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In lymphocytes isolated from rat lymph nodes, concanavalin A stimulated the 32PQ, incorporation into phos-
phatidylinositol and phosphatidic acid in a dose-dependent manner up to 200 ug of the lectin per ml of the
lymphocyte culture. [*H]Thymidine incorporation was found to be optimal at 2 ug concanavalin A per ml of the
culture when the incorporation was examined at the same cell density as was used in the determination of the
32pQ, incorporation. As previously described (Wang, J.L. and Edelman, GM. (1978) J. Biol. Chem. 253,
3000—3007), the [>H]thymidine incorporation was inhibited at doses higher than 5 ug/ml in a dose-dependent
manner. These results indicate that concanavalin A produced the phosphatidylinositol PI response of rat lymph-
node cells in the dose range in which the mobility and distribution of lymphocyte surface receptors were modu-
lated by the lectin (Yahara, 1. and Edelman, GM. (1972) Proc. Natl. Acad. Sci. US.A. 69, 608—612). Colchicine
and vinblastine at a concentration of 10™* M did not inhibit the concanavalin A-induced PI response of rat lymph-
node cells. Cytochalasins B and D at a concentration of 107> M enhanced the concanavalin A-induced PI response
to some degree. All the results obtained suggest that submembranous assemblies of microtubules and microfila-
ments do not play an indispensable role in the sequence of events involved in the PI response of rat lymph-node
cells.

Introduction

Binding of concanavalin A to the lymphocyte
surface produces a small but rapid loss of phos-
phatidylinositol accompanied with accumulations of
phosphatidic acid and diacylglycerol. Selective
acceleration of the 32PO, incorporation into the
lymphocyte phosphatidylinositol [1] occurs fol-
lowing this 1nitial breakdown of preexisting phos-
phatidylinositol. This stimulation of the phospha-
tidylinositol metabolism is usually known as ‘the
phosphatidylinostiol (PI) response’ in lymphocytes.

Concanavalin A 1n concentrations greater than
5—10 wg/ml restricts the mobility of a variety of
lymphocyte surface receptors and antigens at 20 and
37°C, but not at 4°C [2,3]. This restriction by

concanavalin A can be reversed by colchicine and
related drugs [4]. It has been proposed that cross-
linkage of certain cell surface receptors can modulate
the movement of other receptors via alterations in a
cytoplasmic assembly consisting of mcrotubules and
microfilaments [5,6].

The binding of concanavalin A and other mito-
genic lectins to the lymphocyte surface triggers the
stimulation of DNA synthesis and blast transforma-
tion. The mitogenic stimulation by concanavalin A 15
optimal at 0.5—2 ug lectin/ml [6—8]. Concanavalin A
1s inhibitory for the DNA synthesis in the dose range
in which the cell surface modulation by the tetra-
valent lectin occurs. At high doses of concanavalin A,
the mitogenic signal is present and lymphocytes are
committed to blast transformation, but are also
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simultaneously blocked from entering the S phase of
cell cycle by a dominant negative growth signal
probably generated by the anchorage modulation [9].
Moreover, divalent succinyl-concanavalin A, which
does not modulate receptor mobility, 15 mitogenic
even at a high dose range [6,10].

In this paper, we report that the PI response
induced by concanavalin A 1n rat lymph-node cells is
not inhibited 1n the high dose range of the lectin in
which the lectin was inhibitory for the DNA syn-
thesis. In addition, we describe the effects of micro-
tubule-disrupting drugs, colchicine and vinblastine,
and cytochalasins B and D, which 1nhibit microfila-
ment-dependent cell functions {[11,12], on the
lymphocyte PI response.

Materials and Methods

Materals. Colchicine, vinblastine sulfate and
cytochalasins B and D were purchased from Sigma
Chemical Company (St. Louis). [3?P]Phosphate
(carrier-free) was obtained from Japan Atomic
Energy Research Institute (Tokyo). [methyl-*H]-
Thymidine (6.7 Ci/mmol) was purchased from New
England Nuclear (Boston). Concanavalin A was
obtamned from Pharmacia Fine Chemicals (Uppsala).
Fetal calf serum was obtained from Flow Labora-
tories (Stanmore).

