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Reform in Security? 

One problem of military security in a free country is to protect the na- 
tional interest without jeopardizing the progress of science and technology 
and without putting individual rights in danger. Continuing efforts to solve 
this problem have produced in this country a vast jumble of laws, directives, 
and administrative orders. The interests of efficiency and justice alike re- 
quire that security controls be simplified. 

In August 1955 Congress recognized the need for a reappraisal of our 
security measures when it set up a Commission on Security. The Commis- 
sion was given a framework of policy within which to work: the program 
for security should be sound and the procedures for security investigation 
and evaluation of employees, either public or private, who have access to 
defense secrets, should be carried out in a way to protect security as well as 
basic human rights. 

Within this framework of policy, the Commission was charged with the 
investigation of the entire security program and asked to determine whether 
the present laws and practices are consistent with the policies set forth 
above. It was ordered to recommend any necessary and desirable changes 
in security laws, directives, and practices. 

Thus Congress has laid out a program that leaves much to the initiative 
of the Commission. Aside from the policy limitations, which are quite gen- 
eral, the Commission has been given a free hand to conduct studies and 
recommend reforms to Congress. The fact that Congress found it necessary 
to extend the life of the Commission from 31 December 1956 to 30 June 
1957 suggests that progress has been less rapid than expected. A good sug- 
gestion has come from another source. The Bar Association of the City of 
New York has recommended far-reaching changes in the security laws to 
protect both the national interest and individual rights. 

Other good suggestions for revising a set of regulations may come from 
the people who must live and work under them. Many governmental bodies 
find out what: people think by holding hearings, but the Commission on 
Security plans to proceed in a different way. It wants to benefit from the 
experiences of our readers and others who are concerned. Its suggestion box 
is open. If you want to recommend changes in the security program, send 
your comments to Lloyd Wright, Chairman, Commission on Security, 441 
G St., Washington 25, D. C. 

There is an alternative way to voice an opinion about these matters. The 

alternative way has what some people will regard as the advantage—and 

this is a significant gage of the temper of the times—of protecting the 

anonymity of the correspondent. Anyone who prefers this protection should 

send his suggestions to the newly created Scientists’ Committee on Security, 

Inc., 2153 Yale Station, New Haven, Connecticut (see this issue, p. 396). 

Either way, public opinion can be brought to bear upon actions of the 

Commission on Security. The difficult problems of security and freedom 

require sensible and practical answers. We hope that private citizens will 

come up with some good ideas, and that the Commission and ultimately 

Congress will accept them,—G, DvuS. 
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Late-Pleistocene Climates 

and Deep-Sea Sediments 

David B. Ericson, Wallace S. Broecker, 

J. Laurence Kulp, Goesta Wollin 

The shells of planktonic Foraminifera 
in deep-sea sediment cores provide the 
most trustworthy evidence on climatic 
variations of the Pleistocene because they 
vary in accordance with the temperature 
changes in the surface waters of the 
ocean and because the stages are repre- 
sented in chronological sequence (/-4). 
The study of the vertical variations in 
frequencies of the most temperature-sen- 
sitive species of planktonic Foraminifera 
in hundreds of cores at Lamont Geo- 
logical Observatory has shown that a 
rather sharp faunal change in the sedi- 
ments of the major part of the Atlantic 
Ocean and adjacent seas marks a transi- 
tion from a relatively cold to the present 
relatively mild oceanic climate. In order 
to correlate this change with continental 
events that occurred at the end of the 
last ice age, carbon-14 dates were made 
on a series of deep-sea cores representing 
different localities, sedimentation rates, 
and sediment types. The locations, geo- 
graphical positions, and depths of water 
at the stations where the cores were ob- 
tained are shown in Fig. 1. 

Several considerations determined the 
choice of these particular cores. Wide 
separation in longitude and latitude was 
desirable in order to make clear that the 
faunal variations from which the climatic 
changes are inferred are not due to local 
but to ocean-wide conditions and in 
order to detect any possible variations 
with latitude. The distance between the 
core from the most westerly station, 
A179-15, and the core from the most 
easterly station, A180-48, is more than 
6000 kilometers. The south-north range, 

The authors are on the staff of Lamont Geologi- 
cal Observatory, Columbia University. 
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the distance between core A180-74 and 
core R10-10, is about 4500 kilometers. 
Cores from areas of varied bottom topog- 
raphy were chosen, for it is recognized 
that the configuration of the ocean floor 
strongly influences sedimentary processes, 
and particularly the rate of sediment ac- 
cumulation (3,5), The locations include 
a submarine canyon, core A180-48, a 
basin, R10-10, and the crest’ of a ridge, 
A172-6. A description of the topography 
at the core stations and the lithology of 
the cores is included as an appendix. 

Climate Determination 

Since nearly all the species of Fora- 
minifera which are found in abundance 
in the Pleistocene sediments of the At- 
lantic Ocean are still living in the At- 
lantic, it is possible to chart the present 
areal distributions of the various species 
either by collecting living assemblages 
with plankton nets or by noting the dis- 
tribution of species in samples of the 
uppermost layer of sediment. Charts of 
the present areal distributions of the im- 
portant planktonic species have been 
published by W. Schott (1) and by 
Phleger, Parker, and Pierson (6), and 
additional, as yet unpublished data have 
been collected by workers at Lamont 
Geological Observatory. The areal dis- 
tributions indicate that some species are 
particularly sensitive to temperature. 

Vertical variations in frequencies of 
such stenothermal species in sediment 
cores are the basis of the micropaleonto- 
logical method of interpreting the cli- 
matic record. W. Schott (/) was the first 
to apply this method. He found in a 
series of short sediment cores from the 

equatorial Atlantic a well-defined faunal 
change which he interpreted as marking 
the end of the Last glaciation. 

The species of mest significance as cli- 
matic indicators are Globorotalia men- 
ardii_menardii (d’Orbigny), Globoro- 
talia menardii flexuosa (Koch), and 
Globorotalia menardii tumida (H. B. 
Brady), which are particularly character- 
istic of warm water, and Globorotalia 
hirsuta (d’Orbigny), Globorotalia scitula 
(H. B. Brady) and, especially, Globiger- 
ina inflata d’Orbigny, which are indica- 
tive of relatively cold water. 

In drawing the climatic curves shown 
in Figs. 2 and 3, we plotted the top sam- 
ple by convention on the mid-point of 
the column. Lower samples containing 
Globigerina inflata in abundance, but 
not Globorotalia menardii are plotted 
near the right margin of the column. 
Such assemblages are interpreted as in- 
dicating the extreme climate of a glacial 
age. Intermediate assemblages are plot- 
ted somewhere in between, depending on 
the degree of dominance of warm and 
cold water species. In many cores about 
halfway down in the Recent zone, there 
is a somewhat stronger dominance of 
Globorotalia menardii than in the top 
sample. This is taken to indicate that at 
that time the climate was a trifle warmer 
than it is now. A more complete discus- 
sion of these methods has been given by 
Ericson and Wollin (4). 

A check of the validity of the method 
is provided by the recently published 
paleotemperature data obtained at the 
University of Chicago (7) on three cores 
from the Lamont collection. Paleotem- 
peratures are obtained by relating varia- 
tions in the oxygen-18/oxygen-16 ratio 
in the CaCO, of the Foraminifera shells 
to temperature of the water in which the 
deposition occurred. The theory and 
technique of this method have been dis- 
cussed by Urey (8), Epstein et al. (9), 
and Epstein and Mayeda (10). 

The cores on which this comparison 
was made were carefully selected on the 
basis of micropaleontological, lithologi- 
cal, calcium carbonate, and size-fraction 
analyses by Ericson and Wollin (4). The 
oxygen istotope measurements made on 
tests of Globigerinoides sacculifera (H. 
B. Brady) and Globigerinoides rubra 
(d’Orbigny) indicated that the climatic 
change involved a 6°C change in the 
temperature of surface ocean water (7). 
Fig. 2 illustrates that a comparison be- 

385 



*RI0-10 (4/°24'N, 40°06'W;4755m,) 

~~. eAI79-15 (24°48'N, 75°56 'W; Om.) 

Sees ,A179-8 (20°29'N, 72°49'W,4060m.) 

a Bro 
°/9'N,/8°06 'W, /450m. 

*A179-4 (/6°36'N,74°48'W,2965m.) OR In ae 

Africa 

°A172-6 (/4°59'N,68°5/'W, 4/60m,) idle 

|OF 

South America (00°10'N,23°00'W,3750m.) 
OL eAl80-73 2 

Al80-74 

(00°03' §,24°10'W;, 3330m.) 
i we | l I Ll | | 

80° 70° 60° 50° 40° 30° 20° 10° 

Fig. 1. Locations of and depths (in meters) of water at the core stations. 
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Fig. 2. Comparison of climatic curves derived from variations in Foraminifera by Ericson and Wollin (4) with oxygen isotope paleo- 
temperature curves for Globigerinoides sacculifera by Emiliani (7) for three deep-sea cores. The change, near the top of the curves, 
from cold to warm indicates the end of the last ice age. The scales are in centimeters of core lengths. Between each pair of curves, radio- 
carbon ages (in years) by Rubin and Suess (//, 12) are given with boxes indicating the sections of the cores used for dating. Where 
total carbonate was used, areas are blackened; open areas represent measurement of only the coarse fraction (greater than 74 microns) 
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tween the isotopic temperatures and the 
curves derived from variations in plank- 
tonic Foraminifera shows good correla- 
tion for the part of the curves which rep- 
resent the change from the cold climate 
of the last ice age to the relatively mild 
climate of the present time. 

Age Determination 

Several assumptions must be made in 
the calculation of carbon-14 ages on core 
materials. One of these is the choice of 
the carbon-14 concentration of the 
material at the time of deposition. For 
shell, the value should be equal to the 
concentration in the carbonate and bi- 
carbonate of the ocean water in which 
the shell grew. Recent data obtained at 
Lamont indicate that surface ocean water 
has a value about 3 percent greater than 
contemporary wood and that deep ocean 
water has values that range down to at 
least 10 percent lower than the same 
wood. In view of this range, a value equal 
to modern wood was arbitrarily chosen. 
In any event, the error involved should 
be less than 300 years. 

The possibility of exchange or recrys- 
talization of the carbonate after deposi- 
tion must also be considered. Since ages 
as great as 35,000 years have been ob- 
tained on core material, it appears that 
this effect should be negligible in the 
11,000-year range under consideration in 
this article. 

The most serious possibility of error 
is the incorporation of carbonate from 
preexisting sediment. Since this material 
would have a lower carbon-14 content 
than the normal material, the ages ob- 
tained would be anomalously low. That 
this is certainly a real problem, at least 
in Caribbean cores, has been demon- 
strated by Rubin and Suess (//), who 
found that the fine fraction from a sam- 
ple of core A179-4 gave an age of 1300 
years, or 10 percent older age than the 
coarse material. Another set of measure- 
ments made at Lamont on another Carib- 
bean core, A172-2, is in agreement with 
this difference. 
One might suspect that, for cores ob- 

tained from ridges well separated from 
the continents, the lack of a source of 
such material would insure more relia- 
bility. One set of measurements made on 
a sample from an equatorial core, A180- 
76, which fits the afore-mentioned re- 
quirements, did indeed show agreement 
between the fractions. The results of the 
coarse- and fine-fraction measurements 
are given in Table 1. 

In four of the cores discussed in this 
article, the amount of coarse fraction 
(particles greater than 74 microns in di- 
ameter), which is composed almost en- 
tirely of the shells of planktonic organ- 
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isms, was insufficient for checks to be 
made. The fifth core, as mentioned in the 
‘preceding paragraph, was taken from an 
ideal area, and no difference between the 
fractions was noted. An added confirma- 
tion of this point is seen in comparing 
the dates obtained at the U.S. Geological 
Survey (12) on the coarse fraction of 
core A180-73 with dates obtained at 
Lamont on the bulk material from a 
lithologically identical core A180-74. 
This comparison is shown in Fig. 3 with 
the other carbon-14 dates obtained at 
Lamont Geological Observatory. 

The excellent agreement concerning 
the date of the mid-point of the climatic 
change in the five cores gives confidence 
that the problem of incorporating dead 
material has caused less-than-1000-year 
errors in the dates obtained. In any case, 
the ages obtained on bulk material must 
be considered to be maximum. 

Summary and Discussion 

The radiocarbon dates, the climatic 
curve deduced from the Foraminifera, 
and the paleotemperature measurements 
shown in Figs. 2 and 3 indicate that the 
mid-point of the the major change from 
glacial to postglacial conditions occurred 
about 11,000 years before the present. 
This major change appears to be broadly 
simultaneous throughout the North At- 
lantic and adjacent seas, and it probably 
occurred in a time interval on the order 
of 1000 years. The Caribbean cores 
(A172-6 and A179-4) and the equato- 
rial cores (A180-73 and A180-74) show 
evidence of a gradual beginning of cli- 
matic change 13,000 to 15,000 years ago, 
with the major break occurring close to 
11,000 years ago. In other cores where 
sedimentation was more rapid, the 
change is somewhat sharper. 
On the basis of the carbon-14 dates 

shown in Fig. 2, Emiliani concluded that 
the major climatic change began 16,500 
years ago (7). As can be seen by exam- 
ining the curves, the beginning of the 
climatic change is not well defined. In 
cores showing rapid deposition, the 

change occurs in less than 2000 years, 
whereas in the cores showing a slow 
deposition rate, it is spread out from 
2000 to as much as 10,000 years (in core 
A172-6). The spreading out of the break 
in core Al72-6 may represent a more 
rapid deposition at the close of the 
glacial period. The increase in deposition 
rate may well represent the addition 
of reworked material to the normal sedi- 
ment, in which case the age obtained is 
too great. 
A more easily defined point, and per- 

haps a more significant one, is the mid- 
point of the steep portion of the curve. 
Examination of the curves shows that, in 
all cases except possibly core A172-6, 
the -age at this point lies within 1000 
years of 11,000 years ago. It should be 
noted that the isotope temperature curves 
as well as the foraminiferal climatic 
curves show this apparent variation in the 
shape of the climatic change. This elim- 
inates the possibility that the explanation 
lies in an error in the foraminiferal 
method itself. 

The oxygen paleotemperature curves 
and the climatic curves based on varia- 
tions in frequencies of species of Fora- 
minifera (Fig. 2) agree in showing that 
the transition from glacial to postglacial 
climate was marked by a pronounced 
temperature rise of the upper layer of 
water in which the planktonic Foraminif- 
era live. This world-wide change of sur- 
face-water temperature at the end of the 
glacial period argues against any theory 
of continental glaciation which calls on 
increased precipitation only without low- 
ering of the world mean annual tempera- 
ture. 

Although the late Wisconsin glacial 
maximum may have occurred 18,000 
years ago (13), it is quite likely that 
rapid deglaciation did not set in until 
after the Mankato readvance 11,400 
years ago. The difference in the total ice 
accumulated on the continents between 
the Tazewell (18,000 years before the 
present) and Mankato (11,400 years be- 
fore the present) advances probably did 
not exceed 10 percent. The cores indicate 
that no large climatic change occurred 

Table 1. Radiocarbon ages of the coarse and fine fractions from one deep-sea core, A179-4, 
. determined at the U.S. Geological Survey (12) and from two cores determined at Lamont 
Geological Observatory (15). The coarse fraction (greater than 74 microns) consists 
almost entirely of the shells of planktonic organisms. The positions and depths are as 
follows. A179-4: 16°36’N, 74°48’W, 2965 meters; A172-2: 16°12’N, 72°19’W, 3070 
meters; A180-76: 00°46’S, 26°02’W, 3510 meters. 

Sample Age of Age of 
Core position coarse fine 
No. (centimeters fraction fraction 

from top) (years ) (years) 

A179-4 23-30 11,800 + 300 13,500 + 400 

A172-2 14-29 11,500 + 250 14,400 + 400 
A180-76 10-22 9,800 + 200 10,300 + 350 



over the North Atlantic Ocean between 
18,000 and at least 13,000 years before 
the present. The data indicate a rather 
sudden change from. more or less stable 
glacial conditions to postglacial condi- 
tions. This is opposed to the usual view 
of a gradual change. 

The 11,000-year date for the major 
rise in the temperature of ocean water 
is consistent in that it slightly postdates 
the last ice advance on land at Two 
Creeks, Wis., 11,400 years ago (14) and 
in the Puget Sound and southern British 
Columbia areas 11,000 to 12,000 years 
ago (15), which was followed by the 
rapid retreat. Further evidence is found 
in a change in sedimentation of sand to 
silt in the Mississippi Delta region, and 
a rapid drying up of pluvial Lake Lahon- 
tan (16), both very close to 11,000 years 
ago. 

The core data point definitely to the 
period immediately before and after 
11,000 years as a very criticaj period in 
glacial history. Further correlation of 
events both in the ocean and on land dur- 
ing this interval may lead to an under- 
standing of some of the factors causing 
glaciation (17). 

Appendix 

In describing the cores, the term lutite 
has been used to indicate sediments com- 
posed of particles smaller than the silt 
fraction, whether they consist of clay 
minerals, calcite, or any other mineral. 
The terms calcareous sand and calcareous 
silt are used when the coarse sediment 

A\l80-48 

is dominated by the shells and debris of 
pelagic organisms. Simplified graphic 
lithological descriptions of six of the 
cores are shown in Fig. 3. 

Core A172-6 was taken on the crest of 
an eastern extension of the Beata Ridge 
in the Caribbean. The sediment is a 
brown foraminiferal lutite, uniform 
throughout except for several zones of 
black manganese oxide speckling. It con- 
tains no distinct bedding or layers of 
good particle size sorting. 

Core A179-4 is from a gentle slope 
southeast of Albatross Bank in the Carib- 
bean. The upper half is a dark brown 
unsorted foraminiferal lutite with zones 
of manganese oxide speckling. 

Core A179-8 was raised from the bot- 
tom of a basin north of Hispaniola. It 
contains a series of layers of well-sorted 
calcareous silt and sand alternating with 
brown, unsorted foraminiferal lutite. The 
layers of calcareous sand are graded— 
that is, the particles are coarse in the 
lower part and gradually become finer 
in the upper part. They contain remains 
of caicareous organisms of shallow-water 
environment, particularly fragments of 
calcareous algae. It is believed that the 
graded layers containing transported 
material were deposited by turbidity cur- 
rents. The interbedded layers of brown 
lutite are of typical deep-water facies. 

Core’ A179-15 was taken on the Eleu- 
thera Island rise. The upper 100-centi- 
meter section is a light gray calcareous 
lutite without bedding. At a depth of 
100 centimeters there is gradational 
change to light tan calcareous lutite of 

the same texture and also without bed- 
ding. The lower part of the core is 
similar except for a graded layer that 
extends from 355 to 520 centimeters. 

Core A180-48 was taken near the bot- 
tom of a submarine canyon northwest 
of Cape Verde, French . Equatorial 
Africa. The sediment is a dark green 
jutite, very uniform from top to bottom 
except for a few small silt lenses and silt 
films in the lower part. There is no well- 
defined ,change in color or texture any- 
where in the core. 

Cores A180-73 and A180-74 are very 
similar. They were taken on the gently 
sloping flanks of the Mid-Atlantic Ridge. 
The distance between stations was 60 
nautical miles. Both cores have grayish 
tan foraminiferal lutite at the top. This 
very gradually changes, downward, to 
darker tan. At a depth of about 35 centi- 
meters there is a fairly abrupt, but not 
sharply defined, color change to light 
gray foraminiferal lutite that continues, 
with minor changes in shade, to a depth 
of 225 centimeters in core A180-73 and 
to a depth of 300 centimeters in core 
A180-74, below which there are layers of 
brown and gray foraminiferal lutite. The 
texture is quite uniform throughout. 

The various color layers, distinguished 
by letters on the graphic logs of these 
cores (Fig. 3) correlate from core to 
core. This is good evidence that the sedi- 
mentary sections included in these cores 
have not been disturbed by local cata- 
strophic deposition of sediment by turbid- 
ity currents or by removal of sediment 
by slumping. 
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Fig. 3. Climatic curves derived from variations in Foraminifera and lithologic and chronologic data for six deep-sea cores ranging from 
the equator to latitude 41°N. Present climate is plotted on the mid-point between warm and cold, and inferred past climates are plotted 
with respect to it. The change from cold to warm in the curves indicates the end of the last ice age. The scales are in centimeters of core 
lengths. The numbers to the right of each curve are radiocarbon ages (in years) of carbonate of total sample obtained by Broecker, 
Kulp and Tucek (15) from five of the cores and of carbonate of the coarse fraction (greater than 74 microns) by Rubin and Suess (12) 
from core A180-73. Sections of the cores used for dating are indicated by boxes. The radiocarbon dates give rates of sedimentation rang- 
ing from 2.2 centimeters per 1000 years (part of core A180-74) to 270 centimeters per 1000 years (part of core A180-48). In the graphic 
descriptions of the lithology to the left of each curve, open zones indicate lutite, dashed lines the change in color of the sediment, and 
dotted zones calcareous sand and silt. The correlating zones marked by color changes in cores A180-73 and A180-74 are distinguished 
by letters. 
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Core R10-10 was taken in the New- 
foundland Basin. The upper half is a 
slightly silty lutite in various shades of 
gray and rose-gray. At a depth of 120 
centimeters there is a gradational change 
from dark gray lutite to light gray cal- 
careous lutite. The lower half contains 
several sharply defined color changes and 
two zones of glacial marine sediment— 
that is, lutite containing ice-rafted peb- 
bles. 
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Kinetic Aspects of Assembly 

and Degradation of Proteins 

Daniel Steinberg, Martha Vaughan, Christian B. Anfinsen 

Recent years have seen the develop- 
ment of highly refined techniques appli- 
cable to the study of protein synthesis. As 
a result, productive research on this for- 
midable problem has grown considerably. 
Yet even today virtually nothing is 
known, except by inference, of the path- 
way between free amino acids, which are 
generally accepted as the ultimate pre- 
cursors, and proteins. The catabolic as- 
pects of protein metabolism have been 
almost completely neglected, and it is 
even questioned by some whether con- 
trolled intracellular degradation plays 
any role at all in normal protein metab- 
olism (1). 

Speculations with respect to the mech- 
anism of protein biosynthesis have tended 
to focus on the problem of how a specific 
and definitive amino acid sequence is 
achieved. The result has been a deempha- 
sis of the problem of the “pathway of 
biosynthesis” in the sense that this term 
has been applied in studies of other com- 
plex molecules. Many have concluded 
either that there are no intermediates in 
protein synthesis or that the intermediates 
must be so poorly definedor so transient 
that they defy characterization. It may 
be useful to consider the analogous situa- 
tion that prevailed for a number of years 
in the field of fatty-acid synthesis. Even 
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after isotopic evidence pointed over- 
whelmingly to a synthetic mechanism in- 
volving stepwise two-by-two condensa- 
tion, intermediates were not detected by 
direct tissue analysis. 

Studies from this laboratory have sug- 
gested the existence of intermediate com- 
pounds between free amino acids and 
completed protein molecules. Specifically, 
these studies have shown the nonidentity 
in terms of metabolic history of the dif- 
ferent residues of a given amino acid spe- 
cies at different loci along the peptide 
chains of the proteins investigated. 

Most of this work has been reported in 
detail elsewhere (2-5), and so we shall 
only outline here the general plan of the 
experiments and summarize the results 
for comparison with the findings of 
others. The two schemes shown in Fig. 1 
serve as a basic outline for these consid- 
erations, In scheme A of Fig. 1, protein 
synthesis is pictured as an “all-at-once” 
assembly of individual amino acid resi- 
dues on a sequence-determining template. 
Scheme B in Fig. 1 differs in that it in- 
cludes intermediate compounds on the 
path between the free amino acid pool 
and the completed protein molecule. 
Many variants of these basic schemes can 
be devised by introducing reversible re- 
actions, combining some of the features 
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of each, multiplying the number of steps, 
and so on. 

The design of our experiments can be 
made clear, however, without these re- 
finements. We label amino acid A with 
carbon-14, incubate it with tissue in vitro 
or in vivo, and isolate from the tissue 
a sample of a pure protein. Synthesis ac- 
cording to scheme A should result in a 
protein having, for amino acid species A, 
the same specific radioactivity at all 
points along the peptide chain (uniform 
labeling). With scheme B, however, dif- 
ferent residues of this amino acid species 
may have different specific radioactivities 
(nonuniform labeling). It should be em- 
phasized that scheme B could also lead 
to uniform labeling if the pool sizes of 
the intermediates and the rates of the 
various reactions involved were favor- 
able for this result. The finding of uni- 
form labeling would therefore be ambigu- 
ous. 

Experiments of this sort have been car- 
ried out in the case of three crystalline 
proteins—ovalbumin, insulin, and ribo- 
nuclease. In each case, the protein syn- 
thesized in vitro in the presence of a 
labeled amino acid has been rigorously 
purified. Samples of labeled amino acid 
derived from different loci in the peptide 
chain have been obtained by partially 
degrading the protein and separating the 
fragments. Ovalbumin has been studied 
most extensively of the three; the data 
obtained are summarized in part A of 
Table 1. Of particular interest is the com- 
parison of the labeling data obained on 
the plakalbumin and hexapeptide frac- 
tions of ovalbumin which result from the 
treatment of this protein with the bac- 
terial protease, subtilisin (6). Three of 
the residues in the hexapeptide—namely, 

The authors are on the staff of the National 
Heart Institute, National Institutes of Health. Dr. 
Steinberg is chief of the section on metabolism, 
Dr. Vaughan is senior assistant surgeon, and Dr. 
Anfinsen is chief of the laboratory of cellular phys- 
iology and metabolism. . 



