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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to enzyme replacement therapy (ERT) using human truncated CBS (htCBS) mutant
C158 to significantly reduce serum homocysteine (Hcy) concentrations, and restore levels of its downstream metabolites such as
cystathionine and cysteine. Further, ERT with htCBS mutant C15S is used for treatment of homocystinuria.

BACKGROUND OF THE INVENTION

[0002] Cystathionine beta-synthase (CBS) is the first enzyme in the transsulfuration pathway, catalyzing the condensation of serine
and homocysteine (Hcy) to cystathionine, which is then hydrolyzed to cysteine by cystathionine gamma-lyase (CGL). In systems
biology, robustness of a biological system is defined as its ability to function properly in face of perturbations, and redundancy of
elements in the system is one of the mechanisms by which such robustness is achieved (Kitano, H. 2004, Nature Reviews Genetics,
5:826-837). However, the biological transsulfuration system seems to largely lack redundancy of components, making this system
prone to mutational perturbations. For example, the CBS enzyme is the only component that can process homocysteine to
cystathionine. A limited system redundancy partly exists as homocysteine, the first metabolite that funnels into the pathway, can
alternatively be converted to methionine through the remethylation pathway, thus relieving the homocysteine load. In addition,
cysteine, a downstream product, can be obtained directly from diet. Nevertheless, these pathways are limited in their capacity to
maintain normal levels of metabolites, and lack of CBS function has detrimental consequences for human patients if left untreated.
Inactivation of CBS results in cystathionine beta-synthase-deficient homocystinuria (CBSDH), more commonly referred to as classical
homocystinuria.

[0003] There exist limited therapeutic options to treat CBSDH and current treatment options reduce homocysteine but do not tend to
normalize cystathionine (Cth) or cysteine (Cys) and thus these treatment options may be inadequate for providing robust and
effective treatment options. Thus, there remains a need in the art for more effective treatment strategies for individuals with
homocystinuria.

[0004] The present invention addresses this need by providing compositions and methods of using these compositions for the
treatment of CBSDH.

SUMMARY OF THE INVENTION

[0005] The invention is defined in the claims.

[0006] The present disclosure provides a composition comprising an isolated human truncated cystathionine beta synthase (htCBS)
mutant polypeptide conjugated to a PEG moiety, wherein the isolated htCBS mutant polypeptide comprises the amino acid sequence
of SEQ ID NO:3 with a change of a cysteine at the amino acid position corresponding to 15 of SEQ ID NO:3 to a serine and lacking
the N-terminal first methionine residue corresponding to SEQ ID NO:3, and is PEGylated with ME-200GS; for use in a method of
treating homocystinuria in a human subject, wherein the PEGylated htCBS mutant polypeptide is administered at least once a week
for at least six weeks in a dose between 0.33 and 10 mg/kg.

[0007] Further aspects of the invention are provided in the claims.

[0008] In some embodiments, the htCBS mutant polypeptide may be administered at a dose between 5 and 7.5 mg/kg and may be
administered at least twice a week. Further, the htCBS or htCBS mutant polypeptide may be co-administered with betaine, or other
known CBSDH therapies.

[0009] The amount of a metabolite such as, but not limited to, cystathionine and cysteine, in a subject may be increased following
administration. The amount of cystathionine may be increased to 0.005-0.35 pM. The amount of cysteine may be increased to above

140 uM (e.g., between 200 pM to 400 uM)

[0010] The amount of a metabolite such as, but not limited to, homocysteine, methionine S-adenosyl homocysteine, and S-adenosyl
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methionine in a subject may be decreased following administration. The amount of homocysteine may be decreased to less than 100
UM (e.g., about 10 pM). The amount of methionine may be decreased to less than 50 uM (e.g., about 30 pM). The amount of S-
adenosyl homocysteine may be decreased to less than 0.14 uM (e.g., about 0.015 yuM)

[0011] A liver disease in a subject may be treated following administration.
[0012] In some embodiments, the composition is administered in a dose of about 0.4 mg/kg.

[0013] Osteoporosis, alopecia, thinning hair, or eye defects may be treated following administration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1A-1B show enzyme retention in plasma and in vivo. FIG. 1A shows enzyme retention time in plasma is maintained suggesting
that rapid loss of activity /in vivo is a result of clearance. FIG. 1B shows enzyme retention time is in vivo is enhanced for PEGylated
htCBS. Mouse #1 and Mouse #2 in FIG. 1B are also described as FIG. 1B in International Patent Publication No. W02014120770.

FIG. 2 shows that repeated administration of non-PEGylated htCBS results in no changes in homocysteine or cystathionine levels in
HO mice.

FIG. 3 shows a PEGylation time course with the selected linear 20kDa PEG molecule designated ME200MAB.

FIG. 4A-4D show that long term repeated injection of the PEGylated htCBS significantly impacts homocysteine, cystathionine and
cysteine plasma and tissue levels.

FIG. 5A-5H illustrate that the PEGylated htCBS mutant (also referred to as PEGC15S) and PEGylated htCBS prevents protein
aggregation, forms mainly dimers and exhibits a reproducible PEGylation pattern. FIG. 5A is also described as FIG. 5A in
International Patent Publication No. W02014120770. FIG. 5B is also described as FIG. 5B in International Patent Publication No.
WO02014120770. FIG. 5C is also described as FIG. 5C in International Patent Publication No. WW02014120770. FIG. 5F is also
described as FIG. 6Ain International Patent Publication No. W0O2014120770. FIG. 5G is also described as part of FIG. 7A and FIG.
7B in International Patent Publication No. W0O2014120770. FIG. 5H is also described as FIG. 6C in International Patent Publication
No. WO2014120770.

FIG. BA-6C show the effect of PEGylated htCBS mutant (also referred to as PEGC158) on homocysteine and its metabolites at 1, 4
and 24 hours post injection.

FIG. 7A-7B show that treatment with PEGylated htCBS mutant (also referred to as PEGC15S) and betaine synergistically reduce and
maintain low homocysteine levels in HO mice and their effect on cystathionine levels.

FIG. 8A-8B show that PEGylated htCBS mutant (also referred to as PEGC158) administration rescues CBS complete knockout mice
from early lethality and ameliorates liver pathology.

FIG. 9A-9B show the profiles of different PEGylated species for C15S PEGylated with a maleimide PEG molecule (ME-200MAOB or
ME-400MA) or an NHS ester PEG molecule (ME-200GS).

FIG. 10A-10E show the specific activity and plasma metabolite levels and CBS activity after a single subcutaneous (SC) injection of
20NHS PEG-htCBS C15S (htCBS C15S PEGylated with ME-200GS PEG) or 400MA PEG-htCBS C15S (htCBS C15S PEGylated with
ME-400MA PEG) to HO mice.

FIG. 11A-11C show the changes in survival rates and metabolite levels in KO mice after administration of C15S PEGylated with either
ME-200GS, ME-200MAOB or ME-400MA.

FIG. 12A-12E shows complete prevention and delay of onset of facial alopecia in groups of 1278T -/- homozygous mice that were
continuously administered C15S PEGylated with either ME-200MAOB, ME-400MA or ME-200GS.

FIG. 13A-13B shows improved liver disease in 20NHS PEG-htCBS C15S-treated KO mice compared to PBS-treated KO mice and a
healthy control.

FIG. 14A-14B show the liver samples in FIG. 13A-13B as observed by electron microscopy.

FIG. 15A-15D shows the effects of continuous administration of 20NHS PEG-htCBS C15S in HO mice on CBS activity and sulfur

amino acid metabolites in plasma using different models of ALZET® osmotic pumps.

FIG. 16A-16G show results of the dual-energy X-ray absorptiometry (DEXA or DXA) study of continuous long-term administration of
20NHS PEG-htCBS C15S in KO mice.
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FIG. 17A-17F show results of the dual-energy X-ray absorptiometry (DEXA or DXA) study of continuous long-term administration of
20NHS PEG-htCBS C15S in 1278T mice.

FIG. 18A-18B show concentrations of selected liver metabolites analyzed using NMR metabolomics in [1278T mice after continuous
long-term administration of 20NHS PEG-htCBS C15S and compared to healthy heterozygous and affected homozygous controls.

FIG. 19A-19E show the effects of administration of 20NHS PEG-htCBS C15S on eye defects in 1278T mice.

FIG. 20A-20D show plasma metabolite levels in 1278T mice that are treated with 20NHS PEG-htCBS and are maintained on either a
regular diet or on a metabolite restricted diet.

FIG. 21A-21B show the specific activity of 20NHS-htCBS C15S in male and female rats after an IV or SC bolus dose of 4 (IV), 8 (SC),
and 24 (SC) mg/kg. FIG. 21C shows specific activity of 20NHS PEG-htCBS C15S after the initial injection and at steady-state levels
for individual wild-type Sprague Dawley rats receiving a total of 9 injections at a dose of 8 mg/kg.

FIG. 22A-22B show the plasma concentration of Cth and the specific activity of 20NHS PEG-htCBS C158S in wild type cynomolgus
monkeys (Macaca fascicularis) after a single 1V or SC injection of a dose of 2 or 6 mg/kg.

FIG. 23A-23B the specific activity and plasma levels of cystathionine (Cth) in wild type cynomolgus monkeys (Macaca fascicularis)
after multiple SC administrations of a 1, 3, or 10 mg/kg dose of 20NHS PEG-htCBS C15S.

FIG. 24A-24G shows allometric scaling results to estimate an efficacious dose of 20NHS PEG-htCBS in humans based on the results
for the mouse, rat, and monkey models herein.

DETAILED DESCRIPTION

[0015] Provided herein are compositions for use in treating cystathionine beta-synthase-deficient homocystinuria (CBSDH).

[0016] Inactivation of CBS results in cystathionine beta-synthase-deficient homocystinuria (CBSDH), more commonly referred to as
classical homocystinuria. CBSDH is an autosomal recessive disorder characterized by markedly elevated plasma total homocysteine
(tHey) and methionine levels, and greatly reduced concentrations of cystathionine and cysteine; it is the most common sulfur-amino
acid defect. If untreated, CBSDH results in diseases, disorders and/or conditions in a variety of different organ systems and severe
phenotypic changes. Non-limiting examples of diseases, disorders and/or conditions from CBSDH include mental retardation,
psychiatric disturbances, central nervous system problems including seizures, cardiovascular disease with a predisposition to
thromboembolic complications resulting in a high rate of mortality in untreated and partially treated individuals, and a range of
connective tissue disorders affecting the ocular system (e.g., progressive myopia and lens dislocation, ectopia lentis), and skeletal
system (e.g., marfanoid habitus, osteoporosis, scoliosis, fine fair hair and brittle, thin skin).

[0017] There is a functional trichotomy in the nature of pathogenic mutations associated with CBSDH. One group of mutations is
classified as "pyridoxine-responsive,” where CBS enzyme function may be partially restored by high dose Vitamin Bg therapy. This
treatment can be effective, but does not always mitigate the pathological events in these individuals, and some of the events occur
even in these individuals over time. In a clinical setting "Vitamin B6 responsive” is defined as a 20% relative drop in Hey that occurs
24 hours after an individual is given an oral dose of 100-500mg of B6, meaning that a B6 responsive individual may still have
abnormally high homocysteine levels. The second group of functional mutations is represented by the "C-terminal CBS mutants" that
are defective in their ability to respond to post-translational up-regulation by S-adenosylmethionine. Individuals with this class of
mutations usually lack the mental retardation and connective tissue aspects of the phenotype. This class is detected after
measurement of plasma Hcy levels following an idiopathic thrombotic event before the age of 40 years (Maclean et al., 2002, Hum.
Mutat. 19:641-55). The final group of CBSDH mutations is "classical homocystinuria,” which represents the most severe form of the
disease. For these latter two groups of individuals Vitamin Bg therapy in isolation does not effectively lower serum Hcy levels. These

mutational groups may show phenotypic distinctions, but can be treated similarly.

[0018] The most common mutated CBS allele is 833T>C (1278T), which is associated with pyridoxine-responsive homocystinuria.
Thus, Bg responsive individuals account for approximately half of the homocystinuric patient population (Barber and Spaeth, 1969;
Mudd et al., 1985). Of these Bg responsive individuals, however, many are only partial responders, and in combination with Bg non-
responsive individuals, there arises a need for additional therapeutic options. Unfortunately, such therapeutic options are currently
limited to reducing intake of methionine by following a strict low protein diet with supplemented cysteine (now essential) and
decreasing homocysteine concentration via the use of betaine (N,N,N-trimethylglycine), a methyl donor able to re-methylate
homocysteine back to methionine. Therefore, enzyme replacement therapy (ERT) using CBS (e.g., PEGylated mutant htCBS
described herein) may be the best therapy for both the Bg partial and non-responsive patients.
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[0019] As a result of CBS dysfunction, homocysteine (Hcy) levels are dramatically altered in CBSDH patients. In healthy individuals,
total Hey levels are in the range of ~5-15 uM (Stabler etal., 2002, Metabolism, 51:981-988), 98% of which is in the form of disulfides
or is protein-bound. Only 2% of the tHcy exists as a free (non-protein-bound) reduced homocysteine, which can serve as a substrate
for CBS (Mansoor et al., 1992, Anal. Biochem. 200:218-229; Mudd et al., 2000, Arterioscler. Thromb. Vasc. Biol. 20:1704-17086). This
balance is dramatically altered in CBSDH patients, with free reduced homocysteine reaching 10-25% of tHcy values that are
observed in these patients (up to -400 uM) (Mansoor et al., 1993, Metabolism, 42:1481-1485).

[0020] Higher tHcy levels (e.g., greater than 54 times the wild type levels) may also cause diseases, disorders and/or conditions such
as, but not limited to, facial alopecia in mice, osteoporosis and reduction in mean survival. As a non-limiting example, model mice
having at least 54 times higher tHcy as compared to wild type demonstrated several diseases, disorders and/or conditions, including
facial alopecia, osteoporosis and reduction in mean survival. However, no such signs were observed in mice which had tHcy levels of
about 30 times the normal values and thus homocysteine elevation may only pathogenic only above a threshold level (Gupta et al.,
2009, FASEB J. 23:883-893). In a multicenter observational study of CBSDH in humans, it was found that even though various
treatment combinations failed to restore normal homocysteine levels in CBSDH patients, and Bg hon-responders continued to exhibit
homocysteine levels 3-5 times higher than the upper limit in the normal population, the risk of thromboembolism in these patients was
significantly reduced (Yap et al., 2001, Arterioscler. Thromb. Vase. Biol. 21, 2080-2085). Collectively, these data indicate that to
ameliorate the clinical manifestation of CBSDH, an incomplete reduction of tHcy, if it is below a threshold level, may be sufficient to
treat disease.

[0021] While a low methionine diet can be effective in establishing and maintaining some metabolic control of homocysteine levels in
patients, its effect may be hindered by lack of dietary compliance especially in late-diagnosed patients, resulting in a concomitant
increase in homocysteine accompanied by development of symptoms, especially in children (Walter et al., 1998, Eur. J. Pediatr. 157
Suppl 2, 871-76). Failure of dietary compliance causes increased serum Hey, resurgence of complications in the vascular and
connective tissue including fatal and incapacitating events, and risk of severe side-effects such as cerebral edema (from excessive
serum Met concentration) or severe malnutrition (from lack of essential amino acids). The most effective therapeutic strategy is to
increase enzyme activity, as is evident when given pyridoxine to Vitamin Bg responsive homocystinuria. This strategy is not possible
for Vitamin Bg non-responsive individuals due to the mutation status. Betaine may help to achieve a metabolic control in less
compliant patients and its combination with the diet may represent the best available treatment. However, current therapies for Bg
non-responders do not increase cystathionine, and cysteine supplementation may be warranted to maintain proper levels. Increased

enzyme activity in these individuals may therefore depend on the delivery of exogenous enzyme, ie. enzyme replacement therapy
(ERT).

[0022] Considerable evidence suggests a possible function for cystathionine independent of its role as an intermediate in
transsulfuration. A positive role for cystathionine has been suggested by studies of a particular transgenic mouse model of CBS-
deficient homocystinuria. In this model of classical homocystinuria, the mouse cbs gene is inactivated and survives on low-level
expression of the human CBS transgene under the control of the human CBS promoter; thus, it has been designated as "human
only" (HO). The HO mouse exhibits severe elevations in both plasma and tissue levels of Hey, methionine, S-adenosylmethionine,
and S-adenosylhomocysteine and a concomitant decrease in plasma and hepatic levels of cysteine. However, in contrast to previous
CBS knockout models of classical homocystinuria (also known as CBS knockout mice (KO) which suffer a severe growth retardation
and hepatopathy and most die within three weeks after birth, even while mothers are on betaine (Maclean etal., 2010b. Mol. Genet.
Metab. 101, 153-162)), which suffer severe growth retardation and hepatopathy, incur hepatic steatosis, fibrosis, and neonatal death
within three weeks after birth even while mothers are treated with betaine, the HO mice exhibit mild hepatopathy and approximately
90% of HO mice live for at least 6 months (Maclean et al., 2012, J. Biol. Chem. 287, 31994-32005). Tail bleeding determinations
indicate that HO mice are in a hypercoagulative state that is significantly ameliorated by betaine treatment in a manner that
recapitulates the disease as it occurs in humans (Maclean etal., 2010b. Mol. Genet. Metab. 101, 153-162). HO mice have high levels
of tHey, but suffer only minor consequences. There is little or no difference in metabolite levels between these two murine models,
except the level of cystathionine, which is significantly elevated in HO mice (~10 uM) as compared to KOs (~1 yM). Thus, it has been
suggested that cystathionine may exert protective effects against hepatic and renal lipid accumulation, tissue injury and apoptotic cell
death induced by prolonged endoplasmic reticulum stress.

[0023] Cystathionine may exert protective effects in a mouse model of acetaminophen-induced liver injury by serving as a cysteine
prodrug. The use of the CGL inactivating compound D,1-2-amino-4-pentynoic acid in experiments to induce hypercystathionemia by
blocking the conversion of cystathionine to cysteine coupled with the observation that cystathionine exerts significant protective
effects in a23 cells that are incapable of converting this compound to cysteine, indicate that the protective effects observed are not a
result of cystathionine acting as a precursor for cysteine synthesis.

[0024] Cystathionine may be important to the normally functioning brain. It is possible that cystathionine specifically accumulates in
the normal mammalian brain to serve as a cytoprotectant and that the abolition of its synthesis could contribute to mental retardation
in homocystinuria by increasing sensitivity of neural tissues to the toxic insult of elevated Hcy and/or derivatives thereof (Maclean et
al., 2012, J. Biol. Chem. 287, 31994-32005). There are considerable regional differences in concentrations of cystathionine within the
brain, and there is a higher concentration in white matter than in grey matter, suggesting a possible role in myelination. Cystathionine
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has been found in higher levels in occipital lobes of human and monkey brains than in the whole brain of lower animal species, and
the role of cystathionine has been suggested to be more important in primate than in rodent brain (Volpe and Laster, 1972, Biol.
Neonate 20, 385-403).

[0025] A number of indirect lines of evidence support possible physiological roles for either cystathionine or a derivative thereof. In
primate brain and central nervous system (CNS), there appears to be an imbalance between the relative activity levels of CBS and
CGL leading to an accumulation of cystathionine. Similarly, during embryonic development, CBS is expressed in multiple tissues such
as the heart and lungs that do not express any detectable CBS in adult tissues. A range of data indicates that CGL is not expressed
during early mammalian development. In human liver samples for instance, CGL activity is only detected in post-natal tissue whereas
activity in fetal, premature and full-term neonatal liver tissue is essentially undetectable. Collectively, these results indicate that at
certain stages of development and in adult neural tissues, CBS is expressed specifically for the production of cystathionine distinct
from its role as an intermediate in cysteine synthesis (Maclean et al.,, 2012, J. Biol. Chem. 287, 31994-32005). Taken with the
knowledge that rigorous control over cystathionine y-lyase (CGL) and CBS expression occurs during mammalian development, these
observations come together to suggest a possible protective role for cystathionine in addition to being a precursor to cysteine.

[0026] Cysteine biosynthesis from cystathionine is catalyzed by CGL. Cystathionine is present inside the cells, and it is believed to
not exist as a plasma protein. Accordingly, it is believed that the cystathionine produced upon injection of the PEGylated htCBS
mutant enzyme described herein may also serve as an intracellular substrate for CGL. Additionally, it may be possible that reduced
levels of tHcy may impede the formation of cysteine-homocysteine adducts (which can be rapidly cleared in urine), generating higher
levels of free cysteine in plasma (Gupta et al., 2014, FASEB J. 28:781-790).

[0027] Various aspects of the present invention now will be described more fully hereinafter.

THE CBS ENZYME

[0028] The CBS gene resides on human chromosome 21 at q22.3 (Skovby et al., Hum. Genet. 65:291-294 (1984); Munke et al., Am.
J. Hum. Genet. 42:550-559 (1988)). The nucleic acid sequence encoding human CBS and the amino acid sequence encoded
thereby are available through GenBank Accession No. L19501, and these sequences are also disclosed in U.S. Patent No.
5,523,225. The nucleic acid sequence of the genomic DNA encoding CBS is also publicly available through sequence databases
such as GenBank and at University of Colorado-Denver webpage (Kraus Laboratory).

[0029] While not wishing to be bound by theory, the protein encoded by the CBS gene acts as a homotetramer to catalyze the
conversion of homocysteine to cystathionine, the first step in the transsulfuration pathway. The encoded protein is allosterically
activated by S-adenosyl-methionine and uses pyridoxal phosphate as a cofactor. Multiple alternatively spliced transcript variants have
been found for this gene.

[0030] CBS governs the unidirectional flow of sulfur from methionine to cysteine by operating at the intersection of the
transmethylation, transsulfuration and re-methylation pathways. It catalyzes a B-replacement reaction in which serine condenses with
homocysteine in a pyridoxal 5'-phosphate (PLP)-dependent manner, to form cystathionine (Miles and Kraus, 2004, J. Biol. Chem.
279:29871-29874). Cystathionine can then be converted to cysteine by Cystathionine Gamma Lyase (CGL). Thus, proper function of
the CBS enzyme is critical for the regulation of both cysteine and methionine metabolism (Mudd et al., 2001, "Disorders of
Transsulfuration."” In the Metabolic and molecular bases of inherited disease. C.R. Scriver, A.L. Beudet, W.S. Sly, V. D, C. B.,, KK. W,
and V. B,, eds. (New York: McGraw-Hill), pp. 2007-2056), and accordingly, a compromised CBS activity or lack thereof, leads to the
biochemical and clinical manifestations of CBS-deficient homocystinuria (CBSDH).

[0031] Inactivation of CBS results in cystathionine beta-synthase-deficient homocystinuria (CBSDH), more commonly referred to as
classical homocystinuria. Classical homocystinuria was first described by Carson and Neill in 1962 (Carson and Neill, 1962. Arch. Dis.
Child 37:505-513) and is recognized as the most common inborn error of sulfur amino acid metabolism. The underlying cause of
homocystinuria, a deficiency of the Cystathionine B-Synthase (CBS) enzyme, was discovered shortly thereafter (Mudd et al., 1964,
Science 143:1443-1445).

[0032] Missense mutations represent the most common cause of cystathionine B-synthase (CBS) deficiency. Many of these
mutations result in misfolded proteins, which lack biological function. The presence of chemical chaperones (e.g., such as ethanol,
dimethyl sulfoxide, or trimethylamine-N-oxide) can sometimes alleviate or even restore protein folding and activity of mutant proteins.
Eight CBS mutant enzymes (P49L, P78R, A114V, R125Q, E176K, P422L, 1435T, and S466L) were purified and characterized, and
could be rescued with chemical chaperones by improving their protein folding. The tetrameric mutant enzymes fully saturated with
heme had the same or higher specific activities than wild type CBS. Thermal stability measurements demonstrated that the purified
mutants are equally or more thermostable than wild type CBS. The response to S-adenosyl-L-methionine stimulation or thermal
activation varied. The lack of response of R125Q and E176K to both stimuli indicated that their specific conformations were unable to
reach the activated state. Increased levels of molecular chaperones in crude extracts, particularly DnaJ, indicated a rather indirect
effect of the chemical chaperones on folding of CBS mutants (Majtan, etal., 2010, J. Biol. Chem. 285(21): 15866-15873).
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[0033] The extent of misfolding of 27 CBS mutations previously tested in E. coli have been tested for the ability of chaperones to
rescue the conformation of these mutations under the more folding-permissive conditions of mammalian CHO-K1 cells. Expression of
mutations in mammalian cells increased the median activity 16-fold and the amount of tetramers 3.2-fold compared with expression
in bacteria. Subsequently, the responses of seven selected mutations to three compounds with chaperone-like activity were tested.
Aminooxyacetic acid and 4-phenylbutyric acid exhibited only a weak effect. In contrast, heme arginate substantially increased the
formation of mutant CBS protein tetramers (up to six fold) and rescued catalytic activity (up to nine fold) of five out of seven mutations
(p.A114V, p.K102N, p.R125Q, p.R266K, and p.R369C). The greatest effect of heme arginate was observed for the mutation
p.R125Q, which is non-responsive to in vivo treatment with vitamin B6. Moreover, the heme responsiveness of the p.R125Q mutation
was confirmed in fibroblasts derived from a patient homozygous for this genetic variant. Based on these data, a distinct group of
heme-responsive CBS mutations was proposed and the heme pocket of CBS was predicted to be an important target for designing
novel therapies for homocystinuria (Melenovska, et al., 2014, J. Inherit. Metab. Dis. 38(2)).

[0034] Biochemically, CBSDH is characterized by highly elevated blood levels of homocysteine, methionine and S-adenosyl-
homocysteine (also known as "SAH" or "AdoHcy"), accompanied by low levels of cysteine and cystathionine. Some of the clinical
manifestations of untreated homocystinuria include thromboembolism, connective tissue problems such as dislocation of the optic
lens, marfanoid features and osteoporosis, cognitive impairment and other signs (Kraus, J., and Kozich, V. (2001). "Cystathionine
beta-synthase and its deficiency." In Homocysteine in health and disease. J.D. Carmel R, ed. (New York: Cambridge University
Press), pp. 223-243; Mudd et al., 2001, "Disorders of Transsulfuration." In the Metabolic and molecular bases of inherited disease.
C.R. Scriver, A.L. Beudet, W.S. Sly, V. D, C. B.,, KK. W,, and V. B., eds. (New York: McGraw-Hill), pp. 2007-20586).

[0035] Initial attempts to treat homocystinuria employed dietary restrictions to decrease the methionine intake, thus avoiding the
build-up of the toxic homocysteine (Komrower et al., 1966, Arch. Dis. Child 41:666-671). It was later found that supplementation with
the PLP-cofactor precursor, pyridoxine (vitamin Bg), relieves the clinical manifestations for slightly less than half of patients, and a
subset of these are only partial responders (Barber and Spaeth, 1969. J. Pediatr. 75:463-478; Mudd etal., 1985, Am. J. Hum. Genet.
37:1-31). The "Bg responders” need to take supplemental vitamin Bg for the rest of their lives. In many cases, even full Be-responsive
patients require a milder protein restricted diet to be able to achieve a metabolic control (Picker, J.D., and Levy, H.L. (2004).
Homocystinuria Caused by Cystathionine Beta-Synthase Deficiency. In GeneReviews. R.A. Pagon, M.P. Adam, T.D. Bird, C.R. Dolan,
C.T. Fong, and K. Stephens, eds. (Seattle (WA): University of Washington, Seattle). The remaining subset, the non-responders, are
subjected to an extremely limited diet, with which many patients poorly comply (Walter et al., 1998, Eur. J. Pediatr. 157 Suppl 2, S71-
76). The diet is combined with a methionine-free and cysteine enriched amino acid mixture along with betaine, which can serve as a
methyl donor for the enzyme betaine-homocysteine methyltransferase (BHMT) to produce dimethylglycine and methionine from
homocysteine (Finkelstein, 1990, J. Nutr. Biochem. 1:228-237). Glutathione is synthesized from cysteine, and thus the addition of
cysteine can be important to reduce oxidative stress. Most patients are also treated with trimethylglycine, and a normal dose of folic
acid supplement. This improves the metabolic control by lowering homocysteine levels, in conjunction with the strict diet.

