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Macromolecule
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Poly: many

TWO CHEMICAL REACTIONS INVOLVED IN THESE METABOLIC PROCESSES:
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Condensation: removes 1 molcule of P&O when two monomers

are joined together

Hydrolysis: Adds 1 molecule of
broken apart.

when two monomers are

1. CONDENSATION: (also called
‘Dehydration Synthesis”)

Assembly of a polymer —Anabolism!!

As each two monomers are joined together to form the polymer chain, a
molecule of water is removed.

2. HYDROLYSIS: (hydro-'water”

lysis- break apart”)

Disassembly of large polymers back into monomers (reverse of
condensation!)
This is “Catabolism! A molecule of water is added back to break apart each two
monomers in the polymer.

One hydrogen is added back to one monomer and the hydroxyl group is added bac
to the other monomer.

Most life forms on this planet use the same basic “building blocks”, i.e, same basic



CARBOHYDRATES

“cellular energy and building material”

MONOMER: Monosaccharide
- single sugar molecules also called “simple sugars”

-Molecules are composed of carbon, hydrogen and oxygen

General formula: (CH,0)

‘carbon hydrates”

n = number of carbons in chain

-vary from 3 to 7 carbons in chain
(3C, 5C, 6C most common chain lengths)

Glucose: most common monosaccharide

Carbohydrates are “Polar molecules”

(CH,0), — CgH4,0;

Sugar Hallmarks:
Hydroxyl group on each carbon in chain except one

Carbonyl group on that one carbon

‘a 6 carbon suga

- readily dissolve in water

Aldoses

Ketoses

(hence name of carbohydrates)

Trioses (C,H,0,;) Pentoses (C.H,,0.)
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In aqueous solutions, sugars assume a Ring Form:”

When glucose forms a ring, the carbonyl carbon breaks the double bond and keeps a single
bond with its oxygen, and forms a single bond with the oxygen of the 5-carbon. (illustrations are
figure 5.4 in text — if they do not show on web)

Look at the graphic below showing how the linear form (carbon chain) closes up to form the
closed ring:
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HO —C—H “\c H /H
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(a) Linear and ring forms
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XMZELCIER: Glycogen & Starch
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AX L= Cellulose

Cellulose microfibrils

in a plant cell wall
Cell walls / Microfibril
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General characteristics:
» Jlarge and diverse groups of molecules
o are NOT polymers

o Groups differ structurally
« Share common characteristic: NON-POLAR (hydrophobic) compounds

Three Groups of Lipids:

1. Fats
2. Phospholipids
3. Steroids

GROUP 1: The FATS

Fats and Oils -energy reserves for animals (2.5X more energy per gram of fat
than gram of carbohydrate)

- insulation
o Nonpolar
o Composed of only carbon, hydrogen and oxygen
» Basic structure of fats and oils: TRIGLYCERIDE (triacylglycerol)
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(a) Dehydration synthesis
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TRIACYLGLYCEROLS Fatty acids are stored as an energy reserve

(fats and oils) through an ester linkage to
glycerol to form triacylglycerols.
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Carboxyl
group

Hydrocarbon
chain

TWO TYPES OF FATS

SATURATED

Solid at room temp.
No double bonds
Most animal fats

-

UNSATURATED
Liquid at room temp.

Double bonds

Most plant fats (oils)
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cholesteryl esters

free (unesterified)
cholesterol
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o Varation in steroids: variation in functional groups attached to ring group

Cholesterol:

Precursor in living organisms for:

« Sex hormones ( testosterone in male, estrogen and progesterone in female)

» Corticosteroids from adrenals
Vitamin D

Bile salts

Important part of cell membranes

Obtain in diet and make it in the liver.

Anabolic steroids: Testosterone mimics

GROUP 3: THE STEROIDS

o Structurally different from fats and phospholipids
« Characteristic structure: 4 Fused Rings
Found in all steroid compounds

(body thinks its Is testosterone)

CH.

