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The Cell in Health and

llIness
Chapter 1
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Fag; by Him alk things were. crealed, i 'hea\a"
and on earth, visible and invisible, all ings
-were created through Him and for Him.

Col 4:16 (NKJV)

What we know is a drop,
what we don't know is an ocean.
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Four types of tissue

Connective tissue

.
SRauns?Z -

=5, Muscle tissue Nervous tissue
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» Body - consists of organs

» Organs - consist of tissues

» Tissues ->consist of cells

» Cells = consist of ultrastructures
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Rudolf Virchow

= The father of modern
pathology

= The basis of all disease is
injury to the cell

Rudolf Virchow 1sss

Cell Theory

+ All living things are
composed of one or
more cells

¢+ In organisms, cells
are the basic units of
structure and
function.

+ All cells are produced
only from existing
cells.

The Normal Cell

9/30/2020



9/30/2020

| build molecules for a living,
| can't begin to tell you how
difficult that job is. | stand
in AWE of God
because of what he has done
through his creation. Only a
rookie who knows nothing
about science would say

science takes away from
faith. If you really study
science, it will bring you
CLOSER to God.

JAMES M. TOUR Nanoscientist
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Rough endoplasmic Plasma Nucleus
reticulum membrane
Ribosomes

Smooth endoplasmic
reticulum

Centriole
(microtubules) ¢

Cilih  Microtubules Mitochondrion
within cilia
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hydrophific (polar) head .
of phosphoiipid "V‘(’r:mg
fatty acid tail
791 phospholipid

The
Plasma .
Membrane

integral (intrinsic) proteins peripheral (extrinsic) protein

inner face © 2007 Encyclopadia Britannica, Inc.
» What it is:
> A double layer of lipid molecules with carbohydrates and proteins
interspersed
> Selectively semipermeable; acts as a barrier
» Function:

o Restricts intracellular losses
o Governs intracellular entry

o Separates intracellular fluid (ICF) from
extracellular fluid (ECF)
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Extracellular environment

(outside the cell)

Glycoprotein Cholesterol

j

©
I

,,,,,,, '

M

Pore (channel
created by
linear proteins) Intracellular environment
(cytoplasm)

e

J

Phospholipids
(hydrophilic
molecules)
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cellmembrane

Plasma
Membrane

mitochondri

» Maintains the
integrity of
the cell and a0
guards the
contents of
the cell

reticulum complex
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» Cells constantly interact with their
environment and try to maintain

homeostasis

» cells respond to stress (e.g.,
physiologic and toxic) via
adaptation to maintain viability and f
function Homeostasis

» cell injury results when the cell can  Body
no longer adapt to the stress, which temp.
can be

> REVERSIBLE

implies that once the stress is
removed the cell can return to its (
original state Blood Sugar

> IRREVERSIBLE

+ when the stressful stimuli is
excessive or persistent the cellular
damage becomes irreversible and
cells undergo CELL DEATH

H,0
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> Cell damage (also known as cell injury) is a variety of changes of
stress that a cell suffers due to external as well as internal
environmental changes.

» Amongst other causes, this can be due to physical, chemical,
infectious, biological, nutritional or immunological factors.

Cell Injury

Phospholipid membrane

Ribosomal detachment Lysosomal rupture damage

Membrane blebbing

Normal cell

Endoplasmic reticulum
swelling

Reversible injury Imeversible injury 1, %

Mitochondrial

sweliing 1 Mitochondrial

permeability Nuclear changes can result in

«Pyknosis (condensation) or G
 Karyorrhexis (fragmentation) or s

* Karyolysis (nuclear palior)

11

Pathophysiology: Introductory Concepts and Clinical Perspectives by Theresa Capriotti and Joan Parker Frizzell

Injurious Agents of Plasma Membrane

« Free radicals (substances with free
electron on an oxygen molecule)

s High pressure forces (eg, hypertension)
« Radiation (eg, sunlight)

* High glucose concentrations (eg,
uncontrolled diabetes)

Copyright © 2016 F.A. Davis Company




Pathophysiology: Introductory Concepts and Clinical Perspectives by Theresa C:

Free b b

®; "o PP
. Q) P
Radicals P e
Free radicals OXIDIZE cell structures O 3
and can be called OXIDANTS. =) &)

They disrupt the integrity of the cell =
membrane and damage organelles
and DNA, causing cell dysfunction.

