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ABSTRACT: OBJECTIVE  To investigate the interactions of salicylic acid and bovine serum albumin (BSA) in the presence 

of Cu

2+

. METHODS  The interaction between salicylic acid and BSA was investigated using fluorescence at different 

temperatures. The effect of Cu

2+

 on the salicylic acid-BSA system was also researched. RESULTS  The quenching constants, 

binding constants and binding force type were measured according to theory model. CONCLUSION  The presence of Cu

2+

 

doesn’t change quenching type and force type between salicylic acid and BSA, but the apparent association constant(K

LB
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becomes higher. 

KEY WORDS: salicylic acid; bovine serum albumin; Cu

2+

; fluorescence spectrometry 
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µ�?@�µ�?@hº����©ªF�»µ� 

1  ����� 

1.1  ¼½:¾¿ 

FP-6200 � ¡^¡¡vÀ(Á\ JascoÂ�)Ã

Finnpipette ÄÅ½(ÆÇÈÉ^Ê¼½�ËÂ�) 

5~50 µL�20~200 µLÃTB-85�kÌÍÎ½(Á\

ShimadzuÂ�)ÃUPWS-10TkÏ�½(ÐÑÒÓÔ

Õ.Ö×�ËÂ�)ÃAB265-SØ`^ÊÙÚ(ÛÜ

METTER TOLEDOÂ�)� 

BSA�ÅÝÞ 0.05 mol·L

−1

�pH=7.49 Tris-HCl

�Ånß�Þ 0.10 mol·L

−1 

NaClàá{`âv�ã

v/ 1.0ä10

−4 

mol·L

−1

�����ÅÝÞ 0.05 mol·L

−1

�

pH=7.4 9 Tris-HCl �Ånß�ãv/ 1.0ä

10

−3

 mol·L

−1

�CuCl

2

�ÅÝÞ 0.05 mol·L

−1

�pH=7.4

9 Tris-HCl�Ånß�ãv/ 1.0ä10

−3

 mol·L

−1

� 

BSA /&.¾¿�ågæçè	éê�ËÂ

������ëì[í[îï(Tris)(Ïvð99.9%)�

HCl(ãv/ 36%~8%)�NaCl(ñMð99%)�CuCl

2 

(ñMð99%)ò/^ÊÏÃ±²��/kÏ�½´

�9kÏ�� 

1.2  ±²ó£ 

BSA  ¡ôõ�õö¡¢9÷øÝÄùúø

M BSA �Ågûüýþ�5���õö��/

280 nm����v/ 5 nm�%	Î(298 K)~
ß

250~350 nm9 ¡ôõ¡¢�÷·z6¤ôõ�

�/ 282 nmÃ�%z6¤ôõ��´�����

v/ 5 nm�%	Î(298 K)~
ß 300~500 nm9

 ¡õö¡¢�·B ¡õö¡¢96¤õö�

�/ 345 nm� 

uPãv���� BSA9 ¡�øÝ%úr

 10.0 mLýþ�5���Äù 2.0 mL BSA �Å�

�LM�ö½�®uP'�9����Å��

Tris-HCl�Åø�� 10.0 mL�F� 1 h��%6

¤ôõ��/ 282 nm´�% 280~500 nm(��

BSA9 ¡õö¡¢� 

G{`C%QuPãv���� BSA9 ¡

�øÝ%úr 10.0 mL ýþ�5���Äù

2.0 mL BSA �Å��LM�ö½�® 200 µL 9

CuCl

2

�Å��LM�ö½�®uP'�9���

�Å�� Tris-HCl�Åø�� 10.0 mL�F� 1 h

��%6¤ôõ��/ 282 m´�% 280~500 nm

(�� BSA9 ¡õö¡¢� 

2  ����	 

2.1   ¡¸¹�� 

32�^`59þí���í����í�

�í[��[%úø��9�>¡ôõ~) õ

! ¡����í�9 ¡"�#�IÞ ¡$

%&�'(þí���í��s32�9Ù) 

¡yz*.+,�-�32�5þí���í�

�[\.�/0129*.
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� 1  ���-BSA �����	 
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2.0 2.5 mol·L

−1
 

Fig 1  Fluorescence quenching of salicylic acid-BSA 

aLj−the concentration of salicylic acid: 0.0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 
1.75, 2.0, 2.5 mol·L

