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Abstract

It is of importance to explore the nature of adsorption-desorption behavior between Virus-Like Particle (VLP) proteins and adjuvant to support the
development of a VLP based Human Papillomavirus (HPV) vaccines containing aluminum phosphate as the adjuvant. In this study, a home-made
desorption solution and procedure were developed to desorb the HPV VLP protein adsorbed onto aluminum phosphate adjuvant. The desorbing
kinetics of the VLP from adjuvant was studied. Several methods, including appearance, turbidity, ultraviolet spectrophotometry, transmission
electron microscopy and ELISA-based in vitro relative potency as probed by type-specific neutralizing monoclonal antibodies, were employed for the
desorption kinetics study. The kinetics of VLP morphology at various stages of desorption under transmission electron microscopy was presented
for the first time. The physical and antibody-based immunological characteristics of the VLP vaccine were observed after 48hours desorption. The
appearance showed that the samples with adjuvants were cleared, the turbidity showed that the samples with adjuvants were basically the same
as those without adjuvants, the ultraviolet spectrophotometry revealed a complete desorption, and the transmission electron microscopy results
showed that the VPLs can gradually be seen clearly during the desorption process. The particle size and particle integrity remained unchanged
post desorption in comparison with those without adjuvant. The in vitro relative potency test results showed that the conformational epitopes
remain intact post adjuvant desorption and the ratio of the end of dissociation to the initial dissociation was 1.41 and 1.69. In conclusion, the work
demonstrates that home-made desorption procedure can fully recover adsorbed HPV VLP completely by dissolving aluminum phosphate adjuvant
without structural impact, and therefore, it offers great benefits in HPV vaccine development for being able to assess the HPV VLP quality VLPs in

drug product.
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Introduction

Cervical cancer and precancerous lesions are a major health
problem for women worldwide. Clinical, molecular, and epidemi-
ological investigations have demonstrated that Human Papilloma-
virus (HPV) is the major cause of cervical cancer and atypical cer-
vical hyperplasia [1]. The use of HPV vaccine, especially the use of
polyvalent HPV vaccine, can effectively prevent HPV infection and
the occurrence of tumors. Currently, HPV vaccine on the market is

prepared by combining Virus-Like Particles (VLP) with aluminum
adjuvant in a certain proportion. VLP is the only antigen of HPV vac-
cine. A mature VLP has a diameter of 50~55nm and a 20-hedral
symmetric structure with a triangular section fraction equal to 7
[2,3]. A VLP expressed by recombinant technique is a star-shaped
pentamer [4] (Capsomere) polymerized from 360 main capsid pro-
tein (L1) monomers. With safe performance and long application
history, aluminum adjuvant can activate Dendritic Cells (DCs) and
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inflammatory factors together with antigens to stimulate immune
response. Aluminum adjuvants, usually in the form of aluminum
hydroxide, aluminum phosphate, or alum, are widely used as adju-
vants in vaccines. So far, aluminum hydroxide and aluminum phos-
phate are the adjuvants approved by WHO for human vaccines.
Aluminum hydroxide adjuvant is a crystalline aluminum hydroxide
with positive charge at physiological pH value (isoelectric point
pl=11). Aluminum phosphate is in an amorphous form that is neg-
atively charged at physiological pH (isoelectric pl=5~7). The reac-
tion mechanism aluminum adjuvant in vaccines is that it is a highly
efficient adsorbent, which first adsorbs an “antigen library” with
protein antigen, then releases the antigen slowly, thereby increas-
ing the efficacy of the antigen. In addition, aluminum adjuvants
can promote macrophage’s response. For the adsorption between
aluminum adjuvant and protein, research from Professor Stanley L.
Hem’s, et al. team demonstrated that hydrophobic and electrostat-
ic forces are major forces of aluminum adjuvant to adsorb antigen
protein [5].

