Lecture 1 : Origins



Each "day” represents Life appeared some time around day 5, = = .
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History - Five Mass Extinctions:
Look for Correlations in Data ....
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when sea levels dropped.
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After A. Hallum. 1984. Annu Rev Earth Planet Sci 12; 205—243. 1st primates
PRINCIPLES OF LIFE 3e, Figure 17.3

15t mammals
© 2019 Oxford University Press

evolve

Possible 6™ Extinction now: high rate of CO, increase, warming atmosphere

Mammal diversity ‘explodes’



Known Causes of Extinctions

. meteorites
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Very OLD Earth was harsh: no 0,, hot — 15 life extremophiles!
Photosynthesizers brought oxygen, atmosphere, water, mild i
temps ... Evolution and lifeform diversification ... And then:

5 Exinctions ...
1. huge glaciers, sea levels plummet, kills ~ 85% of all species
2. not clear, Kkills ~ 75% of all species, mostly marine.

volcanoes
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3. large asteroid & volcanic explosion lava burns coal layer that warms Earth, “"’-

increases CO,, Kills > 95% of all species, the Great Dying. [R——

4. massive volcanos cause high CO2/methane/sufur, and soot blocks sun _\—\_f: ——
5. huge asteroid hits Mexico Yucatan, debris block out sun, volcanoes in India, COAL-SEAMS BAKED BY AND § e

INCORPORATED INTO HOT MAGMA SEDIMENTARY ROCKS

kills 78% of all species, including dinosaurs. ®


https://www.nhm.ac.uk/discover/the-triassic-period-the-rise-of-the-dinosaurs.html

Earth’'s Geological History (Part 2)

Eon Era Period Onset Major Events in the History of Life
( Quaternary (Q) 2.6 mya Humans evolve; many large mammals become extinct sk ?
Cenozoic
Tertiary (T) 65.5 mya Diversification of birds, mammals, flowering plants, and insects
Cretaceous (K) 145.5 mya Dinosaurs continue to diversify; mass extinction at end of period
(~76% of species lost) %K
. Jurassic (J) 201.6 mya Diverse dinosaurs; radiation of ray-finned fishes; first fossils of
B Mesozoic flowering plant
o g plants
o 8 Triassic (Tr) 251.0 mya Early dinosaurs; first mammals; marine invertebrates diversify;
'g § mass extinction at end of period (~65% of species lost) %K
o >
g c sk Permian (P) 299 mya Reptiles diversify; giant amphibians and flying insects present;
c 0o J S : 2 :
= mass extinction at end of period (~96% of species lost)
o
= 0 Carboniferous (C) 359 mya Extensive fern/horsetail/giant club moss forests; first reptiles;
S insects diversify
Devonian (D) 416 mya Jawed fishes diversify; first insects and amphibians; mass extinction
- at end of period (~75% of marine species lost) 3K
Paleozoic
Silurian (S) 444 mya Jawless fishes diversify; first jawed fishes; plants and animals
colonize land
Ordovician (O) 488 mya Mass extinction at end of period (~75% of species lost) *
Cambrian (€) 542 mya Rapid diversification of multicellular animals; diverse photosyn-
L thetic protists
Proterozoic Collectively called the 2.5 bya Origin of photosynthesis, multicellular organisms, and eukaryotes
Archean Precambrian (~4 billion 3.8 bya Origin of life; prokaryotes flourish
Hadean Vel 45-46bya Life notyet present

Note: mya, million years ago; bya, billion years ago.

PRINCIPLES OF LIFE 2e, Table 18.1 (Part 2) 2019, 3rd Ed. (3¢) Table 17.1

© 2014 Sinauer Associates, Inc.

Humans Evolve
Diversity ‘Explosion’

* birds, mammals, plants, insects

Dinosaurs Expand/Abound
1st Flowering Plants

1t Mammals

15t Dinosaurs

*Mass Extinction — The Biggest

Giant plants & animals
Lush Vegetation

15t Reptiles

1st Amphibians

15t Insects

15t Fish

Organisms Colonize LAND
15t Multicell Animals

1°t Multicellular Plants

1st Eukaryote Photosynthesis
15t Eukaryotes

15t Photosynthesizers

15t Prokayotes

No evidence of Life



Earth’s Geological History (Part 1)

Eon Era Period Onset Major Physical Changes on Earth
[ é ) Quaternary (Q) 2.6 mya Cold/dry climate; repeated glaciations Fossil Fuels: COGI, Oil, gas
enozoic Tertiary (T) 65.5 mya Continents near current positions; climate cools are remains of organisms
Cretaceous (K) 145.5 mya Laurasian continents attached to one another; Gondwana begins to drift from Carboniferous pe riod.
apart; meteorite strikes near current Yucatan Peninsula at end of period
M . Jurassic (J) 2016 mya  Two large continents form: Laurasia (north) and Gondwana (south);
’8‘3 eSQz0IC climate warm
. ﬁ Triassic (Tr) 251.0 mya  Pangaea begins to drift apart; hot/humid climate
O w®
N o . . . P
g a *® | permian (P) 299 mya Extensive lowland swamps; O, levels 50% higher than present; by end - the biggest extinction
cro of period continents aggregate to form Pangaea, and O, levels drop
£3 rapidly .
0 _ , o , Lush, dense, tropical, swampy
e Carboniferous (C) 359 mya Climate cools; marked latitudinal climate gradients iant : thri
- ; Devonian (D) 416 mya Continents collide at end of period; one or more giant meteorites glant OhgdnISTES TN
Paleozoic :
probably strike Earth
Silurian (S) 444 mya Sea levels rise; two large land masses emerge; hot/humid climate
Ordovician (O) 488 mya Massive glaciation; sea level drops 50 meters New Iife forms evolve
I/Wn ) 542 mya Atmospheric O, levels approach current levels Air & water Chemistry +OZ

2.5 bya Atmospheric O, levels increase from negligible to about 18%; “snowball
Earth” from about 750 to 580 mya

3.8 bya Earth accumulates more atmosphere (still almost no O,); meteorite
impacts greatly reduced

Photosynthesis arises.

Collectively called the
> Precambrian (~4 billion
years long)

Archean

45-4.6 bya Formation of Earth; cooling of Earth's surface; atmosphere contains
almost no free O,; oceans form; Earth under almost continuous
bombardment from meteorites

e ————
Note: mya, million years ago; bya, billion years ago.

Hot, dry, anoxic/anaerobic
PRINCIPLES OF LIFE 2e, Table 18.1 (Part 1)

© 2014 Sinauer Associates, Inc.



Atmospheric Oxygen Concentrations Change Over Time
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Lecture 2 : Phylogeny



Components of a Phylogenetic Tree

- ‘i A species, population, or }

‘\k gene at one point in time...

| :

...becomes a lineage as
e ——  we follow its descendants
\L through time.

V.

Node : h
\ A split occurs when the
ancestral lineage divides into
two descendant lineages...
] w

{
Si ...and each lineage continues
to evolve independently as
~ different traits (represented

Y /L by red dots) arise.
jSS————

Vo

()
e \\é The lineages continue to
split, and a phylogenetic

. tree emerges.
® e // 9
ﬂ.—
Time

PRINCIPLES OF LIFE 3e, Figure 14.1
© 2019 Oxford University Press

Phylogeny: study evolutionary relationships

Phylogenetic tree: graphical representation
of the evolutionary relationships with some
reference of evolutionary distance (time).

Node: point in a phylogenetic tree
representing an averaged ancestral state —
but not a single organism. Many very
similar species populations live at any given
time, with variants even within those
populations. Internal nodes represent an
ancestral population common to organisms
on two different branches of a tree.
Terminal nodes are at the outermost points
on the branches of the tree - they represent
the organisms studied or relevant in that
tree, for which data exist.

Branch: Evolutionary connections between
organisms in a tree. Organisms along the
same branch share some type of feature or
trait.




Three “Domains” of Life — for Now ... today

BACTERIA ARCHAEA EUKARYOTES ) Eukaryotes b ;
Bacteria Archaea '

N

.
COMMON ANCESTRAL COMMUNITY
OF PRIMITIVE CELLS

Bacteria Archaea Eukaryota

LUCA=
LAST UNIVERSAL COMMON ANCESTOR(S)

LUCA = is NOT one single species; likely a group of similar organisms: an Ancestral Population



Relationships can be drawn as TREEs or LADDERs:
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Definition: Synapomorphy
Trait present in a common ancestor and
exclusively by its descendants.
Trait



Derived traits are
indicated along

lineages in which
they evolved.

The earliest node in the tree
represents the evolutionary split
between the outgroup (lamprey)
and the ingroup (the remaining
species of vertebrates).

The lamprey is
designated as
the outgroup.

@ ! \
Keratinous

scales g
@ = a synapomorphy  Ciaws > \. Gizzard'® ‘ Crocodile > Ingroup
or nails

Lamprey
Common
ancestor

Salamander

Lizard

Feathers ._
Pigeon
Fur; mammary
' @ n
lands
d Mouse
\\\
Chimpanzee
P

PRINCIPLES OF LIFE 3e, Figure 14.5
© 2019 Oxford University Press



Homology: Bones. romen e - . o e
Evolved

from common ancestor
structures related

may change via selection

2002 Brooks Cole Publishing - a divi

Analogy: Flight.

Evolved independently

not from a common ancestor
structures not directly related,
occur from independent selections
Selected for advantageous function

= flight

analogous = [

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2736124/



Lecture 3 : Prokaryotes

EUKARY: 'I'EJS

COMMON ANCESTRAL COMMUNITY
OF PRIMITIVE CEL LS



DNA

Domains & Kingdoms
of

Organisms

Nucleus

Endoplasmatic Lt g e (- Lysosome
Reticulum | ) : Ribosome

Mitochondrion

Cell wall
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Ribosomes | membrane
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Eukaryotic Cell
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I
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single-cells 7
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e



Prokaryotes: Bacteria and Archaea

 genome is not in a nucleus (no organelles)

* have a single circular dsDNA DNA genome

* replicate by binary fission, not mitosis, not the
classic cell cycle.

* are haploid (ONE copy each gene)

* carry plasmids (independent tiny circles of DNA)

Plasmids are tiny circular independently-
replicating bits of dsDNA. Plasmids are easily
transmitted between different bacteria,
“mobile” via conjucation. Plasmids often carry
antibiotic-resistance genes which can make
the pathogenic bacteria hard to kill.

(A) Binary fission in a bacterium
Chromosome

Unreplicated
parental DNA

After K. Jonas. 2014. Curr Opin Microbiol 18: 54—60.



Horizontal Gene Transfers

Three ways prokaryotes swap genes:
or ‘Lateral’ Gene Transfers 5P Y P&

(a) Conjugation

Donor Recipient
cell cell

dd od o &

Bacterial
chromosome

(b) Transformation

DNA
fragments

=
Three ways prokaryotes swap genes: LD
1. Conjugation “bacterial sex” via

plasmids (c) Transduction
2. Transformation take uptake external ‘?

