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fAbstract;

~The surfadevpotential of purple membrane fragments, determined from

the d1str1but1on of the aqueous free and the membrane bound pos1t1ve]y
charged paramagnetic, amphiphilic probe 4- (dodecyl d1methy1 ammon1um)1—

\oxyl 2, 2,6,6- tetramethy] p1per1d1ne brom1de, var1ed almost 60 mV as a

function of ionic strength and 50 mV as a function of pH of the med1um

~Light induced changes in surface potential fo]]owed the changes observed

in the M4]2 intermediate of the photocyc]e of bacter1orhodops1n as a funct1on

of pH, temperature and response to ant1b1ot1cs Beauver1c1n and Valinomycin.

The number of 1nduced charges per M412 appear1ng at the surface of

purple membranes decreases from about 0. 75 to 0. 45 as - the surface ootent1a1
becomes more negative. The sto1ch1ometry would be tw1ce as 1arge

if the charge changes Were 1qca11zed exclusively on one side of the purple
membrane._ Laser f1ash.induced kinetics of fhe rise and decay of surface

charge changes were slightly slower than the kinetics of the rise and

decay of M,;, which is associated with the reversible deprotonation of .

the retinal Schiff base nitrogen in the chromophore. It is suggested
that'the Tight induced charge changes monitor a dissociable amino acid

residue which may be a step in the movement of protons across the purpTe

membrane.




INTRODUCTION:

Bacteriorhodopsin, the retinal containing protein in the purple

membrane of Ha1obacterium ha]obium.functions as an electrogenic light
activated proton pump (1).w Upon 111umination,‘the chromophore undergoes
a photocyc1e in which its retinal Sch1ff base nitrogen is reversibly
protonated (2). The detailed molecular mechan1sm of H trans]ocat1on 1s
not understood at present, but it may involve.the Schiff base alone or
other charge separation events, such as tyrosine deprotonation (3,4) or
charge displacement in tryptpphan.(E). These dissociation events cpuldh
_mpve along a sequence of amino acids, thus providing a pathway tor the
proton trans1ocation:across the purple membrane.

Purified purple membranes prodpce pH changes in‘their suspensfon
medium during steady state i]]Umination (6), which are strongly pH and
temperature dependent (7). This light induced proton release (8) and -
its sto1ch1ometr1c relation to the transient intermediates of the photoreac-
tion cycle (9,10) were found to vary with salt concentration. The
effect ot ionic strength on proton release ‘suggests the 1nvo1vement of =
surface poténtia] in the mechanism of thevproton phmp We have, therefore,
directly measured the surface potent1a1 of purp]e membranes and its . -
.effect on the 1ight induced charge»changes. Using continuous act1n1c-»
- light of moderate intensfty and sing1e.turndVer 1aser-f1ashes,,wevhave'> e
studied the kinetics and stoichiometry of changes.in surface charge that
arise on purple membranes. The relevance of these changes to the ]ightn
indpced tntermediates of the photoreaction'cyc]e'and to protOn pumping is: o

discussed, A preliminary report of these findings has been presented (11).

MATERIALS AND METHODS:

Purple membranes were prepared from H ha]ob1um by standard
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methods 2), and suspended in KCi contéining media-at different‘ionie V
{strengths'and pH values, at a concentration of 0.128 mM or 0.256 mM
bacteriorhodopSin, as indicated, assuming an extinction‘ooefficient of
270 = 63,000 m'em™! (13). The pH was adjusted with HCT or KOH and
ranged fromva'Z to pH 10. | | |

' Beauvericin (Lilly Laboratories) and Va]inomyoinv(Sigma Chemicai.Co.)
When used to slow down the photocycie (9), were each at a i:i molar
ratio with the protein. The pcsitively charged paramagnetic amphiphiie
‘4—(dodecyi dimethyl ammonium)-1-oxyl1-2, 6, 6 6- tetramethyi oiperidine |
oromide (CAT]Z)'which partitions between the membrane and aqueous phases,
was synthe51zed in our iaboratory by R J. Meh]horn and used as a probe
of surface potential (14,15, 16) at concentrations of 1-2 mM deDending
on protein concentration. Electron paramagnetic spectra Were_recorded
in a Varian E-109E spectrometer and the kinetics of the Tight induced
spin—probe partitioning chenges storeo'in é signal aVerager CAT 400, or
through a Biomation ]O]O transient recorder with a PDP 11/34 computer
Samples of 30-50 ul were held either in a 50 ui capiiiary, in a flat
capillary 0.4 mm thick or in a flat cell 0254 mm thick as indicated

