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Abstract

The non-chemical bond interaction between small molecule and macromolecule coming from the electrostatic at-

traction obeys the Langmuir assembly. The interaction of 1,5-di(2-hydroxyl-5-sulfophenyl-)-3-cyanoformazan

(DSPCF) and three kinds of proteins: bovine serum albumin (BSA), a-globulins (Gb) and ovalbumin (OVA) at pH 1.83

has been investigated and then sodium dodecyl benzene sulfonate (SDBS) was added to replace the DSPCF binding in

protein. The microsurface adsorption-spectral correction (MSASC) technique and the break point approach were both

used to characterize the aggregates. Results showed that the products: SDBS99BSA, SDBS50OVA and SDBS25Gb at 30

�C and SDBS90BSA, SDBS40OVA and SDBS20Gb at 40 �C are formed.

� 2003 Elsevier B.V. All rights reserved.
1. Introduction

Understanding the chemical, physical, biological

and pharmacological activity of a complex system

requires knowledge of the state of molecular as-

sembly of the system�s components. The recent

flurry of research activity on biomacromolecular
assembly and its application [1–4] in the construc-

tion of nanodevices has encouraged the develop-

ment of experimental techniques capable of

characterizing and detecting the assembly. The in-
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teraction among molecules has many kinds such as

covalent bond, ionic bond, coordinate bond and

other physical forces e.g., electrostatic attraction,

hydrogen bond, van der Waals force, hydrophobic

bond and insertion. Among them, the electrostatic

attraction is original and primary because it short-

ens the distance between active molecules to induce
the formation of the other physical forces. It is well

known that a chemical bond ismuch stronger than a

physical force. The physical interaction often exists

in a cell e.g., vitamin, glucose with protein and an-

ticarcinogen with DNA. Molecular spectrometry is

one conventional and classical method [5–9] in

study of the biomacromolecular assembly. Pesa-

vento [10] and Scatchard models [11–14] are often
erved.
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applied to characterize the assembly. Recently,

some examples of assembly of strong-spectral stains

on biomacromolecules were investigated by micro-

surface adsorption-spectral correction (MSASC)

technique [15–18]. However, how to characterize

the interaction of a non- or weaklyspectral com-
pound e.g., drug, surfactant, pesticide and toxicant

with biomacromolecule by spectrometry, a re-

placement of a spectral probe by a non- or weakly-

spectral compound was proposed for this purpose.

The MSASC technique and the break point ap-

proach are used in characterization of the assembly.

As an example, the interaction of sodium dodecyl

benzene sulfonate (SDBS) with proteins: bovine
serum albumin (BSA), ovalbumin (OVA) and

a-globulins (Gb) have been investigated with

1,5-di(hydroxyl-5-sulfophenyl-)-3-cyanoformazan

(DSPCF) as the spectral probe. The structure of

DSPCF is given below.
Fig. 1. The diagrammatic sketch for assembly (b) of spectral probe L

Break point sketch (d): (1) variation of surface tension (f ) with S mola
ratio (Ar) with M molarity in the L–M binding reaction.
It forms bivalent anion in aqueous solution and
protein often carries large amounts of positive

charge because of protonation of –NH2 in basic

amino residues in acidic solution. Certainly, both

DSPCF and SDBS anions can be adsorbed in

protein. The assembly of DSPCF in protein was

determined and the replacement of DSPCF with

SDBS investigated. The assembly reactions both

obey the Langmuir isothermal adsorption. The
characterization of the aggregates has been made

by the MSASC and break point approach. The

aggregates: SDBS99BSA, SDBS50OVA and

SDBS25Gb at 30 �Cand SDBS90BSA, SDB S40OVA

and SDBS20Gb at 40 �C are formed at pH 1.83. The

assembly of DSPCF in protein was tried to apply to

the quantitative analysis of protein samples.
2. Principle

2.1. MSASC technique

To see Figs. 1a, b, the stain probe (L) can be
attracted on an oppositely charged biomacromol-

ecule (M) (1) to form an aggregate, ML and the

assembly obeys the Langmuir isotherm adsorption

[19]. The M–L solution equilibrium occurs as fol-

lows (m.s. means microsurface phase):
(a) in protein (M), replacement of L and assembly (c) of S in M.

rity in the S–M binding reaction and (2) variation of absorbance



L þ Mðm:s:Þ ! MLnðm:s:Þ
Initial state CLo ðA0;A0

0Þ CM0 0

Equilibrium CL CM0ðAcÞ
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The Langmuir isotherm equation is obeyed

