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monisaccharide

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)






Mirror Image of Glucose

H H
C=0 0=C
H—C—OH HO—C—H
HO—C—H H—C—OH
H—C—OH HO—C—H
H—C—OH HO—C—H

CH,OH CH,OH
D-glucose L-glucose
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ANOMERS

Stereoisomers formed when ring is formed (o, B).




disaccharide

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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maltose

HDH HDH

|/ \| ”‘?/ \|
Ne NN

Maltose
(A compound of 2 glucose molecules)



lactose

EH:l]H
0OH 0
0OH H
H
H 0OH

Galactose — Clucose



SUcrose

CH,OH
0 CH,0H g H

OH HO

CH,OH

OH OH

Glucose fructose



CELLOBIOSE

B-D-Glucopyranosyl -p-D-Glucopyranose

CH, OH CH, OH

OH OH

OH OH



polysaccharide

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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CELLULOSE

Polymer of 3-D-Glucose (1, 4) linkage.

Repeating cellobiose moiety.

OH

CH, OH

OH

OH

CH, OH

OH

OH

CH, OH

OH

OH

CH, OH

OH

OH



Cellulose

Cellulose

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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STARCH

The reserve carbohydrate of plants. Occurs as granules Iin
the cell.

Made of amylose and amylopectin.

CH, OH CH, OH CH, OH CH, OH

OH OH OH OH

OH OH OH OH



Amylose

Amylose

(starch)

CH>-OH CH-OH CH-OH

i A N )

A A
) l“%‘
N0 Q0

CH20H

OH OH OH

OH




AMYLOPECTIN

Polymer of a-D-Glucose (1->4) linkage In
addition to a-D-Glucose (1->6) linkage.

The length of linear units in amylopectin is only
25.

a-(1—>4) linkage (25) to a-(1—>6) linkage.



Amylose and Amylopectin

Amylopectin

(a) Two forms of starch

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Starch and

cellulose



GLYCOGEN

Animal starch.
o - (1 —> 4) linkage and o - (1 -> 6) linkage
12 : 1
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What is sugar?

Glucose is a
carbohydrate with
the formula CgH150¢

OH

Sugars are small
carbohydrates

Not all sugars are
fast! Sugars can be
fast or slow (fructose
and galactose).

mysportscience

Unlock the Power of Science to Optimise Performance

é @jeukendrup

www.mysportscience.com

Most common
sugars:

O
a
O

Glucose

(grape
sugar)

Fructose

(fruits
sugar)

Galactos

Maltose
(malt
sugar)

Sucrose
(table
sugar)

0 &

Lactose
(milk
sugar)

e

-
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Relative Sweetness
200

3

160 1

120-
%o

80-

B Sugar

40 - 331 33
20 16
N LT
Fructose Glucosea Galactose Alpha-Laclose
Sucrose Mallose Beta-Lactose

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Adipose cells Pancreatic beta cells

take up glucose release insulin
( QOO | insulin | < 4\
Increasing
blood sugar
o C/ :
Decreasing
Exercise blood sugar
Pancreatic alpha cells Liver breaks down

release glucagon glycogen to glucose
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a Rest b Early exercise C Late exercise

Muscle capillary bed

Glucose

o
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Glycogen

Nature Reviews | Endocrinology
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NOX2
A. Calcium Cotioc B. Mechanical

‘ stress
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Tyrosyl group

g24

Autocatalysis CUDP-glucosc
UDP
» Glucosyl unit

o
=

Autocatalysis C UDP-glucose

uDP

Glycogen synthase ( UDP-glucose
- UDP

Branching enzyme

Glycogen synthase

and branching enzyme { ~UDP-glucose
! ;’UDP
Mature glycogen (60,000 glucosyl units)
(B-particle)

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Designed by: Mohsen Ebrahimi (As

(A) ;

