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�� �� ITS1 ������	
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��, �

����(Pisum sativum) !"#$%& rRNA'()�*. +,-., rRNA/�()

0#1
�'23��4"(dense fibrillar component, DFC)�564"(granular com-

ponent, GC), 7��&8(fibrillar center, FC)9:	
;<. =>?@ D(actinomycin D,

AMD)AB�� !"#4C$%, D rDNA 'EFGHIJ. KL AMD ABMN'

OP, rRNA()'	
;<QRST, U. rRNA/�'()VWXQR'YZ.

��� �� �� rRNA �	 
��
 ����

���������	�
����
, � rRNA �������	������[1,2].

rRNA ������� rRNA ������� !"����#$%�&[3]. '( rRNA ��

)��*+���,�-.�/0��1%��2[4]. 34 rRNA ����5-67 RNA 8

9:;��, 	�<=�>?��	� 45S rRNA ��(@ 13000 4�AB). C4��DE�

4 5FGH��IJK (5Fexternal transcribe spacer, 5FETS), -L 18S rRNAK �MN, O4

�H��IJK (internal transcribe spacer, ITS1, ITS2), PQ-L 5.8S rRNAK �OR, S

T�4UV� 3FGH��IJK (3Fexternal transcribe spacer, 3FETS), -L 28S rRNAK �

WN. rRNA ��XYPZ[\]^�_\]^, PQ`a=����bcd. �e�� 5F

ETS� ITS1f	� 18S rRNA, ge�� ITS2f	� 5.8S� 28S rRNA. ��hijk7l

m*n ( fibrillar center, FC)opqlmrP (dense fibrillar components, DFC)�strP

(granular component, GC)r�. uL rRNA��)������-v, a=�wxeyza=

�{|}~'�����. [\��b�i������wx��, � rRNA z H3-UTP V�

I(VL 10 min)���, �������) DFC ��, f����I���, �����)

GC��[5~9]. 20�� 90��Sg��-"�wx��, 5FETS ¡�����)¢£[10]�¤

¥[11]*��) DFC ��*, )¦§[12]*��) FC � DFC ��*; ITS1 � ITS2  ¡���

��)¤¥[11]*��) DFC ��*, )¦§[12]*��) DFC � GC ��*. �¨, ©�ª

rRNA ��)��*+���,�-.«a¬­[1]. �Z�®¯�� rRNA ���b, ��l

m°±) rRNA������#*²³a´µ¶��z. ·`¸¹��, ��lm°±cd'
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rRNA ���[13]. )��*º-��lm°±´SZ rRNA ���»¼I½¾¿. Àf, uL

��lm°±)����*�º-«a¬­[14,15]. ÁL¨, ÂÃÄz ITS1  ¡�-"�j9

Å��lm°±5ÆÇÅ�ÈÉ��º-' rRNA�����-v.

1 �����

1.1 ��

¤¥(Pisum sativum)ÊËP�rÌ.

1.2 ����

Ê¿ PerryÍ¦[16]� FetherstonÍ¦[17]ÎÏ, ÐÑÒ�ÓÔÕ D (actinomycin D, AMD)Ö

×´SØÙÚÛÜÝ rRNA ���9�. Þ¸¹z 0.05 µg/mL �ÓÔÕ D(ß� Sigma àá)

Ö×¤¥ÊâP�rÌ�� 0.5, 1, 2, 20 h, ªã¸¹ä AMDÖ×. ¤¥ÊâP���S 2.5%

åæç(0.01 mol/LèBéêëìÝ, pH 7.4)� 4%íBîº, ïðñÒòó, Lowicryl K4M (ß

�ôõ Chemische Werke Lowi GMBH & Co.)ÐöD÷. Reichert-Junghø�ùú�ù, ûÒ

60~80 nm.

