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essential fatty acid�   
2!        2!  $%&�'-()('- oxidation)   
3!        3!  $%&�*-()(*- oxidation)    
4!        4!  $%&�+-()(+- oxidation)     
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glyoxylate cycle�   
6!        6!  01&23(citriate shuttle)  
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acetyl-CoA carnoxylase� 
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fatty acid synthase system� 
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5V]fg��_STC2�ZK        clQTC2�ZK        c�y�K   
         U 
6V�^ CoA�Q`K]fg��_ST��`c�`          {¡¢c£¤ 
            caQ          M          kS           c��g{¥     c¦§]^ CoA {¥          .. 
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C�+,-./0 
D�12���3	45 
E����67	89:ÿ;<=>?���@AB 
3�ÿCDEFGHIJ����K��L 
   A  ACP    B  FMN    C  MNO    D  NAD+ 
4PQRSTUVWXYZ[\]^_`aZ bcdef 
   A  ghTiUWjklmnZoMN_pqZr 
   B  gstuTvwxyz{|}~ZUVWXY�r 
   C  

UVWXY�qZM����_�U� CoA�~��WXYZ���Nr 
   D  �N���tuUVWXY�������U� CoA j��M���w� 
5P��W���~Z����_  
   APACP      BPCoA      CPMNO      DPTPP 
6PQRST��Wm¡¢£¤¥Z¦\]^_`aZ bcdef 
   AP�NZ�§¨©¤¥ª«Z��W¡¢£�¬iCoA j����­�®���~¯°r 
   BP�NZ±²�©¤¥³i´µ¶·«Z¸¹º»¼�W¢£j½�Wr 
   CP¾NZ¿À��Wm¡¢£¤¥ÁÂTÃÄ��§ÅÆÇ��ª«¼�W ACP ¢£j½�W ACP�iÈÉWÊ�

ACP
j
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���

NADPH
js�Ër 

   DP¾NZÌÀ¢£¤¥Í�T�§¨�³» C18Å C18 iÎZ��WÏlÐ¢£� 
7PQR]^_ÑÒÓÔZpÕ��W bcdef

 

   APvW    BPÖvW    CPÖ×W    DPØMÙÚW 
8PQ\ST�U� CoA�~¼�WZÛÜ�]^_`aZ bcdef 
   APÝÞZ·«s�¹ºßiNADPHàáâ�yr 
   BPu�~ãä�åæçcN§�è�á© A_kléÞê�ë�UìZN§r 
   CPÈÉ�Ê� CoA_lx íîï«Z í��Nr 
   DP¹ºu±²��Ïð� 
9PQR]^_ST�ÒZñò¦\ bcdef

 

   APgó_ôÆ��nN§r 
   BPgóõö÷Tø 
   CP_ôÆùZÍú~Ár 
   DPgóûümýþý·�xÿO�~� 
10P��W���~Z��©_  
    APU� CoA�«©               BP��© 
    CP¶-���-ACPs�©          DP��¶-Ú��-ACPs�© 
11PQRST��Å��WMN�~Z¦\]^_`aZ bcdef 
    APô�l�´µ	·ãä�~ÊÚ��Wr 
    BPñ
MNß´µ·«�þãä�~ÊÚ��W��ãäü
�Å©ª«�i NADPH j�y���
O2
Z�®r

 

    CP¾N��stu�12-ý�15 -
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�Å�M~ÖvWÅÖ×W� 
    DP¾N��Þ�6-
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    AP1:2      BP1:3     CP1:4      DP2:3      EP3:4 
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1389:; CoA<=->?@ABCDEFGHIJKLMNOPQ>?RSATP JTUVW 
    AX3ATP     BX13ATP     CX14 ATP    DX17ATP    EX18ATP 
14XYZ[E\]V^[_`ab 
    AXACP-cde[    
    BXfKdgd CoA- ACP-cde[ 
    CXh-ijd-ACPkl[ 
    DXh-mjd-ACPno[ 
    EXjpq`I[ 
15Xr3-sqtuvde CoA`ItuwxyzESHIJ@A]E{|OVY}~�b 
AX2-tugx        BX1S2-tuKx      CX��sjq  
DXsjq            EXde��� 
16XYZ\��������Z����J��b 
    AXc�E�jpq������� 
    BXc�E�jpq�y��a�� 
    CX��c�[ ?Jde¡¢ 
    DXVjpq`IMNE£¤JA�¥[ 
 ¦§¨V©ª«¬

 ¦̈
1. jpqJh->?v­->?®V¯°e±²³J  ́¦̈
2. µ¶·¸Ll¹Jjpº�»h->?¼½I¾d CoA.  ́¦

 3̈Xjpq¯¿`IESÀÁMNHIJ¾d CoA¯��a�c�Â�ÃEJ?`OVÄÅq  ́¦̈
4XjpqJ¯¿`I£¤ÆÇqÈ½ÉÊ¾d CoA.  ́¦̈
5Xjpqh->?[ËÌÍÎ�ÏE  ́¦̈
6X���ÐÑÒjpqJ>?Ó½  ́¦

 7̈XÔÕJuÖ�¹v×ØÙHOÚ¶¾ÛqCDÜÝSÐÞßjpq­->?HIJ¾d CoA
`IÄÅqSàÁáHvâãHO`IÉÊLä  ́¦

 8̈XÍåæ���SçvjpqÍ O2
J��YvèAJéçv[Ëê ?Y�AëHIì�í�jpq  ́¦

 9̈XjpqJHO`IîïK]ðñWçvjpqJ¯¿`IGòçvjpqJ`I  ́¦̈
10XtuÍtuó[J ?YSHI­-sqtuS¡¢ôõ ATPSàÐö¡¢  ́

