components of complement [for ex-
ample, C5a chemotactic factor (16)] may
damage or otherwise interact with endo-
thelial cells to induce intravascular
thrombosis. We studied only endothelial
cells of bovine pulmonary artery; it re-
mains to be determined whether endo-
thelial cells of other vascular beds or of
other species do or do not possess recep-
tors for C3b or the Fc portion of IgG.
However, we believe that it is significant
that Shin et al. (I7), using human renal
biopsy tissue, found that C3b-coated
bacteria were bound by glomerular epi-
thelial cells but not by endothelial cells.
Over the past 12 years it has become
evident that endothelial cells have far
more complex functions than previously
envisioned. These cells, previously be-
lieved to be little more than a mechanical
barrier between blood and parenchyma,
possess peptidase enzymes, cyclooxy-
genase, phosphatase enzymes, protease
inhibitors, hemostatic factors, and re-
ceptors for polypeptide hormones such
as insulin and angiotensin II (5, 6, 18).
Efforts to determine the subcellular dis-
tribution of these various components
will be facilitated by the use of immuno-
cytochemical techniques, which have al-
ready proved useful in locating angioten-
sin-converting enzyme (5, 6). We con-
clude that the absence of Fc receptors on
pulmonary endothelial cells is of major
practical importance. If, indeed, Fc re-
ceptors occurred in close juxtaposition
to the components (antigens) of interest,
one could not use specific IgG to locate
them immunocytochemically without us-
ing Fab (antibody-binding fragments) or
without adding rigorous controls to mini-
mize nonspecific binding. Our results in-
dicate that the binding of antibody to Fc
receptors need not be a concern. Thus, it
appears that the rate-limiting step in de-
veloping an improved understanding
of the role of endothelium in hemo-
stasis, the processing of hormones,
and the transport of metabolites is that
of obtaining the relevant monospecific
antibodies.
UnNA S. RyaN
DuAaNE R. ScHULTZ
PETER J. DEL VECCHIO
JAMES W. RyaN
Department of Medicine,
University of Miami School of Medicine,
Miami, Florida 33101
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Nitrous Oxide from Soil Denitrification:

Factors Controlling Its Biological Production

Abstract. Increasing concentrations of nitrate, nitrite, and molecular oxygen en-
hanced production of nitrous oxide relative to molecular nitrogen during denitrifica-
tion in soils. Soil acidity interacted with nitrate to increase the ratio of nitrous oxide
to molecular nitrogen. In response to anoxic conditions, nitrous oxide production
initially increased but nitrous oxide was then consumed, a pattern which resulted
from the sequential synthesis of nitrogenous oxide reductases.

The role of nitrous oxide (N,O) in
stratospheric chemical reactions (/) has
led to concern that increased terrestrial
production of N,O may cause depletion
of the earth’s ozone shield (2). Nitrous
oxide may also contribute to a warming
of the earth’s surface by influencing the
radiative budget of the troposphere (3).
As the amounts of industrially or biologi-
cally fixed nitrogen used for crop pro-
duction increase, the quantity of N,O
produced by microbial nitrogen metabo-
lism in soil may increase ¢).

Nitrous oxide is a product of denitrifi-
cation, but it is also produced during ni-
trification (5) and during reduction of
NO;~ to NH,* (6). Denitrification in soil
produces both N;O and N; hence this
bacterial process may serve either as a
major source of N,O or as a sink for
N.O, through the reduction of N,O to
N,. Little is known about the environ-
mental parameters that control the rela-
tive production of N,O and N, during bi-
ological denitrification.

Using soils and bacterial isolates from
soils, we have attempted to identify fac-
tors that control the proportion of N,O
and N, produced by denitrification. To
focus on the biological control of N,O
evolution, we used well-mixed soil
slurries, thus minimizing the influence of

diffusion through the soil matrix. To di-
rectly and sensitively quantify N,O and
N, production, we added to the soils
BNO;~ produced at the Michigan State
University cyclotron (7). We also used
the inhibition of N,O reduction by acet-
ylene (8) coupled with gas chromato-
graphic analysis of the N,O, using ther-
mal conductivity or ®*Ni electron-cap-
ture detectors (9). The ratio of N;O to
(N2O + N,) can be determined by quan-
tifying the N,O produced in the presence
and absence of acetylene (9). The data
that we report here summarize the re-
sults from a Brookston loam soil. Similar
results from other soils and bacterial cul-
tures are described elsewhere (10).

