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BOOK

LEHNINGER PRINCIPLES OF BIOCHEMISTRY
. . LEHNINGER
Authors: David L. Nelson; Michael M. Cox Principles of

Eighth Edition ©2021 BIOCHEMISTRY
Paperback ISBN: 9781319381493 L

PRINCIPLES OF BIOCHEMISTRY %
E-book ISBN: 9781319322397

Copies of the book are available in UNIBO
libraries:

B. Clinica ‘F. B. Bianchi’ — Bologna
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B. Biomedica centrale — Bologna David LNGleon

Michael M.Cox

B. Veterinaria ‘Ercolani’ — Bologna

B. Centrale — Campus di Rimini
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BOOK

CHAPTERS OF STUDY:

LEHNINGER

Principles of

BIOCHEMISTRY

Chapter 14: Glycolysis, Gluconeogenesis, and the
Pentose Phosphate Pathway

Chapter 15: The Metabolism of Glycogen in Animals
Chapter 16: The Citric Acid Cycle
Chapter 17: Fatty Acid Catabolism

Chapter 18: Amino Acid Oxidation and the Production
of Urea

EIGHTH EDITION

Chapter 19: Oxidative Phosphorylation
Chapter 21: Lipid Biosynthesis

Chapter 22: Biosynthesis of Amino Acids, Nucleotides,
and Related Molecules

'.,' i
o R

Chapter 23: Hormonal Regulation and Integration of David L.Nelson
Mammalian Metabolism Michael M.Cox
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Syllabus 2025-2026 Signalling pathways in health and disease Module
B1 — Metabolic Biochemistry — Prof. M. Di Foggia - 3 CFU (25.5 hours)

DATE
12 Mar
13 Mar
16 Mar
17 Mar
19 Mar
24 Mar
26 Mar
16 Apr
20 Apr
21 Apr
05 Jun
09 Jun
10 Jun

TIME
11-13
11-13
9-11
9-11
11-13
11-13
11-13
9-11
11-13
9-11
11-12:30
11-13
9-11

TITLE

Introduction to metabolism. ATP synthesis and utilization.
Oxidative phosphorylation — part 1
Oxidative phosphorylation — part 2
Overview of carbohydrate metabolism
Glycogen metabolism

Glycolysis — part 1

Glycolysis — part 2

Pyruvate oxidation and TCA cycle
Gluconeogenesis

Pentose phosphate pathway
Metabolic integration

Specific metabolism of some organs and tissues, part 1

Specific metabolism of some organs and tissues, part 2

ALMA MATER STUDIORUM
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EXAM

WRITTEN EXAM (JUNE, 26TH; JuLy, 27TH; SEPTEMBER, 11TH; SEPTEMBER,
25TH)

2 HOURS

14 POINTS (9 CELL SIGNALLING + 9 PHYSIOLOGY)
1 DAY — 3 EXAMS:

1) PHYSIOLOGY

2) METABOLIC BIOCHEMISTRY

3) CELL SIGNALLING

MORE DETAILS WERE GIVEN BY PROF. GENOVA (COORDINATOR OF THE
INTEGRATED COURSE)

ALMA MATER STUDIORUM
6 UNIVERSITA DI BOLOGNA



EXAM (only Metabolic Biochemistry section) — part 1

9 MULTIPLE-CHOICE QUESTIONS IN WHICH YOU HAVE TO JUSTIFY EVERY SINGLE
ANSWER (0.5 POINTS FOR THE CORRECT ANSWER + UP TO 0.5 POINTS FOR THE
EXPLANATION)

In uncontrolled Type 1 diabetes, we observe metabolic acidosis (decrease of plasma pH)
because:

a. free fatty acids increase in plasma

b. bicarbonate is consumed for carboxylation reactions

c. there are high levels of plasma B-hydroxybutyrate

d. enhanced glycolysis produces excess lactate

e. glucose-6-P is hydrolysed to glucose plus phosphate

c. In the absence of sufficient insulin, the body increases lipolysis. The liver converts fatty
acids into ketone bodies, including B-hydroxybutyrate, which are acidic.

a. Doesn’t directly lead to metabolic acidosis.

b. Bicarbonate consumption is not a significant factor in this context.

d. Lactate can contribute to acidosis, but less than the accumulation of ketone bodies.

