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Native mass spectrometry for the design and selection of protein 

bioreceptors for perfluorinated compounds 

Elise Daems,‡a,b,c Giulia Moro,‡a,c,d Herald Berghmans,e Ligia M. Moretto,d Silvia Dewilde,†e 

Alessandro Angelini,d,f Frank Sobott *b,g,h and Karolien De Wael *a,c 

Biosensing platforms are answering the increasing demand for analytical tools for environmental monitoring of small 

molecules, such as per- and polyfluoroalkyl substances (PFAS). By transferring toxicological findings in bioreceptor design 

we can develop innovative pathways for biosensor design. Indeed, toxicological studies provide fundamental information 

about PFAS-biomolecule complexes that can help evaluate the applicability of the latter as bioreceptors. The toolbox of 

native mass spectrometry (MS) can support this evaluation, as shown by the two case studies reported in this work. The 

analysis of model proteins’ (i. e. albumin, haemoglobin, cytochrome c and neuroglobin) interactions with well-know PFAS, 

such as perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS), demonstrated the potential of this native 

MS screening approach. In the first case study, untreated and delipidated albumin were compared in presence and absence 

of PFOA confirming that the delipidation step increases albumin affinity for PFOA without affecting protein stability. In the 

second case study, the applicability of our methodology to identify potential bioreceptors for PFOS/PFOA was extended to 

other proteins. Structurally related haemoglobin and neuroglobin revealed a 1:1 complex, whereas no binding was observed 

for cytochrome c. These studies have value as a proof-of-concept for a general application of native MS to identify 

bioreceptors for toxic compounds.

Introduction 

Biosensing platforms are answering the increasing demand for 

analytical tools for environmental monitoring.1–3 A key step in 

the development of biosensors is the selection of the 

bioreceptor or biorecognition element, a biomolecule (e.g. 

protein or nucleic acid) which enables the specific recognition 

of the analyte and undergoes biochemical changes that can be 

further translated into a detectable signal.4 The possibility to 

combine a protein bioreceptor within a biosensing platform 

depends mainly on the affinity and specificity of the recognition, 

the compatibility with the matrix of interest (e.g. waste water, 

biological fluids, etc.), the production costs and the 

physicochemical stability in the required working conditions.5 

These criteria should be carefully evaluated while screening 

new bioreceptors for small molecules, such as per- and 

polyfluorinated alkyl substances (PFAS).  

PFAS, a class of more than 3,000 manmade chemicals, represent 

a global issue due to their persistent, bioaccumulative and toxic 

behaviour, which has adverse effects on the ecosystem and 

human health.6–8 In the last two decades, improved regulatory 

plans and phase-out initiatives supported by in-depth 

toxicological and environmental studies limited the usage of 

PFAS, such as perfluorooctanoic acid (PFOA) and 

perfluorooctane sulfonic acid (PFOS).9–12 However, Barceló and 

Ruan13 pointed out that “this is not the end of the story” since 

novel fluorinated compounds are continuously entering the 

market to replace the old ones, following the trend predicted 

by Wang and co-workers.14 The monitoring of long-chain and 

new generation PFAS through fluorescence-based, optical and 

electrochemical sensors is giving promising results.15–18 

However, examples of biosensing platforms are still limited.19 

Transposing toxicological studies, particularly the ones focused 

on PFAS-protein interactions, to bioreceptor design is of great 

importance to develop new sensing platforms. Indeed, 

toxicological studies provide fundamental information about 

PFAS-protein complexes by clarifying binding site distributions, 

affinity constants, stoichiometries, etc. Liu et al. offered a 

complete overview of the analytical techniques in use for the 

characterisation of these compounds giving emphasis to their 

limits and potential.20 For instance, PFOA and PFOS affinity 
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towards serum proteins such as albumin and haemoglobin was 

