
 

 

András Szarka 

 

Basic Biochemistry 
University notes for chemical engineers 

 

 
This booklet, as the title tells us, does not aim at giving comprehensive biochemistry 

knowledge. Instead it would like to give a short overview of the biochemical pathways 

and their connections. The first part of the booklet gives basic knowledge from the field 

of general chemistry and basic cell biology. The second part focuses to the basic 

principles of enzymology and bioenergetics. This part gives background to the metabolic 

processes discussed in the third block of the booklet. The energy producing processes 

such as the oxidative phosphorylation and the photosynthesis is embedded into this 

metabolic part. This metabolic part is followed by the forth, last part of the book which 

discuss the basics of molecular biology. 

 

 

Keywords: biochemistry, molecular biology, general chemistry, basic cell biology, 

enzymology, bioenergetics 

 

 

Budapest University of Technology and Economics 

Semmelweis University 

 

 

 
 

Typotex Publishing House 

2014  



 

 

Copyright:  2014-2019, Dr. András Szarka, Budapest University of Technology and 

Economics, Semmelweis University 

 

Creative Commons NonCommercial-NoDerivs 3.0 (CC BY-NC-ND 3.0)  

This work can be reproduced, circulated, published and performed for non-commercial 

purposes without restriction by indicating the author's name, but it cannot be modified. 

 

Reader: József Paulik 

 

ISBN 978 963 279 169 2 

Készült a Typotex Kiadó gondozásában 

Felelős vezető: Votisky Zsuzsa 

 

Made within the framework of the project Nr. TÁMOP-4.1.2/A/1-11/1-2011-0079, 

entitled „Konzorcium a biotechnológia és bioinformatikai aktív tanulásáért”. 

 

 

 

 

 

 

 

http://www.typotex.hu/


 

© András Szarka www.interkonyv.hu  

Content 
Preface ..................................................................................................................................................................... 7 

1. Basic chemical and biological principles ................................................................................................... 8 

1.1. Cells are the structural and functional units of all living organisms ............................ 8 

1.1.1. Prokaryotes ................................................................................................................................ 8 

1.1.2. Eukaryotes .................................................................................................................................. 9 

1.2. Basic cell chemistry ......................................................................................................................... 14 

1.2.1. Cells Are Made From a Few Types of Atoms ............................................................. 14 

1.2.2. Chemical bonds ...................................................................................................................... 14 

1.2.3. Water, the most abundant part of cells ....................................................................... 16 

1.2.4. Four types of non-covalent interactions ..................................................................... 18 

1.2.5. A cell is formed from carbon compounds ................................................................... 20 

2. Enzymes .......................................................................................................................................................... 22 

2.1. The catalysed reactions ................................................................................................................. 22 

2.2. Most enzymes are proteins .......................................................................................................... 25 

2.3. Enzymes are classified by the reactions they catalyse .................................................... 26 

2.4. How enzymes work ......................................................................................................................... 26 

2.4.1. Enzymes Affect Reaction Rates, Not Equilibria ........................................................ 27 

2.4.2. Specificity of Enzymes ......................................................................................................... 29 

2.5. Enzyme Kinetics ............................................................................................................................... 29 

2.6. Enzymes are subject to reversible or irreversible inhibition ....................................... 30 

2.6.1. Reversible inhibition ........................................................................................................... 31 

2.6.2. Irreversible Inhibition ......................................................................................................... 31 

2.7. The regulation of enzyme activity ............................................................................................ 32 

3. Bioenergetics ................................................................................................................................................ 33 

3.1. Cells obtain energy by the oxidation of organic molecules ........................................... 33 

3.1.1. Oxidation and Reduction Involve Electron Transfers ........................................... 35 

3.2. The free-energy change for a reaction determines whether it can occur ............... 36 

3.3. Activated carrier molecules: energy currencies ................................................................. 39 

3.3.1. ATP is the most widely used activated carrier molecule ..................................... 40 

3.3.2. FADH2, NADH and NADPH are important electron carriers .............................. 41 

3.3.3. Other activated carriers ..................................................................................................... 43 

4. Carbohydrate metabolism – glycolysis, gluconeogenesis ......................................................... 45 

4.1. Glycolysis ............................................................................................................................................. 48 

4.1.1. The reactions of glycolysis ................................................................................................ 49 

4.1.2. Fates of pyruvate and NADH ............................................................................................ 52 

4.1.3. Energy yield of aerobic versus anaerobic glycolysis ............................................. 54 

4.1.4. Other functions of glycolysis ............................................................................................ 55 

4.1.5. Regulation of glycolysis ...................................................................................................... 55 

4.2. Gluconeogenesis ............................................................................................................................... 56 

5. Carbohydrate metabolism – pentose-phosphate pathway ....................................................... 59 



4 Basic biochemistry 

www.interkonyv.hu © András Szarka 

5.2. Oxidative phase of the pentose phosphate pathway ........................................................ 60 

5.2. The non-oxidative phase of the pentose phosphate pathway ...................................... 60 

6. Pyruvate dehydrogenase enzyme complex – TCA cycle ............................................................ 63 

6.1. Pyruvate Dehydrogenase Complex .......................................................................................... 63 

