
leiitic (oceanic) basalt at the base of the Trans 
str.); crust (11). A schematic northwest-south- setts 

east cross section taken along profile 10. N. I. 
AA' is shown in Fig. 1. Also shown are 11. M. L 
velocity variations in the upper mantle ech 

12. G. W 
derived from teleseismic P-wave residu- 549 (1 
als (4), which indicate that the upper 3 (1969 
mantle is characterized by slightly lower 14. We 
velocities beneath the Appalachians. 
The time-term analysis suggests that the 
Appalachians have a slightly thicker 
crust than the Grenville and can be di- S 
vided into two well-defined layers. The 
upper 15-km layer probably corresponds Their ] 
to rocks that have been subjected to a 
high degree of compression and crustal Abstr; 
shortening during the Taconic and Aca- develop 
dian orogenies. The rocks of the Appala- sex stern 
chian belt probably were associated with develop 
a cycle of oceanic opening and closure. life in n 
It is therefore possible that the chemistry characti 
of the lower crust was strongly affected testoster 
by tectonic interaction of these sedi- fetuses. 
ments with the underlying basement dur- 
ing orogeny. Thus, interaction of ocean Differ 
floor within the Appalachians would ac- into the 
count for the higher velocities found in primaril, 
the lower crust relative to the pre- from the 
dominantly ensialic crust of the Gren- thought 
ville Province. tively fr 

The homogeneous character of the during t 
crust in this portion of the Grenville (1). Inhe 
Province is consistent with the hypothe- the "noi 
sis that the crust underwent substantial lian fen 
reactivation, thickened, and became ver- males e: 
tically uniform during the Grenville orog- life mar 
eny (12). After the thickening, the crust ments i 
was eroded to relatively deep levels, as 
evidenced by the surface exposure of 
granulite terrains (12). 

STEVEN R. TAYLOR 
M. NAFI TOKSOZ ~ 1.1- 

MICHAEL P. CHAPLIN 
~ 1.0- 

Department of Earth and Planetary o 
Science, Massachusetts Institute of } 0.9- 

Technology, Cambridge 02139 

leiitic (oceanic) basalt at the base of the Trans 
str.); crust (11). A schematic northwest-south- setts 

east cross section taken along profile 10. N. I. 
AA' is shown in Fig. 1. Also shown are 11. M. L 
velocity variations in the upper mantle ech 

12. G. W 
derived from teleseismic P-wave residu- 549 (1 
als (4), which indicate that the upper 3 (1969 
mantle is characterized by slightly lower 14. We 
velocities beneath the Appalachians. 
The time-term analysis suggests that the 
Appalachians have a slightly thicker 
crust than the Grenville and can be di- S 
vided into two well-defined layers. The 
upper 15-km layer probably corresponds Their ] 
to rocks that have been subjected to a 
high degree of compression and crustal Abstr; 
shortening during the Taconic and Aca- develop 
dian orogenies. The rocks of the Appala- sex stern 
chian belt probably were associated with develop 
a cycle of oceanic opening and closure. life in n 
It is therefore possible that the chemistry characti 
of the lower crust was strongly affected testoster 
by tectonic interaction of these sedi- fetuses. 
ments with the underlying basement dur- 
ing orogeny. Thus, interaction of ocean Differ 
floor within the Appalachians would ac- into the 
count for the higher velocities found in primaril, 
the lower crust relative to the pre- from the 
dominantly ensialic crust of the Gren- thought 
ville Province. tively fr 

The homogeneous character of the during t 
crust in this portion of the Grenville (1). Inhe 
Province is consistent with the hypothe- the "noi 
sis that the crust underwent substantial lian fen 
reactivation, thickened, and became ver- males e: 
tically uniform during the Grenville orog- life mar 
eny (12). After the thickening, the crust ments i 
was eroded to relatively deep levels, as 
evidenced by the surface exposure of 
granulite terrains (12). 

