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Abstract. Influence of membrane physical state on thelipids and carbohydrates. Inthe past years, interest in the
proton permeability of isolated lysosomes was assesseatiechanism of lysosomal acidification has heightened
by measuring the membrane potential with ‘3,3 with the realization that the acidic interior of lysosomes
dipropylthiadicarbocyanine iodide and monitoring their is favorable for the activities of their various acidic hy-
proton leakage witlp-nitrophenol. Changes in the mem- drolases, that these acidic hydrolases are responsible for
brane order were examined by the steady-state fluoreshe digestions of the macromolecules therein [36, 41],
cence anisotropy of 1,6-diphenyl-1,3,5-hexatriene. Botrand that the pH gradient of lysosomes plays an important
the membrane potential and proton leakage increasele in some carrier-mediated transports across their
with fluidizing the lysosomal membranes by benzyl al- membranes [40]. By now, it is widely accepted that the
cohol and decreased with rigidifying the membranes bymaintenance of intralysosomal pH in vivo may be due to
cholesteryl hemisuccinate. The proton permeability in-the dynamic equilibrium between the influx of protons
creased to the maximum of 42% by the benzyl alcoholby H*-ATPase, their efflux in exchange for the mono-
treatment and decreased to the minimum of 38.1% by thealent cations in the cytoplasm and a Donnan equilib-
cholesteryl hemisuccinate treatment. Treating the lysorium resulting from the intralysosomal impermeable
somes with protonophore CCCP increased the protomegative charges contributed by acidic glycoproteins
permeability by 58%. The effects of the membrane flu-(perhaps also by acidic phospholipids and sialic acids)
idization and rigidification can be reversed by rigidifying which must be balanced by an equal number of positive
the fluidized membranes and fluidizing the rigidified counterions including protons [34, 36]. Whether the ly-
membranes, respectively. The results indicate that theosomes can be appropriately acidified and the acidic
proton permeability of lysosomes increased and deintralysosomal pH can be maintained is of the utmost
creased with increasing and decreasing their membranenportance for the pathophysiological properties of the
fluidity, respectively. Moreover, the lysosomal proton organelle. Since the lysosomes in vivo are surrounded
permeability did not alter further if the changes, either anby a high concentration of cytoplasmic K140 mv) [1],
increase or a decrease, in the fluidity exceeded somthe oppositely directed transmembrane concentration
amount. The results suggest that the proton permeabilitgradients of H and K" can drive an exchange of lyso-
of lysosomes can be modulated finitely by the alterationssomal H for the external K, therefore resulting in an
in their membrane physical state. elevation of the intralysosomal pH. Moreover, thé/H
K™ exchange may osmotically destabilize the lysosomes
Key words: Lysosomes — Membrane fluidity — Proton by the entry of K [5, 41, 57, 59]. In addition to the
permeability — Membrane potential — Proton leakage effects on the acidification and osmotic stability of lyso-
somes, the outward diffusion of lysosomal protons,
which must be accompanied by charge-compensating
migrations of either cations or anions, may play a role in

- . . . the lysosomal ion homeostasis. Although the proton per-
Lysosomes participate in the physiological turnover of neapility of lysosomes affects their various activities,

cellular macromolecules such as nucleic acids, proteins;ie is known about the membrane natures relating to

such a property. The lysosomal membrane is relatively
- impermeable to Hin normal case compared with its
Correspondence tdG.-J. Zhang permeability to some monovalent cations such as K
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and N4& [5, 41] but exhibits an increased permeability PREPARATION OF LYSOSOMES
toward H" after the lysosomes are photodamaged [57] or
treated by the antineoplastic drug lonidamine [9] AMaIe wistar rats starved for 24 h were killed by decapitation. Rat liver