−1
 

 

� 2  ���-BSA-Cu

2+

�����	 

aLj−MNOPQRST�0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 

2.0 2.5 mol·L

−1
 

Fig 2  Fluorescence quenching of salicylic acid-BSA-Cu

2+

 

aLj−the concentration of salicylic acid: 0.0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 
1.75, 2.0, 2.5 mol·L

−1

 

2.2  ¸¹§ß 

IA BSA  ¡¸¹9J�m)�KL¸¹=

ML¸¹�NO�ú;)M-Ä=Ø`-Ä���

upq32�9?��&�����OP�Qg

õ&�n@F��d��H&�uõ ¡9n@


��32�9RÌ?�mH&pq��mpq

z&����/�S5���IA9 BSA  ¡¸

¹�KL¸¹T�MLU¹�V¶¸¹�WXY

9 Stern-Volmer ó�Ý 

F

F

0

=1+ [ ]QK

sv

=1+ [ ]QK

q 0

τ       (1) 

Z5 F

0

� F^¦[\]�®��®¸¹¿Q

9©� ¡âv�K

sv

[\KL¸¹�µ�K

q

[\

^^`¸¹��9_W�µ�τ
0

/uC%¸¹¿^

`Q ¡^`9Úò`H(τ
0

=10

−8 

s)�[Q][\¸¹

¿9ãv�F F

0

/F~[Q]�r?�·BuPÎv~

K

sv

9a>[ 1�

� 1  ��������	 BSA 
����� K

sv

������� r 

Tab 1  Quenching constants K

sv

, correlation coefficient r of salicylic acid-BSA at different temperatures 

K

sv

(10

3 

mol·L

−1

) 

� � 

25 � 35 � 45 � 

���-BSA 4.784(r=0.996 2) 4.656(r=0.999 4) 4.509(r=0.999 2) 

���-BSA-Cu

2+

 5.868(r=0.997 9) 5.375(r=0.997 6) 5.014(r=0.995 0) 

 

Q(1)Zb K

q

=K

sv

/τ
0

�Q[ 1 5 K

sv

Àc· K

q

�

K

q

9µMÌ/ 10

12

�d¤gRº¸¹¿�&
¤

^ ` 6 ¤ e f g h ¸ ¹ _ W � µ 2.0 ä

10

10 

L·mol

−1

·s

−1 [11]

�E K

sv

34Îv9i��Ij

_�Qk5øu� Cu

2+

C%:l����� BSA

9¸¹u�Qg^`bghIA9KL¸¹�i

�Qgj]uõ¡c@
9ML¸¹� 

t[ 1 5���� BSA 9¸¹�µ K

sv

mb�

Cu

2+

C%Q�����:�01232F�9 ¡

�@P¸¹F��)m����: BSA 9?@)

h�¸¹�µ K

sv

ý Cu

2+

uC%Q¤�[� Cu

2+

� BSA 9(< ¡¸¹���I6â�Cu

2+

m)

»:� BHA-BSA j]n@
9F���� 

2.3  ?@�µ 
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%ML¸¹5�?@�µ K

LB

: ¡âv�̧

¹¿ãvab9�rmÞ� Lineweaver-Burk ^

nµó�[\

[8]

Ý 

][

11

][

11

00000

QFKFQF

K

FFF

LB

D +=+=
−

   (2) 

´�±²µ¶�d�F

FF −
0

1

~

][

1

Q

?�mQ

+o9pW�qrs·�{�µ K

D

��is·?

@�µ K

LB

�>[ 2� 

� 2  ��������	
����������� K

D

	���� K

LB 

Tab 2  Dissociation costants K

D 

and binding constants K

LB

 of salicylic acid-BSA at different temperatures 

25 � 35 � 45 � 

� � 

K

D

(10

−5
) 

K

LB

(10

4

) 

K

D

(10

−5
) 

K

LB

(10

4

) 

K

D

(10

−5
) 

K

LB

(10

4

) 

���-BSA 6.969 7 1.434 8 8.750 0 1.142 9 9.697 0 1.031 2 

���-BSA-Cu

2+

 5.625 0 1.777 8 7.058 9 1.416 7 7.894 7 1.266 7 

 

ST{`+,pq	
:32�9?@�u

PST{`�uP	
^`:32�?@�q)

uP9t;pqÝú��	
:32�?@�j

_F�

[12-13]

�R��	
:32�9?@�6â

F�

[7-8]

�úuv/�NO&��QgST{`:

32�9F��wx32�:	
?@9yz{

|��õ&}*�ti~#�	
:32�9?

