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(57) ABSTRACT 

The invention relates to rationally designed polysaccharide 
lyases and uses thereof. In particular, the invention relates to 
modi?ed chondroitinase B. The modi?ed chondroitinase B 
enzymes of the invention are useful for a variety of pur 
poses, including cleaving and sequencing polysaccharides 
such as glycosaminoglycans (GAGs) as Well as removing 
polysaccharides from a solution. The invention also includes 
methods of inhibiting anticoagulant activity, inhibiting 
angiogenesis, treating cancer, and inhibiting maternal 
malarial infection. 
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RATIONALLY DESIGNED POLYSACCHARIDE 
LYASES DERIVED FROM CHONDROITINASE B 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/967,041, ?led Oct. 14, 2004, currently 
allowed, Which is a divisional of US. application Ser. No. 
10/454,816, ?led June 3, 2003 and issued as US. Pat. No. 
6,962,699, Which claims priority under 35 USC §119 from 
US. provisional application Ser. No. 60/385,509, ?led Jun. 
3, 2002, the entire contents of each of Which are incorpo 
rated herein by reference in their entirety. 

GOVERNMENT SUPPORT 

[0002] Aspects of the invention may have been made 
using funding from National Institutes of Health Grant 
number Grant GM 57073. Accordingly, the Government 
may have rights in the invention. 

FIELD OF THE INVENTION 

[0003] The invention relates to rationally designed 
polysaccharide lyases and uses thereof. In particular, the 
invention relates to modi?ed chondroitinase B. The modi 
?ed chondroitinase B enZymes of the invention are useful 
for a variety of purposes, including cleaving and sequencing 
polysaccharides such as glycosaminoglycans (GAGs) as 
Well as removing polysaccharides from a solution and 
therapeutic methods such as inhibiting anticoagulant activ 
ity, inhibiting angiogenesis, treating cancer, and inhibiting 
maternal malarial infection. 

BACKGROUND OF THE INVENTION 

[0004] Glycosaminoglycans (GAGs) are linear, acidic 
polysaccharides that exist ubiquitously in nature as residents 
of the extracellular matrix and at the cell surface of many 
different organisms of divergent phylogeny (Habuchi, O. 
(2000) Biochim Biophys Acla 1474, 115-27; Sasisekharan, 
R., Bulmer, M., Moremen, K. W., Cooney, C. L., and 
Langer, R. (1993) Proc Natl Acad Sci USA 90, 3660-4). In 
addition to a structural role, GAGs act as critical modulators 
of a number of biochemical signaling events (Tumova, S., 
Woods, A., and Couchman, J. R. (2000) In! J Biochem Cell 
Biol 32, 269-88) requisite for cell groWth and differentiation, 
cell adhesion and migration, and tissue morphogenesis. 

[0005] Dermatan sulfate (DS) and chondroitin sulfate 
(CS) are related glycosaminoglycans (GAGs) that are com 
posed of a disaccharide repeat unit of uronic acid (1—>3) 
linked to N-acetyl-D-galactosamine (GalNAc). These dis 
accharide repeats are (1Q4)-linked to each other to form 
polymers of chondroitin sulfate or dermatan sulfate. Epimer 
iZation at the C5 position of the uronic acid moiety during 
the biosynthesis of dermatan sulfate leads to a mixture of 
l-iduronic and d-glucuronic acid epimers (Ernst, S., Langer, 
R., Cooney, C. L., and Sasisekharan, R. (1995) Cril. Rev. 
Biochem. Mol. Biol. 30, 387-444). In addition to C5 epimer 
iZation, C4 sulfation of GalNAc is another hallmark modi 
?cation of the DS backbone. Rare sulfation at the 2-0 and 
3-0 positions of the uronic acid moiety has also been 
reported (Sugahara, K., Tanaka, Y., Yamada, S., Seno, N., 
KitagaWa, H., Haslam, S. M., Morris, H. R., and Dell, A. 
(1996) J. Biol. Chem. 271, 26745-54; Nadanaka, S., and 
Sugahara, K. (1997) Glycobiology 7, 253-63). CS/DS 
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polysaccharides have been implicated in a variety of bio 
logical phenomena ranging from anticoagulation to osteoar 
thritis (Mascellani, G., Liverani, L., Bianchini, P., Parma, B., 
Torri, G., Bisio, A., Guerrini, M., and Casu, B. (1993) 
Biochem. J. 296, 639-48; Achur, R. N., Valiyaveettil, M., 
Alkhalil, A., Ockenhouse, C. F., and GoWda, D. C. (2000) J. 
Biol. Chem. 275, 40344-56; and Plaas, A. H., West, L. A., 
Wong-Palms, S., and Nelson, F. R. (1998) J. Biol. Chem. 
273, 12642-9). In fact, speci?c sequences of highly sulfated 
dermatan sulfate from a variety of invertebrate and mam 
malian sources are being pursued as pharmaceutically viable 
treatments for speci?c blood coagulation disorders 
(Monagle, P. et al. (1998) J. Biol. Chem. 273, 33566-71; 
Gandra, M. et al. (2000) Glycobiology 10, 1333-40; and 
Vicente, C.P. et al. (2001) Thromb. Haemosl. 86, 1215-20). 
Changes in the dermatan sulfate side chain of the small 
proteoglycan, decorin, have been observed in human colon 
cancer (Daidouji, K. et al. (2002) Dig. Dis. Sci. 47, 331-7). 
And modi?cation of existing GAG sequences by chondroiti 
nase B and chondroitinase AC may inhibit angiogenesis and 
tumor metastasis (Denholm, E. M. et al. (2001) Eur J. 
Pharmacol. 416, 213-21). Overall, the role of GAGs as 
speci?c mediators of tumorigenesis and other biological 
events is an emerging ?eld that offers great potential for the 
development of novel therapeutics (Shriver, Z. et al. (2002) 
Trends. Cardiovasc. Med. 12, 71-7; and Liu, D. et al. (2002) 
Proc. Natl. Acad. Sci. USA 99, 568-73). 

[0006] F lavobaclerium heparinum is a common source for 
GAG-degrading lyases, producing both the extensively 
characterized heparin-degrading heparinases (Sasisekharan, 
R., Venkataraman, G., Godavarti, R., Ernst, S., Cooney, C. 
L., and Langer, R. (1996) J. Biol. Chem. 271, 3124-31; 
Shriver, Z., Hu, Y., Pojasek, K., and Sasisekharan, R. (1998) 
J. Biol. Chem. 273, 22904-12; Pojasek, K., Shriver, Z., Hu, 
Y., and Sasisekharan, R. (2000) Biochemistry 39, 4012-9; 
and Gu, K., Linhardt, R. 1., Laliber‘te, M., and Zimmermann, 
J. (1995) Biochem. J. 312, 569-77), as Well as the CS/DS 
degrading chondroitinases (Gu, K. et al. (1995) Biochem. J. 
312, 569-77). Chondroitinase B is the only member of the 
chondroitinase family that degrades DS as its sole substrate 
(Jandik, K. A., Gu, K., and Linhardt, R. J. (1994) Glycobi 
ology 4, 289-96 and Pojasek, K., Shriver, Z., Kiley, P., 
Venkataraman, G., and Sasisekharan, R. (2001) Biochem. 
Biophys. Res. Commun. 286, 343-51). 

