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Abstract

T84 cells, a human intestinal epithelial cell line, serve as a

model of electrogenic Cl- secretion. Wefind that cAMP-eli-
cited Cl- secretion in T84 cells is accompanied by a marked
redistribution of F-actin in the basolateral portion of the cell.
To prevent this F-actin redistribution and thereby assess its
importance to Cl- secretion, we have defined simple conditions
under which this model epithelium can be loaded with nitroben-
zoxadiazole (NBD)-phallicidin. This reagent binds F-actin with
high affinity thus stabilizing the F-actin cytoskeleton by pre-

venting depolymerization, an event necessary for dynamic reor-

dering of actin microfilaments. NBD-phallicidin loading is not
cytotoxic as assessed by lactic dehydrogenase release, protein
synthesis, transepithelial resistance, and the ability of the
loaded cells to pump Na+ in an absorptive direction in response

to the apical addition of a Na+ ionophore. However, cAMP-eli-
cited redistribution of F-actin and the cAMP-elicited Cl- secre-

tory response are both markedly impaired in NBD-phallicidin
preloaded T84 cells. In contrast, the carbachol-elicited Cl- se-

cretory response (Ca++ mediated) is not attenuated by NBD-
phallicidin preloading nor is it accompanied by redistribution of
F-actin. These findings suggest that the cAMP-elicited cyto-
skeletal redistribution we describe is an integral part of cAMP-
elicited Cl- secretion in T84 cells. (J. Clin. Invest. 1991.
87:1903-1909.) Key words: cytoskeleton- plasma membrane

Introduction

All epithelia possess a complex cytoskeleton. One major com-

ponent of the cytoskeleton is actin which often exists in a poly-
meric form, so-called F-actin microfilaments. In intestinal epi-
thelia, the F-actin-containing cytoskeleton has three promi-
nent components: parallel filaments, which comprise the core

of microvilli; an apical, circumferential, perijunctional belt
that associates with myosin and is contractile; and a less well
characterized microfilamentous cortical meshwork along the
basolateral membrane (1-4). Classically the actin-based cyto-
skeleton was thought to be primarily responsible for mainte-
nance of cell shape in epithelia. However, recent information
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suggests that the microfilamentous cytoskeleton may influence
transepithelial transport events. For example, activation of
Na' coupled nutrient transporters of intestinal absorptive cells
results in altered tight junction permeability, an alteration
thought to be due to increased tension within the perijunc-
tional actin-myosin ring (5). Actin has also been reported to be
associated with major transport proteins such as H+K' ATPase
in parietal cells (6) although the functional significance of such
associations are unclear.

In the course of studying the phenotypic response of T84
cells (a human intestinal epithelial cell line used as a model for
intestinal Cl- secretion and barrier function [7-9]) to the secre-
tagogue cAMP, we observed that a striking redistribution ofthe
F-actin cytoskeleton occurs in parallel to the secretory re-
sponse. To examine the potential relevance of this cytoskeletal
response to Cl- secretion, we have defined conditions under
which epithelial cells can be loaded with nitrobenzoxadiazole
(NBD)'-conjugated phallicidin while maintaining confluency
and avoiding cytotoxicity. This agent binds to actin microfila-
ments with high affinity and inhibits microfilaments from be-
ing depolymerized (10). Blocking depolymerization of microfil-
aments prevents depolymerization/repolymerization cascades
and thus provides a mechanism of"rigidifying" the actin-based
cytoskeleton. We find that prevention of the cAMP-elicited
redistribution of F-actin prevents the C1- secretory response
usually elicited by this nucleotide. Since, under these condi-
tions, T84 cells remain as monolayers that maintain both
barrier function and their ability to pump Na+, we speculate
that the cytoskeletal response to cAMPis integral to Cl- secre-
tion in this model. In contrast to the cAMPresponse, carba-
chol-elicited Cl- secretion is not accompanied by a reorganiza-
tion of F-actin nor is it inhibited by NBD-phallicidin pre-
loading.

