Table 2. Effect of thymic lymphoma involve-
ment on concentration of “Ga in AKR/J
mouse thymus.

Degree of Thymic.
involve- Animals C(?ncentratlop
ment (No.) ' ’p/; """"""""""""

(%) sy (SED
5 or less 8 2.5 +0.4
50 or more 10 16.5 2.0

(2). The transplantable neoplasm of
rats (RFT) showed the greatest af-
finity for 9%7Ga on both an abso-
lute and relative basis. This slow-grow-
ing tumor (5) is readily transplanted
and through eight serial passages has
maintained the same growth ratc and
characteristic histologic pattern. In two
rats studied 4 months after intramuscu-
lar transplantation, when the tumors
were large and beginning to ulcerate,
small pulmonary, adrenal, and lymph-
node metastases have been demon-
strated.

A comparison of the deposition of
67Ga in viable and necrotic tumor indi-
cated that the uptake of gallium is pri-
marily associated with viable tumor
tissue. In the two rats with metasta-
sizing RFT tumors the average ratio
of the 97Ga concentration in viable
tumor to that in necrotic tumor was 33.
This pattern of distribution was con-
firmed with autoradiography. In the R-
3259 giant cell sarcoma the average
ratio was 11 and in the Walker-256
carcinosarcoma it was 4. Gross visual
distinction between viable and necrotic
tumor could not readily be made in
the other tumors studied.

The AKR/J mouse becomes “spon-
taneously leukemic” at an age of 6
to 12 months, with the onset preceded
by thymic atrophy and followed by
atypical hyperplasia (7). Frank neo-
plasm is first manifested by a focal
lymphomatous involvement of the thy-
mus. This early lymphomatous stage
provided a model for studying the
deposition of gallium in a malignant
neoplasm infiltrating the organ of ori-
gin. Eight- to ten-month-old AKR/J
mice were given %"Ga and Xkilled |
day later. Each thymus was assayed
for %7Ga content and studied histo-
logically for estimation of the percent-
age of involvement with lymphoma.
For comparison the mice were divided
into two groups: (i) those with lym-
phoma comprising 5 percent or less of
the histologic sections of thymus, and
(ii) those with lymphoma occupying
50 percent or more. The results of
this study are shown in Table 2. Gal-
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lium-67 concentration in the group
with massive lymphomatous ‘involve-
ment was 6.6 times that of the group
with minimal involvement; the differ-
ence between the two groups was high-
ly significant.

The nature of the affinity of viable
rat and mouse tumor tissue for gallium

s not clear. However, light and elec-

tron microscopic autoradiography of
RFT and ESR-586 tumor tissues indi-
cate that %7Ga is concentrated in the
cytoplasm of neoplastic cells. Figure 1
shows a microscopic autoradiogram of
a section of RFT tumor (~ 0.5 um
thick) together with an electron micro-
scopic autoradiogram of the same tu-
mor. Further evidence that the deposi-
tion of gallium is intracellular is pro-
vided by the fact that 80 percent of the
67Ga activity in homogenates of the
RFT tumor could be spun down in an
ultracentrifuge; only 20 percent of the
activity remaining in the supernatant
was dialyzable.

Gallium-67 has been tested for locali-
zation in seven nonosseous rat and
mouse tumors. Deposition in tumor tis-
sue was variable but distinct; a new
rat tumor developed in our laboratory
showed the most specific uptake and
has been adopted as a model for further
studies. A high concentration of ¢7Ga
was observed in the AKR/J mouse
thymus in the presence of massive
thymic involvement with lymphoma.
Gallium concentrates mainly in viable
rather than in necrotic tumor cells and
is most likely bound to an intracellular
cytoplasmic component.

These results suggest that 67Ga, with
its remarkable ability to concentrate in
living malignant cells, may be useful
not only in clinical diagnostic applica-
tions, but also in studies of the nature

of malignant change.

R. L. HAaves, B. NELSON
D. C. SWARTZENDRUBER
J. E. CArLTON, B. L. BYyrD
Medical Division, Oak Ridge
Associated Universities,
Oak Ridge. Tennessee 37830
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Conformations at Local Energy
Minimums for Gramicidin S:
Optical Calculations

Abstract. Energy minimization tech-
niques applied to an arbitrary peptide
primary sequence result in a still large
number of hypothetical structures of
similar energy. Optical activity calcu-
lations can, in principle, be used to
screen the low-energy conformations.
Those conformations which yield a
spectrum different from the observed
spectrum by a factor greater than the
current reliability of the calculation
can be excluded. The method is applied
to gramicidin S.

The two empirical uses of measure-
ments of biopolymer optical activity
have been the detection of regions of
regular conformations in proteins and
nucleic acids and the detection of
changes in their conformations upon
environmental perturbation. It is worth-
while to seek additional applications of
any increased understanding of optical
properties of biopolymers.

