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duces an electron density profile (1-3) 
that is compatible with biochemical re- 
sults (4). We report here the determina- 
tion of an electron density profile from 
intact hemoglobin-free erythrocyte 
membranes that is consistent with bio- 
chemical results and compatible with 
electron micrographs of such mem- 
branes. We also present neutron scatter- 
ing profiles for this system. 
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In this work we used standard hemo- 
globin-free Dodge membranes (5) that 
were subsequently resealed (6). Removal 
of water from a suspension of ghosts by 
equilibrating the pellet over a saturated 
salt solution has been used to organize 
membranes on a one-dimensional lattice 
(2, 7). We found that the red cell mem- 
brane does not remain intact under these 
conditions (8); at least one major protein 
component, spe'trin (which resides at 
the cytoplasmic surface), is displaced 
during the partial dehydration, giving a 
residual membrane specimen that pro- 
duces an x-ray periodicity of 55 to 70 A. 
Treatment of the membrane suspension 
with 1 percent glutaraldehyde before 
partial dehydration eliminated this re- 
peat and produced three to four orders of 
a 200- to 300-A periodicity (9). As esti- 
mated by dry weight, the glutaraldehyde 
produced less than a 5 percent increase 
in the membrane mass. Electron micro- 
graphs of partially dehydrated mem- 
branes fixed in glutaraldehyde and OsO4 
and examined edge-on showed a highly 
asymmetric pair of collapsed membranes 
(each membrane about 120 to 150 A 
thick) with variable spacing between ad- 
jacent membrane pairs (Fig. la). Resolu- 
tion was sufficiently good that we could 
identify an unstained ribbon -25 A thick 
(presumably the hydrophobic core of a 
lipid bilayer) bordered by a thin (-25 A) 
band of stained material at the extra- 
cellular face and a thick stained region 
(-70 to 100 A) on the cytoplasmic side. 

In order to establish, for the purpose 
of phasing, a structural unit that remains 
constant at different lattice spacings and 
is readily identifiable in electron micro- 
graphs, resealed ghosts were cross- 
bridged at their extracellular surfaces 
with poly(L-lysine) (producing a mass in- 
crease of no more than 1 percent). 
Poly(L-lysine) is known to aggregate 
whole cells and ghosts by interacting 
with the net negative charge on the exte- 
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Fig. 1. Electron micrographs of resealed, glutaraldehyde-fixed, and partially dehydrated human red cell ghosts (a) without poly(L-lysine) and (b) 
treated with poly(L-lysine). Scale bars, 50 nm. In (b) the unit consisting of three thin unstained ribbons corresponds to the extracellular space 
between membrane pairs and the hydrocarbon cores of the membrane lipid bilayers on either side. 
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X-ray and Neutron Scattering Density Profiles 

of the Intact Human Red Blood Cell Membrane 

Abstract. Hemoglobin-free human red blood cell membranes have been prepared 
with glutaraldehyde to maintain an intact structure on partial dehydration. Treat- 
ment of resealed ghosts with poly(L-lysine) produced an essentially constant struc- 
tural unit and permitted correlation of electron microscopy results with x-ray and 
neutron diffraction profiles. These profiles provide detailed information, for the in- 
tact membrane, on the location and relative distribution of lipids and proteins. 
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rior surface of the membrane (10). The 
resealed ghosts are capable of excluding 
the polycation (80,000 daltons) from 
their interiors (11, 12). As shown in Fig. 
lb, after addition of the polycation, the 
extracellular separation became approxi- 
mately constant; the unstained hydro- 
carbon cores were now separated by 
-90 to 100 A as measured from the mi- 
crographs. 

Diffraction patterns from resealed and 
poly(L-lysine)-treated membranes were 
recorded with a position-sensitive detec- 
tor after partial dehydration for 24 to 48 
hours (86 percent relative humidity). Af- 
ter the background profile (collected at 
90? to the lamellar scattering) was scaled 
and subtracted from the lamellar dif- 
fraction and a Lorentz correction (13) 
was made to the data, five orders of dif- 
fraction were observed-for example, 
with a 195-A periodicity at 86 percent 
relative humidity. An adaptation of the 
technique of Schwartz et al. (14) was 
used to correct for the presence of both 
lattice and substitutional disorder, as 
well as to determine the phases of the 
unit cell transform. This method reduced 
the choice of phases to two. One set of 
phases produced an electron density pro- 
file that bore no relationship to the elec- 
tron micrographs (Fig. lb) of the speci- 
men, and it was therefore eliminated. 
Model calculations as well as the inde- 
pendent neutron scattering density pro- 
file supported the alternate phase assign- 
ment. 