. g Inner branches
O~o¢© — ..0. ‘. .. : O o. A > Outer bl'a.nCheS
o o Y A ® .. .o : Q ...
(B)
GLYCOGEN
Branching enzyme 1,4 — 1,6
(GLUCOSE) n41 Pi
Glycogen synthase Phosphorylase
(GLUCOSE)
UDPG
PP;
UDPG pyrophosphorylase GLUCOSE 1-P
UTP
Phosphoglucomutase
i Hexoklinase GLUCOSE
GLUCOSE 6-P < [\



UDP-glucose

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Total Carbohydrate
503 g (2012 kCal)

Muscle glycogen
400 g (1600 kCal)

Liver glycogen
100 g (400 kCal)

‘Plasma:glucose:!
3 g (12 k€al)

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Glycogenolysis
Glycogen (n)

Pi

Epinephrine (+)
Glucagon (+)

Phosphorylase

Glucose—-1-phosphate

Glycogen (n— 1)

_— — —— - —- —- - —-- - —- —-— - —- — —-— — —_—- —_— —_— —- — ———— ——— —_—— — —

Glycogen synthesis
Glycogen (n)

UDP - glucose

Glycogen synthase

Insulin (+)
UDP

Glycogen (n + 1)
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ATP

v

ADP

Adenylate kinase

2

AMP

AMP deaminaiy

2

N -

IMP

Nucleotidase

v

Inosine

Nucleoside phosphorylase

v

Hypoxanthine

Xanthine oxidase

v

Xanthine

Xanthine oxidase

v

Uric acid

NH;

H,0,

H.0,
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Epinephrine

U

Adenylate cyclase

R

ATP PPi cAMP

Muscle contraction

C a2+

U

Phosphorylase kinase b

ATP Pi
A kinase Protein
phosphatase-1
ADP H,0
Phosphorylase kinase a
ATP\ / ADP
—
Phos b Phos a
/
P; Proteln H,0

phosphatase-1
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Aerobic glucose metabolism:

5+ 38 ADP +38P,6002+44H20 +

l Glycolysis

~
™ Pyruvate

e /
/ / ,"'
SR 2 ATP

Lactic acid

/ f Miiochondrial cO
respiration

/ |
/ Anaerobic glucose metabolism:

CqHy,04 1+ 2 ADP + 2 P, —2 lactate + 2 H,0
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Glycolysis:
Preparatory Phase

Glucose
ATP

OH H
Hexokinase (HK) > Mg?* o o

ADP 04’PO—CH,
Glucose-6-phosphate
N
Phosphoglucose isomerase
(PGl) PO——CH H,C——OH
A\ 4 2
Fructose-6-phosphate
ATP
Phosphofructokinase Mg2*
(PFK)
A P i O—CHZ C—OP03
Fructose-1,6-bisphosphate
Aldolase
. O3ZPO—C—CH—C< GAP
Glyceraldehyde-3-phosphate (GAP)—Dihydroxyacetone phosphate (DHAP) o

o

H
032PO—CZ—L|—CH20H BHAP

Triose phosphate isomerase (TPI

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Glycolysis: Payoff Phase oH

Glyceraldehyde-3-phosphate (2) '032Po—22—c|H—c/

s N\
Glyceraldehyde-3- Py + NAD[1 7
phosphate dehydrogenase
(GAPDH) NADH ) T“ orost
1,3-Bisphosphoglycerate (2) 'oazpo—cz—CH—c\
ADP _ |4 °
Phosphoglycerate kinase DI Mg=*
(PGK) ATP ¥ TH o
3-Phosphoglycerate (2) -oszpo—EZ—CH—c<
N ©
Phosphoglycerate mutase
(PGM) \/ TPO?’Z_ o
2-Phosphoglycerate (2) HO—(|-:|2—CH—C<O
Enolase Mg?*
H,O oPO”
Phosphoenolpyruvate (2) HzC:c—C<
ADP °
Pyruvate kinase > Mg?+, K*
(PK) ATP 0 e
/
Pyruvate (2) SN -,

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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oxidation fC y +2e¢e + H*
=N
H R
NAD?*

Flavin-Adenin-Dinucleotid (FADH,)

52



Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)



Glycolysis

Control Enzymes of Glycolysis

Enzyme Stimulators Inhibitors
Phosphofructokinase ADP, P, TpH, (NH,*) ATP, CP, citrate
Pyruvate kinase ATP, CP

Hexokinase Glucose 6-phosphate
Lactic dehydrogenase ATP

Brooks et al.

