Alimentary systems - Three Models
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Ruminant forestomach

Many stomachs;
Ruminants have very
motile rumen; mixes food
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Composition uniform in cross-section
at steady state, unchanging with
time at any point along reactor.

l Small intestine

Typical vertebrate midgut;

increase transit time ->
increased absorption



Typical Vertebrate Stomach

(a) Monogastric stomach
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Small Intestine
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muscle Circular

muscle Circular fold ~Submucosa

(b) Mucosa __

Villus]

Central lacteal

Zoology 430: Animal Physiology

1 x ~10
Absorptive
d Eterlr?ianla epithelial cells
(d) NG _ -
. & T
| S
: = Cylindrical Surface area
! _ . surface area of lumen plus
- 4 of lumen villi

5.
>

3
s,

-

.

e

‘

-
¥
v

e

h

<

0

Absorptive cell Microvilli { Tight junction
Microvilli &

on surface of T~ Desmosome
absorptive cell it

Goblet cell Mitochondrion

Central lacteal

Rough endoplasmic
reticulum

Capillaries
Intercellular space

Arteriole

Venule Adjacent cell membranes

x ~50

Surface area of
lumen plus villi
plus microvilli



Small Intestine
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broken l down
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Stomach is regulated by hormones
(and stretch)
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Fluid Resorption

Lots of Fluids necessary
for Digestion! ->

Need major resorption
to maintain fluid balance
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Digestive systems of vertebrates

Cyclostomes Elasmobranchs Teleost fishes Amphibians

All else equal, absorption

(hagfish) (shark) (bass) (frog)
T L) TERETL Ly (5 proportional to gut fransit fime.
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¢\ d AN/ 2D Ui /St
L st @4 7 food, tend to have shorter,
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Polysaccharides

Polysaccharides are sugar polymers that serve
many functions:

* energy storage and

 structural functions.

Polysaccharides can consist of several thousand
monosaccharides joined by glycosidic linkages.


http://www.dynamicscience.com.au/tester/solutions1/chemistry/bonding/bonding10b.htm
http://www.dynamicscience.com.au/tester/solutions1/chemistry/bonding/bonding10b.htm

Polysaccharides

Polysaccharides are sugar polymers that serve many energy
storage and structural functions.

Polysaccharides can consist of several thousand monosaccharides
joined by glycosidic linkages.

Two forms of
starch

Skarch is the
ma jor storage

Amylose: a 1-4
glycosidic
linkages.

Amylopectin: a 1-4 and a
1-6 glycosidic linkages.

form of glucose
in plants

Because of the way the
subunits are joined, the
glucose chains have a
helical structure.



http://www.dynamicscience.com.au/tester/solutions1/chemistry/bonding/bonding10b.htm
http://www.dynamicscience.com.au/tester/solutions1/chemistry/bonding/bonding10b.htm

Polysaccharides - Glycogen

Glycogen is the major storage form of glucose in animals
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Polysaccharides - Cellulose

Cellulose is the most abundant skructural Potjsataharide LA
FLM\ES - glves FLQM& cell walls their rigidi&v

Cellulose has different glycosidic linkages than starch

CH,OH
(o)
0 OH on
OH
e R S & Animals cannot digest
on cellulose.
N o 2" Need symbionts to help
OH CHOH OH CH,OH digest the B linkages via
(c) Cellulose: 1-4 linkage of B glucose monomers fe rmentation )

Each monomer is “‘F’—LPFQGV relative to the wnext
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Polysaccharides - Cellulose
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Cellulose provides
structure for plants to
grow tall even without
a skeleton
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Digastric (multichambered) stomach:
Foregut Fermentation - Cow

Rumination: “Chew cud”

\\‘l‘\ Esophagus

Groove

Reticulum Rumen

Abomasum
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Small intestine

Duodenum Jejunum lleum

AW Large
= YRR x 0N intestine
- = \ ALY I 143
e 7, I". I.'-I‘l'. .I|_ .‘I ._J ‘," I I r"{'ll."‘ S
Esophagus -~ \ A )\ o
Esophageal — | ' 1} ,
sphincter e ) Y/ | / +—Cecum
Reticulum ) - —J T~Pyloric
S~ \ sphincter

Omasum Abomasum

Copyright @ 2006 Pearson Education. Inc.. publishing as Benjamin Cummings.



Sheep

Rumen

Grazing
Plant material is chewed a little
before being swallowed.

Part-digested food is stored in the
rumen where it is broken down into
cud by bacterial action.
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Omasum — Intestine

SN

iy

Reticulum Abomasum or
rennet bag

Ruminating

Cud is regurqitated and chewed again
while the ruminant is lying down.

Food swallowed for the second time
bypasses the rumen.

Food is finally processed by acids
and digestive enzymes in the other
stomach chambers.



e Rumen - large fermentation vat: also
called the "paunch”

. anaerobic Rumen iS HUGE!

