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DELTA 4, 5 GLYCURONIDASE AND USES 
THEREOF 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119 from Us. provisional application serial No. 60/377, 
488 ?led May 3, 2002, the entire contents of Which is 
incorporated by reference. 

GOVERNMENT SUPPORT 

[0002] Aspects of the invention may have been made 
using funding from National Institutes of Health Grant 
number NIHGM57073 and CA090940. Accordingly, the 
Government may have rights in the invention. 

FIELD OF THE INVENTION 

[0003] The invention relates to A4, 5 glycuronidase and 
uses thereof. In particular, the invention relates to substan 
tially pure A4, 5 glycuronidase Which is useful for a variety 
of purposes, including analysis of glycosaminoglycans 
(GAGs), sequencing, identifying, quantifying and purifying 
glycosaminoglycans present in a sample, removing gly 
cosaminoglycans, such as heparin, from a solution and 
inhibiting angiogenesis, controlling coagulation, etc. The 
invention also relates to methods of treating cancer and 
inhibiting cellular proliferation and/or metastasis using A4, 
5 glycuronidase and/or GAG fragments produced by enZy 
matic cleavage With A4, 5 glycuronidase. 

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 Acta 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 Couchinan, J. R. (2000) Int] Biochem Cell 
Biol 32, 269-88] requisite for cell groWth and differentiation, 
cell adhesion and migration, and tissue norphogenesis. 

[0005] Heparan sulfate like glycosaminoglycans (GAGS 
or HSGAGs) are present both at the cell surface and in the 
extracellular matrix. Heparin-like glycosaminoglycans are 
important components of the extracellular matrix that are 
believed to regulate a Wide variety of cellular activities 
including invasion, migration, proliferation and adhesion 
(Khodapkar, et al. 1998; Woods, et al., 1998). HSGAGs 
accomplish some of these functions by binding to and 
regulating the biological activities of diverse molecules, 
including groWth factors, morphogens, enZymes, extracel 
lular proteins. HSGAGs are a group of complex polysac 
charides that are variable in length, consisting of a disac 
charide repeat unit composed of glucosamine and an uronic 
acid (either iduronic or glucuronic acid). The high degree of 
complexity for HSGAGs arises not only from their polydis 
persity and the possibility of tWo different uronic acid 
components, but also from differential modi?cation at four 
positions of the disaccharide unit. Three positions, viZ., C2 
of the uronic acid and the C3, C6 positions of the glu 
cosamine can be O-sulfated. In addition, C2 of the glu 
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cosamine can be N-acetylated or N-sulfated. Together, these 
modi?cations could theoretically lead to 32 possible disac 
charide units, making HSGAGs potentially more informa 
tion dense than either DNA (4 bases) or proteins (20 amino 
acids). It is this enormity of possible structural variants that 
alloWs HSGAGs to be involved in a large number of diverse 
biological processes, including angiogenesis (Sasisekharan, 
R., Moses, M. A., Nugent, M. A., Cooney, C. L. & Langer, 
R. (1994) Proc Natl Acad Sci USA, 1524-8.), embryogenesis 
(Binari, R. et al (1997) Development, 2623-32; Tsuda, M., et 
al. (1999) Nature, 276-80.; and Lin, X., et al (1999) Devel 
opment, 3715-23.) and the formation of [3-?brils in AlZhe 
imer’s disease (McLaurin, J ., et al (1999) Eur J Biochem, 
1101-10. and Lindahl, B., et al (1999) J Biol Chem, 30631 
5). 
[0006] One speci?c example of an HSGAG is heparin. 
Heparin, a highly sulphated HSGAG produced by mast 
cells, is a Widely used clinical anticoagulant, and is one of 
the ?rst biopolymeric drugs and one of the feW carbohydrate 
drugs. Heparin primarily elicits its effect through tWo 
mechanisms, both of Which involve binding of antithrombin 
III (AT-III) to a speci?c pentasaccharide sequence, HNAC/S 
6SGHNS)3S)6SI2SHNS)6S contained Within the polymer.’ 
HSGAGs have also emerged as key players in a range of 
biological processes that range from angiogenesis [Folkman, 
J., Taylor, S., and Spillberg, C. (1983) Ciba Found Symp 
100, 132-49] and cancer biology [Blackhall, F. H., Merry, C. 
L., Davies, E. J., and Jayson, G. C. (2001) Br] Cancer 85, 
1094-8] to microbial pathogenesis [Shukla, et al (1999) Cell 
99, 13-22]. HSGAGs have also recently been shoWn to play 
a fundamental role in multiple aspects of development 
[Perrimon, N. and Bern?eld, M. (2000) Nature 404, 725-8]. 
The ability of HSGAGs to orchestrate multiple biological 
events is again likely a consequence of its structural com 
plexity and information density [Sasisekharan, R. and Ven 
kataraman, G. (2000) Curr Opin Chem Biol 4, 626-31]. 

[0007] Although the structure and chemistry of HSGAGs 
are fairly Well understood, information on hoW speci?c 
HSGAG sequences modulate different biological processes 
has proven harder to obtain. Determination of these HSGAG 
sequence has been technically challenging. HSGAGs are 
naturally present in very limited quantities, Which, unlike 
other biopolymers such as proteins and nucleic acids, cannot 
be readily ampli?ed. Second, due to their highly charged 
character and structural heterogeneity, HSGAGs are not 
easily isolated from biological sources in a highly puri?ed 
state. Additionally, the lack of sequence-speci?c tools to 
cleave HSGAGs in a manner analogous to DNA sequencing 
or restriction mapping has made sequencing a challenge. 

[0008] Recently, in an effort to develop an understanding 
of HSGAG structure, focus has been placed on the cloning 
and characteriZation of the enZymes involved in HSGAG 
biosynthesis. Another, strategy for elucidating the structure 
of HSGAGs has been to employ speci?c HSGAG degrada 
tion procedures, including chemical or enZymatic cleavage, 
in conjunction With analytical methodologies, including gel 
electrophoresis or HPLC, to sequence HSGAGs. Recently, 
We have introduced a sequencing procedure that couples a 
bioinformatics frameWork With mass spectrometric and cap 
illary electrophoretic procedures to sequence rapidly bio 
logically important HSGAGs, including saccharide 
sequences involved in modulating anticoagulation. The 
sequencing methodology uses chemical and enZymatic tools 
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to modify or degrade an unknown glycosaminoglycan poly 
mer in a sequence-speci?c manner. (Venkataraman, G., et 
al., Science, 286, 537-542 (1999), and US. patent applica 
tion Ser. Nos. 09/557,997 and 09/558,137, both ?led on Apr. 
24, 2000, having common inventorship). 

