THE CELL

Chapter 6



Cells

Simplest collection of matter that can live
Basic unit of structure and function in organisms.

A cell viewed using fluorescence microscopy



How Cells Are Studied

Microscopy: technique for producing visible
Images of structures or details too small to
otherwise be seen by the human eye, using a
microscope.

First microscopes developed in 1590.
Cells have been studied for 100’s of years
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How Cells Are Studied -
Microscopes

Robert Hooke viewed the first
cells in 1665 — cork.

Light Microscope — visible light
IS passed through the specimen
and then through glass lenses —
lenses refract the light for image
to be magnified.

Can magnify ~1000X

Specimen as small as 0.2
micrometers

1stto be used




Research Method —
Light Microscopy




How Cells Are Studied -
Microscopes

Szent-Gyorgyi's research into the molecular basis of

muscle contraction required sophisticated equipment

Organelles (subcellular structures) too
small to be seen with light microscope.

ELECTRON MICROSCOPE: instead of
using visible light, the EM focuses a
beam of electrons through the
specimen or onto its surface.

Can not be used to view LIVE
organisms

View up to 2 nm

Delbert Philpott operating an electron microscope

at the Woods Hole Marine Biological Laboratory



Electron Microscopy

There are two basic types of electron
MICroscopes:

Scanning electron microscope (SEM)
Makes a 3D image of the specimen

Transmission electron microscope (TEM)
Profiles a thin section of the specimen
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Parameters of Microscopy

1. Magnification — how much larger the
specimen appears compared to its real size.

2. Resolution or Resolving Power —
measure of the clarity of the specimen

B CYTOLOGY = Study of cells
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CELL TYPES: PROKARYOTIC CELLS

Unicellular with a cell wall

They do NOT have a true NUCLEUS and lack
iInternal membranes and organelles

DO have a NUCLEOID region —where DNA Is
stored (not surrounded by a membrane)

Contain one double-stranded, circular
chromosome

DNA contains info for making PROTEINS;
therefore, prokaryotes also contain
RIBOSOMES.




m All prokaryotes belong to
DOMAIN BACTERIA and
ARCHAEA

= All organisms referred to as
BACTERIA

= Much smaller than eukaryotic
cells — 1-10 pm
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CELL TYPES: EUKARYOTIC CELLS

B Has atrue NUCLEUS and other
ORGANELLES that perform specialized cell
functions

Internal membranes facilitate cellular
processes by minimizing competing
Interactions and by increasing surface
area where reactions can occur.

Compartmentalize intracellular metabolic
processes



B DOMAIN EUKARYA: Kingdoms
Animalia, Plantae, Fungi, &
Protista

m Larger than prokaryotic cells —
10-100 pm

m Most are multicellular, few In
Kingdom Protista are unicellular
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Review Questions

What are the uses of light microscopes
versus electron microscopes?

What is cell fractionation? How is it beneficial
for studying cells?

What are the main differences between
prokaryotic and eukaryotic cells?



Cell Structure- Nucleus

Contains genes in eukaryotic cells
DNA form CHROMOSOMES during cell
division
CHROMATIN — complex of proteins & DNA;
uncoiled form of DNA

Largest organelle

Enclosed by nuclear envelope
Lipid bilayer w/ associated proteins
Contains nuclear pores

Regulate the entry & exit of certain
macromolecules




Nucleolus: location of
ribosomal RNA (rRNA)
synthesis

Ribosome subunits also
assembled here
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Cell Structure - Ribosomes

Small, universal protein factories in the cell

Made of ribosomal RNA & protein — carry out
PROTEIN SYNTHESIS

2 subunits join to form functional ribosomes
only when they attach to messenger RNA to
begin the process of protein synthesis



Function in 2 locations:

Free ribosomes — suspended In cytosol -
synthesize proteins for use within the cell

EX) Proteins that catalyze the first steps
In of sugar breakdown

Bound Ribosomes — attached to
Endoplasmic Reticulum

Make proteins destined for (1) insertion
Into membranes, (2) packaging within
certain organelles (such as
lysosomes), or (3) for cell export
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Endomembrane System

