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Abstract. Whole cell patch-clamp recordings were usedthe parasite is phagocytosed by macrophages and con-
to study the electrical properties of the macrophage-likefined to a lysosome-like compartment (reviewed by Rus-
cell line J774.1, after infection witheishmania ama- sell, 1995), known as the parasitophorus vacuole (PV).
zonensis.Infection induced a significant increase in cell Since the parasites replicate within the PV they must
size and membrane capacitance, suggesting that parasiteport nutrients from the mammalian host across a series
invasion leads to the addition of plasma membrane to thef three barriers: the parasite surface membrane, the
host cell. By 24 hr after infection, the host cell mem- membrane of the PV, and the surface membrane of the
brane potential was significantly more hyperpolarizedmacrophage.
than control cells, and this difference remained for the  In several parasite-host systems, the parasite
subsequent 72 hr post-infection. The hyperpolarizatiorchanges the plasma membrane of its host cell by incor-
was paralleled by an increase in the density of inwardporating specific proteins or by modulating constitutive
rectifying K* currents. The shape of the conductamse transporters, thus modifying ion homeostasis to secure
voltage curve, the kinetic properties and the pharmacofast uptake of nutrients and discharge of waste products
logical profile of these currents were not significantly (Gero & Upston, 1992). In the case Bfasmodiumit is
altered by infection. These results suggest that infectiofkknown that the parasite increases the transport systems of
by L. amazonensisauses an increase in the number ofthe erythrocyte membrane for glucose, phospholipids,
functional inward rectifying K channels, leading to hy- purine bases, nucleotides, small nonelectrolytes, lactate,
perpolarization of the host cell membrane. anions and cations (reviewed by Ginsburg, 1994; Cran-

mer et al., 1995). Infection of cardiac mammalian cells
Key words: Patch-clamp — Macrophages — Parasiteswith Trypanosoma cruzalters the shape of the action
— lonic currents — Capacitance — Membrane potentialpotential by reducing transient outward” Kurrents,
— K* inward rectifier changes the basal levels of intracellulaCéCa) and

the properties of gap junctions (Campos de Carvalho et

. al., 1994; Pacioretty et al., 1995). Moreover, changes in

Introduction Ca are considered to play a critical role during host cell
invasion byT. cruzi(reviewed by Andrews, 1995).

In the case ofeishmanialittle information is avail-
'able regarding the impact of parasite invasion on the ion
homeostasis of its host cell. There is evidence for in-
I creases in basal Can monocytes and macrophages in-
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tut fur biophysikalische Chemie, Am Fassberg, D37070tti6gen,  reviewed by Olivier, 1996), but changes in the intracel-
Germany lular concentrations or transport properties of other ions
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New York University School of Medicine, New York, NY 100016, tal aspects of para§|te-host mteraqﬂon IS important not
USA only from the cell biological viewpoint, but also for the
design of therapeutic agents. In the present work, the
Correspondence tavl. Camacho whole cell recording configuration of the patch-clamp

Leishmaniaspecies are intracellular obligatory parasites
of macrophages. After entry into its mammalian host
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technique (Hamill et al., 1981) was used to explore thecurrent was zero. This value is referred to as resting membrane poten-
effects of infection byl.eishmania amazonensim the tial (V,,). Note that, even though the measurement was obtained within
electrical properties and inward*Keurrents of the mac- the first minute after breaking into the cell, this value may deviate from

h . . theV,, of a nondialyzed cell where the cytoplasmic environment has
rophage—llke cell line J774.1. Our results show that In'not been altered by the recording-pipette-solution. Throughout the rest

fection has several effects on J774.1 cells. Firstly, it in-f the experiment, the cell was maintained under voltage clamp. Volt-
duces changes in membrane capacitance and membragg steps were applied from a holding potential of —60 mV. Currents
potential. Secondly, it increases the density of inwardwere filtered at 1 kHz and digitized at 2QGec/point with a DigiData

rectifying K* currents. We describe here the expressionl200 Interface (Axon Instruments). Data acquisition and analysis were

of these changes as a function of time after infection. Performed with the pclamp6 software (Axon Instruments).
Statistical results are given as measem. To compare data from

control and infected cells, multiple group comparisons were performed
using ANOVA and Dunnett test$ values= than 0.05 were consid-
ered significant. When used refers to number of cells included in the
analysis.

