Contents

Contributors xxix 3. Transcriptomic analysis of
physiological systems

Tom E. Porter

Part | Abbreviations 17

Undergirding themes 3.1 Introduction 17

3.2 Early efforts 12

1. The importance of avian physiology 3.3 Nervous system 18

Urod 3.4  Endocrine system 20

John C. Wingfield 3.5 Reproductive system 21

1.1 Specific examples of the importance of 3.6 Immune .system. 22
avian physiology A 3.7 Muscle, liver, adipose, and

1.1.1  Physiology and poultry production 4 gastrointestinal tissues 22

1.1.2 Physiological ecology and birds, 3.8 Cardiovascular system 24

marine, freshwater, and terrestrial 4 3.9 Hurdles and future developments 24

1.2  Conclusions 5 References 24

References 5 : :
4. Avian proteomics

2. Avian genomics 7 Alison Ferver, Shane C. Burgess,

Hans H. Cheng, Wesley C. Warren and Colin G. Scanes and Sami Dridi

Huaijun Zhou Abbreviations 29
2.1  Introduction - 4.1 Introduction 29
22  Genome - 4.2 Protein identification and analysis 31
2.2.1  Size - 4.2.1  Historical to current
2.2.2  Karyotype 8 techniques 32
2.3 Genome assemblies 8 4.3 Quantitaﬁve prOtEOmiCS 32
2.3.1  Chicken legacy genomes 8 4.4 Strur:tural proteomics 33
2.3.2  Future chicken genome assembly 9 4.5  Application of proteomics in avian
2.3.3 Genes 9 research 33
2.3.4  Transposons and endogenous 4.5.1  Proteomics of egg physiology,
vira| elements 10 embryonic development, and
2.3.5 Genome browsers 10 reproduc:tlon | 34
2.4 Connecting genome sequence to 4.5.2 Proteomics of b@haVIOF and
phenotype 10 plumage‘ 35
2.4.1 Connecting genotype to 4.5.3 PI‘OtEOmICS Of performance and
phenotype 10 PhY5'0|0_8Y | 36
2.4.2  Genome wide association study 10 4.5.4  Proteomics of disease, myopathy,
2.4.3 Resequencing 11 and !nfeE:tlon 37
2.4.4  Annotation 12 4.5.5  Proteomics of avian welfare 40
2.4.5 CRISPR 17 4.6  Conclusions 41
2.5 Conclusions 13 References 41
References 13 Further reading 47

vii




vili Contents

5. Avian metabolomics

Lindsay P. Brown, Amanda L. May,
Alexander R. Fisch, Shawn R. Campagna and
Brynn H. Voy

21

Introduction to metabolomics

5.2 Methods of metabolomics
5.2.1  Instrumentation
5.2.2  Data analysis and interpretation
5.3 Applications of metabolomics to avian
physiology
5.3.1  Growth and efficiency
5.3.2  Consequences of selection
5.3.3  Mechanisms of antibiotic growth
promoters
5.3.4  Toxicology
54  Conclusions
References

