
Minimal cell / metabolism 
How to apply various disciplines of biology to 
answer a common question 



Metabolism 



The Chemoton Theory of Tibor 
Gánti 



The Chemoton Theory of Tibor 
Gánti 
 Membrane = separate from the 

environment 
 Information storage 
 Metabolism for homeostasis 



Minimal cell 

 Top – down:  We start from extant 
organism and go down 

 Bottom – up:  We start from minimal 
functions and try to get to a living cell 

 (synthetic life) 



Minimal cell – Top-down 

 The smallest set of genes that can 
maintain a living organism in the best 
possible environment (all nutrient are 
available in optimal quantities, and there is 
no stress) 

 Bioinformatics 
 Knock-out experiments 

 



Endosymbionts 

 Nasuia deltocephalinicola (112,091 base) 137 peptide 
genes, 2 pseudogenes, 3 rRNA, 29 tRNA 

 Tremblaya princeps (138,927 / 138,931 base-pairs) 110 
protein genes, 23 pseudogenes, 2 sets of 3 rRNA, 8 
tRNA  

 Zinderia insecticola (208,564 base) 202 protein coding 
genes, 25 tRNA, 3 rRNA, tmRNA  

 Sulcia muelleri (146,384 / 190,733 / 190,405 / 276,511 / 
243,933 base-pairs) 3 rRNA, 29 tRNA and 187 protein 
coding genes 

 Uzinura diaspidicola (263,431  base) 227 protein coding 
genes, 7 pseudogenes, 3 rRNA and 30 tRNA 

 

 



Minimal genome - comparisions 
 Mycoplasma genitalium 477 gene 
 Haemophyllus influenzae 1703 gene 
 
240 ortholog common genes 
22 needs to be added to function 
6 is parasite specific 
(one needed to be readded as it turned out not 

to be parasite specific) 
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Minimum genom II - endosymbionts 

 Blochmannia floridanus (625 genes) 
 Buchnera aphidicola (BAp, BSg, BBp) (608, 596, 

545 genes) 

 Wigglesworthia glossinidia (661 genes) 
 277 common peptide coding genes 
 36 RNA-specific gene 
 In sum 313 common genes 
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Minimal genomes III 

 + Rickettsia prowazekii 
 + Chlamydia trachomatis 
 156 common genes 
 Common genes are not equal with 

minimum! 
 



Conserved peptides 

 Translation and RNA polymerases are 
conserved best 

 Metabolic genes do not conserve well 
 Conserved do not mean that it is 

essential in the lab (albeit can an organism 
function without DNA repair for long?) 



Minimal genome based on metabolic 
network 
 On an individual bases 80% of the genes 

of yeast (S. cerevisiae) can be knocked out 
 What is the basis of this great 

dispensability? 
 If the metabolic network is know then we 

can investigate how and for what reason 
does flux change 



Gene dispensability 
 Dispensability depends on the 

environment in 36-68% of the cases 
 15-28% duplication compensates 
 4-17% other pathway compensates 

Papp et al. 2004 Metabolic network analysis of the causes and evolution of enzyme dispensability in yeast. Nature 429:661-664 
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Minimal genome based on metabolic 
network 

 We start with the matabolic network of E. 
coli. 

 We start randomly removing genes till we 
remove one after which the biomass 
component can no longer be produced 

 The resultant minimal networks have 77% 
of its genes in common 

 Thus the order of knocking out genes 
determined the resultant minimal set 
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Minimal genome based on metabolic 
network 

 From 931 
reactions 
245±6,48 remains 

 Symbiont genomes 
can also be 
modelled in this 
way 
 



Minimal gen set – minimal function? 

 From the orthologous genes not all of 
them are important 

 non-orthologous displacement (another 
enzyme, not similar to the old one takes 
over) 

 The minimal cell need to be consistent on 
a functional level! 



Bacterial minimal genome 

 All information together (in 2004) 
 Blochmannia floridanus, Buchnera aphidicola, 

Wigglesworthia glossinidia, Mycoplasma 
genitalium, Haemophyllus influenzae, 
Escherichia coli, Bacillus substilis, 
Staphylococcus aureus, Phytoplasma asteris 

 The minimum is 206 genes 
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Minimal cell functions I 
1. DNA metabolism (replication, 

modification, repair, cleavage) 16 genes 
2. RNA metabolism (transcription, 

translation, RNA degradation) 106 genes 
3. Peptide processing (modification, 

chaperons, translocation, catabolism) 15 
genes 

4. Cell level functions (division, transport) 
5 genes 



Minimal cell functions I 

 Intermediate metabolism and energetics 
1. Glycolysis (10 genes) 

2. ATP synthesis, H+ gradient (9 genes) 

3. Pentose phosphate pathway (3 genes) 

4. Lipid metabolism (7 genes) 

5. Nucleotide biosynthesis (15 genes) 

6. Cofactor biosynthesis (12 genes) 
7. Other (8 genes) 



 



RNA world 

 RNA can both act as information storage 
and as enzymes (ribozyme) 

 Thus translation is not necessary. That 
already save us something like a 100 
genes. 

