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W4P081
KINESIN DECORATION OF THE MICROTUBULE SURFACLE
((B.C. Harrison, S.P. Marchese-Ragona, N. Cheng, A.C Steven and K.A. Johnson))
Pennsylvania State University, University Park, PA 16802, and NIAMS, NEH,
Bethsda, MD 20892. (Spon. by P.D. Ross).

The interaction of the kInesin motor domain with the microtubule surface lattice was
examined by electron microscopy of negatively stained and frozen-hydrated
specimens. The N-terminal 401 amino adds of the DrosoEhila kinesin heavy chain
(K401) which contains both the ATP and microtubule binding domains, were
expressed in E. cli and purified to homogeneity as soluble, fully active, protein. This
tnmncated monomeric form of kInesin made it possible to decorate individual
microtubules heavily without cross-linking them into bundles. Complexes were
formwd by mixing taxol-stabilized microtubules and K401 at I to 3 fines the mdar
concentration of tubulin, pelleted, and analyzed by gel electrophoresis. Saturating
binding was found to conrespond to one molecule of K401 per tubulin diner.
According to both conventional negative staning and cryo-electron microscopy, the
complexes were coated with regular patterns of bound K401 molecules with an axial
repeat of 8nm. Optical diffraction of decorated microtubules showed a strong layer-
line at this spacing, confirming that one kinesi head bids per tubulin heterdimer.
The addition of ATP to the K401-microtubule complex led to complete dissociation of
kinesin from the microtubule surface.

W-Pos83
SINGLE CELL MEASUREMENT OF CILIARY BEAT FREQUENCY AND
INTRACELLULAR CALCIUM IN TRACHEAL EPITHELIAL CELLS
((M. Salathe & R.J. Bookman)) Division of Pulmonary Diseases and Dept. of Mol. &
Cell. Pharmacology, Univ. of Miami School of Medicine, Miami, FL 33136

Mucociliary clearance is the primary mechanism by which inhaled foreign particles,
including bacteria, are removed from the airways and lung. This clearance depends
upon both the mucus secreted by the goblet cells and the microtubule-based ciliary
beat frequency (CBF) of airway epithelial cells. To determine changes in CBF and
[Ca2+]i of the same cell, tracheal epithelial cells were obtained from sheep by disso-
ciation with protease and grown in culture for 2-14 days. Cells were imaged with a
10OX Fluor DL oil objective, enabling single cilia to be clearly observed. CBF was
measured by online FF1 analysis of intensity changes of single pixels from digitized
phase contrast microscopy images. Using a video camera with RS-170 timing,
frequency response is limited to <15Hz since each pixel represents a 1/30s sampling
interval. With 128 samples per FFT (=4.26s), the magnitude spectra usually showed a
clear single peak. At 20'C, this peak frequency was between 5Hz and 10 Hz and was
stable (±lHz) for >30minutes. This measure of CBF increased with increasing
temperature, and often surpassed the 15Hz limnit at >30tC. Cholinergic stimulation
with 10LM ACh produced a reversible increase in CBF at 20tC by -30% above
baseline. By switching the light path to an intensified CCD camera, we could
measure Fura-2 fluorescence of the same ciliated cell. Using the ratio of emitted light
with altemating 340/380nm excitation, we found ACh reversibly increased lCa2%i.
This [Ca2+ji increase was likely due to Ca from intemal stores, since Ca-free medium
did not prevent the rise in lCa2+li. This demonstrates that [Ca2+1i and CBF can be
measured in a single cell and that ACh produces temporally correlated increases in
CBF and [Ca2+li. thus setting the stage for an exploration of the role of [Ca2+1i in the
regulation of CBF. (Supported in part by the Swiss National Science Foundation).

W4PO82
FUNCTIONAL AND STRUCrURAL ASPECTS OF ASSOCIATION OF A
REGULATORY LIGHT CHAIN WITH 22S DYNEN ((C. Baaow, T.
Hamasaki and P. Satir)) Department of Anatomy and Struural Biology, Albert
Einstein College of Medicine, Bronx, N.Y. 10461.

A 29kD polypeptide that copurifies with 22S dynein of Paramecw mn erawira is
phosphorylated or thiophosphorylated in a cAMP-depndent, Ca+-sesitive
mamer. This phosphorylation gulates the speed of micr o t n by
22S dynein In vto (PNAS, 88:7918-7922, 1991). The 29kD polypeptde may be
considered a dynein regulatory light chain (dLCr). After baoorylatlon
within the axoneme we isolated the dLCr away from the heavy ains and partally
purified the protein. Isolated 22S dynein not otherwise trated retains
substoichiometric amounts of the 29 kD polypeptide. The partally purified 29kD
dLC r specifically rebinds to this 22S dynein but not to 14S dynein (a single hoaded
molecule) nor BSA. The specific association with 22S dynein can be competed
away by using either partially purified thiophosphorylated or a corsponding
unphosphorylated dLCr. A stadard in Wtro microtubule motility asay ws usd
to test if this rebinding is functional. When 22S dynein with reassmociated dLCr
was used as a substratum microtubule trandocation velocity increased significanty
over controls. Velocity increased further when the reassociated dLCr was
thiophosphorylated. Parameciu 22S dynein can be proteolytically digested with
chymotrypsin to yield one headed and two headed structures, as previousy shown
in Tetrahymena by Y. Y. Toyoshima (JCB 105:887-895, 1987). The dLCr binds
preferentially to the one headed fraction. Based on these results the 29 kD dLCr is
probably part of a single unique subunit of the 22S dynein arm that includes one
specific heavy chain. Furthermore this association is apparendy functionad in that it
modifies the translocation rate of microtubules by 22S dynein according to the
phosphorylation state of the 29kD dLCr, thereby regulatiDng ciliary beat frequency.
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W-Pos84
EQUILIBRIUM ELECTROPHORESIS OF SS PD(A)20, SS PD(T)20,
DS PD(AT)20. ((D. B. Hayes*, J. B. Chaires#, T. M. Laue*))
*University of New Hampshire, Durham NH 03824 and #Dept. of
Biochemistry, Univ. of Mississippi Medical Center, 2500 North State
ST., Jackson, MS 39216.

Equilibrium electrophoresis is a method to determine the apparent
charge on macroions in aqueous solution. A second generation
instrument has been used to study DNA oligonucleotides with a length of
20 bases or base pairs. In 20 mM Tris, 20mM KCI, pH 8.00 buffer,
either form of ss DNA had an apparent charge from 5.97 to 6.17
electron equivalents, 31% of its titrable charge. In the same buffer, the
ds DNA had an apparent charge of 7.57 electron equivalents, 18.9% of
its titrable charge. Condensed ion theory predicts 30% of the titrable
charge will be expressed for the ss DNA, in excellent agreement with
these measurements. However, the agreement between predicted (12%)
and measured (18.9%) charge is not as good for the ds DNA. The
theory, operation and limitations of this device are discussed. Supported
by NSF DIR 8914571.

W-Po885
RMS AMPLITUDE OF LOCAL ANGULAR MOTION OF PURINES IN DNA
((Bryant S. Fujimoto, Sirkku Nuutero, and J. Michael Schurr)) Department of
Chemistry, BG-10, University of Washington, Seattle WA 98195.
Deuterium NMR and tim-resolved fluorescence polarization anisorpy (FPA)

measurements were made to deternine the rms amplitude of local angula
motion of purines in a 12 bp duplex DNA (CGCGAAITCGCG) which is
deuterated at the H8 positions of the adenines and guanines. FPA
measurements of this sample made in dilute solution yield the hydrodynamic
radius of the DNA, RH = 9.94 ± 0.2 A. FPA measurements of the sample at
the NMR concentration are employed to ch the collective motions of
the DNA in terms of either an enhanced viscosity or end-to-end dimer
formation. Expressions we have derived for R2 and the results of the FPA
measurements are used to analyze the linewidth of the deuterium NMR
spectrum. When the principal-axis frame of the electric field gradient tensor is
assumed to undergo overdamped libration around each of its three body-fixed
axes in an isotropic deflection potential, then therms amplitude of local motion
around any single axis is found to lie in the range 10 to 110 provided the high
DNA concentration acts to enhance the viscosity, and about 90 if it acts to
produce end-to-end dimers. The proton NMR data ofEimer et al. are
manalyzed and shown to yield an rms amplitude of angular motion of the
cytosine H5-H6 internuclear vector of 9 to 10° depending upon its orientation
with respect to the helix-axis. Within experimental effor these results lie in the
same range (8 to 10°) inferrd for base motions at low and intermediate
hydration levels in the solid state.



W-PO86
INTERNAL DYNAMICS OF DNA AS MONITORED BY A 2-ATOM-TETHERED
NITROXIDE SPIN LABEL. ((R.S. Keyes and A.M. Bobst)) Department of Chemistry,
University of Cincinnati, Cincinnati, OH 45221.

Over the past decade, we have reported on a series of spin-labeled nucleic acids
containing nitroxide rings attached to thymidine and cytidine bases via tethers
of various lengths. The present study focuses on a double-stranded DNA 15mer,
30mer, and 45mer singly-labeled with the 2-atom tethered nitroxide DUMTA [1].
Analysis of the experimental data has been accomplished in a manner similar to
that of Hustedt et al. [2] in their implementation of the model-free approach of
Lipari and Szabo (3]. The dynamics are separated into a length dependent global
motion arising from overall tumbling and a length independent local motion
resulting from base and probe oscillation. The oligonucleotides are modeled as
cylinders and the internal motion is accounted for by averaging the g and A
magnetic tensors. Currently, we have not employed a model for tensor averaging.
Simulations have been fit to the experimental spectra empirically. Results with
the DUMTA-labeled oligomers indicate that there is a high degree of tensor
averaging indicative of rapid internal motion. This is in contrast to results
obtained with a 2-atom acetylenic-tethered nitroxide (ACET) where much less
tensor averaging was observed (2]. Molecular dynamics simulations performed
with Biosym's InsightIl and Discover software do not indicate a significant
difference in mobility between DUMTA- and ACET-labeled bases. Supported in
part by NIH GM 27002.
1. Strobel, O.K., Kryak, D.D., Bobst, E.V. & Bobst, A.M. (1991) Bioconjugate

Chem. 2, 89-95.
2. Hustedt, E.J., Spaltenstein, A., Kirchner, J.J., Hopkins, P.B. & Robinson, B.H.

(1992) in press.
3. Lipari, 0. & Szabo, A. (1982) .. Am. Chem. Soc. 104, 4559-4570.

W-Pos8
A PROTON NUCLEAR MAGNETIC RESONANCE INVESTIGATION OF
STRAND ASSOCIATION OF THE DODECAMER 5'-d(CGCGAATTCGCG)-3'
((E. J. Folta-Stogniew and I. M. Russu)) Department of Molecular Biology
and Biochemistry, Wesleyan University, Middletown, CT 06459-0175

Proton nuclear magnetic resonance (NMR) spectroscopy is being used to
investigate the dependence on salt of the equilibria and kinetics of strand
association of the self-complementary dodecamer 5'-d(CGCGAATTCGCG)-3'.
The helix-coil transition is monitored using the proton methyl resonances
of the two thymines, as a function of the concentration of sodium ions (from
0.05 M to 0.26 M). The equilibrium constant for helix formation (K) is
obtained from chemical shift measurements and the rate constants for
strand association (ka) and duplex dissociation (kd) from line width
measurements. The number of counterions released in the helix-coil
transition and their distribution between the association and dissociation
processes are calculated from the salt dependence of K., and ka and kd,
respectively. The results indicate that the standard enthalpy change (90± 10
kcal/mol of duplex) is independent of counterion concentration and, most of
the temperature dependence of the equilibrium constant can be attributed to
the activation energy for the dissociation process (80 ± 20 keal/mol of
duplex). A total of 2.1±0.3 sodium ions are found to be thermodynamically
released in the helix-coil transition. Moreover, the number of sodium ions
that associate with the DNA during strand association is found to be, within
experimental errors, the same as the number of sodium ions released
during helix dissociation. The relationship between these results and
previous experimental and theoretical findings on this and related DNA
oligomers will be discussed.

W-Po9O
HYDRATION OF TBE MINOR GROOVFi OFPOLYNUCLEOTIES
((Dionisios Rentzeperis', Luis A. Markyl and Donald W. KupkeL))

1Department of Chemistry, New York University, New York, NY 10003; and
2Department of Biochemistry, University of Viginia, Charlotesville,VA 22908.

The minor groove ligand distamycin A has been used to probe the relative
hydration of the minor groove of eight synthetic polynucleotide duplexes of
known sequence and composition. A combination of densimetric, calorimetric,
'nd temperature-dependent spectroscopic techniques have been used to obtain
complete thermodynamic profiles (AGO, AHO, AS0 and AV0) for the association
of distamycin A to all polymer duplexes. In 10mM phosphate buffer, pH 7 and
200C, binding of this ligand to each of the polymeric duplexes resulted in
characteristic negative changes in both the volume and endWpy. Although the
binding affinities were found to be similar for pairs of isomer polynucleotides,
the values of AHO, AS' and AVO of each such pair were remarkably different.
The heteropolymer duplexes generated much larger exothermc contnbutions,
less favorable entropies and larger volume contractions than did the
corresponding homopolymer duplexes of identical composition, and strongly
suggest that polynucleotides with homopurine sequences are more hydrated than
polynucleotides with alternating purine/pyrimidine sequences. We found an
apparent linear correlation between AS0 and AV'. The slope of the fitted line,
AS0vs AVO, is about one half that reported for the protonation of small organic
acids. This reflects a smaller compression of the water dipoles in the minor
groove of the unligated duplexes. The amount of releasable spine water is
believed to be a function of the DNA sequence, thus giving rise to the observed
linear cornlation because other entropic effects appear nearly identical for these
polynucleotides. This work was supported by Grants GM-42223 (LAA.lI) and
GM-34938 (D.W.K.) from the National Institutes of Health.

W-s7
tRNA ROTATIONAL TIME AND KERR CONSTAT IN MgCl2.
((Kerwin Ng, Martin Fuchs, and Don Eden )) San Francisco State
Univ., San Francisco, CA 94132

The rotational time of yeast tRNA has been determined by observing
its birefringence in optical Kerr effect (OKE) and transient electric
birefringence (TEB) experiments. tRNA was studied in Tris-NaCI
buffers containing MgCI2. OKE experiments were performed at 22°C
in D20 buffers and TEB in H20 buffers at 4°C. Birefringence comes
from the orientation due to an induced dipole moment of tRNA
molecule. In OKE, the induced dipole moment arises from the strong
optical electric field from a Q-switched YAG laser. In TEB, the dipole
moment arises from an applied electric field. In OKE, the MgCl2
sample has a rotational time of 22 ns, which corresponds to 38 ns
corrected to 4°C. This time constant agrees with TEB experiments.
The volume specific Kerr constant was extracted from OKE. It is
found to be 1.12X102° m2/V2.

An approximate optical Kerr constant was calculated using the X-ray
crystallographic structure of tRNA and the optical polarizability tensor
of individual bases, calculated by MOPAC, a molecular simulation
software. The result for tRNA is 1.7 - 2.7X10-2° m2/V2, depending on
the method of calculation and type of tRNA used.

W4os89
A MULTIPLE QUANTUM FILTRATION NMR STUDY OF
COUNTERION QUADRUPOLAR RELAXATION IN
POLYMERIC DNA SOLUTION
((H. Deng, W. H. Braunlin)) Departnent of Chemistry, University
of Nebraska-Lincoln, Lincoln, NE 68588-0304

Many biological metal ions have quadrupolar nuclei with spin greater
than 1/2. When they bind to biopolymers, these cations tumble
slowly, resulting in non-Lorentzian NMR lineshapes. Filtration of the
NMR signal through a state of multiple quantum coherence can make
the multiple exponential decay apparent. Here we present our 25Mg
(1=5/2) NMR study of Mg2+ binding to core length DNA using three-
qUantum and five-quantum filtration techniques. Consistent with the
work of Chung and Wimperis (1990, Chem. Phys. Lett., 172, 94) in
protein solution, the excitation and observation of multiple-quantum
coherence is possible in the absence of scalar, dipole, or quadrupolar
splitting in DNA water solution. Preliminary multiple quantum filtration
experients on 59Co (I=7/2) NMR will also be presented.

W-Pos91
ELECTRON MIGRATION IN GAMMA-IRRADIATED SOLUTIONS
OF DNA. ((A.F. Fuciareill, E.C. Sisk, J.H. Miller, and J.D.
Zimbrick)) Pacific Northwest Laboratory, Richland, WA 99352
(Spon. by J.D. Zimbrick)
Solid state studies of Irradiated DNA reveal that the Initial site of

radical, or radical Ion, formation may not necessarily be the site at
which radiation damage becomes localized. Although In solid state
studies maximum distances for electron migration were reported to
be on the order of S to 110 bases, electron migration In Irradiated
aqueous solutions of DNA has been technically more dimcult to
study. However, Interaction of electrons generated from exposure
to Ionizing radiation Is known to result In a quantitative reduction of
5-bromouracil (BU) to bromide Ions and uracil In the presence of a
suitable hydrogen donor. These reactions are being used as
molecular Indicators of charge migration In aqueous solutions of
DNA by selectively Incorporating 5-bromouracil into short
oligonucleotides using automated DNA synthesis techniques.
Following Irradiations, the yield of uracil Is measured using gas
chromatography-mass spectrometry methodology. Our data suggest
that base composition plays a significant role in electron migration
processes which, In turn, can affect migration distances In irradiated
DNA. Potential mechanisms of electron migration from the site of
Initial energy deposition will be discussed with reference to our
experimental observations.

This work Is supported by the U.S. Department of Energy under
contract DE-AC06-76RLO 130.

NUCLEIC ACID STUDIES A265



NUCLEIC ACID STUDIES

W-PeS92
cHARAcTRsTIcs OF N2-dG-OLIGONUaLEOTIDE ADDUCTS DERIVED
FROM ENANTIOMERIC ANTI-BENZO[A]PYRENE DIOL EPOXIDES. ((B. Mao,
B. Li and N. E. Geacintov)) Chemistry Departnent, New York University, New York,
NY 10003.

The mutagenic and tumorigenic characteristics of the (+)- and (-)-enantiomers of
trans-7,8-dihydroxy-anti-9,10-epoxy-7,8,9,10-tetrohydrobenzo[a]pyrene(anti-BPDE)
are strikingly different from one another. Therefore, differences in the structural and
biochemical characteristics of the BPDE-DNA adducts are of great interest We have
synthesized covalent adducts in which antd-BPDE is linked via its 10-position to N2-
dG in an oligonucleotide 16 bases long. Stereospecific BPDE-oligonucleotide adducts,
(+)-trans and (-)-trans, were used in snake venom phosphodiestease I (SVPD) and
spleen phosphodiesterase II (SPD) enzyme digestion experiments. The (+)-trans
adduct partially inhibits SPD activity which hydrolyses DNA from the 5'-side to the
3'-side, while the (-)-trans adduct partially inhibits SVPD activity (3' -> 5'
hydrolysis). These results are consistent with recent NMR data', which show that the
covalently bound BPDE residues tend to be oriented in opposite directions relative to
the 5'-> 3' strand polarity in duplex DNA. Similar stereospecific BPDE-
oligonucleotide adducts 16 bases long with cohesive ends were synthesized as well.
Local DNA distortions at the site of the lesion were amplified by polymerization
(using ligase) and quantitatively evaluated by using gel electrophoresis. Prominent
hinge joints at the site of BPDE lesions are observed in the (+)-trans, but not in the
(-)-trans adducts. (Work supported by the Department of Energy and NIE/NCD).

1 de los Santos, C. et aL. (1992) Biochemistry 31, 5245-5252.

W-Poe94
THERMAL DENATURATION OF DA/DT POLYMERS AT HIGH
PRESSURE. ((J. Q. Wu & R. B. Macgregor, Jr.)) Department of Medi-
cinal Chemistry, University of Illinois at Chicago, Chicago, IL 60612.

Numerous studies have pointed to the differences in the physical pro-
perties of poly(dA) 'poly(dT) and poly[d(A-T)J, we have measured
spectroscopically the thermal denaturation of these two polymers at
260 nm as a function of sodium ion concentration and hydrostatic
pressure between 0.1 and 200 MPa (0.1 MPa = 1 bar). Both poly-
mers exhibit increased stability at elevated pressure. Using the Clau-
sius-Clapeyron equation, the slope of the change in the melting tem-
perature (Tm) as a function of pressure was used to find the molar
volume change (AVO) for the helix-coil transition at each [Na+l. The
AVO for poly[d(A-T)J varied linearly with log[Na+J from +0.3
cm3/(mol bp) at 20 mM Na+ to +3.5 cm3/(mol bp) at 1 M Na+. For
poly(dA) *poly(dT), AVO = + 3.0 cm3/(mol bp) at 20 mM Na+ and
+ 3.6 cm3/(mol bp) at 50 mM Na+. These data imply that differences
in the extent of hydration persist in denatured polymers. Analysis of
the Tm of poly[d(A-T)J as a function of [Na+1 at different pressures
reveals that the number of Na+ released during the transition increas-
es with pressure from an average of 0.20/bp at 0.1 MPa to 0.26/bp
at 200 MPa. The design, construction, and performance of the Tem-
perature-Regulated Iso- Hyper-Baric Spectrophotometer (TRIHBS), us-
ed for these measurements will also be presented.

w-P*n
THERMAL STABILIZATION OF A DRUG-DNA COMPLEX BY
LIPOSOME ENCAPSULATION.
((Fatemeh Mojtabai, Slawomir Mielewczyk, Maria K. Shin, and
Kenneth J. Breslauer)) Department of Chemistry, Rutgers
University, Piscataway, New Jersey 08855.

Liposome encapsulation of oligonucleotides is of interest due to the
potential use of such constructs as carriers of and delivery systems
for antisense DNA/RNA as well as other pharmacologically active
ligands. Consequently, it is important to assess the impact of such
encapsulation on the properties of the included ligand. To this end,
we have used temperature-dependent fluorescence spectroscopy to
measure the melting of a drug-DNA complex, both free in solution
and encapsulated in large unilamellar vesicles. Using reverse-
phase evaporation or extrusion techniques, we prepared vesicles
containing egg-phosphatidylcholine, cholesterol, and dipalmitoyl
phosphatidylserine, with a 50:41:9 molar ratio, respectively. We
used bisbenzimide (BB), an AT-specific minor groove binding drug,
as the fluorophore in these studies. Our preliminary results reveal
a significant increase (greater than 70C), in the thermal stability of
the encapsulated drug-DNA complex relative to either the complex
free in solution or the complex in the external aqueous phase of the
vesicles. We are initiating parallel differential scanning
calorimetric measurements on these same systems to evaluate the
thermodynamic origins of the measured ATm data. These studies
should allow us to define better the impact of encapsulation on the
properties of DNA in both its free and drug-bound states. Supported
by NIH grants GM34469 and GM23509.

WDOM3
RECOGNITION OF DNA STRUCTURES BY COBALT(I) AMMINE
CATIONS. ((Q.-W. Xu & W. H. Braunlin)) Chemistry Department,
University of Nebraska-Lincoln, Lincoln, NE 68588-0304

59Co NMR provides a convenient probe of the rotational mobility of
cobalt(I) ammine cations. Upon binding to DNA, the rotational mobility
of cobalt(III) ammine cations is perturbed in a manner which depends on
the base sequence of the DNA. DNAs which strongly reduce the mobility
of cobalt(III) ammine cations usually contain a run of consecutive
guanines and cytosines. Although the rotational mobility of (±)Co(en)33+
are reduced to a similar extent in solutions of these DNAs, the binding
environments are stereo-selective. Both 59Co NMR and equilibrium
dialysis experiments indicate that D-Co(en)33+ preferentially binds to
right-handed DNAs, while L-Co(en)33+ prefers left-handed DNAs.
NOESY spectra show that the binding sites are in the middle of DNA
octamers. In contrast, DNAs which are rich in adenines and thymines
hardly affect the mobility of cobalt(III) ammines cadons. 59Co NMR
shows that these DNAs do not discriminate toward binding the two
enantiomers of Co(en)33+. It appears that cobalt(III ammine cations bind
these DNAs in a diffuse way.
Strong interactions between DNAs and cobalt(III) ammine cations

correlate with DNA conformational transitions, including B-A and B-Z
transitions. For the same DNA sequence, the two enantiomers of
Co(en)33+ appear to induce distinctly different conformations upon
binding.

W-Pos95
EFFES OF Ni2+AND Cd2+ONDNA MELTING
,(J.G. Duguidt, VA. Bloomfieldt, J.M. Benevides*, G.J. Thomas Jr.*))
Department of Biochenistry, University ofMinnesota, 1479 Gorner Ave.,

St. Paul, Minnesota, 55108
*Division of Cell Biology and Biophysics, University of Missouri-Kansas
City, School of Basic Life Sciences, Kansas City, Missouri, 64110-2499

Differential scanning caloimetry (DSC), laser Raman specopy, pH
potentiomety, and optical denio y have bee used to investgaae DNA
melting profiles in the presence of Ni2+ and Cd2+. The destabiliing effets of
these metaus on the DNA duplex are seen trough lowermeltng empeatues
and spectoscopic indications of metal-base binding, decsed backbone order,
base unstacking, and ruptured hydrogen bonds. pH potendomety shows that
interactons of Ni2+ and Cd2+ with DNA cause a pH drop by more than 2.5
units in wealdy buffered solutions. This effect, which is partially reversible
upon DNA melting, provides information about probable metal binding sites.
From these results, a mechanism is proposed in which the metal cations
enhance the carcinogenic effecs ofcertaincom that require acid catalysis
for activation. Opdcal densiometry, which was ustodetectDNA
aggregation, shows increased turbidit in the range of temperatures where the
melting tnsition is detected by Raman spectroscopy andDSC We employ a
statistical theory to descibe this phenotnenon in which the configurational
entropy of the aggregate is the drving force forDNA aggregation at elevated
temperatures in the pesence of divalent metal ions.

Supported by NIH Grants GM28093 (VAB) and AI18758 (GJT).

W43s7
KINETIC STUDIES OFOLIGONUCLEOTIDE-DNA HYBRIDIZATION IN
SOLUTION BY FLUORESCENCE RESONANCE ENERGY TRANSFER.
((K. M. Parkhurst and L. J. Parkhurst)) Dept. of Chemistry, Univ. of
Nebraska, Lincoln, NE 68588-0304.

A 16-mer 5'R-GTAAAACGACGGCCAG-3'F (016), where R is Rhodamine
X, and F is fluorescein was prepared for energy tranr studies. When F was
excited at 488nm, emission was observed from both the fluorescein and
rhodamine. Most of the rhodamine fluorescein derived from fluorescence
energy transfer from the fluorescein, and the rato of acceptor fluoecence to
donor fluoresence provided a sensitive measure of hybridization of the oligo
probe. The 3'-5' distance distribution was explored using steady-state methods
with 1- as the quencher to vary the FOrster Ro. In IM NaCl, data for the free
probe could be fit well to a random coil, whereas upon hybridization, a shifted
Gaussian was used. The average (RMS) end-t-end distacs were repectively
36A and 66A. The value of a following hybridization, 17A, appears too large
for a rigid helix. The kinetics of hybridization of 016 to the complementary
region in M13mpl8(+) followed simple monophasic second-order kinedcs
with a rate constant 0.1 that for a 16-mer complement. The kinedcs arm
consistent with rapid seoondary structural fluctations around the target site.
(Grant Support NIH DK 36288, Univ. of Nebraska Biotechnology Postdoctorl
Fellowship.)
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WPoON
Investigating Differences In the Interction of Cations with a 160 BsePair
Calf Thymus DNA and a 20 Bas Pair OflgonucloWie Using 23Na NMR

Veronica M. Stein. Charles F. Anderson, and M. Thomas Record, Jr.
Department of Chemistry, University of Wisconsin, Madison, WI 53706

The interaction of cations with NaDNA is examined using 23Na NMR relaxation
rates. Previous studies showed that the relaxation rates of 23Na decrease as
NaDNA is titrated with NaCI or a competitive ion, such as putrescine.1 We
previously quantified the interaction of Na+ with sonicated calf thymus DNA using a
simple two state model to describe the exchange of various catons with Na' 1 The
"bound, state is defined as those sodium Ions radiaily localized close enough to the
surface of DNA so that their relaxation rates are affected. The 'free" state
encompasses all other environments of Nat. The two states are in fast exchange
on the NMR time scale (miiseconds).2 A comparison of 23Na NMR relaxation rates
In solutions of mononuceosomal calf thymus DNA (160± 5 base pairs (bp)) and of a
20 bp oligonucleotide shows a greater enhancement of the initial observed 23Na
relaxation rates for the longer segment of DNA. The difference in the initial
relaxation rates may result from differences in rP, the fractlonal neutralzation of DNA
phosphates by 'bound" Na+, andlor RB, the relaxation rate of the "bound" Nat.
Competitive titrations with putrescine (2+) are being used to determine which of
these parameters is (are) affected. The results of this study are bein. compared

with predictions of oligoelectolyte theory3 and polyelectroiyte theory in order to
investigate the effects of olgomer length on cation-DNA interactions.

1. PFd nabhan, S., Bruehebr (Stean), V. M., Anderon, C. F. a Record, M. T., Jr. (1991) B dwms&y 30, 7550-

7560.

2. Bben, M. L. Aners C. F. & Record, T. Jr. (1963) Bod,w,sy 22,541895425.
3. OUsted, U..cAn Co..cF. Reood, M.'T..J. tI," Proc. NL Aed. Sdt., USA 65,
4. Anderson, C. F. & d, M.T.,Jr. (1962) AwL Rev. P Chw. 3, 191-222.

W-PoalOO
ETHIDIUM BINDING TO DNA HAIRPIN LOOPS

((Dionisios Rentzeperis and Luis A. Marky))
Department of Chemistry, New York University, New York, NY 10003

We have used a combination calorimetric and spectroscopic techniques to
study the association of ethidium to a set ofDNA hairpins, with the sequence
d(GCGCTnGCGC) where n = 3, 5 and 7. In 10mM phosphate buffer at pH 7,
all three hairpins melt in a two-state monophasic transition, with similar
transition enthalpies of +38.5 kcal/mol, and Tm's ranging from 79.1°C (for n=3)
to 57.50C (for n=7). Thus, the addition of a dT residue to the loop destabilizes
the hairpin (at 20°C) by an average AG' of +0.5 kcal/mol. Deconvolution of the
ethidium-hairpin calorimetric titration curves, indicate two sets of binding sites
that correspond to one ligand in the stem and two ligands in the loop of these
hairpins. We obtained an average binding affinitiy, Kb, of 1.8 x 100 M-1 and
4.3 x 104 M-1 for the stem and loop site respectively. However, the binding
enthalpy, AHb, for both sites is more exothermic when more dT residues are in
the loop, ranging from -8.7 (for n=3) to -11.6 kcal/mol (for n=7) for the stem
site, and -6.5 (for n=3) to -12.7 kcal/mol (for n=7) for the loop site. Relative to
the n=3 hairpin, we obtained an overall thermodynamic contribution (per dT
residue) of AAHb= A(TASb)= -0.6 kcal/mol for the stem sites, and AAHb=
A(TASb)= -1.3 kcal/mol for the loop sites. This suggests that ethidium binding
induces structural perturbations, that results in a differential compensation of
favorable stacking interactions and unfavorable ordering of the ligands.
This work was supported by NIH Grant GM-42223.

W-ol02
THE OSMOTIC SENSlTIVlfY OF NETROPSIN ANALOG
BINDING TO DNA. ((N.Yu. Sidorova and D.C. Rau))
NIDDK, NIH, Betesda, MD 20892 (Spon. by A.N. Schechter)

Direct force measurements have shown the dominating role of water
in the interactions between macromolecules. We have now begun
measuring the dependence of the binding to DNA of the antibiotic
netropsin (Nt) and sever of its analogs on water activity in order
to corrlate changes in binding strength and water release in dilute
solution with the condensed phase force measurements. Netropsin itself
binds in the minor groove of DNA and shows a strong preference for A-T
base pairs. Binding isotherms of two much less tighty bound Nt
analogs can be obtained from changes in the circular dichroism of the
ligands with binding to calf thymus DNA. For a variety of chemically
distinct osmolytes (betaine, sucrose, sorbitol, methanol, and
tiethylene glycol), binding energies decrease linearly with solution
osmotic pressure. The complex appears to bind an extra 30 - 40 water
molecules (relatively insensitive to osmolyte species) over the
separate components, perhaps due to the extended conformation adopted
by the ligand on binding. This unexpected result was further probed by
modulating the bulk water entropy with the anion species. In agreement
with the osmolyte results, strong water structure formers as fluoride
increase peptide binding (it's entropically easier to bind extra water
from the bulk) compared with structure breakers as perchlorate. Work
is in progress on the linkage between changes in bound water and the
differences in binding strength of Nt itself to specific DNA
sequences.

W4PoS
PHASE TRANSITIONS OF HIGH MOLECULAR WEIGHT DNA IN
SIMPLE SALINE SOLUTION. ((Kunal Merchant and Randolph L Rill))
Dept of Chemistry and Institute of Molecular Biophysics, Florida State
University, Tallahassee, FL 32306

Theories of phase tansitions in solutions of rigid rod-like polymers predict the
fonnation of liquid crystalline phases above a critical concentration that
decases with increasing polymer length. Recent extensions of the theory
include the effects of polymer charge and flexibility, and predict a large
incxrease in the cridcal concentration mainly due to flexibility. A semi-rigid
polyelectrolyte such as DNA exhibits phase transitions in aqueous solution
dependent on the length and the ionic stength. The critical concentradon of
high molecular weight DNA (>13,000 A or 4000 base pairs long) at an ionic
strength of 0.1 M (Na+,X-) was obtained by solid state 31P NMR methods.
The appearance of a broad resonance superimposed on the sharp resonance of
isotropic DNA was used to detet and quantitate the ordered phase. Anisotropy
was confinred and analyzed using the polarizing microscope. The anisotropic
phase of this very long DNA exists beyond a DNA concentration of 9.6
mg/mI, a concentration well in the physiological range and much lower than the
critical concentradon (> 100 mg/mi) observed for nucleosome core length (146
bp) DNA. The critical concentration for anisotropic phase formation for large
DNA is surprisingly lower than predicted by theory for a semi-flexible polymer
with the persistence length of DNA. As observed for shorter DNA, a second
anisotropic phase fonns as the DNA concentration is increased, but at a lower
concentration than required for toal disappearance of the isotropic phase (60
mg/mil). (Supported by NIH grant GM37098 and the FSU Center for
Materials Research and Technology.)

W4PolOl
THERMODYNAMC INVESTIGATION OF NETROPSIN BINDING TO
DNA OLIGOMER DUPLEXES WITH A CENTRAL CORE OF d(ASTS)

((Karen Alessi and Luis A. Marky))
Department of Chemistry, New York University, New York, NY 10003.

Netropsin binds in the minor groove of B-DNA with high specificity for A-T
stretches, and without inducing conformational changes. The complex is
stabilized by contributions from peptide- nucleotide hydrogen bonding, van der
Waals and electrostatic interactions. To further our understanding of the
molecular forces that control the affinity and specificity of netropsin to AoT base
pairs, we have thermodynamically characterized the interaction of this ligand to a
series of self-complementary oligonucleotide duplexes with sequence
d(GnAsTsCn), for n = 0-2. Standard thermodynamic profiles for the helix- coil
transition of these duplexes show an increase in the duplex thermal stability,
ATm, of 12-22°C with the addition of flanking GoC base pairs. Thefavorable
differential free energy terms are enthalpic driven, with a AAH of 27-50
kcal/mol, and correspond to the contributions from the closing of frayed AoT
base pairs and from the formation of additional nearest-neighbors base-pair
stacks. These duplexes contain two identical binding sites for netropsin.
Thermodynamic profiles for the association of this ligand to each duplex reveal
similar binding affinities of -100, and average binding enthalpies of -0.5
kcal/mol and -5.7 kcal/mol for the first and second site, respectively. These
lower enthalpic values are consistent with the endothermic contribution of the
release of water molecules from the minor groove of these sites, as seen
previously in similar binding studies with poly dA-poly dT. Therefore, the local
hydration of dA5sdT5 stretches in these oligomers is similar to that of the
homopolymer. Supported by NEI Grant GM-42223.

W4Pal03
SEQUENCE SELECTIVE BINDING OF ACTINOMCYIN D TO
DUPLEX AND SINGLE-STRAND DNA
((Susan A. Bailey and David E. Graves)) Department of Chemistry,
University of Mississippi, University, Mississippi 38677

The thermodynamic properties associated with the interaction of
actinomycin D with DNA duplexes containing both classical -XGCY-
and non classical -T(G)nT- binding sites are examined. The influences
of flanking base sequences on the binding parameters for the -XGCY-
sequences are compared. These flanking base studies revealed that of
the two classical actinomycin D intercalation sites examined (both
containing -GC-steps), the -TGCA- sequence binds actinomycin D with
a higher affinity than the -CGCA- sequence, yet binding to both of these
sequences is quite high (Kint = 106 M-1). The non classical -TGGGT-
containing sequence was found to have comparable binding properties
with the classical -XGCY- intercalation sites; however, the -TGGT-
sequence exhibited a considerable drop in binding affinity, as well as
marked changes in binding energetics. The binding of actinomycin D is
demonstrated to be highly influenced by the sequence both at the
intercalation site and by neighboring bases which flank the intercalation
site.
In addition, actinomycin D was found to interact with single-strand
DNA and this interaction was demonstrated to be highly sequence
specific, with binding affinities ranging from 104 to 107 M-1 (strand).
Our studies reveal single base changes within the non self-
complementary 1 1-mers can result in drastic changes in binding affinities
for these actinomycin D-single-stand DNA interactions.

NUCLEIC ACED STUJDIES A267



NUCLEIC ACID STUDIES

W-Pe104
CIRCULARIZATION OF SMALL DNAs IN THE PRESENCE OF
ETHIDIUM ((James B. Lendenning andJ. Michael Schurr)) Depament of
Chemistry, BG-1O, University of Washington, Seattle WA 98195

A rigorous theory is developed for the rados of topoisomers produced upon
ligaton of an equilibrium populaton of non-cvalendy clsed circles in the
presence of ethidium. Assuming an unwinding angle * = 26° for inircalated
ethidium, optimum values of the intrinsic binding constant (KE = 7.16 x 104
M-1), the intrinsic twist ( 0 = 23.746 tuns), and twist energy parameter (Et =
5250) are obtained by fitting this theory to the data of Shore and Baldwin
(1983) for a 247 bp DNA. A very good fit is achieved withthee optimum
values, but a poor fit results when the parameters estimated by Shore and
Baldwin are employed in the same theory. Three assumptions employed in the
analysis of Shore and Baldwin are found to be invalid. If the present
subantially larger E-value is repesentative of their shrtDNAs, then the Et
vs. N data of Shore and Baldwin now conform to the shape prdictd by
Shimada and Yamakawa (1985), and one may concludethat iA ofthr DNAs
exist in a state with substantially stffer oan nonmal trsional rgidity.

Shore, D., and Baldwin, R.L.(1983) J. Mol. Biol. 170, 983-1007.
Shimada, J.H., and Yamakawa, H. (1985) J. Mol. Biol. 184, 319-329.

W-PsO105
LONG DNA STRANDCONSTITUTESA SEPARATEPHASE IN INTERACTION WITH
TRACE AMOUNT OF SEQUENCE-NONSPECIFIC LIGANDS. ((ZhQian Huang,
Stephen Yue and Richard P. Hougland)) Molecular Probes, Inc., 4849 Pitchford
Avenue, Eugen, OR 97402.

Bindno of Egand to DNA Is a crucial event which leads to reoulate gene
tran , mutation end expreaaion. However, quanttation of the bindig
by the maa-acwton law could be vey complicate when aquence heterogeneity,
multiple binding modes, lgand-igand actn and DNA strand distortion by
ligand are conaidered. In fact, a long DNA strand can be treated as a separt
phaae which Is asaocated with dilut amount of lioand in a partition fashion.
Under low liend binding denltes, DNA trationa ageinst constant amount of
aequence-nonspetic ligands auch a fluorecent DNA-binding dyes resulted in
hyperblc isotems. Thia obervation strngly upports the DNA partition model
and can be utilized as to detmine the dyes' total DNA affinitiW. The erly
hydrolysls of th doubl-atranded DNA (dsDNA) phase by deoxyribonucke I
IDNase I) was also investigeted. As revealed by the fluorescence chags of the
dyes labeled on calf thymus DNA upon DNase I acton, the nzye peadly
and randomly embwks on the nicked but unbroken daDNA with a cetain partition
affinity of 9.8100, and cuts the phosphodlester bonds at a catalysis-unit tumover
rate of 60 per second weighed by the avaible substrate fraction. Such
substrate-dependence accounts for the exponential auto-retardation kineti
which is well obseved in DNm I catalysis. The DNme I nicking mechanism can
be generalized as a model of enzymatic turnover of a rigid Interface on which an
enzyme repetedly attacks but cannot frely diffuse to catch another substrate
bond. Moreover the studies on DNase I kinetics wiN help Interpret or design the
experiments of DNA-footprinting and DNA nick translation (for nucleotide labeling)
where DNas I is utiflzed as a tool.

W4P08106
A THEORETICAL MODEL FOR THE INFLUENCE OF ION
EXCHANGE REACTIONS OF PROTEINS ON DNA BINDING.
((Douglas F. Stickle, Nadine L McCann and Michael G. Fried))
Deparment of Biological Chemistry, Pennsylvania State University
College of Medicine, Hershey, Pennsylvania 17033.

The observed binding (association) constant (Kobs) for DNA-protein
interactions measured in-vitro is strongly dependent on the concentration of
salt in the solution. This dependence is often used to esdmate the number of
ionic contacts between protein and DNA. The approximately-constant slope of
the relationship (F) of log(Kobs) vs. log([salt]), observed at high [salt], is
predicted when the displacement of ions from the DNA upon protein binding
is the predominant ion exchange reaction (Record et al., 1978, Q. Rev.
Biophys. 11:103-178). Deviations of F from linearity are often observed at
low [salt]; in some cases the slope reverses sign. We have examined the
predicted influence on F of a specific formulation for the ion exchange
reactions of the protein upon DNA binding. The formulation is derived from a
mass balance of ions bound to both protein and DNA when some portion of
the protein is transferred from the fixed ion concentration in bulk solution to
the high [cation] and low [anion] environment that exists in the immediate
vicinity of the DNA. Given the probable difference between the affinity of
DNA for cations (a high affinity) and the affinity of the protein for cations and
anions (a relatively low affinity), the net displacement of ions upon binding
from the system comprised ofDNA plus protein is dependent on the bulk salt
concentration. The predictons of the model are consistent with the deviations
of F from linearity that are obsered experimentally for a number of DNA-
protein binding systems. (Supported by NSF DMB-91-96154)
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W-Pos107
MOLECULAR DYNAMICS AND OXYGEN-17 NMR STUDIES OF
AMINO ACID HYDRATION AND ACTIVITY IN AQUEOUS
SOLUTIONS AS A FUNCTION OF pH. ((I.C. Baianu*, T-C. Wei*
and T.F. Kimnosinski*)) *University of Illinois at Urbana, AFC-NMR
Facility, Departnent of Food Science, 580 Bevier Hall, 905 S.
Goodwin Avenue, Urbana, IL 61801; *Eastern Regional Research
Center, USDA, Philadelphia, PA 19118.

