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Introduction to Cell Structure

Cells are the fundamental units of life, serving as the building blocks for all living

organisms. They perform vital functions, including energy production,
metabolism, and reproduction, ensuring the survival and proper functioning of

biological systems.




Cell Theory

All organisms are composed of 1 or more cells

Cells are the basic living unit of structure and function in
organisms

All cells come from other cells




Complex; multicellular

: Ex. Plant Cell
Ex. Bacteria

Prokaryote

Simple; single-celled



Eukaryotic Cells

 Have a nucleus
* Could be a plant or animal cell, fungi or protists

Specific to Plant and Animal Cells:
e Cells surrounded by a plasma membrane
e Contain various organelles with their own specific jobs in
the cell
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The Plasma Membrane

The plasma membrane is differentially (selectively) permeable. Some substances can freely

move across the membrane, and some cannot. There are two methods of transport across the
membrane.
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1. Passive Transport

Passive Transport: Transport across a membrane
that does not require carrier proteins/chemical
energy. Movement occurs via diffusion, osmosis
or facilitated transport.

Examples: Water, gaseous organic molecules




Diffusion vs. Osmosis
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Diffusion vs. Osmosis

& i < Hypertonic Isotonic Hypotonic
«# " inand out

Oxygen (O,) diffuses into the
capillaries of the lungs because
there is higher concentration of O,
[0,] in the alveoli (air sacs) than in
the capillaries. Plasmolyzed




Facilitated Transport

: : : o o Extracellular S g
Biologically useful molecules enter and exit the 0o e e, o
cell at a rapid rate because of channel and PR AL
carrier proteins in the membrane. it i 'l“[““”l il

X

P proteins
o

® Intracellular space

Carrier proteins: specific proteins that
bind/pair to a specific molecule, which then
allows that molecule to enter or exit the cell
automatically

Carrier proteins can be used for several types
of transport across a cell




Facilitated Transport

Facilitated Transport explains the o, o e e o o
passage of molecules like glucose and .
amino acids across the plasma
membrane (even though they are not
lipid soluble)
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2. Active Transport

Protein Pump

Active Transport: Transport across a
membrane requiring a carrier protein
and chemical energy (ATP). Examples:
Sodium/Potassium Pump

Exocytosis/endocytosis can also occur,
but energy is still required.




Sodium-Potassium Pump

Like a water pump, our cells use energy
to pump various ions or molecules to
and from our cells.

The sodium-potassium pump is
associated with muscle and nerve cells.
It moves sodium to the outside of the cell
and potassium to the inside of the cell. A
Phosphate group (donated by ATP) is
broken down enzymatically to attach and
detach to the carrier proteins involved,
which allows for the movement of both
ions.
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6. Slow return
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Exocytosis and Endocytosis

Exocytosis Endocytosis

During exocytosis, vesicles fuse with the plasma
membrane as secretion occurs. These vesicles are
often produced by the Golgi Aparatus and contain
proteins. The proteins adhere to the cell surface
or become incorporated into the surface of the
exterior of the cell. Some diffuse into tissue fluid
to nourish or signal other cells. Example:
Digestive enzymes (rise in blood sugar signals
pancreas to make insulin)

Plasma
Membrane

Internal .
Membrane -




Exocytosis and Endocytosis

Exocytosis Endocytosis

During endocytosis, cells take in substances by
vesicle formation. A portion of the membrane
envelopes the substance to make an intracellular
vesicle. There are many methods:

Plasma o
Membrane Phagocytosis
Pinocytosis

Receptor-Mediated Endocytosis

Internal .
Membrane -




Phagocytosis vs. Pinocytosis

Macrophage @

&
@@

o Viruses

oo

Material taken in is large — the
debris is engulfed by the cell

Examples — Amoebas, white blood
cells

Pinocytosis

Cell Membrane o Both ends of the fold

meet, producing
pinosome

Material taken in is very small;
occurs continuously in cells
Examples — blood cells, intestinal
lining cells, plant roots



Receptor-Mediated

A form of pinocytosis that is specific; it uses a receptor protein shaped so that
specific molecules like vitamins, peptide hormones, or lipoproteins can bind to

it. The receptors for these substances are located at specific points on the
plasma membrane.
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DNA StrUCture Thymine

end Adenlne 3 end
* Review: DNA is formed from ?\75
nucleic acids paired together k@

. } S
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helix structure.