Materials and Methods

CeLL CULTURE

The murine macrophage-like cell line J774.1 was obtained from theResults

European Cell line and Hybridome Bank Collection (EECACC No.

91051511) and maintained as a monolayer in 25 ftasks at 37°C, 5%

CO, for up to 4 weeks. Cells were kept in RPMI 1640 culture medium CHANGES IN PAassIVE MEMBRANE PROPERTIES

(GIBCO) supplemented with 10% fetal bovine serum (FBS, GIBCO), DyRING INFECTION

100 U/ml penicillin and 10Qug/ml spreptomycin (GIBCO). Only sus-

pended cells were allowed to attach onto sterile glass coverslips kept in

35 mm petri dishes at 37°C for 24 hr prior to electrophysiological Infection with L. amazonensiss characterized by the

studies. The medium was changed daily and 1 hr before recording. presence of PVs that contain amastigotes, the intracellu-
lar stage of the parasite. In our experimental conditions,
48.7 + 7.4% of the macrophages were infected at 24 hr
post infection (pi), as evidenced by the clear appearance
A Leishmania amazonensisolate kindly donated by Dr. N. Saravia of a PV enclosing amastigotes. This PV can be visual-
(CIDEIM, Cali, Colombia) was used. Promastigotes, at an initial con- ized under light microscopy. FigureAlshows a photo-
centration 6 1 x 1C°, were cultured at 24°C in 25 chflasks in  graph, taken in the recording setup, of a noninfected cell
Schneider's medium (GIBCO) supplemented with 20% FBS. Promasyhose cytoplasm is devoid of large vacuoles, and of a 48
tigotes were aIIowgd tp reach their metacyclic (infe_ctive)_ stagg andpy pi cell where a |arge PV can be easily recognized.
either diluted to maintain the culture or harvested for infection. Eighty Electron microscopy of the infected cells details the

percent confluent J774.1 cell cultures were exposed to metacyclic pro- . L .
mastigotes at a ratio of 1:10 respectively, and incubated at 34°C, S‘J/Presence of an amastigote within the PV (F'@)-l

CO, for 4 hr. Nonadherent promastigotes were washed out with serumA'thOUgh macrophages with multiple PVs were present
free medium and the cultures were kept for up to 4 days post infectioin the cultures, we focused our study on infected cells
in the same conditions as described above for control cells (Changhaving a single PV, as exemplified in FigA1 Through-
1981). Infected cells in suspension were allowed to adhere onto sterilgyyt the time window of the present work (72 hr pi), the
glass coverslips an_d kept in_ 35 mm petri dishes at 34°C for 24 hr priorpercentage of infected macrophages remained constant.
to electrophysiological studies. However, the number of amastigotes per cell increased.
Thus, up to 48 hr pi there were on average 2.8 + 0.2
ELECTROPHYSIOLOGICAL RECORDING AND amastigotes per celh(= 144) and by 72 hr pi a two fold
DATA ANALYSIS increase in parasite number was detected-(60). We
interpret this as indicating that during the first 48 hr pi
Coverslips were placed in a recording chamber kept at room tempergparasites differentiate and subsequently they start repli-
ture (18-20°C) on the stage of an inverted Zeiss IM35 microscopecation.
Cells were bathed in a solution consisting of (im)n145 NaCl, 5 KCl, After 24 hr pi, once the parasite was established