To determine if N,O is a free inter-
mediate during the reduction of NO;™ to
N in the heterogeneous denitrifying mi-
croflora of soils (1), we added *NO;™ to
two soils and three bacterial cultures,
thus labeling the N,O produced during
denitrification (7, 10, 12). The exchange
of the [*N]N,O with pools of added non-
labeled N,O (**N,0) was quantified after
a 10-minute incubation in the Brookston
soil (Fig. 1A). The labeled N,O mixed
rapidly and quantitatively with the non-
labeled N,O pool in the soils and soil iso-
lates (10). This freedom of exchange in-
dicates that operationally N,O exists as a
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free intermediate able to diffuse away
from the site of active reduction. Hence,
any factor that produces a change in the
relative rates of N,O reduction and pro-
duction can alter the proportion of N,O
and N,.

By varying the amount of nonlabeled
NO;~ or NO,~ added with the '*N-la-
beled substrate (/3), we found that as the
concentration of NO;~ or NO,™ in-
creased the proportion of product as
N,O increased (Fig. 1, B and C). The ef-
fect with NO,~ was stronger than with
NO;~; thus the influence of NO3;~ may
have resulted from its reduction to and
the subsequent effect of NO,™.

Recently Blackmer and Bremner sug-
gested that soil acidity enhances the in-
fluence of NO;~ on the composition of
the gaseous products of denitrification
(14). 1t has been observed that soils with
an acid pH produce proportionately
more N,O than soils with a neutral or al-
kaline pH (/5). But in the previously re-
ported investigations relatively high con-
centrations of NO;~ were required be-
fore the gaseous products could be
quantitated. Thus, it had been impos-
sible to isolate the effect of pH from the
influence of NO;~ concentration. Using
the N substrate, we have been able to
investigate the influence of soil pH at ex-
tremely low NO;~ concentrations (/6).
In the absence of measurable quantities
of NO;™, soil acidity had very little influ-
ence on the N,O/N, ratio (Fig. 1D).
However, in the presence of 10 parts per
million (ppm) of NO;-N, much more
N,O was produced at pH 4.9 than at pH
6.5. The influence of soil acidity appears

[) 14 7.0 14.0
14N,0 (1072 atm)

Product composition (%)

0.0 1.6 16.3
0, (102 atm)

750

0717 2.4
Time of anaerobiosis (hours)

to be exerted through or to be interactive
with the effect of NO;™ or NO,~ concen-
tration.

Analysis by a predictive kinetic model
(17) has suggested that the aeration stat-
us of soil may also influence the compo-
sition of the gaseous products. In short-
term experiments (10 minutes in dura-
tion), varying quantities of O, were add-
ed to vigorously agitated soil slurries
(18). By analyzing the gases produced
from the *N-labeled substrate, we found
that the proportion of N,O produced dur-
ing denitrification increased with in-
creasing O, concentrations (Fig. 1E). As
expected (19), the denitrification activity
declined sharply in the presence of in-
creasing quantities of O, (10). Hence, O,
influenced the distribution as well as the
quantity of the gaseous products of de-
nitrification.

Using the acetylene inhibition tech-
nique, we examined three mineral soils
to determine if repeatable temporal pat-
terns occurred in the composition of the
gaseous products of denitrification after
the onset of anaerobic conditions (20). A
distinct pattern of gas production was
found to result from changing activities
within the reduction sequence after the
imposition of anaerobiosis (Fig. 1F).
During the early period of anaerobiosis
(between 0 and 1 to 3 hours), N, was the
dominant product of denitrification. The
NO;~ to N,O reducing activity then in-
creased but was not accompanied by a
corresponding increase in the N,O re-
ducing activity. This resulted in a rela-
tively extended period (between 1 to 3
hours and 16 to 33 hours) during which

0.5 2.0 20.0 0 0.5

NO2™-N (ppm)

5-12 28 33

N.O was an important or dominant prod-
uct. Eventually (after 16 to 33 hours) an
increase in the N,O reducing activity oc-
curred without a comparable increase in
the N,O producing activity. This in-
crease in the rate of N,O reduction did
not occur in the presence of chloram-
phenicol (an inhibitor of protein syn-
thesis) and required the presence of N,O
or NO;~ during the preceding anaerobic
incubation (/0). During the final period
(between 16 to 33 hours and 48 hours),
N, was generally the sole product of de-
nitrification, because the capacity of the
soil to reduce N,O exceeded the N,O
producing activity. This pattern was in-
dependent of NO;3;~ concentration (10).
Apparently the temporal pattern is a re-
sult of a sequential synthesis of denitrifi-
cation enzymes which occurs in re-
sponse to anoxic conditions.