6. Mitochondrial physiology

Walter Gay Bottje

6.1

6.2

6.3

6.4

Overview of mitochondria

6.1.1  Introduction

6.1.2  Physical description

6.1.3  Mitochondrial and nuclear DNA
interaction for assembly and
function

6.1.4  The respiratory chain and
adenosine triphosphate
synthesis

6.1.5  Assessing mitochondrial function

6.1.6  Mitochondrial role in apoptosis

Mitochondrial inefficiencies, oxidative
stress, and antioxidants

6.2.1  Electron transport defects and
oxidative stress

6.2.2  Mitochondrial uncoupling and
attenuation of oxidative stress

6.2.3  Antioxidants

Signal transduction and reverse electron

transport

6.3.1  Low mitochondrial reactive

oxygen species levels

6.3.2  Cellular nutrient utilization
6.3.3  Macrophage function

6.3.4  Ischemia-reperfusion injury
6.3.5 Muscle differentiation
6.3.6  Aging and longevity

Matching energy production to energy
need
6.4.1
6.4.2

Mitochondrial dynamics
Mitochondrial biogenesis

49
49
49
23

54
54
55

58
59

60
60

65
65
65

67/

67
68
69

69

69

A
/2

/3

/3
/3
5
/74
74
/4

74
74
75

6.4.3  Adenosine monophosphate—
activated protein kinase
6.4.4  Sirtuins

Acknowledgments
References

. Evolution of birds

Daniel T. Ksepka

7.1 Introduction
7.2 The dinosaur—bird transition
7.2.1  Theropod dinosaurs
7.2.2  Feathers first
7.2.3  Taking wing
7.2.4  Archaeopteryx, the first bird?
7.2.5  Flight in Archaeopteryx
7.3  The Mesozoic avifauna
7.3.1  Basal birds
7.3.2  Enantiornithes: the opposite birds
7.3.3  Cretaceous Ornithuromorpha:
forerunners of modern birds
7.4  Assembling the modern bird
7.4.1  Freeing the tail for flight
7.4.2  Perfecting the wing
/.4.3  Neuroanatomy
7.4.4  Respiration and vocalization
7.4.5  Teeth and beaks
7.4.6  Digestive system
7.5  Reproduction and development
7.5.1  Sexual dimorphism
/ L. ERES
7.5.3  Nesting
7.5.4  Development and growth
7.6 The rise of modern birds
7.6.1  The shallow Cretaceous roots of
crown birds
7.6.2  Survival and extinction
7.6.3  An explosive Paleogene radiation
7.7  The shape of modern bird diversity
7.7.1  Palaeognathae
7.7.2  Galloanserae
7.7.3  Neoaves
7.8  The impact of humans on birds
Acknowledgments
References

. Domestication of poultry

Paul B. Siegel, Christa F. Honaker and
Colin G. Scanes

8.1
8.2

Introduction
Domestication
8.2.1 Chickens

/6
/76
/76
/6

83
83
83
83
86
87
87
88
88
88

91
93
93
94
94
94
93
95
96
96
96
98
98
99

99
100
101
101
101
102
102
102
103
103

109

109
111



Contents Ix

8.2.2  Turkeys 114 10.3  Variations in avian vision 140
8.2.3  Ducks 115 10.4  Variations in eyes 141

8.2.4 Geese 115 10.5 Bird eyes: function, structure, and
8.2.5  Other domesticated birds 116 variations 141
8.3 Conclusions 116 10.5.1  The optical system 142
References 117 10.5.2  Vision under water 144
10.5.3  The image analysis system 145
10.6  The visual fields of birds 150
Part |l 10.7  Spatial resolution in birds 152
Sensory biology and nervous system . e s
: osing remarks 155
theme References 156

9. The avian somatosensory system:
a comparative view

J. Martin Wild

11. Avian hearing
Christine Koppl

| Abbreviations 159
Abbreviations 123 11.1  Introduction: what do birds hear? 159
9.1  Introduction 123 11.2  Outer and middle ear 160
9.2 Body somatosensory primary afferent 11.2.1  No specialized outer ear
projections in different species 124 structures except in owls 160
9.2.1  Spinal cord 124 11.2.2  The single-ossicle
9.2.2  Brainstem 125 middle ear 160
9.3 Ascending projections of the dorsal 11.2.3  Internally coupled middle
column nuclei 126 ears 161
9.4  Telencephalic projections of 11.3  Basilar papilla (cochlea) 161
thalamic nuclei receiving 11.3.1  General morphology and
somatosensory input 128 physiology 161
9.5 Somatosensory primary afferent 11.3.2  Hair cell types: a remarkable

projections from the beak, tongue,

example of evolutionary
and syrinx to the trigeminal

convergence in birds and

column 129 mammals 164
9.5.1  The principal sensory trigeminal 11.3.3  Hair cell regeneration: birds
nucleus 129 never lose their hearing 164
9.5.2  Nucleus of the descending 11.3.4  Cochlear specializations:
trigeminal tract 130 auditory foveae, infrasound
9.6  Nucleus basorostralis 132 hearing 165
9.7  The meeting of the spinal and 11.3.5  Auditory nerve: what the ear
trigeminal systems 133 conveys to the brain 166
9.8 The somatosensorimotor system in 11.4  The auditory brain 167
birds 133 11.4.1  Basic organization of
9.9 Somatosensory projections to the auditory pathways 167
cerebellum 134 11.4.2  The generation of an
9.10  Magnetoreception and the trigeminal auditory space map in the
system 134 barn owl 169
9.11  Summary and conclusions 134 11.4.3  Developmental plasticity:
References 135 auditory space is calibrated
by vision 171
10. Avian vision 11.4.4  The special processing of
Graham R. Martin 56 Lindsong e bl son
11.4.5  Echolocating birds 172
10.1  Introduction 139 11.5 Summary 173
10.2  What vision does? 140 References 173



x Contents

L.