1 CaCl, 2 MgCl,, 10 HEPES-Na, 5 glucose (pH 7.34, 300 mOsm). . . .
Membrane currents were recorded in the whole cell configuration olethm the PV, cells had diameters of 19.2 + 0.gfn

the patch-clamp technique with an Axopatch-1C amplifier (Axon In- (N = 27), significantly Iarger' th"?m those of contr_ols
struments, Foster City, CA). Pipettes were filled with a solution con- (16.7 + 0.28um, n = 35). This difference was main-
taining (in mv): 140 K glutamate, 2 KCI, 5 EGTAK, 0.5 Cagl4  tained throughout the time window explored (Figh)2
MgCl,, 10 HEPES-K, 3 ATP-N3 0.5 GTP-Na (pH 7.34, 300 mOsm).  |ncreases in cell size can result from addition of new
They were made from nonheparinized hematocrit capillaries (Fishermembrane to the cell plasma membrane or from other
Scientific No. 02-668-6) and had resistances of 2.55. During . . .
mechanisms not requiring membrane recruitment, such

whole cell recording the series resistance was not greater thar§210 . . . .
and it was left uncompensated. as cell swelling and differences in membrane ruffling.

After attaining the whole cell configuration, the amplifier was set Only the former process will yield an increase in the cell
to the current-clamp mode to determine the potential at which themembrane capacitanc&€,(). Therefore, we compared

PArRASITE CULTURE AND INFECTION
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Fig. 1. Changes in J774.1 cell morphology after infectionligishmania amazonensi@) Photograph of a control cel) and of a cell at 24 hr

pi (1), taken under normal light transmitted in the recording setup x 400. Note the presence of a PV (pv) inside the infected cell and the recordin
pipette (p). The calibration bar 5 um. (B) Photograph of an electron microscopy image of an infected cell (48 hr pi), which reveals the amastigotes
(a) inside the parasitophorus vacuole (pv)denotes the macrophage nucleus. The calibration=bdr p.m.

C,, in control and infected cellC,,, was read directly change in the cell passive membrane resistaRg§ Oy
from the slow capacitance compensation circuit of themeasuring the current response to a 10 mV step from the
amplifier, a procedure justified by the mono-exponentialholding potential, a voltage range where active conduc-
nature of the current relaxation following a voltage steptances should be negligible. This parameter failed to re-
of =10 mV from the holding potential. Membrane ca- veal any changes. Resistances were 1.8 + 8(3%n =
pacitance increased steadily with time after infection7), 2.1 £ 0.865Q) (n = 13)and 2.7 £ 1.0 (n = 7) at
(Fig. 2B). In all infected groupsC,, was significantly 24, 48 and 72 hr pi, respectively, and not significantly
larger than in control cells. At 72 hr pG,,, values were different from the value for the control group (2.00 +
48% higher (20.4 + 1.8 pF = 9), than the control value 0.44G(), n = 12). The lack of change can be explained
(13.7 + 0.6 pF,n = 35). Previous reports had shown by the fact that the measurement corresponds to the par-
that, in J774.1 cellsC,, varies as a function of time of allel combination of the seal resistand® {,) and the
adherence onto glass (Gallin & Sheehy, 1985). Therereal membrane resistanceR(). It is thus difficult to
fore all results presented in this work were gathered frondetect small deviations fromRmwhen its value is close
cells plated 24 hr prior to recording, in order to eliminateto that of R,.,; Nevertheless, the hyperpolarization in-
the possibility that changes could arise from a nonspeduced by infection indicates, a modification in the prop-
cific effect of cell-glass interaction. Thus, assuming thaterties and/or number of ion channels contributing to set
the dielectric properties of the lipid bilayer of J774.1 do the host cellV,,. Therefore, the remainder of this work
not change during infection, our data indicate that deals with the effects of infection on aKhannel that is
amazonensimfection induces the addition of new mem- considered to play a key role in determining the resting
brane to the host cell plasma membrane. membrane potential of macrophages.