[0036] Betaine (N,N,N-trimethylglycine) is used to reduce concentrations of homocysteine by promoting the conversion of
homocysteine back to methionine, ie., increasing flux through the remethylation pathway independent of folate derivatives (which is
mainly active in the liver and in the kidneys). A small portion of the re-formed methionine is then gradually removed by incorporation
into body protein. The methionine that is not converted into protein is converted to S-adenosyl-methionine which goes on to form
homocysteine again. Betaine is, therefore, most effective if the quantity of methionine to be removed is small. Hence treatment
includes both betaine and a diet low in methionine. In classical homocystinuria, the plasma methionine level usually increases above
the normal range of 30 micromoles/L and the concentrations should be monitored as potentially toxic levels (more than 400
micromoles/L) may be reached.

[0037] An alternative treatment strategy for CBSDH has long been sought to provide the Bg non-responders and partial responders
with a therapy that improves the metabolic abnormalities, reduces the accumulation of toxic homocysteine in circulation, and
increases the levels of cystathionine and cysteine. Such metabolic changes may reverse, or delay, the onset of CBSDH symptoms,
and allow this group of affected individuals to enjoy an unrestricted or only mildly restricted diet and significantly improve their quality
of life. To provide these benefits, a therapy must improve the core deficiency that underlies this condition, namely, aberrant CBS
levels and/or function. Accordingly, systemic introduction of CBS, in the form of Enzyme Replacement Therapy (ERT), should be
beneficial for homocystinuric patients.

[0038] Without being bound by theory, a significant decrease in extracellular homocysteine due to CBS administration is believed to
generate a concentration gradient, triggering a flux of homocysteine from intra- to extra-cellular spaces, where the administered
enzyme can further process it, and thus the extracellular CBS can serve as a homocysteine "sink."

[0039] The structure and mode of activation of native human CBS, which exists as a tetramer, comprised of four identical monomers
may be difficult to use as ERT. This form of the enzyme has a high tendency for aggregation, which poses a major constraint on the
purification efforts (Kraus and Rosenberg, 1983, Arch. Biochem. Biophys. 222:44-52). Additionally, CBS activation requires the
binding of S-Adenosyl-methionine (SAM) to the C-terminal tail, in order to relieve the auto-inhibition exerted on the enzyme by its C-
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terminal regulatory region.

[0040] A truncated recombinant human CBS (htCBS) is provided (SEQ ID NO: 3) where the C-terminal regulatory region has been
removed. The htCBS is mutated where cysteine at amino acid position 15 has been changed to serine (htCBS mutant or C15S) (SEQ
ID NO: 13). The htCBS mutant polypeptide lacks the N-terminal first methionine residue corresponding to SEQ ID NO: 3.

[0041] In one embodiment, PEGylated htCBS mutant enzyme improved the pharmacokinetic and pharmacodynamic properties of the
enzyme in vivo. Therapeutic proteins, unlike small molecules, are delivered via parenteral routes, and treatment efficacy may be
greatly impacted by their absorption, distribution, metabolism and excretion

[0042] ("ADME") (Vugmeyster etal., 2012, World Journal of Biological Chemistry 3:73-92). High molecular weight compounds, such
as enzymes, have limited tissue penetration capability, and are thus mainly present in the plasma until they are removed from
circulation by at least one mechanism.

[0043] In one embodiment, administration of htCBS mutant for ERT maintains high activity in plasma for a period of time that is
sufficient to deliver a steady and significant effect on sulfur amino acid metabolism. Enhancing ERT efficacy may require additional
modifications to the protein, in order to increase retention time in vivo. PEGylation, the addition of Poly-Ethylene-Glycol (PEG)
moieties onto the surface of the protein, extends the retention time in a subject. PEGylation was found to minimize proteolysis,
immune response and antigenicity, while increasing protein stability and size, and reducing renal excretion (Kang et al., 2009, Expert
opinion on emerging drugs 14:363-380).

[0044] Cysteine biosynthesis from cystathionine is catalyzed solely by CGL. Cystathionine is only present inside the cells, and does
not exist as a plasma protein. Accordingly, it is believed that the cystathionine produced upon injection of the PEGylated htCBS
mutant enzyme described herein may also serve as an intracellular substrate for CGL. Additionally, and not mutually exclusively, it is
also possible that reduced levels of tHcy may impede the formation of cysteine-homocysteine adducts (which can be rapidly cleared
in urine), generating higher levels of free cysteine in plasma, as was recently suggested (Gupta et al., 2014, FASEB J. 28, 781-790).
Normalizing cysteine levels without cysteine supplementation is another potential advantage of the presently described htCBS mutant
in ERT.

[0045] In one embodiment, normalization of cysteine levels may be observed following administration of the PEGylated htCBS mutant
enzyme. In addition to a change in metabolite levels, another positive effect of tCBS mutant administration may be predicted to be a
significant impact on liver disease and survival of affected CBSDH patients.

PEGYLATED htCBS FOR USE IN THERAPY

[0046] There are three groups of pathogenic mutations associated with CBSDH, (1) pyridoxine-responsive mutations, (2) C-terminal
CBS mutants and (3) classical homocystinuria.

[0047] The htCBS mutant enzyme may be PEGylated by a method known in the art or described herein. The htCBS mutant
polypeptide is PEGylated with ME-200GS. For example, the htCBS mutant polypeptide PEG conjugate is a 20NHS PEG-htCBS C15S
conjugate.

[0048] In one embodiment, subjects with pyridoxine-responsive mutations may be treated. PEGylated htCBS mutant may be used
alone or in combination with current therapies (e.g., Vitamin B6 or Betaine) to treat subjects with pyridoxine-responsive mutations. As
a non-limiting example, the PEGylated htCBS mutant may be used to mitigate or reduce pathological events in subjects with
pyridoxine-responsive mutations. As a non-limiting example, the PEGylated htCBS mutant may be used to treat a subject with
pyridoxine-responsive mutations who is a partial responder to Vitamin B6 therapy. As another non-limiting example, the PEGylated
htCBS mutant may be used to treat a subject with pyridoxine-responsive mutations who is a non-responder to Vitamin B6 therapy.

[0049] In one embodiment, subjects with C-terminal CBS mutations may be treated. PEGylated htCBS mutant may be used alone or
in combination with current therapies (e.g., Vitamin B6 or Betaine) to treat subjects with C-terminal CBS mutations. As a non-limiting
example, the PEGylated htCBS mutant may be used to lower serum Hcy levels in subjects with C-terminal CBS mutations. As a non-
limiting example, the PEGylated htCBS mutant may be used to treat a subject with C-terminal CBS mutations who is a partial
responder to Vitamin B6 therapy. As another non-limiting example, the PEGylated htCBS mutant may be used to treat a subject with
C-terminal CBS mutations who is a non-responder to Vitamin B6 therapy.

[0050] In one embodiment, subjects with classical homocystinuria may be treated. PEGylated htCBS mutant may be used alone or in
combination with current therapies (e.g., Vitamin B6 or Betaine) to treat subjects with classical homocystinuria. As a non-limiting
example, the PEGylated htCBS mutant may be used to lower serum Hcy levels in subjects with classical homocystinuria. As a non-
limiting example, the PEGylated htCBS mutant may be used to treat a subject with classical homocystinuria who is a partial responder
to Vitamin B6 therapy. As another non-limiting example, the PEGylated htCBS mutant may be used to treat a subject with classical
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homocystinuria who is a non-responder to Vitamin B6 therapy.

[0051] In one embodiment, the compositions described herein may reduce a symptom, disease or disorder associated with CBSDH.
The symptom, disease or disorder may be in an organ system or a severe phenotypic change. Non-limiting examples of diseases,
disorders and/or conditions from CBSDH include mental retardation, psychiatric disturbances, central nervous system problems
including seizures, cardiovascular disease with a predisposition to thromboembolic complications resulting in a high rate of mortality
in untreated and partially treated individuals, and a range of connective tissue disorders affecting the ocular system (e.g., progressive
myopia and lens dislocation, ectopia lentis), and skeletal system (e.g., marfanoid habitus, osteoporosis, scoliosis, fine fair hair and
brittle, thin skin).

[0052] In one embodiment, the compositions described herein may treat a disease, disorder and/or condition such as, but not limited
to, thromboembolism, connective tissue problems such as dislocation of the optic lens, marfanoid features, osteoporosis, and
cognitive impairment.

[0053] In one embodiment, the PEGylated htCBS mutant enzyme described herein may reduce the effects and/or treat liver disease.
The liver disease may be in a subject with CBSDH. The treatment and/or reduction of the effects of liver disease may thus increase
the rate of survival of CBSDH patients. As a non-limiting example, PEGylated htCBS mutant may reduce liver parenchyma damage.

[0054] In one embodiment, PEGylated htCBS mutant may increase cystathionine and treat or reduce the effects of liver disease or
injury.

[0055] In one embodiment, the compositions can ameliorate the disease manifestations and metabolic abnormalities that
characterize the homocystinuria. In some embodiments, the PEGylated htCBS mutant enzyme modulates toxic metabolites for at
least 24 hours, at least 48 hours, or at least 72 hours. In additional embodiments, the PEGylated htCBS mutant enzyme ameliorates
the disease manifestations for at least 3 months, 6 months, 12 months, or 24 months.

[0056] In one embodiment, ERT using PEGylated htCBS mutant enzyme offers an effective therapy for CBSDH patients to allow
prevention and treatment of and/or amelioration of symptoms of homocystinuria, and relieving the need to maintain such a strict
protein-excluding diet. Alternatively, a subject is administered a PEGylated htCBS C158S, and the subject is on protein-excluding or on
a Met-restricted diet.

[0057] In one embodiment, PEGylated htCBS mutant may be used to increase cystathionine and treat or reduce the effects of mental
retardation in homocystinuria subjects. The amount of cystathionine may be increased in a region or area of the brain such as, but
not limited to, occipital lobes grey matter and white matter.

[0058] In one embodiment, PEGylated htCBS mutant may be used to increase sensitivity of neural tissues in the brain of
homocystinuria subjects. The amount of cystathionine may be increased in a region or area of the brain such as, but not limited to,
occipital lobes grey matter and white matter.

[0059] In one embodiment, PEGylated htCBS mutant may be used to extend the life of a subject with CBSDH.

[0060] In one embodiment, PEGylated htCBS mutant is used as part of CBS enzyme replacement therapy (ERT) for the treatment of
homocystinuria. The administration of PEGylated htCBS mutant may not necessitate introduction of the deficient enzyme into its
natural intracellular compartment.

[0061] In one embodiment, administration of PEGylated htCBS mutant decrease homocysteine levels by 5%, 10%, 15%, 20%, 25%,
30%, 33%, 35%, 40%, 45%, 50%, 52% 55%, 60%, 65%, 67%, 69%, 70%, 74%, 75%, 76%, 77 %, 80%, 85%, 90%, 95% or more than
95%. As a non-limiting example, the decrease of homocysteine may be a decrease of about 69%. As a non-limiting example, the
decrease of homocysteine may be a decrease of about 67%. As a non-limiting example, the decrease of homocysteine may be a
decrease of about 52%. As a non-limiting example, the decrease of homocysteine may be a decrease of about 33%.

[0062] In one embodiment, PEGylated htCBS mutant may be administered before, after or concurrently with traditional betaine
treatment. The combination therapy may result in synergistic effects on homocysteine levels.

[0063] In one embodiment, administration of PEGylated htCBS mutant to a subject may alter the extra- and intra-cellular equilibrium
of sulfur amino acids.

[0064] In one embodiment, the alteration of extra- and intra-cellular equilibrium may be a decrease in the plasma homocysteine such
as, but not limited to, a decrease of about 5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 40%, 45%, 50%, 52% 55%, 60%, 65%, 67 %,
69%, 70%, 74%, 75%, 76%, 77%, 80%, 85%, 90%, 95% or more than 95%. As a non-limiting example, the decrease of plasma
homocysteine may be a decrease of about 75%.
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[0065] In one embodiment, the alteration of extra- and intra-cellular equilibrium may be an increase in cystathionine such as, but not
limited to, an increase of about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 110%, 1120%, 130%, 140%, 150%, 160%,
170%, 180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 270%, 280%, 290%, 300%, 310%, 320%, 330%, 340%, 350%,
360%, 370%, 380%, 390%, 400%, 410%, 420%, 430%, 440%, 450%, 460%, 470%, 480%, 490%, 500%, 510%, 520%, 530%, 540%,
550%, 560%, 570%, 580%, 590%, 600%, 610%, 620%, 630%, 640%, 650%, 660%, 670%, 680%, 690%, 700%, 710%, 720%, 730%,
740%, 750%, 760%, 770%, 780%, 790%, 800%, 810%, 820%, 830%, 840%, 850%, 860%, 870%, 880%, 890%, 900%, 910%, 920%,
930%, 940%, 950%, 960%, 970%, 980%, 990%, 1000% or more than 1000%. As a non-limiting example, increase in cystathionine
may be about 900%.

[0066] In one embodiment, the alteration of extra- and intra-cellular equilibrium may be the normalization of cysteine concentrations
that is reflected in improvement of histopathological changes in the liver and increased survival.

[0067] In one embodiment, PEGylated htCBS mutant may reduce tHcy levels in a subject with CBSDH. The tHcy levels may be
reducedto 1,2,3,4,5,6,7,8,9, 10,11, 12,13, 14, 15, 16, 17, 18, 19, 20 21, 22, 23, 24, 15, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 1-5, 1-10, 1-20, 1-30, 1-40, 1-50, 2-5, 2-10, 2-20, 2-30, 2-40,
2-50, 3-5, 3-10, 3-20, 3-30, 3-40, 3-50, 4-6, 4-10, 4-20, 4-30, 4-40, 4-50, 5-7, 5-10, 5-20, 5-30, 5-40, 5-50, 6-8, 6-10, 6-20, 6-30, 6-
40, 6-50, 7-10, 7-20, 7-30, 7-40, 7-50, 8-10, 8-20, 8-30, 8-40, 8-50, 9-10, 9-20, 9-30, 9-40, 9-50, 10-20, 10-30, 10-40, 10-50, 20-30,
20-40, 20-50, 30-40, 30-50 or 40-50 times the wild type level. As a non-limiting example, the tHCY level is reduced to about 30 times
the wild type level. As a non-limiting example, the tHCY level is reduced to about 3-5 times the wild type level.

[0068] In one embodiment PEGylated htCBS mutant may lower tHev levels and thus treat or reduce the effects of diseases, disorders
and/or conditions associated with high tHCY levels (e.g., greater than 54 times the wild type level). Non-limiting examples, of
diseases, disorder and/or conditions associated with high tHCY levels include facial alopecia, osteoporosis, dislocation of eye lenses,
and reduction in mean survival.

[0069] In one embodiment, the PEGylated htCBS mutant described herein may normalize cysteine levels without cysteine

supplementation.

[0070] In one embodiment, the PEGylated htCBS mutant described herein may be used in combination with Betaine to reduce
concentrations of homocysteine in a subject. Homocysteine may be reduced about 5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 40%,
45%, 50%, 52% 55%, 60%, 65%, 67 %, 69%, 70%, 74%, 75%, 76%, 77%, 80%, 85%, 90%, 95% or more than 95% in a subject using
the combination therapy. As a non-limiting example, homocysteine may be reduced 77%. As a non-limiting example, homocysteine
may be reduced 76%. As a non-limiting example, homocysteine may be reduced 74%. As a non-limiting example, homocysteine may
be reduced 40%.

[0071] In one embodiment, PEGylated htCBS mutant described herein may cause a change such as an increase and/or decrease in

metabolite levels.

[0072] In one embodiment, the PEGylated htCBS mutant described herein may cause a change such as an increase in metabolite
levels. As a non-limiting example, the metabolite may be cystathionine and cysteine which may be increased 5%, 10%, 15%, 20%,
25%, 30%, 33%, 35%, 40%, 45%, 50%, 52% 55%, 60%, 65%, 67%, 69%, 70%, 74%, 75%, 76%, 77%, 80%, 85%, 90%, 95%, 100%,
110%, 1120%, 130%, 140%, 150%, 160%, 170%, 180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 270%, 280%, 290%,
300%, 310%, 320%, 330%, 340%, 350%, 360%, 370%, 380%, 390%, 400%, 410%, 420%, 430%, 440%, 450%, 460%, 470%, 480%,
490%, 500%, 510%, 520%, 530%, 540%, 550%, 560%, 570%, 580%, 590%, 600%, 610%, 620%, 630%, 640%, 650%, 660%, 670%,
680%, 690%, 700%, 710%, 720%, 730%, 740%, 750%, 760%, 770%, 780%, 790%, 800%, 810%, 820%, 830%, 840%, 850%, 860%,
870%, 880%, 890%, 900%, 910%, 920%, 930%, 940%, 950%, 960%, 970%, 980%, 990%, 1000% or more than 1000%. As a non-
limiting example, the amount of cystathionine may be increased to be above 0.008, 0.01, 0.015, 0.020, 0.025, 0.03, 0.035, 0.04,
0.045, 0.05, 0.055, 0.06, 0.065, 0.07, 0.075, 0.08, 0.085, 0.09, 0.095, 0.1, 0.15, 0.2, 0.25, 0.3, or 0.35 pM or cystathionine may be
increased to be between 0.05 and 0.35 pM. As another non-limiting example, the amount of cysteine may be increased to be above
140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390,
400 or cysteine may be increased to be between 200 yM and 400 uM.

[0073] In one embodiment, the PEGylated htCBS mutant described herein may cause a change such as a decrease in metabolite
levels. As a non-limiting example, the metabolite may be homocysteine, methionine and S-adenosyl homocysteine which may be
decreased by 5%, 10%, 15%, 20%, 25%, 30%, 33%, 35%, 40%, 45%, 50%, 52% 55%, 60%, 65%, 67%, 69%, 70%, 74%, 75%, 76%,
77%, 80%, 85%, 90%, 95%, 99% or 100%. As a non-limiting example, the amount of homocysteine may be decreased to be about
100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20, 15, 10, 5, 4, 3, 2 or 1 yM. As a non-limiting example, the amount of
methionine may be decreased to be about 50, 45, 40, 35, 30, 25, 20, 15, 10, 5, 4, 3, 2 or 1 yM. As another non-limiting example, the
amount of S-adenosyl homocysteine is decreased to be about 0.15, 0.14, 0.13, 0.12, 0.11, 0.10, 0.095, 0.09, 0.085, 0.08, 0.075,
0.07, 0.065, 0.06, 0.055, 0.05, 0.045, 0.04, 0.035, 0.03, 0.025, 0.02, 0.015, 0.01, 0.009, 0.008, 0.007, 0.006, 0.005, 0.004, 0.003,
0.002, 0.001 or less than 0.001 uM.
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[0074] In one embodiment, the PEGylated htCBS mutant described herein may reduce levels of homocysteine, methionine, S-
adenosyl-methionine and S-adenosyl-homocysteine in a subject.

[0075] In one embodiment, the PEGylated htCBS mutant may increase the levels of cysteine and cystathionine in a subject.

[0076] The htCBS mutant may be produced using a method to recombinantly produce and purify a human cystathionine synthase.
The method includes the step of cloning a nucleic acid sequence encoding a human CBS enzyme or a truncated or mutated variant
thereof into an expression vector. As a non-limiting example, the method may be as set forth in International publication
WO2014120770.

ADMINISTRATION AND DOSING

[0077] In one embodiment, PEGylated htCBS mutant may be administered to a subject by parenteral administration.

[0078] In one embodiment, PEGylated htCBS mutant may be administered to a subject by subcutaneous (SC), intravenous (V) or
intraperitoneal (IP) injection. As a non-limiting example, PEGylated htCBS mutant may be administered to a subject by subcutaneous
administration. As a non-limiting example, PEGylated htCBS mutant may be administered to a subject by intravenous administration.
As a non-limiting example, PEGylated htCBS mutant may be administered to a subject by intraperitoneal administration. As a non-
limiting example, PEGylated htCBS mutant may be administered to a subject by an osmotic pump.

[0079] In one embodiment, the PEGylated htCBS mutant may be administered to a subject at least 1, 2, 3, 4,5,6,7, 8,9, 10, 11,12,
13, 14,15, 16, 17, 18, 19, 20 or more than 20 times.

[0080] In one embodiment, the administration of the PEGylated htCBS mutant may be repeated every minute, 2 minutes, 3 minutes,
4 minutes, 5 minutes, six 6, 7 minutes, 8 minutes, 9 minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30 minutes, 35
minutes, 40 minutes, 45 minutes, 50 minutes, 55 minutes, hourly, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9
hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours, 22
hours, 23 hours, daily, 2 days, 3 days, 4 days, 5 days, 6 days, weekly, biweekly, 3 weeks, monthly, 2 months, quarterly, 4 months, 5
months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, yearly, 13 months, 14 months, 15 months, 16 months, 17
months, or 18 months.

[0081] In one embodiment, the administration of the PEGylated htCBS mutant may be a series of doses which are minutes, hours,
days or weeks apart. The number of doses in a series may be 2, 3, 4, 5 or 6. As a non-limiting example, a subject is administered 3
doses 24 hours apart. As another non-limiting example, a subject is administered 5 doses 12 hours apart.

[0082] In one embodiment, the administration of the PEGylated htCBS mutant may follow a dosing schedule of a series of doses that
has a gap between the first series and the second series of doses. The gap between the doses may be 2 hours, 3 hours, 4 hours, 5
hours, 6 hours, 7 hours, 8 hours, 2 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours,
19 hours, 20 hours, 21 hours, 22 hours, 23 hours, day, 2 days, 3 days, 4 days, 5 days, 6 days, week, 2 weeks, 3 weeks, monthly, 2
months, quarterly, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months, 13 months, 14
months, 15 months, 16 months, 17 months, or 18 months. The number of doses in a series may be 2, 3, 4, 5 or 6. As a non-limiting
example, a subject may be administered a first series of 5 doses 12 hours apart and then 14 days after the first dose a subject is
administered a second series of 5 doses 12 hours apart. As another non-limiting example, a subject is administered two series of
doses over a period of 8 weeks where the first series is one dose twice a week for two weeks and the second series of doses is three
times a week for 6 weeks.

[0083] In one embodiment, PEGylated htCBS mutant may be administered at least once after a subject has been administered
Betaine. The time between the Betaine administration the PEGylated htCBS may be 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7
hours, 8 hours, 2 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20
hours, 21 hours, 22 hours, 23 hours, day, 2 days, 3 days, 4 days, 5 days, 6 days, week, 2 weeks, 3 weeks, monthly, 2 months,
quarterly, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12 months, 13 months, 14 months,
15 months, 16 months, 17 months, or 18 months. As a non-limiting example, the PEGylated htCBS may be administered 14 days
after the subject was administered Betaine. As another non-limiting example, a subject may be administered two doses after the
subject was administered Betaine. The PEGylated htCBS mutant may be administered 14 and 15 days after Betaine administration.

[0084] In one embodiment, PEGylated htCBS mutant may be administered in combination with Betaine to a subject. The combination
may be administered at least 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15 or more than 15 times.

[0085] In one embodiment, PEGylated htCBS mutant may be administered in combination with Betaine to a subject after the subject
has initially received Betaine. The time between the combination treatment and the original Betaine administration may be 2 hours, 3
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hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17
hours, 18 hours, 19 hours, 20 hours, 21 hours, 22 hours, 23 hours, day, 2 days, 3 days, 4 days, 5 days, 6 days, week, 2 weeks, 3
weeks, monthly, 2 months, quarterly, 4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12
months, 13 months, 14 months, 15 months, 16 months, 17 months, or 18 months. As a non-limiting example, the combination may
be administered 14 days after the subject was first administered Betaine. As another non-limiting example, a subject may be
administered two doses after the subject was first administered Betaine. The combination may be administered 14 and 15 days after
Betaine administration.

[0086] In one embodiment, the dose of PEGylated htCBS mutant administered to a subject may be between 5 and 8 mg/kg such as 5
mg/kg, 5.5 mg/kg, 6 mg/kg, 6.5 mg/kg, 7 mg/kg, 7.5 mg/kg or 8 mg/kg. In certain embodiments, the dose is selected from the range
of about 2 mg/kg to about 24 mg/kg. For example, the dose is about 2 mg/kg, about 6 mg/kg, about 8 mg/kg, about 10 mg/kg, or
about 24 mg/kg. In certain embodiments, the dose is selected from the range of about 0.01 to about 10 mg/kg. For example, the
dose is about 0.4 mg/kg. In certain embodiments, the PEGylated htCBS mutant polypeptide is administered to a subject on a
methionine-restricted diet. Alternatively, the PEGylated htCBS mutant polypeptide is administered to a subject that is not on a
methionine-restricted diet.

[0087] In one embodiment, the PEGylated htCBS mutant polypeptide may be co-administered with another therapeutic for treating
CBSDH. As used herein, "co-administered" means the administration of two or more components. These components for co-
administration include, but are not limited to betaine or Vitamin B6. Co-administration refers to the administration of two or more
components simultaneously or with a time lapse between administration such as 1 second, 5 seconds, 10 seconds, 15 seconds, 30
seconds, 45 seconds, 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes, 10 minutes,
11 minutes, 12 minutes, 13 minutes, 14 minutes, 15 minutes, 16 minutes, 17 minutes, 18 minutes, 19 minutes, 20 minutes, 21
minutes, 22 minutes, 23 minutes, 24 minutes, 25 minutes, 26 minutes, 27 minutes, 28 minutes, 29 minutes, 30 minutes, 31 minutes,
32 minutes, 33 minutes, 34 minutes, 35 minutes, 36 minutes, 37 minutes, 38 minutes, 39 minutes, 40 minutes, 41 minutes, 42
minutes, 43 minutes, 44 minutes, 45 minutes, 46 minutes, 47 minutes, 48 minutes, 49 minutes, 50 minutes, 51 minutes, 52 minutes,
53 minutes, 54 minutes, 55 minutes, 56 minutes, 57 minutes, 58 minutes, 59 minutes, 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours,
4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours,
18 hours, 19 hours, 20 hours, 21 hours, 22 hours, 23 hours, 1 day, 1.5 days, 2 days, or more than 3 days.

DEFINITIONS

[0088] As used in this specification, the singular forms "a,"” "an," and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to a "polymer" includes a single polymer as well as two or more of the same or different
polymers, reference to an "excipient” includes a single excipient as well as two or more of the same or different excipients, and the

like.

[0089] Where a range of values is provided, it is intended that each intervening value between the upper and lower limit of that range
and any other stated or intervening value in that stated range is encompassed within the disclosure and specifically disclosed. For
example, if a range of 1 pm to 8 um is stated, it is intended that 2 ym, 3 ym, 4 ym, 5 pm, 6 ym, and 7 um are also explicitly disclosed,
as well as the range of values greater than or equal to 1 ym and the range of values less than or equal to 8 ym.

[0090] "Coding sequence" refers to that portion of a nucleic acid (e.g., a gene) that encodes (i) an mRNA that is translated into an
amino acid sequence of a protein; or (ii) a functional RNA, such as an interfering RNA or antisense molecule.