Table 1. Summary of ovalbumin studies. 

é 3 Nonuniformit 
Amino acid tio* y 
idue isolated a sit observed 

A. Hexapeptide fraction (2, 3) 
Ala: (N-terminal) Ak’ Page FE cP Ea 

0.9 Glye 
Val; not studied 
Asp $3.7, 2:8, 2.0, 1.4 
Alas 1:0;:4.0 
Alas (C-terminal) i a | 

B. Alanine-containing peptide fractions in 
pepsin digest (3) 

-Ala from: 
Fraction 28 
(0.31-0.39) t 1.6§ 

Fraction 23 
(0.65-0.72) 1.4 

Fraction 13 
(0.81-0.89) 1.0 

Fraction 3 
(0.72-0.80) 0.5 

Fraction 1 
(0.89-1.00) 0.4 

C. Peptides in acid hydrolyzate of oxidized 
ovalbumin (5) 

Gly from CySO;H-Gly 
fraction 1.4 

Ser from Ser-CySO;H 
fraction 0.4 

* Specific activity of indicated residue divided by 
the average specific activity of that amino acid 
species in the whole ovalbumin molecule. 
} These values represent results in separate 4- or 
5-hour in vitro incubations of oviduct. 
{ Fractions designated by Ry in 1:1 butanol and 
propionic acid, water saturated. 
§ Representative examples from a total of 28 pep- 
tide fractions examined. 

glycine and two of the three alanine resi- 
dues—were found to have specific activi- 
ties not significantly different from the 
average specific radioactivity for these 
amino acid species when they were iso- 
lated from complete acid hydrolyzates 
of ovalbumin. The aspartic acid and the 
third alanine residue, however, showed 
marked differences from the average, in- 
dicating nonuniform labeling of the 
molecule. 

The nonuniformity of labeling is not 
limited to the hexapeptide portion of 
ovalbumin. After pepsin digestion of 
alanine-labeled ovalbumin, as many as 28 
alanine-containing peptide fractions were 
separated, and the specific activity of the 
alanine in each was determined. As shown 
in part B of Table 1, the variation in 
specific activity among these different 
alanine fractions was of a rather high 
order. Significant differences have been 
demonstrated between glycine residues 
and also between serine residues (Table 
1, part C), 

The data presented in Tables 2 and 3 
show that nonuniformity of amino acid 
labeling can also be demonstrated in 
other proteins. Specific degradation of 
both insulin and ribonuclease labeled in 
vitro yielded amino acid species, derived 
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from different parts of these proteins, 
which showed marked differences in spe- 
cific radioactivity. 

Besides demonstrating the occurrence 
of a mechanism of protein synthesis that 
can lead to nonuniform labeling, these 
experiments furnish convincing evidence 
that radioactive amino acids are incor- 
porated into the warp and woof of the 
protein molecule. The isolation and deg- 
radation of well-characterized peptides 
from the proteins studied (for example, 
the hexapeptide and the cysteic acid pep- 
tides from ovalbumin, and the hepta- 
peptide from insulin) leave little doubt 
that incorporation has occurred by true 
peptide-bond synthesis. 

The finding of nonuniform labeling of 
proteins is basically a kinetic result and, 
as is generally true of kinetic results, does 
not by itself define a mechanism. It may, 
however, permit us to define within broad 
limits the conditions that any proposed 
mechanism must satisfy. We have ex- 
amined several plausible schemes for 
protein biosynthesis, and, where possible, 
we have derived equations that would de- 
scribe the expected labeling results, 

Stepwise Synthesis; 

Template Not Obligatory 

Scheme B of Fig. 1 presents an ultra- 
simplified schematic representation of 
protein synthesis through free intermedi- 
ate compounds. We limit our considera- 
tions to two of n intermediates, and we 
imply nothing with respect to the chemi- 
cal nature of these intermediate conju- 
gates except that they are kinetically dis- 
tinguishable. Amino acid A, destined for 
positions A, and A, in the completed 
protein, passes through the nonequivalent 
intermediate forms X, and X, prior to 
incorporation. It is assumed (i) that both 
steps follow first order kinetics, (ii) that 
a constant steady-state concentration of 

intermediates is maintained, and (iii) 
that the specific activity of the free amino 
acid pool remains constant. On the basis 
of these assumptions, we can show that 
the radioactivity in the intermediate com- 
pounds follows a time course described 
by Eq. 1 and plotted in Fig. 2. Since 
steady state is assumed, the total radio- 
activity remains proportional to specific 
radioactivity. 

dCx 
dt i= kiCa- ksCx, 

_ ks . Cx,= FE Ca(1-e®) (1) 

dCs 
= dt = k2Cx, 

Ca, = hiCa [e+e iem-a)] (2) 

where Ca is the radioactivity in amino 
acid A in free amino acid pool; Cx, is 
the radioactivity in intermediate X,; 
Ca, is the radioactivity in residue A, in 
protein; k, is the rate constant for inter- 
mediate formation; and k, is the rate 
constant for incorporation of intermedi- 
ate into protein. 

The specific activity of the intermedi- 
ate rises very rapidly at first and ap- 
proaches the specific activity of the free 
amino acid precursor asymptotically. 
How rapidly this plateau is reached de- 
pends on the size of the intermediate pool 
and the rate of protein synthesis. The 
specific activity of the residue in the pro- 
tein follows a time course described by 
Eq. 2 and plotted in Fig. 2. It is assumed 
that the amount of new protein synthe- 
sized is small relative to the amount of 
preformed, unlabeled protein so that 
specific activity will be directly propor- 
tional to total radioactivity in any par- 
ticular residue. The specific activities of 
the protein residues rise at first with a 
positive acceleration and then, at the 
point at which the intermediates ap- 
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Fig. 1. Two basic schemes for assembly of amino acids to form protein: (scheme A) Simul- 
taneous assembly onto a template; (scheme B) stepwise synthesis through intermediate 
forms, chemical nature unspecified. 
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Table 2. Nonuniform labeling in insulin 
(4). 

Specific radioactivity 
Amino acid (count/min pmole) 
residues 
isolated* Expt. 1 Expt. 2 

A. Glycine residues 
Ax 27.2 21.0 
Bas 11.3 9.0 
Bs + Bao 21.7 

B. Serine residues 
Ao + Aas 8.8 1.9 
Bo 12.4 5.6 

* Designated by position in the A or B chain ac- 
cording to the notation of Sanger (32). 

Table 3. Nonuniform labeling in ribonu- 
clease (4). 

Phenylalanine 
Phenylalanine- specific 

containing radioactivity 
peptides (count/min 
in pepsin umole ) 
digest 

Expt.1 Expt. 2 

Phe from: 
Fraction 1 (0.8)* 57.9 72.6 
Fraction 2 (0.6) 33.0 38.0 

* Designated by Ry in 4:2:1 n-butanol, glacial 
acetic acid, and H,O, respectively. 

proach their maximum specific activities, 
rise linearly. If there are one or more in- 
termediate steps, we would therefore ex- 
pect a “lag” phase followed by a linear 
rise in protein specific activity. Curves of 
this type have been observed by Peters 
(7). It may be worth noting that if the 
intermediate conjugates were in a bound 
form precipitated and counted along with 
the “protein fraction,’ one would then 
observe a specific activity curve rising 
linearly from time zero without a lag 
phase. 

If we now consider two different A 
residues in the protein and assign numer- 
ical. values for the sizes of the inter- 
mediate pools and for the magnitude of 
the rate constants, we can predict the 
extent and the course of the nonuniform 
labeling to be expected. In the example 
detailed in Figs. 2 and 3, we have as- 
signed to intermediate X, a steady-state 
concentration of 1 percent of that of 
free amino acid A and to intermediate 
X, a steady-state concentration one-half 
that of intermediate X,. Just after the 
addition of isotope, the specific activity 
of protein residue A, will be twice that 
of protein residue A,, and the nonuni- 
formity ratio will be 2. As incubation 
proceeds, the nonuniformity ratio falls, 
approaching unity asymptotically. 

In the system defined by the afore- 
mentioned assumptions, the rate of. de- 
crease of the nonuniformity ratio can be 
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shown to be a function of the total mass 
of protein synthesized. In other words, 

_ the abscissa labeled “Hours” in Fig. 3 
could be replaced by an abscissa labeled 
“Total amount of protein synthesized.” 
It follows that, in a system with given 
concentrations of intermediates, the more 
rapid the protein synthetic process, the 
earlier must sampies be taken in order to 
detect nonuniform labeling. 

If the reactions in the scheme B of 
Fig. 1 are made reversible, the kinetic 
equations become quite complex, but the 
general result should remain qualitatively 
unchanged. Furthermore, the utilization 
of breakdown products from one protein 
species in the synthesis of others can be 
visualized. This could lead to the intro- 
duction of fragments of-very low (or very 
high) specific radioactivity, thus magni- 
fying the degree of nonuniform labeling. 

As we have pointed out previously (2), 
any conclusions drawn from studies of 
nonuniform labeling are independent of 
and shed no light on the chemical nature 
of the intermediates. It is perhaps espe- 
cially important to reemphasize that the 
postulated intermediates need not be free. 
As in the case of the intermediates in 
fatty acid synthesis, they may only occur 
bound into a larger molecular complex. 
These kinetic considerations show that 
protein synthesis through one or more 
intermediate compounds, reversibly or 
irreversibly, could lead under appropri- 
ate conditions to nonuniform labeling 
and is therefore compatible with our ex- 
perimental results. 

Template Synthesis; Free 

Intermediates Not Obligatory 

Two classes of substances with the 
complexity of pattern needed for a se- 
quence-determining template are the 
nucleic acids and the proteins themselves. 
Both have been postulated to serve this 
function, and detailed consideration has 

° ° ° 
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NiZLOUd NIV 40 VS OF INTERMEDIATE OF FREE AMINO 
SA sa 

HOURS 

Fig. 2. Specific activity of the intermediate 
forms (X: and Xz) and of the residues in 
the protein (A: and Az) as a function of 
time. The concentration of intermediate 
X; was taken as 1 percent of that of the 
free amino acid; the concentration of ‘in- 
termediate X2 was taken as 0.5 percent of 
that of the free amino acid. 

” ° J 

o T ! 

NON-UNIFORMITY RATIO (S.A. of A2/S.A. of A)) | i 
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Fig. 3. Predicted time course of nonuni- 
form labeling in the protein for the case 
in which intermediate pools differ in size 
by a factor of 2 (see Fig. 2). 

been given to mechanisms by which they 
might operate (8/1). In the following 
paragraphs we wish to examine the tem- 
plate hypothesis from a kinetic point of 
view to determine what results might be 
expected in terms of the nonuniform 
labeling of protein. These kinetic consid- 
erations are independent of the chemical 
nature of the template. 

1) Simultaneous template synthesis. If 
amino acids from the labeled free pool 
take up their appropriate positions on the 
template simultaneously, or almost simul- 
taneously, uniform labeling or nearly uni- 
form labeling will result. An instantane- 
ous process of this type would be com- 
patible with the apparent absence of in- 
termediate compounds in protein biosyn- 
thesis. However, since it could lead only 
to uniform labeling, it is not compatible 
with the data that have been presented 
(2-5). In any case, the postulate of 
simultaneous condensation, interpreted 
literally, implies in terms of molecular 
collision an extremely improbable event. 

2) Stepwise template synthesis. If the 
accumulation of free amino acids by a 
template sui face requires a period appre- 
ciable in the time scale of the cell, then 
nonuniform labeling could result. This 
question of the time required for syn- 
thesis of a single protein molecule is a 
critical one. On the basis of the very short 
generation time of various microorgan- 
isms, one may guess that the period re- 
quired can be extremely short. To make 
an estimate for mammalian tissues is 
much more difficult. We cannot be cer- 
tain that the time required for synthesis 
of a protein molecule is fixed and un- 
varying. Increasing the rate of synthesis, 
in terms of net numbers of molecules syn- 
thesized per minute, could be accom- 
plished by invoking a larger number of 
sites of synthesis, in which case the time 
per molecule might remain unaltered, or 
by speeding up the production of each 
individual protein molecule at each avail- 
able synthetic site. The answer would be 
relevant in the evaluation of experimen- 
tal studies on nonuniform labeling. 
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There appear to be two general ways 
in which synthesis on a template could 
lead to nonuniform labeling. The first of 
these depends on a changing specific ac- 
tivity in the free amino acid pool during 
the synthesis of a single protein molecule. 
As pointed out by Dalgliesh (12), if the 
specific activity of the pool falls signifi- 
cantly between the time the first and the 
last residue of a given amino acid species 
takes up its position on the template, 
there will be nonuniformity of labeling. 
The order in which the amino acids take 
up their positions would have to be com- 
pletely or partially fixed, since random 
accumulation would tend to average out 
specific actiyity differences. The order of 
assembly, however, need not coincide 
with the amino acid sequence along the 
polypeptide chain. 

Suppose that in: our analysis of the 
protein we were to.compare two amino 
acid residues, the first and the last to be 
attached to the template. In order to ob- 
tain a nonuniform labeling ratio of 2, 
we would require a drop in pool specific 
activity of 50 percent during the time of 
synthesis of each single protein molecule 
at a single template site. But if ten pro- 
tein molecules are made per synthetic 
site during the experiment, a nonuniform 
labeling ratio of 2 could be obtained only 
if the pool specific activity fell by 21° or 
more than 1000-fold. The assembly time 
per molecule is thus a crucial but un- 
available datum needed to evaluate the 
plausibility of such a mechanism. It 
should be pointed out that, because of the 
finite time postulated for the build-up of 
the final protein, there would at all times 
be a significant population of template- 
bound intermediates in the cell. 

There is a second way in which a tem- 
plate mechanism could lead to nonuni- 
form labeling, even with unchanging spe- 
cific radioactivity in the free amino acid 
pool. This mechanism ‘is depicted sche- 
matically in Fig. 4. The template is visu- 
alized as a miniature assembly line de- 
signed for the gradual building up of 
protein molecules. At any given moment, 
the cell contains a broad spectrum of in- 
complete proteins, Some are virtually 
complete, lacking only the final residue, 
Ag; some are in the earliest stage of syn- 
thesis, bearing only the first residue, A,. 
When assembly is completed, the fin- 
ished protein dissociates from the tem- 
plate and enters the stable pool of com- 
pleted proteins. 

If, at any time, we add labeled amino 
acid A, the first molecule completed will 
have radioactivity only in Aj. After a 
time molecules having radioactivity in 
positions A, and A, will begin to appear 
in the pool of completed proteins, and 
finally all new molecules will be uni- 
formly labeled. The A, and A, residues 
isolated from the completed proteins will 
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always have a lower specific radioactiv- 
ity than residue Az, but uniform labeling 
will be approached asymptotically. 

Combined Mechanisms 

The process of protein synthesis could, 
of course, represent a combination of two 
or more mechanisms. For example, the 
formation of low-molecular-weight inter- 
mediates from amino acids might occur 
in free solution and then, by subsequent 
covalent exchange or transfer reactions, 
these could take up positions on the tem- 
plate. A mechanism of this type is sug- 
gested if compounds such as_ those 
described by Park (13), by Hoagland 
(14) or by Turba (15) lie in the path- 
way of protein synthesis. It is useful 
to contrast this type of mechanism, 
in which the template is not obligatorily 
involved in all phases of intermediate for- 
mation, with mechanisms in which the 
template is involved in both assembly 
and intermediate formation. In the latter, 
as typified by the schemes of Dounce 
and Lipmann (1/0, 11), amino acid ac- 
tivation and assembly proceeds by a series 
of successive reactions with sites on the 
templates themselves. The only inter- 
mediate forms between free amino acids 
and proteins are the template-amino con- 
jugates themselves. 

From these kinetic considerations two 
generalizations emerge. First, nonuniform 
labeling is incompatible with a synthetic 
process so rapid that there are no finite 
concentrations of intermediate com- 
pounds. As a corollary, then, such inter- 
mediates should be demonstrable, given 
the appropriate techniques, whether they 
are simple molecules in free solution or 
high-molecular-weight complexes with a 
“template.” The same equations might 
describe the kinetics in either case. Taken 
together, the necessity for transmitting 
the extremely complex information re- 
quired for synthesis of a specific amino 
acid sequence, and the observed results 
of nonuniform labeling, lend strong sup- 
port to the hypothesis that protein syn- 
thesis occurs by what we may call a 
“stepwise template mechanism.” Second, 
the degree of nonuniform labeling would 
be expected to decrease with increasing 
time from the introduction of the labeled 
amino acid. This apparently general 
characteristic is especially relevant in the 
interpretation of some of the negative 
studies on nonuniform labeling which are 
discussed in a subsequent section. 

In concluding these immediate consid- 
erations, mention must be made of the 
possibility that free amino acids may “ex- 
change” with their like in the fabric of 
completed proteins by a process different 
from that leading to net protein synthe- 
sis (16). If they are nonrandom, such ex- 

change reactions could lead to nonuni- 
form labeling. The exchange observed by 
Gale is dependent on the availability of 
an energy source and is in this sense dis- 
tinct from simple transferase reactions 
such as transpeptidation and transglyco- 
sidation, reactions with free energy 
changes close to zero. If “exchange” im- 
plies only isotopic exchange, it seems 
probable on the basis of previous experi- 
ence: that, whatever the nature of the re- 
actions involved, they may well reflect 
reversible reactions involved in net pro- 
tein synthesis. While it has not yet been 
demonstrated to operate at the protein 
level, transpeptidaticn could represent an 
additional mechanism leading to nonuni- 
form labeling, in this case by true ex- 
change or transferase reactions. 

Other Evidence for Synthesis 

through Intermediates 

Precursors of protein more complex 
than free amino acids have yet to be un- 
equivocally demonstrated. Hoagland has 
shown that a soluble liver enzyme system 
can, in the presence of adenosine triphos- 
phate, catalyze the formation of activated 
amino acids presumably conjugated with 
adenylic acid (14). A similar activation 
mechanism has been demonstrated in sev- 
eral bacterial systems by DeMoss and 
Novelli (17). More work is needed to 
show that the amino acids activated by 
these systems lie on the pathway to pro- - 
tein, but it is quite possible that they rep- 
resent the earliest intermediates in pro- 
tein synthesis. 

Turba has recently reported the isola- 
tion and partial characterization of a 
large number of peptides of high specific 
radioactivity from Torula utilis that was 
exposed briefly to labeled acetate (15). 
The time relationships of the distribu- 
tion of radioactivity were compatible 
with the assumption that the peptides 
were precursors of protein. Rigid proof 
of this is still lacking. 

Peters’ studies on the synthesis of serum 
albumin by chicken liver slices strongly 
suggest the presence of intermediates (7). 
He observed that there was as much as a 
20-minute lag between the introduction 
of a labeled amino acid and the appear- 
ance of radioactivity in serum albumin. 
When the slices were washed and trans- 
ferred to a nonradioactive medium, 
radioactivity continued to appear in the 
serum albumin fraction even though 
there was no further increase in the 
radioactivity of the total trichloroacetic 
acid-precipitable protein fraction. 

There are a number of less direct but 
possibly pertinent studies that should be 
mentioned. The synthesis of the tripep- 
tide glutathione has been shown to be a 
two-step process catalyzed by two distinct 
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Fig. 4. A stepwise template mechanism for protein synthesis which could lead to nonuni- 
form labeling. 

enzymes (1/8), The intermediate com- 
pound, gamma-glutamylcysteine, can ex- 
ist in free solution, and the reactions are 
reversible. The mechanism of synthesis 
in this case would be classified as step- 
wise synthesis with free intermediates. 
This synthesis depends on adenosine tri- 
phosphate as the energy source but in- 
volves no other known cofactors. This is 
true also of pantothenic acid synthesis 
(11, 19). Synthesis of benzoyl-glycine, on 
the other hand, does involve an inter- 
mediate complex, benzoyl-coenzyme A 
(20). Finally, it should be emphasized 
that the widespread occurrence of pep- 
tides, even if at low levels, in animals 
and plants amply testifies to the ability of 
tissues to synthesize peptides of various 
lengths (2/). 

Evidence against Synthesis 

through Intermediates 

Work and his collaborators have car- 
ried out studies similar to those reviewed 
here in an attempt to demonstrate non- 
uniform labeling in beta-lactoglobulin 
and casein synthesized by the goat. A few 
of the peptides isolated from the labeled 
protein contained amino acids differing 
from the average in specific activity. 
However, the preponderance of the sam- 
ples isolated showed, within the limits of 
error of the methods, identical amino 
acid specific activities (22). The appar- 
ent discrepancy between these results and 
ours could, of course, be due to funda- 
mental differences between the basic 
mechanisms for protein synthesis in the 
different tissues studied. On the other 
hand, in the light of the kinetic consid- 
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erations described in a previous para- 
graph, the difference may simply be one 
of rates. The mammary gland produces 
protein at a phenomenally high rate, and 
the nonuniformity ratio might be ex- 
pected rapidly to approach unity. Non- 
uniform labeling might therefore be de- 
monstrable only in samples taken very 
shortly after introduction of isotope. 

Muir, Neuberger, and Perrone injected 
labeled valine into rats, isolated hemo- 
globin, and then compared the specific 
activity of N-terminal valine with the 
average specific activity of valine isolated 
from the body of the molecule (23). 
They observed no significant differences. 
The question of relative rate of synthesis 
must be considered here as in the case of 
the similar in vivo experiments of Work 
and his collaborators. In addition, it is 
necessary to recognize that the sample of 
N-terminal valine isolated represented 
several residues and only their average 
specific radioactivity was determined. 
Differences between individual residues 
cannot be ruled out. 

Finally, the studies of Velick, Simpson, 
and Heimberg must be mentioned (24). 
These workers injected labeled amino 
acids into the rabbit and isolated several 
crystalline enzymes from muscle. Then, 
after acid hydrolysis, they isolated a num- 
ber of labeled amino acids from each 
enzyme and compared specific radioac- 
tivities. It was found that the specific 
radioactivities of the amino acids isolated 
from one enzyme all bore the same rela- 
tionship, within the limits of error of the 
methods, to the specific radioactivities 
of the corresponding amino acids in the 
other enzymes. From this it was inferred 
that within each enzyme all the residues 

of each amino acid species were of iden- 
tical specific radioactivity. While the 
conclusion may be correct, the evidence 
is by no means rigid or compelling. The 
proteins studied were of rather high 
molecular weight, and therefore the num- 
ber of amino acid residues represented in 
each sample isolated was rather large. As 
in Neuberger’s study, then, only an aver- 
age specific radioactivity was measured. 
Now the constancy, or relative constancy, 
of the specific activity ratios observed is 
not unexpected even if synthesis occurred 
through intermediate compounds. On the 
average, the rate of incorporation of 
amino acids into a protein with a turn- 
over rate twice that of another protein 
will be twice as great. Certainly, after the 
pools of intermediates become saturated 
with isotope, and therefore equal in spe- 
cific activity, the rates of isotope incor- 
poration must be precisely in the ratio of 
the turnover rates throughout. However, 
during the early stages of synthesis, on 
the. basis: of the kinetic arguments pre- 
sented here, it is not at all-unlikely that 
the rates of incorporation might differ 
considerably for individual amino acid 
residues. Even then, the mean rates of 
incorporation could easily be in a definite 
ratio related to the turnover rates. 

Another line of evidence that has been 
interpreted by some to rule out intermedi- 
ates in protein synthesis is to be found in 
the studies of induced enzyme synthesis 
such as those of Monod (1) and Spiegel- 
man (25). These inyestigators have 
clearly shown that, under*certain condi- 
tions, protein synthesis can proceed with 
no significant contribution from preexist- 
ing proteins or readily demonstrable pep- 
tides. Their evidence conclusively estab- 

. lishes that, again under the conditions 
used, more than 97 percent and possibly 
all of the precursor material for protein 
synthesis consists of free amino acids, 
These results, however, do not shed any 
light on the pathway by which these free 
amino acid precursors find their way into 
the protein molecule. The negative evi- 
dence that no intermediate compounds 
could be found by the rough survey meth- 
ods used cannot be considered in any 
sense crucial evidence. The further im- 
plications of the studies with respect to 
the stability of bacterial protein are also 
of interest, particularly since it has been 
proposed by Monod that a similar “static 
state” of intracellular proteins may ap- 
ply in the case of mammalian tissues (/). 

It has been argued that the failure to 
find intermediate compounds means that 
the assembly of amino acids to form pro- 
tein must occur simultaneously. If this 
argument is to be applied to the process 
of protein synthesis, it must likewise be 
applied to the process of protein degrada- 
tion. Since no significant concentrations 
of protein fragments seem to occur in tis- 



Table 4. Inhibition of protein degradation in rat tissue slices.* might simply decrease the rate of cathep- 
tic hydrolysis was examined by measur- 

Nonprotein Protein N aa possaeg ing “autolysis” of liver homogenates at 
Flask N/protein N _ released protein cle pH_5, the optimum for many cathepsins. 

