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�� �������	
���	(�
�)��� tRNA���(TrpRS)���� tRNATrp�����

�� , !"� 7#$%��� tRNATrp&'((G73, U72, A68)�)(*+(,-�,-�. ./,-

01, 2�34567�89:;<(B. subtilis)
=��� tRNA���(TrpRS)>?��@AB, CD

EFG�HIJKL. MNOP, QR�S$%��� tRNATrpTU, 7#,-��45V	WB. subtilis

TrpRS��@�XI7�YZ� 53.33%~99.79%, W= TrpRS��@�XI[7�\]� 4~330^, _

`aMPH7($%��� tRNATrp�&b0(G73, U72 
 C68)cd,-�= tRNATrp�&b0ef)��

�@XIg-hi. jkMNlP, Q���	
���	�
� tRNATrp��m�� no, $%�

�� tRNATrp����� pqrstuv�0wxyz���'b0{|}
|~�b0�, ���

�'b0 G73, �0wxyz���#b0� G1/U72
 U5/A68. ������� tRNATrp��v�

�<���\��jk��.

��� �������	
 
 ��� tRNA 
 ��� tRNA 
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 ��
 
 ���

�������	
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��������

����. �� tRNA ������� tRNA ���

��� �������!"
���#$[1]. %&

', ( 20)���*+,, -./01 tRNA���

2345678�9:#;<=>�?@7A, B�

CD�� tRNA���E tRNA��23�FGHI

JKLM[2,3]. NOPQ, 23RS#(N73)(���

T)�#U� RNAVLWX,�YZLM[4,5], [\

(]^)_`abc�defg�. hi, (j�U

*+, , kl<ml'n� tRNAGly 23RS#�

A73, opl'n� tRNAGly23RS#� U73[6]. q

r, 0stuj�� tRNA ���<vj�� tRNA

���c:wx23\y��� tRNAGly[7]. Bz{

"�PQ, kl<ml� RNA VLWXEpl�c

q, oB)cq�cq)_'n� tRNA��c:w

x23�|Kp}. ~�NO])�� tRNA���

�)�78
, c���JK�G���, ����

�������.

��NOPQ, ��tu��� tRNA���2

3�^
45�23RS# G73 < WX�(|K^


45 , ����0�45); A1/U72, G5/C68 <

A9(�K^
45, ������45). v(=��)

tRNATrp �^
45�23RS# A73 < WX�

(|K^
45); G1/C72, U5/G68(�K^
45)[5].

����, � WX��, ���^
45|KR�

tRNATrp ��#U ¡¢£ . �� , k=u<kl

tRNATrp ���� ���()_78
 , \y�

G73A, A1G/U72C< G5U/C68G[8]. Xu¤v[9]�¥¦

NO��, B. subtilis tRNATrp  ¡¢� 3 ^S#�

(G2/C71, G3/C70 < G4/C69)§¨Q©��)_78


45, [(kl(=��)� tRNATrp,, B 3^S#

�(����23,bcJK.

���ª|K�( 3 )«¬� tRNA, �pl�

� tRNA6kl��(=��)tRNA<=�­ tRNA. ®

¯ , ��pl�� tR NA T r p , kl�� (=�� )

tRNATrp �)_78
45�NO�°±�²³, [

��=�­ tRNATrp �)_78
45�NO´µ.

¶·� tRNA �¦«=�­ tRNA, \�?@¸cq

�kl��(=��)� tRNATrp, �cq�pl��

� tRNATrp. ¹º�»=�­ tRNATrp�¼½��, 0

¾��»=�­ tRNATrp¼½'¿À��¶·�EÁ

Â�, bÃÁÂ�<¶·� tRNATrp��#U ¡¢

¼½�QÄ�fg
. ©IIÅ¶·� tRNATrp(E

��� tRNA���23,�)_78
, ÆNOÇ

ÈIÉÊ¶·� tRNATrpËÌ<TÌÍÎ� 7^ÍÎ

�, bM��tu<v���� tRNA ���(TrpRS)

'Ï.\y����ÐÑ , ÒIÅ¶·� tRNATrp

Ecq)� TrpRS �237
, NO¶·� tRNATrp
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1 �����

(�) �����. � !"#$%&'()*

tRNA+,-��� pKSW1[5]./01234567

89: . ;()* tRNA +,-�!"#��

pET24a(+)-HTrpRS .<=>?14��@AB>C

4D�EFGHI[10]. T4 DNAJK-LMN�OP

- BstOQ� RiboMAX Large Scale RNA Production

System-T7 RS Promega (Madison, WI). L-[5-3H]

TryptophanRSAmersham PharmaciaTU(Piscataway,

NJ). L-TryptophanRS Gibco BRLTU(Gaithersburg,

MD). Ni-NTA-agarose RS Qiagen TU(Chatsworth,
CA).