Nuclear envelope, Endoplasmic
reticulum, Golgi apparatus, vesicles,
lysosomes, vacuoles, and plasma
membrane

Function:

Synthesis of proteins and their transport
Into membranes, organelles, or out of the
cell

Metabolism and movement of lipids
Detoxification of poisons




Cell Structure - Endoplasmic Reticulum

Endoplasmic = within the cytoplasm
Reticulum = little net

Nuclear

Consists of a network of membrane = iyl &8
tubules and sacs called: |

CISTERNAE = “reservoir for e
quUid” Cisternae -
Continuous with the nuclear e
envelope

2 types of ER:

Rough ER — with ribosomes




SMOOTH ER - Functions

1. Synthesis of Lipids — synthesizes oils,
phospholipids, and steroids

Synthesize sex hormones and steroid hormones
from adrenal glands

2. Detoxification of Drugs & Poisons — especially
In the liver

Detoxification involves adding hydrox| groups to
drugs — makes them more soluble; therefore,
easier to rid from the body

3. Carbohydrate Metabolism — Dehydration
synthesis of carbs from monosacharides

4. Calcium lon Storage for muscular contraction
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ROUGH ER - Functions

1. Compartmentalize the cell
2. Synthesizes protiens
- Secretory = glycoproteins

3. Intracellular transport
using vesicles

4. Builds its own
phospholipid
membranes and Chsmse - Hbessus
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Cell Structure - Golgi Apparatus

Function: packages and stores proteins for
“shipment” to other destinations in
vesicles, production of phospholipids, and
production of lysosomes

Consists of a series of flattened
membranous sacs which are
Interconnected — cisternae



Has 2 sides —

CIS side is located near the ER and Is
the “receiving” side of the golgi

TRANS side faces the cytosol and is
the “shipping” side of the golgl
Vesicles carrying the products travel
to other sites
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Cell Structure - Lysosomes

Membrane-enclosed sac of hydrolytic enzymes
that the cell uses to digest macromolecules

Lysosomal enzymes work best in acidic
environments

Hydrolytic enzymes and lysosomes are made by
the ER and are then transferred to the Golgi for
modification

Involved in the process of Apoptosis —
programmed cell death




Cell Structure - Lysosomes

Lysosomes involved in digestion of food
brought into amoebas by phagocytosis

Disorders: Tay-Sachs disease

Lysosomes lack a lipid digesting enzyme and
the brain becomes filled with lipids and impairs
function



Cell Structure - Vacuoles

3 types:
Food vacuoles — formed by phagocytosis

Contractile vacuole — pumps out excess water
from the cell

Central vacuole — found in plant cells and
surrounded by a membrane called a tonoplast

Holds organic compounds, ions (K, Cl), disposal
site for waste, contains cell pigments, and water

Help protect the plant and give it structure



Review Questions

What organelles make up the endomembrane
system of the cell?

Describe the structure of the nucleus and Its
contents. What are their functions?

What are the 2 types of ribosomes and what
are their functions?

Describe the structure of the endoplasmic
reticulum. What are the 2 types of ER and
what are their functions?

Describe the structure of the golgi apparatus.
What is the function?



Cell Structure - Mitochondria

Quantity in cell correlated with metabolic activity

Function: Site of energy capture and transformation (cell
respiration)
Double membrane (phospholipid)

Inner folds = Cristae; contain enzymes used in ATP production
Intermembrane space = matrix

Contains its own DNA and can divide on its own




Cell Structure - Chloroplast

Found in algae and plants to capture energy
through photosynthesis

Contains a double membrane, thylakoids (flattened
disks), grana (stacked thylakoids), stroma — fluid
part, its own DNA

Thylakoids are composed of chlorophyll (light
trapping molecule) and gives plants its green color




Cell Structure - Peroxisomes

Single membrane
Produce hydrogen peroxide ¢ omm g -
in cells newm | he
Metabolism of fatty acids;
detoxification of alcohol
(liver)

Hydrogen peroxide then
converted to water

Do not bud from the e
endomembrane system AN
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Review Questions

What are the 3 types and their functions?
Describe the structure of the vacuole found In
plants?

