Cellular Respiration

Cellular respiration is made up of 3 distinct
phases;

-Glycolysis

-The Krebs Cycle

-The Electron Transport Chain

Mitochondria Inner Structure

Glycolysis takes place in the cells cytoplasm
outside of the mitochondria.

The Krebs Cycle and The Electron Transport Chain
however take place within the mitochondria

602+C6H 1 206 = 6C02+6H20+Energy
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Glycolysis-the splitting of glucose.
Two phosphate groups are bonded
to a glucose molecule. The energy
comes from the breakdown of two
molecules of ATP into ADP. This
increase in energy causes the
molecule to split into 2 molecules of]
Phosphoglyceraldehyde(PGAL), a
three carbon sugar. PGAL is then
oxidized by the loss of 2 hydrogen
atoms and is changed into pyruvic
acid. This releases energy which is
used to produce 4 ATP. The
hydrogen removed from PGAL is
accepted by NAD+ forming NADH .



http://highered.mcgraw-hill.com/sites/0072507470/student_view0/chapter25/animation__how_glycolysis_works.html
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Glycolysis

Glycolysis does not realease a lot of energy, but because it takes

place in the cytoplasm and because it does NOT require Oxygen
then cells can produce a lot of it.

So much in fact that these cells can run out of
available NAD+ and thus can not c olysis

What could a cell do to Produce
or free up more NAD+?
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One of 2 possibilities:
Anaerobic respiration
takes place in the
absence of oxygen. In
animal cells, glucose is
broken down into lactic
acid, while in other cells
such as yeast, the final
product is alcohol.
During both processes,
only two molecules of
éTP are produced.

But What happends
when O, 1s present?



The 2™ and perfered option would be
Aerobic respiration, which requires oxygen and
involves the complete oxidation of glucose.

As glucose moves through Glycolysis, the

Kreb’s cycle and the Electron Transport Chain,
36 molecules of ATP are gained.

ATPs ATP;
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Kreb’s Cycle

The Kreb's cycle takes place
in the cellular matrix.
Pyruvate breaks down into
Acetyl CoA, which enters the
Kreb’s cycle and yields 3
molecules of CO, and 6 pairs
of hydrogen atoms. The
hydrogen atoms are picked up
by NAD+ and FAD.

Most of the energy removed

is carried by these hydrogen.




Krebs Cycle

(Citric Acid Cycle) The products of the Krebs cycle
T are: 1 ATP, 1 FADH,, 3CO, and
nap* ANADH
@CO5 [ NADH ]|
 deetyl-con § Keep in mind that 1 glucose
produces 2 pyruvic acid
molecules

Where does the CO, go?

When the Krebs cycle is finished
there are many high energy
electron carriers

http://www.youtube.com/watch?v=aCypoN3X7KQ
3


http://www.youtube.com/watch?v=acypon3x7kq

Electron Transport Chain
This is a series of electron carriers on the inner membrane of the
mitochondria. NADH, and FADH, deliver hydrogen to the electron
transport chain. The hydrogen(H,) is split into hydrogen ions( H+) and
electrons(e-). As the electrons pass from one electron carrier to the next,
they release energy and ATP is formed. At the end of the chain, electrons,
ions, and free oxygen combine to form water molecules.
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So basically the electron transport chain takes the high
energy electrons from the krebs cycle and uses them to
convert ADP into ATP.

It uses carrier proteins to pass electrons along the inner
membrane, each time being used to actively transport H+
into the intermembrane space making it positively charged.
This continues until an Oxygen molecule accepts the left over
protons and electrons inside the matrix.

EX Electron Transport [F] Hydrogen lon Movement oh
At this point there are a lot of H+ ¢ A\
in the intermembrane space
and the only place for it to "5
go is through ATP Synthase
This is where most ATP
is generated.

Hight

Inner
Membrane
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Does this look familiar?

