VFGβ�����Z=! 

1.6  β����� ATPase$%�� 

CD Baykov º�"#@A[4]!%���{�"

#��z{��§�/A630�|/Ò ATP�X,�s

<D!ATPase l���]h mg����/h���

� ATP�� 1 μmol�§�/��s�il�?I! 

1.7  β����&' GFP�()* 

�{|}~JK GFP�10 μmol/L�*k¡ HCl

l��r 0.125 mol/L/þq�� 25t�zN 1 h/%

fgh�50 mmol/L Tris-HCl/25 mmol/L MgCl2/100 

mmol/L KCl�yz 100��N/��k¡β����

���r 0.1 μmol/L�� ATP���r 1 mmol/L�/

}~�~~r� Fluostar Optima/480 nm�å/520 

nm åC/9���}~z�/Ò 0.1 μmol/L native 

GFP }~�rs 100%!Òk¡º������iK

JK�BSA�> GFP ��Nvw/Òt GFP X��

yz�NvwÇs<D! 

1.8  β����+ Xylanase,-�.�/0 

0β����� XylanaseÒ��� 1�1 ��/

k¡ ATPl��r 1 mmol/L/60tÏq 60 min/h

10 min:\/���S�l/Ò 0 min���l�s

100%!Òk¡º������iKJK�BSA�>

Xylanase5 60t�����N/Òt Xylanase5 60t
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�� Sulfolobus solfataricus P2

��)� DNA sôK/% PCR�"#LM����

β���)!Ø�������P�\] �)¡¢

��÷ó 1671 bp/¡¢ 557i£��/� GenBank

*������¤! 

2.2  ����β��	����  

����β��5678� BL21 *9:;QR

�	/SDS-PAGE�\1JK���u�s 60 kDa/

����6¥�¤�ï¦ 1�!��/§¨�WÒ©ª]

IPTG «¬�w«¬®¯°�¦ 1/#è 2 � 4�u

����>/03ihj¯ 75tÏq 30 min/WÒ

±²³6Ü��´JK�¦ 1/#è 5�/66µ(;

>¶=��·r!�¸¾>�����3i�
no

p>�¦ 1/#è 6�/3 Sephacryl S-200r�@A

=�/=�>� β��5 12.5%� SDS-PAGE*¹?

�Tº�¦ 1/#è 7�! 

 

 
 
� 1  β��� BL21 ���	
�� 12.5% SDS-PAGE 
Fig. 1  SDS-PAGE analysis on expression and purification of subunit 
β in BL21(DE3).1. Protein Marker; 2. pET21a β /BL21; 3. pET21a�

/BL21(heat treatment at 75� for 30 minute); 4. pET21a β/BL21 

induced by IPTG; 5. pET21a β/BL21 induced by IPTG (heat treat-

ment at 75� for 30 minute); 6. Ammonium sulfate precipitation; 7. 

Purification of subunit β. 

 

2.3  ����β��	���� 

<=�>�β��@A����9ý/% 5%�

Native-PAGE @A���¦ 2�!9ý�P�\]5

2.5 mol/L ATP S5�TUV/β��»W��/éÎ

���w¼½�¦ 2-A/#è 2�u5 2.5 mol/L ATP�

5 mol/L Mg2+ S5�TUV/���RP¾«/¿À

÷Ü�?���s���¦ 2-A/#è 5�u�
�n

<��op�ÁÂw6!5 2.5 mol/L ATP�5 mol/L 

Mg2+ �TUV/37tÏq 3 h>β��æ_6Ü��

�/ÃÄÏq�Å�Æó/��opÇÈ@AuÏq

5 h>/³6Ü�?�Éæ���;�¦ 2-B�! 

