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The uptake of intralysosomal storage of sucrose by hamster 
fibroblasts results in increases in the activities of several 
types of lysosomal enzymes. The increases are not restricted 
to glycosidases. The activities of plasma membrane and Golgi 
apparatus enzymes are also increased whereas enzymes of other 
organelles are not affected. Uptake of sucrose causes the 
cessation of endocytosis within 5 hours. The time course of 
increases in enzyme activities demonstrates that the initial 
changes occur in the plasma membrane. 

Many cultured mammalian cells take up sucrose into the 

lysosomal system by pinocytosis (l-4) and since sucrose cannot 

be degraded by lysosomal enzymes it persists within the lysos- 

omes (5). To maintain the osmotic balance between the interior 

of the lysosomes and the cytoplasm, there is an influx of water 

resulting in greatly enlarged lysosomes (6). Overloading of 

the lysosomal system with non-digestible material and the result- 

ing vacuolation often leads to increased activities of lysosomal 

enzymes (l-3) and it has been suggested that there is a specific 

increase in glycosidase levels in response to the storage of 

Sucrose (3). 

We have investigated the effects of sucrose storage on 

several types of hamster fibroblast lysosomal enzymes and also 

on enzymes which are constituents of other components of the 

vacuolar apparatus (the plasma membrane and Golgi apparatus) 

to determine the specificity and extent of the response to 

sucrose storage. 
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MATERIALS AND METHODS 

Monolayers of Chinese hamster CH-23 fibroblasts were 
maintained with Dulbecco's modified Eagle' 

s 
medium supple- 

mented with 10% calf serum (Flow) in 75 cm Falcon flasks. 
To investigate t e effects of sucrose on enzyme activities, 
approximately 10 !z cells were inoculated into 15ml of medium 
containing 0.08M sucrose. Control cultures were run concu- 
rrently. The cells were harvested by trypsinisation after 
72h while still in exponential growth. The cell pellets 
were washed with 0.25M sucrose (3ml) and homogenised in 50mM 
sodium acetate buffer pH 5.0 (2ml) with a Potter-Elvejholm 
homogeniser. The homogenate was assayed for a variety of 
enzymes as described in references 7-10 in the presence of 
0.1% Triton X-100. Protein was estimated by the method of 
Lowry et al (11). -- 

The uptake of [U- 14 C -sucrose (Amersham) was investig- 
ated by adding 1pCi of a C1 Cl-sucrose to a series of flasks 
containing confluent cells in 15ml of medium. The cells 
were harvested at various times after washing the cell sheet 
with 0.25M sucrose (2 x 10ml) to remove free radioactive 
sucrose. After trypsinisation of the cell pellet was further 
washed with 0.25M sucrose (3 x 5ml) and homogenised in 2ml of 
water. Triton X-100 was added to the homogenate to a final 
concentration of 0.2% (v/v). The homogenate was centrifuged 
at 5 000 x g for 15 min to remove cellular debris and the 
radioactivity of a 0.2ml aliquot of the supernatant was deter- 
mined by liquid scintillation counting using a xylene-Triton- 
X-100 based scintillator. 

RESULTS AND DISCUSSION 

Growth of Chinese hamster fibroblasts in the presence of 

0.08M sucrose produces small but statistically significant 

increases in the activities of the four lysosomal enzymes, 

arylsulphatase B, cathepsin D, B-glucuronidase and N-acetyl- 

B-glucosaminidase (table 1). Contrary to the results obtain- 

ed by Bernacki and Bosmann (1) with mouse L5178Y cells, the 

increases are not restricted to glycosidases but include prot- 

eases and sulphatases. Thus sucrose does not specifically 

induce the synthesis of enzymes involved in polysaccharide 

degradation. 

The increase in the activity of the Golgi apparatus enzyme, 

UDP galactose, N-acetylglucosamine galactosyl transferase is 

comparable with that of the lysosomal enzymes. Dingle et al (2) -- 

95 



TA
BI

E 
1.

 
9~

 
sp

ec
ifi

c 
ac

tiv
itie

s 
of

hm
st

er
 

fib
tila

st
en

zy
m

s 
in

 
th

e 
pr

es
en

ce
 

an
d 

ab
se

nc
e 

of
0.

08
M

 
su

cr
os

e.
 

C
el

ls
w

er
e 

gx
w

m
in

t.b
px

es
en

~o
fs

uc
ro

se
 

fo
r 

72
h.

 
Th

e 
nu

tb
rs

 
in

 
pa

re
nt

he
si

s 
re

fe
r 

to
 

th
en

~o
fd

et
e~

ti~
s.

 
St

at
is

tic
s 

re
fe

r 
to

 
+ 

st
an

da
rd

 
de

via
tic

m
, 

t 
fo

r 
th

e 
di

ffe
rm

ae
 

be
tw

ee
n 

th
en

m
ns

w
as

 
ca

lc
ul

at
ed

us
in

gt
.h

es
tu

Ie
nt

tte
st

~d
Pw

as
 

de
te

rm
in

ed
 

fm
nt

ab
le

s,
N

.S
. 

=n
ot

 
sig

ni
fic

m
t. 

Sp
ec

ifi
c 

Ac
tiv

ity
 

hm
its

/q
 

pr
ot

ei
n)

 
Sp

ec
ifi

c 
Ac

tiv
ity

 
in

pr
es

en
ce

of
 

0.
08

x 
su

cr
os

e 

%
 

Si
gr

Li
fic

an
ce

 
ch

an
ge

 
(P

) 

N
-a

ce
ty

l-&
 

gl
m

m
ni

ni
da

se
 

ql
su

lp
ha

ta
se

B 

5'
-n

uc
lE

ot
id

as
e 

U
D

P-
ga

la
ct

os
e,

 
N

-a
ce

ty
l- 

gl
uc

os
an

in
e 

ga
la

ct
os

yl
 

tra
ns

fe
ra

se
 

flx
na

ra
se

 

al
ka

lin
e 

rik
on

uc
le

as
e 

0.
16

4 
90

14
 

0.
62

6 
+0

.0
41

 

2.
45

 
x 

10
-2

-2
 

5.
02

0 
x 

10
 

6.
53

 
+o

. 
92

 

0.
94

 
x 

lo
-2

 
5.

