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Summary

1. Dehydratios by rotary evaporation and solubilization
at pH 8.6 of human serum high density lipoproteins resulted
" in the formation of a'libid-pbor protein fraction (d > 1.21
g/ml) and a redistribution ef the. remaining lipid and protein
eomppnentswinto three new ultracenfrifugal fractions of vary-
ing composition. and density.

é. The redistribution ef 1lipid components was specific
and resulted in a t)ax:'tltlom.nn7 of the aoola" choleste“yl
esters and tﬂlvlycerides p”edomlnantly into the d < 1 006
and d 1.006-1. 063 g/ml product fractions. The polar pnos—
pholipids were major lipid componepnts of the d 1.00651,063
and d 1.063—1}21 g/ml prodﬁct fractions.

- 3. The redistribution of the apoproteins of the tfeated
high density lipoproteins was unique and sugéested differ-
-ences In thelr affinity for the llplds of the parent lipo-
A'propeln fraction. Theimlnor apoprotein constltuenus of
the highAdensity lipoproteins, which are major constituents
of normal Very low density'lipopfoteins, predominated in the
.degradation.products rich in apolar lipids. The predominant
époprotein (apoLP—glnAI) of'the parent fraction recombined
.with oﬁly a hinimalvamount of 1lipid and was confined almost
i exclusively te the lipid-boor da>1l1l.21 g/ml product fraction.
'The-other major apoprotein constiﬁueﬁt (apoLP-gln~II) Was.
fouﬁd in pfoductsrrich in phospholipids. |

| 4, Electron mlcroscooy of the dlfferent products showed
the formation of d15001da1 particles in the phospholipid-

rich d 1.063-1.21 g/ml product fraction; the particles in



fhe'd 1;60641.063 g/ml‘product fraction were spherical and -
resembled normal human low density lipOprbteins, but were
‘slightly smaller in size; the particles in the d < 1.006
g/ml prdduct fraction were very diverse in size and, on the
averaée, larger thén ﬁormal very low density lipoproteins
of human cerum. | | |
| 5. An’immunqelectrophofétically slow-moving product

'was obse:ved following dehydration ana solubilization of
high density lipoproteins and had immunochemical properties

.idenfical to the slow—moviﬁg lipid-poor component (GLPB)

- obtained followingAexposure of high density iipoproteins to
other mild degradative prbcedures; both corresponded to the
lipid—poor d >1l.21 g/hl product fraction consisting pfedom-

inaqtly of apolLP-gln I protein.



INTRODUCTION

The assoqiation between the protein and lipid moietiés
 of human serum high density lipoproteins 1s subject to par-
tial disruption -by relatively mild procedures such as de-
hydrétion by rotarj evaporation and solubilization at pH 8.6
(1), stofageA(2); freeze—thawiﬁg (2,3), repeated ultracén—
' erifugation (2,3), bubble oxygenation (4), sonication (5),
4.and'exposure~to detergents (3), ether (2,5,6) or urea (2).
Uﬁder tpesé conditions new lipid-rich and lipid-poor species
are formed ﬁhich differ from the parent‘high density lipo-
-proteins., . The physicai and chemical properties of the new
products suggest that some rathep specific dissociations.
and feassociations between high density lipbprotein'protein
and lipid moieties occur during these disruptive perturba-
tions (1-6). |

Recent observations (7-9) indiéate that the apop:otein
- molety of the highldenéity 1ipoppoteins éontainsAtwo major
and a groUp of minor'protein compcnents, Detailed charac-
terization of thé products formed during disruption of high
».:dénsity'lipoproteins may provide-ihformation on the affin-
'ities between these pfoteins and the 1lipid constituénts of
tﬁe high density lipoproteins and perhaps provide some in-
sighf'into their organization in‘the péreﬁt macromolecules. .
_Id this report we describé some physical and chemiéal prop-
érties of.the lipoﬁrotein ahd.protein products formed dur-
ing disrupﬁién of high'density lipoprotein structure by de-

" hydration-solubilization procedures.
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" MATERIALS 4ND METHODS

Ultracentrifugal Prevaration of Parent High Density Lipo-

protein Fraction

Freshly preparéd serum frcm healthy female subjects
(ageé 30 and 38) was raised to a salt backgroﬁnd.of d 1.063
g/ml by addition of NaBr. Six milliliter aliquots of this
Aadjusteduserum were-subjected to preparative ultracentti-
fugation at 114,000 g, 16° for 48 h. After ultracentrifu-
gétion ﬁhé top 2 ml fractions were éeparately removed and
‘the‘remainiﬁg 4 ml fractions were stirred, pooled and sub-
-sequently raised to a'salt backgroﬁnd of d 1.21 g/ml by
'dialysis againsf a ﬁéBr-NaCl solutiog (containingﬂo.i mg/ml
ﬁDTA). éour milliliters of the dialyzed material were then
layered below 2 ml of a NaBr;NaCl solution (d 1.21 g/ml,
0.1 mg/ml EDTA) and ultradentrifuged at 114,000 g, 16° for
48 h. The top 1 ml fractions containing the nigh density
- lipoproteins were separately remQVed by bipetfing, adjusted
to d 1l.21 g/ml by dialysis, diluted, and subjeéted to_prep-
- arative ultracenfrifugation for 36 h at 114,000 g and 16°C.
FélibWingAthis fiﬁél ultracentrifugation the top 1 ml frac-
-fions were reméved by pipetting and pooled; thié pool served
as the parenf high dénsity lipoprotein fraction for subse-

quent dehydration,_solubiliZation,-andfanalytic procedures.