. . . lysosomes were prepared by the method of Ohkuma et al. [37]. All
number of Investigators described some general featLII’epﬁocedures were carried out at 0-4°C. Lysosomes were resuspended in

of the lySOS(_)maI prOton_ _permeablllty with respect to_ theO.ZSM sucrose medium at a final protein concentration of 12.5 mg/ml.
order of their permeability to some monovalent cationsprotein was determined according to Lowry et al. [26].
such as H, Cs’, Rb", K*, Na" and Li" [5, 17]. By now,
it is not clear what factor and/or component of lysosomal
membranes modulate their permeability té &hd how
the photodamage and lonidamine treatm_ent Increase thg/sosomal membrane fluidity was modulated by the treatments with
efflux Qf |y3050mall protons. Further studies are needeghembrane fluidizer BA and rigidifier CHS [3, 15, 58]. CHS stock
to elucidate these issues. solution was prepared by the method of Wilbrandt et al. [58]. For
There is considerable evidence that a series of menfhidizing the membranes, isolated lysosomes were incubated in the

brane activities are influenced by the physical state of thé@resence of 20 m BA at 37°C for indicated time. To decrease the
membranes [47]. On the other hand, the membrane lipid"/dity of BA-treated lysosomal membranes, the above incubation was
fluidity can be modulated b ide ranae of phvsioloai continued for indicated time upon addition of 0.02% rfiinal concen-

uidi y_ an ula y awide rang physiologi- tration) CHS to the suspension. Rigidification of the membranes was
cal variables [23 10, 19, 20, 22, 33, 38, 39, 46] As dem-ccomplished by incubating the isolated lysosomes in the presence of
onstrated previously, the proton permeability of SOme0.025 mu CHS at 37°C for indicated time. To increase the fluidity of
membranes is affected by the changes in their fluidity [3,CHS-treated lysosomal membranes, the above incubation was contin-
42, 43]. Since proton permeability is an important prop-ued for indicated time upon addition of 20wn(final concentration) BA
erty for the Iysosomes and the quidity of their mem- t© the incubation medium. Control samples were prepared by incubat-
branes is liable to change under some physiological an' g the isolated lysosomes in the absence of BA or CHS, but BA or

. L . HS was added to the samples at a final concentration same as that of
path0|09lcal conditions [21' 35, 48, 59]’ It may have the BA or CHS treated sample just before DPH labeling or the mea-

pathophysiological significance to clarify if lysosomal syrements of membrane potential and proton leakage.
membrane fluidity affects their proton permeability. In a
number of studies, the effects of the bilayer lipid fluidity
on the membrane activities and properties were studie
after the membranes were treated with fluidity-

mOdUIatmg a}gent's such as benZyl alcohol (BA) and ChoTZ)PH labeling solution (4um) was prepared by diluting the tetrahydro-
lesteryl hemisuccinate (CHS). Benzyl alcohol has beenyran-dissolved DPH stocking solution (2wwith 0.1m PBS buffer
used as a membrane fluidizer [3, 15]. The agent is gpH 7.4) containing 0.11 sucrose and stirring vigorously. For labeling,
neutral compound, and this precludes any selective inlysosomal samples were incubated in the labeling solution (0.313 mg
teraction with charged lipid species and as such is @rotein/ml) at 37°C for 90 min. Fluorescence was measured on a Hi-
suitable tool to study the relationship between bilayertacet‘égmg‘g;scence Spec_”of’hoéome;er with zxcn"’“io” and emission
fluidity and membrane-associated functions [15]. Mem-2t3°0 " nm, respectively. Steady-state fluorescence anisotropy
brane rigidification can be achieved by incorporation of(r) was calculated according to the equation [13]:

hydrophilic cholesterol ester CHS [58]. In the presentr = (I,,, - Gly)/(I\y + 2Glyy) (1)
work, we modulated the lysosomal membrane fluidity

using these agents and measured the membrane |ipy61§re!w andl\‘,H are the fluorescenc_g intensities measgred wit_h t‘he
order which reflects the membrane fluidity by the widely excitation polarizer in the vertical position and the analyzing emission

. larizer mounted vertically and horizontally, respectively/.= |,/
used method of fluorescence anisotropy measureme'ﬁfH is the correction factor. Correction for light scattering was carried

[13, 50]. The results _ShOW that the proton permef_ib”it)’out as described by Litman [25, 49] and Lentz [24]. As pointed by
of lysosomes can be increased and decreased by increasitterswijk [51] and some investigators [13, 50], high degrees of fluo-

ing and decreasing their membrane fluidity, respectivelyrescence anisotropy indicate higher degrees of membrane order or
The mechanism for such effects is discussed. lower degrees of membrane fluidity, and vice-versa.

