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In lymphocytes isolated from rat lymph nodes, concanavalin A stimulated the a2PO 4 incorporation into phos- 
phatidylinositol and phosphatidic acid in a dose-dependent manner up to 200 #g of the lectin per ml of the 
lymphocyte culture. [3H]Thymidine incorporation was found to be optimal at 2/~g 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 
a2PO 4 incorporation. As previously described (Wang, J.L. and Edelman, G.M. (1978) J. Biol. Chem. 253, 
3000-3007), the [aH]thymidine incorporation was inhibited at doses higher than 5/.tg/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, I. and Edelman, G.M. (1972) Proc. Natl. Acad. Sci. U.S.A. 69,608-612) .  Colchicine 
and vinblastine at a concentration of 10 -4 M did not inhibit the concanavalin A-induced PI response of rat lymph- 
node cells. Cytochalasins B and D at a concentration of 10 -s 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 
phosphatidlc acid and diacylglycerol. Selectwe 
acceleration of the 32PO4 incorporation into the 
lymphocyte phosphatldylinositol [1] occurs fol- 
lowing this initial breakdown of preexisting phos- 
phatidylinositol. This stimulation of the phospha- 
tidyhnosltol metabolism is usually known as 'the 
phosphatidylinostiol (PI) response' in lymphocytes. 

Concanavahn A in concentrations greater than 
5 -10  /ag/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 colchicme and 
related drags [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 mlcrotubules and 
mlcrofilaments [5,6]. 

The binding of concanavahn A and other mito- 
genic lectins to the lymphocyte surface triggers the 
stimulation of DNA synthesis and blast transforma- 
tion. The mltogenic stimulation by concanavalin A is 
optimal at 0.5-2/~g lectin/ml [6-8] .  Concanavahn A 
is inhibitory for the DNA synthesis m the dose range 
m which the cell surface modulation by the tetra- 
valent lectin occurs. At high doses of concanavalin A, 
the mitogenlc 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 succlnyl-concanavalin A, which 
does not modulate receptor mobility, is mltogenlc 
even at a high dose range [6,10]. 

In this paper, we report that the PI response 
induced by concanavahn A in rat lymph-node cells is 
not inhibited in the high dose range of the lectin in 
which the lectin was inhibitory for the DNA syn- 
thesis. In ad&tlon, we describe the effects of micro- 
tubule-disrupting drugs, colchlcine and vinblastine, 
and cytochalaslns B and D, which inhibit mlcrofila- 
ment-dependent cell functions [11,12], on the 
lymphocyte PI response. 

Materials and Methods 

Materials. Colchlclne, vinblastlne sulfate and 
cytochalaslns B and D were purchased from Sigma 
Chemical Company (St. Louis), [32p]Phosphate 
(carrier-free) was obtained from Japan Atomic 
Energy Research Institute (Tokyo). [methyl-3H] - 
Thymidine (6.7 C1/mmol) was purchased from New 
England Nuclear (Boston). ConcanavahnA was 
obtained from Pharmacia Fine Chemicals (Uppsala). 
Fetal calf serum was obtained from Flow Labora- 
tories (Stanmore). 

Isolation o) rat lymphocytes. Lymph-node cells 
were Isolated from cervical and mesenterlc lymph 
nodes of rats of Wistar strain. To avoid the mixed 
lymphocyte reaction, lymphocytes obtained from 
each rat were separately handled in our experiments. 
The isolated lymphocytes were washed three times 
with phosphate-free Trls-buffered saline (137 mM 
NaC1/5 mM KC1/25 mM Trls-HC1/0.5 mM MgCI:/ 
0.9 mM CaC12, pH 7.4) containing glucose (1 mg/ml). 
The cells were finally suspended at a cell density of 
( 2 - 4 ) '  107/ml in the phosphate- and calcium-free 
Eagle's nunlmal essential medium containing 10 mM 
Hepes, 4 mM glutannne, 100 units/nil penicillin and 
100/ag/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). Liplds in the 
acid precipitate were extracted with 2 ml chloroform/ 
methanol/concentrated HC1 (200:  100. 1, v/v) and 
the extract was back-washed [13]. Carrier phos- 

phatidlc acid, phosphatidylserlne, phosphatldyl- 
lnositol, and CDP-dlacylglycerol (a kind gift from Dr. 
Akamatsu) were added to each extract. Phosphohplds 
were separated by two-dimensional TLC on a silica 
gel H plate impregnated with magnesium acetate 
[14]. Chloroform/methanol/28% ammonia/water 
(130 70 : 10 : 2, v/v) and chloroform/methanol/ 
acetic acid/water ( 8 0 : 4 0  " 7.4 : 1.2, v/v) were used 
as the developing solvents in the first and second 
dimensions, respectively. Llplds separated on TLC 
plates were located by iodine 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 hquid scintillation spectrometer. 