For steady state illumination studies, a quartz 1odide 1amp was used .
through a Corning 3-67 cutoff filter (Tight intensity 40 5 mW/cm )

while a Phase- R dye 1aser with Rhodamine 575 (0.2 jouies/flash, 150 ns -
flash rise time) was used for the flash experiments. The photosteady
‘statevof M412 was measured in an Aminco DW 2 snectrophotometer. The
M410 concentration'was calculated assumingAEM2 = 23,000 M em™! (i3).
The photomu]tipiier was protected'by a Beard Atomic interference fiiter
(412 nm transmission maximum). The dye-laser was used for measurements
of the,kinetics of M4]2 in a fiash photolysis apparatus equipped with a

Biomation 1010 transient recorder interphased to the PDP 11/34 computer.‘



RESULTS: v
| In the presence of purple membranes, the spinprobe CAT‘]2 partitions
Abetween the membranous and.aqueous phases showing both mempraﬁe (broad)

and aqueous’(narfow) components to its EPR sfgna1 (Figure i). The ratio
~of size of thé EPR line heights cbrrequnding to the freé-and bound

populations of ‘the probe, designatedzés the partition (P), has_been
shown to monitor the surface potentiél of membranes (15,16)." A thange“
in surface poténtia1 will result’in a change in:the»partition of CAT12.

Changes in surface potential (Aws)were calculated from the Boltzman rela-

tion (see reférence 15)

JRT P -
S- ﬁ_ 1n_P_1_ R (I)
5 . .

‘A‘P

where P, and P, stand for the parfitioning of CAT,, at two different

. states; z,F, R, and T are respective]y the charge on_the spin—probe, the
Faraday'cohstant, the universal gas constant and the absolute temperature. -
One way to ca]tuTéte'the amount of bound CAT]2 ihvolyes measurement of |
@he decrease in the high field free EPR signa]_oh titrétion of pgrp]e
membrane info_an aqueous sé]ﬁtidn of CAT]Q-, Using this method, ?ainS'
of <7:1 bound spin probesAper bactéfidkh@dopsin wére caicu1ated '
under the experimental cOnditiOns.used in this work. The‘bértitfoh of

- CAT;, was a function of the ionic strength of the medium as expected .
from the Gduy—Chapmah theory. Accbrding to this theory, the surface
charge density o-’(in e1ectronic‘charges/52), the surface potential Ws
(in mV), and the jonic concentratioﬁ c (in moles/Tliter), ére related by
the following equation (see reference 17): _‘

<inh szS _ 136 g‘ i : (11)

/T Jo

Cate2e°c.




As seen from Figure 2, a theoretical curve ca]cu]ated accord1ng to'
Equation II (assuming o = 0.00174 negative charqes/A ) fits well with
the experimental data calculated from EquatiOn LAY, decrease of up
to 60 mV was obtained when the jonic strenqth was ra1sed from 2 mM - 300
mM (monova]ent) |

Under constant ionic strength, the partitioning of the probe respondedi
to variation in the pH of the medium (Figure 3).' Since the positive charge
of the tertiary amine in the spin probe is not affected by the'changevof oH
_ wﬁthin the range'nsed in.this experiment, it is likely that the‘changes in
surface potential were due to ionization of dissoctab]e groups in the
purpie membranes} Two groups of pKs around pH 3.5 and pH 10 are.seentin
the titration curre;'since this membrane contains no phosphatidyl ethanol-
amine or phoSphatidyJ_serine, the main contribution te the increase
in negatﬁve snrface charge-as theva is raisedbwas probably from carboxyl
groups and the freewamino and hydroxy1 groups.of the amfno‘acid residuesv'
7e in the protein. |

