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Expression and characterization of human perlecan domains I and II
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We present the in vitro expression and purification of N-terminal fragments of human perlecan in
inseet cells. Three tailored fragments of human perlecan cDNA were introduced into the polyhedrin locus
ol baculovirus expression vectors (BEVs) encoding amino acids 1—196 (domain 1), 1—404 (domain
14-11") and 1506 (domain I+1I*"). The integrity of the BEVs was checked by DNA sequencing, polymer-
ase chain reaction, restriction enzyme analysis and Southern blotting. Northern hybridization and meta-

holic labeling with [*S]methionine showed that expression of the perlecan-(1—404)- and the -(1—506)-
wptide was successful, but in the case of the perlecan-(1—196)-peptide no recombinant protein was

produced. Immunoblotting showed that both the (1—-404)-peptide and (1 —506)-peptide are recognized
by 9510, & monaclonal antibody that was previously
0 fLescherichia coli, Gel permeation and anion-excha

raised against perlecan-(24—404)-peptide expressed
1ge chromatography were applied to purify the re-

combinant proteins, Glycosaminoglycans were demonstrated to be present. Deglycosylation with chon-

droitinase ABC showed that the perlecan-(1-404)-

reptide was glycosylated with chondroitin sulfate

residues. Consistent with these results, glycosaminoglycans isolated from the perlecan-(1—404)-peptide

were identilied as chondroitin sulfate by agarose gel
peptide showed allinity to immobilized basic fibro

electrophoresis. Furthermore the perlecan-(1—404)-
blast growth factor. The availability of baculovirus-

derived recombinant perlecan fragments will facilitate domain-specific investigation of the structural and

functional properties ol perlecan in the future,

Kevwords: perlecan; structure; baculovirus expression; chondroitin sulfate; basic fibroblast-growth

Lactor,

Heparan sulfate proteoglycans are essential components of

cell surface and basement membranes serving a diversity of
functions. Perlecan (HSPG2) is a large proteoglycan of base-
ment membranes consisting of a 467-kDa core protein with three
heparan sullate chains attached to its N-terminal domain. The
other domains shave similarity with the low-density lipoprotein
receptor (domain 1D, laminin «1, 1 and 91 short arms (domain
1), neural cell-adhesion molecule (domain IV) and the globular
end of faminin ol (domain V) |1=3]. The perlecan gene 1s
mapped to the short arm ol chromosome | and comprises over
120 kb, consisting of 94 exons {4, 5]. Consistent with 1ts multi-
domain structure, the core protein of perlecan serves multiple
functions, The proteoglycan is anchored within the basement
nembrane through binding to laminins (an interaction that is
enhanced in presence of nidogen/entactin), fibronectin and colla-

Correspondence to 1., P.W. 1. van den Heuvel, Dept. of Pediatrics,
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Abhreviations. AcNPV, Autographa californica nuclear polyhedrosis
vitus; BEV, baculovirus expression vector;  bFGYE, basic fibroblast
srowth lactor: GBM, glomerular basement membrane; HSPG, heparan
sulfate proteoglycan.

Enzvines. Peroxidase (BEC LULLTY: polynucleotide kinase (EC
2.7.1.78); DNA polymerase (EC 2.7.7.7); type 11 site-specific DNase
(LC 30200 proteinase K (LEC 3.4.21.64): chondroitin ABC lyase (EC

gen types IV and VI(a2) {6—8]. These interactions may increase
the rigidity of the basement membrane and immobilize perlecan
within the matrix. Up to date, little information is available re-
garding the tunctionality of the individual domains of the core
protein. However, some insight into the roles of domain [ and
[ has been gained by previous in vitro expression studies. Do-
nain III of mouse perlecan was produced by HT1080 cells [9].
The recombinant protein binds to the cell surface through in-
teraction of RGD peptide sequences with wntegrins (101, Al-
though this tripeptide is not conserved in human perlecan an
alternative cell binding mechanism may exist. In another stucly,
domain III of human perlecan was expressed successfully in
Escherichia coli. A monoclonal antibody was raised and used (o
demonstrate the ubiquity of perlecan in human basement mem-
branes [3]. Furthermore, expression of murine domain I in Chi-
nese hamster ovary cells provided evidence for the location of
the glycosaminoglycan attachment sites near the N-terminus of
perlecan [11].

The presence of the strongly anionic heparan sulfate is
essential for the charge-selective permeability of the glomerular
basement membrane [12]. Heparan sulfate has also been shown
to bind a wide range of growth factors like heparin-binding epi-
dermal growth factor, interferon-y, granulocyte-macrophage col-
ony stimulating factor, interleukins IL-3, IL-8 and basic fibro-
blast-growth factor (bFGF) [13—16]. The biological activity of
bFGF requires the presence of a specific oligosaccharide se-
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quence within heparan sulfiate or heparin |14, 17]. Binding to

its cell surface receptor. It was demonstrated that bFGE activa-

tion in vive is solely dependent on the heparan sulfate chains of

perfecan [13].

