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1. ABSTRACT

The interaction of viruses with specific receptors is an important determinant of vi-
ral tissue tropism and species specificity. Our goals are to understand how mouse hepatitis
virus (MHV) recognizes its cellular receptor, MHVR, and how post-binding interactions
with this receptor influence viral fusion and entry. Murine cells express a variety of cell
surface molecule in the biliary glycoprotein (Bgp) family that are closely related to the
MHVR. When these proteins are expressed at high levels in cell culture, they function as
MHYV receptors. We used a baculovirus expression system to produce soluble recombinant
murine Bgp receptors in which the transmembrane and cytoplasmic domains have been re-
placed with a six-histidine tag. The soluble glycoproteins were purified to apparent homo-
geneity and shown to react with antisera to the native receptor. We compared the virus
neutralizing activities of various soluble receptor glycoproteins. Soluble MHVR
[sMHVR(1-4)] had 10-20 fold more virus neutralizing activity the soluble protein derived
from the Bgpl® glycoprotein [sBgpl1°(1-4)], from MHV-resistant SJL mice. The
sMHVR(1-4) glycoprotein was 60—100 fold more active than a truncated receptor mole-
cule containing only the first two immunoglobulin-like domains, sMHVR(1,2). The obser-
vation that sSMHVR lacking domains 3 and 4 neutralizes MHV-A59 very poorly suggests
that these domains may influence virus binding or subsequent steps associated with neu-
tralization.
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2. INTRODUCTION

Mouse hepatitis viruses (MHV) provide an excellent model system in which to study
the role of receptor variation in virus biology and pathogenicity. This group of coro-
naviruses causes inapparent infection or a variety of murine diseases in mice including di-
arrhea, hepatitis, splenolysis, immunological dysfunction, thymic atrophy, and acute and
chronic neurological disorders (Barthold, 1986; Wege et al., 1982). MHYV is efficiently
spread within colonies of laboratory mice, and most MHV strains readily infect murine
cell lines (including 17 Cl 1 cells, L2 cells and DBT cells) causing cell fusion, lysis and
death (Frana et al., 1985). Infection by MHV is initiated by binding of the viral attach-
ment protein, S, to a specific virus receptor glycoprotein, MHVR (Dveksler et al., 1991;
Williams et al., 1991; Collins et al., 1982). Analysis of deletion mutant has shown that the
viral S protein binds to the N-terminal domain (domain 1) of MHVR (Dveksler et al.,
1993b). The anti-MHVR monoclonal antibody MAb-CC1 also binds to domain 1, and
blocks virus binding and infection (Dveksler et al., 1993b). Binding is followed by S-me-
diated fusion of the viral envelope and host cell membranes, allowing the viral nucleocap-
sid to enter the cytoplasm (Sturman et al., 1990).

MHVR, also referred to as Bgpl®, is a biliary glycoprotein of the carcinoembryonic
antigen (CEA) family of the immunoglobulin (Ig) superfamily (Briimmendorf et al., 1994;
Nedellec et al., 1994; Rudert et al., 1992). MHVR consists of four Ig-like extracellular do-
mains, a transmembrane domain and either a long or short cytoplasmic tail (McCuaig et
al., 1993; Dveksler et al., 1991). It is a cell adhesion protein that is expressed in fi-
broblasts and epithelial cells of many murine tissues (Godfraind et al., 1995; Coutelier et
al., 1994; Benchimol et al., 1989). The identification of MHVR as the receptor for MHV
has led to the identification of MHV receptor activities for several related murine glyco-
proteins in the Bgp family (Figure 1) (Dveksler et al., 1993a; Yokomori and Lai, 1992).
These include a two domain splice variant of MHVR; an allelic protein called Bgp1® or
mmCgm?2, with four and two domain splice variants; and Bgp2; and brain CEA (Chen et
al., 1995; Nedellec et al., 1994; McCuaig et al., 1993).