STEVEN R. TAYLOR 
M. NAFI TOKSOZ ~ 1.1- 

MICHAEL P. CHAPLIN 
~ 1.0- 

Department of Earth and Planetary o 
Science, Massachusetts Institute of } 0.9- 

Technology, Cambridge 02139 

References and Notes 

1. M. F. Kane et al., U.S. Geol. Surv. Geophys. 
Invest. Map GP-839 (1972). 

2. E. F. Chiburis, R. O. Ahner, T. Graham, North- 
east. U.S. Seismic Network Bull. 1-12 (1975- 
1979). 

3. B. J. Mitchell and B. M. Hashim, Bull. Seismol. 
Soc. Am. 67, 413 (1977). 

4. S. R. Taylor and M. N. Toksoz, J. Geophys. 
Res. 84, 7627 (1979). 

5. S. Katz, Bull. Seismol. Soc. Am. 45, 33 (1955); 
D. Leet, ibid. 31, 325 (1941); R. Snerk, Y. P. 
Aggarwal, M. Golisano, F. England, Lamont- 
Doherty Geol. Obs. Reg. Seismol. Bull., in 
press; A. M. Dainty, C. E. Keen, M. J. Keen, J. 
E. Blanchard, Am. Geophys. Union Monogr. 
10, 349 (1966); S. R. Taylor and M. N. Toksoz, 
51st meeting of the eastern section of the Seis- 
mological Society of America (abstr.), (1979); J. 
Dorman and M. Ewing, J. Geophys. Res. 67, 
5227 (1962). 

6. A. E. Scheiddegger and P. L. Willmore, Geo- 
physics 22, 9 (1957). 

7. D. W. Forsyth and F. Press, J. Geophys. Res. 
76, 7963 (1971); D. D. Blackwell, Am. Geophys. 
Union Monogr. 14, 169 (1971). 

8. S. B. Smithson, Earth Planet. Sci. Lett. 35, 134 
(1977). 

9. J. E. P. Connerney, T. Nekut, A. F. Kuckes, 

SCIENCE, VOL. 208, 9 MAY 1980 

References and Notes 

1. M. F. Kane et al., U.S. Geol. Surv. Geophys. 
Invest. Map GP-839 (1972). 

2. E. F. Chiburis, R. O. Ahner, T. Graham, North- 
east. U.S. Seismic Network Bull. 1-12 (1975- 
1979). 

3. B. J. Mitchell and B. M. Hashim, Bull. Seismol. 
Soc. Am. 67, 413 (1977). 

4. S. R. Taylor and M. N. Toksoz, J. Geophys. 
Res. 84, 7627 (1979). 

5. S. Katz, Bull. Seismol. Soc. Am. 45, 33 (1955); 
D. Leet, ibid. 31, 325 (1941); R. Snerk, Y. P. 
Aggarwal, M. Golisano, F. England, Lamont- 
Doherty Geol. Obs. Reg. Seismol. Bull., in 
press; A. M. Dainty, C. E. Keen, M. J. Keen, J. 
E. Blanchard, Am. Geophys. Union Monogr. 
10, 349 (1966); S. R. Taylor and M. N. Toksoz, 
51st meeting of the eastern section of the Seis- 
mological Society of America (abstr.), (1979); J. 
Dorman and M. Ewing, J. Geophys. Res. 67, 
5227 (1962). 

6. A. E. Scheiddegger and P. L. Willmore, Geo- 
physics 22, 9 (1957). 

7. D. W. Forsyth and F. Press, J. Geophys. Res. 
76, 7963 (1971); D. D. Blackwell, Am. Geophys. 
Union Monogr. 14, 169 (1971). 

8. S. B. Smithson, Earth Planet. Sci. Lett. 35, 134 
(1977). 

9. J. E. P. Connerney, T. Nekut, A. F. Kuckes, 

SCIENCE, VOL. 208, 9 MAY 1980 

r 9.0 
o 

8) 
( 8.0 
40 

a. 
0 70 

0.25 
o 

X 0.20 

0.15 

r 9.0 
o 

8) 
( 8.0 
40 

a. 
0 70 

0.25 
o 

X 0.20 

0.15 

Am. Geophys. Union 60, 242 (1979) (ab- Burchfiel and C. H. Cheng. Helpful coi 
P. W. Kasameyer, thesis, Massachu- from two anonymous reviewers are also 

