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• Composition of immunogen will vary
• Variable immune response of animal ->   

variable composition of antibody cocktail 
• Only a fraction of injected antibodies “relevant”

• Directed to non-venom targets
• Venom components unrelated to toxicity

• Low antibody titres against highly toxic but 
poorly immunogenic low MWt toxins

• Injection of up to 15g of foreign (equine) 
antibodies

Problem with animal-derived polyclonal antibodies
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Profile of venom components in elapids and vipers
Gutierrez et al (2017) Nature Review Disease primers 3 No 17063

Russell viper venom metalloprotease
(2E3X)



Example 1. Generation of metalloprotease blockers 
by phage display

human ADAM22 
ectodomain
(3G5C)

TACE catalytic 
domain
(1BKC)

Model of TACE 
ectodomain

Russell viper 
venom 
metalloprotease
(2E3X)

Catalytic domain conserved
Dis-Cys domain variable among MMPs

Tape et al (2011) Cross-Domain Inhibition of TACE Ectodomain PNAS 108 p5578–5583



Anti-protease antibody D1 inhibits proteolytic 
activity of human TACE

………but doesn’t bind the catalytic domain



Affinity maturation generates a cross-domain 
inhibitor of TACE

+4 more anti-protease publications 
with  Gill Murphy lab

KD 26nM

KD 0.4nM
(5.2nM on catalytic domain)

Tape et al (2011) Cross-Domain 
Inhibition of TACE Ectodomain 
PNAS 108 p5578–5583



Example 2. Generation of blockers of dendrotoxin 
from black mamba (Dendroaspis polylepis)
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Antibody characterisation

Screen as scFv

Convert to IgG format

Identify target by affinity pull down and mass spec
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Example 2. Generation of blockers of dendrotoxin 
from black mamba (Dendroaspis polylepis)

Venom fractionation
and biotinylation

Phage selection In vivo

Urska Pus Cecilie Knudsen

Blockade of dendrotoxin in vivo 
using  intracerebroventricular injection

(2018)



Example 3. Generation of blockers of a-neurotoxin 
from monocled cobra (Naja kaouthia)

Ledsgaard et al (2022) 
In vitro discovery of a human monoclonal antibody that 
neutralizes lethality of cobra snake venom mAbs (in press)

• Long chain a neurotoxin makes up 35% of venom 
of monocled cobra

• Antagonist of post-synaptic acetylcholine receptor
• Blocks channels causing neuromuscular paralysis 



Neutralising human antibodies direct from 
non-immune IONTAS library



Improving a-neurotoxin binders by chain shuffling

scFv screen IgG screen



Affinity
3.8nM  0.49nM

Receptor blocking
1.4nM  0.32nM

Improving a-neurotoxin binders by chain shuffling



In vitro neutralisation of a-cobratoxin channel blockade
Electrophysiology

Acetylcholine
titration

70uM Acetylcholine

a-neurotoxin
titration

Antibody
titration

4nM cobratoxin



In vivo neutralisation of a-cobratoxin channel blockade

*2 LD50 N. Kaouthia whole venom i.v.

*pre-incubated different molar ratios of Abs

Parental (6 hours)

Affinity is important!!



• Can we harvest high affinity immune monoclonals 
to create defined recombinant antibody cocktails?

Carpet viper
Echis ocellatus

Puff Adder
Bitis arietans

EchiTAb-plus-ICPSpitting cobra
Naja nigricollis
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Despite problems polyclonal antibodies save lives!



Segura et at (2010) Preclinical assessment of the efficacy of a new antivenom (EchiTAb-Plus-ICP) 
for the treatment of viper envenoming in sub-Saharan Africa. Toxicon 55 369-374

Polyclonal sera as a source of high affinity, neutralising 
antibodies



Horse and llama immunization

Clone anti-venom immune repertoire

Immune phage display libraries

Harvesting polyclonal anti-venoms to create defined 
recombinant antibody cocktails



Horse and llama immunization

Clone anti-venom immune repertoire

Immune phage display libraries

Diverse population of 
1,000s (chimeric) 

binders
Purified protein           Fractionated venom

Target specific assays Mass spectrometry 
target identification

Harvesting polyclonal anti-venoms to create defined 
recombinant antibody cocktails





Horse and llama immunization

Clone anti-venom immune repertoire

Immune phage display libraries

Murine
1975

Chimeric
1984

Humanised
1988
Human

1990

Potential of chimeric antibodies
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Antivenom production process

Gutierrez et al (2005) transactions
of Royal Society of Tropical 
Medicine and hygeine 99 468-475

Alape-Girón et al., 2021. 
Frontiers in Medicine



5x Median Lethal dose (LD50)
5x Minimum haemorrhagic dose (MHD)
1.5x Minimum myotoxic dose (MMD)
1x Minimum necrotizing dose (MND)
2x Minimum coagulant doe (MCD)
2x Minimum defibrinogenating dose (MDD)




