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SUMMARY: The role of CFTR in lysosome acidification was examined in CFPAC-1 
pancreatic adenocarcinoma cells with the AF508 mutation that were transduced with a 
retroviral vector (PLJ-CFPAC) or with the normal CFTR gene (CFTR-CFPAC). Steady- 
state lysosomal pHi in intact cells was lpyrer in PLJ-CFPAC cells than CFTR-CFPAC 
cells (3.55 vs 3.80) and was not affected by CAMP or forskolin. Initial rates of ATP- 
dependent acidification of isolated lysosomes and steady-state ATP-dependent pHi 
were similar in both cell lines over a range of chloride concentrations and were not 
altered when cells were exposed to CAMP or to forskolin prior to preparation of 
lysosomes. These observations suggest that CFTR plays no role in acidification of 
lysosomes, possibly due to limited permeability of lysosomal membranes to chloride. 
Q 1997. Academic Press. Inc. 

A defect in CAMP-stimulated chloride transport appears to underlie many of the 
clinical features in cystic fibrosis and the defective gene, cystic fibrosis transmembrane 

conductance regulator (CFTR), appears to function predominantly either as a chloride 
channel regulator or a chloride channel (l-3). Although defective chloride transport 

across plasma membranes of epithelial cells has been well documented in cystic 

fibrosis, little is known regarding chloride transport across intracellular membranes. 

Endosomes, lysosomes and some Golgi vesicles contain an electrogenic proton pump 

(H+-ATPase) that, in most of these vesicles, works in parallel with a chloride 

conductance to maximally acidify vesicle interiors (45). To determine whether CFTR 
alters organellar acidification, we investigated the effects of CAMP and forskolin on 
acidification of lysosomes in pancreatic cell lines that contain the defective (AF508) 

CFTR or have been successfully complemented with the normal CFTR gene. 

MATERIALS AND METHODS 

Cell CFPAC-1 cells, derived from a pancreatic adenocarcinoma in a patient 
with cystic fibrosis (6) transduced with retroviral vectors without (PLJ) or with (PLJ- 
CFTR) the normal CFTR gene (7) were used. The CFTR-transduced cells exhibited 
CAMP-stimulation of anion fluxes (7) and of chloride-induced quenching of the 
chloride-sensitive fluorescent dye 6-methoxy-N-[3sulfopropyI] quinolinium (R.W. Van 
Dyke, unpublished observations). Cells were grown to confluence in modified Eagle’s 
medium with 10% fetal bovine serum, 1% penicillin-streptomycin and 5% CO2 at 37’C 
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on 10 cm plastic dishes or collagen-coated 25 mm glass coverslips. Eighteen hours 
prior to use, 2.5 mg/ml 70,000 mw fluorescein isothiocyanate-dextran (FITC-dextran) 
was added to the culture medium. Two hours prior to use, culture medium was 
removed, cells washed three times with warm phosphate-buffered saline and fresh 
culture medium replaced for a final two hour incubation at 37%. 

