
The effect of the progressive consoli- 
dation of sterile lobes around the salpinx 
on windborne pollination may be likened 
to a snow fence. Particulate matter car- 
ried by the airflow is discharged on the 
downwind surfaces as a result of a sharp 
drop in airflow rate. As the PL become 
reduced in length and fuse acropetally, 
they produce a "snow fence" around 
the salpinx. On the basis of the data 
accrued by wind tunnel analyses, the 
localization of the snow fence increases 
the probability of pollination, suggesting 
that high efflciency in trapping pollen 
was a strong selective pressure involved 
in the evolution of the early seed plants. 
The data from models of Stamnostoma 
and Eurystoma are consistent with the 
snow fence scenario. As cup~tle axes be- 
come reduced in length and fuse acro- 
petally, the number of pseudopollen im- 
pacting with cupule-ovule surfaces in- 
creases. 

Isolated ovules of ~urystoma (Fig. 11) 
are more efficient in trapping pollen than 
are cupulate ovules (Table 1). Statistical- 
ly, a greater number of direct impacts 
occur, and a higher percentage of these 
reach the salpinx. Cupules of Stamnos- 
toma have much the same effect and re- 
duce the number of pseudopollen to 
ovule surface impacts, but they do not 
statistically reduce the percentage of 
pseudopollen which reaches the salpinx 
(Table 1). 

The "snow fence" scenario is. how- 
ever, an oversimplification. Analyses of 
hirsute ovules (Salpingostoma and Phy- 
sostoma) indicate that the potential ben- 
efits of streamlining are mitigated by the 
presence of hair-bearing surfaces. Simi- 
larly, cupule axes appear to interfere 
with the full hypothetical potential for 
pollination. These data may indicate that 
additional selective pressures other than 
pollination efficiency have dictated ovule 
and cupule streamlining. The aerody- 
namic trend of ovule streamlining may 
have been influenced by other selective 
pressures such as predation. Adduction 
and fusion of lobes around the nucellus, 
the production of surface hairs, and the 
consolidation of many ovules into a cu- 
pule, may have served both to protect 
the seed or seeds or aid in their dispersal 
(or both). The above analyses indicate, 
however, that at least one significant 
consequence of ovule streamlining, 
whether through direct or indirect selec- 
tive pressure, was to increase the proba- 
bility of directing windborne pollen to- 
ward the salpinx and later toward the mi- 
cropyle. 
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A Scanning Micropipette Molecule Microscope 

Abstract. A movable quartz micropipette, whose tip is sealed with a polymer plug, 
is used as a liquid-vacuum interface to a mass spectrometer. A light microscope 
allows observation of, and positioning of, the micropipette tip on the surface of a 
sample mounted in a perfusion chamber. This forms the basis of an instrument which 
enables one to study, in vitro, the localization of transepithelial transport of water 
and other molecules. Some preliminary results from the use of this instrument are 
presented. 

The in vitro localization of the path- 
ways of water transport is a problem of 
general interest in epithelial physiology. 
We have developed an instrument which 
provides a direct, real-time measure of 
water transport, with a spatial resolution 
of 2 to 5 prn, across a living epithelium. 

A simplified diagram is shown in Fig. 
la. The instrument consists of a per- 
fusion chamber that will allow simultane- 
PUS observation of a sample and the tip, 
1 to 10 pm in diameter, of a quartz mi- 
cropipette. The tip of the micropipette is 
sealed with a small plug of a permeable 

material such as dimethyl siloxane-poly- 
carbonate copolymer or cellulose acetate 
(Fig. lb) (I). The shank of the micro- 
pipette is connected by means of a flex- 
ible vacuum coupling to the inlet of the 
ionizer of a quadrupole mass spectrome- 
ter and is hence under vacuum. The mi- 
cropipette is inserted in solution and 
scanned over (or placed at various points 
on) the surface of the sample, much as 
in the microelectrode experiments of 
h-dmter and Diamond (2). Molecules 
that permeate the plug in sufficient 
amount can be detected by the quad- 
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Fig. I. (a) Schematic of the scanning micropipette 

a 
molecule microscope. (b) Micropipette tip 2.5 prn in 
outer diameter sealed with a plug of cellulose acetate 
1 p m  thick. The tip is shown-adjacent to and slightly 
above the hole (3 p m  in diameter) scanned in Fig. 2b. 
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rupole mass spectrometer. Thus spatial 
variations in the concentrations of the 
permeating molecules can be mapped 
out and correlated with the in vitro mor- 
phology as observed with the light mi- 
croscope. 