The electrostatic forces are major forces of aluminum hydrox-
ide adjuvant to adsorb antigen protein [6], the hydrophobic and
electrostatic forces are forces of aluminum phosphate adjuvant to
adsorb antigen protein [7]. Stanley L. Hem’s, et al. [5] team used eth-
ylene glycol to mitigate the hydrophobic effect between protein and
aluminum adjuvant. As the content of ethylene glycol increased, the
hydrophobic effect intensified. The adsorption rate of aluminum
hydroxide adjuvant and BSA remained nearly unchanged, while
the adsorption rate of aluminum phosphate adjuvant and lysozyme
decreased significantly, which demonstrated that one of the forces
for the adsorption of protein by aluminum phosphate adjuvant was
hydrophobicity. The hydrophobic force was nearly nonexistent in
the adsorption of aluminum hydroxide adjuvant and protein. How-
ever, the use of sodium chloride to increase the ionic strength in-
creases the electrostatic attraction [8]. With the increase of sodium
chloride content, the electrostatic force enhances gradually, and the
adsorption rate of aluminum hydroxide adjuvant and aluminum
phosphate adjuvant with protein decreases [9].

The desorption method of aluminum adjuvant and protein has
been reported. One method of desorption is by dissolving alumi-
num adjuvants, including adjusting pH value and adding metal che-
lating agent. Adjusting the pH value can promote the desorption
of aluminum adjuvant and protein: When the pH value is higher
than 7.4 or lower than 4.1, ovalbumin will be eluted; When the pH
is adjusted to any value other than 7.4, lysozyme will eluate from
the aluminum phosphate adjuvant [10]. However, both citric acid
and EDTA undergo desorption through the mechanism of chelating
metal cations [11]. Structurally, citric acid contains three carbox-
yl groups and one hydroxyl group, which can form coordination
bonds with aluminum ions [12] (Figurela); EDTA dissolves alumi-
num ions by chelating with aluminum ions to form water-soluble
complexes, promoting the removal of aluminum ions [13] (Figure
1b). Merck has reported that they use EDTA to dissolve the alumi-
num adjuvant, an equal volume of 100mM EDTA, 100mM borate,
5% sucrose and 0.05% polyssorbate 20 (PS-20) pH8.5 was mixed

Copyright© Yang Wang and Liangzhi Xie

with the final vaccine, incubating at 25°C for 2 hours [14]. Another
method of desorption is to elute the model protein from the alu-
minum adjuvant using surfactant. Arnebrant [15] reported that
surfactants elute the pre-adsorbed protein or lysozyme by solubi-
lization and substitution mechanism. In a study, Sodium Dodecyl
Sulfate (SDS) was used as a surfactant [16], the content of desorbed
ovalbumin increases with the increase of SDS concentration. The
above-mentioned methods can dissociate the aluminum adjuvant
and VLP protein effectively. However, the use of EDTA or surfactant
has many drawbacks, it may destroy the tertiary structure of VLP
and denature it [17]. When EDTA forms a complex with a metal
cation, it is not only complexed with aluminum ion, but also with
other cation ions, e.g. calcium ion. There are reports that cation ions
play a role in VLP assembly [18]. Therefore, EDTA may destroy the
assembly of VLP protein. Although citric acid also can form a com-
plex with metal cations, its complexation reaction conditions with
different metal ions can be adjusted, the reaction condition of citric
acid with calcium ion is pH4.0~4.5 and 60°C; with aluminum ion is
under neutral environments.

In theory, citric acid can be chosen as the desorbent. In practice,
Transmission Electron Microscopy (TEM) was used in this study to
investigate the morphology and structure of VLP antigen protein
dissociated from citric acid and EDTA, respectively. It was proved
that after citric acid desorption, VLPs remain intact. Then, a citric
acid desorbent was used to desorb the VLP antigen with aluminum
phosphate adjuvant. The specific citric acid desorption solution is:
10mM histidine, 0.01% polysorbate 80, 320mM sodium chloride,
400mM citric acid dehydrate sodium, 120mM sodium dihydrogen
phosphate dihydrate, pH=6.0. In the initial state, the VLP antigen is
coated to form an adjust-antigen adsorbent as the high adsorption
capacity of aluminum phosphate, so that most of the specific bind-
ing sites of the antigen are deeply buried in the precipitation of alu-
minum adjuvant particles. With the increased time of the reaction
between the desorbent and the adjuvant, the aluminum phosphate
adjuvant began to dissolve, and the VLP was gradually precipitated,
and it was fully precipitated after 48 hours (Figure 2). This study
represents the inaugural exploration of the kinetic characterization
of adsorption. The appearance, turbidity, Ultraviolet (UV) method,
Transmission Electron Microscopy (TEM) and In Vitro Relative Po-
tency (IVRP) characterization methods were used to prove that the
citric acid desorption method could separate the protein from the
adjuvant, and the protein morphology remained intact. This study
is the first to show the morphological changes of VLP under TEM.