Together with cell-surface heparan sulfate proteoglycans
(HSPGs) of the vascular endothelium, perlecan also plays a role
in the regulation of the coagulative response. Antithrombin [1I
binding to heparan sulfate increases its anti-coagulant actvity
118, 19]. Finally, perlecan may be involved in lipoprotein metab-
olism. Heparan sulfate chains are known to bind lipoprotein li-
pase, a key enzyme in lipoprotein metabolism [20, 21]. Regard-
ing the strong similarity between domain I and the low-density
lipoprotein receptor it can be speculated that the heparan sulfate
residues, lipoprotein lipase, low-density lipoprotein and domain
[I might associate somehow into a large complex [22]. However,
no experimental evidence has been obtained thus far to support
this hypothesis. In the present study we have used recombinant
baculovirus expression vectors (BEVS) to produce truncated per-
fecan fragments that are both glycosylated and expressed at high
level. The baculovirus expression system utilizes the extremely
strong polyhedrin promoter by substituting the polyhedrin gene
for a ¢cDNA sequence encoding the protein of interest [23, 24].
Many post-translational modifications are well described 1 in-
sect cells, including O-glycosylation [25], N-glycosylation, pal-
mitoylation and myristoylation. Although chondroitin sulfate
and heparan sulfate proteoglycans have been observed in the
(ruit tly Drosophila melanogaster [26], no evidence is available
yet for the correct synthesis of HSPGs during late stages of ba-
culovirus infection.

MATERIALS AND METHODS

Materials. Vent polymerase, T4 polynucleotide kinase, Xcml
and Dralll endonuclease (New England Biolabs), BamHI, Noil,
Pstl endonuclease, T4 DNA ligase, bFGF, methionine-deficient
Grace’s medium, fetal bovine serum (Lite Technologies), Sifl
endonuclease, pCR-Script plasmid (Stratagene Cloning Sys-
tems), pVL1393 plasmid (Invitrogen), Spodoptera frugiperda
SE21 cells, wild-type Awtographa californica nuclear polyhedro-
sis virus (AcNPV) strain C6, transfection reagent, BacPAK®6 lin-
earized viral DNA (Clontech Laboratories), SDS-6B biotiny-
lated marker, Brij35, TNM-FH inscct culture medium (Sigma
Chemical), RNAzol (B otecx Laboratories), [*’S]methionine
(ICN Biomedicals), [-*P]ATP, Hybond N*, photographic film
(Amersham), EN.HANCE (NEN), SDS (Fluka Chemie), Phast-
System, FPLC system, MonoQ), Superose 12 column, DEAE-
Sepharose CL-4B (Pharmacia Biotech), secondary antibody con-
jugates (Dakopatts), Immobilon-P membrane (Millipore),
MultiMark prestained marker (Novex) and chondroitinase ABC
from Proteus vulgaris (Seikagaku).

Construction of transfer vectors. Three transfer vectors
were constructed designated pVL1393-P1 (encoding amino
acids 1—196 of human perlecan), pVL1393-P12* (amino acids
1—404) and pVL1393-P12* (1—-506). The initiation codon is

supplied by the insert; the open reading frame is placed out of

the original polyhedrin reading frame to avoid aberrant initia-
tion. To introduce translation termination codons, mutagenic
primers (Fig. 1) were used with clones Hpe2 and P5 [1] as tem-
plate and Vent polymerase. The PCR products were inserted into
the S#fl cloning site of pCR-Script according to the suppliers
protocol. Transtormants (prepared according to [27]) were
screened to contam the unique BamHI site at the 57 orientation
and the Notl site at the 3 orientation from the cDNA fragments.
The ¢DNA sequences were checked completely by sequencing

this oligosaccharide is essential for the growth factor to trigger

Groffen et al. (kur J. Biochem., 241)

Product Nucleotides Primer set
] 41-628 atggegtegegggcegecgg (forward)
tcatgggaactggggeactgtec (reverse)
2 543-1252 tcatctccageggotetgt (forward)
ttacatgcagccaaactegte (reverse)
3 985-1560 tpagctagactgtggeccce {forward)

tcaggggectgctegitgtpg (reverse)

Fig. 1. Primers used for introduction of translation stop codons into
sequences of human perlecan. All sequences are in 5" to 3’ direction:
anderlined residues indicates mismatch in mutagenic primer. Nucleotide
numbering corresponds to the cDNA sequence available from GenBank

by accession number X62515 [1].