extensively characterised by multi-analytical approaches based 

on fluorescence spectroscopy, mass spectrometry (MS), circular 

dichroism, isothermal titration calorimetry, X-ray 

crystallography, and molecular docking.21–24 Multi-analytical 

studies confirmed the strong affinity of PFOA for human serum 

albumin (hSA): PFOA’s carboxylate head and fluorinated C8 tail 

mimic the structure of fatty acids promoting PFOA binding into 

hSA's hydrophobic pockets.25,26 Similarly to fatty acids, hSA-

PFOA interactions are non-covalent, mainly hydrophobic, and 

influenced by protein conformation and environmental 

conditions (such as pH).27 These findings suggest the possibility 

to use hSA as a bioreceptor.19 Also other proteins were found 

to be good candidates: in 2016, Wang et al. described how PFOS 

influences the stability and conformation of haemoglobin, 

providing key information about its half-life in blood. PFOS was 

found to interact with the protein, leading to a significant 

conformational change and exposure of the haem group.21 

In this context, native MS offers a rich toolbox to support 

bioreceptor screening studies. Native MS is widely applied to 

study biomolecules, such as proteins. Because a soft ionisation 

technique is used, even relatively weak non-covalent 

interactions are preserved upon transfer to the gas-phase, 

allowing the analysis of non-covalent protein-target 

complexes.28 Besides identifying and characterising individual 

species, native MS can also provide information on the 

stoichiometry and composition of complexes. Moreover, native 

MS  allows to analyse heterogeneity within proteins and their 

complexes.29–31 Other advantages of native MS are that only low 

sample amounts are required (a few µL) at relatively low 

concentrations (low µM-range), no labelling is required and it is 

relatively fast (minutes)32 compared to other techniques often 

used for the characterisation of PFAS-protein complexes.20 

Combining MS with ion-mobility spectrometry (IM-MS) adds 

the arrival time dimension, which corresponds to the global size 

and shape of the ions, to the analysis and provides information 

on the structure, conformational heterogeneity and topology of 

the complexes. When performing collision induced unfolding 

(CIU) experiments, the conformational stability of proteins and 

their complexes can be examined.33 

To show the potential of native MS in bioreceptor screening, we 

describe two case studies dedicated to PFAS-protein 

complexes. PFOA/PFOS were used as model analytes and 

albumin, cytochrome c (cyt c) and neuroglobin (NGB) as 

possible bioreceptors. In the first case study we assessed the 

applicability of hSA isolated and purified from blood as a 

bioreceptor for PFOA (Figure 1A). Considering the fatty acid-

mimicking nature of PFOA, untreated and delipidated hSA were 

first compared. Although the delipidation step improved PFOA 

affinity by removing residual fatty acids present in the hSA 

isolated from blood, it could also lead to a lower stability of the 

protein itself. Native MS was applied to characterise the hSA-

PFOA complexes, while the complex stability was probed by 

CIU. 

Since the interactions of haemoglobin (Hb) with PFAS have been 

previously studied, we probe the use of other haemoproteins 

such as NGB and cyt c (Figure 1B and C) in the second case study. 

Cyt c is a 12 kDa, water-soluble protein and can be considered 

as a model protein, easy to combine with sensing platforms 

such as electrochemical ones.34–36 However, its interaction with 

PFAS is unclear and its applicability in PFAS biosensing was 

never tested. NGB is a 17 kDa globin with a 3/3 fold expressed 

in the central and peripheral nervous system, cerebrospinal 

fluid, retina and endocrine tissues.37,38 In contrast to cyt c, NGB 

was not applied in biosensing so far. Therefore, the possibility 

to include cyt c and NGB in a PFAS bioreceptor library was 

screened by native MS. Through these case studies we aim to 

demonstrate the use of native MS as a complementary method 

for the design and characterisation of bioreceptors. 