DNA bits

3. Transduction phage virus-mediated o
transfer of genomic bits @




Endosymbiosis

origin of single-cell eukaryotes

Hadobacteria

Hyperthermophilic
bacteria

Firmicutes

Actinobacteria

BACTERIA Cyanobacteria
| |
]
" mmm Spirochetes
| }
hot, dry E—Chlamydias
: * Origin -
lifeless of life = E—Proteobacteria
olis
1 g
LI |
LI |
LI |
L) i
ARCHAEA A}
EUKARYA
| okiarchaeota
Korarchaeota
Thaumarchaeota
Crenarchaeota
Euryarchaeota

PRINCIPLES OF LIFE 3e, Figure 18.1

©2019 Oxford University Press *Hypothesis: Theia/Earth water/collision

Theory:

Prokaryotic «_—Cell wall
Archaea - @'\

Cells ...

Endosymbiosis:
proteobacteria

Endosymbiosis:
cyanobacteria

Eukaryotic cChioroplast

cells Mitochondrion Nucleus

LIFE 10e, Figure 27.1
© 2014 Sinauer Associates, Inc.


https://phys.org/news/2025-08-collision-life-earth-space.html
https://www.astronomy.com/science/theia-slammed-into-earth-left-marks-and-then-formed-the-moon-study-suggests/

Prokaryotic vs. Eukaryotic
different proteins & dlﬁerent motions

Prokaryote: Eukaryote:
F[age[[in protein e R propeller like Tubulin dimers
polymers TR “motion 9 by 2 microtubules
) T — back and forth
(A) ‘;' Outside of cell "" -.--'#-__~beating
‘:& Cell wall {g % WA RRARAYL .k ........ ~...
(peptidoglycan) o AgA
r Plasma — U117 sl []
5 pm membrane % %%wg ) '
Inside of cell .
(B) Outer Oulslde ol cell “ - PR
passive part
in motion
membeny Inside of cell ba Salbody \ (b) Cilia
B Flagellum Cilia "
| Direction of motion
Prokaryote energy to rotate: Eukaryote energy to rotate B

(a) Flagella

Proton H+ Gradient ATP hydrolysis



CYANOBACTERIA

Lightning

Denitrification

/ Bacteria

Assimilation

"\ )
Nitrogen Fixing .
Bacteria

\ Nntnhcatlon

-

W

Nitrifying Bacteria

Carbon Fixation

Carbon Cycle

Sunlight COz2 in the
l atmosphere
Photosynthesis
by producers Fossil fuel
Plant combustion
\respiration

Animal
< " S respiration
Carbon fixation
by consumers

\Decomposmon

@ Science facks oot



Archaea are often Extremophiles

Many can live in hot salty environments .77

Great Salt Lake State Park, Utah
NaCl salt concentration ranges 6 — 30 %

for comparison ...
Oceans: 3.5 % or 0.6 M NaCl
Human Body: 0.9% or 0.14 M NacCl

e T e T e w2 T —

€ b\ A i\;
Yellowstone National Park, Wyoming
Grand Prismatic hot spring
Water temperature: 1602F (712C)



Koch’s
Postulates

© SPL/Science Sburce

* Estimated <<1% of
all Bacterial are
pathogens

How to Identify
a PATHOGEN ... 2>

PRINCIPLES OF LIFE 3e, Figure 18.21
© 2019 Oxford University Press

Marshall and Warren set out to satisfy Koch’s postulates:

The microorganism must be present in every case of the disease.

Results: Biopsies from the stomachs of many patients revealed that
the bacterium was always present if the stomach was inflamed
or ulcerated.

The microorganism must be cultured from a sick host.

Results: The bacterium was isolated from biopsy material and eventually
grown in culture media in the laboratory.

The isolated and cultured bacteria must be able to induce the disease.

Results: Marshall was examined and found to be free of bacteria and
inflammation in his stomach. After drinking a pure culture of
the bacterium, he developed stomach inflammation (gastritis).

The bacteria must be recoverable from newly infected individuals.

Results: Biopsy of Marshall’s stomach 2 weeks after he ingested the
bacteria revealed the presence of the bacterium, now christened
Helicobacter pylori, in the inflamed tissue.

Conclusion

Antibiotic treatment eliminated the bacteria and the inflammation in Marshall’s
stomach. The experiment was repeated on healthy volunteers, and many
patients with gastric ulcers were cured with antibiotics. Thus Marshall and
Warren demonstrated that the stomach inflammation leading to ulcers is
caused by H. pylori infections in the stomach.

After B. J. Marshall and J. R. Warren. 1983. The Lancet 321: 1273-1275; B. ). Marshall et al. 1985. Med J Aust 142; 436—439.



Lecture 4 : Microbial
Eukaryotes

‘Protists’



Microbial Eukaryotes

Retired name: Protists; phylum Protista

AN

Stramenopiles

J

“a mix of eukaryotic unicellular life” ...or —) )
“stuff that is not plants, fungi, animals”

* mostly single-cells (few multi-cell)
* eukaryotic cells B o
e diverse!

Excavates Yy,

5
Amoebozoan

Polyphyletic, go back to LUCA to find Fungi Ch. 22
common shared traits among all 8 phyla ogisnoconts

Choanoflagellates
Ch. 23
Animals

06 05 04 03 02 01 0

. . to 156 14 183 12 1.1 10 09 08 07
Know these organisms: 4.5bya ———

Dinoflagellates vs. Diatoms, Plasmodium
vs. Paramecium, Rhizaria, N.fowleri, (=== For each organism, know the interesting, unique
Trypanosomes, Euglena, True Amoebas. traits or behaviors, how it interacts/lives its niche


https://www.nature.com/articles/s41559-024-02461-1

Actin Cytoskeleton enables Eukaryotic MOVEMENT
ACTIN ... 1°t in Amoebozoans! — _ Cyoptasmic Celvdsvon —

i & flit M/Actin 2\ M ?{JZ ‘;‘ P
LAMNA Y

“Microfilament”
@End © End

|

Actin monomer ‘
Actin cytoskeleton helps determine cell shape & movement

£ )
«@F

Video of Amoeba Movement

Red Blood Cell (RBC)

s Vertebrate RBCs
20 pm S have ACTIN
cytoskeleton

network, keeps
classic wildtype
RBC shape.

(A) Microfilaments

‘Dynamic instability’


https://youtu.be/7pR7TNzJ_pA

Flagella & Cilia: Microtubule Cytoskeleton in Eukaryotic MOVEMENT

TUBULIN protein ... Ciliates and Flagellates !!!

r- Sperm Movement via single flagellum
Cilia

Threg cilia

Cross section
2 sperm tails
9-by-2
configuration

m B-tubulin  a-tubulin

. Y monomer monomer
Tubulin dimer

Flagella
Chlamydomonas

. Eukaryote

| unicellular

| photosynthetic
Has 2 flagella!

| S |

10 ym
Motor Proteins (Dynein)
move macromolecules

(C) Microtubules

PRINCIPLES OF LIFE, Figure 4.11 (Part 2)
© 2012 Sinauer Associates, Inc.


http://www.cco.caltech.edu/~brokawc/Demo1/BeadExpt.html
https://www.youtube.com/watch?v=D0fN49Flo_c
https://www.youtube.com/watch?v=fzLuBug3UdU

A Ciliate: Paramecium

[Micronuclei function in} [The macronucleus controIsJ

genetic recombination. the cell’s activities.

Contractile
vacuole

X0 Alveoli

Digestive
wh vacuole
: Oral groove

Anal pore—" #/ | __Trichocyst

| Fiorils

Alveolus SmCI//

— Cilium membranous
compartments

PRINCIPLES OF LIFE 3e, Figure 19.6
© 2019 Oxford University Press

Weapons: Trichocyst captures prey
Contractile Vacuole regulates water pressure

*m 3 doublets

Cilia
(multiple, tiny Eukaryotic flagella)
for motility

Outer microtubule

Plasma
doublet / membrane
Dynein proteins y

microtubule

Radial
spoke

Protein cross-
linking outer

Flagella & Ciliates move protists
using Tubulin & Dynein Proteins



https://youtu.be/9Ynm5ZOW59Q
https://youtu.be/53rl5-JN5tU
https://www.youtube.com/watch?v=QGAm6hMysTA
https://youtu.be/9nZYlyFGm50

Lecture 5 ; Viruses



Viruses Have Evolved
Many Times

For every known living cell ... There is at least one virus!
Difficult to create a general phylogeny

a.genomes are very small

b.genes are highly diverse.

c. strain: rapid mutation/evolution

linear ds DNA

d.no known fossils

Know these viruses shown:

Type of genome, what cells they infect, how they

replicate, what is unique about them N\ Linear>
Circular dsDNA




Viruses

Enveloped Viruses Nonenveloped Viruses

Herpesvirus
Nucleic
Adenovirus Acid
apsi

Nucleic
Retrovirus Acid

Capsid @

Envelope Spike

7

? Viral protein
coat

’/DNA

),
A

g

Py e

* Capsid: outer protein coat surrounding nucleic acid

* Enveloped virus: a lipid membrane outer coating
(from host). Envelope required for their infectivity /
cell binding. “Hides” virions from immune system.
Susceptible to detergents. ex: Influenza (flu)

* Non-enveloped virus: out capsid only. Do not have,
do not need, envelopes. “Naked.” More hearty,
resistant to detergents. ex: Rhinoviruses (common
cold)

Know these differences. Which is easier to kill by
washing hands? Which type infect human cells.

https://bioprocessintl.com/downstream-processing/viral-clearance/detection-and-clearance-of-viruses-in-the-biopharmaceutical-industry/



Influenza:

*Enveloped

*Genome: 8 single stranded mMRNAs (-ssRNAs)

*mRNAs re-assort in host > genetic diversity

*needs viral RARp (RNA-dependent RNA polymerase)
-ssRNA virus Replication:

*Influenza strains A, B, C,sD

*Influenza A infects most hosts:
* bird, pigs, humans

*"Flu” epidemics are influenza A
o H = hemagglutinin, 18 variations!
o N = neuraminidase, 11 variations

https://www.mdpi.com/1999-

4915/11/2/122/htm

A negative-sense single-strand
RNA virus: The influenza A virus. This
virus is responsible for seasonal
influenza epidemics in humans.
Surface view.

[72]
2>
>5 €
=
£ €
[oTs) //
T &
“(-)R:A
Viral Genom.

-sSRNA.

RdRp

RNA-Dependent

Copies ()
RNA Strands

RdRp

s (+) RNA

(+) Viral mRNA
copies (-) RNA
RNA-Dependent
RNA Polymerase
" RdRp s
>



https://www.mdpi.com/1999-4915/11/2/122/htm
https://www.mdpi.com/1999-4915/11/2/122/htm
https://www.mdpi.com/1999-4915/11/2/122/htm
https://www.mdpi.com/1999-4915/11/2/122/htm
https://www.mdpi.com/1999-4915/11/2/122/htm

Influenza A Viruses: ‘the flu'

Types of H and N proteins define virulence. H1 N2

Hemagglutinin (H) binds virus to cells to infect
Neuraminidase (N) helps virus escape to spread

Influenza genome: eight (8) mMRNAs ‘Re-assort’ !!!

