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Lecture 21 handouts- Energetics: MR, allomety\Krebs cycle

Ingested chemical energy

- 1 calorie = the amount of heat required to raise the temperature of 1 g /ﬁif ~ i
of water by 1 °C 4—..__,
- calories and joules are convertillé cal = 4.184 joules e R

Chemical
energy in

- 1 watt (W) is 1 joule/sec (rate of exchange of energy)

Metabolic rate (MR) is equivalent to the steadgte heat production by an
animal

Chemical energy in body tissues becomes
ingested energy for other organisms at death

(a) The concept of SDA

TABLE 5.2 Respiratory exchange ratios (R values)

Metabolic rate

during the bic catabolism of carbohyd lipids,
TM al and proteins Respiratory quotients (RQ values) are equal in
S steady state.
consumed |
Foodstuff Respiratory exchange ratio
Time Carbohydrates 1.0
Lipids 07
Proteins 0.83°

Source: After Kleiber 1975,

“The protein R value is for animals such as mammals in which urea is the
dominant nitrogenous end product. Different values apply to animals that
produce ammonia or uric acid as their principal nitrogenous end product,

BMR: defined as the metabolic rate of a sexually mature, restingi¢heutral,
postabsorptive, negrowing individual. Often assumed to be the lowest stable
measurement of metabolic rate from an individual.

(a)
Isometryi geometric scaling S— ﬁ 3 ﬁ
Allometry - systematic changes in body proportions with 3 B L
increasingsize (nongeometric) _
Volume 1oe®  27r 6464
Surface area 6  24(3%) 54(9x) 144(24x)

TABLE 5.4 Resting heart rate, and heart size relative to body
weight, in seven species of mammals

60

Species and average  Resting heart Heart weight per unit

body weight rate (beats/min)? body weight (g/kg)®

African elephant (4100 kg) 40 5.5 2 ?

Horse (420 kg) 47 75 = e

Human (69 kg) 70 52 2 Bl

Domestic dog (19 kg) 105 9.2 5 A o

] ooted mouse

Domestic cat (3 kg) 179 41 R &

Roof rat (0.34 kg) 340 29 i o Roofrat (117 g)

Lab mouse (0.03 kg) 580 40 fap <7 | & ey squizrel (440g) Desert
Source: After Seymour and Blaylock 2000. ;: California W:od o 2 (670 g)
¢ According to the source of these data, the statistical relation between resting heart mouse (495) 200g)
rate (RHR) and body weight (W) in mammals is RHR (beats/min) = 227W-°23 where W 10 =
is in kilograms. -

L L L L L L
b Although heart weight per unit body weight varies, it shows little or no consistent 0 100 200 300 400 500 600 700
relation to body size. Body weight (g)

(b)

Whole-animal metabolic rate

Mass-specific metabolic rate

Whole-animal

metabolic rate
Mass-specific
metabolic rate

Mass (kg)
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(a)

Mass-specific metabolic rate
(MmO, - g™ -h™)

Hum:
P L A R T R R SRR T
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Mass (kg)
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® (1) Proton pumping by
electron-transport chain

complexes

membrane

(2) The proton
electrochemical gradient:
an energy store

(3) Back-diffusion of
protons in an ordinary cell

(4) Back-diffusion of
protons in a specialized
cell with UCP1
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(a) Glycolysis
Glucose (6C)

ke

Glucoseb—phosphate (6C)

Fructose-&phosphate (6C)

ATP
ADP

Fructose-1,6-diphosphate (6C)

Dihydroxy- mms Glyceraldehyde-3-phosphate (3C)
acetone
phosphate (3C) 2 .

2NAD
2NADH,
2 1,3-Diphosphoglyceric acid (3C)
2 ADP

2 /ATP:

2 3-Phosphoglyceric acid (3C)

2-Phosphoglyceric acid (3C)
2H,0
2 Phosphoenolpyruvic acid (3C)
2 'ADP
2 °ATP
2 Pyruvic acid (3C)

(b) Krebs citric acid cycle Pyruvic acid (3C)
yield of 1 —— yield of 1 ———> NAD
ATP per ATP per
pair of pair of €O, NADH,
electrons electrons _a— Coenzyme A
Acetyl coenzyme A (2C)
Coenzyme A
Oxaloacetate (4C) +
NADH, Citrate (6C)
NAD j
Malate (4C) Isocitrate (6C)
NAD
*
NADH.
Fumarate (4C) €Oz 2
FADH;;
a-Ketoglutarate (5C)
FAD
Succinate (4C)
Coenzyme A
a o NADH,
. Coenzyme A
Succinyl
GDP + . ® coenzyme A (4C)
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