How is this different from the light dependent phase of photosynthesis?
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So for the whole process we have:

Copyright © The McGraw-Hill Companies. Inc. Permission required for reproduction or displey.
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Taxonomy

There are millions of organisms on this
planet, the majority of which are

microscopic. How would you organize
them?

"
G S
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Taxonomy is the
science by which
organisms are
placed into
categories based on
their structural
similarities and
evolutionary
relationships.

P
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Kind professors can't
often fail good students

King Phillip came over from Greece Saturday.
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Life or Not

~ “Viruses are the exception to the

mle. They do not fit into any of
e kingdoms. They are said not
) be alive and are merely
articles. Outside the cell, it is
eless. Once it invades a cell, it
produces. The virus has a
otective coat called the capsid
5% of the virus). It also

—. ntains nucleic acid (genetic

e aterial) on the inner core. They
ke several different forms (fig
10.6). Most viruses are selective
and only enter specific hosts.
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http://biology.about.com/gi/dynamic/offsite.htm?site=http://faculty.ccbcmd.edu/courses/bio141/lecguide/unit3/viruses/adlyt.html

There are 3 Domains: Eukarya,
Prokarya (Bacteria)

and Archea.

Animals Fungi Gram-positives

| Chlamydiae
Slime moulds
Plants N\ f )" / Green nonsulfur bacteria
Algae - ‘x,/“” —d Actinobacteria
- .
Y _ Planctomycetes
Protozoa — /] "EL__- Spirochaetes

| —
' — Fusobacteria

Crenarchaeota c ober}
~__ Cyanoba a
Nanoarchaeota (blue-green algae)
Euryarchaeota & _ Thermophilic
ff_m__F»c__r:l \ sulfate-reducers
A Acidobacteria
Proteobacteria
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The old 5 Kingdoms are:
Monera, Protista, Fungi.
Anamalia and Plantae

The old S kingdoms divides
unicellular prokaryotes (moner:
eukaryotes (protista). The oth
kingdoms are eukaryotic and a
based on nutrient acquisition.

PLANTS ANIMALS
flowering plants  arthropods chordates
conifers s
cycads  mollusks ;mhlnn
e “derms
| round-
"'"’""\s flabworms
FUNGI h /m y
bt e I,u:;rllnllm'lalt'ts
sac fu 'aiga! s
ngi 8'9\3‘3 | ;a'lgae /‘panﬂﬂ’
“lnmuul'nnp 0 clliates
fungl PROTISTANS  pageijates
slime
molds y amoebas
MDI’E’ICIAHS f
haebacte
eubacteria nrg g
'\.
% /
chemical origin
of life

Maodified version of Whittaker's five-kingdom system
of classification.
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The next groups: phylum, class, order, family, genus,
and species are progressively more specific

We will probably only look at genus and species

19



Organisms are classified

to make it easier to study

the diversity of life

by grouping organisms

based on genetic, structural
or reproductive characteristics

Early efforts were poor to say the least

Then came Carolus Linnaeus who though of a way to group
organisms into a hierarchy, which has several levels.

Each organisms was assigned two names which were very
specific; genus and species. This naming system was
called...

20



The most specific name an organism can have is its scientific
name. This is where the term binomial nomenclature is from,
it refers to the genus and species names. The genus

is a category that includes very closely related organisms that
do not usually interbreed. The species is a category limited to
naturally interbreeding living things.

e Western bluebird (Sialia mexicana)

e Eastern bluebird (Sialia sialis)

e Mountain bluebird (Sialia currucoides)

These names show that they are closely related.

These names must be underlined or italicized.

The Genus is capitalized, while the species is not.

21
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two part keys that are
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no

- 1en Used to identify living
things. By following
Lizard the descriptions

no

correctly, you can

snake  1dentify the species.
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Molecular Clocks

Overtime organisms charge as a result of
natural selection and random mutations. The
idea is that those changes occur regularly
overtime, so a comparison of how different the
genes are is a good indicator of how long ago

the organisms have been separated.
C A

Genetic difference
Avs. B=20"%
Avs. C= 4%
Bws.C= 4%

Common ancestor
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Praloate

It is understood that
organisms change.
Phylogeny is the study of

the evolutionary history of
living things. A
phylogenetic tree
represents relationships.
It is the precursor to a
cladogram.