Domestic Ducks H7NS3 virus \‘

wi%jjgj\

Wild Birds H7N9 virus

=l

Domestic Poultry Multiple HON2 viruses

Neuraminidase (N)

Hemagglutinin (H)

Multiple Reassortment Events

H7N9 Virus

Setting: Habitats shared by wild and domestic birds
and/or live bird/poultry markets

Different virus examples: HIN1, H2N3, H7N9




Coronaviruses:

Single +ssRNA genomev‘sense’ strand, mRNA-like,
ready to translate into viral protein(s). Enveloped

Other Enveloped +ssRNA viruses:

o Hepatitis C

o Rubella (of the MMR vaccine)

o SARS1 (SARS-CoV-1)

oMERS and ...

o COVID-19 (SARS2 = SARS-CoV-2)

NON-Enveloped +ssRNA

o mosaic viruses
o common cold (rhinoviruses)

o polio

A positive-sense single-strand
RNA virus: Coronavirus of a type
thought to be responsible for severe
acute respiratory syndrome (SARS).

Surface view.

© Dr.Linda M. Stanna

+ssRNA virus Replication:

(+)
o
s‘a‘pﬁ"
t\\““o
OO

W
«“‘s\’

Viral Protein

(+)

RNA-Dependent
RNA Polymerase
RNA-Dependent

Viral Genome RNA Polymerase
ss (+) RNA
Copies (+)
RNA Strands
Copies (-)
RNA Strands

Viral Genome

ss (-) RNA ss (+) RNA

Baltimore Scheme for Viral Classification



https://open.oregonstate.education/generalmicrobiology/chapter/the-viruses/

COVID19: Immunize with

mMRNA encoding Spike (S) Protein

Your cells translates mRNA-> S protein

Immune system makes antibodies against S protein

How mRNA vaccines work
Virus Virus spike

The genetic sequence of the virus  The mRNA is packaged into a The immune cells follow the mRNA
spike is used to make a synthetic  haoparticle - the vaccine - code to produce spike protein, which
mRNA sequence - the instructions Which can deliver the mRNA is displayed on the cell surface. This
to make the spike protein to immune cells stimulates an immune response



dsDNA Bacteriophages infe_pt Prokaryotes

Non-Enveloped, protein capsid head

Bacteriophage discovered during WWI to
treat bacterial infections, including dysentery,
cholera, and bubonic plague (phage
therapy). Infect, they either burst the cells or
integrate into host cell genome, to kill later.

Phage therapy mostly replaced by antibiotics
in 1930s - 1940s. But since then ...

Antibiotic resistance arises due to variation in

© Dr. Harold Fisher/Visuals Unlimited, Inc.

popule?tlons of bacterla.. Drug-reS|st.ant R B
bacteria grow and dominate bacterial Bacteriophage T4. Viruses that infect
. bacteria are referred to as
pOPUIatlonS- bacteriophage (or simply phage). T4

attaches leglike fibers to the outside of

; i ; its host cell and injects its DNA into the
As bacterial populations evolve resistance, Gttt THTDOOF, It el ® [pink

phage therapy is once again an area of structure in this rendition).

research. An advantage of phages over

d . bacterioph 9 I P g} / Linear dsDNA circularizes
rugs: bacteriophages also evolve! In host cell >

NIAID Phage Video “Rolling Circle Replication”



https://letstalkscience.ca/educational-resources/stem-in-context/phages-vs-antibiotics
https://letstalkscience.ca/educational-resources/stem-in-context/phages-vs-antibiotics
https://youtu.be/NWo4MwE3zfU
https://youtu.be/NWo4MwE3zfU

dsDNA HSV — herpes simplex virus

HSV-1 (usually) oral

HSV-2 (usually) sexually transmitted

Enveloped, linear genome, circularizes when dormant.

Does not integrate into cell genome - does not cause mutations/cancers.

Herpes simplex virus 1 (HSV-1)

........

Envelope proteins 4 o !

(gB-gN)

Tegument

Nucleocapsid

OO0

B. Genome of HSV-1
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Regulation ‘Capsid assembly ‘Envelope proteins DNA replication



dsDNA HPV- human papilloma virus

* Enveloped, circular genome
* Integrates into cell’s genome

» Causes cervical cancer:
* Proteins E6, E7 degrade “tumor suppressing” proteins

HPV infection in Cervix

Normal Cervix

Structure of HPV
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pRb and p53 normally slow cell growth!
HPV EZ inhibits pRb, HPV EB inhibits p53
-> Cells grow out of control - Cancer. ®



dsDNA HSV — herpes simplex virus

HSV-1 (usually) oral

HSV-2 (usually) sexually transmitted

Enveloped, linear genome, circularizes when dormant.

Does not integrate into cell genome - does not cause mutations/cancers.

Herpes simplex virus 1 (HSV-1)

........

Envelope proteins 4 o !

(gB-gN)

Tegument

Nucleocapsid
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B. Genome of HSV-1
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dsDNA HPV- human papilloma virus

* Enveloped, circular genome
* Integrates into cell’s genome

» Causes cervical cancer:
* Proteins E6, E7 degrade “tumor suppressing” proteins

HPV infection in Cervix

Normal Cervix

Structure of HPV
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pRb and p53 normally slow cell growth!
HPV EZ inhibits pRb, HPV EB inhibits p53
-> Cells grow out of control - Cancer. ®



Giant dsDNA virus:

Mimivirus is dsDNA big virus
A. polyphaga infects amoeba microbial eukaryotes

up to 1.2 million bp genome or — : o0o®
= ® Free-living bacteria 0230

Nucleocytoviricota E « Obligate symbiotic and A

. ) # sp | parasitic bacteria o208’

Nucleocytoplasmic Large DNA Viruses g o Mimivirus ot

(NCLDVs) up to 2.5 million bp genome 8 i3 L
T2t e
E ~ ..'.o:é:. E
) - %> 2
E 1 o‘.... i ?

05 C | 1 1 J :E
400 1,000 5,000 10,000
Number of protein-coding genes (log scale)
PRINCIPLES OF LIFE 3o Floure 1825

‘ Pithovirus
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Spulml

T
Tee

74nm  200nm 250 nm 500 nm 700 nm 1000 nm 1500 nm



Retroviruses

« +ssRNA viruses, infect only vertebrates, enveloped

* has viral Reverse Transcriptase enzyme (=RT)
 Reverse dogma: RNA - back to DNA

 integrates into the host genome

 DIFFICULT TO GET RID OF! Example: HIV

* 8% of human genome is remnants of ancient retrovirus

(+)

+ssRNA Retrovirus Replication: O

Translation

DNA-Dependent
RANA Polymerase

viral o
RT P A

RNA-Dependent DNA-Dependent
DNA Polymerase DNA Polymerase
. -
L L g
Copies (+) Coples ()
RNA Strands RNA Strands

ssi-) DNA

55 (+) RNA Vieal v
wome  F@Verse e
transcription

(#) Viral mRNA




HIV retrovirus infects CD4+ (helper)
T-cells, binds their CCR5 receptors

virus “buds”
taking with
it lipid
membrane
envelope

Image: Denis Kunkel, https://www.sciencephoto.com/contributor/dkn/

CCR5
Coreceptor

CXCR4
Coreceptor J| Receptor




Lecture 6 : Photosynthesis



Mitochondria
Oxidative phosphorylation > makes ATP

electron transfers drive H*s across the inner membrane
. — = proton gradient = potential en ,ﬁ(‘\#b
R 2R3 AR AR IR

Out brane
G A

Intermembrane space

)

@ ® ¢ @0 g 0 © ¢ g ©e o
Inner
membmne

.....

........
..O.

. %
; ?"I‘} i\ .\,(\“t;(‘

water
matrix °
oxygen H20

+ @P, ATP
| WHAT IS THE TERMINAL electron ACCEPTOR? (O) @-or @
WHERE IS THIS PROCESS HAPPENING in the plant cell?

GLYCOLYSIS




Chloroplasts

Light Reactions Generate a Proton (H+) Gradient

eful! Photophosphorylation > makes more ATP!
ELECTRON TRANSPORT ATP SYNTHESIS

.n}'gt ‘.J_L'
33 ,

Photon ) {
Photon

Photosystem Il Photosystem |
:
WHAT IS THE TERMINAL electron ACCEPTOR? Makes

WHERE IS THIS PROCESS HAPPENING in the plant cell?  ATP!



Metabolism: Build-N-Break BONDS

NADP+ €< -2 NADPH

Glucose Synthesis

Energy Transfers
as electrons
NADPH = carrier

Carbon
Dioxide, CO,
. 0=C=0

4

Ca N

arbohydrates (Sugars)
C6H1206

Oxygen, O,

0=0 1)

NAD+ = NADH
: HaN_-0
=
-...Siz,..n'\ |
. Glucose
Breakdown
iz Energy
N)IN\ NADH HzN._.0
N captured as
e
0 o’%‘o’%‘o”" Si\("N\/ electrons
HOH oo s\, NADH=carrier



Photosynthesis has TWO Sets of Reactions
* Notice the crosstalk via Energy Molecules: ATP, NADPH

Chloroplast

. /'
Light s = "T'H

Light
Uses Light reactions
Makes O, /
Makes ATP
Makes NADPH

Light-

ctions : CALVIN

Uses ATP "®@ _ ALY
Uses NADPH \ st

Makes Sugars

LIFE 8e, Figure 8.3 LIFE: THE SCIENCE OF BIOLOGY, Eighth Eition © 2007 Sinauar Assocates, inc. and W H. Freaman & Co



Example: Clorophyll b, Chl Light Reactions:
C\Qz CHO in (ihlorophyllb Pigment molecules

CH CH, in chlorophyll a

e L o ABSORB light

CH,

Chlorophyll b

80 MAS3nm
Chlorophyll a \ Chiorophyll a
430nm Carotenoids Phycocyanin
60~ 7 & e 605nm

b
62n

=y
o

Relative absorption (percent)
N
o

N
CH, Light is absorbed by the

ClH complex ring structure of
a chlorophyll molecule. )

\
Hydrocarbon tails secure
chlorophyll molecules to
hydrophobic proteins

inside the photosystem. ) What pigments dominate in GREEN algae?
What pigments dominate in RED algae?

PRINCIPLES OF LIFE 3e, Figure 5.19 . . .
© 2009 OxfordUniverstyPress What pigments dominate in BROWN algae?

Wavelength of light (nanometers)




Light Reactions

Energy transfer Electron transfer
AL A

Light[ 2 N\

Pigment molecules

/ \

Acceptor
next

6 electron
carrier is PQ
Plastoquinone (lipid)

Now Chlis
O \ left missing
N J @

Chl*

an electron
W H,O
Antenna complex water = electron
light harvesting )
. donor: gives an
Forster Resonance Energy Transfer electron to Chl*
(or FRET) video 0, regenerates Chl


https://www.youtube.com/shorts/zDqXLMI4IcA

The light-independent reactions take
place in the stroma — Calvin Cycle!

Chloroplast

Light

vvvvvvv

FOACHIons . CYCLE




The Calvin Cycle

6 CO, 2 1 Glucose

4 co,

RuBP: ribulose 5
1,5-bisphosphate <D

/0/7
LA CACSC Rublsco\

How ss

Carbon
fixation
6 ADP
CALVIN CYCLE
uses ATP m

Regeneration = Reduction and
of RuBP sugar productlon

uses NADPH

\

Most G3P used to
Regenerate RuBP

2 G3P

* = ONE 6-carbon sugar

six ‘rounds of cycle for 2xG3P

RuBP + CO, + ATP + NADPH - 2 x Glyceraldehyde 3-Phosphate(G3P) = 1 Sugar




Photosynthesis

Cellular Respiration

Takes place in which
organisms: bacteria,
plants, and/or animals?