ANTIOXIDANTS such as vitamins A, v “FORMATION OF '"“"‘f‘":"’"
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— We will see more of injuries /ater
- Now ->We will go back to a normal cell

WE'RE GOING

— Mitochondrion

Cytoplasm

< endoplasmic
Ribosome reticulum
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Diffusion

Salt moves from high
concentration to low

Ce I I d (o hYd rati on Start Finish

2=

During the Freezing Process Fast Cooling
Osmosis
— + Water moves from low
concentration to high
+ %
Normal Cell Water Migration Intracellular Ice Formation

Cell Dehydration

] Water
‘5 Salt

B Semipermeable membrane
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Plasma Membrane Allows for Exchange
With Environment

>
H,O flows out [ cellular
into ECF dehydration

Intracellular
fluid

Extracellular fluid (ECF)

If ECF is lower in water content than ICF,

shrinks = cellular dehydration

Copyright © 2016 F.A. Davis Company

cell membrane allows water out of ICF, cell
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Cellular edema

NORMAL
CELL

Reversible
injury & ? Recovery

IR ey I Swelling of

3 endoplasmic
reticulum and
mitochondria

Myelin
figure

Membrane blebs
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Plasma Membrane
Allows for Exchange With Environment

H,0
flows
into cell
from
ECF

Intracellular
fluid

] Cellular EDEMA

Extracellular fluid: If ECF is higher in water content than
ICF, cell membrane allows water to flow into ICF, cell SWELLS =
DEMA
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Sodium-Potassium
Pump/Active Transport

For optimal cell function, it is
necessary for:

¢ potassium (K+) ions to be at a
higher concentration inside the
cell, and for

¢ sodium (Na+) to be at a higher
concentration outside the cell.

* The sodium-potassium pump
(Na+ K+ ATPase) constantly
pumps Na+ out in exchange for
K+ in.

Copyright © 2016 F.A. Davis Company
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‘m w\u

Extracellular environment

Intracellular environment
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Mitochondrion

» Rod shaped
» Synthesizes adenosine triphosphate (ATP)
(energy source of the cell)
» Process of energy production = oxidative
phosphorylation (AEROBIC metabolism) .
» Requires proteins, fats, and carbohydrates to Aerobic
produce energy metabolism:
» Where the “Krebs cycle” is occurring
OXYGEN

ribosomes

/ Mitochondria
jinner membrane

intermembrane
pace

34 ATP (energy)

. Copyright © 2016 F.A. Davis Company
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=

Anaerobic Cytoplasm
metabolism

&

Nucleus —___

Nucleolus —__ & Nucisopore.

= Cytoplasm
Reticulum ~ Mitochondrion

Lysosomes

Smooth ——
Endoplasmic
Reticulum

- ™ Golgi Body
Microtubule N
Centrioles

Animal cell
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Cellular Metabolic Processes
LIFE& E.N‘ERGY

» Aerobic metabolism (Krebs cycle)
————— >34 ATP

What is the Krebs cycle in simple terms?

A series of chemical reactions that occur in most aerobic
organisms and are part of the process of aerobic cell
metabolism, by which glucose and other molecules are broken
down in the presence of oxygen into carbon dioxide and water
to release chemical energy in the form of ATP.

» Anaerobic metabolism (GLYCOLYSIS) ”’
_———>2 ATP + lactic acid \!

Copyright © 2016 F.A. Davis Company
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Lysosome
Lysosomes Y

)

» Spherical membrane-bound organelles O

» Contain digestive enzymes

» Digest particles brought in by endocytosis, pinocytosis, or
phagocytosis (heterolysis)

» Also digests worn out cell parts

v In cell death ---> autolysis occurs (enzymes rupture from lysosome
and digest whole cell)

» White blood cells (WBCs) (macrophages that constantly survey body for
antigen) have many lysosomes

/57:'.".‘.

DIGESTING DIGESTING DIGESTING
FOOD ORGANELLES CELIS

\@ C:'lerblarm
J Iﬁm @
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Example of
Lysosomal Action

» In myocardial infarction (MI;
cardiac muscle cell death)

o -> autolysis occurs (enzymes
rupture from cardiac muscle cell
lysosomes to digest dead
cardiac muscle cells)--->

/.@m
e
&)

0\‘2{{'n D,

¢ ’.’%\

Irrcvc;‘snblc
o serum C&I’diaC enzymes - Normal cell Swelling Swelling Disintegration
Apoptosi
CPK/ LDH/ SGOT o
o Laboratory test: blood drawn for S\ 7 O = §
these lysosomal enzymes to indicate |5- (5 ) @@ @ @ ©
MI has occurred ‘ O = b @ e
OJ I S @ o
o °F L %) | o Q}
Normal cell Fragmentation Apoptic bodies
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|_RIBOSOMES PERFORM PROTEIN SYN
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Ribosomes

» Attached to ER

» Unattached, freely
suspended in
cytoplasm

» “Factories” of .
proteins =

» Where “protein !
synthesis” occurs

newly born protei
amino acids

large subunit

Copyright © 2016 F.A. Davis Company
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Ribosomes

» How do ribosomes “know” what proteins to
make and how to make proteins?

