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The photosynthetic bacterium Chromatium vinosum accumulates glycine in an energy-dependent reaction.
Uptake is electrogenic but not driven by ApH. A K* gradient ([K*],, > [K*],,) is able to drive glycine
uptake in C. vinosum, while gradients of other cations are ineffective. Among the amino acids tested, a
glycine gradient (|glycine],,, > |glycine],,) was unique in its ability to drive “*K* uptake.

Introduction

Active transport of glycine has been demon-
strated in several nonphotosynthetic bacteria [1-4].
These glycine transport systems share several char-
acteristics, including: (1) the utilization of the elec-
trochemical proton gradient (Api+) as the primary
energy source; (2) net importation of positive
charge into the cells during transport; (3) K
values for glycine in the 2-30 uM range; and (4)
competitive inhibition by D-alanine and L-alanine.
Because the energetics of D-alanine, L-alanine and
glycine transport in each of the previously
characterized systems were similar for all three
substrates, a hypothesis was formed that the sub-
strates shared a common carrier [1-4].

The photosynthetic purple sulfur bacterium
Chromatium vinosum has been shown to transport
a variety of amino acids, sugars, dicarboxylic acids,
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and cations (see Ref. 5 for a recent review). All C.
vinosum amino acid transport systems studied thus
far show characteristics consistent with uptake via
amino acid/H* or amino acid/Na* symports
(see Refs, 6 and 7 for recent reviews of H* and
Na* symport mechanisms). To date, glycine trans-
port in this bacterium had not been investigated.
Below, we report characteristics for glycine trans-
port in C. vinosum that differ considerably from all
previously described C. vinosum amino-acid trans-
port systems and from glycine transport systems in
nonphotosynthetic bacteria. Glycine uptake could
be driven neither by ApH nor by a Na* gradient.
Unexpectedly, a K* gradient, ((K*] . > [K" 1)
was the only cation gradient capable of driving
glycine uptake. These results are discussed in the
context of a K* /glycine symport mechanism.

Methods

C. vinosum, strain D, was grown on a malate-
containing medium as previously described [8].
Bacteriochlorophyll (BChl) concentration was
determined after extracting cells with 7:2 (v/v)
acetone /methanol [9]. Cell protein was calculated
using a value of 10 mg protein/pmol BChl
(Davidson, V.L., Ph.D. Thesis, Texas Tech Univer-
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sity, 1982). Cells were washed twice after harvest-
ing and resuspended in the buffer used for assays,
either 50 mM potassium phosphate buffer or 50
mM Mops buffer adjusted to the desired pH with
choline base. The [K*] in the Mops buffer was
determined using a Perkin-Elmer Model 303
Atomic Absorbance Spectrometer.

Glycine transport was measured in the dark or
at saturating light intensity using the membrane
filter assay [10] or flow dialysis technique [11]
described previously. Initial rates of uptake were
taken at the 3-min point from time-course studies
using the membrane filter assay. Samples were
allowed to incubate for 10 min (except for samples
containing arsenate, which were allowed to in-
cubate for 30 min) under N, gas in the dark with
any inhibitors, ionophores or uncouplers prior to
assay. Concentrated solutions of the inhibitors,
ionophores, or uncouplers were prepared in
DMSO. Additions of these reagents to the reaction
mixtures resulted in DMSO concentrations less
than 2% (v/v). At this concentration, no effects of
DMSO alone are noted. Additions of amino acids
or cations during flow dialysis assays were less
than 5% (v/v) of the final reaction mixture. Con-
trol experiments with identical volumes of H,O
indicated that no dilution artifacts were present.
Radioactivity was measured using a Beckman
Model LS 7000 scintillation counter and ap-
propriate scintillation cocktails as described previ-
ously [11,12].

Membrane potential (Ay)-driven glycine up-
take in the dark was demonstrated by using a
K* /valinomycin diffusion potential, as described
in earlier reports [11,12]. Cells were washed twice
with 50 mM Mops-choline buffer (pH 7.0) con-
taining 100 mM KCI (final concentration). Cells
were then resuspended in 50 mM Mops-choline
buffer (pH 7.0) containing either 100 mM choline
chloride or 100 mM potassium chloride (final con-
centration). ['*C]glycine was added to each sam-
ple, followed by 20 pM valinomycin to initiate
transport. Samples were allowed to accumulate
glycine for the designated time, then assayed as
described previously [11,13]. DCCD was present at
a concentration of 300 uM to prevent ATP-driven
uptake [5).