Dehydration and Soiubilization of Parent High Density L;po-

protein Fraction .
. ' / -
- Prior to dehydration, an aliquot of ths parent frac-

tion was dialyzed against a 0.95% ammonium acetate-ammonium
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~ carbonate buffer (pH 7.4 éhd 4.7 mg/liter EDTA) and sﬁbse—
Quentiy diluted with the same buffer to obtain a concentra-
A'ﬁion of high densit§ lipobroteins'inAthé range of.l5—20 ng
lipoprbtein/ml (determined refractometrically). Five mil-
- 1iliters of the adjusted sdlution‘were introduced into a
1000 ml ro&nd-bottqmed flask and subjectéd to‘dehydration
using a rotéry flésh evaporation appafatus.(Rotary Film
Evéporaton; Lab;ine, Ihc., Chicago, Ill.). The flask, po-
. sitloned at an angle, was rotated under vacuum at 40 rev./min;
in a 37°‘water bath;-vapor was collected in a dry ice-ace-
'téne trab. After 10-15 min of evaporation, a-thin film of
clear yellowhmateriél-formed in thellower half of the flask;
déhydration‘was continued for a total of 4Q minutes.

" Solubilization of the film matefial was achieved‘by grad-
‘ual addition of 5 ml of 1.0 M Tris-#Cl buffer (pH 8.6).
After addition of the buffe:, the flask was undisturbed for
10 min; subsequently, the flask was gently sviirled to expose
'all of the film to the buffer. The final yellow solution
exhibited some furbidity butlwas éompietely hombgeneous and
“without any precipitated maﬁerial (solubilization with double
" distilled ﬁater ﬁas_substantial but inéomplete; solubiliza-
tion was complete with double distilled water'containing
i}Sufficient NaOH to adjust pH to 8.6). Recévery of lipid ahd
 prote1n material wés approxihateiy 97%. The fesulting solu-

" tion was dialyzed against a d 1.006 g/ml NaCl solution (con-

: 7
taining 0.1 mg/ml EDTA). '
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Ultracentrifugal Fractionation and Analysis of Products

The denhydrated-solubilized material was fractionated
byksequeﬁtiel preparative ulfracentrifugation (114,000 g, 16°
_and 24.'h); first at d 1'.006 g/ml, second at d 1.063 g/ml and
third.ef dwl.zl g/ml. Lipoproteih fractions floatibg at the
above densifies es well as fractibns centaining sedimenting
material of d > 1;21 g/ml were removed by pipetting (fhe
bottom'l;S ml of the material in the final ultracentrifuga-
tion wiil be designated: 4 > 1.21 g/ml fracfion) and stored
under.N2 for'subsequent analysis. The precedures used for
the analytic ultracentrifugation of the various fractions
and the compute;‘programs for graphic representation of the
fully co}reeted schlieren patterns have been describedAelse—
.whefe’(lo,ll), Flotation rates described by S; values are
rates in Svedberg units for lipoproteinsiin 2 medium of
d 1;063vg/m1 (NaCl, 26°, 52,640 rev./min). Flotation rates
described by F1.20 values are rafes in Svedberg'units for
lieopfoteins in a medium of d 1.20 g/ml (NaCl-NaBr, 26°,A

52,640 rev./min). Both are corrected for concentration and

Johnston-Ogston effects.

Analysis of Products

Chemical Anaiysis

Lipids in . the ultracentrifugal and'parent fractions
'were extracted, chromatographed on silicic acid, and quan-
tified by infrared spectroscopy acce?ding to methods des-

cribed earlier (12). ‘Pretein content of fractions was de-
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termined by a modified Lowry method (13)

Protein Fractionatlon

Individual ultracentrifugal fractions were delipida-

- ted by two 12 h extractions with freshly preoared 3:1 (v/v)

.ethanol-diethyl ether at 4°, washed tw1ce with dlethjl
Aiether and dried under N2. The apoprotein residues dissclved
completely in 0.2 M Tris-HCl pH 8.2. Gel filtration was

' performed essentially as descrlbed by Scanu, et al. (8)

with the minor modlflcation that the column was equllibrated
and eluted with 0.2 M Tris-HC1, 0.0l% EDTA, 6 M urea, pPH
8.2. To retard carbamylation of proteins (14), urea solu-
tions were passed over a mixed bed ion-exchange resin (Rexyn
I-30b; Fisher Scientific Company, Philadelphia, Pa.). Buf-
fers made_withAthis deionized urea were stored at 4° and
replenished every 24-48 h during experiments carried out

:at 25°. Column.fractions were monitored for proteih by
their absorption at 280 nanometers, dialyzed against 0.01%
EDTA, pH 8.2; using #18 cellulose casing (UnionFCarbide,

- Chicago, I111.), and stored at -20°. - | | . ~

Immunochemical Technigues

Immunoelectrophoresis and immunodouble diffusion were
performed in 1% agarcse (SeaKem, Bausch and Lomb Inc.,
Rochester, N.Y.) using standard techniques. Antisera were
prepared in sheep and rabbits as previously described (2).
.'The reactivities of antisera used ih,this study are pre—,
sented 1in Table I. The difficdlty dn preparing high den-

sityvlipoprCtein antisera free of reactivity to low density
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vlipoproteins and'human serum albumin has been noted pre-
viousiy (2). The apoVLDL-S3 fraction (15) used to prepafe
the anti—apoLP-ser* ahd anti-apoLP—ala antisera was also
contaminatéd with'tface amouhts of lqw density lipoprdtein
. antigen, Because nohe of the antiéera were monospecific,
-;1ﬁmunodiffusion experiments were performed by placing an.
antiserum in the center well and surrounding it with a'de—
lipidated, chromatographically-purified, known antigen, al-
ternating.with the delipidated unknown fractions. The idéh-:
tity-of an unknown fraction coﬁld be established if it
showed a reaction of identity with the purif;ed neighborihg
antigeh. Immunoprécipitin lines formed by low density lip-
oprotein, albgmin, apoLP—gln.I, apoLP-gin II, apolLP-ser and
either apoLP-alal or apoLP—aia2 were nonidentical with each
other. ApoLP-ala1 and a_poLP-aia2 gave indistinguishable

immunochemical reactions. Equivalence titers to purified

*Constituent apoprotéins of the high density lipobroteins
will be referred}to as follows: majbr'apoproteins, apoLP;