@Ã�OP&��QgST{`PQ:	
�3

2�?@�%	
�32�^`bj]�{`�

�(metal ionbridge)!�tiAB6âF��Cu

2+

9C%� BSA :���9?@�µ��6¤�T

g� 2 ;|}�FD��5�Cu

2+

9»:9:�	


_^`9G{ãv�F��6â�	
:32

�9?@h����	
F�Qb�j_	
�

�9�������9� 

2.4  ���: BSA abF�h9�÷ 

úu|}~�	
_^`:32�¤^`b

9"��©ªF�T^`b9#©ªF����

�����æh�MØ�����;©ªF�j

Z��Îv*.u¤Q�m��*�/�µ�V

¶�h�ÂZmÀc	
_^`:&
¤^`?

@��9���h�»µÝ 

STHKRTG

LB

∆−∆=−=∆ ln

            (3) 

( )[ ] ( )
121221

/ln TTKKTRTH

LBLB

−=∆         (4) 

( ) TGHS ∆−∆=∆                     (5) 

Q�h�»µm��S5z?@F�º�

[14]

Ý

�∆H>0 y∆S>0�P&�[�/��F�Ã∆H<0

y∆S>0 &�[�/MØF�Ã∆H<0 y∆S<0 &�

[�/��=��æh�V¶±²·BuPÎv

~R'r9 K

LB

a�Qks!z?@��9�h�

»µ�>[ 3�  

� 3  ��������-BSA	
������� 

Tab 3  Thermodynamic parameters of salicylic acid-BSA at 

different temperatures 

� � T/� 

∆H/ 

KJ·mol

−1
 

∆G/ 

KJ·mol

−1
 

∆S/ 

J·mol

−1
·K

−1
 

25 −4.98 −23.87 

63.39 

35 −4.98 −23.31 

59.51 

���-BSA 

45 −4.98 −23.05 

56.82 

25 −5.11 −23.41 

61.41 

35 −5.11 −23.84 

60.81 

���-BSA-Cu

2+

 

45 −5.11 −23.56 

58.02 

Q±²?=9�h�»µ�\��¨ Cu

2+

C

%~����: BSA ?@��ò/∆G<0�∆S>0�

[�zF����úD�6��(Q)j_ÞM

ØIh/&9(õ���;�µ|}~��§_^

`:32�9����;F�h@PF�9?=� 

3  �� 

 ¡¡¢±²[��%��Å5�Qg��

�:BSA9?@i�BSA ¡H&�ML¸¹F

�ÃG{`C%Q�u}*���� BSA (< 

¡9¸¹º��;����: BSA 9[�?@�

µ6¤��¨ Cu

2+

C%~����: BSA ?@�

�ò/∆G<0�∆S>0�[�zF����úD�6

��(Q)j_ÞMØIh/&9(õ���  
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ABSTRACT: OBJECTIVE  To establish a method for content determination of polysaccharides in Alpinia oxyphylla. 

METHODS  The crude polysaccharides were extracted by hot water and precipitated with ethanol. The purified polysaccharide 

was obtained by removing protein and colors with Sevage and H

2

O

2

, repectively, then run water dialysis and frozen-drying. The 

monosaccharide composition was determined by HPLC after precolum-derivatization with 1-phenyl-3-methyl-5-pyrazolone 

(PMP). The conversion coefficient of Alpinia oxyphylla polysaccharides to glucose was obtained by refined polysaccharides, and 

then the content of crude polysaccharides in Alpinia oxyphylla was determined by sulfuric acid-phenol method. RESULTS  The 

monosaccharide compositions in polysaccharides from Alpinia oxyphylla were Glu, Rha, Gal, Man, and Ara. The content of 

polysaccharides was 12.91%(RSD=4.72%, n=5), and the average recovery was 99.1% with RSD of 4.57%(n=5). 

CONCLUSION  The method is sample, and can be used for determination of the content of polysaccharides from Alpinia 
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