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Size of Cells
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Figure 9-1 part 2 of 3. Molecular Biology of the Cell, 4th Edition.



Relative sizes of cells and their components

Diameter of a typical animal cell - 10 to 20 microns
micron = micrometer = um = 0.001 mm
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electron microscope
light microscope

Human eye
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http://sps.k12.ar.us/massengale/cell%20%20notes%20bi.htm



Cells come with different shape and size

A EIFAR SR/ N e

Muscle cells



Structure of a Generalized Cell
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Nucleus
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http://www.infovisual.info/03/001_en.html http://www.transcendancing.net/tag/cell-structure/


簡報者備註
簡報註解
微管，


http://www.proteinatlas.org/learn/dict
lonary/cell/mitochondria


簡報者備註
簡報註解
Red microtubule，微管, yellow, ER
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http://www.kottke.org/plus/photos/200105europe/castle.jpg



Membrane Functions/4HHREIHEE

Form compartments/ [&H]



7-8 nm

Compartments @ Dr M_A. Hill, 2004 Slide I!



Cell Membrane

Phospholipids and proteins
First compartment formed
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Membranes- History 1

« 1890 Charles Overton

— selective permeation of membranes

* non-polar pass through (lipid soluble)
» polar refractory Lipid rehse ‘

— lipids present as a coat

1905 Irving Langmuir

— lipids faced with heads towards water away from
organic solvents

e 1925 Gorter & Grendel

— monolayer of lipid isolated from rbc’s
— 2Xx surface area of cell (bilayer)

Compartments @ Dr M_A. Hill, 2004 Slide 21



Membranes- History 2

prolam polar pore prule n

* 1930-40 Danielle-Davson L5 s

I\folii:eins coat a bilayer with w5 ﬁﬁﬁﬁﬁﬁﬁﬂ% éﬁﬁﬁmﬁﬁ
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Sandwich model



¢ 1 9608 RObertson extracellular side glycoprotein

Modificat R ——————
" Gtycoproton on one s, . TN
rerefore seymmette T YU IR

1T BB '

cytoplasmic side protein

Compartments © Dr M_A. Hill, 2004 Slide 22

Q1: not all the membrane are the same, different lipid and
protein compositions

Q2: location of membrane proteins



Membranes- Hlstory 3

« 1972 Singer & Nicholson
Model
— proteins “floating” within lipid
bilayer like a “liquid” surface

« 1975 Unwin & Henderson
— integral membrane proteins

— both hydrophobic and
hydrophilic
« alternating -phobic and -philic
represent trans-membrane
loops.

— Glycoproteins

« carbohydrate groups on outer
surface

Fluid mosaic model  sz=gpsme e s

Compartments © Dr M.A. Hill, 2004 Slide 23
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Freeze-fracture method




Fluid Mosaic Model
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Membranes- History 4

e 1997 “Membrane

Lipid raft/f5%
Rafts”

— “A new aspect of cell membrane structure is

presented, based
#HiE  sphingolipids and

move within the f

on the dynamic clustering of
cholesterol to form rafts that
uid bilayer. It is proposed that

these rafts function as platforms for the
attachment of proteins when membranes are

moved around inside the cell and during signal

transduction.”

« Simons K, lkonen E. Nature 1997 Jun

5;387(6633):569-

artments @ Dr M_A. Hill, 2004 Slide 25
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Lipid raft (F57% )

A Intracellular space or cytosol

B Extracellular space or vesicle/Golgi apparatus lumen

. Non-raft membrane

. Lipid raft

. Lipid raft associated transmembrane protein

. Non-raft membrane protein

. Glycosylation modifications (on glycoproteins and glycolipids)
. GPl-anchored protein

. Cholesterol | H&[H|fiZ
. Glycolipid
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Caveolae (fHfHEZ)

0.2 pm
Figure 13-42. Caveolae in the plasma membrane of a fibroblast.

Discover in 1953
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lataeral diffusion
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h & 'Il flip-flop
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flexion rotation

Figure 10-8. Phospholipid mobility.

