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Overview of Anatomy & Physiology



Overview of Anatomy & Physiology

ANATOMY

e The study of the structure and shape of the body and
body parts and their relationship to one another

e Derived from the Greek words: to cut (tomy) apart
(ana)



Overview of Anatomy & Physiology

Gross Anatomy

e The study of large, easily observable structures (eq,
heart, bones)

Microscopic Anatomy

e A microscope or magnifying instrument is used to
see very small structures in the body (eg, cells,
tissues)



Overview of Anatomy & Physiology

PHYSIOLOGY
e The study of how the body and its parts work or function

e Derived from the Latin words: nature (physio), the study of
(ology)



Overview of Anatomy & Physiology

Subdivisions of Physiology (Examples)

e Neurophysiology: explains the workings of the nervous
system

e Cardiac physiology: studies the function of the heart



Levels of Structural Organization



Levels of the Hierarchy

e Atoms: building blocks of matter
e Molecules: groups of atoms (eg, water, sugar, proteins)
e Organelles: basic components of microscopic cells

e Cells: smallest units of all living things



Levels of the Hierarchy

Tissues: groups of similar cells that have a common
function

Organ: a structure composed of two or more tissue
types that perform a specific function for the body

Organ System: a group of organs that cooperate and work
closely together to accomplish a common purpose

Organism: the highest level of structural organization
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The Language of Anatomy



Gross Anatomy: Introduction

e Anatomical position

e Directional terms

eRegional terms

eBody planes and sections

e Body cavities and membranes

e Abdominopelvic regions and quadrants



Anatomical
Position
e The body is erect with the feet parallel and
the arms hanging at the sides with the
palms facing forward




Directional Terms

Superior (cranial or cephalad)

e Toward the head end or upper part of a structure of the body
Inferior (caudal)

e Away from the head end or toward the lower part of a structure
or the body

Anterior (ventral)

e Toward or at the front of the

body Posterior (dorsal)

e Toward or at the backside of the body



LE

Orientation and Directional Terms

Term

Superior (cranial)

Inferior (caudal)

Anterior (ventral)*

Posterior (dorsal)*

*Whereas the terms ventral and anterior are synonymous in humans, this is not
the case in four-legged animals. Ventral specifically refers to the "belly” of a
vertebrate animal and thus is the inferior surface of four-legged animals. Likewise,

Definition

Toward the head end or upper part of a A
structure or the body; above

Away from the head end or toward the
lower part of a structure or the body; below

Toward or at the back of the body; behind

|
Toward or at the front of the body;
in front of

Example

The head is superior to the abdomen.

The navel is inferior to the chin.

The breastbone is anterior to the spine.

The heart is posterior to the breastbone.

although the dorsal and posterior surfaces are the same in humans, the term
dorsal specifically refers to an animal’s back. Thus, the dorsal surface of four-
legged animals is their superior surface.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Directional Terms

Medial

e Toward or at the midline of the
body Lateral

e Away from the midline of the body

Proximal
e Close to the origin of the body part or the point of attachment of a limb to the body
trunk Distal

e Farther away from the origin of a body part or the point of attachment of a limb to the body
Trunk

Superficial

e Toward or at the body

surface Deep

e Away from the body surface; more internal elbow



LE

Orientation and Directional Terms

Term Definition

Medial Toward or at the midline of the body;
on the inner side of

Lateral Away from the midline of the body; on the
outer side of

Proximal Closer to the origin of the body part or the
point of attachment of a limb to the body
trunk

Distal Farther from the origin of a body part or the
point of attachment of a limb to the body
trunk

Example

The heart is medial to the arm.

The arms are lateral to the chest.

The elbow is proximal to the wrist.

The knee is distal to the thigh.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



LE

Orientation and Directional Terms

Term Definition

Superficial (external) Toward or at the body surface

Deep (internal) Away from the body surface; more internal
Ipsilateral On the same side
Contralateral On opposite sides

Example

The skin is superficial to the skeletal
muscles.

The lungs are deep to the skin.

The right hand and right foot are
ipsilateral.

