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Introduction

Cancer is one of the diseases that is a major health 
problem in the world. In 2020, there were an estimated 
19.3 million new cases, with approximately 10 million 
cancer deaths [1]. In the development of cancer treatment 
modalities, surgery, chemotherapy, and radiotherapy 
are the most common therapies carried out as single or 
combination therapy [2]. However, the treatment has not 
been able to completely reduce the rate of death from 
cancer. Surgery is effective for removing solid tumors; 
however, the presence of residual tumors supports 
recurrence and induces metastasis [3]. Treatment with 
chemotherapy although it can reduce the level of morbidity 
and mortality due to cancer, there are cytotoxic effects 
caused by chemotherapeutic agents that are systemic and 
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cause resistance [4]. While radiotherapy hurts normal cells 
[5]. Targeted therapy is one of the focuses that continues 
to be developed to produce more effective cancer therapies 
by increasing specificity and minimizing the off-target side 
effects caused to normal tissues [6]. 

Immunotoxins are monoclonal antibody-based 
targeted therapy [7]. Monoclonal antibodies (MAb) 
are conjugated with toxins using chemical reactions or 
recombinant technology. The structure of immunotoxins 
is a conjugate between Mab and toxins derived from 
bacteria, plants, or mammalian proteins [8]. MAb in 
immunotoxins acts as “magic bullets” that recognize 
specific antigens in cancer cells and will deliver toxin 
compounds to cancer cells [9], so that the toxin can carry 
out killing activity in cancer cells.

Toxins used in the synthesis of immunotoxins are 
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proteins derived from bacteria (diphtheria toxin (DT), 
Pseudomonas exotoxin A (PE), and Anthrax toxin), 
plant toxins (ricin, gelonin, saporin, and pokeweed), and 
mammalian proteins (Granzim and RNase) [8]. The main 
mechanism of toxins in inducing cancer cell death includes 
inhibiting protein synthesis through ADP ribosylation in 
eukaryotic protein Elongation Factor 2 (eEF2) (DT and 
PE). Meanwhile, ricin and gelonin toxin proteins inhibit 
protein synthesis by causing N-glycosylation of rRNA 
[8]. In this study, bongkrekic acid (BKA) which is a toxin 
derived from the bacterium Burkholderia cocovenenans 
was conjugated with anti-CD3 MAb and wanted to know 
its potential as an immunotoxin candidate. BKA is a 
well-known mitochondrial toxin that acts as a specific 
ligand and an inhibitor of the enzyme adenine nucleotide 
translocase (ANT) or ATP/ADP translocator [10]. 

In this study, a carbodiimide zero-crosslinker EDC.
HCl/sulfo-NHS was used in the chemical synthesis of 
immunotoxins. The water-soluble carbodiimide EDC 
may be used to form active ester functionalities with 
carboxylate groups using the water-soluble compound, 
NHS (sulfo-NHS) [11]. EDC.HCl will activate the 
tricarboxylic group of BKA with the help of sulfo-NHS 
to form a stable BKA-NHS ester. The ester was reactive 
against the nucleophilic primary amine group of antibodies 
from the anti-CD3-MAb-BKA conjugate. However, some 
active groups of BKA allow the formation of several ester 
structures that have different reactivities to the primary 
amine group of the antibody and affect the product of the 
conjugation reaction. Therefore, in silico studies were 
conducted to determine the optimal conditions for the 
conjugation reaction.

The target specificity and internalization ability of 
antibodies are major problems in the selective intracellular 
delivery of toxins. In this study, a specificity model was 
carried out in vitro using PBMC. PBMC contain various 
components such as lymphocyte cells namely T cells (70-
85%), B cells (5-10%), NK cells (5-20%), monocytes, and 
dendritic cells [12]. T cells are mainly composed of two 
large components: CD4+ and CD8+ T cells. Both T cell 
types have a common CD3 protein marker [13]. In this 
study, anti-CD3 Mab-BKA was chemically synthesized to 
be selectively targeted at CD3 glycoproteins on the surface 
of lymphocyte cells. The PBMC specificity model aims to 
prove that the synthesized immunotoxins are cytotoxic in 
one target cell type, but not cytotoxic to normal cells. Anti-
CD3 Mab-BKA is expected to be specifically cytotoxic 
to CD3+ T cells compared with other cell populations in 
PBMC. 

