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A B S T R A C T   

Current snakebite antivenoms are based on polyclonal animal-derived antibodies, which can neutralize snake 
venom toxins in envenomed victims, but which are also associated with adverse reactions. Therefore, several 
efforts within antivenom research aim to explore the utility of recombinant monoclonal antibodies, such as 
human immunoglobulin G (IgG) antibodies, which are routinely used in the clinic for other indications. In this 
study, the feasibility of using tobacco plants as bioreactors for expressing full-length human monoclonal IgG 
antibodies against snake toxins was investigated. We show that the plant-produced antibodies perform similarly 
to their mammalian cell-expressed equivalents in terms of in vitro antigen binding. Complete neutralization was 
achieved by both the plant and mammalian cell-produced anti-α-cobratoxin antibody. The feasibility of using 
plant-based expression systems may potentially make it easier for laboratories in resource-poor settings to work 
with human monoclonal IgG antibodies.   

1. Introduction 

Snakebite envenoming continues to claim tens of thousands of lives 
globally every year and leaves many more maimed for life (Gutiérrez 
et al., 2017). While antivenoms have existed for more than 125 years 
and remain the mainstay of snakebite envenoming therapy (Pucca et al., 
2019), newer approaches, involving monoclonal antibodies, nano-
bodies, and recombinant DNA technology, are being pursued in the 
attempt to develop improved antivenom products (Laustsen et al., 2016; 
Casewell et al., 2020; Laustsen, 2021). Some of the more promising at-
tempts involve the use of phage display technology for the discovery of 
human monoclonal immunoglobulin G (IgG) antibodies (Ledsgaard 
et al., 2022, 2023; Miersch et al., 2022) and single-domain antibody 
constructs (Richard et al., 2013; Bailon Calderon et al., 2020) with su-
perior neutralization capacities (Ljungars and Laustsen, 2023), which 
have been speculated to be more compatible with the human immune 
system compared to conventional animal plasma-derived antivenoms 
(Laustsen et al., 2018a; Knudsen et al., 2019; Hamza et al., 2021). 

Thereby, some of the drawbacks with conventional antivenoms, 
including their associated risk of adverse reactions, batch-to-batch 
variation, dependence on venom for manufacture, low amount of ther-
apeutically active antibodies, and high cost can be addressed. 

While the discovery, characterization, and preclinical assessment of 
snake toxin-targeting monoclonal antibodies have received increasing 
attention in the last decade (Pucca et al., 2019), only few efforts have 
involved the use of full-length IgG antibodies. One of the reasons for this 
is that the cost of development and manufacture of IgG antibodies using 
industry standard mammalian cell cultivation systems has so far largely 
limited their accessibility to those in developed countries. In the case of 
snakebite envenoming therapy, a more costly combination of multiple 
monoclonal antibodies would be required to effectively neutralize the 
many toxins of medical importance that are typically present in a snake 
venom (Casewell et al., 2020). Furthermore, snakebite envenoming is 
primarily a problem in low- and middle-income countries (LMICs) for 
resource-poor communities (Gutiérrez et al., 2017). To this end, plant 
biotechnology has been proposed as an alternative solution to the use of 
mammalian cell cultivation to express snake toxin-neutralizing 
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antibodies (Murad et al., 2020; Julve Parreño et al., 2018). Here, plants 
like tobacco are used as living bioreactors in a low-tech approach, 
involving either stable transgenic plants or transient expression in plants 
(Moore et al., 2021; van Dolleweerd et al., 2014; Dent et al., 2016; Hull 
et al., 2005; Komarova et al., 2011; Gomes et al., 2019; Souza et al., 
2020), either of which would be amenable to transfer to facilities in 
resource-poor settings. 

In this study, the feasibility of expressing snake toxin-targeting an-
tibodies in tobacco plants was investigated. We studied two antibodies 
targeting α-cobratoxin (α-cbtx) and a phospholipase A2 (PLA2), which 
derive from the venoms of Naja kaouthia and Naja nigricollis, respec-
tively. α-cbtx causes paralysis by blocking the binding of acetylcholine 
to the nicotinic acetylcholine receptor (Laustsen et al., 2015; Alkondon 
and Albuquerque, 1990), while the PLA2 disrupts cell membranes 
leading to severe tissue damage (Lauridsen et al., 2017). In this work, 
plant-produced full-length monoclonal IgG antibodies were expressed, 
characterised, and compared to the same antibodies produced by a 
mammalian cell expression system, by examining antigen binding, 
binding kinetics, and blocking of α-cbtx binding to the nicotinic 
acetylcholine receptor. Thereby, we showcase that both expression 
systems can be used to produce functional human monoclonal IgG an-
tibodies against snake toxins. 

