
carbon atom and/or the nitrogen indicated by * in the product compound of formula (III) can be chiral. 

As described further herein, the engineered polypeptides having imine reductase activity exhibit 

stereoselectivity, thus, an imine reductase reaction of Scheme 1 can be used to establish one, two, or 

more, chiral centers of a product compound of formula (III) in a single biocatalytic reaction. 

[0009] In some embodiments, the present disclosure provides an engineered polypeptide having imine 

reductase activity, comprising an amino acid sequence having at least 80% sequence identity to a naturally 

occurring opine dehydrogenase amino acid sequence selected from the group consisting of SEQ ID NO: 2, 

102, 104,106,108, and 110, and further comprising one or more residue differences as compared to the 

amino sequence of selected naturally occurring opine dehydrogenase. In some embodiments of the 

engineered polypeptide derived from an opine dehydrogenase, the imine reductase activity is the activity 

of Scheme 1, optionally, a reaction as disclosed in Table 2, and optionally, the reaction of converting 

compound (lb) and compound (2b) to product compound (3d). 

[0009a] In one aspect, there is provided an engineered polypeptide having imine reductase activity, 

comprising an amino acid sequence having at least £990% sequence identity to SEQ ID NO: 2 and one or 

more residue differences as compared to the sequence of SEQ ID NO: 2 at residue positions selected from 

X198, XI11, X136, X156, X197, X201, X259, X280, X292, and X293, 

[0010] In some embodiments, the present disclosure provides an engineered polypeptide having imine 
reductase activity, comprising an amino acid sequence having at least 80% sequence identity to SEQ ID 
NO: 2 and one or more residue differences as compared to the sequence of SEQ ID NO: 2 at residue 
positions selected from: Xlll, X136, X156, X197, XI98, X201, X259, X280, X292, and X293. In some 
embodiments, the residue differences are selected from X111M/Q/S, X136G, X156G/I/Q/S/T/V, 
X197I/P, X198A/E/H/P/S, X201L, X259E/H/I/L/M/S/T, X280L, X292C/G/I/P/S/T/V/Y, and 
X293H/I/K/L/N/Q/T/V. In some embodiments, the engineered polypeptide comprises a residue 
difference as compared to the sequence of SEQ ID NO: 2 at residue position X198, wherein optionally the 
residue difference at position X198 is selected from X198A, X198E, X198H, X198P, and X198S. In 
some embodiments, the engineered polypeptide comprises an amino acid sequence having a residue 
difference at position X198 that is selected from X198E, and X198H. In some embodiments, the amino 
acid sequence of the engineered polypeptides comprises at least a combination of residue differences 
selected from: (a) X111M, X156T, X198H, X259M, X280L, X292V, and X293H; (b) X156T, X197P, 
X198H, X259H, X280JL, X292P, and X293H; (c) X111M, X136G, X156S, X197I, X198H, X201L, 
X259H, X280L, X292V, and X293H; (d) X197I, X198E, X259M, and X280L; (e) X156T, X197I, 
X198E, X201L, X259H, X280L, X292V, and X293H; (f) X111M, X136G, X198H, X259M, X280L, 
X292S, and X293H; and (g) X156V, X197P, X198E, X201L, X259M, X280L, and X292T. 
[0011] In some embodiments, the present disclosure provides an engineered polypeptide having imine 
reductase activity, comprising an amino acid sequence having at least 80% sequence identity to SEQ ID 
NO: 2 and one or more residue differences as compared to the sequence of SEQ ID NO: 2 at residue 
positions selected from Xlll, X136, X156, X197, X198, X201, X259, X280, X292, and X293 (as 
described above), and further comprising one or more residue differences as compared to the sequence of 
SEQ ID NO: 2 at residue positions selected from X4, X5, X14, X20, X29, X37, X67, X71, X74, X82, 
X94, X97, XI00, Xlll, X124, X137, X141, X143, XI49, X153, X154, X157, X1S8, X160, X163, X177, 
X178, X183, X184, X185, X186, X220, X223, X226, X232, X243, X246, X256, X258, X259, X260, 
X261, X265, X266, X270, X273, X274, X277, X279, X283, X284, X287, X288, X294, X295, X296, 
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[0019a] In one aspect, there is provided a process for preparing an amine compound of formula (III), 

(III) 

wherein 

R1 and R2 groups are independently selected from a hydrogen atom, and optionally substituted 

aikyl, alkenyl, alkynyl, alkoxy, carboxy, aminocarbonyl, heteroalkyl, heteroalkenyl, heteroalkynyl, 

carboxyalkyl, aminoalkyl, haloalkyl, alkylthioalkyl, cycloalkyl, aryl, arylalkyl, heterocycloalkyl, 

heteroaryl, and heteroarylalkyl; and optionally R1 and R2 are linked to form a 3-membered to 10-

membered ring; 

R3 and R4 groups are independently selected from a hydrogen atom, and optionally substituted 

aikyl, aikenyl, alkynyl, alkoxy, carboxy, aminocarbonyl, heteroalkyl, heteroalkenyl, heteroalkynyl, 

carboxyalkyl, aminoalkyl, haloalkyl, alkylthioalkyl, cycloalkyl, aryl, arylalkyl, heterocycloalkyl, 

heteroaryl, and heteroarylalkyl, with the proviso that both R3 and R4 cannot be hydrogen; and optionally 

R3 and R4 are linked to form a 3-membered to 10-membered ring; and 

optionally, the carbon atom and/or the nitrogen indicated by * is chiral; 

the process comprising contacting 

a compound of formula (I), 

O 

RlX^R2 

(I) 

wherein 

R!, and R2 are as defined above; 

and 

a compound of formula (II), 

H 

R3 R4 

(II) 

wherein 

R'\ and R4 are as defined above; 

with an engineered polypeptide having imine reductase activity in presence of a cofactor under 

suitable reaction conditions, wherein the engineered polypeptide is? 
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*%f an engineered polypeptide as described herein. 