1.3 ITS1 ����

Ê¿ Beven Í¦[11]ÎÏ, ��IJK ITS1 ü 239 bp. Þ¸¹z���IJK ITS1

 ¡Z� PCR9��ýþ DNA, � DNAsis� Biopro�^�������K �W: Primer 1:

5F-CGATGCCTTATATGC-3F; Primer 2: 5F-GTGCTCAGAGCAAAG-3F.

�	}� CTAB|»
¤¥���r DNA���, }~ PCR
�, ��K��U�� 

¡�K Z:

1 CGATGCCTTA TATGCAGTCC AACACGTGAA TTAGTTTGAA
41 CACATGCGGT GGGCTTGAGG TGTTTCACAC CCCAACTTGC
81 ATTGGCATCG GAGGGGAACG ACAAAATGCG TTCTCTTCTG
121 CCAAAACTCA AACCCCGACG CTGAATGCGT CAAGGAATTA
161 ACTTTGCTCT GAGCAC
¨K d�K �+
�HP�p. ª PCR
��	�z Promega� PCR�����}

~��, Sµ���|Z¨ ¡����Õ.

1.4 ITS1 ��	
��

�"�ë(��b� ! 25 µL, 50% (w/v)"B#8
 10 µL, 20$SSC 5 µL, 10 mg/mL

E. coli DNA 2 µL, 10 µg/mL ITS1 ¡ 8 µL).L 1.5 mL Eppendorf%*, �&'ó* 4 min, S

(ýþ DNA)Ú, Àg�&*ó+9�* 5,10 min. )-`./�01M2� 1,2 µL"�

ë, 553ö4"� 3.5 h. "�g56z PBS7P89 3:, 3: 5 min.  ¡M;<���Õ

�ÈÉ��=>��z Extravidin-Gold) PBS*?@ 1/25A��. )BöW"� 30 min, "

�g�01z PBS�ýCóD8 3:, 3: 5 min, �ÀEFgz 5%GBýHIJK 10 min,

ýCó7P89g�ÀEF, Hitach-600-B LM��b�i�WNO, ã<, �P�Q 75 kV.

ªã¸¹*S ¡?@ë�R"�ë.

1.5 
������

STS 1% NaIO�Ö× 20 min, ¯Có8 3 :, 3: 5 min, pH 7.4 PBSTG (PBS, 0.2%

Tween 20, 15 mmol/L glycine)8 3:, 3: 5 min, U 1% BSA� PBSTGVW 15 min. SÅ
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fibrillarinÅ�(Xõ Georgetown �=M. ChristensenYZ[\)(1:500?@)Z�Å, 43Ö× 4 h,

pH 7.4� pH 8.0� PBSTGDÖ× 3:, 3: 5 min. æÅ°± A-]�^(ß� Sigmaàá) 1:25

?@, BöW_��z 2 h, pH 8.0� pH 7.4 PBS89D 3:, 3: 5 min ý̀Có7P89, �

ÀEF, 5%GBýHIJK 10 min, ýCó7P89g�ÀEF. Hitach-600-BLM��b�

i�WNO, ã<, �P�Q 75 kV. ªã¸¹*zÅ�?@ë�RÅ��lm°±Å�.

1.6 
��������

M��b�i�ab�^stc�Pdyzôõ IBASabÖ×�c}~[18].

2 ��

2.1 ITS1 ���	
����

�b�i�W¤¥����*´e� 3 ®�ÞrP(lm*noqlmrPostrP).

lm*nZ+pqlmrPfg�Ð�bqÒ�, pqlmrPZDhlm*n��bqÒ

Ui���, strPZPj)��klmH-�st��. z ITS1  ¡}~��-"�j

n��, ä AMD Ö×�¸¹r, ) DFC � GC ��*6`op�����, ) FC *q`�

���(a 1(a)). )ÐÑÒ(0.05 µg/mL)AMDÖ×¸¹r*, Ö×�IPQZ 0.5, 1, 2� 20 h.

