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Positive Feedback: Blood

L 0SS

* Normal conditions,
heart pumps blood
under pressure to
body cells (oxygen
and nutrients)

* Severe blood loss

* Blood pressure
drops

* Cells receive less
oxygen and function
less efficiently

* If blood loss
continues
. Heart cells become weaker
Heart pumping decrease
BP continues to fall more
May lead to death

Severe Hemorrhage

it .
- 1 Cardiac Output

lCoronary Blood Flow
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Gain” of a Control System

Gain of the Negative Feedback:

» degree of effectiveness where a control
system maintains constant conditions.

- FORMULA: Gain = Correction/Error

- EXAMPLE: Large volume of blood transfused to a person whose baroreceptor
pressure control system is not functioning = from 100mm HG, it rises up to 175 mm
HG.

- Same volume transfused to a person with functioning baroreceptor pressure control
system = causing inc of only 25 mm Hg from normal.

- CORRECTION: 125-175= -50mm Hg
- The remaining +25mm Hg is the ERROR.
« CONCLUSION: control system is not

100% effective in preventing change.



Homeostatic Imbalances

*Normal equilibrium of body processes are disrupted
* Moderate imbalance

* Disorder: any abnormality of structure and function

* Disease: specific term for an illness with recognizable signs and symptoms
* Signs are objective changes such as a fever, swelling or high blood pressure
* Symptoms are subjective changes such as headache

*Severe imbalance
* Death
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NEGATIVE FEEDBACK
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Cell and Organelles
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Composition of Cells

Water ...70-85% of cell mass
lons

Proteins ...10-20%
Lipids ...2-95%
Carbohydrates ...1-6%



Components: Plasma Membrane

LIPIDS:

« barrier to water and water-soluble substances
 organized in a bilayer of phospholipid molecules
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'Membrane Structure

Function

Phospholipid Bilayer

The phospholipids are arranged in a bilayer, with their polar, hydrophilic

phosphate heads facing outwards, and their non-polar, hydrophobic
fatty acid tails facing each other in the middle of the bilayver.

This hyvdrophobic layver acts as a barrnier to all but the smallest molecules

(oxyagen & Carbon Dioxide), effectively isolating the two sides of the
membrane.

Phospholipids can exchange position in the horizontal plane but not the
vertical.

Integral Proteins

Usually span from one side of the phospholipid bilayer to the other.

Proteins that span the membrane are usually involved in transporting
substances across the membrane (more detail below)

Peripheral Proteins

These proteins sit on one of the surfaces (peripheral proteins). They

can slide around the membrane very quickly and collide with each other,
but can never flip from one side to the other.

Proteins on the inside surface of plasma membrane are often involved
in maintaining the cell's shape, or in cell mobility.

They may also be enzymes, catalysing reactions in the cytoplasm.

Glycoproteins

Usually involved in cell recognition which i1s part of the immune system.
They can also acts as receptors in cell signaling such as with hormones.

Cholesterol

Binds together lipid in the plasma membrane reducing its fluidity as
conferring structural stability




Protein functions in plasma
membranes

|| Extracellular fluid Plasma membrane || Cytosol

Substrate

lon channel

Allows specific ion

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

Transporter
Transports specific

¥, substances () across

~ membrane by changing
¥ shape. For example, amino
acids, needed to synthesize
new proteins, enter body
cells via transporters.

Receptor

Recognizes specific ligand
() and alters cell's
function in some way.

For example, antidiuretic
hormone binds to receptors
in the kidneys and changes
the water permeability of
certain plasma membranes.

Enzyme

Catalyzes reaction inside or
outside cell (depending on
which direction the active
site faces). For example,
lactase protruding from
epithelial cells lining your
small intestine splits the
disaccharide lactose in the
milk you drink.

Cell Identity Marker
Distinguishes your cells
from anyone else's (unless
you are an identical twin).
An important class of such
markers are the major
histocompatability

(MHC) proteins.

Linker

Anchors filaments inside
and outside to the plasma
membrane, providing
structural stability and shape
for the cell. May also
participate in movement

of the cell or link

two cells together.



