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Abstract

Vaccination is vital in malaria prevention strategies. The DBL2B-PfEMP1 recombinant protein is a malaria
vaccine candidate due to its essential role in severe pathogenesis. This study analyzed the IgM levels after
DBL2B-PfEMP1 recombinant protein injection. This study used nineteen male Wistar rats, aged 2—-3 months,
and was divided into a control group, which was injected with NaCl 0.9%, and four treatment groups, which
were injected with DBL2B-PfEMP1 protein in doses of 150 pg without adjuvant, and 150, 300, and 450 ug
with adjuvant. Rats were injected subcutaneously twice at a 6-week interval. Blood samples were collected
two weeks after injection. IgM was measured using the ELISA. There was an increasing trend in IgM levels
after the DBL2B-PfEMP1 protein injection with a dose-dependent effect in the primary injection. The One-
way ANOVA test showed a significant difference between groups (p = 0.037), and the post-hoc Bonferroni
test showed a significant difference only between a control and treatment group of 450 pg + adjuvant (p=
0.046). A trend of increasing IgM in secondary injection was only observed in the 150 ug + adjuvant group,
which is suggested as an optimum dose. Further analysis of other immune indicators is needed to draw a
comprehensive immune response in developing a malaria vaccine candidate.
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Abstrak

Vaksinasi berperan penting dalam strategi pengendalian malaria, namun vaksin malaria yang ada saat ini
masih belum optimal. Protein rekombinan DBL2-PfEMP1 merupakan kandidat vaksin karena peran
pentingnya dalam patogenesis malaria berat. Tujuan penelitian ini adalah menganalisis kadar IgM
pascainjeksi protein rekombinan DBL2A-PfEMPL. Penelitian ini menggunakan sembilan belas tikus Wistar
jantan, berusia 2-3 bulan, yang secara random dibagi ke dalam kelompok kontrol, yang diinjeksi NaCl 0,9%
dan empat kelompok perlakuan yang diinjeksi protein DBL2S-PfEMP1 dosis 150 ug, dan 150, 300, dan 450
ng plus adjuvant. Hewan coba diinjeksi secara subkutan sebanyak dua kali dengan interval 6 minggu. Sampel
darah diambil setiap dua minggu setelah injeksi. Kadar IgM diukur menggunakan metode ELISA dan data
dianalisis menggunakan uji One-Way ANOVA. Hasil penelitian menunjukkan terdapat tren peningkatan kadar
IgM seiring dengan peningkatan dosis pada injeksi primer. Analisis statistik menunjukkan perbedaan antar
kelompok (p= 0,037). Analisis selanjutnya menggunakan post hoc Bonferroni test menunjukkan perbedaan
signifikan hanya antara kelompok kontrol dan perlakuan 450 ug plus adjuvant (p= 0,046.) Terdapat tren
peningkatan kadar IgM pada injeksi sekunder dibandingkan dengan primer hanya pada kelompok dosis 150
g plus adjuvant, yang mengindikasikan dosis optimum vaksin. Penelitian selanjutnya menggunakan indikator
respons imun perlu dilakukan untuk mendapatkan gambaran komprehensif respons imun guna pengembangan
vaksin malaria.

Kata Kunci: DBL; IgM; Malaria; PFEMP1; Vaksin
Permalink/DOI: http://dx.doi.org/10.15408/kauniyah.v19i2.44265

© 2026 The Author(s). This is an open article under CC-BY-SA license (http://creativecommons.org/licenses/by-sa/4.0/)


http://journal.uinjkt.ac.id/index.php/kauniyah
mailto:sulistyaningsih.fk@unej.ac.id

AL-KAUNIYAH: Jurnal Biologi, 19(2), 2026

INTRODUCTION

Malaria is one of the leading infectious diseases with high morbidity and mortality. The World
Health Organization (WHO) estimated 249 million cases of malaria spread across 85 countries, with
608,000 deaths worldwide in 2022, and Indonesia is at the second rank of the highest number of cases
and deaths in Southeast Asia, trailing India. Plasmodium falciparum is the main cause of malaria in
Indonesia, contributing to 62% of all malaria cases (World Health Organization (WHQO), 2023). It is
responsible for severe malaria symptoms leading to death due to cytoadherence and rosetting
mechanisms (Lee et al., 2019; Jensen et al., 2020).