Amino acid hydration and activity in aqueous solutions were inves-
tigated by 170 NMR measurements as a function of both pH and
concentration. Similar behavior was observed also for proline solu-
tions. Charge-char&e and dipole-dipole interaction models were em-
ployed to fit the 'IO NMR data in conjunction with nonlinear reg-
ression computer analysis. At concentrations above IM a thermo-
dynamic linkage model was employed to analyze the aggregation of
amino acid molecules. In certain cases, amino acid tetramer for-
mation was found by the thermodynamic linkage analysis of our data.
Among the amino acids studied were glycine, aspartic acid, arginine
and lysine. Marked differences were observed between the concen-
tration dependences of 170 NMR relaxation rates of glycine at its
pKa and at neutral pH. Molecular dynamics of water in amino acid
solutions suggests very fast dynamics and exchange of water
between hydration sites and bulk water. These results are consistent
with previous reports of protein activity measuremnentsl-3.
REFERENCES CITED:
l.Ktsnosinski,T.F.,Baianu,J.C. and Bechtel,P.J. Biophys. J. 53:74a(1988).
2.Kakalis,L. and Baianu,I.C. Arch. BiochemnBioDhys. 268(1): 1-10(1988).
3.Mora,A.,Baianu,l.C. and Bechtel,P.J. Biophys.I.55:22a (1989).

W4Ps108
GLASS FORMATION IS NECESSARY BUT NOT SUFFICIENT FOR
STABILIZATION OF PROTEINS DURING FREEZE-DRYING. ((M.Z.
Zhang, S.J. Prestrelski, T. Arakawa, J.F. Carpenter*)) Amgen Inc.,
Thousand Oaks, CA 91320, CryoUfe, Marietta, GA 30067*

To test the hypothesis that glass formation is sufficient for stabilization
of proteins during lyophilization, we examined the effect of dextran, an
amorphous exdpient with a high glass transition temperature, on the
structure and activity of two labile enzymed, lactic dehydrogenase and
phosphofructokinase, during freeze-thawing and freeze-drying. The
dextran used was pre-dialyzed to remove any low molecular weight
components. At high concentrations (10-20% whv) dextran was
effective at stabilizing these enzymes against freeze-thawing. At all
concentrations tested, dextran did not confer stability during freeze-
drying. In fact, dextran solutions destabilized LDH during freeze-
drying and were observed to induce aggregation. Infrared studies of
dried enzymes lyophilized with dextran showed extensive unfolding.
Addition of mono- and dicharides to dextran mixtures enhanced
stability during freeze-drying. These dextran results demonstrate
conclusively that glass formation alone is insuffident to stabilize
proteins. The enhanced stability observed upon adding saccharides
to dextran mixtures indicates that other interactions, presumabie
hydrogen bonding, are also necessary. The lack of stabilization with
dextran alone is likely due to its bulkiness which inhibits interacion
with proteins.
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W4Po8109
CALORIMETRIC STUDIES OF ELASTASE: THERMAL
DENATURATION AND INTERACTIONSWITH UGANDS. CS.
Randall, S.N. Neff, A.T. Perri and T.D. Sokoloski Dept. of
Pharmaceutical Technologies, SmithKline Beecham
Pharmaceuticals, King of Prussia, PA. 19406

The stability of porcine pancreatic elastase to heat denaturation
has been investigated using differential scanning calorimetry
(DSC). In the range of pH 5 to 8, elastase undergoes complex,
irreversible unfolding accompanied by aggregation. The
temperature of denaturation (Td) can be markedly affected by
ligands, e.g., divalent cations. In the presence of calcium ions, the
unfolding endotherm is sharpened, suggestive of increased
cooperativity, along with a shift in the Td to higher temperature,
consistent with increased conformational stability. By contrast,
addition of copper ions decreased the Td compared to that of
elastase alone, indicating a less stable conformation. By means of
differential titration calorimetry (DTC), it is possible to calculate
the thermodynamic parameters related to the binding of such
ligands, and to postulate a basis for the observed stabilizing or
destabilizing effects on the protein

W-Poslll
INTERACTION OF CAIMODULIN WITH A PHOSPHORYIASE KINASE
REGUIATORY PEPTIDE. ((D. Juminaga, S.A. Albaugh and R. F.
Steiner)) Department of Chemistry, University of Karyland
Baltimore County, Baltimore, MD 21228

The interaction of Phkl3, a regulatory peptide of the v-
subunit of phosphorylase kinase, and calmodulin has been
studied by several physical and enzymic techniques. For the
purpose of fluorescence studies modified forms of Phkl3 have
been synthesized in which nitrotyrosine and/or tryptophan are
placed at one or both of positions 4 and 21. Static
fluorescence meauremnts indicate that, in the presence of
CaLligated calmodulin, the tryptophan groups are in a non-
polar, partially solvent-shielded microenvironment. Gel
exclusion chromatography, in aqueous buffer or 3M urea,
indicates that the 1:1 complex does not self-associate.
Fluorescence titration indicates that, at high
peptide:calmodulin ratios, calmodulin can bind more than one
peptide. Circular dichroiss masurements show that no net
increase in a-helicity occurs upon binding of peptide.
Fluorescence radiationless energy transfer between Trp-4 and
NO-Tyr-21 suggests that the peptide is highly extended in the
complex. Complex formation does not protect the bond between
residues 77 and 78 from protoolysis by trypsin. However
studies with tryptic and thrombic fragments of calmodulin
indicate that the connecting helix is involved in the
interaction.

W-Po113
STUDY OF HELIC CAPPING INCYTOCHROME b5 BY NMR
SPECMROSCOPY AND SITE-DIRECTED MUTAGENESIS.
((E.A. Baldauf and J.T.J. Lecomte)) Department of Chemistry, The
Pennsylvania State University, University Park, PA 16802.
While the a-helix is a fiequendy occurring motif in protein soondary
stucure, the factors governing helix formaion are poorly understood.
Amino acid rsidues whose side chains can form hydrogen bonds with the
C=O or N-H moieies of the backbone are often found a the N- and C-
trminal boundaries ofhelices [1]. Presta and Rose hypothesized that the
ability to form side chain:main chain hydrogen bonding may constite a
signal for adopting heical struc [2]. Weae ad11ssn this question
by using cytochrorpe b5 as a model system. Residues 80 to 88 form helix
VI of cytoch b5. The -nirogen of His 80 in the N-cap position acts
as an acceptor for the bckbone N-H hydrogen,of Asp 82 both in the
holoteinand in theapo in[3]. To probe the mortanoce of this H-
bondinthe stabilization ofhelix VI,we have replaced His 80 by Ala and
recrded two-dimenMional NMR spectraof the holp in and the
apopqntein. Compar to the wild-type data shows that the replacement
does not affect th C- l portion of the helix. NMR studies ofa
second mutant (P8lAa) will aiso be presented.
Supported by NIH grant DK-43101
[1]Richadon & RichaWdson (1988) Science 240, 1648.
[2] Presta& Rose (1988) Science 240, 1632
[3] Lecomte & Moore (1990) JA.CS. 113,9663.

THERMODYNAMIC AND STRUCTURAL ASSIGNMENTS OF THE
UNFOLDING T'RANSITIONS OFDNAK ((D. Montgomery*, R. Jordant
R. McMackent, and E. Frere*)) Biocalorlmetry Center and Dept. of Biology,
Johns Hopkdns University, Baltimore, MD 21218 and +Dept of Biochemistry, Johns
Hopidns University School of Hygiene and Public Healt, Baltimoe, MD 21205

be thermd unfolding of the E. coli 70kD heat shock protein, DnaK, exhibits three
well deflned trandtions. As characterized by high senslivity differential scanning
calorimetry these ansitons are centered at 45.2 CO(K1), 58.0 CO(K2). and 73.3 CO
(K3). Calorimetric scans as a function ofpH can be fit by a four-state model which
includes a AH, Tm, and ACp for each transition. A scan of the isolated N-terminal
44kD proteolytic fragment shows a major transition at 47.8 CO(Nl) and a minor
transition at 78.5 CO(N2). A scan of the C-teminal 23kD proteolytic fragment can be
described by three transitions of roughiy equal AH with Tm's of 50.3 CO(Cla), 58.2
CO(Clb), and 70.6 CO(C2). Thelow t ratua on of intac DnaK (KI) can
be assigned to the N-ermnal on theba of the similarity of the Tm and AH of (Nl)
of the isolased N-teminal firmen lhis assignment is supported by the similarity of
the Tm (41C°) obtained from studies of the intrindc fluorescence as a function of
temperature DnaK contains only one typtophan which is located at reidue 102 in the
N-terminal. In addtion, theTm of(K1) increases by 8.7 C0 in the presence ofexcess
ADP which is known to bind to the N-terminal. TIe middle transition of the intac
ptin (K2) can be assgned to transitons (Cla) and (Clb) of the C-teminal fragment
on the bads ofsimilar Tm's and AH's. In the intact protein (Cla) and (Clb) form a
singlecoopeative unfoldingunit. In addition, a peptide which Is known to bind to the
C-teminal affects (K2) byin g theTm by 3C. Presumbly the hightempea
trMsition (K3) contains contributions from both (N2) and (C2), however, the exact
structu elements have not yet been Identified. (Supported by NIH grants GM37911
(E.F.), RR04328 (E.F.), and G.M.36526 (R.M.))

W-Pe112
WATER AS AN INHIBITING LIGAND IN YEAST HEXOKINASE ACTIVITY. ((P.
Rand, N.L Fuiler, P. Butko and P. Nicholls)) Biological Sciences, Brock
University, St. Catharines, Ontario, Canada, 12S 3A1.

We have used osmotic stress to measure waters role In yeast
hexokinase (HK) activity. HK has a cleft whose closure is induced by
glucose binding and aided by reducing the activity of water outside it.
Osmotic pressure reduces both the glucose binding constant Kd and the
Michaelis constant Km for glucose. The effects are similar (although we
are testing whether the binding may be more sensitive) and the pooied
equilibrium and kinetic data show that 65±10 water molecules are
removed as glucose binds. Water behaves as an inhibiting ligand. The
consistency of the kinetic and equilibrium data shows that the
hydration/dehydration reactions are present during catalysis and the
number of waters suggests a large contribution by soivation to the
energetics of the conformational change In catalyis.

Most of this water likely comes from the cleft. Above MW2000 the
osmotic effect Is Independent of molecular weight and mothylatlon of the
polyethyleneglycol used to flix the osmotic pressure . For MW 600 PEG,
equivalent equilibrium and kinetic data give 11±6 water molecules
showing that this osmolyte has acoes to much of the aqueous compartment
that excludes the higher molecular weights. We are using even smaller
osmolytes In an attempt to probe energetically significant but smaller
aqueous spaces around the protein.

W-Pos`14
ENEROETICS OF SITE SPECIC ANTBODY-CYTOCHROME C
INTRACTION. ((C S. RAMAN, B. T. NALL and M L. AlLEN))
Deqartment of BiochmIsy, The University of Texas Health Science
Cnout, San Antonio,TX 78284-7760.

We have used high sensitivity titration micrcalorlnmty to
evaluate the thermodynamics of monocloal antbody (mAb)
binding to hore heart cyt chrom c (cytc). mAb2B5 binds
nr the expoed heme crevice and mOPbSF interacts with dte
opposite side of the molecule. Both antibodies have high
affiity for the native protein (Ka 109 - 1010 M-1). The
enthalpic (AHO) and entropic (ASO) contribution to the
binding free energy of both antibodies are large and negative.
Mhe mAb2B5-ytc asociation exhibits a temperature
depeden IAHO (ACp = -520 cal mol-I K-1), while that of
mAb5l1-cytc does not (ACp - 0). Further, uik the
mAWb58-cytc i teraion, binding of mAb2BS to cytc involves
proton uptake. Thes results will be discuswed In ligt of the
forces govreming antibody-proein recognition.
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W4P08115
TEMERATURE-DEPENDENT HYDRATION FORCES MEASURED
BETWEEN COLLAGEN TRIPLE HELICES. ((S.Leikin, D.C.Rau, and
V.A.Parsegian)) PSIDCRT and LBMNIIDDK, NIH, Bethesda, MD 20892.

Forces directly measured between lipid membranes or between
linear macromolecules have revealed features quite different from
those used in traditional theories of molecular recognition,
assembly, and folding. As molecules are brought together, they
repel exponentially with a work of approach that appears to involve
removal of water organized around the suctures of hydrophilic
groups on the appoaing surfaces. These "hydration forces" have been
seen in materials as different as lipid bilayers, DNA double
helices, and stiff polysaccharides. Though hydration is generally
regarded as essential to protein function and structur, the lack of
diroct force measurements has allowed the nglect of "hydration
forces" in protein association and folding.

We now report their appearance between soluble proteins,
specifically between triple helices in native and reconstituted
fibers of type I collagen. Measured force-distance curves closely
resemble those in spontaneously assembled DNA fibers. An observed
decrease in repulsion with increasing temperature implies that there
is an increase in entropy as molcule are pushed together. Forces
vary exponentially with a decay constant that reflects the structure
of collagen triple helix. We see these results as an essential step
to connect measured forces with protein-protein reoognition.

W-Ps17
RULES FOR MACROMOLECULAR RECOGNITION BY THROMBIN

Youhna M. Ayala, Akash Mathur & Enrico Di Cera
Department of Biochemistry & Molecular Biophysics, Washington University

School of Medicine, Box 8231, St. Louis, MO 63110.

The interaction of thrombin with its natural substrate fibrinogen and the potent
natural inhibitor hirudin is mediated by two distinct structural domains of the
enzyme: the fibrinogen-recognition-site (FRS) and the catalytic pocket (CP).
Macromolecular recognition by thrombin hinges on macromolecular "bridge-
binding" to these two separate domains. Bridge-binding is very finely tuned by
specific ion binding interactions with the CP and FRS. Thrombin exists in two
conformations, fast and slow, that differ by one order of magnitude or more in the
kinetic processes involving diffusion to and from the CP. The slow-fast transition
is allosterically triggered by Na+ binding in the region of negative electrostatic
field surrounding the CP. This binding reaction also induces a major change in the
intrinsic fluorescence of Trp residues and molecular ellipticity. Bridge-binding to
the slow and fast conformations of thrombin occurs with widely different
affinities. Na+ binding facilitates bridge-binding and hence, by linkage principles,
it follows that the slow-fast transition is a major component of
macromoncular recognition by thrombin. Binding to the FRS is controlled in a
competitive fashion by Cl1. The control of macromolecular recognition by Na+
and Cl is of physiological relevance. Our findings suggest a possible molecular
mechanism for recognition by thrombin which is consistent with recent
crystallographic results.

W-Pel1l9
EQUILIBRIUM BINDING OF SUCROSE OCTASULFATE WITH
BASIC FIBROBLAST GROWTH FACTOR. ((T. Arakawa, J. Wen &
J. Philo)) Amgen Inc., Amgen Center, Thousand Oaks, CA 91320
Fibroblast growth factors (FGFs) strongly bind to heparin and are

thereby stabilized against deactivation and proteolytic cleavage.
Sucrose octasulfate (SOS), which has a chemical structure resem-
bling the repeating unit of heparin, has also been shown to enhance
stability of basic FGF against thermal denaturation and to induce a
small conformational change. We have examined SOS binding to
bFGF using equilibrium dialysis. The difference in SOS concentration
across the dialysis membrane was measured using a precision
density meter, since the density of SOS differs greatly from that of
water. With care, this densimetric technique can measure binding
with a precision of ±0.1 mole/mole using only 2 mg/ml of protein.
These results show that the binding saturates at 2 moles of SOS per
mole of bFGF as SOS concentration increases to 4 mM or higher.
The effect of SOS on the thermal stability of bFGF was examined

using denaturation at a constant heating rate, by both turbidity and
DSC. Since the thermal denaturation is irreversible, the temperature
where aggregation abruptly increases was taken to indicate the onset
of denaturation. This temperature increased -12" as [SOS] increased
from 0.01 to 4 mM and remained constant above 4 mM, consistent
with our binding data if the binding is specific to the native state.

W4P08116
THERMODYNAMIC AND CONFORMATIONAL ANALYSIS OF
COMPLEXES OFTHE REPRESSOR OF BIOTIN BIOSYNTHESIS

WITH SMALL UGANDS
(Y. XU, E. NENORTAS, AND D. BECKETT) DEPARTMENT OF
CHEMISTRY AND BIOCHEMISTRY, UNIVERSITY OF MARYLAND
BALTIMORE COUNTY, Baltimore, Maryland 21228

The repressor of biotin biosynthesis, BirA, is an allosteric site specific DNA
binding protein. A unique feature of this protein is that it catalyzes synthesis
of the molecule, bio-5-AMP, that is the allosteric effector for DNA binding.
In an effort to elucidate the mechanism of coupling of allosteric effector and
DNA binding in this system we have investigated energetic and structural
features of the complexes of BirA with the small molecules biotin, ATP and
bio-5'-AMP.

Results obtained from a combination of fluorescence titrations and
kinetic measurements indicate that BirA binds relatively weakly (KD in the
itM range) to ATP and biotin and that the equilibrium dissociation constant
for the BirA-bio-5'-AMP interaction is in the subnanomolar range of
concentration. Partial proteolytic digestion of BirA and its complexes with
the three ligands has been used to probe conformational transitions induced
upon ligand binding. The responses of the aporepressor and repressor bound
to biotin and ATP to this probe are similar. A significandy different rsponse
is observed in the cleavage of the BirA-bio-S-AMP complex.These results
indicate a corrrelation between tight binding of the allosteric effector bio-5'-
AMP and a structural change in BirA. This suctural change may be required
for specific binding of the protein to DNA.

W-Pos1l8
CHLORIDE BINDING AND DONNAN SWELLING
j(Gerald Elliott "Stuart Hodson and *Justyn Regini))
The Open University, ORU, Oxford, OX1 SHR and "Vision Sciences, UWCC,

Cardiff, CF1 3XF, UK.

In comeal stroma, the cation exchange capacity of the connectve tisue creates
a Donnan-osmotic swelling pressure and a Donnan electrical potential. These
generato passive swelling. The exchange capacity has two contributons: (1) the
charged carboxylic and sulfonic acid groups of glycosaminoglycans and (2) a
charge resulting from the transient bnding of free chloride ions to a ligand.
Chloride binding shows first order Idnetics and provides most of the stromal
cation exchange capacity under physiological conditions. Chloride binding has
the consequence of stabilising Donnan swelling on exposure of the cornea to
solutions of varyinp tonicity, and it expains the well documented negative
temperature cooeficient of stromal swelling. It is suggested that a similar
phenomenon explains the temperature-dependent disappearance of the myosin
layer lines in the X-ray diffracbon pattern of relaxed rabbit muscie, and may also
be relevant to cold-cataract in eye lens.

W4Pes120
THERMAL STABILITY OF THE SINGLE-CHAIN ANTIBODY

SCA 4-4-20/212

((Joachim D. Miller*, Edward W. Voss Jr. & G. Ulrich Nienhaus))
Department of Physics, Biophysics &8 Microbiology, University of Illi-
nois at UrbanaChampaign, IL 61801, 'Technische Universitat Miinchen,
Germany.

The anti-fluorescyl single-chain antibody SCA 4-4-20/212 of the
(NH2)VL-linker-VH(COOH) design exibits a reversible cold denatura-
tion. The antibody is based on the high affinity murine monoclonal an-
tibody Mab 4-4-20, which has been extensively characterized in terms
of structural, kinetic and spectroscopic properties. The native anti-
body binds its hapten fluorescein, whereas the denatured form has no
affinity to fluorescein. The difference in absorption between the bound
and unbound fluorescein erves to probe the folding state of the an-
tibody. T-jump experiments at a variety of temperatures have been
performed in glycerol/water mixtures. The denaturation process after
the T-jump is observed using time-resolved absorption measurments.
Analysis of the T-jump experiments with a singular value decomposi-
tion (SVD) algorithm clearly shows a two-state process implying that
the cold denaturation is a highly cooperative process. Supported by
NIH.,
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W430121
Caac!uAfiATfIo 0r DOVINB KR!ICULAR CUI?IL&B
DUMYN AND DOVIN SKXI DUCORN. ((J. LIU*, L.

Rosenberg#, T. Lau-*))* Departaent of Biochemistry,
University of Now Hampshire, Durham, NH 03824 and
Nontefiore Medical Center, Bronx, MY 10467.

aiglycan and decorin are small, leucine rich
proteoglycans, present in a variety of extracellular
mtrices. Little is known regarding their self-association
properties. We have used sedimentation analysis to examine
the structure and self-association of bovine articular
biglycan and bovine skin decorin in a variety of buffers.
The monmer molecular weights, obtained in buffer containing
4 N OdnHCl, 50 mU Trio, 5 mM IDTA at pH 7.5, were 86,625 Da
for intact biglycan, 44,095 Da for its core protein and
22,159 Da for GAG chain. Under associative condition without
Zn+ (0.15 M NaCl, 50 mM Tris, 5 mM 3DTA, at pH 7.5), the
GAG chain rmains monmeric, however both biglycan and its
core protein appear to form polydisperse oligomrs. Dimr is
apparently a major species in biglycan self-association.
When 5 mM Zn++ was introduced, both biglycan and its core

protein form larger polydisperse aggregates. Results have
also been obtained from bovine skin d-corin. In 4 M GdnHCl
buffer at pH 7.5, intact decorin exhibits a Mr of 73,750 Da.
Under associating condition without Zn++, decorin appears to
form dimrs. However, adding 5n++ yields larger
polydisperse aggregates. These results show that both
biglycan and decorin undergo polydisperse self-associations
in associative conditions, probably mediated by interactions
between their core proteins. Supported by NSF DIR 9002027.

W-Po123
USING SOLUTION EFFECTS TO PROBE THE MECHANISM(S) OF

HEROTROPIC REGULATION IN ASPARTATE TRANSCARBAMYLASE
((VinceJ. LiCaaandNoma M. Allewell))Dept ofBiochemiszty,Ufieity
of Minnesot St.Paul,MN 5 108

E. coi aspat ylae (ATCase) cayes te on of
aspartate and carbamyl phost to produce carbamyl aa and inar-
non pbophat IIIthe presence of satating amounts

phatle, A can be treated as a single bta enzyme exhibitg both

positive and substrate inhibition for

addiion, AlCisicallyregulatdi s everal hee ffectrss
icluding AlP (positive r on) ad ClI (negative replation).

Weave sudied t de cy of the enzyme kietics of ATCase on
Na], temperar, and [ehanolin presnce and abece of allostei
effects. The goal of these sdi is to cha ize thet of bonding
interactions involvod in heteodic oevityin ATCaae byp g

these hetoopic iactons with changes in soluton onitions

NaQndechnlproduceinbibityeffectsonboththcapparentKmand
the appt Vmax for ATCasevw [a tel. The rdatve [NaCI] and
[ethanol] dqmdenSdifferinthepresceofAIvL CITP, nesgthat
ATP and CP utilize differing non-covalnt bondig netwo in thr

"communication" with the active site
Inwreasing increaes the apparent Vmax (as expected) and

increasesthe aprtKm Again, the den differeintee of
ATPFVL Cl?. Km=Kd for aspartt, thisaindicates t pubiad6of
is enthalpy driven in the presence of both effectorsand thafenda¶
enthalpyentro compensation accounts for the net increase (ATP) or
d(CI3 "m free energy of substrate binding.

W4P08125
A Scaling Perspective on the Influence of Quantum Energy
Flow In Protein Reaction Dynamics
((Sarah A. Schofield and Peter G. Wolynes)) School of Chemical Sci-
ences, University of ILinois, Urbana, Illinois 61801

We present an analysis of quantum energy flow and localization in
large molecules from the point of view of a scaling approach. We couple
this with the result of a derivation of the rate of electron transfer in
large biological molecules such as proteins and the dependence of this
rate on vibrational energy flow. The scaling approach is based on ear-

lier scaling theories of Anderson localization in disordered metals. The
picture provides a simple general framework for describing both energy

flow and the localization of eigenstates. This framework can be applied
to molecules with random local transitions between states. We find
that when vibational localization occurs the rate of electron transfer is
slowed down considerably. We discuss limitations of the model, gener-

alization to other types of reaction, and possible relevence in particular
instances.

W-Pos122
PHYSICAL STUDIES OF THE CLOTING REACTION OF ULMUWS COAGULOGEN.
((T. Moody and TM. Laue)) Dept of Biochemistry, UNH, Durham NH 03824.

The clottng reaction of coogubgen provides a gel forming system thot is reodiy
amenable to physical study. Turbidimetric data obtoined during trypsin initiated clotting
reactions of coogulogen show that the turbidty at 326 nm changes more slowly than
the wavelength dependence of the light scattering. On average, the final value of the
wavelength dependerce rapidly approaches approximately -2. A comparison of
pelleting data with spectral data indicates that eary in the reocton, the change in
turbiity logs slightly behind the change in the amount of pelletable material. Judging
from experiments conducted at 150C, it would appear that if a criffcol concentration
exists at that temperature, it is cbse to 0 mg/ml. The pelleted and supematant parts
of aliquots taken at various times during clotting reactions provided useful material
for SOS-PAGE experiments. The results of these experiments indicate that coagulogen,
and at least one proteolylic intermediate between coagulogen and coagulin, do not
participate in gel forrnation. SDS-PAGE of reduced and unreduced mature coogulin gel
suggests that disulHide bonds may stabilize the structure of the gel. Analyical
utracentrifugaton experiments should provide further insight into the structure of the
mature coogulin gel. The materials currently under investigation in this work include
the coagulin gel dissolved in pH 3 chloroocetic acid with and without SME, and the
coagulin gel dissolved in pH 8 6M guanidine HCI with and without OME. Supported by
NSF DIR 9002027 and NSF DIR 8914571.

W4Pos124
ROTATIONAL DIFFUSION OF MYOGLOBIN AND HEMOGLOBIN.
((James Hofrichter, Colleen NM Jones, Anjum Ansari, Eric R. Henry, Olivier
Schaad and William A. Eaton)) Laboratory of Chemical Physics, NIDDK,
NIH, Bethesda, Maryland 20892

Time-resolved polarized absorption measurements have been used to study
the kinetics of the decay of the optical anisotropy produced by partial
photodissociation of the CO complexes of sperm whale myoglobin and
human hemoglobin. For myoglobin, the rotational correlation time scales
linearly with the ratio of solvent viscosity to temp ure for glycerol
concentrations ranging from 0 to 79% by weight and temperatures ranging
from-"C to 350 C. Therotaional correladon timeis 12 ± 1 ns at 2O0C in
aqueous buffer. The corresponding value for hemoglobin is measured to be
36± 2 ns. The rotational diffusion coefficients obtained from these results
are consistent with those previously reported frm dielectric relaxation
studies, but are significantly smaller than those obtained using a number of
other techniques, including fluorescence depolarization, electron paramagnetic
resonance, and y- correlation spectroscopy. To rationalize these values,
approximately 10 water molecules/nm2 of accessible surface area must be
included in the hydrodynaTnic particle. For myoglobin the solvent volume
is approximately equal to that of the protein itself. Representations of the
hydrodynamic particle obtained by 'shrink-wrapping' with ellipsoids of
revolution and by molecular dynamics calculations suggest that the results are
consistent with the shapes of these molecules and their optical properties.

W-osl!26
BROWNIAN DYNAMICS STUDY OF THE INFLUENCES OF
ELECTROSTATIC INTERACTION AND DIFFUSION ON PROTEIN-
PROTEIN ASSOCIA1ION KINETICS. ((Huan-Xiang Zhou))
Laboratory ofChemical Physics, NIlDDK, NI, Bethesda, MD 20892.

We present a unified model for protein-protein asociton process (e.g.,
protein oligomnization, enzyme catlysis, elctron and energ transfer)
that are under the influences of electrostatic interaon and diffusion. The
proteins are modeled as spheres that have point charges embedded in them
and undergo translational and rotational Brownian motions. Before
sociation can occur the two sphera have to be aligned properly to form a

reacion complex. The reaction complex can either go on to form the
product or it can dissociate into the separate reactants. The electrostatic
interaction influences every step except the one that bring the reaction
complex into the product. The interaction potential is governed by the
Debye-Huckel equation outside the two spheres and the Poisson equation
inside the spheres. It is obtained by solving an integral equation using basis
set expansion. The equilibrium constant for the reaction complex is simply
an integral involvng the interaction potential. The time-ependent
aociation rate coefficient is obtained through Brownian dynamics
simulations. illustrative calculations demonstrate the subtle way that the
protein charge distribution controls the equilibrium constant and the
assoiion rate.
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W4Po0l27
THE EXCLUDED VOLUME EFFECT EXAMINED WITH KINETIC,
SELF-AVOIDING, OFF-LATTICE RANDOM WALK POLYPEPTIDES.
I(C.W.V. Hogue)) Institute for Biological Sciences, National Research Council,
Bldg. M54 Montreal Rd. Ottawa, Ont. Canada. K1A OR6. Graduate student,
Biochemistry, University of Ottawa.

The excluded volume effect repreaents the fact that rl molecules cannot occupy
any portion of pae that is occupied by anoter portion of the -m mocule at the -me
time. Tle effect of excluded volume alone on protein confor a s been difficult to
aaess teoreticaly. Tho statistical pamete of random walk polypaptides ar comonly
presented without explicit account of the excluded volume effect. In addition, few random
walk Monte Carlo simulations have ben parformed off-lattice. Hence a self-svoiding, off-
lattice random walk polypaptide simulation is of great utlit in _asesg protin
conformations and compaing them to the 'radom coil' state. Due to tie inheet
computional problems involved in geratn unbiasd random wals which are also olf-
avoiding, a kinetic or growing walk model is presented. Tho generaion of theo kinetic,
slf-avoiding, off-lattice random walk polypeptides should beter repreet posible
conformatins of real random coil polypeptides. Large amounts of Monte Calo (MC)
polyalanine simulations are presented. Ths random walk polyaline struttures wore
geneated ranging from N=5 to 1000. Ihe radii of gration, end to end distances, and the
distributions of the dmulations are reported and compaed with values from molecular
dynamics, crystallographic and random walk theory. While thes parm show a
swelling due to excluded volume, the stuctr are more compact than reported in previous
work using lattices. Ihe number of self-avoidance instac is shown to incas linealy
with polymer length N. In addition the limiting c c ratio for these polyalanine
simulation matches tha based on the Plory otational iomeric tae theory model (3, this
study, 2.97 (Brant, Miller and Flory 1967 J. Mol. Biol. 23:47-65)). However Flory
reported the limiting characteristic ratio of polyaanin to be 9 basd on a correction for
dipole-dipole interactions. This report shows random coil polyalanine is a more compact
structure and the dipole-dipole correction of Flory is not consistent with the definition of a
random coil polypeptide structure.

W-Po1029
"COMPLETING THE KNOT"-ANOTHER NEAT DISCOVERY IN EVOLUTION.
Rufus Lumry, Chemitry Department, University of Minnesota, Minneapolis, MN
55455
'Knots","matricesa and "surfaces" are the substructures d most proteis (J.MoL
Liquids,42,113(1989)). Thermodynamk stability is primarily due to knots; matrie
rarely have maximum stablilty. Knot-formation is extremely cooperative. A single
missing or altered reddue usuafly prevents formation. This i the basis a device of
great utility we caD "completing the knot".Because It makes the stabilaing
free-energy from knot formation available for specific proceses, it greaty increases
the effective free-energy changes in the latter. One such appLicatios is In protein
assoclations. In "leucine zippers" the Inter-protein knot is completed by combining
groups from two proteinls Many represor proteins and the HIV-1 protease consist of
two Identical proteins each of which contributes a singl hydrophobic group to
complete the knot of the other. In some of these this is supplemented by a
'strap-hinge" formed by combining short peptide segments into a two-chain
anti-paralle 3sheet knot. An effector which supplies a mising knot residue has
major thermodynamic and specificity advantages The thermodynamic advantage can
be used to Increase sensitivity as In regulation of enzymes by effectors which prevent
formation of one of the two knots; eg., caicium-lon In a-lactalbumin. Multi-knot
proteins with an uncompleted knot are 'molten globules". The coordination of
expansion-contraction fluctuations of two functional domains, one knot per domain, to
act mechanically like our opposed thumbs is called the "pairing prindcipkl It is a
major feature of enzymic mechaisms and may be important in antigen-aDtibody
combination and abzyme function. The major factor in cotraction as in
thermodynamic stability is the arrangement of peptide dipokls Comparisons of
B-factor plots for different kinds of atoms can give rare information about these
arrayL Thus the B-factor data for Fab-antidigoxin (Constantine et alcProteinsStruc.
Func. Gene.,ln press) show little change in the mean B for backbone nitrogens in the
variable regions on binding digoxin but a large increase in standard devation.

W4P08128
ANANALITcALCOD FNORNNO lKNC8.
((. ie, B. k, H. PFwnfelder, G. U. Nienhaus, R. Philipp, and
R. D. Young)) Departmnt of Physic Uniersity of lLinois, 1110 W.
Green Strt, Urbana IL 61801.

Nonexponential kinetics, observed in biologica procsses of proteins,
can be envisioned as composed ofmany e enti p At low
temperatures, the varation in the reaction rate within a protein
ensemble arises from conformational heterogeneity, In order to
elucidate the thermodynamic properties and the structure-tbnction

relationhip of a protein, we have developed a method (i) to resolve the
rate dependencies on temperature of various protein conformations
(ii) to reveal the correlation between activation enthalpy H and

prefactor A, and (iii) to deduce the population density g(H,A). To
correlate the rates of any specific conformation at different
temperatures, we assume that the rates of any two conformations will
not cro each other in the concernd temperature range. We have
employed this method to investigate the kinetics of geminate ligand
recombination to sperm whale myogiobin. The Arrhenius plot of the
resulting rate toefficient exhibits three distinct temperature regions:
quantum tunneling, Arrhenius, and conformationas relaxation In
the Arrhenius region where k a A(TfTo)p(-H/RT), the prefactor A is
sensitive to the protein conformation and varies by a factor of more
than 10. Within the distributions of A and H, a large prefactor A is
coupled to a small activation enthalpy H with a nonlinear correlation.
This method also allows the quantitative analysis of conformational
relaxation and quantum-mechanical tunneling. (Supported by NMI).

W4Po130
MeIrcIO OrP eoeIrt IN smLF-AssoCIATIzN 8YSTUS BY
3QfLI3RIUK sgDZJIallo. Yujia Xu and David Yphantia,
Department of Molecular and Cell Biology, University of
Connecticut, Storrs, CT 06269-3125

A procedure has been developed for detecting heterogeneity in
self-associating systms that combines the merita of
quilibrium sedimntation, the power of computers and the

discrimination of signal detection theory. In typical
experimnts with self-associating systems this approach can
detect the presence of less than 2% (by weight) of 'incompetent
monorw The procedure is based on a nonlinear least square
fitting program, NONLIN, used extensively for sedimentation
equilibrium studies during past two decades. First we showed
that the parameters (apparent molecular weights, association
constants, etc.) estimated by NONILIN were asymptotically
Gaussian, based on good agrement of the confidence regions of
the estimates evaluated by Monte Carlo runs with those
calculated according to the Cramer-Rao lower bound. The method
of 'linear hypothesis testing' then was employed to estimate
the dependence of the observed association constants on initial
loading concentration and/or speed (both previously indicated
to be measures of heterogeneity in self-associating systems).
Computer simulation studies with this new approach are underway
for various association schmes and types of heterogeneity, The
dependence of the sensitivity of this approach on sedimentation
speed, loading concentration and association constant will be
reported. This method appears useful both for theoretical
studies and for practical analyses of self-association systems
by sedimentation quilibrium.
(Supported by NSF grant #DIR-8612159)

W-Pos131
Calculation of the dipole moment of Heme Proteins:

Use of Protein Data Base.
Shiro Takashima

Department of Bioengineering, University of
Pennsylvania Philadelphia, PA 19104-6392

we have been using the protein data base to
calculate the dipole moment of small proteins . The
calculated dipole moments are in general in
agreement with the measured. We are now extending
the same method to larger proteins such as normal
and abnormal sickle cell hemoglobins. Hemoglobin is
a protein having a molecular weight of 64000 and
consists of two a-chains and 2 n-chains. Because
of the nature of our method of calculation of the
dipole moment, we are unable to calculate the moment
of the whole hemoglobin molecule at once. In order
to circumvent the difficulties, we calculate the
dipole moments of subunits separately and then sum
them up vectorially. The calculated dipole moemnt
501D is in excellent agreement with the measured
moment 495D. In addition to the normal hemoglobin A,
we calculated the dipole moment of sickle cell
hemoglobin S. Experiments indicate that the dipole
moment of HbS is considerably smaller than that of
HbA. The calculated value turned out to be 297D
while the measured value is 286D.
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W-VCR3
LIPIDAT: A DATABASE OF LIPID PHASE TRANSITION TYPES,
TEMPERATURES AND ENTHALPY CHANGES: AN UPDATE.
((Rumiana Konova and Marin Caffrey) Dezpartment of Chemistry, The Ohio
State University, Columbus, OH 43210.

LIPIDAT was initiated approximately four years ago with a view to providing
a single, centralized source of all literature data on the mesomorphic and
polymorphic transition temperatures and enthalpy changes for synthetic and
biologically-derived complex polar lipids. The compilation includes all data
for lipids in the dry and in the partially and fully hydrated states. Also
included is the effect on these thermodynamic values of pH, and of salt and
metal ion concentration and other additives such as proteins, drugs, etc. The
experimental methods and conditions used in making the measurements are

reported. Bibliographic information includes complete literature
referencing and list of authors. As of this writing, the database is current
through June, 1990 and contains in excess of 10,000 records. Each record
has 28 information fields. The second phase of the database project, namely
the compilation of all data regarding the miscibility properties of lipids is
now underway. Here, data are being presented graphically in the form of
evaluated isobaric and isothermal phase diagrams. To date we have collected
approximately 1,300 such diagrams. This database is called LIPIDAO. The
electronic version of LIPIDAT will be released in late 1992 and will be
demonstrated at the Meeting. A hard copy version of LIPIDAT is in
preparation at CRC Press Inc.

W-Poe133
CALORIMETRIC STUDIES OF MEMD-CHAIN PHOSPHATIDYL-
ETHANOLAMINES. ((Zhaoqing Wang, Hai-nan Lin, Shusen Li, E.E.
Brumbaugh and C. Huang)) Department of Biochemistry, University of
Virginia, Charlottesville, VA 22908

The lamellar gel to liquid-ystalline phase tranitions of aqueous dip
of four homologous series of mxed-chain phosphatidylethanolamines (PE) and
one homobgd series of identical-chain PE have been studied by high-
resolution differential scanning calorimetry (DSC). Within each homologous
series, all members of PE share a common value of AC Here, the term AC is
defined as the effective chain-length difference, in C-C bond lengt, between
the gn-1 and rn-2 acyl chains The AC values of the five series of PE under
study are 1.5, 2.5, 3.5, 4.5 and 5.5, respectively. In general, a crystalline (or
subgel) to liquid-crystalline phase transition is observed in the fint DSC heating
scan for all PE dispersions; however, this transition is replaced by the gel to
liquid-crystalline phase transition in all subsequent DSC heating scans The
values of T. and AH corresponding to the gel to liquid-ystalline phase
transition increa with increasing chain lengths within each series of PE.
Moreover, the T, values of various PE from each homolgous series of lipids
with a constant value of AC are observed to be a linear function of 1/(n, +n2-
2.1), or IIN, where n1 and n2 are the number of carbon atoms in the saturated
rn-1 and Fn-2 acyl chains, respectively. Based on these linear functions, a
general expression of T. = 146.2 + 2.73AC - 238&3 (1UN) - 1433 (ACIN) can
be derived. This general expression may thus be used to predict the T. values
for all PE with AC values in the range of 1.5 to 5.5. Support by NIH grant GM-
17452.

W-Po8135
1 3C MAS NMR STUDY OF THE INFLUENCE OF A HOMOPOLYMERIC
PEPTIDE ON SYNTHETIC LUNG PHOSPHOLIPID. ((D. T. Fujito, C.J.
Sims, D.R. Burholt and D.A. Wilkinson)) Dept of Medical Physics,
Allegheny-Singer Research Institute, Pittsburgh, PA 15212 and Dept of
Obstetrics/Gynecology, Allegheny Campus of the Medical College of
Pennsylvania, Pittsburgh, PA 15212.

Lung surfactant (LS) consists primarily of phospholipids and three
hydrophobic proteins. We haVe used two different 13C magic angle
spinning NMR techniques (proton-decoupled MAS with and without cross-
polarization) to study an LS model system consistng of polypherrylalanine
(average MW - 2,0,00-5,000) and 1,2-dipalmitoylphosphatidylcholine
(DPPC) vesicles. Pure DPPC in the gel phase gave high resolution 13C
CP/MAS spectra with resonances for the carbonyl carbon (172.5 ppm),
the choline methyl (54.2 ppm) and methylenes (59.8, 66.2 ppm),
glycerol C-2 (70.9 ppm), glycerol C-1 and C-3 (59.8 ppm), acyl
(CH2)n (32.7 ppm), and acyl CH3 (14.1 ppm). Upon heating through the
main phase transition, the carbonyl, all choline carbons and the acyl
methyl peaks disappeared in the CP/MAS spectrum, but were clearly
present in the 13C MAS spectrum obtained without CP (with the carbonyl
peak shifted to 173.6 ppm, the acyl CH2 shifted to 30.5 ppm). Addition of
polyphenylalanine to DPPC (9:1 DPPC:Poly-Phe, w/w) yielded gel-phase
CP/MAS spectra with missing carbonyl and glycerol resonances. Upon
heating, the 1 3C MAS spectrun (without CP) showed a broad carboryl peak
(at 173.9 ppm) and a weak resonance at 64.2 ppm (glycerol C-1 and C-
3). These data are consistent with the idea that this polypeptide interacts
with DPPC mainly In the region of the lipid headgroup.

W-Pol132
STRUCTURAL DETERMINATION AND PACKING ANALYSIS OF A
CHOLESTERYL CAPRATE/CHOLESTERYL LAURATE SOLID SOLUTION.
((M.P. McCourt, P. Strong, W. Pangborn and D.L. Dorset)) Medical Foundation of
Buffalo, 73 High St., Buffalo, N.Y. 14203

The X-ray crystal structure analysis of a cholesteryl ester solid solution, cholesteryl
deconoate/cholesteryl laurate in a molar ratio 0.56/0.43 Is described. The unit eel Is
monoclinkc with a-12.969, b-9.048, c-31 .137A and Jl-91.120 and the space group
P21 with Z-4 (two molecules per asymmetric unit). The cell constants ciosely
represent an average value of crystal parameters for the two components (hence,
neariy corresponding to Vegard's law). Although the overall monolayer I lamellar
packing Is superficially similar to the eariier studied cholesteryl undeconoateAlaurate
solid solution, there appears to be a partitioned distribution of acyl chains, I.e. a
microfractionation corresponding to the observed nonideal phase behavior. This
structural arrangement is contrasted with the fractional atomic occupancy In an
average laurate structure found earlier for the more ideal undeconoate/iaurate solid
solution. The final weighted R factor for 4578 reflections is 0.138. DIfficultIes In
refinement were experienced in both the isoprenoid chain of one molecule and the
acyl terminal chain of the other molecule. The molecular conformations of the
molecules are however consistent with previous determinations for the pure
components. Increased molecular volume dffferences In such solid solutions thus
lead to a displacemnt of the molecules from one another in an effort to retain
Important Interfacial contacts. Research supported In part by the Helen Woodward
Rivas Memorial Trust.

