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Summary

The addition of 9-aminoacridine monohydrochloride to carboxymethyi-
cellulose particles or azolectin liposomes suspended in a low cation medium
results in a quenching of its fluorescence. This quenching can be released on
the addition of cations. The effectiveness of cations is related only to their
valency in the series of salts tested, being monovalent < divalent < trivalent,
and is independent of the associated anions. These results indicate an electrical
rather than a chemical effect, and the relative effectiveness of the various
cations can be predicted by the application of classical electrical double layer
theory. Fluorescence quenching can also be released on protonation of the
fixed negatively charged ionisable groups, and the quenching release curve
follows the ionisation curve of these groups.

We postulate that when 9-aminoacridine molecules are in the electrical
diffuse layer adjacent to the charged surface their fluorescence is quenched,
probably due to aggregate formation. As cations are added the 9-aminoacridine
concentration at the surface falls as it is displaced into the bulk solution, where
it shows a high fluorescence yield with a fluorescence lifetime of 16.3 ns. The
fluorescence quenching is associated with an absorbance decrease, which is
pronounced with carboxymethyl-cellulose particles and can probably be attri-
buted to self-shielding.

The negative charges carried by lipoprotein membranes are primarily due to
carboxyl and phosphate groups. Therefore these results with carboxymethyl-
cellulose (carboxyl) and azolectin (phosphate) support our earlier suggestion that
9-aminoacridine may be used to probe the electrical double layer associated
with negatively charged biological membranes.

Introduction

Recent papers from Barber and colleagues [1,2] have stressed the impor-
tance to the electrical double layer at the chloroplast thylakoid surface in con-



310

trolling certain membrane-associated phenomena in chloroplasts. Further work
from the same laboratory has also shown that the protonated monovalent
9-aminoacridine cation can be used to probe this electrical double layer [3]. It
was found that 9-aminoacridine fluorescence was quenched when this mole-
cule was drawn close to the negatively charged membrane surface [4]. The
quenching was not associated with any wavelength changes in the absorption
or emission spectra and could be reversed in a predictable way by adding other
cations to the suspending medium. These results contrast with those for other
positively charged dyes which have been shown to interact with artificial poly-
anions [5—7] and liposomes [8,9] resulting in changes in the absorption and
fluorescence emission spectra. To explain these effects it has been suggested
that the quenching is due to the formation of non-fluorescent aggregates
[10]. Spectral shifts are evidence of hydrophobic or chemical interactions with
the surface in addition to electrostatic attraction (e.g. ref. 7). We have postu-
lated from our study of 9-aminoacridine association with the chloroplast
thylakoid membrane that this fluorescence probe shows a purely electrostatic
interaction with the surface and that it acts as a diffusible cation.

In this paper we extend our previous work [3] by investigating changes
of 9-aminoacridine fluorescence using model negatively charged surfaces
which, unlike chloroplast membranes, are free of interferring pigments. In
particular we have used carboxymethyl-cellulose particles and liposomes of
azolectin which possess carboxylate and phosphate groups, respectively, and
are therefore comparable with the negatively charged surfaces of biological
lipoprotein membranes.

Materials and Methods

Washed thylakoids were prepared from pea or spinach leaves as previously
described [3]. Carboxymethyl-cellulose (CM 11) was obtained from Whatman,
converted into the sodium form with 0.5 M NaOH and then washed thoroughly
with water until the pH of the suspension was 6.0—6.5. The particles were
50—250 um long and 20—30 um diameter fibres having a small ion capacity
of 0.7 mequiv./gm dry weight. As the carboxymethyl-cellulose tended to settle
rapidly the suspension was remixed prior to each fluorescence or absorbance
measurement. The carboxymethyl-cellulose equilibrated slowly after salt addi-
tions, particularly at low ionic levels, so that several minutes were needed to
reach a steady state. Azolectin was obtained from Associated Concentrates
Inc., and was dissolved in n-heptane. To this heptane solution water was added
to give a 1% (w/v) azolectin suspension, which was dispersed by sonication
for 30—45 s using a Dawe Soniprobe at power setting 5, while the tempera-
ture was kept below 15°C. The treatment gave rise to large multilamellar aggra-
gates estimated to have a range of sizes between 5 and 50 um. Cation additions
were made with salts of at least analytical grade purity and concentrations
were checked by estimation of the Cl~ concentration. LaCl; is not susceptible
to hydrolysis in the pH range of the experiments (pH 6.0—6.5) according to
Biedermann and Ciavatta [11].

