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Highlights 

- Development of NP probes for biosensors can benefit from integrated separation- 

characterization approach 

- Miniaturized flow field flow fractionation-multidetection assists critical steps of 

nanoparticle-antibody conjugation 

- Unreacted conjugants are easily recovered 

- Antibody-nanoparticle size and stability is investigated 

 

  

https://cris.unibo.it/


This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/) 

When citing, please refer to the published version. 

 

Abstract 

Most of lateral flow immunoassay (LFIA) devices rely on gold nanoparticles (GNP) labeled 

antibodies or other biospecific proteins, to achieve reagent-less color-based detection. GNP size, 

GNP-protein conjugation level and its stability are crucial points for the development of precise and 

accurate methods. In addition, the purification of the GNP-protein conjugates from unreacted protein 

and GNP, is necessary for adequate analytical performance of the assay.  

To assist the synthesis and production process of GNP and their protein conjugates, we use for the 

first time a non-destructive, particle separation-multi-detection approach based on miniaturized flow 

field flow fractionation (HF5). A separation method was developed to baseline size-separate GNP, 

GNP-protein, protein and GNP including BSA used as a surface coater in less than 30 minutes. 

Freshly synthesized GNP were first characterized and then conjugated with two different model 

antibodies: a mouse immunoglobulin (IgG) and a fluorescein-labeled mouse immunoglobulin (FITC-

IgG).  

The IgG-GNP complexes were fractionated using the HF5 apparatus, able to separate IgG-GNP from 

free proteins by their hydrodynamic size, allowing purification of the conjugation product. Both IgG-

GNPs and GNPs were characterized according to their size by the MALS detector, and according to 

their Surface Plasmon Resonance and spectrum by UV-Vis detection, improving the results obtained 

via batch characterization.   

This simple non-invasive approach is very useful for the LFIA development and optimization: the 

use of HF5-mutidetection offers a unique tool for this purpose facilitating the industrialization of the 

process and the relate optimization and standardization.  
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1. Introduction 

The synthesis and characterization of new nanomaterials are fundamental for the development of 

innovative biomedical diagnostic devices and therapeutic agents [1,2]. Gold nanoparticles (GNPs) 

are versatile nanomaterials of extraordinary interest, attributable to their peculiar size-related optical 

properties, in particular for the strong light absorption associated with surface plasmon resonance 

phenomenon, which is used as a sensitive probe in the biomedical field, from biosensing to in vivo 

imaging in cancer treatment and drug delivery [3,4].  

The more common use of GNPs is as a label in reagent-less paper-based assay and particularly lateral 

flow immunoassay (LFIA) since the first development of the widely used pregnancy test. The unique 

optical properties of GNP arise from the formation of a strong red-colored band in LFIA caused by 

the increased concentration of the GNPs labelled Ab interacting with the analyte in the test line while 

is uncoloured when dispersed in the immunocromatographic pad. 

GNP can also be employed as beads for antibody immobilisation prior to deposition on a solid 

support. This approach improves immunoassay performance, since the antibody is not directly linked 

to plastic or paper. It can be more efficiently deposited on selected surfaces, increasing binding 

efficiency and preparation time particularly for ELISA format [5,6] or enhancing output signals by 

increasing Ab concentration while limiting smears for LFIA format [7,8]. 

Nowadays, the well-established procedure to synthesize 10–100 nm GNPs is generally based on the 

reduction of the tetrachloroauric acid (HAuCl4) in the presence of different concentrations of 

trisodium citrate as a reducing agent. [9,10]. The common highly efficient and easy-to-perform 

functionalization of GNPs is the conjugation by direct physical interaction of the protein with GNPs 

[11], based on a spontaneous absorption onto the surface of citrate stabilized nanoparticles [6].  

In order to provide efficiently characterized GNP-Ab conjugates it is necessary to ensure their 

purification from free antibodies and on the same time to verify the GNPs-Ab stability. Last, the size 

and uniformity of conjugated nanoparticles needs to be addressed to achieve reproducible results. 