CCCP, HOQNO, valinomycin and DCCD were
obtained from Sigma. [*C]Glycine (spec. act. 92.6

mCi/mmol) was purchased from ICN Chemical
and Radioisotope Division. “*KCl (carrier-free)
was purchased from New England Nuclear.

Results

The time-course for glycine uptake by C. vino-
sum cells (see Fig. 1) illustrates that glycine is
taken up to a considerably greater extent in the
light than in the dark. Glycine uptake in C. vino-
sum exhibited a pH optimum at pH 7.5 and fol-
lowed Michaelis-Menten kinetics. A Lineweaver-
Burk plot of the initial rate of glycine uptake gave
a K, value of 39 uM and a maximum velocity of
14 mmol/min per mol BChl (1.4 nmol/min per
mg protein). Identical K, values were obtained for
uptake in the light and in the dark. The K, and
V..ax values were unaffected by the cation com-
position of the medium.

CCCP, an uncoupler [14] that eliminates the
electrochemical gradient, A+, in C. vinosum cells
[15] severely inhibits glycine uptake, both in the
light and the dark. Furthermore, addition of CCCP

[ T T
O Ught + DCCD
A ugm

2600 @ Dark N

2000

1000

Glycine Uptake (pmole)

Y " "

S 1
5 10
Time (minutes)

Fig. 1. ['*C]Glycine uptake in C. vinosum cells. Cells were
prepared as described under Methods. Uptake was measured
using the filter assay technique. [DCCD]= 300 pM, where
present. [Glycine} = 25 pM. 50 mM potassium phosphate buffer
(pH 7.5) was used. O, Light+ DCCD; 4, light; @, dark.



to cells which had previously been allowed to
accumulate [**Clglycine in the light for S min
resulted in an efflux of 68% of the labeled material
(data not shown). Presumably, the lack of com-
plete glycine efflux after uncoupler addition re-
sults from some glycine metabolism during this
5-min period. These results suggest that glycine is
transported by the cells in an energy-dependent
fashion. HOQNO, an inhibitor of light-driven
cyclic electron flow in C. vinosum [8,16], also in-
hibited glycine uptake in the light as shown in
Table IA. These findings suggested that the energy
source for light-driven glycine uptake might be the
electrochemical proton gradient generated by cyclic
electron flow. HOQNO did not inhibit glycine
uptake in the dark. However, as shown in Table
IB, glycine uptake in the dark was substantially
inhibited when cells were incubated with arsenate
or DCCD. Arsenate has been demonstrated to
deplete C. vinosum cells of ATP [17], while DCCD
is an inhibitor of the C. vinosum ATPase [18,19].
Arsenate or DCCD treatment eliminates ATP hy-
drolysis via the DCCD-sensitive ATPase as a
means for generating Afi,+ to provide energy for

TABLE I

THE EFFECT OF UNCOUPLERS, IONOPHORES AND
INHIBITORS ON GLYCINE UPTAKE IN C. VINOSUM
CELLS

(A) Light-driven uptake and (B) dark uptake. Conditions for
filter assays were as previously described under Methods. Con-
trol values were 16 mmol/min per mol BChl (light-driven
uptake) and 6 mmol/min per mol BChl (dark uptake). 50 mM
Mops-chlorine buffer (pH 7.5) was used. TPPBr, tetraphenyl-
phosphonium bromide.

Sample % Control
A. Light
1 30 uM [ Clglycine 100
2 +20 pM CCCP 5
3 +300 uM DCCD 125
4 +150 uM HOQNO 40
5 + 5 mM arsenate 113
6 +20 uM valinomycin 46
7 +100 pM TPPBr 36
B. Dark
1 30 uM [ Clglycine 100
2 +20 pM CCCP 4
3 +300 uM DCCD 17
4 +5 mM arsenate 42
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glycine uptake. When light-driven cyclic electron
flow is available as an energy source, neither
arsenate nor DCCD inhibited glycine uptake. In
fact, as can be seen in Fig. 1, DCCD addition
resulted in a significant stimulation of glycine
uptake in the light.

