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Abs&a&--To understand the ce~ln~arand moiecuiar mechanismsof methy~m~rcuricchlorjd~ fCH$SgCf)- 
induced damage to nerve tissue, monolayer cultures of glioma cehs (C-k) and of neL~rob~astoma cells 
(NE%&) were used in this study. Chronic (6-8 weeks) and acute (5 days) treatment of giioma celis with 
low concentrat~oas (O.tE to 0.1 PM) of CN3HgCi produced marked increases and deereases in the 
amounts and net phos~b~ry~ation profiles of specific proteins. Chronic treatment of neuroblastoma c&s 
(0.1 and 0.2 PM) did not produce any significant alterations in the amounts of specific proteins, but it 
caused marked changes in the ph~sph~rylation levels of cellular proteins. The morphology and doubling 
time of chronicaIly treated glioma and neuroblast~ma celis did not change. Adenosine 3’S’-cyclic 
monophospbate (cychc ALP)-stimuiati~g agents produced m~rphoio~ical changes in chronically treated 
glioma and neuroblasfom~ cells similar to those produced in untreated cells. 

It is known that meth~~mercuric chloride (CHzHgCf) 
causes neuroiog~ca~ disorders which are referred to 
as Minamata Disease fi, Z], CH3HgCI has been 
reported to accumulate in the centra! nervous system 
in rather large proportions after ing~stiou or after 
intravenous or intraperitoneal administration [3-4]. 
In arder to understand the cellular and molecular 
mechanisms of CH3HgCI-induced neurotoxicity, 
mouolayer cultures of gtioma and neurobfastoma 
(NB) c&s have been used as an experimental model. 
We have reported that glioma cells are more sensitive 
to CHsHgCl than NB cells /7], and changes in cyclic 
AMP metabolism may be one of the biochemical 
lesions of CH3HgCI on these cells IS]. Our prehmi- 
nary results [9] have shown that marked alterations 
in the amounts and net ~bosp~orylat~on profiles of 
specific proteins are observed in chronically treated 
glioma cehs with low con~utrat~aus of CHlHgCl. 
We now report the foI~owil~g: (a) chronic CH3HgCl 
treatment of NB cells does not produce changes in 
specific proteins, but causes marked alterations in 
net phosphoryfation profiles of proteins; (b) acute 
CHsHgCl treatment of ghoma cells produces changes 
in gene expression which are qual~t~t~~el~ different 
from those observed following chronic treatment; 
and (c) the morphology, doubling time and effect 
of cyclic AMP-stimulating agents on morphological 
differentiation do not change in chronically treated 
ghoma cehs and NB cells. 

METHODS 

Rat glioma cells [LO] (clone C-6) of passages (30- 
42) [ll] were used. Ghoma cells were grown in F12 
medium containing 10% fetal catf serum. Mouse 
neuroblastoma cells (clone NBP$, which confain 

both tyrosine hydroxytase and chofine acetyltrans- 
ferase [12], were also used. Cells were grown in FL2 
medium containing 10% agammagIobn~ir; newborn 
calf serum. Both types of medium contained 
100 units/ml penicillin and 100 &ml streptomycin. 
Cells were maintained at 37” in a humidified atmos- 
phere of 5% CQ2. Ghoma cells were subcultured by 
washing the cells twice with phosphate buffered 
saline (PBS), pH7.0, and incubating them in the 
presence of 0.25% trypsin sofution in calcium-free 
MEM for 40 min, whereas NB cells were sub- 
cultured by incubatill~ them in the presence of 
0.25% pancreatin solution in calcium-free MEM for 
10 min. After incubation, the cells were removed 
from the flask surface, transferred into a centrifuge 
tube, and mixed weft. An equal volume of growth 
medium was added to stop the action of proteolytic 
enzyme. Cells were centrifuged at 700 r.p.m. for 
7 min, pellets were resuspended, and an aliquot was 
added to a new flask. For chronic treatment, the 
ceils were grown in the presence of CHiHgCl for 6- 
8 weeks (0.05 and 0.1 FM for glioma cells; 0.1 and 
0.2&f for NB). C&s were subcultured every 4- 
6 days. For the experiments, cells (‘2 X 10’ ghoma: 
0.25 X 106NB) were plated in Lux tissue culture 
dishes (100 mm) and CEGHgCl {O. 1 and 0.05 PM for 
gfioma; 0.1 and 0.2 $M for NB) was added the same 
day. The medium (20mlf and CH3HgCI were 
changed at 2,3 and 4 days after plating. For NB c&s 
it was necessary to change the tied&m and the drug 
twice on day 4 because of increased production of 
lactic acid. For acute treatment cells were similarly 
plated, and CH3HgCI was added 24 hr after plating. 
The drug and medium were changed in the same 
manner as described for the chronic treatment 
studies. 
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The cells were harvested at con~uency (5 days 
after pfating) and washed twice with 10 vol. of PBS, 
pH 7.0 [9]. The subcellular fractions were prepared 
according to a method described previously 1131. 
The cell pellets were suspended in approximately 
2 vol. of ice-cold 0.05 M Tris-HCl, 0.25 M sucrose, 
3 mM MgCb, 4 mM 2-mercaptoethanol and 2 mM 
phenylmethylsulfonyl fluoride (PMSF), pH 7.4, and 
homogenized at 5000r.p.m. for 3 min (5 strokes) 
using a Potter-Elvehjem tissue grinder [9]. The hom- 
ogenates were centrifuged at 800 g for 30 min at 4” 
in a Sorvall RC2-B centrifuge. The supernatant frac- 
tions were recentrifuged for an additional 30 min at 
8OOg. 

