


Metabolism

All the reactions in the body that involve energy
transformation
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ATP

Adenosine Triphosphate

The energy molecule that the cells can use

Adenine + Ribose + 3 Phosphate groups
. A-P~P-~P

Energy released with the 3 phosphate is broken off



Glucose

Stored energy
How can glucose be compared to a savings bond?
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ATP is made up of what?

Adenine and 3 Phosphates
Adenine and 2 Phosphates
Adenine, Ribose and 2 Phosphates
Adenine, Ribose and 3 Phosphates



Cellular Respiration

Converting the energy stored in glucose to ATP

Occurs in 3 phases
e Glycolysis
e Krebs cycle
e Electron Transport Chain
High energy electron carriers
e NAD
e FAD
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Glycolysis

1 glucose (6C) converted to 2 pyruvate (pyruvic acid)
(3C) molecules

Glucose + 2 NAD + 2 ADP +2 P —
2 Pyruvic Acid + 2 NADH + 2 ATP

Net gain — 2 ATP and 2 NADH
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~—Cellular Respiration has how many
steps?
A 1

we
N
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Glucose (CgH120¢)
ATP: @

ARE éiucose 6-phosphate

Fructose 6-phosphate

ATP'@
ADE =4 Dihydroxy-aceton
Fructose 1,6-biphosphate - -~ V!nydroxy-acetone
phosphate
3-Phosphoglyceraldehyde p. 3-Phosphoglyceraldehyde
NAD, NAD,,,
. NAEE%H@ NADB - : . .
1,3-B|phosphogIXcer|c acid spp 1,3-Biphosphoglyceric acid
DP ® ®
ATP - ATP -, . ,
3-Phosphoglyceric %ﬁid 3§hosphoglycenc acid
2-Phosphoglyceric acid 2—-Phosphoglyceric acid
@
Phosphoenolpyruvic acid Phosphoenolpyruvic acid
ATP-@ AP -@

Pyruvic acid (C3H4’03) | Py’rdvic’ acid (C3H403)
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Glycolysis Nets how many ATP?

e
U1 A
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LactieAcid Pathway —— -
For glycolysis to continue there must be enough
NAD

When there is not enough oxygen, NADH donates
its electrons to pyruvic acid

Anaerobic respiration

Pyruvic acid + NADH — Lactic acid + NAD

Lactic acid fermentation - the last electron
acceptor is an organic molecule

Net gain - 2 ATP

Cell can survive producing ATP this way until
lactic acid concentrations become excessive

Excessive lactic acid formation by skeletal muscles
— pain and muscle fatigue
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NADH + H* NAD

H O H OH
0 \\\_/// i -
H-C—C—C ~ H—C—C—C

“NOH LDH | SOH
H H

Pyruvic acid Lactic acid




~Anaerobic Respiration results in

what by product?
o AlE

B. NAD

(. Lactic Acid
D. Pyruvic Acid
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Glycogenesis

Formation of glycogen from glucose

glucose + ATP — glucose 6-phosphate —
glucose 1-phosphate — glycogen
(glycogen synthase)
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Glycogenolysis

Opposite of glycogenesis — conversion of glycogen to
glucose 6-phosphate

Glycogen phosphorylase - glycogen to glucose 1-
phosphate
Only the liver has the enzyme to remove the

phosphate group and make free glucose (glucose 6-
phosphatase)
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Cori Cycle

Most of the lactic acid produced is eliminated through
aerobic respiration

Some goes to the liver

Lactic acid dehydrogenase (LDH) converts lactic acid
to pyruvic acid

Pyruvic acid converted back to glucose
6-phosphate

e Used to make glycogen or returned to blood as free
glucose
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Skeletal muscles

phosphate .
@

Pyruvic acid
9|

Lactic acid

Blood

Liver

-



Gluconeogenesis

Conversion of noncarbohydrate molecules to glucose

During exercise some of the lactic acid made by
skeletal muscle can be converted to blood glucose in
the liver



Aerobic Respiration

Begins with glycolysis
Pyruvic acid goes into Krebs cycle

NADH and FADH, produced go into electron
transport chain
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H H
NAD NADH + H*