a. . 
Lvsosome pH\ In Intact ce Ils: FITC-dextran loaded cells were mounted in a 
temperature-controlled perfusion chamber on the stage of a fluorescent Nikon 
microscope coupled to a dual wavelength spectrofluorometer (SPEX Industries) and 
were perfused at 37°C with buffer (120 mM NaCI, 2.5 mM K2HPO4, 1 mM CaS04,0.1 
mM MgS04, 10 mM N- [2-Hydroxyethyl] piperazine-N’- [2-ethanesulfonic acid] 
(HEPES), 10 mM glucose, pH 7.35) without or with 10 pM forskolin and 100 p.M 
dibutyryl CAMP. Fluorescence of lysosomes from groups of 1 O-l 5 cells was assessed 
at two excitation wavelengths (493 nm, pH-sensitive and 450 nm, pH-insensitive) and 
emission wavelength 530 nm. Lysosome pHi was calculated from a standard curve of 
the ratio of fluorescein fluorescence at the two excitation wave lengths to pH during 
perfusion with high potassium buffers (100 mM KCI, 40 mM HEPES, 40 mM 2-[N- 
Morpholino] ethanesulfonic acid (MES), pH - 3.5, 4.5, 5.5, 6.25) containing 15 pM 
nigericin, 50 mM 2-deoxy-glucose and 5 mM Na azide (8). 
lvsosome isol- 10 minutes before use, saline solvent, 0.5 mM dibutytyl CAMP or 
10 pM forskolin was added to culture medium. Subsequently culture plates were 
chilled, medium was replaced by cold buffer (250 mM sucrose, 3 mM imidazole, pH 
7.0) and cells were gently scraped. Buffer and cells were saved and culture dishes 
were rinsed and scraped twice more. Cells were centrifuged at 750 g for 6 minutes, 
supernatents were removed and cell pellets were resuspended in 3.5 ml lysis buffer 
(250 mM sucrose, 10 mM 3-[N- Morpholino] propanesulfonic acid (MOPS)/Tris 
[hydroxymethyl] aminomethane (TRIS), 1 mM Na2EDTA, pH 7.6) on ice. The cell 
suspension was pipetted up and down 12 times. Unbroken cells were pelleted, 
supernatent was saved and the cell pellet relysed twice more. Supernatents were 
combined and unbroken cells and nuclei were pelleted at 1300 g for 12 minutes. 
Supernatents were centrifuged at 15,000 gav for 15 minutes. Pelleted vesicles were 
resuspended in a small volume of isotonic buffer (140 mM Kgluconate, 10 mM bis [2- 
Hydroxyethyl] imino-tris [hydroxymethyl] methane (Bis-Tris), pH 7.0 or 140 mM N- 
methyl-D-glucamine (NMDG) gluconate, 10 mM Bis-Tris, pH 7.0) and kept on ice until 
used. 
Acidification of isolated Ivsosomes: Isolated vesicles (55 - 175 ug) were suspended in 
2 ml of buffer (140 mM K salts or 140 mM NMDG salts, 10 mM Bis-Tris, pH 7.0) in a 
well stirred cuvette in a dual wavelength spectrofluorometer at 22% and lysosome pHi 
was calculated from the ratio of fluorescein fluorescence at two excitation wavelengths 
and a standard curve obtained at the end of each assay by addition of aliquots of acid 
in the presence of 2 PM monensin and 0.4 pM carbonyl cyanide m-chlorophenyl- 
hydrazone (CCCP) (9,lO). Initial rates of acidification and steady-state ATP- 
dependent pHi were determined after addition of 5 mM MgATP. Buffer contained IgG- 
antifluorescein antibody to quench extralysosomal fluorescence. All assays were run 
in duplicate in each preparation of vesicles. 
%&If% Results are expressed as mean f SEM (n 2 3) of assays in “n” different 
preparations of vesicles. Differences between control and experimental assays were 
examined with paired t tests. 

RESULTS 

Cells exposed to FITC-dextran for 16 hours followed by a 2 hour chase period 
exhibited many brightly fluorescent cytoplasmic spots, many of them clustered around 
the nucleus. Lysosome pHt in intact cells under control conditions was more acidic in 
the PLJ-CFPAC (cystic fibrosis) cells (pHf, 3.55; [H+t], 2.84 f 1.22 x 10m4M) than in the 
CFTR-CFPAC (corrected) cells (pHi, 3.80; [H+i], 1.57 i 0.49 x 10’4M) (Figure 1). 
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Figure 1. lntralysosomal hydrogen ion concentration measured in intact cells 
under control conditions (time 0) and during perfusion with medium containing 
100 ufvl dibutyryl CAMP and IO uM forskolin (arrow). PLJ-CFPAC cells, closed 
circles; CFTR-CFPAC cells, open circles. Symbols are the mean + SEM of 
measurements from 6-l 4 different coverslips. 

Super-fusion of the ceils with 10 pM forskolin and 100 uM dibutyryl CAMP caused no 
significant change in lysosomal [H+i] in either cell line (Figure 1). 

Lysosomes released from disrupted cells were enriched by differential 

centrifugation. Although the final vesicle pellet was not pure, the load/chase technique 

employed assures that all fluorescein was in lysosomes (8,10,11). Lysosomes were 

incubated in ion-containing medium until pre-established pH gradients had dissipated 

prior to measuring initial rates of ATP-dependent acidification and steady-state ATP- 

dependent pHi. As shown in figure 2, initial rates ranged from 0.68 - 1.24 pH 

units/minute and were not significantly affected by medium chloride concentration, 

presence or absence of the normal CFTR gene or prior treatment with 0.5 mM dibutyryl 
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F&r&& Initial rates of ATP-dependent acidification of lysosomes isolated from 
PW-CFPAC cells (A) or CFTR-CFPAC cells (6) under control conditions 
(circles) or after 10 minute exposure to 0.5 mM dibutyryl-CAMP (squares) or 10 
uM forskolin (diamonds). Lysosomes were assayed in media containing the 
indicated concentrations of Cl- with gluconate as the counter anion. Points 
represent the mean (* SEM for n t 3) of results from duplicate assays in l-3 
different preparations of lysosomes. 
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Figure Steady-state ATP-dependent intralysosomal hydrogen ion 
concentration in lysosomes isolated from PLJ-CFPAC cells (A) or CFTR-CFPAC 
cells (9) under control conditions (circles) or after pre-treatment of cells with 
0.5mM dibutyryl CAMP (squares) or 1OpM forskolin (diamonds). Symbols 
represent mean (k SEM for n 2 3) of duplicate assays on l-3 different 
preparations of lysosomes. 

