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«¬­�®¯°±­²³´µ¶·¸´µ�¹º»
 ¼

2½¾¿ÀÁ«�Â¢ÃÄ 0.35nm
¼ÅÆÇÈ½É 0.325nm

¼ÆÇÈ½» ¼
3½Ê-ËÌ´µÍÆÇÎÏÉÅÆÇÎÏÐÑ» 
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4)U���   
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ýôõ��ÜÝì (
7)¡¢ÕÖ   
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(Ú)ÛÜÝÞ 

1ßàáâã(mononucleotide) 

2ßäãåæç è
phosphodiester bondsé 

3ßêëìíî è
dissymmetry ratioé 

4ßïðñòóô(complementary base pairing) 

5ßõö÷ø è
anticodoné 

6ßùõø è
cistroné 

7ßáãÈúûüýû è
denaturationþrenaturationÿ 

8��� �
annealingÿ 

9����� �
hyper chromic effectÿ 

10����� �
hypo chromic effectÿ 

11�	
� �
phageÿ 

12��
�� �
hairpin structureÿ 

13�DNA ����� �
melting temperature Tmÿ 

14����� �
molecular hybridizationÿ 

15������(cyclic nucleotide) 
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�����ÿ�___@������, 
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§�@®4 pH12
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�¼½4�
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�

____
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26õ23ñ45678þ___�___
ô���î

___
�9:6;<ñ

___=ù___=>8-OH
45ô
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 &̀abcd
 

1õATP���eD�ñfghiîj 

AõR-A-P-P-P    BõA-R-P-P-P    CõP-A-R-P-P    DõP-R-A-P-P 

2õhnRNA
îk/lm

RNA
ñnop

 

AõtRNA     BõrRNA    CõmRNA    DõSnRNA 

3õq� tRNArst-8uv÷ñÿwF=îj 

AõxXCCA3`
()

        BõTyC
4Y  

CõDHU
4

              Dõz{4     Eõ|}~�4 

4õ��Watson-Crick
ò�����!��

DNA����678�ñ����j: 

Aõ25400    Bõ2540     Cõ29411    Dõ2941    Eõ3505 

5õ
ðû678���ñÿwîj 

Aõ2�3�->8"�w     Bõ 2�4�->8"�w   

Cõ2�5�->8"�w     Dõ 3�4�->8"�w   Eõ3�5�->8"�w 

6õù�� TAGAp��ñ���j 

AõAGATp      BõATCTp     CõTCTAp    DõUAUAp 

7õ�þ�þ,-���ûñ68îj 

AõA6 DNA    Bõ��o DNA   CõtRNA   Dõ mRNA 

8õ?6@AmRNA B�	
�û3ñîj 

Aõm7APPPNmPNmP       Bõ m7GPPPNmPNmP     

Cõm7UPPPNmPNmP       Dõm7CPPPNmPNmP     Eõ m7TPPPNmPNmP 

9õ        9õ  DNA
ö÷M�5÷�þk� öj

 

Aõ� 260nm¡{¢£¤¥     BõIP¦§k  ̈  

Cõ>8"�w©ª           Dõ678©ª 

10õ�� DNA
ñ

Tm
�«îC�k/lD678���«¬­j 

AõA+G    BõC+T    CõA+T    DõG+C    EõA+C 

11õ}~� GyA
�¬®Gñ}~�îj 

AõCAU    BõUGC    CõCGU    DõUAC    Eõ¯°� 

12õ?6±²mRNA
ñB�	
��m7G

ùû678�³´&µ>8-fg�fghiîj 

Aõ2�-5�   Bõ3�-5�   Cõ3�-3�   Dõ5�-5�   Eõ3�-3� 

13õ� pH3.5
ñ\¶P�s·¸¹�ûñîj 

AõAMP     BõGMP     CõCMP     DõUMP 

14õk/��4678ñº��l!»î¼½ñp 

AõcAMP
ù

cGMP
ñ±²¾��¿|
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BÖ ×ØÄÙÚÛÜÝ cAMPÞ cGMP 

CÖcAMPßàáâãäå   

DÖcAMPæçèÝÙéÄêÜãëì 

15ÖíÚîï DNAðñòóôõö÷øÚùúÒûüýþÿ����� 
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 ��
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2
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88
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ñ
2òóôõ DNAö÷ç ñA+Gò/

ñ
T+Cò= ø ñ

3òùúûüç ñA+ Tò/
ñ
G +Cò= 0.7

íýþÿüç ñ
A+ Tò/

ñ
G +Cò= ø ñ

4òóôõ DNAö÷ç ñA+ Tò/
ñ
G +Cò= ø 

4�DNA
�������øTm�	
��ø 

5�ó pH7.0
í

0.165mol/L NaCl
û
Ýí���ú

DNA��ßTm � 89.3������������� 

6         6   !"#$%&'()DNA *+,-./ 0
11234*56702189 Tm *:;7021<=;*DNA>� 

7 ?@�4ABC-DEFGHIJ*K 

8 DNA
�4LMNOPQRSTK 

9 6UV*DNAWXYAZQ[�\6]^�4_`NOabIcdefK 

10 g! tRNA
LMNO*��SThijkl�*mn� 

11 f 1mol/L *KOHopqr?@Z[s?@ 0
DNA

h
RNA1*qrP'tuK 

12 &'v�4wxu*y> DNAzy> RNA
�{K 

13 |}"#~?@qop6 pH7.0ZC- 1.0cm����*260nm�*A� 0��;1���/AMP *����^� A260 = 15400 

GMP *����^� A260 = 11700 

CMP *����^� A260 = 7500 

UMP *����^� A260 = 9900 

dTMP *����^� A260 = 9200 �/0
1132�mol/L AMPZ02147.5�mol/L CMPZ0316.0�mol/L UMP *��;Z04148�mol/L AMP�

32�mol/L UMP���*A260
��;�(5) A260 = 0.325 *GMPop*��=;(���/���Zop pH7.0)�(6) A260 = 0.090 *dTMPop*��=;(���/���Zop pH7.0)� 

14 &��`P 1014���Zj�`��*DNA
w�

6.4�109������|}�`DNA *��;B� KB¡2-¢£¤¥¦3 0
2.2�109 §¨1*� ©K 

15         15 ª�6 pH2.5«pH3.5«pH6«pH8«pH11.4
�Z��?¬@­®*¯°� 0±­®¯°�� *²³1Z´µ¶"#·¸/ 0

11¯¹�3��?¬@�Zº»p¼½Q� pH�²³�¾K¿�ÀÁBÂQkÃÄÅKÄÅ*ÆÇÈÉ&'K 0
21ÊdËÌ!��?¬@ÍÎ9Ï34ÐÑÒÓÔÌ�Z¼ÕÖDE pH�K 0
31&�f×Øp�Ï34ÐÑÒÓÌ*��?¬@ÙÚ×Ø�3�Z×Øp¼ÕÖDE pH�KÛ��?¬@Ì*×ØÈÉ&'K�DEK ÜÝÞßàá

 

 âãäåæàç 

1.        1.       èéêë(mononucleotide)ìéêíîëïðñòóîëôõöèéêë÷ 

2.        2.       
îëøôù â

phosphodiester bondsäìèéêëúûéêóüýíîëóþÿ���òóîëôù÷
 

3.        3.       ��õ�� â
dissymmetry ratioäì��ñ�ó	ÿ
ò��
ó��û�����õ�� â

A+Tä/

â
G+Cä��÷ 

4.        4.       
	ÿ����

(complementary base pairing)ì������� !"#$%&'()*+!,-.� !/0%12*+34!56789:� G;C <= C;G>? A;T <= T;A>34@A%B)*+78!CDEFG*+78CD <56CD>H 

5.        5.       IJKL <anticodon>M� tRNANOPQRST!*+%U�VRJKL%&BWIJKLX*+78YZ[\
mRNANO!JKLHIJKL.JKL!]^_IH 



 

`abcdefghi
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6.        6.       vwx y
cistronz:{|}~d��������r����q��d�������{|� 

7.        7.       ��d����� ydenaturation
�

renaturationz���������DNA ¡¢£¤¥¦§¨©�ª«¬­®§�¯
DNA

¬°±²³¯§´µ¶·¸�¹ ±º»¼½¾¿ÀÁ�ÂÃÄ§ÅÆ®�ÇÈ
DNA

¯ÉÊËÌÍÎ�ÏÐÑÒÓÔÕ��Ö��¾´×
DNA

���ÍØÙÚÛ² ¹Ü½º¾
 

8.        8.       ÝÞ ßannealingàá�â�Ö¯�ÅÆãä� DNA  ¡¢£åæ¦§çèÉÊéêëìÚÃ�ÍÎ�ÏíîÐ�¯����§´ïðÛ² ¹ÝÞº¾ 

9.        9.       ñòóô ßhyper chromic effectàá�DNAõ�����¼²³¯�ö÷øùúãä¦§ç¿
260nmû�üý¬ñ¤§´µ ¹ñòóôº¾ 

10.        10.   þòóô ßhypo chromic effectàáDNA
¿

260nmû�ÿ�Ã�¿ DNA
Å�©��×��¿

260nmûüý�ÿ�Ã��Ñ��	 ß
� 35%~40%à, 
´ïðÛ² ¹þòóôº¾ 

11.        11.   �
� ßphageàáÔ���§çÉ���
§�¿¨©��¾�µ�
���¾ 

12.        12.   
é��� ßhairpin structureàáRNA�³¯�îÅ�§���� !²�¯��¾´"���#$ RNA
³¯Å�%Ù&'()*�+,���-./§îÐª«�ÏíÐ�§Û²é���¾

 

13.        13.   DNA
�0±ÂÃ ßTm 1àá23 DNA

éê ¹0±º�ÂÃ¼456�ëÙ7Ã§´×ÂÃ¼456�©8Û²0±ÂÃ ßTmà¾ 

14.        14.   
Å�9: ßmolecular hybridizationàáëì�DNA ;<=>§DNA;<? RNA ;<=>§@ABC>�·D¸EFGH+,�ÉÊÜ½§îÐÎ������¾´�IJ+,��K-í*ëËÌ+,�ÇÈ	·D¸.+�Ï�ÙÚÛ²Å�9:¾

