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Fig. S1 Ramachandran plot analysis of 4mPNP model



Fig. S2 Potential randomization sites for AmPNP evolution. (a) AmPNP binding with 1a. (b)
Overview of the potential mutagenesis sites surrounding the binding pocket of AmPNP.

Randomization sites are showed as red sticks, and the compound 1a is showed as blue stick.
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Fig S3. RMSF and RMSD analysis results.
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Fig. S4 Analysis of the product 1a binding mode in the WT and M3 using MD simulations: (a)
WT-1a Interaction, (b) M3-1a Interaction. The results were visualized by visual software

LigPlot.
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Fig. S5 Effect of pH and temperature on the activity and stability of wild-type and mutants. a)
The effect of temperature on activity of wild-type and its mutants was studied by changing the
temperature from 40 °C to 75 °C, at pH 7.5. The highest activity was set to 100%. b)
Thermostability of wild-type and its mutants was measured by incubating the enzyme at various
temperature for 2 h. The initial activity was set to 100%. ¢) Activity of wild-type and its mutants
was measured at different pH values (6.0-9.0) at 50 °C. The highest activity was set to 100%. d)
pH stability of wild-type and its mutants was evaluated following incubation at 50 °C for 2 h at
different pH values. The initial activity was set to 100%. The buffer systems were 1/15 mol/L

Na,HPO,/KH,PO, (pH 6.0-9.0). Each independent experiment was duplicate ed for 3 times.
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Fig. S6 Enzymatic synthesis of 1a by HPLC analysis
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Fig. S7 Enzymatic synthesis of 1b by HPLC analysis
Uracil (Rt=4.047 min), 2'-Deoxyuridine (Rt=5.780 min), 2b (Rt=10.07 min), 1b (Rt=16.253

min).



Table S1. Phosphorolysis activity of AmPNP and mutants toward adenosine and 2°-

deoxyadenosine
Protein Phgsphorolysis activity (U/mg) ‘ Fold
adenosine 2°-deoxyadenosine change
WT 2.57+0.58 0.91+0.11 1.00
M1 12.84+1.36 6.51+1.32 7.15
M2 89.42+2.65 28.71+1.05 31.55
M3 392.56+3.98 131.72+2.78 144.75

Fold change improvement in the specific activity toward 2‘-deoxyadenosine of mutants over
the WT enzyme.
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Table S2. The binding energy of WT and mutant M3 with 2a

entry protein binding energy (kcal/mol)
1 WT -5.43
2 M3 -6.36

Table S3. Primers of part mutants



Primer Sequence (5' to 3")
N233D-F aatgccagctgccatgtcactgatgcaggagat
N233D-B atctcctgcatcagtgacatggeagcetggeatt
E191Q-F tccgetggegtttgatageteggtccaageata
E191Q-B tatgcttggaccgagctatcaaacgecagegga