24



Cladograms

Cladograms show evolutionary relationships, but can
also be used to show morphologies and branches that
follow certain traits.

The traits that researchers look at are only new and
innovative ones that appear in newer species but not
older lineages. These are also called derived
characteristics.

25



Cladograms

Maniraptora

Omithopoda

Genasauna

Ornithiachia Saurischia

Dinosauria
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So for humans

Life
Domain
Kingdom
Phylum
Class
Order
Family
Genus
Species

Evovvriosany Tree

Life
Eukarya
Anamalia
Chordata
Mammalia
Primates
Hominidae
Homo
sapiens

27



In Class Assignment
Bellwork
Page 450 Q1-6
Page 461 Q1-6
Page 462-463



Viruses

29



Viruses walk the line between abiotic
and biotic. At their most basic level Te= 64
they consist of nucleic acids (RNA or H@\@{“/@\AQ
DNA) surrounded by a protein coat Y PN

called a capsid. ‘ O~ C ~ ‘

LYTIC
f CYCLE

(’o |
~LO 4
[O]O]| w= | O

O o’

They exist in an inert state until coming in contact with a host
Replicate 1 of 2 ways lysogenic or Iytic life cycle

'
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The lytic cycle of viruses is probably the most destructive stage from
the hosts viewpoint

When the virus makes contact with the cell it
penetrates it and injects its genetic material

When the genetic material is inside the host cell it uses the cells
organelle and enzymes to replicate its genetic material and then
its structural proteins

The final stage is when the virus directs the release of
enzymes which cause a cell to increase liquid uptake
or burst

http://www.youtube.com/watch?v=Rpj0emEGShQ
3

http://www.youtube.com/watch?v=IrY1ZJiufl8&feature=fvsr
3
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http://www.youtube.com/watch?v=rpj0emegshq
http://www.youtube.com/watch?v=lrylzjiuf18&feature=fvsr

The other possible mode of reproduction of a virus
is the lysogenic life cycle

The virus penetrates the cell and injects its
genetic material

After this the virus' genetic material (prophage) inserts
itself into the hosts DNA

The virus' genetic material stays in the host and is even
replicated when cells divide

These viruses can stay dormant or become active
entering the lytic lifecycle at any time.
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Look for diagram on page 481

THE GEMETICS OF VIRUSES AND PROKARYOTES  24°

él’h? phage binds
to the bacterium,

The phage DMA integrates into the
bacterial chromosome and becomes
a noninfective prophage.
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http://phschool.com/webcodes10/index.cfm?wcprefix=cbp&wcsuffix=6192&fuseaction=home.gotowebcode&x=0&y=0

Retroviruses, Viroids and Prions

Viruses that contain RNA as their genetic information and are called
retroviruses.

Reverse transcriptase creates a DNA copy of viral RNA

The DNA copy of a retroviruses' RNA is inserted into the DNA of the host
cell, much like a prophage. Retroviruses may remain dormant for varying
lengths of time before becoming active.

Viroids are single-stranded RNA, with no capsid

Prions are proteins with no capsid, DNA or RNA. They cause normal proteins
to become folded like prions

34



Vaccines

Prompt the body to recognize surface proteins on
a virus, making you immune by giving you immune
system something to look for...Like a wanted
poster

35



Taxonomy

Carolus Linnaeus came up with binomial nomenclature and a hierarchy
to group organisms taxonomically.