Figure 1 – Summary of the proteins tested as bioreceptors: (A) human serum albumin in complex with myristic acid, (B) cytochrome c, and (C)

neuroglobin. The haem group is shown in red. The proteins were screened against PFOA and/or PFOS (D from the left to the right). PDB Data Bank ID

are reported in Table S-1.
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Experimental 

Materials 

Perfluorooctanoic acid (PFOA, ≥ 96%) perfluorooctanesulfonic 
acid potassium salt (PFOS, ≥ 98%), human haemoglobin and 

cytochrome c from human heart were purchased from Sigma-

Aldrich (Belgium). Human serum albumin was isolated from 

blood and purified as previously described by Chen et al.39 

Recombinant human neuroglobin was expressed and purified as 

reported previously.40 The 100 mmol/L ammonium acetate 

solution pH 6.8 was prepared using ammonium acetate (> 98%) 

purchased by Sigma-Aldrich (Belgium). All other reagents were 

of analytical grade and solutions were prepared using double 

distilled deionised water.  

 

Sample preparation 

Prior to use, untreated hSA, delipidated hSA and Hb were 

dialysed overnight in 100 mmol/L ammonium acetate pH 6.8 

using Slide-a-Lyzer Mini dialysis units with a molecular weight 

cut-off of 3.5 kDa (Thermo Fisher Scientific, Belgium). The 

denatured samples were directly prepared in 50/50 

acetonitrile/MilliQ water with 0.1% formic acid. The 

concentrations of the protein solutions were verified using a 

Nanodrop2000 (Thermo Fisher Scientific) using the parameters 

in Table S-1. The average of three triplicate measurements was 

considered. NGB and cyt c were buffer exchanged to 100 

mmol/L ammonium acetate pH 6.8 using Micro Bio-spin 

columns (Bio-gelP6, Bio-rad). Samples of 10 µmol/L protein with 

the desired concentration of PFOA/PFOS were prepared in 100 

mmol/L ammonium acetate pH 6.8. Once prepared the 

protein:PFOA/PFOS solutions were kept for max 5 h in the fridge 

at 4 ⁰C. No incubation time was needed before running the 
measurements. 

 

Native MS 

A sample volume of approximately 2-4 µL protein solution was 

required for each measurement and introduced into the mass 

spectrometer using nano-electrospray ionisation (nano-ESI) 

with in-house made gold-coated borosilicate capillaries. Two 

different instruments were used in this work. The hSA 

measurements were performed on a Q-TOF2 instrument 

(MSVision) which is modified for the transmission of high-mass 

macromolecular assemblies.41 The spray capillary voltage 

ranged between 1.2 and 1.8 kV, the source temperature was set 

to 30 °C and the sample and extractor cone were set to 25 V and 

10 V, respectively. The collision energy was fixed to 50 V. Gas 

pressures were 10 mbar and 1·10-2 mbar for the backing and 

collision gas, respectively. The measurements of the other 

proteins and the CIU experiments of hSA were performed on a 

Synapt G2 HDMS instrument (Waters) with N2 gas (purity 

99.9999 %, Messer) in the IM cell and the following instrument 

settings were used: spray capillary voltage 1.2-1.9 kV, source 

temperature 30 °C, sampling cone 25 V, extraction cone 1 V, 

trap collision energy 5 V (for the CIU experiments this was 

varied from 10 to 150 V), transfer collision energy 0 V, trap DC 

bias 45 V, IMS wave height 35 V and IMS wave velocity 700 m/s. 

The backing pressure was set to 3.9 mbar, the source pressure 

to 2.8·10-3 mbar, the trap pressure to 2.4·10-2 mbar, the IMS 

pressure to 3.0 mbar, and the transfer pressure to 2.5·10-2 

mbar.  

 

