
late prophases of a frequency, spread, and 
quality not attained by the experimental 
technique previously described. 

With the prophase-synchronization tech- 
nique, we have been able to detect minute 
chromosome defects previously uniden- 
tified. This includes three patients with the 
cat-cry (5p-) syndrome and deletion of the 
small dark and light subbands of the distal 
end of the short arm of chromosome 5 (5), 
and one patient with moderate mental re- 
tardation and deletion of the minute distal 
light and dark subband of the short arm of 
chromosome 9 (Fig. 2). 

In my study, it was also possible to ob- 
tain a large number of early and mid- 
prophases in which approximately 2000 to 
3000 dark and light units were observed. 
At this stage of cell division, however, 
chromosomes remained highly extended, 
and their optimal spread is limited by the 
persistence of nuclear membrane and nu- 
cleoli. Efforts should now be placed toward 
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Although much is known about sub- 
micrometer stratospheric aerosols, very 
little is known about particles larger than a 
few micrometers. The spatial density of the 
larger particles is so low that most collec- 
tion techniques have been incapable of 
adequately sampling them. Over the past 
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the development of a suitable technique for 
their analysis in order to obtain a resolu- 
tion comparable to that observed in the gi- 
ant chromosomes Drosophila and thus 
begin to bridge the gap between genes and 
chromosomes in man. 
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5 years we have flown very sensitive, 
high-volume air sampling collectors into 
the stratosphere to collect extraterrestrial 
dust. Although extraterrestrial particles 
were collected (1) the majority of the col- 
lected particles were spheres of A1203, a 

previously unknown stratospheric aerosol. 
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In 1970 and 1971 we flew two balloon- 
borne collections at 34 km, sampling 
1.1 x 104 m3 of ambient air (2). The flights 
were launched from Palestine, Texas, and 
the collections occurred over the south- 
eastern United States. In March 1974 we 
began collections at 20 km, using U-2 air- 
craft of the National Aeronautics and 
Space Administration. To date, we have 
logged 100 hours of collection time with 
the U-2's, sampling 105 m3 of ambient air. 
The U-2 collections crisscross the United 
States, and typical flight runs consist of 
consecutive exposures of - 4 hours each. 
In both the balloon and U-2 methods par- 
ticles are collected by inertial deposition 
from a 200-m/sec airstream onto thick 
films of silicone oil (kinematic viscosity 
5 x 105 centistokes). In the balloon collec- 
tor (Vacuum Monster) air is pumped past 
an array of cylindrical collection surfaces. 
In the U-2 collector a single 18-cm2 rec- 
tangular collection surface is rammed 
through the ambient air. Both collectors 
are clean, have negligible particle bounce- 
off problems, and have high impaction effi- 
ciency for particles larger than 3 im (den- 
sity = 3 g/cm3). Two micrometers is con- 
sidered the lower cutoff limit of the particle 
size range that can be sampled by the col- 
lector. 

Collected particles (> 2 ,um) were stud- 
ied optically, and more than 600 particles 
were individually removed from the collec- 
tion surfaces, washed in xylene, and ana- 
lyzed in a scanning electron microscope 
(SEM) for morphology and elemental 
composition. In all collections, 90 percent 
of the particles < 6 ym were transparent 
spheres. Analysis of typical spheres both in 
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Fig. 1. Stratospheric AOS's collected at an altitude of 20 km with U-2 aircraft. (A) Typical background AOS's from the stratosphere. The particles were 
collected on silicone oil and were individually moved to the Nuclepore mounting medium for photography in the SEM. The small holes are part of the 
Nuclepore filter substrate material. (B) Aluminum oxide spheres collected from the smoke plume of a Titan III rocket. The particles were collected on 
cellulose filter paper, which was ashed at 450?C. The spheres are from the rocket and the other material is filter paper ash. Scale bars, 5 um. 
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Stratospheric Aluminum Oxide 