The right hand and left foot are
contralateral.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



sUperior

rfiarior

suparficial



Regional Terms

Axial
e makes up the main axis of the body.
econsists of the head, neck, and trunk

Appendicular
e consists of the appendages or limbs
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Posterior Body
Region Terms

Vertebral
(spinal column)

Dorsum (back)

Lumbar
(lower back)

Gluteal (buttocks)
Femoral (thigh)

Crural (leg)

—~ Occipital
(back of head)

Acromial
(point of shoulder)

Brachial (arm)

Cubital (elbow)
Sacral

(between hips)

Perineal

Popliteal
(back of knee)

Plantar (sole)
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Anterior Body ¢
Region Terms /@
el

(2) ’i rf "
Cephalic (head) i -““

Frontal (forehead) ; |

Sternal

Pectoral
region (chest)

Umbilical (navel)

Orbital Inguinal (groin)
(eye cavity)

Buccal (cheek) Coxal (hip)

Mental (chin) Crural (le

s),
Genital ! !-
(reproductive organs) ( | Tarsal (instep)
Petallar !
(front of knee) ZADS Pedal (foot)




HEAD
(CEPHALIC)

NECK
(CERVICAL)

Armpit (axillary)
Arm (brachial) ———

Front of elbow
(antecubital)

Forearm
(antebrachial)

Wrist
(carpal)

\ Palm

>_\/ (palmar)
Fingers Thigh —————

(digital) (femoral)

Anterior surface of knee

(patellar)
Leg
(crural)
Ankle '
Foot {tarsal)\i
(pedal)

Toes (digital) \ )

Forehead (frontal)
Eye (orbital)

Ear (otic)

Cheek (buccal)
Nose (nasal)

Mouth (oral)
Chin (mental)

Chest
{thoracic)

Breast
(mammary)

_ Navel (umbilical)
' Hip (coxal)

Groin
(inguinal)

{manual)

Pubis
(pubic)

(a) Anterior view

Shoulder
(acromial)

Shoulder blade
(scapular)

Spinal column
(vertebral)

! | (dorsal) '.

|

| Back |

\

Loin (lumbar) \

Between hips —

(sacral)

Buttock
(gluteal)

Hollow behind knee

(popliteal)

Calf

|

{sural)

Sole

(plantar)

(b) Posterior view \

)

| UPPER
LIMB

LOWER
LIMB

Heel
(calcaneal)



Body Planes & Sections

Sagittal section

e A cut made along the lengthwise or longitudinal plane of
the body

eDivides the body into right and left
parts Midsagittal/Median section

e The cut is made down the median plane of the body and
the right and left parts are equal in size



Body Planes & Sections

Frontal section

e A cut made along a lengthwise plane that divides the body (or an
organ) into anterior and posterior parts

e Also called a coronal section
Transverse section

e A cut is made along a horizontal plane, dividing the body or organ
into superior and inferior parts

e Also called a cross-section



Frontal b £ Median (mid-
sagittal) plane

_-'_'-'-'-'- |
Transverse
~ plane

—
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b. Frontal {coronal) plans . Transversa (horizontal) plans

d. Sagital section of
pebvic cavity

f, Transwversa section of
head at eve level




Body Planes and Sections

e In this frontal view a (a) Frontal section
through torso

magnetic resonance
imaging (MRI) system
presents the internal
structures of the torso

e Here you can readily
see various organs
with the torso

Left and
right lung Stomach

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings




Body Planes and Sections

e |[n this transverse view a
(MRI) system presents
the internal structures of
the torso

e This view is useful in
illustrating how organs
are distributed within the
cavity from anterior/
|lateral or medial lateral
perspective

(b) Transverse section through
torso (superior view)

Posterior

-

L

'a-". Eb‘é'ﬂ :‘

Liver| Spinal Aorta | Spleen
cord Stomach
Subcutaneous fat layer

Copyright & 2008 Pearson Education, Inc.. publishing as Benjamin Cummings



Body Planes and Sections

e [n this midsagitall (c) Median (midsagittal)
section

view a (MRI) system
presents the internal
structures of the
abdominopelvic cavity

e This view is useful in
visualizing structures
from a superior /

inferior perspective Vertebral
column
Rectum Pubic symphysis

Copyright @ 2008 Pearson Education, Inc., publishing as Benjamin Cummings
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Body Cavities

Cranial
cavity

Cramal cavity —;
(contains brain) |

Vertebral
cavity

Dorsal—
body
cavity

cavity Lung and
)| (contains | giayra ca\nty
% heart Mediastinum,
¢ and lungs)| yith heart
and pericardial
|_cavity

Diaphragm

Abdominal cavity
(contains digestive
viscera, kidneys, and
peritoneal cavity)

Pelvic cavity Ean
(contains bladder, \ ‘('}

Vertebral cavity
(contains spinal
cord)