SJL mice are homozygous for Bgp1®, do not express MHVR, and are highly resistant
to infection by MHV-AS59. A cell line derived from SJL mice (PSJLSV) is also resistant to
infection by MHV-A59 (Yokomori and Lai, 1992). Intestinal brush border membranes
(BBM) isolated from SJL mice contain high levels of Bglb glycoprotein but do not bind
MHV-AS9 as well as BBM isolated from MHV-susceptible BALB/c mice, which express
MHVR (Williams ef al., 1991; Boyle et al., 1987). This suggests that Bgp1® is a less effi-
cient receptor for MHV-A59 than MHVR (Dveksler et al., 1993a; Yokomori and Lai,
1992; Boyle et al., 1987). When recombinant Bgp1® is expressed in PSJLSV or MHV-re-
sistant hamster cells (BHK), these cells become susceptible to infection by MHV-A59,
demonstrating that Bgp1® can serve as a receptor when expressed at high levels (Dveksler
et al., 1993a; Yokomori and Lai, 1992). Sequence comparison of the N-terminal, virus-
binding domains of MHVR and Bgp1® revealed that 29 of the 108 amino acids differ, and
mutational analysis of this region has shown that it is responsible for the observed differ-
ences in receptor activity (Rao and Gallagher, 1997; Wessner et al., 1997; Dveksler et al.,
1993a; Yokomori and Lai, 1992). Other Bgp glycoproteins (Figure 1) also function as re-
ceptors for MHV-A59 when expressed at high levels in BHK cells, although less effi-
ciently than MHVR or Bgp1® (Chen et al., 1995; Nedellec et al., 1994; Dveksler et al.,
1993a). These alternative receptors may be more efficient receptors for different MHV
isolates. The combination of several alternative virus receptors, with differing tissue distri-
butions and virus binding capabilities, with many well characterized and pathogenically
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Figure 1. The various murine Bgp molecules are shown schematically, with the Ig-like domains numbered, begin-
ning with the N-terminal domain. These glycoproteins differ markedly in the amino acid sequences of domain 1,
the virus-binding domain, which is represented here by different shading patterns. Naturally occurring, membrane
associated Bgps are shown on the left and the truncated, soluble Bgp molecules expressed using a baculovirus ex-
pression system are shown to the right. The names of the soluble proteins indicate which of the immunoglobulin-
like domains are present, and the six-histidine tail present on each molecule is represented as 6xH.

distinct viruses makes the MHV system a fascinating arena for the investigation of virus-
receptor interactions. The study of these virus-receptor interactions is important not only
for understanding virus binding and the post-binding events of fusion, but also for eluci-
dating the effects of receptor variation upon the pathogenesis of MHV infection.

3. RESULTS AND DISCUSSION

To pursue our investigations of MHV-receptor interactions, we developed a baculovirus
expression system for production of large amounts of soluble, recombinant MHVR and Bgp1®
glycoproteins (Figure 1, designated with the ‘s’ prefix). Using PCR-mutagenesis techniques,
we replaced the transmembrane and cytoplasmic domains of the glycoproteins with six histid-
ine residues. The secreted glycoproteins were purified to apparent homogeneity by nickel af-
finity and ion exchange chromatography. The apparent molecular weights of the soluble
proteins on SDS-PAGE gels were approximately double those predicted on the basis of their
amino acid compositions, due to extensive glycosylation. A high degree of glycosylation is
also seen in MHVR purified from Swiss Webster mouse liver and in two murine Bgps ex-
pressed in a baculovirus system (Ohtsuka et al., 1996; Williams et al., 1991). Immunoblot
analysis demonstrated that sSMHVR(1—4) and sMHVR(1,2) were recognized by the anti-
MHVR MADb-CC1. Binding of MAb-CCl is very dependent upon the proper tertiary configu-
ration of domain 1 of MHVR as shown by mutagenesis studies (Wessner et al., 1997,
Dveksler et al., 1996; Dveksler et al., 1993b). These results indicate that the soluble, recombi-
nant Bgps secreted from insect cells were properly folded and processed.

