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1. Flow path for optimizing maize EPSPS 

Figure S1. Flow path for optimizing maize EPSPS 

 
Boxes indicate an EPSPS variant with number of mutations in parentheses 

Arrows with descriptions in italics indicate an optimization process (saturation mutagenesis or 

combinatorial library). 

The table specifies the screening procedure for the adjacent library. 



1The vector used for expression in E. coli, described in Methods; “low copy” indicates that the ori is 

exchanged with that of pSC101, generating ~5 copies per cell rather than ~20. 
2Amendment added to the minimal basal medium described in Methods 
3Combi: Combinatorial library of the diversity indicated 
4Diversity: The neutral or beneficial substitutions identified by saturation mutagenesis 
5Backbone: The amino acid sequence upon which the combinatorial library is built 
6pmbn: Polymyxin B-sulfate nonapeptide, supplied at 1 mg/L 
7H6-C2-native backcross: See Supporting Information, next section, for details 
8betaine: Supplied at 1 mM 
9kgly is enzyme turnover, min-1, under simulated in vivo application conditions (30 M PEP, 30 M S3P 

and 1 mM glyphosate; for rationale, see Results). 

 

2. Slow release of glyphosate from native maize EPSPS 

 The usual method we used to perform substrate saturation kinetic analysis was to place the varied 

substrate into the wells of the assay plate and start reactions by the addition of a mixture of all other 

components (enzyme, buffer, fixed substrate, coupling reagents and if appropriate, glyphosate). With that 

procedure for saturation with PEP, we obtained data that best fit non-competitive inhibition (Figure S2). 

 

Figure S2. Non-competitive inhibition when native maize EPSPS is pre-mixed with S3P and glyphosate 

 
 

The explanation for that anomalous result was the observation of slow recovery of activity from an 

E:S3P:glyphosate complex upon addition of PEP, suggesting slow dissociation of glyphosate from the 

complex (Figure S3, left panel). 

  



 

Figure S3. Slow release of glyphosate from a previously formed E:S3P:glyph complex 

 
Left panel; enzyme was mixed with 100 nM glyph and 0.14 mM S3P before starting the reaction with the 

addition of 0.3 mM PEP. 

Right panel; same reaction conditions except that glyphosate was omitted. 

 

The same plot theoretically could be due to insufficient catalytic capacity of the coupling enzyme, purine 

nucleotide phosphorylase. That this was not the case is shown in Figure S3, right panel, where the same 

reaction conditions without glyphosate, resulted in a linear time course. 

 Under the hypothesis that the non-competitive plot was due to a fraction of the enzyme being 

bound with glyphosate during rate measurement, the procedure was altered such that the enzyme was 

exposed to PEP and glyphosate simultaneously. This was done by placing PEP and glyphosate (5 l each) 

in the wells of the assay plate, then starting the reaction with the addition of the mixture of enzyme, S3P 

and the other reaction components. With that modification, an accelerating reaction rate, inferring slow 

release of glyphosate from an E:S3P:glyph complex, was not seen (Figure S4). 

 

Figure S4. Reaction time course with native maize EPSPS and S3P added to a well containing PEP and 

glyphosate. Final concentrations of PEP, S3P and glyphosate were 0.3 mM, 0.14 mM and 100 nM, 

respectively. 

 



 

Global non-linear regression analysis of a family of such reactions with varying concentrations of PEP, 

with or without 100 nM glyphosate resulted in an excellent fit with the expected equation for competitive 

inhibition (Figure S5). None of the other variants in this study exhibited slow dissociation of glyphosate 

from an E:S3P:glyphosate complex. 

 

Figure S5. Competitive inhibition when maize native EPSPS is exposed simultaneously to PEP and 

glyphosate. Saturation kinetics with varying PEP, 100 nM glyphosate. 

 
 

3. Map of E. coli expression vector 

Figure S6. pHD2114, the vector used for expressing EPSPS variants in E. coli. The cloning site for all 

variants is here shown occupied by the nucleotide sequence coding for native maize EPSPS. 
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