 ¦÷¨øI¡¢ù 
1. jpq + ATP + ¦      ¨ú ¦     +̈

¦
     +̈

¦
      ̈ ?û¡¢J[VWjd CoA`I[ 

2XtuKx + R3CO-S-CoA ú ¦         +̈ HSCoA  ?û¡¢J[VW¦             ̈

3X¾d CoA + CO2 + ATP ú ¦          +̈ ADP + Pi  ?û¡¢J[VW(            ) 
4X3-sqtu + ¦        ¨ú ¦           +̈ NADH + H+ 

    
 ?û¡¢J[VWsqtunü[ ¦ý¨þÿ¬G��¬
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6#        "6#6789:�;< "
7#        "7#&=> 

2. ?@AB+6701��C@DEF@DGHI67�J 
3. KLGMNDOP�QRSTUVWX  
4. YZ[\]^_`ab CoA.cdefghijX 
5klmnTopToqrY]^stuZ[\vwxyz{ 
6k1mol |Z\}~�d^ CO2 u H2O �S^��mol ATPX� 1g |Z\}~�d�x�G0 �=9kcal,|Z\x���� 56.4`�����d� ATP x��{ 
7k1mol ��}~�d^ CO2 u H2O ��S^�S^��mol ATPX��Y�S^ NADH ����\������ ¡¢{ 
 £o¤¥¦§

 

 ©̈oª«¬¦­® 
1k̄ °Z[\®�±¢S²³¯°´Qs�µ¶]^`̄ ·¸¹T_º»xZ[\{YZ[_Q£¼Z[\½±¢³¯°x`¾¿�\`¿À\`ÁSÂÃ\{ 
2.Ä-�d®Ä-�dij½ÅÆQ 3-18 ÇÈ�xÉÊZ[\i�ËT`Q���ÌÍÎÏ`ÐZ[\��dTeÑdij`ÒÄÇÈ�ÓÔ�d`�dÕT½ D-Ä-ÖZ[\×�©ØÇÈ�xZ[\{ 
3. Z[\xÙ-�d®Z[\xÙ-�dij½Z[\Y©ÚÛexijÜ`YÄÇÈ�uÙÇÈ�ÝÌÞß`ÙÇÈ��d^càS^á 2ØÇÈ�xab CoAuâÈã� 2ØÇÈ�xZ[\{ 
4. Z[\ä-�d®ä-�d½ C5oC6oC10oC12Z[\YåÊcàxæàçèÇÈ�é�d^Öà`ê�©ë�dì^�cà`S^Ä,ä-íc\x�î{ 
5. aï\ðñ®©¼éòóxôõ\ðñ`Yözôõ\u÷ø\ÝÌùúûüQóý`Åþa\½ji��u_ÌTx©Øãÿ{��pTu�ST¢�Q�ðñ`�°�í��ab�e A xÎÏ�	
�©���
\x]^{ 
6. 
ôõ\��®�½ ¡¢�xab CoAÏ�ba\�]^ôõ\ �̀�Ð���x£c\�¢����_`Yôõ\ß¦eÑdÜ`°�� ATP�ôõ\ß¦��ba\u`����j�Z[\]^`ì�ba\Ð È�ê�d!c^"#\`"#\Ð���¢�� ¡¢`Y"#\cdeijÜ$%S^�ba\`&'��(©)ÎÏ��ab CoA xðñ{ 

7kab CoAcdeÚ®*+,rab CoAcdeáST-cdeoST-cà�¢./ B̈CCP
ªu�càe£¼01`2345ijÑdab CoA xcdùú`S^"í\6b-CoA{ 

8kZ[\]eÚ7®Z[\]eÚ789bà�¢./ ÄCP
ªu

6
¼e`23�:½®ab�be�"í\6b�be�Ù-#Zb ACP ]^e�Ù-#Zb ACP  Èe�Ù-Ö�Zb ACP !;e�ÃZb ACP Èe{ 

 í̈ª<=¥ 
1kZ[����Z[\ 
2kATP-Mg2+ �CoA-SH�Zb S-CoA�>?@-Zb�AeÚ7 
3k0.5n-1�0.5n�0.5n-1�0.5n-1    
4kzôõ\ß¦e�÷ø\]^e�£c\�!c�£c\ 
5kab CoA�"í\6b CoA�NADPH+H+   
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6XYZ[\ATP\]^ CoA\HCO3- \_`ab^ CoA\cde\fge 
7XACP\CoA\4h-iaj^kl]m 
8Xnoa\pqr\stu\vwxt 
9Xyz{|\}y\ 
10X3-ia~�\o^-CoA\ioa\`^~�\`^~���� 
11XCDP-`^~�\UDP-G\ADP-G ������

 

1XA� ����-�������������������� ���¡¢��£��¤������-��¥¢ NADH¦§¨©ª«¬¢­®�¯° NAD+� 
2±A������²���³´¦µ¶·¸¹º»¼½¾¿¬À�Á¥£ATPÂÃÄÅÆ�ÇÈÉÊË³§Ì ÍÎ�����ÏÐ����Ñ¢�� CoAÒÓÊ��ÏÐ� 
3±D�ÔÕ����-��£¤Ö×Ø CoASH, FAD ,NAD+, FAD� 
4±ABCD� 
5±A����ÙÚ¡¢£ÛÜÝÞßà¯°áâ�������ãACP £ÔÕ� 
6±ABCD�  
7±BCD�ä¯���áåæ Ìçè���¦éê ëì�íëî�íï¥ðñ�� 
8±AC�²���¡¢òóNADPH ôÂõ�¦²�����öóFADè NAD+÷øù¤úÖ×�²���¡¢ò¦������è¤� AæûØü��ýþ¦ý� CoAÿ�¢­¹�»� CoA¦Ù§����òý����¦ó��²��ò£���º�	����¡¢ ²���
¦§���Ð�²����³´� 
9±ABC��� 
���í���Ø���£á�������ûØºíõí�
�ûØ������£�°��Ñ� �ì��¦Òø !ÌÊ²�ò�Ð����°£"#Ñ� ��¦��Ê���Ð��� 
10±A�ý� CoAÿ��$�£ÝÞôÌ%&ÝÞ� 
11±ABC� 
12±A��ì�� !��¦'(ÁÊô 9.3 )*+ª,���ô 4.1 )*/(����ÁÊ-ôª,���£¹.� 
13±D�/�� CoA²�-��0á123òÁ¥ý� CoAíFADH2íNADH+H+ó�4ðº£�����Üá�×�4ðº���ÌÊ56³789�23:;���FADH2 è NADH+H+

