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PREFACE

A Knnwledre of various types of lipsproteins 13 vecaming
incereaaingly important t» an understanding nf certailn prnoesses in
biochemistry. Unme nf these substances have, however, defied
ianlation and purificatisn, and consequently very little is known
about them. T» cite an example in the plant wnrld, lipsproteins
are thouzht to be of structursl significance in the chlmrnplaata
sf certain plant cells, This laminated regular array »f chloro-
phyll mnleculea, stabilized by lipspreotein, appears to be an abgnl-
ute requirement for phntnsynthesis teo nccur.

Similarly in the animal kinzdom, lipnproteins are af
ereat importance but again very little is known about mnst af themd
The problem here also is chiefly nne nf lsnlatien. Far example,
one might cnnsider the so~called structural lipeprnteins which are
believed tn form an intesrul part of most membranes, including bet
pdant and animal cells. The cellular membrane serves to maintaln
the structural integrity »f the cell. lioreover the liplde~proteins
carbohydrate components of the membrane by naturs of their spatial
arrangement rrobably provide this membrane with its charscteristie
permeability. The lattgr needs no further eluclidation regarding

its importance,
In mammals, these exists u series of lipoprnteins whieh

serve tn transpnrt lipide tn and from varisus tissues. otudles
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af these serum lipﬁprnteins have been in propgress far over three
decades and much preliminary informutinn regardins their isnlatinn
comprsltinon and charucterizatian has been accunulated,

It is the purpnse of this dissertation to study and
discuss some propertics »f one partiocular lipopratein =- human
serum beta lipeprotein. Nccasional reference is made tn varisus
nther liplde~pratein interactinns, a knowledge of which has added
much to the present day piecture nf the serum lipoproteins.,

L wish to extend my sincerse appreclatiosn to Dr. ilugh J,
lelnnald for his puldance and encouragexent throuchosut this in-
vestigatinn,

I offer gratitude to nmy wile, Joyce, for her putience
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and lastly, I thank my purents, Mr, and ¥rs. ieonard
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INTRADUCTI™N T THE BINCHEMISTHY “F LIFOFANTRING

#hile the meaning nf the term "lipnproteln® may appear
self-evident, any specific discussion of the subject requires a
wmore detulled definition. Mne may consider bislnaglcul lipide=-
protein complexes as belonging tn one of twn catepnries. FPrateo-
lipides are the liplde~prntein systems which far the mnst part re-
tulp the snlubllity characteristices »f the lipide companents. The
nther categnry, llpsproteins, are lipide-protein complexes which
have snlubility cheracteristics common to mnst proteins. They are
soluble in aquenus solutions. It becnmes apparent that these twe
types of lipide-protein onmbinatinns, by nature of their sslubile
ity characteristics alone, require different apprraches as regards
isnlation and study.

idmited knowledge nf structural lipoproteins, whieh are
thought to be constituents »f mnat cells, prevents classificatisn
of them in either category. The structural lipoprnteins are im-
portant components of cellular and subecellular membranes. The
lipide~protein compounds cnntained in bland serum are lipoproteins
according to the previously stated definitisns.

several thorough and relatively recent reviews on the
investiszation of serum lipoproteins (5, 6) and on lipepreteins in
general (28] have been utilized in preparing this dissertatisn.
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3
Some nlder review articles have also boen used (15,54). An
attempt has been mede in the Tollowing discussinn tn enrbhasize
work publistied in the past twn years and te limit the material

which has ulready teer reviewed.

HISTARY

The firat serum lipsprotein nf a hemogenesus nature was
1seluted by Machebseuf in 1929 (44). This was dane by adjusting
the pH of horse serum te 3.9 and precipitatine the lipnpratein
with ammonium sulfate. Althaugh net termed lipapratein, vaguely
similar muterial was knewn tn exist in pnst-prandial blnaad serum
for centuries befnre Machebreuf's work. This is in reference to
the microscopic fat particles culled chylamiera, Chylomicras are
0+5 to 1.0 mlerons in diameter and theY consist malnly of triglye
cerldes and derivatives whieh are stabilized by suall amounts of
proatelin,

Hapld advances ir the 1solatinn and charscterizatinn af
lipoproteins were brousht abmut with the adaptatisn #f the ultra-
centrifuse to the analysls »f serum. HoeFarlane in 1935 (53) had
nnticed a new substance which sedimented in the ultracentrifure
at about the sume rate as serum albumin., About ten years later,
Federsen (85) 1snlated a low density substance frem serum which he
culled "X-prntein”, This materisl floated upen ultracentrifugation
if the density nf the medium wes raised absve 1.04 g/ml, Because

of this unusually low density, Federsen postulated that the




3
"X-protein” consisted nf a complex of albumin, globulin, and plasmﬂ
lipide.

CHEMICAL WUTHMDs OF IsNLATINN ARD DAPERMINATIAN

In 1946, during the course of frzctinnating plusma pre-
teins, Csahn znd his enllieacues (18) were able tn isnlate snd chare
aeterize twn distincet lipaproteins. 7The methnd invalved fractisne
ai precipitutinn nf the serum proteins by altering ienic strength,
pi apd ethanol eonncentration, The sume group (17) in 1950 devel~
aped an improved isnlation procedure for serum protein fractiona-
tinn. The new method tnnk advantage nf the reduced solublility of
the protein salts formed with bivalent catisns. This permitted a
reductisn in the ethannl cnncentratinn needed fnr precipitation.
The pH range used durlng the isolation rrocedure was alan reduced
£roi 4e4 = 744 to 5.5 ~ 7.4, |

Bernfeld (8) in 1938 developred a chemical methoed for ﬂ
the determination »f sorum lipeprnteins. e found that beta lipn=-
proteins are the anly proteins »f human serum ts interact with
polyanions at pH 8.6, The pnlyanions are the sulfate esters of
various pelysaccharides. Jhey form a rrecipitate with low denasity
lipoproteins, The quantity of the precipitute is determined nephe
elometrically; the beta lipaprotein enncentrutisn is prapertinnal
to the resulting turbidity. bernfeld and en~warkers (9) studied
a large number of pnlyanions and their resctions with the law denw=
sity llpeproteins. It was evidont from this investipution that an
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ﬁncrﬁaﬁa in the moleoular weight »f the pslyanion docreases the

s3lubility of the resulting lipoproteln enmplex, It was alse
Eaunﬁ that carboexyl ssups nn the poniyanlen make the complex mnrs
snlubla, The presenee »f hexosamine residues, sither N-acetylated
~T Kegsulfated, szams tn reduce markadly the affinity betwsen the
1w density lipsproteins and the pelyanisn. Subsbaness such as
palyvinyl sulfate, polystyrene sulfsnate and cellulnse sulfate
[vehave in & similar manner tnward the lnw density lipnproteinsa,
Thua the cheriocal nature »f the pelyanisn sppears to de unimpore
tunt. The lnteractinn and the characteristies »f the resulting
crmplex depends mainly nn the groups attached te the main bedy of
the pnlymer, viz. sulfate, Ne-acetyl, N-sulfatyl, and ecarbexyl.

U LTHACEBN TRIFUG A L Ia"L@Tlﬁm-$§CXa14Uhd

In apite of Lhe avail&bil&ty af chemlical techniguss for
isnlatinn and determination, mnst »f the serum lipoprotein studies
have been carrled osut on ultracentrifugally prepared fractions.
The theory and applicatisn »f the ultracentrifuge has been describd
8d in detull by ovedberg undi rederser (84). The principls which
13 the operational basls for the ultracentrifuse i1s relatively
sipple. Hsasurenents of the sedimentatian velncity ol ecollnidal
purticles in the earth's gravitatisnal field tn deternine purticle
welght have been used Tor absul sixty years. Subliminal enllinidal
particles such as proteins would have an infinitely smell sedimen-

tation rate under gravitational farces and, in some cuaes, sedi~
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mentatinn 18 nbliteratsd by diffusien ferces. In 1983, Yvedberg
Jsbnrwed that particle welishts »f small osllsids could be abtained
by determinine the sedimentatisn valncity in centrifural fields.
Caloulations at that tirne indicatsd that sueh measurements an
particles nf the size of preteins weuld renuire centrifural flelds
af the srder of 100,000 times sravity. In 1835, ths Svedberg
zroup ~ad develsped an ultracentrifuse whieh wauld davelnp fnrces
up te 750,000 times gravity.

The application of the ultracentrifuce tn the atudy af
sarum lipoprnteins is semewhat different from its aprlicatinn to
proteins. It was found that upen uluraeantriru@atign, the lips-
proteins floated rather than sedimented. The densities of serum
lipeproteins was considerably less than that nf ordinary protein:
this was due ts the presence of lipides, Table 1 presents the

hansitiea of some ol the components of iipoproteins (63},

TaBLg 1
AFPROAIMATE DENSITIES MF LIFOFROTHIN COMPFONENTS

Componeny density  Component density
Feptide 1,38 Cholesterol
Triglyceride 0.92 esters 0,99
Cholssternal 1.08 rhnsphnlipide 0,97

%aeau&o of this tendency tnward flotatisn rather thun egedinenta-

tlnn, it was necessary to set up a 4ifferent system ~f units, The
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nriginal system expressed the rate of aadimam;atinn in water. ?he
flotation unit (5,) 1s defined as the rate of flotatinn in aquenus
[sodium ohloride solution »f deneity 1.063 (28°C) under a unit
jcentrifugal field, The applieatlisn of the ultracentrifuge to the
Etuﬁy nf lipoprotelns has been reviewed by severasl investigatsars
(63, 21).

Information regarding the structure and size of lipopro-
teins ocan be obtained from analytical ultracentrifugation. An=
glytieal.uleraoentrirugatzag refers to thé‘mothads by which the
rate of sedlmentatinn or flotatinsn i3 determined. The preparation

and purification of serum lipoprnteins can also be aeugm&liahgd
Ey ultracentrifugation, Rather than measuring the rate of flet-
letion, m this method each particular lipeprotein is floated to
[the top of the tube singularly and removed, This is done by ade-
Justing the density of the solution gradually, and each time ultra4
centrifuging for an empirical time interval, The duration of
jitracentrifugation is a function of the 3¢ and 1s determined by
the interval required %o get the desired component reassnably
concentrated at the top of the tube. ne such preparative teche
hiqua has been desoribed by lindgren and his aaaogiatea {4¢). A
slightly different but acceptable method was intreduced by Havel
ot al (33), |

LONNGRAPHY AND CHRMATNGRAVHY
Techniques muoh less slaborate than thnee desoribed
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above have been devised for the &atarminat;on of serus lipopro-
teins, The use nf lonography, ice. ulactrumigratinnvin papere
stubllized madia, for the aatimatian of serum lipopretains has
veen described and reviawed by HoDenald (351) and by Block ot gl
{11}, A careful compurisen of ulsracenvrirugal fractions with
those obtalned by innogrephy has been made by Vezpld, deialla and
Cofman (70). A sinllar comparison between serus lipoprotein frace-
tions obtained by ultraeaﬂtrifugabian. ionography and a r&lgtivs~
ly new paper chramatographie procedure has been msde by keDonald,
banassuk ond Kissane (53], | ‘

Recently Carlson (14) has described a column chromatn-
graphle procedure for the separatisn of serum lipoproteins. The
chromatography is performed on glass powder ocolumns, &ppliqatinn
of serum at pH 8;8 %o these ocolumns results in the absorption of
the lipoproteins. All other Serur proteins are washed thraugh,
lnoreasing the pH to 9.6, then to 9.8 and Iinally adding 0.4 ¥
protassiux carbenate resulted in the elution of three lipnprotein
fraetions. They are eluted in the following order: alpha-l,
alpha~2 and beta lipoprotein. Unfortunately, ultracentrifugal
fractiens were not chromatographed and the exaet nature of these

fructions are unknown.

CANFNSITIMN
Taxing advantage of mainly the ulﬁracenurirugal prmced~
ure for fractisnating lipoprotelns, the compesitisn sf thase col~




T:BLE 1X
CRAFNGITIMN NF LI "FROTEINS

Liprprotein esmpssitisn

iiplde compositinn
as % t A1
) ‘ ' Q
Form 478« Cone. Density Sp E’d £ 5l
il S8 c
o | ol =
B|a 3 | al 5| &
Wl W el Wl o]
Chylrmiorans 0=50 less than Le
‘ 0.98 |104-10% | 1loe 8l 3{1]-
Low density (beta) lipapreteins
IDF 1 180 [0.96«1,0086 20=-400 7 |93 56 120115 (811
1DF 2 50 1.006~1,019| 12-20 1l |69 226|334 | 971
LoF 3 .| %80 |l.019-l.083] ©0-12 |21|79| |13[28(e8f10 |2
High density (alpha) lipepreteina '
HOF 1 50 1,063~1,125 33|87 1643|3110 | -
HOF 2 300 1.1285-1.210 37143 l3|46|29 ]| 6 | 6
Albumin-NEFa 4000 o8] 1 o1 01 010 Q100
»

Hon-esterified fatty acldas-KiFA, triglycerides~TG, phesphelipide~Fl.
See referencs 8l.
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pounds has been studisd by numernus investigatnrs, Table Il is a
sunmary »f alx such reports (61). It demonstratos the main vee
hicles fex fat transport in man, Table II alsm indicates inhere
ant differences in the lipeprnteins. This is in light of their
different oompesitions, It must be enphasized that the results
ure average postabaorptive values for & healthy and wellw=nmurish-
od 40~year-pld man. Kot only de wide differences exist in the
concentration of the varisus fractisns in serum but, the 1ipide
compositinn of & piven Praction varies onnsiderably with the ine
dividual's previous history. ¥Fer example, the density class 1.019|
to 1.063, referred to Mereafter simply as beta lipoprotein, may
have & cholesterol teo protein rutis ranging from nine-tenths tna
three. |

Because of the use of different techniques for issla=~
tien and charucterization of the serum iipsproteins, there is a
lack of uniformity 4n their nomenclature, The terms alpha and
teta lipeproteins have been derived from eleotrophnretic studies
of serum (13}, It is alss acceptable to heme & serum lipnpretein
by alther its dg value or the hydrag«d density range. The ternms
high density and low density lipspratoine as well as the names
alpha and beta refer te elasses or groups of iipoprotelins. There
is one exception to this system, Many invegtigaters have chosen
to eall the Sp 0«12 class, beta lipeprotein. In this discussion,
the auther has fsllowsd the lattur_practiae* )

The fatty acid compnsition nf the lipides of lipspro=
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teins has recently been reported by Green and Oncley (31). This
included the fatty acid onmposition of the phosphatides, sterol
esters and triglycerides. The phosphutides had & very high cone
tent of the highly unssturated futty asecids, Harlier Swell gt al
(85) demonstrated that about seventy per cent of the total chol=
esteral ester fatty acids were polyunsaturated.

The types of phospholipide contained in the various
serum lipsprotein fraotions has been studied by ¥hillips (72).
Both low density and high density lipoproteins nuntaina@ similar
amounts of cephalin and lecithin. The high density 11pnpr§~
teins contained about three-fourths of the total serum lyselec~
ithin; sphingomyelin was present mainly in the low density frao-
tions, About five per cent of the total serum hexosamine is as-
sociated with the various serum lipeoproteins (23, 1), ‘

The purification and characterization of a pumber of
lipoproteins from egg yolk has recently been perforned by Bernap-
di and Cook (7). The composition of egg yolk lipnproteins has
been studied by Abraham gt al (1)« The molecular weighta of ]
these lipopreteins are relatively low; they are of the order of
400,000, Sub-units of about one~half the aize are sbtalined in
alkaline and urea solutinns,

A lipnprotein with a ﬁenaity greater than l.alo<has"
been isnlated from serum (71). It contains essentially ns chnle-
sterol but has varylng amounts of phospholipides. The latter is
mainly in the form of lysolecithin,
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Maly rudimentary information is available ragardigg ghe
amino ae¢id oomposition of the protein molety from amrgm~ligopra*
teins., This is presented in table III (64)., There dnes net ap=
pear to be anything strikingly unusual absut the amino aold prof-
ile of the lipoprotein protein. 4 relatively large prapertisn af
leucine 1s present. It has been suggested that the aliphatie
side chain of leucine may be of importance for nen-palar intere |
actinns with lipides, The dnta in taeble III for low density lipn<
proteins represents at least twe fractinnz. Two fractions are
also present in the high density lipopreteins. analysis of the
aminn aclds contzined in the proteins of the individual high den=-
sity fractions has recently been reported by Jhnre (80). Beth
fractions contalned similar amounts nf sll the amin» solds end
the results were about the same as for the combined fractinns
presented in table IlI,

LETABNLISH M )

lany investigaters have felt that the lipnprateins of
serum are metabslically 1ntarrala§eﬁ. The differences in the
slze and density was thought tn arise frem variatinaauin 1ipide
compositlion, The confusion regurding the interrelatinnships »t
serum lipopronteins was reduced mainly thraugh the determinatiﬂg
of the N~ and C-tesrminal amine acids of the protein yﬁr&inn fram
the lipoproteins along with the previously described amine aeld
composition.




TABLE IXI1
AMIEN ACID CONPASITIAN AF THE PLaskia LIPAFROTZING AND ALBUNMIN

Amino acld residues per 100,000 g of peptide

molety
Low density High density
dipoproteins’ Alpoproteins Albumin

glyeine 33.4 36 21.4
alanine 49,3 88

valine 49.5 55 66,0
leucine 131.7 135 - 84
isnleucine ca 0 oa 0 13
phenylalanine 48.0 38 47.3
proline 28,6 {z8) 44,4
tryptophan ¥ ? ‘1.0
serine 51,1 55 3543
threonine 49.5 48 42
half-gystine 41l.1 26 52,8
methisnine ¢a O ca O 8.7
agpartic acid

and asparagine 76.0 62 78.2
glutamie acld

and glutamine 735 131 1i8,¢
tyrosine 19 26,0
lysine 87 84.3
histidine oa 8.5 17 22.68
arginine 20.0 42 35.7

“Exeluding S5p 18-20 lipsprotein
Jee reference 64.
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Shoare (8l) hes reported that the twe slpha lipoprotein
fraotions of density 1.09 and 1,12 have similar umounts of both
N~ and Ceterminal amine acids. They are l-terninal aspartic soid
and C-terninal threenine. The betu lipaprateins, denaity 1,019
to 1.063, contained C~teraminal serins and N-terminal glutamioc )
aeid {(2), This data would sscm to eontradliet the theory that low
density lipsproteins are converted ts hizh density lipoproteins
simply by less of lipide. Such a c¢onversisn had been suggested
to oocur in vivp by Graham (30} and in yitro by Boyle (12).

fnoley (64) and co-workers using isdinated lipsprotein
protein have found evidence that the lipsprntein of density 0.98
is ébvorteﬂ to that »f density 1.02, This was not reversiblse,
The experiments consisted of injecting tracer amnunts of isdinat-
ed (1131) lipoproteins inte human subjects. At varinrus timg‘inm
tervals, serum samples are drawn and the lipsprotein fractions
isnlated. The indine was shown ts remain quantitatively in the
peptide mniety. Oneley also showsd that little or none of the
proteln from alpha 1lipsproteins is converted te low dansity lipa*
protein or chylomlersns, This seens tn ennrligt with tﬁe work of
kndbell (78) whe has shown that part of the protein aasaeiatad
with the chylomiemns is very similaxr to that nbtainsed fren alpha
lipoprateins, ?hia evidence was nbtained by remnving the lipide
from the lipsprnteins and then treating the rameining pretein
with proteslytic enzymes, Feptides nr preteins sre enrmpared by

running two-dimensinnal chromatsprams »f the digest, a procedure
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which 1s referred to as "finger printing®, At present no unifye
ing hypothesis of the 1ntarrelat1anshipa sf serum lipaprnteins
consonant with all the fauets can be offered.

lactly, the synthesis of liyﬂprnteins by rat liver
slices und perfused rat liver has been demanstrated by tws indape
endent greups (50, 73). The synthesis includes both the incore
poration of labeled aminn aeids inte the protein pertien snd
labeled acetate ints the lipide moieties, The remnval and meta~
bolisn of ehylomicrons by adipnse tissue in yitro has been demen~-
strated by Rodbell {75).