(ABI apparatus type 37717). The BamHI-Notl tragment contain-
ing PCR product 1 (Fig. 1) was subcloned into pVL1393,
ywldmg pVL1393-P1. The XcmlI—Notl fragment containing the
major 3’ part of PCR product 2 (Fig. 1) was subcloned into
pVL1393-P1, yielding pVL1393-P12". The Dralll—Notl frag-
ment containing the major 3" part of PCR product 3 (Fig. 1) was
subcloned into pVL1393-P12, yielding pVL1393-P12*,

Tissue culture and isolation of recombinant baculovi-
ruses. The general tissue culture methods were adapted {rom
[23]. Spodoptera frugiperda SF21 cells were cultured at 27°C in
TNM-FH medium supplemented with 10% tetal bovine serum,
Except where stated, monolayer cultures were used. Recombi-
nant viruses were derived from BacPAK®O6 by liposome-mediated
cotransfection. The culture supernatant was harvested 4 days af-
ter cotransfection and individual plaques were obtained by a
soft-agar overlay method. Well-isolated plaques were picked and
left to diffuse overnight in 500 pl normal medium at 4°C. Pure
plaques were propagated by infecting 5X10* SF21 cells in a
35-mm dish with 100 pl of the plaque pick and harvesting the
medium 4 days after infection. For further propagation of
baculovirus strains during a maximum of two passages, suspen-
sion cultures of 50 ml were inoculated with 3X10° cells/ml and
incubated until logarithmic growth. Cells were then infected
with a multiplicity of 0.1 and harvested 96 h post-infection, at
which time the cell densities had reached a plateau of about
2X10° cells/ml. Cell densilies were monitored in a hemocytome-
ter (Biirker). Virus stocks were titrated by plaque assays. For
expression of recombinant proteins, cells were infected at semi-
confluence with a multplicity of 5 and harvested at 50—60 h
post-intection.

Genomic analysis of BEVs. Independently isolated bacu-
lovirus strains were analyzed for correct integration locus and
purity. Baculovirus genomic DNA was isolated from non-oc-
cluded virions as described [28]. Shortly, the medium was
cleared from cells (15 min at 300X g) and non-occluded virions
were collected by ultracentrifugation for 1 h at 100000Xg. The
virions were incubated overnight at 37°C in presence of 0.1 mg/
ml proteinase K and 1% SDS. The DNA was further purified
following standard procedures [29] and stored at 4°C. After en-
donuclease PstI digestion, 1 pg fragmented virus DNA was ap-
plied to each lane of a 0.35% agarose gel and separated over-
night at 4°C. Southern blot transfer to a Hybond N* membrane
was performed overnight by capillary force. The filter was hy-
ridized at 42°C with an oligonucleotide (35 nucleotides) simi-
lar to exon 3 of human perlecan (domain 1), and washed under
medium  stringent conditions (75 mM NaCl, 7.5 mM sodium
citrate, 0.1% SDS, pH 7.0 at 42°C). For autoradiography, a pho-
tographic film was developed after 4 days exposure.

[*S]Methionine incorporation and autoradiography. This
procedure was adapted from [23]. A suspension culture of msect
cells was grown to a cell density of 5X10% cells/ml and infected
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Grroftfen et al. (Eur J. Biochem.

with recombinant baculoviras with a multiplicity of 10, 48 h af-
ter infection, Lo ml cell suspension was centrifuged (5 min at
500 % g, 247C) and the cells were resuspended in 1.5 ml methio-
nine-deficient Grace’s medium. The cells were Further incubated
for 60 min; all incubations were at 27°C under frequent in-
version. The cells were collected and incubated for 60 min in
[.5 ml methionine-deficient Grace’s medium supplemented with
S50 pCe/ml [ thionine (specific activity = 1000 Ci/mmol,
Amersham Life Science), The labeling mixture was removec
and cells were washed twice with NaCl/P, (1.4 M NaCl, 27 mM
KCL 100 mM Nu,HPO, 18 mM KHLPO,, pH 7.5). Finally, the
cells were incubated Tor Y0 min in 200 1l NaCl/P, and centri-
fuged (5 mim 500xXg). The supernatant was stored at —80°C.
Due to the host shut-oft m the baculovirus infection cycle, the
supernatant contains a limited set of extracellular proteins, syn-
hesized at 50 T post-infection and labelled with [**S |methionine.
Proteins were analyzed by SDS/PAGE (12.5%) and processed
or autoracdhography with ENSHANCE according to the manu-
facturer’s nstructions.

size-exclusion andd lon-exchange chromatography. For
sive-exclusion chromatography, a Superose 12 column (height
0 cm, Vo= 237 ml, V,=T06ml as determined for blue
dextran-2000) was calibrated with molecular mass marker pro-
ems and contained 208 plates on average in the range of 14~
440 kDa. Sample volume was 200 pd, How rate 0.5 ml/min and
clution was pertormed n NaCl/ Fﬂ + 0.01% Bryds -+ 0.01%
NalN ;.

For ton-cxchange chromatography. sample volumes varying
from 200 pl 1o 10 mb were applied to a MonoQ column with a
hul volume ot T ml A lmear gradient from 0 to T M NaCl in

M Tris pH 6.8, 0.1 % Zwittergent 3—12 and 0.01% NaN,
was used Tor elution with a flow rate of 0.5 ml/min. Aliquots
ol cach sample were dissolved in UltimaGold scintillation mix
(Packard) and counted tor 4 min in a liguid scintillatton ana-
lyzer.