" gln i (corresponding to Apo A-I (16), R-thr (7), Fraction
‘III (8) and Band C (9)) and apoLP-gln II (corresponding to
Apo A-II (16), R-gln (T), Fraétion IV (8), and Band D (9))
with.carbotherminal glutamine (16); and minor apoproteins,
-apoLP-ser, apoLP-glu, apoLP-alaj and apoLP-alap, with car-
boxyterminal serine, giutamic acid, alanine’and alaniné,

" respectively (17,18).' Antisera to ;ndividual apoproteins

o will be designated by above terminology.
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high density lipoprqtein apoproteins were determined semi—

quantitatively using the technique of Plazzi (19) and were

. used to estimate appropriate proportions of the reactants

in double diffusion experiments.

Electrdn Microscopy

Negative staining procedures and electron microscopy

of lipoprotein samples have been described élsewhere (20).

. Other Technigues

Polyacrylamlde gel electroohoresis was performed in

'_O 6 x 8.0 cm tubes. Gels containing 10% acrylamide were

‘run in 8 M urea-at PH 9.4 using the buffer systems of Reis-

feld and Smali (21) and stained with 0.05% Coomassie blue
(Colab Laboratories Inc., Chicago Heigqts, I11.) as des-
cribed by Chrambach et al. (22). Twenty to 50 pg of protein
were applied to each tube. PréCedures for paper electrophor-
esis bf:lipoﬁroteins have(been described~previously (23).
The‘paper strios were stained with brompﬁenol blue.for pro-
telns and 0il Red O for lipids. |
RESULTS IR ) | - ]

Physical Appearance of Ultracentrifugal Fractions Isolated

- from Dehydrated-Solubilized Parent High'Density Lipoprotein

‘Praction

'>‘The ultradentrifugal d < 1.006 g/ml product fraction.

- was pale yellow in color and highly turbid, indicating the
7;presencequ very large and prdbably lipid-rich particles.
‘The light scattering properfies of ﬁﬁis fraction were com-

'parable,to those of normél very low density lipoproteids of
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d < 1.006 g/ml. The d 1.006-1.063 g/ml product fraction
was also pale ye;low but snowed appreciably less turbidity
than the 4 <« 1.066 g/ml product fracﬁion. Except fof its
color, this product fréction was comparable 1in appearance
:to normal lew density lipoproteins of d 1.006-1.063 g/ml.
- The d'1,063-1.2l g/ml product fracticn was pale yellow and
' alszt translucent, indicating the presence of particles of
prédominantly small size. The aépearancé of this product
fractioﬁ differed from normal high density lipoprotein pri-
marily ‘in its slightly greater light scattering property.
' Tﬁe ultracentrifugal 4 > 1.21 g/ml product fraction was
coloflesé and transparent; on pipetting, this fraction in-
" dicated the presencé of soluble protein material by its ten-
dency to froth and its increased viscosity comparedvto the
background salt sclution.

Distribution of Lipid and Protein among Ultracentrifugal

Ffactions

Representative data showing the pltracentrifugal dis-
tribution of thé lipid and protein moieties of the high
'density.iipoproteins after‘dehydration-solubilization are
‘preseﬁted in Table II. Lipids were primarily distributed
- among .the three major flotation fractions resulting in a
'i77%‘reduction in the amounﬁ of‘iipid initially present in
'the parent fraction. The d < 1.606 and d 1.006-1.063 g/ml
‘product fractions contained approximgtely 27 and 31%, res-
_bectively, of the lipid material 1nitially present in the

pafent high density lipoprotein fraction. Tﬁe reduction in
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the protein content of the parent fraction was approximately
82%, with the bulk of the protein shifting into the 1lipid-

‘poor d > 1.21 g/ml product fraction.

Lipid Composition of Ultracentrifugal Fractions

Analyigs of the différent fractions from two separate

" preparations indicated a'marked rédistribution of lipidé
among the newly formed lipoprotein species (Table III).

Thére was a propounéed shiff of cholesteryl ééters and phos-

pholipids from ths parent high density lipoproteins into the

d < 1.006 and d 1.006-1.063 g/ml product fractions. The

d.< 1.006.g/m1 preduct fraction was highest in cholesteryl

ester (64%) and triglyceride (7%4) content and lowest in pro-
. tein (4%) content. The major lipid components of the d 1.006;

1.063 g/ml product fraction were cholesteryl eéters'(QO%) and

phospholipids (54%); the average p:otein content was 15%.

