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ABSTRACT During the first three months after birth lambs produce sequen-
tially three erthryocyte populations of different mean volume as demonstrated by
electric sizing methods (Valet, Franz, and Lauf, J. Cell. Physiol. 94 (1978) 215). We
separated by centrifugal elutriation the small volume population (type II) red cells
of a genotypically low K* (LK) lamb from the population containing the larger
volume type I and I1I cells, an admixture of fetal (I) and adult (ITI) erythrocytes. The
cells were separated at various time intervals after birth and analyzed with respect
to their volumes, cation contents, and cation flux properties by means of *Rb
uptake. The effect of anti-L. on K* pump and leak fluxes was ascertained in
unseparated and separated red cells. It was found that the small red cells of
population II, transiently present for several weeks, were fully developed LK cells
with K+ pumps responding characteristically to the stimulatory action of anti-L. In
constrast, the larger cells of population I and III were of high K* (HK) nature at
early time points, the K™ pump activities approximately ten times higher than
adult LK cells. These cells constitute an admixture of type I fetal HK cells, and type
III reticulocytes which are precursors for the final type III adult LK cells, since
anti-L had a small stimulatory effect. At later times, however, only adult type III
LK cells predominated. The data directly support our earlier finding that the
HK-LK transition in genotypically LK lambs is primarily governed by cellular

replacement.

The high potassium (HK) and low potassium
(LK) steady-state levels in red cells of adult
sheep (see recent reviews by Ellory, '77, and
Lauf, *78) are maintained by kinetically and
quantitatively different passive K leak and
Na*K* pump fluxes (Tosteson and Hoffman,
’60; Hoffman and Tosteson, '71; Joiner and
Lauf, "78a,b). In LK cells K* pump fluxes may
be modulated by the L antibody directed
against the L antigen, which acts as an inhib-
itor of the LK pump (Laufet al.,’70; Glynn and
Ellory, "72; Joiner and Lauf, "78a,b).

At birth, however, all lambs possess L. anti-
gen negative HK red blood cells, and only in
those animals endowed with the dominant LK
gene (Evans and King, '55; Evans, ’57) do the
red cells in circulation gradually assume LK
character (Tosteson and Moulton, ’59; Blech-
ner, '61) and acquire L antigenicity (Tucker
and Ellory, ’70) during the first 3 months of life.
This HK-LK transition has been interpreted in
terms of cellular maturation or replacement
(Tosteson, '66). Using electric sizing to measure

0021-9541/80/1043-0283%02.30 © 1980 ALAN R. LISS, INC.

cell volumes (Kachel, '76) we have previously
shown that cellular replacement rather than
maturation is the primary determinant of the
HK-LK transition (Valet et al., ’78). When the
LK genotype lamb is born, it has almost exclu-
sively a population of large fetal HK red cells
which are gradually replaced by two consecu-
tive cell populations, one of which is transient
(28 um?®, Population II), and one, the final adult
LK red cell (30 um?, Population III). Fetal
(Population I) and adult (Population III) red
cells are easily distinguishable on basis of their
different hemoglobins, volumes (Valet et al.,
78), cellular cation levels, number of Na® K*
pumps as measured by *H-ouabain binding
(Lauf et al., "78), and response to the K stimu-
latory action of anti-L (Tucker and Ellory, "70;
Valet et al., "78).
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We were able to separate and characterize
the transient small type II red cells as com-
pared to the large fetal and/or adult red cells on
basis of their different volumes by counter
current centrifugation (elutriation; Reckert,
’74). This experimental approach has the ad-
vantage of separating sufficient numbers of
cells for transport studies from small blood
samples (5-8 ml) without disturbing the
hematopoesis in the newborn animal. Analysis
of the transport parameters distinguished the
small red cell population II as an early LK cell
type as opposed to the fetal HK population I and
the adult LK population IIl. The transient
fractional rise of these small LK cells contrib-
uted significantly to the HK-LK transition
kinetics of the whole cell population. A prelim-
inary report of this work has been given
elsewhere (Lauf and Valet, 79).

