

26����,����3�-1'����0��#/+�


�.5��%$�4�

�

�0'����� (&��	�� �


2��7"7 �

�

�� �1*)� ��

%$!2�  �� ��

�

�

NE1a�

ed� STX
$[V(A!&#	<?��& ����5B(�

� � � `
������

fd� [VOW�hJ_$'1��(U]�&����

gd� 4  � >/
$h>(^F��[V�&����

� � � >�L�8��[VOW(2O�&����

hd� [V��!�<?���1$�����[VOW�)-+=��

� � � 9bQ:(D0\3�&��cM=�\3��������d��

id� ;[VOW�VK�H7�D0>�Q:(\3�&����

jd� ��5B�IG�   ,-*�% ��[V`A�<?C��

� � � 0."Y.��(RZ�1@<��
�P�6�������

�



 
1 

�� �}*ÓȂyȃ)ƌ
(��� 

 

ÓȂ� Ɨƪª%Ëğ�98gvgw@xOtxǾpreproinsulinǿ
ȀŖęÝ*@

xOtx)ğŢ�8/%)	�8ƥǄĐ�ǻ<Ȁ	�8ǵų) 3"ƌ
(��� 

 

Óȃ� ºęǾŜęǿåŴ a *jpĥË�*lAO+ǺŊ*ġµ
��6(��

2ȀŌą(lAO&Őǔ�$�ǥ
 10%ä¹�8�{ĭȀa&+³*ǡ�ï<Â

Öǡ�ï&�8ºęǾŜęǿåŴ b *jpĥË�*lAO3ÌŃ)�ǥ
 10%

ä¹�8�(�Ȁa& b+&3)ô§ņƫňéÝǾnullǿ*úƊǡ�ï%�8� 

 

(1)  a& b*ÂÖǡ�ï
Ì{*ƙǑ%ņƫ�8ǡ�ï(*�Ȁ�9&3ŨƊ*

ƙǑ%ņƫ�8ǡ�ï(*�<ǡ�òŸ)ƿĻ�8ĭŔ<ƌ
(��� 

 

(2)  (1)*ƿĻ)57đ698ƚļ)"�$ȀÌ{*ƙǑ%ņƫ�8áË&ŨƊ

*ƙǑ%ņƫ�8áË)"�$Ȁ�9�9ƌ
(��� 

 
 
 

�� dZ*ęŒö&ę®¼)ǫ�8�}*ÓȂ�Ȅ)ƌ
(��� 

 

ÓȂ� ƑĂ�8�+ÁĂ)®¼�$�(�ķ®¼ŮŎƬ*ĲĶ)+ȀŮŎÔõ

*čğ)ǥƻ(Ď·<ģ"Ǝ
ȃ"ñÚ�8��9�9*Ǝ*ÍƄ<ƌ
Ȁ'

 6*ę*ŮŎÔõ*łğƻƔ)(8�)"�$3ƌ
(��� 

 

Óȃ� ƑĂ%ŦŴŸ)ñÚ�8�Ɨƪ*ÍƄ< 2 "ƌ
Ȁę®¼)��8�9

�9*+�6�<ǈı�(��� 

 

ÓȄ� ǯ*ęŒö)ǫ;8ǥƻ(ǒ¬Öï*ÍƄ< 1 "ƌ
ȀŦĔ&ņƫ<ǈ

ı�(��� 
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�� ŉ*īƋ<ǉ0Ȁ�}*ÓȂ�Ȅ)ƌ
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�ŉ¥ƉǪ)��8Ůť*®ăÝ+ȀsxUn®ă&ǰ�®ăȀ{Ń®ă*Ȅ

")è³%�8�÷Ǯ*Ůť*®ă)3&#�®ăÝ<²ö�8ĭŔ)ȀćÜ

�0��ĈǾ!∗ǿ&ćÜùĈǾ!ǿ*ǫ�<´Ű��ĭŔ
�8�ćÜ�0�
�Ĉ&+�½Ų��7����7*ćÜ���Ī�<ƀ�csozT%�7Ȁ 

!∗ = ∑ #!(#!%&)"
!#$
∑ #!"
!#$

 