Carbohydrates:

« glycolipids (approx. 10%)
» glycoproteins (majority of integral proteins)
* proteoglycans
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Carbohydrates

negative charge of the carbo chains repels other
gt h arges
volved in II ell attachments/interactio
pI ay a role in immune reactions
GLYCOCALYX ©) ...‘. ...
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Cholesterol

« Present in membranes in varying amounts

» Generally decreases membrane FLUIDITY and
PERMEABILITY (except in plasma membrane)

e Increases membrane FLEXIBILITY and STABILITY




Cell Organelles

Chromosomes and DNA

Centrioles ﬂ
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Secretory ‘ S =
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Nuclear Celi
membrane membrane
\ Nucleolus
Glycogen
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|
Mitochondrion Granular Smooth Microfilaments
endoplasmic (agranular)
reticulum endoplasmic
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Endoplasmic Reticulum

- Network of tubular and flat vesicular structures
« Membrane is similar to (and contiguous with) the plasma membrane
 Space inside the tubules is called the endoplasmic matrix

e .
-------
NG

Granular
endoplasmic

reticulum endoplasmic

reticulum Figure 2-4



e Quter membrane surface covered

* Newly synthesized proteins are

 Proteins are “processed” inside

Rough Granular ER

with ribosomes
extruded into the ER matrix

the matrix
crosslinked
folded
glycosylated (N-linked)
cleaved

Protein

kGchosyIationJ

Lipid

Transport
vesicles

J \

Secretory
vesicles

X

Granular

Smooth

Golgi

endoplasmic endoplasmic apparatus

reticulum

reticulum

Figure 2-13



Smooth ER

o Site of lipid synthesis
- phospholipids
- cholesterol

« Growing ER membrane
buds continuously forming
transport vesicles, most
of which migrate to the Golgi
apparatus

Protein
Ribosomes formation

Lipid
formation

Transport

GchosyIationJ

vesicles

Secretory
Lysosomes vesicles

e

Granular

Smooth

Golgi

endoplasmic endoplasmic apparatus

reticulum

reticulum

Figure 2-13



The Golgi Apparatus:

Golgi vesicles

* Membrane composition - |
similar to that of the |
smooth ER and plasma

membrane ,
Golgi
apparatus
« Composed of 4 or more ER vesicles
stacked layers of flat

vesicular structures

Endoplasmic
reticulum

Figure 2-5



* Receives transport vesicles from
smooth ER

« Substances formed in the ER are
“processed”
- phosphorylated
- glycosylated

* Substances are concentrated,
sorted and packaged for secretion.

Secretory
vesicles

Protein Lipid
Ribosomes formation formation

Lysosomes

Transport

anchosylation“ vesicles AN
= & W= Y
Granular Smooth Golgi
endoplasmic endoplasmic apparatus
reticulum reticulum

Figure 2-13



Exocytosis

Protein

Ribosomes formation

Secretory vesicles diffuse through
the cytosol and fuse to the plasma
membrane

Lysosomes fuse with internal
endocytotic vesicles

Lipid

formation

Lysosomes

Transport
Glycosylation|| vesicles
. 2 VAN v J . v
Granular Smooth Golgi

endoplasmic endoplasmic apparatus

reticulum

reticulum

Secretory
vesicles

Figure 2-13



Secretion

Protein

. .. Ribosomes formation
» Secretory vesicles containing

proteins synthesized in the RER bud
from the Golgi apparatus

 Fuse with plasma membrane to
release contents
- constitutive secretion -
happens randomly
- stimulated secretion —
requires trigger

Lipid

formation

Lysosomes

Secretory
vesicles

Transport
Glycosylation|| vesicles
. v J\L v J . v 4
Granular Smooth Golgi

endoplasmic endoplasmic apparatus

reticulum

reticulum

Figure 2-13



Lysosomes:

» Vesicular organelle formed from budding Golgi

 Contain hydrolytic enzymes (acid hydrolases)

- phosphatases Lysosomes e
nucleases
proteases
lipid-degrading enzymes
lysozymes digest bacteria