CH.
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Female lion Testosterone Male lion
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PROTEINS SOME FUNCTIONS OF PROTEINS
Some of the most important molecules in your body: BT
Major constituent of cells 2. ENZYMES
Hold the body together T NI
Direct all the metabolic functions 4. CELL MOVEMENT
5. TOXINS
The list at right Is by no means complete 6. TRANSPORT
But it does give you an idea of the tremendous diversity of proteins. 7. DEFENSE
Proteins are polymers. MONOMER: AMINO ACID
All proteins in living organisms are made from the same set of 20 amino acids!\
BASIC STRUCTURE OF AMINO ACID:
Central carbon with four functional groups:
Amino group — H T o)
Carboxyl group common to all amino >N—c _c<
Hydrogen —1 acids H Carboxys
ydrog Amino 'L OH Gombo
amino carboxyl
group group Variable
\ I} Group
\\ H / H ]
H)N—cl—cobH — H;N—cl:—(:oo“
i PH?7 I
CH, CH,
a-carbon \
side chain (R)

nonionized form ionized form



POLAR NONPOLAR

Electrically

1 -
H H H | 0 PP | AP
T I‘ |z | 4 li' 4 + | Coe— te—c7 to—c7
Hsn’—c—cfo n3~’—c—c\’o H3~°—c—c<p H3|~I’—<:—c<o wN—c—cl  mgn—e—cl  MNTETO O MYTETS MITTTS
I o L o L o | o Lo | o CHy CHy HaC  CHp
H CHy CH CH» H3C—CH CHz \/
2 l I I CHz
CH3 CHg CH CHa CHy
/7 N\ I I
|
CHj3

Glycine (Gly) Alanine (Ala) Valine (Val) Leucine (Leu) Isoleucine (lle) Methionine (Met) Tryptophan (Trp) Phenylalanine (Phe) Proline (Pro)

H H H H
e 'i‘ /; + | + | + Tl //o - l /P " l //o
H;N—C—C\ HgN—C-C\ H3N-C—C\ H;N—C-C\ H3N-C—C\ H3N—C—C\
I o | o [ o I o I No | Nor
CHj CH CHz CHj CHy CH;
i e | i |
OH 3 SH c
/ \\o ‘im2
NH C
g 7 N\
OH NH2 o

Serine (Ser) Threonine (Thr)  Cysteine (Cys) Tyrosine (Tyr) Asparagine (Asn) Glutamine (Glin)

H H H
HaN— I —cé) HaN— l —cé) HaN— l —cé) H N’—T—c/’o
o 1% P Me DT
2 2 2
) | | | |
o S8 £ 2 i
- o o ¢ CHy CH3
© s | |
o 0 CHy NH
X — I . l .
NH C=NH
O 3 I 2
NH2
Acidic Basic
Aspartic Acid (Asp) Glutamic Acid (Glu) Lysine (Lys) Arginine (Arg) Histidine (His)

R Group determines:

1) ldentity of amino acid
2) Physical properties (size and shape)
3) Chemical properties ( polar, non-polar, acidic, basic, neutral)



Peptide Bond

R R
I
H—N—C—C—0H H—N—C—C
| | + I |
H H O H H O
(a) ’\b H,O
Side Chain
R R FII H
| ~ I
‘c—cCc—0 H T C cli—N—clz cli OH
| II "
Amino group Carboxyl group Peptide bond

(b) (¢)
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Primary structure
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Secondary structure
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Tertiary structure

Hydrophobic
interactions
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Quaternary structure

B

(b) Hemoglobin

(a) Collagen



Substrate = Hy05

Substrate
AN Active site

&

Molecular model Schematic model
of catalase of an enzyme

OUTSIOE CELL

Scientists used X-ray crystallography to develop this map
of the complete structure of the AMPA-subtype glutamate
receptor in the rat brain (courtesy of Dr. Eric Gouaux,

Structure of an ion channel OHSU)

INSIDE CELL







Path of absorption Foodstuff Enzyme(s) and source Site of action

Secl

| oot | S e
Salivary amylase Mouth
Absorption:The monosaccharides Pancreatic amylase Small intestine
glucose and galactose are absorbed
via cotransport with sodium ons;
fructose passes via facilitated
diffusion. All monosaccharides enter
the capillary blood in the villi and are
transported to the liver via the hepatic
portal vein.
Brush border enzymes Small intestine
Glucose + glucose = maltose in small intestine
Glucose + galactose = lactose Galactose Glucose Fructose (dextrinase, glucoamylase,
Glucose + fructose = sucrose lactase, maltase, and sucrase)

