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OBJECTY. TRS

a. To investigate the molecular oxrganization
of neurons;

Lis Ter ipolate and characterize chemically and
siusuctuwrally constituents of axoplasm Obe
talned by extrusion from squid giant fibera;

Te attempt to relate such infoxrmation to
nearenal function and eventually to brain
function,

i

ALATORL P RESULTS

A tarec-zcon irhoratory at the Marine Biological
Statl.er at llontemar, Caile, has been outfitted
with eqaipment needed to make rhysicochemical and
aanlrtical studies of the fibrous protein and
oine;r constituents of the axoplasm of the giant
fira:3 of the large squid Dogidicus gigas.

Dp.’ I*s Hungeur-Cox, afier a year's training in
biophysicel chemistyry at M.XI.T., has returned

+2 Chil2 to conduct the experiments there. Axon
waterizl has been dissected from a large number
of squid and stockpiled for future analysis.
raitlal experimsnts have been made in an investiga-
+ion iato the possible function of the fibrous
nrotein which is ubiquitous to all neurons.

Consideration has bzen given to the possible role
cf nruronal macromolecules in encoding experiential
infosmition in long~term memory and learning.
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BEN ATIC8Y PROSIRAM

Ag eiplained in last yezr's report, Dr. F. Huneeus~
“ox was .rained in this laboratory in the techniques
aff protesn physival chemistry and in the nerve
program »f this iaboratory. In July 1962 Dr. Huneeus
ceturred to Chila and occupied the three laboratory
s prixaved for oux Unit att the Marine Station in
Hdortawar, adjacent to Valparaiso., He took with him

1 duroe viviety of physicalechenical equipment and
supplier Lecause of the lack of such material in Chile.
Wiih the laboratory thuu equipped and with the help
¢ an asnistant and a diener employed a few months
Aafier hig arrival, Dr. Huneeus began the experimenta-
tion for vhichk this gather elaborate planning was
agnca: Liated,.  This also constitutes the major effort
2% %hic ..eboratory in this program though the feed-
avh wilh the home laboratory at M.I.T. was kept
wides {on a weekly basis) and nexve material was
3 30 MX.Te for analvsis and characterization.

il Bovexber 1962, tha deveiopment of the project
wos hewmvoered by disappearance of the squid from the
ugial flshing grounda. Until squid could again be
pmwided . Dr. Huneeus explored a variety of othex
lenal faana, and in particular found that a local
sp.Lcice oF lamproy appeared to be suitable for studies
on the nerve corposition and structure. However, his
investigation of these animals wvas postponed vhen squid
agiin bysame plentiful. It is plannsed to keep the
ey work for such parleds during which no squid
an: available.

Si:ce November 1962 nearly 1.500 large squid have
3 dissected and from momst Of these animals the
axsplzgie has been extruled, dialyzad, the dialyrzable
ayiatitusnts frezen~drisd for study at a later date,
an? the Migh molecular—weight constituents have been
atiidied Hy viscometric, flow birefringence, and other
tesuniques. These preparations have also been fraction-
atzd and further analytical studies have been performed
on +he fractions.



CHEMICAL TIVESTIGATIONS OF AYOPIZASIIC CONSTITUENTS

A,  She Fibrous Protein (Neurofilarents)

o _s&zili%o The stability of the extruded axoplasm
snd, in sarticuiar, the maintenance of the structure of
tha bhighly zaynmmetric filamentous protein, the neugo-
filaneats, Tas been studied as a function of jionic strength,
¥, 21 nemperature. It was fourd that at ionic strengths
catwzen Jol and 0.2 the protein wasy much more stable than
zi lov o at hicher ionic strengtls, and the stability

¥31 e rinal between piIs 7.2 and 7.5 with both the viscosity
and flow Direfirringence of the preparations falling off
vapidly as the pH was raised; the solutions also ghowed,

zn kaeping, & progressiva opalescence which ultimately
raanited in the precipitation of the protein. This copales-
*3ns: inorazsed more zapidly in high ionic strength solu-
tionre o low iondic strength solutions, the axeplaam
gaowsd o very high viscosity, dut 2 surprisingly low bire-
Zrivzenco, and the opalescence was also very small.

