Chapter 1

Introduction

1.1 Ion Channel

The first ion channels to be dig aracterized were the voltage-gated
ion channels, found in nerve*amd. sSliCewT hese ion channels open and
close (gate) in response ATEs i ¢ membrase potential, or voltage. In

order for neurons to ge a4 icthical i is necessary for sodium,
potassium, and calciua : 1€ls 7:._@ : - Closé"at the precisely the right
ong the neuron’s axon, the
membrane potential (vgltag i¢li. is ie\actual signal, jumps quickly
red to 0 mV outside of the

cell) to +-50 mV inside the dell Afdbhon & a Mormal resting potential of -70

mV again.
Ion cha.nne ee usuaih o0 '-m\ ‘ ells and are therefore
easily accessible to .i Sme : S ox1 . 1njected into the blood

and lymphatic fluid by veglomous creature 1 e some klnds of snakes, scorpions,

boes, am‘mgmﬂ‘u%l’l ‘VIEWIﬁW 8113

The timélbcale in which logr channels o perate are very fast compared
everyda@ﬁf]cﬁ(@cﬂ ﬁamoaéx%r]] %m:&] ’} a)\%lg ions thru
at the rate’of 100 million ions each second, and many of these channels stay open
less than a millisecond at a time before closing again. This rapid rate of change

which ion channels are capable of allows the cells, and consequently the organism



itself, a fine level of control over what goes in and out of a nerve or muscle cell,
and how fast such exchange events occur. Speed is often a very important factor
for survival in nature because the amount of time it takes to respond to danger in
the environment can often mean the difference between survival or death. Since

the proper functioning of nerve and muscle tissue is dependent on exchange of

1.1.1 The lig

The ligand-gated ion ¢ d to small molecules respon-

sible for other types o anels open or close depending
on the presence of of example, there are sodium
ion lchannels which gand acetylcholine and open;
while at the same ti els may close upon binding the
same type of ligand.

In this way, a singlé Tigand can r a.channels differently depending
on where they ar ;“—.‘F 4‘ annel is a sodium channel

which gets its na.meBcaus ; and nigotine (n) as well as the ligand

acetylcholine (ACh) audﬁ therefore fungtions as a receptor (R) as well as an ion

channel Thﬂ o b b Bhick B Gt vy iganas touna

only in the 1n31des of cells. These are thergfgre named intgacellularly ligand-
gatedq w;r:]la ﬁﬂ m;&lmg)]g m(ﬁqﬁaﬂble of opening
or closmg certain ion channels indirectly by causing enzymatic cascades which
result in ligand-formation to take place within the cell.

These various ligands are then able to change the function of the ion

channel directly by either opening or closing the channel. Mechanical forces such



3

as those which initiate the sensations of touch and sound can be converted directly
into electrical signals when ion channe] are activated directly by these signals,

whereas ion channels which gate in response to light (vision) and smell (olfaction)
| must be activated indirectly by way of GPCRs. It has been calculated that the
ion channels in hair cells in the inner ear are capable of opening and closing in

response sounds by movement of the hair cell’s cilia hair by a distance equivalent

nd so far only mechanosensitive
ion channel of this type L d cloned is from the fruit fly
ATP-synthas s hydrogen ions into the
mitochondria and known to exist on this
enzyme/ion channels,
~ Given the imp . ) (8 2 ant chemical environment
. . \ els have been shown to be
involved in host defenses.

olecular peptide ion channels

(peptides are very small proteit 100 amino acids in length) mod-

ified to punch hole, é»'_T_‘“f”‘“‘”‘m :%J-'H er pathogens and are

!l

found in extracellular H#hids of , otlier agiimals. Bacteria and even

plants also produce therrkt attack mlcro
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phase tramsitions of thermotropic liquid crystals depend on temperature, while
those of lyotropic liquid crystals depend on both temperature and concentration.

We will focus on lyotropic liquid crystals.



Lyotropic liquid crystals were actually discovered long before their ther-
motropic counterparts were known. However, the significance of liquid crystals
was not understood, so most research has been done on thermotropics. Only
fairly recently have lyotropic liquid crystals begun to catch up.

The molecules that make up lyotropic liquid crystals are surfactants con-

sisting of two distinct parts oiten ionic, head and a nonpolar, often
hydrocarbon tail. Follov solves like, the head is attracted
to water, or hydrophi a.ter or hydrophobic. When
dissolved in high enou ules arrange themselves so that

in contact with a nongols

Lyotropic liquid cy o niless everyday situations. Soaps

and detergents form lygfrq

180 they combine with water. In
the kitchen, cake batters g }:"-_...-_::: uid Grystals as well. Most importantly,

biological membranes display Tsetropic id crystalline behavior.

Heme proteins are e best understa.nd class of pro ein molecules. They are the

most 0bv1ouﬂaﬁm wﬂ mwg (Erﬂﬁ of the overall protein

on the local chpmistry of small llgand bmdmg The kinetics of hgand binding to
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viscositjes.
The binding of small ligands to heme proteins appears to be a simple re-
action, described for the particular case of carbonmonoxide binding to myoglobin

by the one step chemical reaction. Austin, Beeson, Eisenstein, Frauenfelder, and



Distal histidine

Figure 1.1: The [i it site Of “me.created by a folded chain.

Gunsalus(1975) showedgfh v ' Yok de ranges in time and tempera-

ture in which a CO molegulaf c | - i« s t, encounters, not one, but

Hemoglobin and myoglobi elated structures. Both contain

the heme structure. s, 2 myoglobin th '-‘:":ii olypeptide chain of 153
S L :

amino acids arranged I e ¥Peptide chain folds in a manner

i¥

that creates a pocket in }he protein for a zxﬁme group. Hemoglobin is made up

of four polypex-ﬂiéumm %ﬂ%§ w H 'r] ﬂplg and structure to a

myoglobin molediil
PRIRINTHURIINIAR . v .

bound to four nitrogen donor atoms in a square planar arrangement. This leaves

the metal with two axial coordination sites to bind other ligands. One of these

sites is bound to a histidine side chain that holds the heme in the pocket of the



protein. The other axial position is where reversible binding of molecular oxygen
takes place.

Myoglobin plays an) important role in the mammalian cell where it stores
and transports oxygen and possibly also carries energy. An understanding of the

reaction of myoglobin with ligands, particularly dioxygen and carbon monoxide,

is desireble because it can serve s 8'prgtatype for more complex systems.
A )
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In this dissertatie det e lighn-gated ion channel currents in
a nonstationary lyotrop e mod he ligand-binding on protein

hemoglobin is presenteg ISsion, is in chapter 4.
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