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ChapterChapter IV 

Abstract t 
Invadingg Gram-negative or Gram-positive pathogens release toxic cell 

walll  components such as Iipopolysaccharides {LPS) or lipoteichoic acids (LTA). 
respectively,, which have potent inflammatory properties. Lipopolysaccharide 
bindingg protein (LBP). a member of a family of lipid transport proteins known to 
bee associated with high density lipoproteins (HDL), has been implicated in the 
loadingg of HDL with endotoxin and in the attenuation of the host response to 
infection.. We have recently shown that total human plasma HDL has a high 
bindingg capacity for LPS or LTA and in this study, we determined the HDL 
subfractionn primarily responsible for endotoxin sequestration e.x vivo. Fresh 
plasmaa was incubated with three different LPS chemotypes or LTA 
fluorescentlyy labeled with BODIPY or NBD, the major lipoprotein classes pre-
fractionatedd with 1.59c (w/v) PEG 6000 and analyzed for endotoxin binding 
usingg high performance gel-permeation chromatography. Further 
characterizationn of the isolated lipoprotein fractions was by immunochemical 
analysis,, lipoprotein electrophoresis and 1-D and 2-D polyacrylamide gel-
electrophoresis. . 

LPSS or LTA were recovered in a dose-dependent fashion in the PEG-
solublee HDL fraction with alpha-mobility. A small amount of J5 or Re595 LPS 
(<[09r)(<[09r)  was found to be associated with a PEG-precipitable. lipid-poor fraction 
withh pre-beta mobility. The overall protein composition of this fraction showed 
similaritiess with ot-HDL and accounted for 20  \59c of the total HDL protein 
content. . 

Wee conclude that cholesterol-rich HDL with a-mobility accounts for the 
majorityy of the endotoxin-binding potential of HDL. We suggest that the PEG 
precipitablee fraction represents a HDL sub-population with poor affinity for 
endotoxin. . 
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Introduction n 
Infectionn of the host by Gram-negative or Gram-positive pathogens and 

subsequentt release of membrane components such as lipopolysaeeharides (LPS) 
orr lipoteichoie acids (LTA). respectively, are the initiating events of severe 
sepsis.. Depending on the extent and duration of the infection and the efficacy of 
hostt immune responses, acute systemic inflammation may lead to cytokine-
mediatedd septic shock and high mortality (1), (2). It has recently been 
demonstratedd that plasma lipoproteins play an important role in innate immunity 
againstt bacterial infection (3) (4). 

Profoundd changes in the plasma concentration and lipid composition of 
alll  lipoproteins (5). (6) and in the apolipoprotein content of high density 
lipoproteinn (HDL) (7). (8) have been observed in sepsis, and these are expected 
too importantly modulate the host response. Previous studies have shown that 
LPSS and LTA are sequestered by lipoproteins from various animal species, (9). 
(10),, (11). In this regard, we have recently demonstrated that of the major human 
lipoproteinn classes, HDL has the highest affinity and binding capacity for LPS 
(12)) or LTA (this thesis). The changes in lipid composition of HDL and LDL in 
sepsis,, as well as the transfer of LPS to and from lipoproteins is mediated by a 
familyy of lipid transport proteins, that includes phospholipid transfer protein 
(PLTP),, cholesteryl ester transfer protein (CETP) and bactericidal/permeability 
increasingg protein (BPI) (10). 

Lipopolysaccharidee binding protein (LBP), has been implicated in the 
loadingg of HDL (13) with endotoxin and alters the host response to infection in 
animall  models (14). (15), (16), (17) and in humans (18). In addition, 
phospholipidd transfer protein (PLTP) has been described as having the ability to 
transferr LPS among the lipoprotein classes (19), (20). 

Inn this study, we wished to determine the HDL subtype primarily 
responsiblee for endotoxin binding. We used mild lipoprotein separation methods 
too preserve to particle integrity (21) such as high performance gel-permeation 
chromatographyy (HPGC), lipoprotein precipitation with 7.5% (w/v) PEG-6000 
andd immuno-affinity chromatography. The LPS-fluorescenee recovery in total 
HDL.. Lp A-I and Lp A-I/I I HDL subtypes was measured. Further, the LPS and 
LTAA distribution in the PEG-soluble and the PEG-precipitable plasma fractions 
weree determined. Finally, we compared the protein composition of PEG-
precipitable-,, PEG-soluble HDL and immuno-affinity purified- and by two-
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ChapterChapter IV 
dimensionall  electrophoresis in combination with MALDI-TOF fingerprint mass 
spectrometry. . 