Pinocytotic or

phagocytic
* vesicle
9552 Digestive vesicle
* Fuse with pinocytotic or *
phagocytotic vesicles to form Residual body
digestive vesicles *
Excretion

Figure 2-12



Lysosomal Storage Diseases

Absence of one or more hydrolases
* not synthesized
* Inactive
 not properly sorted and packaged

Result: Lysosomes become engorged with undigested substrate

Examples:
 Acid lipase A deficiency
* |-cell disease (non-specific)
 Tay-Sachs disease (HEX A)



Peroxisomes:

 Similar physically to lysosomes

« Two major differences:
- formed by self-replication
» they contain oxidases

Function: oxidize substances (e.g. alcohol) that
may be otherwise poisonous




Secretory Granules




Mitochondria

Primary function: extraction of energy from nutrients

Quter membrane

Inner membrane

Oxidative
phosphorylation

Outer chamber enzymes
Figure 2-7



The Nucleus: “Control Center” of the Cell

The double nuclear membrane and matrix are
contiguous with the endoplasmic reticulum

Pores Nucleoplasm

Endoplasmic
reticulum

Nucleolus

‘Nuclear envelope—
outer and inner
“membranes

A

—————= Chromatin material (DNA)

— Cytoplasm

Figure 2-9



The nuclear membrane iIs permeated by
thousands of nuclear pores

- Pores Nucleoplasm
e 100 nm in diameter \
Endoplasmic
« functional diameter reticulum
IS~9 nm
Nucleolus

* (selectively)
permeable to
molecules of up to
44,000 MW

Nuclear envelope-—
outer and inner
membranes

Chromatin material (DNA)

— Cytoplasm

Figure 2-9



Chromatin (condensed DNA) is found in the nucleoplasm
Nucleolus

* 0ne or more per nucleus

« contains RNA and proteins

* not membrane delimited

« functions to form the granular “subunits™ of ribosomes

Cell
membrane

— Cytoplasm
Nucleolus @
\ & / / Nucleoplasm
Nuclear J Nucleus

membrane

Figure 2-1




Receptor-mediated

 Molecules attach to A B Proteins Receptors

cell-surface receptors — Coatedpit

conce_ntrated in I Y

clathrin-coated pits | 4
 Receptor binding

Induces invagination C D

Actin and \r\nyosin Dissolving clathrin

» Also ATP-dependent 2 @B \

and involves recruitment

@D
of actin and myosin 9

Figure 2-11



Digestion of Substances in
Pinocytotic or Phagocytic Vesicles

Lysosomes

Pinocytotic or
phagocytic
vesicle

Digestive vesicle

Residual body

Excretion S~ Figure 2-12



ATP production

Step 1.

« Carbohydrates are converted
Into glucose

e Proteins are converted into
amino acids

« Fats are converted into
fatty acids

Step 2.
 Glucose, AA, and FA are
processed into AcetylCoA

Step 3.
* AcetylCoA reacts with O, to
produce ATP

Figure 2-14
2ADP  2ATP

GlUCOSE =i G| 36 ADP
Fatty acids==yp== > FA
. - \
Amino acids ==s=== > AA Pyruvic acid
/Acetoacetnc
acid
Acetyl-CoA Y
coz<-—co J@m g
H,0 36 ATP
Mitochondrion
Cell— Cytoplasm
membrane

A maximum of 38 molecules of ATP
are formed per molecule of glucose
degraded.

