Construction of the expression vectors of the wild-type
DSE and the p.S268L mutant protein

The expression vector of the full-length open reading frame en-
coding human DSE (wild-type) was amplified by PCR using the
specific primers (5-GGG GTA CCG CCA CGA TGA GGA
CT-3’ and 5-GGA CTA GTA CAC TGT GAT TGG GA-3'),
pBluescriptR/human DSE (IMAGE clone #5272885, Open Bio-
systems, Huntsville, AL, USA) as a template, and KOD-Plus
DNA polymerase (Toyobo, Tokyo, Japan) described previously
with a slight modification (15). The amplified fragments were
digested with Kpnl and Spel, and subcloned into of pEF6/
V5-His-B (Invitrogen). The resultant expression vector, pEF6/
hDSE (wild-type)-V5-His, was digested with Kpnl and Pmel,
and the cDNA fragments containing the open reading frame of
DSE were inserted into the expression vector, pEBMulti-Neo
(Wako, Osaka, Japan).

In addition, the expression vector containing a soluble form of
DSE was also constructed as described previously (14). Briefly, a
truncated form of DSE (wild-type), lacking the first 31 amino-
and 58 carboxy-terminal amino acids, respectively, of the
DSE, was amplified by PCR using a 5’-primer containing Clal
site (5-CCA TCG ATA ATG ATT CCC TTC ACC-3') and a
3/-primer containing a Kpnl site (5'-GGG GTA CCG AAT
AGG AAG CAG ACA G-3') and pBluescriptR/human DSE as
a template. The resultant DNA fragments were inserted into
p3xFLAG-CMV13 (Sigma).

The vector of the mutant protein, S268L, was constructed
according to the manufacturer’s instructions using the Quick-
Change II Site-Directed Mutagenesis Kit (Stratagene) and the
primers (5'-AGC TAC ACC ACT AGA TTA CTC TTC CAA
TAC ATG-3' and 5-CAT GTA TTG GAA GAG TAA TCT
AGT GGT GTA GCT-3'), in which the underlined nucleotides
indicate the point mutations.

Expression and western blotting of the recombinant enzymes

The expression plasmids (3 pg) were transiently transfected into
COS-7 cells (Japanese Collection of Research Bioresources
Cell Bank, Osaka, Japan) in a culture dish (100 mm in diameter)
using 10 w1 of FuGENE™ HD transfection reagent (Promega).
After 3 days, the cells transfected with pEBMulti/hDSE-V5 were
lysed with 200 pl of 25 mm 2-morpholinoethanesulfonic acid
(MES)-NaOH, pHS.S, containing 10 mm MnCl, and 0.25%
NP-40.

On the other hand, after 3 days the culture medium (2 ml) from
COS-7 cells transfected with p3xFLAG-CMV13/hDSE-FLAG
was incubated with 15 pl of anti-FLAG affinity agarose resin
(Wako) at 4°C overnight, the enzyme-bound affinity resin was
washed with 25 mm Tris—HCI, pH 7.4, containing 150 mm
NaCl and 0.05% Tween-20, and subjected to sodium dodecyl
sulfate (SDS)—polyacrylamide gel electrophoresis (SDS—
PAGE). Western blotting was carried out using the horseradish
peroxidase-conjugated anti-FLAG monoclonal antibody and
the TmmunoStar LD detection Kit (Wako). The signals of the
chemi-luminescence were detected by LAS-4000mini (Fuji-
Film, Tokyo, Japan).
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Determination of the DSE activity

DSE activity was assayed by the method described previously
(14,15,45) with a modification summarized in Supplementary
Material, Figure S3. Briefly, the enzyme-bound anti-FLAG
resin (15 wl) or cell lysate (20 wl) as an enzyme source, partially
desulfated DS (9 nmoles as disaccharides), which was prepared
previously (21), as the acceptor substrate were mixed in a final
volume of 30 pl of 25 mm MES-NaOH, pH 5.5, containing
10 mm MnCl, and 0.25% NP-40. The assay mixtures were incu-
bated overnight at 37°C. An aliquot of the reaction products
were individually incubated with a mixture of chondroitinases
AC-T and AC-TI (EC 4.2.2.5) (Seikagaku Biobusiness, Tokyo,
Japan) in a total volume 0f 20 pl of 50 mm Tris—HCI, pH 8.0, con-
taining 60 mm CH;COONa at 37°C for 60 min (76). Reactions
were terminated by boiling for 5 min. Each digest was labeled
with a fluorophore, 2-aminobenzamide (2AB), as described previ-
ously (77). Separation and quantification of 2AB-derivatized oli-
gosaccharides were carried out as described previously with a
slight modification (77). Briefly, the 2AB-labeled oligosacchar-
ides were subjected to anion-exchange HPLC on an amine-bound
silica PA-G column (4.6 x 150 mm, YMC Co., Kyoto, Japan)
connected with a guard column, and eluted with 16 mm
NaH,PO, for 10 min followed by a linear gradient of NaH,PO,4
from 16 to 530 mm over 60 min and then eluted with 1 m
NaH,PO, for 5 min at a flow rate of 0.5 ml/min at room tempera-
ture. The eluates were monitored using an RF-10AXL fluoromet-
ric detector (Shimadzu Co., Kyoto, Japan) with excitation and
emission wavelengths of 330 and 420 nm, respectively. Each
oligosaccharide was identified by comparison of the retention
time of the structure-defined oligosaccharide standards (21).
The amount of di- and oligosaccharides in each sample was calcu-
lated on the basis of the peak area in the chromatogram. DSE ac-
tivity as conversion of IdoUA to GIcUA was determined by the
total amount of each oligosaccharide yielded by the treatment of
the reaction products with chondroitinase AC.

