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B Outline

B Basics: individual molecules: DNA, RNA, proteins, lipids,
sugars, proteins

B Elements of the cell; plasma membrane, nucleus
(transcription), ribosome (translation),

B Elements of the cell contd.; cytoskeleton, mitochondria
(energy) transport, cell division

B Cell types and function; neurons, epithelial cells, muscle
cells, blood cells,
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I Questionnaire

What do you know about biology?

What is DNA — where is it found?

What is a protein? Give an example

What is a tissue

What is the difference between a eukaryote and a prokaryote
Name 3 cell types

What is a key property of a neuron?
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I Some light reading

B The emperor of all maladies, Siddhartha Mukherjee

B The immortal life of Henrietta Lacks, Rebecca Skloot
B The dark lady of DNA, Brenda Maddox
B The red queen, Matt Ridley

B Power, Sex, Suicide, Nick Lane

The Spark of Life, Frances Ashcroft

it dlad Fat tha awstis Prize fee Schusce Bocks THE

RED QUEEN The Spark of Life

ROSALIND
() FRANKLIN

Power,
"Sex,

Su101de

Sex and the Evolution
of Human Maturs

Electricity in the Human Body
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I Levels of organisation in animal physiology
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I Comparison of Eukaryotic and Prokaryotic Cells

Prokaryotic cell Eukaryotic cell

Plasmamembrane

Cytoplasm
DNA&
Nucleoid region
Nucleus

Ribosomes

10-100 pm

age: k12station.blogspot.com/2006_08 01 archive.html
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I How did it all begin?

Miller and Urey (1953)
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RNA world

Step 2: Step 1: Step 3:
RNA self-replicates RNA forms from RNA catalyses
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Step 4:
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changes internal chemistry
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Step 5:
DNA becomes RNA codes both Proteins catalyse
master template DNA and protein cellular activities
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B  Simple Chemistry

atomic number
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Figure 2-6 Molecular Biology of the Cell (© Garland Science 2008)
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B  Simple Chemistry

— N —

oxygen nitrogen

Figure 2-8a Molecular Biology of the Cell (© Garland Science 2008) fj
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I \Macromolecules

building blocks larger units
of the cell of the cell

SUGARS |- | POLYSACCHARIDES ]
FATTY ACIDS l» FATS, LIPIDS, MEMBRANES |
AMINO ACIDS |» | PROTEINS |
NUCLEOTIDES |»| NUCLEIC ACIDS |
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I \Macromolecules

SUBUNITS > MACROMOLECULES 5 MACROMOLECULAR
covalent bonds noncovalent bonds ASSEMBLIES

=
<’~ \

e.g., sugars, amino acids, ' )‘

and nucleotides

e.g., globular proteins 30 nm

and RNA e.g., ribosome
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I Nucleotides

OH OH

triphosphate | ribose adenine |

adenosine
(A) (B)

Figure 2-26 Molecular Biology of the Cell (© Garland Science 2008)
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= Amino acids

N-terminal
end of
polypeptide chain

|
N—H

Phe H-C— cﬂz_Q
o= C

|
|\II—H
Ser  H-C—CH,—OH
0=CI
N-H
I Py
Glu H-C _CH2 "CHz -C
| N\ -
0= Y
N+ r
LyS H_CI _CH2 -CHz-CHz_CHz-N\-H+
0=C H

|
C-terminal
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Figure 2-24 Molecular Biology of the Cell (© Garland Science 2008)
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_ Information flows from DNA to RNA
to proteins.

DNA 3’ *
(information
storage)
lTRANSCRIPTION l
mRNA '
(mforn3at|on' UUACAICGG.C _,
carrier) 5 3
Codon Codon Codon
l TRANSLATION l
Proteins —
(active cell
machinery)
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I Proteins

Primary structure = order of amino acids in the protein chain

Primary Secondary Tertiary Quaternary
structure structure structure structure

~ = -

Amino acid residues a Helix Polypeptide chain Assembled subunits
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I Proteins

Anatomy of an amino acid

General amino acid structure Chemical anatomy of an amino acid

CL-aminO R_group
group | |(aka “sidechain”)

g 8 Ff (n) ; H\ IlQ Cn) LY. . a-carboxyl
/N—CIJ—C—O—H ‘-‘ /N'+(|3'~,\C—O—H_’,'<— group
H H '.!':'--',' H\ -----

a~-carbon

(chiral center)
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I Proteins

How to remember the 1 letter code

B A:alanine B N: Asparagine
B C: cysteine B P: Proline

B D: aspartate B Q: Glutamine
M E: glutamate B R: Arginine

B F: phenylalanine M S:Serine

B G:glycine M T: Threonine
B H: histidine B W: Tryptophan
B [:isoleucine

B K:lysine

M L:leucine

B M:methionine
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I Proteins

(o) 0@
N\ 7/
C \\\
polypeptide backbone | side chains =

CH2 CHZ
P T o®
amino terminus 7/
or N-terminus H_T s T_CI _ﬁ Lo T_T_c\
H l H H O H H 0
CH, CH,
c|H peptide | peptide bond
CH
| 2 bonds P
|
CH; polypeptide backbone
SCHEMATIC
nonpolar
side chain
SEQUENCE Met — Asp — Leu — Tyr

Figure 3-1 (part 2 of 2) Molecular Biology of the Cell (© Garland Science 2008)
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I Proteins

Non-polar R-groups tend to be buried in the cores of proteins

Myoqglobin
Blue = non-polar
R-group

Red = Heme

Institut Mines-Télécom MINES
Saint-Etienne




I Proteins

Primary sequence reveals important clues about a protein

* Evolution conserves amino acids that are important to protein structure
and function across species. Sequence comparison of multiple “homologs”
of a particular protein reveals highly conserved regions that are important
for function.

» Clusters of conserved residues are called “motifs” -- motifs carry out a
particular function or form a particular structure that is important for the

conserved protein. Mot ~
small hydrophobic ...E ENAVEGNGM DAL .
B large hydrophobic ...EP QR BALGHM D\AiEN.
B polar ...K LEEGEADYYEARN
B positive charge ...GG IEIGHE: | [Divi v
B negative charge ...GG iﬁl[i‘ii\Z/ZI
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I Proteins

Getting amino acid sequence

collagen [Homo sapiens]

GenBank: BAAD4800 1
FASTA  Graphics

Go to

LOCUS BARO4B09 1678 aa linear PRI 26-SEP-2008
DEFINITICN collagen [Homo sapiens].
LCCESSION ERZO04809

VERSION BR204809,1 GI:466538

DESCURCE locus HUMCO accession D21337.1
KEYWCRDS .