Light Induced AY At room temperature, ]1qht of moderate 1ntens1ty con-

. verts only a'very small fraction ofvbacterlorhqdqujn into its M4]2
gintermediate, making it difficu]t to measure light induced'phenemena
Hence it is convenient, when study1ng the corre]ation between the photocyc1e
and surface charge changes, to 1ncrease the steady state concentrat1on
M4]2, this may be done by using higher 1ight 1ntens1t1es or by s1ow1ng'
down the rate of its decay. Continuous'fl1umination at high Tight |
1ntens1t1es may damage the system We haQe used the'antibiotiCs Va]ihomytin
and Beauver1c1n at a l: 1 molar ratio with the protein, to slow down the
decay of M4]2. In the presence of the ant1b1ot1cs, two distinct phases

in the decay of the M4]2 were observed as in (18). The kinetics of the



A

| flash induced rise of the M4]2 (notvshown) did not .change. The mode of

‘action of these antibiotics in causing the changes in the kinetics is

not understood,‘however a pH t1trat1on of the surface potent1a] changes

in the dark (Figure 3) shows that the ant1b1ot1cs caused a decrease 1n o

~the overa]] negative surface charge without changing the apparent pK of

the d1ssoc1ab1e groups in the protein. Under these conditions, the
spectra] changes in the h1gh field aqueous EPR line of CAT]2 during cont1n—

uous illumination, are shown in Figure 1. A revers1b1e decrease in the

free aqueous population of'CAT]Z,during illumination could mean one of two

things: (a) the surface potential of the purple membrane becomes more

negative when Ht are released orv(b) the ourple membrane becomes more

hydrophobic during that process Control studies with the uncharged spin R

probe 2N9 (2,2-dimethyl- 5 5-methyl heptyl N- oxazo11d1ny10xy1) suggested

.that there was very Tlittle change'1n4the hydrophobicity of the purple . . ??ﬁ

membrane during illumination and that these changes were jonic strength
indeoendent'up to.ZM KC1. As a result of the slow down in M4]2 decay,

there was an increase 1n the steady state lTevel of M412 and a correspond1ng
increase in the 11ght—1nduced steady state change of the surface potent1a1
(Table 1). | -
STOICHIOMETRY: The iight—induced-change>in'surface potentialiis independenc

of pH between 5.5 and 8, deCreasing at ‘Tower pH's and increasing at higherh""
pH va1oes with pK values at about pH.4 and‘pH'Q (Figure 3). . The change in.
surface potential seems to be'indeoendent of ionic.strengch up to about 100»
mM (monova]encs) decreasing only at higher fonic strengths. It is glear
from Equation II that the same change‘in Yg at two different ionic screngths
(pH values) will correspond to a higher'change in surface charge density

at the higher ionic strength (Tower pH). The stoichiometric molar



ratios between Tight induced charge changesvahd M4]2.Werevcalcu1ated
for varioﬁs ionic strengths. As seen from Figure 2, the charge changes
per M4]2 decreaséd as the fonic strength of the medium was lowered. A |
similar response was observed (9) for the ratiO'betWeen 1ight induced
proton release and the My, Tevel.

For the calculation of surface chargé changes-usjng Equation II, two
assumptions were made: (1) that the surface charge distributions are
homogenedus on the two sides of the purple membrane, and (2) that thé spin
probe CAT]2 only monitorévwﬁat’happens.in the lipid phase, wherejit is
almost certainly Tocafed. The first assumbtion has not been tested; as
regards the second, we know fhat the Tlipid occupies ~37% (1) of the total

“area of the purple membrane and thaththe hyperfine,stittfng of the EPR
signal of the bound component of the probe is ~60 gauss at rodm temperature
(Figure 1); this suggests indeed that the probe may be in the constraiﬁed
Tipid,enVironment,of the purple membrane. o

The charge density changes under steady state.illuminatfon were re1ated
to the level of M412 photoihtermediate under simi]ar'Conditions. ‘Table TI
shows.the steady staté levels of M412 at pH.7.2 for different 1ﬁghf‘ﬁntensitie$
as well as the number of chargé changes per M4]2 obtéined when purp]é':

~membranes were suspended in 100 mM KC1 and 5 mM Tris buffer. About |
one negative charge per Myq, wassinduced by 1ight under these conditions. =~
| The cofre]atidn between the steady state 1ight'induced,surface potential |
change and the 1eve1‘of M4]2, its response to antibiotics and to pH, and | |

- the similarity in the stoichiometry of charges and protons per Mé]Z'
merited avmore-precise'eva]uatioﬁ of the kﬁnefic relation between charge

changes and the photointermediates.

