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ABSTRACT 

In this paper, the spectral characteristics of the interaction between lead and bovine serum albumin (BSA) were 
analyzed by fl uorescence spectroscopy, ultraviolet spectroscopy and infrared spectroscopy. The eff ects of pH, bovine 
serum albumin concentration, lead ion concentration and ionic strength on the spectra of lead ion-bovine serum albumin 
system were investigated, and the best testing condition is to determine the interaction between lead and BSA by testing 
the peak changes or displacement in the UV spectrum analysis.  Fluorescence spectroscopy showed that lead ion could 
induce the fluorescence quenching of bovine serum albumin. The influence of lead ion on the secondary structure 
of protein was analyzed by infrared spectroscopy. It was found that β-angle increased, α-helix decreased and β-slice 
increased.
KEYWORDS:  lead ion; bovine serum albumin; fl uorescence spectroscopy; UV-visible spectroscopy; infrared 
spectroscopy

1. Introduction

In the organism, the proteins are a biologically important substances, it plays a key role in the movement and 
development of life. The study of the composition, conformation and interaction mechanism of small molecules is a 
common concern and interest of the staff  who work in the fi eld of chemistry, chemical biology, life sciences, pharmacy 
and clinical medicine technology. Serum albumin is carrier protein which is most abundantly in plasma, it can 
eff ectively combine with many endogenous substances and exogenous drugs and to form a complex, thus it directly or 
indirectly in regulating the role of protein [ 2-4] and aff ecting the physiological role of protein. Therefore, the study of 
the interaction between small molecules and biological macromolecules such as protein has attracted great attention. 
There is a wide variety of proteins, those has been found has reached millions, however various of the proteins are 
macromolecule polydentate ligands containing multiple coordination atoms (such as: N, O, S, some proteins also 
contain P, etc.)  and thus it can easily interact with metal ions or their small molecule complexes and correspond to 
diff erent spectral characteristics. The function of the protein is closely related to its structural conformation, diff erent 
structures have diff erent function of the protein, and vice versa. The activation or maintenance of a biological function 
is often associated with the role of some elements of life or benefi cial elements; at the same time, the weakening or 
disappearance of a certain biological function or activity of the protein is often aff ected by some contaminated element 
or harmful element. Most of the elements are metal elements that stabilize or alter the structural conformation of the 
protein by the action of the associated protein, so as to achieve the purpose of controlling or aff ecting the function of the 
protein. Therefore, it can be said that the interaction of metal elements with protein, especially the interaction of many 
diff erent metal elements with protein in near physiological environment and the change of protein structure before and 
after the action, elucidate the mechanism of the action of some metal elements, It is of great signifi cance to study the 
eff ects of trace elements on human health, prevent poisoning and environmental pollution control from the molecular 
level.

Bovine serum albumin (BSA) is a commonly used in protein study because it is the most abundant carrier protein 
in plasma, able to react with many endogenous substances and exogenous substances in body, and BSA have been 
scanned and measured by X-ray [5-6]. Bovine serum albumin and human serum protein is very similar, both amino 
acid sequence is also very similar, bovine serum albumin is a biological organic macromolecules containing multi-
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coordination group, and can coordinated with metal ions. So the analysis of bovine serum albumin has a very important 
theoretical and practical signifi cance.