Soluble receptors for polioviruses, rhinoviruses and coronaviruses neutralize infec-
tious virus in a concentration-dependant manner (Dveksler et al., 1996; Ohtsuka ef al.,
1996; Greve et al., 1991; Kaplan et al., 1990). Similar virus neutralization studies were con-
ducted to compare the MHV receptor activities of the soluble four domain glycoproteins,
sMHVR(1—4) and sBgp1°(1-4) (Figure 2A). 5000 PFU of MHV-A59 was incubated with
varying amounts of purified receptor for one hour at 37°C and the surviving virus was
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Figure 2. Neutralization of MHV-A59 by soluble receptors. A) The ability of the soluble four domain receptors,
sMHVR(1-4) (O) and sBgp1°(1—4) (V), to neutralize MHV-A59 was determined by plaque assay on 17 CI 1 cells.
B) The neutralizing activity of the soluble two-domain sMHVR(1,2) (M) is compared to that of the four domain
sMHVR(1-4) (D).

quantitated by plaque assay using murine 17 Cl I cells. Control reactions contained virus in-
cubated with buffer alone. For the experiments presented in Figure 2, the 50% inhibitory
dose (ID,,) is used to compare the neutralizing activities of the soluble receptors; the results
of many experiments established the ranges given in the discussion. sSMHVR(1-4) glyco-
protein had the most neutralizing activity (ID;;=0.1 nM), while in repeated experiments,
sBgp1°(1—4) had 10-20 fold less virus neutralizing activity (ID;;=1.7 nM). The higher neu-
tralization activity of sSMHVR(1—4) compared to sBgp1°(1—4) correlates with the higher re-
ceptor activity of anchored MHVR compared to Bgp1® when expressed in murine tissues
and transfected BHK cells. Rao et al. (1997) created a chimeric receptor in which domain 1
of MVHR was replaced with domain 1 of Bgp1® and compared its receptor activity to that
of MHVR when these two receptors were expressed in HeLa cells. MHVR had 10-100 fold
more virus receptor activity than the Bgp1® chimera, a result comparable to the neutralizing
activity of the soluble glycoproteins. Our results are quite different from those of Ohtsuka et
al. (1996), who have found a greater difference between the receptor activities of soluble
Bgps comprised of the first and fourth domains of MHVR and Bgp1®, sMHVR(1,4) and
sBgp1°(1,4) in the nomenclature used here. Anchored two domain (1,4) proteins are natu-
rally occurring isoforms generated by alternative RNA splicing (Figure 1) which have re-
ceptor activity when expressed at high levels in hamster cells (Dveksler et al., 1993a).
Ohtsuka et al. (1992) incubated soluble SMHVR(1,4) and sBgp1°(1,4) glycoproteins in con-
centrated insect cell culture supernatants with MHV-JHM virus, and plaqued the survivors
on DBT cells. In this system, the SMHVR(1,4) neutralized MHV-JHM 500 times more ef-
fectively than soluble sBgp1°(1,4). One possible explanation for much larger difference in
virus neutralizing activity may be their use of MHV-JHM virus, while we used MHV-AS59.
MHV-JHM has been reported to utilize the Bgp1® receptor less efficiently than MHV-A59
(Pasick et al., 1992; Yokomori and Lai, 1992). MHV-THM also has different receptor prefer-
ences than MHV-AS59 in that MHV- JHM cannot infect cells transfected with brain CEA,
while MHV-A59 can (Chen et al., 1995). Taken together, these results show that these two
strains of MHV have different interactions with Bgp1®. This supports the hypothesis that
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different strains of MHV may preferentially use different subsets of the MHVR “family” of
receptors, which may affect the pathogenesis of individual viral strains.