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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l Glycolysis

~
™ Pyruvate

| // "‘./ /
4 / ,"'
7= i 2 ATP

Lactic acid Mitochondriel co
2

respiration

/ |
/ Anaerobic glucose metabolism:
CaHmOﬁt* 2 ADP + 2 P,—2 lactate + 2 H" + 2 H,0 + 2 ATP

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Pyvruvate Dehydrogenase

O 0 HSCoA s

|l . I
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pyruvate acetyl-Cod

MADT MADH
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C21H36N7016P3S

Coenzyme A (CoA)

B-mercaptoethylamine pantothenate
] i1
HS—CHZ—CHZ—I?I—C—CHQ—CHZ,—N—C—CII—CI:—CH:,—O
H H H CH,
I i
H* + CoASH + CH;C—0- — CH;C—SCoA + H,0
thiol acyl group thioester

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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@‘}f@ Legend

| con [SH + NAD® © Hydrogen Sk, Adenosine
= \roaenase € Ccarbon DI% triphosphate

.C0.2+NADH H' %0%8 4? € owgen m s
: 0 ?&%‘ &

Sulfur

Q Coenzyme () Coenzyme A
NADH Nicotinamide adenine dinucleotide
wruvate dehyorogenase Enzyme

Citrate

Oxaloacetate | —

[ Citric acid cycle ]
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ATP vield during aerobic respiration of one molecule

of glucose
Respiratory No.of reduced H | No.of ATP No. of Total No.
process carrier molecules ATP of ATP
molecules formed | formed from | molecules | molecules
reduced
H carriers
Glycolysis | 2NADH,* 27%¥3=6 |2 3
Pyruvate — | 2NADH," 2%¥3=6 |0 6
acetyl CoA
Krebs 3NADH,"x2 |6x3=18|1x2 |24
Cycle 1FADH,* X2 |9y 2 =4
Total |38

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Space

Inner
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Matrix

ATP Production
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B water

O + 26~ = O~ + 2H* =—»H,0

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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CO; CO,

Mitochondrion

Cytoplasm

Inner membrane

Stage |
Glycolysis

Intermembranea Outer membrane

space

N—

= Pyruvate
3

-
NADH + HTor FADH,

2 3
S NCE EADH. 2 Transport Oxidative
2
ATP = ADP+P; Phosphorylation
Stage Il '
Krebs Cycle )
NADH + H~ NADH + H*

CO,

© stage IV Electron

to acetyl CoA Stage ll
Formation of
CO, Acetyl CoA

NADH + H*

Glucose @EEIOIDEICIENLDY Pyruvate

ATP
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aspartate transaminase NADH + H* NAD'
EC 2.6.1.1 \_/
aspartate » oxaloacetate » malate
(cytosol) malate
A o-ketoglutarate glutamate G'ftﬂﬁﬂl de;gc:f;:ﬂ!g-r?r;a;e
[ ' inner mitochondrial membrane [ ]
o-ketoglutarate glutamate . malate
matrix dehydrogenase |
K / EC 1.1.1.37
aspartate oxaloacetate <7T malate
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Glycerol-3-phosphate
Mitochondrion
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Shuttle Pathways or Systems

(Transport of reducing equivalents)

