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Biomolecules (Organic molecules)

¢ Are synthesized by living organisms and contain
carbon atomes.

s Four major classes: carbohydrates, lipids,
proteins and nucleotides.

TABLE 2.1 Common Functional Groups Found in Biomolecules

Functional group Chemical formula Structure Chemical property
Hydroxyl —OH —0—H Polar
Sulfhydryl —SH —S—H Polar
Phosphate 0
|
—HPO,~ —O—IIJ—OH Polar
0—
Carboxyl 0
Va
—COOH —F Acid
B
OH
Amino H
#
—NH, —N Base
i



Carbohydrates: C (H,0O), = (CH,0),

(a) Monosaccharides

CH,OH

" © | HOCH, H
H
OH H o

HO CH,OH
H OH OH H

Sucrose
(Glucose + Fructose)

CH,0OH CH,0OH

Lactose
(Galactose + Glucose)

(b) Disaccharides

Fructose

Galactose

Notice the hydroxyl groups: These

make carbohydrates polar.

Glycogen
(c) Polysaccharide



Lipids
“*Nonpolar molecules do not dissolve In
water (fat & oil).

“*Four main classes: triglycerides,
phospholipids, eicosanoids and steroids.

i
H—c—o—c\ /CH’\ /CH’\ /CHZ\ /CHZ\ /CH‘\ /CH’\ /CH’\
CH, CH, CH, CH, CH, CH, CH, CH,
1
H—c—oﬁc\ /CHZ\ /CHZ\ /CHZ\ /CHz\ /CHZ\ /CHZ\ /CHZ\
CH,  CH, CH, CH,  'CH, CH, CH,  CH,
i
H—Cc—0-—C CH CH CH CH CH CH CH
S A i O S s i S
i CH, CH, CH, CH, CH, 3 CH, CH,
CH, CH,
o cH, ~cH cH,
| \ | |
- N CH, CH CH—CH,
a0 C\A/WWA/ CH, “cH ch =
| |
CH, CH CH,
= e
Ll ; | o “cH, TcH,
Hydrophilic Hydrophobic CH—O0--C (a) Steroid ring structure
head tails NN AN N
CH 0 CHy _CH;
: I SCH CH, oh OH
— Nt — — —0—P—0—-C CH; | ~CHs CH,
CH,—N CH,—CH,—0 FI' 0-—CH, CH,—CH
CH
CH, o CH, ’ CHy
Il i I : |
Hydrophilic (polar) head Glycerol  Hydrophobic (nonpolar) tails HO 0
(phosphate-containing group) backbone (two fatty acid chains)

(b) Cholesterol (c) Testosterone



Triglycerides (Neutral fat)
Triglyceride = glycerol + 3 fatty acids

R R TR
- i 5 F _-_:-I;;_:f'ﬁ i

» Glycerol = 3-carbon alcohol
» Fatty acid = long carbon acid chain :
® Saturated fatty acids
® Unsaturated fatty acids
» Fatty acid chains make triglycerides hydrophobic

T 0
I
H=C—0—C  CH,  CH,  CH,  CH,  CH,  CH,  CH,
CH, CH, CH, CH, CH, CH, CH, CH,
I
H—C—0-—C  CH, CH,  CH, CH,  CH,  CH,  CH,
CH, CH, CH, CH, CH, CH, CH, CH,
I
H—C—0-—C  CH, CH,  CH,  CH,  CH,  CH,  CH, .
| CH CH, CH, CH, CH, CH, CH, CH,

H 2



Phospholipids

Amphipathic molecules m

Structures formed by
phospholipids In an
agueous environment

I | L |
| I

Hydrophilic Hydrophobic
head tails

Water

Ve J ol 2 27
R Rp—Fuivivt
(a) Phospholipid bilayer (b) Micelle



Eicosanoids

“*Modified 20-carbon unsaturated fatty acids
that function in intercellular communication.

