




particular, the engineered pNB esterase polypeptides of the present disclosure have been engineered 

for efficient removal a pNB protecting group from the imipenem precursor compound of compound 

(2) thereby converting it to the product compound (1), imipenem, as shown in Scheme 1, 

Scheme 1 

(2) (1) 

[0010] The amino residue differences are located at residue positions affecting various enzyme 

properties, including among others, activity, stability, product selectivity, and product tolerance. 

These amino residue differences^ although evolved for the removal of pNB protecting groups .from the 

imipenem precursor of compound (2), can also be used to evolve engineered pNB esterase 

polypeptides: having activity useful for removing pNB protecting groups of structurally analogous 

carbapenem precursor compounds including, but not limited to, pNB-protected precursor compounds 

of thienamycin meropenem, doripenem, ertapenem, biopenem, and panipenem. 

[0011J In one aspect, there is provided an engineered polypeptide having para-nitrobenzyl (pNB) esterase 

activity, comprising an amino acid sequence having at least 90% identity to SEQ ID NO: 2 and one or more 

residue differences as compared to SEQ ID NO:2 at 

residue positions selected from: X108, XI15, XI16. XI30, X214, X276, X321, 

and X362, further comprising residue differences at positions X193, X219 and X273 selected from 

X193A/D/E/V, X219L/V and X273A/V. In some embodiments, the residue differences as compared to SEQ 

ID NO: 2 at the 

residue positions XI08, XI15, XI16, XI30, X193, X214, X219, X273, X276, X321, and X362 are 

selected from XT08L/Y, XI15Q/W, X116S, X130T, X164T, X193A/D/E/V, X2MG. X219A/D/I./V, 

X273A/E/T/V, X276A/17L, X321A, and X362A/D/Q/S/V. 

[0012] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2 and one or more residue 

differences as compared to SEQ ID NO: 2 selected from; X108L/Y, X193A/D/E/Va X219 A/D/L/V., 

X273A/E/T/V, and X362A/D/Q/S/V. 

[0013] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2 and a residue difference as 

compared to SEQ ID NO: 2 at position XI93 selected from: X193A/D/E/V. In some embodiments, 

the amino acid residue difference as compared to SEQ ID NO: 2 at position XI93 is X193V, 
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100141 In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2, and an amino acid difference as 

compared to SEQ ID NO: 2 of X193V, and further comprises residue differences as compared to SEQ 

ID NO: 2 at positions X219 and X273 selected from X219LN and X273AN. In further 

embodiments, the amino acid sequence further comprises residue differences as compared to SEQ ID 

NO: 2 at positions X108 and X362 selected from X108L/Y and X362A/D/Q/SN. In still further 

embodiments, the engineered polypeptide further comprises a residue difference as compared to SEQ 

ID NO: 2 at position X115 selected from X115Q/W. 

100151 In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2, and a combination of residue 

differences as compared to SEQ ID NO: 2 selected from: (a) X193V, X219V, and X273A; (b) 

X108Y, X193D, X219V, X273A, and X362S; (c) X108Y, X193V, X219V, X273A, and X362Q; (d) 

X108Y, X115Q, X193V, X219L, X273A, and X362Q; and (e) X108Y, X115Q, X193V, X219V, 

X273A, and X362Q. 

100161 In some embodiments, the engineered polypeptides having pNB esterase activity disclosed 

above (and elsewhere herein) can have additional residue differences at other residue positions. In 

some embodiments, the engineered pNB esterases can have 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 

1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or 1-50 additional residue differences 

as compared to SEQ ID NO:2. In some embodiments, the engineered pNB esterases can have 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 40, 45, or 50 

additional residue differences. In some embodiments, the amino acid sequence has additionally 1, 2, 

3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21, 22, 23, 24, or 25 residue differences as 

compared to SEQ ID NO: 2. 

100171 In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2, one or more amino acid residue 

difference as compared to SEQ ID NO: 2 selected from X1081,/Y, X115Q/W, X193A/DIEN, 

X219AID/LN, X273AJE/TN, and X362A/D/Q/SN, and the amino acid sequence further comprises 

one or more residue differences as compared to SEQ ID NO: 2 selected from: X116S, X130T, X164T, 

X214G, X276A/T/L, and X321A. In still further embodiments, the amino acid sequence can further 

comprise a residue difference as compared to SEQ ID NO: 2 selected from: X49G, X94G, X96S, 

X227T, X251V, X267R, X271L, X274L, X313F, X322C/Y, X343V, X356R, X359A, X398L, 

X412E, X437T, X464A, and X481R. 

100181 In some embodiments, the engineered polypeptide having pNB-esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2, and of any of the amino acid 

differences as compared to SEQ ID NO: 2 as disclosed herein (e.g., as disclosed in the exemplary 

4 

WO 2014/113521 PCT/US2014/011767 

[8014] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2, and an amino acid difference as 

compared to SEQ ID NO: 2 of X193V, and further comprises residue differences as compared to SEQ 

ID NO: 2 at positions X219 and X273 selected from X219L/V and X273A/V. In further 

embodiments, the amino acid sequence further comprises residue differences as compared to SEQ ID 

NO: 2 at positions XI08 and X362 selected from X108L/Y and X362A/D/Q/S/V. In still further 

embodiments, the engineered polypeptide further comprises a residue difference as compared to SEQ 

ID NO: 2 at position XI15 selected from XI15Q/W. 

