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�� ��������	 PvSR2(Phaseolus vulgaris stress-related)
��
���

�����, ���������� !"�#����$, % PvSR2 �	&'(!

")*�+,- pCAMBIA2301�CaMV 35S./0�12, 3456789��:;

�%<�'=>�, ?@A 100 mg/L Kan � MS BC�DEF, GH�)�	!I.

PCR J SouthernKLMNOP PvSR2QRS?=>�	T�, GUSJ NorthernUVO

P PvSR2 ?)�	=>�GHOW. ���#XYZOP: [\]^=>_`, PvSR2

)�	=>aAb �#���c(Cd)��$. Td Cd @eUVfg: ?hij Cd

(0.5~0.75 mmol/L)klm, Cd?PvSR2)�	=>[\]^=>4��noepAPf

�qr, s? ij Cd(0.1 mmol/L)tu1, )�	=>4� Cd �noehv\]^

=>, wPPvSR2�OW�x� !"�#����$, ymOPPvSR2z�[���

?!"��{|JonA}~��.

��� PvSR2 �� ��� 	


Cd, Hg, Pb� Se�������	
��
��������. ����������

������ !, "#$%&'���()*+,�-., /0123�345678, 9

:;<[1]. =>������, ?@$ABCD, E$FG3HI�J2, KL���M
N

O�PQ, 12H3��RS���T�����. UVWXYZ[T5\8, ]^����

_`a(phytochelatin, PC)�_`\8bcdefg, h�'i�j&klmnobklpq

rbstuvbstwxbfye�*���zuv(metallothionein, MT)�{|\8�[1,2].

��}� PC ����~�uv������b���� fg}��#��[1,3]. ��

���!��jC�k�b�����}f����hX�~e�����! [4~6]. PvSR2

(Phaseolus vulgaris stressed-related) jC$�f�����/ HgCl2st���� cDNA��

}��Y �, ¡¢����st£¤�¥¦��, '§¨©jª«¬­ GenBank }®¯�

��~�uvb PC h� MT �°±²³!, $�´µ����st¥¦Q¶uv, PvSR2 ~

ek�·�¸N¹YºN� CdCl2 �!
[7]. �»¼½ PvSR2 �������fg}���,
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¾�¿À�~eÁ�Â PvSR2 jC~ÃÄÅ}, ¡ÆÇf���, �È~ PvSR2 jCÄÅ�

Cd��!. É�ÊË PvSR2�~jCÄÅ}����'�X��� Cd�!}���.

1 �����

1.1 ����

� pFF19ÌÍ·Î HindÏ� EcoRÐÑ*Ò, Ó6]Ô CaMV 35SÕ��b 35SÖ×�b

[ØÙÚÛ� 35S polyA�DNAÜÝ, Â'ÞÃ6�²´*Ò�����ßà pCAMBIA2301

}(áâãäåXæ). � pKS-PvSR2 ßà·Î KpnÏ� PstÐÑ*Ò, Ó6Ô± 5ç?èécb

êëìíî� 3ç?èéc� PvSR2 cDNA ÜÝ , 4ï 750 bp, Bðñò6�²´*Ò�

pCAMBIA2301 ßà}� 35S Õ��� 35S polyA Çó�[ØÙÚÛô, Ó6�õ�öÌÍ

pCPN-PvSR2. pCAMBIA2301 ßà}Ô±�~jC��·Î��÷o� NPTøjC� GUS(β-

ùúûüª*)ÊýjC(þ 1). �f���, � pCPN-PvSR2ßà~e6¿À�(Agrobacterium

tumefaciencs)LBA4404��}, Bð, ~e��Ô± 30 µg/mL���� 50 µg/mL��	D�


�jô��, ¡��� PvSR2 cDNA
�·Î�Û��÷o.