KINETIC STUDIES: Since the generation of the AY. is much faster at room
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temperature than the limit of sensitivity of ‘our EPRvinstrumentation

. (0.2 ms), we studied the 1aser—f1a§h'indUCeq‘décay of M4]2 and the
cofresponding decay of the surface pbtentiaf change monitored with

CAT]Z. A typical decay curve for thévchange in.fhe'high field aqueous line

of CAT,, is shown in Figure 4. The decay could be resolved into

12
a fast and a slow component. The'MM2 decay was stgdied in a flash
photolysis apparatus in»the presehce of CAT1£; since it was impossib1é
~ to do these measurements af the same bacteriorhodopsin concentration as
‘those used in the EPR ekperiments; the concentration of CAT]2 was adjustedl
‘to. obtain the séme ratio of bound spin probe to.the_membrane fragments in
the two experiments. The addition c‘Jf‘CAT]2 d{d not change the kinetic
constants 6f the decay but increasedAby apbroximate]y 30%_the contribﬁtionf
of the fast phase (not shown) to the overall decay of M4]2. | :
A comparison.of the deﬁay of AY_ and M,,, over a wide range
of pH values (Figure 5) indicates that the two fo]]ow simi1ar patterns:
Héwever, the kinetics of both the fast and the $1owbcompdnents_of‘surface"
potentia} changes Wére slower than the kinetics of M4]2 decgy. This Caanf
be due to a limitation of the_response time of the spin-probe, éince changes
, {n the EPR signal can be generated with ha]f Tives aé small asu7!ms,
inditating that the responsé time'of the probe islat Teast i%’the ms range.

LOW TEMPERATURE STUDIES:. Although the antibiotics used in. these experiments

seemed to indirectly affect the light induced charge changes through

their effect on the kinetics of the bhotocyc]egrit was necessafy to

provide independent experimental proof that fheﬂsurface potentia1 changés are
not indu;ed only in theif presence. 'InstrhmentaT limitatidns required

that the reaction be slowed down. Since Tow témperafure détreasésvthe

rate of conversion of the intermediates in the cycle (1), it was expetted




that the kinetics of the light indﬁcedvsuffaéé chérgevthanges would also

be s]bwed down. Indeed, at -10° C;'and pH 7,2; in the presence of

25% ethylene g1yqol, the 1ight induced steaaybstaté AWS Was -1.69 mV
éompared‘to Z0.02 mV at room temperature. The flash induced decay of’AYé
(Figure 6B) showed biphasic'kinetfcs; The fast énd the slow components

haa T, = 200 ms and 750 ms respective]y. The T%_Of the deéay of M412 at
—]O° is 70 ms (19). Bécause of the relatively high noise contribution from
the instrumentation, the rise time for AWS cqﬁ]d not be aécurate]y_meésuréd.
Figure 6A Shqws a typical curve for the rise of a¥_ at -10° C, Linear
regression of the Tog of theserdafa gave a corké]ation coefficient of

- 0.769 for a T, =9.3ms. The T, for the rise of M., at -10° is approximately
1.5 ms (20). It seéms that both.tﬁe rise.and,thé decax»of thé AWS_1ag

~sTightly behind the kinetics of M,;,. -

DISCUSSION:
fhe pﬁkp]e meﬁbrane,fuﬁctions;as an electrogenic proton pump. :Since‘

the rate of uptake of H+ is different from the r‘ate.o'f»-H+ re]eése,»the'mem--
brahé is 1iké1y to be polarized. The data présented here indicate tHat the
¢hanges in surface charge of purple membranés er1ng1steady stafe ﬁ]]umihation-
can_bé described a§ the appearance (disappeafante) of apbrox%maté]y one
negative'(posifjve) charge 6n the surface of the protein per M4]2 photoihter—
mediate. Under.steady state'i11umination and ;onditions in which Equatfon
IT is valid (ie. ¢ > 0), we estimate that the number of negative charges

’per M412 appearinglét the surface of purp]e'membranes increases from ~0.45 af
B 2 mM KC1 to ~0.75 at 100 mM KC],_assuming fhat M412_TéveTS.are uncﬁahged
under these conditions (9). Previous studies (9).have shownvthat under

similar conditions, the number of protons released per M412 formed approaches

R ot DT ) Mede Tog-pa e



of

»_0.9 in the presence .of salts, and that this number is a factor of 2—3 times

) greater than that observed in the absence of salts.