2. Material and methods 

2.1. Toxins 

The PLA2-containing fraction Nn19 was prepared from the whole 
venom of N. nigricollis using RP-HPLC as described previously (Ahmadi 
et al., 2020) and used as antigen in the experiments. Whole venom of 
Naja nigricollis and the purified α-cobratoxin (α-cbtx) (L8114) from 
N. kaouthia venom were purchased from Latoxan SAS, France. Toxins 
were biotinylated using biotin linked N-hydroxysuccinimide as 
described previously (Ahmadi et al., 2020). 

2.2. Antibodies 

The TPL004_01_A11 (anti-PLA2) antibody was discovered using 
phage display technology where a naïve human antibody library was 
used for selection on biotinylated PLA2 (fraction Nn19) in a similar 
campaign as described by Ahmadi et al. (2020). The discovery of 
2554_01_D11 (anti-α-cbtx) has been described previously (Ledsgaard 
et al., 2023). Briefly, a light chain shuffled library, constructed from a 
scFv binding a toxin (α-elapitoxin) that share high homology to α-cbtx, 
was used for selection on biotinylated α-cbtx. The control IgG mAb used 
was a commercially-sourced human IgG1 kappa (Sigma). Protein 

sequences are provided in Supplementary Material. 

2.3. Production of antibodies in mammalian cells 

The antibodies TPL004_01_A11 and 2554_01_D11 were produced in 
mammalian cells as described previously (Ledsgaard et al., 2023). 
Briefly, CHO-S cell lines stably expressing the respective IgGs were 
cultured for 144 h followed by harvest of the supernatant and purifi-
cation of IgGs on a MabSelect column (Cytiva). 

2.4. Cloning of antibodies for plant expression 

The DNA sequences for the variable heavy and light chain coding 
regions of TPL004_01_A11 and 2554_01_D11 were codon-optimised for 
Nicotiana benthamiana and synthesised by GeneArt (Thermo Fisher Sci-
entific). The heavy and light chain sequences were inserted into the 
pTRAk.6 vector using the MIDAS cloning system (Pinneh et al., 2022). 
Briefly, heavy and light chain variable regions were ligated into the 
donor plasmids containing the human IgG1 constant domains, using 
golden gate cloning (BsaI). The donor plasmids were then digested with 
NcoI/XbaI and ligated into pWhite and pBlue entry vectors respectively, 
and then both inserted, using golden gate cloning (BsaI/BsmBI), into the 
pTRAk.6 Agrobacterium binary vector. The pTRAk.6 vectors were used to 
transform Agrobacterium tumefaciens strain GV3101:pM90RK by elec-
troporation (Pinneh et al., 2022). 

2.5. N. benthamiana infiltration 

N. benthamiana plants were germinated and maintained in the 
greenhouse with a 16/8-h day/night cycle at 24–28 ◦C and infiltrated 
with recombinant agrobacteria after 4–6 weeks. Infiltrations were car-
ried out as described previously (Moore et al., 2021; Teh et al., 2014). 
Briefly, recombinant Agrobacterium tumefaciens were grown until an 
OD600 nm of >1 was achieved. The bacteria were then resuspended in 
infiltration solution (10 mM MgCl2, 10 mM MES) at an OD600 nm of 0.1 
and incubated at room temperature for a minimum of 30 min with 200 
μM acetosyringone. Plants were infiltrated manually using a syringe or 
by vacuum infiltration for larger scale expression. Five days after the 
infiltration, the plant leaves were harvested. 

2.6. Antibody purification 

Antibodies were purified from plants as described previously 
(Webster et al., 2018). Briefly, plant tissue was homogenised in a Waring 
blender and filtered through miracloth (Sigma) to remove plant debris. 
The filtrate was centrifuged for 40 min at 16,000 g, before sterilising the 
supernatant by filtration through a 0.22 μm filter. Antibodies in the 
filtrate were purified using affinity chromatography on a Protein A 
agarose column (Sigma). Eluates were dialysed against PBS (137 mM 
NaCl, 10 mM Phosphate, 2.7 mM KCl, pH 7.4) overnight at 4 ◦C and 
concentrated using 100k Centricon® centrifugal filters. Antibodies were 
filter-sterilised and the concentration determined by measuring A280 
using a Nanodrop™ 2000 spectrophotometer (Thermo Fisher Scientific) 
before storage at − 80 ◦C. 