[0091] "Recombinant,” when used with reference to, e.g., a cell, nucleic acid, polypeptide, expression cassette or vector, refers to a
material, or a material corresponding to the natural or native form of the material, that has been modified by the introduction of a new
moiety or alteration of an existing moiety, or is identical thereto but produced or derived from synthetic materials. For example,
recombinant cells express genes that are not found within the native (non-recombinant) form of the cell (ie., "exogenous nucleic
acids") or express native genes that are otherwise expressed at a different level, typically, under-expressed or not expressed at all.

[0092] Recombinant techniques can include, e.g., use of a recombinant nucleic acid such as a cDNA encoding a protein or an
antisense sequence, for insertion into an expression system, such as an expression vector; the resultant construct is introduced into
a cell, and the cell expresses the nucleic acid, and the protein, if appropriate. Recombinant techniques also encompass the ligation of
nucleic acids to coding or promoter sequences from different sources into one expression cassette or vector for expression of a
fusion protein, constitutive expression of a protein, or inducible expression of a protein.

[0093] The terms "subject”, "individual" or "patient" are used interchangeably herein and refer to a human.
[0094] "Associated" refers to coincidence with the development or manifestation of a disease, condition or phenotype. Association

may be due to, but is not limited to, genes responsible for housekeeping functions whose alteration can provide the foundation for a
variety of diseases and conditions, those that are part of a pathway that is involved in a specific disease, condition or phenotype and
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those that indirectly contribute to the manifestation of a disease, condition or phenotype.

[0095] "Physiological conditions" or "physiological solution" refers to an aqueous environment having an ionic strength, pH, and
temperature substantially similar to conditions in an intact mammalian cell or in a tissue space or organ of a living mammal. Typically,
physiological conditions comprise an aqueous solution having about 150 mM NaCl, pH 6.5-7.6, and a temperature of approximately
22-37 degrees C. Generally, physiological conditions are suitable binding conditions for intermolecular association of biological
macromolecules. For example, physiological conditions of 150 mM NaCl, pH 7.4, at 37 degrees C are generally suitable.

[0096] "Pharmaceutically acceptable excipient or carrier” refers to an excipient that may optionally be included in the compositions of
the invention and that causes no significant adverse toxicological effects to the patient. In particular, in the present instance, such
refers to an excipient that can be taken into the subject's body in association with an active compound (here PEGylated htCBS) with
no significant adverse toxicological effects to the subject.

[0097] The term "excipient" or "vehicle" as used herein means any substance, not itself a therapeutic agent, used as a carrier for
delivery of a therapeutic agent and suitable for administration to a subject, e.g. a mammal or added to a pharmaceutical composition
to improve its handling or storage properties or to permit or facilitate formation of a dose unit of the composition into a discrete article
such as a capsule or tablet suitable for oral administration. Excipients and vehicles include any such materials known in the art, e.g.,
any liquid, gel, solvent, liquid diluent, solubilizer, or the like, which is nontoxic and which does not interact with other components of
the composition in a deleterious manner. Administration can mean oral administration, inhalation, enteral administration, feeding or
inoculation by intravenous injection. The excipients may include standard pharmaceutical excipients, and may also include any
components that may be used to prepare foods and beverages for human and/or animal consumption, feed or bait formulations or
other foodstuffs.

[0098] "Permeant," "drug," or "pharmacologically active agent" or any other similar term means any chemical or biological material or
compound, inclusive of peptides, suitable for administration by the methods previously known in the art and/or by the methods taught
in the present disclosure, that induces a desired biological or pharmacological effect, which may include, but is not limited to (1)
having a prophylactic effect on the organism and preventing an undesired biological effect such as preventing an infection, (2)
alleviating a condition caused by a disease, for example, alleviating pain or inflammation caused as a result of disease, and/or (3)
either alleviating, reducing, or completely eliminating the disease from the organism. The effect may be local, such as providing for a
local anesthetic effect, or it may be systemic. This disclosure is not drawn to novel permeants or to new classes of active agents.
Rather it is limited to the mode of delivery of agents or permeants which exist in the state of the art or which may later be established
as active agents and which are suitable for delivery by the present disclosure.

[0099] The term "about," particularly in reference to a given quantity, is meant to encompass deviations of plus or minus five percent.

[0100] "Optional" or "optionally" means that the subsequently described circumstance may or may not be present or occur, so that
the description includes instances where the circumstance is present or occurs and instances where it is not present or does not
occur.

[0101] "Substantially absent" or "substantially free" of a certain feature or entity means nearly totally or completely absent the feature
or entity. For example, for a subject administered PEGylated htCBS, the substantial absence of an observable side effect means that
such side effect is either non-detectable, or occurs only to a negligible degree, e.g., to an extent or frequency that is reduced by
about 50% or more when compared to either the frequency or intensity of the same side effect observed in an untreated patient.

[0102] The terms "pharmacologically effective amount” or "therapeutically effective amount" as related to the present composition
refer to a non-toxic, but sufficient amount of the active agent (or composition containing the active agent) to provide the desired level
in the bloodstream or at the site of action (e.g. intracellularly) in the subject to be treated, and/or to provide a desired physiological,
biophysical, biochemical, pharmacological or therapeutic response, such as amelioration of the manifestations of homocystinuria.
The exact amount required will vary from subject to subject, and will depend on numerous factors, such as the active agent, the
activity of the composition, the delivery device employed, the physical characteristics of the composition, intended patient use (ie.,
the number of doses administered per day), as well as patient considerations, such as species, age, and general condition of the
subject, the severity of the condition being treated, additional drugs being taken by the subject, mode of administration, and the like.
These factors and considerations can readily be determined by one skilled in the art, based upon the information provided herein. An
appropriate "effective" amount in any individual case may be determined by one of ordinary skill in the art using routine
experimentation, based upon the information provided herein.

[0103] The term "biological activity" refers to any biological activity typically attributed to a nucleic acid or protein by those skilled in
the art. Examples of biological activities are enzymatic activity, ability to dimerize, fold or bind another protein or nucleic acid
molecule, efc.

[0104] The term "nucleic acid" may be in the form of RNA or in the form of DNA, and include messenger RNA, synthetic RNA and
DNA, cDNA, and genomic DNA. The DNA may be double-stranded or single-stranded, and if single-stranded may be the coding
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strand or the non-coding (anti-sense, complementary) strand.

[0105] As used herein, a "variant" is a nucleic acid, protein or polypeptide which is not identical to, but has significant homology (for
example, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity) over the entire length of the wild
type nucleic acid or amino acid sequence, as exemplified by sequences in the public sequence databases, such as GenBank. As
used herein, a "protein, polypeptide or peptide fragment thereof' means the full-length protein or a portion of it having an amino acid
sequence usually at least 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acids in length, although dipeptides, tripeptides and
tetrapeptides are also contemplated and encompassed by the present disclosure.

[0106] As used herein, a "mutant” is a mutated protein designed or engineered to alter properties or functions relating to
glycosylation, protein stabilization and/or ligand binding.

[0107] As used herein, the terms "native" or "wild-type" relative to a given cell, polypeptide, nucleic acid, trait or phenotype, refers to
the form in which that is typically found in nature.

[0108] As used herein, the terms "protein,” "polypeptide,” "oligopeptide" and "peptide" have their conventional meaning and are used
interchangeably to denote a polymer of at least two amino acids covalently linked by an amide bond, regardless of length or post-
translational modification (e.g., glycosylation, phosphorylation, lipidation, myristylation, ubiquitination, efc.). Furthermore, the
polypeptides described herein are not limited to a specific length. Included within this definition are D- and L-amino acids, and
mixtures of D- and L-amino acids. This term also does not refer to or exclude post-expression modifications of the polypeptide, for
example, glycosylations, acetylations, phosphorylations and the like, as well as other modifications known in the art, both naturally
occurring and non-naturally occurring. A polypeptide may be an entire protein, or a subsequence thereof. Polypeptides can also refer
to amino acid subsequences comprising epitopes, ie., antigenic determinants substantially responsible for the immunogenic
properties of a polypeptide and being capable of evoking an immune response.

[0109] "Position corresponding to" refers to a position of interest (i.e., base number or residue number) in a nucleic acid molecule or
protein relative to the position in another reference nucleic acid molecule or protein. Corresponding positions can be determined by
comparing and aligning sequences to maximize the number of matching nucleotides or residues, for example, such that identity
between the sequences is greater than 90%, greater than 95%, greater than 96%, greater than 97%, greater than 98% or greater
than 99%. The position of interest is then given the number assigned in the reference nucleic acid molecule. For example, if a
particular polymorphism in Gene-X occurs at nucleotide 2073 of SEQ ID No. X, to identify the corresponding nucleotide in another
allele or isolate, the sequences are aligned and then the position that lines up with 2073 is identified. Since various alleles may be of
different length, the position designating 2073 may not be nucleotide 2073, but instead is at a position that "corresponds” to the
position in the reference sequence.

[0110] "Percentage of sequence identity" and "percentage homology" are used interchangeably herein to refer to comparisons
among polynucleotides and polypeptides, and are determined by comparing two optimally aligned sequences over a comparison
window, wherein the portion of the polynucleotide or polypeptide sequence in the comparison window may comprise additions or
deletions (ie., gaps) as compared to the reference sequence (which does not comprise additions or deletions) for optimal alignment
of the two sequences. The percentage may be calculated by determining the number of positions at which the identical nucleic acid
base or amino acid residue occurs in both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the result by 100 to yield the percentage of
sequence identity. Alternatively, the percentage may be calculated by determining the number of positions at which either the
identical nucleic acid base or amino acid residue occurs in both sequences or a nucleic acid base or amino acid residue is aligned
with a gap to yield the number of matched positions, dividing the number of matched positions by the total number of positions in the
window of comparison and multiplying the result by 100 to yield the percentage of sequence identity. Those of skill in the art
appreciate that there are many established algorithms available to align two sequences. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity method of Pearson &
Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA,
and TFASTA in the GCG Wisconsin Software Package), or by visual inspection (see generally, Current Protocols in Molecular Biology,
F. M. Ausubel et al., eds., Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc.,
(1995 Supplement) (Ausubel)). Examples of algorithms that are suitable for determining percent sequence identity and sequence
similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul et al. (1990) J. Mol. Biol. 215: 403-410 and
Altschul et al. (1977) Nucleic Acids Res. 3389-3402, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information website. This algorithm involves first identifying high scoring sequence
pairs (HSPs) by identifying short words of length W in the query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a database sequence. T is referred to as, the neighborhood word
score threshold (Altschul ef al, supra). These initial neighborhood word hits act as "seeds" for initiating searches to find longer HSPs
containing them. The word hits are then extended in both directions along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the parameters M (reward score for a
pair of matching residues; always >0) and N (penalty score for mismatching residues; always <0). For amino acid sequences, a
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scoring matrix is used to calculate the cumulative score. Extension of the word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maximum achieved value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences) uses
as defaults a word length (W) of 11, an expectation (E) of 10, M=5, N=-4, and a comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults a word length (W) of 3, an expectation (E) of 10, and the BLOSUM®62 scoring
matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)).

[0111] While all of the above mentioned algorithms and programs are suitable for a determination of sequence alignment and %
sequence identity, for purposes of the disclosure herein, determination of % sequence identity will typically be performed using the
BESTFIT or GAP programs in the GCG Wisconsin Software package (Accelrys, Madison WI), using default parameters provided.

[0112] The term "NH2 Terminal Modifications" may be used to refer to the peptides described herein. The terminus of the peptide
compounds of the invention corresponding to the amino terminus, if present, may be in the "free" form (e.g., HoN-), or alternatively

may be acylated with a group of the formula R2C(O)- or R28(O)2-, wherein R? is as previously defined. In one embodiment, R? is
selected from the group consisting of (C1-Cg) alkyl, (C5-C1g) aryl, (Cs-C1g) arylalkyl, 5-10 membered heteroaryl or 6-16 membered
heteroarylalkyl.

[0113] In another embodiment, the amino terminus may be "blocked" with a blocking group designed to impart the compound with
specified properties, such as a low antigenicity. Non-limiting examples of such blocking groups include polyalkylene oxide polymers
such as polyethylene glycol (PEG). A variety of polymers useful for imparting compounds, and in particular peptides and proteins,
with specified properties are known in the art, as are chemistries suitable for attaching such polymers to the compounds. Specific
non-limiting examples may be found in U.S. Patent Nos. 5,643,575; 5,730,990; 5,902,588; 5,919,455; 6,113,906; 6,153,655; and
6,177,087.

[0114] The term "Carboxy Terminus Modifications" may be used in relation to the peptides described herein. The terminus of the
peptide compounds corresponding to the C-terminus, if present, may be in the form of an underivatized carboxyl group, either as the
free acid or as a salt, such as a sodium, potassium, calcium, magnesium salt or other salt of an inorganic or organic ion, or may be in
the form of a derivatized carboxyl, such as an ester, thioester or amide. Such derivatized forms of the compounds may be prepared
by reacting a compound having a carboxyl terminus with an appropriate alcohol, thiol or amine. Suitable alcohols, thiols or amines

include, by way of example and not limitation, alcohols of the formula R20H, thiols of the formula R2SH and amines of the formula

R2N Ho, R2R2NH or NH3, where each R2 is, independently of the others, as previously defined.

[0115] The term "L or D form amino acids" may be used in relation to the peptide described herein. As will be recognized by skilled
artisans, the various X" residues comprising the compounds of the invention may be in either the L- or D-configuration about their Cq
carbons. In one embodiment, all of the Cy carbons of a particular compound are in the same configuration. In some embodiments of
the invention, the compounds comprise specific chiralities about one or more Cy carbon(s) and/or include non-peptide linkages at
specified locations so as to impart the compound with specified properties. For example, it is well-known that peptides composed in
whole or in part of D-amino acids are more resistant to proteases than their corresponding L-peptide counterparts. Thus, in one
embodiment, the compounds are peptides composed in whole or in part of D-amino acids. Alternatively, compounds having good
stability against proteases may include peptide analogs including peptide linkages of reversed polarity at specified positions. For
example, compounds having stability against tryptic-like proteases include peptide analogs having peptide linkages of reversed
polarity before each L-Arg or L-Lys residue; compounds having stability against chymotrypsin-like proteases include peptide analogs
having peptide linkages of reversed polarity before each small and medium-sized L-aliphatic residue or L-non-polar residue. In
another embodiment, compounds having stability against proteases include peptide analogs composed wholly of peptide bonds of
reversed polarity. Other embodiments having stability against proteases will be apparent to those of skill in the art. Additional specific
embodiments of the compounds are described herein.

[0116] As used herein, the term "long-term administration” refers to administration of the htCBS mutant conjugated to a PEG moiety
over a time-period of 6 weeks or longer.

[0117] As used herein, the term "continuous administration” refers to repeated administration of the htCBS mutant conjugated to a
PEG moiety throughout the course of a study via SC injection or implanted osmotic pump.

[0118] As used herein, the term "I278T", "I278T homozygous", or "I278T -/homozygous" mice refers to a mouse model in which the
endogenous mouse cbs gene has been knocked out and a human CBS transgene having the most common mutation in the CBS
allele, 833T>C (1278T), which is associated with homocystinuria, has been inserted as a cDNA clone under the control of zinc-
inducible promoter on a plasmid integrated to the mouse genome.

EXAMPLES
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[0119] The following examples are illustrative in nature and are in no way intended to be limiting.

Example 1. Experimental Procedures

A. Construction of Sequence-Optimized, Truncated Human CBS in PET29A(+) Vector

[0120] As previously described in International Publication No. W02014120770, full length (551 aa) human CBS coding sequence
was optimized for bacterial expression and cloned into the pUC57 vector following digestion with the EcoRV restriction enzyme, by
GenScript USA Inc (NJ, USA). The CBS sequence was then amplified by PCR using primers A1 and A2 to generate a sequence
coding for the truncated enzyme (aa 1-413). The PCR product was then digested with the restriction enzymes Ncol and Xhol, and
ligated into the pET-28a(+) vector that was digested with the same enzymes. Cloning into the optimal Ncol site of pET-28a(+) results
in a G to C mutation as compared to the CBS wild-type sequence. Site-Directed Mutagenesis kit (Stratagene, CA, USA) utilizing
primers B1 and B2, was used to re-generate the wild type sequence (htCBS). The same strategy was used to generate the C15S
mutant (T to A mutation; htCBSC15) by using primers C1 and C2. All sequences were verified by sequencing. Expression of the
truncated CBS is controlled by an upstream T7 promoter in the pET-28a(+) vector, which requires transformation into DE3 bacteria
and induction by IPTG. Table 1 describes the primers and their sequence identifier.

Table 1. Primers

Primer name SEQID NO.
A1 7

A2 8

B1 9

B2 10

C1 1

C2 12

pKK-F (Sphl) 5

pKK-R (Kpn /) 6

B. Expression and Purification

[0121] The pET-28a(+) vector, harboring the sequence coding for the truncated human CBS, was transformed into DE3 bacteria, i.e.,
E. Coli BL-21 (DE3) or HMS174(DE3), and bacteria from kanamycin-resistant clones were grown in 5 ml of Luria-Bertani (LB)
medium, with 30 ug/ml kanamycin, overnight at 37°C on a rotational shaker at 275 RPM. One ml of the overnight culture was added
to a 100 ml Terrific Broth (TB) medium with 30 ug/ml kanamycin and grown overnight. 10 ml of was then added to a 1 liter TB
medium containing 0.001% of thiamine-HCI pH 8.0, 0.0025% of pyridoxine-HCI pH 8.0, 0.3 mM &-ALA pH 8.0, 150 uM ferric chloride,
30 ug/ml of kanamycin. The culture was then grown at 30°C on a rotational shaker at 275 RPM until ODggg reached the value of -0.6-
0.7 and protein expression was induced by addition of 1 mM IPTG. Fermentation was continued for additional 16 hours. Cells were
harvested by a 10 minute, 6000 RCF centrifugation at 4°C, washed with ice-cold 0.9% NaCl, re-centrifuged as above, and frozen at
-80°C. 4.45 ml of lysis buffer (20 mM NaH5POy4, pH=7.2, 40 mM NaCl, 0.1 mM PLP) per 1 gram of pellet was then added to the cell
pellet and the latter was homogenized in a Dounce homogenizer and treated with lysozyme (2 mg/ml final), incubated for 1 hour at
4°C on a rocking platform, sonicated to reduce viscosity, and centrifuged at 53000 RCF. The supernatant, comprising the soluble
fraction was then stored at -80°C. The lysate was processed through a multi-step chromatographic procedure. The core process
consists of an anion exchange capture column (DEAE Sepharose-FF), followed by an affinity column. This aftains purity of
approximately 90%. The final purity of > 99% is achieved by the use of one or two polishing chromatography steps. The final column
eluate was diafiltered into PBS.

C. Enzyme Activity Assay

[0122] CBS activity was determined by a radioisotope assay with C'%labeled serine as a substrate. Ten Ml (total 490 ng) of pure
htCBS in dilution buffer (0.1 M Tris-HCI pH=8.6, 1 mM DTT, 10 uM PLP, 0.5 mg/ml BSA) or 10 yl of plasma were added to 85 pl of
reaction mixture containing 0.1 M Tris-HCI pH=8.6, 10 mM L-serine, 0.5 mM PLP, 0.5 mg/ml BSA and 0.3 pCi (for pure enzyme) or

0.45 uCi (for plasma) of L-[C14(U)]-Serine. Samples were incubated for 5 min at 37°C and reaction was initiated by addition of 5 pl of
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0.2 M Hey (10 mM final concentration). Following 30 min of incubation at 37°C, a 20 yl aliquot of the assay mixture was applied onto
a grade 3 CHR Whatman (NJ, USA) paper. Assay initiation and sampling of the resulting mixture were staggered so that each
reaction time was 30 minutes. Descending paper chromatography was used to isolate the radioactive product (Cth) from a labeled

substrate (Ser). The C14-cystathionine formed in the reaction was separated from C'4-serine by an overnight descending paper
chromatography in 2-propanol/fformic acid/H>O (75: 5.7: 18.9 v/v). Radioactivity in the area of the marker cystathionine (detected by
staining the marker lane with ninhydrin) was determined by cutting the chromatogram into strips that were submerged in 5 ml of Opti-
fluor scintillation cocktail (PerkinElmer, MA, USA) and counted in a Beckman LS-3801 scintillation counter. An enzyme-free sample
was used as a blank to monitor the background radioactivity that was then subtracted from each sample. For pure enzyme, specific
activity values are expressed as enzyme units (the amount of enzyme that produces 1 umol of cystathionine/hour) per mg of CBS,
and for plasma samples as units per yl plasma. In the pharmacokinetic (PK) studies, this has been designated: mU/pl of plasma.

D. In Gel Activity Assay

[0123] Protein samples were separated using Native Page (Bio-Rad, CA, USA). The gel was then incubated for 15-30 minutes in a
staining solution (100 mM Tris-HCI pH=8, 20 mM L-cysteine, 50 mM 2-mercaptoethanol, 0.1 mM PLP and 0.2 lead nitrate). Reaction
was stopped by submerging the gel in 7% acetic acid.

E. Determination of metabolite concentrations

[0124] Plasma metabolites homocysteine, cystathionine and cysteine were determined by stable-isotope-dilution liquid
chromatography mass spectrometry as previously described in (Allen et al., 1993, Metabolism, 42: 1448-1460). Measurements of
total non-protein bound homocysteine and other aminothiols as well as of amino acids in tissue were performed as described in
(Maclean et al, 2010b. Mol. Genet. Metab. 101, 153-162). Metabolites were determined by stable-isotope-dilution liquid
chromatography mass spectrometry.

F. PEGylation

[0125] Polyethylene glycol molecules were purchased from the NOF Corporation (Tokyo, Japan). PEGylation was carried out
according to manufacturer instructions. For example, coupling of PEG maleimide derivatives to the SH groups of htCBS (5 mg/ml)
was carried out in a 100 mM phosphate buffer pH=6.5 overnight at 4°C. Molar Ratio between PEG molecules to the CBS protein was
10:1 or 5:1.

[0126] Alternatively, PEGylation was achieved by conjugation of 20kDa NHS-ester PEG (ME-200GS) with htCBS C15S (truncated
human CBS having a C15S8 mutation). The protocol below outlines the PEGylation procedure.

[0127] Chromatographically purified htCBS C15S was buffer exchanged and formulated in 100mM sodium phosphate buffer pH 7.2
and concentrated to at least 10 mg/ml. The enzyme aliquot was stored at -80°C, and was thawed out in a 37/42°C water bath with
occasional mixing. The enzyme aliquot was spun down to remove generated foam, if any, and kept on ice until needed.

[0128] The PEGylation molar ratio was 1:10 (per htCBS C15S subunit), which translates into 431 mg of ME-200GS per 100 mg of
htCBS C158S. The calculated amount of protein, water, and 2x buffer (needed only if concentration of the enzyme was higher than 10
mg/ml) were mixed in a sterile endotoxin-free 50 ml Falcon tube. For example, PEGylation of 200 mg of htCBS C15S of 20 mg/ml
required 10 ml of the protein, 12 ml of sterile water, and 10 ml of 100mM Na-P pH7.2 buffer. The tube contained a total volume of 32
ml and was kept on ice. In a separate tube, 862 mg of ME-200GS PEG was dissolved in sterile water or DMSO by mixing, vortexing,
or optional warming up in a 37/42°C water bath for a brief amount of time. The PEG quickly dissolved into a clear, highly viscous
solution. Diluted enzyme was transferred into the tube containing dissolved PEG swiftly by either pouring or pipetting. The tube was
closed tightly and immediately vortexed for 10-15 seconds to generate a homogenous mixture. The tube was incubated at RT on a
rocking platform for 4-6 hours or at 4°C overnight.

G. Enzyme Storage

[0129] PEGylated htCBS C15S was formulated using PBS pH7.4 and concentrated to approximately at least 5 mg/ml, and typically to
a concentration between 10 and 25 mg/ml. The enzyme was stored at -80°C in (1.2 ml) aliquots. For each dosing day, a single use,
fresh, solution of enzyme was prepared by dilution into PBS to a final concentration of 1 mg/ml. Any solution remaining upon
completion of dosing was discarded.
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H. Animal Procedures

[0130] All animal procedures were approved by the University of Colorado- Denver IACUC, which is an AAALAC Accredited
(#00235), Public Health Service Assured (#A 3269-01) and USDA Licensed (#84-R-0059) Institution. C576BL/6J and CBS knock out
(KO) mice were obtained from the Jackson Laboratory (ME, USA). Human Only (HO) mice were previously generated (Maclean et
al., 2010b. Mol. Genet. Metab. 101, 153-162) in the laboratory. Animals were maintained on extruded standard diet 2918 (Harlan,
CA, USA) with unlimited access to food and water.

[0131] Representative pups were routinely analyzed for homozygosity. A single-use lancet for submandibular bleeding was used for
blood collection into Capiject T-MLHG lithium heparin (12.5 IU) tubes with gel (Terumo Medical Corporation, NJ, USA). Tubes were
then centrifuged at 1200G for 10 min, followed by collection of plasma to 1.5 ml tubes and storage at -80°C.

[0132] Genotyping: Representative pups were routinely analyzed for homozygosity qPCR. Tail biopsies were generated by the
DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany). DNA quality was monitored by NanoDrop 1000 (Thermo Scientific, DE,
USA). Twenty ng samples of DNA were run single-plex in triplicate using Applied Biosystem's (CA, USA) Gene Expression master mix
(ltem #4369016). Amplification was performed on Applied Biosystem's 7500 Fast Instrument using the standard curve method.
Applied Biosystems' Tert (ltem #4458366) or Tfrc (ltem #4458368) copy number reference assays were used as the homozygous
one copy calibrator. Applied Biosystem's assay Mr00299300 was used to detect the Neo gene.

[0133] Wild type Sprague Dawley rats were housed in cages and maintained under standard conditions with unlimited access to food
and water.

[0134] Wild-type cynomolgus monkeys (Macaca fascicularis) were housed in sex-segregated pens with unlimited access to food and
water. Twelve-hour light/dark cycles, temperature, and humidity were continuously monitored and controlled. Additional
environmental enrichment in the form both natural auditory background sounds and visual nature video enrichment were provided
daily. All monkeys were screened for general health prior to the study.

1. Sample collection

[0135] After injection with a PEGylated form of htCBS, such as 20NHS PEG-htCBS C15S, blood was collected at various time-points
into Capiject T-MLHG lithium heparin tubes (12.5 1U) with gel (Terumo Medical Corporation, NJ, USA) from the submandibular vein of
conscious study animals using a disposable lancet designed for submandibular sampling. Plasma was collected from blood samples
after centrifugation at 1200G for 10 minutes and stored at -80°C in 1.5 mL tubes.

J. Phammacokinetics

[0136] The pharmacokinetic (PK) parameters were calculated using a non-compartmental curve stripping model which resolves a
curve into a series of exponential terms corresponding to the absorption, distribution and elimination phases occurring during the
time course of the enzyme in the blood. The curve stripping approach assumes that the disposition phases of the drug follow
apparent first-order kinetics, which is evidenced by the linearity in the terminal portion of a semi-log plot. These calculations were
made using a modeling program called PK Solutions 2.0 (Summit Solutions, Montrose, CO) using the mean plasma enzyme activity
for each route of administration. The bioavailability was calculated by dividing the area under the curve (AUC) for the SC or IP route
by the AUC observed after IV administration.

