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Size of Cells
AR ESPNAN

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



Relative sizes of cells and their components
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electron microscope
light microscope

Diameter of a typical animal cell - 10 to 20 microns
micron = micrometer = um = 0.001 mm
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Human eye

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



Cells come with different shape and size
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Structure of a Generalized Cell
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http://www.infovisual.info/03/001_en.html http://www.transcendancing.net/tag/cell-structure/



http://www.proteinatlas.org/learn/dict
lonary/cell/mitochondria
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Membrane Functions/4HHRRIHEE

Form compartments/ [ ]
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Compartments @ Dr M_A. Hill, 2004 Slide !!



Cell Membrane

Phospholipids and proteins

First compartment formed i
|
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Prokaryotes (bacteria)/[ZiZ 49 otb—o

Just one compartment , "
H?(i‘, il‘ CH,
Eukaryotic cells )/ Ei% 44 B L
Many different compartments .
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Membranes- History 1

¢ 1890 Charles Overton

— selective permeation of membranes

« non-polar pass through (lipid soluble)
» polar refractory LIS nibwse ‘

— 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
— 2x surface area of cell (bilayer)

Compartments © Dr M_A. Hill, 2004 Shde 21



Membranes- History 2

protein polar pore protein

* 1930-40 Danielle-Davson | PP e
ki ()¢ D GoED

I\folii’:eins coat a bilayer with b}:;y"e, ﬁﬁﬁﬁ ﬁﬁmm.
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Sandwich model
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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- History 3

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

e 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 ﬁ%ﬁfﬁi’ﬂlfﬁi@

Compartments @ Dr MA. Hill, 2004 Slide 23






Fluid Mosaic Model




Membranes- History 4

Lipid raft/fg
1997 “Membrane Rafts” " R
— “A new aspect of cell membrane structure is
presented, based on the dynamic clustering of
#is  sphingolipids and cholesterol to form rafts that
move within the fluid 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, |konen E. Nature 1997 Jun
9;387(6633):569-72




Lipid raft (F57% )
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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
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Caveolae (JHfRZE)

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

Discover in 1953
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lataral diffusion
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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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protein |

Human
arctein

400 i nutes
off inculbation

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

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

Watch video 1-1:50



Phospholipid Actin-induced compartments

Mesoscale raft domains

Actin-based
membrane skeleton

Transmembrane protein Cholesterol

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 W

section. See FIGURE 7.29 for details of the ECM

Campbell/Biology



Functions of membrane proteins
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Figure 12.15. Permeability of phospholipid bilayers




Passive transport Active transport




g BUGHEE

w, — Paeudopodium

Phagocytosis by a macrophage.

Figure 12.34. Phagocytosis

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



Extracellular macromolecule (ligand)

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_ UWpLcVHARCDbbgIQJPwWFI-kD_v
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TABLE 11-1 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+ 0.5 1-2

Ca?* 10 1-2

H+ 7x107° (10772 M or pH 7.2) 4 x107° (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 (HCO3, PO4>,
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 bulld ion gradients, ion channels dissipate gradients
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Active transport Passive transport



Na*/K* Pump
SRR

Na*t],=145 mM K*],=5 mM
[ Io 3 [K* ] Figure | 1-13 The Na*-K* pump. This
carrier protein actively pumps Na* out of
%} K O and K* into a cell against their
- and ouabain- . :
s electrochemical gradients. For every
bind t
H ++++ / i i ﬁ molecule of ATP hydrolyzed inside the
- Nz’ - | K* cell, three Na* are pumped out and two
electrochemica | electrochemical '+ 3re pumped in. The specific inhibitor
gradient gradient N + .
ouabain and K* compete for the same site
—— H on the extracellular side of the pump.
o ‘ \ CYTOSOL
Na*-binding ]
ATP ADP| +P
[Na+t].=5 mM 2 (k) [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?