2.7. SDS-PAGE and western blots 

All SDS-PAGE gels and western blots were performed following the 
Invitrogen NuPAGE manufacturer’s instructions (NuPAGE). 4–12% Bis- 
Tris SDS-PAGE gels were run in MOPS buffer and stained with 
InstantBlue® Coomassie Protein Stain (Abcam). For western blots, the 
gels were blotted onto nitrocellulose and blocked with LI-COR® Odys-
sey® PBS blocking buffer. Antibodies were detected with IRDye® 
800CW tagged goat anti-human IgG secondary antibody, diluted 
1:10,000 (LI-COR®). Blots were visualised using the LI-COR® Odyssey® 
CLx scanner and analysed using Image Studio. 

Abbreviations 

α-cbtx α-cobratoxin 
DELFIA Dissociation-Enhanced Lanthanide Fluorescence 

Immunoassay 
ELISA Enzyme-Linked Immunosorbent Assay 
HRP Horse Radish Peroxidase 
IgG Immunoglobulin G 
OD Optical Density 
PBS Phosphate-Buffered Saline 
PLA2 Phospholipase A

2 

RLU Relative Light Units 
RU Response Units 
SDS PAGE Sodium Dodecyl Sulphate Poly-Acrylamide Gel 

Electrophoresis 
SPR Surface Plasmon Resonance  
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2.8. Antibody concentration ELISA 

To estimate the concentration of the purified antibodies, sandwich 
ELISAs were performed as previously described (Webster et al., 2018). 
Briefly, ELISA plates were coated with anti-human IgG1 Fc antiserum 
(The Binding Site) and blocked with PBS + 5% skimmed milk powder. 
Plant antibody samples were diluted ten-fold and added in a two-fold 
dilution series and as positive control, a human IgG1 mAb (Sigma) 
(500 ng/mL) was used. A plant extract from a non-infiltrated 
N. benthamiana plant was included as the negative control. Incubation 
was performed for a minimum of 2 h at 37 ◦C. Bound antibodies were 
detected using anti-human IgG1(κ) antiserum conjugated with HRP (The 
Binding Site), diluted in PBS + 5% skimmed milk powder. Developing 
solution (3,3′ 5,5′-Tetramethylbenzidine (TMB) liquid substrate) 
(Sigma) was added and incubated until colour development was com-
plete, and the reaction was stopped with 2 M H2SO4. Plates were read in 
a Tecan Infinite F200 Pro. Data were analysed and concentrations 
calculated with GraphPad Prism 9 using the Michaelis-Menten equation 
for curve fitting. 

2.9. Antigen binding ELISA 

To assess antigen recognition, antigen binding ELISAs were per-
formed. ELISA plates were coated overnight at 4 ◦C with 10 μg/mL of 
Streptavidin (Thermo Fisher Scientific) in PBS (50 μL/well). Bio-
tinylated toxins were added at 5 μg/mL (60 μL/well) in PBS + 3% 
skimmed milk powder, and left to bind for 1 h at room temperature. 
Purified antibody preparations were diluted to 10 μg/mL in PBS + 3% 
skimmed milk powder and titrated 1:2 before they were added to the 
washed plates. After washing, bound antibodies were detected using 
α-human-IgG-HRP (Jackson ImmunoResearch) diluted to 0.05 μg/mL in 
PBS + 3% skimmed milk powder. Substrate (Pico Supersignal, Pierce, 
Thermo Fisher Scientific) was diluted 1:10 in TRIS buffer, 50 μL/well 
was added to the washed plate, and luminescence was read in a Victor 
Nivo plate reader after a 10 min incubation at room temperature. 

2.10. Binding kinetics 

Surface plasmon resonance (SPR) was employed to calculate binding 
kinetics, according to Stelter et al. (2020), using a BIAcore™ X-100 in-
strument (GE healthcare). All proteins were diluted in HBS-EP + buffer 
(10 mM HEPES, pH 7.4, 150 mM NaCl, 3 mM EDTA, and 0.05% sur-
factant P-20). Protein A (Sigma) was immobilised onto a CM5 chip in 
two flow channels with standard amine coupling to 1000 response units 
(RU). Thereafter, plant or mammalian cell-produced antibodies were 
bound to the active flow channel (Fc2) to 1000 RU. The antigens, α-cbtx 
or the PLA2, were passed over both flow channels at different concen-
trations in each cycle (PLA2 containing Nn19: 1000, 333.3, 111.1, 37.0, 
and 12.3 nM. α-cbtx: 100, 33.3, 11.1, 3.7, and 1.23 nM) at 30 μL/min for 
50 s (α-cbtx) and 100 s (PLA2). Dissociation was thereafter followed for 
400 s. Buffer only was included as a blank control. The chip was re-
generated between each cycle with 10 mM glycine-HCl (pH 1.5) for 30 s. 
All reference and blank subtracted sensorgrams were fitted to Langmuir 
model of binding (1:1) using BIAcore™ Evaluation software. 