Materials and Methods

Materials
Bongkrekic Acid (Fermentek); Anti-CD3 Monoclonal 

antibody (OKT3) (Biolegend); EDC.HCl (Sigma Aldrich); 
Sulfo-NHS (Sigma Aldrich); MES Hydrate (Sigma 
Aldrich); Dialysis tubing cellulose membrane (Sigma 
Aldrich); Histopaque 1077 (Sigma Aldrich), RPMI 1640 
Medium (Thermo); PBS steril pH 7,4 (Thermo); trypan 
blue (Thermo).

Methods
Preparation of Anti-CD3 MAb-BKA

The conjugation reaction of anti-CD3 MAb with BKA 
was performed using EDC.HCl/Sulfo-NHS chemistry. 
EDC.HCl activates the carboxylate group of BKA such 
that it is more reactive to the primary amine group of 
the antibody. The protocol consisted of two steps: the 
activation reaction of the carboxylic group of BKA into 
a more stable ester form, and the conjugation reaction 
(Figure 1). The activation step began by adding 40 μL of 
EDC.HCl solution (2 mg/mL) and 45 μL of sulfo-NHS 
solution (2 mg/mL) to 100 μL of BKA in MES buffer (1 
mg/mL). The solution was homogenized and allowed to 
react for 30 min at room temperature. For conjugation, 
100 μL anti-CD3 MAb in MES buffer (1 mg/mL) was 
added to the activated BKA solution (molar ratio 1:1). 
The samples were then mixed and incubated at 4 °C for 
24 h [11]. Finally, the synthesized conjugate was dialyzed 
against 50 mM phosphate buffer for 24 h at 4 °C to remove 
any unreacted compounds. The conjugate concentration 
was determined using UV–Vis spectrophotometry. The 
concentration of synthesized conjugate was determined as 
a protein compound at a wavelength of 280 using albumin 
protein as a standard [14]. 

Conjugate Confirmation
The formation of anti-CD3 MAb-BKA was confirmed 

using UV-Vis spectrophotometry. The absorbance 
of the synthesized conjugate was measured at a 
wavelength of 280 nm as a protein compound and 260 
nm as the maximum wavelength of BKA, compared to the 
absorbance of BKA and anti-CD3 Mab [14]. Previously, 
the maximum wavelength of BKA has been measured in 
the range of 190-320 nm.

Molecular Docking Studies
BKA structure consists of three carboxylate groups 

(Figure 2). These reactive groups allow the variation of 
BKA-NHS esters with different reactivities to anti-CD3 
MAb and influence the conjugation ability. In this study, 
seven BKA-NHS ester structures were created in a two-
dimensional manner to obtain the most stable structure 
with the highest affinity for anti-CD3 MAb. Molecular 
docking was conducted between BKA, BKA-NHS esters, 
and crosslinkers (EDC.HCl and Sulfo-NHS) against the 
Fc of anti-CD3 MAb (IgG2a) using Molecular Operating 
Environment (MOE) [15]. The Fc of anti-CD3 MAb used 
was a crystal structure of Fc IGg2a downloaded from the 
Protein Data Bank (https://www.rcsb.org/). BKA, BKA-
NHS esters, EDC.HCl, dan Sulfo-NHS were created in 
2D using ChemSketch [16]. Then, structural optimization 
of the protein and ligands was carried out using MOE 
software. The results of molecular docking were analyzed 
in terms of the binding site, binding free energy (ΔG), and 
ligand-protein interaction, as seen from 2D visualizations.

PBMC Isolation
Conjugate specificity tests were performed using 

PBMC isolated from blood by the gradient centrifugation 
method using Histopaque reagents. Peripheral blood 
samples from one volunteer were obtained using five 
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Figure 1. Two Steps Conjugation Reaction. Activation of carboxylic functional groups of BKA by EDC.HCl/Sulfo-
NHS forms BKA-NHS ester (A). BKA-NHS ester reacts with primary amines of antibody form anti-CD3-MAb-BKA 
conjugate (B). 