Crude n~~clc~r prep~rutjons. The appropriate 
nuclear pellets (8OOg) from the two centr~~gat~ons 
were combined, dispersed in 5~01. (2 ml) of the 
above Tris-HCI buffer, and centrifuged at 800 g for 
30 min. The nuclear pellets were washed again by 
resuspending in 5 vol. of the Tris-HCl buffer and 
recentrifuging at 800 g for 30 min. The nuclei were 
dispersed in 1.0 ml of the Tris-HCl buffer at 4” and 
homogenized after 30 min in a Dounce tissue grinder 

]9]. 
C~J~OSO~S. The 800 g supernatant fractions 

obtained at the initial step were centrifuged at 
100,000 g for 1.5 hr at 4’ in a Beckman L3-40 ultra- 
centrifuge, The clear supernatant fractions, free of 
particulate materials, constituted the cytosol frac- 
tions [9]. 

Cytoplasmic particulutes. The cytoplasmic parti- 
culates (100,000 g pellets) were washed by dispersing 
in 5 vol. of the Tris-HCl buffer and centrifuging at 
100,000 g for 1.5 hr at 4”. The pellets were suspended 
in 0.5 ml of the Tris-HCl buffer and homogenized 
in a Dounce tissue grinder [Y]. 

The procedures for assaying endogenous protein 
phosphorylation have also been described previously 

]141. 
Preparation of samples for phosphorylution. Pro- 

tein determinations were made on the crude nuclear, 
cytoplasmic, and particulate fractions by the method 
of Lowry et al. [15]. Aliquots containing 0.6 mg 
protein were transferred to 1.0 x 7.5 cm plastic 
tubes, diluted to 0.2 ml with the Tris-HCl buffer and 
lyophilized [9]. 

Phosphorylation reaction. The phosphorylation 
reaction was carried out as outlined earlier 114, 161 
with some modifications. The lyophilized protein 
samples were dissolved in 0.14 ml of 65 mM sodium 
acetate, 13 mM magnesmm acetate and 2mM 
PMSF, pH 6.5, and incubated for 10 min at 30” (91. 
Cyclic AMP-independent (-) phosphorylation was 
initiated by the addition of 0.04ml of 1X yM ]+y- 
32P]ATP (specific radioactivity: 4.5 x 10’ d.p.m. - 
nmole ATP). The phosphorylating reagent 
was prepared by diluting [y-32P]ATP (New 
England Nuclear, Boston, MA), with non-radioac- 
tive ATP (Sigma Chemical Co., St. Louis, MO). 
Cyclic AMP-dependent (+) phosphorylation was 
initiated by the addition of 0.04 ml of 18 PM [y- 
32P]ATP and 22.5 PM CAMP. The samples were 
incubated for an additional 10 min at 30” and the 
reaction was stopped by the addition of 0.06 ml of 
12% sodium dodecylsulfate (SDS), 20mM Tris 
(base), 4 mM EDTA, 8% 2-mercaptoethanol, 

40% sucrose, 2 mM PMSF and 0.1% bromopheno1 
blue, pH 8.0. The samples were heated for 3 min in 
a boiling water bath, cooled in ice, and frozen until 
needed for electrophoresis [9]. 