=z
>

e. This reaction primarily involves glucose metabolism rather than acid-base balance. @ =~
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EXAM (only Metabolic Biochemistry section) — part 2
3 EXERCISES:

A) COMPLETE THE FOLLOWING REACTIONS (TOTAL 1.5 POINTS — 9 REACTIONS):
a. Glycogen (N) + cueeeeervevvcveeeercccnnne = Glycogen (N-1) + ...cccvverereccenerrccinnnn
Glycogen (n) + inorganic phosphate (Pi) - Glycogen (n-1) + Glucose-1-phosphate (G1P)

B) WRITE ALL COENZYMES AND PROSTHETIC GROUPS, IF ANY, INVOLVED IN THE ACTION OF THE FOLLOWING
ENZYMES. IF THEY DERIVE FROM A VITAMIN, WRITE WHICH VITAMIN 1S. ALSO WRITE THE COMPLETE REACTIONS
(TOTAL 1.5 POINTS — 9 ENZYMES).

a. Alpha-ketoglutarate dehydrogenase complex

- Thiamine pyrophosphate (TPP) - derived from Vitamin B1

- Lipoic acid

- Coenzyme A (CoA) - derived from Vitamin B5 (pantothenic acid)

- Flavin adenine dinucleotide (FAD) - derived from Vitamin B2 (riboflavin)

- Nicotinamide adenine dinucleotide (NAD+) - derived from Vitamin B3 (niacin)
a-Ketoglutarate + NAD* + CoA - Succinyl-CoA + NADH + CO,

ALMA MATER STUDIORUM
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EXAM (only Metabolic Biochemistry section) — part 2

C) WRITE THE REACTIONS FOR GLUCOSE BIOSYNTHESIS FROM GLUTAMATE. HOW MANY GLUTAMATE MOLECULES
ARE REQUIRED? WRITE THE ATP BALANCE AND INDICATE THE CELLULAR COMPARTMENTALISATION (2 POINTS).

NAD* NAD* GDP + P, FAD
GLUTAMATE =———> KETOGLUTARATE =————> SUCCINYL-COA =——> SUCCINATE =——————bp

NAD* GLUCONEOGENESIS

FUMARATE — 5 MALATE—, OXALACETATE (X2) » GLUCOSE

\ 4

2 Glutamate molecules are needed to synthesise 1 glucose molecule

3 NADH, 1 FADH, and 1 GTP molecules are produced between glutamate and oxaloacetate
(X2)

2 ATP, 2 GTP and 2 NADH molecules are consumed in gluconeogenesis from oxaloacetate to
glucose

NET BALANCE: 4 NADH + 2 FADH, -2 ATP > 4*25+2*1.5-2 =11 ATP molecules

From glutamate to oxalacetate in the mitochondrial matrix, then in cytosol.

ALMA MATER STUDIORUM
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Useful resources

ore Metabolic Roadmap

How to get the molecules that are needed, when they're needed.

Key: A activates (X inhibits multiple steps reversible
hexokinase Gmﬂs‘
(soform cale = e
Pentose Phosphate Pathway S eutna ( »,6 ricbrt e
Oxidative phase u
By oo o e o T o ke protipee frosat’ .’3"57‘3;
Non-oxidative phase ohuconolactonase o gl oind - e,
THEBUMBLINGBIOCHEMIST T T T | W T
5-Phosphate gluconate gluconolactone 1-phosphate o 3
Fructose 6-Phosphate © insun A glocagon ¥
shofructok 2
ey R Phospholuiobinasel o L @ osen
eI Gy ™ e it rgutatonol ek arOPsse by

AT, cirate sylubose’5-phosphate theough activation of

Ribose Xyl fructose 16 Py aregulatory protein phosphatase.
s-Phosphate 5-7 husnhale bisphosphatase1 Ko
A clte fructose Fuciose:

oramne sevistoghand N 5o L0 e

Fructose 1,6-Bisphosphate

carbon scrambling via
fructose glycerol 3-phosphate
an: ketol
transaldolase and transketolase bisphosphate v
Nucleotides aldolase WA acr

