
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. 
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time [F. vom Saal, unpublished observation; R. 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spectively (F. vom Saal, unpublished observa- 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- 
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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. 

0 H CH H 
3 ' 3 I 

CH3 
N c/N cH 

H O 

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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environment on the conformational equilibria of the peptide. 
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tential, while in the second, the Stillinger 
and Rahman ST2 (17) 6-12 potential was 
used. The water-alanine interactions 
were calculated by a combination of 
these potentials with the 6-12 potential 
for peptides of Hagler et al. (18). 

We generated 1.5 x 106 configurations 
to anneal the system, because of the ar- 
bitrary high-energy starting configura- 
tion chosen. A further 1.0 x 106 configu- 
rations were then generated by the Me- 
tropolis algorithm (19) to compute the 
properties of the system. 

We have used several techniques to 
analyze the structure of water and its in- 
teraction with the peptide. The probabili- 
ty distribution of finding a water mole- 
cule in a given region of the system was 
calculated; an example is given in Fig. 1, 

o< 

which shows the distribution for a plh 
taken through the cell at the height of 
NH2-terminal peptide group. A peak 
density is seen approximately 1.5 
away from the NH2-terminal amide I 
drogen, indicating that a water molec 
prefers to be in this position. Two simi 
peaks are seen about 3.0 A from the c 
bonyl oxygen. This map reflects the fl 
tuations in position of the oxygen of 
water molecule during the simulat 
which in this sense simulates the true 
havior of a liquid, as opposed, for 
ample, to the supermolecule or mi 
mization approach which assumes 
unique ordered structure for the wate 

In order to gain more insight into 
interactions and water structure at 
molecular level, we have studied "sn 

Fig. 1. Probability d 
sity map of water ml 
cule positions for 
dipeptide in the aR c 
formation. The secl 
is through the plane 
the NH2 terminal p 
tide group. Solid c 
tours denote hig 
probabilities. Atc 
within 2.0 A of the s 
tion are shown, v 
atoms near the secl 
height distinguished 
triangles. 
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Fig. 2. Stereoicture of a single configuration showing waters within 3.5 A of the dipepti 
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Fig. 2. Stereopicture of a single configuration showing waters within 3.5 A of the dipepti 
Dashed lines denote hydrogen-oxygen distances of 1.5 to 2.2 A, dotted lines denote distance: 
2.2 to 2.5 A. 
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ane shots" of individual configurations. An 
the arbitrary snapshot of the system is given 
of in Fig. 2. This shows the positions of all 
A atoms within 3.5 A of the dipeptide for a 

hy- single configuration. Water "217" seen 
ule in the probability map of Fig. 1 has a 
ilar mean position 1.6 A from the NH2-termi- 
'ar- nal amide hydrogen and, in Fig. 2, hy- 
uc- drogen bonds to it at a distance of 1.8 A. 
the From Fig. 1 it was noted that there were 
ion two peaks of density close to the carbo- 
be- nyl oxygen. These are seen to corre- 
ex- spond to waters "244" and "289." The 
ini- mean positions of these waters from the 

a carbonyl oxygen are 3.0 A and 3.2 A, re- 
r. spectively, which suggests that they can 
the form hydrogen bonds to it. However, in 
the Fig. 2 only water "289" forms a weak 
ap- hydrogen bond to the carbonyl oxygen at 

a distance of 2.3 A. In this configuration 
the hydrogens of water "244" actually 
point away from the carbonyl oxygen 
and interact with waters further from the 
peptide (but not shown in this figure). 
This illustrates the importance of exam- 
ining both statistically averaged dis- 

len- tances and snapshots. Waters "297" and 
ole- "209" hydrogen-bond to the carbonyl e oxygen at 1.9 A and 2.2 A, respectively. :on- 
tion The hydrogens of these two waters are 
e of also shown hydrogen-bonding to the ox- 
>ep- ygen of water "244", at 2.5 A and 2.3 A. 
on- Thus, there are three waters hydrogen- 
;her bonding to the carbonyl oxygen at this 
sec- particular instant. This simulation in- 
vith dicates that nonstandard hydrogen 
tion bonds may be formed in a liquid environ- 
by ment. Such abnormal hydrogen bond in- 

teractions are frequently observed in 
other snapshots and have also been ob- 
served experimentally in crystal systems 
such as that of urea (20). 