2000 by Geoffrey M. Cooper



Membrane Fluidity

Human cell Mouse cell
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2000 by Geoffrey M. Cooper
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https://www.youtube.com/watch?v=ntk8XsxVDi0



Professor Akihiro Kusumi
Institute for Integrated Cell-Material Sciences, Kyoto University
Okinawa Institute of Science and Technology

Membrane mechanisms: Concerted action of

| membrane domains for signal transduction in the
plasma membrane revealed by single-molecule
tracking

0-1:50
4:40-6:00
17:14-1903

Watch video


簡報者備註
簡報註解
0—1:40, 3:10—7:25,4:40  8:00-9:40, 10:15 laser tweezer, 16:04-19:03 (stem cell factor SCF).  19:03-21:30 (ras)
10:30 



Phospholipid Actin-induced compartments

Mesoscale raft domains

Actin-based
membrane skeleton

Transmembrane protein Cholesterol

Nature Chemical Biology 10, 524-532 (2014)


簡報者備註
簡報註解
The PM is partitioned into domains (compartments) by the actin-based membrane skeleton (~40–300 nm in diameter). Within a compartment, raft domains (of sizes mostly between ~3 nm and 15 nm) and dynamic protein complexes (not shown) exist. These three meso-scale domains and molecular complexes interact extensively to enable membrane functions. The transmembrane proteins bound to and aligned along the actin membrane-skeleton fence, which induces temporary confinement of even phospholipids in the outer leaflet of the bilayer (pickets), are omitted for clarity. However, owing to the presence of both pickets and fences, all of the phospholipids and proteins in the PM undergo short-term confined diffusion within a compartment and long-term hop movement between the compartments (termed 'hop diffusion'). The picket effect is much weaker on a fluorescent analog of cholesterol, which diffuses ~10× faster than phospholipids, although it diffuses at the same rate as that of phospholipids in the absence of actin fences and associated pickets. Nature Chemical Biology 10, 524–532 (2014)


Animal cell membrane
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FIGURE 8.6 The detailed structure of an animal cell’s plasma membrane, in cross qu

section. See FIGURE 7.29 for details of the ECM
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Functions of membrane proteins
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Figure 12.15. Permeability of phospholipid bilayers
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Passive transport Active transport
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Phagocytosis by a macrophage.
Figure 12.34. Phagocytosis

2000 by Geoffrey M. Cooper 2002 by Bruce Alberts et al.



Clathrin-
Coated

it

" Clathrin-coated
vesicle

Figure 12.36. Clathrin-coated
vesicle formation



Exocytosis & Endocytosis

https://www.youtube.com/watch?v=r2PiumV8KEY &index=13&list=PLXwn
jgs_UWpLcVHARCbbglQJPwFI-kD_v
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TABLE |1-1 A Comparison of lon Concentrations Inside and Outside
a Typical Mammalian Cell '

COMPONENT INTRACELLULAR A EXTRACELLULAR 4
CONCENTRATION (mM) CONCENTRATION (mM)

Cations

Na* 5-15 145

K* 140 5

Mg?2+ 0.5 1-2

Ca®* 104 1-2

H+ 7x105 (1072 Mor pH 7.2) 4 %107 (1074 M or pH 7.4)
Anions*

Cl- 5-15 110

*The cell must contain equal quantities of positive and negative charges (that is, be
electrically neutral). Thus, in addition to Cl-, the cell contains many other anions not listed
in this table; in fact, most cellular constituents are negatively charged (HCOj3, PO43-,
proteins, nucleic acids, metabolites carrying phosphate and carboxyl groups, etc.). The
concentrations of Ca?* and Mg?* given are for the free ions. There is a total of about 20 mM
Mg?* and 1-2 mM Ca?* in cells, but this is mostly bound to proteins and other substances
and, for Ca?*, stored within various organelles.

