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a company focused on novel pain therapeutics. He is also a
consultant for Third Rock Ventures and Ligand Pharmaceuticals.

A.M. and M.S. are inventors on a patent filed by UCSF pertaining to
nanobodies to neutralize SARS-CoV-2
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ADAPTIVE IMMUNITY

Virus infects and replicates @ Dendritic cell activation T and B cell priming @ Adaptive immunity
within the epithelium
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ADAPTIVE IMMUNITY
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PASSIVE IMMUNITY FOR SARS-COV-2
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PASSIVE IMMUNITY FOR SARS-COV-2

Convalescent Plasma

Donors Recovered Patients with
from COVID-19 COVID-19

Convalescent Plasma

( W )

[ ] @ /;:J]
[ . [ [

L MNAY ANAY

Matching: ABO-Compatible

Apheresis Plasma Infusion (1-2 Units)
SARS-CoV-2 SARS-CoV-2
Neutralizing Antibodies Neutralizing Antibodies

lllustration: David H. Spach, MD

- FDA EUA (8/23) for hospitalized patients with COVID-19
- NIH panel: insufficient data to recommend use

- Unclear safety, non-standardized protocols for titer

- Need prospective randomized trials

Monoclonal antibodies



PASSIVE IMMUNITY FOR SARS-COV-2
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- Multiple candidates in clinical trials

- Intravenous dosing for treatment or prophylaxis

- Require large doses for prophylactic use (50 mg/kg)
- Expensive production



Patients with

Advantages:
COVID-19

- Self administered
- Direct delivery to site
of early infection

s
Challenges:

- Ultrastable protein
required
- Pharmacokinetics?




ANTIBODIES ARE INCREDIBLY DIVERSE MOLECULES




ANTIBODY DIVERSITY ENABLES ACTIVE IMMUNITY
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NANOBODIES — MINIMIZED ANTIBODIES FROM CAMELIDS

V,:.CDR3 V,:CDR3 CDR3

- Small (15 kDa), single
chain protein

- Ultra-stable

- Non-glycosylated

- Similar to human
antibody heavy chains

- Ease and low expense of
rapid mass production

Nanobody (V,,,)



_AEROSOLIZED NANOBQODIES FOR VIRAL DISEASES
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AEROSOLIZED NANOBODIES FOR VIRAL DISEASES
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DIFFERENT APPROACHES TO NANOBODY DISCOVERY

Animal immunization Phage display library Biopanning

———— 2-6 months i 2-4 weeks K 7-14 days ——

Synthetic nanobody library Yeast surface display library MACS or FACS
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Rothbauer U, Nat Struct Mol Biol. 2018



A RAPID PLATFORM FOR NANOBODY DISCOVERY
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FULL SPIKE ECTODOMAIN FOR NANGBODY DISCOVERY
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R binds L fo make RL

At equilibrium (Ka), forward
and reverse reactions are equal

Ifthings bind tight: more RL,
less Rand L.

Rate forward (k,,) Is faster than
rate backward (k



PROTEIN INTERACTIONS BY SURFACE PLASMON RESONANCE

Light

source

|

Sensor
surface

detector

Prism with
gold surface

A Intensity

anb

Free analyte

A

Resonance
Signal

Time

Captured
analyte

e

Flow channel

Sensogram



PROTEIN INTERACTIONS BY SURFACE PLASMON RESONANCE
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FINDING NANOBODIES THAT BLOCK ACE2

Synthetic library with
2x109 variants
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SEEING THE SMALLEST UNITS OF LIFE

X-ray crystallography Cryo-electron microscopy

N
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Callaway E, Nature 2015; 525



STRUCTURE OF SPIKE ECTODOMAIN

David Bulkley
_ Yifan Cheng
Cryo-electron microscopy ' | UCSF CryoEM facility

Preliminary reconstruction at ~2.5 A



STRUCTURES OF ANTI-SPIKE NANOBODIES

Spike* trimer _{}p° Spike* trimer CPO°
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STRUCTURES OF ANTI-SPIKE NANOBODIES
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NB6 INHIBITS ACE2 BINDING BY A DUAL MECHANISM
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DESIGN OF MULTIVALENT NBé
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MULTIVALENCY-BASED GAINS IN POTENCY
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MULTIVALENT NB6 LOCKS SPIKE IN INACTIVE STATE
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POTENT INHIBITION OF VIRAL ENTRY

Pseudovirus Live-virus
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AFFINITY MATURATION OF NB6
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AFFINITY MATURATION OF NB6

Top view Side view
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LOOP CONFORMATIONAL PLASTICITY

mNb6 (Spike*) mNDb6 (free)




PROTEIN-BASED DRUGS CAN BE IMMUNOGENIC

T-cell activation

Naive CD4+ T cell ® ° Activated T cell
o ° °
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administration
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NANOBODY “HUMANIZATION
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NEUTRALIZATION ACTIIVTY OF DESIGNED NANOBODIES
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NANOBODIES ARE STABLE FOR AEROSOL DELIVERY

—— mNb6 (T, 67.6 °C)
—— mNbB-tri (T,: 61.4 °C)
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NANOBODIES ARE STABLE FOR AEROSOL DELIVERY
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NANOBODIES ARE STABLE FOR AEROSOL DELIVERY
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Patients with

Advantages:
COVID-19

- Self administered
- Direct delivery to site
of early infection

s
Challenges:

- Ultrastable protein
required
- Pharmacokinetics?




CROSSING THE TRANSLATIONAL VALLEY OF DEATH
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