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ABSTRACT

Peptide antigen adsorption on aluminum
hydroxide gel must be characterized
when formulating vaccines. In this work
a peptide belonging to the amino-terminal
region of Plasmodium falciparum Mero-
zoite Surface Protein and its analogues
have been characterized. The adsorption
of 17 analogues on aluminum hydroxide
which had greater than 10 mmol/L solu-
bility was quantified at 298 K. Adsorp-
tion capacity and affinity constant para-
meters were calculated by applying the
Langmuir’s adsorption model.

The results have been presented in
three groups according to adsorption iso-
therm trajectory. The first group consists
of analogues where the first organization
of peptide molecules was presented at
low concentrations, followed by a rapid
increase in adsorption to high concen-

trations. The second group consists of
analogues having an adsorption pattern
showing the formation of a first layer at
low peptide concentrations and a second
layer at greater concentrations. The third
group contains analogues whose adsorp-
tion involved the formation of two sim-
ple layers, this being differentiated from
the second group in that after the second
layer had been completed, the amount
adsorbed grew notably with increased
concentration.

The results revealed a more complex
pattern that monolayer or bilayer for-
mation. This work constitutes the first
approach towards establishing an adsor-
bed layer structure model using a peptide
system.

Key words: Adsorption, aluminum
hydroxide, peptide, vaccine, Plasmo-
dium falciparum.
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RESUMEN

La adsorciéon de un antigeno peptidico
sobre gel de hidroxido de aluminio debe
ser caracterizada para la formulacién de
vacunas. En este trabajo se caracteriz6 la
adsorcion de un péptido que pertenece a
la region amino-terminal de la proteina de
superficie del merozoite de Plasmodium
falciparum y sus analogos. Se cuantifico
la adsorcion a 298 K sobre hidroxido de
aluminio de 17 analogos con una solubi-
lidad mayor de 10 mmol/L. Los parame-
tros de capacidad de adsorcién y constan-
te de afinidad se calcularon aplicando el
modelo de adsorciéon de Langmuir.

Los resultados se presentan en tres
grupos, de acuerdo con la trayectoria de
la isoterma de adsorcion. El primer grupo
consta de los analogos que presentaron la
primera organizacion de las moléculas de
péptido en concentraciones bajas, segui-
da de un rapido incremento de la adsor-
cién a altas concentraciones. El segundo
grupo de analogos tiene un patrén de ad-
sorcion que muestra la formacién de una
primera capa a concentraciones bajas de
péptido y una segunda capa a concentra-
ciones mayores. El tercer grupo contiene
los analogos cuya adsorcién muestra la
formacion de dos capas simples y se dife-
rencia del segundo grupo en que después
de la segunda capa, la cantidad adsorbida
crece notablemente con el aumento de la
concentracion.

Los resultados revelaron un patron
de adsorcién més complejo que la forma-
cién de monocapa o bicapa. Este trabajo
constituye la primera aproximacién hacia
el establecimiento de un modelo de es-
tructura de la capa adsorbida en un siste-
ma peptidico.
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Palabras clave: adsorcion, hidroxido
de aluminio, péptidos, vacunas, Plasmo-
dium falciparum.

RESUMO

A adsor¢do de um antigeno peptidico
sobre um gel de hidréxido de aluminio
deve de ser caracterizado para a formu-
lacdo de vacinas. Neste estudo foi carac-
terizada a adsorcdo de um peptideo que
pertence a regido amino-terminal da pro-
teina de superficie do merozoito de Plas-
modium falciparum e seus anilogos. Foi
quantificada a adsorc¢ao a 298 K sobre hi-
dréxido de aluminio de 17 analogos com
uma solubilidade maior de 10 mmol/L.
Os parametros de capacidade de adso-
r¢ao e constante de afinidade foram cal-
culados aplicando o modelo de adsor¢do
de Langmuir.