We next compared control and infected cells in
terms of their resting membrane potentid.j. As .
shown in Fig. Z, infection byL. amazonensigesulted in ~ COMPARISON OFINWARD RECTIFYING K™ CURRENTS IN
a clear hyperpolarization. The averayg, in control ~ CONTROL AND INFECTEDCELLS
cells was =33t £+ 4 mV (h = 11). At 24 hr pi,V,, had
already changed by 38% with respect to control and bySeveral types of ionic currents have been found in mono-
48 hr pi the cells had &, of -63 + 2.4 mV 6 = 11), cytes, macrophages and macrophage-like cell lines.
58% more hyperpolarized than controls. All infected Among the K currents described, two are prominent: an
groups differed significantly from the control cells. We inward rectifying current and a depolarization-activated
attempted to correlate this hyperpolarization with aoutward current with partial inactivation (Ypey &
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> 04 lr iN J744.1 cells.A) Membrane currents elicited in a control cell by
é 300 msec pulses applied from a holding potential of -60 mV to values
© -20- ranging from -130 to -40 mV, in 10 mV steps every 15 sd). (
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© -40 o, protocol. The calibration bars iA apply also toB. (C) Relation be-
g—) - tween the peak current density and the pulse potential, for the cells
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;w: + : relations in the =90 to =130 mV range were 0.008 for the control cell
o ctl 24pi 48pi 72 pi and 0.03 for the 48 hr pi cellD) Pooled data on the density of the peak

current elicited by hyperpolarizations to =130 mV from a holding po-
Fig. 2. Effect of Leishmania amazonensisfection on cell size, mem-  tential of -60 mV. ANOVA tests indicate that the 3 infected groups are
brane capacitance and resting membrane potential of J774.1 &lls. ( significantly different from the control at tHevalue < 0.05 g was: 12,
Cell diameter was measured with the eye piece micrometer x400 (7, 13, and 7 for control, 24, 48 and 72 hr pi, respectively).
was: 35, 27, 24 and 9 for control, 24, 48 and 72 hr pi respectivesy). (

Values of the membrane capacitance read from the slow capacitance . . . .
circuit of the patch-clamp amplifier, for the same set of cells uses in lxir Was studied under conditions resembling physi-

(C). Resting membrane potential for a subset of the control and infected®@logical ones, i.e., low K outside and low Cl inside.
cells. The value corresponds to the zero current potential measured ikurthermore, to limit the washout of KIR described in
current clamp mode within 1 min after attainment of the whole cell macrophages and J774 cells (Randriamampita & Traut-
configuration fwas: 12, 7, 1_3, and 7 fgr control, 24, 48 and 72 hr pi, mann, 1987; McKinney & Gallin, 1988), the internal
respectively). For the data included A B and C, ANOVA tests o), 40 included nucleotides, HEPES buffer and EGTA,
indicate that all the infected groups differ significantly from the con- . . .
trols at theP < 0.05 level. In this and the following figures, the bars as detailed in Mate“al,s and Meth?‘?'s- The bath was pgr-
correspond to theem. fused only when required for addition of pharmacologi-
cal agents, to avoid the increase in outward current am-
plitude caused by solution flondata not shownRan-
Clapham, 1984; Gallin & Sheehy, 1985, McKinney & driamampita & Trautmann, 1987). The upper panels of
Gallin, 1988; McKinney & Gallin, 1992; Randriamam- Fig. 3 show records of the currents elicited by 300 msec
pita & Trautman, 1987). Ca-activated K channels are pulses to potentials ranging from —-130 to —40 mV in a
also present in these cell types (Gallin, 1984; Randriacontrol cell (Fig. ) and in a cell recorded 48 hr pi (Fig.
mampita & Trautmann, 1987). In J774.1 cells, it has3B). In both cells, the currents had a current-to-voltage
been suggested that"Knward rectifier channels (KIR) (I-V) relationship (Fig. &) and a temporal course con-
set the cellV,, and that their increased expression issistent with those of KIR. Partial inactivation was evi-
responsible for the hyperpolarization that occurs as alent at potentials negative to =90 mV (Gallin & Sheehy,
function of time of adherence onto glass (Gallin & 1985; McKinney & Gallin, 1988). In control cell$y s
Sheehy, 1985; Gallin, 1986). Changes in the propertieamplitude increased after 24 hr of adherence onto glass
and/or density of inward rectifying Kcurrents [g) are  (data not shownMcKinney & Gallin, 1990). Therefore,
therefore likely to account for the hyperpolarization we as stated above, time of adherence was kept constant (24
observe after infection. We therefore compared thehr) in both control and infected cells. Nonetheless, peak
properties ofl (, in control and infected cells. I r @amplitude was larger in infected cells at potentials
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A B Gallin, 1986). Infected cells had a similar pharmacologi-
cal profile, regardless of the time pi. In all cells studied,
TEA (5 to 10 nm) had little effect onlyg, whereas

