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Theory of polymerization
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Theory of polymerization
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Esoteric?

Protein Polymerization
by fast cooling

Matsuno: Polymerisation by fast cooling
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Polymerization on clay
Needs ion washing: Correct mechanism?

Ferris: Clay-based polymerisation
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On the surface of negative charged
montmorillonite clay, energy rich
nucleotide-primers can undergo effi-
cient polymerization. One can reach
30-50-mers within some days.
Surfaces are therefore interesting
places for catalysis of prebiotic reac-
tions since they can enhance the con-
10— . centration of the molecules. Problem
is the removal of the polymerized spe-
N EE cies from the surface and replication

Figure 2. Gel electrophoresis of the eloagation of ZpdAfpA)gpA with TnpA in microcentrifuge priming.

3 Filat: P 3
tubes, l ane 1. 2pdAdpdApA: lanes 2-6 elcogation in the presence of mootmorillonite; lane 7.
elongation in the ahsence of monmorillonite.
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James P. Ferris: Origins of Life and Evolution of the Biosphere 32: 311-332, 2002.

Vorlesung Biophysik Braun - Evolution



Polymerization by drying
of 3’-5’ cyclic G-Nuclentida
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Dry Polymerization of 3',5'-Cyclic GMP to Long Strands of

0 RNA
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See papers by di Mauro and Judith Sponer
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Polymerization by drying Dry Polymerization of 3',5'-Cyclic GMP to Long Strands of
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A Light-Releasable Potentially Prebiotic Nucleotide Activating
Agent

Angelica Mariani, ® David A. Russell, @ Thomas Javelle, and John D. Sutherland*

Activation group: in situ possible?
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Accumulation by temperature gradients

Hot Vapor Settings




Accumulation by temperature gradients

Hydrothermal
Settings




Accumulation by temperature gradients

Cells defined by Pores of Rock
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Accumulation by temperature gradients

Thermophoresis
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Accumulation by temperature gradients

Thermophoresis
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Accumulation by temperature gradients

Thermophoresis of DNA
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Trapping of DNA by Thermophoretic Depletion and Convection

Dieter Braun® and Albert Libchaber

Center for Studies in Physics and Biology, Rockefeller University, New York, New York 10021
(Received 2 May 2002; published 14 October 2002)
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Accumulation by temperature gradients

Trapping of DNA by Thermophoretic Depletion and Convection

Dieter Braun® and Albert Libchaber

Center for Studies in Physics and Biology, Rockefeller University, New York, New York 10021
(Received 2 May 2002; published 14 October 2002)
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Accumulation by temperature gradients

Accumulation by heat flow |
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Accumulation and Polymerization
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Accumulation and Polymerization

Escalation of polymerization in a thermal gradient

Christof B. Mast™", Severin Schink®™", Ulrich Gerland®, and Dieter Braun®?
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Accumulation and Polymerization

Christina
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Accumulation and Polymerization

Boosting polymerization by thermal trap

Detection in HPLC-ESI-TOF
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Accumulation and Polymerization

Boosting polymerization by thermal trap

Pyrophosphate Oligomers
150mM ImpdA for 24h, pH 6.5, 4,17,30°C
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Accumulation and Polymerization

Boosting polymerization by thermal trap Feeding flow

Pyrophosphate Oligomers
150mM ImpdA for 24h, pH 6.5, 4,17,30°C

|
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Accumulation and Polymerization
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Teflon foil microfluidics
Thickness 120...500um
V =10..50ul, p < 20atm




Accumulation and Polymerization

| ristof
Mast

cooled electr.
microfluidics heater

Teflon foil microfluidics andl
Thickness 120...500um
V =10..50ul, p < 20atm




Accumulation and Polymerization

[[150mM dAImpA, 100mM MOPS, OmM MgCI2 in H20 at 8/20/30°C in Eppis
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Accumulation and Polymerization leads to gels
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Gelation and sedimentation
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Replication driven by temperature gradients
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Replication driven by temperature gradients
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Replication driven by temperature gradients

Q
T

S~
o
=
o
1

w
o

|

Concentration ¢ [nM]
N
o
|III|III[IIIIIII|II
Growth [nM/cycle]
Ul

l 11 1 1 | 11

10
0 0
rt Tt
0 20 40 60
Initial template [nM]
[0]0] \"gggg
0/0] v
A A
, 0]0]0]0] .
SR 010/00 I
mmmm.*)k,.mmmm

T TT I LI I T l T ] TT |
0O 3 6 9 12 15
Cycle #

C ) d
— 40 7 ]
s 3 15
(o . i
— 30 3
[ -
= ] 10
© 20 o -
= 5 ]
8 10 5]
= ] .
S . ]
OqT 0
0



Replication driven by temperature gradients

Polymerase Chain Reaction (PCR)

Taq Polymerase




Replication driven by temperature gradients

Replication by Convection (PCR)
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Braun, Goddard & Libchaber, PRL 91, 158103 (2003)



Replication only by RNA
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Replication only by RNA
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Replication only by RNA
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Protection by accumulation
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Fog PCR

Hydrophilic
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RNA
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RNA 24mer (AT only) 4 uM, Tm 48 °C, 10 mM MgCl,, 10 mM Tris (initial pH 7.0),
Lysosensor 20 uM. Temperatures: hot side 27 °C, cold side 22 °C




Fog PCR
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1 nM template DNA
0.5 pM primers
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Fog PCR
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Future:
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Polymerization boost by Thermophoretic Trap

- Accumulation PRL 2002

- Click together the accumulation in comsol
- Sidepoint: NanoTemper

- PNAS paper accumulation

- Szostak vesicle formation paper

- PNAS polymerization

- Simons update polymerization

- Gel formation Angewandte

- Gel formation and sedimentation (tRNA)

Replication

- tRNA-based replication

- Convection PCR

- Ribo-PCR

- NatChem?2015: replication and selection

- Alan results

- Water-Air interface Natchem 2018

- Overview over non-equilibrium (rep from last).
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