H—C—H II-I \‘/A H—C—H
C=0 + S—CoA -

C=0 + CO,

C S— CoA
7 NN\
H o

Pyruvic acid Coenzyme A Acetyl coenzyme A



_ During Aerobic Respiration where

does pyruvic acid go?
A. Glycolysis

B. Glycogenysis

C. Cori Cycle

D. Krebs Cycle
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Draw the process of Glycolysis.
Include terms learned yesterday
Include the Lactic Acid Pathway

Show what product enters into
the Kreb’s Cycle



KrebsCycle = =

Pyruvic acid enters the mitochondria
e Converted to Acetyl CoA (2C)
e CO, released
e 1NAD — 1 NADH

Acetyl CoA enters the Krebs cycle by combining with
oxaloacetic acid

e Forms Citric acid

e 6 C molecule

Citric acid converted to &-Ketoglutaric acid
e 5 C molecule
e CO2 released
e 1NAD — 1 NADH

&-Ketoglutaric acid converted to Oxaloacetic acid
e 4 C molecule
e CO, released
e 2 NAD — 2 NADH
e 1 FAD — FADH,
e 1ATP
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Glycolysis

CYTOPLASM C; Pyruvic acid

—N
~NADH + H*

Oxaloacetic acid c;\\
CO
\2( Krebs

cycle Cs Citric acid

o-Ketoglutaric acid Cs \_/

CO,

CO,
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Krebs Cycle Tally
Transition 1 Krebs Cycle
1 CO2 2 CO2
1 NADH 3 NADH
1 FADH,

1 ATP



Where does Pyruvic Acideﬁ
in the cell?

Nucleus
Mitochondria
Ribosome

Cell membrane
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~Draw the process of the Kreb’s 6yc1e.

Include terms learned yesterday

Include the Transition step

Show what comes out of the Kreb’s
Cycle and explain what will be used

during the Electron Transport
Chain

Describe where all of this takes
place



_Eleetron Transport Chain- =

Located in the inner membrane of the mitochondria

Series of molecules that can pick up electrons from
NADH and FADH,

1.  Electrons are transferred to ETC

>.  Asthey go through ETC protons are pumped into the
intermembrane space
«  Pump1 (cytochrome) - 4 protons (H*)
«  Pump 2 (cytochrome) - 4 protons (H*)
o Pump 3 (cytochrome) - 2 protons (H*)

3. Protons diffuse into mitochondrial matrix through ATP
synthase, each spin produces 1 ATP

4. Oxygen is final electron acceptor

«  Atlast cytochrome O picks up electrons and 2 protons to make H,O



__Theelectron tra N Is

located where?

Matrix of the Mitochondria

Outer Membrane of the Mitochondria
Cell Cytoplasm

Inner Membrane of the Mitochondria
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spin on
how many ATP?



Electron energy

NADM:K FMN
. NAD-/\-FMNH
~ | ~ATP
2H* 2e
| ADP+P
. ’Sg'éed Cytochrome b]
FAD educed Fe3+
l CATP
£ ADP + P,
Fe? Fe3+
Cytochrome Cytochromeaj)
C1 agd c fe2+ATP
Fes+ 2 &-
L ADPP
C toch as .
CV Fé'o+me 267 1 Oﬁ
»2H* "3
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Outer mitochondrial

Inner mitochondrial
membrane
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Energy Tally
Glycolysis 2 ATP
Krebs Cycle 2 ATP
Glycolysis 2 NADH
Krebs Cycle 8 NADH

2 FADH,
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Electron Transport Chain
NADH — 3 ATP
FADH, — 2 ATP
Krebs cycle 8 NADH — 24 ATP

2 FADH, — 4 ATP

Glycolysis 2 NADH — 6 ATP






Final ATP Tally
Glycolysis 2 ATP
2 NADH — 6 ATP
Krebs Cycle 2 ATP
8 NADH — 24 ATP
> FADH, — 4 ATP

Grand Total 38 ATP
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during Cellular Respiration
A 00
B. 30

( =
D. 40
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ipid Metabolism

When cellular ATP concentrations are higher than
needed, ATP production is inhibited and glucose is
converted into glycogen and fat

When glucose is converted to fat, pyruvic acid is
converted to acetyl CoA and is used to make

e Cholesterol

e Ketone bodies

e Fatty acids
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_Lipied-Metabolism = -