Polyacrylamide gel electrophoresis. The frozen 
samples for electrophoresis were thawed and O.(ll-ml 
aliquots were applied to 7-18% linear gradient 
polyacrylamide SDS gels. The samples were elec- 
trophoresed using a discontinuous buffer system at 
100 V for 16 hr and at 150 V for an additional 8 hr. 
The gels were stained with 0.1% Coomassie brilliant 
blue, R-250 in 10% methanol and 7% acetic acid for 
1 hr at 37” and destained in the same solvent mixture 
overnight at 37”. The gels were dried and photo- 
graphed. Autoradiographs were prepared by expos- 
ing the dried gels to DuPont Chronex 4 X-ray films 
for 48-72 hr. It should be pointed out that the in 
vitro assays of endogenous protein phosphorylation 
provide the net phosphorylation profiles which are 
the result of protein kinase and phosphoprotein 
phosphatase activities [9]. 

To determine the doubling time, cells (10s) were 
plated in Lux tissue culture dishes (60 mm), the cell 
number was counted every other day for a period 
of 6 days, and the growth curve was constructed [Y]. 
The doubling time was determined on the exponen- 
tial portion of the curve. Three separate determi- 
nations were made for each treatment. To study the 
effect of cyclic AMP-stimulating agents on mor- 
phological differentiation, cells from chronically 
treated cultures (ghoma-105, NB-50,000) were plated 
in Lux tissue culture dishes (60 mm) and CH3HgCl 
was added at the same day. Prostaglandin EI (PGEI) 
(10 &ml for glioma and NB cells) and 4-(3-butoxy 
4-methoxybenzyl)-2-imidazolidinone (RO20-1724, 
200 pglml for NB) were added separately 24 hr after 
plating. Glioma cells were not treated with R020- 
1724, because this inhibitor of cyclic nucleotide 
phosphodiesterase produced minimal changes in 
morphology of glioma cells [S]. The drug and 
medium were changed 3 days after plating, and the 
number of morphologically differentiated cells was 
determined 4 days after plating. The cells with cyto- 
piasmic processes greater than 50 pm in length were 
considered morphologically differentiated. A total 
of 300 cells was counted and the percentage of mor- 
phologically differentiated cells was determined in 
the various groups, 

RESULTS 

Changes in growth rate, morphology and effect of 
cyclic AMP. The morphology and the doubling time 
(24-35 hr for glioma; 18-20 hr for NB) of chronically 
treated (0.05 and 0.1 PM) glioma cells [9] and NB 
cells (0.1 and 0.2 PM) were similar to those of 
untreated cultures. We did not select any specific 
type of cells during chronic treatment, since the 
concentrations of FH3HgCI used in this study did 
not cause cytotoxicity or affect the growth rate [9]. 
PGEI produced an 85 per cent morphological dif- 
ferentiation in glioma cells which were not treafed 
with CH3HgCl. A similar effect of PGEI was 
observed in chronically treated glioma cells. PGEI 
and R020-1724 caused 45 and 75 per cent morphol- 
ogical differentiation, respectively, in NB cultures 
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Fig. 1. Po~y~c~~a~~de gel e~ect~o~h~resis of the cytosol fraction of glioma celk. The approximate 
molecular weights of proteins are expressed as ~~lt~~~es of lOtlO (FL). The observed change in the 
phospho~~~t~on of a protein species represents a steady state situation and is the sum of ph~s~horylation 

and dephosphorylation reactions. 