 

15.        15.   L4·D¸(cyclic nucleotide)á³·D¸©�M¸�ÅN?OP� 3Q-OH R 5Q-OH
îÐS«§´�M¸TS���Û²L4·D¸¾ 

 ßUàVWX 

1.        1.       Watson-Crick; 1953 

2.        2.       
·D¸

 

3.        3.       2’ 

4.        4.       
�Y·Z�Y[

 

5.        5.       \ZPDZM¸US« 

6.        6.       
M

 

7.        7.       ]^_  ̀

8.        8.       abZ^ 

9.        9.       abZ^ 

10.        10.   cdefg+, 

11.        11.   ab_  ̀

12.        12.   3.4nm
Z

10
Z

36h 

13.        13.   iZj 

14.        14.   ÝÞ 

15.        15.   mRNA
Z

tRNA 

16.        16.   
Å�i�ZÅ�îã 

17.        17.   ñ¤ZÄkZljZmn 

18.        18.   opZ_`Z260 

19.        19.   ñ¤Zë¼ 

20.        20.   q 

21.        21.   rZsZjZ1 
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22.        22.   
��

5%
�

DNA
����

 

23.        23.   ��x����DNA
x���

DNA�������x��������� 

24.        24.    ¡¢£¤�¥¦���¦�§¨©¤ 

25.        25.   ª«¬­® L¯­CCA
­°±²³´µ¶·¸

 

26.        26.   cAMP
­

cGMP
­¹º»¼­

3½­5½ 

27.        27.   m7G
­

polyA
­

m7G¾¿ÀÁ»ÂµÃÄÅ­polyAÆmRNA
µÇÈÉÊËÃÈÌÍ 

28.        28.   ÎÏ­ÐÏ 

 ÑªÒÓÔÕ 

1ÖB×ATPÅØÙÚÛÅµÜÝÞßà×áâã-äå-ªæ¸çèA-R-P-P-Pé 

2ÖC×hnRNAêäëìÃ RNA
çíîäïðñòäÙçàîämRNA

µóôé 

3ÖE×tRNA
µõöê÷øµùúûØüýmRNA

µúûØþ·ÿ��Æç��È°±¶·¸µ��Éé 

4ÖD×�� Watson-Crick �¯ç	Æþ·
µ��à 0.34nm
ç
�

1 �mDNA
Ð���ì�Ë

1000nm/0.34nm�ä�¸Æ�ç� 2941Æé 

5ÖE×ä�¸ê�� 3`5`-æ¸º��Ü���ä�¸Ïµé 

6ÖC×ä¸êÊË�ÉµÅØç !"÷5½#3½µÞ$%&ä¸'(çTAGAp
ÿ�µ'()*+

5½#
3½µÞ$,-ç�TCTApé 

7ÖC×tRNA
�Ë.Ëþ·/01�µä¸é  

8ÖB×îäñò mRNA 2Ø�34�5µê�� 5½,5½-æ¸º��ÜÝµ6·7âãä�¸ç�
m7GPPPNmPé 

9ÖB×ä¸µ8É9ä¸Ð��üµ:�;<ç8�ÎÏµ=>?µ@AçBëCDEF�µ;<éÃGHð³ÉI)JKLïM8×NOPQçRSúOTUVçWXM8ºY�3çËXZ÷[\ÄÅ]^Äïð²ÉéDNA
8É_ç`aÐ��bôçþ·cdeëfíçga��hÄµþ·ijk�çlmn¼o8É_µ

DNAÆ 260nmpqrµsrt/8ÉóuvTU ÑwxÒçlyz{|àw}~�é���;�Ë
BÆé 

10ÖD×�àG�CÆ/A=TÆ�àÇÈç� G�C
���Uµ

DNA
µ8Éê Tm��Uçø���/�Gé 

11ÖD×�à���¸ç�ÙµU
Z÷ý A

�Æç�÷ùúûØ G�A
ç�¾¿µúûØê UACé   

12ÖD×��ÓÔÕ 8é 

13ÖC×í pH3.5
µ���ÙçCê�yþ·Ù�o���4�µþ·é 

14ÖA×íïðñòÙfíµ�³ä�¸ç��o4�µê 3½,5½-
�á�¸ Ñ

cAMPÒ� 3½,5½-
�7�¸ Ñ

cGMPÒéø�ê`�ÅØhµæ¸ýäåµ3½,5½� Ø¡�Ð��³¢�µé£êÃyÊË¤¥¦§¨©µ�³ä�¸éª«|àïð¦§µ¹º»¼é   

15ÖD×îä¬}I­*µÛ®¯Ë°y±±Hl²H2A²H2B²H3²H4éDNA
�Û®¯¡�µ³´ðnµä¶ôçä¶ôê¬}Iµ4··�3Î¸ç�¹ôºç	�ä¶ô�Ë 8�Û®¯çÚ�»� H2A²H2B²

H3²H4ÅØç¹ºôK
ËÃÈ
¼ç« DNA
ÏÜ�½¾ºé 

 

 Ñ�Òê¿�;Õ 

1ÖÀ×RNA
)êïÁµÂÃðIé 

2ÖÀ×ÄÅäåä�Ùµå� 2½¸ÆËÇ·é 

3ÖÀ×îäïðµ¬}ôàDNA
ýÛ®¯µ³´ôç äïðµ¬}ôàDNA

ýþÉÈÉ²ÊÈÉ�´é 
4ÖÀ×ä¸µpqsËýÌ�µpH�Ë�é 

5ÖÀ×ïðôµëWÛÍÙµDNA
ç�þ·Û�)ëWé 
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6äåæçèÚÒéêëì íîïðñëìòóôìõö
tRNA

Ú÷øÒù
 

7äúæDNA
Ò

Tmûü GCýþÿ��GCýþ�� Tm
��

 

8����	
�mRNA �3`
ÿ���� A ���� 

9����G+C�ýþ���DNA �Tmû����A+T�/
�
G+C��û���� 

10��������B-DNA ! DNA �"#�$�%�&'()*+,�-./0 A12Z1ü3456�78�$� 

11���DNA9: �;<��=�>?@ TmûA 20~25B�CD,EF�� 

12���GHIJ	KL�M
N 2O,3O-P	QK�RIJS 2OT 3O-
	QK�

 

13���
�U��VW56 DNAXYJZ�[?EF9\2]^_`a� 

14���mRNAb���cde�2%ýþf>�RNA
���gýþehi�RNAb rRNA

�
 

15���&' tRNA
gjkPlmnofl�pqrstS tRNAud�vwxy� 

16����?z{�DNA|}�~��� OD260/OD280<1.8
����|}gÿ���� 

17���"p!��e���rsb���T RNA
�

 

18���	K|}�{Drs��|}�OD260/OD280 ��û���{�DNA|}OD260/OD280=1.8
�{�RNA|}OD260/OD280=2.0

�
 

19����	
����"pg���ý�ük��8u��]^2����ÿk��8u��N���������"K����a�
 

20����	
�N�mRNA �5OS������m7G
�
5O�PPP

�
5O�Nm-

�pq 
5O
-b 3O-OH

�
 �¡�¢£¤¥¦§¤ �J¤w¨� 

1�£�	K©ªIJ�r�«H"2¬­2®K3c¯u�DNAü RNA �IJ��¬­2°±H"&'� 
2�£��1�(2.5²107/650) ² 0.34 = 1.3² 104nm = 13³m

�
 �

2�650/ 0.34 =1.9²106/³m
�

 �
3�88 ² 0.34 nm = 30nm =0.3³m

�
 �

4�104 ² 3 ² 0.34 =106nm  ́ 0.11³m
�

 �
5�(96000/120) ² 3 ² 320 = 76800

�
 

3�£��1�µ DNA � ¶Zu·S ü̧¹�º»� 

    A =¹T
�

T =̧A¹�G =̧C¹��C =̧G¹� pS�
(A +̧ G )̧/

�
T¹+ C¹�= (A +̧ G )̧/

�
A¹+ G¹�= 0.7 ¼s�½¾Zg �

A¹+ G¹�/
�
T¹+ C¹�= 1/0.7 =1.43 �

2��¿� DNAu�g�pS A = T
�

 G = C
�

 ¼s�
A+G = T+C

��
A+G�/

�
T+C�= 1 �

3�Àµ' �1��� 

A +̧ T =̧ T¹+  A¹�G +̧ C =̧ C¹+G¹� ¼s��
A +̧ T

¸�/
�
G +̧C

¸�=
�
A¹+ T¹�/

�
G¹+C¹�= 0.7  �

4��¿� DNAu�g �
A +̧ T +̧ A¹+ T¹�/

�
G +̧C +̧ G¹+C¹�= 2

�
A +̧ T

¸�/2
�
G +̧C

¸�= 0.7 

4�£�Á DNA �ÂÃÄÅ�Æ« 70Ç100BÈuÉ��Ê56���Ë
ÌÍ�ÎÏ�Ð� ¶ZÑquÒ�ÓNÔÕ�Ö×Ø�qÙÚS DNA �ÆÛ:�ÿs,Ü¨�Û:CDÝÞfß�260nm à�ákâã��äåD,æä
�ç:èéä�6D,æäKHêëìÖíÛ�Tm û !	K�Û:CD �îJCD2î¨���ïûð_? DNA
Û:Lñò®óôû �ákâã��«elÛõûöïL¼�a�CD�

 