One essential strategy to prevent and control malaria is vaccination (World Health Organization
(WHO), 2024). Therefore, vaccine development is a vital pillar in achieving the target of the Global
Technical Strategy for malaria 2030 (World Health Organization (WHO), 2021). Currently, two
malaria vaccines are approved by WHO, i.e., the RTS, S/AS01 (Recombinant T-cell Epitopes and
Surface Antigen) and R21 vaccines. Both vaccines use a circumsporozoite protein (CSP) as an
immunogenic protein and work at the preerythrocytic phase (Hammershaimb & Berry, 2023). The
RTS, S/AS01 vaccine is the first and foremost malaria vaccine with an efficacy of 56%, which is
under the WHO minimum standard of 75% vaccine efficacy (Kurtovic et al., 2021; EI-Moamly & EI-
Sweify, 2023). The second approved malaria vaccine is R21, with an efficacy of 77% (Datoo et al.,
2021). However, both vaccines are targeted at the preerythrocytic phase and are not optimal in
preventing the release of merozoites during malaria infection. Therefore, developing a malaria
vaccine targeted at a different phase of parasites, such as the erythrocytic phase, is needed. One
studied erythrocytic vaccine candidate is Plasmodium falciparum Erythrocyte Membrane Protein 1
(PfEMP1). This protein is secreted during the erythrocytic cycle and has a crucial role in severe
malaria pathogenesis by its capacity to bind receptors on endothelial cells of capillaries
(Sulistyaningsih et al., 2020).

Plasmodium falciparum Erythrocyte Membrane Protein 1 (PfEMP1) can be found on the
surface of infected erythrocytes. It is a complex protein consisting of extracellular and intracellular
parts (Wiser, 2023). The extracellular part of PFEMPL1 is composed of two main domains, i.e., Duffy
Binding-like (DBL) region and Cysteine-rich interdomain region (CIDR) (Tessema et al., 2018). The
DBL domain is consistently found in the PFEMP1 structure and classified into seven classes, namely
a, B, v, 0, &, & and x. The DBL2B domain mediates binding to the intercellular adhesion molecule-1
(ICAM-1) receptor, leading to severe malaria pathogenesis (Bachmann et al., 2019; Jensen et al.,
2020; Gill et al., 2023). Thus, the DBL2R-PfEMP1 is a potential malaria vaccine candidate.

Previous studies have shown that the DBL2B-PfEMP1 recombinant protein could induce 1gG
antibodies and CD4+ lymphocyte production (Rachmania et al., 2020). It is known that humoral and
cellular immune responses are involved in malaria infection (Lopez et al., 2017; Sebina & Pepper,
2018). Humoral immunity is essential in controlling malaria infection, but malaria infection causes
changes in B cell activity, resulting in a non-optimal response (Rogers et al., 2021). However, a study
showed increased immunoglobulin M (IgM) levels after injection of MSP1 recombinant protein
(Blank et al., 2020).

Immunoglobulin M is the first response in humoral immunity (Ji et al., 2023). In malaria
infection, IgM works by opsonizing sporozoites to destroy them and preventing the merozoites
invasion into erythrocytes by using a complement system to control malaria infections (Pleass et al.,
2016; Boyle et al., 2019). Increased IgM levels in the blood will protect the body against infection
and control the degree of parasitemia (Boonyaratanakornkit & Taylor, 2019). A study in the RTS, S
vaccine also showed that an increase in IgM is associated with control of the parasitemia degree after
RTS, S/ASO1 injection (Kurtovic et al., 2021). This study analyzed the IgM response after injection
of DBL2B-PfEMP1 recombinant protein in Wistar rats.
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MATERIALS AND METHODS
Samples and Ethical Clearance

The samples of this study were male Wistar rats (Rattus Norvegicus), aged 2—3 months, with a
weight between 150-250 g. This study has received permission from the Research Ethics Committee
of the Faculty of Medicine, Universitas Jember, No. 5080/UN25.1.10.2/KE/2024.

