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Increase in cell permeability to Ca2+ and Mn2+ and lack of stimulation of 
inositol lipid turnover 
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Quin2 loaded human leukemic, JURRAT and K562 cells, were exposed to various doses of Pseudmnonm 
ueruginosa cytotoxin. This cytotoxin induced an increase in quin2 fluorescence indicating an increase in the 
cytoplasmic free Ca*+ concentration. The rate of the fluorescence increase and the lag time before the re- 
sponse were dependent on the doses of the cytotoxin. Addition of M&l, to the cytotoxin-treated cells in- 
duced a decrease in the quin2 fluorescence at rates dependent on the doses of the cytotoxin. The cytotoxin 
did not stimulate the inositol lipid turnover in JURKAT cells, which was determined by the accumulation 
of [3H$nositol phosphates in ~~~~2-3H~~ositol-p~la~l~ cells in the presence of LiCI. These results in- 
dicate that the eytotoxin increases cell permeability to both Ca2+ and Mn” by direct breakdown of the 

liability bather of the plasma membmne. 

cyturoxirz Pseudomonas ae~~nosa Q&G Pe~~~~~ty change Human Ie&em*c ceil lb&? 
Inosjtoiphosph~te 

1. INTRODUCTION 

Ps~d~~~~~~ ffe~g~~~~~ is an important 
pathogen in medicine. A number of bacterial fac- 
tors have been implicated to be involved in the 
patbogenesis of the microbe. One of these is an 
acidic cytotoxic protein, called cytotoxin, with an 
J%& of about 25000 fl]. The toxin attacks the 
plasma membranes of many mammalian cells 
resulting in an increase in permeability to ions and 
small molecules within a short time of intoxication 
[2-41. In cuItured endothelial cells, it has been 
demonstrated that the toxin stimulates the produc- 
tion of prostacyclin [4]. 
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Abb~e~j~f~~n~: FtdIns(4,5)pz, ~hos~hat~dylinositol 
4,5-bispbosphate; PHA, phytohem~8lutini~ 

From studies on rabbit leukocytes, Hirayama 
and Kato [5,6] reported that pseudamonal 
leukocidin induced rapid metabolic changes of 
phosphatidylinositol and pol~hosphoinositides to 
accumulate phosphatidic acid, resulting in the pro- 
cess of leukocyte destruction by an increase in the 
c~o~las~c free Ca” concentration (fCa’“]& 
Leukocidin and cytotoxin are similar proteins, 
Both toxins were isolated from an autolysate of P. 
aemgimsa strain 158 f 1,7,8]. Amino acid analyses 
indicate that both toxins have a high content of 
amino acids with nonpolar side chains [1,8]. Rab- 
bit antiserum against leukocidin inhibited the ac- 
tion of cytotoxin on human granulocytes (Lutz, F,, 
unpublished~, However, the molecular mass of 
leukocidin was estimated to be about 42 kDa, 
which is 1.7-times larggr than that of cytotoxin [S]. 
In this paper, we studied the effect of cytotoxin on 
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2, MATERIALS AND METHODS 

in ph~phat~buffered saline (0.02 M 
urn pbosphate~ pH 7.4, &I4 M NacI, 3 mII 

KC& 0+5 mM MgC&. 

JURKAT-FHCRC and K562 cells were cultured 
in RPMS-1640 medium supplemented with 6.7% 
heat-inactivated (56°C for 30 m,$n) fetal calf 
serum, 50 units/ml penicillin, 5O~gJml strep- 
tomycin and 300 a&ml L-glutamine, 

cazlsI K~~~~~, Japan) was adda at IQOpM to 
the cell suspension in RPM~-~~~ medium con- 
tainlng 3 x 10’ cdlsfml and incubated for 20 min 
at 37% The suspension was then diluted l&fold 
with RPMJ-1640 medium and incubated for a 
further 40 min. After loading, the cells were 
washes once with Tris-buffered s&line (containing 
O-7 mM phosphate) il ljt resus~~~~~d in the same 
saline at 2,5 x 10’ eeftsiml and kept at room 
tern~~a~~~* For m~ureme~t of ~~ores~en~e* 
2 ml of the 0% suspension was t~~~sf~rr~ to a 
cuvette. Quiti Buorescence was reLwrded at 37°C 
with a Hitachi 650-10s fluorescence ~~~trophot~ 
meter fitted with a magnetic stirrer rend a thermo- 
statical& controlled cell holder, Excitation and 
emission wavelengths were 339 ancX 492 nm with 4 
and 10 nm slits, respectively. Fluorescence was 
calibrated in terms of [Ca’+]i from the fluores- 
cence value at 0.9 mM Ca2+ in the presence of 
0.1% Triton X-100 and the ~uor~~~~~~~ vahre at 
0-5 MnCI2 in the presence of 0.1% Triton 

2--l& T&on X-f@0 wi3s added from iO% 
solution, Mr&& was added from a.1 M 

3. RESULTS AND DJSCUSSION 

AS repair in f14], PHA induw an i~~~~~ in 
~uor~~~~~e of the quin2 loaded JURKAT c&s, 
indicating an Increase in &a’+ji (fii.I), A~~~~~~~ 
of MnClz to TWA-treated JURXAT cells crausert an 
i~edi~~~~ sma.ll drop in fluorescence followed by 
a small p;radu&l. decrease (fig.l), which indicates 
slow penetration of Mn’+ into the cells, 

Figs 2 and 3 illustrate the effect of cytotoxin on 
[Ca’“]i of quia2-loaded JURKAT ~11~. O~I addi- 
tion of It,5 pg cytotoxin per ml cell sus~~~sio~ 