MODULATION OF LYSOSOMAL MEMBRANE FLUIDITY

§TEADY-STATE FLUORESCENCEANISOTROPY
MEASUREMENT

Materials and Methods MEASUREMENT OFLYSOSOMAL MEMBRANE POTENTIAL
The recording of the membrane diffusion potential provides a means of
probing the proton permeability of some membranes [31, 32]. The
CHEMICALS proton permeability of lysosomes can be assessed by measuring the
membrane potential using carbocyanine dye DiSTas a probe [16,
DiSC,(5) was purchased from Molecular Probes (Eugene, OR); CCCP56]. The assay medium contained 0i25ucrose, 0.5.m DiSC4(5),
Valinomycin, DPH, CHS and Hepes were from Sigma (St. Louis, MO). buffered at pH 7.0 with 0.021 Hepes/Tris. A 2.5-5ul lysosomal
The other chemicals used were of analytical grade from local sourcessample was used for the assay. The fluorescence measurements were
All aqueous solutions were prepared with deionized, glass-distilledcarried out at 25°C with excitation and emission wavelength of 622 and
water. 670 nm, respectively, on a Hitachi 850 fluorescence spectrophotometer.
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Table. Effects of BA and CHS treatments on the fluorescence anisot-somes were treated by CHS and BA, respectively. Treat-
ropy of DPH-labeled lysosomes ing the lysosomes with CHS for 20, 40 and 60 min in-
creased the anisotropg) (/alue by 4.46, 7.01 and 9.55%,

Treatment of lysosomes Anisotrops) ( P .

respectively. In contrast, treatment of the lysosomes
ControP 0.157 + 0.001 _ with BA for 7.5, 15 and 30 min decreased the anisotropy
0.025 mu CHS 20 miri2 0.164 + 0.001 <0.001 (r) value by 4.4, 9.43 and 12.58%, respectively. It indi-
0.025 ma CHS 40 mif® ® 0.168 £ 0.001 <0.001 cates that the membrane order increased (or the mem-
0.025 mu CHS 60 mirt* 0.172+0.004 <0.001  prane fluidity decreased) and decreased (or the mem-

0.025 mu CHS 40 min, brane fluidity increased) by the treatments with CHS and

then 20 nw BA 15 mirf® 0.1600.001 <0.001 BA, respectively. To decrease the fluidity of BA-treated
Controf 0.159 + 0.001 _ lysosomal membranes, CHS was added to the incubation
20 mv BA 7.5 mirf® 0.152 + 0.001 <0.001 medium when the lysosomes were treated by BA for 15
20 mu BA 15 min®® ¢ 0.144 +0.002 <0.001 min. After an additional 15 min incubation in the pres-
20 mv BA 30 min®® 0.139 +£0.002 <0.001 ence of CHS, fluorescence anisotropy 6f the BA-

20 mv BA 15 min, _ treated lysosomes increased, showing that the BA-
then 0.025 m CHS 15 mirf¢ 0.154 +0.001 <0.001

induced membrane fluidization was partly reversed by
Lysosomal membranes were rigidified by the treatments with 0.025 m the SUbseque.m t.“?atme”t with CHS. As demonstrated by
CHS at 37°C for the indicated time. To increase the fluidity of the the results, rigidification of the CHS-treatgd lysosomal
CHS-treated membranes (treatment for 40 min), the sample was treatdfi€mbranes (treatment of the lysosomes with CHS for 40
subsequently with 20 m BA for 15 min. For fluidizing the mem- ~ min) was partially reversed by the subsequent treatment
branes, the lysosomes were incubated in the presence ok2BArat with BA.