Materials

The serotypes 6, 11, 16, 18, 31, 33, 35, 39, 45,51, 52, 56, 58, 59
recombinant human papillomavirus like particles (made by Sino-
celltech Ltd., Recombinant plasmid containing various HPV type L1
genes was constructed, and recombinant rod DNA was obtained in
DH10Bac bacteria. The VLP assembled in the Insect High Five (HF)
cell lines was cleaved and purified to obtain high-purity monovalent
VLP); Aluminum phosphate adjuvant (made by Sinocelltech. Ltd.).
Turbidity standard storage solution (1% hydrazine sulfate solution
mixed with 10% ulotropine solution of equal volume); Uranyl ac-
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etate dye; 0.18M histidine solution (0.18M histidine, 0.32M NaCl,
0.01% polysorbate 80, pH7.0); citric acid desorption solution:
10mM histidine, 0.01% polysorbate 80 (PS80), 320mM sodium
chloride, 400mM citric acid dehydrate sodium, 120mM sodium di-
hydrogen phosphate dihydrate, pH=6.0; VLP diluent (19.1mg/mL
sodium chloride, 2.8mg/mL histidine, 0.1mg/mL Polysorbate 80).
96-well cell culture plate (Costar, USA); Circular oscillator (MS 3
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basic, IKA); 30mL sample container with lid (2084900, HACH); ul-
tramicro spectrophotometer (NanoDrop2000C, Thermo); desktop
turbidity meter (TL2360, HACH); Gelex second-level turbidity stan-
dardization Kit (HACH); transmission electron microscope (Tecnai
Spairit, FEI).
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Figure 1: Schematic diagram of desorption of VLP protein with aluminum phosphate adjuvant in HPV vaccine. (a) The citric acid anion forms
a complex with the aluminum cation; (b) EDTA forms a complex with aluminum cations.

Method

Sample Preparation Method
Adsorption Sample Preparation

Serotype 33 was selected as the univalent representative sub-
type and 14 mixed valence protein was selected as the polyvalent
representative. After the samples were prepared according to the
following methods, the samples were all left for adsorption at 4°C
overnight, and then part of the supernatant (excess target volume)
was taken for protein content detection (UV method). If no pro-
tein was detected in the supernatant, it proved that the adsorption
was successful. If the protein was detected in the supernatant, it
indicated that the adsorption was incomplete, or desorption was
present. (Aluminum phosphate adjuvant diluted with normal sa-
line, VLP diluted with VLP diluent, aluminum phosphate adjuvant:
protein=1.35).

1)  Subtype 33 antigen (Sample 1): 20mL of subtype 33 anti-
gen with a final concentration of 0.74mg/mL.

2) 33 subtype antigens +aluminum phosphate adjuvant
(Sample 2): 10mL of 33 subtype monovalent antigen, 10mL of
aluminum phosphate adjuvant, and 1mL of 0.18M histidine were
mixed with the final concentration of 0.74mg/mL for antigen and
1mg/mL for aluminum phosphate adjuvant.

3) 14-valent mixed antigen (Sample 3): 20mL of 14-valent
mixed antigen ( the final concentration of 60ug/mL for subtype 6,
80pg/mL for subtype 11 and subtype 18, 120ug/mL for subtype 16,
40ug/mL for all other subtypes).

4)  14-valent mixed antigen +adjuvant (Sample 4): 10mL of
14-valent mixed antigen, 10mL of aluminum phosphate adjuvant,
and 1mL of 0.18M histidine (the final concentration of antigen were
60pg/mL for subtype 6, 80ug/mL for subtype 11 and subtype 18,
120ug/mL for type 16, 40pg/mL for all other subtypes, and the fi-
nal concentration of aluminum adjuvant was 1mg/mL).

5)  Aluminum phosphate adjuvant (Sample 5): 20mL of alu-
minum phosphate adjuvant with a final concentration of 1mg/mL.