2.11. Receptor blocking DELFIA 

The blocking of α-cbtx binding to the nicitinic acetylcholine receptor 
was performed as described previously (Ledsgaard et al., 2022). Briefly, 
5 μg/mL (100 μL/well) of the nicitinic acetylcholine receptor was coated 
onto plates overnight. A fixed concentration of biotinylated α-cbtx (0.1 
μg/mL) was pre-incubated with different concentrations of IgG 
2554_01_D11. After addition to the washed plate, bound biotinylated 
α-cbtx was detected using europium-conjugated streptavidin followed 
by addition of enhancement solution and reading of fluorescence in a 
Victor Nivo plate reader. 

3. Results 

3.1. Expression and yield of plant produced antibodies 

TPL004_01_A11 and 2554_01_D11 were plant codon-optimised, 
expressed in N. benthamiana, and after extraction, the yields of the an-
tibodies were estimated to be 24.3 mg/kg and 4.0 mg/kg, respectively, 
calculated from the sandwich ELISA and A280 measurements. To assess 
purity and quality, the antibodies were run on an SDS-PAGE gel (Fig. 1A) 
under both non-reducing and reducing conditions. For both plant 
expressed antibodies, under non-reducing conditions, the predominant 
band at approximately 150 kDa (top band) is the expected size for fully 
assembled IgG (black arrow). Under reducing conditions, two major 
bands were present at approximately 50 kDa and 25 kDa, the expected 
sizes for heavy and light chains, respectively (red and blue arrows). The 
fully assembled 150 kDa antibody is recognized by anti-human IgG 
antiserum in western blot (Fig. 1B). A number of smaller, much weaker 
bands are also detected, representing either assembly intermediates or 
degradation products of the antibody. A commercial purified human 
IgG1κ monoclonal antibody was included as positive control and 
showed similar results. Assembly of light and heavy chains was 
confirmed using a sandwich ELISA, where anti-heavy chain antiserum 
was used to capture the antibodies and anti-light chain antiserum was 
used for detection (Fig. 1C and D). 

3.2. Plant and mammalian cell-produced antibodies show similar binding 
to their antigens 

To confirm antigen binding, the plant and mammalian cell-produced 
antibodies were assessed side-by-side in ELISA experiments. As ex-
pected, TPL004_01_A11 and 2554_01_D11 bound to the PLA2 and α-cbtx, 
respectively, and similar binding was seen for the antibodies produced 
in plants and mammalian cells (Fig. 2A and B). Furthermore, the antigen 
binding kinetics of plant and mammalian cell-produced TPL004_01_A11 
and 2554_01_D11 was compared using surface plasmon resonance. The 
affinity constants were calculated using the Langmuir 1:1 model of 
binding and were 1.3-times higher for plant-produced versus mamma-
lian cell-produced antibody TPL004_01_A11, and identical for the plant- 
produced and mammalian cell-produced versions of antibody 
2554_01_D11 (Fig. 3 A-D and Table 1). 

3.3. Plant and mammalian-cell expressed 2554_01_D11 antibodies inhibit 
α-cbtx from binding to the nicotinic acetylcholine receptor 

The mammalian cell-produced version of the antibody 2554_01_D11 
is known to neutralize the lethal effects of α-cbtx by inhibiting toxin 
binding to the nicotinic acetylcholine receptor in vivo (Ledsgaard et al., 
2023). Therefore, in addition to antigen binding, the plant and 
mammalian-cell produced versions of this antibody were also tested for 
their ability to block α-cbtx binding to the nicotinic acetylcholine re-
ceptor in a DELFIA assay. Both the plant and mammalian cell-produced 
antibodies fully inhibited the binding of α-cbtx to the receptor. However, 
the mammalian cell-produced antibody was more potent and could be 
used at around four times lower concentrations (Fig. 4). 