Materialss and Methods 

Materials s 
Lipopolysaccharidess of the highest purity were obtained from commercial sources. 

EscherichiaEscherichia colt O i l ! :B4 LPS was from Sigma Chemical Co. (St Louis. MS). E. colt J5 (Re) and 
Sulmoiu'lluSulmoiu'llu typhiniuiïum Re595 LPS were from List Biological Laboratories (Campbell. CA. 
U.S.A.).. Staphyloctfccti.s aureus LTA was from Sigma Chemical Co. (Si Louis. MS. U.S.A). The 
fluorescentfluorescent labels NBD-F and BODIPY-R6C were from Molecular Probes Inc. (Eugene. OR. 
U.S.A.).. Certified pyrogen-free distilled water from Ecotainer (Braun Medical AG. Melsungen. 
Germany)) was used throughout the experiments. Polyethylene glyeoi-6000 (PEG-6000) was from 
Aidrichh Sigma (Steinheim. Germany I. The polyclonal antibodies arui-Lp A-I and anti-Lp A-I/-I1 
weree obtained from Dr. J.C. Fruchard (Dept. of Biochemistry. University ol' Lille. France). Apo B 
andd apo A-I levels of the lipoprotein fractions were measured by an automated turhidometric assay 
usingg the APA and APB kit on an Array Protein System Nephelometer {Beekman. Mijdrecht, 
Netherlands). . 

Methods s 

Incubationn of plasma with endotoxin 
Plasmaa samples, obtained from six healthy volunteers after informed consent, were 

incubatedd with three different fluorescent LPS chemotypes: E. colt 01 11:B4 (20 mg/L). J5 or S. 
mitmesoiamitmesoia Re595 (30 mg/l) or S. aureus LTA (40 mg/L). Fluorescently labeling of LPS or LTA 
withh BODIPY or NBD was done as previously described (12). Samples were incubated for 1 hour 
att 37 C and processed immediately. 

Selectivee lipoprotein precipitation 
Freshh plasma was fractionated by addition o\' PEG 6000 to 1.5% Iw/v) essentially 

accordingg to Vikari (22). and analyzed for endotoxin binding. Briefly. 200 u.1 of 45**- (w/v) PEG 
stockk solution. pH 7.4 was added to 1.0 ml citrated plasma and incubated for 15 minutes at room 
temperature.. The samples were swirled every 2 minutes and subsequently centrifuged at 2000 rpm 
forr 8 minutes in an Eppendorf microfuge at room temperature. The supernatant was aspirated and 
storedd until further process. The precipitate was resuspended in 1 ml TBST buffer (10 mM Tris. 
1500 mM NaCl. pH 7.4 containing 0.005tf- v/v Tween-20) and stored at -80 CC until further 
analysis. . 

Highh performance gel-permeation chromatography IHPGC) 

Lipoproteinn separation by size-exclusion chromatography was as previously described (12). 
Briefly.. lipoprotein fractions were isolated by HPGC. Injection was curried out with 100 U.1 
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LPSLPS sequestering by HDL subtypes 
aliquotss of sample (titrated plasma. PEG-supematant or re-solubi!ized PEG-precipitate) previously 
dilutedd with an equal volume of TBST on a Supervise 6 HR 10/30 column (Pharmacia Biotech Inc.. 
Uppsala.. Sweden) and developed as before with in-line fluorescence and cholesterol detection. 
Peakk fractions containing well-separated lipoproteins were collected and concentrated with 
Centriconn 100 filters to approximately 100 u.1. Samples were processed immediately or were 
frozenn in liquid nitrogen and stored at -SO 'C until further analysis. 

