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Summary

In turkey erythrocytes, the hormone-induced, diuretic-sensitive components
of both unidirectional K" influx and net salt uptake were Cl- dependent,
with Br™ partially able, and NO; and SO?™ unable to substitute as the main
anion. Since the measured fluxes involve Na‘’/K" cotransport, these observa-
tions indicate that the unifying concept of an Na'/K'/2Cl1™ cotransport system
(Geck, P., Pietrzyk, C., Burckhardt, B.-C., Pfeiffer, B. and Heinz, E. (1980)
Biochim. Biophys. Acta 600, 432—447) may be extended to hormone-induced
ion transport in avian erythrocytes.

In avian erythrocytes, unidirectional cation fluxes can be stimulated by
several special treatments such as activation by B-adrenergic hormones or
exposure to hypertonic media [1—3]. Under suitable conditions, activation
results in net salt transport followed by water: thus, at physiological Na*
concentrations, cells swell at K* concentrations above, and shrink at K* con-
centrations lower than 2.5 mM [1—3]. During the last few years, evidence has
been accumulated linking the stimulated cation fluxes to the action of an
Na'/K" cotransport system [1,4]. This system appears to be independent of the
classical Na* pump [5] (see, however, Ref. 6): whilst insensitive towards
ouabain, it is characteristically inhibited by diuretics such as furosemide
(for a recent review, see Ref. 1).

Abbreviations: Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid; SFgg47, 3,5-di-tert-butyl-

4-hydroxybenzylidenemalononitrile.
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For some time, diuretics have been known to inhibit other (co- ) transport
systems in different cell types, notably Cl -dependent K exchange diffusion
in ascites cells [7,8] and Na’/Cl~ cotransport in epithelia [9]. In a recent
development, Geck et al. [10] have provided data suggesting a diuretic-sen-
sitive electroneutral cotransport of Na'+ K"+ 2Cl™ in Ehrlich cells: they
postulate that the diuretic-sensitive transport activities demonstrated in other
cells may represent different aspects of this same Na’/K*/2Cl™ symport system.

In this communication, I present evidence that in turkey erythrocytes the
hormone-induced, diuretic-sensitive components of both unidirectional K*
influx and cellular volume response are Cl~ dependent, with Br™ partially able,
and NOj3 and SO2™ unable to substitute as the main anion. These data strongly
suggest that the unifying concept of an Na'/K'/2Cl™ symport system [10]
may be extended to hormone-induced ion transport in avian erythrocytes.

Table I, Expt. A, shows that hormone-induced, diuretic-sensitive unidirec-
tional K influx was supported by Cl~ and to a lesser degree by Br~, but not
by NOj; or SO3". That the latter anions did not inhibit the activation process
per se (known to involve adenylate cyclase [1—3]) can be appreciated from
Table I, Expt. B; when cells were hormone-induced in media containing the
substituting anions and subsequently transferred to Cl -saline, diuretic-sen-

TABLEI
ANION DEPENDENCY OF HORMONE-INDUCED, DIURETIC-SENSITIVE 86 Rb* INFLUX

Erythrocytes (obtained from the wing vein of two young female turkeys) were washed twice in a saline
solution containing (mM): NaNOj3, 120; KNO3, 2.5; Mg(NO3)2, 1; glucose, 10; Hepes, 20, neutralized
with NaOH, 10 (‘NOj-saline’), The final pH was 7.4—7.6 at 38°C. For Expt. A, cells were suspended
at 4--6% in saline containing the indicated anions (final incubations contained 17 mM NO3 vs. 103 mM
Cl™ or Br", or 68 mM SOZ’), and incubated at 38°C. After 45 min, epinephrin (1 uM) was added, and
after 55 min the Na* pump was inhibited by 0.1 mM ouabain [5]; where indicated, the diuretic bume-
tanide {13] was added at 10 uM. At 60 min, 86Rb* as a tracer for K* [1,8,11] was added to the cells
at 10—50 nCi/ml. 10 and 30 min after addition of the label, duplicate 1-ml samples were spun for 1 min
m a Beckman microfuge, the supernatant was decanted and saved, and the tubes were blotted and
swabbed to remove adhering medium. Cell pellets were extracted with 5% trichloroacetic acid, and radio-
activity of cell extracts and supernatants was measured 1n a liqud scintillation system. Duplicates varied
by maximally 10%. Influx was calculated from the difference in cellular 86 Rb* content between the two
time points and the activity of the supernatant. In all cases, extrapolation of uptake to zero time gave
an 86Rb* uptake component corresponding to the extracellular space as determined from the distribution
of [14Clinulin [12] (12—15%): this shows that uptake was linear over the first 30 min (see also Ref.
3). Results are expressed per ml packed cells, For Expt. B, cells were preincubated for 2 h in the respec-
tive salines containing 1 uM epinephrin, spun down and washed twice in ice-cold isotonic Mg(NOj3)2
solution. Pellets were taken up in Cl -saline containing 0.1 mM ouabain and, where indicated, 10 M
bumetanide. Total manipulation time after hormone induction was 30 min. Then 86Rb* was added.
Further details as for Expt. A,

Main amon 86Rb* influx (nmol K*/min per ml)
Expt. A Expt. B

Ccl” 147 47

Br~ 98 85

NO3 3 63

so1 10 69

Cl™ + bumetanide 4 16

C1™ + epinephrin 3 —
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Fig. 1. Hormone-induced diureticsensitive 86Rb* influx as a function of Cl™ concentration. Cells were
washed as in Table I, Expt. A, and suspended in mixtures of Cl -saline and NO3-saline to give the indi-
cated Cl~ concentrations, Uptake was determined as in Table I, Expt. A. Results of three experiments
(indicated by different symbols) were pooled. 86Rb* influx was corrected for the small residual influx in
the controls without hormone or with 10 uM bumetanide (3—12 nmol K+/min per ml). Insert: double-
logarithmic plot of main figure; slope, 1.86 (r = 0,99).

sitive K* flux was even higher than that in the cells induced in Cl -saline.
Moreover, dibutyryl cyclic AMP plus theophyllin induced a K' flux compo-
nent of the same anion specificity (results not shown).