**Polar molecules and include prostaglandins,
thromboxanes, leukotrienes.

O

H
CH CH CH, O
2 AN
H CH=CH cH; ¢
OH
H CH CH, CH,.  CH,
y H\ cH”  “cH” ““cH CH,”
OH |

OH



Steroids

9773 5f F R AU e pr A (acetyl-coenzyme A,
acetyl-CoA) 2 4 e RIS ATRTE o

7 e enRg % ¢ ,,__— TR hE s ARy TR R0 TP
R SR A R SN S U ] ﬁf °

o X FE A P ,i L¥ BT R d AT A
Estrogen, Testosterone, Cortisol, Aldosterone -

% Cholesterolqg— e R g FEE 0 <30 H s 3 FH R

2 4R

o A i e A R N

CH, _CH
a8 2 o 2
cH, CH CH,
| | |
CH, CH _CH— CH,

e = —
cif e EH =
| | |
CH, CH CH,

SCH, “CH,

(a) Steroid ring structure 8



Proteins
¢ 16.3% of the body weight (~9.8 kg protein/60 kg

BW).
*» Polypeptides=Polymer of amino acids (20
different kinds).
¢ Peptides (generally 2-50 aa) & Proteins (greater
than 50 aa) i
Amino R Carboxyl ORI Glutamate I]ile
group group group o o o e
i | /o anine =0 CH,
> N—C— C/ AICH3 CH, <|:1-|2 <]:H2
H IL OH H,N — cl: —COOH  H,N —(I: —COOH  H,N —cI: —COOH  H,N— cl: — COOH
y y y y
(a) Amino acid (b) Chemical structures of four amino acids



Functions of Proteins

» Construction of human structures

» Repair of human tissue

» Normal metabolism and substances transport

» Osmotic balance (albumin) R e

> Acid-base balance L* Eae il s

> Immune functions

» Various enzymes

» Hormones synthesis —

» Neurotransmitters H]

> Collagen — - B cotiiariconsiucion ioken

> Energy sources of life L“wﬁ}
FES 0

Elood

The hemoglobin protein

._ﬂ.w-d
a.

Brain and MNerves

g I gh'g,r Ilnwin
m II

Muscles

Muscle proteins called

actin and myosin enable
all muscular movamen t—
from blinking to breathing
to rollerblading.




Nucleotides

(®) ® wm, IS 2
~C _, Purines ¢
Nl 6 sC 74 N\ HNl 6 5C 7N
H(|: 4(||: JECH | I scn
-\3 AL <N C“\3 o9/
N VAR ~N
| H,N N7 |
s sz H
CH (Adenine, A) (Guanine, G)
2.0 IR IE
g O O NH
DhmAE I I | ’
C~ C ¢
e ~ ZC N
s s i il s
|
| cl_l SCH €l L Jen Ce 1 BCH
. . N
28 (Nucleoside) O/ TI\T O/ \Tf O/ \TI\T
| | I H H
e . FRIBLE BRI FRlElE
2 iE :
BE B Nucleotide) (Uracil, U) (Thymine, T) (Cytosine, C)
Pyrimidines

11
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The Generalized Cell

Cell Biology is the study of cellular structure and
function.

The cell 1s a living structural and functional unit
of the body.

The three main parts of a cell are the plasma
membrane, cytoplasm, and nucleus.

Plasbma

perodatong TP T ;
of sentence
in this text. cell jeseiia “RIBOSON s, o HY:thr%

| ] | ;

100! um TOOlum 10I|.1m 1.0Iprn 0.1I|.1m 0.01Ium 0.00I1 um 0.0001 um
Can be seen with:
Human eye
Light microscope
Electron microscope 13

Scanning tunneling microscope



Cell Structure

Flagellum Cilium

s 2 . NUCLEUS:
Cytoskeleton: : Proteasome (':thr?matm
Microtubule uclear pore
Nuclear
Microfilament envelope
Nucleolus

Intermediate filament

Glycogen granules

N, \

Centrosome:
Pericentriolar CYTOPLASM
material (cytosol plus

organelles except

Centrioles gl
PLASMA
MEMBRANE Rough
Secretory vesicle endoplasmic
reticulum
Lysosome
Ribosome

Smooth
endoplasmic
reticulum

Golgi complex

Peroxisome

Mitochondrion

Microtubule

Microfilament



Cytoplasm - 2 components

1. Cytosol - intracellular fluid, surrounds the organelles
- the site of many chemical reactions
- energy Is usually released by these reactions

- reactions provide the building blocks for cell maintenance,
structure, function and growth

