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Isolation of rat liver endocytic vesicles using the proton pump as a marker 

Ivan Saboli~ b, Winfried Haase a and Gerhard Burcldaardt a 
a Max.Planck-lnstitnte flit Biophysik, Frankfurt am Main (F.R.G.) and b Department of Physiology, Faculty ¢f Medicine, 

University of Zagreb, Zagreb (Yugoslavia) 

(Received 31 March 1988) 

Key words: Endoeyqc vesicle: Acridine orange; Horseradish peroxidase; Proton pump: (Rat liver) 

ATP-driven acidification visualize~ by the A pH indicator acridine orange was used as marker for isolation of 
endocytie vesicles from rat live:. By differential and Percoll density gradient centrifugation, a vesicle 
fraction was obtained with an approx. 80-fold enriched H +-pump activity. The preparation contained vesicles 
that had taken up fluoreseein isothioeyanate-!abeled dextran or horseradish peroxida~ injected into ra~s in 
vivo, proving the presence of endosomes. The H +-pump in these "~esieles showed: (a) strict preference for 
ATP; (b) stimulation by Mg 2+ and Mn ,+, but not by monovaleut cations; (c) stimulation by CI-, I-  and 
Br -; (d) electrogenieity; (6) insensitivity to vanadate, s~ight inhibition by oligomyein and strong inhibition by 
N-ethylmaleimide (NEM) and N,N'-dicydohexylcarbodimide (DCCD). The vesicles exhibited an ouabain-, 
oligomyein- and levamisole-resistaut ATPase activity, which was slightly stimulated by El-, unaffected by 
vanadate and inhibited by NEM and DCCD. Thus, a simple and efficient high-speed centrlfugation method 
is available for iso]~fian of endocytie vesicles from mammalian liver. 

lutroducfian 

Endosomes are intracdlular orgaaclles that be- 
long to the endo- and exocytotic pathway, termed 
collectively as the vacuolar system. This system 
serves for uptake of nutrients and other extracellu- 
far matefal, irrternalisation of receptor-bound 
molecule.~, such as growth factors, hormones, anti- 
bodies, and l~poproteins, and recycling of the 
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plasma membrane components [1,2]. Because of 
their heterogeneous morphology and the absence 
of a marker enzyme, the isolation of these vesicles 
is difficult. The only transport mechanism known 
to exist in endosomes is an ATP-dependent, an. 
ion-stimulated proton-translocating ATPase (H +- 
pump), which is of great importance for the physi- 
ology of these vesicles [3]. However, as an H +- 
pump with similar characteristics is present also in 
all other components of the vacoular system [3], 
no attempts have been made to use this pump as a 
marker in the isolation procedure of endosomes. 
Rather, a variety of alternative methods havf, been 
developed to isolate endocytic vesicles from vari- 
ous cells, in which the use of ultraeentr~fuges, 
special gradients or a free-flow electrophoresis 
system is required [4-1i]. 

In a method recently developed by us [4,12], we 
successfully used the H +-pump aelivity as a marker 
to separate renal cortical endosomes from other 
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edhlar membranes. The preparation involved dif- 
ferential centrifugation and a tingle Percoll den- 
sity gradient, and required only a high-speed 
centrifuge. A similar approach was used in this 
work to isolate endocytic vesicles from rat liver 
homogenates. In izolated vesicles, we have char- 
acterized the H +-pump. 

MateriaJs and Methods 

Preparation of liver endocytic vesicles. Endocytic 
vesicles were isolated from rat liver homogenate 
by differential and Percoll density gradient 
eentrifugation using a SorvaU RCSB centrifuge 
(rotor SS34). In a standard experiment, two rat 
livers were pooled and homo~ ° ,,Ted in 70 ml 
homogenizing buffer (300 talk mannitol/12 mM 
Hepes-Tris (pH 7.4)) in a motor-d~ven loose-fit- 
ting glass/Teflon Potter homogenizer with five 
strokes at 1200 rpm. The homogenate ,vas diluted 
with an additional 70 ral of homogenizing buffer 
and the whole sample was centrifuged at 2500 × g 
for 15 rain. The pellet was discarded. The super- 
natant (SO was centrifuged at 20000 × g for 20 
rain and the resulting pellet was discarded. The 
supernatant ($2) was centrifuged at 48 000 × g for 
30 rain. The supernatar:t was carefully removed by 
sucking. The uppe~, very fluffy pellet (P3) was 
sav~×l, whereas the remaining, harder jelly pellet 
was discharr:d. I)3 was dispersed with 30 ml hc- 
mogenizing buffer and homogenized in a tight-fit- 
ring ~ass/Teflon homogenizer. To 32 g of sus- 
pension, 6.1 g of concentrated Pereoll was added 
(final concentration o1' Percoil, 16% w/w). After 
mixing, the sample was centrifug~ at 48 000 x g 
for 30 rain. The resulting self-oriented gradient 
was fractionated in 1.0 rni fractions. The first 5 ml 
from the top of the gradient were discarded. The 
next 7 ml (fractions 6-12), which exhibited the 
highest H+.pump acrvity, were used for the fur- 
ther purification steps. The rest of the gradient 
~as discarded. The fractions 6-12 were pooled 
(PG:) and diluted with 30 ml potassium glu¢onate 
buffer (300 mM manmtol/100 m_r.d_ pot.assium 
glueonate/5 ,raM MgSO4/5 mM Hepes-Tris (pH 
7.0) a~.d kept in an ice-badi fer 30 a~n. The 
suspension was then centrifuged at 48 000 × g for 
30 rain, The supernatartt was sucked off. The 
pellet (P4) ::as resuspended in about 1.5 ml potas- 