glycorol kinase

SCIENTIFIC ARTICLES ON METABOLISM e

G'V"':; gy Giycrol
Frommdatee W e tiose phosphate phosphate "
3phosphate oo, ; P!
dehydrogenase o
.20 A In s
DNA, RNA, coenzymes AL
phosphoglycerate kinase
e
3-Phosphoglycerate
phosphoglycerate mutase
2-Phosphoglycerate
enclase
Phosphosnolpyruvate
,C0,
Ppyruvate kinase  ADP. it )m PEP
arae apofl Qow mooknme e daydoomse
Jong chi fatty ck Oxaloacetate — Malate
ataine, guc3gon in el foace s,
. pynnate S
; AP onme WA MO
WO, AscetyCok
Pyvivab alanine transaminate
pynaate » < -9NI-l\nl- e
carbarylase lactate dehydrogenase o ~. 1
mas A scetyt-Con L A
HADH Alanine
b pecally imporant under jAD:, ¥ 2 scetyh oA ATR B e
X ting ceygen condiios. NADH fctyacs f? NADH Triacylglycerols
- e Lactate Aruncor s (TAGs) Phospholipids
¥ g Urea AP 4B citate synthase WAD:, Ca Ketone bodies
NADPH © ¥ 1 succm-CoA, ATR, NADH, citrate
" .. re Acetyl-CoA thiolase
mor AN S 2ot rauaminase | . ikachondrial T
b 2 Acetoacetyl-CoA Fatty acids
S )
Aspartate st 3')0/Ioanutn w‘:‘ :fw Citrate cltrate lyase ) matonyt-CoA +2NADP
“MDH aconiuse A acetyl Cok carboxae 2MAD
malate g AP 4p, ytoplasmic e parmACoA
W*é‘z ebydrogenase Isocitrate S AcetyRCOA Malonyl-CoA
Malate sodtate \ o Wo; AP joeen
i ’( 2 dehycrogenase | d
marase © ATP * NADH hiolase
cnﬂ;:d; cy:led-aln|e o] awnc |, b
tricarboxylic acid cycl 13 ‘s oA
Fumarate Acety-CoA cant cross the
Krebs \ " s | e L vaross | MMG-CoA [ atACor mitochondiial membranes so
Dfferent ntermediates can be added & gy ) (Clof the €10 ® wccmtCoA. /NAD transaminases e Soyiias ol cE ¥ srw et e
sl ) orghtamate  HMG-CoA ooy
r ny-C o . NADH - bre:  occur).
.:“‘rm':mm‘ L ™ Sucdnats i v dehydrogenase the andinthe cytoplasm (where
connedto, o cnloscee by omicMOH) | g '\\-q Succinyl-CoA_ " S monipd
for glucose synthests. o o~ " )
*aw GoP ', ¢ *"’ Glutamate Cholesterol Steroids
PP
sty ono‘onyi CoA cytosolic oxidative
n Teactdng Glycerol-3-phosphate shuttie
Many of the above reactions take place inthe cytosal (e [Rimiss : -
el themkochands e he TCA vl or s con 0Odd-chain Malate-aspartate shuttle o
The ETC, ict localization in the inner fatty acids - et S ghopnste
mchonil marmbrane (M saona: et iy
Py e
must be shuttled into the mitochondrial matrix (e.9, via the r el

elogatn patoate

ylation (oxphos)

Electron (ranspor( chain (ETC) & |
The passing of electrons powers the pumping of matrix — w:’fun
protons ol

production of ATP by ATP synthase (CV).

various mitochondrial
tive reactions

10 o e o

DO 10:5261/2enodo. 13338217


https://virtuale.unibo.it/course/view.php?id=74014
https://virtuale.unibo.it/course/view.php?id=74014
https://virtuale.unibo.it/course/view.php?id=74014
https://virtuale.unibo.it/course/view.php?id=74014
https://virtuale.unibo.it/course/view.php?id=74014
https://virtuale.unibo.it/course/view.php?id=74014
https://thebumblingbiochemist.com/
https://www.genome.jp/kegg/pathway.html
https://www.genome.jp/kegg/pathway.html
https://www.genome.jp/kegg/pathway.html
https://cshperspectives.cshlp.org/site/misc/metabolism.xhtml
https://cshperspectives.cshlp.org/site/misc/metabolism.xhtml
https://cshperspectives.cshlp.org/site/misc/metabolism.xhtml
https://cshperspectives.cshlp.org/site/misc/metabolism.xhtml
https://cshperspectives.cshlp.org/site/misc/metabolism.xhtml
https://biochemcity.app/
https://biochemcity.app/
https://biochemcity.app/
https://biochemcity.app/

