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More on OoL chemistry
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Current status of Origin of Life research

A. Scientists have made life in the lab from simple
chemicals

B. Great steps of progress have been made recently and the
problem of the origin of life from simple chemicals 1s on
the verge of being solved

C. The origin of life from simple chemicals 1s virtually
impossible and little or no progress has been made



Outline

. Review simplest form of life, minimal cell
. Tour’s challenge and why no one responded

. Redefining life — a self sustaining chemical system
Current status, challenges (RNA World, Assembly theory)

. Hype, the media, and public perception

. Tour’s 3 yr challenge to Lee Cronin

. Discussion



Review

What is life?
-replicate
-process energy (take energy from environment,
transform for growth, metabolism, and

reproduction)

-store and process information

(on 1ts own)



Minimal cells

Lots of Jobs to Do:

¢Getting food and fuel

eEliminating waste

eConverting raw materials to useful stuff
*Building molecular machines

*Repairing damage

*Copying and protecting genetic information
eDividing the cell

eControlling and coordinating all these

oEtc.

There is @ machine (or system of machines) for every job
There is a system for making machines (central genetic apparatus)

There is a system of coordination among the machines



Minimal cells

RESEARCH ARTICLE

SYNTHETIC BIOLOGY

Design and synthesis of a minimal
bacterial genome

Clyde A. Hutchison IIL"*+ Ray-Yuan Chuang,'t! Viadimir N. Noskov,'

Nacyra Assad-Garcia," Thomas J. Deerinck,” Mark H. Ellisman,” John Gill,*
Krishna Kannan,” Bogumil J. Karas,' Li Ma,’ James F. Pelletier,*§ Zhi-Qing Qi,”
R. Alexander Richter," Elizabeth A. Strychalski,* Lijie Sun,'|| Yo Suzuki,’
Billyana Tsvetanova,” Kim S. Wise," Hamilton O. Smith,"* John L. Glass,’

Chuck Merryman,' Daniel G. Gibson,™” J. Craig Venter'**

Fig. 6. Partition of 81 genes
genes into four major 8 1 g enes Una:ls;‘i/%ned

functional groups.
Syn3.0 has 473 genes.

Of these, 79 have no Cytosolic Expression of
assigned functional metabolism genome information
category (Table 1). The 17% 41%

remainder can be
assigned to four major
functional groups:
(i) expression of
genome information
(195 genes); (ii) preser-
vation of genome infor-
(n:;?lt'rzzr(ng’ti ag::zi?ﬁél-“) reservation of

) genome information
ture and function (84 7%
genes); and (iv) cytoso-
lic metabolism (81 genes). The percentage of genes in each group is indicated.

195

Cell membrane
18%

8 es

Science 351, aad6253 (2016)

Original Mycoplasma mycoides
genome has 901 genes

M. capricolum with synthesized
minimal genome from M. mycoides
can survive with 473 genes

438 protein-coding
35 RNA genes

obligate parasite

Growth in a rich medium



(information-
containing
polymers)

Constituents of cells

proteins (polymers of amino acids)
DNA, RNA (polymers of nucleic acids)

polysaccharides (polymers of carbohydrates)

Lipids

Cofactors: ATP, heme, metal ions, NAD", NADP~



Amino acids

(20 in proteins)
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chains of amino acids fold into 3D structures
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DNA and RNA

o
Nucleotides
4 in DNA
Nitrogenou
| base
Phosphar -] = -
P — =y
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A chain of nucleotides:

ATCGCCTATATAGCGTACAATGGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGC
GCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTAC
ATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGC
CTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGCCTATAT
AGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGAT
GCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAG
CTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGC
TAGC



Molecular machines
Software
Codes: genetic code

polysaccharide code
lipid code

Higher order information:

(beyond proteins, nucleic acids, polysaccharides, lipids)

-the interactome-



-the interactome: protein complexes in yeast

Protein
complexes in
yeast. Lines
indicate
complexes that
share at least
one protein.

(14
...nearly every

major process in a
cell is carried out by
assemblies of 10 or
more protein
molecules.”

Nature 415,

B. Alberts Cell 180, 2002.

1998, 92:291

most proteins act as components in multiprotein complexes

Budding yeast: avg no. of proteins per complex = 4.9
Mammals: avg no. of proteins per complex ~ 15



Summary:

There is no such thing as a simple form of
life!

"We now know not only of the existence of a break between
the living and non-living world, but also that it represents the
most dramatic and fundamental of all the discontinuities of
nature. Between a living cell and the most highly ordered
non-biological system, such as a crystal or snowflake, there is
a chasm as vast and absolute as it is possible to conceive."

M. Denton, Evolution: A Theory in Crisis, pg 250.

(difference 1n functional information 1n enormous)



Steps for making a living cell:

-make the monomers
-make the biopolymers

-biopolymers must have specific sequences to be
functional

-assemble the parts into a living cell



Tour’s challenge

-make the monomers

very ,
Sl -make the polymers (Tour’s challenges 1-3)
-polymers must have specific sequences to
most be functional (Tour’s challenge 4)
challenging
by far! -assemble the parts into a living cell

(Tour’s challenge 5)



Tour’s challenge #1

make dipeptide with correct linkages (> 90%))

these
must not
react!

