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Affinity tools are needed for:

» Diagnosis/detection of target molecules
 Discrimination among like agents, organisms
* Purification/segregation of molecules

* Neutralization of toxins, viruses, tfumors

* Blocking unwanted cell/receptor interactions

+ Delivering drugs and foxins to the desired
site of effect

Outline

*The pros and cons of native antibodies
*Monoclonal antibodies- humanization
*Single chain variable fragments
+Single domain antibody fragments
*Human protein scaffold molecules

*Aptamers »Structure

» Synthesis/Selection
> Applications
>Limitations

Antibodies: molecular superheros
sincredible variability
-affinity maturation

*Polyclonality increases
sensitivity/efficacy
*Monoclonals display single
epitope specificity
‘interactive component Fc

maximizes other cell reactions,
purification, immobilization




Limitations of natural antibodies

+Only suitable for non-self types of antigens
Not useful for antigens that are toxic to the vaccinee

+Complex molecular structure is sensitive to harsh
conditions use restricted to near physiologic conditions

+Disulfide bonds, glycosylation limits their production
to cell culture (non-bacterial) synthesis

+Fc domain, species specificity, cellular affinity

*Large bulky molecules may be less effective that
smaller binders for affinity chromatography etc.

+Long half life in the body (several weeks) may be
beneficial or detrimental (toxic immunoconjugates)

Most Ab applications use IgG:

*Ig6 undergoes affinity maturation,
somatic hypermutation within the
region of antigen specificity with

repeat interactions with antigen
(and T cell help!)

Production is amnesic -can be

i boosted
e -Plentiful in serum (no assembly
Y required)
g *Access to the Fc maximizes other
I cell reactions, purification apps

Antibody (IgG) structure

CDRs = Complementarity-
determining regions

Host cell interactive region regmn

V. Ruigrok, et al., Biochem. J. (2011) 436, 1-13.

Most polyclonal Abs are of animal origin:

Vaccination with Ag results in an adaptive immune
response. Quantity is limited to what is produced in
the animal host.




Polyclonal antibodies still have broad
applications:

*Reagents for science
*Very limited therapeutics
-Botulinum, Tetanus and snake venom

Cross reactivity of the Ab molecule among species
is the greatest limitation in medicine

sLack of the defined sequence and prevents
production by recombinant means

Human polyclonal antibodies
currently in therapeutic use

» Respigam® - Respiratory syncytial virus IG for neonates

+ BayRab® -Rabies I for suspected rabies infection

* BayTet® -Tetanus toxin IG for prophylaxis against tetanus
* BayGam® -hepatitis A IG for prophylaxis

+ Cytogam® -Cytomegalovirus IG for prophylaxis in transplant
recipients

* Nabi-HB® -Hepatitis B I& for transplant recipients

* BabyBIG® - Botulism IG botulism antitoxin for treatment of
infant botulism types A and B.

Kohler and Milstein were awarded the
Nobel Prize in 1984 for

their 1975 Monoclonal Ab breakthrough!

Hybridomas yield unlimited supply of antibody!

Immunization with Myeloma cells
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Becoming less foreign...
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Priorities for new affinity
tools
» Same great specificity and avidity of
antibodies
* Less immunogenicity
* Genotype based

Suitable for synthesis by recombinant
techniques in an inexpensive host

Or totally synthetic
Capacity for non-physiological
applications

The next steps in affinity tool
development, or:

ﬂ Relying on recombinant DNA
strategies, not animals to produce

PeTA offinity tools.

Focus on the antigen recognition
fragments portions of antibodies!

scFv
Single chain variable region fragment
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link the variable “binding” region of the
heavy and light domains recombinantly

Other potential fragment arrangements:
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scFv Diabody -Two different specificities

"‘
oS Ty
Fab -as in native form, both recognizing the
same epitope




Sources of single domain antibodies

lalmj VHH (Nanobody®)

Fragments based on camelid single heavy
chain antibodies - sdAb, single domain Ab

same or different epitope specificity
A SR

Bivalent VHH

Heavy-chain IgG

entabody
Multimeric format through linkage
to Stx1B pentamer subunits

Want are the sources of DNA
sequences on which to base scFvs,
sdAbs, and other fragment formats?

» Unimmunized animals
* Immunized animals
* Human B-cells
The choice depends on whether you wish to direct

a particular immune response or simply sample for
tools from the diverse pool of reassorted genes.

To obtain potential binding sequences

* Collect B-cells from a human/animal population
+ Extract mRNA

 Synthesize cDNA

« PCR amplify the variable domain sequences

* Create a library of binding moiety genes
 Express the genes as proteins and

* Screen the library for a domain that
recognizes your desired target




A strategy for a human scFv library

PDL from 140 donors

Total RNA
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The basics of phage display

. Make a gene library of Ab genes from host B cells.

ndive, immunized (rearranged) using RNA converted to
cDNA

. Ligate these assorted fragments into a phagemid vector
. Transform lab £. coliwith phagemids

4. Harvest phage that now each encode a gene from the

library among the surface proteins and

. Pan for, or selectively trap, phages that bind the antigen

or ligand of choice.
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Do scFvs and sDabs meet

these criteria?
Same great specificity and avidity of
antibodies -yes

Less immunogenicity -probably not if animal
derived

Genotype based- yes

Suitable for synthesis by recombinant
techniques in an inexpensive host -yes
Additionally, they are smaller and more
stable/versatile than whole Abs

Applicable for non-physiologic conditions- not
very




So next, to address immunogenicity:

and leave the animals out of the
synthesis of the next generation of
affinity tools altogether!