(V) WC�XY. 5′ZWC[\�WC, � 

� tRNA]^_`<a7bcB, defgh+1�("

1��ijkl), mnh tRNATrp]^op�qr. 3′

WC[��WC, stuvw�xy(" 1 �xy�

�� 6 z{|}~���ijkl). �}~��X

� 3′Z}~������A����kl. �� 3′W

C���MN�OPz|- BstOQ(�-�P��X

�, ��dfg���CCA�Z�, �e,�� tRNA

�Z)� Hind�-P��. X�[ tDNATrp, n tRNATrp

�H]^���� (}~�S tRNA }~� , ID[

DW4460, http://www.staff.uni-bayreuth.de/~btc914/search/
index.html)�� 10~66 �. �}~�� 5′WCw �A

s¡� 3′WC�����Aw¢����kl. WC

�X��}~£" 1. ��X��WC DNA �.¤

¥¦§+,. �¨>©; tRNATrp]^���.¤G

ª«.

(¬) ���j tRNATrpxy]^���HI.

­���j tRNATrp xy]^���HI�}®¯

Sampson� Uhlenbeck�°±[11]. s" 1��X�}

~²[ PCRX�, � 5′WC�WC 1�³ PCR, �e

´Cn[ MPH1xy tRNATrp]^. µ¶xyjs·

w� PCR¸¹�vw�WCHI. 50 μL�ºj»�

¼�WC­ 0.4 μmol/L, X� 1 nmol/L, MgCl2 2

mmol/L, Taq DNA ½+- 1 U(TaKaRa). PCR�º¾

	[: 94¿, 1 min, 60¿, 45 s, 72¿, 30 s; 33ÀÁÂ;

72¿ÃÄ 10 min. ÅÆÇÈÉÊ[ 109 bp. PCR´C

ËÌÍ�ÎÏÐÑÒÓ�ÔÕ, Ö×Ø pGEM-T Ù

j(PromegaTU)(� SfiQ-P��)�. DNA}~Ë

Ú}FÛ(EppendorfTU, MasterCycler Gradient). �

��Üª��ÝÞßNàáâ�ã���, Ë SfiQ

� Hind�ä-P�åÖ×Ø pGEM-9Zf (-)Ùj�.

æ 1ç��j�;� 2�¨>© tRNATrp (æ 1(a)�(i))

� 7�xyj(æ 1(b)~(h))�èé�Hêëæ.

(ì) tRNATrp�jífg. ��� tRNATrpxy

j��µxy]^.jífg¸¹Nà[10]. 50 μLf

gjî�� 10 μgË BstOQ-P���� tRNATrp]

^fgX�, 40 mmol/L Tris-HCl(pH 8.0), 15 mmol/L

MgCI2, 5 mmol/L DTT, 500 mmol/LBSA (ïz|-),

1.5 mmol/L NTPs, 40 U RNasin (Promega)� 200 U T7

RNA ½+-(Ampharmacia). �ºjî� 37¿ðñ 2

h�`u 10 U DNase, 37¿òðñ 30 minsóôDNA

X�. fg´CË 10%½õö*÷y�ÒøùÓ�.

��³)*��ºú_, fg´C 70¿`û 2 min,

üýþ��Gñ, d tRNATrp �,�ã�!é�H.

(�) -�Ó����Úâ . $%&'()*

tRNA +,-�;()* tRNA +,-�Ó�®¯�

� 1 ������	
�� tRNATrp 
������
��

��(5′�3′) a) ��

5′�� CTCTAATACGACTCACTATA�CGCTCTTAGTTCAGTTCGGTAGAACGTG PCR 5′	���


� 3′�� TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA �
���� tRNATrp����

�� 1 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH1����

�� 2 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH2����

�� 3 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH3����

�� 4 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH4����

�� 5 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH5����

�� 6 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH6����

�� 7 (3′��) TCCCAAGCTTCCTGG�������TGTAGGATTTGAACCTACGACA MPH7����

�� GTTCAGTTCGGTAGAACGTGGGTCTCCAAAACCCAATGTCGTAGGTT-
CAAATCCTAC

PCR

a) ���������� 6� !��
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� 1 ������	
 tRNATrp, � tRNATrp � 7 
��
����������������

��������"#$�
% tRNATrp�&'���(����. )*�
%+���� tRNATrp,- TrpRS./� kcat/KM0 1.0.