³7<=¿�>¥¢
2ATP

è
3ATP�ý� CoA³789�23:;��¥¢ 12ATP�?ó@¥¢ 17ATP� 

14±E�  
15±D�3-���ìè÷�×��¤� A

ÝÞ¥¢�������²������£$�¸�Ð¥¢��è�ì¹�¦ÒøÕAá�×��¤� A ÝÞ¥¢�ì��� 
16±C�ÇÈÉ«BÄCò��£�¿���Dß����E�¼�����E
F£ÇÈÉ��«G�H$����I¤� A «JÇÈÉ¦¼�����E�F£ÇÈÉ��«G�K$�����J¤� A�ò¿���Ì¯LúÇÈÉMÊNß����E,ÃÄ�E� 
 OðP QR 
1.        1. S� 
2.        2. T� 
3.        3. T����ÙÚ¡¢ò¦UªVW¥¢£ý� CoAÙ����«GXÄYò£�¡�     89� 
4.        4. S� 
5.        5. T�����-�����²����� 
6.        6. T�ÇÈÉ%Ë³���£���Ð� 
7.        7. T�Z[£ì\â×è]^_¥�`Øýa�23bc¦%ÅÆ����-��¥¢  £ý�
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CoAz{|}~v���������z{���l� 
8.        8. ��������v����~� O2 h��f���h��������f �¡�{¢£¤����~�

 

9.        9. ����~h��z{¥¦§¨©ª�«¬­®¯°±²³´µ­®¯¶·°¸¹º»«¬­®¯°³´¼
 

10½¾¿ÀÁÂÀÁÃÄ°ÅÆÇÈÉ´Ê-Ë¯ÀÁÈÌÍÎÏ ATPÈÐ»ÑÒÌÍ 
 ÓÔÕÖ´ÌÍ×

 

1. 
­®¯

 + ATP +

Ó
CoA
ÕØ Ó­Ù-S-CoAÕ+ ÓAMPÕ+ ÓPPiÕ ÅÆÚÌÍ°ÄÛ¿­Ù
CoA

³´Ä
 

2½ÀÁÜÝ + R3CO-S-CoA Ø ÓÀÁÞÝÕ+ HSCoA ÅÆÚÌÍ°ÄÛ¿ÓÀÁÞÝßÙàÄÕ
 

3½áÙ CoA + CO2 + ATP Ø ÓâÜÙãÙ CoA Õ+ ADP + Pi ÅÆÚÌÍ°ÄÛ¿ÓâÜÙãÙ
CoA äÆÄÕ 

4½3-Ë¯ÀÁ + ÓNAD+ÕØ ÓË¯ÜåâæÕ+ NADH + H+ 
    
ÅÆÚÌÍ°ÄÛ¿Ë¯ÀÁçèÄ 

 ÓéÕêëìºíîì ÓïìðñÕ
 

1½        1½  ë¿òÆÂóôõÈ³´Âö÷øòÆ°ÙàùõÛúÄ A
È³´°ÙàùõÛÙàùõûüøòÆÛ

FAD
¬
NAD+

È³´Û
NADPH

øòÆÛ
LýÈ³´Û Dý¼òÆ»þð CO2È³´þð CO2øòÆÐÿ

ADP��È³´Ðÿ ATP��¼òÆÛäà���à�È³´Û�à��äà�ø­®¯³´Ä�Ð�Ä�³õÈ�»ÛòÆÄ¼
 

2½        2½  ë¿Ó1Õ	­¯³´¿	­¯Û
é¶«¬­®¯ÈÂ�ö÷�³´È³´	­¯þð
�Ä����¼��ÛáÙ CoAäÆÄÈ���Þ�´�ÈÉ��äÆÄµÉ��äàùõûüµßäàÄ¼������ ÈÅÆáÙ
CoA

ß!ÐâÜ¯ãÙ
CoA
¼"��Û­®¯³´ÄÈ#ÄÛ���Ä�³õÈ��

6
�Ä¬��ÙàùõûüÈÂ��°��� ÇÈÅÆáÙ CoA¬âÜ¯ãÙ CoAÈ³´	­¯$ÌÍ��
4%È&'³µ()µç�µ*'³È+,- 4%./ÈÑ¸¹ 2�¶¼0Ú12È,-

73./&Ñ³´	­Ù4ACP¼	­Ù4ACPÂ5ÃÄ� Ç�ïÈ6´78°	­¯¼	­¯°³´Û±)9:;áÙ
CoA<9°=>?@Ð±²³´AB¼ 

  

Ó
2
ÕC­¯°³´ÈÂD�¬E��F=»�¼ÂD��È³´GñF
HÈ

 

   
&óôõ¬IJKLM¼Âóôõ�È³´C­¯°¶)NOõÛ	­Ù

CoA
È¶)N°PõÛáÙ

CoA
¼ÂKLM�È¶)N°OõQÛ	­Ù

CoA
ÈR¶)N°PõÛâÜ¯ãÙ

CoA
¼ÂE��È³´GñÛ�öSL¼¶)N°Oõ»�TD�ÈÛ	­Ù

ACP
ø¶)N°PõQ»�UD�ÈÛâÜ¯ãÙ

ACP
¼Â
�É��È³´C­¯°()VWÛ�X°¼ 

1½        1½ë¿áY¯./Û��FZ¯[\/È�]ÂTE�¬^É��ÈÂD�_`�abcd¼áY¯./ÌÍ�ÐÔ% ÓeÕ¼fÌÍghÈ./+ß 1 iþðÎÏ 2�NáÙ CoAÈ�jkÉ 1�Nlm¯¼lm¯kÉnÈÑ1oÞä¯./[\Èpq!Ðrst¼ áY¯./°uvF0Çwñ¿Ó
1
ÕáÙ