Chemesthesis and olfaction
Larry Clark and Cynthia A. Smeraski

12.1  Chemical senses
12.2  Chemesthesis
12.3  Neural organization
12.3.1  Peptides involved in pain
perception
12.3.2  Responses to chemicals
12.3.3  Structure-activity
relationships
12.3.4  Transient receptor potential
channels
12.4  Olfaction
12.4.1  Olfactory morphology,
neural architecture, and
transduction of chemical
signals
12.4.2  Olfactory bulb size, olfactory
acuity, and genomics of ol-
factory receptors
12.4.3  Laboratory detection thresh-
olds, discrimination, and
seasonal change
12.4.4  Odor detection during
development
12.4.5 How do birds use olfactory
cues?
12.5 Summary
References

Taste in birds

Shira L. Cheled Shoval, Zehava Uni and
Colin G. Scanes

Abbreviations
13.1  Introduction

13.1.1  What is taste?

13.1.2  Taste perception

13.1.3  Anatomy of taste buds

13.1.4  Taste receptors

13.1.5 Sweet taste

13.1.6  Umami taste

13.1.7  Taste receptor type 2
receptors

13.1.8  GPCRs' taste signal
transduction

13.1.9  Bitter taste

13.1.10  Salt and sour taste

13.1.11  Fatty acid taste

179
179
180

181
181

182

184
186

186

187

191

194

194
195
196

205
205
205
205
206
207
208
210

211

211
213
215
216

- 13.1.12  Extra gustatory taste
in birds
13.1.13  Measuring taste perception
in birds: aversion or
preference testing
13.1.14  Conclusions
References

14. Avian nociception and pain

N.J. Beausoleil, S.E. Holdsworth and
H. Lehmann

™,

14.1

Introduction

14.1.1  What is pain and what is it
for?
14.1.2  Why does pain matter?

14.2  What evidence is required to
demonstrate the capacity for pain?
14.2.1  What is needed for
nociception?
14.2.2  What is needed for pain?
143  Conclusions
References

Magnetoreception in birds and its
use for long-distance migration

Henrik Mouritsen

15.1  Introduction
15.2  Magnetic fields
15.3  The Earth’s magnetic field
15.4  Changing magnetic fields for
experimental purposes
15.5  Birds use information from the
Earth’s magnetic field for various
behaviors
15.5.1  Orientation and navigation
15.6  The magnetic compass of birds
15.7 Do birds possess a magnetic map?
15.8 Interactions with other cues
15.9 How do birds sense the Earth’s
magnetic field?
15.10  The induction hypothesis
15.11  The magnetic-particle—based
hypothesis
15.12  The light-dependent hypothesis
15.13  Irreproducible results and the urgent
need for independent replication
15.14  Where do we go from here?
References

216

217
218
218

243

223
223

224

224
226
228
228

233
L3
234

235

236
236
237
240
240

241
241

242
245

250
250
251



Contents xi

16. The avian subpallium and 17.2.2  Circulating nutrients and
| autonomic nervous system other small organic
: molecules 294
Wayne J. Kuenzel and Alexander Jurkevich 17.2.3  Plasma proteins 295
16.1 Introduction 257 17.3  Erythrocytes 299
16.2  Components of the subpallium 257 17.3.1  Structure of the erythrocyte 299
16.2.1  Dorsal somatomotor basal 17.3.2  Erythrocyte chromatin and
ganglia 259 transcription 301
16.2.2  Ventral viscerolimbic basal 17.3.3  Metabolism of erythrocytes 302
ganglia 262 17.3.4  Number of avian erythro-
16.2.3  Extended amygdaloid cytes and packed cell
complex: central extended volume 302
amygdala and medial 17.3.5  Production 303
extended amygdala 264 17.3.6  Erythropoietin 303
16.2.4  Basal telencephalic 17.3.7  Lifespan 304
cholinergic and non- 17.3.8  Hemoglobin 304
cholinergic corticopetal 17.3.9  Carbonic anhydrase 306
system 267 17.3.10  Transporters in erythrocyte
16.2.5  Septum and septal plasma membrane 306
neuroendocrine systems 268 17.3.11  Glucose 306
16.2.6 Preoptic area 274 12302 Hormonal effect on
16.3 Components of the autonomic ner- erythrocytes 306
vous system 276 17.3.13  Effect of stressors of
16.3.1  Sympathetic nervous system 276 erythrocytes 307
16.3.2  Parasympathetic nervous 17.3.14  Avian erythrocytes
system 278 and the innate immune
16.4  Integration of the subpallium and system 307
ANS in complex neural circuits in 17.4  Blood gases 307
birds: two examples involving 17.5  Leukocytes 307
vasoactive intestinal polypeptide as 17.5.1  Number of leukocytes 309
a regulator 278 17.5.2  Heterophils 309
16.4.1  The social behavior network 278 17.5.3  Lymphocytes 310
16.4.2  Poikilostasis or shifts in 17.5.4  Eosinophils 312
| homeostasis: an hypothesis 17.5.5  Monocytes 312
: involving the visceral fore- 17.5.6 Basophils‘ 313
. brain system 279 17.5.7  Heterophil: lymphocyte
16.5 Summary and conclusions 280 ratios 313
Acknowledgments 280 17.6 Thrombocytes 314
References 280 17.6.1  Structure 314
Further reading 290 17.6.2  Function 314
17.6.3  Number 314
17.6.4  Production 315
Part 111 17.6.5  Thrombopoietin 315
17.7  Other cells types in avian
Organ system theme sk ek
17.7.1  Reticulocytes 315
17. Blood 17.7.2  Mott cells 315
Colin G. Scanes 17.7.3  Natural killer cells 315
17.8  Parasites and blood cells 315
17.1 Introduction 293 17.9  Clotting 315
17.2  Plasma 293 References 316
17.2.1  Circulating electrolytes 293 Further reading 126