1

c
¼ 1

N
þ 1

KNCL

; ð1Þ
MLn þ Sðm:s:Þ ! MSmðm:s:Þ þ L

Initial state CM0ðAcÞ CS 0

Equilibrium CMðA0
cÞ CS CL þ nðCM0 � CMÞ
where K is the equilibrium constant and CL the

molarity of the excess L. c is the molar ratio of the

effective L adsorbed to M. Within increase in L

concentration, c approaches a maximal binding

number, N . Both N and K may be calculated by

plotting line c�1 vs. C�1
L . Both CL and c are cal-

culated by the relations [16]:

c ¼ n ¼ g
CL0

CM0

; ð2Þ

CL ¼ ð1� gÞCL0; ð3Þ
where

g ¼ Ac � DA
A0

; ð4Þ

where both CM0 and CL0 are the molarities of M

and L in initial solution and g indicates the effec-

tive fraction of L. Ac, A0 and DA are the real ab-

sorbance of the M–L product, the measurement

absorbance of L against water and that of the M–

L solution against reagent blank directly measured

at the peak wavelength k2, respectively. Ac is cal-

culated by means of [20–23]

Ac ¼
DA� bDA0

1� ab
; ð5Þ

where DA0 indicates the absorbance of the M–L

solution measured at the valley wavelength k1. In
common, a and b are the correction constants and

they are calculated by measuring directly MLN

and L solution.

In the reaction above, the addition of SDBS

will result in a replacement of DSPCF and for-

mation of a novel aggregate (MS) as shown in
Fig. 1c. The replacement reaction is expressed as
followed:
c ¼ m ¼ CM0 � CM

CS

¼ CM0 � CM

CM0

CM0

CS

¼ g
CM0

CS

;

ð6Þ

CM ¼ CML ¼ ð1� gÞCM0; ð7Þ
where

g ¼ Ac � A0
C

Ac

¼ DAc

Ac

: ð8Þ

Within increase inML concentration, c approaches
a maximal binding number, N 0. The assembly of S
on M obeys the Langmuir isotherm adsorption.

Thus, the characterization of MSN 0 can be made by

analyzing variation of the ML aggregate.

2.2. Break point approach

In the S–M binding solution where M is being

held constant, from curve 1 in Fig. 1d, S is com-
pletely bound on M when S concentration (CS) is

less thanCP (P-breakpoint) and the binding number

(n) of S increases with increase in S concentration.

Such a solution contains both MS and excess of M

and its surface tension (f ) remains always high or

changes little. In the contrary, S is always excessive

when CS is over CP. Such a solution contains both

MS and excess of S. The free S results in a rapid
decrease of f down to the critical micelle concen-

tration (CMC). Similarly, in the M–L binding so-

lution where L is being held constant, from curve 2,

L is always excessive whenM concentration (CM) is

less than CP and the binding number of L on M al-

ways remains a maximum, N . Such a solution con-
tains bothMLN and excess of L. The free L results in
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a rapid increase of the absorbance ratio

(Ar ¼ Ak1=Ak2). On the contrary, L is completely

bound on M when CM is over CP. Such a solution

contains both MLn (n < N ) and excess of M.

Therefore, the break point may indicate the maxi-

mal assembly number (N 0) of S binding on M and
that (N ) of L binding on M.

We can often observe the formation of sludge or

suspending substance in the M–L or M–S reaction

at P nearby. This is attributed to the formation of

neutral MSN 0 orMLN molecule, which cannot often

dissolves in aqueous solution. MSðN 0�nÞþ
n (n < N 0) is

formed whenCS is much less thanCP andMLðN�nÞþ
n

(n < N ) formed whenCM ismuchmore thanCP. On
the contrary, the ionized colloid particle

fðMSN 0 ÞSm; ðm� pÞNagpþ is formed when CS is

much more than CP and fðMLN ÞLm; ðm� pÞNagpþ
formed when CM is much less than CP. They can

dissolve in aqueous solution.
3. Experimental

3.1. Materials and methods

Absorption spectra were recorded on a TU1901

Spectrophotometer (PGeneral, Beijing) with 1-cm

and the individual absorbance was measured on a

Model 722 spectrophotometer (Shanghai third

Analytical Instruments). The Drop Shape Analysis
System (DSA 10 MK 2, KRUSS GmbH, Ger-

many) was used to measure the surface tension of

solutions. pH of solution was measured on pHS-

2C acidity meter (Leici Instruments, Shanghai).