[3H]Thymtdme Incorporation into lymphocyte 
DNA. Cultures of 6.5" 10 6 rat lymph-node cells 
were made in 0.5 ml Eagle's mxrumum essential 
medium (for suspension culture) containing 10% fetal 
calf serum and various concentrations (0-200/ag/ml) 
of concanavalln 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/~Ci [methyl-3H] - 
thymidine between 45 and 49 h. Incorporation of the 
radioactivity into trichloroacetxc acid-insoluble 
materials was determined. 

Results 

The 32po  4 incorporations Into phosphatidyl- 
inositol and phosphatldlc acid of rat lymphocytes 
were markedly stimulated by concanavahnA 
(Table I). The stimulation was dose dependent at 
least up to 200 ~tg lectin/ml culture. The amounts of 
the 32po  4 incorporations at 15 and 30 rain after the 
lectln addition indicate that no time lag was present 
in the stimulation. At the concanavalin A concentra- 
tion of 20/ag/ml, the enhancement of the incorpora- 
tions was about 10-fold into phosphatidyhnostlol and 
about 8-fold Into phosphatldic acid. The effect of 
concanavahn A on the lipid metabolism of lympho- 
cytes had a specificity; the a2PO 4 incorporations into 
phosphatldylcholine and phosphatidylethanolamlne 
were not affected by the lectln. A small stimulation 
was found in the incorporation into phosphatidyl- 
serlne. The marked increase in the 32po4 incorpora- 
tion into phosphohpids in concanavahn A-stimulated 
lymphocytes does not accompany a gross increase in 
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TABLE I 

EFFECT OF VARIOUS AMOUNTS OF CONCANAVALIN A ON THE 32po 4 INCORPORATION INTO PHOSPHOLIPIDS OF 
RAT LYMPH-NODE CELLS 

The incubation was started by addmon of [32P]phosphate to a lymphocyte suspension (2 107 cells/ml) at 50 ~tC1/ml. After 30 
min of mcubatmn at 37°C m an atmosphere of 5% CO2/95% atr, 0.5 ml-portions of the cell suspension were transferred to test 
tubes containing various amounts (0-100 ~tg) of concanavahn A m 20/~1 0.9% NaCI. The incubation was continued for an addi- 
tional 15 or 30 mm. The 32po 4 lncorporatmns into mdlwdual classes of phosphohplds m 107 cells are shown by a relatwe farm. 
The ratm was calculated by dividing the radioactivity (cpm) m each phosphohpld with the radloactwlty m phosphatidylcholine 
at 30 mm of incubation (141 ± 2 cpm). Results are presented as the average of an experiment performed in duphcate and are 
representanve of three trials 

Phosphohpxds Incubation time 
(mm) 

Incorporated radioactivity (relanve ratio) in the presence of the 
indicated amount of concanavahn A (btg/ml) 

0 0.2 2 20 200 

Phosphatldylcholine 30 1.00 
45 2.54 2.64 2.62 2.86 2.87 
60 4.34 4.45 4.74 5.24 

Phosphatldylserme 30 0.12 
45 0.33 0.18 0 52 1 06 2.27 
60 0.39 0.49 1.28 1.41 

Phosphandlc acid 30 3.42 
45 4.90 4.88 7.28 16.70 19.23 
60 5 86 10.24 21 99 22.58 

Phosphatldyhnosltol 30 3 68 
45 5.31 6.12 9.24 21 19 50.23 
60 8 03 18.65 48.82 89 60 

Phosphatldylethanolamme 30 0 73 
45 1 65 1.95 1.60 1.80 1.64 
60 1.91 1.91 1.99 2.20 

the amount of lymphocyte phospholipid because a 
concanavahnA-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 /ag/ml, 4.3-fold at 20 
/ag/ml, and 8.6-fold at 200 gg/ml. 

The dose responses of concanavahn 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 4 incorporation shown in 

Table I were examined at a comparable cell density. 
As previously described [ 6 - 8 ] ,  the [3H]thymidine 
incorporation was optimal at 2/ag concanavalin A/ml 
culture. At doses higher than 5/zg/ml, the [3H]thymi- 
dine incorporation was inhibited in a dose-dependent 
manner;  at 200/~g concanavalin A/ml, the incorpora- 

tion was 1/46th of that observed at 2/ag/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, colchlcine and vin- 
blastine, at a concentration of 10 -4 M did not have an 

obvious effect on the lymphocyte PI response 
induced by concanavalin A (Table II). Vinblastlne 
sulfate had several noticeable effects on the basal, 

unstimulated, phospholipid metabolism of rat lymph- 
node cells as revealed by the 32po 4 incorporation, 

the drug increased the 32PO 4 incorporation into the 
total phospholiplds by 2.7-fold; the increased incor- 
poration reflect the 4-9-fo ld  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 32po 4 INCORPORA- 
TION INTO PHOSPHOLIPIDS OF CONCANAVALIN A-STIMULATED AND UNSTIMULATED RAT LYMPH-NODE CELLS 

