Human Physiology LectureNotes  Chapter 4and 5

METABOLISM Chapter 5

Overview of metabolism. The big picture. (Fox Fig5.17). See separate PDF file: metabolism.pdf

Fundamental laws of physics: First law of thermodynamics - energy can't be created or destroyed.
(pg 93-94) Second law - without the input of energy, entropy (disorder) is increased.

Metabolism concerns all the reactions in the body that involve energy transformation. Thisincludes
reactions that break things down (catabolism) and reactions that build things up (anabolism). Catabolic
reactions release energy and are also called exer gonic, while anabolic reactions take energy and therefore are
ender gonic reactions.

For carbos:

starch ———>» disaccharide ———>» monosaccharide(glucose) —>» ATP (catabolism)

glycogen <« glucose (anabolism)
For proteins:
aminoacids —»  peptides —» proteins (anabolism)
amnoacids <« peptides <« proteins (catabolism)

Cell Respiration
(Fig 4.13) Comparison of combustion versus cell respiration.

CH,,0s+6 0O, — 6 CO, + 6 H,0
+ 30 ATPif coupled to ATP production
or heat if not coupled to reactions that capture the energy

Coupling the endergonic reactions to exergonic reactions alows us to capture the energy released when
glucose is broken down.




ATP isthe spending money (glucoseis gold). ATPisthe universal energy carrier.
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Cell respiration involving the complete oxidation of glucose can be broken down into 3 series of related
reactions. Glycolysis, Krebs Cycle, and Electron Transport Chain (ETC) coupled to Oxidative
Phosphorylation. Letslook at some of the features of each process.

Glycolysis
glucose (CsH,,O;) + 2ADP + 2Pi + 2NAD————————————>» 2 pyruvate + 2ATP + 2 NADH

1. First couple of steps of glycolysistake energy (Fig 5.1). (What type of reaction takes energy?)
These are endergonic reactions, characterized by
1) input of energy (ATP) needed
2) products have more energy than the reactants. (pg 94-97)
3) example of substrate level phosphorylation:
Substrate level phosphorylation: If glucose is gold and ATP is spending money than adding a
phosphate to another molecule (substrate) is like putting money in your checking account to use later.
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What class of enzymes add a phosphate group to molecules? Kinases
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Takes place in the cytoplasm.
3. One glucose molecule (a6 carbon molecule) yields 2 ATP plus 2 NADH plus 2 pyruvate (pyruvic acid)
molecules (a 3 carbon molecule).



3lycolysis

Pyruvate and NADH from

glycolysis (in aerobic |
respiration) are transported ™
into the mitochondrial matrix.

ATP ATP 2ZNAD
glu ~BqeptS

YADP

NADH interacts with the
ETC which we will cover
after the Krebs cycle.
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Pyruvate is converted to
acetyl coenzyme A (acetyl
CoA) - whichisatwo carbon
molecul e attached to the
coenzymeA. :";:‘q\e
(Fig5.6)

Acetyl CoA donates the two
carbon compound to the
Krebs cycle.

Krebs Cycle
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3. Generates ATP, and
electron carriers: NADH
and FADH, which
participate in the ETC.
Don't worry about the
numbers

*NAD is derived from niacin (vitamin B3) and FADH is derived from riboflavin (vitamin B2) (Fig 4.17).



Electron Transport Chain (ETC) and Oxidative Phosphorylation
Note: My picture of ETC issimilar, but not the same as Fig 5.10.

ETC consists of four
proteins.

Three are proton pumps
that move H* from the
matrix to the
intermembrane space.
One of these pumps also
oxidizes NADH
(regenerates NAD).

The fourth protein
oxidizes FADH, and isn't
in Figure 5.10.

Electrons are passed
along the ETC until they
are accepted by oxygen
(oxygen isreduced) and
water isformed.

Intimately coupled to the
ETC isafifth protein that serves as achannel for H*. Asthe protons move back into the matrix (down their
concentration gradient) they provide the energy (power) to run an ATPsynthase.

In summary, the energy captured by the electron carriers (NAD and FADH) during glycolysis and the Krebs
cycleisused to power proton pumps that set up a concentration gradient and this concentration gradient is
then used to power the synthesis of ATP.

This method of ATP production is called oxidative phosphorylation. Compare thisto substrate level
phosphorylation.

What happensif protein pores are inserted into the inner mitochondrial membrane, allowing protonsto
move freely across the membrane?

No more ATP will be made. As quick as protons are pumped out of the matrix they will simply flow back in.
Thistype of protein is called an uncoupling protein and is abundant where heat production is needed more
than energy production (brown fat).

Cell respiration overview

Glucose (“gold”) ——>» 2ATP +2pyruvates —— > 30 ATP (“spending money”)
Glycolysis Krebs+ ETC




Proteins can aso be converted to compounds that enter glycolysis or the Krebs cycle (see metabolism.pdf)

Lipidscan also enter: glycerol can be converted to a compound used in glycolysis and fatty acids undergo
the process of beta-oxidation by which they are converted to acetyl-CoA and enter the Krebs Cycle. While
one glucose molecule will generate about 30 ATPs one 16 carbon fatty acid will yield 108 ATPs. Fatty
acidsyield more ATP per carbon than glucose.

Know table5.3
Fatty acids are the preferred fuel of muscles, liver, heart.
Glucose isthe preferred fuel of the brain.

What happensif no O,?

There are alimited amount of carriers - eventually they will al be saturated with electrons with no oneto
pass them onto. So ETC stops. Then NADH and FADH2 have no way to become oxidized so Kreb cycle
stops.

There isareaction that will regenerate NAD (pg 104-105).

pyruvic acid / \ » lactic acid FOX Fig 5.3
NADH NAD

However thisislike using a credit card.

Anaer obic Respiration
The good news:. In anaerobic respiration glucose goes through glycolysis and then pyruvic acid is converted
to lactic acid. Thisrestores NAD which allows glycolysis to continue.

The bad news:

lactic acid - pain, fatigue... Chapter12
only get two ATPs per glucose

oxygen debt must be repaid: Cori Cycle

lactic acid (muscles) ———— > lacticacid (liver) ——» pyruvicacid ———— > Krebs
i Cycle
muscles < glucose
glycogen

Why not convert lactic acid back to pyruvate in muscles?
Liver has more oxygen, muscles typically have high energy demands and reverse reacion will require NAD.