Molecular Biology of the Cell



Pumps build ion gradients, ion channels dissipate gradients
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Na*/K* Pump
SRR R

Na*],=145 mM K*],=5 mM
[ Io 3 [K* ] Figure |1-13 The Na*-K* pump. This
carrier protein actively pumps Na* out of
% W — o and K* into a cell against their
- and ouabain- . .
BT lectrochemical gradients. For eve
bind e g ry
H ++++ / sk ﬁ molecule of ATP hydrolyzed inside the
I N‘;‘: - : K* cell, three Na* are pumped out and two
= ectrot:‘ammﬂ ! alectroct:mrmcal K* are pumped in. The specific inhibitor
gradient gradient . + :
l ouabain and K* compete for the same sit
N — I_‘ on the extracellular side of the pump.
Na*-binding ] \ ' cYroso
® site "L ’ \ @
ADP|+P
[Na+].=5 mM 2 (©) [K*+],=140 mM
Molecular Biology of the Cell
polarization
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https://www.youtube.com/watch?v=QD0pOVbVUQQ&index=7&list=PLXwnjgs_ UWpLcVHARCbbglQJPwFI-
kD v



Nerve transduction
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How to study ion channel?

AN CIETIATR: b= I

@ Outside the CGell

\\

IMembrane

+
Inside the Cell ® g
e ¢
Ohm’s Law: V =IR &EE=8)5 X &[H

http://opal.msu.montana.edu/cftr/IonChannelPrimers/beginners.htm



Voltage-clamp technique & EREFEIJ$ il

A FIE (19505F48)

=X (Hodgkin) &iiE2E (Huxley)iH ¢ S isHy B RFHIES T il 2E

— SRV B B 2 (PR B EE ALK = —65mV )

(DA EEY (SR - el ~ rds)) BEAEBERAHE T

Q) S IREFHE TTHEIZE B > Imm
] FHACH &/ 1 FIEBRAL Y REF S (SRAEYES IEAREE 7 = —65mV )
] PR LSRR ET SRS - B FoREnpT S Ry BB AL 8L
(SHEVEIEE N = +40mV )

Nobel Prize in 1963

Hodgkin Huxley
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Voltage-clamp methodology of Hodgkin and Huxley

Measure

Vi Command %@?ﬁ%”
voltage SIS
= Voltage BUR s

Reference Camp
electrode amphfler£
/’—\ Measure
/ current
Saline / A A A4
solution \ .
: —
Squld \ ‘_
axon V Current-
— passing
Recording electrode

electrode

Neuroscience by Purves et al.



Action potential and Na* and K* currents
recorded from squid axon

internal potential

(B} Iy {from current
with reduced Ma)

{ A pu+ Igfcarrent
with 40 mM Na)

C. I,

AU LR

BRI 4E - B0 2 T memea
1939 Hodgkin and Huxley




Gurdon J. B., Lane D. C., Woodland H. R., and Marbaix G. (1971) Use of frog eggs and oocytes for the study of messenger
RNA and its translation in living cells. Nature (Lond.) 233, 177-182.

Gundersen Miledi R., and Parker I. (1984) Messenger RNA from human brain induces drug-and voltage-operated channels
in Xenopus oocytes. Nature (Lond.) 308, 421-424.

Inject mMRNA in oocytes; walit 2-5 days; protein in membrane.

= g

www.mpibp-frankfurt.mpg.de/schwarz/oocytes.html




How to record a single cell?

_—

-4HIAE 7

Smooth muscle cells
(diameter <10 um)

/e AILATIHE

|~

Cortical
pyramidal neuron

ZNEIETER

Mouse
ventricular myocytes

/N L = AR

Stuart and Sakmann, 1994



Patch-Clamp Technique ' fRR #&l |

Erwin Neher Bert Sakmann

-~ =

Nobel Prize in 1991



Patch-Clamp Setup

Optical parts

Microscope
CCD camera

Mechanical parts

Vibration-free table
Micromanipulators

Electrical parts

Amoplifiers
Oscilloscope
AD/DA Converter
Computer



Patch-Clamp Technique " [R5 &% | By
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http://www.cellsalive.com/patch.htm



Cell-attached recording

Recording pipette

: BR = 7 X Bl
\ 17/ * Tight seal onto the

membrane — GQ) seal

* lon channel is trapped
under the pipette.