A stock solution of 9-aminoacridine was added to a concentration of 25 uM
to a low cation medium, which contained only 0.4 M sucrose and sufficient



311

tris (hydroxymethyl) aminomethane (Tris) base to bring the pH to 6.0—6.5.
To this solution was then added thylakoids, carboxymethyl-cellulose or
azolectin. The sample of 3 ml was contained in a 10 X 10 mm quartz cuvette,
clear on all four sides, and 9-aminoacridine fluorescence was observed with a
Perkin-Elmer MPF3 fluorescence spectrophotometer on excitation at 398 nm
(2 nm bandwidth) with the emission monitored at 456 nm (bandwidth 2 nm)
at 90° to the excitation beam. In control experiments it was found that neither
carboxymethyl-celluose nor azolectin had detectable fluorescence without
addition of 9-aminoacridine, and that traces of heptane did not interfere with
9-aminoacridine fluorescence quenching by azolectin. Absorption spectra were
measured on an Aminco DW2 double beam spectrophotometer in the split
beam mode using a diffusion plate to reduce scattering artifacts. To observe
the pH dependence of the carboxymethyl-cellulose- or azolectin-induced fluo-
rescence quenching the pH was adjusted by additions of 0.1 M acetic acid and
subsequently 0.1 M HCI. In the case of azolectin 0.1 M Tris base was also added
to adjust the pH to alkaline values. The particle electrophoresis of azolectin
was performed at the Chester Beatty Institute of Cancer Research using a Zeiss
Cytopherometer Ph40 at a constant temperature of 20°C in 0.33 M sorbitol
containing 20 mM KCl and a minimal concentration of Tris/maleate buffer to
bring the pH to 6. The fluorescence lifetimes were measured at the Royal
Institution by time-correlated single photon counting [12] using excitation of
380 nm wavelength and monitoring the emission with a Philips 56 TUVP
phototube protected by a Balzer B-40 453 nm interference filter.

Results

Relative effectiveness of cations in releasing 9-aminoacridine fluorescence
quenching

Particle electrophoresis studies at pH 6.0 showed that the liposomes of
azolectin carried a net negative charge, as expected for a phospholipid mixture.
When either carboxymethyl-cellulose or azolectin was added to a solution of
9-aminoacridine fluorescence quenching occurred, and as found in a previous
study with thylakoid membranes, this quenching did not involve a change in
shape or a measurable wavelength shift of the emission spectrum.

In Fig.1 it is seen that the quenching of 9-aminoacridine fluorescence
induced by the addition of azolectin could be almost completely reversed by
the addition of CaCl,. Similar results were found for carboxymethyl-cellulose,
and also with other cations. However, if the zwitterion, glycine, was used there
was no reversal of the fluorescence quenching even with concentrations as high
as 100—150 mM. The relative ability of various salts to release 9-aminoacridine
fluorescence quenching is presented in Table I for carboxymethyl-cellulose
and azolectin and can be compared with previously published data for thyl-
akoids [3]. It can be seen that the monovalent cations of the alkali metal series
are equally effective, having C,,, values (the concentration producing 50%
change) of about 5 mM for carboxymethyl-cellulose and 15 mM for azolectin.
A value of about 15 mM was previously found for thylakoids [3]. Note that
bulky organic molecules which carry one net positive charge, such as lysine
and choline, also have C,,, values identical to alkali metal cations. In contrast,
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Fig. 1. The release of 9-aminoacridine fluorescence quenching by azolectin in a low cation medium on
addition of CaCl,. The fluorescence emission at 456 nm (2 nm bandwidth) is expressed on an arbitrary
linear scale.