Since Apy+ in C. vinosum has two components
[15], Ay (outside positive) and ApH (outside
acidic), it seemed appropriate to identify the com-
ponent(s) of A+ which contributed to the driv-
ing force for glycine transport. Under the condi-
tions used for the glycine transport assays reported
above (pH 7.5 in potassium phosphate buffer), C.
vinosum cells maintain no pH gradient across the
membrane [15], indicating that ApH is not an
absolute requirement for glycine uptake. Fig. 2A
shows that a HCI pulse sufficient to create a ApH
of 1 pH unit (pH,, > pH,,,) failed to drive glycine
uptake, and indeed caused efflux of some *C-
labeled material. Uptake of a-methylglucoside {10},
aspartate [12] and leucine could readily be demon-
strated in similar HCIl pulse experiments. These
results suggest strongly that ApH does not con-
tribute to the driving force for glycine uptake,
leaving Ay as a remaining possible energy source
for uptake. This hypothesis was supported by
several findings. When Ay, outside positive, was
generated using the potassium /valinomycin tech-
nique described in Methods, appreciable glycine
uptake was seen (see Fig. 3, upper trace). Under
these conditions, (dark plus DCCD), no energy
source other than Ay is available for transport. A
control experiment in which little K* gradient
should exist and thus little Ay should be produced
(Fig. 3, lower trace) resulted in significantly less
glycine uptake. The cause of the glycine uptake in
the control experiment (4y =0) is not known.
However, it is clear that imposition of Ay (outside
positive) does result in considerably greater glycine
uptake than in the control. The fact that glycine
uptake is observed under these conditions suggests
that glycine transport is an electrogenic process,
with transport of glycine into the cell accompanied
by import of positive charge. Further support for
the involvement of the membrane potential in
glycine uptake comes from the observation that
agents such as valinomycin in the presence of K*
[21] and the lipophilic tetraphenylphosphonium
(TPP*) cation [22] that diminish Ay, inhibit
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Fig. 2. (A) The effect of ApH on [**Clglycine uptake in C.
vinosum. Cells were prepared for flow dialysis as described in
Methods. Where indicated, a 10 ul pulse of HCl was added.
DCCD was present at a final concentration of 300 uM.
[Glycine] = 30 uM. (B) The effect of a 25 mM NaCl pulse on
[*4Clglycine uptake. Conditions were as in A except that CCCP
was also present at a final concentration of 20 pM. (C) K™-
driven ['Clglycine uptake in C. vinosum cells. Cells were
prepared for flow dialysis, using 50 mM Mops-choline buffer
(pH 7.5) as described in Methods. Where indicated, a 25 mM
pulse of KCl was added. [DCCD}= 300 uM, [Glycine] = 30
M, [CCCP] = 20 pM. The same behavior was noted if 50 mM
potassium phosphate buffer was substituted for the Mops-
choline buffer.

light-driven glycine uptake (See Table I).

The demonstration that glycine uptake in C
vinosum is probably electrogenic suggested that
glycine (which is approximately electroneutral over
the pH range in which its uptake is observed) is
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Fig. 3. ['*C)Glycine uptake driven by a K* /valinomycin diffu-
sion potential (outside positive). C. vinosum cells were prepared
for filter assay as described previously. The procedure for
generating the K* /valinomycin diffusion potential is described
in the Methods section. Uptake was measured in the dark.
[Glycine] = 30 pM.

