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of some metamorphic

chal in anurans

Locomotory __[Aquatic ail fins Terrestrial tailles tetrapod
Respiratory ___[Gill, skin, lungs; larval hemoglobins Skin, lungs; adult hemoglobins
[Circulatory [Aortic arches; aorta; anterior, posterior, and |Carotid arch; systemic arch; cardinal
common jugular veins veins
INutritional [Herbivorous: long spiral gut; intestinal _|Camivorous: Short gut; proteases; large
|symbionts; small mouth, hory jaws, labial - [mouth with long tongue
teeth
INervous Lack of nictitating membrane; porphyropsin, |Development of ocular muscles,
lateral line system, Mauthner's neurons  nictitating membrane, thodopsin; oss of
lateral line system, degeneration of
(Mauthner's neurons; tympanic membrane|
Excretory Largely ammonia, some urea (ammonotelic) | Largely urea; high activity of enzymes of
lomithine-urea cycle (ureotelic)
Integumental [ Thin, bilayered epidermis with thin Stratified squamous epidermis with adult

dermis;no mucous glands or granular glands|

eratins; well-developed dermis contains
Imucous glands and granular glands

secreting antimicrobial peptides
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Metamorphosis

Adult frog Embryo
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Young frog External gills
/' for breathing o=
Tail becomes. Tail keeps ’
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on growing
Lives from food
stored in the tail
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Growth of new structures

Cell death during metamorphosis

Remodeling during metamorphosis
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itiated by Thyroid

« The changes in amphibian metamorphosis are i
hormones- Ts and Ta

Tainduces
Emergence of limbs on metamorphosing tadpole;
In the eyes, eyelids and nictitating membranes emerge
Proliferation and differentiation of new neurons-to form limb musculature
Blocking T3 activity- paralysis of limbs

.

Eye migration and - L
associated neuronal ;

changes during
metamorphosis of the
Xenopus laevis
tadpole
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Cell death during metamorphosis

Ta causes degeneration of tail and gills, that were important for larval (but not adult)
movement and respiration

‘The first part of tail resorption is caused by suicide, and later part of tail muscles are
eaten by macrophages.

Tadpole RBCs are digested by macrophages of liver and spleen

Tadpole Hb replaced by adult Hb (binds oxygen slowly and releases more rapidy.

r N

|

‘Apoptosis auring the metamorphoss of 3 tapole nto 3 rog
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> Development of the lungs and the disappearance of the gills and gill pouch
> The lower jaw transforms into the big mandible of the carnivorous adult

> The long, spiral gut of the herbivorous tadpole is replaced by the typical
short gut of a camivorous predator

> Nervous system becomes adapted for hearing and stereoscopic vision and
for new methods of locomotion

> Eyes are repositioned higher up on the head with eyelids and associated
glands formed.

> Eardrum, middle ear, and inner ear are developed

> Skin becomes thicker and tougher




image13.jpeg
v In tadpoles (as in freshwater fishes), the major retinal
photopigment is porphyropsin. During metamorphosis, the
pigment changes to rhodopsin, the characteristic photopigment
of terrestrial and marine vertebrates .

Tadpole hemoglobin is changed into an adult hemoglobin that
binds oxygen more slowly and releases it more rapidly.

The liver enzymes also change, reflecting the change in habitat.
Tadpoles, like most freshwater fishes, are ammonotelic;

Many adult frogs (such as the genus Rana) are ureoielic,
excreting urea, like most terrestrial vertebrates, which requires
less water than excreting ammonia.

During metamorphosis, the liver begins to synthesize the urea
cycle enzymes necessary to create urea from carbon dioxide and
ammonia

cycle genes & suppressing genes for ammonia synthesis.
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DEVELOPMENTAL BIOLOGY, 9e, Figure 15.3
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Hormonal control of Amphibian metamorphosis

v The control of metamorphosis by thyroid hormones was
demonstrated by Gudernatsch (1912), who discovered that
tadpoles metamorphosed prematurely when fed powdered sheep
thyroid gland.

¥ In a complementary study, Bennet Allen (1916) found that when he
removed or destroyed the thyroid rudiment from early tadpoles
(thus performing a thyroidectomy), the larvae
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v The metamorphic changes of frog
development are all brought about by the
secretion of the hormones thyroxine (T,)
and triiodothyronine (T;) from the
thyroid during metamorphosis.

v The conversion of T4 into the more active
hormone T3, by the target tissues

v Degradation of T3 in the target tissues
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v

Thyroid hormone receptors  are
members of the steroid hormone
receptor superfamily of transcription
factors. There are two major types of
T, receptors, TRa and TRE.

TRas= receptor for T3; ubiquitous
TRB= receptor induced by
hormones; increases W.r.t rise in
thyroid hormones

TRIRXR complexes

In the unbound state, TR-RXR is a
transcriptional repressor,

In the bound state, repressors
leave the complex and are
replaced by co activators such as
HAT.

Cyloplasm
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TH transporters
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a.  Pre-metamorphosis e

b, Pro-metamorphosis
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=In the 1 phase, v. low levels of T3, T4
=T4 secretion initiated by CRH.

- —M k

+ During the pre-metamorphic stage, the limb rudiments are able to receive
thyroid hormone and use it to initiate leg growth

amount

vTissues that respond earliest to the thyroid hormones are those that express
high levels of delodinase II; can convert T4 directly to T3.
Eg; Limb rudiments
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v The concentration of T4 increases dramatically and TR j levels
increase, leading to tail resorption.

v TR B is the principal receptor that mediates metamorphic climax. In
this way the tail undergoes resorption only after legs are functional.

v The wisdom of the frog is simple:
“Never get rid of your tail before your legs are functional”

v Some tissues are not responsive to thyroid hormones, e.g., dorsal
retina.
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+ The frog’s brain down regulates metamorphosis once metamorphic
climax has been reached.

+ Thyroid hormones induce a negative feedback loop, shutting down
pituitary cells which causes thyroid to secrete them.

« Tsis found in the anterior pituitary at metamorphic climax. This
inhibits transcription of Thyrotrophin gene and thereby
negative feedback loop
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UNIT-IV
METAMORPHOSIS

f' Dr K.ARULDOSS

Assistant professor
Periyar Gout Arts College
cuddalore.
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» Metamomhosis -transition in multi cellular organisms, from a larval to a
juvenile (or adult) stage, accompanied by dramatic morphological,
physiological, and ecological changes.

Such changes typically include

» Major restructuring of morphology, and

» Transition from a non-reproductive to a reproductive state,
» Dispersal and settlement to a new habitat, and

» Ashift in nutrition and feeding behavior

»The young lacks some adult structures which are developed in late development
>Some structures of young are distinctive and become lost during later development
»The young bears no resemblance to adult
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Amphi Greek;- amphi (double) and bios (life)- refers to "double life”,
or life in water and on land

Characterized by:
v Being tetrapods (4 limbs) that facilitate moving about on

¥ Both gill and lung breathers - usually gills in the larval stage, replaced by
lungs in the adult.
Three primary orders of Amphibia within the Subclass Lissamphibia (all
modern amphibians)

Caudata (Urodela) - Salamanders
Anura (Salientia) - Frogs and toads
‘Apoda (Gymnophiona) — Caecilians

Amphibian metamorphosis is associated with morphological changes that
prepare an aquatic organism for terrestrial existence.
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Metamorphosis
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