CoA
,áY¯./Ñlm¯xFZ¯ÈyzFZ¯Ñ�ÐÞä¯./�°àL¼Ó

2
ÕáY¯./Û^É�{ á¯�Ð¶|}~��Zõ°AB@�¼Ó3ÕáY¯./ÛÁ;E��­®¯ß!Ðt°AB¼

 

2½        2½ë¿Â«¬­®¯°É�³´�È­®¯¶·°¸¹þðâÜ¯ãÙ CoA¼áÙ CoAäÆÄ°� �ÛÅÆáÙ
CoA

¬
HCO3-

³´âÜ¯ãÙ
CoA
ÈÐ­®¯³´��Þ¶Æ³�¼áÙ

CoAäÆÄÅÆÌÍ ÓeÕ¼áÙ
CoA äÆÄÛ­®¯³´ÌÍ�°������ÄÈ�O��¯°Ã�ÈRO��¯°Ì���¼
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3§        3§̈ ©ª«¬�£­®¯°±²³­´µ¶·¸£¹º¯°±²¢­´µ¶·¸£»¼½¾¸¿½À¸µÁ¾¸ÂÃ«¬Ä�³­´µ¶·¸�±²£ÅÆÇÈÉÊËÌÍÎÏÐÑÃÒÓÊËÌÍÔÕÖ×ØÙÚÛ
NADPH+H+ÜÝÞßàáÖ×âãäåÛæØáäåÜÝÞçèéÛêëìíîïðñòóéÛôõö÷øùÞú×ûüýóéÛôõöþÿ����Øì��Þ��ù�	öÛ
	öÞç��÷èéÛêëì�ÖØÙÚÛ

NADPH+H+ÜÝí ü
��ïñÞ��øùýóéÛôõöÞ��öÞó�øùòóéÛôõöÞ�ïð��ü÷òóéÛôõöÞ���ö�Þ����îï�ôÞç�ïñ��í�ïð�ýóéÛôõö÷øùÞû� Øì��!"�#÷íçèéÛêëìÞ$ê�ü%�&'(�Þ)*Ö×ØÙÚÛ
NADPH+H+Ü+Þ,àáÖ×-./ã

b5
Û-./ã

b5
á0ê�üÞ123Ú÷45ðí67 845

4
73ÚÞ9:ù÷;ï<=>?9?	@í -AñÞóéÛôõö÷øùóB%�CîïÞ�îïû� DØ!"ÞE-Aû� FØ!"Þ-AG� ôõöøùêHÞøùIJ÷K

-LMN-SACPOPQü�Rê1STÞ:ù=?KÞU VWX
  
<YìøïZ[

 

 �C\]×
 ̂

 äå&Û_öû�ïðñD`×a�÷<YDbìøïÞcdeBfgÛÜ+òhòi÷�jk�íü�Pl÷YãmnñÞopûY÷ú×qrÞs�ï� tYê÷1Suopñ÷ÙÚvYwìùxÞyöá0êÛ�yöá0êz�{uyvYá02xÞü�ïðñx� Bì1SÛwxþ1S�|>wìùDbYÞ�EÜ+äå&Û_ö÷øùí }�~äå&Ûxþö÷ê���
 üäå&Ù� 8ñÞäå&�äåêÛ�ê��ùxþöíxþöS%øù�÷äå&�w�ù�c<Yìøï }���C�ã�~ÞzD�Ùxþö� �xÛ��1S;��ck�ï&�2bð����Þ�T÷x��`��S���ãmnw�ù�ã��ðàí

 }�~xþö÷�ïøù
 wxþ1Sûxþöøù÷ú×|>íwxê{�ö���2�êÞ�xöûú×÷xþ�ðÞxþö÷J�ú×���Z[÷ñ�ïíóB÷xþö�ïøù!"�ó BÞ¡cd¢D�7eB÷£¤Þ¥û9Dxþö¢óû{

CO2
Û
NH3

2¦§0¨©ªøù÷ÞEû¦§%
�ömnC�«�!"Û�ö¬�!"÷ñ�ïíóB�ïøùxþö÷�­óBÞîïÛo�Ùs�ï�øù��
20
hxþöÞE®Û�c
��ï¯°±�²�øù�ÙxþöÞbðó�øù÷xþö³2´µxþöÞ®DWh´ÖxþöÞcdû¶

Lys
C
Trp
C
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2¦EF Ëelongation factorÍÔ 
3¦RF Ërelease factorÍÔ 
4¦hnRNA Ëheterogeneous nuclear RNAÍÔ 
5¦fMet-tRNAf Ô  
6¦Met-tRNAi Ô 
 ËËÕÍ

 Ö×Ø 
1¦³´µÙÚÛ±²ÜÝ______ÂÞßàá______ÂÞâã¨ª½Ùäåá_____ÂÞ±²Ùæçè 
2¦éêë§­¿±²ÙìíÜî_____ïð______ïáñòómRNA ÙìíÜî____ïð____ïè 
3¦£¤¥ôõö÷± tRNA Ù«¬ø_____«¬á______«¬è 
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4����ý�������_______������ �!"#�_____������ ��______�
______

�$
______��%&�� ' 

5�SD()*+,-./mRNA ý5 0123_____456789:;<= 16SrRNA 63 016_____ 
   
78>?@A9BCDEFGHI6JKL 

6MNOPQRSTUV6EFWI X
IFYZ_____[9\]WI X

EFYZ_____[9^_`a X
RFY Z

_____[bBcOPQdeTRSTUV6\]WIfgZ_____[9chZ_____[9^_`aWIZ
_____[L 
7MNOPQRSTUVijklmno6p5qr_____L 
8Msdetuvwtuxy6z{|fg}~��6deitu6�Q��9�rW�_____L 
9M������z�RST��6��6�V��_____6CDL 
10M�I��fg�_____�6��L 
11MRST�3Ifg�Z_____�6��L 
12M�k tRNA 6�GHIr GGC9:;JK6GHI�_____=_____L 
13M�� RNA��Z ¡¢�cOPQtuvw6£¤rW�_____L 
14M~cOdei9mRNA r¥_____¦_____UV69:§¨©_____L:r¥_____ª«V69�z�cOde6mRNA¬­H_____L 
15MPQ®¯°Z_____lGHIL±i_____l�p5q­HbEFGHI�_____b̂ _GHI�

_____
9

_____
9
_____

L
 

16Mp²- tRNAUV�A_____=_____³Z´k�9:µ¶Z·lJK¸¹L 
17MNOde�EFp²- tRNA �__  ___bcOde�EFp²- tRNA � _____L 
18MNOPQOº� 50S»53ZRSTUV6_____¼¸=_____¼¸9BmRNA½U¼¸_____L 
19M¾zPQOº�¿ÀÁklmRNA�V6ÂUQÃ�_____L 
20M{5ÄÅ�~RSTPQUVi6¢ÆrÇÈ_____=_____L 
21MOº�___»5É6___ÊDJKEFGHIL 
22M\�WI GËÃ___9:6Ì�r___9Í��___L 
23MORFrÎ___9���ÏÐ6ORF¬­H___lp5qL 
24M5WÑÒÓÔ_____=_____L 
25MÕÖGH6×¹ZØÙ�Ú¿Û�_____=_____L 
26Mp²- tRNAUV�ÜÆ_____Ý�9~p5q_____5ÉÞß�È9�Vp5q AMP iàÂUQL 
27MNOPQ{|UVáFÂU�¥mRNA  _____=_____âVL 
28McOPQ{|UVáFÂU�¥mRNA  _____=_____âVL 
29M{|\]ÓÔÞ¸_____=_____ãläåæBÂF6ÞßL 
30MNOPQ{|UVç6èéÓÔ_____=_____L 
31M|êë=ìíêë�îORS�_____»5½U9ïð±��9ñE_____òóUV6z{|kô½�ïðL

 

32Mõêë�îORS�_____»5½U9ö÷_____���9øBö÷RSTUVL 
33MùºúûI6ü÷ýáþIÉÿZ_____½U¸¹9��¸¹î_____½U�9Ä�;��k���	L 
34McOPQRSTWIî DNA
>¢Æ65��g
6Z_____=_____L 
35MùºúûI6�òQr_____9�pqúûI6���Qr_____L 
36M���RSTz{|UVç6èéÓÔ_____Ú��=����6�VL 
37MRas�5W6�Qr_____9src�5W6�Qr_____L 
 X�Y��� 
1M��k� k[p²- tRNAUV����Z�A6Ì�! 
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   A89:;- tRNA<=>           B8?:;- tRNA<=> 
   C8@:;- tRNA<=>           D8A:;- tRNA<=> 
28BCD tRNA &EFGHI 5JUGA3J4KLMNOPQRSTU 
   AVUCA       BVACU      CVUCG       DVGCU 
3VWXYZ[\]^_`abcdefgNTU 
   AVATP        BVCTP      CVGTP        DVUTP 
4Vhi NjklmWnkmN20`opqrstuvwxyz{x|}m~l�^U 
   AV60          BV63       CV66          DV69           
5V�XYZ[\]^_ tRNA N��TU 
   AV�hiklm����hiklm� 
   BV�klm��mRNA��N��� 
   CV��klmN���� 
   DV�mRNA���|��� 
6V�S��|��mRNA N����T ¡NU 
   AV�|��NmRNA {¢T£¤¥QN¦\ 
   BV{¤¥QmRNA�§¨©�ª_«¬^£¤¥QmRNA 
   CV{¤¥QmRNA­®^hi¯NXYZ°�o�­®©�ª_±²^³´^µNXYZ 
   DV{¤¥QmRNA�¶i¤¥Q·�¸¹Nº»¼½¾OPQ¿ÀM­®^Á¸N¦\ 
7V�XYZÀQ_�ÂÃSÄNklmÅhÆÇÈÉÊËÌÍ 
AVArg        BVGlu      CVVal        DVAsp 
 

8VÎÏÐÑÒÓoÔhi tRNAÀQ�N¥OPQNÕhiÖlW×ØÙÚÛoKÜÝ¼mRNAOPQNÕÞ�NßÆÖlà�U 
AV1           BV2        CV3          DV4 
9VÝ��á|��N��ÅâTÈ ¡NU 
   AV|��TXYZ]^NãÃ 
   BV|��äålæç­®º»è]\Né^o¡�mRNA N²tuv 
   CV|��¯ålê�`l§ëìíî 
   DV|��Tïð|�|mN��ñ 
10VáòOPQN�Só�op_ôõNTU 
AV¶iOPQzÞiÖl�^         BV¶hOPQö÷hÆklm 
CV¶Æklmø�hiOPQ         DV��OPQÈö÷ùúklm 
11VûüýþOPTÿ��OP�ÈTÞ��o�� tRNA

