
Method for enzyme expression and testing: 1) Transform E. coli with plasmid 

containing mutated SABP2 gene. 2) Grow cells in liquid media, then lyse via 

sonication. 3) Add lysate to Ni2+ resin column. His tagged recombinant protein binds 

selectively to Ni2+ resin. Elute protein and collect. 4) Characterize protein isolate with 

gel-electrophoresis. 5) Test enzyme activity by incubating with ester and hydroxynitrile 

substrates. 6) Product formation over time is determined spectrophotometrically.  
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Conclusions 

 
 All evolutionary pathways leading from esterase SABP2 to a hydroxynitrile lyase must 

pass through an intermediate mutant lacking both esterase and HNL activity. 

 Mutating methionine at the 239th residue of SABP2 to positively charged Lysine resulted 

in the greatest switch from esterase to HNL activity. 

 Most double mutation intermediates lacked either esterase or HNL activity. 
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Obtain molecular details of all 47 possible mutant in the pathway from an esterase 

SABP2 to a hydroxynitrile lyase.  

Test esterase activity through cleavage of para-nitrophenol acetate. Test HNL activity 

through cleavage of acetone cyanohydrin (HbHNL natural substrate) and differently sized 

hydroxynitriles: mandelonitrile, propanaldehyde cyanohydrin, and DL-Lactonirile. 
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Cartoon model of salicylic acid binding protein 2 

(SABP2), a tobacco plant esterase and member of 

the alpha/beta hydrolase fold family of enzymes.  
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Esterase from tobacco and 

hydroxynitrile lyase from 

rubber tree belong to the 

same structural family, but 

catalyze different reactions. 
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Enzyme 
pNPAC  
mU/mg 

Acetone  
Cyanohydrin  

mU/mg 

Mandelonitrile  
mU/mg 

Propanaldehyde  
Cyanohydrin  

mU/mg 

DL-Lactonitrile  
mU/mg 

SABP2-WT 5950 <19.8 <19.8 <19.8 <16.5 

G12D 685 ± 0.0662 3.64 NA 4.66 3.44 

G12S 503 ± 0.0662 <6.62 1260 ± 0.331 <6.62 <6.62 

H80D 116 ± 34.4 34400 ± 1490 89.3 ± 0.331 2450 ± 19.8 2380 ± 38.7 

H80Q 6.62 10700 ± 1160 619 ± 0.662 8140 ± 4.96 8070 ± 109 

H80E <3.31 <6.62 59.5 ± 3.31 291 ± 6.62 <3.31 

M239K <9.92 21700 ± 215 <6.62 14200 ± 16.5 14190 ± 193 

G12N/H80E <3.31 11100 ± 174 90.3 ± 6.95 2580 ± 4.30 2550± 54.6 

H80E/M239K <3.31 2380 ± 186 89.3 ± 0.298 1550 ± 0.132 1520  ± 1.98 

G12T/H80E/M239K <26.5 <9.92 11300 ± 34.7 3080 ± 48.9 3010 ± 30.8 

HbHNL-WT 6.31 83100 1660 238 49600 
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Materials and Methods 

Specific activities of the most active pathway intermediates. Esterase activity observed 

through release of p-nitrophenoxide from pNPAC (0.3 mM), and HNL activity observed 

through release of hydrogen cyanide from various hydroxynitriles (0.1 mM).  

Future Directions 

 

 Express and test activity of remaining 17 pathway intermediates.  

 Test intermediates for catalytic activity with SABP2’s natural substrate methyl salicylate 

 Obtain molecular details of other evolutionary pathways, such as from ancestral esterase 

PHYL2 to HbHNL. 

 

Studying structurally related 

enzymes which differ in 

catalytic function is useful in 

engineering enzymes with 

new function.  

SABP2 mutation pathways leading to loss of esterase activity and gain of HNL activity. Nodes 

represent SABP2 mutants and are named according to the sites of mutation. Specific activities 

are represented as turnover rate (min-1), esterase activity (0.3 mM pNPAC) is displayed on top, 

and HNL activity (0.1 mM acetone cyanohydrin) is displayed below. Retention of esterase 

activity is indicated by green arrows, and gain of HNL activity by orange arrows. 
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We tested  30 mutant intermediates in the pathway from tobacco esterase SABP2 to a 

hydroxynitrile lyase. Our findings show: 
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