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Abstract 26 

Fibroblast growth factor receptor type II (FGFR2b) is crucial in mediating cellular signal 27 

transduction and controlling vital biological processes such as cell growth and differentiation. 28 

The disruption or impairment of signaling pathways mediated by this particular receptor has 29 
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been closely associated with the pathophysiology of various human malignancies, including 30 

breast cancer, ovarian cancer, and endometrial cancer. It has been observed that toxic heavy 31 

metals, such as Lead, Cadmium, and Aluminum, exert their detrimental effects primarily 32 

through the alteration of established signaling pathways within the cellular environment. The 33 

primary objective of this research endeavor is to conduct a comprehensive investigation into 34 

the effects of the heavy metals Lead (Pb2+), Cadmium (Cd2+), and Aluminum (Al3+) on both 35 

the structural integrity and stability of recombinant FGFR2b. The analysis of intrinsic 36 

fluorescence emission and circular dichroism (CD) spectra of FGFR2b, when exposed to 37 

varying concentrations of these heavy toxic metals, indicated a gradual series of structural 38 

fluctuations that corresponded with the increased concentrations of the metals present. 39 

Furthermore, the findings from fluorescence and Fourier-transform infrared (FTIR) analysis 40 

of the protein structure demonstrated that the influence exerted by Pb2+ at concentrations of 41 

100 and 500 µM was significantly more pronounced and impactful than the effects produced 42 

by the other two metals under investigation The structure and stability of FGFR2b as a key 43 

receptor in cellular signal transduction were reduced by Pb2+. These results shed light on the 44 

effect of toxic heavy metals on biological functions of the cells via a change in their signaling 45 

pathways. 46 

Keywords: Fibroblast growth factor receptor, Kinase domain, Purification, Structure, 47 

Stability. 48 

 49 

 50 

1. Introduction 51 

Fibroblast growth factors (FGF) and their receptors (FGFR) play crucial roles such as cell 52 

proliferation, differentiation, migration, and survival. They are essential to fetal growth, 53 

development, and regulation of angiogenesis and wound healing in adults (1). The 54 

mammalian fibroblast growth factors (FGFs) are involved in critical signaling pathways, and 55 

their dysregulation can result in anomalies (2). The pleiotropic effects of FGFs are interposed 56 

through four highly conserved receptor tyrosine kinases (RTK), namely FGF receptors 1 to 4 57 

(FGFR1–FGFR4). The structure of FGFRs consists of three extracellular immunoglobulin 58 

(D1-D3) domains, the membrane, and intracellular tyrosine kinase activity portions. The 59 

FGF/FGFR pathways significantly influence various cell behaviors and are implicated in 60 

numerous human diseases, like cancer (3). FGFR2, through gene amplification and abnormal 61 
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activity, is a therapeutic target in cancers (4). GFR2 has two isoforms, FGFR2b and FGFR2c, 62 

and its locus is located at 10q26.13. FGFR2b comprises 334 aa and has a molecular weight of 63 

38 aa (5). The change of FGFR2 performance by different  factors such as somatic missense 64 

mutations or gene amplification relays  in a variety of cancers including endometrial, lung, 65 

breast, gastric, colorectal, and ovarian cancers (6). 66 

Heavy metals, originating from industrial and agricultural sources, are major environmental 67 

pollutants. Their significant toxicity, even at low exposure levels, poses substantial risks to 68 

biological systems by disrupting signaling pathways and inducing DNA damage, oxidative 69 

stress, and structural mutations (6, 7). The toxicological traits of Pb2+ and Cd2+ are partly 70 

accompanied by the generation of reactive oxygen species (ROS) that may incur numerous 71 

intracellular signaling pathways, especially NF-kB, JNK/SAPK/p38, as well as ERK/MAPK 72 

(7). The induction of the transcription nuclear factor κB (NF-κB) by metal-triggered signaling 73 

routes may result in sustained inflammatory processes and associated conditions, such as 74 

cancer development. Research findings have illustrated that cadmium notably triggers NF-κB 75 

and the secretion of the chemokine IL-8 (8).  76 

Despite the known roles of FGFR2b in cellular signaling and the toxicity of heavy metals in 77 

disrupting these pathways, little is known about how these metals affect FGFR2b structure. 78 

This study aims to evaluate the effects of Lead, Cadmium, and Aluminum on FGFR2b using 79 

CD, fluorescence, and FTIR spectroscopy. 80 

 81 

2. Materials & Methods 82 

In this study, imidazole, IPTG and Ni2+ -NTA from Sigma (Sigma-Aldrich Co), ampicillin 83 

and HEPES from Merck and E.coli bacteria BL21 (DE3) were obtained from the company 84 

invitrogen. All other reagents used in this study were of analytical grade and purchased from 85 

