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3 Perspectives

® Brains and cognition have evolved much the way,
hair, hands and eyes have evolved -- to solve
problems in the world

® Evolution and cognition are fundamentally similar
processes using different mechanics

® Cognition is ubiquitous - not restricted to brains -
and this is required for brains to have evolved.
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"In the struggle for survival, the fittest win out at the n

expense of their rivals because they succeed in adapting
themselves best to their environment."

"I have called this principle, by which each slight
variation, if useful, is preserved, by the term Natural
Selection”
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“Biological offspring are the hypotheses of their
parents, formulated through the success of their
ancestors predicting the future state of the world”



The Implications &
Requirements of Inference
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“The only cognitive system is the nervous system”




An Evolutionary Limitation
of the Neural Bias.



Millions of years ago
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The Multicellular
Argument



Multiple, independent origins of multicellularity
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Pre-Neural Cinema

“In Life Cognition is Everywhere”

- Georgio LUCAs (Last Universal Common Ancestor(s))
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Part |: Genomic Cognition

® (Genetic sensation and
programmed adaptive behavior
- operon to GRN

® Efficient Representation of
genetic memory - compression

® |imitations of genomic
cognition - evolutionary
information storage law



The lac Operon and its Control Elements
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Mrizzled
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Genomic Representation

The Ingenuity & Ambiguity of the “gene”
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THE ARCHIMEDES PALIMPSEST
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THE GENETIC PALIMPSEST
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A LINGUISTIC PALIMPSEST

ONT ONELWHYEEL

/ +2 5/&&95\

ON  TONE WHEEL ONTO NELW HEEL







ASIOD yTUM BT

Sulolobus SOTatancys Crenirchaeota

P yrobeasdum serophbum

s High temperatures

Methanop wus bandien

Pa P rrococcus sbyaw

i © rrocoscus hom oshe Euryarchaeota
Methanooacous mene sl

THeMOPI Sma vOKarsum

P TP e 8CsIoptban

QU Oty Sulptuy

Acetivomns

Aquite « aecha
The Jamawtmn

LT | E] ealvt
W MHme O .
J ] ] ]
“ ) na
My . h

e s pOe niae

—— Firmizutes

% )

1 "

= ¥ 1]

Y= 7 5 y

™ acedot .

Fusobactesum nucieatur
Syechocysts 5p
Denococcus mdodurans Cyan sbacteria

Nostoc

Corynebacterum ghutsmocum g )
Mycobacterum tuberculods Actirobacteria
hiamydia trechom of)
“hiamydophila pneumoniae .
Spirochaetes & Chlamydae

Bomeha burgdoried

Trponesa palidur

Epsilon-Proteobacteria

Mesomizobum o)
Agrobactenum Sumefaciers
Baicola madtansie
Snomimbum medot| .
e Alpha-Proteobacteria
Nchefizia conom
Rchofisia prowaebi

amonela Byphimunum
F sonerichea col

arsnm pestes
Haemophius niuanzss
P asteureda mutockda
NV . Gamma-Proteobacteria
Buchners sphedcole
P seudomonas aemuginose
Kylels tasbdiozs
Ralstorne molanace arum

Nezzseana m eningtdis




Computational Limitations
of Genomes

The Constraint of Evolutionary Light Speed



Fundamental Constraints in Physics
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Phos p/?c/‘y/ al1on:

Modulation of Protein Function
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Kinases ~ 2% genes (kinome)
Phosphorylate around 30% proteins
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Computations, Algorithms
Mechanisms
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THE MOLECULAR AaBACUS
Third Tier Concentrations
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Place Value-based Number Systems







Communication

Persistent Protein Kinase
Activation in the Maintenance
Phase of Long-term Potentiation*

(Received for publication, September 12, 1991)
Eric Klann, Shu-Jen Chen, and J. David Sweatt

From the Division of Neuroscience, Baylor College of
Medicine, Houston, Texas 77030

Long-term potentiation (LTP) of synaptic transmis-
sion in the hippocampus is a robust form of synaptic
plasticity that may contribute to mammalian memory
formation. A variety of pharmacological evidence sug-
gests that persistent kinase activation contributes to
the maintenance of LTP. To determine whether per-
sistent activation of protein kinases was associated
with the maintenance phase of LTP, protein kinase
activity was measured in control and LTP samples
using exogenous protein kinase substrates in an in
vitro assay of homogenates of the CA1l region of rat
hippocampal slices. After LTP, protein kinase activity
was persistently increased, and the induction of this
effect was blocked by the N-methyl-D-aspartate recep-
tor antagonist DL-2-amino-5-phosphonovaleric acid.
The increased protein kinase activity was found to be
significantly attenuated by PKC 4 _34,, & selective pep-
tide inhibitor of protein kinase C. Thus, LTP is asso-
ciated with an N-methyl-D-aspartate receptor-me-
diated generation of a persistently activated form of
protein kinase C. These data lend strong support to the
model that persistent protein kinase activation con-
tributes to the maintenance of LTP.

The Journal of Neuroscience, June 15, 2000, 20{12):4497-4505

Presynaptic Protein Kinase Activity Supports Long-Term
Potentiation at Synapses Between Individual Hippocampal Neurons

Paul Pavlidis, Johanna Montgomery, and Daniel V. Madison
Department of Molecular and Cellular Physiology, Stanford University School of Medicine, Stanfora,

California 94305-5345

Simultaneous microelectrode recording from two individual
synaptically connected neurons enables the direct analysis of
synaptic transmission and plasticity at a minimal synaptic con-
nection. We have recorded from pairs of CA3 pyramidal neu-
rons in organotypic hippocampal slices to examine the proper-
ties of long-term potentiation (LTP) at such minimal
connections. LTP in minimal connections was found to be
identical to the NMDA-dependent LTP expressed by CA3-CA1
synapses, demonstrating this system provides a good model
for the study of the mechanisms of LTP expression. The LTP at
minimal synaptic connections does not behave as a simple
increase in transmitter release probability, because the ampli-
tude of unitary EPSCs can increase several-fold, unlike what is
observed when release probability is increased by raising ex-
tracellular calcium. Taking advantage of the relatively short

axon connecting neighboring CA3 neurons, we found it feasible
to introduce pharmacolcgical agents to the interior of presyn-
aptic terminals by injection into the presynaplic soma and have
used this technique to investigate presynaptic efects on basal
transmission and LTP. Presynaptic injection of nicotinamide
reduced basal transmission, but LTP in these pairs was essen-
tially normal. In contrast, presynaptic injection of H-7 signifi-
cantly depressed LTP but not basal transmission, indicating a
specific role of presynaptic protein kinases in LTP. These results
demonstrate that pharmacological agents can be directly intro-
duced into the presynaptic cell and that a purely presynaptic
perturbation can alter this plasticity.

Key words: long-term potentiation; presynaptic; protein ki-
nase; hippocampus, electrophysiology, synaptic transmission
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Fundamental Limitations
of Cells

The Search for an Eigen-Muller
Style Principle for the Cell
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Summary - things to consider

Evolution and cognition are
both inferential processes

Cognitive molecular devices
are ubiquitous

Much as we can consider
mechanism, algorithm and
function for brains we can do
so for cells (e.g. molecular
abacus)

Genomes are inferentially
limited by the Muller-Eigen
principle

® Cells (receptor & protein
networks) multiply genetic
states, and introduce new
integration and temporal
functions

® The seeds of neural cognition
(representation, logic-switches
and memory) reside in
genomic and cellular cognition
(smaller and smaller elephants
much of the way down..)
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