Absorption of Carbohydrate

Intestinal lumen

B Sucrose Glycogen
D-Glucose+D-Galactose (G-F) _o-a mylase\’
O lITIEERAIRS Oligo-saccharides

(e

GGG

Enterocyte

ISF

Fig. 22-11 Aokt




Path of absorption
Fat digestion

Absorption: Fatty acids and
monoglycerides enter the intestinal cells
via diffusion. They are combined with
proteins within the cells, and the
resulting chylomicrons are extruded.
They enter the lacteals of the villi and
are transported to the systemic
circulation via the lymph in the thoracic
duct. (Glycerol and short-chain fatty
acids are absorbed into the capillary
blood in the villi and transported to the
liver via the hepatic portal vain.)

/ \ coml'non bile duct

Recycled e
through portal \ Gallbladder
circulation

Foodstuff Enzyme(s) and source
Unemulsified fats
<l:>—— Emulsified by the
detergent action
of bile salts ducted
in from the liver
Pancreatic lipase

Monoglycerides  Glycerol and
and fatty acids fatty acids

>

e K[| ASIE =L (A8 24X)
1. Detergent action: R&t 2t&

(emulsification)
2. Micelle &4

Pa

Colon Duodenum

\/ Fat Droplet

Micelle
Terminal ileum

=t& 2| Enterohepatic circulation

Site of action

Small intestine

Small intestine



Emulsification(®2l) & micelle formation

Fat globule
- A @&
e 4 | 70 Nonpolar
(% %- \ Polar
region
Togon & (charged)
By, B regions
' Emulsification sB.a'I?
- \ oAy
B
- oo
= j? Lipase
O .' ‘f?_}" ol
& Fat droplets
‘ . = coated with
3 7 bile salts are
— L o= suspended
- in water
£
-3 @
;g?!‘\ .& 't.‘.;)'l %
LI
B,
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Micelle: 214 3-10nm. B&2| CtE T H =0l 2| AH|Z, H|A|EI2F A BF

s O-d—

Micelle

)

*02

Hydrophobic core

N —

f/O"“
3%,

Fatty acid All Iipod-solub&e
&
Monoglyceride
& ‘T Water-soluble portion . Water-soluble portion
x| 84 HIE 0. v
Lipid-soluble portion () Lipid-soluble portion

Bile sait

Hydrophobic
/ (nonpolar)

Hydrophobic side

Hydrophilic side

Hydrophilic
(b) groups (polar)

© 2011 Pearson Education, Inc.

Lecithin



Micelle

1 :
. In the presence of bile, The fatty acids and
monoglycerides form monoglycerides leave the
into micelles, allowing them micelle to be absorbed into
to be soluble in the watery the intestinal cells.
environment of the intestines. \

Inside the intestinal cells
the monoglycerides once
once again reform into
triglycerides.

-

Lysophospholipid

\ . Bilesalt

Entrance of
right lymphatic
duct into right
subclavian veip

Internal
jugular vein

ntrance of
thoracic
duct into left
subclavian veir

Thoraci¢ duct
Aorta

Cisterna chyli

Micelle Intestinal cell

Lymphatic
collecting
vessels

: : Mucosal cell  Lymphatic
Large Mucosal cell —_ Endoplasmic reticulum | stsgl\

lipid ..
drolplet Faw o B\ Triglycerides 0.0

Mixing + OO ©  + pancreatic @V o—f\/y\/\/\ synthesized o

bile salts Oooo lipase S ONAAN

60 0 o & o & S s o

OO o © @/\/\/\/\ @J\/\/\/\ & O

Monoglyceride Monoglyceride D - 1A

Micelles e -
\ Exocytosis of
chylomicrons S




Medscape® www.medscape.com

Chylomicrons

Triglyceride []

phospholipid
protein Cholesterol
a2
£ ¥ | 5% Phospholipid .
2 i R Protein [
o T 0%
Chylomicron T 5
Chylomicron -
remnant S
e cholestero )
triglyceride
Medscape’

Micelle

Hydrophobic core
Hydrophilic shell
79\

All lipid-soluble
Cholesterol

| Water-soluble portion () Water-soluble portion

Lipid-soluble portion || Lipid-soluble portion
Bile sait Lecithin



Projeins . prowndgeston
!

