
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 168701

λ¶¶¶ÿÿÿNNNMMM


/���)))===���NNN������½½½������*

¾�1) ¶�1)† �h1) Û�E2)

1) ( >f�E�Æ)·�Æ�EâÆ�, ²&E��Ü­:¢�¿,)Ô&E¥%, ¤Ñ 610054 )

2) ( S���ÆÔn�Æ�EâÆ�, nØ)ÔÔn¢�¿, �ÚÓA 010021 )

( 2011 c 12 � 12 FÂ�; 2012 c 2 � 16 FÂ�?Uv )

� λ¶ÿNa/���\ÿ´ïÄ)ÔÄÏN��ä�­�����. �âTN�XÚöpf�N��x�
p�^A:, |^9åÆ�©¼ê£ãN��x�öpf�(ÜVÇ, 3�ÑTN�XÚ�ÄåÆ©
�Ä:þ,

O�XÚ�½��9åÆ�. (Jw«, M
�Ú�)��Q:Ú©
:äk�$���, �M
����$, `²
?uM
��XÚäk�p�)ÔS.

'�c: λ¶ÿN, M
/�)=C, ©
, �

PACS: 87.18.Vf, 65.40.Gd, 02.30.Oz

1 Ú ó

ÄÏN��ä´�X� DNA S�ÚN��x
�¤��p�^NX, §^5N��äSÄÏ�=
¹Ú�x��L�. ,
, ù
N��äÏ�9�
þ�nE,�zÆ�A,¦�<�J±l�*þé
Ù?1�\�
)ÚïÄ. �
�Ð/@£ù
�
ä�ÄåÆL§, <��ï
�«�ä�., 5

)N��ä�SÜCz5Æ [1−22].
λ ¶ÿNa/��\ÿN�XÚ´ïÄÄÏ

N��ä�ïÄ�~ [1]. λ¶ÿNa/��\ÿ�,
¾Ó¬?\e¡ü«å»��: 1) �[ÿ©��,
¾Ó¬òg� DNA (Ü��Ì[ÿ� DNA ¥¿
��Ì[ÿ DNA �E�
E�, ù«å»�@�
´M
y�, ¤?G��¡�M
�; 2) ¾ÓÏL
[ÿ�©f(�5�þE�¾Ó, ¿3àk�Ì[
ÿ±�º�ù
¾Ó, ù«G�¡��)�. ¢�
ïÄuy, z�[�z��M
y���½��Ç
��� 10−7, 
�¹3M
y�¥�z���ÄÏ
|âCÇ3 10−6—10−7 �m, �Ò´`M
�$
�'ÙÄÏ|���­½. d	�uy, �TXÚ
?u,
A½^�e, Xb	1ì�, M
��±

=C��)�. ù�X�y�´d��@ÄÏN�
XÚ¤��.

L�� 20 õcp, 3¼�TN��ä¥�N
��xÚöpf�p�^�½þ¢�êâ�Ä:
þ, �ïó�öJÑNõU
�[TXÚ�êÆ�
.5)ºù
y�. @3 1982 c, Ackers � [2] J
Ñ��ÚO9åÆ�., ýÿ
éÄf PR Ú PRM

�³�­�, y²
³��x(Üü�� :��
Ó5. 1985 c, Shea Ú Ackers[3] uÐ
¦���
., �ÑN��x CI2 éöp :��Ó5�¦M

�3	.�6e�±­½. ����mp, <�
�JÑ
Nõ�.5ïÄTN�XÚ, �ù
�.
�õêÑ´Äu Ackers �ÚO9åÆ�.. ~X,
2002 c Aurell � [5] éTXÚM
��­½5?
1
ïÄ, ¿�â�.ïá
�
¢���y cro

Ú cI ÄÏ3M
�[��L�. 2004 c, Santillan
Ú Mackey[6] |^�Ä
�möpf (OL Ú OR),
� 1200 ���ÚO9åÆ�.ïÄTXÚ�M