The most common methods employed to characterize bioconjugated-GNPs are based on UV-vis 

spectrophotometry and transmission electron microscopy (TEM) [12,13,14]. Nonetheless, other 

methods, such as scanning electronic microscopy (SEM), scanning tunnelling microscopy (STM), 

atomic force microscopy (AFM), X-ray powder diffractometry (XRD) and Fourier transformed 

infrared spectroscopy (FT-IR) were also found broad application in characterization of such GNPs 

[15,16]. 
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Coupled methods preceded by a separation technique can improve particle quality assurance. Size-

exclusion chromatography (SEC) has been used to facilitate the characterization of GNPs [17], but 

its selectivity decreases when applied to higher size samples, and aspecific interactions with the 

stationary phase could affect GNP morphology, and determine size-dependent absorption on the 

packed phase. Flow field-flow fractionation (F4) represents an alternative separation technique able 

purify complex GNP samples, and to simultaneously offer size/spectroscopical characterization by 

on-line, uncorrelated detection methods[18,19]. F4 is able to separate dispersed analytes over a broad 

size range, from nanometer to micrometer, and the separation process is based on particle diffusion 

coefficient [20]. Due to the absence of a stationary phase, the separation mechanism is soft and non-

invasive with total maintenance of sample properties including low strength particles interactions. F4 

theory rigors are described elsewhere with applications to NPs separation [21,22]. To determine 

nanoparticles colloidal size, MALS is used since it allows for the determination of particle root mean 

square radius of gyration (Rg) by measuring the net intensity of light scattered by such particles at a 

range of fixed angles. The particle Rg is determined by the mass distribution within the particle [23]. 

F4 was online coupled with uncorrelated detection methods including multi-angle light scattering 

(MALS), absorbance and luminescence spectrophotometry, to achieve multidimensional 

characterization of NPs. F4 has been employed to size-separate GNPs [24,25], to separate proteins 

and NPs [26,27] and it was coupled with ICP-MS for recovery quantification [28,29]. 

In previous studies, F4 was online coupled to chemiluminescence (CL) detectors as a luminometer or 

a CCD-camera [30], demonstrating the high versatility of this technique for the non-invasive 

separation of protein and labelled beads. In the miniaturised version of F4, hollow fiber flow field-

flow fractionation (HF5), the lower flow rate involved allows to reduce dilution of the injected sample 

and to increase the limit of detection. Moreover, since the cross-flow density which regulates the 

separation process is higher than in F4, HF5 allows to increase separation efficiency [31]. 

Few papers are reported about the characterization of nanoparticles and antibodies by the use of HF5 

[31-36].  

In this work, we propose for the first time the combined use of a miniaturized FFF, HF5, with UV-

Vis absorption, fluorescence detectors and MALS (HF5-UV-FLD-MALS) to properly characterize 

GNP and their complex with antibodies when used as a label for LFIA. 
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The HF5-multidetection was used for the characterization of freshly synthesised GNPs and free 

antibody, for quality control of the starting materials, to evaluate the efficiency of the complex formed 

during conjugation of GNP and IgG, and to characterize the  IgG-GNPs.  
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2. Materials and Methods 

2.1. Chemicals 

Gold(III) chloride trihydrate was purchased by Sigma Aldrich (St. Louis, MO, USA). Boric acid and 

NaOH were purchased from Carlo Erba (Milan, Italy). The horse-IgG antibody (produced in mouse) 

was kindly granted from Istituto Zooprofilattico Sperimentale dell'Abruzzo e del Molise "G. 

Caporale", Teramo, Italy. The mouse IgG1-FITC antibody was purchased from Sysmex, Japan. 

 

2.2. Nanoparticle synthesis 

Red GNPs were synthesised through the tetrachloroauric acid reduction using sodium citrate [10]. 

Briefly, a solution of chlorauric acid solution (134 µM, 95 mL) was heated to the boiling point and 5 

ml. of 1% w/v sodium citrate solution was added to the boiling solution under magnetic stirring. After 

about a minute a greyish-blue tone appeared gradually darkening over a period of about 5 min. After 

12 h of stirring at room temperature, a final colour of red wine was reached and the GNP suspension 

was cooled down and kept at 4°C. 

