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MTRR, or MTR) involved in folate metabolism (Kang et al., 1987).  Patients with 

homocystinuria often display thromboembolisms, cognitive impairment, osteoporosis, and 

ocular lens dislocation (Kruger et al., 2003).  Patients also suffer from 

hyperhomocysteinemia, a condition in which serum homocysteine (Hcy) concentrations 

exceed 15 µM.  Patients with classical homocystinuria, as well as a few nonclassical forms, 5 

often display elevated levels of serum methionine (Met), while having depleted levels of 

cystathionine (Cth) and cysteine (Cys) (Kruger et al., 2003).  It has been estimated to impact 

up to 1 in 344,000 people worldwide, however, its prevalence is significantly higher in some 

countries.  The most common medical conditions associated with classical homocystinuria 

are cardiovascular complications including an increased risk of blood clots.  Other symptoms 10 

include skeletal abnormalities, dislocation of the lens in the eye, and development and 

learning defects. 

[0006] Currently available treatments for classical homocystinuria include 

methionine-restricted diets as well as high doses of vitamin B6 and betaine (N,N,N-

trimethylglycine), the latter reducing homocysteine levels.  These treatments focus on 15 

preventing the buildup of Hcy and show moderate to limited efficacy (Walter et al., 1998).  

Although these treatments can be effective for some patients, responses fluctuate significantly 

due to the variations in the genetic mutation driving the disease.  As a result, there exists an 

opportunity to develop a therapy that addresses the need of all patients by reducing blood 

homocystine levels back to the normal range.  Therefore, new methods and compositions for 20 

treating these patients are needed. 

SUMMARY 

[0007] In an aspect, the present disclosure refers to an isolated, modified human 

cystathionine-γ-lyase (CGL) enzyme comprising the following substitutions relative to a 

native human CGL amino acid sequence as shown in SEQ ID NO: 1, wherein the modified 25 

enzyme has both homocystinase and homocysteinase activity, wherein the modified enzyme 

comprises a sequence at least 95% identical to SEQ ID NO: 1, said substitutions comprising 

isoleucine at position 59, leucine at position 63, methionine at position 91, aspartic acid at 

position 119, arginine at position 268, glycine at position 311, valine at position 339, and 

serine at position 353. In another aspect, the present disclosure refers to a therapeutic 30 

formulation comprising the isolated, modified human cystathionine-γ-lyase (CGL) enzyme as 

disclosed herein, in a pharmaceutically acceptable carrier. In yet another aspect, the present
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 disclosure refers to a composition comprising the isolated, modified human cystathionine-γ-

lyase (CGL) enzyme as disclosed herein, wherein the composition is at physiological pH. In 

an aspect, the present disclosure refers to a use of the formulation as disclosed herein in the 

manufacture of a medicament for treating a subject having or at risk of developing 

homocystinuria or hyperhomocysteinemia whereby a therapeutically effective amount of the 5 

formulation is to be administered to the subject. Methods are disclosed of utilizing an 

engineered human cystathionine-gamma-lyase (CGL) enzyme that efficiently degrades 

homocyst(e)ine, such that it is a suitable therapy for treating homocystinuria and 

hyperhomocysteinemia patients by degrading excess serum homocyst(e)ine and providing a 

sink for intracellular homocyst(e)ine.  The method may reduce the serum homocysteine level 10 

(tHcy) to a level of less than 25 µM. 

[0008] Methods of treatment comprising administering a modified CGL enzyme, a 

nucleic acid encoding a modified CGL enzyme in a gene therapy vector, or a formulation 

comprising the modified CGL enzyme, and in particular methods of treating subjects with 

homocystinuria or hyperhomocysteinemia, are disclosed.  The subject may be any animal, 15 

such as a mouse.  For example, the subject may be a mammal, a rodent, a primate, or a 

human patient.  The method may comprise selecting a patient with homocystinuria or
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 hyperhomocysteinemia.  The subject or patient may be maintained on a methionine-restricted 

diet or a normal diet in combination with being treated with the described compositions. 

[0009] Disclosed herein are human cystathionine-γ-lyase (hCGL) mutants with catalytic 

activity toward homocyst(e)ine for use in the method of treatment.  For example, the enzyme 

variant may have an amino acid sequence selected from the group consisting of SEQ ID NOs: 2-6 5 

and 37-39.  In particular, the variant may be derived from human enzymes, such as human 

cystathionine-γ-lyase (CGL).  Polypeptides are disclosed comprising a modified human CGL 

capable of degrading homocyst(e)ine.  The polypeptide may be capable of degrading 

homocyst(e)ine under physiological conditions.  For example, the polypeptide may display a 

catalytic activity towards L-homocystine up to kcat/KM of 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 10 

50, 45, 40, 35, 30, 25, 20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, 

0.05, 0.01, 0.005, 0.001 mM−1s−1 or any range derivable therein. 