SUMMARY OF THE INVENTION 

[0009] A4, 5 glycuronidase has been cloned from the E 
heparinum genome and its subsequent recombinant expres 
sion in E. coli as a soluble, highly active enZyme has been 
accomplished. Thus, in one aspect the present invention 
provides for a substantially pure A4,5 glycuronidase. In one 
embodiment of the invention the substantially pure A4,5 
glycuronidase is a recombinantly produced glycuronidase. 
Recombinant expression may be accomplished in one 
embodiment With an expression vector. An expression vec 
tor may be a nucleic acid for SEQ ID NO:2, optionally 
operably linked to a promoter. In another embodiment the 
expression vector may be a nucleic acid for SEQ ID NO:4 
or a variant thereof also optionally linked to a promoter. In 
one embodiment the substantially pure A4,5 glycuronidase 
is produced using a host cell comprising the expression 
vector. In another embodiment the substantially pure A4,5 
glycuronidase is a synthetic glycuronidase. 

[0010] In another aspect the glycuronidase of the inven 
tion is a polypeptide having an amino acid sequence of SEQ 
ID NO:1, or a functional variant thereof. In yet another 
aspect the polypeptide has an amino acid sequence of SEQ 
ID NO:3, or a functional variant thereof. 

[0011] In yet another aspect of the invention the polypep 
tide of the A4,5 glycuronidase is an isolated polypeptide. 
The isolated polypeptide in some embodiments is set forth 
in SEQ ID NO:1 or is a functional variant thereof. In other 
embodiments the isolated polypeptide is set forth in SEQ ID 
NO:3 or a functional variant thereof. 

[0012] In one aspect, the invention is a composition com 
prising, an isolated A4,5 unsaturated glycuronidase having a 
higher speci?c activity than native glycuronidase. In some 
embodiments, the speci?c activity is at least about 60 
picomoles of substrate hydrolyZed per minute per picomole 
of enZyme. In one embodiment the A4,5 glycuronidase has 
a speci?c activity that is about 2 fold higher than the native 
enZyme. In another embodiment the A4,5 glycuronidase has 
a speci?c activity that is about 3 fold higher. The speci?c 
activity of the A4,5 glycuronidase in other embodiments 
may be about 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 
90, 95, 100 or any integer therebetWeen fold higher than the 
activity of the native enZyme. 

[0013] In yet another aspect of the invention an isolated 
nucleic acid molecule is provided. The nucleic acid is (a) 
nucleic acid molecules Which hybridiZe under stringent 
conditions to a nucleic acid molecule having a nucleotide 
sequence set forth as SEQ ID NO:2 or SEQ ID N014, and 
Which code for A4,5 unsaturated glycuronidase having an 
amino acid sequence set forth as SEQ ID NO:1 or SEQ ID 
NO:3, respectively, (b) nucleic acid molecules that differ 
from the nucleic acid molecules of (a) in codon sequence 
due to degeneracy of the genetic code, or (c) complements 
of (a) or In one embodiment the isolated nucleic acid 
molecule codes for SEQ ID NO:1. In another embodiment 
the isolated nucleic acid molecule comprises the nucleotide 
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sequence set forth as SEQ ID NO:2. In still other embodi 
ments the isolated nucleic acid molecule codes for SEQ ID 
NO:3 and in yet other embodiments the isolated nucleic acid 
molecule comprises the nucleotide sequence set forth as 
SEQ ID NO:4. 

[0014] Pharmaceutical compositions of any of the com 
positions or vectors described herein are also encompassed 
in the invention. 

[0015] In other aspects the invention relates to a method of 
cleaving a glycosaminoglycan With a A4,5 unsaturated gly 
curonidase. The method may be performed by contacting a 
glycosaminoglycan With the glycuronidase in an effective 
amount to cleave the glycosaminoglycan. In one embodi 
ment the invention is a glycosaminoglycan prepared accord 
ing to this method. 

[0016] In other aspects the invention also provides a 
method of cleaving a glycosaminoglycan comprised of at 
least one disaccharide unit. The method may be performed 
by contacting the glycosaminoglycan With a glycuronidase 
of the invention in an effective amount to cleave the gly 
cosaminoglycan. In some embodiments the glycosami 
noglycan is a long chain saccharide. In other embodiments 
the glycosaminoglycan does not contain a 2-O sulfated 
uronidate or it does not contain N-substituted glycosamine. 
In yet another embodiment the glycosaminoglycan is 6-0 
sulfated. The disaccharide units in some embodiments are 

AUHNAC; AUHNAQGS; AUHNS?S; or AUHNS. In another 
embodiment the invention also provides for the products of 
the cleavage of a glycosaminoglycan With the A4,5 glycu 
ronidase. In some embodiments the glycuronidase is used to 
generate a LMWH. 

[0017] The present invention also provides methods for 
the analysis of glycosaminoglycan. In one aspect the inven 
tion is a method of analyZing a glycosaminoglycan by 
contacting a glycosaminoglycan With the glycuronidase of 
the invention in an effective amount to analyZe the gly 
cosaminoglycan. In one embodiment the method is a method 
for identifying the presence of a particular glycosaminogly 
can in a sample. In another embodiment the method is a 
method for determining the identity of a glycosaminoglycan 
in a sample. In yet another embodiment the method is a 
method for determining the purity of a glycosaminoglycan 
in a sample. In still a further embodiment the method is a 
method for determining the composition of a glycosami 
noglycan in a sample. In another embodiment the method is 
a method for determining the sequence of saccharide units in 
a glycosaminoglycan. In other embodiments, these methods 
may also comprise an additional analytical technique such as 
mass spectrometry, gel electrophoresis, capillary electro 
phoresis and HPLC. In some embodiments the glycosami 
noglycan is LMWH. 

[0018] In other aspects the invention is a method of 
removing heparin from a heparin containing ?uid by con 
tacting a heparin containing ?uid With a glycuronidase of the 
invention in an effective amount to remove heparin from the 
heparin containing ?uid. In one embodiment the glycu 
ronidase is immobiliZed on a solid support. In another 
embodiment a heparinase is also provided and the hepari 
nase is also immobiliZed on the solid support. 