Institute of Technology (1974). ciated. This research was supported by I 
Christensen and D. M. Fountain, Geol. Regulatory Commission contract NR( 

Am. Bull. 86, 227 (1975). 209 and the Advanced Research Project 
oiselle, thesis, Massachusetts Institute of cy, monitored by the Air Force Office ol 
nology (1978). tific Research, under contract F4462 
. Putman and J. W. Sullivan, Geology 7, 0064. M.P.C. was supported in part by 1 
979). dergraduate Research Opportunities Prol 

King, U.S. Geol. Surv. Map G67154 the Massachusetts Institute of Technoloi 

benefited from discussions with B. C. 14 December 1979; revised 8 February 1980 

Am. Geophys. Union 60, 242 (1979) (ab- Burchfiel and C. H. Cheng. Helpful coi 
P. W. Kasameyer, thesis, Massachu- from two anonymous reviewers are also 

Institute of Technology (1974). ciated. This research was supported by I 
Christensen and D. M. Fountain, Geol. Regulatory Commission contract NR( 

Am. Bull. 86, 227 (1975). 209 and the Advanced Research Project 
oiselle, thesis, Massachusetts Institute of cy, monitored by the Air Force Office ol 
nology (1978). tific Research, under contract F4462 
. Putman and J. W. Sullivan, Geology 7, 0064. M.P.C. was supported in part by 1 
979). dergraduate Research Opportunities Prol 

King, U.S. Geol. Surv. Map G67154 the Massachusetts Institute of Technoloi 

benefited from discussions with B. C. 14 December 1979; revised 8 February 1980 

nmen6t 
appre- 

Nuclear 
>-04-76- 
s Agen- 
f Scien- 
0-75-C- 
the Un- 
gram at 
gy. 

nmen6t 
appre- 

Nuclear 
>-04-76- 
s Agen- 
f Scien- 
0-75-C- 
the Un- 
gram at 
gy. 

I Characteristics of Adult Female Mice Are Correlated with 

Blood Testosterone Levels During Prenatal Development 

act. Mice produce litters containing many pups, and the female fetuses that 
between male fetuses have significantly higher concentrations of the male 
oid testosterone in both their blood and amniotic fluid than do females that 
between other female fetuses. These two types offemales differ during later 
nany sexually related characteristics. Thus, individual variation in sexual 
'ristics of adult female mice may be traceable to differential exposure to 
rone during prenatal development because of intrauterine proximity to male 

I Characteristics of Adult Female Mice Are Correlated with 

Blood Testosterone Levels During Prenatal Development 

act. Mice produce litters containing many pups, and the female fetuses that 
between male fetuses have significantly higher concentrations of the male 
oid testosterone in both their blood and amniotic fluid than do females that 
between other female fetuses. These two types offemales differ during later 
nany sexually related characteristics. Thus, individual variation in sexual 
'ristics of adult female mice may be traceable to differential exposure to 
rone during prenatal development because of intrauterine proximity to male 

entiation of mammalian fetus 
masculine phenotype deper 

y on the secretion of androgc 
e testes. The female phenotype 
to occur if the fetus remains re 
ee from the effects of androge 
he time of sexual differentiati 
'rent in this traditional concept 
rmal" development of a mamn 
nale is the assumption that 
xposed to androgens during fe 
y be abnormal. Indeed, expe 
n which female fetuses are 

entiation of mammalian fetus 
masculine phenotype deper 

y on the secretion of androgc 
e testes. The female phenotype 
to occur if the fetus remains re 
ee from the effects of androge 
he time of sexual differentiati 
'rent in this traditional concept 
rmal" development of a mamn 
nale is the assumption that 
xposed to androgens during fe 
y be abnormal. Indeed, expe 
n which female fetuses are 

Blood serum 
(n g/ml) 

Blood serum 
(n g/ml) 

77 

xi~~~~~ 

+~~~~~~~~~ 

77 

xi~~~~~ 

+~~~~~~~~~ 

Amniotic fluid 
(pg/fetus) 

Amniotic fluid 
(pg/fetus) 

2M OM 2M OM 
Intrauterine position of fetuses 

Fig. 1. Concentrations of testosterone, r 
gesterone, and 17,e-estradiol in the serum; 
amniotic fluid of 17-day-old OM and 2M 
male fetuses. Hormones in blood serum 
expressed -as nanograms per milliliter 
serum; amniotic fluid values are expressec 
picograms of steroid extracted from the 
niotic fluid of each fetus. 