XIi

Contents

18. The cardiovascular system

19.

Edward M. Dzialowski and Dane A. Crossley

18.1  Introduction
18.2 Heart
18.2.1  Gross structure and function
18.2.2  Cardiac variables
18.2.3  Fine structure and cardiac
electrophysiology
18.3  General circulatory hemodynamics
18.4  The vascular tree
18.4.1  Arterial system
18.4.2  Capillary beds
18.4.3  Venous system
18.4.4  Embryonic shunts
18.5  Control of the cardiovascular system
18.5.1  Control systems
18.5.2  Control of peripheral blood
flow
18.5.3  Control of the heart
18.5.4  Reflexes controlling the
circulation
18.5.5 Integrative neural
control
18.5.6  Development of
cardiovascular control
18.6  Environmental cardiovascular
physiology
18.6.1  Flight
18.6.2  Swimming and diving
References

Renal and extrarenal regulation of
body fluid composition

David L. Goldstein

19.1
19.2

19.3

19.4

1935

19.6

Introduction
Intake of water and solutes

19.2.1  Drinking
19.2.2  Solute intake
The kidneys

19.3.1  Anatomy
19.3.2  Physiology

Extrarenal organs of osmoregulation:

introduction
The lower intestine

19.5.1 Introduction

19.5.2  Transport properties of
coprodeum, colon, and
cecum

19.5.3  Postrenal modification of
ureteral urine

Salt glands

19.6.1T  Anatomy

19.6.2 Function

¥4
327
327
331

332
337
339
339
344
347
349
350
350

351
399

380

384

386

392
392
390
396

411
411
411
412
413
413
416

425
426
426

426

429
431
431
432

20.

19.7

19.6.3

Contribution of the salt
glands to osmoregulation

Evaporative water loss
Acknowledgments
References

Respiration
Frank L. Powell

20.1

20.2

20.3

20.4

20.5

20.6

20.7

20.8

20.9

Overview
20.1.1
2512

Oxygen cascade
Symbols and units

Anatomy of the avian respiratory

system
20.2.1
20.2.2
el
20.2.4

Ventilation and respiratory mechanics

&3
20.3,2
20.3.3

Upper airways

Lungs

Air sacs

Respiratory system volumes

Respiratory muscles
Mechanical properties
Ventilatory flow patterns

Pulmonary circulation

20.4.1

20.4.2
20.4.3

20.4.4

Anatomy of the pulmonary
circulation

Pulmonary capillary volume
Pulmonary vascular pres-
sures, resistance, and flow
Fluid balance

Gas transport by blood

2U.5 ]
20.5.2
2003
20.5.4

Oxygen
Carbon dioxide
Acid-base

Blood gas measurements

Pulmonary gas exchange

20.6.1

20.6.2
20.6.3
20.6.4
20.6.5

Basic principles of oxygen
transport

Cross-current gas exchange
Lung diffusing capacity
Heterogeneity in the lung
Frontiers: pulmonary gas
exchange during high
altitude flight