[0019] In another aspect the invention is a method of 
inhibiting angiogenesis by administering to a subject in need 
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thereof an effective amount of any of the pharmaceutical 
preparations described herein for inhibiting angiogenesis. 

[0020] In another aspect a method of treating cancer by 
administering to a subject in need thereof an effective 
amount of any of the pharmaceutical preparations described 
herein for treating cancer is also provided. 

[0021] Yet another aspect of the invention is a method of 
inhibiting cellular proliferation by administering to a subject 
in need thereof an effective amount of any of the pharma 
ceutical preparations described herein for inhibiting cellular 
proliferation. 

[0022] In another aspect a method of treating a coagula 
tion disease by administering to a subject in need thereof a 
LMWH prepared using the glycuronidase of the invention. 

[0023] In some embodiments of the methods of the inven 
tion the glycuronidase is used concurrently With or folloW 
ing treatment With heparinase. 

[0024] In other aspects of the invention, the pharmaceu 
tical compositions and therapeutic methods are provided 
using the A4,5 unsaturated glycuronidase and the cleaved 
GAG fragments alone or in combination. 

[0025] Other aspects of the invention provide composi 
tions that include other enZymes such as heparinase With the 
A4,5 unsaturated glycuronidase. 

[0026] In other aspects a pharmaceutical preparation of a 
composition or vector of the invention in a pharmaceutically 
acceptable carrier is provided. 

[0027] 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 FIGURES 

[0028] FIG. 1 depicts the puri?cation of A4, 5 glycu 
ronidase from Flavobacterium and resultant proteolysis. A. 
Gel ?ltration chromatography of the puri?ed enZyme. B. 
Puri?cation of A4, 5 peptides by reverse phase HPLC 
folloWing trypsiniZation of the native protein. C. Amino acid 
sequence of select peptides isolated in B. Peaks 8, 12, 13, 19, 
24 and 26 are SEQ ID NOS: 18-23, respectively. 

[0029] FIG. 2 provides a schematic map of A4, 5 genomic 
clones. A. Partial carboxy-terminal clones GSA and GSH 
(black arroWs) Were isolated by hybridiZation screening of a 
)tZAP Flavobacterial library using probes 1 and 2, respec 
tively. Also shoWn is the Eco R1 restriction site delimiting 
the 5‘ end of GSA. B. Strategy to obtain the A4, 5 5‘ terminus 
by Southern hybridiZation. ShoWn are the autoradiogram 
and its corresponding restriction map. Genomic DNA Was 
restricted With Eco R1 alone (lane 1) or as a double digest 
With Hind III (lane 2), Barn HI (lane 3), or Bgl II (lane 4), 
respectively. DNA hybridiZation probe 3 used Was ampli?ed 
by PCR using N-terminal primers 68 and 74, both of Which 
are 5‘ to the Eco R1 site. The Bgl II-Eco R1~1.5 kb DNA 
fragment (gray bar) Was isolated for subcloning and DNA 
sequencing. C. Schematic representation of the full-length 
A4, 5 gene (1.2 kb) compiled from overlapping clones 
shoWn in A. and B. 
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[0030] FIG. 3 depicts the A4, 5 glycuronidase gene 
sequence. Full-length-gene Was isolated using methods out 
lined in FIG. 2. The amino acid and nucleic acid sequences 
are given in SEQ ID NOS: 3 and 4, respectively. ShoWn here 
are both the coding and ?anking DNA sequences. The CDS 
(coding sequence) of 1209 base pairs contains an ORF 
encoding a putative protein of 402 amino acids. Initiation 
and termination codons are highlighted in bold. A possible 
Shine-Dalgarno (SD) sequence is boxed. The presumed 
signal sequence is underlined and its cleavage site delimited 
by a vertical arroW. The Eco R1 restriction site is double 
overscored. Also shoWn are the degenerate primer pairs 
(shoWn as arroWs) used to PCR amplify DNA hybridiZation 
probes 1 and 2 as Well as the relative positions of puri?ed 
A4, 5 peptides (shaded in gray) for Which direct sequence 
information Was obtained. 

[0031] FIG. 4 illustrates the A4, 5 glycuronidase primary 
sequence analyses. A. Hydropathy plot (Kyte-Doolittle). 
Positive values represent increasing hydrophobicity. B. 
Theoretical signal sequence determination using amino 
acids 1-65. Indices Were calculated using SignalP V.1.1 
using netWorks trained on gram-negative bacteria. Putative 
cleavage site located betWeen G20 and M21 is represented 
by a vertical arroW. C. CLUSTAL W multiple alignment of 
full-length A4, 5 glycuronidase With select glucuronyl 
hydrolases. Protein sequences Were selected from an initial 
BLASTP search of the protein database. Identical amino 
acids are shaded in dark gray, near invariant positions in 
charcoal, and conservative substitutions in light gray. Gen 
Bank accession numbers are as folloWs: Bacillus sp. 

(AB019619); Streptococcus pneumoniae (AE008410); 
Streptococcus pyogenes (AE006517); Agaricus bisporsus 
(AJ271692); Bactobacillus halodurans (AP001514). 

[0032] FIG. 5 provides results of recombinant A4,5A20 
protein expression and puri?cation. The amino acid and 
nucleic acid sequences are given as SEQ ID NOS: 1 and 2, 
respectively. SDS-PAGE of A4, 5 protein fractions at various 
puri?cation stages folloWing expression in BL21 (DE3) as a 
6><HIS N-terminal fusion protein. ShoWn here is a 12% gel 
that is stained With Coomassie-Brilliant blue. Lane 2, lysate 
from uninduced bacterial cells; Lane 3, crude cell lysate 
from induced cultures; Lane 4, Ni+2 chelation chromatog 
raphy puri?cation; Lane 5, thrombin cleavage to remove 
N-terminal 6><His puri?cation tag. Molecular Weight mark 
ers (Lanes 1 and 6) are also noted. 

[0033] FIG. 6 depicts the effects of A4, 5 glycuronidase 
biochemical reaction conditions. A. [NaCl] titration; B. 
Effect of reaction temperature C. pH pro?le. Relative 
enZyme activities Were derived from the initial rates nor 
maliZed to 100 mM NaCl (A) or 30° C. kcat and Km 
values for the pH pro?le Were extrapolated from Michaelis 
Menten kinetics as described in the Methods (and FIG. 8) 
The disulfated heparin disaccharide AUHNS)6S Was used in 
all three experiments. 