M|
(s
b

mvll
i)

mvll
i)

=
=
=

5

Tight contact between
pipette and membrane

/ To Part 2 \

Neuroscience by Purves et al.
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From Part 1

M

Whole-cell recording

Strong ——//
pulse of
suction

Cytoplasm is continuous

with pipette interior

Outside-out recording

N\

Inside-out recording

Expose
to air

=/

Cytoplasmic

domain acce551ble

Retract
pipette

g

Ends of
membrane
anneal

==

Extracellular

domain accessible :

® 2001 SinAuer |}

Variations of the patch clamp technique.
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Types of ion channels

RE T EEREE

Voltage-gated Ligand-gated Mechanical-gated
BERRFEEN= FCAE SRR =\ PSRN

-=ndgpy
VI

632 Chapter || : MEMBRANE TRANSPORT

Molecular Biology of the Cell



Types of ion channels

BRI EE AoReRe )=k T HHE
Na+* K+ Ca?t acetylcholine glutamate glycine
Ao R L A e (e ZNhifE Lo H=lk
- N/
AT EE A HE Excitable neuron
L BT AT
J=g IR
/UHTLZHﬂH@ Inhibitory neuron
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Structure features of K* channels

PHRE T B RS
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K* channels form tetramers
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Subunit Composition of High Voltage-Gated Ca?* channel
= BB RRER B\ $5 R T 1 E HY4H




The different ways in which ion channels composed of more than one protein can form pores.

a b ne d
Voltage-gated Ligand-gate Chloride channel Water channel
jon channels ion channel

BREHZ ERRREE)Z SHET JKEE

Thomas J. Jentsch
Nature 415, 276-277(17 January 2002)


簡報者備註
簡報註解
a, In tetrameric potassium channels, a single pore is formed by four identical or structurally similar proteins (subunits). b, In 'ligand-gated' cation or anion channels (such as channels that detect the neurotransmitters acetylcholine or GABA), the single pore is formed by five identical or structurally similar subunits. c, Chloride channels from the CLC family are dimers, in which each subunit has its own pore. d, Aquaporin water channels are tetramers, again with one pore per subunit. 


Functions of Ca?* channels
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Ligand-gated Voltage-gated
lon Channels Calcium Channels

Muscle Ca2t 1

contraction
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Neurotransmitter Gene
release expression
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http://zh.wikipedia.org/w/index.php?title=%E7%BA%BF%E7%B2%92%E4%BD%93&variant=zh-tw
http://zh.wikipedia.org/w/index.php?title=%E7%AA%81%E8%A7%A6%E5%B0%8F%E6%B3%A1&action=edit
http://zh.wikipedia.org/w/index.php?title=%E7%A5%9E%E7%BB%8F%E9%80%92%E8%B4%A8&variant=zh-tw
http://zh.wikipedia.org/w/index.php?title=%E5%8F%97%E4%BD%93&variant=zh-tw
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Neuromuscular junction
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?F‘EHQE—EEI‘IEEII' dDr'I‘IHill'l Pore domain

A Selectivity filter

T

NH, COOH

Cell Biochemistry and Biophysics 2008



How does the channel sense change in voltage?

BT E LN BB A YL ?

» Positively charged residues within the S4 TM segment.

