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Abstract

The three N-glycosylation sites of human heparin binding proteiBP) have been mutated to produce a nonglyco-
sylated HBP(ng-HBP mutant. ng-HBP has been crystallized and tested for biological activity. Complete X-ray data
have been collected to 2.1 A resolution, and the structure has been fully refinedR¢taator of 18.4%(Ryee 27.7%).

The ng-HBP structure reveals that neither the secondary nor tertiary structure have changed due to the removal of the
glycosylation, as compared to the previously determined glycosylated HBP structure. Although the primary events in
N-linked glycosylation occurs concomitant with polypeptide synthesis and therefore possesses the ability to influence
early events in protein folding, we see no evidence of glycosylation influencing the structure of the protein. The
root-mean-square deviation between the superimposed structures was 024Gk atoms, and only minor local
structural differences are observed. Also, the overall stability of the protein seems to be unaffected by glycosylation, as
judged by theB-factors derived from the two X-ray structures. The flexibility of a glycan site may be determined by
the local polypeptide sequence and structure rather than the glycan itself. The biological in vitro activity assay data show
that ng-HBP, contrary to glycosylated HBP, mediates only a very limited stimulation of the lipopolysaccharide induced
cytokine release from human monocytes. In animal models of fecal peritonitis, glycosylated HBP treatment rescues mice
from and an otherwise lethal injury. It appears that ng-HBP have significant effect on survival, and it can be concluded
that ng-HBP can stimulate the host defence machinery albeit to a lesser extent than glycosylated HBP.
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The function of glycanes covalent attached to proteins has beeh995; Chuang & Morrison, 1997 and induce pharmacokinetic
discussed in past years, especially the biological function of gly-changes depending on sialylation or total lack of glycosylation
canes and how glycanes affect the folding process of the nascefithotakura et al., 1991; Sareneva et al., )9%3ycane induced
polypeptide chain, and in turn the overall fold of the prot&um-  folding and structure alteration studi€8-turn/hairpin induction
ming, 1992; Lis & Sharon, 1993; O'Connor & Imperiali, 1996; are in many cases performed with short peptid@%onnor &
Rudd & Dwek, 1997. Although asparagine-linkedN-linked) gly- Imperiali, 1996; Rudd & Dwek, 1997and it is questionable whether
cosylation is observed frequently on secreted proteins, as the hihese observations comply with full length proteins.
man heparin binding proteiftHBP), the role of the glycans are not ~ Three N-linked glycosylation sites have been identified in the
always evident. It has been reported that glycans can stabilize theuman HBP sequenc@snl00, Asnl114, and AsnlA5A glyco-
protein structurélngham et al., 1995; Mer et al., 199@lter the  sylation site frequently accommodates different glycanes. The
biological properties of the proteiKaushal et al., 1994; Lu et al., microheterogeneity creates discrete subsets or glycoforms of the
glycoprotein that can have different physical and biochemical prop-
Reprint requests to: Lars Fogh Iversen, Novo NordigiSANovo Allé, erties(Cumming, 1992.; Lis &_Sharon, 199.3HBP purified from
DK-2880 Bagsvaerd, Denmark; e-mail: Ifiv@novo.dk. human blood shows differential glycosylation as the reported mo-
Abbreviations:CLP, cecal ligation and puncture; Fuc, fucose; GlcNac, lecular mass from different laboratories varies from 28 to 39 kDa
N-acetylglycosamine; HBP, heparin binding protein; HEPE®-hydroxy-  (Pereira, 1995 Also, HBP produced in insect cells shows micro-
ethy) piperazineN-2-ethanesulfonic acid; LPS, lipopolysaccharide; Man, heterogeneity. It has been reported that the dominant glycoform of
mannose; ng-HBP, nonglycosylated HBP; PCR, polymerase chain reac-

tion; PDB, Protein Data Bank; PKC, protein kinase C; RMSD, root—meanﬁnseCt cell expressed HBP holds two Glchdans(Fud) units and

square deviation; SDS-PAGE, sodium dodecy! sulfate—polyacrylamide gePne GlcNagMang unit, assuming that all three sites are occupied
electrophoresis. (Rasmussen et al., 1996; Karlsen et al., 299®e predominant
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species of N-linked glycans observed from insect cell expressioture of native recombinant HBP followed by an assessment of the
have so far been hexasaccharides with and without a fucose subi vitro and in vivo biological activities of the two HBP forms.
unit linked to the proximal N-acetyl glucosamine resid@aben-
horst et al., 1993; Manneberg et al., 1994