sium gluconate buffer and transferred into an 
Eppendorf cup. By using a cup adapter, the sus- 
pension: was eentrifuged at 2500 x g for 15 rain. 
The resulting supernatant (S~) was carefully trans- 
ferred using a pipette into another Eppendorf cup. 
The pellet wa~ discarded. S 5 was centrifuged at 
48000 X g for 30 rain. The resulting supematant 
was sucked off. The pellet consisted of two layers; 
the upper white, fluffy one, which contained 
vesicles highly enriched in H+-pump activity, and 
the lower, much bigger and reddish one, with 
much less H+-pump activity. The upper fluffy 
pellet (endocytic vesicles) was carefully removed 
by using a tuberculine syringe with a needle and 
used for transport studies. 

Loading of endocytic vesicles with HTC-dextran 
and horseradish peroxidase (HRP). FITC-dextran 
(40 mg in 0.5 ml Ringer's solution) was injected 
i.v. as a single dose into rats anesthetized with 
Inacfin (!50 mg/kg). 10 rain later, the livers were 
perfused with a cold Ringer's solution under ap- 
prox. 150 cm water pressure/or 5 rain, removed 
and used for isolation of endocytic vesicles. 

For histoehemical analyses, HRP (50 mg ItRP 
in 0.5 ml Ringer's solution) was injected i.v. into 
anesthetized rats. After 15 rain, the livers were 
removed and the animals were killed. Small pieces 
of the tissue and, later, isolated vesicles were fixed 
for 60 rain with 2.5% glutaraldehyde in 0.1 M 
sodium caeodilate buffer (pH 7.3). The material 
was washed overnight in 0.05 M Tris-HCl buffer 
(pH 7.4) plus 7,5% sucrose and then incubated for 
20 rain in a buffer comprising 0.05% diamino- 
benzidine and 0.01% H202 as the substrate for 
peroxidase [13]. The peroxidase reaction was 
stopped by a washing step and by fixation with 
1% OsO4. The samples were block-stained with 2% 
uranyl acetate, dehydrated and embedded in an 
epoxy resin. Sections were viewed in a Philips 300 
dectron microscope. 

Protein and enzyme assays. Protein was de- 
termined by the method of Bradford [14]. Leueine 
arylamidase (EC 3.4.11.2), acid phosphatase (EC 
3.1.3.2), alka'tine phosphatase (EC 3.1.3.1), and 
aeetyleholinesterase activities (EC 3.1.1.7) were 
irieasu~'ed by using commercial kits (Merckotests 
No. 3359, 3305, 3344 and Monotest No. 124125, 
respectively). (Na++K+).ATPase activity (EC 
3.6.1.3) was determined by the coupled optical test 
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as described in Ref. 15. The activities of suc- 
cinate-cytochrome-c oxidoreductase (EC 1.3.99.1), 
KCN-resistant NADH oxidoreduetase (EC 
1.6,99.2) and/3-glucosaminidase (EC 3.5,1.33) were 
measured by the methods described in Refs 16,17 
and 18, respectively. The activity of 5'-nucleoti- 
dase (EC 3.1.3.5) was determined at either pH 5.0 
(acid 5'-nucleotidase) or pH 8.4 (alkaline 5'- 
nudeotidase), as described by Burnside and 
Scbneider [19]. T!~e me)bad described by Novikoff 
and Heuss [20] was used to study thiamin pyro- 
phosphatase activity (EC 3.6.1.6). Phosphate 
liberated in these reactions was determined colori. 
metrically [21]. H÷-ATPase activity in isolated 
vesicles v;az mcasur~ by the coupled optical as- 
say, as described by us previously [12]. 