(mg/mg) (%) chemi (%) The rate of protein breakdown was not 
ek ’ significantly influenced by concentrations 

Expt. 1. Phenylalanine-labeled liver slices of dinitrophenol and _o0-fluorophenyl- 
Zero time control 0.093 0.008 alanine that effected a 50-percent inhibi- 
Incubated control 0.137 4.4 0.058 5.0 tion of breakdown in intact tissue slices 
Incubated in Ns 0.116 2.3 0.027 2.1 at pH 7.4. If the cathepsins play a role 
2x 10°°M Dinitrophenol 6108 15 0.034 2.6 in the physiological breakdown, it is pre- 

Expt. 2. Alanine-labeled kidney slices sumably somewhat different from simple 
Zero time control 0.244 0.012 hydrolysis, or it involves synergism with 
Incubated control 0.292 4.8 0.084 7.2 other systems. 
2x 10°°M o-Fluorophenylalanine 0.267 2:8 0.039 ou It is noteworthy that the several inhibi- 

tors of protein degradation described here * 100 uc of C**-amino acid intraperitoneally 3 days prior to experiment; 400 mg of slices incubated 4 hr at 
37°C in pH 7.4 Krebs-Ringer phosphate containing 0.012M carrier amino acid. 

sues under physiological conditions, it 
becomes necessary to postulate that pro- 
tein breakdown also occurs by an “in- 
stantaneous”’ process. While nothing defi- 
nite is known about protein degradation 
within the living cell, it can probably be 
safely inferred from studies on the kinet- 
ics of proteolysis that the process is step- 
wise, although possibly occurring at a 
rapid rate and in what may appear super- 
ficially to be an “explosive” degrada- 
tion (26). 

Degradation and the Dynamic State 

Since the classical isotopic studies by 
Schoenheimer and his group, it has been 
accepted by most investigators that the 
protein in mammalian tissues is in a true 
dynamic state (27). By this we mean 
that most or all of the protein species are 
being constantly degraded and resynthe- 
sized at a rate characteristic for each. 
While the synthetic mechanism is receiv- 
ing constantly growing attention, the na- 
ture of the equally relevant and possibly 
related mechanism of degradation has 
received little attention. The only estab- 
lished mechanism for protein degradation 
is hydrolysis of peptide bonds by diges- 
tive enzymes or by tissue cathepsins. How- 
ever, the role of catheptic enzymes in 
“physiological” protein degradation re- 
mains to be established. During the past 
year we have studied this problem of pro- 
tein degradation in living cells, and the 
preliminary results obtained suggest that 
this process may be more complex than 
direct catheptic hydrolysis (28). It is 
hoped that exploration of this degrada- 
tive process may give information of value 
in understanding the process of synthesis 
as well. 

Aside from a host of studies on autol- 
ysis, studies in which protein breakdown 
under decidedly nonphysiological condi- 
tions has been investigated, there are few 
reports in the literature germane to this 
problem. Simpson’s provocative study 
represents perhaps the first attempt to 
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apply modern techniques to this problem 
(29). He found that protein degradation 
appeared to have an unexpected and 
rather paradoxical dependence on en- 
ergy. These results were obtained by iso- 
topic methods, using the release of radio- 
active amino acids from prelabeled rat 
liver slices as the measure of protein deg- 
radation. The studies involved the use 
of high concentrations of carrier amino 
acid in order to “trap” the radioactivity 
released from protein. Consequently the 
observed inhibitory effects might have 
been due to decreased efficiency in the 
penetration of the carrier amino acid into 
the cell. Moreover, deprivation of an 
energy source might inhibit rather indi- 
rectly by bringing about disruption of cell 
function and structure at a basic level. 
We have reinvestigated this problem, 

measuring both net protein degradation 
and release of labeled amino acids from 
protein. As shown in Table 4, net break- 
down of liver slice protein is strongly in- 
hibited by anaerobiosis and by dinitro- 
phenol. The release of radioactive amino 
acids, simultaneously determined, is simi- 
larly inhibited. It is of interest that the 
values obtained by the two methods are 
in the same general range. The somewhat 
greater count release is what would be 
anticipated in view of the high concen- 
trations of carrier amino acid present. 
Alternatively, it may be-due to preferen- 
tial degradation of protein components 
with high specific radioactivity. 

Because interference with energy sup- 
ply might well affect protein degradation 
indirectly and nonspecifically, inhibitors 
more likely to be closely related to pro- 
tein metabolism per se were investigated. 
It was found that the phenylalanine ana- 
logs, o-fluorophenylalanine and p-fluoro- 
phenylalanine, which are effective inhibi- 
tors of protein synthesis (30), are almost 
equally effective inhibitors of protein 
degradation (Table 4). Again, this is true 
whether protein breakdown is measured 
by isotopic methods or in terms of net 
increase in nonprotein nitrogen.: - 

The possibility that these inhibitors 

are likewise inhibitors of protein syn- 
thesis. Reversibility at one or more stages 
in protein synthesis would be compatible 
with these results and with previous re- 
sults on nonuniform labeling of proteins. 
The apparent energy requirement and 
the inhibition by amino acid analogs sug- 
gest that the breakdown process may in- 
volve a complex acceptor substance 
rather than water. For this there are 
analogies in the mechanisms for degra- 
dation of other macromolecules, such as 
glycogen and ribose nucleic acid (3/). 

Taken together, the present results sug- 
gest that there is a continuing, organized 
process of intracellular protein degrada- 
tion, a concept recently questioned by 
Monod and coworkers (/). While a con- 
siderable part of the “turnover” of mam- 
malian proteins is undoubtedly a reflec- 
tion cf cell renewal and replacement of 
secreted proteins, the present studies in- 
dicate that there probably is in addition 
a true dynamic degradation and resyn- 
thesis of protein within the cell. 

Note added in proof. K. Shimura, H. 
Fukai, J. Sato, and R. Saeki (33) have 
recently reported the finding of nonuni- 
form labeling of glycine in silk fibroin 
isolated from silkworm larvae which 
were sacrificed 3 and 4 hours after the 
injection of C14-labeled glycine. In two 
experiments, the specific radioactivity 
of the N-terminal glycine residue was, 
respectively, 9 and 10 times the average 
specific radioactivity of the glycine resi- . 
dues in the remainder of the molecule. 
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J. M. D. Olmsted, 

Physiologist and Historian 

James Montrose Duncan Olmsted, 
emeritus professor of physiology, Uni- 
versity of California, died 26 May 1956 
in his home in Berkeley at the age of 70 
years. Sincerely mourned by a host of col- 
leagues and pupils, Olmsted combined 
marked gentleness of demeanor and char- 
acter with high scholarly standards. 
Under his aegis, his department, which 
had lacked luster after the departure of 
Jacques Loeb, regained distinction in 
both teaching and research. Olmsted had 
been a pupil of G. H. Parker, a Rhodes 
scholar at Oxford, and a former col- 
league of McLeod at Toronto. He medi- 
ated satisfactory relationships with the 
University of California School of Med- 
icine as well as with the Berkeley under- 
graduate and graduate curricula. The 
success of Olmsted’s department can be 
attributed not only to his urbanity but 
to his vision and perspective, and his ap- 
pointments to his staff indicated a capac- 
ity to correctly estimate talents in quite 
diverse personalities. His field of personal 
preference in the medical teaching pro- 
gram concerned the physiology of the 
organs of special sense, a subject to which 
he contributed by researches on the eye 
and a subject reviewed by him in the 
Annual Reviews of Physiology and han- 
dled by him in the Bard-McLeod text- 
book. 

His scientific contributions, as senior 
author and coauthor, include consider- 
ably more than 100 papers. Beginning 
with a chemical contribution from Ox- 
ford, he quickly entered the realm of gen- 
eral physiology in experiments on lower 
organisms at Bermuda, Wood’s Hole, and 
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elsewhere, and, in this field, he published 
a beautiful paper [““The nerve as a for- 
mative influence in the development of 
taste buds,” J. Comp. Neurology 31, 465 
(1920)] on the effects of cutting the 
branches of the seventh cranial nerve to 
the barbels of the catfish. Here he estab- 
lished the degeneration of the taste buds 
subsequent to nerve section, their regen- 
eration only after regeneration of the 
nerves, and nerve penetration into the 
germinative layer of the epidermis, lead- 
ing to the formation of dermal papillae 
and then taste buds. 

On joining the staff at Toronto, he 
enthusiastically entered the field of mam- 
malian and human physiology, at the 
time that the Toronto discovery of in- 
sulin, its preparation, and the study of 
its effects created a classical epoch in 
insulin research. Olmsted’s examination 
of the effect of insulin on the nervous 
system was an important part of the 
pioneer Toronto program. Indeed, two 
of the most important subsequent dis- 
coveries in this field—the hypersensitiv- 
ity to insulin of hypophysectomized ani- 
mals and the “diabetogenic” effect of the 
anterior pituitary—were clearly recog- 
nized in the paper by Olmsted and Logan 
of October 1923. . 

Olmsted is to be credited with out- 
standing achievement in his studies on 
the history of physiology and especially 
in four enjoyable and authoritative biog- 
raphies of Magendie, Claude Bernard, 
and Brown-Sequard. In one of these he 
was joined by his wife, Evangeline Harris 
Olmsted. The personalities described 
in these works [Claude Bernard, Physio- 
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logist (Harper, New York and London, 
1938); Francois Magendie, Pioneer in 
Experimental Physiology and Scientific 
Medicine in XIX Century France (Schu- 
man, New York, 1944) ; Charles-Edouard 
Brown-Sequard, a Nineteenth Century 
Neurologist and Endocrinologist (Johns 
Hopkins Press, Baltimore, 1946) ; with E. 
Harris Olmsted, Claude Bernard and the 
Experimental Method in Medicine 
(Schuman, New York, 1952)] were re- 
sponsible for the rise of experimental 
physiology in France, and Olmsted’s por- 
trayal combined literary charm with sci- 
entific accuracy. It is a surprising fact 
that no French scholar had discerned or 
taken advantage of the opportunity to 
chronicle the lives of these scientists and 
significant that the Parisian Academy of 
Science recognized Olmsted’s successful 
achievement by awarding him its Prix 
Binoux and the French National Acad- 
emy of Medicine by awarding him its 
Prix de Martignoni. 
How he came to write these biogra- 

_ phies is told in a very charming way in a 
short article that he wrote for his under- 
graduate college, appearing in the Mid- 
dlebury College News Letter. It may, 
perhaps, be mentioned that Olmsted con- 
tributed superbly succinct summaries of 
Claude Bernard’s discovery ot glycogen 
and its role in carbohydrate metabolism 
to Diabetes in 1953 and to the Journal 
of the American Dietetic Association in 
1954. 

Olmsted’s cultural interests, shared 
with his wife, included participation 
with a small group of other faculty mem- 
bers in amateur theatrical performances. 
Professor Olmsted painted, and with 
talent, and was pleased to be a member 
of the San Francisco Association of Art- 
ists. 

His life is surely a reminder that, al- 
though controversy and indeed hostility 
may arise in human affairs, they would 
not appear to be ineluctable and that 
modesty and kindliness ideally accom- 
pany all endeavor. 

Hersert M. Evans 
Institute of Experimental Biology, 
University of California, Berkeley 



News of Science 

Scientists’ Committee on Security 

The Scientists’ Committee on Security, 
Inc., an independent volunteer group 
formally organized on 1 Jan. 1956, is 
now planning to expand its activities in 
the area of science and security. The 
committee seeks to fulfill several func- 
tions: 

1) To act as a clearinghouse for in- 
formation and responsible scientific opin- 
ion on matters of information security 
and personnel security. The committee 
attempts to answer inquiries from indi- 
vidual scientists and others. Upon re- 
quest, it will offer informal suggestions 
to help insure that individuals with clear- 
ance difficulties receive the full protec- 
tion of existing regulations, but it does 
not judge the merits of individual cases. 

2) To undertake, from time to time, 
special studies of particular, important 
issues of science and security and to pre- 
pare and make public appropriate re- 
ports. 

3) To cooperate with and to assist 
Government agencies in establishing and 
maintaining realistic security programs 
that safeguard both the long-range se- 
curity of the United States and the tradi- 
tional rights of its citizens. 

4) To stimulate constructive thought 
on questions of information security and 
personnel security. 

5) To foster a better popular under- 
standing of the true relationship of sci- 
ence and security. 

Present members of the Scientists’ 
Committe on Security are Ernest C. Pol- 
lard, chairman; Ralph S. Brown, Jr., 
vice chairman; John B. Phelps, secretary; 
Hans G. Graetzer, treasurer; and Earle 
C. Fowler, Robert L. Gluckstern, Samuel 
A. Goudsmit, William A. Higinbotham, 
Franklin Hutchinson, G. Evelyn Hutchin- 
son, William J. Knox, Henry L. Kraybill, 
Lester Lewis, Theodore K. Osgood, 
George F. Pieper, Waldo Rall, Julian M. 
Sturtevant, and Hugh C. Wolfe. 

For its expenses, the committee has a 
very small budget maintained entirely by 
voluntary contributions, chiefly from 
working scientists. SCS members have 
written several articles in the area of 
science and security. Members have con- 
ferred informally with Government offi- 
cials and have presented formal testi- 
mony upon request. The committee has 
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submitted documentary material, with 
examples and illustrative personnel se- 
curity cases, to Government groups on 
other occasions. It is expected that all 
these activities will be expanded. 

In recent months the committee has 
learned of many instances in which clear- 
ance problems have affected the ability 
of scientists and engineers to find employ- 
ment, commensurate with their ability 
and experience, outside the classified 
technical areas where clearance is under- 
standably required. This  situation—. 
clearly contrary to the intent of security 
policies—is manifested in a variety of 
individual cases and is believed by the 
committee to be serious. 

The committee is now preparing a re- 
port on this special problem and will be 
grateful for any relevant information or 
examples. The committee is also assisting 
the Commission on Government Security 
and has an immediate need for detailed 
information on actual security cases in- 
volving scientists or engineers for use in 
formulating and supporting recommenda- 
tions for changes in personnel security 
regulations. 

All correspondence on individual cases 
is strictly confidential. The committee 
earnestly solicits the comments and sug- 
gestions of scientists and others, and will 
appreciate views and information on se- 
curity matters. Communications should 
be sent to the Scientists’ Committee on 
Security, Inc,., 2153 Yale Station, New 
Haven, Conn. 

Oldest Traces of Early Man 

in the Americas 

What are perhaps the oldest surely 
dated traces of early man in North and 
South America have been discovered 
near Lewisville, Denton County, Tex., 
by members of the Dallas Archeological 
Society. Charcoal from ancient camp- 
fires, associated with remains of extinct 
Pleistocene animals and a man-made flint 
spear point identified with the Paleo- 
Indian Clovis or Llano cultural complex, 
has been dated by the radiocarbon tech- 
nique as being more than 37,000 years 
old. Wilson W. Crook, Jr., and R. K. 
Harris, both of Dallas, are responsible for 
the discovery; the membership of the 
Dallas society carried out the excava- 

tions, and the exploration department of 
the Humble Oil and Refining Company 
made the radiocarbon age determina- 
tions. 

The Clovis-type spear point, as well 
as the Llano cultural complex containing 
it, has been recognized for some years, 
and the six previously established Clovis 
sites (Clovis, N.M.; Angus, Neb.; Dent, 
Colo.; Miami and McLean, Tex.; and 
Naco and Hereford, Ariz.) have con- 
tained “kills’ by what were probably 
nomadic hunters. Thus one or more of 
the distinctive projectile points has been 
associated with bones of extinct Pleisto- 
cene animals, most commonly the mam- 
moth. However, the Lewisville site is the 
first “camp” site of these people so far 
discovered; it has some 14 hearths where 
meals were cooked and around which, 
presumably, the hunters lived tempo- 
rarily. 

As a result, the remains of a great 
many food animals and sources, hereto- 
fore unknown for Clovis man, have been 
recovered. These include specimens ten- 
tatively identified as extinct and possibly 
extinct species such as elephant, bison, 
camel, horse, glyptodon, anteiope, and 
bear. In addition, there are remains of 
deer (perhaps two types), wolf, coyote, 
badger, raccoon, skunk, rabbit, prairie 
dog, wood rat, field mice, birds, egg 
shells, snails, freshwater clams and mus- 
sels, terrapin, grass snake, mud dauber 
nest and larvae, and numbers of charred 
hackberry seeds. 

From the excavations conducted by E. 
H. Sellards of the Texas Memorial Mu- 
seum at Austin, it has been learned that 
Clovis spear points are stratigraphically 
older than the well-known Folsom type, 
previously dated at about 10,000 years 
ago. How much older was not known 
until the Lewisville dates were run. Ac- 
cording to Crook and Harris, the appar- 
ent gap of 27,000 years between Clovis 
and Folsom may not be as great as it 
seems, since Lewisville is the only date 
for Clovis and the dating for Folsom is 
based on only two sites, Lubbock, Tex., 
and the Folsom layer at Sandia Cave, 
N.M. ' 

The Lewisville site was exposed by the 
removal of some 25 feet of overburden to 
supply earth for the Lewisville Dam at 
the Garze-Little Elm reservoir. In 1951 
Theodore E. White, then of the River 
Basin Surveys salvage group, collected 
paleontological specimens at the site and 
first noted the fire-burned areas. Since 
that time local archeologists have main- 
tained a constant vigil as erosion pro- 
duced the succession of finds that have 
culminated in the present discovery. 

The Lewisville observations indicate 
that one other complex, that of Sandia 
Cave (lower, Sandia level) and Lucy, 
N.M., may possibly be equal in age to, or 
older than, Clovis. Radiocarbon tests 
on material from Sandia Cave. have 
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yielded somewhat inconclusive results, 
but both the tests and typological study 
suggest at least contemporaneity or prece- 
dence for Sandia man. In the case of 
Lewisville and the Clovis type, two sepa- 
rate radiocarbon tests of different char- 
coal from two different hearths yielded 
identical results of “more than 37,000 
years.” 
Among other very early American sites, 

apart from the Folsom and Sandia finds, 
are unidentified human fire-hearths near 
Las Vegas, Nev., dated at some 23,000 
years ago by the radiocarbon method, 
and unidentified hearths on Santa Rosa 
island off California, dated at about 30,- 
000 years ago by the same method. The 
artifacts and human remains at Mid- 
land, Tex., and the bone artifacts, possi- 
bly human, at Potter Cave, Calif., also 
seem quite old, but they have not yet 
been effectively dated. At present, Lewis- 
ville seems to be the oldest surely’ dated 
find in the New World. 

Nuclear Notes 

One of the best-kept secrets of the 
World War II atomic bomb project— 
the process for extracting plutonium—has 
been revealed some 13 years after the 
method was developed. The disclosure 
has been made in a chapter of a new 
book, Progress in Nuclear Energy, Series 
III, Process Chemistry, published by the 
Pergamon Press, London, and in an an- 
nouncement by the University of Cali- 
fornia. The process—which worked in 
defiance of chemical principles then 
known—may well have given the United 
States the bomb a year or more ahead of 
expectation. 

The disclosure of the process, which 
has been generally superseded and is now 
only of historic importance, also pointed 
up the important role played by Stanley 
G. Thompson, a chemist in the Radiation 
Laboratory of the University of Cali- 
fornia. During the postwar period, 
Thompson has earned a reputation be- 
cause he was codiscoverer of five syn- 
thetic elements—97, 98, 99, 100, and 101. 
But even his fellow chemists, except for 
a few colleagues, did not know that he 
had been chiefly responsible for the 
break-through that helped bring early 
success to the bomb project. 

2 aoe 
In a recent speech Willard F. Libby, 

commissioner, Atomic Energy Commis- 
sion, urged chemists to learn a way of 
adapting the plutonium in atomic weap- 
ons for peaceful power uses. He chal- 
lenged scientists to discover a way to 
“burn up” plutonium for fuel, should 
the day come when the weapons stock- 
pile is considered large enough. 

The fact that plutonium is highly 
dangerous has so far hindered its use in 
power development. Plutonium, like 
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radiostrontium, emits alpha rays and ac- 
cumulates in human bone. The need for 
increased safety precautions has so far 

- made plutonium less attractive to experi- 
ment with than enriched uranium-235, 
the current source of power fuel. 

a = * 
The successful conclusion of an un- 

precedented power demonstration by an 
atomic ship propulsion reactor has been 
announced by the Atomic Energy Com- 
mission. The nation’s first practical re- 
actor power plant, a land-based proto- 
type of the one used in the Nautilus at 
the commission’s National Reactor Test- 
ing Station in Idaho, was routinely shut 
down on 8 Aug. at the end of what is be- 
lieved to have been the longest full power 
run ever completed by any type of pro- 
pulsion plant—land, sea, or air. 
On a single charge of uranium fuel 

(and using only part of that charge) the 
nuclear reactor operated at an average 
power of 100 percent for 66 days and 
nights. The test was designed to prove 
the reliability and stamina of pressurized 
water reactors for ship propulsion. The 
prototype of the reactor now in the 
Nautilus met the demanding test require- 
ments that were placed upon it. 

* * * 
Work has started on Bulgaria’s first 

atomic research center near Sofia, which 
will house a 22,000-kilowatt reactor that 
is being provided by the Soviet Union. 
Foundations have been laid for a building 
in which 500 natural scientists and tech- 
nicians will live and work while work- 
men are busy on the site of the reactor 
building. 

* * 
The West Berlin city government has 

decided to buy a research reactor, set up 
a nuclear research institute, and engage 
two atomic scientists to organize a pro- 
gram in the peaceful uses of atomic en- 
ergy. The program will be planned by an 
advisory commission that is made up of 
representatives of private industry. Max 
von Laue, a Nobel prize winner and head 
of the Max Planck Institute for Physical 
Chemistry in West Berlin, is chairman of 
the commission, which also includes the 
two newly appointed natural scientists— 
Karl Eric Zimen, formerly director of 
the Institute for Nuclear Chemistry at 
Gothenberg University, Sweden, and 
Arnold Flammersberg, at present lectur- 
ing at Gottingen University in West Ger- 
many. 

In a recent lecture Zimen pointed out 
that Berlin should really be in the fore- 
front of nuclear research because of its 
decisive contributions in the past. He 
recalled that decades of research in Ber- 
lin culminated on 22 Dec. 1938 in the 
first splitting of the atom. On that day 
Otto Hahn, Lise Meitner, and Fritz 
Strassmann demonstrated fission of ura- 
nium. 

Zimen also commented that Hahn was 

concerned from the first that his discovery 
might be used for destructive purposes, 
-and that he tried to keep the experiment 
a secret. He even attempted to disprove 
his own theories, although they had been 
proved by successful experiment. 

According to the city government's 
plan, work on setting up the research in- 
stitute is to be started next year, the re- 
actor is to be put into service in 1958, 
and an accelerator is to be added. The 
establishment is to be put into full op- 
eration by 1959. 

* * * 
Australia is the fourth nation to sign an 

agreement with the United States on the 
exchange of atomic energy information in 
the classified field. As a major supplier 
of uranium, Australia has entered into a 
pact that is similar to this country’s agree- 
ments with Britain, Canada, and Bel- 
gium. 

8-81.48 
In a recent interview with the press, 

Ralph E. Lapp of Washington, D.C., 
physicist and private consultant on 
atomic energy, commented that “it is 
rather ridiculous to have Japanese scien- 
tists, rather than Americans, putting out 
most of the news about U.S. atomic 
blasts in the Pacific.” Atomic Energy 
Commission practice has been to make 
only short announcements of its Pacific 
tests before they are held, then to report 
afterward that they have been success- 
fully concluded. Most of the information 
released has appeared in news stories 
from Japanese natural scientists who 
keep a close watch on nuclear explosions 
through monitoring devices. 

Rabbit Embryos from 

‘One-quarter of an Egg 

F. Seidel has published an analysis of 
the capacities of individual blastomeres 
(cells) of the rabbit egg to differentiate 
at the four-cell stage [Naturwissen- 
schaften 13, 25 (July 1956)]. In operat- 
ing on eggs, he destroyed one cell at the 
two-cell stage by puncture; when the re- 
maining cell divided, he destroyed one 
of its daughter cells, thus obtaining a 
single one of the four cells of the four- 
cell stage. After operation, the eggs were 
implanted into uteri for from 7 to 9 
days of further development. Eighteen 
out of 30 were recovered. 

Two results occurred: the single cell 
either gave rise to a complete and sym- 
metrical embryo with normal extra em- 
bryonic tissues or to a mere blastocyst 
with no organized embryonic region. 
Seidel interpreted the first result to mean 
that a single cell of the four-cell stage 
may have the capacity to form an entire 
embryo along with its extra embryonic 
tissues. The failure of some single cells 
of the four-cell stage to differentiate an 
embryo implied that the capacity to form 
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an embryo is not a property of the entire 
egg, but is limited to a certain region of . 
the cytoplasm and thus may or may not 
be incorporated in one of the cells of the 
four-cell stage. Seidel described the re- 
gion of cytoplasm in the mammalian 
embryo that contains the factors leading 
to embryo formation as the formative 
center for the germinal disc (Bildungs- 
zentrum fur die Keimscheibe) —G. DvuS. 

New High-Altitude Laboratory 

The University of California has re- 
cently begun operation of its new Summit 
Laboratory at the White Mountain High 
Altitude Research Station. Situated on 
the very peak of the mountain, 14,246 
feet above sea level, the 15- by 30-foot 
stone building has bunks for four scien- 
tists, oil heat, a gas stove and refrigera- 
tor, and limited quantities of hot and 
cold running water. More than 100 am- 
peres of single-phase, 110-volt, 60-cycle 
electric power is provided by a gasoline- 
driven generator. 

The laboratory can be reached during 
the summer months by jeeps and heavy 
duty trucks from the main laboratory of 
the station at Mount Barcroft (12,470 
feet), the laboratory at Crooked Creek 
(10,150 feet), and the town of Bishop, 
Calif. (4140 feet) in the valley below. 
Short-wave radios provide communica- 
tion among all the laboratories and the 
Berkeley campus. 

