Metabolism (from Ch. 5)



Pre-Quiz



Metabolism Pre-Quiz

Key for #1-2:
A. Photosynthesis D. Entner-Doudoroff Pathway
B. Cellular Respiration E. Pentose-Phosphate Pathway
C. Glycolysis F. Fermentation

1. Which of these involves an electron transport chain? Choose all that apply.
2. ATP is produced during which of these processes? Choose all that apply.

3. True or False: Enzymes are normally abundant and active, unless something happens to inhibit their
function.

4. True or False: The term “metabolism” refers only to the breakdown (not synthesis) of complex
materials.

5. True or False: Cellular respiration is always the most efficient way to produce ATP from sugars.

6. True or False: Organisms that do cellular respiration are “better adapted” and “more fit” than
organisms that do not.

7. Which one of these biological themes is most evident in cellular respiration?
A. Natural selection
B. Endosymbiosis
C. Structure-function relationships



Course objective

e “Be able to describe the physiology and
genetic processes of microorganisms.”



Catabolism vs. Anabolism

Catabolism releases energy
by oxidation of molecules

Glucose CO, + H,O

Energy

_ Enerqy is
Energy is storegc]:lyin
released by . molecules

hydrolysis
of ATP of ATP

Energy
Proteins Amino acids

Anabolism uses energy to
synthesize macromolecules
that make up the cell




Enzyme groups

TABLE 5.1 Enzyme Classification Based on Type of Chemical Reaction Catalyzed

Class Type of Chemical Reaction Catalyzed Examples

Oxidoreductase Oxidation-reduction, in which oxygen and hydrogen are gained Cytochrome oxidase, lactate dehydrogenase
or lost

Transferase Transfer of functional groups, such as an amino group, acetyl group, Acetate kinase, alanine deaminase
or phosphate group

Hydrolase Hydrolysis (addition of water) Lipase, sucrase
Lyase Re al of groups of atoms without hydrolysis Oxalate decar ase, isocitrate lyase

Isomerase Rearrangement of atoms within a molecule Glucose-phosphate isomerase, alanine racemase

Joining of two molecules (using energy usually derived from the 0A synthetase, DNA ligase
& down of ATP)

Table 5.1



Enzyme parts

Coenzyme Substrate

Apoenzyme Cofactor Holoenzyme
(protein portion), (nonprotein portion), (whole enzyme),
inactive activator active
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Enzyme activity
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Fig. 5.4



Enzyme inhibition

Fig. 5.7



Enzyme inhibition

Fig. 5.8



Ribozymes

Ribozyme

RNA message Ribozyme-mediated cut Cut (cleaved) RNA messages
introduced into RNA message

wikimedia.org



Redox reactions igs. 5.9, 5.10)

Reduction

.
/\A‘

)—b
B

Oxidation

A oxidized B reduced
J

Reduction

Organic molecule NAD*coenzyme Oxidized organic NADH + H*(proton)
that includes two (electron carrier) molecule (reduced electron carrier)
hydrogen atoms (H)

\

Oxia/ation




Generation of ATP



Overview of cell resp. + fermentation

Fig. 5.11



Electron Transport Chain




Products of fermentation

Glycolysis

Glucose
2 NAD™ 2 ADP
2 { NADH D C 2 « ATP

RESPIRATION FERMENTATION 2 PyI’UViC aCid

Pyruvic acid
(or derivative)

Formation of
fermentation
end-products

chain and

S
chemiosmosts \_.Q

Pyruvic acid

Streptococcus, Saccharomyces Propionibacterium Clostridium Escherichia, Enterobacter
Organism Lactobacillus, (yeast) Salmonella
Bacillus

! | ! ! ! !

Lactic acid Ethanol Propionic acid, Butyric acid, Ethanol, Ethanol, lactic
Fermentation and CO, acetic acid, butanol, acetone, lactic acid, acid, formic acid,
end-product(s) CO,, and H, isopropyl alcohol, succinic acid, butanediol, acetoin,
and CO, acetic acid, CO,, and Hy
CO,, and Hy




Variations within cell resp.

e Glycolysis
 Pentose-phosphate pathway
e Entner-Doudoroff pathway



Glucose (6C)

Pentose phosphate

ADP

Glucose 6-phosphate (6C) a t h W a
NADP*

H* + NADPH =——————————p To anabolic

Oxidative reactions that
phase of require electron
pen 6-Phosphogluconic acid (6C) donors
phosphate

pathway NADP*

H" + NADPH

Tk

To Calvin-Benson
Ribulose 5-phosphate (5C) ————— cycle (dark reactions
of photosynthesis)