¥OPQ°�i|}m�òÐÑN��o��XYZ �]^¯��	{xÆ
tRNA

U
 

AV
 256ÆÈ�N tRNA              BV150~250ÆÈ�N tRNA 
CVçÞ��OP�È{N¢
         DV��òk�-tRNA]^ìNÆ� 
12VÐÑà�T��SÅiÖl��à�È��U 
AV¥OPQÕhiÖlçOPQÕÞiÖl 
BV¥OPQÕÞiÖlçOPQÕhiÖl 
CV¥OPQ¼OPQÕhiÖl 
DV¥OPQ¼OPQÕÞiÖl 
13V�XYZ]^_o�hi��klm���{`a����{x�f�m U 
   AV1       BV2       CV3        DV4 
14VXYZN[\]^_`abcN!"TU 
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A9C:; N:                B9< N:; C: 
C9=>?@AB               D9C:C N:DEAB 
159FGHI AJ>'KLMN 
A9OPQ'RST-tRNA ;J    B9UVWXYZ[\]5^_`abcd  
Cefgh`i tRNAjklm`n        Deopdm`nbqrs 
16etuvbwxyzo{| 
    AetRNA}~            Be�`�}~ 
Ce����}~         De�����}~ 
17e����������bo| 
    Ae���      Be����      Ce RNA�p�     De ��� �  
18e����������bo| 
    Ae���       Be���        Cewx�           De���� 
19e��� ¡��b¢£¤¥¦§o¨©b| 
Ae¡��ª«¬­®  ̄           Be°±¡��²³�­®�� 
    Ce¡��o´µ¶·�¸¹b      De°±¡��o¨º��b¦»¼ 
20e��½¾o¿¡�� 
    Aeras��         Besis��       CeP53��        Desrc�� ÀÁoÂÃÄÅ

 Æ
 
Á
1e{�ÇÈÉÊbË�ÌÍÎ°±bmRNAf¬ÏÎÐÑÒÓ¯ÔÕ¨ºbÐÑÖ Æ

 
Á
2eÎ×Øtu�ÙÙÚÛtuvbÜÝpdÖ Æ

 
Á
3e¬ÐÑqrÞß¤�àábÎ×ØÛmRNA b5âã�p¤äåærtuvbpdÖ Æ

 
Á
4eç�bèi-tRNA bpd�éêëìbèi-TRNApd�b^_Ö Æ

 
Á
5eEF-Tu bGTPase íÌîï¤ÐÑbðñòîó¤ôÐÑbõöÌî÷Ö Æ

 
Á
6e¬tuvÜÝpd¯ç�bèi-tRNA�oøùúûÎ×ØbA»üÖ Æ

 
Á
7etRNA býÌþo¶ÿ�b�����Ö Æ

 
Á
8eä DNA¼�b��ØÉÊf�����b�Ä�	¦m`bè�
��¤ôè�
�����
©b���ëì��bÎ�
��Ö

 Æ
 
Á
9eÛÎ×Øtuë�¤rRNAÙÙ��Î×Øb����¤¬tuvpd¯������b��Ö Æ

 
Á
10em`nb���Ü¬tuvpd�����ærÖ Æ

 
Á
11e� pdm`b!"#oä NãÕ CãÖ Æ

 
Á
12eÎ×ØíÌ¯$bAü% Pü&¬'(��Ö Æ

 
Á
13etuvpd)*¯çéb�+�{ATP��,-Ö Æ

 
Á
14e.ýèi-tRNAúûÎ×ØbAü�éê����bÚÛ¤�/0¦¼� GTPÖ Æ

 
Á
15e.1è�
ª��¦1ÿ2b tRNAÛ34ìÖ Æ

 
Á
16eÉÊ�Û�ÉÊ��o{AGCU 415��dbÖ Æ

 
Á
17e67o¦189tuÖ Æ

 
Á
18eÏÎ°±:Ü`n Nã;¦ý<�� fMet=ÍÎ°±:Ü`n Nã�MetÖ Æ

 
Á
19etuvpd)*¯¤`��>�q�`��Îgh`n��Ö Æ

 
Á
20e?è
@A�¯«¬BC�¤DE@AÒÓ�°FG·�Ö 

 ÆHÁIJÅ
 

1e�� m7GTP �K¿LÍÎ°±btuvpd¤ô�¿LÏÎ°±btuvpdMë�� pdb SD���K¿LÏÎ°±btuvpd¤ô�¿LÍÎ°±btuvpdM
 

2eÇÈÉÊN½OÊM�¥P�QÿÌM 
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3hij tRNAklmnVopqr^stuvwxVy 
4hmRNAz{|}~�������������~����������������� 
5��������� ¡¢£ DNA¤¥¦ RNA§¨©ª«� ��¬­�® 
6�¯�¡°±²³´µ¶­�� 
7�·�¸¯�¡£¯¹��º® 
 »¼½¾¿À

 

 ÁÂÃ        ÁÂÃ    ÄÅÆÇ 
1�        1�|}¢ Á

codonÃÈÉÊËÌÍ RNA Î�»ÏªÐ��Ñ�����ÒÓÔ¨�ÎÕÂÖ×����|}ØÙ®|}¢�×µÂÚ���ÛÜÒÓÔ����Ö×ÙÝÞßà´ 64Ï|}¢,áÎ61Ï�����|}�3Ï��âãä|}¢® 
2�        2�åæ|}¢ Á

synonym codonÃÈâåÂÚ���ç}�èÏ|}¢éÂ�êë|}¢ UUU¦
UUC ìíîâïð��ç}® 

3�        3��|}¢ ÁanticodonÃÈÊñò RNA�|}¢óÎ�»Ï�Ñ�����ÊÒÓÔ¨�Îôõ«ö�÷�øù�úûüý¨þÌÍ RNA �Öÿ|}Þ® 
4�        4�¹��� Á

Wobble hypothesisÃÈ���âÆÇ tRNA
ü¢ë����	äÂÏ|}¢
���ÂÚ��®
�����|}¢���Ï÷� Á3 ��Ã��÷�øù�Â���£|}¢���Ï Á5��Ã÷�øù��
 tRNA�|}¢Î��»Ï÷��Ê£|}¢Þ 3 ���÷���������´ÕÚ� �¹!�Íá´�"£èÚ	å�÷�øù® 

5�        5�ò}#¹ Á
frame-shift mutationÃÈÂÚ#¹�áý$â%&����Ñ���é'�(±�º)�*¹®ò}#¹�+,�-.ÜÂÏ�Ñ��/#¹0���ÊúÚ123�#¹/4��|}¢5	*¹�567×(�������ß8#¹/49�:´|}¢î6*¹®;67×<=������®

 