Phosphate-

* The bases of DNA are paired deoytbose 7S d
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DNA Structure Purines

* Base pairing allows purine 1 j
vases to match with TN 4 ) a
oyrimidine bases so the DNA N NN
adder always has “rungs” of P ——
the same length. Pyrimidines

* The double ring structure of N, . 0
the purines is always paired - JLH H  HE V.J;ﬁ-ﬁ
with the single ring structure [+, ‘L s, 2l 5, 2]

M0 N0 N0

of the pyrimidines to keep the
DNA structure stable. Cytosine Uracil Thymine




DNA Replication

* DNA needs to be copied for cells to
reproduce. This process is referred to
as DNA replication.

* DNA replication is facilitated by a
series of enzymes (proteins) that
interact with the DNA to unwind the
DNA and then attach new bases to
the strands to make new strands of
DNA.




DNA Replication Semiconservative Replication

* There are 3 stages to DNA replication: g
* [nitiation strand

* Elongation
e Termination

* Because at the end of the process of fit tion
DNA replication you end up with two wands |
identical strands of DNA that each
contain one half of the original DNA
strand the process is considered 5 &
semiconservative. “" f

strands =




DNA Replication: Initiation

1. Histones (binding the DNA) are

unwound by enzyme: / oy,
. 2
topoisomerase. "oy,
2. DNA splits at specific sequences
called origins of replication by the
enzyme: helicase. Sige S TTTD

3. Replication forks (Y shaped
structures) form as DNA opens up.
They extend in both directions as . R
replication proceeds.

Frank Boumphrey M.D.
2009



DNA Replication: Elongation

1. DNA polymerase joins nucleotides to the 3" end of DNA chain

The enzyme can only work on the 3’ end and cannot join nucleotides
to the 5’ end of the chain, one strand requires a primer sequence of
RNA (Primase) which is removed later and replaced with DNA.

Leading Strand

N IV
. 1

Lagging Strand
Helicase / e

DNA Polymerase

Ligase



DNA Replication: Elongation ¥ V

1 Template Strands

1. DNA polymerase builds new DNA {7 Roplcaton For
strand and nucleotides are added "'//{'u
continuously during elongation.

2. The strand that runs 5’ to 3’ is
assembled in short chunks called Okazaki ._agg.-ngsuandg\'
fragments starting at the RNA primer. . Leading Strand |

3. After the strand is filled, enzymes
remove the RNA primers and replace
them with nucleotides.

— DMA Polymerase

Okazaki

Fragments DNA Ligase




Eukaryotic DNA replication

DNA Replication: Elongation

Topoisomerase
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DNA Replication: Termination

* DNA replication ends when the
chromosome ends on the leading
strand that runs from the 3" to 5’
direction.

* On the lagging strand, the DNA ends
up without a spot to put a primer so
that the end of the strand of DNA
cannot be replicated using this
process.

* This is why the ends of your
chromosomes have non-coding
regions called telomeres at the end.




Telomeres

* Telomeres in some cells are maintained by
the enzyme telomerase that uses a RNA
template to shift along the end of the
chromosome.

* This allows primase and DNA polymerase to
add complimentary base pairs to the
telomeres of chromosomes.

* However, some bases can still be lost during
cell division from telomeres so this is why it is
important that they do not code for any
genes.
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Mutations

* If there is an error when DNA ;
polymerase is adding a nucleotide, it is . =
generally checked and corrected by

enzymes that are engaged in mismatch Incoming
. LW photon

repadair.

* On rare occasions a mismatch is missed
by this mechanism and a mutation
occurs, which can result in either a new
protein, no change, or no protein being
made.

* Most often it results in the death of the
organism.