2. Organelles - specialized structures within the cell

B Plasma membranes E—

ﬁ Nucleus \

AN Organelles -

(a) Cytoplasm (b) Cytosol

15



Cell Structures

Cell part

Plasma membrane

Nucleus

Nucleolus
Cytosol
Membranous organelles

Rough endoplasmic
reticulum

Smooth endoplasmic
reticulum

Golgi apparatus

Mitochondria

Lysosomes

Peroxisomes

Structure

Lipid bilayer with scattered proteins
and cholesterol molecules

Surrounded by double-layered nuclear
envelope

Dark oval structure inside the nucleus

Gel-like fluid

Continuous with the nuclear envelope;
flattened sacs dotted with ribosomes

Continuous with rough endoplasmic
reticulum; tubular structure without
ribosomes

Series of flattened sacs near the
endoplasmic reticulum

Oval-shaped, with an outer membrane

and an inner membrane with folds called

cristae that project into the matrix

Granular, saclike; scattered throughout
the cytoplasm

Similar in appearance to lysosomes,
but smaller

and Functions

Function

Maintains boundary of cell and integrity of cell structure;
embedded proteins serve multiple functions

Houses the DNA, which dictates cellular function and
protein synthesis

Synthesis of ribosomal RNA

Cell metabolism, storage

Protein synthesis and post-translational processing

Lipid synthesis and post-translational processing of
proteins; transport of molecules from endoplasmic
reticulum to Golgi apparatus; calcium storage

Post-translational processing; packaging and sorting
of proteins

ATP synthesis

Breakdown of cellular and extracellular debris

Breakdown of toxic substances, including hydrogen peroxide

16



Cell Structures and Functions

Cell part
Nonmembranous organelles

Vaults

Ribosomes

Centrioles

Cytoskeleton

Structure

Small, barrel-shaped

Granular organelles composed of proteins
and rRNA; located in cytosol or on surface
of rough endoplasmic reticulum

Two cylindrical bundles of protein filaments
that are perpendicular to each other

Composed of protein filaments, including
microfilaments, intermediate filaments,
and microtubules

Function

Unknown; possibly transport of molecules between nucleus
and cytoplasm

Translation of mMRNA to synthesize proteins

Direction of mitotic spindle development during cell division

Structural support of cell; cell movement and contraction

17



Plasma Membrane
(Cell Membrane)

Extracellular fluid

Carbohydrate

chain bound
to lipid Carbohydrate chain

- bound t tei
Glycolipid oV A ound to protein
Integral Glycoprotein
membrane Cholesterol molecule
proteins Phospholipid -
Peripheral head (polar)
membrane —Fatty acid tails -Phospholipid
proteins CI (nonpolar) bilayer
Filament of// Ot I - = _J :_\ Phospholipid -
cytoskeleton izt S head (polar)

18



Membrane Functions

e Barrier between inside and outside of cell

— Fluid inside cell = intracellular fluid (1CF)
— Fluid outside cell = extracellular fluid (ECF)

e Controls entry of materials- Transport
e Recelves chemical and mechanical signals

e Transmits signals between intra- and extra
cellular spaces (cellular communication)

* Link adjacent cells together by membrane
junctions

o Anchor cells to the extracellular matrix

19



Extracellular Matrix

- &8 5 BE (proteoglycan) :

gel Ti}géx_ B EERLEXBE (glycosaminoglycan, GAG)HERY
KHARAN — 3T ER 8% (hyaluronic acid)
HE
foelER - BREBS ~» #1%&ES
L ?ﬁﬁﬁﬁfﬁ% = _|: (collagen) (elastin)
fiber grid Lgsavem - miemmss « Baasa

(fibronectin) (laminin)

> o fmre LI mre vt 2 B ek
S N 1 ﬁ%’—"“rﬁ_z\? FIE PP

cy Bihgelr i

S > L end w2 ER R T

T ¥ A A L IR

gﬁfr Jg‘ Z it #
= SR AL B | 20




Membrane Lipid
— 2 FuC b enPg BTAL S %% (membrane

lipid) » v F_fwmieiena & & 42 - o=
N 2 A % #
’ ﬁ";\'ﬁ“ﬂ?g&‘méj‘% e o ool £

— "% 2 & 3 B B (phospholipid) ~ #%
# B% (cholesterol) f=p% 3 (glycolipid)
S BT ERE o