the divalent cations of the alkaline earth metal series were much more effective
at reversing the fluorescence quenching. In this case the C,,, was in the region
of 0.12—0.14 mM for both carboxymethyl-cellulose and azolectin and identical
to that found for thylakoids [3]. Furthermore the effectiveness of the series
Mg?* to Ba®* is constant, and approximately equal to that of L-lysyl-L-lysine
2 HC1 which also carries a net charge of +2 at neutral pH. Table I also shows
the effect of several different magnesium salts and emphasises that the nature
of the anion is not important in the release of 9-aminoacridine fluorescence
quenching. The trivalent cation La’* is more effective than divalent cations by
a factor of seven for azolectin and three for carboxymethyl-cellulose which

TABLE I

RELATIVE EFFECTIVENESS OF SALTS IN RELEASING 9-AMINOACRIDINE FLUORESCENCE
QUENCHING BY CARBOXYMETHYL-CELLULOSE AND AZOLECTIN

The salt additions were made to the carboxymethyl-cellulose (CMC) particles or azolectin liposomes in
low cation medium containing 25 uM 9-aminoacridine (see Materials and Methods). The C1/2 values given
are the concentration of salt producing 50% release of fluorescence quenching, where the final fluores-
cence level reached at high salt concentration is taken as 100%,

Addition 01/2 (mM) Addition Cy /2 (mM)
CMC Azolectin CMC Azolectin

LiCl 4.8 15.0 MgCl, 0.14 0.13
NacCi 4.8 17.0 Mg(NO3)2 0.13 0.13
KCl 4.4 18.0 MgSO,4 0.13 0.14
RbCl 5.1 15.0 CaCly 0.13 0.13
CsCl 4.6 13.5 SrCly 0.12 0.13
Lysine - HC1 4.2 16.5 BaCly 0.14 0.12
Choline chloride 6.1 18.0 lysyl-lysine - 2HCI] 0.19 0.26

LaCl3 0.041 0.021
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Fig. 2. The relative effectiveness of salts in releasing 9-aminoacridine fluorescence quenching by carboxy-
methyl-cellulose (A—C) and azolectin (D—F) in low cation medium. The salts added were: A, LiCl; B,
CaCl;: C, LaCl3; D, RbCl; E, BaCl,; F, LaCl;.

in both cases is larger than the factor of two to be expected from an effect
mediated purely by ionic strength.

Fig. 2. presents some typical concentration curves of the release of 9-amino-
acridine fluorescence quenching for carboxymethyl-cellulose and azolectin
using mono-, di- and trivalent cations. For both charged surfaces, monovalent
cation additions led to a monotonic rise in fluorescence (Fig. 2, A and D).
Divalent cations gave a monotonic rise in the case of azolectin (Fig. 2E) as was
also seen for thylakoids [3], but with carboxymethyl-cellulose a pronounced
biphasic rise curve was observed with all the divalent cations tested (e.g. Ca’*,
Fig. 2B). With LaCl; the fluorescence quenching release curve was biphasic
for both carboxymethyl-cellulose and azolectin (Fig. 2, C and F).