/�)=CA�, ¿Øy
 CI �àNé�mýö
pf��Ó5(Ü�JpM
��­½5. Óc,
Bakk � [8] =|^mýöpf� 40 ���ï��
., ?Ø
mýöpf�¯a5. ,�
ó�K3
ÚO9åÆ�.�Ä:þ, 3N��x CI Ú Cro
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�ÄåÆ�§¥�Ä
�ÅD(, ¿ïÄ
XÚV
­�É�Åå�K� [9−11,14]. Lou � [15] Ú Wang
� [16] �[�Ä
�x� DNA �AÉ5(ÜÚ�
AÉ5(Ü, ½þïÄ
 λ ¶ÿNM
/�)=C
Ån, ¿|^ÄuÙ��.�ê��Åó�{ïÄ
TN��ä�ÄåÆ5�. Gedeon � [17] |^Ú
O9åÆ�.ïÄ
�x� DNA �p�^��
Ó5é=�m'�K�. d	, Nõó� [14,17−19]

òT�.lïÄ�).N�XÚí2�ïÄâC
.N�XÚ, ¿ýÿ
âC.N�XÚ�Nõ5
�, �¢�ïÄJø
��. �C, Avlund � [20]

ïÄ
M
/�)ÀJ3D(K�e���N�£
´, @� CI �xUk�JpXÚéDÑ�°�5.
Cao � [21] 3ÚO9åÆ�.�Ä:þ, ò�x CI
Ú Cro �Cz^lÑ.Ì�§£ã, ?Ø
XÚM

���)�=zVÇ. Joh Ú Weitz[22] |^�Å
�.ïÄ
¶ÿN�/��\ÿ�, XÚïáM

5½r��)��U5. ¦+ù
ó�)û
¶ÿ
N�/��\ÿN�XÚ¥��
­��¯K, �
3�céTXÚ�ÄåÆÚ9åÆïÄ¥, E,�
3Nõ��)û�¯K. ~X, M
��ÛXd­
½, ±9�)­��ÛvkM
­��­½5p�
E"�7��Ôn)º; l¶ÿN?\��\ÿ�
M
��ïá�L§´XÛu)�; N, Q Ú CII �
�x3V­�N�¥�ü��ÚÑ�Ø�ß. �©
ò&¦M
�Ú�)�­½5�Ôn)º.

Nicolis Ú Prigogine[23] Q�Ñ, �|^(½5
�{!�Å�{Ú9åÆ�{ïÄ)Ô�g|�
¯K. DÚ�ïÄ�{þÄucü«. �C, ·�Ä
u Lehninger � “�²L�n”[24], |^ÄåÆ�.
éTN�XÚ¥�AaÛ:���)Ç?1
O
� [25,26], uyM
� (�:�) ���)Ç$u�
)� (�:�) ���)Ç, �þ$uQ:�Ú©

?õ­Û:����)Ç. �©ò3DÚ9åÆ�
.�Ä:þ, ïÄXÚ�©
1�; 3Û�²ïb
��cJe, l9åÆ�ÝïÄXÚ½��&E�,
ãåJø���\-<÷¿�M
G�­½5�
Ôn)º.

2 �äN��ª

�þïÄuy [8,25], λ¶ÿNa/��\ÿN
�XÚÌ��N�L§Ñu)3mýöpf OR,
Töpfdn�öp :�¤: OR1, OR2, OR3.

éÄf PRM ��CX OR3 ¿Ü©CX OR2, éÄ
f PR ��CX OR1 ¿�Ü©CX OR2. � RNA
àÜs (RNAp) � PRM (Ü�, =� OR3  :(
Ü; RNAp � PR (Ü�, Ó�� OR1, OR2 (Ü, X
ã 1 ¤«.
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� � � � �
� � �

� � � 	 � 
 	 � � 	 � �
ã 1 λ¶ÿNa/��\ÿN��ä«¿ã (a) M
�
N�; (b) �)�N�

CI2 Ú OR ( Ü�, � � C = ¹ å©�  
: OR1, OR2 (Ü�r. CI2 Äk� OR1, OR2 (
Ü, ü½
 RNAp �mý@ÏéÄf PR �(Ü, l