To further investigate the effect of the 
peptide on the water structure and the 
range of this effect, the distributions of 
the water-water energy and the total in- 
teraction energy for water molecules at 
various distances from the dipeptide 
were determined. Waters near to the 
peptide (within - 3.5 A) were found to 
have approximately the same total ener- 
gy as in bulk water. This reflects the po- 
lar nature of the alanine dipeptide. The 
effect of the dipeptide was found to de- 
crease rapidly with distance. The mean 

X8 water-water energy for waters greater 
J than ~ 4 A were already close to the 

bulk value. 
The converged total dipeptide-water 

energy for the aR conformation is -34.1 
kcal per mole of solvated dipeptide ver- 
sus -28.5 kcal per mole of solvated di- 

peptide for the C7, a difference between 

de. the aR and C7 of -5.6 kcal. The in vacuo 
s of energy difference of the two con- 

formations computed with the 6-9 poten- 
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tial functions of Hagler et al. is +7 kcal 10. J. 
Ph 

(21). Ab initio molecular orbital calcu- 1I. J. 
lations (21, 22) also give differences close S 

N. 
to this value and a calculation with the 12. A. 
use of flexible geometry gives a dif- 13. M 
ference of +4.5 kcal (21). The dipeptide- So 
water energy difference is thus of the 14. L. 
same order as the energy difference in 66: 

15. w vacuo but of the opposite sign. This com- N. 
ponent of the water-peptide interaction br 

energy would tend to stabilize the a-hel- 16. J. 
ical conformation relative to the C, in (i 

7. F. 
aqueous solution (23). This stabilization 60 
of the aR conformation by water might be 18. A. 

expected from the larger dipole moment ibi 
of the aaR conformation due to the align- 19. N. 
ment of the two amide dipoles, 7.12 D, as 
compared to the C7 whose dipole mo- 
ment is 2.71 D and has an internal hydro- 
gen bond. The results of the continuum 
reaction field method, which represents 
the interaction of the induced (macro- Inhi 
scopic) dipole of the solvent with the 
solute, gives a difference between the aR Ab: 
and C7 of greater than -4 kcal (7). The elaste 
results presented here were obtained These 
with the Rowlinson potential. Similar re- trast, 
suits have been obtained with the ST2 days 
potential (23). cate a 
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stract. Intracavitary calcium phosphate deposits were observed in smooth, 
)meric blood pump sacs implanted in male calves for periods of 115 to 166 days. 

deposits occurred predominantly on the flexing surface of the sacs. In con- 
similar pump sacs remained generally free of mineral deposits for up to 150 

in calves treated with the anticoagulant warfarin-sodium. These results impli- 
X vitamin K-dependent process in calcium phosphate deposition on elastomeric 
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tion for prolonged periods (1). Although 
the ultimate goal of implantable blood 
pump programs is the development of an 
artificial heart, a highly desirable inter- 
mediate goal is the development of an 
implantable, long-term, left ventricular 
assist pump. Initial problems of throm- 
boembolism and device breakage have 
been reduced to tolerable levels. Gradual 
improvements in pump design, pump 
fabrication, and operative techniques 
have enabled investigators to provide 
continuous left ventricular support in 
calves for periods exceeding 3 months 
(2-4). Moreover, three groups found that 
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Table 1. Sac calcification in calves not treated 
with warfarin-sodium. 

Portion of 
Period of flexing side 

Calf continuous of sac covered 
No.* pumping by gross 

(days) calcification 
(%)t 

176R 115 68.6 
176L 115 59.3 
108R 159 45.4 
108L 159 57.1 
141 166 100 

*R and L refer to right or left ventricle of an artificial 
heart. Calf No. 141 had an implanted left ventricular 
assist pump. tAs determined by planimetry. 
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calves could survive more than 5 months 
after heart replacement with two pneu- 
matically powered implanted blood 
pumps (5). 

As longer-term animal studies have 
become possible, dystrophic calcifica- 
tion has been observed on the blood-con- 
tacting surfaces of the pumps removed 
from animals- at autopsy. Calcification 
has been observed on pump linings fabri- 
cated of segmented polyether-type poly- 
urethane, segmented polyurethane-poly- 
dimethyl siloxane copolymer, Dacron 
flock-lined polyurethane, and glutaralde- 
hyde-treated, gelatin-coated synthetic 
rubber (2, 6). This calcification has 
caused stiffening, flexion failure, and 
perforation of the pump linings. Al- 
though this degree of calcification may 
be unique to the growing calf, it is now 
limiting the duration of studies in these 
animals. 

In 1976, our group began to use an im- 
plantable, pneumatically powered blood 
pump consisting of a segmented poly- 
urethane sac contained within a rigid 
plastic case (4, 7). The pump has been 
used as a left ventricular assist device 
or, with two such pumps, as an artificial 
heart, in a series of male Holstein-Frie- 
sian calves weighing 90 to 110 kg. To min- 
imize the incidence of thromboembo- 
lism, we administered the anticoagulant 
warfarin-sodium and the platelet pro- 
tective agents aspirin (20 mg/kg-day) and 
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