Measurement of H+-purnp actioity. The H +- 
pump activity was measured by acridine orange 
fluorescence quenching, as described in detail pre- 
viously [4,12]. Acridine orange is a fluorescent 
indicator of apH, but not of the membrane 
potential [22]. Before the measurements were 
made, isolated vesicles were adjusted to a protein 
concentration of 4-6 mg/ml by adding potassium 
gluconate buffer and prei~cubated at room tem- 
perature for 2 h. In a typical assay, an aliquot of 
isolated vesicles (protein amount indicated in the 
corresponding figures and tables) or liver homo- 
genate (0.4-.0.8 nag protein) was added into 2.0 ml 
of potassium gluconate or KCl buffer (300 mM 
mannitol/100 ram KCl/5 raM MgSO4/5 mM 
Hepes-Tris (pH 7.0)) that contained 6/~M acridine 
orange and ionophores and inhibitors as required. 
Inhibitors and ionophores were added from water 
(NEM, vanadate) or ethanol stocks (oligomycin, 
CCCP, DCCD) in the final concentrations indi- 
cated in the figure legends. Controls contained 1% 
of ethanol. If not otherwise stated, the vesicles 
were preincubated with the indicated ionophores 
and inhibitors at room temperature for 15 rain 
before starting the reaction. The activity of the 
a+-pump was initiated by adding ATP from an 
aqueous stock solution (final concentration of 
ATP, 1.5 raM). The change in fluorescence was 
continuously recorded under constant stirring at 
room temperature (excitation, 493 nm; emission 
525 rim). 

In vesicles with trapped FITC-dextran, the con- 
ditions for the measurement of the H+.pamp were 

the same as described above for the acridine orange 
method. The decrease of intravesicular FITC-de- 
xtran fluorescence was recorded following ad- 
dition of 1,5 mM (final concentration) ATP (exci- 
tation, 492 nm; emission, 515 nm). 

When necessary, the rate of acidification 
(ATP-driven H+-pump activity) was estimated by 
drawing a tangent to the initial part of the fluores- 
cence recording, and was expressed as fluores. 
cence change per rain (zaF/min), The initial rates 
in the presence of ATP were correetecl for the 
fluorescence changes recorded in the absence of 
ATP. All experiments were performed in a range 
in which fluorescence changes were proportional 
to piotcin concentration, i.e., using not more than 
0.2 and 0.8 mg of vesicle and homogenate protein, 
respectively. 

Determination of membrane potential. Changes 
in membrane potential were visualized by the flu- 
c.rescent voltage-sensitive dye, Oxonol V, a com- 
pound used previously to test for eleetrogenieity 
of H÷-pump in rat liver clathrin-coated vesicles 
[23] and multivesicular bodies [24]. This negatively 
charged dye partitions between intra- and ex- 
travesicular fluid in response to membrane poten- 
tial. At an inside-positive membrane potential, the 
dye is accumulated in the vesicles, causing a de. 
crease in its fluorescence, Vesicles were added to 2 
ml potassium gluconate or KCl buffer that con. 
tained 2.9/tM Oxonol V, and ionophores and 
in; !bitors as required in concentrations indicated 
in the figure legends. Before adding ATP (final 
concentration, 1.5 raM), the vesicles were prein- 
cubated with ionophores or inhibitors (or ethanol 
in control experiments) at room temper,~ture for 
10 rain. The fluorescence was continuously re- 
corded under constant automatic stirring of the 
sample (oxitation, 622 nm; emission, 669 nm). 

The steadies were made either with freshly iso- 
lated vesk:les or with vesicles which had been kept 
in liquid nitrogen for 1-3 days. In a later ease, 
before performing the measurements, the vesicles 
were thawed at 37eC. No qualitative differences 
in data were observed between the fresh and the 
thawed endosomes, however, after longer storage 
in a froze~a state, for unknown reasons, the endo- 
somes erdtibited a weaker ATP-driven H÷.pump. 
ing ability. 

The reccrdi ags are from single experim~.nts and 
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are representative of three or more repetitions 
with separate membrane preparations. Other data 
are shown as means +S.E of the number of 
experiments indicated in the legends. 

Materials. Acridine orange was from Eastman 
Kodak (Rochester, NY, U.S.A.), FITC-dextran 
(Mr 17500) from Sigma (St. Louis, U.S.A.). 
oligomycin and NEM from Serva (Heidelberg, 
F.R.G.), DCCD from Calbiochem (Kalamazoo, 
MI, U.S.A.), Percoll from Pharmacia Fine Chem- 
icals (Uppsala, ~weden), vana~tate (Na:i't-¢O4) 
from Merck (Darmstadt, F.R.G.), and Oxonol V 
from Molomlar Probes, Inc. (Junction City, OR, 
U.S.A.). CCCP, HRP (250 U/mg), and ATP (dis- 
odium salt) were pL~rchas~ from Bochringer 
(Mannheim, F.R.G.). Other chemicals were of 
analytical grade. 