Production and Purification of DBL2B-PfEMP1 Recombinant Protein

The DBL2B-PfEMP1 recombinant protein was expressed in Escherichia coli BL21 (DE3)
(Hasanah et al., 2020). The starter bacteria were grown in 5 mL of Luria Bertani (LB) Broth (Merck,
catalog number 110285), supplemented with kanamycin (Himedia, catalog number TC138), and
incubated in an orbital-shaker incubator at 37 °C with 160 rpm for 16 hours. The starter was
transferred into 250 mL of LB Broth and incubated at 190 rpm for 4 hours until it reached an optical
density (OD) of 0.8. The bacteria were induced with 0.5 mM IPTG (Promega, catalog number \V3951)
and incubated for 6 hours. The cultures were harvested by centrifugation at 6,000 rpm for 15 minutes.
The recombinant protein was extracted by sonication, with an extraction buffer containing

NaCl 500 mM (Supelco, catalog number 15513), NaH2PO4 50 mM (Supelco, catalog number
106346), and imidazole 5 mM (Sigma, catalog number 15513) in pH 8.0 (Rachmania et al., 2020).
The purification was performed using affinity chromatography with a Ni-NTA expressionist kit
(Genscript, catalog number L00223). GenScript High-Affinity Ni-Charged Resin contains Ni?* and
is compatible and used in protein purification by four coordination sites for high-affinity purification
of polyhistidine-tagged recombinant proteins. The recombinant protein was eluted using a serial
elution buffer containing 100 mM and 150 mM imidazole. The protein concentration was measured
using the Bradford protein assay and then visualized using SDS-PAGE.

Injection of DBL2B-PfEMP1 Recombinant Protein in Wistar Rats

The rats were acclimatized for 14 days with standard nutrition and ad libitum. Nineteen male
Wistar rats, aged 2—-3 months, were divided into five groups, i.e., the control group, which consisted
of 3 Wistar rats, and four treatment groups, each consisting of 4 Wistar rats. The control group was
injected with normal saline. The treatment groups were injected with DBL2B-PfEMP1 recombinant
protein in a dose of 150 pg, 150 pg plus adjuvant, 300 pg plus adjuvant, and 450 pg plus adjuvant.
Injections were performed subcutaneously, twice at 6-week intervals. A Complete Freund's adjuvant
was used in the first injection, and an incomplete Freund’s adjuvant in the secondary injection using
a 1:1 ratio. Blood samples were collected from each group from retro-orbital two weeks after each
injection of recombinant protein.

IgM Concentration Measurement with ELISA

The IgM concentration was measured from rat sera using competitive enzyme-linked
immunosorbent assays (ELISA) methods. As much as 50 pL rat sera was added to the rat IgM
antibody coated well, then 50 puL of biotinylated antigen was added. The plates were incubated for 60
minutes at 37 °C and washed 5 times using the wash buffer. An avidin-HRP was added and incubated
for 60 minutes at 37 °C. As much as 50 uL substrate solution A and substrate solution B were added
to each well, then incubated for 10 minutes at 37 C in the dark. Finally, 50 uL stop solution was
added, and the absorbance was measured using a microplate reader at » of 450 nm.

Statistical Analysis

Data analysis was carried out using the Statistical Package for the Social Sciences (SPSS)
version 26.0 software. The Saphiro-Wilk test was used to test the data's normality, and the Levene
test was used to test the data's homogeneity. The statistical analysis was performed using the One-
Way ANOVA test to compare between groups and followed by post-hoc Bonferroni test with a 95%
confidence interval.
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RESULTS

It is yielded from the elution buffer 2 with 150 mM imidazole concentration (Figure 1). The
measurement of DBL2B2-PfEMPL1 protein concentration using the Bradford protein assay yielded 2
ug/uL, from a standard curve equation y = 0.0078x - 0.0703 with an R? value of 0.9962 and the

average absorbance of 0.166 after three replications.
M w21 W3.1 W4.1 El.l El2 EL3 E2l E2.2 E2.3
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Figure 1. The visualization of DBL2B-PfEMP1 recombinant protein using SDS-PAGE. The purified
DBL2B-PfEMP1 recombinant protein is ~72 kDa. M= protein marker; W2.1= protein
fraction 1 from washing buffer 2; W3.1= protein fraction 1 from washing buffer 3; W4.1=
protein fraction 1 from washing buffer 4; E1.1= protein fraction 1 from elution buffer 1;
E1.2= protein fraction 2 from elution buffer 1; E1.3= protein fraction 3 from elution buffer
1; E2.1= protein fraction 1 from elution buffer 2; E2.2= protein fraction 2 from elution
buffer 2; E2.3= protein fraction 3 from elution buffer 2