Tissue gas exchange

U7
20.7.2
20.7.3

Microcirculation
Myoglobin

Effects of hypoxia and
exercise

Control of breathing

20.8.1

20.8.2
20.8.3

Respiratory rhythm
generation

Sensory inputs
Ventilatory reflexes

Defense systems in avian lungs
References

433
433
434
434

445
445
445

446
447
448
450
451
451
451
452
454
456

457
457

457
458
458
458
462
462
463
464

464
465
466
467

468
469
469
470

470
471

472
472
474
476
477

ddbiigid

AL R L LR LRI =R AL Lk



21. Gastrointestinal anatomy and
physiology

Monika Proszkowiec-Weglarz

Abbreviations

21.1  Anatomy of the digestive tract
21.1.1  Beak, mouth, and pharynx
21.1.2  Esophagus and crop
21.1.3  Stomach
21.1.4  Small intestine
21.1.5 Ceca
21.1.6  Colon (rectum) and cloaca

21.2  Anatomy of the accessory organs
21.2.1  Pancreas
21.2.2  Liver

21.3  Motility
21.3.1  Esophagus
21.3.2  Gastrointestinal cycle
21.3.3  Small intestine
21.3.4 Ceca
21.3.5 Colon
21.3.6  Other influences on

motility

21.4 Neural and hormonal control of
motility
21.4.1  Rate of passage

21.5 Secretion and digestion
21.5.1  Mouth
21.5.2  Esophagus and crop
21.5.3  Stomach
21.5.4  Intestines
2155 Calgn
21.5.6  Pancreas
21.,5.7  Bile

21.6  Absorption
21.6.1  Carbohydrates
21.6.2  Amino acid and peptides
21.6.3  Fatty acids and bile acids
21.6.4 Volatile fatty acids
21.6.5  Calcium and phosphorus
21.6.6  Potassium and magnesium
21.6.7  Water, sodium, and

chloride

21.6.8 Vitamins

21.7  Age-related effects on gastrointestinal
function

21.8  Gastrointestinal microbiota

21.9 Intestinal barrier

References

21A. Functional properties of avian
intestinal cells

Eric A. Wong

21A.1 Organization of the small
intestine

485
486
486
489
489
490
491
492
493
493
493
493
493
494
496
496
497

498
498

501
50°

502
502
504
505
505
506
506
506
507
508
508
509
510

510
511

512
513
516
518

529

Contents

21A.2 Development of the small
intestine from the late embryonic
to early posthatch period in chickens
21A.3 Cellular organization of the intestinal
crypt and villi
21A.3.1 Intestinal stem cells
21A.3.2 Paneth cells
21A.3.3 Enterocytes
21A.3.4 Goblet cells
21A.3.5 Enteroendocrine cells
21A.3.6 Tuft cells
21A.4 Expression of host defense peptides
in intestinal cells
21A.5 Effect of intestinal pathogens and
environmental factors on nutrient
transporter and host defense peptide
expression
21A.6 Tight junction complex between
intestinal epithelial cells
21A.7 Chicken intestinal microbiota
21A.8 In ovo delivery of biomolecules
21A.9 In vitro systems: intestinal epithelial
cell cultures and organoids
21A.10 Conclusion
References

22. Avian bone physiology and poultry

bone disorders
Narayan C. Rath and Vijay Durairaj

Abbreviations

22.1 Introduction
22.2  Embryonic skeletal differentiation
22.3  Cartilage
22.3.1  Cartilage of endochondral
bone
22.3.2  Articular cartilage
22.4 Bone
22.4.1  Cellular components
22.4.2 Bone tissue
22.5  Poultry bone disorders
22.5.1  Cage layer fatigue/
osteoporosis
22.5.2  Keel bone deformity and
fracture
22,5.3  Cervical scoliosis
22.5.4  Chondrodystrophy, slipped
tendon/perosis, and rickets
22,5.5  Valgus-varus deformity
22.5.6  Tibial dyschondroplasia
22.5.7  Femoral head separation
22.5.8 Femoral head necrosis,
osteomyelitis, bacterial
chondronecrosis
22.5.9  Amyloid arthropathy
22.6  Conclusion
References

411

530

531
531
334
232
536
536
537

537

538

239
540
541

542
542
542

549
549
550
551

551
552
aa3
333
554
555

555

556
556

556
556
556
557

557
558
558
359



xiv Contents

23.