5�£�S �G + C�% = (Tm ÷ 69.3) ² 2.44 ²% 

= (89.3-69.3) × 2.44 ×% 

=48.8% 
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G = C = 24.4% 

(A + T)% = 1� 48.8% =51.2% 

A = T = 25.6% 

6����1����ü����� DNA
�����ü� !"
#$

DNA %&'()*+,-. DNA '/01
 2

2345 Tm '6789-. DNA
/01

 2
33DNA%:7;<89=>?@%ABCD'E7FBG,HI-. DNA

/0J
 

7KLMNOPQRSTU 3V,5V-WOXYZ[\]^'J 

8KLM_Watson-Crick `a,DNA 'bcdefMghijkl'mNnO%opqrRst?p1uvw5bc'xy,Iz{'|WO}%w5~�'�y,TUWOXYZj[,��NO'��1uvk��t��,|�k���tklJgh%����~�1�~�'���2nm
,uv�����

0.34nm
,gNO�&'��S 36�,��~��10

�uv��1uv_
A=T

,
G�C��?@,� 9¡Zj[¢J£¤

DNA
bc¥¦'§¨}©Suv��§1�~�bcª�fgh~�«¬,r­r®J    

9KLM¯¥¦'DNA
�~�R,uv��§°uv��¡Z¯£¢PQ±²bc³�]}©*+J 

10KLMtRNA 'X´bc�µ¶·bcJ¸bcd¹�M 2
13tRNA 'X´bc�º»Fº���J¼��'½¾¿�»,À��'½¾¿��J 2
23¶ÁSÂvO»J¸ÃÄf CCA-OH3V, bcS\ÅÂvO'wÆJ 2
33ÂvO»��SiÇÈQ�J¯É'RÊÄfµËjÌuv��'iÇÈQ,8� mRNA

Ã'ÇÈQj?ÍÎJ
 2

43Ï�SX¡ÐÑÒ� 2
D
�3,É�ÂvÓ-tRNAÔ�Õ'bÔfÖJ 2

53��S×ÐÑÒ� 2
TØC

�3,É�N|²'bÔfÖJ 2
63¯iÇÈQ�×ÐÑÒ��&'S8Ù�,É'­®Ú¦Û tRNA

PQ­®J 

11KLMÜqJRNA
89Ý{Þ�ßNnO,I

DNA
PQR'àáN| 2VâãQÃäfåv,æ9DNAÜçÝu{ÞJ

 

12KLM213+èr0'RNA
Õ�

DNA
ÕPÎ�gé.l{ÞJ

 2
23+u{ÞJRNA

çêÝ{Þ,I
DNA

ÜÝ{ÞJ
 2

33.lëìiíJXîïðñ89ò DNA
Ù�óì1ôõö 2÷øö3ðñçò RNA

Ù�ùìJ
 2

43+O{Þú,.lßNnO'Pû 2üûýþ)ÿý3,Äf U 'S RNA
,Äf

T 'SDNA
J

 

13KLM¼�M213 32�mol/L AMP ' A260��7 

A260 =32×10-6 × 15400 = 0.493 2
2347.5�mol/L CMP ' A260��7 

A260 =47.5×10-6 × 7500 = 0.356 2
336.0�mol/L UMP 'A260��7 

A260 =6.0×10-6 × 9900 = 0.0594 2
4348�mol/L AMP

°
32�mol/L UMP�Ô�'A260��7 

A260 =32×10-6 × 9900 + 48×10-6 × 15400 = 0.493 = 1.056 2
530.325/11700 = 2.78 � 10-5mol/L 2
630.090/9200 = 9.78 � 10-6mol/L 

14KLM213�Ë²��'DNA '	
7�M 

6.4×109×0.34nm = 2.176×109 nm= 2.176m 2
23�²xæf²��'DNA '	
7�M 

2.176m×1014 = 2.176×1011km 2
33�Ë
7�
�-

÷��&�� 2
2.2�109��3j��M 

2.176×1011/2.2×109 = 99� 
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15*        15*+,-./012345, 

        pH2.5        pH3.5        pH6        pH8        pH11.4 

UMP        6237%        -1        -1.5        -2        -3 

GMP        6238%        -0.95        -1.5        -2        -3 

AMP        62389        -0.46        -1.5        -2        -2 

CMP        
1:23

        -0.16        -1.5        -2        -2 ;
1<2=>?@-./0AB# pH3.5 

�CDE&FG
pH HA&I@-J./0KL�1623MNOPQRSTUVWXYQZXY[\]^_Q`abc

 

UMP>GMP>AMP>CMP d
2efg pH8.0

QhijklmnoOpqrsQtuvwuxyz{|}~����
pH11.4 �lmno��p[qrsQZ

pH���}~^t� d
3e���f�� pH2.5

��^��}~[�W�vw�����b CMP>AMP>UMP>GMP
d��

pH2.5�lmnqrs[p������\]eQZ���lmn�� ¡¢xyz{|}~£¤¥¦§�W�vwQ¨©ª«[�W�vw¬­®ª«[
3 ¯�°rvw±�W�vw²_³´[µ¶k����bc

CMP>AMP>UMP>GMP
�

 ·¸¹
   º±»º 

 ¼½¾¿ÀÁ 

 ¦ÂÃÄ[ÅÆÇÈÉÊÉËTÌÍ§ÎÏ�Ð[PÑÂÃÒÓÔfQÕhÖÔf×Ø�Ù^ÚÛÌÍÜ\]�ÝÞQkÆÇØ_�ÌÍßàáâãäåæÎãäQçèéÂêÅY[ëÀ�ÂÃÆÇ£ìçØ¦ÝíÝîïçWð[\]�ñP[ò¼�ÌÍÒÓÔfQh¬óuÂÃÆÇÈ¥¦§ÂÃôÒõööº�º¬ÂÃÄÅÆÇ÷Â[ø�ùúôÒØû[üýþ� º³b¼àÂÃôÒõ^_u¼ÿ[ôÒõQRø�Ù�í�½ôÒ��ð½ð]ò¼��ºÅj����ôÒùÁ�ºjÊb�Ò��º�½	Xº�½
âº�½�âº�½�
º��æÎº��P��º[ò¼�jÊb��ò¼�½��ò¼���Ä�
ò¼�Q�È��ò¼��Êb«�ò¼���ò¼�Q�Ä�
ò¼��Êb���
ò¼�½���
ò¼�����ò¼�� ��º�Ôf\][� �!Ã"] dSe½º�"] dEe½Ôfí] dTe½Ôf pH#½$Åõ dAe�%&õ d
Ie���È!Ã"]±ºÔf\]£¤�¼'(À[)*b+,-.Q+,Ý/ d

Kme¬º[ù0�Ý/QR[Ã123¬�ºÔf\]4�5PÔf\]¼6�[!Ã"]�78�%&³´½�78�%&³´�Ô78�%&³´Ê9� Km#± Vmax
[��¬ß^�_[�

 º[Å�È:�;'<Ø=>Q?µæ=>�ôÒ=>�º[ôÒ@1AB�CDÓE½FG��U�f½HIÓE½JKLæÓE½nªôÒ�²MôÒ�QÉ'ÓET��ßN[1O`�Q�È�CDÓEPÈ¤÷ÃÓEbPQìRSQJKLæÓETb�º[UVWXPÑYZ� [\]üýº¬[^ÈæÎ[¼àüý
âºQ�Å�È:ó Asp102½His57
å

Ser195

Î¼'rs	_*`Q?rsÈab��ôÒ@1AB;'cdQ·¼cdb
âÔf[eÒcdQ·fcdb
âÔf[�ecd� _gº�h
º¬;à(À[º�_gº¬i�@ÄjØôÒ�_[ÒÓÔfQZ�ºüýkl[1Ò�þåÂÃÓ<Ø^mn�_[¼oºph
º¬t´
q[rh��s�ôÒÅ�[ºQ¬¼')�ºQôÒt\uv�

 ºwx¬Gy�z{|�[Q}¦[«�g.½~�g.½ÆÇg.½ºg.½ÂÒg.�ÂÃg.���T�ºwx[�±� �Â ¬ÂÃÂ��ÂêÅYÈì�ë[�Ñ�@ÃQ¦���ÃÈ�ÑW�Q�ÄNl^ØæÎQ����ÃÈ�g�hÖ�Â �^¬
Îßào�[�À��QT^¬ÄjØÑ[��QRS[Â1<Ø�
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 âãä
  å 

 æçèéêëì 

1íîïðñ æ
Kmòè 

2íóôõçö æ
substrate specificityè 

3í÷ø æ
prosthetic groupè 

4íùúû æ
monomeric enzymeè 

5íüýû æ
oligomeric enzymeè 

6íþûúÿ æ
multienzyme systemè 

7í��� æ
activatorè 

8í��� æ
inhibitor inhibitonè 

9í��û æ
allosteric enzymeè 

10í��û æ
isozymeè 

11í	
û æ
induced enzymeè 

12íû� æ
zymogenè 

13íû�
�� æ
enzymatic compare energyè 

14í�ö�� æ
active centerè 

 æâè������ 

1íNAD+

æ
nicotinamide adenine dinucleotideè  

2íFAD

æ
flavin adenine dinucleotideè 

3íTHFA

æ
tetrahydrofolic acidè 

4íNADP+

æ
nicotinamide adenine dinucleotide phosphateè 

5íFMN

æ
flavin mononucleotideè 

6íCoA

æ
coenzyme Aè 

7íACP

æ
acyl carrier proteinè   

8íBCCP

æ
biotin carboxyl carrier proteinè 

9íPLP

æ
pyridoxal phosphateè 
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1³¹¡ÉÊ©ª·ËÌ 

A³¹ÍÎÏÐ¾ÑÒÓÔ¡ÕÖ      B³×ØÙÚÛÜÝÞßàá 

Câ×ØÙÚã×ÝÞßàá        Dâ×ØÙäåæçèéßêëìÝíî 

Eâ×ØÙïðñòóôõö÷ëøùßîú 

2â×æçèéûüýßþÿù�� 

Aâ���Üüý��       Bâ��	çü       Câ��
�Üüý�� 

Dâ��
�ß�
ü       Eâ��	çü 

3â��ì���èé���� 

AâÚ×ßÛÜ���	�        BâÚ×ßÛÜ��×ß	ì�� 

   CâÚ×ßÛÜ��×ßãô      DâÚ×ßÛÜ��×ß��ô��  

EâÚ×ßÛÜ��×ß�í� 

4â��ì������� !Ú"#$%&'(ê� 

Aâèé)*            Bâ���+!           CâÛÜ+! 