SUMMARY OF THE INVENTION 

[0007] The present invention relates, in part, to modi?ed 
polysaccharide lyases. In particular, the invention relates to 
modi?ed chondroitinase B. The characterization of the 
chondroitinase B active site, speci?cally the individual 
residues involved in substrate binding and catalysis alloWs 
for the rational design of modi?ed chondroitinase B 
enZymes described herein. Additionally, the modi?ed 
enZymes may be used for a variety of purposes due to the 
ability of the enZymes to uniquely cleave polysaccharides 
such as the glycosaminoglycans chondroitin sulfate and 
dermatan sulfate, or compete With native enZyme for sub 
strate. 

[0008] The invention, therefore, in some aspects is a 
modi?ed chondroitinase B having an amino acid sequence 
of the mature peptide of SEQ ID NO: 2 or conservative 
substitutions thereof, Wherein at least one residue at a 
position selected from the group consisting of 116, 184, 213, 
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219, 245, 250,271, 272, 296, 298,318, 333, 363 and 364 of 
SEQ ID NO: 2 has been substituted or deleted. In other 
embodiments the modi?ed chondroitinase B has the amino 
acid sequence of the mature peptide of SEQ ID NO: 2 
Wherein at least one amino acid residue has been substituted 
and Wherein the substituted amino acid is at a position 
selected from the group consisting of 272, 333, and 364 of 
SEQ ID NO: 2. In still other embodiments the modi?ed 
chondroitinase B has the amino acid sequence of the mature 
peptide of SEQ ID NO: 2 Wherein at least one amino acid 
residue has been substituted and Wherein the substituted 
amino acid is at a position selected from the group consisting 
of 272, 333, 363 and 364 of SEQ ID NO: 2. In further 
embodiments, the modi?ed chondroitinase B has the amino 
acid sequence of the mature peptide of SEQ ID NO: 2 
Wherein at least one residue has been substituted and 
Wherein the substituted amino acid is at position 364 of SEQ 
ID NO: 2. In another aspect, modi?ed chondroitinase B 
enzymes contain at least one substitution but maintain one or 
more of the residues With binding or catalytic activity recited 
herein. In one embodiment, the residue is residue at position 
116, 184,213, 219, 245, 250, 271,272, 296, 298, 318, 333, 
363 or 364 of SEQ ID NO: 2. In another embodiment the 
residue is at position 250 of SEQ ID NO: 2. 

[0009] The modi?ed chondroitinase B enzymes may also 
be described as having a modi?ed product pro?le due to the 
interaction of the enzyme With substrate. The invention in 
some aspects is a modi?ed chondroitinase B having a 
modi?ed product pro?le, Wherein the modi?ed product 
pro?le of the modi?ed chondroitinase B is at least 10% 
different than a native product pro?le of a native chondroiti 
nase B. In other embodiments the modi?ed product pro?le 
of the modi?ed chondroitinase B is at least 50% different 
than a native product pro?le of a native chondroitinase B. In 
still other embodiments the modi?ed product pro?le is at 
least 20% different than a native product pro?le of a native 
chondroitinase B. 

[0010] In other aspects a modi?ed chondroitinase B hav 
ing a kCat or KM value for a substrate that is at least 10% 
different than a native chondroitinase B kCat or KM value is 
provided. In other embodiments the kCat or KM value is at 
least 20% different than a native chondroitinase B kCat or KM 
value. In still other embodiments the kCat or KM value is at 
least 50% different than a native chondroitinase B kCat or KM 
value. 

[0011] The invention in some aspects also provides an 
enzyme, characterized by an active site organized in a three 
dimensional space along an axis composed of 4 regions 
identi?ed as —2, —1, +1, and +2 and including at least the 
folloWing amino acid residues positioned along the axis at 
the de?ned points 4 basic amino acids and 1 polar amino 
acid in —2 region, 2 basic amino acids and 1 acidic amino 
acid in —1 region and +1 region, and 2 basic amino acids in 
+2 region, Wherein the enzyme does not have the primary 
sequence of native chondroitinase B. In some embodiments 
of the invention the enzyme includes at least the folloWing 
amino acid residues positioned along the axis at the de?ned 
points 4 Arg, and 1 Phe in —2 region, 1Asn, 1 Glu, and 1 Arg 
in —1 region, 1 Lys, 1 Glu, and 1 His in +1 region, and 1 His 
and 1 Arg in +2 region. In still other embodiments the 
enzyme comprises 1 Arg and 1 Trp in —1 region. 

[0012] In some embodiments of the aforementioned 
enzymes, the substituted amino acid is a conservative amino 
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acid substitution. In other embodiments, the enzyme is a 
substantially puri?ed recombinant form. In some embodi 
ments the substrate for the enzyme is a polysaccharide. In 
still other embodiments the substrate is a long polysaccha 
ride. In still other embodiments the polysaccharide is a 
decasaccharide. In yet other embodiments the polysaccha 
ride is an octa-, hexa- or tetrasaccharide. In yet another 
embodiment the substrate for the enzymes is a glycosami 
noglycan. 
[0013] The modi?ed chondroitinase B and preparations 
may be utilized for various purposes. In some aspects a 
method of speci?cally cleaving chondroitin sulfate, com 
prising contacting chondroitin sulfate With the modi?ed 
chondroitinase B is provided. In other embodiments the 
method is a method of speci?cally cleaving dermatan sul 
fate. In other embodiments a method of removing chon 
droitin sulfate from a chondroitin sulfate containing ?uid is 
provided. In still other embodiments the method is a method 
of removing dermatan sulfate from a dermatan sulfate 
containing ?uid. The method is, in some embodiments, a 
method for sequencing chondroitin sulfate oligosaccharides. 
In other embodiments the method is a method for sequenc 
ing dermatan sulfate oligosaccharides. The invention also 
provides in some aspects an immobilized modi?ed chon 
droitinase B comprising a modi?ed chondroitinase and a 
solid support membrane, Wherein the modi?ed chondroiti 
nase B is immobilized on the solid support membrane. 

[0014] In some aspects a method of analyzing a sample of 
polysaccharides, comprising contacting the sample With the 
modi?ed chondroitinase B is provided. Another aspect is a 
method of identifying the presence of a particular polysac 
charide in a sample. In still other aspects a method of 
determining the purity of sample of polysaccharides is 
provided. In yet other aspects a method for determining the 
composition of a sample of polysaccharides is provided. 

[0015] In some aspects the invention relates to a method 
for purifying or isolating a recombinant enzyme. In some 
embodiments the recombinant enzyme is a polysaccharide 
degrading enzyme. In still another embodiment the recom 
binant enzyme is a chondroitinase. The method may involve 
the induction of a culture of cells containing a recombinant 
chondroitinase With an inducing agent for greater than four 
hours, folloWed by isolation of the recombinant chondroiti 
nase from the cells to produce a puri?ed chondroitinase. The 
method may also involve lysing a cell culture containing a 
recombinant chondroitinase having a terminal Histidine tag, 
and passing the recombinant chondroitinase over a charged 
Ni 2+ column to isolate the recombinant chondroitinase. 
According to yet other embodiments the inducing agent is 
isopropyl-B-D-thiogalactopyranoside (IPTG). 
[0016] In some embodiments the cells are incubated With 
the inducing agent at a temperature of between 200 and 260 
C. In other embodiments the cells are incubated With the 
inducing agent for at least 8 hours. In yet other embodiments 
the chondroitinase is chondroitinase AC or B. In yet other 
embodiments, the chondroitinase is a modi?ed chondroiti 
nase B. 

