
bilayer results in the generation of a vesicle-associated
hydrophobic peptide and the release of a mixture of
hydrophilic peptides. The former peptide probably consti-
tutes the hydrophobic domain which serves to anchor the
native yGT to the renal brush border membrane. The
hydrophilic peptides may be derived from the sequence of
amino acids which connects the separate domains of this
amphipathic protein.
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The H+-ATPase (F. * FO) synthetase of energy-transducing
membranes couples the vertical movement of H' through
the membrane to synthesize ATP (1). The F1 portion,
having a molecular weight of 365,000 (2) can be released
from membranes at low ionic strength. The F0 part, which
is the integral membrane portion, renders dicyclohexylcar-
bodiimide (DCCD) sensitivity (3). Heavy atom labeling of
the Fl-portion with tetrakis (acetoxymercuri) methane (4)
(TAMM) or mercuriated N-pyrrolo-isomaleinimide (5)
(NEM-Hg), which carries four Hg2", was applied on F1
and F,1- F0. The localization of the Hg label was deter-
mined from the distance distribution function, DPL, by
measuring the scattering curves of F1 * F0 and F1 with and
without the label, and measuring the scattering intensities
of the unbound Hg2+ label (IL[h]). IL (h) was automati-
cally subtracted from the difference of the scattering
curves of labeled and unlabeled F1 * F0. The distribution of
distances between the label and any position in the F1 * F0
structure is given through DPL and enables us to locate the
heavy atom level.

RESULTS AND DISCUSSION

The Hg2+-label peaks at R= 18 A only, whereas the
maximum chord length was determined to be 174 ± 10 A
for F1 * FO; for F. * F0 -Hge' it was 180 ± 1oA; and for F1 it
was 125 ± 10 A. The morphological parameters of the

labeled and unlabeled complexes are listed in Table I. No
severe changes in volume or radii of gyration are detected,
indicating that size and shape heterogeneities are absent.
Furthermore, the biological activity of F. * Fo as well as of
F. is not affected by the heavy atom label, indicating that
the SH group, which is attainable from the outside of
F. * Fo is involved neither in the ATP hydrolysis, nor in the
catalysis of the 32Pi-ATP exchange rate.

When the F1 portion was labeled with TAMM or
NEM-Hg, the distance distribution function peaked at 31
± 5 A, without any change in Dma_= 125 + 10 A. Chemical
analysis of the location of the Hg94 cluster revealed that
Hg2+ is located on the,-subunit of F1; however, for the F1
* FO complex the label is situated on the a-subunit. Possi-
bly, a molecular rearrangement of the five subunits of F1
occurred when Fo assembled to the DCCD-sensitive H+-
ATPase. A second Hg2+ cluster can be inserted into the F1
complex, located at DPL = 50 A which is not possible with
the F1 * Fo complex. Methyl-mercury nitrate (CH3HgNO3)
can be bound to the tail end of the distribution function of
F,1 FO, revealing a profile of DPL(R) of F,1- Fo along its
major axis of a = 85 A. The distance between the
CH3-HgNO3 label, situated in the Fo portion, and the
Hg2+ cluster was evaluated at 140 ± 10 A.

The DCCD-protein involved in the H+-transmembrane
channeling process undergoes a reversible water-induced
transformation from a-helical to,-structure. The funda-
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mental unit of association of the DCCD-protein in organic
solutions is the dimer (CHCl3:CH3:H20=5:1:1), giving
evidence that this hydrophobic protein can aggregate in
low-polarity media. The maximum chord length of the
dimer was found to be 61.5 ± 1.5 A; however, at a
concentration of 25% (vol/vol) of DMSO the maximum
chord length was determined to be 48.5 A. The weight-
average mol wt was found to be 9,000, apparently the
monomer of the DCCD-protein, suggesting that the
conformation changes upon addition of DMSO. Small-
angle x-ray scattering intensity curves obtained from the
DCCD-protein in water show a discrete interference maxi-
mum indicative of a considerable degree of regularity in
the two dimensional arrangement in the plane perpendicu-
lar to the DCCD-protein-axis. A well-orientated diffrac-
tion pattern of the DCCD-protein was obtained from
which cylindrically average intensity distribution curves
were calculated, revealing a ir-left-handed helix rather
than a-helix.
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Gramicidin A is a linear polypeptide antibiotic which
forms ion channels in membranes. It is capable of adopting
a number of different conformations, depending on its
environment. Nuclear Magnetic Resonance (NMR) stud-
ies have indicated that its conformation in phospholipid
vesicles is likely to be an N-terminal to N-terminal dimer
of single helices (1). Circular dichroism (CD) and infrared
spectroscopic studies of gramicidin in methanol and etha-
nol solutions have suggested that the molecule forms a
family of intertwined double helical dimers in these hydro-
philic organic solvents (2). The present CD study of
gramicidin demonstrates that neither the structures which
the molecule assumes in a variety of organic solvents,
including such amphipathic solvents as decanol and deca-
noic acid, nor likely those formed in crystals prepared from
hydrophilic solvents, are equivalent to its structure in

phospholipid vesicles. Our data support the single helical
channel as being the structure formed in membranes.

RESULTS AND DISCUSSION

Circular dichroism spectroscopy has also been used to
ascertain those features necessary for maintenance of the
active channel conformation of gramicidin A, and to
examine this antibiotic's mechanism of action, alterations
in its structure accompanying cation binding, chemical
modification, and variations in lipid structure. X-ray
diffraction of crystals formed from methanol and ethanol
solutions have suggested that the cation binding mecha-
nism might involve a widening of the channel and, conse-
quently, foreshortening of the helix (3). Our CD study of
gramicidin in membranes demonstrates that the helical
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