Methods

The human intestinal epithelial cell line, T84, was used to prepare
confluent monolayers on glass or on permeable collagen-coated sup-
ports as previously described (I 1). Monolayers were allowed to grow to
steady-state resistance values (8). In some experiments collagen-coated
permeable supports had a surface area of 2 cm2 (8); however, to circum-
vent the otherwise prohibitive costs of NBD-phallicidin, collagen-
coated permeable supports of 0.33 cm2 were used for several experi-
ments. The monolayer morphology, the response to secretagogues, and
the effect of NBD-phallicidin preloading on the responses measured,
did not vary between these two monolayer sizes (data not shown).
Transepithelial solute fluxes and measurements of resistance and short
circuit current (Isc), a measure of C1- secretion in T84 cells, were ob
tained as before (7, 9, 1 1).

Protein synthesis, as measured by leucine incorporation, was per-
formed according to the methods of Critchlow et al. and Kastyo et al.

1. Abbreviations used in this paper: Isc, short circuit current; NBD,
nitrobenzoxadiazole.

Cl- Secretion Requires F-Actin Redistribution 1903

J. Clin. Invest.
©The American Society for Clinical Investigation, Inc.
0021-9738/91/06/1903/07 $2.00
Volume 87, June 1991, 1903-1909



(12, 13). Lactic dehydrogenase (LDH) release was measured as before
(1 1). For fluorescence studies, monolayers were fixed and labeled with
rhodamine-phalloidin as previously described in detail (11). F-actin
content was measured by the method of Howard and Oresajo (14).

NBD-phallicidin and rhodamine-phalloidin were obtained from
Molecular Probes Inc., Junction City, OR, dried under pure nitrogen
gas, and reconstituted in media or buffer (i.e., without vehicle). Nysta-
tin was used from a stock solution of 5 mg/ml in methanol and was
obtained from Sigma Chemical Co., St. Louis, MO. Radioisotopes
were obtained from NewEngland Nuclear, Boston, MA, and all other
reagents were obtained from Sigma. Statistical analysis was performed
by paired Student's t test or analysis of variance (ANOVA) as specified.

Results

Electrical response to cAMP/analysis ofparacellular pathway.
As shown in Fig. 1, elevation of intracellular cAMPelicits an
increase in Isc that has been shown by others to represent a CQ-
secretory current (9, 15, 16). After addition of 1 mM8-bromo-
cAMP (the standard condition of cAMP stimulation unless
otherwise noted), Isc rose to peak at 22.5±1.9 MA/cm2 by 30
min. This secretory response was subsequently maintained
over the next 30 min (Fig. 1). In parallel to the increase in Isc,
resistance decreased (63±3 vs. 91±1% of baseline value for
cAMPexposed vs. controls, respectively, at 30 minutes, P
< 0.05). Since we have previously shown that resistance across
T84 monolayers can be modulated by alterations in tight junc-
tion permeability, putatively due to alterations in the perijunc-
tional actin-myosin ring (5, 17, 18), and since cAMPhas been
shown to alter paracellular permeability characteristics in other
epithelia (19-21), we initially questioned whether the observed
resistance changes were due to cytoskeletally mediated changes
in tight junctions. This hypothesis which was, in fact, the origi-
nal basis for initiating the experiments reported here was subse-
quently proven false: first, transepithelial mannitol fluxes did
not increase after cAMP(104±8%, 106+5%, 149±14%, vs.
11 3±10%, 116±7%, 136± 1 1%, for three consecutive 20-min
flux periods for control and cAMP-stimulated monolayers, re-
spectively, P = NS, total n = 15); second, and similarly, serosal
to mucosal 22Na flux was not enhanced following cAMP
(107±9, 108+5%, 128±10% vs. 112±7%, 108±8%, 128±11%
for three consecutive 20-min flux periods relative to baseline
monolayer for control and cAMP, respectively, P = NS, total n
= 19); and last, as will be detailed, and in contrast to other
states in which T84 cell tight junction permeability is altered
(1 1, 17), no changes in F-actin distribution in the area of the
perijunctional actin-myosin ring were identified following
cAMPexposure. These findings are consistent with the hypoth-
esis that the resistance decrease seen after cAMPexposure is

