vese turns in the o helices discussed above.
The reverse turns and loops in the proteins
are generally exposed to the aqueous envi-
ronment and are highly hydrated. Our pre-
liminary analysis of the patterns of hydration
of these loops and turns indicates that the
water molecules again play an intimate role
in directing the chain folding (17) and thus
probably play a key role in driving protein
folding.

REFERENCES AND NOTES

. C. B. Anfinsen, Science 181, 223 (1973).
. P. E. Wright, H. J. Dyson, R. A. Lerner, Biochemis-
try 27, 7167 (1988).
C. L. Tsou, ibid., p. 1809.
. C. M. Venkatachalam, Biopolymers 6, 1425 (1968).
. C. Ramakrishnan and G. N. Ramachandran,
Biophys. J. 5, 909 (1965).
K. A. Satyshur et al., J. Biol. Chem. 263, 1628
(1988), and unpublished results. The large differ-
ence in the interhelical angles of the apo calcium-
binding motifs (AB 139° and CD 149°) probably
stems from the B helix being kinked by the presence
of inserted water molecules. In contrast, the interhe-
lical angles of the holo calcium-binding motifs (EF
113° and GH 113°) are the same.
7. 1. L. Karle, J. Flippen-Anderson, K. Uma, P. Ba-
laram, Proc. Natl. Acad. Sci. U.S.A. 85,299 (1988).
8. F.C. Bernstein et al., J. Mol. Biol. 112, 535 (1977).
9. G. A. Jeffrey and J. Mitra, J. Am. Chem. Soc. 106,
5546 (1984); G. A. Jeffrey, in Landolt-Bomstein, vol.
VII/1, Nucleic Acids, W. Saenger, Ed. (Springer
Verlag, Berlin, in press); U. C. Singh and P. A.
Kollman, J. Chem. Phys. 83, 4033 (1985).
10. T. L. Blundell, D. J. Barlow, N. Borkakoti, J. M.
Thornton, Nature 306, 281 (1983).
11. J. L. Crawford, W. N. Lipscomb, C. G. Schellman,
Proc. Natl. Acad. Sci. U.S.A. 70, 538 (1973).
12. The amino acid composition (in %) derived from
the 26 inserted segments is: A, 16.15; G, 11.54; L,
5.38;1,5.38; V,3.08; F,2.31;Y,2.31; W, 0.77; P,
0.77; S, 6.92; T, 4.62; C, 2.31; M, 3.85; E, 6.92;

[ ] N =

o

D, 6.92; K, 8.46; R, 2.31; H,3.85;0,2.31;and N,
3.85. Abbreviations for the amino acid residues are:
A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H,
His; 1, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro;
Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and
Y, Tyr. 3BCL with three inserted segments, which
has only the x-ray sequence, and 3CTS with four
inserted segments, whose sequence is unknown,
were not included in calculation. Of the total of 130
residues in the 26 segments, Ala occurred 21 times
and Gly 15 times. Composition of Ala and Gly in
the inserted segments exceeded that of o helix
middle by 3 and 6.5%, respectively.

13. The amino acid composition of the helix termini and
the helix middle were extracted from P. Y. Chou and
G. E. Fasman [Adv. Enzymol. 47, 45 (1978)]. The
helix termini include the three residues in either side
of the helix boundaries and the o-helix middle
excludes the three residues at the helix ends. The
correlation coefficients given in the text were calcu-
lated using the relation (Yeq = Yes) (Y = T)?,
where Y represents the amino composition of the
inserted segments and Y. represents the expected
composition for the helix middles or reverse turns.

14. H. J. Dyson, M. Rance, R. A. Houghten, P. E.
Wright, R. A. Lerner, J. Mol. Biol. 201,201 (1988).
These authors (ibid., p. 161) have also shown the
presence of type-II and type-VI reverse turns in
aqueous solution of a series of synthetic penta- and
hexapeptide segments containing Pro and Gly by 'H
nuclear magnetic resonance studies. This result was
expected for such sequences but was initially ob-
served in solution by these workers. We find that
water-inserted a-helical segments do not favor the
type-VI reverse turn.

