Domain 5: Regulation



5.1: Timing and coordination of specific events are
necessary for the normal development of an organism, and
these events are regulated by a variety of mechanisms.

1. DEVELOPMENT



Development is Regulated

The development of an organism is
coordinated by sequential changes in
gene expression.
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Differentiation

During development,
cells differentiate
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concentration

Pattern Formation

Cells need to establish their position in the
developing organism. This is established
through protein gradients.
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Induction

Local signals communicated among
populations of cells to control their
development | segment | segment |
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Environmental Cues

The presence of particular molecules and
conditions in the local environment is
required for development to proceed

properly.

Ex. The conditions of the
uterus.

Ex. The role of temperature
and moisture in seed
development.




Experimental Evidence

Developmental Mutants: Mutations in
normal developmental pathways lead to
malformations in embryonic development

Drosophila




Experimental Evidence

Transplantation Experiments: Moving
regions of a developing embryo affects
normal pattern formation.
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Experimental Evidence

Transplantation Experiments: Moving

regions of a developing embryo affects
normal pattern formation.

Insertion of reporter genes helps determine
what genes are active where and when.

Hox gene activity, Drosophila embryo
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Turning On AND Turning Off

Genes must be both turned on and
turned off at appropriate times and
locations in the developing organism.

Transcription factors, and micro RNA's
both function in regulating gene
expression.



Apoptosis

“Programmed cell death”. Important
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Ex. Digit Separation




5.2: Interactions between external stimuli and regulated

gene expression result in specialization of cells, tissues and
organs.

1. DIFFERENTIATION



Differentiation

Refers to the
development of
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Control of Differentiation

Differentiation is
regulated by
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Internal Cues

Various transcription factors must be
present inside a cell to allow for specific
genes to be expressed.

Transcription factors

RNA polymerase
Transcription begins

e
Promoter




On and Off

Transcription factors can be either
stimulatory or inhibitory.
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EX H OX G e n e S Hox gene activity, Drosophila embryo
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animal development
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External Cues

External cues signal to cells, causing cells
to alter their gene expression.

Chemokines,

HomOnes,
Survival Factors Transerstlens Growth Factors
(00, IGF1)  (e.g.intedewkins,  (o.g. TGFo, EGF) e




Differentiation leads to

Divergence

As cells differentiate, the proteins that
they express commit them to particular
“fates”. These fates are normally

irreversible.

Lung cells Thyrowd Digestive

(aveolar cells cels

cell) (pancreatc
cel)

Caﬂ'-"ac Skeletal  Tubude Red blbod  Smooth

muscle  muscle celis of
cells cells the kidney

cells

muscle
cells

(= gut)

Skincells Neuron
of on brain
epxdermis

EndodenT s Mesoderm e ECIOCEITT s
(nterna II)l f) (nidd‘nly(ﬂ) (external layer)
1
‘ v v Y
P — - - - r 1 g 17
r“h g\; .,.‘ = = N [
— 4 !‘ = & | ;‘-’l

Pament
cells




Don’t Forget The Environment

The environment of the cell also plays a
major role in determining cell
differentiation by contributing to gene
expression.




5.3: Organisms use feedback mechanisms to maintain their
internal environments and respond to external
environmental changes.

1. FEEDBACK LOOPS



Feedback

Feedback is a property of all open systems.
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Negative Feedback

Negative feedback: any situation where
the output of a process decreases the
occurrence of that process.

Regulatory in nature.

Negative feedback maintains homeostasis
of the system.



Ex. Operons
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Ex. Temperature Regulation in
Mammals

Body temperature falls. Body temperature nses.
{ . X
Blood vessels constrict \ Blood vessels dilate,
S0 that heat is conserved. resulting in heat loss to the
Sweat glands do not environment. Sweat glands
secrete fluid. Shivering secrete flud, As the fiund
(involuntary contracton of evaporates, heat is lost
muscles) generates heat, from the body.
which warms the body.
Normal body
temperature

Heat is retained. j \ Heat is lost o

the environment.




Ex. Population Growth




Positive Feedback

Positive feedback: any situation where
the output of a process increases the
occurrence of that process.

Amplifying in nature.