Lipoproteinn gel electrophoresis 
Nativee lipoprotein gel-electrophoresis was done using a lipoprotein electrophoresis kit 

(LIPO-GEL.. Beekman Coulter) using a Paragon electrophoresis unit (Beekman Coulter. Beekman. 
Fullerton.. USA). Briefly. 10 u.1 undiluted lipoprotein samples of fractions or plasma were applied 
too loading slots in a pre-poured agarose gel on a carrier film. After electrophoretic separation at 
200VV for 90 min at room temperature in barbital-buffer (10 mM 5.5-diethylbarbiturie acid. 50 niM 
5.5-diethylbarbituricc acid sodium salt. pH N.6). the gels were fixed (10 9< acetic acid/60 ck 
methanol/300 9c water mixture) for 30 minutes and dried. Lipids and proteins were visualized by 
stainingg with Sudan black, respectively. 

Electrographh Microscopy 
Forr cryo-electron microscopy, 400-mesh grids were dipped into the samples of isolated 

lipoproteins,, blotted with filter paper, and vitrified in liquid ethane with a gravity-driven guillotine 
keptt at -196 °C in liquid nitrogen. Samples were examined and photographed with an EM420 
electrunn microscope (Philips. Eindhoven. The Netherlands) at 100 kV at various magnifications. 

1-DD polyacrylamide gel-electrophoresis 
Thee protein profiles of the individual lipoprotein classes isolated by HPGC were 

analyzedd by polyacrylamide gel-electrophoresis in the presence of sodium dodecyl sulphate (SDS-
PAGE)) on pre-cast 4-15 9c {w/v) polyacrylamide gradient gels (Bio-Rad Hercules. USA) (23). 
Lipoproteinn fractions were prepared for electrophoresis by heating for 5 min at 100 =C in sample 
bufferr consisting of 50 mM Tris pH 6.8. K)7r (v/v) glycerol. 2r« (w/v) SDS. 0.01% (w/v) 
bromophenol-bluee and 20 mM DTT. Protein bands were visualized by Coomassie Brilliant Blue 
staining. . 

2-DD polyacrylamide gel-electrophoresis 
Eachh plasma sample (equivalent to 300 u.g of protein) was treated with 1-D buffer (40 

mMM Tris. pH 7.4, containing 9.0 M urea. 29c w/v CHAPS. 2 mM DTT in a final volume of 250 u.1. 
Sampless were incubated for I h at room temperature before application onto Immobiline dry strips 
(Amershamm Pharmacia Biotech, Uppsala. Sweden). Passive rehydration was allowed to continue 
overnight. . 

Thee first dimension was for 40000 Vh in a Muhiphor II electrophoresis unit (Amersham 
Pharmaciaa Biotech. Inc.. Uppsala. Sweden). Subsequently the strips equilibrated with 1% (w/v) 
DTTT for 15 minutes at RT followed by a second equilibration with 2.59c (w/v) iodoacetamide 
withoutt DTT in SDS equilibration buffer (50 mM Tris. pH 6.8. 6 M Urea. 30'<£ {v/v) glycerol and 
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22((tt w/v SDS). Finally, the strips were loaded onto \2ci (\v/v) poly aery lamide separation gels or 4-
II  5 nr (w/v) polyacrylamide gradient gels containing 0. l'-r (w/\) SDS. Electrophoretic loading was 
forr 60 min at 20 mA/gel and separation for 3-4 hours at 60 mA/gel in a Hooier Electrophoresis 
Systemm (Pharmacia. Uppsala. Sweden). Gels were fixed with a solution containing 7.5°; (v/v) 
aceticc acid and 20(r fv/v) iso-propanul and proteins were visualized by silver staining (24). For 
qualitativee analysis, the gels were vacuum dried between cellophane and protein hands excised for 
masss spectrometry. 

Masss spectrometry 
Forr MALD1-TOF analysis, protein-containing gel slices were S-alkylated witli 

iodoacetamide.. digested with trypsin (sequencing grade. Roche Molecular Biochemicals.), and 
extractedd according to Shevchenko ei. al. (25). Only peptides eluted with 20 mVl ammonium 
carbonatee were used in the analysis. After drying in a vacuum centrifuge, the polypeptides wore 
dissolvedd in 10 u 1 of a solution containing )'i (v/v) formic acid and 60fr (v/v.) acetoniirüe. Fluted 
peptidess were mixed 1:1 <\/\ i with a solution containing 52 rnM a-cyano-4-hydroxycinnamic acid 
(Sigma-Aldrichh Chemie B.V.) in 49f-ï (v/v) ethanol. 4y<*  (v/v) aceloniirile. V7< (\/v) tri-fluoric-
acidd and 1 mM ammonium acetate. Prior to preparation of the solution, ihe u-cyano-4-
hvdroxycinnamicc acid was washed briefly with acetone. The mixture was spotted onto the target 
andd allowed to dry at room temporat tire. Relleclron MALD1-TOF spectra were acquired on a 
Micromasss TOF Spec HT (Wythenshawe. UK). The resulting peptide spectra were used to search 
severall  non-redundant protein databases. 