15. S. S. Zimmerman and H. A. Scheraga, Proc. Natl.
Acad. Sci. U.S.A. 74, 4126 (1977).

16. P. S. Kim and R. L. Baldwin, Annu. Rev. Biochem.
51, 459 (1982).

17. M. Sundaralingam and Y. C. Sekharudu, unpub-
lished results.

18. Supported by NIH grant AR-34139, the College of
Agricultural and Life Sciences, and the University
Graduate School. We dedicate this paper to G. A.
Jeftrey, professor emeritus, Department of Crystal-
lography, University of Pittsburgh.

7 December 1988; accepted 21 March 1989

Global Positioning System Measurements for Crustal
Deformation: Precision and Accuracy

WiLLiam H. PRESCOTT, JAMES L. DAvis, JERRY L. SVARC

Analysis of 27 repeated observations of Global Positioning System (GPS) position-
difference vectors, up to 11 kilometers in length, indicates that the standard deviation
of the measurements is 4 millimeters for the north component, 6 millimeters for the
east component, and 10 to 20 millimeters for the vertical component. The uncertainty
grows slowly with increasing vector length. At 225 kilometers, the standard deviation
of the measurement is 6, 11, and 40 millimeters for the north, east, and up
components, respectively. Measurements with GPS and Geodolite, an electromagnetic
distance-measuring system, over distances of 10 to 40 kilometers agree within 0.2 part
per million. Measurements with GPS and very long baseline interferometry of the 225-
kilometer vector agree within 0.05 part per million.

ELATIVE MOTION OF THE MAJOR
tectonic plates of the earth pro-
duces crustal deformation along the
plate margins. This deformation typically in-
volves strain rates of 0.1 to 0.5 ppm/year (1).
Since late in the 19th century [for example,
(2)], our understanding of crustal deforma-
tion has benefitted greatly from geodetic ob-
servations. Until recently, studies of the defor-
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mation occurring in plate boundary zones
relied on data from triangulation, trilatera-
tion, and leveling. However, GPS surveying is
rapidly becoming the preferred technique. In
addition to providing a great deal of flexibility
in selection of stations and a greater tolerance
for adverse weather conditions and air quality
than the older techniques, GPS provides a
direct observation of three translation compo-

nents and orientation. With land-based sur-
veying, techniques must be combined in
order to obtain all three translation compo-
nents of station motion and the precision of
the determination of the rotational part of
the deformation is far below that of the
other components. The ability to observe
directly all translational components plus
orientation between stations separated by
any distance allows us to study plate defor-
mation at broad scales over hundreds of
kilometers as well as within a few meters in
fault zones. Since late 1985, we have made
repeated GPS measurements of the relative
positions of stations in the western United
States. In this report, we use this data set to
examine the repeatibility of GPS vectors and
to compare GPS measurements with those
from other techniques.

The heart of GPS is a set of satellites
(currently 7 active, but eventually 21) orbit-
ing the earth at an altitude of approximately
20,000 km. These satellites transmit on two
L-band frequencies, L; at 1575.42 MHz
and L, at 1227.60 MHz. Receivers record
time-tagged pseudo-range and phase obser-
vations (3) from Ly, L,, or both. The signals
broadcast by the satellites allow the user to
determine the location of a single receiver
with an accuracy of a few meters. For geo-
detic applications, at least two receivers are
required. The satellite signals are then used
in differential processing to determine the
relative position of the receivers with an
uncertainty 10-> times as small as the mea-
surement obtained with a single receiver.

The largest number of repeated observa-
tions are measurements of the relative posi-
tions of four stations in the vicinity of
Parkfield, California (Fig. 1). Estimates of
relative position were obtained from month-
ly GPS measurements (4—10), the series
extending from January 1986 to October
1988. In all of the solutions, the coordinates
of station 10JDG were fixed (11), and coor-
dinates of the other three stations relative to
station 10JDG were determined for each set
of observations. The secular trends in station
movement (Fig. 2) indicate that there was
significant motion only in the component of
velocity parallel to the strike of the San
Andreas fault (Table 1). Rates obtained
with GPS are consistent with other esti-
mates of the creep rate (12) in the Parkfield
area. The vertical component of one obser-
vation for station Joaquin is a clear outlier.
We suspect that there was an error in the
measurement of the antenna height.