[0034] FIG. 7 depicts a kinetic comparison of native and 
recombinant enZymes. Relative speci?c activities Were mea 
sured for both enZyme fractions under identical reaction 
conditions that included 200 nM enZyme and 500 pM of the 
heparin disaccharide substrate (AUHNAc). Flavobacterial 
A4, 5 (closed circles); recombinant A4, 5 (open circles). 

[0035] FIG. 8 illustrates disaccharide substrate speci?city. 
A. Kinetic pro?les for heparin disaccharides of varying 
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sulfation. Initial rates Were determined using 200 nM 
enzyme under standard conditions. V0 vs. [S] curves Were ?t 
to Michaelis-Menten steady state kinetics using a non-linear 
least squares analysis. B. LineWeaver-Burke representation 
of the data shoWn in A. AUHNaC’6S ()t); AUHNae (o); AUHNS) 
6S (0); AHNS (A); AUHNHZ)16S (+) AUZSHNS (+, no activity). 

[0036] FIG. 9 depicts the tandem use of heparinases and 
A4, 5 glycuronidase in HSGAG cornpositional analyses. 200 
pg heparin Was exhaustively digested With heparinases I, II, 
and III, after Which A4, 5 Was added for a varying length of 
time. disaccharide products Were resolved by capillary elec 
trophoresis. Assignment of saccharide cornposition shoWn 
for each peak Was con?rrned by MALDI-MS. A., rninus A4, 
5 enZyrne control; dashed line, B., rninute (partial) A4, 5 
incubation; C., 30 minute (exhaustive) A4, 5 incubation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The invention in some aspects relates to A4, 5 
glycuronidase, substantially pure forrns thereof and uses 
thereof. In particular the invention arose, in part, from the 
cloning of A4, 5 glycuronidase that noW enables one of skill 
in the art to produce the enzyme in large quantities and in 
substantially pure form. The invention also provides another 
tool that may be used to determine the structure of gly 
cosarninoglycans and to help elucidate their role in cellular 
processes. It has noW also been discovered that substantially 
pure preparations of A4, 5 glycuronidase having higher 
speci?c activity than the enzyme produced from culture may 
be produced. The invention also provides for cleavage of 
glycosarninoglycans (GAGs) as Well as for the analysis of a 
sample of GAGs and for their sequencing. This present 
invention also provides treatment and prevention methods 
for cancer through the control of cellular proliferation, 
angiogenesis and/or coagulation disorders With the enzyme 
and/or its cleavage products (GAG fragrnents). 

[0038] One aspect of the invention enables one of ordinary 
skill in the art, in light of the present disclosure, to produce 
substantially pure preparations of the A4, 5 glycuronidase by 
standard technology, including recornbinant technology, 
direct synthesis, rnutagenesis, etc. For instance, using 
recombinant technology one may produce substantially pure 
preparations of the A4, 5 glycuronidase having the amino 
acid sequences of SEQ ID NO:1 or encoded by the nucleic 
acid sequence of SEQ ID NO:2. In other aspects of the 
invention substantially pure preparations of the A4, 5 gly 
curonidase having the amino acid sequences of SEQ ID 
NO:3 or encoded by the nucleic acid sequence of SEQ ID 
NO:4 can be prepared. One of skill in the art may also 
substitute appropriate codons to produce the desired amino 
acid substitutions in SEQ ID NOS:1 or 3 by standard 
site-directed rnutagenesis techniques. One may also use any 
sequence Which differs from the nucleic acid equivalents of 
SEQ ID NO:1 or 3 only due to the degeneracy of the genetic 
code as the starting point for site directed rnutagenesis. The 
rnutated nucleic acid sequence may then be ligated into an 
appropriate expression vector and expressed in a host such 
as E. coli. The resultant A4, 5 glycuronidase may then be 
puri?ed by techniques, including those disclosed beloW. 

[0039] As used herein, the term “substantially pure” 
means that the proteins are essentially free of other sub 
stances to an extent practical and appropriate for their 
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intended use. In particular, the proteins are suf?ciently pure 
and are sufficiently free from other biological constituents of 
their hosts cells so as to be useful in, for example, protein 
sequencing, or producing pharrnaceutical preparations. 

[0040] As used herein, a “substantially pure A4,5 unsat 
urated glycuronidase” is a preparation of A4,5 unsaturated 
glycuronidase Which has been isolated or synthesiZed and 
Which is greater than about 90% free of contaminants. A 
contarninant is a substance With Which the A4,5 unsaturated 
glycuronidase is ordinarily associated in nature that interfere 
With the activity of the enzyme. Preferably, the material is 
greater than about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or even greater than about 99% free of contaminants. 
The degree of purity may be assessed by means knoWn in the 
art. One method for assessing the purity of the material may 
be accomplished through the use of speci?c activity assays. 
The native A4,5 glycuronidase Which has been described in 
the prior art as being isolated from E heparinum has loW 
speci?c activity because of impurities inherent in harvesting 
the enzyme from bacterial cultures of E heparinum. 

[0041] The invention also provides isolated polypeptides 
(including Whole proteins and partial proteins), of A4, 5 
glycuronidase having the amino acid sequence of SEQ ID 
NO:1 and functional variants thereof. Isolated polypeptides 
are also provided by the invention that have the amino acid 
sequence of SEQ ID NO:3. Polypeptides can be isolated 
from biological samples, and can also be expressed recorn 
binantly in a variety of prokaryotic and eukaryotic expres 
sion systems by constructing an expression vector appropri 
ate to the expression system, introducing the expression 
vector into the expression system, and isolating the recom 
binantly expressed protein. Polypeptides can also be syn 
thesiZed chernically using Well-established methods of pep 
tide synthesis. 

[0042] As used herein With respect to polypeptides, “iso 
lated” rneans separated from its native environment and 
present in suf?cient quantity to permit its identi?cation or 
use. Isolated, When referring to a protein or polypeptide, 
means, for example: 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 pharrnaceutically acceptable carrier 
in a pharmaceutical preparation, the polypeptide rnay corn 
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. 

