
longer responded to the dishabituatory 
stimulus. 

The ability of the foot shock to re- 
peatedly dishabituate gnawing was dem- 
onstrated (Fig. 2). In accordance with 
the classical model of habituation (12), 
foot shock gradually lost its dishabitua- 

tory power, that is, "habituation of dis- 
habituation" occurred. 

We next wished to determine whether 
the habituatory decrement demonstrated 
in the first three experiments would 

modify the interaction between stimu- 
lation-induced readiness to gnaw and 

physiologically induced hunger. Subjects 
were totally deprived of food for 6 
days. On the seventh and eighth days of 

deprivation each subject was placed in 
the test chamber and allowed to eat 
from a dish of wet mash for 30 seconds. 
On day 1 of experiment 4 (the ninth 

day of deprivation) each subject was 
stimulated for 10 minutes in the test 
chamber with gnawing blocks available. 
On day 2 the food dish was also in- 
troduced and, after the subject had eaten 
for 15 seconds, stimulation was admin- 
istered for 10 minutes. One observer 

operated microswitches to record time 
eating and time gnawing; another ob- 
server recorded latencies for (i) gnawing 
after stimulation began, (ii) returning 
to eat during stimulation, and (iii) re- 
turning to eat after stimulation ceased. 

Day 3 procedures were identical to 
those of day 1. 

Less gnawing occurred when food 
was present (day 2) than when food was 
absent (average of days 1 and 3) (cor- 
related t=2.79, P<.05). On day 2 
five animals (13) left the food dish and 

began to gnaw within 4.5 seconds (mean 
= 3.3 seconds) after stimulation began 
(Fig. 3). These animals returned to the 
mash and resumed eating within 82 
seconds (mean 60.4 seconds) after 
onset of stimulation. Four subjects 
never gnawed after they resumed eat- 

ing. One animal vascillated between 

gnawing and eating but devoted the last 
180 seconds of the stimulation interval 
exclusively to eating. These results sug- 
gest that at the beginning of the stimu- 
lation interval the stimulation-induced 
readiness to gnaw was stronger than 
the physiologically induced hunger, but 
as habituation progressed the tendency 
to gnaw could not compete with the 
more stable physiologically induced 
motive. 
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was left in the test chamber after stim- 
ulation. The other four subjects resumed 
eating between 77 and 271 seconds 
after stimulation. This poststimulation 
inhibition of eating could be explained 
by assuming that, along with inducing 
a readiness to gnaw, the stimulation in- 
duced a readiness to eat (stimulation- 
induced hunger) which summated with 

physiological hunger. Total hunger 
might then habituate, as did the readi- 
ness to gnaw. In this situation, stopping 
the stimulation might further reduce 
hunger to below threshold level. 

The results of these four experiments 
indicate that a stimulation-induced read- 
iness can habituate and that this habitua- 
tion can alter the interactions between 

competing motivational tendencies. In 

light of these results, previous evidence 
for the plasticity of stimulation-induced 
behaviors might be reevaluated. If hy- 
pothalamic stimulation can simultane- 
ously elicit two behavioral tendencies, 
the behavior manifested may depend up- 
on which of two types of goal objects 
are available. When both types are 
available the manifest behavior may de- 

pend upon which readiness is prepotent. 
If the initially prepotent readiness ha- 
bituates, another behavior with a flatter 
habituation gradient may become mani- 
fest independent of environmental ma- 
nipulations. For example, an animal 
may show preference for eating over 
drinking when first stimulated. But a 
change in preference after long periods 
of stimulation may not depend upon a 
conditioned preference for either food 
or water but may result from a differ- 
ential habituation of stimulation-in- 
duced hunger and stimulation-induced 
thirst. We do not question the func- 
tional plasticity of neural mechanisms 

underlying hypothalamically controlled 
behavior, but wish only to emphasize 
that there are several processes which 
may produce alteration of these mecha- 
nisms, for example, habituation, sensi- 
tization, classical conditioning, and in- 
strumental conditioning. The relative 
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importance of these processes in modi- 
fying the behavioral effects of in- 
tracranial stimulation is still to be 
determined by carefully controlled 
investigations. 