Dâ×Ú���ß,-.ß/0       Eâ×ÚÛÜß,-.ß/0 

5â12%34�é��[S]
ß5678�� !�

 

Aâ9����èé     Bâ��ì����èé     Câ:��ì����èé 

Dâ
��ì����èé     Eâ(6;< 

6â×ß��ì������=>� 

AâVmax
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       BâVmax
��?
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��

    

CâVmax
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��

       DâVmax
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7â"#@A����?B1CDE�9������ 

A  
ïFGçÞÜ

            B  
ïFHçÞÜ

            C  
ïFIçÞÜ

  

D  JçÜ                  E  KLMNÜ 

8â×ß	ç-O	çPQ�?×ßGòç-OGòçá�R@ù×ß12%ñôòóôS� 

AâTUñò           VâWñò         XâYñò   

Dâðñò             Zâ[ñò 

9âù\]^_"?"#1%ô�`�=èaH+
ßbc?d�=èa

H+
ßec�

 

AâHis
ßfgô

      BâLys
ßhñô

      CâArg
ßiô

 

DâCys
ßjô

        EâTrp
ßklô

 

10âû�"#1%��èé?�� !a 50%
)?

[I]=Ki 
�

 

Aâ9����èé           Bâ��ì����èé  

Câ:��ì����èé     Dâ
��ì����èé     Eâ(6;< 

11â"#ã×�ß1C9�m��n\'� 

AâCoA             BâCoQ          CâPLP     DâFH2        EâFMN 

12â"#op�12%�q;ß� 

Aârïßã×Estn\'uØ  

Bârïßn\'E�=èaã×vã×ßuØ 

CârïßBwn\'E�=èaã×vã×ßuØ 

Dâxï Bwn\'�=èaã×vã×ßuØ 

13âyz{M�|}� 

Aân\' B1        Bân\' B2           Cân\' B5    



 

~���������
kaoyan.com��������  ������������http://download.kaoyan.com 

D���� B6       E���� B7 
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A���� B1       B���� B2             C���� B5    

D���� B6       E���� B7 

15�� ¡¢£��¤¥¦§�¨©ª����«¬� 
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18Á­®¯°±²´µÆÇÒÓÍÔÕÀ 
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¹ºÙÚÛÜÝÍÞßàÀ
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12ÁÚ_»��¯WÞßÛ*¯»�Æ»��¯WÞßÛ�`¸aÿ î
 
ð

13ÁÚ*'Û()bc�dñÚÛ)¼()ÿ î
 
ð
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¶
 ·26¸¹º»¤¼½ pH¾¿¯À©¹ÁÂÃÄ¤ÅÆÇ ¶
 ·27¸¡È BÉÊËÌÍÎÏÐÑÒÓÇ ¶
 ·28 B̧ÔÕÖ×ØÙÚÛÜÝÞßàáâãäåæ ç
 è29éêëìÕÖ×ØíîÛÜÝÞâãäåæ ç
 è30éïðñòóôõöÖò÷øùòúûÖòßÖüýþÿ�ÕÖ×ß��æ ç
 è31éùòß����ÙÚ��	
��ÕÖ×ô��
ùò��Öü�ÿæ ç
 è32éÕÖ× E

í�����ô��Ù�����æ
 

 ç�è���� !� 

1é"#$%Þ&'()* 

2é+,ÞÛÜÖò-��ã./�0-��ß1ì�õ2ì* 

3é+, Cech
�

Altman
&345�6þ-�7ìß

RNA
ß*

 

4é89:;<=>Þ6þ?>@AßB.ì* ç
1èCÞ çD-�E×

NH2CONH2
ßFGôHíîÛIJ

NH2CONHCH3èK ç
2èL-D-MNOPÞ çDÛIJL-D-MNOQ
ßR>OSôHíîÛIJõößOPôT3UOPèK ç
3èVÞ çÛIJ

R1COOR2
ßFGWXèK ç

4èL-YZ[��Þ çDÛIJ
L-YZ[ô\íîÛIJ D-YZ[èK ç

5èW]^_[F	Þ[
DÛIJW]^_[ ç̀ ab[èô\íîÛIJc]^_[ çde[è]K ç

6èSfgÞ ç-�Sfh[�ôÖ
Sf-1-
h[èæ 

5éij 25mg
'(Þk


25mL
ëlôj

2mL
ëlmno'(p

0.2mg
ôqj

0.1mL
ëlmÞ7rôsU=tuÙÚFGv'(wÖ 1500xg

vY[ôyz 1
2Þ7r{|z}Ü=á~wÖ 1xg

vY[ßÞ�ô� !�
 ç

1èÞëlß'(����7æ ç
2è=��Þ��ß�'(o���7ræ 

6éVmax
ã����ÙÚ��Û���nô8��

V~[S]
�ô����ô

V~V/[S]
Û�ô

[S]/V~[S]
Û�����ìÛ���

Vmax� Km
ß���*

 

7éç1èÜ������ Ö¡3¢¡£�¤í¥�¦��¤ß§'(Þú¨'(Þ¦�* 

   
ç
2èÜ��©ª«¬­®¯°Iô±²��³´íµ* 

8é¶I;·�¸ôÛ�¹º»��@A ç¼½ì¾&¿¼½ìÙÀ»��è* 

[S] mmol/L             2.0        3.0       4.0        10.0       15.0 =tuQ
wòß�
 
çxmolè     13.9       17.9      21.3       31.3        37.0

çÁþ»��è   
=tuQ
wòß� çxmolè       8.8       12.1      14.9       25.7        31.3

çþ»��è      

 

9éSfÂ-3-
h[ÃÄÞ ç

Mr 150 000èß7ì|�þ.2 CysÅZôyzÜ¶ 5mL
ß

1.2mg/mL
ßÞëlÆÇÈ7ôÿ�

3.0É10 -2mgÊËÌÍ ç
Mr 185èô !Þß-�ÎZß�Ï* 

10éÐ7ÑÒßÓÔmz·%ôÞßÕò����Ö£×>Õòß Km ØÙÚô�GÛõÖÜÝ}*Ü��Õò��í&ÞÞßJ
KmàÞÞáJ Km â* 

11éþuãäÞß7ìÙÚ�á��ß¼½ì»��g7ô�GÛ* 

12éç1èÐJ.2åæ��ñr0ßÞ\çôè[S]=Km
uôé

V=35xmol/min
ô

Vmax
&êëxmol/min

*
 

   
ç
2èè[S]=2É10 -5mo/L

ô
V=40xmol/min

ô×2Þß
Km
&êë*

 

   
ç
3èé I

·ì¼½ì»��ô
KI=4É10-5mol/L

ôè
[S]=3É10-2mol/L�[I]=3É10-5mol/L

uô
V
&êë*

 

   
ç
4èé I

&¿¼½ì»��ô£
KI
ú

[S]�[I]íîã ç
3èïðñuôV

&êë*
 

        
ç
2è ![S]=1.0É10-6mol/L�[S]=1.0É10-1mol/L

uß
v
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�[S]=2.0�10-3mol/L
[S]=2.0�10-6mol/L ��� 5min �ö����� 
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U

(a)FAD
U

(b)NAD+
U

(c)NADP+
U

(d)CoA
U

(e)PLP
U

(f)PMP
U

(g)FH2)FH4
U

(h)TPP
_
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14.23 4t!�¥ %&:�^¦§)'�A�^(GAB��1«�)D !123 4_ 

 Q)R        
Q)R*+,-./ 

1.NAD+ 
Q
nicotinamide adenine dinucleotideRtV0Y123)Z4TUK! _̀

 

2.FAD
Q
flavin adenine dinucleotideRt[H123)Z4T_ 

3.THFA
Q
tetrahydrofolic acidRt56WT_ 
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4MNADP+ Nnicotinamide adenine dinucleotide phosphateOPQRSTUVWXYZ[Z\]^_  ̀

5MFMN Nflavin mononucleotideOPabcdefg 

6hCoA icoenzyme Ajklm A
g

 

7hACP iacyl carrier proteinjknopqrsg 

8hBCCP ibiotin carboxyl carrier proteinjktubvopqrsg 

9hPLP ipyridoxal phosphatejkwfxyzg 

 i{j|}~ 

1h����rs�   

2h������������������   

3h[E]
�

[S]
�

pH
�

T i��j�I i���j�A i���j 

4hSer195
�

His57
�

Asp102
�

Ser195
�������������� 

 

5h¡¢�£�¤¥�£�¦§£¨�©ª«¬����­f®«¬ 

6h¯°� 

7h±²³´oµ¶�·���­¸¹º¨»�­�¼½¾¿�S
�À�ÁÂm

 

8hwfxyz�VB6
�wfxyz�wfxyÃ�wfxyÄ�wfxyz��Åm�Ævm�ÇÈm

 

9h¹��Éu�DHFA
�

THFA
��ÊcË

 

10h{ 

11hmrs�lÌÍ��mrs�lÌÍ� 

12hlm�lo�ÎÏÐ��lo�¬Ñ¾ÒÓÔ�lm�ÕÖÒ 

13hdm i×º«¬ØÙÚRNAj 

14h�¬¹�mÛ��ÜmÛ�ÝÞmÛ�ßàmÛ�á»mÛ�à¶mÛ 

15hmÑâãä��¬¹�mÛ���-CHOH
oåÚ´Û��q

NAD+æ NADP+
Ú´´Û�çèé

1 

16hêë����ìë����íq���         

17hîàïË�«¬ïË�îàïË�«¬ïË 

18hm«¬¬Ñð£ÚØÙ��¤��ñòm«¬ó�¬Ñð£Úð£ô� 

19hõ�öuÇ÷ø<5% 

20hù¨�ç¨ 

21hú¤�û�üðýþ��ÿ��ð£��Ð 

22höu��ÚÞÐ���m��ÚÞÐ�����ýàuÚÞÐ�� 

23h����òüþð£ô��	���
�òäþmrs¨���� 

24hêë�íq 

25h-1/Km
�

1/Vmax 

26h
��fà¶m 

27h��Ù���Ù 

28h�ø�lm 

29h�Þ�Ý���tb�����tb 

30h������´�o�TPP
�Ævm���m

 