(More in Chapter 67)



The Use of ATP for Cellular Function

e Under “standard” conditions AG” is only -7.3 kcal/mole
« ATP concentration i1s ~10x that of ADP, the AG is -12 kcal/mole

Ribosomes E} .
Membrane

transport

Endoplasmic
& reticulum

1. Membrane transport

2. Synthesis of

chemical | S
compounds A?"
ATP

3. Mechanical work

' {{ “‘Jl; . ‘! . ,
Muscle contraction
Figure 2-15



The Cytoskeleton

Intermediate Filaments:
« Comprised of cell-specific fibrillar monomers

(e.g. vimentin, neurofilament proteins, keratins, nuclear
lamins)

Microtubules:
 Heterodimers of oo and 3 tubulin

« Make up spindle fibers, core of axoneme structure

Thin Filaments:
« F-Actin
« Make up “stress fibers” in non-muscle cells

Thick Filaments:
« Myosin (types | and II)
 Together with actin support cellular locomotion and
subcellular transport



Cilia and Ciliary Movements:

A

 Occurs only on the inside surfaces e
of the human airway and fallopian
tubes

|
Membrane —

 Each cilium is comprised of
11 microtubules

Cross section

Ciliary stalk

9 double tubules Filament —-1 2T
« 2 single tubules } axoneme
« Each cilium is an outgrowth of Forward stroke
the basal body and is covered by e
an outcropping of the plasma y Dosapate "
membrane. cell —/ ||

membrane /

Backward stroke

* Ciliary movement is
ATP-dependent

(also requires Ca?* and Mg?*)

Rootlet

Figure 2-17



Ameboid Locomotion:

- Continual endocytosis at the “tail”’and exocytosis at the leading edge of
the pseudopodium

« Attachment of the pseudopodium is facilitated by receptor proteins carried

by vesicles
Movement of cell

Endocytosis
- Forward movement \ N e
results through &, Pseudopodium
Interaction of actin and i RS \ f
myosin (ATP-dependent) P X * Z @ }
by _y o® Exocytosis
838 -HI
== —
i ' ———
Surrounding tissue Receptor binding

Figure 2-16



Cell movement is influenced by
chemical substances...

<mmmmui | Chemotaxis| 10l
..

Low concentration high concentration
(negative) (positive)
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Nucleus

Nuclear pore
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endoplasmic
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Figure J-13: Electron Transport Chain

2
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T
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The electron transport chain is a series of protein com- ADP
plexes located at the inner membrane of the mitochondria.
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Cytoskeletal Structures
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Cilium Outer Cilium (cross-section)

[ doublet

i oo microtubules
’>— Dynein arms
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membrane
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"Btubule Atubule ll

Central
microtubules
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Vesicles Travel Cellular Highways




Dendrite

{b) Golgi
apparatus

(c) Axonal {‘:') Cytoskeleton
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Mitotic spindle




Actin filaments

Actin Strand



Filopodium ,
Low capping activity g .
Ena/VASP tip activity Actin filament

@ Capping protein
< Arp2/3 complex

o .
;Ng # Ena/VASP proteins

Lamellipodium
High capping acth/it_y'
Low Ena/VASP tip activity Nascent filopodium?
| Low capping activity
»ar Ena/VASP tip activity
- . .,“
.. Q Fa O T4
¥ > .". - f . ':'4 Y
t 2 A Wom



Structural Elements of a Muscle Cell

I Band - I stands for isotropic meaning the light passes through this
area evenly, These are the light bands between the dark striations.

Striations = A Bands, for anisotropic (not isotropic)
meaning the light does not pass evenly, it is refracted.
These are the dark striations.

Oark -Bands are
3 A i roduced by the
:_\ib:: & : H?:,:d Rabraknd egular array of thick
Il?and 1 r/ filaments of myosin
proteins.

Nucleus\

Sarcolemma— "= 7 My0- |
el Membrane fibril
(b) Portion of a skeletal L sign
muscle fiber (cell) " Z disc#/H zone§Z disc -
. '_1_' g “~ -
r__—‘ — | —— 7 _—J"... ) .‘-l
Thin (actin) filament e— ==

Thick (myosin) filament  ——— = ——
S — ]

(c) Iband ,Aband |band Mline
Dark band = Sarcomere -{ﬁ

Thin (actin) filament 1 ' Licht
Elastic (ttin) flament Bds Nz LA
Thick (myosin) filament T e ||

(d) .
©BENIAMINCUMMINGS S

Although the filaments themselves run
longitudinally along the myofibril, the A
and I bands run perpendicularly to the
myofibril, produced by the stacking of the
filaments.
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THE IMPORTANCE OF CELL SHAPE FOR FUNCTIONS
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Structure of Plasma membrane




Lipids in Plasma membrane

P — Carbohydrate group of glycolipid
protein

O

< Membrane splits

\- -0 into layers in
freeze-fracture
electron microscopy

Carbohydrate group
of glycoprotein

Extracellular
surface of
membrane

| 5
!.‘
....‘-.........