Amino Large Small Absorption: Amino acids are

Aclds Pepﬂ%es Peptides absorbed via cotransport with sodium
ions; they enter the capillary blood in
the villi and are transported to the
liver via the hepatic portal vein.

<i>—_

Large polypeptides

Small polypeptides,
small peptides

Amino acids
(some dipeptides
and tripeptides)

Copyright @ 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.

Pepsin (stomach glands)
in the presence of HCI

Pancreatic enzymes

(trypsin, chymotrypsin,
carboxypeplidase)

Brush border enzymes
(aminopeptidases,

carboxypeplidase,
and dipeptidases)

32

Stomach

Small intestine

Small intestine
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Cell Respiration

OlAtSHphosphorylation) )

ATP: Of|LX| 2}
phosphoanhydride bonds

By 460 40

I l I
-o—h)—o— b-O-b-O—CH,
O

energy from ATP
sunlight or
from food
o) OF 08
N Zo) |
“O- Tl’—o + -0- E—o— 'll) -O—CH,
O O O
inorganic
phosphate (P;) ADP

jure 3-32 Essential Cell Biology, 2/e. (® 2004 Garland Science)

CYTOSOL MITCHONDRION
2 NADH %
o))
1 Electron -~ _ \
shuttle across 2 NADH 6 NADH 2 FADHZ]
membrane /=
( 11
o \/
(?-LY(':OLYSIS2 oo S oTROR
TRANSPORT CHAIN
Glucose (> Pyruvate CYCLE AND OXIDATIVE
PHOSPHORYLATION
\V4 N/ N
+2 ATP ~ 0 to about 2 ATP +2 ATP + about 34 ATP
by substrate-level  depending on shuttle by substrate-level by oxidative
phosphorylation that transports electrons phosphorylation phosphorylation

\

from NADH in cytosol

Maximum per glucose:

Yo

Abo
38 ATP

Copynght © Pearson Education, Inc., publishing as Benjamin Cummings

energy available
for cellular work
and for chemical
synthesis



Substrate level phosphorylation

7|8 =& Qlike)

Adenosine

Substrate
(PEP)
?‘ Y
7=°
¢|3=° + (P—P—P— Adenosine
CH,4

Product
(pyruvate)
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& Oxidative phosphorylation
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CHy, + 20, ———> CO, + 2H,0 T energy
Methane Oxygen Carbon Dioxide Water

Combustion Reaction

=

ELE9| Mefetttd

CiH-0, + 60, — 6CO, + 6H,O + Energy

HXE=7|H=A2] NAD+ 24
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> | X| =1

(a) Oxidized: NAD™ Reduced: NADH Dehydrogenase= 7|Z
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Glycolysis

CH,OH

) e O

one molecule
of glucose on A

HO)

OH

Bl — [ stees
v

! STEP 2
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CH, CH,

Figure 13-3 Essential Cell Biology, 2/e. (® 2004 Garland Science)
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energy
generation
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TCA Cycle

Tobin/Dusheck, Asking About Life, 2/e
Figure 6.8

O
|
H,C — C— S-+CoA

acetyl CoA
o) 3 2c

NAD* CoA for fat S.YDthGSiS oxaloacetate 6C citrate

§ s 8 W) 007\ INADH| STEP 2 6C
Pyrt.ivate \ Acetyl-CoA v W STEP 8
NAIDH co, 4aC STEP3
\« to electron transport chain
STAGE 2: FORMATION OF ACETYL CoA STEP7 5C
STEP 4
4C STEP 6

STEPS - m.a‘

Copyright © 2001 by Harcourt, Inc. All rights reserved. 4C T -
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ot=Ate| ZEH0A FEXI2
NET RESULT: ONE TURN OF THE CYCLE PRODUCES THREE NADH, ONE GTP, AND

AH A
pyruvate 244, ONE FADH,, AND RELEASES TWO MOLECULES OF CO,



Electron Transport Chain
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Gluconeogenesis (2144)

.+ 49l9| A2 glucose= H|Hof % 20 g, glycogen HEHE o 190 g2l %02 =X,
YEe SIRYTo| Yor B

« glucose?| stF APE2 160 g =2 M ZEHQI glucose?)

oO=0 1—

o eiL} SAO[LL AT 25 0= 256t B 2= H|Etre==S 2R E A d-J0| Z[010F2H .