ROY E. CAIN 
CHRISTIAN P. SKRIVER 

RICHARD H. CARLSON 

Department of Psychology, 
Texas Tech University, Lubbock 79409 
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Concerning the agglutinability of 
certain chick embryo cells by con- 
canavalin A (Con A) and wheat germ 
agglutinin (WGA), Moscona (1) states 
that the previous experiments of Burger 
and Pollack and Burger (2) and Inbar 
and Sachs (3) were carried out with 
"adult cells from established cell cul- 
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and Sachs (3) were carried out with 
"adult cells from established cell cul- 

ture lines." This statement is not com- 

pletely consistent with the experimental 
facts. A substantial portion of these 
studies was carried out with the 3T3 
line of cells, which was derived from 
a Sw'iss mouse embryonic culture (4), 
and with its virus-transformed variants. 
Thus, the failure of Con A or WGA 

SCIENCE, VOL. 173 

ture lines." This statement is not com- 

pletely consistent with the experimental 
facts. A substantial portion of these 
studies was carried out with the 3T3 
line of cells, which was derived from 
a Sw'iss mouse embryonic culture (4), 
and with its virus-transformed variants. 
Thus, the failure of Con A or WGA 

SCIENCE, VOL. 173 



to agglutinate untransformed 3T3 cells 
is not a consequence of an adult origin, 
but rather it is the result of some 
acquired membrane property in the 
transition of these mouse embryo cells 
from a strain to a line. 

I have found that cells, in secondary 
or subsequent passages, from either 
Swiss mouse embryo cultures or from 
Sprague-Dawley rat embryo cultures 
are sensitive to agglutination by Con A 
at 5 /tg/ml and by WGA (5) at 200 
,ug/ml after they are harvested with 
0.02 percent disodium ethylenediamine- 
tetraacetate in phosphate-buffered sa- 
line. Under these conditions, SV40- 
transformed 3T3 cells are agglutinated 
moderately and 3T3 cells not at all. A 
similar examination of adult mouse 
spleen cells revealed that they, too, 
were agglutinated by Con A at 20 /ug/ 
ml and by WGA at 80 /ug/ml. Aub (6) 
had observed a similar phenomenon 
with a cruder WGA preparation. In the 
absence of the agglutinins, no cellular 
aggregation occurs with cells from any 
of the sources, except with SV40- 
transformed 3T3 cells, which aggregate 
slightly. Unlike the chick embryo cells 
described by Moscona (1), the mouse 
embryo and adult spleen cells were 
agglutinated by both Con A and WGA 
without trypsin treatment. Moreover, 
adult spleen cells isolated in the pres- 
ence of soybean trypsin inhibitor (1.0 
mg/ml) or tosyllysinechloromethyl ke- 
tone (0.5 mg/ml) were just as agglu- 
tinable as cells isolated in the absence 
of these protease inhibitors. These ex- 
perimental conditions reduce, but do 
not eliminate, the possibility that a 
cell surface protein was removed by 
enzymatic activity during the isolation 
procedure. The results of the rodent 
embryo cell experiments are in con- 
trast to those of Inbar and Sachs (3), 
who reported that secondary cultures 
of mouse, rat, and hamster embryo 
cells, in their hands, were not agglu- 
tinable by Con A at 500 j/g/ml. 

Thus, it appears that in the devel- 
opment of the 3T3 line, a population 
of cells was obtained that has a cell 
membrane property unlike the original 
embryo cells from which they were 
derived. Whether this membrane com- 
ponent that masks the agglutinin bind- 
ing sites of the original embryo cells is 
formed as a result of a mutational 
event, the selection of a cell type with 
this particular property, or as a conse- 
quence of the aneuploidy of the line 
is not evident (7). The 3T3 cell line, 
whose study forms the basis for a sub- 
stantial portion of the developing litany 
16 JULY 1971 

dealing with agglutinin receptors on 
cell surfaces, cannot be considered 
either adult or normal. Therefore, con- 
siderable caution should be exercised 
in the interpretation of the agglutinin 
studies when the neoplastic properties 
of cells and the relation of these prop- 
erties to embryonic differentiation is 
investigated with established hetero- 
ploid cell lines as "normal" unaggluti- 
nable reference standards. 