Intracellular

, surface of
% é;: f?' membrane

- Phospholipid

Membrane-
spanning protein

Cholesterol






Movements of lipid molecules

Lateral movement
(frequent) Flip-flop (rare)

(a) Movement of phospholipids



Movements of lipid molecules
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Cholesterol in plasma membranes

* Increase firmness and integrity of cell membrane (50% of
Cell membrane structure)

 cholesterol helps to separate phospholipids, so the fatty
acid chains can't come together and crystallize

Helps preventing extremes and
maintaining consistency of membrane



Functional Phospholipids in plasma
membranes
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4. 5-hisphosphate



Proteins in plasma membranes

Penpheral - _ - o Carbohydrate
membrane ; . A
\ protein
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Integral
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Proteins in plasma membranes




Protein functions in plasma
membranes

Channel protein

Extracellular
fluid

Glycoprotein:
Carbohydrate Lipid
Protein bilayer

Peripheral protein

Glycolipid:
Carbohydrate
Lipid

Phospholipids:

Polar head

(hydrophilic) Integral (transmembrane) proteins

Fatty acid
tails
(hydrophobic)

Polar head
(hydrophilic)

Peripheral protein

Cholesterol
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Channels




Chemical gated Channels

Postreceptor Event: Channel Regulation
@ (Opens or closes Nat and K+ channels) @ (Opens Ca**+ channels)

2

Extracellular Surface
Nonreceptor K+ chemical membrane
influences messenger receptor

1

D B PR DT BRESEE

Y

a* or K* channel Plasma membrane Ca*+ chan

Nal"'

Altered flow of Na*t
and K* between cell
and ECF @ (Opens Ca** channels) P

' [ | '

Intracellular

Alters electrical (4) (Opens Ca*+ channels Ca*+ stored - Increase in

l organelles l
Plays important role Induces altered
in regulating electrical protein shape
impulses in nerves and function
and muscles

Brings about
cellular response




Chan Carriers (Transporters)

(b)



Carriers (Transporters)

Facilitated diffusion

Qutside cell Low Qutside cell
concentration
of solute




ATP dependent Carriers

Sodium-potassium pump

Higher

Sodium

concentration gradient

Lower

0@

Qutside
cell

Lower

Potassium
concentration gradient
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Receptors & G proteins

Signal @

Receptar
proten

First Extraceliuiar First

Triggers responses of targe! cell {
(activates enzymes, stimulates cellular w’ 13
secretion, opens ion channels. ete.)

14340088 FIIAAAS " AR ILS
L ',..‘_L._'..",','.'.'.'.y‘k';: VIR
\
- =

(a)
Copyright @ 2001 Banjamin Cummings. an imprint of Addison Wesley Longman, Inc.



Receptors & G proteins

Adrenergic
receptor

ATP

Adenylyl
cyclase

B

Adrenergic

receptor

o

cCAMP







Receptors & Enzymes

t("'

Membrane
Effector

Enzyme
B — O __, | Channels

|
Intracellular

messengers




Postreceptor Event: Cyclic AMP Second Messenger System

Extracellular Surface
chemical membrane
messenggr receptor
: pr— ECF
VQtes9 through a series of steps)
LD @R ) mmom
' ICF
Adenylate Plasma membrane
cyclase (Converts)
ATP Cyclic AMP
l @ (Activates)
Cyclic AMP-
dependent protein
kinase
l (4) (Phosphorylates) AR

Particular protein |——(P)
ADP

(5) (Phosphorylation induces
protein to change shape)

Altered protein
shape and function

}

Brings about
cellular response




Slignal molecule binds to

G protein-linked receptor,

which activates the G protein,
G protein turns on adenylyl
cyclase, an amplifier enzyme.