2M OM 2M OM 
Intrauterine position of fetuses 

Fig. 1. Concentrations of testosterone, r 
gesterone, and 17,e-estradiol in the serum; 
amniotic fluid of 17-day-old OM and 2M 
male fetuses. Hormones in blood serum 
expressed -as nanograms per milliliter 
serum; amniotic fluid values are expressec 
picograms of steroid extracted from the 
niotic fluid of each fetus. 

ses posed to increased concentrations of 
ids androgens, either by way of administra- 
Ins tion of hormones to the mother or be- 

is cause of a metabolic error that results in 
la- an increased production of adrenal 
mns androgens by the fetus, are often cited as 
ion evidence supporting this assumption (2). 
of Recent studies with rodents, which 

na- produce litters containing many pups, 
fe- have shown that in both mice (3) and 
?tal rats (4) there is considerable variability 
nri- among adult females in terms of repro- 

ex- ductive characteristics, and that part of 
this variability can be traced to the 
former intrauterine proximity of females 
to male fetuses during prenatal develop- 
ment. For example, female mice that de- 

120 veloped in utero between two male fetus- 
es (referred to as 2M females) were 

10 found to differ morphologically, physio- 
1oo logically, and behaviorally from females 

that did not develop next to a male fetus 
(OM females) (3). When these two types 

300 of females were compared, 2M females 
250 had larger anogenital spaces at birth and 

in adulthood, were more aggressive in a 
200 variety of test situations, marked their 

environment with urine at a higher rate, 
and had longer and more irregular adult 

35 estrous cycles than OM females. The OM 
30 females appeared to be more attractive 

and sexually arousing to males. Prior in- 
trauterine position was also found to in- 
teract with housing density in terms of 
the time of onset of puberty in female 

ro-_ mice (3). These findings suggest that in 
and species that produce litters containing 
fe- many pups, the reproductive character- 
are istics of females may vary depending on 

as their intrauterine proximity to male fe- 
am- tuses, and that such variation is normal 

in polytocous animals. 
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It has been proposed (5) that the 
course of development of female fetuses 
that are contiguous to males in utero is 
altered by exposure of these females to 
increased concentrations of androgens, 
particularly testosterone. Presumably, 
androgens produced by male fetuses dif- 
fuse across the fetal membranes separat- 
ing individual fetuses and into the am- 
niotic fluid and blood of contiguous fe- 
male fetuses. We designed the experi- 
ments described herein to investigate 
whether the differences in the reproduc- 
tive characteristics of OM and 2M fe- 
males were related to differences in ste- 
roid hormone concentrations during fetal 
or adult life. Both blood and amniotic 
fluid were collected from OM and 2M fe- 
male fetuses and assayed for the pres- 
ence of the sex steroids testosterone, 
17/3-estradiol, and progesterone. Other 
OM and 2M females were raised to adult- 
hood at which time the concentrations of 
testosterone in their blood and their at- 
tractiveness to males were compared. 
We found that the 2M female fetuses had 
significantly higher concentrations of 
testosterone both in their blood and in 
their amniotic fluid than did the OM fe- 
male fetuses; adult OM and 2M females 
did not differ in their blood testosterone 
concentrations, but adult OM females 
were significantly more attractive to 
male mice than were 2M females. 

One group of timed-mated CF-1 fe- 
male mice was killed by decapitation on 
day 17 of pregnancy (6), and their blood 
was collected for later hormone analy- 
ses. The pups were then removed from 
the uterine horns without rupturing the 
fetal membranes surrounding each indi- 
vidual fetus so that the amniotic fluid 
could be collected (7). The sex of each 
fetus, determined initially by examining 
the length of the anogenital space, was 
subsequently confirmed by autopsy. We 
collected blood and amniotic fluid from 
125 OM and 125 2M female fetuses, and 
blood from 125 male fetuses. In each ex- 
periment we pooled 25 samples to obtain 
five replicates that we then subdivided 
for radioimmunoassay of testosterone, 
17/3-estradiol, and progesterone (8). 