Taxonomy groups organisms based on structural similarities &
evolutionary relationships

Binomial Nomenclature gives Genus and species name based on
reproduction

Organisms are clustered into a variety of taxonomic groups;
Domain,Kingdom,Phylum,Class,Order,Family, Genus,Species

There are 3 Domains: Eukarya, Prokarya (Bacteria) and Archea

36



The Kingdom level has been traditionally divided into
5 catagories: Monera, Protista, Plantae, Anamalia
and Fungi

Currently we are use a 6 kingdom system:
Eubacteria, Archaebacteria, Protista, Plantae,
Anamalia and Fungi

Phylogeny is the study of evolutionary relationships
and history

Cladograms are used to show these relationships
based on morphologies and new traits (derived
characteristics)

37



Dichotomous Keys are also used to identify species based on
structural similarities

Molecular clocks are also used to categorize animals based on
mutations and related genes/organisms

Convergent and Divergent Evolution

Viruses- between life and death, lysogenic and lytic
lifecycle, retroviruses

38



So...Linnaeus gave us a nice broad catagory to
catagorize the major groups of animals

The 5 Kingdoms:
Monera (now Eubacteria and Archeabacteria)
Protista (Eukaryotes)
Animalia
Plantae
Fungi

39



Since the kingdom monera was made before molecular data
was available it basically looks at Prokaryotes and Archeans

Prokaryotic Cell Structure

Prokaryotes lack a nucleus

Flagedia

So in general they refer to both bacteria and archea,

although they are generally not
considered to be the same taxonomically

40



MICROORGANISMS

Some microorganisms are pathogenic, but many are
harmless and actually help the environment.
Bacteria are largely responsible for the breakdown
of organic matter left behind as plants and animals
die. The bacteria is able to decompose the organism
releasing nutrients such as oxygen and nitrogen back
into the environment.

Plasma membrane .

Cytoplasm . Y
'\__' A i
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Archaebacteria

Archaebacteria lack peptidoglycan in their cell walls, have
different membrane proteins and have DNA that has much more
common with eukaryotes than it does with bacteria

Many archaebacteria are extremeophiles

Live in high salt, high acid, anoxic/anaerobic, and high
temperature conditions/environments.

42
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Archaebacteria lack the peptidoglycan of Eubacteria
and also have different membrane lipids. Also, the DNA
sequences of key Archaebacterial genes are far closer
to those of Eukaryotes than that of Eubacteria

Copyrighi 5 The Bolls il Corpenies, I
Lipoteichols acid Teicheles acid

i1
15 Peptidoglycan
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Membrane structures. Top: an archaeal phospholipid, 1 isoprene sidechain, 2 ether linkage, 3 L-glycerol, 4 phosphate.
Middle: a bacterial and eukaryotic phospholipid: 5 fatty acid, 6 ester linkage, 7 D-glycerol, 8 phosphate moieties.
Bottom: 9 lipid bilayer of bacteria and eukaryotes, 10 lipid monolayer of some archaea.

Archeans are very different than bacteria or eukarya, although if you look at the
niches they inhabit you begin to see a lot of overlap with bacteria.
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Prokaryotes

Prokaryotes are identified by genetic analysis as well as based on
morphology.

Currently their diversity is so great that we can't classify them easily
based on genetics so we use different characteristic such as shape,
structure of their cell walls, locomotion, energy/nutrient acquisition.

47



Prokaryotes are very small and it's
very difficult to do a genetic analysis
on all types, so many are classified
by their shape.

Shape
Bacilli are rod shaped bacteria
Cocci are round or spherical shapes

Spirilla is a twisted, elongated shape ™"~
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Prokaryotes

Metabolism is basically divided into Autotrophs and Heterotrophs

Autotrophs make their own food and heterotrophs have to get it from
elsewhere

We need O; to release energy in our food, some organisms don't need it
and some find it toxic. Because of this we classify organisms based on
these characteristics

Obligate aerobes-02 is required for survival

Obligate anaerobes-0O; is toxic

Facultative anaerobes-Can survive in either

49



Prokaryotes

Locomotion is usually classified based on the presence of either a

flagella or cilia.

Many of the prokaryotes move in other unique ways as well. Some
use gas bubbles as floats, some rotate like a propeller to move and
some just don't move at all

http://www.youtube.com/watch?v=6p9e(QoolbmE
3
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http://www.youtube.com/watch?v=6p9e0oolbme

Growth and Reproduction

Binary Fission- Genetic material doubles, then splits as does organism

Conjugation- form a bridge between two prokaryotes and move genes back
and forth, done to increase diversity and resistance.