PH dependence of 9-aminoacridine fluorescence quenching

Fig. 3 shows the dependence of the degree of 9-aminoacridine fluorescence
quenching by carboxymethyl-cellulose and azolectin on the pH of the low
cation suspension medium. A change in the degree of protonation of 9-amino-
acridine itself can be neglected in the pH range studied. In the case of carboxy-
methyl-cellulose (Fig. 3a) it is clear that the quenching is dependent upon the
fraction of ionised carboxyl groups and that complete suppression of ionisation
results in loss of quenching ability. 50% release is found at pH 4.7, and the
fluorescence level follows closely the theoretical titration curve for an ionisable
group of pK 4.7. A similar observation was noted for the pH dependence of
thylakoid-induced 9-aminoacridine fluorescence quenching [3]. For azolectin
the pH dependence is more complex (Fig. 3b), but in the pH range used for the
experiments presented in Fig. 2 and Table I (pH 5.5—6.5), the 9-aminoacridine
fluorescence quenching is independent of pH. The slight increase in quenching
at alkaline pH values could be due to the presence of traces of phosphatidic
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Fig. 3. The pH dependence of 9-aminoacridine fluorescence quenching in low cation medium by (a)
carboxymethyl-cellulose and (b) azolectin. The pH was adjusted with acetic acid and HC], and measured
with a glass electrode. The solid line in a is the theoretical titration curve for a group with pK 4.7.

acid in azolectin (a mixture of phospholipids from soya bean). The bulk of the
negative charges responsible for fluorescence quenching appear to have a pK
lower than 4, as expected for phosphate groups of phospholipids. Control
experiments showed that the release of 9-aminoacridine fluorescence quenching
induced by salt additions to either carboxymethyl-cellulose or azolectin was
not associated with a decrease in the pH of the suspending medium.

9-Aminoacridine absorbance changes

Together with the fluorescence quenching induced by the association of
9.aminoacridine with charged surfaces in a low cation medium, a decrease in
9-aminoacridine absorbance can also be observed, and this is particularly
pronounced in the case of carboxymethyl-cellulose (Fig. 4A). It is seen that the
absorption spectrum remains essentially unaltered in shape, although the
380 nm peak is depressed slightly relative to the other peaks. This absorbance
decrease can probably be attributed to the self-shielding effect described by
Duysens [13]. It is completely reversible on addition of salts.

In contrast, the 9-aminoacridine fluorescence quenching induced by azo-
lectin in low cation medium is not associated with a pronounced change in the
absorbance of the 9-aminoacridine. Fig. 4B shows that whereas fluorescence
can be quenched up to 80% the 9-aminoacridine absorbance is only reduced by
15—20%. Therefore the extent of the fluorescence and the absorbance changes
are not necessarily related, and at least in the case of azolectin, self-shielding is
not the cause of the lowered fluorescence yield when 9-aminoacridine is closely
associated with the charged surface. ‘

As mentioned in our previous paper [3], a 9-aminoacridine absorbance
decrease is also observed together with the fluorescence quenching induced by
thylakoid membranes. In Fig. 4B the decrease in absorbance with thylakoid
membranes is shown to be up to 50%, resembling the situation with carboxy-
methylcellulose rather than azolectin. It should be noted that experiments with
thylakoid membranes could not be carried out at the concentration giving
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Fig. 4. (A) The 9-aminoacridine absorbance decrease induced by the addition of carboxymethyl-cellulose
to a 9-aminoacridine solution in low cation medium. Curve a is for no addition, and curves b and c are for
increasing amounts of carboxymethyl-cellulose added. The spectra were taken on an Aminco DW2
spectrophotometer with a diffusing plate to reduce scattering although the upward shift in the baseline
at 450 nm indicates that some scattering artifact remains. (B) The relationship between the absorbance
decrease at 398 nm and the fluorescence quenching at 456 nm on the addition of increasing concentra-
tions of charged surface to a solution of 9-aminoacridine in low cation medium for (a) azolectin, (b)
carboxymethyl-cellulose and (c¢) thylakoid membranes. The absorbance was read against a reference
containing the added charged surface but without 9-aminoacridine. The fluorescence change on addition
of thylakoids was calculated from the percentage increase in- 9-aminoacridine fluorescence seen when
1 mM MgCl; was added at each thylakoid membrane concentration.

maximal 9-aminoacridine fluorescence quenching as the fluorescence detected
was reduced due to the absorption of excitation light and of the resulting
9-aminoacridine fluorescence by the photosynthetic pigments. With carboxy-
methyl-cellulose and azolectin however the concentration of charged surface
giving maximal 9-aminoacridine fluorescence quenching could be used.