W-PW134
SURFACE BEHAVIOR OF GALACTOSYLCERAMIDES WITH
HOMOGENEOUS ACYL CHAINS: EFFECT OFACYL SRUCTURAL
ALTERATIONS. ((Shaukat Ali, Janice M. Smaby, Howard L. Brockman,
and RhoderickE. Brown)) The Hormel Institute, Univ. of Minnesota,
Austin, MN 55912.

Galactosylceraides (GalCer) with homogeneous acyl chains containing
none, one, or two double bonds have been synthesed and chareizd at
the argon/buffered saline interface using a Langmuir film balance. Surface
pressue and surface potential were monitored as a function of molecular area
at various constant temperatures between 10 and 30"C. In this temratue
range, GalCer containing palmitoyl, steaoyl, or lignoceroyl acyl chains form
condensed films. ntroducton of a single cis double bond at the omega-9
position dramatically alters GalCer's behavior if the acyl chain length is
between 18 and 24 carbons. With such species, two-dimensional phase
transitions of a liquid-expanded (LE)-to-fiquid-condensed (LC nate are
observed. The surface pressure and molecular area at which the transitions
ocur are dependent on tmperatre and acl chain length. Introduction of
two cis double bondsto long chains (1 carbons) or ening of
saturated chains to ten carbons in GalCer's acyl residue results inliquid-
expanded films at all eratures in the 10 to 30C range. The results
provide an understanding ofhow GalCar's acyl chain sruc regulates its
physico-chemical behavior in spealized membranes like myelin where
concentions of this sphingolipid are high. (Supported by USPHS Grant
GM-45928 and the HormelFouion)

W4Poa136
STUDIES OF ACYL CHAIN PACKING AND DYNAMICS IN MIXD
CHAIN-INTERDIGITATED PHOSPHATIDYLCHOLINE BILAYERS
((R.N.A.H. Lewisl and R.N. McElhaneyl, tDept. of Biochemistry, Univ.
of Alberta Edmonton, Alberta, Canada T6G 2H7; MOA. Monck2 and P.R.
Cullis2))Dept. of Biochemistry, University of British Columbia,
Vancouver, Britsh Columbia, Canada; M. Bloom3, 3Dept. of Physics,
University of Brtish Columbia, Vancouver, British Columbia, Canada.

The thermotropic phase behavior of unlabeled and 2H and 13C'-. labeled
samples of mixed chain phosphatidylcholines, in which the length of one
acyl chain was approximately twice that of the other, was studied by DSC,
2HNm and FI R ptopy. The 2H-NMR order parameter pmfiles of
the long and short chains of these lipids are consistent with a liquid-
crystalline bilayerin which there is inter-monolayer contact between the ends
of the long chains across the center of the bilayer. In the gel phase the acyl
chains adopt a highly ordered pacing in which there are long-chain/long-
chain and short-chainong contacts but short-chain/short-chain contacts.
Together these data and ourDSC results are consistent with the formation of
a bilayer in which ther is some form of chain interdigitation in both the gel
and liquid-crystaline phases. Ourresults also suggest that there may be two
kinedc pathways by which the liquid-crystalline phase freezes to form the
intedWigited gel phase. (Suported by operating and major equipment grants
from the Medical Research Council of Canada and the Alberta Heritage
Foundation for Medical Research.)
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W-Pos137
MESOMORPHIC AND THERMOTROPIC PROPERTIES OF A
12:0/12:0 PC - 22:0/12:0 PC MIXTURE IN EXCESS WATER
((T. Zhu and M: CafErey)) Department of Chemistry, The Ohio State
University, Columbus, OH 43210

22:0/12:0 PC is an asymmetry lipid with a pronounced difference in
the chain length of the fatty acids at the sn-I and sn-2 positions of the

glycerol backbone. In excess water at low temperatdures this lipid
adopts a lamella gel phase with chains which are untilted but of the
mixed (m, I). Heating through the chain

order-disorder transition gives rise to the partially interdigitated
lanielar liquid crystal (aWP, phase. We were interested in

determining how 12:0/12-.0 PC, a lipid with a chain length likely to
match the chain length difference found in 22:0/12:0 PC, might
interact with the latter. To this end, a 22.0/12:0 PC - 12:0/12:0 PC
mixture (1:4 mole ratio) was examined by using x-ray diffhaction in
the heating direction from -7 IC to 25 °C for purposes of phase
identification and structure characterization. The tentative phase
sequence for the mixture is as follows: ripple - lamellar X (Lx,
Hatta et al., Biophys. J. 59:310a,1991) - lamellar gel - lamellar liquid
crystal. A more complete structure and thermodynamic
characterization of this interesting lipid mixture is in progress.
Supported by NIH DK36849.

W-Pos139
Bquilibdum and No.mBquilbrium Phae Behavior

of the Monoayrlstoleln / Waakr System An Ivestigatio-
of the Cubic Phae Undercoolng Mecheanim

Jason Brigg and Martin Caffrey

Dearmsu of Chemitiy, Thc Ohio Sta Univrsty, Columbus, OH 43210

A temperaturcOmposition phase diagram of monomYristolein In water was
constructed using x-ray dffrhtion. Low- and wideangle dffraction pate were

collected fom smpis of fixed hydration as a function of tmp in the heatin
diton on x-ray senstive fim and/or Image plate. The phases Uidnfied in sysm

Ilude a lam crystalline pbe, Lo- the lemelr liqud ystalne phse, IVt, the fld

pi k phaz FL and two, most lkey inved, cubic phases, Pn3m (Q224) and lId

(Q230). Ihe4a phs exists a pure phas up to 80 C with a limiti hydration of
appsusdmatet32 % (w/w)waterbetween0and 30 C Intrangeof 35 to40cYCand above
30 % (w/w) the 1L and Pn3m phases wodt w hydration boundaryofthe Pn3m

phsllHaabove i% (w/w) wainat45Cand bnar40 % (w/w)wterat90 C Betwen
28and 38 % (w/w) wateand above40 CtheIkld phesbfnd.

Cubic pha ndercoolin was examined by adjsting the atur of
samples in the IaSd and Pn3m phses to a value wher the Let phm represets

beaior. CooHngInduced strcture and ph- d _ang were mnItod
dontiuu ove a 30 min period by rcrdhig low-angle diffrct from the smple

using a stek camer. The cubi-to-Lu tndtion was rapid in smples with an ovea

composion below the hydration boundary of the Lu ph. The tmnsitin slowed
progesvely with increaing hydrati lhe laIcepam of the undercooled cubic

pha is large than is found when the phase b at equilibum. [Sprted by NIH
DK36849 and he Dow Cooperative Rsarch Program, The Dow CQemcl Companyl

W40141
GDOMmC STUDY OF LIPID ONOLAYUt O IGAIITIl In TM
COD s grATIF

J.-J. Max, A. F. Antippa and C. Chapadoe, Ddpartement de
chimie-biologie et departement de physique, UniversitA du
Qudbea & Trois-Rivi&res, Trois-Rivibres, QC, CANADA G9A 5H7

Lipidsat the air-water interface form a reversible monolayer
film in the condensed state when the lateral presure is suf-

ficient. We model the crystalline structure of theme monola-
yers with rigid cylinders whose orientations depend on the
available surface. At the scales of the trough, the domains,
and the molecules we evaluate the incidence of this model on
the local surface density which we relate to the mean density.
We find that the density of the film varies by at least 10% of
the real molecular density. This has an incidense on the quan-
titative predictions of the diverse physical properties of
these films. Good agreement is obtained between our theore-
tical prediction and X-ray diffraction measurementsof lipid
monolayers on water. Our model is also consistent with the
topography of the individual domains imaged by the atomic
force microscope.

W4Pos838
LIPIDAT DATABAS: PHOSPHATIDYLETHANOLAMINE DATA SUBSET
ANALYSIS
((Rumiana Koynova ad Martin Caffrey)) Depament of Chemistry, Te Ohio
State Univeraity, Columbus, OH 43210.

LIPIDAT is a computerized database providing accem to the wealth of
information available in the literature conceming synthetic and biologically
derived polar lipid mesomorphic and polymorphic phase behavior. Here we
present an analysis of the date subset refering to phosphatidylethanolamines
(PB). This class of phospholipids is found in biological membranes and is
known to form a variety of mesophae, both lamellar and non-lamellar. The
PE subet reprets about 13% of all LIPIDAT records. It includes data
collected over a 38-year period and consists of 1504 records obtained from
201 articles in 33 different journals. An analysis of the date in the subset
hs allowed us to identify trnds in synthetic PE phas behavior following
changes in lipid chain length, chain unsaturation (number, isomeric type and
position of double bonds), chain asymmetry and branching, type of chain-
glycerol linkage (ether, eater), hydration level, pH, salt concentration,
stereochemical purity, etc. Information on the phae behavior of biologically
derived PEs is also included. This, somewhat limited analysis provides us
with the ability to predict certain features of PB phae behavior and has
highlighted deficits in our knowledge of this important lipid class.
Supported in part by NIH DK36849, NIST, Avanti Polar Lipids, Inc., and The
Procter and Gamble Co.

W-Pos140
NEUTRL LIPID-WATER INTERACIIONS.
(Hesson Chung and Martn Caffey)) Department of Chemisty, The Ohio
State University, Columbus, OH 43210

The temperature-composition phase diagram for the
monoolein/water system is well established (ee for example Hyde et al.
1984. Z. KrystaU., 168:1-17). The liquid crystal phas encountered I ude
the lamelar liquid crystalline (L.J, the inverted hexagonal (Hg) and two
cubic phases, 1a3d (Q230) and Pn3m (Q224). We have iveigated creully
the hydration properties of the la3d phase by using x-ray diaction To
this end, samples were prepared to a fixed hydration level gravime r
and by eqiliibratng the lipid with aqueous polymer solutions of known
concentation. Further, the thermal expensivity of a fully hydrated
monoolein/alkane mixure in the Hg phase has been determdned. Thme
data combined provide a measure of the curvature elstic energy funcion
for the cubicphaein hyduted mnooxein as follows:

E -2kc[<Hi2> -2H,0<Hp + H02J + kg<IK>
where kc is the rigidity curvatre consant (= 1.3 x 10-12 erg A2), k is the
Gaussian curvature constnt (- 1.5 x 1013 erg A2), Ho is the spontaneous
cu ture (=0224A-1), <H2> is the second moment of the mean curvature,
<Hi> is the mean curvature and <KC> is theGaussan curvaht
Supported by NIH grant DK36849.

W4P0s142
CHARACTERIZATION OF DIACYLGLYCEROL CONFORMATIONS
IN DETERGENT MICELLES AND BILAYERS. ((Chun Zhou, Karen
Lewis, and Mary F. Roberts)) Boston College, Chestnut Hill, MA 02167.

Diacylglycerols have unique roles as intermediates in lipid metabolism and
as second messengers. These weakly polar species do not form bilayers by
themselves but tend to phase separate. While their solubility in bilayer
vesicles has been examined to some extent, there is little information on
their behavior in detergent micelles. Understanding their partitioning in the
latter is crucial for interpreting kinetics of enzymes which use DAG as a
substrate (e.g., DAG kinase) or which generate DAG as a product (e.g.,
phospholipase C). The solubilization of these lipids (including diC6-, diCg-
diC10- and diCl4-DAG) in a variety of detergefit matrices (p-octyl
glucoside, Triton X-100, deoxycholate, tetradecyltrimethylammonium
bromide, 2H26-dioctanoyl-PC) as well as bilayer aggregates has been
examined by NMR spectroscopy and interpreted in terms of particle types
and detergent/DAG interactions. The DAG chain pacldng as reflected in the
nonequivalence of the ci-CH2 groups is a key parameter in these studices.
The nonequivalence of these groups is a function of the detergent matrix as
well as the DAG chain length. Limiting particle sizes have been determined
by QLS and these structures exanmined for intermolecular detergent /DAG
interactions. Surface accessibility and chain dynamics of the DAG species
in different particle geometries has also been examined. The information on
DAG solubilization and molecular interactions is used to optimize assay
conditions for DAG kinase from E. coli. as well as to interpret
phospholipase C activity toward a variety of phosphatidylcholines in
differnt aggregates. For the latter, DAG removal from the enzyme appears
to be the rate-determining step in catalysis.
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W-Pe1U43
PLASMA MEMBRANE UPID COMPOSITION AND STRUCTURE: EFFECTS OF
LIVER FATTY ACID BINDING PROTEIN EXPRESSION. I(J.K. Woodford, J.R.
Jefferson, W.G. Wood, T. Hubbell and F. Schroeder)) University of Cininat,
Cincinnati, OH 45267. (Spon. by W.J. Ball)

Uver fatty acid binding protein, L-FABP, binds fatty acids and sterols in vi&ro,
however, L-FABP in vivo function is not certain. The plasma membrane lpid
composition, distribution, and physical structure of Intact L-ce fibroblasts
transfected with cDNA encoding L-FABP wer detrmined. L-FABP expression
altered plasma membrane phospholipids by decreasing both phosphatidyl-
ethanolamine and esterifled oldic acid content (by 13% and 20%, respectively);
nd increing sphingomyslin content by 20%. The fluorecent sero
dehydroergostrol wa used to examine strol distribution In the trfecd cl
plasma membrane. The sterol/phospholipid rato was decreas to 0.58 in the
Inner leaflet due to sterol depletion. Concomitantly, the halfimes of
intermembrane sterol transfer from both the rapidly and slowly exchangeable
lateral sterol domains were Incr"esd from 26 to 45 min. and from 177 to 237
min., respectively. The fluidity of the plasm membrane was measured with the
fluorescent molecule diphenylhexatrene by multrquency phase and modulation
fluorometry. Diphenylhexatriene anisotropy decreased significantly by 0.013 nd
0.046 lp 001 ) In the bulk plasma membrane and the plama membran outer
leaflet, respectively. The lifetime distributonal width also dispyed a decrese,
of 0.102 (p<O.005) and 0.298 (p<0.05) nsec., within the above two
membranes. Thus, both the bulk pisma membrane and the plasma membrane
outer leaflet lipids were fluidized In transfected cells. These alerations of pama
membrane structure and composition are consistent with a role for L-FABP in
regulating intracellular sterol and fatty acid distribution and thereby membrane
lipid domain structure. IFunded in part by USPHS, GM316511

W-Pel44
FATTY ACID-PHOSPHATIDYLCHOLINE (FA-PC) MISCIBILITY
IN LIQUID-EXPANDED MONOLAYERS. ((J. M. Smaby, J. M.
Muderhwa and H. L. Brockman)) The Hormel Institute,
University of Minnesota, Austin, MN 55912.

Classical analysis of surface pressure-area (s-A)
isotherms for monolayers which exist only in the
liquid-expanded state strongly suggests, but does
not prove, that FA and PC are miscible up to at
least 0.67 mol fraction of FA. Miscibility behavior
at 1:1 FA;PC is important to assess because FA
becomes accessible to lipases in a critical manner
as FA mole fraCOtion exceeds that of PC (J.M.
Muderhwa and H.L. Brockman, J. Biol. Chem., In
press]. To assess miscibility, s-A isotherms were
determined for FA-PC mixtures in which one of the
components showed a liquid-expanded to liquid-
condensed phase transition. For each set of
mixtures analysis of phase transition data
according to the 2-dimensional phase rule indicated
miscibility at equimolar FA and PC in the liquid-
expanded state. Measurements of FA accessibility to
lipases in these films showed the critical behavior
about 1:1 FA:PC. Thus, the critical change in
substrate accessibility to 1iipases does not occur as
a result of lateral phase s paration in the lipid-
water interface. (Supported by NIH Grants HL17371,
HL49180 and by the Hormel Foqndation].

W4108145
CRYSTALLINE AND LIQUID CRYSTALLINE CHOLESTERYL
ESTERS (CE): 13C MAGIC ANGLE SPINNING NMR STUDIES
((James A. Hamilton and Wen Guo)) Biophysics Departmt, Boston
University School of Medicine, 80 East Concord St., Boston MA 02118.

CE are a major lipid constituent of plasma lipoproteins and
atherosclerotic lesions. Crystalline and liquid crystalline phases of
several CE [oleate (C18:1, e-9), eruate (22:1, e-9), hexanoate (C6:0),
decanoate (C10:0), undecanoate (C11:0), myrisate (Cl.4:0), and stearate
(C18:0)J have been studied by natural abundance 1IC magic angle
spinning (MAS) NMR at 75 MHz (7.05 T). Solid state spectra obtained
with MAS, high power proton decoupling, and cross polizadton (CP)
were highly resolved for crystalline CE. Acyl chain carbons had
narrower lines than protonated steroid ring crbons, reflecting differential
motions in the crystal. Esters which crystallize into the monolyer type
II structure, in vhich all molecules are equivalent, gave rise to a sngle
resonance for each carbon; esters of the monolayer type I and bilaye
structures, in which there are two nonequivalent molecules in the unit
cell, had two resonances (equal intensity and linewidth) for several
carbons, such as the carbonyl and the steroid ring C5 and C6. Spectra
for liquid crystalline phases did not show inequivalency of signab for the
same carbon and were not enhanced by CP. These changes are a result
of increased molecular motions in the liqwd crystals, which average the
nonequivalent environments and reduce dipolar interactions. Uquid
crystaline phases of cholesteryl oleate and myristate were distinguished
by the broader C-0,CSC d C6 signals for the cholesteric compared
with the smecic phase. 13C MAS NMR is a powerful approa for
examining structure and motions of crystalline and liquid-crystalline CE.

SPECTROSCOPIC STUDIES (OTHER)
W4P0814B
SIMULTANEOUS ACQUISION AND GLOBAL ANALYSIS OF MULTIPLE
SPECLROSOPICPARAMErTETOMONITORTIIETHE ALUNFOLDINGOF
PRaOEINS. ((G. Remse and KR. Eftd) Univ. ofii i, Unie y, MS 88677
An accepted meams to test the validity of the two-st model for protein unfolding

i to ep q ob tervehte traiution by two or more method and to compm the
resulting thermodynamic paraMeers. Unfortunat , such a compinlson can be
questionable if identical soluin conditon (pH, concenratIon, tm perature, etc) are
not employed. Our approach to this problem ha been to modif a c
IF P r-,m oleo to enable the iuaneous m t ofCD, tran ision, and
fluorescece emision. Sich m ents can be mde at evera excitation
waveengthe on a sine sample during a thermal san Thi reduce the problm of
sample vwiation and sfi& diffa-enm in Wm WU which occur if
two or more separate are used. Chanes in the btptophan environment,
measured by its aromatic CD, and/or ea - fluorescence, and changes in the
secondary structure, mesred In the far UV CD, are observed. Temperature
controlled by a ther ole ce holder, with me t of temprture and
feedback control via a thermistor oted insde the cuvette. Tbe resg set of
meting profles are first anabzed individally, to check that they are consistent with
one another and that they are consistent with a two-state model Then the group of
data sets is anslysed globally in terns of sH-, , and ACp of unfdolding (and locally in
tems of the profies' individual baseline dopes and intercepts) via non-lnear least
squares. The standard deviation of the indvidual data points are used as weighting
factor during the analysis. Such a global anablis allows us to more accurately
determine hpamete and to test the valdity of selected unfolding
moded Examples of this approch will be presented for the proteins nucleae A and
ribonue sT1 and lecedmutants. Thisreseerchwa ipprtedbyN8FgatDMB
91 77.

W4108147
RESONANCE RAMAN STUDES OFBETA-SUBSIT
METALLO TTRAPHENYLPORPHYRINS AND THEIR CATION
RADICALS
'(ShA.nA Sibilial, Roman Czenuszewicz2 and Thomas G. Spirol))
Depamnt of Chemistry, Princeton University, Princeton, NJ 08544,
2D1)artmentof Chamisry, Univesity ofHoumn, Houston, TX

Metalloporphyrins are important redox agents in biological systems.
Subsduents to the aromatic ring of thiese chnophores are known to
peraturb the two closely spaced highest occupied molecularorbital energy
levels. We have invesdgated the effect of substitution by a series of
electron-withdrawing to electron-donating groups on one beta-pycrole
position of copper(II) 5,10,15,20-tetraphenylporphyrin and vanadcum(IV)-
oxo 5,10,l5,20-tetmaphenylporphyrin and their cation radicals. We present
the Soret-enhanced resonance Raman specta of the neutral and cationic
species of these porphyrins which indicate the symmetry of the highest
occupied molecularorbital via shifts in the vibrations idenified as marker
bands.
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A276 SPECTROSCOPIC STUDIES (OTHER)

W-POS148
INFRARED STUDIES ON THE INTERACTION OF CARBON MONO-
XIDE WITH NICKEL IN HYDROGENASE.((K. A. Bagley, C. Van
Garderen, S. P. J. Albracht, and W. H. Woodruff))
INC-14, Los Alamos Nat'l. Lab., Los Alamos, NM 87545
and The E.C. Slater Institute for Biochemical
Research, University of Amsterdam, The Netherlands.

The enzyme hydrogenase catalyzes the reversible
oxidation of H2 to H+. We have used infrared
spectroscopy to study the binding of carbon monoxide,
an inhibitor to the enzyme's activity, to the nickel
containing hydrogenase from Chromatium vlnosum. We
present infrared spectra attributable to an EPR
silent Ni(II)-CO species in the enzyme. In these IR
spectra we detect an IR band at 2060 cm-1 arising from
the v(CO) of a Ni(II)-CO species that is photolabile.
Additionally, we detect bands at 2082 cm-1, 2069 cm-1,
and 1929 cm-1 which shift in frequency upon CO
photolysis but which do not arise from v(CO) based on
the fact that their frequency is unaffected by
exposure of the enzyme to 13Co. The nature of these
non-CO bands will be discussed with regard to the
possibility that they *arise from one or more of the
following: v(S-H) 's from metal coordinated sulfhydryl
species, v(M-H)'s from metal hydrides, or vibrational
frequencies associated with coordinated dihydrogen.

W-Posl5O
VIBRATIONAL SPECTROSCOPY OF KERATIN FIBERS.
((C. Pande* and B. Lemer)) *Ctairol Research Laboratories, Stamford, CT. and Nicolet
Instruments, Madison, W.

Human hair is composed of keratin prteins which are charactedzed by their high
disulfide content We are developing spectroscopic techniques to probe the structure
of keratin fibers, in sixu We have previously shown that tryptophan in hair can be
conveniently monitored using the fluorescence technique'. FiIR microspectrometry
has been used to measure cysteic acid, an oxidation product of the disulfide bonds,
and to obtain the amide vibrations due to the crystalline phase, using the polarization
technique2. Using Fr-Raman spectoscopy, we now show that rich vibrational
spectra can be obtained from keratin fibers. These spectra show a strong S-S vibra-
tional band at -510 cm-'. The large band-width (ca. 40 cm l ) indicates heterogeniety
of the disulfide environment Since the disulfide bonds are believed to be intimately
associated with the integrity of keratin fibers, this technique provides a convenient
means to detennine the role of these crosslinks during chemical degradation, or
weathering, of these fibers. The characteristic tyrosine doublet at 850/ 830 cnm, and
the 1000 cm-' band due to phenylalanine, are also clearly discernible in these spectra.
Other spectral details, and comparisons with FiIR data, will also be pesented.

W-Pos49
CONFORNATIONAL CHANGES IN TRANSFERRIN FOLLOWING IRON BINDING AS
DETECTED BY FOURIER TRANSFORM INFRARED SPlCTROSCOPY. ((J. J.
Lorio, F.R Dellacroce, Y.C. Ho, J.A. Watkins, and J. Glass))
Hmatology/Oncology Section, Center of Excellence for Cancer
Research, Treatment, and Education, LSUNC-Shreveport, LA.

Tranuferrin (Tf) delivers iron (Fe) to cells via an endocytic
process whereby Fe dissociation from Tf is promoted by binding
of Tf to its receptor (RT ) In order to study structural
changes in solution, the Fourier transform infrared spectrum in
the 1000 to 2000 cm1 region was investigated and analyzed using
Fourier self-deconvolution (FSD), second derivative (SD), and
Gaussian-Lorentzian curve fitting methods. In the amide I
region (dominant C-O peptide stretch) of the vibrational
spectrum, significant changes in the a-helix, P-sheet, P-bend,
and non-ordered coil bands of the spectrum are apparent.
Preliminary analysis suggest larger changes in the secondary
structure for the molecule in solution than observed in the
crystal structure. The amide II region shows large changes in
the global dynamics as well as polypeptide backbone and side
chain residue coupled vibrations upon iron binding. In
agreement with Raman spectral studies, we have observed
transitions in the amide III region which can be tentatively
assigned to the Fe-ligand vibrations in the 1225-1325 cm1
region. The proposed Fe-ligand transit one show broad
bandwidth doublets at 1283 and 1261 cm' in the raw spectrum and
quadruplets or pentuplets upon FSD or SD analysis. The results
indicate large changes in dynamic coupling of the entire
molecule as well as the vibrations coupled to the Fe binding
sites. The resolution of vibrational modes for the Fe-ligand
structures provides an avenue for investigating the dynamic
conformers of Tf and their interconversions resulting in the
negative cooperativity between the N and C lobes of the molecule.

W-Po151
SPARATION BY FACTOR ANALYSIS OF THE SPECTRA OF THE
AGGREGATED SPECIES OF AMPHMERICIN B IN AQUE13W SOLUTION

C. Chapados, J. Barwicz, M. Trudel and I. Gruda, Ddpartement de
chimie-biologie, Universite du Qudbec & Trois-Rivieres,
Trois-Rivieres, QC, CANADA G9A 5H7

The usefulness of amphotericin B (AmB) as an antibiotic to
treat mycotic infections is limited by its toxicity due the
formation of aggregates. To evaluate the abundance of each
AmB species in aqueous solutions, the absorption spectra were
obtained from a fixed amount of AmB dissolved in several
aqueous solutions of propanol and lauryl sucrose (LS). The
spectra of AmB obtained in these two media are complex due to
the absorption of several species that absorb in a limited
spectral range. A method based on factor analysis is used to
separate the spectra of the individual species present in the
experimental spectra. With this method five species of AmB
were identified in each of the two media: two monomers and
three aggregates. Two of the aggregates are toxic. The
abundance of each species varies with the concentration of
the amphiphillic molecules. The correlation between spectro-
scopy/data-treatment and activity/toxicity results will be
made in order to asses the usefulness of the method.

1) Pand., C. Biophys J. 59, 40a. 1991.; 2) Pande. C. and Hul. J. Biophys. J. 61. A479, 1992.

W-Po8152
SYNTHESIS AND PRELIMINARY CHARACTERIZATION OF
PHOTOLABILE CAGED COMPOUNDS FOR TIME-RESOLVED,
PULSED-LASER PHOTOACOUSTICS. ((Jeanne Rudzki Small and
Ernest C. McGoran)) Eastern Washington University, Department of
Chemistry & Biochemistry, Mail Stop 74, Cheney, WA 99004-2499
(jsmall@ewuvms.bitnet).

Photolabile caged compounds are biologically inert molecules
which, after absorbing a photon, decompose to release a biologically
active species, as well as the former caging group. Caged compounds
have been used in the field of "light-flash physiology" for many
years [e.g., A.M. Gurney and H.A. Lester, Physiol. Revs. 67, 583-617
(1987)] and may hold promise for the technique of time-resolved,
pulsed-laser photoacoustics. The photoacoustic technique relies on
a flash of laser light to trigger a photoinitiated reaction which may
involve both heat release and conformational changes of molecules.
The photoacoustic measurements are performed on the ns and js
timescales. We are synthesizing and characterizing a number of
photolabile caged compounds, including forms of caged acetate,
caged proton, caged phosphate, and caged hydroxide. Our
preliminary data will include summaries of synthetic methods,
product solubilities and photolysis quantum yields, and
photoacoustic measurements. (Supported by NIH grant GM-41415.)

W-Pos153
TIME-RESOLVED OPTICAL SPECTROSCOPIC STUDIES OF
DYNAMICS OF TRIPLET STATES OF METALLOPORPHYRINS
((Doug H. Kszowski and G.T. Babcock)) Departnent of Chemistry,
Michigan State University, MI 48824.

Charge separation in photosynthetic reaction centers involves generation of
a photochemically active excited state chlorophyll and subsequent electron
transfer to produce anion and cation product species. To gain insight into
the detailed mechanisms by which excited porphyrin-based macrocycles
perform their functions, klowledge of conformation within the electronic
structure of the relevant excited state is needed. Pump/probe time-resolved
Raman techniques were previously applied to characterize Jahn-Teller
distortion effects in the lowest lying triplet excited state of Zn(II) tetraphenyl-
porphyrin (Walters, V.A..Depaula, J.C.,Babcock, G.T., Leroi, G.E., JACS
JACS 11,8300). Transient electronic states of free base and metallo-
porphyrins are presented and the dynamics of these states are compared with
ZnTPP. D4h point group porphyrins (ZnTPP and ZnOEP) observe large
scale vibrational shifts consistent with lowering of point group symmetry and
are attributed to the Jahn-Teller effect. Free base porphyrins with D2h
symmetry observe lesser vibrational shifts which are attributed to changes in
electron occupancy of porphryrin molecular orbitals.
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W-Pes154
CONFORMATIONAL SUBSTATES IN BLUE COPPER PROTEINS.
((D. Ehrenstein, M. Engelhardt, M. Filiaci, H. Frauenfelder, G.U.
Nienhaus, and B. Scharft)) Physics Dept., Univ. of Illinois, Urbana,
IL 61801 and tMax-Planck-Institut fur Ernihrungsphysiologie, Rhein-
landdamm 201, 4600 Dortmund, FRG.

Azurin and halocyanin are small, blue copper proteins involved in
bacterial electron transfer which form photodissociable complexes with
nitric oxide (NO) at low temperatures. We have exploited this prop-
erty to test the generality of protein dynamics principles learned from
photodissociation experiments on heme protein systems. We studied
the temperature dependence of the ligand binding equilibria and the
kinetics of the association reaction after photodissociation over a wide
range of temperature (80 - 280 K) and time (10-' - 102 s). We found an
exponential, bimolecular rebinding process at high temperatures and a
non-exponential, geminate process at lower temperatures, analogous to
the heme protein data. We model the low-temperature rebinding using
a Gaussian distribution of enthalpy barriers based on our successful
model for heme protein rebinding. We conclude that the understand-
ing of dynamics and conformational substates developed through heme
protein experiments is also applicable to proteins with different active
sites and secondary structures. (Supported by NSF.)

MECHANISMS OF GENE REGULATION AND TRANSCRIPTION

W-Pes155
LOCAL MELTING OF DNA BASE PAIRS BY DNA POLYMERASE.
((D.P. Millar, R.A. Hochstrasser, T.E. Carver and L.C. Sowers*)) Department
of Molecular Biology, The Scripps Research Institute, La Jolla, CA 92037 and
*Division of Pediatrics, City of Hope National Medical Center, Duarte, CA
91010.

Formation of a mismatched base pair by DNA polymerase stalls
further elongation of the primer strand and leads to proofreading by a 3-5'
exonuclease. Mismatch recognition by DNA polymerase may involve
preferential local melting of mismatched base pairs. We have examined local
melting of 3' terminal base pairs by the Klenow fragment of Pol I using a
novel fluorescence decay method. Oligonucleotide primer/templates were
synthesized with the fluorescent nucleotide analog 2-aminopurine (AP)
located at the pnimer 3' terminus. The fluorescence decay of AP was highly
sensitive to base pairing interactions and the fraction of paired AP bases could
be determined under a variety of conditions. The stabilities of AP'X base
pairs in solution and bound to Klenow fragment were compared, where X = T,
C, G and A. The polymerase amplified differences in base pair stability in this
series and extensively melted the least stable pairs. 'lhe differences in base
pair stability were also reflected in the local mobility of AP within the
polymerase, as detected by fluorescence anisotropy decay. Local rotation of
AP was very rapid in the highly disrupted base pairs. Two exonuclease-
deficient mutant Klenow fragments were compared (D424A and D355A,
E357A). These proteins did not behave identically, which may reflect
different partitioning of DNA into the separate polymerase and exonuclease
domains.

Supported by NIH Grant GM44060.

W-Pos157
NON-SYMMETRIC CONTACTS BETWEEN LAC REPRESSOR
AND OPERATOR REVEALED BY 19F-NMR ((F. Rastinejad, P.
Artz, and P. Lu)) Depts. of Chemistry, and Biochemistry &
Biophyics, University of Pennsylvania, Philadelphia, PA 19104

The E. coli lac operator DNA contains two sequence repeats related
by a pseudo-dyad. Deviations from symmetry occur at two pairs of
symmetry related sites (+15/+7, +13/+9) and at the center (+11). We
used 19F-NMR to emine if the operator specifies distinct half-site
interactions with the lac headpiece. To observe protein interactions
simultaneously at operator half-sites using 19F-NMR, three pairs of
symmetric thymines (at +6/+16, +8/+14, and +1+21) were replaced
pair-wise by 5-fluorodeoxyuridines (5-FdU). Two repressor
headpiece polypeptides (residues 1-56, and 1-64) were employed to
remove steric constraints of protein-protein contacts. Spectral
changes associated with headpiece binding to left half-site DNA
differ from those caused by binding to equivalent sequences on the
right side, suggesting non-equivalent protein-DNA interactions.
Three mutant lac operator sequences with improved symmetry,
bearing 5-FdU substitutions, were used to identify the relative
importance of the three asymmetric positions in the operator DNA.
Our results indicate that key interactions with the left side +9
(G*C) are altered at the symmetrically related right side +13 (A*T)
accounting for the non-equivalent lac repressor-operator
interactions as far as 3 bp away. 19F-{1H}-heteronuclear Overhauser
spectroscopy (HOESY) is used to identify intermolecular contacts.

W4P08156
EVIDENCE FOR TWO OPEN COMPLEXES (RPol, RP02) AT THE APR
PROMOTER IN VITRO: STRUCTURAL CHARACTERIZATION OF
RPO1 & RPo2. W.-C. Suh. S. Leirmo. and M. T. Record. Jr.
Department of Biochemistry and Chemistry, University of Wisconsin,
Madison, WI. 53706.

In vitro structural studies on the steps of the process of DNA
strand opening at the APR promoter, using potassium permanganate,
DNase I, and dimethyl sulfate footprinting, demonstrate the existence
of the intermediate open complex RPO1 between the closed complex
RPc2 and the transcriptionally-competent open complex RPo2.
Strand opening in RPO, (at most 12 base pairs) Is less complete at
the start point of transcription (+1, +2) than in RP.2 (-14 base pairs).
The conversion of RPO to RP02 Is strongly dependent on the
presence of Mg2+, indicating that uptake of M92+ Is required for the
conformational transition of RPo0 to form RP02. Kinetic studies on the
APR promoter provide further evidence for the existence of at least
two mechanistically-signMflcant forms of open complexes. According
to the mechanism (1) deduced from kinetic studies, RPO Is converted
to RP02 upon uptake of approximately 3 Mg2+, presumably at specific
sites on RNA polymerase.

3Mg2+
R+P = RP0= RP02= RP RP02 (1)

W4Ps0158
INTERACTION OF MISMATCHED DNA WITH KLENOW
FRAGMENT. ((T.E. Carver, R.A. Hochstrasser and D.P. Millar))
Department of Molecular Biology, The Scripps Research Institute, La Jolla,
CA 92037 (Spon. by P. Eis)

Klenow fragment ofDNA Pol I contains a 3' to 5' exonuclease activity
that enhances the fidelity of DNA synthesis by excising mismatched bases
from the nascent primer stand. This activity resides in a separate domain of
the protein, roughly 30 A from the polymerase active site. In order for
proofreading to occur, a mechanism must exist that recognizes mispaired
bases and preferentially removes them from DNA. This mechanism could
involve selective partitioning of mismatched primer strands into the
exonuclease domain of the protein following melting of several terminal base
pairs.

Using time-resolved fluorescence spectroscopy of dansyl-labeled
DNA, we have exmined directly the binding ofDNA to the different domains
of Klenow agm We mesured the effects of divalent cations, single and
muldtple mis c ant different mutations in the protein upon the extent of
partiionig of DNA into the exonuclease domain. Several imporunt results
were obtained. First, single 3' terminal mismatches promote the partitioning
of DNA into the exonuclease domain. Muldple consecutive mismatches have
a dramatic effect, causing most of the DNA to bind the exonuclease domain of
the protein. The presence or absence of divalent cations also influences
binding of DNA to the exonuclease domain, but binding is not abolished in
their absence, These effects will be discussed for the D424A mutant and the
D355A, E357A mutant of Klenow fagment.

Supportd by NMEGs GM44060.
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W-PoGslO
RELATIVE TRANSACTIVATION EFFICIENCIES OF RAR AND RXR
CHIMERIC RECEPTORS CONTAININGTHEHORMONEBINDINGDOMAIN
OF THE VITAMIN D RECEPTOR ((S.M. Pemrick, L.J. Suzenbeckr, l.
Krateisen, P. Arbuua, M.S. Marls, J.A. Medin*, K. Ozato*, A.A. LeVin, W.
Hunziker+, and J.F. Grippo)) Dept. Invest. Toxicol., Nutley, NJ and Phm
Research+, Bae, Switzerland, Hoffmann-La Roche Inc. ad Lab. of Cdl Biol.,
Nat'l Cancer Inst., NIH, Bethesda, MD*.

The VitaminD receptor (VDR) and the chimera, RAR/VDR and RXR/VDR bound
[H]1,25 dihydroxy Vitamin D3 (D3) with high affinity. In CV-1 cels, RAR/VDR
mediated transcriptional activiy of a RARE (f-RARE3)-thymidine kino(tk)-
lucifaereporter genebut not that ofaRXRE (ApoAl)-tk4ucifera reportwr gee,
after tratment with D3. Unliganded, RAR or RAR/VDR, inhibitod nsiptonal
activity of the RARE mediated by liganded RAR/VDR or liganded endogenou
RAR receptors, respectivey. RXR/VDR was inffctive, compard to RXR, in
mediating tramcriptional activity ofthe RXRE reporter gen. However, RXR/VDR
could inhibit RAR/VDR mediated transcriptional activity from the fpRARE. Two
additional receptors, both containing the DNA-binding domain of RAR and the
ligand binding domain (LBD) of the estrgn receptor (ER) failod to mediate
transcriptional activity of the RARE, although both ER chimera were capable of
binding pH] estradiol. Co-precipitation assays with RXR and gel retarbdtionaays
showed that both RAR and RAR/VDR but not the RAR/ER chimera formed
heterodimers with RXR. These results indicate that formation of a functional RAR
or RXR chimeric receptor requires a LBD capable of interacting approprite!y with
RXR.

PROTEIN YNTESIS

W-Posl6O
A FLUORESCENCE STUDY OF THE INTERACTION OF WHEAT
GERM INITIATION FACTOR 4B WITH
OLIGORIBONUCLEOTIDE ANALOGUES OF nRNA
((Sha Na, M.Luisa Balasta, and Dixie J. Goss))
Chemistry Department, Hunter College of CUNY,
New York, NY 10021.

The binding of oligoribonucleotide analogues of
the 5'terminus of mA to wheat germ protein
synthesis initiation factor eIk'-4B was measured
by direct fluorescence techniques. An analysis
of the equilibrium association constants (Keg)
indicates that the eIF-4B binds neither to m7GTP
cap structure nor to AUG. eIF-4B is insensitive
to the hairpIn structures within the
oligoribonuclectide. The binding site siZe is 14
bases. The binding of oligoribonucleotide to
eIF-4B as a function of pH and ionic strength
is also described. The pH-dependent binding
showed an increase in binding with increasing pH
in contrast to the sharp pH optimum observed for
cap binding protein eIF-4E. Iodine quenching
showed that the tryptophan residues are on the
surface of the eIF-4B protein. Grant support:
NSF, AHA, PSC-CUNY Faculty Award (D.J.G).

W-Po9162
CHARACTERIZATION OF PROTEIN SYNTHESIS IN ISOLATED
MITOCHONDRIA FROM AR7EMIA EMBRYOS: EVIDENCE FOR
REGULATION BY EXTRAMITOCHONDRIAL pH A(Kurt E. Kwast and
Steven C. Hand)) Department of EPO Biology, Universy of
Colorado, Boulder W309-0334. (Spon. by J. Falke)
Optimal conditions were developed for measuring rates of proteinsynthesis In Isolated mitochondria from encysted Adm
franclacana embryos in order to 1) identif t required chemical
constituents, and 2) asse the Influence of extramitochondrhal pH
on protein synthsis. Isolation procedur resulted In Intacthighly coupled mitochondri (RCR-5.8 * 0.6; n - 15). bheemicalrequirement for mptlmal protein synthesis measured asincorporation of H-ieuclne, included an Oxdkabb carbon source
(10 mM succinate), eogenously supplied adenine nucbotdes
(uanlne pucleotides had no effect), phosphate (10 mM) K+ L125mM, Mg(+ 10 mM), amino acids (0.3 mM for each 6 uMMH-isucine, sucrose or trehakse (500 mM), EGTA (1 mM), and I mg/mlBSA. Incorporation was linear for 60 mn at 251C. Fluorogrephy oftranslated product revealed 8 melor roteins. Prevows reearch
has shown that anoxia-induced acidification of intracellulr pH(p1-) results In suppresn of protein biosyesis, as budgedbycytochrorne c oxida (COX synthesis. S1ncethe COX hoioenzymeconsists of both mitochondr al and nuclar encoded subunitsuppression of COX synthesis could be due.to an arrest of ernuclear or mitochondrlal subunit expression, or both. In thepremnt study, mitochondril protein synthesis was acutelysensitve to externalpH, wth 86% InhIbton observed bylowerlna pH from 7.5 to 6.8 (the observed pl under anoxi).Thus acidifiation of p mey contribute to the suppression of
both cytopiasmic and mitochondrFl protin syntheIls durinaquescence In Artwna. ISupported by NSF grant DCB.90185791

W-Pes161
FLUORESCENCE SPECTROSCOPIC STUDIES OF THE
INTERACTIONS OF WHEAT GERM EUKARYOTIC INITIATION
FACTORS eIF-4F, eIF-4B, AND eIF-4A WITH RNA.
((N. L. Balasta, D. E. Friedland, M. Sha, and D.
J. Goss)) Chemistry Department, Hunter College
of CUNY, New York, NY 10021.