« Evidence that the segment rotates out of the membrane in response to
change in voltage: gating charges

\FPI!HQE—SEHSBI" ﬂﬂll‘l‘lﬂllll'l Pore domain .
| |
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|
Selectivity filber

m v HI[[!, DO
| SRR
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The third Nobel Prize for ion channel research

Cell membrane

ustration:

Nobel Prize in 2003
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K* channel-§i5+ifH

lon channel
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Illustration: Typoform



a Conventional model

b New model

Jiang et al., Nature (2003)



The fourth Nobel Prize for ion channel research

Touch
Proprioception

Temperature
Heat pain

Ll -

David Julius

%*U%ﬁﬁ‘ Core body temperature

Ardem Patapoutian

Mechanical pain

T
Inflammatory pain Urination mélié\:%ﬁ?§
Neuropathic pain Respiration
Visceral pain Blood pressure
Protective reflexes Skeletal remodeling

Nobel Prize in 2021



David Julius

f“‘fﬁf Senso 'y neuron N M
"&‘%\mﬁm“ - 4 R NA
NJ\/\/\/\[/(:H3 DNA fragments
Ho i CH,

OCH, Capsalcln

Heat pain .

Closed

lons

TRPM3
TRPA

TRPM? |

TRPMS

= TRPV1 |


簡報者備註
簡報註解
Figure 2. The discovery of TRPV1 using a gain of function screen of genes expressed in sensory neurons for reconstitution of capsaicin responsiveness in a non-responsive cell line. This paved the way to the unravelling of additional temperature-sensing TRP receptors, which together code for temperature sensation.


Ardem Patapoutian

Gene silencing

Mechanical force

Measure

Candidate gene 1 - 71

Gene silencing

Mechanical force Measure

CEH % O b

Candidate gene 72

Mechanical force

/i

PIEZ01 Touch
PIEZ02 . Proprioception



簡報者備註
簡報註解
Figure 4. The discovery of PIEZO channels using gene silencing of 72 candidate genes in a mechanosensitive cell line and searching for a loss of mechanoreception. This paved the way to the unravelling of PIEZO2 as the mechanoreceptor for touch and proprioception, senses used for example in a hug.
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lon Channelopathies

BB ENEREER

Cystic fibrosis (CI- channel; CFTR)

Thomsen Myotonia congenita(Cl- channel; CLC-1)
Becker Myotonia congenita (CI- channel; CLC-1)
Hypercalciuric nephrolithiasis (CI- channel; CLC-5)
Bartter's syndrome type 1 (CI- channel; CLC-Kb)
Angleman / Prader-Willi (GABA channel; GABAAB3)
Low molecular weight proteinuria (CLCN5)

Bartter’s syndrome type 3 (SLC12A3)

Startle disease (hyperexplexia) (glycine receptor)

Liddle's syndrome (ENaC; SCNN1A, SCNN1B)
Paramyotonia congenita (Na* channel; SCN4A)
Hyperkalemic periodic paralysis (Na* channel; SCN4A)
Myotonia Fluctuans (Na* channel; SCN4A)

Myotonia Permanens (Na* channel; SCN4A)
Acetzolamide-responsive myotonia (Na* channel; SCN4A)
Malignant hyperthermia (Na* channel; SCN4A)

Idiopathic ventricular fibrillation (Na* channel; SCNSA)
Long QT Syndrome (LQT3 Na* channel; SCN5A)
Epilepsy with febrile seizures (Na* channel; SCN1B immune)
Acute motor axonal neuropathy (Na* channel; immune)
Guillain-Barré & CIDP (Na* channel; immune)

Multifocal Motor Neuropathy (Na* channel; immune)

Nephrogenic diabetes incipidus (AQP-2)
Total color blindness (CNGA3)

Hypokalemic periodic paralysis (Ca2* channel; CACNL1A3)
Malignant Hyperthermia (Ca2* channel; CACNL1A3, RyR 1)
X-linked congenital night blindness (Ca?* channel; CSNB2)
Muscular dysgenesis (rodent Ca2* channel; CACNL1A3)
Episodic ataxia type-2 (Ca?* channel; CACNL1A4)

Familial hemiplegic migraine (Ca?* channel; CACNL1A4)
Spinocerebellar ataxia (Ca?* channel; CACNL1A4)
Congenital myasthenic syndrome (nAChR)

Lambert-Eaton Myasthenic Syndrome (Ca?* channel; immune)
Insulin-Dependent Diabetes (Ca?* channel; immune)
Antenatal Bartter’s Syndrome type 2 (K* channel; KCNJ1)
Long QT Syndrome (LQT1; K * channel; KCNAS8)