Figure 1. Isc response to
30 _ 1 mm8-bromo-cAMP

-

cA in T84 cells. Isc, a mea-
sure of Cl secretion in
T84 monolayers (9),

10 / peaks after 30 min and

304050 6) persists over the ensu-0420304050 60 ing 30 min. Isc is of rel-
MIM/TES atively small magnitude

in the control group
(vehicle only). (n for each point = 6-12; cAMPand control groups
significantly different P <0.01 by analysis of variance, F value = 58.7).

due to a transcellular Cl- current, not to a change in the para-
cellular pathway.

Effects of cAMPon F-actin distribution and content. As
shown in Fig. 2, cAMPinduced regionally restricted and pro-
found alterations in F-actin distribution in T84 cells. These
changes were readily apparent 30 min after stimulation and
were maintained over the following 30-min period in parallel
to the cAMP-induced Isc response shown in Fig. 1. As shown in
the left-hand panels of Fig. 2, which are taken in the plane of
the apical perijunctional actin-myosin ring, cAMPdid not
elicit an alteration in perijunctional ring F-actin, a finding that
is in agreement with the lack of effect of cAMPon junctional
permeability (vide supra). In contrast, as shown on the right-
hand panel, which shows optical sections of F-actin distribu-
tion in the basal pole of the cell, cAMPalters the distribution
and appearance of basolateral F-actin microfilaments. In con-
trol monolayers, F-actin in the basal pole of the cell consists of
a finely dispersed array of homogenous microfilaments. After
cAMPexposure, F-actin at this basal site is displaced to the cell
periphery as thickened bundles that surround the cleared cen-
tral zone. In a blinded review of randomly obtained photomi-
crographs (59 from cAMPand 60 from control), we were able
to use the above differences in basolateral F-actin distribution
to correctly identify the treatment group in 87% of micro-
graphs. In two subsequent groups of experiments graded for the
presence of thickened, peripherally marginated basolateral F-
actin, blinded analyses of randomly obtained photomicro-
graphs showed: 72% and 93%, respectively, of photographs of
cAMP-stimulated monolayers have these changes as opposed
to 11% and 20% of controls (data for 30- and 60-min experi-
ments, respectively, total of 186 micrographs and 23 mono-
layers were used in these analyses). It also appeared that the
evolution of the cAMP-elicited cytoskeletal change paralleled
the change in Isc: 38% of images were judged to contain the
above changes at a time when the Isc response was half maxi-
mal (n = 52; half maximal effort at 15 min, ,uAmp cm-2 under
unstirred conditions).

Wenext sought to determine whether the basolateral redis-
tribution of F-actin elicited by cAMPwas accompanied by a
net change in cellular F-actin content (e.g., net depolymeriza-
tion). F-actin content was determined in eight monolayers stim-
ulated with cAMP (1 mM8-bromo-cAMP, 1 mMtheophyl-
line) and compared with that in seven control monolayers.
Although the specific F-actin binding of cAMPmonolayers
was only 76%of controls, this comparison did not show a signif-
icant difference from control values (39±3 vs. 53±8 U X lO-3/
,ug protein for cAMPand control, respectively, P = 0.09).