The stoichiometry of proton to M4]2 has also'been measured under
different conditions by light induced volume changes (10). One to two

brotons per M412 were released depending on the jonic strength of the

- medium. Similar dependence of proton release on salt concentration of

the medﬁum (8) was interpreted to indicate a change in proton release
which is due to a surface- potential effect on the brotein. Using the
spin probe technique, it was possible to heasure~direct1y the changes in
the bound»and-free'probe and to evajuate the effect of surface potential
on charge changes; va1iéht eo1arize§7the Membrane, this.eOUTd mean that
the.stoichiemetric va]Ues giveh'are underestimated, as the charge'diétff—r
bution changes were assumed to take place homegeneousTy on both sides.
of the purple membrane. : | |

Purple membranes contain approximately 25% iipid‘by weight (7).
Monemers'ef bacteriorhodopsin heve been prepared from the burpTe membrane
which retain'proton pump‘aetﬁvity'(21). It would appear that the lipid in the
purple membrane has no direct effect on bacteriorhodopsin:ectivity. Heﬁce,
the high amount of CAT12 emp]oyed, <7/mole of bacterforhodoesih, is‘probably
not a serious,factor in evaluating surface'potentia1 CHanges as this amount

of spin probe does not modifyvthe kinetit constants of M412 rise and decay.

1In this context, it is interesting to note that the large change in

surface charge 1ntroddced.by_the probe hard]y affects the photocyc1e;'

In the presence of the antibiotics at room temperature, the rate of

decay of the My, is at least three orders of magnitude slower than its

formation (9). Under similar conditions; the unresolved rise time of

AWS js less than 7 ms, while the decay is at least tWo'orders of magnitude-




sTower. At ]ow temperatures (-10.O C), the rate of decay of the\M4]2’v_'-

is almoét two orders of.magnitdde slower than its formation (19,20);
A]fhough:we do not have a precise measurement (corre]ation.coefficiént
VO.76) bf the kinetics of the rise of light induced negative surface charge
changes, the data nggests‘that at 10Q tempefature the rise is approximately

two orders of magnitude faster than the decay. Under steady state

coéd%g{éﬁg;higé_;pih_ﬁfﬁBéhHeasufé%"tﬁé"overa11 charge change arising
from the amount of M,,, in the photostationary state. |

The.decay of the surface charge chanées c]o;e]y followed the decay of_:
the M(“2 intermediate depehdence Qn'pH, tempefatufg and reéponse to |
antibiotics. Biphasic decay kinetics were charaéteristic fdr both processes.
A bfphasic decay of M4]2.has!also been keported (22) onff]ash‘
induced changes under»difféfenf_experimenta1 conditions. However, both
‘the rise and the decay of the surface potential changes were‘s1ight1y s]owér_
than thé M4]23changes, fndicatﬁng that the dissociation of a proton ffom
.thé‘refiﬁal Schfff base preceeds thé appearance of'changesvon the $urface
of the membrane fragments.. Itvcén be argued that.the ﬁharge changes - |
were due to changesbfh pK of some amino acid'reSidue of the protein
which is not direcf1y related to the ppmp'activity. - However, meésurements
of flash induted prdt0n~absorbance changeslin pHrindicators in purpTe
membréne suépensions which were interprefed to measure proton re]easé,ﬁA,L,
were slower than the formation of M4]2 (23). Flash induced volume changé§ _
interpreted to measure proton changes in the medium'a1so'ShbWed that the
~release and uptake of protons fs slower than the formation and the decay
of the My, (24). - | | '

It js,suggested that the Chafge changes measured on the surface of

10




the purpje membrane may reflect dissociaféon é%"amino écid residues which
are on the path of transfer of Drotdns acro$§ the membrane. The observed |

pK at pH 3.5 indicates that carboxyl groups ére_invo]ved. Indeed, chemical
mbdification of carboxyl residueé With.carbodiim%des'inhibit thelbhotoreaction
cycle, increase M412 in the photostationary state and the {}ght in&hced.

surface potentia]lchanges measured with the CATiz-probe (25);_
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: Légends to Figures:

~Figure 1

EPR spectrum and Tight induced amplitude changes of the high field
aquéoUs CATi2 signal in a purple membrane sﬁspension. A 50.§1vsamp1e
contained 0.256 mM bacferiorhodopsin, 0.256 mM Valinomycin, 0.256 mM
Beauvericin, 100 mM KC1;'2 mM CAT]Z, pH 7.2 at room temperature. /Time
course of the Tight (inténsity 40.5,mW/cm2) induced changes in:h0 were

measured in a flat cell (0.254 mm light path).

