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Introduction

Some lysosomotropic substances, such as aliphatic
amine molecules, can cross the lysosome membrane
and accumulate within these organclles as a result of
the low pH of the lysosomal matrix [1), These molecules,
often referred to as acidotropic, arc also able to accu-
mulate i vther acidic subcellular structures such as
endosomes. In general, the acidotropic properties of a
compound is inferred from morphological observations
on culture cells, indicating that 1t induces a swelling of
ly: res (vacuolation) resuiting from the osmotic im-
balance caused by its ion in these or i
Obviously, such a morphologic approach gives only
quatitative information on the penetration of the sub-
stance into lysosomes, it does not allow one to study
the kinetics of the process, the intracellular distribu-
tion ot the molecuie, its conrentration in lysosomes,
ete, On th~ other haad, biochemicai investigations that
cculd bring such information, particularly on the whole
animal, are scarce for two rcasons. (1) Many aci-
dotropic molecules such as alphatic amincs that could
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be used as probes, are metabolized to a large extent
before entering lysosomes and therelore detection in
these structures is difficult. (2) Some substances that
could be particularly suitable, for example chloroguine,
are not readily available in a radivactive form; there-
forc 1o be detected in subcellular fractions by less
sensitive methods they must be injected in high quanti-
tics. Such high amount can perturb the cells where the
molecule accumulates and even have general toxic cf-
fects.

We were awaie that tyramine-cellobiose (TC) fre-
quentiy uscd as a label for protein, in endocytosis
studies [2] could be a convenient molecule ic study
azidotropism. Indeed, it is a relatively L “rophobic
secondary amine with a pK; of 9.8, iz not metabolized
and can be tabelled with '*L In the work presented
here, we have investigated the uptake of '**1-TC by rat
tiver and its intraccllular distribution. The results indi-
cate that TC accumulates in lysosomes, probably aftes
diffusion through the piu and lysosomal mem-
branes, and behaves like an acidotropic compound.

Materials and Metheds

Experiments were perfmmu] with maic Wistar rats
weighting about 200 g, "SITC was injected intra-
venously with an iacreasing amount of time before
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killing. Rat livers perfuscd with cold 0.9% NaCl, were
removed and homogenized in ice-cold 0.25 M sucrose.
Differential centrifugation was carricd out according to
De Duve et al. [3]. A nuclear fraction N, a heavy
hondrial fraction M, a light mitochondrial frac-
tion L, a microsomal fraction P and an unsedimentable
fractmn 8 wcrc lsala(cd Isopycnic centrifugation was
d g to Beaufay et al. [4]. Free flow
clectrophoresis WM performed with an Elphor Vap 22
apparatus (Bender & Hobein, Miinchen, Gcrmany),
according to the procedure described by Stahn et al. [5]
with slight modifications. Firiefly, L fraction was pre-
paied and the pellet resuspended with cold TEA (10
mM triethanolamine, 10 mM acetic acid, | mM EDTA,
adjusted to pH 7.4 with NaOH)-0.25 M sucrose. The
granule preparation was then centrifuged for 5 min at
1500 rpm in order to remove the small amount of
aggregated material. The supernatant was introduced
(1.5 mi/h) into the scparation chamber cluated wnh
the same medium. The cl de boffer was
of 100 mM tricthanolamine, 100 mM acetic acid, 0.25
M sucrose, brought to pH 7.4 with NaOH. The elec-
trophoresis conditions were: 5°C, 117 mamps (1150
voits), 2 mi/h per fraction. 90 fractions werc collected
and lysed. Rat her were isolated according
10 the procedure of Seglen [6] cxcept that both Ca®*
free and collagenase perfusion were carried out at
54°C fur 6 min. Purified lysosomes were prepared by
the method of Wattiaux and Wdltuux-Dc Coninck 7).
C: in C was yed g to Jadot et al. [8]
and proteins according to Brndford et al. [9]. The
mcthod of Hysiug ¢t al. [10] was uscd to iodinate
tyramine-cellobiose (TC).
TC was synthesized according to the method of
Pittmar: ct al. [11]. ¥C-Tyramine and “C-sucrose were
btained from A harn (UX); coll! e types 1
and 1V from Sigma (St Louis, MO).