Long QT Syndrome (LQT2 K* channel; HERG)

Jervell & Lange-Nielsen Syndrome (K* channel; KCNE1, KCNQ1)
Episodic Ataxia / Myokymia Syndrome (K* channel; KCNA1)
Benign neonatal epilepsy (K* channel; KCNQ2, KCNQ3)
Schizophrenia (K* channel; KCNN3)

Retinitis pigmentosa (Kyg channel; CNGA1)

Rod monochromacy (Kys channel; CNGA3)

Hyperinsulinism of Infancy (K* channel; SUR1)
Hyperinsulinism of Infancy (K* channel; Kir6.2)

Visceroatrial Heterotaxia (gap junction; CXA1)
CMT-X (gap junction; CXB1)
Non-syndromic deafness (gap junction; CXB2)



Abnormal Vocalization of a.,,,”- Mice




Abnormal Trachea Formation




myotonia - fJl5& H.

There are two forms of the disorder: Becker-type (autosomal recessive), which
is the most common form; and Thomsen’s disease (autosomal dominant),
which is a rare and milder form.

The disorder is cause by mutations in CLCN1 gene responsible for shutting off
electrical excitation in the muscles.

Fainting Goats




Becker myotonia

Advances in Genetics, Vol. 63


簡報者備註
簡報註解
Percussion myotonia of the thigh. A reflex hammer was used to tap the distal end of the vastus lateralis and this produced a distinct contraction of the entire muscle that persisted for several seconds. The subject in this case carries a diagnosis of RGM and is heterozygous for a frameshift mutation in CLCN1 with a presumed undetected second mutation on the opposite allele.



Congenital Insensitivity To Pain /4R M:5E8E R SUENE

" patients with a complete absence of pain

v the absence of nocifensive behavior leads to an
accumulation of painless injuries, bites, bruises,
\ bone fractures, and a reduction of life expectancy.

14 CIP-inducing mutations (Nav1.7, SCN9A)
identified so far introduce a stop codon which leads
to premature protein truncation



SO IR R

(R P M4 T E Hypokalemic periodic paralysis (a1S)
sSEME S EGEAE Malignant Hyperthermia (alS,RyR 1)
ALAZ%ERE Muscular dysgenesis (a1S)

S RMER B EE X-linked congenital night blindness (a.1F)

feE % M H B A FEYE Episodic ataxia type-2 (o 1A)

fmUEJE Familial hemiplegic migraine (a1A)

Faa/ NS ZEYEE Spinocerebellar ataxia (a1A)

JEHIE Lambert-Eaton Myasthenic Syndrome (auto-immune, a1A)

FEFRIE Diabetes (a1C, a1D Ca?* channel; immune)
Timothy syndrome (a1C)

Autism (a1C, a1H)

Childhood absence epilepsy (a1H)



Classification of voltage-gated Ca?* channels

Matching Percentage

| I | I I
20 40 60 80 100

Ca 1.1, a1S, L-type
— Ca,1.2, a1C, L-type Dihydropyridine
— Ca,1.3, a1D, L-type
—— Ca,1.4, a1F, L-type

o-conotoxin MVIIC
e Ca 2.1, al1A, PIQ-type ,-agatoxin 1va
Ca,2 — Ca,2.2, a1B, N-type  o-conotoxin GVIA
— Ca 2.3, a1E, R-type  sSnx 482