. =BIMZAZR- 7H0| AF|ZEO| 90% = XX
4]

1. =Q H[EIeelEm TS

lactate: 52 2
amino acids:

= M|2])2 pyruvateLt oxaloacetate=2 Het=ICT,
glycerol: X|2M|Z 0| M triacylglycerol2| 7t4=23H0

F0|A pyruvateZ ™EHEICE,

dihydroxyacetone phosphate (DHAP)Z T etEICH 2
glucose= Metk|X| =L},

2. gluconeogenesis 72 sli{EE o] Alfak TIRHO[X]

E=NL PS*._E ZFO[Lt AHO] o Lho| X S-S FXIAA 2 2

AT

O“ X'”o(3|'t A,

=4 '%O\ CHEET 20| HEEES| Zol0A L= Of0[e 4t (Leu®t Lys

2= glycerol

Lt X|YLe| BR2= s=0M=

L



Glycolysis & Gluconeogenesis
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Ketone Production by Liver During
Fasting Conditions (Ketosis)
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Glycemic Index & Glycemic Load

» The glycemic index (Gl) is a number ) High Glycemic index: 270 140
High Glycemic Load: 220

from O to 100 assigned to a food, with
pure glucose arbitrarily given the value
of 100, which represents the relative rise
in the blood glucose level two hours
after consuming that food

* The glycemic load (GL) of food is a
number that estimates how much the
food will raise a person's blood glucose
level after eating it. (Gl x 13X F & &R

Etr2t=3)/100

75

Blood Glucose level (g/L)
Blood Insulin level (nU/mL)

30min 1h 2h
Time after food ingestion

Carneiro, Lionel, and Corinne Leloup. "Mens sana in corpore sano: Does the Glycemic Index Have a Role to Play?." Nutrients 12.10 (2020): 2989.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Glycemic Index, Glycemic Load,
and Cardiovascular Disease and Mortality

Glycemic Index Hazard Ratio (95% Cl)

Body-mass index <25
Quintile 1 W 1.00 (1.00-1.00)
Quintile 2 vs. Quintile 1 —— 1.03 (0.92-1.15)
Quintile 3 vs. Quintile 1 —— 1.09 (0.97-1.23)
Quintile 4 vs. Quintile 1 —— 1.16 (1.02-1.31)
Quintile 5 vs. Quintile 1 —— 1.14 (1.00-1.30)

Body-mass index =25

Quintile 1 = 1.00 (1.00-1.00)
Quintile 2 vs. Quintile 1 = 1.04 (0.96-1.13)
Quintile 3 vs. Quintile 1 —a— 1.19 (1.08-1.31)
Quintile 4 vs. Quintile 1 —a— 1.29 (1.16-1.44)
Quintile 5 vs. Quintile 1 —a— 1.38 (1.22-1.55)

0.5 1.0 1.5 2.0




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Glycemic Index, Glycemic Load,
and Cardiovascular Disease and Mortality

Study and Year Weight

%
Levitan et al., 2007 39
Nagata et al., 2014 28
PURE study, 2021 34
Total

Heterogeneity: tau?=0.00; x?=0.35, df=2 (P=0.84); I°’=0%
Test for overall effect: z=3.87 (P<0.001)

Risk Ratio for Death from Cardiovascular

Disease (95% Cl)

0
i
i
| | | |
0.5 0.7 1.0 1.3 2.0
- -
Less Risk with More Risk with
High Glycemic High Glycemic
Index Index

123 (1102=143)
1.22 (0.98-1.52)
1.32 (1.08-1.61)

1.26 (1.12-1.41)
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Muscle Contraction Types