Isolation of rat lymphocytes. Lymph-node cells
were 1solated from cervical and mesenteric lymph
nodes of rats of Wistar strain. To avoid the mixed
lymphocyte reaction, lymphocytes obtamned from
each rat were separately handled in our experiments.
The 1solated lymphocytes were washed three times
with phosphate-free Tns-buffered saline (137 mM
NaCl/5 mM K(C1/25 mM Tns-HCI/0.5 mM MgCl,/
0.9 mM CaCl,, pH 7.4) containing glucose (1 mg/ml).
The cells were finally suspended at a cell density of
(2—4) - 107/ml 1n the phosphate- and calcrum-free
Eagle’s nunimal essential medium containing 10 mM
Hepes, 4 mM glutamine, 100 units/ml penicillin and
100 ug/ml streptomycin.

Lipid analysis. Incubations were terminated by
addition of 1 ml 10% (w/v) trichloroacetic acid to
each of the cell suspensions (0.5 ml). Lipids in the
acid precipitate were extracted with 2 ml chloroform/
methanol/concentrated HCl (200 : 100 . 1, v/v) and
the extract was back-washed [13]. Carrier phos-

phatidic acid, phosphatidylserine, phosphatidyl-
mositol, and CDP-diacylglycerol (a kind gift from Dr.
Akamatsu) were added to each extract. Phospholipids
were separated by two-dimensional TLC on a silica
gel H plate mmpregnated with magnesium acetate
[14]. Chloroform/methanol/28% ammonia/water
(130 70:10:2, v/v) and chloroform/methanol/
acetic acid/water (80 :40 7.4 : 1.2, v/v) were used
as the developing solvents in the first and second
dimensions, respectively. Lipids separated on TLC
plates were located by 1odine vapor. Each located
area was scraped into a vial, the sample was mixed
with 0.3 ml water and 5 ml ACS II (Amersham), and
radioactivity was determined with a Beckman
LS-9000 liquid scintillation spectrometer.

[2H]Thynudine ncorporation into lymphocyte
DNA. Cultures of 6.5-10° rat lymph-node cells
were made 1n 0.5 ml Eagle’s mimmum essential
medium (for suspension culture) containing 10% fetal
calf serum and various concentrations (0—200 ug/ml)
of concanavalin A. After 24 h of culture, the media
were changed similar to those used in the start of the
cultures. Tubes were pulsed with 2 uCi [methyl-*H]-
thymidine between 45 and 49 h. Incorporation of the
radioactivity to trichloroacetic  acid-insoluble
materials was determined.

Results

The 3%PQ, incorporations into phosphatidyl-
inositol and phosphatidic acid of rat lymphocytes
were markedly stimulated by concanavahin A
(Table I). The stimulation was dose dependent at
least up to 200 ug lectin/ml culture. The amounts of
the 32PQ, incorporations at 15 and 30 mun after the
lectin addition indicate that no time lag was present
in the stimulation. At the concanavalin A concentra-
tion of 20 ug/ml, the enhancement of the incorpora-
tions was about 10-fold into phosphatidylinostiol and
about 8-fold into phosphatidic acid. The effect of
concanavalin A on the lipid metabolism of lympho-
cytes had a specificity; the 32POy incorporations nto
phosphatidylcholine and phosphatidylethanolamine
were not affected by the lectin. A small stimulation
was found in the incorporation into phosphatidyl-
serine. The marked increase 1n the *?PO, incorpora-
tion into phospholipids in concanavalin A-stimulated
lymphocytes does not accompany a gross increase in
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EFFECT OF VARIOUS AMOUNTS OF CONCANAVALIN A ON THE 32PQ, INCORPORATION INTO PHOSPHOLIPIDS OF

RAT LYMPH-NODE CELLS

The incubation was started by addition of [32P]phosphate to a lymphocyte suspenston (2 107 cells/ml) at 50 2Ci/ml. After 30
min of mcubation at 37°C m an atmosphere of 5% CO,/95% air, 0.5 ml-portions of the cell suspension were transferred to test
tubes contamning various amounts (0—100 ug) of concanavalin A 1n 20 1 0.9% NaCl. The incubation was continued for an addi-
tional 15 or 30 min. The 32PO4 mcorporations nto individual classes of phospholipids n 107 cells are shown by a relative rato.
The ratio was calculated by dividing the radioactivity (cpm) in each phospholipid with the radiocactivity in phosphatidylcholine
at 30 min of incubation (141 ¢ 2 cpm). Results are presented as the average of an experiment performed in duplicate and are

representative of three trials

Phospholipids Incubation time Incorporated radioactivity (relative ratio) in the presence of the