{�
@Ïöpf�=¹ÚÙ¦ÄÏõU�L
�. CI2 � OR1 (Ü���O\1�� CI2 � OR2
(Ü��Úå, � OR1, OR2 Ñ� CI2 (Ü�, ù
«�p�^��Ø2ò�� OR3, =3��M
ÿ
Ï~� CI2 �xßÝe, z�öpÄÏþ� OR1,
OR2 �Óâ�, Ø2Óâ OR3. e OR1 ÏâC
ð
z, @o CI2 �x(Ü� OR2, OR3, = CI2 � OR2
(Ü�Ï,�� CI2 (Ü OR3. ù«�Ó(Ü�(
J´3)nßÝeO\ CI2 �xéöpÄÏ��
Úå.

Cro2 Ú OR (Ü�, é OR3 ��Úå�u
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é OR2 ½ OR1 ��Úå. ¤±§Äk(Ü OR3,
?
³� RNAp (Üumý�±éÄf PRM, ,
� Cro2 (Ü OR2, OR1, Ïd Cro2 k³� cI ÄÏ
=¹��^. Cro2 � OR �n� :(Ü�, �ä
k�Ó5.

ã 1(a) ¤«, 3M
�, cI ÄÏmé, cro ÄÏ
'4. cI �Ô CI �xgu/àÜ¤�àN CI2. Ó
�, cro �Ô Cro �xgu/àÜ¤�àN Cro2. d
u�Ó5, 3���M
�, �õê OR1, OR2  
:� CI2 Óâ. ùkü��^: Ù�´éÄf PR

�³�; Ù�´3éÄf PRM þ�=¹�éÄ. (
Ü� OR2 þ� CI2 ØK� RNAp �éÄf PRM

�(Ü. ,��¡, �àN CI2 ³� cro =¹!�
È¤ Cro, Jp CI ��). ,
XJ CI2 �ßÝ
�~p�, CI2 � OR3 (Ü�VÇòO\, ùò³
� RNAp � PRM �(Ü. ù�, 3 CI2 ßÝØ�
p��ÿ, CI2 ÏLO\ cI =¹!�È¤ CI �x
5N!g��ßÝ, ÄK�ÏL³�ÄÏ cI �=
¹!�È5N!g��ßÝ.

XJ CI2 �ßÝü$, OR1 ÚOR2 Ø� CI2 Ó
â�VÇÒ¬O\. ùé�U¦ RNAp (Ü� PR

þ, ¿�m© cro ÄÏ�=¹, l
�� Cro2 ßÝ
�O\. � Cro2 ßÝv
p�, Cro2 � OR3 (Ü,

³� CI ��), ù�Ò=���)�, Xã 1(b) ¤
«. 3ù��, cro ÄÏmé, cI ÄÏ'4. � Cro2

ßÝ�p�, Cro2 � OR2$� OR1 (Ü, ³� Cro
��).

3 N��ä��

Boltzmann 3ïÄ9åÆXÚ©f$ÄÚOy
��Ä:þ, JÑTXÚ�9åÆ� S, L«�

S = k lnW , (1)

Ù¥, k �À�[ù~ê, W �XÚ��*G�
ê (½XÚ©f�G�ê).

Shannon ò9åÆ�Ú\�&EØ, ^5ïþ
���ÅCþÑy�&Eþ�Ï"�, ½Â�

H = −
∑

Pi lnPi, (2)

Ù¥, Pi �XÚ,�G�Ñy�VÇ.
du9åÆ� S ��*��Ý�Å Liouville

�§, &E� H �VÇ©Ù�Å Kolmogorov �§,
�ö�9�gdÝØÓ,´ÝK'X [27]. Ïd, �
ÏLO�&E�5ïÄ λ¶ÿNa/��\ÿN
��ä�9åÆ5�.

