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1. INTRODUCTION

Chlamydomonas  reinhardii  and  other
unicellular green algae and cyanobacteria exhibit a
high apparent affinity for CO; in photosynthesis
when grown photoautotrophically at air levels of
CO; [1-7]. This is believed to result from an in-
ducible CO;-concentrating system [2,4~10], which
appears to involve active transport of inorganic
carbon into the algal cells. A kinetic analysis of the
inorganic carbon influx of the cyanobacterium
Anabaena variabilis indicated that a saturable
transport system was involved [5]. No direct
evidence for the involvement of a saturable
transport process has been reported in the green
algae, however. This is an important point since it
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has been suggested that the high affinity for CO,
observed in the green algae might be explained
simply on the basis of high internal carbonic
anhydrase activity [11,12]. In this paper we have
demonstrated the presence of a saturable compo-
nent (transport) in the uptake of inorganic carbon
by cells of the green alga C. reinhardii and have
obtained estimates of the kinetic parameters of this
component.

2. MATERIALS AND METHODS

2.1. Strain and culture conditions
Chlamydomonas reinhardii strain 2137 (mt*)

[13] was grown photoautotrophically in liquid

minimal medium at air levels of CO- as in [10].

2.2. Total carbon accumulation

Accumulation of total (inorganic plus fixed) car-
bon from NaH'CO; was estimated using silicone
oil-filtering centrifugation [8,14]. Algal suspen-
sions free from inorganic carbon (200 xl, ~20 xg
Chl/ml) were layered over 100 gl of silicone oil
(Wicker AR 20:AR 200, 4:1) in 400 | centrifuge
tubes in the light. Known concentrations of
NaH!“CO; were then added to the suspensions
with a spatula that simultaneously mixed the
suspension. The algal cells were centrifuged at
various times after NaH'CO; addition (3—10s)
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through the silicone oil into 20 xl of 5 N KOH.
Total uptake of inorganic carbon into the cells (in-
ternal inorganic plus fixed '*C) was estimated after
correcting for extracellular NaH'#CO; carried
through the silicone oil using the non-permeable
solute [**CJsorbitol [14].

2.3. Initial inorganic carbon influx rates

Initial rates of inorganic carbon influx were
estimated by a modification of the silicone oil
filtering centrifugation technique. The 400 4l cen-
trifuge tubes contained (bottom to top) 20 xl of
5 N KOH, 100 4l silicone oil (AR 200), 100 xl
CO,-free 50 mM MOPS—KO*H (pH 7.0) plus 1%
dextran and excess carbonic anhydrase, and 100 z!
silicone oil (AR 20:AR 200, 4:1), Just prior to
centrifugation, known amounts of NaH!*CO;
were injected into the buffer layer sandwiched be-
tween silicone oil, then 50 41 of a relatively concen-
trated (~ 100 xg Chl/ml) CO,-free cell suspension
was applied over the upper layer of silicone oil in
the light. The tubes were then centrifuged
(Beckman Microfuge B) in the light, thereby ex-
posing the algal cells to NaH*CO; for only a very
short time as they passed through the #C-
containing buffer layer. The algal suspension and
the buffer layer contained identical concentrations
of 3H,0O, and by substituting ['*C]sorbitol for
NaH!CO; in the buffer layer it was possible to
correct for extracellular NaH'CO; carried
through the lower silicone oil layer with the cells.
In all experiments 12 tubes (2 replicates of 6
NaHCOj; concentrations) were centrifuged at one
time to minimize differences due to variations of
the time of exposure of the cells to the
NaH'"CO;-containing buffer layer.

2.4. Chlorophyll determination
Chlorophyll was measured spectrophotometri-
cally following extraction into 96% ethanol [15].

3. RESULTS AND DISCUSSION

Time courses of total carbon uptake upon short-
term exposure of C. reinhardii cells to several con-
centrations of NaH'“COj3 are illustrated in fig.1.
Although the amount of carbon uptake at 3 s in-
creased with increasing NaHCOj; concentration,
this probably does not represent an initial rate of
inorganic carbon influx, since net uptake between
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3 and 10 s did not extrapolate to zero. In these ex-
periments more than half the C in the cells was
fixed carbon.