Figure 2

| Purple membranebsurface potentia]vés a functioﬁ of the ionic strength
of the medium; Purple membranes (0.128 mM bacteriorhodopsin) in the
presence of 1 mM-CAT]Z, 0.128 mM Va1inomycin and 0.128 mM Beauveri;in,
pH 6.1, at foom.temperafure, were titrated_with KC1 t0 giVe the indicated
final cohcentratiohs. The line represents a theoretica1 cur?é calculated -
according to Equation iI, whi]ebthe points (e) were ca1cu1ated from .
Equation I. Ratio of light induced charge changesvto Ma]é_(o) were

meashred‘and ca]tulated as described under Table II.

Figure 3 .

The éffect of pH dn surface potential of purple membranes. Conditions
as in Figure 2, but in‘the presence of 100 mM KC1. Thevsurface potentia1
in the dark is shown fn the lower graph. The steady state light induced |
¢  changes in surface potential (AW#) are shown in the upper graph. Values
for the surface potential in the absence of Beauvericin and Valinomycin

are shown as (-o0-).
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Legends to Figures (cont):

Figure 4 | o |

Kinetics of the laser f]aéh‘ihduced decéy-of CAT{2 binding to
purple membranes. The inSet is a trace average of SO.flashes. Thé EPR
time constant was 8 ms. To analyze the kinetics, the.décay bf the.EPR '
signal-(-o0-) was plotted on a simi1dg plot. and ‘the "curve peeling"

=574 ms) from the fast

e

technique was used to distinguish'the slow (1
(-e-) (1, = 103 ms) first order kinetic components. Other conditions
L ‘ B i H1e o | |

as in Figure 1.

Figuré 5 .

The pH dependence of the half 1ife70f'the'decay of 1asér f1ash'
induced formation of M4]2'and of the changes in CAT]Z'partitioning to
purple membranes.v'The half 1ife of the decay of the f]ésh induced
paftftibﬁing chénges ﬂo'f_CAT]2 were thained as described in Figure 4,
The decgy of the flash induced M412 phototransﬁent was measﬁred using a
suspension of purple membranes (3.85 uM_bacteriqrhodopsin)‘in'é medium

’_containing 100 mM KC1, 3.85 uM Beauvéricin,.3.85buM Va]indmycin, 36.6 uM

’CATTZ’

Figure 6
Laser flash induced-bfnding and release of'CAT]2 to purple membraneé
~at -10° C. Conditions as in Figure 1, but with 25% ethylene g]yco].‘_A
flat capillary (0.4 mm light path) was used. (A) For measufement of fhe
‘rise ‘time of the partftion changes of CAT]Z, 600 flashes were averaged using
an EPR time constant of 0.2 ms. (B) For the decay time of partition changes

of CAT12, 100 flashes were averaged using an EPR time constant of 4 ms.

.15
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Table I
Effect of Beauvericin and Valinomycin on Light

~ Induced Steady State Changes in‘M412 and AY

- Additions o M412 i : Potentfa?
(uM) - AYg, (mV)
None 4.1 |  -0.046
'Beauvericin & ‘ 21,8 ‘ o -0.235

Valinomycin

Conditions as in Figure 1, calculations of CAT,,
 distribution as in Equation I and of Mgy, absor- =
bahée as in “Methods;” For the measurement of the
Mgq0> the same EPR flat cell waé.used in thevAmfn—
| co DW-2 spectfophotometer at 45° to the light |

source and at 45° to the measuring beam.

BN
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‘Table II

Stoichiometry of Steady State Charge Changes in

Purole Membranes to Amount-of TP the Photostationary State

Ligh? : M412 : ,M412 Potentia] Charqe ‘ Charqe
Intensity . P m— » BR M
(mi/cmé) o (uM) BR py_, (mv) a2

8.5 21.8  0.0856  -0.235 0.0643 . 0.753

32.0 . 183  0.0715  -0.205 S 00559 0.782

16.5 0.7 0.0417 -0.074 ~0.0270 -~ 0.647

Conditions aé.in Table I, calculation of charge distribution as in Equation

- II. BR - Light Adapted Bacteriorhodopsin}
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