37°C for the indicated time. To decrease the fluidity of the BA-treated

membranes (treatment for 15 min), the sample was treated subse-

was assessed by measuring DPH fluorescence anisotrppAdl(pro- MEMBRANE POTENTIAL

cedures were as described in Materials and Methods. Values are means
+ sp, n = 6. Statistical analysis was performed using Studentest.
P < 0.001 compared to control values. Lysosomal proton permeability can be assessed by mea-
Note: a, b, candd are the controlsaa, bb, ccanddd, respectively. suring their membrane potential using carbocyanine dye
DiSC4(5) as a probe [16]. This positively charged dye
MEASUREMENT OF L YSOSOMAL PROTON LEAKAGE accumulates within the lysosome which is electrically
o ) ) ) negative inside with respect to the outside, leading to
Lysosomal proton leakage can acidify their suspending medium. Th;%uenching of the dye fluorescence. An increase in the
acidification of assay medium by the proton leakage was measured . S
previously described [57]. Briefly, a lysosomal sample was added to a uore_scerpe quenChmg of the dye, mphcatlng a more
2 ml assay medium (contained 0.25 sucrose and 0.1 mp-  Negative interior of the lysosomes, will be observed
nitrophenol) at 0.625 mg protein/ml, followed by the addition of 200 ~ When the lysosomal proton permeability is increased.
0.75 M K,SO,. The absorbance (400 nm) of the pH sensitive dye Changes in the proton permeability of lysosomes by
p-nitrophenol was measured immediately after addinguld mm  modulating their membrane fluidity were assessed using
valinomycin _to th_e medium. All measurements were carried out atthis method. As shown in Figﬁlthe time order of BA
25°C on a Hitachi U-3200 spectrophotometer. treatment in decreasing the dye fluorescence of lysosom-
al samples is 15 min (line 3) > 7.5 min (ling 2 0 min
ABBREVIATIONS (line 1, control sample). Treating the lysosomes with
BA for 7.5 and 15 min increased the fluorescence
The abbreviations used are: Dig6), 3,3-dipropylthiadicarbocya- quenching by 4.07 and 7.55% (the differenceAd¥/F
nine iodide; CCCP, carbonyl cyanide m-chlorophenylhydrazone; DPH,between BA-treated Samp|e and control Sample), respec-
1,6-diphenyl-1,3,5 hexatriene; BA, benzyl alcohol; CHS, cholesteryltjyely The dye fluorescence did not decrease further
hemisuccinate. with increasing the BA-treatment time from 15 to 30 min
(data not showjy while the lysosomal membranes were
Results further fluidized by continuing the BA treatment from 15
to 30 min (Table). The results suggest that the proton
permeability of lysosomes increased with increases in a
MODULATION OF LYSOSOMAL MEMBRANE FLUIDITY limited range of their membrane fluidity. The effect of
the BA treatment on lysosomal proton permeability was
Lysosomal membrane fluidity was modulated by thefurther established by using protonophores in the fluo-
treatments with membrane fluidizer BA and rigidifier rescence measurements. Since the protonophores such
CHS. As shown in the Table, the degree of fluorescenceas CCCP and FCCP can make the lysosomal membrane
anisotropy £) increased and decreased after the lysopermeable to protons and produce an equilibrium mem-




56 G.-J. Zhang et al.: Lysosomal Membrane Fluidity and Proton Permeability

Fig. 1. Effects of BA treatment on lyso-
somal membrane potential. Procedures
of the measurements of lysosomal mem-
brane potential and treatments of lyso-
somes with BA were as described in Ma-
terials and Methods. Assay medium con-
tained 0.25v sucrose, 0.um DiSC4(5),
buffered at pH 7.0 with 0.021 Hepes/
Tris. Lysosomal sample (designated as
‘L") and CCCP (2u.m) were added to the
measuring medium at indicated time.
Fluorescence of DiS{5) was measured
at 25°C with excitation and emission
wavelength of 622 and 670 nm, respec-
tively. The fluorescence intensity is ex-

1 pressed as a percentage of its intensity
2 just before addition of the lysosomes
3 (AF/F). Treatments of lysosomes with 20
mm BA for: (A), (1) O min (control), (2)
7.5 min, (3) 15 min; B), (a) O min (con-
trol), (b) 15 min. A typical result out of
A (a) B (b) thrge(elperiments iSyZhOWI’l.
brane potential for the protons, an additional decrease in L
the fluorescence of DiS{5) can be produced by these i 2 min
agents during the measurement of lysosomal membrane W AF
potential. The total fluorescence quenching of the dye, I“F—”“%

i.e., the sum of the fluorescence quenching before adding
protonophores and the quenching after adding protono-
phores, indicates the proton permeability of the mem-
brane that is permeable to"Hy the treatment with pro-

tonophores or the equilibrium membrane potential for 1
the protons [16]. As shown in Fig.Bl the degree of

fluorescence decrease of the BA-treated lysosomal 2
sample (lineb) is larger than that of the control sample

(line a) in the absence of CCCP, but the magnitude of 3

CCCP-induced additional fluorescence quenching of the
former is smaller than that of the latter. Although the Fig- 2- R?"etf_SilO”AOf the eﬁth of BAttr'eatchr;;;n 'Ysosog‘a‘ mem-