CLINICAL AGFECTS " LIVOPROTEIRS A

It 18 now falrly well eatéblianaﬁ that the chnlesterol
concentration in blood serum is a primary factor in the formstion
nf athsrosclerotic patohes in blood vesmsels. Very racgnely BOV~
eral drugs have been found which interfere with the bioaynthagis
of cholesteroi, Dietary control of cholesternl intake is also
becoming yramiﬁgnb. The general objective now seems te be the
reduction of blond serum cholestersl, The final objective 1@,
of course, the prevention of cholestersl or other lipide depnai~
tion on/in the arterisl wall and the resulting athernsclernsis.,

Sueh an appreach, while 4t may bs effective in#centrol~
ling fat depositisn in arteries, will nnt affer much infermatinn
48 tn the mechanism ~r the actual processes invalved. Sinece it

is reoognized now that practically all serum dipide material is

assnclated with protein as binchemical entities, principally 14ipn+
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proteins, laterest then shifts from sarum chnlesternl t» lipoe
proteins. ¥From a fundamental viewpolnt, 1% appears that the ime
porbant question %o be unswered is how and why lipide leaves the
iponproteins of serun and deposits »n the arterial walle

There Seema tn be llttle dnubt that the low density
lipsproteins of serum are the azents »f athernsenesis (61). Howe
avey, athernaclernsias is undrubtedly a diaeaaa’af multiple cause
atisn, Thus the agent, the low density lipoprnteins, must be an
s3sentisl though not necessarily a sufficlent cause. "lann (&1)
has suggested as a workineg hypethesis, that ths rate »f athern«~
senesis may he a prnduct »f three main factars: a high concentra=~
tinn af low daensity lipuprateina, alegvated mean arterial b}@ad
pressare and the susceptibllity »of the artery tn athernnmuteus
change, 4

The author sugpests one sther pnssibility. Since tha
lipide tn proteln rutis of a llipnprotain is varisble, it is ean~
celvable that a given lipsaprotein melscule may becoanme "averlaaded’
with lipide. This extra lipide is perhaps anly lessely held, It
may therefore loave the lipoprotein and baceze bound tn the arte
ory wall, with this in =mind, 1t will be necessary tn gain fure
ther information as to the structure of the lxpaprntaiga. It wil}y
als» De necessary tn ebtain date reparding the snargy or spectra
nf energles invenlved in the lipide~prntein and lipide~lipide

interactinns,
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THE NATURE AND STRUCTUZE AF LIprDarrrINs

1t hus been suggested that in nrder tn deteraine the
strueture of a protein the followlng requirements must be fule
filled (19): 1. Isolatinn und characterization nf a single chenmis
cal individual, ineluding the aacumulatinn of adequate preof that
such an objective has been reached. 2. Determinatinn of moleculay
size. 3. Determinating af runetiﬁngl groups. 4. Degradation tno
smaller fragments with identificatinn »f thase fragments. 5. Derd
ivation of the manner in which the known I'ragments are cnnnected,
Ge wynthesais. )

The determninution of the structure nf serum lipsproteing
is in the earliast stages, Isnlatiqn, characterizatisn and the
determination of some of the functional groups has been discussed
in the previnus chapter. The case for lipoproteins is cnmpliagtu
ed because a ziven species of molecules ig undsubtedly non-hamge
gereous in respect t» lipide eompesitinn., This fact necessitates
4 rather loose interpretatisn of the ter:i "single chemical indivi
Qual“, lHowever, all evidence to date wnuld indicate that the pro-
teic moiety of the ilporrotein is well defined. It is the struc-
ture of this protein whieh prebably defines the final structure nf
the lipnprotein. Decause nf the euse with whieh iipapreteins une

dergn non~polar inteructisns with lirides, nne aight expect many

1é




nther materiuls %s be weakly bound te them, Nonepnlar igtaract»
ions are briefly defined us those nat invelving the unulambic'
farees betwoen oppositely ohurped particles, Definite pronf of
"enntarination™ is not aasy to abtain, but ssae evldanﬁ§ will be
rravided 1n tho aexpsriments ennprising this investigatien.

The Inllewing diseussinn is designed t- presant in
rart the phyaleal asnd chemiesl rroperties »f lipeproteins. [ree
cadence 18 naturally glven tm sarum lipnprotelns, Oone thenrate

cul aspecta of lipide~protein interacticns is alss Presented,

SI1ZE AND SHAFE

Practically all ot thorinfmrmatian regariing the mnle-
cular weight and size »f the lipepretsins hss been derived at
loast in part frem analytical ultracentrifugal data. 4 sunmary
of this informatinn is presented in figure 1 (45). The signif-
iocance af the Sr values has been described earlier. The hydrated
densities in prams per milliliter are the densities of the molew
cules with thelr bound weter. There i3 an approximately linear
relatienship between the hy&xatad’dunsxtiea and the lipapretein
protein content (80, 67)., The protein content becares greater
with incressed hydrated density. In sarder to exemplify the ra-
lative sizes of the msalaculea in figure 1, they were assumed to
be spherical in shape. The ultracentrifugal pattern in figure 1
is indicative »f the number of iipoprntein species present in

human serus.
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The mnleeular welghts of the varisus sermus lipsapreteins
arg given in table IV, These values were obiuined by analytical
ultracentrifugatisn, A vecort melecular welpht sastimatisn of the
Lipnprnteins of density 1.08 has slsn been done by slectran micrne
scopy (35)., The values sbtained were about 6 x 10%, This is
appraximately twice the value indicated in table IV and it has
been surgested that dimerizatisan may onccur during fixatisn of the

matarial,

TABLE IV
MNLECULAR wEBICHDS NF HUKAN OBRUM LIPYPROTBINS

Hydrated density® Molegular Weight
0.98 5 to 25 x 107 (ref. 64)
1,03P 1,500,000 (ref. 66)
1.03 3,200,000 (ref. 10)
1,09 365,000 tn 435,000 (ref, 64)
1.4 165,000 to 195,000 (ref. 64)
1.14% 200,000 (ref. 86)

8%or simplicity, all names which have been applied te
various fractions ars not llated. If any confusion arisea, it
is suggested that the resder examine table 1I or figure 1.
PCaloulated for the anhydrous protein.

CIsolated by chemical techniques,

The beta lipoprotein particles visualized in an eleo~
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tron microscope (34) appoured to have the shape o~ an oblute
elliresocid. They hud o diatster of 450 8 ard Lei-ht »F absut
178 ], in oblate allipsnid 1s fiubtened nr depressed ab the
yoles.  Lariler wirk had wosizood the shape » a prolute ellip~
orld with dimensisns of 350 & x 180 @ (10), The latter type is
eirppated in the directinn of & line Joining the peles,

Unesteriried chnlesternl has mnlecular dimensinng nf
ek X 445 x 20 ] (18). Gince unesterified chmlesterm; ennprivus
about eight per cent of the beta ilpmpr~tein, whese mﬁlncular»
welght 18 3 x lﬂﬁ, taere are sbout 600 moleculss nf cholestersl
in every molecule nf lipsapratein. There uars roughly three timas
ag many molecules of chnlesternl esters as of unesterified chnl-
estercl. From these rough caloulations snd the Tarementinned
£lze of the lipnoproteins, one may probably eliminate any linear
array of vhese lipides with respect to the protein. Anothar way
nf stating this would be tn say that it is unlikesly that eaoh
molecule of'lipiaa, chnlesternl for example, interacts with a
portion of the protein, "ncley (85) made slizhtly differsnt ¢on~
slderatisnns. He peinted sut that if ths rrotein of the lipopro~
tein 1sa considered tn nceupy the periphery of the molecule, about
sne-half the surface of the particle eould be cnvered by peptide.
wome of the liplde mnleculss can nnly interact wit:i nther lip~
ldes. A heterngenaity »f binding anarglies 18 thersfnara tn be

expected,
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for nppanizetional purpeses, the chewlstry »f the lips-
piobeins Lwy be divided into three categories: J. ileactinng nt
the winle wnlecuie. 2, asuctiens invelving nply the liplde por-
tioke <o veusctlons of the proiein molety.

wipldes Lor Lhe moot pert wre insolublie in an aquosus
{polar) eanvironment. "ou ol the wmost inverestinug properties of
seruli dipoproteins Lo thelr abllity to teke up were lipide and
Lubill retein thelis ordgineld snicbilivy churacteristics. This
can be detmbstruted by a nukiber of experiments. ”ne of the gine
ylest but perhaps Jeast obvinus 1ls the pre~stalning technique in-
troduced by Melonsld and co~-workers (54,56}, They used Sudan
Lisck L, a muterial whieh is insoluble ln water. when this mat~
erial is disselved in a nnn-pnlar solvent and added tn serum or
a solution »f lipnprnteins, the Sudan Black B interacts with the
lipide moiety. The result is a lipoprotein which is stained a
deepr blue~vlack ocnler. "ne is lead t~ assume that this interact~
inn is limited, Iin no csse 1s enough of the stain tuken up se
thut flecculatinn ~r precipitstion of the lipnprotein sccurs.
Furthermore, the rate nf fading of Sudan Black B catalyzed by
hydrnzen persxide is different f»r bigh und low density lipnprae-
teins (B8)., It bas veen suggested that this resuli follows Trom
the relatienship »~f the stain to the envirooment. In the case nf

the high denaity liprprnteins,; the lipide is believed to be gom-

rletely shieldsd by a shell of protein, In the low density lipo~
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protelins, portions of the liplde and therefsre probably the staln
are expnsed to the environment. Consequently, the Ludan Black B
is mnre rapidly attecked by the hydrngen persxide,

Cholesterel and nther sternids pay alse e lnesrporated
inte serum lipnprnteins {(4}. To do this s rather simple proced-
ure has veen devised. It consists of lnocubating serum or a usol=-
utisn of the lipnpratein with Celite (Johns-iianville Cn.) enated
with the respective lipide, A more recent method consisted »f
incubatinn of the lipsprotein with a chnlestersl dispersien (87),
The latter ia prepared by mixing cheolesternl with a s~lutinn of
Twean 20 in methannl, The methannl may then be evaperated and
the materiasl re-disselved in saline (0,9% NaCl). After incubatisn
with the disperalnn, the lipaprotelins may be isolated by ultra-
centrifugation, when serum 1s treated in this npaunner, rractically
all of the chenlesternl is taken up by the low density liprproteins
“nst of the chnlesternl taken up by the low density lipnpronteins
is found in the beta lipoprotein, |

The dilstributlien of fatty aclds between the serum pro-
teins is different from that obtuined with stersls. Goodman and
Shafrir (27) have studied the binding of eleie, palmitic and linoe
lelc acids to plasma preteins, These fatty acids represent sigh-
ty to eighty~five per cent of all the fatty aolds in the blond
serum. OCondman's results indicated that only three-tenths per

cent are bound te the lnw density lipoprnteins. The high density

w

| 1ipsproteins bind even less of the fatty soilds. Serum albumin
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ia responsible fnr the transpsrt of pructically all of the unest~
erified fatty acids, OGimilar results were nbtalned by twn nther
independent groups (6,29), ‘

The wark of Gondmun and Shafrir (27) also indicated
that two classes of binding sites for the fatty acids existed on
the beta lipoprotein. The large differance betwaen the numbers
»f these twn binding sites permitted speculation mn the mechanism
nf the fatty acid intersction. Their reassning was that in nne
clang, the large number »f available sites indicated relatively
little specificity. The main factonr may be that of the "snlubile
ity" of the fatty ascid hydrooarben chain in the lipide psrtisn
nf the lipsprotein. In a amall number of instances, the carboxy~
late spd of the fatty aclid may intersect with sne nr mnre charged
kide groups »f the pratelin portion.

Certuin other non-polar materials have been found te
be asapciated with the beta lipepr-tein fraetioen (62). This ine
cludes estrisl, vitamin 4 and vitamin £, and some of their neta~
ballic hemalegues.

Jome idea »f the faeters influenolng the lipide binding
by the lipeprotein may be obtained by nbserving the facinrs ﬁhich
influence the remeval nf lipide by srpanic snlvents, Maghebqaut
and co-workers (49) studied the extraction of lipides frem a chenm=
ically prepared serum lipoprotein., It was shown that law concen=
trations of ethanol (6-12%) and & number nf homslogaus alenhols

promnted the extruction nf lipides. The mechanism for this effect
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wias believed tn bs the purtisl remsval of the water hydratisn
shell fram the lipsprotein., This facilitated attack by ether
with the cnnsequent remnval of lipide. It is the loss nf this
bound water which ls probably the seurce of the inatability »f
liposproteins te lysphiliz.tion (48).

Avigan (3) has alsn described assme extractien studies
with ultracentrifurally prepared serum lipnpreteins. Partigl axw
tractinn nf lipides from the beta lipnprotein resulted in no
change in the electrnphoretic mebility. This seems tn show that
the number of charges nn the manlecule is nnt changed appreclably
by the lipide extraction. Avigan (3) alsn showed thut the resls-
tance of the beta liprpretein %~ densturatisn by urea 1s abslishe
ed after ether extraction. He sugrested that the sternlg may
serve an important funetinn in mainteining the protein cantigure
ation,

"mly limited informuation is avallable regarding the re-
activity of the functinnal groups of lipldes bound to lipsproteins
“ne such lipide reaction which has been studled in great detail
is the oxidation of carntensids (6,32), During this reaction,
there is a deerease ip the absorptinn spectra nf the lipnﬁrmtoin
above 410 mu. 7The decrease is attributed te the change in the
carntenss contalined 4n the lipoprnteins, This reactinn along with
nther liplde oxidations may account for ather slew changes ocour-
ing in the lipaprnteins during isnlation and aging. Such changes
have been demonstrated by a flattening nf the ultracentrifugal ‘
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peak and an inereass in the lonographio mebility (74,68). The e~
liminatisn of ocupric lon from anlutions af the lipepreteins pre-

vents the oxidatiens; cuprie lon is s catalyst for these reactisn

e

Freparing and storing serum lipspretein sslutinns under nitrggaa
also prevents nxidative alterations, Gurd (32) has peinted sut
that some of the changes which smceur in the absnrptian spectra »f
sorum lipoprateins might alse result from cholestersl snd unsgte
urated fatty aeid nxid&tina‘ )
Specifie reactions which w@uld test the resctivity ar
soms of the funotional groups in liporratein lipide might be of
great help in obtalning a better picture of lipeprotein struoture.
Some of these groups which must eventually be studied are: 1) the
phenolioc hydroxyl of cholestersl and other sternls. 32 the_ghas»
phate groups of phospholipides. &) the aliphatic hydrexyl of Se~
rine. 4) the amino groups of serine and athanelam;net ?ﬁno@i&n-
al groups of lipides which are "buried” in the lipoprotein come
plex would be expected to be unreactive. " o )
~ Thers 18 very little to bde said about lipspretein pPro-~
tein. For some time now, 1nvaatigat¢rs have been trying to pre-
pare lipide-free but undenatured lipepratein. ?ha word fundunau
tured™ here refers to thc reenmbining capacity of the protein té-
ward lipide. OStudies of such a protein would offer valuable in-
Tormation regarding the protein structure(s) which are conducive
to lipide conjugation. In 1960, Seamu and Hughes were able to

isolate protein from serum alpha lipaprotein which fulfilled
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these requirements (77,78). The removal of liplides was aclom=
plished by ethansl-ether extractions at -20%C, This was fallowed
by prolsnged ether extractisn at the same temparatures, After the
extrae@ian, the prntein was labeled with Ila%. »Thia prateln rape
141y took up lipide frnm serum to form a lipoprotein which was
indistinquishable from the original lipsprotein. The charaoter-
ization of the re~farmed lipnprotein was dnne by ultracentrifug-
atinon and starch gel electynphoresis, Scanu {77) oauld\\htpre~
pare a similar liplde~fres undsnatured prateln preparaiisn from

serum beta lipoprotein.

EXCHANGE OF LIFIDES BEPWEAN LIPOFROTEINS

It has already Leen polnted out that phospholipides,
triglycerides, cholesterol and chnlesterol esters are very insnl-
uble in water, DBecause of thls fact, the rapld exchange of 1ip-
ides between l;pap;mtain fractions probably dses not ocour via thel
existence of monomolecular lipide in the aqueocus envirenment. 4
rapid exchange of lipide between lipoprntein fractions and between
liposproteins and tissue has been demonatrated by a number »f in-
vestigators (77, 24, 47). W

Bsfore describing the character of lipide-protein asaco-
lation and exchange, it 18 necessary te define the words revers-
ible and irreversible as they will be used in this é}er discuss-
ion. A reversible assoclation collnid is in equilibrium with 1ts

component monomolecular species (40), For example, an aqueosus
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solutisn of #ndium laurate would eontain sndium inns, laurateﬂinnm
and micelles of the fatty acld, At very low eancentratinns, enly
the monomnlecular apeclies wnuld be present, In some eolleld aye
stems however, no individual melecules »f the lipide are present
in the solution. Such systems are frequently rstgrrud to a8 ipr~
reversible. 4in oll emulsion would be an example of an irreversi-
ble systez. The lipide material is stabllized in an aqueous en~
vironment by absorbed layers of lons and a water hydration shell,
The lipide~protein interaotien »f serum lipaprreteins are bellieved
to be irreversible. "ne exception 1s the fatty acid-lipspretein
interauction whieh haus been disocussed earlier., The idea of irreve
eraibility as defined here stems mainly from the fact that 11§;da
material in blocd serum is always associated with lipoprotein or
protsin.

