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1.1. ʜȤȺ.Ƭı̄¯ǆĉ 
� ȵȩ�˸Ş¹ȷ�'
@̄¯ǆĉ/�ȵȩ. 3%.h�I�ͅɉǰɻʧ�Ćɻʧ�
ɉǝȵȩ .͆Õ',Ţ�ÀĽ�A'
@!9�ǩȘ̄¯ǆĉ)ĕ0A'
@	����

ȱĢ(/�ǩȘ̄¯ǆĉ)�̆�Ƚ+?�G~m̊�Úì?ũ'�A!º:ĳ�Ɍ>

A'
@ͅğ 1͆1,2	ȷ
>A@G~m̊:�ǩȘG~m̊"�(+��̬ǩȘG~

m̊�Úì?ũ'�A@º:	?�ĳǨ(	@	ǩȘG~m̊.Úì?ũ'.º)�

'/�Candida cylindtracea, Pacysolen tannophilus ɩ.�̆.̉Ƿ,

'�Leu 
(CTG)Vh�, Ser6!/ Ala�ŎÔ�A@�)�Ɍ>A'
@ 3-6	6!�˸Ş/G

~m̊�Ŋŷ�+
ɼǯVh�,�Ǩ�+ǩȘG~m̊(Cys, Trp, Gly, Leu, Gln, Tyr, 
Glu)�ŎÔ�A@º:�ɉǰɻʧ�ɉǝȵȩ(ĳư.ĩĒ�	@	�ƹ�̬ǩȘG~
m̊�Úì?ũ'�A@º)�'�ɉǰɻʧ�Ćɻʧ�ɉǝȵȩ.�̆(�pyrrolysine 
(Ply)6!/ selenocysteine (Sec)DĐ8̄¯ǆĉ�¹ȷ�A'
@	�.=�,�̄
¯ǆĉ/Ŷ��:�ž(/+��ǩȘG~m̊6!/̬ǩȘG~m̊�Úì?ũ'�

A!Ȫǲ+̄¯ǆĉ�ĳ�ĽĢ�'
@	 
 
1.2. ¤ȢɁ+ǩȘG~m̊.Úì?ũ',=@̄¯ǆĉƬı 
� ˯š�̄¯ǆĉD¤ȢɁ,Ƭı�@�)(�G~m̊DÚì?ũ'�!̄¯ǆĉD

ǧɰ�@Ɏɟ�˼9>A'
@	˸Ş.̄¯ǆĉ,

'/�Ċ tRNA,Ŋ�'G~
mGZ� tRNAċƃ̉ɸ�ǰɒ,G~m̊Dɿċ�@�)�ʎˊĂŷǂG~mGZ�
tRNA�Vh�D˂˓�'G~m̊ŎÔ�̂á,ʱCA@�)�. 2ȡ,=$'�G
~m̊)Vh�.Ŋŷ̖¾�À!A@	=$'�G~m̊.Úì?ũ'DŃȱ�@!

9,/��A>.\edv,¦Ô���.Ŋŷ̖¾Dıõ��@Ŷʼ�	@	 
� 6�/�ǩȘG~m̊.Úì?ũ'Dʱ�Īċ,%
'˒ǀ�@	�.Īċ�Ŷʼ

)+@./�Ȫł. tRNA{fḢâ,�̈ . tRNA.G�cVh�̇âDɛǢ�!�
P�� tRNA.ĽĢ(	@ͅ ğ 2ř 	͆G~mGZ� tRNAċƃ̉ɸ. tRNA.ˏ˘̆
³/�Ŷ��:G�cVh�. 3ĬĨÕ',āE(
+
Īċ�ĳ
 7	=$'�G

�cVh�.�̆DıǇ�@�)(�˸ Ş)/Ƚ+@Vh�2G~m̊Dì?ũ'@

�)�ćʖ(	@	Ȫ,�Ĵʙʧ(/�Ser, Leu, Ala,Ŋŷ�@G~mGZ� tRNA
ċƃ̉ɸ.�tRNAˏ˘,G�cVh�DÕ�Ŷʼ)�+
!9 8-11�G�cVh�D

ʜȸ,ıǇ�'�̄¯ǆĉ.*�2(:�A>.G~m̊Dì?ũ'@�)��þȳ

Ɂ,/ćʖ(	@	ØµɁ,˒ǀ�A0ͅğ 2Ĉ �͆P�� tRNALeu
GGA.G~mGZ

�õĂŷ(/�tRNA.{fḢâ,ű$'Ăŷ�˼ʱ�@!9�LeuRS,=$' Leu
�ɿċ�A@	�ƹ�ʎˊĂŷ(/�G�cVh�,ű$'ʎˊ�ʱCA@!9�G

�cVh� GGA,Ŋŷ�@ SerVh� UUY, Leu�ŎÔ�A@�),+@	�.
=�+P�� tRNA.¹ȷ/�Ń̡,��˱ͅ1.1.Āȥ͆.̉Ƿ Candida cylindracea
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; Pachysolen tannophilus.º(:ɒˏ�A'
@	�A>.ɻʕÙ(/�G�cV
h��CAG2)ıȽ�!P�� tRNASer

CAG;P�� tRNAAla
CAG.ĽĢ�ɒˏ�A'


?�LeuVh� CUG,�Ser6!/ AlaDì?ũ'!ʎˊ�ćʖ,+$'
@ 3-6	 
� P�� tRNA Dæȷ�'¤ȢɁ,ǩȘG~m̊.ÔAǉ�Dʱ$!Ɏɟ)�'/�
̄¯ǆĉ.ɱɸõDɅɁ)�'�TrpVh�, AlaDŎÔ�@=�,ƬıDʱ+$!
º; 12�v�eN��Õµ,ɒȰɁ,ıȽŎÔDʱ��)DɅɁ,�Ǩ�+Vh�,

Ser DŎÔ�@=�ƬıDʱ+$!º�ĩĒ�A'
@ 13	6!�tRNA .Ǭʖ;ʎ
ˊĂŷ,%
'˂Ǖ�@ĨɔɎɟ,

':�P�� tRNAD¹ȷ�!º�	@ 14-16	 
ǐ˖Ƴ(/��.=�+P�� tRNAD 2%6!/ 3%.yG,�'�ɇ¡,{fH
)G�cVh�D¢Ƣ�@�),=$'�G~m̊ÔAǉ�̄¯ǆĉ.ǧɰDʱ$!	

G~m̊ÔAǉ�̄¯ǆĉ(/�Vh�ʴÙ. Ser) Leu�6!/ Ser, Leu, Ala�ɇ
¡,¢Ƣ�A'
?��.̄¯ǆĉ(V�h�A!a�pR˝/ǩȘ̄¯ǆĉ(ʎˊ

�A':Ǭʖ���ǩȘ̄¯ǆĉ(V�h�A!a�pR˝/�.̄¯ǆĉ(ʎˊ�

A':Ǭʖ�+
�
C<@Ɇ¢źDƗ%�)�Ǎů�A@	�.=�+Ƹʾ.̄¯

ǆĉDǧɰ�@�).ɅɁ/�̄¯Ļɽ7Ƣ�ȵȩ.Ɨ%ü̝+̄¯Ļ.�Ĳ̆ȴĭ

2.țȇD̗��Ƹ!+ƅȻDɒɣ�@�),	@	�.ƅȻ)ƼĽ.ɽ7Ƣ�̄¯

Ļțȇ̗ǯɪ).ǹ˨,%
'/�ɧ 2ɤ,

'ˎɻ,˒ǀ�!
ͅ 2.1.Āȥ 	͆ǐ
˖Ƴ(/�G~m̊ÔAǉ�̄¯ǆĉ,=@̄¯Ļțȇ̗ǯ.ǦŸŃˋ)�'�Úǧ

ƃȣɻʕʎˊɴDȷ
'G~m̊ÔAǉ�̄¯ǆĉDǧɰ��ǩȘ̄¯ǆĉ).Ɇ¢

ź�ƃɣ�@.�ǣˋ�@�)D�ɧ 1.e�})�!	 
 
1.3. ¤ȢɁ+̬ǩȘG~m̊.Úì?ũ',=@̄¯ǆĉƬı 
� ʁ
'�̬ǩȘG~m̊.Úì?ũ'Dʱ�Īċ,%
'˒ǀ�@	�.Īċ�ǩ

Ș̄¯ǆĉ.Úì?ũ'=?:ʺ̤+§ɽ7�Ŷʼ,+@	ØµɁ,/�«�. 3%
.\edv,%
'ʏ�+�A0+>+
͇(1) ̬ǩȘG~m̊,=@G~mGZ�
tRNA.ċƃ�(2) ̬ǩȘG~m̊.̄¯ǆĉ2.ì?ũ'�(3) ̬ǩȘG~m̊.�
{`��,=@yvch2.ŎÔ�. 3 %(	@ͅğ 3 	͆«�(/��A>.Ċ\
edv,%
'�̲,˒ǀ�@	 
 
1.3.1. \edv(1) ̬ǩȘG~m̊,=@G~mGZ� tRNAċƃ 
� ̬ǩȘG~m̊Dʎˊɴ(æȷ�@Īċ�6�ʏ�+�A0+>+
\edv/�

G~mGZ� tRNA ċƃ(	@ͅğ 3 �ǵ 	͆˸Ş.ȵȩ,

'/�G~mGZ�
õD˃ĺ�@̉ɸ(	@G~mGZ� tRNAċƃ̉ɸ(ARS)��ǩȘG~m̊ 20ɝ̹
,Ŋŷ�@:.��ĽĢ�+
	=$'�̬ǩȘG~m̊.Īċ�¶>�.ƹȂ,=

$'G~mGZ� tRNA.˕ʹDʱC+�A0+>+
	ØµɁ,/�̬ǩȘG~m
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̊.G~mGZ�õȂ)�'�«�.ƹȂ�¹CA'
@	 
� 6��Ǌ:ùɶ+ƹȂ/�ƼĽ.ÙĢź ARS .ǬʖD�.66æȷ�@ƹȂ(	
@	ĵȤG~m̊,̹²�!ǧ˺.̬ǩȘG~m̊(/�ÙĢź. ARS ,ˑˏ˘�
�GZ�õDʱ��)�(�@ 17,18	6!�ĵȤ. ARS ,=$'ċƃ�A!ǩȘG
~m̊Dɿċ�! tRNADõľĂŷ,=$'ıƢ�@�)(�̬ǩȘG~m̊Dɿċ
�! tRNAD˕ʹ�@ƹȂ:ȷ
>A'�! 19,20	�����A>.ƹȂ(G~mG

Z�õ�ćʖ+./�ÙĢź. ARS ,̀̕$'ˏ˘�A@��̆.̚>A!G~m
̊��ǩȘG~m̊�>�G~mGZ�õŰ, tRNA�(õľɁ,ıƢćʖ+�̆.
G~m̊,̚ł�A@)
�ę̷�	@	��(��˱. ARS .ˑˏ˘Dæȷ�!
G~mGZ�õȂ.ƬʡȂ)�'�ARS,ıȽDŎÔ�@�)(�ĵȤ. ARS(/
æȷ(�+�$!̬ǩȘG~m̊Dˉņ(�@=�,Ƭı�@ƹȂ�̔ȿ�A!	�

A,=?�ĵȤ. 20ɝ̹.G~m̊)/Ɇ¢ź.	@�Ǩ�+G~m̊�ARSyG
�ǧɰ�A�ʎˊĂŷ,æȷ(�@=�,+$! 21-24	�.=�+ ARS Dȷ
@ƹ
Ȃ.ÏA!ȡ)�'�̉ɸĂŷDæȷ�'
@!9,�in vivo2.̂ȷ�ćʖ(	@
)
�ȡ�ƙ�>A@	�����ƹ(��.ƹȂ(G~mGZ�õ�ćʖ+G~m

̊/�ARS.ƬıÐ)�'æȷ�A'
@ TyrRS, PlyRS.Ĩ˝)+@ Tyr, Ply.ː
Ŏµ,̚ł�A'
?�ǧ˺Ɂ,ĳǨ+G~m̊.ŎÔ/��.ƹȂDȷ
':̦�


)
�ę̷�	@	 
� �A> ARS Dȷ
@ƹȂ,Ŋ�'�ȷ
@G~m̊.ɝ̹D̚ł�A+
G~m
GZ�õȂ)�'̔ȿ�A!.��1984 š, Hecht >,=$'ȿʴ�A!�õľċ
ƃ)̉ɸĂŷDċC�!G~mGZ� tRNAċƃȂ(	@ͅ ğ 4A 2͆5	�.ƹȂ(/�

tRNA .Ǐɥ,ɇũ�@ĬĨ,G~m̊Dɿċ�!:.Dõľċƃ�@	�>,�
tRNA.ǳ?.̆àD�ˍ̀ɭÙ˧Û,=$'ċƃ��T4-ligaseDȷ
'�A>Dɿ
ċ�@�)(�G~mGZ� tRNADŲ@	�.ƹȂ/�Õ'.G~m̊,̂ȷćʖ
(	@)
�̒Ɔ�	?�ȱĢ:�Ǩ�+Ɏɟ(æȷ�A'
@ 26-34	�.�ƹ(�

õľċƃ.Ƈ̲�Ȧ̤")
�ǭȡ:	$!	��(�2006 š, Murakmi >/�
Flexizyme)ĕ0A@¤Ř�{YI�Dȷ
'�Ǩ�+G~m̊D tRNA,G~mG
Z�õ�@ƹȂD̔ȿ�!ͅğ 4B 3͆5-37	�.ƹȂ(/�ɱ½,õľċƃćʖ+G~

m̊.Ȉźõµ)�̱ ̀ɭÙ˧Û,=$'Č��ɱ½,˕ʹćʖ+ FlexizymeDȷ

@�)(�4)E*Õ'.G~m̊D tRNA,Ŋ�'G~mGZ�õ�@�)�ćʖ
(	@ͅ ˎɻ/ 1.3.2.Āȥ 	͆�.=�+�G~m̊.ɝ̹D̚ł�A+
G~mGZ
�õȂ,/�G~m̊ȪȽź�ȣ
!9�in vivo(.æȷ/ĝ̦(	@:..�in vitro
.ɴ,

'�̬ǩȘG~m̊.G~mGZ�õ/��A>.ƹȂ,=$'�45˂

ǿ�A!)˄�@	 
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1.3.2. FlexizymeDȷ
!G~mGZ�õȂ.ˎɻ 
� ��(�è˱�!ͅ 1.3.1.Āȥ F͆lexizyme.˃ĺ�@G~mGZ�õȂ.ˎɻ,%

'˂˒�@ͅğ 4B 	͆�.ƹȂ(/�ɱ½,õľċƃćʖ+G~m̊Ȉźõµ,�
Flexizyme)ĕ0A@¤Ř˼õ,=$'Ų>A!�{YI�) tRNADȏð�@ɱù
+ƪ·,=$'�Ǩ�+ tRNA)G~m̊.ɽ7ċC�(G~mGZ�õDʱ��)
�(�@ 35,36,38-42	Flexizyme /Ǩ�+ tRNA D�Ĩ˝)�'Ţ�ˉņ(�@)
�
ȪŴDƗ%���.ȳȸ/�Flexizyme . RNA Ĩ˝ˏ˘,�,̖C@.��Õ'.
tRNA,×˸�'ÀĽ�A'
@�3′Ǐɥ. 3ĬĨ(C74, C75, A76).7")
��)
,	@	Flexizyme .Ð,+$!�{YI�(	@ Fx3 )�tRNA Gi�S(	@Ĩ
˝ RNADʯċ��Xʅɿǅǧ˺˂ǕDȷ
@�)(˂Ǖ�!ɿǗ(/�Ĩ˝ RNAÉ
. C74, C75,ɇũ�@ĬĨ)�Fx3É. 3′Ǐɥ©˯. 2ĬĨ.SGmZ����g
`��R�dRĬĨŊDŪƃ�'
@�)�ǀ>�,+$'
@ 37	 
� �>,�Flexizyme/G~m̊,%
':�Ǩ�+:.DŢ�Ĩ˝)�'æȷ(�
@)
�Ȫ̒DƗ%	�.ȳȸ)�'�Flexizyme.G~m̊Ĩ˝ˏ˘D�,ƒ�.
��Õ'.G~m̊Ȉźõµ,×˸�'
@ʣ̿ȴ(	@)
��)�	@	ȱĢ̶

ʈ,æȷ�A'
@ 2ɝ̹. Flexizyme (eFx, dFx).�#�eFx/�L-Phe.Ȉźõ
µ L-phenylalanine cyanomethyl ester (L-Phe-CME)Dȷ
!G~mGZ�õĂŷD�
òȰɁ,ʱ�=�Ǌ̂õ�@�)(Ų>A!ɾʆ�>�G~m̊.É̐.ʣ̿ȴDˏ

˘�@	�.!9�É̐,ʣ̿ȴDƗ$'
@G~m̊(	A0�ǩȘG~m̊(L-Phe, 
L-Trp, L-Tyr)35,43,44�̬ǩȘG~m̊ͅDµG~m͇̊D-Phe, D-Trp, D-Tyr45-47�N-G�
P�G~m͇̊N-methyl-Phe, N-acyl-Phe, N-phenyl-Gly48-50͆,=>�Ĩ˝)�@�

)�ćʖ(	@	�>, Murakmi >/�Ȉźõ.!9,¹$'
! CME ̆³D
p-chlorobenzyl thioester (CBT),ʋ�Ƣ�@�)(�eFx,=@Ĩ˝ˏ˘DÉ̐.ʣ
̿ȴ(/+��ȈźõĨ,ƒC�@�)�ćʖ(	@�)Dǀ>�,�!	CBTȈź
õD¹ȷ�@�)(�eFx.Ĩ˝)�'æȷćʖ+G~m̊.ɝ̹/�ʣ̿ƻG~m
̊.7,̚>A�Ĵ��Ţ�$!:..��ƹ(�G~m̊ CBT Ȉźõµ/Ăŷź
�͂��@!9�tRNA�. 2OƆ,Ăŷ�'�6�ɩ.�êȶȩ.ȵƃ�ę̷)+
$!	�.ę̷D˂ǿ�@!9�ȈźõĨD CBT�>Ăŷź.´
 3,5-dinitrobenzyl 
ester (DBE),ʋ�Ƣ���>, Flexizyme.̇â,%
':�G~m̊ DBEµDȷ

!G~mGZ�õ,Ǌ̂õDʱ
�Ƹ!+ Flexizyme (dFx)�̔ȿ�A! 35	dFx
(æȷćʖ+Ĩ˝G~m̊/�ʣ̿ƻG~m̊,̚>A��Ǩ�+ǩȘG~m̊(L-Ala, 
L-Ser, L-Arg)35,43,44,51,52�̬ǩȘG~m̊ͅDµG~m͇̊D-Ala, D-Ser, D-Arg45-47,53�

N-G�P�G~m͇̊N-acyl-Lys, N-methyl-Ala, N-alkyl-Gly48-50�β-G~m͇̊
L-β-homoIle (L-βhIle), L-β-homoPhg (L-βhPhg), L-β-homoGlu (L-βhGlu)54,55͆Dæȷ�
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@�)�(��̬Ş,G~m̊.ˉņź�͂
	 
� ȱĢ(/�Ĵ̆à.G~m̊,%
'�G~m̊ DBE µDĨ˝)��dFx ,=@
˃ĺ(G~mGZ�õDʱ
�ʣ̿ƻG~m̊,%
'/�G~m̊ CMEµDĨ˝
)��eFx,=@˃ĺ(G~mGZ�õDʱ�	6!��̆.Ăŷź.´
G~m̊
,̚?�G~m̊ CBTµ) eFx.ɽ7ċC�Dȷ
@�)
�¹
à�,=?�4
)E*Õ'.G~m̊DĨ˝)�!G~mGZ� tRNA˕ʹ�ćʖ,+$'
@	 
 
1.3.3. \edv(2) ̬ǩȘG~m̊.̄¯ǆĉ2.ì?ũ' 
� �˱.=�, in vitro.ɴ(/�ȱĢ45ʜȸ+G~mGZ� tRNA.˕ʹ�ćʖ
)+$'
?��ADèơ)�@)�Ǯ,ʏ�+�A0+>+
\edv/�̄¯ǆ

ĉʴ.Ȫł.Vh�2.̬ǩȘG~m̊.ì?ũ')+@ͅğ 3�ǵ 	͆˸Ş.̄¯
ǆĉ(/�64Â.Vh�.Õ',G~m̊6!/ʎˊɼɿ.Ŭì�ì?ƚ>A'

@.(�̬ ǩȘG~m̊DŊŷ��@Vh�Dȷž�@,/Ȫå+ŘĶ�Ŷʼ)+@	

�A,%
'/�1989š,�Schultz>.S��v) Chamberlin>.S��v,=
$'�45Čǂ,G�o�Xv�dZ��Ȃ)ĕ0A@ƇȂ�̔ȿ�A!ͅğ 5A͆
30,56	�A/�ɼǯVh�(	@G�o�Vh�,Ŋŷ�@ tRNA,̬ǩȘG~m̊
DG~mGZ�õ�@�)(�ʎˊɴ�(G�o�Vh�,̬ǩȘG~m̊Dì?ũ

'@ƹȂ(	@	�.ƹȂ/�ǩȘ. 20ɝ.G~m̊,̬ǩȘG~m̊� 1%ðC
@!9�"̄¯ǆĉ.ƕŧ")ĕ0A'
@ 26,30,57,58	�>,��.Ű�G�cVh�

, 4ĬĨ6!/ 5ĬĨ.Vh�DƗ$! tRNADæȷ��G�o�Vh�;�GVh
�D˓7ˡ�@�)(̬ǩȘG~m̊Dì?ũ'@�t���ZtgXv�dZ��

)ĕ0A@ƹȂ:̔ȿ�A! 59,60	�����A>.ƹȂ(/�̬ǩȘG~m̊.Ŏ

ÔĂŷ)�ʎˊɼɿĂŷͅG�o�Xv�dZ��Ȃ.Īċ͆;ĵȤG~m̊.ŎÔ

Ăŷͅt���ZtgXv�dZ��Ȃ.Īċ͆)��ɦċ�'�6�!9�̬ǩȘ

G~m̊.ŎÔòȰ�´�+@)
�ę̷�	$!	�>,�̬ǩȘG~m̊Dì?

ũ'ćʖ+ɼǯVh�)�GVh�.ư,/̚?�	@!9�̬ ǩȘG~m̊.ɝ̹

DĮ;�+
)
�ę̷:	$!	 
� ��(�ʁ
'̔ȿ�A!.��"̄¯ǆĉ.�v�S�~�S")ĕ0A@ƹȂ(
	@ͅğ 5B 5͆7,61	̄¯ǆĉ.�v�S�~�S)/�̄¯ǆĉʴ�>Ȫł.G~m

̊D̛
'�6
���,Ƹ!,̬ǩȘG~m̊DÚì?ũ'�@)
�ƹȂ(	@	

�.ƹȂ.ŀƃ,/�Úǧƃȣɻʕʎˊɴ.̔ȿ�̌ʼ+ŬìDǗ!�!	2001 š
,Ȑǻ>/�Ĵʙʧ.ʎˊ,̖C@ĜĻD 1%�%åÂ,ɳʹ���A>DȎċ�@
�)(�ʎˊɴDÚǧƃ�@�),ƃï�! 62	�.ɴ(/�Ȫł.ʎˊĜĻ�º�

0ɼɿĜĻ;�̆. ARS D̛
'ɴDǧɰ�@�)(�̄¯ǆĉʴ�,G~m̊�
ì?ƚ>A'
+
ɠVh�D·@�)�(�@	��,̬ǩȘG~m̊DŊŷ��
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@�)(�̄¯ǆĉ.�v�S�~�S�ŀ��@	�.ɴ(/�̬ǩȘG~m̊.

ŎÔ)ɦċ�@ʼɸ�ŀÕ,Ɲ̛�A'
@!9�̬ǩȘG~m̊.ŎÔòȰ��ɦ

ċ,=?´��'�6��):̗��)�ćʖ,+$!	�>,��.Ɗʲ,=?�

̬ǩȘG~m̊.ì?ũ'�ćʖ+Vh�.ư,%
'.ç̚�ȣ�+$!	�>,�

2016 š,/�Õ'. tRNA Dˍ̀ɭÙ˧Û,=?ȘÊ�'ʎˊɴDÚǧƃ�@�)
(�Vh�{dR\Dàì��Ð/ 1ɝ.G~m̊,Ŋŷ�'
!Vh�{dR\D�
ʺư.G~m̊,ì?ũ'@Ɗʲ,%
':̔ȿ�A! 63	�A,=?�̬ǩȘG~

m̊Dì?ũ'>A@Vh�.ư/�>,Įð��ǩȘG~m̊D̛ÿ�@�)+��

̬ǩȘG~m̊D˲ð�@�):ćʖ,+$!	 
 
1.3.4. \edv(3) ̬ǩȘ�����
�������
	����ŎÔ 
� ��6(˒ǀ�'�!=�,�ȱĢ(/�Ǩ�+̬ǩȘG~m̊,̂ȷćʖ+G~

mGZ� tRNA ċƃƊʲ)��AD̄¯ǆĉʴ,ì?ũ'@Ɗʲ�ɒɣ�A'
@	
Ȫ, in vitro.Ń̀,̚$'˄�0�Ƽ,�+?ʜȸţ.͂
̄¯ǆĉ.Ƭı�ćʖ
,+$'
@	 
� �����A(Õ'.̬ǩȘG~m̊�ʎˊɴ(æȷćʖ,+$!ˊ(/+
	Ǌ

ɼɁ,/��A A.̬ǩȘG~m̊���{`��2.˪˳)��{`��.˃ĺ

�@yvch˧³Ăŷ,�Ĩ˝)�'̂ċ�'
@�)
�ȡ��ʎˊ̂ċźDǿ9

@|I�g)+@ͅğ 3 �ǵ 	͆ȱĢ6(,�Ǩ�+G~m̊,%
'ʎˊĂŷ(æ
ȷćʖ(	@��ǣˋ�A'
@� 30,35,56,60,64-73��ƹ(�̬ǩȘG~m̊.ǧ˺,

%
':�É̐;�̐́ǟ.Ƚ+@ʛĴ+ɝ̹�ʏ�Ų@!9�ʎˊĂŷ2.̂ċź

�ǎ˂ǀ.G~m̊:�ǎ"ưĳ�ǳ�A'
@	�A,%
'/�G~m̊Ǹ,Ƚ

+@!9�1%�%ʎˊŎÔDǣˋ�@�)(ǀ>�,�'
��)�Ŷʼ(	@	 
 
1.4. ̬ǩȘG~m̊.Úì?ũ'Dæȷ�!Ǩ�+ŷȷɎɟ 
� «�.=�,�̬ǩȘG~m̊.Úì?ũ',Ŷʼ+�Ǩ�+Ɗʲ��A6(,̔

ȿ�A'
?�¥ƽ(/��ADȷ
!Ǩ�+ŷȷɎɟ�œ̔�A'
@	���!

ŷȷɎɟ/��,Ǯ. 4%.ƹĎź,à̹�@�)�(�@ͅğ 6 	͆1%Ʌ/�ȣɻ
ʕʎˊɴDȷ
'̬ǩȘG~m̊DŎÔ�@Ɏɟ(	@ 30,56,59,60,64-66,74-77	º�0�

Acetyl-Lysɩ.Á̽G~m̊D̆³ȪȽɁ,ŎÔ��ʎˊŰÁ̽a�pR˝DɆƟċ
ƃ�@�)(��.ǬʖD˂Ǖ�@Ɏɟ�	@	6!�ʮÓǩ˘�A!G~m̊DŎ

Ô�@�)(�FRETDȷ
'a�pR˝.ǧ˺ıõDǣß�@Ɏɟ:ʱCA'
@	
2%Ʌ.ƹĎź/�̬ǩȘG~m̊DĐ8a�pR˝ċƃD�in vivo%6?ɻʕÙ(
ʱ+�:.(	@ 41,67,78-82	º�0�ÓǙǫćʖ+G~m̊(	@ p-benzoyl-PheD
a�pR˝,ŎÔ�@�)(�ɻʕÙ(�.a�pR˝)ɇ¡·ȷ�@ɇƇàĻD�
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×ǋɿċ,=?Ġłõ��ʂʌɁ,˂Ǖ�@Ɏɟ�ĩĒ�A'
@	3%Ʌ.ƹĎź
/�̬a�pR˝G~m̊Dæȷ�'�̄¯ĻɽƢ�ȵȩ(GMO)��Ɏɟń;ŘĪ+
*.ŋ�˭9>A!ȴĭ�>ț�
�@�)D̗�!9.�"Genetic firewall"Dǧɰ
�@)
�Ɏɟ(	@ 83,84	ØµɁ,/�Ŷ̳.a�pR˝.̇â�,ɼǯVh�D

ŎÔ�'
����,̬ǩȘG~m̊Dì?ũ'@	�A,=?�̬ǩȘG~m̊.