— P A TR AR A
(amphipathic molecule) » ¥ & 5 ¢ =F
‘ETﬁﬁ - ﬂ} /;":"Elby,k ']‘iﬁj‘gﬁ%'g (*@'Tiiﬁ%) ’fr f—'FhosphnlipidBilayar—m\

- Bk It (2HEEE) o Ugu % S
— fmie pendl AR ZE S d BRig e S A }{
7|25 = enfg B EE & (lipid bilayer) » mg
¢ 3K MR R S ] o AR m{ {
e ok & e IR R SRR ek f‘ﬁﬁrj

ARG AR > B Y iRy 1

| Fatty acid chain |
| Fatty acid chain
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. E_F]c* 2 E 53 E’ﬁ)?:]fgr, ki 7 & a350% 12

§ LIt S RS S o i A BS54

ﬁ\;»«(sphmgosme) T L@ oo

E A imie Y g HAASE A &
— B} 75 Bk "% 4% (phosphatidylcholine= 4 £% 73
— Fi "4 et BE v=(phosphatidylethanolamine="&#% 75 )
— F 7y fie 3% 9= 4 (phosphatidylsering)
— &} & "5 (sphingomyelin)
— F "4 e 5 ofE (phosphatidylinositol)

2. Y& H g
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Membrane Protein
— P & 3F=v (intrinsic proteins)

- FLSEE ‘g‘»w (mtegral proteins) » % iE ¥ F-v &
70~80% » — #K A fe A Fe e m P2 WY )R F 0 kB Z R

* P Bi-d o A FEPEA 3 o 44t -9 (mosaic protein)
feis s o (transmembrane protein) = =53¢

. éifﬁ'iﬁ\ﬂ g KRR A 4 m”?”E—P’* T EENRTE
R TR J\l“* \—FPf”Hﬂ T ORI B & &Y
7]‘ =~ TH ’\z P\ Z:t\ o

'ﬁ"}?”iffﬁ‘ﬁ VL E ko R RE T T EA O+ T KRR

au:«m“ri 5 A%y ‘E‘r%%

. ”s—P\ A v 3 & 11 gn-k4t(hydrophobic bond) ¢ g+ 4

(ionic bond) 2 ﬁé T* BIE B2 E o
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— ¢} & %9 (extrinsic proteins)
IR ’i.t-%% #-v (peripheral proteins) » ¥ & ¥ F-v 920~30%

A APt R G o AR AP E e 0 FRBHERY o

U BB T T R GG EAEH A T IR
b
L
v

REEE N gy MRS Er > ik

Integral membrane
protein (amphipathic)

Peripheral membrane
protein

24



len channel (integral)
Allows specific ion

(@) to move through
water-filled pore. Most
plasma membranes include
specific channels for
several common ions.

Carrier (integral)

Transports specific

. substances (D)) across
membrane by changing shape.
For example, amino acids,
neaded to synthesize new
protains, enter body cells via
carriers. Carrier proteins are
also known as transporters.

Receptor (integral)
: Recognizes specific ligand
Hioend {7} and alters cell's

st
il )
ChE e e
ChAUhAt

TS

--LI_—J Lt function in some way.
- i'ﬂ'-!i"fIJffi!r!.i{vI—'.’J.' For example, antidiuretic
embrane Protein 5
s in the kidneys and changes

the water permeability of
cartain plasma membranes.

Enzyme (integral and peripheral})
Catalyzes reaction inside or
outside cell (depending on

which direction the active

site faces). For example,

lactase protruding from

epithelial cells lining yaur

small intesting splits the
disaccharide lactose in the

milk you drink.