The soluble two domain MHVR [sMHVR(1,2)] was constructed for biophysical and
crystallographic studies. When purified, SMHVR(1,2) appeared to be properly processed
and glycosylated, as demonstrated by its immunoreactivity and apparent molecular weight.
However, it had 60 to 100 fold less virus neutralizing activity than the four domain
sMHVR(1-4) (Figure 2B, ID,, = 8 nM) even though both molecules contain the same do-
main 1, the site of virus binding (Dveksler et al., 1993b). The observation that sSMHVR(1,2)
has very low virus neutralizing activity is in agreement with the fact that membrane-an-
chored MHVR(1,2) transiently expressed in BHK cells is a very inefficient receptor for
MHV-AS9 (Wessner et al., 1997). The low neutralizing activity of sMHVR(1,2) relative to
sMHVR(1-4) is due to the absence of domains 3 and 4, which may alter the conformation
of domain 1 and reduce its ability to bind the virus. Bgp glycoproteins appear to be signal-
ing molecules that transmit information from the N-terminus outside the membrane to the
C-terminus inside the cell via conformational changes. Thus, changes in distal regions of the
protein might affect the conformation and the virus neutralizing activity of domain 1. Simi-
larly, for the measles receptor, CD46, removal of the third and fourth of the seven short con-
sensus repeats decreased the ability of the two N-terminal repeats to interact with measles
virus (Devaux et al., 1997). Virus neutralization assays reflect not only virus binding, but
also post-binding events associated with membrane penetration and uncoating (Colston and
Racaniello, 1995; Greve et al., 1991; Kaplan er al, 1990). For MHVR(1-4) and
MHVR(1,4), we suggest that there may be an important structural and functional signifi-
cance for the domain X-domain 4 linkage. This linkage may resemble an immunoglobulin
hinge, which may play an important role in post-binding conformational changes associated
with virus uncoating or penetration. This structural feature would be absent from the
sMHVR(1,2) protein, and may explain its low virus binding and neutralizing activities.

4. CONCLUSIONS

We have produced and purified soluble Bgps that can neutralize MHV-A59, al-
though with very different efficiencies: sSMHVR(1—4) is 15-20 times more active than
sBgp1°(1—4) and 60100 times more active than the two domain sSMHVR(1,2). These dif-
ferences in virus neutralization activity reflect the relative abilities of the anchored mole-
cules to support MHV infection in vivo and when over expressed in BHK cells. These
results, show that the soluble Bgps produced in the baculovirus system accurately reflect
the behavior of Bgps produced by mammalian cells and are therefore a realistic model
system for studying the biophysical parameters of virus-receptor interactions. Additional
studies are underway to determine if the differences in virus neutralization are due to dif-
ferences in virus binding affinities, or if post-binding events associated with membrane fu-
sion and viral uncoating also affect neutralizing capability. The soluble receptors will also
be used to investigate the receptor preferences of the various MHV strains to investigate
the basis for their different biological properties and tissue tropisms.

ACKNOWLEDGMENTS

We thank David Wentworth and Dianna Blau for helpful discussions and review of
this manuscript. We thank Fenna Tanner for excellent technical assistance and Kurt Chris-



8 B. D. Zelus et al.

tiansen of the UCHSC Cancer Center for assistance with the baculovirus expression sys-
tem. This work was supported by NIH grants AI25231 and AI26075. The opinions in this
paper are those of the authors and do not represent official views of the Uniformed Serv-
ices University of the Health Sciences or the Department of Defense.

REFERENCES

Barthold, S.W., 1986, Mouse hepatitis virus: biology and epizootiology, in: Viral and mycoplasma infections of
laboratory rodents. Effects on biomedical research, (P.N. Bhatt, R.O. Jacoby, H.C. Morse 11l and A.E.
New, eds.), Academic Press, Orlando, FL, pp. 571-601.