ĽĢ�@Ɏɟń6/!ŘĪ.ħ̾Ǔ­(.7�Ŷ̳a�pR˝�ċƃ�A@!9

GMO �ȵʓ���ƹ�Ĳ̆ȴĭ(/Ǳ,ʝ@§ɽ7D·@�)�(�@	4 %Ʌ.
ƹĎź/�̬ǩȘG~m̊DĐ8ĳɝĳǨ+yvchDċƃ��˼õàĻŘľɁƇȂ

,=$'�ʬéÄʸDĹ9)�!ƸʾǬʖźyvchDĄŲ�@Ɏɟ(	@ 85-102	

Ǭʖźyvch2̬ǩȘG~m̊DŎÔ�@ɅɁ)�'�Ǌ:=�ʽ>A@.��Ȫ

ǲ+ŁʖĨDæȷ�!yvch.Ĵȴȫõ,=?�ðǻà˂ʑź.Ď�DǍů�@�

6!�yvch.ǧ˺,̂ţ+çɵD��@)
�:.(	@ 85-100	6!�ǩɁà

Ļ)ɇ¡·ȷ�@�)��9à�$'
@ǧ˺DÉ̐,Ɨ%̬ǩȘG~m̊DŎÔ

�@�)(�ǩɁɿċź.yvchDŲ>A@ćʖźD͂9!?�Ũ�ɿċ�@àĻ

�Ų>A@�)DǍů�!?�@ƅȻ:ȷ
>A@ 88,98,101	�>,�N-�c�G~
m̊ͅğ 7͆Dȷ
@�)(�yvch�̐.�̆D�c�õ��ɻʕʚ˵˿ź;ð
ǻà˂̉ɸ2.ʑź.Ď�DȬ�ƹȂ:	@ 85,89,92,95-97	 
� �ˇ.=�+Ǩ�+ƅȻ,Ĩ&
'�Ń̡,�̬ǩȘG~m̊DŎÔ�!Ĵȴȫ.

yvch�Iu���>�ǩɁɿċź.yvchD̔ȿ�@Ɏɟ(/�1Ǡ nMN�
b�.˂̥łư KDDƗ%yvch:ĳ�ĩĒ�A'
@

85,87-91,93,96,97	��(/�ɗ

ʜ˦�̖C$!ɎɟDº,ƙ��˒ǀ�!
	2013 š�̬ǩȘG~m̊(ClAc-Phe, 
N-methyl Phe, N-methyl His, D-Tyr, Cle)DĐ8Ĵȴȫyvch�Iu���>�ʰɭ
ÙɃɻʕĮǴĜĻąņµ II (VEGFRII),Ŋ�'ɿċ�@yvch.̃ƏDʱ+$!	
�.ɿǗ�VEGFRtF~��.��>�VEGFRII ,ȪȽɁ,ɿċ��2 nM ɜţ.
KD DƗ%yvch.ȯŲ,ƃï�!	�>,��.yvch/�ħ̾ɻʕDȷ
!

�f�Ń̀,=?�VEGFRII.ǬʖD̘Ņ�@�)(�h ɭƸȵD̘Ņ(�@�)�

ɕė�A'
@ 89	 
 
1.5. Ƹ!+yvchǧƃʼɸ)�'ȄɅ�A@ DµG~m̊�β-G~m̊ 
� ǐ˖Ƴ(/�yvch.ǧƃʼɸ)�'Ƹ!+G~m̊D˲ð�@�)(��Iu

���>.ƸʾǬʖźyvchĄŲɎɟ.ŷȷćʖźD�>,͂9@�)Dʏ�!	

�.ˁȡ�>ǋǌ+̬ǩȘG~m̊)�'ɊɅ�!.��DµG~m̊) β-G~m̊
(	@ͅğ 7 	͆ǩȘG~m̊�Õ' Lµ. α-G~m̊(	@.,Ŋ��DµG~m
̊/��̐DŪƃ�@ α-ȠɸD�ƴȡ)�!̑ÎȽźµ(	@	β-G~m̊/��̐
.Ƞɸư� α-G~m̊=?: 1 %ĳ
G~m̊(	@	è˱. N-�c�G~m̊D
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Đ9��A>.G~m̊/�̬ĵȤĤ.ǧ˺D�̐,Ɨ%̬ǩȘG~m̊,à̹�@

�)�(�@	«�(/�̬ ĵȤĤ.�̐́ǟDƗ% DµG~m̊; β-G~m̊��
yvch�Iu��.ǧƃʼɸ)�'æȷ(�@=�,+$!Īċ�*.=�+æȡ

�	@�,%
'˱3@	 
� 6��è˱. N-�c�G~m̊)ČǨ,�yvch.ðǻà˂̉ɸ,Ŋ�@ʑź
.Ď��Ǎů(�@	yvch�Iu���>.ǬʖźyvchĄŲɎɟ,

'�

yvch.ðǻà˂D̗��)/�̬Ş,̌ʼ+ę̷(	@	ǩȘG~m̊Dȷ
@

ɴ(/�̃Ə,=$'Ų>A!yvchD�ħ̾ɻʕDȷ
! in vivo Ń̀,æȷ�
!?�ʬé)�'ȵµÙ,ƌ��!?�@̡,�ȵȩ.ÙĢź.ðǻà˂̉ɸ,=$

'yvch�à˂�A'�6�)
�ę̷�ȿȵ�@	��,��̐́ǟ,Ȫǲ+ǧ

˺DƗ% D µG~m̊; β-G~m̊Dyvch2ŎÔ�@�)(�ÙĢź.ðǻà
˂̉ɸ,ˏ˘�A,��+@!9�à˂ʑź�ȯŲ�A@)ʏ�>A@	Ń̡�õľ

ċƃyvchDȷ
'à˂ʑź,%
'ǣˋ�!ÒʱɎɟ(/�ċƃyvch,Ǩ�

+ɝ̹.yvchðǻà˂̉ɸD·ȷ��!ɿǗ�ĵȤG~m̊.7�>+@yvc

h(/à˂�˼ʱ�@Ǔ­(:�DµG~m̊; β-G~m̊�>ƃ@yvch(/�
4)E*à˂�˼ʱ�+�$!�)�ĩĒ�A'
@ 33,103-107	Ȫ,�β-G~m̊,
%
'/�yvchDǧƃ�@G~m̊�Õ' β-G~m̊(+�):�α-G~m̊)
¢¡,̇ʋ�@�)(yvch.à˂ʑź�ȯŲ�A@�)�à�$'
@	DµG
~m̊; β-G~m̊Dʎˊɴ,=?yvch2ŎÔ�@�)(�ȵµÙ(̒ǂ̕Ŀł
,ĽĢ��ǬʖDÀƗ(�@yvch��Iu��)�'ȷž(�@=�,+@	�

A,=?�Ǭʖźyvch�Iu��.ŷȷćʖź/�>,Ĵ��Ţ�@)Ǎů�A

@	 
� 6!�DµG~m̊; β-G~m̊�ŎÔ�A!yvch(/�˸ Ş.yvch)Ƚ

+@ǧ˺DŪƃ(�@�)�ĩĒ�A'
@	º�0w�dR\ǧ˺(/�˸ Ş. α-
G~m̊.·@w�dR\ǧ˺� 3.6ǳĨ( 1ě˧�@.,Ŋ��β3-G~m̊(/ 3
ǳĨ( 1ě˧�β3-G~m̊�β2-G~m̊.Ȏċ̐(/ 2.7ǳĨ( 1ě˧)+@�)
��)�Ɍ>A'
@ 108	D µG~m̊(	A0�˸Ş.yvch.̑Î,ũ!@
ɣµǧ˺)+@	�.=�+˸Ş)Ƚ+@Ȫǲ+ǧ˺��yvch.Ǭʖź,Ŋ�'

*.=�+ū̯D��@.�/ǎɌ(	@���ʠɁ,˼õàĻŘľ,

'/�í

ß�@àĻ.ǧ˺Ɂ+ĳǨź�͂
4*�=?ɅɁ)�@Ǭʖ.͂
àĻ�Ų>A;

��+@)ʏ�>A@!9�Ǩ�+ǧ˺Dȵ7ß�@�)/��dg)+?Ų@	�

A>.G~m̊.ŎÔ,=$'�Ȫǲ+ǧ˺.yvch�Ų>A@=�,+A0�D
µG~m̊�β-G~m̊DĐ8yvch�Iu��.Ƹ!+æȡ)+@ćʖź�	@	 
 
1.6. DµG~m̊�β-G~m̊.ʎˊɴ2.̂ċź.ǣˋ 



 11 

� «�.=�,��̐́ǟ�Ȫǲ+ DµG~m̊�β-G~m̊Dyvch�Iu��
,ŎÔ�@��dg/̬Ş,Ĵ�
!9��A>.G~m̊.ʎˊɴ2.̂ċź,%


'Ɏɟ�@�)/̬Ş,žʍȍ
	�A6(,�DµG~m̊�β-G~m̊.yv
ch2.ʎˊŎÔ,%
'/�ǣˋ�!Ɏɟº�
�%�ĩĒ�A'
@ 27-34,70,109	

�.ɿǗ,%
'/�ĨǐɁ,�Ċɤ(ˎ��˂˒�@�ͅ D µ͇ 3.1.1.Āȥ�β͇ 4.1.1.
Āȥ �͆��(ɿ˖"�D˱3A0�ÒʱɎɟ.ǣˋÙņ/«�.ȡ(�Ñà(	$

!	ǣˋ,ȷ
>A!G~m̊.É̐�Ő+
ȡ)�ʺư.ÒʱɎɟ(ɿǗ,�ʞ�

+
̆à�	$!ȡ(	@	��(ǐ˖Ƴ.ɧ 2�ɧ 3.e�})�'�DµG~m
̊�β-G~m̊.ʎˊɴ2.̂ċź.ǣˋDʱ+��))�!	�.̡�DµG~m
̊( 19ɝ̹�β-G~m̊( 16ɝ̹.É̐DƗ%G~m̊Dȷž��ʎˊɴ2.̂ċ
źDʂʌɁ,ǣˋ(�@=�,ɎɟD˅ȹ�!	�.Ùņ,%
'/�3ɤͅDµG
~m̊͆
=1 4ɤͅβ-G~m̊͆(˒ǀ�@	 
 
1.7. tRNA.G~mGZ�õòȰȖłȂ.ɒɣ 
� ��6(˱3'�!=�+̬ǩȘG~m̊.ŎÔŃ̀,

'/�̬ ǩȘG~m̊

D˪˳�@ tRNA.G~mGZ�õòȰ�̌ʼ,+@	�A/�̬ǩȘG~mGZ�
tRNA DɴĲ(˕ʹ�@ɴ(/�G~mGZ� tRNA .ãǍȝţ�ŎÔ̎,ū̯�@
!9(	@	�.!9�tRNA .G~mGZ�õòȰDˌ¼���ADǊĴõ�@�
)�Ŷʼ,+@	����űǔ.G~mGZ�õòȰȖłȂ(/��̆.G~m̊,

%
'�ǰɒ+G~mGZ�õòȰȖł�ĝ̦(	@)
�ę̷�	$!
35,46,51,54,110,111	��(�=?Ţɯ+G~m̊,̂ȷćʖ+�Ƹʾ.G~mGZ�õò

ȰȖłȂDɒɣ�@�)D�ǐ˖Ƴ.ɧ 4.e�})�'ɎɟDʱ+$!	�.Ùņ
,%
'/�5ɤ(˒ǀ�@	 
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ğ 1� ʜȤȺ(.̄¯ǆĉƬı	 

˸Ş.ȵȩ.ǝUm�.ʎˊ,
�@̄¯ǆĉƬıDğ,6)9!	ğ,ɕ�! 3h�I�ͅɉǝȵ

ȩ�Ćɻʧ�ɉǰɻʧ͆/��.�#.�̆.ȵȩ,

'�Ƭı�ĩĒ�A'
@�)Dʴ�	+


��.ğ/�ĀʏƳȮ 1, 2DÐ,·ƃ�!	 
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ğ 2� P�� tRNA,=@ǩȘG~m̊.Úì?ũ'	 

˸Ş.G~mGZ� tRNAċƃ̉ɸ(ARS)(/�G�cVh�:ˏ˘̆³,Đ6A@	�ƹ��̆.

ARS�Ȫ, LeuRS, SerRS, AlaRS(/G�cVh��ˏ˘�A+
!9�G�cVh�D¨. tRNA

�>ɛǢ�@�),=?�˸Ş)Ƚ+@G~m̊DVh�,Úì?ũ'(�@	 
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ğ 3� ¤ȢɁ+̬ǩȘG~m̊.Úì?ũ',ʝ@6(. 3%.\edv	 

1%Ʌ/�̬ǩȘG~m̊,=@G~mGZ� tRNA.ċƃ(	@	̬ǩȘG~m̊/�ÙĢź.G~

mGZ� tRNAċƃ̉ɸ,=$'G~mGZ�õ(�+
!9�̬ ǩȘG~m̊) tRNA�>�G~m

GZ� tRNAD˕ʹ�@Ŷʼ�	@	2%Ʌ/�̬ǩȘG~m̊.̄¯ǆĉ2.ì?ũ'(	@	̬ǩ

ȘG~m̊,Ŋŷ�@Vh�Dȷž�@!9�̄¯ǆĉ.ƕŧ;̄¯ǆĉ.�v�S�~�S�æȷ

�A@	3%Ʌ/�̬ǩȘG~m̊.�{`��,=@yvch2.ŎÔ(	@	�{`��(/�ǩ

ȘG~m̊«Ĳ,:Ĩ˝)�'ą�ÔAćʖ+G~m̊�Ɍ>A'
@��Õ'.̬ǩȘG~m̊D

ˉņ(�@ˊ(/+
	�.ȡ,%
'/�ʎˊɴ(¹ȷ�!
̬ǩȘG~m̊Ǹ,ŎÔćʖ�ǣˋ

�@Ŷʼ�	@	  
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ğ 4� ȷ
@G~m̊.ɝ̹D̚ł�A+
G~mGZ� tRNAċƃ	 

(A) õľċƃ)̉ɸĂŷDċC�!G~mGZ� tRNA ċƃȂ	Ǐɥ. 2 ĬĨ CA Dǭ
! tRNA 

(tRNA-CA) ,%
'/�̱ ̀ɭÙ˧Û,=?·ʹ�@	CA. 2ĬĨ,G~m̊Dɿċ�!:.ͅ pdCpA-

G~m̊͆,%
'/�õľċƃ,=?·ʹ�@	�A>D T4 RNA ligase,=?�IU�Z���

'G~mGZ� tRNADŲ@	(B) FlexizymeDȷ
!G~mGZ�õȂ	ɱ½,õľċƃ�ćʖ+G

~m̊Ȉźõµͅcyano methyl ester (CME)µ6!/ dinitro benzyl ester (DBE)µ͆)�ˍ̀ɭÙ˧Û

,=$'·ʹ�! tRNA�FlexizymeDȎċ�@�)(�G~mGZ� tRNADŲ@	 
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ğ 5� ̬ǩȘG~m̊D̄¯ǆĉ2ì?ũ'@ƹȂ	 

(A) ̄¯ǆĉ.ƕŧ	̬ ǩȘG~m̊(X1)Dȷ
'�ɼǯVh�ͅ ğ(/ UAGVh� ,͆Ŋŷ�@ tRNA

,G~mGZ�õ�@	�AD�Úǧƃȣɻʕʎˊɴ6!/Ƒßȣɻʕʎˊɴ,ȏð�'ʎˊDʱ�

)�̬ǩȘG~m̊� UAGVh�,Ŋŷ�'yvch2ŎÔ�A@	ǐǔ.̄¯ǆĉ,�Ƹ!+ 1ɝ

̹.̬ǩȘG~m̊�ðC@.(�“̄¯ǆĉ.ƕŧ”)ĕ0A@	(B) ̄¯ǆĉ.�v�S�~�S	

̬ǩȘG~m̊(X1, X2, X3)Dȷ
'�̂ �\Vh�ͅ ğ(/ UCC, ACA, CUCVh� ,͆Ŋŷ�@ tRNA

,G~mGZ�õ�@	�AD�Ser, His, Leu,Ŋŷ�@G~mGZ� tRNAċƃ̉ɸDĐ6+
Ú

ǧƃȣɻʕʎˊɴ,ȏð�'ʎˊDʱ�)�̬ǩȘG~m̊� UCC, ACA, CUCVh�,Ŋŷ�'y

vch2ŎÔ�A@	ǐǔ.̄¯ǆĉ�>�3ɝ̹.ǩȘG~m̊� 3ɝ̹.̬ǩȘG~m̊,ʋ�

ƢC@.(�“̄¯ǆĉ.�v�S�~�S”)ĕ0A@	  
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ğ 6� ̬ǩȘG~m̊.Úì?ũ'Dæȷ�!ŷȷɎɟ	 

̬ǩȘG~m̊.Úì?ũ'Dæȷ�!ŷȷɎɟD 4%.ƹĎź,à�'ğ,ɕ�!	1%Ʌ͇ȣɻ

ʕʎˊɴDȷ
'̬ǩȘG~m̊Da�pR˝,ŎÔ�@Ɏɟͅř� 	͆2%Ʌ͇̬ǩȘG~m̊DĐ

8a�pR˝ċƃD in vivo(ʱ�ɎɟͅĈ� 	͆3%Ʌ͇̬ǩȘG~m̊�ȵʓ,Ŷ̳.̄¯ĻɽƢ�

ȵȩD·ʹ��ŋ�˭9ȴĭ�>.țȇD̗�Ɏɟͅř� 	͆4%Ʌ͇̬ǩȘG~m̊DĐ8yvch

�Iu���>ƸʾǬʖźyvchDĄŲ�@ɎɟͅĈ� 	͆ 
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ğ 7� ǐ˖Ƴ(Ɖ�G~m̊	 

a�pR˝Dǧƃ�@ 20ɝ̹.ǩȘG~m̊,Ŋ�'��A«Ĳ.G~m̊/�Õ'̬ǩȘG~m̊

(	@	̬ǩȘG~m̊/��.Ȫǲ+ǧ˺��É̐,	@:.)��̐,	@:.,Ĵå(�@	

ǐɎɟ(Ɖ�̬ǩȘG~m̊/Ȫ,Űʐ.��̐,Ȫǲ+ǧ˺DƗ%̬ǩȘG~m̊(	@	 
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2.1. ŎÔ 
 
2.1.1. ü̝+̄¯Ļ.țȇD̗�ƅȻ 
� ̄¯Ļɽ7Ƣ�ȵȩ(Genetic modified organisums: GMO)�>�ȴĭ�2ü̝+̄
¯Ļ�țȇ�@.D̗��)/�oINeRm�[�Ɏɟ,
�@Ǌ:̌ʼ+˔̷.

1 %(	@ 112-116	�A6(,:�ĳ�.ɎɟS��v��űŔǛ̾ź 117-119;ʜǱ

\Idc 120-122Dæȷ�!ȵȩľɁŋ�˭9Dȷ
'��GMO�>̄¯Ļ.ț�
D
̗�!9.̗į�D̔ȿ�!�)DĩĒ�'
@	�A>.ƇȂ(/�GMO ,�Ȫ
ł.̬ĵȤ.àĻ�ȣ
)ȵ�>A+
§ɽ7Dɽ7˭8�)(�GMO �ȴĭ�(
ȵʓ�@.D̗�	�����A>.ƼĽ.ƇȂ/�GMO .Âµ.ț�
D̗�Ʌ
Ɂ.:.(	@!9�GMO �>ü̝+̄¯Ļ�ȴĭ�,țȇ�@.D̗�òǗ/Ɨ
!+
ͅğ 8A 	͆ØµɁ,˒ǀ�@)�ȴĭ�,țȇ�! GMO��Âµ)�'/Ǳ
Ț�!)�':��.ǂȡ(�GMO.Ɨ%̄¯Ļ/ȴĭ,ƭß�A'�6$'
?�
̄¯Ļ.ǻŠ¯Ƨ,=$'ȴĭ�.ȵȩ,Ą?˭6A�ƕƯ�@ćʖź�	@ 123-125	

ƼĽ.ȵȩľɁŋ�˭9.�#�̄¯Ļ.țȇ,Ŋ�':òǗDƗ%:.)�'/�

˯š̔ȿ�A!�ƕŧ̄¯ǆĉDæȷ�!ƹȂ�ƙ�>A@ 83,84,126,127	�.ƹȂ(

/�ȵʓ,Ŷ̳.̄¯Ļ.̇â�, UAGVh�DŎÔ����,̬ĵȤG~m̊D
ì?ũ'@�)(�˷ �, UAGVh�DĐ8̄¯Ļ�>Õ̒a�pR˝Dȿȱ�@	
¬,��.̄¯Ļ�ȴĭ�.ȵȩ,Ą?˭6A':�ɍ
a�pR˝��Ų>A+


!9�̄¯ĻțȇD̗�Ƈǵ)�'ƃɣ�'
@	�����.ƹȂDȷ
':�ț

ȇD̗�@./ UAGVh�DĐ8̄¯Ļ,̚ł�A'
?�ȱǵ̟(�Õ'.̄¯
Ļ,Ŋ�'ț�
D̗ǯ(�@§ɽ7/ɒɣ�A'
+
	 
� ��(ǐɎɟ(/�ǩȘ̄¯ǆĉ)Ɇ¢źDƗ%G~m̊ÔAǉ�̄¯ǆĉDǧɰ

�@�)(��GMO�>Õ'.̄¯Ļ.ț�
D̗�!9.̗į�)�@�Ƹ!+ƅ
ȻDơǡ�@ͅğ 8B 	͆G~m̊ÔAǉ�̄¯ǆĉ(/�ǩȘ̄¯ǆĉ.�̆.G~
m̊�ɇ¡,ÔAǉ�>A'
@	G~m̊ÔAǉ�̄¯ǆĉ,Ĩ&
'V�h�!

̄¯Ļ(/��̆.G~m̊(Vh��ÔAǉ�'̇ʋ�A'
?��A�ʎˊ.̡

,ÚţÔAǉ�>A@�),=?�ɿǗɁ,Ǭʖź.a�pR˝�ȿȱ�@	����

G~m̊ÔAǉ�̄¯ǆĉ,Ĩ&
'V�h�!̄¯Ļ�ȴĭ�,țȇ�':�˸ Ş

.ȵȩ.Ɨ%ʎˊɴ(/�ʎˊǂ.G~m̊.ÔAǉ��ˠ�>+
!9�!��E

.G~m̊ʋƢDĐ8�Ȉź+a�pR˝�ċƃ�A@)ʏ�>A@	ČǨ,�˸Ş

.̄¯Ļ�G~m̊ÔAǉ�̄¯ǆĉ,=?ʎˊ�A':�;/?ĳ�.G~m̊ʋ

Ƣ�ˠ�@!9��Ȉź+a�pR)+@	«�.þȳ,=$'�G~m̊ÔAǉ�

̄¯ǆĉ/�ǩȘ̄¯ǆĉ)Ɇ¢źDƗ#�Õ'.̄¯Ļ,Ŋ�'țȇD̗�̗į)

�'Ǭʖ�@�),+@	 
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2.1.2. G~m̊ÔAǉ�̄¯ǆĉ.ǧɰƹȂ 
� G~m̊ÔAǉ�̄¯ǆĉ)ǩȘ̄¯ǆĉ.Ɇ¢ź,%
'�Ń̀Ɂ,ˋǀ�@!

9�ǐɎɟ(/�ȣɻʕʎˊɴDȷ
'�Ǯ. 2ɝ̹.G~m̊ÔAǉ�̄¯ǆĉ.
ǧɰDʱ$!͇Ser, Leu�ÔAǉ�>A! SL̄¯ǆĉ)�Ser, Leu, Ala�ɇ¡,Ô
Aǉ�>A! SLĀ¯ǆĉ(	@ͅ ğ 9 	͆ōǔ�G~m̊ÔAǉ�̄¯ǆĉD in vivo
(ǧɰ�@�)Dʿ̍,ÔA'�ʎˊĂŷǂ,G~m̊�ÔAǉ�>A@§ɽ7)�

'�è˱.ͅ1.2.Āȥ �͆tRNA.G�cVh�DÔAǉ�@ƹȂDȷ
!	�ƹ�õ
ľĂŷ)̉ɸĂŷD¸ȷ�!G~mGZ� tRNAċƃ; 25�Flexizyme35D¹ȷ�!�

̄¯ǆĉ.�v�S�~�S+*.�in vitroɎɟ(.7æȷćʖ+ƹȂ,%
'/�
¹ȷ�+�$!	 
� Ĵʙʧ. Ser, Leu, Ala,Ŋŷ�@G~mGZ� tRNAċƃ̉ɸ(/�tRNA.ˏ˘
̴ĥ,G�cVh�DĐ6+
!9ʜȸ,G�cVh�DıǇ(�@ 8-11	ǐɎɟ(

/�tRNASer, Leu, Ala.{fHD�.66,�G�cVh�Dɇ¡,¢Ƣ�!P�� tRNA
D·ʹ�@�)(�ʎˊĂŷǂ.G~m̊ÔAǉ�Dʱ��))�!	�A6(,:�

¤ȢɁ,P�� tRNAD·ʹ�@�)�ArgVh�6!/ SerVh�D Leu,=$'
�ǈ��!ȵȩD·ʹ�@�)
�ǧŽ�ơǡ�A'
@ 128,129	6!�è˱.˸?�

ʜȤȺ,

':�ČǨ.§ɽ7(̄¯ǆĉ.Ƭı�ȵ�'
@�)�Ɍ>A'
@
3-6	!"��ƼĽ.ơǡ
=1ʜȤȺ(ĩĒ�A'
@G~m̊.Úì?ũ'/��

ƹĎɁ+:.(	?�G~m̊�ɇ¡,ÔAǉ�>A!:.(/+
	6!�Ȫł.