Budding occurs when a clone forms on the outer surface and breaks off.

Endospores- When conditions become difficult some bacteria can form an
endospore, which basically encloses the cell and protects it from the
outside environment. Meanwhile the cells metabolism shuts down. When
conditions become favorable again the spore opens and the bacteria
becomes active again

Bacillus anthrax
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Fig. 4.1, Endospore
Bacteria may form endospores. Endospores are a

formation of a thick wall to protect the cell when
conditions are not favorable. This helps make
bacteria very resilient.
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Prokaryotes

Bacteria and Archea both provide a valuable service to humans in a great
many ways.

Many bacteria and archea are useful as decomposers, primary producers
and digestion.

Both are also extremely important in industries such as mining, petroleum
clean up, medicine, industrial chemistry and forensics.
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Protists are more advanced than
monerans. They have a membrane
bound nucleus and organelles such as
ribosomes and mitochondria. Most
protists are unicellular and are found ir
fresh or salt water. Zooplankton are
animal-like protists that are an
important part of the foodchain.
Zooplankton are heterotrophs.
Phytoplankton are
plantlike protists and they make up a
significant portion of oxygen on Earth.
Phytoplankton are autotrophs.
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Plantlike Protists-these have usualiy been

associated with algae. These organisms all
contain chlorophyll and are able to produce
their own food. They make up a large
portion of Phytoplankton.
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The plant-like protists are divided into four basic groups:
-euglenoids
-dinoflagellates
-diatoms

-and algae.
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Alexandrium, Dinophysis, Prorocentrum and Pseudonitzschia off the coast of Maine
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Green Algae

Closely related to land plants

Many use the same photosynthetic pigments
Live in fresh, salt and brackish water

Mostly unicellular

Ulva lobata
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Red Algae

Many form large multicellular assemblages called seaweed.
Often harvested for carageen, a thickener used in ice cream,

shampoo, tooth paste, etc
Live in deeper in salt water environments.
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Brown Algae

Are the largest type of algae, form large kelp
forests in some environments

Mostly found in marine environments
Consist of a holdfast, blade and air bladders

Cutleria

Marcocytosis Sargassum

Fucus

Padina
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Animal-like Protists-are

known as protozoans and

are heterotrophs.
http://www.youtube.com/watch?v=-zsdY OgThQk

‘éenemlly eat other =

protists, bacteria and

other microbes for food.

They are either free-living

or parasitic.

-

P
3
6;
Ay
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http://www.youtube.com/watch?v=-zsdyogtbok

Fungus-like Protists

These protists are heterotrophs with cell walls. They reproduce
by forming spores. All are able to move at some point in their
lives.

There are 3 Main types
-water molds
-downy mildews
-and slime molds.
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Fungilike Protists

These protists are often referred to as slime molds. They prefer

cool shady places and are usually found under fallen leaves or

rotting logs.
http://www.youtube.com/watch?v=bkVhLJLG7ug
3
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http://www.youtube.com/watch?v=bkvhljlg7ug

1. What are the 3 Domains? Give 2 characteristic for each
2. Which domain are Acheabacteria part of?

3. What domain are Eubacteria part of?

4. What domain are Protista part of?

5. What types of environments do Archeans live in?

6. What are the 3 main shapes of prokaryotes?

7.What is Binary Fission?

8. What is Conjugation?

9. What is an endospore?

10. What are the 2 ways prokaryotes obtain energy?
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11. What do you call an organism that lives in an aerobic environment?
12. What do you call an organism that lives in an anaerobic environment?
13. What do you call an organism that lives in either environment?

14. What are the 3 main groups of protists? How are they classified?

15. What are the 3 types of plant like protists?

16. How are fungi-like protists like and dislike Fungi?

17. What causes Red Tides
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