The study of the interactions of wheat germ
protein synthesis initiation factors with RNA is
important in gaining a better understanding of
the process of translation. The binding of eIF-
4F, *IF-4B and eIF-4A to oligoribonucleotides
was investigated using direct fluorescence
titration techniques. Some of these
interactions are known to be ATP-depandent and
to cause ATP hydrolysis associated with the
helicase activity of these factors. The results
indicate that the presence of ATP enhances the
formation of the eIF-4F:eIF-4A binary complex,
but not that of the eIF-4F:eIF-4B complex nor of
the protein:RNA complexes. Protein:protein:RNA
ternary complex formation was also studied in
the presence of ATP in order to elucidate
mechanisms of binding of the initiation factors
to RNA. Grant support: NSF, AHA, PSC-CUNY
Faculty Award (D.J.G.), and Eugene Lang Student
Fellowship (D.E.F.).
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W-Peu163
THE DISTINGUISHING CHARACTERISTICS BETWEEN A- AND
B-DNA HEUCES. ((Jeffrey L Nauss land Wilma K. Olson;9) iWalter
Reed Army Institute of Research, Department of Gastroenterology,
Washington, DC, 20307 and 2 Department of Chemistry, Rutgers - The
State University of New Jersey, Piscataway, NJ 08855

To better understand the distinctions between A- and B-type
polynucleotide helices at the base-base level, a series of regular
repeapolynucleo models were formed. The model structures
were built woithsystematic variations of six of twelve local rotational and
translational parameters. The resulting model helices were classified as
either A, A*, B, B*, or AB (intermediate) helices based upon their
helical parameters. The selection criteria for A- and B-type helical
parameters were determined from representative examples of X-ray
crystal structures. Variations in the local rotational parameters twist and
roll and in the translational parameter slide were shown to have the
greatest affect on the helical parameters and, as a consequence, the
helical type.

W-Posl65
THE BASES ARE INCLINED FROM PERPENDICULAR FOR NATURAL B-FORM DNA
IN SOLUTION. ((Ping-Jung Chou and W. Curtis Johnson, Jr.))
Department of Biochemistry and Biophysics, Oregon State
University, Corvallis, OR 97331-7305

A sophisticated algorithm is developed to analyze flow linear
dichroism data on nucleic acids for individual base inclinations.
Measured absorption and linear dichroism data for synthetic AT
and GC polymers, and natural DNAs are analyzed. For the first
time, specific base inclinations are derived for all four bases
individually. For B-form DNA in dilute aqueous solution the
inclinations from perpendicular are 16, 25, 18 and 25 degrees
for d(A), d(T), d(G) and d(C), respectively. Our results
indicate that the bases in synthetic and natural DNAs are not
perpendicular to the helix axis, not even in the B-form.

W-Pa1B67
INFRARED CIRCULAR DICHROISM OF POLYNUCLEOTIDES.
((Ting Xiang, Miriam Gulotta, Max Diem, and Dixie
J. Goss)) Chemistry Department, Hunter College of
CUNY, New York, NY 10021.

Infrared Circular Dichroiss (VCD) has been
observed for poly(rC)-poly(rG), poly(rC),
poly(rG). Using DECO (Degenerate Extended Coupled
Oscillator) model, we have simulated the
experimental spectrum of single stranded poly(rC).
Poly(rG) can be simulated with the assumption that
the spectrum results from the combination of
single stranded and tetra stranded
oligoribonucleotides. New calculational models,
NECO (Nondegenerate Extended Coupled Oscillator)
and PSS (Pseudo-single stranded ECNO) have been
explored to deal with poly(rC)-poly(rG) which show
contributions from nondegenerate transitions. The
comparison of the simulation with these three
models will be presented. We have also measured
the VCD for poly(rA), poly(rU).poly(rA), and
poly(rU). The poly(rU) did not show any secondary
structure at the experimental conditions. We can
interpret the IR and VCD signal for poly(rA) and
poly(rU).poly(rA) in terms of the DECO model and
modified oscillator geometry. Grant support:
NSF, AHA, PSC-CUNY Faculty Award (D.J.G.), and NIH
(M. D. ) .

W-Poal64
CORRELATION OF PSEUDOROTATION, PUCKER AMPLiTUDE AND
THE N-ULYCOSIDIC TORSION IN 2a-DEOXYNUCLBOSIDES. ((HA Oabb
and S.C. Harveiy)) Department of Biochemistry, University ofAlabama at
Binlnamn Schools of Medicie and Dntistry, Birminham, AL 36294-

A comprehensive molecular modeling study of the four commonly occurring
2-deozynuclosides (dN) was carried out to dtermine whether
pseudorotation phase angle (P), the N-glyoaddic torsion (X) and pucker
amplitude (wm) are energoecally coupled. To this end, the AMBER all-atom
force field (Weiner t at., J. Comp. Chaem 7:280, 1986) was rigorouly
paIrtsrised ribo. and 2-deozriboe tobetfit eisting data wth both
energy minimisation (EM) and molecular dynamics (MD). Twenty 300-K,
1-ns in vcco MD simulations w carried out for each dN to umple
thermodynamically accesible regions of conformationa space. This data
was thn usd to construct free energy (potential ofmean fbrce) surface of
E(P, X) Fu in inm were also examined. Adiabatic mapping was
used to generate potential energy sac of E(P, y) at various values ofwim.
We alo used two newer methods to examine the major conformational
transition in dWs. Specifically, we used the Ulitsky and Elbr algorithm (J.
Cham Phys. 92:1510, 1990) and the CONTRA MD algorithm developed in this
lsboratory to determine the preferd pathway, both staticaly and
dynamically, for the C2'-endWanti to C3T-end/syn transition. Our results
sugget that P and X are not cally coupled. However, P and um are
dependent to a degree previously unrecognised.

W-P0s166
UV AND IR FLOW LINEAR DICHROISM DEMONSTRATE THAT THE BASES ARE
SIGNIFICANTLY INCLINED IN POLYNUCLEOTIDES. ((Hunseung Kang and
W. Curtis Johnson, Jr.)) Department of Biochemistry and
Biophysics, Oregon State University, Corvallis, OR 97331-7305
USA

Vacuum ultraviolet (UV) and infrared (IR) flow linear
dichroism measurements have been performed on synthetic poly-
nucleotides and natural DNA to probe their conformation in
aqueous solution. UV linear dichroism demonstrates that the
bases in polyld(AC)] poly[d(GT)] and poly[d(AG)] poly[d(CT)] in
the B-form have a sizable inclination. Inclination is increased
in the A-form, as expected. In all cases the pyrimidines are
more inclined than the purines. These angles of inclination
estimated for A- and B-form are larger than those reported for
fiber diffraction data. Similar information about base
inclination has been obtained by using IR flow linear dichroism
measurements. IR flow linear dichroism has also been used to
extract structural information about phosphate backbone geometry
on these polynucleotides.

W-Po168
VIBRATIONAL CIRCULAR DICHROISM OF NUCLEIC ACIDS I. A-,
B-, & Z-FORM SPECTRA IN THE PO2- STRETCHING REGION. II.
POLY(DI-DC).POLY(DI-DC) ((Lijiang Wang & Timothy A. Keiderling))
Department of Chemistry, University of Illinois at Chicago, Box 4348,
Chicago, IL 60680 USA

VCD of several natural and model DNAs (single & double stranded,
oligomers & polymers) in the B-form, poly(dG-dC)poly(dG-dC) in the Z-
form, and RNA in the A-form in H20 were measured in the P02- stretching
region. Changes of the VCD spectra in the PO2- stretching vibration are
consistent with the base region spectral differences for these three
conformational types. The Z-form spectrum is characterized by an inversion
of the VCD with respect to the B-form spectrum which is consistent with the
change in helical sense for the nucleic acid backbone. A-RNAs, being right-
handed, show same sense of couplet VCD spectra as do B-DNAs. This
spectral change can be successfully modelled using dipole coupling
calculations. It is, therefore, both empirically and theoretically verified that
VCD is a reliable indicator of the helical structure of nucleic acids. As an
application, VCD spectra of Poly(dI-dC),poly(dI-dC) in low salt conditions
were neasured in both base and PO - stretching regions. The positive
couplet bandshapes are consistent with those ofA- and B- form DNAs, which
indicates that poly(dI-dC) is definitely in a right-handed helical conformation.
Thermal denaturation of this duplex was studied by comparing loss of base
stacking interaction with loss of phosphate coupling as monitored by the
VCD intensity. A cooperative collapse of both signals occurs at about 65C.
The conformational properties of poly(dI-dC).poly(dI-dC) at high salt
concentration have also been studied via VCD specta
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W-Pos169
The Effect of Sequence-Directed Bending

on the Global Equilibrium Configurations of DNA

Yang Yang, Irwin Tobias & Wilma K. Olson
Department of Chemistry

Rutgers, the State University of New Jersey
New Brunswick, New Jersey 08903

A newly developed finite element formalism [1] is used to obtain the
three-dimensional equilibrium configurations and associated elastic free
energies under various stressed states of a long (- 6400 bp) intrinsically
straight DNA containing a few short (- 200 bp) highly bent segments. The
DNA is modeled as an isotmpic elastic rod with large intrinsic curvature within
the bent stretches. We examine how this sequence-directed bending affects the
global equilibrium configurations of the closed polymer chain when it is bent
and twisted. Our numerical results show that both the magnitude of the
intrinsic curvature and the positions of the curved segments have significant
effects on the topology of the highly stressed DNA. The intrinsically curved
segments can preferentially orient the knotting and supercoiling of the DNA.

[1] Yang, Y., Tobias, I. & Olson, W. K., "Finite Element Analysis of
DNA Supercoiling," (1992) J. Chem. Phys., in press.

W-Posl7l
NMR INVESTIGATION OF THE STRUCTURE OF DNA
OLIGONUCLEOTIDES CONTAINING AnTn TRACTS.
((R. Michalczyk and I. M. Russu)), Department of Molecular Biology and
Biochemistry, Wesleyan University, Middletown, CT 06459-0175

Previous work from this and other laboratories has shown that AnTn tracts
possess unique properties, such as DNA bending, specific patterns of
hydroxyl radical cleavage and anomalously long base-pair lifetimes. In order
to understand the structural basis of these properties we have undertaken
an NMR investigation of the following self-complementary DNA oligomers
containing AnTn tracts of various length: 5'-d(CG.CGAATlCGCG)-3', 5'-
d(CGCAAATTTGCG)-3' and 5'-d(CGCAAAATTITGCG)-3'. Phase-sensitive
NOESY spectra in H20 were collected for each oligonucleotide as a function
of mixing time in the range from 30 to 150 ms at 5eC. The buffer conditions
were chosen such that the exchange of imino and amino protons with water
protons did not contribute significantly to the relaxation of these protons.
Build-up curves of the NOESY cross-peaks between imino and amino
protons indicate the existence of a significant conformational variability
along the DNA helix. Unique conformational features are observed, for
example, between the AT base-pair at the 5'-end of the tract and the base-
pair situated at the 3-end of the flanking sequence. Differences in structure
between the tract and the flanking sequence were also observed. The results
for the three oligomers studied will be compared and the relationship
between them and various structural models for AnTn tracts will be
discussed. (Supported by NSF)

W-Pot173
RESTRICTION ENZYMES HAVE ALTERED CLEAVAGE RATES AT SITES
NEAR CERTAIN SEQUENCES. M.C. Aloyol, D. Campbelll, N.J.
Combates1, Gonzalez, Jr.1, Y. Kwok1, R.D. Sheardy2, S.A.
Winklel, Departments of Chemistry, 1Florida International
University, Miami, FL 33199 and 2Seton Hall University,
South Orange, NJ 07079.

Under appropriate environmental conditions, e.g. supercoiled
DNA, 50 -100 uM cobalt hexamine, the DNA sequence (CG)4
forms non-B or Z-type structures. Restriction enzymes, e.g.
BglI, EcoRV, HaeIII, MboI, NotI, PstI, TaqI, cutting at
sites up to circa 50 base pairs from inserted (CG)4 segments
show enhanced cleavage rates (in the presence of cobalt
hexamine) relative to cleavage rates for DNA fragments not
containing the (CG)4. We have previously shown that the
sequence TCTTG is a hot spot for the binding of the
carcinogen N-acetoxy-N-acetyl-2-aminofluorene. Restriction
enzymes cleaving near an inserted TCTTG segment have
decreased reaction rates. Gel retardation binding studies
and exonuclease footprinting studies suggest that the
observed alterations in restriction enzyme reaction rates
arise from changes in the binding of the restriction enzymes
to DNA when either (CG) 4 or TCTTG segments are present.
These studies suggest that certain sequences can modulate
DNA functions. (This work supported by PHS MBRS GM 08205-07
(SAW) and NSF DMB-8996232 (RDS).)

W+Po170
DNA TWISTING ESTIMATED BY THE ELECTROPHORETIC
MOBILITY AT DIFFERENT TEMPERATURES.
((L.S. Shlyakhtenko*, Yu.L. Lyubchenko*, R.E. Harrington*, E. Appella
and V.B. Zhurkin)) *Departmnt of Biochemistry, University of Nevada-Reno,
NV 89557; National CancerInsdtut, NIH, Bethesda, MD 20892.

To analyze the temperature dependence of DNA twisting and curvature, a series
of 21-base oligonucleotides containing An:Tn blocks was synthesized: A5-X5-
A6-X5, where X5 are C5, 05, T5, CTCTC, GAGAG, TATAT and TCTCT.
These 21-bp precursors were ligated and the electrphoredc mobility of their
multmers in polyacrylamide gel was measured over the tempeature range from
5S to 550C. The temperature dependence of R-factor characterizing anomalous
mobility of DNA is found to be extremely sequence dependent. For X5=
GAGAG, G5 and C5, the R-factor is maximal at T= 5°C; for CTCTC and
TCTCT max(R) corresponds to 15-200C, and for TATAT and T5 the maxmum
is reached at 350 and 550C respectively. Thus, our data refute the common belief
that DNA curvature monotonically decreases with an increase in temperature.
We interprete the non-monotonic R(T) dependence by a transition in the DNA
shape from a right-handed superhelix to the planar loop (maximum R-factor),
and then to a left-handed superhelix. In its turn, this macroscopic transition is a
consequence of the decrease in the local DNA twisting upon heating. Based on
the above interpretadon, we estimate the DNA twisting angle Q in seven
dimeric steps: 0(AG)+0(GA)<Q(AC)+Q(CA)<0(AT)+ QOTA)<2Q(AA). The
electrophoresis data are compared with Monte Carlo simulations of DNA
bending and twisting. The results are important for developing quantitative
theory of the polyacrylamide gel electrophoresis ofDNA.

W-Pos172
PURINE C8-HYDROGEN EXCHANGE KINETICS IN DNA
DODECAMERS CONTAINING AnTn TRACTS.
((K.J. Walters and I. M. Russu)), Department of Molecular
Biology and Biochemistry, Wesleyan University,
Middletown, CT 06459-0175

Proton nuclear magnetic resonance (NMR) spectroscopy is
being used to measure the deuterium exchange rates of
C8-protons in individual purines of the following three DNA
dodecamers: 5 '-d(CGCGAATTCGCG)-3', 5 '-d(CGCAAATTTGCG)-3',
and 5'-d(CGAAAATTTTCG)-3'. The dodecamers contain
central AnTn tracts where n-2, 3, and 4. C8-proton
resonances are assigned to individual purines using NOESY
experiments in the same conditions as those used for the
exchange measurements (i.e., 0.01 M phosphate buffer
containing 0.6 M NaCI and 0.002 M EDTA in D20 at pH 7.0 and
at 40'C). The results indicate that the rates of C8-proton
exchange in Adenines are three- to eight-fold lower than
that in 5'-adenosine monophosphate. This retardation effect
is found to be dependent on the exact location of the
Adenine in the AnTn tract. The relationship between these
results and the structural properties of AnTn tracts will be
discussed (supported by the Hughes Program in the Life
Sciences, Wesleyan University).

W-Poe174
A COMPARISON OF DYNAMICS OF TWO EPR ACTIVE
PROBES ON DUPLEX DNA ((E.J. Hustedt, A. Spaltenstein, J.J.
Kirchner, P.B. Hopkins and B.H. Robinson*)) Department of Chemistry,
University of Washington, Seattle, WA 98195
DNA dynamics have been studied by EPR spectroscopy using spin-labeled
analogues of thymidine [1,2]. The two spin-labeled thymidines differ in the
length of the tether between the base and the spin label: T* has a single acety-
lenic group as the tether [1], while T** has a diacetylenic tether [2]. The EPR
spectra ofT labeled DNA duplexes are quite sensitive to length suggesting
that there is little independent motion of the spin-label relative to theDNA [3].
However, it is possible that the T label may restrict the intemal motion of the
DNA. EPR spectra of the self-complementary dodecamers 5'-d[CGCGAA
TT*CGCG] and 5'-d[CGCGAA1T**CGCG] were obtained for the duplexes
both in buffer and bound to DEAE-Sephadex. We present a detailed, self-con-
sistent analysis of the dynamics of these two probes. Studies of the duplexes
bound to DEAE-Sephadex show that the T** probe undergoes nearly unim-
peded rotation about a single axis with a characteristic rotation time of 1.0
nsec, while the T* probe is as reported [3] nearly immobile relative to the
DNA. TheEPR spectra of both spin-labeledDNA duplexes in solution are
quantitatively accounted for by the same overall tumbling motion expected for
a 12 bp duplex. There is no evidence of additional large amplitude local base
motion in the T** labeled duplex, where the possibility of the probe interfer-
ing with base motion is small.The self-consistent analysis of the EPR spectra
suggests that the T* label does not interfer with local base motion.
1. Spaltenstein, A., Robinson, B.H., & Hopkins, P.B. (1989a) Biochemistry 28, 9484-95.
2. Kirchner, JJ., Hustedt, EJ., Robinson, B.H.,& Hopkins, P.B. (1990) Tet. Leu. 31, 593-6.
3. Hustedt, EJ., Spaltenstein, A., Kirchner, JJ.. Hopkins,P.B. & Robinson, B.H. (1993)

Biochemistry, sn press.
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W-Pos175
USE OF 15N NMR TO PROBE H-BONDING IN A SPECIFICALLY
LABELED 06-METHYL GeT BASE PAIR
((Bhaswati Goswami, Barbara L. Gaffney, and Roger A. Jones)) Department
of Chemistry, Rutgers University, Piscataway, NJ 08855

06-Methylguanine is known to be a mutagenic lesion in DNA and
preferentially incorporates thymine. However, its hydrogen-bonding
properties have not yet been clearly defined. We have synthesized two 15N-
labeled analogs of a self-complementary DNA fragment that forms a duplex
containing two O6MeG*T mispairs, (d[CGTGAATTC(06Me)GCGJ)2. In
one fragment, the label is at the Nl (imino) and in the other, at the N2
(amino) of the 06-methylguanine residue. The 15N chemical shift of each
of these molecules was monitored as a function of temperature. We find
that the N2 (amino) chemical shift is sensitive to the helix-coil transition and
displays a sigmoidal curve. Thermodynamic values derived from this local
monitor agree well with those obtained by more global optical melting
experiments. In contrast, the Nl (imino) chemical shift is not sensitive to
the helix-coil transition and displays only a linear downfield drift with
increasing temperature. These results indicate that this O6MeG*T mispair is
directly H-bonded only at the 06MeG N2, and not at the Nl.

0
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W-Pos177
DETERMINIG THE STRUCTURE OF A G:U WOBBLE BASE

PAIR IN AN RNA HELIX BY NMR
Susan White, Department of Chemistry, Bryn Mawr College, Bryn

Mawr, PA, 19010

The goal of this study is to determine the structure of a G:U base pair
in an RNA helix. We showed previously that purine-purine stacking
is the dominant interaction in the G:U pair in Helix I of 5S rRNA.
Three guanines are involved in this stacking and their structure is
entirely consistent with that predicted for an A-form helix.

In order to develop a more detailed structural picture of the G:U
wobble base pair, a centrosymmetric 8 base pair helix was synthesized
chemically and purified. The G:U is still has the same neighbors, but
an extra G:C base pair has been added for further stability.

A series of two-dimensional NMR experiments has been completed
and assignments for both protons and phosphorus will be presented.
NOEs between the imino protons indicate that the smaller molecule's
purine stacking is identical to that found in Helix I. Both phosphorus
chemical shifts and coupling constants will be used to define the
RNA's backbone torsional angles.

W-Pca176
T-T BASE MISMATCHES ENHANCE DRUG BINDING AT THE
BRANCH SITE IN THREE AND FOUR-ARM DNA JUNCTIONS

((Min Zhong, Michael S. Rashes, Luis A. Marky, and Neville R. Kallenbach))
Department of Chemistry, New York University, New York, New York 10003

Branched DNA molecules have unique structural and physical properties,
including the capacity to bind intercalative drugs tightly. We have investigated
the effect of base mismatches--non Watson-Crick pairing between bases--on the
binding properties of three and four arm DNA junctions, constructed from
oligonucleotide strands. T-T mismatches destabilize duplex DNA, and all the
DNA junctions we have examined. The patterns of destabilization differ
however, T-T mismatches at the branch of four arm junctions cause a greater
reduction in enthalpy than in three arm junctions. Changes in conformation of
the three arm species can be readily detected from gel mobility experiments.
Junctions containing T-T mismatches at the branch bind methidium and other
intercalators with higher affinity than junctions lackdng mismatches.

W-Pos178
THE INFLUENCE OF SEQUENCE ON THE THERMODYNAMICS OFDNA
MELTING AND LIGAND BINDING PROPERTIES FOR A FAMILY OF
OCTAMERIC DUPLEXES.
((Danuta Szwajkajzer and Kenneth Breslauer)) Department of
Chemistry, Rutgers University, Piscataway, NJ 08855.

Specially designed and synthesized oligonucleotides provide a
unique opportunity to evaluate the influence of sequence on DNA
properties. In this study, we have used a combination of
spectroscopic and calorimetric techniques to characterize the
influence of sequence on the melting thermodynamics and the
ligand binding properties for a family of octameric DNA duplexes.
In this family of duplexes, the sequence has been varied
systematically, while the base composition has been held constant
at 50% AT and 50% GC. We used netropsin, an A-T-specific, minor
groove binding compound, as the DNA binding ligand. Our
spectroscopic and calorimetric measurements reveal sequence-
dependent differences in the thermodynamic parameters for
melting of the drug-free DNA duplexes and for netropsin binding
to these duplexes. These differences will be discussed in terms of
potential molecular interpretations. This work was supported by
GM 23509 and GM 34469.

This work was supported by NIH GM41651 to P. B. Moore.

W-Pos179
STRUCTURAL BASIS FOR ENHANCED AFFINITY OF
RNA HAIRPIN LOOP-LOOP INTERACTIONS
((Razmic S. Gregorian Jr., John P. Marino, and Donald M. Crothers))
Deparment of Chemistry, Yale University, New Haven, CT 06511

Replication of plasmid Col El is regulated by the action of two
complementary RNAs, termed RNA I and RNA II, and a protein, ROM.
Binding of the two RNAs, which leads to inhibition of plasmid replication,
begins with the interaction of complementary loop regions in the two
RNAs. Individual RNA hairpin loops, of numerous sequences and sizes,
form similar complexes and bind ROM. Inverting the wild-type loop
sequence 5'-to-3' results in a complex which is 1000-fold more stable than
wild-type and has markedly slower association and dissociation rates.'

We have used UV melting and stopped-flow kinetic methods to screen
mutants to determine the sequence motif necessary for tight binding and
slow kinetics. Whereas mutations in the center of the loops result in
complex stabilities which can be explained in terms of Watson-Crick
pairing, mutations at the 5' or 3' ends of the loops result in stability and
kinetic constants which cannot be explained by nearest-neighbor
interactions alone. Model RNA systems indicate that coaxial stacking of
the helices farmed in the complex enhances binding affinity, but it does not
fully expiain the observed increase in stability. One- and two-dimensional
NMR experiments on both wild-type and inverted loop sequences elucidate
principal structural determinants of variations in physical properties,
particularly in the stem-loop junction regions.

lEguchi, Y. and Tomizawa, J. (1991) J. Mol. Biol., 220,831-842.

W-Poe180
THETHERMODYNAMICS AND TEMPERATURE DEPENDENT CONFORMATIONAL
CHANGES OF SYNTHETIC 45 BASE-PAIR PHASED d(A)6 TRACKS. S.S. Chan',
K.J. Breslauer1, R.H. Austin2, M.E. Hogan3. 'Chemistry Department, Rutgers
University, Piscataway, NJ 08855-0939, 2Physics Department, Princeton
University, Princeton, NJ 08544, 3Center for Biotechnology, Baylor College
of Medicine, Woodlands, TX 77030.

Using synthetic 45-bp long DNAs of known sequences, we have studied: (i)
the unusual structure that the phased A-tracts have at temperatures below
about 3rC; (il) the thermodynamics of the loss of that structure well below
the duplex melting temperature; (iii) and the conformational changes that
occur with temperature. We show by circular dichroism that there is a low
temperature structural transition In a 45-mer duplex with 4 segments of
phased d(A)s tracks separated by 5 segments of 5 randomized G-C pairs, but
none in the corresponding random sequence isomeric 45-mer duplex.
Differential scanning calorimetry measurements show that the enthalpy of
the structural transition is 3.5 kcal/mole-AT pair or 4.4 kcaVmole-AA
step, consistent with the idea of one H-bond breakage per AT pair orM step.
The integrated structural enthalpy change is only about 16% of the global
duplex-to-single-strands melting enthalpy change and Is relatively broad
(about 30°C spread). Electric birefringence decay shows that from 5-400C
the phased duplex Is bent with a projectlon length less than a straight rod, and
that the bend straightens over the same temperature range where the CD
spectra changes and the excess heat capacity is observed. We believe that
these kinds of sequence dependent structures which "meit at physiological
temperatures may be relevant to DNA topology and function.
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W-Poe181
THE INTERACTiON OF CIS-DDP WITH SYNTHETIC DNA.
((R. Rosas and A. Baldwin and H. Mzukari )) Wayne State University, Detrolt,
Ml 48202.

The antimor aclion of ds-DDP on DNA Is thought to occur by Inhibiting DNA
repicatbon. The mechanism of this phenomena Is possibly caused by
Itmrastrand chelation of two guanines separated by a third nucmotide, which In
tum Inhibits repicatlon processes. We have invesiated the interaction of ds-
DDP with synthetic DNA (three dfferent 20 b.p double stranded olgos).
Previous data, basd on the analysis of the heix-coil transition, irdicated, a
sequence dependent bing effed of dc-DDP to these oSgos. New data, with
the ttration of ds-DDP demonstrate a preferential Inhibition of anneaNng and
meling. The 20-mer with repeating G-C showed the greatest amount of
Inhibiton of the heix-coll transition, folowed by G-A, then closely by G-T as
copared to the negative control. The effcs were such that the Tm. vebdty of
annealng and denaturdlion significanly changed dtferentially between the three
different sequences, upon the increasing addition of ds-DDP. Data from C.D
and U.V spectrophotometric txciques further coroiborate thmw trends. Based
on C.D data, the effect of ds-DDP on the B to Z traiXton of these oNigos was
found to also be pferental, with the 0-C olgo being Inhibited the most, fohowed
by G-A, then closely by G-T, under high salt inducion of the Z-stncture. PAGE
under non-denaturing diti indiate that the double stranded G-C sequenoe
had more platinum bound, than both the (3-A and G-T sequence. The amount of

ds-DDP bound to these double strndeddoe was further analyzed with atomic
absorption spectroscopy using a platinum window and shows that the G-C

had twice the amount of d-DDP bound to it when compared to the the
G-A and 0-T sequenos, thus supporting our proposed mechanism and
hypotheis. The proposed mechanism of intrastrand chelation will be futher
analyzed with the use of H1 NMR using a GN-300.
(Supported by MBRS 8167-14)

W-Psl83
BINDING OF TRIS (PHBNANTHROLINE)RUTHNU M(II) TO DNA. ((S.

aMsayan J.C. Dabrowiak and J.B. Chaires)) Department of Biochemisty,U;cZralty of Misissppi Medical Center, 2500 N. State St., Jacks MS 39216
4505.

inte on ofA and A [Ru(o-phen)3J 2 with calf thymus DNA has

been characteld using a variety of physical tehques. The mode of binding of
thes compounds to DNA is a matter of controversy. Employing equilibrium
dialysis, both isomen of [Ru(o-phen)3]+2 were found to bind, but weakdy, to calf
thymus DNA, with binding consan of 4.9 (*0.3) x 104M-1 ad 2.8 (*0.2) x

104M-1 detemnned for the A and A somers, respectively, at 200 C in 5mM Trls

Ha(pH 7.1). lmM NaCL hequatty (f logK/8log [Na+]) was foundto be 1.37
and 1.24 for the A and A bomers rsedvely, showing that theb g is prImariy
electstaic in nat. Equilibium dialysis eAxperments dedgned to mess the bae
and heid specIficity of the Isomers reveaed thatARu has weakc spedficIty for GC
dtes while A wealdy favors AT regions. Nether isomer binds prefraenally to Z
DNA but both favor poly(dGm3dC) rather than poly(dOdC) regardless of
conformation (B or Z DNA). Viscosity xperimet show that binding of the A
ismer does not alter thc ve viscosIty ofDNA to any e extn, while
binding of the A isomer decreases the relatve viscosity of DNA. Termal
diffemc spectra clearly show that the entpy of the Ru-DNA iamcton for both

and A Ru Is a small positive value. Analyses of stady state fluorescenmc
queching data uing Sinlar Value Decomposion revealed that binding a two
tae proess. Coevely thes studies show that each isomer has only one bond
form with theA isomer outside or grove bound the A Iomer partially isrted
so as to poduce a kice DNA stucture.

W-PoS5S6
STRUCI1URALFEATURES OFTHERNA STEM-LOOP OF THE EQUINE
INFECIIOUS ANEMIA VIRUS TAR ELEMENT. ((DavidW. Hoffman,
Richad A. Colvin, Marino A. G Bbno, and Stephen W. While))
Department of Mcmbiology, Duke Univers Medical Center, Durham, North
Caroina 27710.

The eque infectious anemia virus (EIAV) has rcently become the focus of
considerable attendon beas it has seveal feaur in common with human

virs type-1(HIV-1). Each virs encodes a prtein (Tat)
that mediate an in e in ene via an'-ineto with a specific
RNA stem-loop, refered to as the tans-acva respe element, or TAR.
A knowledge of the structural basi for the Tat-TAR interin would direcdy
contribute towards a better estiofboth HIV-1 andEIAV.

A 25 nucleodde RNA with the sequence of the equine infectious anemia

virus TAR element was prepared by in vitro transcripton with 17 RNA
polymeras. The RNA structure was analyzed using multi-dimensional
homonuclear and uuclearNMR metods, and w found toconst of an
A-helical stem capped by two non-Watson-Crick U-G base pars and a
compact four nucleodde loop. Near the 5' end of the molecule, the stem
contains a single bulged cytosine. A 3-dimensional homonuclea NOESY-
TOCSY spectrum was found to be prtcularly useful in incsng th number
of observable NOEs. A geneal method for distinguihing RN stem-loops
from palin ic dimers will be described, and was ued to confirm tht e

RNA has a stem-loop sructue at the conditions of the NMR experiments.

W*Ps182
DISSOCIATION OF ACTINOMYCIN D FROM DNA OLIGOMERS WITH
HAIRPIN MOTIFS. ((C. Jones, Q. Johnson, and F. M.
Chen)) Department of Chemistry, Tennessee State
University, Nashville, Tennessee 37209-1561.

The SDS-induced dissociation of 7-amino-actinomycin D
(7-AM-ACTD) from some oligonucleotides has been
investigated by fluorescence. It is found that the
dissociation kinetitcs of this drug from the self-
complementary dodecamer d(ATGCATATGCAT) cannot be
adequately described by a single rate process but
requires a double-exponential fit, with the fast
component contributing about 20% at 20 C. Two
rate constants are also found for d(ATGCAT-T-ATGCAT)
and d(ATGCAT-A-ATGCAT) except now the contributions
from the fast components increase to about 75%. These
results are interpreted in terms of the drug coming
off from both hairpin and dimeric duplexes, with the
faster rate constants corresponding to those from the
hairpins. Studies with d(ATGCAT-TTT-ATGCAT) and
d(ATGCAT-AAA-ATGCAT), which are found to be
exclusively in the hairpin form at 20 C, revealed
that 7-AM-ACTD binds strongly to these oligomers and
dissociates single exponentially with a slow rate
process. These results indicate that although ACTD
binds to hairpins as strongly as to the dimeric
duplexes, the rates of dissociation depend intimately
on the structural features near the loop regions.

W4Pel84
ICe(NilH3)5(0H2)s)+3 INDUCED CONFORMATIONAL
TRANSMONS IN DNA OLIGOMERS. ((David M. Calderone, Edgardo J.
Manill, Daniel H. Huchital, W. Rorer Murphy, Jr. & Richrd D. Sheardy)),
Deparment ofChemistry, Seton Hall University, South Orange, NJ. 07079

It is well-known that [Co(NH3)6]+3 induces the B to Z transition ofDNA
oligomers and polymers with alternatng CG sequence motifs and an unual B-
like confomation in aDNA oligomer containg (dC-dG)4 [Wudde et al, J.
BiomoL Struct. Dyi, in press]. Being ierested in the ets ofdeivatives of
cobalt (o) on the conformational properties ofDNA, we report here a preimin-
ary compaison of [Co(NH3)6]+3 and [Co(NH3)5(OH2)]+3 induced conforma-
tional transitons for someDNA oligomers. What is particularly noteworthy
about the results is that the natur ofthe effect ofhigh concentratons (ca. 100-
200 uM) of [Co(NH3)5(OH2)]+3 on (d5meC-dG)4 is dependent upon how the
sample was prepared. For exmple, if the cobalt complex is added to the olig-
omer, immdy heated and allowed to slowly cool, theUV spectrum is
hyperhromic at all wavelienths relative to an untreated DNA sample. In
additon, the CD spectrum is characteristic ofB-type DNA. On the other hand,
ifthis cobalt complex is added to a previously heat-treated DNA oligomer, the
resultant UV spectrum is nal unch d from that ofan unteated
sample. Furthermore, the melting profles ofthe two cobalt treated samples are
quite different from each other and from that ofa normal B-type DNA oligomer.
The reslts are discussed in terms ofthe interaction specificities ofthe cobalt
complexes with DNA oligomers. Supported by NSF DMB-8996232 (RDS).

W.Posle6
DNA JUNCTIONS, ANTIJUNCTIONS, MESOJUNCTIONS AND
KNOTS. ((Nadrian C. Seeman, Shou Ming Du, Hui Wang, Siwei Zhang and
Tsu-Ju Fu)) Dept. of Chemistry, New York Univ., New York, NY 10003.
By equating a half-tur of double helical DNA with a node, it is possible to
devise adiam that diroets the synthesis afknots from singleswnded DNA.
It is often feasibl to condense isolaed half-turns into larger structures, such
as full turns of duplex, or branched juncions. We have built trefoil and
amphichiral figureo8 knots from a motifcontaining two separate turns ofDNA
connected by four oligo-dT linkers; minimal linker size is 6 (figure-8) or 7
(trefoil) nucleoddes. We display branched junctions with 3-arms (33) and 4.
arms (44) flanldng polygons beow: Each contains a half-turn of DNA per
double helical segment; arrows are 3' ends, parallel lines are base pair, and
helix axes are shown perpendicular to base pairs. The 'antijunction'
arangement shown as 4o appea in the diagram fora 949 knot. In contrast to
33 and 44, its helix axes are cirumferential, not radial. Switching only some
helices from radial to circumferential produces 'mesojunctions.' Two helices
must switch at once, to avoid long linkers. 31, 142, and 242 are all
mesojunctions for 3- and4-sand complexes. We have built all the structures
below, in molecules containing 1.5 helical turns per domain. Antijunctions
and mesojunctions do not form as radily as junctons; care must be taken to
destabilize alternative structures. We have characterized their melting and
electphoredc behavior, and have performed Fe(II)EDTA2- autofootprinting.
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W40187
Dynamics of Spontaneous DNA Branch Migration

Igor 0. Panyutin and Peggy Hsieh

Genetics and Biochemistry Branch, National Institute of Diabetes and
Digestive and Kidney Diseases, National Institutes of Health,
Bethesda, MD 20892

DNA branch migration, a process whereby two homologous DNA
duplexes exchange strands, is an essential component of genetic
recombination. In the simplest model, the elementary step of
branch migration is movement of the Holliday junction, which is the
branch point between two duplexes, one base pair in either direction
with equal probabilities. Therefore, spontaneous DNA branch
migration according to this model proceeds as a random walk
process. An important issue in genetic recombination is whether
spontaneous DNA branch migration is capable of traversing
sequence heterology such as mismatches, insertions and deletions.
We use a model four-strand system to examine the effect of mispaired
or unpaired bases on branch migration. Our results demonstrate
that a single base mismatch, insertion or deletion is sufficient to
pose a substantial barrier to spontaneous branch migration. In the
presence of magnesium ions, branch migration through such
sequence heterologies is almost completely blocked. Using the same
DNA substrates we are studying the rate of spontaneous DNA branch
migration as a function of temperature, ionic strength and type of
metal ions present in solution.

HYPERCHROMICITY OF DNA BASES AND OF TYROSNES IN Mf1 VIRUS.
((L.G. Kostrikisl, DJ. Liu'-3, and L.A. Day')) 'The Public Health Resech Instiue,
New York, NY 10016, 2Dpt of Chemistry. New York Univasity, New York, NY 10003,
and 'Dept of Biochemistry, N.Y.U. School of Medicine, New York, NY 10016.

Th bacterial virus Pff consists of a single-stranded circular DNA moleule of 7349 bases
held by a surrounding protein coat, the entire structure being close to 2000 nm long and 7
nm in diameter, the coat is primarily subunits of 46 anino acids, two being tyrosines. We
report that uv spectra of highly purified samples disrupted in (0.2 M NaOH, 1% SDS, 8 M
urea) are fit almost exactly with spectra for purified DNA and protein in this solvent (data
every 0.1 nr from 250 nm to 360 nm). The fits yield nucleotde/subunit molr rtios of
1.00 ± 0.01 based on extinction coefficients for the separt components. Te spectrum of
the intact virus, corected for light scattering, has e). = 10,400 and e9 a 9,450 per
structure unit (one protein subunit plus one nuclootide). Subeaction of protein absrbance
at 259 nm yields 8400 ± 200, which we take as e(P )hs,. for the average nucleotide in the
virion. The DNA in Ff1 is tbus byperchromi relative to base-stacked DNA. Tle spec-
trum for protein, generated as the differnce between spectra for virus and DNA, boks like
a pure tyrosyl spectrum, and its numerically generated derivative spectrum has features
characteristic of tyrosyl model compounds. For the average tyrosyl in the virion e,.,, -
2500 in the near uv, higher than for most tyrosines.
The CD of the virus has the shape of pure a-helical 7 lo r

reference CD, with both [O2L,.IJand [0222.J more o NA VirUS
negative than -42000 units, larger than for most pro- 8x
teins. There are no obvious base-stacking contnbu- 6f
tions to the CD from 245 nm to 300 nm. This and

4
the high t(P ) lead us to argue that the bases do not P4 / \
stack in Pfl. The combined new data support a pre- 2 Protel
viously proposed model for the DNA helix in Pf1
with phosphates inside and bases outside. 260 280 30

W-Posl8S
STRUCTURE TRANSITIONS OF TELOMERIC DNA PROBED BY
RAMAN SPECTROSCOPY ((Takashi Miura and George J.
Thomas, Jr.)) School of Biological Sciences, University of
Missouri-Kansas City, Kansas City, Missouri 64110.

Telomeres are the termini of eukaryotic chromosomes,
characterized by tandem-repeated, guanine-rich sequences in
the DNA 5' + 3' strand and cytosine-rich sequences in the
complementary strand. In addition to conventional Watson-
Crick base pairing, telomeric DNA may form antiparallel-
foldback and parallel-extended quadruplex structures stabilized
by intrestrand or interstrand associations. To elucidate the
mechanisms of Inter-quadruplex and duplex-quadruplex
conversions, we have investigated the structure of d(T,G,),,
a telomeric DNA model, over wide ranges of solution
temperature and ionic strength by Raman spectroscopy. In
the presence of Na7, d(T4G4). can form either an antiparallel-
foldback quadruplex (with both C2'-endo/syn and C2'-
endo/anti dO conformers) or a parallel-extended quadruplex
(with only C2'-endo/anti dG). The latter structure, not
detected in previous structural studies of model telomeric DNA,
is favored by high Na concentration and exhibits greater
thermostability than the antiparallel form. In both the parallel
and antiparallel quadruplexes, the conformation of the
phosphodiester backbone is simila to that of the canonical B
form of DNA, but with important characteristic differences,
which shall be discussed in relation to Watson-Crick DNA.
[Supported by NIH Grant AI18758.]

W-Pos190
THE STRUCTURE OF THE CATALYTIC DOMAIN OF HUMAN
HEPATITIS DELTA VIRUS GENOMIC RNA - A 600 MHZ
PROTON NMR STUDY
((Tai-huang Huang+, Bao-Shiang Lee+, and Huey-Nan Wu') + IBMS,
and '1MB, Academia Sinica, Taipei, 11529, Taiwan, R.O.C. (Spon. by
T.-h. Huang)

We have synthesized 10 mg of a 74-mer RNA which was derived from
the catalytic domain of hepatitis delta virus genomic RNA (HDV
RNA). This 74-mer lost the self-cleavage activity because of a single
base mutation (G - C) at the cleavage site. One- and two-dimensional
proton NMR spectroscopy at 600 MHz has been applied to study the
conformation of this fragment at temperatures between 2 OC and 77 OC,
with and without added Mg++. Deconvolution of the NMR spectrum
obtained at 32°C indicates that the 74-mer RNA molecules may exist
in multiple conformations in equilibrium. The major conformer
contains two A-U base-pairs and 13±1 G-C base-pairs. It appears to
contain no standard G-U base-pair. NMR Melting study suggests that
there are at least two stems. From one- and two-dimensional NOE data
we identify one of the stem to be a tetra-loop (Tinoco et al,
Biochemistry IQ, 3280). Based on this study and other biochemical
evidence, models of the secondary structure are discussed.