Before: After:
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DNA strands: *unzi p* Me after explaining every step in
MRNA: transcription and translation
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Protein Synthesis



DNA vs RNA
)

® 000

I\

& DNA RNA Protein

(ns_ly

DNA

RNA

e double stranded

e bases are Adenine (A) — Thymine
(T) and Cytosine (C) — Guanine (G)

e sugar is deoxyribose

e single strand

e bases are Adenine (A) — Uracil (U)
and Cytosine (C) — Guanine (G)

® sugar is ribose
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Protein Formation- Transcription

Transcription

e since DNA is too large to fit
through a pore in the
nuclear membrane, it
needs to create a smaller
messenger

® agene sequence unwinds
and one side of the
chromosome is copied as a
messenger RNA (mRNA)

9/24/2025

Diagram of Protein Synthesis
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Transcription

4 Steps
1. Initiation:

RNA polymerase binds to a
specific region on the DNA
called the promoter, sighaling
the start of a gene

2. Elongation: RNA
polymerase unwinds the DNA
strands and synthesizes a single
strand of mMRNA by adding
complementary RNA
nucleotides (A, U, C, G) to the
growing mRNA strand based on
the DNA template.

Transcription
Codon

28 T BIEE kM =
DNA :
¢ x,f ,
VA1 ELLIIEs
-~ a” 7 - ‘_)3"
TS
’ Base pair
' 6
Pre-mRNA \ ° Cell nucleus
&
s = Cytoplasm
G
i
mRNA! \
\ Translation o V
3 » Protein

3
Amino acids { "%

Growing protein
chain
A -

35



Transcription

4 Steps (Continued)

3. Termination: RNA polymerase continues until it reaches a termination

signal in the DNA, at which point it detaches, and the newly formed mRNA
strand is released.

4. Post-Transcriptional Modifications: In eukaryotes, the mRNA
undergoes capping (adding a 5' cap) and polyadenylation (adding a poly-A tail),
and introns are spliced out, resulting in mature mRNA.

El I1 E2 12 E3 13 E4 14

DNA Template
Transcription

5‘cap 3 poly-A tail
Gl VAY VAN VAN VaAvED
Primary RNA transcript Introns are removed.
5‘cap 3‘ poly-A tail

Mature mRNA
B Introns

Exons
36



Example

* DNA
* mMRNA

9/24/2025

TACGCGAATTGTCACTAGACCACT
AUGCGCUUAACAGUGAUCUGGUGA

Plasmamembrane

.- Nucleus
\ Cytoplasm

37



Protein Formation- Translation

Translation

O Growing peptide chain

1. mMRNA moves into the cytoplasm @ Y
. . . VA “ @%
and binds with a ribosome T @) A\ incoming RNA
\;{R“‘“P‘ \ T x\..;g‘tﬁp"\‘x bound to Aming Acid
. Outgoing y W N
2. Ribosome translates the oo A\ o) \ .4
: . . . o . BT
instructions in the mRNA into a chain w~ ' | ' / s
of amino acids AR AN AR AR,
MESSEHQEFRNA
Ribosome
MRNA is read in sets of 3 bases called Peptide Synthesis
a codon that codes for a specific
amino acid
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Example

* DNA
* mMRNA

1st

letter

9/24/2025

Second Letter
C A G
UUU | Phe |Ucu UAU | Tyr |UGU |Cys |U
uucC ucc Ser |UAC UGC C
UUA | oy |UCA UAA Stop |UGA Stop|A
UuG UCG UAG Stop (UGG Trp |G
cuu ccu CAU His |CGU )
cuc | Leu|ccc | Pro |[CAC CGC | Arg |C
CUA CCA CAA Gin |CGA A
CuG CCG CAG CGG G
AUU ACU AAU Asn |AGU | Ser |U
AUC lle |ACC Thr | AAC AGC C
AUA ACA AAA AGA A
L A
AUG et | ACG AAG | Y° |ace |9 |G
GUU GCU GAU Asp |GGU U
GUC | val |GCC | ala | GAC GGC |aly |C
GUA GCA GAA | gy [GGA A
GUG GCG GAG GGG G

3rd

letter

TACGCGAATTGTCACTAGACCACT
AUGCGCUUAACAGUGAUCUGGUGA
* Amino Acid met—arg—leu—thr—val—-ile—trp —stop

39



Translation

3 Steps (Sometimes 4)
1. Initiation: The mature mRNA binds

to the ribosome. The ribosome assembles i RIBOSOME
around the mRNA, and the first tRNA w

molecule, carrying the amino acid . Amino
methionine, binds to the start codon (AUG). chain (protein)

2. Elongation: The ribosome moves
along the mRNA, reading codons (three- " .
nucleotide sequences) and recruiting the " ot
appropriate tRNA molecules that carry ‘ |
specific amino acids.