G~m̊DƘł�@Vh�.Õµ�Úì?ũ'�A@.(/+���ˇ.º(	A0�

LeuVh� CUH, UUR;�ArgVh� CGN/�ǩȘ̄¯ǆĉ.ƘłDÀ$!66ǳ
�A'
@	�.!9�Úì?ũ'�A! ArgVh� AGR; LeuVh� CUGDƗ
!+
 mRNA (/�ǩȘ̄¯ǆĉ(:�Ƹʾ.̄¯ǆĉ(:�Č�G~m̊̇âD
Ɨ$!a�pR˝)�'ʎˊ�A@	�A,Ŋ�'�ǐɎɟ. SL̄¯ǆĉ; SLĀ
¯ǆĉ(/�G~m̊.Úì?ũ'/�ƹĎ(	?�ɇ¡,ÔAǉ�>A!Ū)+@

)
�ȪŴ�	@	6!�Ser, Leu, AlaDƘł�@Vh�.Õ'/ɇ¡,ÔAǉ�>
A'
@!9��A>.G~m̊DĐ6+
̄¯ĻD̛��45Õ'.a�pR˝(

G~m̊.ÔAǉ��ˠ�@)ʏ�>A@	 
� �>,ǐɎɟ(/�G~m̊ÔAǉ�̄¯ǆĉDƗ%ȵȩD̔ȿ�@!9.ƇȂ)

�'��2ǵ̟Vh�ʋƢȂ�Dơǡ�@	�.ƹȂ(/�6�ǩȘ̄¯ǆĉ�>�V
h�̣ɵ̄¯ǆĉ�2)ıƢDʱ
��>,G~m̊ÔAǉ�̄¯ǆĉ2.ıƢDʱ

��)(�1%.Vh�, 2ɝ̹.G~m̊�ì?ƚ>A'
@)
��ȵȩ,)$
'ʞǱɁ+ȫȁDɾ@�)+��G~m̊ÔAǉ�̄¯ǆĉDƗ$!ȵȩD·ʹ�@

�)�ćʖ,+@)ʏ�>A@	  
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2.2. Ǒƶ)ƹȂ 
 
2.2.1. RNaseP.˕ʹ 
� C5 protein .ȿȱ)ɳʹ͇6��Ĵʙʧ JM109 .ƑßUm��>�C5.F29 
(5′-GCTTGCCATA TGGTTAAGCT CGCATTTCC-3′)) C5.R32 (5′-GCAACGCTCG 
AGGGACCCGC GAGCCAGGCGAC-3′).v�I}�^dgD¹ȷ��PCR ,=?
C5a�pR˝̄¯ĻDĮş�!	Įş�! DNAD�NdeI) XhoI(ç̉̚ɸÞȳ�
!Ű�ČǨ, NdeI) XhoI(ç̉̚ɸÞȳ�! pET21a(+)xRa�,�R��j�S
�!	Ų>A!v�\~hD�Ĵʙʧ BL21 (DE3) LysSǜ,Ū˝˧Ƣ��100 µg/mL 
ampicillin�20 µg/mL chloramphenicol�2% glucoseDð�! LBv��g,īŜ�!	
Ų>A!V�j�Dɡ
'�100 µg/mL ampicillin�20 µg/mL chloramphenicol�5% 
glucoseDð�! LB 3 mL,Ǣʧ��37ºC(�ǃħ̾�!	Ų>A!ħ̾ȌD�100 
µg/mL ampicillin�20 µg/mL chloramphenicol�5% glucoseDð�! LB 300 mL,ȏ
ð��37ºC(ħ̾�!	Ȝţ A600 = 0.7,+$!ǂȡ(�ɼȝţ 0.5 mM( IPTGD
ȏð��25ºC (�ǃħ̾�@�)(�a�pR˝.ȿȱDːŎ�!	�.Ű�ʧµ
D́ŵ,=?̣ʧ��Ų>A!ȀǶD�șʧ buffer (20 mM Hepes-K pH 7.8, 10 mM 
imidazole pH7.8, 300 mM KOAc, 0.2 mM DTT, 1 mM PMSF),ÚƂȜ��ˡ̮ȃ,=
?ɐɏ�!	ɑĿȀǶDʱ
�Ų>A!y�dgD buffer A (20 mM Hepes-K pH 7.8, 
300 mM KOAc, 0.2 mM DTT, 10 mM MgCl2, 1 M NH4Cl, 0.25% Tween20),ÚƂȜ�
!	ʁ
'�́ŵḁ̀)tH�a,=@Ȟ˿Dʱ+$!ȌDǮ.R�}gS�tHɳ

ʹ2ȷ
!	GtHjeHR�}gS�tHɳʹ,/�NGC chromatography system 
(Bio-Rad),Ɵʁ�!�IMACO�� (BioRad, CA, USA)Dȷ
!	6��buffer A(
O��DŠʳõ���˱.ȞȌDO��2ƈ#˭E"	ʁ
'�O��D buffer A�
buffer B (20 mM Hepes-K pH 7.8, 10 mM imidazole pH 7.8, 300 mM KOAc, 10 mM 
MgCl2, 0.2 mM DTT)(ȆȊ��ǊŰ,�buffer C (20 mM Hepes-K pH 7.8, 300 mM 
AcOK, 10 mM MgCl2, 250 mM imidazole, 0.2 mM DTT)(a�pR˝.șßDʱ+$
!	șßȌ,ɼȝţ 20%( glycerolDȏð��–80ºC(ÀĽ�!	a�pR˝ȝţ/�
G~m̊ɽƃ�>˅ɬ�!��đÓ¾ưDȷ
'�đă A280,=$'ǿł�!	 
� M1RNA .˕ʹ͇6��Ĵʙʧ JM109 .ƑßUm��>�T7M1-RNA.F37 
(5′-TAATACGACT CACTATAGAA GCTGACCAGA CAGTCGC-3′)) M1RNA.R22 
(5′-AGGTGAAACT GACCGATAAG CC-3′).v�I}�^dgD¹ȷ��PCR,=
? M1RNĀ¯ĻDĮş�!	Įş�! DNAD�NdeI) XhoI(ç̉̚ɸÞȳ�!
Ű�ČǨ, EcoRV(ç̉̚ɸÞȳ�! pCR4xRa�,�R��j�S�!	Ų>
A!v�\~h�>�pGEM-Tseq.F20 (5′-GGAAACAGCT ATGACCATGA-3′))
M1RNA.R22 (5′-AGGTGAAACT GACCGATAAG CC-3′).v�I}�^dgD¹ȷ
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��2�J�h. PCR,=? M1RNĀ¯ĻDĮş�!	1st PCR.Ǔ­/«�.˸
?͇1x PfSH buffer [10 mM Tris-HCl (pH 8.4), 100 mM KCl, 0.1% (v/v) Triton X-100, 2 
mM MgSO4], 0.2 mM each dNTP, 0.5 µM each�v�I}�, 0.2 ng/µL pCR4-M1, 2 
nM Pfu-S DNA polymerase130	1st PCRXIR�/«�.=�͇[95ºC 20ə, 55ºC 20
ə, 72ºC 30ə] x12XIR�	2nd PCR (1600 µL).Ǔ­/«�.˸?͇ 1x PfSH buffer, 
0.2 mM each dNTP, 0.5 µM each�v�I}�, 1st PCRȶȩ 4 µL, 2 nM Pfu-S DNA 
polymerase	2nd PCRXIR�/«�.=�͇ [95ºC 20ə, 55ºC 20ə, 72ºC 30ə] x12
XIR�	Ų>A! DNA /�Ǯ.˧ÛĂŷȌ,ɆƟȏð�!	M1 RNA (8000 µL)
.˧ÛĂŷ.Ǔ­/«�.˸?͇1x T7 buffer [40 mM Tris-HCl pH 8.0, 1 mM 
spermidine, 0.01% Triton X-100], 10 mM DTT, 30 mM MgCl2, 5 mM each NTP, 2nd 
PCRȶȩ 1600 µL, 0.3 µM T7RNA polymerase	�.șȌD�37ºC( 5ǂ̕I�P
�x�Z���!Ű�˧ÛȶȩD�phenol/chloroformƑß) 2ě. isopropanolȀǶ
,=?ɳʹ�!	 
� RNase P.Úǧƃ͇ 6��1x T7 buffer, 10 mM DTT, 120 mM NH4Cl, 20 µM M1-RNA
DĐ8șȌ(8 µL)D˕ʹ��95ºC( 5àI�P�x�Z���!Ű�25ºC,Üý�
!	��,�0.3 M MgCl2 0.32 µL, 130 µM C5 protein 1.2 µLDȏð�@�)(�RNase 
PDÚǧƃ�!	�.Ű�RNase P,=@ʜśáƷD̅�@!9�Ų>A! RNase P
șȌ/�Ɇ#, tRNA˧ÛĂŷȌ,ȏð�!	 
 
2.2.2. T7-tRNA^dg.˕ʹ 
� Ċ T7-tRNA.˕ʹ͇T7-tRNA.̏Ĥ DNA/�ʴ 1,ɕ�N�WkR�NchͅĬ
Ĩ̇â,%
'/ʴ 2DĀȥ͆. ExtensionĂŷ�ʁ
'�ʴ 1,ɕ�v�I}�D
¹ȷ�! 2 �J�h. PCRͅĬĨ̇â,%
'/ʴ 2 DĀȥ͆,=$'˕ʹ�!	
ExtensionĂŷ(20 µL).Ǔ­/«�.˸? 1͇x PfSH buffer, 0.2 mM each dNTP, 1 µM 
each�v�I}�, 2 nM Pfu-S DNA polymerase	ExtensionĂŷ.XIR�/«�
.=�͇95ºC 1à.Ű�[50ºC 1à, 72ºC 1à] x5XIR�	1st PCRĂŷ(100 µL)
.Ǔ­/«�.˸?͇1x PfSH buffer, 0.2 mM each dNTP, 2% DMSO, 1 µM each�
v�I}�, Extensionȶȩ 2.5 µL, 2 nM Pfu-S DNA polymerase	1st PCRXIR�
/«�.=�͇ [95ºC 20ə, 50ºC 20ə, 72ºC 30ə] x5XIR�	2nd PCRĂŷ(200 µL)
.Ǔ­/«�.˸?͇1x PfSH buffer, 0.2 mM each dNTP, 2% DMSO, 1 µM each�
v�I}�, 1st PCRȶȩ 10 µL, 2 nM Pfu-S DNA polymerase	2nd PCRXIR�/
«�.=�͇[95ºC 20ə, 50ºC 20ə, 72ºC 30ə] x12XIR�	Ų>A! DNA/�
Ǯ.˧ÛĂŷȌ,ɆƟȏð�!	T7-tRNA (2000 µL).˧ÛĂŷ.Ǔ­/«�.˸?
ͅ!"��tRNATrp, tRNAGln, tRNAProD̛�͇͆ 1x T7 buffer, 10 mM DTT, 22.5 mM 
MgCl2, 5 mM GMP, 3.75 mM each NTP, 2nd PCRȶȩ 200 µL, 0.12 µM T7RNA 
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polymerase	�.șȌD�37ºC(�ǃI�P�x�Z���!Ű�0.005 U/µL DNaseI, 
2 mM MnCl2Dȏð��37ºC ( 2 ǂ̕I�P�x�Z���!	Ų>A!ȶȩ/�
phenol/chloroformƑß) 2ě. isopropanolȀǶ,=?ɳʹ�!	ɳʹ�! T7-tRNA
/�ˡɶǻ,ș˂��NanoDrop àÓÓţ˅ ND-1000 D¹ȷ�'ȝţDǿł�!	
tRNATrp, tRNAGln, tRNAPro (2000 µL).˧ÛĂŷ.Ǔ­/«�.˸?͇1x T7 buffer, 10 
mM DTT, 22.5 mM MgCl2, 5 mM GMP, 3.75 mM each NTP, 2nd PCRȶȩ 200 µL, 
0.12 µM T7RNA polymerase, RNase Pͅ tRNAGln, tRNAPro.Īċ/ 0.4 µM RNase P�
tRNATrp.Īċ/ 0.8 µM RNase P)�! 	͆Ăŷȕţ�ǂ̕�DNaseIÞȳ�tRNA.
ɳʹ�ȝţǿł.Ƈ̲/��˱.¨. tRNA .Īċ)ČǨ,ʱ$!	Ų>A! tRNA
.̇â,%
'/�ʴ 1,ɕ�!	 
� tRNA ^dg.˕ʹ͇21 ɝ. T7-tRNA D(tRNAAla

GGC, tRNAArg
GCG, tRNAAsn

GUU, 
tRNAAsp

GUC, tRNACys
GCA, tRNAGlu

CUC, tRNAGly
GCC, tRNAHis

GUG, tRNAIle
GAU, tRNALeu

GAG, 
tRNALys

CUU, tRNAini
CAU, tRNAMet

CAU, tRNAPhe
GAA, tRNASer

GGA, tRNAThr
GGU, tRNATyr

GUA, 
tRNAVal

GAC, tRNAGln
CUG, tRNAPro

GGG, tRNATrp
CCA)Dɽ7ċC�'�mini-Std T7-tRNA

^dgD˕ʹ�!	SL T7-tRNA^dg.˕ʹ(/�mini-Std T7-tRNA^dg.�#�
tRNALeu

GAG, tRNASer
GGA,ª�'�tRNALeu

GGA, tRNASer
GAGD¹ȷ�!	SLA T7-tRNA

^dg.˕ʹ(/�mini-Std T7-tRNA ^dg.�#� tRNALeu
GAG, tRNASer

GGA, 
tRNAAla

GGC,ª�'�tRNALeu
GGA, tRNASer

GGC, tRNAAla
GAGD¹ȷ�!	�.ǂ�Ċ tRNA

.ȝţ/ 25 µM)�!	Ų>A! tRNAșȌ/�ʎˊĂŷ,¹ȷ�@Ɇè,�95ºC
( 5 àI�P�x�Z���!Ű�25ºC ,Üý�@�)(�tM��fH�SDʱ

��.Ű 1ǂ̕«Ù,ʎˊĂŷ,¹ȷ�!	 
 
2.2.3. mRNA.˕ʹ 
� �f�yvchDV�h�@ mRNA .˕ʹ͇�f�yvch.̏Ĥ DNA /�
T7esD6MYYY.F55) Y3xDDRD_nnnXaa.R44. 2ǐ.N�WkR�NchͅĬĨ̇
â,%
'/ʴ 2DĀȥ .͆ ExtensionĂŷ�ʁ
'�T7ex5.F22) DRDu-aaAS.R20
D¹ȷ�! PCRͅĬĨ̇â,%
'/ʴ 2DĀȥ͆,=$'˕ʹ�!	ExtensionĂ
ŷ(20 µL).Ǔ­,%
'/�T7-tRNA.˕ʹǂ)ČǨ(	@	PCRĂŷ(200 µL).
Ǔ­/«�.˸?͇1x PfSH buffer, 0.2 mM each dNTP, 2% DMSO, 1 µM each�v
�I}�, Extensionȶȩ 1 µL, 2 nM Pfu-S DNA polymerase	PCRXIR�/«�
.=�͇[95ºC 20ə, 50ºC 20ə, 72ºC 30ə] x12XIR�	Ų>A! DNA/�Ǯ.
˧ÛĂŷȌ,ɆƟȏð�!	mRNA (1000 µL).˧ÛĂŷ.Ǔ­/«�.˸?͇1x T7 
buffer, 10 mM DTT, 25 mM MgCl2, 5 mM GMP, 5 mM each NTP, PCRȶȩ 200 µL, 
0.12 µM T7RNA polymerase	�.șȌD�37ºC(�ǃI�P�x�Z���!Ű�
phenol/chloroformƑß) 2ě. ethanolȀǶ,=?ɳʹ�!	ɳʹ�! mRNA/�
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ˡɶǻ,ș˂��NanoDropàÓÓţ˅ ND-1000D¹ȷ�'ȝţDǿł�!	 
� �f�a�pR˝(GFP, Streptavidin)DV�h�@mRNA.˕ʹ͇ GFP.̏ĤDNA
/�T7Aex.F24) GFPuv.R30D¹ȷ�! PCRͅ ĬĨ̇â,%
'/ʴ 2DĀȥ ,͆

=$'˕ʹ�!	PCRĂŷ (1000 µL).Ǔ­/«�.˸?͇1x PfSH buffer, 0.2 mM 
each dNTP, 2% DMSO, 0.375 µM each �v�I}�, ċƃ̄¯ĻͅGenscript 
(Piscataway, USA), Integrated DNA Technolo-gies Inc (Coralville, USA)�>˞Ô	̇
â/�ğ 10B DĀȥ ; GFP_mini-Std, GFP_SL, GFP_SLA), 2 nM Pfu-S DNA 
polymerase	PCRXIR�/«�.=�͇[95ºC 20ə, 50ºC 20ə, 72ºC 1à] x12
XIR�	Ų>A!ȶȩ/�phenol/chloroformƑß) 2ě. isopropanolȀǶ,=?
ɳʹ��10 mM Tris-AcOH pH7.8 (100 µL),ș˂�!	ʁ� mRNA (1000 µL).˧Û
Ăŷ.Ǔ­/«�.˸?͇1x T7 buffer, 10 mM DTT, 30 mM MgCl2, 5 mM each NTP, 
ɳʹ PCRȶȩ 100 µL, 0.12 µM T7RNA polymerase	�.șȌD�37ºC(�ǃI�
P�x�Z���!	ɳʹ�ȝţǿł.Ƈ̲/��˱. tRNA.Īċ)ČǨ,ʱ$!	 
Streptavidin,%
'/�ĨǐɁ,�ˇ.Ƈ̲)ČǨ,ʱ$!	!"��̏Ĥ DNA.
Įş,/�GFPuv.R30 ,ª�'�̄¯Ļ,Ŋŷ�!v�I}� (StvWT.R20, 
StvSL.R20, StvSLA.R20)Dȷ
!	6!�̄¯Ļ.̇â,%
'/�ğ 10A ,ɕ�
!	 
 
2.2.4. ÚǧƃȣɻʕʎˊɴDȷ
!˂Ǖ 
� ʎˊĂŷ͇˕ʹ,	!?�creatine kinase, creatine phosphate, ĴʙʧƑß tRNA
,%
'/�Roche Diagnostics (Tokyo, Japan)�>˞Ô�!	ʎˊɴ.ɽƃ,%
'
/�ÚǧƃȣɻʕʎˊɴDæȷ�!˿ÿ.ƳȮ(ȷ
>A!:.)45Č�(	@
40,49,62,63,131-133	!"��ºĲɁ,ıǇ�!ȡ)�'�G~mGZ� tRNAċƃ̉ɸ)
±̒ĜĻ EF-Tu .ȝţ,%
'/�T7-tRNA 2.G~m̊.GZ�õ)��{`�
�2.˪˳.òȰõDɅɁ)�'�űǔ=?:�ƿ��!	ØµɁ+�ĊĜĻ.ȝţ

,%
'/«�.˸?͇50 mM Hepes-K (pH 7.6), 100 mM potassium acetate, 17.6 
mM magnesium acetate, 2 mM spermidine, 1 mM DTT, 2 mM ATP, 2 mM GTP, 1 mM 
CTP, 1 mM UTP, 20 mM creatine phosphate, 1.5 µM AlaRS, 0.06 µM ArgRS, 0.76 µM 
AsnRS, 0.26 µM AspRS, 0.04 µM CysRS, 0.12 µM GlnRS, 2.8 µM GluRS, 0.18 µM 
GlyRS, 0.04 µM HisRS, 2.8 µM IleRS, 0.08 µM LeuRS, 0.22 µM LysRS, 0.06 µM 
MetRS, 1.4 µM PheRS, 0.32 µM ProRS, 0.08 µM SerRS, 0.18 µM ThrRS, 0.06 µM 
TrpRS, 0.04 µM TyrRS, 0.04 µM ValRS, 0.6 µM methionyl-tRNA formyltransferase, 
0.5 µM ribosome recycling factor, 4 µg/mL creatine kinase, 0.1 µM adenosine kinase, 
0.1 µM inorganic pyrophosphatase, 0.1 µM nucleoside-diphosphate kinase, 2.7 µM 
initiation factor 1, 0.4 µM initiation factor 2, 1.5 µM initiation factor 3, 0.25 µM release 
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factor 2, 0.17 µM release factor 3, 0.26 µM elongation factor G, 70 µM elongation 
factor Tu/elongation factor Ts, 0.1 µM peptidyl-tRNA hydrolase, 1.2 µM ribosome, 0.5 
mM each amino acidͅ!"� AspD̛�͆, 50 µM [14C]Aspͅ�f�yvch.N�
g�[NS�tH,=@ǣß
=1�f�a�pR˝.ʎˊ,¹ȷ 6͆!/ cold Asp
ͅ�f�yvch.˝̎àǕ,¹ȷ͆, 10 µM each T7-tRNA6!/ 1.5 mg/mLĴʙ
ʧƑß tRNA, 2 µM mRNA	ʎˊĂŷ/�37ºC( 3ǂ̕I�P�x�g�@�)(ʱ
$!	 
� ʎˊȶȩ.˂Ǖ͇�f�yvch.˂Ǖ,	!$'/�[14C]AspDȏð�'ʎˊD
ʱ
�tricine SDS-PAGE.Ű�N�g�[NS�tH(Pharos FX imager, BioRad),
=@ǣßDʱ+$!	6!�[14C]Asp .ªC?, cold Asp D¹ȷ�'ʎˊDʱ
�
MALDI-TOF-MS (AXIMA confidence, Shimadzu) ,=?˂Ǖ�!	�f�a�pR˝
.˂Ǖ,	!$'/�[14C]AspDȏð�'ʎˊDʱ
�glycine SDS-PAGE.Ű�N
�g�[NS�tH,=@ǣßDʱ+$!	�>,�native PAGE.Ű�N�g�[
NS�tH)�ʮÓǣßͅλex = 473 nm�LPB tH�a; Typhoon FLA 9000�GE 
Healthcare͆,=@˂Ǖ:ʱ+$!	+
�Streptavidin.˂Ǖ(/�Atto 488-biotin 
(Sigma-Aldrich)D�ʎˊȶȩ,ȏð�@�)(�Ȉź+ Streptavidin àĻ.7DʮÓ
ǩ˘�!	ʁ
'�˿ë+ Atto488-biotinD�M280 streptavidinɓǺr�] (Thermo 
Fisher),=?̛ÿ�!Ű�native PAGE2˼E"	 
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2.3. ɿǗ�ʏň 
 
2.3.1. G~m̊ÔAǉ�̄¯ǆĉDƗ$!ȣɻʕʎˊɴ.ǧɰ 
� G~m̊ÔAǉ�̄¯ǆĉDƗ$!ʎˊɴ.ǧɰ.!9�T7RNA polymerase,=
$'˧Û�! tRNA (T7-tRNA)Dæȷ�'Úǧƃ�!�ȣɻʕʎˊɴD˕ʹ�!ͅ ʴ 1͆
62,63,131	Õ'.G~m̊Dæȷćʖ+ʎˊɴ.ǧɰ.!9,/�21 ɝ̹. T7-tRNA
�>ƃ@ tRNA^dg�Ŷʼ,+@	ǐɎɟ(/�Ǯ.=�+ 3ɝ̹. tRNA^dg
Dȷž�!ͅ ğ 9͇͆ 20ɝ.ĊǩȘG~m̊) fMet,Ŋŷ�@ 21ɝ̹. T7-tRNA�
>ƃ@�mini-Std tRNA^dg��mini-Std tRNA^dg.�# tRNASer, tRNALeuD 2
%.P�� tRNASer

GAG, tRNALeu
GGA,ʋ�Ƣ�!�SL tRNA^dg��mini-Std tRNA

^dg.�# tRNASer, tRNALeu, tRNAAla D 3 %.P�� tRNASer
GGC, tRNALeu

GGA, 
tRNAAla

GAG,ʋ�Ƣ�!�SLA tRNA^dg�	P�� tRNA.ˈ˅,	!$'/�G
�cVh���vÕµD¢Ƣ�!	�A/�G�cVh���v.�#G�cVh�

«Ĳ.̆à.ĬĨ��ʎˊ.ǰɒź,Ň��@)
�ĩĒ�	@!9(	@ 14,15	�

>,�G~mGZ�õòȰD��@!9,��̆.̇â.ƬıDʱ+$'
@ͅ ʴ 1 	͆
6!�T7-tRNA.7(.ʎˊĂŷ.òȰD͂9@!9�Úǧƃȣɻʕʎˊɴ.�̆.
ʎˊĜĻ,%
'/�ȝţDǊ̂õ�ͅğ 11 �͆űǔ.ʎˊɴ=?:͂
ȝţ(ȏð
�@�))�!	ØµɁ,/�Ȉź.Ȫ,´
�̆.T7-tRNA,Ŋŷ�@!9 134-136�

G~mGZ� tRNA ċƃ̉ɸ.ȝţD��@�)(G~mGZ�õD¿˼��6!�
±̒ĜĻ EF-Tu/Ts .ȝţD��@�)(�G~mGZ� tRNA .�{`��2.˪
˳D¿˼�!	 
 
2.3.2. T7-tRNA�>ƃ@ȣɻʕʎˊɴ(.�f�yvchċƃ 
� T7-tRNA�>ƃ@ȣɻʕʎˊɴ,

'�̄ ¯ǆĉ,ű$!ʎˊĂŷ�ǰ��˼ʱ

�@�D˕3@!9�Ǯ.̇â. mRNA �>�f�yvch.ʎˊċƃDˍ7!͇
MYYY-X-DDRD; X,/20ɝ̹.ǩȘG~m̊,Ŋŷ�@ĊVh��̇ʋ�A'
@
ͅğ 12A 	͆�.�f�yvch.̇â(/�X=?:�ȉ, 3ǳĨ. Asp�̇ʋ�
A'
?�[14C]Asp Dȷ
'ʎˊĂŷDʱ��),=$'�tricine SDS-PAGE )N
�g�[NS�tH,=?Õ̒yvch.7Dǣß�@�)�(�@	6�/�Ĵʙ

ʧƑß tRNA (Natural tRNA)6!/ mini-Std tRNA^dgDð�!ȣɻʕʎˊɴD˕
ʹ���f�yvchċƃDʱ+$!ɿǗ�Ų>A!yvch.o�h³ʋ/�ƹ.

ʎˊɴ(�ʞ�!ͅğ 12B, C 	͆�>,�ʎˊȶȩ. MALDI-TOF-MS,=@˂Ǖ:
ʱ
�Õ'.�f�yvch(�̍ ˅˸?.G~m̊� X.³ʋ,ŎÔ�A'
@�
)�à�$!ͅğ 12B, C, F, G, ʴ 3 	͆!"��MS\yRg��>�mini-Std tRNA
^dgDȷ
'ʎˊ�!yvch(/��̆( NǏɥ. fMet�ǭʨ�'
?�tricine 
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SDS-PAGE (ʽ>A!Ì�,ȅóţ.Ĵ�
Xuo�h��A,ũ!@)ʏ�>A
@ͅğ 12C 	͆�.=�+êȶȩ�ȵ�!þĜ)�'�mini-Std tRNA^dg,Đ6A
@ tRNAini6!/ tRNATyr�ĬĨÁ̽Dą�'
+
!9�fMet ) Tyr .̕.yvc
hɿċŪƃ,ę̷�ȵ��́ ̶ţ+�>yvchŪƃ��,g��\�T�Z��Ă

ŷ�˼ʱ�'�6$!ćʖź�ʏ�>A@	 
� ʁ
'�SL tRNA^dg) SLA tRNA^dgDð�!ȣɻʕʎˊɴD˕ʹ���f
�yvchċƃDʱ+$!	�.ɿǗ�G~m̊�ÔAǉC$!yvch�ˈ˅˸?

ċƃ�A�ÔAǉ�è.yvch/Õ�ǣß�A+�$!ͅğ 12D, E, ʴ 3 	͆«�
.ɿǗ�>�T7-tRNADȷ
!ʎˊɴ,

'�ǩȘ̄¯ǆĉ)G~m̊ÔAǉ�̄
¯ǆĉ.*#>.Īċ(:�̄ ¯ǆĉ,ű$!ǰɒ+ʎˊĂŷ�˼ʱ�'
@�)�

ǀ>�,+$!	 
 