Abstract. Balloons and U-2 aircraft were used to collect micrometer-sized strato- 

spheric aerosols. It was discovered that for the past 6 years at least, aluminum oxide 

spheres have been the major stratospheric particulate in the size range 3 to 8 microm- 
eters. The most probable source of the spheres is the exhaust from solid-fuel rockets. 
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the SEM and in an electron microprobe 
demonstrated that they were A1203 (2). 
The spheres were colorless and are pure 
A1203, with no impurities at the 0.5 percent 
detection level. Typical particles are shown 
in Fig. 1. The aluminum oxide spheres 
(AOS's) did not have perfect spherical 
symmetry, but departures from sphericity 
were usually small. Highly oblate, prolate, 
or dumbbell shapes were not observed. 
Some of the AOS's had smaller spheres 
bonded to their surfaces. Many of the 
larger spheres had brain-textured surfaces 
suggestive of multicrystalline interiors. 

The spatial density of AOS's is shown in 
Fig. 2. Although - 90 percent of the col- 
lected particles < 6 um were A1203, the 
size distribution was so steep that for sizes 
larger than 10 am, the AOS's became a 
minority among collected particles. Most 
of the collected particles > 10 Am had ele- 
mental compositions like those of primi- 
tive meteorites (1), or they were opaque, ir- 
regular particles composed of Al with mi- 
nor amounts of Fe, Cu, and sometimes 
other elements. The irregular Al particles 
may be contaminants, but because they 
were not found on control surfaces, we sus- 
pect they may be stratospheric and geneti- 
cally related to the AOS's. 

The pure A1203 composition of the 
AOS's suggests an exotic source. While it 
is conceivable that a few spheres could be 
produced by high-temperature con- 
densation in meteor wakes, we believe the 
most reasonable source is solid-fuel rocket 
exhaust. Powdered aluminum is an addi- 
tive put in solid rocket fuels to increase 
specific impulse. During combustion the 
aluminum is oxidized, and laboratory ex- 
periments (3) have shown that A1203 
spheres are the major particulate in the ex- 
haust. That rockets are definite contrib- 
utors of A1203 to the stratosphere was 
proved by U-2 sampling flights through the 
exhaust plumes of two Titan III rockets (4, 
5). The collections were made at 20 km 
and yielded large quantities of Al203 
spheres virtually identical to the AOS's 
normally collected as background aerosol. 
Both the Titan III and the background 
A1203 spheres have identical elemental 
abundances and optical properties, and in 
the SEM many of the spheres from both 
sources have brain-textured surfaces or ad- 
hering surface blebs or spherules. The total 
mass of background AOS's appears to be 
compatible with the solid-fuel rocket 
source. Assuming that our density mea- 
surements are representative of the entire 
earth we estimate that the total mass of 
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AOS's > 2 Mm in the stratosphere is on 
the order of 108 g. 

Our measurements indicate that for the 
past 6 years AOS's have been the domi- 
nant stratospheric aerosol in the size range 
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Studies of prostaglandin conformation 
by single crystal diffraction techniques (1- 
5) suggest that a conformational charac- 
teristic of the active prostaglandins is the 
hairpin alignment of the a (C- through C- 
7) and w (C-13 through C-20) side chains. 
In addition to diffraction studies, spectral 
studies (6) of the conformations of pros- 

Studies of prostaglandin conformation 
by single crystal diffraction techniques (1- 
5) suggest that a conformational charac- 
teristic of the active prostaglandins is the 
hairpin alignment of the a (C- through C- 
7) and w (C-13 through C-20) side chains. 
In addition to diffraction studies, spectral 
studies (6) of the conformations of pros- 

ALTI TUDE 
34km 

34km 

20km 

20km 

20km 

20km 

20km 

X 

ALTI TUDE 
34km 

34km 

20km 

20km 

20km 

20km 

20km 

X 

I T 1 . 
DATE 

APRIL 1970 

MAY 1971 

MARCH 1974 
- 

MAY 1974 

SEPT 1974 

MARCH 1975 

OCT. 1975 

1 
-i 

I T 1 . 
DATE 

APRIL 1970 

MAY 1971 

MARCH 1974 
- 

MAY 1974 

SEPT 1974 

MARCH 1975 

OCT. 1975 

1 
-i *x 

F 0 

0 * 

*x 

F 0 

0 * 

MEASURED CONCENTRATIO - 
OF MICROMETEORITES 

0 - 

MEASURED CONCENTRATIO - 
OF MICROMETEORITES 

0 - 

0 I 2 3 4 5 6 7 8 9 10 II 12 

SPHERE DIAMETER (p,m) 

