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Summary. A stopped-flow rapid reaction apparatus 
was used for measuring changes in extracellular pH 
(pHo) of red cell suspensions under conditions where 
dpHo/dt was determined by the rate of HCO~/X- 
exchange across the membrane ( X - = C I - ,  Br-,  F - ,  
I - ,  NO~ or SCN-). The rate of the exchange at 
37 ~ decreased for X- in the order: 
C1- > Br- > F -  > I-  > NO~ > SCN-,  with rate con- 
stants in the ratios 1:0.86:0.77:0.55:0.52:0.31. When 
HCO~ is exchanged for C1-, Br-,  F - ,  NO~ or 
SCN-,  a change in the rate-limiting step of the 
process takes place at a transition temperature (Tr) 
between 16 and 26 ~ In I-  medium, however, no 
transition temperature is detected between 3 and 
42 ~ Although Tr varies with X-,  the activation 
energies both above and below Tr are similar for 
CI-, Br , NO~ and F- .  The values of activation 
energy are considerably higher when X - = I  or 
SCN-.  The apparent turnover numbers calculated 
for HCO3/X- exchange (except for X - = I - )  at the 
corresponding Tr ranged from 140 to 460 ions/site 
�9 sec for our experimental conditions. These findings 

suggest that: (i) HCO~/X- exchange for all X- 
studied takes place via the rapid anion exchange 
pathway; (ii) the rate of HCO~/X- exchange is in- 
fluenced by the specific anions involved in the 1:1 
obligatory exchange; and (iii) the different transition 
temperatures in the Arrhenius diagrams of the 
HCO~-/X- exchange do not seem to be directly re- 
lated to a critical turnover number, but may be depen- 
dent upon the influence of Jr- on protein-lipid inter- 
actions in the red blood cell membrane. 

Recent investigations (Obaid & Crandall, 1979) have 
shown that HCOj/C1 exchange across the human 
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erythrocyte membrane takes place through the rapid 
anion transport pathway first described and exten- 
sively studied for halide self-exchange (Gunn, 1972; 
1977; Gunn etal., 1973; Dalmark, 1976; Brahm, 
1977)�9 C1-/CI- and HCO~/C1- exchange exhibit 
marked similarities in their dependence on pH and 
temperature, as well as in their response to specific 
inhibitors (Gunnet  al., 1973; Gunn, Wieth & Toste- 
son, 1975; Brahm, 1977; Crandall, Obaid & Forster, 
1978; Obaid& Crandall, 1979). In particular, both 
exchanges exhibit different activation energies above 
and below a transition temperature of about 16 ~ 
and maximum and minimum fluxes occurring at 
about pH 7.6 and 5.0, respectively. 

It has been known for some time that the presence 
of different monovalent anions can have a significant 
influence on the rate of membrane anion exchanges 
(Tosteson, 1959; Adrian, 1961; Hutter& Warner, 
1967; Wieth, 1970). Furthermore, the characteristics 
of the self-exchange of anions other than chloride 
have been reported to differ from those of C1-/C1- 
exchange with respect to rates and temperature depen- 
dence (Tosteson, 1959; Wieth, 1970; Dal- 
mark&Wieth,  1972; Brahm, 1977). Inhibition of 
C1-/C1- exchange by other small anions (Dalmark, 
1976) and of HCO~/C1- exchange by F , Br- and 
I-  at low temperatures (Lambert & Lowe, 1978) have 
been reported. 

In the present work, the temperature dependence 
of the exchange of HCO~ for several monovalent 
anions was studied in order to gain further insight 
into anionic hetero-exchanges across the human 
erythrocyte membrane. HCO~/X exchange kinetics 
were determined between 3 and 42 ~ by studying 
the rate of extracellular pH change in red cell suspen- 
sions due to flux through the Jacobs-Stewart cycle 
(Jacobs & Stewart, 1942). The experimental method 
for studying rapid HCO~- transport utilizing the Ja- 
cobs-Stewart cycle in the rapid reaction apparatus 
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Fig. 1. Oscilloscope tracing of a typical experimental record at 
37 ~ In this experiment, equal volumes of suspension ABe- (hema- 
tocrit = 16.3%; pH&r 7.7), containing 800 U/ml bovine carbonic 
anhydrase and 4.4 mM NaHCO3, and solution BBr (pH 6.7) were 
mixed in the stopped-flow rapid reaction apparatus. The lower 
trace indicates when the flow of  reactants starts and stops. The 
upper trace represents the extracellular pH of the fluid in the 
measuring chamber as a function of time. Each trace was swept 
across the screen several times. See text for further discussion 
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Fig. 2. Effect of  extracellular bovine carbonic 
anhydrase concentration on the rate of pH 
equilibration via the Jacobs-Stewart cycle 
involving HCO~/ I -  or HCO3/SCN exchange 
at 25 ~ The abscissa is bovine carbonic 
anhydrase concentration in suspension Ax-. 
The ordinate is the initial rate of pH change 
(dpHo/dt) obtained after mixing an equal 
volume of Bx- with Ax- containing a given 
concentration of bovine carbonic anhydrase 