Takes place in which
organelle in eukaryotic
organisms?

What is the purpose of this
metabolic pathway?

What source of energy
drives this metabolic
process?

What is the initial electron
donor to the electron
transport chain?

What is the final electron
acceptor in the electron
transport chain?

What are the final
products from the electron
transport chain?

Which type of electron
transport is involved?
cyclic and/or non-cyclic?

What electron carriers are
involved?

Is ATP synthesized? How?

What “cycle” is used in this
metabolic pathway? What
happens during the cycle?




Lecture 7 : Plants

aquatic to wetland-non-vascular
to dryland-vascular



Aquatic Photosynthesizers: Green, Brown, Red algae

Light ABSORBED

Ocean
Depth




Starch Granules in the Chloroplast ... Unique to GREEN Algae/Plants:

lamella i
ribosome
thylakoid

soma  Chloroplasts store starch

inner membrane

intermembrane space
outer membrane

chloroplast DNA

shutterstock.com - 776765557

starch granule
Starch = glucose chains

O H H o_H amylopecfin
H
J ‘f: ::? l be'ta-14 / 1,6 Linkages

L c
GREEN Algae/Plants: synapomorphy traits o
(primary endo- Green plants S HNINE M
symbiosis) oH H
Chlorophytes (most “green algae”)
Chlorophyll b; @
‘starch storage
STARCH
+ glucose
Retention of egg in the parental organism;
plasmodesmata; similarities in mitosis
and cytokinesis
CH,0H CHOH
O. W H 0\ H H x H
oh H OH
OH
OH oH

beta-14 linkages



NON-Vascular
Plants

A X1 need
T ——— 2 WET HABITATS

L\

The liverwort Marchantia polymorpha

Polytrichum
gametophytes
(moss)




Mosses :
leafy, green gametophytes (n) dominate.
brown, dependent sporophytes (2n) dependent.

S -

X PR 0’ af «#3N \ ;
Shimamura M, Yamaguchi T, Deguchi H.
Airborne sperm of Conocephalum conicum (Conocephalaceae)

J Plant Res. 2008 Jan;121(1):69-71. http://www.tolweb.org/




RHIZOIDS of the MOSSES
Example: Physcomitrella patens

Mosses are NON-vascular: with Rhizoids

NONvascular — Rhizoids

Filamentous outgrowth of root hairs on the
underside of the thallus in some lower
plants, especially mosses and liverworts,
serving both to anchor the plant and (in
terrestrial forms) to conduct water.

Vascular — Rhizomes

Underground system of stem that sends
out roots and shoots. Bamboo, ferns, etc.

Vascular — Mycorrhizae

Fungal partner of a mutualistic association
between vascular plant roots and
their symbiotic fungi ... 15t evolved ~460 mya

Sakakibara, et al., 2003


https://backgarden.org/plants-with-rhizomes/

True “Vascular” Plants

Xylem: ‘Roots to Shoots’

Complex Fluid System
Distinguishes vascular from
non-vascular plants

Tracheids

one-way only

Water and
minerals

No end walls
between cells

Thick walls
stiffened
with lignin

Xylem vessel

tracheid cells around
vessel tubes

dead, rigid w/lignin

Textbook Ch. 23, p. 583-583 (3™)

companion cells
food storage cell
two-way flow
Water and food

Cells have
end walls
with perforations

Phloem vessel
sieve tube-like cells surrounded
by companion cells
live cellular structures



Vascular plants’ LIGNIN in the cell walls
provides structural support, allowing taller
growth. Think: wood, bark. Taller plants

can intercept more sunlight and disperse
spores more effectively.
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Gymnosperms-

Vascular land plants
» 15t True vascularity begins:
* Xylem has tracheids but no vessel elements
* Phloem with sieve cells, not companion cells

* unisex cones, ‘naked’ seeds
* no flower/fruit ... POLLENATED by WIND

- ‘. > S ,‘4
N e y ©
3 ?
1 - ¢
" A o
r’ Y Ko~
‘4
. ’
[N \
y o

-

Example:
conifers

Example: ginkgos

Ch. 20, p. 480-481 (3')



ADAPTATION

NON-vascular plants live in
wetter habitats. Only some
have stomata ...

Stomata
Pores in the Cuticle

*help conserve H,0.
Vascular plants can live in

drier habitats. ALL have 4 ot
stomata -

Waxy Cuticle

*conserves water : ,

All land plants have cuticles, - | — R cidermal

non-vascular + vascular




Cellulose microfibrils
in a plant cell wall

Microfibril

Cellulose
molecules

\(_)H cu,o/H \.OH CH,0H
\

/ v/
/B Glucose/ monomer

Cellulose is a Glucose Polymer
Yennawar N H et al. PNAS 2006;103:14664-14671



PLANT AND ANIMAL STRUCTURES MADE FROM GLUCOSE:

Plants
1 - .
r y Animals
Starch
Cellulose Glycogen
Amylose Amylopectin

Source Plant Plant Plant Animal
Subunit B-glucose a-glucose a-glucose a-glucose
Bonds 1-4 1-4 1-4 and 1-6 1-4 and 1-6

Yes Yes
(~per 20 subunits)  (~per 10 subunits)

Branches No

Shape



Water Conduction in Vascular Land Plants

adhesion

cohesion (surface tension)




Transpiration-Cohesion-Tension MECHANISM: WATER CONTROL

Transpiration ... evaporation pulls water up through the stems

water exits via stomata

>

DA s D
‘! A‘-A'A'A". !J"
S .- Z

Stoma 10 pm

Cohesion-Tension * Rate of water loss is dependent on
temperature and humidity

water flows up .
against gravity » Too much water loss leads to wilting
Textbook Figure 24.17 (3'd), p. 614

Textbook Figure 24.16 (37), p. 613




ROOT (hairs) to SHOOT: How does water
move into the plant?

Plasmodesma Cell wall
at=
P, .

Epidermis —4

|
1
is—

> _,Casparian
o K strip

Root hair

Symplast

movement Endodermis
th rough Pericycle );‘Z:‘ Phloem
cell to cell ‘

regulated by Roothar- % Apoplast movement
PLASMODESMATA

between cells (less regulated)



The Pressure Flow Model for Phloem Sap Transport

Phloem Source

sieve cell
Xylem tube Sucrose
CP‘iZOH CH,0H
Water
nega tive A Gli)cosidi(
pressure GIu’:ose OH  fend OH Fruc:'ose
:: o [ [J
Sucrose Energy stored in ‘sink’ cells such as fruit,
1] Positive .
1 Pressure tubers, seeds ... Active transport of the
Sink cell sugar SUCROSE into a concentrated area
4 <Z ) requires ATP ener
Water 3 -
positive |
pressure = —

Textbook Figure 24.19 (37), p. 617



Lecture 3: Fungi



Major Eukaryote Groups

Ophisthokonts — have eukaryotic flagella! (spores or sperms)

@ Protists
Alveolat .
veolates diverse,
Stramenopiles eu,fary otic,
unicellular
Rhizarians
Excavates
Amoebozoans
£ oz

N \
Ophisthokont Choanoflagellates

to 15 14 13 12 11 i0 09 08 07 06 05 04 03 02 OA1 0

4.5 bya Billions of years ago



Diagram of

Familiar, Single-Cell Fungus %o
(Yeast: Bread, Beer, Wine)

Mannoproteins

7
B-glucan
chaine Ergosterol

The cell walls are strengthened
I boe.. by chitin polysaccharide
?;z;l;:gzces cerevisiae T o (G LU c O SE!)

Cellulose vs Chitin
CH,0H
Cellulose —— CH2°T) 0 _
Cellulose i i . 0
Plants : 0 0
4)
0
CH,OH
cholesterol ergosterol Ct |70' | 0
. CH,0H 0 o~
Choleste:‘ol :Ergfosterlol chitin i . .
In anima n funga ; 0
g Fungi and " 1 —
membranes membranes | yertebrates: NHCOCH;

NHCOCHs


https://www.cell.com/current-biology/fulltext/S0960-9822%2820%2930823-X

Fungus (Yeast)
More Closely Related to Animals vs. Plants ...

Which of these glucose-based structures is most like that
in fungal/yeast cell walls?

(a) Potato (b) Liver (c) Algae (d) Tick

Data ... GLUCOSE
Structures

A fungus is not a plant.

Fungus Animal Plant

Chitin yes yes no

Food glycogen |glycogen |starch
storage

Ll
L d
Ll
L34
e
L ad
e
L4
®®

L2 2 2 & & & & 28




(A) Fungal hyphae in dry rot
Fungal hyphae

Pores in septa

compartments in
septate hyphae.

allow movement of

(B) Anatomy of hyphae

organelles and other
materials between

© Dr. Jeremy Burgess/Science Source

J| The hyphae of
coenocytic mycelia
have no septa.

Mycelium is composed of hyphae

The aboveground mushroom
represents the fruiting structure
produced from the mycelia of
two combined, mating
individuals.

v~

—

()
(%

¥

-——

The main (vegetative) portion
of each mycelium is typically
much more extensive than the
fruiting structure (only a small
portion is shown in this figure).

P v

PRINCIPLES OF LIFE 3e, Figure 21.3
© 2019 Oxford University Press

Mycelia: interwoven filaments of hyphae.

Some species have septate hyphae—
hyphae are subdivided by incomplete cross-
walls called septa. Organelles can move
between compartments.

Some species are coenocytic—no septa,
but many nuclei (from mitosis without
cytokinesis).




Reproduction of Fungi

Asexual > Sexual

spores (n) geminate into
haploid offspring

© Kichigin/Shutterstock.com

Basidiomycete

PRINCIPLES OF LIFE 3e, Figure 21.4
© 2019 Oxford University Press

Most fungi spend most of their lives in a haploid |
state, reproducing asexually. In many species,
sexual reproduction has never been observed

,\‘J

A\l

M|t05|s Spores
{ Sporangium (n

Asexual Mitosis Asexual | Mitosis

S
pos reproduction reproduction ’
Mitosis Mating Mating Sporangium (n)
type1 type2
Mycehum
\
Y‘l
/M f i h terized not
Mitosis any fungi are characterized no

V4 by male and female individuals,
but by multiple, genetically

Spores (n) distinct mating types.

2

Spore-producing
structure (n)

Sexual Plasmogamy
reproduction (fusion of cytoplasm)
Meiosis
| | - Haploid (n)
Zygote (2n) Diploid (2n)
‘ Dikaryotic (n + n) Dikaryotic
_ N mycelium (n + n)
Karyogamy
(fusion of nuclei)

.

Fertilization

PRINCIPLES OF LIFE 3e, Figure 21.11
© 2019 Oxford University Press



Chytrid Fungi and the Decline of Amphibians (Video)

Chytridiomycosis is caused by two chytrid fungi called
» Batrachochytrium dendrobatidis™ (we study) — frogs, toads, salamanders
» Batrachochytrium salamandrivorans — mostly infects and deadly to salamanders

CHYTRID FUNGUS

Chytridiomycosis is a disease in amphibians caused by the aquatic
fungus Batrachochytrium dendrobatidis (Bd). In the last 30 years,
Bd has been linked to the severe decline or extinction of more
than 200 species of frogs and salamanders throughout the world,
including several species that were considered common and stable.