K. Preparation of samples for NHS PEGylation mapping

[0137] Each sample (300 pg), including the non-PEGylated CBS control, was diluted with HPLC water (ThermoFisher) to 80 yL. The
sample was then mixed 1:1 (v/v) with 0.24 M CAPS buffer (Sigma) pH 11.5, and incubated at 37°C for 22 hours to remove the PEGs.
The de-PEGylated sample was transferred to Amicon Ultra 30K Centrifugal filter (Millipore), and 320 uL of 8M guanidine HCI solution
(Sigma) was added. The filter was spun at 13,000 rpm for 10 minutes. This process was repeated twice to buffer exchange the
samples into 8M guanidine HCI and remove the residual free PEG.

[0138] The sample was combined with 1M Tris HCI (pH 7.5) to a final concentration of 100 mM Tris. The sample was reduced with
10 mM DTT (Sigma) at 56 °C for 45 minutes and cooled. lodoacetamide was added to a final concentration of 30 mM and the
samples were incubated in the dark at room temperature for 1 hour. The sample was then diluted with 50 mM Tris (pH 7.5) solution
to reach a guanidine concentration of 1 M. The reduced/alkylated samples were used for Asp-N endopeptidase digestion.
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[0139] Two g of Asp-N was added to 100 pg of the reduced and alkylated sample (enzyme: protein ratio = 1:50 (w:w)). The
digestion was conducted overnight at 37°C.

L. Preparation of samples for histopathological analysis

[0140] The PBS-injected or PEGylated htCBS conjugate, such as 20NHS PEG-htCBS C15S, treated KO mice were sacrificed on day
17-19 and liver samples were processed for histological analysis by optical microscopy. The histological assessment was carried out
in a blinded fashion. Livers were removed and were fixed for 24 hours with 4% paraformaldehyde in PBS (pH 7.4). Tissue blocks for
histology were trimmed, dehydrated with an ethanol series followed by acetone, acetone-xylene mixture, and xylene, then embedded
in paraffin. In parallel, small tissue blocks (around 4 mm x 2 mm) fixed with paraformaldehyde were rapidly frozen in petrol ether
cooled with dry ice, and stored at -50°C for detection of apolar lipids. Paraffin sections 4 pm thick were deparaffinized in xylene and
after isopropyl alcohol step rehydrated with ethanol (96%, 70%, 60%). Tissue sections were stained with hematoxylin and eosin
(H&E) to evaluate histopathological changes. Masson trichrome staining was performed for detection of fibrosis. Steatosis was
verified using Oil Red O staining for detection of apolar lipids in fixed-frozen sections that was 10 um thick and cut with a Leica
Cryomicrotome (CM 1850). The sections were viewed and photographed with a Nikon light microscope (E800) equipped with
Olympus digital camera (DP70).

[0141] For electron microscopy, one third of each of the livers was processed for electron microscopy by cutting it into 1-2 mm thick
slices and immersed post-fixation into 3% glutaraldehyde. Samples were subsequently embedded into an Epon-Araldite mixture,
double stained, and examined using a JEOL 1200 electron microscope at 3000x magnification.

M. Dual-energy X-ray absorptiometry (DEXA)

[0142] A PIXImusll DEXA scanner (GE Lunar Medical Systems) specifically designed for scanning small animals such as mice was
used for DEXA analysis. This machine enabled quick and efficient determination of the body composition (lean, fat mass, and bone
density) of a mouse before terminal tissue extraction procedures. Mice were fasted for 4 hours prior to the DEXA measurement to
remove food from the gastro-intestinal tract. Mice were then anesthetized using IP bolus injection of 60 mg/kg ketamine and 15
mg/kg xylazine and placed on a tray in the DEXA machine. After the measurement was done (3~5 minutes), the mice were removed
from the DEXA machine and used in terminal procedures, such as tissue extractions.

N. Preparation of eye samples for observation by microscopy

[0143] Mice were subjected to perfusion fixation with 4% paraformaldehyde in 1x PBS pH 7.4 (4% PFA) to preserve the walls of the
eye globe. Eyes were carefully surgically removed, submerged into 4% PFA and a small hole was carefully made in the posterior
globe of the eye right below the optic nerve to allow the fixative to permeate to the interior of the eye and fixate the structures
overnight at 4°C. The samples were washed 3 times using filtered 1x PBS pH 7.4. After washing, the posterior globe of the eye was
carefully dissected down to the level of the ciliary epithelium to expose the ciliary zonule. The sample was placed in 8% BSA blocking
solution for 2 hours with shaking. After blocking, MAGP1 antibodies (Sigma) diluted 1:50 in 4% BSA were added to the sample and
stored at 4°C overnight. The next day, the sample was washed 6 times using 1x PBS pH 7.4, and Alexa 488 secondary antibodies (1
:200, Invitrogen) were added to the sample and incubated for 2 hours at room temperature with shaking. The sample was wash 6
times and counterstained with methylgreen (nuclear staining) for 15 minutes.

[0144] A solution containing 4% agarose was heated, poured into a covered slip glass pertri dish, and allowed to solidify at room
temperature. The solidified gel served as an imaging chamber for the eye. A small hole was made in the gel to serve as a secure
chamber for the eye. To observe the ciliary zonule, the chamber was filled with 1x PBS, and the stained eye sample was placed in the
hole with the posterior surface of the lens touching the gel bed. The 3-dimensional images were generated using an inverted LSM
510 confocal microscope at 10x magnification and 0.7x zoom.

Example 2. htCBS retention time

A. Unmodified htCBS exhibits a short retention time in circulation

[0145] The pharmacokinetic properties of a pharmacologically active substance that is administered to circulation is greatly affected
by natural mechanisms of ADME. Rapid clearance of the injected molecule may greatly impact treatment efficacy and thus longer
circulating half-lives are desired, which may translate into less frequent administrations or smaller doses that in turn minimize the side
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effects. To determine the pharmacokinetics of htCBS in plasma circulation, a single dose of 5 mg/kg was injected via subcutaneous
(SC), intravenous (IV) or intraperitoneal (IP) routes to C57BL/6J mice. Administration of htCBS via IV or IP routes exhibited the
highest specific activity values during the first 4 hours post injection (observed peak plasma levels of up to 123 and 76 mU/uL,
respectively; Table 2 shows Area Under Curve (AUC) values). The pharmacokinetic parameters calculated from plasma samples
(Table 2) show that the half-life for htCBS was 2.7 hours, suggesting that after roughly 6 half-lives (less than 20 hours) htCBS levels
should be undetectable.

[0146] The bioavailablity of htCBS was 50% for SC routes suggesting that SC delivery may be a clinical option for this therapeutic
approach. The slower apparent half-lives for SC and IP (Table 2) can be explained by a slow absorption phase that is occurring
during the elimination phase thereby extending the mean residency time and apparent half-life, however, for the present purpose a
much longer half-life was desirable and thus PEGylated derivatives of htCBS were tested.

Table 2. Pharmacokinetic Parameters

Pharmacokinetic Parameter Units IP SC v
Dose Amount Mg/Kg 5 5 5
AUC(0-t) (obs area) mU-hr/uL 932.4 500.9 1011
Bioavailability % 92% 50% -

E Half-life hr 43 6.1 2.7
Ciax (obs) Mu/uL 75.9 345 -
MRT (area) hr 7.9 95 4.9

[0147] The rapid decline in htCBS activity in vivo may be attributed to a facilitated clearance from circulation and may also be
attributed to the loss of enzymatic activity of htCBS once introduced to the environment in circulation. To test the latter, htCBS was

incubated in vitro in mouse plasma of wild type or HO mice at 370C for up to 96 hours, with activity measured every 24 hours. As
shown in FIG. 1A, no significant loss of activity was recorded for up to 72 hours of incubation in the plasma of either mouse model. A
modest 25% loss of activity was recorded after 96 hours of incubation. Furthermore, as shown in FIG. 1B, western blot (WB)
analyses of plasma from the SC injected animals, revealed that the amount of htCBS decreases as a function of time, hence,
clearance accounts for the rapid loss of htCBS activity in circulation, rather than loss of activity in plasma.

B. PEGylation of htCBS enhances plasma half-life in vivo

[0148] In order to determine the impact of PEG molecules on the pharmacokinetics CBS, htCBS was PEGylated with a low molecular
weight (2 kDa) linear PEG, and with a high molecular weight (40 kDa) four arm branched PEG (designated MEO20MA and GL4-
400MA, respectively). As shown in Table 3, PEGylation did not affect the specific activity of the enzyme. Table 3 shows the results of
the Coomassie-stained SDS-PAGE of the PEGylated and non-PEGylated htCBS with corresponding specific activity values showing
that PEGylation does not influence the activity of the enzyme. Mice were injected SC as described in A (n=4-5), with the ME200OMA-
or GL4-400MA-PEGylated htCBS as compared to the non-PEGylated htCBS.

Table 3. Activity

htCBS tested Specific Activity
Non-PEG CBS 1193
ME-200MA CBS 1184
GL4-400MA CBS 1075

[0149] A dose of 5 mg/kg body weight (BW) of PEGylated htCBS (PEGhtCBS) was administered to C57BL/6J mice via the SC and IV
route, and CBS activity was monitored at different time points. Two experimental arms (n=5 each) were used for each injection route.
Blood was collected post injection from group 1 at 0, 1, 8 and 24 hours and from group 2 at 1, 4, 10, and 48 hours.

[0150] As shown in FIG. 1B (bottom panel) for the GL4-400MA PEGhtCBS, the activity in plasma was significantly extended for the
PEGylated protein as compared to the non-PEGylated counterpart. As shown in Table 4 the half-life increased from 2.7 hours for the
non-PEGylated htCBS to 16.7 and 30.4 hours with the MEO20MA and GL4-400MA PEGylation, respectively.

Table 4. Pharmacokinetic Modeling Results

Pharmacokinetic Modeling Results PEGylated htCBS ME020MA PEGylated htCBS GL400MA
Parameter Units SC v SC v
Dose Amount Mg/Kg 5 5 5 5
AUC(0-t) (obs area) Mu-hr/uL 1637.0 31932 2286.3 2836.5
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Pharmacokinetic Modeling Results PEGylated htCBS ME020MA PEGylated htCBS GL400MA
Parameter Units SC v SC v
Bioavailability % 51.2% - 80.6%

E Half-life hr 15.1 16.7 20.1 304
Cinax (Obs) Mu/uL 54.6 - 64.9 -

MRT (area) hr 27.0 257 37.0 431

[0151] This means that the time of exposure after a single dose would be 5 to 10-fold longer for the PEGylated forms. Additionally,
the bioavailability after SC administration ranged from 50 to 80% suggesting that the SC route would be reasonable for clinical
studies.

Example 3. Administration of htCBS and serum levels of homocysteine. cystathionine and cysteine.

[0152] The ultimate goal for the use of htCBS for CBSDH is to lower the toxic tHey load, to elevate cystathionine and cysteine levels.
These changes are expected to prevent, reverse or delay the onset of CBSDH symptoms. Homocystinuria research, however, has
long been hindered by a lack of a suitable animal model. Mice that are complete knockout for the mouse gene die within 2-3 weeks
after birth. The HO (Human Only) mice are different from other knockout mice because, in addition to having the mouse gene
knocked out, they express low levels of the human gene which allows their survival to adulthood (Maclean et al., 2010b. Mol. Genet.
Metab. 101, 153-162). HO mice exhibit severe elevations of Hecy, methionine, S-adenosylmethionine, and S-adenosylhomocysteine
and present with a concomitant decrease in plasma and hepatic levels of cysteine. Accordingly, these mice exhibit characteristics that
in several aspects, recapitulate the disease as it occurs in humans.

A. htCBS administration does not improve tHcy and cystathionine concentrations

[0153] HO mice administered non-PEGylated htCBS at 5mg/kg for 5 consecutive days on weeks 1 and 3 (10 days between sets of
treatments) demonstrated no change in serum homocysteine levels. FIG. 2 shows the mean homocysteine and cystathionine levels
in HO mice. This lack of metabolic modulation by non-PEGylated htCBS further confirms the necessity to modify htCBS by covalent
attachment of polyethylene glycol molecules.

[0154] Several different chemistries of PEGs were tested as described in International Publication No. WO2014120770, (See Table
5) and the data indicate that CBS that is PEGylated with lower than 20 kDa PEGs demonstrates a more rapid loss of activity in
plasma, than CBS with PEGs of higher molecular weight. For that reason, the linear 20 kDa PEG designated ME200MAOB was
chosen for further analyses. FIG. 3 presents a Coomassie-stained SDS-PAGE showing the time course of htCBS PEGylation with
ME200MAOB. PEGylation reaction was initiated by adding the PEG, and samples were withdrawn from the tube at the indicated time
points to be analyzed.

Table 5. PEG chemistry evaluation

PEG molecule Structure Target group Size (kDa)
MEO20MA linear -SH 2
MEO050GS linear -NH2, -OH, -SH 5
ME200GS linear -NH2, -OH, -SH 20
ME200MAOB linear -SH 20
ME400MA linear -SH 40
GL2400MA 2 arms -SH 40
GL4400MA 4 arms -SH 40
GL2800MA 4 arms -SH 80

B. Repeated PEGhtCBS administration improves tHcy and cystathionine concentrations and restores nomnal cysteine
levels.

[0155] The long term effect of PEGhtCBS administration was monitored using HO mice. The PEGhtCBS enzyme was administered to
8 HO mice at a dose of 7.5 mg/kg, twice a week (Monday and Thursday) for the first two weeks, and then three times a week
(Monday, Wednesday and Friday) for 6 weeks. Blood samples were collected 24 hours (Tuesday) and 72 hours (Monday) post
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injection (FIG. 4A-4C). FIG. 4A shows that plasma tHcy was reduced from 212 pM at time O to an average in the range of 62-103 yM
24 hours after injections, and was at a range of 141-189 uM 72 hours post the last weekly injection. From day 28 on, the 72 hour
post injections values were significantly lower than the time 0 value (P< 0.02). Cystathionine and cysteine levels were positively
influenced as well. Cystathionine increased from 6 uM to as high as 30 uM and cysteine was constantly above 200 yM 24 hours post
injection (FIG. 4C). Interestingly, from day 24 on, fluctuations in cystathionine concentration were much less pronounced as
compared to the first three weeks of treatment. In addition to analysis of plasma metabolites levels, liver, kidney and brain tissue
samples from the injected mice were analyzed as well to determine the levels of non-protein bound homocysteine (free and disulfide-
linked forms). As shown in FIG. 4D, in the long term injected animals, a reduction of 44%, 63% and 47% was demonstrated for liver,
kidney, and brain tissues, respectively. Thus, long term repeated injection of the PEGhtCBS significantly impacts homocysteine,
cystathionine and cysteine plasma levels.

Example 4. htCBS mutant (C15S8) shows preferential aggregation and PEGylation patterns

A. C155 mutated htCBS exhibits no aggregation and a uniform PEGylation pattern

[0156] Although it was previously reported that the htCBS enzyme is less prone to aggregation as compared to the full length protein
(Frank et al., 2006, Biochemistry 45:11021-11029), it still forms tetramers and higher aggregates. This may stimulate immune
defensive mechanisms and lead to e.g. amyloid deposition (D'Souza etal., 2014, "Amyloid: the international journal of experimental
and clinical investigation. The official journal of the International Society of Amyloidosis" 21 :71-75), but also affect purification,
handling, and consistency. FIG. 5A (previously disclosed as Fig. 5A of W02014120770) depicts a Coomassie-stained native-PAGE
showing that different batches of htCBS exhibited different dimer/tetramer ratios, with varying degrees of higher aggregates. FIG. 5B
(previously disclosed as Fig. 5B of W02014120770) is an in-gel activity assay demonstrated that these aggregates exhibit CBS
activity. FIG. 5C (previously disclosed as Fig. 5C of W0O2014120770) shows that aggregation causes non-consistent PEGylation
products. PEGylation resulted in two distinct bands, presumably reflecting varying degrees of PEGylation as aggregation may act to
obscure the available PEGylation sites. Accordingly, due to a more pronounced aggregation of batch 28 (FIG. 5A) its PEGylation
resulted in a more pronounced lower band, ie less PEGylated, on SDS-PAGE (FIG. 5C), whereas PEGylation of batch 112,
comprised of both tetramers and dimers (FIG. 5A), resulted in a more pronounced upper band as compared to batch 28 (FIG. 5C).
FIG. 5D shows a Coomassie-stained native gel, indicating that incubation of both enzyme batches with the reducing agent tris(2-
carboxyethyl)phosphine (TCEP) converted much of the tetramers and higher aggregates to a dimeric form. These data imply that
aggregation is driven by exposed cysteines on the surface of htCBS. Thus, TCEP treatment was believed to also result in a more
extensive PEGylation, as more dimers are generated from higher MW forms, giving rise to exposure of additional PEGylation sites on
the surface of htCBS. Indeed, as shown in FIG. 5E the ratio between the upper/lower PEGylation bands on a Coomassie-stained
SDS-PAGE is significantly shifted towards the upper band following TCEP treatment as compared to PEGylation in the absence of
TCEP. Accordingly, htCBS aggregation is believed to be driven, at least partially, by formation of intramolecular disulfide bridges.
Thus, C15 was mutated to serine, generating the C158 htCBS mutant; C15 was previously shown to be the most reactive cysteine on
the surface of CBS (Frank et al., 2006, Biochemistry 45:11021-11029). FIG. 5F (previously disclosed as Fig 6A of W02014120770)
depicts a Coomassie-stained native gel, in which two main bands (dimers and tetramers) are observed for htCBS whereas the C15S8
htCBS mutant exhibits a single band, which as expected is not affected by treatment with TCEP. This observation was further
substantiated by HPLC size exclusion chromatography (HPLC-SEC). CBS preparations were separated on a Yarra SEC-3000,
300*7.8 mm size exclusion column (Phenomenex, CA, USA). The column was calibrated and operated in 100 mM sodium phosphate
pH=6.8, at a flow rate of 1 ml/min at room temperature. HPLC-SEC analysis, FIG. 5G (previously disclosed as part of FIG. 7A and
FIG. 7B of W0O2014120770), shows the differences in htCBS C15S (Fig. 5G, left panel) and htCBS dimer/tetramer ratio (FIG. 5G,
right panel). The single peak for the dimeric C15S htCBS mutant eluted at 8.62 min while the main peak for the htCBS eluted at 7.9
min, corresponding to a tetramer. Figure 4H shows a Coomassie-stained SDS-PAGE gel showing reproducibility of htCBS C158
PEGylation between different batches and comparison to htCBS. The absence of aggregates in the C15S htCBS resulted in a more
consistent PEGylation pattern between different batches with almost exclusively one PEGylated band that appears on SDS-PAGE.
Direct comparison between PEGhtCBS and the PEGC15S both in vivo and in vitro showed no difference in performance.

[0157] The effect of PEGC15S on metabolites was also tested at 1, 4 and 24 hours post injection (FIG. BA-FIG. 8C). The levels of
tHey (FIG. 8A), cystathionine (FIG. 6B), and cysteine (FIG. 8C) in HO mice injected with 7.5 mg/kg of PEGC15S or PBS (n=5) 1, 4
and 24 hours post injection were measured. Data is presented as mean +SEM and each time point is compared between the two
groups using unpaired Student's t test. *p=0.05, **p < 0.01, and ***p < 0.001. The effect on tHcy and cysteine was observed only 24
hours post injection (FIG. 6A and FIG. 6C), however a significant increase in cystathionine was already observed at 1 and 4 hours
post injection (FIG. 6B).

Example 5. PEGC15S and betaine operate synergistically in vivo

[0158] To evaluate the effect of betaine and the combination therapy, betaine, PEGC15S, and a combination of betaine+PEGC15S
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treatments were conducted and metabolites of the transsulfuration pathway were compared.

[0159] The betaine and betaine+PEGC15S groups were treated with 2% betaine in the drinking water throughout the 18 days of the
experiment, and the latter group was injected with 7.5mg/kg PEGC15S on days 14 and 15. The PEGC15S single treatment group
was maintained on regular water and injected on days 14 and 15 as well. As shown in FIG. 7A, 14 days of betaine treatment resulted
in a 29% and 32% decrease in tHcy for the betaine treated groups. The betaine single treatment group maintained these levels of
tHey to day 18. Injection of the PEGC15S on the background of betaine resulted in a more pronounced reduction of 74%, 77%, 76%
and 40% on days 15, 16, 17 and 18, respectively. Treatment with PEGC15S alone resulted in a reduction of 69%, 67%, 52% and 33%
on days 15, 16, 17 and 18, respectively. According to these data, injection of PEGC15S with or without betaine treatment is far
superior to betaine treatment alone. In addition, the combination of betaine+PEGC15S was superior to treatment with PEGC15S
alone. As shown in FIG. 7B, the difference between these two groups became statistically significant 48 hours post second injection
(on day 17). Thus, the combination of PEGC15S with betaine allows for maintaining lower tHcy levels for an extended period of time.

[0160] Betaine treatment alone did not result in an increase of cystathionine throughout the 18 days of the experiment. In contrast,
an increase was observed for the two groups that were treated with the PEGC15S (with or without betaine). Interestingly, the
combination of PEGC15S with betaine, resulted in an increase which starting on day 16 and on, was significantly lower than in the
group that received PEGC15S single therapy. This is due to the fact that treatment with PEGC15S alone channels homocysteine to
condensation with serine to form cystathionine. Combination with betaine channels some of the available homocysteine through the
re-methylation pathway to produce methionine, and thus less homocysteine may be available for PEGC15S to be converted to
cystathionine.

Example 6. PEGC15S rescues KO mice from early death and improves liver disease

A. Reduction of Early Death

[0161] The majority of complete CBS-knockout mice (KOs) die within 2-3 weeks after birth. A Kaplan Meyer survival curve of KO mice
injected twice weekly with PEGC15S versus mice that were injected with PBS was plotted. Mice were maintained on betaine water
until day 21, and the ability of the injected enzyme to rescue KO pups was tested. KO pups were injected twice weekly with PEGC15S
or with PBS. All mice were on betaine in drinking water up to day 21 (weaning day). As shown in FIG. 8A, on day 21, only 18% of the
mice survived in the PBS-injected group as opposed to 93% of those that were injected with the enzyme. No PBS-injected animal
survived to day 24, while 86% survival was recorded for the enzyme-injected group. From day 24 and on, the numbers of the
enzyme-injected animals began to decline as well, with 45% survival on day 29 and 33% on day 35, although use of a different PEG
molecule and dosing regimen was observed to greatly impact these results as shown in additional examples below (e.g., FIG. 11A
and 11C).

B. Liver Disease

[0162] It was previously demonstrated that KO mice suffer severe liver damage (Maclean et al., 2010a, Mol. Genet. Metab 101, 163-
171; Watanabe et al., 1995, Proc. Natl. Acad. Sci. U. S. A. 92:1585-1589). Prolonged survival of KO mice, may be thus correlated
with improvement in liver disease after CBS treatment. Accordingly, histological analysis of liver sections from animals that were
injected with PEGC158S for 35 days were performed. Animals were sacrificed on day 36 and liver samples were processed for
histological analysis by optical microscopy. PBS-injected animals did not survive to day 35, but liver samples were taken from two
animals immediately after death, and were processed. The experiments were carried out in a blinded fashion. Livers were removed
and were fixed for 24 hours with 4% paraformaldehyde in PBS (pH 7.4). Tissue blocks for histology were trimmed, dehydrated with
an ethanol series followed by acetone, acetone-xylene mixture and xylene and then embedded in paraffin. In parallel, small tissue
blocks (around 4mm x 2mm) fixed with paraformaldehyde were rapidly frozen in petrol ether cooled with dry ice, and stored at - 50°C
for detection of apolar lipids. Paraffin sections 4 ym thick were deparaffinized in xylene and after isopropyl alcohol step rehydrated
with ethanol (96%, 70%, 60%). Tissue sections were stained with hematoxylin and eosin (H&E) to evaluate histopathological
changes. Masson trichrome staining was performed for detection of fibrosis. Steatosis was verified using Oil Red O staining for
detection of apolar lipids in fixed-frozen sections, 10um thick and cut with a Leica Cryomicrotome (CM 1850). The sections were
viewed and photographed in a Nikon light microscope (E800) equipped with Olympus digital camera (DP70).

[0163] FIG. 8B shows the liver histology of two PEGC15S-injected KO mice sacrificed on day 35 versus livers from two PBS-injected
KO animals that died on days 17 and 24 (hematoxylin and eosin stain). Low power views of the liver parenchyma (FIG. 8B, left
columns) show moderate changes with slightly irregular liver cell plates and mild to moderate steatosis in PEGC15S-injected KO-1
and KO-2 contrasting with massive zonal necroses of hepatocytes (FIG. 8B, KO-3, marked by arrowheads) and diffuse steatosis with
multiple dispersed necroses (FIG. 8B, KO-4, necroses marked by arrowheads) in PBS-injected KOs. A specific stain for apolar lipids
in the cytoplasm of hepatocytes is shown in the inserts. Higher power views (right columns) demonstrate presence of frequent
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mitoses (marked by arrows and showed in a detail in inserts) and enlarged pleiomorphic nuclei with prominent nucleoli in PEGC15S-
injected KOs. Higher power views of the liver parenchyma in PBS-injected KOs demonstrate confluent hepatocellular necroses with a
sparse inflammatory infiltration (FIG. 8B, KO-3, marked by arrowheads) or multiple dispersed necroses accompanied with a
prominent resorptive inflammatory reaction (FIG. 8B, KO-4, marked by arrowheads). The remaining liver parenchyma displays micro
and macrovesicular steatosis in PBS-injected KOs. (PT = portal tract, CV = central vein).

[0164] PBS-injected animals developed severe hepatopathy characterized by pronounced microvesicular to macrovesicular steatosis
and significant death of hepatocytes, with minimal or no fibrosis. Multiple mono or oligo cellular necroses of hepatocytes dispersed
throughout the liver lobule accompanied by a prominent inflammatory resorptive reaction were found in one animal, whereas massive
confluent necroses of hepatocytes mainly in periportal zones with a sparse inflammatory infiltrate dominated a feature in the other.
Signs of liver parenchyma regeneration were minimal in both animals. The two PEGC158S-injected animals showed moderate
changes in the liver with minor signs of parenchyma damage but with prominent regeneration, and were correctly recognized by the
examiner as receiving therapy. Changes indicative of liver parenchyma regeneration (slightly irregular architecture of the liver lobule,
basophilic cytoplasm of hepatocytes, frequent mitoses and binucleated hepatocytes, nuclear pleomorphy and enlargement with
prominent nucleoli) were the most conspicuous feature. The overall morphology was consistent with increased proliferation,
transcription and translation in hepatocytes. Besides, rare focal necroses of hepatocytes and mild steatosis of a microvesicular type
were detected and fibrosis was minimal.

Example 7. Biochemical characterization of 20NHS PEG-htCBS C15S

[0165] Biochemical characteristics of 20NHS PEG-htCBS C15S were determined prior to studies on the effects of in vivo
administration of the molecule.

A. N-terminal sequencing and intact mass analysis

[0166] Five batches of unmodified htCBS C15S were analyzed using N-terminal sequencing. The obtained sequences were identical
for all the batches, and compared to the reference sequence, they all lacked the initial methionine residue. The N-terminus of htCBS
C158 was observed to be PSETP, and not MPSETP as is found in the sequence of the wild-type CBS.

[0167] The intact mass determined by the deconvoluted mass spectra of htCBS C15S corroborated results from the N-terminal
sequencing by identifying only one major peak at 45290 Da in the five batches. This value matches the molecular mass of the htCBS
C158 monomer without the N-terminal methionine (theoretical molecular weight: 45289.7 Da).