Ca3.1, a1G, T-type
LVA Ca,3 __ Ca.3.2, alH, T-type No selective blockers

— Ca 3.3, all, T-type

Ca/j

HVA




Subunit composition of voltage-gated Ca2* channels

-~ Subunit interaction
|

Subunit inte FE_CtIDr'I

(
m — Proteolysis and

GLWXXC motif ““x o ¥ disulfide bridge
Extracellular ||| ! lﬂ~ M

N

—= Membrane anchor

Intracellular lc

al: 170-250 kDa

a2d: ~170 kDa
o B: 50-78 kDa

y: 28-36 kDa

PDZ binding —-—__
motif C

SH3 domain —-——

BID - Subunit interaction

PDZ-like domain 4—/ ER retention signal

¥ . Guanylate kinase-like domain
B

Current Opinion in Meurcbiolooy



Diseases of retinal Ca?* channels

{5 A oA g5 T 2 2 PR

Incomplete X linked congential stationary night blindness
(CSNB2) (a1F) (SR MERFIEMHERE)

autosomal recessive cone—rod dysfunction in a substrain of
C57BL/10 mice (o264 ) ([& M4 tistk - AFAHAETIBEA B )

nob2 (no b wave) mice (a1F)

CNS-B2 null mice



Incomplete X linked congential stationary night blindness
(CSNB2) S K Ert R E

An L-type calcium-channel gene mutated in incomplete X-linked congenital stationary
night blindness

Nat Genet. 1998 Jul;19(3):260-3.

Loss-of-function mutations in a calcium-channel alpha1-subunit gene in Xp11.23
cause incomplete X-linked congenital stationary night blindness
Nat Genet. 1998 Jul;19(3):264-7.



Incomplete X linked congential stationary night blindness

(CSNB2) SeKMrf It ER S

CSNB2 is a non progressive, dominantly inherited disorder.
Symptoms include night blindness, decreased visual acuity, myopia
(3r7), nystagmus (AEHE), strabismus (#14%) and abnormal ERG results.
Impairments resulted from alter synaptic transmission from
photoreceptor cells to 2nd order neurons.
30 Mutations in the a1F L-type voltage gated calcium channel (VGCQC)

(Ca,1.4)

R50stop? G369D87 splice site®
R82stop? D406del c® A928D°
Net 30 bpins&? R519Q7 R969stop?
splice site? R625stop® R978stop®
R302ins g® G674D8.% splice site®
delF318° RB9S5stop®  dell1003®

G1042del g?
L1056ins &7
R1060W7
11224del &
1231-4del 12bp?
R1299stop®

c

Q1349stop’
L1375H7
W1451stops
splice site®
K1602stop?
H1889del g?

(Eurekah Biosciencel:2, 125, 2005)
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Localization of a1F in rat retina
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Mutation of the calcium channel gene Cacna7f disrupts calcium signaling, synaptic
transmission and cellular organization in mouse retina. Hum Mol Genet. 2005 Oct

15;14(20):3035-46

A

Wild type Cacnalf mutant
log cds/m2
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b wave ———
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100 ms
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Electroretinography (ERG): a test to
measure the electrical response of the
eye's light-sensitive cells (rods and cones).
Electrodes are placed on the cornea and
the skin near the eye

The a-wave, which is the first
negative peak, refers to the
hyperpolarization of photoreceptors.

The b-wave is the first positive
peak, which follows the a-wave,
and is principally generated by
Muller cells, which required
synaptic transduction



Structural and Functional Abnormalities of Retinal Ribbon Synapses due to Cacna2d4
Mutation. Investigative Ophthalmology and Visual Science. 2006;47:3523-3530.

CS7BL/10
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Abnormalities of the photoreceptor-bipolar cell synapse in a substrain of C57BL/10 mice. Invest
Ophthalmol Vis Sci. 2000;41: 4039-4047.

Investigative Ophthalmology and Visual Science. 2006;47:3523-3530.)



