Ch 2, part 1: Cell Respiration & Cell Metabolism

Powerpoint updated Aug 20, 2022

Objectives:

1.

wnN

Understand what molecules our cells metabolize for energy.
Carbohydrates (first!)

Lipids (next) @

amino acids (routine & emergency)

lactic acid (routine & emergency)

Understand the basics of cell respiration.

Become familiar with anaerobic & aerobic cell respiration

Become familiar with metabolism of lipids, carbohydrates, and
amino acids.

1. Types of Cell Metabolism

i) Carbohydrate metabolism — making or breaking down carbohydrates
- (ex. Glucose and glycogen).

ii) Lipid metabolism — making or breaking down lipids
(ex. Ketones, fatty acids, trigylcerides)

N

iv) Lactic acid metabolism — making or breaking down lactic acid.

iii) Protein metabolism (amino acids) — making or breaking down protein.
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What conditions occur to make following happen in body?
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What pancreatic hormone can stimulate this in the liver?

Lipid metabolism :
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glycdgenesig = creation of glycogen from glucose molecules
—_ s = make
(enzyme in liver & _\)ht’zs" S _—
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XGchogeﬂglgi_g = breakdown of glycogen into glucose
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. Click HERE for blank flow diagram. Click HERE for key.
Glycogen metabolism

If insulin is present the liver takes up blood glucose and can undergo glycogenesis.

Glucose + Glucose I:> Glycogen

What enzyme is needed
for this to happen?

If glucagon is present, the liver can breakdown glycogen into free glucose (glycogenolysis)

Glycogen ‘:> Glucose 6 phosphate |:> free glucose

What enzyme is needed What enzyme does the liver
for this to happen? have (but not skeletal
muscles) for this to happen?
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http://people.fmarion.edu/tbarbeau/Lipogenesis%20glycogen%20metabolism.pdf
http://people.fmarion.edu/tbarbeau/Lipogenesis%20glycogen%20metabolism%20complete.pdf

Diabetes (Type 2) = $nso'n resisyance . Cells ignore
insulln B don'd yake In glocase
So Vlood g\ucose hgh .
Treatments:
1. Diet & exercise (doesn’t always work, especially with genetic
predisposition).

2. Pharmaceuticals:

Ex.

Ozempic (semaglutide injection) OR Rybelsus (semaglutide pill form)
= increases insulin production AND inhibits glucagon

ﬂ. #
U= 4 [
-"_’_:

Click here for Wiki mechanism
of action

2. Basics of Cell Respiration — use of glucose in cell respiration:
Pg 27 - 29 Wiki text

Glycolysis
= 1%t step in use of glgcose for cell respiration to malkg ATP

- Occurs in cell cytoplasm

1 Glucose | X

lucose molecule into:

- Conversionof 1

> Q ? LOAN ate

2 NADM + W
> &2 ATP -

Pyruvate then can go one of 2 ways
- depends on if 02 is present or not 8
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https://en.wikipedia.org/wiki/Semaglutide#Mechanism_of_action

Pyruvate from glycolysis then can go one of 2 ways
- depends on if O? is present or not
Products =

Anaerobic Q
\ \eyal
Pyruvate
% 2 ATP ety

respiration
Aerobic j{é Lactic acid (lactate)
respiration -

No oxygen Fermentation

*  Pyruvate Processing v~
* TheKrebscycle v~
* ETC
roducts =
34-36 ATP

1y
J

Ischemia, Serum Lactate, and Heart Attack
/—1055 of Blesgd Floy) . ; .
Ischemia & Angina Pectoris — Click HERE for R
Clinical App reading.
“Ischemia”= Joss of Blesd Eiliw

narficert biced Sow te the =rart
muswce “rom nameweng of coecrary
arbery may cyise 3%Eira st pan

Loss of blood flow to heart: - 2
- without arterial blood & 02 heart resorts to

anaerobic respiration. Loss of blood & 02 to

heart can cause ...