, The.composition of the lipoprotein material remaining in the
d‘l.Ob3—l.2l'g/ml product fraction was considerably differ-
ent than that of the parent and, relative to the parent frac-
tiOn, contained a reduced amount of choiesteryl esters and
4an increased aﬁount of phospﬁolipids._ The material in the

A'd 5 1.21 g/ml product fraction was almost exclusively pro-

- tein (994); the lipid moiety (1%) wasApredominantly phos-

" pholipid. Based onvthe.above observations, the effects of

‘ déhydration—solubilization on high density lipoproteins ap-
.peared td include:'(l) a dissociation of a subsfantial amount

-;of lipid-poor protein material and (é) a rediStributibn of
tﬁe lipid énd remaining protein components into lipid-rich

- lipoprotein complexes.
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Analytlc UWtracenbrlf ugation of Fractions

Graphic preseptatlons of analytic ultracentrifugal
Apatterns of.a parent fraction and fhe lipoprotéin product
fraétions isolated following dehydration-solubilization are
shown ih Figufé 1. In the parent'high~density lipoprotein
-‘.fractidn, lipoprotein material was present strictly within
'Athe Fy oo 0-9.0 flofation interval with a major peak at
Fllgo 2.3. This pattern aléo showed the presence of a sub-
. stantial conc¢entration of liooproteln species in the Fl 20
'A3.5-9.O (dDLe) range. The ultracentrlfuval pattern of the
d l.O63¥l;21 g/ml fraction isclated from dehydrated-solubi-
iized hignh density lipoprocteins was.COnsiderabiy broader
(flotation range included material in the Fj oo 0-28.0) and
'indicated a more heterogeneous distribution of‘lipoprotein
macromolecuies .The presence of maté Lal in the 'l o0 9.0-
- 28.0 range in the d 1.063-1.21 g/ml pruduct fraction sug-
gested the formation of lipocprotein sae01°s of larger size
than the pa;eﬂt lipoproteins. Analytic ultracentrifugat 1on‘
of each of the low density product.fréctions (d < 1.006 and
d 1.006-1.063 g/ml fractionsi showed the presence of signi-
ficant concentrations of material with broad ranges of flo-
tation ratesh The ultracentrlfuoal pattern for the d <

Al .006 g/ml product fraction showed a distrlbutlon ranging
'.fromASf 20 to Sp 400. At the concentration used for this
analysis there was 11ttlé indication of material of flota-
tion rates greater than S; 4oo. Tne/d 1.006-1. Oo3 6/*11

product fraction contained matcrlal in the Sf 0-50.0 flota-

tion interval with a major.peak at approximately Sf 3.5.
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The anélytic ultracéntrifugal pattern of .the d >:l;2l
g/ml product fraction showed (Fig. 2) one ﬁajqr sedimentihg
peak (in d 1.006 g/ml NaCl, at 52,640 rev./min and 26°). A
- faster sedimenting minor peak was occasionally observed.

Electfon.Microscopy of Ultracentrifugal Fractions

Electfbn microscopy of the parent fraction (Fig. 3a)
showed pérticles with an average overall diameter of 85 3
. apbarently:composed of sutuﬁits (20). Some larger struc-
tures were also observed in the parent high den31ty lipo-
A ~ fraction
proteln/sw‘cestmc aggregation of these llooorotelns dur-
1ng preparative procedures for electron microscopy.
~-'Atuleast two species of papticles were'apparent in the
ultracentrifugal d 1.063—1.2l g/mi fraction (Fig. 3b) iso-
- lated from:dehydrated-solubilized material. One species
was similar in size and shape to normal high density lipo-
--proteins; the 6ther'species consisted of'apparently dis-
coidal particles which varied between 146-350'3 in diameter
_ and stacked in aggregates with a 50 K periédicity. The
stacking was more extensive at elevated concentrationé, sug-
gesting that it was an artifactual phenomenon occurring dur-
‘1ng drying in the negative stain. ‘ .
Electron microscopy of the d 1.006-1.063 g/ml product
fractlon (Fig. 3c) . showed primarily spherlcal particles
which. were very heterogeneous in size. The diameters of
‘Athe ﬁajority bf the particles'Weré in the range between
140-200 3. These particles resembled normél ltw denslity

iipoproteinsin configuration but were smaller .in size (the
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" normal . - : :
diameter of/low density lipoproteinsis approximately 210-

250.3). Very large spheroidal particles (300-1000.2) wers
also observed in.these preparations.

‘jElectrén microgréphs of the d < 1.066 g/ml prcddct
A.fraction (Eig.v3dj showed partiéles exhibiting a gféater
diversity in size (240 up to 20;000 Z) than ﬁqrﬁal very'lcw
depsity lipoproteins (230-5000 E). 'Moét particles, howevar,
were lOOO'Z and greater. The very large particles often

had a mottled appearance and frequently were aggregatéd.

M
"3

Like very low density lipoproteins these particles were v

)

electron4transparent and showed evidence of deformation wher
in contact with other particles.

Paper Electrophoresis of Ultracentrifugal Fractions

‘The electrophoretic mobility of the ultracentrifugal
fréctions isolated‘from the dehydfated—solubilized parent
hign density lipoprotein fraction is presented in Fig. &,
:All.of thé fractions migrated sIower than the parent lipc-
proteln fraction. Most of the d < 1.006 g/ml preduct frac-
.fioh femained at the‘o:igin; thé remainder spread frcm the
ofigin to the'pfe-ﬁ position. ‘The other three product fraz-
tions had similaf pre-8 mobilities. The intensities of ths
protein and lipid stains were in qualitative égreement with

" the composition data for each fraction, as shown in Table III

Protein Composition of Ultracentrifugal Fractions

The proteins in each fractién were charécterized.by
'bolyacrylamide gel electrophoresis (Fig. 5) and immuno-

diffusion (Téble IV). Sufficient protein was present in
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the parent énd the d 1.063-1.21 and d 5‘1.21 G/ml product
fractions to perﬁit quantification of the major and minor
apoprotein coméonents usiné Sepnadex G-200 chromatography
(Fig. 6 and Table V). The'terﬁinology used to designate
the Sephadi§ fractions corresponds td that proposed by
Scanu, et al. (8). The distribution of these Sephadex
fractions in the parént high density lipoproteins was in
good agreement with results'from other’léboratories (8,9).
‘In genefal, fraction I contained 2-10%, fraction II 0-3%,
fraction III 65-75%, fracﬁion IV 20-25%, and fraction V |
5-10% of the total high density lipoprotein protein (24).