The summit building and road were 
constructed during the summer of 1955 
with funds granted by the National Sci- 
ence Foundation. The station is also sup- 
ported by the Office of Naval Research 
and the Rockefeller Foundation, as well 
as by the university. Scientists from other 
institutions are cordially invited to use 
the new high-altitude facilities. Inquiries 
should be directed to Prof. Nello Pace, 
Department of Physiology, University of 
California, Berkeley 4, Calif. 

The White House 
and Unclassified Research 

The following comments about the re- 
port of the Committee on Loyalty in Re- 
lation to Government Support of Un- 
classified Research [Science 123, 660 (20 
Apr. 1956)] were contained in a letter 
that was received on 14 Aug. by Detlev 
W. Bronk, president of the National 
Academy of Sciences, from Sherman 
Adams, assistant to the President. 

“The report . . . has been carefully 
studied by the Executive Departments 
and Agencies which are primarily in- 
volved in this problem. The principles 
set forth in the recommendations of the 
report have generally been found satis- 
factory as a basis for actions regarding 
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grants or contracts for unclassified scien- 
tific research, It is noted that these prin- 
ciples are essentially those which support 
the policy of the National Science Foun- 
dation. The Departments and Agericies 
will, therefore, follow practices consistent 
with the recommendations contained in 
the report of the Academy’s Commit- 

In order to achieve the greatest prog- 
ress with available scientists and scien- 
tific facilities, and in order to encourage 
a desirable proportion of our ablest young 
people to devote their lives to scientific 
research, this country must provide the 
atmosphere most conducive to scientific 
and other intellectual achievements. . 

“A thorough examination given the 
problem by your very able Committee 
under the chairmanship of Dr. Julius 
Stratton and the subsequent action of the 
Executive Departments and Agencies is 
the most recent example of the continu- 
ing partnership between the Government 
and scientists in the national interest. 
May I convey to you and the Committee 
our thanks for the findings and recom- 
mendations contained in the report on 
this important matter.” 

Salaries Rise in Civil Service 

The Civil Service Commission has 
raised starting salaries in certain shortage 
categories in an attempt to attract and 
hold science specialists for national de- 
fense work. The commission has author- 
ized federal agencies to pay the top 
grade rates to starting aeronautical re- 
search engineers in some 30 categories 
and to certain chemists and physicists in 
grades GS-9 and GS-11 through GS-17. 

Included are aeronautical research en- 
gineers in such specialties as flight sys- 
tems, aerodynamics, and rotary wings; 
physicists in solid-state and atmosphere 
studies, and chemists in aeronautical 
fuels research. Some 200 posts are now 
open in these areas. 

The pay raise also will apply to current 
employees if they are not receiving the 
top rate. The effective date for the 
change is the first pay period after 22 
Sept. The old and new starting rates for 
the affected categories are as follows: 
GS-9, advanced from $6115 a year to 
$6250; GS-11 from $7035 to $7465; 
GS-12, from $7570 to $8645; GS-13 from 
$8990 to $10,065; GS-14, from $10,320 
to $11,395; GS-15, from $11,610 to $12,- 
690; GS-16, from $12,900 to $13,760; 
GS-17, from $13,975 to $14,835. 

News Briefs 

®A national survey of the attitudes of 
newspaper and magazine readers toward 
science and science news, sponsored by 

the National Association of Science 
Writers, will be financed by a $70,000 
grant from the Rockefeller Foundation. 
Available over an 18-month period, the 
grant will make possible a 2000-person 
poll to be conducted by the Survey Re- 
search Center of the University of Michi- 
gan. The grant will be administered by 
New York University. 

= President Eisenhower has appointed 
Ambassador James J. Wadsworth as the 
United States representative, and chair- 
man of the U.S. delegation, to the Con- 
ference on the Statute of the Interna- 
tional Atomic Energy Agency that is 
scheduled to convene at United Nations 
Headquarters in New York on 20 Sept. 

Scientists in the News 

Adm. BEN. MOREELL, chairman of 
the board of Jones and Laughlin Steel 
Corporation, Pittsburgh, Pa., will receive 
the John Fritz medal, which is sponsored 
jointly by the American Society of Civil 
Engineers, the American Institute of 
Mining, Metallurgical, and Petroleum 
Engineers, the American Society of Me- 
chanical Engineers, and the American 
Institute of Electrical Engineers, Pres- 
entation of the gold medal and a certifi- 
cate will be made on 17 Oct. in Pitts- 
burgh during the national convention of 
the American Society of Civil Engineers. 
In announcing their decision, the 16- 
man board of award described Moreell 
as a “distinguished engineer and noted 
officer; builder of Naval works in war, 
and in peace eminent industrialist and 
civic leader.” 

RODNEY N. HADER has _ been 
named editor of the American Chemical 
Society’s Journal of Agricultural and 
Food Chemistry, Washington, D.C. He 
has been associate editor in charge of 
the Chicago branch office of the ACS 
applied journals since 1950. 

Col. GEORGE F. LEIST, of Lima, 
Ohio, has been appointed commanding 
officer of the Army Office of Ordnance 
Research, Durham, N.C. He succeeds 
Col. PAUL N. GILLON, who has re- 
tired in order to accept the position of 
manager of research for the Carbo- 
rundum Company, Niagara Falls, N.Y. 

SEYMOUR KRESHOVER, formerly 
professor of oral pathology and diagnosis 
at the Medical College of Virginia, where 
he was also director of dental research 
and director of postgraduate studies, has 
been ‘appointed associate director of the 
National Institute of Dental Research, 
Bethesda, Md. The new chief of extra- 
mural programs in the dental institute 
is F, EARLE LYMAN, who has been 
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serving as executive secretary of the mor- 
phology and genetics study section, and 
also of the parasitology and _ tropical 
medicine study section, in the division of 
research grants of the National Institutes 
of Health. 

GEORGE H. HICKOX, formerly 
program director for engineering sciences 
at the National Science Foundation, has 
been named director of research at the 
Army Corps of Engineers Research and 
Development Laboratories, Fort Belvoir, 
Va. His appointment completes a newly 
established three-man civilian directorate 
that also includes a technical director 
and a director of development. 

CLARENCE C. LITTLE, president 
and director of the Jackson Memorial 
Laboratory at Bar Harbor, Me., has an- 
nounced that he will retire in the fall. 
He hopes to devote himself to stabilizing 
the financial foundation of the laboratory, 
which has no endowment. Little will re- 
tain his position as scientific director of 
the Tobacco Industry Research Com- 
mittee and chairman of its scientific ad- 
visory board. 

The following are among those who 
have recently received honorary doctoral 
degrees. 

Philadelphia College of Pharmacy and 
Science: E. G. KLARMANN, president 
and manager of Lehn and Fink Products 
Corporation, New York. 

Sheffield University (England) : RAY- 
MOND PRIESTLEY, president of the 
British Association for the Advancement 
of Science; GEORGE PAGET THOM- 
SON, master of Corpus Christi College, 
Cambridge; CHARLES GOODEVE, 
director of the British Iron and Steel Re- 
search Association. 

HENRY T. HARRISON has been ap- 
pointed director of meteorology for 
United Air Lines, and T. M. PLUNK- 
ETT assumes the newly created post of 
weather control manager. Both men have 
been associated with United for many 
years. They will have offices at the com- 
pany’s Denver operating base. 

FRANK R. MAYO has joined the 
staff of the Stanford Research Institute 
as a senior research chemist and a mem- 
ber of the fundamental research group 
in the physical sciences division. He was 
formerly on the staff of the General Elec- 
tric Research Laboratory, Schenectady, 
N.Y., where for several years he worked 
on the oxidation of unsaturated com- 
pounds. 

EUGENE P. WHITLOW, a refrigera- 
tion specialist who was formerly chief 
engineer for Servel, Inc., has joined 
Southwest Research Institute’s depart- 
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ment of chemistry and chemical engi- 
neering as senior physical chemist. 

Col. RICHARD P. MASON, MC, 
USA, has been named commandant of 
Walter Reed Army Institute of Research, 
a component of Walter Reed Army Medi- 
cal Center, Washington, D.C. He suc- 
ceeds Brig. Gen. JOHN R. WOOD, MC, 
USA, who has retired from the Army to 
accept the position of vice president and 
director of research of a New York 
pharmaceutical company. 

IVAN F. BENNETT has been ap- 
pointed chief of psychiatric research in 
the psychiatry and neurology service of 
the Veterans Administration central of- 
fice in Washington, D.C. He was for- 
merly at the VA hospital in Coatesville, 
Pa. He suceeds RICHARD L. JENK- 
INS, who has been reassigned as director 
of VA’s psychiatric evaluation project 
with headquarters in Mt. Alto Hospital 
in Washington. 

WILLARD H. WHITCOMB has been 
appointed professor of entomology at the 
University of Arkansas College of Agri- 
culture. For the past 10 years he has been 
in South America, from 1947 to 1952 as 
an entomologist in the Venezuelan De- 
partment of Agriculture, and since then 
as entomologist for the Shell Oil Com- 
pany in Venezuela and as consultant for 
the Colombian Cotton Growers Institute. 

Recent Deaths 

STANLEY C. BALL, New Haven, 
Conn.; 70; curator emeritus of zoology 
at the Peabody Museum, Yale Univer- 
sity; expert in ornithology and in the 
geographical distribution of animals; 10 
Aug. 
MAX BARSHAK, Bronx, N.Y.; 67; 

former instructor of medicine at New 
York University and later at Bellevue 
Medical College; 4 Aug. 
JOHN BOGERT, Southampton, N.Y.; 

97; naval architect and marine engineer; 
associate editor of The Marine Journal; 
11 Aug. 
TOBIAS DANTZIG, Los Angeles, 

Calif.; 72; retired professor of mathe- 
matics who had been a member of the 
staff at Indiana University, Columbia 
University, Johns Hopkins University, 
and the University of Maryland; author 
of several books; 11 Aug. , 
ERNEST H. FALCONER, Los Gatos, 

Calif.; 73; professor emeritus of clinical 
medicine at the University of California; 
11 Aug. 
EARL V. FARRAR, Ridgewood, N.J.; 

53; chief engineer of the Wright Aero- 
nautical Division of the Curtiss-Wright 
Corporation of Woodridge; 11 Aug. 
FORD KURTZ, Hollis, New York; 

71; specialist in hydraulic engineering; 
president of J. G. White Engineering 
Corporation; 9 Aug. 
SOPHIE SPITZ, New York, N.Y.; 

46; director of the pathology department 
of the New York Infirmary and assistant 
professor of pathology at the Sloan-Ket- 
tering Division of Cornell University 
Medical College; 10 Aug. 
MICHAEL H. TEITELBAUM, 

‘Mount Vernon, N.Y.; 58; neuropsy- 
chiatrist at the Neurological Institute of 
New York; 10 Aug. 
WILLIAM H, WHITCOMB, Crans- 

ton, R.I.; former head of the chemistry 
department at Miami University, Ox- 
ford, Ohio; 9 Aug. 
OSCAR R. WIKANDER, Pittsburgh, 

Pa.; 79; consulting engineer; 12 Aug. 
‘WALTER J. WOHLENBERG, New 

Haven, Conn.; 68; former dean of the 
Yale University School of Engineering 
and Sterling professor of mechanical en- 
gineering; 8 Aug. 
JOHN F. WOLFF, Jr., Jenkintown, 

Pa.; 60; consulting engineer; 3 Aug. 
GEZA ZEMPLEN, Budapest, Hun- 

gary; 73; authority on carbohydrate 
chemistry; 24 July. 

Education 

® The Department of Health, Education, 
and Welfare has announced that more 
than 500 United States and foreign teach- 
ers will participate in the 1956-57 ex- 
change program arranged by the U.S. 
Office of Education. One hundred Amer- 
ican teachers who will exchange teaching 
jobs with 100 teachers of the United 
Kingdom departed on 4 Aug. for Great 
‘Britain; the British teachers arrived in 
the United States 14 Aug. 

Another 56 American teachers will in- 
terchange with an equal number of teach- 
ers from Australia, Austria, Belgium, 
Canada, France, Germany, Italy, the 
Netherlands, New Zealand, and Norway. 
Teachers from these countries arrived 
during the period 11-20 Aug. In addi- 
tion, 103 U.S. teachers are scheduled to 
go late in August and early September to 
other countries to teach on one-way as- 
signments. Sixteen foreign teachers will 
be in American classrooms under the 
same arrangement. At present, 71 U.S. 
teachers are attending summer seminars 
in France, Germany, and Italy. 

® The Ford Foundation has granted $3.5 
million to the Institute of International 
Education. The grant will be allocated 
in equal installments during the next 10 
years in support of the institute’s work in 
its field, and especially in support of its 
part in the international exchange of 
persons. The institute has also received 
grants of $1.5 million from the Carnegie 
Foundation for a 10-year period and 
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$250,000 for a 5-year period from the 
Rockefeller Foundation in support of the 
same program. During the current year 
the institute is administering programs of 
exchange involving over 4500 people. 

@Argonne National Laboratory has 
scheduled a second summer institute in 
nuclear training for faculty members 
from engineering colleges. The first Ar- 
gonne school had a capacity of 60, and . 
more than 160 qualified applications and 
nominations were received from 37 in- 
stitutions in 28 states. 

The supplementary institute will be 
conducted at Brookhaven National Labo- 
ratory, Upton, N.Y. Sponsored jointly by 
the Atomic Energy Commission, the Na- 
tional Science Foundation, and the Amer- 
ican Society for Engineering Education, 
the Brookhaven program will accom- 
modate 30 additional candidates. They 
have been chosen from 22 institutions in 
15 states. The basic aim of both pro- 
grams is to expand the number and scope 
of engineering course offerings in atomic 
and nuclear fields. 

“Johns Hopkins University has an- 
nounced that the field laboratory of the 
Chesapeake Bay Institute will be moved 
from St. Margaret’s, Md., in the fall. 
The laboratory has investigated the 
physical and chemical properties of 
Chesapeake Bay for the past 7 years. The 
research projects will be moved to the 
university in Baltimore and to a ‘small 
institution in Annapolis, Md. 

= During spring and summer recesses, 
high-school students in Port Washington, 
N.Y., have engaged in cancer research 
experiments at the Waldemar Labora- 
tories, Port Washington. The work with 
the laboratories has so increased student 
interest in science that this fall there 
will be ten elective biology classes at Port 
Washington High School in contrast to 
the six of last year. 

=A graduate program in physics will be 
initiated this fall at St. John’s Univer- 
sity’s Graduate School, Jamaica, N.Y. 
The new department, which is headed 
by S. Nevil Milford, will offer courses in 
pure physics leading to the master of 
science degree, and a program in applied 
physics designed to serve the educational 
and technological needs of employees of 
local industry. 

Grants, Fellowships, and Awards 

®A senior research fellowship program 
that is administered by the National In- 
stitutes of Health is now in operation. 
During the first year, this program will 
provide for a total of 40 to 50 awards to 

the nation’s medical schools, dental 
schools, and schools of public health. 
These awards will be increased by a like 
number each year for 5 years until a 
total of 200 to 250 such fellowships are 
awarded annually. 

The awards will be for a maximum of 
$10,000 a year and may be retained for 
as long as 5 years. Only three applications 
may be made per year by each school. 
The program is designed to attract and 
hold able investigators in the preclinical 
sciences. Requests for information con- 
cerning this program should be addressed 
to the Chief, Research Fellowship Pro- 
gram, Division of Research Grants, Na- 
tional Institutes of Health, Bethesda 14, 
Md. 

= The $30 million for each of 3 years re- 
cently allocated to the Public Health 
Service under the Health Research Fa- 
cilities Act of 1956 [Science 124, 297 
(17 Aug.)] is now available and will re- 
main available until it is expended. The 
funds are for the sciences related to 
health and are to be provided in the form 
of grants that will be made on a match- 
ing basis to public and nonprofit institu- 
tions, with the Government paying no 
more than 50 percent. Application forms, 
as well as additional information, will be 
supplied upon request to the Division of 
Research Grants, National Institutes of 
Health, Bethesda 14, Md. 

™ The Lederle medical faculty awards of 
the Lederle Laboratories Division of 
American Cyanamid Company are made 
to assist able men and women who are 
contemplating careers in the preclinical 
departments of medical schools. The 
program provides financial aid for a 
limited period to young individuals who 
have demonstrated capacities both as 
teachers and investigators in the fields of 
anatomy, biochemistry, microbiology, 
pathology, pharmacology, and _physiol- 
ogy, in order to help accelerate their de- 
velopment and to encourage them to re- 
main in these disciplines. 

The awards are designed for persons 
who have progressed beyond the stage 
of development which is now encom- 
passed by postdoctoral fellowships. Can- 
didates must hold faculty rank, such as 
instructor or assistant professor, and 
should be persons who give promise of 
staying on to continue teaching and re- 
search within the disciplines indicated. 
Those chosen for the awards are to have 
full privileges and responsibilities for 
teaching and research as regular faculty 
members in the sponsoring department. 

Nominations for Lederle medical fac- 
ulty awards should be submitted to the 
award committee through the office of 
the dean of the medical school and 
should be endorsed by him. Only one 

candidate from each school will be con- 
sidered in any given year. Nominations 
for awards to be activated during 
1957-58 must be received before 31 Oct. 
Address all communications to: Lederle 
Medical Faculty Awards, Office of the 
Secretary, Pearl River, N.Y. 

"The Damon Runyon Memorial Fund 
has passed the $10-million mark in can- 
cer research grants with this summer’s 
allocation of $314,300 for institutional 
studies and fellowships. The current dis- 
bursements bring the amount distributed 
by the Runyon Fund since its creation 
in 1946 to $10,242,479. No funds have 
been deducted for administrative ex- 
penses, and the money has been allocated 
in 679 grants and 353 fellowships in 217 
institutions in every state, the District of 
Columbia and 17 foreign countries. 

In the Laboratories 

"Information for Industry, Inc., Wash- 
ington, D.C., which first offered sub- 
scriptions to its chemical patent index 
last year, has announced the availability 
of its Uniterm index for electronics pat- 
ents. The Uniterm system was devel 
oped by Mortimer Taube, formerly chief 
of the Atomic Energy Commission’s tech- 
nical information service, to help the 
Government record the large volume of 
literature from wartime research projects. 
Taube is now president of Documenta- 
tion, Inc., for which Information for 
Industry is marketing the Uniterm serv- 
ice. 

The new electronics index, which has 
been completed for 1955, will be issued 
quarterly beginning in 1957. Some 3000 
patents that contain 40,000 references are 
recorded in the single small volume that 
covers 1955, Using this volume, it is pos- 
sible to conduct a patent search in a 
matter of minutes on, for example, radia- 
tion sensitive glass. 

By reducing complex subjects to basic 
words and handling them as digits, Uni- 
term eliminates complicated vocabulary., 
The vocabularies for most fields can be 
reduced to from 3000 to 4000 key words, 
and the Uniterm people hope that their 
system will help establish standardized 
glossaries of terms in the disciplines to 
which it is applied. 

™The Atomic Energy Commission has 
approved construction of a prototype re- 
actor plant to power a small submarine. 
The reactor will be built at the Nuclear 
Engineering and Development Labora- 
tory being established near Windsor, 
Conn., by Combustion Engineering, Inc., 
of New York. The estimated cost of 
construction, which will begin soon, is 
about $10 million. 
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Renal Transport 

of p-Aminohippurate 

Labeled with Oxygen-18 

In common with other active transport 
systems, the renal tubular excretion of 
p-aminohippurate (PAH) is presumed to 
involve an interaction between the trans- 
ported compound and a cellular element 
(carrier), the nature of which is as yet 
unknown, The observation (/,2) that 
this excretory pathway is shared by var- 
ious carboxylic acids (PAH, 3,5-diiodo- 
4-pyridone-N-acetate, penicillin G, 
mentholglucuronide, and related com- 
pounds) and by sulfuric acid derivatives 
(phenolsulfonphthalein dyes, ethereal 
sulfates) suggests that the anionic group 
(—COO-, —SO,-) is the primary site of 
attachment between the transported 
compound and carrier. 

Table 1 summarizes clearance studies 
with PAH and certain derivatives in 
which potentially reactive groups have 
been chemically substituted. Introduc- 
tion of a methyl group into the amide 
linkage (-aminobenzoylsarcosine) or 
acetylation of the p-amino group yields 
products which are also actively excreted. 
In contrast, substitution in the carboxyl 
group ( p-aminohippurhydroxamate ) 
yields a product which, although bound 
to plasma protein only to the extent of 
5 percent, is cleared by the kidney at a 
rate 14 percent below that of glomerular 
filtration. These findings support the 
view that the free carboxyl group is essen- 
tial for the tubular excretion of PAH. 

In an attempt to determine the nature 
of the chemical bonding between car- 
boxyl group and carrier, PAH labeled 
with O” has been employed (3). Infor- 
mation concerning the extent to which 
the O* in the carboxyl group is retained 
or lost in the course of transport should 
set limits to the type of mechanism that 
may be involved. The PAH was prepared 
(4) from glycine containing 0.96 atom 
percent excess O*; the recrystallized 
product contained 0.76 atom percent 
excess O* in the carboxyl group. The 
labeled PAH was infused through a fine 
needle inserted directly into the exposed 
left renal artery of a lightly anesthetized 
dog, and urine was collected from the 
cannulated left ureter. The rate of in- 
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fusion (0.7 mg/min) was sufficiently slow 
to ensure maximal extraction of PAH in 
a single passage through the kidney. 

Over a period of 2 hours, 82 mg were 
infused into the artery and 72 mg ap- 
peared in the urine from the left ureter, 
giving a recovery of 88 percent of the 
PAH injected. At the termination of the 
arterial infusion, renal function studies 
were performed on the left kidney by 
standard clearance techniques. The glom- 
erular filtration rate (creatinine clear- 
ance) was found to be 24 ml/min, and 
the effective renal plasma flow (PAH 
clearance) was 63 ml/min. With a filtra- 
tion fraction (Ccr/Cran) of 0.38 and 
correction for the binding of PAH on 
plasma protein (filtrable fraction = 0.92) 
(5), it can be estimated that 35 percent 
of the PAH had been added to the urine 
by glomerular filtration and 65 percent 
by tubular excretion. 

A portion of the original PAH and 
that recovered in the urine were con- 
verted to p-(p’-hydroxyphenyl) azohip- 
puric acid by diazotization and coupling 
with phenol. After recrystallization from 
ethanol-water, each sample darkened at 
244°C and melted with decomposition 
at 246°C (6); admixture with an authen- 
tic sample of p-(p’-hydroxypheny] ) azo- 
hippuric acid did not depress the melting 
point. The derivatives were pyrolyzed at 

Table 1. Studies performed on trained, 
unanesthetized, female dogs by standard 
clearance techniques. Comparison is made 
between the glomerular filtration rate 
(Ccr, creatinine clearance) and the clear- 
ance of the indicated compound (Cx) at 
plasma levels below 1 mg percent. A clear- 
ance ratio (Cx/Ccr) above 1 indicates 
tubular excretion. Trichloroacetic acid fil- 
trates were used for the estimation of 
PAH and its derivatives (2). 

Cor a 
Compound (X) (ml/_ (ml/ 

min) min) 

Cx/ 
. Cor 

p-Aminohippurate 64 189 2.96 
p-Aminobenzoyl- 

sarcosine 71 169 2.38 
p-Acetylamino- 

benzoylsarcosine 64 139 2.18 
p-Aminohippur- 

hydroxamate 70 60 0.86 

420°C for 60 minutes in the presence 
of HgCle, according to the method of 
Rittenberg and Ponticorvo (7). 

Under these conditions, the CO: liber- 
ated by pyrolysis is derived largely from 
the carboxyl and amide oxygens and only 
to a limited extent (about 5 percent) 
from the phenolic oxygen. The atoms 
percent excess O* found in the CO: ob- 
tained from the control and experimental 
samples were 0.47 and 0.45, respectively. 
Correction for the dilution of carboxyl 
CO: by that derived from the unlabeled 
amide and phenolic oxygens (3/2 
100/95) yields figures of 0.75 and 0.72 
for the respective samples. These values 
are in satisfactory agreement with the 
0.76 atom percent excess O* present in 
the carboxyl group of the original PAH. 
This experiment clearly demonstrates 
that the transport of PAH across the 
renal tubule did not result in any appre- 
ciable loss of O”* from the carboxyl 
group. 

The study with O*-labeled PAH serves 
primarily to exclude certain types of co- 
valent bonding between the carboxyl 
group and carrier. Neither an amide 
(—CO—NHR) nor thiol’ ester (—CO 
—SR) linkage can be involved, since the 
formation of either entails the loss of 
carboxyl oxygen. An ester of the type 
(—CO—O—CH:R) appears to be im- 
probable, for, as Koshland (8) has 
pointed out, the acyl-oxygen bond 
(—CO—O—) is much more susceptible 
to hydrolytic cleavage than is the oxygen- 
methylene bond (—O—CH,—). 