CAMP 

Fig. 2. Foiyacrylamide get electrophoresis of the particulate fraction of glioma ceils. See the legend nf 
Fig. 1 for additional information. 
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Fig. 3. Polyacrylamide gel electrophoresis of the crude nuclear fraction of gliama cells. See the legend 
of Fig. 1 for additional information. 
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Table I. Effects of met~yl~nercur~G chloride on changes in the amounts and phosphoryl- 
ation of cytosol proteins of glioma cells” 

Mol. wt 
(x 1000) Control 

Acute Chronic Chronic 
(0. f PM) (0.1 /*M) (0.05 /.cM) 

85 
80 
49 
39.4 

37p 
54: 
474 
30t 
W 
16°F 
13t 

Coomassie blue stained protein bands 
Detectable Unchanged + 
Detectable + 
Detectable + + 
Detectable Unchanged - 

Net phosphorylation profiles 
Undetectable + Unchanged 
Undetectable + Unchanged 
Undetectable + ~jnchanged 

Detectable i- 
Undetectable + Unchanged 
Undetectable t Unchanged 

Detectable f + 

Unchanged 
- 

+ 
- 

Unchanged 
Unchanged 
Unchanged 

+ 
+ 

Unchanged 
+ 

* From radioautographs, changes in the relative quantities and levels of phosphoryb 
ation of specific proteins in the acutely and chronically treated glioma cells are presented 
as increased (+)$ decreased (-) or unchanged with respect to the corresponding proteins 
in the untreated cells. The observed change in the level of phosphorylation of a protein 
species represents a steady state situation and is the sum of phasphorylatinn and dephos- 
phorylation reactions. 

t Refers to cyclic AMP-dependent phosphorylation. 

Table 2. Effects of methylmercur~~ chloride on changes in the amounts and phos~ho~l~ 
ation of proteins of particulate fraction of glioma cells* 

Mol. wt 
(x 1000) Control 

Acute Chronic Chronic 
(0.1 PM) (0.1 KM) (0.05 ClM) 

58 
46 
38 
32 
14 
12.5 

83t 
74t 
70t 
54i 
36t 
21-I 
14t 

Coomassie blue stained protein bands 
Detectable _ 

Detectable Unchanged + 
Detectable Unchanged - 

Detectable _ i 
Detectable + + 
Detectable Unchanged + 

Net phosphorylation profiles 
Detectable Unchanged 
Detectable Unchanged 
Detectable Unchanged - 

Detectable Unchanged - 

Detectable Unchanged - 

Detectable Unchanged 
Detectable Unchanged 

* From radioautographs, changes in the relative quantities and levels of phosphoryl- 
ation of specific proteins in the acutely and chronically treated glioma colts are presented 
as increased (+), decreased (-) or unchanged with respect to the corresponding proteins 
in the untreated c&s.The observed change in the level of pbosphorylation of a protein 
species represents a steady state situation and is the sum of p~sphorylation and dephos- 
phorylation reactions. 

t Refers to cyclic AMP-dependent phosphoryiation. 
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Table 3. Effects of methylmercuric chloride on changes in the amounts and phosphoryl- 
ation of crude nuclear proteins of glioma cells* 

Mol. wt 
(Y 1000) 

59 
49 
32 
22 
18 
14 

75 
56 
49 
40-45 
37t 
32-25 
22 
13.2t 

Acute Chronic Chronic 
Control (0.1 CLM) (0.1 PM) (0.05 /LM) 

Coomassie blue stained protein bands 
Detectable Unchanged + + 
Detectable Unchanged + + 
Detectable Unchanged + + 

Undetectable Unchanged + + 
Undetectable Unchanged _ - 

Detectable Unchanged - _ 

Net phosphorylation profiles 
Detectable + Unchanged Unchanged 
Detectable + Unchanged Unchanged 

Undetectable Unchanged + Unchanged 
Detectable + _ - 

Undetectable Unchanged + + 
Detectable + _ _ 

Detectable + _ _ 

Detectable Unchanged _ _ 

* From radioautographs, changes in the relative quantities and levels of phosphoryl- 
ation of specific proteins in the acutely and chronically treated glioma cells are presented 
as increased (+), decreased (-) or unchanged with respect to the corresponding proteins 
in the untreated cells. The observed change in the level of phosphorylation of a protein 
species represents a steady state situation and is the sum of phosphorylation and dephos- 
phorylation reactions. 

t Refers to cyclic AMP-dependent phosphorylation. 

Cytosol (Glioma) 

m 

i 
;; 

f - 0.05 j&f Chronic. CAMP 

e - 0.05 IN Chronic 

d - 0.1 p.4 Acute. CAMP 

A - Control 

Fig. 4. Densitometeric tracings of Fig. 1. A-C represent 
Coomassie blue stained bands; a-f represent radioauto- 

graphed bands. 

which were not treated with CH3HgCl. A similar 
effect of cyclic AMP-stimulating agents was observed 
in chronically treated NB cultures. 