Positive feedback causes transformation
in the system.



Ex. Animal Birth

The baby pushes
against the cervix,
causing it to stretch.

the uterus to )
contract.

The brain stimulates
the pllu 1o release
oxytocn,

" 0



EX. Fruit Ripening




5.4: Homeostatic mechanisms reflect both common
ancestry and divergence due to adaptation in different
environments.

1. DIVERGENCE



Adaptation Leads to Divergence

The different requirements of the
environments that organisms occupy has

largely driven divergence in homeostatic
mechanisms.



Ex. Animal Respiratory Systems

Respiration must occur across a thin,
moist, capillary-rich surface membrane.

Aquatic animals have external respiratory
membranes (skin, gills).




Terrestrial animals have internalized their
respiratory membranes (spiracles, lungs)
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Ex. Animal Nitrogenous Waste

Nitrogenous waste (from protein and
nucleic acid breakdown) must be excreted

from the body.

Different animals convert nitrogenous waste
to different molecules

NM, *
AMmana HaN NH,
Urea

(C) Insescts, land snuls, berds,
amphibians, and some matine and many reptiles excrete
ammona Speoes excrete urea unc acwd

(&) Many nwvenetrates and (D) Mammals, many adult
agqualc species excrete
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AMMona HoN  NH,
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(&) Many nwvenetrates and (D) Mammals, many adult (C) Insescts, land sniuls, berds,
agualc species excrete amphibians, and some matine and many reptiles excrete
AmMmona speoes excrete urea unc acwd

An organism’s nitrogenous waste form reflects how
limiting water is in the environment of that organism:

Ammonia is the most toxic, and must be immediately
diluted and excreted.

Urea is less toxic, and does not need to be diluted as
greatly, or excreted as quickly.

Uric Acid and can be excreted as a solid.



5.4: Homeostatic mechanisms reflect both common
ancestry and divergence due to adaptation in different
environments.

2. COMMONALITIES



Common Ancestry and
Convergence Explains Similarities

Similarities in homeostatic control
mechanism reflect common ancestry and
convergent evolution.



Ex. Animal Excretory |
System

There are a
variety of
excretory
systems, but all
involve filtration -
of waste from >
the blood,

followed by
reabsorption of
components of
the filtrate before
excretion.
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5.5: Biological systems are affected by disruptions to their
dynamic homeostasis.

1. EFFECTS OF DISRUPTIONS



Homeostasis is a System Property

All levels of biological organization are
able to exist at a homeostatic stability.

Anything that moves the system away
from homeostasis can be considered a
“disruption”.

Disruptions to homeostasis at any level of
the system will affect other levels of the
system as well.



Molecular Disruptions

Toxins: substances that interfere with
specific metabolic processes or destroy cells.

Ex. Cyanide interrupts the function of
cytochrome c oxidase (in the mitochondrial
ETC), stopping cellular respiration.
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Ex: A snake venom toxin blocks removal

of acetylcholine from synapses

/

preventing communication between

nerves and muscles.




Ex. Dehydration

The changes in tonicity that accompany a
loss of water lead to shifts in molecular
concentration that make it difficult for
cellular work to continue.

Hypertonic Hypertonic




Ecosystem Disruptions

Disruptions to ecosystems can adversely
affect the balance of abiotic and biotic

conditions in the ecosystem.
EX. Invasive Species
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Ex. Disturbance

Natural and Human disturbances cause
large-scale, rapid changes to the structure
of the ecosystem.




Restoration of Homeostasis

Biological systems are all able to use feedback mechanisms
to respond to disruptions, and rebound IF the disruption is
not too large and rapid for those mechanisms to function.
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5.6: Plants and animals have a variety of chemical defenses
against infections that affect dynamic homeostasis.

1. IMMUNE SYSTEMS



Non-specific Defenses

All organisms have non-specific defenses.

“Pattern Recognition Particles”: All

organisms have receptors that recognize
and respond to molecules that are

present in general classes of pathogens.



Defense Responses in Plants




Non-specific vertebrate defenses

Vertebrates have a variety
of external and internal
defenses.

@ Mast cells detect injury to
nearby cells and release
histamine, initiating
inflammatory response.