Muscle
contracts
(isotonic
contraction)
=
(a)
4 Amount of Muscle
Muscle — load relaxes
fonsiors: Peak tension v
(kg) production \
0
Contraction
begins i
100 1 Resting length
Muscle
length 90 —
(percent
of resting 80 -
length) 70
Time >
(b)
|sotonic:

Concentric: Overcomes opposing resistance

and muscle shortens

Eccentric: Tension maintained but muscle

lengthens

Muscle
contracts
(isometric
contraction)
=
/
(c)
¢ (B Amountofload |
/Muscle
Muscle 4| relaxes
tension )
(ka) » Peak tension
production
0
Contraction
_ begins | ength unchanged
Muscle
length 90
(percent
of resting B
length) -4

(d)

Time >
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ZZ{2o| ATP 23

L

1) 32{|0}El @l4&F creatine phosphate

-l

2) A5HH 214} oxidative phosphorylation

3) sd&E glycolysis

H
Poon 0
Adenine
o—@-~0—@~0—@—o—c»
| |
) O G-
Phosphate groups H H
HO OH
Ribose
' Adenosine '

L— Adenosine monophosphate (AMP) —

l Adenosine diphosphate (ADP) '

' Adenosine triphosphate (ATP) e
Copyright @ 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.




Creatine Phosphate-ATP interaction

(I)' Iri HoN NH
O—H”'\\ NH C
0 (|3 N—CH;
N—CH3; CH,
Phospho (I:H: ¢ Creatine

2N

creatine (I: O OH
A
HO O \/
®

ADP phospho kinase ATP
(Cpk)

=l

4 25 X7 1235)

32[O}EI0| QUALT| 2+ QICH7H ADPSHH| F A ATP ZHEXZF7 (

1 U= 2F]2 ATPEL} 58 B2 32[0LEl QI ofR. &, CHREE2| o[ X|7F Z2{|0FEl @Ik HE|
= NEEA U= AL

When cell muscles are damaged, this leaks across capillary beds and into the blood stream. Thus
a high blood concentration of CPK 1s indicative of muscle tissue injury (MI, rhabdomyositis,

myocarditis...)

61



— >|Glycogen

=

<---- ADP

..........
oooooo

Creatine

(a) Resting muscle: Fatty acids are catabolized; the ATP
produced is used to build energy reserves of ATP, CP,

and glycogen.

/Qluco;ex Glycogen j |
2CADP>

Glucosé
BN

| Glycogen

ADP \
S

Pyruvic

To myofibrils to support ‘
muscle contraction

(b) Moderate activity: Glucose and fatty acids are
catabolized; the ATP produced is used to power
contraction.

ADP
5C ATP ADP CP
Pyruvic ATP
Lactic 7 $ ¢ }

| To myofibrils to

support muscle
contraction

(c) Peak activity: Most ATP is produced through glycolysis,
with lactic acid as a by-product. Mitochondrial activity
(not shown) now provides only about one-third of the

ATP consumed.
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Glycogen Utilization in Working Muscle

Light exercise

10()’
S 75
= E Moderate
o) g
! exercise
£ /
v 5l
ab
S
O
o
B0 o
25 Heavy
o
- cxcrcisc/
0; tnesmm—mr——— roragsocwecTT
0 30 60 90 120

Esochenszry, 3 od, Cxrreer 3nd Crchame, 1004 p. 72

A|lZFO| X|Ltd Of|L X[ O] HHH 25

Exercise time (min)

performance &4,

Energy Sources of Skeletal Muscle Change during Work
(mixture of red & white fibers)

100 JATP Creatine Phosphate

anaerobic
Glycolysis

———

aerobic
Glycolysis

Lipolysis

1 S _ 15 - 1
minutes ——p



Energy source

=

— ATP-PC System
- Lactic Acid System
Overall Performance

~— Asrobic System
T = Threshold Point

I""l\'"""