2.3.3. G~m̊ÔAǉ�̄¯ǆĉ.ǩȘ̄¯ǆĉ,Ŋ�@Ɇ¢ź 
� G~m̊ÔAǉ�̄¯ǆĉ.ǩȘ̄¯ǆĉ,Ŋ�@Ɇ¢ź,%
'Ń̀Ɂ,ɕ�

!9,�ǐɎɟ(/��f�a�pR˝)�'�Streptavidin )ʄʢʮÓa�pR˝
(GFP)Dȷ
'�ʎˊDʱ+$!	��f�a�pR˝.̄¯Ļ.�$! mRNA)�
'�mini-Std̄¯ǆĉͅǩȘ̄¯ǆĉ) mini-Std̄¯ǆĉ.�ƹ,Ŋŷ �͆SL̄¯ǆ
ĉ�SLĀ¯ǆĉ,Ĩ&
'V�h�! 3ɝ̹Dȷž�!ͅğ 10A, B 	͆ʎˊɴ)�
'/�Natural tRNA�mini-Std tRNA^dg�SL tRNA^dg�SLA tRNA^dg.
�A ADð�!�4ɝ̹.ÚǧƃȣɻʕʎˊɴD˕ʹ�!	3ɝ̹. mRNA) 4ɝ
̹.ʎˊɴ(�ċ˅ 12 ˸?.ɽ7ċC�(�f�a�pR˝.ċƃDʱ
�Ų>A
!ʎˊȶȩ.˂ǕDʱ$!	 
� 6��glycine SDS-PAGE.Ű,�N�g�[NS�tH,=@ǣßDʱ$!ɿǗ�
mRNA)ʎˊɴ.̄¯ǆĉ��ʞ�@ɽ7ċC�.Īċ,��ł.ȅóţ.ʎˊȶȩ
.o�h�Ų>A!ͅğ 13 ��� 1, 4, 8, 12; Streptavidin,%
'/ A�GFP,%

'/ B 	͆�ƹ�mRNA )ʎˊɴ.̄¯ǆĉ�Ƚ+@ɽ7ċC�.Īċ/��ˇ.
�ʞ�!Īċ)/Ƚ+@�A A.³ʋ,o�h�Ų>A!	Streptavidin,/ 14Â
. SerǳĨ�8Â. LeuǳĨ�25Â. AlaǳĨ��GFP,/ 12Â. SerǳĨ�19
Â. LeuǳĨ�9Â. AlaǳĨ�Đ6A'
@!9��A>ǳĨ.ɇ¡.ʋƢ,=?�
ʎˊȶȩ.o�h.ȅóţ�ıõ�!)ʏ�>A@	+
�G~m̊ʋƢ,=$'�

àĻ̎�Į�!Īċ,ɛóţ�Įð�'
?ͅ àĻ̎�ȓŐ�!Īċ,/ɛóţ�ȓ

Ő�'
? �͆�ʽ�@)�àĻ̎.Įð,ű
ȅóţ.ŏ��+@ glycine 
SDS-PAGE.þȳ)�ʞ�'
+
	����Leu.ȾǻźÉ̐/ SDS)ɇ¡·ȷ
�;�
�)�Ɍ>A'
? 137�SDS .˜̧ʦ�ʪɞ�@�)(�ȅóţ�Įð�
!:.)ʏ�>A@ͅğ 10C 	͆ 
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� Ser, Leu, Ala/�¹ȷ̶ţ�͂
G~m̊(	?ͅĴʙʧ MDS42ǜ.ÕUm�,


'/�Ser͇ 5.7%ͅ 20G~m̊� 7ȼɅ,ĳ
 �͆Leu͇ 10.8%ͅ Č 1ȼɅ �͆Ala͇
9.6%ͅČ 2 ȼɅ͆͆�ǧ˺.ȪŴ.Ƚ+@G~m̊(	@!9��A>.G~m̊�
ʋƢ�A@�)(a�pR˝/ǬʖDĸ�)ʏ�>A@	�ADǣˋ�@!9�ʁ


'/�ʎˊȶȩD native PAGE�!Ű�ʮÓƨūʶʋ,=?àǕ�@�)(��f�
a�pR˝.ȈźȖłDʱ$!	GFP .Īċ/�ʮÓƨū,=?�t�N�tMG
.ŪƃȈźDɆƟɁ,ˌ¼(�@!9�ʎˊȶȩD�.66˂Ǖ,ȷ
!	�ƹ�

Streptavidin.Īċ/�ʎˊȶȩ,ʮÓǩ˘ biotinDȏð��ǎĂŷ.ʮÓǩ˘ biotin
D̛
!Ű�˂Ǖ,ȷ
!	 
� �.ɿǗ�mRNA)ʎˊɴ.̄¯ǆĉ��ʞ�@ɽ7ċC�.Īċ,/�Ȉź.	
@a�pR˝�ċƃ�A!�)�à�$!ͅ ğ 13 ��� 13, 16, 20, 24; Streptavidin
,%
'/ A�GFP,%
'/ B 	͆�ƹ�mRNA)ʎˊɴ.̄¯ǆĉ�Ƚ+@ɽ7
ċC�.Īċ,/�Ȉź�Ų>A+�$!�)�>�ǐɎɟ(ȷž�!ǩȘ̄¯ǆĉ�

SL ̄¯ǆĉ�SLA ̄¯ǆĉ/�ɇ¡,Ɇ¢źDƗ$'
@�)�ǀ>�,+$!	
Ȫ,�2ɝ̹.G~m̊ÔAǉ�̄¯ǆĉ)ǩȘ̄¯ǆĉ.̕,Ɇ¢ź�ƃɣ�'

@�)/ͅğ 13 ��� 14, 15; Streptavidin,%
'/ A�GFP,%
'/ B �̬͆
Ş,̌ʼ(	?�G~m̊ÔAǉ�̄¯ǆĉDȷ
@�)(�̄¯Ļ.țȇD̗�Ƹ

�
ƅȻ�ɒɣ(�@�)DžĔ�'
@	ǐɎɟ(/�Streptavidin) GFPDȷ

'Ń̀Dʱ$'
@���.ɿǗ/��A> 2ɝ̹.�f�a�pR˝,̚>��Ĵ
̆à.a�pR˝,Ţ�̂ȷ(�@)ʏ�>A@	�.ǞƔ)�'���(/�Ĵʙ

ʧMDS42ǜ.Õa�pR˝ 3547ɝ̹Dº,Ą?�Ċa�pR˝.̇â,
�@Ser, 
Leu, Ala.û9@ìċD˅ɬ�@�)(��A>.G~m̊.ʋƢ��Ċa�pR˝
,��@ū̯,%
'�ȖDˍ7!	6��SL̄¯ǆĉ.¹ȷDʏ�'�Streptavidin
.̇â,
�@ Ser, Leu.û9@ìċD˅ɬ�@)�13.2%(	?��.Æ/�Õa
�pR˝ 3547ɝ̹� 2885ȼɅ.͂�(	@	6!�GFP,

'/ 12.4%)�3547
ɝ̹� 3110ȼɅ(	?�*#>: Ser, Leu.ìċ�ǹ˨Ɂ´
a�pR˝(	@)
˄�@ͅğ 14A 	͆G~m̊.ʋƢ�a�pR˝.Ǭʖ,*.ɜţū̯D��@��
,%
'/�ǀ+̆à�ĳ
:..��A> 2ɝ̹.�f�a�pR˝=?:�Ser, 
Leu.ìċ�͂
ĳ�.a�pR˝(/��A>.G~m̊ʋƢ,=?Ǭʖ�ĸCA
@ćʖź�͂
)ʏ�>A@	Õa�pR˝ 3547 ɝ̹.�ķÆD˅ɬ�@)�Ser, 
Leu.û9@ìċ/ 16.2%(	@����, Ala:ð�@�)(�a�pR˝,û9
@ìċ.�ķÆ/ 25.9%6(�ƿ�@ͅğ 14B 	͆=$'�SLĀ¯ǆĉD¹ȷ�@
�)(�G~m̊ʋƢ,=?ǬʖDȋĸ�@a�pR˝.ɝ̹ư/��>,Įð�@

)ʏ�>A@	 
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2.3.4. G~m̊ÔAǉ�̄¯ǆĉ,=@ʎˊ��a�pR˝.ɣµǧ˺Ūƃ)Ȉź

,��@ū̯ 
� ʁ
'��˱.ʮÓǣßDʱ$! native PAGE.U�Dȷ
'�N�g�[NS�
tH,=?�ȈźDƗ%ɣµǧ˺DŪƃ�!a�pR˝.ł̎Dʱ$!ͅğ 13 ��
� 25, 28, 32, 36; Streptavidin,%
'/ A�GFP,%
'/ B 	͆�.ɿǗ�ʮÓǣ
ß.o�h.³ʋ,̌+$'�N�g�[NS�tH(:o�h�Ų>A!�)�>�

�A��ȈźDƗ%ɣµǧ˺DŪƃ�!a�pR˝.o�h)äƷ�!	�ƹ�JK

�;�U��̆.,:ȶȩ�ǣß�A'
?��A/�ɣµǧ˺Ūƃ�ǰ��˼ʱ�

'
+
!9,�Ỵ́�!a�pR˝(	@)ʏ�>A@	mRNA)ʎˊɴ.̄¯ǆ
ĉ��ʞ�@ɽ7ċC�.Īċ,.7�ȈźDƗ%ɣµǧ˺DŪƃ�!a�pR˝.

o�h/ǣß�A!	�ƹ��ʞ�+
ɽ7ċC�.Īċ,/o�h�ʽ>A+�$

!�)�>�Ser, Leu, Ala.ʋƢ�ȿȵ�!ʎˊȶȩ(/�ȈźDƗ%ɣµǧ˺DŪ
ƃ(�+�$!:.)ʏ�>A@	ǐɎɟ(ǧɰ�! T7-tRNA .7�>ƃ@ʎˊɴ
)�G~m̊ÔAǉ�̄¯ǆĉ.¹ȷ��a�pR˝.ɣµǧ˺Ūƃ,*.=�+ū

̯D��@�D˕3@!9�mRNA)ʎˊɴ.̄¯ǆĉ��ʞ�@ 4%.ɽ7ċC�
,

'�ċƃ�A!ʎˊȶȩ.ʃ̎,Ŋ�@�ȈźDƗ%ɣµǧ˺DŪƃ�!a�

pR˝.ìċD˅ɬ�!ͅğ 15A 	͆6��Natural tRNA) mini-Std tRNADǹ˨�
@)�ċƃ�A!ʎˊȶȩ.ʃ̎/�Streptavidin(/ 1/2ɜţ�GFP(/ 1/4ɜţ
6(ȓŐ�!:..���,û9@ȈźDƗ%ɣµǧ˺DŪƃ�!a�pR˝.ìċ

/� tRNA Dȷ
!ɴ(Čɜţ"$!	�.�)�>� tRNA .ĬĨÁ̽/�
Streptavidin) GFP.ɣµǧ˺Ūƃ.˼ʱȰ,�ū̯D��+
�)�à�$!	�
>,�mini-Std, SL, SLA tRNA^dg,%
'ǹ˨�!ɿǗ�ċƃ�A!ʎˊȶȩ.
ʃ̎/ɴǸ,Ƚ+$!:..�ȈźDƗ%ɣµǧ˺DŪƃ�!a�pR˝.ìċ/Õ

'.ʎˊɴ(Čɜţ"$!	�.�)/�ʎˊ,¹ȷ�A@̄¯ǆĉ.ɝ̹���f

�a�pR˝.ɣµǧ˺Ūƃ,ū̯D��+�$!�)Dɕ�	ɴǸ,ʎˊċƃ̎�

Ƚ+$'
!./�ʎˊɴ.Ɨ%̄¯ǆĉ.̀
,=@:.(/+��Ċ mRNA ,


'Vh�.ʋƢ,=$'̇â�Ƚ+?�mRNA.ǧ˺Ŀłź�ıõ�!!9,ʎ
ˊ.òȰ,Ś�ȵ�!ćʖź�ʏ�>A@	!"��ǐɎɟ(ȷ
! 2ɝ̹.�f�
a�pR˝(.ɿǗ/�Ŷ��:Õ'.a�pR˝.ɣµǧ˺Ūƃ,̂ȷ(�@)/

˄�+
	=$'�ōǔɁ,�G~m̊ÔAǉ�̄¯ǆĉDȵȩ.ÕUm�,̂ȷ�

@,ũ!$'/�ČʍVh�2.ʋƢ��ʎˊĂŷ)×Ŭ�!a�pR˝.ɣµǧ˺

Ūƃ.òȰD´����a�pR˝�ȈźDƗ%ɣµǧ˺DŪƃ(�+�+@ćʖź

DʏƁ� 138,139�ɣµǧ˺ŪƃD¿˼�@=�+̂á+Vh�.̃Ə�ǽ9>A@Ī

ċ�	@)ʏ�>A@	 
� ʁ
'�ǐɎɟ(ǧɰ�! 4ɝ̹.̄¯ǆĉ��a�pR˝.Ȉź,*.=�+ū
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̯D��@�D˕3@!9�ȈźDƗ%ɣµǧ˺DŪƃ�!a�pR˝.ċƃ̎,Ŋ

�@�ʮÓàǕ(Ų>A!ɇŊŨţ.ǹȰD˅ɬ�!ͅğ 15B 	͆�.ɿǗ�4 ɝ̹
.̄¯ǆĉDƗ%ʎˊɴ.Õ'(�Čɜţ.Æ)+@�)�à�$!	�.�)�>�

mini-Std, SL, SLA tRNA ^dgDȷ
'Úǧƃ�!ʎˊɴ,=?ċƃ�!

Streptavidin) GFP(:�ċƃ̎ũ!?.Ȉź�´��@�)/+��Natural tRNA
Dȷ
'ċƃ�!:.)Čɩ.ȈźDƗ%�)�ǀ>�,+$!	 
 
2.3.5. G~m̊ÔAǉ�̄¯ǆĉDƗ%ȵȩD̔ȿ�@!9.�2ǵ̟Vh�ʋƢ
Ȃ�.ơǡ 
� ǐɎɟ(/�P�� tRNADȏð�!ÚǧƃȣɻʕʎˊɴD¹ȷ�@�)(�2ɝ
̹.G~m̊̄¯ǆĉDǧɰ��ǩȘ̄¯ǆĉ).Ɇ¢źDŃ̀Ɂ,ɕ�!	G~m

̊ÔAǉ�̄¯ǆĉDȵȩ,̂ȷ�@�)�(�A0��.ȵȩ.Ɨ%̄¯Ļ.4)

E*,Ŋ�'�ȴĭ�.ȵȩ2țȇ�@.D̗��)�(�@	��(/�G~m̊

ÔAǉ�̄¯ǆĉ)�'�Ǌ:ùɶ+ SL̄¯ǆĉDƗ%ĴʙʧD·ʹ�@ƹȂ,%

'ʏ�@	̄ ¯ǆĉ.Ƭı,/�Um�Õµ,Ȕ@Vh�.ʋƢ�Ŷʼ,+@!9�

ĴʾǪ+Um�ƬıƊʲ�Ŷʼ,+@	ȱĢ6(,�Ĵʙʧ.Um�DĴʾǪ,Ƭı

�@ƹȂ)�'/�Um�ÕµD
�%�.u�dR,à��ÙĢ.Um� DNA)�
Ĳ̆,'ǧɰ�!ċƃUm� DNAD˶ǮʋƢ�'
�ƹȂ�̔ȿ�A'
@ 140-142	

�����.ƹȂ(/�u�dRD�̆ʋƢ�!ǵ̟(�Um��. Ser, LeuVh�
��Ser) Leu.�ƹ.žĔ(¹CA'
@ȫȁ�ȿȵ�'�6�!9�̂á,a�
pR˝ċƃ�(���Ĵʙʧ/Ǳ,ʝ@)ʏ�>A@	Ĵʙʧ=?:Um�XI].

ŏ�
 Mycoplasma mycoides(/�õľċƃ DNADȷ
'ǧɰ�!Um�ÕµD�
ȵɻʕ.ÙĢUm� DNA)ʋ�Ƣ�@Ɗʲ�ɒɣ�A'
@� 143,144�ČǨ.ƊʲD

Ĵʙʧ(Ńƺ�!ƃïº/ĩĒ�A'
+
	�>,�¬,Ĵʙʧ(Um� DNA Õ
µ.ʋƢ�ćʖ(	$!)�':�ʋƢ�A!ɆŰ.ȫƀ(/�Um� DNA / SL
̄¯ǆĉ,Ĩ&
'V�h�A'
@��ʎˊɴ/ǩȘ̄¯ǆĉ,ű$'
@ȫȁ)

+@!9�;/?Ĵʙʧ/Ǳ,ʝ@)ʏ�>A@	 
� ��(�ǐɎɟ(ơǡ�@.��ǩȘ̄¯ǆĉ,Ĩ&
'V�h�A!ĴʙʧUm

�D�SLVh�̣ɵ̄¯ǆĉDɾ'�SL̄¯ǆĉ2)ıƢ�@�2ǵ̟Vh�ʋƢ
Ȃ�(	@ͅğ 16 	͆SL Vh�̣ɵ̄¯ǆĉ,Ĩ&
'V�h�A!Um�(/�
Õ'. Leu (CTN)Vh�ͅĴʙʧ MDS42ǜ(/ 3547. CDS�, 92515Vh��
Đ6A@ �͆Ser (TCN)Vh�ͅČ 37515Vh��Đ6A@͆���A A Leu (TTR)
Vh��Ser (AGY)Vh�,ʋƢ�A'
@	ǩȘ̄¯ǆĉ�> SL Vh�̣ɵ̄¯
ǆĉ2.ıƢ/�Õ'ČʍVh�2.ʋƢ(	@!9�ƼĽƊʲ(	@ċƃUm�

DNA2.˶ǮʋƢȂDȷ
':�Vh�� Ser) Leu.�ƹ,Ƙł�A'�6�ʞ
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ǱɁ+ȫȁ/ȿȵ�+
	ʁ
'�tRNASer
BGA ) tRNALeu

BAG .G�cVh���v

D¢Ƣ�@�)(�P�� tRNA)�@ıȽŎÔDʱ�	�.̡��A> 2ɝ̹. tRNA
/�SL Vh�̣ɵ̄¯ǆĉ,

'Õ�¹ȷ�A'
+
 Leu (CTN)Vh��Ser 
(TCN)Vh�,Ŋŷ�@:.(	@�>��.ıȽŎÔ/�Ĵʙʧ.ȵʓ,ū̯�+

)ʏ�>A@	�.Ű�Ò4*̣ɵ�! Leu (TTR)Vh��Ser (AGY)Vh�D�
Õ' Leu (TCN)Vh��Ser (CTN)Vh�2)ʋƢ�@	�.ǂȡ(/�P�� tRNA
.ŎÔ,=$'�CTN Vh�/ Ser ,�TCN Vh�/ Leu ,Ƙł�A'
@!9�
�.ĴʾǪ+Um�Ƭı:Õ'ČʍVh�2.ʋƢ)+@	=$'�ċƃUm� DNA
2.˶ǮʋƢȂDȷ
@�)(�ĴʙʧDʞǱɁ+ȫȁ,�@�)+��ƬıDʱ�

�)�ćʖ(	@)ʏ�>A@	ǊŰ,�tRNASer
GCU�tRNALeu

YAADǭĸ��@�)

(�SL̄¯ǆĉ,Ĩ&
'V�h�A!ĴʙʧUm�2.ıƢ�ŀ��@	�.̡�
ɠVh�)+$! TTR Vh�) SGY Vh�/�̬ǩȘG~m̊Dì?ũ'@+*�
�>+@ŷȷ,æȷ�@�):ćʖ(	@	 
� ˯š�ɻʧUm�.ĴʾǪ+ƬıDʱ$'�ɠVh�Dȵƃ����,̬ǩȘG~

m̊Dì?ũ'@Ɏɟ�Ĵ��˼œ�'
@ 2,83,84,145-148	Ȫ,�2019š�Chin>.
S��v/�ĴʙʧUm��.Õ'. Ser (TCR)Vh�D�ČʍVh�(	@ Ser 
(AGY)Vh�,ʋƢ�@�)(�61Vh�.̄¯ǆĉDƗ%Ĵʙʧ.·ʹ,ƃï�!
�)DĩĒ�!	�A/�ǐɎɟ(ơǡ�!�2ǵ̟Vh�ʋƢȂ�.ɧ�ǵ̟(	
@ SLVh�̣ɵ̄¯ǆĉ2.ıƢ,̹²�@:.(	?��2ǵ̟Vh�ʋƢȂ�D
ȷ
@�)(�SL ̄¯ǆĉ,Ĩ&
'V�h�A!Um�DƗ%Ĵʙʧǜ.·ʹD
Ńȱ(�@ćʖźDɕ�'
@	G~m̊ÔAǉ�̄¯ǆĉDƗ%ȵȩ/�ɘľ)Ř

ľ.*#>.ˁȡ(:̬Ş,ʟĔȍ
:.(	?�SL ̄¯ǆĉDƗ%Ĵʙʧǜ.·
ʹ/�¥Ű.̌ʼ+Ɏɟe�},+@)ʏ�>A@	 
 
  



 33 

2.4. ɿ˖ 
� G~m̊ÔAǉ�̄¯ǆĉ)�'/�Ser) Leu�ÔAǉ�>A! SL̄¯ǆĉ�
Ser, Leu, Ala�ÔAǉ�>A! SLĀ¯ǆĉDˈ˅�!	G~m̊.ÔAǉ�,ũ
!$'/�tRNA {fH)G�cVh�Dɇ¡,¢Ƣ�!P�� tRNA .yGͅSL 
tRNA ^dg�SLA tRNA ^dg͆D·ʹ�@�)(�G~m̊�¢Ƣ�A@=�,
Úì?ũ'�!	ǐɎɟ(/�ÚǧƃȣɻʕʎˊɴDȷ
'�G~m̊ÔAǉ�̄¯

ǆĉDƗ$!ʎˊɴDȷž�˂ǕDʱ$!	6���f�yvch.ʎˊDʱ+$!

ɿǗ�˝̎àǕ,=?�ˈ˅˸?G~m̊�ÔAǉ�>A!yvch�Ų>A!�)

�à�$!	��(�ʁ
'/�G~m̊ÔAǉ�̄¯ǆĉ,Ĩ&
'̇âˈ˅�!

�f�a�pR˝. mRNA Dȷž��ʎˊDˍ7!	�.ɿǗ�mRNA )ʎˊɴ.
ˈ˅,¹ȷ�!̄¯ǆĉ��ʞ�'
@Īċ.7�Ȉź.	@ʎˊȶȩ�Ų>A@�

)�à�$!	�.̄¯Ļ/�˸ Ş.ʎˊɴ(/Ȉź.	@ȶȩ,ʎˊ�A��6!�

˸Ş.̄¯Ļ�G~m̊ÔAǉ�ʎˊɴ(Ȉź.	@ȶȩ,ʎˊ�A@�):ȣ�

$!	�.ɿǗ/�G~m̊ÔAǉ�̄¯ǆĉ)�ǩȘ̄¯ǆĉ.̕,�Ɇ¢ź�ɒ

ɣ(�'
@�)Dɕ�'
@	=$'��.̄¯ǆĉDȷ
@�)(�Ĳ̆ȴĭ2

.țȇ�\R.ȣ
̄¯Ļ.ˈ˅�ćʖ,+@)ʏ�>A@	ǐ˖Ƴ(/�G~m̊

ÔAǉ�̄¯ǆĉDƗ$!ĴʙʧD·ʹ�@!9.ƅȻ)�'��2 ǵ̟Vh�ʋƢ
Ȃ�.ơǡ:ʱ+$!	�.ƹȂ(	A0�ƼĽ.ĴʾǪUm�ƬıƊʲDȷ
':�

Ȫł.Vh�, 2 ɝ̹.G~m̊�ì?ũ'>A@=�+ʞǱɁ+ȫȁDě̅�@
�)�(�@	G~m̊ÔAǉ�̄¯ǆĉDƗ$!ȵȩ.·ʹ/�ȵȩľ.ĨɔɎɟ

)�'�6!�oINnY�h.ü̝.ȣ
ɽ7ǉ�ȵȩ.̔ȿ)
�ŘľɁ+Ḙ́

.�ƹ�>�¥Ű.̌ʼ+e�},+@)ʏ�>A@	+
��.ɿǗ/�«�.a

Ig�(ȿʴȒ7(	@	͇ An Amino Acid-Swapped Genetic Code.149  
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ğ 8� ÒʱɎɟ
=1ǐɎɟ.ƇȂ.̄¯Ļțȇ̗ǯòǗ.ǹ˨)�G~m̊ÔAǉ�̄¯ǆĉ.ǦŸ

ğ	 

(A) ƼĽ.ƹȂ)�G~m̊ÔAǉ�̄¯ǆĉDȷ
!ĴʙʧDʏ�!Īċ.�̄¯ĻțȇD̗ǯ�

@òǗ.ǹ˨	Ǜ̾ʼǽź6!/ʜǱ\IdcDȷ
@ƹȂ�ƕŧ̄¯ǆĉDȷ
@ƹȂ�G~m̊

ÔAǉ�̄¯ǆĉDȷ
@ƹȂ(̄¯Ļ.țȇD̗ǯ�@òǗ�Ƚ+@	(B) G~m̊ÔAǉ�̄¯

ǆĉ.ǦŸğ	G~m̊ÔAǉ�̄¯ǆĉDƗ%ƬıĴʙʧ(/�Um�,V�h�A!̄¯Ļ.�

̆.Vh��ÔAǉ�>A!�G~m̊ÔAǉ�̄¯ĻDƗ%	�.G~m̊ÔAǉ�Ĵʙʧ.ʎˊ

ɴ(/�Vh�)G~m̊.Ŋŷ�ÚţÔAǉ�>A@!9�G~m̊ÔAǉ�̄¯Ļ�>Ǭʖźa

�pR˝Dȿȱ(�@	�ƹ�̄¯Ļ.țȇ�ȿȵ�!Īċ�˸Ş.ȵȩ,

'/�G~m̊ÔA

ǉ�̄¯Ļ/�Ȉź+a�pR˝,ʎˊ�A@	�A/�ǩȘ̄¯ǆĉDƗ%Ĵʙʧ(/�ʎˊǂ,

Úţ.ÔAǉ��ˠ�>+
!9�ʎˊȶȩ,�ĳư.G~m̊ıȽ�ȿȵ�'�6�!9(	@	

ČǨ,�ǩȘ̄¯ǆĉ,Ĩ&�V�h�A!̄¯Ļ�țȇ�!Īċ�G~m̊ÔAǉ�Ĵʙʧ(/�

G~m̊ÔAǉ�ʎˊD�'�6�!9�;/?�Ȉź+a�pR˝,ʎˊ�A@	 
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ğ 9� ǩȘ(Std)�mini-Std�SL�SLĀ¯ǆĉDƗ%ȣɻʕʎˊɴDȷ
'�mini-Std�SL�SLĀ

¯ǆĉ,Ĩ&�V�h�A!̄¯ĻDʎˊ�@Īċ.ǦŸğ	 

mini-Std̄¯ǆĉ/�ǩȘ(Std)̄¯ǆĉ)ĨǐɁ,Č�(	@��ĊG~m̊,%���̆.Vh�

��¹ȷ�'
+
	SL̄¯ǆĉ) SLĀ¯ǆĉ(/��A A SerVh�/LeuVh��6!/�

SerVh�/LeuVh�/AlaVh���ɇ¡,ÔAǉC$'
@	ğ,ɕ� 4ɝ̹. tRNA^dgDȷ

ž���ADʎˊĂŷȌ,ð�@�)(�Ċ̄¯ǆĉDƗ% 4ɝ̹.ȣɻʕʎˊɴDǧɰ�@͇Ĵʙ

ʧ�>Ƒß�!ÙĢ tRNAͅNatural tRNA^dg͆Dð�! Std̄¯ǆĉ�T7RNA|����_,=

$'˧Û�! 21ɝ. tRNAͅmini-Std tRNA^dg͆Dð�! mini-Std̄¯ǆĉ�mini-Std tRNA^d

g.�#�tRNASer
GGA) tRNALeu

GAG. 2ɝ̹D�tRNASer
GAG) tRNALeu

GGA). 2ɝ̹.P�� tRNA

(ʋ�Ƣ�!�SL tRNA^dgDȷ
'ǧɰ�!SL̄¯ǆĉ�mini-Std tRNA^dg.�#�tRNASer
GGA

) tRNALeu
GAG) tRNAAla

GGC. 3ɝ̹D�tRNASer
GGC) tRNALeu

GGA) tRNAAla
GAG. 3ɝ̹.P�� tRNA

(ʋ�Ƣ�!�SLA tRNA^dgDȷ
'ǧɰ�! SLĀ¯ǆĉ	�>,�mini-Std�SL�SLĀ¯

ǆĉ. 3ɝ,Ĩ&�V�h�A!�f�a�pR˝.̄¯ĻDˈ˅��4ɝ̹.ȣɻʕʎˊɴDȷ
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'�f�a�pR˝.ċƃDʱ�	Ų>A@a�pR˝�ǬʖDƗ%./�̄¯Ļ) tRNA^dg.

̄¯ǆĉ��ʞ�@ɽ7ċC�.Īċ.7(	@)ʏ�>A@	 
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ğ 10� ǐɎɟ(ȷ
!�f�a�pR˝	 

mini-Std�SL�SLĀ¯ǆĉ.�3ɝ.̄¯ǆĉ,Ĩ&�ˈ˅�A! Streptavidin (A)�GFP (B).̇â

Dɕ�	T7v���ȧâ/�̓ʢ,nI�Ig�!	̔ĹVh�)ɼɿVh�/�̪ʢ,nI�I

g�!	G~m̊.ÔAǉ�Dʱ$!ɫƆ/�ʄʢ,nI�Ig�!	(C) Ċ tRNA^dg)�Ċ̄¯

ǆĉ(ˈ˅�! mRNA�>·>A@�9ɝ̹.Ċɽ7ċC�(ʎˊDʱ$!Īċ,ċƃ�A@ʎˊȶ

ȩ.�Ser�Leu�Ala.ǳĨư)�àĻ̎.˅ɬÆ	 
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ğ 11� T7-tRNAD¹ȷ�!Úǧƃȣɻʕʎˊɴ.�G~mGZ� tRNAċƃ̉ɸ) EF-Tuȝţ.Ǌ̂

õ	 

ĊʎˊĂŷȌ.G~mGZ� tRNAċƃ̉ɸ) EF-Tu/Tsȝţ/�U�.�̆.ʴ,ɕ�!ͅǊ̂õ̔

Ĺǂ.ʎˊɴ,ǹ3'�ȝţD 6Ã6!/ 3.5Ã,��!:.,%
'/�N��[ʢ(ɕ�! 	͆ȷ
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!̄¯Ļ/�mini-Std̄¯ǆĉ,Ĩ&
'V�h�A! GFP(	?�Ȉź.	@ GFP.ʎˊċƃ

̎D native PAGE,=?˂Ǖ�!	GFPċƃ̎/�Ǌ̂õ̔Ĺǂ.ʎˊɴͅ��� 1͆(.ċƃ̎D

1)�!ɇŊÆ(ɕ�!	ɿǗ,%
'͇6��G~mGZ� tRNAċƃ̉ɸ.ȝţ��GFP.ʎˊ

ċƃ̎,��@ū̯,%
'˕3!	20ɝ̹.G~mGZ� tRNAċƃ̉ɸD 4%.S��v,à�

ͅS��v 1͇ AlaRS, ArgRS, ValRS, AspRS, CysRS�S��v 2͇ GlnRS, GluRS, HisRS, IleRS, TyrRS�

S��v 3͇ LeuRS, LysRS, MetRS, PheRS, TrpRS�S��v 4͇ SerRS, ThrRS, AsnRS, GlyRS, ProRS �͆

ĊS��v.G~mGZ� tRNAċƃ̉ɸ.ȝţD 6Ãͅ!"��AlaRS, IleRS, PheRS,%
'/ȏ

ð�@șȌ̎�ĳ�+?˿�@!9�3.5Ã)�!͆,�ƿ��!ʎˊɴDǧɰ�!	�. 4ɝ.ʎˊ

ɴ,
�@ GFP.ċƃ̎Dǹ˨�@)�S��v 2.ȝţD�ƿ��!Īċ,�ʎˊċƃ̎� 1.7Ã

,Įð�!ͅ��� 3 	͆��(�S��v 2,Đ6A@ĊG~mGZ� tRNAċƃ̉ɸ.ȝţD 1ɝ

�%�ƿ��!ʎˊɴ. GFPċƃ̎DȖł�@)�GluRS6!/ IleRS.ȝţD��!Īċ,�ċƃ

̎.�ƿ�ʽ>A!ͅ��� 7͇1.4Ã2�ƿ���� 9͇1.5Ã2�ƿ 	͆�>,�GluRS) IleRS.