Figure 2. Chemical Structure of Bongkrekic Acid with Three Carboxylate Functional Groups (MW: 486.6 g/mol).  

4 mL heparinized vacutainers. A total of 20 mL of blood 
from one healthy subject was diluted with PBS (volume 
ratio 1:1). The diluted blood was slowly flowed into the 
Histopaque solution (volume ratio 1:1) into a 50 mL 
centrifuge tube and centrifuged at 400 x g for 30 min. 
A layer of the buffy coat was washed twice by adding 
PBS and centrifuged at 250 x g for 10 min [17]. The 
centrifuged pellets were suspended in RPMI medium 
without supplementation and cell calculations were 
carried out using a hemocytometer. The number of cells 
per milliliter was calculated by the formula:

In-vitro Anti-CD3 MAb-BKA Specificity Evaluation
The specificity of the conjugate was expressed by 

the number of live PBMC in the group administered 
the conjugate compared to the BKA and anti-CD3 MAb 
groups at the same concentration. In this study, it was 
expected that conjugate administration would produce 
the highest number of living cells because it was only 
cytotoxic to CD3+ T cells in the PBMC. The viability of 
PBMC was determined using the trypan blue excursion 
method by examining the number of live cells. The cell 
suspension was seeded into a 96-well culture plate (1 × 106 

cells/well). Cells in the complete medium are given test 
compounds with the following group:Cell viability (%): 𝑎𝑚𝑜𝑢𝑛𝑡𝑠 𝑜𝑓 𝑣𝑖𝑎𝑏𝑙𝑒 𝑐𝑒𝑙𝑙𝑠 

𝑎𝑚𝑜𝑢𝑛𝑡𝑠 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑒𝑙𝑙𝑠 x 100%
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Figure 3. Maximum Wavelength of Bongkrekic Acid Measured by Spectrophotometer UV-Vis at 260 nm. 

Group A: PBMC + BKA
Group B: PBMC + Anti-CD3 MAb
Group C: PBMC + Anti-CD3 MAb-BKA
Group D: PBMC + Control

The test compounds were prepared at concentrations 
of 10, 20, 40, 60, and 80 μL/mL and were incubated at 
37oC and 5% CO2 for 24 h. After incubation, the cells 
were transferred to microtubes and centrifuged at 250 × 
g for 10 min. Pellets were suspended with RPMI without 
supplementation and cell calculation was carried out.

The number of live cells: Average number of cells x 
dilution factor x 104

Statistical Analysis
The number of live cells between the test groups 

was analyzed using a one-way analysis of variance 
with parametric statistics. If the data were not normally 
distributed, data analysis was performed using the 
Kruskal–Wallis non-parametric test. Significant differences 
between test groups were obtained when p<0.05.

Results

Preparation of Anti-CD3 MAb-BKA
After dialysis, the concentration of anti-CD3 MAb-

BKA was determined based on the concentration 
of conjugated antibody proteins and measured at a 
wavelength of 280 nm. The absorbance of the conjugate 
was then inserted into the standard albumin curve equation, 
resulting in a concentration of 3.46 mg/mL. The maximum 
wavelength of the previously measured BKA was 260 nm, 
as shown in Figure 3. Confirmation of the formation of 
anti-CD3 MAb-BKA was carried out by comparing the 
absorbance of anti-CD3 MAb, BKA, and the conjugate 
at 280 and 260 nm, resulting in the comparison of the 
wavelengths shown in Table 1. At a wavelength of 280 
nm, the absorbance of the conjugate approached that of 
anti-CD3 MAb at the same concentration (20 μg/mL). This 
indicates the protein content of the conjugate compound. 
Whereas at a wavelength of 260 nm, the absorbance of 

conjugate when compared to the absorbance of BKA at the 
same concentration (20 μg/mL), shows a lower absorbance 
compared to BKA. 