The temperature was adjusted and remained con-

stant in an electronic heated thermostat bath,

Model 116R (Changjiang Test Instruments of

Tongjiang, China).
Protein standard solutions were prepared by

dissolving the commercial BSA (Dongfeng Bio-

logical Technological, Shanghai), a-globulins
horse cohn fraction IV (Gb) (Koch–Light Lab.,

England) and OVA (Shanghai Chemical Reagents

of Chinese Medicine Group) in deionized water.

The protein content (w, mg/ml) in the above

solutions was determined and calculated by the
relation: w ¼ 1:45A280 nm � 0:74A260 nm [24] by

measuring their absorbances (A260 nm and A280 nm) at
260 and 280 nm by UV spectrophotometry. The

contents were examined with coormassie brill blue

G250 by spectrophotometry [25]. The standard

stock solution of SDBS (1.00 mmol/l) was pre-

pared by dissolving SDBS (A.R., Shanghai

Chemical Reagents) in deionized water. DSPCF
solution (1.00 mmol/l) was prepared by dissolving

0.2420 g of DSPCF (A.R., C16H18N3S 
Cl, Sigma
Chemicals) in 250 ml of deionized water. The

Britton–Robinson buffer solutions between pH

1.83 and 8.27 were prepared to control the acidity

of the interaction solution. 2.0 mol/l NaCl was

used to adjust the ionic strength of the aqueous

solutions. The masking reagent solution, 2%
Na2EDTA was prepared for masking metals in the

determination of proteins.

3.2. Procedures

3.2.1. Assembly of DSPCF on proteins

Into a 10-ml calibrated flask were added an

appropriate working solution of BSA, 1.0 ml of
buffer solution (pH 1.83) and a known volume of

1.00 mmol/l DSPCF. The mixture was diluted to

10 ml with deionized water and mixed thoroughly.

After 5 min, absorbances were measured at 452

and 580 nm, respectively, against the blank treated

in the same way without any protein and then Ac,

g, CL and c were calculated by Eqs. (2)–(5).

3.2.2. Assembly of SDBS on proteins

In a 10-ml volumetric flask, added 1.0 ml of pH

1.83 buffer solution and a known volume ofDSPCF

and same times protein solutions.Diluted to about 7

ml and mixed. After 5 min, added a known volume

of 1.00 mmol/l SDBS. Diluted to 10 ml and mixed

well. After 10min, measured the absorbances at 452

and 580 nm against the blank and then DAc, g, CML

and c were calculated by Eqs. (6)–(8).
4. Results and discussion

4.1. Effect of pH and spectral analysis

The absorption spectra of the DSPCF,
DSPCF–BSA and DSPCF–BSA–SDBS solutions

at pH 1.83 are shown in Fig. 2a. Effect of pH



(a)

(b)

Fig. 2. (a) Absorption spectra of DSPCF, DSPCF–SDBS and

DSPCF–SDBS–BSA solutions at pH 1.83 containing: (1) 0.100

mmol/l DSPCF and 0.04445 mg/ml BSA; (2) 0.100 mmol/l

DSPCF; (3) 0.050 mmol/l DSPCF and 0.32 mg/ml BSA and (4)

0.050 mmol/l DSPCF, 0.0445 mg/ml BSA and 0.200 mmol/l

SDBS. 1 is measured against the reagent blank without any

protein and the others against water. (b) Effect of BSA (1),

OVA (2) and Gb (3) on Ar (¼A452 nm=A580 nm). All the solutions

contained 0.050 mmol/l DSPCF and were measured against

water.

H.-W. Gao et al. / Chemical Physics Letters 376 (2003) 251–258 255
indicated the DSPCF–BSA reaction is most sen-

sitive in acidic solution. This is attributed to the
fact that protein molecule will carry much more

positive charges because of protonation of –NH2.

In this work, pH 1.83 was selected. The maximal

peak of DSPCF is located at 469 nm from curve 2

and that of the DSPCF–BSA aggregate is located

at 487 nm from curve 3. The spectral red shift of

the aggregate is only 18 nm. This is attributed to

the fact that the electrostatic attraction is often
much weaker than a chemical bond. The former

causes only a little spectrum variation but the

latter can bring an obvious spectral shift. How-

ever, from curve 1, we observe that its peak and
valley are located at 580 and 452 nm, so such two

wavelengths were used. In the BSA–DSPCF so-

lution, a great amount of SDBS was added and the

replacement of DSPCF was observed. Curve 4

shows the absorption spectrum of the replacement

solution in the presence of a great amount of
SDBS. It is coincident with curve 2 so the BSA–

DSPCF aggregate was destroyed by SDBS and the

DSPCF binding on BSA was separated away.