SQURCE Homo s=apiens (human)

CRGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Eut
Mammalia; Eutheria; Euwarchontoglires; Primates; Haplorz
Catarrhini; Hominidae; Homo.
REFERENCE 1 {residues 1 to 167E8)

Display Settings: (] FASTA

AUTHCRS Cohashi,T., Sugimoto,M., Mattei,M.G. and Ninomi ¥. 1 H
chashi,T., Sugimoto,M., Mattei, and Ninomiya, collagen, partial [Homo sapiens]
TITLE Identification of a new collagen IV chain, alpha &(IV),
isoplation and assignment of the gene to chromosome Xg22 GenBank AAA3B3581
the same locus for COL4AS GEHPEEt Gmghms
JOURNAL J. Biol. Chem. 269 (10), 7520-752& (1994) o . ; .
PUBMED 5125972 >gi| 292352 |gb |ARA3E358.1| collagen, partial [Homo sapiens]
- — ETTVEPFWRFEFVLETWQVLHN IPQISIVVDGGEEVVEFMFQATEGDVLNY IFRNRELRPLFDROWHELG
REFERENCE 2 (residues 1 to 1678) 4 QQUIEQ QR g

ISIQSQVISLYMDCHLIARRQITDERKDTVDFHGRIVIATRASDGRPVDIELHQLEIYCSANLIAQETCCEL
SDTECPEQDGFGNIASSWVIAHASKMSSYLPAKQELEDQCOCTIFNRGEAGLPGAPGSPGREGHEGEPGEN
GLHGAPGFPGQEGEQGFEGSKGET GEEGEQGEKGDPALAGLNGENGLEGDLGPHGPFGPEGEEGDTGFPG
PPALPGSLGIQGFQGFPGKEGQRGRRGET GFPGRPGPPGPPGPPGIQGIHQTLGGY YNKDNEGHNDEHEAG
GLEGDEGETIGLPGFPGSVGPEGORGEPGEPFIKGEKGDRGEPGVIGSQGVEGEPGDPGPPGLIGSPGLEG
QOGSAGSMGPRGFPGDVGLPGEHGI PGEQGIKGERKGDPGGIIGFPGLPGPEGEAGPPGESLPGEPGLDGN
PGAPGPRGPEGERGLPGVHGSPGDIGPQGIGIPGRIGARGPAGEPGIQGPRGLPGLPGTPGTPGHNDGVEG
RDGEPGLFGPPGDFIALPLLGDIGALLENFCGHNCQASVEGLESHNEGEEGGAGE PFGKYDSMARKGDIGERG
PPGIPGREGPEGSEGERGYPGIPFGEKGDEGLQGIPGIPGAPGPTGPPGLMGRT GHPGPTGAKGERKGSDGP
PGEPGPPGPPFVSCSRLEL

AUTHORS Cohashi,T.

24
-
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I Proteins: techniques

sample loaded onto gel

by pipette
cathode . .
® plastic casing
T
buffer
gel —TT @® anode
<
/

buffer

Figure 8-18a Molecular Biology of the Cell (© Garland Science 2008)
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I Proteins

Secondary structure = local folding of residues into regular patterns

Primary Secondary Tertiary Quaternary
structure structure structure structure
12 . -
U - v A
Y o ottt
A : - )

Polypeptide chain Assembled subunits

T
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I Proteins

polar nonpolar
side chains side chains

hydrophobic polar side chains
core region on the outside
contains of the molecule
nonpolar can form hydrogen
side chains bonds to water
unfolded polypeptide folded conformation in aqueous environment

Figure 3-5 Molecular Biology of the Cell (© Garland Science 2008) fj
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amino acid
side chain

a helix

(A) (B)

Figure 3-7a,b,c Molecular Biology of the Cell (© Garland Science 2008)
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Figure 3-7d,e,f Molecular Biology of the Cell (© Garland Science 2008)
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I Proteins

Tertiary structure = global folding of a protein chain

Primary Secondary Tertiary Quaternary
structure structure structure structure

~

Amino acid residues a Helix Polypeptide chain Assembled subunits
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I Proteins

Protein stability

B Electrostatic forces

» Interactions of positive and negative charges
B lonic interactions (ion pair/salt bridge)
B Dipole-dipole interactions e.g Van der Waals

» Very weak, but very numerous

B Hydrogen bonding
— 12-30 kJ/mol

B Hydrophobic forces
— Hydrophobic go in, hydrophillic out
B Disulfide bonds
* Between 2 SH groups (251kJ/mol)
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I Proteins

Protein denaturation

B Low conformation stability => highly susceptible to denaturation

— Changes in temperature (Tm less than 100°C) but small changes in folding result in
almost total loss of 3D structure

— pH changes: lonisation of side groups change — changes H-bonding, charge distrib.
— Detergents: change hydrophobic interactions

— Organic substances: interfere with hydrophobic interactions (have their own
interaction with water)

— Salts: can stabilise (raise Tm) lls can be good

— Chaotropic agents: urea, Guanidinium — increase solubility of nonpolar substances
in water — disrupt hydrobphobic interactions (expel water)

Institut Mines-Télécom MINES
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I Proteins: motifs reused

complement control fibronectin growth factor
module type 1 module module

N

immunoglobulin fibronectin
module type 3 module

Figure 3-16 Molecular Biology of the Cell (© Garland Science 2008)
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I Proteins

x-ray diffraction pattern
obtained from the protein crystal

diffracted beams

protein crystal
-
beam of x-rays |

X-ray source

(A)

(B)

(€)

Figure 8-28 Molecular Biology of the Cell (© Garland Science 2008)
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I Proteins

Quaternary structure = Higher-order assembly of proteins

Primary
structure

Amino acid residues

Secondary

structure

~

a Helix

Tertiary
structure

Polypeptide chain

Quaternary
structure

Assembled subunits
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I Proteins

Examples of other quaternary structures

Tetramer Hexamer

R

Filament

DNA helicase Recombinase
Allows coordinated Allows coordinated DNA binding Allows complete
DNA binding and ATP hydrolysis coverage of an

extended molec%
T
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deoxyribnuclease

.