[0168] Sequence alignment was further carried out by the software Geneious 9.1.5 (Free Version), using the Geneious alignment
type "Global alignment with end gaps" and a Cost Matrix Blosum62 to compare the protein sequences of htCBS C15S in humans,
rats, monkeys, and mice. Results confirmed that the N-terminus of 20NHS PEG-htCBS C15S is PSETP and not MPSETP as is found
in the sequence of the wild-type truncated CBS in humans, monkeys, rats, and mice. htCBS C15S was observed to share a 96%
sequence identity, including 1 gap (at the start codon), with truncated monkey CBS. The following differences between the sequences
were observed in the htCBS C15S used herein and truncated monkey CBS based on UniProtKB/Swiss-Prot: Q58H57. Amino acid
position (based on the alignment of the sequences) 18 R—L (htCBS C15S used herein—truncated monkey sequence), position 25
K—Q, position 32 S—L, position 34 E—~G, position 69 A—V, position 71 A—E, position 90 V—lI, position 133 D—A, position 157 A—T,
position 242 Q—R, position 354 V—M, and position 403 T—V.

[0169] htCBS C15S was observed to share an 84% sequence identity, including 5 gaps (in the rat sequence), with truncated rat CBS.
The following differences between the sequences was observed from the htCBS C158S used herein and truncated rat CBS based on
UniProtKB/Swiss-Prot: P32232. Amino acid position (based on alignment of sequences) 4 E—G (htCBS C15S used herein—truncated
rat sequence), position 6 P—S, position 8 A—C, position 10 V—D, position 12 P—S, position 13 T—A, position 15 S—C, positions 17-
24 HRSGPHSA—QDLEVQPE, position 26 S—Q, position 32-34 SPE—ASG, position 38-42 AKEPL—R---V, position 45 R—S, position
48 A—T, positions 60-62 ASE—MAD, position 66 H—Y, position 69 A—V, position 71 A—T, position 82 K—R, position 86 D—N,
position 94 K—R, position 96 G—S, position 98-99 KF—NA, position 133 D—A, position 161 R—K, position 175 S—M, position 235
T—D, position 238 D—E, position 248 L—V, positon 255 V—A, position 276 R—K, position 300 T—A, position 318 T—A, position 322
K—R, position 329-331 EEA—DDS, position 333 T—A, position 340 and 350 A—S, position 353-354 TV—AM, position 365 Q—K,
position 383 T—S, position 389 R—K, position 397 L—M, position 401 D—-, position 403-404 TE—SV, and position 406 K—R.

[0170] htCBS C15S was observed to share an 84% sequence identity, including 5 gaps (in the mouse sequence), with truncated rat
CBS. The following differences between the sequences was observed from the htCBS C158S used herein and truncated mouse CBS
based on UniProtKB/Swiss-Prot: Q91W9. Amino acid position (based on alignment of sequences) 4 E—»G (htCBS C15S used
herein—truncated mouse sequence) position 6 P—S, position 8 A—C, position 10 V—D, positions 12-13 PT—SA, positions 15-21
SPHRSGP—-GFQHLDM, position 24 A—E, position 26-27 GS—RQ, positions 32-34 SPE—PSG, positions 37-42 EAKEPL4DR---V,
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position 48 A—T, positions 59-62 PASE—AMAD, position 66 H—Y, positions 69-71 APA—VLT, position 82 K—R, position 86 D—N,
position 96 G—S, position 98-99 KF—NA, position 133 D—A, position 161 R—K, position 175 S—M, position 235 T—D, position 238
D—E, position 255 V—A, position 276 R—K, position 300 T—A, position 318 T—A, positions 330-331 EA—DS, position 333 T—A,
position 350 A—S, position 353-354 TV—AM, position 383 T—S, position 389 R—K, position 397 L—M, position 401 D—-, position
403-404 TE—SV, position 406 K—R, and position 411 H—R.

[0171] Results above show that rat and mouse sequences share many of the same differences compared to the htCBS C15S
PEGylated with 20NHS PEG-htCBS C15S used in the examples herein. The truncated monkey sequence shared the greatest
similarity with the sequence of 20NHS PEG-htCBS C15S.

B. NHS ester PEGylation mapping of PEGC15S

[0172] The PEGylation sites of three lots of 20NHS PEG-htCBS C15S were mapped: RC-6-67A (6.3 mg/ml), RC-6-67B (6.7 mg/ml),
and RC-8-14 (3.8 mg/ml). The samples were de-PEGylated in alkali, reduced and alkylated, digested with Asp-N endopeptidase and
analyzed by LC/UV/MS.

[0173] Reverse phase chromatography was performed for an injection amount of 33 pg in a mobile phase A of 0.1% TFA
(ThermoFisher) in water and a mobile phase B of 0.1% TFA (ThermoFisher) in acetonitrile (Burdick and Jackson) with a XBridge
BEH130 CI8 3.5 pm, 4.6 x 150 mm column (Waters) at a column temperature of 60 °C. Table 6 shows the gradient for high
performance liquid chromatography (HPLC).

Table 6. HPLC gradient

Time (min) Solvent B% Flow Rate (mL/min)
0 3 0.5
6 3 0.5
51 25 0.5
87 34 0.5
98 45 0.5
99 98 0.5
104 98 0.5
105 3 0.5
120 3 0.5

[0174] The ESI-QTOF mass spectrometer (Agilent, model 6538) was set to high-resolution 4GHz and positive ion mode having a MS
Scan range of 330 to 3200 m/z prior to LC/UV/MS using Agilent calibration tuning mix. Voltages were set as follows: fragmentor -250
V, skimmer -85 V, and octopole RF voltage 750 V. The gas temperature was 350°C. All masses were calibrated to within £ 1 ppm
before testing could proceed. Dynamic mass axis calibration was also employed throughout all LC/MS/MS experiments by continuous
infusion of a reference standard. Lock mass ions were employed: 922.009798.

[0175] A non-PEGylated htCBS C15S protein was processed in parallel as a control. The peptide map was observed to cover 97.8%
of the amino acid sequence for each of the four samples, including all 30 lysine residues. Twelve peptides were identified as having
been PEGylated based on the mass additions of 1-2 PEG linkers, and the extent of PEGylation was estimated to be in the range of
4.5 to 5.5 PEGs/CBS subunit for these three lots.

[0176] The samples were first de-PEGylated under conditions (pH 11.5, 37 °C, 22 hours) optimized in PEGylation site-occupancy
analysis of PEGylated htCBS C15S by LC/MS/MS. After de-PEGylation, the formerly PEGylated sites are left with a linker having the
formula: CsHgO3 (monoisotopic molecular weight of 114.0317 Da), which can be identified by peptide mapping. The de-PEGylated

sample was reduced, alkylated, digested with Asp-N endopeptidase and analyzed by LC/UV /MS as described above.

[0177] The extent of PEGylation was estimated using the following calculation: # of PEGs per peptide = (Abundance(1*Linker) + 2 x
Abundance(2*Linker)) / (Abundance(no Linker) + Abundance(1 *Linker) + Abundance(2*Linker)). Table 7 provides the LC/UV/MS
results.

Table 7. Extent of PEGylation in the three samples measured by estimated PEG/peptide

Estimated PEG/peptide

Peptide RC-6-67A RC-6-67B RC-8-14
2-34 1.06 1.24 1.29
9-34 0.84 0.98 1.03
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Estimated PEG/peptide
Peptide RC-6-67A RC-6-67B RC-8-14
35-46 0.17 0.18 022
47-78 0.26 0.31 0.37
79-85 0.02 0.03 0.03
86-106 0.54 0.61 0.63
198-220 0.02 0.03 0.03
245-248 0.39 0.48 0.49
270-301 027 0.29 0.39
321-327 0.21 0.21 0.31
388-400 0.04 0.05 0.05
401-413 0.59 0.71 0.74

[0178] Lysines 25, 30, 211, 247, 271, and 405-406 were unequivocally identified as PEGylated to a certain extent in all three 20NHS
PEG-htCBS C15S batches. Each of the groups of lysines 72 and 75; 82 and 83; 94, 97-98, and 102; 322 and 325; and 394 and 398
were within the same peptide, and the analysis herein was not able to determine which lysine was PEGylated to what extent.

[0179] Some peptide cleavages not specific to Asp-N endopeptidase (N-terminal of Asp and Glu) were also observed, for example
107 A-K 119 and 333 A-K 348, which may be attributable to basic hydrolysis of the protein during de-PEGylation. A significant
percentage of deamidation was observed for some peptides, which may also be attributed to the alkaline conditions used for the
dePEGylation reaction.

Example 8. Biochemical characterization of maleimide PEGylation

[0180] SDS-PAGE and native PAGE gel were performed to compare the reproducibility of PEGylation patterns for htCBS conjugated
to ME-400MA and ME-200GS. Results showed a variable ratio between discrete PEG-CBS species and showed incomplete
PEGylation when the maleimide PEG molecules of ME-400MA were used. Variable extents of PEGylation for the NHS ester PEG ME-
200GS generated a high molecular weight "smear” of inseparable PEGylated species on SDS-PAGE (FIG. 9A) and native PAGE gels
(FIG. 9B).

[0181] Unlike PEGylation of htCBS C15S with ME-200GS, PEGylation of htCBS C15S with ME-400MA was observed to yield three
defined species when separated on a native PAGE (FIG. 9B). The heaviest species was observed to co-elute with the second species
in htCBS C15S PEGylated with ME-200GS. The exact identity of the heaviest species was not determined because the relatively
small amount of this species compared to others species and lack of separation precluded detailed pharmacodynamic (PD)
characterization. The second species was identified to carry 1 PEG attached to each subunit in the native dimer, otherwise known as
the homoPEGylated species. The lightest PEGylated species has been observed to carry only 1 PEG per dimer, otherwise known as
the heteroPEGylated or hemiPEGylated species.

A. Maleimide PEGylation mapping of PEGC15S

[0182] The first step of peptide mapping was accounting of each cysteine-containing peptide in two samples of htCBS C15S
PEGylated with ME-400MA: RC-6-13 POOL1 and RC-6-13 POOL2. RC-6-13 POOL1 (BSL sample# 1127) represents the
homoPEGylated species (most likely PEGylated on the same residue). RC-6-13 POOL2 (BSL sample# 1128) represents the
hemiPEGylated species, therefore on SDS-PAGE there was observed to be about an equal proportion of the PEGylated and
unmodified bands. This example determined the location of attachment of a ME-400MA, when the most accessible cysteine (C15) is
replaced with serine.

[0183] A Lys-C digestion was performed on the reference protein (UnPEG RC-6-09 DIAFILTRATE) and simultaneously on the two
PEGylated proteins (RC-6-13 POOL1/ RC-6-13 POOL?2). Eight cysteine-containing peptides were identified from a reduced/alkylated
LC/MS peptide map. Seven cysteine-containing peptides yielded similar relative abundances in all three samples as shown in Table 8
below, indicating these 7 cysteine peptides are unlikely to have been PEGylated.

[0184] Only one cysteine-containing peptide was observed to have significantly decreased relative abundance in each of the two
PEGylated samples. Table 8 provides the relative abundances of non-PEGylated peptides in each sample.
Table 8. Relative abundance of non-PEGylated cys-containing Lys-C peptides
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Peptide Reference protein relative abundance {1127 relative abundance {1128 relative abundance
40-72 0.40 0.36 0.40
103-108 0.05 0.04 0.04
109-119 0.07 0.06 0.07
120-172 0.15 0.13 0.14
212-247 0.21 0.20 0.21
272-322 0.25 0.08 0.17
326-359 0.14 0.12 0.13
360-384 0.12 0.11 0.12

[0185] Peptide 272-322 was observed to contain two cysteine residues. PEGylated residues were observed at Cys272 and/or
Cys275 residing on Lys-C peptide 272-322. To further differentiate whether Cys272 and/or Cys275 are PEGylated, the two residues
were separated onto different peptides, the reference (UnPEG RC-6-09 DIAFILTRATE) and the two PEGylated proteins (RC-6-13
POOL1/ RC-6-13 POOL?2) were treated with reagent 2-Nitro-5-thio-cyanobenzoic acid (NTCB). Because NTCB cleaves N-terminally
to free cysteine residues, PEGylated cysteine does not form the cyanylated end product and thus blocks the cleavage.

[0186] Seven cysteine-containing peptides were identified from the NTCB treated C8 LC-MS peptide map. As the chemical digestion
efficiency was relatively low compared to enzyme digestion, the target peptide peaks were small in the chromatogram, and side
reactions were also observed (results not shown). The cysteine-related peptide peaks were located and quantified using manual ion
searching. Compared to the reference protein only one cysteine containing peptide showed a significant decrease in the RC-6-13
POOL1 sample. The peptide, identified as residues 244-271, signifies that site 272 was blocked, lowering the yield for the 244-271
peptide. Two cysteine-containing peptides showed a decrease in relative abundance for the RC-6-13-POOL2 sample; however, the
ratio is close between these two. It is possible both cysteines are involved in the PEGylation or that the peak abundance is too low to
draw a solid conclusion. Results in Table 9 provide evidence that the PEGylation resides are on Cys272, although Cys275 was not
completely ruled out as the location of PEGylation.

Table 9. Comparison of PEGylation of Cys272 and Cys275

Reference protein 1127 RC-6-13 POOL1 1128 RC-6-13 POOL2

(a ;?r? ct:oI :::id r?gstz atileri?it:l:: e razlstz abRuer:?itai‘;?: e reE:rlttel r? ce 3222 atiler:?it:l:: e reEe?ttel r? ce

residues) ppm ppm vs. sample § ppm vs. sample
52-102 -1.25 0.006 -1.92 0.0054 1.2 1.45 0.0054 1.2
103-108 -0.57 0.002 -1.86 0.0014 1.6 -3.00 0.0024 1.0
244-271 1.28 0.003 -0.90 0.0011 27 1.73 0.0021 14
275-345 0.76 0.001 0.64 0.0006 1.6 0.93 0.0007 14
370-413 0.67 0.045 -1.28 0.037 1.2 0.31 0.040 1.1

Example 9. Pharmacokinetics and pharmacodynamics of 400MA PEG-htCBS C15S and 20NHS PEG-htCBS C15S in HO mice

[0187] This example characterizes and compares the pharmacokinetic (PK) and pharmacodynamic (PD) properties of htCBS C15S
PEGylated with either 20 kDa linear NHS ester-activated PEG (ME-200GS) or 40 kDa linear maleimide-activated PEG (ME-400MA).

Each of the PEGC15S were purified on DEAE sepharose and buffer exchanged using tangential flow filtration (TFF) on a BioMax®
100 cartridge in 1x sterile PBS.

[0188] htCBS C15S modified with ME-400MA (400MA PEG-htCBS C15S) was concentrated to 7mg/ml. The homoPEGylated htCBS
C158 modified with ME-400MA (Peak 1) was concentrated to 4.3 mg/ml, and the hemi/heteroPEGylated htCBS C15S modified with
ME-400MA (Peak 2) was concentrated to 5.1 mg/ml. htCBS C15S modified with ME-200GS (20NHS PEG-htCBS C15S) was
concentrated to 6 mg/ml.

[0189] For 20NHS PEG-htCBS C158, HO mice were administered SQ a dose of 5, 10 or 15 mg/kg dose or were administered IV a
dose of 10 mg/kg. For 400MA-htCBS C15S, HO mice received a single dose of 10 mg/kg either SC or IV of one of the three forms: (i)
a mixture of all species, where no separation of individual forms has been attempted (mix), (i) a homoPEGylated specie (Peak 1),
and (iii) a hetero/hemiPEGylated species (Peak 2).

[0190] Both male and female HO mice were used in this example, and each group contained 3 to 4 mice. Two groups of mice
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designated "A" and "B" were used for each route of administration to minimize the blood volume taken from any one mouse. For SC
administration, blood was collected from group A at 0.5, 3, 24, and 72 hours post-injection and from group B at 1, 6, 48, and 96 hours
post-injection. For IV administration, blood was collected from group A at 0.25, 1, 6, and 48 hours post-injection and from group B at
0.5, 3, 24, and 72 hours post-injection.

A. Phammacokinetics

[0191] The PK parameters calculated from the time-activity curves are outlined in Table 10 for the ME-200GS conjugate and in Table
11 for ME-400MA conjugate. The semi-logarithmic plots were linear for the intravenous groups and thus confirmed that all forms of
the htCBS C15S enzyme cleared from the plasma by first order kinetics (data not shown).

[0192] The bioavailability was calculated by dividing the area under the curve (AUC) for the SC or IP route by the AUC observed after
IV administration. Table 10 provides the PK parameters after IV and SC administration of 20NHS PEG-htCBS C158S.
Table 10. PK parameters for experiments conducted with 20NHS PEG-htCBS C15S

PK Parameter Units SC SC SC v
Dose Amount Mg/Kg 5 10 15 10
AUC(0-t) (obs area) mU-hr/uL 30621158 47881626 5754160 74311154
AUC/dose 612 479 384
Bioavailability % 82.6% 64.6% 51.6% NA
E Half-life hr 137195 17.5¢1.27 22.0£1.7 47 6+14.6
A Half-life hr 53%+1.1 12.7£0.6 11.9+1.2 NA
Cmax (0bs) mU/uL 51.3+3.7 89.9+10.2 104.2+11.3 371.6£11.2
Cmax /dose 10.3 9.0 6.9
MRT (area) hr 194+128 44 8+1.7 49.0£1.4 52+13
CL (obs area) uL/hr 1636186 21134280 2609172 1346+27.3
Time to steady state* hr 343
Peak at SS* mU/uL 162
Trough at SS* mU/uL 85

[0193] The * indicates that the value was modeled for a 10 mg/kg dose with a 48 hour dosing interval and a 17.5 hour half-life.

[0194] For 20NHS PEG-htCBS C15S, the area under the curve was 3062, 4788 and 5754 for the 5, 10, and 15 mg/kg doses,
respectively. The fraction of htCBS C15S enzyme that reached the systemic circulation after extravascular (SC) dosing was 82.6% in
the 5 mg/kg 20NHS PEG-htCBS C15S SC dose-group but decreased to 64.6% and 51.6% in the 10 and 15 mg/kg dose groups.
Thus, the increase was less than dose proportional which is reflected in the proportion of increase in AUC, ciay, and bioavailability.

These results are likely explained by a slight decrease in the total absorption of 20NHS PEG-htCBS C15S with increasing dose.

[0195] The elimination half-life in the IV dose group was 48 hours meaning that half of the drug concentration in the plasma will clear
every 48 hours. The data were completely linear when plotted as concentration with time on a log scale with correlation coefficients of
>0.98 suggesting that this is a close estimate of the elimination half-life for 20NHS PEG-htCBS C15S. The half-life determinations in
the SC dose groups were variable, and ranging from 17.5 to 137 hours. These estimates are confounded by a slow biphasic
absorption/distribution phase. The average circulating time of a single enzyme molecule (MRT) was calculated to range between 44
and 194 hours for 20NHS PEG-htCBS C15S.

[0196] The time to reach steady state (constant peak and trough levels) was modeled from the 10 mg/kg SC data set assuming a
dosing interval of 48 hours and a 17.5 hour half-life. The time to reach absolute steady state was estimated to be 343 hours (i.e. after
about 7 SC injections every 2 days), but changes in the peak and trough plasma levels were very close to steady state levels by 144
hours. At steady state, the peak and trough levels were simulated to be 162 and 85 mU/uL after a 10 mg/kg dose administered SC
once every two days. However, very similar levels were reached in 144 hours post-injection i.e. after 3 SC administrations of
PEGylated enzyme every 2 days.

[0197] The plasma levels of 400MA PEG-htCBS C15S for peak 1 representing the homoPEGylated species (2 PEG moieties per
htCBSdimer), peak 2 representing the hemiPEGylated species (a single PEG moiety per htCBS C15S dimer) were compared in FIG.
10A. The mix is represented as a solid line with squares indicating the collection points. Peak 1 is represented by a dashed line with
circles indicating the collection points, and peak 2 is represented by a dashed line with diamonds indicating collection points.
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[0198] Table 11 provides the PK parameters calculated after SC and IV administration of 10 mg/kg of 400MA PEG-htCBS C158S.
Table 11. PK parameters for experiments conducted with 400MA PEG-htCBS C15S

Pharmacokinetic Parameter Units SC Mixed SC Peak 1 SC Peak 2 IV Mixed

Dose Amount Mg/Kg 10 10 10 10

AUC(0-t) (obs area) mU-hr/pL 38051656 51931519 42011436 68881268
Bioavailability % 55.2% NA NA NA

E Half-life hr 83.1147 220453 104.9+122.3 39.0+12.9

A Half-life hr 9.4+14.8 12.1+1.26 6.315.5 NA

Tmax (or Cp0 for IV) hr 10.5 24 18110 NA

Cmax (0bs) mU/uL 75.8+12.3 94 .6+8.6 75.8£14.5 330.6+40.0
MRT (area) hr 99.3+54.0 50.6+2.57 135+129 48.2+11.4
CL (obs area) ul/hr 26981534 19394205 2398+259 1453+57.6

[0199] The bioavailability calculated for the mixed 400MA PEG-htCBS C15S was observed to be 55.2%. Ty is the time of cpay

(initial peak plasma level). The elimination half-life was calculated to be 39 hours from the IV dataset. The PK parameters were not
dramatically different for the individual PEGylated species designated as Peak 1 (hemiPEGylated) and Peak 2 (homoPEGylated).

B. Comparison of ME-200GS and ME-400MA PEGylated forms of htCBS C15S

[0200] The PK parameters were not observed to be perceptibly different for the two PEGylated forms of htCBS C15S (ME-200GS
and ME-400MA) compared herein. The specific activity versus time curves for the 10 mg/kg IV and SC doses of each enzyme were
also observed to be similar as shown in FIG. 10B. The activities after IV dosing are shown as solid lines and after SC dosing are
shown as dashed lines. The circles (IV) and triangles (SC) represent collection times for mice administered 20NHS PEG-htCBS
C158, and the diamonds (IV) and squares (SC) represent collection times for mice administered 400MA-htCBS C15S.

[0201] However, the metabolite profiles depicted in FIG. 10C show that 20NHS PEG-htCBS C15S was more efficacious in terms of
normalizing plasma levels of homocysteine (circles) and cysteine (squares) after a single 10 mg/kg SC dose. The levels of
cystathionine, represented by the triangles in the graph of FIG. 10C, were not significantly different between the two conjugates.
Generally, the responses follow the plasma levels measured by the activity assay.

[0202] The response for 20NHS PEG-htCBS C15S was observed to occur more rapidly and was observed to be more prolonged
compared to the response to 400MA PEG-htCBS C158S. Both PEGylated enzymes were observed to improve plasma levels of Hey
and Cys to roughly the same extent for 6 hours after SC administration, and plasma levels of Hcy were observed to remain
decreased up to 72 hours after administration of 20NHS PEG-htCBS C15S compared to the gradual normalization from 24 hours and
total return to pre-injection levels at 72 hours following administration of 400MA PEG-htCBS C15S. A similar pattern was reflected by
plasma levels of Cys for both PEGylated enzymes.

[0203] Increased dosing was not observed to significantly improve the PD profile of either form of CBS suggesting that maximal
efficacy of the enzyme is not governed solely by its plasma level concentrations, but is also influenced by factors such as enzyme
kinetics, substrate availability, and concentration.

[0204] 20NHS PEG-htCBS C15S was observed to provide the most favorable profile after SC administration compared to 400MA
PEG-htCBS C15S. Specifically, the half-life in circulation was 47 hours for 20NHS PEG-htCBS C15S compared to 39 hours (i.e. 20%
longer half-life) for 400MA PEG-htCBS C15S, and bioavailability after SC administration of equal amount (10 mg/kg) was 64.6% for
20NHS PEG-htCBS C15S compared to 55.2% for a mixture (i.e. 17% better bioavailability).

C. Comparison of different doses of 20NHS PEG-htCBS C15S

[0205] The PD response generally was observed to occur in direct proportionality to peak plasma levels and decreases proportionally
with half-life. However, the dose-relationship in peak responses was observed to approach maximal levels at 5 mg/kg such that
doses of 10 or 15 mg/kg resulted in little increase in the peak efficacy as determined by both homocysteine and cystathionine levels
as shown in FIG. 10D. A wavy pattern of elimination was observed in each of the elimination phases that was the same in each
curve, such that the plasma activity reached a trough at 48 hours and then recovered (or was similar) at 72 hours, only to drop off
again at 96 hours. This unusual elimination pattern observed after SC dosing of htCBS C15S may be possibly due to the clearance of
the biphasic absorption phase consisting of an early rapid and slower late absorption phase.
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[0206] Increased dosing of 20NHS PEG-htCBS C15S was observed to show a roughly 2-fold higher CBS activity in plasma for dose
of 10 mg/kg compared to 5 mg/kg, but it was not linear for the higher dose of 15 mg/kg, which is shown in FIG. 10E. There is
discernable difference between the PD responses of the 10 and 15 mg/kg dose groups for each metabolite. In fact, many of the time
points in the higher dose group were observed to produce a response that trended below that of the 5 mg/kg dose group. These
differences were not accounted for by the lower bioavailability (decreased absorption per unit dose) observed with increasing doses
of 20NHS PEG-htCBS C158. In conclusion, a single dose between 5 and 10 mg/kg was observed to produce a maximal efficacy
response in the HO mouse model.

Example 10. Pharmacodynamics of PEGC15S during long-term administration in HO mice

[0207] This example assesses and compares the pharmacodynamic efficacy and potential immunogenic responses of long-term
exogenously administered htCBS C15S PEGylated with either ME-200MAOB, ME-200GS, GL4-400MA, ME-400MA, or ME-050GS in
HO mice. When human proteins are engineered into the mouse genome and expressed in neonatal animals, as is the case for the
HO mouse, immune responses are more likely to have clinical relevance to the human response. See, Guidance for Industry,
Immunogenic assessment of therapeutic protein products, CEBR (August 2014). The HO mice express small amounts of the human
CBS protein and are likely to be more similar to human patients in terms of their adaptive immune response to PEG htCBS enzymes
than complete knock-out or wild-type mice.

[0208] In one set of experiments, htCBS C15S PEGylated with either ME-200MAOB, ME-200GS, GL4-400MA, or ME-400MA was
evaluated. Six groups of HO mice were used to conduct these studies: two groups received 200MAOB PEG-htCBS C15S (Groups 1
and 3), one group received 20NHS PEG-htCBS C15S (Group 4), one group received GL4-400MA PEG-htCBS C15S (Group 5), and
two groups received 400MA PEG-htCBS C15S (Group 6 and 7). Both male and female HO mice were used (total n=6 to 8 mice per
group) in these studies.

[0209] For Group 1, the mice received 2 bouts of 5 daily subcutaneous injections of 200MAOB PEG-htCBS C15S on days 1, 2, 3, 4,
and 5 (week 1) and days 15, 16, 17, 18, and 19 (week 3). The dose for this experiment was 5 mg/kg/day. A saline control group
(Group 2) was included in this experiment. All other groups received 3 bouts of 5 daily subcutaneous injections on days 1, 2, 3, 4,
and 5 (week 1); days 15, 16, 17, 18, and 19 (week 3); and days 29, 30, 31, 32 and 33 (week 5). The dose for these experiments was
7.5 mg/kg/day.

[0210] In a separate set of experiments, htCBS C15S PEGylated with ME-200MAOB or MEOS0GS was evaluated. Two groups of
male and female HO mice (1M/5F) received 3 bouts of 5 daily subcutaneous injections of either 200MAOB PEG-htCBS C15S (Group
8) or 050GS PEG-htCBS (Group 9) on days 1, 2, 3, 4, and 5 (week 1); days 15, 16, 17, 18, and 19 (week 3); and days 29, 30, 31, 32
and 33 (week 5). The dose was 7.5 mg/kg/day.

