COORDINATION
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Hormones in Mammals

Photoperiodism




LEARNING OUTCOMES 10.3 - HORMONES IN
MAMMALS
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Learning Outcomes 10.4 -
PHOTOPERIODISM

Explain the role of phytochrome in
the regulation of flowering
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10.3 Hormone intMammals
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PROPERTIES OF HORMONES

Small soluble organic .
J Travels in the blood.

molecule
01 02
Chemical H 1 pae Effective in low
b Rbaa, concentrations.
messenger 06/ | | 03
Produces response only Specific for a
when they reach target 92 particular target cells

cells.



Endocrine cells Hormone is distributed
release hormone.| | throughout the body.

NEURAL TISSUE

no binding,

‘ no hormone
effects

SKELETAL MUSCLE TISSUE |
binding occurs,
hormonal effects appear




Hypothalamus
Releasing and inhibiting hormones

Hypothalamus (production)
Posterior lobe of pituitary
(storage and release)
Oxytocin

Antidiuretic hormone
(ADH)

Anterior lobe of pituitary
Growth hormone

Prolactin
Thyroid stimulating hormone (TSH)

Anterior lobe of anterior

Uterus
Mammary glands

Kidneys (collecting ducts)

General

Mammary glands
Thyroid gland

Regulate secretion of hormones by th
e anterior pituitary

Stimulates contraction

Stimulate ejection of milk into ducts
Stimulates reabsorption of water; con
serves water

Stimulates production of insulin-like g
rowth factors; stimulates growth by
promoting protein synthesis
Stimulates milk production
Stimulates secretion of thyroid horm
ones; stimulates increase in size of th
yroid gland



Adrenocorticotropic hormone (ACTH) Adrenal cortex

Gonadotropic hormones (follicle-stimu Gonads

lating hormones[FSH]; luteinizing hor

mone[LH]

Thyroid gland
Thyroxine

Islets of Langerhans of Pancreas
Insulin

Glucagon

Adrenal medulla
Epinephrine and norepinephrine

General

General

Liver; adipose tissue

Skeletal muscle; cardiac muscle; blood
vessels; liver; adipose tissue

Stimulates secretion of adrenal corticol horm
ones

Stimulates gonad function and growth

Stimulate metabolic rate; essential to normal
growth and development

Regulates glucose concentration in blood; sti
mulates glycogen production; stimulates fat s
torage and protein synthesis

Regulates glucose concentration in blood; sti
mulates glycogen breakown; mobilizes fat

Help body cope with stress, increase heart rat
e, blood pressure



Adrenal cortex
Aldosterone

Cortisol

Ovary
Estrogens (estradiol)

Progestrone

Testis
Testosterone

Inhibin

Kidney tubules

General

General; uterus

Uterus; breast

General; reproductive structures

Pituitary (anterior)

Maintain sodium and potassium balan
ce; increase sodium reabsorption; incr
ease potassium excretion

Help body cope with long term stress ;
raise blood glucose level; mobilize fat

Develop and maintain sex characteristi
cs in female; stimulate growth of uteri
ne lining

Stimulates development of uterine lini
ng

Develop and maintain sex characteristi
cs in male; promotes spermatogenesis
Inhibits FSH release in male



10.3 (a)- State the types of hormones

Amino acids with modified groups.

Norepinepherine

AMINE
Short chains of linked amino acids/ Oxytocin, Human Gro
Non steroid ' ' ' '
PEPTIDE/ long chains of linked of amino acids. wth Hormone
PROTEIN
Steroid STEROID Derived from the lipid (cholesterol). Testosterone, Progest

erone




10.3 (a)- State the types of hormones

Size

Large

Small

Solubility

Lipid soluble molecule

\Water soluble molecule

Permeability

Enable to permeate the cell
membrane easily

Unable to permeate the cell
membrane

Synthesized from

Synthesized from cholesterol

Amino acid/
peptides/proteins

Example:

Cortisol, aldosterone,
testosterone, progesterone,
estrogen etc.

Adrenaline, glucagon, insulin
etc.




10.3 (b) — State the types of mechanism of hormone

action.
Target Cell for Target Cell for both Target Cell for
hormone A, hormones & and B hormone B
# Hormone A 4 Hormone B

\/ .
*%* Hormones are very specific.

*®* Only target cells that possess -receptor that recognize the hormone will
show the response.



10.3 (b) — State the types of mechanism of hormone
action.

Steroid hormone
diffuses through the
cellmembrane

Steroid hormone

o

Steroid hormone
binds to a recepto

receptor within the cell.

nucleus

The hormone and
receptor enter the
nucleus and bind

Steroid hormone
causes DNA to
i} make proteins.

