Are enzyme costs minimized In evolution?
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Summary. Presumably, the costs of enzymes are minimechanisms) are critical for the cell’s tness it remains ta@ost components the e ect on the cost estimates Is ana-
mized in the course of evolution, e.g. enzymes are as smdie proved that costs have indeed an impact on the prevalyzed for two alternative pathways which yield glyceralde-
(to minimize the e ort for protein synthesis), as e cient lence of enzymes throughout evolution. hyde phosphate and energy equivalants from activated
(to minimize the necessary amount of enzymes for the reHere, the sequence lengths of the enzymes for central caglucose. As a concluding prospect, a ux-balance optimi-
quired catalyzed ux), and with as low a degradation ratebohydrate pathways is compared for selected classes imation procedure based on the minimization of required
(to minimize the need to replenish the enzyme) as posthe tree of life in order to investigate the evolutionary pref-enzyme costs Is presented.

sible. However, as other factors (e.g. e ective regulatiorerence of small enzymes. To assess the role of the di erent

Sequence length (by active site) Folding, Metabolites Degradation rate

- ts perfectly in cost concept: Investment Tl‘aﬂSpQI"t, Catalysation ts perfectly in cost concept: Depreciation

- protein synthesis is major cell’s energy consumer Processing *(ENZYME) s, | Constraints:

- evolutionary pressure on protein siz- / ,,,,, s 1 | - Degradation very important regulation mechanism
Constraints: AA .t | - Protein modi cation/aging inevitable (radicals)

- Stable folding (Precursor ) Pmducuon;’ - Elimination of faulty enzymes (Ubiquitin)

- Protective sequences (Protrypsin)
- Coupling of free energy producing and consuming
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Data availabllity: very poor, only few studies (e.g. [4])
Degradation,

(]
]
(]
(]
" ¥ 7 1
‘,“ (s 8

F 4 e

_ |\/|embra_1ne positio_n . o
- Allosteric mechanisms P 2 e

'." T  \
- Stable binding of prostethic groups s 2 58S CAminoacyl-t-RN A) (Amino ACidS)
- Reglatory sites T S T S .. |
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Data availability: perfect (uniprot+PDB) CDN A) t-RNA Charging ts less well in cost concept: Intensity of Labour
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- turnover of alternative reactants reduces e ciency
Constraints:

- Binding of chemically similar substances inevitable
- Essential side functions (e.g. stowaways)

Problem:

E clency (turnover number)
ts relatively well in cost concept: Productivity

Constraints: COSt funCtiOn

- Di usion time - depends on concentrations of alternative substrates
- Reaction mechanism

<COSt> = Typical: tradeo between speci city and e ciency
Problems:

- <e ciency > <sp eci city> -~ Data availability: mediocre (BRENC .
- Depends on conditions i / T

- Enzyme concentration and turnover not linear
Data availlability: good (BRENDA) but large deviations

<chainlength> <degradation>

Comparison of chain lengths Cost comparison Glycolysis vs. Pentose phosphate pathway
- Selected pathways, all species, data from KEGG [6]. - Glycolysis versus Pentose-phosphate
- Hierarchic arithmetic average chain lengths with respect to KEGG 4-level taxonomy used. - Substrate: glucose-6-phosphate; product: glyceraldehyde phosphate
- Percentage (+/-) of average chain lengths of rst category with respect to second shown, | - Data drawn from KEGG [6], BRENDA [5], and [4].
- Results support: intensive evolutionary development correlates with shorter chains. - Four Cost estimates: ux only, plus chain lengths considered, plus turnover
numbers considered, plus degradation considered
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> s Reaction ux chain turnover degrad
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