6����å>?@ ÁisoacceptorÃÈAÂÏ����4´�õÂÏ tRNA�âBCDE�ú¶ tRNAFâG���å>?@® 
7��æ RNA Áantisense RNAÃÈE´«ö���RNA®�æ RNA�4ôõ«ö��£Ö×�mRNAªý¨�ý¨ÙÝHImRNA ý¨�J@��� ÁSD��Ã¦KL|}¢ AUG�M
¸NmRNA ���®OFPQmRNA �«ö RNA® 
8�        8�ÌR� Ásignal peptideÃ: ÌR���Sâ�ç}üTÒÓ�mRNAÊ���UV¨���
N W�X´YZ���[��ÌR��\]^Ô_`Þ�?@��5£éªý¨®ÌR�a+`ÎÒÓÔ���bcþd^Ô_^e�fg]ÙËehi�ÌR�©ZÆ�+Ë\�j%�k����l"môõ^Ô_`nÜe^�oã]üTþpq®��ýr9��J@s�Æ§¼bctu�^Ô_`OvwxV�yz{ý0®

 

9.  
·5|} Á

degenerate codonÃÈ-Fåæ|}¢ Ásynonym codonÃ�âåÂÚ���ç}èÏ|}¢éÂ�êë|}¢ UUU¦ UUCìíîâïð��ç}® 
10.
�J@ Á

ribosomeÃ: �J@�|�s}p�ÒÓ~�Î�ÂÏ�+�����RNA ¦ÒÓÔ:����}p^ÒÓÔ¨���:®AÏ�J�ÒÓ@Êq�Þ��������â 20nm
®+�Ï	ªå�s����ú�Ïs�ôõ��¢¦á\�à���ý¨ÊÂK®���´���J�ÒÓ@ Á}�¼��¼!�¦��@Ã\�4áØ@�¼sØÙ�¦�J�ÒÓ@ RNA ���º�ª¥�®}��ÒÓ@�´�

50
Ï	å�ÒÓÔü¢¦ 3Ï	å�RNAü¢®��sØÙ�´� 20ÏÒÓÔü¢¦

1
Ï
RNA

ü¢®��sØÙ�´�
30
ÏÒÓÔü¢¦

2
Ï
RNA 

ü¢®�ÒÓ@´�Ïý¨ñò RNA�ûÙ ÁûÙ¦ûÙÃ�5;�"�ÞÌÍ RNA�·�âRb® 
11���J@ Á

polysomeÃ:ÊÌÍ�J���Þ� �Ï-¡���J@® 
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12¸¹º»¼½ ¾
aminoacyl site¿ÀÁÂÃÄÅÆÇÈ®ÉÊ¦¹º-tRNAËÅÁÌÂÃÍÎ¦¼½Ï 

13¸Ðº»¼½ ¾
peptidy site¿ÀÑÁÂÃÄÅÆÇÈ®´Ò¤ÓÔ¹º»ÕÖ RNA×ØÌÙÌÂÃÍ¦¹»¼½Ú´Ðº
tRNA

£ÁÌÂÃÍÎ¦ËÅÛÏ 
14¸ÜÝÞßà ápeptidyl transferaseâãäåæçèéêëìàíîïðñòóôõêöÜ÷øùëúûÝüýþÿèÜ�íó��é�à�

50S���äå��	
éêäåæýëí 
15�û�-tRNAçèà áamino acy-tRNA synthetaseâãðñûÝü
�ê����êà���ëìûÝü���

AMP�èëìû���ü������Þß RNA���èû�-tRNA��í 
16�äåæ� á

protein foldingâãäåæê!"#$�%&äåæê� í�'äåæöÜ÷êûÝü()*+,êí-.êäåæ/-.êûÝü()�012345ë,ê67� 8è9äåæ:/ê;�#$í<úäåæ� �ó3�=>ù3?@Aê�ó�B�C=>ù�î�óDEFGHI,êÿ7íöÜ÷ó���GëJKõ�ëJ3?L� èMNO:/ê#$íPÜ÷QRKõST���GUVW�î01� è;�ê!"X#í
 

17��äå�YZ á
polyribosomeâã�[\�ñêûÝü'tRNAÞ]��äå�çèöÜ÷ê^_í 

18�`[ ázine fingerâã�abÞcêäåæd�éø DNAXçêëìÝe�î'fg 30úûÝühÝêÜiø`jçÿèê[ÿX#�̀ k
4
úl
�øÜ÷ê

Cysm HishÝXç�[ÿnoêÜip 12-13úûÝühÝ�[ÿnoqr
DNA

êfsé�'[ÿnomMtuêvwûÝüx÷ø DNA êyÝXç8z{äåæø
DNA

êXçí
 

19�|ûü}÷ á
leucine zipperâã<�~��BÞcabäåøäåæ�ø DNAXçêÝeýëí�úäåæ��u� C �Üi23ÿè���-����-��êÜi�� 7úûÝühÝ�{ëú|ûühÝ��ú�

-�� ê��J�������|ûühÝ��x÷��è}÷�ÿè����äåæXçè�����
-��êG��py�ûÝü áArg �LysâÜi� Arg �Lys x÷Ý�ø DNA êyÝ��Xç8z{äåæø

DNA
ê��Xçí

 

20�(7��e> á
cis-acting elementâã~��B DNA êÞc� �¡ô¢�£)��ç%(7��e>í

 

21��7��d� á
trans-acting factorâãabÞcê2ìäåæd�¤%�7��d�í 

22���¥Z¥�� áhelix-loop-helixâã<ìäåæÝe'�ú���¥��¦^ëúÜi�Xÿè��¥Z¥��X#��úäåæ¦^����ê��J��Xç�ø DNA êXç§¨��Ýetuêy�ûÝüx÷Ý�ø
DNA