To synthesis o
Xylulose 5-phosphate (5C) Ribose 5-phosphate (5C) ==fp-| nucleotides and
nuclei

To step
Sedoheptulose 7-phosphate (7C) Glyceraldehyde 3-phosphate (3C) = e of

l l glycolysis

To synth
of several Erythrose 4-phosphate (4C) Fructose 6-phosphate (6C)
amino acids = o st i s g To glucose
- 6-pho
which can
reenter
pentose phosp
pathway or
enter glycolysis
To step
Glyceraldehyde 3-phosphate (3C) —p- oof Fructose 6-phosphate (6C) ==jp-
glycolysis

Dihydroxyacetone phosphate (3C)

Appendix A3

Fructose 1,6-diphosphate (6C) —Lb Fructose 6-phosphate (6C)




Entner-Doudoroff
pathway

H
Glucose (6C)

Glucose
6-phosphate (6C)
NADP+

NADH = + H*

OH
¢=0
H—C—OH
HO—#—H
H—C—OH
H—C—0OH
H-¢—-0-

H
6-phosphogluconic acid (6C) OH

C=0

|
— ?=O

?H

H
Pyruvic acid (3C)

NAD*[ NADH ADP < ATP ATP

> :_((g:gH M»w LA, _L> AL. Pyruvic acid (3C) .
Appendix A4

6-phosphogluconic acid (6C H Steps
phosphogluconic acid (6C) Glyceraldehyde ) of g\ycgswsw

3-phosphate (3C) (see Figure A.2)




Entner-Doudoroff pathway Li Wang He & Zheng 2014
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Other starting points

Proteins

Amino acids

Carbohydrates

Sugars

Glucose

|
Glycolysis

Glyceraldehyde
3-phosphate

Pyruvic acid

Acetyl CoA

Electron
transport
chain and

chemiosmosis

Glycerol

Fatty acids

Fig. 5.21



Photosynthesis
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Glycolysis
Glucose

v

Glucose
6-phosphate

\ 4

Fructose
6-phosphate

v

Pyruvic acid

\

/
\.

UDPNAC

Glycogen
(in bacteria)

Glycogen

(in animals)

Peptidoglycan
(in bacteria)




Glycolysis
Glucose

.

Glyceraldehyde . Dihydroxyacetone
3-phosphate =~ phosphate

|

Pyruvic acid Glycerol

Acetyl CoA Fatty acids




Pentose
phosphate
pathway

Acetyl CoA

Amination or transamination

Entner-Doudoroff
pathway

(a) Amino acid biosynthesis

| |
CH2 . ] CH2
| Transamination |
c=0 CH + H-= (|3 -
H=C— COOH =i COCH
COOH COOH

Glutamic Oxaloacetic a -Ketoglutaric Aspartic acid
acid acid acid

(b) Process of transamination
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Glycolysis
Glucose

.

Glucose Pentose phosphate pathway or

6-phosphate > Entner-Doudoroff pathway k"

Phosphoglyceric
acid

Pentose

Glycine (five-carbon sugar)

!

Pyruvic acid

Purine Pyrimidine

nucleotides nucleotides
Acetyl CoA

Glutamine

Aspartic acid




Glycolysis
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Fig. 5.33



Metabolism types

Chemical

v

Chemotrophs

Carbon source

]

Organic compounds CO2
Chemoheterotrophs Chemoautotrophs
Final electron acceptor l
| | Hydrogen-,
O2 |—N0t 02—| sulfur-, iron-,
v Organic Inorganic ~_ "trogen- and
All animals, compound compound oxidizing bacteria
most fungi,
protozoa, Elect
bacteria Fermentative: t e tm?] .
Streptococcus, rag}sp?(dp Al
for example GHERLE:
for example
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Energy source I

Light
v

Phototrophs

Carbon source

Organic compounds CO2
Photoheterotrophs Photoautotrophs
l Use H,0 to reduce CO,?
Green nonsulfur | |
bacteria, Yes No
purple nonsulfur
bacteria + +
Oxygenic Anoxygenic
photosynthesis photosynthetic
(plants, algae, bacteria (green
cyanobacteria) and purple
bacteria)

Fig. 5.28



Metabolic Pathways poster


http://www.biochemical-pathways.com/
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