If ne unimnleculur liyida is present in serum, how then
dnes exchange of these subatances vceour between lipeprateings?
Gurd (32) has recantly propnsed a thenry of lipide exchange., He
susgests that exchanpes osr transfers are braucht abeut py actual
enllisinn betwesen the lipnpratein menlecules. Zxchanpe ocours in
the resulting c¢~lliision cnmplex; the enmplex then decnmpnses ints
mnlecules very clesely resembling the nririnal lipeprateins, The
transfer of a liplde mnlecule would bve a diffusisn pracess by “
whioh the molecule moves out of the nriginal lipeprotein and intn
the other lipeprntein without passing completely inte the aqueous

environment.
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Because of the irreversitle ocharacter »r app&ran@ ire
reveraible gharacter of liplde~pratein interactisns in ilpnproteink,
no melthnd 1s yat avallabls £ar quantitatively measuring the affine
ity »f lipoproteins for their mal~r liplde conatituents., It 1s
impnssible, t.erefore, to define the conditiens which lead te &
pet uptake or relesase of lipopretein lipide,

THE LIPIDE-PRAYTEIN BOND

The affinity »f lipnproteins for lipide m@tarial is de~
tormined by the type »f chemical bond{s) which enmpess the inter-
actinn. FPaullng (68) defined a chemical boand as a band between
twn atoms or groups af atoms when the forces aoting between them
are such as ton lead tn the farmatisnn »f an asrrepgate with suffic-~
lent stabllity tn make it convenient for the chemist tn consider
it us &n independent molecular species. In ggnaral, thakuak ?ﬁg
der iuals® forces between mmlecules sre nat osnsidered tn lead tn
chemloal bond formatinsp, but in exceptinnal cages, according te
rauling, sueh as that of the Ng molesule, it may haprpen that these
farees are strong enough to make it convenient to desoribe the
[crrresponding intermslecular intersctinsn as band fearmatien.
Although 1t 1s believed that many nf the interactions
invelving the lipaprotein ure the result of Van der waalg® farﬁas,

[perum lipsprnteins are sccepted as beinp independent mnlecular

recies., These lipide-pratein cnmbinatisnas may rightly be conside
red as belng Joined by chemical bonds and u comparissn af Van der
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waals' forces .ith nther benda may Le made., Despite this faet,
the liprpreteins are in uzany respects uniquevin bigchcmistry.
These compounds are compnsed af a2 heterngenenus group nf lipides
nf somewhat variablie onapositisn stabillzed in an aqueous envire
onuzent by what must be eonsidered to be a apeeifie peptide egain.
The onntradictinn indicated by the statenents “1ndependent mnle~
cular specises”....."»f variable compositinn® 1s anly nne nf ssmane
tics, o

Because of tha great aniplexity ~f She lipnpratalns, the
chemical interactinng which ssrve to link the esmpnnents ocan anly
be dlscussed in s peneral sense, The pnasible types nf baads may
be divided 1nte four cautegnriea: 1) Cavalent 2) Electrnstatice
3) Van der waals and 4) dydrmgen bond.

The possibllities for farmatinn »f envalent bends bO*
tween liplde snd proteln are minimal, 3Sush envalent links would
anly seem poassiblo between the phosphate nf Phosphalipide and a
hydroxyl gmup of serine or thresnine or one belsnging tn another
phnasphnlipide, |

Gimilarly, slacurﬁstatie bonds bvetwsen iipide an@ pro~
teiln are probably »f little impeortance, Mozt lipides 4~ nnt con-
taln greups which are likely tn have s net electmstatic charge.
fne excaptinn is aguin the phnsphnlipides which via nag&tiv&‘ahmrw
|[s@s on the phosphate partinn could be bound tn very basic groups

in the pratein residue. The prssibllity nf electrsstatic intere

hﬁftian eould alsn exist between positively charged amins sraups




20
(i.e, chnline) in the phnmaphnliipide and aeildic sr~ups in the nre.
tein. Unodman (27) had susrastzd that u part «f the fatty a@iq
aninn binding to loaw dsnsity lipnapreseinz ceuld be acesunted far
by electrastatic interacti-ns.

Because af the laek »f charzed groups in lipidss, it
seoms likely that mest af the interactinns between lipides =rd bew
tween lipide und protein invelve Van der wauls' Parces, This term
is frequently misused in bioohemistry, particularly when used syne
~nymeusly with the tern nen-pnlur interaction, Clesssically Van
der waels' ferces are divided ints three types, tw~ of whieh in=-
vnlve paiar ar coulamble farces (37). Keesst surpested nne type
nf Van der saals' ferces. This is the electraztatie 1nteraetian_
betwsen tws rermanent dlprles. Debye prrposed annther type nf pn=
lar interactisp. This is the attractinn between a permanent d1~
rnle and the mrments induced by this dip~le in a nelrhbaring mnle-
cule,

Firally there are the london Terces. These zre the
type of Van der Wauls' fnrrces which are invelved in the ss~colled
nna~palayr intersctisnns, Ketelusr (87) dosceribed the Parces as
Tollnwg: "If we eould teke inctantanesus photegraphs at certain

instants of & mnlecule nr atep, we should usuvelly find ap srralfe~
ment of nuclel and elesctrons such thut the whele exhibits sn elec~

trie dipnle mrment., This halds alse Car an atem with ¢ spheric-
ally symmetrleal charpge distributisn as in the inert pases and in

the hydrosen atnn iln the ground state.” averaged nver any period
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~f tlze, there is, »f course, ne miment, Hswaver this rapidly
v.rylng dipale zives rise t~ an electric field oni this pelarizes
the ~ther at~m in which the induced dirale §s in rhaaze with ghe
first; this interacts with the imstartunesus dipsle. The lLandan
intarﬁatian between tws lerre melacules Is 2z sum »f the interacte
inn between aton components, Thus maxinmur interactinn will ~btain
when the centeurs »~f the intesracting greurs allew the appresitisn
of large freoctions »f their surfaces.

It hus recently been sucgested that protein-yrotelr ine
teractinns may ulss result fram fluctuatisn in aurfuce charpe don=
sity (26). This could mcour by the misratisn »f rratens tetween
basle sites on the protein surfece, JIn s sense this eflect may

be analnenus tn the Lendan farees tut invelvins fluctuatisng af
protons ruther than electrmns.

Under certaln conditinnz, an ater »f hydr~gan is attrage
ted by rather strong forces tn tws atems instsad af sna, ss that
it may Ve considered t» be actins as u bend betwsen them. This is
called the hydrogen bend., It is largely Lenic in character, and
it is formed »only betwsen the mnrst elesctr~rasative atnms ~-nitro-
zen, nxygen and fluorine. The presence »f axypen and nitragen in
tath proteln and lipides permit their linka~s by hydrazen bridecs,
it present there is fn way %o evaluate thair imprrtance in lipne

proteins,

CLrBULAL PUNTBING

serud lipnproteins are nccasinnally referred to as ligm- |
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globulins. Uhis resulted Ir~u the fact that thelr electrrphnretls
pobility and solubility properties were very slulliar to those of
ardinary serun glabulin. Clabular prateins differ greatly frem
the semewhat linsar alpha neliecal structure of filbrillar proteins
(28}, Onima investigators feel that the glesbular protelrs fﬁtain
an alpha hellosl busle structure but this is folded 'and oress~
linked in a very complicated and, ab present, unknowh Zanner.
V.riad precedures whioch denature, that is, alter the rnutive struce
ture, act by intsrfering with o desireying the Inrcas which muine
tuin thiz corplicuted fnlding.

In the cuse »f lipnmelebullns, the native slrueture of
tiie protein core way be mulntelned in pert by interliskipg lipide
melecules. Thus roemnval »f the 1ipide nay in pert denature the
pr-tein. 1t ie not at ail unressnnuble tn Speculate thut the naw
tive £nlding of lip@prabein provides the mnlecule with its lipide
ernjugating property. Furthermere, sne must «lss consider the
rratein to be the naln factsr ik stabilizing the lipide in the
aguesus envir-nment. In ssme manner the protein structure must
alsn serve to lizit ths azmeunt »f llpide upteke, The ponteln moe
iety of lipsprotein may bve lmagined te serve bath as & shield tn»
prevent lipide coalescence aud to rrovide the Lusic structure Iar

lipide uiditinn,

RATIANALE ~F FROPAGED INVEUSTIGATIAN ‘ )
It has been poninted sut thet the protelin malety of lipo-
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proteins is an impartart factsr ir maintaining the stabllity «f g
larze smount of livide in an aouesus snviranment. ‘ubstareces
which slter the nutive structure ~f the pratein cnre :lss reduce
the stability of the lipiie-pratein enmplex, iawever, msst sube
stances whieh denature prrteip ney alss reduce the anerey m»f the
liplde~protein intersctinn, This whuld be the cnge far alenshnls,
ether and other srcunie sslvents. These enmpeunds "pull™ the lipe
ide from the protein and rradobly sipultanesusly densture the Pra=
tein mnlety, Thus it is nnat pessible ta say whether the srent is
efTecting the pretein structure sr the Iipide~pratein intersctinn,
if 1t were possible tn sbtsain lipide~free pretein hoving zpn sffipe
ity far lipide, the significance »f prateln structure tn lipide
ennJuration enuld esslly be evaluated. Ianlatisan ~f ™indenatured”
iiplde~free prnteln has anly reaantly beaen acenmplished far sorum
alpha llpnprntein (77), 4applicatinn nf sirilurp tacnniques_tﬁ the
serum beta lipnproteins was witheut suceess., inmther appreach o
the prnblem weuld bs tn dlarupt the protein structure with nrates=
lytic enzymes., It would seem extremely unlikely that these enzyw
mas could asfect the lipiﬂa»prntaiﬁ interactison in any vay ather
thuan that which would be mediated thrmugh chances in thn pr-tein
nniety.

The purpnse of this investigatinn 1s tn see if praten~
lytic enzymes a’fect the native lipaproteins. In the cases where
Irotenlytle setivity is established, the effect »n lipide binding
wlll be eveluated. Investigating nf the muteriuls Inllowing pro-
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tonlysia of serum beta lipnprolelns will bde initiuted. ﬁ
Tae irreversivie charactsr of lipidse uinding of lipo~-
sroteins was desaribed cariler in thls ohajpter. This hypnthesis
hus never been Jdemsnstrated. An expsrimental apprraeh to Bub~
stantlate the irreversible churactar »f ihe 1i§aprﬁﬁain*chn;5aw

ternl interaction wlll als~ be rresented in this iz sertution,




CHazTER 11X
BATZHRIALG AED KMETHODS

The materials and methnds used in this investigation are
described in the fnllswing sectien. In snme instances, special
techniques »r prncedures will be desoribed alsnng with the experi-
mental results in the succeeding chapter. This has been done in
cases where an underastanding »f the prrcedure is required tn ine

terpret the resultsa.

CHEMICALS

Unless otherwise indicated, all chemicals used in this
study are analytical reagent grade., Chemieals which are abtained
from special suppliers or are of unusual impsrtance ts the investe
izution are listed in table VIII, Appendix i,

The preparation of buffers used for dlalysis, incuba~
tiosns and ionography are desoribed in table IX, Appendix I,

FRACTIMNATINAN P HUKAN SBRUM LIFAPROTEINS

Fooled human serum was obtained from Cosk County Hespit~
als. It represented samples frsm sppreoximately fifty unselected
patients. In general, the type nf bleod specimen was that Tequire
ed for determination of fasting blomd sugar. Ultracentrifugal
fractinnation »f the serum waa begun nn the same day that the
blend was drawn,

Small ameunts of cells were invariadly present in the
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blood serum, The cells were remnved by cantrifuging for ten mine
utes at full speed in a clinlocal centrifuge. The densi;y @r*thaﬂ
serum was then adjusted by the additing »f stsck salt selutinns af
known density. a4 detalled descriptinn af the preparatinn of the
salt solutions and of other techniques used in this preparatian
are presented in table X, Appendix I.

Ultracentrifugatinn was carried nut for elghteen hours
at 40,000 HRFM in the number 40 rotor »f a Spinco Kodel L Ultrae
centrifuze. Because nf the age of the roter, the last few preparad
tinns were obtalned by centrifuszing for twenty hours at 38,000 RPﬂj
Temperature in the head chamber was maintained throughout the run
at 10-18° ¢, |

Beta lipoprateins, density 1.019 ta 1,068, were obtained
by first adjusting the density »f the serum to 1,019 and contrife-
uging as described above, The lipnpreteins which flsated to the
top of the tube were removed and discarded., The centents sf the
bottem portion of the tube (infrunatant) were adjusted to density
1,083 and eentrifuged far twenty hours., The beta lipnprnteing
flouted as a distinet layer at the tap of the tube and were ual%*
ected. I1If a preparation »f alpha iipsproteins, density 1.083 to
1,21, was desired, the infranatant was onllected and ad Jjusted to
density l.2l. After centrifusing agaln for twenty hours, the al~
pha lipsprnteins flnated to the top of the tube and were aollna%adj

when enzymic studies were tn be wmade, it was necessary
te remove the relatively high econcentratisn of ssdium chleride and
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potassium bromide which is present in the lipoprotein solutions,
To remove these salts, the lipoproteins weras placed 1n V1sking'
cglloph&né saukafwhioh, prinr to use, were washed for twenty~four
hours against abquzvriva changes of g%ass disﬁillgd water, Dia-
lysin of the lipeprotein was carried out Pfar approximately ninety
hours at 3°C. During this time the external buffer was changed

at least six timea., This amounted tn a total buffer velume of a-
bout 1200 ml. In the case »f the beta lipoprateins, the resulting

solution was a clear Yellow coler, /

ANALTTICAL FROCEDURES

A detailed desoription of analytieal procedures, while
being lmportant t» any chemical investigution, is still rather
cumbersons reading. For this reason, only a brier nention »f the
Wanalytiﬁal mothods empleoyed 1n,th;u investigation will be present-
ed hsre. For a detailed discussion of these procedures, the read-
er is referred to Appendix II. The latter alsn contains the stan~
hard ourves from which the unknown values were darivad.
Frotein was determined by the biures method of Gornall
ot 81 (28)., This method was chosen over any methed invelving
Kleldahl digestion because ths lipsproteins eontain rulatively )
large ameunts of phespholipide. The aitragan cnnta&ned in phnan
@h@liﬁidﬁl would result in significant amounts of amionia follow-
ing Kjeldahl digestion, This would give fallaci;»usly high pro=
ein values.




ﬂ 38

Chnlestersal analysls was done by the nethnd of Sperry
gn& Webb (B2), Befare this pracedure was adopted, twe qshcz meth~
nds were tried. One technique depﬂndgﬁ an the anlar pgﬁduoad when
chnlesternl was mixed with ferric chloride (43). The other meth-
od ennsiated of the ultra~vislet Spectraphntemetric estimation of
chnlestersl (88). Both methods (43, 86) proved less reproducible
and more cumbersome than the procedure »f Sperry and Webb, E@u
values appearing in later sections of this dissertation are far
total cholesterel; no attempt was made tn distinguish between the
free and esterified forms. ) |

in the experiments in which 1t was necessary to perform
rhosphollipide analysis, thess were acnu by the method of»%tewgr% |
and Hendry (83). The procedure involved the extraction of phospho/
lipide with hot ethanol and agetone, The phoapholigido was then
digeated with onncentrated sulfuriec aocid and the inorganie phose
phate was degarginad by standard teehqiqqes. _

Proteolysis of the beta lipoproteins was demonstrated
by the release of trichlnroacetic acid saluble tyrssine. Tyrnsine
was determined by the method of Folin and Clnoalten (25). The
use of the ninhydrin technique (60) for determining the production
of alpha aminn groups during proteolysis was ditricu%t. ?rmduetu
isn of ninhydrin soler depends an heating the snlutimns t» 1@0”6
for ten minutes. Large amounts of a precipitate appeared upsn
heating the lipeprotein with the ninhydrin reagent. The precipi-
tate was attributed to the presence of lipide material 1n the

L4
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lipeproteins., '

The activity of chymetrypsin and trypsin was %nitiallr
measured by determining the rate of releuse of trichloreacetic
acld soluble material from a hemoglobin solutinn, Ilater, artiri-
cial substrates of the prnﬁsplytic enzymes were sbtained aud'tht
assay precedures were then done by the muah'sxmplar ultra~vinslet
spsctrophotometric technijue of Sohwert and Takenake (79), Try-
pain mctivity was determined by measuring the rate of hydrolysis
of Hebenzoyl~i-arginine ethyl ester; the subatraiu used to deter-
mine ehymotryptic sctivity was Neacetyl-l-tyresine ethyl eater.

INEOGRATHY ARD CHRAPHATMGRAFERY

lonographlie separations were done with & Frecision
Selentific Company Ionograph. A description of the principal
features of this apperatus has been published (53). The speoific
conditlions used in different sxperiments often varied and for
this reason they will be reported in the sectlons devoted to the
results. The paper strips were plaueq in the ianograph during
the night prec¢eding a run, in order to squilibrate the buffer
through the strips. The electrical potential was gpplged farﬁgna
bhour preceding the applicatlon of the migrant. ¢Upen”aampletian
of the run, the strips were remnved and dried for abosut thirty
minutes at 110°C. FProtein material was detected by staining with
bromphenel blue or by spraying with ninhydrin. Ghnlaatoxal was
detected with phosphotungstic acid spray. The preparation and
use of these detecting snlutlions ias dssoribed in Appendix 1IX,
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Faper chromatographic separations were carried nut in
a larpe chromategraphy jJar, sixty centimsters in height and thire
ty centimeters in dlameter. In the bqttmm of the jar was placed
a large dish whieh contalned s sheet of Whatman MM rapers The
bottem of this paper was immersed in the developing solutisn and
extended ubove the liquid far about three or four inchaa., it was
felt that this paper facilisated eguil%bratinn of the atmonsphere
within the Jar. ‘All the paper chrozatngraphic experiments wers
carried out at ronm temperature, &pprnximatgly a5°%¢, Separation
of trichlsroacetic acid soluble materiul from the lipapretelns
fnllowing protenlysis was dene as follows: Tna“mig?ﬂat is applied
to whatman #1 paper and develapment of the chramatogram 18 car=
vied sut in a conventionasl descending manner with butannliacetic
acldiwater, 4:1:11; vivive The chromatogram is dried and peptide
material was detected with ninhydrin spray.

TURBID U ATRIC JTULLel |
It was felt thut changes in sthe stublliity of a lipapro-
teln onmplex would be munifested by gradusl flecoulatisn af the
material, Tn illlustrute the offect »f protenlysis nn the beta 1li=-
prprotein complex, it was decided to determine the rate of turbid«
ity formation at elevated temperatures., The measurszpents were
rade in o Beckman VU Lpectrophntnometer sguipped with thermesspacersl
The thermeapacers in ennjunctinn with u Bronwill therrnregulatar

and water bath cun bde used to contr~l the temperaturs »f the

| spectraphotometer's cell compartment, Turbidity foroatisn at
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vurisus temperatures was determined by maa@uring the eptical dene
sity »T the lipsrroteins st 700 millimicrens, At this wave lene
cth, the lip~pretein anlutiens have practically nn absnrptian.
Therefnre, chanzes in the optical denslty ut 700 millimicrens rae

flect the productian »f turbidity.




CHAYTER IV
THE PRAOTENLYSIS ~F Hiwal SERUE BETA LIPAPRMTEINS
RESULTE AUD DISCUSSINNH _

At the onset of this investigation several limitatinne
had to be impnsed., JInme were necessary fram a practiocal atand-
point; nthers were necessury beocause o»f the quality »f materials
which were available, PFirst of all, the enzymes to be used in thisg
study had to be chosen. Chymestrypsin and trypsin wers seleoted
because they are active in a pH range where the lipnproteins are
stable and are avallable in very pure fnrm., Furthermnre, galnpw
inns of theée enzymes ere stable aver relatively lang perieds »f
time and their activities are casily determined, ,

The next consideration was the selectinn of bna’yart;au*
lay serum lipnpratein fractisn te be studled, The rraﬁtiunatign
af serum lipeproteins by ultracentrifuzatisn is a relatively lang
pracess and only about twenty milligrams o7 & siven lipeaprotelin
are obtuined frnm each series of ultracentrifucal runs. It was
decided to use serum beta lipnproteins, in the density range of
1,019-1,063, mainly because of the homogeneity of this fractien.
The lipoprotein fruotinn of density less than 1l.019 contains more
than one type of lipoprotein and is enntaminuted by chylemiera.
The alpha lipoproteins, in the density range 1.083 to 1.210, are
theuzht to consist of tws fractionas.