[0211] In all sets of experiments, each 5-day dosing cycle was followed by a 10-day "washout period". Blood was sampled using a
submandibular lancet on Monday, Wednesday, and Friday of the dosing weeks (1, 3, and 5) and on the first day (Monday) of each
10-day washout period. All blood sampling procedures and subcutaneous injections were conducted at 3 PM. to avoid artifacts due
to diurnal variations. On days where both blood sampling and injection were conducted the blood sampling procedure was conducted
prior to enzyme administration.

[0212] The pharmacodynamic response in HO mice to each PEGylated htCBS C158S conjugate was assessed for each bout of dosing
by quantitating plasma levels of metabolites homocysteine, cystathionine, and cysteine, which are associated with the transsulfuration
pathway, at baseline and after treatment. Quantification was performed by stable-isotope-dilution liquid chromatography mass
spectrometry (LC/MS) as described in Example 1. The maximal percent change of homocysteine, cystathionine, and cysteine was
calculated compared to baseline values for each dose week.

[0213] ME-200MAOB: Three independent studies were conducted with 200MAOB PEG-htCBS C15S (Groups 1, 3 and 8). In Group 1,
plasma levels of Hcy were observed to drop by 68% compared to baseline levels during the first week of dosing, but were observed
to drop by only 24% compared to baseline levels during the second series of 200MAOB PEG-htCBS C15S injections during week 3
with a 10-day washout period in between (Table 12). A similar decline in efficacy was suggested by attenuated elevation of both Cth
and Cys levels during the second round of injections (Table 13 and Table 14). A second study (Group 3) was conducted to determine
if attenuated efficacy was observed with a different set of naive HO mice. The total Hey levels in Group 3 were observed to decline to
82% below baseline during the first cycle of injections. During the second and third cycle of injections during week 3 and week 5, the
Hey levels were observed to decline to only 57% and 50% of baseline values, respectively. Similarly, the additional lot of 200MAOB
PEG-htCBS C15S administered to Group 8 was observed to decrease plasma levels of Hcy by 80% compared to baseline levels in
the first week of dosing, but only by 61% of the baseline values during week 3 of dosing. During week 5 of dosing, the plasma levels
of Hcy were observed to drop to 50% of baseline values (Table 12). A similar decline in efficacy was suggested by attenuated
elevations of Cys levels during week 3 and week 5 injections (Table 13 and Table 14), compared to week 1. A similar trend of
attenuated efficacy was observed in Group 1, 3, and 8, although the magnitude of the attenuated response was observed to be more
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dramatic in Group 1 compared to Group 3 and 8.

[0214] ME-200GS: Administration of 20NHS PEG-htCBS C15S in experiment Group 4 was observed to decrease plasma levels of
Hey by 77% compared to baseline levels in the first week of dosing, 70% during the third week of dosing, and 66% during the fifth
week of dosing (Table 12). A similar decline in efficacy was shown by attenuated elevations of Cth and Cys levels during the third and
fifth week of dosing (Table 13 and Table 14) compared to week 1. However, for 20NHS PEG-htCBS C15S, the decline in efficacy
observed in week 3 and week 5 of dosing was the least compared to the other PEG htCBS C15S conjugates and was statistically
insignificant.

[0215] GL4-400MA: Administration of GL4-400MA-htCBS C158 in Group 5 resulted in an average of a 75% decrease in plasma
levels of Hcy compared to baseline levels in the first week of dosing, but only 41% during the third week of dosing and 34% during
week 5 of dosing (Table 12). Asimilar decline in efficacy was shown by attenuated elevation of Cth and Cys levels during week 3 and
week 5 of dosing (Table 13 and Table 14) compared to week 1.

[0216] ME-400MA: Two independent experiments were conducted with 400MA PEG-htCBS C15S (Group 6 and 7). In Group 6, the
percent decrease of Hcy levels was observed to be 73% compared to baseline levels in week 1, and subsequently declined to 65%
and 59% during week 3 and week 5 of dosing respectively. The magnitude of the decline in efficacy was more dramatic in Group 7 as
shown by the attenuated decreases of Hcy levels during the three bouts of dosing (Table 12). Similar trends of attenuated efficacy
were observed in the changes of the Cth and Cys levels for Group 6 and Group 7 (Table 13 and Table 14).

[0217] ME-050GS: Administration of 050GS PEG-htCBS C158S in Group 9 was observed to decrease plasma levels of Hey by 75%
compared to baseline levels in week 1 of dosing, but only decreased by 59% of baseline levels during week 3 of dosing. During week
5 of dosing, the plasma levels of Hcy was observed to decrease to 42% of baseline levels (Table 12). A similar decline in efficacy was
shown by attenuated elevations of Cth and Cys levels during week 3 and 5 of dosing (Table 13 and Table 14) compared to week 1.

[0218] Table 12, Table 13, and Table 14 present the percent changes in plasma homocysteine, cystathionine, and cysteine
metabolite levels after each bout of the subcutaneous injections of different forms of PEGylated htCBS C15S. In these tables,
baseline values are presented as mean + Standard Error of the Mean (SEM) in pM, and changes are presented as the mean
maximal percent change from baseline for each 5-day dosing cycle (weeks 1, 3 and 5). n.d. stands for "not determined". Table 12
provides the percent change in total homocysteine after long-term treatment with PEGC15S.

Table 12. Change in total Hey levels after PEGC15S treatment in HO mice

Study Baseline (uM) Percent Decrease at Trough
Group PEG Moiety Day 0 Week 1 Week 3 Week 5

1 ME-200MAOB 155.3+15.7 68% 24% n.d.

2 Saline 176.1+20.9 -8% -8% n.d.

3 ME-200MAOB 239.9426.2 82% 57% 50%
4 ME-200GS 164.4+15.9 77% 70% 66%
5 GL4-400MA 169.7+14.4 75% 41% 34%
6 ME-400MA 134.0122.2 73% 65% 59%
7 ME-400MA 239.1+11.4 75% 52% 42%
8 ME-200MAOB 224.0+14.0 80% 61% 50%
9 ME-050GS 192.1+17 .1 75% 59% 42%

[0219] Table 13 provides the percent change in cystathionine after long-term treatment with PEGC15S.
Table 13. Change in cystathionine levels after PEGC15S treatment in HO mice

Study Baseline (uM) Percent Increase at Peak
Group PEG Moiety Day 0 Week 1 Week 3 Week 5

1 ME-200MAOB 4.1+0.2 796% 508% n.d.

2 Saline 4.5+0.4 -1% -19% n.d.

3 ME-200MAOB 4.8+0.4 700% 866% 335%
4 ME-200GS 5.0+0.6 676% 492% 432%
5 GL4-400MA 3.240.3 715% 723% 449%
6 ME-400MA 5.0+0.5 383% 329% 365%
7 ME-400MA 4.1+0.4 696% 649% 443%
8 ME-200MAOB 3.610.4 1023% 764% 1100%
9 ME-050GS 4.0+0.5 978% 795% 833%
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Study Baseline (uM) Percent Increase at Peak
Group PEG Moiety Day 0 Week 1 Week 3 Week 5

[0220] Table 14 provides the percent change in cysteine after long-term treatment with PEGC158S.
Table 14. Change in cysteine levels after PEGC15S treatment in HO mice

Study Baseline (uM) Percent increase at Peak
Group PEG Moiety Day 0 Week 1 Week 3 Week 5

1 ME-200MAOB 170.718.5 36% 16% n.d.
2 Saline 166.2+8.7 -18% 5% n.d.
3 ME-200MAOB 149.5+7.0 72% 38% 32%
4 ME-200GS 147.3+10.0 59% 61% 51%
5 GL4-400MA 114.5+8.6 98% 48% 52%
6 ME-400MA 184.3+16.1 17% 6% 8%
7 ME-400MA 122.8+4.5 72% 44% 44%
8 ME-200MAOB 123.87 77% 77% 58%
9 ME-050GS 128.5+11.9 71% 75% 36%

[0221] The results of these studies show a decrease in plasma Hcy levels in concert with an increase in plasma Cth and Cys in all
groups, suggesting a normalization of metabolites in response to the PEG-C15S treatment. In all Groups, the maximal efficacy was
observed during the first week of dosing. Hcy levels were observed to decrease significantly (about 68% to about 82%) below
baseline for all experimental groups, as shown in Table 12. The peak percent increase in the Cth and Cys levels was also maximal
during week 1, as shown in Table 13 and Table 14. The magnitude of the pharmacodynamic response declined during subsequent
cycles of PEG-C158 injection during week 3 and further on week 5. Overall, the highest and most enduring pharmacodynamic
response was observed for 20NHS PEG-htCBS C15S.

[0222] Attenuated efficacy was observed during the second bout of PEGylated htCBS C15S dosing administered during dosing week
3 for all studied conjugates with the exception of 20NHS PEG-htCBS C15S. A further decline in efficacy was observed during the third
cycle of dosing conducted during week 5 compared to week 3. Although antibody formation was not measured directly in these
studies, this slow decline in efficacy following repeated administration is a classic indication of adaptive immunity. Thus, the likely
explanation for the attenuation was an immune response directed at the htCBS C15S PEGylated with ME-200MAOB, MA-400ME,
GL4-400MA, or ME-050GS.

[0223] Of the conjugates tested, 20NHS PEG-htCBS C15S was observed to have the most robust and long-lived efficacy. The ME-
200GS is hypothesized to be able to more efficiently mask immunogenic epitopes on the htCBS C15S compared to the other PEGs.
Therefore, 20NHS PEG-htCBS C158S form was observed to be the most potent and least immunogenic form of the various PEGylated
htCBS C15S conjugates tested.

Example 11. htCBS C15S PEGylated with ME-200MAOB, ME-400MA, or ME-200GS rescues KO mice from early death

[0224] A survival study was performed in the KO mouse model described herein to compare the efficacy of various PEGylated htCBS
C158 conjugates.

A. Survival of KO pups up to day 21/35

[0225] A Kaplan Meyer survival curve was plotted of KO mice injected three times weekly with 7.5 mg/kg htCBS C15S PEGylated with
ME-200MAOB (n=24), ME-400MA (n=31=13F + 18M), or ME-200GS (n=28=14F +14M), and a group of KO mice (n=44) that was
injected with PBS as a control. Lactating mothers were maintained on betaine water, and after weaning, the pups (day 21) were put
on regular water with no betaine. The ability of the injected enzyme to rescue KO pups was tested.

[0226] As shown in FIG. 11A, on day 21, only about 20% of the mice survived in the PBS-injected group as opposed to about 92% of
those that were injected with 200MAOB PEG-htCBS C15S (C15S/ME-200MA) and about 97% of those that were injected with 400MA
PEG-htCBS C15 (C15S/400MA) or 20NHS PEG-htCBS C15S (C15S/200GS).

B. Metabolite levels after a weekend washout (trough) and 24 hours after the last injection (peak)
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[0227] Metabolite levels in surviving KO mice at age of about 4-5 weeks were measured after a weekend washout (trough) and 24
hours after the last injection (peak) using the experimental procedure in Example 1.

[0228] The levels measured were compared to levels in similarly treated healthy KO +/littermates as shown in FIG. 11B. The plasma
levels of Hey in 400MA PEG-htCBS C15S-treated KO mice ranged 25618 uM 72 hours post-dose (ME-400MA) (bar on far left for
each metabolite) to 14516 uM 24 hours post-dose (ME-400MA 24h) (bar second from left for each metabolite). The plasma levels of
Hey in 20NHS PEG-htCBS C15S-treated KO mice ranged 179110 pM at 72 hours post-dose (ME-200GS) (bar third from left) to 9618
MM 24 hours post-dose (ME-200GS 24h) (bar fourth from left). Thus, the maximal response for both htCBS C15S conjugates was
observed 24 hours post-dose and was observed to decline 72 hours post-dose. Treatment with either conjugate was observed to
significantly (p<0.001) decrease the plasma levels of the toxic Hey by about half. In contrast, plasma levels of homocysteine in the
treated healthy heterozygous littermates were observed to be about 5 uyM at both timepoints.

[0229] Levels of Cth were observed within the range of 57 and 77 yM in KO mice treated with PEGylated htCBS C15S conjugates.
These plasma levels were roughly 12-fold higher than those observed in the untreated heterozygous mice. The difference between
peak and trough plasma levels of Cth was observed to be small, which is evidence that the pharmacodynamic effect of the enzyme
on cystathionine levels may persist beyond 72 hours and/or Cth may be more slowly cleared from the plasma compared with the
other metabolites where larger differences were observed. Plasma levels of Cys 72 hours post-dose in both 400MA PEG-htCBS
C158-treated and 20NHS PEG-htCBS C15S-treated KO mice were observed to be significantly (p<0.001) decreased to 83+4 and
10616 pM compared to healthy heterozygous littermates (15116), respectively. Plasma levels of Cys were observed to be increased
in treated KO mice 24 hours post-dose for both conjugates indicating a partial normalization of circulating sulfur metabolites. Plasma
levels of Cys were observed to increase to 15716 24 hours post-400MA PEG-htCBS C15S administration and to 17616 uM 24 hours
post-20NHS PEG-htCBS C15S administration. Methionine plasma levels were slightly elevated in KO mice compared to healthy
heterozygous controls and did not change significantly between trough and peak levels.

C. Life span after an initial or continuous treatment

[0230] After an initial 35 days (5 weeks) long treatment to prevent neonatal lethality of KO mice, the KO mice treated with 20NHS
PEG-htCBS C15S were divided into two groups. One group (5W) stopped receiving any treatment apart from the initial one, while the
other group (CONT) continued with the same regimen for up to 120 days of age (7.5 mg/kg, SC, 3x a week).

[0231] The survival of these groups of KO pups for up to 4 months was observed and plotted in FIG. 11C. All KO mice that were
continuously administered 20NHS PEG-htCBS C15S (C15S/ME-200GS) survived at least 119 days as shown in FIG. 11C.
Termination of the treatment after initial 35 days resulted in about 85% survival at 119 days of age.

D. Total weight and weight gain of CBS-treated KO mice vs. +/- healthy mice

[0232] The total weight and amount of weight gain of the KO mice (male n=16 and female n=11) administered 20NHS PEG-htCBS
C158 three times weekly at a dose of 7.5 mg/kg was determined and compared with similarly treated +/- healthy littermates (males
n=14 and females n=13). The total weight and weight gain were measured in mice after weaning from day 21 to day 36.

[0233] Heterozygous male mice were observed to have the greatest total weight from days 23-35 ranging from about 10.5 g to about
18 g, although the 20NHS PEG-htCBS C15S-treated KO male mice had the highest total weight at day 21 (about 10 g). The 20NHS
PEG-htCBS C158-treated KO female mice had the lowest total weight after day 23 ranging from about 10 g to about 14 g.

[0234] Healthy male mice (n=14) also had the greatest amount of weight gain starting at day 23 ranging from about 2 g to about 9.5
d. The amount of weight gain in the 20NHS PEG-htCBS C15S-treated KO male mice (n=16) and 20NHS PEG-htCBS C15S-treated
KO female mice (n=11) was significantly lower than the amount of weight gain for both control groups.

Example 12. PEGylated htCBS C15S delays. prevents. and reverses facial alopecia in 1278T mice model

[0235] 1278T -/- homozygous mouse model of homocystinuria was observed to exhibit specific phenotypic traits such as facial
alopecia in addition to a typical metabolite's profile, unlike other homocystinuric mouse models. Facial alopecia is defined as a loss of
hair from the face and head. The onset of facial alopecia is around 90 days (W12), typically fully developed around 120 days of age
(W17).
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[0236] Facial alopecia is hypothesized to be related to homocystinuria and the related metabolic profile; therefore, administration of
enzyme replacement therapy (ERT;, PEG-CBS) should rescue this phenotype by slowing the progress, preventing/delaying the onset,
and/or reversing the damage already caused.

A. Delay the onset of facial alopecia

[0237] 3W old mice not showing any signs of facial alopecia were split into 2 groups. The first group (n = 3 males) was injected with
7.5 mg/kg three times per week with 200MAOB PEG-htCBS C15S for a period of 6 weeks. Physical look was recorded before the
experiment and monitored weekly, then bi-weekly after the 6W injection regimen. Metabolite levels were checked before the
experiment and 24 hours after the last inj ection, i.e. after the 6V injection regimen.

[0238] Administration of 200MAOB PEG-htCBS C15S for a period of 6 weeks from age 3W was observed to delay the onset of facial
alopecia in FIG. 12A. [1278T affected (-/-) or healthy (+/-) mice were observed to be indistinguishable at that age, and the -/- mice had
no signs of facial hair loss. Untreated 1278T +/- healthy heterozygous mice were not observed to suffer from a loss of facial hairs at
19W and only mild hair loss at 34W, unlike untreated 1278T -/- affected homozygous mice, which were observed to have fully
developed facial alopecia by 38W. Typically, facial alopecia becomes apparent at 12W and is fully developed by the age of 17W.

[0239] Administration of 200MAOB PEG-htCBS C15S for 6 weeks (age of mice during injection was 4W-10W) was observed to delay
the onset of alopecia for about the same time as the duration of the treatment (6 weeks) as evidenced by [278T -/- affected
homozygous mice being observed to show no signs of facial hair loss at the age of 4M and only initial signs at the age of 7M. These
results provide evidence that administration of 200MAOB PEG-htCBS C15S for 6 weeks delayed the onset of facial alopecia in 1278T
mice.

B. Total prevention of developing the facial alopecia

[0240] The second group (n = 3; 2 males, 1 female) was continuously injected with 7.5 mg/kg of 200MAOB PEG-htCBS C15S
administered subcutaneously from 3W of age until 41 weeks of age. Weight was initially monitored weekly. Physical look was
recorded before the experiment and was monitored weekly or bi-weekly after the initial 6V injection regimen. Metabolite levels were
checked before the experiment and 24 hours after the last injection of initial 6W injection regiment and then followed weekly or bi-
weekly.

[0241] Continuous administration of 200MAOB PEG-htCBS C15S to 1278T -/homozygous mice was observed to completely prevent
the onset and development of facial alopecia in mice observed at W19, W24, W31, and W35 of age as shown in FIG. 12B. The
physical looks of such treated mice resemble those typically observed for healthy 1278T +/heterozygous mice, and significantly differ
from the physical looks of both untreated 1278T - /- controls and 1278T -/- homozygous at age W36 and older treated for a 6 week
period only.

[0242] Metabolite measurements in FIG. 12C show that continuous administration of 200MAOB PEG-htCBS C15S resulted in a
significant decrease of Hcy levels compared to the levels before the treatment (about 300 uM) and stabilization at levels of around
100 pM of total Hey (middle line). Cys levels (top line) were normalized with the treatment (from about 130 pM to about 240 yM) and
maintained throughout at levels around 230 uM.

C. Reversallnomalization of phenotype once the facial alopecia has been fully developed

[0243] The 1278T mice, which were at least 120D (W17) old and had visible, fully developed facial alopecia, were split into 2 groups.
Group A (n=6; 3 males and 3 females) was injected 3 times per week with 400MA PEG-htCBS C158S, and Group B (n = 4; 2 males, 2
females) was injected 3 times per week with 20NHS PEG-htCBS C15S up to an age of about 1 year. Metabolite levels were
determined prior to the treatment initiation and measured during the study 24 hours after the injection, and weight and physical look
were initially monitored weekly, and later bi-weekly.

[0244] For the reversal of facial alopecia in 1278T -/- homozygous mice (otherwise known as normalization of phenotype), the
treatment of mice already fully expressing facial alopecia phenotype was initiated. The age of animals at the beginning of the study
ranged from W24 to W28 of age, which is beyond the typical age for onset of alopecia (120D or W17).

[0245] Continuous administration of either of the PEG-CBS conjugate for 3 times a week significantly ameliorated the facial alopecia
as shown in FIG. 12D, even though it did not completely normalize it compared to the untreated unaffected 1278T +/- heterozygous
controls. 20NHS PEG-htCBS C15S was observed to perform better than 400MA PEG-htCBS C158 because all animals treated with
20NHS PEG-htCBS C158S responded to the treatment (4 out of 4), while only 5 out of 6 animals responded to treatment with 400MA
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PEG-htCBS C15S. In addition, a subjective observation of the mice provides that thickness and glossiness of the mice coat was
better for those administered 20NHS PEG-htCBS C158S.

[0246] Furthermore, metabolite measurements in FIG. 12E shows that, while both PEG-CBS molecules were effective, 20NHS PEG-
htCBS C15S (Group B) was observed to decrease Hcy levels and increase Cys levels more substantially than 400MA PEG-htCBS
C158 (Group A).

D. Conclusions

[0247] Administration of PEG-CBS regardless of the PEG moiety resulted in improvement of facial alopecia, which is a phenotypic
trait typical for untreated 1278T -/homozygous mice as mentioned above. ERT administration for 6 weeks resulted in delay in onset of
facial alopecia. Continuous ERT administration to the mice before the onset of facial alopecia completely prevented its development
and such animals were indistinguishable from unaffected healthy 1278T +/- heterozygous mice. Continuous ERT administration to the
mice with already fully developed facial alopecia resulted in significant improvement of their physical looks. In all cases, the positive
effect on facial alopecia was accompanied with or caused by at least partial (Hcy) or full (Cys) normalization of plasma metabolites
levels.

Example 13. 20NHS PEG-htCBS C15S improves liver disease in KO mice

[0248] Histological analysis was performed for liver sections from KO mice that had been subcutaneously (SC) injected with 7.5
mg/kg of 20NHS PEG-htCBS C15S or PBS three times a week from 2 days of age and euthanized at age of 17-19 days and
compared to livers of age-matched +/- healthy control mice.

A. Light microscopy

[0249] Animals were sacrificed on day 17-19 and liver samples were processed for histological analysis by optical microscopy. The
liver parenchyma of the PBS-injected KO mice, as shown in FIG. 13A, was observed to have slightly irregular architecture of liver
lobules with moderate to severe steatosis, focal hepatocellular necroses, and resorptive inflammatory reaction, which is indicated by
the arrow. The liver parenchyma of the healthy heterozygous mice and 20NHS PEG-htCBS C15S-treated KO mice, also shown in
FIG. 13A, were observed to have regular liver architecture and minimal anizokaryosis.

[0250] The greater detail provided by a higher magnification of the identical liver section shown in FIG. 13A are shown in FIG. 13B
with insets showing Oil Red O staining for lipids. PBS-injected KO mice were observed to have micro- and macro-vesicular steatosis,
anizokaryosis, focal necroses of hepatocytes, and a resorptive inflammatory reaction. These features are pointed out by the arrows.
The liver parenchyma of the 20NHS PEG-htCBS C15S-treated KO mice was observed to have minimal anizokaryosis, as evidenced
by the nuclei of the 20NHS PEG-htCBS C15S-treated KO and the healthy heterozygous mice both having regularly sized and shaped
with fine chromatin and inconspicuous nucleoli. The discrete lipid droplets seen in the cytoplasm of hepatocytes of the treated and
healthy mice were detectable using Oil Red O stain (see inserts in FIG. 13B).

B. Electron microscopy

[0251] Liver tissue from a healthy heterozygous (+/-) mouse, a PBS-treated KO mouse, and a 400MA PEG-htCBS C15S-treated KO
mouse was also observed using electron microscopy at 3000x magnification. Captured electron microscopy images are shown in
FIG. 14A. In FIG. 14A, the black arrows indicate the rough endoplasmic reticulum (ER), and the white arrows indicate mitochondria
(MT). The black asterisks indicate cytosolic glycogen, and the double black asterisks indicate nuclei. The white asterisks indicate lipid
droplets.

[0252] The +/- mouse was observed to have a binucleated hepatocyte with normal cytoplasm composition and nuclei with normal
morphology. The cisternae of rough ER were observed to be slim and regularly organized, and the MT were observed to be normally
sized and shaped. The nuclei were observed to be regular and normochromatic with inconspicuous nucleoli.

[0253] The PBS-treated KO mouse was observed to have steatosis, an increased number of cytoplasmic organelles, and an irregular
hyperchromatic nucleus of the hepatocyte. The cytoplasm was observed to be rich in organelles and to contain numerous lipid
droplets (white asterisks) and edematous MT. The nucleus was observed to have coarse chromatin, an irregular outline, and a
prominent nucleolus.

[0254] The 400MA PEG-htCBS C15S-treated mouse was observed to have a normal cytoplasm composition in the hepatocyte and a
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regular normochromatic nucleus. Like the +/mouse, the cisternae of the ER were observed to be slim and regularly organized, the
MT was normally sized and shaped, and the nucleus appeared normal with fine chromatin.

[0255] Electron microscopy images at 8000x magnification confirm these findings in greater detail, as shown in FIG. 14B. In FIG.
14B, the black arrows indicate the endoplasmic reticulum (ER), and the white arrows indicate mitochondria (MT). The black asterisks
indicate cytosolic glycogen. The 400MA PEG-htCBS C15S-treated and +/- mice were observed to have slim and normally organized
rough ER cisternae and regular MT. The PBS-treated KO mouse was observed to be rich in cisternae and vesicles. The ER cisternae
were observed to have variably increasing widths. The MT were observed to be pleiomorphic and swollen with disorganized cristae.

C. Comparison of metabolite levels in plasma and tissues in KO mice at 18-19 days of age

[0256] Plasma and tissue metabolites were measured in the groups of wild-type mice (control), untreated homozygous -/- affected
KO mice, and 400MA PEG-htCBS C15S-treated KO mice. The treated group was administered subcutaneous injections of 400MA
PEG-htCBS C158 3 times per week at a dose of 7.5 mg/kg from the age of 2 days. Plasma and tissues were harvested 24 hours
after the last injection. Table 15 shows the levels of Hey, Cys, Cth, and Met in plasma.

Table 15. Metabolite levels in plasma [uM £ SEM]

Genotype Treatment Homocysteine Cystathionine Cysteine Methionine
Wild type None 10.120.7 2.810.1 237.9+£9.2 87.7£5.6
KO- None 11.720.7 1.7£0.1 236.8+2.7 93.4+12.6
KO None * 261.4+12.9 0.06+0.02 95.9+8.1 483.7£51.7
KO 20NHS PEG-htCBS C15S** 52.8+6.8 133.2+9.1 211.7£11.5 99.2+5.4

*vs. ** p-value 0.0001 0.001 0.0001 0.0018
[0257] Table 16 shows the levels of Hey, Cys, Cth, and Met in liver tissue.
Table 16. Metabolite levels in liver tissue [nmols/g * SEM]

Genotype Treatment Homocysteine Cystathionine Cysteine Methionine
Wild type None 9.210.4 24.9+7.8 257.8+13.7 39.2+21
KO- None 8.9152 28.5£19.3 326.7£147.9 26.9+9.8
KO None* 63.418.6 0.48+0.1 110.6£13.0 511.0+66.8
KO 20NHS PEG-htCBS C15S** §22.4+3.4 18.91£1.8 205.2+27.4 25.5+3.4
*vs. ** p-value 0.01 0.0005 0.0355 0.0019

[0258] Table 17 shows the levels of Hey, Cys, Cth, and Met in kidney tissue.

Table 17. Metabolite levels in kidney tissue [nmols/g * SEM]

Treatment Homocysteine Cystathionine Cysteine Methionine
None 5.568+0.18 6.67+£1.01 225.6+10.8 61.2£13.2
None 0.92+0.04 5.38£2.10 370.8+£102.6 65.946.2
None * 30.6x7.1 0.47+0.06 239.8+34.5 466.2+112.8
20NHS PEG-htCBS C158** 6.7614 .42 256.0£77.5 282.8+17.1 53.3x2.9
0.0460 0.0300 0.3285 0.0216

[0259] Table 18 shows the levels of Hey, Cys, Cth, and Met in brain tissue.