Key:
[ |Dorsal body cavity
[l ventral body cavity

reproductive organs,
rectum, and
peritoneal cavity)
(a) Lateral view (b) Anterior view

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings

— Ventral body
cavity
(thoracic and
abdomino-
pelvic
cavities)




Body Cavities

DORSAL BODY CAVITY

e Has two subdivisions which are continuous with each
other
1. Cranial cavity: the space inside the skull

2.Spinal cavity: extends from the cranial cavity nearly to the end
of the vertebral column



e Dorsal body
cavity is
divided into
a cranial
cavity which
encases the
brain, and
the vertebral
cavity which
encases the
spinal cord

Body cavities

Kent M. Van De Graaif, Human Anatomy. 5th edition. Copyright © 1688 The McGraw-Hill Companies, Inc. All rights res

Body
Cavities

Posterior (dorsal)
cavity
1

~ Cranial
cavity

4
- Vertebral— &

cavity

Diaphrag m : T’ =

=

Thoracic
cavity

G "ﬁ Abdominal =

cavity

Abdominopelvic

cavity

arved.

Anterior (ventral) cavity



Body Cavities

VENTRAL BODY CAVITIES

e Much larger than the dorsal cavity

e Contains all the structures in the chest and abdomen
e Two major subdivisions:

1. Thoracic cavity: houses the lungs, heart and mediastinal structures

2. Abdominopelvic cavity: stomach, liver, intestines, spleen, reproductive
organs, urinary bladder, etc



Body cavities

Kent M. Van De Graaff, Human Anatomy, 5th edition. Copyright & 1988 The McGraw-Hill Companies, Inc. All rights rese

e The ventral Body

body cavity Cavities Eh  Cranis
houses the =<
visceral 8 7
OrganS £ g;:liﬁ:ral- Thoracic
h I Diaphrag'hj _ .Tr _ cavity

e [he ventra | i —
body cavity is | caviy
divided |nt.o f" b ...
the thoracic, e cavity -
abdominal,

and pelvic
cavities

1
Abdominopelvic

cavity
Anterior (ventral) cavity




Cranial cavity
Posterior -
aspect
Vertebral canal
%iastinum h
Thoracic cavity
— Thoracic
cavity
Pearicardial cawvity
Ventral—
cavity
Abdominopelvic -
cavity
— Abdominopelvic
cavity

(b) Coronal (frontal) view

(a) Midsagittal view



Thoracic Cavity

Kent M. Van De Graaff, Human Anatomy, Sth edition. Copyright & 1888 The McGraw-Hill Companies, Inc. All rights reserved.

e The thoracic Trunk
cavity is Cavities
surrounded by
the ribS and Mediastinum
mUSC|eS Of the ng:r?t(;ic[ Ple!.lral c.avities.

Pericardial cavity
chest

e |t is further
divided into

— pleural
cavities

— mediastinum
— pericardial

Abdominal
cavity

Pelvic
cavity

Abdominopelvic cavity



Abdominopelvic Cavity

e Abdominopelvic
cavity lies below
the diaphragm

e |t is further
divided into . .

— Abdominal cavity

e Stomach,
intestines,
spleen, liver

— Pelvic cavity

e Bladder,
rectum, and
some
reproductive
organs

Kent M. Van De Graaff, Human Anatomy, 5th edition. Copyright © 1998 The McGraw-Hill Companies, Inc. All rights reserved.

Abdominopelvic
Cavity

Diaphragm

Lesser omentum N | Liver

Pancreas
Large

DMogenn intestine
Mesentery — Parietal
Small Intestine — peritoneum

i Greater
Visceral
peritoneum omentum
Peritoneal
Rectum cavy
Urinary
bladder



Abdominopelvic Quadrants and Regions



Left upper
quadrant

Right upper
quadrant

Left lower
quadrant

Right lower
quadrant

Copynght © 2004 Peargon Education, Inc,, publishing as Benjamin Cumnmings
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Heglons of Abdominal Area
A \/ &

Right * & AR Left
hypﬂchundnac g f:,ép" _ \;;1‘* hypﬂchundrlac:
region I 7 gastrlc K “e: region

Right T di00 Left
lumbar ] Umbilical k.3 lumbar
region i .Iregmn ¥« region
Right Loft
iliac ihac
region

region



Abdominal Regions &

e Using Your text

to reference
structures
found within

these regions

Quadrants

Liver— | %
Gallbladder-

Ascending
colon of
large
intestine
Small

intestine
Cecum

Appendix
(b)