Blood testosterone concentrations dif- 
fered significantly between male and fe- 
male fetuses (mean + standard error: 
males, 3.00 + 0.14 ng/ml; females, 0.98 
+ 0.05 ng/ml; P < .001, t-test). We 
found no sex differences in either blood 
17,3-estradiol (males, 0.18 + 0.03 ng/ml; 
females, 0.23 + 0.05 ng/ml; P > .05) or 
progesterone (males, 6.2 + 0.3 ng/ml; fe- 
males, 7.8 + 0.9 ng/ml; P > .05). 

The results of comparing hormone 
concentrations in the blood and amniotic 
fluid of OM and 2M females are presented 
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Fig. 2. Concentrations (nanograms per millili- 
ter) of testosterone, progesterone, and 17/3- 
estradiol in the serum of mothers killed on day 
17 of pregnancy and carrying nine male and 
three female versus three male and nine fe- 
male fetuses. 

in Fig. I and reveal that only testoster- 
one levels varied as a function of intra- 
uterine position. The 2M females had 
significantly elevated levels of testos- 
terone in both their blood (P < .05) and 
amniotic fluid (P < .01) relative to OM 
females. Neither 17/3-estradiol nor pro- 
gesterone levels differed significantly 
(P > .05). Such differences could have 
been due to the fact that litters contain- 
ing 2M females generally contain more 
male pups than do litters containing OM 
females. Litters containing many males 
conceivably could increase the concen- 
trations of testosterone in the mother's 
circulation and, in turn, increase blood 
concentrations of this hormone in the en- 
tire litter. To test for this possibility, we 
measured the sex steroids in blood col- 
lected from mothers that were killed on 
day 17 of pregnancy and were carrying 
either nine male and three female fetuses 
or three male and nine female fetuses 
(ten mothers per group). Since we found 
no differences in the serum testosterone, 
17/3-estradiol, or progesterone concen- 
trations between the two groups of 
mothers (Fig. 2), the difference in testos- 
terone levels between OM and 2M female 
fetuses appears not to be mediated by 
the maternal circulation. 

From a second group of randomly cho- 
sen, timed-mated females we obtained 
by cesarean section the OM and 2M 

offspring on day 19 of pregnancy just pri- 
or to parturition. The pups were fostered 
to mothers that had just delivered natu- 
rally. These OM and 2M females were 
raised to adulthood at which time we 
compared their serum testosterone lev- 
els and their relative attractiveness to 
male mice. 

Ten OM and ten 2M females in diestrus 
(as indicated by a vaginal smear and 
uterine weight subsequent to death) were 
killed when 120 days old, and blood lev- 
els of testosterone were determined. We 
found no significant differences in the 
serum concentrations of testosterone be- 
tween these OM and 2M females (mean ? 
standard error: OM females, 299 ? 87 pg/ 
ml; 2M females, 228 +73 pg/ml). Thus, 
behavioral differences between OM and 
2M females cannot be attributed to dif- 
ferential exposure to endogenously pro- 
duced testosterone in adulthood. How- 
ever, this experiment cannot rule out the 
possibility that adult OM and 2M females 
differ in their sensitivity to testosterone 
(9). However, in previous experiments in 
which both physiological and behavioral 
measures were used, there was no dif- 
ference in sensitivity to estradiol be- 
tween adult OM and 2M females (3). 

The remaining adult OM and 2M fe- 
males were tested for their relative at- 
tractiveness to male mice. This experi- 
ment was conducted as a control mea- 
sure, since it was deemed important to 

replicate one of the tests on which OM 
and 2M females previously had been 
found to differ significantly. Using a pro- 
cedure described elsewhere (3), we en- 
closed diestrous OM and 2M females in 
wire-mesh cages that were placed in sep- 
arate chambers of a test apparatus so 
that a male could jump from a platform 
into either the chamber containing a 2M 
female or the chamber containing a OM 
female. Of the 24 adult males tested, 19 
chose a OM female (X2; P < .01), thus 
replicating our previous finding (3). 