FIMY

)]
“angina pectoris” = Q;)a(/\ in_ Left chesy § acm

é foom lacht ac é—) IPa mu\damféﬁa) tnfacchon
- Prelude to ”ngocardial infarction” (heart attack)
——

Normal serum lactate = 1- 0.5 mmol/L
- H&mrlacﬁ@= \a;%‘,\ Vioes \acrate =>4mmol/L

Serum Lactate as a Marker of Acute Myocardial Infarction
http://www.aafp.org/afp/1998/0415/p1993.html|
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http://people.fmarion.edu/tbarbeau/236%20Clinical%20App%20Ischemia%20Angina.jpg
http://www.aafp.org/afp/1998/0415/p1993.html
http://www.aafp.org/afp/1998/0415/p1993.html
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Aerobic
respiration

*  Pyruvate Processing
*  The Krebs cycle
* ETC

Fermentation

3 Steps of aerobic respiration (AFTER GLYCOLYSIS):
. Pyruvate processing (pyruvate versmn)

3Acetyl CoA enten>2 A7F ,6 N AW@ 2 FGS)@ 4LO02

) e

Aerobic resplratlon

e ——
3. Electron transport chaM
NADH2)6 NAGH) 2 FARH enter 530 - 32 ATp, Yo wers?)2> i1 %EZQ
Plus 2 NADH2 from glycolysis and <
2 NADH2 from pyruvate processing
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1 Glucose

Click HERE for blank
Glycolysis flow chart

25"

. Anoercbic Respiration

Click HERE for KEY to
Glycolysis flow chart
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4. Electron Transport Chain wa

Aerobic Respiration Total = 34-36 ATP
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http://people.fmarion.edu/tbarbeau/Glycolysis%20pathway.pdf
http://people.fmarion.edu/tbarbeau/Glycolysis%20pathway%20complete.pdf

Click HERE to see GIF online

Electron Transport Chain within the cell mitochondria — ATP production!

intermembrane
space

inner
membrane

mitochondrial
matrix
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Question:
Why do we need oxygen???

= As final electron acceptor in
ETC in production of ATP!

1 Glucose

s -
)
- T — 2 NADM « M
8| g | > 200
& 2 Acaryl CoA Lactic Acid
P — 6 NADM + W z@
kY] —p 2 FADM2
Lo — 4 02
g - 2
<
- 10 Nabs
Electron Transport Chainf-s- 2 pan
> 12 w20
I 0% @®
Aerobic Respiration Total = 34-36 ATP 14

imoge by T. Barbeau
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https://www.mrdubuque.com/uploads/2/4/5/0/24509062/etc-1_orig.gif

When aerobic respiration goes wrong!

Read online Clinical App: cyanide

15
Where Cell Respiration Occurs
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http://people.fmarion.edu/tbarbeau/236%20Clinical%20App%20Cyanide.jpg
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Review (Whew! That’s a lot!)

* Qur cells can metabolize carbohydrates, lipids, protein, and lactic acid
* Carbohydrate metabolism includes:
» Glucose metabolism for ATP (glycolysis during cell respiration)
» Glycogen metabolism
- Making glycogen (glycogenesis), requires enzyme glycogen synthase
- Breaking down glycogen (glycogenolysis), requires enzyme glycogen
phosphorylase in skeletal muscle & liver, and glucose 6 phosphatase
in liver.
* Glycolysis is conversion of glucose into 2 ATP, 2 NADH2, and 2 pyruvate
* Pyruvate can either go through aerobic respiration or anaerobic respiration
* In aerobic respiration, pyruvate goes thru pyruvate conversion to make 2
Acetyl CoA, 2 NADH2, 2 COS
* 2 Acetyl CoA enters Krebs cycle to make 6 NADH2, 2 FADH2, 4 CO2
* Hions enter electron transport chain to make ~ 30 — 32 ATP, 6 NADH+, 2
NADH+, and 12 H20.
* Altogether aerobic respiration of 1 glucose yields 34 — 36 ATP
* Glycolysis occurs in cytoplasm, but pyruvate conversion, Kreb’s cycle, and
ETC occurs in mitochondria
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Lactic acid (lactate) metabolism = “The Cori cycle”