Table 18. Metabolite levels in brain tissue [nmols/g * SEM]

Genotype Treatment Homocysteine Cystathionine Cysteine Methionine
Wild type None 4.0£0.9 69.0£18.3 55.0+£3.6 61.6+1.4
KO- None 0.17£0.02 34.31£5.0 54.3+1.5 56.6+£11.2
KO None * 24.8+7.5 1.3£0.3 51.4+x1.4 616.0£71.1
KO 20NHS PEG-htCBS C155** 1.1£0.1 8.511.1 56.8+3.0 68.614.7
*vs. ** pvalue 0.0388 0.0027 0.1760 0.0015
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Example 14. Effects of continuous administration of 20NHS PEG-htCBS C15S using an ALZET® osmotic pump in HO mice

[0260] ALZET® osmotic pumps provide steady, controlled delivery of the 20NHS PEG-htCBS CI5S for a prolonged period of time in
fresh and naive HO mice. The htCBS CI5S PEGylated with ME-200GS was administrated using four different models of micro-osmotic

ALZET® pumps, which continuously dispensed a volume of enzyme per hour instead of repeated subcutaneous injections: Model
1002 (0.25 pl/h), Model 2002 (0.5 ul/h), Model 2004 (0.25 ul/h), and Model 2006 (0.15 pl/h).

[0261] For pain relief, pre- and post-operatively, animals were also administered TYLENOL® (2 mg/ml) in water bottles ad libitum for

48 hours before and after surgery for implantation of the ALZET® pump. In addition, the animals received 5 mg/kg of carprofen
subcutaneously every 24 hours, and for 48 hours postoperatively. For anesthesia during surgery, 5% isoflurane was administered by

inhalation and maintained at 2-3% during surgery. While mice were anesthetized, they each received a medical grade ALZET®
osmotic pump implanted under sterile conditions in a biological safety cabinet. Pumps were implanted subcutaneously in the loose
skin area on the ventral side of the neck. Prior to implanting the pump, the mice were shaved and the skin area was prepped with

BETADINE®. Pump implantation required a small surgical incision (5 mm) made with sterile scissors. The incision was closed with
wound clips, which were removed after 1 week when the skin had fully healed. Blood samples were taken at 1, 3, 6, 9, 12, 15, 19,
and 20 days for pumps Model 1002 and 2002. Models 2004 and 2006 of the pumps were surgically removed at the end of
designated life cycle of the pump (4 and 6 weeks for Model 2004 and 2006, respectively). Collection of blood samples was therefore
adjusted for each pump: 1, 3, 5, 12, 19, 26, 31, 32, 33, and 36 days for Model 2004 explanted at study day 30 and 1, 3, 5, 12, 19, 26,
33, 40, 45, 46, 47 and 50 days for Model 2006 explanted at study day 44. Plasma samples were used for determination of CBS
activity in plasma and measuring Hcy, Cth, and Cys levels.

[0262] The administered enzyme for Models 1002 and 2002 was 20NHS PEG-htCBS C15S at a concentration of 21 ug/ul and having
a specific activity of 673.9+13.2 U/mg. In these experiments, Model 1002 had a mean pumping rate of 0.25+0.01 pl/hr for a period of
14 days and the mean fill volume was 110.716.5 ul. The rate of administration of the enzyme was 5.25 ug/hr of the enzyme, which is
equivalent to 126 ug/day or about 3.5 U/hr equaling 85 U/day.

[0263] Model 2002 had a mean pumping rate of 0.48+0.02 pl/hr for a period of 14 days and the mean fill volume was 20717 ul. The
rate of administration was 0.5 pg/hr of the enzyme, which is equivalent to 252 ug/day or about 7 U/hr equaling 168 U/day.

[0264] FIG. 15Ais a graph comparing the plasma levels of Hcy and Cys between HO mice implanted with either a Model 1002 or a
Model 2002 ALZET® osmotic pump. An overlap of metabolite levels in the plasma of both groups was observed. FIG. 15B is a graph
comparing the specific activity of the 20NHS PEG-htCBS C15S in plasma after continuous administration with either a Model 1002 or

a Model 2002 ALZET® osmotic pump. CBS activity in plasma of HO mice implanted with Model 2002 pumps was observed to be
roughly doubled compared to the mice implanted with Model 1002. However, twice the amount of CBS activity in plasma of mice
implanted with the Model 2002 pump resulted to a similar improvement of plasma metabolites as was achieved in mice implanted
with the Model 1002 pump and having roughly half of the plasma CBS activity compared to Model 2002 group.

[0265] The administered enzyme for Models 2004 and 2006 was ME-200GS PEGylated htCBS C15S at a concentration of 18 pg/pl
and having a specific activity of 623.2+16.4 U/mg. Model 2004 had a mean pumping rate of 0.23+0.01 pl/hr for a period of 28 days
and the mean fill volume was 237.7+4.6 ul. The rate of administration of the enzyme was 4.5 pg/hr of the enzyme, which is equivalent

to 108 ug/day or about 2.8 U/hr equaling 67 U/day. The ALZET® osmotic pump Model 2004 was explanted at 30 days.

[0266] Model 2006 had a mean pumping rate was 0.15+0.01 pl'hr for a period of 42 days, and the mean fill volume was 237.2+3.0
Ml. The rate of administration of the enzyme was 2.7 yg/hr of the enzyme, which is equivalent to 65 ug/day or about 1.7 U/hr equaling

40 U/day. The AUZET® osmotic pump Model 2006 was explanted at 44 days.

[0267] FIG. 15C and FIG. 15D show graphs comparing metabolite levels and CBS activity, respectively, in the plasma of mice that

have been administered 20NHS PEG-htCBS C15S with either Model 2004 or Model 2006 ALZET® osmotic pumps. Despite Model
2004 dispensing 67% more enzyme than Model 2006 pump, both groups of mice were observed to have similar plasma metabolite
profiles. The plasma levels of Hey were observed to be substantially reduced in 20NHS PEG-htCBS C15S-treated mice, yet there
was only a modest increase in Cys plasma levels.

Example 15. Long-term continuous administration of 20NHS PEG-htCBS C15S prevents osteoporosis in KO and 1278T mice

[0268] The effects of long-term continuous administration of 20NHS PEG-htCBS C15S in KO and 1278T mice was analyzed using
dual-energy x-ray absorptiometry (DEXA) using the protocol in Example 1.
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A. Bone mineralization and body composition in KO mice

[0269] The bone mineral density (BMD) and bone mineral content (BMC) were analyzed by DEXA for three groups of mice: +/-
healthy heterozygous controls (n=4M+6F), affected KO controls (n=5M+13F), and 20NHS PEG-htCBS C15S (C15S/ME-200GS)-
treated KO mice (n=6M+15F). The 20NHS PEG-htCBS C15S-treated mice were administered 7.5 mg/kg subcutaneously (SC) three
times a week from day 2 to about 5 months. All -/- KO mice were treated for the initial 5V (from 2 to 35 days of age) to prevent
neonatal lethality.

[0270] FIG. 16A, FIG. 16B, FIG. 16C, FIG. 16D, and FIG. 16E are graphs comparing BMD (g/cmz), BMC (g), total mass (g), lean
mass (g), and fat content (%), respectively, among the three groups of mice. Table 19 provides the P-values used to determine
significance for the differences in the treated group compared to the two control groups.

Table 19. P-values for DEXA determined parameters in KO mice

BMD BMC Total mass Lean mass Fat content
+/- healthy vs. -/- affected <0.001 0.011 0.045 0.675 <0.001
+/- healthy controls vs. treated 0.006 0.609 0.749 0.160 0.071
-/- affected controls vs. treated <0.001 <0.001 0.027 0.049 0.045

[0271] A P-value of 0.05 was set as a threshold to determine significance. The treated group had a significantly higher BMD than
both control groups. The treated group also had a significantly higher BMC, total mass, lean mass, and fat content than the knock-out
control. Therefore, treatment of KO mice with 20NHS PEG-htCBS C15S completely prevented profound osteoporosis and improved
body composition (total mass, lean mass & fat content).

B. Plasma metabolites in KO mice

[0272] In 20NHS PEG-htCBS C15S-treated KO mice, the plasma levels of Hcy, Cth, and Cys were measured biweekly over the
course of the study and are shown in FIG. 16F. A blood sample was initially taken at day 41 (does not represent a true time zero,
rather metabolite levels 72 hours after injection), then beginning at day 45, a sample was taken every two weeks. The level of Hcy
(middle line) was observed to decrease from about 180 uM at day 45 to about 90 uM at day 45 and remained steady at those levels
throughout the study. The level of Cys (top line) normalized with the treatment from less than 100 pM at day 45 to about 200 uM at
day 45 and sustained over the course of the study. The level of Cth (bottom line) oscillated around 50 uM throughout the duration of
the study.

[0273] Plasma metabolites were determined using the same mice/groups as described above. The end-point levels of metabolites
Hey, Cth, Cys, and Met were determined 24 hours after the last injection to the 20NHS PEG-htCBS C15S-treated KO mice (right bar
for each metabolite) and compared with untreated healthy +/- (left bar) and affected -/- KO mice (middle bar), as shown in FIG. 16G.
Table 20 provides the P-values used to determine significance for the differences in metabolite levels in the treated group compared
to the two control groups.

Table 20. P-values for metabolite level changes in KO mice

Hey Cth Cys Met
+/- healthv controls vs. -/- affected controls <0.001 <0.001 <0.001 0.133
+/- healthv controls vs. -/- treated <0.001 <0.001 0.024 0.039
-/- affected controls vs. -/~ treated 0.005 0.005 0.005 0.005

[0274] A P-value of 0.01 was set as a threshold to determine significance. The levels of Hcy were observed to drop significantly, Cth
levels were observed to increase significantly, and Cys levels were normalized in KO mice receiving 20NHS PEG-htCBS C15S
compared to the untreated KO mice. The Met levels were observed to be slightly elevated in untreated KO mice, but not significantly
different among the groups.

[0275] Therefore, continuous long-term administration of 20NHS PEG-htCBS C158S to KO mice was observed to significantly improve
Hey, Cth, and Cys plasma levels compared to the untreated -/- KO mice. Plasma levels of Cys were normalized (i.e. not significantly
different from) to the healthy +/- mice values. Metabolites data were observed to correlate with the determined phenotype by DEXA.

C. Bone mineralization and body composition in 1278T mice
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[0276] The bone mineral density (BMD) and bone mineral content (BMC) were analyzed by DEXA for three groups of [1278T mice: +/-
healthy heterozygous controls (n=10M+11F), - /- affected homozygous 1278T controls (n=6M+8F), and 20NHS PEG-htCBS C15S-
treated 1278T mice (n=6M+6F). The 20NHS PEG-htCBS C15S (C15S/ME-200GS)-treated 1278T mice were administered 7.5 mg/kg
subcutaneously (SC) 3 times per week from the age of 6 months up to the age of 13 months. FIG. 17A, FIG. 17B, FIG. 17C, FIG.

17D, and FIG. 17E are graphs comparing BMD (g/cmz), BMC (g), total mass (g), lean mass (g), and fat content (%), respectively,
among the three groups of mice. Table 21 provides the P-values used to determine significance of the differences in the treated
group compared to the control groups.

Table 21. P-values for DEXA determined parameters in 1278T mice

BMD BMC Total mass Lean mass Fat content
+/- healthy vs. -/- affected <0.001 <0.001 <0.001 0.001 <0.001
+/- healthy controls vs. -/treated 0.473 0.832 <0.001 0.037 <0.001
-/- affected controls vs. -ftreated <0.001 <0.001 0.027 0.331 <0.001

[0277] A P-value of 0.05 was set as a threshold to determine significance. All DEXA determined parameters were significantly
decreased in affected 1278T mice compared to healthy heterozygous mice. The treatment of 1278T mice with 20NHS PEG-htCBS
C158 resulted in a significant correction of all parameters except amount of lean mass compared to untreated 1278T mice. In fact,
bone mineralization (BMD) values were observed to be indistinguishable between healthy heterozygous controls and 20NHS PEG-
htCBS C158-treated 1278T mice. Therefore, treatment of 1278T mice with 20NHS PEG-htCBS C15S also prevented profound
osteoporosis and improved body composition (total mass, lean mass & fat content).

D. Plasma metabolites in 1278T mice

[0278] Plasma metabolites were determined in the same mice/groups as described above and compared to each other. The plasma
levels of metabolites Hey, Cth, Cys, and Met are shown in FIG. 17F. The left bar represents the level of metabolite for +/- healthy
controls, and the middle bar represents the level of metabolite for -/- affected controls. The levels of each metabolite in 20NHS PEG-
htCBS C15S-treated mice is represented by the right bar. Table 22 shows the P-values used to determine significance for the
differences in plasma metabolite levels among the +/- healthy controls, -/- affected controls, and 20NHS PEG-htCBS C15S-treated
1278T mice.

Table 22: P-values of changes in plasma metabolites

Hey Cth Cys Met
+/- healthy vs. -/- affected <0.001 0.667 <0.001 0.021
+/- healthy controls vs. treated <0.001 <0.001 <0.001 0.140
-/- affected controls vs. treated <0.001 <0.001 <0.001 <0.001

[0279] A P-value of 0.01 was set as a threshold to determine significance. The levels of Hcy were observed to decrease significantly,
Cth levels were observed to increase significantly, and Cys levels were significantly improved, but not normalized, in 1278T mice
receiving 20NHS PEG-htCBS C15S compared to the untreated affected 1278T controls. The Met levels were slightly elevated in
untreated affected 1278T mice and were significantly normalized to +/- heterozygous mice levels in 1278T mice after treatment.

[0280] These results are similar to the results in the DEXA study with KO mice, except that normalization of Cys levels to +/- levels
was not observed in the treated 1278T group. Therefore, continuous long-term 20NHS PEG-htCBS C15S administration to 1278T
mice significantly improved Hcy, Cth, Cys, as well as Met plasma levels compared to untreated -’homozygous affected mice. These
metabolite data were observed to corroborate the phenotype assessed by DEXA.

[0281] Therefore, long-term continuous administration of 20NHS PEG-htCBS C15S prevents osteoporosis and improves body
composition in both KO and 1278T mouse models, and is efficacious to improve metabolite levels that are associated with
homocystinuria.

Example 16. Continuous long-term administration of 200MAOB PEG-htCBS C15S improves liver metabolism and function,
reduces inflammation. and normalizes plasma lipids in 1278T mice

[0282] Administration of 200MAOB PEG-htCBS C15S to 1278T mice was observed to improve liver glucose metabolism, redox status,
and methylation potential as well as lipid metabolism. Liver function was observed to be unaffected, and the inflammatory cytokines
and plasma lipids were observed to be normalized by the treatment.
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A. Effects of long-term administration of 200M AOB PEG-htCBS C15S on liver function and lipid metabolism in 1278T mice

[0283] Plasma biomarkers were measured in 1278T mice following long-term treatment with 200MAOB PEG-htCBS C15S to analyze
liver function, inflammation, and plasma lipid levels. Three groups of 1278T mice were analyzed: +/- healthy heterozygous control
(n=3), -/affected homozygous control (n=3), and 200MAOB PEG-htCBS C15S-treated 1278T mice (n=3). The 200MAOB PEG-htCBS
C158-treated mice were administered 7.5 mg/kg subcutaneously (SC) 3 times per week from the age of 6 months up to the age of 13
months. The enzyme activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase
(ALP); the concentrations of cytokines IL-12 (p40), IL-12 (p20), IL-13, G-CSF, MCP-1, and TNF-q; and the concentrations of plasma
lipids (total, HDL and LDL cholesterols, and triglycerides) were measured in plasma (results not shown). Liver function was observed
to be unaffected as the AST, ALT and ALP plasma activities were within the reference range. The inflammatory cytokines, particularly
IL-12 (p40) and IL-13, were observed to be elevated in untreated 1278T mice and normalized with the treat group. The plasma lipid
panel showed that untreated 1278T mice has significantly higher total, HDL and LDL cholesterols, while substantially decreased
triglycerides compared to healthy +/controls. The lipid profile was entirely normalized in 200MAOB PEG-htCBS C15S-treated 1278T
mice.

B. Effects of long-term administration of 200MAOB PEG-htCBS C15S on liver metabolism in 1278T mice

[0284] In addition to biomarkers described above, nuclear magnetic resonance (NMR) metabolomics was performed to analyze liver
tissue of the same mice to investigate the effect of long-term treatment with 200MAOB PEG-htCBS C158S on 1278T mice. Metabolites
from liver tissues were extracted into hydrophilic and lipophilic solvents and quantified separately using NMR.

[0285] The concentrations of glycogen, glucose, glutathione (GSH), total glutathione, and methyl-groups in the hydrophilic fraction
are shown in FIG. 18A. The left bar represents the concentrations in +/- healthy controls, and the middle bar represents the
concentrations in -/affected controls. The concentrations in 20NHS PEG-htCBS C15S-treated mice are represented by the right bar.
For the hydrophobic fraction, the total unsaturated fatty acids (UFA), polyunsaturated fatty acids (PUFA), t-fatty acids, (CH»), lipids,
and total lipids are shown in FIG. 18B. The left bar represents the concentrations in +/- healthy controls, and the middle bar
represents the concentrations in -/- affected controls. The concentrations in 20NHS PEG-htCBS C15S-treated mice are represented
by the right bar. Administration of 200MAOB PEG-htCBS C158S to 1278T mice was observed to improve liver glucose metabolism,
redox status, and methylation potential as well as lipid metabolism.

Example 17. Long-term treatment with 20NHS PEG-htCBS C15S improves eye defects in 1278T mice

[0286] The changes in metabolite levels in plasma were measured in 1278T (+/-) healthy heterozygous control mice, untreated -/-
affected homozygous control mice, and 20NHS PEG-htCBS C158-treated -/- homozygous 1278T mice. The 20NHS PEG-htCBS C15S
(C15S/ME-200GS)-treated mice were administered 7.5 mg/kg subcutaneously (SC) 3 times per week from the age of 2 days up to
the age of 4 months. Changes in plasma metabolite levels from 6 weeks to 4 months are shown in FIG. 19A. Levels measured
beginning at 72 hours after the injection as mice were on the treatment from 2 days of age.

[0287] As expected, the untreated homozygous 1278T control had significantly elevated Hey level and reduced Cys level compared
to the healthy heterozygous controls as shown in FIG. 19A. The Hcy level in the untreated homozygous 1278T mice fluctuated around
400 uM to 440 uM during the study, which is evidence of a continuous accumulation of Hey due to the lack of functional CBS. In the
20NHS PEG-htCBS C15S-treated 1278T mice, Hcy level decreased from 230 uM to about 70 uM and maintained this level throughout
the rest of the study. In addition, activity of 20NHS PEG-htCBS C15S resulted in accumulation of plasma Cth to around 50 pM
throughout the study and more importantly normalization of plasma Cys levels to around 230 uM, which was maintained throughout
the study.

[0288] Eyes from 1278T mice were analyzed and compared among the three groups. The healthy heterozygous control and the
untreated -/- affected 1278T control are compared in FIG. 19B and FIG. 19C, respectively, the untreated homozygous control was
observed to have fewer and thinner zonular fibers, which terminated at the lens equator just above the meridional rows and did not
grow on the posterior surface of the lens. In the samples from the 20NHS PEG-htCBS C15S-treated mice shown in FIG. 19D and
FIG. 19E, enrichment of the density of zonular fibers and signs of "regrowth” of zonular fibers onto the back surface of the lens were
observed. These observations are evidence that long-term treatment with 20NHS PEG-htCBS C15S had a positive effect on the eye
defects in the 1278T homozygous mice.

Example 18. Combination of administration of 20NHS PEG-htCBS C15S and a Met-restricted diet normalizes Hcy levels in
1278T mice
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[0289] A diet study was performed in [1278T mice and analyze them. Plasma metabolites of 10 weeks old mice: +/- 1278T (control), -/-
1278T (negative control), and -/- treated with 20NHS PEG-htPBS (OT-58) mice. Each group was further divided into subgroups: one
on a regular diet (8.2 g/kg Met TD.01084 diet + zinc water) (REG) and one on a methionine-restricted diet (0.5 g/kg Met TD. 110591
diet + betaine water) (MRD). Treatment was begun at W5 of age.

[0290] FIG. 20A shows the levels of Hcy among the 6 groups. A high level of Hey (356 uM, which is consistent with the experiments
above using 1278T mice) were observed in -/mice on a REG diet. The level of Hcy was observed to be substantially lower (51 M) in
the treated group on the REG diet. A relatively high level of Hcy (41 uM) was also observed in - /- mice on a MRD diet, which was
normalized by the OT-58 treatment (2 pM versus 4 uM in +/- on MRD).

[0291] FIG. 20B shows the levels of Cth among the 6 groups. A high level of Cth was observed in the -/- OT-58-treated mice on both
diets, 113 pM for REG versus 10 uM for the MRD diet, and the level was higher in mice on REG diet due to substrate availability. A
similar trend between REG versus MRD diet was observed for the remaining groups, which is evidence that high levels of Cth
(particularly in -/- on REG) result from the diet | believe.

[0292] FIG. 20C shows the levels of Cys among the 6 groups. Cys levels were observed to be substantially decreased only in -/-
mice on a REG diet, while a MRD diet and/or OT-58 treatment was observed to normalize plasma levels of Cys.

[0293] FIG. 20D shows the levels of Met among the 6 groups. Plasma levels of Met were observed to be high (1313 puM) in -/- mice
on a REG diet, which had not been previously observed in 1278T mice on a standard diet. Such a higHesh level of Met had only been
previously observed in D17-19 untreated CBS KO mice. The high Met levels in -/- 1278T mice on a REG diet receiving PBS injections
was likely the result of a higher content of Met in REG diet used as control diet in this experiment compared to the STD diet provided
by the animal facility.

[0294] Nevertheless, OT-58 treatment in -/- mice on a REG diet was observed to decrease the level of Met (201 pM to 66 pM)
substantially, though it did not normalize the levels. Met levels in mice on MRD diet were observed to be normal or lower than normal
showing only a slight effect from treatment.

[0295] Therefore, the combination of a Met-restricted diet and administration of 20NHS PEG-htCBS C15S was observed to normalize
metabolite levels in 1278T mice. Coadministration of 20NHS PEG-htCBS C15S (OT-58) with an unrestricted (not just eased) diet in
homocystinuric subjects resulted in a reduction of Hey to 50 uM.

Example 19: Pharmacokinetics of 20NHS PEG-htCBS C15S in rats

A. Single dose phamacokinetics

[0296] In order to assess the pharmacokinetics of 20NHS PEG-htCBS C15S in rats, wild-type Sprague Dawley rats were injected with
a single dose of 20NHS PEG-htCBS C15S through intra-vascular (IV) or sub-cutaneous (SC) routes. Three separate single dose PK
studies were combined using an identical or very similar study design as those shown in Table 23. The design of a third (repeated
dose) PK study (groups 7-9) was adjusted to allow extraction of data after the first dose and thus their combination with a single dose
PK study (groups 1-8). Plasma was collected at designated times as listed in Table 23 and analyzed for CBS activity using methods
detailed in Example 1.

Table 23. The design of single dose (groups 1-6) and repeated dose (groups 7-9) PK studies on Sprague Dawley rats using
20NHS PEG-htCBS C15S

Group Rats (nM/nF) Route Dose (mg/kg) Sampling (hours post first
injection)
1 % 4 0, 0.083, 0.167,0.25,0.5, 1,2, 4,
8,12,24,72,120
2M/2F
SC 8 0,0.5,2 4,8, 12, 24,48, 72, 96,
SC 24 120, 168
% 4 0, 0.083, 0.167,0.25,0.5, 1,2, 4,
8,12,24,72,120
3M/OF
SC 8 0,0.5,2 4,8, 12, 24,48, 72, 96,
SC 24 120, 168
7 SC 4
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Group Rats (nM/nF) Route Dose (mg/kg) Sampling (hours post first
injection)
8 . SC 8 Main groups: 0, 24, 48, 240, 264,
SM/3F (main) + 3M/3F 288, 312, 336, 360, 384, 408
(recovery)
9 SC 24 Recovery groups: 0, 8, 12, 32, 38,
404, 432, 476, 527, 577

[0297] The specific activity of 20NHS PEG-htCBS C15S in male and female rats after a single IV or SC bolus dose of 4 (IV), 8 (SC),
and 24 mg/kg (SC) are shown in FIG. 21A and FIG. 21B. Results from administration of 20NHS PEG-htCBS C15S via IV injection to
male and female rats was almost superimposable. However, substantial differences were observed between males and females after
a single administration of 8 or 24 mg/kg of 20NHS PEG-htCBS C158S via SC route. PK parameters for both IV and SC routes in males
and females calculated from the results in FIG. 21A (4 mg/kg IV) and FIG. 21B (8 mg/kg and 24 mg/kg SC) are shown in Table 24.
The bioavailability of 20NHS PEG-htCBS C15S from SC in rats was strongly sex-dependent with males absorbing less (19-21%) than

females (about 36%), and the bioavailability was substantially lower in rats compared to what was observed in HO mice (52-83%).
Table 24. PK parameters of 20NHS PEG-htCBS C15S in Sprague Dawley rats

PK Parameter Unit SC males | SC females { SC males § SC females § IV males § IV females
Dose mg/kg 8 8 24 24 4 4
AUCq (obs area) imU-h/pl 2703 4505 9269 13135 7231 6165
AUCy/dose mU-h/ul/(img/kg) {338 563 386 547 1808 1541
Bioavailability % 18.7 36.5 21.3 355 100 100
ty/2-A h 14.6 8.9 13.6 13.0 N/A N/A
t12E h 442 40.1 51.2 411 40.0 348
tmax (obs) h 48 24 38 48 N/A N/A
Cax mU/l 327 58.2 110.0 166.3 N/A N/A
Cpo mU/l N/A N/A N/A N/A 182.1 186.2
Cmax/dose mU/ul/(mg/kg) 41 7.3 46 6.9 N/A N/A
MRT (area) h 65.6 76.8 66.1 79.8 52.9 455

B. Repeated dose phammacokinetics

[0298] To further evaluate rats as a species for conducting long-term toxicity studies, the pharmacokinetics of 20NHS PEG-htCBS
C158 was determined in three groups of Sprague Dawley rats receiving a total of 9 SC injections every 48 hours of either 4 mg/kg
(low), 8 mg/kg (mid), or 24 mg/kg (high) 20NHS PEG-htCBS C15S. The study design is outlined in Table 23. The experiment was
conducted for a length of 24 days. Plasma was collected and analyzed for CBS activity using methods detailed in Example 1.

[0299] The CBS specific activities for the repeated dose PK study plotted over time are exemplified on mid-dose 8 mg/kg as shown in
FIG. 21C (similar phenomena was observed for low (4mg/kg) as well as high dose (24 mg/kg groups). The arrows indicate an
injection. No accumulation of CBS activity was observed in plasma, and a substantial decline in peak CBS activities was observed
after the first 6 injections was observed. This unexpected inability of rats to achieve predicted steady-state levels of CBS activity in
plasma was observed to be more profound in males than females, most likely due to their decreased bioavailability (see the single
dose PK data above). The substantial attenuation of CBS activity in the subsequent administrations of 20NHS PEG-htCBS C15S was
likely due to an immune response, which was evidence that rats are not a suitable species for long-term toxicity studies.

Example 20. Pharmacokinetics and pharmacodynamics of 20NHS PEG-htCBS C15S in monkeys

[0300] To evaluate a non-human primate model for long-term toxicity studies and to estimate of human efficacious dose via
allometric scaling, pharmacokinetic and pharmacodynamic studies of 20NHS PEG-htCBS C15S were conducted in wild type
cynomolgus monkeys (Macaca fascicularis).

