binding to fragment 1 to 116, and its
failure to bind fragment 44 to 88.

Our conclusion from the data in
Table 1 is that there are at least three
mutually exclusive sites on the myelin
basic protein molecule capable of bind-
ing antibody induced by homologous
protein. We cannot conclude that there
are only three since some of the frag-
ments may contain more than one site.
That some serums bind one or two of
the fragments and fail to bind others
indicates that there is no cross-reactiv-
ity among the specific sequences de-
tected in the three regions.

Fragment 1 to 20 was not bound
significantly by any of the serums listed
in Table 1, with the possible exception
of serum A. This region may contain
a weak site, but the fact that only one
of several dozen serums tested bound
this fragment led us to conclude it was
of little importance. This nonantigenic
region of the molecule is probably at
least 43 residues in length. No serum
was found to have significantly greater
binding for the mixture of fragments
from residues 1 to 89 than for frag-
ment 44 to 88.

The immunization schedules yield-
ing serum A and serum C differed
only in the length of time between
priming with IFA and challenge with
CFA. During the 6-month delay, only
those cells capable of recognizing the
center site survived. This fact, coupled
with the frequent occurrence of serums
capable of binding the center site sug-
gests that this region is the most anti-
genic portion of the molecule. This is
also the most reactive region of the
molecule in other respects: it includes
part of the site that induces EAE in
guinea pigs (residues 114 to 122)
(12), it contains the single methylated
arginine residue 107 (13), and the sin-
gle threonine residue 98 reported to
be the receptor for glycosylation (I14),
and it is part of the region that binds
most readily to isolated myelin lipid
fractions (15).

The technique used in our study to
demonstrate multiple sites within the
molecule capable of binding specific
antibody differs somewhat from that
used in other studies (/, 2). By manip-
ulating the immunization schedule, we
obtained unique antiserums that dif-
fered qualitatively in their ability to
bind fragments derived from the whole
molecule. The success of our experi-
mental approach with myelin basic
protein suggests that at least some of
its specific antigenic regions do not de-
pend upon conformational characteris-
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tics of the intact molecule as was the
case with lysozyme (2).

Although the role of antibody to
myelin basic protein in pathogenesis
of EAE was not investigated, it
should be noted that the ability of
basic protein to induce antibody ap-
pears to be unrelated to its ability to
induce disease. The amount of myco-
bacteria present in the immunization
mixture is critical for antibody produc-
tion but not for disease induction—a
single injection of basic protein with
2.5 mg of mycobacteria induces high
levels of antibody, whereas an equally
encephalitogenic injection of basic pro-
tein with 0.1 mg mycobacteria induces
almost no antibody. Antigenicity of
the latter mixture can be enhanced,
however, by chemical modification of
the antigen (Table 1, serum F) or by
priming of the host with repeated in-
jections of antigen in IFA (serum A).
In both instances, enhanced antibody
production is accompanied by loss of
ability to induce EAE.

BERNARD F. DRiscoLL

ALLAN J. KRAMER, MARIAN W, KIES
Section on Myelin Chemistry,
Laboratory of Cerebral Metabolism,
National Institute of Mental Health,
Bethesda, Maryland 20014
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Follicle-Stimulating Hormone Secretion in the Female Rat:
Cyclic Release Is Dependent on Circulating Androgen

Abstract. In adult cyclic female rats, intravenous injections of an antiserum to
testosterone prevented the continued increase in serum follicle-stimulating hor-
mone (FSH) which normally occurs during the early morning hours of estrus.
This treatment did not prevent the initial increases in serum FSH (and luteinizing
hormone) which occur during the critical period (1400 to 2000 of proestrus),
nor did it interfere with subsequent ovulation. These observations indicate the
existence of two separate mechanisms for preovulatory FSH release in the rat
and implicate circulating testosterone as the stimulus for continued secretion of

FSH during estrus.

In the rat, the preovulatory increases
in serum follicle-stimulating hormone
(FSH) may be separated into two
phases. The initial period of release oc-
curs on the afternoon of proestrus
(during the “critical period”) and is
characterized by rapid increases in
serum concentrations of FSH as well
as of luteinizing hormone (LH). The
second phase of FSH release follows
the first and occurs between midnight
on the day of proestrus and 0600 of
the following morning (day of estrus).
During this second phase, serum LH
has returned to baseline values while
serum FSH is maintained at concen-

trations equal to, or greater than, those
observed during the critical period (Z).
Thus, the greater part of FSH secretion
in the female rat occurs in the absence
of LH release. In this respect gonado-
tropin secretion in the rat differs from
that of the human and the monkey in
which both gonadotropins are released
concurrently at midcycle (2).