H ane potential. Assay medium containe ucrose, U.ouMm
extents of fluorescence quenching of these two sampleE’iSQ(g)’ buffered atypH 7.0 with 0.0 Hepes/Tris. Lyso?gmal
are d'fferem either pefore or after addmg CCCP, the, to,ta ample (designated as ‘L’) was added to the measuring medium at
magn'tUdeS of their fluorescence decrease are SIm”afndicated time. Fluorescence of Dig(6) was measured and expressed
The results indicate that the BA treatment did not alteras described for Fig. 1. Treatments of lysosomes with: (1) 20BA
the CCCP-produced lysosomal permeability to protongor 15 min, then 0.025 m CHS for 15 min, (2) 20 m BA for 0 min
but increased the intrinsic proton permeability of the or-(control), (3) 20 nw BA for 15 min. Procedures of the treatments of
ganelle and made it approach that induced by CCCpllysosomes_with BA and CHS were as dgscribeq in Materials and Meth-
Based on the results shown in the Table, the effect of BAods. A typical result out of three experiments is shown.
treatment on the proton permeability of lysosomes is
presumably due to the fluidization of their membranes.permeability of BA-treated lysosomes was reduced by
To examine whether this conclusion is correct, the flu-the CHS treatment. The results support the conclusion
idity of the BA-treated lysosomes was decreased by thehat fluidizing the lysosomal membranes increased their
subsequent CHS treatment described in the Tableproton permeability.

Whether the increase in the proton permeability of the  The effects of membrane rigidification on the lyso-
BA-treated lysosomes could be abolished by the CHSomal proton permeability was examined by comparing
treatment was also examined. As shown in Fig. 2, thehe proton permeability of CHS-treated lysosomes with
magnitude of the dye fluorescence quenching of BA-that of control lysosomes. As shown in Figh,3he time
treated lysosomal sample (line 3), which is larger thanorder of CHS treatment in decreasing the magnitudes of
that of control sample (line 2), is reduced by the subsethe dye fluorescence quenching of lysosomal samples is
guent CHS treatment (line 1). It indicates that the protord0 min (line 1) > 20 min (line 2> 0 min (line 3, control
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Fig. 3. Effects of CHS treatment on lysosomal
membrane potential. Procedures of the measure-
ments of lysosomal membrane potential and treat-
ments of lysosomes with CHS were as described in
Materials and Methods. Assay medium contained
0.25m sucrose, 0.fum DISC4(5), buffered at pH 7.0
with 0.02m Hepes/Tris. Lysosomal sample (desig-
nated as ‘L") and CCCP (am) were added to the
measuring medium at indicated time. Fluorescence
of DiISC4(5) was measured and expressed as de-
scribed for Fig. 1. Treatments of lysosomes with
0.025 mv CHS for: (A), (1) 40 min, (2) 20 min, (3)

0 min (control); 8), (&) 0 min (control), b) 40 min.

A typical result out of three experiments is shown.

sample). Treating the lysosomes with CHS for 20 and 40
min decreased the fluorescence quenching by 9.24 and
13.42% (the difference afF/F between the CHS-treated
sample and the control sample), respectively. The de-
gree of the dye fluorescence quenching did not decrease
further when the CHS-treatment time was increased from
40 to 60 min ¢lata not showhalthough the lysosomal
membrane fluidity could decrease further with continu-
ing the CHS treatment from 40 to 60 min (Table). The
results suggest that the proton permeability of lysosomes
decreased with the decreases in a limited range of their
membrane fluidity. The effect of the CHS treatment OnFig. 4. Rever;ion of the effec_t of CHS t_reatment on lysosomal mem-
lysosomal proton permeability was further established byPa1¢ potental. Assay medium contained OMSsucrose, 2.5uu

. . . . DiSC4(5), buffered at pH 7.0 with 0.021 Hepes/Tris. Lysosomal
the data shown in F'g'B(Cf' explanat|0n of Fig. HS). sample (designated as ‘L’) was added to the measuring medium at