There are antigen recognition fragments
not derived from antibodies!

FN3 -Fibronectin domain III -
based protein scaffold

*Fibronectin is an abundant plasma and
connective tissue protein in humans

It has 10 domains, each with a 7-beta sheet
structure that maintains its conformation by
virtue of hydrophobic interactions

*The terminal loops are variable and have been
substituted by randomly generated sequences to
form libraries for screening

Currently licensed for VEGFr2

Engineered antibodies and 10Fn3-based target-binding protein
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Generating FN3-based binding tools
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DARPins

|

+ Designed Ankyrin Repeat Proteins

* Ankyrin proteins are membrane
components of human RBCs, and other
cell types

* Each repeat unit consists of two helices
and a loop (totaling 33 aas)

* Like FN3, there varying aa composition
of the loops in the otherwise rigid
structure creates extensive binding
diversity

{

Do FN3 and DARPins meet

these criteria?
Same great specificity and avidity of
antibodies -yes
Less immunogenicity -Probably
Genotype based- yes
Suitable for synthesis by recombinant
techniques in an inexpensive host -yes
Additionally, they are smaller and more
stable/versatile than whole Abs
Applicable for non-physiologic conditions- not
very

Aptamers -nucleic acid binding tools

» ssDNA or RNA

Synthesizing aptamers:

Randem DNA pool Immobilized target

Start with ~10"* variants

Binding
selection
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Advantages of Aptamers

Toxins as well as molecules that do not elicit good immune
response can be used to generate high affinity aptamers
stable to long term storage and can be transported at ambient
temperature (terminal additions can prevent exonuclease
degrad.)

Selection conditions can be manipulated to obtain aptamers with
properties desirable for in vitro assay e.g. hon-physiological
buffer/Temp.

Aptamers are produced by chemical synthesis resulting in little
or no batch to batch variation

Aptamers are identified through an in vitro process not
requiring animals

Reporter molecules can be attached to aptamers at precise
locations not involved in binding

Aptamers approved for use

* Pegaptanib is an anti-vascular endothelial

growth factor RNA aptamer

* Used in the treatment of macular
degeneration and diabetic macular edema

Do Aptamers meet these
criteria?
Same great specificity and avidity of
antibodies -yes
Less immunogenicity -yes
Genotype based- yes

Suitable for synthesis by recombinant
techniques in an inexpensive host -yes

Additionally, they are smaller and more
stable/versatile than whole Abs

Applicable for non-physiologic conditions- yes

Comparison of affinity tools

Characteristic Antibody Binding protein Aptamers (ssDNA and RNA)

Size (Da) ~50-160 <3 5-20 (15-60 i)

Selection Invivo Invitro Invito

Production Animal or recombinant Recombinant Synthetic

Post-selection Possible, Possible, i Wide variely of options

products for homogeneous products (sugar, base or phosphate;
5,3 or internal)

Stability Several weeks at 4°C Variable DNA: years at room
temperature; RNA: several
months at — 80°C

Binding site Monoclonal: homogeneous; Homogeneous Homogeneous

polyclonal: heterogeneous
ly Macromolecules and Low-molecular-mass
macromolecules low-molecular-mass molecules, macromolecules
molecules and cells

In vivo halt-lives Days to weeks na. Unireated: seconds o
minutes; treated: days

Application condiions Physiological Physiological and Physiological,

non-physiological non-physiological and organic

solvents (to some extent)




Applications for affinity tools Summary

* Animal derived polyclonal and monoclonal

, reported in literature; +—+, fally available. 0o .

. EPOTIBE I THBIEHTS, =+ commetcieTy aveiabe antibodies are still among our best laboratory

Application Antibodies  Engineered binding proteins  Aptamers tools Gr.‘d serve as the only therapeutics for
some diseases

Therapeutics/ireatment 4+ + ++ * Enhanced specificity, stability, and flexibility

Targeted drug delivery  ++ + + :

Molecular imaging i . N is afforded by less complex formats based on

Drug discovery anTibody design (SCFVS, camelid SdAbS)

Diagnostics = T ++ * Advances in binding technology has yielded

Affinity purification + ++ + . ..

BiSensors N M totally synthetic affinity molecules (FN3,
Darpins, aptamers) that provide greater
flexibility in applications

Questions?

Antibodies still an awesome tool! Gaston Mélingue, “The Injection”, 1894
Depicts the first vaccinia virus immunization by Edward Jenner in 1797 a century earlier!




