
Table 1. Means rate of licking, and range, on first contact with the cup and in the first 
burst of at least 1-second duration. 

Rate on initial contact Rate in first I-second burst 
Session (licks per second) (licks per second) 

Mean Range Mean Range 

Group I 
1 7.3 6.3- 9.5 7.2 5.8-8.3 
2 8.4 6.3-11.4 7.5 6.6-9.5 
3 8.0 7.0- 9.1 7.4 6.0-8.7 
4 7.7 6.9- 8.2 7.2 5.9-8.7 

Group 2 
1 8.3 6.5- 9.5 7.0 6.5-7.3 
2 7.5 5.3- 9.5 6.6 5.3-7.3 
3 8.1 7.1- 9.5 7.2 6.7-7.7 
4 7.8 6.9- 8.6 7.8 6.9-8.6 
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Keehn and Arnold (2) have reported 
a decrement in mean licking rate within 
sessions of about 1 lick per second in 
adult rats. Group means for the first 
and last bursts of licking of at least 1- 
second duration in session 1 and for 
the first and last bursts of licking in the 
first 5 minutes in sessions 2 and 3 indi- 
cate that the decrement in licking rate 
within sessions found in adults is also 
found in infant rats, even in their first 
drinking response. For sessions 1, 2, 
and 3, respectively, the mean initial and 
terminal rates for group 1 were 7.2 and 
6.1; 7.5 and 6.0; and 7.4 and 6.1. The 
corresponding rates for group 2 were 
7.0 and 6.0; 6.6 and 6.0; and 7.2 and 
6.1. 

Collier (4), in making an analysis of 
rates of licking within bursts in adult 
rats, found (i) that the initial rate of 
responding is frequently as high as 9 
licks per second, and (ii) that in sus- 
tained bursts of licking, high initial 
rates quickly decrease to a terminal rate 
between 6 and a little over 8 licks per 
second, with the mean licking rate typ- 
ically falling between these values. An 
analysis of rates of licking within bursts 
of over 1-second duration in the young 
rats indicated that by the third session 
there were animals in both groups whose 
initial rates of responding were as high 
as 9.0 licks per second and whose ter- 
minal rates within the same burst were 
as low as 5.2 licks per second. A typical 
pattern of response within bursts is illus- 
trated by one animal whose initial rate 
of responding in the first second was 
9.0 and whose rate then dropped, over 
successive seconds, to 6.7, 6.0, 5.7, 5.5, 
and finally 5.2 licks per second, with a 
mean for the burst of 6.6 licks per sec- 
ond. Within bursts, decrements of this 
magnitude were found only in the be- 
ginning of the test sessions, and rates 
higher than 8 licks per second were 
never found in the middle or terminal 
sections of bursts sustained for more 
than several seconds. 
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The general stability of licking rates 
suggests that drinking in the rat is prob- 
ably reflexive. Whether the licking rate 
is wholly determined genetically and 
maturationally or whether some learn- 
ing is involved is a question that needs 
further investigation. Even when the rat 
is raised without an opportunity to drink, 
nursing and grooming may possibly 
produce learning effects for licking (5). 
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Complement Fixation by 

Antibody Fragments 

Abstract. Rabbit antibodies (7S) de- 
graded by papain into univalent 3.5S 
fragments fail to fix complement when 
they combine, but do not precipitate, with 
the homologous antigens. Divalent 5S 
fragments obtained by pepsin digestion 
(composed of fragment I linked to II, but 
lacking fragment III) also fail to fix com- 
plement although they precipitate with 
homologous antigens. The amount of spe- 
cific precipitate formed by the 5S anti- 
body fragment is not increased by expo- 
sure to complement. 

In 1904 Ehrlich and Morgenroth 
proposed that antibody combines with 
complement by means of a specific 
"complementophilic" haptophore ( = 
combining) group, distinct from the 
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In 1904 Ehrlich and Morgenroth 
proposed that antibody combines with 
complement by means of a specific 
"complementophilic" haptophore ( = 
combining) group, distinct from the 

combining group for antigen (1). In 
the ensuing years evidence for the ex- 
istence of a combining group for com- 
plement has not been forthcoming (2) 
and Ehrlich's theory has been largely 
abandoned (2, 3). The present report 
describes experiments suggesting that 
group(s) essential for complement fixa- 
tion exist which are distinct from the 
antigen-combining sites of the antibody 
molecule. 