The incubation was started by addmon of [32p]phosphate to a lymphocyte suspension (4 • 107 cells/ml) at 50 ~C1/ml. After 30 
mm of incubation at 37°C in an atmosphere of 5% CO2/95% air, 0.5 ml-porhons of the cell suspension were transferred to test 
tubes containing either 10 /21 0 9% NaCI (marked by - )  or 50/2g concanavahn A in 10/al 0.9% NaC1 (marked by +), m ad&tlon, 
the tubes contained either 50 nmol colchiclne m 10 /21 water, or 50 nmol vmblastme sulfate m 10 ~1 water, or 5 nmol cytocha- 
lasm B m 10 ~1 dlmethyl sulfoxlde/water (1 9, v/v), or 5 nmol cytochalasin D m 10 ~tl dlmethyl sulfoxlde/water (1 9, v/v) as 
in&cated m the table. The incubation was continued for an additional 30 ram. The 32po 4 lncorporatmns into mdwldual classes 
of phosphohpids m 2 • 107 cells during the last 30 nun of the incubation are shown by a relatwe ratm. The ratio was calculated by 
dwldmg the radloactwlty (cpm) Incorporated into each phospholipld during the second half of the incubation with the radlo- 
actwlty incorporated into phosphatldylchohne during the second half of the incubation m the absence of both concanavahn A 
and the drugs (680 cpln) Increases m the specific radioactivity of total pliospholiplds dunng the second half of the mcubahon are 
shown as cpm/nmol of phosphohpld phosphorus. Results of one experiment are shown and are representatwe of three trmls Con 
A, concanavahn A, S.A , specific radioactivity. 

Reagents Con A 32po 4 incorporation (relative ratio) Increase m 
added addition S A of total 

Phosphandyl- Phosphatldyl- Phosphatldlc Phosphatldyl- CDPdlacyl- phosphohplds 
choline mosltol acid serine glycerol (cpm/nmol) 

None - 1 00 0.65 0.66 0.19 0.51 38 
None + 1 23 12 4 4.71 1.53 1.22 240 
Colchlcme - 1.38 1 15 1.44 -0.52 - 0  80 61 
Colchlcme + 1 32 12 3 4.48 -0.42 -0.21 226 
Vmblastlne - 0 24 2.88 2.53 1.70 2 13 104 
Vlnblastme + 0.27 15.6 8.38 0.75 0.57 234 
Cytochalasm D - 1 06 2.56 2 66 0 05 0.37 76 
Cytochalasm D + 1 18 18 6 3.78 0 23 0.40 232 
Cytochalasm B - 0.74 0 92 0.21 0 63 2.03 17 
Cytoclialasm B + 0.80 18 2 2.43 1.41 0.61 228 

Mlcrofi laments  perturbants ,  cytochalasins B and 

D, at a concen t ra t ion  o f  1 0 - S M  increased the 

l ymphocy t e  PI response by 1.5-fold (Table II). Cyto- 

chalasin D affected the basal phosphohpid  metab-  

ohsm of  lymphocy tes ;  the drug increased the 32PO4 

incorpora t ion  into the total  phosphohpids  by 2-fold; 

the increased incorpora t ion  reflect  about  4-fold 

Increase in the incorporat ions  in to  phosphat ldyl-  

inosttol  and phosphat id ic  acid. Addi t ion  o f  d imethyl  

sulfoxlde at the same concent ra t ion  as in the cyto-  

chalasxn D exper iment ,  0.2% m the final concentra-  

t ion,  did not  affect  the concanavalin A-st imulated 
and uns t imula ted  32po 4 incorpora t ions  into phos- 

pholiplds.  Cytochalasln B decreased the 32PO4 incor- 

pora t ion  into  the total  phosphohpids  o f  uns t imula ted  

lymphocy tes  to  about  ha l f  o f  the cont ro l  value; this 

observat ion can probably  be explained by the effect  
o f  the drug as an inhibi tor  o f  hexose t ransport  

[ 1 5 - 1 7 ] ;  the decrease was evident  in the incorpora-  

tions in to  phosphat ldic  acid and phosphat idylchohne .  