From curves 2 and 3, the correction coefficients

were calculated to be bDSPCF ¼ 0:150 and

aBSA–DSPCF ¼ 0:745. The real absorbance of the

BSA–DSPCF aggregate was calculated by

Ac ¼ 1:13 (DA� 0:150DA0).

4.2. Analysis to interaction of DSPCF with proteins

Fig. 2b shows change of Ar (¼A452 nm=A580 nm) of

the solutions. From curve 1, Ar approaches a

minimum when the molar ratio of BSA to DSPCF

over 0.02. No free DSPCF exists in the solutions

and curve 3 in Fig. 2a shows the spectrum of such
a solution containing only the protein–DSPCF

aggregate. From curves 1, 2 and 3 in Fig. 2b, their

break points always are located at 0.01, 0.025 and

0.04, respectively. Therefore, the maximal binding

number of DSPCF on BSA, OVA and Gb was

estimated to be about 100, 40 and 25 and they will

be again examined below.

4.3. Effect of ionic strength and temperature

In order to investigate the effect of ionic

strength of solution on the assembly of DSPCF,

NaCl was added. From Fig. 3a, c increases rapidly
down to about 0 with increase in ionic strength.

Though the assembly of Cl� on protein is possibly

weaker than that of two sulfonyl groups in
DSPCF on protein, much more concentrated Cl�

than DSPCF will occupy the electrostatic points of

protein in place of DSPCF.

From Fig. 3b, we observe the effect of temper-

ature on c. c begins to decrease slowly over 40 �C.
At high temperatures, it is possible that the protein

molecular chain unfolds slowly from the multi-

folding. This makes the electrostatic field�s inten-
sity weaken. However, a DSPCF molecule binds

on protein by two sulfonyl groups to own a strong



(a) (b)

Fig. 4. Plots of c�1 vs. C�1
L at 30 �C (a) and 40 �C (b) where the

solutions contained 0.0467 mg/ml BSA ((1) c�1 ¼ 0:088C�1
L þ

0:0113, R2 ¼ 0:9701 and (4) c�1 ¼ 0:0387C�1
L þ 0:0105,

R2 ¼ 0:949), 0.0651 mg/ml OVA ((2) c�1 ¼ 0:9485C�1
L þ 0:0268,

R2 ¼ 0:9784 and (5) c�1 ¼ 0:6508C�1
L þ 0:0199, R2 ¼ 0:998) and

0.0859 mg/ml Gb ((3) c�1 ¼ 3:668C�1
L þ 0:0506, R2 ¼ 0:9908

and (6) c�1 ¼ 3:0988C�1
L þ 0:061, R2 ¼ 0:9894) and DSPCF

between 0.030 and 0.150 mmol/l.

(a)
(b)

Fig. 3. Effect of ionic strength (a) and temperature (b) on c of
DSPCF to BSA in the solutions containing 0.050 mmol/l

DSPCF and 0.0467 mg/ml BSA.
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binding force. Therefore, the simultaneous inter-
action of such two cases results in a weak de-

sorption of DSPCF from the DSPCF–protein

aggregate at higher temperatures.
4.4. Characterization of the aggregates

By varying DSPCF concentration, absorbance

of the protein–DSPCF solutions at 30 and 40 �C
was measured and c of DSPCF to protein and CL

of DSPCF at equilibrium were calculated by Eqs.

(2)–(4). Plots of c�1 vs. C�1
L is shown in Figs. 4a, b.

We observe that all curves are linear. Therefore,

the assembly of DSPCF in protein obeys the

Langmuir isotherm adsorption. From the inter-

cepts, the maximal binding number of DSPCF in

proteins was calculated to be DSPCF:BSA¼ 88:1
at 30 �C and 95:1 at 40 �C, DSPCF:OVA¼ 37:1 at

30 �C and 50:1 at 40 �C and DSPCF:Gb¼ 20:1 at

30 �C and 16:1 at 40 �C. These binding numbers

are similar to those obtained previously by the

absorbance ratio method. Besides, from the line

slopes, the binding constants of the aggregates

were calculated to be KBSA–DSPCF
30 �C ¼ 1:28� 105 and

KBSA–DSPCF
40 �C ¼ 2:71� 105, KOVA–DSPCF

30 �C ¼ 2:83� 104

and KOVA–DSPCF
40 �C ¼ 3:06� 104 and KGb–DSPCF

30 �C ¼
1:38�104 and KGb–DSPCF

40 �C ¼ 1:97� 104.