Os resultados sdo apresentados em
trés grupos de acordo a trajectéria da
isoterma de adsor¢do. O primeiro grupo
consta dos andlogos que apresentaram a
primeira organizacdo das moléculas de
peptideo em concentracdes baixas, segui-
do de um rapido incremento da adsor¢ao
a altas concentracdes. O segundo grupo
de anélogos tem um padrao de adsor¢ao
que mostra a formagio de uma primeira
camada a concentracdes baixas de pep-
tideo e uma segunda camada a concen-
tracdes maiores. O terceiro grupo con-
tém os anilogos cuja adsor¢cio mostra a
formacdo de duas camadas simples e é
diferenciado do segundo grupo em que
depois da segunda camada, a quantidade
adsorvida cresce notavelmente com o au-
mento da concentragao.

Os resultados revelaram um padrio
de adsor¢do mais complexo que a for-
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macdao de monocamada ou bicamada.
Este trabalho constitui a primeira aproxi-
macao ao estabelecimento de um modelo
de estrutura da camada adsorvida num
sistema peptidico.

Palavras-chave: Adsor¢do, hidroxi-
do de aluminio, peptideos, vacina, Plas-
modium falciparum.

INTRODUCTION

In the formulation of vaccines is neces-
sary adsorbing the antigen onto an im-
munologic adjuvant, like Aluminium
Hydroxide gel (AH), capable of ampli-
fying and directing the host immune res-
ponse against the antigen. For this rea-
son, it was necessary to characterize the
adsorption process.

Few studies have been made of pep-
tide adsorption; the most related work
has been done with whole proteins be-
cause the conventional vaccines contain
proteins as antigens. These studies have
shown that these molecules become ad-
sorbed on hydrophilic surfaces, mainly
by electrostatic attraction. Adsorption
may also occur when there is no such
attraction due to a particular protein’s
structural arrangements where attractive
intra and intermolecular interactions may
happen (1-3).

Protein adsorption studies on AH
have shown that these molecules are re-
tained according to Langmuir’s adsorp-
tion model (2-4), which assumes that all
adsorption sites are energetically equiva-
lent, no intermolecular interaction occurs
in the system, and adsorption is accom-
panied by monolayer formation.
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Langmuir’s equation has been used
as a semi-quantitative approach for cha-
racterizing physicochemical adsorption
parameters, such as adsorption capacity
and affinity constant. These parameters
have been successfully applied to predict
the competitive effect with other proteins
which should be taken into account when
manufacturing multi-component vacci-
nes adsorbed on AH (5-7).

Other studies have shown that intra
and intermolecular interactions may oc-
cur depending on the protein structure,
causing the formation of multiple antigen
layers on the adsorbent surface, a situa-
tion further favored at high protein con-
centrations (2, 5-8).

Models for interpreting the charac-
teristics of adsorption isotherms from
solutions describe monolayer or bilayer
formation; however, such scheme differs
from recent proposals suggesting mole-
cule aggregation on the adsorbent surfa-
ce (9,10).

For this work we synthesized a pep-
tide which has been considered a good
candidate for the development of a vacci-
ne against malaria. This (target) peptide
(1E2V3L4Y5L6K7P8L9AIOGIIVIZY13R14S_
BLISKKBQL*E) belongs to the amino-
terminal region of Plasmodium falcipa-
rum Merozoite Surface Protein MSP-1.

Given that at physiological pH tar-
get peptide has isoelectric point 9.2 and
AH zero charge point 11, then it may be
thought that there is strong electrostatic
repulsion with the surface.

In this vein, we synthesized 20 ana-
logues peptides, replacing each of the
amino acids in the target sequence by
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aspartic acid which is an amino acid ne-
gatively charge at pH 7. (Table 1).

It was found that peptide adsorption
on AH depends of several molecular in-
teractions and structural arrangements in
the adsorbed layer generating complex
isotherms. This suggests the formation
of several layers on the adsorbent, essen-
tially agreeing with more recent propo-
sals suggesting molecular aggregation on
adsorbent surface.

MATERIALS AND METHODS
Peptide synthesis and characterization

Target Peptide and its analogues were
obtained by the solid-phase multiple pep-
tide synthesis method proposed by Me-
rrifield (11) and improved by Houghten
(12). Crude peptides were purified by
RP-HPLC. Peptide purity was verified
on an analytical Lichrosorb® C18 column
using 0.05% TFA in water (solvent A),
0.05% TFA in ACN (solvent B), and a
0-70% gradient of solvent B for 30 min.
Peptide molecular mass was determined
in a Bruker MALDI-TOF mass spectro-
meter.