. Temperature = 39°C (103°F)
saturated with gasses
. constant motion

B N B R

Rumen Size

Normal
Content

1000 Ib| ~55-60 | 25-30
cow | gallons | gallons

150Ib | ~5-10 3-5
ewe gallons | gallons

Rumen

Species/Maximum

Small
Intestine

1l 4 Esophagus

,&

Abomasum Reticulum

28
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Hindgut Fermentation: in Cecum

(a) Hindgut (colon) fermenter (b) Hindgut (cecal) fermenter
Esophagus 87mach Esophagus St;nach
— -~ =
Small ==t . Small == - ~ Cecum
intestine & —~ aae. P intestine =—
j pesssel )
—— gy | ™
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nght - / /) = ) 13
pro— ‘/—\‘ » k\ -
Xglr:)trr]al 2 g - ay |
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ventral —— s &
S Bisial “e=
calon g — " Distal :
. - colon &
Left / 9 colon
dorsal g i ay
colon i
F— Rectum| F——- Rectum
20 cm 10 cm

-fermentation takes up a lot of space, in non-ruminant animals this is an enlarged
portion of colon (head or anterior end) called Cecum
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Fermentation in a Ruminant (sheep)

Alfalfa 100%
(20000 kJ d~1)

Methane 5% (1000 kJ d-1h

w \ Methane
/ ) \J Heat of fermentation 3% (700 kJ d—1)
S Volatile fatty acids 33% (6700 kJ d~1)
{ ‘ %@ 5 ) Microbial growth 18%
599 \ 12

\\|/59%
))kj P —

Abomasum + small intestine absorption 18% (3700 kJ d—1)

FIGURE 18-31 Fates of energy ingested as an alfalfa

Feces diet by a ruminant mammal, the sheep Ovis.
41% (8400 kJ)
The major advantage of ruminant and ruminant-  have extensive vitamin and sterol requirements

like fermentative digestion is the ability to assimilate (Dadd 19700 Rlannd-enckino incects relv on their
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Squamous Epithelial Cells of Typical Columnar Epithelial Cells
Platypus Gut! of Vertebrate Gut

MUCOSA OF TWO MONOTREMES PLATE

Absorptive

Besal epithelial cells

lamina

&

Microvilli 5 pm
1 x~10 x ~50
]
_— [t | L 1
O , LU |
Cylindrical Surface area Surface area of
surface area of lumen plus lumen plus villi
of lumen villi plus microvilli
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Monotreme Gastric Mucosa

Krause & Leeson 1974

Mechanical breakdown of food!?

Projections into lumen
Stratum corneum

Connective tissue cores

Echidna
Eats termites, small insects

-~ i

Duck-billed platypus
Eats shrimp, river inverts,
mud?

http://www.animalfactguide.com/blog/2008/12/ htt ://curid;ll;‘slanimals.net/animals/monstrous-animal-echidna/
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Loss of genes implicated in gastric function during platypus

evolution

Gonzalo R Ordoﬁez,1 LaDeana W HiIIier,2 Wesley C Warren,2 Frank Gritzner,

Carlos Lépez-Otin,1 and Xose S Puente™

Monotreme guts are
basic (pH 6.8)!

Genome sequencing
reveals that the genes
for pepsidases and HCI
secretion have been
lost or inactivated.
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Background

The duck-billed platypus (Ornithorhynchus anatinus) belongs to the mammalian subclass
Prototheria, which diverged from the Theria line early in mammalian evolution. The platypus
genome sequence provides a unique opportunity to illuminate some aspects of the biology and
evolution of these animals.

Results

We show that several genes implicated in food digestion in the stomach have been deleted or
inactivated in platypus. Comparison with other vertebrate genomes revealed that the main genes
implicated in the formation and activity of gastric juice have been lost in platypus. These include the
aspartyl proteases pepsinogen A and pepsinogens B/C, the hydrochloric acid secretion stimulatory
hormone gastrin, and the a subunit of the gastric H'/K™-ATPase. Other genes implicated in gastric
functions, such as the 8 subunit of the H/K™-ATPase and the aspartyl protease cathepsin E, have
been inactivated because of the acquisition of loss-of-function mutations. All of these genes are
highly conserved in vertebrates, reflecting a unique pattern of evolution in the platypus genome not
previously seen in other mammalian genomes.

Conclusion

The observed loss of genes involved in gastric functions might be responsible for the anatomical and
physiological differences in gastrointestinal tract between monotremes and other vertebrates,
including small size, lack of glands, and high pH of the monotreme stomach. This study contributes
to a better understanding of the mechanisms that underlie the evolution of the platypus genome,
might extend the less-is-more evolutionary model to monotremes, and provides novel insights into
the importance of gene loss events during mammalian evolution.
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