12�� tRNATrp345 0.16 20 μmol/L, 7�340 38 4 nmol/L. B-TrpRS" H-TrpRS190 B. subtilis ":� TrpRS
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�[10,12]. ������	 tRNA 
��
�	��

���� 22��� , 50 μL�������� 4

mmol/L ATP, 1 mmol/L DTT, 1 μCi L-[5-3H]���,

40 mmol/L �!, 140 mmol/L Tris-HCl(pH 7.8), 0.02

μmol/L"#$%
& tRNATrp[13]. &��	 tRNA


��
�	������ 30���, 50 μL����

��� 4 mmol/L ATP, 0.8 mmol/L DTT, 1 μCi L-[5-3H]

���, 8 mmol/L MgCI2, 80 mmol/L Tris-HCl (pH

7.5), 0.02 μmol/L"#$%
& tRNATrp. '()*+

5 g/L ���,-./0123456789:, ;

+<=>. ? 10 μL tRNATrp ��	���-@A,

+ 100 mLBCD
 50 g/L TCA(� 5 g/L���)EF

3 G, H+ 10 mL 95%IJKLMINOEFPG,

'(+Q#>RS� Wallac 1490 -TUVW

(Pharmacia)XY[3H]-tryptophan UV. PZ�	���

[\�]^�_`��abc, def�	� l pmol

tRNATrp gh
�i . j�klVm0 Lineweaver-

Burknopq.

2 ��

2.1 � tRNATrp ������	
�

��� 7 �� tRNATrp ��	
��
���

3.0 kb, ���� T7���, �� tRNATrp	

�

�/������� !"#$%!&��, �'(

)�*+,. -./012034	5�67	89

:;<��4	=
 72 35�67	89:;< 5

�4	=
 68 3
 3 �>4	��!(MPH1, MPH2

% MPH3). ?@ 3�>��
ABCDEF6
 3�

G��!(MPH4, MPH5, MPH6)%@ 33HBI��


��!(MPH7). � 3�3HJKLMNOPLMN

QR� tRNATrpS, TO�UVWX�Y(Z 1). +,

@ 7 ���!
�UVWX, �[\]�! tRNATrp

OQR� tRNATrpJ�UVWXC6^
_W.

2.2 �
�������� tRNATrp �����	

�����

Z 1 S`a[bc]�!%d
e�fMg

tRNATrp(Z 1(a)%(i))
�hijk
lmno(p=

(fMgbc]�! tRNATrpJ kcat/KMq^
�r).

stuvw7x tRNAD6y7xrfMgbc]�

! tRNATrp
z{S, kcat| 1.33 s−1, KM| 1.21 μmol/L;

dw7x tRNAD6y7xrbc]�! tRNATrp

z{
 kcat| 4.01×10−4 s−1, KM| 1.33 μmol/L. no

#} , dw7x tRNA D6y~rbc]�!

tRNATrp 7xrz{
�h�� , OfMgd

tRNATrpp�, kcat/KMq��[ 99.97%. d tRNATrpB

��1stuvw7x tRNAD6y
���_
�

N , OfMgbc]�! tRNATrp p� , �h��

[ 99.75%.

2.3 ����� tRNATrp ���	�������

���

Z 1S`a[bc]�! 7���!
�hij

k%p=(fMgbc]�! tRNATrp 
�rq(Z

1(b)~(h)). no#} , OfMgbc]�! tRNATrp

p�, B. subtilis TrpRS20>H��
��!(MPH1,

MPH2 % MPH3)
�h/0��[ 88.67%, 73.67%

% 53.33%(Z 1(b)~(d)); 20G��(MPH4, MPH5,

MPH6)
�h����, /0��[ 97.67%, 94.77%

% 83.33%(Z 1(e)~(g)); 20���!(MPH7)
�X

����, ��[ 99.79%(Z 1(i)); B�OfMgb

c]�! tRNATrpp�, B. subtilis TrpRS20dfM

g tRNATrp
�X�� 99.75%. ��}� B. subtilis

tRNATrp |��N, bc]�!���!
�UVW

X������, ��bc]�! tRNATrp
�UV

WX�(� 3 �3H^ . OfMgbc]�!

tRNATrp p� , d TrpRS ~r>H��! MPH1,

MPH2 % MPH3 
 kcat/KM
�h�/0��[ 6.7,

5.1 % 4.0 �; 20G��(MPH4, MPH5, MPH6)


kcat/KM qB����
��, /0��[ 10.0, 10.0

% 6.7 �; 20���!(MPH7)
�X��[ 330 �;

OfMgbc]�! tRNATrpp�, d TrpRS20d

tRNATrp
�X��[ 3660 �. ��}�d tRNATrp

|��N, bc]�! tRNATrp���!
�UVW

X���	���, ��bc]�! tRNATrp
�U

VWX, � �(� 3 �3H^. �]�! tRNATrp

¡¢3H
�� , =¡�UVWX
�rA£�(

12 � (3660/330<12). ��¡¢3H����¤¥


�UVWX¦�, §¨�(^© 3�3H���¤¥


¦�(330�).