CAMP or 10 uM forskolin. Similarly, steady-state ATP-dependent intralysosomal 

hydrogen ion concentrations ranged from 2.74 to 6.25 x lo-6M and were not 

significantly affected by medium chloride, presence of normal CFTR or pretreatment 

with 0.5 mM dibutyryl CAMP or 10 pM forskolin (Figure 3). 

Since most endocytic vesicles appear to exhibit chloride, and perhaps 

potassium, conductances which stimulate vesicle acidification by 200-300% (9,12,13) 

by minimizing the vesicle interior-positive membrane potential generated by the 

electrogenic H+- ATPase, further studies were performed to look at the effects of 

chloride and potassium on acidification of lysosomes from PLJ-CFPAC cells. When 

lysosomes (Fig. 4) were suspended initially in isotonic medium containing large, 
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Fiaure 4 Effects of chloride or potassium on initital rates of ATP-dependent 
acidification of lysosomes prepared from PLJ-CFPAC cells. Lysosomes were 
prepared in Kgluconate (squares) or NMDGgluconate (circle, triangles) media 
and were assayed in media in which chloride replaced gluconate (squares, 
circles) or potassium replaced NMDG (triangles). Symbols represent the mean 
f  SEM of results from three separate preparations of lysosomes. 
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poorly permeable cations (N-methyl-d-glucamine; NMDG+) and anions (gluconate), 

replacement of either NMDG+ with K+ or gluconate with Cl- had little effect on initial 

rates of ATP-dependent acidification. Similarly, when lysosomes were suspended 

initially in isotonic Kgluconate medium, replacement of gluconate by Cl- had little 
effect. 

DISCUSSION 

The present studies show that the presence of the normal CFTR gene has little 
effect on either initial rates of acidification or steady-state pHi of lysosomes in CFPAC- 

1 cells. These cells were selected for study as they are epithelial cells from pancreatic 

ductular tissue, a tissue substantially affected by cystic fibrosis. CFPAC-1 cells are 

homozygous for the AF508 mutation in the CFTR gene, the most common genotype for 

cystic fibrosis. Clones of transduced CFPAC-1 cells that express the normal CFTR 
gene (CFTR-CFPAC) also exhibit CAMP-stimulated efflux of 1261 whereas clones of 

CFPAC-1 cells transduced with the retroviral vector alone (PLJ - CFTR) that express 
only the endogenous AF508 CFTR. CFTR also appears to modulate cytoplasmic pH in 

these cells (14). Thus these cells seemed ideal tools for testing a role for CFTR in 

regulating acidification of intracellular organelles. 

The studies outlined here, however, failed to show any effect of CFTR on 

lysosome acidification, either in the intact cell or in isolated lysosomes. Similarly, 
neither chloride exposure nor treatment of intact cells with CAMP or forskolin affected 

lysosome acidification. These results suggest that either functional CFTR is not 

present in lysosome membranes or it does not play a role in determining lysosome 

proton transport. 

Since the proton pump that acidifies lysosomes, endosomes and other 
intracellular organelles is electrogenic, the lack of effect of chloride or potassium on 

CFPAC lysosome acidification suggests that these lysosomes exhibit little if any 

chloride or potassium conductance, a finding that is in contrast to most endocytic 
vesicles (9,12,13,15) including rat liver lysosomes (10). Lysosome transporters for 

sugars (16) and anions such as sulfate (17) and phosphate (18) have been identified 
and it is possible that uptake of some of these anions facilitates acidification of 

CFPAC-1 lysosomes by minimizing the membrane potential and maximizing the 
proton chemical gradient (ApH) in a manner analogous to that of chloride in endocytic 

vesicles. 

These negative results are consistent with those recently reported by Barasch 
and colleagues (19) who reported that the pHi of lysosomes (measured with an 

immunoelectronmicroscopic technique) in nasal epithelial cells from patients with 
cystic fibrosis did not differ from normal controls. Overall our studies suggest that 
lysosomal acidification is normal in cystic fibrosis and that neither CFTR nor any other 
chloride conductance plays an important role in acidification of pancreatic lysosomes. 
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