The result obtained with labeled PAH 
is compatible with any of the following 
explanations. (i) The carboxyl group 
may not participate in transport in the 

. manner presumed. The reasons for be- 
lieving that it is an essential functional 
group have already been outlined. (ii) A 
carboxylic-phosphoric anhydride (—CO 
—O—PO:HR) remains a possibility if 
neither its formation nor subsequent 
cleavage involves a loss of the original 
carboxyl oxygen. The dependence of 
PAH transport on ATP (9) may suggest 
the occurrence in transport of an adenyl- 
acylate, such as that described as an in- 
termediate in acetate activation by Berg 
(10). Utilizing O*-labeled acetate, Boyer 
et al. (11) have shown that the formation 
of acetyl-coenzyme A results in a transfer 
of carboxyl oxygen to adenylate. How- 
ever, this finding may not be relevant to 
the present hypothetical situation, where 
cleavage of the anhydride could be 
effected by water and an appropriate 
acylase rather than by CoA and the 
acetate-activating enzyme. On the basis 
of the presently available information, 
it appears impossible to predict with 
certainty the relative labilities of the 
—CO—O— and —O—P— bonds to a 
specific enzymatic hydrolysis. (iii) Fin- 

401 



ally, the data obtained with O” are con- 
sistent with an ionic mechanism 
(—COO- R+) and suggest the possibil- 
ity that PAH transport may involve an 
ion-exchange mechanism such as has 
been postulated in the tubular excretion 
of hydrogen (12) and potassium ions 
(13). 

Joun V. Taccart 
Department of Medicine, 
College of Physicians and Surgeons, 
Columbia University, 
Presbyterian Hospital, New Y ork 
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Method of Preparing Radioactive 

Cations for Tracing Ground Water 

In recent years there has been consid- 
erable interest in the use of radioisotopes 
as ground-water tracers. The properties 
and use of several types of chemical 
and radioactive tracers have been de- 
scribed (1). 

Because of adsorption in the soil by 
cation exchange, the use of radioactive 
tracers has been limited almost entirely 
to the two anions iodine (I*%1) and bro- 
mine (Br®?) ; the other radioactive anions 
are unsuitable for other reasons. The fact 
that there are only two suitable radio- 
nuclides limits the experimenter in his 
choice of half-life, type of radiation, and 
energy. It is a further unfortunate cir- 
cumstance that iodine has one of the 
lowest permissible concentrations in 
water (4.8 x 10-* yc/cm$ for an 8-hour 
period) of any of the radioisotopes (2); 
radioactive bromine presumably has a 
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similarly low permissible concentration. 
However, it is possible to reduce 

greatly the adsorption by the soil of cer- 
tain of the normally cationic radioiso- 
topes by chelation—that is, by binding 
them into a un-ionic form. This has been 
done with Versene (3), the tetrasodium 
salt of ethylenediamine tetraacetic acid. 
With this simple procedure, consisting of 
adding Versene to a solution of the radio- 
isotope, it is possible to use a number of 
radioisotopes with widely different half- 
life and radiation energy as ground-water 
tracers. Virtually all of these isotopes are 
much less hazardous than I1*1 or Br®2, 

Laboratory tests using Co®, Sb!?4, and 
Cr51 have been made. Versene is non- 
specific in its action on metal ions; it 
inactivates the normal ionic properties 
of almost all polyvalent cations by form- 
ing with them water-soluble chelates that 
are extremely stable, except when they. 
enter a solution containing metallic ions 
capable of forming more strongly che- 
lated compounds. Such ions would dis- 
place the metals from the more weakly 
chelated compounds, exposing them to 
the possibility of adsorption on particles 
of earth material. Therefore, metals 
chosen for use as tracers should be cap- 
able of forming more strongly chelated 
compounds than can the common cations 
in the ground water, of which calcium 
is the strongest. In practice this means 
that they should be above calcium on the 
“chelation scale” at pH values char- 
acteristic of natural water—about 7. The 
order of chelation of some of the com- 
mon metals at pH 8.65 is as follows: 

Ni > Co > Cu > Zn or Cd > Ca > Mg 

> Sr > Ba. 

Processed Co®® of high specific activity 
(5.3-year half-life), Sb12¢ (60-day half- 
life), and Cr51 (26.5-day half-life) were 
used as the radioactive tracers. They 
were obtained as chlorides in less than 
1N HCl. Five microcuries of each tracer 
was divided into two equal portions. To 
one portion, about 10 mg of reagent- 
grade Versene was added to chelate the 
radiocationic tracer, and then each por- 
tion was diluted to 250 ml using Oak 
Ridge tap water. 

The solution containing the tracer was 
allowed to percolate slowly (4 ml/min) 
through an 18-mm column containing 
10 g of a fine-grained, somewhat weath- 
ered caicareous shale, which has an ion- 
exchange capacity, as determined by 
using ammonium acetate, of about 30 
milliequivalent/100 g. 

Samples of the chelated and unche- 
lated influents and effluents were pre- 
pared for nuclear counting. The relative 
concentrations of radioactivity in the 
effluents from the column (Fig. 1) show 
the extent to which chelation inhibited 
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Fig. 1. Test results showing percentage 
adsorption of chelated and unchelated 
radioisotopes. 
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the adsorption of the radioisotopes by 
the shale. The shale used is believed 
typical of earth materials having a rela- 
tively high adsorption capacity for radio- 
cations (4), but the scale of the experi- 
ment makes it unwise to predict that all 
chelated cations will be sufficiently free 
from adsorption to be satisfactory under 
all conditions. However, it is hoped that 
more laboratory work and some field 
tests can be reported later. 

W. J. Lacey* 
W. ve Lacunat 

Health Physics Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 
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Inhibition of Yeast 

Hexokinase by Fluoride Ion 

It has been repeatedly demonstrated 
that various hexokinases require magne- 
sium ion for optimal activity (J, 2). It 
has also been reported that magnesium- 
activated yeast hexokinase is not affected 
by fluoride ion in concentrations exceed- 
ing 0.1M (1), and fluoride is, in fact, 
often added to tissue extracts to inhibit 
adenosine triphosphatase (ATPase) dur- 
ing measurements of hexokinase activity 
(3). Since the solubility of MgF, is very 
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low (4), there is an apparent conflict be- 
tween the requirement of the cnzyme for 
magnesium and the lack of effect of con- 
centrations of fluoride which are incom- 
patible with the maintenance of appreci- 
able levels of magnesium ion. In this 
communication it is shown that the order 
of mixing is of the utmost importance in 
determining the effect of fluoride in this 
system. These results place definite limits 
on the use of fluoride in assays for hexo- 
kinase activity, and their implications re- 
quire consideration in every case in 
which fluoride is used with ATP-requir- 
ing enzyme systems. 

The assay system utilized the fact that 
hydrogen ion is produced as the hexo- 
kinase reaction proceeds (1). In each 
case, cresol red (5), glucose, hexokinase, 
magnesium chloride, and sodium fluoride 
(replaced by chloride in control sam- 
ples) were mixed and preincubated for 
the specified times. The reaction was 
started by the addition of a solution of 
ATP in triethanolamine buffer, and the 
absorption at 5710 A was measured at 
intervals using a Beckman spectropho- 
tometer. Final concentrations were 1mM 
glucose, l1mM ATP, 1mM Mg++, 0.1M F- 
(or Cl-), 2mM triethanolamine (pH 
8.4), 4ug/ml of cresol red, and 10¢-g/ml 
of yeast hexokinase (Sigma “practical” ) 
in a total volume of 3 ml. Temperature 
was controlled at 25°C. It is to be noted 
that under these conditions the enzyme is 
saturated with glucose and is sensitive 
to (Mg*+). 

Results of a typical experiment are 
shown in Fig. 1. When the mixture 
contained fluoride, the time of preincu- 
bation markedly affected the measured 
rate of the reaction. However, the degree 
of inhibition did not increase during the 
measurement. This is emphasized in Fig. 
1 by plotting the negative logarithm of 
the concentration of ATP against time, 
which shows the close adherence to first- 
order kinetics. 

It was further observed that, although 
the relatively small inhibition obtained 
after 1 minute of pre-incubation with 
fluoride and the almost complete loss of 
activity observed after a 30-minute ex- 
posure were quite reproducible, the de- 
gree of inhibition obtained after 15-min- 
ute preincubation periods was extremely 
erratic. The following values of the rate 
constant were obtained in a series of rep- 
licate determinations: 1 minute of prein- 
cubation with fluoride, 0.032, 0.032, and 
0.034; 15 minutes, 0.030, 0.023, 0.0023, 
0.034, and 0.0069; 30 minutes: 0.0046 
and 0.0051. In other experiments it was 
found that addition of sodium fluoride 1 
minute after the other components had 
been mixed had no measurable effect on 
the rate of the reaction. This confirms 
previous reports (1). 

All these observations can be. ex- 
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Fig. 1. Inhibition of yeast hexokinase by 
fluoride. The reaction was started by ad- 
dition of ATP after preincubation of the 
other constituents for the times indicated 
on the curves. Chloride was substituted 
for fluoride in the control. Final concen- 
trations are listed in the text. 

plained on the basis of the assumption 
that the rate of removal of magnesium 
ion from solution by fluoride ion is a rela- 
tively slow process. If it is assumed that 
this occurs as follows: 

Mg** + F- = MgF* (1) 

MgFt+F = M&F 2; aqueous) (2) 

MgF 2; aqueous) = MF 2; .o14a) (3) 

it scems probable that reaction 3 repre- 
sents the rate-determining step in the 
removal of magnesium ion. The separa- 
tion of a solid phase is known to depend 
on many factors and is frequently slow. 
If reactions 1 and 2 are more rapid than 
reaction 3, the rate of precipitation of 
MgF, would depend, among other things, 
on the concentration of magnesium ion. 
The addition of ATP to such a mixture 
would affect this process by reducing the 
concentration of free magnesium ion be- 
cause of the formation of a magnesium- 
ATP complex as follows: 

Mg*t+ATP*=2 MgATP~ (4) 

This reaction occurs rapidly, and since 
the formation constant is of the order of 
2x 10* (6), the concentration of free 
magnesium ion in the systems studied is 
markedly reduced by the addition of 
ATP. Consequently the rate of reaction 3 
is reduced to such an extent that no fur- 
ther effect of fluoride is detected over the 
period of observation, 

This formulation accounts for the fact 

that no inhibition is observed when ATP 
is mixed with magnesium ion prior to the 
addition of fluoride, as well as the ob- 
servations that fluoride mixed with mag- 
nesium ion prior to the addition of ATP 
exerts an inhibitory effect that is related 
to the time of preincubation, but does 
not increase after ATP is added. 

The scatter in the measurements made 
after 15 minutes of pretreatment with 
fluoride is probably due to variations in 
the rate of reaction 3, inasmuch as the 
separation of a solid depends on the 
chance of finding or forming centers 
suitable for nucleation, and wide fluctua- 
tions in this variable are to be expected 
when mixtures of this type are made. 
The relatively constant inhibition found 
after 1 minute of preincubation may cor- 
respond to the extent of reactions 1 and 
2 alone, while the considerable inhibition 
found after 30 minutes probably reflects 
a close approach to equilibrium precipi- 
tation of magnesium fluoride. 
We conclude that fluoride ion can in- 

hibit yeast hexokinase by removal of 
magnesium ion. This inhibition requires 
a finite time, and it can be minimized by 
attention to the order of mixing of re- 
agents. Since it is probable that the ob- 
served effects are due to variations in the 
rate of precipitation of magnesium fluor- 
ide, we suggest that this variable should 
be evaluated in the interpretation of any 
enzyme assay in which fluoride is used 

(7). 
Norten C. MELCHIOR 
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Autoinhibition of Bacterial 

Endospore Germination 

In the last few years, a considerable 
number of published works on the for- 
mation and germination of bacterial 
endospores has appeared. Many of these 
studies have been concerned with the 
physiological aspects of the processes. De- 
tails of the more significant investiga- 
tions on this subject have been recently 
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reviewed by one of us (J), and during 
the preparation of this review, it was 
noted that many chemical inducers of 
germination, although effective in vary- 
ing degrees, were reported as failing to 
produce germination of all spores in the 
population. Subsequent work in this labo- 
ratory has shown that, in at least one in- 
stance, the failure to obtain germination 
of all spores is due to an autoinhibitory ef- 
fect in which a substance (or substances) 
excreted by germinating spores inhibits 
the germination of the remainder of the 
population (2). 

Thus far, studies have been limited to 
the autoinhibitory substance produced by 
Bacillus globigii. The organism is grown 
on “G” agar (3) either with or without 
casein hydrolyzate at 30°C until com- 
plete sporulation occurs (usually 4 to 5 
days). The spores are then harvested, 
washed according to the procedure of 
Stewart and Halvorson (4), and stored 
in the freezer. When the spores (0.2 mg/ 
ml) are suspended in 0.067M phosphate 
buffer (pH 7.0), the addition of L-alanine 
and glucose in the ranges of concentra- 
tion recommended by Church e¢ al. (3) 
for complete germination fails to produce 
this effect when measured by the turbi- 
dimetric method of Hachisuka et al. (5) 
or by standard techniques involving loss 
of heat resistance and uptake of methyl- 
ene blue (/). In almost all instances, 
60- to 85-percent germination of the total 
population is obtained. Significantly 
lower and higher levels of inducers do 
not alter the basic pattern of germination, 
which is illustrated in Fig. 1 (curves A 
and B). Further additions of inducers 
after the germination rate has leveled off 
produce a very slight acceleration in the 

% GERMINATION 

o 18 30 48 60 78° 96 

TIME (MINS.) 

Fig. 1. Antagonism by t-alanine of the 
autoinhibitory effect on endospore germin- 
ation. Clean, heat-shocked B. globigii 
spores (1.0 mg) were suspended in either 
0.067M phosphate buffer (A, B, and C) 
or “supernatant” (D, E, and F) to which 
were added 10uM glucose and either 
10uM t-alanine (A and D) or 50uM L- 
alanine (B and £) ; C and F contained no 
inducers. “Supernatant” was obtained by 
centrifuging spore mixtures previously in- 
cubated with 50M t-alanine and 10uM 
glucose for 1 hour. 

404 

Table 1. Resumption of endospore germination after replacement of inhibitory super- 
natant by 1.0 mg of spores in 5.0 ml of fresh phosphate buffer with 501M t-alanine and 
40uM glucose as inducers (except for control). After an initial induction period of 60 
minutes, cells in C and D were centrifuged and resuspended in fresh phosphate buffer. 
Then additions were made as indicated, and all tubes were incubated another 60 minutes. 

Additions Percentage germination 

Tube First Second First Second Total 
induction induction induction induction 

A H:O None 1.4 1.4 
B L-alanine None 81 1.0 82 

and glucose 
C L-alanine L-alanine 81 13 94 

and glucose and glucose 
D L-alanine H.O 81 2.0 83 

and glucose 

rate of germination, but the degree of 
increase is too small to attribute the 
over-all effect to a simple depletion of 
inducers. 

The presence of an autoinhibitory sub- 
stance in induced systems in which the 
rate of germination has leveled off can 
be demonstrated in two ways. The super- 
natant obtained after separation of the 
cells in such systems is inhibitory for the 
germination of fresh spores, and this in- 
hibition is antagonized by further addi- 
tions of graded amounts of inducers. 
Curves D and E of Fig. 1 illustrate this. 
It should be noted that significant 
amounts of t-alanine may be carried 
over in the supernatant from the first 
germination, for Harrell and Halvorson 
(6) have shown that the amount of 
L-alanine taken up by spores during the 
germinative process is extremely minute. 
Probably this accounts for the degree of 
germination obtained with the superna- 
tant in the absence of inducers (curve F). 
Preliminary kinetic studies have revealed 
that the autoinhibitory substance inhibits 
L-alanine induction of germination in a 
competitive manner. 

The second demonstration of autoin- 
hibition can be shown by the replacement 
of the supernatant after the initial rate 
of germination has leveled off. Addition 
of fresh buffer and inducers to spore 
populations partially germinated in this 
way results in an increase in the rate of 
germination, although 100-percent germi- 
nation is still not ultimately attained. 
Table 1 illustrates this point. 

The induction of germination with 
L-alanine is antagonized by the p-form 
of the acid, confirming in part the find- 
ings of Church et al. (3). However, the 
autoinhibitory substance does not appear 
to be alanine racemase, although low 
levels (Q,,=2.0 uM alanine racemized 
per milligram of cells, per hour) of the 
enzyme are found in the spores. This is 
in contrast to the data of Church et al. 
(3) in which no racemase was found in 
the spores of B. globigii. Evidence of the 
failure of racemase to contribute to the 

autoinhibitory effect has been shown by 
the inability of p-amino acid oxidase 
(hog-kidney cortex) to protect the spores 
against the autoinhibitory substance in 
the presence of L-alanine and glucose. 

The excretion of intracellular sub- 
stances during germination of bacterial 
endospores has been studied by other 
workers (7). Among the substances 
identified thus far are amino acids, pep- 
tides, a hexosamine-peptide combination, 
dipicolinic acid, and calcium. In the 
present investigation, calcium ion and 
dipicolinic acid, alone and in combina- 
tion, have been examined for possible 
identity with the autoinhibitory agent. 
Although dipicolinic acid inhibits germi- 
nation and calcium protects against such 
inhibition, the autoinhibitory effect is not 
exclusively due to the former since 100- 
percent germination is not achieved when 
calcium ion alone is added to tubes con- 
taining the inducers, t-alanine, and glu- 
cose. 
A number of other substances, some of 

which are structurally related to alanine, 
have been found to antagonize L-alanine 
induction of germination. Included 
among these are lactate, pyruvate, and 
DL-serine, the last being the most effec- 
tive of the group. Eighteen other amino 
acids show erratic properties in this re- 
spect, but inhibition by L-tyrosine is dem- 
onstrable in most instances. The inhibi- 
tion by serine of germination induced by 
L-alanine is competitive in nature. Efforts 
to detect serine or other amino acids in 
the supernatant liquid by paper-chroma- 
tographic methods have been unsuccess- 
ful. 

The autoinhibitory agent is heat-labile 
to some degree: approximately 50 per- 
cent of the activity is lost on autoclaving 
at 15 lb of pressure (and 121°C) for 20 
minutes, and 20 percent on heating at 
100°C for 10 minutes. Thus, it would 
appear that the autoinhibitory effect is 
not due exclusively to an excreted, heat- 
stable, free amino acid, although the pos- 
sibility of a partial contribution by the 
latter is not ruled out. 
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Identification of the autoinhibitory 
substance and the specific metabolic re- 
actions against which it is active may 
provide a tool for determining more 
selectively the sequence of biochemical 
reactions resulting in germination. Effort 
is being devoted at present to determine 
more completely the properties of the 
autoinhibitory substance, including its 
effects on specific metabolic processes. 

R. L. Stepan, E. Kravitz, 
M. AnmuTH, J. Harpinc 

Philadelphia Naval Shipyard, Naval 
Base, Philadelphia, Pennsylvania 
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Comparison of Suggestibility 

during “Light Sleep” and Hypnosis 

Some recent experiments (1) indicate 
that “hypnosis” may involve a state 
of “light sleep.” Attempting to determine 
directly the relationship between these 
“states,” I recently completed a study 
(2) of 22 subjects who volunteered “to 
be given psychological tests at night while 
they were asleep.” I approached the sub- 
jects—in the middle of the night while 
they were sleeping in their own rooms— 
and whispered to them: “Clasp your 
hands together.” 

After a subject clasped his hands to- 
gether—all subjects did so within 10 sec- 
onds—I repeated over and over for 1 
minute: “Your hands are hard . . . solid 
... completely interlocked . . . it is im- 
possible to unclasp those hands. Try it.” 

In this way I gave seven standard tests 
of suggestibility, including the follow- 
ing: “you cannot unclasp your hands,” 
“you cannot open your clenched fist,” 
“your fingers are rising,” “your hand is 
dead and dull and numb and cannot feel 
anything at all,” “you are becoming very 
thirsty and will wake up in exactly 5 
minutes and drink lots of water,” and 
“you cannot remember anything that I 
said . . . you cannot remember anything 
at all.” 

When tested in this way, three of the 
subjects “woke up” and seven either 
moved or opened their eyes for a moment 
and later stated that they were “drowsy” 
during the experiment. However, the re- 
maining 12 subjects seemed to be in a 
stage of “light sleep,” since they did not 
move, did not open their eyes, responded 
reluctantly to requests like “clasp your 
hands together,” continued breathing 
slowly and easily, and later stated that 
they either had been in “some stage of 
sleep” or had complete amnesia for the 
experiment. 

These 12 subjects, who seemed to be 
“lightly sleeping,” responded to the seven 
tests of suggestibility as if they were in 
some stage of “hypnosis” as measured by 
the Davis and Husband scale of hypnotic 
depth (3). Some responded as if they 
were in the second stage of “hypnosis” — 
for instance, they were completely un- 
able to unclasp their hands. The major- 
ity of the “lightly sleeping” subjects re- 
sponded as if they were in at least the 
third stage of “hypnosis,” since they had 
complete amnesia for the experiment or 
followed the “postsleep” suggestion to 
wake up in 5 minutes and drink water. 
(No tests were given that could have 
differentiated the fourth, or “deepest,” 
stage of “hypnosis.”’) 

Ina second experiment, the same seven 
tests of suggestibility were given in the 
same way immediately after a standard 
hypnotic-induction procedure. In a third 
(control) experiment, the same tests were 
given in the same way to the subjects 
when they were normally awake. 

As Table 1 indicates, there were no 

Table 1. Mean scores on the seven tests of suggestibility when the subjects were “lightly 
sleeping,” after hypnotic induction, and when the subjects were normally awake. 

Critical ratio 
Experiment of difference 

Seven tests of _ 
suggestibility “Sleep” “Sleep” 

“Sleep” Hypnosis Control and and 
hypnosis* _ control 

Hand-clasp test 44.4 37 7.3 0.75 5.3F 
Finger-rigidity test 40.8 35 8.5 0.54 3.7 
Finger-levitation test 4.2 2.8 1.4 0.36 1.0 
Anesthesia test 1.7 1.8 0.08 0.2 4.8+ 
Thirst test 9.0 4.7 1.25 1.8 4.5+ 
Five-minute-waking test Se 3.0 2.0 0.2 0.9 
Amnesia test 3.3 25 0.0 0.55 aay 

* Not significant at the 0.05 level. + Significant at the 0.001 level. 
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significant differences between the sub- 
ject’s responses on the seven tests of sug- 
gestibility when the subjects were “lightly 
sleeping” and after they had been sub- 
jected to hypnotic induction. From Table 
1, it can also be seen that the subjects 
were more suggestible on all seven tests 
during the first experiment—when they 
were “lightly sleeping”’—than they were 
during the control experiment when they 
were normally awake, and that they were 
significantly more suggestible on five of 
the seven tests. 

The correlations between the subject’s 
scores on the seven tests during the first 
and second experiment—when “lightly 
sleeping” and after hypnotic induction— 
were in all cases above + 0.61 and in nine 
out of the 12 cases above + 0.92. 

I concluded from this study that the 
subjects of this experiment were as sug- 
gestible when they were “lightly sleep- 
ing”—that is, when they appeared to be 
asleep and later stated that they had been 
in “some stage of sleep’-—as they were 
after hypnotic induction. 

THEODORE XENOPHON BARBER* 
Department of Psychology, American 
University, Washington, D.C. 
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Strontium Content of Human Bones 

The refinements of analytic techniques 
for trace elements, together with a grow- 
ing interest in the distribution of trace 
elements in human tissues, has resulted in 
a continued addition of information on 
these elements to the biochemical litera- 
ture. The present paper (/) reports stron- 
tium analyses on 277 human bones from 
a world-wide sampling. 

Hodges et al. (2), investigating the 
strontium content of human bones by an 
emission-spectrographic technique, found 
for a limited sampling an average of 220 
ppm for bone ash. Tipton (3) has found 
a lower value for bones (120 ppm), also 
using an emission-spectrographic tech- 
nique. 

The present paper reports results indi- 
cating that there are marked regional dif- 
ferences. It is possible that the aforemen- 
tioned discrepancy may be explained on 
this basis. It is also possible that regional 
effects may be confounded with system- 
atic errors in the analytic data. The inves- 
tigation reported here is an attempt to 
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resolve these uncertainties and to explore 
the significance of the data as related to 
biochemistry and geochemistry. 

The bone samples were analyzed (4) 
as ashes that had been prepared at 800°C 
for 12 to 24 hours. The individual bone 
samples were received from the contribu- 
tors in various forms of preparation or in 
different stages of desiccation; hence, 
there can be no significance attached to 
the loss on ashing. It was felt that the 
most significant number that could be de- 
termined was the ratio of strontium to 
calcium, inasmuch as this would avoid 
any of the ambiguities of varying histories 
of preparation or variations owing to 
density of bone mineral. 

For values above 0.35(% Sr/% Ca x 
10°) the coefficient of variation is about 
9. The specimens were run in duplicate, 
giving a standard error of +6.5 percent. 
On the 95-percent confidence level, this 
means an error of + 13 percent for values 
of 0.35 (% Sr/% Ca x 103) and higher. 
Values below 0.35 (% Sr/% Ca x 103) 
have a higher error. 
“The study reported here (5) indicates 

agreement with Hodges, et al, (2), in 
that no effect of bone type on the ratio 
of strontium to calcium was observed. In 
addition, there is no correlation with age 
or sex. The main source of variation ap- 
pears to be related to regional influences, 
because, as Table 1 indicates, there are 
marked differences in the means of sev- 
eral geographic areas. From Table 1 it 
can also be seen that the standard devia- 
tion varies for different regional samples. 
Where large variances occur, they may 
either be attributed to a more mobile 
population or to regions with diverse geo- 
logic, and consequently geochemical, en- 
vironments. In some areas the ethnic diet 
may play an important role. 

, 

60 

It has been established by Turekian 
and Kulp (6) that there are marked 
regional differences in the strontium con- 
tent of almost all types of rocks compos- 
ing the geologic realm. Waters draining 
from these rocks and plants growing in 
these areas would take on the strontium 
complexion of the locale. This has been 
demonstrated for a large number of ele- 
ments and is a useful tool of geochemical 
prospecting. These regional differences 
are the most likely reasons for the varia- 
tions in the strontium content of human 
bones from one area to the next. 