The variations about the best fitting
straight line are of particular interest for
assessing the precision of the observations
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Fig. 1. Map of the western 7
United States showing de- /
tail of all the stations.
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(Table 2). For a long series, a nonlinear
component of tectonic deformation may be
interpreted as part of the noise, resulting in a
root mean square (rms) that is an overesti-
mate of the errors. With a short series, the
entire spectrum of errors may not be sam-
pled, resulting in a rms that may be an
underestimate. We chose a conservative ap-
proach and used the longest possible time
span in calculating the rms; in most cases the
data spanned more than a year. The values in
Table 2 are our best estimate of the current
repeatibility of GPS.

We have analyzed data for several experi-
ments besides Parkfield (Table 2 and Fig.
1), including measurements of the CIG-
NET-NCNM 1 line, a 242-m vector from
the GPS fiducial station at Mojave, Califor-
nia, to a reference mark nearby, two vectors
at Loma Prieta, a vector from Palos Verdes
to Vandenberg, and several vectors at Heb-
gen Lake, Montana. The two Loma Prieta
vectors have the shortest observation span
with just 10 months from the first observa-
tion to the last. The data from these experi-
ments suggest that the errors do not grow
monotonically with increasing line length.
Both the north and east components of the
Palos Verdes to Vandenberg vector have
smaller errors than the corresponding com-
ponents of the much shorter Loma Prieta
lines. This effect may be attributed to differ-
ences in the observing strategy used in each
experiment: receivers at Palos Verdes and
Vandenberg tracked satellites 8 hours per
day for 3 to 4 days during each experiment,
whereas at Loma Prieta each observation
consisted of 5 hours of tracking on a single
day.
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Table 1. Velocities and standard deviations of

Parkfield stations relative to 10JDG in a fault-
oriented coordinate system derived from data in
Fig. 2.

Station Parallel* Normalt
(mm/year) (mm/year)
33]DG 11.9 £ 0.9 -1.1+1.0
Joaquin 9.0+ 1.0 1911
Oquin -24=*11 0.1 1.0

*The positive direction is azimuth 140°, approximately
parallel to the San Andreas fault. 1The positive direc-
tion is 230°, approximately normal to the San Andreas
fault.

The Parkfield, Loma Prieta, and Palos
Verdes to Vandenberg vectors have been
measured by techniques other than GPS.
The length of the Loma Prieta vectors have
been measured nearly 100 times since 1981
with a Geodolite, an electromagnetic dis-
tance-measuring system (13). The difference
between the mean of the GPS observations
and the Geodolite observations for the same
time period is 9.7 = 4 mm (0.22 * 0.09
ppm) for the Allison line and 0.4 = 4 mm
(0.01 = 0.13 ppm) for the Eagle line (Fig.
3). The Geodolite and GPS length measure-
ments both depend on the value used for the
velocity of light in a vacuum. The velocity
used in processing the Geodolite observa-
tions was adopted in 1970 and differs by
0.14 ppm from the current value used in
GPS processing. In comparing GPS and
Geodolite, we corrected the Geodolite ob-
servations to make them consistent with the
more modern velocity. A second complica-
tion with the Geodolite-GPS comparison is
that, because of differing visibility require-
ments, different stations were used by the
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Fig. 2. Plots of the (A) north, (B) east, and (C)
vertical (up) components of the Parkfield vectors
as a function of time. Solid circles represent data
for station 33]JDG, open circles data for Joaquin,
and open triangles data for Oquin. Error bars for
all GPS data come from the misfit to a linear trend
(Table 2). The large open squares on the plot of
the vertical component (C) are derived from
leveling data (14).

two systems. We have corrected for the
offset, but it introduces an additional uncer-
tainty in the comparison.

A comparison that is not subject to eccen-
tric-station complications is afforded by
eight lines near Hebgen Lake, Montana.
These lines were measured with both Geo-
dolite and GPS in August and September
1987. The mean difference between Geodo-
lite and GPS for all ten comparisons, eight
from Hebgen and two from Loma Prieta, is
1.1 = 2.6 mm (Fig. 4). Consequently, the
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Table 2. Summary of the estimates of precision of GPS observations from root-mean-square (rms)
residuals; N, number of observations. The rms was calculated from the residuals to the best-fitting

straight line to all of the data.

but, given the small sample size, this differ-
ence is not significant.