&�	ĉ%öƤ�98����Ȁ#(
$ųŻ*½Ų)�8��*ĪȀ%
½Ų*ƞ
Ī%�8�/�Ȁ½Ų��7*ćÜùĈ	!+Ȁ 

! = ∑ #()
(*&
%  

&öƤ�98� 

 

ÓȂ� �}*YzT+Ȁ�8ŮťƇ X)"�$Ȅ"*ÛŞ%Ê 16�*½ŲǾĭ

č½ǿ<ǃƢ�Ȁ½Ų�&)��Ī<řö��3*%�8�Ȅ"�9�9*Û

Ş)ǫ�$!∗&!<ǁƍ�Ȁ�96*ǫ�)"�$ŅǓ<!ȀơǓ<!∗&�$

Isf<ħ�(��� 

 

ÛŞȂ�   ÛŞȃ�   ÛŞȄ 

1 0 1 0  0 2 0 0  0 0 1 1 

4 0 0 2  3 2 0 2  0 4 2 3 

0 6 7 4  0 5 0 1  6 0 2 0 

0 0 6 1  1 0 0 0  0 0 5 0 

 

Óȃ� {Ư)Ȁ!&!∗&*Ǫ)+żƟǫ�
�7Ȁ�96*Ǫ*ÕĄĉ+Ȁ 

!∗ = ( + *! 

%Ʒ�98��*&�Ȁ(+!∗Ǔ)��8¯Ť%Ȁ*+¤�%�8�/�ȀÀŨ
ę*ŮťƇ*áËǾKw]zÀ�%*ƅ»+(�áËǿȀ|Ǘ*ÕĄĉ)ǫ�

$ȀsxUn®ă%�9, ( = 0, * = 1Ȁǰ�®ă%�9, ( = 0, * > 1Ȁ{
Ń®ă%�9, ( = −1, * ≈ 1&(8�&
ſ69$�8�|%ƀ��YzT%
+ȀŮťƇ X *®ăÝ+Ȅ"*®ăÝ*	 '9%�8&²ö�98�ƌ
(
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���/�Ȁ(&	**¡+�9�9��")(8�3ƌ
(���(�ȀŮťƇ
X+ÀŨę*Ƈ%�8&�ö�8� 

 

ÓȄ� sxUn®ă&ǰ�®ăȀ{Ń®ă+Ȁ��Ǫ*Ž��Ű4ŭã&*Ž

��Ű*ƚļ&�$Ů�8��9�9*®ă+'*5	(Ž��Ű*ƚļ&�

$ğƊ�8�ƌ
(��� 

 

 

 

�� ŉ*īƋ<ǉ0Ȁ�}*ÓȂyȃ)ƌ
(��� 

 

jupx4Ƃƙ�ǝťǎ('Ń (ƗƪæMI\u®ïǾtFx[ǿ+ȀÇø

�)ƚË�$ȀƗƪª*MI\u�ǝ<Ċ�Ǐ���Ɨƪª)��$Çø��

6*MI\u�ǝ<���8TxcHǎ+�,�,ȀƥǄĐ�ǻ)57ņƫ


µĒ�98�/�ȀMI\u�ǝ*ĲǪ4ċĈ+f?z[bWHµĒ)57ǋ

Ə�9$�8� 

 

Ó 1� Çø�+�96*þÚ)ß#�$Ȁ�ƗƪƷĀÇø��&�ƗƪªÇø��

)è³%�8��6)ȀƗƪƷĀÇø�+�*ǤƔŖę)ß#�$Ȁŉ* 3 "

)®ǹ%�8� 

� � (A)� TyrG\zRŖę<3"Çø� 

� � (B)� Ser/ThrG\zRŖę<3"Çø� 

� � (C)� ǤƔŖę<3�(�Çø� 

(A)�(C) *Çø�<ǏŞ&�8�ƷŸ(ƗƪªMI\u�ǝƙǑ)"�$Ȁ�

*ƙǑ<łğ�8TxcHǎ�5-�*ƙǑ
ǫ��8Ɨƪņƫ<Î2$Ȁ�

9�9ǈı�(��� 

 