Chondroitinase ABC treatment. Samples were incubated
with 0.5 U/ml chondroitinase ABC (protease-free) for 16 h at
37°C in 0.1 M Tris pH 8.0 containing 0.025% NaN,. Contro
reactions were included containing 0.1 mg/ml chondrottin sul-
fate tn the presence and absence of chondroitimase ABC, The
clficney ol the deglycosylation was measured by a 1,9-dimethyl-
methylene blue assay [30)].

Immunological methods. For immunoblotting and BELISA
rocedures we followed standard methods [31] using 95110, a
werlecan-specitic mAb that was previously raised in recombinant
[ coli (unpublished results), Tn summary, recombinant perfecan-
(2 40d)-peptide was produced m the bactertal pGEX expres-
sion systen | 32] and treated with thrombin, The recombinant
ragment was used for production of mAbs in mice according to
oreviousty deseribed procedures {33 Hybridoma cell ines were
sereened in BELISA against the recombinant fusion protein and
in indirect immunotluorescence studies on human kidney cortex
sections, The glomerular staining pattern observed with 95110
matched the results obtained with the anti-perlecan mAb 7B3
131, bmmunological detection was based on chemiluminescent
(immunoblotting) or chromogenic (ELISA) reactions driven by
horseradish peroxidase.

bFGE binding assay. Quantities of 24, 100, 250 and 500 ng
bEGE and BSA were dissolved in 100 pl 50 mM sodium carbon-
ate pH 9.6 and transferred into 96-well plates incubated over-
night at 4C for coating. After thorough washing, the wells were
incubated with with 2.5 pg of the perlecan-(1—404)-peptide in
NaCl/P, containing 3% BSA, partially puritied by ton-exchange
chromatography  (fractions eluted between 0.4-0.6 M- NaCl
o MonoQ)). Afler thorough washing with NaCl/P;, bound per-
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Fig. 2. (A) Restriction enzyme analysis of wild-type (lane 1) and re-
combinant (lanes 2—4) baculovirus strains and (B) Southern hybrid-
ization confirming the insertion of perlecan ¢cDNA constructs into
the polyhedrin locus of the baculovirus genome. Lane [, wild-type
ACNPV; lane 2, recombinant AcNPV encoding perlecan-(1 — 190)-pep-
ticle lane 3, AcNPV encoding  perlecan-(1 —404)-peptide:  lane 4,
ACNPY  encoding  perlecan-(1--3506)-peptide:  lane 5, lincarnzed
pVL1393-P1 plasmid DNA as posttive control for hybridizatton. Geno-
mic DNA was digested with Psil and fragments were separated by elec-
trophorests on a L35% agarose gel (A). The same gel was used for
Southern blot transter and hybridization with o domain-l-specific probe
agatnst human peclecan (B). Arrows indicate (a) wild-type Psel-D frag-
ment carrying the polyhedrin locus; (b) recombinant Pstl fragments car-
rying the inserted cDNA constructs,

tecan-( 1 —404)-
ELISA.
Additional methods. Glycosaminoglycan electrophoresis
was performed according o [34]. Protein concentrations were
measured by the Bradford method with BSA as reference.

peptide was detected as in the above described

RESULTS

Isolation of recombinant baculovirus strains. To allow ex-
pression of perlecan fragments in Spodoptera frugiperda SH2 |
insect cells, three recombinant baculovirus strains were genet-
ated as follows. Truncated ¢cDNA Tragments were prepared en-
coding amino acids (1-196), (1—404) and (1 —500) of human

perlecan. The ¢cDNA fragments were inserted nto the transter

vector pVILI393, The mtegrity of the cODNA constructs was con-
firmed by restriction enzyme analysis and the complete coding
regions and non-transtated borders were verified by sequence
analysis,

[n the pVLI1393-derived transter vectors, the ¢cDNA mserts
are flanked by regions that are simitlar to AcNPV sequences sut-
rounding the polyhedrin gene. These tlanking sequences allow
homologous recombination, resulting in substitution of the wild-
type polyhedrin gene by the ¢cDNA constructs ol interest. To
counterselect against non-recombinant virus replication, we ¢m-
ployed a parental virus spectally designed tor thas purpose, Bac-
PAKG6. A soft-agar overlay plaque assay yielded only polyhe-
drin-negative plaques. Well-isolated plaques were picked o 150-
ate recombinant baculovirus strains. PCR amplitication tech-
nigques were used for a primary screening of the virus strains
(data not shown).

