Chapter 3: The Cell

BIO 105

Cell Theory

1. A cell is the smallest unit of life.

2. Cells make up all living things.

3. New cells only arise from preexisting,
living cells.

Categories of cells

+ Eukaryotic cells

Categories of cells

* Prokaryotic cells

Plasma membrane

1-10 pm

DNA region
(no nucleus)

Cytoplasm

Ribosome




Review of Features of Prokaryotic and Eukaryotic Cells

Feature Prokaryotic Cells Eukaryotic Cells

Organisms Bacteria, Archaea Plants, animals, fungi,
protists

Size 1-10 pm across 10-100 pm across

Membrane-bound Absent Present

organelles

DNA form Circular Coiled, linear strands

DNA location Cytoplasm Nucleus

Internal membranes Rare Many

Cytoskeleton Present Present

Cell structure

1. Plasma membrane
2. Nucleus

3. Cytoplasm

Plasma membrane components
+ Lipids

— Phospholipids

— Cholesterol

* Proteins

» Carbohydrates
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Plasma membrane functions

Maintain structural integrity of the cell

Regulate movement of substances into and out of the cell
Provide recognition between cells
Provide communication between cells

Stick cells together to form tissues and organs

Membrane Transport

Two types of forces are instrumental in
moving substances across the plasma
membrane.

1. Passive

2. Active

Simple
Diffusion

A lipid-soluble substance
moves through the lipid bilayer
from high to low concentration.

High
concentration

Low
concentration

Cytoplasm

Glucose moves through the lipid bilayer
from high to low concentration with aid
from a carrier protein.

Facilitated
Diffusion {

Extracellular fluid
High
concentration

\y Carrier
protein

Low

concentration
Cytoplasm




Osmosis

Osmosis — movement of solvent (i.e. H,O)
molecules from an area of high to lower

concentration

Semipermeable
/ membrane Pressure

The bag gains and loses
the same amount of water
and maintains its shape.

o The bag gains
98% water, | more water than
2% sugar loses and swells.

The bag loses
more water than
it gains and shrivels.|

(a) Hypertonic  (b) Isotonic ) (c) Hypotonic
solution solution solution
(90% water, (98% water, (100% water,
10% sugar) 2% sugar) distilled)

¥

Active Transport

Extracellular fluid Extracellular fluid

Low
Plasma — concentration

A substance moves through
lipid bilayer from low to

jh concentration with the
r pre nd o

Cytoplasm

concentration

E'ndocytosis

Extracellugr‘ @

fluid o

Plasma
membrane

Cytoplasm  Vesicle iy

(a) Phagocytosis (“cell eating”) occurs when cells engulf bacteria
or other large particles.




Endocytosis

Extracellular
fluid

Cytoplasm

(b) Pinocytosis (“cell drinking”) occurs when cells engulf droplets of
extracellular fluid and the dissolved substances therein.

Cytoplasm

Exocytosis

Step 1: The vesicle

plasma membrane.

Step 2: The membrane
of the vesicle fuses with
the plasma membrane.

Step 3: The vesicle
spills its contents.
outside the cell.

Table 3.2

Mechanism Description

Simple diffusion Random movement from region of higher concen-
tration to region of lower concentration

Facilitated Movement from region of higher concentration to

diffusion region of lower concentration with the aid of a car-

fier or channel protein

Osmosis Movement of water from region of higher water
concentration (lower solute concentration) fo
region of lower water concentration (higher solute
concentration)

Active fransport Movement, often from region of lower concentration
to region of higher concentration, with the aid of a
carrier protein and energy, usually from ATP

Endocytosis Process by which materials are engulfed by the
plasma membrane and drawn into the cell in a
vesicle

Exocytosis Process by which a membrane-bound vesicle from

inside the cell fuses with the plasma membrane
and spills contents outside the cell

In some areas, the nuclear
membrane is continuous with
the endoplasmic reticulum.

_—Nucleus

Roui;h
endoplasmic
reticulum
_—Nucleus

| Nucleolus

Nucleoplasm

—Nuclear
envelope

7;— Chromatin
(DNA and its
associated
proteins)

Nuclear pore

(a) Diagram of the nucleus




Nucleus

* Nuclear envelope
* Nuclear pores ——

nuclear
» Nucleolus e
» Genetic material

ilmarh ]

:,"':‘r "ane | Nuclear
membrane  envelope
nuclear pore |

Genetic material

& Chromatin

(a) Individual chromosomes are visible (b) At all other times, the genetic material is
during cell division, when they shorten dispersedand called chromatin.