Fractions I (Table II) and II contained material which re-

" acted strongly with anti-apoLP-gln I and wealkly with antl-

apoLP-gln II sera (24). Their elution in the Sephadex G-200
void volume, appearance on polyacryiamide gels (multiple
smeared bands cof slower>mobility than apoLP-gln I) and ten-
dency_to decreas¢ on redélipidation or prolonged urea ex-
posure suggested that'they were agg;egated or inéompletely
deiipidated apopfoteins (24) . Further purification of frac-
tions III, IV, éna V from ﬁhe varent high density lipopro—.
tein fraction using DEAE chromatography by the method of
Shore and Shofé (7) and chéracferization of thg electrophor-
- etic mobility, amino acid‘composition, molecular weights,
'end-tefminal amino acids, and immunochemical- reactivity (24)
confirmed and related previous fractions (749). Ffactions
III and IV consisted of apoLP-gln I’gnd apoﬁ?—gln II, res-
_peétively; Fraction V contained a miktureiof’components,

principally apoLP-ser, apoLP—glu, apoLP-ala; and apoLP-alae.
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Remarkable differences in the dﬁétributiénlof.theée
proteins in thé products were evident (Figs.5 aﬁd 6; Tableé
IV and V). The minor protein constituents of the high den-
éity_lipoproteins; aéoLP—ser,'apoLP-glu, apoLP-alal and’

- apoLPéélag{ predominatea in the d < 1.006 and d 1.006-1.063
: : fractions :
g/ml produqt/ (Fig. 5 and Table IV).. As determined by poly-
~acry1amide.gei electrophorésis, apoLP—glu was'almost entire-~
: ly'confined in the d < 1.006 g/mi produét fraction. The
_apoLP-aIa bands were most prominent‘in this fraction, but
significant amounts were found in the d 1.006-1.063 and
.d~i;063—l;21 g/ml prod@ct fractions as well. This distri-
bution was confirmed by the .immunochemical . studies outlined
'in Table IV. ApoLP-ser was notvresolved on the polyacryl-
,_amide gels*, tut was detected immunochemically, in both the
4 < 1.006 and d 1.006-1.063 g/ml product fractions. The
- d 1.063-1.21 g/ml product ffacticn differed from fhe parent
high density lipoproteins in that apcLP-gln II was the major
éonstituent (76.7%) with only small amounts of apolLP-gln I
(4.0%) and fraction V proteins (9,6%); The remaining 9.7%

(fractién I) contained both apcLP-gln I and apolP-gln II.

*Purified‘breparations of -apoLP-ser migrate slowly in this

'gél system énd produce diffuse bands Just bteycnd the boun;

.aafy of the stackiﬁg and rgnning<gels (15). The presence

.of apolLP-ser of this mobility.in polyacrylamide géis of.

normal higﬁ density lipoproteins can~“be demonstrated immuno-
_ : . A

' chemicélly, but its appearance is partially obscured by pro-

teins in fraction I which also migrate in this position.
. X [
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At least 92.5% of the protein moiety of the & > 1.21
g/ml product fraction was apoLP-gln I (Fig. 6 and Table V).
In addition, only apoLP-gln I was detectable in the fraction
I matefial cbtained on chromatography of the. d > 1.21 g/ml
product fraction. A trace of apoLP-gln II (0.8%) was also
pfesent by gel filtraticn chromatography and could be seen
on hea&ily leaded polyacrylamide gels. :Based on amounts of
apeLP—gln'I and apoLP-gln II determined in fractions IIT
and IV,“one‘can calculate that at least'66% of the original
apoLP-gln II was in the & 1.063-1.21 g/ml product fraction,
.and 82% of the originalAapoLPfgln I was in the d > 1.21 g/ml '
product fraction.' Theee estimates were not corrected for
the apolP-gln I and apoLP-glh IT present in fraction I or
in the discarded iptermediate ultracentrifugal fractions
(Table II) Most of the remaining apoLP-gln II appeared to
be in the d 1.006-1.063 g/ml fraction (Fig. 5).

Effect of Dehydpation Soluowllzatlon on Immunoelectr ovhor-

‘esis of High Density Lipoprcteins

Previous studies had shown.(2) onl& 2 single rapidly-
moving form (designated aLPA) on'immunoelectrophoresis of
fresh plasma against anti-highAdensity lipoprotein sera.
Following ultracentrifugal isolation of high density 1lipo-
prpteins, an additional slower-moving lipid-poor form-(aLPB)
appeared AsAehown in Fig. 7, alP, was present in both
HDL2 (d 1.063-1.125 g/ml) and HDL Qd 1.125-1.21 o/ml and
reacted with both anti-apoLP-gln I and anti- apoLP -gln II.