Glycosylated HBP purified from human blood or produced by
insect cells(native recombinant HBPhas in recent years been To eliminate a potential N-glycosylation site from a protein, either
used to clarify the biological functions of HBP. HBP seems to bethe Asn or the SegfThr residues in the consensus sequeiis-
involved in host defense against infections by acting as chemoXaa-Sey Thr) have to be mutated. For unknown reasons it was not
attractant for monocytes, T-cells, and K-cells and induces longevpossible by site-directed mutagenesis to generate a ng-HBP deriv-
ity and differentiation of monocytes toward a macrophage phenotypative with the N100Q, N114Q, and N145Q mutations present in
(Flodgaard et al., 1991; Ostergaard & Flodgaard, 1988dothe-  the same moleculéata not shown so the N100Q, N114Q, and
lial cells and fibroblasts in monolayers are stimulated by HBP toT147Y mutant was selected.
detach and aggregat®stergaard & Flodgaard, 1992The lipo- A clear decrease in the molecular weight and microheterogene-
polysaccharid€¢LPS) and lipid A binding capacity of HBPPereira ity of ng-HBP compared to native recombinant HBP is observed
et al., 1993; Flodgaard & Goricke, 1994eems to be related to from SDS-PAGE gel and MALDI MS analysisesults not shown
HBP’s antibactericidal activityShafer et al., 1984; Pereira et al.,  The ng-HBP structure was solved by difference Fourier, using
1993; Iversen et al., 1997Upon binding to the lipid A component the structure of native recombinant HBP to get initial phases. The
of LPS, found in the outer membrane of Gram-negative bacteriamutations N114Q and T147Y were easily identified and built into
HBP might induce leakage of the bacterial membréiversen  the 2F,| — |F;| and|F,| — |F¢| electron density maps. However,
et al.,, 1997. The LPS binding might be part of a LPS monocyte the side chain of Q100 in the ng-HBP structure is not well defined
presentation mechanism, since monocyte cytokine release is strongly the electron densitysee Fig. 1 In the Ramachandran plot, no
dependent of both the presence of HBP and IR&mussen et al., residues are observed in the disallowed regions. V50 is the only
1996. Also, the possibility exists that HBP is capable of priming residue found in the generously allowed region. Eighty-eight and
monocytes to enhance the response when challenged with LP&e-tenth percent of the residues are found in the most favored
(Rasmussen et al., 1996; Heinzelmann et al., 1998 regions and 11.4% in the additionally allowed regions. Two hun-

HBP is an inactive serine protease homologue with highest pridred twenty-one residues of 225 were buitisidues 44—47 were
mary sequence identity to neutrophil elastase and proteinase ¥t identified in the mapsand 174 water molecules were inserted.
(Flodgaard et al., 1991 The crystal structure of human native For further statistics see Table 1.
recombinant HBP has confirmed the homology to serine proteases Superimposing the & atoms of the native recombinant HBP
by having the same core structure as these enzymesen etal.,, (1.1 A data and of ng-HBP the RMSD is 0.24 21 atoms were
1997; Karlsen et al., 1998However, a significant different sur- used in the calculationNo significant backbone or overall struc-
face charge distribution is found on HBP showing two patches oftural differences are observed between the two struct(ses
basic and acidic amino acid residues, respectiyblgrsen et al.,  Fig. 2A). Focusing on the three mutation sitgéycosylation sites
1997). Furthermore, in the surface loops, having little or no se-the following differences are observed. Around residue Q100 and
guence conservation compared to the serine proteases, a putati@d14 of ng-HBP, only minor differences in hydrogen bonding
lipid A binding site and a putative endothelial cell protein kinase C patterns are observed. The largest structural differences of the three
(PKC) activation site has been identified in the structUrersen  mutation sites are seen around residue Yig&e Fig. 2B. The
et al., 1997; Karlsen et al., 1998The N114 glycosylation site is bulky side chain of Y147 occupies the space between the R122 and
part of the putative PKC activation site; thus, the glycosylation onL164 side chains. This side-chain mutation forces the L164 to
HBP might possess the ability to be directly involved in a cellularmove approximately 0.4 A compared to the native recombinant
activation mechanism. Glycosylation sites N100 and N114 areHBP structure, and the side chain of R122 adopts a different con-
located in the long surface loop, which serves as a domain linkeformation in ng-HBP.
connecting the two similar domains of HBP, which consist of a The overall protein stability as judged by the aver&gectors
closedB-barrel of six antiparalleB-strands. Since neutrophil elas- for the ng-HBP and native recombinant HBP structures are within
tase has one N-glycosylation site in the same domain linker, thithe same range. ng-HBP and native recombinant HBP have similar
glycosylation site might be important for folding of the two do- flexible loops residues and stable core residues. Also, no local
mains into the right position with respect to each other. The N145significant changes iB-factors are observed in the glycosylation
glycosylation site is situated iB-strand no. eight in the second site residues or adjacent residuese Fig. 3.