» The NUCLEUS gives directions————>

Amino acid <
chain (protein)

mRNA

The Cell Nucleus

Pathophysiology: Introductory Concepts and Clinical Persj

Nuclear
Envelope

Nucleus

» Houses the DNA of
the cell

Nuclear
i/ Pores

» DNA = double strand
of chromosomes
linked together
(imagine a “zipper”)

» Chromosomes =
chains of genes

Chromosomes Chromatin

Figure 1

» Direct all cell
activities and all
structural plans
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DNA ----> double-helix strand
----> individual chromosomes = “karyotype”

phosphate
backbone
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What is DNA and How Does it
Work?

Check this out:

https://www.youtube.com/results?search_query=d

na

Copyright © 2016 F.A. Davis Company
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How Do Genes Direct Our Body to
Make Proteins?

» DNA ->transcription
process —> RNA

» RNA strand = mRNA,
tRNA, and rRNA

» Messenger RNA (mMRNA)

» The mRNA is a mirror
image copy of DNA.

-
)
» The mRNA tells the \; s
ribosomes what specific Replcton = —Wi'w»ﬁ
A
\‘Z_

protein to build.

» Transfer RNA (tRNA) \ s
helps ribosome build
the specific protein by

linking the correct

amino acids together.

Copyright © 2016 F.A. Davis Company
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What Occurs Inside the Cell That Allows DNA
to Direct Cell Activity?
» Transcription: process in the

nucleus where the DNA
makes an RNA molecule

» Translation: process outside
the nucleus at the ribosome
where the RNA directs the
synthesis of proteins

" Translation
{ Amino
f Ackd chan

C
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Nucleus

» Inside the
nucleus...DNA s e
“transcribes”
itself for cells to
function

DNA

Plasmamembrane i 8
> I—l—'u

WCytoplasm mRNA
Cytoplasm — 1 =
codon
mRNA

1
E

Transhlllon II lu U“

tRNA

anticodon
Ribosome

ey
\ Copyright © 2016 F.A. Davis Company

34

Pathophysiology: Introductory Concepts and Clinical Perspectives by Theresa Capriotti and Joan Parker Frizzell

SN Transcription RNA

Transcription

» INSIDE NUCLEUS: One strand of
DNA acts as a template to make
a strand of RNA...DNA rezips
and then the strand of RNA :
leaves the nucleus ... Using an enzyme krown as RNA polymersse genetic iformation n DA

is converted, or Transcribed’, into RNA

» RNA = three parts: mRNA, tRNA,
and rRNA —

— = movement

Nucleotide being added
to the 3’ end of the RNA

hybrid region

9/30/2020
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Transcription

Chromatin is DNA Each “step” in the ladder
folded upon itself is made up of purine~
within the nucleus. pyrimidine base pairs;

adenosine (A), thymine
Nucleus (T), cytosine (C), guanine
(G). These uniquely matched
base pairs form the genetic
code of each individual.

Deoxyribose
sugar and
phosphate

DNA helix untwists and
separates into 2 strands.

il‘t“‘,u‘lm" UTUTTY
l-hﬂf‘lw uMH“H'I
One strand acts as
a TEMPLATE for the

synthesis of a new
structure called RNA.

as a template.

New strand of RNA

DNA template.
rRNA tRNA mRNA
(ribosomal ~ (transfer gﬂesssnger
RNA) RNA) NA)
section section  section

Copyright © 2016 F.A. Davis Company
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Translation

Transcription
» “Translation”: { j Al
MRNA --> directs e )
ribosome to synthesize reomi \ catnee /7
specific amino acids e

!
» —-> tRNA directs the '
chain formation of

P » - @grme}i"

Amino acids

amino acids to form a2 o
proteins

Copyright © 2016 F.A. Davis Company
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Golgi Apparatus

» Processes proteins synthesized by the ribosomes
» Prepares proteins for secretion

Golgi Apparatus

Golgi Body in a Cell

/mmommomwsda
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- - ‘Smooth endoplasmic
| =
Cilia o\ 2
o )

» Extensions of the
plasma membrane with
coordinated whiplike
motion

» Found on some cells
that require motion

Hair-like projections called
cilia line the primary bronchus
to remove microbes and debris
from the interior of the lungs

» Example: respiratory
tract cells “sweep”
away debris, propel
mucus

Goblet cell

FADAM.
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We should remember that science
exists only because there are people,
and its concepts exist only in the minds
of men. Behind these concepts lies the

reality which is being revealed to us,
but only by the grace of God.

AZQUOTES

THE MORE WE LEARN ABOUT GOD'S
CREATION, THE MORE I AM IMPRESSED
WITH THE ORDERLINESS AND UNERRING
PERFECTION OF THE NATURAL LAWS THAT
GOVERN IT.

- WERNHER VON BRAUN -
. . LIBQUOTES.COM
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