The measurement of IgM levels is presented in Figure 2. There is a trend of increasing IgM
levels after DBL2B-PfEMP1 recombinant protein injection with a dose-dependent effect, meaning
the higher the protein dose causing the higher the IgM level in sera, especially in the primary injection.
But, for the secondary injection, a 450 ug plus adjuvant group showed a decrease in IgM level
compared to a lower dose. The statistical analysis using the One-Way ANOVA test showed a
significant difference between groups in primary injection with a p-value of 0.037 (Table 1). Further
analysis using the post-hoc Bonferroni test showed a significant difference only between the treatment
group at a dose of 450 pg plus adjuvant and the control group, with a p-value of 0.046.
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Figure 2. Histogram of IgM levels in the control and treatment groups after primary and secondary
DBL2B-PfEMP1 recombinant protein injection. *= significant difference (P <0.05) based on
post-hoc Bonferroni test
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Table 1. The result of the first injection statistical analysis using One-Way ANOVA followed by the
post hoc Bonferroni test

150 pug+ 300 pg+ 450 pg +

Control 150 pg adjuvant  adjuvant adjuvant p-value
Control 1.000 1.000 0.198 0.046*
150 pg 1.000 1.000 1.000 0.473
150 ug + adjuvant 1.000 1.000 1.000 0.520
300 pg + adjuvant 0.198 1.000 1.000 1.000
450 pg + adjuvant 0.046* 0.473 0.520 1.000 0.037

Note: *=significant differences (P <0.05)

The comparison of IgM levels after the primary and secondary injections showed a different
trend in each group (Figure 3). The increased trend was observed in the treatment group with a dose
of 150 pg plus adjuvant and control groups, but other groups showed decreased IgM levels after
secondary injection. The One-way ANOVA test showed no significant difference in all groups
between the primary and secondary injections, with a p-value of 0.107.
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Figure 3. Histogram of IgM levels in each group after primary and secondary DBL2B-PfEMP1
recombinant protein injection

DISCUSSION

Malaria vaccine development is challenging due to the low efficacy of protection against
malaria infection (Phillips et al., 2017). Natural immunity to malaria is commonly acquired slowly
and needs repeated parasite exposure, and this immunity does not reduce parasitemia. The defense
mechanisms need cooperation between the humoral immune response, which is played by antibodies
and the cellular immune response, which involves T cells. Several antibodies such as IgE, IgM, and
IgG are involved in malaria protection. The role of IgE antibody in malaria showed duality and
complexity. Study showed that IgE serves to protect against the disease: other studies found a
detrimental role during malaria disease (Blank & Mecheri, 2011). IgM is a vital and functional
antibody that is initially and rapidly produced, activates complement, and reduces the risk of clinical
malaria. It commonly acts as an early responder and is highly effective is blocking parasite invasion
in the presence of complement (Boonyaratanakornkit & Taylor, 2019). While 1gG acts as a long-live,
secondary response, with cytophilic mechanisms, such as dependent cellular cytotoxicity (ADCC)
and phagocytosis to control parasitemia (Stanisic et al., 2009). The vaccine candidate is usually added
with adjuvants to enhance the immune response. While IgM is the first immunoglobulin produce by
antibody-producing B-cells during an initial induction and is a stronger activator of complement,
adjuvants accelerate the maturation, affinity, and quantity of the further 1gG response by modulating
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cytokine networks, optimizing antigen delivery, and stimulating Pattern Recognition Receptors
(PRRs) on Antigen-Presenting cells (APCs) (Pedersen et al., 2020). Furthermore, adjuvants shorten
the time for the body to produce antibody (Chang et al., 2017). Several factors contributing to the
IgM response including a prior exposure, genetic factors, age, duration of exposure, antigen
specificity, and parasitemia level. By adding adjuvants, the IgM response is also influenced by
adjuvant type, antigen dose, and route of administration. The DBL2B-PfEMP1 recombinant protein
is one of the malaria vaccine candidates currently being developed with the ability to induce 1gG and
CD4+ lymphocyte cells in Wistar rats (Rachmania et al., 2020). This study further analyzed the
humoral immune response by measuring IgM levels using different doses of the DBL2B-PfEMP1
recombinant protein. Humoral immune response relies on antibody production B cells against
extracellular pathogens, especially surface antigens of infected erythrocytes. When an antigen is
recognized and internalized by the IgM B cell receptor, the B cell will differentiate and program to
down regulate surface IgM and secrete either class-switched (IgG) or un-switched (IgM) antibody. B
cell derived IgM is designed to provide rapid, short-lived, and protective immunity. Other B cells
engage with T helper cells and reinforce the B cell and T follicular helper cells, promote class-switch
recombination from IgM to 1gG and stimulate co-migration of B and T cells to establish germinal
center responses. This will promote B-cell survival and differentiation of memory B cells and long-
lived plasma cells. The plasma cell constitutively secretes high-affinity 1gG and memory B cell
rapidly differentiate into high-affinity antibody following antigen exposure, which form the basis of
long-lived protective immunity (Rogers et al., 2021).