Isolationn of HDL subtypes immuno-affinity chromatography 
Rabbitt anti-human polyclonal antibodies against two subtypes o\' HDL (Lp A-I and Lp 

A-I/II )) (26) were coupled to Sepharose 4B beads according to the manufacturer's instructions 
(Pharmaciaa Biotech Inc.. Uppsala. Sweden) and HDL particles isolated as previously described 
(27).. Briefly. HDL particles were isolated from citrated plasma by loading 0.5 ml plasma onto the 
affinityy column washing extensively with TBS (3 to 4 column volumes) and elating with 3 M 
sodiumm isothiocyanate followed by immediate dialysis. The samples were concentrated with 
Cenlricon-300 filters (Beverley. MA. USA) to 0.5 ml and stored at - 80 C until further analysis. 

Results s 

Analysiss of lipoproteins after PEG-6000 precipitation of VLDL/LDL 
Thee major lipoprotein classes of six healthy volunteers (lanes 2-7) were 

fractionatedd with 1.5c/c (w/v) PEG-6000 and subjected to LIPO GEL lipoprotein 
electrophoresiss with subsequent lipoprotein staining (Fig. 1). Compared to total 
plasma,, the beta (precipitate) and alpha (supernatant) migrating particles were 
completelyy separated, indicating that the entire HDL population was separated 
fromm VLDL and LDL. 
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PEG-Precip'rtatee PEG-Supernatant Total plasma 

itlftlil l 
11 l 1 4 i I 7 II  i 1 S I ' I II  ! « S 6 T I 

! ! 

Fig.. 1. Lipoprotein profiles of total and PEG-fractionated plasma from six volunteers (lane 2-6). 
PEG-precipitatee and PEG-supernatant refers to 7.5 % (w/\) PEG-precipitable and PEG-soluble 
material.. The arrov\ indicates the origin o\' sample application. Lipid staining was with Sudan 

Black. . 
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Fig.. 2. Chromatographic profiles of LPS and cholesterol recovery in lipoprotein fractions isolated 
inn various ways: (A) An example oï HPGC analysis with fluorescence and cholesterol detection o\' 
totall  plasma. PEG-soluble. LP A-l and Lp A l/II HDL. and PEG-precipitable lipoprotein fractions 
(Panell  A). The scales of the fluorescence and cholesterol signals are relative to 100 ci<  with total 
plasma.. UV profile (280 nm) of the PEG-precipitable plasma fraction (Panel B). The bar indicates 
thee PEG-precipitable protein fraction with the same chromatography retention time as HDL. 

Immunoo nephelometric analysis confirmed that the supernatant was free of apo 
BB containing particles. A minor quantity of apo A-I was detected in the 
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precipitatee (Table 1) indicating that a sub-population of HDL appeared to be 
precipitatedd by PEG at the concentration used for the complete separation of 
cholesterol-richh HDL from LDL and VLDL. 

Tablee I. The apolipoprotein composition of itie PEG-precipitated plasma fraction compared to 
iotaa I plasma  SEM from 6 volunteers. 

Sample e 

Totall  PI 
S S 
P P 

iss ma 

ApoA-hSD) ) 
mg/L L 

1327(150) ) 
12800 1 16?) 
76(61 1 

ApoB(SD) ) 
mg/L L 

HH 1711 sm 
0 0 

715(1891 1 

Supernatantt (S) and precipitate fP> refers to 7.5'̂  (w/v) PEG-6000 soluble and precipilable 
componentss of plasma, respectively. 

