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25.

were measured by the method of S. Piomelli
[Clin. Chim. Acta 23, 264 (1977)] after the
sample was eluted into 0.3 ml of a solution con-
taining 0.1 percent EDTA, 1 mM KCN, and 0.06
percent Sterox. The filter paper contained negli-
gible amounts of lead and was precalibrated for
sampling homogeneity (10.1 = 0.5 ul of blood
per quarter-inch disk).

. Whole blood ferritin was measured by radioim-

munoassay (Ramco Laboratories) after the
sample was eluted into 0.3 ml of Veronal Na
(0.05M, pH 8) containing 4 percent albumin.

. F. J. Fernandez, Clin. Chim. Acta 21, 558

(1975).

. W. R. Matson and D. K. Roe, Anal. Instrum. 4,

19 (1966).

. Analysis of Pb-B in both venous and filter paper

blood samples was performed by a modification
[R. D. Ediger and R. L. Coleman, At. Absorp.
Newsl. 11, 33 (1972)] of the Delves cup micro-
technique [H. T. Delves, Analyst (London) 95,431
(1970)], a method routinely employed by the
Chapel Hill laboratory of P.M. and required for
participation in the lead analysis proficiency
program of the Center for Disease Control. Each
filler paper sample was assayed in duplicate
along with two blank punches from the same
disk. Each punch was placed in a Delves cup
with flamed tongs and charred for 30 seconds be-
fore atomization in the flame. The signal was
electronically integrated as the sample was at-
omized. Disagreement between duplicate blood
samples never exceeded 1.0 ug/dl. The experi-
mental standards were obtained by vein and fin-
%re;' puncture of laboratory personnel. Samples
m fingers were blotted on filter paper from the
same lot, allowed to dry, coded, and inter-
spersed among the Nepalese samples. The Pb-B
concentration of the venous blood samples was
determined by the method of additions.
The results for the four Americans tested repeat-
edly suggest a decline in Pb-B by the end of the
expedition followed by a return to the previous
concentrations after 5 weeks, but are not statis-
tically significant due to the small size of the
sample.
The log,, average Pb-B concentration (micro-
grams per deciliter) was 0.531 = 0.372 (N =
103); for 46 children, 0.544 + 0.385; for 30 adult
males, 0.580 + 0.411; and for 27 adult females,
0.462 = 0.278.

. S. Piomelli, C. Seaman, A. Curran, B. Davidow,

Pediatr. Res. 12, 426 (1978).

. The average hemoglobin concentration (|

s
per deciliter) was 15.4 = 1.7 (N = 107); for 47
children, 15.1 = 1.4; for 30 adult males, 16.1
+ 1.7; and for 30 adult females, 15.1 = 1.9.
A. Hurtado, Ann. Intern. Med. 53, 247 (1960).
The log,, average erythrocyte protoporphyrin
concentration (micrograms per gram of hemo-
globin) was 0.342 = 0.189 (N = 103); for 47
children, 0.380 * 0.188; for 30 adult males,
0.279 £ 0.184; and for 30 adult females,
0.380 = 0.164.
H. Roels, J. P. Buchel, R. Lauwerys, G. Huber-
mont, P. Bruaux, F. Claeys-Thoreau, A. La-
Fontaine, J. Overschelde, Arch. Environ.
Heaith 31, 310 (1976).
Ferritin measurements from the heparinized
blood samples of 15 controls were obtained for
the plasma and for washed red cells and whole
blood (both bysed with saponin). From the
plasma and red cell ferritins, an expected value
for whole blood ferritin was computed and com-
pared to the results obtained for the whole blood
and for samples from the same donor which
were dabbed onto filter paper. No significant dif-
ference was found between the expected values
and either set of actual values (paired f-test).
The whole blood ferritin concentration did not
differ significantly from the plasma ferritin con-
centration.
The log,, average ferritin concentration (nano-
grams per milliliter) was 1.384 + 0.359 (N =
107); for 47 children, 1.328 * 0.360; for 30
adult males, 1.554 = 0.313; and for 30 "adult fe-
males, 1. 281 * 0.337.
M. A. Siimes, J. E. Addiego, Jr., P. Dallman,
Blood 43, 581 (1974).
According to C. Davidson (unpublished data), in
the Khumbu region of Nepal a small but signifi-
cant amount of lead may be present in the
smoke-filled air of the houses, which are heated
by fire and have limited ventilation. David-
son measured a lead concentration of 110 ng/m?3
when yak dung was being burned and 160 ng/m?
when pine wood was being burned. In three ad-
ditional tests in the open air a lead concentration
of 0.9 = 0.15 ng/m® was found—consistent with
the findings in our study.
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Endogenous Substrate for Cyclic AMP-Dependent Protein Kinase
in Adrenocortical Polyadenylated Messenger Ribonucleoproteins