Stabilization of F-actin cytoskeleton by NBD-phallicidin
preloading. Several approaches were used to load cells with
NBD-phallicidin. The transient permeabilization procedure
used by Barak and colleagues (10) in mesenchymal cells was
found not to be applicable since it was associated with a
marked reduction in transepithelial resistance. By modifying
techniques employed in nonepithelial cells, we eventually
found that simple coincubation of epithelial monolayers with
this reagent eventually led to its internalization as had been
described for loading nonepithelial cells with nontoxic concen-
trations of NBD-phallicidin (22). Wecoincubated monolayers
for 1-5 h in media containing NBD-phallicidin concentrations
ranging from 0.1 to 10 MM. This simple coincubation permit-
ted NBD-phallicidin uptake and association with cytoskeletal
F-actin as shown in Fig. 3. Since the NBD-phallicidin concen-
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Figure 2. Fluorescent localization of F-actin in T84 monolayers, viewed en face, in control monolayers (top) and in monolayers exposed for
30-60 min to 1 mM8-bromo-cAMP and 1 mMtheophylline (bottom). Different optical planes of focus are obtained using Nomarski optics. In
the left panels, the plane of focus is at the apical membrane and the perijunctional ring of actin (arrowheads) is seen. The fine flocculated actin
centrally in the cell at this level represents microvillus-associated F-actin as well as F-actin underlying the apical membrane. The distribution
of F-actin in the apical pole of the cell is not discernibly affected by cAMP. In the right panel, the optical plane of focus is at the basal pole of
T84 cells. Here the fine, randomly dispersed pattern of F-actin in composing the basolateral cytoskeletal cortex of controls (top right) is replaced
by thickened bundles (arrowheads) of peripherally relocated F-actin with central clearing (asterisk) after cAMPexposure (bottom right). Such
changes in F-actin in the basal aspect of T84 cells were observed to occur within 30 min of exposure with 1 mM8-bromo-cAMP and 1 mM
theophylline. (X 1,800)

tration was low, it was not surprising that the labelling of the loading did not increase LDH release or diminish [3H]leucine
cytoskeleton seen after loading was weak and readily quenched incorporation into protein. Significantly, transepithelial resis-
during observation. Wefound we could load monolayers with tance, a general electrical parameter that also serves as an ex-
no discernible toxicity by incubating them for 1.5-5 h with 0.5 tremely sensitive indicator of toxicity, was also unaffected by
,uM NBD-phallicidin. As shown in Table I, NBD-phallicidin NBD-phallicidin loading (Table I). Lastly, as shown in the ta-
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Figure 3. En face photomicrograph of F-actin distribution within a
T84 monolayer seen after coincubation with 1 MMNBD-phallicidin.
NBD, a weak and readily quenched fluorophlore, allows fluorescent
visualization of the distribution of the loaded phallicidin. As would
be expected for the distribution of F-actin, in the apical pole of the
cell, perijunctional rings are identified (arrowhead). Thus, simple
coincubation of T84 cells with NBD-phallicidin permits entry of this
probe into the cytosolic space where it binds F-actin.

ble, loaded cells were able to actively pump Na+ as judged by
their steady-state Isc response to the apically added Na+ iono-
phore nystatin (500 U/ml). In separate experiments it was de-
termined that the concentration of vehicle used (methanol) did
not independently affect monolayer resistance or secretory re-
sponse (data not shown). It should be noted that all the data in
the table were collected from monolayers loaded for 3-6 h al-
though, as detailed below, a shorter loading period may be
sufficient to negate the cAMP-elicited cytoskeletal (and C1-
secretory) response.

cAMPexposure fails to remodel F-actin or stimulate Cl-
secretion in T84 monolayers preloaded with NBD-phallicidin.
As shown in Fig. 4, the dramatic cAMP-elicited rearrangement
of F-actin in the basal portion of T84 cells is attenuated by
preloading cells with NBD-phallicidin. This inhibitory effect
was semi-quantitatively assessed in one group of experiments:
photographs were obtained from areas of control and cAMP
exposed monolayers (which demonstrated F-actin patterns de-
scribed previously) and compared to photographs taken from
unselected areas of cAMP-exposed but NBD-phallicidin pre-
loaded monolayers. Four monolayers from each group were
examined. Blinded review of this sample of NBD-phallicidin
preloaded and cAMPexposed monolayers yielded images that
were judged to be indistinguishable from controls in 44% of
micrographs. The remaining 56%of micrographs in this group
were identified as exhibiting partial but subtle cAMP-like
changes separable from the full cAMPresponse although not
indistinguishable from the "normal" pattern. Thus, NBD-
phallicidin preloading profoundly inhibited the cAMP-elicited
cytoskeletal response.