CO,H
' ¥ - ' | CO,H

H2N

el

HoN COzH H:N~ COzH o

Aspartic acid Lysine
Asp Lys DK
D K

Drawn in their neutral state NH,

note
stereochemical
and
regiochemical
control



Tour’s challenge #2

make RNA with correct linkages (200 mer, 98% correct)

nA-B > —HA-B)-
| 1\11 base
H,N \ = /
A J=N | |
N,ﬁ,‘ QO OH
O O . \
0-p-0-P-0fP40— N~ N P—( ba
o) o) \E/‘ —_— 1
{OH I
3@

All-3".5-coupling makes the required RNA

5’ triphosphate and 3’ hydroxy!|



Tour’s challenge #2

make RNA with correct linkages (< 200 mer, 98% correct)

O
NH
N0
O ®) o o
NH \—/ NH
O-P-O-P-O-P-0O 0O O-P-O N O
- O o
O 8 O \ / o
N NH
N OH .
O
N
Either triphosphate or ~ MUSt  must 0-P-0— ¢
phosphorimidazolide react not O ) S—
react
OH O

2200-mer



Tour’s challenge #2

make RNA with correct linkages

From a purely chemical standpoint, it 1s difficult to 1imagine
how long RNA molecules could be formed initially by purely
nonenzymatic means. For one thing, the precursors of RNA,
the ribonucleotides, are difficult to form nonenzymatically.
Moreover, the formation of RNA requires that a long series of
3’ to 5’ phosphodiester linkages form in the face of a set of
competing reactions, including hydrolysis, 2’ to 5’ linkages,
5' to 5’ linkages, and so on.

Molec. Biol of the Cell 4t ed.



Tour’s challenge #3

dimerize glucose with correct linkages

these
must not

HO HO
@) @)
, ¥ OH OH OH
G HOY—f ©
these @ OH OH
must . .
react Sigoes disaccharide

pure enantiomer (D)



Tour’s challenge #4

the biopolymers must have specific (very rare)

sequences to be functional
enzymes
in E. coli

Frequency

A Proteins: 20 types of amino acids,
chains of amino acids 150 units long

LAl
.
. . ~..°. L) o
Y ... W S——
1600

400 800 1200

20150 possibilities
Protein chain length (residues)

Only a miniscule fraction of
sequence space can be searched!

B. Fraction that fold (for 150 residue protein):

Only a miniscule fraction of

1 in 10%* (J. Molec. Biol. 2004)
sequences are functional!

<11in 10'% (Biophysical J. 2017)

So where do the functional sequences come from?



Tour’s challenge #5

Assemble the parts into a living cell

molecular machines
software algorithms
irreducible complexity
hierarchical coherence
blueprint or design

irreducible complexity
hierarchical coherence
blueprint or design



Tour’s challenge

https://evolutionnews.org/2024/03/james-tour-offers-
three-year-challenge-to-lee-cronin-to-demonstrate-
legitimacy-of-assembly-theory/

35:10 — 40:00


https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/

Current status

chemistry simplest cell

no one is even
trying to do this!

None of the 10 addressed Tour’s challenge



Current status

researchers and believe
try to do that natural

this selection will
do this

chemistry simplest cell

chemical
system that
1 y can replicate
chemistry
alone
must do

this



Current status

. researchers and believe .
chemistry simplest cell
try to do that natural
this selection will
X do this
y & 'l . [ )
chemical
system that

can replicate

RNA
polypeptides
lipid vesicles
self sustaining chemistry-metabolism
active droplets



Current status

researchers simplest cell
try to do .
. thi and believe that
chemistry 115 -
| natural selection
will do this

) (logarithmic scale)
chemical

system that
can replicate

some researchers attribute practically
unlimited creative powers to natural
selection!



Current status

researchers simplest cell
try to do .
: thi and believe that
chemistry 1S :
B natural selection
will do this

(logarithmic scale)

chemical
system that
can replicate

Is that belief warranted by science?



Current status

) researchers and believe )
chemistry simplest cell
try to do that natural
this selection will

do this

chemical
system that
can replicate

How to judge if any of this is relevant to OoL?



Current status

chemistry simplest cell

()

chemical
system that
can replicate

Chemistry - chemicals react randomly, make tar or asphalt
Biology — chemistry 1s constrained by enzymes, etc

How to constrain chemistry outside of biology?



RNA-based Darwinism (RNA World)

RNA contains genetic information and also has some
catalytic ability (single stranded, can fold)

hypothesis — life started out as RNA

-history of progress
-some examples of recent papers



Template directed non-enzymatic replication
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[1lustration of RNA World from Wikipedia



Current status

chemistry simplest cell

(7

chemical
system that
can replicate

In search of an

RNA self replicating system



Challenges for RNA-based Darwinism

1. monomers are highly reactive (react with almost anything)
2. monomers and polymers break down easily in water

3. linkage problem (5°-3” only for life)

4. sequence problem - only certain sequences are functional
5. self-sustained replication



Example 1: RNA synthesis on primitive earth
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Benner SA. 2023 Rethinking nucleic acids from their origins to their
applications. Phil. Trans. R. Soc. B 378: 20220027.



The story remains incomplete, however, because these
syntheses still require tempor-ally separated reactions using
high concentrations of just the right reactants and would
be disrupted by the presence of other closely related com-
pounds. The reactions channel material toward the desired
products, but other fractionation processes are required
7ciprovide the correct starting materials at the req-uisite
time and place. In addition to the selective crystallization
processes described above, it has been proposed that pre-
cipitation of ferrocyanide salts could generate a concentrat-
ed reservoir of starting materials that can be liberated by

Protocells and RNA Self-Replication

Gerald F. Joyce' and Jack W. Szostak?