R ~  

lsoiado,; ~¢ liver endocytic vesicles 
Previously, it has b~cr, shown that endocytic 

vesicies from various cells contain an AT?-~';.ven, 
anion-stimulated H+-pump, but no other marker 
enzyme [3,4,6-9,11,12,25]. Thus, in order to iso- 
late liver endosomes, the rats were injected with 

FITC-dextran, and the H+-pump activity was 
traced throughout the purification steps by record- 
ing the ATP-dependent changes in fluoresc, ace of 
either intra-vesicularly trapped FITC-dcxtran or 
of acridine orange. The membrane fraction with 
the highest ATP-dcpendent, Cl--stimulated H +- 
pump activity obtained by differentia~ centrifuga- 
tion was separated by a 16,~ w/w Pe=coll density 
gradient (Fig. 1). Each fraction of the gradient was 
tested for the FliTC-dextran fluorescence (tri- 
attgels) and /iie H~:putnp activity measured by 
~ither FlTC-dextraa (open circles) or acridine 
orange fluorescence changes (closed circles) in the 
presence of C1- and ATP. The FlTC.dextran fluo- 
rescence distributed all over the gradient, showing 
two broad peaks; ~the lower peak was in fractions 
6-14, and the higher one in fractions 25--33. The 
H+-pump activity, measured by either FITC-de- 
:~tran or acridine orange, comigrated with the lower 
peak in the top fractions of the gradient. The 
~ractions wi_th the highest H+pump activities 
measured with FITC-dcxtran (fractions 6-12, 
hatched area) were pooled and processed further 
by differential centrifugation. 

A; measured in final vesicle preparations with 
either in rive t:apped FlTC-dextrzm or with exter- 
nally added acridine orange (Fig. 2A anti B), ATP 

/ g 
- 13o .30 

= '°',,o..o..o--o--o-.o., .lo • _e 
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I 5 Ib 15 20 2£, 30 35 

Fruction trail 
Fig. I. Distribution of FITC-dextran fluorescence (A) and H +-pump activity measured by acridine orange fluorescence quenching (®) 
or FITC-dcxtraa fluorc,~,cnc¢ dccrca,s¢ (o) along a Percoll ~radieat. A 0.1 ml aliquot of each fraction was diluted into 1.9 nd 
KCl-buffer in the ahsen~ (A, o) or presence oi' 6 pM (final oon~:ntration) acddin¢ orangc (@). H+-pump actMty wa.~ recorded by 
L~e initial rates of acridine orange fluores~noe quenching or FITC.dextran fluorescence dccrca~ following addition of 1.5 rnM ATP 

(final concentration). 
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Fig. 2. Ct--stimulated H +-pump activity in absence (-ATP) or presence of A'FP (,all other experiments) in isohted liver ¢ndocytic 
vesicles as measured by fluorescence changes of incorporated FITC-dextran (A) or of acridine orange (B): effect of v0rious inhibitors. 
Vesicles f0.068 mg protein in A and 0.123 rag protein in B), preloaded with glu~nate buffer, wer¢ dihted into the same (Glue-) or 
KCl-buficr (CI-) that comained no (A) or 6 FM acridine orange (B) and the indicated inhibitors in the following {final) 
concentrations: oligomycin (Oligo), 10 Fg/ml; vanadate (Vanad), 0.5 raM; DCCD, 0.5 raM; NEM, 0.5 raM. Controls contained 0.5~ 
etha~o'~ (EtOH). Before adding ATP to start the H+.pump, the vesicles were incubated in the presence of ethanol or inhibitors at 
room temperature for 15 rain. At the indicated time (arrow) the protonophure CCCP was added (final concentration 10 FM) to 

dissipate the pH gradient. 

efidted a time.dependent intravesicular acidifica- 
tion. This acidification was more pronounced in 
the presence of chloride than v, ith ghconate, indi- 
cating t,'=e .presence of an ATP-driven, anion- 
immulated H+-pump "~ the vesicles. The CI- 
stimulatM H%pump measured by FITC-dextran 
(Fig. 2A) was not ~mhibited by oligomycin or 
vanadate. DCCD inhibited strongly and NEM 
completely, in acridine orange studies (Fig. 2B), 
vanadate was not i~hibitory, oligomycin inhibited 
partially, and DCCD and NEM inhibited com- 
pletely. Although some differences exist in two 
assays with respect to stimulation of the H %pump 
activity with ghconate and inhibition by 
oligomyqin..possibly due to a different sensitivity 
of fluorescent dyes to apH (acridine orange has a 
low sensitivity to apH below 0.5 pH units [22]), 
the overall inhibitory pattern in both assays is 
comparable and remarkably cin'~ar to the pattern 
previously established for the HLpump in rat 
~.znal endocytic vesicles [4,12]. Furthermore, as in 
renal cndosomes, the proton gradient established 
in liver endecytic vesicles was not affected by 

addition of Na ÷, indicating the absence of an 
Na+-H + exchanger in these membranes (data not 
shown). 