Results

Uptakc of 1**

b

1-TC by isolated hepatocytes and by liver
-de such 3 cellobiosc and sucrose do not
dxflusc through the plasma membrane but can enter
the cell by fluid phase endocytosis. To see if this is also
the case for T'C, we compared its uptake by isolated
hcpatoc,'h.s with that of sucrose. Sucrose was selected
like ceilobiose, it is not bolized. More-
over "C-sucrose is commercially available while ra-
dioactive cellobiose is not. As shown by F:g 1(A). the
amounit of TC taken up by hepatocytes is markedly
higher than that of sucrose, suggesting that TC enters
the cells by a mechanism other than fluid phase endo-
cytosis.
‘This is confirmed by observations made on the wholc
liver, reported in Fig. 1 (B). In these experiments the
marker for fluid phase endocytosis was '*I.PVP, since
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Fig. 1. Uptake of "**I-TC and "C-suciose by isolated rat hepatocytes
(A} "SETC and “*1-PVP by rat liver (8). (A) Freshly isolated rat
hepatocytes were incubated with '1-TC (660 nM) or MC-sucrose
(300 nM) a1 37°C in PRMI 1640 medium. At indicated time, 100 p}
mixture containing 2.7 10° cells were sampled and laid in a Eppen-
dorf microtube, on the surface of 150 gl of oil (a mixture of dibutyl
phthalate and dioctyl phthalate of 1.20 g/ml density), and cen-
trifuged in an Eppendorf centrifuge for 30 s. After that cell’s pellet
wis cut off. the pellet was counted in a y-counter (*¥
(MHC-sucrose} added to 0.5 ml boiting SDS solution (0,
lation counting after 5 min, 4 ml liquid-scin
(Aqualumys Lumac, Landgraaf, Netherlands) was added, Counting
was performed in a Beckman 8 counter, 8, 'S1TC; 0, MC-sucrose.
(B) Radivactivity was measured in rat liver and plusma at increasing

times after injection of “S1-TC (0.4 g /100 g Sady wi) or ¥ ‘H’VI‘
(0.5 g/ 100 g body wt.). Total value i the pl.lsmu was estimated by
supposing it to represent 3 of animal saass, H1-1C in liver (@) and
plasma £ a X "SLPVP in liver (O) and plastaa (). Results are given
as perceatages of the amount added 10 the culture (A) or injected to

the rat (B).

sucrose is quickly climinated by the kuiney after injec-
tion. Obviously, the amount of TC taken up by the liver
greatly excceds the amount of PVP, although the net
plasma of PVP higher than that
of TC at any time aficr injection. The liver concentra-
tion of TC reaches a maximum value 30 to 45 min after
injeciicn and remains constant for at least 2 h,

Distribution after differential and isopycnic centrifuga-
tion

Livers were fractionated by differential centrifuga-
tion according to e Duve et al. [3]. The distributions
of radioactivity in the fractions at increasing times afier



TC injection are given in Table 1. At any time, the
radiozctivity is shared out between scdimentable struc-
tures and unsedimentable fraction. The proportion of

dii ble radi: ivity iated with the mito-
chondrial fractions (M + L), where most of the lyso-
semes are recovered, is high. Even I min after injection
it reaches about 50%. Analysis of M + L fractions by
isopycnic centrifugation in a sucrose gradicnt shows
(Fig. 2) that the radioactivity distribution is similar to
that of cathepsin C, a lysosome marker. Morcover,
when a specific perturbant of lysosomes, Triton WR

Frequency

7

10 min

18¢ min

3

1339 [12] is injected into rats 4 days before TC adminis-
tration, most of the TC-loaded structures are shifted
towards low density regions like cathepsin C. Thus as
carly as 1 min after injection, sedimentable structures
containing '*S1.TC behave like lysosomes.

Distribution after free flow electraphoresis
Distributions after free flow clectrophoresis arc in
g with the centri ion results. Fig. 3 shows
the distributions of radioactivity and cathepsin C after
free flow clectrophoresis of an L fraction isolated at 1

105 110 15 120

Density (g /ml)

Fig. 2. Density dis hi of radiouctivity and catt

in C after isopyenic
gradient. Expericents were performed with normal rats (Q) or rats preinjected with Triton WR 1339 (D, 170 mgin | ml &
tefore killing [12). Tota) mitochondrial (M -+ L) fraction isolated 1, 10 and i%¢ min after
extending from 1.09 g/ml to 1.26 g,/ml. Cemtrifugations were perforimed at 39(K10 rev./min in the SW 65 Spinco rotor, The ti

action in a sucrose
/rat) v, 4 days
ucrose gradient
ntegral of the

of a total

njection of "BLTC was haid on

square angular velocity was 144 rad?/ns. In ordinate: frequency ie. (2/50- Al where O represents the activiiy found in e fraction, ¢, vhe
total recovered activity and 3/ the increment of density from top to bottaw of the fraction. (A) Radivactivity; (B) cathepsin C,
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TABLE

Distnbrinor of radioactivivy ufter differential centrifugation according
10 the procedure of De Duve et al. {3]

Distributions of radioactivity in rat livers were obtained at increasing
times after injection of **1-TC inte the animals. N, nuclear fraction;
M, heavy mitochondriat fraction; L. light mitochondrial fraction: P,
microsomal fraction: S, final supernatent.