Malate-aspartate shuttle Glycerol-3-phosphate shuttle
L-ASp - j‘r"”‘i\" L-Asp DHAP = ~ DHAP
- .' Ghj KFADH: KNAUH
NAD'
a-KG oG FAD
(5ly¢:¢rol-3-< N Glycerol-3-
OAA T l' OAA phosphate phosphate
NADH l ’ t NADH
\ |
\ /
- \E / NAD"*
Malate » Malate JCAcxclo
SLC25A1T

Mitochondria Cytosol
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glucose

glycolysis | Cell cytoplasm
pyruvate Acyl-CoA Acylcarnitine

r

.

pyruvate

FAO Acylcarnitine

acetyl-CoA «— «x «— “ Acyl-CoA
/\ FADH,
NADH

NADH + H¢
naD+ | OXPHOS

NADH + H*

NAD* 9

NAD*

ey NADH + H*

FAD

\ mitochondrial inner membrane

mitochondrial outer membrane
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Lactate (mM)

Lactate Response to Prolonged Exercise (70% of VO, )

3.0

25 |

2.0
1.5
1.0
0.5

0.0

Time (min)
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_
Training status and LT

-o— Trained
-= Untrained

Blood lactate (mmol/L)

40 50 60 70 80 90 100
o;'I/O VOzmax
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(Fitts, 2003) suggests that an elevated
muscle [H+] could depress muscle function

by

1. reducing the transition of the cross-bridge from the low- to the
high-force state,

2. inhibiting maximal shortening velocity
inhibiting myofibrillar ATPase
4. inhibiting glycolytic rate

w

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)


http://jp.physoc.org/cgi/content/full/558/1/5

5. reducing cross bridge activation by competitively inhibiting Ca2+ binding
to troponin C

6. reducing Ca2+ re-uptake by inhibiting the sarcoplasmic ATPase.

Myosin complex with
ATPast

ACHIVATION
Acrin Helix

Tropomyosin
«
2+
P; Ca
Yo
TrOpPONIN ADP M2+

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)



Metabolic Fate of Lactate

* During exercise:
* ~% oxidized by heart, liver, and ST fibers

* During recovery:
 oxidized by heart, ST fibers, and liver
 converted to glycogen
* incorporated into amino acids

**La metabolism depends on metabolic state

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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During recovery:
65% of lactic acid is converted to carbon and water,

20% into glycogen,
10% into protein and
5% into glucose.

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Intracellular lactate shuttle

Glycolysis \
glucose ghyceraldehyde pyruvate lactate |
G-phosphabe S-phosphate

MADH AL

Cytosol

X&(ned by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)



Glycolysis

LDH
glucose :> glyceraldehyde oyruvate 4\ | actate
& ,O-phosphate 3-phosphate

[/ IS
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8 S - NAD" NADH sy NADH NAD*
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¥

From mitochondria
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Sites near
mitochondria
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\\l/ lactate |ﬁ> pyruvate

NAD* NADH

! S Intracellular lactate flux
! ]

s
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,

pyruvate

% TCA

NAD* NADH

Mitochondrion \\

NAD*  NADH
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Monocarboxylate transporters

* facilitated diffusion transport of lactate and pyruvate in and out of
cells
* located on plasma and mitochondrial membrane
* reversible transporter
* involves H* transport

e MCT1 and MCT4 are major MCT isoforms
 MCT1 found more in oxidative fibers
 MCT4 found more in glycolytic fibers
* at least 8 isoforms of MCTs known in humans
“exercise training T MCT1, but not MCT4

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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Lactate in injury, sepsis, and
haemorrhage

* Lactate is an important intermediate in the process of wound repair
and regeneration, a role that may not be generally familiar to
researchers in the area of energy metabolism.

e As early as 1964, Green & Goldberg (1964) reported that collagen

synthesis is increased almost twofold when [La—] rises to 15

MM in cultured fibroblasts.

Designed by: Mohsen Ebrahimi (Assistant Professor Of Semnan University)
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