
Form Approved

AD-A 198 252 jDT Ge TION PAGE OMB o. 0704-018

AUTO LECTE Ib RESTRICTIVE MARKIN

2a SECURITY CLASSIFICATRN AUTHO U151988 3 DISTRIBUTION /AVAILL R P L

2b DECLASSIFICATION /DOWNGRADI DULE

NA \ff - aDistribution unlimited
4. PERFORMING ORGANIZATION REPORT NUMBER(S) S ir- S. MONITORING ORGANIZATION REPORT NUMBEP(S)

State University of'New York at Binghamton -- NA

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
(If applicable)

SIONY Binghamton Office of Naval Research
6c. ADDRE ;S (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code)

Department of Chemistiy 800 N. Quincy St.
SUNY Binghamton Arlington, VA 22217-5000

8a NAME OF FUNDING/SPONSORING Bb. OFFICE SYMBOL 9 PROCUREMEI"T INSTRUMENT IDFNTIFICATION NUMBER

ORGANIZATION (if applicable)
Office of Naval Research ONR N00014-87-K0301

8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT

800 N. Quincy Street ELEMENT NO NO NO ACCESSION NO
Arlington, VA 22217-5000 61153N RR04108 441K 0711

11 TITLE (Include Security Classification)

Photochemical Observation of Ion Flows in Membrane Channels

12 PFRSONAL AUTHOR(S)
Starzak, Michael E.

13a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT
Annual FROM 6/1/87 To 31 8 88.7.1 6

16 SUPPLEMENTARY NOTATION

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUBGROUP laser doppler scattering, absorption modulation

spectroscopy, lipid bilayers, ion channels,"i b 'l.. F,

19 ABSTRACT '
ITwo new experimental techniques focus on the kinetics and mechanism of ion
permeation through channels in bilayer membranes. Laser doppler
velocimetry, optimized for the study of ion flows in membrane channels,
generates the velocity distribution for these ions. This velocity
distribution provides detailed kinetic information on the mechanism of ion
permeation.
Modulation of the absorption and fluorescence spectra of Tl(I) ions in
membrane channels using a pulse sequence or sinusoidal transmembrane
potential permits the detection of small changes in intrachannel TI(I) as a
function of membrane potential. The technique is used to determine the
fraction of total current which is carried by TI(M) ion when the bathing
solution contains mixtures of K(I) and Tl(I) ions. These data are used to
elucidate the mechanisms of permeation and channel blockage by these ions.
L

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
P UNCLASSIFIED/UNLIMITED 0 SAME AS RPT El DTIC USERS ,U)

22a NAME OF RESPONSIBLE INt)VIJiAL 22b TELEPHONE (Include Area Code) 22c OFFICE SYMBOL
Dr. Igor Vodyanoy (202) 696-4655 OXIR

DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION Ot THIS PAGE

DISTRIBUTION STATIV ENTM A S/N 0102-LF-014-6603

Appror,d for public relo.mw;
-);

! f
-
!tnuto

-n Ur 'zmjted



RESEARCH OBJECTIVE

The observation of ion motions in membrane channels and its attendant
shot noise are electically limited by the capacitative charging time of the
membrane. Since such data are essential for a thorough understanding of
the ion permeation mechanism and kinetics, an alternative photophysical

technique is used to provide direct observations of the ion motions within
the channel. Laser doppler scattering, in which the laser light frequency
is doppler-shifted by the moving ions, constitutes a non-invasive technique
for observing ion motions in the channels. The average transit velocity
and the spread of observed velocities about this average translate to a
detailed molecular picture of the ion permeation process.

Since TI(I) ion has different absorption and fluorescence properties in

aqueous solution and gramicidin channels, differential techniques are used
to observe the total Tl(I) ion in gramicidin channels. These data, in
conjunction with the net channel current, permit determination of the s
fraction of the cuerent carried by T1(1) ion. These data can elucidate the
nature of the Tl(I) permeation mechanism.

BACKGROUND

Laser doppler velocimetry has been used as a non-invasive technique to
study gas and liquid motions. Such motions are often observed by seeding
the fluid with homogeneous particles which are large effective scatterers.
The technique has also been applied to biophysical applications including
blood flow and protoplasm streaming.

The laser doppler frequency shift for these large scattering centers is

generally obtained by splitting a laser beam into two equally displaced,
equal amplitude beams and refocusing them on the small volume containing
the moving particles. The intersecting beams form an interference pattern.
A scattering particle, moving laterally through this pattern, produces a
scattering intensity modulated by the velocity at which the particle
traverses the regions of high and low intensity in the scattering volume.
The system can ea3ily detect velocities from mm/sec to m/sec and generally
uses autocorrelation detection when the density of scattering particles is
small.