� 1 ���� pCPN-PvSR2 ���	
 T-DNA ��

PvSR2 ��� CaMV35S ���� 35S polyA �	

1.2 ����

���~eÄÅ [8]. ÂÔ± pCPN-PvSR2 ßà�¿À� LBA4404 ­�����ÄÅ

(Nicotiana tabacum c.v.)��Ü·Î�
�, Bð�Ô±��	D
�jô·Î������

3, ��
�j$Ô± 0.5 mg/L IAA, 2 mg/L BA(benzyladenin), 500 mg/L��	D� 100 mg/L

��	D�� MS��
�j. � 28�, 16 h/8 h� !"#�
� 2~3õ$ð, Â~jC%

&~'6Ô± 100 mg/L��	D�MS
�jô, Æ'3(. )ð, Â�3�ÄÅ&'6*+

},-
�.

1.3 Southern blot����

CTAB�X.ÄÅ�Ü�/ DNA. (0 Sambrook�F[9]12�Á�·Î Southern blot�

�. Â 20 µg/DNA� EcoRÐ� PstÐ3HindÏ4e, 567��~'689pô, (0 Bio-

Rad :;<=Á�·Î���>¨. h PvSR2 cDNA �?@, � DNA <ABCD(Prime-a-

Gene Labeling System, Promega Corporate)·Î 32PE\F�<A
�.

1.4 Northern blot����

��¦zGªH�/ 10 d��%&}IX/ RNA[9]. Â 20 µg RNA567~'689p

ô, (0 Bio-Rad:;JK�Á�·Î���>¨.

1.5 GUS	
��
����

(0 Jefferson �F[10]12�Á�·Î GUS �L. Â~jCÄÅ�M3NÄÅ��Ü3

%&OP� GluxQRS(X-Gluc 0.5 mg/L PBS)}·Î�L, 37�
�T�LfU, Bð� 70%




 � 5 � ����: ��	
��
�� PvSR2 ������������� 393

(v/v)wVWL.

1.6 ����
��

1.6.1 ������ ~jC�� CPN2�M3N�� WT� T1´�� 95%XY4 30

s, Bð� 1%Z[ª\]S}OP 30 min, ò^�_�`��abc 10 min, �dbc 5 Z.

�ï 50Í´�´�Ô± 100 mg/mL��	D�?² CdCl2ef(0, 0.15b0.20� 0.25 mmol/L)

� MS
�j�
�g}. � 25�bh- i�
� 10 dðjk%&, �`��aRc, `l

m^�
�j, ¨�n�%&�(4.

1.6.2 ������ Â34 15 d � CPN2 � WT o&~'6Ô±?² CdCl2ef(0.05,

0.075� 0.10 mmol/L)� MS
�jô, � 25�b16 h4 i"#�£¤�
� 20 dð, jS

��, �`��abc, p`q^&(ë�r��D, � CdCl2stVð�o&u���vw

�. ÄÅ�Ü�(öx��� 70��yz 3 d, yöx�&��� Cdef�È{|.

1.7 ��� Cd� ��

(0 Zarcinas �F[11]�Á�, �yz}~ð�o&öx��·Îª4e, � AAS �¨�

��}� Cdef. <=���v��&Ì��

8, �5 Cdst�ÄÅ�����!�i.

2 ��

2.1 PvSR2�!"���#$

� GUS�LÁ�)���Y 5õ��	D

�!ÄÅ��, �����CPN1, CPN2, CPN3,

CPN4� CPN5. (0 PvSR2��c«¬���

�¥¦F�(��F�� 5ç-GTCCAGGAATTC-

CATGCGTTGCGCCATCCTCTA-3ç, ��F�

� 5ç-GATATCCTGCAGGTCGACGATCAATTTCCACTG-3ç), ��h~jCÄÅ�M3NÄÅ

�ÜjCö DNA�?@, ·Î PCR�Ö. PCR+�N¹ 5õ���~jCÄÅ CPN1~5�Ô

±§#� 520 bp� PvSR2 cDNA�ÖÜÝ, 0��~eM3N��}°±��6(þ 2), �º�

±��	D�!� 5 õ~jCÄÅ���jCö}�u`± PvSR2 jC. ��~jC���*

+}34��, �N­M3N����°±�¦.

