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  The protein world as we know it today is a result of 

more than 3 billion years of evolutionary processes. 

The sequence space that current proteins occupy is 

negligible when compared to the vast sequence space 

that can be obtained by random combinations of the 20 

proteinogenic amino acids and that Nature could have 

been sampling throughout the history. A majority of 

functinonal proteins own their properties to specific 

secondary/tertiary structures. Is that a rare evolved 

property or is the unevolved sequence space also 

potent with secondary/tertiary protein structure? What 

biophysical properties have shaped proteins to evolve 

into the efficient functional biomolecules and stand out 

from the vast space of possible alternatives? 

To address these questions, we performed a 

systematic computational and experimental exploration 

of the canonical amino acid alphabet structural conse-

quences. A library (10
4
) composed of 100 amino acid 

long sequences was generated in silico and occurrence 

of secondary structure was evaluated by 5 different 

prediction algorithms and compared to properties of 

natural proteins. Two experimental approaches were 

then employed: (i) scarce-sampling of the library, 

where 3x15 candidate proteins were selected based on 

the predicted properties (high, low or random second-

ary structure occurrence) and characterized individual-

ly; (ii) high-throughput analysis of a synthetic library 

that mimicked the properties of the in silico library. 

Because stemming from identical input parameters, all 

the outcomes of this study can be directly compared. 

Therefore, we simultaneously provide a test of the pre-

diction algorithm accuracy when applied to unevolved 

sequence space.  

Our study suggests that there is no significant 

difference between the secondary structure formation 

potential between extant proteins and unevolved (i.e. 

random) sequences. The overall distribution of second-

ary structure properties is however broader than for 

natural proteins and reflects work of evolutionary con-

straints. Evolution seems to have played a significant 

role in optimization of solubility and anti-aggregation 

properties. Overall, this implies that even the earliest 

polypeptides could be sufficiently equipped to form 

structured scaffolds. 
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