Molecular docking studies
The Fc structure of anti-CD3 MAb used was a crystal 

structure of the non-FCRN-binding Fc Fragment of rat 
IgG2a (PDB Code:1I1C). Then, one of the CH2-CH3 
domains was used to perform molecular docking of 
the ligands. Molecular docking results are presented in 
Table 2. The lowest binding energy value was produced 
by BKA, followed by BKA-NHS 1C, and sulfo-NHS. 
The three test ligands with the highest affinities had stable 
interactions with the binding site. The 3D conformation 
and surface of the CH2-CH3 domain with the ligand-
binding site are shown in Figure 4. These ligands tended 
to be localized in the cavity between the CH2 and CH3 
domains. A 2D visualization of the docking results is 
shown in Figure 5. shows the type of amino acid and the 
type of bond that occurs between the ligand and amino 
acid at the binding site. In BKA, there are seven hydrogen 
bonds between lysine, glutamine, and asparagine amino 
acids, with oxygen atoms on the carboxylic and ether 
functional groups. In BKA-NHS 1C, there were four 
hydrogen bonds between the same amino acid and oxygen 
atoms in the carboxylic and ether groups. Sulfo-NHS 
ligands undergo hydrogen bonds on oxygen atoms in 
sulfate and carbonyl groups with the lysine. Briefly, lysine, 
glutamine, and asparagine are amino acids that interact 
with ligands. Among the three types of amino acids, the 

Test Solution Wavelength (nm)
280 260

Anti-CD3 MAb 0.234 0.085
BKA 0.110 0.573
Anti-CD3 MAb-BKA 0.175 0.176

Table 1. The Absorbance of Conjugate Compared to the 
Anti-CD3 MAb and BKA at the Wavelength of 280 nm 
and 260 nm



Asian Pacific Journal of Cancer Prevention, Vol 27 447

DOI:10.31557/APJCP.2026.27.2.443
Synthesis of Immunotoxin of Anti-CD3 Monoclonal Antibody-Bongkrekic Acid and Cytotoxic Effect Against CD3+ T Cells 

Figure 4. Sulfo-NHS (1), BKA-NHS 1C (2), and BKA (3) Binding Sites on CH2-CH3 Domain of 1I1C Chain. 

amino acid lysine most interacts with ligands.

In-vitro Anti-CD3 MAb-BKA Specificity Evaluation
Results of PBMC 24-hours incubation with BKA, 

anti-CD3 MAb, and the conjugate are shown in Figure 6. 
Viability was expressed as the number of living cells 
against concentration. All groups showed a significant 
reduction in the number of live cells compared with the 
control at all concentrations (p<0.05). The number of 
living cells decreased significantly with an increase in 
BKA and conjugate concentrations (p<0.05). However, 
the administration of anti-CD3 MAb did not result in 

a significant decrease in the number of living cells. A 
comparison of the number of living cells after treatment 
with BKA, anti-CD3 MAb, and the conjugate is shown in 
Figure 6D. PBMC-administered BKA resulted in a lower 
number of live cells than the conjugate group (p<0.05). 
Meanwhile, the number of living cells in the anti-CD3 
MAb group was between that in the BKA and conjugate 
groups. 

Discussion

The synthesis of anti-CD3 MAb-BKA was carried 

Figure 5. The 2D Visualization of Ligand Interaction: A) BKA, B) BKA-NHS 1C, and C) sulfo-NHS.  Lysine, 
glutamine, and asparagine are amino acids interacting via hydrogen bonds with all three ligands. Among the three 
types of amino acids, the amino acid lysine most interacts with ligands. 
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out through a chemical reaction using water-soluble 
carbodiimides EDC.HCl combined with sulfo-NHS. 
EDC-HCl reacts with the carboxyl groups of BKA to 
form o-acylisourea intermediates that react with amine 
group antibodies. However, the nature of o-acylisourea 
is easily hydrolyzed before reacting with primary amines 
on antibodies [11]. Sulfo-NHS is used in activation 
step to generate stable BKA-NHS ester (Figure 1A). 

In the presence of amine nucleophiles, the sulfo-NHS 
ester is rapidly hydrolyzed, allowing the formation of 
an anti-CD3-MAb-BKA conjugate with an amide bond 
(Figure 1B).