"The Salk Institute for Biological Studies, La Jolla, California 92037

?Howard Hughes Medical Institute and Department of Molecular Biology, Massachusetts General Hospital, Boston,
Massachusetts 02114

Correspondence: gjoyce@salk.edu; szostak@molbio.mgh.harvard.edu



Template directed non-enzymatic replication
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Problems:

1. Simple strands that are not folded copy much
faster that folded strands

2. Enzymes that cut up strands are much shorter
and form easier than enzymes that replicate or
copy strands



RNA oligomer synthesis on primitive earth

ASTROBIOLOGY : - .
Volume 22, Number 6, 2022 Rap’d Commun’catlon

Mary Ann Liebert, Inc.
DOI: 10.1089/ast.2022.0027

Open camera or QR reader and -
scan code to access this article g =
and other resources online.

Catalytic Synthesis of Polyribonucleic Acid
on Prebiotic Rock Glasses

Craig A. Jerome,™ Hyo-Joong Kim2 Stephen J. Mojzsis.>* Steven A. Benner,"? and Elisa Biondi'-?

used all 4 monomers
NH,
H7, 25°
oSofodo OTY , omRBE
OO N + glass = polyribonucleic acid
90 -150 units long
OH OH

purchased pure compounds



RNA oligomer synthesis on primitive earth

ASTROBIOLOGY : - .
Volume 22, Number 6, 2022 Rap’d Comm Unlcatlon

Mary Ann Liebert, Inc.
DOI: 10.1089/ast.2022.0027

Catalytic Synthesis of Polyribonucleic Acid
on Prebiotic Rock Glasses

Craig A. Jerome,™ Hyo-Joong Kim2 Stephen J. Mojzsis.>* Steven A. Benner,"? and Elisa Biondi'-?

The enzymatic digestion experiments prove that a
substantial fraction of the linkages in the ‘‘prebiotic™
polyribonucleic acid are 3°,5’. However, these experi-
ments cannot exclude the presence of 2’,5" linkages, nor
some amount of branching. Most astonishing would be
products wherein the linkages were not mixed.




Tour’s challenge #2

make RNA with correct linkages (200 mer, 98% correct)

nA-B > —HA-B)-
CH base
HN =
A N o i.) OH
O O 7\
o-P-0-P-0ofP40— N~ N p—0=C1 1
O O O E— .
@40»1 I
B p—O—CH ba

All-3"5'-coupling makes the required RNA

5’ triphosphate and 3’ hydroxyl

all life uses only 5’ — 3’ linkage — but 1s 1t necessary?



History of RNA polymerizing enzymes

Ribozymes discovered in 1980s (Nobel prize)

no natural polymerases

. naturally occurring ribozymes carry out phosphoryl transfer, catalyzing the cleavage
or ligation of the RNA phosphodiester backbone.”  (Res. in Microbiol. 160, 2009, 457)

nA-B > HA-B)
2H base
HoN =
A =N
N < ) Ol
0O O _
0-P-0-P-0 0 N O D=1
o o o] — ’
B @40»{ I
CH. | base
—
O O
) Q)
)
All-3",5"-coupling makes the required RNA

5’ triphosphate and 3’ hydroxyl



History of RNA polymerizing enzymes

Ribozymes discovered in 1980s (no natural polymerases)

From ligases, ribozyme polymerases were developed by directed evolution
initially:
-only strands lacking secondary structure,
-cannot use both RNA template and its
complement

then: able to synthesize from both RNA template and
its complement

then: able to amplify short RNA in protein-free PCR

most recent 2024: RNA enzyme that can replicate with high fidelity
a shorter enzyme that cuts strands



pNAS BIOCHEMISTRY

RNA-catalyzed evolution of catalytic RNA

Nikolaos Papastavrou?, David P. Horning®' (), and Gerald F. Joyce®’

Edited by Jack Szostak, University of Chicago Department of Chemistry, Chicago, IL; received December 7, 2023; accepted January 25, 2024

‘Monumental’ experiment suggests how
life on Earth may have started

Washington Post Mar 9, 2024



Replication of RNA enzymes

Goal: RNA enzyme that can copy itself

-Large RNA enzymes that are folded are more difficult to
copy

-RNA enzymes that cut are smaller and easier to copy

-RNA enzymes that copy are larger and difficult to copy



Directed evolution of an RNA enzyme that can synthesize
an RNA enzyme that connects two RNA strands

A
(1)
—
te
C—o—
@i’) (5) C—=
< KN Tt

PNAS 2024, 121, €2321592121



Directed evolution of an RNA enzyme that
cuts two RNA strands

- © 12

Frrn — Frrrrrrrrrrrrrnd — L
—>

PNAS 2024, 121, €2321592121

The evolved RNA polymerase was able to replicate this
enzyme 8 times without loss of function whereas with the
original polymerase function was lost.

They made a better enzyme!



Replication of RNA enzymes

Great work - but 1s this relevant to OoL?

(See https://evolutionnews.org/2024/04/fact-check-a-monumental-breakthrough-in-
understanding-lifes-origin/)

-high conc. of monomers (activated, purified)

-used machinery of modern cells (reverse transcriptase, PCR)

-supplied sequences of templates, primers, substrates

-the team engineered the strands and performed the selection

-carefully controlled reaction conditions and purification steps

-used very high concentrations of RNA enzymes and primers
(essential because RNA enzymes degrade rapidly)

-enzyme that cuts has 34 units (easier to copy) whereas

polymerase has > 100 units (enzyme that destroys will be more

prevalent)



5 paradoxes 1n Ool: Benner Orig Life Evol Biosph 2014

3

. |

“pairs of statements, both grounded in theory and observation, that (taken A
STEVE BENNE

together) suggest that the “origins problem” cannot be solved.”




5 paradoxes 1n Ool: Benner Orig Life Evol Biosph 2014

=

2

1. The Asphalt Paradox: an enormous amount of empirical data have > AW, 4

established, as a rule, that organic systems, given energy and left to
themselves, devolve to give uselessly complex mixtures, “asphalts™. ... 1it
1s impossible for any non-living chemical system to escape devolution to
enter into the Darwinian world of the “living”.