ANDREW SIVAK 
Institute of Environmental Medicine, 
New York University Medical Center, 
New York 10016 
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Sivak's comments mention various 
unpublished findings which lead him to 
disagree with work from the labora- 
tories of Sachs and Burger, and to ex- 
press annoyance at the "developing 
litany dealing with agglutinin recep- 
tors," and so forth. One must await the 
detailed publication of Sivak's work, 
with full descriptions of techniques, 
measurements, and evaluation methods, 
to see how his actual data measure up 
to his present summary statements and 
polemic criticisms. 

Whether or not 3T3 cells are "adult," 
is largely a semantic side-issue which 
takes nothing away from my work, nor 
does it add to it, and it should not di- 
vert attention from the real problems 
and facts. The notion that normal post- 
embryonic and adult tissue cells are 
generally less readily agglutinated by 
Con A (unless trypsinized) than em- 
bryonic cells does not depend only on 
3T3 cells; it would be rash to reject its 
wider implications at this time, simply 
because of Sivak's futile concern with 
the "adulthood" of 3T3 cells. These 
3T3 cells originated years ago in a 
near-term mouse fetus (not in an em- 
bryo) and their tissue origin and state 
of differentiation, when isolated, was 
not determined. However, it is a fact 
that, unlike embryonic tissue cells, 
3T3 cells are not agglutinated by 
Con A, unless trypsinized; they may 
have been postembryonic to begin with, 

or may have since "matured," or some- 
how acquired "adult-like" surface fea- 
tures. 

Be that as it may, this matter is 
quite beside the essential aspects of my 
findings concerning agglutination of 
embryonic cells with Con A; Sivak's 
mentioned results contain nothing con- 
tradictory to my own data, regardless 
of the foreboding style of his com- 
ments. As I have reported, early 
embryonic cells freshly isolated with 
EDTA from chick embryo neural 
retina are readily agglutinated by Con 
A. I suggested as ,a working hypoth- 
esis that, with development and differ- 
entiation, Con A receptors on these 
cells become masked with a trypsin- 
sensitive material, so that in post- 
embryonic and adult stages these cells 
are no longer agglutinated by Con A, 
unless the cells are trypsinized. This 
suggestion has now been substantiated, 
and the data will be reported. 

Such developmental changes in cell 
surfaces are, in my opinion, of inter- 
est with respect to growth and differ- 
entiation and also in considerations of 
neoplastic transformation. Naturally, 
the generality of these findings remains 
to be explored, and the purpose of my 
report in Science was to arouse inter- 
est in such exploration. It is known, of 
course, that certain kinds of normal 
cells from adult organisms are aggluti- 
nated by Con A, whereas certain tumor 
cells are not; the study of such excep- 
tions may yield important clues to the 
significance of lectin receptors in cell 
surfaces, and Sivak's work may do 
this. Similarly, a detailed survey of 
various embryonic tissue cells (from 
different species, tissues, stages of dif- 
ferentiation, and after cultivation in 
vitro) may also reveal differences in 
reactions with lectins, and these too 
may be potentially useful for the ex- 
ploration of embryonic cell surfaces. 

The study of cell-lectin interactions 
is a relatively young, difficult, but po- 
tentially important area of cell biology 
in which no one should at present 
pretend to a, monopoly of knowledge. 
It requires more information and ana- 
lytical data; it needs testable working 
hypotheses and a constructive diversity 
of approaches, not semantic quibbling 
in letters to editors; and it can benefit 
from cooperation among those work- 
ing in it. Sivak's contentions might well 
be reexamined in this light. 

A. A. MOSCONA 
Department of Biology, University of 
Chicago, Chicago, Illinois 60637 
20 May 1971 
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