EDC.HCl/sulfo-NHS-based approaches for the 
preparation of conjugates is influenced by scalability and 
the ratio of the amount of each reactant in the conjugation 
reaction [18]. In this experiment, a mole ratio was used 

Figure 6. Live Cells Number After 24-hours Incubation of Treatment: BKA (A), conjugate (B), anti-CD3 MAb (C). 
All groups showed a significant reduction of live cells number compared to control in every concentration (p<0.05). 
The number of living cells decreased significantly with an increase in BKA and conjugate concentrations (p<0.05) (A, 
B). Comparison of the number of living cells on the administration of BKA, conjugate, and anti-CD3 MAb in PBMC. 
PBMC-administered BKA resulted in lower number of live cells compared to conjugate group (p<0.05) (D) 

Ligands Parameters
ΔG Pki H Binding

BKA -14.4737 13.183 LYS    248, GLN    362, LYS    392, ASN    393, LYS    409, LYS    409, ASN    411
EDC.HCl -6.6618 5.326 -
BKA-NHS 1A* -11.5482 6.356 LYS 246, LYS 409
BKA-NHS 1B -10.128 9.534 LYS 246, LYS 246, LYS 258, LYS 258
BKA-NHS 1C -12.5641 8.244 GLN 386, LYS 392, LYS 392, ASN 393
BKA -NHS 2A -8.0097 5.652 LYS 248, ASN 243
BKA-NHS 2B -10.4015 5.569 TYR 391
BKA-NHS 2C -11.8011 7.32 LYS 409, ASN 411, 
BKA-NHS 3 -9.2538 4.264 LYS 392
Sulfo-NHS -12.2801 8.107 LYS 248, LYS 248, LYS 382, GLN, 386, GLN 386

Table 2. Results of Molecular Docking of Ligands with CH2-CH3 Domain of 1I1C Chain

* 1, number of carboxylate functional group activated into ester; A, position of ester groups according to Figure 2.
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between BKA, EDC.HCl, and sulfo-NHS are 1:2:2. The 
number of moles of crosslinker was increased in order 
for the esterification reaction to occur in one or more 
carboxylic groups of BKA. The conjugation reaction 
was carried out with a molar ratio of 1:1 between BKA 
and anti-CD3 antibodies to avoid the binding of BKA 
at multiple conjugation sites on antibodies. Primary 
amine groups such as the amino acids lysine, asparagine, 
arginine and glutamine, and N-terminal antibodies, enable 
conjugation reactions at multiple binding sites and produce 
heterogeneous conjugate compounds [19]. 

Purification of conjugate compounds by dialysis was 
performed to remove unreacted BKA, EDC-HCl, and 
sulfo-NHS. The excess of EDC.HCl has to be removed 
as it will otherwise induce intramolecular cross-linking 
of the antibodies [18]. Spectrophotometric method was 
used to confirm the formation of conjugate according to 
protein and BKA absorption of conjugate. 

The chemical structure of BKA, consisting of several 
reactive groups, leads to the possibility of the formation of 
various ester and conjugate product structures. Therefore, 
in molecular docking, we created a possible structure of 
BKA-NHS esters, as well as free BKA and crosslinker, and 
docked them with the Fc portion of IgG2a. The Fc region 
was used because of the possibility of conjugation sites 
occurring with the primary amine group at the N-terminus 
of the antibodies. However, conjugation reactions can also 
occur in the side chains of the immunoglobulin amino 
acid residues in Fc and Fab. IgG2a isotypes have primary 
amine groups on the amino acids lysine (K), arginine (R), 
asparagine (N), and glutamine (Q) [20]. Therefore, in 
next study, molecular docking between ligands and Fab 
IgG2a also needs to be performed to determine possible 
conjugation sites on Fab that may affect the interaction 
of antibodies with CD3 antigens.