= lactic acid (from skeletal muscle activity & anaerobic respiration) can cause
etabolic acidosis’f and drive blood pH | . l
T /CO" L\/CC GS\AOSQ

,!.}ig,_r “recycles” lactic acid in blood into: )

p—— — — — 7

> Free glucose (to be returned to blood stream) Slucoluss

(due to enzyme only in liver — glucose 6 phosphatase) yeolyss
> Stored glycogen (for future need) | what is the term for when non-carbodydrate
> Reverses metabolic acidosis molecules (like lactic acid) are turrzd iPt/q—uva-}e

——
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“Lipogenesis” = ma)é"r\o) l.“p;éS.

“Lipolysis” = b\%a!{n@ dswn I,'[):c\,j.
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“Lipogenesis” = conversion of excess glucose into/white fat (triglycerides)

in adipose & liver. Stimulus = “insulin”

1. Extra blood Glucose enterso produce pyruvate
Grall 54&’.}’%3

2. Pyruvate goes through jpyruvate conversion jnto Acetyl CoA (C\W),_“%:‘ St

ard_£a3- cell s

3. Acetyl CoA used by liver to make:

) cholesterol — vuse2 fv mare V.
_—

,A hormones
cell membrane s | 2. Sters
2, Bile

b)etones —

c) fatty acids =

j\
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“Lipolysis” = conversion of white fat (triglycerides) into molecules that can
be used for energy (ATP).

5,)7)(&;\’ Xzt
A) Triglycerides turned into Ketones by liver
Process of making ketones = Keto aenest S )
Ketones metabolized for energy (ATP) if no carbs
Process of using ketones for energy, or ketones in blood = % @’h’s‘ )

()5“"\0) o ?p( ArTV
B) Triglycerides turned into f
Acetyl CoA & enter kreb’s cycle to make ATP & H’s

Cnvers,cH
Hrra Py 0 Ve

ids, if needed, can be com%backjnto

OR Acetyl CoA can be converted back int ruvatg, and then changed

into:
\L/ @ )\/-S" S

> - glucose (gluconeogenesis)

- glucose can bestored as glycogen (glycogenesis)

22
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conti

Ketogenesis = pmaling Ketones

Ketosis= KeYones in blood
Click HERE for clinical app on ketosis.

Ketoacidosis= \, blood pH Fom Ketos's

—

Metabolic acidosis = metaba 3™ o\

copsrances that

EX- é,?c\\oz,)ﬂ'\( J/ Jplooé FH
Yedon idoss s
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http://people.fmarion.edu/tbarbeau/236%20Clinical%20App%20Ketosis.jpg
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Ketosis (new slide 5/29)

SYMPTOMS
OF KETOSIS

SYMPTOMS OF
KETOACIDOSIS

) Fatigue
) Wedkness
) Headache

J Intense sugar oe
corb shallow

cravings
J Bod breath (eto
breath”)

) et

Ketosis co
e}
)k Acetone

HC CH,

o [}
M Acetoacetate
ML “OM

OH <

HL ’J\)L‘ou

2-Hydroxybutyric acid
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Click HERE for blank flow diagram. Click HERE for key.

Lipogenesis pathway

"Extra glucose” Liver comverts glucose to pyruvate, then Acetyl CoA. Liver then converts Acetyl CoA into: 1.

Pancreatic 1

hoemong stimulus

This enolacule the sy ca
fioe er 1o take up SADUINAWY 1o " ‘ 3,
-ghocose = SE ‘
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Amino acid metabolism

- Amino acids = building blocks of protein
4 Essential a.a. = that which we need to consume in diet because body doesn’t make

-| Nonessential a.a. = ones our body can make.