0.5 h�Ö×*, DFC� GC��^stqÒU�, ����op, FC*q`����(a 1(b));

1 h�Ö×*, ´e^stPj) DFCTrsh� GC��, t����d 0.5 h�Ö×<�

�u�v, ) FC*wq`����(a 1(c)); 2 h�Ö×*, ^stPj) DFC� GC��*,

) FC*q`����(a 1(d)), xÖ×*, ���^stqÒ��y¢(a 1(d)); 20 h�Ö×

*, ^stPj) DFC� GC��*, ) FC*q`����(a 1(e)), xÖ×*, ���^s

tqÒo¢, ����zu(a 1(e)). M{Ö×*, ��G��|}e�^st~�`z¶�

^st, ����¸¹�`U����Ú. ªã¸¹r*, ��*ä����Ú����(a

1(f)), �����¸¹�`U����Ú. c�Pdjne� 1. äAMDÖ×r�]�^st

�|qÒZ 65.51 4/µm2, AMD Ö× 0.5, 1, 2, 20 h �]�^st�|qÒwPQZ 48.17,

21.68, 16.86, 5.784/µm2, c�jn��, S 0.05 µg/mL AMDÖ×¤¥��, �³Ö×�I�

����(0.5, 1, 2, 20 h), ITS1 ¡���^stqÒ��y¢. �

� 1 AMD �������	
��
� ITS1 ������������(���0.346 µm2)

��

0

���

/�

h

��

/�	µm−2

0.5

���

/�

h

��

/�	µm−2

1

���

/�

h

��

/�	µm−2

2

���

/�

h

��

/�	µm−2

20

���

/�

h

��

/�	µm−2

1 26 75.14 14 40.46 8 23.12 7 20.23 2 5.78

2 22 63.59 19 54.91 7 20.23 8 23.12 3 8.67

3 24 69.36 15 43.35 8 23.12 5 14.45 2 5.78

4 21 60.69 18 52.02 6 17.34 5 14.45 3 8.67

5 21 60.69 14 40.46 7 20.23 4 11.56 1 2.89

6 21 63.59 20 57.80 9 26.01 6 17.34 1 2.89

������� 65.51±5.68 48.17±7.68 21.68±3.03 16.86±4.25 5.78±2.58

�
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�

� 1 AMD�������	
��
�� ITS1��������
(a) 0 h(� AMD), �
������� DFC� GC��, �������, FC������(51000�); (b) 0.5 h, ����

�����, ����(51000�); (c) 1 h, ���������, ����(54000�); (d) 2 h, ���������, �� 

!"#(54000�); (e) 20 h, ���������, ����(54000�); (f) $%&', ()*�+,-�
./(51000�)

2.2 ���������	
��
��

���������	
��
�� ITS1 ������
���. �� AMD ����

�(� 2(a)) !"#(0.05 µg/mL) AMD�� 0.5 (� 2(b)), 1 (� 2(c)), 2 (� 2(d))$ 20 h(� 2(e))

���%, ��&'()*+� DFC $ GC ,-%, .� FC ,-/0��&'. 12 AMD

��34�56 , ��&'7#89:; . <=��>% , ��%�?@ABC��&'
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�

� 2 AMD�������	
��
�� fibrillarin������
(a) 0 h(�AMD), �
�������DFC�GC��, �������, FC������; (b) 0.5 h, ���������,

����; (c) 1 h, ���������, ����; (d) 2 h, ���������, �� !"#; (e) 20 h, �������

��, ����; (f) $%&', ()*�+,-�
./. 01 51000��

(� 2(f)), DEFG
�HI 2. � AMD��>�J�KLMNO7#P 72.53Q/µm2, AMD

�� 0.5, 1, 2, 20 h�J�KLMNO7#RFSP 49.61, 18.30, 10.12, 7.71Q/µm2, DE
�

IT, U 0.05 µg/mL AMD��VWXY, 12��34�8956(0.5, 1, 2, 20 h), ����

��������KLM7#89:;.
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� 2 AMD������	
��
��� fibrillarin�������� !"#($%: 0.346 µm2)
0 h 0.5 h 1 h 2 h 20 h