ȝţD×,�ƿ��!ʎˊɴ(/�ċƃ̎� 1.8Ã2�ƿ�!ͅ��� 11 	͆�A/�S��v 2.G

~mGZ� tRNAċƃ̉ɸȝţDÕ'�ƿ��!Īċ.�ƿͅ��� 4͇1.7Ã2�ƿ͆)Čɜţ(	

$!�)�>�GluRS) IleRS. 2ɝ̹.ȝţD��@�)(Ñà(	@)äƷ�!	ǊŰ,�EF-Tu/Ts

ȝţ�GFP.ċƃ̎,��@ū̯D˕3!	GluRS) IleRS.ȝţD×,�ƿ��!ʎˊɴ,

'�

�>, EF-Tu/TsȝţD 3.5Ã,�ƿ��@�)(�GFPċƃ̎/�>, 1.8Ã,Įð�!ͅ���

12 	͆ɿŒ�G~mGZ� tRNAċƃ̉ɸ) EF-Tu/Tsȝţ.Ǌ̂õ.Õµ(�GFPʎˊċƃ̎/ 3.3

Ã,Įð�!	 
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ğ 12� Natural tRNA6!/ T7-tRNADȏð�!ȣɻʕʎˊɴ,=?ċƃ�!�f�yvch.�

tricine SDS-PAGE
=1 MALDI-TOF-MS˂Ǖ	 
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(A) ǐɎɟ(¹ȷ�!�f�yvch)�ADV�h�@ mRNA.̇â	NNN/ 20Â.Vh�D�

Xaa/�A,Ŋŷ�@ 20Â.ǩȘG~m̊Dɕ�	ȣɻʕʎˊɴ,=?ċƃ�!�f�yvch.�

tricine SDS-PAGE
=1 MALDI-TOF-MS˂Ǖ͇Natural tRNADȷ
!ɿǗD(B)�mini-Std tRNAD

ȷ
!ɿǗD(C)�SL tRNADȷ
!ɿǗD(D)�SLA tRNADȷ
!ɿǗD(E)�,ɕ�!	!"��(B), 

(C). MALDI-TOF-MS.ɿǗ.�#�Ser, Leu, Ala«Ĳ.:./��A A�Natural tRNA^dgD

ȷ
!:.D(F)�mini-Std tRNA^dgDȷ
!:.D(G),ɕ�!	tricine SDS-PAGE˂Ǖ,	!$

'/�[14C]AspDʎˊĂŷȌ,ð�@�)(�ċƃyvch�ƭŌźǩ˘�A�N�g�[NS�t

H,=@ǣß�ćʖ,+@	MALDI-TOF-MS.s�R�x�/Ǯ.˸?͇ˈ˅˸?.G~m̊� Xaa

.³ʋ,ŎÔ�A!Õ̒yvch (*)�Õ̒yvch. CysǳĨ, β-��OvgLam���©ð�

!:. (§)�ɍ
yvch 1 (fMet�ǭʨ�!:.͇Tyr-Tyr-Tyr-Xaa-Asp-Asp-Arg-Asp) (¶)�ɍ
yv

ch 2 (Xaa=?�ȉ�ǭʨ�!:.͇fMet-Tyr-Tyr-Tyr-Xaa) (†)	˝̎.ȳ˖Æ)ŃȖÆ/ʴ 3,ɕ

�	 
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ğ 13� 2ɝ̹.�f�yvchʎˊċƃ,=@�ǩȘ̄¯ǆĉ)G~m̊ÔAǉ�̄¯ǆĉ.Ɇ¢ź

.ˌ¼	 
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(A) mini-Std, SL, SLĀ¯ǆĉ,Ĩ&�V�h�A! Streptavidin̄¯ĻD�Natural tRNA�mini-Std 

tRNA^dg�SL tRNA^dg�SLA tRNA^dg. 4ɝ. tRNAD�A AƗ$!ȣɻʕʎˊɴ,=

?ʎˊ�!ȶȩ.˂Ǖ	�ǵ/�ʎˊȶȩ.˂Ǖ,	!?�glycine SDS-PAGE.Ű,�[14C]Asp(ǩ

˘�A!ċƃa�pR˝DN�g�[NS�tH,=?ǣß�!:.Dɕ�	�ǵ/�ʎˊȶȩ.˂

Ǖ,	!?�native PAGE.Ű,�ċƃa�pR˝DʮÓI��[�S,=?ǣß�!:.Dɕ�	

+
 Streptavidin.˂Ǖ,	!$'/�ʮÓǩ˘ biotinDʎˊȌ,ð�@�),=? Streptavidin.ć

ʿõDʱ+$!	�ǵ/�native PAGEŰ,ʮÓˁň�!U�Dȷ
�N�g�[NS�tH,=?

˅Ȗ�!:.Dɕ�	Ȗł�!o�hŨţ/�Natural tRNADȷ
'�mini-Std̄¯ĻDʎˊ�!Ī

ċ.ŨţD 1)�!ɇŊÆ(ʴ��U�.�,S�t)�'ɕ�!	L��o�/�3ěŃ̀Dʱ+

$!ǩȘÇŚDʴ�	(B) mini-Std, SL, SLĀ¯ǆĉ,Ĩ&�V�h�A! GFP̄¯ĻD�Natural 

tRNA^dg�mini-Std tRNA^dg�SL tRNA^dg�SLA tRNA^dg. 4ɝ. tRNAD�A A

Ɨ$!ȣɻʕʎˊɴ,=?ʎˊ�!ȶȩ.˂Ǖ	˂ Ǖ/��ˇ. Streptavidin.Īċ)ĨǐɁ,/Č�

(	@��ʮÓǩ˘ biotin.ȏð/ʱC+�$!	 
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ğ 14� E. coli. MDS42Um�,V�h�A! 3547Â.Ċ CDS.G~m̊̇â,û9@�Ser) Leu

.ìċ(A)�6!/�Ser) Leu) Ala.ìċ(B)	E. coli MDS42Um�,V�h�A! 3547Â.Ċ

CDS.G~m̊̇âD˕3����>�Ser) Leu.ìċ(A)�6!/�Ser) Leu) Ala.ìċ(B)

Dɬß��S�t,ɕ�!	�f�a�pR˝,%
':ČǨ,ìċD˅ɬ��S�tÙ.�A>�

Đ6A@o�DN��[(ʴ�!	 

 

  



 49 

 

ğ 15� tRNA)̄¯Ļ.ˈ˅,ȷ
!̄¯ǆĉ��ʞ�'
@Īċ,ċƃ�A!a�pR˝.�Ȉź

DƗ%ɣµǧ˺DŪƃ�@òȰ)ʮÓȈź	 

(A) glycine SDS-PAGEŰ.N�g�[NS�tH,=?Ȗł�!ċƃ�f�a�pR˝.ʃ̎,Ŋ�

@�native PAGEŰ.N�g�[NS�tH,=?Ȗł�!�ȈźDƗ%ɣµǧ˺DŪƃ�!a�p

R˝.̎.ìċ	ìċ.˅ɬ/�tRNA)̄¯Ļ.ˈ˅,ȷ
!̄¯ǆĉ��ʞ�@ĊǓ­(�ȣɻʕ

ʎˊɴ,=?ċƃ�!a�pR˝Dȷ
'ʱ+$!	(B) native PAGE,=?œ̔�!U�.�ʮÓI

��[�S,=?Ȗł�!ʮÓŨţ)�N�g�[NS�tH,=?Ȗł�!�ȈźDƗ%ɣµǧ˺

DŪƃ�!a�pR˝.ɇŊ̎.ǹ˨	L��o�/�3ěȖł.ǩȘÇŚDɕ�	 
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ğ 16� 2ǵ̟Vh�ʋƢȂ,=@�SL̄¯ǆĉDƗ$!Ĵʙʧ.íʹƅȻ	 

(A) 2ǵ̟Vh�ʋƢȂ.ȉA)Ċǵ̟.̄¯ǆĉ	2ǵ̟Vh�ʋƢȂ(/�ĴʙʧUm�D�6�

SLVh�̣ɵ̄¯ǆĉ(.V�h,ıƢ���>,�SL̄¯ǆĉ(.V�h,ıƢ�@	6��(i)

(/�Leu (CTN)Vh�) Ser (TCN)Vh�D�Leu (TTR)Vh�) Ser (AGY)Vh�,�A AʋƢ�

@	Ǯ,(ii)(/�tRNASer
BGA) tRNALeu

BAG.G�cVh�D¢Ƣ�@	�.̡�SLVh�̣ɵ̄¯ǆ

ĉ(V�h�!ĴʙʧUm�/�Leu (CTN)Vh�) Ser (TCN)Vh�DĐ6+
!9�Ĵʙʧ.ȵʓ

,Żū̯/ȵ�+
)ʏ�>A@	ʁ
'�(iii)(/�Leu (TTR)Vh�) Ser (AGY)Vh�D�Leu (TCN)

Vh�) Ser (CTN)Vh�,ʋƢ�@	�A,=?�LeuVh�) SerVh�.Ă˧�ˠ�@	ǊŰ,�

(iv)(/�Leu (TTR)Vh�) Ser (AGY)Vh�,Ŋŷ�@ tRNADUm��>ǭƥ��@	�.̡�U

m�,/��A>.Vh��Đ6A+
!9�Ĵʙʧ.ȵʓ,Żū̯/ȵ�+
)ʏ�>A@	«�

.ȉA,=?�SL̄¯ǆĉ2.ıƢ/ŀ��@	:��SLVh�̣ɵ̄¯ǆĉDɾ�,ɆƟ SL̄¯

ǆĉ2.ıƢDʱ
�)�@)�Vh�, Leu) Ser��ƹƘł�A'
@ȫȁ�Ŷ�ȵ�'�6�

!9�Ĵʙʧ/ʞǱ)+@	(B) 2ǵ̟Vh�ʋƢȂ.Ċǵ̟,
�@�Ser, Leu.Vh�.Ŋŷ̖¾
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)�Gbva�àĻ)�'Í� tRNA.ˈ˅	˟ʢ(ɕ�! tRNA/�{fH.̇â� tRNASer
.:.

(	@	ɺʢ(ɕ�! tRNA/�{fH.̇â� tRNALeu
.:.(	@	ʫʢ.ʔǄʢ(ɕ�!Vh�

/�Ŋŷ�@ tRNA/ĽĢ�@:..�Vh�ʜµ/ÕUm��( 1ţ:¹ȷ�A'
+
	ɀƎ�

.ʔǄ(ɕ�!Vh�/�Ŋŷ�@ tRNA:ĽĢ���Vh�ʜµ:ÕUm��( 1ţ:¹ȷ�A'


+
ɠVh�(	@	 
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ʴ 1� ɧ 2ɤ,

' T7-tRNA.ĬĨ̇â)��.̏Ĥ DNAD·ʹ�@!9.v�I}�^dg 

  



 53 

ʴ 2� ɧ 2ɤ,

'¹ȷ�!v�I}� 
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ʴ 2ͅʁ�͆   
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ʴ 2ͅʁ�͆   
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ʴ 3� ɧ 2ɤ,

'�f�yvch.˝̎.ȳ˖Æ)ŃȖÆ a 

 
a
s�R�x�/Ǯ.˸?͇ˈ˅˸?.G~m̊� Xaa.³ʋ,ŎÔ�A!Õ̒yvch (*)�Õ̒y

vch. CysǳĨ, β-��OvgLam���©ð�!:. (§)�ɍ
yvch 1 (fMet�ǭʨ�!

:.͇Tyr-Tyr-Tyr-Xaa-Asp-Asp-Arg-Asp) (¶)�ɍ
yvch 2 (Xaa=?�ȉ�ǭʨ�!:.͇

fMet-Tyr-Tyr-Tyr-Xaa) (†)    
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ɧ 3ɤ 
 

DµG~m̊.ʎˊɴ2.̂ċź.ǣˋ  
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3.1. ŎÔ 
 
3.1.1. DµG~m̊.ʎˊ̂ċź,̖�@ÒʱɎɟ 
� 6��ʎˊ̔Ĺ, DµG~m̊Dȷ
@Ɏɟ��Űʭ>,=$'ĩĒ�A'
@	
�.Ɏɟ(/�N-formyl-DµG~m̊6!/ N-acyl-DµG~m̊Dɿċ�! tRNAini

D˕ʹ��MetRS DĐ6+
ÚǧƃȣɻʕʎˊɴÙ,ȏð�@�)(��A>.G
~m̊�yvch,ŎÔ�A@�)Dȿʽ�! 47,50	�.ɿǗ/�̬ǩȘG~mGZ

� tRNAD˕ʹ�!�(�ŎÔ�!
G~m̊.ŎÔ)ɦċ�@ʼɸ)+@�ÙĢź
G~m̊.ŎÔDƝ̛�!Ǔ­�ȷž(�!+>0��{`��/�DµG~m̊D
ʎˊ̔Ĺ,ą�ÔA@)
��)Dɕ�'
@	ʁ
'�ʎˊ±̒Ăŷ, DµG~m
̊Dæȷ�@�)Dˍ7!Ɏɟ,%
'˱3@ͅʴ 4 	͆Ǌã.ĩĒ/�Calendar )
Berg,=@:.(�Ƒß.ȣɻʕʎˊɴDæȷ�@�)(�D-TyrD|�yvch�
,ʎˊŎÔćʖ(	@�)DĩĒ�! 109	ŭ>/�Ĵʙʧ. TyrRS� D-Tyr DĨ˝
)�'ˑ$'æȷ��tRNA,GZ�õ�@ȈźDæȷ��D-Tyr-tRNATyr.˕ʹDʱ

+$!	!"��Ĵʙʧ.Ƒßʎˊɴ�,/�D-Tyr, D-Phe, D-Asp, D-Trp-tRNAD̃
ƏɁ,à˂�@ D-Tyr-tRNA-deacylase�ĽĢ�'
?�D-Tyr�ˑ$'yvch2Ŏ
Ô�A@�)D̗
(
@ 109,150	��(�D-Tyr-tRNATyr.à˂D̅�@!9�ŭ>

/�D-Tyr-tRNA deacylase Ȉź.´
�ǘʥʧ.Ƒßȣɻʕʎˊɴ(S-100),�Ĵʙ
ʧ.�{`��Dð�!ɴDȷ
!	D-[14C]Tyr-tRNATyr�6!/�V�g���)�

' L-[14C]Tyr- tRNATyrDɴ,ȏð��poly-UA.mRNA�>yvch.ʎˊDˍ7!	
ċƃ�A!yvchDg�R��̈̊(ȀǶ���ƭŌȈźDȖł�!ɿǗ�yvc

h�,Đ6A@D-[14C]Tyr.̎/�V�g���)�' L-[14C]TyrDȷ
!Īċ.17%
)+$!	ŎÔ�A! Tyr� Dµ(	$!�)/�yvchDõľɁ,ðǻà˂�!
Ű,�Dµ6!/ LµG~m̊ȪȽɁ+̊õ̉ɸ,=$'Þȳ�@�)(ɒˏ�A'

@	ɒ�,�ŭ>.ĩĒ/�D-Tyr �ʎˊ±̒Ăŷ,̂ċ�'
@�)Dɕ�'/

@��Ų>A!yvch��Õ' poly(D-[14C]Tyr-L-Ile))/̚>+
ȡ)
�,%

'/�Ȅž�Ŷʼ(	@	ǘʥʧ.Ƒßȣɻʕʎˊɴ,/�ƭŌź�x��A'
+


 L-Tyr �ǳĽ�'
!ćʖź�͂��º�0�poly(D-[14C]Tyr-L-Ile-L-Tyr-L-Ile).=
�,�yvch�. D-[14C]Tyr.ĽĢìċ/´�$!ćʖź�Ñà,ʏ�>A@	 
� �.Ű�è˱.ͅ1.3.1.Āȥ �͆õľċƃ)̉ɸĂŷDæȷ�!G~mGZ�õȂ�
̔ȿ�A@)�Ǩ�+ D-G~mGZ� tRNA.ċƃ�ćʖ,+$!!9�DµG~m
̊.ʎˊŎÔ,̖�@Ɏɟ��>,˼9>A!	����Ĵʙʧ;JXQʂȫ˟ʰȲ

ȸǔ.ȣɻʕʎˊɴDȷ
'�G�o�Xv�dZ��Ȃ,=?�D-Ala, D-Phe.y
vch2. 1ǳĨŎÔDˍ7!Ɏɟ(/�
�A:�DµG~m̊�ŎÔ�A!)

�ˋƔDŲ>A+�$! 29,30,151	 
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� �ƹ�Dedkova>��Ĵʙʧ.ȣɻʕʎˊɴDȷ
'ʱ$!Ɏɟ(/�dihydrofolate 
reductase (DHFR)�.Ȫł. 1ǳĨ)�'�D-Met6!/ D-PheDŎÔ���A A
ǩȘG~m̊Dȷ
!Īċ. 5%) 3%.ă̎(a�pR˝�Ų>A!�)DĩĒ�
!	�>,�ıȽDŎÔ�!�{`��Dȷ
@�)(�ă̎/�A A 23%) 12%
6(ƬĚ�@�),%
':ĩĒ�'
@ 27,28	 
� �>,�Úǧƃȣɻʕʎˊɴ�̔ȿ�A@)�è˱.̄¯ǆĉ.�v�S�~�S

Dæȷ�!�DµG~m̊ŎÔ.ɎɟɿǗ,%
':ĩĒ�A!	Úǧƃȣɻʕʎˊ
ɴDȷ
@�).æȡ/�è˱. D-Tyr-tRNA deacylase .Đ6A+
ɴDǧɰ(�
@�)(	@	ČǨ,�DµG~m̊.ŎÔ)ɦċ�@ćʖź.	@ LµG~m̊.
ŎÔD�Ȫł.G~m̊)Ŋŷ�@ ARS Dɴ,ȏð�+
�),=$'�Ɲ̛�@
�):ćʖ(	@	Tan>/�ÚǧƃȣɻʕʎˊɴDȷ
'�fMet-Xaa-[3H]Glu.̇
âDƗ%g�yvch�.�Xaa.³ʋ(ValVh� GUU),�D-Ala6!/ D-PheD
ŎÔ�@�)Dˍ7! 31	����D-Ala .ŎÔDˍ7!ɿǗ�Ń̡,Ų>A!yv
ch,/�L-Ala�ŎÔ�A'
!	�.þĜ)�'�G~mGZ�õ,æȷ�! D-Ala
, L-Ala�ȎÔ�'
!��D-Ala-tRNA.˕ʹ�,�̆�^~õ�˼ʱ�!ćʖź�
ʏ�>A@	6!�D-Phe.ŎÔ�A!yvch,%
'/�ǣß�@�)�(�+
�$!	 
 
3.1.2. ǐɎɟ.ɅɁ 
� «�.=�,�DµG~m̊.ʎˊ±̒Ăŷ2.̂ċź,%
'�ÒʱɎɟ(ǀ>
�,�A!Ùņ/Õ��Ñà"$!ͅʴ 4 	͆Ȫ,ę̷+./�ɎɟŊ˛)+$!G
~m̊� D-Ala, D-Phe, D-Met, D-Tyr.7)Ő+�$!ȡ)�ʺư.Ɏɟ(ƉCA!
D-Phe,%
'/ɿǗ�ɋɈ�'
!ȡ(	@	�.þĜ)�'�1ȡɅ,�ĊŃ̀
,¹ȷ�A!ʎˊɴ�Ƚ+$'
?�DµG~m̊.ʎˊŎÔ)ɦċ�@Ǩ�+ʼɸ
�Đ6A'
!�)�2ȡɅ,�DµG~m̊.ŎÔ�A!�)Dǣˋ�@Ƈǵ)�
'�̉ɸȈź+*.̕ƟɁ+ƹȂ�ĳ�¹CA'
!�)��ʏ�>A@	 
� ��(�ǐ˖Ƴ.ɧ 2.e�})�'�DµG~m̊)ɦċ�@ʼɸDƝ̛�!̂
á+ʎˊɴDȷ
@�)(�DµG~m̊.ʎˊ̂ċź,%
'ǰɒ+ǣˋDʱ��
))�!ͅğ 17 	͆ØµɁ,/�ɼɿĜĻ)�̆. ARS D̛
!Úǧƃȣɻʕʎˊ
ɴDȷ
@�)(�DµG~m̊.ŎÔ).ɦċ.þĜ)+@ʼɸDƝ̛�!	�>
,�FlexizymeDȷ
!G~mGZ�õȂ.ɱ½�Dæȷ��ǩȘG~m̊.�#̑
ÎȽźµDƗ!+
 GlyD̛��19ɝ̹.G~m̊. DµDȷž��ʎˊ̂ċź,
%
'ôƖɁ,˕3@�))�!	6!�űǔˍ7>A'
+�$!�yvch2.

ʺưǳĨ. DµG~m̊.ŎÔ,%
':�ǣˋDʱ$!	  
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3.2. Ǒƶ)ƹȂ 
 
3.2.1. Ǒƶ 
� ǐŃ̀(¹ȷ�!v�I}�/�Operonɖ6!/ FASMACɖ�>˞Ô�!	SPE 
column /ƽ£eRm\ɖ�>˞Ô�!	D µG~m̊/�Ȕˬõľ6!/yvch
ɎɟƆ�>˞Ô��G~m̊.Ȉźõµ.ċƃ/�ǒ�>�ʱ+$!	�.¨.ˍʬ

/iO�Iɖ�>˞Ô�!	6!�Taq DNA polymerase�T7 RNA polymerase�

=1ʎˊ,Ŷʼ+ĜĻDĐ8șȌ(	@ HsolA�HsolB/ǐɎɟń,

'·ʹ�!
:.Dȷ
!	șȌ.ɽƃD«�,ɕ�	 
• 10x PCR buffer: 100 mM Tris-HCl (pH 8.4), 500 mM KCl, 1% (v/v) Triton X-100 
• 5 mM each dNTP: 5 mM dATP, 5 mM dTTP, 5 mM dGTP, 5 mM dCTP 
• 10x T7 buffer: 400 mM Tris-HCl (pH 8.0) 10 mM spermidine, 0.1% (v/v) Triton 

X-100 
• 2x RNA Loading buffer: 25 mM EDTA (pH 8.0), 95% (v/v) formamide, BPB 
• 0.5x TBE: 44.5 mM Tris-borate, 2 mM EDTA (pH 8.0) 
• 2x MuPaC reaction solution: 100 mM Tris-HCl (pH 7.5), 20 mM MgCl2, 20 mM 

DTT, 2 mM ATP, 0.5 mM dNTPs, 0.02% BSA, 0.2 U/µL T5 exonuclease, 0.01 
U/µL Klenow fragment exo (–), 2 U/µL T4 DNA Ligase 

• HsolA: 18.4 mM ATP, 18.4 mM GTP, 9.18 mM CTP, 9.18 mM UTP, 184 mM 
creatine phosphate, 460 mM HEPES-K (pH 7.6), 918 mM AcOK, 110 mM 
Mg(OAc)2, 18.4 mM spermidine, 9.18 mM DTT, 0.918 mM 10-formyl-5,6,7,8 
tetrahydrofolic acid, 13.8 mM E. coli tRNA mix 

• HsolB (4ARS): 1.27 µM AspRS, 1.08 µM LysRS, 0.294 µM MetRS, 0.196 µM 
TyrRS, 5.88 µM methionyl-tRNA formyltransferases, 26.5 µM initiation factor 1, 
3.92 µM initiation factor 2, 14.7 µM initiation factor 3, 2.55 µM elongation factor G, 
98 µM elongation factor Tu/Ts, 2.45 µM release factor 2, 1.67 µM release factor 3, 
4.9 µM ribosome recycling factor, 0.98 µM nucleoside-diphosphate kinase, 0.98 
µM inorganic pyrophosphatase, 0.98 µM T7 RNA polymerase, 39.2 µM creatine 
kinase, 29.4 µM myokinase, 11.8 µM ribosome 

 
3.2.2. Flexizyme.˕ʹ 
� 6��dFx.̏Ĥ DNAD·ʹ,%
'˒ǀ�@	ˡɶǻD 80 µL�10x PCR buffer
D 10 µL�200 mM MgCl2D 1 µL�5 mM each dNTPD 5 µL�211 µM Fx-5′.F36D
0.47 µL�183 µM dFx.R46D 0.55 µL �Taq DNA polymeraseD 4 µLȎċ�!	�
.±̒ĂŷȌD�95°C( 1à̕ðȧ.Ű��50°C( 1à̕�72°C( 1à̕�.XI
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R�D 5ěʊ?˰�!	ʁ
'�ˡɶǻD 3200 µL�10x PCR bufferD 400 µL�200 
mM MgCl2D 40 µL�5 mM each dNTPD 200 µL�146 µM T7ex5.F22D 27.4 µL�176 
µM dFx.R19D 22.7 µL�±̒ĂŷȌD 20 µL�Taq DNA polymeraseD 160 µLȎċ
�!	�. PCRĂŷȌD�95°C( 3àðȧ.Ű��95°C( 40ə̕�50°C( 40ə
̕�72°C( 40ə̕�.XIR�D 12ěʊ?˰�!	Ǯ,�PCRĂŷȌ,Ŋ�'�
phenol/chloroformÞȳDʱ$!	ěă�!�ŕ,Ŋ�'�3 M NaClDșȌ. 0.1Ã
̎�ethanolD 2Ã̎ð��=�ƩƓ�!Ű�13000 rpm( 15à́̕ŵ�'��ȐD
̛
!	�.Ű�Úţ 13000 rpm ( 5 à́̕ŵ�'��ȐD̛
!	�>,�70% 
ethanol, 0.1 M NaClD 50 µLð��13000 rpm( 5à́̕ŵ�'��ȐD̛
!	Ų
>A!ȀǶD̺��!Ű�400 µL. 50 mM KCl,ș˂��!	eFx.̏Ĥ DNAD
·ʹ�@̡,/�dFx.R46) dFx.R19,ª�' eFx.R45) eFx.R18D�A Aȷ

!	 
� ˡɶǻD 1380 µL�10x T7 bufferD 400 µL�100 mM DTTD 400 µL�250 mM MgCl2
D 480 µL�2 N KOHD 60 µL�25 mM each NTPD 800 µL�6 µM T7 RNA polymerase
D 80 µL��ˇ.̏Ĥ DNAșȌD 400 µLȎċ��37°C( 8ǂ̫̕ʋ�!	�.Ű�
DNase ⅠD 40 µL�100 mM MnCl2D 80 µLð�'Ȏċ��37°C( 30à̫ʋ�!	
ʁ
'�˧ÛĂŷȌ,Ŋ�'�0.5 M EDTA (pH 8.0) DșȌ. 0.075Ã̎�3 M NaCl
D 0.1Ã̎�2-propanolDɩ̎ð��=�ƩƓ�!Ű�13000 rpm( 5à́̕ŵ�'�
�ȐD̛
!	�.Ű�Úţ 13000 rpm( 5à́̕ŵ�'��ȐD̛��400 µL.
ˡɶǻ,ș˂��!	Ǯ,�ɲɳʹ�!˧Ûȶȩ,Ŋ�'�ɩ̎. 2x RNA Loading 
bufferDð��95°C( 3à̕ðȧ���.Õ̎Dȷ
'�12%ıź PAGE (6 M Urea) 
Dʱ$!	ȅó buffer/ 0.5x TBE)��300 V( 120à̧̕Ǻȅó�!	�.Ű�
TLCv��g�( UVȥŌ,=?˧Ûȶȩ.o�hDɒˏ�'�o�h̆à.U�D
á?ß��50 mĹȀɭÙ,'ɻ��ɏ
!	Ǯ,�0.3 M NaClD 15 mLð�' 2
ǂ̨̕Ʉ�!Ű��Ȑ 12.5 mLD 0.45 µm.tH�a(Ȟ˿�!	Ȟ˿�!�Ȑ,Ŋ
�'�ethanolDșȌ. 2Ã̎ð��=�ƩƓ�!Ű�13000 rpm( 15à́̕ŵ�'�
�ȐD̛
!	�.Ű�70% ethanolD 10 mLð��Úţ 13000 rpm( 5à́̕ŵ
�'��ȐD̛
!	Ų>A!ȀǶD̺���200 µL .ˡɶǻ,ș˂��!	ɳʹ
�! Flexizyme/ UV260,=?ȝţDǿł��l ɶǻDȷ
' 250 µM,ŝ̋�!ͅ 1 
OD = 40 µg/mL)��Flexizyme.àĻ͇̎1.4 x 104 	͆ 
 
3.2.3. tRNAEnAsn.˕ʹ 
� «�(ȷ
!v�I}�̇â/�ʴ 5,ɕ�!	ˡɶǻD 80 µL�10x PCR buffer
D 10 µL�200 mM MgCl2D 1 µL�5 mM each dNTPD 5 µL�20 µM EnAsn5′.F49D
5 µL�20 µM EnAsnGGA.R43ͅtRNAEnAsn