L 1 λ¶ÿNN��ä�möpf�Óâ� 40 «G��Uþ�

(Ü� E/kcal·mol−1 (Ü� E/kcal·mol−1 (Ü� E/kcal·mol−1 (Ü� E/kcal·mol−1

000 0 001 −12.5 010 −10.5 100 −9.5

011 −25.7 101 −22.0 110 −22.9 111 −38.1

002 −12.0 020 −10.8 200 −13.4 022 −23.8

202 −25.4 220 −24.8 222 −37.1 021 −23.3

012 −22.5 102 −21.5 201 −25.9 210 −23.9

120 −20.3 112 −34.9 121 −32.8 211 −39.1

221 −37.3 212 −35.9 122 −33.3 033 −12.5

300 −11.5 133 −22.0 301 −24.0 310 −22.0

233 −25.9 302 −23.5 320 −22.3 333 −24.0

312 −34.0 321 −34.8 311 −37.2 322 −35.3

�â λ¶ÿN�/��\ÿN��ä¥n«
N��x (CI2, Cro2, RNAp) �mýöpfn� 
:�(Ü�¹, �Ñy 40 «ØÓ�(ÜG�, X
L 1 ¤«. L 1 ¥l��mn�ê�©O�Lmý
öpfn� : OR3, OR2, OR1 �Óâ��¹, ù
p 0 �LT ����G�, =Ã�x(Ü�T 
�, 1 �LN��x CI2 (Ü�T :, 2 �LN�

�x Cro2 (Ü�T :, 3 �L RNAp (Ü�T 
:. ùn«�x�mýöp :m��p�^Uþ
®d¢�ÿ� [6], ¿3L 1 ¥�Ñ.

éuþã 40 «G�, z��G�u)�V
Ç Pi �mýöpf OR ÚN��x CI2, Cro2,
RNAp ©f�C��½ål�VÇ Pai Ú§��
m�)(Ü�VÇ Pbi �¦È, =
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Pi = PaiPbi, (3)

Ù ¥, Pai ∼ [CI2]αi [Cro2]βi [RNAp]γi , Pbi ∼
exp(−Ei/RT ), Ei ´1 i G���p�^U, R

´n � í N ~ê, T ´ý é § Ý. 3 ù p · �
� T = 37 ◦C, ¤± RT ' 0.617 kcal/mol. [CI2],
[Cro2], [RNAp] ©O�L CI2, Cro2, RNAp ©f�
ßÝ. αi, βi, γi ©O�L CI2, Cro2, RNAp �x(Ü
umýöpf1 i G�e�©f�ê.

dVÇ8�z, z��G�u)�VÇ Pi �
ÏLeªO�:

Pi =
exp(−Ei/RT )[CI2]αi [Cro2]βi [RNAp]γi

Z
, (4)

Ù¥,

Z =
∑

i

exp(−Ei/RT )[CI2]αi [Cro2]βi [RNAp]γi ,

¡��©¼ê. Ïd, XÚ�&E��L«�

H = −
40∑

i=1

exp(−Ei/RT )[CI2]αi [Cro2]βi [RNAp]γi

Z

× ln
exp(−Ei/RT )[CI2]αi [Cro2]βi [RNAp]γi

Z
.

(5)

d u � � � \ ÿ �)� � Ç µ ' 2.0 ×
10−2 min−1 �, 3 z � � Ì [ � ¥ � k 1500
� RNAp, Ï d, RNAp � ß Ý [RNAp] '
3.0 µmol/L[6]. 3úª (5) ¥, Ø [CI2] Ú [Cro2] 	,
Ù{þ�~ê, Ïd, � H �N��x CI2, Cro2 ß
Ý�¼ê, L«� H([CI2], [Cro2]).