cytochrome ¢

insulin

dehydrogenase ' ‘ aspartate
transcarbamoylase

5nm

Figure 3-23 Molecular Biology of the Cell (© Garland Science 2008)
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I Protein types: enzymes

activation energy
for uncatalyzed reaction

g7
T A
EST
5 s
)
o
B
ES P
EP
progress .
of reaction

activation energy
for catalyzed reaction

Figure 3-46 Molecular Biology of the Cell (© Garland Science 2008)
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I Protein types: enzymes

Table 3-2 Many Vitamins Provide Critical Coenzymes for Human Cells

Thiamine (vitamin B,) thiamine pyrophosphate activation and transfer of aldehydes

Riboflavin (vitamin B,) FADH oxidation-reduction

Niacin NADH, NADPH oxidation-reduction

Pantothenic acid coenzyme A acyl group activation and transfer

Pyridoxine pyridoxal phosphate amino acid activation; also glycogen phosphorylase
Biotin biotin CO, activation and transfer

Lipoic acid lipoamide acyl group activation; oxidation-reduction

Folic acid tetrahydrofolate activation and transfer of single carbon groups
VitaminB,, cobalamin coenzymes isomerization and methyl group transfers

Table 3-2 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 4-5 Molecular Biology of the Cell (© Garland Science 2008) /
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DNA synthesis: 5’ -> 3’

3’ end of strand
|
(o]
5’ end of strand

el P ) | ioj C'Hz
1

PRIMER
STRAND

TEMPLATE
STRAND

1
pyrophosphate

OH | J\- oi clﬂz
' =R

]
incoming deoxyribonucleoside triphosphate

O

0= P—O‘
Figure 5-3 Molecular Biology of the Cell (© Garland Science 2008) 5’ end ofstrand
- I

i
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I\ polymerase

5’triphosphate
3
=
3
incoming HO

deoxyribonucleoside
triphosphate

(A) 5° 3
“thumb”

G —
pyrophosphate

A primer
strand

template
, strand

“fingers”

incoming
deoxynucleoside
triphosphate

template
strand
3'
—_—

5 POSITIONING
OF INCOMING :
DEOXYNUCLEOSIDE

TRIPHOSPHATE

(B) .
primer

strand

Figure 5-4 Molecular Biology of the Cell (© Garland Science 2008)

chain growth
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direction of
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I igh fidelity DNA synthesis

Table 5-1 The Three Steps That Give Rise to High-Fidelity DNA Synthesis

5’ — 3’ polymerization 1in10°
3' — 5’ exonucleolytic proofreading 1in 10?2
Strand-directed mismatch repair 1in 102

The third step, strand-directed mismatch repair, is described later in this chapter.

Table 5-1 Molecular Biology of the Cell (© Garland Science 2008)
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I D\ A mutations

Table 5-2 Some Inherited Syndromes with Defects in DNA Repair

MSH2, 3, 6, MLH1, PMS2

Xeroderma pigmentosum (XP)
groups A-G

XP variant

Ataxia telangiectasia (AT)

BRCA2
Werner syndrome

Bloom syndrome
Fanconi anemia groups A-G

46 BR patient

colon cancer

skin cancer, UV sensitivity, neurological
abnormalities

UV sensitivity, skin cancer

leukemia, lymphoma, y-ray sensitivity,
genome instability

breast, ovarian, and prostate cancer

premature aging, cancer at several sites,
genome instability

cancer at several sites, stunted growth,
genome instability

congenital abnormalities, leukemia,
genome instability

hypersensitivity to DNA-damaging
agents, genome instability

Table 5-2 Molecular Biology of the Cell (© Garland Science 2008)
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mismatch repair
nucleotide excision-repair

translesion synthesis by DNA polymerase 1

ATM protein, a protein kinase activated by
double-strand breaks

repair by homologous recombination
accessory 3’'-exonuclease and DNA helicase

accessory DNA helicase for replication
DNA interstrand cross-link repair

DNA ligase |




I D\ A amplification: PCR

"+DNA polymerase | DNA
— 1O HYBRIDIZATION raaTy SYNTHESIS
meeeeeseeesss  SEPARATE OF PRIMERS +dGTP FROM
double-stranded, STRANDS +dCTP PRIMERS

DNA \ +dTTP _
. N L P
e -
STEP 1 STEP 2 STEP 3
FIRST CYCLE

Figure 8-45a Molecular Biology of the Cell (© Garland Science 2008)
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I D\ A 0 RNA

DNA replication
DNA repair
genetic recombination

DNA

5 3’
, HHHH
3 5’

H1T
RNA synthesis
(transcription)

m3'

protein synthesis
(translation)

PROTEIN

H2N —<&— COOH

amino acids
Figure 6-2 Molecular Biology of the Cell (© Garland Science 2008)

Institut Mines-Télécom MINES
Saint-Etienne




(A) HOCH, O, OH

[ 1
used in ribonucleic
acid (RNA)
(B) o
I

C
HC” S NH
Il |

HC C
SNTTN,

I
H

uracil
used in RNA

HOCH, O, OH

used in deoxyribonucleic
acid (DNA)

thymine
used in DNA

Figure 6-4 Molecular Biology of the Cell (© Garland Science 2008)
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_ RNA: ribonucleic

acid
HOCH, O. OH HOCH, O. OH
H

OH OH OH

used in ribonucleic used in deoxyribonucleic
acid (RNA) acid (DNA)
Figure 6-4a Molecular Biology of the Cell (© Garland Science 2008) f/j
2
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I RNA: ribonucleic acid

O O
TN
3
HC” S NH Nc” ONH
e, ¢ e ¢
N N~ \O N N~ \O
| |
H H
uracil thymine
used in RNA used in DNA
Figure 6-4b Molecular Biology of th Cell (© Garland Science 2008) f//j




I RNA structures
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Figure 6-6 Molecular Biology of the Cell (© Garland Science 2008)
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I Transcription results in ss RNA
DNA

template strand

l TRANSCRIPTION

5'« 3
RNA
I—

Figure 6-7 Molecular Biology of the Cell (© Garland Science 2008)

)

MINES
Saint-Etienne

Institut Mines-Télécom




I Multiple types of RNA

Table 6-1 Principal Types of RNAs Produced in Cells

mRNAs messenger RNAs, code for proteins

rRNAs ribosomal RNAs, form the basic structure of the
ribosome and catalyze protein synthesis

tRNAs transfer RNAs, central to protein synthesis as adaptors
between mRNA and amino acids

snRNAs small nuclear RNAs, function in a variety of nuclear
processes, including the splicing of pre-mRNA

snoRNAs small nucleolar RNAs, used to process and chemically
modify rRNAs

scaRNAs small cajal RNAs, used to modify snoRNAs and snRNAs

miRNAs microRNAs, regulate gene expression typically by
blocking translation of selective mRNAs

siRNAs small interfering RNAs, turn off gene expression by

directing degradation of selective mRNAs and the
establishment of compact chromatin structures

