generation inhibitor’’ found in guinea pig
serum by Okada et al. (I11). This inhib-
itor, which is believed to form a complex
with cell-bound C3b and inhibit the gen-
eration of the CS binding site, elutes
from Sephadex G-200 in a position simi-
lar to A-C3bINA. It does not block the
immune adherence activity of C3b; we
have some data to indicate that
A-C3bINA also does not block immune
adherence. .

A-C3bINA is the third plasma protein
described which forms complexes with
C3b, the others being properdin and fac-
tor B (/12). The binding of the last two
leads to activation or stabilization of the
alternative pathway convertase. Binding
of A-C3bINA prevents the participation
of C3b in both the alternative and classi-
cal pathways.

KEITH WHALEY
SHAUN RuDDY
Division of Immunology and
Connective Tissue Diseases,
Medical College of Virginia,
Richmond 23298
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Sialic Acid: Effect of Removal on

Calcium Exchangeability of Cultured Heart Cells

Abstract. Specific removal of sialic acid from cultured heart cells with purified
neuraminidase increases cellular calcium exchangeability. Potassium exchange is
unaffected or slightly decreased. Sialic acid removal also permits lanthanum, nor-
mally restricted to the cellular surface, to enter the cells and displace more than 80
percent of cellular calcium. The results indicate a specific role of cellular surface
components in the control of calcium exchangeability in the heart.

The surfaces of most animal cells are
negatively charged. A major source of
this negativity in cells from diverse tis-
sues is the ionized carboxyl groups of
sialic acid (/). The sialic acids occupy pe-
ripheral, terminal positions in the oligo-
saccharide portions of the glycoproteins
and glycolipids that make up a large com-

Fig. 1. (A) Portion of a control myoblast,
stained with colloidal iron. The stain is local-
ized to the cell surface (arrows); mfl, myofila-
ments; Z, Z-line material (x 30,000). (B)
Portion of myoblast treated with neuramini-
dase, then stained with colloidal iron. There is
an almost complete lack of staining of cell
surface (arrows); mfl, myofilaments; mit,
mitochondria (X 26,000). (C) Portion of a
myoblast treated with neuraminidase and then
stained with La. Note the intracellular accu-
mulation of La around the mitochondria (mit)
outer membrane; cs, cell surface (x 24,000).

ponent of the coat material of the cell sur-
face (2). Sialic acid accounts for a consid-
erable component of cation binding on
the cell surface with a particular affinity
for calcium as demonstrated for red
blood cell membrane (3).

The ability of the trivalent cation lan-
thahum (La*") to bind at the surface of
cultured heart cells, displace significant
quantities of calcium (Ca?*), and inhibit
Ca?* exchange (4) suggested that nega-
tively charged molecules, specifically
sialic acid, might be of importance in the
regulation of Ca?" permeability in the
cells.

Colloidal iron applied at pH 1.7 is a
specific stain for sialic acid (5); it was
used to show the distribution of sialic
acid at the cell surface (Fig. 1A) by elec-
tron microscopic techniques «). The
specificity of the technique was demon-
strated by the almost complete elimina-
tion of the stain density (Fig. 1B) when
the cells were exposed to a purified
neuraminidase preparation (6). At con-
centrations applied to the cells the en-
zyme was assessed for protease activity
with '?[-labeled albumin as substrate.
No proteolytic activity was detectable;
phospholipase activity of the enzyme
preparation was measured by incubating
the neuraminidase for 90 minutes with
[“C]lphosphatidylcholine as substrate.
The extent of hydrolysis was compared
to that obtained with phospholipase C,
and the neuraminidase was found to con-
tain the equivalent of 0.0025 unit of phos-
pholipase activity per milliliter. Cultured
heart cells (from newborn rats) were
then incubated with 0.0025 unit of phos-
pholipase per milliliter under conditions
identical to those used with neuramini-
dase incubation. No effect on beating or
on **Ca exchangeability (see below) of
the cells was produced.