üN CI Ú Cro 3/¤éA��àÔ�,´��
Ä�²ïL§. d©z [6, 25, 26], �àÔßÝ [CI2]
Ú [Cro2] �oNßÝ [CIT] Ú [CroT] �'X�

[CI2] =
1
2
[CIT] − KCI

D

8

[√
1 + 8

[CIT]
KCI

D

− 1

]
, (6)

[Cro2] =
1
2
[CroT] − KCro

D

8

[√
1 + 8

[CroT]
KCro

D

− 1

]
,

(7)

�ª¥ KCI
D Ú KCro

D ©OL« CI Ú Cro �à�^
�)l~ê, dL 2 �Ñ. ?
� H �N��x CI
Ú Cro oßÝ�¼ê, L«� H([CIT], [CroT]).

� e 5 � Ä [CIT] Ú [CroT] � ü z /ª.
- [McI ] Ú [Mcro] © O � L cI Ú cro ü ö
� mRNA © f � ß Ý. K [McI ], [Mcro], [CIT]

Ú [CroT] �Ä�üz�§�Lã� [6,25]

d[McI ]
dt

=kq
cI [OR]fq

RM([CI2]τm , [Cro2]τm)

+ ks
cI [OR]f s

RM([CI2]τm , [Cro2]τm)

− (γm + µ)[McI ], (8)

d[Mcro]
dt

=kcro[OR]fR([CI2]τm , [Cro2]τm)

− (γm + µ)[Mcro], (9)

d[CIT]
dt

=υcI [McI ]τcI
− (γCI + µ)[CIT], (10)

d[CroT]
dt

=υcro[Mcro]τcro − (γCro + µ)[CroT],

(11)

Ù ¥, γm ´ mRNA � ü ) � Ç; γCro ´ CroT

� ü ) � Ç; γCI ´ CIT � ü ) � Ç; τm ´l
= ¹ å©� k � � mRNA m©� Ø 0 N ( Ü
¤^��m; τcI ´ mRNA �ÈüN CI ¤I�
��m; τCro ´ mRNA � È ü N Cro ��m;
υcI Ú υcro © O´ cI Ú cro � È å©� Ç; µ

´[ ÿ � ü ) � Ç; [McI ]τcI
= [McI ](t − τcI),

[Mcro]τcro = [Mcro](t − τcro), [CI2]τm = [CI2](t −
τm), [Cro2]τm = [Cro2](t − τm), � L�m ò ´;
[OR] L«o�öpfßÝ; fq

RM([CI2]τm , [Cro2]τm)
�L CI2 (Üu OR2 � RNAp (Üu OR3 ��
¤k�¹; f s

RM([CI2]τm , [Cro2]τm) �L�´ CI2 Ø
(Ü OR2 � RNAp (Üu OR3 ��¤k�¹;
fR([CI2]τm , [Cro2]τm) �L�´ RNAp (Üu OR1
Ú OR2 ��¤k�¹. L 2 ¥�Ñ¤I¢�ë
ê [6].

L 2 �§ (6)—(11) ¤Iëê� [6]

µ ≈ 2.0 × 10−2 min−1 kcro ≈ 2.76 min−1

kq
cI ≈ 4.29 min−1 ks

cI ≈ 0.35 min−1

γm ≈ 0.12 min−1 υcI ≈ 0.09 min−1

υcro ≈ 3.2 min−1 τcI ≈ 0.24 min−1

τcro ≈ 6.6 × 10−2 min−1 τm ≈ 5.1 × 10−3 min−1

KCI
D ≈ 5.56 × 10−3 µmol/L KCro

D ≈ 3.26 × 10−1 µmol/L

[OR] ≈ 5.0 × 10−3 µmol/L [RNAp] ≈ 3.0 µmol/L

éu�©�§ (8)—(11), ëìL 2 ¥êâ, �
mò´ τm ' τcI �ü�êþ?, ' τcro ���êþ
?, Ïd�{zO�, �Ñ�mò´ τm. é [McI ]τcI