Fig. 1 shows the effect of gradual replacement of C1- by NOj. Note that,
as in human red blood cells [15] (see, however, Ref. 11), the dependence of
the diuretic-sensitive K* flux on Cl~ concentration appears to be sigmoidal:
the apparent Hill coefficient is 1.86 (Fig. 1, insert).

As mentioned above, hormone induction at elevated extracellular K* con-
centrations results in cellular swelling [1—3]. Table II, Expt. A, shows that
also this phenomenon was specifically dependent upon the presence of Cl°.
For comparison, Table II, Expt. B, gives values for cell swelling induced by
the addition of monensin (an ionophore exchanging Na* for H* [16]) together
with the protonophore SFz4; [14]: effectively, this combination makes the
cells permeable towards both Na* and H'. In this set-up, Na* salts of Cl-, Br~
and NO; were equally effective, whereas in SO%~ the volume increase was
partially suppressed.

It has been known for some time that the hormone-induced, diuretic-sen-
sitive components of both unidirectional K* flux and cellular volume response
are mediated by an Na'/K" cotransport system [1,4]. The data presented here
indicate that this system has a very specific anion requirement, surpassing
the simple need for compensating negative charge movement: thus NOj, whilst
capable of supporting ionophore-induced cell swelling (Table II, Expt. B),
was unable to substitute for Cl™ in either manifestation of hormone-induced
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TABLE II
ANION DEPENDENCY OF CELL SWELLING

For Expt. A, cells were washed twice in NOj3-saline and suspended to a hematocrit of 10—12% 1n the
mdicated salines; in all cases, the K concentration was raised to 15 mM. Epmephrin (1 £M) was added to
half of the incubations, and bumetanide (30 uM) was added where indicated. Triphcate 1-ml samples in
preweighed microcentrifuge tubes were centrifuged after 60 min, Net volume changes were determined
essentially as described in Ref, 12. the tubes were decanted and swabbed, reweighed, dried overnight at
90°C, and weighed again., Wet cell weight was corrected for 15% extracellular water. For Expt, B, cells
were preincubated for 90 min 1n Cl -saline, spun down and suspended in saline containing the indicated
Na* salt at 150 mM (except from Nas S04, 100 mM); Na-Hepes, 10 mM; ouabain, 0.1 mM; and bume-
tanide, 10 uM. The pH was 7.5 (38°C). SFgg4a7 (1 uM) and monensin (10 ug/ml) were added to half of
the incubations, and triplicate 1-ml samples were taken after 15 min. Further details as 1n Expt, A,

Values in parentheses, S.D.; n.s., not significant (P < 0.1 in Student’s ¢ test).

Main anion Expt. A Expt. B

Cell H, O (ml/g dry wt.) % Cell Hy O (ml/g dry wt.) %
swelling swelling

Control +Epinephrin Control +Ionophores

Cc1- 1.59 (0.05) 1.92 (0.02) 21 1.66 (0.06) 2.88 (0.07) 73

Bxr~ 1.48 (0.02) 1.60 (0.04) 8 1.51 (0.06) 2.74 (0.10) 81

NOj3 1.69 (0.03) 1.65 (0.03) n.s. 1.53 (0.01) 2,71 (0.04) 77

s0% 1.58 (0.01) 1.58 (0.01) ns. 1.44 (0.01) 2,00 (0.02) 39

Cl™ + bumetanide 1.49 (0.05) 1.52 (0.01) n.s. — - -

transport activity (Table I and II, Expts. A). It should be mentioned that, in
contrast to this conclusion, previous observations have been interpreted to
indicate a lack of anion specificity [1,2]: at least in one case [1], this apparent
contradiction may be explained by the fact that in those experiments only
part of the C1™ was replaced by other anions.

From Fig. 1, there is a sigmoidal relationship between hormone-induced
K* transport and Cl” concentration, with an apparent Hill coefficient close
to 2. It is tempting to consider this value as evidence for a stoichiometry of
1Na:1K":2Cl, such as that found [10] in Ehrlich cells. However, it should
be stressed that under the conditions applied, intracellular C1~ will vary
together with the external Cl~ concentration, which makes such a straight-
forward interpretation impossible. Be that as it may, Cl -dependent cation
transport may well be ubiquitous: similar anion specificities have been reported
for K* transport components in human, ruminant and duck red blood cells,
as well as in dog kidney cells [11,15,17—19].

Bumetanide was kindly supplied by Dr. T. Burk (UCHSC, Denver, Co
80262), and SFgg4; by Dr. Y. Nishizawa (Sumimoto Chemical Industry, Os-
aka). I am grateful to Dr. Karlheinz Altendorf for his support and encourage-
ment. Furthermore, I would like to thank the Deutsche Forschungsgemein-
schaft for a Habilitationsstipendium, and Werner Mangerich and Leszek Wiec-
zorek for expert help in handling the two blood donors.
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