 

 
 
� 2  �(A)���(B)�β��������� 
Fig. 2  Effect of condition (A) and time (B) on the assembly of 
subunit β. (A): 1. Purified β monomer; 2. Assembly in the pres-
ence of 2.5 mmol/L ATP; 3. Assembly in the presence of 5 
mmol/L Mg2+; 4. Assembly in the presence of 1 mol/L ammo-
nium sulfate; 5. Assembly in the presence of 2.5 mmol/L ATP 
and 5 mmol/L Mg2+ 6. Assembly in the presence of 2.5 mmol/L 
ATP, 5 mmol/L Mg2+ and 0.5 mol/L ammonium sulfate; 7. As-
sembly in the presence of 2.5 mol/L ATP, 5 mmol/L Mg2+ and 0.7 
mol/L ammonium sulfate; 8. Assembly in the presence of 2.5 
mmol/L ATP, 5 mmol/L Mg2+ and 1 mol/L ammonium sulfate; 
(B): 1. Purified β monomer; 2. Assembly at 3 h; 3. Assembly at 4 
h; 4. Assembly at 5 h. 

 

2.4  β����	���� 

¦ 3 ¯Ê;����>β��Z[���DED

S�50000 ��V�/(DS*WÒiË�©ª]�

Ì6�����Îjã�Í���hijkÍi��

�[/Îi��ÎÏ'���/Ð:;����ba

�cdefg���ÑÒ! 

2.5  β����	 ATPase �� 

¦ 4 ¯Ê;w�qrV β ����� ATPase l

�vw/WÒ©ª]( 55tâ85t/β����É_

ATPasel�/mnopqrs 80t/ �� ATPase

l�s 0.048 μmol/(min·mg)! 

2.6  β����	�� 

ÓÔ5DEVFG.;����β������

��������ba��/ÕÖ9;H^_���

�p^_� ATPase l�/éÎ�×HÎØ^_��
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� 3  β������	
�(50000�) 
Fig. 3  Electron micrograph of subunit β oligomeric complex 
(50000×). 

 

 
 

� 4  �����β����� ATPase �� 
Fig. 4  ATPase activity of subunit β oligomeric complex in 
different temperature. 
 

2.6.1  ´µ GFP ��LM]k¦ 5 WÒ©ª]X�

yz�N�{|}~JK�GFP�/H}~�rxx

WÒ	.ÚÁ� 30%uk¡��iKJK�BSA��

<D�/H}~�rWÒ	.ÚÁ� 40%u�k¡ β

����>/GFP�}~�rWÒÛ�.ÚÁ� 70%

Ò3!�Ü\β����·9Æ.;´µzN� GFP

��LM�Ç%/�4ßÎßÑ�N�JKÏÝ   

Ç%! 

2.6.2  �Q��������N]k¦ 6WÒ©ª]

60t¸¾ 60 min >, ������Sl�sÞß�

55%uk¡��iKJK�BSA��<D�/H�S

l�sÞß� 60%!�k¡ β���������/

� 60�¸¾ 60 min >/à^_ 80%QR�l�/�

k¡ BSA�<D�Qª 20%!) /β�����k

¡/·9WÒ_R��Q��������N! 
 

 
 

� 5  GFP ����� 
Fig. 5  Renaturation of denatured GFP. 
 

 
 

� 6  60��������� !"# 

Fig. 6  Thermal stability of xylanase. 

3  �� 

�������	
����������

�����	
����������� !"#

$%&'���()*+�,-�.	/0��	

12
������34'56(7�89:;

</�������=>�?@A�BCDE-/


����FGH��IJ�KL: 

�������	
������������

������������ Sulfolobus shibatae[12�13], �

� !" Thermoplasma acidophilum[14], #� ��

Sulfolobus sp. Strain 7[9�15], $% &� Pyrodictium 

occultum[16], ' ()� Pyrococcus kodakaraensis 

KOD1[17], *+� � Methanopyrus kandleri[18], �

,���� Sulfolobus solfataricus[19], #- )�

Thermococcus strain KS-1[8,20,21].�/	
��01

234��56789: 

�,���� P2 ;� ��<=�>�?@

/	
����ABCDEF:GHI��JK
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GenBankLMNOPQR PCR �S�T3U P2