Ú [Mcro]τcro , æ^�VÐm, �?Cq, ��Ñ τcI

Ú τm, ù�=z�Ã�mò´��©�§|, Bu
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¦). T{z¿ØK�éTXÚ�½5©Û.
� X Ú � � ½ � �, d [McI ] /dt = 0,

d[Mcro]/dt = 0, d[CIT]/dt = 0 Ú d[CroT]/dt =
0. éá�§ (8)—(11), K [CIT] Ú [CroT] ÷v±e
�§:

Φ([CIT], [CroT], γCI)

=
υcI

γm + µ
[OR](kq

cIf
q
RM + ks

cIf
s
RM)

− (γCI + µ)[CIT] = 0, (12)

Θ([CIT], [CroT])

=
υcro

γm + µ
[OR]kcrofR − (γcro + µ)[CroT]

=0, (13)

Ï L ¦ ) [CIT] Ú [CroT], B � O � & E
� H([CIT], [CroT]).

4 (J�?Ø

4.1 XXXÚÚÚ���ÄÄÄåååÆÆÆ111���

�§ (12) Ú (13)´ [CIT] � [CroT] ���§.
ÏL¦)�§ (12) Ú (13), �¼�TN�XÚ�Ä
åÆ1�. CroT �ü)�Ç γCro Ú CIT �ü)�
Ç γCI É�¸�K�, �À�Czëê. 3�ïÄ
¥, =�Ä γCro = 0���¹, =�ïÄ γCI éX
Ú�K�. éu γCro 6= 0 ��¹, ®3©z [26] ?
1L?Ø, ¿ØK�XÚ�©
1�.

� � � � � � � � � � � � � � � � � � � � ��� � � �� � � �� � � � �� 	
��
� �� ����� �� ��� �� ��
� � � �  ! � � " # $ % & ' ( " )

* + , - . �* + / . � � � 0* + / . � � � �* + / . � � 1 23
ã 2 XÚ3 [CIT]/[CroT] ��m¥� γCI UC�ü
z1�

ã 2 £ã
XÚ� CI �xü)�Ç γCI U
C, 3 [CIT]/[CroT] ��m�üz1�. � γCI <

1.13 min−1 �, XÚ=�3��­� (¢� A :
m ý), = X Ú ? u M 
 �. � X γCI � O �,

� γCI = 1.13 min−1 �, Ñy��#��.� (E
:), �õ­Û:, �k­½�M
� (A :) �±Ø
C. � γCI �kO�, u)1�g©
, õ­Û:©
¤ü�½�: ��´­½�:��)� (F :); ,�
�´Ø­½�Q: (D :). kc�M
� (A :�¢
�üz� B :) E,�3, ¤±1�g©
�ü:
��n:��=C. �X γCI ?�ÚO\, J�UY
eü, Q: (D :) ÚM
­� (B :) ÷¢�Åì�
C. �� γCI = 2.89 min−1, Q:ÚM
­�*d-
E�«�)1��õ­Û: (C :), ��)� (F :
�¢�üz� G :) E,�3. � γCI ?�ÚO�,
©
2�g�), XÚln:�=C�ü:� (�
)�) (G :�¢��£). � γCI > 2.89 min−1 �,
XÚ=�3�)�.

�� �� ����� 	
 ��� 
� 	� ��� ����� 	
 ��� 
� 	�
� � � � � � � � � ��� � � � �� � � � �� � � � �� � � � �� � � � �� � � � � � � �� � � � � � � � � ��� � � � �� � � � �� � � � �� � � � �� � � � �� � � � � � � � � � � � �

� � � � � � � �� � �  ! " # $ %
� � �  ! " # $ %

� � � � � � � &
� � � � � � � &

� � � � � � � �
� � � � � � � �

� ' �

ã 3 [CIT] Ú [CroT] �ü)�Ç γCI Cz�©
ã
(a) [CIT] �©
ã; (b) [CroT] �©
ã

ã 3 £ã
 N � � x CI Ú Cro ü N o ß
Ý [CIT] Ú [CroT] � CI ü ) � Ç γCI C z �
©
. 3M
�, XÚäk��� [CIT] Ú��
� [CroT]; 
3�)�, XÚKäk��� [CIT] Ú
��� [CroT]; 3¥m�V­�«, Ñyn�½�,
©O´ü�­½�:éAM
�!�)�ÚØ­
½�Q:. λ¶ÿN�/��\ÿÄÏN��ä´
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;.�V­�XÚ. ÏLéT�ä�ÄåÆ�[,
uy=� CI �xü)�Ç γCI O��,��.
� (1�g©
:) �, XÚÏLüg©
, ²{�
gn:�, â¬lM
�=C��)�, T(J�
¢�(J±9Ù¦nØ(J�� [6,17]. ,
, XÚ
¿ØUl�)�2£�M
�, Ï�3�)�, �
Ì[�®��)��þ¶ÿN»�. 3V­�«�,
?��6Ñ¬¦XÚlØ­½�Q:á\­½�
M
�½�)�. I�5¿�´TN�XÚ�M

�Ú�)�þ��²ï½�, ²ï�L�lOÏd
"[�²ï�n, 
�§ (12) Ú (13) �)%¿Ø÷
vT�n, ù¿�X3��½� λ¶ÿN�/��
\ÿN�XÚ�3ØÊ/?1$Ä. ÏdM
�Ú
�)�¿�²ï�.

4.2 XXXÚÚÚ½½½���������

3)ÔN¥, Uþ=�ÚÑÑ´Ø�;��.
Lehninger[24] K@�)ÔNAÎÜ�²L�K. Ï
d, Äu9åÆ�*:, �O�TN�XÚ�9å
Æ�. 9åÆ�£ã
XÚ�·Ï§Ý. éu­½
�M
�, äk�p�)ÔS, Ïd, ·�ßÿM

����$, �)���Ùg, 
Ø­½Q:��
AT�p. ùp�ÏLO�XÚ�½��&E�5
ïÄXÚ�9åÆ5�.

d (5)—(7)ª�&E� H ´ [CIT], [CroT] �
¼ê, d��§ (12) Ú (13) � [CIT], [CroT]´ γCI

�¼ê (γCro = 0), Ïd&E� H ´ γCI �¼ê, L
«� H(γCI). ã 4 £ã
&E� H(γCI) � γCI �
Cz. éu 40 �G��²þ&EþA3 5.32 (40 �
��VÇÑy) � 0 (�Ñy���) �m. (Jw
«, ­½�M
�Ú�)�'Ø­½�Q:Ú©

:äk�$��, ¿�M
���'�)����
$. AO´3M
�, Ù��®�C 0, =,
G�
±ép�VÇÑy, LyÑ4p�)Ô|�kS5.
�±uy, ¦+Q:���p (�� 1.5), ���u
�ÅG��� 5.32, ELyÑkS5. Ïd, ·�O
�
3M
�!�)�ÚQ:¥ OR � 40 �G�
�u)VÇ. (Jw«, 3M
�¥, CI2 (Ü OR2
Ú OR1, Ó� RNAp (Ü PRM (L 1 ¥ 311 �) �V
Ç��� 90%; 3�)�¥, Cro2 (Ü OR2 Ú OR1,
Ó� RNAp (Ü PRM (L 1 ¥ 322 �) �VÇ��
� 70%; 
3Q:, Ì�± 311 �Ú 322 ���, ü
�Ñy�VÇÑ3 30%—50%�m, 
Ù¦�Ñy
�VÇ4$. ·��5¿�, � CI ü)�Çé�

� (�� 0), �qu)
O\. Ïd, ÏLO�d�
���VÇ, uy 311 ��VÇeü�� 75%�m,
#Ñy
 111 �, ÙVÇ� 25%�m, ùÌ�´d
u3 γCI ���, CI �ßÝép, CI2 � RNAp ¿�
Óâ OR3, ?
 OR �n� :�UÑ� CI2 Óâ.