Describe the structure of the mitochondria
and the plastid chloroplast. What are their
functions? Why do scientists believe that
they were once free living bacteria?



Cell Structure - Cytoskeleton

Fibrous network In
cytoplasm

Support, cell motility,
biochemical regulation

3 Types: Microtubules, |

9 : y ) } AW o P ! N \
\ W & D e henle U84 )
b A '.‘i‘.) \ Q ~ “. ) !/- LAY D)
SO RSB AR A A Sy TR 1
S S ;' b v s "
PO ‘; k, Xt ' " 3 ‘.Q XD : f’
5 L%
" “OR 1 <& X o
R RO
?A “‘ A AR Y
- L} ‘\
Microfilaments, R m
O W

VS BN . e
Mic flmt ST

[] []
I I Ite rI I l e d I ate fl I al I I e I ItS Copyright © Pearson Education, , Inc., publishing as Benjamin Cummings.




Cell Structure - Cytoskeleton

Microtubules:
Thickest; hollow tubes
Tubulin protein

Maintain cell shape, cell motility
(cilia/flagella), chromosome separation
In cell division, and organelle movement




Types of Microtubules

Centrosome: region near nucleus from which
microtubules grow

Microtubule organizing center

Centrioles: 9 sets of triplet microtubules in a ring;
used in cell division; only in animal cells

Centrosome
f—%

23 Centrioles
Longitudinal section Microtubules Cross section
of centriole of centriole
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Types of Microtubules

Flagella = few in number,
propel organism or cell
Cilia = shorter, more
numerous, movement along
outside of cell

Locomotive appendages

Ultrastructure: “9+2”
* 9 doublets of microtubules in a ring
» 2 single microtubules in center
« connected by radial spokes



Cell Structure - Cytoskeleton

Microfilaments :

Thinnest: two intertwined strands

Actin protein fila

Maintains and c
motility (pseudo

ments

nanges cell shape, cell
00ds), cytoplasmic

streaming, cell d
furrow), muscle

Ivision (cleavage
contraction



Cell Structure - Cytoskeleton

Intermediate filaments:
Middle diameter; supercoiled rope
Keratin

Maintains cell shape, nucleus
anchorage, nuclear lamina
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Not in animal cells

Provide a structural boundary of
protection, shape

Permeabillity barrier for regulation
of substances into the cell



Structure:

Made of cellulose In plants, chitin in fungi,
and other substances in prokaryotic cells

Primary cell wall produced first

Middle lamella of pectin (polysaccharide)
holds cells together

Some plants have a secondary cell wall,
which provide a strong durable matrix

Wood (between plasma membrane and
primary wall)




Extracellular matrix (ECM)

Nonliving fibers outside of the cell that gives it support
and provides a medium for transporting materials

May help coordinate the activities of the cell

Glycoproteins:
* proteins covalently bonded to carbohydrate
Collagen (50% of protein in human body)

« embedded in proteoglycan (another glycoprotein -
95% carbohydrate)

Fibronectins

* bind to receptor proteins in plasma membrane called
Integrins




Proteoglycan Proteoglycan
molecule complex Collagen fiber

' CYTOPLASM

Fibronectin Integrin Microfilaments Plasma
of cytoskeleton membrane
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Intracellular junctions

PLANTS:
Plasmodesmata:

cell wall perforations; water and solute passage in
plants

ANIMALS:

Tight junctions: fusion of neighboring cells; prevents
leakage between cells

Desmosomes: riveted, anchoring junction; strong
sheets of cells

Gap junctions: cytoplasmic channels; allows passage
of materials or current between cells
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Review Questions

What are the 3 types of cytoskeleton? What
are their main functions?

Describe the structure of the centriole.

Describe the structure of the cell wall. What
IS Its function?

What is the extracellular matrix and what is its
function?

Describe the 3 types of cell junctions found in
animals cells and the 1 type in plant cells.



Cell Video

Harvard Cell Animation



http://www.youtube.com/watch?v=GigxU1UXZXo&feature=related

The End