2. The Water Paradox: RNA requires water to function, but RNA cannot
emerge in water, and does not persist in water without repair.

3. The Information-Need Paradox: implausibly high concentrations of building
blocks generate biopolymers having inadequate amounts of information

4.  The Single Biopolymer Paradox: Even if we can make biopolymers
prebiotically, it is hard to imagine making two or three (DNA, RNA,
proteins) at the same time. ... genetics versus catalysis place very different
demands on the behavior of a biopolymer.

5. The Probability Paradox: Experiments show that RNA molecules that
catalyze the destruction of RNA are more likely to arise in a pool of random
(with respect to fitness) sequences than RNA molecules that catalyze the
replication of RNA, with or without imperfection.



P N AS RESEARCH ARTICLE | BIOCHEMISTRY |
I
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RNA-catalyzed evolution of catalytic RNA

Nikolaos Papastavrou?, David P. Horning®' (), and Gerald F. Joyce®’

Edited by Jack Szostak, University of Chicago Department of Chemistry, Chicago, IL; received December 7, 2023; accepted January 25, 2024

‘Monumental’ experiment suggests how
life on Earth may have started

Washington Post Mar 9, 2024

This work is great molecular engineering,
but is not relevant to naturalistic Ool!



Engineers can make a car but natural processes
such as waves lapping up on the beach cannot.



Current status

) researchers and believe )
chemistry simplest cell
try to do that natural
this selection will

5% do this

RNA system
that can
replicate

t

Is this life?



Redefinition of “life”

“a self-sustaining chemical system capable of generating
replicates, where those replicates are imperfect, and where
those imperfections are themselves replicable.”

Cleland and Chyba 2002 cited in Benner 2015 Paradoxes

“life 1s that which 1s subject to Darwinian evolution.”

Posted on January 28, 2024 by Paul M. Sutter
The Improbable Origins of Life on Earth
Universe Today — Space and Astronomy News



https://www.universetoday.com/165381/the-improbable-origins-of-life-on-earth/
https://www.universetoday.com/author/pmsutter/

Current status

researchers and believe
try to do that natural

this selection will
do this

chemistry simplest cell

chemical
system that
1 y can replicate
chemistry
alone
must do

this



chemistry

Current status

(7

RNA system
that can
: ,  replicate
a LOT of
engineering

is needed!

—~

this
looks
hopeless
to me

simplest cell




Hype and misleading the public

https://evolutionnews.org/2024/03/james-tour-
offers-three-year-challenge-to-lee-cronin-to-
demonstrate-legitimacy-of-assembly-theory/

10:58 — 15:47

40:15 —42:40


https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/

Hype and misleading the public

Craig Ventor

(CNN) -- Genetics pioneer J. Craig Venter announced
Thursday that he and his team have created artificial life for
the first time.

Using sequences of genetic code created on a computer, the
team assembled a complete DNA of a bacterium, then inserted
1t in another bacterium and 1nitiated synthesis, or in Venter's
words "booted up" the cell.

http://www.cnn.com/2010/HEALTH/05/21/venter.qa/index.html



Hype and misleading the public

Craig Ventor

Scientists Create Simple Synthetic Cell That Grows and
Divides Normally

New findings shed light on mechanisms controlling the most basic processes of life.

March 29, 2021



Craig Ventor

Five years ago, scientists
created a single-celled

synthetic organism that,

with only 473 genes, was

the simplest living cell
ever known. However,
this bacteria-like
organism behaved
strangely when growing
and dividing, producing
cells with wildly different
shapes and sizes.

Hype and misleading the public

the hype

the truth

/

Scientists at JCVI constructed the first cell with a synthetic genome = in 2010. They didn’t build that

cell completely from scratch. Instead, they started with cells from a very simple type of bacteria called

a mycoplasma. They destroyed the DNA in those cells and replaced it with DNA that was designed on a

computer and synthesized in a lab. This was the first organism in the history of life on Earth to have an

entirely synthetic genome. They called it JCVI-syn1.0.




Minimal cells

RESEARCH ARTICLE

SYNTHETIC BIOLOGY

Design and synthesis of a minimal
bacterial genome

Clyde A. Hutchison IIL'*+ Ray-Yuan Chuang,'t! Viadimir N. Noskov,'

Nacyra Assad-Garcia," Thomas J. Deerinck,” Mark H. Ellisman,” John Gill,*
Krishna Kannan,” Bogumil J. Karas,' Li Ma,’ James F. Pelletier,*§ Zhi-Qing Qi,”
R. Alexander Richter," Elizabeth A. Strychalski,* Lijie Sun,'|| Yo Suzuki,’
Billyana Tsvetanova,” Kim S. Wise," Hamilton O. Smith,"* John L. Glass,’

Chuck Merryman,' Daniel G. Gibson,™” J. Craig Venter'**

Fig. 6. Partition of 81 genes
genes into four major 8 1 g enes Una:ls;‘i/%ned

functional groups.
Syn3.0 has 473 genes.

Of these, 79 have no Cytosolic Expression of
assigned functional metabolism genome information
category (Table 1). The 17% 41%

remainder can be
assigned to four major
functional groups:
(i) expression of
genome information
(195 genes); (ii) preser-
vation of genome infor-
gﬂtﬁzrﬁi ag::zi?ﬁél-“) reservation of

) genome information
ture and function (84 7%
genes); and (iv) cytoso-
lic metabolism (81 genes). The percentage of genes in each group is indicated.