A. Single dose phamacokinetics and phammacodynamics of 20NHS PEG-htCBS C15S in monkey
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[0301] For the single dose PK study, three experimental groups of 4 (n=2M+2F) monkeys each were used to conduct the
experiments. The first group received 2 mg/kg 20NHS PEG-htCBS C158S via IV injection. Blood was collected at 0, 0.083, 0.16, 0.25,
05,1,2,4,8,24, 72,120, and 192 hours post IV injection. The second and third groups received either 2 mg/kg or 6 mg/kg 20NHS
PEG-htCBS C15S via SC injection. Blood was collected at 0, 1, 2, 4, 8, 24, 48, 72, 96, 120, 192, 240, and 336 hours post SC
injection. Collected plasma was analyzed for CBS activity and sulfur amino acid metabolite (homocysteine, cystathionine and
cysteine) levels were determined using methods described in Example 1.

[0302] The CBS specific activity over time curves in monkeys after receiving a single 2 mg/kg dose of IV administration or a 2 mg/kg
or 6 mg/kg dose of SC administration of 20NHS PEG-htCBS C158 are shown in FIG. 22A. The calculated PK parameters for both 1V
and SC administration after a single injection are summarized in Table 25. The bioavailability of 20NHS PEG-htCBS C15S in monkeys
was calculated to be approximately 80%, which is almost identical to the bioavailability in HO mice administered with SC dose of 5
mg/kg (83%). The elimination half-life of 20NHS PEG-htCBS C15S from plasma in monkeys was calculated to be 67 hours from the
IV dataset and 73 hours from the SC dataset. ¢y Was calculated to be 40.8 mU/uL at an SC dose of 2 mg/kg and 114.9 mU/pL at

an SC dose of 6 mg/kg.

[0303] Table 25 lists PK parameters obtained from a single dose experiments conducted with 20NHS PEG-htCBS C15S in monkeys.
Table 25. PK parameters after a single IV and SC injection of 20NHS PEG-htCBS C15S to a cynomolgus monkey

PK Parameter Unit SC SC v
Dose mg/kg 2 6 2
AUCO-t (obs area) mU-h/ul 52631299 157431629 5942+156
AUCO-t/dose mU-h/pl/(mg/kg) 27611160 2727+119 2971178
Bioavailability % 80.8+4.7 79.9+3.5 100
t1/2-A h 7.9¢1.0 9.7+1.0 N/A
t1/2-E h 72.9+1.1 72.8£1.7 66.7£1.2
tmax (obs) h 26.2+2.6 32442 4 N/A
Cmax mU/ul 40.8+£2.0 114.9+7.5 N/A
cp0 mU/ul N/A N/A 96.5+2.8
Cmax/dose mU/ul/(mg/kg) 20.4+1.0 192413 N/A
MRT (area) h 116.3+2.4 116.2+5.0 89.9+2 4
CL (obs area) pi/h/kg N/A N/A 933153

[0304] Since the injected monkeys were healthy wild-types and had naturally low Hey levels (3-5 yM compared to 150-500 uM in
murine models of homocystinuria), a pharmacodynamics effect after a single IV or SC dose of 20NHS PEG-htCBS C15S was not
expected. No significant changes in plasma levels of Hcy and Cys were observed in injected monkeys. However, significant spikes
were observed in plasma of Cth 8 hours after IV administration, and 8 and 48 hours after SC administration compared to the initial
levels, which was evidence of a PD effect even in unaffected healthy monkeys (FIG. 22B). The spikes in Cth plasma levels likely
originated from the administration of 20NHS PEG-htCBS C15S because CBS is the only enzyme known to form Cth. In addition, CBS
enzyme does not normally circulate and function in the plasma. Cth formed in plasma by administered 20NHS PEG-htCBS C15S was
observed to be cleared more slowly than Cys or Hcy. Therefore, the metabolites, particularly Cth, were further monitored in a multi-
dose study to determine whether the observed PD effect were more pronounced or dose-dependent.

B. Repeated dose phamacokinetics and phammacodynamics of 20NHS PEG-htCBS C15S in monkeys

[0305] Repeated dose experiments were performed in which three groups of 4 monkeys (1M+1F in main subgroup and 1M+1F in
recovery subgroup) received a total of 6 consecutive SC doses every 72 hours of either 1 mg/kg (low), 3 mg/kg (mid), or 10 mg/kg
(high) 20NHS PEG-htCBS C15S. Blood was collected from monkeys in main subgroups at 0, 32, 72, 104, 144, 176, 216, 248, 288,
320, 360, 392, and 408 hours post first injection, while the animals in recovery subgroups were bled at additional times of 432, 456,
480, 528, and 696 hours post first injection. Plasma was collected and analyzed for CBS activity and sulfur amino acid
(homocysteine, cystathionine, cysteine, lanthionine, and homolanthionine) levels using methods described in Example 1.

[0306] The 20NHS PEG-htCBS C158S specific activity over time curves for low (1 mg/kg), mid (3 mg/kg) and high (10 mg/kg) dose
groups after 6 consecutive SC injections every 3 days are shown in FIG. 23A. The subcutaneous administration of 20NHS PEG-
htCBS C15S to cynomolgus monkeys led to predictable and dose-dependent plasma levels of CBS activity after 6 doses given every
3 days for 16 days. In contrast to results in the rat repeated dose PK study, no attenuation of CBS activity was detected after
repeated administrations of 20NHS PEG-htCBS C15S to wild-type monkeys. Each subsequent administration of the enzyme resulted
in a completely predictable accumulation of CBS activity in plasma and essentially reached steady state levels after first three doses.
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Further dosing was observed to maintain the steady state, where the rate of elimination was equivalent to the rate of absorption
leading to constant peak and trough plasma levels. The mean peak plasma concentration at steady state (cpayx-ss) Was normalized
for doses ranging from 36 to 39 mU/pl and the trough plasma levels normalized for doses at steady state (cmin-ss) ranging from 23 to
28 mU/pl. The elimination rate of 20NHS PEG-htCBS C15S was observed to be log-linear thus conforming to first order kinetics such
that the time required for half the plasma 20NHS PEG-htCBS C15S activity to decrease was constant (data not shown). The
elimination half-life was estimated in the recovery animals after the last dose at day 16 and was between 49 and 64 hours, i.e.,
similar to the half-life observed in monkeys after a single SC dose of 20NHS PEG-htCBS C158S (73 hours), which was evidence that
multiple doses did not change the elimination rate.

[0307] The plasma levels of cystathionine, a biomarker found indicative of 20NHS PEG-htCBS C15S activity even in unaffected
healthy monkeys (see single dose monkey data). Results in monkeys receiving 6 injections 72 hours apart for low (1 mg/kg), mid (3
mg/kg), and high (10 mg/kg) doses are presented in FIG. 23B. The levels of Cth correlated well with peaks and troughs of 20NHS
PEG-htCBS C15S activity in plasma and were observed to be dose-dependent as well. No clear differences were observed between
dose groups for homocysteine and cysteine (data not shown).

[0308] In addition to thioether cystathionine produced by CBS, two thioethers lanthionine and homolanthionine, which were chosen
as surrogate markers of hydrogen sulfide production, were measured in monkey plasma samples from repeated dose study at
selected time points. Hydrogen sulfide is an emerging and important signaling molecule in many physiological processes and thus
has been studied extensively in recent years for therapeutical applications.

[0309] Table 26 presents the plasma levels of cystathionine, lanthionine, and homolanthionine in wild-type monkeys after repeated
administration of 20NHS PEG-htCBS C15S at different doses via the SC route. Metabolite levels at 0 hours (pre-dose), 176 hours
and 392 hours after the first injection are reported. Data are presented as mean * standard error of the mean (SEM) in uyM (n=4).
Table 26. Plasma levels of thioethers cysthathionine, lanthionine and homolanthionine in monkeys after repeated
administration of 20NHS PEG-htCBS C158S

Metabolite 1 mg/kg 3 mg/kg 10 mg/kg
Oh 176 h 392 h Oh 176 h 392 h Oh 176 h 392 h
Cystathionine 982 £72 14010 4272 982 72 5629 5893 982 +72 {7098 +12 {9318 +288
1236 +333 1284 +390
Lanthionine 2542 4619 6917 2542 10317 10919 {2542 281143 353138
Homolanthionine 3815 6417 7215 3815 6414 60+10 {385 5043 5314

[0310] Repeated administration of 20NHS PEG-htCBS C15S to wild-type monkeys was observed to increase plasma levels of
cystathionine and lanthionine, but levels of homolanthionine were not significantly affected. The increase of cystathionine and
lanthionine was observed to be directly proportional to the dose, and the dose dependency was observed to be more prominent for
lanthionine than cystathionine.

C. LCIMSIMS C15S activity assay

[0311] The bioanalytical method developed using LC/MS/MS for the determination of cystathionine M+4 as product of the CBS
activity using cystathionine M+8 (13C2D6) as an internal standard has been developed and validated for both monkey and human
plasma samples and thus can be used to determine CBS activity in samples from pharmacokinetic and toxicology studies as well as
clinical trials. The enzymatic assay was essentially performed as described in Example 1 with the following modifications. Deuterated
D,L-homocysteine M+4 was used to initiate the reaction with unlabeled L-serine in the reaction mixture. After 30 min incubation at
37°C, the enzymatic reaction was stopped by acidification using 6N HCI and labeled product of the reaction (cystathionine M+4) was
extracted using EZ:faast kit (Phenomenex, USA). Briefly, 50 pl of sample (calibration standard, QC sample or enzymatic reaction)
was mixed in tube on ice and protected from light with 100yl of internal standard solution (cystathionine M+8, 0.25 ng/pl) and 250 pl
water. The mix was extracted with MCX cartridge columns (Waters). Eluted medium (6N ammonia in methanol) was evaporated to
dryness at 45°C. The dry residue was dissolved in eluent medium of the EZ:faast kit, derivatized and liquid-liquid extracted following
the kit manufacturer's protocol. The solid phase extraction was automatized with extraction plates to increase throughput and save
time. Measurable concentrations of cystathionine M+4 were observed regardless of origin of the enzyme (htCBS C15S or C15S/ME-
200GS present in plasma samples or controls or traces of endogenous monkey/human CBS in plasma samples). Much attention was
paid to the calibration range since the incurred determinations were in the higher part of the concentration range qualified (5.00 to
1500 nM).

[0312] Tables 12-14 below show the comparison of C15S/ME-200GS specific activity determined by LC/MS/MS using D,L-

homocysteine M+4 as a substrate and by radiometric assay using L-[13C-U]-serine as a substrate. The enzyme's specific activity is



presented in mU/ul. The "n.d." stands for "not determined”. Table 27 shows comparison of the C15S/ME-200GS specific activities in a

set of plasma samples from cynomolgus monkey injected IV with a single dose of 2 mg/kg.

Table 27. Comparison of C15S/ME-200GS specific activities determined by two assays in monkey plasma samples after a

single IV dose of 2 mg/kg
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Time (h) LC/MS/MS assay Radiometric assay Difference (%)
0.083 88.865 95.741 7.182
0.167 81.065 90.049 9.977
0.25 80.315 88.891 9.648
0.5 81.815 85.342 5.243
1 75.415 80.992 6.887
2 71.765 78.984 9.140
4 67.415 77.809 13.359
8 61.715 70.357 12.283
24 47.815 55.865 14.411
72 28.915 31.601 8.500
120 17.180 18.908 9.142
192 8.490 9.182 7.534

[0313] Table 28 shows comparison of the C15S/ME-200GS specific activities in a set of plasma samples from cynomolgus monkey

injected SC with a single dose of 2 mg/kg.

Table 28. Comparison of C15S/ME-200GS specific activities determined by two assays in monkey plasma samples after a

single SC dose of 2 mg/kg

Time (h) LC/MS/MS assay Radiometric assay Difference (%)

1 n.d. 2.842 n.d.

2 6.479 5.801 11.694
4 11.108 11.207 0.884
8 19.913 22.164 10.155
24 n.d. 40.293 n.d.
48 32.538 36.658 11.238
72 27.888 30.670 9.069
96 20.768 23.536 11.758
120 16.958 18.608 8.866
192 9.063 9.496 4.551
240 5.908 5.963 0.915
336 2.273 2.441 6.900

[0314] Table 29 shows comparison of the C15S/ME-200GS specific activities in a set of plasma samples from cynomolgus monkey

injected SC with a single dose of 6 mg/kg (relates to Example 20).

Table 29. Comparison of C15S/ME-200GS specific activities determined by two assays in monkey plasma samples after a

single SC dose of 6 mg/kg

Time (h) LC/MS/MS assay Radiometric assay Difference (%)

1 3.065 3.739 18.029
2 7.640 9.180 16.778
4 18.365 22.263 17.877
8 41.090 50.194 18.138
24 85.190 111.081 23.308
48 86.090 109.292 21.229
72 74.840 95.722 21.815
96 59.940 73.072 17.971
120 56.340 56.427 0.154

192 24.190 31.513 23.238
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Time (h) LC/MS/MS assay Radiometric assay Difference (%)
240 14.440 19.203 24.801

336 4784 5.807 17.608

Example 21. Extrapolation of PK/PD data from animals to humans

[0315] In most cases, the plasma levels of a drug required to elicit a pharmacodynamic response are different across species due to
species-specific sequence variations in the receptor or enzyme target. For example, an antibody against a human protein may have
very different affinity for the murine and human target protein due to species differences in the target protein sequence. In the case
of 20NHS PEG-htCBS C15S, the biological target is the amino acid, Hey, which is identical across species. Furthermore, the
distribution of a drug to the target tissue may vary across species and may not be easily predicted by drug plasma levels due to
species-specific biodistribution. However, the "target tissue" for 20NHS PEG/C15S is the plasma lending a high degree of certainty to
the prediction of extrapolated human values from interspecies comparison of the pharmacokinetic parameters in plasma.

[0316] Studies herein were conducted in mice using a SC dose of 7.5 mg/kg, and dose-response studies demonstrated that a dose
of 5 mg/kg maximized efficacy in terms of modulating the plasma levels of biomarkers: Hcy, Cth and Cys. Using a dose of 5 mg/kg
and correcting for the difference in body surface area between humans (70 kg) and mice (0.025 kg), a dose of 0.4 mg/kg was
estimated to be the efficacious human equivalent dose (HED). At this dose the peak plasma levels were 50 mU/uL in mice with an
AUC of 3060 mU-h/mL. Since the substrate for 20NHS PEG-htCBS C15S activity (Hcy and serine) was the same across species and
the site of action was the blood pool itself, these parameters provide an accurate estimate of the target human plasma levels
required for efficacy in a 20NHS PEG-htCBS clinical trial.

[0317] Pharmacokinetic studies were conducted in murine animal models of CBSDH, normal Sprague Dawley rats, and normal
cynomolgus monkeys after either single and multiple SC injections at various dose-levels. In addition, single dose pharmacokinetic
studies were conducted in all 3 species after IV administration of 20NHS PEG-htCBS C15S to evaluate bioavailability in all 3 species
after SC administration. A summary of the pharmacokinetic parameters bioavailability (F%) corrected for dose in mouse, rat, and
monkey models after SC administration are provided in Table .

Table 30. PK parameters for OT-58 (htCBS C15S ME-200GS) across species and the predicted human values from body
surface area scaling

Parameter: Units: Ti2h AUC/dose (mU- Cmax/dose (mU/ tmax h F%
h/mL)/(mg/kg) ML)/(mg/kg)

Species/Sex

Mouse/both sexes {20 612 10 24 83%

Rat/Male 48 363 (1452)* 4.4 (17) 35 20%

Rat/Female 41 555 (1233)* 7.1 (16)* 29 36%

Monkey/both sexes {73 2744 20 29 81%

Human predicted 177 7474 34 NA NA

value

* indicates that the average AUC/dose in rats was corrected to 80% bioavailability equaling 1343 (mU-h/mL)/(mg/kg).
** indicates that the average ¢, /dose in rats was corrected to 80% bioavailability equaling 16.5 (mU/uL)/(mg/kg).

[0318] According to these results, 20NHS PEG-htCBS C15S was slowly absorbed into the bloodstream after SC administration in all 3
species. The absorption half-life was similar across species ranging between 5 and 12 hours in the mouse, between 10 and 16 hours
in the rat, and between 8 and 10 hours in the monkey after a single SC injection, which led to Ta¢ values that ranged between 24
hours and 48 hours in individual animals. The elimination half-life (T/) was 20 hours in mice, 44.5 hours in rats, and 73 hours in
monkeys. The percentage of 20NHS PEG-htCBS C15S absorbed into the blood after SC administration (F%) was >80% in both
mouse (5 mg/kg dose) and monkey (at doses of 1, 3 or 10 mg/kg) models. However, the percentage of 20NHS PEG-htCBS C15S8
absorbed into the blood was only 20% in male rats and 36% in female rats. In Table 30, the AUC/dose and Cmax/dose in rat were
corrected to 80% bioavailability (parenthetic values in Table 30) to allow interspecies comparisons to be made at the same F%.

[0319] Interspecies comparisons were conducted based upon body surface area scaling assuming an 80% bioavialability in all 3
species (mouse, rat and monkey) to determine if a linear correlation existed between the log body weight and the log of various PK
parameters (AUC/dose, Cmax per dose and T1q,). A linear correlation in these parameters indicated that the pharmacokinetic
parameters for 20NHS PEG-htCBS C15S were scaled to body surface area, and thus would likely be predictive of human values.
Linear correlations allow predictions of the clinical dose and dosing regimen from the preclinical data to be made.
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[0320] A linear correlation was observed for the pharmacokinetic parameters AUC, Cmax and T, across species for 20NHS PEG-
htCBS C15S. As shown in FIG. 24A (AUC/dose), FIG. 24B (Cmax/dose), and FIG. 24C (T1p), an excellent linear correlation was
observed between log body weight of each species against their associated PK parameters corrected for dose. By extrapolating to
the log body weight for humans (70 kg) for each parameter, the AUC/dose, Cmax/dose, and T4/ was calculated for human subjects.

The predictive human values are provided in Table 30.

[0321] The extrapolated/predicted half-life in humans was about 175 hours or 7.3 days. The human predicted efficacious dose was
calculated from the efficacious dose in mice (5 mg/kg) by allometric scaling to be 0.4 mg/kg in a 70 kg human. Using the predicted
human cyay of 34 mU/uL (per mg/kg) and a T may range of 48 to 72 hours, a hypothetical curve was constructed for a single dose PK
curve in humans, which is shown in FIG. 24D. The E intercept was 43.079 mg/uL, and the half-life was 176.737 hours. Data from
mice and monkeys are also shown for comparative purposes in FIG. 24D. Table 31 provides the extrapolated concentrations
estimated for humans.

Table 31. Extrapolated concentrations for humans

Time (hours) Concentration (mg/uL)
0 0
1 0.9
2 2
4 43
8 8
20 20
48 333
72 34
96 28
240 16.7
336 12
408 8.5

[0322] From the PK parameters derived from FIG. 24D, a multiple dose PK curve was modeled assuming first order kinetics in

humans, which is shown in FIG. 24E.

A. Hypothetical repeated dose PK curve in humans

[0323] FIG. 24F shows predicted PK values for 20NHS PEG-htCBS CISS in humans at a SC dose of 1 mg/kg administered once per
week during the approach to steady state plasma levels and the predicted peak and trough levels at steady state (light gray). FIG.
24G shows predicted PK values for 20NHS PEG-htCBS C158S in humans at a SC does of 1 mg/kg administered twice per week during
the approach to steady state plasma levels and the predicted peak and trough levels in humans at this dosing interval (light gray).
Table 32 compares the predicted peak and trough plasma levels of 20NHS PEG-htCBS C15S in humans at SC doses of 0.33, 0.66,

and 1 mg/kg administered once per week and twice per week (assuming 80% bioavailability in humans).
Table 32. Predicted plasma levels in humans (assuming 80% bioavailability)

Human dose 1 mg/kg 0.66 mg/kg 0.33 mg/kg
Dosing interval §1x/wk (168h) | 2x/wk (84h) 1x/ week 2x/week (84h) 1x/ week 2x/week (84h)
(168h) (168h)

Initial Cmax, mU/uL {34 34 226 226 1.3 1.3
Peak @ SS, mU/uL {67.9 123 452 82 226 41
TrLough @ SS, mU/ {46.2 109 30.8 69 15.4 345
M
Clmin 22.3 29.0
Tmax @ SS (hr) 38.2 27.4

[0324] From these calculations, a dose of 0.66 mg/kg 20NHS PEG-htCBS C15S administered SC to human patients once a week
was predicted to result in plasma levels that range between 31 and 45 mU/pL at steady state. Similarly, a dose of 0.33 administered
twice weekly was predicted to result in plasma levels ranging between 35 and 41 mU/uL at steady state (after about 8 doses). These
predictions assume a subcutaneous bioavailability of 80% as was observed in both mice and monkeys. These doses of 20NHS PEG-
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htCBS C158 are also expected to produce peak and trough plasma levels in the efficacious range for the plasma levels similar to
those in mice (peak levels of 50 mU/pL). Additionally, these doses correspond to the human efficacious dose predicted from the
murine studies alone of 0.4 mg/kg. The linear correlation of body weight and the PK parameters across the preclinical species,
allowed allometric scaling (body surface area scaling) to predict the PK parameters AUC, Cmax and the elimination half-life in
humans by comparing values across species.

[0325] Both methods of predicting the efficacious dose in humans (directly from the mouse data and allometric scaling across 3
species) were observed to agree in terms of efficacious dose predictions (HED). Thus, assuming an 80% bioavailability, a proposed
dose of 0.33 mg/kg administered twice weekly or 0.66 mg/kg administered once weekly will likely be effective doses in human clinical
trials.
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Patentkrav

1. Sammensaetning omfattende et isoleret humant trunkeret cystathionin-beta-
syntase-(htCBS) mutant polypeptid konjugeret til en PEG-del, hvori det isolerede
htCBS-mutante polypeptid omfatter aminosyresekvensen af SEQ ID NO:3 med en
a&ndring af en cystein ved aminosyrepositionen svarende til 15 af SEQ ID NO:3 til
en serin og som mangler den N-terminale fgrste methioninrest svarende til SEQ ID
NO:3 og er PEGyleret med ME-200GS;

til anvendelse i en fremgangsmade til behandling af homocystinuri hos et
menneske, hvor det PEGylerede htCBS-mutante polypeptid indgives mindst én

gang om ugen i mindst seks uger i en dosis pa mellem 0,33 og 10 mg/kg.

2. Sammensaetningen til anvendelse ifglge krav 1, hvor dosen er en masngde

valgt fra gruppen bestdende af: 0,33, 0,5, ca. 1, ca. 2 og ca. 5 mg/kg.

3. Sammensatningen til anvendelse ifglge krav 1, hvor dosen er ca. 0,4 mg/kg.

4, Sammenseaetningen til anvendelse ifglge krav 1, hvor det PEGylerede htCBS-

mutante polypeptid indgives mindst to gange om ugen.

5. Sammensatningen til anvendelse ifglge krav 1, hvor det PEGylerede htCBS-

mutante polypeptid indgives sammen med betain.

6. Sammensaetningen til anvendelse ifglge krav 1, hvor betain indgives for det

PEGylerede htCBS-mutante polypeptid.
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FIG 12A
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FIG. 14A
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FIG. 184

Hydrophilic fraction

W /- 20NHS PEG-
RCBS €158

R

W

R

e

R

o

E

sy

-
T..wm\k%“%x&%‘ “\“&\M\“\w\\\m\ﬁ\% . ..m
: : : Z

;
.

N\\,

s

GSH

Glucose

Glycogen

390

; ;
b4 i1

7 © n
: b e

(S5 EIMT VORISR0

25
QO o s

Glutathione



DK/EP 3998067 T3

Fi(;. i8B

Hydrophobic fraction

Baf

8-/- C155/ME-20DGS

: i

: Y

.

AR el

W

.
:

2

7

3000 +—

2500 4

1500 +
£ I .

2
3
{oo]
]
]
o

PAIICENIN HOIBIINEINOD

O S S

i-Fatty Acids  {CH2)n Lipids Total Lipids

PUFA

Total UFA



DK/EP 3998067 T3

Y61 "01d

i e

oo Bgpoicor

G Wi
rssperer

HRE T ) sese



DK/EP 3998067 T3

FIG, 198

FiG. 19¢




DK/EP 3998067 T3

Fiz 190

Fifz 138




DK/EP 3998067 T3

FIG. 20A

Moy

ATR

3 E) (3 E ﬁ.» ¥ 4 1 £ T
NS P TSI SO Bs

FIG. 20B

1
1
3
{
N
N
1
{
§
{
1
i
3
)
1
1
{
N
i
1
1
{
{
1
1
1
{
1

WS

3

H

z2 “r £ 7 o SR ¢ g R~

g2 ¥ % 2 g fnwssma
Ganty GUsEERs Esd



DK/EP 3998067 T3

FiG. 20C

-
o=
3
J
Joone|
=3
J 7 7 “ i 3 ¥ 5 1 a. "~ v i1
7 2 & % b7 % 3 = “ % 4 k7 % % B
P W A, SuRTEBul BISe Fites s £ AR b G



DK/EP 3998067 T3

w iy

RS

% Sini wi)

FIG. 218

B SBBRR Wl
R R i
T A

RN

FIG. 21C




FIG. 224

FIG. 22B

Lih plasma concengation & BER (0

RS spunific activity £ SEM (oddhd of plasrss

2
-

DK/EP 3998067 T3

SOMHS PEG-LBS:
e 2 g
s .‘.. ~

B4 2 mgikg
$O6 mghy

AN

a e Oth B ngthg

EN »%-.»

S B2 ik

<L SR vk

Sone post injestion fdayst



FIG. 23A

FIG. 238

CHBE sposiic sotivity £ BEM milfl ofplagny}

Ot plasma concuntration 2 888 (UM

Ede i i
300
200 .

460

i . &
&

DK/EP 3998067 T3

il 1 iy
BN SRR 05t 5
Ve Hangikg

7

; : N

S 8 42 i 1% 03 o @ omw
shene post Hret injoction {days)

SUNHE RRGCRR B
w8 sty

oo YV gty

Sk DI TR angthy

3 4z 15 1@ 21 3 & 3
fhevve powd st injection daysy



Cmaxidose

Crasiioss

FI1G. 24A

Comvate, e, £ RGNS B,

i R Bow R I pseiate ey
R EAELERGE AR @ RN SR .

¢ B Diseisnie i vt Dimiseiton

i woll B hay T

R R

A

T R 438

A
Bad £V Shnavadehitind
48 G 0

Body Weighting

FiG. 248

z:

IurhaytiReweREsinity S}

s Sopeniainting RA%S

Ry Snavaialy 1

Bowdy Wadght inog

DK/EP 3998067 T3



DK/EP 3998067 T3

FIG. 24C

1000

Hal-ife, 3G

177 1 {7.3 Days for Man)
............................................................................................... et s 801 P :

Y onkay

Half-life, SC (hours)

e ot

A, Mouse

10

10700 060 e o

Body Weight



DK/EP 3998067 T3

ey g

B 80

%

24 /3w 1 jo asop adus g e TN pE sl xew)
'Y 2B XBUL YU SAIND WY 31U pajeal)

Bt il 7 visg g

ayioid

RLTE



DK/EP 3998067 T3

I smyewn -vegenureey
s DY anan Y uBwng [E0oy3odAH

AT



DK/EP 3998067 T3

FIG. 24F

FI1G. 24G




DK/EP 3998067 T3

SEKVENSLISTE
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