[0010] These enzymes were engineered by introducing amino acid substitutions in the 

human enzyme cystathionine-γ-lyase (CGL).  The variants having amino acid substitutions 

include SEQ ID NO: 2, hCGL-E59N-R119L-E339V (hCGL-NLV); SEQ ID NO: 3, hCGL-15 

E59N-S63L-L91M-R119L-K268R-T311G-E339V-I353S (hCGL-8mut-1); SEQ ID NO: 4, 

hCGL-E59I-S63L-L91M-R119L-K268R-T311G-E339V-I353S (hCGL-8mut-2); SEQ ID NO: 5, 

hCGL-E59N-S63L-L91M-R119A-K268R-T311G-E339V-I353S (hCGL-8mut-3); SEQ ID NO: 

6, hCGL-E59I-S63L-L91M-R119A-K268R-T311G-E339V-I353S (hCGL-8mut-4); SEQ ID NO: 

27, hCGL-E59N-R119L-T336D-E339V (hCGL-NLDV); SEQ ID NO: 28, hCGL-E59N-S63L-20 

L91M-R119L-K268R-T311G-T336D-E339V-I353S (hCGL-9mutD-1); SEQ ID NO: 29, hCGL-

E59I-S63L-L91M-R119L-K268R-T311G-T336D-E339V-I353S (hCGL-9mutD-2); SEQ ID NO: 

30, hCGL-E59N-S63L-L91M-R119A-K268R-T311G-T336D-E339V-I353S (hCGL-9mutD-3); 

SEQ ID NO: 31, hCGL-E59I-S63L-L91M-R119A-K268R-T311G-T336D-E339V-I353S (hCGL-

9mutD-4); SEQ ID NO: 32, hCGL-E59N-R119L-T336E-E339V (hCGL-NLEV); SEQ ID NO: 25 

33, hCGL-E59N-S63L-L91M-R119L-K268R-T311G-T336E-E339V-I353S (hCGL-9mutE-1); 

SEQ ID NO: 34, hCGL-E59I-S63L-L91M-R119L-K268R-T311G-T336E-E339V-I353S (hCGL-

9mutE-2); SEQ ID NO: 35, hCGL-E59N-S63L-L91M-R119A-K268R-T311G-T336E-E339V-

I353S (hCGL-9mutE-3); SEQ ID NO: 36, hCGL-E59I-S63L-L91M-R119A-K268R-T311G-

T336E-E339V-I353S (hCGL-9mutE-4); SEQ ID NO: 37, hCGL-E59I-S63L-L91M-R119D-30 

K268R-T311G-E339V-I353S (Mutant 3); SEQ ID NO: 38, hCGL-E59I-S63L-L91M-R119H-

K268R-T311G-E339V-I353S   
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[0016] A modified CGL enzyme can be linked to a heterologous amino acid 

sequence.  For example, a modified CGL enzyme may be linked to the heterologous amino 

acid sequence as a fusion protein.  The modified CGL enzyme may be linked to amino acid 

sequences, such as an IgG Fc, albumin, an albumin binding peptide, polysialic acid time 

extension, or an XTEN polypeptide for increasing the in vivo half-life. 5 

[0017] To increase serum stability, the modified CGL enzyme may be linked to one 

or more polyether molecules.  The polyether may be polyethylene glycol (PEG).  The 

modified CGL enzyme may be linked to PEG via specific amino acid residues, such as lysine 

or cysteine.  For therapeutic administration, such a polypeptide comprising the modified CGL 

enzyme may be dispersed in a pharmaceutically acceptable carrier. 10 

[0018] A nucleic acid encoding a modified CGL enzyme is contemplated.  The 

nucleic acid can be codon optimized for expression in bacteria, such as for E. coli.  Nucleic 

acids that are codon optimized for the expression of the modified CGL enzymes disclosed in 