The experiments with FITC-dextran clearly 
showed that our preparations of fiver vesicles con- 
tained endocytic vesicles that have incorporated 
this fluorescent fluid phase marker in viva. To 
furtilcr ,dsualize directly the endosomes in our 
vesicle preparation, the rats were injected with 
HRP, an enzyme that has been shown to be taken 
"'°" "" ': .... :"'~"ytic uv ,,j ,~,,~ . . . . . .  vesicles in viva [5], and the 
HRP reaction was performed on 'he fixed liver 
tissue and isolated vesicles. 

A histochemical study of the HRP reaction in 
the lb, er tissue (Fig. 3A) shows that the electron- 
dense reaction prgduct is detected in the space 
between the cells but not in the bile canaliculus. 
Endocytic vesicles filled with HRP bud off from 
the plasma membrane (Fig. 3B, arrow) or arc 
present in the cells. As sl;own in Fig. 3C, the final 
preparation of the H+-pump-rich membrane 
vesicles contains a number of vesicles that exhibit 
intrave, sicular staining at HRP. As the perfusion 
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Fig. 3, He.radish l~ro~idas¢ activity ( H I ~  mral liver tissue (A and B) ~ d  isolated endocytic vesicles (C). The enzyme was 
injected into a rat in vitro and 15 ~ later, ~he fiver was removed, fixed and reacted for HRP (fo~ d..'~ails, see Materials and 
Methods). Endo~e  w~:les were isola~ from HRP-injeetcd rats, fixed as pellet and then reacted for HRP demonstratimL (A) This 
electron mierograph (x10880) depits the intercellular cleft between rat liver cells. The cleft is Fdled with the reaction product of 
HRP. The cell membranes display a number of inva~=inations from which endocytie vesicles originate, The bile canaliculus (be) is not 
labeled. (B) Higher magrdlieation (x 64000) of a tortuous intercellular cleft labelled by HRP. The arrow points to a eodocytic vesicle 

just forming. (C) A fraction of liver membranes en~ched in endocyfic vesicles, some of which are labeled by HP, P ( x 16000). 
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TABLE 1 

YIELDS OF PROTEIN AND ATP-DRIVEN H +-PUMP ACTIVITY DURING PREPARATION OF RAT LIVER ENDOCYTIC 
VESICLES 

Values are means+~.E, of four experiments. H+-pump activity was measured by diluting an aliquot of homogenate or indicated 
fraction into KCl-buffer, which contained acridine orange + ATE The initial rates of fluorescence quenching in the absence of A'rP 
were subtracted from the rates observed with ATE S (snpernatant), P (pellet), and PO (fraction from the Perenll gradient) are 
explained in Materials and Methods. EV, endocytic vesicles, zlF, fluorescence change. 

Fraction Protein H +-pump 

total yield total activity yield specifit: activity 
(mg) (%) (dF/total prof.! (%) (/tF/mg protein) 

Homogenate 4329 +105.1 100 6530 +914.7 100 1.514-0.22 
S~ 2061 + 96.7 47.6 .-1:1.23 5181 +127.5 83,8 +10.6 2.535:0.16 
S 2 1649 ~: 28.1 38.1 4-0.38 3135 4-111.5 51.9 4- 9.5 1.90+0.05 
P3 141,6 + 11.2 3.28 +0.25 1397 +263.1 24,4 ± 8.2 9.87:t:L57 
PG2 24.6 + 0.99 0.57 4-0.024 294 + 16.4 4.83+ 0.82 12.0 5:0.85 
P4 11.0 5:2.01 0.26 +0.043 225 -t- 21.3 3.79+ 0.92 21.3 +1.76 
S 5 2.78+ 0 , 1 7  0.064+0.003 124 + 11.7 2.05+ 0.39 44.7 5:3.74 
EV 0.66+- 0 . 1 1  0.015+0.003 67.5+ 5.88 1.14+ 0.25 106.0 +9.17 

time with HRP injected into rats in vivo was only 
15 rain, it was not expected that all endoeytic 
vesicles in the cells had taken up HRP. Morpho- 
logically, the preparation of our vesicles is similar 
to the river endosomal preparations described pre- 
viously by other using different isolation tech- 
niques [5-9]. 