31h
�oá��o�d�Äo�1
ò

10
Ë�

 

32h f!tu�"-#Åf�nÃ$�%o&Ã�'wf�3(-AMP
�

CoA
�n¬�no

 

33hx��)f�)nÃ�NAD+
�

NADP+
�Æ���

 

34h*b��+�,f-.�v¬m�CO2 

35hÎÏ/b�012�def�5(-
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13���ûÍÎï�PaÂÃÐÄÅÆÇ� pK ¦4 6.0~7.0,
ÈqÈÿ�ÓÔþÉÊðÔþÉ=ÊðÔ¾¿Ë��S4Ï�ÌÅ á=ÊðôïâÔÍ��S4Ï�ÎÅ áÊðôïâÔË(ÃÔÍ(ÏÔ��S4ÐÑÃÏÒýõö�3Ô¾¿ÓÔî�ÞûÐ÷øPÕà 

14���áAâÖ á3âÖ á×â� áBâÖ á4âÖ áØâÔáÙâ� 



 

ÚÛÜÝÞßàáâã
kaoyan.comäåßàÜÝæç  èéêëäåßàìíîïhttp://download.kaoyan.com 

ð
Cñò ð7ñò ðóñô ð
Dñò ð1ñò ðõñô ð
Eñò ð2ñò ðöñìð÷ñô ð
Fñò ð5ñò ðøñìðùñô ð
Gñò ð6ñú ûüý þÿ��������

 

 ����	
 

     ����
�������������������� CO2� H2O
���� !�
�"��#$%&'()�*+,-./()0����
1
�234567��89:97�9;�<=>

pH ? @ABCDEF G�HG���IJ�K��:��LMNO=PQ+-F+R-.STUVW
ATPX�=YZ�"-�[���\40��%&]�:^7�_`56CDE
abcdefg�-.hi*+�jk*+
-.UWl�mn�oAB=0 #�'��LM�p�qr-s� 

1tqr- ����NO=i�
��fg
-.s���u�"fg�vw4mx"y
qr-s�z{|0qr- #free energy
'�}�~��
,-.=�:�7�;56C-���
���X-.���W

Gibbs qr-�4�� G ��0��=
qr- #G'�.�����
���"fg
qr-s� #�G
'�w���
0�

G� 4������fgw���T� 4�����.�"fg
qi>
��0�$��� A
UsW��

B

fg2

 

 �
G GB¡GA ¢�

G
W£¤¥��+-fg�w�¦� 4��fgwqiDEF§�G

W¨¤¥��©-fg�Wªqifg�«¬[­-.fg®wDE�¯°fg�qi
0 

 $±�
G 0

¥��²fg��³o´µ¶�·µ0̧ ¥�¶�9¹W
Keq
�rº�


Keq
w»��

G¼2 

    
�

G¼ ½RTlnKeq 

 

2t        2t�LM�p :��LMfg=��¾��
���WLM¿�����
���W��¿0LM¿�¾��
ÀÁ #���¿����
ÀÁ'
SÂ�]�W��LM�p0ÃÄÅ�Æ��LM��
��LMÆÇ:�È�/ ��LM�É
¦�0$±Ã��LM�������ÊË�M�Ì�Íw�R��LM�p0���LM�p4
E¼��0E¼¤ÎS�Ï���
ÀÁÎSFE¼ÎÂ��¾��
ÀÁÎS0

 

3t��LM�p�qr-
Ð� :�~��LMfg=�w�fg�
�L�p E 0Ñ�ÒÓRÔ~��LMfg
qr-s�#�
G
'0�

G¼���LM�p
Ð�$C2 �
G¼= ½ nF∆E° 

n��UÕ
��¹�F
WÖ×Ø9¹ #

1
Ö×Ø 96485ÙÚÛÜÝ'0�E¼
ÞÉWß1��

G¼
ÞÉWàáÛÜÝ0¢�E¼W¨¤¥��G¼W£¤��+-fg�fg-qiDE0�E¼W£¤¥��G¼W¨¤��©-fg�fg�-qiDE0 #â'^-�����
 



 

ãäåæçèéêëì
kaoyan.comíîèéåæïð  ñòóôíîèéõö÷øhttp://download.kaoyan.com 

ùúûüýþôÿ���úõ�ÿ������	
��
20.92kJ
mol �����ç��ú����ÿ���ú����ç��	���

 

1�� !"�#�$%&'()*� +
ATP,-./�$%&'01"234ATP

�$5!6789:;<
30.54kJ=mol

/>9?@AB./�$!9C/>DEFGHIJKLM�$%&'(
1,3N�$OP$QRSTU�$%&'(�$STUVW$XYZ[4 

2�        2��!"%&'(�$\$]�$^_$4 

3�        3�`!"%&'(aLbc A
4

 

4�        4�def"%&'( S-
)gde_$4 Zh9ijk'F0�$\$lmijk'F0�$^_$9-

ATP
0/>nop9qHn/'rstH�$u4

 +*,vwxyz vwxyz-C{' %F9|'}~0� +
H+ + e�,9�����xy�xy9��� �&{�

H2O
0vwxy��9st��z4��z�vwxy��0��-@����l��09vwxy0��-� �v���0%&'�� %�uv���0%&'9�� 4 - %�uv��.0 �9�� ¡�u�64 vwxyzCu¢£¤oC¥r¦�9C§¢£¤oC¥¨©�0ª¦�4¨©�ª¦�0��z@

NADH
��zl

FADH2
��z4

 

1�«�vwxyz0vwxy��¬­®[� +
1,¯L°¢g$ +

NAD±, ²³|'}�cQNAD±Hbc9´ |'�}~0��H�uµ0
NADH+ ±H±9-� +

H±l e�,xy�4 +
2,¶·¸¹ 

¶·¸¹Q
FAD

l
FMN

HbM9́  
NADH+ ±H±º|' +(»¼$,�0rwlvw9½� FADH2

º
FMNH2

9xyrwlvw4 +
3,¾e¸¹º¾eF¿ ÀtÁÂÃ·¸¹9-Ävwxy�9 %µH Fe3±9�uµH Fe2±4 +
4,bc Q

stÅÆ9-ÇÈÉ%&'4?ÊË/´ }�c0�9�/´ »¼$}�cÌ0� +
H±±e�,4-Í¥vwxyzF¿ÎÏ0���4 +

5,£¤Ð·[-Ñ¾0Ävwxy��4¾uwÍ¥ÒÓ0F¿9«�ÂÃ·4?-£¤Ð·[0bM4£¤Ð·[-��zFÔvw�bc Q
xy� 0Õ�c[4¨©�0vwÖ×Ñ@

5
³ÊØ0£¤Ð· +Ù

b
]

c
]

c1
]

a
]

a3,4Ú�ÛÜÝÞ9?ßCvwxyz�v¥xy0��-
bàc1àcàaa3

9£¤Ð·
aa3

Qá&'½UoC9tH£¤Ð· %c4-vwxyzF�âã0��9äQstâã %c4
 

2�vwxyåæç /èéê��zFë�ìÏvwxy0'rtHvwxyåæç4íî0åæç@� +
1,ïðW�éêvwñNADH

�
CoQ

0xy4?-�³Gò0ó''r9íîqôõç4
 +

2,ö÷· A
�/éêvw� Cytb

�
Cytc1

0xy4
 +

3,ø%']e%�]ùú%']CO
/éêvwñCytaa3

� 0xy4
 ñ¥û*BìÏ0vw�¡éê9üZ9Àåæý�$%0þÿ9ÙÊ/½� ATP

4
 +�, %�$%qî  %�$%qî-� £¤{��k0M�9-�J0/>��4§¢£¤-C¨©�ª¦�þÿ4

 

1� %�$%qî .�/vw� NADH
º

FADH2���zxy	 0�
F9ä:;0/>D�	 ADP
½�

ATP
9Ù

ATP
0½��vwxy�
�9tH %�$%qî9���-�J ­w��4  %�$%qî�|'6��$%qî-@��0�|'6��$%qî-�2�|'ñ¥}�



 

�������� !
kaoyan.com"#����$%  &'()"#��*+,-http://download.kaoyan.com 

./0*123456789:;4<*=>�?8@�AB�89CDE
ADPFG ATPHIATPJKGLMNOPQRSTUVWXYZ[ \]WX^_`abXc

1,3-dWXefXghiJWXjkJlmnopHqrstuvwxyz{|} 

2~P�O ��WXY�� Wz�\P�O
ht�O��y��������z��F ATP

Jxy�}�
NADH��zY����yH�y��������zHFG 3

xy
ATPH� P�O �� 3

}�
3
xy

ATP
t��P��iFGJH�OP��t� NADH

�
CoQ �TH�dP��t� Cytb

N
Cytc1 �T ��P��t�

Cytaa3
�z�T}]¡¢ FADH2 ��zY����yH�y��������zH£VFG 2

xy
ATPHq P�O �� 2

}
 

3~zYWXYJ¤op¥¦ \
1
hzYWXYJ¤op¥¦

 
�§¨©ª«¬H�y��NWXYt­®opJH¯°¦±²³´µ¶·J�y��N

ATP
KG�¸P�¹x�H£º»�y��µuVKG ATP

J¥¦H¼�¤op¥¦}
 \

2
hzYWXYJ¤op´

 
V½¾¤op¥¦J³´¼�¤op´H¤op¥¦J¿Àt¤op´ÁÂ�y��S��FJÃÄÀyÅÆÇ��ÈÆH£É�y��µu�F ATP

}
 \

3
h¤op´ÊË

 ÌÍJ¤op´tYÎ[À 2,4-dÏjÐÑ \DNP
hHDNPÒÓXÔH�uÕ

pH Ö×ØÙZ H+ 
ÇÚÛ

H+
 ÜÝ

DNP ÒÞßÔHVà�WÞáxyâH°©ª«¬ÄãäJ
H+ 
lm�¬äH¢µÁÂH+ 

ÈÆ}åãHæyç«]��èé�FJêëéììíîèéHÒÞßÔHVN K+ 
æyï�ÙZH°©ª«ÄãJK+ 

lð�Ä¬µÁÂÃÄ��ÈÆ}ñãòÉó�ô±²F[õö©ª«¬ÄiJ÷ø¤opùúHûùúüGJÀy�ýØþÿÄãÀy�q�ý��Ä¬µÁÂÃÄJÀyÅÆÈÆHuVFG ATP
µ�F��°«��|} ¤op´N�y����´tuÕJH¤op´£ÁÂ¬Ä¸äÀyÇ��ÈÆHu�����J�y��H�	|
�y��H�º���[�xyzJÁ
H�uKG ATPH£�F��} 