Fractions Ridwactiviy (70 of total): time (min) afler injection
1 0 6 80

N [ NI 71 57

M 16.1 174 177 295 25.6

L 48 52 17.4 151 18.0

P 12 122 i3 4.3 A

S 570 526 416 9.0 43.2

and 5 min after '"*1-TC injection. In both cases, the
radioactivity distribution coincides with that of the
tysosomal enzyme.

Effect of glycyi-t-phenylalanine-2-naphthiylamide (GPN)

As shown by Judot et al. [8}, when lysosomes are
incubated with GPN, the membrane is disruptcd and
their content released into the medium. That results
from the penetration of GPN into lysosomes and its
hydrolysis by cathepsin C. Thercfore, a convenient
method to see if a compound is located within lyso-
somes is to determine il it can be released by GPN
from the structures it is associated with. Mitochondrial
tractions isolated 1 min, 5 min and 10 min after '*1-TC
injection were incubated with GPN and the release of
radioa.tivity and of cathepsin C was measured. Results

TABLE 11
Effect of glyeyl-t-phenylalanine-2-naphthylamide

Mitochondrial fractions, originating from livers of killed 1 min
and H) min after injection of "¥81-TC, were incubated at 37°C for 10
min in the absence or the presence of (.25 mM glycyl-t-phenyl-
ulonine-2- ide in a medium ining 0L05 M acctate
buffer i 6, 0.25 M sucrose, 5 mM NaCl. After that, the mixture was
chilled by adding 2 mi of ice-cold 0.25 M suctuse, then centrifuged at
25000 rev, /min for 25 min in a Spinco 40.3 rotor. The cathepsin C
and radivactivity released in were Values are
givea as percentages of the amounts released under the same condi-
tions in the presence of 0.05% Triton X-100.

Time (min)  Activity released (% of tatal)

control treated
hepsin C radioactivi hepsin C
1 0 is4 98.9 YLs

10 0 4.8 80.0 1068

presented in Table I demonstrate that radicactivity
and the lysos ] lasc are rel d to the same

y
exwnt even 1 min after injection,

Effect of cli'oraquine a.Iministration

Chloroguine is an acidotropic druy thay rccumulates
in lysosomes to a very large cxtent and (- able to
increase the lysosomal pH {1]. We were interested to
see if a pretreaiment of rats with chloroquire could
affect the distribution of '"*1-TC in the liver. Rats
reccived chloroquine (50 pyz/g of body weight) 50 min
before injcction of '**I-TC ani were killed at increas-
ing times after injection. There was no significant dif-
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60 k(] 80 /A‘g/g of gtudy weight) was injected Lp. 50 min before injecting
Fractions IBLTC, "SETC was given at increasing times before killing. The
livers were fractionated and radioactivity of the differcrt fractions
Fig. 3. Distribution of radioactivity and cathepsin € after free flow The in total mit il frac-

clectrophoresis of L fraction. Light mitochondrial (L) fraction was
isolated 1 min or 5 min after injection of '"*1-TC, and subjected to
free fow el h Ordinate: in frac

tions. @, radioactivity:

. cathepsin C.

tions (M + L) and in the 5 fraction as a function of the amount found

in the homogenate are given in the tigure. "S1-TC in normal liver

M+L(M)end S () fractions or in chloroquine treated liver M+L
{L3) and S (&) fractions,
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o oof M TC, MOsueruse in isolated fysaomes.
Ivsosomes (300 ug) were incubated at 37°C in a medium
containing 0.25 M sucrose and 10 mM Hepes (pH 7.4) in the
presence of PS1TC (660 aM) o “C-tyramine 66 2M) o1 “C-
sucrose (300 nM). At indicated time, 100 1l mixture were sampled
and immediately filtered through a Whatiman GF/C glass filter (24
mm diameter) after being diluted by | ml -cold PBS buffer (pH
7.4). Filter was rapidly washed twice with 2 mi ice-cold PBS, placed
in u scintitfatior counting vial ining 4 mi fiquid-scintiliati

cacktail. Radioactivity was counted in a Beckman 8 counter. Results
are given as percentages of the amount added to the medium,

&, "C-yramine: 8, '*I-TC; 0, "C-sucrose

ference hetween the amount of '*I-TC taken up by
liver for chloroguine pretreated and for normal rats
(not shown). However, as indicated in Fig. 4. the intra-
cellular distribution of radioactivity i« modified by
chloroquine. In normal rats, the radioactivity associ-
ated with the mitochondrial fractions (M + L) in-
creascs with time when that present in the S fraction
decreascs. In chloroguine treated animals, the radioac-
tivity recovered in M + L is significantly fower than in
the normal rats and does not increase with time. Thus
hi ine pr nt pr the entiy ot '*1-TC
into lysosomes to same extent.