The instrument was first used to detect 
spatial variations in fluxes of dissolved 
helium. Under these conditions we dem- 
onstrated the resolution of the apparatus 
by detecting the flow of helium-saturated 
water through holes 5 pm in diameter in 
a polycarbonate film (Nuclepore) 10 pm 
thick with a probe 3 pm in diameter (Fig. 
2a). 

The instrument was subsequently 
adapted for the detection of deuterated 

water fluxes by the addition of a liquid 
nitrogen cold trap and an in-line uranium 
reduction furnace based on that of Nief 
and Botter (3). The furnace consists of a 
thin (0.0025 cm thick) uranium foil inside 
the shank of the micropipette. A small 
heater coil wrapped around the micro- 
pipette shank and over the foil heats the 
foil to 650°C. At this temperature, the 
uranium reduces HDO to HD and UOz 
and HzO to Hz and UOz (4 ) ,  with an effi- 
ciency close to unity. This conversion 
step results in good time response and 
sensitivity, since HD and Hz do not ad- 
sorb significantly with the long time con- 
stants characteristic of water, and HD 
ionizes to produce a mass-to-charge ratio 

O 10 20 30 40 
Micropipette tip posltlon (pm) Vasopressin added, 40 mU/ml 

Fig. 2. (a) Trace of the mass spec- 0 I I I 
0 10 20 30 40 trometer outout current as the micro- Time (minutes) 

pipette tip was scanned over a hole 5 ,_ 8 
pm in diameter in polycarbonate film. 5 
The lower half-chamber was perfused 
with helium-saturated water; micro- 2 
pipette tip outer diameter, 3 pm; 5 
scan rate, 0.08 p d s e c ;  electrometer g 
time constant, 1 second. The vacuum 2 
system background current has been $ 
subtracted. The plug material was 2 
dimethyl siloxane-polycarbonate co- 
polymer. (b) Trace of the mass spec- g 
trometer output current as the micro- 2 

pipette tip was scanned over a hole 3 3 pm in diameter in polycarbonate film. 
The upper half-chamber was per- 
fused with normal Ringer solution, 

- Backaround u 
Time (rnmutes) 

the lower half-chamber with 32 percent HDO Ringer solution; rnicropipette tip outer diameter, 
2.5 pm; scan rate, 0.033 p d s e c ;  electrometer time constant, 1 second. The plug material was 
cellulose acetate. The vacuum system background current has been subtracted so that the cur- 
rent plotted is proportional to the local HDO concentration. The proportionality constant is 
roughly 2 nA per 10 percent HDO. (c) Trace of the mass spectrometer output current as the 
micropipette tip was scanned over the opening of an unstimulated mucus-secreting duct in the 
abdominal skin of the frog. All experimental conditions were the same as those used in (b). 
The period of no change followed by a sharp rise, marked at  A,  probably results from the 
micropipette tip momentarily catching, and then breaking free from, the epithelial surface. (d) 
The response of the diffusional mucosal to serosal water flux across the frog urinary bladder to 
vasopressin. The vacuum system background current has been subtracted so that the current 
plotted is proportional to the local HDO concentration. (e) Time response of the instrument for 
a micropipette with an outer diameter tip of 7.5 p m  and a 4.5 pm-thick cellulose acetate plug. 
The micropipette tip was immersed in a well-stirred 9-ml saline bath. The vertical arrows 
indicate successive injections of 5 p1 of D 2 0  into the bath, resulting in concentration increments 
of HDO of about 0.11 percent. Electrometer time constant, 1 second. 

of 3, one at which little background is 
present in a typical vacuum system. The 
cold trap prevents the water background 
in the mass spectrometer vacuum system 
(0.015 percent of which is HDO) from 
migrating back to the uranium strip, 
where it would otherwise be reduced, 
producing a large background signal. 
Test pattern results for deuterated water 
flux across a piece of Nuclepore are 
shown in Fig. 2b (5). 

Figure 2c is a scan over the opening of 
the duct of an unstimulated mucus-se- 
creting gland in frog abdominal skin 
(Rana pipiens) and shows marked simi- 
larity to Fig. 2b. The maximum signal 
over the duct is nearly three times as 
large as that over the epithelium, thus in- 
dicating that the flux density of HDO 
emerging from the gland duct opening is 
significantly higher than that through the 
epithelial cell layers. 