B-barrel of HBP(lversen et al., 1997; Karlsen et al., 1998 To assess the biological activity of ng-HBP, it was compared to
By site-directed mutagenesis we have generated a HBP cDNAative recombinant HBP with respect to its ability to enhance, in a
derivative in which all three N-linked glycosylation sites have dose-dependent manner, the LPS-induced II-6 release from human

been destroyed by three amino acid substitutions. The mutant wasonocytes in vitrd Rasmussen et al., 199@\s seen in Figure 4,
produced to investigate the structure and function of nonglycosylng-HBP, in contrary to native recombinant HBP, only mediates a
ated HBP(ng-HBP. The native recombinant HBP and ng-HBP very limited enhancement of the II-6 release and the dose-dependent
were produced using the same insect cell expression system ielationship, as seen with native recombinant HBP, is not present.
order to eliminate structurdlunctional differences not related to In animal models of fecal peritonitis, native HBP treatment res-
the glycans. To our knowledge, a crystallographic structure detereues mice from an otherwise lethal injutiercer-Jones et al.,
mination of a glycosylated and nonglycosylated protein has nofl996. To test whether this function was impaired ng-HBP was
been reported in the literature, probably due to the difficulty in-compared to native recombinant HBP in the Cecal Ligation and
volved in the crystallization of glycosylated proteins. Here, we Puncture(CLP) model. From Figure 5 it appears that ng-HBP has
present the crystal structure of ng-HBP compared against the strusignificant effect on survival, and it can be concluded that ng-HBP

Results
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Fig. 1. The electron density maps of the mutated residues in the ng-HBP structure and the native recombinant HBP structure,
respectively. The F,| — |F¢| maps contoured atollevel are in white and th&=,| — |F;| maps contoured atc3level are in red. The

atoms are colored according to atom types: carbon in yellow, oxygen in red, and nitrogen id:bResidue GIn100 of ng-HBP.

B: Residue GIn114 of ng-HBRE: Residues Asnl145, Val146, and Tyr147 of ng-HBPAsn100 of native recombinant HBE: Asn114

of native recombinant HBFE: Asn145 of native recombinant HBP. Figures are made usifgoBes et al., 1991