3ince it acems tnlikely that all of this viscosity can

33 ascxiled to 2lectrostatic interactions between charged
walecules and to thoe absence of counterions., it appears
sosaible shat in low ilonic strength solutions a2 dissocia~-
tion of vhe fil:rous protain proceeds in a manner still
12known aad previously unsvspected. Some further indica=-
tinn ef ¢ nolecular change is qgiven by tha observation

raa% electrophoresis of the axoplasm extruded and dialyzed
4= ncderate ionic strength shows onliy two high molecular
“12ight conponents present (in confirmation of sarlier
ytudier parformed at M.I.T.), whersas after water dialyesis
Eoux acmjonants are detectable. Barlier attempts to

cendy ths raversibility of the dissociation changes oc~
wrring in thig fllamentous protein as pH or ionic strength
wan paigid and lowered have now to be re-interpreted in

<he 3dgbt of the later findings of a dissociation at

~on jonic strength, and these experiments now need to

he repeated.
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2, X-ray Diffraction. In order to explore the
wriunture of the filamentous protein, attempts have
Laen reveved to obtain a fiber-typs X-ray diffractiomn -
vhotcgraph of the sxtruded axoplasm. Attempts at M.I.T.
i» orient <he fibers from centrifuged and purified
axoplasm Lind previously failed. and more recently at-
tempis have been directed to the recovery of the protein
viaile presurving the orientation pre-existing in the
zxom,. To this end the axoplasm has been extruded from
tas giant fibers and, maiateining the orientation of

ths »luy, the saltas have been dialyred from the material
tarough menbranes or by immersion in aqueous acetone,
and the siretched fiber or reaulting protein plug has
ntw Seen nubmitted for Xe-ray analysis. These plugs

ara ztiongly optically birefringent. Thus far no orien-
ta2don in the Xeray diagram has been discerned, but an
lntengive effort will be maintained in this investigation.

3. Igclazior of Eubunits., Taking advantage of techniques
2xplored by workers in the field of virus structure where
the agoraesation cf subunits poses particular problems of
aralysis, the neurofilament protein from the axoplasm

18 ween fractioisted by previously described methods

viing saamonivm sulphata, and the protein has been dis-
scointed in 8 M urea, reduced by borohydride, and alkylated
by lodo-acetic acid or iodo-acetamids. Such solutions
heva vielZed a preparation which, although apparently
runodispevse in the ultracentrifuge, in fact yields a
Luundary which, on analysis, appears non-Gaussian and
itlera:rfore represents an interacting system or a systenm
rtxye complex than is immediately apparent. These prepara-
tions await Ffurther characterization. Electrophoretically
t1l.ese comprise only one component:, whether in free boundary
¢y zone electrophoresis, confirming the vaiidity of the
irevicusly slaborated fractionation procedure. The amino-
acid composition of the soluble alkylated subunitg ==
corrasponding to FP=l in last year's report =~ has been
determined, and i agrees well with previcus determina-
iiona.,
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Ialyzable Conatituents

f1e Jnw wlerular weight constituents isolated from

z1e axoplism by dialysis have thus far been lyophilized

and stored against a possibility that latox in the vear

i@ syrid will no longer be availanle for direct experi~
nane. Further analysis Of this material will be completed
ot Ly Chile and at M.I.T. Thus far the lyophilized

o @lysnbles omstituents of 360 squid axons have been
covmulatad.  Maanwhile fully auniomzted egquipment forx

t1idno as2id asalysis hes been asgewbled; it will be utilized
‘1 thr aunlysis of the axon materid shortly at M.I.T.

“iyeislogical Experiments

- -

b an attampt to undergtand the physiological role of

le nauvofilaments, experiments have been designed to
f1jeci: both protaolytic enzymes and some of the dialyzable
;¢ pridey 2f the azoplasm into the zxon of a freshly
vispazoted squid in which the neurcmuscular junction hase
mren ceiasnad lutact.