external B&" strongly reduced current amplitude. Fig-

§ 1~0] 01'2 ' ure 5 shows the currents recorded from a 24 hr pi cell in

£058 : _ 0.8 ‘g control external salineA), in the presence of 10 m

206/ I A ¢ : TEA (B) and after addition of 3 m Ba?* (C). In 9 cells

80.4{‘ §0.4 § tested, TEA had a minor effect dp g, decreasing the

o 200 LR peak current at =130 mV by only 12.7 + 2.6%. Subse-

=z 0'2} ; 'y quent addition of 3 m Ba?* to 4 of these cells reduced
0.04 P — 04— — the peak current by 78.2 + 6.5%. In 5 other cells tested

o 24praspiT2p “120Vm E,?R/) 40 only with 3 mv B&?*, the block was 74.5 + 4.4%.

Given the large fraction df s blocked by B&", we
Fig. 4. The kinetic properties and normalized conductanse V,,  tested whether this channel blocker could reverse the
curves ofl g are not affected by.eishmania amazonensisfection. hyperpolarization observed in infected macrophages. In
(A) Pooleld data on the ratio olf tl’(ljefcurrentharlrcliplitude at theI e?d ofaso% cells studied at 72 hr pi addition of 3wrBa2" to the
msec pulse to —130 mV applied from a holding potential of -60 mV . L
over the peak current amplitude. No significant differences between thé)ath solution resulted in a Shlﬂ. M“ Trom _62. +1l4mv
control and infected groups were found at fe< 0.05 level using © 90 £1.3mV, a value not 5'9n|ﬂcant|_y d_|fferent from
ANOVA test. The number of cells for each group was: 12 in control, the V,, of control cells. These results indicate that the
7 at 24 pi, 13 at 48 pi and 7 at 72 piB) Plot of the normalized ~ pharmacological properties gf s are not affected by..

conductance@) vs.the membrane potential during the pulse for con- amazonensisnfection and that the changes W), are
trol and experimental groups. Normalized conductance was calculatedsgociated with a Ba-sensitive current.

G/Grax = (A = ADI(L + V7V59) + A, whereG,,,,is the maxi-
mum value of the conductanc¥,, the potential wher& has 50% of

its peak value an&, the slope g¢eeTable). The graph plots the mean
values for each set of data were control (empty squares), 24 hr p
(empty circles), 48 hr pi (filled triangles) and 72 hr pi (filled diamonds,

nwas: 12, 7, 12, and 6 for control, 24, 48 and 72 hr pi, respectively). Leishmanigparasites have adapted to living in the hostile
lysosomal-like environment of the PV formed within
macrophages. Despite work on other closely related pro-
below -90 mV CompareFig. 3A andB). This difference  tozoa likeT. cruzi, Toxoplasma gondind Plasmodium
was maintained after normalization by the c€l, to  spp, an understanding of how these parasites affect the
correct for the increase in surface area induced by infechost cell membrane and how specific these changes
tion (Fig. ). might be, remains fragmentary. In this study, we show

To quantify the changes ih,r, we used the peak that infection bylL. amazonensikeads to changes in ba-
current density for pulses to -130 mV. Figur@ 8hows  sic electrical properties and in one of the ionic currents of
pooled data for this parameter from the 4 experimental)774.1 cells.
groups. By 24 hr pilr density had increased by 96%,
from its control value of —=14.9 + 2.4 pA/ph(= 12) to
-29.2 + 3.8 pA/pF it = 7). For the 48 and 72 hr pi PossiBLE MECHANISMS OF MEMBRANE
groups, I, density remained significantly larger than SURFACE INCREASE
that of control cells.