CAULCIETAR =

@+ gutside the Cell

Ohm’s Law: V =IR
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http://opal.msu.montana.edu/cftr/lonChannelPrimers/beginners.htm



Voltage-clamp technique EBERFFEIH T

A EE (195041
= A& (Hodgkin) & 528 (Huxley)ift ot S ey B g iz
— eI ANV NE B 2 AR A Y B K = —65mV )
(DHEEAHEENY) (SH ~ FEMk ~ dly] ) BA BRIV TT
Q) SR TTEIZE B L > Imm
i A=A 1R BEA IR 3 (S HEVRE IERREE A = —65mV )
0] FH 2R ECERAT A B (AR - BT RE P py B AL b
(SHEVEIEEAL = +40mV )

Nobel Prize in 1963




1 mm dia



Voltage-clamp methodology of Hodgkin and Huxley

D

" Measure
7 - Command je %@fﬁ%ﬁ
voltage 1=
S Voltage N
clamp
Reference s
electrode s @

[: Measure

current

Saline / WY \
solution KI } -

Squid ¥——"_/

axon \ Current-
=== passing

Recording \ . ' electrode

electrode

Neuroscience by Purves et al.



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

internal potential

(B} Ix {frcom current
with reduced M)

{ A pa+ Ifcarrent
with 40 mM Na)

C. Ing,

NN N

i A AHAEA 4 8% - S (F BT time (mase)
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 MRNA in oocytes; wait 2-5 days; protein in membrane.

[}

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




How to recor
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a single cell?
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gl 2

Smooth muscle cells
(diameter <10 um)

=g iilid

Cortical
pyramidal neuron

GRS

Mouse
ventricular myocytes
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Stuart and Sakmann, 1994



Patch-Clamp Technique ' [&5 Fifl |

Erwin Neher Bert Sakmann

Nobel Prize in 1991



Patch-Clamp Setup

Optical parts

Microscope
CCD camera

Mechanical parts

Vibration-free table
Micromanipulators

Electrical parts

Amplifiers
Oscilloscope
AD/DA Converter
Computer



Patch-Clamp Technique " B&ER #5%E] | BYFAlT
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http://www.cellsalive.com/patch.htm



Cell-attached recording

Recording plpette
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« Tight seal onto the
membrane — GQ seal

* lon channel is trapped
under the pipette.

Tight contact between
pipette and membrane

/ To Part 2 \

Neuroscience by Purves et al
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Types of ion channels

AT 28
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Molecular Biology of the Cell



Types of ion channels
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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
http://zh.wikipedia.org/w/index.php?title=%E5%8F%97%E4%BD%93&variant=zh-tw
http://zh.wikipedia.org/w/index.php?title=%E9%92%99%E9%80%9A%E9%81%93&action=edit
http://zh.wikipedia.org/w/index.php?title=%E7%A6%BB%E5%AD%90%E6%B3%B5&action=edit

Neuromuscular junction
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RESTING NEUROMUSCULAR JUNCTION
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VOLTAGE-GATED

nerve terminal
Ca®* CHANNEL

acetylcholine

ACETYLCHOLINE-
GATED CATION
CHANNEL

VOLTAGE-GATED —_
Na* CHANNEL

VOLTAGE-GATED
Ca?* CHANNEL
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Selectivity filter

MH, COOH

Cell Biochemistry and Biophysics 2008



How does the channel sense change in voltage?

AT E A0 BB AR A YL 2

» 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

\I"P“HQE—BEI‘!SBI" dﬂl"ﬂﬂ!l.'l Pore domain .
| |

A

|
Selectivity filter
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The third Nobel Prize for ion channel research

Cell membrane

Illustration: Typoform

Nobel Prize in 2003



What they look like:

Bacterial KcsA channels
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a Conventional model

b New model

Jiang et al., Nature (2003)



The fourth Nobel Prize for ion channel research
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Touch
Proprioception

Temperature
Heat pain

-

David Julius

ﬂ%%”:%/ﬂ:ﬁ‘ Core body temperature

Ardem Patapoutian
Mechanical pain

Fofe O —HFs
Inflammatory pain Urination rpéiﬁ\%zﬁ?%
Neuropathic pain Respiration
Visceral pain Blood pressure
Protective reflexes Skeletal remodeling