W4P0s191
PLASMID FUSION: A POSSIBLE CAUSE FOR REDUCED LEVELS OF
EXPRESSION ((Katsuhide Mabuchi)) Dept of Muscle Research, Boston
Biomedical Research Institute, 20 Staniford Street, Boston, Ma. 02114

Expression of the troponin C (TnC) gene carried on the plasmid pKPlS00 in
several cell lines of E coli KP3998 was so unstable that by the time the culture
was brought to a larger volume the majority of bacteria had ceased to express
TnC. This was accompanied by a reduction in the amount of plasmids and
changes in their gel-electrophoretical pattern. In order to investigate the
significance of the different gel-electrophoredc patterns, 3 types of plasmid
bands, differing in their migration velocity --fast, internediate and slow were
isolated using low melting agarose gel electrophoresis. Electron microscopy
showed that all three types contained circular double-stranded DNA but there
were inverse correlation between size and velocity. Digestion of these
differently sized plasmids by EcoR 1 created the same gel electrophoretic
pattern corresponding to a pKPl500 vector and a TnC insert, thus it appears
that the slower migrating, larger plasmids are fused ones. In general,
characteristics of plasmids in the re-transformants of the dtree types were
similar to their respective ones used for the re-transformadon. However, one
colony among the re-transfornants of the slow-migrating plasmid expressed
the largest amount of TnC and its plasmid pattern was not of the slow
migrating but of fast migrating plasmids. These observations suggest that
there is a mechanism that prevents fusion of plasmids and that failure of this
mechanism leads to the reduced level ofTnC expression.
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W4Po0192
THREE DIMENSIONAL MATCHING AND DOCKING OF
PROTEIN MOLECULES.
((Ruth Nussinov, Daniel Fischer, Raquel Norel, Haim J.
Wolfson)) School of Medicine, Tel Aviv University, Tel Aviv 69978
Israel and Laboratory of Mathematical Biology, PRI/DynCorp,
NCI/FCRDC, Frederick, MD 21702-1201

Recently we have developed and adapted a computer-vision
based technique to the problem ofmatching of threedimensional
structures of macromolecules. The method enablessearching
the structural database, looking for geometrical, substructural
motifs in proteins. Since we look at atoms as points in space, we
are able to detect "real" three dimensional substructures,
completely disregarding thecontiguity of the amino acids in the
chain. We are thus able to detect substructural motifs in the
interior of proteins, or on their surfaces. The former have direct
relevance to the protein folding problem; the latter are directly
implicated in the problem of biomolecular recognition. We have
further extended our approach, and adapted it to the problem of
matching of complementary surfaces, that is, the docking of a
ligand onto a receptor surface. Our matching technique is very
efficient. We have already applied our method to both types of
problems. Several "real" 3-D similarities in the interior, and
separately, on the surfaces of proteins have already been
detected.

W-93
STRUCTURAL ENERGETnCS OF PEPTIDE RECOGNITION: ANGIOTENSIN H
/ ANTIBODY BINDING. ((Kenneth P. Murphy, Dong Xie, IL Christopher Garca,
L. Mario Amzel and Ernesto Freire)) Department of Biology and Blocalorimetry
Center, The Johns Hopkins University and Department of Biophysics and Biophysical
Chemistry,1T* Johns Hopkdns School ofMedcine, Baltimore, MD 21218

The prediction of the strngth of association of peptide hormones or other ligands with
their protein receptors isfundamentain the fields of protein engineering andrational
drug design. To form atight complex between a flexible peptide and Its receptor, the
large loss of configuatonal entropy must be overcome. Recently, thecrysllogrhic
stucture of the complex between Angioteain HIand the Fab fragment ofahigh affnity
monoclonal antibody has been solved. We have cared out aquantitatve prediction of
the binding oftIis complex utilizing the x-ray coordinates and the set offundamental
thermodynamic parameters (AH, AS, ACp) that define the energetics of each of the
interactions. The validity of this analysis has been tested by performing an
experimental dissection ofthe binding energetics using highsensitivity calorimetric
measurements. The calculated and experimentally determined thermodynamic
quantities are in close agreement. Tbe loss of configuradonal entropyis morethan
compensated by the entropy gain from the solventrelease. Binding is favored by polar
interactions (hydrogen bonding) butis partially offset by theenthalpically unfavorable
burial of apolar surfaces. These effects add up to a net binding free energy of about -
11 kcal mol I at 30'C, pH 7. The problem of binding flexible hormones thus is
solved in much the same way as the folding of a polypeptide chain Into a globular
protein. (Supported by National Institutes of Health RR04328, NS24520 and
GM37911(E.F.) and GM44692 (LM.A.). KPM and KCG were also supported by a
NSF postoctoral fellowship (DIR8721059))

W-PosB95
THE ROLE OF HYDROPATHY IN COMPUTER SIMULATED,
SEQUENCE-SELECTIVE ADRIAMYCIN INTERCALATION INTO
DNA DOUBLE-STRANDED HEXANUCLEOTIDES.((Frank A. Fornari,
David A. Gewirtz, Gwen B. Bauer, Donald J. Abraham and Glen E.
Kellogg)) Departments of Pharmacology/Toxicology and Medicine and
Department of Medicinal Chemistry , Medical College of Virginia,
Richmond, VA 23298

The anthracycline antibiotic, adriamycin, inhibits DNA biosynthesis and
transcription as a result of intercalation into DNA, a process in which the
planar aromatic rings of the drug insert between adjacent base pairs.
Employing the program HINT (Hydropathic Interactions), an empirical
hydropathic field-like 3D function was calculated and used to study
computer-simulated, sequence-selective adriamycin binding in the following
hexanucleotides: d(CGATCG), d(CGTACG), d(CGCGCG), d(TGATCA),
d(TACGTA) and d(TATATA). Regarding the two regularly alternating
hexanucleotides, d(CGCGCG) and d(TATATA), preliminary analysis of the
empirically calculated binding constants generated by HINT revealed
adriamycin binds preferentially to d(TATATA), which corresponds with
previous experimental data (Graves & Krugh 1983). In addition to
hydrophobic interactions, the HINT model, based on experimental solvent
partitioning phenomena, inherently includes electrostatic, steric, entropic
and solvation effects. The hydrophobic interaction is thought to be very
important for drug binding and activity and the use of the HINT model, in
these studies, may extend the current understanding of adriamycinlDNA
interactions.

W-VCR4
MOLECULAR SHAPE COMPARISON OF ELASTASEINHIBlTORS: QUANTITATIVE
SURFACE SEARCHING OF THE TURKEY OVOMUCOD INHIBITOR WIT A

IRIPEPTlDE INHIBrIDR, ((Brian B. Masek and James B. Matthew)) Medicina
Chemistry Dept., ICI Pharmaceuticas Group, A business unit of ICI Americas
Inc., Wilmington, Delaware 19897-2500

Molecular shape comparison (MSC) seeks to find thespatial properties
common to two or more molecules. A new and powerful method for
comparing molecular shapes byoptimizing the overlap of molecular "Skins"
has been developed. This method provides a quantitative measure of the shape
similarity by maximizing the intersection volume of molecular Skins; a
molecular surfaceof finite thickness. We report shape matching of a small
tripeptide inhibitor of elastase class proteins with the 56 residue turkey
ovomucoidinhibitor (TOM. Sidnbased comparisionsusing either thebinding
loop of TOMI alone (residues 15-20) or the entire TOMI proteinsuccessfuly
found the alignment expected from comparison of their crystallographiccomplees (i.e. HLE/TOMI complex and PPE/tripeptide complex). To match a
large elastase inhibitor such as TOMI with asmal inhibitor or drug we found
that it is important to use a skin match ratherthan a volume match since the
skin of the small inhibitor is matched only to the exposed skin of the larger
molecule. In the MSC of the tripeptide with the entire TOMI protein, random
or blind searching for skdn matchs involved optimization of the shape match
from 172 starting positions. The tripeptide centerof mass was placed at points
randomly selected from a set of 500 points on the TOMI van der waals surface
(within10 A of the Leu 18 on the TOMI binding loop(1 point/A2)). Its
orientaion was randomized beforeoptmizaton was initlated. Thebest match,
864A3, was found three times and corresponds to the experimentalalignmenL
The next best match was 78.1 A3giving adiscriminaton factor in this case of
10%.

W4Posl94
The Dynamics of Simulated Molecular Recognitlon

P. H. Axelsen
Department of Biochemistry and Molecular Biology

Mayo Foundation, Rochester MN. 55905

Molecular dynamics simulations of a complex between aglyco-
vancomycin and valous dipeptides have been performed using
thermodynamic cycle perturbation methods to predict their
thermodynamic behavior. The results are compared to
experimental measurements which provide the free energy,
enthalpy, and entropy of compiex formation. The simulations
correctiy predict that the binding affinity for Ac-D-alagiy
(AcDAG)Is 0.8 keai/moie less than for Ae-D-ala-D-ala (AcDADA),
and that Ac-D-ala-L-aia wil not bind. However, the binding of
AcDAG has a 0.7 keeamole enthalpic advantage over that of
AcDADA,In agreement with measurements. ThisIndicates that
the enthalpy advantage for AcDAG binding Is more than
compensated by an entropic cost of 1.5 kcaVmoie. AlthoughIt
Is likely that much of this entropic cost Involves solvent
Interactions with the complex, the simulationIndicates that the
AcDAG complex Is more compact and that low frequency
vibrational modes are attenuated. Thus, some of the entropic
cost may be due to reduced configurational entropy.

Supportd by HL47469.tie Minnesota Heart Assodaton, andtX L P. Markey Chadtebte Trust

W-Pos196
COMPUTER SIMULATED HYDROPATHIC ANALYSIS OF
CHLORAMBUCIL ADENINEADDUCT FORMATION IN THE MINOR
GROOVE.((Gwen B. Bauer, Peng Wang, Lawrence F. Povirk, Donald J.
Abrham and Glen E. Kellogg)) Departments of Pharmacology/Toxicology
and Medicine and Department of Medicinal Chemistry, Medical College of
Virginia, Richmond, VA 23298

Previous work demonstrates the predominant mutations induced by the
aromatic nitrogen mustards melphalan (1-phenylalanine) and chlorambucil in
the shuttle vector pZ189 are AT->TA transversions, suggesting that
alkylations of adenine are important premutagenic lesions. The nonaromatic
analogues mechlorethamine and phoshoramide mustard are much less
effecfive than melphalan and chlorambucil in producing thermolabile adenine
adducts. Thus, we propose that the aromatic nitrogen mustards may have
greater affinity for the minor groove resulting in adenine N-3 monofuctional
alkylations. The DNA-drug complex associated with N-3 alkylations was
modeled using the program Sybyl and minimized with the Tripos force
field. Extensive conformational analysis was performed using the gridsearch
option in Sybyl with final minimization of every conformer. Employing the
program HINT (Hydropathic Interactions), based on experimental solvent
partitioning phenomena, we found several minimized structures which gave
the lowest energy and least distortion of DNA in addition to possessingfavorable hydrophobic interactions between the phenyl ring of chlorambucil
and the faces of the minor groove. These interactions may account for the
high level of adenine N-3 alkylations by aromatic nitrogen mustards.
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W40sB197
SITE SELECTIVITY OF DAUNOMYCIN.
((C.J. Roche, J.A. Thomson and D.M.
Crothers))Yale University, New Haven, CT 06511.

Daunomycin is an antitumor drug that has
been used for the treatment of leukemia. The
binding properties of the drug were re-examined
in the presence of oligonucleotides, sixteen
bases long, that were designed to contain
published binding sites for the drug. The
sequences contained a six base-pair core flanked
on the 5' and 3' sides with tracts of A's. Four
major sequences were examined in the six
base-pair core, CGTACG, TAGCTG, TCATCC and (TA)
and compared with calf thymus DNA. Fluorometry,
absorption and stopped flow techniques were used
to examine the binding. Scatchard-type graphs
were used to estimate the total binding affinity,
and the number of sites per oligonucleotide. In
all cases the affinity for the drug was enhanced
relative to DNA. Association constants ranged
from 1.OxlO to 3.0x107. Stopped flow data was
used to measure dissociation rates, and support
the total number of sites.

W-Posl9S
Cae+ IONOPHORETIC ACTIVITIES OF PEPTiDE HORMONES AND
DRUGS.
((V.S. Ananthanarayanan)) McMaster Univ., Hamilton, Ont, Canada L8N
3Z5.
With a view to understanding the possible role of extracellular Cae in
hormone and drug action, we have examinod the ability of these molecules
to interact with Cae in the lipid milieu. Binding sudies in membrane
mimetic solvents (using spectra changes) showed that a variety of peptide
hormones (eg. bombesin, glucagon, LHRH, substance P) and drugs (eg.
verapamil, diltiazem, salbutamol, lidoflazine, cycbspon) bind Cae
stoichiomerically. All of them tman ca Cae across the lipid bilayer in
unilamellar dimyristoylphosphatidylcholine vesicles containing anaz m
inside and supended in a noutral pH buffer. Leakage of vesicular contents
induced by these agents was relatively small at low concentrations (<50 piM

as tested with fluorscet dyes. Intestngly, segments of peptide
hormones that are imprtnt for signal transducton wer much better Ca+
binders and/or anspor than the other segment(s). These data suggest
that the Ca d form of homones and drugs may be their bioactive
confrmations recognized by the membrane-bound receptor, as proposed in
a roct hypothesis on signal trnsduction (V.SA. Biochem Cell Biol. 69,
93-95, 1991). Supported by Med. Res. Council of Canada.

W4Po8199
CONFORMATIONAL ANALYSIS OF POLY(ADP-RIBOSE)
GLYCOHYDROLASE INHIBITORS. ((Annise M. Younes, Rita Lodaya,
James P. Slama and Leonore A. Findsen)) Department of Medicinal and
Biological Chemistry, College of Pharmacy, University of Toledo, 2801 W.
Bancroft, Toledo, OH 43606.

Poly (ADP-Ribose) Glycohydrolase is important in the repair of DNA in
cells. Adenosine diphosphate hydroxypyrrolidinediol (ADP-HPD), shown
below, is a potent and specific non-competitive inhibitor of the protein.
Evidence indicates that the pyrrolidine part of the molecule is important in the
activity since ADP-ribose is inactive as an inhibitor of the protein. To
identify the cause of this difference in activities, the conformational analysis
of the pyrrolidine analogs, ribose, and the traditional transition state analogs,
lactam and lactone, are examined. These studies, in conjunction with
experimental binding studies of the molecules, have provided great insight
into the mechanism of inhibition ofADP-HPD.

H
ADP-O-CH2 N H

OH OH

LIPID-PROTEIN INTERACTIONS I

W-Pos200
CONFORMATIONAL ANALYSIS OF A PEPTIDE MODEL OF THE HUMAN
APOLIPOPROTEINS ((Robert T. Nolte & David Atkinson)) Dept. of Biophysics,
Boston University School of Medicine, 80 East Concord Street, Boston, MA

The apolipoproeins are responsible for lipid transport, lipoprotein particle structure
and the activation of enzymes in lipid metabolism. These proteins share common
primary sequence repeats which exist In tandem throughout most of these sequences.
A pepdde model consistng of a dimer of a consesus of these tandem repeats,
(PLAEELRARLRAQIEEREIL)2-NH2, has been sythesized and purified using
cation and rever phase HPLC. Column chromawgraphy, calorimetry, electron
microscopy, and circular dichroism oscopy (CD) were used to charace the
peptide and comples formed with dimyrty-phosphadylcholine (DMPC). The
results are contrated with similar studie carried out with apoli ein A-I (poA-
I). The peptide has a solution structure of 87% helix, which increaes to 97% in the
presence of lipid, Trifluoroethanol, and octyl P-giuucpyanoside. In conast to apoA-
I, no coopeave unfolding is observed in the peptide as deermind by CD as a
function of temprature. The peptide forms nacent HDL disc-Hlke structurs with
DMPC that have an average diameter of 160*25A with a mass stoichiometry of 5.6
lipid: peptide, similar to those formed by apoA-I which have a dlaeitr of 136±25A
and a mass stoichiometry of 2.6 lipid: protein. The size and conformational detals
demonstrate that I peptide molecule is equivalent to 1/3 of an apoA-I molecule with
respect to interaction with lipid. This supports the concept of 6 helical binding
segments in apoA-I. Scning calorimety of peptide / DMPC complexes ehibited
order disorder iipid transitions at 24.5- (AH-6.3 Kcal/mole) intermediate between
that for uncomplexed lipid (23x) and apolipoproein A-I/DMPC (27.0', &H-6.4
KcalUmole). Particle disruption occurs at a significantiy higher temperature (90g) in
the peptide complexes compared to those formed with apoA-I (78o).

W420Po1
PULMONARY SURFACTANT PROTEIN SP-C AND PHOSPHOLIPIDS
IN SPREAD MONOLAYERS AT THE AIR/WATER INTERFACE.
((S. Taneva and K.M.W. Keough)) Departments of
Biochemistry and Pediatrics, Memorial University of
Newfoundland, St. John's, Nfld., AlB 3X9, Canada

The interaction of SP-C with
dipalmitoylphosphatidylcholine (DPPC) and
dipalmitoylphospatidylglycerol (DPPG) has been
studied. The presence of < 27 wt% SP-C in binary
protein/phospholipid monolayers gave a positive
deviation from the ideal behavior of the mean
area/molecule with the magnitude being higher in SP-
C/DPPG films. SP-C alone did not sustain surface
pressure (X) higher than 32-34 mN/m. At low protein
concentrations (-3 wt%) SP-C/DPPC and SP-C/DPPG
monolayers had collapse pressures at 70 mN/i and 65
mN/i, respectively. At initial SP-C concentration 2
4 wt%, a kink point at r- 50 mN/m appeared in the
isotherms implying possible exclusion of material
from the monolayers. Analysis of the mean molecular
area as a function of the monolayer composition and
r suggested that SP-C, associated with some
phospholipid, was squeezed out from the monolayers at
iT of 50 mN/m, indicating a potential role for SP-C in
the process of refinement of the monolayer at the
alveolar/air interface. (Supported by MRC Canada.)
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W-Pos202
STRUCTURE OF LOW DENSITY LIPOPROTEIN IN VITREOUS ICE
((Joshua M. Spin and David Atkinson)) Biophysics Department, Boston
University School of Medicine, 80 East Concord St., Boston MA 02118

We have completed preliminary analysis of the structure of low density
lipoprotein (LDL) in ice at 34 A resolution. An image set of 480 LDL
particles was used in this analysis. Initial reference images were selected
at random. An automated, iterative, single particle averaging procedure
consisting of btnational and rotational alignment in real and Fourier
space was used to select image st representing different views of the
LDL particle. Correspondence analysis using duster validity, fuzzy and
hierarchica clasification was employed to demonstrate uniquenes of
the averaged images. Studies using two diona factor maps and
image reconstitution showed that the firt four egen ors, comprising
46.51% of the variance between image sets, contained the relevant
features for image alignment. Images that failed to segregate using these
factors were excluded. Images in a final set were used as altemate
references in the automated procedure and required to yield other images
from the set as a criterion for inclusion. Five independent sets
containing 4-12 images were obtained. The image processing program
SPIDER was used for aUl manipulations, alignments, and analysis. The
independent views indicate that LDL is a semi-spherical, 200-220 A
diameter particle, with an area of low density (lipid) surounded by a
ring (in projection) of high denity believed to repreaent apolipoprotein
B-100. This ring is seen to be composed of four or five (depending on
view) regions of high density material that may represent protein super-
domains linked by areas of somewhat lower density.

W-Pos204
19F-NMR INVESTIGATION OF MEMBRANE-BINDING DOMAIN OF
D-LACTATE DEHYDROGENASE OF E. COLI
((Z.-Y. Sun, E. A. Pratt, H.-T. N. Truong, D. C. Sutherland, C. E. Kulig,
R. J. Homer, and C. Ho)) Dept. of Bio. Sci., Carnegie-Mellon Univ.,
Pittsburgh, PA 15213

'9F-NMR spectroscoy and site-specificTrpsubstitution have been used
to probe the lipid-binding domain of the membrane-associated
D-lactate dehydrogenase (D-LDH) of E coli. It has been proposed that
D-LDH has the typical two-domain structure of the cytoplasmic
dehydrogenases, with the addition of a membrane-binding domain
between the catalytic and cofactor-indina domains [Peersen, Pratt,
Truong, Ho, & Rule, Biochemistry 2z, 3256 (1990)]. Forty mutants
containing an additional T in place of a hydrophobic residue have
been constructed in our laboratory. 19F-NMR spectra of the 5F-Trp
labeled active D-LDH mutants, in the presence of Ilysolecithin and
8-doxyl palmitic acid, have been acquired. The 5F-Trps in the lipid-
binding region can be identiied when the 19F resonances are broadened
by the lipid-bound paramagnetic nitroxide. In addition to mutations of
amino acid residues at positions 243, 309, 340, and 361 which have
been found in the membane-binding region by previous studies, we
have produced new mutations at Y228, F251, F270, Y280, Y321, and
F369. The 19F-NMR results suggest that amino acid residues at
positions 228, 280, and 369 are in the membrane-binding region, while
amino acid residues at positions 251 and 270 are not. lt is proposed
that the membrane-binding domain of D-LDH is located In the region
between amino acid residues 228 and 369, and is formed from
separated segments rather than being a continuous strand. [This work
is supported by a research grant from the NIH (GM-26874).]

W4Pe,2Q
INTERACTIONS BETWEEN THE MYELN BASIC PROTEIN AND EGG
PHOSPHATIDIC ACID STUDIED BY FOURIR TRANSFORM
INFRARED SPECTROSCOPY.
((Anne NABET, Michel PAZOLET1)), CERSIM, Universit6 LAVAL,
QuEbec, ((Joan M. BOGGS)), Hospital for Sick Children, Toronto,
CANADA.

Myelin basic protein (MBP) is an extrinsic protein which binds to acidic
lipids initally by electostatic intractions. It has also several short
hydrophobic segments which are believed to intrcalate into the lipid bilayer.
Founer transform infrred sectoscopy has been ued to invegte the
binding ofMBP with the natural lipid Egg-phosphatidic acid (EU-PA) at pH
7. Our reults reveal that the strong bindig ofMBP to Egg-PA iduces the
ionization of the second proton of the phosphate group. The analysis of the
phospholipid carbonyl sttching band shows that in the liquid-crystline
phase, the protein prevents the penetraion of water into the interfacial region
of the lipid bilayer. The band due to the CH2 symmetric teching mode of
the acyl chains indicates that the protein induces a decreas of the
temperature of the gel to liquid-crystalline phase transition from 19 to 5°C
and pertrba the lipid acyl chain order in both phases. Finally, invegation
of the secondary strcture of the protein using the amide I band reveals that
the content of or-helix in the protein incrses when it is bound to Egg-PA.
The domains of stucured conformation in the protein have also beenlocated

Iby combining different methods of secondary srctue predicdon.

W-Pe8203
MODULATION OF ACETYLCHOLINE RECEPTOR STRUCTURE
AND FUNCTION BY LIPIDS. ((M. G. McNamee, A. Bhushan, V.
Narayanaswami and D. Butler)) Department of Biochemistry and
Biophysics, University of California, Davis CA 95616.

Fluorescence quenching and Fourier transform infrared (FTIR)
techniques have been used to probe lipid-protein interactions in
reconstituted membranes containing purified nicotinic acetyl-
choline receptor from Torpedo californica. FTIR analysis of the
protein reveals that negatively charged lipids and cholesterol
increase the alpha helix and beta sheet content of the receptor.
Analysis of the lipid reveals that pKa values of phosphatidic acid
molecules in contact with the protein are increased by 2 pH units
from 6.5 to 8.5. The functional activity of the receptor, as
measured by carbamylcholine-stimulated ion influx at different pH
values, correlates directly with the amount of dianionic
phosphatidic acid, suggesting a direct link between lipid charge,
lipid-protein interactions, and protein function. Fluorescence
quenching of pyrene-labeled receptor by spin labeled lipids has
been used to obtain a more detailed picture of the local protein
structure at the lipid-protein interface. The sensitivity of the
quenching profile to activating ligands is consistent with an
allosteric linkages among the extraceliular binding sites, the lipid-
protein interface, and the ion channel. (Supported by NIH Grant
N813050 to MGM).

W4s25
EFFECTS OF MEMBRANE THICKNESS ON THE DYNAMICS OF

RECONSTITUTED SARCOPLASMIC RETICULUM (SR) Ca-ATPASE.
((Rizvan L. Cornea and David D. Thomas)) University of Minnesota Medical School,
Minneapolis, MN 55455.

It has been previously shown that the activity of the reconstituted SR Ca2+-ATPase
is sonsitive to the phospholipid fatty acid chain length. The phospholipid supporting
the highest activity is di(l8: IAs)PC. Monounsaturated phosphatidylcholines (PC) with
longer or shorter fatty acid chains support lower activities. To evaluate the effects of
membrane thickness on the molecular dynamics of the-Ca2+-ATPase, we have used
time-resolved phosphorescence anisotropy
(TPA). In the TPA experiments, we used ais
Ca2+-ATPase reconstituted in exogenous PCs
with monounsaturated chains 14 to 24 carbons 0ft
long. Our results show that chain lengths
longer or shorter than the optimal 18 result in
a significantly decreased mobility of the
Ca2 -ATPase, indicated by higher residual
anisotropy (r,) and suggesting protein
aggregation. Tbis effect can be attributed to a 0

mismatch between the chain length and the MCno5ECODS
thickness of the hydrophobic surface of the
enzyme. In contrast to the large effects on protein mobility, these changes in chain
length had little or no effect on hydrocarbon chain mobility as detected by 5-SASL.
This is consistent with our proposal that protein dynamics and protein-protein
interactions are of primary importance to the Ca2+-ATPase mechanism.

W4Pe2o7.
MECHANISTIC STUDIES OF THE HYPOLIPIDEMIC ANSAMYCINS
GP 43371 AND COS 24565. Kenneth S. Leonards and Chii-Whei Hu,
Research Dept., Pharmaceuticals Div., CIBA-GEIGY Corp., Summit, NJ
07901, USA

The ansamycins (CGP 43371 and CGS 24565) are monopivaloyl
oxazole derivatives of rifamycin which lack the antibacterial
activity of their parent. They have been shown to have marked
hypolipidemic properties in animal studies. The results of bio-
chemical studies indicate that these agents are not operating via
modification of hepatic cholesterol synthesis, but by another
mechanism(s). To help discover this mechanism, studies were
undertaken to examine the molecular interactions of these
ansamycins with isolated and purified lipoproteins plasma
proteins, isolated liver plasma membranes, and synthetic lipid
vesicles. Our results indicate that these compounds have a very
high and preferential affinity for the lipoprotein particles
themselves, that the maximum carrying capacity (but not affinity)
of the lipoproteins increases with increasing particle mass, and
that these compounds are directly intercalating into the particles.
In contrast, the ansamycins were found to interact only minimally
with serum proteins, or the liver plasma membrane. Together, our
results suggest that the ansamycins may be actlng, at least in part,
by intercalating into the lipoprotein particles and modifying their
physical-chemical properties.
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SPIN-LABEL STUDIES INTO THE THE EFFECIS OP ETHANOL ON
LIPID-PROTEIN INTERACTIONS IN RECONSTITUTED
ACrTYLCHOLINERCEPTR VESICLES
Douglma Ra Keith W. Mille Massachusetts General
Hospital and Harvard Medical School, Boston, MA 02114

The nicotinic acetylcholine receptor from Torpedo has been used
as a model for general anesthesic action; ies agonist affinity is
increased by ethanoL Using starc acid spin-labeled at the 6th,gth,th, h, a 14th positions, we have probed the lipid-protein
interface of the nicotinic acetyicholine receptor from Torpedo
reconstituted Into dioleoylphosphatidylcholine vesicles and
examined the effects of thoL The fractdon of the motionally
ei component was found to be independent of the position
of the nitroxide reporter group on the acyi chain. The rotational
correlation tmes for motionally restricted stearic acid was
between 10 -20ns, vrying with both tempRue and nitroxideposition. For all 4 spinl1abes, theaddition of 0.5 to 3M ethnolconsistently incrased the motion of bulk lipid, but did not alterfthe totadonal mobility nor the fraction of motionally restricted
stearic acid. This suggests that ethanol does not exert its effects
on the acetylcholine receptor via alterations in lipid-proteininteracions. (Supported by the National Insdtute on Alcohol
Abuse and Alcoholism AA 07040 (KWM) and the Foundation
for Anesteia Eduation Research (DER)).

W-o210
CALORIMETRIC AND SPECTROSCOPIC STUDIES OF THEINTERACTION OF MANDUCA SEXTA APOLIPOPHORIN HI WITHZWITTERIONIC, ANIONIC AND NONIONIC LIPIDS. ((Yuanpeng
Zhang, Ruthven N.A.H. Lewis, Ronald N. McElhaney and Robert 0.
Ryan)) Department of Biochemistry, University of Alberta, Edmonton,Albera, Canada T6G 2H7 (Spon. by D. Mannock).

The interactions of MAwdca sexta Apolipophorinm (apoLp-HI) with a
variety ofzwitteionic and anionic phospholipids and with two nonionic
glycolipids was investigated by DSC and 31p-NMR. MGDG, PE and PA
(pH 7.2) exhibit the weakest intection with apoLp-I. The main phase
transition of these lipids is little affected by the binding of apoLp-II.
DODO, PC, PS indPA (pH 8.8) exhibit somewhat stronger interacdons
with apoLp-M. ApoLp-M induces the formadon of lipid domains which
melt less cooperatvely and at highertemperatures than do the pure lipids,
whilst having little effect on the meting enthalpy. ApoLp-III severely
disrupts their bilayer srcture of PG and PA (pH>9.3) resulting in markedreductions in thecoopertvity and enthalpy of the main phase transition of
the lipids. Ourresmlts indicate that the ng of apoLp-II to lipid bilayers
is mediated primarily through polar and/or ionic interactions at the lipidbilayer surface. Our relts also suggestthat theinteraction of apoLp- withLipid bilayers promotes the hydraion of theirsurfaces, a propety which iscnistent with tie proposed mWvvofuncdons of this protein. (Supported by
the Medical Research Council of Canada, the Alberta Heritage Foundadon
for Medical Research, and a U.S. National Institutes of Health grant.)

W40212
SURFACE HYDROPHOBICITY AND MEMBRANE
INTERACTIONS OF Bacillus thurgiensis TOXIN cryIC.
((P. Butko, M. Cournoyer, M. Pusztai and W. K Surewicz)) Institute for
Biological Sciences, National Research Council, Ottawa, Ontario KIA
OR6, Canada.

Interactions between the Bacilus thuringiensis delta-endotoxin crylC
and phospholipid vesicles were studied by means of fluorescence
spectroscopy. Ability of cryIC to dissipate membrane potential was
measured with a potential-sensitive dye diSC2(5). Surface hydrophobicity
of the crylC molecule was assessed by binding of a polarity-sensitive
probe bis-ANS. It was found that (i) crylC dissipates membrane potential
by creating ion-permeable channels in lipid bilayers; (ii) the activity of
cryIC is enhanced at low pH, which is parallelled by increasing
hydrophobicity of the surface of the toxin molecule, and hence its
increasingpropensity to interact with the core of the lipid bilayer; (iii)
the increased activity at low pH can be further enhanced by the presence
of acidic phospholipids in the membrane, which indicates some
involvement of electrostatic interactions in binding of cryiC to the
membrane.

W4PsO
TRANSLATIONAL DIFFUSION OF BOVINE PROTHROMBIN
FRAGMENT 1 WEAKLY BOUND TO SUPPORTED PLANAR
MEMBRANES ((Z.-P. Huang,K H. Pearce and N. L Thompson)) Dept.
Chemistry, University of North Carolina, Chapel Hill, NC 27590-3290

Previous work has shown that bovine prothrombin fragment 1 (BF1)
bindstosupportedplanarmemranescomposedofphosphatidylcholine
and phosphatidyleerine in a Ca+-specific manner and that the average
membrane residency time of BF1 is n seconds (Pearce et aL, 1992,
Biochem 31, 5983). Here, fluorescence pattern photobleaching
recovery with epi-illummation has been used to show that saturating
concentrations of BF1 and Ca!+ reduce the diffusion coefficients of
nitrobenzoamdil-conjugated phosphatidylserine (NBD-PS) and
nitrobensoxdiazol-conjugated phosphatidylcholine (NBD-PC) by
factors of approxately four and two, respectively. In addition,
fluorescence patter photobleaching recovery with evanescent
illumination has been used to measure the diffusion coefficient of the
wealdy bound BF1. The results show that the BF1 diffusion
coeffcient is approximately 10-fold slower than that of the fluorescent
lipida This work is one of the first measurements of the translational
difsion coefficient of a protein that is weakly bound to aphospholipid
membrane surface. The measured values of the NBD-PC, NBD-PS
and BF1 diffusion coefficient are interpreted with several models for
lipid and protein diffusion in oron two-dimensionalfluidbilayers. This
work was supported by NSF grant DMB-9024028.

W-Pes21
THE ROLE OF DRUG-LIPID INTERACTIONS IN THE
BIOLOGICAL ACTIVITY OF MODULATORS OF MULTI-
DRUG RESISTANCE (MDR)
((R.M. Wadkins and P.J. Houghton)) St. Jude Children's Hospital,
Department of Pharmacology, Memphis, Tennessee 38101 (Spon. byS.A. Bailey)
A wide range of compounds have now been shown to circumvent
acquired drug resistance in cultured celis. Thus far, little or no structure-activity rlatonship has been found among these compounds, althoughthiriproosedmechani of action is through modulation of function of
a-70KD membrane glycoprotein known as p-glycoprotein (pgp).While it has been suggested thatthe mechanism of this inhibition is a
direct interaction of the modulators with pgp, we show here that such a
model seriously neglects the effects many of these compounds have on
lipid physical properties. We have measured theinteractions between 10
structurally diverse modulators of MDR and a variety of lipids by three
techniques. We have examined the inhibitory effects of the modulators
on themembrane binding of a fluorescent dye recognized by MDR, and
have shown a good correlation of the measured Ki values with the
effectiveness of these compounds in vivo. We have determined the
effects of the modulators on detergent micellization, and have shown
substantial changes on the cmc of the detergents in the presence of the
drugs. Finally, we have examined the changes in model membrane
"fluidity" induced by the modulators. The results, taken together,indicate that both direct and indirect interactions ofMDRmodulators with
pgp should be considered in understanding the mechanism by which
these compounds reverse multi-drug resistance.

W4Pe213
IPIVESIGATION OF SECONDARY AD TERTIARY S UCTURAL
CHANGES OF CYIOCEtOME C IN COMPLEXES WITH ANIONIC LIPIDS
USING AM E HYDROGEN EXCHANGE MEASUREMEN : AN FT11
STUDY. ((T.Hsimburg sad D.Msrsh )) Max-Plnck-lnsitut fIr biophys.Chemie,
Pofch 2841, D-3400Ottiagn, Gormny.
The structure ofcytochromec bound to anioniclipid membramn (dioleoyl-,dimyriatoyl-,
dipalmitoyl- Oapatidylglycerol, bovi hert cadlopin) baa boee investigted by
Fourier trnform infrared scrcopy. Only small chang in secondary wucre
wero oberved uponbinding at tempe beowtat of denaturton of the protein,
andthe were not coupled to the thermotropic phas tritions of the lipis. The
denatriontemperatre of theprot decresd by ca. 25"-30 upon bindig. Large
chage in te amide proton exchag cha scs, as monitored byte spectral shifta
in the amide I band of the proin inD20, were obseved on binding cytochome c to the
lipid membraes. For the slowly exchanging populaon, theamide deutration rates
were nearly of temperatre, wheres those of the bound protein increased
by up to two orders of magnitude over thetempeure range from 1OC to 406C. A
stuctural traition in the bound protein was detected as a disowntinuous stop in
Arrhenus plots of the deutrium exchag rtes which ocurred at a tempeature in the
region of 22 to 29C, depending on the lipid, far below that of densaturton. The
temp ure of this tranition ws determined by the physical state of the lipid, being 70
lower for the lipids in the fluid state than for those in thegd st, and occurred at an
intermediate temperature, being cotroBled by the lipid chain-melting trnition at 27-
28'C for complexes with dimyristoyl phosphtidylglycerol. These results provide
evidence for a couplin of the tertia stctu of the membrne-bound protein with the
physical sate ofthe membne Upids.
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W4P0214
pH DEPENDENT STABILITY AND MEMBRANE INTERACTION OF
THE PORE FORMING DOMAIN OF COLICIN A ((A. Muga, J.M.
Gonzalez-Manas, J.H. Lakey, F. Pattus, W.K. Surewicz)) Inst. Biol. Sci.,
NRC, Ottawa, Canada KIA OR6 and EMBL, Heidelberg, Germany.

Thermal stability of the pore-forming domain of colicin A was studied by
high-sensitivity differential scanning calorimetry and circular dichroism
spectroscopy. In the pH range between 8 and 5, the thermal denaturation of
the protein in solution occurs at 66-69 dog C and is characterized by the
calorimetric enthalpy of approximately 90 kcal/M. At pH below 5, there is a
rapid pH-dependent destabilization of the pore-forming domain resulting in
the lowering of the midpoint denaturation temperature and the decrease in
the calorimetric enthalpy of denaturation. Circular dichroism spectra in the
near and far ultraviolet show that the thermotropic transition is associated
with collapse of the native tertiary structure of the pore-forming domain,
while a large proportion of the helical secondary structure remains
preserved. Association of the pore-forming domain with phospholipid
vesicles of dioleoylphosphatidylglycerol results in total disappearance of the
calorimetric transition, even at pH values as high as 7. Since lipid-binding
also induces collapse of the near ultraviolet circular dichroism spectrum,
these data indicate that interaction with the membrane facilitates a
conformational change within the pore- forming domain to a looser
(denaturated-like) state. These findings are consistent with the view that a
flexible 'molten globule" state is an intermediate on the pathway to
membrane insertion of colicin A.

W-Pos216
THE MICELLE HYPOTHESIS OF AIPHA-CRYSTAWN AGGREGATION: FORMATION
OF PROTEOLIPOSOMES ((J.F. Koretz and L.W. Radlick)) Center for
Biophysics and Dept. of Biology, Rensselaer Polytech. Inst., Troy, NY 12180-
3590

a-crystallin, the major protein component of the mammalian eye lens, has
been suggested to aggregate into micellar structures (Augusteyn and Koretz,
1987), based on primary sequence analysis, heterogeneity of native
populations, and other factors. It has been shown more recently (Radlick and
Koretz, 1992) that a-crystallin behavior under increased hydrostatic
pressure and in its effect on aqueous surface tension are both consistent with
the micelle hypothesis. Further to test this model, attempts were made to
prepare proteoliposomes of a-crystallin and lecithin using four different
standard methods and two different protein concentrations, one well above and
one well below the critical micelle concentration. Under all conditions,
proteoliposomes were formed, as validated by FPLC, sucrose gradient
centrifugation, and other methods. These results indicate that the hydrophobic
region of a-crystallin is unbroken by polar or charged groups, and the ease
with which the proteoliposomes formed suggest that the a-crystallin
aggregate is highly dynamic. It has been shown that a-crystallin is present in
non-lenticular tissues, where it is believed to serve as a molecular chaperone
and/or heat shock protein; this class of proteins is believed to function in part
due to the accessibility of hydrophobic surfaces with which partially folded
structures can interact. The present results are consistent with this possible
function and mode of action.

Supported by grant EY02195.

W-Pos2l8
MOLECULAR DYNAMICS SIMULATION OF A LIPID
BILAYER-PEPTIDE SYSTEM.((K. V. Damodaran and Kenneth
M. Merz Jr.)) 152 Davey Laboratory, Department of chemistry, The
Pennsylvania State University, University Park, PA 16802.

Molecular dynamics simulations of a tripeptideAla-Phe-Ala -O -tert
-butyl interacting with a dimyristoylphosphatidylcholine (DIMPC)
bilayer have been performed. The head group hydration and the
peptide-bilayer interactions have been examined with the help of
head group-water pair distribution functions, molecular order
parameters and by visual examination of the peptide-bilayer
interaction sites. Comparison of the theoretical results to the
experimental results of Jacobs and White (1) have also been made.
The dynamics of the water, peptide and the lipid bilayer have been
investigated using the velocity autocorrelation functions and mean
square displacements. It has been observed that the peptide is
mostly confined to the head group water interface region with only
marginal penetration of the central residue into the bilayer as was
observed experimentally.
1. Jacobs, R. E. and White, S. H. 1989. The Nature of the
Hydrophobic Binding of Small Peptides at the Bilayer Interface:
Implications for the Insertion of Transbilayer Helices. Biochemistry
28:3421-3437.

W4Ps205
INVESTIGATION OF THE CONFORMATIONAL DYNAMICS OF
LEUCINE ENKEPHALIN AT A PHOSPHATIDYLCHOLINE INTERFACE
BY SOLID STATE NMR AND MOLECULAR DYNAMICS. ((James P.
Schwonek and Charles R. Sanders, II)) Dept. of Physiology and
Biophysics, Case Western Reserve University, Cleveland, Ohio
44106. (Spon. by Thomas Gerken).

The low affinity binding of leucine enkephalin to phosphatidylcholine
(PC) bilayers is a phenomenon which is probably relevant to the mode
by which this opioid pentapeptide Interacts with its receptors In vivo.
Approximately 20 '3C chemical shift anisotroples (CSA) and 9C-1H
dipolar coupling constants from surface-associated leucine enkephalin
were measured using unlabeled peptide and magnefIcally oriented
model membranes composed of mixtures of dimyristoyl
phosphatidylcholine and dihexanoyl phosphatidylcholine (Sanders and
Schwonek, Biochemistry, Biochem. 31, 8898-8905 (1992)). Molecular
dynamics (MD) simulations were run using the Drelding force field with
added energy/force terms modeling peptde-surface interactions in
terms of electrostatic and hydrophobic peptide Interactions wih a
dielectric gradlent (derived from the work of Ram et. al., Blophys. J. (in
press)). A program was written (SANDMODS) to back calculate CSAs
and dipolar couplings from the ensembles of interconverting structures
produced during the MD runs. In this manner we tested the
simulations for their ability to reproduce the experimental data.

W-Po&217
X-RAY SCATTERING WITH MOMENTUM TRANSFER IN THE
PLANE OF THE MEMBRANE: SIZE AND DISTRIBJTION OF
MEMBRANE PROTEINS.
((H.W. Huang, K. He, S. J. Ludtke, and Y. Wu)) Rice Univ., Houston, TX
77251-1892.

We demonstrate a technique for measuring x-ray (or neutron) scattering
with the momentum transfer confined in the plane of the membrane, for the
purpose of studying lateral organization of proteins and peptides in
membrane. Unlike freeze-fracture electron microscopy or atomic force
microscopy which requires the membrane to be frozen or fixed, in-plane x-
ray scatering can be performed with the membrane maintained in the liquid
crystalline state. As an example, the controversial question of whether
gramicidin forms aggregates in the membrane was investigated. We used
dilauroyl phosphatidylcholine (DLPC) bilayers containing gramicidin in the
molar ratio of 10:1. Very clear scattering curves reflecting gramicidin
channel-channel correlation were obtained, even for the sample containing
no heavy atoms. Thallium ions bound to gramicidin channels merely
increase the magnitude of the scattering curve. Analysis of the data shows
that the channels were randomly distributed in the membrane, similar to a
computer simulation of freely moving disks in a plane. We suggest that
oriented proteins may provide substantial x-ray contrast against the lipid
background without requiring heavy-atom labelling. This should open up
many possible new experiments.

W-Pos219
PHYSICAL STUDIES OF THE INTERACTION OF FATTY ACIDS WITH SERUM
BASIC PROTEIN III.
((Nahnsz Motevalli, Peter Kwiterovich, and Robert Steiner))
Johns Hopkins School of Nedicine, and University of Maryland
Baltimore County.