MATERIALS AND METHODS

Source of red cells and separation by
centrifugal elutriation

A mixed Suffolk/Merino lamb, homozygous
for the low potassium gene (Ke"Ke") and mem-
brane L antigens (LL) of its red cells, was ob-
tained from a farm near Munich about 15 days
after birth. During the first several weeks not
more than 5-8 ml of blood per day was removed
into EDTA (ethylene diamine tetraacetic acid)
coated polycarbonate tubes and kept ice-cold
prior to further processing.

For separation by elutriation one milliliter
aliquots of whole blood were diluted to a
hematocrit of 5% (v/v) with isotonic 5 mM
Tris/Cl buffered NaCl, pH 7.5, containing
5mM glucose and 5 mM KCI (K* flux-me-
dium), and injected into the separation
chamber of the elutriator-rotor (Beckman) at a
rotor speed of 5350 rpm at 4°C (Beckman Model
J21B centrifuge). Following sample applica-
tion the buffer flow rate was adjusted so that all
red cells remained stationary in the chamber.
About 50 ml K* flux-medium was pumped
through the separation chamber at above flow
rate to remove platelets and plasma proteins.
The much larger white cells pelleted to the bot-
tom of the chamber. Cell separation was ef-
fected by stepwise increasing the counterflow
rate at constant rpm, causing the small cells to
leave the separation chamber first, followed by
cells of intermediate, and finally, of large vol-
umes. About 250 ml of buffer were used per
elution step. The cells were collected at the
outlet of the centrifuge system into ice-cooled
test tubes, and concentrated to a workable cell
suspension density by centrifugation for 1
minute at 10,000 rpm prior to further analysis.
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Cellular parameters

Erythrocytes were electrically sized at dif-
ferent times after birth by an improved Coulter
method which uses hydrodynamic focusing of
the particles (Kachel, "76). The erythrocytes
were suspended in Tris/Cl buffered saline, pH
7.4 (TBS) with a specific electrical resistance of
62 Qem/25°C and sized with a cylindrical orifice
of 60 um diameter and 52 um length of 0.35 mA
electrical current, a suction of 0.1 kg/ecm* and a
flow rate of 1,000-1,500 particles/second at a
temperature of 25°C with a METRICELL ap-
paratus (Kachel, "76). The electrical volume
pulses were amplified and classified in a 128-
step multichannel analyzer (Telefunken, Ulm,
Germany). The frequency histogram of the
multichannel analyzer, referred to as volume
distribution curve, was then approximated by a
computer with one or several logarithmic nor-
mal distributions as described earlier (Valet et
al., "78).

As described elsewhere (Joiner and Lauf,
"78a), calculations of cation composition and
ionic fluxes were based on mean corpuscular
hemoglobin (Hgb) concentration, MCHC
(Kg/L), and content/cell, MCH (g/cell), and on
cell volume, V. (um?®), and surface area, SA
{cm?/cell). The V. was determined with a coul-
ter counter (model F Coulter counter) or by
electric sizing as described above, and multi-
plied by the MCHC to yield the MCH. For esti-
mation of SA, the hemolytic red cell volume,
equivalent to that of a sphere (V},), was deter-
mined by electric sizing of each separated and
unseparated red cell under osmotic hemolysis
conditions and calculated according to Eq. (1):

) SA = 47 (V, X %m¥® = 4.84 (V)%

Cellular cations were measured as described
elsewhere (Joiner and Lauf, '78a) using a
Perkin-Elmer model 420 atomic absorption
spectrophotometer, and computed in moles/kg
Hgb or moles/cell, in particular when compar-
ing data of small and large cells, or in concen-
tration (moles/L. original cells) by dividing the
cellular cation content by the V. value.