has been described in detail elsewhere (Chow, Cran- 
dall & Forster, 1976; Crandall et al., 1978; Obaid 
& Crandall, 1979; Obaid, Critz & Crandall, 1979). 

Materials and Methods 

Apparatus 

The stopped-flow rapid reaction apparatus used in these experi- 
ments has been extensively described previously (Crandall, 
Klocke & Forster, 1971 ; Chow et al., 1976; Crandall et al., 1978). 
In the apparatus, equal volumes of a red cell suspension (A) and 
phosphate-buffered saline solution (B) are forced through a four-jet 
mixer (0.004 ml) into a 0.l-ml pH measuring chamber. A pH- 
sensitive glass electrode (Leeds and Northrup 117145) is used to 
follow the pH of the suspension (A + B) as a function of  time 
after the instant of mixing. 

Preparation of Solutions 

Freshly drawn human blood from normal adults was used; coagu- 
lation was prevented with heparin (2 U/ml). The blood was cen- 

trifuged at 1,750xg for 10 rain and the plasma and buffy coat 
were removed by aspiration. The remaining cells were washed 3 
times at less than 5% hematocrit in 146.5 mM Na +, 3.5 mM K +, 
150mM X-  ( X - = C 1  , Br- ,  F - ,  NO3, I -  or SCN-) .  Between 
centrifugations cells were allowed to stand for 30 min at room 
temperature with occasional agitation. The cells, washed and equili- 
brated with X-  as the only anion present in the extracellular me- 
dium, were then resuspended to 20% hematocrit in the same solu- 
tion. NaOH was added to the suspension medium to reach a final 
pH of about 7.7. Bovine carbonic anhydrase (Sigma Chem. Co., 
# C-7500, St. Louis, Mo.) was added to the suspension to a concen- 
tration of 800Wilbur-Anderson nnits/ml. Freshly prepared 
NaHCO3 was then added to a final concentration of 4.4 mIvl, and 
the suspension ( A z )  maintained in a closed tonometer thereafter. 

The phosphate-buffered solution (Bx)  was made up of 
112.5 mM NaX, 15 mM KH2PO~, 15 mM NazHPOr (pH 6.7). In 
some experiments, suspension Ax- (before adding the NaHCO3) 
and solution Bz were degassed and equilibrated 3 times with 10% 
02, 90% Nz gas mixture, but this procedure did not affect the 
results. All suspensions and solutions were prepared at room tem- 
perature. 

Experimental Procedures 

A calibration curve for the stopped-flow pH electrode apparatus 
was obtained before each experiment by flowing standard buffer 
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Fig. 3. Rate constants of HCO~/X- exchange at 37 ~ Each bar 
represents the average rate constant k (•  SEM) from several experi- 
mental runs in each of two to six different populations of cells 

solutions (50-B-X, Fisher Sci. Co., New Jersey) through the elec- 
trode chamber. Solution BX- was then passed through the electrode 
chamber, and the output stored on the oscilloscope screen as a 
reference value for each particular experimental run. Subsequently, 
equal volumes (2.5 ml) of A x-  and B x were driven through the 
mixing chamber at approximately constant velocity until flow was 
abruptly halted, pH equilibration in the mixture was recorded 
on the storage oscilloscope screen. When the reaction was complete, 
a photograph was taken of the experimental record. At the conclu- 
sion of each experiment, hematocrit of suspension A x was mea- 
sured in standard Wintrobe tubes after centrifugation at approxi- 
mately 2,300 x g for 15 rain. Intracellular pH (pHlys) was measured 
on a lysate of cells from AX-,  prepared by rapidly freezing and 
thawing packed ceils twice in dry ice and acetone, pHlys, as well 
as pHAx-  and PHgx-, were determined anaerobically (Radiometer 
BMS3 Mk2 blood gas machine). The supernatant from a mixture 
of equal volumes of A x-  and Bx- that had passed through the 
stopped-flow rapid reaction apparatus was titrated anaerobically 
(Radiometer ABU 13 autoburette with TTA 60 titration assembly) 
to obtain the buffer capacity of the extracellular fluid as a function 
of pH. Experimental runs were performed at temperatures between 
3 and 42 ~ 