The interaction of metal ions with protein is aff ected by the rigidity and fl exibility of the protein itself, also aff ected 
by metal ion charge, radius, coordination confi guration and other factors, such as Zn which always coordinated with 
Cys and His to form tetrahedral structure. In addition, the reaction temperature, reaction time, ion concentration 
(strength), acidity, buff er and etc. aff ect the protein and metal ions interaction. In particularly noteworthy that the eff ect 
of ion concentration on the reaction, the concentration is too high or too low will not achieve the desired experimental 
purposes, because both benefi cial to the human body or harmful elements, they have a constant concentration in the 
body. Any kind of element concentration is too high or too low will have a negative impact on the human body, and the 
protein itself also exists salting out eff ect, so in the course of the experiment should choose a suitable ion concentration 
range. Lead is widely distributed in nature, and almost all minerals contain lead. Lead ion is commonly seen in life, lead 
is indispensable material in the industrial production and scientifi c research. It also plays an important role in human's 
production. But lead is one of the most harmful toxic elements in humans and higher class organisms. Lead pollution 
has caused a variety of disasters to humans. Lead is present in many forms in nature. Lead form is diff erent, the toxicity 
is different. Studies have shown that inorganic lead can be generated into correspondence organic lead when react 
with biochemethylation, ethylation, and the organic lead can be absorbed by animals and plants, and through the food 
chain enrichment, and ultimately endangering human health. Lead can benefi t to human, but will cause environmental 
pollution. Therefore, the detection method with high sensitivity and selectivity must be carried out to study lead which 
is theoretically and practically signifi cance. The study of the interaction between proteins and metal ions has begun in 
the early 1950s. Since 1960s, many scientists have used crystal structure analysis and coordination chemistry to study 
the structure of some metalloproteins and metallases, and their bioactivity studies had speculated their mechanism of 
action. These studies together constitute the main elements of bioinorganic chemistry in research aspects. Since the 
1980s, the development of various detection technologies and computer technology has opened a new situation in the 
study of the interaction between protein and metal ions. In this respect, Wang Kui and Shen Panwen have made a lot 
of research work, and there are a number of related monographs to introduce specifi c experiments. Commonly used 
detection methods are as follows:

1.1.  Ultraviolet spectroscopy

Ultraviolet absorption spectroscopy is a common way to understand the conformation of protein molecules in 
solution. Bovine serum albumin molecules have a strong absorption peak at about 280 nm. Due to the specifi c binding 
of diff erent regions of the protein, binding with drugs results in the displacement of the absorption peak, a small amount 
of complex is added to the bovine serum albumin solution to observe whether the characteristic absorption peak of 
bovine serum albumin is displaced or peak changes can be a rough idea of   whether the complex react with BSA.

Serum protein can absorb ultraviolet light, when it reacts with small molecules, the changes of correspondence 
displacement of absorption peak and peak width were observed. Du Na Na Na Na Na et al. studied the interaction 
of Isoniazid (INH) and BSA by using UV absorption spectroscopy and fluorescence spectroscopy and the effect of 
fl uorescence quenching mechanism of INH on BSA was discussed [7]. Lü Guiying et al. studied the interaction between 
bovine serum albumin and cadmium reagent 1B in the presence of Tween 2O by UV-visible molecular absorption 
spectroscopy and established an analytical method for protein detection which applied in the products of bovine serum 
albumin test [8]. Zhang Hongmei et al. studied the interaction of rare earth element Nd3 + ions and bovine serum 
albumin (BSA) in microemulsion system at diff erent pH values by using UV spectrum, and preliminary discussed the 
mechanism eff ect of Nd3 + and bovine serum albumin [9].

1.2. Fluorescence spectrophotometry

Fluorescence spectroscopy has the advantages of high sensitivity, good selectivity and low dosage used. The use 
of fluorescence spectroscopy in order to determine the role of drugs, rare earth metals and bovine serum albumin 
were reports [10-15]. Luo Hongbin et al. studied the interaction between bergenin and bovine serum albumin (BSA) 
molecules by fl uorescence spectroscopy. The results showed that the binding constant of bergenin and BSA was 2.083 
x l04 and the number of binding sites was 1 [16]. Li et al. studied the interaction between Sorbito1 and bovine serum 
albumin (BSA) by fluorescence and ultraviolet absorption spectroscopy. The binding constants of the reaction at 
diff erent temperatures were 7.4 × 10-5 (25 oC) and 1.7 × 10-4 (37 oC), respectively, and the total number of binding 
sites was 1 [17]. Wu et al. studied the interaction of antipyretic analgesics acetaminophen (PTL) and BSA by using 
fluorescence spectrophotometry and UV-visible spectrophotometry under simulation of human body's physiological 
environment. The results show that due to the fl uorescence quenching which caused by non-radiative energy transfer, 
the fl uorescence intensity of BSA is signifi cantly reduced after binding with PTL. The experiment data were treated by 
using Stern-Volmer equation and Lineweaver-Burk equation, and the static equilibrium constant (KLB) of this binding 
reaction was found to be2.592X103molL-1 (297K), and the binding position was 1.94 nm apart from the 212 sited 
tryptophan. According to the thermodynamic parameters of the binding reaction, it is concluded that the binding force 
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between PTL and BSA was hydrophobic force (sulfur water force) 1 . The contents and methods of Fluorescence 
spectrum investigation are as follows:

(1) the determination of the binding site

The three-dimensional crystal structure of serum albumin has been shown, it consists of e three similar domains
[18]: Sitel, Sitell and Site1H. Each domain also contains A and BZ subdomains, a cylindrical structure is formed in 
the manner like notch-opposing each other. Most of the drugs in serum albumin's binding site are Sitel and Sitdl. The 
following methods are commonly used to determine the binding sites of drug molecules on serum albumin by using 
fl uorescence detection.

(2) Instead of using a probe with a known specifi c site [4-7]

Some fluorescent probes have specific binding site at different regions of the protein, and the drug binding sites
can be determined based on the effect of the drug on the fluorescent probe. Known probes for Sitel are Warfarin, 
(Phnylbutazone), dansyl-lamide, etc.; Site11 probes are ibuprofen, fl ufenamic acid and so on.

(3) The distance between the drug and the tryptophan residue by Forster energy transfer theory [19-22]

The endogenous fl uorescence of proteins is mainly caused by tryptophan. Using the Forster energy transfer theory,
we can fi nd the distance between the drug and the tryptophan residue, and speculate that the site where drug binds to 
the protein. The energy transfer can occur within a drug-protein complex, and can also occur between the drug and the 
protein molecule. In the latter case, the distance between the obtained drug and the tryptophan residue represents the 
closest distance between the drug molecule and the tryptophan residue during the molecular diff usion process [22].

(4) Determination of binding sites and binding constants

Scatchard is a classical method for studying the binding reaction of biological macromolecules to organic small
molecules. This method should be used in the application of the known concentration of free drugs in the reaction 
system, which is often diffi  cult to do with the fl uorescence method, and Scatchard mapping results are often not ideal; 
therefore, in the study of drug molecules and protein binding reaction, application of Scatchard mapping method is 
not much. Zhang Baolin et al. used this method to study the anthraquinone and fl avonoids and human serum albumin 
binding reaction [11].

When the protein reacts with the drug molecule, it can cause the change of the fl uorescence properties of the system. 
There are two cases: (1) the drug molecule does not have fl uorescence and the endogenous fl uorescence of the protein is 
quenched after adding the drug to the protein solution; (2) Drug molecules have fl uorescence, but binding of protein and 
drug cause the endogenous fl uorescence is quenched, while the fl uorescence of drug molecules are sensitized enhanced. 
From the fl uorescence quenching mechanism, the quenching of protein molecules by fl uorescence can be divided into 
dynamic quenching and static quenching. Dynamic quenching is the fl uorescence quenching caused by the interaction 
between the excited molecules of the drug and the protein, following the Stern-Volmer equation [9-10]:

Fo / F = l + KsvCQ ............ (1)

Where Fo is the fluorescence intensity of the protein when no drug is added (quencher), F is the fluorescence 
intensity of the protein when the drug concentration is added, and Ksv is called the quenching constant. Static quenching 
is complexes of drugs and proteins in the ground state, resulting in decreased protein fl uorescence intensity. For the case 
of 1: 1 combination, the formula was derived as:

Fo / F = l + K [Q] (2)

Where K is the stability constant of the complex, and [Q] is the concentration of the free drug molecule. According 
to this formula for the Fo / F- [Q] graph, the K value can be obtained from the slope of the regression line. (2) is plotted 
and found that the regression line is often linearly poor. To this end, the equation (2) is transformed into a double 
reciprocal formula [12], which is the most commonly used formula for the domestic author.