Non-steroid
hormone

Nonsteroid
hormone binds to
receptor on the
cellmembrane.

receptor

Receptor stimulate
a second messenge

with in the cell. ’ second
messenger

Second messenger
starts a series of
chemlcal reactions

Second messenge /

reactions achvah

enzymes.
actlvated

enzymes



10.3 (b) — State the types of mechanism of hormone

action.
Modes of hormone action :
G_ene_ Cylic AMP Activation
Activation
v

—w w4

(1stﬂ:‘rer::en:g§¢)aceptor G protein Enzyme - ::ec:] -
Involved the steroid hormones Involved peptide hormones such
such as sex hormones. as adrenaline, glucagon.
lipid soluble molecules. — Can Insoluble in lipid— Cannot pass
pass freely through the plasma through the plasma membrane

membrane.



10.3( c) — Explain the mechanism of

hormone action

1) Steroid hormone freely passes through
the plasma membrane of target cell.

A 4

2) Steroid hormone binds to a receptor
protein in the cytoplasm.

A 4

3) Steroid hormone-receptor complex
enter the nucleus and binds to specific

genes.

The events associated with the binding of a steroid
hormone to receptors in the cytoplasm or nucleus

Diffusion through
membrane lipids

E

Target cell response
CYTOPLASM

Aldteration of cellular
structure or activity

:

Transiation and
protein synthesis

Binding of hormone
to cytoplasmic or
nuclear receptors



GENE ACTIVATION

4) Activate specific gene.

A 4

5) Leads to transcription of gene into

MRNA.

6) MRNA is translated into specific
protein in cytoplasm.

A 4

7) Specific protein will alter the
cellular structure and metabolic activity.

The events associated with the binding of a steroid
hormone to receptors in the cytoplasm or nucleus

Steroid hormone

— -

.

Diffusion through
membrane lipids

Target cell response
CYTOPLASM

Aldteration of cellular
structure or activity

Transiation and
protein synthesis

Binding of hormone
to cytoplasmic or
nuclear receptors

\

L= - =
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Transcription and
gt mRNA production
[ .

S
1 X
Receptor N
\ P S Gene activation I
= ¢
=y Binding of

=
hormone-receptor |
complex to DNA

Nuclear
pore

Nuclear
envelope
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G I N I A( : I IVA I IO N The events associated with the binding of a steroid

4) Activate specific gene.

A 4

5) Leads to transcription of gene into

MRNA.

6) mMRNA is translated into specific protein

in cytoplasm.

7) Specific protein will alter the cellular
structure and metabolic activity.

hormone to receptors in the cytoplasm or nucleus

Steroid horrmone

r,AT,/:fJ:l

Diffusion through
membrane lipids

Target cell response
CYTOPLASM T

Alteration of cellular
structure or activity

i

Transiation and
protein synthesis

I
- ]
Receptor

Binding of hormone

to cytoplasmic or
nuclear receptors

Transcription and
e mRNA production
[ = =
@ X
\,/'\/"‘
Receptor .

P S Gene activation I
I..l'. ‘x:'*. /
i ——— Binding of
hormone-receptor
complex to DNA

Nuclear
pore

Nuclear
envelope
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GENE ACTIVATION

P NucLEUS

Steroid
hormone / e E 3
Receptor e
protein
Hormone-
receptor
complex . o
> % R SR
R N N
mRNA / e
Neww
protein
PLasma — L 6 J
MEMBRANE o 2
OF TARGET - (-
CELL e
CvyTOPLASM
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CYCLIC AMP ACTIVATION

- - (1) Hormone (1st messenger) Adenvivl cvclase — Extracellular fluid
1) Non steroid hormone binds binds receptor Y?’ y

to the receptor present on |
the surface of target cell.

0) ) G protein (Gg)

IR s s _‘5 Pt (5) cAMP acti-
e . i r j i e vates protein
2) Hormone binding activate G Receptor Tcw - W kinases.
protein. | . Q@ Q
GTP

99—,
GDP Inactive Act;vg
in ki rotein
Hormonos that @t _Re::epg)r @t G ;t)rotein @ IAdenyIate proe s ﬁinase
- - act via cAMP aclvaless  aclvaes  cyciase Triggers responses of
3) G protein activate mechanisms: proteiin (Gg). ~ adenylate  convertSATP  target cell(activates
adenylate cyclase. Einephrine. Glucagon cyclase.  focAMP (20d  enzymes, stimulates
ACTH oTH] messenger).  cellular secretion,
FSH TSH opens ion channel,
LH Calcitonin etc.

