sizes. The histograms of the guinea pigs
exposed to antibodies to NGF tended to
shift toward larger cell diameters; this
shift is more pronounced in the rat (Fig.
1), in that the decrease in cell numbers
appears to be due to the loss of cells
having diameters less than 30 um. The
shift toward cells of larger diameter in
the histograms of both species may in-
dicate either that the largest neurons are
less susceptible to antibodies to NGF or
that surviving neurons become hyper-
- trophied. It is perhaps more likely that
the larger neurons, which develop earlier
in gestation (/3), pass through the phase
of NGF dependence before the antibody
reaches the fetus [antibody levels in the
fetus increase in later stages of gestation
@]

These experiments indicate that most
of the sensory neurons in dorsal root
ganglia depend for survival on NGF dur-
ing prenatal development. Our data are
quantitatively consistent with experi-
ments showing that most embryonic
DRG neurons will survive in vitro in the
presence, but not in the absence, of NGF
(3). The survival of 15 to 20 percent of
DRG reurons in the guinea pig may be
interpreted as an incomplete destruction
of NGF-sensitive neurons, resulting ei-
ther from an insufficient titer of antibody
or access of antibody to their source of
NGF, or from a temporal difference in
their dependence on NGF. Alternative-
ly, some DRG neurons (up to 20 percent)
may not require NGF at any time.

It is not known whether sensory neu-
rons in cranial ganglia are affected by ex-
posure to antibodies to NGF. Deficits
observed in the guinea pig (for example,
absence of corneal reflex in response to
irritants) suggest that at least some of the
sensory functions mediated by the tri-
geminal ganglion are affected. Since sen-
sory neurons in the nodose ganglion are
not decreased in number, neurons de-
rived from the placodes, rather than
from the neural crest, do not appear to
require NGF. This is consistent with the
inability of nodose ganglion neurons to
retrogradely transport '*I-labeled NGF
(14). Further studies will be required to
resolve the issue of whether cranial sen-
sory ganglia and sensory ganglia that are
derived all or in part from the placodes
undergo a period of NGF dependence
during development.

These data demonstrate that exposure
in utero to maternal antibodies to NGF,
in addition to producing immuno-
sympathectomy, destroys sensory neu-
rons. Because the developmental anom-
alies observed in sympathetic and sen-
sory ganglia in familial dysautonomia
(I5) are similar to those observed in the

animals described in this report, we sug-
gest that these animals may be a useful
model of this human pathological condi-
tion. At a more fundamental level, the
experimental autoimmune approach
should make possible a more precise de-
termination of the time and degree of de-
pendence of different populations of sen-
sory neurons on NGF. The ability to ab-
late prenatally a significant percentage of
the peripheral sensory nervous system
will make possible the study of retro-
grade and anterograde effects of sensory
lesions.
EUGENE M. JOHNSON, JR.
PaMELA D. GorIN*
Department of Pharmacology,
Washington University Medical School,
St. Louis, Missouri 63110
LESLIE D. BRANDEIS
JOHN PEARSON
Department of Pathology,
New York University Medical Center,
New York 10016
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Fourier-Transformed Infrared Photoacoustic

Spectroscopy of Biological Materials

Abstract. A new technique for measuring the infrared spectra of solids has been
developed. The photoacoustic spectra of hemin, hemoglobin, protoporphyrin IX,
and horseradish peroxidase show how this technique can be used to obtain structural
information about biological materials which cannot readily be studied by normal
transmission infrared spectroscopy. The method requires milligram quantities of ma-

terial and involves no sample preparation.

It is common in the study of biochemi-
cals that an infrared spectrum of a
lyophilized material or an insoluble ma-
terial is required. Until now, this has
been a requirement that could be met on-
ly by grinding the material into a KBr
wafer or pellet. The possibility of struc-
tural alterations resulting from such a
procedure is great.

The new technique of Fourier-trans-
formed infrared (FTIR) photoacoustic
spectroscopy offers a versatile and con-
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venient solution to this problem. This
technique, described briefly below and
more fully elsewhere (/-5), can be em-
ployed for studying the properties of such
biological materials. Photoacoustic spec-
troscopy (PAS) of solid materials in the
visible and ultraviolet. spectral regions
was originally developed in 1881 by Tyn-
dall (6), Rontgen (7), and Bell (8) and has
recently been brought back to the fore-
front of research by Rosencwaig (9) and
others (10-13). However, visible and ul-
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traviolet PAS spectra often exhibit broad,
structureless features. Low and Parodi
(14) realized that there would be con-
siderable advantages in extending PAS
to the infrared region. By using a modified
dispersive infrared spectrometer, they
were able to measure the infrared-PAS
spectra of methanol chemisorbed on sil-
ica (I4). Simultaneously, Busse and Bul-
lemer (I5) demonstrated that a Fourier-
transform infrared spectrometer could
be used to obtain infrared PAS spectra
of gases in a spectrophone (/5). By com-
bining these two advances, the technique
of FTIR-PAS has been developed.