4. Discussion 

Animal plasma-derived antivenoms remain the mainstay of enve-
noming therapy even though they are associated with adverse reactions. 
Due to this and other drawbacks, new therapeutic approaches relying on 
recombinantly expressed monoclonal antibodies are currently being 
investigated (Ledsgaard et al., 2023; Richard et al., 2013; Bailon Cal-
deron et al., 2020; Laustsen et al., 2018b). Traditionally, recombinant 
proteins, such as IgG antibodies, are produced using mammalian cell 
cultivation (Walsh and Walsh, 2022). However, such expression systems 
are technically challenging and come with a relatively high cost. An 
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alternative solution, which is being developed for an increasing number 
of antibodies, is plant-based expression – a relatively simple technology 
that only requires modest investment in infrastructure and has a low 
setup cost. Other potential benefits that have been cited with 
manufacturing facilities in less developed regions in mind are the local 
availability of the main raw materials (light energy, growth media for 
plants, and water), and that upstream manufacturing is not completely 
dependent on a steady power supply, clean water, and clean air (Murad 
et al., 2020). These factors may make plant-based expression attractive 
to investors in LMICs (Murad et al., 2020), as evidenced by the recent 
emergence of Cape Bio Pharms in South Africa and Baiya Phytopharm in 

Thailand. In these cases, the establishment of local manufacturing has 
also allowed a targeting of local endemic needs, which may not normally 
be prioritised by global biologics manufacturers. 

Here, we demonstrate the successful use of N. benthamiana as an 
expression host for two human monoclonal IgG antibodies against snake 
toxins. The antibodies produced in tobacco showed specific recognition 
for their target antigens with binding affinities that were comparable to 
their mammalian cell-expressed equivalents. One of the antibodies, 
2554_01_D11, has previously been shown to neutralize α-cbtx in vitro as 
well as the lethal effects of this toxin in vivo (Ledsgaard et al., 2023). In 
this work, neutralization of α-cbtx was assessed in vitro by analysing the 

Fig. 1. Characterisation of monoclonal antibodies, TPL004_01_A11 (A11) and 2554_01_D11 (D11), produced in N. benthamiana. (A) SDS-PAGE of antibodies under 
non-reducing or reducing (R) conditions. (B) Western blot of antibodies with positive control (+ve) human IgG1 (100 ng). Marker (M) for SDS-PAGE and western blot 
was Precision Plus Protein™ All Blue Pre-stained Protein Standards. Black, red, and blue arrows indicate 150 kDa, 50 kDa, and 25 kDa (the expected sizes for fully 
assembled antibody, and heavy and light chains), respectively. Detection was with IRDye® 800CW goat anti-human IgG secondary antibody diluted 1:10,000 (LI- 
COR®). (C) Sandwich ELISA detecting fully assembled antibodies, TPL004_01_A11 (triangles) and 2554_01_D11 (squares), from plant extracts. Extracts were initially 
diluted 1:10, and then titrated 2-fold on the plate. (D) Positive control is human IgG1 (squares). ELISA plate was coated with goat anti-human IgG Fc domain 
antibody. Bound antibodies were detected using HRP-conjugated goat anti-human IgG kappa light chain antibody. Each ELISA was performed with 2 technical 
replicates. Means derived from two leaf disks per sample. Curves were calculated using GraphPad Prism software using the Michaelis-Menten equation for curve 
fitting. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 2. Binding of plant (blue circles) and mammalian cell-produced (red squares) antibodies to their cognate antigens measured by ELISA. (A) 2554_01_D11 binding 
to α-cbtx. (B) TPL004_01_A11 binding to the PLA2. Antibodies were diluted to 100 nM and titrated 1:2 followed by addition to biotinylated antigens bound to a 
streptavidin coated plate. Antibody binding was detected using an HRP-conjugated anti-human antibody followed by addition of a luminescent substrate. Samples 
were run as duplicates and error bars show the standard deviation. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 
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ability of the produced antibodies to inhibit the binding of the toxin to 
the nicotinic acetylcholine receptor in a DELFIA assay. Both plant and 
mammalian cell-produced antibodies were able to completely inhibit 
this binding. However, higher concentrations of the plant-produced 
antibody appeared to be required, compared to the mammalian 

cell-produced equivalent. This finding needs to be confirmed and 
explained. Whilst a four-fold difference in potency to inhibit binding of 
α-cbtx to its receptor was determined, this was not reflected in reduced 
IgG binding to α-cbtx or the binding kinetics, measured by SPR. In SPR, 
the observed binding to α-cbtx could be fitted to a 1:1 binding model, 
and kinetic binding parameters representing the interaction could be 
calculated with a high degree of confidence. However, the observed 
binding data to the PLA2 fits less precisely to the expected 1:1 binding 
model, resulting in some uncertainty in the calculated parameters (ka 
and kd). Therefore, the relatively small difference in the calculated KDs 
may not necessarily reflect inherent differences between the binding 
kinetics of the plant and mammalian cell-produced anti-PLA2 
antibodies. 