Adsorption isotherms on AH

For building adsorption isotherms,
twelve peptide solutions of concentration
between 0.5 to 12 mg/mL (0.2-5 mmol/L)
were prepared at constant temperatu-
re (273K) in 0.9% sodium chloride at
7+0.1 pH. AH (Alhydrogel® 2%) equi-
valent to 1.6 mg of Al/mL (13, 14) was
added, shaking the mixture for 12 hours
at 150 rpm. Peptide concentration, before
and after adsorption, was determined in
triplicate by spectrophotometry at 570 nm
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using bicinchoninic acid (BCA) (15). The
adsorbed amount in mmol/mg Al was de-
termined by the difference between these
values and was plotted in terms of the ini-
tial solution concentration.

RESULTS AND DISCUSSION
Peptide characterization

Chromatographic analysis of target pep-
tide in pure state gave a 23.6 minutes re-
tention time and mass spectrum showed
a 2,348.8 Dalton signal corresponding
to the expected peptide molecular mass.
The Table 1 shows retention time and
molecular mass by analogues peptide.

Adsorption study

There were chosen 17 analogues,
which had a solubility greater than 10
mmol/L for adsorption studies. The ad-
sorption results are presented in three
groups according to adsorption isotherm
trajectory.

The group I (Figure 1) consists of
analogues whose adsorption has been de-
fined as close to type 2 isotherm, where
the first organisation of peptide molecu-
les was presented at low concentrations,
followed by a rapid increase in adsorp-
tion to high concentrations.

The group II (Figure 2) consists of
analogues having an adsorption pattern
showing the formation of a first layer at
low peptide concentrations and a second
layer which formed over the adsorbed
molecules at greater concentrations.

The group III (Figure 3) contains
analogues whose adsorption involved
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Table 1. Sequence, retention time, and molecular mass of target peptide and its analogues.
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RETENTION MOLECULAR
PEPTIDE SEQUENCE TIME MASS

(min) (Dalton)
Target EVLYLKPLAGVYRSLKKQLE 23.6 2,348.8
Asp-1 DVLYLKPLAGVYRSLKKQLE 19.71 2,332.5
Asp-2 EDLYLKPLAGVYRSLKKQLE 21.34 2,354.7
Asp-3 EVDYLKPLAGVYRSLKKQLE 20.65 2,344.5
Asp-4 EVLDLKPLAGVYRSLKKQLE 18.67 2,304.2
Asp-5 EVLYDKPLAGVYRSLKKQLE 18.72 2,354.4
Asp-6 EVLYLDPLAGVYRSLKKQLE 20.74 2,339.5
Asp-7 EVLYLKDLAGVYRSLKKQLE 20.70 2,372.4
Asp-8 EVLYLKPDAGVYRSLKKQLE 17.10 2,355.4
Asp-9 EVLYLKPLDGVYRSLKKQLE 17.56 2,390.5
Asp-10 EVLYLKPLADVYRSLKKQLE 20.72 2,410.3
Asp-11 EVLYLKPLAGDYRSLKKQLE 18.23 2,361.5
Asp-12 EVLYLKPLAGVDRSLKKQLE 18.54 2,296.7
Asp-13 EVLYLKPLAGVYDSLKKQLE 20.98 2,302.4
Asp-14 EVLYLKPLAGVYRDLKKQLE 20.32 2,384.6
Asp-15 EVLYLKPLAGVYRSDKKQLE 18.76 2,345.4
Asp-16 EVLYLKPLAGVYRSLDKQLE 19.72 2,329.5
Asp-17 EVLYLKPLAGVYRSLKDQLE 19.20 2,329.2
Asp-18 EVLYLKPLAGVYRSLKKDLE 19.08 2,332.1
Asp-19 EVLYLKPLAGVYRSLKKQDE 19.72 2,345.8
Asp-20 EVLYLKPLAGVYRSLKKQLD 19.23 2,342.0

the formation of two simple layers, this
being differentiated from the group II in
that after the second layer had been com-
pleted, the amount adsorbed grew no-
tably with increased concentration. The
target peptide belongs to this group.