Rabbit antibodies against crystalline 
hen egg albumin, crystalline bovine 
plasma albumin, and type 6 pneumo- 
coccal polysaccharide, all predominant- 
ly of the 7S variety, were broken down 
to 3.5S fragments with papain, cysteine, 
and sodium ethylenediaminetetraace- 
tate, according to the method of Porter 
(4). The reaction of these nonprecipi- 
tating preparations with the homolo- 
gous antigens was studied by means of 
the quantitative complement fixation 
reaction (5) over a wide range of an- 
tigen concentration, extending from 
1/64 to 1024 times the concentration 
of antigen giving maximal complement 
fixation with the same dilution of na- 
tive antibody. No complement fixation 
was detected after 18 hours' incubation 
at 4?C either in 10 ml or 3 ml final 
volume. The same concentration of na- 
tive antibody fixed from 20 to 40 of 50 
50-percent hemolytic units of guinea 
pig complement. A representative ex- 
periment is illustrated in Fig. 1. Essen- 
tially similar results have been obtained 
by Ovary (6). 

These experiments can be interpreted 
in at least two ways, which are not 
mutually exclusive. The first interpreta- 
tion is: complement is not fixed because 
aggregation does not occur with the 
nonprecipitating, univalent antibody 
fragments obtained with papain diges- 
tion (4, 7). The formation of a lattice 
of aggregating antigen-antibody com- 
plexes is widely believed to be essential 
for complement fixation, because anti- 
hapten antibodies do not fix comple- 
ment when they combine but do not 
precipitate with univalent haptens (al- 
though they both precipitate and fix 
complement with multivalent haptens) 
(8) and because antigen excess inhibits 
both the formation of a lattice of ag- 
gregating antigen-antibody complexes 
and complement fixation (9). 

The second interpretation is: comple- 
ment fixation does not occur because 
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interpretation, but not contradicting the 
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first, was obtained by experiments with 
5S antibody fragments, which are biva- 
lent and precipitate with the homolo- 
gous antigens, and comprise fragments 
I and II, but lack fragment III of 
Porter. The 5S fragments were prepared 
by means of pepsin digestion, according 
to the method of Nisonoff (10), from 
the rabbit antibodies previously men- 
tioned. 

Quantitative complement fixation 
tests done over the same wide range of 
antigen concentration failed to show 
complement fixation by the 5S antibody 
fragments. No complement fixation was 
detected even when the concentration 
of the fragment was increased 5 times 
over that of native antibody which was 
able to fix 40 of 50 50-percent hemo- 
lytic units. Addition of the chromato- 
graphically separated fragment III (4) 
from normal rabbit gamma globulin 
failed to restore the complement-fixing 
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capacity of these 5S antibody frag- 
ments. 

To study more closely the relation- 
ship between specific precipitation and 
complement fixation, the amount of the 
precipitates and the loss of hemolytic 
complement in the supernatants were 
determined in the same test tubes after 
18 hours' incubation at 4?C (with 3 
ml total volume). Large amounts of 
complement were used, which allowed 
determination of complement fixation 
not only by the decrease of the ability 
of the supernatants to lyse sensitized 
red cells, but also by the increase in the 
amount of precipitates. 

A representative experiment is illus- 
trated in Fig. 2. In the absence of com- 
plement, the amounts of precipitate 
obtained with 2 mg of gamma globulin 
of the 5S preparation are greater than 
those obtained with 1 mg of undigested 
gamma globulin. However, the undi- 
gested antibody fixed up to 110 of 200 
50-percent units of complement, but 
pepsin-digested antibody fragments fixed 
less than detectable amounts. More- 
over, complement consistently increased 
the specific precipitation of undigested 
antibody, as expected (11), but not the 
precipitation of the 5S fragments. The 
experiments thus provide two inde- 
pendent indications that the 5S frag- 
ments do not fix complement, despite 
specific precipitation with antigen. 