The *°Ca exchange of the cultured
cells was continuously monitored with
the scintillation-disk flow cell technique
@), which depends on the growth of a cel-
lular monolayer on one surface of each
of two disks composed of polystyrene
combined with scintillation material (7).
The cells were cultured by a standard
trypsin digestion technique (8). The pro-
portion of myoblasts was increased by in-
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Fig. 2. (A) Calcium-45 uptake and elimination in control and neura-
minidase-treated cultured heart cells. The curve marked ‘‘Neura- 10,000
minidase”’ is from data on cells treated with protease-free neura-
minidase (0.25 unit/ml) for 13 minutes prior to exposure to **Ca. The
*Ca elimination was begun after asymptotic labeling had been 0 T
achieved. (B) Lanthanum (La*") displacement of **Ca from control and 10

neuraminidase-treated cells. The curve marked ‘‘Neuraminidase™ is
from data on cells treated with neuraminidase (0.67 unit/ml) for 5 min-
utes prior to exposure to **Ca; 0.5 mM La®* was added to the **Ca-labeled perfusion solution at the points indicated. The La** displacement of cal-

cium was increased by neuraminidase treatment.

cubation of the freshly dissociated cells
in a petri dish for 2 to 3 hours. During
this time the mesenchymal cells settled
and attached, but the myoblasts re-
mained floating (9), so that they could
then be poured over the disks. At 3 days,
the cells were 80 to 90 percent myoblas-
tic, as defined by electron microscopic
examination, and were confluent and
beating synchronously. The scintillation
disks form the walls of a flow cell with
the surfaces to which the cells are at-
tached directed inward in contact with
the perfusate flowing through the flow
cell. The perfusate was of the following
composition (mM): NaCl, 133; KCl, 3.6;
CaCl,, 1.0; MgCl,, 0.3; glucose, 16.0;
and Hepes buffer, 3.0 (pH, 7.1). For iso-
topic studies **Ca (/0) was added at 1.5
pne/ml.

The cell was inserted into the well of a
spectrometer (//). The '"Ca activity of
the cell layer was determined by scintilla-
tion counting with an efficiency of 73 per-
cent; the *Ca from the perfusate was
quenched and the efficiency of the count-
ing less than 5 percent. Therefore, the at-
tachment of the cells to the isotopic de-
tector (scintillator plastic) permitted con-
tinuous counting of ""Ca uptake and
elimination from the cell layer. The con-
tribution of noncellular **Ca activity,
that is, from the flow cell and disk sur-
face, was measured with blank disks in
the flow cell after each experiment.

Figure 2A shows the pattern of **Ca
uptake and elimination from two cultures
that had been treated identically, except
that the ‘‘neuraminidase’’ curve repre-
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sents data from cells exposed to the en-
zyme at a concentration of 0.25 unit/ml
for 13 minutes prior to exposure to **Ca-
labeled perfusate. The counts were nor-
malized for cell mass and specific activi-
ty and, therefore, are directly com-
parable. The pattern of '*Ca uptake and
elimination as shown for the control is
typical for cultured heart cells ).
Asymptotic **Ca activity was reached af-
ter 40 to 50 minutes of labeling. Elimina-
tion of **Ca was biphasic with a rapid
component (the half-time being approxi-
mately 1.2 minutes) and a slower com-
ponent (with a half-time of about 20 min-
utes) ). The exchangeable Ca*' repre-
sented by the asymptotic value from the
control curve (Fig. 2A) was 16.3 mmole/
kg (dry weight). In a series of 24 control
experiments the exchangeable Ca*" at
asymptotic labeling was 16.2 = 1.4
(S.E.) mmole/kg (dry cells). The ratio of
wet to dry weight was 5.85.