Isotopic flux measurements

Unidirectional K* influx was measured
using *Rb as tracer isotope after initially es-
tablishing that this isotope could satisfactorily
replace K (see Results). *Rubidium, specific
activity 2.2-2.4 Ci/g and *?K, specific activity,
0.27-0.56 Ci/g, were obtained from New Eng-
land Nuclear Industries, Boston, Mass., and
Amersham, Great Britain, respectively. De-
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tails of the isotopic flux technique used have
been described previously (Joiner and Lauf,
"78a,b). In brief, separated as well as unsepa-
rated cells suspended at a hematocrit of 5-10%
(v/v)in 5 mM K" flux-medium, in the presence
or absence of 10~* M ouabain, and with or with-
out anti-L (5 mg IgG fraction of S42 anti-L/ml,
Laufet al., "77) were preincubated for 0.5 hour
at 37°C prior to addition of 20-40 uCi *Rb or
#K to each cell sample. Tracer uptake was
stopped 30 or 60 minutes after addition of the
isotope (the time depended on cellular cation
type under study) by separating the labeled
cells from their medium using the dibutyl-
phthalate technique (Joiner and Lauf, "78¢c).
The total K* uptake/Kg Hgb was calculated
from Eq. (2):

%Rb,

+ =
(2) K* uptake X%

where *Rb, denotes counts per minute per Kg
Hgb as calculated from the measured sample
OD and extinction coefficient per Kg Hgb, X,
the specific activity of **Rb in relation to [K],,
the extracellular K* concentration, and t, the
30 or 60 minute interval over which #*Rb (or
“K) uptake was measured. Total K* uptake
was converted into total K* influx per liter orig-
inal cells, 'M{, by multiplying Eq. (2) with the
MCHC.K* pump flux per liter cells, 'ME, is the
difference between ‘M| and the ouabain insen-
sitive leak flux, 'M}\. The latter was also ex-
pressed in terms of its rate coefficient, ki,
which is'MY/[K],, in order to make comparative
analysis independent of small variations in
[K|,. Total K" influx per surface area, J}, was
computed according to Eq. (3):

*Rb. MCHC % V,

-
@) I Xt - SA

Active or K™ pump-mediated **Rb influx in
terms of surface area then is given by the rela-
tion:

(4) Jp = JE - I

where J{U represents the K influx (K* leak
flux) in presence of 10~* M ouabain. Most of the
data are presented in terms of fluxes per sur-
face area, permitting a volume independent,
direct comparison of parameters between the
separated cells.

RESULTS

Comparison of **Rb and *K uptake

In previous publications from this labora-
tory, (Lauf et al., 70, "77; Joiner and Lauf,
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"78a,b) ¥K was used as tracer to measure K-~
influx. However, because of the length of the
experiments, *Rb was employed on the as-
sumption that the active and passive K* trans-
port systems translocate *Rb and **K indis-
crimatorily. This assumption was substan-
tiated by the data of Figure 1, comparing *Rb
uptake (panel A) with **K uptake (panel B) into
adult LK sheep red cells, in presence and ab-
sence of 107* M ouabain. Tracer uptake was
nearly linear up to 1 hour incubation time, and
ouabain exhibited the usual effect in blocking
K* pump-mediated tracer exchange. Also
shown is the dual effect of anti-L, i.e., the stim-
ulation of total tracer uptake due to both acti-
vation of K* pump transport and slight inhibi-
tion of passive (leak) tracer exchange. Calcula-
tion of K+ influxes (Eq. (2) x MCHC) for the two
tracer isotopes used (Table 1) shows that M}
was slightly higher with **K, which was mainly
due to a slightly larger passive leak flux. How-
ever, the pump-mediated K™ influx values, ‘M,
were very close for the two tracers. Fur-
thermore, Table 1 shows the characteristic four
to five-fold stimulation of M, by anti-L, and the
20-40% reduction of 'kk by anti-L, in both parts
of the experiment (Lauf et al., *77). Hence, all
subsequent tracer experiments on lamb cells
were carried out with *Rb replacing **K as iso-
tope.