1 propose that theoretical calcula-
tions of optical properties of polypep-
tides may soon be reliable enough to
screen the low-energy conformations
generated | by minimization routines
from primary sequences, allowing those
conformations, whose calculated spec-
trum differs from the experimental
spectrum by a factor greater than the
current reliability of the calculations,
to be discarded. As the dependability
of the optical calculations improves,
more of the low-energy conformations
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could be excluded until, in principle,
that conformation giving the calcu-
lated spectrum closest to the experi-
mental one could be selected as best
describing the true conformation.

At the present time, the confidence
limits of the spectral calculations are
such that few local minimum confor-
mations would be excluded in the case
of an arbitrary peptide; which is not
to say, of course, that the conforma-
tions are undistinguishable by experi-
mental optical measurements. Further-
more, the entire procedure is only ap-
plicable to peptides which have a well-
defined equilibrium conformation. In
spite of these limitations, being able to
combine the fields of conformational
energy calculations, experimental opti-
cal measurements, and spectral calcu-
lations is appealing enough to warrant
the demonstration here of the suggested
procedure in the case of a peptide
severely restricted in configurational
space—the monocyclic decapeptide an-
tibiotic, gramicidin S.

Craig suggests a unique configura-
tion for this molecule at equilibrium
in solution (I), and several models
have been proposed separately, based
on either x-ray data on the solid (2);
chemical (3), optical (4), proton ex-
change (5), or magnetic resonance (6,
7) data on solutions; or theoretical
energy minimization procedures (8).
These models have been specified to
varying degree of detail, but it is never-
theless clear that there are large dif-
ferences in the proposed structures.

Scott et al. (9) and Momany et al.
(10) have reported the potential energy
surface of the molecule generated by
their approximation to the potential
energy function. They have located a
number of the local minimums in the
energy surface and found structures
similar to several of the models. Three
of these structures were used here to
define the set of conformations to be
screened.

The calculation of rotational strengths
by configuration interaction of excited
states has been described (11). A col-
umn vector y is defined with aN ele-
ments, each element being a three-
dimensional column vector. The a;th
N elements contain the electric transi-
tion moments of the «;th transition for
the N noninteracting monomers. An
analogous matrix m can be defined for
the aN noninteracting magnetic mo-
ments. If H is the «/N-dimensional inter-
action matrix, and T is the unitary
matrix which diagonalizes it, the col-
umn vectors Tu and Tm, where each
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Table 1. Calculated b, parameters for three
proposed gramicidin S solution structures
which have also been located at minimums
of the approximate potential energy surface
of the molecule. Model I has the structure
GSy (10). Structure GSy; (10) is similar and
yields a b, of —364°, Model II has the struc-
ture GSir (9). Model III has the structure
GS;, (9). For the experimentally measured

value of b, for gramicidin S see (I6).

b
Structure (deg)
Model 1 —254
Model II + 17
Model III + 23
Gramicidin S (experiment) —720 %= 90

T element multiplies all three spatial
components of each y and m element,
give, respectively, the electric and mag-
netic moments of the interacting mon-
omers. The absorption and rotational
strengths are therefore given by column
vectors A and R, the kth elements of
which are (4), = (Tw)(Tp);, and (R
= Im(Tp) (Tm)y.

The diagonal elements of H are
taken to be the transition energies ex-

perimentally observed in the spectrum -

of a suitable model compound, and
the off-diagonal eclements are of the
form

Z qiq;/ri;
L]

where the ¢’s are monopole charge
distributions obtained from some ap-
proximate wave function, in this case
that of Nagakura (I2) as modified by
Woody (I3). The rows in u are given
by

Z qut
i

where P; is the position vector locating
the ith monopole. The rows in m for the
7—m* transitions are imor X y where
o is the transition frequency in cm—1,
and r is the center of the =—=* transi-
tion. Each row in m for the n—=* tran-
sition represents the large intrinsic mag-

netic moment and is given by 0.468 i

Bohr magnetons along the OC’ bond
(13). Diagonalization of H gives T and
the products (Tw),(Tp); and Im-
(Tw)(Tm);, give the aN absorption
and rotational strengths, respectively.
Specification of a 10-nm bandwidth al-
lows one to obtain gaussian absorption
and circular dichroism spectra. The
Kronig-Kramers transform to rotatory
dispersion (I4) and the extraction of
the b, parameter have been described
(15). Experimentally, highly purified
gramicidin S displays a b, value of
— 720° = 90° (16).

According to the theoretical formal-
ism outlined above, only one of the
three geometries leads to a significantly
large negative b, (Table 1). This ge-
ometry is the one first proposed in
detail as a model for gramicidin S by
Stern et al. (7). The large negative b,
for model I is the result of large nega-
tive rotational strength in the 225-nm
region and. also reflects the geometry-
dependent exciton interactions among
the 7—7* transitions.