Changes in the relative amounts of proteins. There 
were dramatic increases and decreases in the intens- 
ities of specific proteins of the cytosol (Fig. l), par- 
ticulate (Fig. 2) and crude nuclear fractions (Fig. 3) 
of acutely (0.1 /.LM CH3HgCl) and chronically 
(0.05 PM CH3HgCl) treated glioma cells. The qual- 
itative changes in the relative amounts of proteins 
and their phosphorylation levels have been sum- 
marized in Tables l-3. The relative changes with 
intensities of specific proteins of the cytosol (Fig. 4), 
particulate (Fig. 5) and crude nuclear fractions of 
glioma cells (Fig. 6) have been also measured by 
densitometry. Marked alterations in the amounts of 
proteins were seen in glioma cells chronically treated 
with as little as 0.05 PM (12.5 ng/ml) CHxHgCl. In 
addition, there were marked differences in the rela- 
tive amounts of proteins in acutely and chronically 
treated glioma cells. The staining intensities of most 
bands (all bands of the nuclear fraction, and half of 
the bands of the cytosol and particulate fractions) 
in acutely treated glioma cells were similar to those 
found in the untreated glioma cells. However, the 
intensities of all bands presented in Tables l-3 
showed marked alterations in the chronically 
(0.1 PM) treated glioma cells. There were mostly 
quantitative differences between concentrations of 
0.05 and 0.1 PM CH3HgCl in chronically treated 
glioma cells. The degrees of changes were greater 
in cells treated with higher concentrations of 
CHxHgCl. 

In contrast to the chronically treated glioma cells, 
NB cells did not show any significant change in the 
amounts of proteins in the cytosol (Fig. 7), parti- 
culate (Fig. 8) and crude nuclear fractions (Fig. 9) 
after chronic treatment with CH3HgCl (0.1 and 
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Cytoplasmlo P8rticufate tGtioma~ 

v) 

d - 0.1 uf.4 Acute. CAMP 

b - Control. CAMP 

Fig. 5. Densit~m~teri~ tracings of Fig. 2. See the legend 
of Fig. 4 for additional information. 

O.ZpM). The relative changes in the intensities of 
specific proteins of the cytosol (Fig. lo), particulate 
(Fig, 11) and crude nuclear (Fig. 12) fractions of NB 
cells have been measured by densitometry. 

Chaltges in ~~O~p~Qr~Lut~on Levels. The phos- 
phorylation activities of proteins of untreated,glioma 
cells and NB cells were highest in the particulate 
(Figs. 2 and 8) and lowest in the cytosol fractions 
(Figs. 1 and 7). The phosphorylat~on levels of most 
proteins in the particulate and cytosol fractions were 
cyclic AMP-dependent in both ghoma and neuro- 
blastoma cells (Tables 1,3 and 4), whereas two bands 
in nuclear fraction of NB cells (mol. wt 67 and 79 K) 
or two bands in nuclear fraction of glioma cells (mol. 
wt 13.2 and 32K) were cyclic AMP-dependent. It 
should be pointed out that confluent cells were used 
in these experiments, and this, in part, may account 

Fig. 5. 

f - 0.06 UM Chrontc. CAMP 

c-O.l&4Acufe 

0 * Control. CAMP 

8 - 0.f f&f Acute 

Densitometeric tracings of Pig. 5, See the legend 
of Fig. 4 for additional information. 

for a low phosphorylation level in the cytosol. How- 
ever, the overall phasphorylation levels of cytosol 
proteins of NB cells were greater than those of glioma 
cells; the reverse was true for particulate and nuclear 
fractions. 

Chronic treatment of glioma and NB cells pro- 
duced marked alterations (increases and decreases) 
in net phosphorylation profiles of specific proteins. 
Increases and decreases in the levels of phosphoryl~ 
ation were observed in the cytosol fractions of NB 
cells (Table 4) and glioma cells (Table 1). However, 
the direction of the changes in the phosphorylation 
levels of the particulates of glioma cells was opposite 
to that of NB cells. For example, the phospho~lation 
levels of the particulate fraction decreased in chron- 
ically treated glioma cells (Table 2), whereas they 
were increased in similarly treated NB cells (Tabie 4). 
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Caomassie 
me stain 

20 

Control U. 1 PM W?jdM 
Chronic CRronic Chronic 

Fig. 7. PoIya~~amide get electro~~oresis of the cytosol fraction of ~e~~~hlastoma cells. See the fegend 
of Fig. 1 for additionaf information. 