It may be possible to check this con- 
clusion by examining human bone tissue 
from a known high Sr/Ca area. The 
Waukesha (Wisconsin) water supply (7) 
has been found to have 30 to 50 ppm 
strontium and 50 to 90 ppm calcium. 
Hence, the region should have a very 
high Sr/Ca ratio. It would be interesting 
to check bones from such a locale. 

A histogram of the strontium content 
of the 277 human bone specimens 
analyzed (Fig. 1) approximates a nor- 
mal distribution. If the 277 observations 
can be considered a large enough sam- 
pling of the world, then it is possible to 
arrive at an average ratio of strontium 
to calcium in human bones. This average 
is 0.60 (% Sr/% Cax 103). If it is con- 
verted to parts per million strontium on 
the assumption of pure calcium phos- 
phate ash, this value is equivalent to 234 
ppm. This compares closely with the 
value of’Hodges et al. (2), but, consider- 
ing the marked regional variations, it may 
only be fortuitous. 

Turekian and Kulp (6) have demon- 
strated that the average (% Sr/% Cax 
10%) ratio in igneous rocks ranges from 
6.5 to 23.0 and in sedimentary rocks from 
1.5 to 6.0; hence, it is evident that the 
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Fig. 1, Histogram of Sr/Ca ratios for 277 human bone specimens. 
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Table 1. Summary of data on regional 
variations in the strontium content of hu- 
man bones. 

Aver- 
No. of age — 

Region speci- (%Sr/ davies Range 
ae bog 4 tion 

Colorado 28 0.61 0.27 0.34-1.35 
Texas 12 0.54 0.16 0.25-0.80 
England 5 0.67 0.55 0.30—1.30 
Switzerland 7 0.35 0.15 0.11-0.55 
Cologne 21 0.36 0.11 0.21-0.68 
Bonn 15 0.35 0.12 0.17-0.52 
Denmark 2 0.89 0.23 0.73-1.05 
Italy 9 0.71 0.14 0.49-0.88 
Venezuela 47 0.60 0.24 0.31-1.15 
Chile 47 0.62 0.16 0.20-0.94 
Brazil 6 1,33 0.33 1.09-1.98 
Puerto Rico 5 0.62 0.30 0.37-1.05 
Vancouver 21 0.50 0.15 0.33-0.75 
China 19 0.67 0.16 0.42-1.00 
Japan a 0.70 0.14 0.58-0.93 
India 29 0.69 0.28 0.34—1.50 
Liberia 1 1.25 

human body markedly discriminates 
against strontium relative to calcium 
when compared to the natural environ- 
ment. This has been documented by 
Alexander et al. (8) in the case of sev- 
eral small laboratory animal specimens. 
The mineral apatite occurring in nature, 
which compares in part to some portions 
of the skeleton, is reported by Noll (9) 
to have from 0.1 to 4.5 (% Sr/% Cax 
10°). Hence, the vital effect of the or- 
ganism is seen operative in the differen- 
tiation of strontium and calcium, in 
human bones. Schulert (10) of the La- 
mont Observatory has demonstrated the 
existence of such differentiations using 
Sr®5 and Ca‘5, 

It is conceivable, considering the fore- 
going information, that human bones 
that have started in the direction of fos- 
silization should possibly show a time- 
dependent increase in the strontium con- 
tent upon burial. Hence, it is possible 
that this may be used in a manner simi- 
lar to the fluorine method for relative 
chronologies. This aspect of the study 
awaits further exploration. 

Kart K, TurekiAn 
J. Laurence Kup 

Lamont Geological Observatory, 
Columbia University, Palisades, New 
York 
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Chemically Altered “Permanent” 

Behavior Patterns in Fish and 

Their Cure by Reserpine 

In the course of enzymatic studies on 
the mode of action of a variety of drugs, 
we had occasion to use the guppy (Le- 
bistes reticulatus as a test organism. It 
soon became apparent that this organ- 
ism provided an excellent tool for the 
study of the effects of chemical sub- 
stances on behavior, primarily because 
any abnormal alterations in behavior 
were easy to observe. We found that the 
guppy responded to exposure to small 
quantities of LSD (lysergic acid diethyl- 
amide) in a characteristic manner. 
When the fish (size or sex seemed 

not to influence the results) were placed 
in a solution containing LSD (4 pg/ml 
at pH 6.5 to 7.5 and 25° to 28° C) for 1 
hour and then transferred to water, they 
responded with a characteristic vibrating 
behavior. This consisted of a rapid swim- 
ming until the wall of the container was 
reached, at which. point the fish con- 
tinued to swim apparently unaware that 
they were not making any progress. We 
found that, although many behavoral 
changes may be observed with various 
substances during exposure, possibly 
owing to local irritation, and so on, the 
changes that may be observed after the 
fish have been returned to water are 
more characteristic of true behavioral 
change. 

A good system for observing such 
changes consists of keeping the treated 
subjects in a 500-ml beaker containing 
300 to 350 ml of water and held in a 
quiet and undisturbed environment. The 
action of LSD observed under these cir- 
cumstances was so characteristic that it 
served as a method of studying the action 
of this substance on behavior. The effect 
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is not so characteristic as that observed 
with snails, but the behavior pattern of 
the fish is more complex and has the ad- 
vantage of being more susceptible to ob- 
servable modification. Other organisms 
were studied: Betta spiendens (1), cave- 
fish, goldfish, and so on. Each of these 
responds in a somewhat different man- 
ner, but the differing behavior patterns 
are all distorted aspects of normal be- 
havior. The goldfish, for example, tends 
to swim backward; the cave-fish does not 
move at all. However, the guppy ap- 
peared to be as good a tool as the other 
organisms, so that it was studied more 
intensively. 

All the kinds of fish responded to other 
hallucinogenic drugs (such as mescaline, 
yohimbine), but in a manner distinctly 
different from that observed with LSD 
and frequently with less characteristic 
behavior. The proper choice of experi- 
mental organism might well serve to 
distinguish between an array of these 
substances. However, this use is compli- 
cated by the fact that the response to 
mixtures of hallucinogenic: agents pro- 
duces a mixture of behavior patterns 
that are frequently difficult to separate. 
We have so far been unable to devise 
a quantitative method for study of the 
behavior pattern and are therefore 
limited at the moment to descriptions 
of its nature. 
We have studied a variety of sub- 

stances for their effect on the behavior 
pattern of the guppy without finding any 
that produce a pattern as characteristic 
as that produced by LSD. One incidental 
finding is of interest. The antihistaminic 
drugs are exceedingly toxic to the guppy 
and cannot be used in concentrations 
higher than 10-5 or 10-°M. 

Because of the antagonism between 
LSD and serotonin, we attempted to 
antagonize the LSD effect in the guppy 
by previous or simultaneous exposure 
to serotonin, This treatment had no ob- 
servable effect on the LSD response. We 
therefore studied other indoles in at- 
tempts to antagonize LSD. We found 
that 1 hour’s exposure to indole or tryp- 
tamine (10-*M, 10-°M is toxic) followed 
by exposure for 1 hour to LSD (4 ug/ 
ml), far from antagonizing the effect of 
LSD, tended to prolong it markedly. 

In a variable number of the specimens 
treated with indole plus LSD (ranging 
from 10 to 60 percent of the fish ex- 
posed) abnormal behavior usually re- 
mained for as long as a week after treat- 
ment. In some cases these abnormalities 
lasted for months. The aberrant behav- 
ior consisted of periods of normal be- 
havior interspersed at intervals (perhaps 

every 10 to 20 minutes) with periods of 
LSD-type behavior. Throughout these 
periods the courtship pattern of the 
guppy was not disturbed. 

So far as our present experience goes, 
the permanent induction of the char- 
acteristic abnormal behavior can be ac- 
complished by pretreatment with indole 
or tryptamine followed by LSD under 
the conditions specified here but is not 
induced by a variety of other substances, 
including an array of indoles, for ex- 
ample, serotonin. Indole or tryptamine 
alone (at 10-*M) has very little effect 
on repeated exposure, and the LSD 
symptom may be induced by repeated 
treatments without becoming perma- 
nently established. It appeared, therefore, 
that, by treatment with indole and LSD, 
we had influenced the behavior pattern 
of a-living creature in a “permanent” 
fashion and that one could, by chemical 
means, set up within a living creature a 
behavior pattern which remained long 
after the substances causing it had been 
removed from the environment. The be- 
havior pattern consisted of an aspect of 
normal behavior conducted in an exag- 
gerated and abnormal manner. 

We have had many fish whose abnor- 
malities lasted for many weeks. If such 
fish were treated with reserpine (20 ug/ 
ml for 3 days) their behavior pattern 
returned to normal and remained normal 
subsequently. The cycle of chemical in- 
duction of abnormal behavior and re- 
version to normal with reserpine may be 
repeated, but we have the impression that 
the fish are more sensitive to a second 
treatment. Chlorpromazine proved to be 
very toxic to the fish; hence, the lack 
of effect in normalizing behavior may be 
owing to the low concentrations that it 
was necessary to use. 

It appears, therefore, that one can 
cure this chemically induced abnormal 
behavior by a further chemical treat- 
ment. The fact that the substances em- 
ployed have an action in human behavior 
(2), which may well be a counterpart 
of their action in the fish, would seem to 
be more than fortuitous and would sug- 
gest that fish might be an important tool 
for the study of these effects. 

Doris L. KELLER 
Wayne W. Umsreir 

Merck Institute for Therapeutic 
Research, Rahway, New Jersey 
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Research at the Grass Roots? 

In the past year or so, most scientists 
have become aware of the declining per- 
centages of young people who enter the 
fields of science and science teaching. 
Most articles decry the decline in physics, 
chemistry, and mathematics students, but 
the number of students entering the life 
sciences and even the number of appli- 
cants to medical schools also are declin- 
ing. Clearly, young people are taking a 
dim view of both basic and applied sci- 
ences as a career. 
Many diagnoses and correctives have 

been suggested. Some of these are stop- 
gap, emergency solutions that give no as- 
surance of changing the fundamental 
public attitudes from which this problem 
arises. It is plain that the solution de- 
pends on the average man’s developing 
an understanding and appreciation of, 
and therefore, an interest in the impor- 
tance and value of science to him person- 
ally. So far, no successful way of achiev- 
ing this objective has been reported. 

It might help us approach this problem 
if we recall that people could not always 
be divided into scientists and nonscien- 
tists, as at present. In the early days of 
modern science, scientists were generally 
part-time, amateurs. Many earned their 
living as druggists, physicians, engineers, 
teachers, or farmers, in daily contact with 
their fellow-citizens. Many lived in small 
communities and no doubt performed 
many of their leisure-time experiments 
before the very eyes of their friends and 
neighbors, Pasteur’s famous anthrax ex- 
periment took place at the edge of town 
before a group of curious villagers in the 
year 1881. Franklin’s famous kite experi- 
ment also comes to mind. In those times 
scientists were not full-time specialists 
working with gadgets, instruments, and 
ideas totally alien to the everyday ex- 
perience of their neighbors and asso- 
ciates. 

Early scientists performed valuable 
fundamental research with the crude 

The editors take no responsibility for the con- 
tent of the letters published in this section. Anony- 
mous letters will not be considered. Letters in- 
tended for publication should be double spaced 
and submitted in duplicate. For additional infor- 
mation, see Science 124, 249 (10 August 1956). 
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(but adequate) instruments that they 
could build personally or afford to buy. 
There were few scientific books and pub- 
lications. Library needs were simple. 
Thus, research was possible at almost 
any place. As science has developed since 
then, research has become centralized in 
our universities, in government and in- 
dustrial laboratories, and in a few insti- 
tutes generally located in large «cities. 
Science has become the full-time work of 
a relatively few specialists working in 
comparative isolation from the rest of 
society. This historical change, plus the 
official secrecy surrounding atomic and 
other military science, has isolated scien- 
tists and their work from the day to day 
experience of the nonscientist. 

But much valuable research still is 
done with simple, inexpensive instru- 
ments. One way of restoring public un- 
derstanding of, and interest in, science 
would be to decentralize scientific -re- 
search so that the average citizen would 
once again have personal contact with it 
as he did in earlier times. Modest re- 
search centers could be developed in our 
high schools and perhaps in some of our 
small-town hospitals as well. Science can 
be returned to the grass roots. With pres- 
ent-day communication and transporta- 
tion facilities, no high school or hospital 
in the United States is more than a few 
hours from a university or other research 
center, which could provide the library 
and other technical support and guidance 
necessary to develop such a program. 
Funds from local or national foundations 
interested in fostering science could yield 
tremendous dividends in public interest 
and support, not to mention the direct 
discoveries that would also result. 

If we hope to get and maintain the 
interest of good science teachers in the 
future, we must give them a chance to 
participate in research, as this plan would 
do, Anyone today who has the desire and 
the energy to master a science well 
enough to teach it is not likely to be satis- 
fied to teach for long, unless he also has 
a chance to participate in the pleasures 
and stimulation of research. We know 
that this is true of university science 
teachers. Who would attempt to staff a 
university science department where no 
research was possible? Why should we 

imagine that the dreams and aspirations 
of high-school teachers are different? 
Likewise, if science is to have intelligent 
public support it must operate in a “glass 
house.” 

Warren Weaver has recently stated, 
“many would treat scientists one-third 
of the time as amusing but beneficial 
eccentrics, one-third of the time as sor- 
cerers, and one-third of the time as irre- 
sponsible rascals” [Science 122, 1258 
(1955) ]}. 

Most scientists will agree that this is 
a fair description of the attitude of the 
general public. How then can science 
hope to attract enough young people un- 
less a way is found to change this public 
myth? Clearly, science cannot compete 
with business in terms of money or 
power, or with most other professions in 
terms of security. If science is to receive 
its proper share of the best young minds, 
its special challenges and pleasures must 
be made known to the public generally 
in such a way that a scientific career re- 
ceives careful consideration by every 
bright high-school student. 

The quality of research shown at sci- 
ence fairs indicates that many high-school 
teachers and students have the ability to 
do first-class research. If these teachers 
could have the necessary financial and 
scientific support, not only would some 
valuable discoveries result, but, more 
important, millions of youngsters and 
through them millions of parents would 
get firsthand knowledge of science at the 
workbench, They would be able to ex- 
perience science, and not just read or 
hear about it. Can anyone doubt that this 
would make a difference in the public 
attitude toward science? Science fairs 
and exhibits can never be a substitute 
for personal experience. 

JoserH W. Stitt 
George Washington University School 
of Medicine, Washington, D.C. 

IGY in Denmark : 

While I was writing my tenth article 
on the International Geophysical Year 
and going on to my nth article on the 
shortage of scientists in Denmark, it 
struck me that the IGY might be used 
to stimulate interest in science, and that 
carefully planned information on Danish 
participation in the IGY program might 
interest some youngsters in choosing 
science as a career. 

I went to my chief editor, Mogens 
Aller of the Aller Press, Ltd. (publishers 
of weeklies and magazines), and asked 
him to give me a free hand to act on the 
behalf of the Aller Press. I was allowed 
to dispose of “a couple of thousand dol- 
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lars” to start—allocation of more money 
is dependent on the interest it might be 
possible to create in the project. 

Discussions followed with the Danish 
Association for the Advancement of Sci- 
ence and the Danish Association of Sci- 
ence Writers. It has now been agreed 
that the two associations, together with 
the Aller Press, will arrange a special 
IGY week in October (October 22-27). 
It goes without saying that particular 
emphasis during this week will be given 
to what Denmark has done and will be 
doing in the field of geophysics. Special 
arrangements will be made to interest 
science teachers and to provide them 
with material to pass on to their pupils. 
During the week a competition for high- 
school students will be announced, Stu- 
dents will choose a topic in the field of 
“Denmark and geophysics,” and write a 
thesis about it. The student with the best 
thesis will be sent on an “inspection” 
trip to Danish geophysical stations in 
Greenland. From Greenland he will send 
“news from the front” to other Danish 
students, either by the Danish Broad- 
casting System or by ordinary radio plus 
teletype. 

Negotiations have been started with 
the Danish IGY National Committee 
and with the ministries involved (such 
as the Ministry of Education) to have 
other prize winners directly attached to 
certain Danish IGY expeditions. The 
National Committee has approved of 
the idea, which, at the time of writing, 
is still under consideration by the min- 
istries, Negotiations have been started to 
have a few science teachers direct vari- 
ous Danish geophysical stations in Green- 
land during the IGY, and to give radio 
talks on developments from their posts 
during the year. One difficulty in this 
connection is the serious shortage of sci- 
ence teachers in Denmark, and it is not 
yet clear whether qualified teachers can 
be released from their posts. 

The scheme outlined here might gain 
in stature and importance if it could be 
changed from a tiny Danish plan into an 
international one. Perhaps someone in 
the United States might be interested in 
organizing and raising money for a bigger 
and better plan than mine. If this were 
done, there would be many opportuni- 
ties for international cooperation—for 
instance, radio interchanges of “news 
dispatches” between Danish and Ameri- 
can prize winners. I know that Danish 
students would be glad to hear from stu- 
dent members of American IGY expe- 
ditions. Would American high-school 
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students be interested in learning what 
Danish students have to report on the 
Danish aspects of IGY? In addition, we 
might make arrangements for an Ameri- 
can student to take part in a Danish 
expedition and for a Danish boy to take 
part in an American expedition. 

I should welcome suggestions for col- 
laboration not only from the United 
States, but also from colleagues in other 
countries. The more countries that might 
be linked up with the scheme, the more 
attractive it might be made. I would ap- 
preciate it if those interested in this invi- 
tation would kindly send a word or two 
to me at Aller Press, Ltd., Copenhagen, 
Valby, Denmark (Cable: Allerpress, 
Denmark). 

Boérce MicHELson 
Danish Association of Science Writers 

Atom Harvest 

I have just received a very disturbing 
letter from Leonard Bertin, science ed- 
itor of the London Daily Telegraph and 
author of Atom Harvest—a book which 
is critical of our role in the sharing and 
use of atomic information. 

Bertin writes: “As far as I know there 
was not a single copy of the book on 
sale in the United States at the time 
when the reviews appeared in Scientific 
American, Scientific Monthly, and the 
Atomic Scientists’ Bulletin.” The book 
has been refused for American publica- 
tion by Duell, Sloan and Pearce, Rine- 
hart, Van Nostrand, Doubleday, Uni- 
versity of Chicago Press, Knopf, Nor- 
ton, Lippincott, Praeger, and Criterion. 

I do not know why Atom Harvest has 
not been published in the United States. 
It may be censorship, official or unoffi- 
cial. Or it may be a simple case of sheer 
lack of interest. In any case, however, it 
would be interesting to learn exactly 
why American publishers have not re- 
sponded to a book which has been so 
favorably reviewed in prominent Amer- 
ican journals. 

Joun E. Preirrer 
New Hope, Pennsylvania 

Scientists: Smug and Bossy ? 

I have just read the editorial about the 
“battery additive” case [Science 123, 
1059 (15 June 1956)] and would like to 
express a slightly dissenting opinion. 

I am somewhat tired of government 
agencies, no matter how excellent or 
well-intentioned, trying to tell everybody 
what to do. Where there exists a danger 
to life or the possibility of an irreversible 
change in health in any commercial prod- 
uct, I think that is a sufficient reason for 
interference by the state. But the slight 
irreversible change of thinning the pock- 
etbook by a bad purchase does not seem 
to me to justify paternalistic action. 

I think much of the reaction against 
scientists, as well as other intellectuals, 
is due to a very unfortunate tendency on 
their part to become, first; smug and, 
then, bossy. This sort of attitude makes 
everybody sore, including themselves, 
any time they are exposed to it from 
somebody else. I do not think it is pos- 
sible to earn respect for one’s opinions 
unless you leave people free to take your 
advice or not, as they choose, and find 
out what happens if they don’t. The min- 
ute you put on pressure, people are going 
to hate you and have every right to. 

Autce M. BruEs 
University of Oklahoma 
School of Medicine, Oklahoma City 

Radiation Damage 

The Committee of the National Acad- 
emy of Sciences reporting on genetic ef- 
fects of atomic radiation [Science 123, 
1157 (29 June 1956)] advises: “. . . for 
every individual a complete history of his 
total record of exposure to x-rays, and 
to all other gamma radiation.” This sim- 
ply won’t be done. Who can imagine a 
political and administrative technique 
by which it would be other than a farce? 

“That individual persons not receive 
more than... 50 r up to age 30,” and so 
forth. The important thing—and this is 
the whole burden of the report—is the 
average exposure to thé entire population 
before end of child-bearing age. The ex- 
posure to any one individual is important 
genetically only as it increases the gen- 
eral average (a tiny influence). In order 
that radiation injure the individual him- 
self perceptibly or his immediate off- 
spring perceptibly, the dose must be sev- 
eral times larger than the limit quoted. 

Let me add that I have only the great- 
est admiration for the body of the com- 
mittee’s report and wish everyone would 
read it. 

R. R. NEwELL 
Stanford University School of Medicine, 
San Francisco, California 



Book Reviews 

Life, the Great Adventure. Jean Rostand 
and Paul Bodin. Scribner’s; New York, 
1956. 228 pp. $3.50, —! 

Jean Rostand is well known and widely 
read in France. He is better known, I 
would guess, than any biologist in this 
country is known to the general public. 
It is a credit to French broadcasting that 
the series of discussions contained in this 
book were prepared for the radio. 

The subject matter is largely the same 
as that in Rostand’s Ce que Je Crois, and, 
in fact, the dialog technique is largely 
used for Paul Bodin to criticize and ask 
amplification of statements made in Ce 
que Je Crois. The fevs new topics that 
are covered add to the interest which the 
present volume arouses. 

Rostand strikes a middle course be- 
tween two extremes found among scien- 
tists writing for the lay public. On the 
one hand, there are those who extract 
the fruit of recent research and present 
it in a readable form. The best examples 
of this sort of writing give the reader ex- 
cellent mental exercise and also some- 
times the same consummation of curiosity 
that is the life blood of the professional 
scientist. On the other hand, there are 
those who write of subjects far removed 
from science—on philosophy, politics, or 
religion—from what they sometimes con- 
sider a privileged position as scientists. 
Such writing is sometimes entertaining 
and serves to present different and often 
unorthodox ideas. 

Rostand does not belong to either cate- 
gory; he does not indulge in describing 
the mechanism of heredity or of hormo- 
nal action, nor does he spend much time 
on setting the philosophers, politicians, or 
theologians right, except in details that 
touch upon biological topics. What he at- 
tempts is to give an up-to-date account of 
what a biologist believes concerning great 
biological questions, 

The main theme is given by Paul 
Gaugin’s inscription written under a 
painting more than a century and a half 
ago: “Where do we come from? What 
are we? Where are we going?” One’s 
first thought after reading this book is 
how little the answers to these questions 
have been advanced since 1898. Rostand 
is a firm believer in evolution and men- 
tions one or two prominent French biolo- 
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gists who are not. He believes, however, 
that all the main groups of animals and 
plants were formed under special condi- 
tions and that only trivial evolution is 
now taking place. 

He believes that intellect can be im- 
proved perhaps by genetic or surgical 
means but more likely by chemical 
means, such as hormones or glutamic 
acid. Man’s life-span may be extended 
to about 100 years but not more. He 
makes the nice point that, just as man 
evolved by fetalization or neoteny, so 
intellectually a genius is often an ex- 
ample of retarded development, the pe- 
riod of keener learning and curiosity of 
the child being extended into the man, 
He thinks water divining and radiaes- 
thesia are pure quackery and is skepti- 
cal about telepathy. 

Marston Bates tells us in the foreword 
that this is an adaptation of a translation 
by Alan Brodrick published in England 
but unfortunately there is no mention of 
the title or publishers of the English pub- 
lication, of whether the French text is 
available; more important, there is no 
clue as to when the work was first pub- 
lished or broadcast. 

The scientist and nonscientist alike 
should find this enjoyable reading. The 
biologist may disagree with parts and may 
wish to amplify other parts, but both will 
be induced to wander to future horizons 
of biology with their feet firmly planted 
on the ground of present knowledge. 

Haic P. Papazian 
New Haven, Connecticut 

Genetics and Metabolism. Robert P. 
Wagner and Herschel K. Mitchell. 
Wiley, New York; Chapman & Hall, 
London, 1955. xi + 444 pp. Illus. $7.50. 

This book is a rich and provocative 
account of current knowledge in physio- 
logical genetics, written in a careful and 
critical but lucid style. The subject may 
be taken as the linkage between genes 
and characters; unlike some unduly opti- 
mistic accounts, the authors are careful’ 
to emphasize how fragmentary our 
knowledge of these links really is; at the 
same time, they explore its riches. Some 
of the content of the experimental work 

in this field is seemingly rather remote 
from gene function—for example, the 
aspect of “biochemical genetics,” which 
concerns the analysis of metabolic path- 
ways with the help of genetic tools. Al- 
beit these links are rather terminal, they 
are still a necessary part of our under- 
standing of how a mutant gene affects 
the development of the mutant char- 
acter, 

In a book of this scope, one might 
expect to find many details to quarrel 
about, but the discussion is so analytic 
and circumspect that I could find hardly 
any issues in which all sides were not 
given ample recognition. There is, natu- 
rally, a heavier emphasis on illustrations 
from Neurospora and Drosophila, with 
which the authors are more closely ac- 
quainted than, say, with bacteriophage 
and bacteria. If only because of the im- 
portance of tracer studies with phage 
and with DNA-mediated-transductional 
analysis in forging the most fundamental 
links between chemistry and heredity in 
contemporary research, this emphasis 
may be expected to shift in future ver- 
sions. 