195

Cell membrane
18%

8 es

Science 351, aad6253 (2016)

Original Mycoplasma mycoides
genome has 901 genes

M. capricolum with synthesized
minimal genome from M. mycoides
can survive with 473 genes

438 protein-coding
35 RNA genes

obligate parasite

Grows in a rich medium



Replacing a bacterial genome with a
synthetic genome is not “creating
artificial life” or a “synthetic cell”.

Genes are just one component of a
very complicated system

If you get a hip replacement does that
make you an artificial life form?



nature

Explore content v  About the journal v  Publish with us v Subscribe

nature > book reviews > article

BOOK REVIEW \ 05 February 2024

It’s time to admit that genes are not
the blueprint for life

The view of biology often presented to the public is oversimplified and out of date.
Scientists must set the record straight, argues a new book.

By Denis Noble

-much information in cells resides outside of the genome

-rather than genes controlling an organism, it's the organism that
controls the genome

-genome is important but the organism is central



Hype and misleading the public

Typically, a chemical step 1s achieved that does nothing
to address the informational aspect of life, but the
chemical step 1s claimed to be a key to the origin of life.



Hype and misleading the public

We May Finally Know How The First
Cells on Earth Formed

NATURE 04 March 2024 By DAVID NIELD

5% Chem

ARTICLE | ONLINE NOW

Experimentally modeling the emergence of prebiotically plausible
phospholipid vesicles

Sunil Pulletikurti 2 ® Kollery S. Veena ¢ Mahipal Yadav ® Ashok A. Deniz & = e

Ramanarayanan Krishnamurthy 2 4 * Show footnotes

Published: February 29, 2024 * DOI: https://doi.org/10.1016/j.chempr.2024.02.007

cyclic-phospholipid- and phospho-monoester-based chimeric vesicles

structurally
functionally
complex

OO
fatty acid-based double chain phosphodiester-
vesicles lipid-based vesicles



Hype and misleading the public

Current Biology

Science News from research organizations Current Bi()l()gy 2 6,

R1247, 201
Simple fats, amino acids to explain how 7,2016
life began

Feature

Dater - January 12, 2017 How life can arise from chemistry

Source:  University of the Basque Country
A Rapid progress in several research fields relating to the origin of life bring us closer
Summary: A research group has explored how the chemical molecules to the point where it may become feasible to recreate coherent and plausible

that could have given rise to life were assembled. models of early life in the laboratory. Michael Gross reports.

nature

ARTICLES

p ySICS PUBLISHED ONLINE: 12 DECEMBER 2016 | DOI: 10.1038/NPHYS3984

Growth and division of active droplets provides a
model for protocells

David Zwicker"2?, Rabea Seyboldt'", Christoph A. Weber', Anthony A. Hyman? and Frank Jiilicher'™

exaggerated claims



Hype and misleading the public

New Mexico Museum of Natural History and Science

Gas + energy = DNA



Hype and misleading the public

New Mexico Museum of Natural History and Science

Gas + Energy does not equal DNA, so
why does our museum say that it does?



Hype and misleading the public

Cronin - Assembly Theory

Article

Assembly theory explains and quantifies
selection and evolution

https://doi.org/101038/s41586-023-06600-9  Abhishek Sharma', Daniel Czégel>*¢, Michael Lachmann?®, Christopher P. Kempes*,

,504 a1
Received: 1 April 2023 Sara I. Walker>*™ & Leroy Cronin

Accepted: 31 August 2023

Nature 2023, 622, 321



Hype and misleading the public

Cronin - Assembly Theory

{E University => STUDY => RESEARCH -> EXPLORE = (o|

2 of Glasgow

Home / University news / Archive of news / ... / October

UNIVERSITY NEWS

ASSEMBLY TH EORY gn inlternjtional ter?m of .reslefarchers haks i
eveloped a new theoretical framework that
UN I FI ES PHYSICS AND bridges physics and biology to provide a
BIOLOGY To EXPLAI N uniﬁeld a.[iproagh fo[ lir'wderstandin:q hov;/
EVOLUTION AND complexity and evolution emerge in nature.

gy COMPLEXITY

v

SCIENCE & TECHNOLOGY NEWS Assembly Theory: A New Theory of
‘Assembly Theory’ unites physics and Everything?
biology to explain the universe oy it i 1 s 1 Al s o

epiain umcived scien¥ic probierra

Weithen by Cocroa Brochs



Cronin - Assembly Theory

‘A key feature of the theory 1s that 1t 1s
experimentally testable,” says Cronin. ‘This opens
up the exciting possibility of using assembly
theory to design new experiments that could solve
the origin of life by creating living systems from
scratch in the laboratory.’

https://www.chemistryworld.com/news/assembly-theory-puts-chemistry-centre-
stage-to-explain-molecular-complexity-and-lifes-origins/4018228.article



What is Assembly Theory?

G Prof. Lee Cronin {2 X
& 5 @leecronin - Follow

If the origin of life is the origin of evolution & nothing
comes before life then we are indeed stuck. | don't think
we need to be. Let's shed the dogma, ego, & closed minds

& ask the question clearly. How do we detect the onset of
evolution BEFORE biology?

3:15 PM - Oct 16, 2023 ®

® 207 @ Reply (2 Copy link

Read 50 replies

“the onset of evolution before biology” What does that mean?



What is Assembly Theory?
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The Assembly index of an object is defined as the smallest number of joining
operations required to create the object using this model.