(Fo - F) -1 = Fo -1 + K-1 Fo-1 [Q] -1 (3)

By comparing equations (1) and (2), it can be seen that there is a linear relationship between Fo / F and CQ, whether 
it is static quenching or dynamic quenching, and thus only by measuring the fl uorescence intensity of the fl uorescence 
quenching data, it cannot determine whether the quenching phenomenon is dynamic or static. Distinguish between 
dynamic quenching and static quenching can be determined by the following aspects:

(1) Dynamic quenching is related to temperature, and the increase of temperature will increase the diffusion
coeffi  cient, and increase the bimolecular quenching constant. The increase of temperature may cause the stability of the 
complex to decrease, and reduce the degree of static quenching.
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(2) Because the dynamic quenching only aff ects the excited state of the fl uorescent molecules, it does not change the 
absorption spectrum of the fl uorescent substance. In the static quenching, the formation of the ground complex often 
leads to the change of the absorption spectrum of the fl uorescent substance.

(3) Static quenching, the presence of the quencher does not change the lifetime of the excited state of the fl uorescent 
molecule, τo / τ = 1; and the dynamic quenching, the presence of the quencher reduces the fl uorescence lifetime, τo / τ = 
Fo / F is the most accurate method to distinguish in between static quenching and dynamic quenching.

1.3. Infrared spectroscopy

The development of various experimental techniques provides a powerful tool for studying the relationship between 
the structure and function of proteins and polypeptides. The secondary structure of proteins is closely related to the 
diff erent types of hydrogen bonds formed within the molecule. Infrared spectroscopy is an eff ective tool for studying the 
secondary structure and kinetic properties of proteins. [23] It is possible to study the structure and function of proteins 
by studying the relationship of secondary structure of proteins. Liu Huizhou et al. studied the eff ect of emulsifi cation 
and secondary structure of lysozyme in aqueous surfactant solution by infrared spectroscopy. It was suggested that ionic 
surfactant and protein could destroy the ordered helical structure of protein molecules and increase the content of the 
random coil structure [19].

Infrared spectroscopy is one of the main methods to study the secondary structure of protein, which can qualitatively 
and quantitatively analyze the secondary structure of protein. In 1950, Elliott and Ambrose based on the model peptide 
proposed hypothesis where the infrared peptide I band 1660 ~ 1650cm-1 peak is belongs to α-helix structure, 1640 ~ 
1630 cm-1 peak is belongs to β-fold conformation  is the qualitative estimation of secondary structure of protein [ 87-
88]. In the mid-1970s, a number of semi-quantitative methods for calculating protein conformation were developed. The 
limitations of these methods were that they required many parameters, and the di ffi culty of practical work was the same. 
In 1983, Susi and Byler fi rst applied the second derivative theory to the study of the secondary structure. In 1986, they 
applied the convolution method to the secondary structure analysis [89], which makes the secondary structure of the 
infrared protein into the quantitative stage.

The protein exhibits nine characteristic vibrational modes or group frequencies in the infrared region, where the 
most commonly used in secondary structure analysis is the amide I band located in the range of 1700 to 1600 cm-
1. As the protein contains a variety of different secondary structural units, these conformation corresponding to the 
vibration absorption peaks overlap together to form a broad peak, the inherent width of each sub-peak is greater than 
the instrument resolution, the use of ordinary spectrum technology is di ffi cult to separate the sub-peaks, and Fourier 
transform infrared high resolution, high sensitivity, high signal to noise ratio and frequency accuracy and other 
characteristics, causing the second derivative, deconvolution technology can be applied to FTIR, which can separate the 
peak in amide I band which cannot be distinguished and the peak values   of each sub-peak were pointed out, and then 
the components of the secondary structure of the protein were quantitatively analyzed by curve fi tting.

At present, the study of small molecules, ions and albumin interaction method other than spectroscopy, the other 
common methods are balanced dialysis, nuclear magnetic resonance, centrifugal ultrafi ltration and calorimetry [24].

Wang Kui et al., discovered the balance conditions, pH eff ects, as well as metal ions (including rare earth metal ions) 
of the coordinated metal ions and serum albumin with the main coordination group and position of protein through a 
series of experiment carried out[25].