At its present level of precision, GPS
provides a useful signal-to-noise ratio for
monitoring plate motion and plate margin
deformation at scales from 10 m to at least
200 km over periods of a few years. In order
to achieve this precision, it is necessary to
have clean, high-quality data from a network
of tracking stations and careful (time-con-
suming) data processing to improve orbits.
For lines less than about 10 km, the current
broadcast orbits are adequate, and obtaining
high precision is then somewhat less time-
consuming.

Time Vector  North East Up Length
Station 1 Station 2 N span length rms rms rms rms
(months) (km) (mm) (mm)  (mm) (mm)
CIGNET NCNM1 4 20 0.24 1.5 1.8 4.6 1.4
10JDG 33IDG 27 34 7.0 2.5 5.6 11.8 5.4
10JDG Joaquin 27 34 10.6 3.6 5.8 12.5% 5.9
10JDG Oquin 26 34 11.9 4.4 5.0 17.4 4.4
Loma Prieta  Eagle 7 10 314 10.7 98 176 9.1
Loma Prieta  Allison 8 10 43.2 11.5 177 213 10.8
Palos Verdes  Vandenberg 6 24 223.1 6.1 10.9 38.8 10.8
*One discrepant outlier in this series was omitted in calculating the rms.
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Fig. 5. Length of Palos Verdes—Vandenberg line
measured by VLBI (solid circles) and by GPS
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1087.5  1988.0 198815 VLBI error bars were calculated by propagation

Fig. 3. Geodolite (squares) and GPS (circles) data
for two lines observed with both systems; (A)
data for the Loma Prieta—Allison line; (B) Loma
Prieta—Eagle line. Error bars for Geodolite come
from (13) and for GPS from Table 2.
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Fig. 4. Difference between Geodolite and GPS
observations. Circles are differences of one Geo-
dolite and one GPS observation of the same line
at Hebgen Lake, Montana. Squares are differ-
ences of the the means of data shown in Fig. 3.
Error bars are computed from (13) and Table 2.

data suggest that there is no significant
difference between the two systems at the
level of 0.2 ppm.

The four stations of the Parkfield network
are part of a line that is leveled to first-order
standards annually (14). The elevation dif-
ferences obtained from the leveling (Fig. 2)
are well within the scatter in the GPS obser-

16 JUNE 1989

of error estimates through the solution.

vations. Because we are considering only
changes of elevation difference, the distinc-
tion between orthometric and ellipsoidal
heights is irrelevant. In addition to the two
leveling observations that are contempora-
neous with the GPS measurements, there
are two earlier level surveys. The rms of all
four level surveys is 4.4 mm for station pair
10JDG-33]JDG, 5.2 mm for 10JDG-Joa-
quin, and 4.8 mm for 10JDG-Oquin. These
values are significantly smaller than the GPS
measurements of 11.8 mm, 12.5 mm, and
17.4 mm of the vertical component for the
same sites (Table 2). At these distances,
relative elevation is determined more pre-
cisely with conventional leveling. At longer
distances, GPS might provide the more pre-
cise measurement because GPS errors ap-
pear to grow more slowly with distance than
leveling errors [Table 2 and (15)].

The Palos Verdes to Vandenberg line has
been observed by very long baseline interfer-
ometry (VLBI) four times in the past few
years. On the basis of a comparison of GPS
and VLBI measurements (Fig. 5), there is
no significant offset between the two mea-
surements over this >200-km line. The two
techniques appear to indicate that there is a
different rate of lengthening along this line,
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Novel Sites of Expression of Functional Angiotensin
IT Receptors in the Late Gestation Fetus

Monica A. MILLAN, PI1LAR CARVALLO, SHUN-ICHIRO IzUMI,
SHARON ZEMEL, KEVIN J. CATT, GRETI AGUILERA

In the adult, the peptide hormone angiotensin II (AII) is primarily known as a
regulator of circulatory homeostasis, but recent evidence also suggests a role in cell
growth. This study of AII in late gestation rat fetuses revealed the unexpected presence
of receptors in skeletal muscle and connective tissue, in addition to those in recognized
adult target tissues. The AII receptors in this novel location decreased by 80 percent 1
day after birth and were almost undctectable in the adult. Studies in fetal skin
fibroblasts showed that the receptors were coupled to phospholipid breakdown, with
concomitant increases in inositol phosphate and cytosolic calcium. The abundance,
timing of expression, and unique localization of functional AII receptors in the fetus
suggest a role for AII in fetal development.