9-Aminoacridine fluorescence lifetime

The fluorescence lifetime of 25 uM 9-aminoacridine was measured both in
free solution in low cation medium, and after the fluorescence was quenched
50% by the addition of azolectin. The fluorescence decay curve was indistin-
guishable in the two cases, being a single exponential with a lifetime of 16.3 ns,
with no shorter component being resolved in the decay of the quenched
sample, Similar experiments could not be performed using carboxymethyl-
cellulose or thylakoids owing to interference from settling during the experi-
ments. This result implies that the fluorescing species is the 9-aminoacridine
molecule free in solution, and that the 9-aminoacridine closely associated with
the charged surface is essentially non-fluorescent, as a dynamic quenching
mechanism would be expected to shorten the overall fluorescence lifetime.
The measured fluorescence lifetime is sufficiently long for all solvent relaxa-
tion processes to have occurred before emission.
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Discussion

All the data presented above support the concept suggested earlier [3] that
when 9-aminoacridine is drawn into the diffuse electrical layer adjacent to a
negatively charged surface, its fluorescence is quenched. This fluorescence
decrease could well be due to the elevated concentration of the dye at the
membrane surface since even in free solution 9-aminoacridine becomes essen-
tially non-fluorescent above about 0.5 mM [3]. Such a level is almost certainly
exceeded in the diffuse layer when the negative surface potential is high and
9-aminoacridine acts as a major counterion (see Table II).

The exact mechanism of quenching is uncertain and may not necessarily
be the same as the concentration quenching observed in free solution [3],
but since there are no associated significant spectral shifts, neither for emission
nor absorption, it is unlikely that any significant chemical interaction with the
surface takes place. This is also supported by the fact that 9-aminoacridine
can be readily displaced from the surface simply by increasing the cation level
of the suspending medium. Indeed the lack of specificity of cations in a partic-
ular valency group (Table I) is indicative of an electrostatic interaction. This
is supported by the differential effect seen between cations of different
valencies and emphasised by comparison of lysine (monovalent) and its dimer
lysyl-lysine (divalent). All these observations can be accounted for in terms of
classical electrical double layer theory as already emphasised in an earlier paper
in which chloroplast thylakoid membranes were used [3]. For example, the
differential effect of cations of different valencies can be predicted from the
Gouy-Chapman theory [14,15] applied to solutions of mixed electrolytes [3].
The appropriate equations are: For the addition of monovalent salt C* A~
having a bulk concentration Cy, mol/l,

. F Wo) o’
+ Cy 2( ——==0 1
4(Cq+ Cy) sinb?| o) — 25 (1)
where C3; mol/l is the bulk concentration of 9-aminoacridine together with
other monovalent cations initially present in the suspending medium, o is the
surface charge in uCoulombs/cm?, , is the surface potential in V and 4 =
(RTe/2m)""? (where € is the permittivity of water).

TABLE II

THE DEPENDENCE ON ¢ AND Cq OF THE CALCULATED 9-AMINOACRIDINE SURFACE CON-
CENTRATION

The values given are the concentrations of 9-aminoacridine (mol/l) at the charged surface (Cg ) in a low
cation medium, calculated using Eqns. 1—4 (see text), where o is the surface charge density in uClem?
and Cyq is the background bulk monovalent cation concentration in mol/l

Cdq Cr,
c=1.0 ag= 2.5
1-10-3 3.1-10-4 1.8-10-3

5-10-3 7.7+10"5 3.9 -10-4
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For the addition of a divalent salt C?*/A?” having a bulk concentration
¢y mol/l,

