the upper limit being about 2096 cm™!,

are indicative of an increased population
of gauche rotamers, that is, a transition
to the liquid crystalline phase (/2). How-
ever, the relation between frequency and
conformational disorder is not linear
(13). This necessitates the use of a simple
two-component overlapping band mod-
el, analogous to that employed in *H
NMR studies (4, 6), to obtain the propor-
tions of gel and liquid crystal phases (14).

Figure 2 shows temperature plotted
against frequency of the CD, symmetric
stretching band in the spectra of the live
cells and the isolated membranes. Below
20°C, membranes of live cells are in the
gel phase; between 20° and 34°C they
undergo a transition to the liquid crystal-
line phase. On cooling the system exhib-
its slight hysteresis but reverts to the gel
phase at low temperature. At the growth
temperature (30°C) the frequency is
2093.3 cm™'. Use of the two-component
model indicates that at least 50 percent
of the lipids are in the liquid crystalline
phase at this temperature.

The isolated membranes also undergo
a gel to liquid crystal phase transition.
However, while the widths of the transi-
tions are the same for isolated mem-
branes and live bacteria, the transition of
the former occurs at a temperature about
4°C higher. At the growth temperature
the frequency of the CD, stretching band
in the spectrum of the isolated mem-
branes is 2092 cm ™ '. That is, the liquid
crystalline phase content is only about 20
percent, as compared to the 50 percent
content of the live cell membranes.
However, the general form and width of
the transition and the liquid crystalline
content of the isolated membranes are in
excellent agreement with the results of a
recent 2H NMR study of A. laidlawii B
grown at 30°C on perdeuteromyristic
acid (4).

A comparison was also made between
transitions of live cell and isolated mem-
branes from a culture grown at 25°C. The
reduction in growth temperature results
in decreased fluidity in both systems, to
the extent that the isolated membranes
were effectively gel phase (frequency,
2090 cm ') at 25°C. However, the band
was at 2092 cm ™! in the spectrum of the
live cells, indicating a liquid crystalline
phase content of at least 20 percent and
confirming the trend observed with the
culture grown at 30°C.

These data confirm that, at the growth
temperature, membranes isolated from
A. laidlawii B grown on saturated fatty
acids in the presence of avidin are highly
ordered, and that only a small proportion
of their lipids is in the liquid crystalline
phase. However, in the membranes of
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live A. laidlawii B a much higher propor-
tion of the lipids is in the liquid crystal-
line phase at the growth temperature.
Hence, under these growth conditions,
data on conformational order obtained
from isolated membranes are not always
directly applicable to the live microor-
ganism.

Since both series of spectra were re-
corded with the same buffer, there ap-
pear to be two potential causes for the
difference between live cells and isolated
membranes: (i) the process of extraction
changes the intrinsic properties of the
membranes and (ii) part of the mecha-
nism for regulating membrane fluidity is
extrinsic to the membranes, and hence is
eliminated by membrane isolation.

Davip G. CAMERON
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Trypsin Inhibition by Mouse Serum: Sexual

Dimorphism Controlled by Testosterone

Abstract. The trypsin inhibiting activity in the serum of male mice is substantially
greater than that in females. In five strains of mice and two large groups of
interstrain hybrids this difference ranged from 14 (in ICR mice) to 55 percent (in DBA
mice). Castration of males significantly decreased the serum trypsin inhibiting
activity, whereas the administration of testosterone restored the activity to its
original level. Administration of testosterone to female mice increased the activity to
a level similar to that in males of the same strain. Because almost all the change in
inhibiting activity occurred in the electrophoretic a-1 region, a-l-antitrypsin is

probably responsible for this effect.

Several protease inhibitors occur in
mammalian serums (/). One inhibitor in
human serum, known as «-1-antitrypsin
(or a-1-protease inhibitor), is responsible
for approximately 90 percent of the tryp-
sin inhibitory activity of the serum (2).

A homologous protein has been identi-
fied in mouse serum (3). Differences in
the trypsin inhibiting activity of serums
from inbred strains of mice have been
observed (4), although the magnitude of
these differences has probably been
overestimated (5). Higher trypsin inhibit-
ing activity in males than in females has
been reported (4), but detailed measure-

ments on large groups of animals have
not been made. In this report, we dem-
onstrate that the trypsin inhibiting activi-
ty in the serum of male mice is substan-
tially higher than that in the serum of
females. We also show that androgens
are a major determinant for the higher
trypsin inhibiting activity in males.

