Research in the Rizk Lab

Dynamic Control of protein structure and function:

Proteins are tiny machines that carryout
all sorts of biological functions. Proteins
adopt very precise 3D structures that
enable them to carry out their functions.
Mutations that disrupt protein structure in
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Synthetic Antibodies (Fabs)

We use protein-engineering tools to generate reagents based on antibody fragments
that can precisely differentiate between different conformations of the same
protein. We utilize a technique known as phage display, which allows the generation
of engineered antibody fragments (Fabs), also known as synthetic antigen binders
(sABs), with high affinity and specificity for a protein conformation. We have
utilized this technique to generate a number of Fabs that can influence the function

of proteins by influencing their structure.

Dynamic regulation of ligand binding by
design of allosteric effectors

We have shown that Fabs can be used to
influence the affinity of a protein for its ligand.
For example, Fabs that bind to maltose binding
protein in its liganded form promote maltose
binding and can dynamically increase its
affinity without introducing any mutations in
the proteins itself. Fabs that bind to the
protein in the absence of ligand inhibit ligand
binding and decrease the affinity for maltose.
The Fabs act as allosteric effectors, meaning,
they bind far away from the binding site, but
affect the affinity for the ligand by influencing
the equilibrium between the two
conformations of the protein. We showed our
engineered Fabs can be fully functional in vitro
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(in the test tube), on the cellular level, and in vivo (in a living organism).




Modulation of hormone receptor specificity

We also show that Fabs can be used to
modulate the specificity of a receptor for
its hormones. For example, the prolactin
receptor also binds to two other
hormones, placental lactogen and growth
hormone. Even though all three
hormones bind to the same receptor,
each binding event has a unique
biological outcome ranging from growth,
cell proliferation and lactation. The
differences between the structures
adopted by the receptor when bound to
each of the hormones are subtle, yet
highly structure-specific Fabs can
recognize these differences and modulate
the specificity of the receptor, increasing
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the affinity of one hormone relative to another. A structure of the Fab-bound
receptor shows an allosteric mechanism that induces a structure more favorable for
growth hormone binding over prolactin. Cell-based assays confirm that these Fabs
can work on the cellular level to modulate the function of the receptor.

Rescuing enzyme function using Fab chaperons

Current work has shown the ability to
engineer Fabs that can modulate the
activity of enzymes. The goal is to use
these reagents to rescue the function
of proteins that have been disrupted
by disease causing mutations, and as a
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tool to find therapies for a large

number of inherited genetic disorders. We have demonstrated that Fabs that
recognize the wildtype (functional) form of the enzyme IDH1 can be used to rescue
the function of a mutant IDH1 found in brain tumors (Rizk, 2017). This process of
using Fabs a chaperones for modulating enzyme activity can be expanded to a large
number of genetic disorders where a single mutation affecting the function of an

enzyme results in disease.

Generating bio-responsive nanostructures

Our work also extents to show that Fabs can be engineered to influence how
proteins come together to form higher-order oligomers. Ongoing research with viral
proteins that adopt multiple difference complexes demonstrates that Fabs can be




engineered to modulate the equilibrium between difference complexes of the same
protein (i. e. monomer to dimer to multimer). We hope to utilize these Fabs as a tool
to understand the mechanism of how a single protein can adopt multiple types of
higher order complexes and to develop therapies that can prevent those transitions
from one complex to another to block viral proliferation.

One of the main areas of research in the lab deals with generating subunits that will
polymerize into higher-order nanostructures or disassemble in response to a
biological molecule, such as glucose. This work will help us understand the basis for
engineering reversible self-assembly for developing biosensors as well as molecular
shuttles for targeted drug delivery.

Engineering Biosensors

Another branch of the Rizk lab is to utilize protein-engineering tools to develop
protein-based biosensors for the detection of toxins and environmental pollutants.
Current work explores the use of bacterial binding proteins as scaffolds for
engineering biosensors by redesigning their binding pockets or enhancing a natural
ability to bind to a molecule of interest. We are currently designing biosensors for
the herbicide glyphosate, the active ingredient in Roundup and a major
environmental pollutant in the US.

Other efforts are focused on the design of phage libraries for engineering protein-
small molecule interactions to utilize directed evolution methods for the
development of biosensors. Stay tuned...
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