By contrast, when the cells were ex-
posed to neuraminidase, the asymptotic
values were reached within 8 to 10 min-
utes or four to five times more rapidly
than control. The exchangeable Ca®" rep-
resented by the asymptotic value was
18.2 mmole/kg (dry weight) and was
18.5 = 1.4 mmole in 18 cultures treated
with neuraminidase. This content was
not significantly different (P > .25) from
that of the control (16.2 = 1.4). The in-
crease in Ca*" exchangeability after ex-
posure to the enzyme is emphasized by
the fact that 96 percent of **Ca was elimi-
nated within 8 minutes.

The effect of neuraminidase on Ca?**

Minutes

exchangeability is different from its ef-
fect on potassium (K*) exchange. In four
control cultures labeled with 2K and
washed out, the K* exchange was mono-
exponential with an average exchange
constant of 0.059 min~! (range, 0.053 to
0.068). In two cultures treated with
neuraminidase (0.25 unit/ml) prior to **K
labeling and elimination (as described for
the Ca?" exchange experiments) the
monoexponential exchange constants
were 0.036 and 0.066 min !, an in-
dication of the contrasting effect of sialic
acid removal on Ca** and K* exchange.
The Ca®" exchange is markedly in-
creased whereas K* exchange is un-
changed or, possibly, somewhat de-
creased. The effect of neuraminidase
treatment on K*' exchange in the heart
cells is in agreement with the reported ef-
fect on leukemic cells (12) and Ehrlich as-
cites cells (13) where K* exchange was
slightly decreased. Therefore, sialic acid
removal, under the conditions of our
study, did not disrupt cellular per-
meability in a nonspecific manner, nor
did it produce cell death. Cultures were
exposed to neuraminidase in the stan-
dard manner, the enzyme was removed
by extensive washing, and the cells were
incubated again in standard media. After
48 hours the cells appeared retracted,
and Ca?" exchangeability remained in-
creased; nevertheless the cells were beat-
ing asynchronously.

The average sialic acid content (/4) of
cells from two typical cultures was
80.8 x 10~ mole per milligram of cell
protein. Exposure of these cells to neura-

SCIENCE, VOL. 193



minidase (0.25 unit/ml) for 15 minutes
caused the release of 49.3 X 107° mole/
mg into the supernatant or 61 percent of
the total cellular sialic acid content as
compared to the insignificant amounts of
free sialic acid released from cells ex-
posed to the perfusate solution alone.

Thus, removal of sialic acid from heart
cells increased their Ca®?" exchange-
ability. Previous work ¢, /5) showed
that in intact cells La®*" does not pene-
trate intracellularly and displaced only
surface-bound Ca?*. The effect of La**
on **Ca exchange in control and neura-
minidase-treated cells is shown in Fig.
2B. Again, the **Ca exchange from two
cultures is shown, normalized for cell
mass and **Ca specific activity. The con-
trol achieved asymptotic **Ca activity at
40 to 45 minutes representing 21.1
mmole of Ca?" per kilogram (dry cells).
At S0 minutes 0.5 mM LaCl; was added
to the perfusate. This produced a dis-
placement of 11.5 percent (2.4 mmole) of
the labeled Ca*" within 10 minutes. In
ten control experiments, 0.5 mM La’*
displaced 1.84 = 0.13 mmole of Ca?**
per kilogram or 11.4 percent of la-
beled Ca?*. A culture treated with neura-
minidase (0.67 unit/ml) for 5 minutes be-
fore *Ca labeling (Fig. 2B) showed
asymptotic labeling at 7 minutes, repre-
senting 15.8 mmole of Ca per kilogram
(dry weight). The addition of 0.5 mM
LaCl, at 23 minutes produced a displace-
ment of 74.1 percent (11.7 mmole) of the
labeled Ca** over the course of 10 min-
utes. In a series of 11 cultures first treated
with neuraminidase, 0.5 mM La®t
caused the displacement of 83 percent of
the labeled Ca or 15.6 = 1.27 mmole/kg
(dry weight). This displacement com-
pared to control (1.84 mmole or 11.4 per-
cent) is significant (P <<< .001).