Sigma-Aldrich Co. 86 

2.1. Expression and purification of FGFR2b kinase domain 87 

Recombinant pLEICS-01 vectors containing the mutated coding region of FGFR2b were 88 

transformed into the standard E. coli BL21 (DE3) host cells. Luria- Bertani broth and LB 89 

agar bacteria culture media in the presence of 100 µg/ml ampicillin were inoculated with 90 

antibiotics. Susceptible cells were prepared in the presence of calcium chloride. 91 
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Recombinant pLEICS-01 vectors containing the target gene were transformed into E. coli 92 

BL21 86 (DE3). The expression of recombinant protein was induced by 1mM IPTG. The 93 

expressed protein was largely insoluble and prone to aggregation. Protein solubility was 94 

performed by changing in temperature condition of the bacterial culture from 37ºC to 20ºC. 95 

The purified protein was obtained using Ni2+ 90 -NTA column by affinity chromatography 96 

procedure and eluting buffer containing 50-200 mM imidazole. The fractions containing 97 

FGFR2b kinase domain were dialyzed in 25 mM Tris-HCl, 100 mM NaCl, PH 7.5, 98 

subdivided into smaller aliquots and stored at -80 c.  Functional analysis of the purified 99 

kinase domain was performed by polyacrylamide gel electrophoresis (PAGE). The 100  

concentration of protein was measured with Nano Drop spectrophotometry with an extinction 101  

coefficient at 280 nm of 41160 M-1 cm-1. 102  

The engineered kinase domain of human FGFR2b were considered with two mutations and 103  

cloned in our previous study (9). The mutations were created in E565A and K660E residues, 104  

selected based on associated pathologic disorders of Pfeiffer syndrome and endometrial 105  

cancer, respectively. To prove that the purified protein is in the active state, its interaction 106  

with both the wild type and mutant SH2 domains of phospholipase C (PLC) was studied 107  

using PAGE (10). 108  

2.2. Tertiary structure of FGFR2b by internal fluorescence spectroscopy 109  

Intrinsic fluorescence measurements of purified proteins were carried out on a Cary Eclipse 110  

spectrofluorimeter (Varian, Australia), using a 10-mm course duration quartz cuvette. 111  

Photomultiplier tube (PMT) detector was set to medium voltage. Both excitation and 112  

emission slits were adjusted with a 5 nm band pass. The internal fluorescence spectra were 113  

obtained excitation of protein (tryptophan fluorphore) at 280 nm and the emission range of 114  

300–450 nm at room temperature. For taking the clue of record severity of the buffer, the 115  

system was zeroed with a blank dilution (400 µL of buffer). The protein concentration of 3 116  

mg/ml was kept fixed in each sample solutions test. All the spectra gathered in the fixed 117  

concentration of EGFR2b and gradually increment in the concentrations of Pb2+ (100-1000 118  

µM), Cd2+ (100-1000 µM) and Al3+ (100-1000 µM) and 3 min incubation time for each 119  

increment. 120  

2.3. Fluorescence spectroscopy and protein chemical denaturation 121  

The change in the λmax of emission (blue and red shift) of the folded native FGFR2b protein 122  

was 115 obtained by titration of guanidine hydrochloride (GnHCl) condensations (0-6 M). 123  
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The excitation 116 wavelength was set at 280 nm and the emission spectra were recorded in 124  

the range of 300-450 nm. FGFR2b KD Chemical denaturation and λmax of emission were 125  

achieved in the GnHCl condensations of 0, 0.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 126  

5.5 and 6 M, and in the different concentrations of Pb2+ 120 (0, 100, 150, 200,300 and 500 127  

µM), Cd2+ (0, 6 and 12mM) and Al3+ (0, 0.5 and 1M). 128  

2.4. Secondary structure of FGFR2b by Far UV CD spectroscopy 129  

The Far-UV CD spectra were used to the assessment of secondary structural changes in of 130  

FGFR2b KD after incubation by different concentrations of GnHCl (0, 3, 6 M) using Jasco J-131  

810 spectropolarimeter. Far-UV CD spectra were recorded at 25 °C from 190 to 260 nm 132  

using a quartz cuvette with 1-mm track length containing 15μM concentration of protein. CD 133  

spectra were base lined for the buffer and then the sample spectra were obtained from sole 134  

protein and its incubation by Pb2+ 129 (500 µM), Cd2+ (12 mM) and Al3+ (1 M). These 135  

concentrations induced different fluctuations of protein structure by fluorescence technique. 136  