can stimulate the host defence machinery albeit to a lesser extetd an oxygen atom of the proximal GlcNac unit on N145, where as
than native recombinant HBP. After seven days the mortality waghis side chain in ng-HBP is involved in stacking interactions with
9% for native recombinant HBP treated mice, 25% for ng-HBPthe Y147 side chain. In the case of HBP, the folding of the protein
treated mice, and 47% for untreatéchrriey mice. This corre- seems independent of glycosylation.
sponds to a fivefold reduction of the mortality for native recom-  TheB-factor plot(Fig. 3) clearly unveils that ng-HBP and native
binant HBP treated mice and twofold reduction for the ng-HBPrecombinant HBP have the same degree of structural stability.
treated mice. Furthermore, the surface loops to where the glycans are attached
are also unaffected by the removal of the glycosylation. This find-
ing is in contrast to previous papers, where glycosylation was
reported to stabilize the protein structuiegham et al., 1995;
The ng-HBP structure has been determined to 2.1 A resolution anBunkel et al., 1998
shows that the lack of glycosylation does not affect the fold of the The minor structural changes between ng-HBP and native re-
protein. The secondary and tertiary structures of ng-HBP and nacombinant HBP described in the above are not likely to explain
tive recombinant HBP are nearly identical. why the in vitro biological activity of ng-HBP, as measured by LPS
The local structural differences observed around Y147 might benduced IL-6 release from human monocytes, has been reduced to
caused by either the introduction of the bulky Tyr side chain, thea minimal level as well as its in vivo effect in the CLP model has
removal of the glycosylation, or a combination of both. The L164 been lowered. The putative heparin binding site, the Up&I A)
is not in close contact with N145 or with the glycosylation at this binding site, and PKC activation sitéversen et al., 1997; Karlsen
site and might only be affected by the Y147 side chain. R122 mighet al., 1998 are not influenced by the structural differences ob-
have altered their side-chain conformation due to the removal oferved in the area of Y147. Upon complex formation, favorable
the glycosylation as well as the side chésee Fig. 2B. In native  carbohydrate—carbohydrate interactions between LPS and the gly-
recombinant HBP, the R122 side chain is forming a hydrogen bonaosylation chains of HBP might have a complex stabilizing effect.

Discussion
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Table 1. X-ray data statistics

Statistics of data and refinement

Space group
Unit cell parameters

pP212121

a=38.25b = 65.52,c = 101.17 A

L.F. Iversen et al.

glycosylation chain. Consistent with this, the side chain of Q100 in
the ng-HBP structure is not well defined in the electron density
(see Fig. 1, thus, residue 100 retains its side-chain flexibility even
in the nonglycosylated state. This indicates that the flexibility of a
glycosylation site might be determined by the local polypeptide

Completenes20-2.1 A 96.7% sequence and structure rather than the glycosylation attached to a
Completenes$2.17-2.13 A 93.3% certain site. At the two other glycosylation sites where glycosyl-
Multiplicity (20-2.1 A 3.6 ation could be determined in the native recombinant HBP struc-
Rmerge(20-2.1 A 8'70/2 ture, we find well-defined and stable side chains in the ng-HBP
57;’%7 55(1270__22113 g ﬂ:gﬁ’ structure. The impact of thg f_IexibiIity of glycans at different sites
(WJo(1) (2.17-2.13 A 43 onthe fu_nctlon of the protein is not known, b_ut it can be speculat_ed
Unique reflections 14,365 that flexible glycosylation is capable of shielding larger protein
Atoms in structure 1,853 surface areagsurface charges, hydrophobic patches, and sensitive
R-factor® 18.4% loops, see Fig. Bwhile stable glycosylation is more likely to be
R-free? 27.7% involved in specific interactions at the molecular level.

RMSDs from idealized geometries

In conclusion, despite the fact that neither protein fold, structure,
nor stability appear to be influenced by the removal of the glyco-

Bond lengthgA) 0.016 sylation from HBP, the biological activity with respect to in vitro
Bond angleg®) 25 stimulation of the LPS induced II-6 release from monocytes is
Dihedral angleg°) 17.8 severely affected. However, ng-HBP was demonstrated to be an
Planar groupsA) 0.012 active molecule in vivo with a significant twofold lowering of the
Bad contactgA) 0.016 mortality in the CLP model.