Other noncoding function in diverse cell processes, including telomere
RNAs synthesis, X-chromosome inactivation, and the
transport of proteins into the ER

Table 6-1 Molecular Biology of the Cell (© Garland Science 2008)
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I RNA polymerase

3’ 5’ direction of DNA double
RNA polymerase transcription helix
sl
ribonucleoside

triphosphates
7

] . . ribonucleoside
, RNA exit active site  griphosphate
/ > channel uptake channel

newly synthesized shortregion of
RNA transcript DNA/RNA helix

Figure 6-8a Molecular Biology of the Cell (© Garland Science 2008)
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_______ ISV synthesis

transcription
start point

~35-30 |_' +30

- — =
BRE TATA INR DPE
general
consensus A
element transcription
sequence o
BRE G/CG/CG/ACGCC TFIIB
TATA TATAA/TAA/T TBP
INR C/TC/TANT/AC/TC/T TFIID
DPE A/GGA/TCGTG TFIID

Figure 6-17 Molecular Biology of the Cell (© Garland Science 2008) fj
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I R\As exported

s ST
NUCLEUS

200 nm

Figure 6-39b Molecular Biology of the Cell (© Garland Science 2008)
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BN 1 genetic code

AGA UUA AGC
AGG uuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU Guu UGA
Ala Arg Asp Asn Cys Glu GIn Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop
A R D N C E Q G H { L K M F P S T w Y '}
Figure 6-50 Molecular Biology of the Cell (© Garland Science 2008)
MINES
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B Three reading frames

5’ 3’
CUC AGC GUU ACC AU
—Leu Ser Val Thr —

5 a|UCA ||GCG ||UUA ||CCA |hU

— Ser Ala Leu Pro —

U AG GU UA AU
St s nssane adhteel imaneaes
— GIn Arg Tyr His —

Figure 6-51 Molecular Biology of the Cell (© Garland Science 2008)
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B 1 ansation: polyribosomes
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B Rihosomes: targets for antibiotics
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I Ribosomes: targets for antibiotics

Table 6-4 Inhibitors of Protein or RNA Synthesis

Acting only on bacteria

Tetracycline blocks binding of aminoacyl-tRNA to A-site of ribosome

Streptomycin prevents the transition from translation initiation to chain elongation and also causes miscoding
Chloramphenicol blocks the peptidyl transferase reaction on ribosomes (step 2 in Figure 6-66)

Erythromycin binds in the exit channel of the ribosome and thereby inhibits elongation of the peptide chain
Rifamycin blocks initiation of RNA chains by binding to RNA polymerase (prevents RNA synthesis)

Acting on bacteria and eucaryotes

Puromycin causes the premature release of nascent polypeptide chains by its addition to the growing chain end
Actinomycin D binds to DNA and blocks the movement of RNA polymerase (prevents RNA synthesis)

Acting on eucaryotes but not bacteria

Cycloheximide blocks the translocation reaction on ribosomes (step 3 in Figure 6-66)

Anisomycin blocks the peptidyl transferase reaction on ribosomes (step 2 in Figure 6-66)

a-Amanitin blocks mRNA synthesis by binding preferentially to RNA polymerase Il

The ribosomes of eucaryotic mitochondria (and chloroplasts) often resemble those of bacteria in their sensitivity to inhibitors.
Therefore, some of these antibiotics can have a deleterious effect on human mitochondria.

Table 6-4 Molecular Biology of the Cell (© Garland Science 2008)

Institut Mines-Télécom MINES
Saint-Etienne




I The Cell Membrane
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B \cmbrane proteins
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Figure 10-1b Molecular Biology of the Cell (© Garland Science 2008)
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I Single vs Double bonds
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Figure 2-9 Molecular Biology of the Cell (© Garland Science 2008)
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B 1y drophobic vs hydrophillic

H
H o ]
_ H
5t CEE 5 \ _H B H H
/ (o] N 7
CH H CH3 /o\
3 TN ) G
¢ /O /C=O (6]
acetone H
H\ H CH, H\o \o/
(0]
- /
d 7 0 o
,HSy 2
3 gt
water acetone in water

Figure 10-6 Molecular Biology of the Cell (© Garland Science 2008)

CH,
N
HC —CH3
-

CH,

2-methyl propane

o

2-methyl propane in water

i

MINES
Saint-Etienne




B Cc/| membrane lipids
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B Membrane structure
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Figure 10-8 Molecular Biology of the Cell (© Garland Science 2008)
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B \cmbrane composition

Table 10-1 Approximate Lipid Compositions of Different Cell Membranes

Cholesterol 17
Phosphatidylethanolamine 7
Phosphatidylserine 4
Phosphatidylcholine 24
Sphingomyelin 19
Glycolipids 7
Others 22

Table 10-1 Molecular Biology of the Cell (© Garland Science 2008)
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I \cmbrane asymmetry
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I \icmbrane proteins
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Figure 10-19 Molecular Biology of the Cell (© Garland Science 2008)
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I \cmbrane proteins
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I \cmbrane proteins
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I \icrbrane transport: transporters/channels
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B \cmbrane transport
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I /) ciive transport
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NS pumps: for maintaining osmolarity
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I Eukaryotic cell structure
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a role in cell motion:
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B \/isualising cells
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I Visualising cells: immunofluorescence
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I Visualising cells: EM
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I The cytoskeleton: rapid diss/assembly
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IRy cytoskeleton: filaments
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I Microtubules
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I Other filaments

Table 16-1 Major Types of Intermediate Filament Proteins in Vertebrate Cells

Nuclear lamins A, B, and C nuclear lamina (inner lining
of nuclear envelope)
Vimentin-like vimentin many cells of mesenchymal
origin
desmin muscle
glial fibrillary acidic protein glial cells (astrocytes and
some Schwann cells)
peripherin some nheurons
Epithelial type | keratins (acidic) ] epithelial cells and their
type Il keratins (basic) derivatives (e.g., hair and nails)

Axonal neurofilament proteins neurons
(NF-L, NF-M, and NF-H)