The dLPB,fabeent in HDL, but present in HDL3, was produced
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'_during dehydration-solubilization of HDLQ, and reacted only.
with anti-a2polP-gln I. The d } 1.21 g/mliproduct fraétion
from dehydrated-soiﬁbilizea hign density lipopfoteins con-
tained only aLPB (not shdwn). These experimenfs indicated
that'aLPB is a lipid-poor form_qf‘apoLP—gln I which is pro-
._duced dufigg'dehydration énd solubilization of HDL,. In
corollary experiments alPg was also produced during dehydra-

tion-solubilization, sonication or ether-extraction c¢f nor-

‘mal fresh plasma.

DISCUSSION

Dehydfation by rotary evaporation»and solubilization

. at pH_8.6 of huﬁan serum high density lipoproteins resulted
in a2 highly specific and repfdduciéle redistribﬁtion of the

" 1lipid and protein components of the parent material. The
compésition of fhe ultracentrifﬁgal.d < 1.006 g/ml oproduct
fraction was ﬁost interesting because of its high content

of cholesteryl esteré and ifs apéprotein compbsition, which
consisted predominantly of the minor apoproteins of high
density lipoproteins. These protéins are major apoprotein
constituents of normal very low density lipoproteins in
human éerum. The density range, size and shape, aspecté of
proteiﬁ composition, and the content of apolar lipid of this
fraction were éompérable to those of ncrmal very low density
:' 11poproté1ns. Unlike very low density lipoproteins, howéver,
the majéf apolar. "core" lipid of this fraction Was cholés-. |
teryl ester instead of triglyceride. Also,‘unlike very low

density lipoproteins, the d < 1.006 g/ml product fraction
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Awés Iacking.in apolDL which is the major protein of tﬁe
very low dénsity lipoproteins and is physioclogically essen- -
- tial for their proauction'(QS); The presénce of the minor
époproteins in association with this éholestér&l ester-rich
frécfion}iﬁdicated a particular éffinity of these proteins
for apolér iipids. | ‘
| The ultraéentrifuga1 d 1.006—1.663.g/ml produét frac-

tion containéd approximatel& 30% of the.apoif—gln II protein
of thé parent high densit& iipoprotein fraction. This frac-
tion also accounted for approximately 25% of the total re-
covered cﬁolesteryl esteré. Under electron microscopy, the
majority of these lipoprotein pérticles was.sméller in size
than normal low dehsity lipoproteins, but was similar to |
the 'd 1.006-1.063 g/ml product formed following exposure of
high dehsity lipoproteins to diethyl ether (26). Unlike the
'dehydration-solubilization product, howe?er, the éther deg-
radation product was. very similar in lipid composition to
the parent high density lipoprotéin and differed from the
parent only in protein content~(pérehf protein, 52%, ether-
produét protein, 12%) (6). Since the 1lipid and protein'con-
'tents_of the degradation products oitained by both methods
were very éomparable; major structural determinants of par-

4 ticles in this,fraction may-be principally the lipid-protein
'1Apfoportions and the type of protéin present. Studies by
'.Scaﬁu, eﬁ al., (5)'on'producté formed from exfensive ether
degfadation of high density lipoproféins aﬁd on reassembly |

products formed during scnication of mixtures of apoproteins
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‘and lipids of the high density iipoproteins, also indicafed
preferential incorporation of apolP-gln II into the 4d <« 1.063'
g/ml species. 'Thé'tracé content of aéoLP-gln II in the.d

< 1.006 g/ﬁl product fraction and its presenqe-in the phos-
pholipidfrich d 1.006-1.063 and d 1.063-1.21 g/ml product
-fractions suggest a selectivé affinity of thié protein for
polar lipids (phospholip;d)

The proteln moiety of the d 1.063- 1.21 g/ml product
fraction consisted almost exclusively of apolP-gln II. This
prdduét showed a higher phospholipid and lower cholesteryl
ester perdentage content than the parent high density lipo-
proteins; the ohosoholiold/choleste;yl ester »elgnt ratio

product
increased from 1.4 (parent) to 3.7 (d 1.063-1.21 g/ml/frac-

tion). Under electron microscopy, the particles of this

fraction exhibited a wide range of sizes and shapes; however,

0]

a frequént observatioﬁ was the appearancé of disc;like unit
which were aiigned in stacks.. Such aggregates have previ-
ously bgen observed under electron microscoby of the d 1;063-
_l.el'g/ml fraction isolated from'the.plasmé of patients de-
ficient 1in lecithin—éholesferol‘acyltransferase (27). In
. these patienté the cﬁolesteryl ester content of the total
'high dehsitj’lipoprotein fraction was extremely‘low'but
high in both'unestorified cholesterol and phospholipid (onos—
phatidyl ch011ne + sonln"omyelln/cholesteryl ester average
weight ratio approximatelyA19) (28). Furthermore, work with
. P A

‘model systems has shown that sonication of either apoLP-gln

I or apoLP-gln II'with mixtures of lecithin and unesterified
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cholésterql alsé produces comparable discoidal-shaped par-
ticles and sﬁacks as cbsefved under eleétfon microscopy
(29). When cholesferyl esters, In amounts present in normal
high density lipoproteins, were incorporated into the above
soniéation mixtufes,'the discs were transformed into spher-
.1cél>partic1es. Considering its wide diversity of particle
size and shape, the d 1.06371.21 g/ml product fraction prob-
abiy consists of a distribufion of particles containing pri-
marily apoLP-gln II and phospholipid but with varying amounts
of apolar lipids. Particles with negligible to low amounts
qf apolarilipid‘(primarily cholesteryl esters) are probably
discoidal, while particlegﬂcontaining substantial amounts
‘of apolar lipid éppear spheriéal._