Highh performance gel chromatography analysis (HPGC) of the lipoprotein 
fractions s 

Fig.. 2A is an example of the HPGC analysis with fluorescence and 
cholesteroll  detection of total plasma PEG-soluble and PEG-precipitable 
lipoproteins,lipoproteins, Lp A-I and Lp A-I/A-II . Endotoxin was recovered in a dose-
dependentt fashion in the PEG-soluble HDL (S/N). Lp A-I HDL and the Lp A-
I/A-I II  HDL subtypes. Comparison of the LPS fluorescence signal with the 
cholesteroll  distribution revealed that LPS was mainly associated with the 
cholesteroll  containing fractions. 

cc/i/i  Distribution 
011 1 l:B4 J5 Re LTA 

Subjectss P S P S P S P S 

66 5.1(2.2) 94.9(2.2) 6.1(1.7) 93.9(1.7) 5.4(2.7) 94.6(2.91 11.1(3.6) 88.9(3.8) 

Tablee 2. The relative distribution of endotoxin (f4 )  SEM between the PEG precipitable (P) and 
PF.G-solublee (S) HDL-sized fractions after incubation with different fluorescein])' labeled LPS 
ehemolypes:: E, coli Ol 11:B4 or J5 ur ,S'. mümvsoia Re 595 LPS or .V. aureus LTA. The relative 
fluorescentt peak areas, that represent endotoxin binding to HDL. were determined after HPGC 
analysis. . 
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LPSLPS st't/uestcrini; by HDL subtypes 
Thee recovery of LPS in the PEG-precipitable fraction (P). which 

containss VLDL and LDL. was dose-dependent. However, a minor endotoxin 
fluorescencefluorescence signal (< 10%) was observed in the protein fraction associated with 
aa PEG-precipitable. lipid-poor particle which appeared to have pre-beta-mobilitv 
(nott shown) and HDL migration behavior during HPGC (Fig. 2B) as revealed by 
detectionn at 280 run. The overall LPS and LTA distributions between the PEG-
solublee and the PEG-precipitable HDL fractions in plasma from six volunteers 
aree illustrated in Table 2. No differences in LPS or LTA distribution in the PEG-
solublee or PEG-precipitable fraction were observed in the plasma samples from 
malee or female subjects. The quantitative recovery of LPS or LTA in the PEG-
solublee fraction was 949Ê and 89%, respectively. However. 5 to lK t was 
detectablee in the PEG-precipitable fraction. This protein-rich fraction was 
isolatedd and subjected to electron microscopy (Fig. 3). 

AA B 

Figg 3. Electron microscopj of PEG-precipitable HDL-like particles (Panel A) and PEG-soluble 
HDLL (Panel B). The bar corresponds to 10 rim. 

Thiss revealed that these particles were indeed of similar size compared 
too HDL (Fig. 3A). but the core of the PEG-precipitable particles appeared to be 
lesss dense compared to the PEG-soluble HDL particles (Fig. 3b). The total 
proteinn of these particles accounted for 20  15 % of the total HDL protein. 

Proteinn composition of isolated HDL fractions 
Inn order to further characterize the protein content of the PEG-

precipitablee HDL fraction, the protein profile was compared with that of the 
PEG-solublee HDL using SDS-PAGE. Additional, analysis by 2-D 
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kDaa 1 2 3 4 5 6 7 

212 2 

122 2 

83 3 

51.5 5 

35 5 

28.4 4 

20 0 

7.2 2 

Fig.. 4. I-I) electrophoresis patterns o\' PEG fractions. The molecular weight standards (M,A) are 
indicatedd to the left of the figure and the apolipoprotein positions are indicated to the right. Lane I: 
Mttt standard, lanes 2: apo A-l lanes 3-8: the PEG- precipitable protein fraction from 6 volunteers, 
lanee 9: HPGC isolated HDL. 

electrophoresiss on these two sub-populations of HDL and the LP A-I HDL-
subtypcc was performed. 

Thee protein stain of the PEG-precipitable particle, separated by l-D 
electrophoresis,, showed a remarkably similarity to the protein profile of HPGC 
isolatedd cholesterol-rich HDL (Fig 4). In addition. 2-D electrophoresis revealed 
onlyy minor differences in the protein profiles of the PEG-soluble HDL (Fig. 5A). 
thee PLC- precipitable particle (Fig. 5B) and LP A-l HDL (Fig. 5C). A 
significantt degree of IgG contamination typical for a 2-D gel of plasma was 
apparent.. The immuno-affinity isolation, although highly specific for HDL still 
revealedd the presence of a small amount of IgG. This indicates that a small 
amountt of IgG either co-elutes or is associated with HDL. Analysis of the 
proteinn composition of PEG -precipitable HDL by mass spectrometry showed 
thatt the main identified constituents of the particle were haptoglobin. IgG. 
serotransferrinn and apo A-l . whereas in the PEG-soluble- and LP A-I HDL 
particless other HDL associated proteins were evident (Table 3). 
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Fig.. 5. 2-D electrophoresis patterns of PEG-soluble HDL (Panel A: with the corresponding I-D 