2.5. Fourier transform infrared spectroscopy of FGFR2b 137  

The FTIR spectroscopy was used to evaluate the type of metal interaction with FGFR2b KD 138  

using a Perkin-Elmer Spectrum RXI (Infrared spectroscopy). FTIR spectra fixed 139  

concentration of sole protein and its incubation with two concentrations of Pb2+ 300 and 500 140  

μM was determined. 141  

3. Results 142  

3.1. Expression and purification of FGFR2b kinase domain region 143  

From SDS-PAGE analysis illustrated in Figure 1 the maximum expression of recombinant 144  

protein achieved in three and four hours post induction. There was no contamination of other 145  

bacterial proteins that may co-eluted with the purified protein. 146  



 

6 
 

 147  

Figure 1: Purification of FGFR2b KD by affinity chromatography. Lane 1: molecular weight of 148  

markers, Lanes 2: load samples, lanes 3: flow through, and lanes 4-5: eluted samples. 149  

3.2. Internal fluorescence analysis of FGFR2b KD 150  

Native versus denatured spectra 151  

Two different spectrums of internal fluorescence of tryptophan fluorphore in figure 2 are 152  

refer to the denatured and native forms of FGFR2b. The maximum emission wavelength 153  

(λmax) of the native protein in 336 nm demonstrates a red-shift toward 365 nm after 154  

incubation with 1M  GnHCl as a chemical denaturant. 155  

 156  

Figure 2: Internal fluorescence spectrua of native (linear line) FGFR2b KD and incubation with 1M 157  

154 GnHCl as a chemical denaturant (dash line). 158  

3.3. Metal increments spectra of protein 159  

The effect of the different concentrations of Pb2+, Cd2+ and Al3+ from 100µM to 1000µM 160  

were done on the fluorescence emission spectra of native FGFR2b kinase domain. As it can 161  
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observe in Figure 3 there wasn’t a significant changed in the emission maximum wavelength 162  

of protein by gradually increasing of chemical concentrations while a gradually decreasing in 163  

the fluorescence intensity could be observed. 164  

 165  

Figure 3: Fluorescence spectrum for KD of FGFR2b. (a) Represents fluorescence emission spectra at 166  

different concentrations of Pb2+, (b) Cd2+ and (c) Al3+. 167  

3.4. Protein chemical denaturation and shift in the maximum emission spectra 168  

As mentioned above the protein concentration was constant in all experiments and the effect 169  

of these metals on the structural changes of the protein has been down on different 170  

concentrations. The tertiary structure of the protein tyrosine kinase FGFR2b was assessed in 171  

the presence of Pb2+ (0, 100, 150, 200, 300 and 500 µM), Cd2+ (0, 6 and 12 mM) and Al3+ (0, 172  

0.5 and 1 M) using intrinsic fluorescence and the change in the λmax of emission in the 173  

addition of GnHcl to the protein. As shown in Figure 4a-c the fluorescence emission spectra 174  

of protein was accompanied by a gradual decrease in intensity and red shift change of spectra. 175  

 176  

Figure 4: Internal fluorescence spectra of the FGFR2b by gradually addition of GnHcl (0.25-6M) as 177  

chemical denaturant in the presence of Pb2+ 500µM (a), Cd2+ 12 mM (b) and Al3+ 1M(c). 178  

As depicted in Figure 5a-c titration of GnHcl in the presence of metals induced an observable 179  

shift in the λmax in the range of 334-340nm. The effects of chemical denaturation and change 180  
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of maximum emission intensity by gradual increment of guanidine hydrochloride in the 181  

presence of the maximum concentration of these metals illustrated in Figure 5 proved the 182  

significant change of the tertiary structure of the protein by Pb2+ in comparison with Cd2+ and 183  

Al3+. 184  

 185  

Figure 5: Red shift (334-340nm) of maximum emission intensity of FGFR2b by gradually addition of 186  

GnHcl (0.25-6M) as chemical denaturant in the presence of Pb2+ (0, 100, 150, 200, 300 and 500 µM) 187  

(a) Cd2+ (0, 6 and 12mM) (b) and Al3+ (0, 0.5 and 1M) (c). 188  

3.5. Far UV circular dichroism spectroscopy and FTIR analysis for FGFR2b KD 189  

The Far-UV CD spectra of FGFR2b kinase domain shown in Figure 6a-c using GnHcl in the 190  

concentration of 0,3 and 6 M respectively, and the presence of Cd2+ (0, 6 mM) and Al3+ (0, 191  