Volume distribution of unseparated
lamb red cells

Figure 2 shows the volume distribution
curves of the lamb red cells constructed in a
three-dimensional plot as function of time after
birth. As shown previously (Valet et al., ’78) for
15- to 20-day-old lambs, there was a bimodal
erythrocyte volume distribution which has
been attributed to the presence of large, pro-
gressively disappearing fetal red cells (Popula-
tion I) and small cells (Population IT) which
were transiently produced until around day
90-100, when the final adult population of
large erythrocytes (III) dominated in the
peripheral circulation.

Separated small and large lamb red cells

Volume Distribution and Cellular Cations.
The volume distribution analysis, shown in
Figure 2, revealed a sizable small red cell popu-
lation (II) that has to be considered in terms of
its contribution to the HK-LK transition in the
newborn lamb. Thus far, definitive statements
about the cation steady state were possible only
with respect to the early type I and the final
type Il red cell population, which are fetal HK
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Fig. 1.

Comparison of *Rb (A) and K (B) uptake/kg hemoglobin as function of incubation time at 37°C in

presence (filled circles) and absence (open triangles) of anti-L and without (solid lines) and with 10™* M ouabain

(broken lines).

TABLE 1. Comparison of K* influxes in LK sheep red cells measured with
8Rb or K as tracers

Pump Leak
Isotope Anti-L ME ME Stimulation M ikl Reduction
86Rb - 0.30 0.08 — 0.22 0.044 —
+ 0.52 0.36 4.5 0.16 0.033 0.75
2K -~ 0.43 0.08 e 0.35 0.063 —
+ 0.64 0.41 5.1 0.23 0.040 0.64
MY, 'ME, ML = Total, pump, and leak fluxes in mmoles/L. cells x hour.
tkk =  rate coefficient in hour™.

type and adult LK type cells, respectively, as
previously reported. The transient small cell
population always coexisted together with
either type I or type IlI cells (Valet et al., "78),
and hence their characterization requires sepa-
ration from type I and type III cells.

Figure 3 illustrates the successful separation
of the small type II cells from the large type I
and III cells (henceforth called I + III cells)
carried out with blood from the 20-day-old
lamb. About 43% of all cells were type 1l and
57% were a mixture of type I + III cells (Fig.
3A). Due to a mean volume differential of about

1.6, the distribution curves of type II and type I
+ III cells (Fig. 3B), recorded after separation,
practically did not overlap and hence permitted
for the first time analysis of pure type II cells.
Panels C and D of Figure 3 contain the volume
distribution curves of samples A and B for cells
that had been osmotically hemolyzed in 200
mOsm TBS as evident from the right shift of the
volume distribution curves. Since these cells
were ghosts with the hemolytic cell volume,
(Vy), their shape was close to a spheroid. The
surface area of the ghost was calculated as indi-
cated under Methods.
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Fig. 2. Three-dimensional presentation of the temporal
appearance of the erythrocyte volume populations in the LK
genotype lamb of this study. The animal was obtained on day
15 after birth, at which mainly populations I and II were
present. At later times population I diminished, followed by
population II, until population III provided the dominant
adult LK cell type. Solid lines are calculated by linear inter-
polation to generate the three-dimensional impression of the
graph (see also Valet et al., "78).

In Figure 4, cellular volumes, surface areas,
and cation contents are shown for separated
type I and large type I + III cells as compared
with unseparated cells at four intervals after
birth. Around day 20, type I + III cells had 2.3
times greater volume and 1.5 times larger sur-
face area than type II cells, while all popu-
lations together (I, II, III) assumed an interme-
diate volume and surface area (Fig. 4A,B). On
day 95 after birth, these volume and surface
area differentials fell to 1.7 and 1.3 re-
spectively, indicating that the large cell popu-
lation now contained cells with slightly smaller
volumes. A striking difference existed in the
cation content between large (I + III), small
(II), and unseparated cells. Compared to type 11
cells, the K™ content, K., of type I + III was
tenfold greater on day 17 after birth and dra-
matically fell to about 1.8 times greater on day
95 (Fig. 4C). Simultaneously, the Na content,
Na,, was indistinguishably close in large and
small cells and rose to 1.8 times greater by day
95 in large as compared to small cells.