Ó 2� MI\u�ǝ)��8�ƷŸ(f?z[bWHµĒ)"�$Ȁ�*ƙǑ<

łğ�8TxcHǎ<Î2$ǈı�(��� 
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Ó1  ŉ*ī*ƉŇ 1 �7 )ǟ¯(ǆÈ<ǂ¦�(���/�ƉŇ>)Ĵ3ǟ¯

(Ī<ǠĢƨ(a) Ȉ (c)*��6Ǡ-(��� 

 

J`n<łğ�8 DNA+¼òŸ)óö(ťǎ%�8
ȀªŸƻÖ�8�+æŸ

ƻÖ)5!$Ɯ
�Ĩ£<Ç�$�8�Ò�ǹ*Ɨƪ%+Ȁ1Ɨƪ 1į��7*

ªŸƻÖ)58�( DNAĨ£čğĪ+�5�Ǿ� >  ǿ&ǀ;9$�8�æŸ

ƻÖ%Ů�8Ĩ£)+ȀƖæƟ)58Ǿ� 1  ǿ4ȀǾ� 2  ǿ)58 DNA Ǩ¯

Ĭ('
��698�Ǿ� 1  ǿ<�ē�8*+Ò�ǹ%+Ǿ� 3   ǿǭÃ�ē

ņł%�8�DNA�ĸǨ¯Ĭ<�ē�8*+ȀǤŏ%+�)Ǿ� 4  ǿ�ēņł

%�7ȀÒ�ǹ%+�)Ǿ� 5  ǿ�ēņł%�8�Ǿ� 1  ǿ*5	( DNA Ĩ

£<�ē%�(�//ȀƗƪ
 DNAƺƹ<ǩí��áËȀƺƹ<ŋ2�)Ɨƪ

ō<ǘ98�Ƙ0&�$Ǿ� 6  ǿDNA Ëğ
�8�Ǿ� 6  ǿDNA ktosz

R+Ȁƺƹ)ĕǶ* DNA ktoszR&Ŵ(!$Ǿ� 7  ǿņƫ<ģ��ȀǇ

!�^HvDV[<Æ7Ǖ1ǸĈ
ǽ�� 

 

>*ǠĢƨȆ(a) 100  (b) 5000  (c) 30000  

 

Ó2  }*Ø)ƀ�÷Ǽ 1�3*lAOÇƑÁ*ľƅĿ÷Ǽ<ƶ(�Ȁ�9�9*

«łğƩ*��ŵŮƫ¸<ǋ.��÷Ǽƚļ)"�$ȀǾ1ǿ�Ǿ3ǿ*Ó)

ƌ
(��� 

 
÷Ǽ 1ȆÇƑżĐ*ÇƑÁ�6Ȁǯę¶ľ<ǭÃ�$Ȁ�*ÇƑÁűĺ*Ǳę

¶ľ<¦9$ÁǾǱǿűĺ*J`n*0<3"ǱęŵŮƩ<�ğ��� 

÷Ǽ 2ȆÇƑżĐ*ÇƑÁ�6ȀǱę¶ľ<ǭÃ�$Ȁ�*ÇƑÁűĺ*ǯę

¶ľ<¦9$ƑïǾǯǿűĺ*J`n*0<3"ǯęŵŮƩ<�ğ��� 

÷Ǽ 3ȆÇƑżĐ*ÇƑÁ�6' 6�{ĭ*¶ľ<ǭÃ�$Ȁ�*ÇƑÁű

ĺ*¶ľ<¦9$ǯ&Ǳűĺ*J`n<{Ƙ�"ģ"«łğƩ<�ğ��� 
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Ǿ1ǿ �96*÷Ǽ�6Ƽ­�9�CeNB_X?WH(ŪǍ*ÍƄ<ƌ


(��� 

 