Figure 2d illustrates the response of 
frog urinary bladder (Rana pipiens) to 
vasopressin. The tissue was mounted, 
serosal side up with similar isotonic mu- 
cosal and serosal baths except that about 
32 percent of the water in the mucosal 
bath was HDO rather than HzO. The 
probe tip, 8 pm in diameter, was placed 
in contact with the serosa, Vasopressin 
was added and the response monitored. 
A substantial rapid increase, which then 
decayed to a more sustained but elevated 
level, was observed. 

The theoretical sensitivity of this in- 
strument is determined by the internal 
diameter of the micropipette tip, the per- 
meability of the plug, the overall efficien- 
cy of detection of the mass spectrome- 
ter, and, for water, the conversion effi- 
ciency to hydrogen. In practice, the 
sensitivity is limited by signal-to-noise 
considerations arising from whatever 
background is present at the selected 
mass-to-charge ratio peak. The observed 
and predicted sensitivity are equal within 
the limits of experimental accuracy for 
dimethyl siloxane-polycarbonate plugs. 
For cellulose acetate plugs, the observed 
sensitivity is less than might be expected 
(6). Figure 2e shows the instrument time 
response, with a micropipette having a 
tip diameter of 7.5 pm, to successive in- 
creases in HDO concentration in a well- 
stirred bath. 

Spatial resolution is governed by dif- 
fusion and is thus a function of the micro- 
pipette tip size, the degree of "stirring" 
in the perfusion chamber (that is, the 
boundary layer thickness above the 
sample), and the separation between the 
micropipette tip and the sample. On ro- 
bust samples, such as Nuclepore filter or 
frog skin, providing sufficient flow to 
produce good resolution is no problem. 
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On more fragile samples, such as frog or 
toad urinary bladder, where we have 
been examining the relative perme- 
abilities of the granular and mitochon- 
dria-rich cells before and after stimula- 
tion by vasopressin, the required flow 
rates generate shear forces that cause the 
tissue to degenerate rapidly. This prob- 
lem can be eliminated if a second micro- 
pipette (tip diameter, approximately 5 to 
10 pm) is introduced to provide sub- 
stantial flow only in the immediate vicin- 
ity of the sampling micropipette tip. 

The results presented here reflect a 
few of the possible applications of scan- 
ning micropipette molecule microscopy 
to problems in biology and medicine. 
Even in a nonscanning mode, the rapid 
time response and small volume sampled 
could be used to great advantage in stud- 
ies of preparations such as isolated tu- 
bules or capillaries. Furthermore, for 
many applications, a high-grade mass 
spectrometer is not necessary, since the 
conversion of HDO to HD reduces the 
necessary resolving capability of the 
mass spectrometer substantially. A mod- 
ified leak detector might suffice for many 
applications. 
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Diatoms as Hydrographic Tracers: 
Example from Bering Sea Sediments 

Abstract. Variations in the distribution of diatom species in surface sediments 
mirror distinct hydrographic regimes on the Bering shelf. Spring salinity fronts divide 
the water column into four zones with different vertical structures and diflerent pro- 
ductivity patterns. Four assemblages of diatoms can be distinguished in sediments 
underlying the zones. 

The PROBES (Processes and Re- 
sources of the Bering Sea) project is a 
multidisciplinary study designed to in- 
vestigate the relations between hydrog- 
raphy, productivity, and food-web 
structure in the southeast Bering Sea. 
Fieldwork over several years (I) has de- 
termined the basic hydrography and pro- 

ductivity of the area. The work has in- 
cluded hydrographic and nutrient mea- 
surements, analyses of plankton and 
chlorophyll, and counts of birds and fish. 

In May 1979, during Leg 2 of the 
PROBES study, a series of bottom-grab 
samples were taken along the station 
track line (Fig. 1A). I examined the nu- 

Fig. 1. Map of the re- 
gion of the Bering 
shelf studied by 
PROBES, showing in- 
terpreted fronts and 
zones ( I ) .  (A) Hori- 
zontal distribution of 
the fronts. The 
straight line indicates 
the transect of Leg 2. 
(B) Schematic dia- 
gram of vertical struc- 
ture and productivity 
in the area. 
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