% of maximum rate of energy production

2g8ec | 10sec |2 min 2hs time
— . For very intense, short-term exercise
ATP + creatine (e.g., a 10- to 15-second sprint),
phosphate stored creatine phosphate and ATP
provide the energy at a rate of
. Aerobic oxidation . approximately 50 kcal/min. When
Alniglroé’i's‘f Plasma FFA these stores are depleted, additional
A § Adipose tissue triglycerides intensive exercise for up to 2 minutes
glycogen can be sustained by breakdown of
Aerobic oxidation muscle glycogen to G6P, with
Muscle glycogen glycolysis yielding the necessary
Plasma glucose energy (at a rate of 30 kcal/min). This
~ Liver glycogen anaerobic phase is not limited by
/\ /\ depletion of muscle glycogen, but
012345 8 1 5 3 4 rath_er b)_/ the rapid acc_umulation of
, lactic acid in the exercising muscles
Minutes Hours

and circulation.
Time

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



MAE (oxygen debt)

After completion of exercise,
respiration remains above the resting
level in order to "repay" this oxygen
debt.

The extra oxygen consumption during
this recovery phase is used to restore
metabolite levels (such as creatine
phosphate and ATP) and to
metabolize the lactate generated by
glycolysis

Rate of energy expenditure

Rate of energy

expenditure .
\ Strenuous exercise

Energy provided by
oxidative metabolism

O, debt

Minutes

Endurance exercise

Exercise
[ S — el |

0 10 20 30 40 50
Minutes

Koeppen & Stanton: Bermne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved
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Muscles vary in terms of the speed of contraction -> &£, X|2

LR G S G, gastrocnemius of the leg;
T 75 40 90 msec LR, lateral rectus muscle of the eye;
S S, soleus muscle of the leg.
c
¢V
s
0 Time >
A

S-EDL

Shortening velocity (um/sec)

0 0.5 1.0

Myosin ATPase activity
(Lmol/mg/min)

B

Koeppen & Stanton: Bermne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



Slow and Fast Fibers

Table 9.4 Characteristics of Skeletal Muscle Fiber Types

Slow-Twitch High-Oxidative Fast-Twitch Low-Oxidative | Low-Oxidative

Characteristics Typel Type lla Type lix
Fiber diameter Smallest Intermediate Largest
Myoglobin content High  ->&Z Intermediate Low ->HHZ
Mitochondria Many Intermediate
Capillaries Many Intermediate Few
Metabolism High aerobic capacity Intermediate aerobic capacity Low aerobic capacity
Low anaerobic capacity High anaerobic capacity Highest anaerobic capacity
Fatigue Resistant Resistant Not resistant
Rate of ATP breakdown Slow Fast Fast
by ATPase in myosin

High
Can predominate in lower limbs

(e.g., in athletes who are
sprinters)

High
Upper limbs (more in upper than

lower limbs and more in legs of
athletes who are sprinters)

Glycogen concentration Low

Generally postural muscles and
more in lower than upper limbs
(e.g., in endurance athletes)

Location where fibers are numerous
(largely genetically determined)

Rapid, intense movements
of short duration

Endurance activities in
endurance trained muscles

Functions Endurance activities and posture

&, X222 22 EHA0M AAEX]8h0]| 2f5] 23 E
- Innervation of small motor axon -> type | (X|2)
- Innervation of large motor axon -> type Il (52)
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Myoglobin

myoglobin hemoglobin

N CH,

CH,

H.C CH,

HO O O OH

myoglobin - hyperbolic

100- poneg o

80 =

X C O Lo
504 i o O

S LD El

E 40- : /" hemoglobin o

= : ' sigmoidal o : 3

- i L ® Hemoglobin and myoglobin transport
20 - | : ' . :

; » oxygen; Hb is found in the blood and Mb

0 e — e is found in muscle tissue

0 20 40 60 80 100

P g, (Hamm) ® They both metalloproteins, containing
iron at the center of a heme group

® Mb has much higher oxygen affinity at low
Po2



—I|Z (muscle fatigue)

Type 1 motor units(slow-twitch) are fatigue resistant.

At Xel ==4F |, not the result of depletion of energy stores. (ZL|ZA| A
ZLj ATP 0| 21Xfet =& 2 0K |= F2).
5

=SA| 2ddol= metabolic byproducts7r =%t Quf oIXtZ MZtE|T 9/2. (lactic
acid, phosphate &)
CNS 292Ix AU=.