[0015] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least 80% identity to SEQ ID NO: 2, and a combination of residue 

differences as compared to SEQ ID NO: 2 selected from: (a) XI93V, X219V, and X273A; (b) 

X108Y, X193D, X219V, X273A, and X362S; (c) X108Y, XI93V, X219V, X273A, and X362Q; (d) 

X108Y, XI15Q, XI93V, X219L, X273A, and X362Q; and (e) X108Y, XI15Q, X193V, X219V, 

X273A, and X362Q. 

[0016] In some embodiments, the engineered polypeptides having pNB esterase activity disclosed 

above (and elsewhere herein) can have additional residue differences at other residue positions. In 

some embodiments, the engineered pNB esterases can have 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 

1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or 1-50 additional residue differences 

as compared to SEQ ID NO:2. In some embodiments, the engineered pNB esterases can have 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 30, 35, 40, 45, or 50 

additional residue differences. In some embodiments, the amino acid sequence has additionally 1, 2, 

3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21,22, 23, 24, or 25 residue differences as 

compared to SEQ ID NO: 2. 

[0017] In some embodiments, the engineered polypeptide having pNB esterase activity comprises an 

amino acid sequence having at least SO",! identity to SEQ ID NO: 2, one or more amino acid residue 

difference as compared to SEQ ID NO: 2 selected from XI08L/Y, XII5Q/W, X193A/D/E/V, 

X219A/D/L/V, X273A/E/T/V, and X362A/D/Q/S/V, and the amino acid sequence further comprises 

one or more residue differences as compared to SEQ ID NO: 2 selected from: XI16S, X130T, X164T, 

X214G, X276A/T/L, and X321A, In still further embodiments, the amino acid sequence can further 

comprise a residue difference as compared to SEQ ID NO: 2 selected from: X49G, X94G, X96S, 

X227T, X251V, X267R, X271L, X274L, X313F, X322C/Y, X343V, X356R, X359A, X398L, 

X412E, X437T, X464A, and X481R. 

[0018] In some embodiments, the engineered polypeptide having pNB-esterase activity comprises an 

amino acid sequence having at least SO",, identity to SEQ ID NO: 2, and of any of the amino acid 

differences as compared to SEQ ID NO: 2 as disclosed herein (e.g., as disclosed in the exemplars' 
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What is claimed is: 

1. An engineered polypeptide having para-nitrobenzyl (pNB) esterase activity, comprising an amino 

acid sequence having at least 90% identity to SEQ ID NO: 2 and one or more residue differences 

as compared to SEQ ID NO:2 at residue positions selected from: X108, X115, X116, X130, 

X214, X276? X321, and X362, fuitlier comprising residue differences at positions X193, X219 

and X273 selected fromX.193A/D/E/V, X21.9L/V and X273 A/V. 

2. The engineered polypeptide of claim 1 in which the residue differences as compared to SEQ ID 

NO: 2 at the residue positions X108, XI15, XI16, X130, X214, X276, X321, and X3.62 are 

selected from X108L/Y, XI15Q/W, XI16S, X130T, X2I4G, X276A/T/L, X321A, and 

X362A/D/Q/S/V. 

3. The engineered polypeptide of claim 1 or 2 in which the amino acid sequence comprises one or 

more residue differences as compared to SEQ ID NO: 2 selected from: X108L/Y, and 

X362A/D/Q/S/V. 

4. The engineered polypeptide of claims 1 or 2 in which the amino acid sequence further comprises 

residue differences as compared to SEQ ID NO: 2 at positions XI08 and X362 selected from 

X108L/Y and X362A/D/Q/S/V. 

5. The engineered polypeptide of claim 4 in which the amino acid sequence further comprises a 

residue difference as compared to SEQ ID NO: 2 at position XI15 selected from XI15Q/W. 

6. The engineered polypeptide of claim 2 in which the amino acid sequence comprises a 

combination of residue differences as compared to SEQ ID NO: 2 selected from: 

X193V, X219V, and X273A; 

X108Y, X193D, X219V, X273A, and X362S; 

X108Y, X193V, X219V, X273A, and X362Q; 

X108Y, X115Q, X193V, X2L9L, X273A, and X362Q; and 

X108Y, X115Q, X193VS X219V, X273A, and X362Q. 

7. The engineered polypeptide of any one of claims 1 to 6 in which the amino acid sequence further 

comprises one or more residue differences as compared to SEQ ID NO: 2 selected from: X116S, 

X130T, X164T, X214G, X276A/T/L, and X321A. 

8. The engineered polypeptide of any one of claims 1 to 7 in which the amino acid sequence further 
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