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Abstract. It was shown by X-ray phase analysis, IR spectra analysis and MALDI-ToF mass spectrometry methods 
that interaction of synthetic hydroxyapatite with a solution of immunoglobulin G leads to its partial dissolution due to 
leaching from the surface of calcium triphosphate which, in our opinion, forms complexes with immunoglobulin G.
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Introduction
Hydroxyapatite (HA, Ca10(PO4)6(OH)2) is a synthetic analogue of the mineral component of bone and is widely 

used in catalysis, adsorption, laser technology and other fi elds [1]. Its most promising application is as implant in 
biological systems, due to its good biocompatibility and chemical affi nity to the mineral basis of bone, that is, to the 
calcifi ed tissues. On the other hand, synthetic calcium phosphates do not fully possess biological properties of the bone 
tissues [2]. This is due to some differences in chemical composition as bone contains calcium phosphates, which have 
also carbonates, phosphate, trace elements, etc. In turn, the chemical differences contribute to making changes in the 
texture of the material [3]. At the same time, the mineral component of bone tissue in the body fl uids is susceptible to 
partial dissolution, but to a lesser extent than synthetic HA, which is associated with the presence of some trace elements 
in natural materials [4-5].

The latter considerations justify the need to study synthetic HA in contact with body fl uids to determine possible 
ways of its dissolution.

As a model system we have chosen HA−immunoglobulin G (IgG) and HA−human serum albumin (HSA). We 
studied the interaction of these components.

Materials and methods

HA synthesis [14-15]
HA was synthesized using commercially available Ca(NO3)2 (99% ACS, Aldrich) and (NH4)2HPO4 (Aldrich) as 

starting precursors. The reaction was conducted using de-ionized water. The method consisted of the following steps. 
Stoichiometric amount of Ca(NO3)2 (0.1 M) was fi rst dissolved in 100 ml water and 25% ammonia in water  was added 
until pH=10 (solution #1). At the same time stoichiometric amount of (NH4)2HPO4 (0.1 M) was dissolved in 100 ml 
water and 25% ammonia in water was added until pH=10 (solution #2). Then solution #2 dropwise was added to solution 
#1 with continuous stirring. Upon completion of addition the resulting solution was heated on boiling for 10 minutes. 
Solution was left at room temperature for 24h. The resulting precipitate was fi ltered and dried in air at 110°C.

Chemical precipitation route can be represented by the following reaction:
10 Ca(NO3)2 +6 (NH4)2HPO4+2 H2O → Ca10(PO4)6(OH)2+12 NH4NO3+8 HNO3

Preparations of IgG and HSA
 IgG and HSA were dissolved in water to a concentration of 1 mg / ml. To 1 ml of IgG or HSA 20 or 100 mg of HA 
were added. After incubation at room temperature, the solution of HA with proteins was centrifuged at 10000/min for 15 
minutes. The supernatant was investigated by MALDІ. The sediments were examined by XRD HA and IR.

MALDI-ToF  
Matrix for the mass spectrometric studies were prepared by standard procedures: 12 mg of SA (Sinapic Acid 

Fluka (SA)) (Sigma) was dissolved in 1 ml water-acetonitrile mixture in the ratio 1:1. To the solution trifl uoroacetic acid 
was added  in 1mkl aliquots [6].

The studies were conducted in the range of 19 kDa -300 kDa. The resulting spectrum is the result of the 
accumulation of 600 single spectra.

IR spectra 
IR spectra were recorded on a spectrophotometer “Perkin Elmer” (Model 1720H) in the range of 400-

4000 cm-1.  
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X-ray phase analysis
DRON-UM1 using Kα radiation anode x-ray focusing Bragg-Brentano, Co K (λ = 0,179021 nm) and Fe - in the 

fi lter the refl ected rays.

Results and discussion
MALDI mass spectrum of IgG is represented by a series of peaks which include the molecular ion IgG + (150 

kDa) and the various possible combinations of singly-charged fragments of IgG formed by cleavage of its light (23 kDa) 
and heavy (50 kDa) chains. The obtained mass spectrum and its interpretation matches previously published data [7].

As a control, HA samples of two different concentrations (20 and 100 mg\ml) were incubated in distillates for 2 
and 24 hours. After centrifugation, the supernatant was treated with IgG and albumin (separately) and kept for 2h and 
24 h. Then the solution was investigated by MALDI. No changes in the mass spectra of proteins have been recorded. 
Consequently, all subsequent changes in the mass spectra of proteins are the result of their interactions with HA.

Fig. 1. MALDI-TOF mass spectrum of IgG (a), after one hour of incubation (b), and 4-hour incubation (d) in the 
presence of 100 mg / ml of HA in positive mode.

After exposure of the solution with HA IgG (20 mg/ml) changes have been observed in the mass spectrum of 
positive ions, namely an increase in the mass values   of the corresponding peaks. Since the molecular ion of IgG + shifted 
by about 520 amu and 1500 amu after 2 and 4-hour incubations, respectively. With increasing concentration of HA to 
100 mg/ml more critical changes of mass values were observed (Figure 1). The increase in mass of the ion IgG was 1000 
amu and 2200 amu in 2 and 4-hour incubations, respectively. The mass of heavy IgG fragment increased by 700 amu 
after 2 h incubation and remained so after 4 hours of incubation. The change in the mass of light fragment of IgG at 220 
amu in 2 and 4 hours of incubation was noted. This indicates that the light chains of IgG are involved in interaction with 
the inorganic surface, which is fundamentally different from the mechanism of the interaction of IgG with salts of heavy 
metals, which have been recorded by their interaction with light chain protein [8]. A similar exhibition of HA in solution 
of HSA did not lead to a change in mass of the protein even at 24 h incubation. The general trend for the HSA and IgG 
represents a decrease in the relative intensities of the ions in the mass spectrum with increasing concentration of HA and 
the exposure time, which is related to processes of proteins adsorption on HA.