Given that the CHS treatment can rigidify I)’_S_Osomahndicated time. Fluorescence of Di§(6) was measured and expressed
membranes, the decrease in proton permeability of thes described for Fig. 1. Treatments of lysosomes with: (1) 0.025 m
CHS-treated lysosomes is presumed to be due to th€HS for 40 min, (2) 0.025 m CHS for 40 min, then 20 m BA for 15
rigidification of their membranes. To confirm this con- Min, (3) 0.025 nm CHS for 0 min (control). Procedures of the treat-
clusion. we attempted to determine if the decrease iﬁnents of lysosomes with CHS and BA were as described in Materials
’ - dand Methods. A typical result out of three experiments is shown.
proton permeability of the CHS-treated lysosomes coul
be abolished by fluidizing their membranes. The results

show that the magnitude of decrease in the dye fluores- e . . .
cence of CHS-treated lysosomal sample (Fig. 4, line 1)|nduced acidification of the suspending medium with the

which is smaller than that of control sample (line 3), wasPH-sensitive dye p-nitrophenol as an indicator [57]. The
increased by the subsequent BA treatment (line 2). Théneasure_:ment_s were carried out by monitoring the qle-
reversion of the CHS treatment-induced decrease in |y9rease in_p-nitrophenol absorbance at 400 nm, which
sosomal proton permeability by the BA treatment is pre-Were based on the property of the dye that the unproto-
sumably due to the fluidizing effect of BA on the CHS-

treated membranes (Table). These results provide stron
evidence that rigidifying lysosomal membranes de-

creased their proton permeability.

nated p-nitrophenol molecules have a sufficiently larger
tinction coefficient at 400 nm over that of protonated
olecules [27]. To examine the effect of lysosomal pro-
ton leakage on the absorbance of p-nitrophenol, the mea-
surement was performed upon addition of CCCP and
valinomycin to a K-containing measuring medium. As
EFFECTS OFLYSOSOMAL MEMBRANE FLUIDITY ON THE shown in Fig. &, absorbance of the dye was greatly
ProTON Leakage reduced in the presence of the ionophores (line 5), pre-
sumably due to the proton leakage induced by an ex-
Since ion flux through a membrane is proportional to thechange of intralysosomal "Hfor external K. This de-
ion permeability [6], the lysosomal proton permeability creasing effect of proton leakage on the dye absorbance
can be assessed by measuring their proton leakagevas confirmed by the observation that the absorbance
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Fig. 5. Effects of BA and CHS treatments on lysosomal proton leak- Fig9- 6. Reversion of the effects of BA and CHS treatments on lyso-
age. Lysosomal sample was addedat2 mlassay medium (contained SOmal proton leakage. Lysosomal sample was added to a 2 ml assay
0.25 m sucrose and 0.1 m p-nitrophenol) at 0.625 mg protein/ml, medium (contained 0.2 sucrose and 0.1 mp-nitrophenol) at 0.625

followed by the addition of 10l 0.75v K,SO,. Absorbance (400 nm) Mg protein/mi, followed by the addition of 100l 0.75 M KSO,.

of p-nitrophenol was measured immediately after addinguL@mm Absprbance (400 nm) qf p—nitrqphenol was m_easured immediately after
valinomycin to the mediumaj Treatments of lysosomes with 2avm ~ 2dding 10ul 1 mm valinomycin to the medium.a) Treatments of

BA for: (1) 15 min, assay medium pH was maintained at 6.0 with 0.1 lySosomes with: (1) 20 m BA for 0 min (control), (2) 20 m BA for

m citrate buffer, (2) 0 min (control), (3) 7.5 min, (4) 15 min, (5) 0 min 15 Min, then 0.025 m CHS for 15 min, (3) 20 m BA for 15 min; (b)
(control), assay medium containedyv CCCP; p) Treatments of ~ |reatments of lysosomes with: (1) 0.02mr@HS for 40 min, (2) 0.025
lysosomes with 0.025 s CHS for: (1) 40 min, (2) 20 min, (3) 0 min MM CHS for 40 min, then 20 m BA for 15 min, (3) 0.025 mi CHS
(control). Procedures of the treatments of lysosomes with BA and cHgor O min (control). Procedures of the treatments of lysosomes with BA
were as described in Materials and Methods. A typical result out ofand CHS were as described in Materials and Methods. A typical result
three experiments is shown. out of three experiments is shown.

decrease could be abolished by buffering the measurind) is 77.14 and 61.91% of the decrease in absorbance of
medium @lata not showh As indicated by the results the control sample (line 3), respectively. It indicates that
shown in Figs. 1-4, changes in the lysosomal membran&geatments of lysosomes with CHS for 40 min decreased
fluidity affect their proton permeability. This conclusion the proton permeability by 38.1%. The extent of the ab-
was reexamined by measuring proton leakage of the BAsorbance decrease did not reduce further with increasing
and/or CHS-treated lysosomes using p-nitrophenol as athe CHS-treatment time from 40 to 60 midafa not
indicator. The dye absorbance of the lysosomal sampleshowr), suggesting that the proton permeability of lyso-
treated by BA for 7.5 and 15 min (Figa5lines 3 and 4) somes decreased with the decreases in a limited range of
and the control sample measured in the presence dheir membrane fluidity.