[0043] Thus the term “A4, 5 glycuronidase polypeptides” 
ernbraces variants as Well as the natural A4, 5 glycuronidase 
polypeptides. As used herein, a “variant” of a A4, 5 glycu 
ronidase polypeptide is a polypeptide Which contains one or 
more rnodi?cations to the primary amino acid sequence of a 
naturally occurring A4, 5 glycuronidase polypeptide. Vari 
ants include rnodi?ed A4, 5 glycuronidase polypeptides that 
do not have altered function relative to the polypeptide of the 
unrnodi?ed (naturally occurring) sequence. Variants also 
include A4, 5 glycuronidase polypeptides With altered func 
tion. Modi?cations Which create a A4, 5 glycuronidase 
polypeptide variant are typically made to the nucleic acid 
Which encodes the A4, 5 glycuronidase polypeptide, and can 
include deletions, point mutations, truncations, amino acid 
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substitutions and addition of amino acids or non-amino acid 
moieties to: 1) enhance a property of a A4, 5 glycuronidase 
polypeptide, such as protein stability in an expression sys 
tem or the stability of protein-protein binding; 2) provide a 
novel activity or property to a A4, 5 glycuronidase polypep 
tide, such as addition of a detectable moiety; or 3) to provide 
equivalent or better interaction With other molecules (e.g., 
heparin). Alternatively, modi?cations can be made directly 
to the polypeptide, such as by cleavage, addition of a linker 
molecule, addition of a detectable moiety, such as biotin, 
addition of a fatty acid, and the like. Modi?cations also 
embrace fusion proteins comprising all or part of the A4, 5 
glycuronidase amino acid sequence. One of skill in the art 
Will be familiar With methods for predicting the effect on 
protein conformation of a change in protein sequence, and 
can thus “design” a variant A4, 5 glycuronidase polypeptide 
according to knoWn methods. One example of such a 
method is described by Dahiyat and Mayo in Science 
278:82-87, 1997, Whereby proteins can be designed de novo. 
The method can be applied to a knoWn protein to vary a only 
a portion of the polypeptide sequence. By applying the 
computational methods of Dahiyat and Mayo, speci?c vari 
ants of a polypeptide can be proposed and tested to deter 
mine Whether the variant retains a desired conformation. 

[0044] Variants can include A4, 5 glycuronidase polypep 
tides Which are modi?ed speci?cally to alter a feature of the 
polypeptide unrelated to its physiological activity. For 
example, cysteine residues can be substituted or deleted to 
prevent unWanted disul?de linkages. Similarly, certain 
amino acids can be changed to enhance expression of a A4, 
5 glycuronidase polypeptide by eliminating proteolysis by 
proteases in an expression system (e.g., dibasic amino acid 
residues in yeast expression systems in Which KEXZ pro 
tease activity is present). 

[0045] Mutations of a nucleic acid Which encodes a A4, 5 
glycuronidase polypeptide preferably preserve the amino 
acid reading frame of the coding sequence, and preferably 
do not create regions in the nucleic acid Which are likely to 
hybridiZe to form secondary structures, such a hairpins or 
loops, Which can be deleterious to expression of the variant 
polypeptide. 

[0046] 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. Variant 
polypeptides are then expressed and tested for one or more 
activities to determine Which mutation provides a variant 
polypeptide With the desired properties. Further mutations 
can be made to variants (or to non-variant A4, 5 glycu 
ronidase polypeptides) Which are silent as to the amino acid 
sequence of the polypeptide, but Which provide preferred 
codons for translation in a particular host. The preferred 
codons for translation of a nucleic acid in, e.g., E. coli, are 
Well knoWn to those of ordinary skill in the art. Still other 
mutations can be made to the noncoding sequences of a A4, 
5 glycuronidase gene or cDNA clone to enhance expression 
of the polypeptide. 

[0047] 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 
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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 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. 

[0048] 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. 

[0049] One skilled in the art Will be able to predict the 
effect of a substitution by using routine screening assays, 
preferably the biological assays described herein. Modi? 
cations of peptide properties including thermal stability, 
enZymatic activity, hydrophobicity, susceptibility to pro 
teolytic degradation or the tendency to aggregate With 
carriers or into multimers are assayed by methods Well 
knoWn to the ordinarily skilled artisan. For additional 
detailed description of protein chemistry and structure, see 
SchulZ, G. E. et al., Principles of Protein Structure, Springer 
Verlag, NeW York, 1979, and Creighton, T. E., Proteins: 
Structure and Molecular Principles, W. H. Freeman & Co., 
San Francisco, 1984. 

[0050] Additionally, some of the amino acid substitutions 
are non-conservative substitutions. In certain embodiments 
Where the substitution is remote from the active or binding 
sites, the non-conservative substitutions are easily tolerated 
provided that they preserve a tertiary structure characteristic 
of, or similar to, native A4, 5 glycuronidase, thereby pre 
serving the active and binding sites. 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. 

[0051] In another set of embodiments an isolated nucleic 
acid equivalent of SEQ ID NO:2 encode the substantially 
pure A4, 5 glycuronidase of the invention and functional 
variants thereof. In still further embodiments isolated 
nucleic acid equivalents of SEQ ID NO:4 are also given. 
According to the invention, isolated nucleic acid molecules 
that code for a A4, 5 glycuronidase polypeptide are provided 
and include: (a) nucleic acid molecules Which hybridiZe 
under stringent conditions to a molecule selected from a 
group consisting of the nucleic acid equivalent of SEQ ID 
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NO:2 or 4 and Which code for a A4, 5 glycuronidase 
polypeptide or parts thereof, (b) deletions, additions and 
substitutions of (a) Which code for a respective A4, 5 
glycuronidase 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 

[0052] The invention also includes degenerate nucleic 
acids Which include alternative codons to those present in 
the naturally occurring materials. For example, serine resi 
dues are encoded by the codons TCA, AGT, TCC, TCG, 
TCT and AGC. Each of the six codons is equivalent for the 
purposes of encoding a serine residue. Thus, it Will be 
apparent to one of ordinary skill in the art that any of the 
serine-encoding nucleotide triplets may be employed to 
direct the protein synthesis apparatus, in vitro or in vivo, to 
incorporate a serine residue into an elongating A4, 5 glycu 
ronidase polypeptide. Similarly, nucleotide sequence triplets 
Which encode other amino acid residues include, but are not 
limited to: CCA, CCC, CCG and CCT (proline codons); 
CGA, CGC, CGG, CGT, AGA and AGG (arginine codons); 
ACA, ACC, ACG and ACT (threonine codons); AAC and 
AAT (asparagine codons); and ATA, ATC and AT (isoleu 
cine codons). Other amino acid residues may be encoded 
similarly by multiple nucleotide sequences. Thus, the inven 
tion embraces degenerate nucleic acids that differ from the 
biologically isolated nucleic acids in codon sequence due to 
the degeneracy of the genetic code. 