GGA ·ʹ.Īċ͆D 5 µL �Taq DNA 
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polymerase D 2 µL Ȏċ�!	�.±̒ĂŷȌD�95°C ( 1 à̕ðȧ.Ű��50°C
( 1à̕�72°C( 1à̕�.XIR�D 5ěʊ?˰�!	ʁ
'�l ɶǻD 160 µL�
10x PCR bufferD 20 µL�200 mM MgCl2D 2 µL�5 mM each dNTPD 10 µL�100 µM 
T7ex5.F22D 1 µL�100 µM EnAsn3′.R38D 1 µL�±̒ĂŷȌD 10 µL�Taq DNA 
polymeraseD 4 µLȎċ�!	�. 1st PCRĂŷȌD�95°C( 3à̕ðȧ.Ű��95°C
( 40ə̕�50°C( 40ə̕�72°C( 40ə̕�.XIR�D 12ěʊ?˰�!	�
>,�l ɶǻD 160 µL�10x PCR bufferD 20 µL�200 mM MgCl2D 2 µL�5 mM each 
dNTPD 10 µL�146 µM T7ex5.F22D 1.37 µL�178 µM EnAsn3.R20D 1.13 µL�1st 
PCRĂŷȌD 1 µL�Taq DNA polymeraseD 8 µLȎċ�!	�. 2nd PCRĂŷȌD�
95°C( 3à̕ðȧ.Ű��95°C( 40ə̕�50°C( 40ə̕�72°C( 40ə̕�.
XIR�D 12ěʊ?˰�!	 
� ˡɶǻD 250 µL�10x T7 bufferD 100 µL�100 mM DTTD 100 µL�250 mM MgCl2
D 90 µL�2 N KOHD 11.25 µL�25 mM each NTPD 150 µL�100 mM GMPD 50 µL�
6 µM T7 RNA polymeraseD 50 µL�̏Ĥ DNA. PCRĂŷȌD 200 µLȎċ�!	
�.˧ÛĂŷȌD�37°C( 8ǂ̫̕ʋ�!Ű�DNase ID 5 µL�100 mM MnCl2D
20 µLð�'Ȏċ��37°C( 1ǂ̫̕ʋ�!	ʁ
'�˧ÛĂŷȌ,Ŋ�'�0.5 M 
EDTA (pH 8.0) DșȌ. 0.05Ã̎�3 M NaClD 0.1Ã̎�2-propanolDɩ̎ð��
=�ƩƓ�!Ű�13000 rpm( 5à́̕ŵ�'�ȐD̛��100 µL.ˡɶǻ,ș˂
��!	Ǯ,�ɲɳʹ�!˧Ûȶȩ,Ŋ�'�ɩ̎. 2x RNA Loading bufferDð��
95°C( 3à̕ðȧ���.Õ̎Dȷ
'�8%ıź PAGE (6 M Urea) Dʱ$!	ȅ
ó buffer/ 0.5x TBE)��300 V( 90à̧̕Ǻȅó�!	�.Ű�TLCv��g
�( UVȥŌ,=?˧Ûȶȩ.o�hDɒˏ�'�o�h̆à.U�Dá?ß��50 
mĹȀɭÙ,'ɻ��ɏ
!	Ǯ,�0.3 M NaClD 5 mLð�' 2ǂ̨̕Ʉ�!Ű�
�Ȑ 12.5 mLD 0.45 µm.tH�a(Ȟ˿�!	Ȟ˿�!�Ȑ,Ŋ�'�ethanolD
șȌ. 2Ã̎ð��=�ƩƓ�!Ű�13000 rpm( 15à́̕ŵ�'��ȐD̛
!	
�.Ű�70% ethanolD 5 mLð��Úţ 13000 rpm( 5à́̕ŵ�'��ȐD̛

!	Ų>A!ȀǶD̺���50 µL.ˡɶǻ,ș˂��!	ɳʹ�! tRNAEnAsn

GGA/

UV260,=?ȝţDǿł��ˡɶǻDȷ
' 250 µM,ŝ̋�!ͅ1 OD = 40 µg/mL
)��tRNAEnAsn

GGA.àĻ͇̎ 2.44 x 104 	͆tRNAEnAsn
GAG�tRNAEnAsn

GUG�tRNAEnAsn
GGU

.˕ʹ/��ˇ. tRNAEnAsn
GGA .˕ʹƇ̲)�«�.ȡD̛�ČǨ,ʱ+$!�

EnAsnGGA.R43 .ªC?,�EnAsnGAG.R43�EnAsnGUG.R43�EnAsnGGU.R43
Dȷ
!	 
 
3.2.4. Microhelix RNAEnAsn (MhRNAEnAsn).˕ʹ 
� ˡɶǻD 88 µL�10x T7 bufferD 10 µL�198 µM GGCGT7.F17D 1.01 µL�215 µM 
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EnAsn-micro.R43D 0.93 µLȎċ�!	�.̏Ĥ DNAșȌD�95°C( 3à̕ðȧ�
!Ű�ńȕ( 5à̕ʋ
!	ʁ
'�ˡɶǻD 378 µL�10x T7 bufferD 100 µL�100 
mM DTTD 100 µL�250 mM MgCl2D 90 µL�2 N KOHD 11.25 µL�25 mM each NTP
D 150 µL�100 mM GMPD 50 µL�6 µM T7 RNA polymeraseD 20 µL�̏Ĥ DNA
șȌD 100 µL�RNase inhibitorD 1 µLȎċ�!	�.˧ÛĂŷȌD�37°C( 8ǂ
̫̕ʋ�!	�.Ű�DNase ⅠD 2.5 µL�100 mM MnCl2D 10 µLð�'Ȏċ��37°C
( 30à̫̕ʋ�!	Ǯ,�˧ ÛĂŷȌ,Ŋ�'�0.5 M EDTA (pH 8.0) DșȌ. 0.05
Ã̎�3 M NaClD 0.1Ã̎�2-propanolDɩ̎ð�'ƩƓ�!Ű�ńȕ( 10à̕ʋ

!	��'�13000 rpm( 10à́̕ŵ���ȐD̛
!Ű�50 µL.ˡɶǻ,ș
˂��!	ʁ
'�ɲɳʹ�!˧Ûȶȩ,Ŋ�'�ɩ̎. 2x RNA Loading bufferD
ð��95°C( 3à̕ðȧ���.Õ̎Dȷ
'�20%ıź PAGE (6 M Urea) Dʱ$
!	ȅó buffer/ 0.5x TBE)��300 V( 120à̧̕Ǻȅó�!	�.Ű�TLCv
��g�( UVȥŌ,=?˧Ûȶȩ.o�hDɒˏ�'�o�h̆à.U�Dá?ß
��50 mĹȀɭÙ,'ɻ��ɏ
!	Ǯ,�0.3 M NaClD 5 mLð�' 2ǂ̨̕Ʉ
�!Ű��ȐD 0.45 µm.tH�a(Ȟ˿�!	Ȟ˿�!�Ȑ,Ŋ�'�ethanolD
șȌ. 2Ã̎ð��=�ƩƓ�!Ű�13000 rpm( 15à́̕ŵ�'��ȐD̛
!	
�.Ű�70% ethanolD 5 mLð��Úţ 13000 rpm( 5à́̕ŵ�'��ȐD̛

!	Ų>A!ȀǶD̺���50 µL.ˡɶǻ,ș˂��!	ɳʹ�! MhRNA EnAsn/

UV260,=?ȝţDǿł��ˡɶǻDȷ
' 250 µM,ŝ̋�!ͅ1 OD = 40 µg/mL
)��MhRNA EnAsn.àĻ͇̎1.67 x 103 	͆ 
 
3.2.5. G~m̊Ĩ˝.˕ʹ 
� G~m̊ CBTµ.ċƃ͇1,3-dicyclohexylcarbodiimide (103 mg, 0.50 mmol)D 0.6 
mL. ethyl acetate,ș��!	N-Boc-G~m̊(0.50 mmol)�1-hydroxybenzotriazole 
(67 mg, 0.50 mmol)�4-chlorobenzyl mercaptan (95 mg, 0.60 mmol)D 1.2 mL .
1,4-dioxane,ș��!	�A>DȎċ�'Ų>A!ĂŷȌD�ńȕ(12ǂ̕ƩƓ��
G~m̊.cNL\e�õĂŷ.˼ʱD TLC (˲ˤ�!	ȀǶDȞ˿,=?̛
!
Ű�ȞȌD́ŵLo|��a(ȓġ�!	diethyl ether (9 mL)Dȏð��àȌțƵ2
ɛ�!	0.1 M NaOH (5 mL)Dȏð��àȌƪ·,=?ǋǬŕDěă���.ƪ·D
3ěʊ?˰�!	�>,�̼Ė̻Ĭǻ(5 mL)Dȷ
'ČǨ.àȌƪ·Dʱ$!	ěă
�!ǋǬŕ,�MgSO4 ĠµDð�'�ȨDʱ+$!Ű�ȀǶDȞ˿,=$'̛
!

Ű�ȞȌD́ŵLo|��a(ȓġ�!	BocĨ.ʘÀ˚.!9�2 mL. 4 MĬõ
ǻɸ̈̊Lc�șȌDð��ńȕ( 30àʋ
!Ű,�́ ŵLo|��a(ȓġ�!	

�>,�HClD̛�!9�diethyl ether (3 mL)Dȏð��́ŵLo|��a(ȓġ�
'�Ȩ��@˿ɜD�3ěʊ?˰�ʱ+$!	ǊŰ,�ɉɠ�|�v(ȓġ��ŀÕ
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,�Ȩ��!	 
� G ~ m ̊ CME µ . ċ ƃ ͇ 0.2 mL . chloroacetonitrile � 0.2 mL .

N,N-dimethylformamide�triethylamine (56 mg, 0.55 mmol)�N-Boc-G~m̊(0.50 
mmol)DȎċ�!	�.ĂŷȌD�ńȕ( 12 ǂ̕ƩƓ��G~m̊ZGm�c�L
\e�õĂŷ.˼ʱD TLC(˲ˤ�!	6!�Ăŷ�/ pHDȖł��triethylamine
Dð�@�)(�ĬĨź,À$!	Ăŷɼ�Ű�diethyl ether (10 mL)Dȏð��àȌ
țƵ2ɛ�!	0.1 M HCl (5 mL)Dȏð��àȌƪ·,=?ǋǬŕDěă���.ƪ
·D 3 ěʊ?˰�!	�>,�̼Ė NaHCO3ǻșȌ(5 mL)Dȷ
' 3 ě�̼Ė̻Ĭ
ǻ(5 mL)Dȷ
' 1 ě�ČǨ.àȌƪ·Dʱ$!	ěă�!ǋǬŕ,�MgSO4Ġµ

Dð�'�ȨDʱ+$!Ű�ȀǶDȞ˿,=$'̛
!Ű�ȞȌD́ŵLo|��a

(ȓġ�!	BocĨ.ʘÀ˚/�CBTµ)ČǨ.Ƈ̲(ʱ+$!	 
� G~m̊DBEµ.ċƃ͇ 0.2 mL.N,N-dimethylformamide,�N-Boc-G~m̊(0.50 
mmol)�3,5-Dinitrobenzyl chloride (119 mg, 0.55 mmol)�triethylamine (56 mg, 0.55 
mmol)DȎċ�!	�A>DȎċ�'Ų>A!ĂŷȌD�ńȕ( 12 ǂ̕ƩƓ��G
~m̊.[jg�x�[�L\e�õĂŷ.˼ʱD TLC (˲ˤ�!	Ăŷɼ�Ű�
diethyl ether (10 mL)Dȏð��àȌțƵ2ɛ�!	0.1 M HCl (5 mL)Dȏð��àȌ
ƪ·,=?ǋǬŕDěă���.ƪ·D 3 ěʊ?˰�!	�>,�̼Ė NaHCO3ǻ

șȌ(5 mL)Dȷ
' 3ě�̼ Ė̻Ĭǻ(5 mL)Dȷ
' 1ě�ČǨ.àȌƪ·Dʱ$!	
ěă�!ǋǬŕ,�MgSO4 ĠµDð�'�ȨDʱ+$!Ű�ȀǶDȞ˿,=$'̛


!Ű�ȞȌD́ŵLo|��a(ȓġ�!	BocĨ.ʘÀ˚/�CBTµ)ČǨ.Ƈ
̲(ʱ+$!	 
 
3.2.6. DµG~m̊Dȷ
!G~mGZ�õòȰ.Ȗł 
� G~m̊Ȉźõµ)�' DBE Dȷ
@Īċ�Flexizyme / dFx D¹$!	G~m
̊Ȉźõµ)�' CME6!/ CBTDȷ
@Īċ�Flexizyme/ eFxD¹$!	l ɶ

ǻD 1.5 µL�1 M Hepes-K (pH 7.5)D 0.5 µL�250 µM FlexizymeD 0.5 µL�250 µM 
MhRNAEnAsnD 0.5 µLȎċ��95°C( 2à̕ðȧ�!	�>,�ńȕ( 5à̕ʋ

!Ű�3 M MgCl2D 1 µLð�'�GZ�õ pre-mixșȌ)�!	�.GZ�õ pre-mix
șȌ,Ŋ�'��A A 25 mM.G~m̊Ȉźõµ. DMSOșȌ6!/ DMSOD 1 
µL ð�'�Ǽ�(̫ʋ�!	ĊG~m̊,%
'�̫ʋ�!ǂ̕/ʴ 6 ,ɕ�!	
�.Ű�5 µL.G~mGZ�õĂŷȌ,Ŋ�'�10 µL. 2x Loading buffer for Acid 
PAGEDð���.�#. 3 µLD 18%ıź acid-PAGE (6 M Urea) ,=?˂Ǖ�!	
ȅó buffer/ 100 mM AcONa (pH 5.0) )��150 V( 110à̧̕Ǻȅó�!	U�
D�0.5x TBE�( 10ą̀Ʉ.Ű�EtBrǚʢȌ�( 10ą̀̕Ʉ���>,ˡɶǻ�
( 3ą̀̕Ʉ�!	ǚʢ�!U�D Pharos-FXͅBioRadɖ͆(ƨū��o�h.Ũ
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ţD Image labͅBioRadɖ͆(ł̎�!	 
 
3.2.7. G~mGZ� tRNA.˕ʹ 
� G~m̊Ȉźõµ)�' DBE Dȷ
@Īċ�Flexizyme / dFx D¹$!	G~m
̊Ȉźõµ)�' CME6!/ CBTDȷ
@Īċ�Flexizyme/ eFxD¹$!	l ɶ

ǻD 1.5 µL�1 M Hepes-K (pH 7.5)D 0.5 µL�250 µM FlexizymeD 0.5 µL�250 µM 
tRNAD 0.5 µLȎċ��95°C( 2 à̕ðȧ�!	�>,�ńȕ( 5à̕ʋ
!Ű�
3 M MgCl2D 1 µLð�'�GZ�õ pre-mixșȌ)�!	�.GZ�õ pre-mixșȌ
,Ŋ�'��A A 25 mM.G~m̊Ȉźõµ. DMSOșȌD 1 µLð�'�Ǽ�
(̫ʋ�!	ĊG~m̊,%
'�̫ʋ�!ǂ̕/ʴ 6,ɕ�!	�.Ű�5 µL.G
~mGZ�õĂŷȌ,Ŋ��0.3 M AcONa (pH 5.0) D 20 µL�ethanolD 50 µLð��
=�ƩƓ�!Ű�13000 rpm( 10à́̕ŵ�'��ȐD̛
!	Ǯ,�70% ethanol 
0.1 M AcONaD 50 µLð��13000 rpm( 10à́̕ŵ�'�ȐD̛��)
�ƪ·
D 2ěʱ$!	�>,�70% ethanol 5 mM AcONaD 50 µLð��13000 rpm( 5
à́̕ŵ�'�ȐD̛��Ų>A!ȀǶD̺��!Ű�0.5 µL. 10 mM AcONa (pH 
5.0) ,ș˂��!	 
 
3.2.8. �f�yvch.̏Ĥ DNA.˕ʹ 
� «�(ȷ
!v�I}�̇â/�ʴ 7 ,ɕ�!	�f�yvch.čɚ)̇â/�
ʴ 8,ɕ�!	ˡɶǻD 83 µL�10x PCR bufferD 10 µL�200 mM MgCl2D 1 µL�5 
mM each dNTP D 5 µL� 100 µM T7proSD6MKK.F49 D 1 µL� 100 µM 
SD6MKKK(UCC)flag.R42̏ͅĤ D1·ʹ.Īċ͆D 1 µL�Taq DNA polymeraseD 2 
µLȎċ��95°C( 1à̕ðȧ.Ű��50°C( 1à̕�72°C( 1à̕�.XIR�
D 5ěʊ?˰�!	�>,�l ɶǻD 166 µL�10x PCR bufferD 20 µL�200 mM MgCl2
D 2 µL�5 mM each dNTPD 10 µL�200 µM T7ex5.F22D 0.5 µL�200 µM flaguua.R33
D 0.5 µL�±̒ĂŷȌD 2 µL�Taq DNA polymeraseD 2 µLȎċ��95°C( 3 à
̕ðȧ.Ű��95°C( 40ə̕�50°C( 40ə̕�72°C( 40ə̕�.XIR�D 12
ěʊ?˰�!	ʁ
'�200 µL. PCRĂŷȌ,Ŋ�'�phenol/chloroformÞȳDʱ
$!	ěă�!�ŕ,Ŋ�'�3 M NaClDșȌ. 0.1Ã̎�ethanolD 2Ã̎ð��
=�ƩƓ�!Ű�13000 rpm( 15à́̕ŵ�'��ȐD̛
!	Ǯ,�70% ethanol
D 50 µLð��13000 rpm( 5à́̕ŵ�'�ȐD̛��Úţ 70% ethanolD 50 µL
ð��13000 rpm( 5à́̕ŵ�'��ȐD̛
!	Ų>A!ȀǶD̺��!Ű�10 
µL .ˡɶǻ,ș˂��!	!"��mRNA R2 .̏Ĥ DNA .·ʹ,ũ!$'/�
T7SD6MKK.F49,ª�' T7eSD6M.F46Dȷ
!	 
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3.2.9. G~m̊.yvch2.ŎÔòȰ.Ȗł 
� ʎˊĂŷ͇ˡɶǻD 0.56 µL�5 mM KYM mix (5 mM each Lysine, Tyrosine, 
Methionine) D 0.2 µL�465 µM [14C]AspD 0.22 µL�mRNA.̏Ĥ DNAD 0.2 µL�
250 µMG~mGZ� tRNAD 0.4 µL�HsolAD 0.22 µL�HsolB (4 ARS)D 0.2 µLȎ
ċ��37°C( 60à̫̕ʋ�!	 
� tricine SDS-PAGE)N�g�[NS�tH͇2 µL.ʎˊĂŷȌ,ɩ̎. 2x tricine 
SDS-PAGE Loading bufferDð��95°C( 5à̕ðȧ���.Õ̎Dȷ
'�tricine 
SDS-PAGEDʱ$!	ḁ̀U�.ɽƃ/�15% acrylamide, 1 M Tris-HCl (pH 8.45), 
0.1% SDS, 10.4% glycerol(	@	̜ǥÉȅóodtF�/ 0.1 M Tris-HCl, 0.1 M 
Tricine-HCl, 0.1% SDS (pH 8.1)�̞ǥÉȅóodtF�/ 0.2 M Tris-HCl (pH 8.9) )
��40 mA( 40à̧̕Ǻȅó�!	�.Ű�U�D 80°C( 30à̕�Ȩ��RIv
��g,�ǃ˧Û�!	˧Û�!v��g/�Pharos-FXͅBioRad ɖ͆(ƨū��
o�h.ŨţD Image labͅBioRadɖ͆(ł̎�!	 
� yvch.˝̎àǕ͇ʎˊĂŷ,/˸Ş. Asp Dȷ
!	6��solid phase 
extraction column (SPE column) , elutionșȌD 15 µLð�'́ŵ�!Ű�washș
ȌD 15 µLð�'́ŵ�!	Ǯ,�ʎˊĂŷȌD 2 µLð�'́ŵ�!Ű�washșȌ
D 15 µLð�'́ŵ�@)
�ƪ·D 2ěʱ$!	�>,�matrixșȌD 1.5 µLð
�'�SPE column DZ��[.Ò,©��a�Udgv��g�,Ɛ�ß�!	
MALDI-TOF-MS (Autoflex®, BRUKER) Dȷ
'˝̎àǕDʱ$!	˨ǰ/�
substance P (1,348.66 Da)�bombesin (1,620.88 Da)�ACTH clip 1-17 (2,094.46 Da)�
somatostatin 28 (3,149.61 Da) Dȷ
'ʱ$!	˝̎àǕ,ȷ
!șȌ.ɽƃD«�
,ɕ�	 
• elutionșȌ : 80%G^gjg���0.5%̈̊ 
• washșȌ : 4%G^gjg���0.5%̈̊ 
• matrixșȌ : 80%G^gjg���0.5%̈̊�̼Ė α-ZGm-4-qh�PZ�
Ƀ
̊(CHCA) 
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3.3. ɿǗ�ʏň 
� ǐɎɟ(ȷ
@G~m̊)�'�è˱.˸?�ǩȘG~m̊.�#�̑ÎȽźµD

Ɨ!+
GlyD̛
! 19ɝ̹. LµG~m̊(L-Ala, L-Leu, L-Met, L-Pro, L-Ser, L-Thr, 
L-Cys, L-Asn, L-Gln, L-Asp, L-Glu, L-Arg, L-Lys, L-His, L-Val, L-Ile, L-Phe, L-Tyr, L-Trp)
)��A,Ŋŷ�@ 19ɝ̹. DµG~m̊Dȷž�!(D-Ala, D-Leu, D-Met, D-Pro, 
D-Ser, D-Thr, D-Cys, D-Asn, D-Gln, D-Asp, D-Glu, D-Arg, D-Lys, D-His, D-Val, D-Ile, 
D-Phe, D-Tyr, D-Trp)	Flexizyme.˃ĺ�@G~mGZ�õĂŷ,¹ȷ�@!9��
A>.G~m̊Dȷ
'��9õľċƃ,=?ȈźõµDȘÊ�!	ĊG~m̊,̂

�!Ȉźõµ)�'�ʣ̿ȴDƗ% Phe, Tyr, Trp,%
'/ZGm�c�L\e�
µ(aa-CME) �β ³(àŖDƗ% Val, Ile ,%
'/R��x�[�cNL\e�µ
(aa-CBT)��A«Ĳ.G~m̊,%
'/[jg�x�[�L\e�µ(aa-DBE)D̃
Ə�!	 
 
3.3.1. DµG~m̊. Flexizyme,=@G~mGZ�õ 
� Ƅ�/�D µG~m̊Dɿċ�!G~mGZ� tRNA .˕ʹDʱ+�!9�
FlexizymeDȷ
!G~mGZ�õȂDæȷ�!	¹ȷ�@ Flexizyme/�DBEµD
ȷ
@Īċ,/ dFx D�CBT µ6!/ CME µDȷ
@Īċ,/ eFx )�!	ǐɎ
ɟ(�DµG~m̊DŎÔ�@!9,¹ȷ�@ tRNA/�20ɝ̹. ARS.*A,:
ˏ˘�A+
=�Ƭı�A! tRNAEnAsn

GGA(	?
152�ʎˊɴÙ( ARS,ˑ$'G~

mGZ�õ�A'�D µG~m̊,Ȏ�$'ŎÔ�A@�)�+
=�,ˈ˅�!	
6��Ń̡, tRNA ,Ŋ�'G~mGZ�õDʱ�è,�MhRNAEnAsnDȷ
!�G

Z�õĂŷ.òȰȖłDʱ+$!	+
�ɧ 5 ɤ(˱3@�4 ĬĨ RNA Ĩ˝Dȷ

!G~mGZ�õòȰȖłȂ/��.Ɏɟũǂ/̔ȿ�A'
+�$!	Ċ Lµ
=
1 DµG~m̊Dȷ
'�Flexizyme,=? MhRNADG~mGZ�õ���.ȶȩ
D̊źǓ­.ıź|�GR��G~hU�̧Ǻȅó,=?˂Ǖ�!ͅğ 18 	͆�.ɿ
Ǘ�ȷ
!Õ'.G~m̊(G~mGZ�õ�˼ʱ�!���.GZ�õòȰ/G~

m̊,=$'Ƚ+$'
?�15%−70%)̔��	$!	+
�GZ�õòȰ/Ŋŷ
�@ L µ) D µG~m̊(Čɜţ(	$!���A/�G~m̊.É̐.ǧ˺,=
$'�Flexizyme).ˀĖź;�Ȉźõµ.Ăŷź�Ƚ+@!9(	@)ʏ�>A@	 
 
3.3.2. D-Ala.yvch2.ʎˊŎÔ.ˍ7 
� 6�/�D µG~m̊.�(�Ǌ:ǧ˺�ùɶ+ D-Ala .��f�yvch P1: 
fMKKK-X-FLAG (FLAG: DYKDDDDK)2.ʎˊŎÔDˍ7!ͅğ 19A 	͆FlexizymeD
ȷ
'˕ʹ�!D-Ala-tRNAEnAsn

GGAD�Ĵʙʧȸǔ.Úǧƃȣɻʕʎˊɴ,ȏð�!	

