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Dr. Woolf, a Neuroscientist with the University of California at Los Angeles, shares her explorations
and theories addressing the latest advances in neuronanotechnology concerning some of the
important mental illness issues of our society.

My talk on neuro -techno logy to cure criminality These different approaches are in their earliest
and mental illness will cover a stages.
conceptualization that is motivated by

nanotechnology [1] and what this very exciting Il 6m going

new field may be able to afford us. | want to "One biomolecule of to talk in

point out first that in order to elucidate interest is the microtubule particular
and there has been a about

number of research

potential cures, we have to first have a

physically detailed model of . data that
forays into how the

yet have that. . . I collected
microtubule might X
participate in higher over the

What |1 dédm going to present t o consciousness." past ten

a simpler, rather than a more complicated, to fifteen

conceptualization of how the brain might years

encode a single thought. | want to stress that relevant to how microtubules participate in

this is an idea, not established fact, and | learning and memory.

welcome your constructive criticism.

Neural [2] networks are part of the solution of

figuring out how the brain produces mind but a

bio -molecular or biophysical approach is

ultimately going to be the most comp lete.

2
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In Order to Elucidate Potential
Cures a Physically Detailed
Model of Mind is Needed

Neural networks are part of the solution.

Biomolecular and biophysical approaches
offer the most complete description of mind,
but are in the early stages of development.

One biomolecule of interest is the
microtubule.

Image #1 - Neural Networks

Ther e
present,

dat
I d&dm goin
theoretical conceptualization. The current
approach | 6 nodefn&thenund ass
uni que, interwoven

are empirical

whi ch

col |
going to have as a goal the understanding of a
single thought.

Some people in the field have been talking
about starting with the single molecule or
starting with the single neuron [3] .1 é m g
to start with the single thought and try to

come up with some kind of fingerprint or

for a

bl ueprint singl e

little heads -u p , I dm going to
single thought as a pattern of electromagnetic

current transmitte  d and amplified along some
[4]

microns to five, maybe even ten microns,

length of a microtubule |l et &s
which in some cases might be the full length of
the microtubule inside of a neuron. We call the
transmission of current along a microtubule

Afonductive signaling. 0

And ) ] ]

much "The conce.ptuallzgtlon is that

ke you we hfavg aflngerp_rlnt
consisting of a microtubule

LCL N [ ot stores a template for an

LGN lectromagnetic wave."

a sound

wave, a complex sound wave with timber,

there would be a  fundamental frequency along
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with sub -harmonic components. You have
something specific that could represent
information.

Then | would envision that this would be
redundantly expressed.
present t he
the neuron that represents your grandmother.
Thi s
widely disputed, but the present idea is that
there are a lot of microtubules bearing a

notion to

idea of a

particular fingerprint in a few, maybe even as

few as one neuron,
Ehat Yv%ul%begc%nﬁraht%a SPeglfIC idea or piece

of inforg1ation stored s?n‘hewhere in our brain.
combri ne Wi a

But memory storage is also highly distributed,
g0 e>(<)a%:t copigs c?f l}hés rt]ep‘l%la_te fO( aﬁp%ttern of
transmission along a stretch of microtubule
would als o be expected to occur in multiple

neurons and in multiple brain ar
both storage in a highly concentrated form and
wi der dispersal. I 611l talk more
show a picture illustrating what
about.
Now, the advantage of looking [T
at microtubules is that they are
microtubules lend themselves a good
to nano and neuro- starting
nanotechnology, which is the .
new frontier for understanding  |idkaid
cell function... looking

for

treatments, and even possible cures, for

neurologi cal and psychiatric
going to eventually talk about how the nervous
system is plastic, and how microtubules seem
to be able to permanently encode information.
And

empirical evidence.

thatés something for

If nanotechnol ogical approaches could
permanently change the structure of
microtubules and alter transmission and
amplification of information, then such an

approach could conceivably offer a potential

Let 6s
figrandmot h

Afgrandmot her

di sorder

whi ch

com

cel |

Iri keeelal ,0gr and
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cure or long lasting treatment for certain

neurological and psychiat r i ¢ di sor der s.
a little bit more about that, but bear in mind
thatdés a |l ong way off, this

forecast.

Thoughts are stored.in memory.

Leading to the question: How is
memory stored?

Image #2 - Thoughts
Thoughts are stored in memory, we all know
this. That leads to the question how was a
memory stored in the first place? Lots of
people have been talking about synapses
today. | was trained as a neuroscientist and we
all
synapse
-synaptic storage of

learned all about synapses
ked
to make arguments for sub

[5] and almost

we t al about were

memory rather than synaptic.

