structare of such molecules is high—more in the order of X rays than of =~
nerve impulses. Finally;.it is hard: to imagine how vast amounts of informa-
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lem, as well as all the neurophysiological and psvehological literature that is
available, and have jamped diveetly into the molecules. Some passing effort
iskmade to sav how these molecular changes are implanted, and how they
are read out: but these are the most puzzling and the most intrigning purt's
of the problem, and nothing that I have scen is even remotely satisfactory
as an answer.

Pribram: T do not share your negative attitude. As of ten years ago or-
little longer, theve was not:9110‘.gonstructivo staterment that could be made
about whether anvthing at aldis ¢oing on in the brain as a function of some
change in behavior. There was not a single experiment to cite. Then along:
came Galambos, Herndndez-Peén, Jolin, the Killams, Hydén, and others. Tt
is very exciting to me to see almost any neural change that can be reliably
correlated with a change in experience and in behavior, even if we cannot
yet understand what that correlation signifies. '

Speriy: But let us not confuse the physiological level (which I would re-
gard as the more important level for explanation) with the underlying mo-
lecular substructure. I guess it is the reductionistic philosophy that can be.
read into Licadlines like “The Chemical Basis of Memory” that particularly
bothers psvehologists. In diesgasesof the RNA changes associated with
learning, as demonstrated thus far, TGnUpersanally finclined to wait until
the Calvins and Jensens move in on these problems and look at them a little
more closely. . .

Take one simple example along this line: the problém of timing in learn-
ine and memory is extremely important. In establishing conditioned

<

reflexes, just the iiming of the two stimuli being paired is critical: put them
too aer simultancously, in what might scem to be the best conditions for
aleenlar association, and there is no conditioning; one stimulus must pre-
ce'o e other by hall a second or so. Tt is important to relate these timing
[wcwors o the explanatory molecular or phvsiological level. Also, the sy-
napse is commonly thought to be a key location for the molecular changes.
I think we tend to overlook the possibilities for trace changes in the endoge-
nous properties of neurons involved in their pulse pattern detection and
firing properties. This could be, and perhaps is, a better place to look for
the cellular or chemical changes that may be involved, rather than in the
synapse and network alterations.

Galambos: Tt is a little strange to hear you emphasizing “pattern detec-
tion” and “firing properties” in connection with this problem you have
woiked on for so many years. This new molecalar biological approach to
the nervous system scems to be so much more relevant. T am thinking, of
course, of your clegant regeneration and transplantation experiments. Long
ago vou considered (76) the various ways a given nerve cell could know
how 1o go to the right place to get itself connected. 1 Y vemember correctly,
vou thought it an inescapable conclusion that some chemical rvelationship
hetween the presynaptic and postsynaptic element was respounsible for the
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_ Now. if all-chemical events in a nerve cell altimately steny from ils 322a
read-out c.oough RNA of various surts, then the chemical recooaidion,
which vour experiments and those of Weiss (00) and others fLave so
x:};lgi’:iﬁ; v h monstrated, is obviously wise determined by the DNA-TINA
reactions in the neuronal nucleus.

S;mr.-‘:': Cm ainly, there is no question but that the morphological net-
work natterning of the nervous svstem is based very lar gelv on this
dx.%m entiation of the nerve cell nm)u‘l.mun which, of course, is based on

DNA and RNA mechanisms. But also the physiological endogenous proper-
ties o. diiferent nerve cell tvpes, insofar as thc\' are mhewntl\' determined,
are also dependent on this same system for cell linc.ge and dilferentiation.
Both types of trace change that 1 discussed, tlie (_()IHIC(.UO]]AI snmptlc
changes as well as those AﬂccuntT endogenous firing 1)101)01 ties, would in-
volve this svstem. It fwrther fOHO\\b that the two tvpes of pmsxbk chemical

.)*r‘ 3
answer, 1 have mentioned, one where the tyvpe of chemical cha nge is a uni-

A

versalLcommon to all momoucs and the other in which all the mfommhon is
mdca w 1:111]'! the molecule, aré two extremes. Botween these two, theve are
tormied ! wte possibilities in terms of interaction between the different types
chemically specific nerve cells that might influence either the connections
or the cnc’mg wous physiological timing properties. The chemoalfinity or
3 city effeets envisaged heve ave, of course, highly diverse, but
this kimt o" tmnl\mg is still a long way from anything tlmt could be called
the coding of mmemonic information into a memory molecule. The pro-
found changes that the language of the chemists in the Neurosciences Re-
search Program group has undemone in the past two years is re evealing,
\Whereas initiailv everything was going to work out in macr omolecules, the
language is coming -hOUlld now to W hele it is almost the same as that used
bv psy chol ogists and the rest of us. The chemistry they are now looking for
is tne chem atl\ of the synaptic change and the sztchmo factor”. Tt is
quite a shift from the early idea that memory is coded in the DNA or RNA
niolecule. o
Calzii: 1 am inclined to think that Dr. Sw‘,erry may be 71'1‘ght‘ in his state-