4~zYWXYJ¥¦�� N�y��nopJzYWXY¥¦�������H��u��}�É�Ê��³�¤Úq��}��Ê����YÎop��cü�op��cYÎ�à��}
 \

1
hYÎop��

  ��y��S�ÚÛJ!�VþOPUV"#ST[K`$%ó�H&'(¤)qV�l�
ADP þKG ATP

}�uV¢���S*�UVST[J¿+}
 \

2
hü�op��

  ��y,�����ÚÛJ!�V°©ª«¬ÄùúÀ-Fü�.YµKGOÊUVK`$%ó�}�ÊUVK`)V�l�
F0F1-ATP /xy°�-Fü�.YH

F0F1-ATP/01%)V�l� ADP
KG

ATP
}

 \
3
hYÎ�à��

 
û���23F[YÎ4 Peter Mitchell 56J}7 ��y��JÙ¡)

H+ 
¢©ª«¬ÄiJ¬ä 89:�¬ÄJãäHôt�¬Ä¬ã¸ä�F; H+ 

JÅÆÈÆ}I¬ÄJãäN¬ÄJ¬ä�T<ÉOÊ=VHû=Vt H+ 
��¬Ä¬äJOÊ>?}

H+ 
��

F0F1-ATP /xyiJr@�ýAB�¬ÄJ¬ä}¯ H+ 
��¬Ä¬ä%HÚÛ6!�VJCD�

ATP
JZGCDnop}û��EFG�H�IJJK}

 ¿LMNzYWXY¥¦Jº»vw§OJ©ª«¬Äó�}¯¦PQRS�©ª«%HØ)©ª«¬ÄTUGVW�É²VWJTÄAXYZ[¾\KG]^«H¼�_©ª«] \¬Ä.�`laãh}�²_©ª«]�ÒÉº»zYWXY¥¦JbV}�c]JãdØe� F1f^«}¦géÇhùú/S��²c]%H¬ÄiJf« F1
�iHF0 j�Äi}�ÊS��Jc]�ÒÉ�y���JbVH�klZG ATP

JbV}¯) F1f^«m|��£É F0
Jc]%HzYWXY¥¦An0}�O¿L�N©ª«¬ÄTiJ/ \F0

h¾�y��J¥¦HµqiJF1tKG
ATP

JXwGxHF0
�

F1
tOÊ/J0Z«} 

5~Vo 



 

pqrstuvwxy
kaoyan.comz{uvrs|}  ~���z{uv����http://download.kaoyan.com 

��|��������
AMP�ADP�ATP

�����������|
ATP�ADP� AMP

����������� ¡¢£¤¥¦
Atkinson §¨©ª«�¬­¦®¯ª«°¢£±²ª³´µ¶�·¸��¹�º�»ª«¼½¾¿ÀÁÂÃÄ±ATP-ADP-AMPÅÆ�ª�µ¶¦ ª«Ç

 ¾È¨»ª«�¼½ÉÊË ATPÌ ADP
�ÍÎ¦ª«�Ï

0Ð 1.0
»Ñ¢£±Ò°

ATP
�»ª«¯

1.0
¦Ó�»¾ÔÕ�²ª³´Ö��×¼¦Ò¯

ADP
�»ª«¯

0.5
»ÅÆ±Ø·Ù�²ª³´Ú¦Ò¯

AMP
�»ª«¯

0
»Ó�Û²ª³´ÜÝÃÞß¦àáâÁª«²�¾ã 

ATP
�Âä»åæç

ATP
�ÔÕ¦èé°À»ª«²¾æçÝäêëìã íîêë»�ï»ª«ðñæçíîêëìã Ýäêë¦

 ª«òó°ôõ
ATPöADPÌ AMP

í÷�øùúí÷çûüýòóþàÿ�¦
 

5ö��Ä���ÅÆ ��ÂÃß¢£�±çû��î�	Âä�
NADH

°
ª��
õ��Ä����Ü�»�°
NADH�H+

¹��÷¾¿ôõ·��������ìç��÷���¦3-
³´�����õ�°×� ÿ�¦!õ�°£�±

NADH" H+ 
ß

3-
³´��#$ú%Õ&'³´()*+ï,Âä

3-
³´��¦

3-
³´��¾ç���Ä»ß��Ä��¹�

3-
³´��#$ú -./¯

FAD0%Õ&»Âä³´()*+Ì FADH2
¦³´()*+
¨��Ä»12%¯$�3Ä»FADH24$��5

CoQ
ç�67��Ü»89:ª;Â

2
íË

ATP
¦

 ß¥Ã�<ö=>?@���ÄÞßA·¸��BC»DEFG´-HI´��¦8¸BCß£J>��Ä��#$ú.úÒ°
NAD�»	¿£J±� NADH+H+ ÐK��Ä�LÂä NADH�

H+
¦Ïª�;ÂþÈ»EFG´

-HI´��MËN- 
³´����O P�N

-
³´����O QEFG´

-HI´��RSTUVÍ¦ WXYZ[\
 

 ]̂ _`abc 

1d        1d  efgh ]
biological oxidation_                                   

2d        2d  ijk ]
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13Cª��WRSÀÁÂÃV|RSÀÁwÄÅÆWZ[ 

ACNADÇXNADH                     BCÈ�É� a ÊFe3ËÌXÈ�É� a ÊFe2ËÌ 

CCKLM?/
IJ?

                  DCRSÍÎÏ/ÀÁÍÎÏ 

14C@ÐÑÒÓh����È�ÔhWZ[ 

AC¨ÕÖ    BC×¨Ø�     CCRSA?S     DCDE?ÙÚ 

15CÛÈ�}hÜÝ��kÞhßàáâãäWåæ[ 

ACATP        BC¨         CC�ç                    DCèéWêh 

16Cë§ìIJ? ÊKLM?/
IJ?RSÀÁwÄ + 0.03VÌíî©?ïð©?ñï ÊÆï/

ñïRSÀÁwÄ + 0.077VÌW¢òó¯ôV|õhö�W­SZ[ 

AC©?ïW·¸ì÷í             BC©?ïW·¸ðKLø?W·¸ì÷í      CCÆïðñïW»ù¾­S   DC©?ñïðKLM?W·¸ì÷í 

17C��¿úS«ûü«ýWþ�k�ÿZ}�W[ 

ACuv�^g���WÄ���ª��{	
�      

BC�z�{ðzwx{
��x�W�Ý 

CCHË��
	�õj�� ATP
¥¯¹

ATP 

DC��{	
�� HË}h����
	 

18C¿ú�Rÿ��|NADH��ô����{RSW��|����Vº WZ[ 

ACNADH!"#T��{
��� 

BCA?@$sG% NADH &'(
  
¨

 
å

 
æ

 

 �)*+d,
 

 Ê�Ì¨ÕÖ¼½[ ¨ÕÖ¼½V|-.¨ª�Â�¥W S�|/ 100£¤1Ö� 2
gxsG?|2��� 2

gx
NADH+H+ð

2
gx

ATP3 



 

456789:;<=
kaoyan.com>?9:67@A  BCDE>?9:FGHIhttp://download.kaoyan.com 

JKLMN O
1PQRSTUVWXYTUZS[\2]YTUZS^_X`TUabcdTUYefghYijklm[\
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TUZS��Ð��ÒÓq���[��UÒÓq���Ð¨©U§�h¨©Un·�d�

-
gÆYUn·�h¨©U§�Ð��q���vS­�¸¹q���yfgU���hYTUZSTU��hTUQRSTU��vTUÆSÇÈq���Ð 6-
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1+S­� (glycogenolysis) 

2+Q
�

 (Q-enzyme) 

3+�U�� (lactate cycle) 

4+³� (fermentation)   

5+m��� (allosteric regulation) 

6+S�_ÇÈ (glycolytic pathway)  

7+SqyzzV (aerobic oxidation) 

8+,S×^_ (glycogenolysis)  
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9CDEFGHI (pentose phosphate pathway) 

10CD-J KD-enzymeL 

11CGMNE Ksugar-nucleotideL 

 KOLPQRSTUV 

1WUDPG Xuridine diphosphate-glucoseY      

2WADPG Xadenosine diphosphate-glucoseY 

3WF-D-P Xfructose-1,6-bisphosphateY 

4WF-1-P Xfructose-1-phosphateY 

5WG-1-P Xglucose-1-phosphateY 

6WPEP XphosphoenolpyruvateY 
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2Aqrstu<vwxIyZz4{|n 

AA012}~2�.�i   BA��D�i 

CA012ZT��i       DACD�2{|     EA���?@ 

3A2ZT��iZ���'?n 

AACO2+H2O+ATP         BA�D 

CA��D                DA�� CoA 

4A34�'QR�NO'WXjkZTn 

AA�_OX              BA��WX 

CA2�OWX012      DA2�WX       EA���? 