0 I 2 3 4 5 6 7 8 9 10 II 12 

SPHERE DIAMETER (p,m) 

Fig. 2. Spatial density of AOS's measured at 34 
km with balloons and at 20 km with NASA U-2 
aircraft. The particle diameters are uncertain by 
-1 ilm because of the difficulty of optically 
measuring the diameters of small transparent 
spheres. The errors due to counting statistics are 
comparatively unimportant, except for the point 
at 10 um, which is based on only two particles. 
The accuracy of the points at 2 Aim is uncertain 
because of microscope counting difficulties and 
uncertainties in the collection efficiency for 2- 
Am particles. 

3 to 8 um. Within a factor of - 5, or possi- 
bly much less, the spatial density has been 
constant between 20 and 35 km in the at- 
mosphere. Apparently the concentration 
has been maintained in quasi-equilibrium 
by injections of new material from solid- 
fuel rockets. Because of the altitudes of the 
collections and the low fall speeds of the 
particles [0.1 cm/sec for 2- um AOS's (6)] 
there can be little doubt that the aerosol is 
a hemispherical if not global phenomenon. 
Possible climatological effects of Al203 
from the solid-fuel boosters of the space 
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shuttle have been evaluated by Hofmann et 
al. (7). 

Our new measurements indicate that the 
composition of the stratospheric aerosol is 
strongly size-dependent. In the sub- 
micrometer region the majority of parti- 
cles are the well-known sulfate aerosol (8). 
For the size range bounded by 8 Lm and 
approximately 3 um the majority of parti- 
cles are Al203. Particles larger than 10 Am 
are largely extraterrestrial in origin (1) 
and are similar in composition to primitive 
meteorites. 
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taglandins in solution also suggest the im- 
portance of the hairpin model of active 
prostaglandins. With this in mind, the 
crystal structure of prostaglandin B, 
(PGB,) (1), a generally less active pros- 
taglandin and a noncompetitive inhibi- 
tor of the major metabolizing enzyme 
15-hydroxyprostaglandin dehydrogenase 
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Prostaglandin B1: The L-Shaped Prostaglandin 

Abstract. The crystal and molecular structure ofprostaglandin B, (PGB,) has been de- 
termined. The conformation is L-shaped, with the a and w side chains roughly perpendic- 
ular to one another. This arrangement differs from the "hairpin" or approximately paral- 
lel disposition of side chains observed for other prostaglandins. The w chain, which nor- 
mally turns at the 15-hydroxyl back toward the a chain, is fully extended. The conforma- 
tion is stabilized by the conjugation of the dienone chromophore. The 15-hydroxyl, which 
is normally directed away from the centroid of the prostaglandin in the hairpin model, is 
turned inward in L-shaped PGB,. The low biological activity of PGB, in many systems 
and especially its inhibition of the metabolizing enzyme 15-hydroxyprostaglandin de- 
hydrogenase may be attributable directly to the observed L-shape conformation. 

Prostaglandin B1: The L-Shaped Prostaglandin 

Abstract. The crystal and molecular structure ofprostaglandin B, (PGB,) has been de- 
termined. The conformation is L-shaped, with the a and w side chains roughly perpendic- 
ular to one another. This arrangement differs from the "hairpin" or approximately paral- 
lel disposition of side chains observed for other prostaglandins. The w chain, which nor- 
mally turns at the 15-hydroxyl back toward the a chain, is fully extended. The conforma- 
tion is stabilized by the conjugation of the dienone chromophore. The 15-hydroxyl, which 
is normally directed away from the centroid of the prostaglandin in the hairpin model, is 
turned inward in L-shaped PGB,. The low biological activity of PGB, in many systems 
and especially its inhibition of the metabolizing enzyme 15-hydroxyprostaglandin de- 
hydrogenase may be attributable directly to the observed L-shape conformation. 

.+ .+ 

O 

di 

O 

di 


