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Dynamics in Molecular Systems

Molecular Crystal Bio-system

# Crystallization of components # Dynamic arrangement of components
in a compartment

# Phase transition # Morphological change

# Libration [Dielectrics™] # Molecular Motor [Energy, Movement]
# Carrier transfer [Conductivity] # Transport of membrane voltage, Proton,
# Spin ordering [Magnetism] Chemicals [Energy, Information]

# Topochemical reaction # Reaction network, Replication

* Self-proliferation, Self-propelling,
* lonic, orientational polarization

* Evolution

* Characteristic to life system

Non-equilibrium
open system
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Formation of Giant Vesicles (GVs) from Amphiphile

Soft matter connects inaminate and animate matters

Amphiphile ] _ _
(Phospholipid) Spherical GV Kinetically trapped

L))
WwWVWeg

Hydrophobic Hydrophilic

Chemical Reactions in GV
A Ve ~\
|

Equilibrium System Non-equilibrium Open System




Self-reproduction of Vesicles
Vv [Water]
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Our self-proliferation Model vs. L-form bacteria

1) Many modern bacteria retain the ability to switch
into a wall-free state called L-form.

2) L-form proliferation is independent of the
complicated division machinery based on FtsZ.

3) It occurs by increase in the surface area to
volume ratio by producing membrane lipids,
then the long tubulated cell divides and
proliferates.

This result indicates that simple physical processes could have supported
proliferation for the primitive cell having much simpler molecular system than
modern bacteria.

M. Leaver, et al., “Life without a wall or division machine in Bacillus subtilis”, Nature, 457, 849-854, 2009.

Jeff Errington, et al., “Excess membrane synthesis drives a primitive model of cell proliferation.”, Cell, 152, 997, 2013.
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Glant Vesicle-based Protocell

Compartment
- ;;"‘ 'ralys‘r

Self-reproduction of Self-replication of
Compartment -’ Informational Substance

Szostak. Bartel, Luisi, Nature 2001



How about DNA Replication in Robust GV?
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Fluorescence intensity of a vesicle
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Amplification of DNA in Self-reproductive GV

POPC 65 Template DNA

PEG--grafted DSPE 5 dNTP / Primer

Cholesterol 30 DNA polymerase
SYBR Green |
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Linked Proliferation

thermal cycle
>

GV with amplified DNA
divides within 3 m

Thermal cycle

20 times 5 > Slow & rare
Addition of V*
No template DNA
b ’4 I]E>

30 min After 120 min After

Amplified DNA accelerates the growth and division of GV when V* is added !'°




DNA Complex-assisted Budding & Division
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DNA Complex-assisted Budding & Division
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DNA Complex-assisted Budding & Division
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DNA Complex-assisted Budding & Division
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Where is “"C@DNA” formed ?

Interaction between amplified DNA and cationic membrane
Distribution of fluorescence intensity of ds DNA & @SYBR Green complex
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C@DNA iIs Located in GV Membrane
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C@DNA exists in membrane
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Trace of Hydrolysis of V* in the Presence of C@QDNA

Membrane Lipids (PC:PG:V:.C =6:2:2:1)
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Synergetic Effect between Catalyst and DNA

“Lipo-deoxyribozyme”

Hydrolysis of “imine” by imidazole and imidazolium salt
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Recursive Proliferation

Replication

" Maturation

Division

Ingestion

Vesicular Transport

£8

Fusion with a conveyer vesicle containing dNTP (deoxyribonucleoside triphosphate)
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Recursive Self-proliferation : from Cascade to Loop
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Newly born GV of the 2nd generation cannot amplify DNA
because it has no dNTP inside.

@ : without dNTP

Intra-vesicular Transportation
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pH =7
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pH=3
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Vesicle-based Protocell with Primitive Cell Cycles
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K. Kurihara, T. Sugawara, et al., Nature Comm. 6, 8352 (2015)



Thermal Cycle of Hydrothermal Vent

Hot

Acidic Convection

Chimne

Cool
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Geno-type and Pheno-type Correlation in Protocell

Mechanism of Gene-expression of a contemporary living cell

Central Dogma

Biological distance between geno-type and
pheno-type IS close in our GV-based protocell




Origin of Life : Biomolecule-based View
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