Abstract. An endogenous polysomal cyclic AMP-dependent protein kinase specifi-
cally phosphorylates a 150,000-dalton peptide bound to an adrenocortical poly-
adenylated messenger ribonucleoprotein complex. There is a possibility that this pro-
tein is a physiological substrate of cyclic AMP-dependent protein kinase and that the
phosphorylation and dephosphorylation of this substrate may be important in the
translational control of adrenal polyadenylated messenger RNA. '

Investigations by various laboratories
have indicated that protein phosphoryla-
tion is an important biological process
that mediates several intracellular meta-
bolic activities of eukaryotes (/). The
phosphorylation reactions are catalyzed
by cyclic nucleotide-dependent or cyclic
nucleotide-independent protein kinases.
Although we have recently provided
evidence for the presence of an endoge-
nous polysomal cyclic nucleotide-inde-
pendent protein kinase that phosphory-
lates several adrenal proteins associated
with polyadenylated messenger RNA
[poly(A)mRNA] (2), there have been no

)
b
C

reports so far of an endogenous protein
kinase activated by adenosine 3’,5'-
monophosphate (cyclic AMP) that is able
to phosphorylate native poly(A)mRNA-
associated protein [poly(A)mRNP] par-
ticles. Failure to demonstrate this phos-
phorylation with poly(A)mRNP particles
was due to the technical problem of in-
activation of protein kinase activity when
poly(A)mRNP particles were isolated
with conventional techniques of affinity
chromatography followed by formamide
elution and ethanol precipitation (2).
We recently described a technique for
isolation of the polysomal particles that

e

Fig. 1. Characterization of poly(A)mRNA-associated substrates of polysomal cyclic AMP-de-
pendent protein kinases by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Total
cytoplasmic polysomes were isolated from bovine adrenal cortex, dissociated in the presence of
1 mM puromycin dihydrochloride, and poly(A)mRNP particles were isolated by affinity chro-
matography on oligo-(dT)-cellulose 2). The Coomassie brilliant blue staining pattern of proteins
after separation on 12.5 percent polyacrylamide gels (9, 10) is depicted in lanes 1 to 3: (lane 1)
poly(A)mRNA-bound proteins, (lane 2) affinity column effluent proteins, (lane 3) molecular
weight markers (molecular weight x 1000). Protein kinase activity was assayed by incubation
of puromycin-dissociated polysomes with [y-*2PJATP (28,000 Ci/mmole) prior to separation by
affinity chromatography and gel electrophoresis. The 2P incorporated was monitored by autora-
diography of dried polyacrylamide gels with Kodak NS-2T x-ray film. Lanes 4 and 5 show the
pattern of phosphorylated proteins bound to poly(AYmRNA'’s after incubation: (lane 4) in the
absence and (lane 5) in the presence of the protein kinase inhibitor of cyclic AMP-dependent
protein kinase. Lane 6 shows phosphorylated proteins present in the affinity column effluent.
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Fig. 2. Phosphorylation of one specific poly(A)mRNA-associated protein by polysomal cyclic
AMP-dependent protein kinase. Conditions for protein kinase incubation, affinity chromatogra-
phy, and polyacrylamide gel elecirophoresis are identical with those in Fig. 1. Gels were treated
with dimethyl sulfoxide and 2,5-diphenyloxazole (PPO) to enhance the sensitivity of the detec-
tion of radioactivity by fluorography (/1) by exposure to Kodak RP Royal X-omat x-ray film at
—70°C. Lanes 1 and 2 show poly(A)mRNA-associated phosphoproteins: (lane 1) phosphory-
lated by polysomal protein kinases, (lane 2) phosphorylated by the purified catalytic subunit of
cyclic AMP-dependent protein kinase (10). The amount of catalytic subunit added in this exper-
iment incorporates 14,000 dpm of P from [y-**P]JATP into histone, as previously described
(10). Lanes 3 to S depict poly(A)mRNA-associated phosphoproteins. The 32P incorporated into
proteins was detected by autoradiography as described in Fig. 1. (Lane 3) Puromycin-dis-
sociated polysome incubated with [y-*2P]JATP, (lane 4) same incubation in the presence of 10
uM cyclic AMP, (lane 5) same incubation in the presence of 100 uM cyclic AMP.

preserves the activity of the endogenous
protein kinase (2). We now report the
use of this methodology to demonstrate
an endogenous cyclic AMP-dependent
polysomal protein kinase that phospho-
rylates a specific 150,000-dalton poly(A)-
mRNA-associated peptide.