This means moving the storage site from the
synapse to the microtubules in the dendrite [6]
that lie beneath the synaps e. Many ofo ur
strongest synapses are on something called
spines. These are appendages on dendrites
that are filled with actin filaments rather than
microtubules, but the actin filaments connect

with the microtubules.
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Microtubules & MAP2
cross-bridges
inside dendrite

PLPLC

During learing, there is activation of...

acetylcholine and glutamate terminals, thereby
affecting neurotransmitter release.

actin filaments, microtubules, and MAPs, thereby.
affecting their conductive signaling properties.

Image #3 - Learning

Since we have good evidence that memory

might be stored in microtubules, it follows that
perhaps memory is stored in the sub -synaptic
zone. Now, it would further follow that the se
microtubules could still serve very basic
housekeeping functions, for example,
transporting receptor proteins like the AMPA
glutamate receptor protein or the NMDA
glutamate receptor protein.

[7]

Arguments for Subsynaptic
Storage of Memory

Synapses (many on dendrite spines) are
transiently plastic; most return to baseline.

Dendrites continue to grow as intellect grows.
Microtubule matrices inside dendrites determine

synaptic strength because they control transport
and local protein translation.

Microtubules store information via patterns of
microtubule-associated proteins (e.g., MAP2);
these patterns are determined by tubulin isotypes.
But how does this translate into a mental state?

Image #4 - Arguments

These microtubules, if they indeed store
information, could then do more than just
transport receptors. They could store
information that tells those tracks how and
when to start transp  orting excessive amounts
of receptors, and to which synapses.

Even though synapses are plastic, and it has
been documented that they change with

learning and memory, many studies that have
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looked at these changes over the long -term translate into a mental state?
show that these changes disappear within
hours or days. Even when we 6 Well beforolladdmess that directly, | want to
synaptic efficacy, that is changes in synaptic go over the empirical data that we collected.
strength, these changes also disappear in a What happens inside of nheurons when animals
matter of days to weeks. learn? What | mean by learn is that animals

show improvement on such tasks as fear
Now, I dondét want to ar gue t bondtionmg avoidanceé aomditioning, and
much, because there are studies that d 0 seem spatial navigation. These are well known
to suggest long -term storage in synapses. On training paradigms that are routinely used i n
the other hand, it is unequivocal that dendrites the laboratory. We and others found that MAP2
continue to grow as we mature and [3], which is a microtubule associated protein,
presumably as we learn more and more. and tubulin are reorganized with memory

tasks.
Why should we expect information storage to
occur in microtubules? For one, micro tubules We showed, for example, that both the MAP2
occupy the vast majority of space the inside of and the tubulin proteins are proteolyzed [4] .
the dendrite, along with a few mitochondria [1] In other words, the pr  otein is broken down
there arendt t oo ma-teflulac o mp et with §ear sonditioning. This indicated to us that
organelles. The microtubule tracks fill up the what 6s probably happening is t
neurons and in particular the dendrite shaft. broken down, then a new structure is formed,
The neurofilam ents lie alongside the and that is the new architecture of the neuron.
microtubules in the axons, but in the dendrites That would be important for memory storage.
there is an abundance of microtubules and
their associated proteins. Dif ferent laboratories replicated and extended

our initial findings on MAP2 and memory. One
Information storage in microtubules also laboratory found that the involvement of MAP2
enables them to govern transport functions. was essential to fear conditioning. Another

Thereds tr ans poimportaotffor pr ot e i n &boratory found that passive avoidance, a

mai ntaining synaptic str engt Hifferet kinel of éedrsng,acorgao nized the
transport of messenger RNA. Messenger RNA patterns of MAP2.

[2] transported in dendrites enables proteins

to be translated right on t h®APRR[sadrass -Hbridgeolhndctotutiles are the

into any more detail on this. sides of the ladder, then the MAPs are the

rungs of a ladder. The MAPs act to strengthen
What | am going to talk about mo re is the fact the structural integrity of the microtubule
that there are different tubulin isotypes and matrices, but they may also play a role in
that these indeed are important because they tra nsmitting and amplifying information as
determine the binding patterns of microtubule discussed earlier. Just as these MAP cross -
associated proteins (MAPs). The MAPs decorate bridges reorganize with learning, kinesin [5],
the microtubules and varying concentrations of which is a microtubule motor protein, plays a
differentt ubulin isotypes will produce different role in learning. Kinesin is a motor protein that
patterns. walks along the microtubules.
What does this mean? How could the patterns Here is a picture of our dat a.
along microtubules made by the MAPs immunohistochemical data showing that in a
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napgve control rat, thereds | Dftentheee aie nthet newrotramsmyttere f

breakdown of the MAP2, whereas in these two involved, as well, but to keep this reasonable

trained rats, there is increased breakdown of simpl e, |l 6ve | imited discussi on
the MAP2 showing up as a darker stain

because broken down protein has more In the spine, there are actin -filled

antigenic binding sites. We also confirmed microfilaments. These can communicate with

these results with the immunoblots, which the microtubules inside the dendrite shaft and,

measure actual protein levels so we know that as | mentioned, these microtubule associated

the intact protein was broken down. proteins, like MAP2, form bridges, but they

also do more that | want to talk abou t.