 

2.3. Nanoparticles conjugation 

The IgG-GNPs conjugate was prepared by passive adsorption of proteins onto GNPs surface, as 

previously described [37].  

Briefly the stock solution of colloidal gold is diluted with H2O to reach an OD ~ 1.0. to 1.0 mL of 

GNPs suspension, 100µLof borate buffer (20.0 mM, pH 8) were added. Then, 10.0 µL of a properly 

diluted antibody solution were added to obtain a final antibody concentration of 100µg/mL. The 

reaction mix was incubated for 30 minutes at 37 °C. Finally, to saturate functionalized GNPs surface, 

100 µLof BSA 1% w/v, prepared in borate buffer (20.0 mM, pH 8), were added and the solution kept 

at 37 °C for 10 min. Then, the mixture was centrifuged for 10 min at 25 °C (16000 × g) and the pellet 

was washed first by resuspension in 1.0 mL borate buffer (20.0 mM, pH 8) with BSA 0.1% w/v, then 

resuspended in borate buffer (20.0 mM, pH 8) with BSA 1.0% w/v, Tween 20 0.5% v/v and finally 

by resuspended in borate buffer (20.0 mM, pH 8) BSA 0.1%. The conjugation reaction between 

antibodies and GNPs was verified by the UV-Vis spectral shift greater than 5 nm of wavelength at 

the maximum absorption. 

https://cris.unibo.it/


This item was downloaded from IRIS Università di Bologna (https://cris.unibo.it/) 

When citing, please refer to the published version. 

 

In order to explore the ability to selectively detect the reacting/reacted species, we performed two 

different conjugations with model antibodies: one with a monoclonal anti-mouse IgG1 (IgG) and the 

second with a fluorescein isothiocyanate (FITC) labelled anti-mouse IgG1 (FITC-IgG). 

 

2.4. HF5-MALS: instrumentation and method  

The FFF system is composed by an HPLC with UV/Vis and fluorescence detectors connected with a 

module to handle FFF flows and channels.  

HF5 analyses were performed using an Agilent 1200 HPLC system (Agilent Technologies, Santa 

Clara, CA, USA) consisting in a degasser, an isocratic pump, with an Agilent 1100 DAD UV/Vis 

spectrophotometer and an Agilent 1200 Fluorimeter combined with an Eclipse® DUALTEC 

separation system (Wyatt Technology Europe, Dernbach, Germany). The system was followed by an 

18-angle multiangle light scattering detector model DAWN HELEOS (Wyatt Technology 

Corporation, Santa Barbara, CA, USA) The HF5 cartridge (Wyatt Technology Europe) is 

commercially available and has a 10kDa cutoff, a 17.5 cm length, a 0.8mm diameter for an internal 

volume of 90µL. The scheme of the HF5 cartridge, its assembly and the modes of operation of the 

Eclipse® DUALTEC system have already been described elsewhere [38]. ChemStation version 

B.04.02 (Agilent Technologies) data system for Agilent instrumentation was used to set and control 

the instrumentation and for the computation of various separation parameters, complete with the 

Wyatt Eclipse @ ChemStation version 3.5.02 (Wyatt Technology Europe). ASTRA® software 

version 6.1.7 (Wyatt Technology Corporation) was used to handle signals from the detectors (MALS 

and UV) and to compute radius and molar mass of particles.  

The separation mechanism has been previously reported [39]; flow conditions for the HF5 method 

are reported in Table 1.  

After samples injection in the HF5 fiber, the separation process is performed in four steps: (1) Focus. 

During focus a flow of mobile phase is split into two different streams entering from inlet and outlet. 