CCCP (line 5) reduced by 125, 142 and 158% of the = As demonstrated above, the lysosomal proton leak-
decrease in absorbance of the control sample (line 2gage increased and decreased after increasing the mem-
respectively. Since the dye absorbance is inversely probrane fluidity with BA and decreasing the membrane
portional to the proton leakage in the conditions of thisfluidity with CHS, respectively. To examine if the
study @ata not showphand the proton efflux is propor- changes in the lysosomal proton leakage were due to the
tional to the proton permeability, the results indicate thatalterations in their membrane fluidity, the membrane flu-
the BA treatment (15 min) increased the proton permeidity of the BA and CHS treated lysosomes was de-
ability by 42%, which approached the increase in thecreased and increased, respectively, and the resulted
proton permeability (58%) induced by protonophorevariations in their proton leakage were assessed. As
CCCP. Although the absorbance reduced with increasshown in Fig. @, treating the lysosomes with BA for 15
ing the BA-treatment time from 0 min to 15 min (lines 2, min caused an additional decrease in the dye absorbance
3 and 4), it did not decrease further when the BA-in comparison with the absorbance decrease of control
treatment time increased from 15 to 30 mohaf{a not  lysosomes (compare line 3 with line 1). The magnitude
shown). In addition, the decrease in absorbance of theof the absorbance decrease of the BA-treated lysosomal
sample treated by BA for 15 min could be abolished bysample reduced markedly after the lysosomes were
buffering the measuring medium (line 1). The resultstreated subsequently by CHS (line 2). It indicates that
indicate that the decrease in the dye absorbance of BAtreating the lysosomes with BA increased their proton
treated samples was due to a proton leakage-inducddakage and that the CHS treatment decreased the proton
acidification of the lysosomal suspension and suggesteakage of BA-treated lysosomes. The results, shown in
that the proton permeability of lysosomes increased withFig. 6b, demonstrate that the CHS treatment decreased
the increases in a limited range of their membrane fluthe lysosomal proton leakage (compare line 1 with line
idity. In contrast to the effect of the BA treatment, treat- 3) and that fluidizing the membranes of the CHS-treated
ing the lysosomes with CHS decreased their proton leaklysosomes with BA increased their proton leakage (com-
age. As shown in Fig.tg the degrees of decrease in the pare line 2 with line 1). Thus, it was established that
dye absorbance of lysosomal samples reduced with inehanges in the proton leakage of the BA and CHS treated
creasing the CHS-treatment time from 0 to 40 min (lineslysosomes were induced by the alterations in their mem-
3, 2 and 1). The absorbance decrease of the lysosomhbrane fluidity.

samples treated by CHS for 20 and 40 min (lines 2 and  Taken together, the above results of the assessments
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of lysosomal membrane potential and proton leakageonsistent with the results of previous studies [3, 42, 43],
suggest that the proton permeability of lysosomes can b which the proton permeability of some membranes
modulated by the changes in a limited range of theirvaried after their fluidity was modulated by either
membrane fluidity. modifying the membrane cholesterol content or altering
the membrane incubation temperature. As demonstrated
by these studies and the present work, the increases or
decreases in membrane fluidity correspond to the in-
creases or decreases in their proton permeability.
Although the precise mechanism for such a correlation