Figure 1 (lane 1) shows the patterns of
poly(A)mRNA-associated proteins from
adrenocortical tissue resolved by sodium
dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). Although com-
plex, the electrophoretic patterns of these
proteins are distinct from those present
in the affinity column effluent that con-
tains proteins bound to ribosomes, initi-
ation factors, and mRNA’s lacking poly(A)
(lane 2). When the adrenal polysomes
are incubated with [y-3?Pladenosine tri-
phosphate and subsequently the poly(A)-
mRNP fractions are isolated, SDS-PAGE
analysis by fluorography reveals that five
poly(A)mRNA-associated proteins of
150,000, 105,000, 67,000, 61,000, and
45,000 daltons are endogenously phos-
phorylated. Lane 5 shows that only the
phosphorylation of the 150,000-dalton
peptide is reduced by cyclic AMP-de-
pendent protein kinase inhibitor (3), This
result indicates that endogenous cyclic
AMP-dependent protein kinase specifi-
cally phosphorylates the 150,000-dalton
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peptide, whereas other peptides are
phosphorylated by cyclic nucleotide-in-
dependent protein kinases. Lane 6 in-
dicates that of the nonpoly(A)mRNA-as-
sociated proteins, a 58;000-dalton pro-
tein is phosphorylated. This could be a
protein associated with ribosomes or ini-
tiation factors. The phosphorylation of
this peptide is independent of cyclic
AMP (data not shown).

The conclusion that cyclic AMP spe-
cifically phosphorylates a 150,000-dalton
mRNP peptide by an endogenous cyclic
AMP-dependent protein kinase was fur-
ther verified by two additional experi-
ments. (i) When the purified catalytic
subunit of cyclic AMP-dependent pro-
tein kinase was incubated with dissociat-
ed polysomes in the presence of [y-
32P)ATP, there was again a marked and
specific increase of phosphate incorpora-
tion in the 150,000-dalton peptide [Fig. 2;
compare lane 1 (control) with lane 2]. (ii)
When increasing concentrations of cy-
clic AMP were incubated with puromy-
cin-dissociated polysomes in the pres-
ence of [y-*2P]ATP, a corresponding in-
crease of the phosphorylated 150,000-
dalton peptide was obtained.

We therefore conclude that the adre-
nal cortex polysomes contain an endoge-
nous cyclic AMP-dependent protein ki-

nase that, upon activation by cyclic
AMP, phosphorylates a 150,000-dalton
poly(A)mRNA-associated peptide as a
specific substrate. This cyclic AMP-de-
pendent phosphorylation is small and
cannot be detected by the conventional
filter assay used for the detection of ki-
nase activity, as we have reported earlier
(2). Even with the present sensitive fluo-
rographic technique, we have found that
a minimum absorbancy at 260 nm of 30
for the polysomes is necessary to isolate
sufficient poly(A)mRNP complexes to
detect phosphorylation of the 150,000-
dalton peptide in vitro.

The physiological significance of cy-
clic AMP-dependent phosphorylation of
the 150,000-dalton poly(A)mRNP-bound
peptide is not known at this time. The
maturation of mRNA’s from initial tran-
scription in the nucleus to final trans-
lation in the cytoplasm is a multistep pro-
cess, and at each maturation stage RNA
molecules form tight complexes with
particular sets of proteins ). Although
this is the first demonstration of cyclic
AMP-dependent protein kinase phos-
phorylation of an endogenous substrate
that is bound to poly(A)mRNA, we and
others have provided evidence for the
phosphorylation of messenger ribonu-
cleoprotein complexes by cyclic nucle-
otide-independent kinases (2, 5). These
kinases could conceivably play an im-
portant role in the translational control
of the eukaryotic cell. Also adrenocorti-
cotropic hormone is essential for the
maintenance of adrenal cortex structure
and function (6). Guanosine 3’,5’-mono-
phosphate-dependent and cyclic AMP-
dependent protein kinases are postulated
to be the important regulators of hor-
monal signal (7). These nucleotide ki-
nases could directly or indirectly affect
the translation of a hypothetical pre-
existent mRNA () and thus control
some of the functions of the adrenal cor-
tex.

