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Mechanism for the Gating of Gap Junction Channel. Seunghoon Oh*. Department of Physiology, College
of Medicine, Dankook University, Cheonan 330-714, Korea — Gap junction is a membrane structure fa-
cilitating the direct transmission of several ions and small molecules between two cells. It is also
called an “intercellular channel’ to distinguish it from other well-known cellular channels (e.g. sodium
and potassium channels). Gap junction channels are not passive conduits, rather the ion channels
modulated by several stimuli including pH, calcium ion, voltage, and a chemical modification (mainly
known as phosphorylation). Among them, the effects of voltage on the gating of gap junction channels
have been well studied. Gap junction channels are more sensitive to the transjunctional potential (V)
between two cells rather than the membrane potential (Vi) between inside and outside the cell. In
this review, I will summarize the general properties of gap junction channel and discuss the gating

mechanism for the gap junction channels.
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Fig. 1. Schematic diagram of gap junction channel. Connexin subunit is composed of 4 transmembrane domains (TM1, TM2, TM3,
and TM4), 2 extracellular loops (E1 and E2), a cytoplasmic loop (CL), and amino and carboxyl termini (NT and CT, re-
spectively). A connexon is comprised of 6 connexin subunits. Two connexons in series forms a complete gap junction chan-
nel. The physical dimensions of a representative gap junction channel formed by Cx43 subunits are also shown on the right

side based on the observation of Unger et al.[53].
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Fig. 2. Combinations of possible gap junction channels. Con-
nexons can be composed of either the same connexin
subunits (homomeric) or different connexin subunits
(heteromeric). Gap junction channels formed by iden-
tical connexons are called ‘homotypic’ channels, wher-
eas intercellular channels formed by two different con-
nexons are called "heterotypic’ channels.
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Fig. 3. Voltage-clamp configuration and a representative conductance-voltage relation. (A) Gap junctions are formed between two
cells (cell #1 and #2). Initially, both cells are held at 0 mV. When the relative either depolarizating or hyperpolarizing
voltages (V1) with respect to the voltage (V3) at cell #2 are applied to the cell #1, the currents (I; and ) are measured
at both cells. The currents obtained from the cell #2 are the ionic currents through the gap junction channels formed
between the cell #1 and #2. A family of voltage is usually used to obtain a series of current traces. (B) The con-
ductance-voltage plot is obtained from the current traces and transjunctional voltages (Vj). Most connexins forming
homotypic gap junction channels display nearly symmetrical conductance-voltage relations centered at Vj=0. The symmerical
reductions of the conductance at both higher voltages are also observed.
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Fig. 5. Effect of negative charge on gating polarity. (A) Wild-type Cx32 channel is closed at the negative potential, while open
at the positive potential. (B) Mutant channel which has a negatively charged amino acid residue (E, glutamate) shows
the opposite gating polarity. The mutant channel is now closed by the positive potential.
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FAGAE] 21 v BE4S AR YUt )7)=
B ofeE A E3 Adolth Connexin frAxfol|
knock-out W [17444712 88 9& A3+ connexin F4
ettt 178 5497 715¢ 22 A5S Hske £ 49
o|th. BEE connexin FAAY EdMo|} BAH ALY
AH Ado g dE(381626]= = AFAE Azl A
EEAE A HAG o) g B, ARANA R BE3t =
connexin FAA7} a1, AW Ao A7 2 8
WHow A EA) AR AN WA AA 8
33 A9}t TiEo] AVH AY22 MY TFAGAE
Ao Fayo] NRo] B4HI Y}

2 ¢

= A3 (gap junction) & o] 28E F Al LAlold A E
g FZEE O 58t 71 o] 2Ed oY 7pA] EAE]
A3 gubdog 4 A2 o)L d(dlE Bol, Na'
o2 dx} K' o]2ald)z} FEste] T HEALld] FAH
HEATE AEX 7 2 d Gintercellular channel)ojgln s B2
o 7+ A543 (gap junction channel) & @3 530
2 28%E 5271 ol o8 74A AF F pH, &gl
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(calcium ion), A (voltage), 221 3}8HH Q] HEY(F2 <
43}, phosphorylation)oll 2)&l 4] 7} # (gating, opening and
closing)7} ZE & o] & do|t}t, I 7H-&H M T Ao o
3t AFAGAE A Wast b Bol AFHAY AXE
ot} npgte] A48 HAgAte](membrane potential, Vm) B

< F2 F AX Apoldl A" #ALA o] (transjunctional
voltage, Vy)oll 9J3lA =2 de UgsiA et
B FHE 1329y gubAEd 548 FsEn
At-2]& A <l (voltage-dependent) A2 H o B8 7|A&
=98tz gt

}
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