RMSDs between atoms

B-factors(all atomsg (A?) 3.2 Materials and methods

HBP mutagenesis

aThe R-factor was calculated using all data from 20 to 2.1 A.
Crystallographi®-factor= 3 ||F,| — IFCH/E IFy. To generate a cDNA encoding, the ng-HBP derivative the HBP
(hki) (hkh cDNA in pSX559(Rasmussen et al., 199@as altered by site-
*Riree = (el |Fol = [Fll/Znmer|Fol whereT is a test set containing  directed PCR mutagenesis. First, the asparagine in position 100
a random of 5% of the observations omitted from the refinement processy ag changed to a glutamine residue: Using Pfu polymeSisata-
gene, La Jolla, Californjatwo PCR reactions were performed
with two overlapping primer-sef$¥BRa 247(5'-CCGGGGATCC
It has been demonstrated that HBP is internalized when given tgATGACCCGGCTGACAGTCCTGG'B/P,BRa 302{5,'GCTG,C
monocyteg Heinzelmann et al., 1998, 199970 get internalized, TGGTGAGCTGGGCCTCACGGTCCAG-Band P,BRa 3015’
HBP might have to get in contact with an anchoyidgcking site CTGGACCGTGAGGCCCAGCTCACCAGCAGC-)?/PBRa 246
on the target cell membrane, and it is possible that the lack ofs -CCGGGGATCCAACTAGGCTGGCCCCGGTCCCGG)3e-

glycosylation on ng-HBP hinders the contact to this site on theSUIting in two fragments of 390 and 396 base palirs, respectively.

membrane. The fact that ng-HBP was almost unable to stimulatfgl—helf_e two_ fragments were assembled in a thri]rd PCT_With the
the LPS induced 11-6 release in vitro from the monocytes fits with '2NKing primers PBRa 247 and PBRa 246. The resulting HBP

the hypothesis that the internalization of ng-HBP has been imCDNA derivative was inserted into the transfer vector pvVL1393

paired. However, the in vivo CLP experiment showed that the(lnvitrogen, San Diego, Californjaand confirmed by DNA se-

ng-HBP possessed the ability to reduce the mortality twofold, thuflUencing to have the correct base changes leading to the N100Q
showing that ng-HBP is still a potent and active molecule, al-Shift. Hereafter, by the same procedure, the T147Y substitution

though to a lesser extent than native recombinant HBP. was introduc_ed int'o the HBP N100Q cDNA template by usage of
A 10-fold lowering of biological activity was observed for the the overlapping primers PBRa S@I‘AGGTTCG,TCAACGTGT

nonglycosylated human interfergheompared to the glycosylated ACGTGACCCCCGAGGAC-3 and PBRa 32_55 -GTCCTCGG

protein(Runkel et al., 1998 It was concluded that the main reason GGGTC_ACGTAC_ACGTTGACGAACCT'S)' Finally, the N114Q

for the lowered activity of nonglycosylated human interfefn- substitution was introduced into the HBP N100Q, T147Y cDNA

was protein instability due to lack of glycosylation. In the presentterm:)late by using the overlapping primers PBRa BBK;TGC,C
study, we have demonstrated that protein stability is nearly iden] C1 SCAGCAGGCCACGGTGGAAGCC-3 and PBRa 3045'-

tical for native recombinant HBP and ng-HBP, and thus CannotGGCTTCCACCGTGGCCTGCTGCAGAGGCAG’-BGeneration

account for the diminished biological activity observed for ng- of recombinant baculovirus containing the HBP N100Q, N114Q,

HBP. The discrepancy in biological activity is more likely to be |+47Y CDNAwas done as described previousRasmussen et al.,
found in other parameters than stability. 1996.

The glycan at N100 was not observed in the electron density
maps in the native recombinant HBP structiieersen et al.,
1997; Karlsen et al., 1998This was believed to be due to the
localization of this site at a large water channel spanning througmg-HBP was expressed and purified as described for the native
the crystal, leaving plenty of space for the movements of a flexiblerecombinant HBP proteifRasmussen et al., 1996

Expression and purification
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Fig. 2. A: The superimposed structures of native recombinant KB&genta and ng-HBP(yellow). The three mutation sites in
ng-HBP are labeled. The tube representation was made by the use of (Syipgls Associate Inc., St. Louis, MissourB: The
superimposed structures of native recombinant KiB&gentaand ng-HBRyellow). The area around the Thr147 to Tyr mutation. All
the affected residues are shown and labeled. The tube representation was made by the use(®figybylssociate Ing.