Functions

Linker {integral and peripheral)
Anchors filaments inside

and outside the plasma
mambrane, providing

structural stability and shape

for the cell. May also

participate in movement

of the cell or link

two cells together,

Cell identity marker
(glycoprotein)
Distinguishes your cells
from anyone else's (unless
you are an identical twin).
An important class of such
markers are the major
histocompatibility

{MHC) proteins.
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/2
L=+

Membrane Carbohyd rates

T B E m”?m%\mi”z 4 OPERE o R E B e02~10% o

g} mﬁ)%k\;n DR ESEHERE TR G5B

Glycoprotein —

Glycolipid




Membrane Cholesterol

® Adds fluidity to membrane

—Interferes with hydrophobic interactions between
phospholipids

—Prevents crystallization of phospholipid
® Decreases permeability of membrane to water

Extracellular fluid

Carbohydrate
chain bound

to lipid Carbohydrate chain
Glycolipid bound to protein

Integral Glycoprotein

membrane Cholesterol molecule
proteins i+ Phospholipid -

Peripheral “*“/ head (polar)

membrane > Y A " |/~Fatty acid tails | Phospholipid
proteins e A~ NN Y " (nonpolar) bilayer
Filamentof — - T R Phospholipid -

cytoskeleton Cytosol — head (polar)



Fluid-Mosaic Model of

Membranes

Phospholipid 1972, Singer & Nicolson
bilayer = v

Proteins




Membrane Junctions
Desmosome

— Heart muscle

Plasma membranes
of adjacent cells>S<

Intracellular

\ filaments
A

‘\
Intercellular filaments
(cadherins)

Intercellula
space

(a) Desmosome
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Membrane Junctions
Tight Junction

#HAE 1 AOHERE
=R

Cell 1 cytosol

wwzs NI
Tight < '
junction

#HAE 2 A9HHAR
(=Pl

Cell 2 cytosol

- EEERE
& Strands of
' Junctional

proteins

=g
Kiss site

+HAE R 22
Intercellular
./ Space

1t B SR AR
Interacting plasma

membranes
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Membrane Junctions

Gap Junction

#iAR 1 8948R #HAR 2 Y4HRR
Bk B
Cell 1 cytosol Cell 2 cytosol
r'
’S; f
f
9.9
S

i‘;_ Gap junction

f
S B =1.50m g  EETHER
Diameter of ! ,— Longitudinal section
channel = 1.5 nm : Tg of connexon
f
ﬁ, ﬁ B Fn/)\ o Fa2 i
. Passage of lons
ﬁ‘ and small molecules
BT K Filid
No passage of
large molecules

1t B Eh Ay 4R AR
Interacting
plasma
membranes
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Nucleus

® Structure
» Nuclear envelope
»Nuclear pores

» Nucleolus—site of
r'RNA synthesis

® Function

» Transmission and
expression of genetic
Information

— Contains DNA—
stores genetic code

— DNA transcribed to
RNA—necessary to
express code

(b)

Nuclear
envelope

) - Nuclear pores

Nucleolus

Chromatin

Nuclear pores



> 4 ¢ F(chromatin) & fw®z % so sk ML 2 AL F & cnd B
BB A fcnim s ok o L L ey o
> 2 ¢ Rg(chromosome)P| & d % ¢ F# Sed7dm = g
A -

>R PR WL k- 5 s & 7RI
FoHFIPRABAGPFETRDS T g 3550 o

> 1% iz (nucleolus) » sk 5§ AR ™ 5 32H ~ 3 Wk sk A
LI P chimie 17 B P B chig g o

> ¥7 5 (nuclear envelope) ¥+ 3% i ¥e 1% 40 $1H48 T ehp B
3 B4 R AR o ve 0 R R oy A A
mngé\f\J O P4 gﬁmi,ﬁfré\ﬁﬁ_i q); €& it o

\Vg
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Endoplasmic Reticulum (ER)

]

Lumen of
endoplasmic
reticulum
Smooth
endoplasmic
reticulum
Nuclear pore
Ribosome
Nucleus
R Rough
Nuclear envelope — endoplasmic
reticulum

34



rER

® Functions in synthesis of proteins to be packaged
Into vesicles

» Exported out of cell

» Incorporated into plasma membrane
» Destined for certain organelles

SER

® Functions in lipid synthesis, including triglycerides
and steroids

® Stores calcium (sarcoplasmic reticulum)

® Specialized in some cells

Example: Smooth ER in the liver contains detoxification
enzymes(cytochrome P450 enzyme system). 35



Ribosomes

® Ribosomes = rRNA and
proteins (15~25 nm)

® Important in protein synthesis

®Fixed

» Attached to endoplasmic
reticulum (rER)