Related studies have shown that the
models proposed for interpreting adsorp-
tion isotherm characteristics from the
solutions describe monolayer or simple
bilayer formation; however, our results
revealed a more complex pattern.
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Probably the initial saturation of the
surface was produced by monolayer
formation. Then, it occurred a second
arrangement of molecules peptide o do-
uble layer onto molecules adsorbed. If
such interpretation is correct, the iso-
therm could be separated into two in-
dependent concentration zones to apply
Langmuir’s model. Adsorption capacity
and coefficient parameters were calcula-
ted by applying the Langmuir’s adsorp-
tion model (Equation 1).
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Figure 1. Adsorption isotherm by Group I peptide analogues.
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Figure 2. Adsorption isotherm by Group II peptide analogues.
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Figure 3. Adsorption isotherm by Group III peptide analogues.

1 1 1
— +—
m bCm, m

Equation 1

In Equation 1, m is the adsorbed
amount of peptide (umol/mg Al), b is the
affinity constant L/mmol, C is the pep-
tide concentration (mmol/L), and m_ is
the adsorption capacity (umol/mg of Al).

The Table 2 shows the m and b va-
lues applying the Langmuir’s model in
two independent concentration zones,
corresponding to the first and the second
layer. If adsorbed molecules in the first
organisation are found in condensate sta-
te on the solid surface, then it is evident
that the amount of retained peptide m, in
the second organisation is higher, since
adsorbed molecules in this concentration
range come into contact with their own
condensed phase, which would act itself
as dissolvent.

Revista Colombiana de Quimica 40_3_2011.indb 397

It”s interesting to note that when Ar-
ginine (R) in Asp-13 peptide (which is
an amino acid positively charged) was
replaced by Aspartic acid (D), a better
adsorption was obtained onto AH. This
behaviour was expected due to the de-
crease of electrostatic repulsion. Howe-
ver, when Lysine (K) in Asp-6 peptide
(which is an amino acid positively char-
ged too) was replaced by D, there was
not an increase in the quantity adsorbed.

The Table 2 shows that the affinity
constant b in the first layer is higher as
it measures direct peptide adsorption on
the surface, whereas in the second la-
yer, b represents part of the surface in-
teraction in the second layer, which can
transcend adsorbed molecules, as well
as intermolecular interaction between
adsorbed peptide and that forming the
double layer.
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Table 2. The m_ and b values applying the Langmuir’s model by target peptide and analogues.

m! b m? b?
GROUP PEPTIDE @ ol/mgAl)  (Lmmol)  (umol/mg A)  (Lmmol")
Asp-2 0.159 2.693 - -
Asp-7 0.129 2.903 - -
1 Asp-10 0.193 2.000 - -
Asp-13 0.266 1.864 - -
Asp-14 0.239 2.130 - -
Asp-3 0.138 1.190 0.290 0.407
Asp-4 0.206 1.960 0.390 0.512
Asp-5 0.128 1.461 0.433 1.149
Asp-6 0.068 1.362 0.680 0.448
1I Asp-8 0.135 2.142 0.935 0.461
Asp-11 0.225 1.702 0.514 0.821
Asp-12 0.204 2.018 0.588 0.463
Asp-15 0.184 1.535 0.590 0.292
Asp-19 0.202 1.792 0.469 1.407
Target 0.086 2.057 0.359 0.324
- Asp-1 0.108 1.484 0.382 1.031
Asp-18 0.075 2.745 0.210 0.322
Asp-20 0.099 1.738 0.264 2.780
!in the first layer 2 in the second layer
This adsorption behaviour can be = ACKNOWLEDGMENTS

explained by the fact that peptides are
complex molecules and their surface
retention depends on their physical and
chemical properties, the aminoacids’ po-
sition in the sequence and three-dimen-
sional structure.

In conclusion, adsorption peptide on
AH is a complex process where the fi-
nal result depends of several molecular
interactions and structural arrangements
in the adsorbed layer generating complex
isotherms, which suggests the formation
of several layers on the adsorbent.