This step is used to stabilize flows. (2) Focus–injection, the flow settings remain unvaried. The 

sample is introduced into the channel through the inlet and the flow settings allows to focus analytes 

in a narrow band at the begging of separation channel. (3) Elution. After sample injection, the flow 

settings change and a flow of mobile phase enters the channel only by the inlet. Part of it comes out 

transversely through the channel pores (cross-flow), while the rest (channel flow, Vc) reaches the 

detectors. The strength of hydrodynamic field applied to nanoparticles for their separation can be 
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regulated by modifying the intensity of cross-flow while analytes elute along the fiber towards the 

detectors. This parameter can be modified throughout the analysis to generate a decreasing cross-flow 

(namely gradient). (4) Elution–injection. The cross-flow is set to zero and the mobile phase flows 

along the fiber to the detectors allowing for any remaining sample due to the cross-flow action inside 

the channel to be released. Also, the flow is redirected in the injection line as well to clean it before 

the next injection. 

The separation method was used to analyze GNPs (50µL of a 0.5 OD solution injected), BSA (50 µg 

injected), IgG (50µg injected), FITC-IgG (40µg injected), and the two conjugates IgG-GNP and 

FITC-IgG-GNP (50µL of a 0.5 OD solution injected for each sample). All analyses were carried out 

in borate buffer (20 mM, pH8) as mobile phase. Reproducibility was optimal and sample recovery 

after focusing was >94% for all samples. 

 

Table 1. Flow conditions for HF5 analyses of reagents and conjugated GNPs. Longitudinal flow is 

indicated as Vc, while cross/focus flow as Vx.   

 

Focus 

(mL/min) 

Focus-

injection 

(mL/min) 

Elution 

(mL/min) 

Elution 

(mL/min) 

Elution 

(mL/min) 

Elution 

(mL/min) 

Elution 

(mL/min) 

Elution-

Inject 

(mL/min) 

 Vx = 0.8 

T= 0.5 

min 

Vx = 0.8 

T= 3 min  

Vx= 0.4 

T= 4 

min   

Vx= 0.4 

to 0.1 

T= 4 min  

Vx= 0.1 

to 0.03 

T= 4 min  

Vx= 0.03 

T= 10 

min  

Vx= 0.00 

T= 2 min  

Vx= 0.00 

T= 2 

min   

 

The particle retention is a function of its apparent diffusion coefficient, and consequently, to 

hydrodynamic diameter (Dh) or radius (Rh). Due to the parabolic flow profile of the carrier flow, 

smaller particles experience higher flow rates (on the average) than larger ones. To determine 

nanoparticles colloidal size, MALS is used since it allows for the determination of particle root mean 

square radius of gyration (Rg) by measuring the net intensity of light scattered by such particles at a 

range of fixed angles. The particle Rg is determined by the mass distribution within the particle. The 

Zimm approximation was used to fit scattering data. The single mass increments are weighed by the 

square of the radius distance from the center of mass. Consequently, two particles with same 
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hydrodynamic radius (Rh), but with different Rg values, may have a different mass distribution, and 

thus, different shapes  

 

3. Results and discussion 

There are three critical issues of a new GNP-conjugate to be used for LFIA: i. synthesis of 

nanoparticles, where the quality of GNP has to be controlled; ii. during conjugation, when it is 

essential to verify the effective conjugation, and iii. after conjugation, when the purification and 

characterization of the (FITC)IgG-GNP conjugate is to be performed.  

Hence, in order to develop an HF5 method protocol we follow, the experimental approach 

schematized in Figure 1. First, the HF5 method should allow an analysis of reagents involved in NPs 

synthesis and conjugation (step a, Figure 1): the HF5 method must be able to achieve an adequate 

resolution with different retention time for GNPs and IgG in a short analysis time; on-line orthogonal 

multidetection provides specific signals for each species. Then, after the conjugation reaction, the 

product obtained together with supernatants were analyzed in order to verify the effective 

conjugation. The analysis of supernatant allows the determination of the presence/absence of 

unreacted IgG and to recover IgG (step b, Figure 1); while the analysis of resuspended precipitate 

allows to isolate and characterize IgG-GNPs conjugate and to verify its stability (step c, Figure 1). 