Benchimol, S., Fuks, A., Jothy, A., Beauchemin, N., Shirota, K., and Stanners, C.P., 1989, Carcinoembryonic anti-
gen, a human tumor marker, functions as an intercellular adhesion molecule, Cell 57:327-334.

Boyle, J.F., Weismiller, D.G., and Holmes, K.V., 1987, Genetic resistance to Mouse Hepatitis Virus correlates with
absence of virus-binding activity on target tissues, J. Virol. 61:185-189.

Briimmendorf, T., and Rathjen, F.G., 1994, Introduction, in: Cell Adhesion Molecules 1: immunoglobulin superfa-
mily, (P. Sheterline, ed.), Academic Press, London, pp. 951-962.

Chen, D.S., Asanaka, M., Yokomori, K., Wang, F., Hwang, S.B., Li, H.P., and Lai, M.M., 1995, A pregnancy-spe-
cific glycoprotein is expressed in the brain and serves as a receptor for mouse hepatitis virus, Proc. Natl.
Acad. Sci. USA 92:12095-12099.

Collins, A.R., Knobler, R.L., Powell, H., and Buchmeier, M.J., 1982, Monoclonal antibodies to murine hepatitis
virus-4 (strain JHM) define the viral glycoprotein responsible for attachment and cell-cell fusion, Virology
119:358-371.

Colston, E.M. and Racaniello, V.R., 1995, Poliovirus variants selected on mutant receptor-expressing cells identify
capsid residues that expand receptor recognition, J. Virol. 69:4823-4829.

Coutelier, J., Godfraind, C., Dveksler, G.S., Wysocka, M., Cardellichio, C.B., and Noel, H., 1994, B lymphocyte
and macrophage expression of carcinoembryonic antigen-related adhesion molecules that serve as recep-
tors for murine coronoavirus, Eur. J. Immunol. 24:1383—1390.

Devaux, P., Buchholz, C.J., Schneider, U., Escoffier, C., Cattaneo, R., and Gerlier, D., 1997, CD46 Short Consen-
sus Repeats Il and IV enhance Measles Virus binding but impair soluble hemagglutinin binding, J. Virol.
71:4157-4160.

Dveksler, G.S., Pensiero, M.N., Cardellichio, C.B., Williams, R.K., Jiang, G.S., Holmes, K.V., and Dieffenbach,
C.W., 1991, Cloning of the mouse hepatitis virus (MHV) receptor: expression in human and hamster cell
lines confers susceptibility to MHV, J. Virol. 65:6881-6891.

Dveksler, G.S., Dieffenbach, C.W., Cardellichio, C.B., McCuaig, K., Pensiero, M.N., Jiang, G.S., Beauchemin, N.,
and Holmes, K.V., 1993, Several members of the mouse carcinoembryonic antigen-related glycoprotein
family are functional receptors for the coronavirus mouse hepatitis virus-A59, J. Virol. 67:1-8.

Dveksler, G.S., Pensiero, M.N., Dieffenbach, C.W., Cardellichio, C.B., Basile, A.A., Elia, P.E., and Holmes, K.V.,
1993, Mouse hepatitis virus strain A59 and blocking antireceptor monoclonal antibody bind to the N-termi-
nal domain of cellular receptor, Proc. Natl. Acad. Sci. USA 90:1716-1720.

Dveksler, G.S., Gagneten, S.E., Scanga, C.A., Cardellichio, C.B., and Holmes, K.V., 1996, Expression of the re-
combinant anchorless N-terminal domain of mouse hepatitis virus (MHV) receptor makes hamster of hu-
man cells susceptible to MHV infection, J. Virol. 70:4142-4145.

Frana, M.F., Behnke, J.N., Sturman, L.S., and Holmes, K.V., 1985, Proteolytic cleavage of the E2 glycoprotein of
murine coronavirus: host-dependent differences in proteolytic cleavage and cell fusion, J. Virol.
56:912-920.