The essential role of circulating es-
trogen in the stimulation of preovula-
tory LH release has been clearly estab-
lished in several species (3). In has
been tacitly assumed, in the absence of
evidence to the contrary, that the “posi-
tive feedback™ action of estrogen pro-
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vides the essential stimulus for both
phases of preovulatory FSH release in
the rat (4). This report indicates that
androgens are required for the second
phase of FSH release during the morn-
ing of estrus in the rat.

Adult female rats, obtained from the
Holtzman Company, Madison, Wiscon-
sin, were maintained under conditions
of controlled lighting (lights on 0500
to 1900). Vaginal smears were ob-
tained each morning for a period of at
least 2 weeks and served as the crite-
rion for establishing the length of the
estrous cycle (4 or 5 days) and the
day of anticipated preovulatory LH-
release (proestrus). At approximately
1700 on the afternoon of the day pre-
ceding proestrus, each rat was lightly
anesthetized with ether and received an
intravenous injection (via the femoral
vein) of either 0.3 ml of a sheep anti-
serum to testosterone (5) or an equal
volume of 0.9 percent saline. All ani-
mals were killed by decapitation at in-
tervals ranging from 23 to 42 hours
after injection. Animals killed at 1500
on days of the cycle other than proes-
trus or estrus (estrus +1, +2, or +3
in Fig. 1) received no treatment prior
to decapitation. Serum concentrations
of LH, FSH, and testosterone were de-
termined by appropriate radioimmuno-
assay systems (6).

As indicated in Fig. 1, serum testos-
terone concentrations are maximal on
the afternoon of proestrus during the
preovulatory release of LH and decline
rapidly thereafter. The injection of an
antiserum against testosterone pro-
duced no significant changes in the
circulating levels of LH or FSH during
the interval of expected LH release
(1600 to 2000) but virtually abolished
the second phase of FSH which nor-
mally occurs during the early morning
hours of estrus. All animals killed at
1100 on the day of estrus had ovu-
lated, as indicated by the presence of
tubal ova.

Although it has been reported that -

injections of testosterone stimulate fol-
licular development in the rat (7), the
existence and possible physiological
significance of a preovulatory increase
in serum testosterone has received but
little attention (8). The present report
suggests that the increased levels of
testosterone found during proestrus in
the female rat stimulate the continued
secretion of FSH during estrus. Al-
though it is possible that the injected
antiserum may have had effects other
than neutralization of testosterone and
dihydrotestosterone (5), it is unlikely
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that the effects of the antiserum can
be attributed to the neutralization of
circulating estrogens. It has been
clearly demonstrated that antiserums
which are effective in neutralizing es-
trogen in the rat are also effective in
preventing preovulatory LH release
(3), an effect which was clearly absent

in our treated animals. In light of the.

suggestion that androgen treatment may
alter the molecular characteristics and
biological half-life of FSH (9), we
have considered the possibility that the
secondary phase of increased serum
FSH may result from a transient de-
crease in the rate at which FSH is re-
moved from the circulation. However,
an assessment of the rate of disappear-
ance of circulating FSH following hy-
pophysectomy at 0200 of estrus pro-
vides no indication of a decreased rate
of FSH clearance (10). In addition, it
seems unlikely that the testosterone acts
directly on the pituitary gland to pro-

saline e—

—3

T

LH (pg/ml)

Testosterone (ng/ml)
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.3
l L4
0 -
468 12 4 11 +1+243
Time of day Days
|—-Proestrus—}~—Estrus —| after
estrus

Fig. 1. Effects of an intravenous injection
of an antiserum against testosterone on
serum FSH in the cyclic rat. Serum con-
centrations (mean = standard error) of
LH and FSH are expressed in terms of
the appropriate NIAMD reference prepar-
ations. Serums from antiserum-injected
animals were not assayed for testosterone.
Points indicated by an asterisk were below

-the sensitivity of the assay system. Indi-

cated times encompass the interval from 2
p.m. proestrus to 11 a.m. of estrus; hours
of darkness (1900 to 0500) are indicated
by the stippled bar on the abscissa. Each
group contained four or five rats, except
the estrus-0400 groups, which contained
seven rats. Points on dashed lines: values
following an injection of sheep antiserum
to testosterone (anti-T); points on solid
lines: values following a saline injection.

duce a selective release of FSH (11).
In the absence of circulating testos-
terone the preovulatory pattern of go-
nadotropin secretion in the rat is al-
tered to resemble that of other species
in which release of LH and FSH
are coincident (2). While it is not yet
clear whether the initial period of FSH
release in the rat is accomplished by
mechanisms comparable to those which
operate in other species, it is now clear
that the second phase of FSH release
is dependent on androgens. The mecha-
nisms by which circulating androgen
promotes this relatively unique second
phase of FSH release remain to be de-
termined.
VERNON L. Gay*
R. L. ToMAcARi
Department of Physiology, University
of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania 15261
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Electron Diffraction of Wet Biological Membranes

Abstract. Electron diffraction patterns were obtained for the first time from
single wet phospholipid bilayers and from wet human erythrocyte membranes by
using a temperature-controlled electron microscope hydration stage. Selective
area diffraction showed the existence of semicrystalline domains. A structural
transition was observed at the transition temperature of the wet dipalmitoyl

lecithin bilayer.