For more thorough mvestigation, the baculovirus 1solates
were propagated and genomic DNA (134 kb circular) was puri-
fied and digested with Pstl endonuclease (Fig. 2A). The Pstl
digestion pattern can discriminate between different loci ol in-
tegration because an additional restriction site 1s introduced jux-
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Fig. b Extraceliplar protein production by baculovicus-infected in-
seet cells after metabolic labeling with V5 imethionine. Spodopieru
Frugiperdo SF2T cells were anfected with wild-type AcCNPY (lane 1),
AchPY encading perlecun-t - 190 peptide (une 2y, AcNPY encoding
perlecan-( 1 - H,}~4-J-§_Mﬁiza.l§3 (hape 31 or AcNPY encoding perlecan-{1 -
S06)-peptide (lane 4, Arrows o and b indicate perlecan-( 1~ 404-peptide
ard perlecan-C - 506 peptide respectively. Moleculur mass markers are
ii'u‘éia:ms;:s;l on the dely (MuluMark _;.}.immszi marker. MNovex), At 4Y h
post-tntection. cells were incubated tor 60 mm o the
S Imethiomine, washed, and extracellolae proteins were vollecied dur-
g Y0 min, The supernatunts were harvested and analyzed withowt
farther mangpulation by SDS/PAGE (12.5% ) and auwtoradiography.

aposing the inserted CONA sequence. Co m-'u;]w;:*nt'ly the polyhe-
drin-contuining Pyl fragment (arrow o Fig }’\} of wild-type
ACNPY is further degraded into smaller pz‘wd ucts i recombinant
stratns (arrow b oin Figo 2A0 The observed fragment sizes were
e full concordance with the expected vatues, calculated from

the nucleotide sequences of ACNPVY (GenBank L2285%) and of
Furthermore, the presence of

the mtroduced ¢cDNA constructs.
perlecan cDDMA in these subfragments was demonstrated by
Southern blottiing with a probe simuar to an mternal fragment
of domain | (arrow ban Fig 2B) From these data we conclude
that perlecan ¢DMA constructs encoding  perlecan-(1—196)-,
(1 —404)- and (1~ 3006)-peplide were successtully introduced
into the correct Porl fragment of the baculovirus genome.

Transcription and expression of perlecan fragments, To con-
firm the presence of recombinant mRNAL a northern hybridiza-

ton wias performed with a cDNA probe xpculm for domain I of

human perlecan (data not shown). No mRNA was detected 1n
wild-type cells whereas high levels were produced m recombi-
nant baculovirus-intected 5F21 cells, As discussed below, the
size ol the mRNA observed for perlecan-(1— 196)-peptide was
substantially Targer than expected (approx. 4 kb). Transcription
was observed at 36 hoand 04 b post-infection but not at O ot
12 b, which corresponds with the characteristics of late-phase
buculovirus promoters,

Production of the recombinant perlecan peptides was studied
by metabolic lubeling with ["S]methionine. Best results were
obtained by labeling at 50 h post-infection, when only a limited
set of virus-encoded proteins 1y secreted from baculovirus-in-
tected cell cultures. The supernatant was harvested and analyzed
without further manipulatton by SDS/PAGE and autoradiogra-
phy (Fig. 33 Companson of recombinant and wild-type baculov-
irus-encoded proteins revealed the presence ol recombinant per-
lecan-( [ —404)-peptide and pt‘:rlecankl —500)-peptide. In con-
trast. no additional band was visible in case of the perlecan-
(1= 1906)-peptide. The perlecan-(1—404)- and -(1—506)-peptide
migrate o SDS/PAGE as molecules of about 53 kDa and
62 KDao respectively, as estimated by standard curve interpola-
ton. Based on the primary amimo acid sequences,
masses of the core proteins are predicted as 42 kDa and 53 kDa

presence of

maolecular

iFar 40 Biociwm, 2440

250

148 —

front — =

Fig. 4, Western blot detection of cecombinant perlecan fragments,
E 21 u,lia wet mtmi’ul mih W i Iypu f\d\[}‘\f (Iarm 1), f‘-\t:*\ PV encod-
¢ perlecan-

{’l ------- {}) ps:;}i;(l@ E'!m*te 3). AL 64 b pmt mtmilm thc %LI;)CHILIMI’][ WiLs
}'z:..wmml and separated by SDS/PAGE on a 10— 15% gradient el

(PhastSystem). Atter blot transfer, recombinant proteins were detected
with the mAb 95110, Marker proteins are indicated on the tefl (SDS-68
biotinylated marker and MultiMark prestained marker).
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Fig, 5, Purification of the perlecan-(1-404)-peptide by size exclusion
chromatography, Crude culture supernatant obtained after metabolic
labeling with [7"S|methionine (lane 1) was applied onto a Superose |2
cotumn under non-denaturing conditions. Individual fractions (lanes 2~
Dy were analyzed by 12.5% SDS/PAGE and autoradiography. &, values
we noted for each fraction, The arrow indicates the perlecan-{ {04 )-
neptide. Molecular mass markers wee indicated on the right (MultiMark
prestained marker).,

respectively, taking removal of the signal peptides mto account.
To mvestigate the ntegrity of the two produced proteins, immu-
nological studies were performed with the mAb 95110 (raised
against domain [ and I of human perlecan expressed in £. coli).
Western blot analysis showed that the perlecan-(1—404)- and
-(1=-506)-peptide are immunologically related to human per-
lecan (Fig. 4). As a control, the 93J10 epitope was not detected
in insect cells infected with wild-type AcNPV (lane 1) or recom-
binant AcNPV encoding perlecan-(1—196)-peptide (not shown).
Conststent results were found e ELISA (data not shown), The
obtaned yield was between 1—35 mg recombinant protein/ 10"
cells.