Another problem arose during the course of the invaghi~
zatlon, The concentration of the beta lipnprotelns varled frem

4
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different ultracentrifur~al preparatisns. Furthermnre, the concen~
tration »f protein was relatively law, abeut twn milligrams per
nilliliter, It wnuld have been pnasible tn dilute saeh preparate
inn te the same onncentratisan. However, this procedure was dlee
ecarded becsuse the valuas nbtained in a variety »f experiments
would hav; spproached the lawer limit »f the apalytiral techniques,
Ko satisfactory method is presently availabtle for further concen-
trating the lipoprateins,

Another dirficulty related to the smull amout of materw
ial nbtulined from each preparatinn waus that it was often impaasgu
ble tm run esnrresponding experiments with both trypsin and chyme-
trypsin., Early in this investigatlion it became apparent that the
affect of chymstrypsin appeared ts be mnrs reprnducible. ﬁh«n‘
anly ennugh lipaprotein for nne experiment was available, chymo-

tryptic studies wers made,

EVIDENCE FAR THE FROTENLYSIS AF LJP0PrMIEING

"ne nf the first experiments which was done wasg ;a BUrw
vey the effect of chymotrypsin an the various serunm lipaprntain
fractions, This was acosmplished by determining the rate »nf re-
lease of trichlnreacetic acid ssluble tyrosine., The results are
f1llustrated in figure 2 and the data tabulated in table AVI, Ape
pendix IIX., At this point the materials necessary for assaying
the chymetrypsin werse not yet available. To compensate for thig,
a solution of hemoglobim was also used in conjunction with chymo-
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Pigure 2
EFFECT OF CHYWMNIRYISIN OR SERUN LIFNFPROTEINS

The reaction was carried out in 2.0 ml of phesphate buffer; pH 7,5
0.08 x:. at 1?;0“6:2 K&mhmam mnu‘;:. ?;“ﬁw"‘ gimg ng K{ -
chymotyypsin. I~Hesfiog n, approximate ng. ~Beta lipepra-
tein, 2.83 mg of protein. 11 poproteins of density less than
1,019, 1,80 mg of protein. 1IV~ilpha lipeproteins, density 1,063
to 1,810, 8.88 mg of protein,.
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trypsin. This served not only te natablzqh the activity »f the
enzyme but a;aa‘to show that protenlyails ot ultﬁ?ogtrirugally )
prepared lipppr?talna 1s very slight. A aatiafaQGSrywexplanatlan
as to why proteolysis did not ccour with alpha lipoproteins cane
not be nffered at the present time, )

It was at this poing that at@eatiqn was ocentered on the
bete lipoprotein fractien., 1In srder to dammnatratuvthu fact that
proteolysis was nccuring with both trypsin and chymotrypsin, rurQ
ther measuroments of the release of trichloroacetic acid snluble
peptides (as tyrosine) were made. The conditisns used in the
experiments appear along with the data., All the studies deseridved
here and those that follow were done in a water bath at 30 * 0.5°C
Tha‘aolntigna used in preparatinn of the enzyme-lipspratein 1aqub~
ation mixtures were equilibrated beforehand to 30°C, Ununl;ydanly
01D mg of the ehyma;rypsin“or trypsin was used. No triahlaroa9a~
tic aoid snluble tyrosine could be detected from the enzymes alone,

Typical rate ourves for the prntealysisaappear in rig~
ure 3, The data for this experiment along with egnrirmgtory exp=
eriments are recorded in table XVII, Appendix I%I. Threughout
tnis’discnasinq the oancen@ratinn“or the 11paprgtuin is expresassd
by both the protein and cholestersl concentration, The_raaulhs
for the aseries of experiments were reasonably aimilnrg only a
Comparison af the results sbtained with one enzyme should be made.
The curves presented in figure 3 would seem to indicate that the

proteolytic reactinn i1s almost complete after nne hour, it is
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M@ TCA SOLUBLE TYROSINE X |02

. L
—lli 30 48 60
TIME - MINUTES

Figure 3
PROTENLYSIS NF BETA LIPOPRATIIN

All rgactions were oarried out in phosphate buffer, pH 7.5, 0.02 M
at 30 Co Ie=Vnlume-3,0 mlj ehymntryrsin=-0,08 mg, 610 units; beta
dipoprotein, 2.02 mg protein, 2.18 ng chalutemi. IlweVolune~ -
1.0 ml; trypsin-0,05 mg, 565 units; beta lipepratein, 0.9 mg pro-
tein, 0.77 mg cholesternl.
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unfortunate that no estimate of the number af peptide bonds which
were broken oould be made from this data. Sueh esleulations can
be made when the rate of proteolysis ie determined by changes in
the ninbydrin eoler. .43 wus pointed sut in Chapter III, the use
of the ninhydrin reagent was not pnssible. There was no dsteotably
choleatersl in the trichlornacetic acid snluble fraoctien, ,

An 1ntaraat;ag aiﬁol#ghﬁ of these studies is the ob-
served effeat of chymstrypsin sn beta lipsproteins that are briefe
1y frozen and then thawed. Freezling ;s thought ta damago the na-
tive structure nf the lirnprotein. To test the effect nf :regzins
on the chymetryptic preteeslysis, a preparatisn nf beta 119@pr@a -
tein was frozen in & dry lce-isopropyl alenhol bath (apprex., =50°
C)e The frozen lipoproteins were immediately thawed and s small
amsunt of turbidity remnved by centrifugation. The rate »f pro=
teolysis by chymotryprsin was then determined in the usual fnanner,
The results are illustrated in figure 4 and the data is presented
in table XVIIX, appendix II1, The striking difference between
the frozen-thawed and the untreated beta lipeprotein indicated
that definite changes have sccurred in the protein mniety. This
is in egreement with the suggestioen of Gurd (32). He pointed out
that in the absence of water, the poprateln ogmplex may rear-
range tn allow some form of internal uamgénantinn, and assume a
configuration which dees not lsad back uniquely to the ordgigal
struoture when water is resdmitted te the system. This is pot
the case with simple proteins.




e)
]

MG TCA SOLUBLE TYROSINE X 162
o
?

J
15 30 43 60
TIME - MINUTES

Flgure 4
EFFECT OF FREEZING ON THE FROTENLYSIS ~F BEPA LITAFRAPEIN
aggriw sut in 2,0 ml of phesphate buffer, pH 7.5, 0.02 H, at
3

Chymstrypain=0,10 mg, 1500 units; Beta lipnprateins«1.88 mg
pratein, 1,35 mg ehnleas#rmi. I«=Frozen~thawed. lle~Untreated,




49

Barly in thie study attempts were made to £ind a sime
rle prnceduru for determining the rate »f proteslysis. Kinetie )
estimation of the factnars influencing the pratenlysis »f beta 1ips
protein ecould then be made. The main objective was tn find a me-
thed which would require less of the lipepretein than is needed
when tyrosine determipatisns are made. Visegaimatri§ and dila-
tometric studies of the lipoprotein undergning preteslysis indi-
cated no change. The significance »f these findines will be dis-
cussed in a later section,

Slight but deteotadle changes in the ultra-vinlet abe
aorptian spestra of the beta lipsprotein after trsatment with trye
sin and chymetrypsin were found., The results are shewn in figure

S“and the daga presented in table XIx, Appendix ;II. Therg wa s
an need tn correct for the enzyme protein; the concentratisng »f
ahymatrypain*and trypsin were below detectable llmiya. The change
roaulging from either trypsin er ohymotrypsin was se similar that
nnly one curve is drawn in figure 5. o

The dsorease in ultranviglet absorption ocours very
Tfrequently during the protenlysis nf undenatured proteins §41}.
attenmpts to use this change tn determine the rate of proteclysis
were unsuoceasful, The deorsase in ultra-vinlet absnrpt;nnwraprc~
sents at most, 25% of the net abanrptinn of the beta lipnpretein,
Furthermore, it is not at all unlikely thabt some of the decrease
in the ultra-violet absorptlen spectra ooours after proteolysis
has atopped, Cradual rearrangement of the melecule may seccur

11




50

OPTIGAL DENSITY

e

i 1 1 i 1
240 260 280 300 320
WAVE LENGTH-Mu

Figure 8

EFFECT NF FROTEOLYSIS "N THE ULTRA-YVIALET SERCTRUM
OF BETA LIPPFROTEIN

I-~untreated beta lipoprotein. I & III treated with chymotryp-
2ln and trypsin. The conesatration of beta lipoprotain was 0,188
mg/ml protein and 0,300 Bl chnlesteroel. The concentration of
the enzymeas was 00,0082 + The speotral determinations were
carried out in & Tris buffer, pH 7.5, 0,05 M.
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following peptide b;ng breakage. This would acoount for the faot
that two different protenlytic enzymes produced essentially the
same change. At any rate, this spectral change may be Saken as
added evidencs that proteslysis is scourring. )

) The next atep was t» determine if the prnbe%n qlbara~
tiens were affecting the binding »f lipide by the 11pnprmtoig.
This ls a difficult problem because thers are nn direoct methods
for measuring the extent or capeocity for lipide binding by a pro-

tein in an agueous media,

LIFNPROYTEIN I:'R"!‘I*Eﬂm.‘.:ib AND Llrlm’?‘; "BIRDING™ CAPACITY )
Since no direct procedurs is presently avallable for
determining the energy of the lipoprotein«lipide igceragtian, an
indirect.umgirzeal technique was devised. The removal of liplde
from 1ipaprntaina by organic snlvent extraction is not an gaatant~
aneous process. The rate of removal of the lipide by the organiec
anlvent would seem to be sgvapnqq by thq gsame faotors whgch main~
tain the stadbllity of the lipoprotein complex in an aquenus envir-
onment, Prntoalgsxs of th.wllpuprn&ein pight be expected t»n in-
orease the rute of removal of lipide if the maximum stabllity is
provided by the native peptide chain(s). However, it ia important
to realize @h;t the ease of liplde extractinon franm l§pnprataiga is
a funotinn of many variables. A few at_thamfarg 1) organic anl=
vent 2) the ratio of srganic aslvent tn lipoprotein 3) factors
which directly affect the liporrotein--e.g. PE, denaturing agents,
salt concentration, ete. 4) temperature, For the most part thege |
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vgriablea do nét prugsn@ any difficulty because they may be kept
c@nat&nt during a protenlytic rate study. The main problen was
to find the system which ﬁauld reaglt in only partial extractian
of the lipide and which could be done falrly rapldly.

o Erelimigary pxparimenca.1nq1eatedwthnt pa;%ial extrage
tion of gholesterrl from beta lipepratein could be nbta%ned with
ether. The removal of cholestersl und phospholipide frem beta
lipoprotein as a function of the duration of extrectien is 1lle
ustrated in flgure 6. The data Tfor this expsri&ent is presented
in table XX of Appendix 11X, The ﬂ;tracyian‘prnaaaura wae briafe
ly as follows: To the lipnpretein solution contalined in awls ml
glass stoppered centrifuge tube was quickly added 4.0 ml of ether
(AeRo, not anhydrous). The tube was sheken by hand and the dur-
ation of shaking was timed with a stop watch. The ether phase
was then allowed to ssparute for about one minute and an aliquet
ramoved with a pipette and placed in a enlorimeter tube. The
other was evaporated and cheolesternl was determined as previsusly
deseribed. ] _ ] o

dith 8 few oxceptions. the yregaﬁnrg for tga phosphn=
lipide extraction was the sams as that for chnlesterol. Prelim=
inary work had shown that the extractien of phosphalipide fram
the bgtg lipoprotein by ether is very slow. For this reason
chlorofora wes used in place of ather., The use 'of chloroforn
presented a Airrzeulti;; A precipitate which did not separate
from the chloroform phﬁkd sseurred after the phoaphnlipide
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PARTIAL EATRACTIMM OF CHOLESTARNL AND IHASPHOLIVIDE
FROM BETA LITNFROTEIN

%%mlm ml beta lipoprstein (0.9230 mg/ml chnlesternl,

. fary protein) in phosphate burfer, pH 7.5, 0.08 H extract~
ed ‘with 4.0 ml octher for the indicated times. ) -
ihospholipide~~1.0 ml beta lﬁnpmtam (1,80 mg/ml cholesternl,
T‘GW g, protein, 0.80 mg/ml phosphnlipide) in Tris buffer

PE 7.5, 0.02 k. Extractod with 4.0 ml of chloroform for the indie
cated timea.
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extructinn, Tn eliminate the precipitate, the aquenus phase was
remnved immodiately after the extractisan and the chinzafarn ex~
tract was filtered threuh Whatnan #1 paper. An aliquat ~f the
filtrate was analyzed fnr phasphslipide, The remrval of the aqw i
uaenus layer and the filtratisn step »nly tank absut tws minutes se
that evapsration of the chlareform was minimized, Tris buffer was
used in place nf the phasphate buifer during these ph@aphalipidg )
studies. This eliminubted the possible enntaninatisn af the chlerad
frrm extract with amail ameunts »~f aquenus phasphate,

The partiul extractisn curves presented in figure 6 in-
dicute that the initiul remnval af chnlestersl nr phosphnlipide
is falirly rupid. In the cholesternl curve, the amnunt extracted
tapers off und the remnval nf the last 50% oceurs at & such slower
rate. In nrder te shew that prote~lysis affects the nature af ,
the lipide binding, 1t wus declided tn meke the partial extractions
at several time intervals during prnte~lysis. This presented a
reeblem, 1t is dsubtful that the nrganie aolvanu’extraeginn imf
rediutely stnps the premteeslytic reactinn, There{nra in nrdgr to
regate the time errar which weuld result rrng prnte§lysia erntin-
uing Qurine the extructi-n, ¢ shori extractinn periad‘waa necens-
ary. For this reasesn the nne minutavpartial extguebinn was chnsen,

Befnre diﬂeuaaing the rerraducidbility »t thgﬂe one
riinute extractisns, one other raint needs clarifieatinn. As was
Feinted out earlier, the rate of extractisnaar 11Pid$rfrﬁm %1pa~

proteins depends on several varisbles, twn of which cauld nnt be
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kept constant rgnmména experiment to another. Mne was the "lead-
ing" of the lipuprmtgin with cholestersl, It 18 to be exps cted
that 1; a greater amsunt o»f cholestersl is dbeund to uaahvlipaprn~
tein nnleeulg. 8 larger percentage yil% bes extracted in one min~
ute, The "loading” of the beta lipoproteln would be reflected in
the eholest;ral to protein ratin. Variatiens in this ratie are
apparent from the data appear&ng in tadble ?3 The values wgre‘obw
tained by pretein and chalostgrnl analysis of the beta lipspratein
prepared by ultracentrifugation. Zach set of values represents

& different preparatinsn, ]

’ The variations in the concentration of the beta lipo=-
protein also presents some eamglieatigna. The differences in
conoentration alter the lipepretein te ether ratin since tis a=
mount of ether used in the one minute partial extraction was kept
aanntgnt, 4.a4ml. ?gr the previnusly mentioned reasnns, the pexr
cent of the total chnlesteronl which is extracted in one minute
will vary with the partioular ligoyrneain preparation.

Evidancg for the ;rpprndueibiliby of the one minute par-
tial extraotions of cholesternl is desecrided in table VI, The
results @r each part were obtailned with a different prnparaginn.
This acoounts for the variatinn between the different sections,
nly obe value is reported in cases where the remainder nf the
beta liposprotein preparation was needed fnr another axgerimenﬁ:
The first column in table VI described the concentration and vele
ume of lipoprotein present.




Frotein

- 8.83
8.68
2.02
1,85
.44
1.98

1.98

1,99
2,11
2,07
2423
2,53
2437
2,63
2,38
3.00
3.18
3.46
8430
2.36
2,61

TABLE V

COMENSITIMN NF HULAN SERUM BEPA LIPNPROTEIN

cno:s.emgml
2.16
2.78
3,18
1.35
8.32
1.55
1.86
8.06
3,00
2,323
2.51
2.90
2471
2,98
2.73
3.41
3.49
2,84
2.77
8,91
3,00




TABLE VI
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ANE MINUTE PARTLAL ETHER EXTRACTITNG NF BETA LIPAPRATEIN

Ae 2,0 ml-2,08 mg protein,

B.

Ce

D.

E.

¥,

Gs

2.18 mg‘ohaluatarel

2,5 nl~0.925 mg pretein,
0.675 mg ahnlestersl

2,0 ml~2.44 mg prestein,
2.31 ngiahelanterpx

2.0 mi-0,96 mg protein,
0.77 mg cholenternl

2.0 ml-0.96 ag protein,
D493 mg chnlestersl

2.0 nl=1.99 mg protein,
2,08 mg chalesteml

0450 ml1-0.95 mg protelin,
1,06 mg cholesternl

% of total cholesterol

fne minute

sther extraction
57.8

5l.9
50,6
58.7
51.3
49,8
53.6

53.9
53.8

50.7
54.1
5249
53.8

39.8
41.2

45,8
46.1

Average™

51.6 T 3.0

58.9 * 3.2

46,0 £ 0.3




TABLE VI (CONT'D)

# of totel cholestersl

“ne minute
2B; ghber extruotion Average®
He 2.0 ml=-1l,31 g ﬁmtein’
1.$8 mg chelesterol 58.2
58,7 ¥ 0.5
89.1
I. 1.0 mi~l.27 mg pretein,
1.48 mg cholesterol $9.0
87.0 57.3 ¥ 1.8
) 55.6
J¢ 8.0 1l=-3,38 mg pratein,
2.73 mg cholestercl 56.8
57.8 87.1 % 0,3
) 56.8
Ky 1.0 mlel,19 ng pr@ttu,
1.37 mg chnlenternl 54.9
54.3 55.8 % 2.4
58,2

*Data reported i1s the average value ¥ the maxisum deviatien frem
this average. ,
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, Two un&maléns experiments were smitted from the table.
in onhe preparatinn duplicate nne minute partial extractions re~
sulted in an average value of 31,1 ¥ 0.58; in anntner instance,
a beta lipsprotein preparation released over 70% of the total
chnlesterol present, No reasonable explanatien can be sffared
far these discrapanciqa‘ Nonetheless, the values far tho'unc |
rinute ether extractinn agresd within abeut 2%; in many oases the
variation was aven less. ) “ )

The next step was to find out what effect limited pro-
teolysis of the beta lirpeoprotein had on the amount of cholea-
tarai whieh'wan removed by the partial extractinns. Before pre~
senting the results of the extraction studies, it 1s nececssary .
Yo describe one simple ebservation msde throughout thie study.
Ugually upen sorxpletion of an experiment, whatever was left of
the beta lipeprotein solution was stored in the cold ( 29C.).