The book would be rewarding enough 
for its help in the assimilation of current 
factual knowledge in its field; the plums 
in the pudding are cautions against pre- 
tension and critical réminders on almost 
every page that recall first principles in 
genetics and in biochemistry. The book 
will therefore be equally useful in various 
ways, to the new student and to the ex- 
perienced investigator. The impact of 
genetics is now so widespread that no 
physiologically minded student of biol- 
ogy can afford to be unaware of the ma- 
terial it covers. The first few pages, which 
are intended as a review of elementary 
genetics are perhaps supererogatory; any 
reader who would need them would bet- 
ter refer to a complementary textbook 
such as that of Srb and Owen. As is so 
typical of the rest of the book, Wagner 
and Mitchell have already pointed this 
out themselves. 

The authors have wisely refrained 
from anticipating unpublished work to - 
give the color of up-to-dateness. The 
work has therefore a sound foundation, 
from which the contemporary biologist 
can build a perspective on the exciting 
day-to-day developments on the _ bio- 
chemistry of genes. 

The following are a few points raised 
by the authors that are worth remember- 
ing: (i) “It is the whole cell which is 
the living system, for it is the smallest 
unit capable of reproducing life, and it is 
important to recognize that the expres- 
sion of inherited characteristics . . . is 
through the activities of cells, not merely 
through genes, which are parts of cells.” 
(ii) “The [spontaneous mutation rate] is 
usually stated to be low, but this needs 
to be qualified as to whether one is speak- 
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ing of the rate of mutation of a specific 
gene or of the total mutation rate of all 
the genes in the genome.” (iii) “To say 
that the primary action is unitary, each 
gene having but a single primary func- 
tion, is to formulate a simple straight- 
forward hypothesis neither supported nor 
contradicted by experimental evidence, 
and at present not subject to experi- 
mental test by known and proven meth- 
ods.” (iv) “It is not possible to make a 
choice between [the particle theory versus 
the metabolic-state theory of cytoplasmic 
inheritance] or even to be certain they 
are mutually exclusive.” (v) “The oft- 
stated claim that one strain differs from 
another by a single gene always carries 
with it the usually unstated qualification 
that they differ in only one known gene.” 
(vi) “Genes have been variously de- 
scribed as (1) units not reduced by cross- 
ing over, (2) units of mutation, and (3) 
units of function.” 

The last sentence quoted is followed 
by a lucid discussion of these definitions; 
I wonder whether the term gene when 
used in the singular, is still useful in pre- 
cise discussion. At a recent symposium, 
the terms rit (recombinational unit), 
mit, and pfit, or the more euphonious re- 
con, muton, and cistron were proposed 
to distinguish these concepts. These were 
jocular suggestions, but they emphasize 
that recent studies have outgrown an out- 
moded, and often confusing, terminol- 
ogy. 

JosHua LEDERBERG 
University of Wisconsin 

The Dynamics of Living Protoplasm. 
L. V. Heilbrunn. Academic Press, New 
York, 1956. 327 pp. Illus. $6.50. 

The well-known Pennsylvania physi- 
ologist, L. V. Heilbrunn, describes 
changes in protoplasmic colloids which 
he thinks provide a basis for understand- 
ing mechanisms underlying living activ- 
ity. From direct viscosity measurements, 
he concludes that protoplasm is fluid in 
the interior of a cell and stiffer near the 
edges, probably because of calcium ions. 
Near the edges, proteins are on the alka- 
line side of their isoelectric points and 
can combine with cations like calcium, 
while toward the interior they tend to 
become more acid, combining with an- 
ions like chloride. This difference con- 
tributes to the origin of gradients in elec- 
tric potential in cells. 

The author suggests a fundamental 
pattern of colloidal change during cell 
activity, similar to that noted in specific 
precipitation reactions, such as those that 
occur in clotting. Indeed, muscle con- 
traction, nerve excitation and transmis- 
sion, cell division, anesthesia, and -bio- 
stasis are explained on the basis of such 
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colloidal changes related to cation bind- 
ing or release by protoplasmic proteins. 

Here is offered a full account of a gen- 
_ eral physiological theory which, in its 
present elaboration, deserves serious con- 
sideration, both for the facts on which it 
is built and for the abundant indicative 
support to which reference is given. The 
necessity for extensive study on physico- 
chemical factors in colloidal changes in 
living material is clearly indicated, espe- 
cially such changes as are involved in the 
equilibrium between clotting inducers 
like thromboplastin and clotting inhibi- 
tors like heparin. 

This volume is an important one in 
bolstering the position that the broad 
foundation of general physiology is es- 
sential for the progress of every field of 
biology and medicine. 

J. Joaquin Izguiervo 
Department of Physiology, 
University of Mexico 

A Handbook for the Identification of 
Insects of Medical Importance. John 
Smart. British Museum (Natural His- 
tory) London, ed. 3, 1956. 303 pp. 
Illus. £2. 

This is a photolith reproduction of a 
book, the first edition of which was pub- 
lished in 1943, that was evidently in- 
tended to meet the needs of the British 
Commonwealth of Nations without spe- 
cial reference to other areas. It therefore 
contains but little information on insects 
of medical importance in North and 
South America. Nevertheless it is an ad- 
mirable presentation of the material 
that comes within its intended range. 

The numerous illustrations, which, al- 
ways with adequate credit, have for the 
most part been borrowed, are all of un- 
usually high quality, and the text may 
be accepted as being thoroughly ade- 
quate. More than half of the book is 
given to the identification of flies of 
medical importance, which, considering 
the significance of this group, is entirely 
just. A short, but entirely admirable 
section by Karl Jordan, on fleas, is per- 
haps somewhat longer than is strictly 
necessary, and a section by R. L. Whit- 
tick on the Arachnida is perhaps some- 
what shorter than is deserved. 

The book is a reprint of its second 
edition, which was published in 1948, 
with corrections and additions, especially 
to the bibliographies, which bring it up 
to date. In spite of its dealing primarily 
with cther parts of the world, the book 
will be of value to American medical 
entomologists, many of whom are work- 
ing at present in the parts covered, or 
even to those who stay at home. 

G. F, Ferris 
Stanford University 

Clinical Electrocardiography. pt. 1. The 
Arrhythmias. With an atlas of electro- 
cardiograms. Louis N. Katz and Alfred 
Pick. Lea and Febiger, Philadelphia, 
1956. 737 pp. 

The literal translation of the word 
arrhythmia, according to Paul D. White, 
is “not measured motion.” Rephrased, 
the term indicates any irregularity in the 
force, equality, and sequence of the heart- 
beat. When the arrhythmias are studied 
electrocardiographically, variations in the 
nature of the electric potential engen- 
dered by excitation, either of the atria or 
the ventricles, are added to consideration 
of the force and sequence of the mechani- 
cal beat of the heart. 

This book represents the first half of an 
edition in two volumes on clinical elec- 
trocardiography. The authors indicate 
that the second volume will be devoted 
to a consideration of contour changes in 
the electrocardiogram. Their decision to 
devote this first volume to the arrhyth- 
mias was based on the judgment that “no 
comprehensive textbook is now available 
for the student and practitioner.” They 
define specifically their intention to 
base interpretation of arrhythmias on a 
physiologic approach, while emphasizing 
the clinical import of materials under 
consideration. Recent advances in their 
thinking that are included in this volume 
are “a larger scale evaluation of the con- 
cepts of concealed A-V conduction, of 
aberrant ventricular conduction, and of 
the effects of cycle length upon the dura- 
tion of the refractory phase; the concepts 
of retrograde and unidirectional conduc- 
tion, and of the re-entry phenomenon, 
and their bearing upon ectopic beats and 
rhythms; the concept of multiple areas of 
bloek; the concept of depression of car- 
diac pacemakers by extraneous impulses; 
and finally the application of well known 
concepts of mechanisms operating in A-V 
block to other areas of the heart such as 
the S-A region and the ventricies them- 
selves.” 

About one-quarter of the 700 pages in 
the volume is devoted to text, while the 
remaining three-quarters are composed 
of illustrative electrocardiograms supple- 
mented by detailed legends. So abundant 
are the illustrations that the impression 
may arise that a search sufficiently long 
and enthusiastic eventually would pro- 
duce every conceivable variant in a field 
replete with variables. 

Deciphering complex cardiac arrhyth- 
mias is an assignment for those who de- 
light in puzzles. Pursuit of this assign- 
ment will promote an understanding of 
certain fundamental properties of the 
heart, namely, its rhythmicity, conduc- 
tivity, and excitability. Competence in 
analysis of arrhythmias will enhance the 
stature of a teacher in the eyes of his 
pupils. There remains a reasonable ques- 
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tion, however, whether this great skill 
has commensurate clinical applications. 
Even the authors of this authoritative 
and comprehensive volume observe that 
“in the last analysis, treatment of ar- 
rhythmias with present available meth- 
ods is either symptomatic or at best rep- 
resents the first attempts to modify in an 
experimental way an unknown deviation 
of an unknown biological process.” 

Raymonp D. Pruitt 
Section of Medicine, Mayo Clinic 

An Illustrated Catalogue of the Roths- 
child Collection of Fleas (Siphonap- 
tera) in the British Museum (Natu- 
ral History). With keys and short de- 
scriptions for the identification of 
families, genera, species, and subspe- 
cies of the order. Vol. II, Coptopsyl- 
lidae, Vermipsyllidae, Stephanocirci- 
dae, Macropsyllidae, Ischnopsyllidae, 
Hypsophthalmidae and Xiphiopsylli- 
dae. G. H. E. Hopkins and Miriam 
Rothschild. British Museum (Natural 
History), London, 1956. xi+445 pp. 
Illus. £6, 6s. 

In 1953 medical entomologists in gen- 
eral and flea workers in particular were 
delighted with the appearance of the first 
volume of An Illustrated Catalogue of the 
Rothschild Collection of Fleas by G. H. 
E. Hopkins and Miriam Rothschild. This 
auspicious beginning was in effect a 
monograph of the superfamily Pulicoidea 
and also outlined a general classification 
of the Siphonaptera as understood by 
Karl Jordan of the British Museum 
(Natural History) at Tring. In the pres- 
ent work Hopkins and Rothschild have 
not only met their own high standards 
but have improved upon them, 

A readable and at times amusing in- 
troduction outlines the plan of the vol- 
ume and the terminology of types, geo- 
graphic localities and host names. It 
also informs the reader that there are 
now nearly 1500 described species and 
subspecies of fleas, an increase of about 
150 in less than 3 years. Ten new names 
appear in the list of genera and subgenera 
of the world, and in an appendix a new 
genus is described. 

An increased and exhaustively illus- 
trated glossary of terms is a boon to spe- 
cialist and nonspecialist alike. I remem- 
ber only too well how difficult it was in 
the past for a beginner to absorb and 
reconcile the numerous and various mor- 
phological terms applied to fleas. The 
key to superfamilies and families of fleas 
is a definite improvement over that found 
in the first volume, with illustrations of 
each point that might be misinterpreted. 
Even beginning students should have a 
minimum of trouble with it. 

Volume II gives monographic treat- 
ment of some of the most interesting 
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families of Siphonaptera, including the 
bat fleas and: the helmeted fleas of Aus- 
tralia and South America. Descriptions 
of genera and higher groups, workable 
keys to all categories, and descriptions of 
all the species described in the families 
treated are to be found. Records of 
specimens in the Rothschild collection 
are included in each species discussion. 
Key characters of all species are illus- 
trated. 

Most of the illustrations are very good, 
and all are adequate, although they are 
not uniform, since many were taken from 
different sources in the literature. The 
authors were forced to depend on repro- 
duction of rather sketchy figures in a few 
instances, The beautiful drawings exe- 
cuted by F. G. A. M. Smit and Arthur 
Smith for this book deserve particular 
mention. As in volume I, photographs of 
fleas by A. E. L. Barron are included and 
again demonstrate that, properly used, 
good photographs sometimes illustrate 
more adequately than line drawings. 

Volume II appears to contain a mini- 
mum of typographic and other errors, but 
the poltergeist who plagues editors and 
proofreaders caused ““Macropsyllidae” to 
be omitted from the list of families 
printed on the title page. 

This volume and volume [I are indis- 
pensable for serious work on fleas and, 
because of the complete and clear treat- 
ment of their respective subjects, should 
be placed in the library of every institu- 
tion in which medical entomology is 
studied or taught. Research workers, 
teachers, and students may all rest assured 
that the information contained in the 
“catalogue” is accurate and the classifi- 
cation used is not likely to undergo major 
change for some time to come. 

Puy.us T, JOHNSON 
Insect Identification and Parasite 
Introduction Section, Agricultural 
Research Service, U.S.D.A. 

Elements d’Immunologie Générale. P. 
Gastinel, R. Fasquelle, P. Barbier. 
Masson, Paris, 1955. 335 pp. Illus. F. 
2000, 

This book is a readable account of the 
general principles of immunology and re- 
sistance to infectious disease. Presumably 
the book is intended primarily for medi- 
cal students. The 12 chapters include 
consideration of the properties of plasma 
proteins, of antigens and antibodies, and 
of the antigen-antibody reaction, The 
latter half of the book deals with the 
more biological aspects of inflammation, 
hypersensitivity, and immunity to disease. 

Certain “chapters,” particularly those 
dealing with the chemical properties of 
antigens and antibodies, contain a good 
many factual errors. Thus, the treatment 
of pneumococcus polysaccharides is poor. 

Although references to English and 
American papers are reasonably com- 
plete, very little effort was made to spell 
the authors’ names correctly. Finally, 
certain important new developments in 
immunology are barely touched upon. 
Thus, the use of isotope- or fluorescein- 
labeled antigens and antibodies is barely 
mentioned. Almost nothing is said about 
antigen-antibody reactions in gels, de- 
spite the fact that this work was initiated 
in France. The cell types and sites in- 
volved in antibody formation and the 
effects of irradiation are incompletely 
covered. 

The scope and general treatment of 
the subject are not very different from 
other recent books on immunology. The 
chief value for American readers will be 
the fairly complete references to the work 
of French immunologists. 

A. M, PappENHEIMER, JR. 
Department of Microbiology, New 
York University College of Medicine 

Books Reviewed in 

The Scientific Monthly, September 

A Short History of Medicine, E. H. 
Ackerknecht (Ronald). Reviewed by J. 
T. Velardo. 

Sir William Petty, E. Strauss (Free 
Press). Reviewed by M. C. Moos. 

Hastening Childbirth without Pain, P. 
A. Beloshapko and A. M. Foi (State Pub- 
lishing House of Medical Literature, Mos- 
cow, U.S.S.R.). Reviewed by S. A. 
Corson. 
Man and Energy, A. R. Ubbelohde 

(George Braziller). Reviewed by J. L. 
Magee. 

The Hopi Indians, H. C. James (Cax- 
ton). Reviewed by R. Anderson. 

New Books 

Man and the Waters of the Upper Ohio 
Basin. A symposium held at Linesville, 
Pa., under the joint auspices of the Py- 
matuning Laboratory of Field Biology, 
Department of Biological Sciences, the 
College, and the Department of Public 
Health Practice, the Graduate School of 
Public Health, University of Pittsburgh. 
Special Publ. No. 1, Pymatuning Labora- 
tory of Field Biology, Pittsburgh, Pa., 
1956. 100 pp. 

Engineering Mechanics. S. Timoshenko 
and D. H. Young. McGraw-Hill, New 
York, ed. 4, 1956. 546 pp. $7.50. 

Musical Acoustics. Charles A. Culver. 
McGraw-Hill, New York, ed. 4, 1956. 
305. pp. $6. 

Gaseous Nebulae. vol. 3 of The Inter- 
national Astrophysics Series. L. H. Aller. 
Wiley, New York, 1956. 322 pp. $11. 

Principles and Methods of Sterilization. 
John J. Perkins. Thomas, Springfield, IIl., 
1956. 340 pp. $8. 

Anxiety and Magic Thinking. Charles 
Odier. Translated by Marie-Louise Scho- 
elly and Mary Jane Sherfey. International 
Universities Press, New York, 1956. 302 
pp. $5. 
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Meetings and Societies 

Molecular Structure and 
Spectroscopy 

The tenth anniversary of the Sym- 
posium on Molecular Structure and Spec- 
troscopy, which has become an annual 
event at the department of physics and 
astronomy at Ohio State University, took 
place during the week 11-15 June, The 
symposium had as its guests the members 
of the Joint Commission on Spectroscopy 
of the International Union of Pure and 
Applied Physics and the International 
Astrophysical Union, and the National 
Research Couneil Committee on Line 
Spectra of the Elements. The conference 
was under the sponsorship of the depart- 
ment of physics and astronomy, the 
Graduate School of the university, the 
National Science Foundation, and the 
U.S. Office of Naval Research. 

The papers on the program were di- 
vided into two groups: a group of in- 
vited papers and a group of contributed 
papers. The invited papers were pre- 
sented in morning sessions throughout 
the week. Invited papers related to the 
electronic structure of molecules and 
electronic band spectra were presented 
on the first morning by John Slater (Mas- 
sachusetts Institute of Technology), Per- 
Oloy Léwdin (University of Uppsala), 
R. S. Mulliken (University of Chicago), 
and G. Herzberg (National Research 
Council of Canada). 

The theory of infrared and microwave 
spectra was discussed in four invited 
papers on the second morning by J. H. 
Van Vleck (Harvard University), Chun 
C. Lin (University of Oklahoma), D. M. 
Dennison (University of Michigan), 
and E. Bright Wilson, Jr. (Harvard Uni- 
versity ). 
On the third morning, four invited 

papers were presented by H. W. Thomp- 
son (Oxford University), Bérge Bak 
(University of Copenhagen), Ludwig 
Genzil (University of Frankfurt a.M.), 
and W. H. Shaffer (Ohio State Univer- 
sity). The subjects discussed were: high- 
dispersion measurements in the infrared 
and microwave regions of the spectrum 
and certain aspects of the spectra of 
long-chain molecules. 

The invited papers presented on the 
fourth morning dealt with chemical phys- 
ics problems. These were presented by R. 
Mecke (University of Freiburg), J. 

31 AUGUST 1956 

Lecomte (Sorbonne), and S. Mizushima 
(University of Tokyo). 
The series of invited papers were con- 

cluded on the fifth morning by three 
dealing with infrared instrumentation. 
These were given by P. Jacquinot (Belle- 
vue Laboratories), John Strong (Johns 
Hopkins University), and David Rank 
(Pennsylvania State University). 
A separate set of papers, arranged by 

the National Research Council commit- 
tee, was presented on line spectra of the 
elements at three afternoon sessions. 
Members of the Joint Commission on 
Spectroscopy participated in these ses- 
sions. The contributed papers were other- 
wise molecular in character, covering 
such subjects as electronic band spectra, 
infrared and microwave spectroscopy of 
small molecules, intensities of bands and 
spectral lines, hindered rotation in mole- 
cules, spectroscopy of the solid state, 
chemical physics spectroscopy, and in- 
strumentations. 

At the annual symposium dinner, re- 
sponses to words of welcome of the toast- 
master were made by William Meggers 
(National Bureau of Standards) in be- 
half of the Joint Commission on Spec- 
troscopy and the National Research 
Council committee and by Harold W. 
Thompson (Oxford University) in be- 
half of the European infrared group. The 
main address was by Bryce Crawford 
(University of Minnesota), who spoke 
on consumer relations in infrared. 

Haratp H. Nie,sen 
Mendenhall Laboratory of Physics, 
Ohio State University 

Meeting Notes 

"= The Committee on Fire Research and 
the Fire Research Conference of the 
Division of Engineering and Industrial 
Research of the National Academy of 
Sciences—National Research Council is 
planning a Research Correlation Confer- 
ence to be held at the National Academy 
of Sciences in Washington, D.C., on 8-9 
Nov. The Committee on Fire Research 
and the Fire Research Conference were 
established at the request of the Federal 
Civil Defense Administration to stimu- 
late and advise on research directed 
toward the development of new knowl- 
edge and new techniques that may aid 

in preventing or controlling wartime and 
peacetime fires. 

This meeting will be concerned with 
the problem of convincing scientists that 
there is a significant research job for 
them in the field of the spread of un- 
controlled fires. Most scientists have 
heretofore concerned themselves _prin- 
cipally with research problems of direct 
applicability to prevention and control 
of fires. This meeting will also undertake 
to persuade those who sponsor applied 
research in the field of fire and fire con- 
trol that there is such a degree of igno- 
rance in some of the fundamentals of fire 
spread and fire suppression that support 
of research in these fields is essential to 
an intelligent solution of the fire problem. 

The attendance at the conference must 
necessarily be limited and will be by in- 
vitation. Those actively interested in 
basic research on fire and the spread 
and growth of fire should indicate their 
interest and request advance registration 
cards. Address all communications to Mr. 
D. W. Thornhill, Executive Secretary of 
the Committee on Fire Research and 
the Fire Research Conference, National 
Academy of Sciences, 2101 Constitution 
Ave., Washington, D.C. 

=The first International Congress of 
Neurological Sciences will be held in 
Brussels, Belgium, 21-28 July 1957. This 
congress will accomplish an affiliation, 
for the first time, of all independent in- 
ternational congresses of several neuro- 
logical disciplines into a single integrated 
international convention. 

The congresses scheduled to meet 
simultaneously in Brussels under the new 
coordinated program are as follows: 
sixth International Neurological Con- 
gress; fourth International Congress of 
Electroencephalography and _ Clinical 
Neurophysiology; third International 
Congress of Neuropathology; first Inter- 
national Congress of Neurological Sur- 
gery; third meeting of the International 
League Against Epilepsy; and the second 
Symposium Neuroradiologicum. The 
broad title of Congress of Neurological 
Sciences was adopted to allow for par- 
ticipation in future congresses of other 
neurologic disciplines, such as neuro- 
anatomy, neurochemistry, and neuro- 
pharmacology. 

The scientific program of the Inter- 
national Congress of Neurological Sci- 
ences will highlight two major symposia 
of common interest to the congress as a 
whole, and several symposia of special 
interest to the particular disciplines rep- 
resented by each affiliate of the congress, 
but which are pertinent to the interests 
of the entire congress. In addition, ar- 
rangements have been made for the pres- 
entation of miscellaneous communica- 
tions. 

The two major symposia of common 
interest are “Extrapyramidal disease,” 
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it hy welitee 

Alconox the world famous hospital 
and laboratory detergent now has 
a twin brother. 
Whether you wash your delicate 
glassware, instruments and equip- 
ment by hand or by machine, 
we have the ‘product that will 
do the job faster, better and safer 
than any detergent now on the 
market. 
Paul Revere’s message was dic- 
a. by the signal our Old North 

Your decision is dictated by the 
washing method your laboratory 
uses. 

ALCONOX for all 
equipment washed by hand: 

ALCO JET for all 
equipment washed by machine: 

Alconox available in: 
Box of 3 Ibs.—price $ 1.95 
Carton (12 boxes of 3 Ibs.) 18.00 
Drum of 25 Ibs, Ib. .45 
Drum of 50 Ibs, Ib. .40 
Drum of 100 Ibs. Ib. .40 
Barrel of 300 Ibs. lb. OF 

(slightly higher on West Coast) 

Alcojet available in: 
Box of 5 Ibs.— $ 3.00 
Case (6x5 Ibs.) 15.00 
Drum of 25 Ibs, Ib, 45 
Drum of 50 Ibs. ib, 62 
Drum of 100 Ibs. Ib, .40 
Drum of 300 Ibs. Ib, 37 

(slightly higher west of the Rockies) 

Order from your favorite supplier 
or write for literature and samplos. 

ALCONOX,: 7%. 

61-63 CORNELISON AVE., JERSEY CITY 4, WN. J. 
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to be conducted by Raymond Garcin of 
Paris, and the “Significance and inter- 
pretation of modifications of the con- 
scious state,” which will be led by Geof- 
frey Jefferson of London. Among the 
symposia of special interest is one on 
“Multiple sclerosis,’ under the chair- 
manship of H. Houston Merritt of New 
York, vice president of the United States 
Committee of the sixth International 
Neurological Congress. 

The organization of the first Interna- 
tional Congress of Neurological Sciences 
is centralized under the direction of P. 
van Gehuchten and Ludo van Bogaert, 
president and secretary-general, respec- 
tively, of the Belgian National Commit- 
tee for the sixth International Neurologi- 
cal Congress. Appointed as official travel 
agencies are Thomas Cook and Son, Inc., 
and the American Express Company. 

As the program develops further in- 
formation may be obtained from Dr. 
Pearce Bailey, Secretary, Committee for 
the United States of the Sixth Interna- 
tional Neurological Congress, National 
Institutes of Health, Bethesda 14, Md. 

#A national forum on “The South’s 
future” will be held 11-13 Oct. in New 
Orleans in observance of the 50th anni- 
versary of the Louisiana Section of the 
American Chemical Society. The pro- 
gram will include papers on industrial 
and technologic developments and on 
educational progress and. shortcomings 
as applied to training of men for techni- 
cal and scientific fields. In addition, 
papers will be presented that will sum- 
marize the present position of research 
activities in the South. Finally, discus- 
sions will be held on each day of the 
series to explore ways and means of di- 
recting the attention of young people to 
scientific careers. 