ROBERT E. MOORE*
RAMESHWAR K. SHARMAT
Department of Biochemistry,
University of Tennessee
Center for the Health Sciences,
Memphis 38163
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Curvilinear Motion in the Absence of External Forces:
Naive Beliefs About the Motion of Objects

Abstract. University students were asked to draw the path a moving object would
follow in several different situations. Over half of the students, including many who
had taken physics courses, evidenced striking misconceptions about the motion of
objects. In particular, many students believed that even in the absence of external
forces, objects would move in curved paths.

In everyday life people constantly ob-
serve and interact with objects in mo-
tion. We might expect that, as a result of
this extensive experience, people would
develop a basic understanding of some of
the fundamental principles of physics
governing the behavior of moving ob-
jects. For example, we might expect
them to know that objects move in
straight lines in the absence of external
forces and that falling objects accelerate.

Instruction is probably necessary to
achieve an understanding of complex
principles or to appreciate the details of
fundamental laws (such as the fact that
bodies in free fall on the earth undergo a
constant acceleration of 9.8 m/sec?). Fur-
thermore, in some respects perceptual
experience can be misleading. For in-
stance, everyday experience suggests
that objects set into motion eventually
come to a stop when no obvious external
force acts on them. Thus, it is not sur-
prising that many people who lack for-
mal instruction in physics do not grasp
the principle of inertia (/).

Nevertheless, it seems that normal ex-
perience should be sufficient for a basic
understanding of many simple mechani-
cal principles. However, several experi-
ments that we recently conducted with
university students suggest that this is
not the case. The experiments are part of
a larger project that seeks to characterize
internal representations of the physical
world in people with various degrees of
expertise in physics. The results clearly
indicate that many students who have
completed one or more physics courses,
as well as many of those without formal
instruction, fail to understand the most
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fundamental principles of mechanics.
Furthermore, the data suggest that the
students do not merely lack such knowl-
edge; they espouse ‘‘laws of motion”
that are at variance with formal physical
laws.

In this report we describe the results
of an experiment designed to assess un-
derstanding of the principle that objects
move in straight lines in the absence of
external forces. The subjects were 50
students enrolled in undergraduate
courses at Johns Hopkins University.
Three subjects failed to follow instruc-
tions. Of the remaining 47 subjects, 15
had taken no high school or college phys-
ics courses, 22 had completed one high
school course, and 10 had completed at
least one college physics course. Each
subject was presented with 13 simple
problems. Each problem consisted of a
line drawing and instructions that ex-
plained the drawing and specified the

Problem 1 Problem 2
C
Problem 3 Problem 4
A Y
-
—

Fig. 1. Drawings for the four problems.
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subject’s task. The drawings for the four
problems discussed in this report are
shown in Fig. 1.

In problems 1 to 3, the subjects were
instructed as follows:

Each of the first several pages shows a thin
curved metal tube. In the diagrams you are
looking down on the tube. A metal ball is put
into the end of the tube indicated by the ar-
row. The ball is then shot out of the other end
of the tube at high speed. Your task is to draw
the path the ball will follow after it comes out
of the tube. . .. In drawing the path of the
ball ignore air resistance. Assume that the ball
will come out of the tube at the same speed for
all of the tubes.

In problem 3, the subjects were also
told that a ball is shot out of each of two
tubes and that they should draw the
paths of both balls.

In problem 4, the subjects were told:

Imagine that someone has a metal ball at-
tached to a string and is twirling it at high
speed in a circle above his head. In this dia-
gram you are looking down on the ball. The
circle shows the path followed by the ball and
the arrows show the direction in which it is
moving. The line from the center of the circle
to the ball is the string. Assume that when the
ball is at the point shown in the diagram, the
string breaks where it is attached to the ball.
Draw the path the ball will follow after the
string breaks. Ignore air resistance.

Many of the students clearly did not
know that objects move in straight lines
when no external force acts on them.
Fully 36 percent of the pathways drawn
were curved lines. More specifically, the
paths were curved in 49 percent of the
drawings by students with no formal
physics instruction, 34 percent of the
drawings by students who had taken one
high school physics course, and 14 per-
cent of the drawings by students who
had completed one or more college
courses.

Figure 2 presents the correct response
and the most common erroneous re-
sponses to each of the four problems.
Consider first the problems involving
tubes (problems 1 to 3). For the simple
C-shaped tube, one-third of the subjects
drew a curved pathway for the ball (Fig.
2B). The results were even more striking
for the spiral tube: half of the subjects
drew curved lines. Of particular interest
is the fact that for 19 of the 25 subjects
who drew curved paths for at least one of
the first two problems, the path drawn
for the spiral tube (Fig. 2D) had a greater
curvature than the path drawn for the C-
shaped tube (Fig. 2B).