Nobel Prize in 2021



David Julius
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Ardem Patapoutian

Gene silencing Gene silencing

Mechanical force Measure Mechanical force Measure

Cell Iy

Candidate gene 1 - 71 Candidate gene 72

PIEZO1 Touch
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Mechanical force




lon Channelopathies

AT 28 A BRI

Cystic fibrosis (CI- channel; CFTR)

Thomsen Myotonia congenita(Cl- channel; CLC-1)
Becker Myotonia congenita (Cl- channel; CLC-1)
Hypercalciuric nephrolithiasis (CI- channel; CLC-5)
Bartter's syndrome type 1 (Cl- 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; SCN5A)
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 Ca?* channel; CACNL1A3)
Episodic ataxia type-2 (Ca2* channel; CACNL1A4)

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

Lambert-Eaton Myasthenic Syndrome (Ca?* channel; immune)
Insulin-Dependent Diabetes (Ca2* 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 (Kys channel; CNGA1L)

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)
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Abnormal Trachea Formation




Becker myotonia

Advances in Genetics, Vol. 63



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
electrical excitation in

g off
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et ABFEC AMERE
BIE 0.5% 4
COVID-19 1556.9% 4
Rl ¢ 5.7% 4
i I B 75 9% 1.9% 4
1730 7.3% 4
1= B 10.6% 4
BHSE

S THERERR I8 4.1% 4

6.3% 4
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1. Ischaemic heart disease

2. Stroke

O—@
3. Chronic ebstructive pulmonary disease

O

4. Lower respiratory infections

O

5. Neonatal conditions

® O

6. Trachea, bronchus, lung cancers
—
L

7. Alzheimer’'s disease and other dementias

8. Diarrhoeal diseases

@ O

9, Diabetes mellitus
O—@
10. Kidney diseases
—e
0 2 4
Number of deaths (in millions)

6 8

® Noncommunicable @ Communicable @ Injuries

Source: WHO Global Health Estimates,

WHO report
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1990

2006

A1 Low back pain

1Lowbackpain N\ (

2 Migraine

3 [ron-deficiency anaemia

2 Migraine

4 Major depression

4 Major depression

3 |ron-deficiency anemia

|~

Low back pain
Depressive disorders

eadache disorders

4 Age-related hearing loss

5 Aqe-related hearing loss

5 Aqe-related hearina loss

5 Other musculoskeletal

6 Anxiety disorders

v D

ydisorders 6 Other musculoskeletal disorder
C | 70thermusculoskeletal disorderst

O

o —

ermu

—

6 Diabetes

-1 7 Gynecological diseases

Anxiety disorders

9 Diabetes

9 Diabetes

—

- @Anxiety disorders 2

9 Dietary iron deficiency

10 Acne vulgaris

10 Acne vulgaris

=110 Oral disorders

~40-50% of the elder in Taiwan suffer chronic pain.
J. Pain Symptom Manag. 2010; 40(4): 575-581. J Occup Health. 2004, 46(1): 26-36.

e B PR EE

N\

2021
;
Depressive disorders

2
3 eadache disorders
4 Age-related and other

hearing loss
Other musculoskeletal
disorders

Anxiety disorders

[ ¥ ]

Diabetes mellitus

Dietary iron deficiency

(= R e =

Blindness and vision
loss

Gynaecological diseases

2-4 of the top 10
leading causes of
years lived with
disability are
chronic pain from
the Global Burden
of Disease Study
2024.

73
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Congenital Insensitivity To Pain /&R MR E A BUEVE

77 patients with a complete absence of pain

!\\:?,, ;
~.

Y
X

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
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https://www.fairy-tales-inc.com/doc-mouse-
patient-m-055-by-wee-forest-folk
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Collaborated with Drs. Mark Liao and Chien Yao Wang at Institute of Information Science
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