A better estimate of the initial rate of inorganic
carbon uptake could be obtained by modifying the
silicone oil centrifugation technique so that the
cells were simply centrifuged through a layer con-
taining NaH'CO;. Data using this modified
system are illustrated in fig.2. The uptake rates are
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Fig.1. Time courses for the uptake of inorganic carbon

into C. reinhardii cells at various external concentrations

of NaHCO,. Each point represents the mean value of 4
replicates.
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Fig.2. Relative velocities of the initial rate of inorganic

carbon uptake in C. reinhardii as a function of external

NaHCO; concentration (pH 7.0) in the absence (O) or

presence (@) of 5 xM FCCP. Each point represents the
mean value of 4 replicates.
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Fig.3. Plot of [S}/ Ve vs [S] for initial inorganic carbon uptake velocity in C. reinhardii. Each point represents the mean
value of 4 replicates, and each symbol represents a separate experiment.

expressed in relative units, since it was not possible
to obtain an accurate estimate of the time of ex-
posure of the cells to the NaH*CO;-containing
layer. The response of the estimated initial uptake
rate to increasing concentrations of NaHCQO; is
typical of a system with both a saturable compo-
nent (transport) and a nonsaturable component
(diffusion) [16]. Uptake of inorganic carbon in the
presence of FCCP, which inhibits inorganic car-
bon accumulation [8], exhibited only the non-
saturable component (fig.2).

Estimates of the K, and Vmax of the transport
system and the permeation coefficient of the diffu-
sion component can be obtained by replotting data
such as those in fig.2 as the ratio of substrate con-
centration to uptake velocity vs the substrate con-
centration ([S]/V vs [S], [16]). Fig.3 has been con-
structed with data from 4 experiments of this type.
In this analysis, uptake which occurred by diffu-
sion only would result in a horizontal line, since
velocity would be a linear function of substrate
concentration. A completely saturable system,
such as an enzyme, would result in a straight line
of slope 1/ Vmax intercepting the abscissa at — Kp,.
With a system containing both a saturable and a
non-saturable component the result should be a
curve which is asymptotic to a line representing
only the saturable component at low substrate con-
centration and asymptotic to the non-saturable

component at high substrate concentration.
Therefore, by approximating the asymptotic line at
low substrate concentration it should be possible to
estimate the kinetic parameters of the transport
system [16]. Since only relative inorganic carbon
velocities could be obtained, it was not possible to
estimate Vpax for the transport system. However,
the estimation of the apparent Ky, for transport re-
mains valid. The apparent K, for inorganic carbon
transport was estimated to be about 160 4M by
linear regression analysis of the data from fig.3 for
NaHCOQj; concentrations up to 100 zM. Assuming
that bicarbonate is the substrate for transport, this
corresponds (at pH 7.0) to an apparent K, of
130 xM bicarbonate. From the Kn-value and the
data in fig.1, it was calculated that the minimum
required Vnax for transport was about 1400 gmol
bicarbonate.(mg Chl)"'.h™!, or roughly 7-fold
higher than the maximum rate of photosynthesis.
This estimated Vmax corresponds to an exposure
time for the cells of 0.5-1s in the modified
silicone oil centrifugation technique (fig.2,3).
The data presented here indicate that the initial
rate of inorganic carbon uptake in Chlamydomo-
nas can be separated into a saturable component
(transport) and a non-saturable component (diffu-
sion). This represents the first direct demonstra-
tion of the involvement of a saturable transport
process in the inorganic carbon uptake in green

337



Volume 154, number 2

algae. Due to the scattered data (see fig.3) the
quantitative value obtained for the Ky, of transport
can only be considered to be a rough estimate but
should prove useful in developing an understan-
ding of the CO,-concentrating system in this and
other microalgae. The estimated K, (160 .M
NaHCO3) and the predicted minimum required
Vmax (1400 zmol C.(mg Chl)~!.h™!) for inorganic
carbon transport into C. reinhardii are similar to
the kinetic parameters estimated for inorganic car-
bon transport in Anabaena [5]. This suggests that
the transport systems of unicellular green algae
and cyanobacteria may be similar.
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