(min) mdicated amount of concanavalin A (ug/ml)

0 0.2 2 20 200

Phosphatidylcholine 30 1.00

45 2.54 2.64 2,62 2.86 2.87

60 4.34 4.45 4.74 5.24
Phosphatidylserine 30 0.12

45 0.33 0.18 052 106 2.27

60 0.39 0.49 1.28 1.41
Phosphatidic acid 30 3.42

45 4.90 488 7.28 16.70 19.23

60 586 10.24 2199 22.58
Phosphatidylinositol 30 368

45 5.31 6.12 9.24 2119 50.23

60 803 18.65 48.82 89 60
Phosphatidylethanolamine 30 073

45 165 1.95 1.60 1.80 1.64

60 1.91 1.91 1.99 2.20

the amount of lymphocyte phospholipid because a
concanavalin A-dose dependent increase was also
observed in the specific radioactivity of the total
phospholipid; the increases at 15 min after the lectin
addition were 2.3-fold at 2 ug/ml, 4.3-fold at 20
pg/ml, and 8.6-fold at 200 ug/ml.

The dose responses of concanavalin A for blast
transformation as judged by [3H]thymidine incorpo-
ration into DNA were examined by the use of the
same concanavalin A preparation as was used in the
experiments shown in Table I. The thymidine incor-
poration and the 32PO, incorporation shown 1n
Table I were examined at a comparable cell density.
As previously described [6—8], the [*H]thymidine
incorporation was optimal at 2 ug concanavalin A/ml
culture. At doses higher than 5 ug/ml, the [*H]thymi-
dine incorporation was inhibited in a dose-dependent
manner; at 200 ug concanavalin A/ml, the incorpora-

tion was 1/46th of that observed at 2 ug/ml. There-
fore, the lymphocyte PI response was induced by
concanavalin A at doses of the lectin in which the
blast transformation as measured by increases in
DNA synthesis is profoundly inhibited by the lectin.

Microtubule-disrupting drugs, colchicine and vin-
blastine, at a concentration of 10™* M did not have an
obvious effect on the lymphocyte PI response
induced by concanavalin A (Table II). Vinblastine
sulfate had several noticeable effects on the basal,
unstimulated, phospholipid metabolism of rat lymph-
node cells as revealed by the 3?PO, incorporation,
the drug increased the 32PQ, incorporation into the
total phospholipids by 2.7-fold; the increased incor-
poration reflect the 4—9-fold increases in the incor-
porations into acidic phospholipids, whereas the
incorporation into phosphatidylcholine was 1/4th of
the control value.
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TABLE II

EFFECTS OF MICROTUBULE-DISRUPTING DRUGS AND CYTOCHALASINS B AND D ON THE 32P04 INCORPORA-
TION INTO PHOSPHOLIPIDS OF CONCANAVALIN A-STIMULATED AND UNSTIMULATED RAT LYMPH-NODE CELLS

The incubation was started by addition of [32P]phosphate to a lymphocyte suspension (4 - 107 cells/ml) at 50 uCi/ml. After 30
min of mncubation at 37°C in an atmosphere of 5% CO,/95% air, 0.5 ml-portions of the cell suspension were transferred to test
tubes contatming either 10 ul 0 9% NaCl (marked by —) or 50 ug concanavalin A n 10 1 0.9% NaCl (marked by +), 1n addition,
the tubes contained either 50 nmol colchicine in 10 ul water, or 50 nmol vinblastine sulfate in 10 u! water, or 5 nmol cytocha-
lasin B in 10 ul dimethyl sulfoxide/water (1 9, v/v), or 5 nmol cytochalasin D 1n 10 ul dimethyl sulfoxide/water (1 9, v/v) as
indicated n the table. The mcubation was continued for an additional 30 min. The 32P0O, icorporations into indiwvidual classes
of phospholipids 1n 2 - 107 cells during the last 30 min of the mcubation are shown by a relatwve ratio, The ratio was calculated by
dividing the radioactivity (cpm) incorporated into each phospholipid during the second half of the incubation with the radio-
activity incorporated mto phosphatidylcholine during the second half of the incubation in the absence of both concanavalin A
and the drugs (680 cpm) Increases 1n the specific radioactivity of total phospholipids during the second half of the incubation are
shown as cpm/nmol of phospholipid phosphorus. Results of one experiment are shown and are representative of three trials Con
A, concanavalin A, S§.A |, specific radioactivity.

