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Table S1 Primers for directed evolution of the cap domain 

Primers Oligonucleotide sequences (5’-3’) 

F1 GCGATCACCAGCATCTATCCGCAGGGTGTCCCGCT 

R1 AGCGGGACACCCTGCGGATAGATGCTGGTGATCGC 

F2 CCGGAATTCATGTCTATTCGTGAAGCCGT 

R2 CCAGGTTGCGAAGCAACTCGTCGTGACCGA 

F3 TCGGTCACGACGAGTTGCTTCGCAACCTGG 

R3 CCCAAGCTTTTAACCGAGGCTCGAGATGAAG 

The underlined bases are the restriction sites 

 

  



Table S2 Primers for site-directed evolution of the cap domain 

Primers Oligonucleotide sequences (5’-3’) 

S142-F TGGCAAGGTCGGCNNKGCGATGCGTAGCAT 

S142-R ATGCTACGCATCGCMNNGCCGACCTTGCCA 

A143-F TGGCAAGGTCGGCTCGNNKATGCGTAGCAT 

A143-R ATGCTACGCATMNNCGAGCCGACCTTGCCA 

M144-F TGGCAAGGTCGGCTCGGCGNNKCGTAGCGCAGTTCCCGGC 

M144-R GCCGGGAACTGCGCTACGMNNCGCCGAGCCGACCTTGCCA 

R145-F GGCTCGGCGATGNNKAGCATTTTTCCCGGC 

R145-R GCCGGGAAAAATGCTMNNCATCGCCGAGCC 

S146-F GGCTCGGCGATGCGTNNKATTTTTCCCGGC 

S146-R GCCGGGAAAAATMNNACGCATCGCCGAGCC 

P149-F TGCGTAGCATTTTTNNKGGCGCGATGTCCG 

P149-R CGGACATCGCGCCMNNAAAAATGCTACGCA 

G150-F TGCGTAGCATTTTTCCCNNKGCGATGTCCG 

G150-R CGGACATCGCMNNGGGAAAAATGCTACGCA 

A151-F TTTTCCCGGCNNKATGTCCGAAGATCCCCG 

A151-R CGGGGATCTTCGGACATMNNGCCGGGAAAA 

M152-F TTTTCCCGGCGCGNNKTCCGAAGATCCCCG 

M152-R CGGGGATCTTCGGAMNNCGCGCCGGGAAAA 

The underlined bases are the mutation sites. 

 



Table S3 Enzyme immobilization on resins with different functional groups 

Style Name hydrophobic property  Size (µm) 
Specific activity 

(U/g) 
a
 

Activity recovery 

(%) 
b
 

 Epoxy 

group 

ES-1 hydrophilic  150 – 300 0.29 ± 0.05 3 

ES-101 hydrophobic  150 – 300 1.1 ± 0.2 12 

ES-103 hydrophobic  100 – 250 1.4 ± 0.1 16 

Amine 

group 

ESR-1 hydrophilic  100 – 300 4.2 ± 0.8 48 

ESR-2 hydrophobic  100 – 300 6.0 ± 0.2 70 

ESR-3 hydrophobic  100 – 300 4.5 ± 0.7 51 

a
 Specific activity of immobilized enzyme towards (RS)-DmCpCe.  

b 
Activity recovery was calculated as the rate of immobilized enzyme activity and activity of the enzyme bound to 

the resins. 

  



 

Fig. S1 Scheme presentation for the cap-domain error-prone PCR. 

  



 

Fig. S2 Covalent immobilization of enzyme on resins with epoxy group or amino group. 

  



 

Fig. S3 Thermostabilities of the free enzyme and immobilized enzyme at 30°C. 
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