Ǿ2ǿ ÷Ǽ 3*Ǳǯ*J`n<ģ" 2 �+Ōą)ŵŮ��
Ȁ÷Ǽ 1*Ǳę

ŵŮƩ�5-÷Ǽ 2 *ǯęŵŮƩ+ŵŮ 10 į*±ĶƩ%Ʈōę<ƀ�

��÷Ǽ 1y2*«łğƩ
Ʈō)ƭ!�Ŭű<ǈı�(��� 

 

Ǿ3ǿ �*CeNB_X?WH(ŪǍ+ǣ¢ïčğÅ-ÇƑĐ*ŵŮy®¼ǜ

Ɔ%��(8®ïņł)5!$Ċ�Ǐ��98*�Ȁǈı�(��� 
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�� ŉ*īƋ<ǉ0Ȁ�}*Ó 1y2)ƌ
(�� 

 

ÌƇ��Ǫ)��$Ȁ�8ƶ»
�*ƶ»<÷ƶ�8��ǾƶşƧǿ&�*ƶ

»<Ç�8³*��ǾÇ�Ġǿ*�ĭ)ǟĖĈ*å¼3�6�áË, �*ƶ»+

Ɓ�ƶ»&5,98�Ɓ�ƶ»+ȀƶşƧ&Ç�Ġ*żĥŸ(´ź&KOZ)

5!$Ʒ 1 *Ǿ > ǿ,Ǿ @ ǿ,Ǿ A ǿ, �ĜÛĚ�*ȅ")®ǹ�8�&


%�8�ƷȂ*Ɓ�ƶ»+ƶşƧ*Ǿ C ǿǟĖĈ��%ǈı%�8Ǿ > ǿǾ @ ǿ

&ȀƶşƧ*Ǿ C ǿǟĖĈ
Ķď%�(��2Ȁ���<���Ǿ D ǿǟ

ĖĈ<ƦĞ�(�9,(6(�Ǿ A ǿ, �ĜÛĚ�*ȃ")�6)®ǹ%�8�

ǰ×ª%+ƷȂ)ƀ��ȃ��Ǫ*Ɓ�ƶ»+ƺĪÌĲ)ŵŮ�8áË3�8�

�
,ǰ×vhu%( > )
Į)÷Ū�9$�8ŧœ%+Ȁ��vhu%Ǿ @ ǿ


ĵ´)(7���*´ź)���8Ǿ E ǿ
Ǜ¼�4����*�2Ǿ E ǿ

*ŵŮ<Ǭ�oE]Pn
ǰ×´ź*Ɲģ)~Éň&(8��*{"+Ǿ E ǿ

)�6�*KOZ<Ǌ�Ǿ G ǿ%�7Ń (®ǹƣ%àÏ�9$�8� 

 

ÓȂ� īƋ�*ƉŇǾ > ǿ�Ǿ G ǿ)Č$+/8ǀƳ<ĳ�(��� 

 

Óȃ� >t4aV('*Ɓ�ęİƴ+¿Ī Īę*ęŒöņłǾǱ
 2nȀǯ


nǿ<3 ȀÀêũęȀ{Õ�ý*áËȀƵƠĈ+ìëǪ% 0.75Ȁŏ&îǪ% 0.5Ȁ

ţƾ�60�î%Ȃ&(8ǾØ 1ÄšȀŷ�+ǱȀŝư�+ǯǿ�Kw]zª)

+Ø 1*5	)űĺ*Ŵ(8ȄƇǹ*ǯǾA, B, Cǿ
ñÚ�
8�îȂ&ŏƾ

�60�Êǯ*ƵƠĈ*èûǫ��6îȂ&ŏƾǪ%Ů�8ǯŮů<2�8K

xftHZ)"�$ǈı�5� 
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or or

or

�1 �;8
�9 C:��8��9

A:�:8��9 B:�;8�9

0.75

0.5
1

(B)�! 
8�!9

or or

or

�1 �;8
�9

(A)

�: ����$1���+15274637"+���(A)*���8B9.
��#�,�!&.-(	�*�:&.-(	�8���90 ')%/

C:��8��9

A:�:8��9 B:�;8�9

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�� ŉ*īƋ<ǉ0Ȁ�}*Ó 1Ȉ4)ƌ
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dZ*|Źƒ*
=Ɨƪ%ŌąƗƪ)Ő.$(A)mRNA*ŵŪǦ
��ǡ�ï<