S28A-F agaaataggattgattcttggtgcaggacttggtgtgctgg

S28A-B ccagcacaccaagtcctgecaccaagaatcaatectatttct
L30A-F ttcgtccgecageacacctgetccagaaccaagaatcaate
L30A-B gattgattcttggttctggagcaggtgtectggeggacgaa
V56A-F cctttatgaccttccgecgtggacaccggaa
V56A-B ttccggtgtccacggeggaaggtcataaagg
E57A-F ggcctttatgacctgecaccgtggacace
E57A-B ggtgtccacggtggeaggtcataaaggcc
R79A-F ccttcataatagtgaaacgcgecectgeatggegeag
R79A-B ctgcgecatgecagggegcegtttcactattatgaagg
Y83A-F ggccatgeccttetgeatagtgaaacctgecctgeatgg
Y83A-B ccatgcagggcaggtttcactatgcagaagggcatggcc
E110A-F caccacccgecgetgcetgtcacgattattttatccacaceg
E110A-B cggtgtggataaaataatcgtgacageageggegggtggte
MI85A-F ggegtgtatgtcggt geg cttggaccgagcetat
MI85A-B atagctcggtccaag cge accgacatacacgee
S189A-F cgctggegtctcataggecggtccaageatace
S189A-B ggtatgettggaccggectatgagacgecageg
Y190A-F aatttccgctggegtetctgegeteggtccaageatace
Y190A-B ggtatgettggaccgagegeagagacgecageggaaatt
I196A-F tgtgcgcaacatacgagcettcegetggegtetcatag
1196A-B ctatgagacgccagceggaagcetegtatgttgcgecaca
V207A-F cggtcgacatgectgecgegtecaccgect
V207A-B aggeggtgacgeggeaggcatgtcgaceg
G208A-F cggtgacgcggtegetatgtcgacegtac
G208A-B gtacggtcgacatagcgaccgegtcaccg
M209A-F ttccggtacggtcgatgcgecgaccgegtcace
M209A-B ggtgacgcggteggegeategaccgtaccggaa
S210A-F tccggtacggtegecatgecgaccg
S210A-B cggtcggeatggegaccgtaccgga
T211A-F cacttccggtacggcecgacatgccgac
T211A-B gtcggceatgtcggecgtaccggaagtg
C230A-F gctgecatatcactgatggeggagatgceccaatacac
C230A-B gtgtattgggcatctccgecatcagtgatatggeage
L243A-F atcacttcatcgtgtgatgccggctgaggtaaaatge
L243A-B gcattttacctcagecggeatcacacgatgaagtgat
S244A-F ccatcacttcatcgtgtgctaacggctgaggtaaaat
S244A-B attttacctcagccgttagcacacgatgaagtgatgg
H245A-F ggctgtttccatcacttcatccgetgataacggetgaggtaaaat
H245A-B attttacctcagccgttatcagecggatgaagtgatggaaacagee



V248A-F

getgtttccatcgettcatcgtgtgataacgget

V248A-B agccgttatcacacgatgaagcgatggaaacage
M249A-F tgaccttttcggcetgtttccgecacttcatcgtgtgataac
M249A-B gttatcacacgatgaagtggcggaaacagcegaaaaggtea
Y190F-F ttccgetggegtetcaaageteggtccaageat
Y190F-B atgcttggaccgagctttgagacgccageggaa
Y190V-F ttccgetggegtetcaacgetcggtccaageat
Y190V-B atgcttggaccgagegttgagacgecageggaa
Y190I-F ttccgetggegtetcaatgeteggtccaageat
Y190I-B atgcttggaccgagcattgagacgecageggaa
Y190L-F ttccgetggegtetcaaggeteggtecaageat
Y190L-B atgcttggaccgagecttgagacgecageggaa
Y190M-F ttccgetggegtetccatgeteggtccaageat
Y190M-B atgcttggaccgagceatggagacgecageggaa
Y190C-F ttccgetggegtetcacageteggtccaageat
Y190C-B atgcttggaccgagctgtgagacgecageggaa
MI185Y-F ggcgtgtatgtcgggtagettggaccgagetat
MI85Y-B atagctcggtccaagcetacccgacatacacgee
M185T-F gegtgtatgtcggtacgcettggaccgageta
MI85T-B tagctcggtccaagegtaccgacatacacge
S189R-F getggegtctcatagegeggtccaageatac
S189R-B gtatgcttggaccgegcetatgagacgecage
[196Y-F tgtgcgcaacatacgatattccgetggegtctcatag
[196Y-B ctatgagacgccagcggaatatcgtatgttgcgeaca
C230L-F cagctgccatatcactgatcagggagatgcccaatacacge
C230L-B gegtgtattgggcatcteectgatcagtgatatggeagetg
M249G-F ccttttcggctgtttctcccacttcatcgtgtgat
M249G-B atcacacgatgaagtgggagaaacagccgaaaagg
M249F-F ccttttcggctgtttcaaacacttcatcgtgtgat
M249F-B atcacacgatgaagtgtttgaaacagccgaaaagg
M249L-F ccttttcggctgtttctageacttcatcgtgtgat
M249L-B atcacacgatgaagtgctagaaacagccgaaaagg
M249I1-F gaccttttcggctgtttcaatcacttcatcgtgtgataa
M?2491-B ttatcacacgatgaagtgattgaaacagccgaaaaggte