Cronin - Assembly Theory

(clips from Tour Cronin debate)

https://evolutionnews.org/2023/12/watch-1t-now-tour-and-cronin-at-harvard/

Selection and evolution before biology 1:04:30
Combinatorial space in chemistry is immense 1:06:50

Selection 1s the driving force that produces protoevolution
outside of biology 1:10:50, 1:11:50, 1:13:20

complex chemistry + selection


https://evolutionnews.org/2023/12/watch-it-now-tour-and-cronin-at-harvard/

Tour’s 3 yr challenge to assembly theory

https://evolutionnews.org/2024/03/james-tour-
offers-three-year-challenge-to-lee-cronin-to-
demonstrate-legitimacy-of-assembly-theory/

44:25 — 48:43


https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/

Cronin - Response
https://www.youtube.com/watch?v=m4VwgFX1Uv4
22:30 - 26:10

“...1t 1s a combinatorial gamish, its a terrible mess. .... 1t was
a mess, but within that mess we saw linear chains 1n quite
high concentrations, detectable concentrations by mass spec”

“I had to add in pure amino acids, ... 1t 1s evidence that
selection has to operate far earlier in a primordial soup which
inevitably 1t has to ...”

“You are going to have all the linkages. In the absence of
selection, 1n a primordial soup, nothing 1s off limits.... The
problem is how deep do you get into the chemical space
before you see what you see in cells. But that 1s because
evolution has to kick mn.”



Hector Zenil (computational biology)

https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-
to-demonstrate-legitimacy-of-assembly-theory/ 56:50 — 57:50
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https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/
https://evolutionnews.org/2024/03/james-tour-offers-three-year-challenge-to-lee-cronin-to-demonstrate-legitimacy-of-assembly-theory/

Tounravel the origin of life, treat
findings as pieces of abigger puzzle

Nick Lane & Joana C. Xavier

Explainingisolated steps
ontheroad fromsimple
chemicals to complex living
organismsis not enough.
Looking at the big picture
could help to bridgeriftsin
this fractured research field.

948 | Nature | Vol 626 | 29 February 2024

he origin of life is one of the greatest

challenges in science. It transcends
mﬁmm

yet has been approached from within

those confines for generations. Not
surprisingly, these traditions have emphasized
different aspects of the question.

Or rather, questions. The origin of life is
really an extended continuum from the sim-
plest prebiotic chemistry to thefirst reproduc-
ing cells, with molecular machines encoded
by genes — machines such as ribosomes, the
protein-building factories found in all cells.

Most scientists agree that these nanomachines
are a product of selection — but selection for
what, where and how?

There is no consensus about what to look
for, or where. Nor is there even agreement.
on whether all life must be carbon-based —
althoughall known life on Earthis. Did meteor-
ites deliver cells or organic material from outer
space? Did life start on Earthin the hot waters of
hydrothermal systemsonland orindeep seas?

Observations alone cannot constrain these
possibilities. The few geological traces that hint
at early life are enigmatic. Is a bacterium-like



Improve publishing practices. Researchers
should aspire to contextualize their findings
in cover letters, papers and press releases, to
give a sense of how the work fits into a wider
framework. Refraining from hype might
seem unrealistic but could work if research-
ers implemented this practice in their roles
as peer reviewers for papers and grants as well
as authors.




My view:

-The problem 1s NOT that some people believe that
chemistry can make life

-The problem 1s NOT that researchers are exploring i1deas to
make a self-sustaining chemical systems

The problem is that the public is being misled!



Current status of Origin of Life research

A. Scientists have made life in the lab from simple
chemicals

B. Great steps of progress have been made recently and the
problem of the origin of life from simple chemicals 1s on

the verge of being solved

C. The origin of life from simple chemicals 1s virtually
impossible and little or no progress has been made

What do you think?



Summary

chemistr researchers and believe
R— Yy try to do that natural simplest cell
this selection will

do this
—_— ‘) | —

chemical system
that can replicate

1. Tour’s challenge relates to real life. (no one responded)

2. OoL research is guided by the idea that life is that which is capable
of undergoing Darwinian evolution

3. For OoL, a self-sustaining series of reactions is the target, and it is
assumed that the complexity of real life will arise from that.

4. Self-sustained RNA-based Darwinism does not yet exist, researcher-
engineered RNA-based Darwinism has improved ribozymes



Summary

o researchers and believe .
— try to do that natural simplest cell
this selection will
do this

—_— ‘) | —

chemical system
that can replicate

5. Lee Cronin proposes that complex combinatorial chemistry can
select itself, avoid tar, and lead to life

6. Self-sustained evolving chemical systems do not exist because
unconstrained chemistry makes asphalt/tar



Discussion

Does it matter if the public is informed on this topic?
Who is on the side of science? (Tour or the 10 researchers?)

Should we wait until an infinite search is performed to conclude that
life did not arise by chemistry alone?

Should the possibility that life did not arise from mindless chemistry
and physics be considered? (science, museums, schools, etc)



Extra slides



Cronin - Assembly Theory

Questions I would ask if I were reviewing this work
for a grant:

What would one do 1n the lab that 1s different from
what has been done 1n the past?

Why should we believe combinatorial chemistry will
produce anything other than “asphalt” or “tar” as has
been shown during the past 50 years?

What 1s selecting among variants before life (or
replication) occurs? (Chemistry doesn’t select and it
doesn’t provide constraints — that 1s why 1t makes tar)



The public in the US is not well
informed on this topic

Has the public been misled on Origin of Life claims?

1. Under simulations of Earth’s early
atmosphere, scientists have mixed
molecules together in laboratories to

produce complex life forms such as frogs.

152 responses

John Narcum, Professor of Marketing

® True
® False

2. Under simulations of Earth'’s early
atmosphere, scientists have mixed
molecules together in laboratories to
produce simple single-celled life forms
such as bacteria.