One would expeet that if much damags to the lipoprotein aécurrn&
by proteolysis, proc{pitation of the natorgal_wanld ocour very
rapidly. This was not the case. Beta lipoproteins containing
either trypsin érwchymnerypsin were as stuble as the untguatad'
substances. 1t would appear therefore that the algaratian in
the native strueture is very slight., It is even posaidls that
no peptide material i1s lnst from the lipspretein. This point
will be discussed in a later section. } oL
~ Definite changes in the struoture of thnvbcta lipoprn~
tein do occur during protesliysis. This oan de demonstrated by
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removing aliguots of the beta lipnpratein-pratenlytic snzyme 8y-
stem at various time intervals and measuring the amount of chalew
sternl released during the one minute ether ex _tractisn. similar
effects are noted on the release of phosphelipids by ?ne#minutay
ehlarnrmgm extraotiqna, Typical results fnr the actinn of chyma=~
trypein on beta lipnyratain’ara 1llustrated in figure 7 and the
data recorded in table iXI »f Appendix III. Experiments similar
tn those illustrated in curves I and II, figure 7 were repeated
several times. The results wers nearly the same in all the exper-
iments. Frontenlysis of the beta lipnprntein by chymotrypsin re-
sulted in a 10 to 20% increase in the amount nf chelesternl re-
moved by the one minute ether extraction. The chance in the lipn-
protein which preoduces this effect scours fairly early in the pro-
tenlytic reactinn. |

The results obtained from trypsin treatment were simi-
lar to those resulting from chymetrypsin. Some typloal rate
curves for the tryptic proteslysis »f the beta lipnprotein are il-
lustrated in figure 8 and the data presented in table XXII »f
Appendix IIIl. , ) »

The data eontalned in figures 7 and 8 affers g?od evi~
dence that al&er&tinnawin tge }1p1&a "binding" cagaeity of the
lipaproteins result from Protenlysis. The cause nf these changes
is obacure but two of the mest sbvisus pessibilities are: (1) Pro-
tenlysis results in less of some of the proteln which “"shields”

the lipide fram the envireament. (8) Frotenlysis causes a reapre
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Figure 7

EFFECT NF CHYWNTRYFOIN ON PaRTIas LIFPIDE BATRACTINNG
AP BETA LIFNPROTEIN

I & II in phosphate buffer, pH 7,5, 0.028 ¥, III in Tris burfer
PH 7.5, 0.02 K Tris. 4.0 ml o»of tha organic snlvent was used ta
extract 2.0 ml of the reaction mixtures onntaining: I~-2,03 mg-
protein, 2,18 mg chnleaterol as beta lipopreatein, 0,10 mg chymr~
trypsin (850 units). I1--1.99 mg pratein, 2.06 mg cholesternl as
beta lipoprotein, 0.10 mg OhyEntTypsin (280 wnits)., III--~3.15 sg
rrotein, 3.38 mg cholesternl, 2.23 mg phosphelipide as beta lipa~
protedin, 0,10 mg chymstrypein (930 units),.
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ONE MINUTE-ETHER

% TOTAL CHOLESTEROL EXTRAGTED

TIME-MINUTES

Figure 8

EFFECT N"F TRYYSIN ON PARTIAL CHNLESTRRML EXTRACTINRS
NE BETA LE?%RBTI&IN

Carried out in phnsphate buffer, pH 7.5, 0,08 i 4.0 ml of ether
was used tn extruaoct 1.0 ml of the raactinn mixtures onntaining:
I==1,19 mg protein, 1l.87 mg ohnlesternl a8 beta lipoprotein, 0.05
mg trypsin (412 nnitn). Ile=0,.795 mg fxo%ain, 0.875 mg ohaioato~
rol as beta lipspretein, 0.05 mg trypsin (400 units),
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rangement of the lipeprotein mnlecule and as a result its liplde
oonjucating ability is roduced. This may ar ray nat be accomp~
anled by ilnss af peptide mmterial Lrem the 1ipeprobein.v

TURBIDMEIRIC STUDIRS
in sxder tn laave 1ittla doubt that definite changes

have acourrea in the bata iiyﬂg?ﬁﬁ@in a8 a result at protenlysis,
sn appreach completely digfatent from the extractisn studies and
tyrnainewdctarminagiana would be valua?le. ;t has already @ee@
pointed out that nn change in the v;aoasity of the beta lignprnj
tgin osuld e deteoted during prg?aalyaia at 307%C. ﬁimila?ly ne
ynlnme changes were detected rqllowing treatment with chymatrypéin
ar trypsin. ‘There was no way of ﬁatermiaipg whether the instiu-
ments used for the‘viacaaimaﬁric and dilatometric studlies were
sensitive enough tn detect small changes. For this reason, a
different approach was taken. It.wseemegl likely that the new li~
poprotein formed by protenlysis woeuld net be as stable as the
native material, But it has aquady been paintudvout that n»
precipitation of the beta lipoproteln occurred upon standing at
2°C. The most obvious experiment was then %o determine if the
stability of the treated lipoprotein was the same as the untrasat-
ed at elevated temperatures. A procedure for the determinatinn
of turbidity formatinn at alevated temperatures was devisaed; it
has been deseribed in Chapter LII.

. Tha procedurs ror the experiment was as tnllnws. The

beta lipoprotein-enzyme solutinns were set up the day preceding
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the turbldity fermatien studies. The tetal vnlume nf each mix-
ture was 10.C ml end contalned 13.1 mg protein apd 185.0 zg of
ehnlqsteral 28 beta lipspratein. Mne tube coarntalned 0.5 mgwar
chycotrypsin (3400 u) and ansther mixzture contained 0.5 mg of
trypein (3500 u). The third tubde contained no enzyme and served
as a ylunkg The prnteclysis was allowed tn enntinue for 18 heurs
at room temperature. 4t the end of this time, three milliliters
of each mixture werse placed in Corex Beckuan spectrn)hotnmeter
cells and the rate of turbldity formatisn determined. it the end
of each determ%na?inn. 2.0 ml of the lipgpxutu@nnenzymu«sﬂlutiens
and of the lipoprotein blank were pipetted into 2,0 ml of 10% tri-
chloroacetic acid. The precipitate which fnrmed was remsved by
centrifugation and the optical density of the trichlarnacetic asld
snluble material was determined at 280 mu. o

The rate of turbldity formatinn for the treated lipepra~
teins is presented in figure ¢ and the data contained in taple
XX1XI, Appendix III., The initial lag peried which appakra on tgo
curves probably results from the time required tn bring the %1pa~
proteln snlution fram room temperature tn that »f the spectro-
phaaamaeer cell compartment. The untreated be@a 1ipop:nta1n wasg
oompletely stable even after heating at 60°C for one hour. Tur-
bidity started appearing in the beta lipnpretein treated with try-
pain only after the temperature was raised t» GQ“G. Below 48°9C
turbidgty formation was absent in even the chymotrypsin treated
lipsproteins.,
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Figure ¢
TURBIDITY ¥OREATINN BY BuTa LIIMFR™MIAN

incubution mixtures were mude up in phosphate buffer, ol 7.5,
0+06 ki, The ssiutions dontained l.31 mg/ml protein and 1.50 n%/ml
cholestersl ap beta lipopretein. In udditlinn, the curves lubeled

I contuined 0.05 mg/ml ochywotrypsin {340 units/mi). The curve
Tubeled AL onntained 0.05 ng/ml trypsin (330 unive/mi).
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Flgure 10 represents the results obtained from the de-
termivatinn of the trichiqraaaatic seld saluble moterial aufter
the turkidity deterrinations (z2es alss tuble A1V, nppendiwaIX).
Haising the temperature incrsuases »nly slightly the am-runt nf
material releused from the blunke The results ar trypsin paraw
llel thnse nf the blank, Hnawever the lurge differences sstablishe
es the fact that tryptic proteolysis nocurrsd. OSimilarly the re-
sults for chymotrypsin in figure 10 ure definite evidence that
proteslysis occurred. 4 - o

The development of turbldity following prnteolysis may
be taken aus evidence thut the stability »f this eomplex molecule
has been altered. It is interesting that although oaly small dife
ferences exlst between the amount of proteolysis which seceurred
for trypsin and chymntrypsin (see figure 10), the altered lipspro=-
telns which resulted were very different. The material which re-~
aultudqrrnm chymntrypsin was very sensigiva tn heat caa}eaeenee.v
Th@s would seom te indicate that the amnunt of damage ts the lipo=-
protein by the enzymes Qepends nn the spscifie bends braken. @t
also eiphasizes the spaairie nature »f the beta lipnprotein pre-
tein. 1If the prntein was of a relatively gnspeaifiq nature, it
would seem that very little differences should be found between
the lipoproteins formed from breasking tws diffsrent types af
peptide linkages. The possibility also fuast be considered that
the large differences in heat stability (ehymgtrygﬁin vs trypsin

treatment) is a result »f the amnunt of proteslysis whieh has so-
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RELBASE NP TCA SYLUBLE KATERIAL FR™ BETA JIUNPRAMEIN
I. Beta lipoprnteln, untreatsd, Il. Bata llipaprateln traated

with ohymstryprsin. 1il, Beta lipopratein treated with trvpsm
{gee tables XXIII and LAV, appendix I11).
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curred.

INENGRAFBY "F BETA i&?“fﬁ“?&iﬁ FALL™IING PR”TE“LY&I§ ) i

It has been mentinned earlier that the prntenlysis nf
beta l&payrntain(may accur wl?hnut the losa nf any peptide frag-
ments from the mnlecule. In other words, peptide linkages may be
broken but thg fragments which are formed may remain attached
to the lipeprntein vis the bands whiqh Join the lipide tn the
protein. Certalnly, the bets lipsprotein mqlequle after truab@ane
with trypsin or ochymetrypsin must retain nost of the protein mnie~-
ty. It would be extremely uniikely for cholesternl tn exist in
aqueous solutien at a onncentratinn level of 2-3 mg/ml in the ab-
sence of some o»f the protein.

Bvidence for the faoct that beta lipaprntein may remain
a8 nie mnlecular unit rollawing proteanlysis was nbtained by inne-
graphy, ?ha procedure was to lnoudbate the beta lipnprngein wigh
the proteslytioe enzymes overnight. After this incubation perisd,
duplicate samplca of treated beta lipoproteins and unnguqtad
blanks were applied to Whatman #1 paper strips. The 19n@gr§ma
were allowed to develop under an electrical pstential of abeut
0.1 volts/em far about 6 hours, A veronal buffer system, pH 8.8,
lonic strength 0.05 was used for the Lonngraphy. At the comple=
tion of the run, one strip was stained with bramphenol ?luo and

-

a duplicatohwaa sprayed with niohydrin reagent. The amount »f
elther chymotrypsin or trypsin was below the detectable limits
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of braomphenal blners§a1n »nr the ninhyﬂria spray.

n the innograms, the beta lip@prnﬁaina appear as a
rather diffuse band with a law innngraphle mobility. In no case,
and this experiment was dqne at least Tnur times,'wnn it possible
to detect any n;nnydrin positive mats;ia% which onuld be aserib-
ed to the protenlysis »f the boté lipnprotein. Furthegmnre, thofu
appeared tn de nn significant dirrqrogee between the mnbilities nf
the treated and untreated beta lipnprotein.

Ecaidaﬂ the hypethesis that no peptide material is aot~
ually broken »ff, one other poselidility exists, It may we;l be
that the color developing reagents, ninhydrin and hromphgnal blue
are simply net sensitive enough to detect small ameunts of the
pcptlio fragments, Tgu ninhydrin spray will detect as %1%&10 as
0+2 tn 35 micrngrams of amino acids (43). In the cass sf peptide,
?he minimal amsunts detectable inoreases with the mnlecular weight
of the peptide.

TRIOHLnHﬂACETIq ACIbtﬁﬂlBBLE LATERIAL FRW BE?A LIFNPRYTEIN
Al?hnggh ne peptide~like mnter@a} eould be detscted gn
the beta lipoprotein~enzyme mixture by ionography, prscipitation
by trichlsroacetic ucid {(TCA) ocauses the release of protein frag-
ment 8. ?hia point has algeady ?aan demonstrated by‘uaing the
Folin-Cincalteu Teagent for tyrosine, If the TCA snluble material
is ehromatsgrgphsd an paper, the separatinn of ninhydrin pesitive

material is pessible.




of peptide material in the TCA saluble portion of the beta lipapre
teins was very 1@:. it waaﬁdee;ﬂed, tnorn?ora, to concantrate the
material prinr to paper ohromatography. Cnncentratinn was acecomp-
lished by 1yophilization.

A typloal procedure rar the ahrnmaﬁagraphic analyain

™

or the TCA soluble material fram beta lipeproteins was as follows:
Three 1aeubat1ag mixtures, each having a volume of 3.0 ml, were
prepared. All of them contained 7.38 mg protein and 8.53 mg of
choleaterol as beta lipsprotein. In addition one contained 0.1
ng of chymotrypsin (1630 u) and another contained 0.l mg of tryp-
sin (3050 u)s [These mixtures were allowed to stand at reom temp-
srature overnight. At the shd of the incubatisn, 2.0 91 of 10%
TCA was added and the precipitate which formed was remsved by )
centrifugation. The TCA soluble uatc:ial had a volume of approxie~
mately four milliliters. This was lyophilized to dryness and

the solld material re-dissolved in 1.0 31 of 0.2 N NanH, _One~
tenth of a milliliter of the re-dissolved material was slowly
applied“to the paper chromatngram, Whatman #1 paper was used.
The chramatagram waa‘dcvalnpad by the conventinnal descending
techn@quo wigh buhannlzagatic aeid:?uner, g;l:l, vivive The
development nf a 40 om long chromatngram tnok l4f hours. At the
eompletiqn nf the develnpment, the chrnmat?gram was dried 4in a
current of warm air and peptide material lecated with ninhydrin
reagent a8 desoribed in Chapter 1II.

The results »f this experiment ars presented in
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in figure 1ll. Similar resulis were nbtaiaed with twn nther comp=-
arable experiments. Areas on the chromatogronm which guve barely
detectable ninhydrin golors uTe Gennted with a questlon mark.

The unarnat§d beta lipoprotein oontuined three areas »f faintly
ninhydrin positive material. Tniayis in agreoment w;th the datg
presented in flgure 10. The TCA soluble matgrial from beta lipo~
protein oontains some suterial wh;ah has a low absorption at 280
MU ?ha»ﬁr of these substances would 1§aic§te that they are‘of
low moleoular welght. Ulnce they are nat lest during the pro=
longed dialysis used in the preparation of thé Eeﬁa\lipaprnteéa,
it’may be presuzed that they ars weakly bound tn the beta lign*
protein molecule and are relessed during tha TCA pr?¢1§§tabinn.'
The material which appears at the origin a; the ehramatngrumg cOr-
responding to treatment with chymstrypain er trypsin, are prob-
ably h@gh molecular welght peptlides formed during the prataqutie
reaction, Other ninhydrin positive auhs;ahee& resulting fronm

proteolysis appear in the Ry range 0.7 to 0.8,

LIPIDE~-FREE BETA LIFNIRVEKIN o _
~ The studies of the trichlsoroacetic acid soluble mater~
ial from beta lipaprotein follewing p:ntsalya1§ are intereating
but limited, A better understanding »f the protenlytic reactinn
wou;d be pnasible if all@erﬂtha protein or pratein fregments enuld
be @ytaiaad from the lipapr@teia after treatment with trypsin or

chymatrypsin, Studies »f the amines aeid sequence and struocture
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of the prneain“muiezy froiz beta lipnpreteln would alsq be ragili~
tatad i the correaponding undenatured iipide-free protein could
be isnlated. 1In this discussion, the terw, undenatured, is used
operationnlly to meun that the protein material would be soluble
in dilute aqueous solutions and would demanan?agg rocembining
eapaait; toward ;ipide. Atteupts were made tn nbtain lipgdof
free proteln before and after pgntemlysin nf the beta lipopretein,
~ Scamu (77) was able to remnve the liride fram alpha
lipoproteins by ether extractinn. This has been discussed in
Ghagteg II. He was unable toe gpply the same Seehgiquaa to bsta
lipapreatein, and for this reason a differeﬁt apprnach was used
in the experimants to be deseribed ‘below.

- . -

) #ith little or ns background 1nrarmauian to start with,
the procedures were chasen on a trisl and errsr basis. As will
be seon, only very limited success was aehieved.w Despite this
fauct, the experiments which will be described pravide a few
guidavﬁasts for further investigation &nd far this reasen are
reported, All the experiments were done nn three dirre;ant same~
plea. Mne was untreated bata 11pgprnte1n; the other tws were in-
cubated befsrehand with either trypsin or chymntrypsin.

It was declded to attempt the preparatisn of beta lipn
yrmtazn pratain by extracting the liplﬁe fron the anlia rather
thqn a solutisn of the preparatisn., To do this the beta lipo-
protein was lysphilized prinr ts arganic salvent extrantinn.“ The

material which resulted had the typloal *fluffy" arpesrance nf
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mrdinary lyaphilizad protelins.

Extractinn nf the lysphllized bets liﬁnprntain samplos
were ocarrisd out in 1% nl glass stoprered centrifuge tubes., In
the first series of experiments both pentune and ether were used
te ramnve the liplde. The praceduro was as ;ollaws: abosut ten
millicrams of the beta 1;pgprnnein praparatiqn was shaken with
five mil@iliters of the argunie snlvent for one sinute, The
suspensien was alloved to stund in an ice bath for ten minutes,
The aggaqic snlvent was separated from the protein by centrifug=
ing for one minute at’tull speed 1n a clinical centrifuge. The
nrganic 8olvent was poured »ff apd the extractinn preacedure re~
I peated four timsg, The final moterial was lumpy agﬁ hard when
ether wag used for the lipide extraetinn, on nhe’uthar hand, 1f
the extractinns were made ﬁith pantgne 8 white rLQQGuleqb mator-
ial resulted. If naw tgu erganic snlvent was allswed tn evapae
rate, even at 0°C, & brown-black herd mass resnlted. It is im=
frtant, thersfore, tn re-dissnlve the protein naterial immediate-
ly after the last lipide extractinn. Boouuse of the better ape
pearange of the proteln material after pentane sxtractinn, a8
shown in the prelizinary experiments, the use nf ether was drep-
ped., It was shown that the serial pgntane“extraetiana remnved
all the cholestersl. Ko determination of sther lipide material
in the protein residus were made, )

The problem of re-disselving the 11pnprntoin prntein
was eaaplieatad by the faect that whenever the prntein eould nat
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be dissnlved in an aquenus solutinn, the experiment had to be
repeated starting with the ultracentrifugal prapsratinon. It was
shown that the rgai;unx prgtain fram beta lipoprmteinwwas nnt
soluble in the fallowing solutinns: 1) water 2} veronal buffer,
pH 8.6, 0.06 ¥ 3) 0,001 N HC1 4) 0.8 Hgin, 5) 50% ethansl in
water 6) acetate buffer, pH 4.0, 0.05 # 97} carbsnate buffer,
pH 10.2, 0,05 H., This ineludes the lipnpratein pratein ﬁnioh had
been treated beforehand with trypsin sr chymotrypsin. Solutinn
of the protein meiety could be accomplished in carbanate buffer,
PH 10.2, 0,08 K 1f 1t eontalned urea (final eoncentratinn~4 melar),
 The pratein dissnlves lnstantly in this salutiog, but after stand-
ing a few minutes, a olear gel begins to float on the surface of
the buffer. Gel farmatisn scours frequenﬁly upnn treating @l@bt
nlary prataing with urea. This is tpaught tnwoncur a8 a rnmulb‘mr
| nereased protein-protein interactisn made passible by the unfnld-
ing of the structure during the treatment with urea.

‘When the urea was remnved by dialyaisg the gel persiste
ed. It could be temporarily breken up by vignrous mixing., This
was dene and innography of the :esulting anlutinns were pere
formed in the usual manner (Versnal buffer, pH 8.6, u 0.08).

