Table 2. Data on correct and incorrect answers
in history of science test: eight sets of names to
be arranged in chronological order.

Number
Names

Correct Incorrect Blank

1. Faraday, Hertz,

Maxwell 10 30 12
2. Copernicus, Galileo,

Newton 23 23 6
3. Berzelius, Kekule,

Pasteur 12 26 14
4. Weierstrass, Cantor,

Dedekind 3 24 25
5. Mendeleef, Dalton,

Lavoisier 12 30 10
6. Darwin, Lamarck,

Linnaeus 13 30 9
7. Leibniz, Descartes,

Gauss 16 20 16
8. Leeuwenhoek,

Schwann, Koch 19 21 12

man” or “a physical reality independent
of the observer”; the terms used were
trees, mountains, stars, genes, gravity,
photons, molecules, and species. There
was virtually no change in response to
most of the items in this question or
in the number of items designated as
“concepts” by the fellows (pretest
median = posttest median = 2). Two
interesting shifts in opinion took place:
in the posttest, seven more fellows saw
genes as concepts than in the pretest,
and seven more saw photons as physical
realities. Was a move toward ‘“naive
realism” in the way they looked at the
photon coupled with a move toward
“logical positivism” in the way they
looked at the gene?

In a related question, the fellows
definitely shifted away from the view
that mathematical axioms are “self-
evident truths” and toward the view that
such axioms are “arbitrary conven-
tions.”

These results suggest that one can
fairly easily inculcate specific changes
in thought that have little general effect
on the individual’s approach to science
as a whole. Philosophical issues were
not discussed enough in the program
to permit much clarification; the
changes that did occur resulted from
the specific ways in which different
faculty members handled certain topics
in their classes. One of the fellows,
in fact, commented on “knowing the
right answer” from attending the
seminar in mathematics. The larger
issue—of developing some mature ap-
preciation of the history and philosophy
of science—has yet to be dealt with;
meanwhile, it is perhaps encouraging
that some changes in this domain of
thought can be made.

Evidence that the fellows had not
learned to teach students much about
the way in which scientific progress
is achieved was given by their sample
teaching performances. Each of a
representative group of fellows gave a
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half-hour talk on a topic of his own
choice designed for a high school
classroom. In these short talks the
fellows were almost entirely pre-
occupied with presenting the known
facts and principles of science and
mathematics. Very seldom was any
effort made to convey a sense of the
way in which scientific thought unfolds
—the thinking and research lying be-
hind the material the teacher was
presenting. The history leading up to
a scientific discovery and the conse-
quences of such a discovery were never
discussed. Within these limitations
many of the talks were fluent, inter-
esting, and well organized. There was
no change in performance from the
beginning of the year to the end of it,
except that on occasion the later talks
drew on specific material learned in the
Academic Year Institute.

It may be that the institute’s pre-
occupation with the goal of teaching
specific science material prevented it
from dealing adequately with other
goals envisioned for the program—
envisioned, at least, by the faculty con-
cerned. The working assumption of the
institute in its initial year was that if
subject matter is adequately taught,
other things will take care of them-
selves. The main conclusion of the
evaluation group is that such an as-
sumption is at best questionable.

Science plays an increasingly large
part in every individual’s life; if it
reaches him only through its tech-
nological fruits, man will be increas-
ingly divorced from nature, and
scientific progress will, paradoxically,
impoverish his intellectual and cultural
life; but if the study of science gives
man a deeper appreciation of nature
and increased ability to enjoy the pleas-
ures of rational thought, it will ennoble
and enrich him. To accomplish these
ends, science teachers must do more
than study what scientists know; they
must understand how scientists think.

Howarp E. GRUBER
Department of Psychology,
University of Colorado, Boulder
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Biosynthesis of Chick Hemoglobins

Abstract. In vivo studies of the bio-
synthesis of chick hemoglobins 1 and 2
showed an over-all higher incorporation of
glycine-2-C*, valine-4-C", valine-1-C*, leu-
cine-G-C"%, and histidine-(2-ring)-C* in
hemoglobin 2; in vitro studies made with
intact nucleated chick erythrocytes showed
the higher incorporation of glycine-2-C*,
valine-1-C*, and histidine-(2-ring)-C* in
hemoglobin 1. Hybridization of chick
hemoglobins produced an electrophoreti-
cally distinguishable new component.

Paper electrophoretic investigation on
the cell-free hemolyzates obtained from
the erythrocytes of birds like chick,
guinea fowl, and duck revealed the pres-
ence of two hemoglobins (7). It has
further been observed that in chick one
of these hemoglobins (Hb 1) decreases
while the other (Hb 2) increases during
development (2). Both of these hemo-
globin components were found to be of
the alkali-resistant type (3). In view of
these findings, it was of interest to in-
vestigate the biosynthesis of individual
hemoglobin components of chick. This
report presents the results of the inves-
tigation carried out with adult chicks
injected with radioactive amino acids,
and the in vitro incorporation of C-
labelled amino acids in the hemoglobin
components by the nucleated chick
erythrocytes.