Reagents Con A 32pQ, incorporation (relative ratio) Increase in
added addition S A of total
Phosphatidyl- Phosphatidyl-  Phosphatidic Phosphatidyl- CDPdiacyl- phospholipids
choline mnositol acid serine glycerol (cpm/nmol)
None - 100 0.65 0.66 0.19 0.51 38
None + 123 124 4.71 1.53 1.22 240
Colchicine - 1.38 115 1.44 -0.52 -0 80 61
Colchicine + 132 123 4.48 -0.42 -0.21 226
Vinblastine - 024 2.88 2.53 1.70 213 104
Vinblastine + 0.27 15.6 8.38 0.75 0.57 234
CytochalasmD - 106 2.56 266 00S 0.37 76
Cytochalasin D+ 118 186 3.78 023 0.40 232
Cytochalasin B — 0.74 092 0.21 063 2.03 17
Cytochalasin B + 0.80 182 2.43 1.41 0.61 228

Microfilaments perturbants, cytochalasins B and
D, at a concentration of 107 M increased the
lymphocyte PI response by 1.5-fold (Table II). Cyto-

[15—17]; the decrease was evident in the incorpora-
tions into phosphatidic acid and phosphatidylchohne.

chalasin D affected the basal phospholipid metab-
olism of lymphocytes; the drug increased the 32PQ,
incorporation into the total phospholipids by 2-fold;
the increased incorporation reflect about 4-fold
mncrease in the incorporations into phosphatidyl-
inositol and phosphatidic acid. Addition of dimethyl
sulfoxide at the same concentration as in the cyto-
chalasin D experiment, 0.2% i the final concentra-
tion, did not affect the concanavalin A-stimulated
and unstimulated 3?PO, incorporations into phos-
pholipids. Cytochalasin B decreased the 32PQ, incor-
poration into the total phospholipids of unstimulated
lymphocytes to about half of the control value; this
observation can probably be explained by the effect
of the drug as an inhibitor of hexose transport

Discussion

Binding of concanavalin A to the lymphocyte
surface induces a number of biochemcal processes
at the membrane level the PI response [1], methyla-
tion of phosphatidylethanolamine [8], activation of
lysolecithin acyltransferase [18], increase in the
membrane microviscosity [19], modulation of
mobility and distribution of cell surface receptors
[2,3], and activation of the transport of amino acids
[20], sugars [21], and small 1ons [22]. The relation-
ship between these early events and the processes
leading to blast transformation is still obscure. It
was reported that the PI response was induced by
mitogenic lectins but not by nonmitogenic lectins



[23]. However, bacterial lipopolysaccharide and
Pa-1 pokeweed mitogen, both B cell mitogens, did
not induce the PI response in mouse B lymphocytes
[19,24].

We found that the PI response induced by con-
canavalin A 1 rat lymph-node cells was dose depen-
dent up to 200 ug lectin/ml culture (Table I), whereas
the same lectin preparation mhibited the [*H]thymi-
dine incorporation 1n a dose-dependent manner at
doses higher than 5 ug/ml as previously described
[6—8]. Therefore, concanavalin A produced the PI
response in the dose range in which the mobility and
distribution of cell surface receptors were modulated
by the lectin. Our result suggests that the magnitude
of the lymphocyte PI response is dependent on the
amount of concanavalin A receptors occupied by the
lectin. It was reported that binding of !?*I-labeled
concanavalin A to mouse spleen cells (2 - 107 cells/
ml) was saturated at 50 ug lectin/ml [2].

Concanavalin A and other mitogenic lectins
rapidly stimulate methylation of phosphatidyl-
ethanolamine in mouse spleen T-lymphocytes [8]. A
parallelism between dose-response curves of con-
canavalin A for the phospholipid methylation and
thymidine incorporation was reported [8]; high doses
of the lectin were inhibitory for the methylation just
as those were for the DNA synthesis.