The method is simple. A small PAS
sample cell with a total volume of 1 cm?
is sealed with an NaCl window to permit
the entrance of infrared light from the in-
terferometer head of a Digilab FTS-20
evacuable FTIR spectrometer. The solid
sample is placed inside the sample cell.
A GR 1962 1/2-inch foil electret micro-
phone (General Radio) picks up the
photoacoustic signal generated by the
sample when it converts the absorbed in-
frared light to heat. This microphone out-
put signal is amplified by an Ithaco 143L
preamplifier and further processed by the
mid-infrared detection electronics of the
FTIR spectrometer. The spectrometer
Fourier-transforms the resulting photo-
acoustic interferogram and generates a
spectrum of absorbed radiant power
against frequency of incident infrared
light. The Fourier-transform spectrom-
eter makes these measurements easy be-
cause of the multiplexing advantage, the
repetitive scanning feature, and the high
peak power of the incident infrared
light (~ 92 mW for the Digilab FTS-20
spectrometer).

To illustrate the technique with mate-
rials of biological interest, we measured
the FTIR-PAS spectra of protoporphyrin
IX, hemin, hemoglobin, and horseradish
peroxidase. They are shown in Figs. 1
through 4. The spectrum of protopor-
phyrin IX dimethyl ester is qualita-
tively identical to that reported by Bou-
cher and Katz (/6). The only quantitative
difference is in the relative absorbance of
the methyl propionate ester carbonyl
stretch at 1738 cm™ seen by the two
methods. By comparison with the rest of
the spectrum, the PAS signal strength for
this band is much less than that reported
by Boucher and Katz. This band would
be expected to cause high reflectivity by
the undiluted sample analyzed by FTIR-
PAS at 1738 cm™, which would not be
apparent for a sample pressed into a KBr
pellet. This rather important difference
demonstrates that FTIR-PAS is sensitive
to the reflectivity of the sample; that is, it
does not overcome all the difficulties due
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Fig. 1. Spectrum of a 7-mg sample of pro-
toporphyrin IX dimethyl ester (grade 1 purity,
Sigma Chemical Co.); 800 scans, resolution 8
cm™.
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Fig. 2. Spectrum of a 14-mg sample of bovine

hemin (grade 1 purity, Sigma Chemical Co.);
800 scans, resolution 8 cm™.,
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Fig. 3. Spectrum of a 1-mg sample of hemo-
globin from beef blood (Sigma Chemical Co.);
800 scans, resolution 8 cm™.
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Fig. 4. Spectrum of a 0.5-mg sample of horse-
radish peroxidase (type VI, Sigma Chemical
Co.); 200 scans, resolution 8 cm™.

to dispersion by the sample which plague
attenuated total reflectance techniques.
Reflectivity by the sample shows up in
the FTIR-PAS spectrum as reduced sig-
nal intensity. With this exception, the re-
markable agreement between the spectra
obtained by the two methods shows that
FTIR-PAS is capable of yielding struc-
tural information on undiluted solid sam-
ples without the need for sample prepa-
ration or handling. Experiments are un-
der way to quantitate the dependence of
the FTIR-PAS signal on the real and
imaginary components of the refractive
index of the sample (/7).

The spectrum of hemin (Fig. 2) is re-
markably similar to the conventional
transmission spectrum (/8). It is quan-
titatively similar except for the dimin-
ished intensity of the absorbance at 1708
cm™! in the FTIR-PAS spectrum, which
again can be associated with reflection
by the sample at this wavelength dimin-
ishing the total absorbed power. The
sharp absorption due to the N-H stretch
in protoporphyrin IX is absent in the
spectrum of hemin, as expected. In hemin
the nitrogens of the porphyrin ring struc-
ture are coordinately bonded to the iron
in the center of the ring.

The spectra of hemoglobin and horse-
radish peroxidase are similar. They show
broad, almost structureless absorption,
as might be expected. The wealth of dif-
ferent bonds found in the proteins at-
tached to the central porphyrin structure
crowd the spectra, with the result that
little structural information can be in-
ferred. However, the important fact here
is that both of these spectra were mea-
sured on samples that were not dissolved
in a solvent or pressed into a KBr pellet.