The results presented here indicate 
that male fetuses have three times more 
circulating testosterone than female fe- 
tuses, and that 2M female fetuses have 

significantly higher concentrations of 
testosterone in both their blood and am- 
niotic fluid than OM females. Concentra- 
tions of testosterone in the mothers' cir- 
culation did not appear to account for 
these differences. In adulthood, OM and 
2M females differed markedly in their at- 
tractiveness to males but not in their 
blood levels of testosterone. Taken to- 
gether, these results support the hypoth- 
esis that the normal variation observed 
in some sexual characteristics of female 
mice is in part traceable to differential 
exposure to testosterone during prenatal 
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life, which in turn is due To intrauterine 
proximity to male fetuses. 

In both mice and rats there is evidence 
that exposure to high concentrations of 
testosterone shortly after birth can result 
in the complete loss of both estrous cy- 
clicity and the capacity to ovulate (10). 
This period of maximum neural sensitivi- 
ty to the defeminizing action of testoster- 
one occurs after female pups have been 
removed from the influence of proximal 
male fetuses. Exposure of 2M females to 
higher concentrations of testosterone 
than OM females in utero does not influ- 
ence their capacity to ovulate, exhibit fe- 
male sex behavior, or produce and raise 
normal offspring in an optimum laborato- 
ry environment (3). But, variation in nu- 
merous characteristics that could influ- 
ence reproductive success is related to 
prior intrauterine position. We propose 
that under certain ecological conditions 
females with a particular set of charac- 
teristics might be more likely to repro- 
duce than other females. For example, 
2M females might have a reproductive 
advantage over OM females when popu- 
lation density is high, because they are 
highly aggressive toward other females 
but not toward males, they fiercely de- 
fend their young when lactating, and 
they enter puberty sooner than OM fe- 
males when housed in groups. In con- 
trast, OM females may be more likely to 
reproduce than 2M females when popu- 
lation density is low, because OM females 
are highly preferred by males and enter 
puberty sooner and have shorter estrous 
cycles than 2M females when housed in- 
dividually. Thus, it appears that OM fe- 
males are neither more nor less "nor- 
mal" than are 2M females, since intra- 
uterine proximity to male fetuses does 
not influence a female's basic capacity to 
reproduce. 

FREDERICK S. VOM SAAL* 

F. H. BRONSON 
Institute of Reproductive Biology, 
Department of Zoology, University of 
Texas at Austin, Austin 78712 

References and Notes 

1. P. De Moor, G. Verhoeven, W. Hens, Dif- 
ferentiation 1, 241 (1973); A. Jost, Johns Hop- 
kins Med. J. 130, 38 (1972); F. Neumann and W. 
Elger, Endokrinologie 50, 209 (1966); S. Ohno, 
Cell 7, 315 (1976). 

2. A. Ehrhardt and S. Baker, in Sex Differences in 
Behavior, R. Friedman, R. Reichart, R. Van- 
deWiele, Eds. (Wiley, New York, 1974), p. 33; 
G. Harris, Endocrinology 75, 627 (1964); F. vom 
Saal, Horm. Behav. 12, 1 (1979). 

3. F. vom Saal and F. Bronson, Biol. Reprod. 19, 
842 (1978); ibid., in press. 

4. L. Clemens, B. Gladue, L. Coniglio, Horm. Be- 
hav. 10, 40 (1978). 

life, which in turn is due To intrauterine 
proximity to male fetuses. 