We next examined if parameters other than peakThe two basic electrical parameters altered by infection
current density were altered by infection. The extent ofare the cell membrane capacitance and their resting
inactivation, measured as the ratio of the current ampliimembrane potential. Itis interesting to note that the ratio
tude at the end of a pulse to —-130 mV over the pealof C,/D,, increased during infection, suggesting a
current did not change with infection (FigA¥# Further-  change in the extent of membrane folding. However, the
more, none of the parameters describing the shape of thebserved increase i8,, is most likely to be due to in-
normalizedI-V relation forl s (Jerng & Covarrubias, corporation of new membrane to the cell plasma mem-
1997) were altered by infectiorséeTable,C). Conse- brane. The question then arises as to whether this mem-
guently, the normalized conductand®) (vs. \, curves, brane is producede novoby the host cell, is the result
whereG is divided byG,,,,,to correct for the changes in of a change in membrane recycling, or is donated by the
current density observed, superimposed for all the exparasite.
perimental groups, as shown in Fig34 In erythrocyte infection byPlasmodiumthe parasite

KIR channels in macrophages and J774.1 cells haveonates membrane to the PV. However, there does not
low sensitivity to extracellular tetraethylammonium appear to exist strong evidence of the same phenomenon
(TEA) but are inhibited by external B4 (reviewed by  towards the surface membrane of the host cell (reviewed

piscussion
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Table.
Control 24 pi 48 pi 72 pi
A
AL 1.12 +£0.03 1.14 +£0.35 1.25 +0.06 1.09 +£0.02
A, -0.33 +£0.02 -0.12 +£0.01 -0.19 +£0.02 -0.16 +0.01
Vy, -87.89 +0.69 -97.54 +0.99 -99.13 +1.63 -90.93 +0.64
S, (e-fold) 21.11 +0.99 16.28 +0.96 19.85 +1.57 16.28 +0.74
B
sl -0.013 +0.001 -0.015 +0.002 -0.016 + 0.002 -0.014 +0.001
r -0.994 -0.996 -0.997 -0.991
C
2 0.016 + 0.001 0.017 +0.002 0.018 + 0.002 0.016 + 0.001
r 0.999 0.999 0.999 0.991
n 11 7 12 6

(A) Activation parameters. Peak conductanGg)(was calculated a&, = 1,/(V - V,), wherel, is the

peak currenty the membrane potential during the pulse &hthe K" reversal potential predicted by the
Nernst equation (-84 mV). The normaliz&+V curve was well described by a first order Boltzmann
function of the formG/G . = (A — A/(L + eV™V59) + A, whereG,,,,is the maximum value of

the conductancey,,, the potential wheré& has 50% of its peak value arg] the slope. (B) Parameters
obtained from the fit of the normalized conductance-voltage\() relation between —90 and =130 mV

to a straight line, whersl gives the slope and r the correlation coefficient. (C) Parameters describing the
normalized current-voltage-fV) relation between —90 and -130 mV, wheaqgives the slope andthe
correlation coefficient. The last row gives the number of cel)d¢r each experimental group. ANOVA

and Dunnett tests indicated that none of the fit parameters presented in this table differed significantly
between the experimental groups at the 0.05 level.