Table 16-1 Molecular Biology of the Cell (© Garland Science 2008)
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I \/occular motors: actin based (myosin)
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I Myosin in muscle

myosin heads

myosin tail

Figure 16-55¢ Molecular Biology of the Cell (© Garland Science 2008)
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NS polymerisation dependent movement
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I P oicin traffic: 3 types
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I Vesicular traffic
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I Signal sequences

Table 12-3 Some Typical Signal Sequences

Importinto nucleus -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

Export from nucleus - -Ala- -Lys- -Ala-Gly- -Asp- -

Import into mitochondria *H,N-Met-Leu-Ser-Leu-Arg-GIn-Ser-lle-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg-Thr-Leu-Cys-Ser-
Ser-Arg-Tyr-Leu-Leu-

Import into plastid *H,;N-Met-Val-Ala-Met-Ala-Met-Ala-Ser-Leu-GIn-Ser-Ser-Met-Ser-Ser-Leu-Ser-Leu-Ser-Ser-
Asn-Ser-Phe-Leu-Gly-GIn-Pro-Leu-Ser-Pro-lle-Thr-Leu-Ser-Pro-Phe-Leu-GIn-Gly-

Import into peroxisomes -Ser-Lys- -COO"

Importinto ER *H,N-Met-Met-Ser-Phe-Val-Ser- -Thr-Glu-Ala-Glu-
GIn-Leu-Thr-Lys-Cys-Glu-Val-Phe-GIn-

Return to ER -Lys-Asp-Glu- -COO~

Some characteristic features of the different classes of signal sequences are highlighted in color. Where they are known to be important
for the function of the signal sequence, positively charged amino acids are shown in red and negatively charged amino acids are shown in
green. Similarly, important hydrophobic amino acids are shown in white and hydroxylated amino acids are shown in blue. *H;N indicates
the N-terminus of a protein; COO~ indicates the C-terminus.

Table 12-3 Molecular Biology of the Cell (© Garland Science 2008) ﬁ
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I Transport to the lysosome
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I Transport to the lysosome
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Figure 13-53 Molecular Biology of the Cell (© Garland Science 2008)
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I Transport out of the cell

ENDOPLASMIC RETICULUM

I

GOLGI
2 N I
SECRETORY
LATE ENDOSOME VESICLES
lL
LYSOSOME
_\/
EARLY ENDOSOME
CELL EXTERIOR

Page 799 Molecular Biology of the Cell (© Garland Science 2008) fj

Institut Mines-Télécom MINES
Saint-Etienne




I The Mitochondrion
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I Chemiosmotic coupling
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I cctron transport chain
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I Energy from food generates NADH
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I Biological systems store energy
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I Oxidative phosphorylation
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B Gcneration of membrane potential
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I ATP:ADP ratio is high
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I Energy yields

Table 14-1 Product Yields from the Oxidation of Sugars and Fats

In cytosol (glycolysis)
1 glucose — 2 pyruvate + 2 NADH + 2 ATP

In mitochondrion (pyruvate dehydrogenase and citric acid cycle)
2 pyruvate — 2 acetyl CoA + 2 NADH
2 acetyl CoA— 6 NADH + 2 FADH, + 2 GTP

Net result in mitochondrion
2 pyruvate — 8 NADH + 2 FADH, + 2 GTP

In mitochondrion (fatty acid oxidation and citric acid cycle)
1 palmitoyl CoA — 8 acetyl CoA + 7 NADH + 7 FADH,
8 acetyl CoA — 24 NADH + 8 FADH, + 8 GTP

Net result in mitochondrion
1 palmitoyl CoA — 31 NADH + 15 FADH, + 8 GTP

Table 14-1 Molecular Biology of the Cell (© Garland Science 2008)
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I \iochondria: key role in cell metabolism
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Institut Mines-Télécom MINES
F Saint-Etienne




I The cell cycle

Meiosis and Mitosis

MEIOTIC S PHASE

MEIOSIS |

MEIOSIS Il

(R)

(B)
paternal homolog
maternal homolog

{ DNA REPLICATION

®.9F

I PAIRING OF DUPLICATED
HOMOLOGS

®)

l HOMOLOG PAIRS LINE
UP ON THE SPINDLE

®

MITOSIS

t DNA REPLICATION

DUPLICATED

l SEGREGATION OF HOMOLOGS CHROMOSOMES

AT ANAPHASE |

&

@

haploid gametes

l SISTER CHROMATIDS

AT ANAPHASE Il

Figure 17-47 Molecular Biology of the Cell (© Garland Science 2008)
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I The cell cycle

3 CELL
DIVISION

daughter cells

1 CELLGROWTH

AND CHROMOSOME
REPLICATION
e )
CYCLE!‘
2 CHROMOSOME
SEGREGATION
Figure 17-1 Molecular Biology of the Cell (© Garland Science 2008) ;/j
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I The cell cycle

M PHASE

mitosis

: (nuclear N
' division) cytokinesis
G, PHASE ' (cytoplasmic
i | M division) .-~

INTERPHASE

S PHASE

G, PHASE
(DNA replication)

Figure 17-4 Molecular Biology of the Cell (© Garland Science 2008)
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I e el cycle: cyclins control checkpoints

G,/S-cyclin S-cyclin M-cyclin
J\ |
start\i 2/M metaphase anaphase

G. S

‘ _cyclin
V1l 11y, 2

G,/S-Cdk  S-Cdk M-Cdk

' c G,

APC/C

Figure 17-16 Molecular Biology of the Cell (© Garland Science 2008)
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Apoptosis: programmed cell death

engulfed dead phagocytic
cell cell

Figure 18-1 Molecular Biology of the Cell (© Garland Science 2008)
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I Apoptosis: during embryonic develop.

(A) (B) | -

Figure 18-2 Molecular Biology of the Cell (© Garland Science 2008)
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I Apoptosis: mediated by caspases

procaspase activation active
by cleavage caspase

/ large

subunlt small

subunn
/ \
41—> ﬁﬂ
S'tes CLEAVAGE
11 1\W\N
COOH COOH | f active
caspase
inactive prodomams
procaspases

Figure 18-5a Molecular Biology of the Cell (© Garland Science 2008)
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I Apoptosis: can be signalled from outside

killer lymphocyte
Fas ligand

targetcell Fasdeath receptor

iy

FADD I: death domain

adaptor | W death effector activated
protein caspase-8 or 10

domai ‘
death effector ' ' i‘
domain 7

activation of
executioner

procaspase-8 or 10

— _ _ Caspases ——»  apoptotic
OF DISC CLEAVAGE OF
PROCASPASE-8,-10,
ORBOTH

Figure 18-6 Molecular Biology of the Cell (© Garland Science 2008)
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I  Apoptosis: can be signalled from mito.

