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* BS Chemistry & Business, Economics, and
Management at Caltech ‘10

— Researched chloroplast protein expression and
crystallography

— Studied droplet ionization mass spectrometry
for pulmonary surfactant lipids

Caltech




MS and PhD Chemistry at Harvard '16

— Developed RNA sequencing technologies for
non-coding RNA quantification

— Studied nonenzymatic RNA polymerization
and replication biochemistry




* Research Scientist at ELSI/Tokyo Institute of
Technology since 2017

— Various projects relating to Origin of Life and
Astrobiology in chemistry, biology, materials
science, and biotechnology
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— Affiliated Scientist of Blue Marble Space Institute
of Science since 2019
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The Modern Cell

lysosome  iposomes
centriole Gillum

cell membrane
smooth

endoplasmic
reticulum

nuclear pﬂrg

nucleolus

nucleoplasm

nuclear

envelope

—

rough
endoplasmic
reticulum

mitochondrion

secretory vesicles cytoplasm

nucleus



A Primitive Compartment

Szostak Lab



Theory of Origin of Life Research

Prebiotic Chemistry

Primitive Compartment
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Compartments are Crucial to Origins of Life

 Concentrate and Segregate Reactants
* Promote Chemical Reactions and Rates
e Catalysis

 Forming Barriers with the External
Environment

* Protect Molecules from Degradation

* Promotion of Evolution

* Prevents Diffusion of Genetic Materials
* Controlled Movement



Liquid Liquid Phase Separation

e Results in soft, condensed matter (non-
solid) phase

* Similar to colloids

e Membrane free compartmentalization

* Exchange of molecules between phases
* Can be formed from simple molecules

e Used in drug delivery, chemical reactors
* Biological Phase Separation
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Liquid Liquid Phase Separation
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Complex Coacervates

Aqueous Phase . Associative
Dilute phase

Coacervate
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Poudyal et al., Biochem. 2018
Jiaetal, OLEB. 2014



Coacervates Segregate and
Concentrate Biomolecules
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Coacervates Grow and Divide
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Coacervates as Multiphase
Compartments




Coacervates Scaffold Membrane
Assembly
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Tang, et al. Nature Chem. 2014



Coacervates as Primitive Compartments —
DNA Liquid Crystal Assembly/Scaffolding

NA ... which ...forming
oligomers aggregate by liquid crystal
make end-to-end phases that
duplexes adhesion,... = stabilize
- — ~— [ the entire
self-assembly.
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Fraccia, et al., Nat. Commes., 2015



Coacervates as Primitive Compartments —
DNA Liquid Crystal Assembly/Scaffolding
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DNA Liquid Crystal Coacervates
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DNA Liquid Crystal Coacervates
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DNA Liquid Crystal Coacervates
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DNA Liquid Crystal Coacervates
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End-to-end Cationic peptide Liquid Crystal Coacervates
stacking Poly-L-Lysine (PLL)
oligo dsDNA

Fraccia and Jia,
ACS Nano, 2020
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Polyester Microdroplets
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Membraneless polyester microdroplets as primordial
compartments at the origins of life

Tony Z. Jia®®'2, Kuhan Chandru®“9, Yayoi Hongo®, Rehana Afrin® Tomohiro Usui®®, Kunihiro Myojo,
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Institute of Climate Change, National University of Malaysia, 43650 UKM Bangi, Selangor Darul Ehsan, Malaysia; ®Institute of Space and Astronautical
Science, Japan Aerospace Exploration Agency, Sagamihara, 252-5210 Kanagawa, Japan; ‘Department of Earth and Planetary Sciences, Tokyo Institute of
Technology, Meguro-ku, 152-8551 Tokyo, Japan; Institute for Advanced Study, Princeton, NJ 08540; and "Center for Chemical Evolution, Georgia Institute
of Technology, Atlanta, GA 30332
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Concept Paper
Polyesters as a Model System for Building Primitive

Biologies from Non-Biological Prebiotic Chemistry

Kuhan Chandru ?*, Irena Mamajanov 3, H. James Cleaves II **5® and Tony Z. Jia 3%*
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Incorporation of Basic a-Hydroxy Acid Residues into Primitive
Polyester Microdroplets for RNA Segregation

Tony Z. Jia,* Niraja V. Bapat, Ajay Verma, Irena Mamajanov, H. James Cleaves, II, and Kuhan Chandru®
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