Itis interesting to compare the data of Figure
4CD with values from adult HK and LK sheep
red cells. Table 2 shows that M antigen-positive
HK cells from an adult HK sheep have a lower
K, than type I + III cells of the 20-day-old lamb,
in which at day 95, K. had been largely ex-
changed for Na.. In contrast, population II cells
were LK cells at all times, with Na. somewhat
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lower than in adult LK cells. Due to different
volumes, the total cation contents of type I + III
cells and type II cells were larger and smaller,
respectively, than those of adult HK and LK
cells. However, in terms of cellular K+ concen-
tration, [K]., population I + III cells (on day 17)
were similar to HK cells, and cells of population
11 (days 17, 95) and population I + III (day 95)
similar to LK cells.

The data of Figure 4 ciearly distinguished
the early type I + I1I cells as large HK cells with
equivalent [K]. values of 79, 113, and 64
mmoles/L. packed cells on days 17, 21, and 28,
respectively, from the LK cells of population II.
The population IT cells had [K]. values of 18, 25,
and 22 mmoles/L. packed cells on the same
days. As the animal matured (day 95) there was
in the large cell population a substantial drop of
cell volume and surface area together with a
final [K], of 17 and [Na], of 75 mmoles/L. cells,
suggesting that the large cell population had
also assumed LK character.

It is readily apparent that there were several
events associated with the HK-LK transitionin
unseparated cells (types I, II, III, Fig. 4C, D).
First there occurred a dramatic change in the
cation steady-state composition within volume
populations I + III while the small type II popu-
lation of LK character was already present
throughout the observation period. Second,
there is a change in the fractional contribution
of type II cells to the whole cell population as
apparent in the three-dimensional volume dis-
tribution pattern of Figure 2. The fraction of
each cell population, as well as its cellular
parameters, are known at each point of analy-
sis. A comparison of the sum of the parameters
with the parameters actually measured in the
unseparated cells revealed recovery ratios ap-
proximating unity as the population ratios of
type II/(I + III) cells increased and decreased
over the observation period (data not shown).
Third, it is well known that about 3-4 weeks
after birth whole blood analysis of lambs re-
veals a variable reticulocytosis which precedes
the adult hematocrit value and red cell density
(Valet et al., ’78). Figure 5 shows these
parameters for the lamb studied here. As our
studies began with day 17, there existed the
typical postnatal anemia with less than 10'°red
cells/ml and a hematocrit of just above 20%
(v/v). A significant reticulocyte peak occurred
between days 20-40, followed by a sharp rise of
the number of red blood cells to about
1.4 X 10'%ml and of the hematocrit to about
37% (v/v) around day 60, at which time the
reticulocyte count had dropped to insignificant
levels.
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Fig. 5. Hematological parameters of LK lamb blood between days 15 and 126 after birth. (see Results for
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Fig.6. K*influxes/surface area (J,) in unseparated (A, B) and separated type I + III(C, D) and III (E, F) volume
populations at days 17, 21, 28, and 96 after birth. Panels A, C, and E contain total influxes (J§, solid lines) and leak
fluxes (Jk, broken lines) in presence (filled symbols) and absence (open symbols) of anti-L. In panels B, D, and F: K*
pump fluxes (J}) in presence and absence of anti-L.
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Fig. 4. Cellular volume (A), surface area (B), and cation content (C, D) of unseparated (I, I, III), and separated
population I and I + HIcells. Data in A obtained under isotonic conditions in part served for computation of data in

C and D. Data of B from Figure 3D,E,F, using Eq. (1.