] Fwo) (F\bO) ( 02 )
2 + _ " . =
2Cb cosh (-———RT Cd cosh RT 2Cb + Cd + 2A2 0 (2)
For addition of trivalent salt C**/A3 ~ having a bulk concentration C;' mol/1.
e F‘p e Fw 122 02
4C}’ cosh® (RT") +(Cq— 3C} )cosh(—ﬁ—fo) — (Cd+ cy'+ ﬂi) =0 (3)

For a given value of ¢ and using the above equations, values of J, can be
obtained for various salt additions. Then by using the Boltzmann equation,

for any value of Y, the concentration of 9-aminoacridine (a2 monovalent
cation i.e. Z = +1) at the surface (Cr,) can be calculated, taking the bulk con-
centration of 9-aminoacridine (Cf,) as 10 uM. Similar equations were given in
ref. 3, but it should be noted that they contained some minor errors.

As Table I shows, the concentration of salt needed to give 50% release of
quenching with carboxymethyl-cellulose was about 5 mM for monovalent,
0.14 mM for divalent and 0.04 mM for trivalent cations. Using a computer
to solve Egns. 1—4 we have varied ¢ and C; to find which would predict
C,,, values close to those seen experimentally and give 9-aminoacridine surface
concentrations of about 0.5 mM or more (see Tables II and III), With o =
2.5 puC/cm? (the value also adopted for the thylakoid membranes) [3] and
C4 =5 mM then 50% reduction of 9-aminoacridine at the surface occurs with
5.6 mM for monovalents, 0.26 mM for divalents and 0.013 mM for trivalent
cations (Table III).

Although these calculations emphasise the differential effects of cations
of different valency, the experimental results cannot be matched completely
by theoretical values. This is to be expected since many assumptions have been
made in applying the classical Gouy-Chapman theory (see ref. 2). For sim-
plicity we have kept the bulk concentration of 9-aminoacridine constant at
107° M inEqn. 4, which cannot actually be the case if our concept is correct

Cr, = Cr, exp( (4)

TABLE II1

THE DEPENDENCE ON ¢ AND Cq OF THE CALCULATED RELATIVE EFFECTIVENESS OF
CATIONS IN RELEASING 9-AMINOACRIDINE FLUORESCENCE QUENCHING

The values shown are concentrations of added cations (mol/l) giving 50% release of quenching (0142
mol/l) calculated using Eqns. 1—4 (see text) for various values of the surface charge density o (uClem#)
and background bulk monovalent cation concentration Cq (mol/l).

o=1.0 o=2.5
Cq 1.0-1073 5.0 - 1073 1.0 - 1073 5.0-10-3
Monovalent (Cq 2) 1.1-10-3 9.0 - 10-3 1.0-10-3 5.6 - 10-3
Divalent (Cy /2) 6.5 - 10-5 1.4-10-3 1.0 - 10-5 2.6 - 104

Trivalent (Cy 2) 4.0 - 10-6 3.4-104 1.1 107 1.3-10-5
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that an increase in 9-aminoacridine fluorescence represents an increase in the
bulk concentration of the dye. Also ideally it would have been more correct
to calculate the dye concentration for the whole diffuse electrical layer
instead of just at the plane immediately adjacent to the charged surface. A
further source of uncertainty arising from the need to use large surface areas
relative to the volume of suspending medium is the value of Cy. Thus the need
to assume a relatively high background level of monovalent cations in our
computer analyses may be related to the release of monovalent cations from
the charged surface into the bulk on the addition of salts, which would tend
to increase its value above that originally present in the suspending medium.
Further, the exact bulk concentration of added cations will be uncertain when
a significant proportion of those added becomes closely associated with the
surface. Finally, our calculations are for reduction to 50% of the 9-amino-
acridine at the surface which does not necessarily relate directly with the fluo-
rescence changes. However, in spite of these assumptions and approximations
it is seen that the application of classical electrical double layer theory does
in fact predict a relative effectiveness of cations which is in good agreement
with observations.