Observation of the motion of large ions like Tl(I) in gramicidin
channels requires novel new instrumentation. Although each Tl(I) ion
constitutes a small scattering center, a large number of such ions move
simultaneously through an ensemble of membrane channels in a membrane in
the laser interference volume. Because the laser wavelength is long
compared to the channel length, the resultant scattering simultaneously
records all velocities for ions within the channels and no ion
synchronization is required.

The instrumental system developed to detect the scattering from the

permeant ions was based on a modulation scheme used by Gudeman, Begeman,
Pfaff and Saykally, Phys. Rev. Letters 50,727 (1983)) to detect small
concentrations of specific ions in a plasma. These workers applied a
sinusoidal electric field to a plasma tube to modulate velocities only of
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charged species. The modulation of the absorption signal was then detected
using a lock-in amplifier. The charged species could be detected with
minimal background contribution from the neutral species.

Similar modulation techniques are also applied to detect small changes
in absorbance and fluorescence when Tl(I) ions traverse a gramicidin
channel. Since the ion population in the channel will change as the
transmembrane potential changes, the detection system can be synchronized
with a temporal applied potential to detect very small absorbance and
fluorescence changes.

FIRST YEAR PROGRESS

The frequency of scattered radiation from a moving object will be
doppler-shifted. This signal can be mixed with a reference beam or
scattering from a second angle to give a difference frequency proportional
to the particle velocity. This difference frequency is generated when the
two beams are mixed on the surface of a photomultiplier. Because the
scattering signal from all the moving ions will be small, the
instrumentation selected for detection uses lock-in detection tied to a
time dependent transmembrane potential. The sinusoidal transmembrane
potential produces both an amplitude modulation and a frequency modulation
of the difference frequency. Since the population of ions in the channel
can vary with the transmembrane potential ( an assumption which will be
verified with the absorbance modulation instrumentation), the amplitude of
difference frequency will follow the amplitude of the transmembrane
potential. The difference frequency is detected with a tuned amplifier
which can be scanned through a range of difference frequencies. This
difference frequency is amplitude demodulated to give a low frequency
signal proportional to the population of ions generating the difference
frequency. The amplitude of this signal iZ detccted with the lock-in
amplifier.

The change in velocity with changing transmembrane potential frequency
modulates the difference frequency at the transmembrane potential
frequency. This signal can also be demodulated for a range of difference
frequencies and now gives a signal proportional to the variation in
velocity at each of the transmembrane potentials. Although this frequency
modulation detection scheme should have greater noise immunity, detection
is complicated by the amplitude modulation background and the amplitude"'
modulation detection scheme is preferred. *lyCt

The shape of the observed distribution provides a direct measure of tht .-
variations of velocity within the channel. For example, a perfectly
homogeneous channel permits ions to flow at a single velocity for a given or
transmembrane potential. This will translate to a narrow velocity
distribution. o

During this study, two possible interpretations for the difference
frequency have become apparent. The predicted transit times for single
ions in a channel require a qhot noise frequency in the 20 Mhz range.
1.1locity ecAlulations based on this time and the length of the channel "
predict difference frequencies in the range of 0.5 Mhz. Both these .
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frequency domains can be detected with the tuned amplifier and are being
studied while more detailed models for scattering from an ensemble of
moving ions are developed.

Because of its general utility, a dual beam input system was selected.
The laser beam is separated into two beams which are displaced 25 mm from
the optical axis of the laser beam in the horizontal plane. The two beams
are then focused to the region containing the membrane channel. In the
simplest interpretation, the crossed beams form an interference pattern.
An ion moving through this pattern will modulate the scattering intensity
at a frequency proportional to the ion velocity through the interference
pattern. Although each individual ion represents a small scattering
center, the synchronous motion of a large number of such ions approximates
the motion of a large scattering center.

A monoolein membrane, oriented 450 to the optic axis, separates two
equal volume bathing solutions. Quartz plates permit the entrance the
reference beams and the exit of the scattering beam.

A second "modulation" technique permits differentiation of K(I) and
Tl(I) ions in gramicidin channels when these ions flow under an applied
potential difference. The resultant electrical current gives the total ion
flux but not the portion of that flux carried by each ion. These specific
ion fluxes require photophysical observation of Tl(I) in the channels. The
aqueous Tl(I) ion absorbs ultraviolet radiation from 200 - 250 nm.
However, the absorption is shifted approximately 20 nm to the red in lss
polar solvents. Absorption spectra of methanol solutions containing 10- M
concentrations of Tl(I) and gramicidin show a significant increase in
absorption at 270 nm compared to methanol solutions of either gramicidin or
Tl(I). A similar increase in absorption is observed for a shoulder at 200
nm. However, since the 270 nm matches a high intensity emission peak of a
xenon-mercury arc lamp, this wavelength region is selected.