 

3.1. HF5-multidetection pre-conjugation: characterization of reagents 

To characterize reagents involved in the conjugation reaction, diagnostic signals for IgG and GNPs, 

together with BSA used for NPs saturation, should be evaluated. BSA and IgG are both proteins and 

absorb in the UV with a wavelength maximum at 280 nm. However, GNPs also absorb at that 

wavelength and the signal cannot be used to uniquely attribute peaks. Proteins though also display 

intrinsic fluorescence (emission at 340 nm upon excitation at 280 nm) whereas GNP do not: this is 

the detection of choice for BSA and IgG. the conjugate FITC-IgG is also protein, hence could be 

detected at 340 nm as well, in addition  it has the unique fluorescent emission at 518 nm (upon 

excitation at 490) due to FITC moiety and therefore this is the diagnostic signal we chose. Last, the 

530 nm absorption is peculiar for GNPs and was used to recognize the peaks corresponding to gold 

particles of the used size.  

The HF5 separative method employed a combination of decreasing cross flow rates (Table 1), to have 

BSA (66.4 kDa) be resolved from IgGs (about 180 kDa) but also to reduce the analysis time as much 
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as possible to avoid excessive dilution of GNPs. The results obtained from the optimized method 

applied to single injections of all reagents are shown in Figure 2. All analyses are carried out in  borate 

buffer to facilitate GNP suspension and can be performed in less than 30 minutes. 

BSA is eluted in a single sharp peak at 6.5 minutes (Figure 2a), with no overlap with IgGs which are 

eluted at around 11 minutes (Figure 2b for IgG and 2c for FITC-labelled IgG respectively). Finally, 

GNPs are only eluted when the crossflow is very low, i.e. after 14 minutes, and display a broad band 

peaking at 17.5 min (Figure 2d), as a result of bigger hydrodynamic radius with a consequent broader 

size distribution. The in-depth size characterization of the starting GNPs will be discussed in Section 

2.4 together with the conjugates’ one. 

A summarizing scheme of these results is shown in Figure 2e, where all peaks are represented on the 

same timeline to highlight the achieved separation: if all these species are present in the same mixture, 

they would all be selectively detected with the right detection wavelengths without controversies.  

 

3.2. HF5-multidetection mid and post-conjugation: Analysis of supernatants and IgG-GNP 

products  

After the analysis of single reagents with the HF5 method, we followed the conjugation protocol and 

incubated GNPs with IgG or FITC-IgG, then saturated with BSA and centrifuged to precipitate the 

conjugate; then we tested the method for the analysis of supernatants (step b, Figure 1) and analysis 

of precipitates/products (step c, Figure 1).  

The fractograms obtained from the analysis of the two supernatants (derived from IgG and FITC-IgG 

conjugation, respectively) are shown in Figure 3a and 3b; while the analysis of products are reported 

in Figure 3c and 3d. 

The supernatants should contain either BSA, in the case of a successful quantitative conjugation with 

IgGs, or BSA and unreacted conjugant if IgGs were in excess or the reaction was unsuccessful. Figure 

3a, shows that BSA (light grey line, peaking at 7 min), is the only species present in suspension. There 

is no signal at 530 nm corresponding to GNPs, dark grey line) and at the retention time of IgG (~11 

min) the typical fluorescence signal is flat (red dotted selection).  

Likewise, in Figure 3b we see how BSA is the only emitting species, while both GNP absorption and 

FITC-IgG specific fluorescence signals are absent (dark grey and green lines, respectively).  

Subsequently, the precipitated, washed, and resuspended GNP conjugates were analysed with the 

same method and the results are shown in Figure 3c (conjugaton using IgG) and 3d (conjugation using 
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FITC-IgG). Since the intrinsic or specific fluorescence of these proteins/labelled proteins would be 

quenched by GNPs [40,41], the diagnostic signals relative to IgG and IgG-FITC cannot be expected 

on the nanoparticles, and to check for effective functionalisation it is necessary to determine 

conjugation “by absence”, as demonstrated by the lack of signal due to free IgG. 