Color development of the finished lonsgrams with brnmphénml blue
sr ninhydrin indleated that the material streaked nutward frem
the origin to the positive pole., Nn definite bands were detected.
However, the samples treated vlth chymotrypsin ar trypsin had &
nobility of roughly three times that of the untreated bata lips=
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prataiq pratein. The measurcnents »f the aiﬁratinq distance were
made to the leadlap edge nf the diffuss pratein spnta.

The failure »f this particular aspect ~f the atudy, and
fnor that matter, the fullurs nf ather invgstiﬁatnra {77) t» 1§n~
1ate the pratein fram beta lipspreteln pravides litt;e data gqr
disecussisn, It is necassary ta keep in mind that 1a?lat§ﬂn nf
lipide~fres bets iipaprotein may ant be pessible, isss nf chele-
3t§rnl and sther lipides fram the beta lipnpratein hava been
shown to 1naraage the sensitivity af the mmlecule tn urea dgnatur«
ation. It is possible therefsre that the preteln backbsne af the
beta lipspratein is unsuable in the absence of lipide material.
Ferhaps the mild protenlysis affected with trypsin ~r chymntrypsin
dnes little t» alter this situatisn,




CHAPTER V
THE CHARACTER "NF THE LIFAPRMTEIN-CHALESTER™NL INTERACTINW

In the pravinus chapter, it has haan 8uggaataﬁ that even
following mild protenlysis, dissnclatinn of the pratein-lipide
onmplex may not occur. 4t present there are no ms@hn@a availgbla
for quantitatively determining the affinity of lipoproteins for
their major llpide constituents. However, using procedures to be
deaoribed presently, it was possible to §aﬁmnatrato indirectly
the lrreversible character of the lipoprotein-cholestersl inter~
action in a partially aqueous environment.

The rutianalc behind this study was the idea that if
some free {unimolecular) eholestersl was in equilibrium with the
lipapreteins, thia““rre- choleasterol" wau}d then pass through a
dialysls bag and could be determined. Klotz (39) has desoribed
the use of the equilibrium dlalysis technique fnor studying pro-
tein~-ion interactions. The equilibrium dialysis technique in-
volves dialyais arJtnn protein golutien eontaigad in a ¢ellaphane
sagk, against aquenus buffers conteining the lon to be studied.
"bviously thias method cannat be strietl! applied to the ginding
of cholesterol by lipoproteins. First of all, chnlestersl is
essentially insnluble in agueous solutions, OSecondly, the per=
meability »f cholesternl through ccllophgna menbranes is ques=
tionable. Klevens and Carr (38) have shown that equilibrium of
detergent molecules through a cellephane membrane regquires periods

77
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of dlalysis rgnging‘trnm 250 tn 35?0 hours, Sush long pcgin@s

of dialysis could not bve used in ennjunetinn with the lipaprateins|
ﬁerum'lip?prntains undergs nsany forms »f slaw changes upnn stande-
ing for lang perinds »~f time (32). |

=

It was necessary therefare, to oonstruct a membrane

which weuld be r?aﬁiiy permeable tn chnlesternl. Attentinn was }
diiucted to collodinn membranes kinee they are rela?ivgly 8asy to
cast. In 1939, Helmes (38) desceribed the preparatisn of an arti-
ficial membrane which he claimed resembled an animal cell membrane,
1t contained lecithin inm enlladinn but was used nnly in ennjunce
tinn with tnluene :nd ather very nnn~pnlaf snlvents. &nre'racant~
ly Carr ot sl (15) has described the preparatisn nf reprnducidle
cqllndian mewbranes. it wéa ﬁecide@ ts attempt ta cnnstruct a
lipide permaablc"mawbrana by lnenrporating non-pnlar material in-
to a simple onlindinsn dlalysis membrane, .
after & few prelimingry exyariment; the pnsziblie use »f
lecithin was aliminat&d' The anly preparatisn af laoith%n avai}w
able was s@own t» enntain relatively lagge ampunts f chnlesternl,
attempts to remnve the cnntaminating ehalegysrm§ werowiargoly un=
suceessful. It was deeidgdwtharsf?ra tn lnek foar a nnn~pmlarvmat~
srial which was not @t_bialagicul origin, Paraffin wax was ngt
asluble in the ¢nllndion selutinn. However paraffin nil diasplv«
ed readlly in a ssnlution ennta;ning the cal@n&inn, Faraffin »1l

is a mixture nf saturated hydrocurbons »f lower mnlecular weight

than that oampnaing puraffin wax.
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The technique nf casiing onilodisn membr.nes is fairly

simple. Twenty grams af enlirdinn (Farisdinn, kallinckredt, aR)

\d

is dissnlved in 500 ml nf ether:95% ethannl, 50:50, viv. The castd
ing tubes (mundels) ennsist ~f test tubes which sre 2 em in dia-
seter and 15 em in length., 4 small hnle 18 made in the battam af
the test tube, The hnle is plugred with mnlten caramelized sugar
which hardens an ernling. The chnlce nf test tube (mandel) size
depends nn the desired 51z§ nf the finsl membrune. Tha mandel is
attached to a stirring meter by means of s rubber staprer and can
then be rntated while in u hnrizental pasitisn. The upparatus ger
casting enllndinn membranes is 1l;uatratad in figgre 1a.m The conlile
~dinn salutinn iz poured »n the rotating mandel mnving teward the
battnm »f the tube with a crntinusus metisn, This is dmne thrga
times ailewing three minutes between each pnur, Thommandel shnuld
bte rotating &t about 20 KPM. If it is gning cuch slawer than 20
RF, the cnlindi~n snlutisn will tend tm drip »~rf the mandel, At
higher rotutional speeds "rippling” »f the nembrune ncours. ?en
minutes sheuld elapse between the last pnur and the terminatinn nf
ratatinn, The membrane is dried fnr sne heur at rnam tempar&tura
and then snaked nvernight in distilied water. 4 small orystal »f
thymsl may be used in the water smak as & preservative. The sug=
ar dissnlves and the membrane may be pulled ~ff the custing ?ubc.
If not, seaking f»r ane heur in 70, ethannl permits easy remeval
n{ the membrane from the mandel, The drying and amaking p?naeduraﬁ

sheuld be kept s cnnstant as pnasible (15), The mineral nil-
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enllodinn membranes sre preparcd in the same manner except the
enliodlsn sslution is made tn cnntain 1 g% nf mineral nil.

larcer amounts »f mineral nil may alsn be inearparated
inte the nenmbrane; eancentrations up tn 5 gh have been used, Hewe
ever, when the enncentratinon is abave 3 g%, snme ~f the mineral
nil appears in the seaking baths »r later in the dielysis aslu~
tinnsg, )

Differencos in the permeability ~f the membrame_ta non-
polar material are striking. 1n mne experinent, 10.0 ml gr a sat-
urated cholesternl nnlutimn in 607 ethannl was dialyzed far 45
heurs, 35“’6., aguinat 10.0 ml of 60% sthannl. .ifter dlalyels,
the salutisns and bugs were analyzed far chnlegte;nl. wThm results
are lndicated in firure 13. It is necezsary tn point nut that
these meubruines cempletely retain bavine serum a}bumin. }

The vomewhat low reenveries indicated »n firure 13 proe-
bably result from the technique used t» determine the membrene
binding capaclity. This was dene simply by cutting the bag in half
inngitudinally and putting the pleces in a 15 ml centrifu?q tube
along with 4.0 ml of chlernform. The tube was shaken far spe heur
a8 described in Chupter Y11 and chelasternl was detarminaﬂyin the
usual manner. In nn case was cholestersl feund external ts the
srdinary onlladien mambrane.

since the lipeprnteins weuld be precipitated by the 60%
etbannl used in the fnrrementisned experiments, nther dialysig Gy 8-

tems had t» be used. In sne group nf experiments the lipnproteins
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LIPIDE PERMEABILITY OF CNLINDINN MEMBRANES
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I-~internal aalution, M~+*membrane bag, E--ext rnal solution. The
recoveries for cholestersl were 1) 83% 2) 69%  3) 4) 59%
Dialysis was carried out against 80% ethanol for 45 hours at 259C,
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were dialyzed ujainst phosphate vuffer, pH 7.8, 0.02 H. Annther
dislysis system was the sute phesphate buffer cnstaining 104 ethe
annl, Thi& gives « fipal ethunel coaeenhrﬁt;nn nf 5% when dlaly-
zed agaln.t an equal vnlume of lipeprotein sslutisn, In the 1&3:
sroup nf experiments, the 1ipnpr?tﬁina were @ialyzed arainst a sals
utien cnmprsed of 10 mpd eadiunm rleate in phasphate buffer, pH 7,5/
0.02 M, This system i1s capable of forming stab;e micelleg with
ohnlestersl (86). The ratinnele behid the use nf sedium nleate
was that 1t weauld serve to stabllize any chalesternl pausing thr-
nurh the membrane; the gl@&te vienld act ip u mmnnerﬂaigilgr t~ the
ethannl used in the secnnd systen. The enncentratinn nf alsgta
was calculated to be well in excess »f that which oeuld be teund
tn the lipnproteins. o ]

The 1n1t1a} expariments 1nd£cgted that n» chnlogtnrul
waa present ln the aelutimng external to the me@branq. However
thess determinations were done by the cholssternl procedure }
which has been discussed earlier (see Chapter II1). This method
will not deteoct quantities much less than 100 miersgrams of chol-
esternl or cholesterol esters.

- -

In arﬂar towinareaaa tpe senaihivitywaf the chnlesternl
test, a paper chromategraphic procedure was chosen (39). Al
tﬁnug§ it was not pasaiyle to degormina the astual amnunt ag chale
esternl present, the prncadure would detect quantities as lew
as 20 miorograms. The prgoedure was ag rgllmwa: Whntmgn aug

paper is first dipped ints a 10% mineral nil in ether snlutisn
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(viv)., The ether 1is allowed tn evaporate and the unknown samp~-
les are applied. The chromatograms are developsd in a ggqvantian«
al doacugding manner with a system of aca?ia qoia:ahlnrcgar@x
mineral oil, Lsa:vu:aa, ?:Vz?. Choleastersl containing sompounds
are detected with phosphotungstic acid (ses Chapter IIX). Chsle-
s&grnl has an R, of about 0.63 and chnlesternl esters have an He
around 0.10, ] o

The d%alya%a qxpgriments were carried nut as fnllows:
1) The mineral oil eollndion membranes were prepared. 2) 1.0 ml
nf the lipsproteins was aialyzad agaxnst 1.0 ml af the respective
system., &) After dialysis sslutinns external to the membranes
and the membranes were extracted with 4.0 ml of chloraform for
ene hsure The chloreform extract was collected, taken to dry-
ness and re-dissolved in 0.20 ml of chloroform, 4) The eoncen-
trated chloroform extract was chramatographed as desoribed earl~
ler. _

The results of one seriez »f experiments are presented
in table VII. No cholesternl could be detected in the snlutions
external to the cholesterol permeable meubrane, The lipnprotein
fractions centalned about 2 mg of oholestersl compounds sn that
if only 1% disasnciation took place it would have been deteoted.
Gome chnlestersl was found assnciated with the membranes when
the sodium aleatc*phnnphate burtor system was used. OSince thia
cholesternl did net paas through the dialysis sack, it can pro~
bably be attributed tn adssrptisn by the membrane nf intact lipe=




TABLE VII

DIALYGIS NF LIPAPROTEINS CNTAINED
IN CHNLESTERNL PFEREEABLE MEMBRANES

CHNLESTERNL & CHNALESTERNL BSTERS®

Lipsrrotein ~ Dislysis system Membrang bag™ External sslution

1) Beta lipoprotein Fhnasphate buffer, pHE 7.5, - -
o 0.02 &, 90 hnurs none detectable nene dstectable
2) Alphs lipoprotein As Fart 1, none detectable none detectable

3) Beta lipeprotein Frhosphate buffer, pH 7e5,
0.02 E, eontaining 10% - -
ethanol, 80 hours none detectable nene detectabls

4) Beta liporrotein Fhosphate buffer, pH 7.5
0.02 &, containing 10 mg -
sodiur nleats, 115 hours rresent hone detectable

5) alpha lipeprotein As part 4. pressnt neone detectsble

A determined by the paper chromatographle procedure described in the texs.

** Chnlestersl permesable mineral=nil-~celledisn membranes.
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protein molecules, The surface nf the callndinnﬂminera} nil
membrane may have been altered by the relatively high concentrae
tien nf soadium nleate present. 0 4 )

fne explanatisn for the absence nf cholesternl in the
extra~dlalyzate ia that the lipagroaeinﬁeh@lasterql_1ntaraeuion
is lrreversible. Juch intersotions are thought ts necour in var-
ious artificial ¢olloid systems (40). kxchange of lipide between
dipeprateins most probably occurs by some sort of @ntsgaetian be~
tween the lipaproteins. The collision complex theory of Gurd (z2)
has already been discussed (See Chapter II). 1t is necessary to
keep in mind that the term "irreversible" is nnt used in a strict
tharmgaynamia sense. The 11pqprataia~}1pidq interaction may be
destreyed by extraction with erganic sglventa. An example sf
this wasz the one minugn ether extraotinns Qouerzboa in thg pro~
vinuq chapter. Data sbtained by nrganic smlvaqt ax?raotigns
cannot be used to culagi&hg bi@ding gnerﬁiea f@tﬁﬁ'ﬂ reasons.
Pirat of all, the use nf nean=pslar snlvents ig con junetinn with
aquenus lipspratein malueinga rspresents a twn phase system, This
obscures any equilibrium processes which may exist, ‘%Qenndly,‘
the srganic sslvent must alter the native structure »f thcwlipgm
protein., If then equilibrium data could be sbtained, 1t weuld
not be ralavaﬁh tn the native lipspretein,




CHAFTER VI
CORCLUSINGS

The rragmantatian ar yratsxns by protealytic onzymes
ollaweﬁ by ecareful examinatian of the resulting peptides has

lead tn the elucldatinn f the structure of ribnnuale&agt ﬂtgar
workers are using similar techniques tn study a variety of proe-
teins._ Tpe st?dy‘presantaa in this diasertatian_ahmws hha§ the
reacting of gratealytic enzymes with*bat& lipopratein is somewhat
different from that with srdinary proteins. iince practically
nething is known absut the nature »f the interactinn between
protein and lipide in serum lipnprbtgina, the effects of protenly~
8ls sffer some interesting insights on the struocture of the beta
lipnprotein. _‘ , o | -

The eourse nf the protenlytic reactisn of beta 1ipnp§n~
tg&na as ovidenced by this study is presented in r§gure ;4. Py
contrast, a simplified dlagram »f the protequgia of an ardinary
protelin is presented, in figure 14, the proteclytic enzymes are
indicated by the symbol & It is apparent that the prnducts of
the reactinn will in each case depend nn the spaoigia enzyme
which i8 uasd*_ This results fr-m the agacificiﬁy nf the prates-
lytie enzyme for a partlcular series of peptide bonds.

During %he pratenlysis »f a prﬂtein, the number L3 4

reptide fragments formed depends mainly on the number of peptide
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bonds in the protein which may be specifically nyarnlgzad by the
enzyme chosen (Rx I, rigure 14). However the number of peptide
bnnds which are breken alsn depends an the exposure »f the enzyme
sagaitiva papt@da linkage tn the enzyme. This is why "denatured”
proteins are mors sensitive to proteolysis than "undenatured”
proteins, For this reason alss the protenlytic reaction may pro~
oeaduvia a series et*rsﬁetiéna {See Rx 11 & VI, r§gura L@la wﬂraak~
ing of ane peptide bond in a proteln may then expose 1§ nhe »f
the frggman§s an enzyme sensitive peptide bend, Frntao%ysis pay
therefare onntinue on the initial frugments which are formed.

For 3ingle ochain prnta%n @alaauiaa, the number of protein frag-
ments formed during protenlysis will be one greater than the num-
bsr »f peptide benda that have been brnkga, Hboezaarg axeeptinng
mist be made when egalia areas »f the prgteig are invnlved, Tgia
refers to portinns of a protein which are orosa-linked with, far
exanple, disulfide bridges, L 5
| W' It would appear from this study that the protenlysis of
lgpgyrntaias differs a%gnitioantly Trom that nt @?ﬂigarw protelns,
Isnngraphical studies of the reaction of beta lipoprotein with
prateolytic enzymes seem te indioate that no protein fragments
are released during prateolysis {Rx 111, figure 14)» Because

of thia‘ra?a, meh effort was directed to establish the polint
that pgotealqaia was oceurring. That definite chances ;n the
lipopretein soocur during treatment with trypsin or chymetrypsin
was evident from the data presented in Chapter IV, It can be
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sumnarized as follows: -l) Increases in the amnunt »f TCA aalnblg
peptide mtorial (TCA soluble tyrosine) securred during ineubatinn
with the proteolytic enzysies 2) Tartial extractinn of lipide
enmpohapnts of the lipaprn§ain was fqeilitated by t?o enzyme treate
ment. wa) The altoreﬁvligoprmtoia Tormed during prateslysis was
much more sensitive to heat than the native material, This was
detected by the enalescence which scourred in the turbidemetrie
studles at elevated temperatures, _ o

/ Pgnﬁoin fragments formed during yrntqelyaia'ara re~
1eas§é following TCA precipitatinn. This 18 not diffioult te
ratienalize. During the TC4 precipitatinn, the native structure
of ths lipapretein is é?mat;eally altered, Any weekly bound frag=
nents mruaufgieiantly low @alacnlar welcht would bde relcased, Ale
though ng& ganalnsgvely shown, 1t seems tgah 3van*tha untrested
beta lipopretein enntainsd small amounts of lew mnlaeularvwagght
peptide ma§0r1a1 which was weakly bound te» the native lipspretein.
Evidence for this suggeatinn has alreg&y been discussed,

] The partial liplde extractinn studies, while serving

tn establish the fact thgt protanlysis uas‘accurrring, were de=
slgned with another purpose in miqd. e s?jageiva was to datgrw
mine what'atraeh the structural cnnfigurgtznn at tga protein mo-
iety has on the lipide blnding capacity of t@s livapratein. A
limited number of investigatinns sn the faoctors which influence
the lipide~preotein interactiss in lipaprgkeina have already been
disoussed (See Chapters I and II), The erganis solvents employed




these studles may have twni nlﬁ effects. The nen-polar snlvent
in nne instance serves to "pull® the lipide from the pratein.
Frnbayly seeurring simultanesusly with the 1§pide remnval are 5
the oaufigu:agignal changes in the proteln mniety rasulting fran
the presence nf the organic asnlveat. Hawaver the sffeot which
have been demonstrated ts ncour during praneolyﬁia enuld snly

be modiated by changes in the protein mniety. )

The partial lipide extractinn studies pninh tn tha Pact
that the lipaprntein protein serves ts shield the linlde fram
the aquenus envirenment in a rather specific manner. oSince lit-
tlg o no geytiﬁe magerial is lost followlng proteolysis, the
amount »f protein around the lipide "eore” remains essentially
constant. On the nther hand, it has been shown that is is much
easier Lo extract the lipide from the }1pgprmtaig fnllewing pro=
tenlysis, Furtharmﬁra, the new lipnprotein ls onnsiderably more
sensitive tn heat coalescence. |

) what fallows is E: aupgeated explanatian nf the changes
which acour during the prntenlysis of bata lipayrntaig. The first
step i3 the hraakgng LY o aﬂl&miﬁed number of peptide bonds. Cer~
tainly meat, if not all, of the pgntain raterial remains withuﬁhu
altered lipnprotein. The nature »f the new material depends on
the specific pr@teolytie enzyme which has been uaed, Hh?aver,
this new lipoprotein unless sudbjected to unusual e~nditions
(heat, TCA precipitating, etc. ) is almest as stable as ite native

precursar; no precipitation or cnulescence of the lipide ncocurs,
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It is suggested then that the lipide 18 naw covered with an
increased number nf prntein »r peptide chains. The reptide chains
have 1esg restrictions as tn thelr locatisn nn the periphery
af the @glecu}e* Upon heating, fnr example, the peptide againa
of these peptide fragments during thelr relseatisn may interact
with sther peptlde chains preventing furthsr movement. In any
case, 1t‘wmulﬁ seam that areas of 1&piﬁe_enntained in the lipn=
proteln becnme more exposed to the environment. Thus when the
lipsprotein is heated Tollowing prutealyaia, enalescence moours;
aim;la?ly liplﬁa sxtraction is tanil&&ata@; The faet that the
l&paprntains formed by the aagian of ehyma@rypa%n iz much more
sensitive to heat than that formed by trypsin weuld saem to in=
Qiaabs that the em;anh gr :alaeatiﬁn a; prmte;n raterial dapegda
on tha‘aumbgr gr‘lmaa51@n of peptide bonds broken, It was shewn
that the amsunt of peptide material liberated by TCa pragipitamw
tion and after haating was alight%y greater in the case »f chymn-
trypsin as compared tn tryptie‘prﬁtaalya&ag ) )

The dirricglt%aa encountered in the attempts tn isn-
@ate liride~tree lipoproteln are nnt surprising. In the case
of the untreated beta llpeprnteins this serves to emphasize the
stabilizing influence nf the lipide »nn the pratein strueture.
Failure %o lanlate definite protein fragnents after treutment
with proteslytlec enzymes is a little mare disturbing, However
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it bears nut the limited extent »f proteslysis which has scour-

rad on the native bets lipoprotein.
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) Prnhaolyais »f sliwople protelns as camparad tn beta
lipnprntains has been discussed. The effact »f chymstrypsin and
trypsin »n serum beta lipnprwea;n hag been studled. The results
indicate that anly a limited ameunt »f Qra?sglysis eocurrgd.