Copyright £ 2008 Pearson Edwcation. Inc.. publishing as

%Spleen

Diaphragm

Stomach
Transverse
colon

of large

intestine
Descending

colon of large
intestine

——Initial part of

sigmoid colon
Urinary bladder

Benjamin Cummings



Advanced Imaging Systems

e Medical personnel now employ a variety
of advanced imaging systems that
allow for study of internal structures
without disrupting tissue

e These systems are frequently utilized in
clinical applications to examine for
evidence of disease



————————— L _.—.,-.-!“

(a) Light micrograph

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings




(b) Transmission electron micrograph

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



(c) Scanning electron micrograph

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings




X-ray

Clavicles
(collarbones)

Ribs

Air in
lungs
(black)

Diaphragm Heart

Capyright © 2008 Pearson Edueation, Inc., publishing as Benjamin Cummings



Computerized Tomograph

Left

Pancreas

Vertebra

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Digital Subtraction Angiography

Artery supplying heart

Narrowing
of the artery

Copyright @ 2008 Pearson Education, Inc., publishing as Benjamin Cummings



Positron Emission Tomogrphy




Sonography

e L

NS
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Thank you




Transport of Substances
~ Through Cell Membranes




eFigurel. chemical
compositions of extracellular
and intracellular fluids.

e The question mark indicates
that precise values for

e [he red line indicates the
cell membrane

intracellular fluid are unknown.

EXTRACELLULAR ﬁlAGELLULAH
FLUID FLUID

Nat -~——reeee- - 142 mEg/L - 10 mEg/L
R i 4 mEgL - 140 mEg/L
& - 2.4 mEg/L -—----0.0001 mEgiL
e 1.2 mEg/L -—-—-58 mEg/lL
™ = rerreerees 103 mEg/L —--—4 mEglL
HCOg --——- - 28 mEg/L ——-+—10mEglL
Phosphates— 4 mEg/L —-——---75 mEg/L
S0 1 mEgQL ——3—-2 mEg/L
Glugose -——— 80 mg/idl —--—01o 20 mg/dl
Amino acids - 30 mg/dl —-----— 200 mg/d ?
Cholesterol
Phospholipids » 0.5 g/dl---—--- 2 0 95 g/d|
Neutral fat
POp wemreemeee 35 mm Hg ~+— 20 mm Hg ?
PCQO, - —46mmHg —+— 50 mmHg ?
pH 74 7.0
Proteins 2 gid| 16 g/d|

(2 mEg/L) (40 mEqglL)




Law of Mass Balance

/ e Most simply, ins = outs

Homeostasis is not the
same as equilibrium

e E.g.,, membrane
potentials

_|=— To maintain constant level,
output must equal input.

Outpu

Copwight £ BO0T Pparscn Educaiion. ing. publsking & Benjamin Commings



Carbohydrate

Channel Carmer proteing
pratein

£

Extracellular
fluld

Integral protein

£
Intraceliul : EﬂE‘Igy
Muid Simple Faciitated
diffusion diffusion
t_v_z' '-_Y_J
Diffusion Active fransport

Integral protein

Figure 4-2, Transport pathways through the cell membrane and the
\\ DasIC mechanisms of transport.



Membrane Dynamics

e Cell membrane structures and functions
e Membranes form fluid body compartments
e Membranes as barriers and gatekeepers
w products move across membranes

l.e., methods of transport

e Distribution of water and solutes in cells & the body
e Chemical and electrical imbalances

e Membrane permeability and changes



Cell Membrane

| The cell membrane (also called the plasma membrane) envelops the cell
| and is a thin, pliable, elastic structure only 7.5 to 10 nanometers thick.

It is composed almost entirely of proteins and lipids. The
approximate composition is :

1.proteins, 55 percent;
ospholipids, 25 percent;
.cholesterol, 13 percent;
.other lipids, 4 percent; and
5.carbohydrates, 3 percent.



Biological membranes

Lipids and proteins are associated in biological membranes.

= Glveolipid
Cell exterior A N

Hydrophobic
o« helix

“Integral

protein Phospholipid

Cholesterol

Cytosol

& 2006 Brooks/Cole - Thomsan




Membrane Structure: Protein to Lipid Ratio varies
from cell type to cell type

Table 5-1: Composition of Selected Membranes

MEMBRANE PROTEIN LIFID CARBOHYDRATE
Red blood cell membrane 49% 43% B%
Myelin membrane around nerve cells 18% 79% 3%
Inner mitochondrial membrane J6% 24% 0%

Ratio for cells with high metabolic activity?