The electron density profile calculated 
from the intensity data is shown in Fig. 
2b. The unit cell is composed of a pair of 
asymmetric membranes with their (pre- 
sumably lipid) bilayer cores separated 
(center to center) by 72 A, a result con- 
sistent with electron micrographs of this 
system (Fig. 2a). The two head groups at 
the extracellular surface (z = 0) are only 
partially resolved in the x-ray profile. 
The lipid bilayers have a head group sep- 
aration of 48 A, some 12 A larger than 
that found by Rand and Luzzati (15) for 
extracted lipids alone. The symmetric 
profile calculated by Stamatoff et al. (2) 
for partially dehydrated red cell ghosts is 
similar to the bilayer part of our profile, 
and this suggests, contrary to some as- 
sertions (16), that they were not observ- 
ing extracted lipids. We suggest, how- 
ever, that the conditions that Stamatoff 
et al. employed for partial dehydration 
(low ionic strength and elevated temper- 
ature) led to the displacement of spectrin 
(17), the major cytoplasmic protein. Our 
profile is also strikingly different from 
that derived by Pape et al. (3), which 
gave a head group separation of -70 A; 
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or having active esterase 6. 

Esterases are among the most geneti 
cally variable enzymes known in botl 
plants and animals (1). Carboxylesteras 
es (E.C. 3.1.1) have been extensively 
studied in Drosophila and are highly 
polymorphic (2). The first biochemica 
polymorphism discovered in Drosophih 
was a carboxylesterase, esterase 6 (ES] 
6), found in D. melanogaster (3), and ge 
netic variation at the autosomal esterast 
6 (Est 6) locus has been found in ever 
natural population studied (1). With fev 
exceptions (4), however, the functions c 
nonspecific esterases and their in viv 
substrates are unknown. Studies (5, 6 
on the developmental pattern and tissu 
distribution of EST 6 have suggested tha 
this enzyme might have a function i 
some aspect of reproduction. We preser 
results here which show that EST 6 is 
component of the seminal fluid of D 
melanogaster, is active in the reproduc 
tive tract of females, and may act t 

Table 1. Esterase 6 activity (+ the standar 
error of the mean) in virgin and mated Drc 
sophila melanogaster. The number of flies i 
each group was ten. 

Groups Specific 
Treatment activity 

of EST 6* 

A. VirginEst6ss dd 2 3.289 + 0.31 
B. Once mated 2 1.046 + 0.12 

Est 6sis $ cd 
C. Twice mated 2 0.778 + 0.17 

Est 6ss < $ 
D. VirginEst 6"' 9 2 0.042 + 0.0C 
E. Est 60/0 9 9 3 0.185 + 0.03 

mated to 
Est 6sis 6 d 

*Micromoles of /-naphthol per milligram of prote 
per 30 minutes at 27?C. 
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- influence the timing of female remating. 
h Natural populations of D. melanogas- 

-ter are invariably polymorphic for two 
y electrophoretic variants of EST 6 termed 
y EST 6F and EST 6S. Two strains of flies 
1l derived from a natural population in 
a Bloomington, Indiana, were individually 
r made homozygous for the third chromo- 

some, which carries the structural locus 
e for EST 6. This procedure ensures that 
y only one form of EST 6 is present in flies 
v from either of these two strains. Flies 
f heterozygous for the Est 6F and Est 6S 
o alleles were obtained from a balanced le- 
) thal strain carrying the dominant mor- 
e phological markers, Stubble and Serrate 
it (7). A null stock (Est 6?) lacking esterase 
n activity and producing no detectable 
it EST 6 protein has been described (6). 
a Several investigators have shown that 

the specific activity of EST 6 may be 
fivefold greater in 3- to 5-day-old virgin 

o males than in virgin females of the same 
age (5, 6). In males, the enzyme is highly 
concentrated in the anterior ejaculatory 

d duct, a reproductive tract, secretory or- 
9. gan connecting the accessory glands and 
in testes to the ejaculatory bulb and penis 

(5, 6). The possibility that EST 6 is in- 
volved in reproduction was tested by de- 
termining whether the enzyme was de- 
pleted in males by copulation and trans- 

t7 ferred to females. Virgin males were 
,5 collected from a stock homozygous for 

the Est 6S allele, and virgin females were 
3 collected from the Est 60 stock. All flies 

were aged at 25?C for 4 days. The males 
were divided into six groups of ten flies 
each. Two groups of males (treatment A) 
and two groups of females (treatment D) 

i were immediately frozen at -50?C. Two 
groups of males (treatment B) were indi- 
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Esterase 6 and Reproduction in Drosophila melanogaster 

Abstract. A nonspecific carboxylesterase (esterase 6) of Drosophila melanogaster 
shows greater activity in adult males than in females and is highly concentrated in 
the anterior ejaculatory duct of the reproductive tract of the male. Esterase 6 is 
depleted in males by copulation and is transferred to females early during copulation 
as a component of the seminal fluid. That esterase 6 may be involved in a system 
controlling the timing of remating is suggested by differences in the activity of this 

enzyme in a strain of Drosophila selected for a decrease in time to remating and by 
differences in the timing of remating infemales initially inseminated by males lacking 
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