The MAP -2 bridges attach to the microtubule
and when they are  phosphorylated [7], they
extend outward. When the MAPs are de -
phosphorylated they fold inward. Microtubules
have about 43 phosphorylation sites

determining how much they extend out or fold

in.

Naive Control

Increased MAP2 immunostaining in hippocampal
CA1 pyramidal cells is due to increased breakdown
of these proteins (confirmed by immunoblotting). provides a physical basis for a contour along

the microtubule which could indeed represent
information. This essentially is the idea that

The extent to which MAPs extend out or fold in

Image #5 - MAP2

Here is an example of reorganization. These lom developing, that we could ha

MAP2-enriched cells in a module of cerebral that would representi  nformation inside of the

. cell that would then coordinate with
cortex are surrounded by regions of the

cerebral cortex that show lesser amounts of housekeeping functions like transporting

this protei n and lesser amounts of break down receptors to synapses. This physical contour

of this protein. We have observed that the would be capable of transmitting and

modules showing enhanced staining differ from amplitying information in the form of

. . - electromagnetic waves.
animal to animal and staining appears to be

based on the most recent experience of an

animal How could these proteins be phosphorylated

with learning or synaptic activation? During

Let me spend a bit more time on this particular learning we have activation at both glutamate

diagram. This diagram is a schematic showing and acetylcholine terminals leading to more

the synapses involved with learning. We have neurotransmitter release. After these

neurotrarhsmitte[s bind with their rec?p}]ors,
0s "the erminal na't
they activate second messengers, which in

the glutamate terminal, t hat

releases the neurotransmitter glutamate. And
turn phosphorylate microtubule proteins, such

ﬁsa %2'5

we have this
[ 6] acetycholine terminal,k t the terminal

that releases acetycholine.
And then there is conductive signaling along

microtubulets, which will be affectep py the
'ng, hetr e 1°'s "0 en
phosphorylation of MAPs. Rather than

ltdéds known that during | earn

co-release of both glutamate and acetycholine.
microtubules being mere structural entities or

Copyright © 2007Terasem Movement, Inc.



Volume2, Issue2 TheJOURNAL of GEOETHICAL NANOTECHNOLOGY  2nd Quarter, 2007

even transports tracks, they may transmit Now, | want to spend some time talking about
information according to their semi -conductive bi polar disorder and then 1611
properties. the microtubules might be involved in this
disorder.
| also mentioned there are different tubulin
isotypes, especially in the brain. But why are First, some very basic facts: Bipolar disorder is
there so many isotypes in the brain? Most cells an effective disorder, in other
in the body only have the most prevalent mood di sorder. It afflicts as much as four
tubulin isotype. Beta -1, for example, is a percent of the popul ation. It bés
tubulin isotype thatds f oun ddranmticaHadgesdinenbdds shiftsTirbne r e
are rarer Beta -2, Beta -3, Beta -4, and [Beta -6] depression to mania, hypo  -mania or mixed
tubulin isotypes that are specifically found in states to periods of normal mood. Bipolar
brain. Why? disorder has been shown to involve changes in

the cingulate cortex, orbitofrontal cortex [1],
"l propose that these mU|t|p|e hippocampus [2], and amygdala [3].
tubulin isotypes in brain enable
a semi-periodic distribution of

"There are a number of studies that
these rarer tubulins such that suggest there are deficiencies or

there can be varied information

problems with both tubulin and the
MAP2 in bipolar disorder."

Where theredés too much orderliness, t his
interferes with the potential for diverse

information. In oth  er words, you need some

chaos or randomness for there to be specific

information.

If there is only the most prevalent type of
tubulin, the Beta -1, the microtubule structure
is too orderly for there it to represent many
different examples of specific infor mation;
thatdos the idea. Another idea is that when
these different MAPs are de - phosphorylated, . .

. ) Image #6 - Bipolar Disorder
the microtubule acts as a universal cable o}
transmitting nearly any information. However,
when these MAPs are phosphorylated and the
contour is exposed, then only specific

The drugs that are used to treat bipolar

disorder are collectively called mood stabilizers
because they treat both the depression, as well

as the mania (they norm  alize mood by bringing
up depressed mood and decreasing mania).

information that matches this contour can be
amplified.

Based on what is known about microtubules,
one would expect that information can flow
longitudinally down the microtubule, as well as
transversely, from one microtubule to its
adjacent neig hbor.
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