Each tRNA anticodon pairs with the
corresponding mMRNA codon, and the
ribosome catalyzes the formation of peptide
bonds between the amino acids, elongating
the polypeptide chain.

Large
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Translation

Growing peptide chain

3 Steps (Continued) OO T

3. Termination: The process \ @ (Q\bot]:c??;irz\%\iforqﬁcid
continues until the ribosome Duging W — ‘\
reaches a stop codon (UAA, UAG, \‘;f% TRNAHTRNA N
UGA) on the mRNA. No tRNA w ue
corresponds to stop codons, so e )
rggease factors bind to the SATRTRVATRR T TR TR TATATATATA TR TR PURLALALAL
rioosome. MessengerRNA

Ribosome

The completed polypeptide chain
is released, and the ribosomal Peptide Synthesis

subunits disassemble.
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3. Post-Translational Modifications (if

applicable)
* The new protein may undergo /'{'
further modifications, such as - / lA / s

folding, cleavage, or the
addition of functional groups, ™\ / / \
which are essential for its final |
functional form.

Once fully finished, the Golgi
Body packages the protein and
sends it out to do its job
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What is metabolism?

* The constant occurring reactions which are vital to the
activities of the cell.

* These reactions do not occur randomly

* They occur in a metabolic pathway.

* It begins with a reactant(s) and ends with a product(s)
* Enzymes facilitate each reaction

Letters = reactants or/and products (eg, B is a reactant and a product)
Numbers = enzymes
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ATP

* Adenosine triphosphate
* Bonds between the phosphates represent high energy bonds
* ATP cycle

Absorb Release
energy\/ uenergy
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nout being used up in the reaction

ney are specific to a reaction meaning they speed up only one reaction

* Enzymes have an “ase” ending with the substrate in the name ie lipase
breaks down lipids

E +S ES

E +P

E = enzyme

S = substrate (reactant)

ES = enzyme substrate complex
P = product



How do enzymes work?

e 2 theories:

1. Lock and key model: the substrates are attracted the to enzyme due to
their exact fit. The coenzyme must be in place in order for it to work.

L

substrate

product

I-I-I — B

coenzyme

enzyme

Enzyme-substrate complex



2. Induced Fit: the enzyme’s active site and the substrate don’t fit so
they both must alter their shape slightly.

* The active site (3D protein structure) is where the reaction takes
place for both the induced fit and lock and key.

» After the reaction the site has changed and it must return to its
original state.



( Induced Fit Model ]

Substrate Enzyme adjust Products
Actlve Site its shape
Enzyme Enzyme-Substrate Enzyme-Product Enzyme

Complex Complex



Energy Activation: E,

* The energy that must be provided in order for the molecules to react
with one another.

* Enzymes lower the energy activation so the reaction occurs sooner.

Energy
Energy
m
>

substrates
substrates

products products

Time Time



Factors affecting Enzyme activity

1. Concentration

e Substrate concentration increase will increase the amount of
product produced. After awhile the rate won’t be affected as the
enzymes are saturated

* Enzyme concentration increase will increase the amount of product
so long as there is enough substrate.

Rate of reaction

reaction rate —»
L]

substrate concentration —s Enzyme concentration



2. Temperature:

* Low temperature will slow the reaction rate but normally not
denature the enzyme.

* Warm temperature will maximize the reaction rate (ie body temp for
us)

* High temperatures will increase the rate at first but will denature
the enzyme

INCrEasing
chZ e
activiIty

aptimum
temperature :
I I I [ I
0 i0 20 30 40 50 e0 70
temperature (70C)




3. Inhibitors:

: an inhibitor that looks like the substrate will compete for the
active site on an enzyme. The binding to the enzyme can be reversible or
irreversible

: the inhibitor does not look like the substrate. The
inhibitor binds to another place (not active site) on the enzyme thus
causing it to change shape at the active site. The substrate can’t bind.

le penicillin — competitive
Lead, mercury& other heavy metals — non-competitive



Competitive Non-Competitive

Q) QA=

BEL ALY

4

substrate  inhibitor enzyme — inhibitor substrate  inhibitor enzyme — inhibitor
complex complex