[0053] As used herein With respect to nucleic acids, the 
term “isolated” means: 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 naturally occurring state in its 
natural host is not. An isolated nucleic acid may be substan 
tially 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. 

[0054] One embodiment of the invention provides A4, 5 
glycuronidase that is recombinantly produced. Such mol 
ecules may be recombinantly produced using a vector 
including a coding sequence operably 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‘ regula 
tory sequences results in the transcription of the coding 
sequence and if the nature of the linkage betWeen the tWo 
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DNA sequences does not (1) result in the introduction of a 
frame-shift mutation, (2) interfere With the ability of the 
promoter region to direct the transcription of the coding 
sequences, or (3) interfere With the ability of the correspond 
ing 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. 
[0055] 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. 

[0056] 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. Acloning 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. 

[0057] As used herein, the tern “stringent conditions” 
refers to parameters knoWn to those skilled in the art. One 
example of stringent conditions is hybridiZation at 65° C. in 
hybridiZation buffer (3.5><SSC, 0.02% Ficoll, 0.02% poly 
vinyl pyrolidone, 0.02% bovine serum albumin (BSA), 25 
mM NaHZPO4 (pH7), 0.5% SDS, 2 mM EDTA). SSC is 
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0.15M sodium chloride/0.15M sodium citrate, pH7; SDS is 
sodium dodecylsulphate; and EDTA is ethylene diamine 
tetra acetic acid. 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. 

[0058] 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 substantially pure A4, 5 glycuronidase of the 
invention, 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. It Will be under 
stood that the skilled artisan Will be able to manipulate the 
conditions in a manner to permit the clear identi?cation of 
homologs and alleles of the A4, 5 glycuronidase nucleic 
acids of the invention. The skilled artisan also is familiar 
With the methodology for screening cells and libraries for 
expression of such molecules Which then are routinely 
isolated, folloWed by isolation of the pertinent nucleic acid 
molecule and sequencing. 

[0059] In general homologs and alleles typically Will share 
at least about 40% nucleotide identity and/or at least about 
50% amino acid identity With the equivalents of SEQ ID 
Nos: 2 and 1, respectively. Homologs and alleles of the 
invention are also intended to encompass the nucleic acid 
and amino acid equivalents of SEQ ID Nos: 4 and 3, 
respectively. In some instances sequences Will share at least 
about 50% nucleotide identity and/or at least about 65% 
amino acid identity and in still other instances sequences 
Will share at least about 60% nucleotide identity and/or at 
least about 75% amino acid identity. The homology can be 
calculated using various, publicly available softWare tools 
developed by NCBI (Bethesda, Md.) that can be obtained 
through the internet (ftp:/ncbi.nlm.nih.gov/pub/). Exem 
plary tools include the BLAST system available at http:// 
WWWW.ncbi.nim.nih.gov. PairWise and ClustalW alignments 
(BLOSUM30 matrix setting) as Well as Kyte-Doolittle 
hydropathic analysis can be obtained using the MacVetor 
sequence analysis softWare (Oxford Molecular Group). Wat 
son-Crick complements of the foregoing nucleic acids also 
are embraced by the invention. 

[0060] In screening for A4, 5 glycuronidase related genes, 
such as homologs and alleles of A4, 5 glycuronidase, a 
Southern blot may be performed using the foregoing con 
ditions, together With a radioactive probe. After Washing the 
membrane to Which the DNA is ?nally transferred, the 
membrane can be placed against X-ray ?lm or a phospho 
imager plate to detect the radioactive signal. 

[0061] 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, pUC19 
and the like; suitable phage or bacteriophage vectors include 
)tgtl0, )tgtll 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, F lavobacterium 
heparinum, Bacillus, Streptomyces, Pseudomonas, Salmo 
nella, Serratia, and the like. 
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[0062] To express the substantially pure A4, 5 glycu 
ronidase of the invention in a prokaryotic cell, it is desirable 
to operably join the nucleic acid sequence of a substantially 
pure A4, 5 glycuronidase of the invention 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 )t, 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 )L (PL and PIQ, the trp, recA, 
lacZ, lacI, and gal promoters of E. coli, the ot-amylase 
(Ulmanen et al., J. Bacteriol. 162:176-182 (1985)) and the 
4-28-speci?c promoters of B. subtilis (Gilman et al., Gene 
sequence 32: 11-20 (1984)), the promoters of the bacterioph 
ages of Bacillus (GrycZan, In: The Molecular Biology of the 
Bacilli, Academic Press, Inc., NY (1982)), and Streptomyces 
promoters (Ward et al., Mol. Gen. Genet. 203:468-478 
(1986)). 
[0063] Prokaryotic promoters are revieWed by Glick (J. 
Ind. Microbiol. 1:277-282 (1987)); Cenatiempo (Biochimie 
68:505-516 (1986)); and Gottesman (Ann. Rev Genet. 
18:415-442 (1984)). 

[0064] 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. 
35:365-404 (1981)). 

[0065] Because prokaryotic cells may not produce the A4, 
5 glycuronidase of the invention With normal eukaryotic 
glycosylation, expression of the A4, 5 glycuronidase of the 
invention of the eukaryotic hosts is useful When glycosyla 
tion 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 accord 
ing to some aspects of the invention. 

[0066] 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. 

[0067] 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 240:1453-1459 (1988)). Alternatively, 
baculovirus vectors can be engineered to express large 
amounts of the A4, 5 glycuronidase of the invention in insect 
cells (Jasny, Science 238:1653 (1987); Miller et al., In: 
Genetic Engineering (1986), SetloW, J. K., et al., eds., 
Plenum, Vol. 8, pp. 277-297). 

[0068] Any of a series of yeast gene sequence expression 
systems Which incorporate promoter and termination ele 
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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 efficient 
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). 

[0069] 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 that are temperature-sensitive 
so that by varying the temperature, expression can be 
repressed or initiated, or Which are subject to chemical (such 
as metabolite) regulation. 