Desorption Sample Preparation

Use 96-well plates on the super clean bench, add 100pL of citric
acid desorption solution to each well. Add all samples (Sample 1 to
Sample 5) into the corresponding hole with citric acid desorption
solution at the rate of 100uL/well, make a mark, cover the plate,
and seal the plastic wrap. Fixed on a circular oscillator with 400rpm
at room temperature.

Desorption Experiment

100pL of Sample 4 was added to the same volume of EDTA de-
sorption solution and citric acid desorption solution and dissolved
at room temperature for 48h. negative transmission electron mi-
croscopy.

Desorption Kinetics Experiment

All samples (Sample 1 to Sample 5) were desorbed for 2h, 4h,
6h, 24h, 30h, 48h, 100h, the samples status at each time point were
investigated by appearance, turbidity, UV, [IVRP, TEM. The trend of
test results at each time point was investigated.
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Appearance

The appearance test was carried out for all samples (Sample
1 to Sample 5), and the differences of samples at different dissoci-
ation times were compared. Take photos of samples at 2h, 4h, 6h,
24h, 30h, 48h, 100h.

Turbidity

The turbidity of all samples (Sample 1 to Sample 5) was detect-
ed, and the differences of samples at different dissociation times
were compared. Turbidity is performed using a turbidity analyz-
er, which uses the mechanism of light scattering for the analysis of
particles in the sample. When the light passes through the sample,
the particles will scatter the light, and the light generated by the
scattering is captured in the detector. The turbidity value of sample
is determined according to the ratio of the scattered light intensity
to the incident light intensity. The detection needs to be calibrated
with a standard sample to ensure the accuracy of the measurement
results. All samples were diluted 4 times respectively, the VLPs
concentration of Sample 1 to Sample 4 was 0.185mg/mL, and the
aluminum concentration of Sample 2, Sample 4 and Sample 5 was
0.25mg/mL. Then, the samples were added to a clean micro-empty
sample container, wiped and put into the sample container rack,
and tested in parallel three times.

uv

UV detection was carried out on all samples (Sample 1 to Sam-
ple 5), and the differences of samples at each time were compared.
The test is carried out at 280nm wavelength, because protein mol-
ecules often contain tyrosine, tryptophan, phenylalanine and oth-
er benzene ring structure, there is a maximum absorption peak
at 280nm wavelength, the absorption value is proportional to the
protein concentration. Therefore, the absorption value at a wave-
length of 280nm can be used to determine protein content. 2pL of
VLP diluent was taken into the detection base, the blank control
was obtained, 2pL of samples (5000rpm, 5min centrifuge, take su-
pernatant) were pipetted, and added to the detection base, the cor-
responding scan spectra can be obtained. Record the absorbance of
the sample at wavelength 280nm.

TEM

The TEM detection was performed on all samples (Sample 1 to
Sample 5), and the differences of samples at each dissociation times
were compared. TEM is the electron beam emitted by the tungsten
filament electron gun, which passes through the condenser along
the optical axis of the mirror body in the vacuum channel, and con-
verges into a thin, bright and uniform light spot through the con-
denser, which irradiates on the sample in the sample room. After
passing through the sample, the electron beam carries the internal
structure information of the sample, and through the convergent
focusing and comprehensive amplification of the objective lens,
the enlarged electron image is finally projected on the fluorescent
screen in the observation room. A fluorescent screen converts an
electronic image into a visible image. 30uL of the sample was pipet-
ted to the carbon support film of copper mesh for 2min, and filter
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paper was used to absorb excess solution from the edge part. Dye
for 90s with acetic acid dioxyuranium dye solution, pointed filter
paper was then used to absorb the excess dye solution and dry. The
copper mesh was placed on the operating rod configured with the
electron microscope, and the voltage was set to 120kV for shooting.