Data elaboration 

All data were analysed using MassLynx v4.2 (Waters) and 

Driftscope v2.3 (Waters). The Gaussian peak deconvolution 

algorithm within OriginPro 2018 was used to separate main and 

shoulder peaks and bound and unbound states. Afterwards, the 

intensity of these peaks was used to estimate the abundance of 

each species. The Kd of untreated hSA-PFOA complex was 

estimated from a single point measurement, as described by 

Göth et al., for all charge states and the mean Kd was reported.42 

Arrival times were extracted at the full width at half maximum 

from the whole peak, including salt adducts and complexes 

(where appropriate). This corresponds to an m/z-window from 

4435 to 4455 m/z and 4435 to 4520 m/z for the unbound and 

bound hSA, respectively. Experimental TWCCSN2
43 values were 

calculated using a previously reported method relying on a 

calibration with other native proteins under the same 

experimental conditions.44 During the calibration procedure, a 

linear fitting was applied according to Thalassinos et al.45 The 

CIUSuite 2 software (v2.2) developed by Polasky et al. was used 

to generate the CIU plots and analyse these data.46 

Results and discussion 

Testing hSA’s applicability as PFOA-bioreceptor 

In this first case study, the possibility of improving hSA-PFOA 

binding affinity and stoichiometry was tested by comparing 

untreated and delipidated hSA. To assess the stability of the 

delipidated hSA-PFOA complex, the CIU threshold and pattern 

were compared with the untreated hSA-PFOA. 

Toxicological studies showed high affinity of PFOA for hSA fatty 

acids binding sites.25–27 To facilitate access to hSA cavities, a 

delipidation pretreatment for hSA was included, as previously 

reported.39 The removal of endogenous fatty acids is expected 

to lead to better reproducibility of the interaction and a higher 

sensitivity. To verify these hypotheses, we determined the 

number of binding sites and compared the affinity of 

delipidated hSA to that of untreated hSA towards PFOA. In 

Figure 2A, the mass spectrum of untreated hSA shows the 

presence of the protein monomer (charge states 18+ to 12+), 

non-specific dimer (charge states 23+ to 20+) and non-specific 

trimer (charge states 28+ to 26+). The experimentally 

determined mass of hSA was found to be around 66.7 ± 0.3 kDa, 

which corresponds well with the mass of mature albumin which 

is subjected to cleavage of the signal peptide and the 

propeptide resulting in 585 amino acids (66.5 kDa).47 Moreover, 

a small amount of the complete hSA consisting of 609 amino 

acids (including propeptide and signal peptide) can be observed 

as the minor charge state distribution in between the main 

peaks, with an experimentally determined mass of 68.9 ± 0.9 

kDa. Analysis of the monomer revealed the presence of a 

shoulder to the main peak with an intensity of 52 % compared 
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to the main peak (Figure 2B). This is not observed upon 

denaturing of the protein (Figure S-1) and the intensity of the 

shoulder decreases to 31 % upon applying higher collision 

energies (Figure S-2). Therefore, this feature is noncovalent in 

nature and can possibly be ascribed to the presence of long- or 

short-chain fatty acids.48,49 Upon addition of PFOA (10-fold 

excess), a 1:1 stoichiometry complex was formed as indicated 

by the appearance of the second peak in Figure 2C. Over all 

charge states present, ca. 49 % of the untreated hSA is present 

in its unbound state and 51 % has one PFOA bound. The Kd was 

estimated to be 90 ± 5 µmol/L. This value is in agreement with 

the previously reported Kd of 100 ± 90 µmol/L by Beesoon et al. 

for the hSA-PFOA complex.50 The observed stoichiometry is 

lower compared to other values reported in the literature in 

which bovine serum albumin and rat serum albumin were 

used.25,27 The exact concentration, type and state of the protein 

used can influence the stoichiometry.  

The same experiments were performed with the delipidated 

hSA and an experimental mass of 66.6 ± 0.2 kDa was obtained. 

Again, a shoulder is observed on the main peak, but with a lower 

intensity of only 31 % compared to 52 % for the untreated hSA, 

suggesting the delipidation process removed the noncovalent 

feature (most likely fatty acids) at least partially (Figure 2E). 

Addition of 10-fold excess of PFOA to delipidated hSA yielded a 

complex with different stoichiometry (1:2, Figure 2F). 

Moreover, the intensity of the hSA peak without any PFOA 

bound is significantly lower for the delipidated hSA (20 %) than 

for the untreated hSA (49 %), suggesting a shift towards more 

complex formation. Approximately 45 % of the hSA has one 

PFOA bound, while 35 % has two PFOA molecules bound. The 

increase of the binding stoichiometry can be attributed to the 

delipidation step. As such, native MS confirmed that hSA 

delipidation is important to attain higher binding 

stoichiometries of the proposed bioreceptor. 