As shown in Figs. 5 and 6, NBD-phallicidin preloaded
monolayers also had markedly attenuated Isc responses to
cAMP. In initial experiments using cells of low passage number

(<60), we found that NBD-phallicidin preloading for as short
as 90 min was sufficient for inhibiting the cAMP-elicited rear-
range of F-actin (and the C1- secretory response). Higher pas-
sage number cells may require longer loading periods for NBD-
phallicidin loading presumably due to passage-related alter-
ations in plasma membrane permeation by this reagent. As
indicated in Table I and further supported by the carbachol
data (see below), even several hours of incubation with NBD-
phallicidin does not impair the functional viability of mono-
layers. Hence, one can, in future experiments, use more ex-
tended loading periods to make such passage-related loading
issues irrelevant.

NBD-phallicidin loading also inhibits cAMP-elicited C1-
secretion at cAMPconcentrations below that at which maxi-
mal secretion can occur. At 0.2 mM8-bromo-cAMP, a dose
that elicits 14.5% of the maximal Isc response, NBD-phallici-
din preloading still exerts substantial inhibitory effects on Isc
(77.3% inhibition as compared with controls, n = 5; 5.8±0.9 vs.
22.7±2.8 ,A * cm-2 at 12 min for NBP-phalhicidin loaded vs.
control monolayers).

Carbachol-stimulated Cl- secretion is not attenuated by
NBD-phallicidin loading. To see whether NBD-phallicidin
loading also attenuated Ca"+-induced Cl- secretion, we as-
sessed the effects of loading on carbachol-elicited Isc (23). As
shown in Fig. 7, loading conditions (here 12-16 h) that greatly
attenuated the Isc response to 8-bromo-cAMP, did not effect
the Isc response to carbachol. Since the carbachol-elicited Isc is
not influenced by NBD-phallicidin preloading, we were inter-
ested in seeing whether F-actin rearrangement parallels the
rapid Isc response elicited by carbachol. F-actin distribution at
the peak of the carbachol-elicited Isc response did not appear
qualitatively different from that in control monolayers. This
impression was confirmed by semi-qualitative analyses similar
to those outlined above which showed no significant expres-
sion of the pattern elicited by cAMPwith carbachol ( 1% vs.
9% for control vs. carbachol, respectively, n = 35 images for
each).

Discussion

Weshow that, as in Madin-Derby canine kidney (MDCK) cells
(24), cAMPelicits a redistribution of F-actin in T84 cells. The
link between cAMPand F-actin reordering is unclear although
Lamb and colleagues have recently shown in fibroblasts that a
cAMP-dependent kinase inhibits myosin light chain kinase ac-

Table I. Effects of NBD-Phallicidin Loading on T84 Monolayers

Loaded Control P

LDH release 15 12
percentage of total content (pool of 5) (pool of 4)

[3Hlleucine 75±8 87±6 NS
incorporation (n = 7) (n = 7)
dpm/,ug protein

Resistance 350±24 301±20 NS
ohm-cmn (n = 23) (n = 22)

Steady-state Isc 2.5±0.4 3.2±0.4 NS
response to nystatin (n = 12) (n = 10)
pA/cm2
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Ficgure 4. En face photomicrographs of F-actin localization in the basal pole of T84 cells in control monolayers (left). monolayers exposed to 1
mM8-bromo-cAMP and I mMtheophylline for 60 min (center) and in monolavers preloaded with NBD-phallicidin and subsequently stimu-
lated with cAMPas above for 60 min (right). Here the F-actin distribution is highlighted with a rhodamine probe at the end of the experiment
to intensify the signal. As can be seen. NBD-phallicidin preloading largely prevents the cAMP-elicited F-actin reordering (see text for quantitation
of this inhibition of the F-actin response).