The production of N,O relative to N,
during denitrification in soils is strongly
influenced by the physical environment
and by the physiological characteristics
of the microbial community. Environ-
mental parameters other than those dis-
cussed here, such as carbon availability
(21), H,S concentration (22), and soil
structural characteristics, should also be
expected to influence N»,O production or
consumption, or both. Because of the
extreme variability of the N,O/N, ratio,
valid estimates of total soil N,O produc-
tion cannot be obtained by assuming ()
that the N,O component of denitrifica-
tion is a constant fraction of the total gas-
eous product. It would also be expected
that the control of N,O production by
other microbial processes (5, 6) is quite

a1

“+0 ppm NO
+10 ppm NO,™ 4

2.0 20.0 4.9 65 49 65
NO3™=N (ppm) pH

Fig. 1. Composition of the gaseous products of denitrification in a
Brookston soil. The black bars indicate N,O, and the dotted areas
represent N,. (A) Exchange of *N-labeled N.O with added non-
labeled (“*N,0) N,O pools. (B) Effect of NO.~ concentration on
[*3NIN,O and N, production. (C) Effect of NO;~ concentration on
[**N]N.O and N, production. (D) Influence of soil pH on gas composi-
tion in the presence and absence of added NO;™~ carrier. (E) Influence
of O, on [3N]N,O production. (F) Temporal pattern of N,O and N.
production after the imposition of anaerobic conditions in the pres-
ence of about 100 ppm of NO;™-N.
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different from that of denitrification.
Much remains to be understood about
microbial N,O production and consump-
tion in soils and in freshwater and marine
environments before a cause-and-effect
relationship can be established between
man’s activities and perturbation of the
earth’s stratospheric chemical reactions.
MARY K. FIRESTONE*
Department of Crop and Soil
Sciences, Michigan State University,
East Lansing 48824
RICHARD B. FIRESTONET
Heavy Ion Laboratory,
Michigan State University
JAMES M. TIEDJE
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Michigan State University
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Impaired Brain Growth in Neonatal Rats Exposed to Ethanol

Abstract. Infant rat pups, fed through intragastric cannulas from postnatal day 4
through day 18, showed a 19 percent reduction in total brain weight when ethanol
was included in their diet on days 4 through 7. This reduction in brain weight oc-
curred even though body growth in the experimental rats was equal to that of their
littermate controls. The ethanol-exposed animals were markedly hypoactive during
the period of drug administration, then displayed gross body tremors for 3 to 5 days.
Throughout the study, the animals treated with ethanol had poor motor coordination
and were hyperresponsive. These brain and behavioral effects appear similar to

those seen in fetal alcohol syndrome.

Consumption of alcoholic beverages
by women during pregnancy has been
widely described as a significant threat to
normal fetal development, and the con-
stellation of anomalies in infants born to
women who have done so has been la-
beled fetal alcohol syndrome (FAS).
Three major signs are considered neces-
sary for the diagnosis of FAS: (i) central
nervous system (CNS) dysfunction, (ii)
growth deficiencies, and (iii) a specific
facial dysmorphology (I). In children
with FAS, the CNS dysfunction may be
a result of microcephaly and abnormal
brain development (2). It is not yet clear
how much and how often ethanol must
be consumed by pregnant women to
cause impaired brain development in
their children.

In the course of development, the
brain goes through several periods of
rapid growth during which it is extremely
vulnerable to exogenous insults (3). In
humans, the period of rapid development
known as the brain growth spurt begins
at mid-gestation, peaks in the third tri-
mester, and ends by the third postnatal
year (3). Although this period occurs in
all mammals, its timing relative to birth
varies among species (4); in the rat, the
brain growth spurt occurs during the first
15 days after birth, with a peak at post-
natal days 6 to 8. This variable timing
poses a considerable problem if the rat is
used to model the effects of ethanol on

the brain development of offspring of hu-
man mothers. Also, ethanol adminis-
tered directly to rat pups may interfere
with their ability to feed properly, result-
ing in a nutritional deficiency. Alterna-
tively, if ethanol is administered to the
mother and subsequently to the pups
through her milk, two additional experi-
mental complications can occur. First,
the amount of ethanol each pup receives
daily could be variable, and second, eth-
anol could interfere with lactation (5). In
the present study, we used an artificial
rearing procedure in which the neonate
is provided the required total daily nutri-
tion independent of the mother (6-8).
This method of artificial rearing is an ex-
cellent means of examining accurately
the effects of ethanol on brain develop-
ment of animals at times comparable to
those at which human fetuses might be
exposed.

Adult female rats (Long-Evans) were
individually housed with adult males and
checked daily for the appearance of cop-
ulatory plugs. The day of plug appear-
ance was designated as gestational day 0
(GD 0). (All further age references are
based on this day.) The females were
then individually housed in breeding
cages and given free access to food and
water for the remainder of their preg-
nancy. At parturition, the eight largest
pups were culled from each litter. Litters
of less than eight pups were not used. On
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