In the above methods, the application of UV-visible spectroscopy and fl uorescence spectrophotometry were used 
most in experiment, by using fluorescence method, it can be found that fluorescence quenching can occur on BSA 
due to non-radiation energy transfer, and the eff ects of the addition of other substances on the conformation of bovine 
serum albumin can be determined by calculating the equilibrium constant, the binding site, the type of the force, and the 
relevant thermodynamic constants. The study system is based on the drug, rare earth metal and bovine serum albumin. 
And the eff ect of lead ion on the conformation of bovine serum albumin and the interaction mechanism the two groups 
have not been reported. Therefore, high sensitivity and high selectivity detection method must be search in order to 
carry out the study which has theoretical and practical signifi cance.
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2. Experimental part

2.1. Experimental reagents and instruments

2.1.1 Experimental apparatus

(1) 970CRT type fl uorescence spectrophotometer (Shanghai analytical instrument factory)

(2) UV-7502PC type UV-Vis spectrophotometer (Shimadzu, Japan)

(3) Electronic balance (Beijing Sartorius Instrument Systems Co., Ltd.)

(4) 10-1000 μL pipettes

(5) Nicolet6700 infrared spectrometer (American thermoelectric company)

2.1.2 Experimental reagents

Name, Purity and Specifi cation Reagent Source

Bovine serum albumin biochemical reagents. Pharmaceutical Group Chemical Reagent Co., Ltd

Lead nitrate biochemical reagents. Pharmaceutical Group Chemical Reagent Co., Ltd

Analysis of pure phosphate chemical reagents

Potassium Dihydrogen Phosphate Analysis Pure Pharmaceutical Group Chemical Reagent Co., Ltd

Secondary distilled water

Sodium Chloride Analysis Pure Guodu Chemical Reagent Co., Ltd

2.2. Preparation of the solution

2.2.1 Preparation of buff er

KH2PO4 and Na2HPO4 were accurately weighed to 0.9073g and 2.3852g respectively. 1/15mol/L  of the buff er was 
made in 100 ml volumetric fl ask and the pH was adjusted to 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5.

2.2.2 Preparation of BSA solution

Take 50ml volumetric fl ask, weigh 0.3400g bovine serum albumin, with secondary distilled water into 1 × 10-4mol / 
L bovine serum albumin solution, and diluted to 10-5mol / L, as stock and stored into the refrigerator at below 5 ° C.

2.2.3 Preparation of lead ion concentration

0.3312 g of lead nitrate was accurately weighed with an analytical balance and formulated into solution with 
concentration of 0.01 ml / L in 100 ml volumetric fl ask. And then diluted with secondary distilled water into 1 × 10-3 
mol / L, 5 × 10-4 mol / L, 1 × 10-4 mol / L, 1 × 10-5 mol / L, 5 × 10-5 mol / L, 1 × 10-6 mol / L.

(1) the preparation of diff erent concentrations of lead nitrate solution

Take 10ml clean cuvette, add 2ml of BSA solution, 2mlpH = 7.1 buff er, add lead nitrate volume (ml) as follows, and
dilute with distilled water to 10ml.
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Step

Concentration mol/L
10-3 5x10-4 10-4 10-5 5x10-5 1x10-6

1 2.0 0.0 0.0 0.0 0.0 0.0

2 4.0 0.0 0.0 0.0 0.0 0.0

3 0.0 1.0 0.0 0.0 0.0 0.0

4 0.0 0.0 2.0 0.0 0.0 0.0

5 0.0 0.0 4.0 0.0 0.0 0.0

6 0.0 0.0 0.0 2.0 0.0 0.0

7 0.0 0.0 0.0 4.0 0.0 0.0

8 0.0 0.0 0.0 0.0 1.0 0.0

9 0.0 0.0 0.0 0.0 0.0 1.0

10 0.0 0.0 0.0 0.0 0.0 2.0

11 0.0 0.0 0.0 0.0 0.0 4.0

12 0.0 0.0 0.0 0.0 0.0 0.0

(2) Diff erent pH solution preparation

Take a number of colorimetric tubes, add 2ml of BSA solution, and then add 2mlpH in 6.0,6.5,7.0,7.5,8,8.5 buff er,
and diluted with distilled water to 10ml.