[0070] As discussed above, expression of the A4, 5 gly 
curonidase of the invention in eukaryotic hosts is accom 
plished using eukaryotic regulatory regions. Such regions 
Will, in general, include a promoter region sufficient to direct 
the initiation of RNA synthesis. Preferred eukaryotic pro 
moters include, for example, the promoter of the mouse 
metallothionein 1 gene sequence (Hamer et al.,J. Mol. Appl. 
Gen. 1:273-288 (1982)); the TK promoter of Herpes virus 
(McKnight, Cell 31:355-365 (1982)); the SV40 early pro 
moter (Benoist et al., Nature (London) 290:304-310 (1981)); 
the yeast gal4 gene sequence promoter (Johnston et al., Proc. 
Natl. Acad. Sci. (USA) 79:6971-6975 (1982); Silver et al., 
Proc. Natl. Acad. Sci. (USA) 81:5951-5955 (1984)). 

[0071] As is Widely knoWn, translation of eukaryotic 
mRNA is initiated at the codon Which encodes the ?rst 
methionine. For this reason, it is preferable to ensure that the 
linkage betWeen a eukaryotic promoter and a DNA sequence 
Which encodes the A4, 5 glycuronidase of the invention does 
not contain any intervening codons Which are capable of 
encoding a methionine (i.e., AUG). The presence of such 
codons results either in the formation of a fusion protein (if 
the AUG codon is in the same reading frame as the A4, 5 
glycuronidase of the invention coding sequence) or a frame 
shift mutation (if the AUG codon is not in the same reading 
frame as the A4, 5 glycuronidase of the invention coding 
sequence). 

[0072] In one embodiment, a vector is employed Which is 
capable of integrating the desired gene sequences into the 
host cell chromosome. Cells Which have stably integrated 
the introduced DNA into their chromosomes can be selected 
by also introducing one or more markers Which alloW for 
selection of host cells Which contain the expression vector. 
The marker may, for example, provide for prototrophy to an 
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auxotrophic host or may confer biocide resistance to, e.g., 
antibiotics, heavy metals, or the like. The selectable marker 
gene sequence can either be directly linked to the DNA gene 
sequences to be expressed, or introduced into the same cell 
by co-transfection. Additional elements may also be needed 
for optimal synthesis of the A4, 5 glycuronidase mRNA. 
These elements may include splice signals, as Well as 
transcription promoters, enhancers, and termination signals. 
cDNA expression vectors incorporating such elements 
include those described by Okayama, Molec. Cell. Biol. 
3:280 (1983). 

[0073] In a preferred embodiment, the introduced 
sequence Will be incorporated into a plasmid or viral vector 
capable of autonomous replication in the recipient host. Any 
of a Wide variety of vectors may be employed for this 
purpose. Factors of importance in selecting a particular 
plasmid or viral vector include: the ease With Which recipi 
ent cells that contain the vector may be recogniZed and 
selected from those recipient cells Which do not contain the 
vector; the number of copies of the vector Which are desired 
in a particular host; and Whether it is desirable to be able to 
“shuttle” the vector betWeen host cells of different species. 
Preferred prokaryotic vectors include plasmids such as those 
capable of replication in E. coli (such as, for example, 
pBR322, Co1E1, pSC101, pACYC 184, and J'IZVX). Such 
plasmids are, for example, disclosed by Sambrook, et al. 
(Molecular Cloning: A Laboratory Manual, second edition, 
edited by Sambrook, Fritsch, & Maniatis, Cold Spring 
Harbor Laboratory, 1989)). Bacillus plasmids include 
pC194, pC221, pT127, and the like. Such plasmids are 
disclosed by GrycZan (In: The Molecular Biology of the 
Bacilli, Academic Press, NY (1982), pp. 307-329). Suitable 
Streptomyces plasmids include pl] 101 (Kendall et al., J. 
Bacteriol. 169:4177-4183 (1987)), and streptomyces bacte 
riophages such as <|>C31 (Chater et al., In: Sixth International 
Symposium on Aclinomycetales Biology, Akademiai Kaido, 
Budapest, Hungary (1986), pp. 45-54). Pseudomonas plas 
mids are revieWed by John et al. (Rev. Infect. Dis. 8:693704 
(1986)), and IZaki (Jpn. J. Bacteriol. 33:729-742 (1978)). 

[0074] Preferred eukaryotic plasmids include, for 
example, BPV, EBV, SV40, 2-micron circle, and the like, or 
their derivatives. Such plasmids are Well knoWn in the art 
(Botstein et al., Miami Wntr. Symp. 19:265-274 (1982); 
Broach, In: The Molecular Biology of the Yeast Saccharo 
myces: Life Cycle and Inheritance, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, p. 445-470 (1981); 
Broach, Cell 28:203-204 (1982); Bollon et al., J. Clin. 
Hematol. Oncol. 10:39-48 (1980); Maniatis, In: Cell Biol 
ogy. A Comprehensive Treatise, Vol. 3, Gene Sequence 
Expression, Academic Press, NY, pp. 563-608 (1980)). 
Other preferred eukaryotic vectors are viral vectors. For 
example, and not by Way of limitation, the pox virus, herpes 
virus, adenovirus and various retroviruses may be employed. 
The viral vectors may include either DNA or RNA viruses 
to cause expression of the insert DNA or insert RNA. 

[0075] Once the vector or DNA sequence containing the 
construct(s) has been prepared for expression, the DNA 
construct(s) may be introduced into an appropriate host cell 
by any of a variety of suitable means, i.e., transformation, 
transfection, conjugation, protoplast fusion, electroporation, 
calcium phosphate-precipitation, direct microinjection, and 
the like. Additionally, DNA or RNA encoding the A4, 5 
glycuronidase of the invention may be directly injected into 
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cells or may be impelled through cell membranes after being 
adhered to microparticles. After the introduction of the 
vector, recipient cells are groWn in a selective medium, 
Which selects for the groWth of vector-containing cells. 
Expression of the cloned gene sequence(s) results in the 
production of the A4, 5 glycuronidase of the invention. This 
can take place in the transformed cells as such, or folloWing 
the induction of these cells to differentiate (for example, by 
administration of bromodeoxyuracil to neuroblastoma cells 
or the like). 

[0076] The present invention also provides for the use of 
A4, 5 glycuronidase as an enZymatic tool due to its substrate 
speci?city and speci?c activity. In a direct and more rigorous 
comparison betWeen the recombinant and native enZymes, it 
Was found that at least some of the recombinant enZyme 
(A4,5A2O) possessed at least about tWo-fold higher and in 
some cases a roughly about three-fold higher speci?c activ 
ity relative to the native Flavobacterial enZyme When mea 
sured under identical reaction conditions. Additionally, the 
activity of a cloned enZyme is not compromised by its 
recombinant expression in E. coli. 