[0017] The modi?ed chondroitinase B or glycosaminogly 
can fragment produced With the modi?ed chondroitinase B 
is also useful for therapeutic purposes. The method in some 
embodiments is directed to modulating a condition With the 
modi?ed chondroitinase B or glycosaminoglycan fragment. 
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The invention in some embodiments is a method for inhib 
iting angiogenesis, by administering to a subject an effective 
amount of chondroitinase B for inhibiting angiogenesis. In 
other embodiments the chondroitinase B is administered 
directly to a tumor. A method for inhibiting maternal 
malarial infection, by administering to a subject in need 
thereof an e?fective amount for maternal malarial infection 
of the modi?ed chondroitinase B is also provided. In some 
embodiments a method for inhibiting anticoagulant activity 
of dermatan sulfates, comprising administering to a subject 
in need thereof an e?fective amount for inhibiting antico 
agulant activity of dermatan sulfates of the modi?ed chon 
droitinase B is also provided. In still other embodiments a 
method for treating osteoarthritis is provided. In other 
embodiments a method for treating cancer, by administering 
to a subject in need thereof an e?fective amount for treating 
cancer of the modi?ed chondroitinase B is provided. In still 
other embodiments the cancer is metastatic cancer. In yet 
other embodiments methods for modulating mitogenic 
activity (eg FGF-7 mitogenic activity), enhancing hepato 
cyte groWth factor/scatter factor activity and mediating cell 
signaling are provided. 

[0018] In some embodiments a pharmaceutical prepara 
tion is provided comprising a sterile formulation of chon 
droitinase B and a pharmaceutically acceptable carrier. In 
other embodiments a pharmaceutical preparation is provided 
comprising a glycosmaminoglycan fragment. In other 
embodiments the pharmaceutical preparation comprises a 
combination of di?ferent glycosaminoglycan fragments. 
Glycosaminoglycan fragments can be produced by the 
action of a modi?ed chondroitinase B alone or in combina 
tion With other enzymes. In other embodiments the chon 
droitinase B is administered in a biodegradable, biocompat 
ible polymeric delivery device. In still other embodiments 
the chondroitinase B or glycosaminoglycan fragment is 
administered in a pharmaceutically acceptable vehicle for 
injection. 
[0019] Each of the limitations of the invention can encom 
pass various embodiments of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can 
be included in each aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 represents the docking of the dermatan 
sulfate substrate in the active site of chondroitinase B. (A) 
StereovieW of conolly surface rendering of the active site of 
chondroitinase B With the docked dermatan sulfate tetrasac 
charide (green) and disaccharide product (orange) Whose 
orientation is replicated from the co-crystal structure. 
Although the direction of both the disaccharide product and 
the tetrasaccharide is the same from non-reducing end (close 
to C terminus above active site) to reducing end (close to 
N-terminus beloW the active site), the tetrasaccharide is 
positioned to completely occupy the active site. (B) Stick 
representation of the dermatan sulfate tetrasaccharide in the 
active site of chondroitinase B, colored according to the 
atoms (C: green, N: blue, 0: red and S: yelloW) (left) and the 
tWo dimensional schematic distribution of the active site 
residues (right). The side chains of the residues (single letter 
code and number) of the protein interacting With the tet 
rasaccharide are shoWn. Basic residues (Lys, Arg, Asn, His) 
are colored blue, acidic residues (Glu) are colored red, and 
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bulky aromatic residues (Phe, Trp) are colored purple. The 
subsite nomenclature is used to de?ne the orientation of the 
tetrasaccharide from —2 (nonreducing end) to +2 (reducing 
end) in the active site. Cleavage occurs betWeen the —1 and 
+1 site. 

[0021] FIG. 2 details the apparent internal symmetry in the 
active site of chondroitinase B. The grasp rendered vieW of 
the active site is shoWn on the left With the basic residues (H, 
K, R) colored in blue, acidic residues (D, E) colored in red, 
and bulky hydrophobic residue (F, Y, W) colored in pink. On 
the right is a tWo dimensional schematic of the residues With 
their sequence numbers encircled using the same color 
coding scheme as on the left. Also shoWn on the right is an 
arroW colored (gray) indicating the assumed direction of the 
dermatan sulfate in this study (point of arroW indicates the 
reducing end). There is an approximate tWo-fold symmetry 
in the distribution of the acidic, basic and, hydrophobic 
residues about an axis perpendicular to the helix of the 
dermatan sulfate oligosaccharide. 

[0022] FIG. 3 summarizes the capillary electrophoretic 
analysis of the dermatan sulfate reaction products for the 
catalytic mutations. (A) Recombinant chondroitinase B (20 
ug), (B) H272A, (C) E333A, and (D) K250A Were incubated 
With the 1 mg/ml dermatan sulfate for 12 hr at 30° C. 
Capillary electrophoretic analysis Was performed using an 
extended path-length cell and a voltage of 30 kV applied 
using reverse polarity. Saccharides Were injected into the 
capillary using hydrodynamic pressure and Were detected 
using an ultraviolet detector set at 232 nm. The running 
bulTer consisted of 50 mM Tris, 10 uM dextran sulfate that 
had been brought to a pH of 2.5 using phosphoric acid. The 
disulfated disaccharides, AUA-GalNAc2S4S and AUA 
GalNAc4S,6S, are indicated by “*” and “**”, respectively. 
(inset) Electropherogram of the AUA-GalNAc4S disaccha 
ride standard. 

[0023] FIG. 4 summarizes the capillary electrophoretic 
analysis of the reaction products for the substrate binding 
mutations. (A) R363A and (B) R364A Were incubated With 
1 mg/ml dermatan sulfate for 12 hr at 30° C. and analyzed 
using capillary electrophoresis. The length and sulfate com 
position of the additional peaks in the R364A digest (B) 
Were determined using MALDI-MS. Peak 1 is an octasac 
charide (1922.4 Da) With 5 sulfates. Peak 2 is a hexasac 
charide (1539.7 Da) With 5 sulfates. And Peak 3 is a 
tetrasaccharide (999.2 Da) With 3 sulfates. The disulfated 
disaccharides, AUA-GalNAc2S,4S and AUA-GalNAc4S, 
6S, are indicated by “*” and “**”, respectively. 