®[ree
» Loose In cytosol

36



Transcription & Translation

DNA
DNA DNA
> BIREE  mRNA
TNV INIING NG ==
TN A A U
? | \)}’ T A
R | 1> S - G ¢
: C G
RNA : v i -
s L .~ RNApolymerase = _ 4 Y
- ¢ ol .
c N
G
=98 g > . |
Protein Synthesis Transcription

37
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MRNA

HF G o FEanL
rRNA

S B2 bR RE B s for i
tRNA

fg0 e RARER

PR . ] PR TR T
pNA l 55 \

SRR OZEER

Pre-mRNA
mRNf

55 %w’é@’]!ﬁi SHERRED

@, Ei5MNEBE

FEIJJ

Translatlon
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—ERARRAE—

S TIEKE (Huntington's Disease)
S J B RIE X B & 18 M 2 B (hereditary
chorea) * B{iIIRSE 4 ¥ @42 EFEE huntingtin
MR EERMMEH - HiEHE &' in (CAG), BIE)
REZE O B WERBAVEAE - B (CAC), EENZD
SEHERNPR BEREZ2EL - ERAR
(CAG), EERE AR 9-34 X » T TBIVEERES
AR 3678 » |RZBAI#8)8 120 K ©
ZHBRER 30~45 FFEIBERE - BES
ASEEZNFRE - osliEEeNiEZERE T2

Clinical -
Focus

BEURERE S (EBERZ) 8
T o [AXRIBERETHINENEBERABEE
) ( ANEEEHINEEANSENF ) EEEE -
REOABRENNEER > MBRK TS
A BB LiRREE - EERISINE -
JEIREBENE ' EE2XRBSHH  ERTUIBE
R o tEIh $%%7§ﬁk’|‘3&i‘%'l*i G BEEN ~ K
ERE ~ =R - D RBITBRESEF o
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Golgil Apparatus

» consists of 3-20 flattened, membranous sacs
called cisternae

» modify, sort, and package proteins for
transport to different destinations

» proteins are transported by various vesicles

, Transport vesicle
e/ from rough ER

— Entry or cis face

Medial cisterna

Transfer vesicles

Exit or trans face

Secretory vesicles

(b) Transverse section

(a) Details



Processing & Packaging

Transport vesicle

Entry face cistern

Medial cistern

Exit face cistern

Storage vesicle
(lysosome)

Rough ER , 5 _
Transfer vesicle ; :

Protein packagingL e } \ e TEEE?;EEHE

Transfer vesicle

Proteins in vesicle
membrane merge
with plasma
membrana

Froteins exported
from cell by

Secretory it

vesicle
Plasma

@ John Wilsy & Sons, Inc. membrane

41



Lysosomes

B Membranous vesicles

— formed in Golgi
complex

— filled with digestive
enzymes (>50)

— pumps in H+ ions until
Internal pH reaches 5.0

B Functions

degrade cellular or
foreign substances

Digestive
enzymes

Lysosomes

U=y 11,700x
(b) Several lysosomes

42



Iitochondrion
“powerhouses” of the cell

Mitochondrion Matrix
Cristae

iy

Quter membrane
Intermembrane

Matrix ,/"(_,_\‘1“\\ space

S 7 \ Inner
/
membrane

i\‘

Cristae

(a) (b)

More prevalent in physiologically active cells:
muscles, liver and kidneys

43



Mitochondrion Structure

® AR d A K RS P iR S S R
h— 42 T AR > T ESR RN IS RS A BB O
TR e

@ AF(Mmatrix) Bk Hi B2 A2 B7 R
2 Fg‘r«frﬂ?:] Fgr 0

® it L% Tk y v  EAREA R i
FEG MR s AT (ETC/ crlstae of inner
membrane)

® 7 RMARIbA R TR DNA 2 ﬁ%ﬁew , B n ¥
i B LA W~ ok ,u(,i_ IER AR IR

® i-v %‘rﬂd,fﬂ%*"ml Rl ZEHIEERAYES D
65~70% > % #cA T A AP o

® MM I wme? FTHEMAME S g B2 - (~120) 0 &
T A Mt BN P oo 44




Peroxisomes

® Function
Degrade certain waste molecules BATO S
— Amino acids
— Fatty acids
— Toxic foreign substances (alcohol,
abundant in the liver)