�� ���

/�

��

/�	µm−2

���

/�

��

/�	µm−2

���

/�

��

/�	µm−2

���

/�

��

/�	µm−2

���

/�

��

/�	µm−2

1 24 69.36 13 37.57 6 17.34 3 8.67 3 8.67

2 21 60.69 20 57.80 5 14.45 4 11.56 2 5.78

3 28 80.92 17 49.13 6 17.34 5 14.45 2 5.78

4 26 75.14 18 52.02 7 20.23 3 8.67 2 5.78

5 53 85.48 15 43.35 6 17.34 2 5.78 3 8.67

6 22 63.59 20 57.80 8 23.12 4 11.56 4 11.56

������� 72.53±9.75 49.61±8.05 18.30±2.98 10.12±3.03 7.71±2.36

3 ��

�������� rDNA �	
� rRNA �
������ 60S � 40S ����
��

����. �������� !"#�$%&'(), *�+,-..

/0�12345673, rRNA ���#89:����;<�'=8	>[19,20]. ?@

�AB7 CDEFGHIJKLM, FC#N� rDNA� RNAOPQR[21], S,TU�56

VW, N�	
�X� rDNAYZ FC� DFC�[\][22~24]. 5 ÊTS_`aYb[cd'eZ

FC[25]� DFC[12,26,27]fg�hi�cd� GC[26]�!jklmnop. Puvion-Dutilleul �U[26]

q ITS1� ITS2_`rsaYb[, b[cd'eZ DFC� GC, AMDtu rRNAPv?, w

xcdy?z DFC � GC #{|. Beven �U[11]}~�O�7 C�JK���FG# ITS1

���#�'e. ���!jLM, ITS1���#�'e��Z DFC� GC��, S���O

�7 C����C��m�JK, �qrs���Y. W�r%�����# ITS1�'e,

��rs��'���AB7 C��m�aYb[.

���������#��'B�(Mr) 34~38 kD�% ��, �rH#��¡¢[28], £

¤p�N�%<¥¦§¨©�ª«��¨©�¬­(GAR), q�%< RNA®¯¬­(RRM)[29].

°±��¬­, ������²q³£���´�!P, µ²q³%����'B RNA(¶

U3, U8, U13, U14, U15�)m�¤�Yp(¶ boxC(UGAUGA)� boxD(CUGA))�!P[30]. ��

��´� RNA �·�v��¸P
, � rRNA �
���#(¹º»¼½~. ¾�56LM

������¿³� 5 ÊTS � 18S rRNA ���[31~34]. ÀZ���������Á��Y,

Ochs �U[35]°±U ÂÃDEÄÅÆÇ�LM, È��'eZ FC � DFC ��, fµ�UÉ

£�YZ DFC#[36,37].

���!jLM, �Ê AMD]Ë�56�#, ITS1_`�Ì������Ì
�wxc

dYZ DFC� GC��, wxcdÍÎ, ÏM ITS1����³�������À� 5 ÊTS� 18S

rRNA���()�����, f FC��ÐÑ�wxcd, ÏMÈ��³����ÊÀ. �Ò

ÓÔ(0.05 µg/mL)AMD]Ë 0.5, 1, 2, 20 h�FG#, wxcd�'e��Ñ�ÕÖ. ��×(

Ø, Ùº AMD]ËÚ8�ÛÜ(0.5, 1, 2, 20 h), wx�ÝÞßàÔáâãä, �LMÒÓÔ

AMD ]ËåæXçèé� rRNA �
�)v, ¾êv� rRNA �
()ä�. ëì, Ùº

AMD]ËÚ8�ÛÜ, wxcdáâíî, �LM rRNA�
()��. 56!jï5, ��

FG# rRNA���/0ðñ(5 ÊTS, 18S rRNA, ITS1�9))()� DFC� GC��, fò
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