Cytoplasm



CYCLIC AMP ACTIVATION

(1) Hormone (1st messenger) Adenylyl cyclase  Extracellular fluid
4) Adenylate cyclase converts binds receptor.
ATP to cAMP (second 1 _
o X G protein (Gg)
messenger). 0 o8 |
'}WWH Sy i : ”MW’W;
L S 5 -; (%) cAMP acti-
5) cAMP activates a variety of éTéJ) T - :::g epsmtem
protein kinase in the cell. Receptor ‘ f ) Q
1{ AN \ _’\ ¢ b
: in ki rotein
Hormones that @ Receptor @ G protein @ Adenylate prote klnase\ Einase
act via cAMP activqtes G activates  cyclase Triggers responses of
mechanisms: protein (Gg). ade;;ylate :OL‘X‘;‘? ’;TZ target cell (activates
clase. 0 n g
Epinephrine Glucagon k4 messeng(er) enzymes, stimulates
ACTH PTH - cellular secretion,
FSH TSH opens ion channel,
LH Calcitonin efc.)

Cytoplasm



CYCLIC AMP ACTIVATION

6) Each type of protein kinase (1) Hormone (1t messenger) Adenylyl cyclase  Extracellular fuid
phosphorylated a specific binds receptor.
protein. o 1

G protein (Gg)

{

ALY T @B~ |(®) cAMP act-
7) Phosphorylated proteins trigg ; " pj vates protein
er responses in target cells. Receptor | ) kln«'fsgﬁ
— Alter the cellular activities. o0P” Inact_’ive ), ct;vg
\ ] rotein kinase | Protein
Hormones that @_Receptor @_G protein @ Adenylate P 1 kinase
act via cAMP actw:!tes G activates  cyclase Triggers responses of
mechanisms: protein (Gg). adenylate  convertsATP  target el (activates
Epinephrine Glucagon cyclase.  10CAMP 20 enzymes, stimulates
ACTH PTH messenger).  cellular secretion,
FSH TSH opens ion channel,
LH Calcitonin efc.)

Cytoplasm



CYCLIC AMP ACTIVATION

Adrenaline/Glucagon

’ G Protein
u * Adenylyl cyclase
Receptor

ATP cAMP

Activate protein kinase
Phosphorylated protein

Glycogen =—> Glucose



10.4 —Explain the role of phytochrome in the

regulation of flowering

Phytochrome is a blue-green pigment existing in two interconvertible
forms

PHYTOCHROME

P P,

r r

Inactive form Active form

Absorb red (R:660 nm) light fro | Absorb far red (FR: 730 nm) lig
m sunlight ht from sunlight




10.4 —Explain the role of phytochrome in the

regulation of flowering

Absorption of light by one form converts it rapidly and reversibly
to the other form.

Sunlight contains more red light than far-red light.

pl" 9 pfr P Py
» /" Redlight \/ -
During the night, 3 @ JVLJ Responses:
Synthesis —» seed germination,
pfr SIOle -2 Pr . | control of

flowering, etc.

‘\ Slow conversionJ \»
Enzymatic

in darkness :
(some plants) destruction




10.4 —Explain the role of phytochrome in the

regulation of flowering
In most cases, it is the P form of the pigment that switches on

physiological and developmental responses in the plant.

P, Py,
(™ 7 Red light h &
B /0 3y Responses:
Synthesis —» | seed germination,
D o ¢ .V, - )y a4 contrql of
flowering, etc.

\ Slow conversionj K‘
Enzymatic

in darkness :
(some plants) destruction




PHOTOPERIODISM PHENOMENON

Plants are classified into 3 main groups based on their response to photoperiodism:

a
@

?
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Chrysanthemums,  giingch, Iris, Tomatoes, Rice,

Poinsettias, Lettuce, radishes Dandelions.
Soybean.



MAIN GROUPS OF PLANT BASED ON
RESPONSES TO PHOTOPERIODISM

Short-Day plant

Long-Day plant

Day-Neutral plant

Plants that flower
when the night
length is equal to

Plants that flower
when the night

length is equal to or

or greater than
some critical

length.

less than some
critical length.

Plants that do not initiate
flowering in response to the
day length but flower in
response to some other
stimulus.

-  Unaffacted by
photoperiod.

-  Flower when they reach
a certain stage of
maturity.

- Does not require a
specific day length to
flower.

Chrysanthemums,
Poinsettias,
Soybean.

Spinach, Iris, Lettuce,
Radishes.

Tomatoes, Rice,
Dandelions.




PHOTOPERIODISM PHENOMENON

; (a) Short-day (long-night)

plant. Flowers when night
exceeds a critical dark

period. A flash of light
interrupting the dark period

prevents flowering.

(b) Long-day (short-night)

plant. Flowers only if the
night is shorter than a

critical dark period. A brief
flash of light artificially

interrupts a long dark
period, thereby inducing

flowering.




PHOTOPERIODISM PHENOMENON
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