24,

Skeletal muscle
Orna Halevy and Sandra G. Velleman

23.1  Introduction
23.2  Diversity of avian skeletal muscle
23.3  Muscle structure and contraction
23.4  Skeletal muscle fiber types
23.5 Embryonic development of skeletal
muscle
23.6  Postnatal or posthatch skeletal mus-
cle development
23.7  Muscle development: function of
myogenic regulatory factors
23.8  Growth factors affecting skeletal
muscle myogenesis
23.9  Satellite cells and myoblast
heterogeneity
23.10  Novel genes involved in avian
myogenesis
23.11  Recent emerging breast muscle
necrotic and fibrotic myopathies
23.12  The effect of fibrillar collagen on the
phnotype of necrotic breast muscle
myopathies resulting in fibrosis
23.13  Relationship of fibrillar collagen or-
ganization to the phnotype of breast
muscle necrotic/fibrotic myopathies
23.14 Regulation of muscle growth
properties by cell-membrane
associated extracellular matrix
macromolecules
23.15  Strategies to reduce myopathies
23.16  Summary
Acknowledgments
References

Further reading

Immunophysiology of the avian
iImmune system

Michael H. Kogut

24.1  Introduction
24.2  Innate immune system recognition,
sensing, and function
24.2.1  Innate cell receptors: pattern
recognition receptors
24.2.2  Host defense peptides
24.2.3  Innate Immune memory:
trained immunity
24.3  Acquired immune recognition and
function
24.3.1  The major histocompatibility

complex

565
565
566
567
568
569
570
571
572

574

575

576

377

579
580
581
581
581
588

591

291

592
593

594

390

595

24.3.2

Th1/Th2 paradigm and T

helper cell subsets
Gastrointestinal tract and immune

Mucosal lymphoid tissues

and cells

Intestinal barrier system
Intestinal microbiota
Intestinal immune

functionality

Gut microbiota: immune

homeostasis
Tissue immunometabolism: tissue
homeostasis and tissue resident

24.4
system of poultry
24.4.1
24.4.2
24.4.3
24.4.4
24.4.5
24.5
immune cells
References
Part IV

Metabolism theme

25. Carbohydrate metabolism

Colin G. Scanes

Abbreviations
Overview of carbohydrate
metabolism in birds

25

25.2

5.3

25.4

25.5

‘e % Y

Introduction

Carbohydrate chains in
glycoproteins

234,

Glucose

Lactate and pyruvate

23.3,1
29.3.4

2533
Glycerol
25.4.1
25.4.2
Glycogen
PR
25.5.2
$5:9.3

25.5.4

7 R W

Introduction

Circulating concentrations
of lactate and pyruvate
Muscle concentrations of
lactate

Introduction
Circulating concentrations
of glycerol

Introduction

Synthesis and breakdown
Glycogenolysis
(breakdown)

What is the concentration
of glycogen in avian
hepatocytes?

Hepatic concentrations of
glycogen

290
290
596
596
597
597

599

602
603

618
619
619
619
620
621
621
621

621

622

622



25.5.6  Issues with determination of
tissue concentrations of
glycogen and lactate

25.5.7  Glycolytic potential

25.5.8  Glycogen body

25.6  Glucose and fructose utilization

25.6.1  Developmental changes

25.6.2  Fasting and glucose
utilization

25.7  Glucose transporters

25.7.1  Introduction to avian
glucose transporters

25.7.2  Insulin-dependent glucose
transporters

25.7.3  Tissue expression of glucose
transporters

25.7.4  Physiological control of
glucose transporters

25.8 Intermediary metabolism

25.8.1  Glucose phosphorylation
and dephosphorylation

25.8.2  Glycolysis

25.8.3  Citric acid or tricarboxylic
acid cycle

25.9  Gluconeogenesis

25.9.1  Gluconeogenesis and
fasting

25.9.2  Relative importance of the
liver and the kidney

25.10  Carbohydrate digestion and
absorption

25.10.1  Starch digestion

25.10.2  Disaccharide digestion

25.10.3  Glucose absorption

25.10.4  Glucose digestion in

frugivorous birds

25.10.5  Gastrointestinal storage of

Ingesta
25.10.6  Intestinal fermentation
25.11  Putative roles of other
monosaccharides
25.11.1  Sorbitol
25.11.2  Xylitol
25.12  Conclusions