[0077] The recombinant A4,5 glycuronidase exhibited a 
sharp ionic strength dependence. These results are interest 
ing given both the ionic character of the disulfated heparin 
disaccharide used in the experiments described beloW as 
Well as the many ionic residues present Within the enZyme 
that may function in substrate binding and/or catalysis; 
many of these charged residues are conserved in structurally 
and functionally related enZymes. From a substrate perspec 
tive, all of the unsaturated disaccharides examined possess 
a negative charge (at pH 6.4) due to the C6 carboxylate of 
the uronic acid. It is possible that this acid acts as a critical 
structural determinant, especially given its proximity to the 
A4,5 bond. Charge neutraliZation of 6-O sulfate (e.g., in 
AUHNs?s) could possibly be another contributing factor. 
From the enZyme perspective, the recombinant glycu 
ronidase (A4,5A2O) does possess 47 basic residues (theoreti 
cal p1 of 8.5), including R151 Whose position is invariantly 
conserved among the different glycuronidases examined. 
R151 may possibly interact With the uronic acid carboxylate. 
At the same time, A4,5 also possesses 44 acidic residues. At 
least ten of these positions are highly conserved. Charge 
masking of some of these ionic residues (either acidic or 
basic) by increasing salt concentration might interfere With 
enZymatic activity. A similar observation of this ionic 
strength dependency has been made for the heparinases 
[Ernst S, et al Expression in Escherichia coli, puri?cation 
and characteriZation of heparinase 1 from Flavobacterium 
heparinum. Biochem J. Apr. 15, 1996; 315 (pt 2): 589-97.] 

[0078] A bell-shaped pH pro?le With a 6.4 optimum Was 
also observed in the present invention. The 6.4 pH optimum 
generally agrees With results originally reported for the E 
heparinum A4,5 as Well as for more recent results published 
for an unsaturated glucuronyl hydrolase puri?ed from Bacil 
lus sp. GL1 [Hashimoto, W., et al. (1999) Arch Biochem 
Biophys 368, 367-74]. While there are 11 histidines present 
Within the primary sequence, three histidines (H115, H201, 
and H218) appear to be highly conserved. Interestingly, 
catalytically critical histidines also exist in all three heparin 
lyases [Pojasek, K., et al. (2000) Biochemistry 39, 4012-9] 
as Well as chondroitin AC lyase [Huang, W., et al. (2001) 
Biochemistry 40, 2359-72] from F lavobacterium hepari 
num. While these tWo classes of enZymes cleave glycosami 
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noglycans by someWhat different mechanisms (i.e., [3-elmi 
nation vs. hydrolysis), both Would presumably involve acid 
base catalysis, viZ the imidaZole. 

[0079] The question of substrate speci?city has noW been 
considered from three structural perspectives: (1) the nature 
of the glycosidic linkage; (2) the relative sulfation pattern of 
the unsaturated disaccharide; and (3) the role of saccharide 
chain length (e.g., di- vs. tetrasaccharide). Our results indi 
cate that for the recombinant A4,5 glycuronidase, there is an 
unambiguous preference for the 1%4 linkage over the 1%3 
linkage making heparin rather than chondroitin/dernatan 
and/or hyaluronan the best substrate. It should be noted, 
hoWever, that While this linkage position is important, it is 
not absolute. Both chondroitin and hyaluronan A4,5 disac 
charides Were hydrolyZed, albeit at much sloWer rates and 
using higher enZyme concentrations than Were required to 
hydrolyZe heparin disaccharides. 

[0080] We also present a kinetic pattern of the A4,5 
glycuronidase With regard to the speci?c sulfation Within a 
heparin disaccharide. First and foremost, We ?nd that unsat 
urated saccharides containing a 2-O-sulfated uronidate 
(AUZS) at the non-reducing end are in general not cleaved by 
the A4,5 glycuronidase. Furthermore, the inability of a 
2-O-sulfated disaccharide to competitively inhibit the 
hydrolysis of non 2-O-containing disaccharide substrates 
(such as AUHNAC) further suggests that the presence of a 
2-O sulfate precludes binding of this saccharide to the 
enzyme. 

[0081] In considering the effect of speci?c sulfate groups 
present on the glucosamine, the enZyme may be loosely 
summariZed as having a graded preference for 6-O-sulfation 
but a clear selection against unsubstituted or sulfated 
amines. This hierarchy is not an absolute distinction given 
the fact that all the non 2-O-containing heparin disaccha 
rides examined Were cleaved by the enZyme. Instead, it is 
based on relative kinetic parameters. This apparent substrate 
discrimination at the N and 6 positions of the glucosamine 
appears to be someWhat contextual, especially in the case of 
6-O-sulfation. That is, While 6-0 sulfation may bestoW a 
favorable selectivity to a saccharide substrate, this positive 
effect may be offset by the presence of a deacetylated amine 
(e.g., AUHNACGS vs. AUHNHZGS or AUHNS?S). 

[0082] The structural preference the A4,5 demonstrates 
against 2-O-sulfated uronidates along With a so-called 
“N-position” discrimination for the glucosamine may be 
exploited for use of the glycuronidase as an analytical tool 
for the compositional analyses of glycosaminoglycans. We 
Were able to predict the extent and relative rates by Which 
speci?c disaccharide “peaks” Would disappear (i.e., due to 
the glycuronidase-dependent loss of absorbance at 232 nm.), 
based entirely on our kinetically de?ned substrate speci?city 
determinations described in the Examples beloW. All 2-O 
sulfate containing disaccharides tested Were refractory to 
hydrolysis by the A4,5 glycuronidase. On the other hand, the 
remaining disaccharides Were hydrolyZed in a time-depen 
dent fashion that corresponded to their relative substrate 

speci?cities (i.e., AUHNAc?s>AUHNS>6S>AUHNS). 
[0083] From this experiment, another important and sur 
prising observation Was made, namely that the A4,5 glycu 
ronidase also hydrolyZes A4,5 unsaturated tetrasaccharides. 
It is also very interesting to note that this particular tetrasac 
charide is as good of a substrate as the disaccharide AUHNS. 












