Computations 

The initial flux ~b of HCO; in exchange for X was determined 
from the dpH/dt observed in the extracellular fluid of the mixture 
immediately after stopping flow in the rapid reaction apparatus 
(Obaid & Crandall, 1979). A rate constant k for HCO3/X- ex- 
change was defined by 

k = q)/({HCO; }i - {HCO 3 }o) t = 0 

where the denominator (initital HCO~ concentration difference) 
was calculated using equations described previously (Chow et al., 
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Fig. 4. Temperature dependence of HCO~/X- exchange. The loga- 
rithm of the rate constant k for HCO~/X- exchange is plotted 
against the reciprocal of the absolute temperature (l/T). Experi- 
ments were performed between 3 and 42 ~ Each point represents 
the average k from several experimental runs in each of two to 
ten different cell populations. The error bars indicate the standard 
error when three or more different cell populations were studied 
at the same temperature 

Table 1. Transition temperature (Tr), Turnover number at Tr (TN), 
and activation energies of HCO{/X exchange in human erythro- 
cyte suspensions between 342 ~ 

X -  n a T T (~ TN E(/I b Ec/ii b 
(ions/site.sec) (kcal/mol) (kcal/mol) 

CL 10 16.2• 3.8• 11.7• 19.6• 
BR- 4 23.6• 4.6• 14.0• 23.7• 
F-  4 17.5• 2.6•215 12.8• 23.5• 
NO~ 4 17.5• 1.5• 14.1• 23.0• 
SCN- 4 25.5• 1.4• 17.2• 28.1• 
I -  5 - - 28.2• c 28.2• ~ 

Errors represent standard errors of the mean. 
n indicates the number of different populations of cells studied. 

b Eal is activation energy above Tr; Ea, , is activation energy 
below Tr. 

Since no Tr was observed for I- ,  Ea, and Eo, are shown 
with the same value. 

1976;Crandall et al., 1978). The values of Arrhenius activation 
energy (E,) of HCO~/J(- exchange between 3 and 42 ~ were 
calculated by linear regression analysis of the relationship between 
the natural logarithm of k and the reciprocal of the absolute tem- 
perature. The turnover number (Tu) of HCO3/X- exchange at 
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the transition temperature (Tr) at which a change in E~ takes 
place was calculated from the HCO~/X- flux at that temperature, 
assuming 106 transport sites/cell (Zaki et al., 1975; Lepke et al., 
1976) and 6.023 x 1023 ions/mole. 

Results 

Figure 1 shows a typical experimental record obtained 
when solution BBr- (pH 6.70) was mixed with suspen- 
sion ABr- (16.3% hematocrit; pH 7.70) at 37 ~ Simi- 
lar records were obtained for all X- studied. The 
upper tracing represents the pH of the fluid in the 
measuring chamber as a function of time. The lower 
trace indicates when flow of reactants starts and stops. 
Before flow starts, solution BBr- is in the measuring 
chamber (pHs). During flow, the "plateau" pH (pH;) 
is that of the extracellular fluid after rapid redistribu- 
tion of HCO~- into the cells has taken place, but 
before significant HCO~/X- exchange has had time 
to occur. After flow stops, the extracellular pH (pHo) 
of the mixture in the measuring chamber rises toward 
its final equilibrated value (primo 7.06) as the Jacobs- 
Stewart cycle effects the transfer of H+-equivalents 
from outside to inside the erythrocytes. 

In order to study HCO3/X-  exchange kinetics 
using the Jacobs-Stewart cycle, it is necessary to en- 
sure that the cycle is rate-limited by the exchange. 
This requires, among other factors, acceleration of 
the extracellular dehydration of H2COa by exogenous 
bovine carbonic anhydrase. Some monovalent anions, 
and especially I-  and SCN-,  have been reported to 
markedly inhibit carbonic anhydrase activity (Maren, 
Rayburn & Liddell, 1976; Wright & Diamond, 1977). 
We therefore studied the rate of the Jacobs-Stewart 
cycle as a function of added bovine carbonic anhy- 
drase concentration, when X - = I -  or SCN-. The 
results, shown in Fig. 2, indicate that at very low 
extracellular enzyme concentration, dpHo/dt increases 
with increasing enzyme concentration. At carbonic 
anhydrase concentrations greater than 200 U/ml, 
however, dpHo/dt remains constant. These findings 
show that the extracellular dehydration of H2CO3 
is not rate-limiting at the exogenous carbonic anhy- 
drase levels (800 U/ml) used in the experiments for 
the investigation of HCO3/X- exchange. 

