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Biological systems achieve complex, regulated functions by coupling molecular recognition and 

self-assembly.1 The peptide bond is central to this, yet forming it in water has been challenging 

because hydrolysis is thermodynamically favoured. Previous approaches relied on activated 

substrates or on the assembly of the product to shift this equilibrium.2,3 Here, we ask whether co-

assembly of unactivated substrates can create a local environment that drives peptide bond 

formation in water.  

We report a dynamic peptide system in which sequence-specific interactions govern the reaction 

network evolution and supramolecular pathway selection. We create reaction networks using the 

Dynamic Peptide Library (DPL) approach, where the enzyme thermolysin catalyzes the reversible 

breaking and formation of amide bonds, generating a mixture of peptides, from which specific 

sequences are selectively amplified.4 Our design consists of a modified dipeptide sequence with a 

fatty acid chain (C8) on the N-terminus that undergoes hydrolysis due to the endoprotease activity 

of thermolysin and interacts supramolecularly to co-assemble with different tryptophan-containing 

dipeptides, undergoing different supramolecular pathways. We have a supramolecular system that 

can control the pathway via a single peptide mutation in the dipeptides. We observe that, 

remarkably, in the case of Arginine-containing dipeptides, it undergoes Liquid-Liquid Phase 

Separation to form droplets that act as microreactors for peptide synthesis, leading to higher-order 

sea urchin-like structures in 79% yield. Whereas in a Lysine-containing dipeptide, it bypasses 

compartmentalization, leading to direct aggregation; in the Aspartic acid system, it suppresses 

assembly. Furthermore, we have shown that the position of Arginine also matters in which pathway 

it chooses. The dipeptide therefore acts as both substrate and supramolecular regulator. This 

minimal system shows sequence-regulated reaction-assembly pathways and points towards 

sustainable, high-yielding peptide synthesis in water without coupling reagents. 
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