Inspecting hSA conformational stability. To investigate 

whether the delipidation of hSA influences protein 

conformational stability and binding capacity, we performed 

CIU experiments on both untreated and delipidated protein. 

CIU is an IM-MS method in which ions are activated through 

collisions with a gas. This increases their internal energy and 

causes the unfolding of the biomolecule in the gas-phase 

without disruption of covalent bonds. The unfolding is 

monitored by changes in the ion’s collision cross section (CCS).51 

In this work, the gas-phase unfolding thresholds and pathways 

of untreated and delipidated hSA are compared. 

From the plots in Figure 3A and C and the corresponding feature 

detection in Figure S-3A and C, it is possible to observe that both 

proteins showed a similar TWCCSN2 (4469 ± 22 Å² and 4458 ± 22 

Å² for the native untreated and delipidated hSA, respectively) 

until a collision energy of 825 eV, which corresponds with an 

applied potential difference of 55 V; afterwards a multi-step 

unfolding process started.52,53 The first transition occurs 

between 60 and 70 V (Figure S-4) and results in a state with a 
TWCCSN2 of 5284 ± 22 Å² and 5262 ± 22 Å² for the untreated and 

Figure 2 - Native MS spectra of untreated (A, B, C) and delipidated (D, E, F) hSA. The full MS spectra of hSA are given (A-D), together with a zoom of the

monomer region (B, E) and spectra of hSA in complex with PFOA at a 1:10 protein:ligand ratio (C, F). The dashed lines indicate the theoretical m/z-

values of the monomer, dimer and trimer of hSA.
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delipidated hSA, respectively (Figure S-3). Eschweiler et al. 

assigned this second conformation to the unfolding of domain 

II.52 The second transition takes place just after 100 V and 

generates a state with a TWCCSN2 of 5563 ± 22 Å² and 5551 ± 22 

Å² for the untreated and delipidated hSA, respectively, which 

corresponds to the partial unfolding of domain III. A final 

unfolding step occurs between 120 and 130 V, which results in 

a state with a TWCCSN2 of 5686 ± 22 Å² and 5641 ± 22 Å² for the 

untreated and delipidated hSA, respectively. This final transition 

can be ascribed to the unfolding of domain I and the remainder 

of domain III.52 The consistency of the unfolding patterns, with 

a relatively low root-mean-square deviation (RMSD) of 9.26, 

suggested that the delipidation process did not affect the 

stability of hSA. No significant differences in the unfolding 

products nor changes in the threshold collision energies were 

observed. These preliminary results proved that the 

delipidation treatment did not affect the protein stability.  

The CIU experiments were also extended to the hSA-PFOA 

complexes, to test whether the presence of ligands influenced 

the stability of the proteins, particularly the delipidated form. A 

10-fold excess of PFOA to hSA was tested and the unfolding 

pathways of treated and untreated hSA are shown in Figure 3 

B-D. The initial conformation has a TWCCSN2 of 4480 ± 22 Å² 

(Figure S-3) and unfolds between 60 and 70 V (Figure S-4) to 

generate a state with a TWCCSN2 of 5284 ± 22 Å² and 5306 ± 22 

Å² for untreated and delipidated hSA, respectively. The final 

state has a TWCCSN2 of 5641 ± 22 Å². This compares well with the 

fourth and final state of both proteins without PFOA indicating 

the third feature, corresponding to the partial unfolding of 

domain III, disappears in the unfolding process of the complex. 

In general, the unfolding pathways of the complexes were 

found to be comparable between the two proteins (RMSD of 

7.90). 

