Big Idea 3: Living
systems store, retrieve,
transmit and respond
to information essential
to life processes.
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Enduring understanding 3.D:
Cells communicate by
generating, transmitting and
receiving chemical signals.




Essential knowledge 3.D.2: Cells communicate with each other
through direct contact with other cells or from a distance via
chemical signaling.

a. Cells communicate by cell-to-cell contact.

To foster student understanding of this concept, instructors can
choose an illustrative example such as:

 Immune cells interact by cell-cell contact, antigen-presenting
cells, helper T-cells and kaller T-cells. [See also 2.D 4]

* Plasmodesmata between plant cells that allow material to be
transported from cell to cell.
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Local Signaling (1)

Cell junctions
Both animals and plants have cell

junctions that allow molecules

Plasma membranes
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Gap junctions
between animal cells

Plasmodesmata
between plant cells
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Local Signaling (2)

Cell-Cell recognition
Two cells in an animal may communicate by
interaction between molecules protruding from
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. Answer: Cell Recognition
Where have we seen this before? in immune system
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Antigen: Presentation & Recognition

® (lass | MHC molecules, found on almost all nucleated cells of the
body.

® Display peptide antigens to cytotoxic T cells

Infected cell

Antigen
fragment

Class | MHC
molecule

e /.1

receptor K

Cytotoxic T cell
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Antigen: Presentation & Recognition

® Class [l MHC molecules, found on dendritic cells, macrophages
and B cells.

® Display peptide antigens to helper T cells

Antigen-
presenting
cell

Microbe

Antigen
fragment

Class Il MHC
molecule

T cell
receptor

Helper T cell
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Cell-mediated
immunity
(attack on

infected cells)

Humoral
immunity
(secretion of
antibodies by
plasma cells)

If dendritic cell
presents antigew it is
LiheLg a primarg
LMMUWE rESPONSE
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Essential knowledge 3.D.2: Cells communicate with each other
through direct contact with other cells or from a distance via
chemical signaling.

b. Cells communicate over short distances by using local
regulators that target cells 1n the vicinity of the emitting cell.

To foster student understanding of this concept, instructors can
choose an illustrative example such as:

e Neurotransmitters

e Plant immune response

e Quorum sensing in bacteria

* Morphogens 1n embryonic development
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Local Signaling (3)

Target cell

Secretory
vesicle

_ ——— ———— ———

[ocal regulat;\“‘
diffuses through

(a) Paracrine signaling. A secreting cell acts

on nearby target cells by discharging
molecules of a local regulator (a growth
factor, for example) into the extracellular

fluid.

Electrical signal
along nerve cell
triggers release of
neurotransmitter

#Neurotransmitter™,
\ diffuses across |
. Synapse _~

Target cell
Is stimulated

(b) Synaptic signaling. A nerve cell

releases neurotransmitter molecules
into a synapse, stimulating the
target cell.
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Neuron: FUNCTION
(synaptic transmission)

Presynaptic Postsynaptic cell
“va. o cell
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Local Regulators

® An example of a local regulator includes- growth factors.

® |magine a cut or a wound, after the bleeding stops the body slowly
begins to repair the area and after some time the wound heals and
perhaps leaves a scar as a reminder .

® The damaged cells release growth factors to the undamaged
cells in the vicinity, communicating the need the divide and thus
repair the wound.

Natural Phases of Wound Healing
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INJURED TISSUE NEW VESSEL AND HEALED WOUND
AND INFLAMMATION TISSUE REMODELING
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Chemlcal signals
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The Hypersensitive Response

® Hypersensitive Response is a defense response that
causes tissue death near the infection site, thus restricting
spread of pathogen.

® attack occurs, area is sealed off, infected cells destroy
themselves

® phytoalexins that have fungicidal and bactericidal properties
along with hydrolytic enzymes are released
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Systemic Acquired Resistance

® Systemic Acquired Resistance arises from a plant wide
expression on defense genes.

® |t is non-specific and provides protection that lasts for days

I((

® |tis a chemical “alarm call” for the entire plant
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Hypersensitive Signal

response transduction
pathway

Signal transduction \

pathway
Acquired
resistance

Avirulent
pathogen

Systemic acquired
R-Avr recognition and resistance
Copyright © 2008 Pearsen thiypersensitive response: curmngs

Wednesday, December 28, 16



Essential knowledge 3.D.2: Cells communicate with each other
through direct contact with other cells or from a distance via
chemical signaling.

c. Signals released by one cell type can travel long distances to
target cells of another cell type.

Evidence of student learning 1s a demonstrated understanding of the
following:

1. Endocrine signals are produced by endocrine cells that release signaling
molecules, which are specific and can travel long distances through the
blood to reach all parts of the body.

1o foster student understanding of this concept, instructors can choose an illustrative example
such as:

e Insulin, Human growth hormone, Thyroid hormones, Testosterone or Estrogen

XX No specific system, with the exception of the endocrine system, is required for teaching the

concepts in 3.D.2 . Teachers are free to choose a system that best fosters student

understanding . Study of the nervous and immune systems is required for concepts detailed in
3E2and2.DA4.
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Long Distance Sighaling

® Chemical signals that travel longer distances are known as
hormones or plant growth regulators

® Hormones are found in both animals and plants respectively
® They travel in vessels or in some cases through the air
® They can be water soluble or fat soluble

® They vary greatly in size
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Long Distance Signaling

common sighaling cells
malke u[za glands

Receptor

o

common target cells
include glands,
muscles and
Nnewrons
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Body cells

take up more Insulin
glucose.
-CS Beta cells of
us pancreas

release insulin
into the blood.

Liver takes s>
?:, up glucose b

and stores it
as glycogen. ﬁ

A4 STIMULUS:
Blood glucose Blood Sﬂlslggse level
level declines.

> Homeostasis:
Blood glucose level
> (about 90 mg/100 mL)
STIMULUS:

Blood glucose
level rises. Blood gfl:'f:se level

Alpha cells of pancreas 7
release glucagon. T

Liver breaks
down glycogen

and releases &
glucose. Gliicagon

Copyright © 2008 Pearson Education, inc,, publishing as Pearson Benjamin Cummings
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Hormone

Insulin
."..‘i_l". > g : ". »
-Veyr L&r & NG
RESL SRR ¢
y {2 - " ’
TEATNE

Testoskterone
wtipid soluble

H s S
C = E&hvl&he O
/ \ -very small OH
H H Epimepkrme

-waker soluble

Wednesday, December 28, 16



Long Distance Signaling

Response
~>\ .
bebween Ptcm%s Signal

Salicylic acid (SA) Methyl salicylate (MeSA)

Volatile SAR-inducing
signal to other plants

within a plant itself

Increased

| resistance
Increased

resistance

Neighboring plant

Pathogen
infection
A phloem-mobile signal results

in higher levels of salicylic acid (SA),
its volatile ester (MeSA), and
Infected plant  pathogenesis-related proteins (PRP).
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Plant Defenses against Herbivores |

® RECRUITMENT DEFENSES

4. Recruitment of
parasitoid wasps

® Plants can elicit help from that lay their eggs
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Learning Objectives:

LO 3.34 The student is able to construct explanations of cell
communication through cell-to-cell direct contact or through
chemical signaling. [See SP 6.2]

L.O 3.35 The student 1s able to create representation(s) that depict
how cell-to-cell communication occurs by direct contact or from
a distance through chemical signaling. [See SP 1.1]
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