Crystallization pe/ml

The ng-HBP protein was concentratedd 5 mg'ml solution in
5 mM HEPES buffer pH 7.8 using a Millipore microconcentrator 3z
(Ultrafree-MC 20.000 NMWL filter unit.
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Fig. 3. B-factor plot of the ng-HBP and native recombinant HBP struc-

tures. The plot was made using thex ®ackbone atomic displacement Fig. 4. Il-6-release from human monocytes. The monocytes were cultured
factors(B-factorg for each residue for each structure. The native recom-in 1 mL of serum-free medium for 24 h in the presence of LPS/and
binant HBP data were collected at 100 K and to 1.1 A resoluismtropic recombinant native recombinant HEFABP)/ng-HBP in the amounts in-
B-factor’s used. The ng-HBP data were collected at 110K and to 2.1 A dicated in the figure. The bars are mean values and standard deviations
resolution. calculated from four separate measurement points.
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Fig. 5. Mortality following single 18-gauge CLR1= 12 in the native recombinant HBP and ng-HBP groups,rasdl5 in the carrier
(untreated group.

Crystallization was done with the hanging-drop vapor-diffusion
method using the repeated seeding technique. All experiments werg
performed at 20C with drop sizes of 2uL protein solution and
2 ul reservoir solution. The reservoir volume was 1 mL. Micro-
seeding with crushed native recombinant HBP microcryéhaéssen
et al., 1996 was performed using 6% ethanol, 5% glycerol, 8 mM
MgSQy, and 0.1 M Tris pH 7.2 as reservoir solution. An additional
round of microseeding with ng-HBP crystals was performed to
dilute any remains of native recombinant HBP protein in the crys-
tals. Macroseeding with ng-HBP crystals was done under similar
conditions as microseeding. Crystals grew to maximum size of
0.3 X 0.3 0.3 mm within 3—4 days.

Data collection and data processing

One crystal of the size 0.8 0.05X 0.05 mm was used for data
collection at cryogenic temperature on the EMBL X11 beamline in
Hamburg, using a small Mar image plate detector. Three microliter
cryosolution containing 40% glycerol in the above standing crys-
tallization buffer was added to the hanging-dref80 s before
flash-freezing(110 K) of the crystal. Crystals of the size 023

0.3 X 0.3 mm could not be used for flash-freezing due to cracks
and destruction of the crystals upon freezing. Auto-indexing and
data processing were performed with DENZO and SCALEPACK

(Otwinowski, 1986 (see Table 1L Fig. 6. Glycosylation modeled at all three site. Glycosylation for the native
recombinant baculovirus expressed H@&cording to(Rasmussen et al.,
1996) was modeled manually using the program O. The surface electro-
Structure solution and refinement static potential was calculated and rendered by the use of GRNi8Rolls
L et al., 199]. Positive potential is colored in blue and negative potential in
The initial phases for the ng-HBP structure were generated fromeq, Glycosylation atoms are colored according to atom type: carbon in
the native recombinant HBP structuieersen et al., 1996, 1997  black, oxygen in red, and nitrogen in blue.
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without water molecules and glycosylation chains includisd- logues with strong monocyte and fibroblast chemotactic activifies. J
morphous cell paramet@rsTen cycles of rigid body refinements ~ Biochem 19%35-547. _ .
were performed, followed by 10 cycles of positional refinement ®'@2ennorst &, Hofer B, Nimtz M, Jager V, Conradt HS. 1993, Biosynthesis and
. . secretion of human interleukin 2 glycoprotein variants from baculovirus-
and 30 cycles of positional arifactor refinements. The structure infected Sf21 cells. Characterization of polypeptides and posttranslational
was inspected and corrected using the progrard@»es et al., modifications.Eur J Biochem 218.89-197.
1991). At this stage the three mutations in the structure were in-Heinzelmann M, Mercer-Jones MA, Flodgaard H, Miller FN. 1998. Heparin-
troduced, and the side chains were fitted to the electron density Binding Protein(CAP37) is internalized in monocytes and increases LPS-