Tt <7411 be recailed that the axon filament protein is
iiadily atacked by proteases such as trypsin. If the
viaxosilarents play a rolae in transfer of excitation

t5 the inrexrvated muscle, injection of protease into

ta1? uxon should interfere with that transfer. With respect
tr the pepi:ides the rationale was that if, in the peptides
already éGemonagtratad to exist in axoplaam, there were
irluded 2 hormone active in ion transport, injection of
this hoxmone intoc the fresh axon might alter the current
f.owing across the msmbrane (in the presence of the
appropeiate ion). The model for such a system is the

#in@l bladdexr in vhich ion movements can be stimulated

by ar little as 10711 M vasopressin (Leaf et al). The
aprsaratus has been set up with the help of Dr. Luco of

the Catholic Unive:sity of Chile and at present the experi-
nonts aze in an exploratory stage; there are no results

t raporte
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LOBSWER HIRVE PROTBLIN

Tash yea "2 ozpoxt linted sowe eurerinents by Mr.
tuelchel o the characterization of proteins from
iobatgz~:law nerve~axong. Some inconsistencles in
theaze »nl asrlier obsarvations made by Maxfield in
this Inbrvatory led to a further investigation of
this mniepiel, 7t was found that reproducible prepava-
Yhowas e very diffisndt to obtain, but the cover-all
PRI VIR 11& nots convire vs that the preparations
igwl-fid ia chig wann:: frxom lokmter nerve contained
try nen prszaing xathor they appear to derive xom
catweerliautor matarial, chiefly nicod., 3ince this in
var of Lwmeclate interast in thiz program, the datailed
rrint 2.2id (nalyses projected wece 00t performed.
CECRUL R Y DLYVELOPMEITTS a
The ceso.uil on o the free-diffpgion olertropnoxesis
tppavazus 8 Dy K, Hxanig for Yhe scparation of proteins,
pepiide . 1bd AL YTES without altoratior of blolegical
Leopestics s hoen damcnotxated ir experiments on
collugen {3vigace, 1393 37, 1963). In thess experiments
vhe uuuh,atmﬂ Fovhpicon amino Luid anaiycexr was proved
vdagnake "o e equipment has recently been added
¢n autMatic ulswavielet analyger (Model 1056, Vanguard
Cpetrusent Soasuny) which provider moritering function.

VHE DI0PLYSICAL LND EIOCHRMICAL ALSIS OF MEMORY, LBARNING,
LKL JQTMATIVE BPIAVICH

“re lestres oy De. Led De Maeyer,. raferred to n last
vear's napost, einforced the view that, if memory be
cog2 in a speciiic type or types of macromolecules,

+he zeadout of “he ccdeé and stored information (memory)
way involve a fast reaction such as mighi concerxn the
fagt transfer o elemsntary chargod particles (protons
or electyons) ox of enargy {(excitation). Experiments
o trgt avch A process in a rodel system are being con-
aldered.
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To facilitate advance in the vhole area of the neuro-
seiences releovent to the problam of the physical nature
2% the mind, a program has bgen initiated in collabora-
ion with twenty~six other scientists. Known as the
aurosciences Research Program, this proiect has been
Zormalized by the establishment of a Center in the House
w5 the Arevican Academy of Arts znd Sciences in Brookline,
Inssachuzetts, and a center staff including an Executive
Wifienr (Dr. He Ko Gayeri, an Information Specialist

Mios J, Morris), and seoretarial staff. Four stated
mnetinys of this group have already been held, and work
cagslioang on two gleclfic areas of the problem have been
vonducted, Plans are being made t0 catalyze the emergence
and ddentification of a field which can best be described
ne molecular neurolocgy, comparable to molecular genetics
ued wolecalar immunology. The larger systems aspects ace
Nhed belny studied by the group.

YIRS FOR THE PUTURE
he  Imnediats

tuockplling of fiosrous proteirn purified from dialyzed
Lroeplasm and of lyophilized dialysate will ba continued,
s that in the Chilearn winter when squid become scarxrce tha
nnelysag of anino acid composition and of structure by
Woeray diffraction czn be carried out. Meanwhile experi~
nanks o fresh materinl will ke continued, particularly
e atrenpts to izolate und characterize the monomer
wubwnit of the filzrentous protein,

Prelixinery experiments indicate conditions important to
saeoess in injecting proteases into axoplasm to study the
dunction of neurofilanents. Efforts will be made to gain
Ligadwny in thie probliem vhich has heen 20 intractable
ey the years.

B Long-Fange

The contlimuing twdifold long=range aim is to advance the
podenoe of molecular neurology thyxough investigation of
ine wmhlecular organipation, composition, and function

0f nexves and to ieek evidence for the ability of macro-
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xolecules and their assemblies to function in the storage
and racrieval of memory and in other aspects of learning
and highar mnental processes.
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