152 responses

® True
® False




Current status of Origin of Life research

A. Scientists have mixed molecules together 1n laboratories
and created simple life forms (True/False)

B. Gas + energy = DNA (True/False)

C. The public 1s well-informed about the status of OoL
(True/False)



Information is the key

"Our task is to find an algorithm, a natural law that leads to the origin of information."
Manfred Eigen, Steps towards Life: A perspective on Evolution, 1992, pg 12.

"the problem of the origin of life is clearly basically equivalent to the problem of the

origin of biological information."
Bernd-Olaf Kuppers, Information and the Origin of Life, 1990, pg 170-172

"Theories of prebiotic natural selection need information, which implies that they have
to presuppose what is to be explained in the first place."
Christian de Duve

"Viewed in this way, the problem of the origin of life reduces to one of understanding

how encoded software emerged spontaneously from hardware."
Paul Davies, The Fifth Miracle, 1999, p 115.



Definitions of information

1. Syntactic: use of symbols, rules
2. Semantic: conveying a meaning or message

3. Shannon:
=-log,(p) (not useful for detecting design)

4. Kolmogorov: algorithmic def - length of the smallest
program that can produce a given output, compressibility

S. CSI, functional information, Shannon — Kolmogoroyv,
number of ways to “break” a system



Shannon information is not useful for describing life

[C]lassical information theory [1.e., Shannon information] ... does
not consider the meaning of a message, defining the information
content of a string of symbols as simply that required to specify,
store or transmit the string. ... A new measure of information —
functional information — is required to account for all possible
sequences that could potentially carry out an equivalent
biochemical function, independent of the structure or mechanism
used.”

Nobel prize winner Jack W. Szostak, “Molecular messages,”
Nature, Vol. 423: 689 (June 12, 2003).



Shannon information is not useful for describing
life!

“... propose to measure the complexity of a system in terms of
functional information, the information required to encode a
specific function.”

Robert M. Hazen, Patrick L. Griffin, James M. Carothers, and Jack
W. Szostak, "Functional information and the emergence of

biocomplexity," Proceedings of the National Academy of Sciences,
104:8574--8581 (May 15, 2007)



The amount of functional information in the
simplest free living cell is inconceivably great!

None of the claims of progress address the origin of

information!

"A law of nature of the sort we know and love will not
create biological information, or indeed any information
at all. ... The secret of life lies, not in its chemical basis,
but in the logical and informational rules it exploits. ...
Real progress with the mystery of biogenesis will be
made, I believe, not through exotic chemistry, but from
something conceptually new."

P. Davies, The Fifth Miracle, pg 210 — 216, 1998.

A Times Literary Supplement Book of the Year

DNA AND THE EVIDENCE
FOR INTELLIGENT DESIGN

STEPHEN C. MEYER

2009
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Abstract

Background: Recent developments in cosmology radically change the conception of the universe
as well as the very notions of "probable” and "possible”. The model of eternal inflation implies that
all macroscopic histories permitted by laws of physics are repeated an infinite number of times in
the infinite multiverse. In contrast to the traditional cosmological models of a single, finite universe,
this worldview provides for the origin of an infinite number of complex systems by chance, even as
the probability of complexity emerging in any given region of the multiverse is extremely low. This
change in perspective has profound implications for the history of any phenomenon, and life on
earth cannot be an exception.

Hypothesis: Origin of life is a chicken and egg problem: for biological evolution that is governed,
primarily, by natural selection, to take off, efficient systems for replication and translation are
required, but even barebones cores of these systems appear to be products of extansive selection.
The currently favored (partial) solution is an RNA world without proteins in which replication is
catalyzed by ribozymes and which serves as the cradle for the translation system. However, the
RNA world faces its own hard problems as ribozyme-catalyzed RNA replication remains a
hypothesis and the selective pressures behind the origin of translation remain mysterious. Eternal
inflation offers a viable alternative that is untenable in a finite universe, i.e., that a coupled system
of translation and replication emerged by chance, and became the breakthrough stage from which
biclogical evolution, centered around Darwinian selection, took off. A corollary of this hypothesis
is that an RNA world, as a diverse population of replicating RNA molecules, might have never
existed. In this model, the stage for Darwinian selection is set by anthropic selection of complex
systems that rarely but inevitably emerge by chance in the infinite universe (multiverse).




The universe could be a computer program
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program, but it may not matter

| Several physicists have suggested that our Universe is not
real and is instead a giant simulation. Should we care?

By Philip Ball
5 September 2016

This story is part of BBC Earth's "Best of 2016" list, our
greatest hits of the year. Browse the full list.



Distinguishing science from
naturalistic philosophy

(13

. we have a prior commitment, a commitment to
materialism. It is not that the methods and institutions of
science somehow compel us to accept a material
explanation of the phenomenal world, but, on the contrary,
we are forced by our a priori adherence to material
causes to create an apparatus of investigation and a set of
concepts that produce material explanations, no matter how
counterintuitive, no matter how mystifying to the
uninitiated. Moreover that materialism is absolute, for
we cannot allow a Divine Foot in the door.”

Richard Lewontin, New York Review of Books, Jan. 9, 1997.

Cause(s)
outside nature

Nature is all
there 1s




Distinguishing science from
naturalistic philosophy

(13

. we have a prior commitment, a commitment to

materialism. It is not that the methods and institutions of
science somehow compel us to accept a material Nature is all
explanation of the phenomenal world, but, on the contrary, there is

we are forced by our a priori adherence to material

causes to create an apparatus of investigation and a set of
concepts that produce material explanations, no matter how
counterintuitive, no matter how mystifying to the
uninitiated. Moreover that materialism is absolute, for
we cannot allow a Divine Foot in the door.”

Richard Lewontin, New York Review of Books, Jan. 9, 1997.

What’s wrong with a Divine Foot in the door?