Model II, which consists of two short
twists of alpha helix joined through the
proline and phenylalanine residues,
yields a very small and positive b, re-
flecting the effect on the amide optical

- activity of the proline and phenylala-

nine residues. Parameters derived from
polymer spectra, and especially the b,
scale of helix content should probably
not be used to describe small peptides,
particularly cyclic ones.

Rigorous confidence limits cannot be
given for the calculated b, values, but
it is undoubtedly significant that the
calculated b, of —356° for a linear
alpha helical decamer is close to the
value of approximately —300° re-
ported for y-methyl-L-glutamate deca-
mers in dimethylformamide (17).

Not all of the most favorable local
energy minimum conformations of
gramicidin S have been determined.
Nor have biopolymer optical spectral
calculations yet reached that stage
which would allow a complete screen-
ing of the low-energy conformations.
However, since the number of local
energy minimums for complex peptides
and proteins rises rapidly with increas-
ing chain length, even partial screening
will be useful.

E. S. Pysu
Metcalf Research Laboratory,
Brown University,
Providence, Rhode Island 02912
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Early Experience Effects upon Cortical Dendrites:
A Proposed Model for Development

Abstract. We studied the effects of environmental stimulation on the develop-
ment of rat cortical pyramidal cell synaptic loci (dendritic spines) and the number
of such cells staining by the rapid Golgi technique. Stimulation three to five
times a day from the day of birth increased the number of spines per micrometer
in 8-day-old animals and increased the number of neurons staining at 8 to 16
days of age. This effect of afferent input upon development of the dendritic spine
may represent the neuroanatomical basis for the influence of early experience on
subsequent behavior. The number of neurons staining by the rapid Golgi tech-
nique appears to be related to those that are functionally involved at the time

of tissue preparation.

It is generally accepted that environ-
mental influences during certain periods
of early postnatal life have an effect
upon later development and behavior
(I). The mechanisms whereby early ex-
perience induces such long-lasting, and
perhaps permanent, effects upon the be-
havior of the organism are unclear.

Hebb has suggested (2) that the rich-
ness of neuronal interconnections repre-
sents the neuroanatomical substrate of
behavior. As functional contact be-
tween two neurons is established when
the presynaptic elements of one axon
make contiguous contact with the post-
synaptic elements of an adjacent den-
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Fig. 1. Effects of environmental stimulation upon spine development on four different
dendritic branches of the cortical pyramidal cells. Animals were treated as described.
The numbers in the bar graph are the numbers of neurons from which the indicated
values for dendritic spines on the various branches were determined. Animals are
8 days old. The composite graph illustrates the average number of spines per micro-
meter of all dendrite branches covered in the four dendritic locations specified. All
values shown for dendrite branches include S.E.’s and are derived from five control and

five stimulated animals.
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drite, it seemed possible that the devel-
opmental patterning of such synaptic
connections may underlie, or be related
to, later behavioral flexibility.

Electron microscope studies have
demonstrated that the dendrite spine is
a distinctive feature of the postsynaptic
apparatus in cerebral cortex, cerebel-
lum, brain stem, and spinal cord (3).
These lateral extensions of the den-
drites were first described by Cajal (4)
and, although initially considered an
artifact, are now recognized as repre-
senting “specific postsynaptic receptive
structures on the dendrites” (5). The
cortical dendrites of the neonatal kitten
do not have spines, and the few qualita-
tive studies performed (5) indicate that
they appear slowly during development
in association with increasingly com-
plex behavioral and neurophysiological
changes. In the rat, spines are also
absent at birth and only obtain adult
values shortly after weaning (6). The
identity of these structures with func-
tional units of the central nervous sys-
tem (the synapse) and their gradual ap-
pearance during development suggest
that their ontogeny may in some man-
ner be related to later behavior.

Decreased visual stimulation (7) or
interruption of the visual pathway (8)
during periods of spine development
results in a decreased number of spines
in the adult animal, and handling dur-
ing the early postnatal period increases
the rate of formation of new cells in
the cerebellum (9). Other investigators
(10) experimenting with sensory-en-
riched or sensory-deprived environ-
ments have concentrated upon manipu-
lating the environment after weaning.
The rat brain at this time is essentially
mature as judged by biochemical, neu-
rophysiological, and morphological cri-
teria (11), and its period of plasticity is
largely over. It was suggested earlier
(12) that sensory input during matura-
tion of the dendrite spines may acceler-
ate their development and that this dif-
ferential acceleration of specific neuron
processes with their interconnections
may represent the neuroanatomical
basis for the effects of early experience
on subsequent behavior. We designed
an experiment to test this hypothesis by
initiating diverse sensory stimulation
prior to weaning, during the period of
central nervous system (CNS) matura-
tion.

Separate litters of Sprague-Dawley
rats bred in this laboratory were used.
From the day of birth until they were
killed at 8 days of age, random litters
were either left untouched or were re-
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