êyÝXç8z{í
 

 á�â        á�â    ©ª«¬­® 
1�IF áinitiation factorâã¯��Bäåæçèêo°d�í 
2�EF áelongation factorâã¯��BäåæçèêK±d�í 
3�RF árelease factorâã¯��BäåæçèêQRd� á²³d�âí 
4�hnRNA áheterogeneous nuclear RNAâã�-´ë RNAí 
5�fMet-tRNAf ã¯��Bäåæçèêµëúû�ÝÞß RNAí  
6�Met-tRNAi ã~��Bäåæçèêµëúû�ÝÞß RNAí á!â        á!â ¶·¸ 
1�mRNA¹tRNA¹��� 
2�N�ºC�¹5 »�º3 »� 
3�P
¼¹A
¼í 
4�AUG¹GUG¹UAA¹UAG¹ UGA 
5�½¾¹¿À 
6�3¹3¹3¹2¹3¹1 
7�Á�ÁÂûü 
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8ÙÚÛÜÝÞßàÕáâã 
9Ùäåæç 
10Ù ATPase 
11Ùèéêãë 
12ÙGCUìGCC 
13Ùíîïðñòóôõö÷øùúûð 
14üDNAýþÿýDNA �����ýhnRNAý����	 
15ü64ý61ýAUGýUAAýUAGýUGA 
16ü
��ýtRNA 
17ü fMet-tRNA ýMet-tRNA 
18ü

�ý�
�ý��������� 
19ü���� 
20ü�����ý�	� tRNA����� 
21ü���ý16SRNA 
22ü !"ý#$���%mRNA &ý GTP 
23ü'(�)*+,ý7 
24üþÿý-. 
25ü/01ý231 
26üATPý4 
27ü70S�56�ý.fMet-tRNAfMet 
28ü80S�56�ýMet-tRNAiMet 
29üþ�7 ! 
30ü89ý:;ò<��� 
31ü30Sý*û=> 
32ü50Sý��þ  
33ü�?@A�BC$56ýCAP-cAMPDEF 
34üGH7I
�J	 
35ü÷K�7L
� 
36ü�M��N?OP 
37üP21 56ýPP6056 QRS

 TUV 
1üAWX
�Y 20 Z�[
��\]���^_`ab1�
��óX

- tRNA E�"cdefghij�
���'ó_k�l>m�nop   
2üAW*ûqrst 5 uv3 up 
3üCW�	wxyz{!7��7 !|^}~ó{!7 !�÷����ð GTPp 
4üCW�'(�)*+,�20�3 QøùúûðS+3 Q��úûðS=66^�����p 
5üBWTRNA�ð�3 u����qrY�CCAó�C$��
���4���� 3 u������� 3 u-OH�ó��



-tRNA
p
       

6üDW 
7üAW4Z
��\Arg ���úûð��ót 6^óB������g�����p                 
8üCW���&��ó ¡¢úûð�£�^��t¤¥¦§¨óg©ªh U7C7« A¬�p   
9üDW���Y­®�����¯°±p 
10üCW 
11üCW    
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12ÈAÉ 
13ÈDÉÊËÌÍÎÏÐÑ ATP ¾ÒÓÔÕÖ×ØÙÚÛÌÍÎÒÐÑ GTPÜ 
14ÈBÉÝÏÓÞß×¶ÞßàÝáÓÞß×¶âßãäåØÄ³æçèéêäëìí NîCï 
15ðAñ 
16ðDñòóôõö÷øùõöúû RF1ü RF2ýþmRNAÿ�õö��ûï 
17ðAñ���� DNA ���	
ûü��û
�����������ï 
18ðDñ�������òóôúû������úûï 
19ðDñ   
20ðCñ 
 � !

        

� !
 
ù"#$%

 

1ð&ñ��'(mRNA �5 )*+ SD���ú,-.�'(/0123�45678/0ï 
2ð9ñ�:;òóô<-�:=>?@AB��BCDE
÷øï 
3ð&ñ�:;FGHIJKLMNOPQ5R?mRNA S��	
/0ï 
4ð&ñTU��VWXYZ[\-tRNA�J]^_Z[\[-tRNA�J]�̀ a�Gln-tRNAAsn-tRNAGlnAsn��JbùcXY[-tRNA�J]^_ZY[-tRNA�J]defgh�Glu-tRNAGlnAsp-tRNAAsn,ij÷[\e�a�J

Gln-tRNA
^
Asn-tRNAAsnï 

5ð9ñEF-Tu �GTPase klmn�op��ûü���ûq9�rstmu�úvwxltyz�v/0�{|�v}nï 
6ð&ñ~� tRNA�� P��ï 
7ð&: tRNAù�N tRNA�ûÿ�����YP�lô������ü�ö��YP����������ï4��� tRNA �Nlù4��ï 
8ð&ñ� DNA �������45�õ����;���$�T�òóô�YP�����ùú�TUòóô�/0j�i�ø�e�H��v�K� ��'(�òóôPú�$¡Púï 
9ð&ñm¢m��£�¤¥ rRNA-/03��4ù¦¦§¨©ª�:;�S«¬­����5®
>?òóô��J�¯�� ribozyme°±��ï 
10ð&ñ� �²³�´µ?²³¶·�a�r�¸ï 
11ð&ñ¹E�J�²�º»¼½?;¾��²³¶·�º»`��ù� C*¿ N*ï 
12ð&ñ�:;kl3À�A�ü P�Á-KOPÿï 
13ð&ñòóô�J÷ø3�F�5ÂÃcATPÄÅÆÇï 
14ð9ñÈNY[-tRNA���:;�A�ÃFG¶Éúû�>?��ÊË��û GTPï 
15ð&ñÈ�YP�Ì56��Í�� tRNA?Î9aï 
16ð&ñ���û3Ï6ÐÑÒÓÔP �

T
!ï 
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3 rÃÄÅÆÇ3^_T8ÈH^É-tRNAutRNAO�WXY��mRNAbO3WXY � GH¾abÊ8¾ab��

tRNAËÊÌG�Aº»3ÍÎ½ÏO8ÐÑGHcdÒ¾abÓ9Aº»OÔÕK    
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6LMN�_�Ýë�Æ3oñmn�_�3l�®tu�_�3��t��_�`j��Y	_Ç�
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