Biological membranes

What is the fluid mosaic model of membrane structure?

©2006 BrooksiCale - Tomson

Fluid mosaic model is the most widely accepted description of biological
/ membranes.

Vv The term mosaic implies that the two components exist side by side without
forming some other substance of intermediate nature.

Vv The basic structure of biological membranes is that of the lipid bilayers, with the proteins
edded in the bilayer structure.

luid-mosaic model of membrane structure;

e/ Membrane proteins can be seen embedded in the lipid bilayer

proteins float in the lipid bilayer and can move alone the plane of the membrane.
Like iceberg in the sea of lipid



PLs Choleste
rol

Proteins: peripheral (associated) or integral a

Cell Membrane:Structure; Fluid Mosaic
Model

Carbohydrate group of glycolipid

Associated

protein Membrane splits

into layers in
freeze-fracture
electron microscopy

Carbohydrate group
of glycoprotein

Extracellular
surface of
membrane

llllll

Intracellular
surface of
membrane

Membrane-
spanning protein

~Phospholipid

Cholesterol

Thickness ~

anm




e The basic lipid bilayer is composed of three

main types of lipids: phospholipids,
sphingolipids, and cholesterol.

e Phospholipids are the most abundant of the cell

membrane lipids.

e One e€nd of each phospholipid molecule is
soluble in water; that is, it is hydrophilic.

ydrophobic.

The phosphate end of the phospholipid is
hydrophilic, and the fatty acid portion is

hydrophobic.

e other end is soluble only in fats; that is, it is

The Cell Membrane Lipid Barrier Impedes
Penetration by Water-Soluble Substances.

Carbohydrate group of glycolipid

Carbohydrate group  ASSOCiated
of glycoprotein protein

Membrane splits
into layers in
freeze-fracture
electron microscopy
Extracellular
surface of
membrane

) "1'“" ¥ .
a1\
Lt I iy
(ON NS08 080000000
\ Intracellular
surface of
Mernblrane- \ membrane
spanning protein )

Phospholipid

!
Cholesterol



Phospholipids are Building Blocks of Cellular Membranes

(a) Phospholipid structure

variable phosphate
group  group

polar head nonpolar tails

The hydrophilic head group and hydrophobic tails are the keys to
phospholipid function.



The Cell Membrane Lipid Barrier Impedes Penetration
by Water-Soluble Substances.

(|:1—1: CH(CH,)sCH3 {ill—l‘: CH(CHs) ;oCHy,
e Sphingolipids: Do not contain glycerol, but CHOH CHOH

(' they contain the long-chain amino alcohol CHNH, o .
. . rom
sphingosine. PO CENET < iratis
I acid
CH,OH
e Found in both animal and plants Sphingosine A ceramide
. . (N-acylsphingosine )
e Theyare particularly abundant in the S
nervous system. CH== CH (CHy)9CH3

CHOH
e/The simplest compound of this class are o
ceramides, which consists of one fatty acid bl
linked to the amino group of sphingosine by o
an amide bond. I

+
CH,OPOCH,CHyN(CHgq) 4

|
.

A sphingomyelin



e The cholesterol molecules in the membrane are also

lipids because their steroid nuclei are highly fat
soluble.

e These molecules, in a sense, are dissolved in the

bilayer of/the membrane.

e They/mainly help determine the degree of

permeability (or impermeability) of the bilayer to
water-soluble constituents of body fluids.

olesterol controls much of the fluidity of the
embrane as well.

Carbohydrate group of glycolipid

Carbohydrate group Ass,toplated
of glycoprotein protein
\
s
L)
Extracellular e T
] kAL
surface of ‘.ﬁ“:,;. L0
membrane e e eeleTe | S S
(A EX XA A XN N NN XX
AN
£ NN OO

Membrane-
spanning protein

The Cell Membrane Lipid Barrier Impedes
Penetration by Water-Soluble Substances.
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Carbohydrate group of glycolipid
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“Glycocalyx.”

e Membrane carbohydrates occur almost
invariably in combination with proteins
or lipids in the form of glycoproteins or
glycolipids.

A : :
e |In fact, most of the integral proteins are
oproteins, and about one tenth of the
embrane lipid molecules are glycolipids.

The “glyco” portions of these molecules
almost invariably protrude to the outside of
the cell, dangling outward from the cell
surface.