ª^�©, ��«a, OPL¬KLMNQR�

tRNATrp
­®p¯[8], bc]�! tRNATrp
�UV

WX°±, � �(² tRNATrp7	89:;^
 3

�3H, �2034	 G73, G1/U72% U5/A68(Z 1).
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3 ��

�������	
�� tRNA �
����

������ tRNA�
������, ��� !

�"#$� tRNA �
�%�" , &�����

tRNA �
'()*+,-./�01 tRNA 234

��567[4,14]. �89:;<=>01 tRNA 23

4, )�����89:;<=� tRNATrp*+67,

?@,-�AB01CDEF�3G�HI [5,8]. J

����KLMN� tRNATrp 'OPQC<RS0

1CDE , %)T-UVW������	
�K

LMN� tRNATrp, X��01CDER?.

�YZ[�, tRNATrp �\]^_`aKLMN

� tRNATrp�0�bcdefgh(=)�f�ij<

kjlm.n2��	opqrs�tu . ���

89:;>01 tRNA 23401Cvw�, xy

z
��P{+|89:;>01 tRNA234}~

89:; tRNATrp�r\��\]^_[15], &�YZ

[�XO�,���� , �|�+xyz
���

%� tRNATrp�
#��|."�, �����(�

�!���]01C�*�.

Margulis����������#��MN�

��$[16], �a�� 30���r��r�����,

�p�h�� RNA � ¡¢£q¤¥¦Z[, §¨

©ª«W proteobacteria |MN��¬­®¯[17]. °

±, vw²³�´�tµqrs¶·W�r¸¹[18].

`a�gº;�>01 tRNA234»gh�>01

tRNA 234¼CMN� tRNATrp�01CDE�¥

¦Z[, Chen½=[19]{+, MN� tRNATrp��gº

;��$, +MN���$�´W�c�uS¾µ.

Xu½=[8]²¿, = tRNATrp|89:;>01 tRNA

234�¦À67, 01Cx/��EÁÂÃÄ. Å

ÆÇ01 tRNA 234vw, =>01 tRNA 234

¼CKLMN� tRNATrp 01Cx/�ÈÄ [19]. É

ÊË½=[20]Z[WKLMN� tRNATrp � 3 \\]

^_ G73, U72< A68f89:; tRNATrp �\]

^_ C73, G72< G68�lm, ²¿X��«Á�Ì

,P89:;>01 tRNA 234�¼CDE. Y

Z[²¿, ÍKLMN� tRNATrp � 3 \\]^_

G73, U72< A68Î�Wgh(=) tRNATrp �\]^

_ A73, C72 < G68±, ,P=>01 tRNA234

�¼CDE¥Ï�ÐKLMN��ÌW 330Ñ, ÒP

89:;>01 tRNA 234�¼CDEÓÔW

99.79%. ��|�, � 3\\]^_fgh�fÕm

±, Ö×WØlm�Ù�gh tRNATrp ��]. Ú�

ÛuSÜµT-Ý? , Þß9nà��0�bcd

e� tRNATrp�!���]01C���*�. YZ

[`aijlm<kjlm.n2��	 , qrs

StW�Û\]^_ . �ÛuSÜµqrstuW

MN� tRNATrp��gº;�$�Ý�.

tRNA|áâÒÎ�kG���
, tRNAãäÅ

Æ7����åæç�èé, �ÒvwêZ[ tRNA

\]^_��(�Ý?�ëìyz��$ãqCí

î[10,12,20]. ï�, ð� tRNA ñ234�.ò*�ó

ô�}~�], õö0�bcdeã}~÷��, 2

�ê¹ø tRNA ÅÆ7(cde<}~÷��)�(�

3+ùÎúE�ûüý7[8,9].

þ�lm� MPH7�0�bcdeÎ�=

tRNATrp �\]^_, Ö×WÙ�gh tRNATrp ��

] , &| , ,�01CDE'��Ï�Ð= tRNATrp

� 10%(330/3660, � 1). �\�u����MN�

tRNATrp �����G73, U72<A68��!���]

^_, ,�
W¬h>01 tRNA 234�MN�

tRNATrp�}~. �89:; tRNATrp�0�bcde

�	�ÅÆ�¿
P²¿[9]. ��KLMN� tRNATrp

�Ê�!���]^_Z[��qrs
�.

�� �������	
��
����� (��� :
302103).
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