The concentration curves for the reversal of 9-aminoacridine fluorescence
guenching shown in Fig. 2 tend to be biphasic in the case of divalent and
trivalent cations, as would be expected from Eqns. 1—4 (see Fig. 9 of ref. 3).
This should also apply for the addition of monovalent cations but in this case
the curves in Fig. 2 do not show an obvious biphasic nature. It is possible that
the initial part of the concentration curve is not being observed in these cases.

The finding that the pK of the carboxyl groups providing the negative charge
on carboxymethyl-cellulose could be evaluated from the pH dependence of
9-aminoacridine fluorescence quenching is important in relation to similar
experiments conducted previously with thylakoid membranes [3]. Thus our
interpretation that the pH dependence of 9-aminoacridine fluorescence
quenching by thylakoid membranes is due to surface protein carboxyl groups
[3] is reinforced and it is this ionisable group which gives rise to the net
negative charge carried by the chloroplast membrane.

As mentioned above the fluorescence quenching mechanism which emerges
from these studies with charged surfaces in low cation medium is one involving
some form of quenching associated with increased levels of the dye at the
membrane surface. This may involve the formation of non-fluorescent
aggregates, perhaps via vertical stacking of the ring systems of adjacent mole-
cules as seen in the crystal structure of 9-aminoacridine [16]. These aggregates
would be in equilibrium with monomeric 9-aminoacridine in the electrical
double layer and would readily undergo exchange with the 9-aminoacridine
in the suspending medium. The formation of non-fluorescent aggregates might
be expected to alter the absorption spectrum, however, a pronounced change
is not observed (Fig. 4A). In the case of azolectin-induced quenching, where
self-shielding is negligible, a slight shift by 1—2 nm of the entire absorption
spectrum between 350 and 450 nm can however be detected together with the
flattening of the 380 nm peak noted above (Fig. 4A). This suggests that the
non-fluorescent aggregates of 9-aminoacridine have an absorption spectrum
which is hardly distinguishable from that of monomeric 9-aminoacridine.
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As shown in Fig. 4 the increased levels of 9-aminoacridine in the electrical
diffuse layer can lead to self-shielding as seen by a decrease in the absorbance
on addition of carboxymethyl-cellulose or thylakoid membranes. However, this
absorbance decrease does not correlate with the fluorescence change implying
that self-shielding is not the reason for 9-aminoacridine fluorescence quenching.
The self-shielding is much lower with azolectin liposomes, and also in free solu-
tion 9-aminoacridine shows no absorbance changes in the concentration range
where virtually complete fluorescence quenching is observed [17]. The reason
for the difference could be a more complicated topography of thylakoid mem-
branes and carboxymethyl-cellulose particles compared to smooth phospho-
lipid spheres.

9-Aminoacridine has been used for estimating light-induced transmembrane
pH gradients across thylakoid membranes [18] and as an indicator of the high
energy state [19]. The above study does not attempt to give an explanation to
the quenching of 9-aminoacridine fluorescence observed on illuminating chloro-
plasts but simply to emphasise that the fluorescence yield of this dye can be
influenced by changes in the electrical properties of charged surfaces. Indeed
neutralisation of surface charges by protonation increases the fluorescence
yield of 9-aminoacridine (Fig. 3) in contrast to the quenching observed when
illuminated chloroplasts take up H' from a buffered suspending medium.
Qualitatively, the concept that the high-energy-state-induced quenching of
9-aminoacridine fluorescence reflects the accumulation of the protonated
dye within the intrathylakoid space [18] does not seem unreasonable. How-
ever, in any quantitative analysis it may also be necessary to take account of
fluorescence changes due to any light-induced changes in the surface charge
density on either side of the thylakoid membrane.
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