0.5 M). It is clear from these figures that the effects GnHcl as a chemical denaturant changed 192  

the 193 normal shape of protein CD spectra with the increasing concentration, but this metal 193  

didn’t show 194 8 a significant change inspectra. Although the Pb2+ treatment completely 194  

abolishes the negative elipticity of the protein. 195  

 196  

Figure 6: Spectrum Far-UV CD spectra of FGFR2b in the presence of Cd2+ (0, and 6mM) and Al3+ 197  

(0, 0.5 M) (c) by its incubation of GnHcl 0, 3M (a), 3M (b) and 6M (c) as chemical denaturant. 198  
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The significant change of Pb2+ on protein structure leads us to do an FTIR test for the 199  

detection of its interaction with FGFR2b Kinase Domain. As illustrated in the representation 200  

provided in figure 7, which also corresponds to the third methodology employed in this study, 201  

the Fourier Transform Infrared Spectroscopy (FTIR) analysis has corroborated and confirmed 202  

the substantial influence exerted by lead ions (Pb2+) on the structural composition and 203  

characteristics as evidenced in the visual depiction presented in (Figure 7). 204  

 205  

Figure 7: FTIR spectra of FGFR2b in the presence of different concentration of Pb2+ (0μM) (a), 208 206  

(300μM) (b) and (500μM) (c). 207  

 208  

 209  

4. Discussion 210  

Given the fact that FGF signaling plays a crucial role in the regulation of several biological 211  

processes including cellular differentiation and proliferation, it is reasonable to speculate that 212  

metal toxicity can affect this signaling pathway by interaction with the related receptors. 213  

Liang Xie et al. investigated FGFR2 amplification in gastric cancer and the therapeutic 214  

potential of AZD4547, a potent ATP competitive receptor tyrosine kinase inhibitor of 215  

fibroblast growth factor receptor (FGFR) 1–3, in patients with FGFR2-amplified gastric 216  

cancer. The study showed that AZD4547 effectively blocked the phosphorylation of FGFR2 217  

and its downstream signaling molecules, leading to apoptosis in SNU-16 cells (11). 218  
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Despite their different properties, metal carcinogens share common cancer-causing 219  

mechanisms like oxidative stress, blocking DNA repair, activating growth signals, and 220  

altering gene expression. These effects are mostly due to protein interactions, which are more 221  

important than direct DNA damage, impacting DNA repair, tumor suppression, and signaling 222  

proteins (12). This study aims to evaluate metal interactions and protein structural changes 223  

using three techniques: fluorescence, CD, and FTIR spectroscopies. Fluorescence 224  

spectroscopy is a sensitive method for characterizing protein structure, particularly through 225  

the intrinsic fluorescence of tryptophan residues used to label proteins (13). Fourier transform 226  

infrared spectroscopy is one of the oldest and well established experimental techniques for 227  

the analysis of chemical bases and secondary structure of polypeptides and proteins (14). In 228  

addition, circular dichroism (CD) is recognized as a valuable technique for examining the 229  

regular structure of proteins in solution and presents important information about the 230  

secondary structure of biological macromolecules (15). The analysis of CD spectra can 231  

therefore yield valuable information about the secondary structure of biological 232  

macromolecules. 233  

These techniques were used to study the effects of heavy metals like lead, cadmium, and 234  

aluminum on the FGFR2b kinase domain (16). In this way, different concentrations of metals 235  

with a fixed concentration of protein were investigated on the structure and stability of 236  

protein. The amount of heavy metals in the human body is often found in biological fluids 237  

like blood, plasma, and urine. These metals are derived from workplaces or situations where 238  

people are exposed to them, leading to damage to cells and important proteins (17). 239  

These heavy metals and their complexes can induce unwilling biological effects, e.g. Pb2+ can 240  

inhibit enzyme activity with coordination by sulfhydryl groups (SH). The clearest 241  

manifestation 247 of this interaction impairment of the biosynthesis of porphyrin metabolism 242  

in humans that associated with the disorder (18). The test of FGFR2b KD activity was 243  

approved by its interaction with both the wild-type and mutant SH2 domains of 244  

phospholipase C (PLC). So, in this case, the complexation of Pb2+ with this substrate can 245  

induce its toxic effects or cover as a metabolite interposition in a signaling pathway (10, 16). 246  

As it can observe from Figure 5a-c the chemical denaturation of FGFR2b KD obeyed from a 247  

three-stage process. This type of denaturation emphasizes the cooperativity of unfolding and 248  

two sigmoidal shapes of denaturation may be related to the two domains of the protein. As 249  

shown in Figure 5c the Pb2+ in its higher toxic concentration induced a quick co-destruction 250  
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of two domains in protein structure and reduced its stability without transition from 251  

intermediate state. In a study conducted by P. Apostoli et al, the effects of Pb2+ on anion 252  

channel membrane proteins of RBC, was approved. In that case, the concentration of Pb2+ in 253  