in the fetuses was performed by binding of

MBRYOGENESIS, FETAL DEVELOP-
E ment, and growth are controlled by

the coordinated action of a number
of humoral regulators. In addition to tradi-
tional growth factors (1), an increasing
number of peptide hormones have been
implicated in cellular growth regulation (2).
The octapeptide angiotensin II (AII), classi-
cally associated with control of blood pres-
sure and electrolyte metabolism (3), stimu-
lates cell growth and increases the expres-
sion of platelet-derived growth factor
(PDGF) and the growth-related proto-on-
cogenes c-myc and c-fos in cultured smooth
muscle cells (4, 5). Abundant binding sites
for AII are present in membranes prepared
from eviscerated rodent fetuses, indicating
the presence of Al receptors at sites other
than the traditional target in the adult (6).
All components of the renin-angiotensin
system, including immunoactive and bioac-
tive All, are found in the fetal-placental
unit, thus providing the specific ligand for
the fetal AII binding sites (7).

To characterize the topographic distribu-
tion of AII receptors in the fetus, we ob-
tained female Sprague-Dawley rats at 7 to
21 days of gestation, litters of different ages,
and adults from Zivic Miller (Zelienople,
PA). Rats were killed and fetuses were im-
mediately removed and frozen at —40°C.
Autoradiographic analysis of AII receptors

Section on Endocrine Physiology, Endocrinology and
Reproduction Rescarch Branch, National Institute of
Child Health and Human Development, National Insti-
tutes of Health, Bethesda, MD 20892.
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125].labeled [Sar',Ile®]AII to slide-mounted
sections (8).

Midsagittal and lateral sagittal autoradio-
grams from a 19-day-old fetus are shown in
Fig. 1, A and B, respectively. All organs are
fully formed at this stage, and AIl binding

was readily detectable in known target tis-
sues including the adrenal zona glomerulosa
and medulla, kidney, liver, and smooth mus-
cle of the bronchi, blood vessels, and gastro-
intestinal tract. Particularly striking, howev-
er, is the intense AIl binding in areas not
normally expected to contain AII receptors,
such as the subepidermal layer of the skin,
mesenchymal and connective tissues, and
skeletal muscle, especially the tongue. Little
or no binding was detectable by autoradiog-
raphy in brain, spinal cord, cartilage, bone,
fat, and heart. The observed binding was
specific, since all staining was abolished by
incubation in the presence of 1 pM unla-
beled AII, but was unchanged by excess
amounts of the unrelated peptides, cortico-
tropin-releasing factor (CRF), arginine
vasopressin (AVP), and adrenocorticotropic
hormone (ACTH).

AlI binding was first detected at about
day 12, and by the time organogenesis was
completed (day 15), its localization and
density was as described in Fig. 1. The high
receptor density seen by autoradiography

Fig. 1. Autoradiographic analysis of '**I-labeled [Sar',Ile®]JAII binding to 20 pm of sagittal frozen
sections of 19-day-old rat fetus (A) medial section (B) lateral section. Nonspecific binding measured in
the presence of 1 pM AII was undetectable (not shown). Topographic distribution of the binding as
determined by light microscopic analysis of the sections is indicated by the numbers: 1, pituitary gland;
2, mesenchymal tissue; 3, tongue; 4, nasal cavity; 5, skeletal muscle; 6, heart; 7, aorta; 8, lung; 9, liver;
10, umbilical cord; 11, spinal cord; 12, small bowel; 13, tail; 14, esophagus; 14, larynx; 16, trachea; 17,
soft tissue around the eye; 18, diaphragm; 19, adrenal gland; 20, kidney; 21, inner ear; 22, hind foor;
23, salivary gland; 24, analgene of vibrissae; 25, rib; 26, vertebral bodies; 27, root of mesentery; 28,
brown fat deposit; 29, thymus; and 30, meninges. The figure is representative of five similar
experiments.
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