Particulate 
Coomassls 
f3tu0 Stain 

82 

81 

74 

65 

1_ 
50 
46 

41 

a 38 

k. 

Fig. 8. ~~l~~~~~arnid~ get electropfioresis of tire particuiate Fractiafi of neurobfastoma cells. See the 
legend of Fig. 1 far addj~i~~a~ information. 
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Coomassie 
Blue Stain 

Crude Nuclear 

Radioautographs 

42 

34 

22 

controt Q. I UM 0.2&l 
chronk: chronic Chronic Chroriic 

CAMP t-1 (+I f-1 (+I (-1 W 

Fig. 9. Polyacrylamide gel electrophoresis of the crude nuclear fraction of neuroblastoma cells. See the 
legend of Fig. 1 for additional information. 
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Cytosol INeurobl~stomal 

t 

I - 0.2uM. CAMP 

d - 0.1 uhi. CAMP 

b-Control. CAMP 

Molecular Weight lr.1000) 

Fig. 10. Densitometeric tracings of Fig. 7. See the legend 
of Fig. 4 for additional information. 

The direction of changes in the phosphorylation 
levels of crude nuclear proteins was different in both 
cell types. For example, the proteins of the crude 
nuclear fraction of chronically treated glioma cells 
showed increases and decreases in the levels of phos- 
phorylation (Table 3), whereas in chronically treated 
NB cells, they showed only decreases in the phos- 
phorylation levels (Table 4). 

The phospho~lation levels of acutely treated 
glioma cells were different from those of chronically 
treated glioma cells. For example, the phosphoryl- 
ation levels of several proteins were increased in the 
cytosol of acutely treated cells (Table l), whereas 
the phosphorylation of these proteins in the cytosol 
of chronically treated glioma cells either showed no 
significant change or showed increases and 
decreases. The phosphorylation levels of several pro- 
teins remained unchanged in the acutely treated 

f - 0.2~M. CAMP 

b - ControL CAMP 

Fig. Xl. Densitometeric tracings of Fig. 8. See the legend 
of Fig. 4 for additional information. 

glioma cells, whereas they decreased in the chroni- 
cally treated glioma cells (Table 2). The phosphoryl- 
ation levels of crude nuclear proteins either remained 
unchanged or increased in the acutely treated glioma 
cells, but the phosphorylation levels of these proteins 
remained unchanged, increased or decreased in the 
chronjcally treated cells (Table 3). The changes in 
phosphorylation levels of acutely treated NB cells 
have not been studied. 

DISCUSSION 

The present study shows that the morphology, 
doubling time and cyclic AMP-induced morphol- 
ogical differentiation do not change in glioma or NB 
cells chronically treated with CH3HgCl. However, 
the relative amounts of specific proteins change 
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markedly (increase and decrease) in the chronically 
treated glioma cells, but not in the chronically treated 
NB cells. The reason for this difference is unknown. 
Since glioma cells are more sensitive to CH3HgCl 
than are NB cells by the criterion of growth inhibition 
[7], it is possible that changes in the relative amounts 
of proteins in NB cells may be observed at concen- 
trations higher than those used in this study. The 
exact reasons for the higher sensitivity of glioma cells 
to CH3HgCl are unknown; however, it has been 
shown [13] that CH3HgCl accumulates in the cytosol 
and lipoprotein fractions of glioma cells in greater 
proportions than in the corresponding fractions of 
NB cells which may, in part, account for the above 
phenomenon. 

The levels of phosphorylation of specific proteins 
appear to be very sensitive to CH3HgCI in both 
glioma and NB cells. However, the direction of 
changes in phosphorylation levels of proteins of the 
cytoplasmic particulate was different in these cell 
types. For example, the phosphorylation levels of 
particulate proteins decrease in chronically treated 
glioma, whereas they increase in chronically treated 
NB cells. The reasons for the high sensitivity of the 
phosphorylation mechanism to CH3HgCI are 
unknown. The biological significance of these 
changes is unknown. However, it is interesting to 
note that the morphology, doubling time and the 
effect of cyclic AMP-stimulating agents on mor- 
phological differentiation remained unchanged in the 
chronically treated glioma cells and NB cells. 