In 2017, the World Health Organisation reinstated snakebite enve-
noming to its list of category A neglected tropical diseases (NTDs) (The 
Lancet, 2017). Despite the huge unmet need for new and better products 
to replace existing treatments that can be expensive to manufacture, are 
associated with serious adverse reactions, and are not always effective, 
there are many aspects surrounding antivenom products, which make 
them unattractive for financial investment (Rappuoli et al., 2002). One 
of these aspects is that snakebite envenoming is primarily a disease of 
poverty (Harrison et al., 2009), meaning that in the majority of cases, 
those victims that require treatment are the least likely to be able to pay, 
and they often live in regions with limited national healthcare. 
Furthermore, a snakebite therapeutic product would need to have 
geographic specificity, as different geographic regions are hosts to 
different snake species and venoms (Casewell et al., 2020). Therefore, it 
is infeasible to develop one universal antivenom product with global 
coverage of all snake species. 

To improve snakebite envenoming therapy, new approaches and 
technologies are undoubtedly necessary (Laustsen, 2021; Williams et al., 
2019). To this end, antibody technologies may provide advantages by 
enabling the discovery and optimisation of snake toxin-targeting 
monoclonal antibodies and antibody fragments with improved 
neutralization capacity (Ljungars and Laustsen, 2023), broader speci-
ficities (Pucca et al., 2019; Ledsgaard et al., 2023), improved product 
safety, and low batch-to-batch variation (Knudsen et al., 2019). But to 
unlock the potential of such molecules, manufacturing technologies that 
are affordable and accessible will also be critical (Laustsen and 

Fig. 3. Sensorgrams showing the binding kinetics of 
plant-produced (A, C) versus mammalian cell- 
produced antibodies (B, D) to α-cbtx and the PLA2, 
respectively. Protein A was immobilised onto a CM5 
chip and antibodies were captured to 1000 response 
units (RU). Antigens were passed over antibody- 
coated chips. Curves were fitted to the Langmuir 
model of binding (1:1). Antigen concentrations were 
as follows: α-cbtx 100 nM (black), 33.3 nM (blue), 
11.1 nM (green), 3.7 nM (red), and 1.23 nM 
(magenta); PLA2 1000 nM (black), 333.3 nM (blue), 
111.1 nM (green), 37.0 nM (red), and 12.3 nM 
(magenta). (For interpretation of the references to 
colour in this figure legend, the reader is referred to 
the Web version of this article.)   

Table 1 
Association constant, dissociation constant, and affinity for plant and mamma-
lian cell-produced antibodies binding to α-cbtx and the PLA2, respectively. Af-
finity constants were calculated using BIAcore Evaluation software.  

Antibody Antigen ka (1/(M×s)) kd (1/s) KD (nM) 

Plant 2554_01_D11 α-cbtx 2.0 × 106 2.0 × 10− 4 0.1 
Mammalian 2554_01_D11 α-cbtx 2.0 × 106 1.1 × 10− 4 0.1 
Plant TPL004_01_A11 PLA2 6.6 × 104 0.02 244.0 
Mammalian TPL004_01_A11 PLA2 1.5 × 106 0.28 187.0  

Fig. 4. Inhibition of α-cbtx binding to nicotinic acetylcholine receptor by plant 
(blue circles) or mammalian cell-produced (red squares) 2554_01_D11. Plates 
were coated overnight with 5 μg/mL of nicotinic acetylcholine receptor. After 
washing, IgG pre-incubated with biotinylated α-cbtx was added to the plate and 
bound α-cbtx was detected using europium conjugated streptavidin followed by 
addition of an enhancement solution. Samples were run as duplicates and error 
bars show the standard deviation. (For interpretation of the references to colour 
in this figure legend, the reader is referred to the Web version of this article.) 
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Dorrestijn, 2018; Jenkins and Laustsen, 2020; Laustsen et al., 2017). 
Various approaches are being explored, including the simplification of 
the recombinant antivenom products by engineering antibody frag-
ments or, as described here, by developing alternative expression 
technologies. 
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