Endoplasmic Reticulum & Ribosomes

Endoplasmic
reticulum

Nucleus

Rough endoplasmic
reticulum (RER) has
ribosomes attached to its
surface and is involved in
modifying proteins made by

the ribosomes.

Smooth endoplasmic
reticulum (SER) lacks
ribosomes and is involved in
detoxifying certain drugs and
in producing phospholipids for
incorporation into membranes.

Golgi complex

Golgi
complex

New vesicle
forming

(a) Diagram of the Golgi complex. This organelle
serves as tite for protein processing and
packaging within the cell.

(b) Electron micrograph showing the Golgi complex
and its associated vesicles.




endoplasmic
reticulum

Ribosome

Vesicles camying proteins from the RER

e at the “receiving” side of the Gol, Golgl apparatus

inside, where the proteins are modified.

Golgi complex

Secretory
vesicle

G
their specific destinations.
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(2) Diagram of a mitochondrion showing the (b) Electron micrograph of a mitochondrion.
double membrane that creates two
compartments.

Step 2: Lysosomal enzymes break down Step 5: Other indi
the organelle into smaller molecules that substances remain in the
Wil eturn o the eytoplasm for reus cell.




Review of Major Organelles and Their Functions
Organelle Function

Nucleus Contains almost all the genetic information and
influences cellular structure and function

Rough endoplasmic Studded with ribosomes (sites where the synthe-
reticulum (RER) sis of proteins begins); produces membrane
Smooth endoplasmic Detoxifies drugs; produces membrane

reticulum (SER)
Golgi complex Sorts, modifies, and packages products of RER

Lysosomes Digest substances imported from outside the
cell; destroy old or defective cell parts

Mitochondria Provide cell with energy through the breakdown
of glucose during cellular respiration

Cytoskeleton

¢ Microfilaments
* Microtubules

* Intermediate filaments

Cytoskeleton

Microfilaments — main contractile elements
of the cytoskeleton

Microfilament Structure and Assembly

Filamentous Actin 9 — Globular Actin
(F-Actin) (G-Actin)

Q
e
“ d Monomer

Subunits

Polymerized Actin Microfilament
Figure 1

Important for muscle contraction & cell division

Cytoskeleton - microtubules

(a) Transport monorails

transport
vesicle
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(a) Diagram of a centriole. Each centriole (b) Electron micrograph showing the
is composed of nine sets of triplet microtubules of a centriole
microtubules arranged in a ring.

(a) Cilia on cells lining the respiratory tract

Cilium

Flagellum

(b) Sperm cells in a fallopian tube. Each sperm cell has a single flagellum.

Cell Metabolism




What is metabolism?

« Sum of all the chemical reactions
occurring in the body

« Catabolism + anabolism

+ Catabolism of glucose, amino acids, and
fatty acids produces ATP

three phosphate groups
GF On OF

Methods of ATP production

1. Cellular respiration (aerobic)
CeH 1,04 + 6 O, — 6 CO, + 6 H,0O + Energy (ATP)

2. Fermentation (anaerobic)

Cellular Respiration

Electrons
by NADH

Blood \ Electrons
vessel

& Glucose - Electrons
Kamabre transferred
by NADH

5 and FADH?
Carrier—,

protein

Glycolysis
glucose — pyruvate

Extracellular fluid
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Glycolysis (overview)

Occurs in the cytoplasm of the cell

Involves the breakdown of a six-carbon
molecule (glucose) into two three-carbon
molecules (pyruvate)

" Diiydronyacetone
u-ni o  ATP ADP oophit
H A0 g

/
OM 5 Tiexohimase
o’ NPy on Herok

. H-C-OHg
Hoon

ni-oto
i
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[ During the first steps, two molecules \
of ATP are consumed in preparing | §
glucose for splitting. Glucose

During the remaining steps, four
molecules of ATP are produced.
I/

“2ATI
Energy-investment phase
hd P 2800

4 ADP)
The two molecules of pyruvate then diffuse

from the cytoplasm into the inner >4 ATR—
compartment of the mitochondrion, where

they pass througha few preparatory steps 2
(the transition reaction) before entering

the citric acid cycle.

Energy-yielding phase
NAD*|

2 NADH|

"2 Pyruvate [Two molecules of nicotine adenine
C dinucleotide (NADH), a carrier of

high-energy electrons, also are produced.