As stated earlier [9], the changes of gene expres- 
sion in chronically treated cells have been studied 
using cells of the confluent phase of growth. If similar 
alterations are observed in chronically treated cells 
in the exponential phase of growth, it is possible that 
cells require very little phosphorylation activity for 
maintaining the growth rate, morphology and certain 
biological responses. The mechanism of CH3HgCI- 
induced alterations in gene expression is unknown. 
However, it should be pointed out that 2-3 per cent 
of added radioactive CH3HgCl binds to the chro- 
matin fraction [ 131, and this amount may be enough 
to change the gene expression. The alterations in 
gene expression in chronically treated cells may also 
be due, in part, to the effect of CHjHgCl at the 
translational level [9]. In fact, treatment of rats with 
methylmercuric chloride has been reported to cause 
disorganization of the ribosomal structures in spinal 
ganglion neurons [ 171. 

Our results show that cyclic AMP-dependent and 
-independent phosphorylations of specific proteins 
are very sensitive to CH3HgCI in both glioma and 
NB cells. Therefore, this biological system can be 
used to evaluate the effects of other environmental 

pollutants which are known to possess, or have 
potential to exhibit, neurotoxic effects. It is now well 
established that the phosphorylation of neuronal 
proteins is an important biological event associated 
with a variety of neuronal functions. If CH3HgCl 
produces a similar change in the phosphorylation 
levels of neuronal proteins of the central nervous 
system in viva, it is possible that changes in cyclic 
AMP-dependent and -independent protein phos- 
phorylation are important biochemical lesions which 
could account, in part, for the expression of abnor- 
mal neurological symptoms, including alterations in 
behaviour. 

Acknowledgements-This work was supported by NIH 1 
ROl ES NS 01576. Dr. Ramanujam is a recipient of NIH 

Fellowship lF32E505137. We thank Mrs. Marianne 
Gaschler for her technical help. 

REFERENCES 

1. T. Takeuchi, in Environmental Mercury Contamination 
(Eds. R. Hartung and B. D. Dinman), p. 247. Ann 
Arbor Science Pubhshers, Ann Arbor (1972). 

2. H. Rustam and T. Hamdi, Brain 97, 500 (1974). 
3. B. Aberg. L. Ekman, R. Falk, U. Greitz, G. Persson 

and J. Snihs, Archs envir. Hlth 19, 478 (1969). 
4. M. Berlin and S. Ullberg, Archs envir. Hlth 6, 489 

(1963). 
5. M. Berlin, J. Fazackerley and G. Norberg, Archs envir. 

Hlth 18, 719 (1969). 
6. B. Vallee and D. D. Ulner, A. Rev. Biochem. 41, 91 

(1972). 
7. K. N. Prasad, E. Nobles and M. Ramanujam, Envir. 

Res. 19, 189 (1979). 
8. K. N. Prasad, E. Nobles and K. Spuhler, Envir. Res. 

19, 321 (1979). 
9. M. Ramanujam and K. N. Prasad, Biochem. Pharmac. 

28, 2979 (1979). 
10. P. Benda, J. Lightbody, G. Sato, L. Levine and W. 

Sweet, Science 161, 370 (1968). 
11. J. Devellis, D. Inglish and F. Galey, in Cellular Aspects 

of Growth and Differentiation in Nervous Tissue (Ed. 
D. Pease), p. 23. University of California Press, Los 
Angeles (1970). 

12. K. N. Prasad, B. Mandal, J. C. Waymire, G. J. Lees, 
A. Vernadakis and N. Weiner, Nature New Biol. 241, 
117 (1973). 

13. M. Ramanujam, S. C. Bondy and K. N. Prasad, Toxic. 
Lett. 3, 265 (1979). 

14. Y. H. Ehrlich, E. G. Brunngraber, P. K. Sinha and K. 
N. Prasad, Nature, Lond. 265, 238 (1977). 

1.5. 0. H. Lowry, N. J. Rosebrough, A. L. Farr and R. 
J. Randall, J. biol. Chem. 193, 265 (1951). 

16. A. Routtenberg and Y. H. Ehrlich, Brain Res. 92, 415 
(1975). 

17. N. Carmichael and J. B. Cavanagh, Acta Neuropath. 
34, 137 (1976). 