IVRP

The IVRP test was carried out for all samples (Sample 1 to Sam-
ple 5), and the differences of samples at each dissociation time were
compared. The detection was performed by double-antibody sand-
wich Enzymed-Linked Immunosorbent Assay (ELISA). The recom-
binant human papillomavirus neutralizing antibody was combined
with solid phase carrier to form solid phase antibody, and the un-
bound antibody and impurities were removed by washing. The sol-
id phase antigen-antibody complex was formed by adding samples
and control products and binding with solid phase antibody; Then,
enzyme-labeled recombinant human papilloma virus neutralizing
antibody is added, the antigen on the solid phase immune complex
binds to the enzyme-labeled antibody, and the substrate is added,
and the substrate catalyzed by the enzyme on the solid phase be-
comes a colored product. Through colorimetry, the absorbance of
the sample with different dilution at 450nm is different, and the
EC50 value of the control product and the sample is calculated. The
relative efficacy ratio of recombinant human papillomavirus vac-
cine solution in vitro was investigated.

Results and Discussion
Results of Desorption Experiment

The morphology of VLPs in 14-valent mixed antigen containing
aluminum phosphate adjuvant (Sample 4) by different desorption
solution was observed under TEM. The results are shown in Figure
2. After dissolving in the citric acid solution for 48h, the aluminum
phosphate adjuvant was completely dissolved, the VLP was re-
leased. The particle integrity was good, with almost identical parti-
cle size (about 50nm, consistent with the theoretical particle size).
After dissolving in the EDTA solution for 48h, the aluminum phos-
phate adjuvant was also completely dissolved, but the VLP particles
were obviously disassembled or destroyed. Experimental results
have shown that the EDTA desorption mechanism can disrupt the
VLP structure, while the citric acid system used in this study main-
tained the integrity of the VLP structure (Figure 2).

Results of Desorption Kinetics Experiment
Result of Appearance

During the initial period (2h~6h), the appearance of samples
containing adjuvant was turbidity and emulsion. After 24h of dis-
sociation, the appearance of the sample containing adjuvant was
slightly cloudy on sample 2, sample 4, and sample 5 and gradually
clarified. After 48h of dissociation, the appearance of samples with
adjuvant was all clarified, which was almost consistent with the ap-
pearance of samples without adjuvant (Figure 3).

Result of Turbidity

The turbidity of samples at beginning time, the turbidity of
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samples containing aluminum phosphate adjuvant was high (Fig-
ure 4), and the turbidity values of all samples containing adjuvant
showed a downward trend with the extension of desorption time.
After 48h of desorption, samples with aluminum phosphate adju-
vant (Sample 2, Sample 4, Sample 5) were clarified. For samples
without adjuvant (Sample 1, Sample 3), the turbidity value of TO
pointis low, and it does not change much in the desorption process.
For aluminum phosphate adjuvants themselves are emulsions. The
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desorption process can reduce the turbidity and clarify the appear-
ance of citric acid, which proves that the desorption mechanism of
citric acid system is carried out by dissolving aluminum adjuvant.
Sample 2, Sample 4 also showed low turbidity and clear appearance
after desorption, which proved that the desorption mechanism of
citric acid system is that aluminum adjuvant is dissolved and pro-
tein and gradually released (Figure 4).

Figure 2: TEM images of Sample 4 dissolved in EDTA and citric acid respectively for 48 hours. The left image shows the citric acid solution
dissolved Sample 4 for 48h; The right image shows the EDTA solution dissolved Sample 4 for 48h.

5(aluminum phosphate adjuvant).

Figure 3: Appearance of desorption samples. samples from left to right are: sample 1(subtype 33), sample 2 (subtype 33+aluminum
phosphate adjuvant), sample 3(14-valent mixed antigen), sample 4(14-valent mixed antigen+ aluminum phosphate adjuvant), sample
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Figure 4: Variation trend of turbidity value of desorption samples at different time.

Result of UV

The absorbance value of samples without aluminum phosphate
(Sample 1, Sample 3) at UV 280nm was basically unchanged before
and after desorption. Before desorption (T0 point), the absorbance
value of samples with aluminum phosphate (Sample 2, Sample 4,
Sample 5) at UV 280nm wavelength was low, and the value gradu-

ally increased with the desorption time, and became stable at 48h,
which was basically consistent with the absorbance value of Sam-
ple 1 and Sample 3. It was confirmed that the deep embedding of
VLP antigen in the adsorptive aluminum phosphate adjuvant parti-
cles in Figure 1 affected UV detection until the dissolved aluminum
phosphate state, the VLP antigen was completely released and ac-
curately detected (Figure 5).
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Figure 5: OD,,, changes of desorption samples at different time..