?hig was illusbrateq by the ﬂeﬁmrminat@aq of the release oL trie
ehlar@aegtig aoid aglu?le peptides. Ionographic stuﬁ%es of the
beta ;ipﬂpr@taia-prnbealytlc enzymne mixtures seemed to show that
neo pretein fragnents are releassd simply by protenlysis,

In srder ts demnnstrate the 1mpartanae of the intaoct
prmtain mnniety to the stability »f the 11ynprntain, twn new tech=
nlques were intraduced. fartial lipide extraction studies,
parﬁian@arly in regerenea to ahuleﬁtayol, were dnne. Although
variatinns in the one minute extractiens did mocur, this technique
was very resproducible with any one beta lipoprotein preparati~n.
Faetgra influencing the partial extractinns have been dimauaa?ﬁ.
¥uplsying this technique siggiriaanz changes inwtga tenaclity of
lipide binding by the l%ﬁnprntgins were shnwn tn ngeur during
treatment with trypsin”nr ?hqutrypai§. Annther cecgnigne was
to determine the rate »f cnulesccnee nf the beta lipnprngeig
upon’heatingt %gain, aignif;eunt alteratinng 1nv3hs Jipopretein
folliowing prmtEﬁlgags were found. A mechanism far the effects
noted has been @rapasaa.“

- -

Attempts tn iselate liplde~free beta lipaprnteln have
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been made. althnugh these attenpts were largely unsuecessful
some information regarding pnssible apprnaches te the lselation
nt lipoproteln proteln was wbtwimsﬁ.

A 8lightly diii’arem appmueh to the .st,udy af the 3.13;»--
idenﬁr»hain interaction in lipsproteins was also made. 1in this
work, & dialysis membrane which 1z readily permeable tn liplde
wat onostrieted, Studles of serum lipnpr?teina in ennjunetinn
with the liplde psrmeubla membrane seei tn beur sut tha‘irr$76r~
sible character of the lipide~protein intersction even in parti-

elly non-polar environmenta.
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1)

8)

3)

4)
5)

6)

7)

8)
9)

10) Trypsin, 2% orystallized, salt free, lot # TRSF 771, dorthing=

APFENDIX I
MATERIALS AND METHNDS

ABLE VIII
LIST NF CHEMICALS

Albumin, orystalline bovine serum, lot # 684, 99% pure, mobi-
lity ~7.0 (am/sec/v/em), Armour & Co., Chicage, Illineois.
Benzoyl~l=arginine ethyl estexr HCl, lotwﬁ 62215, ehrnmatograph~
ically pigm, Mann Research lab., New York 6, New York. )
Bramophenol blue, lot # 341373, lathesen Co., East Rutherfnnd,
Hm J ersey. ) )
Cholestersl, lot # 5177, Matheson Co. i
Chymotrypsin, alphs, 3X crystaliized, lot # 700~706, Worthing~
ton Eioehemingl Corp., Freshonld, ffaw Jersey. -
Neacetyl~L-tyrnsine ethyl ester, lot # 01338, M.F, 78«79°C,
Kann Research lab. } o 3
Ninhydrin (1,2,3-lndantrione monohydrate), lnt 363203,
Mathesnn Cn. - L
Fentane, purified by permanganate, B.F. a§~3a°¢, iatheann Cn.
Tris (tris hydrnxymethyl amine methane) lot # B7-84, Frimary
stendard, Sigma Chemlcal Co., St. louls, kilssouri,

-

ton Binchemical Coarp.
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TABLE IX

PREPARATIMN NF BUFFERS

- - - -

1) Phesphate bgggsr: To obtain a pH of 7.5, disenlve 1.840 g of
NaHoP0,*Hy" and 9,11 g of Na Hifn, in four liters »f water®,
This gives a melarity of 0.08. For a o,osV& burfer, maltiply
the gndicatcd‘qnnntitisslar Phnsphate esmpounds by 2.5 and
dissolve in four liters of water.

-

2) Iris buffer: Ts obtain a pH of 7.5, dissnlve 9.68 g of Tris
Saaa table VI;I)Ain three liters nf water, ﬁﬁd abnut 60 ml
of 1 N KC1, to p 7.5. Dilute to four liters. This buffer
is 0,02 ¥ in ragpact»ta Tris. T» obtain a 0.05 & dbuffer,
mnleiplg bheNamaunt of Tris by 2.5 and diaan;va it in faur
liters of water.

- - -

3) Bagliturete buffer: To obtain a pH of 8.6, 2.797 g of versnal
and 20,6 g of sodium ve;nnal are diasglrad in sane liter »f
water. This gives an isnic strength nf O,1.

-

*The water used in the preparation sf buffers was re~distilled
from an all-glass apparatus,
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TABLE X
ULTRACENTRIFUGAL TECHNIQUES

1) Stogk salt snlutions: The solutions of various densities were
prepared as rall?wa: A stock sglﬁ §a1utign ?r density l.346 was
prepared by giaaglvin@ 153.0 g §r sodium chloride and 354.0 g of
potassium bromide in one liter of water, This snlutinn was ox~
traocted with a saturated snlution of &ith%zcnaV(aiphenylthiocarb-
azone) in oarbon tetrachleride in order to remnve heavy metal
ions. The stock salt solutinn was then extracted five times with
a total grvﬁoo.ml of egr%on tet?aahlsride. Tracgs nfdtha“carhan
tetrachlaride were remnved by yailing the salt sslutinn for thir-
ty ﬁinntan‘d 301nﬁ1@n§ of various dgnaities were prepared by dllu-
ting the oatock salt solution with doubly distilled water. Densi-
ties were determined with a westphml Balance, Checks were made
by using either a five or ten gillilitcrwapsciric gravity bottle.

3: To the lustersid ultra-
centrifuge tubes were added 2.0 ml of the salt solution of den~
a@ty 19346 and 10,0 ml of serum, & procedure which results in a
solution having a flnal density of 1.063 (33). The tubes were
then filled with a solutlon of density 1.063. After centrifuga-
ion gor about eighteen hours at 40,000 RPN, tha$anmhin§d chyloe
&iergna,uqd beta lipnprotseina fractisns r§mat tn thé tap. The
a%ph§ 1igaprgta§ns and the ~ther serum proteins remain in the
battnm portisn of the tube. The 1gfra§a%ant was édjusted to a
density of 1.210 by adding l.12 g of potassium bromide and 0.15 ml




) ‘ lo8

of glass dlstilled water for every 4.50 ml of infranatant. Ultra-
aentrirugntlag was repeated for aigh&eag hours at éﬁ,qeelnﬁm and
the alpha lipsprntein fraetisn which flsated ts the top was cale
lected, o o ) )

3) % “;eggratigg‘gg'“gg” ; telns: To 10.0 =zl of serum in the
Lustarmid ultracentriruge tubes was added 2.0 ml of 1.085 density
sult salutisn. This gives a final density »f 1,019. After the
tubes were caypad and rillod with a aalt solutian af density 1.019#
they were centriruged Tor elghteen haurs at 40,000 R, The iipn=
protelns of density less than 1,019 which flmated ta thewtnp were
removed. Tn 9.0 ml of the infranatant was added 3.0 ml nf a

galt snlutinn nf density 1,196, This results in a final q«nsi§y
of 1.063. The tubes were cupped and filled with a salt selutian
of density 1,063, after again centrifuging for absut aightgon*
hours at 40,000 RFk, the beta lip~preteins flsated tn the top of
the tubes and were removed.

4} Ogllgggigg of . Iragtions: ifter ultracanﬁrifuga@inn,

the tubes vwere carefully ramnved fram the ulxrgcantrirnga ratar,

The lipnprntsina appeared as a distinet layer nn ?he top of the
salt solutinns, The tube was sliced directly belsw the super-
natant lipnpretelin enncentrate by means of & tube slicer (Beokman
Inatrumagts Inc., Spinen in;aian, Belmnnt, Calif,), The tube
sliear canaiaaa'qf & series of plastie and rubbe: riqga. whieh
hald the lusternid tube firmly in blace, and 8 hearizental knife
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blades The bdlade is forced rapldly thraugh the Luster~1d tubde
direetly belsw the supernatant lipspreteins, The blade mmaias%
in plaes until the flaated lipapratsing are rec~ved by suspiratisn

with a ayringe.




AFFENDIX I
AHALYTICAL PROCEDURES

mtg&n analysis oL 5
The biuret reagent was prepared as followa: 0.640 g nr

anhydrnua CuSfyg and 3.0 g of KNaCgHy"g*4Hp" is dissnlved in abnut
500 ml of water. Tn this was added 300 ml of 10 NafH and the snl-
ution was diluted %o one liter. hen this anlution is added to
protein solutions, & violet colsar results.

; e (1.0} ml of the cnlor reagent wes added tn the un-
known or standard cnntﬁinad in 9.0 ml at phnsphaﬁe buffer, pH 7.5
after mixing, the conlor was allowed te develop for thirty minutes
and then determined in a Elett onlorimeter using & # 54 fithr.
Crystalline bevine serum albunin (sea tadble VIII) was used tn
prepars the standard ourve illustruted in figure 15, The albu-
min standard was prepared fresh every twn weeks. wauandarﬁs were
a;Wgya run simuitaneosusly with the unknown lgpnprnteing. The
colar raagont was prepared fresh every twn manths a}thnugh it
appears tn be stable indefinitely., The data ussd tn prepare
figure 15 is presented in table Xi.

Chalesternl analysis

The reagent used tn produce the conlnr was prepared by

-

mixing 20 ml of ucetic anhydride with 1.5 ml of c~ncentrated sule
furic acid. 4ll glassware used in preparing this selutien shsuld
110
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Figure 158
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TABLE X1
PRAMTEIN BIURET REACQTINN

Klett reading alatt reading
ag albumin _ 84 fiiter og albumin _j54 filter

0 40 8 51
2 71 10 187
4 - 99 12 232
6 130 16 273

20 327

TaBLE X111

SUBHRY AND WEBS CHNLASTIRNML DEPERSINATION

sg_oholesterol ye3 filter'  me oholesteml Jes filter
G000 35 0378 180
0,125 65 0.500 145
0,135 65 0.500 148
042850 95 0.635 170
0,850 92 0.825 iés

0.375 123




Lo
be free of even traces »f water. The acetic anhydride should be
sbtained from a freshly opened dattle. The cnler reagent can ]
be used for abnut twenty-four hnurs, but the blank increases slawe
iy during this tinme. ” o ” )

4 standard ocurve for the determinatinn of ohnlesterol is
presented in figgra 15 and the data reocorded in table LIi. Jinoce
the cnlnr reaction 1s very scnsitive tn changes in the acetic an~
hydride reagent, standards were run with every analysis,

The solutings used tm”preparavtha standard curve were made
by éil&§1ng a stnck snlutlion of ehnlastgral @ith gnlnrafnrmf
Frior to praparatinu ﬁfwth? stanﬂardgstaeg anlutian. the ch?lasw
ternl was gnrﬂ@ie& as follows: 10 g of c@ales§arnl was dispnlved
in 115 ml of bolling 95§ athgn~l, The snlutisn was then filtered
and conled slowly about 5%C, The white orystals of chnlesternl
which formed wers removed by filtratinn threugh whatman # 42 fil-
ter paper. The ra~eryatal;ized’ahmlaaterol was dried in a vacuum
dealoator. The standard selution was prepared fresh every 2-3
wegka. Althnngh it was very stable, gradual less sf chlngnrgrm
alters the osncentration; for this reasnn, the chnlesternl stand-
urd was stored in the ref%igerntar. ) ) o

~ The procedurs or analygla nf the unknawns 18 as fallaws
0+20 ml nf the lipoprotein salnﬁiag was first mixed with 0.10¢m1
nf 95% ethannl in a 15 ml glass stoppered centrifuge tube, Four
mil}i%i?ara (4.0) or 107 Hgs0, is added, fnllowed by 4.0 ml of

chloreform. The tubes are then shuken far sne heur in a Frecisinn
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Figure 16
STARDARD CURVE PNR CHNLGSTER™SL ANALYL1SE
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Selentific Qg, Shaker., The miziture wag csntrifuzed Tor abnsut five
minutes and the aquesus layer and protein butten at the interface
were remnved by aspiratinn. Three (3.0) ml nf the chloreform ex-
tract was pilpetted intn a Klett enlorimeter tube and 1.0 ml ng
chlarnfnrm and 1.0 ol »~f the enlor reusent werse added. The s~lu-
tions were carefully mixzed und the enlor was determined after ex~

actly thirty minutes with a klett colarimeter usineg a ;7868 filter,

Ihosphnlipide gnalysis

Fhospholiplde analysls may be divided inte three stepss 1)
The extractisn of phesphnlipide. 2) Digestinn of nrganic phngphn«
us %n innrganic phnsphate. &) Detemminuting of inerpganic phose
phate. . standard curve for the analysis of phoaphate is illus-
trated in igure 17 end the enrresponding data is presented in
table X111,

TABLE XIil
INARCANIC THOUIBATE DETEEEINATINN

K%@tt reading Klett reading

66_rilt micromnles ¥n, jeg rilter
0400 3 0.70 160
0,10 24 0.80 183
0420 47 0,90 202
0430 72 1,00 226
0.40 94 1.10 242
0450 113 1.20 260

0.60 140 1,30 293
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¥Yigure 17

STARDARD CURVE FAR PENSFHATE ANALYSIS
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ﬁi}ligra&s nf phospholipides are obtained when milligrams »f phnao=~
Phorus are multipliad by &5. ) ﬂ o
~ The procedure for gnalygiﬂ af the unknnwns is as ?nllaws:

0.05 ml »f the lipoprotgin soldutinon was placed in a 10 mI'anumat~
ric flask aleng with abesut 8 nl »f Blosr's ?eagant»§&3h§§m1:aaew
tnne, 3:1, v:v). This mixture was heated to boiling, cnoled and
then diluted te 10 ml with the ethansliacetone snlutisn, Ths anl~
utisn was filtered through shatman Fl filter paper and a 4,0 ml
aliquot of the filtrute was remnved and glaced in a six inch test
tube. The ethanol and asetone were evaparated, and 1.0 =l »f
5 N ﬁ8304 was added. The tube was heated over & flame until char-
ring nocurs and one drop of 2 K HN"y was added tn clear the solu~
tinn., BExoess nitrio acid was remsved by heating until white fumes
appeared, If upnn canling charring regppeara,%the treatment with
pitric acld is repeuted. when digestinon was eomplete, 1.0 ml »f
water was added und the sslutinn was hested in & bnailing water
bath far ten minutes, ) o

The phnsphate analysis waa”&nne a8 fnllowas: The standard
ar unknown was placed in a XKlett ¢nlorimeter tube. "re mil;ilitur
of 5 N sulfuric acid and »~ne milliliter »f a 25% ammrnium mrlyde
date solutinsn was added. This was followed by 0.10_m1 ~f the re-
ducing solutinn. The selution was mixeé, diluted te 10 ml and
the onlor was determined in a Alett colorimeter using a /66 filter.

The reducing reagent was first yrapamd in a pawaamd

form by mixing thoroughly 0.2 g of l«aminn~ﬁanapt&¥~4wsulfanic




. . lla -
acid, le2 g of sndium bisulfite wnd l.2 g nf sndium sulfite, Far
phosphate gaalyﬁia, 0.25 g of the pﬁWQered mix was measured with
8 small Sponn snd dissnlved in 10 nl of water. Selutiong nf the

reducing mixture were stable fnr about ane week.

Tyrosine determination _

The’standard curve fnr tyrosine determinations is illus-
trated in finurg 18 and the data 1o prga@nted in tudble XXV.M The
standard s?latinn was prepared by‘diagalving 12.3 mg of §yrnain@
in 350 ml of 1.5 & NagOhag. ~A11quata nf th@ standard tyrnsine sol-
utinn were diluted in u cnlorimeter tube in 3.0 ml wlth 1.5 M
NagChg. fne (1,0) ml of the Folin Clncalteu reagent was then add-
ed and the resulting cnler was determined after twenty minutes in
a Klett cnlerimeter equiprped with & #60 rllter

TABLE XIV
TYRMOIRYE DETERMINATION

D tzrﬁﬁine Kéggtf§§g§§ng BE txxéain Véggtgigﬁzéng
0,000 17 0.040 368
0,010 85 0.045 414
02015 133 0,080 459
0.080 179 0,080 569
0,085 288 0.070 865
0,030 266 0.080 790

0.083 316
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The ﬁriehl;rnacqtig acld snluble tyrmsine froa Iipgprq*
teins was detgrﬂiaed as Tallaws: To 2,0 1l af an anzyneflipopro*
tein incubatinn mixture in a 15 nl centrifuge tube was added 1.0
ml of 10% trichlaroacetic acid. The tube was centrifuged for ten
minutes at full speed in a clinical centrifuce. This procedure
usually remnves the prscipitate. ‘When small particles »f the lipns
protein did nnt saéimeut to the bntten: of the tube, the supernate
ant was poured 1nenwa elean tube and re-centrifuged far ten mine
utes. Mne(l.0) ml of the olear supernatant (TCA soluble) was
removed and placed in a Klett aalspimetcr tube alrog with 2.0 ml
of l.B K ﬁagsﬁa. Finally, 1.9 g& of the Folin Clacalteu reegent
wag added and the resulting color was determined after twenty
minutes in a Klett colorimeter equipped with a #60 filger.