TABLE 2. Comparison of cation levels in adult HK and LK sheep red cells, and in
lamb red cell populations

Cation/antigen Moles/cell x 10" (+ SE) mM/L. Cells
genotype (n = 4) Age or population K*. Na*, [K*]. [Na*],
HK MM) Adult 2.33 = 0.21 0.44 = 0.05 77.6 14.7
LK (LM Adult 0.54 + 0.02 2.90 = 0.22 18.0 96.6
LK (LD Adult 0.31 = 0.05 2.96 = 0.33 10.3 98.6
LK (1L 17-Day Lamb
Pop. I + 111 3.87 1.76 78.5 35.7
Pop. I 0.39 1.65 18.3 78.0
96-Day Lamb
Pop. I + III 0.74 3.28 16.8 75.2
Pop. I 0.39 1.85 20.9 97.9

Active and Passive K Influxes. In unsepa-
rated red cells of LK lambs K" influx and par-
ticularly K* pump influx rapidly declined
20-40 days after birth (Tosteson, ’66; Valet et
al., ’78; Lauf et al., ’78), which for the unsepa-
rated cells of this study is illustrated in panels
A and B of Figure 6. Plotting K* influx/surface
area (Eq. (3)), J| first fell almost threefold (day
28) and finally reached a sixfold lower value
(day 96). Although the passive leak flux, Ji,
dropped gradually twofold (Fig. 6A, plus oua-
bain), most of the transport activity loss oc-

curred in J2, which at day 96 had fallen approx-
imately tenfold to levels typical of adult LK
cells. Concommitantly, J§ became increasingly
responsive to anti-L with a twofold enhance-
ment on days 21 and 28, and a fivefold activa-
tion on day 96.

Striking differences between separated
large, type I + 111 and small, type II cells were
observed in J% and JE in presence and absence of
anti-L as shown in panels C-F of Figure 6. In
the large cell population, J} increased initially
t0 0.89 x 1071 moles/em? X hour, and then fell
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to 0.22 X 107" moles/cm? X hour—a change
entirely carried by the K™ pump activity since

k remained rather constant (Fig. 6C). The
stimulation of J§ by anti-L became evident on
day 21 and rose to fourfold on day 96 (Fig. 6D).
In contrast, J§ of the small cell population was
around 0.1-0.2 x 107! moles/cm? at all times
(Fig. 6F), and hence of a magnitude charac-
teristic of adult LK cells, while the elevation of
Ji at days 17 and 21 could be related to a two-
fold increase J§ (Fig. 6E). Furthermore, like in
adult LK cells, anti-L stimulated JE four to five-
fold at all observation times (Fig. 6F). Again
the recovery ratios computed for the individual
K™ influxes approached unity.

DISCUSSION

The HK-LK transition in peripheral blood
cells of the maturing LK genotype lamb is
marked by a series of complex events among
which cellular replacement as well as funda-
mental changes in the cation transport prop-
erties of individual cells assume central impor-
tance (Tosteson, '66). Together with our previ-
ous work (Valet et al., ’78; Lauf et al., "78), our
data reported herein permit the following mac-
roscopic scheme of events during the HK-LK
transition: The large fetal erythrocyte volume
population I present at birth is HK-like, pos-
sessing high K values and K* pump fluxes but
lacking the L-antigen. This population is grad-
ually replaced by the two consecutive LK cell
populations IT and I1I, the latter being the final,
adult LK cell population.

An unexpected finding of this study was that
the transient population II consisted of small
LK-type red cells present already on day 17
after birth. Since the fraction of these cells still
increased to 71% of the total population (day
28), their LK cation steady-state concentration
and K" influxes significantly contributed to the
overall HK-LK transition in the peripheral
blood until beyond day 100, when the larger
adult LK cell is the dominant peripheral cell
type (Fig. 2). These type II cells then must have
had sufficient time to develop the LK character
and L antigenicity prior to entering peripheral
circulation.