cotransported with some cation. The data pre-
sented above for glycine uptake show considerable
similarity to previously characterized C. vinosum
amino-acid transport systems which are driven by
Na™ gradients across the bacterial plasma mem-
brane ([Na*] , >[Na*],,) [11-13]. For this rea-
son, a series of flow dialysis experiments was
performed to determine whether Na*, Li* (which
act as Na* analogs in some transport systems
[7,23,24)), or any other cations were cotransported
with glycine. Fig. 2B shows the results of one such
experiment. A 25 mM NaCl pulse capable of
driving uptake of several other amino acids in C.
vinosum [11-13] in the absence of other energy
sources failed to drive glycine uptake. A LiCl pulse
also failed to produce glycine uptake. The lack of
Na* gradient-driven glycine transport would seem
to eliminate a Na™ /glycine symport mechanism
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Fig. 4. (A) 2K * uptake driven by a 50 uM glycine pulse. Cells
were prepared for flow dialysis, using 50 mM Mops-choline
buffer (pH 7.5). Cells were incubated with 300 uM DCCD and
20 pM CCCP prior to addition of the KCl. Spec. act. of 2KCl
at the time of this trace was approx. 125 mCi/mmol and
[KClj= 3.0 mM. (B) The effect of 50 pM L-alanine on **KCl
uptake. Conditions were as in (A), except that L-alanine re-
placed glycine.
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for glycine transport in C. vinosum. In contrast,
K* pulses (which had no effect on previously
characterized C. vinosum amino-acid transport sys-
tems [11-13,20]) were able to drive glycine uptake
(Fig. 2C) in the absence of any other energy source
(DCCD was present to block glycine uptake in the
dark driven by ATP hydrolysis and CCCP was
present to eliminate any Ay and ApH). K* pulse-
dependent glycine uptake (in the presence of
DCCD and CCCP) was also demonstrated using
the membrane filter assay (data not shown). Pulses
of other cations (T1*, Rb™) used as K™ analogs in
earlier C. vinosum transport experiments [17,25]
did not produce any glycine uptake. RbCl had no
effect at all on glycine transport and a TICl pulse
caused efflux of some '*C-labeled material, similar
to that produced by an HCI pulse shown in Fig.
2A.

If the K* gradient-driven glycine uptake results
from a K* /glycine cotransport (symport) system,
one might expect that a glycine gradient
([glycine],, > [glycine],,) could drive “K* up-
take. The flow dialysis experiment shown in Fig.
4A, demonstrates that a glycine pulse was indeed
able to drive K™ into the cell in absence of any
other energy source (CCCP and DCCD were pre-
sent). Similar glycine-dependent “?K* uptake was
observed using the membrane filter assay. Neither
L-alanine (Fig. 4B), L-leucine, nor the glucose ana-
log, a-methylglucoside was capable of driving sim-
ilar “K* uptake. These results support the idea
that K* transport is specifically linked to glycine
cotransport and not to the transport of other
substrates. When 20 uM valinomycin was added
to the reaction mixture prior to addition of glycine
so that no K* gradient could be formed [21], no
42K * uptake was observed after a glycine pulse.

Discussion

The results presented above indicate that the
photosynthetic purple sulfur bacterium C. vinosum
transports glycine in an energy-dependent reac-
tion. Energy for glycine uptake can be provided by
the Ay (outside positive) maintained by C. vino-
sum cells using ATP hydrolysis via a DCCD-sensi-
tive ATPase or light-dependent cyclic electron flow
as an energy source [15].

Elimination of Ay by high concentrations of the
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lipophilic TPP* cation, under conditions where
TPP* should not affect other cations gradients,
supports the idea that Ay is a major contributor to
the energy for glycine uptake. Further support for
the involvement of Ay in glycine uptake is pro-
vided by the ability of CCCP to virtually abolish
glycine uptake. While CCCP and TPP* both
abolish, Ay, the more pronounced inhibition by
CCCP on glycine uptake may perhaps be attri-
buted to the ability of CCCP (and not TPP*) to
abolish light-driven K* efflux via the C. vinosum
K*/H" antiport [25]. Inhibition of such K* ef-
flux would increase [K*],, which, in turn, would
make coupled K* /glycine uptake less favorable.

The transport mechanism seems to involve a
K* /glycine symport, as evidenced by the ability
of an artificially generated K* gradient to drive
glycine uptake in the absence of any other energy
source and by the ability of glycine gradients to
drive K * uptake. The specificity of the glycine
transporter for K* is also supported by the inabil-
ity of other cations, including the K* analogs
(Rb* and T1%), to drive glycine uptake. The re-
sults presented above represent the first evidence
for a possible bacterial K*-amino acid cotransport
system. In addition, it is possible that in C. vino-
sum, some K" -independent glycine uptake exists.
Other work in our laboratory has shown that
glycine acts as a competitive inhibitor for Na* -de-
pendent D-alanine and L-alanine transport (unpub-
lished data). If glycine is indeed also transported
to some extent by these alanine/Na™ symports,
the inability of valinomycin (which should abolish
Ay and K* gradients [15]) to completely inhibit
glycine transport in C. vinosum may be more easily
understood.