08
 

x 
lo

-2
 

9.
30

 
x 

lo
-4

 
97

7 
x 

lo
-4

 

0.
12

6 
0.

01
5 

0.
14

4 
5.

01
1 

(1
6)

 

uo
) 

(2
1)

 

(1
0)

 

(1
0)

 

(1
4)

 

(8
) 

(1
8)

 

0.
21

3 
0.

01
7 

0.
89

0 
$0

69
 

3.
75

 
x 

K2
 

+0
.2

8 
x 

lo
-2

 

8.
36

 
9.

87
 

1.
42

 
x 

lo
-f2

 
5.

09
 

x 
10

 

1.
20

 
x 

lo
-1

3 
KI

.1
3 

x 
10

 
- 0.

11
7 

5.
01

6 

0.
15

4 
'a

.0
12

 

(1
0)

 

(1
0)

 

(1
5)

 

(1
2)

 

(1
2)

 

(1
2)

 

(6
) 

(1
4)

 

+2
9.

9 

+4
2.

2 

+4
6.

1 

+2
8.

0 

+5
1.

1 

+2
8.

6 

-7
.1

 

+7
.0

 

<0
.0

5 

<0
.0

5 

co
.0

5 

co
.0

5 

co
.0

5 

co
.0

5 

N
.S

. 

N
.S

. 



Vol. 70, No. 1, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TIME (HI 
48 

%&es The time course of the effect of sucrose on enzyme 
. Cells grown in the presence of 0.08M sucrose 

were harvested at various times, homogenised and assayed for 
several enzymes as described in the text. 5'-nucleotidase 
( n -H ), galactosyl transferase ( 0 - 0 ), arylsulphatase 
B ( 0-O 1, B-glucuronidase ( 0-O ). 

noted a hypertrophy of the Golgi apparatus and an increased 

production of primary lysosomes during growth of chick embryonic 

cartilage in the presence of sucrose. The plasma membrane enzyme, 

5'-nucleotidase, shows a relatively large increase after growth in 

medium containing sucrose. 

The changes in the activities of mitochondrial and soluble 

cytoplasmic marker enzymes (fumarase and alkaline ribonuclease 

respectively) are not statistically significant. Endoplasmic 

reticulum enzymes (8) could not be detected in this cell line 

(12). The effects of sucrose, consequently, appear to be limited 

to those organelles which participate in the vacuolar apparatus 

(13) namely the Golgi apparatus, lysosomes and plasma membrane. 

The time courses of the increases in enzyme activities induced 

by growth in the presence of sucrose are shown in fig. 1. There 

is a lag of about 24h before the activity of arylsulphatase B 

begins to increase and a 48h lag in the case of B-glucuron- 
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idase. Galactosyl transferase shows a linear rate of increase 

over the entire time period. The plasma membrane enzyme, 5'- 

nucleotidase, shows a rapid increase in activity reaching its 

maximum specific activity within 24h. 

Wagner et al (14) have shown that the uptake of sucrose -- 

by Chang liver cells results in the rapid cessation of endo- 

cytosis, presumably due to the irreversible internalisation 

of plasma membrane. The persistence of the sucrose valuoles 

prevents the internalised membrane from being reutilised for 

plasma membrane synthesis. Hamster fibroblasts take up [ 14c1- 

sucrose linearly after a lag phase (fig. 2). The lag phase 

may represent the time necessary for C 14 Cl-sucrose to penetrate 

the space between the confluent cells. When 0.08M sucrose is 

added to the culture medium at the same time as the 1 14c1- 

sucrose, the lag phase is abolished and C14Cl-sucrose is taken 

up at a rate which is comparable to the maximum rate in the 

absence of 0.08M sucrose. 

In the presence of 0.08M sucrose, uptake of C 14 Cl-sucrose 

stops after about 5h. The intracellular concentration of 

sucrose at this time is 65pg per mg of cell protein. When 

C14C]-sucrose is added to the cells which have been cultured 

in the presence of 0.08M sucrose for 48h, little uptake of 

C14Cl-sucrose was observed, indicating that the cessation of 

endocytosis is permanent. Endocytosis may constitute a mechan- 

ism whereby certain plasma membrane enzymes are degraded 

(15,16). Inhibition of endocytosis should therefore give 

rise to increased levels of these enzymes. Our observations 

on 5' -nucleotidase are in agreement with this suggestion. 

In conclusion, sucrose produces elevated lysosomal and 

Golgi apparatus enzyme levels. The mechanism of this response 
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TIME II-II 

The uptake of [ 14 

cells were grown 
Cl-sucrose by hamster ff$roblasts. 

in the presence of [D- Cl-sucrose 
(l~~Ci/ml) and harvested at time intervals. The experiment 
was carried out either in the absence of unlabelled sucrose 
( 0- 0 ) or with 0.08M sucrose added at zero time ( e-0 1 
or with cells which had been grown in thf4presence of 0.08M 
sucrose for 48h before the addition of C Cl-sucrose 
( o-o 1. 

is unclear although Dingle (17) has suggested that membrane 

instability caused by vacuolation may be important. These 

changes are preceeded by the cessation of endocytosis and 

increases in the activities of plasma membrane enzymes. 
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