Carbohydrate group of glycolipid

Membrane Carbohydrates—The Cell

. o/
Associated O~ |
Garbohydrate group e LT Membrane splits
of glycoprotein O e into layers in
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Membrane Carbohydrates—The Cell
“Glycocalyx.”

'~ The carbohydrate moieties attached to the outer surface of the cell have several
important functions:

1.Many of them have a negative electrical charge, which gives most cells an overall
negative surface charge that repels other negatively charged objects.

2.The glycocalyx of some cells attaches to the glycocalyx of other cells,
us attaching cells to one another.

any of the carbohydrates act as receptor substances for binding
ormones, such as insulin; when bound, this combination activates
attached internal proteins that, in turn, activate a cascade of intracellular
enzymes.

.Some carbohydrate moieties enter into immune reactions



The Cell Membrane Lipid Barrier Impedes
Penetration by Water-Soluble Substances.

e The lipid layer in the middle of the membrane is impermeable to the usual
water-soluble substances, such as

® iONs,
e glucose, and

Conversely, fat-soluble substances can penetrate this portion of the
membrane with ease, such as

e oxygen,
e carbon dioxide, and
e Alcohol.



Integral and Peripheral Cell Membrane Proteins

/"I e Globular masses floating in the lipid bilayer.
e These membrane proteins are mainly glycoproteins.

e There are two types of cell membrane proteins:

Integral proteins that protrude all the way through the membrane

e Peripheral proteins that are attached only to one surface of the
membrane and do not penetrate all the way through.



Extracellular
Tiwuld

integral protein




| ® Many of the integral proteins provide structural channels (or pores)
| through which water molecules and water soluble substances, especially
/ ions, can diffuse between the extracellular and intracellular fluids.

e These protein channels also have selective properties that allow
preferential diffusion of some substances over others.

e Other iptegral proteins act as carrier proteins for transporting
substances that otherwise could not penetrate the lipid bilayer.

e Sgmetimes these carrier proteins even transport substances in the
rection opposite to their electrochemical gradients for diffusion,
hich is called “active transport.” Still others act as enzymes.

(o

Simple
diffusion

Channel

protein

Facilitated
diffusion

egral and Peripheral Cell Membrane Proteins

Carrier proteins

4N

DifftIsiun

Active fransport



egral and Peripheral Cell Membrane Proteins

e Integral membrane proteins can also serve as receptors for water-
( soluble chemicals, such as peptide hormones, that do not easily
penetrate the cell membrane.

e Interaction of cell membrane receptors with specific ligands that bind
receptor causes conformational changes in the receptor protein.

IS process, in turn, enzymatically activates the intracellular part of the
rotein or induces interactions between the receptor and proteins in the
cytoplasm that act as second messengers, relaying the signal from the
extracellular part of the receptor to the interior of the cell.



Integral and Peripheral Cell Membrane Proteins

' elnthis way, integral proteins spanning the cell membrane
' provide a means of conveying information about the
environment to the cell interior.

iy .
e Peripheral protein molecules are often attached to the
integral proteins.

These peripheral proteins function almost entirely as
enzymes or as controllers of transport of substances
through the cell membrane “pores.”



Membsedane Rrtdidins

/\

Integral
(Membrane-spanning or intrinsic)

e Can span membrane
several times

Either move around or
are kept in place by
cytoskeleton proteins

Allows for cell mjarity

Associated (peripheral or extrinsic)

e Loosely boundto
membrane

e Enzymes and structural
proteins




Movement across Membrane

Membrane permeability varies for
different &

Two movement categories: depends

. 29
ePassive and on«:

e Active




Passive Transport

= Diffusion (pef?) - 3 types:

1. simple diffusion

2. Osmosis

3. Filtration

4. facilitated diffusion (= mediated transport)

Active Transport

Always protein-mediated - 3types:
co-transport
vesicular transport
receptor mediated transport



Diffusion Process (Passive)

' *Uses energy of concentration
| gradient

*Net movement until state of
equilibrium reached (no more conc.

gradient)
A

*Indirect correlation to molecule size

Diffusion of dye molecules _ Equilibrium occurs when
down their concentration gradient the concentration is uniform.

'SIOW'er With increaSing diSta nce Copyright ® 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
*Lipophilic molecules can diffuse

through the phospholipid bilayer




Distance — Time Relationship

Time for diffusion to progress to given distance ~ to
distance squared

diffusionover TO0 mtakes 5 sec.
diffusion over 200 m takes ??
diffusion over 400 m takes ??

diffusion over 800 m takes ??