Bd attacks amphibians by infecting their outer
skin layers. Frogs use their skin to hydrate,
control their body temperatures, regulate
minerals and nutrients, and sometimes
even breathe. The infection makes the
skin thicker and less permeable,
resulting in electrolyte imbalances,
loss of muscle control, and heart
failure. Frogs may also become
lethargic and have reddened
or sloughed off skin.

Sloughed off skin

Reddened skin

Loss of muscle control
(Uncontrolled limbs, seizures, or inability to flip over)

Several treatments have shown promise but there is currently no cure. One key may lie in figuring out why some
species are more susceptible than others — some species are resistant while others experience 85-100% fatality.

Extinction of > 90 Species of Amphibians
Read more: See "Chytrid Apocalypse' in Module— VIDEO on NatGeo site (VBK)
Fungus on a Spanish Island (2015)



https://www.newscientist.com/article/2198070-nearly-100-species-of-frogs-toads-and-salamanders-wiped-out-by-fungus/
https://www.nationalgeographic.com/animals/article/amphibian-apocalypse-frogs-salamanders-worst-chytrid-fungus
https://www.science.org/content/article/biologists-wipe-out-toad-killing-fungus-spanish-island

Glomeromycete Fungi
Mycorrhizae: Fungi in PLANT ROOTS

Mycorrhizae:

Fungal partner in a mutualistic association between
vascular plant roots and their symbiotic fungi ... 1%
evolved ~460 mya

VASCULAR PLANT partners

Ecto-mycorrhizae — network over root surfaces
Arbuscular mycorrhizae — infiltrate between pm/cw

NOT Rhizoids

Which are filamentous outgrowth of root hairs on the
underside of the thallus in some NON-VASCULAR plants,
especially mosses and liverworts, serving both to anchor
the plant and (in terrestrial forms) to conduct water.

NOT Rhizomes:

Which are underground system of stems that sends out
roots and shoots in VASCULAR plants
Similar to: strawberries stolons

No colonization

Nutrient transfer
via root hairs

1
‘ IPhosphate depletion zone I

AM-colonization

Increased resistance to
foliar pathogens

I Increased drought xolerancel

I Increased salt !olerancel

SAR-like responses
(SA and JA dependent)

X

Nutrient transfer
via AMF

S
G
(e
Local resistance 10
root pathogens

H,0

Increased resistance

Systemic resistance
to root pathogens

to heavy metal toxicity



https://www.sciencedirect.com/science/article/abs/pii/S1369526620301151

Penicillin is harvested from fungi. It kills bacteria by interfering
with bacterial cell wall synthesis

©James A. Sullivan www.cellsalive.com

Djfz::
oY ]?x

mtravenous) /—~OH

Ascomycete oral < ;f <

//\OH

Penicillium chrysogenum %'5 s

PRINCIPLES OF LIFE 3¢, Figure 21.19
© 2019 Oxford University Press

http://textbookofbacteriology.net/themicrobialworld/bactresanti.html



http://textbookofbacteriology.net/themicrobialworld/bactresanti.html

Saprophytic Fungi Keep The Carbon Cycle Active

Auto and
factory
emissions

Photosynthesis

Animal
respiration
Organic carbon il 3
Decay | 1 Root

organisms : Dead organisms respiration
* and waste products

Ocean

Fossils and fossil fuels uptake

Saprophytic fungi, along with
bacteria, are the major
decomposers on Earth,
contributing to decay of organic
matter and recycling of the
elements used by living things.

Fungi are the main
decomposers of cellulose and
lignin in wood and keratin in
hair and nails.

Without fungi, the carbon cycle
would fail. Most carbon would
be buried instead of being
returned to the atmosphere as
CO..



Fungal hyphae absorb nutrients from plant cells

(A) Parasitic mildew (B) The parasitic action of haustoria
Hyphae of fungal mycelium Lg?sh?:\ ?2:(:? tz?gjtrﬁ t;"g(;n?a Fungal spores germinate Elongating hyphae pass
9 ’ on the surface of the leaf. through stomata into the
interior of the leaf.

£J Some hyphae

Leaf cells penetrate cells
within the leaf.

Stoma

of loaf membrane

© Biophoto Associates/Science Source

The haustorium penetrates
the cell wall but not the
cell membrane.

PRINCIPLES OF LIFE 3e, Figure 21.5
© 2019 Oxford University Press

Hyphae can enter through stomata, wounds, or by direct penetration of epidermal cell walls.

Some produce Haustoria, branching projections that push through cell walls, invaginate into
the cell membrane, and absorb nutrients.




Lichens

Symbiotic relationships—
partners live in close,
permanent contact with
each other

onsists Soredia detach from the parent
of one or a few photo- lichen and travel in air currents,
synthetic cells surrounded founding new lichens when they
by fungal hyphae. settle in a suitable environment.
l/ Mutualistic—the

\b relationship benefits both
Q¢ ‘ partners

Lichens: mutualistic
associations of a fungus

Upper layer of

Lol with a unicellular green
Photosynthenc\' (,\A( alga or cyanobacterium.
cell layer N

.. Fungal hyphae absorb
nutrients and provide a
moist environment for
Lower level of photosynthetic algae. The
hyphal rhizoids A _ fungi receive fixed carbon
e il from the algae. Neither
can live independently.

Loose layer of
hyphae




Nutrients, minerals, signals, pathogens ... transferred
between plants, cross-species, via mycorrhizae

O T T T £ TR % | ~

Nutrients, minerals, signals, pathogens

Trees

Indian Pipe plant

Mycorrhizae
The mycorrhizal fungus gets sugars and amino acids from the plant. The plant’s ability to
absorb water and mineral nutrients is greatly enhanced. The fungus may also provide some

growth hormones and protect roots from pathogenic microorganisms. Many plants grow
poorly or not at all without their mycorrhizal partners.



Lecture 9-10;
‘Primitive and/or Ancient’
Animals

monoblasts
diploblast
Triploblast-protostomes




Animal cells contain Collagen and Proteoglycans as
part of the extracellular matrix (ECM

’

Collagen

carbohydrate (sugar) _ covalent bond

protein proteoglycan




Animal cells have Tight Junctions

(A)

B Junctional
proteins \
(interlocking) h\

The proteins of tight
junctions form a “quilted”
seal, barring the movement
of dissolved materials
through the space between
epithelial cells.

ap junctions

Lumen

Basolateral region

Example: prevent organs from ‘leaking’ (gut)
Fig. 4.19, p. 88-89 (3" Ed.)



Animal cells have Desmosomes
(B)

adhesion

molecules e
Keratin fiber
(cytoskeleton Basolateral region
filaments)

Desmosomes link adjacent cells tightly but
permit materials to move around them in
the intercellular space.

Example: mechanical stability (skin)



Animal cells have Gap Junctions
©)

Tight junctions Apical

Plasma

membranes region

Intercellular

Connexins
(channel proteins)

Basolateral region
Gap junctions let adjacent -

cells communicate.

Example: share ions, electrical signals (beating heart)



Sponges have features of primitive animals

Sponges — Most Primitive Animals

(A) Colony of choanoflagellate protists (B) Structure and function of sponge choanocytes

Water out
FI?geIIum via osculum Flagellum ~ Choanocyte  Spicule
\ |

Water and
food particles
in via pores

Individual
choanoflagellates
form colonies that | [[~~ Stalk
are attached to a
single stalk.

L Pore

choanocytes are
phagocytic feeding cells

PRINCIPLES OF[.IFE .39, Figure SQOHQES:
camolduesibes | Filter feeder, beating flagella moves water, phagocytosis,

structural spicules, respiration, excretion through osculum
(used all the food or oxygen)




Diploblast Cnidarian Carnivores have Cnidocyte Cells:

Cnidarians are the
oldest venomous animals Cnidocyte cell with
Nematocyst organelle

Trigger
Tubule
- ! release
. A
Cnidocyte”
—Tenacle /
Capsule .
{(nematocyst) |
|
Coiled tubule
Cnidarian
Venom: enzymes and ﬁd‘\j() i )_
organic chemical e T PN (f H
g Ho;cmo coH HO; c)_\—g HOC

molecules:

Cnidarin 4A (1) Chnidi 4C(3)

Ex: Jellyfishes, Anemones

Captures & Stings!

Prey._

Tubule -


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4488701/

Two stages of the Diploblas Cnidarian life cycle

Polyp

sessile

tentacle

Medusa

motile
*coordinated movement

epidermis
mesoglea

gastrodermis

tentacle

Enteron (gut)

1 Ectoderm
Mesoglea
Endoderm

Oral arms

Marginal

Mouth tentacle
Radial Symmetry
Throughout Life

‘Gastrovascular Cavity’
(Food AND Waste)



Corals: Animals (+ Dinoflagellates)

Jellyfish: Energy from Light Corals
»_ﬂ“ _‘nd{“' D-luciferin

+ATP + O,

ol -

xcitation gl i Enzyme

W i luciferase
\ / Visible

& light . ’
e Bioluminescent:
@f uses ENZYMES + ATP
4 Oxyluciferin .
Fluorophore o <A D to create light
S Energy from Cells:
Fluorescence Bioluminescence Dmoﬂagellllates m.ake”plgments
Fig. 1 Basic principles of fluorescence and bioluminescence. With Bleacfhlng
fluorescence, a fluorophore is excited by light at a specific wavelength, Dying
and emits light from another wavelength. For bioluminescence, D- Loses its symbionts

luciferin is oxidized by luciferase in the presence of ATP and oxygen,
generating visible light, pyrophosphate (PPi), adenosine monophosphate
(AMP) and carbon dioxide (CO,)



Developmental Biology: Gastrulation
determines
phylogeny of an organism Gastrula

Animal Egg to 1%t Ball of Cells: Gastrulation

Fertiized egg Blastopore
& Zcell stage 4:‘5?" flage 8-cell stage first pore
' of Gl tract
Protostome vs.
. Deuterostome ... Blastopore
G a st ru I atl o n fl;ll;‘l’(;PLES(:FUFE,I?-hn Art, Ch. 23, p. 459 (1)
Early Gastrula inauer Associates, Inc
\ Gastrula
M\

e N

55 )

| wﬁa =

& ] = e

T e R e

Cell Cleavage L \‘ R o lolol TS
Process by which the number of cells in a developing embryo is multiplied A A O W gy e

ss by e er of cells i eveloping embryo is plie 2650} L,LJJ”’V \\“Zi_kf,ti/

through cell division.

Gastrulation layers:
 Ectoderm
e Endoderm

' ’ ‘ archenteron blastopore Blastopore

D E F




Mollusks

largest group of
marine animalsnimals

Mantle epidermis secretes
shell for protection. Fold of
tissue covering the visceral
mass; it secretes the
calcareous shell (CaCO;)

Mantle cavity contains gills for *

gas exchange. Some species
use gills for filter feeding.

Most mollusks have open
circulatory system w/
exception of Cephalopods
with closed system,no
hemocoel.