Role of the 32 Subunit of Voltage-Dependent Calcium Channels in the Retinal Outer
Plexiform Layer. Investigative Ophthalmology and Visual Science. 2002;43:1595-1603

Histologic analyses indicated that the CNS-,—null mice had altered retinal morphology. Eyes
of these mice had a thinner outer plexiform layer (OPL) than eyes of control animals. In
addition, the labeling pattern of the a1F subunit in the OPL was altered in CNS-3,—null mice.
CONCLUSIONS. The normal distribution of the a1F subunit of the VDCCs in the OPL is
dependent on the expression of the 3, subunit. The expression of both of these subunits is
required for normal maintenance and/or formation of the OPL and synaptic transmission.
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The nob2 mouse, a null mutation in Cacna1f: anatomical and functional abnormalities

in the outer retina and their consequences on ganglion cell visual responses. Vis
Neurosci. 2006 Jan-Feb;23(1):11-24
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Diseases of neuronal Ca%* channels

s JEHALRE Lambert-Eaton Myasthenic Syndrome (auto-immune, a1A)
s {FEEYE Familial hemiplegic migraine (a1A)

s S5/ NEZFEYERE Spinocerebellar ataxia (a1A)

o o 1A ERGIFR/ N,

= Timothy syndrome (a1C)

« HEHE Autism (a1C, a1H)

« SHEEAREE(EEE Childhood absence epilepsy (a1H)




The Lambert-Eaton myasthenic syndrome (LEMS)
(FEHLAE )

« Lambert-Eaton myasthenic syndrome (LEMS) is a rare condition in which
weakness results from an abnormality of acetylcholine (ACh) release at
the neuromuscular junction.

« ~40% of small cell lung cancer (SCLC)(/)NHAwfiifs) patients with LEMS

« LEMS results from an autoimmune attack against P/Q type voltage-gated
calcium channels (VGCC) on the presynaptic motor nerve terminal.

* Prednisone, plasma exchange (PEX) are effective treatments.

* AlARFFEN ST SR AR - EEEAR U+ B S L



HETIE (Episodic Ataxia)

—

B (Ataxia) REABLE G o M MBI IS EE) T (Episodic
Ataxia - EA) - 52 —BHEBRFR BRI EARRIERR - TR R & P
MBS - BEART SRR - BT HRTE » 53 LR S M) S
TR — RN S ML) B -

S — RIS MR SERE - A2 EGER) 5 [RERT Y - A ERr S pFE L
(myokymia) HJERER - 55— RIS B GRS A T R e s LT
EHY (KCNAL) FRNEFATE -

25 RIS MR B SRR, SRRV R (ARNZBUNGEZHH) - FESERRET]
(A EHEWS I ATAGEE ) GiefEsd(F > A ERHIAIRIk (Nystagmus) 3H5:

o PSR B RE R S T LR e _Ee5RET @ EEN (CACNALA)
SR TEP/QALg5HETHE Fpore-forming 1AE{ AN - P/QEIFSHE T4
EEZAEME T FRIA - (H EEFRIEE/NE - ZPurkinje's cells (/]MitHEaiiE ) 122
S5 EES - e TR AHARAR S M A2 S s (SR ATRE RO R -

http://sca.ym.edu.tw/scaweb/scaitem/disease/what/ch01_5.htm



Spinocerebellar Ataxia 6 (SCAG)
(BEM/NSFFEET A FHE )

SCA 6 is a dominantly inherited human disorder with symptoms such as
ataxia, nystagmus, dysarthria and neuronal loss in

the cerebellum and the dentate and the inferior olivary nuclei.

Late onset (40-50 years of age)

Expanded CAG repeat in exon 47 of alA gene.

Healthy individuals normally have 4-18 glutamine repeat, SCA6 patients
19-33 glutamines. The age of onset is inversely correlated with the
length of the repeat.

SCA6 mutations can both increase or decrease the Ca currents depending
on the model system used.--Channelopathy

The big intra-familial variability in penetrance and symptoms suggests
that environmental, hormonal and/or genetic factors other than the alA
mutation are important for the phenotype of EA2 and SCA®6.

O PREIEH > b [EhE - BRAHY/ IR ~ SO AN HARE ~ sl i

~



Dystonia and cerebellar atrophy in Cacna1a null mice lacking P/Q
calcium channel activity FASEB J, 2001, 15:1288

AR IIREREE: 2 (00 S AGHIHLA A B S S U - SRR EE A Y - A IRIE B B H R S S E)

PNAS,1999, 96,26:15245
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