60.6 micrograms/100 ml of worker's blood test showed a significant decrease in the band of 254  

channels that appeared on the SDS- PAGE (19). 255  

Various studies have examined the toxic effects of Pb2+ on the cellular and molecular levels, 256  

especially in the signaling pathways of the neurons. It has been shown that Pb2+ can 257  

aggregate in the brain when its concentrations in the blood increase. The astroglia is the most 258  

liable cell type for Pb2+ accumulation and stockpile in the central nervous system (CNS) (20). 259  

One potential mechanism implicated in the toxicity or poisoning caused by Pb2+ is its 260  

capacity to trigger oxidative stress in blood and various tissues, thus contributing to the 261  

development of poisoning through disruption of the intricate balance between pro oxidants 262  

and antioxidants present in mammalian cells. Numerous researchers have proposed a 263  

potential role of reactive oxygen species (ROS) in Pb-induced toxicity, whereby Pb leads to 264  

elevated levels of the lipid peroxidation marker malondialdehyde (MDA) and reduces the 265  

activities of key antioxidant enzymes such as glutathione peroxidase (GPx) and superoxide 266  

dismutase (SOD) in the brains of rats (21). 267  

ERK1/2, known as extracellular signal-regulated kinase 1/2, plays a crucial role in forming 268  

long-term potentiation (LTP), and the presence of Pb2+ can disrupt LTP by interfering with 269  

ERK and other signal molecules. Basic fibroblast growth factor (bFGF) is a neurotrophic 270  

factor that helps protect neural cells from toxins, potentially through the MEK1/ERK signal 271  

pathway (20). Besides, chronic exposure to Al significantly diminishes the activities of 272  

protein kinase C (PKC) and mitogen-activated protein kinase (MAPK) and reduces the 273  

expression levels of extracellular signal-regulated kinases (ERK1/2) (22). Additionally, Al3+ 274  

can impact the expression and processing of amyloid precursor protein receptor in 275  

Alzheimer's disease. Researchers have observed that Al(mal)3 affects PKC enzyme  activity 276  

and NMDAR expression through mGluR1, pointing to aluminum's role in synaptic  plasticity 277  

and providing insights into complex neurotoxic mechanisms (23). Also, Cd2+ can crack 278  

cellular PKC which ultimately gains phosphorylation of various transcription factors which in 279  

turn leads to activation of target gene expression (24). Also Bimonte and his colleagues 280  

demonstrate that Cd2+ can modify the expression and pattern of estrogen receptor and 281  

androgen receptor in breast cancer cell lines and potentially leading to a carcinogenic 282  

microenvironment (25). 283  
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The use of infrared spectroscopy allows the elimination of protein conformation in a diverse 284  

range of environments. As shown in the Figure 7 the specific absorption bands of protein 285  

infrared spectra between 400 and 4000 cm -1 in the concentrations of 300 and 500 μM Pb2+ 286  

induced a significant change in the shape, position and intensity of FTIR bands in comparison 287  

with the sole protein. The peak of native protein at 1527.4 cm-1 assigned as random coil 288  

shifted to 1546.6 and 1533.7 cm-1 and increased largely in the concentrations of 300 and 500 289  

μM Pb2+. 290  

Although the magnitudes of anti-parallel β-sheet (1286.2 cm-1 shifted here at 1384.2 cm-1) 291  

had not changed in native and Pb2+ incubated protein, the peak at 1649.8 cm-1 (shifted to 292  

1648.2 and 1661.1 cm-1) which assigned as α-helix and β-turn increased largely after 293  

incubation of protein with Pb2+. So, this trend can be interpreted in terms of an increase in β-294  

turn structure at the expense of α-helical structure in the presence of Pb2+. 295  

 296  

5. Conclusion 297  

This study investigates the impact of heavy metals, including lead (Pb2+), cadmium (Cd2+), 298  

and aluminum (Al3+), on the structure and stability of the FGFR2b kinase domain. The results 299  

show that these metals can alter the protein's structure and reduce its stability. Specifically, 300  

Pb2+ at higher concentrations leads to the rapid degradation of both protein domains, 301  

decreasing its stability without transitioning through an intermediate state. These findings 302  

highlight the toxic effects of heavy metals on protein structure and their potential influence 303  

on biological processes such as cancer and neurological diseases. However, the study is 304  

limited to the structural level of the protein, and the effects of these metals on cellular 305  

function and metabolic processes have not been fully explored. Further research is needed to 306  

better understand these effects in real biological systems. 307  
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