Shark vs. Octopus

My Octopus Teacher

(B) Chitons

Tonicella
lineata_

Digestive gland Gills in mantle cavity

(C) Gastropods

Intestine  Mantle Mantle cavity
Gil Shell

_ Anus Heart
Siphon Digestive
Cephalic —__ gland
tentacles

Head— | Stomach
Mouth Foot

(D) Bivalves

Mantle (covers
inside of shell)

Siphons

Foot Gill
Mantle of lower shell

(E) Cephalopods

* Head Intestine  Shell Sepioteuthis
eal

lessoniana

Digestive

Tentacle gland

Siphen Mantle Gill Heart
cavity

PRINCIPLES OF LIFE 3e, Figure 22.23
© 2019 Oxford University Press

© Larry Jon Friesen

© Dimitri Vervitsiotis/

attu Imanac

© Stephen Frink/Getty Images

© Jones/Shimlock-Secret
CaaVicinnc I attu Imanac


https://www.youtube.com/watch?v=p9A-oxUMAy8
https://youtu.be/3s0LTDhqe5A

Dominating Arthropods ... Lots !!!

Crustaceans Insects
terrestrial hexapods on land

(B) Insect

*mandibles! Found in:
Crustacea, Insects, and Myriapods

PRINCIPLES OF LIFE 3¢, Figure 22.34
Pres

ottt (centipedes and millipedes)



Other Arthropods ... Arachnids !!!

Also Ecdysozoa

(A) Lycosa sp. Araneida (B) Androctonus sp. Scorpiones
B B T T . A

ALL Chelicerates:

* Mouth pointed, graspers

* NOT-chewing mouthparts
Spiders may have hollow
celicerae with venom

* 4 pairs of appendages =
8 lllegs"

SEM by Eric Erbe; colorization by Chris Pooley/USDA ARS

PRINCIPLES OF LIFE 3e, Figure 22.31 Opiliones

© 2019 Oxford University Press

Link: cool info about “Harvestmen” a.k.a “Daddy Longlegs”


https://www.texasstandard.org/stories/harvestmen-the-spiders-that-arent-actually-spiders/

Evolution of the INSECT WINGS: gene HOMOLOGY in Arthropods

Development of appendages
in the crayfish is governed by
expression of the pdm gene.

A

Development of the insect
wing is governed by the
expression of the same gene.

\

(A) Ancestral \‘I(B) Modern (C) Drosophila / /
multibranched \ crayfish I/
appendage J ]’

Dorsal 2
branches —==|

Homeotic Genes = ”"HOX” genes code for Hox Proteins

* Transcription Factors that bind DNA to regulate the
activity of many target genes at the same time

* Hox proteins turn mRNA synthesis — transcription —

s PDM is @ “HOX” gene ON or OFF, to determine body parts like wings!

B Expression of pdm
— gene product

Hox proteins regulate other genes

Hox genes I I I I I D Hox genes code for proteins that attach to molecular
/ \ switches on DNA, turning other genes on and off. The
. DNA-binding piece of a Hox protein is called the
. Hox proteins homeodomain, and it's encoded by the homeobox. The

homeodomains in different Hox proteins are similar but
not identical—they bind to different DNA sequences. So
different Hox proteins regulate different sets of genes,
and combinations of Hox proteins working together to
regulate still other sets of genes.

As regulators of other genes, Hox proteins are very
powerful. A single Hox protein can regulate the activity of
many genes. And sets of genes work together to carry out
"programs" during embryonic development—programs
for building a leg or an antenna, for example—much like
computer programs carry out specific tasks.

I m age ref: I in k Binds to DNA sequence Binds to DNA sequence
I AGATGGATGG CGATGGAAGA


https://learn.genetics.utah.edu/content/basics/hoxgenes

HOX genes are Conserved Through Evolution

Insects: Mammals:

HOX genes determine body segment identity. HOX genes are similar (not identical) in all animals

Antennapedia cluster bithorax cluster Hox genes act to position body parts
A

o r A N
Scr Antp Ubx abdA AbdB
|| I . [
..are expressed Drosophila
in the embryo...

Fly Hox genes ~Jii—ll—"-lHl—HI-l—

\ J\ Y 5 ~ | =
Head Thorax Abdomen ‘ ‘ ‘ * Chr
Human Mouse
(T1-T3) (A1-A8) Hox A <HEE B E—— 7 6
Mammalian HoxB -i-I-- -E-E-0-- —— - ” n
Hoxgenes | Loxc - o %
Hox D il =il = = = = = 2 2
1234567891011
Human
..and determine
segments in the
adult fly.
SOURCE: T. R. J. LAPPIN ET AL / THE ULSTER MEDICAL JOURNAL 2006 KNOWABLE MAGAZINE

p. 360 — 362 textbook



Changes in HOX Genes
correlate with evolutionary changes in Symmetry, Segment
Number, Segqment Identity, Body Morphology

(A) f:hanges (B) Broad (C) Subtle (D) Changes
in Hox changes changes in regulation
gene number of Hox within Hox or function of
expression domains downstream genes

butterfly

SR

hindwing

Number of Genes: Range of Expression: | | Different Alleles: Hox Genes are ‘transcription
Ch.anges symmetry Changes number of versions of genes factors’ = direct expression of
:;I(Sr:nd body pattern | | 1,4y segments change form other genes >

genes (ex: legs or no legs) || change form/function... WINGS
= more complex

Developmental Biology. 6th edition. Gilbert SF.



Differences in Larval and Adult Morphology due to
HOX Gene Differences

Nymph(s)

Female

Male

Larva (8 legs)

(8 legs)

(6 legs)

- A
ent /

(D)

Metamorphosis:

substantial morphological changes between developmental stages.
Complete : changes are dramatic. HOX genes expressed in
juvenile rudiments but not in the metamorphosing larval tissues
Incomplete : changes gradual, less dramatic. HOX genes activate
in larval trunk region, and throughout metamorphosis.




PROTOSTOMES - Insects

(A) Libellula depressa, Odonata (B) Brachystola magna, Orthoptera (C) Graphosoma lineatum,
; Hemiptera “plant bugs”

N o 1.‘ .

Vs
“truelbugs”Sucking mouths
incomplete metamorphosis

© Jonathan Ashton/Alamy Stock Photo

© imagebroker/Alamy Stock Photo
© blickwinkel/Alamy Stock Photo

Indicator species
silk + sand house

complete metamorphosis

© Juniors Bildarchiv GmbH/Alamy Stock Photo
© BIickwinkeI/AIamy Stock Photo

© Larry Jon Friesen

(H) Mischocyttarus flavitarsis, Hymenoptera

TR A
 Inse

it’s a fly!
%, 1 pair wings
S

Diversity of
Winged Insects

© Peter ). Bryant/Biological Photo Service

©Larry Jon Friesen

PRINCIPLES OF LIFE 3e, Figure 22.37
© 2019 Oxford University Press



Lecture 11:
Triploblast-deuterostomes

Chordates-
vertebrates-
fish-
amphibian-
reptiles(+birds)-
mammals.



Chordates

Evolving Hallmarks only in Embryos for Tunicates:

1. a dorsal hollow nerve cord = precursor to spinal cord evolves
2. post-anal tail, only in larvae = precursor to adult animal tails
3. notochord, only posteriorly = recursor to vertebrae

4. pharyngeal basket slits = precursor to gills = to jaws ears

(A)

colony of salps

Ciona sp. g
: R (A) Clavelina dellavallei (B) Pegea sp.

Pharyngeal
slits

PRISCIPLES OF LIFE Je, Figare 2241 (Part 1)
© 207 Ot ey Py

Sea Squirt Diversity

aryngeal basket ;-

PRINGPLES OF LIFE e, Figure 2242
© 2019 Cuord Usiwersiy Porms

W 3] - : =2
https://www.coraldigest.org/index.pnp/ lunicates



https://www.hakai.org/a-good-place-to-be-a-sea-squirt/
https://www.coraldigest.org/index.php/Tunicates

Phylogeny of the Vertebrates

FISH !!! a closer look ... gills! vertebrae, jaws (from gills), paired appendages
without exoskeleton, bone/teeth, air bladder = lung, lobed appendages, more
muscle, ribs! eye position, evolve to amphibia, respiratory skin, to reptiles tough
outer scales, lungs, amniotic eggs, to mammals, milk, internal gestation ...

Hagfishes Z '
\\ Jawless fishes
Lampreys

- ~

Vertebrae

\

Chondrichthyans

Jaws, teeth,’ Ray-finned fishes

paired fins

Bony skeleton,/
swim bladder/lung

Lobe fins
Internal nares”

Coelacanths
: >Gnatho-
Lungfishes ‘ stomes

Amphibians
Terrestrial limbs” T
and digits  Amniote” Amniotes

€gg

/42




Vertebrate Jaw Evolution

Jawless fishes

Skull
(cartilage)

"B

Gill arches Gill slits

Jawless Fishes
(A) Eptatretus stoutii ]
= e . . »41. - <3 N
s o Gill arches made of cartilage
S supported the gills.

Early jawed fishes
(placoderms, now extinct)

Some anterior gill arches '
became modified to form jaws,
which at first had no teeth.

PleOP(lSOf LIFE 3e, Figure 22.45 & =z .A
201 e ity e Modern jawed fishes @(

(cartilaginous and ray-finned fishes)

Additional gill arches help
support heavier, more
efficient jaws, which in
turn, support teeth.

PRINCIPLES OF LIFE 3e, Figure 22.46
© 2019 Oxford University Press



Tiktaalik roseae, a transitional fossil between
lobe-finned fishes and tetrapods

no neck
\ v
nl xnxl?’“n""'“’ e "‘V‘ ik _, oz
(T
= no rlhs
) Y
fins

round head
eyes on side

nukExtmct Transition Fossil found in arctic Canada
\\N__W / ‘.‘“———n_;_,_f_ scales and gills like fish

head like reptlle &k ;
flat head \\ limbs //ke amphlblan

specialized fins

eyes on top

TETRAPOD

flat head
eyes on top

limbs

This figure says it all. Tiktaalik is intermediate between fish and primitive land-living animal.



Tiktaalik roseae, a transitional fossil between
lobe-finned fishes and tetrapods

no neck
\ v
nl xnxl?’“n""'“’ e "‘V‘ ik _, oz
(T
= no rlhs
) Y
fins

round head
eyes on side

nukExtmct Transition Fossil found in arctic Canada
“\*——-‘0 / R et scales and gills like fish
- . \_/ //\ ;\\\( ‘\\M‘ \ e

head like reptlle &k ;
flat head \\ limbs //ke amphlblan

specialized fins

eyes on top

TETRAPOD

flat head
eyes on top

limbs

This figure says it all. Tiktaalik is intermediate between fish and primitive land-living animal.



Amphibians have adapted to life on land, but still
require water for reproduction

External gills
become enclosed;
hind legs appear.

/ « The fertilized egg
The egg hatches. The larva — A develops in water.

(tadpole) respires with ?

external gills.

The embryo develops
and a tail bud forms.

PRINCIPLES OF LIFE 3e, Figure 22.51 . gi i I
et e Gas exchange: gills, skin, AND lungs!