In both mice and rats there is evidence 
that exposure to high concentrations of 
testosterone shortly after birth can result 
in the complete loss of both estrous cy- 
clicity and the capacity to ovulate (10). 
This period of maximum neural sensitivi- 
ty to the defeminizing action of testoster- 
one occurs after female pups have been 
removed from the influence of proximal 
male fetuses. Exposure of 2M females to 
higher concentrations of testosterone 
than OM females in utero does not influ- 
ence their capacity to ovulate, exhibit fe- 
male sex behavior, or produce and raise 
normal offspring in an optimum laborato- 
ry environment (3). But, variation in nu- 
merous characteristics that could influ- 
ence reproductive success is related to 
prior intrauterine position. We propose 
that under certain ecological conditions 
females with a particular set of charac- 
teristics might be more likely to repro- 
duce than other females. For example, 
2M females might have a reproductive 
advantage over OM females when popu- 
lation density is high, because they are 
highly aggressive toward other females 
but not toward males, they fiercely de- 
fend their young when lactating, and 
they enter puberty sooner than OM fe- 
males when housed in groups. In con- 
trast, OM females may be more likely to 
reproduce than 2M females when popu- 
lation density is low, because OM females 
are highly preferred by males and enter 
puberty sooner and have shorter estrous 
cycles than 2M females when housed in- 
dividually. Thus, it appears that OM fe- 
males are neither more nor less "nor- 
mal" than are 2M females, since intra- 
uterine proximity to male fetuses does 
not influence a female's basic capacity to 
reproduce. 

FREDERICK S. VOM SAAL* 

F. H. BRONSON 
Institute of Reproductive Biology, 
Department of Zoology, University of 
Texas at Austin, Austin 78712 

References and Notes 

1. P. De Moor, G. Verhoeven, W. Hens, Dif- 
ferentiation 1, 241 (1973); A. Jost, Johns Hop- 
kins Med. J. 130, 38 (1972); F. Neumann and W. 
Elger, Endokrinologie 50, 209 (1966); S. Ohno, 
Cell 7, 315 (1976). 

2. A. Ehrhardt and S. Baker, in Sex Differences in 
Behavior, R. Friedman, R. Reichart, R. Van- 
deWiele, Eds. (Wiley, New York, 1974), p. 33; 
G. Harris, Endocrinology 75, 627 (1964); F. vom 
Saal, Horm. Behav. 12, 1 (1979). 

3. F. vom Saal and F. Bronson, Biol. Reprod. 19, 
842 (1978); ibid., in press. 

4. L. Clemens, B. Gladue, L. Coniglio, Horm. Be- 
hav. 10, 40 (1978). 

5. L. Clemens, in Reproductive Behavior, W. 
Montague and W. Sadler, Eds. (Plenum, New 
York, 1974), p. 23. 

6. During day 17 of gestation numerous tissues, 
whose course of development is influenced by 
androgen, are differentiating. For instance, the 
rate of elongation of the perineal tissue in males 
as well as 2M females is at a maximum at this 

SCIENCE, VOL. 208, 9 MAY 1980 

5. L. Clemens, in Reproductive Behavior, W. 
Montague and W. Sadler, Eds. (Plenum, New 
York, 1974), p. 23. 

6. During day 17 of gestation numerous tissues, 
whose course of development is influenced by 
androgen, are differentiating. For instance, the 
rate of elongation of the perineal tissue in males 
as well as 2M females is at a maximum at this 

SCIENCE, VOL. 208, 9 MAY 1980 

time [F. vom Saal, unpublished observation; R. 
Rugh, The Mouse (Burgess, Minneapolis, 
1968)]. Within a single uterine horn, the percent- 
ages of female fetuses that develop next to 2, 1, 
or 0 male fetuses are 25, 50, and 25 percent, re- 
spectively (F. vom Saal, unpublished observa- 
tion), indicating that positioning of fetuses by 
sex occurs at random. 

7. The amniotic fluid from individual fetuses, col- 
lected on filter paper (No. 2) strips, was placed 
in 10 ml of acetone and incubated at 40?C for 1 
hour with periodic agitation. The filter paper 
was removed, and the extract was dried under 
nitrogen. Two milliliters of sterile water was 
added to each sample, which was then frozen. 
Subsequently, 25 samples were combined prior 
to extraction of steroids. 

8. Blood plasma was collected in 50-Al heparinized 
pipettes from individual decapitated fetuses. 
Blood collected from 25 fetuses from the same 
group was added to a single test tube and, after 
centrifugation, the serum was frozen. Blood 
serum and amniotic fluid were extracted with 10 
volumes of a mixture of benzene and hexane 
(2:1) after the addition of appropriate 3H-labeled 
steroids to monitor losses incurred during ex- 
traction and isolation. The extracts were evapo- 
rated and quantitatively transferred to a chro- 

time [F. vom Saal, unpublished observation; R. 
Rugh, The Mouse (Burgess, Minneapolis, 
1968)]. Within a single uterine horn, the percent- 
ages of female fetuses that develop next to 2, 1, 
or 0 male fetuses are 25, 50, and 25 percent, re- 
spectively (F. vom Saal, unpublished observa- 
tion), indicating that positioning of fetuses by 
sex occurs at random. 