Fig. 1 1 Fluorescence response of quin24oaded JURKAT 
cells to PHA and the effect of MnClz on the response. 
Quin2 loading, fluorescence monitoring, and c&.x&rim 
of fCa’+]i wm done as described in section 2, Traces 
represent ~~s~~~s~s of quin2 fluorescence to addi~i#~s of 
20 pg/ntt of PHA ~~~u~~~u~n~n~ Sigma), M&l&, aud 
A23187. A23187 ~C~b~~b~-~r~ng~ was added from 
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Fig.3. Fluorescence response of quin2 loaded JURKAT 
cells to cytotoxin and the effect of MnClz on the 
response. The experiments were performed as for fig.2 
except that MnC12 (arrow b) was added before Triton 

X-100 (arrow a), 

(2.5 x 106 cells), there was an immediate increase 
in quiu2 fluorescence (fig.3). The rise in 
fluorescence was steep for the first 40 s, when the 
fluorescence intensity represents a &fold increase 
in [Ca2’]i. The increase in cytotoxin-induced 
[Ca’“]i continued during the next 5 min and 
reached a concentration equivalent to that of the 
medium. The fluorescence response to cytotoxin 
was dose-dependent. Addition of 0.05 pg cyto- 
toxin per ml cell suspension caused a small increase 
in [Ca”]i after a lag period of 5-6 min (fig.3). 
Both the lag time and rate of [Ca2”]i increase are 
dependent on the doses of eytotoxin (figs 2 and 3). 
In contrast to the fCa’+]i response to PHA and 
other Ca2f-mobifizing intercellular signals (figs 2 
and 3) [14,17,183, cytotoxinrinduced [Ca2’]i did 
not reach a maximal value within a few minutes of 
toxin addition but persistently increased toward 
the concentration in the medium during 
incubation. 

Addition of MnClz to cytotoxin-treated 
JURKAT cells induced a decrease in quin2 
fluorescence at a rate dependent on the doses of 
cytotoxin (fig.3). The affinity of Mn” for quin2 is 
Slffold greater than that of Caz’ 1121. The 
fluorescence intensity of Mn”-quin2 complex is 
1% of that of Ca”-quin2 complex [ 121. Therefore, 
this Mn’*-induced quenching of fluarescence in- 
dicates that cytotoxin-treated JURKAT cells have 
an increased permeability to both Ca2+ and Mn*+. 
At a cytotoxin dose of 12.5 ,ug/ml, almost all of 
the quin2 became saturated by the added Mn” 
within l-2 min (fig.3). 

Treatment of KS62 cells with c~otoxin also in- 
creased ~rrn~b~ity of the cells to both Ca2” and 
Mn’+ (fig.4). The increase was dependent on the 
doses of cytotoxin. The effect of cytotoxin on 
JURKAT and K-562 cells is similar to that of 
A23187, a divalent cation ionophore (fig.4) [14], 
and distinctly different from the effect of PHA 
and other Ca2+-mobilizing intercellular signals 
(fig.1) [14,17,18]. 

Table 1 

Effects of PHA and cytotoxin on the accumulation of 
[3H]inositol phosphates in Li+-treated JURKAT cells 

preiabeled with myo-[Z-‘Hlinositol 

Addition Concentration Accumulated 
kg/m]) [3H]inositol phosphates 

(dpm/ 10” cells) 

Y 
“E 

!I ‘t, 
Cytotoxin , \ - 3onf4 

d OrWi-4 \, 

I b- 
-0 

'*__ --_ ICa? i 

Fig.4. Fluorescence response of quin2 loaded K562 cells 
to cytotoxin and the effect of MnClz on the response. 
The experiments were performed as for fig.3. MnC& was 

added at the time points indicaied by closed arrows. 

None 1385; 1481 
PHA 50 6896; 7721 
Cytotoxin 2 1604; 1778 
Cytotoxin 0.2 $421; 1483 

JURKAT cells were labeled with 5 &iJml of myo- 
f2-3H]inositof for 20 h. The labeled cells were suspended 
at 4 x IO6 cells/ml in phosphate-buffered saline [26] 
containing 0. I % glucose in which a portion (5 mM) of 
NaCl had been replaced with 5 mM LiCI. Portions 
(0.25 ml) of the cell suspension were preincubated for 
15 min and then incubated at 37°C for 15 mm in the 
presence of the indicated additions. myo-[2-“H]Jnositol 
phosphates, a sum of inositol tris-, bis- and 
monopho~phates~ accumulated in the cells were 
determined by the method of Berridge et al. f23]. Results 

are 2 vahres obtained from duplicate incubations 
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Activation of cell-surface receptors for Ca”- 
mobilizing intercellular signals induces hydrolysis 
of PtdIns(4,5)& resulting in the production of 
1,2-diacylglycerol and inositol 1,4,!Gtrisphosphate 
[ 19,2O], Inositol trisphosphate is dephosphorylated 
stepwise to inositol bisphosphate, inositol mono- 
phosphate and then to inositol[21]. Li+ is a potent 
inhibitor of inositol- 1 -phosphatase [22]. Berridge 
et al. 1231 showed that Li+ could greatly amplify 
the agonist-de~ndent accumulation of inositol 
l-phosphate in brain slices and salivary glands. 
Since then LiCl has been used to provide a sensitive 
method for identifying those receptors that are 
coupled to the hydrolysis of PtdIns(4,5)& 
[15-17,19,20]. 
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3.3. Conclusion 
Taken together the above results indicate that 

cytotoxin does not stimulate lipid turnover arid 
suggest that it damages cells by direct breakdown 
of the permeability barrier of the plasma 
membrane. 
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