Table I summarizes the yield of protein and 
H+-pump activity in the presence of CI- in the 
most important purification steps. The yield of 
protein in final vesicle preparations was 0.66 rag, 

i.e., only ,,.v~.,~" c ,  e~ o, ¢ the starting~ amount of protein 
in the homogenate obtained from two rivers, The 
yield of H+-pump activity was about 15~, with a 
concomitant increase in the specific activity to 
about 100-fold, The total recovery of H+-pump 
activity in all fractions varied between 85% and 
105% (data not shown), ruling out any significant 
inactivation or activation of the pmnp during the 
purification procedure. 

The purity of our endosomal preparations was 
estimated from the enrichment factors for the 

TABLE II 

ENRICHMENT FACTORS FOR H +-PUMP AND VARIOUS ENZYMES IN RAI' LIVER ENDOCYTIC VESICLF.S 

Values are means + S,E. for the number of preparations ( n ), Enrichment factor is the ratio of specific activity in the final preparation 
over that in the homogenate. 

Enzyme (snecific marker for) n Enrichment factor 

H +-pump (endocytie vesicles) 36 ,%.1 5:2.66 
Succinate-cytochrome c oxidoreductase (mitochondria) 5 0.214-0.05 
KCN.resistam NADH.oxidoreductase (endoplasmic reticulum) 5 0.20 + 0.06 
Thiamin pyrophosphalase (endoplasmi¢ reticulum + Golgi membran~) 4 1.2~ + 0.22 
Acid phosphata~ (lysosomes) 4 3A9:1:0.28 
Acid 5'-nucleotidase (lysosomal membranes) 4 2,83 + 0,36 
//-Ghieosaminidase (lysosomes) 4 0,42 :t:'3,05 
(Na + + K + ).KrPase (sinusoidal m~abranes) 6 2,31 + 0.44 
Alkaline phosphat~e (canalicular membranes) 5 6 ,q  4. 0.46 
Alkalina 5'-nucleo)idase (eanalicu!ar membranes) 5 7.43 :~. 0,23 
Leucine arylamidase (eanalicular membranes) 8 3.8~ t-0.14 
Acetylcholinesterase (red blood cells) 5 0.814-0,09 
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TABLE Ill 

CHARACTERISTICS OF H+-PUMP IN LIVER ENDOCYTIC VESICLES 

Dependence on au¢leotides was measured by diluting 0.14 mg vesicle protein in KCl buffer which contained acridine orange and 1.5 
mM of the indicated nucleotide~. Dependence on monovalent cations was determined by diluting 0.065 m g vesicle protein into 
buffers which comprised 300 mM mannitol/5 mM MgSO4/6/tM acridine orange/1.5 mM ATP/5 mM Hep,'~-Tris (pH 7.0), plus 
125 mM of the indicated monovalent cations as chloride salts. Dependent, on divalent cations was measur~l by diluting 0.19 mg 
vesicle protein into acridine orange, ATP and KCl-containing buffers, which comprised 5 mM of either Mg z+ or other indicted 
cations as chloride salts. Anion specificity was recorded after the vesicles (0,085 mg protein) had been ad:l~d to buffers which 
contained 300 mM mannitol/1O0 mM potassium 81uconate/5 mM MgSO4/6 I~M acridine orange/1.5 mM A?F/5 mM Hepes-Tris 
(pH 7.0~, plus 25 mM of the indicated anions in form of potassium salts. The kinetics of H÷-pump were deten~ined in buffer5 with 
various Ci- concentrations. Osmolarity was kept constant by addition of gluconate. Kinetic characteristics ~ere estimated from a 
Lineweaver-Burk plot of the data. TMA = tetramethylammonium, n = number of experiments. 

Parameter Result 

Dependence on nucleotides 
Dependence on monovalent 
Dependence on divalent cations 
Anion specificity 
x,,, (ct") 

ATP (no activity with GTP, CTP, ITP, UTP) 
K ÷ = TMA + = choline + = Na ÷ -- Li* = Rb* = Cs* 
Mg 2-~ = Mn 2+ > Co 2+ :*, Cu ~+ (no activity with Ca 2+ and Zn 2 + ) 
I -  ~, CI- = Br- :*- gluconate = SCN- - HCO~" - NO~" > F" = SO~ "' = PO~- 

23.1 + 2.67 mM (n =4) 
86.3 4- l 1.52 ,4 F/n~n per mg protein ( .,1 = 4) 