Purification of recombinant perlecan fracments. [*°S [Methio-
nine-labelled supernatants (Fig. 3, lane 3 and 4) were used o
mvestigate the behaviour of the perlecan-(1 —404)- and -(1-
506)-peptide on  chromatographic media. For size-exclusion
chromatography. a Superose 12 column was utilized. [ndividual
fractions were collected and aliquots were separated by SDS/
PAGLE. Radioactive proteins were visualized by autoradiography
(F1g. 5). Both the perlecan-(1 —=404)- and -(1 —506)-peptide (not
shown) eluted at K, = 0.23—0.29, whereas these bands did not
appedr in case of the perlecan-(1—196)- peptide or after infection
with wild-type AcNPV (data not shown),




Crroften et al. (Fur J. Biochem. 241) 831

250 - - s |
= 0.8
&
E - &
o
E:
w50
O . M" 9 :. it Graf "1 |
0 5 10 [5

Fraction number

Fig. 6. Anion-exchange chromatography of perlecan-(1-404)-pep-
tide. [7S|Methionine-tabelled perlecan-(1~404)-peptide, puritied by
stze-exclusion chromatography as shown in Fig, 5 (lane 2), was applied
onto o MonoQQ anton-exchange column. The protein strongly bound to
the matrix at pH 6.8 and eluted m o finear NaCl gracient at a concentra-
tion of O.4-—-0.5 M,

2 _ — -
f
Il' I'I-
;‘ '
1.5 - [
."f: Illl':'
%‘f l /{;‘f \"'.
- y
<« Lo
'- \
: / \
0.5 L = ? \e
R oy e T S —
s o ® o e &y é% o Py

03 04 05 06 07 08 09 1
[NaCl] (M)

0 01 02

Fig. 7. Ion-exchange chromatography of intact and chondroitinase-
ABC-digested perlecan-(1-404)-peptide. (@) Intact perlecan-( | —404)-
peptide; (L) perlecan-(1-—404)-peptide  digested  with  protease-free
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beads using o stepwize NaCl gradient. Aliquots of each fraction were
analyzed in duplo by an BELISA vsing the perlecan-specific mAb 93J10.
The relative perlecun-{1-—404)-peptide concentrations were measured as
absorbance at <92 nm,

An essentially pure fraction ot [7S |methionine-labelled per-
lecan-(1 —404)-peptide obtained by gel permeation (Fig. 5, lane
2) was applied onto a MonoQQ) anion-exchange column (o study
its binding characteristics. The recombinant protem strongly
bound to the matrix at pH 6.8, A linear salt gradient was used
or clution and radioactivity of the fractions was quantitied by
hquid scintiflation counting (Fig. 6). The protein eluted from the
column at a concentration of 0.4—0.5 M NaCl.

A similar procedure was followed with non-radioactive per-
lecan-( [ —404)-peptide, using immunological  detection  pro-
cedures (Fig. 7). [n this case, the perlecan-(1—404)-peptide was
incubated with DEAE-Sepharose (a matrix carrying the same
active groups as MonoQ)). After elution with a NaCl gradient
increasing stepwise from 0 to 1.0 M, all fractions were analyzed
by an ELISA procedure using 95110, Consistent with the previ-
ous results, the majority of the protein was detected 1n the frac-
tion containing 0.4 M NacCl.

- Characterization of glycosaminoglycan residues. The binding

characteristics ol the perlecan-(1—404)-peptide to anton-ex-
change beads suggest that exposed negative charges are present
on the molecule. We therefore studied the glycosylation charac-
teristics of the perlecan-(1—404)-peptide produced by baculovi-
rus~infected insect cells. After treatment with chondroitinase
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Iig. 8. Characterization of glycosaminogiycans exiracted from re-
combinant perlecan-(1-404)-peptide. Lanes | and 4, marker glycosam-
inoglycans (5 and 20 ng, respectively) heparan sulfate (Hb5), dermatan
sultate (DS) and chondroitin sultate (CS): tanes 2 and 3, glycosamino-
alycans extracted from recombinant perlecan-( 1 -—404)-peptide (frvetold
diluted and undiluted, respectively). Glycosaminoglycans were separated
by agarose gel electrophoresis and stained with combined Azure Afsilver
|34,

Table 1. The recombinant periecan-(1-404)-peptide binds to immo-
bilized bFGE, Increasing quantities of bFGE or BSA were coated on
ELISA plates. Wells were incubated with supernatant from perlecan-( 1 -
40d)-peptide expressing cells, washed, and bound perlecan-( 1 —404)-
peptide was measured by ELISA with mAb 95J10.