SEQ ID NOs: 37-39 in E. coli are disclosed in SEQ ID NOs: 64-66, respectively.  The 

sequences disclosed in SED ID NOs: 64-66 encode an N-terminal 6x-Histidine tag.  As such, 15 

the twelfth and following amino acids encoded by SEQ ID NOs: 64-66 corresponds to the 

second and following amino acids of SEQ ID NOs: 37-39, respectively.  Alternatively, the 

nucleic acid can be codon optimized for expression in fungus (e.g., yeast), insects, or 

mammals.  Further contemplated are vectors, such as expression vectors, containing such 

nucleic acids.  A nucleic acid encoding the modified CGL enzyme can be operably linked to 20 

a promoter, including but not limited to heterologous promoters.  A modified CGL enzyme 

may be delivered to a target cell by a vector (e.g., a gene therapy vector).  Such vectors may 

have been modified by recombinant DNA technology to enable the expression of the 

modified CGL-encoding nucleic acid in the target cell.  These vectors may be derived from 

vectors of non-viral (e.g., plasmids) or viral (e.g., adenovirus, adeno-associated virus, 25 

retrovirus, lentivirus, herpes virus, or vaccinia virus) origin.  Non-viral vectors may be 

complexed with agents to facilitate the entry of the DNA across the cellular membrane.  

Examples of such non-viral vector complexes include the formulation with polycationic 

agents, which facilitate the condensation of the DNA, and lipid-based delivery systems.  

Lipid-based delivery systems include liposome-based delivery of nucleic acids. 30 

[0019] Host cells comprising such vectors are disclosed.  The host cells may be 

bacteria (e.g., E. coli), fungal cells (e.g., yeast), insect cells, or mammalian cells. 
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[0020] A vector can be introduced into host cells for expressing the modified CGL 

enzyme.  The proteins may be expressed in any suitable manner.  The proteins may be 

expressed in a host cell such that the protein is glycosylated.  Alternatively, the proteins may 

be expressed in a host cell such that the protein is aglycosylated. 

[0021] Therapeutic formulations containing the modified CGL enzyme can be 5 

administered intravenously, intradermally, intraarterially, intraperitoneally, intramuscularly, 

subcutaneously, by infusion, by continuous infusion, via a catheter, in lipid compositions 

(e.g., liposomes).  The subject may have been previously been treated for homocystinuria or 

hyperhomocysteinemia.  The enzyme is administered to treat or ameliorate the recurrence of 

homocystinuria or hyperhomocysteinemia; the administration of the compound or 10 

compositions described herein can ameliorate one or more conditions and/or symptoms 

associated with homocystinuria and hyperhomocysteinemia.  Known symptoms of 

homocystinuria include dislocation of the lenses in the eyes, nearsightedness, abnormal blood 

clots, osteoporosis, learning disabilities, developmental problems, chest deformities, 

scoliosis, megaloblastic anemia, and seizures.  Known symptoms of hyperhomocysteinemia 15 

include blood clots, damage to the lining of blood vessels, dementia (e.g., Alzheimer’s 

disease), and bone fractures. 

[0022] The method may also comprise administering at least a second therapy to the 

subject, such as a second homocystinuria or hyperhomocysteinemia therapy.  The second 

homocystinuria or hyperhomocysteinemia therapy may be a high-dose vitamin B6 or betaine 20 

(N,N,N-trimethylglycine) therapy. 

[0023] A composition comprising a modified CGL enzyme or a nucleic acid encoding 

an modified CGL enzyme is disclosed for use in the treatment of homocystinuria or 

hyperhomocysteinemia in a subject.  The use of a modified CGL enzyme or a nucleic acid 

encoding a modified CGL enzyme in the manufacture of a medicament for the treatment of 25 

homocystinuria or hyperhomocysteinemia is disclosed.  The modified CGL enzyme may be 

any modified CGL enzyme disclosed herein. 

[0024] Also disclosed herein are: 

1. An isolated, modified primate cystathionine-γ-lyase (CGL) enzyme comprising at 

least the following substitutions relative to a native human CGL amino acid sequence (SEQ 30 

ID NO:   
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WHAT IS CLAIMED IS: 

 

1. An isolated, modified human cystathionine-γ-lyase (CGL) enzyme comprising the 

following substitutions relative to a native human CGL amino acid sequence as shown in 

SEQ ID NO: 1, wherein the modified enzyme has both homocystinase and 

homocysteinase activity, wherein the modified enzyme comprises a sequence at least 95% 

identical to SEQ ID NO: 1, said substitutions comprising isoleucine at position 59, 

leucine at position 63, methionine at position 91, aspartic acid at position 119, arginine at 

position 268, glycine at position 311, valine at position 339, and serine at position 353. 

2. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 1, wherein 

the substitutions comprise E59I, S63L, L91M, R119D, K268R, T311G, E339V, and 

I353S relative to the native human CGL amino acid sequence as shown in SEQ ID NO: 1. 

3. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 1, wherein 

the modified human CGL enzyme has a sequence according to SEQ ID NO: 37. 

4. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 1, wherein 

the enzyme is coupled to at least one polyethylene glycol (PEG). 

5. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 4, wherein 

the enzyme is coupled to the at least one PEG via one or more lysine residues. 

6. A therapeutic formulation comprising the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme of claim 1, in a pharmaceutically acceptable carrier. 

7. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 2, wherein 

the enzyme is coupled to at least one polyethylene glycol (PEG). 

8. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 7, wherein 

the enzyme is coupled to the at least one PEG via one or more lysine residues. 

9. A therapeutic formulation comprising the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme of claim 2, in a pharmaceutically acceptable carrier. 

10. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 3, wherein 

the enzyme is coupled to at least one polyethylene glycol (PEG). 
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11. The isolated, modified human cystathionine-γ-lyase (CGL) enzyme of claim 10, wherein 

the enzyme is coupled to the at least one PEG via one or more lysine residues. 

12. A therapeutic formulation comprising the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme of claim 3, in a pharmaceutically acceptable carrier. 

13. A composition comprising the isolated, modified human cystathionine-γ-lyase (CGL) 

enzyme of claim 1, wherein the composition is at physiological pH. 

14. The composition of claim 13, wherein the modified human CGL enzyme has the 

sequence of SEQ ID NO: 37. 

15. The composition of claim 14, wherein the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme displays a kcat/KM for the hydrolysis of homocysteine greater than the 

wild-type human CGL enzyme. 

16. The composition of claim 14, wherein the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme displays a kcat/KM for the hydrolysis of homocysteine of about 11.9 s-

1mM-1 at pH 7.3 and 37°C. 

17. The composition of claim 14, wherein the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme displays a kcat/KM for the hydrolysis of homocysteine about 60-fold 

greater than wild-type human CGL. 

18. The composition of claim 14, wherein the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme displays a kcat/KM for the hydrolysis of homocystine of about 18.8 s-1mM-1 

at pH 7.3 and 37°C. 

19. The composition of claim 14, wherein the isolated, modified human cystathionine-γ-lyase 

(CGL) enzyme displays a kcat/KM for the hydrolysis of homocysteine of about 11.9 s-

1mM-1 at pH 7.3 and 37°C and displays a kcat/KM for the hydrolysis of homocystine of 

about 18.8 s-1mM-1 at pH 7.3 and 37°C. 

20. Use of the formulation of claim 6 in the manufacture of a medicament for treating a 

subject having or at risk of developing homocystinuria or hyperhomocysteinemia.  

21. The use of claim 20, wherein the enzyme is coupled to at least one polyethylene glycol 

(PEG). 
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22. The use of claim 21, wherein the enzyme is coupled to the at least one PEG via one or 

more lysine or cysteine residues. 

23. The use of claim 20, wherein the formulation is to be administered intravenously, 

intraarterially, intraperitoneally, intralesionally, intraarticularly, intraprostaticaly, 

intrapleurally, intratracheally, intravitreally, intramuscularly, intravesicularlly, 

intraumbilically, by injection, by infusion, by continuous infusion, by localized perfusion 

bathing target cells directly, or via a catheter. 

24. The use of claim 20, wherein the subject has previously been treated for homocystinuria 

or hyperhomocysteinemia and the enzyme is to be administered to prevent the recurrence 

of homocystinuria or hyperhomocysteinemia. 

25. The use of claim 20, further comprises at least a second homocystinuria or 

hyperhomocysteinemia therapy to be administered to the subject. 

26. The use of claim 25, wherein the second homocystinuria or hyperhomocysteinemia 

therapy is a high-dose vitamin B6 or betaine (N,N,N-trimethylglycine) therapy. 

27. Use of the formulation of claim 9 in the manufacture of a medicament for treating a 

subject having or at risk of developing homocystinuria or hyperhomocysteinemia. 

28. The use of claim 27, wherein the formulation is to be administered intravenously, 

intraarterially, intraperitoneally, intralesionally, intraarticularly, intraprostaticaly, 

intrapleurally, intratracheally, intravitreally, intramuscularly, intravesicularlly, 

intraumbilically, by injection, by infusion, by continuous infusion, by localized perfusion 

bathing target cells directly, or via a catheter. 

29. Use of the formulation of claim 12 in the manufacture of a medicament for treating a 

subject having or at risk of developing homocystinuria or hyperhomocysteinemia. 

30. The use of claim 29, wherein the formulation is to be administered intravenously, 

intraarterially, intraperitoneally, intralesionally, intraarticularly, intraprostaticaly, 

intrapleurally, intratracheally, intravitreally, intramuscularly, intravesicularlly, 

intraumbilically, by injection, by infusion, by continuous infusion, by localized perfusion 

bathing target cells directly, or via a catheter. 