ã 4 ½�� H � CI �xü)�Ç γCI �Cz

�����N
XÚ¤?G��þ!§Ý, X
Ú�����, Ù¤?�G��´kS, �Øþ!;
XÚ�����, §¤?�G��´ÃS, �þ!.
XÚo´åãgu/l�����G�����
� (=lkSr�ÃS) �G�=C. 3 λ¶ÿN�
/��\ÿÄÏN�XÚ¥, �����¹´Q:,
Ïd, ÃØM
��´�)�ÑA¦�U/�Q:
�½�Å©ÙG�=C. �´,¢�*	uy, M

�Ú�)�Ñ´�©­½�, M
��­½5$�
�LÙ��ÄÏ|�­½5. �)��¤±'M

���p,´Ï�3�)�, λ¶ÿNØäE�?

»�
�Ì��\ÿ[�,¦���XÚ�·ÏÝ
O\. �E�Ñ�f�¶ÿNE´pÝg|��)
·N, äk�p�)ÔS, ¤±�)���q$u
Q:Ú©
:��. Ïd, TXÚ3ü�­½�, A
O´M
�, 7½3ØÊ/l�¸á�K�, ±�
±)·�kS5.

λ ¶ÿN�/��\ÿN��ä��)Ô�
ä�ïÄ�~, ®?1
Nõó�. ù
ó�|^
N��x�ÄÏ�möpf��Ó�^, �Ñ
�
ä�V­�A5 [6,15,17], ¿?�Ú©Û
âC5
�ä�V­�(� [17−19]. ,�
ó�ÏL3 CI
Ú Cro �xüz���§¥\\pdxD(, ïÄ

�Å&ÒéT�ä�K� [9−11,14]. �©�ó�
Äk(½
N��x�ÄÏöpf(Ü�VÇ�
Ä�¹Â (úª (3)), 3dÄ:þïÄ
mýöp
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féTN��ä�5�, uy=ImýöpfXÚ
=�ïáV­�(�, �®kïÄ(Ø��. ��
�Ä�Ônþ, ®�A^u)ÔN��äïÄ¥,
Stoll � [28] O�
�1[�±Ï�ä��, uyT
�ä½���©ª��u�Å���. ,
, â·
�¤�, ¿vk©zé¶ÿN�/��\ÿN��
ä�½��?1ïÄ. ÏLé�½����O�,
·�uy�½��� (ÃØ´M
�!�)��´
Q:) Ñ��u�ÅXÚ�)����, �M
�
���$. T(J��1[�±Ï�ä���(J
aq, V«)·XÚPk�Ó�ÔnÆnØÄ:.
T(JkÏu�² λ¶ÿNa/��\ÿN�X
Ú�ÔnÅn.

5 ( Ø

3¿©�ÄN��x�ÄÏ|mýöpf(
Ü��«�¹�Ä:þ, O�
XÚ�ÄåÆ©
;
¿?Ø
XÚ½���, ïá
½�­½5���
'X, uy­½�½�äk�$��. TïÄ¤J
ò�N��ä�Ôn)ºJø�â. TïÄÓ�
�Ñ
Å½�'u “)·±K��)”[29] ���~
f. ·�Q|^zÆÄåÆ�§ïÄ
TN�XÚ
�ÄåÆ1� [25,26], ¿O�
XÚ�½����
)Ç, uyM
����)Ç�$, 
Q:���
)Ç�p. üö(Ü��: “)·±K��),)·
±��)��
¹”, �¤
'����)·�9
åÆãx [30].
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Abstract

The system of Escherichia coli infected by λ phage is one of the templates for quantitative study of regulated networks. In this

article, according to the characteristics of the interactions between operators and regulators, the probabilities of regulators binding

to operators are described by thermodynamic partition function. On the basis of bifurcation analysis of this regulated network, the

entropies of stationary states are calculated. Results show that the entropies of both lysogenic state and lytic state are lower than those

of saddle-point and bifurcation point states. Moreover, we find that the lysogenic state has lower entropy than lytic state, which proves

that the lysogenic state has a higher biological order.
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