V DNAWXYZ[	
��β\]]G�̂ _`a

bc�d/efgh:i�jβ\]�klmno
p4qrfstuTvw	
��xwyz01:

β	
��st{D ATP|}�Mg2+~k4q

el��e	
��st�����d��	
�

�st;���:�} Lissin NM[22]� Furutani 

M[23]��0���: 

kabc�Wgh P2 	
��β\]AB�
�� ����-����������abc

�Wa�	������\]4q ¡¢£01

}34:¤¥	¦g§β\]kabc�gh¨SW
��©"u=~k�ªi�j4q«¬uT®

	
��xw01: 

��g§ [18,24]�ATPase ¯°;	
��f±3

4²�����	
�� ATPase ¯°B�³´

µ�:l¶�·�ATPase ¯°L¸;¹º�/»

¼½©\]�³�¾¿�BÀ"ÁÂÃÄ�³:

I��²Z[β	
��ÅÆgÇÈÉ ATPase

¯��ÁÂ�³½ 80Ê��/ÁÂÃÄ�³]I¡Ë: 

dÌ�ÍÎÏÐ��ÑGFPÒCÓÔ���

g§�β	
����BÕ�eÖÌ� GFPk×

ØÙÚCÓÛÜ�uT¢£1Ý�Þßàá	


��xw34—— âãäåÛÜ��CÓÛ

ÜT½B¯�1Ý:�β	
��dæ«çè é

m�ê-ë�4;ì�/íîïâã Ì�æ

«çè	
CÓÛÜT¢£1Ý�U�ê-�æ«

çè ém�:ðñ;d�ÍÎÏÐ��ò;æ

«çè�β	
��5��óô/34�GH�	


��k�e��õ¢£ÛÜö÷¡/01ém��ø

;í	���ù�ú���û;vw	
��²ü

B�õ: 

I��d�el�ýþ��	
��01}

34�ü�;� ��� 	
À�ABCDE

F:���������	
el�89: 

��   �������	
��������

�������������� !"#$�%&'( 
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Expression and characterization of chaperonin from 
Sulfolobus solfataricus P2  

Xin Chu, Li Wang, Yongzhi He, Zhiyang Dong*  

(Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China) 

Abstract: [Objective] To elucidate the structure and functional mechanism of β subunit of chaperonin from the ther-

moacidophilic archaeon Sulfolobus solfataricus P2. [Methods] Molecular cloning of the β subunit gene of chaperonin 

from the thermoacidophilic archaeon Sulfolobus solfataricus P2 was performed by using PCR technique. The gene was 

expressed in BL21(DE3) of Escherichia coli. After purified and assembled in vitro, the structure of the β subunit 

homo-oligomer was observed by transmission electron microscope (TEM). The function of this homo-oligomer as a 

chaperonin was evaluated. [Results] The gene encoding β subunit of chaperonin was amplified by PCR from the genomic 

DNA of Sulfolobus solfataricus P2 and expressed in BL21(DE3) of E. coli. In vitro, the purified β monomer could assem-

ble to a homo-oligomer in the presence of ATP and Mg2+. As observed by transmission electron microscope(TEM), the β 

subunit homo-oligomer (β16mer) showed a double-ring structure, which is typical in group�chaperonins. The optimum 

temperature for ATPase activity of the β16mer was 80�. The β16mer was able to promote the refolding of denatured GFP 

and improve the thermostability of xylanase. [Conclusion] According to the prediction and analysis of the chaperonin 

sequence from thermoacidophilic archaeon Sulfolobus solfataricus P2 genome, we cloned and expressed the β subunit of 

chaperonin from P2. This subunit formed a homo-oligomer in vitro and showed a typical structure of group�chaperonins. 

We found that the β16mer was able to function correctly when promoting the refolding and improving the thermostability 

of some other proteins. Our research has laid a foundation for the further study on the molecular mechanism of ther-

moacidophilic archaeon. 

Keywords: Sulfolobus solfataricus; chaperonin; protein folding 
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