Figure 3 shows the rate of HCO3/X-- exchange 
at 37 ~ The rate constant decreases in the order 
C1- > Br- > F -  > I-  > NO3 > SCN-. This sequence 
is the same as that reported for X-/X- exchange 
(Tosteson, 1959; Wieth, 1970) and for inhibition of 
C1-/C1- and SO4/S04 exchange by X- (Wieth, 
1970; Dalmark, 1976). 

The relationship between the rate constant for 
HCO3/X- exchange and the inverse of the absolute 
temperature between 3 and 42 ~ is shown in Fig. 4. 

These Arrhenius relationships show a transition tem- 
perature (Tr) at approximately 17 ~ for CI-, F-  
and NO~, and 25 ~ for Br- and SCN . However, 
for X - = I - ,  only one straight line is obtained over 
the whole range of temperatures studied. Similar be- 
havior as a function of temperature has been observed 
for X- self-exchange with X - = C I - ,  Br-, I-  and 
SCN- (Dalmark & Wieth, 1972; Brahm, 1977). Ta- 
ble 1 summarizes the values of activation energies for 
HCO~/X- exchange obtained by linear regression 
analysis of the curves presented in Fig. 4, as well 
as the turnover number TN for HCO~/X- exchange 
at Tr. 

Discussion 

The experiments reported above were performed in 
a stopped-flow pH electrode rapid reaction apparatus. 
This technique is useful for measuring the rate of 
HCO3/X- exchange, provided that it can be shown 
that HCO~ and X- move through the Jacobs-Stewart 
cycle (Jacobs & Stewart, i942) and that their ex- 
change is the rate-limiting step (Chow et al., 1976). 
The different steps involved in this cycle have been 
extensively described for HCO3/CI- exchange (Chow 
et al., 1976; Obaid & Crandall, 1979; Obaid et al., 
1979). COz diffusion across the membrane, while per- 
haps limited by unstirred layer effects (Gutknecht, 
Bisson&Tosteson, 1977), is very much faster 
(Gros & Moll, 1971) than the other steps in the cycle. 
The catalysis of CO2 hydration-dehydration reactions 
by both bovine and human carbonic anhydrases, how- 
ever, has been shown to be inhibited by some small 
anions, including C1-, Br-,  F- ,  I - ,  NOa and SCN- 
(Maren et al., 1976). The results shown in Fig. 2 indi- 
cate that the extracellular reactions in the presence 
of the added bovine enzyme were not rate-limiting 
under the conditions of our experiments. While we 
have no direct measurements of the intracellular 
carbonic anhydrase activity, it is normally (in C1- 
medium) so high (Silverman, Tu & Wynns, 1976; 
Itada & Forster, 1977) as to make it extremely un- 
likely that some further inhibition (e.g., by 1- or 
SCN- instead of C1-) could slow the intracellular 
hydration reaction to the extent that it becomes rate- 
limiting in the Jacobs-Stewart cycle. Furthermore, 
since the activity of the added bovine carbonic anhy- 
drase remained sufficient in the presence of 1- or 
SCN- to accelerate the extracellular reactions to the 
point where they were not rate-limiting (Fig. 2), and 
since bovine carbonic anhydrase and human red cell 
carbonic anhydrase C are very similar enzymes 
(Maren et al., 1976), it would be surprising if the 
intracellular enzyme did not also retain sufficient ac- 
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tivity to prevent the intracellular reactions from be- 
coming rate-limiting. 

As shown in Fig. 3, the rate of HCO~/X- ex- 
change at 37 ~ decreases for X- in the order: 
C1- > Br- > F-  > I- > NO3 > SCN-. This sequence 
is the same as that reported for X-~X- exchange, 
and for C1-/C1- exchange at room temperature and 
so2/s02 exchange at 38 ~ in the presence of X- 
(Tosteson, 1959; Wieth, 1970). The different sequence 
of rates of X- self-exchange at 0 ~ found by Dal- 
mark and Wieth (1972) is most likely due to the differ- 
ences in temperature dependence that characterize the 
transport of these various anions across the red blood 
cell membrane (see Fig. 3 and below). It is interesting 
to note that the inhibition of X transport by other 
ions is not confined to red cells, since the outflow 
of 36C1- from frog muscle is inhibited by NO3 
(Adrian, 1961), Br- and I-  (Hutter & Warner, 1967). 