For in vivo studies, 6-month-old male
white leghorn chicks were intravenously
injected with 25 uc of amino acid-C".
Thereafter, 4 ml of heparinized blood
was collected from each chick on alter-
nate days for 2 weeks and then every
4th day until the 28th day after the in-
jection. Blood samples were washed
four times with ten times their volume
of isotonic saline at 2°C in a refriger-
ated centrifuge. Clear hemoglobin solu-
tions were obtained by hemolysis with
water and toluene and by centrifugation
as described earlier (7).

For in vitro studies, chicks were
made mildly anemic with injections of
acetylphenylhydrazine. Acetylphenylhy-
drazine (25 mg) was injected subcuta-
neously three times, once every 4th
day, followed by an initial withdrawal
of 15 ml of blood. After this, approxi-
mately 10 ml of blood was withdrawn
and 20 mg of acetylphenylhydrazine
was injected every week. Heparinized
blood samples were obtained from these
birds 48 hours after the injection
of acetylphenylhydrazine. During the
washing procedure, care was taken not
to remove the light colored upper layer
which contained reticulocytes. In the
in vitro experiments, to one volume of
erythrocytes equal volumes of normal
chicken plasma and a synthetic media
containing an amino acid mixture as
described by Borsook (4) (glucose,
1.0 mg/ml; Na-penicillin G and strepto-
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mycin sulfate, each, 0.1 mg/ml; FeSOs,
(NHA)zSOA,GHzo, 5 ,ug/ml; MgClz, 2.85
mg/ml; a-ketoglutaric acid, 10 mg/ml;
pyridoxal-5-phosphate, 17 pg/ml; and
5 to 10 pc of glycine-2-C*, leucine-G-
C*, valine-1-C", valine-4-C* and histi-
dine-(2-ring)-C*) were added. Incuba-
tion was carried out at 37°C for 4
hours, in air. After incubation, the mix-
tures containing chick erythrocytes were
washed six times with ten times their
volume of isotonic saline, and hemo-
globins were extracted as described
previously.

Paper electrophoresis was conducted
in barbiturate buffer (pH, 8.6; yu, 0.05)
for 16 to 18 hours with 220 volts at
4°C in a horizontal paper electrophore-
sis apparatus. After the paper electro-
phoretic run was over -the peak areas
were cut out and eluted with water in a
_water-saturated, all-glass, chromato-
graphic chamber. Since the concentra-
tion of hemoglobin 1 is always higher
than that of hemoglobin 2, the eluted
solutions containing hemoglobin 1 were
diluted approximately to the concentra-
tion of hemoglobin 2 fractions in order
to minimize errors in measurement of
hemoglobin content and of specific
radioactivity. The hemoglobin content
of the fractions was determined as
carbomonoxyhemoglobin at 540 mpy in
a Beckman DU spectrophotometer, and
radioactivity was determined with a
windowless gas-flow counter. The re-
sults were calculated as the specific ac-
tivity, counts per minute per milligram
of hemoglobin, divided by the number
of micromoles of a particular amino
acid present per milligram of the hemo-
globin component. The amino acid
content used in calculation was based
on the results reported by Helm and
Huisman (5).

Table 1 presents the ratio of the
specific activity of the chick hemo-
globins 1 and 2 corrected for the dif-
ferential amount of amino acids pres-
ent in each component during the period
of in vivo studies. It may be ob-
served that throughout the period of
investigation, except for the 2nd- and

A )

Fig. 1. Ascending boundary patterns of free
electrophoresis of chick carbonmonoxyhemo-
globins 1 and 2 in Na-phosphate buffer, pH 6.8}
1 0.02. (A4) control; (B) test; hemoglobins 1 and 2
were dissociated in Na-acetate buffer, pH 4.7;
u, 0.2 for 5 hours at 3°C and returned to Na-
phosphate buffer, pH 6.8; u, 0.02,
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Table 1. In vivo biosynthesis of chick hemoglobins 1 and 2. Values are ratios of the rate of amino
acid-C14 incorporation in hemoglobin 2 to the rate in hemoglobin 1. Rates were calculated from
specific activity per mg of hemoglobin corrected to 1.0 micromole of the particular amino acid present

in each hemoglobin component.