From the HF5 analysis (Figure 3 c and d), BSA is present at its characteristic retention time (~6 min), 

since it is also added in the resuspension buffer (0.1%). The signal corresponds to about 50µgof BSA 

injected as expected, and it is similar for the two conjugates since they underwent the same protocol. 

In both conjugates there is no release of IgG conjugant (no signal in correspondence of the red or 

green square, ~11 min). These results confirm a quantitative conjugation between antibody added and 

GNPs. Conjugated GNPs are then eluted in a broad band with a maximum at t~19 min. These 

retention bands show a different intensity and peak shape, indicating that the nature of the IgG (such 

as the presence of hydrophobic dyes) reflects on particle stability in suspension and on the possible 

insurgence of particle-particle interactions. 

 

3.3. Size and spectral characterization of GNPs and (FITC)-IgG-GNPs 

The combination of a photodiode array (PDA) UV-Vis detector and MALS also provide spectral and 

size information, to fully characterize the GNP conjugates. 

The radius distribution and the absorption spectrum for GNPs, IgG-GNPs and FITC-IgG-GNPs are 

shown in Figure 4. Since the UV-Vis absorption spectra are collected over the peak elution time, the 

result is a 3D image where the axes are intensity, wavelength and time. 

The synthesized GNPs show a monomodal distribution, which averages at 20 ± 4 nm, in agreement 

with what expected from the synthesis condition. When conjugated, the gyration radius increases 

differently depending on the type of IgG used. For what concerns IgG-GNPs, the radius increases to 

33 ± 4 nm, while for FITC-IgG-GNPs the radius increases further to 53 ± 7 nm.  Fluorescein is a 

small molecule and its addition onto the IgG should not sensibly increase the protein size. However, 

the radius increase due to the presence of the dye is index of the onset of hydrophobic interactions 

between dye molecules which reduce solubility and promote surface interactions between particles.  

This is a further confirmation that the two conjugation procedures were successful, since two different 

nanoparticle populations were generated, and the only difference in the protocol was the different 

conjugant employed. A comparison of the size measured for the unconjugated and conjugated 

nanoparticles show that they are statistically different (p<0.0001) indicating that the original 
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nanoparticles are not present anymore. This estimation suggests that all GNPs have interacted with 

the conjugants and gives insight on the stoichiometry of the conjugation. Last, this approach can be 

expanded towards the understanding of conjugation stoichiometry. Since the combination of 

information from steps b and c (Figure 1) allows to detect and recover unreacted conjugant, a loading 

study of GNP with increasing amounts of IgG can be promptly set up with low volume requirements. 

Simultaneously, the conjugated-GNP quality would be assessed with the online characterization to 

obtain the highest-loaded and most stable conjugate.  

Moreover it is possible to notice how absorption increases for IgG-GNPs with respect to GNPs, which 

is both an index of a higher extinction due to particle size and of an increased stability in suspension 

for the stabilizing effect of a protein coating [42].  

On the other side, the absorption is lower for FITC-IgG-GNPs where the hydrophobic contribution 

of the fluorescent dye hinders stability: only the suspension-stable particles reach the detectors and 

can be collected. If on one side this is a disadvantage given the loss of material, on the other the HF5 

separation process allows to recover the most stable conjugates even when the conjugation is difficult 

and sub-optimal. 

In Figure 4 (d, e, f respectively) the UV absorption spectra are also shown for each population: they 

allow verifying that the entire peak has the same absorption pattern (the populations are each uniform 

in composition). Unconjugated and IgG-conjugated nanoparticles show a similar spectrum, thought 

IgG-GNPs have a red shift.  