BiHUSION SHEHACoh Y W GibA dRAGRE st



ular fluid Lipid Molecular

solubility osizne

Fick's law of

Diffusion —¢
surface area x conc. gradient
rate of  _
diffusio membrane X membrane thickness

depends on size and lipid-solubility of molecule and composition of lipid
bilayer



Membrane Proteins

MEMBRANE
PROTEINS

|
can be categorized acco
|

|

rding to

v

13

Structure Function
¢ y ¢ ¥ b 4 h 4 4
Lipid- Integral | |Peripheral Membrane Structural Membrane | _ . s | Membrane |
anchored| | proteins proteins transporters proteins enzymes receptors
proteins | I
+ + are found in are active in
Carrier Channel | L
proteins proteins are active in
i v v v
Cell junctions| |Cytoskeleton Receptor-
change form mediated
conformation endocytosis
h A h 4 v v v
Open channels| |Gated channels Metabolism Signal
transfer
open and
Mech . icall f Ch * | close
echanically emically
gated Volt?‘ge-galted gated |«
channel ARG channel

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.




Protein-Mediated Transport

More selective
Active or Passive
Membrane Proteins
e Structural
e Enzymes
e Receptors

e Transporters (allows Specificity, Competition,
Saturation

e Channel
e Gated




Transporters

Cell Membrane Regulates Exchange with Environment

Many molecules use transporters to cross cell
membrane. Why? Examples ?

wo categories of transporter proteins

1.Channel proteins (rapid but not as selective — for
small molecules only, e.g., water and ions)

2. Carrier proteins (slower but very selective — also works for
large molecules)




1. Channel Proteins

e For small molecules such as ??

o Aquaporin; plUS > 100 ion gfh;r;r:i:g:]c;uggtc;gter
Ch a n n e I S viewed from above

K X -.: .
e Selectivity based on size & charge o /K
of molecule

e All have gate region

"\ Channel through center
of membrane protein

e Open

e Gated



Open Channels vs. Gated Channels

= pores

Have gates, but gates are

Also referred to as “leak
channels”.

open most of the time.

Gates closed most of the time

Chemically gated channels

(controlled by messenger
molecule or ligand)

Voltage gated channels

(controlled by electrical state of
cell)

Mechanically gated

channels (controlled by physical
state of cell: temp.; stretching of
cell membrane etc.)




Region of lower @
concentration

b
@ concentration

Protein carrler'
molecule

Fleglnngf higher
d

2. Carrier Proteins

e Never form direct connection
between ECF and ICF — 2 gates!

e Bind molecules and change
conformation

e Used for small organic
molecules (such as?)

e lons may use channels or
carriers

e Rel. slow (1,000 to 1 Mio / sec)



Symport

/ e Molecules are carried
in same direction

e Examples: Glucose
and Na

ntiport

e Molecules are carried
in opposite direction

e Examples: Na'/K’
pump

Cotransport

Glucose

Glu
TN

H

Symport

Antiport




Facilitated Diffusion (as a form of carrier
mediated transport)

Some characteristics same as simple
diffusion

e @ 9 o Region of higher
(A @ concentration

# d
Protein carrier

/b Ut d | SO. W .. I'.-': 275 molecule >
e specificity S D °.°

S 52 /"‘;;_,:
® COmpeTItlon 3 : : Transported

e saturation b b ;) 4
Region of lower @ | 5;:-:5'5:*:5

concentration P Q

.
R &
o
e -
=
g 5
- @ [* -




Active Transport

/ e Movement from low conc. to high
conc.

e ATP needed

state of disequilibrium

e 1°(direct) active transport
e ATPases or “pumps” (uniport and
antiport)— examples?

2" (indirect) active transport
e Symport and antiport

TABLE 5-2  Primary Active Transporters

NAMES TYPE OF TRANSPORT
Na"-K"*-ATPase or

sodium-potassium pump Antiport
Ca’"-ATPase Uniport

H*-ATPase or proton pump Uniport

H*-K"-ATPase Antiport

Copyright @ 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



1°(Direct) Active Transport

e ATP energy directly fuels transport

e Most important example: Na' /K pump = sodium-
potassium ATPase (uses up to 30% of cell's ATP)

o = = (W]

O <
ECF: high
o [Na', low [KT]

e Establishes Na+ conc. o
gradient Ep,.can be o
harnessed for other
cell functions




Mechanism of the Na'/K -ATPase




2° (Indirect) Active Transport

e Indirect ATP use; uses Eqo:
stored in conceptratiop
gradient (of Na and K')

e Coupling of Ex.of one molecule
ith movement of another
molecule

e Example: Na / Glucose
symporter

other examples

e 2 mechanisms for Glucose
transport

é’Na* binds to carrier. W
Lumen of intestine - Intracellular fluid Ghucoss binding changes
: N carrier conformation.
or kidney
. SGLT protein
Gl
[Na*] high [Na*] low ¥
[assal o [oows] np J Na* released into cytosol.
Glucose follows.
Na* binding creates a

site for glucose.

