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素荧光和蛋白内源荧光都有影响! 引起 *+!A ;/ 处叶绿素荧光强度的降低# $"+A ;/ 或 $!+A ;/ 处蛋白质内源荧光

强度的增大或减小! 并与处理时所用交联剂的浓度# 交联剂的亲疏水性和交联臂长相关% 亲水性 .EF 对 MKP的

蛋白质中 LQR 和 LRS 残基所处微环境的影响较小’ 而亲脂性 EFF# GHEI# .JK# ELKM 对 MKT放氧核心复合物

蛋白质中 LQR# LRS 微环境和 *+!A ;/ 处叶绿素荧光影响大! 可能它们参与了 MKU放氧核心复合物内部的蛋白疏

水区域交联%
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Water- soluble 
Membrane- 
permeable 

Target groups pH buffer 
Spacer arm 

length�Å� 

Concentration 
applied here
�mmol/L� 

EDC Yes No �COOH�
�NH� 6.0�6.5 

(MES) 
0 1.5�6.0�

DCC No Yes �COOH� 
�NH� 6.0�6.5 

(MES) 
0 1.2�4.8 

HMDI No Yes �OH��NH��
�SH, etc 

6.0�6.5 
(MES) 

12 1.2�4.8 

EGS No Yes �NH� 7.2 
(HEPES) 

16.1 
 

0.7�2.8 

DTSP No Yes �NH� 7.2 
(HEPES) 

12 0.7�2.8 

 

!"#$% ’ I-%7 2@8&.’7 +,7 .)+//12342357 +37 ’-%7 )%1&’2>%7 ,1(+)%/.%3.%7 23’%3/2’<7 +,7 ’-%7 +;<5%30%>+1>2357 !"J .+)%7 .+@81%;%/ 

Cross-linking reagents 

Change of 
fluorescence 
intensity at 
682 nm�%� 

Change of 
fluorescence 
intensity at  
437 nm�%� 

Change of Intrinsic 
fluorescence intensity at 
308 nm�%� 

Change of Intrinsic 
fluorescence intensity at 
328 nm�%� 

EDC�6.0 mmol/L� �1.3 �4.4 �0.6 8.6 
DCC�4.8 mmol/L� �31.9 �28.4 6.5 �2.9 
HMDI�2.4 mmol/L� �36.1 �31.6 6.1 1.7 
EGS�2.8 mmol/L� �5.6 �8.1 6.2 3.5 

DTSP�2.8 mmol/L� �10.3 �12.7 �50.1 �48.6 
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第 ! 期 化学交联处理对 !"#放氧核心复合物荧光光谱的影响

!"#$%&’()*+,-. /0123 $%&4
$&’56789:. ;<=>?@ABCDEFG
DCH’IJK

!"#$%
()* +,-.,/0&1 23 1 2,&40&1 56 7 280.0/1 95: 1 ";&<=;<&01 ,->7 /0/4&,-07

8&?,-@A,;@8-7 8B7 !"C @-7 ?&00-7 ’D,-;A (5*: 7 !""# $%& ’()"*

’+,-./( ’()"* 0/( 1./(67 )EEF3GHIJG)KJF):

(L*7 MN,-8;,.@A1 OP6 1 O0/0;&@8<1 OQ6 1 R8=</1 SP: 1 TA8D,;@8-1 ,->1

=N,&,=;0&@U,;@8-1 8B1 ,-1 8V%?0-K0W8DW@-?1 ’N8;8A%A;0/1 X &0,=K

;@8-1 =0-;0&1 =8&01 ’&0’,&,;@8-1 ,->1 ,1 LH1 .O,1 SND,K4@->@-?1 ’&8K

;0@-(5*:1 1./2+.3 1./4+,- !2*)61 )EHF6HE)Y)ZI)[KL):

(\*1 ]@0D>1 56 1 ^&<A07 _6 7 ‘<’&0=N;7 56 7 0;7 ,D: 7 $N&00K>@/0-A@8-,D7

A;&<=;<&07 8B7 5+()3,6/3/")- 7%."+)76*.. ,->7 8,"%2+/2/22#- %!

(/"9)*%- ’N8;8A%A;0/7 a =8/’D0V0A7 ,DD8bA7 B8&7 =8/’,&@A@8-7 8B7

;N0@&7 8V%?0-K0W8DW@-?7 =8/’D0V7 8&?,-@U,;@8-(5*: 7 : 1./( 5+%36 7

Lccc6LF[Y\JZILFEGcKLFEGJ:

(G*7 "N0-7 5K‘67 ^,/@%,7 ]:7 S&%A;,DD@U,;@8-7 ,->7 ;N07 =&%A;,D7 ’&8’0&K

;@0A7 8B7 ;N07 8V%?0-K0W8DW@-?7 ’N8;8A%A;0/7 d B&8/7 8,"%!