The membrane lipid fluidity can be modulated by a wideS Still unclear, a plausible explanation has been pro-
range of physiological variables such as fatty acid comided. As suggested by Deamer and Nichols [7], the
position [22], aging [33], alcohols [10], phosphati- proton permeation correlates to the phy_S|caI properties
dylethanol [38], sterols [46], insecticides [2], diacylglyc- of the membranes and .|nvolves translept formation
erols [39], drug-induced cytochrome P-450 activity [20] of hydrogen bonded qhams of water W'Fh'n the mem-

and ether lipids [19]. On the other hand, a variety ofbr_anes. A sma_ll fraction of the water in the bilayer

membrane physiological and biochemical propertiesmlght be associated through hydrogen bonding, thereby

such as membrane permeability and membrane-boun@rOViding a conductance pathway uniqye to protons. By
enzyme activity can be regulated by the changes in th ow, at least four pathways or mechanisms for the water

membrane fluidity [43, 47]. Since the mutual regula- ux across membranes have been proposed, including

tions between membrane lipid fluidity and cellular ac- 214€0US POre [11], ‘solubility-diffusion mechanism
L . P y . [11], channel [28] and transient defects in the membrane
tivities are important for cell life, clarifying the influence

of various factors on the membrane fluidity, the effectsariSing from thermal fluctuation [6]. The permeation of

¢ b fluidit th b t'y"t' dih protons across membranes are suggested as being along
of membrane Tiuidity on thé membrane activilies, and the, hydrogen bonds of water which crosses the mem-
related mechanisms continues to be an active area f

h h [ f
investigation. As pointed out by Girotti [14], the lipid anes through aqueous pores [30] and transient defects

6]. The physical state of the lipid bilayer has been
peroxidation of membranes is generally linked to the los ] Py P y

o . hown to be an important determinant of water
of their fluidity. A number of studies demonstrated that permeability [52]. This view was supported by various

lysosomal membrane lipid is susceptible to oxidationjines of evidence that the water permeability of some
[29, 59] and the oxidation-induced membrane lipid ri- nempranes can be increased and decreased by increasing
g!dlflcatlon [59]. Since free radicals can be produced ingpq decreasing their membrane fluidity, respectively
vivo, the lysosomal membranes may be affected by thg4 54 55). It has been established that fluidizing or
oxidative environment [29] In addition to membrane r|g|d|fy|ng erythrocyte membranes can increase or de-
lipid peroxidation, accumulation of polyanions in lyso- crease the size of their aqueous pores, respectively
somes can also rigidify their membranes [21]. It has re{44]. In addition, the transient defects of membranes
Cently been established that some bioactive COmpOUﬂCt,San be increased in number by the temperature-
such as bilirubin, farmorubicin and chelerythrine candependent phase transitions and membrane perturbants
modulate the membrane fluidity of lysosomes [35]. In[6]. These descriptions and results suggest that changes
addition, lysosomal membrane fluidity may change inin the membrane fluidity may alter the water permeabil-
apoptosis [48]. All these evidences suggest that lysoity and therefore affect the proton permeability. It
somal membrane fluidity is liable to change under vari-should be noted that a number of studies find little cor-
ous conditions. As described above, a variety of lyso+elation between membrane fluidity and proton perme-
somal activities can be affected by their proton perme-ability for some membranes [18, 23, 45, 53]. In the rab-
ability, but what nature and/or component of lysosomalbit renal brush-border membranes, the permeation of
membranes influence the property is still unknown. Forprotons is not correlated with the water permeability
some membranes, changes in the membrane fluidity af53]. It suggests that the effects of membrane fluidity
fect their proton permeability [3, 42, 43]. Whether the and water permeability on the proton permeation are de-
membrane fluidity of lysosomes influences their protonpendent on the membrane types. By now, little informa-
permeability is still unclear. To elucidate this issue maytion is available concerning the pathways for the water
have some pathophysiological significance in the studie$lux across lysosomal membranes. How water flow
of lysosomes. across lysosomal membranes and why membrane fluid-
In this work, the influence of membrane fluidity on ity can affect lysosomal proton permeability remain for
the lysosomal permeability to Hvas studied by fluid-  further study.
izing and rigidifying the membranes with BA and CHS, To estimate the maximum proton permeability, we
respectively. As a result of the treatments with thesepermeablized the lysosomal membranes to protons using
agents, the lysosomal proton permeability changed. It igprotonophore CCCP. The results show that treating the

Discussion
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lysosomes with CCCP increased the proton permeabilityve would like to thank professor Jun-xian Shen for his aid with the
only by 58% (Fig. 5_)' As demonstrated previously [16], manuscript. This study was supported by the project 39770194 from

treatment with protonophore FCCP slightly increased ly-
sosomal membrane potential, which reflects a slight in-
crease in the proton permeability [16]. It suggests that

NSFS.

lysosomal membrane exhibits a significant permeabilityReferences
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