Adenylyl cyélase converts
(can be stimulatory ATP to cyclic AMP.
cAMP activates protein
kinase A.

6 Protein kinase A phosphorylates

other proteins, leading ultimately
to a cellular response.

or inhibitory)

Phosphorylated —Q Q0O Q0O Q00 V
protsh; l l l l 1 l o J l @ the initial signal is
v amplified.
e o° o° o°o°o°o° o°o° caoo"cg7 o° oc)o«'f?fa °o°o
= LA LA
response \V/
== .0000 .°0°. 00.0‘ .000. 000.0 .0‘00 °0°0° : 000 .0‘0’

Copynight © 2007 Pearson Education, Inc., publshing as Benjamin Cummings. Flg . 6"1 1



PL-C = phospholipase C
DAG = diacylglycerol
PK-C = protein kinase C
IP; = inositol
trisphosphate
ER = endoplasmic
reticulum

signal molecule ) G protein activates )

activates receptor phospholipase C
and associated (PL-C), an amplifier
G protein, enzyme.

PL-C converts membrane ({) DAG activates protein () IP3 causes release

phospholipids into kinase C (PK-C), which of Ca®* from
diacylglycerol (DAG), which  phosphorylates organelles,
remains in the membrane, proteins. creating a
and IP3, which diffuses Ca?* signal.
into the cytoplasm,

Copyright © 2007 Pearson Education, Inc.. publishing as Banjamin Cummings F|g. 6-12



Receptors & Channels

Postreceptor Event: Channel Regulation
@ (Opens or closes Nat and K+ channels) @ (Opens Ca**+ channels)

Extracellular Surface
Nonreceptor K+ chemical membrane
influences A messenger receptor
DR R (P EE-in- @A NP DRI P B PR BB
J ! )
08 €8 6D BB 2 SR @ IR B DR G D B O G BB B G BB DSV S 0Y
N" & a* or K* channel Plasma membrane Ca*+ chan
a

Altered flow of Nat
and Kt between cell

@ (Opens Ca** channels)

22

and ECF
| [

Plays important role
in regulating electrical
impulses in nerves
and muscles

4 - Y
Intracellular
Alters electrical (4) (Opens Ca** channels Ca*+ stored Increase in
activity of the cell in organelies) within — | eytosolic Catt
l organelles

|

Induces altered
protein shape
and function

|

Brings about
cellular response




Receptors & G proteins

Adrenergic
receptor

ATP

Adenylyl
cyclase

B

Adrenergic

receptor

o

cCAMP




Cell Identity Markers

Carbohydrate chain
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Cell Identity Markers

L LR T L

b4 Processed viral antigen {peplide)
t:-\ 3 presented in combination with
' 3 MHC | protein
\ 7 MHC | :
Sg'iy 4,:_,_, i protein CD8 protein
"‘ =) Immunocompetent
- 7 cytotoxic T cell
C - =
L’:ﬁ‘;‘r‘:"sgzﬁg - T cell receptor
antigenic peptide (TCR)
recognized by
cytotoxic T cell

Mature
cytotoxic

memory cell
T cells
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Tight Junction

Luminal No passage Selective passage
border between cells  through cells

Epithelial cell
lining intestine

Basolateral
border

Blood vessel

Cell 1 cytoplasm Cell 2 cytoplasm

Junctional proteins

Interacting
plasma
membranes




Gap Junction

Cell 2 cytoplasm Cell 2 cytoplasm

Connexon

Longitudinal section
of connexon

Diameter of
channel=1.5n

Passage of ions
and small molecules

No passage
of molecules

Interacting
plasma
membrane



Spot Desmosome

Cell 1 cytoplasm Cell 2 cytoplasm

Intracellular
keratin filaments

Interacting

membranes
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Functions of Plasma Membrane Proteins

o o ®
Outside ° o o
membrane
inside o/ =
Selectlve transport Enzyme Cell surface
channel receptor

Cell surface Cell adhesion Attachment to
identity marker the cytoskeleton