5A���O'(<���012�2T��i��O ATP
���n 

AA12     BA24     CA36     DA38     

6A&'WX�2Zz47?n 
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7A�I�2�OWX012Z'�?n 
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8A��Dg7?¤{|ZU¥7n 
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9A��D¦i7?§�¨{|ZU¥7n 
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10A¯'°±²³´<µv¶·z42¸¹{|n 
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AA2�O              BA2�. 
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27�9kþ�#$���'�� P� ADP
Gf

ATP. 

A�3-
7�DEAù7�bcdM4� 

B�1C3-67�DE�ù7�bcdM4� 

C�1-
7�{|9ù 1C6-67�89 

D�6-
7�{|9ù 2-

7�DE�
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A´ÈÉÊËÌÍÎÊ     BÏÐÑÒÊËÓ-ÔÕÖÊ ×
CØÓ-ÕÖÊËÈÉÙ CoA    

×
DØÚÛÊËÜÙÝÊ 

29ÏÞÖÊßàáâãäååæçèéêë ×
AØìíÑÒÊîïð   

×
BØìíÈÉÊñòð ×

CØàáóôõö       
×
DØìíÞÔÊñòð 

30Ï÷øùâîïâúûçüýþÿ�øùâ�����ß�Ê��éë 

    
×
AØ1     

×
BØ2    

×
CØ3     

×
DØ4     

×
EØ5 

 ×	Ø
��á
 ×
 Ø1ÏÓ-��ð�-��ðã����Ó-��ð��-1

ç
4
â��ç�

-��ð���-1
ç

4
â���

 ×
 Ø2Ï��â
÷øùâ�Ûâ�ïã�â� ×
 Ø3ÏATP


Ûâ�Ê�ðã �ìí!�
 ×

 Ø4Ï"â#�$%&�'(ç)*ÞÔÊ+,-ô./01îïøùâ� ×
 Ø5Ï2ä34�ÊÕâ$%ã5úß6
�789ã.:;<=>?@ã� ×
 Ø6ÏA#)B�CDEFG(� ×
 Ø7ÏHæ ATP

-ô>ã�ÙIJKLM/NãðOé�ð�
 ×

 Ø8ÏP0/QãÝÙ CoARßSéâÐ@ã01� ×
 Ø9ÏÑÒÊ89
-��îïãTU$%� ×
 Ø10Ï�âV01WX>YZ[ãâ\�Ê
 CDPG

�
 ×

 Ø11Ï��çâúç]^_ã@0îï`a[ bc0de�� ×
 Ø12ÏfgâúÐ@SU�:hÊ89ãð
ÞÔÊhæð� ×
 Ø13ÏâÐ@SUãi�<=
ÜÙÝÊjï�ÊklmÞÔÊã<=� ×
 Ø14Ïâ#�no�äåpåqrs6ßG(� ×
 Ø15Ï�tåqrsçÞÔÊ5úéuÊãvw
x NAD+y@� ×
 Ø16Ï��+z0>���Êæð{)HæÓ-1

ç
4
â��ãjïç|)HæÓ

-1
ç

4
â��ã-��

 ×
 Ø17ÏTCA

>}0�~�Êæ��@ïã

ATP
�

 ×
 Ø18Ï:hÊ89ã>�?0)Bjï��Ê� ×
 Ø19Ï�z0/Qç�âãîï�[
�n�â�ÊæðHæã� 

 ×�Ø�ï<=më  

1ÏÞÔÊ + CoASH + NAD+ 
Ë

 
ÝÙ

CoA + CO2 +
×
      Ø 

   
Hæ�<=ãð��ê�èôë×

         Ø×     Ø×     Ø×     Ø 

2ÏÓ-ÔÕÖÊ + NAD+ + CoASH 
Ë

 
×
           Ø+ NADH + CO2 

   
Hæ�<=ãð��ê�èôë×

         Ø×     Ø×     Ø×     Ø 

3Ï7-
�Ê���Ôâ + 3-

�Ê���
 
Ë

 6-
�Ê

-
Ûâ

 + 
×
         Ø 

   
Hæ�<=ãðë×

              Ø 

4ÏÞÔÊ + CO2 + 
×
    Ø + H2O 

Ë
 
×
        Ø + ADP + Pi + 2H 

   
Hæ�<=ãðë×

             Ø 

5Ï×      Ø + F-6-P 
Ë

 
�Ê�â

 + UDP Hæ�<=ãð
ë×
         Ø 

 ×�Ø��
 

1ÏâV01�@0/Q���SU� 
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3¯ÉÊËÌÍÊËÎÏÐÑÒÓÔÕÖ×ØÙÚ 

4ÛÜÝÎÞßàáâÚãäåæÚ 

5ÛçàèÉéêãÜÝëìåæÚ 

6ÛíÜÝÉîïéêðñëÙNADHòóôõö÷ NAD+øùôáâúûÚ 

7ÛÉüïÊËýþ EMP-TCA
éêÿ���ýþçàèÉéê�����ÎÜÝÚ

 

8Û��	
�àÙ÷ÉÐ�
 

9ÛÉîïÙð�����ÊËðãäÔûÚ 

10Û��� CoA
ÙÊËØ����ã�ÒÚ

 ����� 
 !"#$%ï&' 

1ÛÉ(ë')É�* !+
,à
 -à ./ 

ëÉ�0à1#23í45ÉÙÐ�
 

2ÛQ 6'Q 6Î��789:;÷Ù6
<ùÎ�=89:ü>?@ö;÷ 
!A

-1
�

 6#ÉBC�D÷789:

 

3Û-àáâ-'àáâÎEFGHõIñëJK-à�JLüMNOPQRS�ÏÐÉ(ëTûRÉUV45ÉWXNÉ�NÉýYôFGúû�Z[D÷Ùáâ\-àáâ
 

4Û]î'^õã_`aÉîïë÷ NADH
ðÙbcd
,àefgÙñ�Þß�hië÷ÞjÙÐ�\iíkl]î
+mnbcdo,à
ë÷-àpq-à]î
 

5Û3rst'3rstÎEuÒst�ù�6ÙstLvw;h6ü>Ùrx]ëy3�z{y36Ù|}�\6Ù3rst
 

6ÛÉîïéê'ÉîïéêEÉUV45Éü>üï~ë÷
,àÙ���Î`�ÉÊË���éê
 

7ÛÉÙãõõö'ÉÙãõõöE45ÉVÉU�ãõ���õö÷�Ì�õö�ÙÐ�
ÎÉõöÙ����

 

8ÛRÉUüï'RÉUüïERÉUüïí45ÉÙÐ�
  

9ÛçàèÉéê'çàèÉéêE_`uÒ�� !+R�Í���1#� 6-
çà45Éí×���

6-
çà45Éeb6@ö�D÷ 6-

çà45Éàÿ{ÊËë÷çàèÉíð�ÊË�ÙÐ���\íçà�É��

 

10ÛD-6'"�ÉB2�6�Tû�A-1
�

4
ÉBC�n"����ÉÙ��2�Q45É���ÉV���É?
 

11ÛÉ�Bà'�É��BàÏÐçà�Cw;Ùö;��Î ÉÌ�É;÷ð�ÉÙ|öD��¡`
 

 !�#¢£¤¥¦§' 

1Û        1ÛUDPG
'¨B�çà45É�Î;÷©ÉI45ÉÙ¡`


 

2Û        2ÛADPG
'ªB�çà45É�Î;÷9:I45ÉÙ¡`


 

3Û        3ÛF-D-P
'

1
�

6-
�çàmÉ�«çàmÉ¬6@ömÉ-1-

çàë÷�­�®ùçàö;���ÉîïÐ�ë÷

                         

4Û        4ÛF-1-P
'mÉ

-1-
çà�«mÉ¬6@ömÉë÷�¯°®ùçàC
 

5Û        5ÛG-1-P
'45É

-1-
çà
«45É¬6@ö45Éë÷�¯°®ùC
 

6Û        6ÛPEP
'çà±j�
,à�°®ùçàC�­�®ùçàö;���ÉîïÐ�ë÷
 

 !�#²³´ 

1ÛA-1
�

4
ÉBC

 

2Û2� ATP 

3ÛµÉ¬6¶mÉçà¬6¶
,à¬6 
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4ÍÎÏÐÑÒÓÔÕ 

5ÍÖ×ÏØÙÕÚÛÖ×ÏÓÔÕÚÜÝ ÞßàÏÓÔÕ 

6Í6á ATP 

7ÍÐÑÒ 3-
ÎÏ

 

8Íâãäåæçèéêëæ 

9ìíîçèéïðçñèéïðç6-òåóôõö÷æç6-òåóôõåö÷æçNADP 

10ìøõ 

11ìUDPG
çùõ

 

12ìúûüçóôõçýþåçATP NADH 

13ìÿ�òåéæç��æç�-1�6
õ�æ

 

14ì���åö÷æç�- 
þ	
åö÷æ

 

15ì���å��æç
ùå��æ 

16ìýþåçýþå��å 

17ì1�3-

òå��åçòå���ýþå 

18ì�åç��ç��å 

19ìTPP
ç

NAD+
ç

FAD
ç

CoA
ç��åç

Mg 

20ì�þ�æçTPP
ç���æ

 

21ì�-
þ	
åö÷æç�����æç
÷��åö÷æ

 

22ìòå���ýþå�æçATP
ç

GTP 

23ìUDP-
óôõç

G-1-P  

24ì�-
ÿ�æç !ÿ�æç

R
æç"#õæ

 

25ìÿ�òåéæç��æçö$æ 

26ì%&ç'(üç)åç*+ 

 ,-./01
  

1ìB23456789459:;<óôõ-6-òåæ=é> 

2ìB2 

3ìA2?@åABCDEF 2
îG�

CoAHI 2
î

CO2�JKLH+M NAD+N FADOPK� NADH+H+N FADH2�QRSTUVWXYèéòåéZ[K�\N ATP 

4ìD2õë�]^_Nÿ���:;`abcTde> 

5ìD2<óôõK�ýþåJK 8
î

ATP�ýþåK�G� CoA
8JK

3
î

ATP�G� CoA
QR?@åAB8K�

12
î

ATP�2
îýþå8

15
î

ATP�fK� 38
î

ATP
>

 

