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Scientific focus areas
Multi-protein targeting

Nanobody technology

Special properties (pH-sensitive)
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. Snakebite envenoming claims millions of lives

Global numbers (per year)

1.8- 2.7 million envenomings
81,000- 138,000 deaths

£

Europe

8,000-9,900 envenomings
30-128 deaths

Asia
1.2-2.0 million envenomings
57,000-100,000 deaths

The United States & Canada

3,800-6,500 envenomings
7-15 deaths

L J
([
Latin America & Caribbeans |
137,000-150,000 envenomings Africa & Middle East Ocenia
3,400-5,000 deaths 453,000-580,000 envenomings 3,000-59,000 envenomings
20,000-32,000 deaths 200-520 deaths

Gutiérrez et al. Nature reviews 2017
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Muscle fiber

Laustsen. Recombinant antivenoms 2016



VENOMS POISONS
% Toxic when injected % Toxic when injected
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Not toxic when ingested Toxic when ingested
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[ [t Antivenoms: a century old invention

Traditional antivenom production

- -

—

Animal immunization with snake venom Blood collection Purification of antibodies from blood Antivenom formulation
Recombinant antivenom production

Genes of toxins specific antibodies Antibody expression in CHO Large scale antibody production Recombinant antivenom

cells
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Antibodies

ﬁ:ﬁnti%ﬁx ﬁﬁ\ti-SVMP
I IAnti—SVSP I I Anti-PLA,

Nanobodies
@D Anti-SVSP [ Anti-3FTx
@D Anti-SVMP [ Anti-PLA,

Small molecule inhibitors

2,3-Dimercapto-1-
K propanesulfonic acid
(DMPS)

Nl yﬁw Marimastat

\%,f Varespladib

Benefits

* Compatibility with human victims

» Enriched for toxin-neutralizing
antibodies

« Consistent and reproducible
production

« Tailor-made antibodies with optimal
pharmacokinetics (PK) and
pharmacodynamics (PD)

« Rapid administration of antivenoms

« Acceptance among clinicians

* No dependence on snakes and
horses

Potential prophylactic use

Casewell, Jackson, Laustsen, Sunagar. Trends Pharmacol Sci 2020; Kini et al. Toxins 2018
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Sequencing

e e ey
Washing

Phage ampllﬂcatlon | Elution

Ledsgaard et al. Drug Discovery Today 2022; Ledsgaard et al. Toxin 2018; McCafferty et al. Nature 1990









Oligoclonal antibodies against black mamba venom
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Laustsen et al. Journal of Proteomics 2015
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DNA sequencing
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[ Oligoclonal antibodies against black mamba venom
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Cocktail 1 (4 1gGs)

Dendroaspis polylepis
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Laustsen et al. Nature Communications 2018
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Laustsen et al. Nature Communications 2018
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Nk a-cobratoxin/P01391/1-71 I R
Nm long neurotoxin 2/P01388/1-71 IR
Dp a-elapitoxin/P01396/1-72 RT
Bm a-bungarotoxin/P60615/1-74 v

Oh long neurotoxin 2/A8N285/1-72 T K
Nm long neurotoxin/PODQQ2/1-71 IR
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display library

Phage
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Ahmadi et al. Scientific Reports 2020



Broadly-neutralizing antibodies against a-neurotoxins

368_01_CO05 368_01_C05
K library A library

o-cobratoxin
Round 1 10 nM

o-cobratoxin

Round 2 1 nM

o-cobratoxin
100 pM

o-cobratoxin

Round 3 20 pM

Ledsgaard et al. Submitted



Broadly-neutralizing antibodies against a-neurotoxins S
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Ledsgaard et al. Submitted