Whose job is it to decide that for the rest of society?

What does “cannot allow” mean?



Distinguishing science from
naturalistic philosophy

Matter and
energy is all
there 1s

If materialism is not true,
then one must choose between
the impossible and the
unthinkable




Distinguishing science from
naturalistic philosophy

Matter and
energy is all
there 1s

Faced with a choice between the
impossible and the unthinkable,

a committed naturalist chooses the
impossible and hopes (has faith)
that naturalistic solutions will
eventually be found.




Distinguishing science from
naturalistic philosophy

(13

. we have a prior commitment, commitment to
materialism. It is not that the methods and institutions of
science somehow compel us to accept a material
explanation of the phenomenal world, but, on the contrary,
we are forced by our a priori adherence to material
causes to create an apparatus of investigation and a set of
concepts that produce material explanations, no matter how
counterintuitive, no matter how mystifying to the
uninitiated. Moreover that materialism is absolute, for
we cannot allow a Divine Foot in the door.”

Richard Lewontin, New York Review of Books, Jan. 9, 1997.

What’s wrong with a Divine Foot in the door?

Whose job is it to decide that for the rest of society?

What does “cannot allow” mean?

Theism
Creation
Religion
Irrational
Subjective
Fantasy

Naturalism
Evolution
Science
Rational
Objective
Reality

In this view science can
only be on one side!




Redefinitions of life:

“a self-sustaining chemical system capable of generating
replicates, where those replicates are imperfect, and where
those imperfections are themselves replicable.”

Cleland and Chyba 2002 cited in Benner 2015 Paradoxes

“life 1s that which 1s subject to Darwinian evolution.

The interconnected nature of DNA, RNA, and proteins means
that 1t could not have sprung up ab initio from the primordial
ooze, because 1f only one component 1s missing then the whole
system falls apart — a three-legged table with one missing cannot
stand.”

The Improbable Origins of Life on Earth, Universe Today — Space and Astronomy
News, Posted on January 28, 2024 by Paul M. Sutter.



https://www.universetoday.com/165381/the-improbable-origins-of-life-on-earth/
https://www.universetoday.com/author/pmsutter/
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https://trienens-institute.northwestern.edu/news-
events/news/2023/unlocking-the-mysteries-of-chirality-
induced-spin-selectivity-ciss-in-isolated-molecules.html

https://www.science.org/do1/10.112
6/science.adj5328
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Non-Enzymatic Assembly of a Minimized RNA Polymerase
Ribozyme

Falk Wachowius®™ " and Philipp Holliger*® ChemSystemsChem 2019, 1, €1900004 (1-4
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Figure 1. RNA ligation by phosphoimidazolide (Imp) activation chemistry.
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such Imp-activated RNA fragment pools. Specifically, we show
assembly of a newly selected minimal RNA polymerase
] ribozyme variant (150 nt) by RNA templated ligation of 5'-2-
this have to OoL? methylimidazole-activated RNA oligomers <30 nucleotides
long. Our results provide support for the possibility that
complex RNA structures could have emerged from pools of
activated RNA oligomers and outlines a path for the transition
from non-enzymatic/chemical to enzymatic RNA replication.

What relevance does
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of functional information from template to cRNA. A polymerase
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In vitro evolution:

A pool of synthetic oligodeoxynucleotides was prepared, encoding the WT polymerase
ribozyme randomizing all nucleotide positions between the two primer regions at a
frequency of 10% per position.

The DNA was made double-stranded by primer extension using SuperScript Il reverse
transcriptase

The yield of full-length dsDNA was 165 pmol (55% extension efficiency), corresponding
to 104 distinct sequences. The dsDNA was amplified by five cycles of PCR and then
purified using the Qiagen PCR purification kit.
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Transcription: DNA to RNA
In vitro evolution: Reverse Transcription: RNA to DNA

-in vitro transcription of the population of ribozymes
-tethering of an RNA primer to the 5’ end of the ribozymes

-ribozyme-primer conjugates were annealed to a template RNA, and the primer was
extended by the ribozyme in the presence of the four NTPs

-the extended materials were captured on streptavidin, the template RNA was
removed, and the desired products were selected by either a gel-shift method or
capture of a ribozyme-synthesized aptamer.
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In vitro evolution:

-For gel-shift selection, the products were separated by PAGE and the fully extended
materials were eluted from the gel and reverse transcribed. For aptamer-based
selection, the ribozyme portion of the products was reverse transcribed to form an
RNA—cDNA heteroduplex, and then extended materials that contained a functional
aptamer were captured by binding to the corresponding ligand (cyanoco- balamin or
GTP).

-In both cases, the isolated cDNA was amplified by PCR, followed by in vitro
transcription to generate the progeny population of ribozymes.
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RNA polymerization: RNA enzyme + RNA template + RNA primer

RNA amplification by riboPCR: 400 nM 24-3 polymerase, 200 nM each primer, and
varying amounts of template, + other stuff, Bio-Rad C1000 thermocycler

DNA Denaturation  Annealing Extension

ST 5 TTTTT 5 [TTTT1
T « LLI 3 ULLLLI

m — STl
UL 3 LLLLL 3 LLLLL]
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ABSTRACT:

Thus, the two prerequisites of Darwinian life—the replication of genetic
information and its conversion into functional molecules—can now be
accomplished with RNA in the complete absence of proteins.

CONCLUSION:

To achieve fully autonomous RNA replication, these two activities must
be combined and further improved to provide a polymerase ribozyme that can
replicate itself and other ribozymes of similar complexity. Such a system could,
under appropriate conditions, be capable of self- sustained Darwinian evolution
and would constitute a synthetic form of RNA life.