(3) The preparation of diff erent concentrations of BSA concentration

In 11 clean 10 ml colorimetric tubes, add 2 ml of  2mlpH = 7.1 buff er,  2ml x 4 x 10-4 mol / L added into the BSA
solution as shown in the following table, dilute to 10 mL with distilled water

Step 10-5mol/L(mL) 1x10-4mol/L 4x10-4mol/L

1 1.0 0.0 0.0

2 2.0 0.0 0.0

3 3.0 0.0 0.0

4 4.0 0.0 0.0

5 0.0 1.0 0.0

6 0.0 2.0 0.0

7 0.0 3.0 0.0

8 0.0 4.0 0.0

9 0.0 0.0 2.0

10 0.0 0.0 3.0

11 0.0 0.0 4.0

(4) Measurement step:

Fluorescence: The emission wavelength was set at 350 nm and the fluorescence spectrum at 200-600 nm was
measured. All measurements were made at room temperature (15 ± 2 ° C). Excitation and emission monochromator slits 
are 5nm.

UV: secondary distilled water was used as blank, scanning range 200-600nm.

Infrared: sensitivity set to 2cm-1, spectrum measurement in the range of 4000-400cm-1 

3. Results and discussion

3.1. Ultraviolet spectrum

3.1.1 UV spectra of the system at diff erent pH conditions
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1-6: pH, respectively, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5

As the protein contains aromatic amino acid side chain, mainly tyrosine (Tyr), tryptophan (Trp), followed by 
phenylalanine (Phe) [27], they produce absorption near 285nm, thus the structure of protein can be studied by using UV-
visible spectral.

Figure showed that the peak intensity is weakest at pH = 7.5. After pH> 7.5, the peak intensity decreases with the 
increase of pH value, and the absorption peak increases with pH at pH <7.5. Proteins have carboxyl and amino groups 
as functional groups, so the pH changes are very sensitive, too acid and alkali will lead to protein degeneration and 
inactivation. The absorption peak near 280 nm of serum albumin is caused by the π-π * transition of the aromatic 
heterocyclic ring of two tryptophan and 19 tyrosine residues on its peptide chain, while the absorption near 240 nm is 
mainly peptide bond C = N-π * transition of the O-based, it is related to the content of α-helix structure of the protein 
molecule. After isoelectric point of BSA, with the decrease of pH in the system, the interaction between BSA molecules 
is enhanced, which is benefi cial to the cohesion between molecules and molecules, causing the conformation of protein 
molecules changes, α-helix content decreases and thus causing the absorption peak which nearby 240 nm is redshift. 
At the same time, due to the decrease of the pH value in the system, the phenomenon of peptide chain extension occur, 
the structure of serum albumin changes, causing the aromatic heterocyclic hydrophobic groups from tryptophan and 
tyrosine residues which enclosed within the albumin molecule are exposed. The interaction between the hydrophobic 
groups is enhanced and the transition energy increases, resulting in a red shift of the 285 nm absorption peak [26].

In the literature, [27], the major binding sites in the BSA molecule are at the N-terminus of the BSA at 56-57 (Asp-
Asp), 170-171 (Glu-Asp), 362-363 (Asp-Asp) and 560 -561 (Asp-Asp) amino acid carboxyl group, while the other parts 
of the residual-COO-based are weak binding site. Since the coordination of these points causes the BSA conformational 
change, the α-helix content decreases, resulting in a red shift in the absorption peak position.

3.1.2 UV spectra of BSA under diff erent concentrations

1-12 BSA concentration of 1 × 10-5mol / L, 2 × 10-5 mol / L, 3 × 10-5 mol / L, 4 × 10-5 mol / L, 1 × 10-4 mol / L, 2
× 10-4 mol / L, 3 × 10-4 mol / L, 4 × 10-4 mol / L, 8 × 10-4 mol / L, 1.2 × 10-3 mol / L, 1.6 × 10-3 Mol / L, 2.0 × 10-3 
mol / L

From the fi gure can be observed in the BSA concentration of 3 × 10-5 mol / L showed the maximum absorbance.
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3.2. 3.1.3 UV spectra of diff erent concentrations of lead nitrate