The DBL2B-PfEMP1 recombinant protein was purified, visualized, and measured to ensure the
accurate protein and precise dose injected in experimental animals. The purified DBL2B-PfEMP1
recombinant protein is ~72 kDa as in a previous study (Rachmania et al., 2020) with a 2 ug/uL.
concentration. The purified protein yielded from the second elution buffer with an imidazole
concentration of 150 mM (Figure 1). The confirmed DBL2B-PfEMP1 recombinant protein was
injected into experimental animals to determine its effect on IgM levels.

This study showed an increase in IgM levels in the treatment group compared to the control
group, which had a dose-dependent effect after primary injection. The statistical analysis supported
the results, which showed a significant difference between groups, especially between the control and
450 pg plus adjuvant group (Figure 2; Table 1). The results align with the study on reticulocyte-
binding protein homologous protein-5 (RH5) recombinant protein injection, which showed an
increase in antibody production (Minassian et al., 2021). The IgM levels in each group changed
between primary and secondary injections. The increased IgM levels were observed in the control
and treatment groups of 150 ug plus adjuvant, while other groups showed a decrease (Figure 3).
However, the statistical analysis showed no significant (p = 0.107). The results align with the immune
response paradigm that the IgM response is optimum at two weeks after primary exposure and
decreases after the following exposure (Gong & Ruprecht, 2020).

Immunoglobulin M is the first humoral adaptive immune response produced when an antigen
enters the body (Gong & Ruprecht, 2020). Determination of IgM is essential in vaccine development.
In malaria vaccine injection, the resulting immune response involves an innate and adaptive immune
response. The innate immune response is played by dendritic cells and macrophages that serve as
antigen-presenting cells (APCs). Macrophages and dendritic cells will recognize incoming antigens
through pattern recognition receptors (PRRs), presenting these antigens to CD8+ and CD4+ T cells
through T cell receptors (TCRs) using major histocompatibility complex (MHC) molecules. The
adaptive immune response involves the T cell activation that induces cytokines production such as
interferon-y (IFN-y), interleukin-12 (I1L-12), and tumor necrosis factor-a (TNF-a). Activated T cells
can stimulate the activation of B cells through B cell receptors (BCRs), resulting in B cell maturation
and antibody production, including IgM (Riley & Stewart, 2013; Nindela, 2015; Pollard & Bijker,
2021). The known conceptual theory for the humoral immune response to infection or vaccination is
that the IgM peaks at two weeks after infection or immunization and wanes rapidly during the primary
response, while 1gG produced by isotype-switched memory B cells dominates in the secondary
response (Gong & Ruprecht, 2020). However, Boonyaratanakornkit and Taylor (2019) showed
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evidence of the role of IgM in both early and long-lived immunity to malaria, resulting in higher IgM
levels after secondary injection or exposure. The high level of IgM in secondary exposure is suggested
to be caused by the improved ability of IgM to fix complement to protein or parasite. It may be
preserved in the secondary immune response to help protect against and control parasitemia, as a
study in malaria infection showed IgM works by opsonizing the target protein and destroying it
through complement-mediated lysis (Boyle et al., 2019). Furthermore, in the RTS, S'ASO1 vaccine
study, the increase in IgM levels was related to the ability to control the degree of parasitemia
(Kurtovic et al., 2021). That finding supports our study results that there is an increase of IgM level
in the 150 pg plus adjuvant group, which is expected to be the optimum dose of DBL2B3-PfEMP1
protein as a malaria vaccine candidate.

CONCLUSION

The DBL2B-PfEMP1 recombinant protein injection increased IgM levels in Wistar rats with a
dose-dependent effect, especially in the primary injection. Further studies on other immune response
indicators should be conducted to elucidate a comprehensive immune response in order to establish
a malaria vaccine.
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