ǋ.�&�:Ȁņƫ
ķſ*TxcHǎ X<Ìö���TxcHǎ X*ņƫ<

ı6�)�8�2)Ȁ(B)TxcHǎ X&ƚË�8³*TxcHǎ<Ĥƕ���

/�(C)TxcHǎ X*ŌąƗƪ)��8þÚ<ǋ.�&�:Ȁ(D)Ɨƪ&Ɨƪß

ǎǪ*ĥžǢ�)þÚ�$��� 

 

Ó1 }ƟǢ A)ǫ�$ȀmRNA*ŵŪǦ*Ǟ�<ƿĻ�8÷ǼĭŔ<Ȃ"�

�$Ȁ�*ÂŬ<ǈı�(��� 

Ó2 }ƟǢ B)ǫ�$ȀTxcHǎȇ)ƚË�8³*TxcHǎ<Ƽ"�8

÷ǼĭŔ< 1"��$Ȁ�*ÂŬ<ǈı�(��� 

Ó3 }ƟǢ C)ǫ�$ȀTxcHǎ X*Ɨƪ)��8þÚ<ı6�)�8ĭ

Ŕ<ǈı�(��� 

Ó4 TxcHǎȇ
}ƟǢ D*þÚ<ƀ�Ȁ
=Ɨƪ)��$ŵŪǦ
Řü

�$�8�&<ƦĞ�8&ȀTxcHǎ X+ŌąƗƪ)��$'*5	

(ņƫ<3"&Ʀ
698��Ʀ
698�ǈ&Ȁ�ǈ<ŀǅ�8÷Ǽ

<ǈı�(��� 
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ÓȂ� ŉ)ƀ�ƣǰŮĝò*Űǆ)"�$�9�9 150ð�ª%ǈı�(��ȉ 
y�ƽńĩ��ǈ 
yā*ŮťÛŬò*ŬǌǾā*è��*0)ŕŻ�8�&ǿ 
y÷Ū]WV 
 
Óȃ� Ûū|*ȅ"*ÛÞ%ƺĪ*ǋĽÛŞ<Ǡ-Ȁ�8®ǹƣ*Ůťƣǰ<

ǋĽ���ǂǧ�9��.$*ŮťƇ)"�$Ȁ©Ǚ(çĪ*čǎ<řö�$

ƇǪ*ņƫŸ(Ǟ�<3&2ȀƣǰǪ*ƞČ�7%čǎ*ǳǹ�Ĉ<ƍ­���

ǋĽÛŞǪ*ǐǲ&�*ÛŞǪ%*čǎ*ǳǹ�Ĉ*ǫ�<})ƀ��(�Ȁ

ÊÛÞ*ǋĽǴƈ+{ö%�8� 
ǾȂǿ �9�9*ÛÞ)0698ŭã*ƉǪŸ(ǣƢ*ŦĔ&�$'*5	

(�&
Ħř�98�ȀÛÞȂ&ȃ*ƚļ<Őǔ�$ĳ�(��� 
Ǿȃǿ �9�9*ÛÞ)0698ŭã*ƉǪŸ(ǣƢ*ŦĔ&�$'*&


Ħř�98�ȀÛÞȄ&ȅ*ƚļ<Őǔ�$ĳ�(��� 
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	� ŉ*īƋ<ǉ0Ȁ�}*Ó 1y2)ƌ
(��� 

 
Mottenohoka&�	ÿ*ƇǪ*ƒƛǫ�<ı6�)����ǖƠ(³ÿ*�8Ƈ
%Ȁľª*ǡ�ï X *ǣ°
âßǣ°YzThzO)Ŷǧ�9$�8*)ő#
���ǡ�ï X +ƒƛƿĻ)5��;9$�8*%Ȁ�*ǡ�ï<Ű�$ƿĻ
<Ǜ28�&)��� 
 