Among the ten structures docked with Fc IgG2a, three 
structures had the lowest binding energy (ΔG), namely 
BKA, BKA-NHS 1C, and sulfo-NHS. A low ΔG value 
indicates a strong interaction between ligands and proteins 
[21]. The binding energy of BKA was lower than that 
of its ester form due to the presence of more hydrogen 
bonds in BKA than in its ester form. Of the seven ester 
structures, BKA-NHS 1C, with one activated carboxylate 
group, had a higher affinity for Fc IgG2a than BKA, with 
two or three activated groups. This relates to the mole 
ratio between BKA and crosslinker at the activation 
reaction stage. Sulfo-NHS also showed reactivity toward 
the amine groups. Therefore, BKA and sulfo-NHS must 
be purified for successful conjugation. 3D visualization 
of molecular docking showed amino acids interacting 
with the ligands. The amino acids lysine, glutamine, and 
asparagine interact the most with the ligands. Lysine, 
glutamine, and asparagine are amino acids with primary 
amine groups and amide side chains. The primary amine 
group on the amino acid acts as a nucleophile and can 
react with BKA-NHS ester to form conjugate compounds 
with amide bonds.

Target specificity is a major problem for selective 
intracellular delivery of the toxin to target cells. Anti-CD3 
Mab, specifically target the structure of CD3 glycoproteins 
on the cell surface of T lymphocytes, in this study were 

used as a specific antibody model that deliver BKA to 
CD3+ T cells in the PBMC fraction. Conjugate compounds 
containing toxins kill CD3+ T cells, leaving other cells 
in PBMC alive. Incubation of PBMC with BKA solution 
resulted in a reduction in live cell number with increasing 
concentration of BKA, and the lowest average number of 
living cells compared to the administration of anti-CD3 
MAb and conjugate. This is because BKA, which acts as 
a cytotoxic agent, does not selectively kill cells. BKA, 
which has a known role as an inhibitor of the ANT enzyme 
in the inner membrane of mitochondria, can trigger cell 
death by inhibiting ATP formation [10]. However, in this 
study, incubation of PBMC with BKA did not kill all cells 
at any concentration. The in-vitro toxicity of BKA to cells 
is influenced by various factors such as cell type, number 
of cells per well, incubation time, and concentration of 
BKA used [22]. Several studies describe the relationship 
between the role of BKA as an inhibitor of the ANT 
enzyme with metabolic activity and energy use by cancer 
and normal cells. At increasing concentrations of BKA, 
there was no significant decrease in viability or amount 
of ATP in normal cells [22]. While the results in cancer 
cells showed a significant decrease in viability and amount 
of ATP, due to high energy use and metabolic activity 
in cancer cells [23]. BKA uses energy sources for cell 
survival to rely on glucose when ATP is suppressed within 
the mitochondria. BKA inhibits the formation of ATP at 
the oxidation state of phosphorylation, so that cells meet 
the ATP needs through glycolysis. BKA is also known to 
induce cell death in a medium that is low in glucose [24]. 
Therefore, in-vitro testing of conjugate compounds in 
PBMC requires additional incubation time and medium 
conditions to further determine the effect of BKA. 

Treatment of PBMC with the conjugate showed a 
higher average number of living cells compared to BKA 
administration. This indicates that the conjugate has a 
lower cytotoxic ability to PBMC compared to BKA, and 
has the possibility of being directed only at CD3+ T cells 
in PBMC. However, incubation of PBMC with anti-CD3 
antibodies also resulted in a lower number of live PBMC 
cells compared to conjugate compounds at the same 
concentration. Anti-CD3 antibodies have a killing effect on 
T cells that is greater than the conjugate compound. This 
suggests that anti-CD3 MAb may also play a role in the 
cytotoxic properties of the conjugate, and not specifically 
due to the BKA mechanism.

Anti-CD3 Mab-BKA interacts with the CD3 antigen 
in the epsilon subunit located on the extracellular side and 
causes the occurrence of several cellular mechanisms [25]. 
The interaction between the Fab anti-CD3 antibody and 
the CD3 antigen causes internalization of the CD3/TCR-
antibody anti-CD3 complex in lymphocyte cells [26]. The 
binding of anti-CD3 antibodies leads to internalization 
of the antibody along with the CD3/TCR complex and 
degradation of lysosomes [27]. The CD3/TCR-antibody 
complex is internalized via the clathrin/AP2 protein-
dependent endocytosis pathway [28]. This mechanism has 
the potential to deliver conjugates to the lysosomal acid 
environment and protease activity hydrolyze amide bonds 
producing free BKA toxins in the cytosolic environment. 
Free BKA then enters the mitochondria to perform its 
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