Discussion 

Binding of  concanavalin A to the l ymphocy te  

surface induces a number  o f  biochemical  processes 

at the membrane  level the PI response [ 1], methyla-  

t ion o f  phospha t idy le thanolamine  [8],  act ivat ion o f  

lysoleci thin acyltransferase [18],  increase in the 
membrane  mlcrovlscosi ty  [19],  modu la t ion  o f  

mobi l i ty  and distr ibut ion o f  cell surface receptors  

[2,3],  and ac twat ion o f  the t ransport  o f  amino acids 

[20],  sugars [21],  and small ions [22].  The relation- 

ship be tween  these early events and the processes 

leading to blast t ransformat ion  is still obscure.  It 

was repor ted  that  the PI response was induced by 
mitogenic  lectins but  not  by nonmi togenic  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 m rat lymph-node cells was dose depen- 
dent up to 200 #g lectin/ml culture (Table I), whereas 
the same lectin preparation inhibited the [3H]thyml- 
dine incorporation m a dose-dependent manner at 
doses higher than 5 tag/ml as previously described 
[6-8] .  Therefore, concanavahn A produced the PI 
response in the dose range in which the mobility and 
distribution of cell surface receptors were modulated 
by the lectm. 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 12SI-labeled 
concanavalin A to mouse spleen cells (2 .107  cells/ 
ml) was saturated at 50 gg lectin/ml [2]. 

Concanavalin A and other mitogemc 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 phospholipld 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 concanavahn A on lymphocyte 
mitogenesis, McClam and Edelman [9] proposed that 
"any measured biochemical result of lectm binding 
that shows a concanavahn A dose-response curve 
with a falling hmb at high lectin concentrations is 
probably a later event not m the initial stlmulatory 
pathway". When we consider the two early mem- 
brane events induced by concanavalin A binding to 
the lymphocyte surface, the phosphohp~d 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 falhng limb [8]. The 
initial 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 Sasakl, T., unpublished 
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results). The activation of the phosphohpid methyla- 
tion had been reported to have a peak at 10 rain after 
the concanavalin A addition [8]. 

Colchlcme, vinblastine and related drugs inhibit 
the mitogenlc stimulation of lymphocytes from 
various species by lectins such as concanavahn A 
[5,25,26]. Based on the analyses of the colchlcme 
blockade, Edelman et al. [5,6,26-28] advanced the 
hypothesis that cytoplasmic microtubular proteins 
are somehow :mplicated 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 
10 -4 M, a concentration in which a marked intubltion 
of the concanavahn 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 Gfllespie [29] 
reported 'that in human peripheral blood lympho- 
cytes, colchicine and vmblastine inhibited the 
enhanced incorporations of myo-[3H]mosltol and 
[32P]phosphate into phosphatidylinosltol and phos- 
phatldic acid caused by concanavalln A. According to 
these authors' results, these drugs did not inhibit 
completely; a marked, although dimimshed, stimula- 
tion of the 32PO 4 mcorporat:on into phosphatidyl- 
inositol was reported to occur in the presence of 
10-4M colchicine or vinblastine. Schellenberg and 
Gillespie [29,30] mainly used myo-[3H]mosltol to 
assess the PI response, it should be noted that the use 
of labeled mositol to measure phosphatldylinosltol 
synthesis is unrehable because it appears to reflect 
the activity of the freely reversible CDP-dxacyl- 
glycerol inositol phosphatxdyltransferase [31,32]. 
The discrepancy between the results reported by 
Schellenberg and Gillespie and the results obtained 
by us may poss:bly originate from the difference m 
the effects of colchicme and vmblastme on the PI 
responses of human peripheral blood lymphocytes 
and rat lymph-node cells. 

Cytochalasms affect the mitogemc stimulation of 
lymphocytes [33-36].  Relatively low concentrations 
(10-8-10 -7 M) of cytochalasm B enhances, whereas 
higher concentrations (above 10 -6 M) of cytochalasin 
B inhibits the mitogenlc response to concanavalin A 
and to other m~togens. Cytochalasin D was about 10- 
times as potent as cytochalasm B as an inhibitor of 
concanavalin A-induced lymphocyte proliferatmn 
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[36]. From the analysis of  cytochalasin-blndmg sites 
of  lymphocytes ,  Mookerjee et al. [36] proposed that 
cytoskeletal  actin plays an important  role in the 
modulat ion of  lymphocyte  mitogenesls. Cyto- 
chalasins B and D at a concentration of  10 -s M, a 
concentration in which 100% inhibition of  the con- 
canavalin A-reduced mitogemc response had been 
observed [36], enhanced to some degree the PI 
response of  rat lymph-node cells induced by con- 
canavahn A (Table II). 

Stimulation of  the PI response of  rat lymph-node 
cells by anchorage-modulating doses of  concana- 
vahn A and lack of  mtubltory effects of  both micro- 
tubule-disrupting drugs and mlcrofilament per- 
turbants, cytochalasins, on the PI response all suggest 
that submembranous assembhes of  mlcrotubules and 
microfflaments 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 is the earhest event reduced 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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