[0024] FIG. 5 provides the CD spectra of chondroitinase B 
and the K250A mutant The recombinant chondroitinase B 
(C) and the K250A mutant (0) Were concentrated and bulTer 
exchanged into 50 mM sodium phosphate bulTer, pH 7.0. 
Proteins Were analyzed in a quartz cell With 1 mm path 
length at 25° C. CD Spectra Were recorded betWeen 200 and 
270 nm With an average of 5 scans; the bandWidth Was set 
1.0 nm; and the scan rate Was 3 nm/min. The CD band 

intensitZies are expressed as molar ellipticities, BM, in 
deg~cm~dmol31 1. 
[0025] FIG. 6 illustrates the generation and puri?cation of 
de?ned DS oligosaccharides. DS Was partially digested With 
the chondroitinase B mutant, R364A, and the products Were 
separated on a Bio-gel P6 column. (A) Six distinct peaks 
With absorbance at 232 nm Were pooled, lyophilized, and 
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further separated using HPLC. Each peak Was analyzed 
using capillary electrophoresis and MALDI-MS to assess 
their purity and to as sign their identity. (B) A representative 
electropherogram of the DS oligosaccharide from peak 2 
con?rms its purity. (C) The major oligosaccharide from peak 
2 Was complexed With the basic peptide, (arg-gly)l5, and 
analyzed using MALDI-MS. Subtracting the mass of the 
peptide (3218.9 Da) from the mass of the oligosaccharide 
:peptide complex (5515.9 Da) yielded an oligosaccharide 
With a mass of 2297.0 Da, identifying peak 2 as a decasac 
charide With 5 sulfates. Peak 1 Was identi?ed as a dode 
casaccharide With 6 sulfates, peak 3 Was an octasaccharide 
With 4 sulfates, peak 4 Was a hexasaccharide With 3 sulfates, 
peak 5 Was a tetrasaccharide With 2 sulfates, and peak 6 Was 
a mono-sulfated disaccharide. 

[0026] FIG. 7 provides the structure of relevant DS oli 
gosaccharides. (A) A ?ve-sulfated decasaccharide derived 
from the partial enzymatic digest of DS. The decasaccharide 
is characterized by sulfates at the 4-0 position of each 
GalNAc, IdoA epimers of the uronic acids, and a N1’5 
unsaturated double bond at the non-reducing end. (B) A 
three-sulfated hexasaccharide derived from the partial enzy 
matic digest of DS. (C) The same hexasaccharide as in (B) 
With a semicarbazide mass tag attached to its reducing end. 
The presence of the semicarbazide label enabled tracking of 
the reducing end disaccharide during the enzymatic degra 
dation by capillary electrophoresis and MALDI-MS. The 
decasaccharide in (A) Was also labeled in a similar fashion. 
(D) A schematic representation of the semicarbazide labeled 
hexasaccharide in (C). The triangle represents the non 
reducing end 4-sulfated disaccharide With the A4’5 double 
bond. Each circle is a 4-sulfated disaccharide and the star 
represents the semicarbazide label on the reducing end of the 
oligosaccharide. The arroWs indicate potential cleavable 
bonds at site I and site II. (E) A schematic representation of 
a semicarbazide labeled decasaccharide. The shapes are the 
same as described for the hexasaccharide in (D). The 
decasaccharide has four cleavable bonds; tWo terminal, 
exolytic bonds (site I and IV) and tWo internal, endolytic 
bonds (site II and III). 

[0027] FIG. 8 provides results of chondroitinase B degra 
dation of Deca. Chondroitinase B Was incubated With the 
?ve-sulfated decasaccharide for de?ned period of times, and 
the enzymatic products Were analyzed by CE. The resulting 
peak areas in the electropherogram Were converted to molar 
concentrations and plotted versus time. (A) During the 120 
min. digestion of Deca (i), there Was an initial appearance of 
Tetra (I) and Hexa (A) With very little Octa (x) and Di (0) 
products indicating that chondroitinase B is an endolytic 
enzyme. (B) This observation Was con?rmed by examining 
the products of the enzymatic reaction during the ?rst 60 s. 
Later in the reaction time course as Deca Was depleted (A), 
the concentration of Hexa decreased With a concomitant 
increase in Di and Tetra, implying that chondroitinase B 
prefers longer substrates (Deca) to shorter ones (Hexa). 

[0028] FIG. 9 provides results from the digestion of Hexa 
sc. A hexasaccharide labeled at the reducing end Was 
digested With chondroitinase B (A) and the R364A mutant 
(B) and analyzed using capillary electrophoresis. (A) The 
initial reaction products resulting from the digestion of the 
Hexa-sc (H-sc) substrate by chondroitinase B are Tetra (T), 
Tetra-sc (T-sc), Di and Di-sc. (B) There Was a noticeable 
increase in the relative concentration of T-sc and Di pro 
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duced When H-sc Was degraded by R364A, suggesting that 
this mutant has an altered mode of action When compared to 
chondroitinase B. (* denotes the remaining unlabeled Hexa 
impurity from the semicarbazide labeling) 

[0029] FIG. 10 provides the results of the digestion of 
Deca-sc. A decasaccharide labeled at the reducing end With 
semicarbazide Was digested With chondroitinase B (A) and 
the R364A mutant (B) and analyzed by capillary electro 
phoresis. (A) The major products of the digestion of Deca-sc 
(D-sc) Were Hexa-sc (H-sc), Hexa (H), Tetra-sc (T-sc), and 
Tetra (T). The higher relative amounts of T and H-sc indicate 
that chondroitinase B acts in a non-random fashion, prefer 
ring to cleave the internal bond proximal to the reducing end 
to the internal bond nearest the non-reducing end. (B) 
Digestion of D-sc With the R3 64A mutant produces the same 
products as in the chondroitinase B digestion. HoWever, the 
relative amount of each product is different implying that the 
R364A mutant has lost the non-random aspect of the mode 
of action, thus cleaving both internal bonds With near equal 
ef?ciency. (* denotes the remaining unlabeled Deca impurity 
from the semicarbazide labeling) 

DETAILED DESCRIPTION 

[0030] Dermatan sulfate (DS) is a member of the gly 
cosaminoglycan (GAG) family of complex polysaccharides 
that also includes chondroitin sulfate (CS), heparin/heparan 
sulfate (HSGAG), keratan sulfate, and hyaluronic acid. 
Chondroitin sulfate and dermatan sulfate glycosaminogly 
can polysaccharides, have been implicated in biological 
processes ranging from osteoarthritis to anticoagulation. 
Dermatan sulfate is emerging as an important regulator of 
cellular signaling processes. An over-sulfated hexasaccha 
ride found in D8 that binds heparin cofactor II and promotes 
a 1000-fold increase in anticoagulation is the most charac 
terized biological paradigm for DS (Maimone, M. M., and 
Tollefsen, D. M. (1991) J Biol Chem 266, 14830; Mascel 
lani, G., Liverani, L., Bianchini, P., Parma, B., Torri, G., 
Bisio, A., Guerrini, M., and Casu, B. (1993) Biochem J 296, 
639-48). Several recent studies have implicated DS in pro 
moting FGF-7 mitogenic activity (TroWbridge, J. M., Rud 
isill, J. A., Ron, D., and Gallo, R. L. (2002) J Biol Chem 277, 
42815-20) and enhancing the activity of hepatocyte groWth 
factor/ scatter factor (Lyon, M., Deakin, J. A., Rahmoune, H., 
Fernig, D. G., Nakamura, T., and Gallagher, J. T. (1998) J 
Biol Chem 273, 271-8; Lyon, M., Deakin, J. A., and Gal 
lagher, J. T. (2002) J Biol Chem 277, 1040-6), suggesting an 
important role for DS in mediating cell signaling. One of the 
major hurdles in studying the biochemistry of DS as Well as 
the other GAGs has been dealing With their overall structural 
heterogeneity and negative charge (Ernst, S., Langer, R., 
Cooney, C. L., and Sasisekharan, R. (1995) Crit Rev Bio 
chem Mol Biol 30, 387-444). 