Basic protein III (KW 55,000, pl 8.7) is one of three novel
basic proteins (BP) in Normal humn serum that stimulates fatty
acid incorporation into cellular lipids. BP III was isolated
from normal serum using affinity and ion exchange
chromatography.
From interaction of BP III with toluidinyl naphthalene
sulfonate (TNS), BP III appears to contain one or more binding
sites capable of combining with TNS to yield a fluorescent
complex. The addition of sodium oleate (0. 8 mi) or sodium
palmitate (0.3 mM) to BP III results in a significant
enhancement of tryptophan fluorescence (15% and 20%),
indicating that both unsaturated and saturated fatty acids
influence the micro-environment of one or more of BP III
tryptophan. Further evidence for the interaction of fatty
acids was obtained by addition of palmitate with a complex of
BP III and TNS, resulting in a 20% reduction in and a blue
shift of the TNS fluorescence. These data indicates that
palmitate competitively displaces TNS from one or more of its
non-polar binding sites on BP III. The effect of fatty acids
on the structure of BP III may be important in understanding
the role of BP III in fatty acid and lipid metabolism.
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W-Pos220
NONBILAYER-FORMING LIPIDS INFLUENCE RIHODOPSIN
PHOTOCHEMICAL FUNCTION. ((Nicholas J. Gibson, Robin L.
Thurmond, and Michael F. Brown)) Department of Chemistry, University
of Arizona, Tucson, Arizona 85721.

Here we have tested the proposal that nonbilayer-forming lipids govern
visual signal transduction by shifting the MI-MII conformational
equilibrium of rhodopsin.12 The influences of the membrane lipid
headgroup and acyl chain composition were investigated using flh
photolysis techniques. Bovine rhodopsin was combined with DOPC and
varying amounts of DOPE to form membrane recombinants in which only
the identity of the lipid headgroups was varied. The ratio of MII / MI
produced by an actinic flash in recombinants with DOPC/DOPE was studied
as a function of pH and increased with the amount of DOPE. At pH 7 a
native-like headgroup ratio (1:1) was not sufficient to produce a native-like
MII / MI ratio, but the DOPC/DOPE (1:3) sample yielded very close to
full activity. Thus it is possible to reconstitute the signalling event in vision
using non-native lipids. Moreover, when native-like headgroup ratios are
used we find that docosahexaenoyl (22:6X3) phospholipids are essential for
optimal rhodopsin activity. The results are discussed in terms of the bulk
material properties associated with the lipid/water interfaces including the
area elastic stress and the curvature stress. 1N.J. Gibson and M.F. Brown (1990)
Biochm Biophys. Res. Commun. 169:1028. 2N.J. Gibson and M.F. Brown (1991)
Biodem Biophys. Res. Commun. 176:915. Supported by NIH Grant EY03754.

W-Pos222
LIPID-PROTEIN INTERACTIONS: THE ROLE OF BILAYER FREE
VOLUME AND POLYUNSATURATION IN MODULATING
RHODOPSIN ACTIVATION.
((Drake C. Mitchell and Burton J. Litman)) Department of Biochemistry,
University of Virginia Health Sciences Center, Charlottesville, VA 22908.

Metarhodopsin II (meta II), the rhodopsin photointermediate which activates
G5 exists in metastable equilibrium with its precursor, meta I. Here, we
extend our recent studies of the relationship between bilayer acyl chain
packing free volume and K., for the meta I-meta II equilibrium with
measurements made on rhodopsin containing, large unilamellar vesicles
composed of PC's with higher levels of polyunsaturation in the sn-2 position
(PDPC), and a dipolyunsaturated PC (DAPC). Analysis of the depolarization
dynamics of the fluorescent membrane probe DPH yields a single parameter,
f,, which characterizes the lipid acyl chain packing free volume. K. was
found to be linearly correlated with f, for each lipid studied. The steepness
of the K. - f, correlation line indicates the ease with which meta II can form
in any given bilayer. The slope of the correlation lines increased markedly
with higher levels of polyunsaturation in the acyl chain at the sn-2 position,
and was further increased by the substitution of a second polyunsaturated
acyl chain at the sn-I position. Acyl chain polyunsaturation, which leads to
increased packing free volume, imparts unique properties to the lipid bilayer
relative to the modulation of integral membrane protein conformational
equilibrium. (Supported by NIH grant EY00548).

W-Pos224
THE MOLECULAR SPRING MODEL FOR DOCOSAHEXAENOIC ACID
FUNCTION IN BIOLOGICAL MEMBRANES. ((LL. Holte and E.A. Dratz))
Dept. of Chem. & Biochem., Montana State Univ., Bozeman, MT 59717

No generally accepted model for the function of polyunsaturated fatty acids in
biological membranes has emerged to date. We have proposed that
docosahexaenoic acid, 22:60X3, may aid in protein conformational changes
required for the function of rhodopsin in rod outer segment disk membranes
(Proc. 3d Int. Cong. on Essential Fatty Acids and Eicosanoids, Adelaide, Aust.,
1992, J. Am. Oil Chem. Soc., in press). We propose that 22:6 exists in a
compact, coiled conformation that thins the membrane. Upon light excitation,
rhodopsin is thought to open up and expand in planar area. The 22:6 may
facilitate the opening of rhodopsin, especially at the metarhodopsin II (MII)
intermediate, by reducing lipid planar area and thickening the bilayer. A key
prediction of the molecular spring model is that after rhodopsin is excited by
light the lipid bilayer becomes thicker.
Rhodopsin was reconstituted in membranes containing 16:0,,2 22:6 PC/PE/PS
(3:3:1). Absorbance measurements were taken on a thin film of the solid
membranes to characterize rhodopsin intermediates formed after bleaching and
wideline deuterium NMR spectra were measured over the same time scale.
Sample temperature was maintained at -13.5'C to better stabilize MII and other
products close to MII after bleaching. The average 'H NMR order parameter,
<SCD>. was calculated from the first moment of the deuterium spectrum. <Sce>
is proportional to the length of a hydrocarbon chain. A series of measurements
after the sample was bleached showed that <SCD> increased 6% relative to pre-
bleaching. This increase in average order implies that the fatty acid chains
become more extended and is consistent with an increased bilayer thickness
when rhodopsin is bleached, as predicted by the molecular spring model.

W-Pos221
BINDING OF FATlY ACIDS (FA) TO THE
INTERPHOT9RECEPTOR-RETI.OID BINDINQi PROTEIN (IRBP).
((John Boylan , Bar*a Wiggertf, Gerald Chaderf, Roberta Reed+ and
James A. Hamilton)) Biophysics Department, Boston Upiv. School of
Medicine, 80 E. Concord St., Boston MA 02118, fNational Eye
Institute, NIH, Bethesda MD 20892, +Mary Imogene Bassett Hospital,
1 Atwell Rd., Cooperstown NY 13326

IRBP (145 Kd) is the major soluble protein in the interphotoreceptor
matrix, the space between the pigment epithelial cells and the
photoreceptors of the retina. In addition to binding retinoids, this
glycoprotein binds unesterified FA noncovalently lBazan et al., J. Biol.
Chem. 260, 13677 (1985)]. We have studied the binding of two long
chain FA, oleic (OA) and palmitic (PA), to IRBP by 13C NMR
spectroscopy and a competitive equllibrium binding assay. Equilibrium
binding results showed two binding sites with qffinities comparable to the
first two sites of bovine serum albumin. The 13C NMR spectra of a 2:1
mole ratio of 1'C-carboxyl enriched PA or OA to IRBP, showed two FA
carboxyl signals of about equal intensity at 181.1 ppm and 182.2 ppm.
At higher mole ratios, 1-2 additional carboxyl signals were seen between
the two peaks representing the high affinity sites. The NMR spectra thus
reveal several structurally distinct binding sites for FA on IRBP in which
FA anions are stabilized by interactions with basic amino acids. When
complexes of PA with IRBP (6:1 mole ratio) werf added to FA-free
phospholipid vesicles (Ig phospholipid/g protein), 13C spectra showed
that 1-2 moles of PA were bound per mole of IRBP and the remainder to
the vesicles. Thus, IRBP contains both high and low affimity binding
sites for FA and can donate to, or accept FA from, membranes.

W-Po223
2H-NMR STUDY ON THE ORDER AND DYNAMICS OF A FATlY ACID
COVALENTLY COUPLED TO GRAMICIDIN IN ORIENTED BILAYERS.
((T. C. Bas Vogt, J. Antoinette Killian and Ben De Kruijff)) Centre for
Biomembranes and Lipid Enzymology, Department of Biomembranes,
University of Utrecht, Padualaan 8, 3584 CH Utrecht, The Netherlands.

We have used acylated analogs of gramicidin as a model to study the
interaction between a covalently coupled fatty acid and the hydrophobic part of
a membrane spanning protein in a bilayer environment The acylchain was
covalendy coupled to the C-terminal ethanolaine group of gamcidin which is
located near the memirane inte-ace,mimicking a situation as found in acylated
proteins. Eidt perdeuteratd palmitic acid, orpalmitic acid deuteraed at only
C2, C3, C5-C6, C7-C8, C9, or C13 was coupled to gramicidin and examined
by 2H-NMR in oriented bilayers. In this way, quadrupolar splittings of
deuterons at specific carbons were assigned. The quadrupolar splittings and T1
values were compared to those of free palmitic acid in oriented bilayers, with
and without gramicidin. The results indicate that the covalendy coupled fatty
acid is highly immobilized near the carboxyl-terminus because double
quadrupolar splittings and very low T1 values (4 ms) are found for the -CD2-
deuterons at carbon atoms C2 and C3. Control experiments with free fatty acid
show single quadrupolar splittings and higher Ti values (13 ms) for this
segment of the fatty acid. In contrast, the methyl-end (C10-C16) of the
covalendy coupled fatty acid has quadrupolar splittings and Tj values very
similar to that found for free fatty acids. This indicates that the order and
dynamics of the fatty acid near the methyl-end is domind by the susrounding
lipids and is not significantly affected by the neighboring pepid.

W-PosM
DETERMINATION OF COLICIN El MEMBRANE-BOUND
TOPOGRAPHY BY DEPTH-DEPENDENT FLUORESCENCE
QUENCHING ((LR. Palmer* and A.R. Merrill)). Guelph-Waterloo Center for
Graduate Work in Chemistry, Dept. of Chem. & Biochem., Univ. of Guelph,
Guelph, Ont., NIG 2W1.

Previously, conformational changes of the colicin El channel peptide
associated with the insertion-competent state as determined by fluorescence
methods were reported (Merrill et aL, Biophys. J. 59, 458a, 1991). Also, part of
the structure of the colicin El channel in the membrane, including the helical
membrane anchor domain and the voltage-sensitive region has recently been
determined (Merrill and Cramer, Biochemistry 29, 8529-8534, 1990). In the
present study, a number of single tryptophan-containing peptides of colicin El
were prepared to facilitate tbe use of the tryptophan as a probe for the
topography of the COOH-terminal channel peptide in the membrane-bound
state. The membrane-associated form of the channel peptide was studied by
binding protein to POPCIPOPG LUV's (60:40, mol:mol; 0.1 pm dia. vesicles
prepared by the extrusion technique) at low pH (pH < 4). The uniformity of the
size distribution of both the liposomes and proteoliposomes was assessed using
the quasi-elastic light scatterig technique. Depth-dependent fluorescence
quenchin8 (Parallax Method) involving nitroxide-labeled phospholipids was used
to determmne the membrane location of a number of trptophan residues for the
vesicle-bound peptide. The three naturally occurring Trp residues in the colicin
channel peptide, W-424, W460 and W-495, were found to reside at membrane
depths (from the (Z2 carbon of the fatty acyl chains) of 5.9 ± 0.8 A, 2.4 ± 1.0
A, and 6.7 ± 0.7 A, respectively. Additionally, the membrane depths of Trp
residues in the single Trp channel peptides W-507, W-443, W431, and W413
were 3.2 ± 0.9 A, 6.4 ± 1.0 A, 8.4 ± 1.4 A, and 6.6 ± 0.9 A, respectively. In
light of these results, a model for the membrane-associated structure of the
colicin El channel peptide is proposed [supported by the Medical Research
Council of Canada, ARM].
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W-Poe226
DISTRIBUTION ANALYSIS OF MEMBRANE PENETRATION BY
DEPTH DEPENDENT FLUORESCENCE QUENCHING
(Alexey S. Ladokhin) Biology Department and McCollum-Pratt
Institute, The Johns Hopkins University, Baltimore, MD 21218.
A new approach is presented to evaluate depth dependent quenching
(by brominated lipids, spin labels or other contact quenchers) of the
fluorescence of mcmbrane bound probes and integral proteins.
Fluorescence intensities (F) should be measured as a function ofvertical
distance from the bilayer center to the quencher (h) and normalid to
the concentration of quenchers At least 3 measurements with the
quenchers of known and distinctly different depth are required as well
as a control measurement with all nonquenching lipid (F,. These data
are fitted to the following: Fq/F(h) = exp(G(S,a,h-h)), where G is
the Gaussian distribution. Position of the maximum (h.) represents the
most probable depth of the probe; dispersion (a) wil depend on 1) size
of probe and quencher and 2) thermal fluctuatons of both; area (S) is
a function of quenching efficiency and concentration of quencher. The
latter parameter could be normalized to the S of another system to yield
relative exposure ofparticular chromophore to lipid phase. For instance
exposure of tryptophanyls in integral proteins could be quantitatively
determined with respect to the model compound (tryptophan octyl
ester). A number of published data were reevaluated with the proposed
method. (Supported by NSF Biological Research Centers Award, DIR-
8721059 and W.M. Keck Foundation Award.)

W-PMM
FLUORESCENCE DYNAMICS OF RECOMBINANT HUMAN STEROL CARRIER
PROTEIN-2: INTERACTION WITH STEROLS. ((S.M. Collbs, J.K. Woodford,
S.C. Myers-Payne, D. Moncecchi, L.R. McLean, J.T. Billhelmer, G. Nemecz,
and F. Schroeder)) University of Cincinnati, College of Pharmacy, Cincinnati,
OH 45267. (Spon. by F. Schroeder)

Sterol carrier protein-2 affects several lipid and steroid synthesis reactions in
vitm. SCP-2 may enhance these reactions through acting as an aqueous
sterol carrier. We present for the first time data on human liver SCP-2 sterol
interactions. Recombinant human liver SCP-2 bound the fluorescent
cholesterol analog, dehydroergosterol, with a Ko - 2.2 * 0.6 uM. Ufetime
analysis indicated dehydroergosterol was sequestered in a non-polar
environment. SCP-2 contains a single tryptophan and no tyrosine residues.
Analysis of the SCP-2 tryptophan emission spectra Indicated the absence of
energy transfer, in contrast to earlier findings with SCP-2 isolated from rat liver
(Schroeder et al. J. Biol. Chem., 255:151, 1990) where changes in
dehydroergosterol emission were Interpreted as indicating possible energy
transfer. Structural analysis of SCP-2 using circular dichroism suggested
conformational changes within SCP-2 upon cholesterol binding. Acrylamide
quench studies of tryptophan emission, in which the .,, decreased from 4.19
to 2.22 pM upon sterol binding, also provided agreement with these
conclusions. Conformational changes were further substantiated through SCP-
2 tryptophan lifetime analyals. In addition, recombinant SCP-2 enhanced
intermembrane dehydroergosterol transport in the same manner as native rat
liver SCP-2. Thus recombinant human liver SCP-2 appears to be an excellent
source of protein for studying and characterizing human SCP-2. [Supported in
part by USPHS,-DK414021

W-PoeO
PERCORZGULATION OF LIPOLYSIS AND IMPLICATIONS FOR LIPID -
NEDIATED SIGNAL TRANSDUCTION. ((J.M. Muderhwa, N.E. Momen
and H.L. Brockman)) The Hormal Inatitute, Univeraity of
Minnesota, Auatin, NU 55912.

In mixed monolayers of prelabolled 13, 16-docosadi*noic acid
(1 Of lO-DA) and 1-palmitoyl-2-oleoyl-an-glycero-3-
phoaphocholine (POPC), both the extent and mechanism of
lipaae-catalyzed l10 exchange exhibit characteristics of a
critical transition at 0.5-0.6 mole fraction (mF) of DA
[Biochemistry X, 141 and 149 (1992)]. These reaults are
conaistent with reactant percolation being a regulator of
lipase activity in monolayers (J. Biol. Chem., in presa). To
determine if this critical behavior ia relevant to bilayer
membranea, unilaiellar veaicles of l O,isO-DA and POPC were
uaed. In the range of 0 to 0.625 MF of DA, the 0 exchange
occurred in a lipid-composition, enxyme-concentration and
time-dependent manner. The reaction proceeded to completion
with long incubations or high enzyme levels. Both a critical
increase of activity and shift in mechanism were observed.
Kinetic analysis using a double exponential decay model
auggests coexistence of two equal pools of DA representing,
presumably, DA on the inside and outsido of the bilayer
leaflets. Overall, the data suggest that the percoregulation
modol for lipolysis is also relevant to substrate-containing
bilayer membraneo and may play an important role in lipid-
mediated signal transduction. [Support: NIH Grants HL17371,
HL49180 and oromal foundation]

W4S27
FLUORESCENCE LIFETIME HETEROGENEITY AS A PROBE OF
PROTEIN-LIPID INTERACTIONS: USE IN DETECTING
MODIFICATIONS RESULTING FROM CHRONIC ETHANOL
INTOXICATION.
((C. Ho, M. B. Kelly and C. D. Stubbs)) Department of Pathology and
Cell Biology, Thomas Jefferson University, Philadelphia, PA 19107.

The membrane protein-lipid interface of liver microsomes prepared
from animals subjected to chronic ethanol ingestion wasprobed using
diphenylhexatriene (DPH) attached to phospthatidylcholne (DPH-PC).
It was found appropriate to describe the fluorescence decay as a range of
decay rates, approximated by fitting the data to a bimodal lifetime
distribution. Thus, the DPH-PC experienced excited state environmental
heterogeneity, aproperty of the protein-lipid interface, since for vesicles
of extracted lipids the decay was homogeneous. The degree of
environmental heterogeneity, assessedfrom the width of the distribution
at half-maximum, was found to markedly increase as a result of the
chronic ethanol treatment, while the lifetime center decreased. These
effects are presumably due to the lipid compositional changes known to
occur as a result of ethanol ingestion. Upon addition of ethanol, the
width of the distribution increased, indicating increased environmental
heterogeneity. However, these effects were diminished in microsomes
from the ethanol-fed anials (membrane tolerance), indicative of an
adaptation to the presence of ethanol. Thus membrane tolerance
appears to be manifest at the protein-lipid interface, an effect that could
be responsible for functional effects of ethanol ingestion. Supported by
US Public Health Grant AA08022.

W4P29
ANALYSIS OF MEMBRANE PROTEIN SELFASSOCIATION IN LIPID
SYSTEMS BY FLUORESCENCE PARTICLE COUNTING. APPLICATION TO
THE DIHYDROPYRIDINE RECEPTOR. ((P. Hinterdorfere, J. Striessnig+.
H. Glossmann+, H. Schindler )). Institute for Biophysics,
University of Linz, A-4040 Linz, Austria, +Institute for Biochemical
Pharmacology, University of Innsbruck, A-6020 Innsbruck, Austria.

Fluorescence Particle Counting (FPC) is first employed to identify
conditions for which purified Dihydropyridine Receptor (DHP-R)
remains singly distributed in detergent micelles, in lipid vesicles,
and in lipid monolayers generated from the lipid vesicles. In
monolayers, the DHP-R showed selfassociation starting from
monomeric distribution. The average molecularity (m(t)) of
associates was followed by FPC in time as well as the lateral diffusion
constant (D,,t (nin.)) for particular values of m and of the surface
pressure (x). By studying m(t) in dependence of DHP-R
concentration (c), x, Dht(x), and salt concentration (c,) an empirical
expression for the association rate (k.) and for m(t) is derived.
which fits the experimental m(t) relations. Theoretical justification
for these expressions is obtained from general collision theories.
DHP-R association is irreversible, its rate is not diffusion limited but
a large number of collisions is required to overcome an interaction
energy barrier of about 6 to 1 kT, depending on m and c, but not on
x. The increase in association rate with increasing m is related to
van der Waals attraction, while the increase in rate with increasing
c, relates to decreasing electrostatic repulsion. The energy barrier
is govecned. however, by a third force, most likely hydration forces,
not dependent on the variables studied.

W4Posl
CHOLESTEROLAND PHOSPHOLIPID UNSATURATION
MODULATE PROTEIN KINASE C ACrIVITY.
((SJ. Slatcr. C Ho. FJ. Taddeo. M.B. Kelly. and Stubba))
PDelphia,ntofPatholo and Cell Biology, Thomas Jefferson nivrsit
Piaepi,PA 191077-

Protein Kinase C (PKC) is a Ca2+, Mg2+, anionic phospholipid (e.g.
PS), and m-1,2 diawlklyocroldependent enzyme that is importantm
signal on t is hypothesized that the conformational changeand/or insertion that the enzymundergoes on binding to the cell
membrane may be influenced by bilayer strucural parameters, such as
lipid order ("fluidity). To investigate this possibility, the effects of
cholesterol, and altei the PC unsaturation were determined in vesicles
comprised of PS and (:4 molar). The fluorescence anisotropyof
diphenylbexatriene was used to assess lipid order. It was found that
cholesterol, which profoundly increaseslipid order, inhibitedPKC in a
concentration dependent manner, while increasing PC unsatuaton,
which decreases liid order, activated the enzyme. Aplot of the values for
activities and lipidorder from these two experiments revealed a simple
relationship between activity and lipid order. Further, the two data sets
formed a contnuous curve, which at a value of lipid order corresponding
to -four double bonds/PC reached an optimal value, after which activity
declined. This suggested that there maybeanoptimal "lipid order or
related parameterTs) for opdmal a therefore of expression of
PKC actvity.
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WP32
THE SPECIFIC VOLUME OF WATER IN REVERSE MICELLAR SOLU-
TIONS CONTAINING PROTEIN. ((P.C. Kahn, W. Urbach, and N.
Waks Rutgers Univ., New Brunswick, NJ 08903, USA (PCK).
Laboratoire dos Systemes Moleculaires Organises, Univ.
Rene Descartes, UFR Biomedicale and URA1458 CNRS, Paris,
France (WU and NW).

Using small angle neutron scattering, Rahasman & Hatton
(J. Phys. Chai. 95:1799-1811, 1991) recently determined
the water core radii of reverse micellar solutions in
which some of the micelles contained a molecule of chymo-
trypsin and some did not. We have analyzed their data,
which, we find, cannot be explained unless the water in
the micelles has a volume which differs, sometimes great-
ly, from normal.

In micelles prepared by shaking isooctane solutions of
AOT, the detergent, with excess aqueous buffer containing
the protein, the water collapses to specific volumes
smaller than normal. When micelles are prepared by in-
jecting small amounts of aqueous buffer containing pro-
tein into AOT in isooctane, the resulting micelles are
not saturated with water, a single phase micellar system
results, and the water is "stretched" to volumes exceed-
ing that of bulk solvent.

W-P234
ELECTRON PARAMAGNETIC RESONANCE STUDIES OF THE
EFFECTS OF METHOXYACETIC ACID ON ERYTHROCYTE
MEMBRANES. ((Chafia Hegase de Trad, Jinbo Le,b, and D. Allan
Butterfieldb-")), paDp ent of Physics, American University of Beruit, 850
Third Avenue, New York, 10022, Deprtment of Chemistry and cCenter of
Membrane Sciences, University of Kentucky, Lexington, KY 40506-0055.

Methoxyacetic acid (MAA) is a potent, teratogenic toxic chemical
formed as a metabolite from methoxyethanol, a compound used as an andt-
icing agent in jet fuels and other applications. MAA has a long biological
half-life (20 h); therefore, repeated daily exposures to MAA is dangerous
because the chemical accumulates in the organism. The interaction of
methoxyacetic acid with human erythrocyte membranes was investigated
using electron paramagnetic resonance spin labeling techniques. Cytoskeletal
proteins were selectively spin labeled with MAL-6 (2,2,6,6-tetramethyl-4-
maleimidopiperidin-l-oxyl). The MAA decreased the motion of the spin label
consistent with the idea that this agent increased cytoskeletal protein-protein
interactions. In separate studies, MAA had no effect on the physical state of
the lipid bilayer. Cell-surface carbohydrates were selectively and covalendy
spin labeled with the amine spin label Tempamine
(2,2,6,6-tetramethyl-4-aminopiperidin-l-oxyl) by reductive amination.
Information on the rotational rate of spin-labeled galactose and sialic acid
residues was obtained from EPR spectra by calculating apparent correlation
times. MAA appeared to cause a change in motion of cell-surface
carbohydrates, with galactose residues on Band 3 affected the most. These
results are discussed in terms of the toxicity of MAA. Supported in part by
grants from NSF (EHR-9108764) and NIH (AG-10836) (D.A.B.).

W4Pe236
FORMATION OF MEMBRANE DOMAINS INDUCED BY THE G AND M
PROTEINS OF VESICULAR STMATITIS VIRUS.
((P. Luan and M. Glaser)) Department of Biochemistry, University of Illinois, Urbana,
IL 61801.

Vesicular stomatitis virus (VSV) buds from specialized regions or domains on the
plasma membrane of infected cells. Thews domains are composed mainly of viral
proteins and they are enriched in certain lipid species. The properties of the two
envelope-associated proteins of VSV, the glycoprotein (G) and the matrix protein (M),
were investigated in reconstituted lipid vesicles in order to understand the mechanism
of virus budding and domain formation. Fluorescence digital imaging microscopy was
used to determine if the proteins could alter the lateral distribution of the
phospholipids in the vesicles. Large domains enriched in phosphatidic acid (PA) were
formed when either G or M protein was reconstituted into the vesicles. Analysis of the
images showed that M protein could further enrich the PA domains caused by G
protein in the membranes M protein also had the ability to induce the formation of
domains enriched in phosphatidylserine (PS). When both G and M proteins were
incorporated into vesicles at the same time, sphingomyelin was sequestered into the
domains in addition. Thus, G and M protein together could induce the formation of
large domains enriched in PA, PS, sphingomyelin and the viral proteins.
Phosphatidylcholine (PC) was excluded from the domains. The polypeptide ionophore
gramicidin was chosen to represent the distribution of an integral membrane protein
when domains were induced in the vesicles by the two viral proteins. Gramicidin
showed no lipid specificity and was preferentially excluded from the domains and
became associated with the PC enriched areas in the vesides. These observations
suggest that the two envelope associated proteins of VSV may be important in the
formation of domains during the proceas of virus budding from the plasma membrane
of the host celh

W-s233
THE SPECIFIC VOLUME OF WATER IN REVERSE MICELLAR SOLU-
TIONS CONTAINING AOT, WATER AND ISOOCTANE. ((B. Etchells
Bashas and P.C. Kahn)) Department of Biochemistry & Mic-
robiology, Rutgers Univ., New Brunswick, NJ 08903,

The specific volume of water in reverse micelles of
sodium 2-bis (ethylhexyl) sulfosuccinate (AOT) in isooct-
ane has been determined from high precision solution
density measurements. The AOT concentration was held
constant at 105 mt, the water concentration being allowed
to vary over the entire range within which the micelles
are stable at 25 C. At low W0 - [H201/[AOT] the water
collapses to a specific volume of approximately 0.5 ml/g.
The specific volume rises rapidly with W to a plateau at
which its volume is 0.95 ml/g, about 5% Tess than bulk
water. At no water concentration does it attain the
normal value. The sharp volume collapse is due apparent-
ly to disruption of the hydrogen bonding lattice which
maintains the low packing density of this solvent.

W-PM5
3P NMR AND X-RAY DIFFRACTION STUDIES ON THE PHASE BEHAVIOUR OF N-BOTN
PHOSPHAT1DYLEHANOLAMNES (( Musti J. Swamy, U. WOr? and D. Manh)
Abtiuagen Spektwk sd KbLw dr Pk siWsg, Msx-Pkac Iait J&
biephplkaiache Chassi, W-340 G&fiex, Gersaxy (Spoes by T. de Kroon)

The tucres of the phases fomied in excess buffr (at pH 7.4) by a homologou serie
of surated diacyl N-biotinyl phosphatidyletianolamines with chainlengths of C(12:0) to
C(20:0) were investgated using 31p NMRsp. eccepy and low angle x-ray diffraction. In
1 M NaCL all lipids display 31P NMR spcra chaateristic of a lamellar gel phase at low
temnperate. In dte fluid phase, the lipids of C(12:0) and C(14:0) chainlengths display
isotopic 31P NMR spectra, co onding to structu with high aufce curaure,
whereas thoe with C(18:0) and C20:0) chainlengths display shap axial powder paUatn
chacteristic of a lame&r ( La ) phasc The lipid of intermediate C(16O) chainleo
displays a complex tempeature dpendence in the fluid phase. With increasing
temperature the spectra convert from an axial powder pattern of unusually low chemical
shift anisotropy to one charcteristic of an La phase. The low angle x-ray diffraion
pasterns of the lipids in 1 M NaCl have lamellar repeat spacings in the gel phase which
increase linearly with chain length and are consistently lower than those in the fluid phase
[for chainlengths C(16:0) to C(20:0)]. The gradient in long spacings in the gel phase is
approximately half that expected for a gel phase with untilted, all-trans chains, indicating
that the lipid chains are interdigitated in the gel phase ( Li' ). In the absence of salt, all the
lipids are in a micellar phase at higher temptures and those with chainlengths from
C(16:0) to C(20:0) adopt a lamellar gel phase at low temperature, as deduced from 31P
NMR spectroscopy. On prolonged incubation at low temperature the C(14:0) lipid also
forms a gel phase.

W4P27
DIACYLGLYCEROL IN PHOSPHATIDYLCHOLINE BILAYERS: A
DISSECTION OF ITS INTERFACIAL STRUCTURE USING SOLID
STATE NMR, DiACYLGLYCEROL ANALOGS, AND
COMPUTATIONAL METHODS. ((Charles R. Sanders, II and James
P. Schwonek)) Dept. of Physiology and Biophysics, Case Westem
Reserve University, Cleveland, Ohio 44106.

Previous high resolution NMR results (Hamilton et. al., JBC 266,
1177-1186 (1991)) have suggested that saturated diacylglycerol
maintains an averaged conformation In phosphatidylcholine (PC)
bilayers which Is very similar to the averaged conformation of L1 PC
and phosphatidylethanolamine. In order to obtain a more complete
understanding of Its interfaciai structure and dynamics sn-1,2-
dimyristoyl glycerol (DMDAG), sn-1,2-dimyristoyl-3-fluoro propanediol
(DMFPD), and dimyristoyl ethylene glycol (DMEG) were synthesized in
acyl perdeuterated (d2)2 and carbonyl ('3C-0)2 labeled forms. These
compounds were dispersed at very low concentration (ca. 1:35, relative
to PC) in magnetically ordentable dimyristoyl PC bilayers (Sanders and
Schwonek, Blochem. 31, 8898-8905 (1992)) and solid state '5C and 2H
NMR spectra were acquired. In conjunction with molecular dynamics
simulaffons, the spectra were evaluated In both qualitative and
quantitative terms with respect to positioning of the lipids In the bilayer,
their order profiles, acyl chain inequivalencies, and conformational
dynamics.
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WMe23S
CONFORMATIONAL STUDY OF MEMBRANE BOUND
SULFOQUINOVOSYL DIACYLGLYCEROL USING NMR-
MOLECULAR MODELING METHODS.((Kathleen P. Howard and
James H. Prestegard)) Department of Chemistry, Yale University,
New Haven, CT 06511

SQDG (sulfoquinovosyl diacylglycerol) is a glycolipid which occurs
widely in higher plants, algae and photosynthetic microorganisms.
Aside from their natural function, SODGs have recently attracted
attention because of their inhibition of HIV-1 in cultured human
lymphoblastoid T-cell lines. As with other glycolipids, their natural
site of action Is likely to be at a membrane surface. Hence,
conformational properties in a membrane-like environment are of
interest. Here we present a study of the membrane bound
conformation of SQDG isolated from extracts of algae grown on
13C enriched media. The study is conducted using methods which
rely on the observation of dipolar interactions between neighboring
spin 1/2 nuclei in 13C labeled molecules. Dipolar couplings are
measured in a model membrane system consisting of phospholipid
bilayers which orient in an applied magnetic field. Molecular
modeling using a version of AMBER modified to include a
membrane interaction energy term is used to study the energetics
of membrane surface interactions and aid in analysis of the
experimental observations.

WMPes4O
EFFECT OF LIPID COMPOSITION ON HYDROCARBON CHAIN ORDER AND
PHASE PREFERENCE IN ACaOLEPLASMA LAIDLA WII MEBRANES: A 2H-NMR
STUDY. ((MA. Monccl, M. Blowm2, RN.A.H. Lewis3, R.N. McElhaney3 and PR.
CuOls1)) Dept. Biochemistryl and Physics2, Univ. British Columbia, Vancouver V6T 1Z3
and 3Dept. Biochemisty, Univ. Alberta, Edmonton, Canada T60 2H17.

2H-NMR has been applied to A. Isidlawii B membranes containing roughly equal
amouts of io i edpde od itic acid and a tyedfatty
acid of varying length r degree ofu n and variou levels of cholesteroL At 37c,
the chain-avea rddecases as thefdere of unsaturation of the second fatty acyl group
incrases oras its chain lngth decreases, as expected. The prsence ofdcoesterol incrases
theavageoritatonal oderof the bon chain with all fauy acid compons and
at all tempeatus studied. We also find that at the same absolute tempature the
phosphadyglycerol and monoglucosyldiacylglycerol components of the totl membrane
lipids possess a higher degree of hydrocabon chain orientational order thn do the
diglucosyldiacylglycerol or glucolipid X components of similar fatty acid composition.
This effect appears to flct primarily the reatively higher gel to liquidystaline phase
transition tempeatmue of the former compounds as compared to the la. In all cases the
lipids of inact membranes remain in the lameHa phase over the temp e ange studied,
although nonolamelar phases can be fomed by aqueous dpions of the total membrane
lipids at high tem However, this organism does not coherently regulate the
bilayer/nonbilayer phase tansition tenperaure of the total membrane lipid dispersions, in
contrast to th closely related A stain. We also find evidence for two populations of
membrae-associated cholesterol in A. laidlawd membanes, one population reiding in the
lipid bilayer and the other in a different environment Interestingly, the isolated
glycerylphosphoryldiglucosyldiacylglyceroI actually fortns a micellar phase at 37C.
(Supported by the Medical Resech Council ofCanada)

W4P8242
X-RAY DIFFRACTION ANALYSIS OF ARTERIAL SMOOTH MUSCLE PLASMA
MEMBRANE AS A FUNCTION OF DIETARY ATHEROSCLEROSIS.
R.P. Mason, M. Chen', and T.N. Tulenko*. Univ. of CT Health
Center, Farmington, CT, 06030. 'Med. Col. of PA, Philadelphia,
PA, 19129.

Small angle x-ray diffraction was used to examine oriented
arterial smooth muscle (ASM) cell plasma membrane from athero-
sclerotic New Zealand rabbits. These studies demonstrated
progressive changes in the structure of ASM plasma membrane as
a function of time on a cholesterol augmented diet, including
an increase in hydrocarbon core electron density and width.
Membrane structure changes were directly related to the
membrane unesterified cholesterol:phospholipid (FC:PL) mole
ratio. Under conditions of severe atherosclerosis, in which
the membrane FC:PL mole ratio increased tvo-fold to >0.9:1,
tvo separate lamellar phases vere observed at 37°C in the
oriented membranes: a typical membrane lipid bilayer phase
(56A) and a cholesterol monohydrate phase (34l). In samples
with lower membrane FC:PL mole ratios (0.6-0.7:1), the
cholesterol monohydrate phase was observed only at lover
temperatures (<150C) and was fully reversible upon warming the
sample to 37C. These data provide evidence for changes in
the structure and lipid organization of ASM plasma membrane as
a result of dietary atherosclerosis vhich may, in turn,
account for changes in the function of certain membrane
proteins. Supported by research grants from Pfizer
Laboratories (RPM), ARA S.E. PA predoctoral fellowship (MC)
and HL-30496 (TNT).

W4Pe29
RECOVERY OF PASSIVE HUMAN NEUTROPHIIS AFrERSMALL
DEFORMATIONS. ((IL M Hochmuth, IL P. Tng-Beall, D. Neeham and
R. Ilan-Son-ay)) Department of Mochanical En and Materials
Science. Dulme University. Durham, North Carolina 277

Passive neutrophils undergoing small deformations are studied by
aspirating them into a glass pipet with a diameter that is only slightly smaller
than the diameters of the spherically shaped cells. After being held in the
pipet for at least seven seconds, the cells are rapidly expelled and allowed to
recover their undeformed, spherical shapes. The recovery takes about 15
seconds. An analysis of the recovery process that treats the cells as simple
Newtonian liquid drops with a constant cortical tension gives a value of
3.3x10-5 cm/s for the ratio of the cortical tension to cytoplasmic viscosity.
This value is about twice as large as a previously published value obtained
with the same model from studies of large deformations of neutrophils. This
discrepancy indicates that the passive neutrophil does not behave like a simple
Newtonian liquid drop in that small deformations are inherently different from
large deformations. An extrapolated value for the cytoplasmic viscosity at
zero deformation is about 600 poise when a value for the cortical tension of
0.0024 dyn/cm is assumed. More comple models consisting either of two or
more fluids or multiple shells must be devele The validity of a power law
model for describing the mechanical behavior of passive neutrophils under
deformations will be discussed. The complex structure inside the neutrophll is
shown in scanning electron micrographs of osmotically burst cells and cells
whose membrane has been dissolved away.

This work was supported by NIH Grant No. HL 23728

WP24l
THEMODYIWIIC BASIS FOR THE MOLECULAR INTERCTIONS OF
LCIDIPINE VITE MEMBRANES.((Leo G. Herbette, Pamela E. Mason,
Giovanni Gaviraghi', R. Preston Mason and Hark
Trumbore.))Departments of Radiology, Medicine, Biochemistry,
Biomolecular Structure Analysis Center, University of
Connecticut Health Center, Farmington, CT 06032; Glaxo
Research Laboratories, Verona, Italy*

Lacidipine is a long lasting, 1,4 dihydropyridine (DHP)
calcium channel antagonist. It is unique amongst the DHP
antagonists in that it exhibits both a high membrane partition
coefficient (K..1Ce"- - approximately 136,000 in the absence of
cholesterol in the membrane) and a slow "waskout" rate (I,,o -

approximately 60 minutes) from membranes. These two parameters
may work to keep Lacidipine vithin the therapeutic "windowv for
activity longer than most other drugs in this class.
Increasing cholesterol, results in a decrease in Ku,,... and a
faster k,,o. These results are consistent with changes in the
time averaged location of Lacidipine as the amount of
cholesterol in the meabrane is increased. Further analysis by
tvo dimensional differential scanning calorimetry is providing
a thermodynamic description of the AG for partitioning by
decomposing it into its entropic and enthalpic components.
Thus, this model at the membrane molecular level may, in part,
explain the long duration of action of Lacidipine by a unique
mechanism involving the environment of the target membrane
bound protein receptor. Supported by a grant from Glaxo
Research, Verona, Italy.

W-Pes243
X-RAY DIFRACTION BASED STRUCTURAL STUDIES OF THE NICOTINIC
ACETYLCHOLINE RECPORMEMBRANES ISOLATED FROM T. CAUF0WICA
AND T. NOOIJNA ((Howard S. Young, Victor Skita, Mark Trumbore, Rondi Butler,
and Leo G. Herbette)) Biomolecular Structure Analysis Center Univ. of Conn. Health
Ctr., Farmington, CT 06030

The nicotinic acetylcholine receptor (AChR) is a neurochemically-gated cation-selective
channel found-in the neuromuscular junction of vertebrates and the electrogenic organs of
marine elasmobranchs and teleosts. This receptor is a large molecular weight (-295kDa),
oligomeric (aPey& hetero-pentamer), integral membrane protein whosethree-dimensional
shape has been determined by electron microscopy and low-resoludon x-ray diffraction. In
the absence of a crystal structure, an x-ray diffraction based structure analysis of the native
AChR membrane is currendy being performed In our laboratory. The AChR-enriched
membranes from T. cai4ornica and T. noblwna have been purified to near homogeneity
(a65% and S80% AChR, respectively). Fully oriented AChR membrane multilayers yield
reproducible lamellar Brag diffraction with a unit cell dimension of approximately sooA
for the double-membrane unit cell and a resolution of approximately 10A. Due to the large
unit cell size and the weak nature of the membrane diffraction from this system, the low
angle diffraction data has been collected at a synchrotron and correlated with the higher
angle diffraction data collected In our laboratory. The diffraction data appears to be Bragg
diffraction modulated by continuous diffraction due to severe lattice disorder in these
samples. The AChRs are orpnized in a hexagonal lattice in the plane of the membrane
reaulting in Bragg sampling at low angle. If dhk is the spacing of the lattice planes (h,k),
then the (1,0). (1,1). and (2,0) reflections are observed with a lattice constant of
approximately 75A. At higher angle,the in-plane structure gives rise to a diffuse ring at
4.6A characteristic of liquid crystalline acyl-chain packing, and a toA diffuse ring
characteristic of a-helix packing. Structure determination from this diffraction data is
currently in progress. [Supported by Miles Pharmaceuticals Division, Miles Inc., a Univ.
of Conn. Health Ctr. HCRAC Grant,and NIH 2POIHL18608]
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W4P0244
THE ORIGIN OF THE ANOMALOUS AMIDE I VIBRATIONAL
FREQUENCY OF PURPLE MEMBRANE ((John F. Hut, Thomas N. Eatmett,
Olaf Bouschtd, Donald M. Bngemna and Kmeth J. Rotshldt )) Yak University

and (O) Bogsn University. (Spon by B. Kobe.)

Purple membrane (PM) exibits an anomalously high amide I absorptin frequewy,
at approximately 1668cm-1 in polarized FTlR diflerence spectra Purpe membrane
contains timers of the integral membrane protein arged in a
two-dmnsional hexa l lattice. We have produced m a=eric BR by
recostituidng the protein at a high pid-to-prten rtio in DMPC. BR

exhibits a normal anide I frequency, at approximatly 1659cm-1 in polaized FTlR
difference spectra. The protein is phch y active in this form, amd its
photocydle is very similar to that in PM as assayed by low temperature PFM
diflfrenc spectrscopy. Since this edmique is exqWuisitely saedive to stcural
perubations, we oticlude that the s acondy and terdary stuctue of BR are te
same in the m ic ste and m PM, wh implies that the anomalous amid I
fequency of PM must be attibutable to the quatemary s cture of the pot We
hyp that the fequey shift is cnsed by tstion dipole moment copig
between the pepdde bod osdllators in the dffn a-helices. Model ca ns

support this hypothesis, nhcatig tat an incea in the observed amide I fiequny
is expected m an extesxd paralel or ant-parallel array of azhices compared to an

isolated a-helix with an idenfical confrmaton

WS245
SARCOLEMMAL PROTEIN CHANGES IN CANINE SUBACUTE
MYOCARDIAL INFARCTION.
((M. Bouwr, D. Morente, Y. Wei, M. Restivo, N. E-Sherif, M. A. Q.
Siddiqui)) SUNY/Health Science and V.A. Medical Centers, Brooldyn, NY 11209.