The amniotic egg allowed animals to move

further onto land

Reptiles
Tuataras Lepidosaurs

Crocodilians

Pterosaurs (extinct) ‘x
N
Ornithischians A
(extinct)

Sauropods
(extinct)

! ,‘
Theropods,
including birds 4 J
Mammals -
Mammals ﬁ

PRINCIPLES OF LIFE 3e, Figure 22.54
© 2019 Oxford University Press

Squamates

Turtles

Amniote
ancestor

> Dinosaurs

> Archosaurs




The amniotic egg became modified in mammals

(A) (B) Maternal portion
of placenta

~ Extraembryonic
& . membranes: _
——Yolk sac ‘ .I(_ 3
| \\ Chorion Fetal portion 777 .g;:-‘?

of placenta

Amniotic cavity Embryo
Amniotic cavity

PRINCIPLES OF LIFE 3e, Figure 22.53
© 2019 Oxford University Press

Note the correspondence between
the various membranes in (A) and (B).



(A) Ornithorhynchus anatinus (C) Erethizon dorsatum

(B) Didelphis virginiana eutherian
- i

mars'u‘piai ~ : o~ .
) . .
S

[V

£ P

© Dave Watts/Alamy Stock Photo

(D) Leptonycteris curasoae

eutherian
>

/s

Mike Hill/Alamy Stock Photo

© Danita Delimont/Alamy Stock Photo PRl Lot i

Mammalian Diversity

© Rick & Nora Bowers/Alamy Stock Photo

PRINCIPLES OF LIFE 3e, Figure 22.59
© 2019 Oxford University Press



Mammals

Reptiles

mammals that lay eggs

Prototherians

placental non-autonomous live births, nurtured in pouch

Marsupials

ynchus anatinus

placental mammals, live births, autonomous (B) Didelphis virginiana

mgn‘supiz}l‘ L

© Rick & Nora Bowers/Alamy Stock Photo

eutherian

bt e

irSit

© Danita Delimont/Alamy Stock Photo

Mammalian D

PRINCIPLES OF LIFE 3e, Figure 22.59
© 2019 Oxford University Press



Gorilla Chimpanzee Bonobo Human
48 chromosomes 48 chromosomes 48 chromosomes 48 chromosomes 46 chromosomes
(24 pairs) (24 pairs) (24 pairs) (24 pairs) (23 pairs) 0.1%

= \\\\ N\

6 million years ago \ 1. G‘Y/‘yﬁ:m"ém"?mr b;.';,bq
an man

Extinct common ancestor of gorilla,
chimpanzees, and human

8 million years ago

3.1%

13 milion years ago \l (

DNA sequence (A,T,C,G base differences) in Genes

Extinct common ancestor of orangutan,
gorilla, chimpanzees, and human




Lecture 12;

Animal Energy (1V)



Basal Metabolic Rate Inversely Correlates with Body Size
*metabolic rate is measured by oxygen consumption

= small: need more g
'i 208 ® Pygmy mouse,  food per body mass to sustain metabolism £
k2 :
\N ../HOUSG mouse é
o White-
E foted Flying squirrel 5
_g mouse . ./Weasel large: needs less \g
o 1.0 food per body mass =
o Lab rat—® Clat Marmot to sustain §
(40 ~
o i| —@®@ ® / =
£ Desert cottontall ®  Gray wolf Horse E
T | / Elephant =
= Human ——®~e—_/ / =
& | | | | | | i £
0.01 0.1 1 10 100 1,000 10,000

Body mass (kg) on a log scale

PRINCIPLES OF LIFE 3e, Figure 28.9
© 2019 Oxford University Press

UK: Cambridge University Press.



Regulation vs. Conformity for Internal Body Temp

(A) Temperature regulation (B) Temperature conformity
An animal’s internal environment ...or the internal environment may
may be held constant when its be permitted to vary so that it
external environment changes... matches the external environment.
40 - \ 40 -
g g
® °
= =}
§ 30 *é 30 g
(] (]
Q Q
£ £
2 2
a 20 — a 20 —
2 £
2 2
£ £
1 O | | | 1 O | | |
10 20 30 40 10 20 30 40
External temperature (°C) External temperature (°C)
PRINCIPLES OF LIFE 3e, Figure 28.10
© 2019 Oxford University Press

A. Which animals requlate? B. Which animals conform?

Which costs more energy to maintain?
See animals on previous slide (metabolic rates) — are they in A. or B. here?



Metabolic Rates Affected by External Temperature:
Homeotherm vs. ‘Poikilotherm’ (A) Homeothermy

Metabolic rate rises as the external
temperature falls below the TNZ
because keeping the body warm
requires increased energy use.

he thermoneutral zone (TN
range of external temperatures in
which metabolic rate is minimal
and does not change with
external temperature.

Most animals are poikilotherms or
ectotherms: body temperatures are
variable and are determined by the
external temperature

Thermo-
neutral
zone

Metabolic rate

External temperature \\

Metabolic rate rises as external
temperature rises above the TNZ
because keeping the body cool
requires increased energy use.

Same Body Sizes:

A

Homeotherm

(B) Poikilothermy Metabolic rate rises because as the external
temperature rises, the animal’s internal
temperature also rises, accelerating
biochemical and biophysical processes.

Metabolic rate

Metabolic rate

Poikilotherm

External temperature External temperature
PRINCIPLES OF LIFE 3¢, Figure 28.14 PRINCIPLES OF LIFE 3e, Figure 28.11

© 2019 Oxford University Press
© 2019 Oxford University Press




Mechanism for thermoregulation

Brown adipose tissue
occurs in specific
locations in the body.

Vertebral
column

Shivering—skeletal muscles contract Heart
and energy is converted from ATP
to heat. Shivering thermogenesis

Non-shivering thermogenesis —
some mammals have brown
adipose tissue is loaded with
mitochondria, which perform
oxidative phosphorylation but do
not make ATP; that energy goes to
heat production instead, does not
get bound up into ATP bonds.

tlas of Descriptive H/ﬁrc;/ogy

Sinauer Associates: Sunderland, MA.

From M. H. Ross, et al. 2009. Atlas of Descriptive Histology.

Sinauer Associates: Sunderland, MA.
From M. H. Ross, et al. 2009. 4

White = — Brown S
adipose =0 adipose SO
tissue tissue

PRINCIPLES OF LIFE 3e, Figure 28.17
© 2019 Oxford University Press



Regulation of Blood Glucose Levels
Contributes to Thermoregulation:

Newborn

Cervical

Interscapular Supraclavicular

Peri-renal

brown fat locations in humans
brown vs. white fat functions

Other Temp Control Systems:
+ fur, fat, feathers
- sweating, panting

~ | Uptake of glucose
E) o| by cells

/o\

Increases circulating

insulin ;
Use of glucose in
metabolism, fat synthesis,
Stimulates glycogen synthesis
pancreas
to secrete
insulin

Blood glucose
level drops

/

When blood glucose
drops below
normal

Pancreas

When blood
glucose rises
above normal

/

Regulated blood
glucose level

Blood glucose
level rises
r Stimulates
Pancreas pancreas
Release of glucose to secrete
to blood glucagon

Increases circulating
glucagon

A

PRINCIPLES OF LIFE 3e, Figure 28.25
© 2019 Oxford University Press

Breakdown

of glycogen
in liver



https://www.umassmed.edu/guertinlab/research/adipocytes/
https://www.sciencedaily.com/releases/2017/10/171005121150.htm

Countercurrent Heat Exchange
in Mammals for Heat

(B) Countercurrent heat exchange

—— Blood flow

=) Heat flow

Conservation

W
~
o

Blood flows all the way to
the outer end of an
appendage and back, but
heat does not.

—— //—/’,-,/_///\

268

i

Heat takes a shortcut,
enabling it to move back
into the body core before
it can be readily lost to the
environment at the
exposed outer end of the
appendage.

e (r—.

18

//'_\//”

rl”

PRINCIPLES OF LIFE 3e, (hapter 28 Opener
© 2019 Oufond University Press

PRINCIPLES OF LIFE 3e, Figure 29.5 (Part 3)
© 2019 Oxford University Press



Lecture 13-14:

Gas Exchange (Ventilation)
Circulation & Blood)



Organs where gas exchange takes place
have large surface areas

(A) External gills +skin (B) Internal gills

>

(C) Lungs (D) Tracheae

@ !i ! @ Mechanisms for maximizing gas exchange:

PRINCIPLES OF LIFE, Figure 37.1 1. Increase surface area

=" 2. Minimize distance for diffusion

3. Actively move air or water across gas
exchange surfaces to replenish O,

4. Actively move blood or lymph fluid across
surface

CO, to diffuses down gradient: out
O, to diffuses down gradient: in



Where does CO, come from
...the Mitochondria (Krebs)!
... Why do cells need O, ? W

N
Ce H_%'_OH incyrortasm C3 4 C_3 e y

- _ o, O €=0 <
H\C/OC: :\C/H @lycolysis) o, CT gy Acetyl CoA App ‘yﬁf\q%
= ]
HO~ \é L~ NOH c=0 i *@
T H—C—H

| . H;
H o H oxaloacetate . m
NADH synthase

2 Pyruvate

ALY dehavch?;z:ase . &wmmw\
Into the Mitochondria j

TCA o
/Oxidation of Pyruvate j I 3 scciratﬂINAD’

S dehydrogenase
G [C, s o Krebs Cycle «»«

NADH

O . .
E:TZ %ﬁ’ (szo Mitochondria [ exeegwame

I NAD* NADH CH3 6. succinate R G:kemgiuh}mte
CHs CB FADH: dehydrogenase dehydrogenase
2

FAD

NAD*
S NADH
Pyruvate Oxidation Acetyl CoA & suodinyl CoA Succinyl CoA
reaction synthetase

Glucose

GTP GDP



Insects have spiracles and tracheae for gas exchange

Insects have an “open” circulatory system

(A) Tracheal breathing system of a grasshopper (B) Spiracles and tracheae of a caterpillar
Air sacs Tracheae

© Rick & Nora Bowers/
Alamy Stock Photo

Spiracles Calpodes ethlius

(C) Tracheae and tracheoles

Y

Head Thorax
A

Trachea

Courtesy of Thomas Eisner, Cornell U

Spiracles: openings/pores
PRINCIPLES OF LIFE 3¢, Figure 3011 Tracheae: tube network throughout organism
© 2019 Oxford University Press . . . ..
lined with very thin chitin — body
movement can move the air




Fish have internal gills

Gill arches Countercurrent
(under opercular flap)

protects gills

- Mouth

LA

Gill siit {Z
Opercular —-J\?f‘ §
(B) Filament Gill arch Deoxygenated (afferent) ﬂap /‘ ‘\

Water flow Plood enters (O, low) Oxygenated (efferent)
o SR ah Horizontal section
through head

é Gills highly divided
N with folds
| § “lamellae”
o increase
"
N
S
@)

Gill arch
Gill filament

surface area for
O, — CO, exchange

L)
blood vessel

Efferent
blood vessel

PRINCIPLES OF LIFE, Figure 37.4 (Part 2)
© 2012 Sinaver Associates, Inc.



[ Countercurrent]ﬂow of blood vs air/water

maximizes efficiencv of gas exchange
(A) Concurrent flow

Oxygen saturation (%) Gill lamella

/7 . — = =7
Blood flow in 20 30 40 50 50 50 50 50 50 50 50 50

4

Water flowin100 80 70 60 50 50 50 50 50 50 50 50 50

LA

[(B) Countercurrent flow ]

Oxygen saturation (%)

7%
I

Blood flowin 20 25 30 35 40 45 50 55 60 65 70 75 100

@

aterflowout 25 30 35 40 45 50 55 60 65 70 75 80 10C

PRINCIPLES OF LIFE, Figure 37.3
© 2012 Sinaver Associates, Ing.