FITC-IgG-GNPs had a more distinctive spectrum, with broader maxima also shifter further towards 

higher wavelengths, reflecting the size-dependent shift in the surface plasmon resonance 

 

3.4. Comparison with conventional characterisation tools 

Last, we wanted to evaluate the characterization results in terms of surface plasmon resonance (SPR) 

attribution. In fact, UV-Vis characterisation of synthesized and conjugated nanoparticles is often the 

main (or only) technique used to verify the correct size of GNPs prior to further application. After 

GNP synthesis and conjugation, we also recorded the UV-Vis spectrum for all three species with a 

batch spectrophotometer, and the three profiles are overlaid in Figure 5a. In Figure 5b, the spectra 

obtained at peak maximum of the HF5 separation are instead shown. The SPR value for GNPs was 

found to be 530 and 526 nm, respectively: the latter is more in agreement with a size of 20 nm, as 

determined from MALS calculation. On the opposite, the SPR maxima found for IgG and FITC-IgG 
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conjugates are at a higher wavelength for HF5-purified particles than what obtained batch analyses: 

from 535 to 540 nm for IgG-GNPs and from 541 to 552 nm for FITC-IgG-GNPs. In both cases, the 

values measured from HF5 fractionation result more compatible with the measured radii of 30 and 

53 nm [42]. Moreover, the peaks are sharper, since there is no interference from other species and 

BSA cannot act as non-covalent surfactant, masking the real size of NPs. In conclusion, while UV 

batch characterization is fundamental as a fast check for synthesis and conjugation, a more accurate 

estimation of GNPs/conjugated GNPs nanoparticles through HF5 analysis is also desirable and 

beneficial to enhance accuracy. 

 

4. Conclusions 

The availability of pure, homogeneous and well characterized bioconjugated gold nanoparticles, is 

crucial to ensure the fast and efficient development of new immunosensors. To support their 

production and provide reliable data, we exploited an analytical platform based on HF5 separation 

and equipped with UV absorption and fluorescence, together with multi-angle light scattering.  

The HF5 approach helped checking for the actual formation of a FITC-IgG-GNP conjugate with 

fundamental information on GNP size, conjugation success, and conjugate properties in less than 30 

minutes for each analysis.  

Moreover, through size and spectral characterization, we correlated each nanoparticle population with 

their size and surface plasmon resonance shift, with more accuracy than current routine techniques. 

Last, the baseline resolution obtained between each species gives chance to recollect unreacted 

conjugants or purified nanoparticles for immediate application or further testing. 

In perspective before the HF5 method can be used as quality control even before performing the 

washing and centrifugation steps, and it could be useful in shortening the development phase by 

cutting the last purification and reconcentration steps when unnecessary (there is no leftover IgG) or 

when the conjugation is not successful, and allowing to repeat the experiment with improved 

strategies. This approach offers the chance of collecting purified fractions for immediate use or further 

testing.  
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Figure 1: schematic representation of the analytical approach used in this work.  
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Figure 2: fractograms obtained from HF5-UV-FLD analysis of all reagents used in the conjugation 

protocol and detected with their diagnostic signal. a) BSA, fluorescence (ex 280 nm, em 340 nm). b) 

IgG, (ex 280 nm, em 340 nm). c) FITC-IgG, (ex 490 nm, em 518 nm). d) freshly synthesized GNPs, 

(absorption at 530 nm). e) schematization of all elution times overlaid within the same runtime.   

 

 

Figure 3: fractograms obtained from the analyses of supernatants and products. a) supernatant from 

IgG-GNP conjugation. b) supernatant from FITC-IgG-GNP conjugation. Red and green dotted 

squares: absence of conjugant at the expected retention time. c) fractogram of IgG-GNPs at diagnostic 
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wavelengths for each species. d) fractogram of FITC-IgG-GNPs at diagnostic wavelengths for each 

species. 

 

 

Figure 4: Radius distribution of GNPs (a), IgG-GNPs (b) and FITC-IgG-GNPs (c). 3D absorption 

spectrum recorded for GNPs (d), IgG-GNPs (e), and FITC-IgG-GNPs (f). 

 

 

Figure 5: UV-Vis absorption spectrum of gold nanoparticles obtained (a) with batch measurement 

and (b) from HF5-separated peaks. grey: GNPs. Red: IgG-GNPs. Green: FITC-IgG-GNPs. 
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