Our experiments differ somewhat from those pre- 
viously reported in the literature, in that we are mea- 
suring net HCO~ movement when X- is the major 
anion in both intra- and extracellular mediums. This 
establishes a situation in which HCO~- must compete 
with X- on the internal side of the membrane. As 
a result, it is not surprising that the rates of HCO~/ 
J( exchange decrease in the same sequence as the 
increasing inhibition by X of C1-/C1- and so2/so2 
exchange. Furthermore, in our experiments the load- 
ing of the exchange site on the external side of the 
membrane depends almost entirely upon the affinity 
of X for the transport site (although perhaps with 
some competition from phosphate). Consequently, 
the similarity between the rates of HCO~/X- and 
X-~X- exchanges is also expected. 

While the anion sequences discussed above are 
the same in our work as in previous reports, quantita- 
tive differences between HCOj /X-  and X-~X- ex- 
change rates have been observed. In particular, the 
ratio of C1-/CI- exchange rate to that of I - / I -  at 
0 ~ is about 200 (Wieth, 1970), while the ratio of 
HCOa/C1- exchange rate to that of HCO3/I-  is cal- 
culated to be about 15 at the same temperature and 
only about 2 at 37 ~ (Fig. 4). One possible explana- 
tion of these quantitative differences in the flux ratios 
is that, since the exchanges are saturable processes, 
the various experiments were performed at anion 
concentrations differing from the Km or K~ of the 
process by variable amounts. This possibility makes 
comparisons of absolute fluxes of different anion ex- 
changes somewhat risky. There are no data available 
on the Km for the X- self-exchanges studied here 
(other than CI- and Br-) (Gunnet al., 1973; Brahm, 
1977) or on the K~ for X inhibition of HCOj  trans- 
port under the conditions of our experiments. 

Our studies of the temperature dependence of 

HCO3/X exchange demonstrated that for X =CI- ,  
Br-, F- ,  NO3 and SCN-, the Arrhenius relation- 
ships exhibit two slopes, suggesting a change in the 
rate-limiting step of the transport process within the 
range of temperature studied. However, when X - =  
I- ,  the Arrhenius diagram exhibits only one straight 
line. Furthermore, the transition temperatures (Tr) 
for X - = C I - ,  Br-, F- ,  NO~ and SCN- are not 
all the same (Table 1). 

There are several possible explanations for the 
differences in Tr observed for the various HCO~-/X- 
exchanges. Chapman et al. (1977) have shown that 
the temperature at which a phase transition in a lipid 
bilayer occurs depends upon the salt with which it 
is in contact. The identity of both the anion and 
the cation may affect the phase transition. I-  and 
SCN- had the greatest influence on the transition 
temperature compared to the other anions. Chapman 
et al. (1977) suggest that these anionic effects can be 
explained qualitatively by differing interactions of 
the various anions with the polar regions of the lipid 
bilayer, leading to an alteration in the packing of 
polar and nonpolar components. The effects of SCN- 
were attributed in particular to its tendency to accu- 
mulate at the polar lipid-water interface (Chapman 
et al., 1977). These interactions between lipid bilayers 
and various anions lead to the reasonable expectation 
of some effects of the same ions on the structure 
of membrane lipids, especially when both sides of 
the cell membrane are exposed to them. It has often 
been suggested (Chapman, 1975 ; Warren et al., 1975 ; 
Ross & McConnell, 1978; Obaid & Crandall, 1979; 
Obaid et al., 1979)that such changes in lipid structure 
could also alter the lipo-protein assembly of the cell 
membrane. If so, the kinetics of the anion transport 
pathway, which has been shown to be related to 
the Band 3 protein in the erythrocyte membrane 
(Rothstein, Cabantchik & Knauf, 1976; Cabantchick, 
Knauf&Rothstein, 1978), might be altered. These 
considerations could help explain the variability in 
Tr for X =C1-, Br-, F- ,  NO~ and SCN-, and 
the absence of Tr for X- = I - .  