�»�� PvSR2jC$��u�u`�~jC

ÄÅjCö} , �~jC��� WT ·Î»

Southern blot�È. CPN2, CPN5~jC��� WT

�jCö/ DNA � HindÏ, 3 EcoRÐ� PstÐ·

Î4eð, ­ PvSR2 cDNA
�·Î��. Southern

blot �ÈN¹ CPN2, CPN5 ���Ô±�£���

��£�, 0 WT °± (þ 3).  q, ¡+�N¹

CPN2� CPN5jCö DNA� EcoRÐ� PstÐ·Î

*ÒðÓ6�£ï 0.8 kb ���£�, '�%­

PvSR2 cDNA ÜÝ�2 (750 bp), ¢C$ PvSR2

� 2 PCR �������

1 ����� pKS-PvSR2; 2�6 � CPN1~ CPN5; 7 ���

��� WT; 	
� PvSR2 ���

� 3 PvSR2 	
��
� Southern blot

��

1~3 � WT 
 CPN2, CPN5 �������� DNA

� EcoR�
 Pst����; 4 
 5 � CPN2 
 CPN5

�������� DNA � Hind���
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cDNA ÜÝ�£¤K±�õ EcoRÐ�*ÒÚÛ(þ 1), Jh_¥ EcoRÐ�*Ò, 3 EcoRÐ�

PstÐÑ*ÒK¢Ó6 750 bp PvSR2 cDNAÜÝ, �º PvSR2jC�u�u`�ÄÅjCö}.

¦� HindÏ��4e CPN2� CPN5�jCö DNA§, Y¨ �4f?²���ÜÝ, �º

PvSR2jC�¢u`�ÄÅ�Là�?²ÚÛ}.

2.2 PvSR2 ��������	


CPN2� CPN5~jC��h�WTo& GUSöxe©�L�È�º: ~jC�� CPN2

� CPN5�N¹Y×GUSI!, 0WT_GUSI!(þ 4). ªq, CPN5�GUSI!×& CPN2,

�º PvSR2� CPN2� CPN5}���a�?².

Northern blot �È+�(þ 5)�º: CPN2 � CPN5 £õ~jC��}�¢>¨Y PvSR2

mRNA, 0 WT}°±, �º PvSR2jC�~jCÄÅo&}W~«��.

� 4 ������ WT ��� GUS 	
��

2.3 PvSR2 ������ Cd 
�

�~jCÄÅ� WT o&·Î Cd stst, �È'� Cd �!. (4¬­�$����

��!¼½}��õ±®¯°[12], JhÂ~jCÄÅ� WT ´�� Cd st£¤�·Î±²


� 10 d ð , ¨��È'(4 . +�N¹

(þ 6), CPN2� WTo&�?Ô CdCl2� MS


�j}34³´, µ¶(4°±ºN�¦,

E^ Cd ef�·Z¸� (0.15, 0.20 3 0.25

mmol/L), o&(¹º»f¼½, ¾$�²�

ef� CdCl2st�, CPN2 �(4NO�&

WT, ¿'$� Cd ef� 0.25 mmol/L §,

CPN2�(4� WT4 1.5 À. �º CPN2~

jCÄÅo&­WT��'�Cd��!ºN

X�.

� 5 PvSR2 ��
�����������

1�WT; 2� CPN2; 3� CPN5; ����� RNA� 10 µg, �

	
 28S rRNA
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CPN2� WTÄÅo&���Ô± 0.05, 0.0753 0.10 mmol/L CdCl2� MS
�jô34

20 d ð, 34�56ºN78(þ 7 � 8), ¾$ CPN2 ���3��NO�&²´ef CdCl2

st�� WT. �º~jC CPN2 o& Cd ��!X�$%& PvSR2 jC���J2. ��e

f� CdCl2(0.1 mmol/L)st�, Á@ CPN2���fÂBºN�&WT(þ 8), �Ü�WT�, Ã

L�WTÄ, ¾¡ef�� CdW512�ÜÅÄ, 34²ÆÇ�ÈQ.