H+pump and enzymes known to be markers for 
various cellular structures. The enrichment factor 
for H+-pump activity was determined from the 
initial rates of Cl-stimulated H +-pump activity in 
the liver homogcnate and final vesicle prepara- 
tions. As shown in Table II, the vesicles were 
enriched about 80-fold in H+-pump activity. The 
activities of marker enzymes for mitochondda, 
endoplasmie reticulum, Golgi membranes and red 
blood cells were not enriched. A small enrichment, 
3-4-fold, was found for the lysosomal markers, 
acid phosphatase and acid 5'-nucleotidase, but not 
for fl.ghcosaminidase. (Na++ K+)-ATPase activ- 
ity, a marker for smusoidal membranes, was 
enriched about 2-fold. An enrichment of between 
~- ,'vl 7-fold was observed for the activities of the 
put~.ive membrane marke~s for bile canaliculi, 
alkaline phosphatase, alkaline ~'-nucbotidase and 
le,~cine arylamidase. The data indicate that liver 
endocytic vesicles isolated by our method are con- 
taminated by canalicular membranes, but are de- 
void of a significant contamination by other cellu- 
lar membranes. 

Characterization of the H +-pump 
Besides the sensitivity to various inhibitors 

demonstrated in Fig. 1, the H+-pump in our endo- 
somal preparation was further characterized with 
respect to cation and anion specificity, .:lectrogen- 

icity and ATPase activity. The ~,'xpetimental ap- 
proach was the same as described in details previ- 
ously for rat rental cortical endocytic vesicles [12]. 
The original recordings are not shown, the conclu- 
sions are summarized in Table III. 

The endosor.tal-H*-pump shows a high activity 
with ATP and no ,~,xiviiy with otM.~: nucleotides. 
A requirement for a specific mom,valent cation 
was not observed. However, the pump required 
the divalent cations Mg z* or Mn 2+. The activity 
was about half-maximal with Co 2* and very small 
with Cu ~+. No activity was measured with Ca 2* 
or Zn 2*. As for the anions, the highest activity was 
recorded widi I-, followed by CI- mid Br-. Much 
smaller H + uptake was found with gluconate, 
SCN-, HCO~-, and NO3. F-, SO~- and PO 3- 
sustained the H+-pump activity less well than 
ghconate. When measured at various concentra- 
tions of CI-, the H+-pump obeyed hyperbolic 
kinetics, exhibiting a half-maximal activity at 23 
mM chloride and a Vm~ of about 86 ~ F/min per 
mg protein. 

The electrogenicity of the H*-pump was studied 
by fluorescence changes of Oxonol V (Fig. 4). In 
the absence of e l -  (Fig. 4A, KGhic), ATP caused 
a quenching of dye fluorescence, indicating the 
development of an inside.positive membrane 
potential created by the ATP-dependent H+-pump. 
The membrane potential created dissipated by 
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Fi~, a Eleelrogenielty ~f th~ H+-pump, V~i¢les (0,259 mg 
protein), prdoadM with potassium ghiconate buffer were ad- 
ded to the same (KGhie and all other recordings except that 
designated as KCI) or KCI buffer (KCI) which contained 
Oxonol V and one of the indicated inhibitors in the e.oneentra- 
lions listed in the l~g¢~a$ of Fig, 2. The control experiment 
(KGhie) contained 0.5~ ethanol The vesicles were prein- 
eubated with the inbibitors or ethanol at room temperature for 
2 or 15 rain. The development of the membrane potential was 
started by adding ATP (final concentration 1.5 raM). At the 
indicated time (mows), either KCI (final concentration, 25 
raM) or a protonophore (CCCP or TCS, each in final con- 
eentration of 5 iaM) were added to dissipate the membrane 

potential crea~ed. 

adding " -  ~.~ or the protonophore, CCCP. In a 
Cl--containing buffer (Fig. 4A, KCI), the develop- 
ment of a membrar, e potential was prevented, 
indicating that CI- acts as a permeant, charge- 
compensating anion. In accordance with FITC- 
dextran and acridine orange studies shown in Fig. 
2, the development of membrane potential by the 
ATP-&ivco it+-pump in live~ eudosomes was un- 
affected by vanadate (Fig. 4B), slightly inhibited 
by ollgomycin (Fig. 4D), and stror~gly inhibited by 
DCCD (Fig. 4B) and NEM (Fig. 4L:), 

A TPase activity 
ATPase activity in isolated resides was mea- 

sured by the coupled optical assay described pre- 
viously [12]. In a Cl--free buffer and in the pres- 
ence of 2 mM ouabain, 5/~g/ml oligomyein, and 1 
mM levamisole, the vesicles exhibited an ATPase 
activity (in nmol ATP/rffm per rag protein) of 
7.14 + 0.40 (n = 5) at 37'C. This ATPase activity 
w~ negligible stimulated by CI- (7.45 -I- 0.36, n = 
6). A stimulation by CCCP (7.32 4- 0,2S~ n = 6) 
and an inhibition by vanadate were not c,h~,.~ecl 
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(7.03 + 0.33, n = 6). DCCD and NEM inhibited 
significantly (5.39 + 9.47, n = 6, and 5.98 + 0.37, 
n = 6, respectively; vs. ccntrols, P < 0.05). 