Electron diffraction has not been as
popular as x-ray diffraction in the
study of the structure of biological
membranes. The main problem is that
the membrane specimen to be studied
by electron diffraction has to be dried.
This problem has been overcome by
the development of hydration stages
for electron microscopes (/). A mem-
brane specimen can now be studied in
an electron microscope under more
physiological conditions by both imag-
ing and diffraction. Artifacts intro-
duced during drying, fixation, and
staining are thus eliminated, and it is
only necessary to limit radiation dam-
age from the electron beam by use of
sensitive emulsions (2).

The advantages of the electron dif-
fraction technique over other diffrac-
tion methods are the following: (i)
Specimens of only one or several mem-
brane thicknesses (25 to several hun-
dred angstroms) can be examined be-
cause of the strong interaction between
the specimen and the incident electron
beam. (ii) The data collection time is
very short (of the order of seconds).
(iii) Very small areas can be observed
by use of the selective area diffraction
technique. The signal-to-noise ratio can
also be improved by this method. (iv)
A very small amount of specimen is
required and impurities can be
screened. (v) The shape and morphol-
ogy of the specimen may be observed
by imaging.

We have used the electron diffrac-
tion technique to study both phospho-
lipid bilayers and human erythrocyte
membranes.  Dipalmitoylphophatidyl-
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choline was spread on a Langmuir
trough at a surface pressure of 40
dyne/cm, and a bilayer film was
formed over micromesh squares by
slowly dipping 1000-mesh grids through
the surface. The grids were immedi-
ately inserted into the hydration stage
in the electron microscope. The entire
operation was performed under a
water-saturated atmosphere. Human
erythrocyte ghosts were prepared by a
modified Dodge method (3). The sam-
ple was placed on a grid coated with
carbon and Formvar. Excess solution
on the grids was removed in a water-
saturated atmosphere before they
were inserted into the hydration stage.

A hydration stage has been con-
structed for a Siemens Elmiskop IA
electron microscope. The stage is so
designed that the temperature of the

specimen can- be controlled in the
range —10° to 50°C under 100 per-
cent humidity. The degree of hydra-
tion of the specimen can also be varied
if an external water reservoir is used.
The structure and function of this
stage are described elsewhere (4, 5).
To minimize the radiation damage
to the specimen, the electron beam
dose was kept below 10—5 coulomb/
cm? (measured by a Faraday cage)
for each diffraction pattern recording.
This was achieved by using a 10-um
second-condenser aperture, and by re-
cording the patterns with Kodak No-
Screen x-ray films, which were 17
times more sensitive than electron
image plates (2). The patterns deteri-
orated if the radiation dose was in-
creased 50-fold. All patterns were
taken at 100 kv, the specimen being
under saturated water vapor pressure
for the corresponding temperatures.
Typical diffraction patterns of a
single wet unsupported dipalmitoyl-
phosphatidylcholine bilayer taken be-
low the transition temperature are
shown in Fig. 1, A and B. A streaked
hexagonal pattern (Fig. 1A), or in
some cases several similar patterns
misoriented from one another (Fig.
1B), were usually seen when the ob-
served area was about 5 um in diam-
eter. The streaking does not diminish
if the observed area is further reduced.
When the observed area is widened the
pattern becomes a typical continuous
ring powder pattern, although the ring
always remains sharp. Outer rings of
1/3% and %5 times the spacing of the
inner pattern can also be seen. These
spacings are characteristics of the a-
phase of lipid hydrocarbon chain pack-
ing (6). The streaking suggests im-
perfections in the hexagonal packing.

Fig. 1. Electron diffraction patterns of a wet, unstained, and unsupported dipalmitoyl
lecithin bilayér. The observation area is 5 um in diameter. (A) Pattern taken at 30°C
showing a streaked hexagonal pattern at spacings of 4.25 and 2.45 A (arrows). (B)
Pattern taken at 39°C showing two misoriented hexagonal lattices. Both show spac-
ings of 4.30 and 2.48 A (arrows). (C) Pattern taken at 44.0°C showing a diffused
ring (arrow) at 44 A,
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