- N
o

NAD+ & FAD are electron carriers

loaded

goes to pick
“H proton up more electrons
7 (oxidized)

N =
=\ = —— — I |usedintater
S — NAD H = . stage of respiration
X f# (reduced) \ E
Sk *
4/

used in later
stage of respiration

1. NAD* within a cell,
along with two hydrogen

2. NAD" is reduced to NAD

by accepting an electron from
atoms that are part of the a hydrogen atom. It also picks
food that is supplying up another hydrogen atom to
energy for the body. become NADH

3. NADH carries the electrons
to a later stage of respiration
then drops them off,
becoming oxidized to
its original form, NAD®.
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Glycolysis (summary)

Start: one molecule of glucose

Net yield:
2 pyruvate molecules
2 ATP
2 NADH

Transition Reaction (overview)

Occurs in the mitochondria

Involves the breakdown of the two pyruvate
molecules into two molecules of acetyl CoA

Transition Reaction (in mitochondrion

!

'
Pyruvate (from glycolysis)

A molecule of NADH is
formed when NAD* gains
two electrons and

one proton.

| NAID
NADH

(electron passes
to electron
transport chain)

" (One carbon (in the form of CO3) |
is removed from pyruvate.
K co,

Coenzyme A
[The two-carbon molecule,
called an acetyl group,
| binds to coenzyme A (CoA),
/| forming acetyl CoA, which
oty ;CoA enters the citric acid cycle.

Citric Acid Cycle

Transition Reaction summary

For one molecule of
glucose:

Start: 2 pyruvates

Net yield:
2 Acetyl CoA
2 CO,
2 NADH

Pyruvate (from glycolysis)

jejele)

.\ AD
NADH Coenzyme A
(clectron passes
to clectron
transport chain)

@0
)

Acetyl CoA
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Citric Acid Cycle (overview)

Occurs in the mitochondria

Involves further processing of Acetyl CoA
molecules produced at the end of the
Transition Reaction.

Citric Acid Cycle (in mitochondrion) |

Citric Acid Cycle

Wi w7} @

Citric Acid Cycle (summary)

For one molecule of glucose:
Start: 2 Acetyl CoA

Net yield:
2 ATP

6 NADH
2 FADH,
4CO,

Electron Transport Chain

Takes place within mitochondria

Utilizes the electrons picked up by NAD and FAD
to make ATP

Electron transport chain is a series of 5 proteins
located along the inner mitochondrial membrane
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Figure J-13: Electron Transport Chain

I

The electron transport chain is a series of protein com- E ¢
plexes located at the inner membrane of the mitochondria.

Electron Transport Chain (inner membrane of mitochondrion)

2 p

= The molecules of NADH and FADH; produced by
earlier phases of cellular respiration pass their
electrons to a series of protein molecules embedded
in the inner membrane of the mitochondrion.

High

As the electrons are transferred
from one protein to the next, energy
is released and used to make ATP.

=
3
5 FADH A/ Membrane
g ?I {_proteins
2 | FAI —_——
£ Lead Eventually, the electrons
§ are passed to oxygen,
s which combines with two
hydrogens to form water.
L \ " J
/
2 1,0
Low

e
Energy released is used| 2" * 2 %2
for synthesis of ATP.

Electron Transport Chain
(summary)
The ETC produces ATP

1 NADH — ATP
1 FADH, — ATP

So, how many ATP can be produced from a single
molecule of glucose (under aerobic conditions)?

Review of Celluar Resplration

Phase Location Description

Giycolysis Cptoplasm Severakstep process by which glucose is splt nto 2 pyruvate.

Transition reaction Mitochondia  One GO, is removed from each pyruvate; the resulting molecules bind to CoA,
forming 2 acetyl CoA

Gitrc aoid cycle Mitochondria  Cyclic seres of eight chemica reactions by which acetyl CoA is broken down

Electron ansport chaln  Mitochondria  Electrons from NADH and FADH, are passed fom one protein to the next,releasing

energy for ATP synthesis

Main Products
2 pyruvate
247

2 NADH

2 acetyl CoA

2 NADH

2477

2 FADH,

6 NADH

3277
10
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Lactic acid fermentation

Glucose

e || 2ATP
phase | 2 ADP
r 4ADP
nergy- 4 ATP
. 2NAD*
L 2 NADH

P 4
2 Pyruvate

y 4
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Muscle
cells

p
2a0P+2(@) ' 5 prp

e
Glycolysis (

2 Pyruvate
e

2NAD*

2 NADH

2 Lactate
i

i
H—T—OH

CH3
Humans 21e

What is the net yield of high energy
products from fermentation?
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