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Figure 6.12. Catterall’s sliding helix model of gating charge
movement in the sodium channel. Segment S4 is presumed to
form an a-helix crossing the membrane as shown on the left.
Here the black circles represent the a-carbon atoms of the
different amino acid residues and the white circles represent their
side-chains. Residues are indicated by the single-letter code, with

R showing the positively charged arginine; the rest are non-polar.
The arginine residues thus form a helix of positive charges,
shown on the right. The model proposes that these form ion-pairs
with an array of negative charges on other segments, and that
depolarization allows an outward movement of the S4 segment
by one step along this array. (From Catterall, 1986.)
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FIG. 4. Primary structures. of o-
and @l-subunits of sodium channel il-
lustrated as transmembrane folding
diagrams. Bold line, polypeptide chains
of a- and pBl-subunits with length of
each segment approximately propor-
tional to its true length in rat brain so-
dium channel. Cylinders represent prob-
able transmembrane a-helices. Other
probable membrane associated seg-
ments are drawn as loops in extended
conformation like remainder of se-
quence. Sites of experimentally demon-
strated glycosylation (y), cAMP-depen-
dent phosphorylation (P in a circle),
protein kinase C phosphorylation (P in
a diamond), amino acid residues re-
quired for tetrodotoxin binding (small
circles with +, —, or open fields depict
positively charged [Lys'*?], negatively
charged, or neutral[Ala*™*]residues, re-
spectively), and amino acid residues
that form inactivation particle (h in a
circle).
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Figure 1316 Sequence relations of ion channels. Like colors indicate étructurally similar
regions of the sodium, calcium, and potassium channels. Each of these channels exhibits
approximate fourfold symmetry, either within one chain (sodium, calcium channels) or by
forming tetramers (potassium channels). {
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Figure 1318 Path through a channel. A potassium ion

entering the K* channel can pass a distance of 22 Ainto
the membrane while remaining solvated with water (blue).
At this point, the pore diameter narrows to 3 A (yellow),
and potassium ions must shed their water and interact with

carbonyl groups (red) of the pore amino acids.



Figure 13.19 Selectivity filter of the
potassium ion channel. Potassium ions
interact with the carbonyl groups of the
TVGYG sequence of the selectivity filter,
located at the 3-A-diameter pore of the
K* channel. Only two of the four channel
subunits are shown.

TABLE 131 Properties of alkali cations

Hydration >
lonic free energy
radius in kJ mol™!
lon (A) {keal mol ™)
Li* 0.60 —410 (—98)
Na™* 095 =301 (—-72)
K* 133 —230 (—55)
Rb* 148 =213 (-51)
Cs* 1.69 =197 (—47)
Potassium i Sodium |" | Resolvation within -
I | K*-channel site
' :
Desolvation || Resolvation within ! Desolvation

K*-channel site energy |
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Figure 13.20 Energetic basis of ion
selectivity. The energy cost of dehydrating
a potassium ion is compensated by
favorable interactions with the selectivity
filter. Because a sodium ion is too small to
interact favorably with the selectivity filter,
the free energy of desolvation cannot be
compensated and the sodium ion does not
pass through the channel.
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A oy ek
& Figure 13.22 Structure of a voltage-gated potassium channel. (A) A view looking
down through the pore. (B) A side view. Notice that the positively charged 54 region

(red) lies on the outside of the structure at the bottom of the pore. [Drawn from
10RQ.pdb.]
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igure 13.21 Model for K *-channel ion transport. The selectivity filter has four bindir.wg

tes. Hydrated potassium ions can enter these sites, one at a time, losing their hydration

ells. When two ions occupy adjacent sites, electrostatic repulsion forces them apart. Thus, E (< /4
ions enter the channel from one side, other ions are pushed out the other side. N W I')
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(A) UNITARY K CURRENTS
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(B) ENSEMBLE AVERAGE

1pA

Time (ms)

7 GATING IN SINGLE K CHANNELS

Patch-clamp recording of unitary K currents in a squid giant axon
during voltage steps from —100 to +50 mV. To avoid the overlying
Schwann cells, the axon was cut open and the patch electrode sealed
against the cytoplasmic face of the membrane. (A) Nine consecutive
trials showing channels of 20-pS conductance filtered at 2-kHz band-
width. (B) Ensemble mean of 40 repeats. T = 20°C. [Kindly provided by
F. Bezanilla and C.K. Augustine; see Llano et al., 1988.]
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(A) UNITARY Na CURRENTS

-40 mV

Time (ms) s

6 GATING IN SINGLE Na CHANNELS

Patch-clamp recording of unitary Na currents in a toe muscle of adult
mouse during a voltage step from —80 to —40 mV. Cell-attached
recording from a Cs-depolarized fiber. (A) Ten consecutive trials fil-
tered at 3-kHz bandwidth. Two channel openings are superimposed in
the first record but not in any of the others. This patch may contain >10
Na channels. Dashed line indicates the current level when Na channels
are closed. (B) The ensemble mean of 352 repeats of the same protocol.
T = 15°C. [Kindly provided by J.B. Patlak; see Patlak and Ortiz, 1986.]
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