1-13 lead concentration: 0,1 × 10-6mol / L, 2 × 10-6 mol / L, 3 × 10-6 mol / L, 1 × 10-5 mol / L, 2 × 10-5 mol / L, 4
× 10-5 mol / L, 5 × 10-5 mol / L, 2 × 10-4 mol / L, 4 × 10-4 mol / L, 2 × 10-3 mol / L, 10-3 mol / L, 2 × 10-2 mol / L

The peak position of the protein was 285 nm. With the increase of lead concentration, the absorption peak near 285 
nm was caused by the transition of ring π-π * from the tryptophan and tyrosine on the peptide bond. When lead ions are 
added, lead ions bind to BSA to alter the molecular conformation of the protein.
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3.1.4 Eff ects of ionic strength

The concentration of 1-8Nacl was 0,0015mol / L, 0.003 mol / L, 0.0045 mol / L, 0.002 mol / L, 0.0025 mol / L, 0.005 
mol / L, 0.01 mol / L, 0.015 mol / L

It can be seen that when the concentration of Nacl is 0.0045 mol / L, the fl uorescence spectra of the system are stable 
and the absorbance is large. Therefore, the concentration of Nacl at 0.0045 mol / L was selected as experiment standard 
concentration.

The ion concentration has a great eff ect on the reaction of lead and bovine serum albumin, and the ion concentration 
is too high or too low will not achieve the desired experimental purpose, because both are beneficial and harmful 
elements of the human body, they have a considerable constant concentration range, any one element too high or too 
low will have a negative impact on the human body, and the protein itself also exists salting out, so in the course of the 
experiment should choose a suitable ion concentration range in order to get better experimental results.

3.3. Fluorescence patterns

A-H lead ion concentration of 0,1 × 10-6mol / L, 2 × 10-6mol / L,

1 x 10-5 mol / L, 2 x 10-5 mol / L, 2 x 10-4 mol / L, 4 x 10-4 mol / L, 2 x 10-3 mol / L
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The endogenous fl uorescence of proteins is mainly derived from the tryptophan residues and tyrosine residues in the 
molecule, and the fl uorescence is mainly from the 212th tryptophan residue. At 280 nm, the endogenous fl uorescence 
emission peak in the BSA molecule is near 350 nm. The figure shows the change of the fluorescence spectrum of 
the fixed BSA concentration and the fluorescence emission spectrum of the system with the change of the lead ion 
concentration. Figure showed that the peak shape has no signifi cant change with the increase of the lead ion content, but 
the emission wavelength has blue shift (5nm), the fl uorescence intensity is regularly reduced, indicating that the eff ect 
of lead ions on the fl uorescence of BSA quenching.

3.4. Infrared spectra

The secondary structure of the protein refers to the folding of the polypeptide chain itself in the protein molecule, 
such as α-helix, β-sheet, β-turn, etc., amide I band and amide III band (1240 cm-1), to a certain extent it refl ect the 
changes of protein secondary structure, and the amide I band is more sensitive to the secondary structure of the protein 
molecule, and the change of the amide I band can approximately to characterize the type of secondary structure of the 
protein molecule.

Characteristic vibrations of amide groups

Name wavenumber / cm-1 vibration mode

Amide A 3300 N-H stretching vibration

Amide B 3100 amide II band with a pan-frequency, 
Fermi resonance

Amide I 1660 C = O stretching vibration

Amide II 1570 N-H in-plane bending vibration and
C-N stretching vibration

Amide III 1300 C-N stretching vibration and N-H
in-plane bending vibration

Amide IV 630 C-N in-plane bending vibration

Amide V 730 N-H Outside Bending Vibration

Amide VI 600 C = O Outside bending vibration

Absorption peak position / cm-1 Attribution

1600-1640 beta-fold

1640-1650 No return curl

1650-1670 α-helix

1680-1685 Corner structure

P e a k 
position / cm-1

1675 1679 1652 1655 1645 1632 1630 1618 1614

Identify β-turn α-helix No-curled β-chain β-fold Beta-sheet
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Protein solid and aqueous solution, heavy water solution in the secondary structure of the main frequency / cm-1