 The minimum could lie around 50 – 100 
genes 



Genome scale metabolic 
reconstructions 
What can bioinformatics used for 

Integrative biology 2016 

Kun Ádám 



Bioinformatika 

 Szűken értelmezve a biológiai adatok 
tárolásával, szervezésével és analízisével 
foglalkozó interdiszciplináris tudományág. 

 Alapvetően szekvencia információval 
dolgozik 

 Inkább informatika és matematika, mint 
biológia (de nagyon hasznos nekünk 
biológusoknak is!) 



Biológiai adatok 

 A biológia fiatal tudomány, még az 
adatgyűjtés időszakában van 

 Nagyon sok az adat, és nem egyszerű 
bennük rendet teremteni. 

 Viszont az adatok ingyen hozzáférhetőek! 



Whole genome sequences 
 The first sequences free living organism 

was Haemophilus influenzae in 1995. 
 The first sequences Eukaryote was 

Saccharomyces cerevisiae (yeast) in 
1996 

 The frist sequences multicellular 
Eukaryote was Caenorhabditis elegans 
in 1998 

 The draft of the human genome was 
published in 2006 
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Whole genome sequences 

 Archea: 228 completed and published 

 Bacteria: 4166 completed and published 

 Eukaryote: 154 completed and published 

 Virus: 3477 completed and published 

 

https://gold.jgi.doe.gov/index 
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Genome projects 

 Archea: 1164 
 Bacteria: 50372 
 Eukarióta: 14152 
 Vírus: 4526 

 

https://gold.jgi.doe.gov/index/ 
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Presenter
Presentation Notes
Pagani, I., Liolios, K., Jansson, J., Chen, I.-M. A., Smirnova, T., Nosrat, B., Markowitz, V. M. & Kyrpides, N. C. 2012. The Genomes OnLine Database (GOLD) v.4: status of genomic and metagenomic projects and their associated metadata. Nucleic Acids Research, 40, D571-D579.



Kyoto Encyclopedia of Genes and 
Genomes (KEGG) 
 http://www.genome.jp/kegg/kegg2.html 

 

http://www.genome.jp/kegg/kegg2.html


KEGG: Citric acid cycle 

 



KEGG: Malate 
 Name 

variations 
 Chemical 

structure 
 Metabolic 

pathways and 
reactions in 
which the 
compounds 
take part 



Malate hydrolyase 

 



metaCyc 

 metacyc.org 
 For metabolic pathways, this is the best 

(in my humble opinion) database 
 This is „hand curated” – which means 

that humans are still required for good 
data 
 



metaCyc: Maleic acid 



metaCyc: fumarate hydrolase 

 



GENOME BASED 
METABOLIC 
RECONSTRUCTIONS 
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Genome sequences and metabolic 
models 
 We have far more 

sequences than 
metabolic network 
models 

 



Annotation problems 
 Annotation needs to be updated in light 

of new data (e.g. Synechocystis slr0788 gene was annotated 
as pre-B cell enhancing factor based on similarity,  but it is a 

nicotineamid phosphoribosiltransferase) 
 Annotation can be plain wrong 
 Missing functionality (we might know that a 

functionality exist in the organism, but we do not know the 

sequence of its gene) 
 Transport specificity (transport are very species 

specific, and thus hard to annotate) 
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Reaction problems 
 How to determine which gene belongs to 

which function? 
 Reaction specificity (what are the reactants?) 
 Reactions need to obey conservation laws 

(mass, atoms) 

 Reaction direction (ATP should not form out of nothing) 
 Protonation state should be consistent 
 Reactions have to have the right coenzymes 
 The pathways should be specific to the 

organisms 



In silico organisms 

 



EMPLOYING 
METABOLIC 
RECONSTRUCTIONS 



Erythromycin production 
 Saccharopolyspora erythraea fungi produces 

antibiotics 
 How can this production be improved, 

made more efficient? 
 If there is only glucose in the medium 

(environment) then the addition of which 
amino-acids increases antibiotic 
production the most? 
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Erythromycin production 

 Addition of Val,  Thr, Ile, Pro, Lys increased 
antibooticum production in theory 

 Experiments validated most of this (Lys 
did not, but Ser did) 
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