[0031] Found as a proteoglycan linked to a variety of core 
proteins on the cell surface or in the extracellular matrix, DS 
chains are composed a disaccharide repeat of a uronic acid 
ot/[3(1%3)-linked to a N-acetyl-D-galactosamine (GalNAc). 
Each disaccharide unit is, in turn, [3(1Q4)-linked to an 
adjacent disaccharide forming the DS chain (TroWbridge, J. 
M., and Gallo, R. L. (2002) Glycobiology 12, 117R-25R). 
The hallmark modi?cation of DS is sulfation at the 4-0 
position of the GalNAc With sulfation also occurring at the 
2-0 position of the uronic acid and 6-0 position of the 
GalNAc and rare sulfation at the 3-0 position of the uronic 
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acid (Ernst, S., Langer, R., Cooney, C. L., and Sasisekharan, 
R. (1995) Crit Rev Biochem M01 Biol 30, 387-444; Suga 
hara, K., Tanaka, Y., Yamada, S., Seno, N., KitagaWa, H., 
Haslam, S. M., Morris, H. R., and Dell, A. (1996) J Biol 
Chem 271, 26745-54). In addition, the uronic acid can be 
epimerized at the C5 position from glucuronic acid (GlcA) 
to iduronic acid (IdoA) leading to further structural hetero 
geneity (Ernst, S., Langer, R., Cooney, C. L., and Sasisekha 
ran, R. (1995) Crit Rev Biochem Mol Biol 30, 387-444). 

[0032] Polysaccharide lyases have important utility not 
only for elucidating the structure and function of these 
glycosaminoglycans but also for therapeutic purposes due to 
their cleavage of these substrates. Chondroitinase B from 
Flavobacterium heparinum is the only knoWn lyase that 
cleaves dermatan sulfate as its sole substrate (Ernst, S., 
Langer, R., Cooney, C. L., and Sasisekharan, R. (1995) Crit 
Rev Biochem Mol Biol 30, 387-444). The sequence of 
chondroitinase B is Well knoWn in the art. For instance, 
GenBank Accession number U27584 provides the nucleic 
acid and amino acid sequence of chondroitinase B from 
Flavobacterium heparinum. SEQ ID NO: 1 is the nucleic 
acid of chondroitinase B, While SEQ ID NO: 2 provides the 
amino acid sequence. The GenBank record further provides 
the sequences of the signal and mature peptides. The 
“mature peptide” is the sequence of chondroitinase B sans 
the signal peptide sequence. The nucleic acid and amino acid 
sequences of chondroitinase B from Flavobacterium hep 
arinum are also provided is US. issued patents US. Pat. 
Nos. 6,054,569 and 6,093,563, issuedApr. 25, 2000 and Jul. 
25, 2000, respectively. Additional information from crystal 
structures of chondroitinase B are also provided in GenBank 
(e.g. GenBank Accession numbers 1DBOA and 1DBGA). 

[0033] GAG-degrading lyases, such as chondroitinase B, 
from F heparinum are thought to cleave their DS substrates 
through a concerted [3-elimination mechanism originally 
proposed by Gassman and Gerlt (Gerlt, J. A., and Gassman, 
P. G. (1993) Biochemistry 32, 11943-52). The ?rst step in the 
proposed reaction is the abstraction of the C5 proton on the 
GalNAc moiety by a basic amino acid forming an enolate 
intermediate. The enzyme stabilizes this carbanion interrne 
diate usually via a positively charged, hydrophilic amino 
acid (Gerlt, J. A., and Gassman, P. G. (1993) Biochemistry 
32, 11943-52 and Gacesa, P. (1992) Int. J. Biochem. 24, 
545-52). The ?nal step of reaction mechanism involves 
protonation of the anomeric oxygen by an acidic residue 
With concomitant [3-elimination of the uronic acid resulting 
an unsaturated A4’5 bond (Gerlt, J. A., and Gassman, P. G. 
(1993) Biochemistry 32, 11943-52 and Gacesa, P. (1992) Int. 
J. Biochem. 24, 545-52). 

[0034] The roles of speci?c active site amino acids in the 
catalytic function of chondroitinase B Were assessed by 
docking a dermatan sulfate tetrasaccharide into the proposed 
active site of the enzyme. Our conformational analysis also 
revealed a unique, symmetrical arrangement of active site 
amino acids that may impinge on the catalytic mechanism of 
action of chondroitinase B. The catalytic residues, Lys250, 
Arg271, His272, and Glu333 along With the substrate bind 
ing residues, Arg363 and Arg364, Were mutated using site 
directed mutagenesis, and the kinetics and product pro?le of 
each mutant Were compared to recombinant chondroitinase 
B. Mutating Lys250 to alanine resulted in inactivation of the 
enzyme, potentially attributable to the residue’s role in 
stabilizing the carbanion intermediate formed during enzy 
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matic catalysis. The His272 and Glu333 mutants shoWed 
diminished enzymatic activity that could be indicative of a 
possible role for one or both residues in the abstraction of the 
C5 proton from the galactosamine. In addition, the Arg364 
mutant had an altered product pro?le after exhaustive diges 
tion of dermatan sulfate suggesting a role for this residue in 
de?ning the substrate speci?city of chondroitinase B. The 
Arg364 mutant exhibited altered the enzyme’s kinetic activ 
ity likely through changes in substrate binding. This dem 
onstrates an altered mode of action pattern con?rming this 
residue’s role in substrate processing. 

[0035] Several discoveries described herein therefore con 
tribute to the molecular understanding of chondroitinase B 
depolymerization of CS/DS oligosaccharides. Based on our 
molecular characterization of chondroitinase B, both H272A 
and E333A shoWed altered kinetics When compared With the 
recombinant chondroitinase B. Both of these mutations lead 
to a slight reduction in Km While drastically reducing kcat. In 
addition to kinetic analysis, each of the mutant enzymes and 
the recombinant chondroitinase B Were alloWed to exhaus 
tively digest dermatan sulfate to determine changes in 
product pro?le. A comparison betWeen the ratio of the 
AUA-GalNAc4S peak to the total peak area of the mutant 
digests and the recombinant enzyme shoWed that H272A 
and E333A demonstrated full enzymatic activity suggesting 
that, While His272 and Glu333 are important in the active 
site chemistry, chondroitinase B can still function Without 
them. The His272 and Glu333 mutants’ diminished enzy 
matic activity could be indicative of a possible role for one 
or both residues in the abstraction of the C5 proton from the 
galactosamine. Changing Lys250, hoWever, to alanine 
ablated the activity of chondroitinase B suggesting that 
Lys250 is important for the catalytic activity of chondroiti 
nase B, likely attributable to the residue’s role in stabilizing 
the carbanion intermediate formed during enzymatic cataly 
sis. Along With the active site residues discussed above, 
Arg271 Was mutated to alanine. The R271A mutant Was 
expressed at comparable levels to the recombinant chon 
droitinase B, but Was completely insoluble. Taken together, 
these results suggest that Lys250, His272, Glu333, and 
possibly Arg271 are involved in the catalytic degradation of 
dermatan sulfate by chondroitinase B. 