To measure the trypsin inhibition of
many individual samples we developed a
semiautomatic quantitative method (6)
that allows measurements of 50 to 100
samples per day. All strains of mice (7)
showed a significant male-female differ-
ence in trypsin inhibiting activity, rang-
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Table 1. Serum trypsin inhibiting activity in several strains of mice and two large groups of
hybrids. The values are expressed as milligrams of trypsin inhibited by 1 ml of serum (=
standard deviation).

ing from 14 percent in ICR mice to 55
percent in DBA mice. All animals, with
males and females in separate cages,

were kept under identical conditions. Signifi-
After they were received, they were held fMalCl- C?nlcle
for 1 Yveek bvefore bIO.Od Sa?"p!e.s were Strain N Males N Females gig:: (r)natl;
taken in order to avoid variability due ence female
to shipping conditions. Vesell (8) has (%) differ-
shown that seemingly trivial environ- ence* P
mental factors can lead to substantial  cs7py o 28 1L62+013 20 117 +0.10 38 <.001
elevations of inducible enzymes in mice.  [CR 38 1.68 *0.17 39 1.48 + 0.22 14 <05
We also tested some serum samples DBA/2J 14 2.14 = 0.09 15 1.38 = 0.145 55 <.0001
from crosses between strains and from P/J 2252 f 0.10 3 168 f 0.17 50 <.001
il Giltrent s The s of L0, 1 B
animals at the time of testing, in the age  (ppa x 102 144025 99 0.96+0.28 50 <.0001
range that we used, did not influence the C57BL/6))F,
trypsin inhibiting activity: serum from (SEC/IRe x CBA, 246 2.22 +0.123 258 1.66 = 0.167 34 <.0001

SEC/RI x CBA)F,

*Two-sided -test.

mice that were 6 to 8 weeks old had the
same inhibiting activity as serum from 8-
month-old retlred breeders of the same
strain.

Sufficient individual samples were

all subsequent comparisons. Levels for and (SEC X CBA)F,; the difference be-

available to allow a statistical compari-
son of only three strains and two hybrid
groups. We used the two-sided Student’s
t-test for paired or unpaired samples for

males and females were calculated sepa-
rately. In the males, the order of inhibit-
ing activities from lowest to highest was

tween C57BL and ICR was not statisti-
cally significant (P = .11). In the females
the order of increasing inhibiting activi-
ties was (DBA x C57BL)F,, C57BL,

(DBA x C57BL)F;, C57BL, ICR, DBA,
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Fig. 1. (A) Serum trypsin inhibiting activity in ICR and C57BL/6J male mice. The activity was measured initially on day 0, and then the animals
were castrated on day 1 under sodium pentobarbital and ether anesthesia. Trypsin inhibition was measured on days 13 and 22, then, starting on
day 28, testosterone propionate (0.25 mg in 0.25 ml of sesame oil) was injected every other day ( | T) for 9 days (until day 37). Inhibition was mea-
sured on day 38. After another 26 days (day 64) the same groups were injected with 0.25 ml of sesame oil for 9 days every other day (| S). Sym-
bols: A, ICR mice, castrated (N = 6); O, C57BL/6J mice, castrated (N = 11). (Two animals of each group were injected with 0.25 mg of
testosterone for the same 9 days.) [J, ICR controls (N = 4); @, CSTBL/6J controls (N = 3). These control mice were also castrated, but they
received 0.25 ml of sesame oil instead of testosterone. Castration decreased the trypsin inhibiting activity in all four groups: 1.46 + .12 to
1.01 = .08 (C57BL/6J); 1.87 = 0.13 to 1.36 = 0.22 (ICR); 2.16 = 0.19 to 1.49 = 0.18 (ICR control); 1.56 = .14 to 1.28 + 0.03 (C57BL/6J
controls). All values are in milligrams of trypsin inhibited by 1 ml of serum. Testosterone administration increased the inhibiting activity
significantly (P < .001) [by 0.39 =+ 0.18 mg/ml (ICR) and 0.59 *+ 0.16 mg/ml (C57BL), respectively] to precastration levels [from 1.43 =+ 0.14 mg/
ml 1.82 = 0.14 mg/ml (ICR) and from 0.96 + 0.08 mg/ml to 1.55 + 0.14 mg/ml (C57BL)]. Four weeks later (day 64) all animals had trypsin
inhibition activities close to the postcastration levels before testosterone had been given. Both groups were then used as their own controls: they
received 0.25 ml of sesame oil by subcutaneous injection every other day for 9 days, except for two animals in each group that received 0.25 mg of
testosterone. Again, sesame oil had no effect on the activity whereas testosterone injections (---) lead to a significant (P < .001) increase [by
0.67 = 0.09 mg/ml (ICR) and 0.61 = 0.16 mg/ml (C57BL)] in inhibition values from 1.43 * 0.17 mg/ml to 2.12 = 0.05 mg/ml in ICR and from
0.98 + 0.04 to 1.67 = 0.04 in C57BL/6J. Three male mice (two C57BL/6J and one ICR) that received sham operations showed no signiﬁ_cant
difference in inhibiting activity 13 and 27 days following the procedure (data not shown). (B) Serum trypsin inhibiting activity of female mice in re-
sponse to testosterone. Two groups of mice (six C57BL/6J, O; four DBA/2J A) were glven 0.25 mg of testosterone propionate in sesame oil
subcutaneously every other day for 8 days (| T). A control group of six C57BL/6J (CJ) mice received 0.25 ml of sesame oil ( | S). Blood samples
were taken before the injections were started and on day 9 the mice were left without treatment and further blood samples were taken on days 24
and 35. Then, both groups received 0.25 ml of sesame oil except one animal in the DBA group that received 0.25 mg of testosterone. Only this ani-
mal showed an increase in trypsin inhibition value (---). The testosterone-treated group showed a significant (P < .002) increase in serum trypsin
inhibiting activity from 1.1 £ .21 to 1.91 = 0.19 mg/ml (DBA) and 0.96 + 0.15 to 1.63 * 0.09 mg/ml (C57BL). Sesame oil injections had no effect
on the trypsin inhibiting activity.
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DBA, ICR, and (SEC x CBA)F,. How-
ever, the difference between DBA and
ICR females was not statistically signifi-
cant (P = .076), whereas all other differ-
ences were significant with P values of
.001 or smaller.