398

This work was supported by grant DIB-
HERMES 7588 from Universidad Na-
cional de Colombia, Sede Bogota.

REFERENCES

1. Al-Shakhshir,R. H.; Regnier, F. E.;
White,J. L.; Hem, S. L. Contribu-
tion of electrostatic and hydrophobic
interactions to the adsorption of pro-
teins by aluminium-containing adju-
vants. Vaccine. 1995. 13(1): 41-44.

29/03/2012 12:40:35



REVISTA COLOMBIANA DE QUIMICA, VOLUMEN 40, nro. 3 DE 2011

Iyer, S.; Robinett, R.; Hogenesch,
H.; Hem, S. L. Mechanism of ad-
sorption of hepatitis B surface an-
tigen by aluminum hydroxide ad-
juvant. Vaccine. 2004. 22(11-12):
1475-1479.

Wittayanukulluk, H. Effect of mi-
croenviroment pH of aluminium
hydroxide adjuvant on the chemical
stability of adsorbed antigen. Vacci-
ne. 2004. 22(9-10): 1172-1176.

Martin, A. Physical Pharmacy. 4®
ed. Philadelphia: Lea&Febiger;
1993. pp. 282-283.

Matheis, W.; Zott, A.; Schwanig,
M. The role of the adsorption pro-
cess for production and control com-
bined adsorbed vaccines. Vaccine.
2002. 20 (1-2): 67-73.

6. Hem, S. L.; Hogenesch, H. Re-
lationship between physical and
chemical properties of aluminium-
containing adjuvants and immuno-
potentiation. Expert.Rev. Vaccines.
2007. 6(5): 685-698.

Wolff, L.; Flemming, J.; Schmitz,
R.; Groger, K.; Goso, C.; Miiller-
Goymann, C. Forces determining
the adsorption of a monoclonal an-
tibody onto an aluminium hydroxi-
de adjuvant: Influence of interstitial
fluid components. Vaccine. 2009.
27(12): 1834-1840.

Tleugabulova, D.; Falcon, V.; Pen-
ton, E. Evidence for the denaturation
of recombinant hepatitis B surface
antigen on aluminium hydroxide
gel. J.Chromatogr.B. 1998. 720(1-
2): 153-163.

Revista Colombiana de Quimica 40_3_2011.indb 399

10.

11.

12.

13.

14.

15.

Atkin, R.; Craig, V.; Wanless, E.;
Biggs, S. Mechanism of cationic
surfactant adsorption at the solid-
aqueous interface. Adv. Colloid and
Interface Sci. 2003. 103: 219-304.

Fan, A.; Somasundaran, P.; Turro,
N. J. Adsorption of alkyltrimethyla-
mmonium bromides on negatively
charged alumina. Langmuir. 1997.
13(3): 506-510.

Merrifield R. B. Solid Phase Peptide
Synthesis I. The synthesis of a te-
trapeptide. J. Am.Chem. Soc. 1963.
85: 2149-2154.

Houghten,R. A. General method for
the rapid solid-phase synthesis of
large numbers of peptides: Specifici-
ty of antigen-antibody interaction at
the level of individual amino acids.
Proc. Natl. Acad. Sci. USA. 1985.
82(15): 5131-5135.

World Health Organization, Immu-
nological adjuvants. World Health
Organization Technical Report Se-
ries No. 595. WHO. Geneva. 1976.

pp- 6-8.

Hem S. L.; Hogenesch H.;
Middaugh, R.; Volkin, D. Prefor-
mulation studies- The next advance
in aluminum adjuvant-containing
vaccines. Vaccine. 2007. 6(5): 685-
698.

Wiechelman,K. J.; Robert, D. B.;
Fitzpatrick, J. D. Investigation of
the Bicinchoninic acid protein assay:
Identification of the groups responsi-
ble for colour formation. Anal. Bio-
chem. 1988. 175(1): 231-237.

399

29/03/2012 12:40:36

Chemistry of Solutions



Revista Colombiana de Quimica 40_3_2011.indb 400 @ 29/03/2012 12:40:36