[0036] In addition to catalytic residues, tWo basic residues 
proximal to subsites —1 and —2, Arg363 and Arg364, Were 
selected for mutagenesis. The R363A mutant had a tWo-fold 
increase in kCaL/Km Which suggests that removal of Arg363 
alloWs for a slight increase in catalytic ef?ciency in chon 
droitinase B. In contrast, mutating Arg364 to alanine led to 
a loss of activity in the real-time kinetic assay and an altered 
product pro?le after exhaustive digestion of dermatan sul 
fate. As suggested by our analyses, Arg364 is important for 
the proper substrate binding and digestion of dermatan 
sulfate by chondroitinase B. From compositional analysis it 
also appears that Arg364 is involved in chondroitinase B’s 
ability to recognize and cleave regions containing AUA 
GalNAc4S, 6S in dermatan sulfate. 

[0037] One of ordinary skill in the art is enabled, in light 
of the present disclosure, to produce modi?ed chondroiti 
nase B by standard technology, including recombinant tech 
nology, direct synthesis, mutagenesis, etc. For instance, one 
may produce the modi?ed chondroitinase B having an 
amino acid sequence of the mature peptide of SEQ ID NO: 
2 or conservative substitutions thereof, Wherein at least one 
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residue at a position selected from the group consisting of 
116, 184, 213, 219, 245, 250, 271, 272, 296, 298, 318, 333, 
363 and 364 of SEQ ID NO: 2 has been substituted or 
deleted. One of skill in the art may also substitute appro 
priate codons to produce the desired amino acid substitu 
tions in SEQ ID NO:2 by standard site-directed mutagenesis 
techniques. It is possible to use any sequence Which differs 
from the nucleic acid equivalents of SEQ ID NO:2 only due 
to the degeneracy of the genetic code as the starting point for 
site directed mutagenesis. The mutated nucleic acid 
sequence may then be ligated into an appropriate expression 
vector and expressed in a host such as F heparinum or E. 
coli. The resultant modi?ed chondroitinase B may then be 
puri?ed by techniques knoWn by those of ordinary skill in 
the art, including those disclosed beloW. 

[0038] In some embodiments the modi?ed chondroitinase 
B is in substantially pure form. As used herein, the term 
“substantially pure” means that the proteins are essentially 
free of other substances to an extent practical and appropri 
ate for their intended use. In particular, the proteins are 
su?iciently pure and are sufficiently free from other biologi 
cal constituents of their hosts cells so as to be useful in, for 
example, protein sequencing, or producing pharmaceutical 
preparations. Polypeptides can be isolated from biological 
samples, and can also be expressed recombinantly in a 
variety of prokaryotic and eukaryotic expression systems by 
constructing an expression vector appropriate to the expres 
sion system, introducing the expression vector into the 
expression system, and isolating the recombinantly 
expressed protein. Polypeptides can also be synthesiZed 
chemically using Well-established methods of peptide syn 
thesis. In some embodiments, chondroitinase B in a sub 
stantially puri?ed recombinant form is a preparation of 
modi?ed chondroitinase B Which has been recombinantly 
synthesiZed and Which is greater then 90% free of contami 
nants. Preferably, the material is greater than 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, or even greater then 99% 
free of contaminants. The degree of purity may be assessed 
by means knoWn in the art. 

[0039] As used herein With respect to polypeptides, “iso 
lated” means separated from its native environment and 
present in su?icient quantity to permit its identi?cation or 
use. Isolated, When referring to a protein or polypeptide, 
means, for example: (i) selectively produced by expression 
cloning or (ii) puri?ed as by chromatography or electro 
phoresis. Isolated proteins or polypeptides may be, but need 
not be, substantially pure. Because an isolated polypeptide 
may be admixed With a pharmaceutically acceptable carrier 
in a pharmaceutical preparation, the polypeptide may com 
prise only a small percentage by Weight of the preparation. 
The polypeptide is nonetheless isolated in that it has been 
separated from the substances With Which it may be asso 
ciated in living systems, i.e., isolated from other proteins. 

[0040] A “modi?ed chondroitinase B polypeptide” is a 
polypeptide Which contains one or more modi?cations to the 
primary amino acid sequence of a chondroitinase B polypep 
tide. Modi?cations Which create a modi?ed chondroitinase 
B polypeptide may be made recombinantly to the nucleic 
acid Which encodes the modi?ed chondroitinase B polypep 
tide, and can include deletions, point mutations, truncations, 
amino acid substitutions and addition of amino acids or 
non-amino acid moieties to (as described herein): 1) alter 
enZymatic activity; 2) provide a novel activity or property to 
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a modi?ed chondroitinase B polypeptide, such as addition of 
a detectable moiety; or 3) to provide equivalent, greater or 
lesser interaction With other molecules (e.g., chondroitin 
sulfate and dermatan sulfate). Alternatively, modi?cations 
can be made directly to the polypeptide, such as by cleavage, 
and the like. Modi?cations also embrace fusion proteins 
comprising all or part of the modi?ed chondroitinase B 
amino acid sequence. 

[0041] Mutations can be made by selecting an amino acid 
substitution, or by random mutagenesis of a selected site in 
a nucleic acid Which encodes the polypeptide. Modi?ed 
polypeptides are then expressed and tested for one or more 
activities to determine Which mutation provides a modi?ed 
polypeptide With the desired properties. 

[0042] Methods for making amino acid substitutions, 
additions or deletions are Well knoWn in the art. The terms 
“conservative substitution”, “non-conservative substitu 
tions”, “non-polar amino acids”, “polar amino acids”, and 
“acidic amino acids” are all used consistently With the prior 
art terminology. Each of these terms is Well-knoWn in the art 
and has been extensively described in numerous publica 
tions, including standard biochemistry text books, such as 
“Biochemistry” by Geoffrey Zubay, Addison-Wesley Pub 
lishing Co., 1986 edition, Which describes conservative and 
non-conservative substitutions, and properties of amino 
acids Which lead to their de?nition as polar, non-polar or 
acidic. 

[0043] One type of amino acid substitution is referred to as 
a “conservative substitution.” As used herein, a “conserva 
tive amino acid substitution” or “conservative substitution” 
refers to an amino acid substitution in Which the substituted 
amino acid residue is of similar charge as the replaced 
residue and is of similar or smaller siZe than the replaced 
residue. Conservative substitutions of amino acids include 
substitutions made amongst amino acids Within the folloW 
ing groups: (a) the small non-polar amino acids, A, M, I, L, 
and V; (b) the small polar amino acids, G, S, T and C; (c) the 
amido amino acids, Q and N; (d) the aromatic amino acids, 
F, Y and W; (e) the basic amino acids, K, R and H; and (f) 
the acidic amino acids, E and D. Substitutions Which are 
charge neutral and Which replace a residue With a smaller 
residue may also be considered “conservative substitutions” 
even if the residues are in different groups (e. g., replacement 
of phenylalanine With the smaller isoleucine). The term 
“conservative amino acid substitution” also refers to the use 
of amino acid analogs or variants. 