Although a K™* /glycine symport may explain
the observations presented above, it is somewhat
perplexing that the kinetic parameters for glycine
uptake are not affected by the addition of K* to
the reaction mixtures. Although the choline-Mops
buffers used to prepare the reaction mixtures for
this study contain less than 3 uM K™, analysis of
the reaction mixtures showed K* concentrations
in the 200-300 pM range. Presumably, this K* is
due to carry-over from the growth medium and /or
loss of K* from the cells during the course of the
assay. If the K for K* of the putative K* /glycine
symport is significantly less than 200 pM, then no
effect of additional K* would be expected during
light-driven glycine uptake.

Acknowledgement

This work was supported by a grant (to D.B.K.)
from the National Science Foundation (PCM-
8109635).

References

—

Kessel, D. and Lubin, M. (1965) Biochemistry 4, 561-565

Mora, J. and Snell, E.E. (1963) Biochemistry 2, 136-141

Leach, R.F. and Snell, E.E. (1960) J. Biol. Chem. 234,

3523-3531

4 Ashgar, S.S,, Levin, E. and Harold, F.M. (1973) J. Biol.

Chem. 248, 5225-5233

5 Knaff, D.B. and Davidson, V.L. (1982) Photochem. Photo-

biol. 36, 167-174

West, 1.C. (1980) Biochim. Biophys. Acta 604, 91-126

Lanyi, J.K. (1979) Biochim. Biophys. Acta 559, 377-399

Knaff, D.B. and Buchanan, B.B. (1975) Biochim. Biophys.

Acta 376, 549-560

Clayton, R.K. (1963) in Bacterial Photosynthesis (Gest, H.,

San Pietro, A. and Vernon, L.P, eds.), p. 498, Antioch

Press, Yellow Springs

10 Knaff, D.B., Whetstone, R. and Carr, JW. (1980) Biochim.

Biophys. Acta 590, 50-58

Pettitt, C.A., Davidson, V.L., Cobb, A. and Knaff, D.B.

(1982) Arch. Biochem. Biophys. 216, 306-313

12 Cobb, A.D. and Knaff, D.B. (1983) Arch. Biochem. Bio-
phys. 225, 86-94

13 Knaff, D.B., Davidson, V.L. and Pettitt, C.A. (1981) Arch.
Biochem. Biophys. 211, 234-239

14 Heytler, P.G. (1979) Methods Enzymol. 55, 463—472

15 Davidson, V.L. and Knaff, D.B. (1982) Photochem. Photo-
biol. 36, 551-558

16 Van Grondelle, Duysens, L.N.M., Van der Wel, J.A. and
Van der Wel, H.N. (1977) Biochim. Biophys. Acta 461,
188-201

17 Davidson, V.L. and Knaff, D.B. (1982) Arch. Biochem.
Biophys. 213, 358—362

18 Gephstein, A. and Carmeli, C. (1974) Eur. J. Biochem. 244,
593-602

19 Knaff, D.B. and Carr, J.W. (1979) Arch. Biochem. Biophys.
193, 379-384

20 Knaff, D.B. and Whetstone, R. (1980) Arch. Biochem.
Biophys. 203, 697-701

21 Pressman, B.C. (1976) Annu. Rev. Biochem. 45, 501-527

22 Grinius, L.L., Jasaitas, A.A., Kadzianskas, Y.P., Leiberman,
E.A., Skalachev, V.P.,, Topali, V.P., Tsofina, L.M. and
Valdamirova, M.A. (1970) Biochim. Biophys. Acta 216,
1-12

23 Tsuchiya, T., Raven, J. and Wilson, T.H. (1977) Biochem.
Biophys. Res. Commun. 76, 26-31

24 Tokuda, H. and Kaback, H.R. (1977) Biochemistry 11,
2130-2136

25 Davidson, V.L. and Knaff, D.B. (1981) Photobiochem. Pho-

tobiophys. 3, 167-174

w N

o0~ N

=]

1

—