Because of the striking difference
betwen males and females, we studied
the influence of androgenic hormones on
the trypsin inhibiting activity. In one
experiment we examined the effect of
castration and subsequent testosterone
administration on the serum trypsin in-
hibiting activity in male mice and in
another we measured the effect of testos-
terone on the inhibiting activity in the
serum of females.

Trypsin inhibiting activity decreased
significantly in male mice after castration
(Fig. 1A). The inhibiting activity re-
mained low for at least 9 days. However,
when the same animals received testos-
terone (9), their inhibition values re-
turned within 1 week to the precastration
level.

Two groups of female mice of inbred
strains were given a subcutaneous injec-
tion of 0.25 mg of testosterone propio-
nate in 0.25 ml of sesame oil every other
day for 8 days. Blood samples were
taken 1 day before the first testosterone
injection and on day 9 (Fig. 1B). The
inhibiting activity increased significantly
in all females to approximately the level
of the males of the same strain. When the
testosterone administration was discon-
tinued the trypsin inhibition returned to
the starting values. A second series of
testosterone injections in the same ani-
mals reproduced the increase in the tryp-
sin inhibiting activity, whereas the con-
trols treated with sesame oil showed no
significant elevation (Fig. 1B).

We also examined the electrophoretic
zone with which the increase in trypsin
inhibiting activity was associated. We
found that the changes that occurred
after testosterone administration in fe-
males or after castration in males were
almost entirely due to inhibitors in the «-
I zone (Fig. 2). This suggests that most
of the increase was probably due to a-1-
antitrypsin.

In humans, a-1-antitrypsin is an acute
phase reactant that increases in response
to several stimuli. Diethylstilbestrol,
danazol, a synthetic androgen, and es-
trogenic steroids (/0) are among the
compounds that trigger an increase in a-
I-antitrypsin in humans. There is no dif-
ference in the serum trypsin inhibiting
activity or a-l-antitrypsin concentration
between healthy men and women (//).

The mouse is well known for its sexual
dimorphism with respect to several pro-
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Trypsin inhibition (ug)

Length (cm)

Fig. 2. The trypsin inhibiting activity of the
electrophoretic a-1 and a-2 zones of serums
of a C57BL/6J female before (unshaded areas)
and after testosterone treatment (shaded ar-
eas). The anode (+) was at the right. The
origin was at 0. The interrupted line indicates
the protein profile. Ninety-eight percent of
the increase in trypsin inhibiting activity was
in the a-1 zone. In castrated males the de-
crease in trypsin inhibiting activity was also
predominantly in the a-1 zone (15, 16).

teins including some that are secreted by
the liver (/2). Such quantitative sexual

-~ dimorphism occurs in the major urinary

proteins. Male mice excrete larger quan-
tities of these proteins in their urine than
females, and females can be induced to
secrete more of the proteins by the ad-
ministration of androgens (/3). Castra-
tion of male rats leads to a decrease of a-
2-urinary-globulin concentration (/4).

Our studies add another example to
this group of androgen-controlled pro-
teins in the mouse. Protease inhibitors
including «-1-antitrypsin, are well suited
for studies of the induction of such pro-
teins because they can be conveniently
measured in serum and can be assayed
sequentially in the same animal more
easily than tissue enzymes.

As practical consequence of our re-
sults, we suggest that the sexual dimor-
phism as well as the difference in serum
trypsin inhibiting activity between
strains should be taken into account in
experimental designs in which protease
inhibition may be an important variable.

FRIEDRICH KUEPPERS
JULIE MILLS
Department of Medicine, Temple
University School of Medicine,
Philadelphia, Pennsylvania 19140
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