=

) ?h« Felin Cincalteu reagent was p;spared as fﬂllﬁ'ﬂi

350 g of saaiu@,aunguhagc, 63 g of sedium mnlybdate, 1?50 nl »f
water, 105 ml »f phosphorie acid (85%) and 250 ml of concentrated
hydrachloric acid was placed inte & three liter glask fitted with
auhoatgng mantle and a gtandax@ tapered roflu;vcandsnsar. ?ha
sslutisn was refluxed fnr 10 hours and then osnled. 375 g of _
lithiim sulfate and 1.3 ml of bromine was added and the sslutien
was bailed until mnn more bramine was liberated (absut 20 minutes).

It was then eonled and dlluted tn 2.5 liters with water.

| The activity of chymotrypsin solutinns was determined as
follows: 3.0 ml of 0,000285 ki K~acetyl-i~tyrosine sthyl ester




) ) ” izl

{ ATEE) was pipetted intn each of two Beckman silica cells, wTh%au
was ullowed to equilibrate t» 30°C in the Beckman DU Speetraphate-
meter. To one cell, which is t» be the blank, was added 20 lambe
dag of Q.OO% N HCl. The optical denaity(acale was adjusted wigh
the blank ta read 0.200 at 237 millimiernns, Then 20 lambdas nf
the enzyme, disselved in 0,001 N HCl and previsusly equilivbrated
to 307°C, was added tn the other cell. The optical density was de-
termined every 30 secrnds Inr abaut six minutes. A unit“nr agti~
vity is that which causes a decrease in aptical density of 0.001
units per minute under the specified eanditinns. )

The prnacedure far trypsin assay was the same as th@t far
chymstrypsin with a few exceptinns, Instead nf ATHE, Nﬁbenmny@ﬂ
5} is used (0.00025 ﬁ)f The spectm=-

l-~arginine ethyl ester (Bai
Photometer set at 253 millimlernns was ad justed to raadwze;u nn
the npyieal density scale with tnn:blank. After audditisn of try-
Psin tn the BAEE, the incregae in apticul density was determined
at regular intervals far abaut s%x minutes. A trypsin unit was
that aetivity causing u rise 1n'o§tical density »~f 0.001 per min-
ute under the specified cnnditinas. The buffer used in the assay
Wa8 the same as that which was t~ be used fnr lipsapratein pratese
lysis.

The results ~f a typleal assay are illustrated in fig=-
ure 18 and the data is presented in table XV, JActivities are cal-
culated from the slope nf the linear portisns nf the curve. In

[ 3
the examples presented in figure 19, the ea%ylatad aotivities were!
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ASSAY OF CHYMOTRYISIN AND TRYPSIN




TABLE XV
AGSAY NF CHYLOTHIPSIN ABD TRYPSIN®

Iime-minutes ﬁgeggggyggggz§§i§37 gy Optleal §:§§Z§§ﬁz§g oy
1.0 0.169 0.028
1.5 0.146 0.048
2.0 0.127 0,083
2,8 0.104 0.07¢
340 0.087 0.09¢
3.8 0.088 0.110
4.0 0.054 0.126
4.5 0.038 0,144
5.0 0.0235 0.157
5,5 0.014 0.173
6,0 0,184

*In phasphate buffer, 0.05 M, pH 7.5




trypsin~1630 units/mli and chymetrypsin-2050 units/ml.

Codox develspment of ionoprams und chromavogrums )

The ninhydrin spray far detectlsn ~f amine acids and proteins
was prepared by disselving 0.20 ¢ »f ninhydrin in 954 butannl con=
taining 5% 2 N acetic acld, The dried paper strip, fellowing
cehromategraphy nr ionngraphy, was sprayed with this reagent and
placed in an oven at 110%C, Calor develops after 10-20 minutes.
Feptide material appears as apats of varinus ahadsg af v%mlet.
Prnt§1n was detected by staining with yromphenal blue,
Wiha ataining gnlutinn contains O.l ;7 AT bremphenol blue and 10 g
nf HgCly disasnlved in 100 mi »f 95% ethansl, The dry paper strips
[vere immersed Iin the stain fnr five minutgs. Bgokg:mund enlar was
remnved by washlng in running tap @ater far ahnutveiggt minutes,

yrnsain materlal appears as dblue tn blue-green spats an & white
backgrﬁnnﬂ ) ] )
Because lipaprntaia& esntain larpe ammunts af chnlesterw
Lal, thay may be detected by chnlesternl sensitive sprays. Thia
twu acoomplished by spraying the paper strips with a 10% sm~lutinn
%f Phosphotungstic acid in ethansl. Tha_atripa(ware‘than Placed
in an aven at 110%°C far 1-2 minutes. Cholesternl spnts appeared
pink on a white backgrsund. I1f the chramatagram was heated_rar
langer thun two minutes, the whﬂ;a Paper beenrmes a blackebrawn

Tnlar and interpretutinn was impnsaible.




AFPENDIX 11X
EXPERIMANTAL RESULTS

TABLE XVI
BFYECT NF CHYRMTHYFGIN OR CRRUM LIFAPROTELNS

Incubatisn T
time mg TCA aalubli - -
minutes tyresine X 10 amposition
Fart A {See figure 2, I1I) 3
0 0,00 Carried onut in 2,0 ml
Phnsphate buffeyr, pH 7.5,
15 0,78 0,08 ¥, Temperaturé was
30?C. 0,10 mg shymotrype
30 0490 sin, f.33 msagetn lipa=-
reteln preotein.
60 1.23 d P '

Fart B (See rigure 2, II1I)

-

0 04,00 A8 above. Density frac-
. tion less than-1.019,

15 C.57 1.80 ?ﬁ »f lipapretein

50 0.80 protein,

60 1.02

Fart ¢ (See figure 3, IV)

0 0.00 AS Tart A, B.82 mg ~

18 0.00 alpha lipspretein protein
30 0.00

60 0.00

128




Incubatinn
time
minutes

o
L
0
15
21
30

TABLE XVI (CNT'D)

mg TCA selubl
tyrosine X 10°

Fart D (See figure 2, I)

0.00
2,10
3,88
3430
3.80
3.90

1z6

A8 rart A, “Approximately
5 mg of hemngledin was
present.




127
TABLE XVII
TR ENLYCIS NF BETA LIVNFROTEIN

Inoubatinn ’
time ng TCA sealudle - -
minutes tyrosine X 102 Compesition
Part A (See figure 3, I) 3 3
0 0.00 Volume~2.0 ml, Fhosphate
buﬁﬂr' pH ?15% .02 .
15 ; 0.53 Temparature=-30°C,
0.05 mg ehymotrypsin, 610
30 0,83 units. Beta 11pﬁprn§ain-
45 1.07 chnlesternl. ’
60 l.18 | |
rart B ‘
0 0.00 &gylﬁ Partig gxcapt
chymotrypain~0,05 mg
20 0.47 880 units, '
40 0.83
60 1,22
Fart C
0 0.00 A8 in Part A excapt
chymntrypsin-0.10 mg, -
15 0,45 1530 units. Bata lipa-
protein-2.44 mg pratein,
30 0.77 2,32 mg chelesternl,
4% 1.21
60 1.28

80 1.89




inoubation
tins
minutes

Part D
0
13
30
45
60

TABLE XVII (CONT'D)

mg TCA snlubdbl
tyrosine X 193

0.00
0.20
0.30
.38
.48

Fart B {(Sea figure 3, 11)

0
15
30
45
a0
20

0.00
0.43
0.68
J.86
1.15
1.60

- - ~

Ggggnaigggg

-

Volume~1.0 ml, Thasphate
buffer, pB 7.5, V.08 M,
Trypsine0,10 mg, 1130
unlts. 3Seta lipaprotein-
1.22 mg protein, 0.93 mg
cholestarnl,

As Fart D efcept

beta lipoprotein-0,99 ng
protéin, 0.77 mg chnle-
sternl.
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TABLx XVIIX
EFFECT NF FREEZIRNG NN THE TINTENLYSIS AP EET . LIFAYRATEINS

-

Ineubatinn )
time mg TCA salubl RS -
mimates tyresine £ 10 Compnsition
Part A-Untreated (See figure 4, 11) i }
0 0400 Volume=2,0 ml. Yhesphate
- buffer, pH ?.5& 0.02 U,
135 0.07 g§mparatura~30 c.
yustrypsine0,10 me, -
30 0,12 1500 units. B;ta I1§a~
Totein~1.85 ng pratein,
48 0485 1,35 mg cholesternl,

80 0.34

Fart B~Frozen~-thawed (SKEE fipure 4, I)

-

0 0.00 Aa abnve,
16 070
30 0,95
45 1.03

60 1,88




TABLE XIX
ULTRA-VIALET 51ECTRA OF BETA LIFAPROTEINS

+ave length APTICAL DENSITY

imiliimiornna Untreated Chymntryrsin Trypsin
320 0.102 0.071 0,069
318 | 0.104 0.072 0.071
516 0.107 0.074 0.073
314 0.113 0.077 0.0%7¢
312 0.117 0,081 0.079
310 0,124 0.085 0.083
308 | 0.131 0.08% 0,087
308 C.136 0.094 0,092
304 0.l42 0.101 0.098
302 0.152 0.108 0.108
300 0.164 0,118 0.114
208 0.179 C.12¢ 0.126
296 04305 0,145 9.141
204 0.236 0.167 0.162
292 0.276 0.194 0.191
290 0.314 0,219 0.214
288 ©.351 0.244 0.239
286 0.389 0.370 0.264
264 0.406 02868 0,281
282 0.420 0,296 0.291
280 0,429 0,304 0,296




wave length
millimfornns

378
276
374

a70

308 .
264

TABLE XIX (CAIT*D)
AFPICAL DANGITY

Untreated Shymotrypsin
04437 0.309
0,449 0.314
0.458 - 0.318
0,453 0.314
0,443 -~ 0.308
0.429 0.298
0.419 " 04898
0.411 0.294
0.4289 - D.206
0.441 - 0e307
0.472 04327
0.580 0.363
0.6830 044239
0.764 0,512
0.925 0.612
i.003 0.710
1.238 0,799
1.366 0.881
il.488 0,975
+e 640 1,088
1.780 l.202
1,928 1.3287
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Zrypsin
0,301
04307
0.309
0.306
0.4898
0,391
0.288
0.286
0.287
D.598
0316
04361
0.413
0.4%6
C.594
0,692
2.780
0.859
0,950
1.0064
1.181
1.313
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TABLE XIX (COHT'D)

Conditions: ‘The enzymes were inoubated with the beta lipsprotein
rar,twgnty hours &t room temperature. The eancentratgnn (29 gsta
lipoprotein was 0.186 mg/ml protein and 0.209 mg/ﬁlveha§oaterbl.
The cnncentration nf the enzymes was 0,0082 ng/nl for bath )
trypsin (1:l units) and chymotrypsin (111fun1ts). Ineubatinns
and spectral determinatinng were carried nut in a Tris buffer,

PH 7.5, 0.08 i, The Beckman DU Speotrophntnmeter was adjusted

to zere nn the optlcal density scale with the Tris duffer.




TABLE XX

PARTIAL EXTRACTION "F CHNLISTERNL AND PHENSPHNLIFIDR

-

FROM BATA LIPNFRMTEIN

Duration »f extractisn -

ute & of total extracted  Conditions
Chnlesternl~ether - -
. 1.0 ml beta lipapra-~
0.25 41.1 teig (0.931gg ml
halestern
0.50 44,9 e mlhgrntgig;
phasphate e
0475 48.8 pH 7.5, 0,02 M, ex-
1.0 50.7 tracted with 4.0 ml
Ly . sl ether Ifar ths ine
1.0 54,1 dicated times.
1.0 52.9
1.0 83.8
240 608
3.0 86,5
5.0 74.8
Fhosphslipide~chloroform -
* 1.0 ml beta lipapra=-
1.0 25,1 tain (1050 %/agl
2.0 31.0% chalestcrnl 1.08
. » ﬁl pwtg 2&3{;
* ml phnsphe p de
3.0 299 3 5Tréa buéraréxpﬁ
: * . «08 H, Lraoe
4.0 31,6 ggg"'wxgﬁ 4.@3 “ml gt'
* chlorefnrm far the
5.0 83.1 indlecated time,
8.0 6.4

*aveprage of twe determinations,

was ¢

-

The average experimental errsar




Insubation

EFFECT ~F CHYMOTRYPSIN AN FARTIAL LIFIDE EXTRAGTING
AF BETA LIFPAPRATEING |

TABLE XXI

% total chmlesteral
extracted by sther

time-minutes _in nne mipute

1.

11.

Incubation

& & 8 o

57.8
70.6
73.4
69.6

mg sholestersl (as beta

39,8
48,9
50,0
80,5
51.9

stotal phespholipide
extraocted by 05813

time=minutes in ane minute

i1l

0
15
30
45
80

30,8
38.7
3645
59.7
37.7
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Sonditinns .

Ses figure 7, #1, carried out
in phasphate duffer, pH 7.5,
0,03 M, 2.03 prﬂtﬁiﬂ 2:18
iipm—
ratein), 0.10 mg chymntrypsin
?850 units) all in 2.0 ml.
This was extracted with 4,0 ml
nf ether at the indicated timead.

-

See figure 7, #11, as abnve
sxcept: 1.997°mg protein, 2,06
mg chelasteral (as betda lips-
prateini, 0.10 mg ehymotryp-
sin ‘330 ‘matS) all in 2.0 ml.

Canditions

See Tigure 7, #111, carried
nut in Tris buffer, pH 7.5,
0.02 &, 2,15 mg prnteln, 3.36
mg chnlestersl, 2.23 mg phoge
phnlipide (as beta 1i .prabeiﬂi
0.10 mg chyrnatrypsin fgso unit)
all in 2.0 ml, 7This was ex~
tracted with 4.0 ml GHGls at
the indicated times,
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TABLE XXII
EFFACT NF TRYVSIN ON FarTlalk CHNLESTERNL BXTHACTINN
~ OF BETA LIINPRNATELN |

» | % tatal cholesternl
incubatinn  oxtracted by ether - -

kime-minutes _ in nna minute Composition .
1. o] 55.8 See fipure 8, #1, carried sut
in phesphate buffar, pH 7.5,
5 566 0.03 K, 1.19 pratein, 1,87
, mgchnlesteral (as beta lipn~
10 69.9 . .pretein), 0.05 mg tryrsin
418 units) all in 1,0 ml,
1s 71.3 This was extracted with 4.0
o ml nf ether at the indicated
20 73.9 tinmes.
30 79.6
45 78.6
60 80.0
1I. © 50.9 See fizure 8, #Il, &8 part I
except: 0.795 mg preteln,
5 69.5 0.875 mg cholestersl (as beta
| - lipspratein), 0.05 mg trypsin
30 76.1 (400 units) all in 1,0 ml.
" 48 ' 9L

- 80 79.6




TABLE AXIXX

TURBIDITY FARLATIMN BY BETA LIFAFRATEIINS
TREATED WITH TRYFSIN AND CHYMATRYISIN

Time BETA LIEAEROTEINGS & METICAL DENGITY-700 mu
painutes Untreated Shymntrypsin Irypsin

Fart A: 40™c

Fart Bi 45°C
2 0.0 0.0 0.0

8 0.0 0.0 0.0
17 0.0 0.004 0.0
33 0.0 04007 0.0
53 0.0 04010 0.0
62 0.0 0.011 0.0

Fart C: 50°C

O 0.0 0.0 0.0

8 0.0 0.0 0.0
13 0.0 0.003 0.0
17 0.0 0.004 0.0
85 0.0 0.007 0.0
34 0.0 0.012 0,0
45 0.0 0.017 0.0
58 0.0 0,022 0.0

64 0.0 0.028 0.0




TaBLE XXIII (CAHNT'D)
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BETA LIVAPRYTELING: ANPPICAL DENSITY-700mm
Trypeln

g_i‘rﬁegas | Untreated Chymotryrsin
Fart D: 55°C
1 0.0 0.0
5 040 0,003
11 0.0 0.005
18 0.0 0,031
25 0.0 0,032
30 0.0 0.038
38 040 0,043
50 0.0 0.048
59 0,0 0,082
Fart §: 50%C
1 0.0 0.0
4 040 0.0
11 0.0 0.039
14 0.0 0.048
18 0.0 0.054
23 0.0 0.062
30 0.0 0,088
36 0.0 0,074
43 0.0 0.078
51 0.0 0.0886
57 0.0 0,089

0.0
0.0
0.0
0.0

0.003
0,005

0.0

05

0.008

0.0

0.0
0.0
0.0

07

0.001
0,003
0.003

0,007

0.0
0.0
0.0

10
10
10




Selutinns:

ineubatinn

tempergture
40°C

45°C
807¢
587C
80"°C

1)

2]

3)

TC4 SALUBLE MATERIAL #ALLOWING TURSIDITY DETERMINATIANG

*Corrected Ifnr TCA present.

4Bl KXITI (CANTYD) d
All the incubation mixtures were nade up 13 phasphatd
buffer, ph 7.5, 0.05 M,
All the snlutinns cnntained l.351 mg/ml prntsin and
1.50 mg/m% cholesternl as beta lipeprotein.
In addition, nne incubatisan mixture contained 0.08
mg/ml (340 units/ml) chymntrypsin and annther con-
tuined 0‘05“mg/&1 {530 units/ml) of trypsin,
At the end of emch turbidity dstsrmigatinn, 8:9 ml
nf the incubatisn mizes were added ta 2.0 nml of 10%
trichlarnacetic acid. The precipitate was rem~vad
by centrifugatisn and anavwaa snluble material esti-
mated by determining the optiocal density at 280 ma,
~ae table LLIV,

TABLE XXIV

ﬂi"}.‘l (e ﬂ&ﬁml‘f‘f*ﬁﬁ(} mu

Untreated Cayin! trypain ory paln
V.074 0219 0.207
V083 0.220 0.207
0.094 0386 0.341
0.101 0333 0,230
04107 0360 0.3875
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The dissertatisn submitted by isenard J.
Banaszak hes bean read and appreaved by tivg mee
bers nf the fasulty »f the Striteh Schonl of

- Mediclne, leynla University.

The final cnpies have been examined by the
directsar nf the dilassertation and the signature whiaeh
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The diasertagian is therasfare accepted in
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	Loyola University Chicago
	Loyola eCommons
	1961

	The Proteolysis of Human Serum Beta Lipoproteins
	Leonard Jerome Banaszak
	Recommended Citation


	img001
	img002
	img003
	img004
	img005
	img006
	img008
	img009
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img046
	img047
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img087
	img088
	img089
	img090
	img091
	img092
	img093
	img094
	img095
	img096
	img097
	img098
	img099
	img100
	img101
	img102
	img103
	img104
	img105
	img106
	img107
	img108
	img109
	img110
	img111
	img112
	img113
	img114
	img115
	img116
	img117
	img118
	img119
	img120
	img121
	img122
	img123
	img124
	img125
	img126
	img127
	img128
	img129
	img130
	img131
	img132
	img133
	img134
	img135
	img136
	img137
	img139
	img140
	img141
	img142
	img143
	img144
	img145
	img146
	img148
	img149
	img150
	img151
	img152
	img153
	img154
	img155
	img156
	img157
	img159