Throughout all conformational transitions and until the highest 

energy applied (Figure S-6), PFOA is still bound to hSA (both 

untreated and delipidated) which illustrates that the strength of 

ligand binding is comparable to the protein’s intramolecular 

interactions, i.e. conformational stability. This indicates that the 

Figure 3 – CIU plots of untreated (A) and delipidated (C) hSA and of the untreated (B) and delipidated (D) hSA in complex with PFOA (1:10 protein:PFOA ratio). The TWCCSN2

is plotted as function of the trap collision energy and the intensity is shown using a colour scale (red is 100% and blue 0%). The insets show the peaks selected (15+ charge

state) for extraction of the TWCCSN2 at a trap collision energy of 60 V. Arrival times were extracted from the whole peak, including salt adducts and complexes (where

appropriate).



ARTICLE Journal Name 

6  |  J. Name. , 2012, 00,  1-3  This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

binding site for PFOA is not significantly affected by the initial 

unfolding, and implies that the PFOA is most likely buried in the 

structure of domain I or III,52 rather than binding peripherally to 

the surface. Since our experimental data shows that the 

transition corresponding to the partial unfolding of domain III is 

absent for the hSA-PFOA complexes (Figure 3B and D and Figure 

S-3B and D), it is clear that the binding of PFOA influences the 

stability of domain III. This further implies PFOA is most likely 

bound in domain III rather than in domain I for both the 

untreated and delipidated hSA. 

This method provides a useful preliminary control to assess the 

applicability of a protein as bioreceptor under different working 

conditions. Since no differences in the unfolding paths and 

stabilities have been observed, our study supports the 

possibility to use delipidated hSA as a bioreceptor in different 

sensing platforms. This is also supported by previous work 

concerning the design of a proof-of-concept impedimetric 

sensor for PFOA, where delipidated hSA was immobilised on 

portable screen-printed electrodes modified with pyrrole 

carboxylic acid.2 Then, PFOA-hSA complex formation was 

followed at a confined surface. Despite the limited sensitivity of 

the platform, this sensing strategy is a first proof of the 

applicability of delipidated hSA as a bioreceptor for PFAS 

monitoring in water. 

Probing haemoproteins as bioreceptors. In this second case 

study, we screened other possible bioreceptors for PFOA using 

Hb as a starting point. Hb is known to bind both PFAS and PFOS 

compounds.21 The native mass spectrum of Hb (Figure S-7A) 

shows that the protein is mainly present in its native tetrameric 

form (charge states 17+ to 14+). Upon adding a 10-fold excess 

of PFOS, a complex with a 1:1 stoichiometry is observed, 

proving the coherence of the native MS data with the literature 

(Figure S-7C).21 After verifying the formation of the Hb-PFOS 

complex, we studied the interaction of PFOA with Hb. Again, a 

1:1 Hb-PFOA complex was observed after addition of a 10-fold 

excess of the target. The intensity of the peak corresponding to 

this complex (93 %) is higher than the Hb-PFOS complex (51 %) 

(Figure S-7D). In both cases, the haem groups are not removed 

from the Hb upon binding of PFOA/PFOS, indicating there is no 

competition between the haem groups and PFOS or PFOA.   

These findings are in agreement with the Hb-PFOS complex 

structure suggested by molecular modelling by Wang et al.21 in 

which the target molecule was suggested to bind the domain 

proximal to the haem without any direct interactions with the 

prosthetic group. Therefore, Hb-PFOA/PFOS screening 

confirmed the formation of complexes and their stability (i.e. no 

loss of the haem group) as well as the consistency of MS data 

with the literature. Once we confirmed the capability of Hb to 

bind PFAS, it was possible to proceed with the screening of 

other haemoproteins, such as cyt c and NGB.  