?—CARD domain

(A) Apaf1
r procaspase-9
O
t CARD domain : ;
ﬁd assembly of '

release of @ .ctivationo
cytochrome ¢ Apaf1 by apoptosome triggered
cytochrome ¢ by release of dADP
and hydrolysis of in exchange for
bound dATP to dADP dATP (or ATP)

A 4

recruitment and @
activation of
procaspase-9

caspase-9 cleaves and
thereby activates
executioner procaspases

B cytochrome ¢ l
in intermembrane
space CASPASE CASCADE
LEADING TO APOPTOSIS

& APOPTOTIC
STIMULUS

mitochondrion

Figure 18-8 Molecular Biology of the Cell (© Garland Science 2008)
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BN || types

cells of inner cell mass

~ - ®

fat cell

neuron

early embryo
(blastocyst)

Figure 8-5 Molecular Biology of the Cell (© Garland Science 2008)
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I Cell Communication

EXTRACELLULAR SIGNAL MOLECULE

RECEPTOR PROTEIN

— plasma membrane of
target cell

INTRACELLULAR SIGNALING PROTEINS

x - [ — EFFECTOR PROTEINS

metabolic generegulatory cytoskeletal
enzyme protein protein

! 1 l

altered cell
shape or
movement

altered altered gene
metabolism expression

Figure 15-1 Molecular Biology of the Cell (© Garland Science 2008) fj
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B EXxtracellular receptors
CELL-SURFACE RECEPTORS

plasma membrane
cell-surface

receptor protein

hydrophilic signal
molecule target cell

Figure 15-3a Molecular Biology of the Cell (© Garland Science 2008)
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I ntracellular receptors
INTRACELLULAR RECEPTORS

small hydrophobic
signal molecule
o0 <
/ target cell

carrier protein

nucleus

intracellular receptor protein
Figure 15-3b Molecular Biology of the Cell (© Garland Science 2008)
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I T\ pes of signalling molecules

* Proteins

« Small peptides

 Amino acids

* Nucleotides

« Steroids

* Retinoids

« Fatty acid derivatives

* Dissolved gases (NO, CO)

i
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I ntercellular signalling

(A) CONTACT-DEPENDENT

signaling cell  target cell

/

(B)

PARACRINE

signaling
cell

A cells
>

synapse
neuron
‘ |\
axon I
cell neurotransmitter targetica
body

bloodstream

target cell

membrane- local —
bound signal mediator
molecule
(C)  SYNAPTIC (D) ENDOCRINE
endocrine cell receptor

target cell

Figure 15-4 Molecular Biowyy ui uie Cen (& Gailaiiu Suieiive 2uuo)
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I Signalling can be slow or fast

extracellular signal molecule

@
intracellular signaling l cell-surface
pathway @ — receptor protein

nucleus

ALTERED

FAST PROTEIN RNA SLOW
(< sec to mins) FUNCTION (mins to hrs)

\ ALTERED PROTEIN SYNTHESIS

\ /

ALTERED CYTOPLASMIC MACHINERY

ALTERED CELL BEHAVIOR

Figure 15-6 Molecular Biology of the Cell (© Garland Science 2008)
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B Cells selectively respond to signals

A\ ®
_— -Gnowwwme(
O—®

D
A

N
B— @ = DIFFERENTIATE
N\

F

apoptotic
@ - DIE m=p %% el

Figure 15-8 Molecular Biology of the Cell (© Garland Science 2008) ;/j

_ Institut Mines-Télécom

MINES
Saint-Etienne




I\ sample signalling pathway

extracellular signal molecule
receptor protein e

plasma membrane

[

CYTOSOL

,,,'\\\5 PRIMARY
@ TRANSDUCTION
SCAFFOLD /ll\\\
“ "‘ RELAY
71 Ii‘i‘; 11 TRANSDUCE AND
0000000 AMPLIFY
|
= 4
\ lil /
Niage o
v INTEGRATE
N
\"b'\" -
._4-5:: W ”"l-“‘ e :5—>—> SPREAD
- ANCHOR
}
I MODULATE
nuclear envelope ,m‘
=
_— NUCLEUS
activated effector protein “ t d EFFECTOR PROTEIN
T Activatedgene (R o IVATION
DNA
signal response 1
element GENE TRANSCRIPTION

Figure 15-17 Molecular Biology of the Cell (© Garland Science 2008)
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B Ca’fis a ubiquitous mediator

Cytosol 10 "M
Extracellular fluid 10 3 M
ER 10 “M

Eqgg fertilisation triggers Ca?*

5 ’:- "-- vy
NS -~
L, Y 3

Ny 4 -
) 'll X 2 F’,‘
<S5 ' r
4 > .

time 0 sec 10 sec 20 sec 40 sec

pog
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N 1S types

Four Types of Animal Tissue:

1.

Epithelial/Barrier Tissue

« Covers body surfaces and lines organs,

cavities and ducts, glands too

Connective Tissue

* Protects and supports. Bind organs,
stores energy as fat, helps provide
iImmunity

Muscle Tissue

« Generates physical force to make body

move and generates body heat

Nervous Tissue

« Detects changes in environment inside
and out and responds by generating
action potentials that activate muscle
contractions and secretions

i
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1
epithelial
tissue

basal
lamina

2

connective
tissue

collagen —
fibers

Cell junctions, adhesions and ECM

mechanical stresses

are transmitted from

cell to cell by cytoskeletal
filaments anchored to
cell-matrix and cell-cell
adhesion sites

directly bears mechanical
stresses of tension and
compression

Figure 19-1 Molecular Biology of the Cell (© Garland Science 2008)
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AT i ik

J

(A) ANCHORING (B) OCCLUDING (C) CHANNEL-FORMING (D) SIGNAL-RELAYING
JUNCTIONS JUNCTIONS JUNCTIONS JUNCTIONS

Figure 19-2 Molecular Biology of the Cell (© Garland Science 2008) fj
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B junctions

APICAL

tight junction seals gap

OCCLUDING JUNCTION between epithelial cells

junctional adherens junction connects
complex actin filament bundle in one
CELL-CELL cell with that in the next cell