ment that the memory trace is a pattern rat her than a molecule, and 1 differ

from him onlv in the amount of interest I attach to the chemical basis of
that sattern. Assuming for the moment that the trace is a pattern, whether
of synaptic interactions or various other microstructural features, the chem-
icul busis upon which this pattern has been produced is of great interest to
me. I have the feeling that, as an intermediate step, we need to find some
simple cellular system which shows a definitive response, either behavioral-
ly or clectrically, such as the relationships the physiologists are now finding
assolated with learning. If we could find some way to translate that kind of
electrical activity into molecular changes which, in twm, might eflect struc-
tural changes, and so on, the whole sequence of events would be a great
step forward.

Sperry: To bolster further your argument against my own, I think that it
is ver possible that the chemical approach to the organic basis of memory
in cA_cr:d will arrive at the answer first, because we know so much about
tie cell, wnd because the alternative possibilitic' ave more limited than are
“f" niysiological network approaches. Perh: aps we will arrive ¢ the nature

¢ “.oc manory trace more quickly by working up through cvtochemistry
Lasiss v vworking down through the tr emcnuonsl comyp hcatcd organization-
&l s o.cin, n‘mhu the answer will be 1cc0(mucd When seen by the molec-
ular . proach is anotlier question.

. We Liave the problem of getting the information from the neuron

!z). ignage, whu.n is a series of pulbes into th molccular Janguage, which is
L & L <

caonre of atoms, Furthermore, ﬂw energy },,\ nis recuired to chanve the
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Sperry: 1 think the interesting material that has been presex:xtcd tendswm_‘ e B i A )
Lox@v o be concerned only indirectly with the fundamental basis of ]c;.lm- L " emcd ol
ing and memory. My inclination atthe-mement is to try to ox‘i?|)t our ﬂ]l~ﬂk- }M THAAL AT A 2
___O“"\—;‘,\ ing back toward the learning-memory pr()blcn}_ in_its more busie form betqre YTV,
\\‘# 22, omove intd it more eomplexaspects. — 2R A /

Regarding the general problem of the chemical or molecular basis of
memorv, my atlitude at the moment is that the problem is not very rele-_.
vant. This is only a provocative way of suggesting that the chemistry of
memory is not of primary interest for the memory problem as we know it at
the behavioral level. T like the comment on this subject made by Oliver
Lowry, a neurochemist at the University of Washington, who pointed out at
a4 meeting at the Salk Institute that the molecular approaci to memory is
rather like taking a television set and a computer, grinding them up and
doing a chemical analysis to try to determine the source of all the pretty-
pictures and all the computations. )

In my own case I have described the search for there chemical basis of
memory as the search for a secret code of an unknown code for mental
imagery that in itself is a will o the wisp (77). The reasoning here is that, in
trving to get at the chemistry of last vear’s memories, we must first trans-
lute these subjective images into brain dynamics. This is the first code; to
solve it we are required to solve the mind-brain problem. Once this is
achieved the dvnamic brain states must be translated into a memory wrace
code, i.e., the frozen, static trace systems. Even the simplest principles of
1oth these coding processes are completely beyond us at present. So far as
the underlying chemistry goes, it is a situaation with possibilities for unlimit-
ed confusion. The restraints on chemiical imagination and chemical model
suilding are simply nil, except for those imposed by cytochemistry and cy-
tophysiology in general.

The muin point I am trying to make is that the most interesting unknown -
aspects of memory lie in these coding problems, particularly the first, and
that these are meta-molecular problems. Until these meta-molecular phe-
nonmena are worked out, the underlying chemistry is of little help in under- X
standing the most interesting aspects of memory. =

We can recognize two possible alternative types of answers to the chemi-
cal basis of memory: one is that there is a memory molecule and that nme-
moric information is indeed coded at the molecular level; in this case the
discovery of the chiemical code for memory would, of course, be tremen-
dously interesting and important. The other possibility is one in which the
chemistry is a kind of universal change, with the coding of information at
the network level, in the patterning of the distribution in the brain net-
works, in synaptic changes, membranc changes, and the like. In this case it
would be nice to know what these cell changes are. To go a step further
and anulyze the chemistry of the membrane or cndogcﬁous changes in-
volved is not particularly intriguing compared to other unknowns in memo-
ry. it is nothing like knowing where and how the information is coded. For
decades, people who have thought alout the problem have been inelined to
iLink the nformation. was coded mainly at the nebwork- levels -Li-is-only.
within recent years, of course, that the molecular theories have become
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