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Ca’" Transport
Separate systems in the inner mitochondrial membrane mecd e i, -
flux and efflux of Ca2* (Fig. 17-6). The Ca®" influx is driven by the me-.

brane potential (A, negative inside), which attracts positively charg:

ions. The rate of influx varies with the external [Ca®"] because the K, -
Ca’" transport by this system is greater than the cytosolic Ca*™ concer-
tration.

Ca’" exits the matrix only in exchange for Na™ (antiport). This exchang
process normally operates at its maximum velocity. Mitochondria (as v
as endoplasmic reticulum and sarcoplasmic reticulum) therefore can ac:
a “buffer” for cytosolic Ca**: If cytosolic [Ca*™] rises, the mitochondri
Ca®" influx increases while Ca®" efflux remains constant, resultingin
influx of Ca?". The mitochondrial [Ca2+] therefore increases while the ¢
tosolic [Ca®"] decreases to its original level (its set-point). Conversfﬂ.‘-:-'
decrease in cytosolic [Ca®"] reduces the influx, causing net efflux of -
from the mitochondrion and an increase of cytosolic [Ca>"] back to €™
point. When cytoplasmic [Ca**] rises, for example, during increased : “{
cle activity, the matrix [Ca®"] also rises, thereby activating the enzyme
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B. Mechanisms of Mediated Transport

Substances that are too large or 100 polar to Llii'l'qsc across lipic
on their own may be conveyed across meim branes 1n complex w iy
molecules that are variously called carriers, permeases, porters
cases, and transporters.

AYers

Ionophores Facilitate Ion Diffusion

One type of carrier molecule is an ionophore, an organic molc..
many cases an antibiotic of bacterial origin. Carrier ionophores rcrez
the permeabilities of membranes to a particular ion by binding the ion ¢
fusing through the membrane, and releasing it on the other side (Fio. |-
29a). For net transport to occur, the uncomplexed ionophore must ther -
turn to the original side of the membrane ready to repeat the process. [+
ionic complexes of all carriers must therefore be soluble in nonpolar «
vents. A second type of ionophore, channel-forming ionophores. form «
vent-filled, transmembrane channels or pores through which their selectc:
ions can diffuse (Fig. 10-295b).

Even small amounts of an.ionophore greatly increase the permeadt
gﬁiﬁﬁ:ﬁﬁictzovv:ft:ni;;ii?tfrl;;sn B singlo molecule o -
a membrane. Channel formers Suports gito 10. K ‘10ns pcr.s.w.om

. » Such as the antibiotic gramicidin A, 2"
axz. even gregter on t,hrgughput, over 107 K" ions ner second. The anti®
oHc properties of these ionophores arise from their ability to dischares ™

e i

generate—an ion conce™”
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Valinomycin, one of the best characterized ionophores, specifically binds
K™. It is a cyclic molecule containing D- and L-amino acid residues that
participate in ester linkages as well as peptide bonds (Fig. 10-30). The X-
ray structure of valinomycin’s K™ complex (Fig. 10-31) indicates that the
K™ ion is octahedrally coordinated by the carbonyl groups of its six Val
residues, and the cyclic valinomycin backbone surrounds the K~ coordi-
nation shell. The methyl and isopropyl side chains project outward to
provide the complex with a nonpolar exterior that makes it soluble in the
hydrophobic cores of lipid bilayers. o

The K™ ion (ionic radius, r = 1.33 A) fits snugly into valinomyein'’s co-
ordination site, but the site is too large for Na® (r = 0.95 A) or Li* (r =
0.60 A) to coordinate with all six carbonyl oxygens. Valinomycin therefore
has 10,000-fold greater binding affinity for K™ than for Na*. No other
known substance discriminates so acutely between Na ' and K.

Gramicidin A is a 15-residue linear polypeptide consisting of alternat-
ing L and p residues, all of which are hydrophobic (Fig. 10-32a). NMR and
X-ray crystallographic evidence indicates that gramicidin A d.imcrnzcs in
4 head-to-head fashion to form a transmembrane channel (l*jlg. 10-32b).

he alternating 1 and p residues of gramicidin A allow it to form a 4-A-

‘ameter helix with a nonpolar exterior and a polar central channel that

4cilitates the passage of Nat and K™ ions.
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structure of valinomycin in complex with a K* ion. Six

octahedrally coordinate the K ion (purple). [After
er, M.,A Helv. Chim. Acta 58, 439 (1975).]
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