� 8 ����� CPN2 � Cd �	
�

CPN2� WT
���� 0.05, 0.075� 0.10 mmol/L CdCl2������ 21 d

2.4 Cd ��������	
��

� 0.05, 0.0753 0.10 mmol/L CdCl2st�, ÄÅo&�(��}��É»��� Cd (þ

9). � Cd ef/ 0.05ÖÊ6 0.1 mmol/L§, WT��(��}� CdÔ�ËÌÖÊ, 0 CPN2

��ÍN¹»?²� Cd��ÁÎ, ' CdÔ�ÏQÐÖ4ÑÒ. � 0.053 0.075 mmol/L CdCl2

st�, CPN2���WT��, (}�CdÔ��¦?�, ¾$¦CdCl2efX�6 0.1 mmol/L

§, CPN2��(}� CdÔ�ºN½& WT (þ 9(a)). �Ü} Cd���­(�Ó, CPN2�WT

��}� CdÔ�� 0.075 mmol/L CdCl2st§°±�¦, ¾$¦ CdCl2efÖÊ6 0.1 mmol/L

§, CPN2}�CdÔ�Ô½&WT (þ9(b)). ��+��º, PvSR2��ef�CdCl2 (0.1 mmol/L)

st��&¼½(ë Cd���fg��#��, 0�½ef CdCl2(0.05~0.75 mmol/L)���?

ºN.

� 7 Cd ������
������

15 d���
������ ! CdCl2 (0.05, 0.075�

0.10 mmol/L)� MS"#$%&' 21 d. (�)*� 10

�+,�-./ ± SE. 01&',�234��5+6

7��8���5+. * �9WT��:;<=(P < 0.05)

� 6 Cd ������������


�>?��@>� ! 0, 0.15, 0.20� 0.25 mmol/L

CdCl2�MS"#$%AB 10 d. )*(� 50�
��

�C'�-./DSE. * �9 WT0E!<=:;(P <

0.05)
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� 9 Cd ���((a))���((b))����

CPN2� WT
����FGHI� Cd���� 21 d. )*<� 10�
��� Cd ,�-./

3 ��

��������	
 CaMV 35S��
��� PvSR2�������, PCR� Southern

blot ���� PvSR2 ������ !�����"�, GUS #$� Northern blot ����

PvSR2 ��%���&'�()*�+. PvSR2 ��(PRPL��
��)%,� DH5α���+
-�./0���� Cd 12[7]. ����� Cd 12���� PvSR2 /03��&'� Cd

12, �4% Cd 56789����� CPN2 :;�<=�>?@AB WT C, �� PvSR2

��D@�+E-FGH:?�,��IJK12LMN�OPQ�. PC � MT RJKS 

?-TIJKS UVW ?, XYZJK[
\], ^_P2, `a:?b1IJKPc�

defgh�ij[1]. kl, mL%JKnop�q�rsDt�JK�quvw-/0:?

�IJK12[3]. %0xy Znz{789, |}~� Zn�quv��+E��� Zn�12,

�CC/0:?<�� Zn�@[6]. PvSR2T(���IJK��uv�F�.�����2,

aj���IJK��uv[7], ��, PvSR2 E-��FS IJK[
�Q�. �j���

��.�, % 0.05� 0.75 mmol/L CdCl256789, PvSR2����� CPN2�WT<�rs

� Cd �@���C, ��%_ Cd 569 PvSR2 �����TJK����q�,  a, %

0 Cd (0.1 mmol/L)xy9, CPN2<� Cd�@�._H WT:;, �� PvSR2-¡^_ Cd2+

�����qDt. ¢£noIJK[
a:?1IJKIe¤¥ij, ¦�E�^_,§

NIJK[
�xy, f¨©PcQ�[1]. % 0.1 mmol/L CdCl2789, PvSR2��+-¡^_

��<� Cd ��@, /0���1 Cd 2, �� PvSR2 E-TJK�quv�ªQ�, �T

JK[
����rsDt.
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