25.12.1  Overview

25.12.2  Starvation and metabolism
References
Further reading

26. Adipose tissue and lipid metabolism

Nadia Everaert, Eddy Decuypere and
Johan Buyse

Abbreviations

26.1
26.2

Introduction
Development of adipose tissue

624
624
624
624
625

625
627

627

627

628

628
628

628
629

630
630

631

631

631
632
633
633

634

634
634

636
636
636
636
636
637
637
644

647
647
647

f & 2

Contents xv

26.3  Structure, cellularity
264 Body composition
26.5 Functions of adipose tissue
26.5.1  Energy reservoir
26.5.2  Adipokines
26.5.3  Receptors
26.6  Lipid metabolism
26.6.1  Lipogenesis and lipolysis
26.6.2  Lipoprotein metabolism
26.6.3  Endocrine control of lipid
metabolism
26.6.4  Transcription factors
26.7  Factors affecting fat metabolism and
deposition
26.7.1  Dietary factors
26.7.2  Genetics
26.8 Summary and conclusions
References

Protein metabolism

Colin G. Scanes and Sami Dridi

27.1  Introduction
27.1.1  Protein metabolism:
overview
27.1.2  Physiological effects on
protein concentrations
27.1.3  Amino acids and proteins
27.1.4  Posttranslational
modification of amino
acids
27.2  Major proteins
27.2.1  Collagen
27.2.2  Keratins
27.3  Muscle proteins
27.3.1  Overview
27.3.2  Actin and myosin genes
27.4  Other proteins
27.4.1  Blood proteins
27.4.2  Mucins
27.4.3  Egg protein
27.5  Digestion of proteins
27.5.1  Overview
27.5.2  Protein digestion in the
gizzard and proventriculus
27.5.3  Protein digestion in the
small intestine
27.5.4  Amino acid absorption in
the small intestine
27.5.5  Colon and protein digestion
27.5.6  Ceca and protein digestion
27.6  Protein synthesis

27.6.1  Whole-body synthesis and
degradation
27.6.2  Fractional protein synthesis

in different organs

648
648
649
649
649
650
651
651
651

653
654

655
655
656
656
657

661

661

661
661

662
662
662
663
665
665
665
665
665
666
666
666
666

666
667
6638
6638
668
669
669

669



XVi

Contents

o/ i

27.8

27.9

27.10

27.6.3

27.6.4

2760

Fractional protein synthesis
in muscle

Ribosomal protein S6 and
ribosomal protein S6 kinase
(S6K1) and protein synthesis
Other factors influencing
protein synthesis

Protein degradation

27iri
2/l
LS Ll
27.7.4

&6k

Overview

Autophagy

Ubiquitin and protein
degradation

Lysosomes and protein
degradation

Whole body determination
of protein degradation

Control of protein synthesis and

degradation
S/ 454 Overview
27.8.2  Protein kinase B (Akt)/

27.8.3

27.8.4

& {skded

27.8.6

Sloaldol.

2100

27.8.9

ol s Il

mechanistic (or mamma-
lian) target of rapamycin
pathway controlling
protein synthesis and
degradation

Protein synthesis and
age/development

Effects of nutritional
deficiencies on muscle
protein synthesis and
degradation

Effects of stretching on
muscle protein synthesis
and degradation
Hormones and muscle
protein synthesis
Microorganisms and pro-
tein synthesis in liver and
gastrointestinal tract

Environmental temperature

and protein synthesis and
degradation

Protein synthesis and
immune functioning

Other physiological effects

on protein synthesis and
degradation

Proteins and reproduction

2l.8. ]
ol il &

Female reproduction
Male reproduction

Amino acids and metabolism

4 10

&7 108

Amino acid transfer into
muscle and other cells
Amino acid transporters

670

670
671
671
671
671
672
673
673

6/3
673

674

674

674

674

674

674

674

675

675
675
675
676
676

6/6
677

28.

27.11  Nitrogenous waste
27.11.1 Overview
27.11.2  Uric acid
27.11.3  Urea
27.11.4  Glutamine and ammonia
detoxification
27.11.5  Amino acids as energy
sources
27.12  Amino acid derivatives
27121 Overview
27.12.2  Melanin
27.13  Extranutritional effects of amino
acids
27:13:]1 Overview
27.13.2  Amino acids in the control
of metabolism
27.14  Other uses of avian proteins
References