From the analysis of the effect of anchorage-
modulating doses of concanavalin A on lymphocyte
mitogenesis, McClain and Edelman [9} proposed that
“any measured biochemical result of lectin binding
that shows a concanavalin A dose-response curve
with a falling limb at high lectin concentrations is
probably a later event not in the initial stimulatory
pathway”. When we consider the two early mem-
brane events induced by concanavalin A binding to
the lymphocyte surface, the phospholipid methyla-
tion [8] and the PI response, the PI response can be
an earlier event because the concanavalin A dose-
response curve for the PI response does not have the
falling limb at high lectin concentrations whereas that
for the methylation has the falling limb [8]. The
nitial event in the PI response of rat lymph-node
cells, a rapid loss of the pre-existing phosphatidyl-
mositol accompanied by accumulations of diacyl-
glycerol and phosphatidic acid, was found at 1-5
min after the concanavalin A addition to the cells
(Hasegawa-Sasaki, H. and Sasaki, T., unpublished
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results). The activation of the phospholipid methyla-
tion had been reported to have a peak at 10 min after
the concanavalin A addition {8].

Colchicine, vinblastine and related drugs inhibit
the mitogemic stimulation of lymphocytes from
various species by lectins such as concanavalin A
[5,25,26]. Based on the analyses of the colchicine
blockade, Edelman et al. [5,6,26—28] advanced the
hypothesis that cytoplasmic microtubular proteins
are somehow implicated in the regulation of early
biochemical event that commits resting lymphocytes
to undergo blast transformation and DNA synthesis.
Colchicine and vinblastine at a concentration of
107 M, a concentration in which a marked intubition
of the concanavalin A-induced mitogenic response
had been observed [26], did not inhibit the con-
canavalin A-induced PI response of rat lymph-node
cells (Table II). Schellenberg and Gillespie [29]
reported that in human peripheral blood lympho-
cytes, colchicine and wvinblastine inhibited the
enhanced incorporations of myo-[*H]mositol and
[**P]phosphate into phosphatidylinositol and phos-
phatidic acid caused by concanavalin A. According to
these authors’ results, these drugs did not inhibit
completely; a marked, although diminished, stimula-
tion of the 32PO, incorporation into phosphatidyl-
inositol was reported to occur in the presence of
107 M colchicine or vinblastine. Schellenberg and
Gillespie [29,30] mainly used myo-[*H]nositol to
assess the PI response, it should be noted that the use
of labeled 1nositol to measure phosphatidylinositol
synthesis is unrehable because 1t appears to reflect
the activity of the freely reversible CDP-diacyl-
glycerol inositol phosphatidyltransferase [31,32].
The discrepancy between the results reported by
Schellenberg and Gillespie and the results obtained
by us may possibly originate from the difference in
the effects of colchicine and vinblastine on the PI
responses of human peripheral blood lymphocytes
and rat lymph-node cells.

Cytochalasins affect the mitogenic stimulation of
lymphocytes [33—-36]. Relatively low concentrations
(1078—-10"7 M) of cytochalasin B enhances, whereas
higher concentrations (above 107 M) of cytochalasin
B inhibits the mitogenic response to concanavalin A
and to other mitogens. Cytochalasin D was about 10-
times as potent as cytochalasin B as an inhibitor of
concanavalin A-induced lymphocyte proliferation
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{36]. From the analysis of cytochalasin-binding sites
of lymphocytes, Mookerjee et al. [36] proposed that
cytoskeletal actin plays an important role in the
modulation of lymphocyte mitogenesss. Cyto-
chalasins B and D at a concentration of 1075 M, a
concentration 1n which 100% inhibition of the con-
canavalin A-induced mitogenic response had been
observed [36], enhanced to some degree the PI
response of rat lymph-node cells induced by con-
canavalin A (Table II).

Stimulation of the PI response of rat lymph-node
cells by anchorage-modulating doses of concana-
valin A and lack of inlubitory effects of both micro-
tubule-disrupting drugs and microfilament per-
turbants, cytochalasins, on the PI response all suggest
that submembranous assemblies of microtubules and
microfilaments do not play an indispensable role in
the sequence of events involved in the PI response of
rat lymph-node cells. Although the results suggest
that the PI response 1s the earliest event induced by
concanavalin A binding to lymphocytes, it remains
to be determined whether the PI response is an
essential early event involved in the blast transforma-
tion of T lymphocytes.
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