Structural components Solid aqueous Solution * Heavy water solution *

a-helix 1646 + 1.0 1656 + 2.0 1653 + 4.0

a-helix 1653 + 3.0 / / 

a-helix 1635 + 1.0 / / 

Β-sheet 1620 + 2.0 1624 + 0.5 1624 + 4.0

Β-sheet / 1632 + 1.0 1631 + 3.0

Β-sheet / 1638 + 1.0 1637 + 3.0

Corner 1690 + 1.0 1666 + 1.0 1663 + 4.0

Corner 1668 + 1.0 1672 + 1.0 1671 + 3.0

Corner 1683 + 1.0 1680 + 1.0 1683 + 2.0

Corner 1675 + 1.0 1688 + 1.0 1689 + 2.0

Corner 1694 + 0.5 1694 + 2.0

Disordered structure / 1650 + 1.0 1645 + 4.0

Note: * Data sources see 'Protein Structure Analysis', Yan Longfei Sun Zhirong editor, Tsinghua University Press, 
1999, Beijing

3.3.1 Infrared spectra of lead ions

- Bovine serum albumin solution

- Bovine serum albumin solution containing 4 x 10-4 mol / Lb ions

BSA buff er were added to diff erent concentrations of lead ions, other conditions remain unchanged. When the Pb
ion is added, the relative intensity of BSA amide I band with l650cm-1 and Ⅱ with 1546cm-1 is obviously changed 
indicating that BSA and Pb ion reaction, BSA molecular structure has changed.

The BSA has three possible binding sites, namely the carboxyl group of oxygen, the nitrogen of the amino group and 
the nitrogen of the acyl group. The strong absorption peak at 1615.45 cm-1 in the complex can be attributed to the anti-
symmetric stretching vibration of COO- in the side chain COO- or its metal complex COOM, while the peak at 1739.57 
cm-1 is formed by the side chain COOH or The C = O stretching vibration in COOR corresponds to a weak broad peak
at 1732.29 cm-1 in hemoglobin.

These indicate that the combination of lead ions causes a large change in the secondary structure of hemoglobin and 
that lead ions may bind to the carbonyl or carboxyl groups of the amino acid residues.

3.3.2 Infrared second derivative
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The concentration of B-N ions was 1 × 10-6 mol / L, 2 × 10-6 mol / L, 3 × 10-5 mol / L,

2 × 10-4, 2 × 10-3 mol / L

Infrared Spectroscopy of protein secondary structure indicates that the 1675 cm-1 is a beta-turn at the 1655 cm-1 
alpha-helix, the 1614 cm-1 is a beta-sheet, and the 1618 cm-1 is a beta-fold. From the fi gure, it can be observed that the 
β-turn increases, the α-helix decreases, the β-slice increases, and the β-sheet increases.

This result further suggests that lead and bovine serum albumin interact with each other, leading to the partial 
development of peptide chains in the protein molecule, altering the secondary structure of bovine serum albumin.

4. Conclusion

Preliminary conclude that the interaction of lead ion and BSA occurs and the coordination happened at the amino
acid residues on the carbonyl or carboxyl group through the analysis of UV, fl uorescent and infrared spectral.

 The UV spectrum can only show the characteristic absorption band of the protein and the peak position is 285nm.

Lead ions can cause fl uorescence quenching in bovine serum albumin, and the endogenous fl uorescence emission 
peak in BSA molecule is near 350 nm. The fl uorescence intensity of the fl uorescence emission spectrum decreases with 
the increase of lead ion concentration, but the emission wavelength has a blue shift trend (5nm), and the fl uorescence 
intensity decreases regularly with the increase of lead ion concentration indicating that lead ions has fluorescence 
quenching eff ect on BSA.

After adding lead ions, there are changes in the relative intensities of BSA amide I band with l650cm-1 and II with 
1546cm-1 can be observed from the infrared spectrum. In the second derivative diagram, the β-angle increase of BSA 
in the presence of lead ions, α-helix decreased, β-slice increased, to some extent it changed the secondary structure of 
BSA.
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