Ó1 Mottenohoka ÿ*ƒƛƿĻ)Ű�8�2)ǡ�ï X *{Ǣ< PCR Ŕ%ä

Ć����Ø 1 )YzThzO�6đ�ǡ�ï X *ǣ°*CHSx&@
xZwx*łǚ*{Ǣ<ƀ��'*�Ƣ) PCRgs@lz<ǃǁ�.�
%�:	��A& BȀC& DȀE& F*ȄƇǹ*gs@lzi>*	 Ȁ
Ĵ3ǟ��3*<Ǡ-Ȁ�*i>&Ő.$57ǟ�$�8Ŭű&©)ƌ


(��� 

 
 
Ó 2� {Ƈ��7 10 ��*LxgtxI<ƶ�ȀÓȂ%Ǡ=�gs@lzi>
% PCR<ƶ!��PCRůť<Hwz]xI�Ȁ{����7Hwzx<{��
�sxUn)Ǡ=%âßǣ°<Œö�ȀƒƛƿĻ<ƶ!���*ƚļȀƇª%

đ69�ǣ°
Àƒƛ)(6(�áË
�!��(��*5	(ƚļ)(!�

&Ʀ
698���}*Ȅ"*Ĺ�<�.$Ś��$�8&Ʀ
�|%Ȁ�*

ÂÖ< 3"Ǘ.(��� 
y�*ÿª%*ǡ�ï X*Ǜ¼+�Ɗ%�8� 
y÷Ǽ+Ō��ƶ;9$�8� 
yYzTQWZ+¾®(ƒƛŸěà<Î=%�7ǣ°Ǫ*ƒƛǫ�+Ō��Ħ

ö�9$�8� 
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10� ŉ*īƋ<ǉ0Ȁ�}*Ó 1Ȉ3)ƌ
(��� 

 

ƱÔõčğ* ABCpYu&+ȀƱÔõ
čğ�98 4"*ǷÞ)Ȁ'*ƱÔõ


�698�<Œö�8�Ƙ0<ȀÀƓ�"ıė)ƀ���ǈ%�8ȁØ 1+Ȁ

ƸïĿť){ƯŸ(łğ<ƀ�Mw@^\P\*Ʊ<�)Ȁ ABCpYu*ŁĘ

ı�8�2*ńĉØ%�8� 

 

ØȂȁABCpYu*ŁĘ<ǈı�8ńĉØ 

 

Ó 1� Ø 1<ĊŰ�(
6 ABCpYu<ǈı�(������ȀƱÔõ*>Ȉ

C+Ȁǟ¯(Űǆ<�Ű�(��� 

 

Ó 2� ÙƲĿť)5�0698¨ǥÑ+ȀABC pYu<Ű�$'*5	)ǈı

�8�&
%�8�ȀMw@^\P\*¨ǥÑ<�)Ø 1 &ÌŃ*Ø<ƀ�Ȁ

īƋ%ǈı�(��ȁ 
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Ó 3� ƸïĿť*Ʊ)+ȀØ 1*5	({ƯŸ(łğ��%+(�ȀŃ (łğ

*çŃ(Ʊ
ñÚ�8�çŃ(Ʊ*{Ǣ+ȀÊǷÞ)ŵŪ�8ǡ�ï*Ƙ0Ë

;�*å¼4ȀǷÞ*ŗé)5!$ǈı�9$�8��}*ŦĔ<3"Ʊ)"

�$Ȁ'*5	(ǡ�ï*Ƙ0Ë;�*å¼4ǷÞ*ŗé
�!�&Ʀ
69

8�Ȁ�9�9Ɛś)ǈı�(�� 

 

(1)� qtƃ*Ʊ+ÌƱƸƱ&5,9ȀƱÔõ>&ƱÔõ@*�;7)æƱƸ&

ªƱƸ<ģ"� 

(2)� [HUmƃ4KMrAƃ*Ʊ+ŠƱƸƱ&Ð,9ȀƱÔõA&ƱÔõC�

�ƱÔõ
ñÚ�(�� 
 
 
 