The rapid changes of cation steady-state
composition, K* influxes, and their response to
anti-L, observed in separated type I + III cells,
require consideration in light of the accompa-
nying hematological parameters. Between
days 20 and 40 a burst of reticulocyte release
preceded the rise of hematocrit and cell density
to adult levels (Fig. 5). The temporal appear-
ance of reticulocytes closely followed the peak
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values of K, and K* pump influx in large type
I + I cells, and hence makes it likely that
these immature cells constitute the actual pre-
cursors of the final type I1I cell population. This
assumption is supported by the finding of oth-
ers (Blostein et al., '74; Benderoff et al., *78)
that reticulocytes of LK sheep are HK-like cells
which, however, respond to the K* pump stimu-
latory action of anti-L (Dunham and Blostein,
"76). While the HK-like large cell population
I + 111 did not react with anti-Londay 17, it did
so on day 21 and 28 (Fig. 6, CD). This finding
could mean that from day 21 on, a sizable frac-
tion of the type I + III cells were indeed retic-
ulocytes of the incoming type III cells, which
like the still-remaining fetal red cells, were
initially of HK type. The quick fall of K. and of
K* pump flux combined with the appearance of
the full anti-L effect on the pump on day 96
suggests that all HK cells as well as the pre-
cursor reticulocytes for type III cells were
phased out, and that the large cell volume pop-
ulation now consisted entirely of adult LK type
red cells, an assumption borne out by the com-
parative data of Table 2.

The presentation of the data of Figure 6 in
terms of Kt pump flux/surface area is a meas-
ure of the relative pump site density. Onday 17
and 21, type I + III cells possessed six and nine
times more K* pump activity than on day 96.
This dramatic fall in K* pump activity cannot
simply be accounted for by assuming that there
was a corresponding loss of surface area com-
bined with a reduction in the number of pumps
since the surface area of type 1 + III cells (Fig.
4B) fell only by 25% on day 96. Rather, the large
pump site differentials between type I + III
cells, analyzed around days 20 and on day 96,
indicate that on the latter day typical adult LK
cells dominated in the periphery. The high K*
pump density on days 17 and 21 then is compat-
ible with the presence of fetal red cells (day 17)
known to have about fourfold more ouabain
binding sites/cells (Lauf et al., "78) and the ad-
mixture of reticulocytes (days 21 and 28) re-
ported to have up to tenfold, and higher, K*
pump fluxes than normal adult LK cells (Dun-
ham and Blostein, "76; Kim et al., "79).

Earlier work on red cells from 10 to 60-day-
old LK lambs had shown that the parameter 3,
the pump (‘M}) to leak (‘M}) ratio fell from
about five to less than one, roughly paralleling
the reduction of [K]. (see Fig. 9 in Tosteson,
’66). It was concluded that fetal HK cells are
gradually replaced by adult LK cells—how-
ever, with the caveat that this interpretation
may not be the sole explanation of the behavior
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TABLE 3. Comparison of the pumplleak ratios (B parameters)

ME/MY (B measured)

Day
after Unseparated cells Populations Unseparated cells
birth I, 11, 11 (this study) I+ 11 1 (Tosteson, ’66)
18 2.7 4.9 0.3 3.8
21 4.9 9.6 1.1 2.8
28 1.2 3.6 0.7 1.1
60 — — — 0.2
96 0.5 0.7 0.9 —

of the LK lamb red cells (Tosteson, ’66). Table 3
compares the 8 parameters calculated from our
studies (Eq. 2 x MCHC) with those extrapo-
lated from Fig. 9 of Tosteson ('66). It can be seen
that 8 of unseparated cells changes similarly
to the published values. However, 8 of the large
cells remains HK-like until day 28, while g of
the small type II cells was below unity on days
17, 28, and 96, and hence characteristic for LK
cells. There was a considerable surge in 8 on
day 21 in both unseparated and the larger type
I + III cells which may be related to the retic-
ulocyte burst around this time (Fig. 5).

The behavior of the 8 parameter also appears
to be compatible with the hypothesis advanced
further in this study that the HK-LK transition
kinetic is primarily determined by the cellular
interchange of populations I, I, and III. A simi-
lar conclusion was reached for the maturation
process in dog red cells (Kirk et al., *78) which
exhibit a functional and cellular heterogeneity
after maturation (Castranova and Hoffman,
’79). Our results extend a finding of our earlier
work (Valet et al., ’78), that cellular replace-
ment governs the HK-LK transition, suggest-
ing that a variety of other membrane transport
changes such as nucleoside and glucose trans-
port (Mooney and Young, *78) and the calcium
induced K* efflux (Brown et al., 78) may be also
interpreted in terms of this mechanism.
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