The increased ability of La*" to dis-
place Ca?* indicated that removal of sial-
ic acid from the cellular surface per-
mitted La®** to freely enter the cell and
displace intracellular Ca?*. A heart cell
culture was exposed for 15 minutes to
neuraminidase (0.25 unit/ml) and then to
a solution containing 0.5 mM LaCl, for
10 minutes (Fig. 1C). The cell surface
shows only sparse La deposits, but the
interior of the cell, especially the mito-
chondria, shows heavy La deposits.

Our results indicate an important role
for the complex of surface coat and exter-
nal lamina in the regulation of Ca ex-
change in cultured heart cells. More spe-
cifically, the presence of the C, amino
sugar sialic acid is required to control
Ca** flux and to inhibit the entry of nor-
mally excluded cations such as La3*.
Sialic acid removal, on the other hand,
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does not increase the exchangeability of
the major intracellular cation, K*. This
suggests a specific role for cell surface
components in the control of ionic ex-
change in the heart.
G. A. LANGER, J. S. FRANK

L. M. NubpbD, K. SERAYDARIAN
Cardiovascular Research Laboratory,*
University of California at Los Angeles
Center for the Health Sciences,
Los Angeles 90024
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Cortisol Stimulation of Parathyroid Hormone

Secretion by Rat Parathyroid Glands in Organ Culture

Abstract. Addition of cortisol (10~5to 107*M) and related glucocorticoid congeners
to cultures of rat parathyroid glands stimulated dose-related increases in para-
thyroid hormone secretion; the addition of deoxycorticosterone or cortexolone was
without effect. Cortexolone, however, inhibited the stimulatory activity of cortisol
when both were added to the culture medium. This direct stimulatory effect of cortisol
on parathyroid gland secretion may account in part for the increased concentration
of parathyroid hormone in the serum of cortisol-treated animals.

Cortisol and other active glucocorti-
coid congeners can produce hypocal-
cemia in parathyroidectomized animals
but not in intact animals. This suggests
that an interaction occurs between adre-
nocorticosteroid and parathyroid hor-
mone (PTH) in calcium homeostasis (/).

In recent studies, the concentration of
immunoreactive PTH in the serum in-
creased significantly when cortisol was
administered to intact animals, including
man, while the amount of calcium re-
mained unchanged (2). The increase in
PTH secretion has been attributed to an

Table 1. Effect of different adrenocorticosteroid congeners on PTH secretion by rat para-
thyroid gland (PTG) cultured in thyroparathyroidectomized rat serum (5 percent) in Eagle’s bas-
al medium containing 1.25 mM calcium and 1.0 mM magnesium. The ratio 7/C is for the rate of
PTH secretion in a 24- or 48-hour treatment period (T) over the rate of secretion in the 24-hour
control period prior to the steroid treatment (C) for each culture dish. Values are means + S.E.
for the number of culture dishes (N) in each steroid-treated group. Control cultures received no
steroids throughout the 72 hours; each experiment included three or four such control cultures.

Time period (hours)

Steroid and
concentration (M) 2 48
N T/IC N T/IC
Control cultures 15 1.46 = 0.17 13 1.29 £ 0.18
Cortisol (107%) 4 2.69 = 0.95 4 2.20 + 0.81
Cortisol (1077) 11 4.83 = 0.69* 9 4.68 + 0.90*
Cortisol (107%) 7 5.80 = 0.84* 7 8.05 = 1.35*
Dexamethasone (107%) 4 5.20 = 0.67* 4 5.16 = 1.13*
Corticosterone (107%) 4 4.68 + (0.75% 4 4.80 = 0.92*
Deoxycorticosterone (10~%) 4 1.62 = 0.53 4 1.06 = 0.21
Cortexolone (107%) 7 2.06 = 0.24 7 1.99 = 0.31
Cortisol (1077) plus
cortexolone (107%) 4 1.80 = 0.487} 4 1.14 = 0.57%

*Significantly different from control group for the same period, P < .01.

cortisol (10~"M) group, P < .05.

+ Significantly different from
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