A meeting of high-school students, 
who have been local winners in a nation- 
ally sponsored scholarship program, will 
run concurrently with the adult program, 
Scholarships will be awarded for the best 
presentation on the subject “What sci- 
ence is doing to improve my commun- 
ity.” The program will end with presen- 
tation of awards, which include a $2000 
scholarship to the winning student plus 
a $2000 grant to his chosen college or 
university. A $500 award will be given 
to the high-school teacher who is judged 
to have evinced the greatest scientific 
interest in his students. 
Among the speakers taking part in the 

meeting are the following: Ralph T. 
Overman, Institute of Nuclear Studies, 
Oak Ridge, Tenn., who will discuss 
“Utilization of radioisotopes”; H. L. 
Bevis, president emeritus, Ohio State 
University, who will be a member of a 
panel discussion on the “Importance of 
the man in industry, education, and gov- 
ernment”; Stuart W. Churchill, Univer- 
sity of Michigan, who will participate in 

the round-table discussion on “The train- 
ing of young technical employees”; and 
Roger Williams, president-elect of the 
ACS, who will represent education in a 
discussion of “Research in industry, edu- 
cation, and government.” For further 
information, write to M, Benton Naff, 
Department of Chemistry, Loyola Uni- 
versity, New Orleans, La. 

Forthcoming Events 

October 
1-2, American Soc. of Photogrammetry, 

semiannual, Denver, Colo. (C. E. Palmer, 
ASP, 1515 Massachusetts Ave., NW, 
Washington 5.) 

1-3. Institute of Radio Engineers, Ca- 
nadian convention, Toronto, Canada. (G. 
Sinclair, Electrical Engineering Dept., 
Univ. of Toronto, Toronto.) 
1-3. National Electronics Conf., 12th 

annual, Chicago, Ill. (NEC, 84 E. Ran- 
dolph St., Chicago 1.) 

1-4, American Dental Assoc., annual, 
Atlantic City, N.J. (H. Hillenbrand, ADA, 
222 E. Superior St., Chicago 11, Ill.) 

1-4, Semiconductor Symposium, Cleve- 
land, Ohio. (M. F. Lamorte, Semiconduc- 
tor Dept., Westinghouse Electric Corp., 
Youngwood, Pa.) 

1-5. American Inst. of Electrical En- 
gineers, fall general, Chicago, Ill. (N. S. 
Hibshman, AIEE, 33 W. 39 St., New 
York 18.) 

1-5. International Gate: on Medical 
Records, 2nd, Washington, D.C. (Miss G. 
L. Perkins, American Assoc. of Medical 
Record Librarians, 510 N. Dearborn St., 
Chicago 10, II.) 

I-10. Weights and Measures, interna- 
tional committee, Paris, France. (C. Volet, 
International Bureau of Weights and 
Measures, Pavillon de Breteuil, Sevres 
(Seine-et-Oise), France.) 

2-5. Industrial Medicine, intern. cong., 
Vienna, Austria. (C. Frieberger, Hygien- 
isches Universitats Institut, Kinderspital- 
gasse 15, Vienna IX.) 

2-14, Engineers Cong., 2nd interna- 
tional Federation of National Associations 
of Engineers, Zurich, Switzerland. (Fed- 
eration Internationale d’Associations Na- 
tionales d’Ingenieurs, 19, rue Blanche, 
Paris 9°, France. ) 

8. Science and Human Welfare, inter- 
national conf., American Inst. of Geonomy 
and Natural Resources, Washington, D.C. 
(R. M. Field, AIGNR, South Duxbury, 
Mass. ) 

8-9. Shortage of Engineers and Scien- 
tists, conf., New York, N.Y. (E. S. Burdell, 
Cooper Union for the Advancement of 
Science and Art, Cooper Sq., New York 
3.) 

8-10. National Clay Conf., 5th, Ur- 
bana, Ill. (R. E. Grim, Univ. of Illinois, 
Urbana. ) 

8-12. American College of Surgeons, 
42nd annual clinical cong., San Francisco,. 
Calif. (ACS, 40 E. Erie St., Chicago 11, 
Ill.) 

8-12. International Decennial Review: 
Conf. on Tissue Culture, Woodstock, Vt. 
(P. R. White, Jackson Memorial Labora- 
tory, Bar Harbor, Me.) 

8-12, National Metal Cong., 38th an- 
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nual, Cleveland, Ohio. (American Inst. 
of Mining, Metallurgical and Petroleum 
Engineers, 29 W. 39 St., New York 18, 
N:Y.) 

8-12. Pan-American Federation of 
Engineering Societies, 4th convention, 
Mexico, D.F., Mexico. (S. E. Reimel, 
Engineers Joint Council, 29 W. 39 St., 
New York 18.) 

8-13. International Cancer Cytology 
Cong., Chicago, Ill. (A. H. Dearing, Col- 
lege of American Pathologists, Prudential 
Plaza, Chicago 1.) 

9-10. Air Research and Development 
Command Science Symposium (classi- 
fied), 4th annual, Boston, Mass. (Head- 
quarters, ARDC, U:S. Air Force, P.O. Box 
1395, Baltimore 3, Md.) 

9-12. American Dietetic Assoc., 39th 
annual, Milwaukee, Wis. (Mrs. T. Pollen, 
ADA, 620 N. Michigan Ave., Chicago 11, 
Ill.) 

9-15. World Medical Assoc., 10th gen- 
eral assembly, Havana, Cuba. (L. H. 
Bauer, WMA, 345 E. 46 St., New York, 
N.Y.) 

10-12. Indiana Acad. of Science, Bloom- 
ington. (W. A. Daily, Eli Lilly Research 
Laboratories, Indianapolis 6, Ind.) 

10-18. Arid Zone Climatology with 
Special Reference to Microclimatology, 
international symposium, Melbourne and 
Canberra, Australia. (UNESCO, 19 Ave- 
nue Kléber, Paris 16°, France.) 

11-12. International Scientific Radio 
Union, U.S. National Committee, Berke- 
ley, Calif. (J. P. Hagen, 2101 Constitution 
Ave., NW, Washington 25.) 

14-17. Society of American Foresters, 
Memphis, Tenn. (H. Clepper, SAF, 17th 
and Pennsylvania Ave., NW, Washing- 
ton 6.) 

14-19. American Acad. of Ophthalmol- 
ogy and Otolaryngology, annual, Chicago, 
Ill. (W. L. Benedict, 100 First Ave. Bldg., 
Rochester, Minn.) 

15-17. Assoc. of Official Agricultural 
Chemists, annual, Washington, D.C. (W. 
Horwitz, Box 540, Benjamin Franklin Sta- 
tion, Washington 4.) 

15-17. Soil Conservation Soc. of 
America, Tulsa, Okla. (H. W. Pritchard, 
SCSA, 1016 Paramount Bldg., Des Moines, 
Iowa. ) 

15-18. American Veterinary Medical 
Assoc., annual, San Antonio, Tex. (J. G. 
Hardenbaugh, AVMA, 600 S. Michigan 
Ave., Chicago 5, Ill.) 

15-19. American Soc. of Civil Engi- 
neers, annual, Pittsburgh, Pa. (W. H. 
Wisely, ASCE, 33 W. 39 St., New York 
18.) 

15-26. New York Acad. of Medicine, 
annual graduate fortnight, New York, 
N.Y. (Secretary, Graduate Fortnight, 
NYAM, 2 E. 103 St., New York 29.) 

16-17. National Acad. of Economics 
and Political Science, Washington, D.C. 
(D. P. Ray, George Washington Univ., 
Washington 6.) 

16-18. Conference on Magnetism and 
Magnetic Materials, Boston, Mass. (T. O. 
Paine, Measurements Laboratory, General 
Electric Co., West Lynn, Mass.) 

17-18. International Union of Thera- 
peutics, cong., Paris, France. (A. Lemaire, 
54, rue de Saxe, Paris 7.) 

(See issue of 17 August for comprehensive list) 
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(above) Nuclear-Chicago scintillation 
detector is lowered into water for trac- 
ing the radioactive sewage effluent at 
varied depths over a 25 square mile 
area. (right) Gamma-ray spectrometer 
system, ratemeter and recorder on 
laboratory ship measure and chart 
traces of radioactive scandium during = 
36-hour period of experiment. 

RADIOACTIVITY HELPS PREVENT BEACH 

POLLUTION FROM SEWAGE EFFLUENT 

In a unique experiment just completed in Santa Monica Bay, Cali- 
fornia, radioactive isotopes were successfully used to trace the dis- 
persion of sewage effluent in ocean waters. The results are helping 
to establish proper design procedures to insure against beach pollu- 
tion in a current expansion of the Los Angeles sewage system. 

The tracer experiment was a joint project of Hyperion Engineers, 
Nuclear Science and Engineering Corporation and the Hancock 
Foundation of the University of Southern California. Twenty curies 
of scandium-46 were mixed with sewage effluent and discharged 
into the sea. Scientists aboard a laboratory ship then took radio- 
active measurements over a wide area to determine dilution rate 

and direction of diffusion. 

Since this was a ‘‘one-shot” experiment, the dependability and 
overall sensitivity of the equipment were extremely important. The 
instruments chosen, including the DS5-3 scintillation detector, 1810 
gamma-ray spectrometer, 181 scaler and 1620 ratemeter were stand- 
ard Nuclear-Chicago catalog*items. 

nuclear: chicago 

NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 

237 West Erie Street, Chicago 10, Illinois 

LEADERS IN MAKING RADIOACTIVITY COUNT 
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Edited by 
Bertram Schaffner 

University Seminar on C 

A JOSIAH MACY, JR. FOUNDATION 

PUBLICATION 

GROUP PROCESSES 

Transactions of the Second Conference 

ications 
Columbia University 

$3.50 

JOSIAH MACY, JR. FOUNDATION PUBLICATIONS 
16 WEST 46th STREET, NEW YORK 36, NEW YORK 

Please make checks payable to Josiah Macy, Jr. Foundation 

Chemist, Physical Ph.D. 

ADVANCED WORK IN 

HIGH TEMPERATURE AND 

RELATED FIELDS 

As port of its work on advanced missile weapons 
systems, the Special Defense Projects Depart- 
n.ent of GE is doing advanced work on: 

This volume contains much of value not only © Kinetics of the upper atmosphere 
to biologists and social scientists but to those © Bacintion aad comets saeeeees 
interested in metaphysical aspects of communi- 
cation. There is a unique and fascinating pre- 
sentation of the social structure among penguins; 
additional new material on the neonate-mother 
relationship in the goat and man; a kinesic 
analysis of filmed behavior of children; and lively 
discussion on the meaning of play. 

@ Emission and absorption characteris- 
tics of gases 
High temperature radiation 
Gas composition at high temperature 
Molecular characteristics of vaporized 
materials 
Transport properties of dilute gases at 
high temperature 
Equilibrium properties of gases 
Surface kinetics 
Gas kinetics at high temperature 
Hypersonic inviscid flow 

If you have several years experience in the field 
and are interested in work in these areas, write 
in confidence to: 

MR. W. BILLINGSLEY 
SPECIAL DEFENSE PROJECTS DEPARTMENT 

GENERAL @® ELECTRIC 

3198 Chestnut Street, Room 100-A 
Philadelphia 4, Pa. 

; PERSONNEL PLACEMENT 

CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

iil POSITIONS OPEN iil 

Ph.D. for a Postdoctoral Fellowship in the area 
of avian embryology and histochemistry. For 
particulars write to Chairman, Department of 
Poultry Science, State Collge of Washington, 
Pullman, Washington. 

PHARMACEUTICAL PRODUCT 
DEVELOPMENT 

Excellent supervisory opportunity in 
rapidly expanding Pharmaceutical 
Product Development Laboratory. De- 
gree in Pharmacy is desirable, also 
some industrial pharmaceutical devel- 
opment experience, preferably in anti- 
biotics. Laboratory located 25 miles 
from Philadelphia. Send résumé and 
salary requirements to Box 212, SCI- 
ENCE. x 

MIIII| Posttt0NS OPEN |i Iiiiiiil POstt10Ns OPEN iil 
(a) Faculty Members in Comparative Anatomy, 
Chemistry, Biology, Pharmaceutical Chemistry, 
Physiology, Physics, Mathematics, and Micro- 
biology; ranks dependent upon qualifications; 
ample time for research. (B) Associate Medical 
Director; physician well trained in pediatrics, 
internal medicine, or surgery; advantageous if 
expert in marrow area; pharmaceutical com- 
pany; Pacific Coast; $15,000. (c) Biochemist, 
Ph.D. or M.D., experienced in enzyme chemis- 
try, qualified to direct medicochemical labora 
tory, 600-bed hospital affiliated medical school; 
salary sufficient to interest outstanding can- 
didate; East. S8-5 Medical Bureau, Palmolive 
Building, Chicago. x 
RESEARCH ASSOCIATE (Physicist)—Re- 
search on problems of radiation measurement in- 
volving use of complex electronic equipment; 
program emphasizes detailed study of spectrum 
of gamma rays from collimated sources through 
variety of absorbers using multichannel analyz- 
ers, Geatthactinns ; B.S. in physics and 2 to 3 
years work experience with special emphasis on 
nuclear instrumentation and electronics; or M.S, 
and some physics research. 
RESEARCH ASSOCIATE (Physicist)—Re- 
sponsibility for radioactive isotopes, dosage 
preparation and record control; operation of 
health-physics program; control and storage of 
radioactive material. Supervises chemist. Qualifi- 
cations: B.S. in nuclear physics and 2 to 3 
years related experience or M.S. in nuclear 
2 gag Courses in analytical chemistry desir- 
able. 
Starting salary to $6000 depending upon quali- 
fications. Opportunity to further education and 
carry on thesis research for M.S. or Ph.D. For 
applications write: Management Services De- 
partment, Oak Ridge Institute of Nuclear 
Studies, P.O. Box 117, Oak Ridge, oueeers 

Research Microbiologist. Minimum of 6 years re- 
quired in either an industrial or academic capa- 
city. A good background in immunology and 
biochemistry required. Ph.D. preferred, but will 
consider M.S, Salary open. Inquire of Dr. Earl 

. Gerheim, Sherman Laboratories, 5031 
Grandy, Detroit 11, Michigan. 8/10, 17, 24, 31 

Chemist, Research Assistant, male or female; 
biochemical experience, $4000. Box 208, SCI- 
ENCE, 8/31 

Scientific Writer. Young M.D. or person with equiv- 
alent training in medical science with literary in- 
terest and talent to write technical material for 
the medical profession, Work involves interpretation 
of laboratory and clinical data on new drugs ex- 
plaining composition, appHcation, use, therapeutic 
action of new drug discoveries for F.D.A., scientific 
publications, and practising physicians. Large mid- 
western ethical pharmaceutical research and manu- 
facturing organization. Please send complete résumé 
to Box 213, SCIENCE. 9/7, 14, 21 

iit Postt10NS WANTED ill 
Bacteriologist-Lawyer; M.S., LL.B. (Septem- 
ber); 8 years’ experience in production and de- 
velopment administration in pharmaceutical and 
allied industry in United States and Latin 
America. Biochemistry minor. Sigma Xi. Fluent 
Spanish. Age 32. Foreign assignment considered. 
Box 211, SCIENCE. x 

Certified Clinical Chemist; Ph.D.; 8 years, 
chief, university chemistry department; 5 years, 
chief, chemistry, 600-bed hospital. Medical Bu- 
reau, Palmolive Building, Chicago. x 

Microbiologist, Ph.D. Competent investigator in 
medical bacteriology, mycology. Research ex- 
perience with phages and animal viruses. Chem- 
istry background. Publications. Desires position 
in research, teaching, or industry. Box 215, 
SCIENCE. 9/7 

Nurse, Ed.D.; 13 years’ experience nursing serv- 
ice and education. Desires deanship or director- 
ship university school of nursing; prefers new or 
developing program. Box 193, SCIENCE. 

Virologist, M.S. Tissue culture, academic and 
industrial research experience. Publications. De- 
sires academic or industrial position, Box 209, 
SCIENCE. 8/31 
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BOOKS «+ SERVICES + SUPPLIES - 
The MARKET PLACE 

EQUIPMENT 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

||| PROFESSIONAL SERVICES ||| ||\||| SUPPLIES AND EQUIPMENT ||| 

Projects, Consultation, and Pro- 
poor duction Control Services in 
research @ Biochemistry, Chemistry, Bacteri- 

FOUNDATION glogy, Toxicology — Insecticide 
Testing — Flavor Evaluation. 

WRITE FOR PRICE SCHEDULE 
WISCONSIN ALUMNI RESEA ARCH FOUNDATION 

P.O. BOX 2217-V 

ill BOOKS AND MAGAZINES ||| 

WANTED TO 
PURCHASE ... 

SCIENTIFIC 
PERIODICALS 
and BOOKS 

| Sets and runs, foreign 
and domestic. Entire 
libraries and smaller 
collections wanted. 

WALTER J. JOHNSON, INC, 
125 E. 23rd St., New York 10, N. Y. 

Your sets and files of 
scientific journals 

are needed by our 7 and institutional cus- 
tomers. Please send us lists and description of 
a. files you are willing “ = at hi thigh mar- 
et prices. Write Dept. A3S, J. S. NER, Inc. 

Boston is Saami 

LaWall & Harrisson 
Oiv. S, 1921 Walnut St, Philadelphia 3, Pa, 

Pharmacological s3cryrotoore 

||| SUPPLIES AND EQUIPMENT ||| 

SEND FOR DETAILS 
ON THE NEW, 
ULTRA-COMPACT 

IGME-LARDY WARBURG 
seeere be oe APPARATUS 

SCIENTIFIC JOURNALS WANTED 
Sets, Runs and Volumes bought at top prices. 
——__—_———-_ Your wants supplied from 
our Back Files of over 3,000, periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y. 

||| SUPPLIES AND EQUIPMENT ||| 

CONSISTENT RATS & MICE 

BUDD MT. RODENT FARM 

CHESTER, N. J. 

Breeders of a recognized strain 

of Wistar rats and W.S. mice 

“From the hand of 
the veterinarian 

to research” albino rats” 
Hypophysectomized 

Rats 
*Descendants of the 
Sprague-Dawley and 

Wistar Strains 
® 

HENRY L. FOSTER, D.V.M. 
President and Director 

THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 

Kilogram Quantities 
PURE METHYL MYRISTATE 

No detectable unsaturates 
0 Ciz No Cre 

Also other high purity chemicals 

APPLIED SCIENCE LABORATORIES, INC. 
140 N. Barnard St., State College, Pa. » AD 8-6282 

cholesterol-4-C" 

From stock 
16.5 microcuries per milligram 

$8.00 per ic, 5-99 re. 
6.00 per ic, 100-499 re. 
4.50 per prc, 500-999 uc. 
3.00 per 1c, 1000 up 

Radiochemical catalog available 

new england nuclear ola) 
575 ALBANY STREET, BOSTON 18 

Our mass production methods insure 
greatest uniformity and consistency 

Price list en request 

DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 

STAINS—GURR’S—INDICATORS 
FREE PRICE LIST 

ESBE LABORATORY SUPPLIES 
459 Bloor St., W. Toronto, Canada 

ee ee ee ee ee Sieneteieieaad 

SWISS MICE: 

TACONIC | 
FARMS 

| GERMANTOWN, NEW YORK — Phone 3535 

—"¥ 
b Asi 

LOVINS MICRO-SLIDE FIELD FINDER 
Now available directly from 

the manufacturer . . . 

Write for details. W. & L. E. Gurley, Troy, N. Y. 

Rte 4, Box 205 Madison, Wisc. 

HoLtTzMAN COMPANY 

The exceptional docility of our rats is evidenced first in ‘the ease in which they can 

be handled. Most important though is the group uniformity of this characteristic. 

Thus, because of their docility, our rats can often be used to better advantage in re- 

search in which growth or internal organic changes are factors under observation. 

Phone ALpine 6-5573 
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GET YOUR ADVANCE COPY 

of the General Program-Directory 

of the AAAS New York Meeting 

by first class mail — early in December 

The General Program-Directory of the 123rd Meeting of the AAAS in New York City, Dec. | 

26-31, 1956, will be available to anyone, at cost, within the first week in December—whether he can 

attend the Meeting or not. You will want the General Program-Directory for your reference shelf. To in 

| 

Program content Directory content | 
1. The two-session general symposium, “Moving Frontiers of 1. AAAS officers, staff, committees for 1956. i 

Science,” arranged by the Committee on AAAS Meet- ; : 
ings. 2. Complete roll of AAAS presidents and their fields. | 

Ze The six sessions of the Conference on Scientific and Tech- 3. The more than 265 affiliated organizations. | 
nical Editorial Problems. 

3. Details of the anniversary celebrations of the AAAS- 4, Historical sketch and organization of the Association; 
Gordon Research Conferences, Botanical Society of Amer- the 1955 revised Constitution and Bylaws. 
ica, Freud e¢ al. 

4. Programs of the 18 AAAS sections (symposia and con- 5. Publications of the Association. H 
tributed papers). . : ; { 

5. Programs of the more than 80 participating societies, 6. AAAS Awards and Grants—including all past winners. 
6. The Special Sessions: AAAS, Academy Conference, Con- : ‘ 

ference on Scientific Manpower, National Geographic 7. Membership figures by sections. 
Society, Phi Beta Kappa, RESA, Sigma Xi. : 8. Section committees (Council members) in detail. 

7. Details of the Hotel Statler—center of the Meeting—and H 
other hotels and session sites. 9. Local committees. 3 

8. Titles of the latest foreign and domestic scientific films 2 
to be shown in the AAAS Science Theatre. 10. Future Meetings of the AAAS through 1962. i 

9. Exhibitors in the 1956 Annual Exposition of Science and 11. New and current Activities Of the AAAS: 
Industry and descriptions of their exhibits. 

Advance Registration 

Advance registration has these decided advantages: 1)You avoid delay at the Registration Center upon arrival; 2) You 
receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 

The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 

— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY — 

la. 1) Enclosed is $3.00 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, and all 
privileges of the Meeting. 

1b. O Enclosed is $2.00 for only the Program-Directory. (It is understood that, if I should attend the Meeting later, the 
i paises is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 

eck one 

Bh; Ee ske Re ID o.5.g obo deb UEC sg pwn see ct teasoese v0de We cw mentee Alkius SanMeNT stencil hs COmInenEE 
(Please print or typewrite) (Last) (First) (Initial) 

3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION | 

Ce ee a a a 

. YOUR FIELD OF INTEREST 2 

. CONVENTION ADDRESS ee | 
(May be added later, after arrival) 

Please mail this Coupon and your check or money order for $3.00 or $2.00 to the 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 
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PHOTOVOLT Densitometer 

for Partition Chromatography 

and Paper Electrophoresis 
SERVICE 

Yes, NUTRITIONAL BIOCHEMICALS 
CORPORATION offers you all three — 

Service you can always rely upon . . . Quality 
you can put your confidence in... and Economy 

to assure you of lowest. possible prices. 

A COMPLETE SELECTION 
OF MORE THAN 165 

NUCLEOPROTEINS and 
DERIVATIVES 

Typical Derivatives 
Adenosine 6 Mercaptopurine 
Triphosphate Uridylie Acid 

Cytidine Uridine 
Cozymase . WA ae Diamino 
Coenzyme lI, 1, urine Sulfate . ee * . 
Cytosine 8 Aza Guanine A photoelectric precision instrument for the rapid 

and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 

NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 

21010 Miles Avenue ... Cleveland 28, Obio Write For New Catalog 
August 1956 

» Over 1700 Items 
Write Dept. 102 

KLETT 

ELECTROPHORESIS 

CUSTOM MADE 

TOOL FOR THE ANALYSIS 

OF COMPLEX COLLOID SYSTEMS, AND FOR 

THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 

KLETT MANUFACTURING CO. 

179 EAST 87TH STREET 

NEW YORK, N. Y. 



Spinco Model 

ANALYTICAL 

ULTRACENTRIFUGE 

sMaudard ~ 

| Meroughout 

the world 

A RESEARCH TOOL for the centrifugal 

purification and molecular-weight determina- 

tion of such macromolecules as proteins, 

viruses, polymers, enzymes, hormones, and 

chemical precipitates; the Spinco Model E 

Ultracentrifuge combines all operations in a 

single cabinet. 

OPERATING FEATURES include a 

70,000-rpm quiet electric drive designed for 

years of service and arranged for easy removal 

and exchange; a selection of analytical and 

preparative rotors which are interchangeable 

and provide forces up to 260,000 times grav- 

ity operating in a heavily-armored vacuum 

rotor chamber; an optical system of the 

Philpott-Svensson refractive-index type with 

viewing screen, automatic camera, and high- 

intensity light source for analytical work; a 

SPINCO vision 

refrigerating system for keeping ro- 

tors at controlled temperatures; and 

vacuum pumps which provide atmos- 

pheres down to 10% mm of mercury. 

CONTROLS AND INSTRUMENTS 

are included to maintain average drive- 

speed accuracy automatically within 0.1 

per cent of setting; to set operation of 

automatic camera both for exposure and 

photo-interval; to read rotor tempera- 

tures; to select one of three graded brak- 

ing rates; to read motor voltage and 

current; to read vacuum; and to actuate 

the camera manually. Interlocks are pro- 

vided to insure safe operation by indi- 

viduals without extensive training. 

Send for 

complete details. 

BECKMAN INSTRUMENTS, INC. 
BELMONT 5, CALIFORNIA 

SEE Beckman AUTOMATION ... FOR BUSINESS AND RESEARCH . . .. FOR PRODUCTION 
CONTROL ... AT THE I.S.A. SHOW, NEW YORK COLISEUM, SEPTEMBER 17-21. 