Days after Glycine Leucine Histidine- Valine Valine
injection -2-C14 -G-Ct4 (2-ring)-C14 -1-Ct4 -4-C14
2 0.86 * ® 1.35 1.00
4 1.01 0.75 1.00 1.37 1.00
6 1.38 1.53 2.25 1.74 2.59
8 1.26 2.08 1.76 0.95 1.06
10 1.77 1.50 1.82 1.08 1.11
12 1.48 1.47 1.74 1.07 1.10
14 1.85 1.30 1.20 0.97 1.18
16 1.44 1.04 2.16 0.99 1.17
20 1.53 1.13 1.13 0.82 1.19
24 1.36 1.06 1.57 0.91 1.10
28 1.99 1.33 1.07 0.73 1.24
32 1.39
36 1.58
Over-all ratio 1.45 1.31 1.62 1.08 1.23
* Specific activities were too low to be recorded.
4th-day results, hemoglobin 2 shows an  proteins. The present investigation

over-all higher specific activity than
hemoglobin 1. The results are in agree-
ment with the earlier observation that
during development chick hemoglobin 2
increases from 29 percent to 39 percent,
while hemoglobin 1 decreases from 73
percent to 61 percent (2). However,
the observed higher amino acid-C"
incorporation in component 1 in the
first days of analyses could not be ex-
plained as a result of preferential pro-
duction of one hemoglobin component
by the living system during develop-
ment. It may, however, be pointed out
that paper electrophoretic analyses
undertaken on a large number of chicks
representing the different age groups
starting from the embryonic chicks to
adult ones always revealed the presence
of both the hemoglobins. Similar in vivo
experiments with leucine-G-C* were
performed on guinea fowl, and the re-
sults obtained resemble those reported
with chicks. v

Table 2 shows that, unlike the in vivo
system, the chick erythrocytes incor-
porate amino acid—C* more' in com-
ponent 1. The rate of incorporation
was found to be higher in the anemic
birds but the ratio of incorporation in
hemoglobin 1 to that in hemoglobin 2
does not show any remarkable change
from the ratio obtained with the nor-
mal birds. Thus it appears that the
erythrocytic production of hemoglobins
brings about higher incorporation of
radioactive amino acid in hemoglobin 1
during the first days of in vivo studies.
It seems that while the nucleated chick
erythrocytes synthesize greater amounts
of hemoglobin 1, the hemopoietic sys-
tem as a whole reverses the ratio of the
erythrocytic production of hemoglobins
1 and 2. According to the template
theory of protein synthesis polypeptide
chains are synthesized in microsomal
nucleoprotein templates containing ribo-
nucleic acid, which in turn are organ-
ized by chromosomal deoxyribonucleo-

reveals that both the genes which con-
trol the molecular conformations of
hemoglobins 1 and 2 are present in the
chick erythrocytes and so also are the
rate-determining factors controlling the
production of these hemoglobins. Dif-
ferences in the composition or in the

" state of internal milieu probably deter-

mine to a large extent the relative rates
of hemoglobin synthesis.

Hybridization of chick hemoglobins
1 and 2 was carried out with a method
similar to that outlined by Itano and
Singer (6). A new component with a
mobility intermediate between the posi-
tions of hemoglobins 1 and 2 appears
(Fig. 1). Similar results were obtained
with pigeon and duck hemoglobins.
This observation provides evidence of
the dissociation of chick hemoglobins
1 and 2 into two unlike subunits in
each case. Oxygen equilibria studies
of chick hemoglobins dissolved in urea
(4.0M) and sodium chloride (4.0M)
also indicated the dissociation into half

Table 2. In vitro biosynthesis of chick hemo-
globins 1 and 2. Values represent rates of incor-
poration. A 3 ml volume of packed erythrocytes
was suspended in 6 ml of medium containing
equal amounts of normal chicken plasma and
synthetic medium. Incubation was carried out
in 50 ml erlenmeyer flasks in Warburg apparatus
which was modified to produce a rotary shaking
of 100 cycles per minute.

Normal chick Anemic chick

Hb1/ Hb1/
Hb1l Hb2 Hb 2 Hb 1 Hb 2 Hb 2
Valine-1-C14
16.6 8.0 20 47.8 216 22
Histidine-(2-ring)-C14
27.0 8.0 33 45.0 200 2.5
Glycine-2-C14
19.7 132 1.5 100.4 354 28
13.1 43 3.0 2457 168.0. 1.4
49.1 42.1 1.2% 192.6 1303 1.5%
94.5 643 1.5%

# Experiments were conducted with 2-week-old
chicks. T Erythrocytes were incubated in plasma
alone.
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molecules (7). Presumably theré are
units in these molecules which may be
represented by a: ax and B: B: in chick
hemoglobin 1, and a: «: and B: B: in
chick hemoglobin 2. Since only three
components are detected electrophoreti-
cally, it seems that either aa:- and
aar-, or (1B~ and B:B:-units of poly-
peptide chains are identical. One may
wonder, however, whether these disso-
ciations and recombinations are pos-
sible in the animal system. Results ob-
tained on the in vitro and in vivo
biosyntheses of chick hemoglobins sug-
gest the possibility of the transfer of
one of the subunits from one of the
hemoglobins to the other. On the other
hand, the rate of production of these
three subunits may be genetically so
controlled that they lead to results like
those demonstrated here. However,
mutations in any one of these genes
would give rise to numerous hemo-
globins in the avian species which have
been experimentally observed earlier
(1, 8,9).
ANIL SAHA*