Disaccharide and oligosaccharide composition analysis
of CS/DS chains isolated from fibroblasts

After incubation for 2 days, the medium was replaced to serum-
free medium for fibroblasts (Cosmobio H001, Tokyo, Japan).
The medium was collected after 3 days, concentrated (Amicon
Ultra-4 (10k) (Millipore) and a proteinase inhibitor cocktail
(Nacalai tesque, Kyoto, Japan) was added. Fibroblasts cultured
for 3 days on 150 mm plates were collected using a scraper
(BD Falcon), dried with acetone and GAGs were precipitated
with 80% ethanol and sodium acetate as described (76). After
being desalted using a centrifugal filter (Amicon Ultra-4;
Ultracel-3k, Millipore Corp., Billerica, MA, USA), the
samples were treated individually with a mixture of chondroiti-
nases ABC (EC 4.2.2.20) and AC-II (EC 4.2.2.5) (Seikagaku
Corp., Tokyo, Japan), a mixture of chondroitinases AC-I (EC
4.2.2.5) and AC-II (Seikagaku Corp.), or chondroitinase B (EC
4.2.2.19) (IBEX Technologies, Montreal, Canada) for analyzing
the disaccharide composition of CS/DS, CS or DS, respectively.
All three chondroitinases generate unsaturated uronic acid
(AUA)-containing disaccharides. Chondroitinase AC degrades
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CS, chondroitinase B degrades DS and chondroitinase ABC
degrade both CS and DS (Supplementary Material, Fig. S4).
The digests were labeled with a fluorophore 2-aminobenzamide
(2AB) and aliquots of the 2AB-derivatives of CS/DS oligosac-
charides were analyzed by anion-exchange HPLC on a PA-03
column (YMC Co., Kyoto, Japan) as previously described
(77). The unsaturated CS/DS disaccharides observed in the
digests were identified by comparison with the elution positions
of authentic 2AB-labeled disaccharide standards. The amounts
of di-, tetra-, hexa-, octa- and decasaccharides from chondroiti-
nase B cleavage reactions were separated by gel/filtration chro-
matography on a Superdex peptide column.

Immunoblotting for decorin

The conditioned media from fibroblast cultures were digested
and subjected to SDS—PAGE using a 10—-20% SDS polyacryl-
amide gradient gel. Separated proteins were transferred to a
PVDF membrane, and incubated for 2 h at 37°C. Decorin CS/
DS proteoglycan from fibroblasts was detected using anti-
human decorin antibody (clone 115402; R&D Systems,
Minneapolis, MN, USA).

WEB RESOURCES

The URLs for data presented herein are as follows:

National Center for Biotechnology Information [NCBI; for
data on DSE, CHST14 and their orthologs (RefSeq, Pubmed,
OMIM, Gene, Protein)], and a BLAST homology search:
http://www.ncbi.nlm.nih.gov/.

Databases of DNA sequence variants: 1000genomes database
(http://www.1000genomes.org/), dbSNP (http://www.ncbi.
nlm.nih.gov/projects/SNP/) and the NHLBI Exome Sequencing
Project (http://evs.gs.washington.edu/EVS/).

European Bioinformatics Institute Web site (for ClustalW),
http://www.ebi.ac.uk/index.html.

PolyPhen-2: prediction of functional effect of human nsSNPs,
http://genetics.bwh.harvard.edu/pph2/.

The OPAL protein domain and functional annotation analysis
tool at Oxford University, http://www.oppf.ox.ac.uk/opal/.

The UniProtKB protein structure database, http://www.unip
rot.org/uniprot/?Query=reviewed%3 Ayes.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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