External; Skin, mucous,
tears, sweat (lysozyme).

Internal: Inflammatory

@ Histamine increases blood
fow o the wound sites,
bringing in phagocytes and
other immune cells that

re S p O n S e neutralize pathogens. The

blood influx causes the
wound to swell, redden, and
become warm and painful.




Mammalian Specific Immunity

Mammals have a highly developed specific
Immune system.
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Specific and Non-Specific

Interactions

The specific immune response is triggered
when non-specific phagocytes present
molecules from pathogens (“antigens”) to

lymphocytes:
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Cell-Mediated

Response
Specific T-cells
are developed to
target specific
antigens.

These T-cells
trigger the
destruction of
those pathogens,
and infected cells
through cell-cell
interactions.
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Other lymphocytes support the
action of the specific response.

both the antigen-presenting cell
and the T cell release cytokines.

CD4* T cells
Activated T cell
Helper T cell
elper )
‘> , ». B cell clones itself
g v
T cell cDs*
done‘ T cell
s & @
Antigen presenting immune cell TCytokines
tgen pr "9 CD8* cell becomes
cytotoxic
1. When a CD4* helper T cell 2. In response 1o 3. The cloned T cells
binds MCH ll-antigen complex cytokines the produce different
on an antigen-presenting cell, T cells clones cytokines that activate
itself, B cells and CD8* cells.

TCR

1. When a cytotoxic
T cellinteracts with the
MHC |-epitope complex
on an infected cell it
produces granzymes
and perforins.

2. The perforins form
pores in the plasma
membrane. Granzymes
enter the cell and break
down proteins, lysing
the cell.




Antibody Structure

T-cells and B-cells have specific receptors
on their cell membranes that respond to
specific antigens.
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Clonal Selection ONO
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(a) Neutralization Antibodies prevent a virus or toxic protein
from binding their target

o /] Antibody

Antibodies work by %‘ .
preventing pathogens
fro m i n fe Cti n g C e | | S, (b) Opsonization A pathogen tagged by antibodies is consumed

by a macrophage or neutrophl,

a n d | d e ﬂ t | fyl n g / Macrophage

pathogens to »
phagocytic cells. _'a

Diptheria toxin

(c) Complement activation Antibodies attached Lo the surface
of a pathogen cell activate the complement system

Pores formed
by complement




Immunological

Memory

Whenever the immune
system is exposed to an
antigen, and a specific
response is generated, a
population of lymphocytes
with reactive receptors will
remain alive and available
in the immune system for
future exposure to the
same antigen.

Subsequent exposures will
trigger a faster and larger
Immune response.

Concentration of antibody

Seco Y
(high affinity antibodies)

Primary immune
response (low
affinity antibodies)

i

Time

ndary immune response




5.7: Timing and coordination of behavior are regulated by
various mechanisms and are important in natural
selection.

1. REGULATION OF BEHAVIOR



Behavior

Behavior: Anything an organism does,
and how it does it.

All Organisms are able to respond to
changes in the environment by changing

their behavior.
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Ex. Phytochromes and the
Flowering Response
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Ex. Circadian Rhythms in Animals

Noon
12:00

High alertness
10:00

Best coordination

Highest testosterone secretion 14:30
09:00 Fastest reaction time
Bowel movement likely 08:30 15:30

Melatonin secretion stops

Greatest cardiovascular efficiency
07:30

and muscle strength

Sharpest rise 17:00

in blood pressure06:45

06:00 18:00

18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:30

1:00 Melatonin secretion starts

02:0C

Deepest sleep 2:30

00:00 Bowel movements suppressed
Midnight



Ex. Hibernation Responses




Ex. Fruiting Body Formation
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Ex. Quorum Sensing

Low Cell Density High Cell Densny
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When cell density is low, autoinducers When cell density is high, more

diffuse away from the cell. autoinducers are present. They bind to
receptors that regulate the transcription
of certain genes. Genes responsible
for the production of autoinducers

are expressed, resulting in a
positive-feedback loop.




In All Cases

Behavior is a result of interactions
between the environment and the

organism.
Behavior is regulatory in nature.

Any behavior with a genetic component
can be adapted by natural selection.
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