patternn to the right. PEG-preeipitable protein traction (Panel B) and Lp A-I HDL alter immuno-

affinit\\ isolation (Panel C). For the protein identifications see table 3. 
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Tablee 3. Summary of proteins identified by MALDITO F analysis in the various HDL 
preparationss as depicted in Fig. 5. 

Spott no. Protein Spot no Protein 

] ] 
T T 

3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

Apoo C-II 
Apoo C III 
Apoo A-II 
Haptoglobinn a-chain 
Apoo A-1 
Proo apo A-I 
Apoo D 
Apoo J 
Haptoglobinn [i-ehain 
Apoo E 

11 1 
12 2 
13 3 
14 4 
15 5 
16 6 

Apoo J 
Apoo A-IV 
Albumin n 
Serotransferrin n 
IgGG Heavy, Intfrm.e and Lighl m 
ocl-fJ-glyaiprotein n 

Discussion n 
Usingg PEG precipitation. high performance gel-permeation 

chromatographyy and immuno-affinity chromatography, the recovery of LPS or 
LTAA in specific HDL subtypes was investigated. The majority of the added 
fluorescentt endotoxin was recovered in the cholesterol-rich HDL subtype, which 
iss 7.5 c/r PEG-soluble. or the immuno-affinity purified HDL particles, all 
representingg HDL with ex-mobility. Hence, endotoxin is sequestered by HDL 
particless that contain a full complement of lipids and phospholipids, which 
suggestss that a phospholipid cholesterol-ester matrix is the most optimal 
environmentt for endotoxin binding. Remarkably, the three LPS chemotypes and 
thee LTA preparation were all recovered in lipid-rieh HDL. indicating that a 
commonn chemical moiety, namely the fatty acid side-chains in the lipid-A part 
off  LPS or the two fatty acid chains of the LTA molecule determines the physical 
propertiess necessary for incorporation into the phospholipid monolayer of HDL. 
However,, a minor part of LPS was recovered in a lipid-poor PEG-precipitable 
particlee with the same chromatographic retention as mature HDL from total 
plasmaa or in the PEG-soluble HDL fraction. EM analysis demonstrated that 
thesee particles were indeed of approximately the same size as HDL. We initially 
assumedd that these lipid poor HDL-like particles could be of pre-fi HDL origin, 
butt preparations of these particles failed to induce cholesterol efflux in vitro in a 
cholesteroll  efflux assay (28) (data not shown). 
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LPSLPS sequestering by HDL subtypes 
Further,, in two of the six subjects. LBP was immunologically detected 

inn this fraction (data not shown). Recently, several unique HDL sub-types have 
recentlyy been described, including apo J or apo D containing HDL, very high 
densityy HDL (VHDL) (29) and FALP (particles containing apo A-I, 
phospholipidss and Factor H-related proteins) (30), {31). It is possible that FALP 
particless were present in the PEG-precipitable protein faction. Although the size 
andd molecular weight (250 kDa) of the PEG-precipitable HDL-like particles was 
comparablee with FALP. the protein composition was more complex according to 
2-DD analysis. The fact that haptoglobin, an acute phase protein which is also 
involvedd in lipid metabolism (32). was found to be associated with PEG-
precipitablee HDL combined with the presence of HDL-specific apo A-I, leads us 
too the suggest that this new particle is indeed of HDL origin and may in fact be a 
steady-statee HDL remnant population in the process of being cleared from the 
circulation. circulation. 

Inn summary, we can conclude that plasma HDL with a-mobility 
accountss for the majority of the endotoxin sequestration activity of plasma 
lipoproteins.. Additionally, we demonstrate a new HDL sub-population that 
apparentlyy plays a minor role in LPS sequestration, but may be an integral part 
off  the HDL catabolic pathway. 
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