Although Tr varies with X-, the slopes of the 
Arrhenius diagrams both above and below Tr are 
not significantly different for C1-, Br-, NO~ and 
F- ,  suggesting that the transport mechanism is the 
same for all these X- both above and below their 
transition temperatures. The values of activation en- 
ergies associated with these exchanges (Table 1) are 
in the range expected for a carrier-mediated model 
(Parsegian, 1969; Gunn et al., 1973). When X - = I -  
or SCN-, anions which interact more strongly with 
membrane components (Scatchard & Black, 1949; 
Chapman et al., 1977), the values of activation en- 
ergies for the exchange are significantly higher. These 
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results are not surprising, considering the extremely 
high affinity of these anions for charged groups of 
the proteins (Scatchard & Black, 1949) and their dis- 
ruptive action on the structure of lipid bilayers (Chap- 
man et al., 1977). 

Another possible explanation for the behavior of  
Tr is that the affinity of  each X -  for the transport  
site varies with temperature on the inside of the mem- 
brane in a manner different from that of HCO3 and 
other X - ,  or on the outside of  the membrane in a 
manner  different from that of  phosphate and other 
X- .  Unfortunately, no data are available on these 
affinities except for the fact that the K~ for chloride 
self-exchange does not vary markedly over the tem- 
perature range studied (Brahm, 1977). However, if 
the affinity of  X -  with increasing temperature in- 
creases relative to that of  HCO~ inside the cell or 
decreases relative to that of  phosphate outside the 
cell, it is possible that binding of HCO~ inside or 
X -  outside is rate-limiting above Tr  while transloca- 
tions are rate-limiting below Tr. Differences of  affin- 
ity behavior among the various X -  would then lead 
to differences in Tr.  However, our values for T r  for 
HCO3/C1-  and H C O ~ / B r -  exchange are almost 
identical to those for C1-/C1- and B r - / B r -  self-ex- 
change (Brahm, 1977) even though no X -  or phos- 
phate was present in the self-exchange experiments. 
Thus, although an explanation based on changes of  
affinity of X -  for the transport  site with temperature 
cannot be ruled out, it is considerably less likely than 
membrane lipid alterations to be the underlying 
mechanism for the presence and variability of  Tr.  

Brahm (1977), studying C1- and Br-  self-ex- 
changes as functions of  temperature, observed transi- 
tion temperatures in the Arrhenius relationships (very 
similar to ours) which appeared at 15 ~ for C1- 
and 24 ~ for Br - .  Based on his experimental evi- 
dence that the rate of  turnover at which these transi- 
tions take place was practically the same for both 
anions (3:5-3.7 x 103 ions/site, sec), Brahm suggested, 
as a working hypothesis, that the activation energy 
changes when a critical turnover number (TN) is 
reached. This could occur if the overall transport  
rate is determined by two " reac t ions"  with different 
activation energies, in such a way that one step with 
high activation energy is rate-limiting at low tempera- 
tures, whereas another step with a lower activation 
energy becomes rate-limiting at high temperatures. 
While our Tr  for Br -  and C1- are very close to 
those of  Brahm (1977), our overall results do not 
support this hypothesis. I -  does not exhibit a transi- 
tion temperature at all, despite having an apparent  
turnover number at 33 ~ that is greater than the 
TN for all the other anions studied under our experi- 
mental conditions. Furthermore,  the apparent TN for 

X - = C 1 - ,  Br - ,  F - ,  NO3 and S C N -  at their respec- 
tive T r  varies between 140 and 460 ions/site.sec. Fi- 
nally, although the TN under the conditions of  our 
experiments are all of the same order of  magnitude, 
they are one order of  magnitude less than those 
reported by Brahm (1977) for C l - /C1-  and B r - / B r -  
exchange (probably due to our working at lower abso- 
lute concentrations) even though the Tr  are almost 
identical. Although, as noted above, there is some 
uncertainty in comparing absolute flux rates, these 
findings make it unlikely that a critical TN determines 
Tr  for a given anion exchange. 

In summary, we conclude that:  
1) H C O ~ / X -  exchange across the human erythro- 

cyte membrane  for all X -  studied takes place via 
the rapid anion transport  pathway. 

2) The rate of  H C O ; / X -  exchange is a function 
of the two anions involved in the 1 : 1 obligatory trans- 
port, decreasing at 37~ in the order X - =  
C1- > Br -  > F -  > I -  > NO3 > S C N - .  

3) The different transition temperatures of  the 
H C O 3 / X -  exchange are unlikely to be directly related 
to a critical turnover number and may be dependent 
upon the influence of Z -  on protein-lipid interactions 
in the red blood cell membrane,  although we cannot 
rule out the possibility that different Tr  result from 
differing behavior of  the affinity of  the various X -  
for the transport  site with temperature. 
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