' Dehydration-solubilization resulted in marked dissocia-
tion of lipid-poor protein, sgecifically apoLP-gln I, from
_the parent high density lipoproteins. TﬁiS'material was
" found almost exolﬁsively in the ultracentrifugal 4 > 1.21
g/ml product fraction and accounted for most of.the original
apoLP-gln I of the parent lipoproteihs. This lipid-poor
protein fraction has immuncelectrophoretic properties iden-.

tical to aLP, which had earlier been described as a degra-

B
dation product resulting from exposure of high density lipo-
.proteins to mild physical and chemical procedures (2). The
- frequent observations of the easeé of dissociation of apolLP-

'. gln I from high density lipopfoteids suggest a labile bond-

ing of this apoprotein to lipoprotefﬁ structures in the
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presence of ﬁbe total lipidé and-other apoprdpeins of high
.density-lipoproteins. The formation of the cholesteryl
ester-rich d < 1.006 g/ml fraction during dehydrétion-sol-‘
ubilization may be a consequence of the almost coﬁplete dis-
sociationuqf‘apoLPFgln I. Under'ether treafment where the
dissociation of apolLP-gln I dces not appear as extensive,
the new lipopfotein species formed were found only in the

d i.006-1.063 g/ml fraction and~haé the same lipid composi-
tionAaswthe parent nigh density lipoproteins.

It is interesting that the dehydration-solubilizatioh
products gualitatively exhibit the same pattern of distribu-
tion of-bolar'and apclar lipids as otserved in normal serum
-lipoproteins of correséoﬁding densities. Recently, a soni-
‘cation procedure for reassembly.of apoproteins and lipids
of hignh density lipoproteins has been described by Hirz and
Scanﬁ (30). 1In a study (5) utilizing this procedure, prod-
ﬁéts reassembled by sonication were ultracentrifugally iso-
lated and analyzed for their lipid and protein composition.
The distribution of iipids and specific apoprotéins among
the differént fractions was highly comparabvle to that ob-
served iIn the present report;.

Changes in the state (freezing) and amount (evapora-
tion) of water in the lipoprotein environment appear to_
strongly influence lipoprotein structure (31,32,33). In
: thé preéent work, the perturbation qf lipoprotein structure
.fesulted during dehydraticn and soi&bilization of high den-

sity lipoproteins. Such treatment may disrupt hydrophobic

-
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as well as électrostatic interqptions iﬁ lipoproteiﬁ struc;
ture. Thé formation of new lipoprqtein species following
sblﬁbilization of high density lipoproteins dehydrated by
fotary.evaporation may include such processes as recomolina-
tion of diﬁ?ociated lipid and prétein moieties; as well as
'~ recombination of dissociated lipid-protein and protein-

protein subunit complexes,.



Figure 1
Graphic.comp@ter‘presentations of analytic ultracen-
"ﬁrifugal patterns of preparative ffactions obtained froh
dehydratéd—solubilized high density lipoproteins; (Upper)
cohbarisoﬁ of d 1.0563-1.21 g/ml product fraction with'parent
HDL fractionj (Lower) flotation patterns of d < 1.006 and
d 1.006-1.063 g/ml product fractions. To facilitate com-
parison of shapés and flotation ranges'of the prodﬁcts with
the parent-matefial, the prbduct distriﬁutiohs were plotted

" to correspond with the concentration value for the parent

- total high density lipoprotein fraction.



Figdfe 2
Ultracentrifugal schliéfen pattern (trépidg) of the
d > 1.21 g/ml product frégtion'dbtained at 26°, 52,640
rev./min in a medium of d 1.006 g/ml (NaCl). Pattern rep-
résehfé diétribution of materiai‘éfter 64 minutés of ultra-

: pgntrifugééiqn at 52,640 rev./min.



Figﬁré 3
-Electron miérographs of nezatively stained prepara-
tionsAof parent material and ultracentrifugal fractions
bbtained following dehydration-solubilization of parent nigh
déhsity,lipoprotein-fraction: .(a) parent high density lip-
_oprofein:fraction; (b) d& 1.063-1.21 g/ml product fraction;
(¢) d 1.006-1.063 g/ml product fraction; (d) d < 1.006 g/ml

- product fraction. All micfégraphs are magnified 212,000 X.



'Fighre L
Paper electrophoresis of the parent high density
lipoprotein fraction and each‘Of the ultracentrifugal frac-
tions from dehydrated-solubilized high density lipoprotein

fraction stained for protein (P) and lipid-(L).



Figure 5

bPolyacrylamide-gel electrophoresis of the protein com-
ponents of the parent high density lipoprotein fraction and

‘each. of the ultracentrifugal product fractions.



Figure 6

Sepnadex G 200 chr omatooraphy of the pareno hign den-
sity llpoprotein fraction and the.d l 063- l 21 and d > 1. 21
g/ml product fractions from dehydrated—solubillzed high den-
éity.liﬁoproteins. Twenty milligrams of each fraction were
-applied fo a-column equilibrated in O.é M Tris-HCl, 0.01%
EDTA, 6 M urea, pH 8.2 and eluted with the same buffer.
The vold volume 1is iﬁdicated by the arrow. The Roman num-
erals used to designate the eluted fractions correspend to
.thoée used by Scanu, et al. (8) and are further identified
in Table V and in the test. Fraction II, intermittently
found.by those investigators, was not identified in these

fractions. It is very similar to fraction I in composition

(23) .