Result of Transmission Electron Microscopy

For the TEM detection of all samples (Sample 1 to Sample 5)
after dissociation, the results are shown in Figure 6. The samples
without aluminum phosphate (Sample 1, Sample 3), clear VLP par-
ticles with uniform particle size can be seen under TEM, and the

particle morphology does not change with the extension of desorb
time. For aluminum phosphate adjuvant (Sample 5), the aluminum
phosphate adjuvant formed a network, and the longer the desorp-
tion time, the smaller the network. For VLPs samples with alumi-
num phosphate adjuvant (Sample 2, Sample 4), the adjuvant can
be adsorbed, because there is accumulation on the background
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(aluminum adjuvant), the staining solution is difficult to stay on the
copper network, and the protein clarity is not high. After 30~48
hours of desorption, VLP particles are clear and uniform, which is
due to the dissolution buffer dissolving the aluminum phosphate
adjuvant and releasing the protein. Therefore, 48 hours was opt-
ed as the desorption time to dissociate the protein (Figure 6). In
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summary, after 48 hours of desorption in the citric acid solution,
the aluminum phosphate adjuvant can be completely dissolved, and
the morphology, structure, and size of the VLPs remain intact after-
wards. To further validate this conclusion, the Sample 2 and Sample
4 were selected for IVRP detection.

Figure 6: TEM images of desorption samples.

Result of IVRP

IVRP analysis was performed on Sample 2 and Sample 4, and
the results were shown in Figure 7. The results showed that, for
samples containing adjuvant, the IVRP ratio of desorption time to
TO time was gradually increased with the increased desorption
time. After 48 hours of dissociation, the ratio of Sample 2 to T0
was 1.69, and the ratio of Sample 4 to TO was 1.41, respectively. It
is proved that the desorption method can completely remove VLP
virus-like particles from the precipitation of aluminum phosphate,
and the binding activity of VLP protein can be restored, that is, the
protein is not destroyed (Figure 7).

Conclusion

For aluminum adjuvant adsorbent anti-prototype vaccines,
vaccine quality control testing methods are often challenged due

to the presence of aluminum adjuvant. Therefore, it is necessary
to provide an adjuvant system with good adsorption effect, and to
release the antigen absorbed on the adjuvant in a certain way for
detection and analysis. There are many studies on the adsorption
of subunit protein antigens by aluminum adjuvants, but there are
few reports on the kinetic characterization of the desorption of vi-
ral particles by aluminum adjuvants. In this study, the state changes
of different samples after desorption were investigated by appear-
ance, turbidity, UV and TEM. The results showed that the sample
containing adjuvant had a slightly cloudy appearance and became
transparent after 48 hours of dissociation, the appearance of the
samples containing adjuvants was clarified. Turbidity indicates that
the sample containing adjuvant has a low turbidity during the de-
sorption process, which proves that the desorption mechanism of
citric acid system is carried out by dissolving aluminum adjuvant.
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UV indicates that the absorbance value of the aluminum-phosphate
adjuvant containing the binding protein in the sample was low at
280nm wavelength before desorption (T0) but increased with the
desorption time and tended to be stable at 48h, which was basically
consistent with the absorbance value of the sample without alumi-
num-phosphate adjuvant. TEM indicates that under electron micro-
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scope, it was more intuitive to observe that the VLP protein was
gradually clear during the desorption process, and the particle size
and particle integrity remained unchanged. IVRP indicates the ratio
of IVRP to TO of the sample containing adjuvant gradually increased
with the increased desorption time, proving that the potency of the
protein recovered.

1.8+

ratio of desorption time to TO

-
-

2 4 6

hour/h

24 30 48

Figure 7: IVRP ratio of the Sample 2 and Sample 4 to T  at 48h desorption..

In this study, a variety of characterization methods were used
to carry out kinetic studies on monovalent and multivalent HPV
vaccines containing aluminum phosphate adjuvants. The results
fully proved that citric acid desorption method can release VLPs
by completely dissolving the aluminum adjuvant, without compro-
mising the integrity of VLP antigens, which is consistent with the
mechanism that the chelation of citric acid with aluminum adjuvant
cannot damage the structural integrity of VLP.
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