[0044] Additionally, some of the amino acid substitutions 
are non-conservative substitutions. Non-conservative sub 
stitutions, such as betWeen, rather than Within, the above 
groups (or tWo other amino acid groups not shoWn above), 
Which Will differ more signi?cantly in their effect on main 
taining (a) the structure of the peptide backbone in the area 
of the substitution (b) the charge or hydrophobicity of the 
molecule at the target site, or (c) the bulk of the side chain. 

[0045] The modi?ed chondroitinase B has speci?c substi 
tutions in speci?ed portions of the peptide. In addition to 
these substitutions Which may be conservative or non 
conservative, other regions of the peptide may include 
conservative substitutions that do not impact the activity of 
the modi?ed chondroitinase B. One skilled in the art Will 
appreciate that the effect of a particular substitution can be 
evaluated by routine screening assays, preferably the bio 
logical assays described herein. 
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[0046] According to the invention, isolated nucleic acid 
molecules that code for a modi?ed chondroitinase B 
polypeptide are provided and include: (a) nucleic acid 
molecules Which hybridize under stringent conditions to the 
nucleic acid equivalent Which codes for a modi?ed chon 
droitinase B polypeptide as described herein or parts thereof, 
(b) deletions, additions and substitutions of (a) Which code 
for a respective modi?ed chondroitinase B polypeptide or 
parts thereof, (c) nucleic acid molecules that differ from the 
nucleic acid molecules of (a) or (b) in codon sequence due 
to the degeneracy of the genetic code, and (d) complements 
of (a), (b) or (c). 

[0047] In certain embodiments, the nucleic acid molecule 
that codes for a modi?ed chondroitinase B is highly homolo 
gous to the nucleic acid molecules described herein. Pref 
erably the homologous nucleic acid molecule comprises a 
nucleotide sequence that is at least about 90% identical to 
the nucleotide sequence provided herein. More preferably, 
the nucleotide sequence is at least about 95% identical, at 
least about 97% identical, at least about 98% identical, or at 
least about 99% identical to the nucleotide sequence pro 
vided herein. The homology can be calculated using various, 
publicly available softWare tools Well knoWn to one of 
ordinary skill in the art. Exemplary tools include the BLAST 
system available from the Website of the National Center for 
Biotechnology Information (N CBI) at the National Institutes 
of Health. 

[0048] As used herein With respect to nucleic acids, the 
term “isolated” means: (i) ampli?ed in vitro by, for example, 
polymerase chain reaction (PCR); (ii) recombinantly pro 
duced by cloning; (iii) puri?ed, as by cleavage and gel 
separation; or (iv) synthesized by, for example, chemical 
synthesis. An isolated nucleic acid is one Which is readily 
manipulable by recombinant DNA techniques Well knoWn in 
the art. Thus, a nucleotide sequence contained in a vector in 
Which 5' and 3' restriction sites are knoWn or for Which 
polymerase chain reaction (PCR) primer sequences have 
been disclosed is considered isolated but a nucleic acid 
sequence existing in its native state in its natural host is not. 
An isolated nucleic acid may be substantially puri?ed, but 
need not be. For example, a nucleic acid that is isolated 
Within a cloning or expression vector is not pure in that it 
may comprise only a tiny percentage of the material in the 
cell in Which it resides. Such a nucleic acid is isolated, 
hoWever, as the term is used herein because it is readily 
manipulable by standard techniques knoWn to those of 
ordinary skill in the art. 

[0049] Optionally the modi?ed chondroitinase B is recom 
binantly produced. Such molecules may be recombinantly 
produced using a vector including a coding sequence oper 
ably joined to one or more regulatory sequences. As used 
herein, a coding sequence and regulatory sequences are said 
to be “operably joined” When they are covalently linked in 
such a Way as to place the expression or transcription of the 
coding sequence under the in?uence or control of the 
regulatory sequences. If it is desired that the coding 
sequences be translated into a functional protein the coding 
sequences are operably joined to regulatory sequences. TWo 
DNA sequences are said to be operably joined if induction 
of a promoter in the 5' regulatory sequences results in the 
transcription of the coding sequence and if the nature of the 
linkage betWeen the tWo DNA sequences does not (1) result 
in the introduction of a frame-shift mutation, (2) interfere 
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With the ability of the promoter region to direct the tran 
scription of the coding sequences, or (3) interfere With the 
ability of the corresponding RNA transcript to be translated 
into a protein. Thus, a promoter region Would be operably 
joined to a coding sequence if the promoter region Were 
capable of effecting transcription of that DNA sequence such 
that the resulting transcript might be translated into the 
desired protein or polypeptide. 

[0050] The precise nature of the regulatory sequences 
needed for gene expression may vary betWeen species or cell 
types, but shall in general include, as necessary, 5' non 
transcribing and 5' non-translating sequences involved With 
initiation of transcription and translation respectively, such 
as a TATA box, capping sequence, CAAT sequence, and the 
like. Especially, such 5' non-transcribing regulatory 
sequences Will include a promoter region Which includes a 
promoter sequence for transcriptional control of the oper 
ably joined gene. Promoters may be constitutive or induc 
ible. Regulatory sequences may also include enhancer 
sequences or upstream activator sequences, as desired. 

[0051] As used herein, a “vector” may be any of a number 
of nucleic acids into Which a desired sequence may be 
inserted by restriction and ligation for transport betWeen 
different genetic environments or for expression in a host 
cell. Vectors are typically composed of DNA although RNA 
vectors are also available. Vectors include, but are not 
limited to, plasmids and phagemids. A cloning vector is one 
Which is able to replicate in a host cell, and Which is further 
characterized by one or more endonuclease restriction sites 
at Which the vector may be cut in a determinable fashion and 
into Which a desired DNA sequence may be ligated such that 
the neW recombinant vector retains its ability to replicate in 
the host cell. In the case of plasmids, replication of the 
desired sequence may occur many times as the plasmid 
increases in copy number Within the host bacterium, or just 
a single time per host as the host reproduces by mitosis. In 
the case of phage, replication may occur actively during a 
lytic phase or passively during a lysogenic phase. An expres 
sion vector is one into Which a desired DNA sequence may 
be inserted by restriction and ligation such that it is operably 
joined to regulatory sequences and may be expressed as an 
RNA transcript. Vectors may further contain one or more 
marker sequences suitable for use in the identi?cation of 
cells Which have or have not been transformed or transfected 
With the vector. Markers include, for example, genes encod 
ing proteins Which increase or decrease either resistance or 
sensitivity to antibiotics or other compounds, genes Which 
encode enzymes Whose activities are detectable by standard 
assays knoWn in the art (e.g., [3-galactosidase or alkaline 
phosphatase), and genes Which visibly affect the phenotype 
of transformed or transfected cells, hosts, colonies or 
plaques. Preferred vectors are those capable of autonomous 
replication and expression of the structural gene products 
present in the DNA segments to Which they are operably 
joined. 