Amount coated Pepude bound to

BSA b G

g A oo
0 (0,225 (0,225
24 ().220 ().202
[ O0) ().225 (}.6:39
250 0.225 [.690)
500) ().226 3254

‘Table 2. Free glycosaminoglycans compete for binding of perlecan-
(1-d0d)-peptide to bFGE. A constant amount of bPFGE (250 ng) was
coated on ELISA plates and binding ol perlecan-(1-—-404)-peptide was
assaved n the presence ol ncreasing concentrations ot free heparan sut-
tate (HS) or chondrottin sultate (CS),
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Competitor concentration
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] (). 159 A
3 (.058 (.57
25 0.066 (3159
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ABC (protease-tree), its binding capacity to DEAE-Sepharose
was abolished (Fig. 7) and the protein was found m the flow-
through. Further evidence tor the presence ot chondrortin sultate
residues on the recombinant perlecan-(1—404)-peptide s shown
in Fig. 8. Glycosaminoglycans were extracted trom the perlecan-
(1—404)-peptide by alkaline borohydride treatment and ana-
lyzed by agarose gel electrophoresis. A single band was visible,
comigrating with chondroitin sulfate.

The above data suggest that the perlecan-(1—404)-peptide
produced by recombinant AcNPV, 1s glycosylated with one or
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maore chondroitin sulfute residues. The proteoglycan-like proper-
1es ol the perlecan-(1—404)-peptide conform with its ability to
nnd bEGE (Table 1), This was demonstruted by coating increas-
ing quantities of bFGF on ELISA plates, incubating with culture
supernatant ol baculovirus-infected insect cells, and determining
the amount of immobilized perlecan-(1—404)-peptide in an
ELISA-like procedure with mAb 95J10. This mnteraction be-
iween the perlecan-(1—404)-peptide and bFGF 1s 1nhibited 1n
the presence of free glycosaminoglycans, heparan sulfate being
1 stronger competitor than chondroitin sultate (Table 2). This 18
not surprising since bFGF has been reported to huve a higher
atfinity for heparan sulfate than for chondroitin sulfate. The re-
sults mdicate that the binding of the perlecan-(1—404)-peptide
to iImmobilized bFGF 15 mediated by the glycosamimoglycan
moienes of the recombinant proteoglycan.

DISCUSSION

No recombinant protein is synthesized by BEVs encoding the
perlecan-(1-196)-peptide. The nability of AcNPV-infected 1n-
sect cells to produce the recombinant perlecan-(1—196)-peptide
1s poorly understood. The possibility of a frame shift or point
mutation in the ¢DNA construct was excluded by sequence
analysis. Baculoviruses carrying the ¢cDNA construct encoding
the perlecan-(1—196)-peptide were convincingly shown to con-
tain the insert correctly in the polyhedrin locus, and the size of
the ¢cDNA fragment was confirmed by PCR. These results
clearly indicate that the recombinant virus offers an intact open
reading frame. Transcriptional analysis by northern blotting
showed that an unexpectedly long mRNA (approx. 4 kb) was
present, induced between 12—36 h post-infection. However, no
recombinant protein was produced.

One possible explanation for the deficiency in recombinant
perlecan-(1—196)-peptide production 1s the inefficient use of the
polyadenylation signal, In late phases of baculovirus infection,
transcription 18 mediated by a virus-encoded RNA polymerase
[35] and not all factors that influence termination of transcrip-
tion by this enzyme are known [36]. For the AcNPV polyhedrin
aene, multiple transcripts (1.2, 3.4 and 4.9 kb in size) have been
observed with a common 5" end [37, 38]. Therefore the elon-
gated mRNA might result from read-through transcription, and
we speculate that this may cause instability of the mRNA.

Another reason for the lack of perlecan-(1—196)-peptide ex-
pression could be the activity of an additional late-phase pro-
moter positioned approximately 2 kb downstream of the polyhe-
drin coding sequence [37]. This promoter drives the transcrip-
tion of a 3.2-kb mRNA in the opposite orientation, comprising
the antisense strand of the inserted cDNA. Since the probe used
tor northern hybridization was double-stranded, the observed
signal may represent the antisense transcript. In wild-type
AcNPYV, the level of this transcript is down-regulated by tran-
scription from the polyhedrin promoter [37]. Possibly the con-
sensus generated in this BEV influences the balance between
sense and antisense transcription, in favour of the antisense
product.