Fig. 5. Pharmacological profile of g in
infected J774.1.A) Membrane currents elicited

A B 10 mM TEA L C +3mmBa*
e e MFJL L e |
% T
NS [t ;

I |
B i ' 200 pA
— | e P
[T ”;,%x: 100 ms
| .
\r T TR .

by an identical protocol to that described for Fig.
3A, recorded at 24 hr pi in control external
solution. @) Currents obtained in the same cell,
with the same experimental protocol, after
addition of 10 nm TEA to the bath solution.)
Records from the same cell after addition of 3
mm Ba®* to the TEA-containing external solution.
The calibration bars il apply to the 3 panels.

by Elmendorf & Haldar, 1993). In peritoneal macro- all experimental groups. Several other mechanisms have

phages infected bl. amazonensighere is evidence for

been reported to produce changes in macrophage

lysosomal depletion (Barbieri, Brown & Rabinovitch, including activation for the NHC&* exchanger (Don-

1985). This could result from lysosomal fusion and de-nadieu & Trautmann, 1993), gating by glycine of Cl
creased vesicle budding from the PV, and may reflect a&hannels (lkejima et al., 1997) and modifications of K
more general phenomenon of altered membrane recyehannels §ee beloy The presence of EGTA and low
cling in macrophages. Itis also known that macrophage€I™ in our intracellular solutions makes it unlikely that
continuously replace their surface membrane and infecthe N&/Ca* exchanger or Clchannels account for the

tion may stimulate its synthesis and incorporation.

HYPERPOLARIZATION AND ITS
PHYSIOLOGICAL SIGNIFICANCE

In the present work, J774.1 cells hyperpolarized dfter
amazonensisnfection. This increase iV, was not a

hyperpolarization observed.

Modifications of K™ currents most probably explain
the sustained hyperpolarization elicited by infection. Mu-
rine macrophages and L fibroblasts undergo sustained
hyperpolarization after phagocytosis. In macrophages,
KIR channels are considered to set the membrane poten-

tial and the hyperpolarization induced by phagocytosis
has been attributed to changed ik (Kouri, 1980; Gal-

consequence of time of adherence onto glass (Gallin &in, 1986). In fibroblasts, the change \f, is necessary
Sheehy, 1985) since this parameter was kept constant iior microparticle ingestion and is €adependent, since
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removal of external C& or block of C&* channels in- and |, current density of infected J774.1 cells. Tran-
hibits both, phagocytosis and hyperpolarization (Okadascriptional modulation may do. KIR2.1 mRNA levels
et al., 1981). Extracellular B4 diminished the uptake increase in muscle cells with elevated, C&hin et al.,
of beads in L fibroblasts (Okada et al., 1981) suggestindl997) and in human monocytic leukemia cells induced
a functional relation betweehr and phagocytosis. to differentiate through activation of protein kinase
Other phagocytic cells such as human neutrophils, re€ (PKC) by phorbol esters (DeCoursey et al., 1996).
spond to chemotactic stimulus with an early and transienT herefore, it is plausible that the changes produced by
hyperpolarization, a large and transient increase in cytokeishmanianfection in the basal Géevels (reviewed by
solic C&", increased K permeability and intracellular Oliver, 1996) and PKC activity (Descorteaux, Matla-
acidification (Lazzari, Proto & Simons, 1990). In mono- shewski & Turco, 1992) of its host cell lead to an in-
cytes, Leishmaniainfection is associated with an in- crease in the density of KIR channels. However, analy-
crease in basal Gdevels and alterations on €ade-  sis of KIR channels in control and infected cells at the
pendent pathways (reviewed by Oliver, 1996) which maysingle channel level will be required to establish whether
change the functional expression of KIR channels, axhanges other than the number of functional channels,
discussed below. i.e., single channel conductance, are altered by infection.
In summary, hyperpolarization appears to be asso-
ciated with activation and phagocytosis in macrophages.
ASSOCIATION BETWEEN |z AND HYPERPOLARIZATION IN  present information does not allow a solid conclusion
LEISHMANIAINFECTED J774.1 GELLS regarding the physiological role of the activity-de-
pendent hyperpolarization found in different phagocytic
The hyperpolarization observed after infection was suseells. Whether hyperpolarization is important for para-
tained for as long as 72 hr pi and it was paralleled by arsite invasion and/or survival is a question that requires
increased in the density of,z. Furthermore, extracel- further investigation.
lular B&*, which blocked a large fraction df, in all
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