tivity and such inhibition is accompanied by a reordering of
cytoskeletal actin (25). More importantly, we show that inhibi-
tion of the cAMP-elicited cytoskeletal response also substan-
tially inhibits the cAMP-elicited Cl- secretory response. Inhibi-
tion of these cAMP-elicited cytoskeletal and C1- secretory re-
sponses occurs under conditions in which T84 cells are able to
carry out normal synthetic functions, able to form barriers to
passive ion flow, able to pump Na' in response to a Na' iono-
phore, and able to secrete CP- in response to carbachol, hence
demonstrating retention of several cellular functions including
general electrophysiological parameters and the specific ability
to secrete Cl-. These findings support the recent speculative
hypothesis, recently raised in a review, that the cytoskeleton
may be involved in the regulation of Cl- secretion (26). Such
data also suggest that cytoskeletal influence on Cl- secretion
may be agonist specific, occurring with cAMP-mediated but

Figure 5. Time course
30 I of Isc response to cAMP

cAMP in control monolayers
20 - /(top curve) and in

monolayers preloaded
10 PlUi pg aoU.cAW with NBD-phallicidin

f(bottom curve). In con-

0 0 20 30 trast to controls, mono-
WrESw layers preloaded with

NBD-phallicidin have a
markedly attenuated Isc response to cAMP(P < 0.01, ANOVA, F
= 24.15). Since controls unexposed to cAMPdisplay Isc of 1-3 MAMP
(not shown), NBD-phallicidin substantially inhibits the cAMPre-
sponse. (n = 6 and 7 for control and NBD-phallicidin preloaded
curves, respectively.) Loading conditions may affect the degree of in-
hibition of the cAMPresponse (see text).

not Ca"+-mediated Cl- secretion. The hypothesis linking the
cytoskeleton to Cl- secretion had previously been raised al-
though prior emphasis was on the microtubular rather than the
microfilamentous cytoskeleton (27). Such observations raise
the possibility that one or more of the membrane-associated
proteins known to participate in Cl- secretion interact with the
cytoskeleton. Such putative cytoskeletal-transport protein in-
teractions could be indirect, but this study suggests they are
functionally important. Candidate transmembrane transport
events that might be so influenced include the apical Cl- con-
ductance, the basolateral Na:K:Cl cotransport process, the
basolateral K conductance, and the basolateral Na' pump.

3C---- Figure 6. Net Isc re-
N

- sponse to 30-min stim-
CJ20- 1 ulation with cAMPin

- _ low passage number
(< 60) T84 cells pre-

.c- loaded with 0.5 AsM

±... LI-s;.XLi I.........NBD-phallicidin for
various periods of time.

MINUTES____ Net Isc in control
monolayers (20.7±2.2
,gA/cm2, n = 12) pro-

duced by 30-min exposure to cAMP (left column) is significantly
greater than the response in Isc achieved in monolayers preloaded
NBD-phallicidin for 90 min (6.75±0.7 MA/cm2, n = 4), for 210 min
(4.4±0.7 AA/cm2, n = 5), or for 300 min (4.7±0.7, n = I 1) (P > 0.05,
P < 0.01, ANOVA, F = 23.65). The inhibition seen with 90 min
loading is not significantly less than with the longer periods for these
low passage number cells. Higher passage cells need longer loading
periods to achieve substantial inhibition of cAMP-elicited CF- secre-
tion (see text).
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Figure 7. NBD-phallici-
din preloading attenuates

_: cAMPbut not
carbachol-elicited Isc.

.,. Carbacol (10-4 M) elicits
a short-lived Cr secretory, 4 l ~~~~~~~response (not paralleled
by a rearrangement of F-
actin; see text) that is un-
affected by NBD-phallici-
din preloading. In con-
trast, paired experiments
show the usual inhibition

of 1 mM8-Br-cAMP-elicited Cl- secretion by preloading. Further-
more, separate experiments using lower doses of cAMP(0.2 mM)that
elicit Cl- secretory responses of similar magnitude to those elicited
by 10-4 Mcarbachol, also show substantial inhibition of Cl- secretion.
n = 7 for each carbachol curve. n = 5-7 for each cAMPbar. Mono-
layers were loaded by coincubation with NBD-phallicidin for - 16 h
for these experiments.