ǐɎɟ(ȷ
!Úǧƃȣɻʕʎˊɴ,Đ6A@ ARS/�Met, Tyr, Asp, Lys,Ŋŷ�
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@:..7(	?�SerRS/Đ6A+
!9�ǐǔ Ser,Ŋŷ�@ UCCVh�/ɠ
Vh�)+$'
@	�.!9��{`��� D-AlaDyvch�2ŎÔD˃ĺ�@
ȈźDƗ'0��f�yvch P1�. X.³ʋ, D-Ala�ŎÔ�A!Õ̒yvch
�ċƃ�A@�),+@	ċƃ�A!�f�yvch P1.ǣß.!9�ʎˊɴ,ȏ
ð�@G~m̊.�#�Asp.7/ 14C,=$'ƭŌź�x��A![14C]AspD¹ȷ
�!	�f�yvch P1 .̇â(/�D-Ala �ì?ũ'>A@ X .Vh�=?:�
ȉÉ,.7 Asp .Vh��Đ6A@!9�X , D-Ala �ŎÔ�A!Õ̒.yvch
P1.7��[14C]AspƭŌź�x��A@�),+@	�.ȶȩD tricine SDS-PAGE
,=$'œ̔�!Ű,�N�g�[NS�tH(ˁȖ�@�)(�D-Ala DĐ8yv
ch P1.7Dǣß�ł̎�@�)�(�@	 
� Ń̡,ʎˊȶȩ.˂ǕDʱ$!)�B�tricine SDS-PAGE,=$'�D-AlaDĐ8
yvch P1.o�h�ǣß�A!ͅ ğ 19B 	͆�.o�hŨţDł̎��ČǨ.Ń̀
D L-AlaDȷ
'ʱ+$!Īċ.yvch P1.ă̎D 100%)�'ʴ�)�ɇŊă̎
86%( D-Ala DĐ8yvch P1 �Ų>A!�)�à�$!	�>,�ʟĔȍ
�)
,�L-Ala Dȷ
!Īċ)ǹ3@)�D-Ala Dȷ
!Īċ,/�tricine SDS-PAGE (
.o�h��,Ztg�!³ʋ,ȱA!	�A/�ıźǓ­�(	@ tricine 
SDS-PAGE ,

':��f�yvch P1 �	@ɜţ.ɣµǧ˺DÀƗ�'
?�
X.³ʋ,ŎÔ�A@ Ala� Lµ(	@� Dµ(	@�,=$'��.ǧ˺�ū̯D
ą��ȅóţ,ıõDȵ�!:.)ʏ�>A@	�.o�hZtg,=$'�D-Ala
Dȷ
!Īċ,Ų>A!ʎˊȶȩ/�Ő+�):�L-Ala �ˑ$'ŎÔ�A!ȶȩ(
/+
�)
��)�à�$!	�>,�Ƅ�/�ċƃ�A!�f�yvch P1.
MALDI-TOF-MS ,=@˂Ǖ:ʱ
�X .³ʋ,ŎÔ�A!G~m̊��Ƙł�A!
˸? Ala (	@�Dǣˋ�!ͅğ 19C 	͆�.ɿǗ�Ų>A!�!@s�R.˝̎Ń
ȖÆ/�X.³ʋ, Ala�ŎÔ�A!Īċ.�f�yvch P1.˝̎.˅ɬÆ)4
5�ʞ�!	«��tricine SDS-PAGE) MALDI-TOF-MS. 2%.ɿǗDċC�'ä
Ʒ�A0�ʎˊɴ,

'�D-Ala�ŎÔ�A!yvch P1��L-AlaDȷ
!Īċ
)˯
ăȰ(Ų>A!�)
��)�à�@	 
 
3.3.3. Ǩ�+ DµG~m̊.yvch2.ʎˊŎÔ.ˍ7 
� D-Ala .�f�yvch P1 2.ʎˊŎÔ,ƃï�!ɿǗDą�'�Ƅ�/�D-Ala
DĐ8 19ɝ̹Õ'. DµG~m̊Dȷ
!�ʎˊĂŷ2.̂ċź.ˌ¼2)˼E"	
19ɝ̹. DµG~m̊)�V�g���)�'ȷž�!�A,Ŋŷ�@ 19ɝ̹. L
µG~m̊Dȷ
'�G~mGZ� tRNA D˕ʹ��D-Ala (ʱ+$!Ń̀)ČǨ.
ƇȂ(��f�yvch P12.ʎˊŎÔ�ćʖ(	@�ǣˋ�!ͅğ 19B 	͆6��
V�g���(	@ L µG~m̊Dȷ
!Īċ,/�tricine SDS-PAGE ,=@˂Ǖ
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,

'�ʎˊ�A!�f�yvch P1,Ŋŷ�@ȝ
 1ǐ.o�h�ǣß�A!	
+
�CysDȷ
!Īċ.7�o�h�ʺưǐ,à�A!���A/�Cys�cN�
�ĨDƗ%!9�ȣɻʕʎˊɴÙ,ĽĢ�@ β-mercaptoethanolɩ�¨.cN��Ĩ
DƗ%õċȩ)ɿċ�!ȶȩ(	@)ʏ�>A@	6!�LµG~m̊Ǹ,�yvc
h P1.ă̎/Ƚ+$'
!���A/�G~mGZ� tRNA.ċƃòȰ)�ʎˊɴ
�.ðǻà˂,Ŋ�@Ŀłź.̀
,=$'ȵ�'
@)ʏ�>A@	ʁ
'�Dµ
G~m̊Dȷ
!Īċ,/�tricine SDS-PAGE,=@˂Ǖ(�15ɝ̹. DµG~m
̊(D-Ala, D-Leu, D-Met, D-Ser, D-Thr, D-Cys, D-Asn, D-Gln, D-Arg, D-Lys, D-His, D-Val, 
D-Ile, D-Phe, D-Tyr),%
'�Ŋŷ�@ LµG~m̊)ǹ3'��,Ztg�!³ʋ
,o�h�Ų>A!	Ų>A!o�h.Ũţ/�L-Ala Dȷ
'ʱ+$!Īċ.yv
ch P1.ă̎D 100%)�'ʴ�!	D-Trp(:o�h/Ų>A!:..�L-TrpD
ȷ
!Īċ.o�h=?:�,Ztg�'
!	�.Ztg,=$'�TrpDĐ8�
A> 16ɝ̹. DµG~m̊Dȷ
'Ų>A!ʎˊȶȩ/�Ő+�):�Ŋŷ�@ L
µG~m̊�ˑ$'ŎÔ�A!yvch(/+
�)
��)�ɕ�A!	�ƹ�ǳ

? 3ɝ̹. DµG~m̊(D-Asp, D-Glu, D-Pro)(/�Õ�o�h�ʽ>A+�$!	 
� ʁ
'�ˈ˅˸?. D µG~m̊�yvch,ŎÔ�A!�)Dɒˏ�@!9�
MALDI-TOF-MS ,=@˂ǕDʱ+$!ɿǗ�12 ɝ̹. D µG~m̊(D-Ala, D-Ser, 
D-Cys, D-Met, D-Thr, D-His, D-Phe, D-Tyr, D-Asn, D-Gln, D-Val, D-Leu)(/�Õ̒.yv
ch P1 .˝̎,ɇũ�@s�R��Ę�.s�R)�'Ų>A!ͅğ 19C 	͆ǳ?
. DµG~m̊.�#�2ɝ̹(D-Arg, D-Trp),%
'/�Õ̒.yvch P1.˝̎
,ɇũ�@s�R��̆ǣß�A!:..�D µG~m̊DĐ8ɍ
yvch
(D-Arg-FLAG, D-Trp-FLAG),ɇũ�@s�R:Čǂ,ǣß�A!	�ƹ��A«Ĳ.
5ɝ̹. DµG~m̊(D-Lys, D-Asp, D-Glu, D-Ile, D-Pro)(/�êȶȩ:Đ9'Čłć
ʖ+s�R/Ų>A+�$!	+
�D-Arg, D-Trp(ʽ>A!ɍ
yvch/�Ǯ.
=�+˿ɜDɾ'ċƃ�A!:.)ʏ�>A@	ʎˊĂŷ� DµG~m̊.è6(˼
ʱ��D-Arg/Trp-tRNA ��{`��.yvchɿċ˧ɛĂŷ.Ăŷ�ŵ (Peptidyl 
Transferase Center: PTC) .G~mGZ� tRNA ɿċXIg (A-site) ,˾0A@	
A-site ,

' D-Arg/Trp .Ăŷź�´
!9yvch˧ɛĂŷ�˼6��Ƽ,ċƃ
�A'
!yvc[� tRNA (fMKKK-tRNA) �yvc[� tRNAɿċXIg (P-site) 
�>ʘʨ�'�6� 153,154	�A/�D µG~m̊.yvch˧³Ăŷ.òȰ�´

!9,�yvc[� tRNA.ʘ̥.ƹ�ƾ�˼ʱ�'�6�!9)ʏ�>A@	˸Ş
/��A(ʎˊĂŷ/ǯ6$'�6�/�"��D-Arg/Trp-tRNA� P-site2ɛó�@
g��\�T�Z��Ăŷ�˼ʱ���.Ű��ȉ. FLAĞà.ʎˊċƃ�Ť�ʁ
�ʱCA@�)(�ɍ
yvch D-Arg/Trp-FLAG�ċƃ�A@)ʏ�>A@	 
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3.3.4. ʎˊɴ2.̂ċź,Ĩ&� DµG~m̊.S��và� 
� ��6(�tricine SDS-PAGE) MALDI-TOF-MS. 2%.ƇȂDȷ
@�)(�D
µG~m̊.ʎˊɴ,=@yvch2.ŎÔ,%
'˂Ǖ�'�!	�.ɿǗ,Ĩ&

��ǐɎɟ(ȷ
! 19ɝ̹. DµG~m̊D�3%.S��v,à̹�!	à̹.
ĨȘ)�'�1ȡɅ,�tricine SDS-PAGE(.�DµG~m̊DĐ8yvch P1.
ă̎Dȷ
!	+
�ă̎/�L-Ala Dȷ
'ʱ+$!Īċ.yvch P1 .ă̎D
100%)�!ɇŊ̎(ʴ�!	ĨȘ. 2 ȡɅ/�MS ,

'�D µG~m̊�ǰ�
�ŎÔ�A!Õ̒.yvch P1�ɒˏ(�!�ď�)�!	 
� S��v 1/�yvch P1.ɇŊă̎� 40%«�.͂
ŎÔòȰDɕ��MS(
Õ̒.yvch P1.ċƃ�ɒˏ(�! 8ɝ̹. DµG~m̊ (D-Ala, D-Ser, D-Cys, 
D-Met, D-Thr, D-His, D-Phe, D-Tyr) )�!	�A>/ʎˊ±̒Ăŷ,͂
̂ċźDƗ
% DµG~m̊)˄�@	�A>.�(:Ȫ,�4ɝ̹. DµG~m̊(D-Ala, D-Ser, 
D-Cys, D-His),%
'/��.ŎÔòȰ��Ŋŷ�@ L µ,öƲ�@4*͂�$!	
S��v 1 ,Đ6A@ D µG~m̊.ȪŴ)�'�ŗ͂�+
G�P�̐�6!/
ŗ͂�+
ʣ̿ȴDÉ̐,Ɨ%�)�ƙ�>A@	ʁ
'�S��v 2/�yvch
P1.ɇŊă̎� 40%ǎȗ)ŎÔòȰ/͂�+
��MS(Õ̒.yvch P1.ċƃ
�ɒˏ(�! 4ɝ̹. DµG~m̊ (D-Asn, D-Gln, D-Val, D-Leu) )�!	�A>/
ʎˊ±̒Ăŷ,æȷćʖ(	@:..��.̂ċź/�ɜţ,)*6@ DµG~m̊
(	@	S��v 2 ,Đ6A@ D µG~m̊.ȪŴ)�'�̧ʦDƗ!+
ˀǻź
.É̐;�G�P�̐DÉ̐,Ɨ%�)�ƙ�>A@	��6(��ǐɎɟ,

'�

ʎˊ±̒Ăŷ,̂ċ�!)äƷ�! DµG~m̊(	@	+
��A6(,yvch
2.ŎÔ��ţ(:ĩĒ�A! DµG~m̊ (D-Ala, D-Met, D-Phe, D-Tyr) /�Õ'
S��v 1,Đ6A!	�ƹ�¨ 8ɝ̹. DµG~m̊ (D-Ser, D-Cys, D-Thr, D-His, 
D-Asn, D-Gln, D-Val, D-Leu),%
'/�ʎˊ±̒Ăŷ,̂ċ�! DµG~m̊)�'�
ǐɎɟ(ã9'ʽß�A!:.(	@	 
� ǊŰ,�S��v 3 /�MS(Õ̒.yvch P1 �ǣß�A+�$!�6!/Õ
̒.yvch P1 )Čǂ,ɍ
yvch�ǣß�A!�˅ 7 ɝ̹. D µG~m̊ 
(D-Arg, D-Lys, D-Asp, D-Glu, D-Ile, D-Trp, D-Pro) )�!	�A>/ʎˊ±̒Ăŷ,̂
ċ�+
�6!/̂ċź�̬Ş,´
 D µG~m̊(	@	S��v 3 ,Đ6A@
./�ŗ͂
G�P�̐6!/ʣ̿ȴDÉ̐,Ɨ% D µG~m̊�̧ʦDƗ% D µ
G~m̊�2ɷG~�DĐ8 D-Pro(	$!	 
� «�.S��và�.ɿǗ�>�DµG~m̊.É̐.ǧ˺)��.ʎˊŎÔòȰ
).̕,/�ǀ>�+̖¾ź�	@�)�à�@	�.=�+̖¾ź�ȵ�@þĜ)

�'�ɧ�,ʏ�+�A0+>+
./�DµG~m̊.É̐.ǧ˺,=$'�G~
mGZ� tRNA .ċƃòȰ)�ðǻà˂,Ŋ�@Ŀłź��Ƚ+@)
�ȡ(	@	
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!"��G~mGZ�õòȰ/�è˱.=�,�Ŋŷ�@ D µG~m̊) L µG~
m̊)(�Čɜţ(	@,:̖C>�ͅğ 18 �͆ʎˊŎÔòȰ,%
'/�Ŋŷ�@
Dµ) Lµ(Čɜţ)/+$'
+
	�.�)/��>+@å.ʼĜ��ʎˊŎÔ
òȰ,ū̯D��'
@�)Dɕ�'
@	��(�Ǯ. 2ȡ.ćʖź,%
'ʏ�
!	1 ȡɅ/�DµG~m̊Ǹ,�G~mGZ� tRNA )±̒ĜĻ Tu (EF-Tu) .ˀ
Ėź�Ƚ+@ćʖź(	@	ȵµÙ.ʎˊɴ,
�@ǩȘ. LµG~m̊.Īċ�G
~mGZ� tRNA) EF-Tu.ˀĖź/�Õ'.G~m̊(Čɜţ(	@	�����
A/G~m̊Ǹ,̂á+ tRNA,GZ�õ�A'
@!9(	$'�Ń̡,�Ȫł.
14ɝ̹. tRNA,Ǩ�+G~m̊Dɿċ�!Ɏɟ(/�G~m̊Ǹ,�G~mGZ�
tRNA. EF-Tu).ˀĖź,Ś�ȵ�@�)�ĩĒ�A'
@ 155,156	DµG~m̊
.Īċ,:ČǨ.ź˝�	@)ʏ�@)�Ǩ�+ D µG~m̊D tRNAEnAsn

GGA,ɿ

ċ�'¹ȷ�!ǐŃ̀ɴ(/�DµG~mGZ� tRNAǸ,�EF-Tu).ˀĖź�Ƚ
+?��{`��2.˪˳�A;��,Ś�ȵ�@ćʖź�ʏ�>A@	2 ȡɅ/�
�{`�� PTC 2.�G~mGZ� tRNA .ˀĖź�6!/�yvch˧³Ăŷ.
Ȉź��DµG~m̊Ǹ,Ƚ+@ćʖź(	@	�.ćʖźDʏ�@ǞƔ)�'�s
���}IZ�.G~m̊ǧ˺̆àD DµG~m̊Ĥ,Ƭı�!ːŎµD¹ȷ�!�
ʎˊ̘ŅŃ̀�	@	�.Ń̀(/�DµG~m̊.É̐.ǧ˺,=$'��.ʎˊ
̘Ņʖ (IC50) �Ƚ+@)
�ɎɟɿǗ�ĩĒ�A'
@ 157,158	s���}IZ�ː

Ŏµ/�EF-Tu.˪˳ȣ�,�{`��,Ą?˭6A�ʎˊ̘ŅʖDȿƣ�@�)�
>��.ŚDȵ�@þĜ/ EF-Tu ).ˀĖź(/+���{`��).ˀĖź6!
/yvch˧³Ăŷ.Ȉź��DµG~m̊Ǹ,Ƚ+@�)�ɕė�A'
@	 
�>,�ʟĔȍ
�),�N-�c�G~m̊.ʎˊ̂ċźD˕3!ÒʱɎɟ 49��>

,�ɧ 4ɤ(˱3@�β-G~m̊.ʎˊ̂ċźD˕3!Ɏɟ 54,

':�DµG~
m̊(ʽ>A!	G~m̊É̐.ǧ˺)yvch2.ʎˊŎÔòȰ.̖¾ź)̹²:

.�ʽß�A'
@	 
 
3.3.5. DµG~m̊.ŎÔòȰ��ȉ.̇â,»Ľ�+
�.ǣˋ 
� ��6(. DµG~m̊.ʎˊ±̒Ăŷ2.̂ċź,%
'.˂Ǖ/�Õ'Č�̇
â.�f�yvch P1Dʎˊċƃ�@�),=$'ʱ$'�!	�����f�y
vch P1,/�DµG~m̊.�ȉ,ǰ̧ʦDƗ%G~m̊(	@ Lys� 3ǳĨ˻
ʁ�'
?��ȉ. DµG~m̊.ŎÔ,ū̯D��'
@ćʖź�	@	�ADǣ
ˋ�@!9��f�yvch P1 ,ð�'�fM-YYY-X-FLAG .̇âDƗ%�f�y
vch P2Dȷž��3ɝ̹. DµG~m̊(D-Ser, D-Leu, D-Glu)Dȷ
'�yvch
2 P2.ŎÔòȰ.ȖłDʱ+$!ͅ ğ 20 	͆�.ɿǗ��f�yvch P1) P2(�
yvch.ă̎/Ƚ+$!:..�3ɝ̹. DµG~m̊.ɇŊɁ+ă̎/��f�
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yvch,»>+
�)�à�$!	�.ɿǗ/�D µG~m̊.�ȉ.̇â/�D
µG~m̊.ŎÔòȰ,	6?ū̯�+
�)Dɕ�'
@	%6?�¥ě�f�y

vch P1Dȷ
'ǀ>�,�! DµG~m̊.ŎÔòȰ/�̈ .̇â.yvch2

.ŎÔ,

':̂ŷ(�@�ʠźDƗ$!ɿǗ(	@)ʏ�>A@	 
 
3.3.6. L-Ser6!/ D-SerDĐ8yvch.ċƃ.ɾǂȖł 
� 1ǳĨ. DµG~m̊.yvch P12.ŎÔ.ɿǗ�DµG~m̊.�,/�S
��v 1.=�,�yvchă̎,̖�'�LµG~m̊,öƲ�@:.�ĽĢ�@
�)�à�$!	!"����6(.˂Ǖ/�Ăŷǂ̕D 1ǂ̕)ł9!L�h|I
�g(.Ȗł,=@:."$!!9�Ǯ/�ɾǂȖł,=?�yvchċƃ˹ţ.ˁ

ȡ�>�D µG~m̊) L µG~m̊.ǹ˨Dʱ+$!	ȷ
@G~m̊)�'/�
S��v 1�>�Dµ.ŎÔòȰ�45 Lµ)Čɜţ(�yvch P1.ʀŊă̎:
͂
 Ser D̃Ə�!	D-Ser-tRNAEnAsn

GGA) L-Ser-tRNAEnAsn
GGAD˕ʹ���A A

åÂ.Úǧƃȣɻʕʎˊɴ,ð�'�yvch P1.ʎˊċƃ̎.ɾǂıõD˅Ȗ�
!	�.ɿǗ�L-SerDĐ8yvch)�D-SerDĐ8yvch P1.ʎˊċƃ̎.ɾ
ǂɁ+ıõ/�Ǧ-�ʞ�'
@�)�à�$!ͅğ 21 	͆è˱.=�,�LµG~
m̊) DµG~m̊(/�G~mGZ� tRNA.�EF-Tu6!/�{`�� A-site2
.ˀĖź�Ƚ+@ćʖź�	@!9�tRNAȝţD�űǔ. 50 µM�>���25 µM
6!/ 6 µM)�@�)(�Lµ) DµG~m̊(�yvchċƃ˹ţ,̀
�ȱA
@.(/+
�)ʏ�!	����G~mGZ� tRNAȝţ�´ȝţ(25 µM, 6 µM)
.Īċ(:�50 µM.Īċ)ČǨ,�yvch P1.ʎˊċƃ̎.ɾǂɁ+ıõ/�
L µ) D µG~m̊(Ǧ-�ʞ�!	«�.ɿǗ�>�S��v 1 ,Ŕ�@ D µG
~m̊/��ADĐ8yvchċƃ˹ţ.ȡ(:�LµG~m̊,öƲ�@�)�ǀ
>�,+$!	 
 
3.3.7. L-Ser) D-Ser.ŎÔDɦċ��!Ǔ­(.yvchċƃ.ɾǂȖł 
� ʎˊĂŷ,
�@ L µ) D µG~m̊.̀
,%
'��>,ˎɻ,˂Ǖ�@!
9�Ǯ,�Lµ) DµG~m̊.ʎˊŎÔ�ɦċ�@Ǔ­(.��A A.G~m̊
DĐ8yvchċƃ˹ţ.ǹ˨Dʱ+$!ͅğ 22A 	͆�A6()ČǨ, Ser Dªʴ
)�'ȷ
�ɦċȫƀD·?ß�!9,�ÚǧƃȣɻʕʎˊȌ,�L-Ser-tRNAEnAsn

GGA

) D-Ser-tRNAEnAsn
GGA)Dɩ̎�%ð�!	ʎˊĂŷ�˼ʱ�A0�L-Ser DĐ8y

vch P1 ) D-Ser DĐ8yvch P1 .�ƹ��ʎˊĂŷȌ�,ȵƃ�@�),+
@���AD tricine SDS-PAGE,=?˂Ǖ�@�)(�ɛóţ.Ƚ+@å�.o�
h)�'ḁ̀�ł̎�@�)�(�@	 
� 6�/�ʎˊĂŷȌ�. L-Ser-tRNAEnAsn

GGA) D-Ser-tRNAEnAsn
GGAD�A A 25 
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µM)�@Ǔ­(˂ǕDʱ$!ɿǗ�L-SerDĐ8yvch P1,Ŋ�@ D-SerDĐ8
yvch P1.ċƃ.ɇŊ̎/ 0.37ͅğ 22B͆ɜţ)+$!	L-Ser) D-Serùȭ(
.ɾǂȖł(/�D-SerDĐ8yvch P1.ɇŊ̎/ 0.85ͅğ 21͆ɜţ6(�ƿ�
'
!�))ǹ˨�'�ɦċǓ­,�@�)(�ċƃ̎.Ĵş+´��ʽ>A!	6

!�D-Ser DĐ8yvch P1 .ċƃ/�ùȭ(.ɾǂȖł(/�Ăŷ̔Ĺ)Čǂ,
˹;�,Ĺ6?�L-SerDȷ
!Īċ)ıC>+�$!.,Ŋ��ɦċǓ­(/�L-Ser
DĐ8yvch P1.ċƃ�˼ʱ�!Ű,˽A'Ĺ6@�)�à�$!	�.�)�
>�ùȭ(/�yvchċƃ˹ţ.ȡ,

'�Lµ)Ś�ȣ
 DµG~m̊Dȷ

':�Lµ) DµG~m̊.ʎˊŎÔ�ɦċ�@ȫȁ(/�LµG~m̊.ŎÔ�Ï
ÒɁ,˼ʱ�@�)�ǀ>�,+$!	 
� �.ɿǗ/�L-Ser-tRNAEnAsn

GGA ,ǹ3'�D-Ser-tRNAEnAsn
GGA .ƹ�±̒ĜĻ

EF-Tu6!/�{`��. A-site,Ŋ�@ˀĖź�´
)
�¬˒(˒ǀ(�@	¥
ěȷ
!ʎˊĂŷȌ�.EF-Tuȝţ/10 µM��{`��/1.2 µM(	@.,Ŋ��
ð�!�G~mGZ� tRNA.ȝţ/Ċ 25 µM)͂
	=$'�EF-Tu6!/�{`
�� A-site,Ŋ�@ˀĖź�=?͂
 L-Ser-tRNAEnAsn

GGA,=$'�EF-Tu6!/�
{`�� A-site�ȭû�A'�6
�D-Ser-tRNAEnAsn

GGA�ɿċ(�+�+$!)ʏ

�>A@	�.¬˒Dǣˋ�@!9�Ser-tRNAEnAsn
GGAȝţD�A A 6 µM)´�

�!Ǔ­(ČǨ.Ń̀Dʱ$!	�.ɿǗ�L-SerDĐ8yvch P1,Ŋ�@ D-Ser
DĐ8yvch P1.ċƃ.ɇŊ̎/ 0.60ɜţ6(�ƿ�!ͅğ 22B 	͆6!�D-Ser
DĐ8yvch P1 .ċƃ̔Ĺ��25 µM .Ǔ­(/ 10 à̱(	$!.,Ŋ��5
à̱,ƾ6$'
?��A/�L-Ser �ɍǂ̕(ǘȑ�!!9)ʏ�>A@	�.ɿ
Ǘ/��G~mGZ� tRNAȝţD��!�),=?�EF-Tu6!/�{`�� A-site
��L-Ser-tRNAEnAsn

GGA ,=?ȭû�A+�+?�D-Ser-tRNAEnAsn
GGA �ɿċ(�@

=�,+$!)˒ǀ(��è˱.¬˒DƫƗ�'
@	 
 
3.3.8. 2ǳĨ. DµG~m̊.yvch2.ʎˊŎÔ.ˍ7 
� �>,Ƅ�/�DµG~m̊.yvch2. 2ǳĨ˻ʁŎÔ�ćʖ(	@�.ǣˋ
Dʱ$!	Ŋ˛)�@ D µG~m̊)�'�S��v 1 �>�
�A:ŎÔòȰ.
͂�$! Ala) PheD̃Ə��Lµ) Dµ.�ƹDȷ
�mRNA R3.V�h�@�
f�yvchP3.ʎˊDˍ7!ͅ ğ 23A 	͆�.ɿǗ�6��LµG~m̊(L-Ala, L-Phe)
Dȷ
!Īċ,/�tricine SDS-PAGE ˂Ǖ,=?�ʎˊȶȩ.o�h/�ȝ
�ǐ
.o�h)�'ǣß�A!ͅğ 23B 	͆�>,�MS ˂Ǖ,=?�Ų>A!ʎˊȶȩ
/�2 ǳĨ. L-Ala 6!/ L-Phe ��ˈ˅˸?ŎÔ�A!Õ̒.�f�yvch P3
(	@�)�ɒˏ�A!ͅğ 23C 	͆�ƹ�DµG~m̊(D-Ala, D-Phe)Dȷ
!Īċ
,/�tricine SDS-PAGE ˂Ǖ,

'/�̬Ş,ʫ
+�>o�h�ʽ>A!:.
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.ͅğ 23B �͆MS˂Ǖ(/�2ǳĨ. DµG~m̊DĐ8Õ̒.yvch P3.s�
R/ʽ>A��ªC?,�DµG~m̊D 1ǳĨ.7Đ8êȶȩ.yvch.s�R
�ǣß�A!ͅğ 23C 	͆6!�D-Phe . 2 ˻ʁŎÔ(/�D-Phe-FLAG .̇âDƗ
%�ɍ
êȶȩ.yvch:ǣß�A!	�A>.ɿǗ/�yvch�, 1ǳĨŎÔ
�@Īċ.òȰ�͂
 DµG~m̊Dȷ
':�˻ ʁɁ+ŎÔ/(�+
)
��)

Dɕ�'
@	�.þĜ)�'�DµG~m̊��{`�� P-site, A-site.�ƹ,	
@Īċ,�yvch˧³Ăŷ,̖C@ŁʖĨͅA-site .G~m̊.G~mĨ�P-site
.G~m̊.O�{j�Ĩ͆.̇Ď� LµG~m̊.Īċ)Ƚ+?�Ăŷź�´��
@ćʖź�ʏ�>A@	Ȫ, D µG~m̊� A-site ,	@Īċ,%
'/�ǐɎɟ
.ÙņDȿʴ�!Ű,�ɿǅǧ˺˂Ǖ;ǧ˺�f�Dȷ
!ʏň�ʱCA'
?��

.ˎɻ,%
'/Ű,˂˒�@ͅ3.3.9.Āȥ 	͆ČǨ, D µG~m̊� P-site ,	@
Īċ,:Ăŷź.´��ˠ�@)ʏ�@)�˻ʁŎÔ.̡,/ P-site, A-site ×, D
µG~m̊�û9@ȫȁ�ˠ�@!9�Ăŷź�ǥɥ,´���ċƃ�˼ʱ�+�$

!ćʖź�ʏ�>A@	̋ ̎àǕ(ǣß�A!êȶȩ.yvch.ȵƃ˿ɜ,%
'

/Ǯ.=�,˒ǀ�ćʖ(	@	2ǳĨɅ.DµG~m̊.ŎÔ.Ăŷź�´
!9�
yvch˧ɛĂŷDɾ�,g��\�T�Z���˼E(�6�ȱ˛(	@�{`

��zds�S 159�6!/�yvc[� tRNA .ʘʨ 153,154�ˠ�!)ʏ�>A@	

�{`��zds�S�ˠ�!Īċ�DµG~m̊D 1ǳĨ.7Đ8yvch�Ų>
A@	6!�yvc[� tRNA.ʘʨŰ,��ȉ.yvchċƃĂŷ��.66˼ʱ
�'�6$!Īċ�D-Phe-FLAG.̇âDƗ%�ɍ
yvch�ċƃ�A@	 
� «�.ɿǗ�>�Ƅ�/�DµG~m̊�> DµG~m̊2.yvch˧³Ăŷ.
òȰ�´
)ʏ��2ǳĨ. DµG~m̊.̕, LµG~m̊(L-Tyr)DƛÔ�@�)
(�DµG~m̊2ǳĨ.yvch2.ŎÔòȰ�ƬĚ�@.(/+
�)�Ž�!	
��(�Ƅ�/�2ǳĨ. DµG~m̊.̕,�1-3ǳĨ. LµG~m̊(L-Tyr)Ḋ
ʋ�!��f�yvch P4−P6 Dˈ˅�ͅğ 23A �͆ʎˊĂŷ,=@ċƃDˍ7!	
6��̕, 1 ǳĨ. L-Tyr DƛÔ�!��f�yvch P4 .ʎˊDʱ
�tricine 
SDS-PAGE,=?˂Ǖ�!ɿǗ�LµG~m̊(L-Ala, L-Phe)Dȷ
!Īċ,/�ȝ

1ǐ.o�h�ʽ>A!.,Ŋ��DµG~m̊(D-Ala, D-Phe)Dȷ
!Īċ,/�o
�h/Ų>A+�$!ͅğ 23B 	͆�>,�MS ˂Ǖ(:�2 ǳĨ. D µG~m̊D
Đ8Õ̒yvch P4.s�R/ʽ>+�$!ͅğ 23C 	͆D-PheDȷ
!Īċ. MS
˂Ǖ(/�DµG~m̊D 1ǳĨ.7Đ8êȶȩ.yvch.s�R�ǣß�A'

?��A/ P3.ʎˊ)ČǨ,��{`��.zds�S,=$'ȵ�!:.)ʏ�
>A@	«�=?�2ǳĨ. DµG~m̊.̕,�1ǳĨ. LµG~m̊(L-Tyr)Ḋ
ʋ�!yvch.ˈ˅D�':�DµG~m̊ 2ǳĨ.yvch2.ŎÔ/(�+

�)�ǀ>�,+$!	 
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� �ƹ�2ǳĨ. DµG~m̊.̕,̇ʋ�@ LµG~m̊(L-Tyr)��2, 3ǳĨ)Į
�!�f�yvch P5, P6.ʎˊ,