A Figure 7
- Immunoelectrbphoresis of HDLp, HDL3 éﬁd dehydrated--
solubllized HDL,. Antigens: 1, HDLp; 2, HDLg; 3, denydrated-
solubilized HDL,. Antibodies: GII, anti-apoLP-gln II;
GI, anti—époLP—gln I.‘ Reactivities corresponding to alP,

. and_aLPB are deéignated.
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TABLE I

CHARACTERIZATION OF ANTISERA

Antibody Immunizing . - ‘ Reactivity
Antigen apoLP-ser apoLP-glu apoLPealal apoLP-e.la2 IDL  apoLP-gln I &apoLP-gln ITI HSA
B — - . . . : ‘
anti-apoLP-ser apoVLDL-S3 + - - - o+ - N - -
anti-apoLP-ala " apoVIDL-S3 - L. + + + - L. -
anti-HDL "HDL S S - - - S+ , + + ' +
R ' , . ’ ' : '
anti-apoLP-gin I + - - - + . + - a +
o . , ‘ : 4 ‘ .
anti-apoLP-gin IT + - - S - + - - + +
*

Abbreviations in this table and subsequent tables and figures: HDL, hlgh density llpoprotelns (a-1. 063 1.21 g/ml),
IDL, low density lipoproteins - (d 1.006-1.063 g/ml) ; VIDL, very low density lipoproteins (d < 1.006 g/ml), HSA,

human serum albumin.. For nomenclature on apoproteins see text.

ApoVLDL-53 refers to the third fraction obtained from the'chromatography of detergent-solubiliied apo-VIDL on'
Sephadex G150 (15). Two raebbits, injected with the same preparation, gave antisera with diffe;ent specifici-
ties, as shown. C C ' - '
. These antisera were made by absorption of anti-HDL with a five-fold excess of chromatographically pﬁrified

' apoLP-gln I'(anti-apoLP-gln Ii) énd apoLP-gln II (anti-apoLP-gln.I).



TABLE II
ULTRACENTRIFUGAL DISTRIBUTION OF LIPID AND PROTEIN MOIETIES OF PARENT HIGH DENSITY

LYPOPROTEIN FRACTION AFTER DEHYDRATION-SOLUBILIZATION

Ultracentrifugal Lipid " Protein . Lipid + Protein
) * : * : *

Fraction (%) ® - (%) R
- d <'1.006 gfml - o 271 1 o 15

d 1.006-1.063 g/ml - 31 T . | 20

d 1.063-1.21 g/ml 23 . 18 . 20

, o . .
da >1.21 g/m *HH 63 ' 30

Parent HDL 100 | 100 ‘ 100

‘ *Tabﬁlated values are percentages of lipid and protein moieties in ultfacentrifugal'
. fractions calculated relative to initial amounts of these. moleties in parent HDL frac-

tlon. Percentages do not total up to 100% due to omission of llpld and protein ma-
terial in intermediate fractions collected during preparative-ultracentrlfugal pro- .

cedures and to small unavoidable ldsses encountered during fractionation.

*% .
See text for definition of this fraction.

A very small emount of lipid (<'1% of total lipid in parent fraction) was recovered
in this fraction. The lipid was primarily phospholipid.



TABLE III

COMPOSITION OF ULTRACENTRIFUGAL FRACTIONS ISOLATED FROM DEHYDRATED-SOLUBILIZED PARENT =~

HIGH DENSITY LIPOFROTEIN FRACTION

Ultracentrifugal ‘Protein. Lipid%
>Ffactién Cholesteryl Phospholipids Unesterified Triglycerides 3\
esters ‘ cholesterol R
A B A B A B A B
§<1.006 g/ k k6 6 18 20 6 6
4 1.006-1.063 g/ml 17 13 23 17 52 56 4 10
d1.063-1.21 g/ml 41 35 12 11 . Lo L6 L5
4> 1.21 g/ml 9 99 - -- 11 -~ -
. Parent HDL L8 Ly 21 18 25 30 3 5

*
Tabulated values are percentages by weight.

** : ' : ' L L
Columns A and B designate results of two separate experiments using two different

parent high depsity lipoprotein fractions.



TABLE IV

IMMUNOREACTIVITY OF ULTRACENTRIFUGAL FRACTIONS

Ultracentrifugal ' ‘ Reactifity*

Fraction Anti-apoLP-gln I Anti-apoLP-gln II  Anti-apoLP-sgr Anti—apoLP-ah{
d < 1.006 g/ml : % : + , S ek -+

d 1.006-1.063 g/ml + T+ | + e

d 1.063-1.21 g/ml + A o +

d> 1.2l g/ml A 0 | 0 0

% . .
‘Reactivities were graded, according to intensity and position of the immunoprecipitin
lines, from O (no reaction) to ++-+ (strong reaction). The specificity of the reaction
between the unknown fraction and an antiserum was confifmed‘by its identity With'ﬁhé“imé“*“

munopreEipitin line formed by the antiserum and a purified antigen of'the'same name.



TABLE V

- SEPHADEX G-200 CHROMATOGRAPHY OF ULTRACENTRIFUGAL FRACTIONS

Sephadex Proteiné* : Percen£ Composition

Fract:l'.oAn.' | Parent HDL - d 1.063-1.21 g/ml 4 > 1.21 g/mL
I ** o 1.5 | 9.7 6T

III epolP-gln I o TL.0 - ko 92.5
. apoLP-gln II . 21.0 76.7 | 0.8

v apoLP-ser, apoLP-glu, 6.5 | 9.6 - 0.0

‘ apoLP-ala. ,.apoLP-ala ‘

1 2

- Proteins in Sephadex G-200 fractions I-V..

**% o - i
- The composition of this fraction was variable.
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