Discussion 

By using a high-speed differential centrifuga- 
tion and a single Percoll density gradient, a vesicle 
fraction was isolated from rat liver homogenate 
that exhibits a high ATP-driven, anion-stimulated 
H+-pump activity. The endosomal origin of these 
vesicles is concluded from the following findings: 
(a) the vesicles had taken up the fluid-phase 
m~xkers F!TC-dextran and HRP, injected into 
rats in vivo, as also shown for endosomes in other 
cells [4,5,26]; (b) the vesicles showed an enrich- 
ment in H+-pump of about 80-fold, whereas the 
contamination by marker enzymes for other cellu- 
lar membranes was relatively small. A 3- to 4-fold 
enrichment in lysosomal markers, acid phos- 
phatase and add 5'-nuelcotidase, may indicate a 
partial contamination of our vesicle preparations 
with lysosomes. However, the negligible enrich- 
merit of the third lysosomal enzyme, #.gluco- 
saminidase, indicates that not intact lysosomes but 
rather lysosomal membranes or detached enzymes 
from lysosomes are found in our preparation 
[19,271. Other significant contaminants are bile 
canalicular membranes, since the enrichment fac- 
tors for the respective marker enzymes vary be- 
tween 3 and 8. However, since bile canaliculat' 
membranes do not take up in vivo injected FITC. 
dextran, the characterization of the H+-pump with 
trapped dye is not influenced by this contamina- 
tion. Furthermore, it has to be emphasized ;hat 
the contamination of our vesicles with Golgi mem- 
branes is quite low (1.2-fold enrichment in thia- 
min pyrophosphatase), whereas the majority of 
preparations of liver endosomes described by 
others deals with a cousiderable enrichment in 
marker enzymes for Golgi membranes [7-9,25]; 
(c) the morphological appearance of our endoo 
somal preparations was remarkably similar to the 
appearance of endoeytic vesicles isolated by other 
methods [5-9]; (d) finally, the H+pump in 
vesicles, measured by the fluorescence changes of 
either intravesicularly trapped FITC-dextran or 
acridine orange, exhibited all the characteristics of 
the vacuolar type H+-pumps pr~.viousl7 demon- 
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strated in endoeytic vesicles from various cells, 
including liver [3A3,12], and in other components 
of the vacuolar syst~.'m [3,28]. As shown here, this 
type of W-pump prefers ATP, depends on diva- 
lent cations, such as Mg 2+ or Mn z+, but not on 
monovalent cations, is stimulated by several an- 
ions, such as I-, Cl-, and Br-, is deetrogenic, and 
is resistant to ouabain and vanadate, weakly in. 
hibited by oligomycin, and strongly inhibited by 
DCCD and NEM. In accordance with the find- 
ings in fluorescence studies, our endosomes also 
exhibit an oanbain-, vanadate- and lcvamisole-in. 
sensitive ATPase aetivity, which is inhibited by 
DCCD and NEM, indicating the presence of an 
H+-ATPase in th," vesicles membranes. 

As a similar method of isolation has been ap- 
plied to enrich eadqxytic vesicles from rat renal 
cortex [4] and to study their H+-pump [!2], it is 
interesting to compare the characteristics of the 
vesicles and the H+-pt~mps in renal and liver 
endosomal preparalions. Besides many similari- 
ties, there are two important differences. On a 
165[ wt/wt Pet~r~li density gradient, the renal 
endocytic vesicles appear at the bottom, whereas 
the liver endosomes peak in the top fractions, 
indicating the presence of tissue differences in 
endesomal densities. The low density of liver en- 
dosomal vesicles has been reported pre~'iously 
[5-~]. Tissue differences are further supported by 
the studies on anion dependence of the H+pump. 
The H+-pump in renal endoeytic vesicles is oest 
stimulated by SEN-, followed by CI-, Br- and 
I-. The stimulation of the pump in liver earle- 
seines is highest with I-, followed by CI and 
Br-. The activity of the H÷-pump in the presence 
of $CN- was rather small, and not different from 
that in the presence of gluconate. As described 
previously [29], renal endocytie vesicles possess a 
conductive anion path that accepts CI-, SCN-, 
Br- and I-, but not other monovalent and diva- 
lent anions. In liver endosomes, this anion con- 
ductance seems to be even more selective and does 
not accept other athens, except for halides. 

In conclusion, a simple and efficient high-speed 
centrilugation method is described for the isola- 
tion of endoeydc vesicles from mammalian liver. 
The experiments ¢ondrmed that these vesicles 
contain an deetrogenie ATP-driven vaenolar-type 
H+-pump. 
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