'/�LµG~m̊) DµG~m̊.*#
>Dȷ
!Īċ(:�tricine SDS-PAGE(�1ǐ.o�h�ǣß�A!	MS˂Ǖ(
/�*#>. DµG~m̊Dȷ
!Īċ(:��f�yvch P5, P6,ɇũ�@˝
̎.s�R�ǣß�A!	�A>.ɿǗ�>�̕, 2ǳĨ«�. L-TyrDƛÔ�@�
)(�2ǳĨ. DµG~m̊(D-Ala, D-Phe).yvch2.ʎˊŎÔ�ćʖ,+@�)
�à�$!	!"��D-Phe .Īċ,/�2 ǳĨ. L-Tyr .ƛÔ(ŎÔ/ɒˏ�A!
:..�͂
ŎÔòȰDŲ@!9,/�3ǳĨ.ƛÔ�Ŷʼ(	?�DµG~m̊Ǹ
,�̕,ƛÔ�@Ŷʼ.	@ LµG~m̊.ư,̀
�ʽ>A!	6!��̆.Ǔ­
(/�2ǳĨɅ. DµG~m̊.ŎÔ�ˠ�>��yvc[� tRNA.ʘʨ,=$'
ȵ ƃ � ! ) Ź C A @ � ɍ 
 ê ȶ ȩ (fMKKK-D-Ala-YYY, fMKKK-D-Phe-YY, 
fMKKK-D-Phe-YYY):ʽ>A!	 
� «�.ɿǗD6)9@)�2ǳĨ. DµG~m̊.ʎˊŎÔòȰDěų��@!9
,/�̕ , 1ǳĨ. LµG~m̊DƛÔ�@"�(/�÷à(	?�DµG~m̊.
ɝ̹,=?�26!/ 3ǳĨ«�. LµG~m̊�Ŷʼ")
��)�ǀ>�,+$
!	�.ěų.�Oj]�/�Ǯ.=�,˒ǀ�ćʖ(	@	è˱.=�,�DµG
~m̊. 2˻ʁŎÔ(/��{`��. A-site, P-site.�ƹ,	@ DµG~m̊��
yvch˧ɛĂŷ,̖C@ŁʖĨ.³ʋ;̇Ď,ū̯��ĂŷòȰD��'
@ćʖ

ź�ʏ�>A@	2ǳĨ. DµG~m̊.̕, LµG~m̊DƛÔ�!ˈ˅(�2ǳ
ĨɅ. DµG~m̊.ŎÔDʱ�ȫȁ(/�P-site,/ LµG~m̊�ĽĢ�@:.
.�yvc[� tRNA ,Đ6A@ DµG~m̊��yvc[� tRNA.ǧ˺;̇Ď,
ū̯D��@�)(�˧³Ăŷ.̢Ņ,+@ćʖź�ʏ�>A@	!"���.ū̯

/�yvc[� tRNA,Đ6A@ 1ǳĨɅ. DµG~m̊��ȉ2ɛó�@4*ŏ�
�+@)ʏ�>A@!9�ƛÔ�A@ LµG~m̊.ǳĨư� 2, 3)Į�@,ű
�
ŎÔòȰ�ěų�@)˒ǀ(�@	 
� +
�Ƅ�.ɿǗ/�Calendar ) Berg .ÒʱɎɟ)��ʽ�@)ɋɈ�'
@	
ŭ>/�poly(D-[14C]Tyr-L-Ile).ʎˊċƃDʱ+$!)ĩĒ�'
@��Ƅ�.ɿǗ(
/�DµG~m̊) LµG~m̊�¢¡,+$!̇â.ʎˊ/(�+
	�A,%

'/�è˱.=�,ͅ3.1.1.Āȥ �͆ŭ>.ɴ,

'�Ų>A!yvch��Õ'

poly(D-[14C]Tyr-L-Ile))/̚>��Ƒßȣɻʕʎˊɴ�>.ȎÔ,=? L-Tyr�ǳĽ�
'
!!9,�º�0 poly(D-[14C]Tyr-L-Ile-L-Tyr-L-Ile).=�+̇â.ʎˊȶȩ(	$
!ćʖź�ʏ�>A@	�.=�+̇â+>0�2ǳĨ. D-Tyr̕, 3ǳĨ. LµG
~m̊�ƛÔ�A!̇ʋ(	?�Ƅ�.ɿǗ,ȥ>�':�ʎˊċƃ(�@ćʖź�

͂��ɿǗ,ɋɈ/ȵ�+
	 
� �ˇ.=�+�1 ǳĨ.ŎÔ(/òȰ.͂�$!̬ǩȘG~m̊(:�2 ˻ʁŎÔ
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/(���̕,ǩȘG~m̊DŎÔ�@�)(�ěų�@)
�ź˝/�ɧ 4ɤ(˱
3@�β-G~m̊.ʎˊɴ(�45Č�ɿǗ�ʽ>A'
@ȡ(̬Ş,ʟĔȍ
	 
 
3.3.9. D µG~m̊.yvchɿċŪƃĂŷ��{`��Ù(̘Ņ�A@àĻ�
Oj]�,̖�@ʏň 
� Ƅ�. DµG~m̊.ŎÔ,̖�@˖Ƴ.ȿʴŰ,�DµG~m̊.ɿċ�!G~
mGZ� tRNA���{`��.Ȉź�ŵ,

'�*.=�+ɣµɁ+̇ʋDĄ@
.���A�*.=�,Ȉź,ū̯�@.��)
��),%
'�Xʅɿǅǧ˺˂
Ǖ,=$'Ų>A!ǧ˺f�a;��ADÐ,ǧɰ�A!ǧ˺�f�Dȷ
!Ɏɟ�

ʱCA'
@	�A>.ÙņD˒ǀ�@!9,�ǐ˖Ƴ(/��{`�� PTC. A-site
, L-Phe6!/ D-Phe�ĽĢ�@Īċ.ɣµǧ˺�f�ͅğ 24͆D·ƃ�!	 
�{`�� PTC .ǧ˺)�yvchɿċŪƃĂŷ.Ȉź,%
'ʏ�@�(�̌ʼ
)ʏ�>A@.��A-site .G~mĨ.ɢɸþĻ)�P-site . A76 . 2′OH .ͅğ
24.ğ�.ˣ̥ d (͆	@	x ̥ d.̌ʼź,%
'/�«�.�2004š.Weinger
>.ĩĒ�ǞƔ)+$'
@ 160	ŭ>/�G~mGZ� tRNA . A76 . 2′OH��
G~mGZ� tRNA. P-site(.Ǭʖ,Ŷ̳(	@�)Dȿʴ�!	ŭ>/�A76.
2′OH DfNPZĤ6!/t�N�fNPZĤ)�!Īċ,�G~mGZ� tRNA /
yvch˧ɛ.GR^va�)�'ǰŞ,Ǭʖ��P-site2.g��\�T�Z��
6(/˼ʱ�@��hi�)�'/45ȈźDƗ!+
�)Dǀ>�,�!	A76.
2′OH .�ʎˊĂŷ,
�@Ǭʖ/�ŀÕ,/˂ǀ�A'
+
��A-site .G~m
̊.G~mĨ)ǻɸɿċćʖ+ˣ̥,	@�)�ƘƦ�A'
?�G~mĨ.̇Ď.

˕ɮ;G~mĨ.v�g�Dą�Ą@GR^va�)�'Í�ćʖź�ʏ�>A'


@	=$'�ˣ̥ d�́�+@�)(�yvchɿċŪƃĂŷ.Ȉź�´��@ć
ʖź�͂
)ʏ�>A@	 
� �ˇ.ɌʽDŸ̵,ʋ
'�˯š,ȿʴ�A! 2 %.ɎɟƃǗ,%
'˒ǀ�@	
2017š�Lehmann>/��{`��. A-site, L-Ala-tRNA�	@Īċ)�D-Ala-tRNA
�	@Īċ)(�Ȉź�ŵ.ǧ˺�f�D·ʹ�! 161	L-Ala-tRNA�	@Īċ(/�
L-Ala.É̐��A2451) C2452.̠̕(	@”side-chain cavity”,Ď
'
?�L-Ala
.G~mĨ) P-site tRNA. A76. 2′OH.̕.ˣ̥ d/̬Ş,˯
�)�ɕė�A
!	�ƹ�D-Ala�	@Īċ(/�É̐� side-chain cavity,Ď
'
>��G~m
Ĩ) A76 . 2′OH ).ˣ̥ d :̥A'
@)�Ž�A!	ŭ>/�É̐.ŏ�
 D
µG~m̊(	A0�É̐� side-chain cavity,Ô>+�':ɣµ̢ŅDȵ�+
!
9�ɿċ.ě˧,=$'G~mĨ.³ʋDıõ���ˣ̥ dD̂á,˕Ʊ�@�)�
(��ʎˊĂŷ.òȰ/��>+
)ʏň�!	�ƹ�É̐�Ĵ�
Īċ,/�É̐

� side-chain cavity,Ô>�@DŲ��ˣ̥ dD̂á,˕Ʊ(�+
!9�ʎˊĂŷ
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.òȰ���@)ʏ�!	(/�Ń̡,�D µG~m̊.Ĵ�+É̐/ side-chain 
cavity,Ô$'
@.��)
�ȡ,%
'/�2019š, Melnikov>��Xʅɿǅ
ǧ˺˂Ǖ,=@ǣˋ.ɿǗDĩĒ�'
@ 162	ŭ>/�L-Tyr-tRNA Gi�S(	@
puromycine�6!/�D-Phe-tRNAGi�S(	@ D-Phe-ACCA� A-site,	@ȫȁ
(˂ǕDʱ
�PTC(.G~m̊.³ʋ)̇Ď,%
'�ǹ˨Dʱ+$!	�.ɿǗ
/�Lehmann>.ʏň,ċʞ��A-site,	@G~m̊.É̐.ʣ̿ȴ,%
'/�
Ǧ- L-Tyr) D-Phe(³ʋ�̌+$'
?�G~mĨ.Ď�ƹĎ"��Ĵ��Ƚ+$
'
!)
�:.(	$!	�.ɿǗ�A76. 2′OH) A-site.G~m̊).ˣ̥ d
/�LµG~m̊.Īċ/ 2.5Å)˯
.,Ŋ��DµG~m̊.Īċ/ 3.5Å)́�
+$'�6��)�à�$!	�A,=?G~mĨ)O�{j�Ĩ.̕(.yvch

ŪƃĂŷ.òȰ�´��@ćʖź�ʏ�>A@	�>,�ŭ>/ǧ˺�f�D·ƃ��

àĻÙ.ɿċ.ě˧,=$'�DµG~m̊.G~mĨD LµG~m̊.Īċ)Č�
³ʋ,Ɨ$'�@�)�ćʖ(	@�D˕3!	�.ɿǗ�D-Phe.É̐.ʣ̿ȴ��
�{`��. 23S rRNA. U2506)ɣµ̢ŅDˠ��'�6�!9��.=�+̇
Ď/Ą?,�
�)��Ž�A!	 
� �ˇ.Ùņȳ˂.ʸñ)�'�Ƅ�/�A-site , L-Phe-tRNA �Ô$'
@Īċ.
ɣµǧ˺ğͅ ğ 24A D͆�PDB.ɿǅǧ˺˂Ǖf�a(4V5D)�>·ƃ�!	Lehmann
>.�ŧ.˸?�L-Phe.É̐/�A2451, C2452.·@ side-chain cavity,Ô$'

@�)�ɒˏ�A!ͅğ 24A�ǵ 	͆�>,�ˣ̥ dDȖł�@) 3.00 Å)+?�
ǻɸɿċćʖ+4*˯
ˣ̥,	@�)�à�$!ͅğ 24A�ǵ 	͆�>,��.f
�aDÐ,�A-site, D-Phe-tRNA�Ô$'
@Īċ.�ɱǁɁ+ɣµǧ˺�f�ͅ ğ

24B͆:·ƃ�!	·ƃ,	!$'/��˱. Melnikov>.ɿǗ,Ĩ&��A-site.
D-Phe.É̐D L-Phe.Īċ)̌-�αȠɸ.P��eH.7DıǇ�!	D-Phe.
É̐/�L-Phe)̌+@=�,·ƃ�!!9�side-chain cavity,Ô$'
@ͅ ğ 24B
�ǵ 	͆�>,�ˣ̥ dDȖł�@) 4.95 Å)+?�ǻɸɿċDŪƃ(�+
4*̥
A'
!ͅğ 24B�ǵ 	͆Melnikov>.�f�=?:ˣ̥�̥A'
@./�Ƅ�.
ɱǁ�f�(/Ȫ,ǧ˺Ǌ̂õɩ.˅ɬDʱ+$'
+
!9)ŹCA@	 
� �(˒ǀ�!�{`�� PTC .�f���ǐɎɟ.ȵõľɁ+Ń̀.ɿǗ,ũ'
/9@�)�(�@.�ʏňDʱ+$!	6���˱.Ùņ/�D-Phe� A-site,	
@ĪċDʏ�@:.(	$!��Ƅ�.Ń̀(/�D-Phe. 1ǳĨ.yvch2.Ŏ
ÔòȰ/̬Ş,͂
)
�ɿǗ�Ų>A'
@�)�>��.ȡ(/�ʽ�@)ɋɈ

�'
@	����D-Phe=?:É̐.Ĵ�
 D-Trp�É̐, β³(.àŖDƗ% D-Val, 
D-Ile�ȴȫõ,=?ɣµɁ+çɵ.Ĵ�
 D-ProDȷ
!Īċ,�1ǳĨ(.ŎÔ�
>ˁȖ(�+
)
�ɿǗ�Ų>A'
?�PTC,

'ǧ˺ıõ,=$'G~mĨ
.̂á+³ʋ.˕Ʊ�ĝ̦+ DµG~m̊(�yvchɿċŪƃ.Ăŷź�´��@
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)ʏ�@)��ˇ.�f�,ċʞ�'
@)ʏ�>A@	6!�¥Ű�>+@ǧ˺�

f�Dȷ
!Ɏɟ�˼9>AA0�DµG~m̊.˻ʁŎÔ.òȰ�̸ʩ,´��@
ȱ˛,%
':�˒ǀ(�@=�,+@)Ǎů�A@	ØµɁ,/�P-site.yvc
[� tRNA, D-Phe�Đ6A@Īċ,�P-siteÉ. tRNA,:ǧ˺ıõ�ȵ��A76
. 2′OH.³ʋ�ıõ�@�)(��ˇ�f�(̌ʼ,+$'
@ˣ̥ d��>,́
�+$'�6�ćʖź�ʏ�>A@	 
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3.4. ɿ˖ 
� ̑ÎȽźµDƗ!+
 GlyD̛� 19ɝ̹.ǩȘG~m̊,Ŋŷ�@�19ɝ̹. D
µG~m̊Dȷ
'�̄¯ǆĉ.�v�S�~�S,=?��f�yvch2.ŎÔ

Dˍ7!	6��1ǳĨ. DµG~m̊.yvch2.ŎÔDʱ+$!	Ų>A!ʎ
ˊȶȩ/�tricine SDS-PAGE,=@ŎÔòȰ.Ȗł)�MALDI-TOF-MS,=@ Dµ
G~m̊.Čł.�2ɝ̹.ƇȂDȷ
'˂Ǖ�!	�.ɿǗ�yvch2.ŎÔ�
ćʖ+ 12ɝ̹.DµG~m̊(D-Ala, D-Ser, D-Cys, D-Met, D-Thr, D-His, D-Phe, D-Tyr)
DȪł�@�)�(���ADS��v 1)�!	ŎÔòȰ/´
:..�MS(y
vch�ǣß(�! 4ɝ̹. DµG~m̊(D-Asn, D-Gln, D-Val, D-Leu),%
'/�
�ADS��v 2)�!	�ƹ(�MS(yvch�ǣß(�+�$! 7ɝ̹. Dµ
G~m̊ (D-Arg, D-Lys, D-Asp, D-Glu, D-Ile, D-Trp, D-Pro)DS��v 3)�!	�>
,�2 ǳĨ. D µG~m̊.yvch2.ŎÔ,%
':ǣˋDʱ$!����.ɿ
Ǘ D µG~m̊.yvch2. 2 ǳĨ˻ʁ(.ŎÔ/̬Ş,òȰ�Ż
�)�ǀ>
�,+$!	����DµG~m̊.̕,�26!/ 3ǳĨ. LµG~m̊DƛÔ�
!̇â,�@�)(�2ǳĨ. DµG~m̊.ŎÔòȰ/ěų�@�):ǀ>�,�
!	 
+
��.ɿǗ/�«�.aIg�(ȿʴȒ7(	@	͇ Reevaluation of the D-Amino 
Acid Compatibility with the Elongation Event in Translation.46 
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ğ 17� DµG~m̊.ʎˊɴ2.̂ċźDǣˋ�@Ń̀ɴ	 

GlyD̛� 19ɝ̹.ǩȘ LµG~m̊)��A,Ŋŷ�@ 19ɝ̹. DµG~m̊D�Flexizymeͅ dFx

6!/ eFx͆Dȷ
!GZ�õȂ,=? tRNAEnAsn
GGA,ɿċ�!	˕ʹ�!G~mGZ� tRNA D�

Úǧƃȣɻʕʎˊɴ,ð���f�yvch.ʎˊDʱ$!	�.ʎˊɴ,/�G~m̊)G~mG

Z� tRNAċƃ̉ɸD�Met, Lys, Asp, Tyr. 4yG��ð�'
+
!9�ǐǔ Ser,Ŋŷ�@ UCC

Vh�/ɠVh�)+$'
@	ȏð�!G~mGZ� tRNA,ɿċ�! Lµ6!/DµG~m̊/�

ɠVh�,ì?ũ'>A�ʎˊĂŷ�˼ʱ�@	�.ǂ��{`��/�Ŷ��:Õ'. D µG~m

̊Dą�ÔA>A+
	¹ȷ�! D µG~m̊�ˉņ�AA0Õ̒.ʎˊȶȩ�Ų>A@��ą�Ô

A>A+�A0�ɍ
yvch��Ų>A+
	=$'��.ȶȩD˂Ǖ�@�)(�Ċ D µG~m

̊.ʎˊ±̒Ăŷ2.̂ċźDˌ¼�@�)�(�@	+
�LµG~m̊,%
':�ČǨ,˂ǕD

ʱ
�V�g���)�!	  
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ğ 18� Microhelix (MhRNA)ȂDæȷ�!�Dµ
=1 LµG~m̊.G~mGZ�õòȰ.Ȗł	 

FlexizymeDȷ
'�19ɝ̹. DµG~m̊
=1Ŋŷ�@ LµG~m̊,=@�MhRNA.G~m

GZ�õDʱ$!	�AD̊źǓ­.ıź̧Ǻȅó,=?˂Ǖ�!	G~mGZ�õòȰ/�G~m

GZ� MhRNA.o�hŨţͅI)�@͆)�ǎĂŷ. MhRNA.o�hŨţͅII)�@͆�>�(I) / [(I) 

+ (II)](ǽ9>A@	GZ�õĂŷ.Ǔ­/ʴ 6,ɕ�!	  
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ğ 19� 19ɝ̹. DµG~m̊
=1Ŋŷ�@ LµG~m̊.yvch2.ʎˊŎÔ	 

(A) mRNA R1.ĬĨ̇â)�Ŋŷ�@�f�yvch P1.G~m̊̇â	UCCVh��ɠVh�,

+$'
?���, L µ6!/ D µG~m̊�ì?ũ'>A'ʎˊ�A@	FLAG / FLAG-tag 

(Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys)Dʴ�'
@	(B) Ċ L µ6!/ D µG~m̊Dȷ
!Īċ.�

ʎˊȶȩ. tricine SDS-PAGE,=@˂Ǖ	FLAĠâ�,Đ6A@[14C]AspD�N�g�[NS�t

H(ǣß�!	ĊG~m̊DĐ8yvch.ă̎D�o�hŨţDȖł�@�)(ł̎��

L-Ala-tRNAEnAsn
GGADȷ
!Īċ.ă̎D 100%)�!ìċ(S�t,ɕ�!	L��o�/�ȖłD

3 ěʊ?˰�!ǩȘÇŚDɕ�	(C) Ċ D µG~m̊Dȷ
!Īċ.yvch P1 . MALDI-TOF-MS
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,=@˂Ǖ	v�g�©ðµ.˝̧̎ʦǹ(m/z).ȳ˖Æ)ŃȖÆDˇ�!	s�R.�x�/Ǯ.˸

?͇ǰ�� 1 ǳĨ. D µG~m̊�ŎÔ�A!yvchD(*)�yvc[� tRNA .�̥(ȵ�!

Xaa-FLAG.̇âDƗ%ɍ
yvchD(†)(ʴ�!	  
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ğ 20� �f�yvch.�ȉ.̇â� DµG~m̊.yvch2.ŎÔòȰ,��@ū̯	 

(A) mRNA R2.ĬĨ̇â)�Ŋŷ�@�f�yvch P2.G~m̊̇â	UCCVh��ɠVh�,

+$'
?���, Lµ6!/ DµG~m̊�ì?ũ'>A'ʎˊ�A@	(B) Ċ Lµ6!/ DµG

~m̊Dȷ
!Īċ.�ʎˊȶȩ. tricine SDS-PAGE,=@˂Ǖ	FLAĠâ�,Đ6A@[14C]Asp

D�N�g�[NS�tH(ǣß�!	ĊG~m̊DĐ8yvch.ă̎D�o�hŨţDȖł�@

�)(ł̎��L-Ala-tRNAEnAsn
GGADȷ
!Īċ.yvchă̎D 100%)�!ìċ(S�t,ɕ�!	

L��o�/�ȖłD 3ěʊ?˰�!ǩȘÇŚDɕ�	 
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ğ 21� L-Ser6!/ D-SerDȷ
!Īċ.��f�yvch P1.ʎˊċƃ.ɾǂɁ+˂Ǖ	 

ʎˊĂŷȌ�. L-Ser-tRNA6!/ D-Ser-tRNA.ȝţ/�50 µMͅ�ǵ �͆25 µMͅ�ǵ �͆6 µMͅ�

ǵ͆)+@=�,˕ʹ�!	ʎˊȶȩ/�tricine SDS-PAGE,=$'˂Ǖ�!	FLAĠâ�,Đ6

A@[14C]Asp D�N�g�[NS�tH(ǣß�!	yvch.ă̎D�o�hŨţDȖł�@�)

(ł̎��50 µM L-Ser-tRNAĽĢ�(.�20àŰ.yvchă̎D 100%)�'�Ăŷǂ̕,Ŋ�'

v�dg�!	 
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ğ 22� D-Ser) L-Ser.ɦċǓ­(.��f�yvch P1.ʎˊċƃ.ɾǂɁ+˂Ǖ	 

(A) D-Ser) L-Ser.ɦċǓ­(ʎˊDʱ�Ń̀ɴ	D-Ser-tRNAEnAsn
GGA) L-Ser-tRNAEnAsn

GGA.�ƹD

ʎˊɴ,ȏð�@�)(�UCC.ɠVh�,�D-Ser) L-Ser.�ƹ�ì?ũ'>A'
@	(B) D-Ser

) L-Ser .ɦċǓ­(.ʎˊȶȩ. tricine SDS-PAGE ,=@˂Ǖ	ʎˊĂŷȌ�. L-Ser-tRNA )

D-Ser-tRNA.ȝţ/�25 µM eachͅ�ǵ �͆6 µM eachͅ�ǵ͆)+@=�,˕ʹ�!	ʎˊȶȩ/�

tricine SDS-PAGE,=$'˂Ǖ�!	FLAĠâ�,Đ6A@[14C]AspD�N�g�[NS�tH(

ǣß�!	yvch.ă̎D�o�hŨţDȖł�@�)(ł̎��25 µM each D-Ser-tRNA, 

L-Ser-tRNAĽĢ�(.�20àŰ. L-SerDĐ8yvchă̎D 100%)�'�Ăŷǂ̕,Ŋ�'v�

dg�!	 
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ğ 23� 2ǳĨ. DµG~m̊.yvch2.ŎÔ	 
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(A) mRNA R1, R3−R6.ĬĨ̇â)�Ŋŷ�@�f�yvch P1, P3−P6.G~m̊̇â	UCCVh

��ɠVh�,+$'
?���, L µ6!/ D µG~m̊�ì?ũ'>A'ʎˊ�A@	(B) Ċ L

µ6!/ DµG~m̊Dȷ
!Īċ.�ʎˊȶȩ. tricine SDS-PAGE,=@˂Ǖ	FLAĠâ�,Đ

6A@[14C]Asp D�N�g�[NS�tH(ǣß�!	ĊG~m̊DĐ8yvch.ă̎D�o�h

ŨţDȖł�@�)(ł̎��G~m̊Ǹ,�mRNA R1Dæȷ�!Īċ.ʎˊȶȩ.ă̎D 100%)

�!ìċ(S�t,ɕ�!	(C) Ċ DµG~m̊DĐ8�f�yvch P1, P3−P6. MALDI-TOF-MS

,=@˂Ǖ	v�g�©ðµ.˝̧̎ʦǹ(m/z).ȳ˖Æ)ŃȖÆDˇ�!	s�R.�x�/Ǯ.˸

?͇ǰ�� 1 ǳĨ. D µG~m̊�ŎÔ�A!yvchD(*)�yvc[� tRNA .�̥(ȵ�!

Xaa-FLAG.̇âDƗ%ɍ
yvchD(†) �2ǳĨà.ɠVh�,Ŋ�' 1ǳĨ.7�ŎÔ�A!y

vchD(‡)�yvc[� tRNA.�̥(ȵ�! fMKKK-Xaa-YY6!/ fMKKK-Xaa-YYY.̇âDƗ%

ɍ
yvchD(¶)�Čł�ʖ.êȶȩD(§)(ʴ�!	 
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ğ 24� �{`�� A-site, L-Phe6!/ D-Phe�	@Īċ.ɣµǧ˺�f�	 

�.�f�/�Lehmann> 161
�Melnikov> 162

.ǧ˺˅ɬ�Xʅɿǅǧ˺˂Ǖ.ĩĒDÐ,�PDB.

4V5D. Xʅɿǅǧ˺f�a�> A-site. Phe.G~mĨD�ŵ,øŮɵ 12 Å.ɯĞDá?ß�'·

ʹ�!	2ǖ.pl�/�Č�ǧ˺D�90°ě˧���̆ƹĎͅ�ǵğ͆)ǰ̭ƹĎͅ�ǵğ͆�>ʽ

!:.Dɕ�'
@	rRNA.�# side-chian cavityDŪƃ�@ A2451, C2452. 2ĬĨDN��[ʢ

(��A«Ĳ. rRNADǻʢ(ɕ�!	Phe-tRNA,%
'/�ȠɸþĻDȟʢ(�̊ ɸþĻD˟ʢ(�

ɢɸþĻD̪ʢ(ɕ�!	ˣ̥ d,%
'/�A-site.G~mĨ.ɢɸþĻ)�P-site. A76. 2′OH

.̊ɸþĻ.̕.ˣ̥DȖł�!	(A) �{`�� PTC. A-site, L-Phe-tRNA�P-site, L-Phe-tRNA

�	@Īċ.ɣµǧ˺	(B) �{`�� PTC. A-site, D-Phe-tRNA, P-site, L-Phe-tRNA�	@Ī

ċ.ɣµǧ˺�f�	(A).ǧ˺�>�A-site. L-Phe. αȠɸ.P��eH.7DıǇ��D-Phe)

�!	�.Ű�Ȫ,ǧ˺.Ǌ̂õɩ.Þȳ/ʱ+$'
+
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ʴ 4� DµG~m̊.ʎˊɴ2.̂ċźDǣˋ�!ÒʱɎɟ.ɿǗ6)9	 

D µG~m̊.ʎˊɴ2.̂ċź,̖�@Õ'.ÒʱɎɟ,%
'�¹ȷ�A!ȣɻʕʎˊɴ�G~

mGZ�õȂ�
=1�Ċ DµG~m̊.ŎÔɿǗDʴ,6)9!	 
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ʴ 5� ɧ 3,4,5ɤ,

'�tRNA�MhRNA�Flexizyme.˕ʹ.!9,ȷ
!v�I}�.ĬĨ̇â	 
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ʴ 6� Flexizyme,=@G~mGZ�õ.ĂŷǓ­	 

ǐɎɟ(�Flexizyme ,=@G~mGZ�õDʱ�̡.ĂŷǓ­D�Ȉźõµ.ɝ̹�¹ȷ�!

Flexizyme�Ăŷǂ̕,%
'ʴ,6)9!	 
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ʴ 7� ɧ 3,4,5ɤ,

'��f�yvch.˕ʹ.!9,ȷ
!v�I}�.ĬĨ̇â	 
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ʴ 8� ɧ 3,4,5ɤ(ȷ
!�f�yvch)��AD·ʹ�@!9,¹ȷ�!v�I}�	 

P1−P13 . 13 ɝ̹.�f�yvch,%
'�G~m̊̇â�̏Ĥ DNA .ĬĨ̇â��AD·ʹ�

@!9,¹ȷ�!v�I}�.čɚDʴ,6)9!	 

 
  