WHAT TO REMEMBER FROM CHEMISTRY

Number of bonds made by atoms (C, H, N, O, S, P)

lons’ charges

Electronegativity and its changes across the periodic table
Forecast polarity and type of bonds

Recognise H and C atoms even if they’re not indicated, as well as
lone pairs of electrons

Draw resonance structures

Recognise stereoisomers

Recognise electrophiles and nucleophiles
ldentify redox reactions

Calculate oxidation numbers

MA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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WHAT TO REMEMBER FROM CHEMISTRY

Difference between thermodynamics and kinetics of reactions
Chemical equilibrium
AG (spontaneous reactions)
High-energy bonds
Phosphate groups chemistry
Intermolecular interactions (H-bonds, dipoles......)
pH and pK, of weak acids
- Carboxylic acids (4-5)
- Protonated amines (9-10)
- Thiols (10)
- Alcohols (16-18)
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WHAT TO REMEMBER FROM CHEMISTRY

Henderson-Hasselbach’s equation

- pH = pK, - log ([HA])/([A])

Physiologic buffers’ systems (bicarbonate and phosphate)

Equilibrium constants aA+bB = cC+dD K., = LCFIDI°

 [A]°[B)

Gibbs’ free energy
- AG = AH-TAS
- AG®, AG’®, AG
- AG® = -RT In K,
-AG=AG°+RTInQ




WHAT TO REMEMBER FROM CHEMISTRY

Form Organic chemistry
e Same principles:
- nucleophilicity
- electronegativity
- acidity/basicity
e Similar reaction mechanisms:

- chemical reactions on carbonyl groups (nucleophilic acyl
substitution, aldolic condensation, Claisen’s condensation)

- redox reactions
- elimination reactions

- addition reactions on conjugate systems

ALMA MATER STUDIORUM
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WHAT TO REMEMBER FROM CHEMISTRY

Functional Class Formula Characteristic Reactions
Aknes c-c, CH Gombuston (converson to COy & Hy0)
Alkenes C=CC-H gzg:itﬁ:tion (of H)
Alkynes C=C-H gzg:itﬁ:tion (of H)
Al Haldes HCCX Eimination (o H)
Alcohols H-C-C-O-H Eﬁ:i:;ﬂ?(gf}fHHclHS)u gﬁlctiuattlg:n ((‘J;i?n?altion of 2H)
Ethers (a)C-O-R Substitution (of OR); Substitution (of a—H)
Amines C-NRH iggﬁgﬁu(?: tslc)}f g:éidation (of N)
Benzene Ring CeHs Substitution (of H)
Aldehydes (@)C-CH=0 gﬂggﬁztion (of H or a-H)
Ketones (@)C-CR=0 gﬁﬁgﬁﬂtion (of a-H)
Garboxyic Acids (@c-cozH Subsituton (ofcH); Adciion (1 G=0)
Carboxylic Derivatives E;)S_OCRZ, =§ ,NHR, efc.) iggf{,‘gﬁ“ﬁ: écfg)); Substiution (ot &=+

ALMA MATER STUDIORUM
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WHAT TO REMEMBER FROM CHEMISTRY

- o H ]
HNAOH H-O H Q HD\CfH I H* Lol .
I yoCoe T Wb Bl heat R + HzO
Hg':/ﬁ Ez ~H HalZ™ B Ez H ea HaC L|: H

Aldolic condensation

1. NaOCsHs

i C,HsOH, heat 0
2 CHz—<C > v Coa C._ _CzHs + CzHsOH
T Tomcans MO CHs 7B 0T o
2

Claisen’s condensation

elimination

CH
ki Hx fCHg H20
CHy=G—0l + KOH —= ©=C  +
CHy N H  CHy (KCI
f-d_‘-\ H CH
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WHAT TO REMEMBER FROM CHEMISTRY

Addition reaction in conjugate systems

ALMA MATER STUDIORUM
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WHAT TO REMEMBER FROM CHEMISTRY

From Organic Chemistry
e Functional groups:
- derivatives of carboxylic acids (amides, esters, anhydrides),
- alcohol
- amines
- thioesters and thiols
e Leaving groups:
- phosphates
- sulfur-containing groups (thioesters and thiolates)

18
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