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1. Building an artificial cell using a polyester droplet as a scaffold

Hiroshima University, Office of Research and Academia—Government—Community Collaboration Professor, Tony Z Jia
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Following up on our preliminary data from 2023, we published two papers which found that lactic acid (LA)
and phenyllactic acid (PA) can both polymerize and assemble into membraneless droplets in monovalent salts
(NaCl and KCl) up to 1 M, but not in divalent salts (CaCl, and MgCl,) up to 10 or 100 mM. Similarly, we
found that PA was more robust than LA at polymerization and membraneless droplet assembly at low
concentrations, suggesting that although LA is more abundant on early Earth, PA is more functional. In
particular, PA is quite robust up to the hundreds-of-millimolar scale depending on the other environmental
conditions, suggesting that droplets composed of PA are much more robust than those composed of TA.
Similarly, we published one paper which reported that calcium can selectively drive homochiral
polymerization of tartaric acid (TA) through a process involving crystallization. These studies drove our
system selection for the droplet system to be used for the artificial cell scaffold. Although TA can also form
droplets when combined with PA, the highly charged nature of TA-containing droplets may affect the ability
for lipids to interact with the droplets due to a likely highly negative surface charge, and thus based on its
stability, robustness, and slightly negative surface charge, we selected PA as the scaffolding droplet

composition.

Following up on previous preliminary experiments, we have one paper under review which reports using
polyPA droplets to scaffold phospholipid assembly. First, we expanded the pH range of polyPA from ~3 to ~8
(in HEPES buffer), which was not possible previously. Specifically, we found that polyPA synthesized at
various temperatures (between 80°C and 120°C) were able to robustly form droplets at pH 8, which remained

stable for up to 6.5 hours.

We next took these droplets and subjected them to hydration by the phospholipid DOPC
(Dipalmitoylphosphatidylcholine), a commonly used phospholipid for vesicle assembly. After quite a bit of
optimization, we were able to develop a formulation and procedure to generate lipid-layer enclosed polyester
droplets. Specifically, these lipid-enclosed droplets were much more stable than those without droplets,
appearing to be stable to hydrolysis and/or coalescence on the order of days to weeks; without the lipids, this
timescale was only on the order of up to a few days. Next, we also observed that the lipid-enclosed droplets
can still allow diffusion (entry/exit) of small molecule dyes such as SYBR gold, suggesting that the droplets
are dynamic enough to be able to accept nutrients and dispel waste upon the progression of prebiotically
plausible metabolic reactions. A manuscript is under review based on this data; this manuscript was published

to ChemRXiv as a preprint.
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Finally, we published additional papers, including one paper which converted polyLA plastic straw waste into
poly(LA-malate) microdroplets via a two-step process combining enzymatics (to degrade polyLA into LA)
and prebiotic chemistry (for dehydration synthesis of LA with added malate). Currently, we have four related
manuscripts under review, including one on polyphosphate-based coacervates, which can also be incorporated

into artificial cells.

Published Papers in 2025-2026

1. OOLEN, Silke Asche, [and 37 others, including Tony Z. Jia]. What it takes to solve the Origin(s) of Life: An integrated
review of techniques - Part 1-Experimental methods and data repositories. Cell Reports: Physical Science, Accepted (2025).

2. OOLEN, Silke Asche, [and 37 others, including Tony Z. Jia]. What it takes to solve the Origin(s) of Life: An integrated
review of techniques - Part 2— Theoretical methods and emerging trends. Cell Reports: Physical Science, Accepted (2025).

3. Ramona Khanumf, Nirmell Satthiyasilanf, Navaniswaran Tharumen, Terence P. Kee, Christian Mayer, P. Susthitha Menon,
Tony Z. Jia", Kuhan Chandru®. Prebiotic Gels as the Cradle of Life. ChemSystemsChem, ¢00038 (2025).

4. Tony Z. Jia", Yutetsu Kuruma. Interdisciplinary investigations into the biophysics of the origins of life. Biophysics and
Physicobiology, 22(4), €220021 (2025).

5. Mahendran Sithamparam?, Ming-Jing Hef, Navaniswaran Tharumen®, Rehana Afrin, Niannian Ding, Chen Chen, Ruigin Yi,
Po-Hsiang Wang”, Tony Z. Jia”, Kuhan Chandru®. A deeper dive into primitive polylactate polymerization and microdroplet
assembly under restrictive early Earth conditions. Polymer Journal, 57, 897-910 (2025). [INVITED]

6. Kai-Cheng Wang, Shota Nishikawa, Wan-Wen Ting, Xue-Hong Luo, Takumi Takahashi, Tony Z. Jia, Min-Hsuan Huang,
Kosuke Fujishima, I-Son Ng, Po-Hsiang Wang. Green Chemistry, 27, 6437-6448 (2025).