It appears, therefore, that the antigen 
combining fragments I and II, whether 
separated (as in papain-digested anti- 
body) or united (as in pepsin-digested 
antibody) are no longer able to fix com- 
plement. Whether this results from an 
alteration in the spatial arrangement 
of the antigen combining sites of the 
molecules or from the loss of certain 
structures in fragment III essential for 
complement fixation remains to be de- 
termined (12). 
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International Geophysical 
Calendar for 1962 

Abstract. Coordination of certain types 
of geophysical observations and analyses 
throughout the world is accomplished by 
the advance selection of days and intervals 
for such work. A committee under the In- 
ternational Council of Scientific Unions 
has issued the calendar for 1962, together 
with a brief explanation and examples of 
how it may be used in planning geophys- 
ical programs. 

The International Geophysical Cal- 
endar 1962 (Fig. 1) (1) designates 
selected days and intervals for special 
attention for geophysical experiments 
and analysis during 1962 and is thus a 
framework for world-wide coordina- 
tion. It serves mainly the branches of 
geophysics dealing with the earth's at- 
mosphere in which many phenomena 
vary significantly during the course of a 
year. In some experiments, such as the 
routine recording of variations of the 
earth's magnetic field, the observational 
and analysis programs at observatories 
are normally carried out at a uniform 
level throughout the year; in these cases 
the calendar is not needed. However, in 
many other experiments (for example, 
rocket experiments), it is not practical 
or meaningful to carry out the same 
program on each and every day. Here 
the calendar can provide a useful mech- 
anism for coordination: experimenters 
will know that their colleagues in other 
countries, in other laboratories, and in 
other disciplines will tend to carry out 
experiments on the days or intervals 
marked on the calendar. In this way, 
results of experiments may later be 

5. M. M. Mayer, A. G. Osler, O. G. Bier, M. 
Heidelberger, J. Immunol. 59, 195 (1948). 

6. Z. Ovary, personal communication. 
7. A. Nisonoff, F. C. Wissler, D. L. Woernley, 

Arch. Biochem. Biophys. 88, 241 (1960). 
8. D. Pressman, D. H. Campbell, L. Pauling, 

Proc. Natl. Acad. Sci. U.S. 28, 77 (1942). 
9. A. Osler, M. M. Mayer, M. Heidelberger, 

J. Immunol. 60, 205 (1948). 
10. A. Nisonoff, F. C. Wissler, L. N. Lipman, 

D. L. Woernley, Arch. Biochem. Biophys. 
89, 230 (1960). 

11. P. H. Maurer, D. W. Talmage, J. Immunol. 
70, 435 (1953). 

12. This investigation was supported by grants 
from the New York State chapter of the 
Arthritis and Rheumatism Foundation and 
from the U.S. Public Health Service (A-2594 
and A-1431-C3), by an advanced research 
fellowship of the American Heart Associa- 
tion (to A.T.) and by a senior fellowship of 
the Arthritis and Rheumatism Foundation 
(to E.C.F.). 

10 July 1961 

International Geophysical 
Calendar for 1962 

Abstract. Coordination of certain types 
of geophysical observations and analyses 
throughout the world is accomplished by 
the advance selection of days and intervals 
for such work. A committee under the In- 
ternational Council of Scientific Unions 
has issued the calendar for 1962, together 
with a brief explanation and examples of 
how it may be used in planning geophys- 
ical programs. 

The International Geophysical Cal- 
endar 1962 (Fig. 1) (1) designates 
selected days and intervals for special 
attention for geophysical experiments 
and analysis during 1962 and is thus a 
framework for world-wide coordina- 
tion. It serves mainly the branches of 
geophysics dealing with the earth's at- 
mosphere in which many phenomena 
vary significantly during the course of a 
year. In some experiments, such as the 
routine recording of variations of the 
earth's magnetic field, the observational 
and analysis programs at observatories 
are normally carried out at a uniform 
level throughout the year; in these cases 
the calendar is not needed. However, in 
many other experiments (for example, 
rocket experiments), it is not practical 
or meaningful to carry out the same 
program on each and every day. Here 
the calendar can provide a useful mech- 
anism for coordination: experimenters 
will know that their colleagues in other 
countries, in other laboratories, and in 
other disciplines will tend to carry out 
experiments on the days or intervals 
marked on the calendar. In this way, 
results of experiments may later be 
more easily and usefully compared. 

In some scientific fields, international 
scientific organizations have made spe- 
cific recommendations for programs to 
be done on days or intervals marked on 
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