Acetic acid subunits joined to make fatty acids

e Fatty acids join with glycerol to make triglycerides
e Lipogenesis — formation of fat occurs in adipose cells
and liver
Fat is the major form of energy storage in the body
e 1g fat - 9 kcal 1g CHO = 4 kcal
» 80-85% of body’s energy stored as fat (140,000 kcal)
 Less than 2000 kcal stored in glycogen

- 350 g in skeletal muscle
« 80-90 g in liver

* 15-20 % of body’s energy stored in protein
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Breakdown of Fat - Lipolysis

Lipase breaks down triglycerides into glycerol and free
fatty acids

Free fatty acids go into blood and can be used by the
liver, skeletal muscles, and other organs

Some organs convert glycerol into pgal
B-oxidation

e Enzymes remove 2 C acetic acid molecules from fatty
acid chain - form acetyl CoA
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Glucose 1-Fhosphate
Glucose--Glucose 6-phosphate
Fructos é-phosphate
Fructose ,i6-biphosphate
‘Glycerol -—:3-P ésphoglyceraldehyde
Fat & Pyr l{/ic acid

Fatty aCIgS‘—Acetyl Coé
Oxaloacetlc - C|tr|c6aC|d
acid / Krebs
. cycle

oc-Ketoglufaric acid
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Energy Tally

How much ATP would be produced from a 16 C fatty
acid?

8 acetyl CoA molecules x 10 ATP
for each acetyl CoA that is broken off
1 NADH and 1 FADH, is formed
4 ATP x 7

108 ATP
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Brown Fat

Major site of heat production

Has a protein that causes H+ to leak out of inner
mitochondrial membrane

Less ATP made so ETC is more active and produces
more heat
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Ketone Bodies

When lipolysis > fatty acid utilization and no need for
more ATP

e Starvation, dieting, diabetes

2 acetyl CoA plus acetone — ketone bodies
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Ketene Bodies = e

Ketone bodies can be used as an energy source by
muscle, brain, and heart

Ketosis — elevated ketone bodies
e If too many in the blood it can lower the pH of the blood
(ketoacidosis)
High-fat/low-carbohydrate diets have been used as
a weight loss program by intentionally inducing
ketosis to consume fat stores

e Can cause unwanted side effects related to increased
urea production resulting from protein intake

e Risk of heart disease from increased cholesterol and fat
intake

Severe ketoacidosis can lead to coma and death



Amino Acid Metabolism

If more amino acids are eaten than needed
e Amine groups are removed

e Organic acids left are used for energy or converted to
CHO and fat



Transamination

Amine group from one amino acid is transferred to
another



Oxidative Deamination

If there are more amino acids than needed to make
proteins

e The amine groups from glutamic acid can be removed
and excreted as urea

e Leaves a keto acid
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“Oxidative Deamination

Several amino acids can be converted to glutamic
acid by transamination

Depending on amino acid deaminated, the keto
acid left can be pyruvic acid or a Krebs cycle acid
e Used to make energy
e Converted to fat
e Converted to glucose

Gluconeogenesis — formation of glucose from
amino acids

Main substrates are — alanine, lactic acid, and
glycerol
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Amino o-Ketoglutaric acid NH; + CO,
acid
Amino transfer Urea cycle
in liver
Keto Glutamic acid
acid
Urea
H, a H
/N—C—N\

H H



Asparagine,
aspartate

Urea NHj
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Alanine, cysteine,
glycine, serine,
threonine, tryptophan

NH; Urea

Leucine,
tryptophan,

L

NH3;  Urea Arginine,
glutamate,
glutamine,
histidine,
proline

Phenylalanine,
trosine

Isoleucine,
methionine,
valine

NH3  Urea




Triacyl-
glycerol

(triglyceride)

L
]

A

' acids ™ aC|ds
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Glycogen

Glupose

Phosphoglycer-

, GIVCQfOl: a|dehyde

|

Lactic —=Pyruvic

acid aTid \

Fatty Acetyl Ammo:' Protein

‘// k»U rea

Ketone
bodies ¢, Kreb)



“Uses of Energy Sources

If all cells used glucose for energy it would quickly be
depleted

Blood contains a variety of energy sources
e Glucose and ketone bodies from the liver
e Fatty acids from adipose tissue
e Lactic acid and amino acids from muscles

Brain uses blood glucose as primary energy source

e Blood glucose level maintained by liver

e Many organs spare glucose by using fatty acids, ketone
bodies, and lactic acid