Cyt c was chosen because it is well-known to bind to lipid 

bilayers. To check whether cyt c can bind PFOA, native MS 

experiments were performed (Figure 4A). Cyt c shows two 

charge states (7+ and 6+) which are heavily adducted with 

sodium ions (a common contamination in native MS). Upon 

adding a 10-fold excess of PFOA, no new peaks appeared 

indicating the lack of a cyt c-PFOA complex (Figure 4B). To verify 

this observation, the negatively charged PFOS was used as well, 

but again no complex was observed (Figure S-8). This is 

unexpected since cyt c is well-known to interact with anionic 

phospholipids, such as cardiolipin.54 Over the years, multiple 

binding sites for these anionic lipids were discovered and it was 

found that electrostatic forces play a key role in the cyt c-lipid 

interaction.55–58 Since PFOA and PFOS mimic fatty acids and are 

negatively charged at neutral pH,59,60 it was plausible that cyt c 

could interact with these PFAS and could work as a bioreceptor. 

One possible explanation for the absence of complex is that cyt 

c specifically binds cardiolipins and that the PFAS used here are 

structurally too different to interact with cyt c.  

Figure 4 – Native MS spectra of cyt c (A, B) and NGB (C, D) without (A, C) and in the presence of PFOA in a 1:10 protein:target ratio (B and D, respectively). The dashed 

lines indicate the theoretical m/z-values of the protein and 1:1 protein-PFOA complex in grey and red, respectively. The arrows indicate the theoretical m/z-value of NGB 

without haem group.
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Next, possible NGB-PFOA interactions were investigated. Since 

the ability of Hb to bind PFOA was confirmed using native MS, 

it is possible that another globin, NGB, could also bind to PFOA 

and work as a bioreceptor. To our knowledge, NGB-PFOA 

interactions were not investigated so far. The mass spectrum of 

NGB shown in Figure 4C is characterised by two prominent 

charge states (8+ and 7+). Upon adding a 10-fold excess of PFOA 

only small intensity peaks corresponding to the 1:1 complex 

were observed (Figure 4D). Overall, 87 % of the NGB is present 

in its unbound state and only 13 % has one PFOA bound. This 

indicates NGB is only able to bind PFOA weakly and with a lower 

affinity than Hb. The most intense peaks correspond to NGB 

with haem group and the very low intensity peaks around 2110 

and 2410 m/z that are present after addition of PFOA can be 

assigned to NGB without the haem group. This could suggest 

that PFOA is affecting the stability of NGB. Furthermore, there 

is no evidence of NGB without a haem group binding to PFOA. 

Finally, the NGB-PFOS complex formation was investigated 

(Figure S-9). The spectra showed that the amount of NGB-PFOS 

complex formed (7 %) is even lower than for NGB-PFOA and is 

therefore not investigated in more detail. From this screening, 

NGB is found to be a less suitable bioreceptor for PFAS 

compared to Hb. 

Conclusions 

The two case studies reported here underline the potential of 

applying native MS in the screening of biorecognition elements 

and implementation of bioreceptor libraries for environmental 

contaminants such as PFAS.  

Native MS revealed the higher PFOA binding capacity of 

delipidated hSA in respect to the untreated hSA. Removal of 

fatty acids from the hydrophobic pockets facilitates binding of 

PFOA to the cavities. CIU experiments showed that fatty acid 

removal did not affect the conformational stability of the 

protein or the complex itself. PFOA appears to bind tightly to 

hSA-PFOA as the complex is retained even at high collision 

energies. This evidence correlates well with protein stability and 

implies that PFOA is buried in the protein structure. 

Furthermore, it was shown that native MS can be used to screen 

other possible bioreceptors for PFAS. Hb, a protein known to 

bind PFOS, can also bind PFOA. Conversely, the structurally 

related NGB displays a lower binding affinity toward both 

compounds. Finally, cyt c, a well-known lipid-binding protein, 

does not show any binding. 

These examples illustrate how native MS can contribute to the 

screening and characterisation of possible bioreceptors. 

Although many challenges still remain, our approach has the 

potential to play an important role in the transfer of 

toxicological findings to the design of bioreceptors for 

innovative biosensing strategies. One of the major challenges 

will be the screening of short-chain PFAS which will possibly 

require a more extensive sample preparation and multiple 

desalting steps to enhance the peak separation in native MS. 

Future research efforts should be oriented toward testing novel 

proteins and assessing binding affinity and stoichiometry using 

different molar ratios. 
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