These results suggest that many
people believe that when an object is
passed through a curved tube, it will con-
tinue in curved motion even when no ex-
ternal forces act on it. Furthermore,
some people believe that the more dra-

1139



	Article Contents
	p.1137
	p.1138
	p.1139

	Issue Table of Contents
	Science, Vol. 210, No. 4474, Dec. 5, 1980
	Front Matter [pp.1065-1080]
	Letters
	Nucleic Acid Sequences: Data Bank [p.1074]
	Cancer Risk Counseling [p.1074]

	America's Vanishing Lead in Electronics [p.1079]
	Applications of Laser Radiation Pressure [pp.1081-1088]
	Seismic Models of the Root of the Sierra Nevada [pp.1088-1094]
	Solar Tracking by Plants [pp.1094-1098]
	News and Comment
	Resource Wars: The Lure of South Africa [pp.1099-1100]
	Birzeit: The Search for National Identity [pp.1101-1102]
	Harvard Marches up Hill and down Again [p.1104]
	NSF Boosts Engineering, Applied Research [pp.1105-1106]
	Brailovsky Arrested [p.1106]

	Briefing
	Will Biocommerce Ravage Biomedicine? [pp.1102-1103]
	Hiatt Warns of the ``Last Epidemic'' [p.1103]
	Waiting for Reagan [p.1103]

	Research News
	Voyager 1 at Saturn [pp.1107-1111]
	Rings within Rings within Rings within... [pp.1111-1113]

	AAAS News
	1980 Election Results [pp.1114-1115]
	Short Courses at the Toronto Annual Meeting [pp.1115-1116]
	AAAS Establishes Award for Scientific Freedom and Responsibility [p.1115]
	Meeting Notes [p.1116]
	Report on the 99th Meeting of the French Association for the Advancement of Science [p.1116]
	For the Library [p.1116]

	Book Reviews
	Confronting Cultural Remains [pp.1117-1118]
	A Peat Bog [pp.1118-1119]
	Plant Cells [p.1119]
	Pulsating Stars [pp.1119-1120]

	Reports
	Epileptiform Burst Afterhyperpolarization: Calcium-Dependent Potassium Potential in Hippocampal CA1 Pyramidal Cells [pp.1122-1124]
	Effects of EGTA on the Calcium-Activated Afterhyperpolarization in Hippocampal CA3 Pyramidal Cells [pp.1125-1126]
	Insulin Receptors: Differences in Structural Organization on Adipocyte and Liver Plasma Membranes [pp.1127-1128]
	Gyrate Atrophy of the Choroid and Retina: Improved Visual Function Following Reduction of Plasma Ornithine by Diet [pp.1128-1131]
	Relation of Mammalian Sperm Chromatin Heterogeneity to Fertility [pp.1131-1133]
	High-Affinity [$^{3}$H]Imipramine Binding in Rat Hypothalamus: Association with Uptake of Serotonin but not of Norepinephrine [pp.1133-1135]
	Blood Lead Concentrations in a Remote Himalayan Population [pp.1135-1137]
	Endogenous Substrate for Cyclic AMP-Dependent Protein Kinase in Adrenocortical Polyadenylated Messenger Ribonucleoproteins [pp.1137-1139]
	Curvilinear Motion in the Absence of External Forces: Naive Beliefs about the Motion of Objects [pp.1139-1141]
	Neurochemical and Behavioral Evidence for a Selective Presynaptic Dopamine Receptor Agonist [pp.1141-1143]
	Electrophysiological Correlates of Ethanol-Induced Sedation in Differentially Sensitive Lines of Mice [pp.1143-1145]
	Osmolality and Potassium Ion: Their Roles in Initiation of Sperm Motility in Teleosts [pp.1145-1147]
	Antbutterflies: Butterflies that Follow Army Ants to Feed on Antbird Droppings [pp.1147-1148]
	Evolution of Clutch Size in Birds: Adaptive Variation in Relation to Territory Quality [pp.1148-1150]
	Correction of Enzyme Deficiency in Mice by Allogeneic Bone Marrow Transplantation with Total Lymphoid Irradiation [pp.1150-1152]
	Hormone Binding Alters the Conformation of the Insulin Receptor [pp.1152-1153]

	Back Matter [pp.1120-1174]