By varying the addition of the DSPCF and

same times protein solutions in SDBS solutions,

the absorbance of the SDDBS–DSPCF–protein
solutions at 30 and 40 �C was measured. Both c of
SDBS to protein and CM of the protein–DSPCF

aggregate at equilibrium were calculated by Eqs.

(6)–(8). Plots of c�1 vs. C�1
M are shown in Figs. 5a,

b. The assembly of SDBS on BSA, OVA and Gb

all obey the Langmuir isotherm adsorption, too.

From the intercepts, the maximal binding numbers

of the aggregates were calculated to be SDBS:

BSA¼ 99:1 at 30 �C and 90:1 at 40 �C, SDBS:
OVA¼ 50:1 at 30 �C and 40:1 at 40 �C and

SDBS:Gb¼ 60:1 at 30 �C and 50:1 at 40 �C. From
the line slopes, the binding constants of the SDBS–

protein aggregates is calculated to be KSDBS–BSA
30 �C ¼

4:12� 106 and KSDBS–BSA
40 �C ¼9:00� 106, KSDBS–OVA

30 �C ¼
2:34� 105 and KSDBS–OVA

40 �C ¼6:15� 105, KSDBS–Gb
30 �C ¼

8:78� 104 and KSDBS–Gb
40 �C ¼ 1:55� 105. From both

K of each, K at 40 �C is always more than that at
30 �C. This is attributed to the fact that each SDBS
is distributed to more electrostatic points of pro-

tein and the electrostatic attraction force becomes

strong.

From curves 7, 8 and 9 in Fig. 5c, their break

points at 30 �C are located at about 100, 50 and 50.

The results are anastomotic with those in the last



(a) (b)

(c)

Fig. 5. Plots of c �1 vs. C�1
m at 30 �C (a) and (2) 40 �C (b) where

the SDBS–protein solutions contained DSPCF between 0.030

and 0.100 mmol/l, BSA being 0.0074 times DSPCF and 0.050

mmol/l SDBS ((1) c�1 ¼ 24:074C�1
L þ 99, R2 ¼ 0:9633 and (4)

c�1 ¼ 10:02C�1
L þ 90, R2 ¼ 0:885), DSPCF between 0.040 and

0.090 mmol/l, OVA being 0.0030 times DSPCF and 0.100

mmol/l SDBS ((2) c�1 ¼ 214:12C�1
L þ 50, R2 ¼ 0:9392 and (5)

c�1 ¼ 65:051C�1
L þ 40, R2 ¼ 0:9009) and DSPCF between 0.060

and 0.150 mmol/l, Gb being 0.0034 times DSPCF and 0.200

mmol/l SDBS ((3) c�1 ¼ 683:26C�1
L þ 60, R2 ¼ 0:9506 and (6)

c�1 ¼ 322:55C�1
L þ 50, R2 ¼ 0:92). (c) Variation of f of the so-

lution containing: (7) 0.100 mg/ml BSA and SDBS between 0

and 1.0 mmol/l, (8) 0.130 mg/ml OVA and SDBS between 0 and

1.0 mmol/l and (9) 0.114 mg/ml Gb and SDBS between 0 and

1.5 mmol/l.
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paragraph. So the maximal binding number of

SDBS above in proteins is accurate.

4.5. Application

The adsorption of DSPCF in proteins at pH

1.83 has been applied to the quantitative detection

of protein in the presence of Na2EDTA. The
standard series of various protein solutions were

prepared and measured at 452 and 580 nm and all

Ac are linear. The linear equations are followed:

Ac ¼ 2:74x (R2 ¼ 0:9959, x-mg/ml) between 0 and

0.120 mg/ml BSA, Ac ¼ 1:12x (R2 ¼ 0:9902) be-

tween 0 and 0.135 mg/ml OVA and Ac ¼ 1:46x
(R2 ¼ 0:9958) between 0 and 0.15 mg/ml Gb.
By adding 0.5 ml of 2% Na2EDTA in protein

detection to mask metals possibly existed in

samples, none of the following substances affected

the direct determination of 0.023 mg/ml BSA (less

than 10% error): 0.1 mg/ml Cl�, SO2�
4 ; 0.05 mg/ml

glucose, Ca(II), Fe(II), Pb(II), Zn(II) and Mg(II);
0.01 mg/ml calf thymus DNA, tyrosine, glutamic

acid, lysine and vitamin C and 0.005 mg/ml

Cu(II).