[0020] In some embodiments of the process for preparing a product compound of formula (III) using an 

engineered imine reductase, the process further comprises a cofactor regeneration system capable of 

converting NADP' to NADPH, or NAD" to NADH. In some embodiments, the cofactor recycling system 

comprises formate and formate dehydrogenase (FDH), glucose and glucose dehydrogenase (GDH), 

glucose-6-phosphat.e and glucose-6-phosphate dehydrogenase, a secondary alcohol and alcohol 

dehydrogenase, or phosphite and phosphite dehydrogenase. In some embodiments, the process can be 

carried out, wherein the engineered imine reductase is immobilized on a solid support. 

5. DETAILED DESCRIPTION 

10021] As used in this specification and the appended claims, the singular forms "a", "an" and "the" 

include plural referents unless the context clearly indicates otherwise. Thus, for example, reference to "a 

polypeptide" includes more than one polypeptide. Similarly, "comprise," "comprises," "comprising" 

"include." "includes," and "including" are interchangeable and not intended to be limiting. It is to be 

understood that where descriptions of various embodiments use the term "comprising," those skilled in 

the art would understand that in some specific instances, an embodiment can be alternatively described 

using language "consisting essentially of' or "consisting of." It is to be further understood that where 

descriptions of various embodiments use the term "optional" or "optionally" the subsequently described 

event or circumstance may or may not occur, and that the description includes instances where the event 

or circumstance occurs and instances in which it does not. It is to be understood that both the foregoing 

general description, and the following detailed description are exemplary and explanatory only and are not 

restrictive of this disclosure. The section headings used herein are for organizational purposes only and 

not to be construed as limiting the subject matter described. 
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What is claimed is: 

1. An engineered polypeptide having imine reductase activity, comprising an amino acid sequence 

having at least £090% sequence identity to SEQ ID NO: 2 and one or more residue differences as 

compared to the sequence of SEQ ID NO: 2 at residue positions selected from X198, Xlll, 

X136, X156, X197, X201, X259, X280, X292, and X293. 

2. The engineered polypeptide of claim 1 in which the residue differences are selected from 

X198E/A/H/P/S, X111M/Q/S, X136G, X156G/I/Q/S/T/V, X197I/P, X201L, 

X259E/H/I/L/M/S/T, X280L, X292C/G/I/P/S/T/V/Y, and X293H/I/K/L/N/Q/T/V. 

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

least a combination of residue differences selected from: 

(a) X111M, X156T, X198H, X259M, X280L, X292V, and X293H; 

(b) X156T, X197P, X198H, X259H, X280L, X292P, and X293H; 

(c) X111M, X136G, X156S, X197I, X198H, X201L, X259H, X280L, X292V, and X293H; 

(d) X197I, X198E, X259M, and X280L; 

(e) X156T, XI971, X198E, X201L, X259H, X280L, X292V, and X293H; 

(f) X111M, X136G, X198H, X259M, X280L, X292S, and X293H; and 

(g) X156V, X197P, X198E, X201L, X259M, X280L, and X292T. 

4. The engineered polypeptide of claim 1 which is capable of converting substrate compound (la) 

pyruvate, 

0 
(la) 

and substrate compound (2b) butylamine 

(2b) 

to product compound (3b), N-2-(butylamino)propanoic acid, 

O 

0 

.0-

OH 
NH 

(3b) 

under suitable reaction conditions. 
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o 

R'^^^R2 

(Q 

wherein 

R1, and R2 are as defined above; 

and 

a compound of formula (II), 

H 

R3 R4 

(II) 

wherein 

R'\ and R4 are as defined above; 

with an engineered polypeptide having imine reductase activity in presence of a cofactor 

under suitable reaction conditions, wherein the engineered polypeptide isf 

-fin-an engineered polypeptide of any one of claims 1 to 14. 

21. The process of claim 20 in which R3 and R4 are linked to form a 3-membered to 10-membered 
ring. 

22. The process of claim 20 in which the substrate compound of formula (II) is selected from 
methylamine, dimethyiamine, isopropylamine, butylamine, isobutylaminei, /,-norvaline, aniline, 
(5)-2-aminopent-4-enoic acid, pyrrolidine, and hydroxypyrroiidine. 

23. The process of claim 20 in which at least one of R1 and R2 of the compound of formula (I) is 
linked to at least one of R3 and R4 of the amine compound of formula (II), whereby the process 
for preparing the amine compound of formula (III) comprises an intramolecular reaction. 

The process of claim 20 in which the suitable reaction conditions comprise 
(a) substrate loading at about 10 g/L to 100 g/L; 
(b) about 0.1 g/L to about 50 g/L of the engineered polypeptide; 
(c) about 0.05 g/L (0.001 M) to about 2.5 g/L (0.050 M) of NAD(P)H; 
(d) a pH of about 6 to 10; 
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