Snapshot in Evolution: Amphibian lungs as precursors to terrestrial
Reptilian and Mammalian lungs

(A) Amphibian lung (B) Lizard lung (C) Mammalian lung
) ALO
/ | \(G
To other
lung

PRINCIPLES OF LIFE 3e, Figure 30.8
© 2019 Oxford University Press

Lungs of Terrestrial Vertebrates have thin Surfactant of lipids
and proteins to reduce surface tension and adhesion.
avoids sticking and collapse of fragile tissues.



Most terrestrial vertebrates use “TIDAL” ventilation

Airflow NOT
unidirectional: same path
for inhaling and exhaling,
no countercurrent

Airflow NOT continuous:
dead ends into sacs for gas
exchange

PRINCIPLES OF LIFE, Figure 37.6 (Part 4)

2012 Sinaver Assoclates, Inc



Alveoli:

small, thin-walled air sacs for gas exchange
enveloped by capillaries with a lot of surface area

Fully oxygenated
blood to heart R

;

=& __ Oxygen-depleted
Eulmanary \ — blood from heart
venule

Smooth muscle

Bronchiole \ .

Pulmonary
arteriole

Alveoli

Smallest blood
vessels (capillaries)

Gas Diffusion Across TWO
very THIN membranes:

(C) Oxygenated
blood to heart

|

ii
i)
¥

—Cell of
-/ alveolus

co,

| Interior of
|| alveolus

Capillary E?

Deoxygenated blood from heart

PRINCIPLES OF LIFE, Figure 37.6 (Part 3)
© 2012 Sinaver Assoclates, Inc.



(A) Avian lungs and air sacs

Anterior \

air sacs Lung  posterior

air sacs

Trachea Bronchus

(B) Arrangement of parabronchi and air sacs

Air flow
—_ =
——

/.
Trachea! Bronchus/ |
Parabronchi

Anterior
air sacs

=
(] Posterior
@ air sacs

ng and CO, diffuse i
between the interior
surface of each air
capillary and the

parabronchial Iumen.j
NG

Air flow

There are many parabronchi in each lung,
each measuring 0.5-2.0 mm in diameter.

Air capillaries Parabronchus 0.5 mm



Avian (bird) lung tissue

Parabronchus

Gas exchange occurs in narrow parabronchi
which are rigid and firmly bound to the ribs.
The parabronchi are narrow, rigid
structures; birds have a thinner but
mechanically stronger blood-gas barrier
than equivalent mammals. The structure
allows for cross-current air movement
(perpendicular to blood) leading to brief
counter-current loading. Gas exchange has
increased efficiency in birds compared to
mammals, especially at high-altitude or in a

. . A hypoxic environment. Fresh air comes
Bl00a Capiiary AiFcapuiaros through the air circuit with both exhale and
ettt inhale.




Hemoglobin tetramer protein transports oxygen:
4x (One Heme € One Fe iron atom € One 0,)
Heme

Heme

*  Hemoblobin (Hb)
protein stays
sequestered inside
RBCs, concentrates
gases inside cells.

e 0,andCO,are
transported by diffusion
and bulk flow (blood
pressure)

* cell membranes are
only 0.01 um thick

Heme

*0, is not very soluble in water, and solubility decreases as water temperature increases,
thus hemoglobin evolved — to bind and carry a lot of oxygen quickly

http://www.chemistry.wustl.edu/~edudev/LabTutorials/Hemoglobin/MetalComplexinBlood.html



CO, is primarily transported in the form of HCO;

N

) ,K\ naium "\ ¢

cr Endothel
Body tissue Blood capillary Blood capillary Lung
PRINCIPLES OF LIFE, Figure 37.13
© 2012 Sinauer Associates, Ing. In Iu ng:

Heme releases CO,, binds O,

In body tissues:

Heme binds to H+ ions and CO,, leading to release of O,




The CO, produced must not accumulate because it forms
acid, and lowers pH of body fluids

carbonic
anhydrase
002 + Hzo —_> H2003 R HCOa- + H+
carbon dioxide + carbonic acid bicarbonate +
water hydrogen ion

Conc of CO, drives the reaction left or right

‘ Tissues ’

()14 Endoﬁium cr cr Endotheli

W\

s J ~ I\

Body tissue Blood capillary Blood capillary Lung



The Heartbeat
Pumping Heart

Aortic valve

Atrioventricular Left
valves Right ventricle Ventricle

PRINCIPLES OF LIFE, Figure 38.3

© 2012 Sinauer Associates, Ing,

Diastole

Blood pressure:

Pressure exerted on blood vessel walls by circulating blood
Varies between systolic (max) and diastolic (min) pressure
* High blood pressure requires heart to work harder

* Low blood pressure may decrease O, to brain



Coronary Tissues

The arteries on the surface of the heart suppl
blood to vessels inside the myocardium.

Coronary arteries

PRINCIPLES OF LIFE 3e, Figure 30.28
© 2019 Oxford University Press
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Comparative Anatomy of Vertebrate Hearts

Fish FI‘OQS Turﬂes. lizards Crocodiles Birds Mammals
1 circuit 2 circuits 2 circuits 2 circuits 2 circuits 2 circuits
2.chambered heart 3.chambered heart “5.chambered” heart  4.chambered heart 4.chambered heart 4.chambered heart
Gills

A= Atrium
V =Ventricle
Ventricle divided into chambers

Three-chambered heart
Two circulatory loops



Lecture 15:

Behavior



Key Concepts

* Behaviorls

Controlled by the Nervous System

Is Influenced by Learning and Experience

 Some Genes Affect Behavior(s)

Genes have alleles (different versions, A,T,C,G)

Epigenetics does not change DNA, but can drastically
affect gene EXPRESSION

EXPRESSION is as important as DNA Sequence



‘Fixed Action” Behaviors — Evolved Genetics

How did pecking at
spotted beak evolve?

Relative pecking response

* Fixed action animal behaviors. “Instincts” or Innate Responses

* Response to a stimulus - without prior learning and often resistant to
modification by learning; they depend solely on a healthy nervous system
to be performed (it’s genetic).

* Examples: bill-pecking behavior by gull chicks, web spinning by spiders,
example: ants digging evolved in sand to make nest/survive — digs in gel

* Selection of ancestral population for advantageous behavior
o adaptive to peck at red spotted beak:
= ancestral predator/competitor, or ancestral prey/food


https://youtu.be/9gbvbKUfHdU

EVOLUTION (Population) via NATURAL
SELECTION (Individual)

populations evolve over time

Initial population
** always has variation!!!

Individual variants are selected (biotic & abiotic forces)




Behaviors Can Evolve

* if certain alleles produce more adaptive behaviors than
others, natural selection can favor those alleles.

Artificial Selection

Breeding for a *human* purpose

* Studies in labs using artificial selection show that
behavior can evolve rapidly. .... In an experiment with
mice, individuals that ran the fastest on a running wheel
were selected for mating. After 13 generations, the
selected mice on average ran twice as far as control
mice. Selected populations showed different neuronal
network



Behavior Is Influenced by Experience
can change more easily, not fixed

,,,,,,,,,,

Desensitization to a startle response

Habituation to an interesting thing

* Learning: ability of an individual animal to modify its
behaviors as a consequence of individual
experiences

“diabrtuationd stheusimiplest fo rmeof 1earniagnal from wasting energy

mounting response to non-threat. Often confused with Desensitization. They are a bit different .... rat
was sensitized/desensitized. THESE DO NOT PAIR THE STIMULATION WITH A SPECIFIC REACTION!! !


https://www.youtube.com/watch?v=Kfu0FAAu-10
https://www.youtube.com/watch?v=Kfu0FAAu-10
https://youtu.be/jiMvqxu5Z20
https://youtu.be/jiMvqxu5Z20

Learned Behaviors Influenced by Experience

1 2

N’h\\\

Conditioning of Pavlov’s Dog =
making an association between a

88

stimulus and a response — can be

positive or negative association, 3 4

meaning response could be a fh\ h
punishment (negative) or the \ ) \\\{({ )
response could be a reward B B
(positive) &=

* POSITIVE-Associative Learning is also called Classical Conditioning
where there is an acquired response to a formerly neutral signal. PAIRS
are cue with a response.

* Experiments with mice show that they learn the layout and hiding
places of their environment and that this learning helps them escape
predation by screech owls.

* Negative-Associative Learning or Aversive Learning ... Examples*?



Eusocial ‘Super-Organism’ Community Learning

BugGuide et

Y-maze Paradigm —

e associate color with reward
e hungry ants search for food
e place ants in stem

e record # of ‘hits’ to cotton

1. Learn

2. Reinforce

3. Test Memory
4. Reprogrammed



Biological Determinism (BD) = BAD Idea ) .. )
Epigenetics: is chemistry

that modifies GENE EXPRESSION
* does NOT change DNAs A,T,C,G

*IBD ideol%gyl hashbeen used to justify eugenics, wars, * not mutations
dioary Sk CHEAS o Epigenetics: changes Transcription!
o BDall genes A,7,C,G DNA determines outcomes Epigenetic Factors CHANGE Wlth
o BDassumes all an individual’s traits can be explained by * o o *
DNA sequence alone. Experience & Learning
o *Lucky Charms on the couch example
BD ”data” comes from Simple animal SyStemS A DNA modifications B chromatin modifications

®
ATCGTA...ACT...GCAGC
TAGCAT...TGA...CGTCT

H o" H H ”
is “reductionist
Cytosine
methylation and Adenine Histone
hydroxymethylation methylation His modifications
vari

BD Theory fails in complex animals because... —
Experience: Learning and Behavior

tone

ants
Behaviors with cognition and mood are dramatically
more flexible than any other biological trait, because C /‘ mRNA/\,\/E
LEARNING modifies behavior, through epigenetics.

Epi%enetic effects on behavior can have lifelong /@;ﬁm

EPIGENETICS!! Expression as important as A,T,C,G

influences and may be transmitted from one * o /\/K/\,%
generation to the next. Epigenetic effects are not TNy
genetically encoded; epigenetics can CHANGE with non-coding RNAs e RNA modifications

experiences or learning.



These effects are EPIGENETIC, not genetic.
NOT involving mutant vs. wildtype genes

Epigenetics +/- chemical groups modifying Genome
CHANGES GENE EXPRESSION
-2 ... and some genes affect behavior
But! Epigenetics does not change A,T,C,G’s

Epigenetic states are dynamic:

Epigenetics CAN CHANGE over TIME
— more/less easily than fixing a mutated gene



Foraging by a Worker Ant of a Desert Ants

Ll Food found
After finding a dead
insect, the ant returns
N directly to the nest.

/

[As an ant seeks food, it measures}

the distance and direction of each " Outbound

successive segment of its trip. trip
N\ One segment
Return—
trip

—¥  Path HOME: IS DIRECT ...
Nl ALL THAT MEANDERING ... was actually Learning!
NGRS, el We humans could learn a lot from ants ...

© 2019 Oxford University Press