6.1.1. Structure of PDC .................................................................................................................... 63 

6.1.2. Regulation of PDC.................................................................................................................. 64 

6.2. The TCA cycle ..................................................................................................................................... 64 

6.2.1. Reactions of the TCA cycle ................................................................................................ 65 

6.2.2. Energetics of the TCA cycle ............................................................................................... 69 

6.2.3. Regulation of the TCA cycle .............................................................................................. 70 

6.2.4. TCA cycle in biosynthetic pathways and anaplerotic reactions ........................ 70 

6.3. The glyoxylate cycle ........................................................................................................................ 72 

7. Terminal oxidation – oxidative phosphorylation, ATP synthesis in the mitochondria 74 

7.1. Overview of terminal oxidation and oxidative phosphorylation ................................ 75 

7.2. Electron transfer from NADH to O2 .......................................................................................... 76 

7.3. The electrochemical potential gradient ................................................................................. 77 

7.4. ATP Synthase ..................................................................................................................................... 77 

7.5. Energy yield from the electron transport chain ................................................................. 78 

7.6. Respiratory chain inhibition and sequential transfer ...................................................... 78 

7.7. Coupling of electron transport and ATP synthesis ............................................................ 79 

7.7.1. Regulation through Coupling ........................................................................................... 79 

7.7.2. Uncoupling ATP synthesis from electron transport .............................................. 79 

8. Photosynthesis – Calvin cycle ................................................................................................................ 80 

8.1. General features of photophosphorylation ........................................................................... 80 

8.2. Light absorption ............................................................................................................................... 82 

8.2.1. Chlorophylls Absorb Light Energy for Photosynthesis ......................................... 83 

8.3. Light-Driven Electron Flow ......................................................................................................... 85 

8.3.1. The cytochrome b6f complex links photosystems II and I .................................. 88 

8.3.2. Cyclic electron flow between PSI and the cytochrome b6f complex increases 

the production of ATP relative to NADPH ....................................................................... 88 

8.4. Water is split by the oxygen-evolving complex .................................................................. 89 

8.5. ATP synthesis by photophosphorylation ............................................................................... 89 

8.5.1. The ATP synthase of chloroplasts is like that of mitochondria ......................... 91 

8.6. Carbohydrate biosynthesis in plants ....................................................................................... 92 

8.6.1. Carbon Dioxide assimilation occurs in three stages .............................................. 92 

8.6.2. Photorespiration and the C4 and CAM pathways ................................................... 95 

9. Lipid metabolism – Fatty acid oxidation ........................................................................................ 101 

9.2. Lipid transport ............................................................................................................................... 101 

9.2. Mitochondrial oxidation of fatty acids ................................................................................. 102 

9.2.1. Oxidation of a fatty acid with an odd number of carbon atoms ..................... 105 

9.2.2. Oxidation of unsaturated fatty acids .......................................................................... 105 

9.3. Generation of ketone bodies .................................................................................................... 105 

9.4. Biosynthesis of fatty acids ......................................................................................................... 106 



Content 5 

© András Szarka www.interkonyv.hu  

9.5. Cholesterol ....................................................................................................................................... 108 

10. Protein, amino acid metabolism ..................................................................................................... 110 

10.1. Nutritionally nonessential amino acids have short biosynthetic pathways ..... 110 

10.2. Catabolism of proteins and of amino acid nitrogen .................................................... 111 

10.2.1. Transamination ................................................................................................................ 112 

10.2.2. Oxidative deamination of glutamate ....................................................................... 112 

10.2.3. Ammonia transport ........................................................................................................ 112 

10.2.4. Reactions of the urea cycle .......................................................................................... 112 

10.2.5. Catabolism of the carbon skeletons of amino acids .......................................... 114 

11. Nucleotides ............................................................................................................................................... 115 

11.1. Metabolism of purine and pyrimidine nucleotides ....................................................... 118 

11.1.1. Purines and pyrimidines are dietarily nonessential ........................................ 118 

11.1.2. Biosynthesis of purine nucleotides .......................................................................... 118 

11.1.3. Biosynthesisof pyrimidinenucleotides................................................................... 119 

12. DNA replication ...................................................................................................................................... 120 

12.1. Replication is semiconservative .......................................................................................... 120 

13. Transcription ........................................................................................................................................... 128 

14. Translation ............................................................................................................................................... 136 

14.1. The Genetic Code ........................................................................................................................ 136 

14.1.1. Cracking of the Genetic Code ...................................................................................... 136 

14.1.2. Wobble Hypothesis ......................................................................................................... 138 

14.1.3. Translational Frameshifting and RNA Editing .................................................... 140 

14.2. The process of protein synthesis ......................................................................................... 140 

14.2.1. The ribosome .................................................................................................................... 140 

14.2.2. Transfer RNAs ................................................................................................................... 141 

14.2.3. Stages of the translation process .............................................................................. 142 

References ........................................................................................................................................................ 148 

 

 