Pmeious studies have shown degaion of cardiac structural proteins and
disruption of the sarcolemama as a result of acute myocardia infarction. However,
there is no evidence to date on changes in sarcolemmal membrane proteins induced by

menal subace myocardial infrtion. We studied subepicardiat layers
overlying myocardWia infarct 4 days following ligation of the left anterior decnding
coronary artery in 12 dog hearts. We first demonstrated that this layer provides the
anatomic-elctropysiologic substate for reentrant arrhythmias using activation

mapping uchniques and histologic correlaons. The makeup of membrane proteins
was studied using SDS polyacrylamide gel electrophoresis, peptide mapping, and laser

desimetry. Sarcolemmal menbrane proteins were isolated by utracenrifugation
through a sucrose gradient. We fouxd that a sarcolemmal polypeptide (MW 126,000;
n=12) in the normal tissues has a different mobility than the corresponding protein
(MW 124,000; n= 12) of the lichemic tissues althugh their peptide analysis appeared
similar, suggesig that the protein undergoes a post-translational modification. In
addition, two proteins (MW 75,000; n= 12 and MW 88,000; n= 12) were present in
greater amount in the ischemic than in the control tissues suggesting eidher accderation
in protein synesis or slow down of degradation turnover. These results demonstrate

that specific changes occur in membrane proteins subjected to ischemic insults which
might be responsible for membrane alterations following ischemia and may contrbute
to the abnormal electrophysiologic properties and arrhythmia seen in vivo at this stage.

W-Po246
INTERACIION OF CHOLESTEROL W1TH SYNTHETIC
SPHINGOMYEINS IN MONOLAYERS: VARIATION IN THE
POSMON OF A CISDOUBLE BOND IN THEN-ACYL CHAIN.
((R. Bittman, C.P.R. Kasireddy, A-L. nsmn and J. P. Slotte))
Dept. of Chemistry and Biochemisry, Queens College ofCUNY,
Flushing, NY 11367, and Dept. of Biochemistry and Pharmacy, BioCity,
Abo Akademi University, SF 20520 Turku, Finland.

We demonstrated recently that sphingomyclin (SPM) interacts with
cholesterol (Ch) by van der Waals rather than by specific hydrogen
bonding interactions [Biochemistry 1991, 30, 7759 and 10746]. We
synthesized a series of C(16:1)-SPMs in order to examine how the
position of a single cis double bond in the N-acyl chain influences the
Ch-SPM interaction. Force-area isotherms of monolayers at 2.0 gave the
follqwing mean molecular areas at 20 mN/ni A3, 39A2 A4, 38A2; A9

69A2;A1ll, 48A2; 13, 45A2. All of the SPMs are in the
liquid-crystalline phase at room temperature and all showed a collapse
pressure of -50 mN/m. In mixed Ch/SPM monolayers, the order of
condensation of molecular packing was A9> Al1> A4> A13> A3. Thus,
the strongest interaction with Cht occurs when the double bond is
positioned in the middle region of the N-acyl chain of SPM. The rate of
enzyme-catalyzed oxidation of Ch indicated that Ch and A3-SPM are
lateally segregated in monolayers. However, a break in the oxidation rate
vs. Ch/SPM molar ratio plot was found at 2:1 Ch/SPM stoichiometry with
A9, Al1, A13 (as in egg and brain SPM: Biochemistry 1992, 31, 5472),
and at 1:1 with C(16:1 A4)-SPM.
Supported by NIH Grant HL-16660 and by the Sigrid Juselius
Foundation and Academy of Finland.
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W4P8247
STUDIES OF THE FRACTAL DIMENSION OF LIPID VESICLES.
((L. Huang, Y. X. Chen, M. Ge, B. D. Zion and M.F. Blackwell)) Department of
Chemistry, Lawrence University, Appleton, WI 54912.

We report the reslts of theotical and experimental investgations which suggest dtat lipid
vesicles have a fractal sructure on small time and distance scales. Moblecular motion in
lipid monolayers was studied by Monte Carlo calculations of random walks on square
percolation latt After t random walk steps, the mean squae di ent behaves as
<R2(t)> a t2/2+9 on time and distance acales for which the lattice has a self-similar
(fractal) struc The exponent 0 is rlated to the fctal dimnsion of the medim. If the
medium is h ogeneo 0-0; o w, 0>0. The solid membane model, in which only
one lipid performs a random walk and the rest are spaIy fixed, gives usO - 0,85 for 100
steps at the percolation threshhold p-pc. he fluid membrane model, in which all lipids are
performing simultaneous random walks, gives values of 0 that deed on both p and t
suggesting that fluid lipid monolayers have a fractal structure on small time and distance
scakl We have also caried out expeimental in gtios of the fractal d it of
soybean phosphatdylcholine vesicles and ethaol. Quinone diffusion coefficlna in PC
vesicles, estimated by the probe fluoresce quenching technique, were found to depend
upon the fluor:e lifetime (r) of the probe, We measured O from the sklp of plot of
logloD vs. loglo z and found that, in PC vesicles, 0 - 0.7, wheaw in ethanol, a
homogeneous environment, 0-0. Pyrene monomer and excimer fluorescence kinetics
studied in PC liposomes and in ethanol were analyzed assuming that the excimer fomaion
rate coefficient is of the form k - th. In ethanol the we found that h-0, coeonding to
classical kinetics, whereas in PC liposomes hW0,suggesting once gain that PC vesicles
disply a fractal geometry on the meaurment ime/nce scale. (Suppored by ACS-
PRF 24266-B4, NSF-ILI USE-9152434, and HHM 71191-529201.)

W4P08248
LIPID-CHOLESTEROL INTERACTIONS IN THE Pp, PHASE: APPLICA-
TION OF A STATISTICAL MECHANICAL MODEL. H.L. Scott and W. Scott
McCuUough, Department of Physics, Oklahoma State University, Stlllwater, Ok.
74078.
We describe a statistical mechanical model for lipid-cholesterol mixtures in the
Pp. (ripple) phase of lipid bilayers. The model is a simple extension of an ear-
lier model for the ripple phase in pure lipid bilayers. The extension consists of
adding adegree of fieedom to allow for the occupation of underlying lattice sites by
cholesterol molecules, and adding a lipid-cholesterol interaction term to the model
Hamiltonian. Thelatter term was constructed after numerical calculations of lipid-
cholesterol energies were calculated for several different paciing juxtapositions of
the two molecules. The extended model does not contain any arbitrary parane-
ters, and therefore the model serves as a test of the original model. Properties of
the model were calculated using the Monte Carlo method. Results are displayed
as snapshots of the ripple configurations at different cholesterol concentrations.
The spacig of the ripples increases with increasng cholesterol concentration and
the rate of increase compares very well with experimental data. The success of
this model strongly supports the conclusion drawn earlier that frustration arsing
from anisotropic pacing interactions is responsible for the ripple phase in lipid
bilaysrs, and for the selective partitioning of cholesterol in the regions between
the ripples.
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W-s249
MONTE CARLO SIMULATION OF LIPID MIXTURES:
FINDING PHASE SEPARATION. ((J. Huang and G. W.
Feigenson)) Section of Biochemistry, Molecular and Cell
Bio[ogy, Cornell University, Ithaca, NY 14853.

Recently, we developed a treatment of the mixing of
phosphatidylserine (PS) and phosphatidylcholine (PC) in
a fluid bilayer to enable comparison of experimental
results with a model that accounts for interactions that
cause nonideal mixing. We now find that reasonable
values for the nonideal interaction energy AEm should
result in lateral separation of fluid bilayer phases that
differ in PS/PC ratio. Monte Carlo simulations of PS/PC
mixing, using Kawasaki relaxation, are performed for
various values of AEm. Using Kirkwood's coupling
parameter method, the excess free energy of the mixing
is calculated. Plotting the total free energy of mixing
against composition reveals whether phase separation
occurs at each given value of AEm. In this way, the Monte
Carlo simulation corresponding to the maximum possible
deviation from ideality for a one-phase mixture can be
visualized.

W-Pos251
SOLUBILIZATION STEPS OF DARK-ADAPTED PURPIL MEBRANE BY TX-100:
A SPECTROSCOPIC STUDY

Olivier MEYER, Michel OLLIVON and Marie-ThAr6se PATERNOSTRE

Equipe Physico-Chisie des Syst6mes Polyphas&s, CURS lRA 1218,
UniversitS, Paris-Sud, 5 rue J.B Cl6ent, 92296 ChAtenay-Malabry
Cedex, France
Ultraviolet-visible spectroscopy is used to follow the solubili-
zation of the dark-adapted purple membrane (PM) of Halobacterium
Haloblum by Triton X-100. Evolutions of turbidity at 700nm and
absorbance at 560 nm of purple membrane fragments and maximal
absorption wavelength and intensity of bacteriorhodopsin were
recorded during continuous addition of detergent for different

[PM]s. Each experiment was monitored during 12 hours in order to
allow the equilibration of the detergent partitioning between
purple membrane and aqueous medium. All solubilization profiles
exhibit several break points corresponding to transitions
between the stages of the solubilization process. The analysis
of the dependence of [TX100] on [PM] allowed the determination
of the detergent to protein + lipid ratios in mixed aggregates
at the corresponding break points. Interestingly, the evolutions
of the turbidity of purple membrane and of the spectral
characteristics of BR during the solubilization process do not
follow the same pattern, indicating that the microenvironment of
the solubilized BR in mixed micelles is still modified by
increasing detergent concentration beyond PM micellization
point. This technique is a convenient and powerful tool in the
quantitative study of biomembrane to micelle transition.

W40253
N-ACYLPHOSPHATIDYLETHANOLAMNES:
EFFECrOF THE CHAIN LENGH ON THE ORIENTATION OF
THE N-ACYL CHAIN

((Jean-Erik Blochet and Michel Pzolet)) CERSIM, DEpartement de

Chimie, UniversiteLaval, Quebec, CANADA

N-acylphosphatidylethanolamines (NAPE) have been isolated for the
first time from wheat flour where they represent about 50% of the
polar lipids. Later, they have been found in numerous tissues involved
in degenerating processes (deshydmted endosperm of seeds,
erythcyte membranes, BHK cells) or cell injury (LIchemia). It has
been shown that NAPEs stabilize liposomes. In order to determine the
conformation and orientation of the N-acyl chain, NAPE with
deuterated N-acyl chains have been synthesized and studied by
transmission and ATR infrared spectroscopy. The results show that
in the case of the N-C16 NAPE, the N-acyl chain has the same
orientation as the two acyl chains, while for the N-C6 NAPE, the N-
acyl chain is randomly oriented. These results demonstrate
unambiguously that for the N-C16 NAPE, the N-acyl chain is
completely embedded into the hydrophobic core of the bilayer while
for N-C6 NAPE, the N-acyl chain remains in the polar
environnement of the lipid head group.

W4o20O
IR STUDIES OF THE STRUCTURE AND PHASE BEHAVIOR OF MIXED
MONOLAYERS COMPOSED OF [cU,2-DPPC AND DOPG. A MODEL FOR
PULMONARY SURFACTANT. ((A.D. Williams, RIA. Dluhy and F.R. Rana))
Department of Chemistry, University of Georgia, Athens, GA 30602

Combined IR and 31P NMR studies will be presented that are designed to
evaluate the postulated "squeezing out" mechanism of pulmonary surfactant
physiology. The dynamic phasebehavior of lipid monolayers at the air-water
interface was measured for pure films and binary mixtures of [dc2a-DPPC and
DOPG at 88:12 mol ratios, respectively. The structure of the monolayers was
probed using ATR-IR spetwrcpy. Langmuir-Blodgett techniques were used
to transfer the monolayers to Ge ATR crystals at molecular areas
representative of the different regions of the surface pressure-molecular area
(i-A) isotherm. Wavenumber shifts in the C-H and C-D stretching regions
(located between 3000-2800 and 2300-2000 cm-, respectively) were used to
monitor the relative hydrocarbon chain conformation in the two lipid
components. In addition, the IR dichrosim of the band intensities may be
used to estimate the molecular orientation of each component. The exact
fractional composition of each component in the binary mixture as a function
of surface pressure may be obtained from correlating the IR and 31P NMR
intensities of calibration standards.

W-Pos252
COMBINED IR SPECrROSCOPY AND SCANNING PROBE MICROSCOPY OF
LANGMUIR-BLODGETr AND SELF-ASSEMBLED BIOMEMBRANE
MONOLAYERS. ((S.M. Stephensl, B.W. Gregoryl, R.A. Dluhy' and LA.
Bottomle9)) 'Department of Chemistry, University of Georgia, Athens, GA
30602, 2School of Chemistry and Biochemistry, Georgia Institute of Technology,
Atlanta, GA 30332.

Current research in this laboratory involves studies of the structure of well-
ordered biomembrane monomolecular films, prepared by either Langmuir-
Blodgett (L-B) or self-aembled (SA) methods. We are presently using a
combined specroscopC/imaging strategy which uses IRspecopy to obtain
compositional and conformational information and scanning tunneling/atomic
force microscopies (STM/AFM) to acquire complementary spatial distribution
and morphological information about these biomembrane models. This
combined approach provides the kind of detailed information that is
unobtainable by either of these methods alone. We have studied SA monolayers
of alanetiols (particularly C,,H,,SH) on Au substrates; we have also studied
L-B monolayers of phospholipids (e.g. DPPC and DPPG) and lipid-peptide
mixtures transferred to Ge and alkanethiol-covered Au substrates. Our initial
investigations have focused on mixtures of PC or PG with the peptide
alamethidn, which is known to form voltage-gated ion channels upon
incorporation into lipid bilayers. Structural information obtained from our
integrated studies will be presented.

W-Po254
TREHALOSE PRESERVES MEMBRANES AND PROTEINS IN INTACT
CELLS. ((S.B. Leslie', E. Israeli2, and J.H. Crowe')) ' Dept. of Zoology,
University of California, Davis CA 95616 and 'Institute of Biological
Research, PO Box 19, Ness-Zione, Israel.

Trehalose has previously been shown to preserve the structure and
function of liposomes, isolated biological membranes, and isolated
proteins during dehydration (Crowe et al., 1988. BBA). In the present
work we investigate the ability of trehalose to stabilize membranes and
proteins in intact Escherichia coli and BaciUw thuringiensis. Both
species show a substantial increase in survival when dried in the
presence of trehalose compared to cells dried without trehalose. Fourier
transform infrared spectroscopy (FIIR) was used to investigate the effect
of trehalose on the membranes of each organism. E. coli dried with
trehalose show a gel to liquid phase transition (T,) 356C lower than those
dried without trehalose. Trehalose had a similar effect on B.
thuriiengsis, lowering the T, from 450C in cells without trehalose to 80C.
In both organisms the T. of the cells dried with trehalose was near that
of the hydrated cells. Use of an FTIR microscope made it possible to
investigate protein within cells by observing the amide I and amide II
bands. While values obtained are an average for all the proteins in the
cell, they indicate overall protein condition. In both organisms the
amide II band shifts from 1545 to 1530 wavenumbers when the cells are
dried without trehalose. When dried with trehalose there is no shift of
the amide II band, indicating the proteins remain in their hydrated
conformations. (Supported by NSF grant DCB89-18822).
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W-Pes255
OBSERVATION OF MERIDIONAL X-RAY SCATTER FROM A DIPALMITOYL-
PHOSPHATIDYL CHOLINE MONOLAYER AT THE AIR-LIQUID INTERFACE.
((V. Sklitat, H.S. Young', R.A. Butler', D.W. Cheaterl and R.F. Fischetti2)) tUmlv. Ct.
Health Ctr, Farmington, CT 06030 and 2Biostructures Inst., Phil., PA 19104.

Pulmonry surfactant is a complex mixture of phospholipids, neutral lipids, glycolipids,
and protein at the air-liquid Interface of the alveoli. It is composed primarily of
phospholipid of which dipalmiloylphosphatlidyl choline (DPPC) is the largest constituent.
The surfactant m2ggby signlficantly reduces the surface tension at the air-liquid Interfae
at functional residual capacity (FRC), thus reducing the amount of work required to Inflate
the lungs. Structural information as to the conformation and Inteaction of the various
components of the surfctant monolayer may lead to the development of better replacement
compounds, as well as improve our basic understanding ofhow phospholipids and proteins
behave at an air-liquid interfac. We report the observation of meridional (O.0,O,) scaner
from a DPPC monolayer spread at a Langmuir surface (z axis ± to the liquid surface). An
optical flat was oriented in the experimental hutch to deflect a monochromatic (11.3 keV)
x-ray beam and provide control of the grazIng angle, a, of the incident beam with the
Langmuir surface. The x-rays were focused vertcally (2WSm) at the cenitr of a KSV
mini-trough nd horizontally (670gm) at the detor (373mm from trough center). SW
d oberation of the specular reflection of the Incident x-ray beam (a - 1.4 mrad) from
the air liquid interfac was used to verify and optimize our alignment. At surface pressures
ranging from 20 - 40 mN/m we observed three broad maxima along the meridian
corresponding to the structure fictor modulus squared ofa single monolayer. The observed
intenaity la qualitatively very similar to the scattering observed from a hexadecyltrchkwrosi-
lane monolyer covalentiy bound to a solid substrate. In addition, we observed that with
Increasing x-ray dosage both the intensity of the scattered x-rays and the monolayer surface
area (atconstantll) decremed, presumably due to radiation damage. The authors would like
to thank Mr. Greg Wills of KSV Instruments (Riverside. CT) for the use of their mini-
trough. [Supported by NIH HL45284, NIH RR01633, and the ALA National Res. Award]

W-Pos27
BILAYER STRUCTURE AND LATERAL ORGANIZATION OFA LONG-
CHAIN DIACETYLENIC PHOSPHATIDYLCHOLINE. ((D.G. Rhodesl,
S.W. Hui2, Y.H. Xu2, H.-S. Byun3, M. Singh3, R. Bittman3)) I Biomolec.
Struct.Anal.Ctr., U.Conn. Health Center, Farmington, CT 06030-2017,
2 Dept. Biophysics, SUNY Roswell Park, Buffalo, NY 14263, 3 Dept.
Chem./Biochem., CUNY-Queens Coil. Flushing, NY 11367-1597

As an extension of recent results (Rhodes et al.BBA 1128,93; Hui et al.
Langm., in press) with a diacetylenic phosphatidylcholine (DAPC),bilayers
of 1,2-bis(pentacosa-4,6-diynoyl)-sn-glycero-3-phosphocholine (1) were

CH2-l!CH2)2-cCOCChCCH217-CH (1)
a13)3- -C2-a.2-PO4-t2-cH-oC O 2)2- C.Ca-(CH2)17-Ct3investigated using x-ray diffraction and electron diffraction. Monolayers of

this lipid fonn domains at n>14 dyn/cm. Electron diffraction data indicated
that the chain spacing is 4.25 A and that the chains are tilted at angie of
-35o relative to the bilayer plane. X-ray data agreed and showed that the
lamellar repeat was 70 A at high humidity and <60 A at low humidity. The
bilayer electron density profiles indicated a bilayer structure with no
interdigitation. High angle reflections indicate that the principal acyl chain
repeat is preserved as a function of hydration but some rearrangement occurs
for other reflections. The -IoA reflection corresponding to the headgroup
spacing previously observed with DAPC bilayers was not observed. The
results are interpreted in terms of a packing model and possible limitations
or constraints to the polymerization process. Support: NSF (CTS-8904938,
DGR), Glaxo (DOR), NIH (HL-16660, RB and GM-28120, SH)

W-eS29
X-RAY LINEWIDTHS FROM DPPC LIPID BILAYERS AND
INTENSITY CORRECTION FACTORS FROM UNDULATION
THEORY. ((R.M. Suter, R. Zhang, S. Tristram-Nagle, M. Knewtson,
J. D. Shindler and J.F. Nagle)) Departments of Biological Sciences and
Physics, Carnegic Mellon University, Pittsburgh, PA 15213.

Our measurements show that the h=l and h=2 low angle peaks of fully
hydrated LI. phase of DPPC, measured with instrumental resolution of
0.0110, are very narrow, with half widths at half maximum scattering
angle 20 (HWHM) of about 0.0180 for an intrinsic HWHM (IHWHM)
of 0.0140. At the same resolution, the h=l peak of the La phase is even
narrower, being resolution limited, but the h=2 peak is broader (IHWHM
= 0.020), the h=3 peak is very broad and small, and no higher orders are
observable. In contrast, we observe that the higher order peaks of the gel
phase broaden only gradually after applying the correction for sample
size. Using the undulation-fluctuation theory of Caille' and DeGennes
our calculations exhibit a strong decrease in peak intensity with
increasing order h accompanied by a much smaller increase in width. We
conclude that the absence of h>3 peaks for the Lot phase is due to
undulations and that the intensity of even the h=2 peak is strongly
corrupted for the purpose of obtaining single bilayer structure factors.

W4NP26
AQUEOUS PROPERfES OF POLYMER UPID DERIVATIVES: UGHT
SCATTERING OF PEG-PE. (((B. Puntambekar, D.D. Lasic, S. Zalpky,
and M.C. Woodle)) Uposome Technology, Inc. Menlo Park CA 94025

Incorporation of polymer lipid derivaives such as polyetyleneglycol-
distearoylphosphatldylethanolamine (PEG-PE) in liposomes reduces
both their interaction with cells and their uptake In vivo which has
been attibuted to formation of a steric barrier on the iposonm surface
(Woodle and Lasic, 1992, BBA 1113, 171-199). These lipids are also
interesting in that they form clear solutions in water at up to relaftvely
high concentrations (>10 mg/ml) with the ability to solubilze egg
phosphatdylcholine when present at greater han about 40 mol% as
with single chain PEG surfactants (C12EaJ. Properties of PEG-PE in
pure water and 0.9% saline were studied by both static and dynamic
light scattering. The resubts show behavior expected for nonionic
surfactants with these Ionic materials: a doud point Ike phemen
observed with °PEG-PE increases with temperature but decrea
with increasing Ionic strength. The shorter 2mPEG-PE doesn't exhibit
it In the concentration and temperature ranges examined. Contrary to
expectations, substitution of distearoylamine for DSPE as the
hydrophobic lipid portion forms a neutral dervatve which doesn't
exhibit the cloud point like phenomena but Is Ionic strength
independent. Other differences In the micelles formed with the latter
lipid analog were also found and will be described. The resuits will be
compared with those from single chain surfactants (C12EI and C16E)
and discussed with respect to biological relevance.

W-P485
FREEZING AND MELTING OF ICE IN

LAMELLAR LIPID-WATER DISPERSIONS
((J. T. Gleeson, M. E. Wall, Shyamsunder Erramilli & S.M. Gruner))
Physics Dept., Princeton University, Princeton, NJ, USA

Small- and wide-angle x-ray diffraction, as well as dielectric response
measurements, were used study the formation and melting of ice in
lamellar dispersions of phospholipids in water. For dielaidoylphos-
phatidylethanolamine, we find: (i) At hydrations greater than 15%,
ice crystals form on cooling at t:-120C, and on heating, melt abruptly
at st 0°C, (ii) At hydrations between 15% and 9%, ice crystals do not
form unless cooled to as low as -30'C; on heating, the ice line inten-
sity decreases continuously with temperature, disappearing altogether
at ts-8°C. (iii) At hydrations less than 7%, ice is not observed down
to at least -34°C. Ice formation is always accompanied by an abrupt
decrease in the unit cell spacing of the lamellar lattice, a, to a value
below that observed in samples sufficiently dehydrated so that ice does
not form. This suggests that water must be expelled from the lattice
to freeze, and that interlamellar ice does not occur. It has been sug-
gested that sufficiently cold water which does not freeze must become
glassy. Frequency-dependent dielectric susceptibility measurements are
employed to investigate this possibility.
Work supported by the Office of Naval Research, U.S. Department of
Energy and the National Institutes of Health.

W4-o2S
THE STRUCTURE OF PIG STRATUM CORNEUM. A WIDE AND
SMALL ANGLE X-RAY STUDY.
((J.A. Bouwstra, G.S. Gooris, D. Downing and W.
Bras)) Center for Bio-Pharmaceutical Sciences, P.O .
Box 9502, 2300 RA Leiden, The Netherlands. (Spon. by
J.A. Killian)

The outermost layer of the skin, the stratum corneum
consists of corneocytes embedded in lipid lamellar
regions. The lipids mainly consist of ceramides, free
fatty acids, cholesterol and frequently triglyceri-
des. Since the stratum corneum is the main diffusio-
nal barrier for substances through the skin, an un-
derstanding of the lipid arrangement is of predomi-
nant importance.
In this study the structure of pig stratum corneum
has been studied as function of hydration and tempe-
rature using X-ray diffraction. The lipid structure
has also been studied after recrystallisation of the
lipids from several temperatures.
The combination of all the data led us conclude that
the lipids are arranged in at least two lamellar
structures with repeat distances of 6 and 9 nm. The
lamellar structure became disordered between 60 and
66°C. Upon hydration no swelling of the bilayers was
observed. The lateral packing of the lipids is partly
hexagonal and partly liquid. After recrystallisation
from 120°C only one lamellar structure was observed
with a repeat distance of 13.0 nm.
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W4P08261
PHASE BEHAVIOR OF MEMBRANE LIPIDS CONTAINING
POLYENOIC ACYL CHAINS. ((B.A. Cunningham, W.P.
Williams, P. Sanderson, D.H. Wolfe, L.J. Lis,
J.M. Collins)) Bucknell University, King's
College London, Lycoming College, VA/The Chicago
Medical School, Marquette University.

The low temperature thermal behavior of di-18:2
phosphatidylcholine and di-18:3 phosphatidylcholine
is shown to be characterized by similar broad low-
enthalpy transitions to those previously reported
for polyenoic samples of phosphatidylcholines
(Keough and Kariel (1987) Biochim. Biophys. Acta,
902, 11-18). Real-time X-ray diffraction measure-
ments indicate that these transitions correspond to
transitions between the gel (LR) and liquid
crystal-line (L,) phases of thg lipids. The gel
phase of these lipids is, however, much more loosely
packed than the corresponding phases of membrane
lipids containing monoenoic or fully-saturated acyl
chains. The low enthalpy and reduced co-operativity
of the L,-L phase transitions of the polyenoic
lipids id Atributed to the reduced contribution of
van der Waals interactions between their acyl chains
in the gel-state of these lipids rather than an
inherent inability of polyenoic chains to organize
into regular arrays.

W-Po*263
STuDYXNO -= ScNxx OF La/ vzXasz ?AWI11OUS WITz TsIz-
AU,-JUNP CIO 2RM538510 ZCUO KICROSCOTP (TJC-TR) ((D.
Siegel & Y. Talmon)) Procter & Gamble Co., Cincinnati, OH; and
Dept.Chem.zngin., Technion, Haifa, Israel (Spon. L. Prochaska).

We have built apparatus to apply 1-me temperature jumps to cryo
TEN specimns about 9 m before vitrification. We used it to
study the mechanism of the La/HI, transition in LUV of DOPI-Me
T-jumped from 25 C to T > TH. In DOPz-Me, large oligolamellar
structures with many ILAs [1) and small domains of HI, phase
are present 9 me after heating 10 - 25 above TH. The extent
of conversion may be limited by the small area of membrane-
mmbrane apposition compared to XLV. We observed no inverted
micellar intermediates (IIs) (1) or stalks (21, which have
been proposed as intermediates. It is conceivable that such
structures are too labile to survive vitrification (ca. 1 me
cooling time). We observe some evidence for the line defects
postulated to aris from either II1 or stalks 11,21. ILAU are
expected to form slowly if they form from 14Is (ca. 1 a (1) vs.
< 10 me observed). A stalk-based mechanism [2) is more consis-
tent with our results. The transition progresses significantly
'within several mo in LUV, faster than transition time constants
,for XLV (0.1 a) determined via X-ray diffraction with similar
superheating [3,41. Transport & La phase defect density may
affect the transition kinetics differently in MLV vs. LUV r31.
(1) Siegel, Biophys. J. 49:1155 & 1171, [19861; [2) Siegel,
abstract at this meeting; [3) Tate et al., Biochemistry 31:1081
(19921; (4) Laggner et al., J. Appl. Cryst. 24:836 (1991).

W-Po25
INTERACTION OF HYDROPHOBIC IONS WITH BIOLOGICAL
MEMBRANES.
((R.Casadio and L.Morini)) Dept. of Biology,
University of Bologna, V.Irnerio 42, 40126-Bologna,
Italy. Fax no:0039-51-242576.

Adsorption of tetraphenylborate (TPhB-) to
biological membranes from photosynthetic bacteria
(characterized by a lipid to protein ratio of 0.8+/-
0.2 tLmol mgp-1) was measured by means of equilibrium
microdialysis under different conditions of pH and
ionic strengths. Binding is fully characterized by
the Langmuir-Boltzmann-Grahame model in which
surface charge effects at the membrane-water
interface are considered. The data indicate that
TPhB--membrane interactions are pH- and ionic
strength-unaffected provided that surface charge
densities of (-0.5+/-0.3) and of (-1.3+/-
0.3)xl0-3e/A2 are assumed for pH values ranging from
5.5 to 6.5 and from 7.5 to 8.5, respectively.
Moreover, when binding parameters on biological and
lipid membranes are compared, it is concluded that
in the presence of membrane proteins, TPhB-
saturation is unaffected while its partition
coefficient in the fluid lipid bilayer is five fold
decreased.

WAPS6
TIMERESOLVED PRESSURE-JUM STUDIES ON MEMBRANE

LIPIDS BY SYNCHROTRON X-RAY DIFRACTION.
((M. Kriechbaum, F. Osterberg, M.W. Tate, E. Shyamsunder, A.D.
Polcyn, P.T.C. So, S.M. Gruner)) Physics Dept., Princeton University,
Princeton, N.J., and ((V. Skita)) University of Connecticut Health
Center, Famington, CT.

The pressure induced structural phase tansitions of membrane lipids were
investigated by time-resolved X-ray diffraction at the sync on
beamline X9A at NSIS. Past pressure jumps (7 ms) of lipid-water
suspensions were achieved within a high-pressure X-ray specimen cel
capable of withstanding pressures up to 4 kbar. Simultaneously X-ray
diffraction patterns were recorded with 9 ms time-resolution. We studied
the transition kinetics of some phosphatdylethanolamine (PE) lipids, and
the glycerolipid monoelaidin as a function of pjump amplitude at various
temperatures. The PE-lipids undergo transformations between amellar
and inverted hexagonal phases. We observed that the transition kinetics
and dynamics depended on the magnitude of the jump applied. When
using Jump amplitudes >1 kbar, the phase changes occur within the time
resolution of our system. Transition rates from 100 ms to several seconds
were observed for smaller jump amplitudes. The lamellar lattice responds
much more quicldy (< 30 ms) to pressure perturbation than the hexagonal
lattice, which changes size with a several hundred ms time constant. This
can be attributed to the different ways water moves into and from these
lattices during the transformation. The analysis of the data also shows the
transition proceeds via a complex power law type of conversion.
Supported by DOE (DE-FG02-87ER60522), NIH (GM32614), ONR
(N00014-90-J-1702), and the National Biostructures PRT.

W-Po9264
INTERACTION OF ANTIFREEZE GLYCOPROTEINS WITH
LIPOSOMES
((L.M. Hays, R.E. Feeney, L.M. Crowe, J.H. Crowe)) University of
Califomia, Davis, 95616 (Sponsored by C. A. Wistrom)

Antifreeze glycoproteins (AFGP) found in blood of polar fish at
concentrations as high as 35 g/L are known to prevent ice crystal growth
and depress the freezing temperature of the blood. The AFGPs are
polymers of Ala-Alal-Thr with a disaccharide residue bound to Thr. The
sugars are coplanar, located on one side of the protein backbone which is
believed to have a flexible-rod conformation. Recendy, Rubinsky et al
(1992. Am. J. Physiol) provided evidence that AFGPs block ion fluxes
across membranes during cooling, an effect that they ascribed to interactions
with ion channels. We investigated the interaction of AFGPs with 100 nm
liposomes (DEPC, which has a T. of 12°C), in which carboxyfluorescein
was trapped. As these liposomes are cooled through T. they leak about
60% of their contents. Addition of as little as 1 mg/ml AFGP prevents up
to 90% of this leakage. It is necessary to add the AFGP above T. to
achieve this effect. AFGPs denatured by heating to 80°C continue to
prevent ice crystal growth but lose the capacity to inhibit leakage from the
liposomes. Non-glycosylated antifreeze proteins show no protection against
liposome leakage as well. We conclude that AFGPs stabilize liposomes
during thermotropic phase transitions and may have similar effects on the
lipid components ofnative membranes. (Supported by NSF DCB89-18822).

W-s26S
INTER-LIPID HYDROGEN BONDING IN LIPID BIIAYERS.
(S.J.Slatr, C. Ho, FJ. Taddeo, M.B. Kelly, and C.D. Stubbs))
)e,partment of Pathology and Cell Biology, Thomas Jefferson
Umversity, Philadelphia, PA 19107.

Compounds that can potentially compete for direct inter-lipid
hydrogen bonding between head group dipoles, indirect inter-lipid
hydrogen bonding via associated water molecules (the "hydration
layer"), and hydrophobic interactions were used to investigate lipid
bila er stability. to accomplish this the effect of ethanol, ethylamine,
cholesterol and of increased fatty acyl chain unsaturation on the
desorption rate of(7-nitrobenzo2-oxa-1,3-diazole4-
yl)ammnohexanoate labeled phospholipids from bilayers were
measured. Use of these lipids conferred a fast and easily measurable
rate as weli as reducing the magnitude of the normally dominant
hydrophobic interactions. Ethanol and ethylamine accelerated the
rate of desorption of labeled PC, while labeled PE and PS were less
effected. This showed that direct inter-lipid hydrogen bonds involving
PE and PS are too strong for competition, compared with indirect
hydrogen bonding in the hydration layer, that occurs between PC
molecules. Interestingly, cholesterol had virtually no effect on labeled
PC, PE, or PS desorption rates, indicating that neither structurally
important hydrogen bonding, nor hydrophobic interactions are much
effected by this bilayer component. Increasing unsaturation was
found to increase the desorption rate of the labeled PC. Both ethanol
and ethylamine potentiated this effect, which may be due to the
increased head group spacing weakeningthe extended hydrogen
bonded network of water molecules in the hydration layer.
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W-POS267
DETERGENT STABILITY OF LIPOSOMES FORMED WITH 1,2-
BIS(TRICOSA-10,12-DIYNOYL)-SN-GLYCERO-3-PHOSPHO-
CHOLINE (DC8,9PC) AND DINONANOYLPHOSPHATIDYLCHOUNE
(DNPC). ((E.L. Chang, M. Markowitz, and A. Singh)) Center for
Bio/Molecular Science and Engineering, Code 6900, Naval Research
Laboratory, Washington, D.C. 20375-5320.

The addition of short chain "spacer lipids", such as DNPC, to
DC8,9PC allows extensive polymerization cf tne mixed-lipid
liposomes. The spacer lipids also permi incorporation of membrane
proteins into pre-polymerized liposormes, thereby avoiding UV
irradiation damage to the proteins. However, it is not known whether
these liposomes, formed with a high content of short-chain lipids, still
possess semi-permeable membranes. We report here that such
liposomes are intac. In addition, we find the mixed lipid vesicles to
possess a very high degree of stability against detergent lysis. For
instance, a 1:1 mixture of unpolymerized DNPC/ DC8,9PC requires
over 4 mM of Triton X-100 to induce leakage of carboxyfluorescein
from the vesides. This is approximately 16 ffmes Fte nominal cmc of
Triton. For comparison, leakage of vesicles composed of egg PC or
dipalmitoylPC, at the same lipid concentration, can occur with Triton X-
100 concentrations under 0.05mM. The effect of polymerization and
detergentAipid ratios on leakage will be discussed.

W-Pos269
LONG LIVED REVERSIBLE PORES IN GIANT LIPOSOMES: A NOVEL
METHOD FOR DETERMINATION OF PORE SIZE AND PORE LINE
TENSION. ((Doncho V. Zhelev* and David Needham)) Department of
Mechanical Engineering and Materials Science, Duke University, Durham
N.C. 27706. * Central Laboratory of Biophysics, Bulgarian Academy of
Sciences, Sofia 1113, Bulgaria.

Using a new experimental technique for studying the electropermeabilization
of lipid membranes, giant liposomes (from 25 to 56 pm in diameter) were
subjected to single, square, electric pulses (duration 150 ps and electric field
strength from 63- to 126 kV/m). The liposomes were held by a micropipet and
small membrane tensions were created by controlling the pipet suction
pressure. By adjusting the membrane tension, pores were kept open, and pore
lifetimes varied from tenths of a second to several seconds. The pore size was
determined from the volumetric flow in the pore region and the measured
pressure differences across the bilayer. It was clear from the experiments that
only one pore remained opened after the pulse. The estimated pore radii were
on the order of one micrometer. The pores were in a quasi-equilibrium state
and when they closed they did so spontaneously in milliseconds. The
isotropic membrane tension was determined for the same measurements and
from determinations of both pore size and dynamic membrane tension the
pore line tension was found. The line tension of the pore region was
determined for two lipid compositions, SOPC and SOPC:CHOL (1:1), and the
obtained values for single bilayers were 0.92x10-11N and 3.05x10c11N
respectively. The presented analysis and experimental data support the notion
that non-attached lipid bilayer membranes with zero tension will always tend
to form a closed vesicle surface. (NIH Grant GM 40162)

W-Pos271
EFFECTS OF CHAIN UNSATURATKON ON EQUATK)N OF STATE FOR MONOLAYER
ATAIR-WATER INTERFACE ((Ssn Feng and Robert C. MacDoald) met

Of Bi t, Molecular BioloW and Cell Bio , N emU sty, 2153
Sherdan Road, Evanston, IL 6020& (por by 1. M. Klotz)
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W4326S
INTERNAL ELECTROSTATIC POTENTIALS IN BILAYERS.
MEASURING AND CONTROLLING DIPOLE POTENTIALS IN LIPID
VESICLES. ((J. Craig Franklin and David S. Cafiso)) The Department of
Chemistry and Biophysics Program at the University of Virginia,
Charlottesville, VA 22901.

The membrane binding and translocation of positive and negative hydro-
phobic ion spin labels was measured in unilamellar vesicle systems formed
from phosphatidylcholine. Cationic and anion probes exhibit dramatically
different binding and translocation rates in these systems that can be
understood in terms of a point dipole model described previously (see
Flewelling and Hubbell. 1986. Biophysical J. 49:541-552). Phloretin, a
molecule that reduces the magnitude of the dipole potential, increases the
translocation rate of hydrophobic cations, while decreasing the rate for anions.
In addition, phloretin decreases the free energy of binding of the cation, while
increasing the free energy of binding for the anion. The incorporation of 6-
ketocholestanol, produces differential changes in the binding and translocation
rates of hydrophobic ions, but in an opposite direction to those produced by
phloretin. This is consistent with the view that 6-ketocholestanol increases the
magnitude of the membrane dipole potential. A quantitative analysis of the
binding and translocation rate changes produced by ketochloestanol or
phloretin is well accounted for by a point dipole model that includes a dipole
layer due to phloretin or 6-ketocholestanol in the membrane-solution
interface. This approach allows dipole potentials to be estimated in membrane
vesicle systems, and permits predictable, quatitative changes in the magnitude
of the internal electrostatic field in membrane vesicles.

(TMis research was supported by NIH grnt GM 35215)

W-Pes270
FORCE CHARACTERIZATION OF DPPC AND DOPC: A DIFFERENT LOOK AT
THE HYDRATION FORCE. ((J.M. Collins)) Physics Department,
Marquette University, Milwaukee, WI 53233.

Previous studies of the interactive forces between lipid
bilayers have modeled the hydration force as an exponentially
decaying pressure whose force strength and decay length were
determined by the slope and intercept of the measured force
decay for the lipid bilayers. There was a theoretical justifi-
cation for this approach given in 1976 by Marcelja and Radic
(Chem. Phys. Let. 42, 1976) which has been questioned by many
investigators over the intervening years. An alternative proce-
dure is to model the electrodynamic forces along with the
thermodynamic fluctuation forces and subtract the resultant
force from the measured force decays. This has been done for
DPPC and DOPC in fully hydrated suspensions at room temperature
using independent determinations of the electrodynamic and
thermomechanical fluctuation force parameters.

W-Po272
EQUILIBRIUM PHOSPHOLIPID MONOMER CONCENTRATION
AND THERMODYNAMICS OF BILAYER ASSEMBLY
((J. T. Buboltz and G. W. Feigenson)) Section of Biochemistry, Mol.
and Cell Biology, Cornell University, Ithaca New York 14853

In aqueous suspension, bilayer phase phospholipid will come to
equilibrium with monomeric phospholipid. This equilibrium
monomer concentration (EMC) is an extremely valuable
thermodynamic parameter, as discussed by Gershfeld [(1989)
Biochemistry 28]. When accurately determined, the EMC provides a
direct measure of the free energy of bilayer assembly; as a
function of temperature, it can dissect assembly free energy into
enthalpic and entropic contributions. Even non-ideal mixing
behavior of membrane components should be amenable to EMC
analysis. Typical phospholipid EMCs appear to be in the nanomolar
regime, and so their measurement presents an experimental
challenge. We have characterized several important phenomena
that must be taken into account in order to conduct meaningful
EMC studies. A method for phospholipid EMC measurement,
developed in light of these discoveries, is presented here.
Employing this method, we report the determination of the EMC for
14C-labelled dilauroyl-PC, between 40C and 400C. The
thermodynamic implications for phospholipid bilayer assembly
are discussed.
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W-Pos273
SELF-ASSEMBLED MONOLAYERS AS SUBSTRATES FOR
PLANAR MODEL MEMBRANES. (Anne L Plant, Michael Tarlov)
National Institute of Standards and Technology, Gaithersburg, MD.
20899

Alkanethiols, which spontaneously form stable monolayers on
gold films, can be used as a substrate for planar phospholipid
model membranes. A strong attraction between the thiol moieties
and gold results in the formation of a stable hydrophobic
monolayer. We are studying the interacIon of phospholipids with
these hydrophobic monolayers as an easy and reproducible way
tocreatestble planar single bilayer membranes. Electrochemical
data indicate that the addition of POPC vesicles to a hexanethiol
monolayer on gold results in aderesd capacitance compared
to the monolayer, and an estimated bilayer distance of 28 A. The
electrochemical activity of K5Fe(CN)6 at the membrane-coated
electrode is greatiy attenuated, and Is consistent with the
presence of a significant diffusional barrier. The addition of
micromolar concentations of melittin results in enhanced
electroactivity of K,Fe(CN), consistent with the formation of pores
by mellitin in the model membrane. This model system is
applicable to studies of interfacial phenomona and membrane
protein actMty.