ANCHORING JUNCTIONS
2’ desmosome connects inter-
mediate filaments in one
cell to those in the next cell
CHANNEL-FORMING

gap junction allows the

JUNCTIONS
/ ﬁ passage of small water-

CELL-MATRIX soluble molecules from cell
ANCHORING JUNCTIONS to cell
J \_ ool SO
BASAL / |
actin-linked cell-matrix adhesion hemidesmosome anchors intermediate
anchors actin filaments in cell filaments in a cell to extracellular matrix

to extracellular matrix
Figure 19-3 Molecular Biology of the Cell (© Garland Science 2008)
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I Basal lamina /basement membrane

epithelial cells

basal lamina

collagen

Figure 19-40 Molecular Biology of the Cell (© Garland Science 2008)
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I ECM molecules

,..jeaee»o laminin moé perlecan
type IV collagen

e AN~
fibrillar collagen ‘r decorin

n< fibronectin I | W%WW%— aggrecan
100 nm

Figure 19-41 Molecular Biology of the Cell (© Garland Science 2008)
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I Model of basal lam

(A)

na

nidogen

perlecan

e =00

(B)

perlecan

§ laminin /

...i—_e

Figure 19-43 Molecular BiolWell (© Garland Science 2008) f/j
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B -\ nolecules: integrins

extracellular matrix protein

:

o subunit

active
integrin )
B subunit

Figure 19-45 Molecular Biology of the Cell (© Garland Science 2008)
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I Integrin mediated T cell activation

/ h

e e

~ LFA1 T-cell ~LFA1
ant|gen integrin receptor P4 &Y integrin
—ICAM  \HC — ICAM
protein

antigen-presenting cell ——— —_—

WEAK BINDING OF LFA1 ANTIGEN RECOGNITION BY LFA1 INTEGRIN BINDS
INTEGRINTO ICAM T-CELL RECEPTOR SENDS MORE STRONGLY TO ICAM
SIGNAL TO ACTIVATE
LFA1 INTEGRIN

Figure 19-50 Molecular Biology of the Cell (© Garland Science 2008)
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I /dhesion molecule summary

Table 19-5 Cell Adhesion Molecule Families

Cell-Cell Adhesion

Classical cadherins E,N, P, VE yes homophilic actin filaments (via adherens junctions,
catenins) synapses
Desmosomal desmoglein, yes homophilic intermediate filaments desmosomes
cadherins desmocollin (via desmoplakin,
plakoglobin, and
plakophilin)
Ig family members N-CAM, ICAM no both unknown neuronal and
immunological synapses
Selectins (blood cells  L-, E-, and yes heterophilic actin filaments (no prominent junctional
and endothelial cells  P-selectins structure)
only)
Integrins on blood cells aLB2 (LFA1) yes heterophilic actin filaments immunological synapses
Cell-Matrix Adhesion
Integrins many types yes heterophilic actin filaments (via focal adhesions

talin, paxillin, filamin,
a-actinin, and vinculin)

a6p34 yes heterophilic intermediate filaments hemidesmosomes
(via plectin and dystonin)
Transmembrane syndecans no heterophilic actin filaments (no prominent junctional
proteoglycans structure)

Table 19-5 Molecular Biology of the Cell (© Garland Science 2008)
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B Connective tissue

epithelium \E""“ AMTMM
® L JUCIC .&3

basal lamina— et

=t collagen fiber

% iad

macrophage —-{é} =

@

@— capillary =

LLl

=

fibroblast elastic fiber E

2

mast cell %

hyaluronan, —_ w
proteoglycans, and
glycoproteins

g |
50 um

Figure 19-53 Molecular Biology of the Cell (© Garland Science 2008) )/
/J
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I Connective tissue: hydrogels

®
COO CH20503 COO CH20$0;.;Q globular protein (MW 50,000)
o
OSO OSOQ 6:;)
3 . glycogen (MW ~ 400,000)
g b —
0503 NHSO.». 0503 NHSO; spectrin (MW 460,000)

N-acetylglucosamine glucuronic acid

L I collagen (MW 290,000)
repeating disaccharide
QR0
Hyaluronic acid

ij
Chondroitin sulfate

Dermatan sulfate X &
Heparan sulfate S
Keratan sulfate

i

‘\,_/

Glycosaminoglycans:
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é)

6
Figure 19-55 Molecular Biology of the Cell (© Garland Science 2008) Ihyaluronan (MW8x10 )I
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1

N -
———4

|

cell body dendrites axon (less than 1 mm to terminal branches
more than 1 min length) of axon

Figure 11-28 Molecular Biology of the Cell (© Garland Science 2008)
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I \curons

nerve terminal of
presynaptic cell

neurotransmitter
in synaptic vesicles

—— synaptic cleft

transmitter-
A\-—K gated ion

channel

~ postsynaptic
target cell

RESTING CHEMICAL SYNAPSE

target cell
plasma membrane

.-u——t&L

ACTIVE CHEMICAL SYNAPSE

Figure 11-35a Molecular Biology of the Cell (© Garland Science 2008)
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I Neuromuscular junction

muscle cell myelinated axon  nerve

body of axon terminals L

1
Schwann cell O pm

Figure 11-36 Molecular Biology of the Cell (© Garland Science 2008)
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I Synapses require complex adhesion

AXON |
vesicle-docking
neurexin . A protein
synaptic
neuroligin vesicles voltage-gated

\ Ca2+ channel

presynaptic . cadherin
membrane '

Ig-superfamily
postsynaptic members
membrane P d ! — neurotransmitter

receptor

ion channel scaffold \-actin anchor protein

proteins

DENDRITE

Figure 19-22c Molecular Biology of the Cell (© Garland Science 2008) fj
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Cellular Diversity

B The average adult has
nearly 100 trillion cells

B There are about 200
different types of cells

B Cells come in a variety of
shapes and sizes

B Cellular diversity permits
organization of cells into
more complex tissues
and organs

Copyright 2009 John Wiley & Sons, Inc.

ey @

Sperm cell

Smooth muscle cell

Nerve cell

Red blood cell

Figure 03.35 Tortor
Copyright © John Wleya nd Sons, Inc. All rights reserved.
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I  \What is a Tissue?

B Atissueis a group of cells
Common embryonic origin
* Function together to carry out specialized activities

B Hard (bone), semisolid (fat), or liquid (blood)
B Histology is the science that deals with the study of tissues.

