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Medical applications of
synthetic biology

Alternative means of drug production
New therapeutic methods
Engineering of response of human cells

Immune response provides defense against
danger — pathogens from the environment,
endogenous threats (cancer, sterile
iInflammation, autoimmune diseases...)



« Synthetic cell signaling pathway

— antiviral defense based on viral function which is
Insensitive to viral mutations

e Designed vaccines

— uncover the stealth of bacteria and make bacterial
components visible to the immune system



Therapeutic targets of HIV life cycle
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Problems with antiviral therapy

M u tatl O n S http://www.newscientist.com/article/dn10893.html

10 — 20% of HIV-infected
Individuals in USA and
Europe carry drug-resistant
HIV strains.

HAART — combination therapy

Price Drug sensitive (red) and drug resistant (green)
HIV strains from a patient with AIDS.

Life-long treatment



Synthetic biology approach to prepare
antiviral device

e Should be INSENSITIVE TO MUTATIONS =
BASE THE RESPONSE ON VIRAL FUNCTION !

 Tested viral functions:
—cell attachment

—viral protease

also other virus-specific functions and different viruses (SARS,
WNV...)



Viral attachment induces receptor
heterodimerization
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Heterodimerization of cellular transmembrane receptors
at viral entry could be used to detect viral attack.



Detection of heterodimerization based
on reconstitution of split proteins

« Split ubiquitin system

— cleavage C-terminal to ubiquitin with
endogenous ubiquitin-specific
protease

« Split tobacco etch virus (TEV)
protease system

— cleaves specific recognition site




Detection of viral attachment to cell
r’ceptors

membrane anchor with
cleavable linker

reconstituted
protease

fusion of HIV coreceptors with
split TEV protease segments
translocation into the nucleus

transcription of antiviral defense genes (e.g. Caspase, IFN, ApoBec...)
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Integration of two steps:
Spllt TEV T7-based cell activation
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Detection based on the
HIV protease activity

membrane anchor
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transcription of antiviral defense genes (e.g. Caspase, interferon, ApoBec...)
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HIV protease - based cell activation

Control + HIV protease



Schematic representation of the
anti-HIV defense device




Helicobacter pylori - master of di

agellin

Cell activation: TLR5 does
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gae Chimeric flagellin

Innate response
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Adaptive response against H. pylori

H. pylori variable activation of innate
flagellin domain <

75

protein antigens
(activation of
adaptive immunity)

H. pylori antigen
(e.g. UreB)
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GEM 2008 Proteln vaccine
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"% Efficiency of the vaccine
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Immune serum against
designed epitope (MULTI)
recognizes live H. pylori

B immunized mice
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The future of Synthetic iImmunology

Combination of understanding of the molecular
mechanisms and tools of synthetic biology opens
exciting therapeutic potentials

Antiviral genetic device based on viral function can be
applicable against several different viruses

Designed vaccines that activate both innate and adaptive
Immune response have great potentials against
Infection, as well as cancer and other diseases

Further potentials and developments of synthetic
Immunology include engineering of defined cell
populations, tissues, targeted delivery etc.
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