7. Po-Hsiang Wang®™*, Ming-Jing He', Ruiqin Yi, Rehana Afrin, Wen-Chi Yu, Shota Nishikawa, Mahendran Sithamparam,
Chen Chen, Kosuke Fujishima, Kuhan Chandru, and Tony Z. Jia*. Low-temperature green synthesis and assembly of
poly(lactate-co-malate) gel-based microdroplets from plastic polylactate straw waste. ACS Applied Polymer Materials, 7(7),
4218-4227 (2025).

8. Chen Chen", Ruigin Yi", Motoko Igisu, Rehana Afrin, Mahendran Sithamparam, Kuhan Chandru, Yuichiro Ueno, Linhao
Sun, Tommaso Laurenzi, Ivano Eberini, Tommaso P. Fraccia, Anna Wang, H. James Cleaves II, Tony Z. Jia". Primitive
Homochiral Polyester Formation Driven by Tartaric Acid and Calcium Availability. Proc. Natl. Acad. Sci. USA, 122(12),
€2419554122 (2025).

9. Mahendran Sithamparam, Rehana Afrin, Navaniswaran Tharumen, Ming-Jing He, Chen Chen, Ruiqin Yi, Po-Hsiang Wang,
Tony Z. Jia", Kuhan Chandru®. Probing the limits of reactant concentration and reaction volume in primitive polyester
synthesis and microdroplet assembly. ACS Bio & Med Chem Au, 5(1), 131-142 (2025). [INVITED]

Published Preprints in 2025-2026

1. Niannian Ding, Xu Han, Chen Chen, Tatsuya Shinoda, Mahendran Sithamparam, Navaniswaran Tharumen, Wancheng
Zhang, Rehana Afrin, I Tang, Kuhan Chandru, Kosuke Fujishima, Anna Wang, Hailiang Dong", Tomoaki Matsuura®, Tony
Z. Jia®. Lipid assembly on a polyphenyllactate droplet surface to form a hybrid protocell. ChemRXiv, NNN (2025).
[Currently under review in Communications Chemistry as an invited article]

Selected Invited Presentations

6 Nov 2025 Membraneless Polyester Protocells as Primitive Cells in the early (and modern) Earth Environment.
Invited Presentation. IDEC PHIS Ochakai Seminar. Hiroshima University, Higashi-Hiroshima, Japan.

25 Sep 2025 Vignettes on International Collaboration. Invited Presentation. HIRAKU-Global FY2025 Retreat.
Tokushima University, Tokushima, Japan.

16 Sep 2025 Alternative Pathways in Astrobiology: Non-Biomolecular Origins of Terrestrial and Extraterrestrial

Life via Polyesters. Invited Presentation. International Symposium on the Origin of Life. Keihanna Science
Plaza, Kyoto, Japan.

12 Sep 2025 Exploring the Plausibility of Primitive Polyester Microdroplets on Early Earth. Invited Presentation.
Origin of Life Early Career Network Meeting. [ONLINE]

19 Aug 2025 Membraneless Polyester Droplets as Protocell Models. Invited Presentation. IDEC Microbial Genomics
and Ecology Seminar. Hiroshima University, Higashi-Hiroshima, Japan.

5 Mar 2025 The Origin of Membraneless Polyester Protocells on (or possibly off???) Earth. Invited Presentation.
MISASA VIIL Institute of Planetary Materials, Okayama University, Tottori, Japan [ONLINE].

4 Mar 2025 Liquid Crystal Coacervates and the Origin of Homochirality in Membraneless Polyester Protocells.
Invited Presentation. WPI-SKCM2 Symposium. Hiroshima University, Hiroshima, Japan.

14 Feb 2025 Membraneless Polyester Protocells as Primitive Cells and Their Potential for Modern Applications.

Invited Presentation. International Symposium on Understanding bacterial cells for Biomanufacturing.
Yamaguchi University, Yamaguchi, Japan.

16 Jan 2025 A Tale of Primitive Polyesters Through the Years. Invited Departmental Seminar. National Central
University Graduate Institute of Environmental Engineering, Taoyuan, Taiwan.
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Fig. 3 X-ray CT images: (a) 26 W—600 um/s, (b) 47 W—=2000 um/s, (c) 82 W—6000 pm/s.
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