ATP 7t X|EHQl +=F2 =2 ZAE|7| FO|| E57|F0] £35510] 2L|2S FESH= A.

Type 1 motor units
-~y

N
|

Whole muscle
j"I_

Tetanus stress (kg/cm?)

—i

Type |l motor units

| | |
o 1 2 3 4 5 10 20 30

Minutes

Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



DOMS (Delayed Onset Muscle Soreness)

28 28 0| H& 24-48 hrs O|F LIElLI= 222 85
72l ZAO| 10101 ZioZ AR AB{MUUOLE, Sixj= HA2 20| Q= o2 UKD o], 2MQ O|MFZEo| &Afa}
) 53—'-7801IA19I Ef%'%i 7| ME0| &toist= 202 XL QoL Hstst 2012 AP X QK| o2

=
J-% DOMS°| ’é”.i_é | CHet 2
Concentric contraction=2LC} eccentric contractiondl| 2|alf Z5HAH| K&t
2, OIALK| 50| £ 2ts50| 17 Qe Ae=2 HIE|1 QS

L=

[ R —

=32 A5 of7LL, LU of= R, MER2 23S ot 8% U FUH2=E S SeiHE o UES i HEMOF ef(d
AL M2 2ST2=E o4e DOM S &1X|0{ Rhabdomyolysis7t &gt == UL}

Control

Image of muscle from an electron mlcroscope after eccentric exermse (http://jap.physiIogy.org/content/1 07/2/570)



Timeline of major studies that paved the way to current
understanding of how physical activity controls muscle size

1841 CE. 1951. 1974. Early 2000s. 2016.

Reid shows that Stretch of Lemo shows that direct Schiaffino reports that Ras- Gundersen shows
electrical stimulation muscle is electrical stimulation PI3K signalling can rescue that mechanical
of denervated frog shown to restores normal growth of denervated fibres force, rather than

protect against
immobilisation

properties in
denervated muscle,

skeletal muscle
protects against

[305]. TORC1 is shown to
be essential for overload-

electrical activity per
se, is a trigger for

muscle atrophy [304]. atrophy [240]. including its mass [115]. induced growth [57]. muscle growth [254].
~1700 BCE. 1897. 1960. 1980s. Late 1990s-early | | 2004. 2018.
Ancient Egyptians Morpurgo shows that Buller, Eccles and Eccles Itis generally 2000s. Genetic studies Muscle-specific
knew, from dog muscle fibres surgically cross-unite motor accepted that Calcineurin provide loss of JNK
poliomyelits, that hypertrophy in nerves of fast and slow electrical activity signalling shown evidence shown to
acute inability to response to exercise muscles in cats and show controls muscle to maintain the against the role prevent
move a muscle led to training [4]. that the nerve controls phenotype. The slow fibre of calcineurin overload-
subsequent local muscle character [111]. It neurotrophic phenotype signaling for induced
muscle atrophy [303]. was hypothesised that the hypothesis is [160,174). adaptive muscle muscle growth
determining factor was largely discarded. growth [34). [99].
either a non-electrical Other calcium-
neurotrophic signal . ' dependent
secreted by the nerve, or Calcineurin pathways
the electrical activity itself. implicated in remain largely
hypertrophy of unexplored.
cardiac [163,
164] and skeletal
muscle [170].

Attwaters, Michael, and Simon M. Hughes. "Cellular and molecular pathways controlling muscle size in response to exercise." The FEBS journal 289.6 (2022): 1428-1456.




Distinct cellular processes in three modes of muscle growth.

— ,) Hyperplasia:

New fibre
( ) o addition
.
Quiescent Fusing
MuSC MuSC
G
(=) T A |NDSi Hypertrophy:
‘ & o s ;) J, Fusion Fibre growth
® ® @ -I-l by nuclear

Muscle fibre \ / | { addition
3
b

Hypertrophy:
Fibre growth by
cytoplasmic
expansion per
nucleus

Attwaters, Michael, and Simon M. Hughes. "Cellular and molecular pathways controlling muscle size in response to exercise." The FEBS journal 289.6 (2022): 1428-1456.
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