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a, To investigate the molecular organization
or- neuronsa;

b• Tn£T ".0oate and characterize chemically and
s1::uctvrally constituents of axoplasm ob-
Ima:Uvi by extrusion from squid giant fibers;

c, Tv . attempt to r:el;ate such information to
n'.i:ortal function and eventually to brain
f i:;-Aation.

A -reil-::con l.aboratory at the Marine Biological
rt-".c:: at 'lIontemar.p Caile, has been outfitted

vt':- e,;jLpmoment needed to make physicochemical and
i3a.:,tlzal studies of the fibrous protein and

o1ie5: :,-nst`Ituents of the axoplasm of the giant
. of the large squid Dosidicus gigas.

Dr. I". Hurtew-oCox, after a year's training in
biaphyeicz1. chemistry at M.IoT., has returned
t1:) Chila to conduct the experiments there. Axcon
m•i';e::ii.• haai been dissected from a large number
of iu and stockpiled for future analysis.
£iz.1t.al experiments have been made in an investiga-
tion i~ito the possible function of the fibrous
rr,•rot.n which i•s ubiquitous to all neurons.

Coam 'deration has been given to the possible role
c'f n,,r••onial macromolecules in encoding experiential
info.mz-tion in long-term memory and learning.



\s e:p.?la~c�• in last yeaer's report, Dr. P. Huneous-
CoW: was :.Xrained in this laboratory iW the techniques
,:vf p't .n ".physical chemistry and in the nerve-;mrrram -#f this laboratory. In July 1962 Dr. Huneeus
:oturr.e' to Chile and occupied -the three laboratory
-o p%'T p a•:j:ed for our Unit at the Marine Station in

.•- ad' jacent to Valparaiso. He took with him
Jz.r'~e ,,.Iiety of physLcal-chemical equipment and

nipl-eI;- because of the lack of such material in Chile.
•t~.th th, laboratory thuxi equipped and with the help
)fa aa.istant and a d.ener employed a few months
-fixir hit; arrival, Dr. Ifuneeus began the experimenta-
ivi(,n f-,,- vhich this -ather elaborate planning was
,iija, •.2:i~A0  This also constitutes the major effort
.: thf; ,x-boratory in this program though the feed-
",)a-h u l- the home labo::atory at oXo1To was kept
_Io:'-:Lr ýo-i a weekly basi.s) and nerve material was
• •.- o io.oIT. for analyrsis and characterization.

•'Tn- November 1962, the development of the project
xao ht-m 'red by disappearance of the squid from the
uwial0 f•.i;hing grounds. Until squid could again be
:.-vied, Dr. Hunee-u ea.plored a variety of other

l.tc,.al fa-ia, arnd in particular found that a local
ix.;.- l&Mpry appeared to be suitable for studies

on the nerve cou.positioai and structure. However, his
in-7ol5.1iTation of these inimals was postponed when squid
agin bu•,twe plentiful. It is planned to keep the
1, y ,ijrk for Zuch pAriods during which no squid

ax- ava.AzdAle.

Si . e No-m.mber 1962 nearly 1,500 large squid have
";otan disUsected and from most of these animals the
a-r;,;.9i has been extruled,, dialyzed, the dialyzable
co:ititq:*nts frczen-dried for study at a later date,
an." th;e high molecular-weight constituents have been
atidicd roy viscometric, flow birefringence. and other
tef kin.Lq':,j. These prepaations have also been fraction-,
abýd and further analytical studies have been performed
on -0he fractions.
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"• THE,(tC•L I OTIGATIONS OP AXOPIJLI(XC COSSTITUENTS

A .r Fibrou, Protein (Neurofilarants)

..o Sta-bill_ - The stability of the extruded axoplasm
znd0 i' ±artLa ta o maintenance of the structure of
t ; h..gh1,y &synwmtric filamentous protein, the neuro-

IX ;'•] iIan been studied as a function of ionic strength.
ZId ý.emerature. It was four.d 'ciat at ionic strengtls

cztwJaen ).I and 0.2 tae protein w'as much more stable than
t i%, o,: at higher ionic strengths, and the stability

- 3E 1L:,d2l be..-vmen p..s 7.2 and 7.5 with both the viscosity
zal flow : irefringence of the preparations falling off
.:api.ly as the 11P was raised; the solutions also showed•,
,;n '..: 1 'i:g,, a pzogressive opalescence which ultimately
cazteAd in the precipitation of the protein. This opales-

. ~inreased wore ::apidly in high ionic strength solu-
ti•n.. :'.':a 1crw ionic ,;trangth solutions, the axoplasm
atiow,,- za very high viaccosity, but a surprisingly low bire-
.rir,'ýencnO, and the opZle3cence was also very small.
3ince It :memus rnlikely that all of this viscosity can
.33 aBscri, iA to electrostatic interactions between charged
*.YJeculef, ani to tho absence of counterions. it appears