Since the cytoskeletal responses observed are basolateral, not
apical, it would not be surprising if this were the site at which
cytoskeletal influence of cAMP-induced Cl- secretion is ex-
pressed. At this time we cannot rule out the interesting possibil-
ity that the effect is at the level of the Cl- conductances, al-
though, as indicated above, this maybe less likely. Experiments
to examine the effects of NBD-phallicidin on these specific
membrane transport pathways are currently underway.

Studies in other tissues indicate that links between the cyto-
skeleton and proteins involved in ion transport across the
plasma membrane do occur. For example, Nelson and col-
leagues have shown in MDCKcells that a substantial fraction
of Na+-K+-ATPase associates with a cytoskeletal complex that
includes ankyrin and fodrin, although here such associations
are thought to be of primary importance in establishing the
polarized distribution of this protein on the cell surface (28),
not in functionally modifying pump activity. In addition, the
anion transport protein of chicken erythrocytes is known to be
a major site of plasma membrane-cytoskeletal association in
this cell although, again, it is not clear if such associations could
influence the ion transport characteristics of this protein (29).
Lastly, and perhaps most interesting given our findings, Jor-
gensen and colleagues find that a putative component of the
Na:K:Cl cotransporter in pig kidney can only be extracted
under high salt conditions, a result they interpreted as indicat-
ing a link between this cotransporter and the cytoskeleton (30).

Wealso define a simple method by which the F-actin cyto-
skeleton can be stabilized in an epithelium without exerting
detectable toxicity and without disrupting the monolayer. This
method, which likely will be adaptable to other epithelia, pro-
vides a means of assessing the contribution of F-actin to trans-
port events in confluent monolayers. The interaction of phalli-
cidin with the cytoskeleton is well characterized (31). Phallici-
din binds avidly to F-actin (Kd < 0.1 uM) and prevents
depolymerization of actin oligomers (22, 31). These facts make
phallicidin, and the native compound phalloidin, extremely
useful F-actin specific probes. In fact, in our study we have used
these compounds in two ways other than to load cells: as a
fluorescent probe for F-actin localization and as a biochemical
probe to quantitate F-actin content of cells, both widely ac-
cepted as well characterized methods (1 1, 14). It was originally

assumed that plasma membranes were impermeant to phallici-
din and thus initial studies using this reagent in living cells, as
has been done here, relied on microinjection (32) or transient
reversible permeabilization (10). More recently, however, it
has been noted that NBD-conjugated phallicidin can be loaded
into nonepithelial cells by simple coincubation (22, 33).
Whether by microinjection, permeabilization, or incubation
loading, conditions could be identified in endothelial cells, fi-
broblasts, and chick embryo cells that allowed F-actin labelling
without cytotoxicity (10, 22, 31, 33). As shown by Phillips et
al., loading of endothelial cells with nontoxic doses of NBD-
phallicidin prevents the thrombin-induced increases in endo-
thelial permeability that appear to occur due to thrombin-in-
duced cytoskeletal contraction (33). Wesuspect use of this re-
agent may provide initial insights into the poorly studied but
potentially important area of cytoskeletal influences on ion
transport in epithelia.

In summary, wedescribe a cAMP-elicited change in F-actin
that parallels the Cl- secretory response to this mediator in T84
cells. NBD-phallicidin loading of T84 cells can be performed
by a simple coincubation without detectable cellular toxicity.
The stabilization of F-actin in T84 cells by this technique in-
hibits both the change in F-actin and Cl- secretory response
typically elicited by cAMPbut does not alter other electrical
parameters of monolayer function. Lastly, both the rearrange-
ment of F-actin and the inhibition of the Cl- secretory response
seen in NBD-phallicidin preloaded cells does not occur with
Ca"+-mediated Cl- secretion induced by carbachol. Wespecu-
late that the changes in F-actin produced by cAMPare crucial
for the generation of Cl- secretion by this mediator.
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