Godfraind, C., Langreth, S.G., Cardellichio, C.B., Knobler, R., Coutelier, J.P., Dubois-Dalcq, M., and Holmes,
K.V., 1995, Tissue and cellular distribution of an adhesion molecule in the carcinoembryonic antigen fam-
ily that serves as a receptor for mouse hepatitis virus, Lab. Invest. 73:615-627.

Greve, J.M., Forte, C.P., Marlor, C.W., Meyer, A.M., Hoover-Litty, H., Wunderlich, D., and McClelland, A., 1991,
Mechanisms of receptor-mediated rhinovirus neutralization defined by two soluble forms of ICAM-1, J.
Virol. 65:6015-6023.

Kaplan, G., Freistadt, M.S., and Racaniello, V.R., 1990, Neutralization of Poliovirus by Cell Receptors Expressed
in Insect Cells, J. Virol. 64:4697-4702.

McCuaig, K., Rosenberg, M., Nedéllec, P., Turbide, C., and Beauchemin, N., 1993, Expression of the Bgp gene
and characterization of mouse colon biliary glycoprotein isoforms, Gene 127:173—183.



Neutralization of MHV-AS59 by Soluble Recombinant Receptor Glycoproteins 9

Nedellec, P., Dveksler, G.S., Daniels, E., Turbide, C., Chow, B., Basile, A.A., Holmes, K.V., and Beauchemin, N.,
1994, Bgp2, a new member of the carcinoembryonic antigen-related gene family, encodes an alternative re-
ceptor for mouse hepatitis viruses, J. Virol. 68:4525-4537.

Ohtsuka, N., Yamada, Y.K., and Taguchi, F., 1996, Difference in virus-binding activity of two distinct receptor
proteins for mouse hepatitis virus, Journal of General Virology 77:1683—1692.

Pasick, J.M., Wilson, G.A., Morris, V.L., and Dales, S., 1992, SIL/J resistance to mouse hepatitis virus-JHM-in-
duced neurologic disease can be partially overcome by viral variants of S and host immunosuppression,
Microbial Pathogenesis. 13:1-15.

Rao, P.V,, and Gallagher, T.M., 1997, Identification of a contiguous 6-residue determinant in the MHV receptor
that controls the level of virion binding to cells, Virology 229:336-348.

Rudert, F., Saunders, A.M., Rebstock, S., Thompson, J.A., and Zimmerman, W., 1992, Characterization of murine
carcinoembryonic antigen gene family members, Mam. Genome 3:262-273.

Sturman, L.S., Ricard, C.S., and Holmes, K.V., 1990, Conformational change of the coronavirus peplomer glyco-
protein at pH 8.0 and 37 degrees C correlates with virus aggregation and virus-induced cell fusion, J. Virol.
64:3042-3050.

Wege, H., Siddell, S., and ter Meulan, V., 1982, The biology and pathogenisis of coronaviruses, Curr. Top. in Mi-
crobiol. Immunol. 99:165-200.

Wessner, D.R., Shick, P.C., Lu, J.-H., Cardellichio, C.B., Gagneten, S.E., Beauchemin, N., Holmes, K.V., and
Dveksler, G.S., 1997, Mutational Analysis of the Virus and Monoclonal Antibody Binding Sites in MHVR,
the Cellular Receptor of the Murine Corona Virus MHV-AS9, J. Virol. In Press.

Williams, R.K., Jiang, G.S., and Holmes, K.V., 1991, Receptor for mouse hepatitis virus is a member of the carci-
noembryonic antigen family of glycoproteins, Proc. Natl. Acad. Sci. USA 88:5533-5536.

Yokomori, K., and Lai, M.M., 1992, The receptor for mouse hepatitis virus in the resistant mouse strain SJL is
functional: implications for the requirement of a second factor for viral infection, J. Virol. 66:6931-6938.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