6ìC2 

7ìD2G� CoAghQR?@åABc��7hiõ�K��óôõ> 

8ìE2ýþå�æ6õj�klL3
îmnæop>

 

9ìA2ýþå@éæ6õ�KklLmnæ�=éýþåK�q�GåL:;> 

10ìB2rstuvwx�yúûLz{õ|}6õL~èèé�JK��Lh�> 

11ìE26-òåóôõå6òå	õkl��~L���6õj�L��Jb> 

12ìD2õ'(�õN'(ü�OLn�õ�n> 

13ìD2sòå	õklLñèéïð�K?�õ���õN��õL����> 

14ìD2 

15ìD2?@åABfK� 2
î

CO2�c&sK�-
þ	
åL:;N�L�p4HI> 

16ìC2 

17ìC2��æ=éL689:;�8=éòå
�ýþN 3-òå���K�ùõ 1�6-

òå> 
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18¬C­®¯°±²¢³´µ¶·¸¹º»°¼¨½¾¿ÀÁ CoAÂÃ¿À°�ÄÅÆ 

19¬D­ÇÈ°ÉÊËÌ¼ÇÈ°ÂÃÍÁ CoA
¨ÎÏÐÑÒÓ

NAD+ÔCoAÔTPPÔFADÔÕÖ×Ø 

20ÙEÚÛÜÝ×ÞßÒàáÐâãÓäå×æçèéÐäêëìíîïðØ 

21ÙBÚñòóÓåáÒÐÑÒÔôõö÷øù×åáÒÎÏñòóúûÑÒØ 

22ÙCÚüäå×æçèéýÔþñÿá��âãÐÒýÔö÷��×ÞßÒÐÑ��Ó FAD
Ø

 

23ÙCÚü���	�Ûñèé
þñâãÐÒÓü���ýàá��âã
�ÐÒÔôõö÷ 3-�×���ÞßÒØ
 

24ÙDÚü÷ÿÐ��� 1�����ÿáñ� 38
ê

ATPÔü�ÿ���ñ� 2
ê

ATPÔ�� !Ó 19Ú
1
Ø

 

25ÙCÚàá"#$%&áû'#$%ÐÒÓ Q
ÒÔ(àá'#$%Þ'ÐÒÓ R

ÒØ
 

26ÙAÚ)-
$%Ò	Ð*+Ó,�-

70./0Ô(1�-×Ô2--
$%ÒÓ34ÒØ

 

27ÙBÚü���èéþñ5678ò9:�×áâãÔð7Ó 1Ô3-
��×��×ñ� 3-�×��×ÐâãÔ;<Ó�×=>?øù×ñ�øù×ÐâãØ 

28ÙCÚ@-
ùA�×ñ���B

CoACñðê NADHÔ@��B CoA
ñ���×ÐâãCñðê GTP 

39ÙBÚø�×Ó��×ÐDEFGHIÔDEJ��×ÞßÒKLØ 

30ÙB @��ñ� 6-�×���MNðê/O�×PØ1-�×���&Q� UDPGÔR1 UDP
ÞSÔTUV

1W� UTP
&áû

UDPÔMNðê/O�×P 

 XäYÓZ[\]
 

1Ù^Ú)-
$%Ò	2-

$%ÒÐ*+Ó)-
$%Ò-

70_Ð/0Ô2-
$%Ò-×Ø

 

2Ù^Ú`a�Ó���J���b�Ðc� 

3ÙdÚ�×e�fÒÓQbÒÔghFi ATP
GHÔATP

ÐGHúj�i
AMPk�&Ôl<Ô�×e�fÒ�iÜÝ×kGHØ 

4Ù^Ú�ÛñmnÓ���Ðop�qÔgýÐn��
�ÎÏ;<ÐÒàár�Ø 

5ÙdÚA��×stWûÿáuv	ZÿáuvÔÿáuvÐ3

âãCñ��OÔZÿáuvwqW�xyÔnCñ��OØ 

6ÙdÚ  

7ÙdÚ 

8ÙdÚzò{|n}ü~�×æçstÔnO�~B CoA
&á��Ø

 

9ÙdÚäå×æçý�Cò��j�L��4×Ô�B~×���ÛñL����Ô�����Ðøù×Ô��×ÿáñ�Ð~B
CoA ���×	���×Þ�ÿáñ�Ð-

ùA�×	�B~×
�äå×æçW�Ø
 

10Ù^Ú�ÛñÐ�PâãÓøù×ñ��B~×Ðâã@øù×åáÒàáÔøù×åáÒÓQbÒÔ�~B
CoA 

ÐëìØ
 

11ÙdÚ 

12ÙdÚøù×åáÒÓQbÒÔ�~B CoA
ÐQbë�Ôü��~B CoA ��÷hFÔ��ýÐATP/ADPÐ !�/�wåáújØ�B~×�Ó�ÛñÐý�CòÔ�Óäå×æçÐý�CòØ/��Ð~B

CoA��B~×��ñ�Ø� ATP
��/�äå×æç _¡¢Ô�Ûñúj£¤Ø 

13Ù^Úü¥ò{|Ô¦�ÐL�§ÏÓ¨è�×¦�L�ÒstØ 

14ÙdÚ���Ó@���ñ�øù×ÐèéÔ©Ó���÷ÿÿá	�ÿþ�Ðª«stØ 

15ÙdÚ 

16ÙdÚ$%�×áÒàáÐâãÓ��âãÔ¬âãàá)-1Ô4
�­PÐL�Ô�âãàá)-1Ô4

�­PÐW�Ø 

17Ù^ÚTCA
ý8ò9:�×á"®ñ�ÐÓ GTPÔTUVðê ATP

Ø
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18ÅÆÇÈÉÊËÌ³»ÍÎÏ-ÐÑÒÊÓÔÕÖ×ØÙÚÕÊÛ 

19ÅÜÇÝÞßà»áâãÞäåÊæ UDPG
Û

 

 çèéêëìíîï
  

1ðñòó + CoASH + NAD+ ô õö CoA + CO2 +

ç
NADH + H+

é
 

   ÷øùìíúûüýþÿ��ïçñòó��ûéçTPP
éç

FAD
éç

Mg2+
é

 

2ð�-
ò��ó

 + NAD+ + CoASH ô 

ç��ö
-S-CoA 

é
+ NADH + CO2 

   ÷øùìíúûüýþÿ��ïç�-
ò��ó��ûéç

TPP
éç

FAD
éç

Mg2+
é

 

3ð7-	ó
��ò
 + 3-	ó��� ô 6-	ó-�
 + 

ç
 4-	ó��
 

é
 

   ÷øùìíúûïç��ûé 

4ðñòó CO2 + 

ç
ATP
é

 + H2O ô 

ç�öõóé + ADP + Pi + 2H 

   ÷øùìíúûïçñòó�øûé 

5ðçUDPG
é

 + F-6-P ô 	ó�
 + UDP ÷øùìíúûïç�
	ó�ûé ç�é��� ç����é
 

1ð�ïç1é
 !"#$%&!ú'�()*+,
-&!./0+12ú3�45678ú(8,9&:;<ú=�>
 ç

2
é
 !"?ý3�ú@AB!,CDEF�ëGH"

 IJúKL?M.ýþKNúO)> ç
3
é-PQ@
 !"RGH"

 Só IJTUDV�WX-,YZ[�!\�]^_`a$4b�ú&!c(>
 ç

4
é
 !"d#&!.úb�eëë\>

 

2ð�ïç1éf�ógh#õö CoAij%ø&ë CO2
ü

H2O
úkl>

 ç
2
é
mnB&úKoLijpqf�ógh%ø> ç

3
éIJ\�B&ú��Crs^%%øpqf�ógh%ø,IJó0t-

%øB&õö CoA
Cpqf�ógh%ø> ç

4
éGH"\�B&úuvó0�uwKoLCpqf�ógh,xy,f�óghú@AB!CEFuvóúKoLz{uw�ë|=uvó>}D,f�ógh#f7!"mn~xr�>

 

3ð�ïç1é
��s�@B&ú	ó��ñòC��F	ó��,CEFIJ�ë@��ú��> ç
2
é^%%øs�@B&úõö CoA

#IJóüò.ú�ë��> ç
3
éIJó\�B&úõö CoAijpqf�ógh%ø> ç

4
éò.%øB&úõö CoAijpqf�ógh%ø> ç

5
é��0	ó���ûE�w,��F	ó��ñòpq
mn> 

4ð�ïõ�ógh#^Mómngh,þX-��!ü�&!@,C\F��ìí,��õ�óghRf�ógh^+Z~xúû1üìí,�ý�ë#f�óghú+���>gh�+���
2
\�õö CoA

,xyB&
1
\���ó>��óB&w,Cpqf�óghmn,�0
$&kl��F��


 õ�óghú��ï ç
1
éõö CoA

0õ�óghCDüf�ógh���,��f�ógh@AB!ú ¡> ç
2
éõ�ógh#�&!¢�õóEFK)úkl*+> ç

3
éõ�ógh#���!�IJ��F
üuvóúkl>  

5ð�ïç1éB&ú5-	óS
#&ëS
,`£S¤ó,S¤óÿûüSóú��> ç
2
é&ëú

NADPH+H+
#IJó�ëT_`ìíú9�.> ç

3
éùklB&ú4-	ó��
R 3-	ó��óCDCë¥�ó,p4��F¦§¨uvó> ç

4
éklB&ú

NADPH+H+
C��F

NADH+H+
,p+�%øB& ATP

,©9ª\(8>
 

6ð�ï
\�mnC« EMP-TCA
klp¬,­C«	ó�
kl,®¯�N#(°±²,(°³y
\
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