4. pH:
pH: favourable pH
* There is no specific pH that works for all enzymes... it varies

* Any other pH will cause denaturation... in the right hand graph
below, any pH besides 2 for pepsin will cause denaturation

(stomach (intestinal

T Optimal pH for pepsin Optimal pH for trypsin t t
enzyme) enzyme)

0D O™ AN™DI

Reaction rate ——»

Y
0o 1 2 3 4 5 6 7 8 9 10

pH 20 30 40 50
(a) Temperature, °C (b)

(b) Optimal pH for two enzymes



Parts of an enzyme

: the mineral, usually a metal ion, that forms part of the
active site.

. a vitamin which also forms part of the active site.

: where the cofactor and coenzyme attach. Itis the
protein part of the enzyme and is responsible for specificity and
“speeding up” function.

The Parts of an Enzyme

. cofactor + coenzyme + apoenzyme ol
Aot B Substrate
S RE

=

ig

Holoenzyme



Examples of Substrates & Their Enzymes

* Lipid = Lipase o —
 Urea = Urease Lactaid

ENJOY DAIRY AGAIN)

* Maltose = Maltase sgasTacT £

. . . . ‘&;i\am
* Ribonucleic Acid = Ribonuclease suaor- SIS
* Lactose = Lactase

Lipids Lipase Enzymes Glycerol & Fatty Acids




Metabolism

Metabolism is the collection of METABOLISM
chemical processes within the body's
cells that convert food and drinks into
energy. This energy is vital for all bodily

Chemical Waste

functions, including breathing, moving,
thinking, growing, repairing cells, and
maintaining body

) A . t
2 \ / CO,  H.0

Chemical Energy

temperature. Metabolism runs cil;;dt \)r @
continuously, providing the energy il P~
needed for survival and performing Metaboksm ‘
every task, from the smallest cellular 7 ’@/

activity to the largest movements.



Steps of Metabolism (Cellular Respiration)

CELLULAR RESPIRATION

o L
/Carbon . : _;
z & ©
O Cell



Glycolysis

Occurs in Cytoplasm

Summary of Glycolysis




mews
Krebs Cycle S

Occurs in Mitochondria \m/
Citrate synthase fwmer

l Oxaloacetate

KREBS CYCLE AT Aconitase
or Malate dehydrogenase -
Citric Acid Cycle m Isucltrate_]
NAD*
Isocitrate dehydrogenase
co,

Fumarase

[ a-ketoglutarate |

NAD*+
co, a-ketoglutarate dehydrogenase
NADH

Succinyl-Coenzyme A ]

Water

I Coenzyme A |

Succinyl-CoA synthetase
GDP

GTP )
AP
v '..-""-;\\'

ADP

FAD
Succinic dehydrogenase

Succinate



Electron Transport Chain (Mitochondria

Electron Transport Chain

In Complex |, NADH from
glycolysis and Krebs cycle is
oxidized to NAD+. It passes
off 2 passes off 2 electrons
and Htions are pumped into
the intermembrane space.

FADH,

NAD+

Electrons from Complex |
and Complex Il are
transferred to a carrier
called ubiquinone Q. This
molecule carries the
electrons to Complex IlI.

Electrons in Complex Il are
picked up by cytochrome C,
another carrier molecule.
This molecule carries the
electrons to Complex IV.

FAD

(0}

H*ions need to cross the
membrane to balance the
concentration gradient. They
use ATP Synthase to do this.
As the ions pass through,
the pump makes ATP.

HO

FADH> from glycolysis and
Krebs cycle is oxidized to
FAD by Complex Il. It also
releases H*ions into the
intermembrane space and
passes off electrons.

Complex lll accepts the
electrons brought in by
ubiquinone Q and pumps
more H* ions into the
intermembrane space.

In Complex IV, a reaction with
O2 produces H,O. More Ht
ions are pumped into the
intermembrane space. By
now, the concentration of H+
ions is very high.

Glucose Oxygen
C6H1206 + 602 + 32ADP

|

6H20 o GCOZ + 32ATP

Water Carbondioxide  Energy
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FADH,

“electrons
via NADH"

mitochondrion

2 ATP ) ATP 34 AP

substrate-level substrate-level oxidative