Department of Applied Chemistry,
University of Calcutta, India

JHARNA GHOSH
Institute of Biochemistry,
University of Uppsala, Sweden
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Simultaneous Study of
Behavior and Brain Waves

Abstract. A technique for the simultane-
ous audiovisual recording of behavior and
brain waves is described. The absence of
muscle movement artifact, despite un-
limited activity of the patient, suggests
that telemetering may be adaptable for
routine electroencephalography.

This preliminary report describes our
development of an audiovisual tech-
nique for the simultaneous study of a
patient’s behavior and electroencephalo-
gram (EEG).

In the Children’s Service of the Lang-
ley Porter Neuropsychiatric Institute,
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where research is primarily concerned
with defining the etiologic role of ex-
periential factors in childhood schizo-
phrenia (), the possible contribution
of any organic factor in all children
seen is studied with all the facilities
and skills available, since the differen-
tiation between schizophrenic children
and emotionally disturbed children with
mental deficiency or organic brain dis-
ease may be initially difficult. We oc-
casionally find EEG dysrhythmias in
children of varied diagnoses without
any historical or clinical evidence of a
convulsive disorder. For such cases we
were particularly interested in devising
a technique for the more precise study
of the correlation, if any, between be-
havior and dysrhythmias.

‘In 1951 Berlin and Yeager (2) noted
that the level of emotional tension in
epileptic children may be correlated
with the frequency and severity of sei-
zures as well as the degree of EEG
dysrhythmia and, in 1956, Yeager and
Guerrant (3) reported that a patient’s
performance, as measured by finger
tapping, was altered sometimes during
a paroxysmal burst on the electroen-
cephalogram without any other apparent
clinical evidence suggesting seizure
activity.

In 1958 (4), a transistorized tele-
meter about the size of a “king-size”
package of cigarettes was developed by
the Research and Development Labora-
tory of the University of California
Medical Center, San Francisco. The
telemeter shown in operation on a child
in Fig. 1 uses a circuit, previously de-
scribed in detail (4), which consists of
a four-stage transistor amplifier, a
reactance modulator, and a 30-Mcy/sec
oscillator which produces signals fre-
quency-modulated by the patient’s scalp
voltages. The brain waves may be
telemetered to an antenna within a
radius of 40 feet and then coupled by
a frequency-modulated receiver to a
conventional electroencephalograph.
Either needle or disk scalp electrodes
may be used. Thus a trace can be made
while the child, unencumbered by leads,
is able to move about freely.

Preliminary trials with the telemeter
produced traces with a surprising ab-
sence of muscle movement artifact
(Fig. 1 includes such a trace). We then
considered how a 16 mm motion pic-
ture camera might be utilized to photo-
graph the child and the telemetered
electroencephalogram on the same film.

With a motor-driven 16 mm camera
with masks behind the lens which al-
lowed exposure of either two-thirds or
one-third of each film frame, we photo-
graphed the child, notching the film
at a landmark in the camera before
starting the motor. The instant the
camera motor was started the EEG
trace was marked. The upper third of

Fig. 1. Effect achieved in a frame of the
motion picture film. The composite photo-
graph was prepared because of technical
difficulties involved in enlarging directly
from the film.

the film was masked for this first ex-
posure.

After 100 feet of film were exposed
without interruption, the film was re-
wound in a darkroom, replaced in the
camera, and the notch in the film was
aligned with the same landmark as
before. The EEG trace was also re-
wound to the mark made when the
camera motor was started, and the lens
mask was changed to expose the re-
maining third of each film frame. The
camera and EEG motors were then
started simultaneously.

Although our first film was satis-
factory photographically, we had no
demonstrable proof that synchroniza-
tion of the child’s behavior and the
electroencephalogram was either ini-
tially correct or was maintained.

We then decided to use a sound
camera and a system to check syn-
chronization.

Using this system, we modulated the
electroenecephalogram into an audible
frequency directly recorded on the
sound track at the first filming. We
also devised a signal system in which
pressing a button flashed a light on the
wall of the playroom, produced an
audible click in the modulated electro-
encephalogram, and marked the EEG
trace on a second channel. This sig-
nal was triggered by one of us each
time a paroxysmal burst occurred on
the electroencephalogram (a frequent
occurrence with the patient studied,
who manifested a hypsarhythmic rec-
ord).

Our technique of marking the film
and the electroencephalogram, masking
the film and rewinding it and the EEG
trace after the initial exposure, and
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