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



Body Fluid Compartments

IC fluid \ EC fluid

Y
Exchange

much

more Interstitial fluid ﬁ plasma
selective; Relatively free

Why ? exchange




Body F|Uld Compartments:
1580 0 Si}fjl Critical

JN \
)
Blood ‘I m
vesgal || ] 1
) | Thinkin
Plasm / Interstitial fluid Intracallular fluid
— q
|
: o
| Questio
i
Plasma : Interstitial fluid D

= I
2! T
Leaky epithalium -.m-

What properties should a molecule have to be used as
marker for one of the fluid compartments?
Do total H:0; total EC and plasma. Then, how do you figure

out ICF and interstitial fluid?



Table 5-4

_Secnndary Active Transporters

Sodium-dependent transporters

Symport Carriers Antiport Carriers
Na*/glucose Na+/H+
Na™/amino acids (several types) Na* /Ca2+t
Na*t/K+/2Cl~-

Na* /bile salts (small intestine)
Na™ /choline uptake (nerve cells)
Na™ /neurotransmitter uptake (nerve cells)

Nonsodium-dependent transporters

HCO;~ /Cl-
H+/K*




Vesicular Transport

Movement of macromolecules across cell membrane:
| 1. Phagocytosis (specialized cells only)

2. Endocytosis

e Pinocytosis
e Receptor mediated endocytosis
e (Caveolae) Potocytosis

3. Exocytosis



1. Phagocytosis

e Requires energy
/ e Cell engulfs particle into vesicle via pseudopodia formation

e E.g.: some WBCs enqgulf bacteria

e Vesicles formed are much larger than those formed by
ndocytosis

e Phagosome fuses with lysosomes 7 (see Fig. 5-23)



1. Phagocytosis




2. Endocytosis

e Requires energy

e No pseudopodia - Membrane surface indents (cel order)

e Smaller vesicles

e Nonselective: Pinocytosis for fluids & dissolved substances
Selective:

e Receptor Mediated Endocytosis via clathrin-coated pits - Example: LDL
cholesterol and Familial Hypercholesterolemia

e Podocytosis via caveolae

Note: Clathrin is a protein that plays a major role in the formation of coated vesicles.



Receptor Mediated Endocytosis and Membrane
Recycling

}-ig'ﬂ"‘j Extracellular
Cell membrane & : fluid

® L L e @ g

"

Membrane rer:ycllng

Intraceliular

Tol
0 ysc:snme fluid

or Golgi =
apparatus

5-28



3. Eoogidaisis

Intracellular vesicle fuses with membrane

Requires energy (ATP) and Ca™

Examples: large lipophobic molecule secretion; receptor
insertion; waste removal

——
.\..-:""'" Endoplasmic reticulum  Transfer
vesicle Lysosames !
Forming / g:) i and 3
: face(cis) 3 _ peroxisomes 0o
S o) ¢
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| 1518 & Secretory .
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\ oo T Protein
Transpt::rl: )\—/ '
Mamhrana protein incorparation
vesicles Golgl apparatus 4 .nenort yesicles | in membrane




transport

have different proteins:

Uses combination of active and passive

pical and basolateral cell membranes

Movement through Epithelia:
Transepithelial transport

Na*. glucose symporter
brings glucose into cell
against its gradient using
energy stored in the Nat
concentration gradient.

o
Lumen of kidney [Glucose] |5y Na® [Na*] pign
or intestine

P——

0

.

GLUT transporter
transfers glucose to ECF
by facilitated diffusion.

Apical
membrane

o

4
[Glucose] pgh Na” [Na™] jouy Na*-K*. ATPase pumps

Nat* out of the cell, keeping
ICF Na* concentration low.

[g2% |

Epithelial
cell

Basolateral
membrane

Na'- glucose transporter on apical membrane Na'/K
-ATPase only on basolateral membrane

Extracellular