7. The amniotic fluid from individual fetuses, col- 
lected on filter paper (No. 2) strips, was placed 
in 10 ml of acetone and incubated at 40?C for 1 
hour with periodic agitation. The filter paper 
was removed, and the extract was dried under 
nitrogen. Two milliliters of sterile water was 
added to each sample, which was then frozen. 
Subsequently, 25 samples were combined prior 
to extraction of steroids. 

8. Blood plasma was collected in 50-Al heparinized 
pipettes from individual decapitated fetuses. 
Blood collected from 25 fetuses from the same 
group was added to a single test tube and, after 
centrifugation, the serum was frozen. Blood 
serum and amniotic fluid were extracted with 10 
volumes of a mixture of benzene and hexane 
(2:1) after the addition of appropriate 3H-labeled 
steroids to monitor losses incurred during ex- 
traction and isolation. The extracts were evapo- 
rated and quantitatively transferred to a chro- 

That solvent plays a crucial role in de- 
termining the structure and function of 
biological molecules is by now dogmatic. 
The study and elucidation of solvent in 
biological systems is, however, far from 
trivial and lags far behind structural stud- 
ies of the corresponding biomolecules 
themselves (1, 2). We now show how the 
Monte Carlo technique, a powerful com- 
puter simulation method long used in the 
field of statistical physics of liquids, may 
be used to provide insight into the effect 
of solvent on molecular structure and 
conformational equilibria. For this pur- 
pose, we have applied the Monte Carlo 
method to the study of the water struc- 
ture around the dipeptide analog N-ace- 
tylalanyl-N-methylamide. 
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3 ' 3 I 

CH3 
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The dipeptide unit is the fundamental 
architectural unit of peptides and pro- 
teins. Because of this position, the con- 
formation in vacuo of N-acetylalanyl-N- 
methylamide has been extensively stud- 
ied by theoretical methods (3). In most 
cases, the effect of the solvent has either 
been neglected or included simply by in- 
troducing a dielectric constant. A few 
calculations have approximated the ef- 
fect of solvent with the use of such mod- 
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els as the hydration shell (4), the "super- 
molecule model" (5, 6) or the continuum 
reaction field (7), but none of these takes 
into account both the configurational 
fluctuations and individual molecular in- 
teractions characteristic of the solvent 
(8-13). 

The structure of water was studied 
around N-acetylalanyl-N'-methylamide 
fixed in both the aR (k = -60, 
? = -50), and C7 (( = -90, + = +90) 
conformations. Here we report mainly 
the results of the former simulation. The 
dipeptide was placed in the center of a 
21.73-A cubic unit cell and 338 water 
molecules were packed around it to sim- 
ulate infinitely dilute solution conditions. 
The calculated density of this system is 
1.001 g ml-' (for comparison, the experi- 
mental density was 1.004 g ml-') (14). 
The usual periodic boundary conditions 
(15) were used to avoid solvent-vacuum 
edge effects. Interactions between water 
molecules more than 6.2 A apart and in- 
teractions between water molecules and 
the dipeptide more than 14.3 A apart 
were neglected. The simulation is ef- 
fectively at infinite dilution, since 14.3 A 
was chosen such that no dipeptide-di- 
peptide interactions are included. Two 
simulations were carried out for each 
conformation in order to study the po- 
tential dependence of the results. In the 
first, the water-water interactions were 
calculated with the Rowlinson (16) po- 
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Abstract. Applications of Monte Carlo and molecular dynamics computer simula- 
tion techniques indicate that they are potentially powerful tools for understanding 
biological systems at the molecular level. The Monte Carlo technique can be used to 
study the solvent structure around a small peptide and the effect of the aqueous 
environment on the conformational equilibria of the peptide. 
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