To assess the state of GA, after interaction with IgG, we used the method of IR spectroscopy, which is able to 
detect the presence of such a local change of symmetry, and phosphate anions that make up the architecture and surface 
properties of HA .

Figure 2 shows the IR spectra of HA, HA with adsorbed IgG and HA with adsorbed IgG after repetitive washing 
with water. 

It is noteworthy, that in the original HA characteristic bands in the region 400-800 cm -1 are due mainly to 
deformation vibrations of -PO4 tetrahedrons and the bands in the region 900-1200 cm -1 - stretching vibrations of the 
phosphate anion (P-O bonds). The bands in the range 1300-1650 cm-1 and about 873 cm-1 correspond to the v3 and v2 
modes of vibrations of carbonate groups. Deformation vibrations of water molecules are located at 1620 cm-1. The broad 
absorption band in the range 2500-3700 cm-1 refers to water adsorption.

Chemistry Journal of Moldova. General, Industrial and Ecological Chemistry. 2012, 7 (2), 143-146



145

Fig. 2. IR spectra of HA (1), with adsorbed IgG (2) and after washing (3)

After interaction with a solution of IgG following changes are observed in the IR spectrum. The intensity of the 
characteristic absorption bands changes, as well as the observed shift of their maxima. An increase of the intensity of the 
bands at 601cm-1 for the HA protein with adsorbed IgG is detected, along  with a simultaneous decrease in the intensity 
of the absorption band at 562 cm-1 compared to the original HA indicating the involvement of P-OH bonds in the process 
of protein adsorption. The structure of the absorption band at 1700-1600 cm-1 the largest contribution corresponds to the 
C ═ O group in the peptide bond (80%) with a small contribution of plane bending vibrations of NH groups (10%) and 
valence vibrations of C-N bond (10%). Peptide groups form hydrogen bonds that defi ne secondary structure of proteins. 
According to literature data, in aqueous solution it is dominated by the structure of β-sheet (the peak of 1638 cm-1, which 
is clearly visible in the spectrum of HA and protein), which is changed or even destroyed after the interaction in the 
HA. The absorption bands of carbonate groups are becoming more distinct and separate too, which can be explained by 
immunoglobuline “nanogrinding” the IgG surface and by the involvement of the HA surface acid centers on that process. 
Considering the analysis of the IR spectra suggests that the interaction of IgG molecules with the HA surface, assumes 
involvement of -PO4 tetrahedrons, which leads to their partial polarization, change of geometry and as a consequence - 
changing the bond lengths. After washing the protein from the surface of HA a partial restoration of the original form of 
the spectrum is observed, indicating a partial restoration of HA structure after washing.

Information about changes in the structure of HA after interaction with the protein was supplemented by X-ray 
phase analysis (Figure 3).     It is noted that the ratio of the intensity of the refl ection (28 deg) decreases with respect to 
the refl ex in the (29 deg.). However, the protein is partially returned to its original position after desorption. It should be 
noted that in the synthetic HA there is always about 5% of tricalcium phosphate (TCP)  [12], whose lines are just in the 
28-29 deg and their intensity changes after washing the protein. 

The degree of conversion of TCP to HA was determined by the formula [9]:
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For pure HA it was obtained the value Rn = 0,79, for the HA with immune globulin after washing Rn = 0,8 
indicating the decrease of TCP share in HA.

According to the XRD average particle size constitutes 36 nm [11]. Amount of β-TCP impurity, according to 
the standard JCPDS 9-169, which is always present in the synthetic HA is ~ 5% (within the sensitivity of XRD). If we 
assume that the particles have a spherical shape, we can determine the surface area of  nanoparticles and, therefore, 
estimate the area occupied by the TCP. We have identifi ed the surface area of  sphere particles representing 2826 nm2, 
of them 148 nm2 falls on the surface occupied by the TCP. Obviously, the percentage contribution of TCP structure, 
which in our opinion determines the characteristic changes in all the spectra related to IgG experiments, is negligible as 
compared to other parts of the surface and particle volume. This shows little change in the intensities of refl ections of 
X-ray diffraction and transmission lines in the IR spectra. There are also data in the literature to explain the change in 
the diffraction patterns. According to the authors, the abrupt change in the diffraction patterns shows the transition from 
mono-crystalline to poly-crystalline HA with 2θ in the range of 31.5 and 33.2 deg [13].
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Fig. 3. XRD for the HA (3), IgG (2) and after washing the adsorbed protein (1)

It was previously shown the possibility to infl uence the structure of inorganic phosphate with amino acids, 
namely, that some of them are able to transform amorphous calcium phosphates in monocrystalline HA and participate 
in the structuring of the surface [9] and asparagine can produce changes in the structure of calcium hydrogen phosphate 
surface in 72 hours [10]. Theoretical studies have shown that the interaction of aminoacids with HA surface is associated 
with changes in the geometry of the surface groups with a change in bond lengths [9].

Conclusions
In connection with the above, we conclude that the HA interactions with a solution of IgG leads to its partial 

dissolution due to leaching from the surface of calcium triphosphate which, in our opinion, forms complexes with IgG. 
The interaction of HA and IgG acquire new qualities: HA alters the chemistry and structure of the surface and the IgG 
in complex with fragments of the surface of HA, which may lead to a change in its biological activity. To answer the 
question why such changes occur in the case of IgG but not of HAS, further investigations must be conducted.
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