:-;Able -zhat in loqi ionic strength solutions a dissocia-
tion of -;he fiirous protein proceeds in a manner still

kncm•t iaid previously unsuspected. Some further indica-
tim c-f ; molecular change is given by the observation
Aat e.!ectrophoresis of -the axoplasm extruded and dialyzed

, =cder•ate ionic strength shows only two high molecular
% jibht c(,nponents present (in confirmation of earlier

3!:udia irforn-l at 1.40 To), whereas after water dialysis
2aur cozn onentr are detectable. Earlier attemts to

=1:1l., zb• reversibility of the dissociation changes oc-
_j .,! t.c. f'lamentous protein as pH or ionic strength

,'.ua rais~d and low.ered have now to be re-interpreted in
• Ye .igbt of the later findings of a dissociation at
'.-w Ionic strength, asxd these experiments now need to
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:2 X-r Diffraction. In order to explore the

i:u4ture of the filamntous protein, attempts have
L•an rer~ev7d to obtain a liber-type X-ray diffraction
photograph of the extruded axoplasm. AttAmpt. at X.A.T.
to orient 'he fibers from centrifuged and purified
axoplasm Lad previously failed, and more recently at-
tempts haie been directed to the recovery of the protein
vIile pzee:;arving the onientation pre-existing in the
.--On. "o thh•, end the axoplasm has been extruded from
Li 3tant fibers and0 naintaining the orientation of
ti -u d he calt.a have been dialyzed from the material
tbror-gh umsbranes or by kmuersion in aqueous acetone.
aad t•e sw::rtched fiber or resulting protein plug has
P:* , :-en rubritted for X-ray analysis. These plugs
aaa rtzoni-jly optically birefringent. Thus far no orien-
ttiLort n the X-9ray diagram has been discerned, but an
-. tesnive effort w'ill be maintained in this investigation.

* £oia _.on of Subunits. Taking advantage of techniques
ý,ý;.la-e, !.-)-y workers Mnthe field of virus structure where
f:h aggrelation cf subunits poses particular problems of
zialysis, the neurofilament protein from the axoplasm
b;s 7.,,en fractioi-:ted by previously described methods
, ing E :tnitam :;vphate, and the protein has been dis-
caiuited in 8 Ii urea, reduced by borohydride, and alkylated

.y iodo-aretic aicid or iodo-acetamideo Such solutions
Nve yi•led a preparation which, although apparently

nodispe-se in the ultracentrifuge, in fact yields a
LcGundary -thich, on analysis, appears non-Gaussian and
t.ereo:-!ore represents an interacting system or a system

E.ire complex than is immediately apparent. These prepara-
ti.ons atwait further characterization. Blectrophoretically
tL.ese cawprioe only one component, whether in free boundary
cr zone electrophoresis, confirming the validity of the
peviouly elaborated fractionation procedure. The amino-
u(.Ad cinposition of the soluble alkylated subunits -
corra;ponding to P-I in last year's report -- has been
"•c teined, and 1: agrees well with previous determina--mion e#a
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:-Lalyzab2.e Constituents

•.•e Io%, .ale:.ul.ar weight constituents isolated from
ne t -opl-Asm by dialysis have thus far been lyophilized

aiid storcd against a possibility that iator in the year
ie sq•i• will no longer be available for direct experi-
mn, 2urther analysis of this material will be completed
t-•, L•i Cqhila ani1 at Mo.IT• Thus fEr the lyophilized

.i b1 a c'%istituentv of 360 squ.Lf axons have been
•uoad. HManwhile fully ~a-'xomLt,:0 equipment for
Lino actai a•alysis has been aresIed; it will be utilized

-a the• Aialysis of the a:on matriei. shortly at X•IoTo

IL~io' agca~l Z._L~eriments

an attempt to understand the physiological role of
'A e nfnt%:o~ilaw~nts. experiments have been designed to
:'vjact both protctolytic enzymes and some of the dialyzable
Ai p-..de8 ýf the o:qplasm into the axon of a freshly
,ilsajtaIed squid irn which the neuromuscular junction has

i-;9n. :a.ie ajtact.