In conclusion, the general applicability
of FTIR-PAS to the study of milligram
quantities of intact biological samples
has been demonstrated. The fact that the
samples do not need to be dissolved in a
solvent or pressed into a KBr pellet and
that the spectra are obtained so conve-
niently should make this an important
addition to the tools available for bio-
chemical analysis. The spectra presented
here were obtained at the rate of one scan
per second. Thus an 800-scan spectrum
was obtained in 13 minutes. However,
recent improvements by Digilab in the
signal detection section of the FTS-20
spectrometer now make it possible to ob-
tain spectra with a signal-to-noise ratio
equivalent to those shown here in one-
tenth the time. Although the spectra
shown here are presented for the range
4000 to 600 cm™, the cutoff at 600 cm™!
is an arbitrary one dictated by the NaCl
window material of the PAS cell. When a
cell with cesium iodide windows was
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used, PAS spectra were measured to 400
cm™! with this spectrometer. It is much
more difficult to measure spectra in the
far infrared (< 400 cm™'), however,
because of the lack of radiant intensity
of the sources used in this region.
M. G. ROCKLEY
D. M. Davis
H. H. RICHARDSON
Department of Chemistry,
Oklahoma State University,
Stillwater 74078
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Resource Concentration and Herbivory in Oak Forests

Abstract. Larvae of the fall cankerworm (Alsophila pometaria), a polyphagous
defoliator of canopy trees, hatch at the time of budbreak of scarlet oak (Quercus
coccinea), about 10 days before budbreak of white oak (Quercus alba). Thus the
Alsophila population was dense in a site dominated by scarlet oaks and defoliated
the scattered white oaks when they came into leaf. In a site dominated by white oaks,
the Alsophila population was sparse and chiefly attacked scattered scarlet oak. Thus
in each stand, the rarer species of tree suffered greater herbivory, in contrast to the
more commonly reported observation that herbivore attack on a plant species in-

creases with density.

The principle that numerically uncom-
mon species may suffer less intense pre-
dation than abundant species plays a
large role in ecological and evolutionary
theory. Predator-prey theory makes fre-

quent recourse to ‘‘predator switching,’’
in which predators prey to a dispropor-
tionately great degree on the more abun-
dant species of prey (/); and in current
studies on the interactions between

Fig. 1. (Left) A white oak in a stand dominated by white oaks, where the population of fall
cankerworm is sparse. (Right) A defoliated white oak in a stand dominated by scarlet oaks,
where fall cankerworm is abundant. Branches of scarlet oak are visible in the background.
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plants and herbivorous insects, the in-
creased herbivory suffered by majority
plant species figures largely. Janzen (2)
and Connell (3) proposed that frequency-
dependent attack on seeds and seedlings
may promote high species diversity in
tropical forests; Feeny (¢) and Futuyma
(5) suggested that the evolution of chem-
ical diversity among plants may be influ-
enced by the advantages that minority
species have in species-rich commu-
nities. Several authors (6) have docu-
mented cases in which herbivory is
lower when a plant is grown in poly-
culture than in monoculture, leading
Root (7) to postulate that insects will
build up where their hosts are most con-
centrated. We report a counterinstance
in which the plant species in the minority
suffered greater herbivory.

The study site was about 2 km south of
the campus of the State University of
New York at Stony Brook, in Suffolk
County, where an extensive (= 1.3 km?)
woodlot dominated by scarlet oak
(Quercus coccinea) gives way abruptly
(at an ecotone about 300 m wide) to one
made up almost exclusively of white oak
(Q. alba); beyond the ecotone, each of
the oaks that is dominant in one area
is represented by scattered individuals
in the other area. Foliage-feeding lepi-
dopteran larvae are most abundant from
late April to early June; of these, larvae
of the fall cankerworm Alsophila pome-
taria (Geometridae) are by far the most
abundant in most years; they were ex-
ceptionally abundant in the spring of
1979. This species hatches at the time of
budbreak and completes larval develop-
ment by the second week of June; as is
the case with many other lepidopteran
species (8), it is incapable of completing
development on mature foliage (9). The
larvae hatch from eggs laid in late fall by
wingless females and are dispersed wide-
ly by wind, especially in the first instar.

In the course of our studies of Alsophi-
la over the last 6 years, we have noted
that it consistently hatches at about the
time that scarlet oak comes into leaf.
White oak does not break bud until about
10 days later. Because Alsophila larvae
cannot survive for more than 2 to 3 days
without food (9, 10), we predicted that
the Alsophila population should be far
more dense in the stand dominated by
scarlet oaks than in the white oak stand.
Within the white oak stand, Alsophila
larvae were expected to have a greater
impact on the few scarlet oaks than on
the white oaks because only scarlet oak
is in leaf during the early instars. In the
site dominated by scarlet oaks, defolia-
tion of the few white oaks should be
heavier than that of scarlet oaks because
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