—onverted by liver into pyruvate or other acids. These can be used:

- 1) in Kreb’s cycle for ATP (when pyr

ate goes thru conversion to make A%
- 2) a.a. converted into fat (process called 1 |2 % CNe Sf.__)s

ravar_

or a.a. converted into glucose (process called % luca QgQ%&f )eS(_S

Un used a.a. (excess or w body absolutely cannot use)

- blood panels include BUN (blood urea nitrogen) to determine kidney function.
= e o

- Normal BUN = 10 — 20.mg

metabolism and /gr |dney fallure o

28
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http://people.fmarion.edu/tbarbeau/Lipogenesis%20glycogen%20metabolism.pdf
http://people.fmarion.edu/tbarbeau/Lipogenesis%20glycogen%20metabolism%20complete.pdf
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Click HERE for blank flow diagram. Click HERE for key.

Amino acid metabolism pathway

Extra amino scds

that even the
liver can't
lize, liver
o Kidneys
corverts to
then

“Extra amino acids " excrete it in
urine

Liver
canverts
to

pyruvate

1. How can pyruvate be used to make ATP?

2. What else can pyruvate be changed into?

A) {process called )

B) (process called )

29

Ques:

Metabolism of what molecules can lead to metabolic acidosis?
— ]4@/)’0/\@5

Answer: ! S

S — —Fa'H’k/ Qf/lé‘
— ')’HQ \\/(QF:AQ

> .
— amino aad S

> —  ackc a wd

X .

30
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http://people.fmarion.edu/tbarbeau/amino%20acid%20metabolism.pdf
http://people.fmarion.edu/tbarbeau/amino%20acid%20metabolism%20complete.pdf

Disorder in amino acid metabolism:

Phenylketonuria (PKU) — Read online Clinical App:

7
o
Genetic condiction of mutation in gene for enzyme Phenylalanine hydrolase YPAH).

[Need PAH to metabolize amino acid “phenylalanine”. Without PAH phenylalanine
builds up in body and is converted to ”Q%M\i”, which is excreted in urine.

Phenylketone is toxic, causes seizures.
IXIE, LallSEs SEIZUTE:

Treatment:
Restrict phenylalanine in diet. ! '

(nutrition labels have a warning) "
SUGAR SUBSTITUTE %

GRANULATED SUGAR SUBSTITUTE

Mo Bac :_V.Emdn}lsp. of sugar,

{5 Serv Suaw 1

chiat, Soninge 1, Acmour
DY), Sedtum Oy
DV Sugwrs Less
oy Vilues (OV) arw /—

Kinn( Aspanama
ENYE 3
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Review

* Metabolism of lactic acid, lipids, and protein
* Lactic acid metabolism occurs all the time due to skeletal muscle activity
» Lactic acid in blood causes metabolic acidosis.
» Liver recycles lactic acid into glucose & glycogen thru the Cori cycle. (Gluconeogensis)
* Lipid metabolism includes making lipids (lipogenesis) and breaking them down (lipolysis)
» Lipogenesis involves converting excess glucose into pyruvate (thru glycolysis), and
then into Acetyl CoA (thru pyruvate conversion)
- Acetyl CoA used by liver to make: cholesterol, ketones, & fatty acids.
- fatty acids converted to triglycerides (white fat) for storage
» Lipolysis is simply going backwards biochemically from trigylerides to fatty acids &
ketones, which can be metabolized for energy OR converted to glucose
(gluconeogenesis)
* Amino acids can be converted by liver to urea for excretion by kidneys as ammonia,
- Liver can also convert excess a.a. into pyruvate and then to glucose
(gluconeogenesis)
- If kidneys not functioning, urea build up in the blood causing azotemia.
- PKU = genetic problem metabolizing a.a. phenylalanine. Must avoid phenylalanine
in diet because body cannot process it and turns it into toxic phenylketones.

32
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http://people.fmarion.edu/tbarbeau/236%20Clinical%20App%20PKU.jpg
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