Uptake of *C-sucrose, "“C-tyramine and '*I.-TC by
isolated lysosomes

To sec whether '1-TC can freely enter lysosomes,
these organelles were purified in a metrizamide gradi-
ent [7] and incubated with '*I-TC or with “C
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and PVP. As the threc substances can not be metabo-
lized, such a difference must result from a difference in
the rate of penctration of these molecules into the
cells. Sucrose and PVP enter the cells by fiuid phase
endocytosis, thuy another process is involved in the
case of TC uptake.

Two possibilities ha ¢ to be considered: TC is either
taken up by adsorptive cndocytosis or it enters the cells
by diffusion. Distributions observed after centrifuga-
tion are in favour of the second mechanism. At any
time after differential centrifugation, TC is distributed
amongst sedimentable and soluble fractions. Isopycnic
centrifugation, particularly after Triton WR 1339 treat-
ment and the effect of GPN make it clear that the
organelies TC is associated with are lysosomes. Ac-
cordingly, as early as 1 min after injection most of TC
is located in lysosomes and in cytoso! which is not
consistant with uptake by endocytosis. Therefore TC
probubly enters these cells bv diffusion and after reach-
ing the cytosol, accumulates in lysosomes. If we sup-
pose that these organclies and the cytosoi occupy,
respe~ively, 1% and 25% of the total volume of the
fiver [13), when 45% of TC is located in lysosomes
(ufter 180 min), its concentration in these strictures is
more than 20-times higher than that in cytoscl. On the
other hand, we have shown that TC but not sucrose is
able to enter isolated lysosomcs. The more plausible
explanation is that TC can diffuse through the lysoso-
mal membrane and remains trapped in the organelle
walirix like an acidotropic molecule. The effect of
chloroquine strengthiens this nypothesis. Indeed, when
the drug is injected into animal before giving TC, it
dees not significantly inhibit the uptake of that com-
pound by the liver, bui prevents to a large extent its
accumulation in lysosomes. Such a distribution is to be
expected if TC accumulates in lysosomes as a result of
the low pH prevailing in these particles, since chlero-
quine is a lysosomotropic weak base {1} and the in-
crease of lysosomal pH it can induce will lower the
concentration of TC which can be achieved inside
lysosomes.

Cne can not exclude the possibility that TC may
also 4 in acidic compartments other than

As expected, “C-sucrose does not cross the lysosomal
membrane when '2*1-TC linearly accumulates with time
in the lysosomes (Fig. 5). We found (not shown) that
*SL.TC uptake is not inhibited by high concentration
of ccliobiose, tyramine and unfabelied TC. The impor-
tant fact is that tyramine is readily taken vp by isolated
lysosomes (Fig. 5). 1'C and unlabelled tyramine ) not
aftect the kinctics of the process (not showz),

Discussion

The rate of TC uptake by hepatocytes and by the
whcle 'iver is several times higher than that oi sucrose

lysosomes. However, if it is the case, such an accumula-
tion involves only a minor pioportion of TC, For exam-
ple, as shown by Table I, after 60 or 180 min abrut
80% of the sedimentable radioactivity is recoved in M
and L fractions. At this time. analysis of these fractions
by isopycnic centrifugation clearly shows that TC is
associated with I It is particularly obvinus
when experiments were performed with rats injected
wirh Triton WR 1339, a specific lysosome density per-
turbant.

App ly adding a moicty to
allows the disaccharide to cross the plasma membrane
and the ysusome membrane. We have recently found
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that tyramine enters hepatocytes by facilitated and by
free diffusion (unpublished results). TC does not in-
hibit tyramine diffusion (unpublished results) and
therefore does not use the tyramine carrier to enter
hepatocytes. On the other hand. the results reported
here indicate that “C-tyramine probably crosses the
lysosome membrane by free diffusion since no inhibi-
tion is observed by unlabelled tyramine. The same is
true for TC. These observations suggest that the differ-
ence between cellobiose and TC, with respect to their
capacity to step across the plasma and the |
membrane, results from the hydrophobicity g &
the disaccharide wheii it is linked to tyramine, in spite
of the increase in molecular size caused by such ac
addition. In fact we have found that the partition
coefficient of TC between octanoi and water, although
fow (0.0206), is 1l-times higher than that of sucrose
and close to that of tyramine (0.033).

TC Iting from intralysos I hydrolysis of endo-
cytosed proteins labelled with that substance remains
inside these organelles for a relatively long time [2.10).
This is nct inconsistent with our discoveries that TC
can cross lysosornai membrane. On the contrary, we
show that after entering lysosomes, TC accumulates
suggesting that it can not casily ditfuse from inside 10
outside these particies, probably because it is more
protonated.

From a practical point of view, owing to the facts
ihai it can be labelled with '**1 and that it is not
metabolized, TC could be an interesting melecule o
study acidotropism in the whole animal and n isolated
and cultured cells.
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