® By-product of degradation = H,0O,

Membrane —

Contain catalase, oxidase, peroxidase, etc.
2H,0, 2 2H,0 + O,

Figure 1
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Centrosome

B Found near nucleus

B Pericentriolar area

— formation site for mitotic
spindle and microtubules

B Centrosome
— 2 centrioles (90 degrees to e R e

Pericentriolar material

S Centrioles

e aC h Oth e r) &) jﬁrgzr;?::r:s;teof microtubules

Pericentriolar material

— 9 clusters of 3 microtubules
(9+0 array)

— role In formation of cilia &
flagella

— role in cellular energy :
metabolism (ATPase) e e

{c) Centrioles




Cytoskeleton

B Network of protein filaments throughout the
cytosol

M Functions
— Mechanical support and structure
— Intracellular transport of materials
— Suspension of organelles
— Formation of adhesions with other cells
— Contraction
— Movement

47



Cytoskeletal Filaments

Ribosome

Endoplasmic

reticulum Intermediate

filament
Mitochondrion —

Integral
membrane
protein

Microtubule

. Lﬁﬁ— Microfilament

Peripheral
membrane
protein

e & % 2 ;"I- R A B
Plasma 4[ LA
membrane :
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Microvillus

Q

\
iy

MICROFILAMENTS W‘

‘; =S :j\z/ 5
| (a) Microfilament

Nucleus

INTERMEDIATE
FILAMENTS

(b) Intermediate filament

MICROTUBULES

Centrosome

AR R AR DR R

B3 33 38
| R RN R

. .Y
~ ) I
. a. ’ B ' ’ i , ' )
el AW T U I T I T
N __,,./l (c) Microtubule

Microfilaments

Nucleus

@D 1500x

Nucleus

Intermediate
filaments (green)

Microtubules (green)

Nucleus



Microfilaments

Actin ﬁﬂamenm

MicrA)villi

Glycocalyx

Microvilli

(b)

(actin)
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Microfilaments Functions :

1 = dwve end 8 > BdF v oA i
2. grvep 1<f’ﬁ
3. %8 m% L %

4. %8 mre B §

5. $B m% p P ﬁp‘*‘ﬁ
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Intermediate Filament Functions :
1. 8 e e B 2 “ﬁ_mmfg
2. cwme B ERRE L IF

3. )2 B mie i L

4, %2 wm% AL B ﬁg*sgﬁﬁ]
5. 3-8 i wm e £

6. %8 tm¥e A il

1. FEATFLR

52



Microtubules

Tip of cilium
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(a) Cilium structure (b) EM of cilia cross section
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Microtubules Functions :
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Cilia and Flagella

Cilium or
flagellum
Doublet
microtubules
Central
pair of Plasma
microtubules membrane
¥
Basal body

{a) Arrangement of microtubules in a cilium or flagellum

Cilia
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(b} Cilia lining the trachea

Flagellum
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(c) Flagellum of a sperm cell

Cell surface

Movement of liquid

Cell surface

—» Power stroke
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(b) Ciliary movement
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(c) Flagellar movement
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Body Fluid Compartments

® Maintaining the volume and composition of
body fluids are important

— Body fluids (TBW = total body water) are defined as
dilute, watery solutions containing dissolved
chemicals inside or outside of the cell

— Intracellular Fluid (ICF)
 Fluid within cells

— Extracellular Fluid (ECF) = “internal environment”
 Fluid outside cells

o Interstitial fluid (3/4) is ECF between cells and tissues
 Blood Plasma (1/4) is ECF within blood vessels
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(a) Total body water (TBW)

-

p

(d) Plasma

Body Fluid

|

(b) Intracellular fluid (ICF)

(e) Interstitial flui (ISF I.

Compartments

(c) Extracellular fluid (ECF)

Body fluid | Volume (L)
TBW 42
ICF 28
ECF 14
Plasma 3
ISF 1
(f) Distribution of TBW
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Total Body Water

Enh‘aﬂel!:llar fluid

Intracellular
Water (2/3) Extracellular Water (1/3)

Interstitial (2/3) | Blood (1/3)
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