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[0069a]  Figure 7 provides a graph showing the results obtained for Example 5. 

[0069b]  Figure 8 provides a graph showing the results obtained for Example 8. 

 
DESCRIPTION OF THE INVENTION 

[0070]  The present invention provides engineered PAL polypeptides, mutants, biologically active 

fragments and analogues thereof, and pharmaceutical and industrial compositions comprising the 

same. 

[0071]  The invention provides engineered phenylalanine ammonia-lyase (PAL) polypeptides and 

compositions thereof, as well as polynucleotides encoding the engineered phenylalanine ammonia- 

lyase (PAL) polypeptides.  In some embodiments, the engineered PAL polypeptides are optimized to 

provide enhanced catalytic activity, as well as  reduced sensitivity to proteolysis and increased 

tolerance to acidic pH levels. In some embodiments the engineered PAL polypeptides are 

deimmunized.  The invention also relates to the use of the compositions comprising the engineered 

PAL polypeptides for therapeutic and industrial purposes. 

Abbreviations and Definitions: 

[0072]  Unless defined otherwise, all technical and scientific terms used herein generally have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention pertains. 

Generally, the nomenclature used herein and the laboratory procedures of cell culture, molecular 

genetics, microbiology, organic chemistry, analytical chemistry and nucleic acid chemistry described 

below are those well-known and commonly employed in the art. Such techniques are well- known and 

described in numerous texts and reference works well known to those of skill in the art. Standard 

techniques, or modifications thereof, are used for chemical syntheses and chemical analyses. All 

patents, patent applications, articles and publications mentioned herein, both supra and infra, are 

hereby expressly incorporated herein by reference. 

[0073]  Although any suitable methods and materials similar or equivalent to those described herein 

find use in the practice of the present invention, some methods and materials are described herein. It is 

to be understood that this invention is not limited to the particular methodology, protocols, and reagents 

described, as these may vary, depending upon the context they are used by those of skill in 

the art. Accordingly, the terms defined immediately below are more fully described by reference to 

the application as a whole. All patents, patent applications, articles and publications mentioned herein, 

both supra and infra, are hereby expressly incorporated herein by reference. 

[0074]  Also, as used herein, the singular "a", "an," and "the" include the plural references, unless the 

context clearly indicates otherwise. 

[0075]  Numeric ranges are inclusive of the numbers defining the range. Thus, every numerical range 

disclosed herein is intended to encompass every narrower numerical range that falls within such 

broader numerical range, as if such narrower numerical ranges were all expressly written herein. It is  
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also intended that every maximum (or minimum) numerical limitation disclosed herein includes every 
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The Claims defining the invention are as follows: 

1.  An engineered polypeptide comprising: a) an amino acid sequence having at least 90% sequence 

identity to reference sequence SEQ ID NO:4, where said amino acid sequence comprises an 

amino acid residue difference at position H307G/Q/M; and wherein said engineered polypeptide 

further comprises at least one or more of the following substitutions A39V, T54K, G59R, S73K, 

A112C, R134Q, A91V, Y158H, S180A, K195E, Q240R/W, T243EL, I245L, A256G, L257W/A, 

N270K, N290G, Y304H, R305M, E308Q, I326F, L349M, D353A/N, L364Q, A394V, S399N, 

N400K, P404A, L407V, F443H, N453G, Y459F, T460G, T463N, N474Q, E509L, Q521K/S, 

K522Y/F/N, T524S, P528L, S546R, and P564 G/L/M, when optimally aligned with the 

polypeptide of SEQ ID NO:4, and wherein said engineered polypeptide b) exhibits an improved 

property selected from i) reduced sensitivity to proteolysis, ii) increased tolerance to acidic pH, 

iii) reduced immunogenicity, or a combination of any of i), ii), or iii), as compared to the 

reference sequence SEQ ID NO:4.  

2.  The engineered polypeptide of Claim 1, wherein the improved property is selected from reduced 

sensitivity to proteolysis and/or increased tolerance to acidic pH.  

3.  The engineered polypeptide of Claim 1, wherein the engineered polypeptide has at least 90% 

sequence identity to reference SEQ ID NO:4.  

4.  The engineered polypeptide of Claim 1, wherein said engineered polypeptide is resistant to 

proteolysis, acid stable, and/or deimmunized.  

5.  The engineered polypeptide of Claim 4, wherein said engineered polypeptide is resistant to 

proteolysis by at least one digestive tract enzyme, wherein said engineered polypeptide is resistant 

to proteolysis by chymotrypsin, trypsin, carboxypeptidases, and/or elastases.  

6.  The engineered polypeptide of Claim 1, wherein said engineered polypeptide is deimmunized.  

7.  The deimmunized engineered polypeptide of Claim 6, wherein said polypeptide comprises an 

amino acid sequence having at least 90% sequence identity to SEQ ID NO:8.  

8.  The engineered polypeptide of Claim 1, wherein said polypeptide is purified.  
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9.  A polynucleotide sequence encoding at least one engineered polypeptide of Claim 1.  

10.  The polynucleotide sequence of Claim 9, wherein said polynucleotide sequence is operably linked 

to a control sequence.  

11.  The polynucleotide sequence of Claim 9, wherein said polynucleotide sequence is codon-

optimized.  

12.  An expression vector comprising at least one polynucleotide sequence of Claim 9 and at least one 

control sequence.  

13.  The expression vector of Claim 12, wherein said control sequence is a promoter. 

14.  A host cell transformed with at least expression vector of Claim 12.  

15.  A method of producing an engineered polypeptide in a host cell comprising culturing a host cell 

comprising at least one expression vector of Claim 12, under suitable culture conditions, such that 

at least one engineered PAL polypeptide is produced.  

16.  The method of Claim 15, further comprising recovering at least one engineered polypeptide from 

the culture and/or host cells.  

17.  The method of Claim 16, further comprising the step of purifying said at least one engineered 

polypeptide.  

18.  A composition comprising at least one engineered polypeptide of Claim 1.  

19.  The composition of Claim 18, wherein said composition is a pharmaceutical composition.  

20.  The composition of Claim 19, wherein said composition is suitable for the treatment of 

phenylketonuria.  

21.  The pharmaceutical composition of Claim 20, wherein said composition is suitable for oral 

administration to a human.  

22.  The pharmaceutical composition of Claim 21, wherein said composition is in the form of a pill, 

tablet, capsule, gelcap, liquid, or emulsion.  
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23.  The pharmaceutical composition of Claim 22, wherein said pill, tablet, capsule, or gelcap further 

comprises an enteric coating.  

24.  The pharmaceutical composition of Claim 20, wherein said composition is suitable for parenteral 

injection into a human.  

 