Further reading

Food intake regulation

Mark A. Cline, Mike Denbow,
Elizabeth Gilbert and Sami Dridi

28.1
28.2

28.3

28.4
28'5

Introduction
Peripheral regulation of food intake

28.2.1  Gastrointestinal tract and
ghrelin

28.2.2 Liver

28.2.3  Dietary nutrients

28.2.4  Adipose tissue and leptin

Central nervous system control of
food intake

Classical neurotransmitters
Peptides
28.5.1  Neuropeptide Y

28.5.2  Melanocortins
28.5.3  Corticotropin-releasing
factor, urocortins, and
urotensins
28.5.4  Mesotocin and arginine-
vasotocin
28.5.5  Opioids and kyotorphin
28.5.6 FMRFamides
28.5.7  Galanin
28.5.8  Visfatin
28.5.9  Somatostatin
28.5.10  Glucagon superfamily
28.5.11  Cholecystokinin and gastrin
28.5.12  Calcitonin family
28.5.13  Insulin
28.5.14  Bombesin
28.5.15  Neuromedin family

677
677
677
678

678

678
678
6/8
679

679
679

679
680
680
685

687
687

687
6838

688
689

690
690
694
694

698

698

699
699
700
7071
701
701
701
701
701
702
702
702



Selection for single growth-related
traits alters food intake control
mechanisms

Other pathways involved in central
appetite regulation

28.6

28.7
28.7.1
28.7.2
28:7.3
28.7.4

References

Further reading

Part V
Endocrine theme

Yajun Wang

291

Cannabinoids
AMP-activated protein kinase
Mechanistic target of
rapamycin
Autophagy

29. Overviews of avian neuropeptides
and peptides

Introduction

9.1,

4 .
£9.1.3
29.1.4
9.1
<2, 1.0

237
£9:1.0
23,1.9

2J.1.10
£29.1.11

91,14
29,15

29.1.14
$9.).10

29,1710

- B 0% B
29,.1.10

29,1519

29,1.20

L9041

Galanin/spexin peptide
family

Tachykinin peptide family
Calcitonin peptide family

Parathyroid hormone family

Relaxin peptide family
Ghrelin/motilin peptide
family

NMU/NMS peptide family
Neuropeptide S
Neurotensin and neuro-
medin N

RF-amide peptide family

Cholecystokinin and gastrin

peptide family

Orexin peptide family
Melanin-concentrating hor-
mone peptide

Prokineticin peptide family
Corticotropin-releasing hor-
mone peptide family

Neuropeptide W and neuro-

peptide B
Opioid peptide family

Somatostatin/cortistatin pep-

tide family

Urotensin [l/urotensin [I—
related peptide family
Glucagon peptide
superfamily

703

704
704
/704

705
705
705
13

717

/17
r&d
/24
740
/26

726

726
/727

(&L
/728

749
729

729
730

730

/730
i3]

731

732

/32

Apelin and elabela peptides 733

29.4

20:%i22
29.1.25
29.1.24
29,185

29.1.26
29.0:27
29.1.28
29.1.29
29.1.30

28431
29.1.32
29,133
29.1.34
&1 3633
29.1.36
2.5

29.1.38

29339

Summary

References

30. Pituitary gland

Colin G. Scanes

Abbreviations
Introduction

Embryonic development of the
pituitary gland

Anatomy of the pituitary gland

30.1
30.2

30.3

30.4

30.3.1

30.3.2
38):5.5
30.3.4

Contents

Neuropeptide Y family
Natriuretic peptide family
Osteocrin peptide
Neurosecretory protein GL
and neurosecretory protein
GM family

Ornitho-kinin peptide
Angiotensin Il peptide
Endothelin peptide family
Bombesin peptide family
Melanocortin system
peptides

Arginine vasotocin/meso-
tocin peptides

Cocaine- and amphet-
amine-regulated transcript
peptides

Leptin
Thyrotropin-releasing
hormone

Esophageal cancer—related
gene 4—derived peptides
Chemerin

Granin-derived peptides
Antimicrobial host defense
peptides

Other peptides

Anatomy of the anterior

pituitary gland (pars distalis)

Pars intermedia

Pars tuberalis

Posterior pituitary gland or
pars nervosa

Gonadotropins

30.4.1

30.4.2
30.4.3

30.4.4

Gonadotropin subunits,
genes, mMRNA, and
glycoproteins

Actions of gonadotropins
Control of gonadotropin
release

Control of gonadotropin
subunit expression

XVIil

/34
/34
739

735
F 35
730
736
/36

737
738
/38
£39
/39
439
/740
/740
740
742

/42
/42

759
759

759
761

761
763
763
/63
763
763
765

/67

/770