B Pathologist specialized in laboratory studies of cells and tissue for
diagnoses

Copyright 2009 John Wiley & Sons, Inc.
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Nl Tissues as building blocks of organ systems

Human body

10 major organ systems

A MUSCULAR SYSTEM A SKELETAL SYSTEM A CIRCULATORY SYSTEM A NERVOUS SYSTEM A LYMPHATIC (IMMUNE) SYSTEM

The muscular system consists The skeleton s a strong yet This system consists of The nervous system is the This system 1S a network of E h

of layers of muscles that flexible framework of bones the heart and a network body's main control system vessels that collects fluid a c o rga n e .g.’ u ng
cover the bones of the and connective tissue, It of vessels that carry blood It consists of the brain, the from tissues and returns it to

skeleton, extend across provides support for the It supplies oxygen and spinal cord, and a network the blood, It also contains
joints, and can contract and body and protection for nutrients to the body's cells of nerves that extend out groups of cells that protect
relax to produce movement many of its internal parts. ind removes waste products. to the rest of the body the body against infection

FEMALE

Functional units
ﬁ? (e.g., alveoli)

A RESPIRATORY SYSTEM A ENDOCRINE SYSTEM A DIGESTIVE SYSTEM A EXCRETORY SYSTEM A REPRODUCTIVE SYSTEM
The respiratory system is Many body processes, such The digestive system takes The body's cells produce The male and female parts
centered on the lungs, which as growth and energy in the food the body needs waste products, many of the reproductive systen
work to get life-giving production, are directed by to fuel its activities. It breaks of which are eliminated in produce the sperm and
oxygen into the blood. They hormones. These chemicals the food down into units urine. The job of the urinary eggs needed to create a
also rid the body of a waste are released by the glands called nutrients and absorbs system s to make urine new person. They also bring

[
product, carbon dioxide of the endocrine system the nutrients into the blood and expel it from the body. these tiny cells together I ISS u e S fj
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Nl Epithelial Tissues

B Epithelial tissue consists of cells arranged in continuous
sheets, in either single or multiple layers
* Closely packed and held tightly together
* Covering and lining of the body
* Free surface

B 3 major functions:

* Selective barrier that regulates the movement of materials in and out of
the body

* Secretory surfaces that release products onto the free surface
* Protective surfaces against the environment

Copyright 2009 John Wiley & Sons, Inc.
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I General Features of Epithelial Cells

Basement membrane
* Thin double extracellular layer that

Apical(ree)  Lateral Isurfaces serves as the point of .attach.men-t
| and support for overlying epithelial
tissue
Basal lamina
— Epithelium * Closer to and secreted by the

epithelial cells

« Contains laminin, collagen,
Basal } glycoproteins, and proteoglycans

lamina Basement

membrane Reticular lamina
 Closer to the underlying connective

Reticula
lamina

Connective

tissue tissue
Nerve Blood vessel ¢ Contain§ col_lagen secreted by the
Copwian o iy an ons, . Al connective tissue cells

Copyright © John Wiley and Sons, Inc. All rights reserved.
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I Connective tissue

epithelium \E“’" _/T.ﬁf-’}""‘
L1 OQJ
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12}
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O
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proteoglycans, and
glycoproteins

Figure 19-53 Molecular Biology of the Cell (© Garland Science 2&"8)
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I Connective Tissue

Most abundant and widely distributed tissues in the body
Numerous functions

* Binds tissues together

e Supports and strengthen tissue

* Protects and insulates internal organs

* Compartmentalize and transport Copyright 2009 John Wiley & Sons, Inc.

* Energy reserves and immune responses

Macrophage

Collagen
fiber

Elastic s

fiber ﬁ S -
Ground S
substance jt -
% Y \»
Blood vessel ﬂ;

)

Adipocyte

Figure 04.06 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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—t Liquid Connective Tissue

Blood tissue
* Connective tissue with liquid extracellular matrix called blood plasma

B Lymph

immature
neutrophils

erythrocyte
precursors

immature
megakaryocyte

immature immature erythrocyte immature
eosinophil monocyte lymphocyte

right 2009 John Wiley & Sons, Inc. ;i
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= Blood cells

O
8

@ . T cell
®—@
lymphoid

progenitor B cell

@ %? dendritic cell

C@ @ T dendritic cell
multipotent multipotent
hemopoietic hemopoietic — @ —_— macrophage
stem cell progenitor monocyte osteoclast

I &”5;,3"
neutrophil
@ ~ @ - I eosinophil
oo @ — basophil

myeloid

progenitor
mast cell
o

o
¢ — platelets

S @ { m?egakaryocyte
@ T O erythrocyte

STEM CELL COMMITTED PROGENITORS DIFFERENTIATED CELLS

Figure 23-42 Molecular Biology of the Cell (© Garland Science 2008)
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Muscular Tissue

Consists of elongated cells called muscle fibers or myocytes
* Cells use ATP to generate force
* Several functions of muscle tissue
* Classified into 3 types: skeletal, cardiac, and smooth muscular tissue

heart muscle cell smooth muscle cell myoepithelial cell

R e

| I |
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Nl Nervous Tissue

B Consists of two principle types of cells

Neurons or nerve cells

Neuroglia

TABLE 4.6

Nervous Tissue

Description: Consists of neurons (nerve cells) and neuroglia. Neurons consist of a cell body and processes extending from

the cell body (multiple dendrites and a single axon). Neuroglia do not generate or conduct nerve impulses but have other
important supporting functions.

Location: Nervous system.

Function: Exhibits sensitivity to various types of stimuli, converts stimuli into nerve impulses (action potentials), and conducts
nerve impulses to other neurons, muscle fibers, or glands.

./‘ L

o
Nucleus of )\
neuroglial -
cell

Dendrite \
) 4N

Nucleus in
cell body

Axon

Neuron of spinal cord

Table 04.06 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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_ Excitable Cells

B Neurons and muscle fibers
B Exhibit electrical excitability

* The ability to respond to certain stimuli by producing electrical signals such as
action potentials

* Actions potentials propagate along a nerve or muscle plasma membrane to
cause a response

— Release of neurotransmitters
— Muscle contraction

Copyright 2009, John Wiley & Sons, Inc.
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B Outline

B Basics: individual molecules: DNA, RNA, proteins, lipids,
sugars, proteins

B Elements of the cell; plasma membrane, nucleus
(transcription), ribosome (translation),

B Elements of the cell contd.; cytoskeleton, mitochondria
(energy) transport, cell division

B Cell types and function; neurons, epithelial cells, muscle
cells, blood cells,
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