Two samples, milk powder and children

drinking were prepared into aqueous solutions and

then analyzed. The determination results of the

protein contents accord with the index mark

signed on the containers. The recoveries of OVA
added were between 93.2% and 106% and the

relative standard deviations less than 4.8%.
5. Conclusion

The investigation of the interactions of DSPCF

and SDBS with proteins supports the Langmuir

monolayer assembly of small molecules on bio-

macromolecule. The combination of both the

MSASC technique and the break point approach

applied to characterization of a macromolecular
assembly is different from the other methods, e.g.,

Scatchard [11], continuous variations [26] in prin-

ciple and operation because the background in-

terference of a strongly spectral probe is

eliminated.
References

[1] R.F. Pasternack, P.J. Collings, Science 269 (1995) 935.

[2] J.F. Neault, H.A. Tajmir Riahi, J. Phys. Chem. 101 (1997)

114.

[3] J.F. Neault, H.A. Tajmir Riahi, J. Biol. Chem. 272 (1997)

8901.

[4] H.F. Arlinghaus, M.N. Kwoka, Anal. Chem. 69 (1997)

3747.

[5] R.F. Pasternack, E.J. Gibbs, J.J. Villafranca, Biochemistry

22 (1983) 2406.

[6] R.F. Pasternack, C. Bustamante, P.J. Collings, J. Am.

Chem. Soc. 115 (1993) 5393.

[7] C.Z. Huang, Y.F. Li, X.D. Liu, Anal. Chim. Acta 375

(1998) 89.

[8] K.A. Howard, P.R. Dash, M.K. Ward, L.M. Tomkins,

et al., Biochem. Biophys. Acta 1475 (2000) 245.



258 H.-W. Gao et al. / Chemical Physics Letters 376 (2003) 251–258
[9] H. Zheng, D.H. Li, M. Wu, Q.Y. Chen, J.J. Xu, Chem. J.

Chin. Univ. 20 (1999) 1026.

[10] M. Pesavento, A. Profumo, Talanta 38 (1991) 1099.

[11] G. Scatchard, I.H. Scheinerg, S.H. Armstrong, J. Am.

Chem. Soc. 72 (1950) 535.

[12] H.Q. Luo, X.H. Huang, Chin. J. Anal. Chem. 27 (1999)

1241.

[13] Y.Cao,Y.J. Li,X.W.He,Chem. J.Chin.Univ. 20 (1999) 709.

[14] C.Z. Huang, Y.F. Li, K.A. Li, Anal. Lett. 30 (1996) 1305.

[15] H.W. Gao, J. Jiang, L.Q. Yu, Analyst 126 (2001) 528.

[16] H.W. Gao, H.D. Mei, Macromol. Biosci. 2 (2002) 280.

[17] H.W. Gao, N.L. Hu, J. Solution Chem. 31 (2002) 165.
[18] H.W. Gao, W.Q. Xu, Anal. Chim. Acta 458 (2002) 417.

[19] I. Langmuir, J. Am. Chem. Soc. 40 (1918) 1361.

[20] H.W. Gao, J. AOAC Intern. 84 (2001) 532.

[21] H.W. Gao, Y.S. Chen, Y.C. Li, Mikrochim. Acta 137

(2001) 141.

[22] H.W. Gao, Chin. J. Chem. 21 (2003) 170.

[23] H.W. Gao, J.F. Zhao, Aust. J. Chem. 55 (2002) 767.

[24] J.B. Murphy, M.W. Kies, Biochem. Biophys. Acta 45

(1960) 382.

[25] H.W. Gao, J. Jiang, L.Q. Yu, J. Anal. Chem. 57 (2002)

694.

[26] W. Likussar, Anal. Chem. 45 (1973) 192.


	Investigation of biomacromolecular assembly: replacement occurring on proteins
	Introduction
	Principle
	MSASC technique
	Break point approach

	Experimental
	Materials and methods
	Procedures
	Assembly of DSPCF on proteins
	Assembly of SDBS on proteins


	Results and discussion
	Effect of pH and spectral analysis
	Analysis to interaction of DSPCF with proteins
	Effect of ionic strength and temperature
	Characterization of the aggregates
	Application

	Conclusion
	References