[0052] The term “high stringency conditions” as used 
herein refers to parameters With Which the art is familiar. 
Nucleic acid hybridization parameters may be found in 
references that compile such methods, eg Molecular Clon 
ing: A Laboratory Manual, J. Sambrook, et al., eds., Second 
Edition, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NeW York, 1989, or Current Protocols in Molecular 
Biology, F. M. Ausubel, et al., eds., John Wiley & Sons, Inc., 
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New York. One example of high-stringency conditions is 
hybridization at 65° C. in hybridization buffer (3.5><SSC, 
0.02% Ficoll, 0.02% polyvinyl pyrrolidone, 0.02% Bovine 
Serum Albumin, 2.5 mM NaH2PO4(pH7), 0.5% SDS, 2mM 
EDTA). SSC is 0.15 M sodium chloride/0.015 M sodium 
citrate, pH7; SDS is sodium dodecyl sulphate; and EDTA is 
ethylenediaminetetracetic acid. After hybridization, a mem 
brane upon Which the nucleic acid is transferred is Washed, 
for example, in 2><SSC at room temperature and then at 
0.1-0.5><SSC/0.1><SDS at temperatures up to 680 C. There 
are other conditions, reagents, and so forth Which can be 
used, Which result in the same degree of stringency. A skilled 
artisan Will be familiar With such conditions, and thus they 
are not given here. 

[0053] The skilled artisan also is familiar With the meth 
odology for screening cells for expression of such mol 
ecules, Which then are routinely isolated, folloWed by iso 
lation of the pertinent nucleic acid. Thus, homologs and 
alleles of the modi?ed chondroitinase B, as Well as nucleic 
acids encoding the same, may be obtained routinely, and the 
invention is not intended to be limited to the speci?c 
sequences disclosed. 

[0054] For prokaryotic systems, plasmid vectors that con 
tain replication sites and control sequences derived from a 
species compatible With the host may be used. Examples of 
suitable plasmid vectors include pBR322, pUC18, pUCl9 
and the like; suitable phage or bacteriophage vectors include 
kgt10, kgtll and the like; and suitable virus vectors include 
pMAM-neo, pKRC and the like. Preferably, the selected 
vector of the present invention has the capacity to autono 
mously replicate in the selected host cell. Useful prokaryotic 
hosts include bacteria such as E. coli, Flavobaclerium 
heparinum, Bacillus, Slreplomyces, Pseudomonas, Salmo 
nella, Serralia, and the like. 

[0055] To express the modi?ed chondroitinase B in a 
prokaryotic cell, it is desirable to operably join the nucleic 
acid sequence of a modi?ed chondroitinase B to a functional 
prokaryotic promoter. Such promoter may be either consti 
tutive or, more preferably, regulatable (i.e., inducible or 
derepressible). Examples of constitutive promoters include 
the int promoter of bacteriophage 7», the bla promoter of the 
[3-lactamase gene sequence of pBR322, and the CAT pro 
moter of the chloramphenicol acetyl transferase gene 
sequence of pPR325, and the like. Examples of inducible 
prokaryotic promoters include the major right and left 
promoters of bacteriophage 7» (PL and PIQ, the trp, recA, 
lacZ, lacl, and gal promoters of E. coli, the ot-amylase 
(Ulmanen et al., J. Bacteriol. 1621176-182 (1985)) and the 
E-28-speci?c promoters of B. sublilis (Gilmari et al., Gene 
sequence 32111-20 (1984)), the promoters of the bacterioph 
ages ofBacillus (Gryczah, In: The Molecular Biology oflhe 
Bacilli, Academic Press, Inc., NY (1982)), and Slreplomyces 
promoters (Ward et al., Mol. Gen. Genet. 2031468-478 
(1986)). 
[0056] Prokaryotic promoters are revieWed by Glick (J. 
Ind. Microbiol. 11277-282 (1987)); Cenatiempo (Biochimie 
681505-516 (1986)); and Gottesman (Ann. Rev. Genet. 
181415-442 (1984)). 
[0057] Proper expression in a prokaryotic cell also 
requires the presence of a ribosome binding site upstream of 
the encoding sequence. Such ribosome binding sites are 
disclosed, for example, by Gold et al. (Ann. Rev. Microbiol. 
351365-404 (1981)). 

Mar. 22, 2007 

[0058] Because prokaryotic cells may not produce the 
modi?ed chondroitinase B With normal eukaryotic glycosy 
lation, expression of the modi?ed chondroitinase B in 
eukaryotic hosts is useful When glycosylation is desired. 
Preferred eukaryotic hosts include, for example, yeast, 
fungi, insect cells, and mammalian cells, either in vivo or in 
tissue culture. Mammalian cells Which may be useful as 
hosts include HeLa cells, cells of ?broblast origin such as 
VERO or CHO-Kl, or cells of lymphoid origin, such as the 
hybridoma SP2/0-AG14 or the myeloma P3x63Sg8, and 
their derivatives. Preferred mammalian host cells include 
SP2/0 and J 558L, as Well as neuroblastoma cell lines such 
as IMR 332 that may provide better capacities for correct 
post-translational processing. Embryonic cells and mature 
cells of a transplantable organ also are useful according to 
some aspects of the invention. 

[0059] In addition, plant cells are also available as hosts, 
and control sequences compatible With plant cells are avail 
able, such as the nopaline synthase promoter and polyade 
nylation signal sequences. 

[0060] Another preferred host is an insect cell, for 
example in Drosophila larvae. Using insect cells as hosts, 
the Drosophila alcohol dehydrogenase promoter can be used 
(Rubin, Science 24011453-1459 (1988)). Alternatively, 
baculovirus vectors can be engineered to express large 
amounts of the modi?ed chondroitinase B in insect cells 
(Jasny, Science 23811653 (1987); Miller et al., In: Genetic 
Engineering (1986), SetloW, J. K., et al., eds., Plenum, Vol. 
8, pp. 277-297). 

[0061] Any of a series of yeast gene sequence expression 
systems Which incorporate promoter and termination ele 
ments from the genes coding for glycolytic enzymes and 
Which are produced in large quantities When the yeast are 
groWn in media rich in glucose may also be utilized. Known 
glycolytic gene sequences can also provide very ef?cient 
transcriptional control signals. Yeast provide substantial 
advantages in that they can also carry out post-translational 
peptide modi?cations. A number of recombinant DNA strat 
egies exist Which utilize strong promoter sequences and high 
copy number plasmids Which can be utilized for production 
of the desired proteins in yeast. Yeast recognize leader 
sequences on cloned mammalian gene sequence products 
and secrete peptides bearing leader sequences (i.e., pre 
peptides). 

[0062] A Wide variety of transcriptional and translational 
regulatory sequences may be employed, depending upon the 
nature of the host. The transcriptional and translational 
regulatory signals may be derived from viral sources, such 
as adenovirus, bovine papilloma virus, simian virus, or the 
like, Where the regulatory signals are associated With a 
particular gene sequence Which has a high level of expres 
sion. Alternatively, promoters from mammalian expression 
products, such as actin, collagen, myosin, and the like, may 
be employed. Transcriptional initiation regulatory signals 
may be selected Which alloW for repression or activation, so 
that expression of the gene sequences can be modulated. Of 
interest are regulatory signals Which are temperature-sensi 
tive so that by varying the temperature, expression can be 
repressed or initiated, or Which are subject to chemical (such 
as metabolite) regulation. 

[0063] The modi?ed chondroitinase B is useful as an 
enzymatic tool due to its substrate speci?city and speci?c 












