TZ -Aill b. recalled that the axon filament protein is
ý-adily a.-tacked by proteases such as trypsin. If the
ý-%ur,:o.,Aiartants play a rola in transfer of excitation
t" the inrervated muscle, injection of protease into
t~ii z ion bhould interfere with that transfer. With respect
Sthe y.eptides the rationale was that if, in the peptides

a tread-': demonstrated to exist in axoplasm, there were
i v-luded a hormone active in ion transport, injection of
•iis hormone into the fresh axon might alter the current
t.i:,:g across the membrane (in the presence of the
ai);ropriate ion). The model for such a system is the
tLd bladder in which ion movements can be stimulated
by ar l.ittle as 10-11 X vasopressin (Leaf et al). The
a;:Aratzus has been set up with the help of Dr. Luco of
tCm Catholic Unive::sity of Chile and at present the experi-,
m:rta are in an ez:ploratory stage; there are no results
t, repV.)to



T-asi:~ -y -ý !~.-wicat lim-tel some e~qeriments by M~r.
1 ±elch.e1 jai tho characteriza~tion oif proteins from

lob ~ .1~nezr-e-axons. sowe inconsistencies in
theae ~.lizrlley. obottrvations rcz~a by M~axfield in
thzLI4 I ,-.b ýcator led to~ a~ fur thet investigation of
Ulirn-I F .,7t waz~ found that reproducible prepara'-

ta ;: : i icy iffký.-t to obtain, bot the over-'all.
~, ~.tU no'ý vc:nvi-jcv- vs that the prepa-rat:Lorn
~s~?~***i~ 1.10-en~: from lob.-ter nz'rve contzý-ired

~ ~ p :a xk t'a~r thiy appear to derive- ý!xom
11 FOuItgrial.. chiefly 'rh3ood.. Since this in

-o- -)A7 i-e~iae~c internat in thiz program, the detailed
-in-.,zLA tnaLy&ces ~projected wetzv ýnot- Performed.

The ::~ zon the -Iree-'diffpýIion electrophoresis
so;-' Yh IF. Himmig fqTr the sae^aration oCf proteins,

ap el vc~s d --an-.yzr'.-e without alltciratior of biolc.gical
r'opod.', has '.-)(,en demoinstrated ir. e.-cpeximents on

Af;:ý-zcc 139: 37, 1963). In. these expe-riments
~ .t~at "OThhniaon amino !ici aalyze was proved

"o exa eq-;;ment hits recently been added
,,n W .t-iuI~:.aviolet &-anayzer (H1odel 1056. Vanguard

~~:~e'7=-uny) w~hich provicdei avonitoring function.

::.~~ys hND idr IOCIW!41L 31ASIS 0P MEYW,. MIUUW.,

Thea .Ie~it'iregF `)y- Dr Loo De Maeyer,. referred to ?%n last
11''.eI;r:lpoa, .:.'nforzed the v.."eii that, if memory be

cc t.rn a vec.i type. or types of macromolecules,,
. býe ,foidout of -':)ie coded: and s~tored information (memory)
r~a~y A~rnvolve a favat reaction am.ch as muight concern the
faet txa~isfer o,,- elemtentary chargod particles (protons
or electxons) or of energy ýexcitiition), Bxperiuents
to tzat evch a process in a miodel system are being con-~
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To facil-.tat• advance in the whole area of the neuro-
.cience. - :e%-,vnt to the problem, of the physical nature

ot the rmind,, a program has been initiated in collabora-
z:ion tith tventy-six other scientists. Known as the

urosciences Research Program,, this project has been
:r;rmalized by the establishment of a Center in the House
i.ý7 thn American Academy of Arts and Sciences in Brookline,
1Tsvachuietto, and a center staff including an Executive
')9f..c-r- (Dr. H.o K. Gayer 1i, an Information Specialist
(•Wxs J. Norris), and socretarial staff. Four stated

ixleti; of this g•roup have already been held,, and work
•isnions on tw,,o zecific areas of the problem have been
,,xiducted., .laxis are being made to catalyze the emergence
)Ind idenrtification of a field whicdh can best be described
;is molecular neurolcla 0 comparable to molecular genetics
;c ,d molecular izmunology. The larger systems aspects are
i.".rj !;ng GLudiea1 by the group.

ýY(AJnS FOR TIL P)TIhURP

-')ockpiling of fiorour protein p.,rified from dialyzed
c;,oplasm and of l1ophilized dinlysate will be continued,

i•o thaL in the Chilean winter when squid become scarce the
iinalyS:i -)f amino acid compoEition and of structure by

ý •ra& diffraction cnn be carried out. Meanwhile experi-
n,.ýits on froenh material will be continued, particularly
Ie a&to,,pts to ir.olte and char:acterize the monomer
oubunit cf the filamentous protein.

!•reliLnary exp~eirwints indicate conditions important to
isucces: mrn injecting proteases in-to axoplasm to study the
:!unction of neurofilaments. Efforts will be made to gain
1-.c•avny i.n this problem which has been so intractable
o.vezr the years.

ý7e contf,%uing twofold long-range aim is to advance the
E:cAnce o•i molecular neurology through investigation of
ieA4 molecular orginization. composition, and function
of nevves and to 3eek evidence for the ability of macro-
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m-iltirtules axid their assemblies to f'-inztion in the storage
and rG'rieva2 of memory and in other aspects of learning
and highe r Lvntai processes.
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