The absorption at 270 nm is modulated by applying a time-dependent
potential difference across the membrane. Although the change in
absorption as TII) ions enter the channels could be detected using a lock-
in amplifier locked to a sinusoidal transmembrane potential, a two pulse
system was selected because of an available signal averager. The bathing
solutions contain 1 M KAc and 1 M mixtures of KAc and TlAc respectively. A
two pulse sequence is used to (1)move K(I) ions into the channels (2)allow
Tl(I) ion from the mixture to enter the channels. A change in absorption
during the first pulse indicates the displacement of Tl(I) ions from the
channels. The absorption change for the second pulse is proportional to
the number of Tl(I) ions in the channels for a given transmembrane
potontial.

The modulation technique is being used with bathing mixtures of Tl(I)
and K(I) to clarify several anomalous experimental observations. For
example, although Tl(I) is an excellent permeant ion at high mole fraction,
it tends to block channel eurrnt.9 qt low mole fractions (Neher, biophys.
Biochem. Acta 401,540 (1975)). The experimental determination of fractions
of current carried by each ion should clarify the mechanism which produces
these effects. In addition, the actual permeation mechanism for Tl(I) may
differ from that for the alkali cations (Andersen and Procopio, Acta

P Ar II, III
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Physiol. Scand. Suppl. 481,27 (1980)). Because of the strong change in
absorption, the system was redesigned from a fluorescence system to an
absorption system for this summer.

FUTURE PROSPECTS

The major thrust of this project is the development of instrumentation
which will permit observation of ion fluxes and ion populations in
channels. The photophysical methods required by this proposal are new and
may involve some modification for optimal results. The laser doppler
technique has not been used to study the coherent motion of a large number
of smaller scattering centers. The membrane channels, however, constitute
the best system for such a study. The channels restrict the "slower"
observable ion motions to the membrane region so these motions can be
selectively observed in isolation from other ion motions. This isolation
is further enhanced by the special amplitude and frequency modulation
techniques. The doppler-shifted frequency becomes the "carrier" frequency
but it is modulated at a lower frequency to permit detection with lock-in
amplification.

In addition to the crossed beam technique, we are considering several
reference beam techniques in a search for the optimal scattering signal.
The alternate techniques utilize the fact that the membrane molecules act
as a stationary scattering reference which can then be mixed with the
scattering from the ions moving relative to this membrane. These alternate
configurations will be explored fully.

Since membrane electrostriction may contribute to the observed Doppler
scattering, bilayer membranes without gramicidin will be studied. Such
stulies will also establish if the Tl(I) can perincate the membrane as TlCl.
Cl- ion is present at low concentration for the Ag-AgCI electrodes.

The system will also be tested by observing the motion of small numbers
of larger molecules in the membrane. Scattering by the tetraphenylborate
anion will be probed using only the lock-in amplifier for this slower
diffusion process. The system provides a model system to check the optical
arrangement of the system.

The laser doppler experiments will give a distribution of velocities for
ions within the channels. These data must be associated with a theoretical
map of ion motions within the channel. Does the ion slow significantly at a
"binding site" within the channel? Is a model which postulates two such
binding sites near the membrane interfaces a valid description of the ion
permeation process? Such questions require a detailed study of ion
distributions within the channel. A paper which establishes such
distributions in multisite channels will be submitted shortly. Future work
will involve models which provide a direct correlation between theoretical
models of ion permeation and the experimentally observed velocity
distributicn.

The modulated absorption system provides a novel technique for
determination of fractions of ions which carry currents in the gramicidin
channel. The experiments will establish the mechanism which permits low
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concentrations of Tl(l) to limit transmembrane current while permitting
high concentrations of Tl(I) to function as a non-saturable permeant
species. While the detection system has been modified for absorption
measurements, similar experiments can be performed using the Tl(I)
fluorescence. In such cases, the TI(I) emission varies due to changing P
absorption as the transmembrane potential is changed. Since the total
light reaching the photomultiplier is much smaller in this case, the
technique may prove more sensitive.

The experiments will be extended to mixtures of TI(1) and other alkali
ions to establish a more complete picture of the permeation mechanism. In
all cases, the focus will rest on a study of ions in the channels, not the
channels themselves.
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