Successful expression and purification of perlecan-(1-404)-
and -(1-506)-peptide. The recombinant perlecan-(1—404)-
and -(1—3506)-peptide, comprising domains | and II of human
perlecan, were successfully synthesized in the baculovirus ex-
presston system. This was shown by metabolic labeling (Fig. 3)
and mmmunological assays with the mAb 95J10 (Fig. 4). The
signal peptide (originating from human perlecan ¢cDNA) was
recoghized and the proteins were transported to the extracellular
compartment. During electrophoresis on a 12.5% SDS/poly-
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acrylamide gel, the |**S]methionine-labelled recombinant pro-
teins migrate as 53-kDa and 62-kDa proteins, respectively,
which is 10 kDa larger than the calculated mass of their core
proteins. As argued below, this ditference can be explained by
post-translational modifications, since the electrophoretic mobil-
ity of glycosylated proteins does not correlate to molecular mass
in a linear logarithmic manner. In contrast, elution on a gel per-
meation column calibrated with globular marker proteins takes
place at K, = (.23-0.26 which coincides with an apparent
mass of 180—250 kDa. This discrepancy illustrates that molecu-
lar mass determinations based on relative mobility should be
considered very carefully, especially when proteoglycans are in-
volved. The yield of between 1—5 mg recombinant protein/1()”
cells is in agreement with the results obtained with other recom-

binant proteins [23].

Identification of glycosaminoglycans as chondroitin sulfate.
The presence of chondroitin sultate glycosaminoglycans on ba-
culovirus-derived perlecan-(1—404)-peptide 1s supported by the
following findings. Firstly, the perlecan-(1—404)-peptide strongly
binds to the anion-exchange matrices DEAE-Sephurose CL-4B
and MonoQ. The observed elution pattern resembles the charac-
teristic behaviour of proteoglycans previously isolated from
basement membranes [39, 40]. Secondly, the binding capacity
of the perlecan-(1—404)-peptide to anion-exchange columns is
abolished by chondroitinase ABC treatment. Furthermore, gly-
cosaminoglycans isolated from the perlecan-(1—404)-peptide
were convincingly identified as chondroitin sultate (Fig. 8) by
agarose gel electrophoresis. Finally, the perlecan-(1—404)-pep-
tide binds to immobilized bFEGEF (Table 1). This interaction is
inhibited in presence of free glycosaminoglycans (Table 2), sug-
gesting that binding of the perlecan-(1—404)-peptide s medi-
ated through its side chains.

Although the interaction between bFGE and the perlecan-
(1—404)-peptide provides evidence for attachment of glycosam-
inoglycans, it can hardly be compared to the binding event that
occurs 1n the basement membrane. The binding of bFGF in vivo
18 known to require specific oligosaccharide sequences that are
present solely in heparan sulfate and heparin [13, 41], involving
a dissociation constant of 107*—107" M [16]. In our ELISA-
based binding assay the affinity must be lower, since free chon-
droitin sulfate acts as a potent competitor. We therefore conclude
that baculovirus-derived perlecan-(1—404)-peptide binds to im-
mobihzed bFGEF with relatively low affinity through its chon-
droitin sulfate chains.

The appearance of chondroitin sulfate residues on the per-
lecan-(1—404)-peptide 1s unexpected since the predominant in
vivo form of perlecan carries heparan sulfate chains. Some ef-
torts have been made to elucidate the factors influencing glyco-
sylation ot proteoglycans. The composition of glycosaminogly-
can chains has been found to depend firstly on the amino acid
sequence of the core protein [42]. The primary structure of per-
lecan domain [ permits both attachment of heparan sulfate and
chondroitin sulfate {11}, A second determinant for glycosylation
1s the cell type in which the proteoglycan is synthesized. Hybrid
heparan/chondroitin sulfate forms of perlecan have been ob-
served in Engelbreth-Holm-Swarm tumor cells [43), in cultured
human glomerular visceral epithelial cells [44] and Chinese
hamster ovary cells [11]. It is therefore comprehensible that the
perlecan-(1—404)-peptide is expressed as a chondroitin sulfate
proteoglycan. However, the exact determinants for this type of
glycosylation remain unclear.

Application of recombinant fragments of human perlecan.
Expression of perlecan fragments in the baculovirus system pro-
vides an important tool to study the functions of this proteogly-
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can in a domain-specific manner. In the present study we de-
seribed the expresston and purification ol perlecan-(1—404)-
and -(1-500)-peptide, comprising the two N-terminal domains
of perlecan. Given the spatial separation of the structural do-
mains as visualised by electron microscopy [45], it is likely that
the perlecan-(1-—500)-peptide will have identical properties as
he corresponding globulus in the whole perlecan molecule. The
included domains are likely candidates to play a role in lipopro-
ein metabolism. Domain IT of perlecan shows strong similarity
with the ligand binding domain of the low-density lipoprotein
receptor {1, 2]. A synergic action has been proposed for the
combined binding of lipoprotein together with lipoprotein lipase,
a complex that could be stabilized by a favourable configuration
of heparan sulfate in the proximity of the low-density lipoprotein
receptor-like domain [20, 22]. These and other hypothetical
functions of the N-terminal core domains of perlecan will be
assessed 1n the future,
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