W, | | dded h fter the f induced monocyte activatiod. Immunology 16(5530-5536.
maps. Water molecules were added to the structure after the 0'—’|einzelmann M, Platz A, Flodgaard H, Polk HC Jr, Miller FN. 1999. Endo-

lowing criteria: difference FourietFo| — |F| peaks should be cytosis of heparin-binding proteiCAP37) is essential for the enhancement
stronger than @ and defined in the [&,| — |F;| electron density of LPS-induced TNF-a production in human monocytésimmunology
maps contoured abilevel; the density should be nearly spherical; ;62:45408‘424; Novokhatry A 1995, Inf  carboferat

h . : Ingham K, Brew SA, Novokhatny VV. . Influence of carbohydrate on
Sa_tISfaCtory hydrogen bond |nteract|(?ns should be formed to pro structure, stability and function of gelatin-binding fragments of fibronectin.
tein atoms or other water molecule_s_, and Byactor for the. wa- Archives Biochem and Biophys 3285-240.
ters should be less than 58.4an additional 10 cycles of positional  Iversen LF, Kastrup JS, Bjorn SE, Rasmussen PB, Wiberg FC, Flodgaard HJ,
and B-factor refinements were performed. All refinements were  Larsen IK. 1997. Structure of HBP, a multifunctional protein with a serine
performed with TNT(Tronrud et al., 1987; Tronrud, 1992The | pmtef;eéo'dt'\'atugesstu‘:t BI0|IK426;_262E . b8 Wiberg FC
- . 0 ) . versen LF, Kastrup JS, Larsen IK, Bjorn SE, Rasmussen PB, Wiberg FC,
final R-factor was 18.4%. The refinement proFoc?oI was monitored Flodgaard HJ. 1996. Crystallization and molecular replacement solution of
by the use oRyee (5% of data. For further statistics, see Table 1. human heparin binding proteicta Cryst D 521222-1223.

Jones TA, Zou JY, Cowan SW, Kjeldgaard M. 1991. Improved methods for
building protein molecules in electron density maps and the location of
errors in these model#\cta Cryst A 47110-119.

Karlsen S, Iversen LF, Larsen IK, Flodgaard HJ, Kastrup JS. 1998. Atomic

. . . resolution structure of human HBEBAP37azurocidin.Acta Cryst D 54
Human monocytes were isolated and treated as described previ- ggg_gqo. PEAPST Y

ously (Rasmussen et al., 1996with the exception that 1% non- kaushal S, Ridge KD, Khorana HG. 1994. Structure and function in rho-

essential amino acids were excluded from the medium. dopsis: The role of aspargine-linked glycosylati@ochemistry 914024 —
4028.
Lis H, Sharon N. 1993. Protein glycosylation. Structural and functional aspects.
Eur J Biochem 218-27.

Assay of ng-HBP bioactivity

Cecal ligation and puncture (CLP) Lu HS, Chang D, Philo JS, Zhang K, Narhi LO, Liu N, Zhang M, Sun J, Wen

. . . J, Yanagihara D, et al. 1995. Studies on the structure and function of gly-
Native recombinant HBI50 n.g), ng-HBR(50 wg), or carrier con- cosylated and nonglycosylated neu differentiation factdr&iol Chem
sisting of phosphated saline buffer pH 7untreated (0.2 mL) 270:4784-4791.

were given i.p. 24 h prior to single 18-gauge CLP. All mice were Manneberg M, Friedlein A, Kurth H, Lahm HW, Fountoulakis M. 1994. Struc-

Swiss-Webster mice. Through a midline laparotomy incision, the tural an_alysis and localization of the carbohydrate moi_eties_ of a so_IubIe
R . . . . . . human interferon gamma receptor produced in baculovirus-infected insect

cecum was ligated just below the ileocecal junction with 3-0 slik  qajis. Protein Sci 330-38.

and was punctured once with an 18-gauge needle. Using genti@er G, Hietter H, Lefevre J. 1996. Stabilization of proteins by glycosylation

pressure on the cecum, a small amount of fecal material was ex- examined by NMR analysis of a fucosylated proteinase inhibNature
pressed to ensure the patency of the puncture hole. The abdominal Struct Biol 345-53.

i ; : P Mercer-Jones MA, Hadjiminas DJ, Heinzelmann M, Peyton JC, Cook M, Chea-
incision was closed with nylon suture. No fluid resuscitation was dle WG. 1996. Monocyte recruitment increases survival in fecal peritonitis.

given after CLP. Mice were observed for seven days, after which  gyrgical Forum 37105-108.

no mice died. Nicholls A, Sharp KA, Honig B. 1991. Protein folding and association: Insights
from the interfacial and thermodynamic properties of hydrocarbBrns-
teins 11281-296.
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