2+/2/22#- &#(2)"#-(5*:7 1./2+%367 Lccc6\EYGHZI)GF\EK)GFGG:

([*7 e8<-@7 f67 g@;;7 +K$67 ^0&-7 567 0;7 ,D:7 S&%A;,D7 A;&<=;<&07 8B7 ’N8K

;8A%A;0/7 h B&8/7 "%-0=N8=8==<A7 0D8-?,;<A7 ,;7 \:H7 ! &0A8D<K

;@8-(5*:7 ;)*#7%67 Lcc)6GcEIF\EKFG\:7

(J*7 LMNO PQR:7S12TUVW(Q*:XYI7 Z[:U\]

^67 )EEH:))HK)LE:

(F* 9-,/@7 T67 ^,-0.87 Q67 ^@;,/<&,7 ]67 0;7 ,D: 7 $8;,D7 @//84@D@U,K

;@8-7 8B7 ;N07 0V;&@-A@=7 \\.O,7 ’&8;0@-7 @-7 A’@-,=N7 !N8;8A%A;0/7

i /0/4&,-07 ’&0’,&,;@8-A: 7 !&8;0@-7 A;8@=N@8/0;&%7 ,->7 A;,4@K

D@U,;@8-7 8B7 8V%?0-7 0W8D<;@8-(5*:7 1./2+.3 1./4+,- <2*)67 )EE)6

)cJcILLGKL\L:

(H*7 _>8/7 g‘67 2&@=.0&7 $Q:7 T-;0&,=;@8-7 8B7 S!,KT7 b@;N7 ;N07 Q,-K

?,-0A0K";,4@D@U@-?7 ’&8;0@-7 8B7 ’N8;8A%A;0/7 jI7 @>0-;@B@=,;@8-7 8B7

>8/,@-7 =&8AAD@-.0>7 4%7 )K0;N%DK\K (\K Y>@/0;N%D,/@-8Z’&8’%D* 7

=,&48>@@/@>0(5*:7 1./2+%367 )EEL6\)YLGZI[J)JK[JLc:

(E*7 k,.8b@=U7 5‘: 7 !&8;0@-7 BD<8&0A=0-=0 (f*: 7 T-I 7 k,.8b@=U7 57 ‘: 7

!&@-=@’D07 8B7 PD<8&0A=0-=07 "’0=;&8A=8’%: 7 ]0b7 R8&.I 7 !D0-</7

!&0AA67 )EH\:\G)K\H):

()c* ^<b,4,&,7 $6 7 Q<&,;,7 ]: 7 T-,=;@W,;@8-7 8B7 ’N8;8A%-;N0;@=7 8V%K

?0-7 0W8D<;@8-7 ,->7 =8-=8/@;,-;7 &0D0,A07 8B7 ;N&007 ’8D%’0’;@>0A7

@-7 ;N07 !"l ’,&;@=D0A7 8B7 A’@-,=N7 =ND8&8’D,A; (5*: 7 ’()"* 5%((

’+,-./(67 )EHL6L\I[\\K[\E:

())*7 "N<;8W,7 $67 O0@.<A7 M67 T&&?,-?7 ^O67 0;7 ,D:7 _&@?@-7 ,->7 ’&8’0&K

;@0A7 8B7 BD<8&0A=0-=07 0/@AA@8-7 B&8/7 ;N07 0V;&@-A@=7 \\7 .O,7

/,-?,-0A07 A;,4@D@U@-?7 ’&8;0@-7 8B7 N@?N0&7 ’D,-;7 b,;0&7 8V@>@U@-?7

=8/’D0V(5*:7 1./2+.3 1./4+,- !2*)67 Lcc)6)[cGI\F)K\FH:

()L* 2,&40&7 567 Q8&&@A7 967 2!=N0D7 S:7 ‘0W0,D@-?7 ;N07 A;&<=;<&07 8B7 ;N07

!N8;8A%A;0/7 m =ND8&8’N%DD7 4@->@-?7 ’&8;0@-A6 7 S!G\7 ,->7

S!GF(5*:7 1./2+.3 1./4+,- !2*)67 Lccc6)G[EIL\EKLGF:

()\* ],-4,7 _67 ",;8N7 ^: 7 TA8D,;@8-7 8B7 ,7 !N8;8A%,;0/7 n &0,=;@8-7

=0-;0&7 =8-A@A;@-?7 8B7 OK)7 ,->7 OKL7 ’8D%’0’;@>0A7 ,->7 =%K

;8=N&8/07 4K[[E (5*: 7 ’7/2 ;)*( !2)6 82. =8!: 7 )EHF6HGI

)cEK))L:

()G* ",;8N7 ^: 7 SND8&8’N%DDK’&8;0@-7 =8/’D0V0A (5*: 7 ’+/*/-," >%-6 7

)EHJ6)cI)H)K)HF:

()[* 7 9-,/@7 T6 7 Q8=N@U<.@7 R6 7 $,.,N,AN@7 "6 7 0;7 ,D: 7 9W@>0-=07 B&8/7

=&8AAD@-.@-?7 B8&7 -0,&0A;7 -0@?N48&7 &0D,;@8-AN@’A7 ,/8-?7 ;N07

;N&007 0V;&@-A@=7 ’&8;0@-A7 8B7 A’@-,=N7 !N8;8A%A;0/7 o =8/’D0V0A7

;N,;7 ,&07 ,AA8=@,;0>7 b@;N7 8V%?0-7 0W8D<;@8- (5*: 7 ’()"* 5%((

’+,-./(67 )EEc6\)IFL[KFLE:

\L\



!""!年! " " # $ %

!""!#$% &" #’&%%()*+)*, &* $-! "(.&’!%#!*#!
%/!#$’0 &" &12,!*3!4&(4)*, /%! #&’! #&5/(!1!%

#$%& ’()*+,-./0& & & 1%& 2(.+,)./3& & & #$4567 5().+89(

!"#$$%&% #’ ()’% *+)%,+%- *)+./0, 1,)2%34)56- ".%,&7/ 89::8;- ".),0<

06789:;8< :;</-.+-=*>=(./7 ?@A B*C-7 B*DE>-;-F7 G-C-7 HC-)H-I7 G(H87 ,(=-7 BC*FF>(.J(./7 )/-.HF7 )H7 I(,,-C+
-.H7 B*.B-.HC)H(*.07 H8-.7 H8-7 B8>*C*E8<>>7 ,>9*C-FB-.B-7 -D(FF(*.07 -;B(H)H(*.07 ).I7 (.HC(.F(B7 ,>9*C-FB-.B-7 FE-BHC)7
*,7 H8-F-7 F)DE>-F7 G-C-7 D-)F9C-I7 (.7 *CI-C7 H*7 J.*G7 G8-H8-C7 BC*FF>(.J(./7 C-)BH(*.7 ),,-BH7 H8-7 ,>9*C-FB-.B-7
EC*E-CH(-F7 *,7 H8-7 F)DE>-FK7 L8-7 C-F9>HF7 F8*G-I7 H8)H7 M*H87 B8>*C*E8<>>7 ,>9*C-FB-.B-7 ).I7 (.HC(.F(B7 ,>9*C-FB-.B-7
*,7 *;</-.+-=*>=(./7 ?@N B*C-& B*DE>-;-F& G-C-& )>H-C-I& M<& H8-& BC*FF>(.J(./& C-)BH(*.K& L8-& D);(D9D& B8>*C*+
E8<>>& ,>9*C-FB-.B-& E-)J& )H& OP!& .D& I-BC-)F-I& ).I& H8-& (.HC(.F(B& ,>9*C-FB-.B-& -D(FF(*.& (.H-.F(H<& )H& Q"P& .D&
).I& Q!P& .D& -(H8-C& (.BC-)F-I& *C& I-BC-)F-IK & L8-F-& B8)./-F& G-C-& C->-=).H& H*& H8-& B*.B-.HC)H(*.3 & H8-& 8<+
IC*E8(>(B& *C& 8<IC*E8*M(B& .)H9C-& ).I& H8-& >-./H8& *,& )CD& FE)B-CF& *,& BC*FF>(.J-CK& :;</-.+-=*>=(./& ?@R B*C-&
B*DE>-;-F& HC-)H-I& G(H8& 8<IC*E8(>(B& BC*FF>(.J-C& S1T& F8*G-I& )& F>(/8H& B8)./-& (.& H8-& D(BC*-.=(C*.D-.HF& *,&
L<C& ).I& LCE& C-F(I9-FK & $*G-=-C3 & :;</-.+-=*>=(./& ?@ U B*C-& B*DE>-;-F& HC-)H-I& G(H8& 8<IC*E8*M(B&
BC*FF>(.J-CF& F9B8& )F& 1TT3& $V1W3& S6@3& ).I& 1L@?& F8*G-I& )& I(FH(.BH><& B8)./-& (.& M*H8& H8-& D(BC*-.=(C*.+
D-.HF& *,& L<C& ).I& LCE& C-F(I9-F& ).I& B8>*C*E8<>>& ,>9*C-FB-.B-& FE-BHC)3& F(.B-& H8-<& B*9>I& C-)BH& G(H8& H8-& (.H-+
C(*C& H)C/-H& /C*9EF& (.& H8-& 8<IC*E8*M(B& C-/(*.F& *,& *;</-.+-=*>=(./& ?@X B*C-& B*DE>-;-FK&
! ! ! !+=> ?@9A7< TC*FF>(.J(./Y& :;</-.+-=*>=(./& ?@Z B*C-& B*DE>-;-FY& T8>*C*E8<>>& ,>9*C-FB-.B-Y&
& & & & & & & & & & & & & & & & W.HC(.F(B& ,>9*C-FB-.B-

Q![