N\y7 DTU
(1] >

<
hn >

N. kaouthia O. hannah
100
. ats y 4 100
Preincubation assay
754
= — 75-
= X
S 7 E :
E 50 .g 504
- 2 s
N >
@ | \ ; : 25+ P 25
—/ 0
T T T T 1 0 T T T 1
— 0 10 20 30 40 50 0 2 4 6 8
S—7 Time (hours) Time (hours)
4? — N. kaouthiavenom  — Venom + Isotype IgG — 0. hannahvenom — Venom + Isotype IgG
Venom + Antivenom — Venom + 1:1 — Venom + 1:2 — Venom + 1:1
— Venom + 1:2
\—/
D. polylepis Rescue N. kaouthia
. SiE 100 100 +=5—
Rescue assay
754 . 75
X X
S s0- S s0-
< <
@ @
- 25 25
0 1 I I I 1 0 1 1 I I I
0 5 10 15 20 25 0 5 10 15 20 25
Time (hours) Time (hours)
— D. polylepis venom — Venom + Isotype IgG — N. kaouthia venom  — Venom + PBS at 0 min
Venom + Antivenom — Venom + 1:3 Venom + IgG at 0 min — Venom + IgG at 10 min

Ledsgaard et al. Submitted



25 25

L Polyvalent recombinant antivenom

Toxin subfamily- // // // /// v
specific antibodies \\ \\ \\ \\ ' Venom neutralized by combination
; ; (mix-and-match):
o o
gt N “%“-, Venom 1 4+ A
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Toxin subfamily: A B C D

Laustsen. Toxicon 2018
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Laustsen & Dorrestijn. Toxins 2018; Knudsen et al. Toxicon 2019
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[ Antibody formats and their sizes

&

F(ab’), Fab Diabody scFv V.H
(~110 kDa) (~50 kDa) (~55kDa) (~25kDa) (~15 kDa)

IgG
(~150 kDa)

Laustsen et al. Toxicon 2018
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> Next-generation antivenoms can become affordable

African polyvalent (ten venoms)

- 1354
1490 Bl High cross-reactivity 1500 -
(50%)
1200 Low cross-reactivity 1166
(25%)
N - tivit
1000 - o cro.?cs) O/r;e;ac ivity 977
8 g 1000 -
2 800 - 3
= 620 2
8 600 - §
465
© 402 © 500
400 - 339
242
200 - 180 211
0 ._. T T T T 0 -
24 1:1 1:3 Price of
Tox : Ab ratio FAV-Afrique

Jenkins & Laustsen Front Bioeng Biotechnol 2020



Proof of Concept: Ultra-low-cost nanobody constructs

iScience e

Volume 25, Issue 4, 15 April 2022, 104003 Ce"DreSS

Article
Orally active bivalent ViyH construct prevents
proliferation of F4* enterotoxigenic Escherichia coli

in weaned piglets

Berthe Katrine Fiil 14 Sandra Wingaard Thrane 2 9 = Michael Pichler !, Tiia Kittila L, Line Ledsgaard L Shirin

Ahmadi !, Grith Miriam Maigaard Hermansen 1+ 2, Lars Jelsbak !, Charlotte Lauridsen 3, Susanne Brix ! & &,

Andreas Hougaard Laustsen 1'% > & &

* Derived from Illama hclgGs

« High affinity (K4 pM to nM range)

* pH and heat stability

* Small size (30 kDa), single-chain

 Low COGS (demonstrated in >1000 L scale)

Piglets with F4 in feces ( 8/condition)

O - N W » 01 00 N 00 O
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Fiil et al. iScience 2022
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Potential

. Increasgd gwdlty with improved \5§:|e5r}1c::|\2 Kd:| 071 M
neutrallza'glon potency e Se 2 \S/Iz; ::n6c§.11 gm

* Lower dosing

» Generate multispecific molecules !P

» Low cost of manufacture due to self- I

assembly

e
— T
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pes

Kq4: 86.68 nM
Valence: 1
Size: 2.07 nm

Fe 3FTx |
= % PLA,

SVSP

1. Fragment 2. Subunit selection 3. Self-assembly

Wade et al. In revision
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