W-o275
DYNAMIC STUDIES OF TETHEER FORMATION FROM LECITHIN
VESICLES ((obert M. Raphael and Richard E. Waugh)) Dept. of
Biophysics, Univ. of Rochester Medical Center, Rochester, NY 14642

Formation of thin membane "microtubes' from bilaye membae vesicles
providsa a powerful physical appoach for investigating the elstic and dynamic
properies of lipid bilayers. Theoretical analysi predicts that after a step
change in membrane tension, a rapid exponential increase in microtube length
to a new equilibrium value should be observed, and that the time constant for
tube growth should be deterinned in large part by a anicy driven slip-
between the leaflets of the bilayer and the accompanying interlayer drag (Evans
et al. Bophys. J. 59:498a,1991). Obrations confirm the predicted short
term exponential response, but instead of appachig equilibrium, the
microtube continues to grow, following idther a linear or slow exponential time
course. Differt mecaisms are lily to account for a linear as opposed to
an exponential time course: A linear time course would be conistent with an
exchange of matial between the constituent monolayers of the bilayer (flip-
flop), and an exponetial time course.ould corepond to residual, long lived
inter-leaflet tractions in the vesicle surface. Technical refinements in the
experimental ap ch have been introduced to investigate the dynamic aspects
of membrane behavior over extended times, maldng it possible not only to
distinguish between altenative mechanisms, but also to provide a quantitative
measure of the rate of interleaflet exchange or the relaxation of interlayer
stress. (Supported by PHS under gant no. ROl-HL31524.)

W4Pe27
Preure Induced Fusioen (PIE) Uposomes: A Solventl
Method to Make Uposomes of High Captured Volume.
W. R. Perkis, S. R. Mincy, P. L. M4hI, T. F. Taraschd, andA. S. Janoff.
'he Liposome Company, Inc., Princeton, NJ 08540 and 'Ihomas Jefferson
Medical School, Philadelphia, PA 19107.

Multilamellar liposomes made from certain saturated phospholipids are
known to interdigitate when inducers such as ethanol are added or
pressure is increased beyond some critical point. We found that in order
for interdigitation to occur in highly curved small liposomes there must
first be a change in vesicle geometry. We have previously demonstrated
(with ethanol as the inducer) [Boni et al. (1991) Biophvs. Joumal 59:
503a; Ahl et al. (1992) Biohvs. Joumnal 61: 1401a] that this shape change
results in liposome-liposome fusion to form extended bilayer 'sheets".
Macroscopically a sample of these intermediary sheets appear as a viscous
gel. Light microscopy revealed that these shets spontaneously form
much larger liposomes when the temperature is raised above the main
phase transition of the lipid. We called these systems interdigitation-
fusion vesicles (IFVs). Here we show that small liposomes comprised of
DPPC and DSPC, following an increase in hydrostatic pressure (1 to 7
kbar), form similar viscous gels that also give rise to large liposomes of
high captured volume upon heating. POPC SUVs did not undergo any
cages in morphology when subjected to the same high pressures.

W4os274
Theoretical studies of model biosurface proper-

ties. K. Hristova and D. Needham, Department of Mechanical En-
gineering and Materials Science, Duke University, Durham, NC 27708

To enhance our understanding of cell surface properties and to char-
acterize a new Stealth drug delivery system we study model systems
of lipid bilayers with grafted polymers. For single bilayers we show
that the grafted polymer is expected to decrease the tensile strength
and hence reduce the mechanical stability of the bilayer. The influence
of the polymer on membrane elastic properties (area expansibility and
bending) is modeled in terms of scaling theory and the dependence of
KA, kC and k¢ on the grafting concentration and polymer molecular
weight is derived. For two bilayers in close proximity, we show that the
grafted chains increae interbilayer repulsion even at low concentration
(the so-called "mushroom" regime). For small compresive pressures
(InP oc 8-10 dyn/cm2), this repulsion is due to an entropy decrease;
upon further compression, the spread mushrooms begin to overlap, giv-
ing rise to an additional osmotic force and increasing the repulsion to
a new level (InP oc 15 dyn/cM2). Finally, the "soft' liquid membranes
are found to influence the confinement energy of the polymer. The ad-
ditional energy, required to "trap" the polymer between two thermally
undulating membranes is calculated. This energy depends on the bend-
ing stiffness of the membrane, which in turn is affected by the presence
of the polymer.

W4oW76
Electophorsis of plant cels and protoplasu

R. Nicholov, T. L Burton and F. DiCosmo
Department of Botany,University of Toronto,Toronto,Ont. MSS 3B2

The clectrophoretic mobility of Catharanthus roscus cells and
protoplasts was measured by microclectrophoresis in order to
compare the surface charge density of the cell wall with that of
the protoplast membrane. The origin of surface charge groups
was studied and the effect of different negatively and positively
charged groups was evaluated.

C.roseus cells had net negative C-potential of -29.5±4mV (in 10
mM phosphate buffer, pH 5.5). The surface charge density was
calculated to be -34.52 mC/m2. With the addition of 0.5 mM EDTA,
the surface charge density increased to 48.23 mC/m2. This
corrsponds to a density of one negative charg per 33.14 A2 The
average C-potential of C. roseus protoplasts measured inlO mM
phosphate buffer, 0.35M sucrose, pH 5.5, was -24.89±.2.8 mV, with a
surface charge density of -19.51 iC/rm2. This corrsponds to one
negative charg per 510.76 A2 The presence of ImM EDTA did not
alter significantly the surface charge density.

The origin of surface charge groups was determined by
treatin C.roseus cells and protoplasts with glutarardehyde,
alkaline phosphatase and morpholiae-N,N'-dicyclohexylcarbox-
amidine for determination of amino, phosphate and carboxylic
groups respectively.

W40278
ROLE OF VITRIFICATION IN STABIUZATION OF DRY LIPOSOMES.
((J.H. Crowe and LM. Crowe)) Biophysics Group, UC Davis

Freeze-dried liposomes can be preserved with trehalose or sucrose (reviewed
in Crowe et al. 1988. BA). We have shown previously that the sugars
obviate fusion and phase transitions, which we ascribed to interactions with
the polar headgroups of the phospholipids. Recendy, it has been suggested
that vitrification alone may be sufficient to achieve stabilization (Levine and
Slade. 1992. Biophann). Thus, we have investigated this possibility, with
these results: (1) Maintenance of frozen liposomes (9 egg PC: I PS) in a
vitrified stae is neassay. If such liposomes are incubated at temperatrs
above T¢for trehalose (-32C), they are destabilind. (2) Dextran (Tm -10°C)
is ineffective in preserving dry liposomes. If vitrification were sufficient, it
should be more effective than trehalose, since it vitrifies more readily. (3)
Kinetic analysis showed that dexun actually inhibits protection by trehalose,
by noncompetitive inhibition. (4) At very high concentrations, dactran
inhibits fusion during drying, but it has no offect on phase trnsitions. By
contrast, trehalose reduces T. in dry lipids by about 80C. (5) Eu'3 competi-
tively inhibits stabilization by trehalose, suggesting that it competes with
trehalose for the same binding site. We conclude that vitrification appars to
be necessary, but it is not in itself sufficient. The evidence is consistent with
direct, specific interactions between the sugars and dry phospholipids. (Sup-
ported by NSF grant DCB89-18822).
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W-Po2m
Incorporatfon of Upids Which Do Not Interdigitate Into
Interdigltatlon-Fuslon Vesicles (IFV's)
PL. AhL SR. Minchey, WR. Perkins, adA.S. Janoff The Liposome
Company Inc., Princeton, NJ 08540
Interdigitation-fusion (IF) is a new method for producing lipid vesicles with
high intemal volumes [Ahl et al. (1992) Biophys. J. 61: 243a]. Small
unilamellar vesicles (SUV's) formed from saturated acyl chain phospholipids
such as DPPC spontaneously fuse together in the presence of 3 M ethanol to
form interdigitated membrane sheets [Boni et al. (1991) Biophys. J. 59: 503a].
Interdigitation-fusion vesicles (IFV's) are formed from the sheets when the
temperature is raised above the Tm of the lipid. SUV's composed of
unsaturated lipids such as egg PC which do not undergo bilayer interdigitation
do ngj undergo ethanol-induced interdigitation-fusion. Furthermore, the
addition of unsaturated lipids or cholesterol to the DPPC SUV's severely
inhibits the ethanol-induced fusion. In order to circumvent these problems, we
have developed a modification to the basic IF process which allows
incorporation of significant amounts of non-interdigitating lipids such as
cholesterol into IFV's. Additional SUV's containing the non-interdigitating
lipid were added to the ethanol-induced interdigitated membrane sheets. The
lipid from these SUV's was incorporated into the IFV's when the temperature
was raised above the Tm of the lipid in the sheets. We have used this IF
modification to prepare relatively high internal volume DPPC IFVs (10 - 15
ul/uM Pi) which contain significant mole fractions of cholesterol (0.15). IFV's
may be useful as drug carriers since they allow for a high drug to lipid ratio.

W4Po2B1
CH2 WAGGING MODES AS QUANTITATIVE IR PROBES OF ACYL CHAIN
CONFORMATIONAL ORDER IN PHOSPHOLIPID MEMBRANES. ((L. Senak
and R. Mendelsohn)) Dept. of Chemistry, Newark College,
Rutgers University, Newark, NJ 07102

Two IR experiments involving CH2 wagging vibrations have been
developed to quantitatively probe conformational order in
alkanes and in phospholipid acyl chains. The first experiment
exploits a series of localized methylene wagging modes in the
1320-1370 cm-1 region of liquid alkanes and La and HTI
phospholipid phases which are characteristic of particular
two- and three-bond conformational states as follows: gg
state, 1353 cma1; end-gauche state 1340 cm-1; and the sum of
gtg' (kink) + gtg states, 1368 cm'. We have used the
measured intensities of these bands in liquid alkanes along
with the Rotational Isomeric State model to develop extinction
coefficients from which the concentration of these particular
conformers in phospholipids has been deduced. The second
experiment exploits the coupled wagging progression bands in
the range 1180-1380 cm-1 in relatively ordered phospholipid
phases. A simple model has been developed which allows an
estimate of conformational order in the liquid-ordered phase
of cholesterol/DPPC and in CaATPase reconstituted with a
variety of PC's.

W-Pos280
INTERACTION OFTHE PEPTIDE FRAGMENT 828-848 OF THE
CARBOXY-TERMINAL REGION OF THE HIV ENVELOPE
GLYCOPROTEIN WITH PLANAR LIPID BILAYERS.
((A N. Chanturia, L.V. Chernomordik, K. Gawrisch, J. Zimmerberg))
LTPB, NICHD, NIH, Bethesda, MD 20892

We investigated the membrane effects of the carboxy-terminal region of
the HIV tra a ne protein (gp4l), which has been implicated in T
cell death. This protein segment forms a positively charged
amphipathic a-helix and is located in the intra-viral or cytoplasmic
comparbtent. The structure of the corresponding peptide fragment is
similar to the structure of known cytolytic peptides. We have studied the
interaction of the isolated, synthetic amphipathic helix of gp41 with
planar phospholipid bilayer membranes using voltage damp,
potentiodynamic, and stability measurements. The peptide binds
strongly to planar bilayers of negatively charged phosphatidylserine.
More than 60% of the membrane lipids are bound to the peptide. The
interaction results in decreased membrane stability, decreased membrane
surface tension, and increased membrane conductance. In the presence of
micromolar concentrations of the peptide the formation of voltage-
dependent pores with cationic selectivity and a modal conductance of 4 nS
was observed. The menbrane-perturbing activity of the peptide suggests
that the interaction of the carboxy-terminal fragment of HIV-1 envelope
protein with the menbrane of infected T cells could disrupt the mmbrane
barrier function, leading to sodium and calcium flux into cells, osmotic
swelling, and T cell death.

W-Pos282
QUANTITATIVE IR EVALUATION OF ACYL CHAIN CONFORMATIONAL
ORDER AND THERMOTROPIC PROPERTIES IN C14, C15, AND C16-
ENRICHED A. LAIDLAWII B. ((D.J. Moore and R. Mendelsohn))
Dept. of Chemistry, Newark College, Rutgers University,
Newark, NJ 07102.

Recent advances in our understanding of the quantitative
relationships between CH2 wagging bands and hydrocarbon chain
conformational states have permitted the evaluation of the
physical state of A. laidlawii B membranes in vivo. The
thermotropic behavior of the membranes of the live organism
has been compared to that of the isolated membrane and the
extracted membrane lipids. Whereas gross differences are
apparent between the extracted membrane lipid and the live
cells, no such differences are apparent between the isolated
membranes and the membranes of the living organism. The
persistence of CH2 wagging progression bands at the growth
temperature in the live A. laidlawii B and in the isolated
membrane suggests that a substantial degree of order remains
in the membrane acyl chains under physiologically relevant
conditions. The CH2 wagging progression bands are not
evident in the extracted membrane lipids at the growth
temperature.

GRAMICIDIN CHANNELS

W-Pos2B3
HIGH RESOLUTION PROTEIN STRUCTURE DETERMINATION BY
SOLID STATE NMR
((Randal R. Ketchem, Weidong Hu and Timothy A. Cross)) Institute of
Molecular Biophysics and Departmnt of Chemistry, Florida State University,
Tallahassee, FL 32306

Oriented samples of the monovalent cation selective channel formed by a
dimer of gramicidin A in hydrated lipid bilayers are used to obtain
orientational constraints. These constraints yield structural detail rarely
achieved for proteins. Samples have been labeled with 13C, 15N and 2H for a
variety of studies involving the observation of chemical shifts, dipolar
couplings and quadrupolar couplings. The 6 and IF backbone torsion angles
have been solved from solid state NMR data alone. This structure has been
refined by determining the w torsion angle which describes the non-planarity
of the peptide linkages. It is thought that distortions of the pepdde plane occur
as the backbone carbonyl oxygens solvate cations in their passage through the
channel. The orientation of the four indole rings of the gramicidin monomer
have been detemined with respect to the bilayer normal. The orientations are
very similar and the N-H groups are all directed toward the bilayer surface
rather than the bilayer center. Consequently, these groups could be hydrogen
bonded to the water of the aqueous interface or to the lipid backbone carbonyl
oxygens. These interactions appear to be responsible for the stability of the
single stranded gramicidin helix in a lipid bilayer versus the double stranded
conformadons that exist in organic solvents. Furthermore, the dipole moments
of the indole rings are predominately aligned with the channel axis and
oriented in such a way as to reduce the potential energy barrier at the bilayer
center.

W-Pos2S4
THREE-DIMENSIONAL STRUCrURE OF GRAMICIDIN IN SDS
MICELLES. (( Warren A. Tucker, Terry G. Fletcher, James F.
Hinton.)) Dept. of Chemistry and Biochemistry, University of
Arkansas, Fayetteville, Arkansas 72701.

CD measurements indicate that the conformation of gramicidin
incorporated into SDS micelles is quite similar to the conformation of
gram cidin incorporated into lipid bilayers. Deuterated SDS micelles
therefore provide an excelleiit model membrane environment for the
determination of gramicidin structures by NMR. Three dimensional
structures have been determined for gramicidin A, [Phe-1] gramicidin
A, and (Phe-1] gramicidin C. For eaclh peptide, 100 structures were
generated from NOESY data using distance geometry and simulated
annealing. An averae structure was then calculated from the 10 best
structures. Superposition of the 3 average structures indicated near
identical backbne conformations and similar Trp sidechain
orientations. Electrostatic modeling was used to show qualitative
differences in the electrostatic fields of the peptides.
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W4Pos285
SYNTHESIS AND PRELIMINARY CHARACTERISATION OF 6-AMINO-
HEXANOYL GRAMICIDIN.
((G.A. Woolley1, I.D. Kerr,2 M.S.P. Sansom2 & B.A. Wallacel)) t Dept. of
Crystallography, Birkbeck College, London, U.K., WClE 7HX and 2Dept. of
Molecular Biophysics, Oxford University, Oxford, U.K., OX1 3QU.

Since the basic architecture of the gramicidin channel is well-established, the
molecule is an attractive target for ion channel engineering and design We have
begun to explore modffications to the chemical structure of gramicidin which might
impart novel properties to gramicidin channels and report here the synthesis and
preliminary characterisation of 6-amino-hexanoyl-gramicidin (6-AH-gram), i.e.
gramicidin with a positively-charged C-terminal extension. We expected that this
derivative might show 'burst-like' single channel openings due to transient occlusion
of the channel mouth by the extension during she lifetime of a conducting
gramicidin dimer. Furthermore, if the positive charge on the extension could sense
the transmembrane potential, then sinigle-channel voltage-gating might be seen - in a
manner conceptually analogous to the 'ball and chain' model of sodium channel
inactivation. The synthe%ls was accomplished in a simple two-step procedure: the
esterification of grainicidin with FMOC-6amino-hexanoic acid followed by removal
of the FMOC protecting group. Mass spectrometric analysis confirned the identity
of the product. 6-AH-gram was found to have conformational behaviour similar to
the parent compound; CD analysis indicated that typical 'pore' forms were adopted
in organic solvents and 'channel' forms in phospholipid vesides. Preliminary
characterisation of 6-AH-gram single-channel behaviour in planar lipid bilayers
confirmed the expectation of 'burst-like' openings with conductances similar to
native gramicidin channeb. Possible effects of voltage on this activity are currently
being investigated. (Supported by grant #DMB88-16981 from the US. NS.F. & a
postdoctoral fellowship from the Canadian MRC (to G.A.W.))

W4Pe0287 1
CHARACTERIATION OF [L-ALA -D-ALAJ GRAMICIDIN A:
STABIIZING EFFECT OF THE GLY2 -> D-AJA SUBSTTITMOg.
j(G. L. Mettle, R. E. Koeppe II, O. S. Anderse, L. L. Providoem))
pt. Chma. & lBiochan., UnIv. of Arkans, Fayetteville, AR 72701, wspt.

Physiol. & Blophys., Cornell Univ. Medical College, New York, NY 10021.

Valne 1 gmmiddin A (Vall gA) forms right-anded p63 helIcal tra eibrane
channes by the dlmzation of two no s via H-bond formaton of the
fonnyl-NH ends. Additions, deWons and substItutions at this head-tohead
Interface affect both the conductance andetablitty of the channel, and in some
cases the structure. SubstItutIn of L-Val by L-Ala deese the mean single-
channel duration in diphytanoylphosphatldylcholnes-decane bllayers from 990
to 150ms, and increases the singlchannel conductan?froom 144 to 16.7 pS(1
M NaCI, 200 mV). The additional repla ent ofGly with D-Ala increass the
mean chanel duration to 2100 mu and na the conluctanq to 18.7 pS.
Hybrid channel eperiments show that Val' gAand [L-Ala -D-Ala have the
same backbone structure. Cirlar diducim spec opy also indicates that
this analgue adopts a P "channel" conformation In dimyristoyl-
phosphatidykhollne vedles and in sodium dodecyl sulfate (SDS) mtcelks. Two-
dimemional NMR techndiques, DQCOSY, NOESY and TOCSY, have bee used
to Investipte the structure of this stabIized analogue In d2 SDS mtcelles. Tie
"fingerprInt" regl¶a3of the spectra onhfirm both the alandne substitutions and
the right-handed P -helical motif. Distance geometry and simulated annealing
are belng,used torefine a molcular model of both the backbone and sidecan
of [L-Ala--D-AlalgA.

W-P08289
DURATION AND CONDUCTANCE OP GRAMICIDIN A CHANNELS
WITH NON-DIPOLAR POSMON #1 SUBSTITUTIONS
((R. E. Koeppe HIand 0. S. Andersen)) Univ. Adransas, Fayeneville, AR
72701, Cornell Univ. Med. Coll., New York, NY 10021.
Dipolar position #1 substitutions in (Val] icidin A have profound
effects on the single-channel conductance (g) and ave duration (T) of the
channels that are formed bybthe sequence-substi tud analogues (Russell et
al. Biophys. J. 49:673, 1986; Koeppe et al. Biochemisty 29:512, 1990).
The consequences of non-ipolar substitutions are not as well understood.
We have thereforeexamined how alterations in side chain geometry among
non-dipolar aliphatic and aromatic side chains affectg and Tin 1.0 M NaCl.
Altersations in side chain bulk can a)ter Tby about 10-fold (between
[Gly'lgA,r 60 mn, and [PhenylGly JgA,T 800 ins), andg by about
3-fold (between [GlylgA, g - 5.5 pS, and [Norleu ]gA, g = 15 pS).
With respect to the alterations in r, the side chains can be classified in four
groups (listed in order ofincrsmg r): Gly; straight-chain aliphatic (Ala -
Norleu); 7y-branched aliphatic and Phe; and ,-branched aliphatic and
PhenylGly. With respwect to alterations in g, the clasification is somewhat
different (again listed m order of increasing g): Gly; PhenylGly; y-branched
aliphatic and Phe; P-branched aliphatic; and straight-chain aliphatic. These
results show that channel function is surprisingly sensitive to alterations in
the position #1 side chain's geometry, which can alter side chain-backbone
interactions (and thus the "stiffness" of thepetide backbone) as wdll as side
chain-side chain interactions across the dimer join, where Val' of one
monomer has been shown to be in close contact with Ala5 of the other
monomer (Killian et al. Biodcemitry in press).

W-Po286
NONCONDUCTING STATE OF GRAMICIDIN.
((K. He, S. J. Ludtke, Y. Wu, H.W. Huang, D. Greathouse, R. E.
Koeppe [ and 0. S. Andersen)) Rice Univ., Houston, TX 77251-
1892; Univ. Arkansas, Fayetteville, AR 72701; and Cornell Univ.
Med. College, New York, NY 10021.

One major unknown concerning the mechanism of the
gramicidin (GA) channel is what is its closed state. It has been
suggested that (a) it is an intertwined dimer, the crystal form of
GA grown from organic solvents; (b) it is monomers in beta-
helical form and they remain in the monolayers; or (c) it is
monomers (in an unspecified form) on the membrane surface,
because they are unstable in the bilayers. We will describe a
technique of x-ray scattering with the momentum transfer in the
plane of the membrane that can distinguish between these three
cases. To create a nonconducting state of gramicidin, we use
BOC-gramicidin (BOC-GA), a synthetic analogue in which the
formyl group of the natural GA is replaced by a BOC group.
BOC-GA has exhibited channel activities four orders of
magnitude less than natural GA.

W-PO2B
DYNAMICS OF THE GRAMICIDINA CHANNEL
MOLECULAR REORIENTATION RATES AND BACKBONE
LIBRATIONS. ((C. L. North, K. C. Lee, and TA. Cross))
Institute of Molecular Biophysics and Department of
Chemistry, Florida State University, Tallahassee, FL 32306

- Gramicidin A is a 15 residue polypeptide which forms a
monovalent cation selective channel as an end-to-end helical
dimer spanning a lipid bilayer. The dynamics of the
gramicidin A channel in oriented bilayers of DMPC have been
studied by solid-state NMR. By simulating 2H line shapes in
spectra of Ala,g5-d4 obtained with various quadrupole echo
delay times the rate of global molecular reorientation about the
helical axis has been found to be in the isec timescale. The
correlation time for rotation of the channel is strongly
dependent on temperature near the gel to liquid crystal phase
transition. Measurement of the global correlation time has
allowed this parameter to be held constant in interpretations of
T1 relaxation times for backbone amide 15N and alpha 13C.
Field dependent T1 experiments on 16N demonstrate consistent
rates of peptide plane libration at sites throughout the channel
on the order of 10-8 seconds with amplitudes of 12-17 degrees.
Field dependent T1 experiments on alpha 'SC sites demonstrate
significant motion of the Ca-H bond at rates comparable to rates
for peptide plane libration.

W-Pos2BO
FORSIAKIDINIUM BINDS STRONGLY TO AND STRONGLY
STABILIZES GRAM4ICIDIN A CHANNELS. ((Sang-Ah Seoh and
David Busath)) Brown University, Providence RI 02912.
Nethylammonium and formamidinium exhibit self block,
suggesting multiple occupancy in the gramicidin A
channel. Formamidinium has a relatively high binding
affinity, the dissociation constant (K1) being 22 mM
from the Eadie-Hofstee plot. The rate limiting step
for the ion is translocation judging from supralinear
I-V relations. 1M formamidinium solutions yield
exceptionally long single channel lifetimes (20-fold
longer than methylammonium which yields lifetimes
similar to those found with alkali metal cations)
which significantly decreases with increasing voltage
and whose temperature and concentration dependences
were steep at lower voltages (slOOmV). At very low
salt concentrations (0.01M, lOOmV), there was no
difference in average lifetime from those in other
ionic solutions. All the above results suggest that
single formamidinium binding stabilizes the
gramicidin A channel effectively. The exceptional
behavior of the ion compared to other ions in
stabilizing the dimer was also observed in N-acetyl
gramicidin A but disappeared in the gramicidin N
dimer. We conclude that formamidinium can effectively
stabilize the gramicidin A dimer at a binding site
near the mouth probably by affecting the orientation
or H-bonds of Trp side chains near the C-terminus.

GRAMICIDIN CHIANNELSA8OO
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W-Pos291
EFFECTS OF AQUEOUS AND LIPID ENVIRONMENT ON
COLLECTIVE MOTIONS AND STRUCTURE OF THE
GRAMICIDIN ION CHANNEL: A POSSIBLE BASIS FOR THE
HANDEDNESS OF THE CHANNEL? ((S.-W. Chiu and E.
Jakobsson)) Biotechnology Center, National Center for
Supercomputing Applications, and Department ofPhysiology and
Biophysics, University of Illinois, Urbana, IL 61801. (spon. by H.
J. Stapleton)

In time-correlation fluctuation analysis of molecular dynamics
simulations, we find that there are collective damped periodic
motions of the backbone. We are now exploring whether these
periodicities depend on interactions with channel water and
whether they are substantially modified by inserting the channel
into a lipid environment. In computations on PC bilayers, we
have found the existence ofa large electric field in the headgroup
region. This field apparently corresponds to the dipole potential
measured experimentally. We are exploring whether this field
may be important in orienting the gramicidin tryptophan rings.
Simple energetic calculations suggest that interactions between
this field and the tryptophans may account for the fact that the
bilayer favors the head-to-head helix over the double-helical form
of the channel. The interactions may also be strong enough to
determine the handedness of the channel. We are testing these
hypotheses by molecular dynamics simulations. Support by NIH.

W-Pos293
MODULATION OF GRAMICIDIN CHANNEL FUNCTION BY THE
HOST BILAYER: EFFECI OF LYSOLIPIDS. ((Jens A. Lundbuk and Olaf
S. Andersen)) Cornell Univ. Medical College, New York, NY 10021.

Lysophospholipids and other amphipatic molecules modulate the function of
a large number of membrane proteins including ion channels and pumps.
Given that different classes of mem proteins are affected by strucually
diverse classes of amphipatics, it is likely that these alterations in function
result from alterations in the physical peie of the host bilayer. In order
to examine this possibility we have studied how lysolipids affect gramicidin
channels. The average conductance and lifetime of gramicidin channels were
examined as lysophosphatidylcholine (LPC), lysophosphatidylethanolamine
(LPE), lysophosphatidylinositol and lysophosphatidylserine (0.54 pM were
added to the electrolyte bathing the membrane. The effect on the channel
formation constant was determined from the increase in number of conduc-
ting channels as the lysolipids were added. All lysolipids decrease the single-
channel conductance. The uncharged LPC and LPE are the most effective.
All lysolipids increase the channel duration and the channel formation con-

stant, whereas the energetic cost of channel formation is decreased. These

latter effects are proportonal to the size of the polar head group and are not
affected by the charge. The surface tension of phospholipid monolayers is
not detectably changed by lysolipids in equivalent concentratons. The results
are consistent with notion that lysolipids alter membrane stiffness.

W-Pos295
HOW POLARIZABILITY AND HELTI FLEXIBILITY AFFECT
ION-WATER CORRELATIONS IN A GRAMICIDIINLIE
CHANNEL. ((Karen A. Duca and Peter C. Jordan, Department of
Chemistry, Brandeis University, Waltham, MA 02254))

Previous work (Jordan, Biophys.L, 59, 320a [1991]) has indicated
that interaction between a gricidinlike channel (a configurationally
constrained polyglycine analog) and sodium is distinctly different than
that between the channel and potassium or cesium. With sodium
present, electrostriction was so pronounced that water-water
distances were sharply reduced. An extra water was prest in the
single file and the waters were more orientationally ordered. These
phenomena were attributed to sodium's markedly ler ability to
polarize water. To test this hypothesis, we have carried out
calculations focusing on two features of the original model: the
explicit inciusion ofpolarizability and the nature of the constnunt
which maintains helical intgrty. We find that the qualitative picture
is not altered if the helix is modeed more realistically and allowed
greater flexibility. In contrast, we find that the explicit introduction
of polarizability is critical; with nonpolbl water, there is no
electrostridction. We confirm earlie observations: 1) water-water
conrlations are notably dependent upon a cation's size and its
location in the channel; 2) cesium and potassium interact with
gramicidin in basically quite similar fashions while sodium differs
notably from its larger relatves.

W 0Pos292
LIPID CHAIN LENGTH DEPENDENCE OF RECIPROCAL
GRAMICIDIN-L1PID INTERACTIONS
((Roger E. Koeppe II & Denise Greathouse)), Dept. of Chem. and
Biochem., Univ. Arkas, Fayetteville, Arkansas USA 72701.

A membrane or micelle environment appears required for lnear
ramicidins to adopt the P'3 channel conformation, as opposed to the

doublehelical conformation observed In orgnic solvents. Lipid-
incororated gramicidin A (gA) can modulate the stucture of
surroundig lipids, Inducng mcele-to-bgayer (Klilian et al. 1983
Blocbhm. Blophys. Acta 728:141) or bilayer-to-H, (van Echteld et al. 1981
Biochim. Blophys. Acta 648:287) trons. We have previously used
circular dichrom to show that gA adopts the 3 channel confonmation
if n . 12 in d(C,,)-PC, but not If n < 8 (Biophys. J. 61: AM26). For n
= 8 or 10, the results are Int ate, depending on both sample
preparation methods, as weli as 'solvent history'. Upon addition of gA to
di-(C)-PC, the lipids remain mlceliar (2S-50 nm), based on 1H-NMR
linewidthsandelectron mkroscopy, andthegA remains non-channel-like,
based upon CD spectra. In constra, upon incorporation into di-(Cs)-PC
as the p6.3 channel, eletron miroscopy reveals that gA induces both an
increase in micelie size, as well as the formation of veskcles. 1H-NMR
Hnewidths and 31p anitoples support these finding. The reults
support previous sutons that the lpid-modulating activiies of gA
correlate with the ,-heL;cal channel conformation.

W4:o294
PROPERTIES OF GRAMICIDIN A DHANNELS INCORPORATED IN ERYTHROCYTE
MEBRANE
((K.Blaskb, Gy.Ront6)) Institute of Biophysics Samlweis ULkiv.
Med., Budapest. Hugry

The channel former gramicidin A incorporated into the erythro-
cyte membrane increases the membrane cation permeability. It
is considered as model of the integral membrane channels. The
ionpermeability properties of the gramicidin A channel have
been monitored by measuring the exchange diffusion of radio-
active tracer cations.

Channel inactivation, a time dependent decrease of the high
ionpermeability has been observed in cholesterol containing
erythrocyte membranes. The rate of channel inactivation
strongly depends on the phospholipid to cholesterol molar
ratio of the membrane and no inactivation can be observed on
cholesterol depleted erythrocyte membrane. The channel inac-
tivation is suggested to be the result of an interaction bet-
ween gramicidin and cholesterol in a stoichiometry of 1:5.
When cholesterol in the membrane is substituted by 7-dehyd-
rocholesterol, which has a second double bound in the B ring
of the molecule, no sign of inactivation has been found in-
dicating the importance of the B ring of the sterol molecule
in the inactivation process.

W4296
Tt+ ION VELOCITY DISTRIBUTIONS IN GRAMICIDIN
CHANNEL OBSERVED WITH LASER DOPPLER
VELOCIMTRY. ((F. Macins and Michael E. Starzak)) Department
of Chemistry, State University of New York, P.O. Box 6000,
Binghamton, NY 13902-6000

Velocity distributions for T1+ ions penneating trough gamicidin
channels in bilayer membrnes are observed with laser Doppler
velocimetry using a He-Ne laser. The technique permits detailed
observation of ion kinetics within the gramicidn channels. The
Doppler frequency and corresponding velocity distrbutions at each
transmembrane potential have a single maximum produced by a steady
diffusional velocity of the ions in the channels. hese velocities range
from .0375 in/sec to .914 m/sec for transbrane potentials from 10
mV to 150 mV, respectively. Distribution half-widths suggest the ions
can fluctuate about this steady velocity as they interact with the
gramicidin channel. (Sponsored by the Office of Naval Reseamrh.)
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W4Po0297
EXTENDED DIPOLAR CHAIN MODEL FOR ION CHANNElS:
ELEC1TROSTRICTION EFFECTS AND THE
TRANSLOCATION ENERGY BARRIER. ((Miguel Sancho,
Michael B. Partenskii and Peter C. Jordan)) Department of
Chemistry, Brandeis University, Waltham, MA 02254; Departamento
de Fisica Aplicada IH, Universidad Complutense de Madrid, E-28040
Madrid, Spain.

The dipolar chain model introduced to describe the aqueous pore of
single-file transmembrane ion channels (TMIC) indicates that the sus-
ceibility of water in unoccupied channels is high while the presence
of a monovalent ion reduces water's orientational susceptibility to
nearly zero (Partenskii, Cai & Jordan, Chem,PhYL, 153, 125
[1991]).The associated energy barrier for translocation is high, call-
ing into question the electrostatic rationalization of channel function.
Static ion-pore interaction is insufficient to lower the energy barrier
to physiologically reasonable values (Partenskdi and Jordan, Qua.
Rev Bkiohx, in press). Here, we modify the analysis to account
for non electostatic ion-water and water-water Lennard-Jones interac-
tions. We focus on a model system with gramicidinlike dimensions
and find that electrostriction has only a limited influence on the total
energy barrier for permeation. However, there is a clear ion-depen-
dent modulating effect on translocation that coreponds to Eisenman
selectivity sequence I (low site field strengt), in complete accord
with experiment. The computed ratios of translocation rates are in
reasonable agreement with those found experimentally.

W4o029B
INFLUENCE OF A CHANNEL FORMING PEPTIDE ON ION
ENERGY BARRIRS VIEWD IN A CONTINUOUS
THREE-DIELECTRIC MODEL F'OR ION CHANNELS.
((Michael B. Partenskii and Peter C. Jordan)) Depatment of
Chemistry, Brandeis University, Waltham, MA 02254.

A three dielectric model of transmembrane ion channels of finite
length is presented, with e, the permittivity of interhannel water (r
< R), e2 that of the highly polarizable region of the channel forming
peptide (R, < r < R.) and a3 that of the remainder of the system, the
membrane and the nonpolar regions of the peptide (r > R2). Setilng
eX - X for bulk water and using the method of images the electro-
static problem is exactly soluble. Comparison with numerical solu-
tions to the Poisson-Boltzmann equation with e,, = 80 demonstrates
that the model is accurate, especially for ionic strenths t 0.5M.
The analysis is applied to a system with gramicidinlike geometry.
Choosing e, -4-5, to account for the strongly nonlinear dielectric
behavior of water in the ionic field (Partenshi and Jordan, L Phvs.
Chem., 96, 3906 [1992]), we varied a2 to asse the possible influ-
ence of peptide. It appears difficult to reproduce the results of our
previous semimicoscopic study of the influence of the carbonyls on
the ionic energy barrier within a continuum approach for reasonable
values of e2. The discrepancies arise because e2 is actually nonlocal
and because the model's fixed geometry can not account for signifi-
cant local reorientation of polar groups near the ion.

SARCOPLASMIC RETCULUM I

W-PoS2S
BLOCK OF THE RYANODINE-MODIPIED SR Ca2+-RELEASE CHANNEL.
((A. R. G. Lindsay, A. Tinker and A. J. Williams.)) National Heart and Lung
Institute, University of London, LONDON, SW3 6LY, UK.

We have previously reported that the large, impermeant, cations tetrabutyl
ammonium (TBA), tetrapentyl ammonium and the local anaesthetic QX314 interact
with the cytosolic vesdbule of the conduction pathway of the purified sheep cardiac
sarcoplasmic reticulum (SR) ryanodine receptor-channel. The interaction of each of
these cations results in the production of a unique reduced conductance state, the
occurrence of which is both voltage- and concentration-dependent (Tinker et al.,
1992, Biophys. J., 61: 1122-1132). Following modification with ryanodine, which
causes the receptor-channel to enter a reduced conductance state with long open dwell
time, these cations block the receptor-channel to a level which is indistinguishable
from the closed state. The voltage-dependence of TBA's intraction both before and
following modification was determined by Boltzmann analysis and by determining k.
and kc,f. In control, the two methods yield an equivalent gatng charge of 1.66 and
1.81 respectively. Following modification these values are 1.74 and 1.61. TBA
concentration dependence has been examined in control and after modification; Ks
are 45 and 165 FdM respectively. We suggest that the interaction of ryanodine with
the receptor-channel involves an alteration to the cytosolic vestibule whicb is reflected
in the differing affinity of the TBA site. We have also examined the inteaction of
several polycations which are known to inhibit Ca2l-release from isolated SR
vesicles. Gentamycin, neomycin, streptomycin, spermine and spermidine block the
ryanodine-modified receptor-channel. Unlike the large tetraalky ammonium cations,
these polycations block to a reduced conductance state.
This work was supported by the British Heart Foundation and the MRC.

W4POS3Ol
HYDROGEN PEROXDE MOD ES THE GATING OP THE SHEEP CARDIAC
SARCOPLASMIC RETICULUM CALCIUM-RELEASE CHANNEL
((A. Boraso & A. J. Williams)) National Heat & Lung Institute, University of
London, LONDON SW3 6LY, UK
Some pathophysiologic conditions cause an overproduction of reactive oxygen
species (ROS) to such an extent that intracellular defence mechanisms may be unable
to limit the damage. The ROS singlet oxygen has been applied to the cardiac
sarcoplamic reticulum (SR) CaP+-release channel and shown to cause an initial
increas in open probability (Po), followed by irreversible los of chnel function
(Holmberg at al. Cardioscience (1991), 2: 19-25). The effect of the ROS hydrogen
peroxide hu been investigated on the chael in this sdy. Vesides of heavy SR
from shoep cardiac muscle were incorporated into planar phospholipid bilayes and
Ca'+ used as the permeatm ion. Free [Cael on the cytosolic side of the channel was
inially lOtM and was 40-6OmM on the luminal side. At lOyIM cytosolic [Cal+
hydrogen peroxide (1-10mM) increased the open probability of the sheep cardiac SR
Ca+-release channel, but no loss of channel function was observed. In a second
series of experimen, the cytosolic [Cae+ was lowered from 10jM to 0.5nM. The
Po of the Ca'+release channel dropped to zero and, under these conditions, hydrogen
peroxide (3-5mM) produced openings within 3-Smins. After washing out hydrogen
peroxide, raising the [Cae+ to 10pM or lowering it to nM or pM levels no longer
modified the Po of the channel. No change in channel amplitude at OmV was seen.
The ryanodine binding site appeared to be unaffected by hydrogen peroxide (3mM)
since ryanodine (1-2pM) still characteristically locked the channel into a
subconductance open state. These results sugest that hydrogen peroxide induces
Cae-independent openings of the sheep cardiac SR Cai+-release channel.

WS300
CHARGED LOCAL ANAESTHTCS BLOCK THE SHEEP CARDIAC RYANODINE
RECEPTOR-CHANNEL. ((A.Tinker and AJ. Williams.)) National Heart & Lung
Institute, University of London, London SW3 6LY, UK.

We have examined the effect of QX314, QX222 and Procaine on K' conduction in
the ryanodine receptor-channel purified from sheep cardiac sarcoplasmic reticulum.
QX222 and Procaine act as classical voltage-dependent blockers from the cytoplasmic
face of the channel. At SOO Hz filtering this is manifest as a smooth reduction in
single-channel current amplitude at positive holding potentials. Quantitative analysis
gives an effecve valence of approximatey 0.9 for both ions and Kb(O)s of 9.2 and
15.8 mM for QX222 and Procaine respectively. Analysis of the concentration-
dependence suggests that QX222 is binding to a single site with a K. of 491 FM at
60 mV holding potential. Investigation of the excess open channel current noise at
higher frequencies of filtering by amplitude distribution analysis reveals that both the
voltagedependence and concentration-dependence occur due to changes in K".. The
addition of QX314 to the cytosolic face of the channel is different and leads to the
production of a substate with an amplitude% of control. Quantitative analysis reveals
that the effect is highly voltagedependent with a valence of approximay 1.5
accounted for by nearly equal changes in KY. and K.A. Analysis of concenaion-
dependence reveals positive co-operativity due to changes in KI. with at least two
QX314s binding to the conduction pathway. A paradoxical increase in K,N at higb
positive holding potenials and with increasing concnon at 80 mV sugests the
existence of a further QX314-depndent reaction. The substate block is interpreted
as a form of partial occlusion in the vestibule of the conduction pathway reducing
current by electrstc means.
Supporied by the MRC and BF.

WPo32
ACTIVATION OF THE SHEEP CARDIAC CA2+-RELEASE CHANNEL BY CARDIAC
GLYCOSIDES: STUDIES ON THE STRUCTIURAL REQUIREMENTS FOR ACTIVITY.
((S.J.McGarry and A.J. Williams)), National Heart and Lung Institute, University
of London, LONDON, SW3 6LY, UK.

The efcts of cardiac glycosides on sheep cardiac and skeletal sarcoplasmic
reticulum (SR) Ca+-release channels have been studied using rapid "-Ca2+ efflux
from SR vesicles and at the single-cannel level. Therapeutic concentrations of
digoxin (InM) incra sed rapid 45Ca2' efflux at 0.1#M extravesicular Ca2+ from 144
± 20 to 258 ± 24 nmoles 4Ca+/mg protein/sec. At an activating [Ca2e+ of 0. 1iM,
lnM digoxin increased single-channel Po from 0.012 ± 0.003 to 0.110 ± 0.029
when added to the cytosolic face of the channel; at 10#M Ca+, lnM digoxin
increasd Po from 0.048 ± 0.012 to 0.281 ± 0.065. Tbe increase in Po was
achieved mainly by increasing the frequency of channel opening. However, higher
concentrations of digoxin increased Po by increaing the duration of open events as
well, giving an Ec5O of approximately 0.9lnM for digoxin. Ouabain was less potent
than digoxin. At 10pM CaW lOnM ouabain ased Po from 0.040 ± 0.011 to
0.232 ± 0.061. There was no effect of cardiac glycosides on skeletal muscle Ca2+-
release channels. Prednisolone, p-estradiol, chlormadinone and spironolactone failed
to activate the cardiac SR Cai+-release channel or affect the digoxin-acdvation of the
channel. Similarly, digoxigenin and ouabgenin, and digitoxose and rhamnose, at up
to 100pM failed to increase single-channl Po. The geins also failed to affect the
digoxin or ousbain-induced increases in Po. In conclusion, both sugar moieties and
a genin or steroid nucleus are required for binding to the glycoside site on the cardiac
channel and the composition, and possibly the number, of the sugar residues are
determinants of activity. Suported by The Brish Hear Fowadon.


