
metabolism

fntroduction

Lipoproteins are conjugates complex

of specific protein and lipids, which are

phopholipids, cholesterol, cholesterol esters,

triglycerides ( Neutral fats), fatty acids,

sterols, carotenoids and fat soluble vitamin

( A, D, E, K). They are generally distri.

buted in living matter, cell nuclei, mito-

chondria, cell rnembranes, chloroplasts,

cgg yolk, milk and in thc blood stream. (5)

Lipoproteins presented in the plasma

have large molecule, ranged from approxi.
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mately 20,000- 10,000,000 molecuiar weight

units and cootain from 40-95 7" lipid res.

pectively. They can be transferred across

the membranous boundaries of cell, and

the large molecules of them can be soluble

in water by the hydrophilic portion, such

as proteio and phospholipids, and on the

outside in contact with water, while the

hydrophobic portion, such a8 the trigly.

cerides, cholestcrol are in the interior, shcl-

tered from contact with watec molecules.

( 10, 13)
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Oncley et al found that the molccules

of lipoprotein wa8 sphericrl in shape and

185'A in diameter. Each of thcm is dif-

ferent in msny proPerties, for example'

solubility in watcr and cthanol'water mix'

tures, size and shrpe of molecules, electro'

ltatic reaction and lipid content'

Lipids of the blood Plasma in

Jaouary 1972

Composition of LipoProteins

When plasma liPids are extracted with

suitable lipid solvcnt. They can be sepa-

rsted into small groups of triglyceride,

phospholipid, and cholesterol in nearly the

same proportion. Small amount of unes.

terificd long-chain fatty acid about 5 % of

total fattv tr{6r-al plasma ar shown in'4
the table below :

'''"n 
(a)

mean range

Total lipid

Triglycerides

Total phospholiPid

Lecitb in

Cephalin

SphingomYelins

Total cholesterol

Free cholestelol (non-este ri feid )

Free fatty acids (non-esterifei<l )

l+2

zL)

360-820

80-180

123-390

50-200

5 0-130

l)-J)

10? -320
26-106

6-16

200

55

t2

means of

pholipid,

shown in

Hillyard & others (1955J studied the human serum lipoproteins bv

Ultracentrifugation, and analyzed each fraction for protein' phos-

free and esterified cholesterol, and triglycerides. The result was

the table below,
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Percentage Composition of Lipoproteins in Man (8/

Fra ct i on

Iipids:

Protein

1.06 3

!l

I
29

25

83

17

Density

Phospholipid

Cholesterol free

Cholesterol ester

Triglyceride

Total lipid

1.063-1.107

29

7

6

67

33

1 .t 07 -1 .220

20

2

6

4l

Fraction A consists

Fraction B consists

Fraction C consists

From this study, the B - lipoprotein

,( Fraction A ) bas highcr fat end lower

protein, molecular rvcight about 1,300,000

in contrast, the lowcr fat and higher pro-

tein of a -lipoprotein, it has molecular

rreight about 200,000.
-fherefore, the lipoprotein rvhich have

,higher fat and lowcr protein must have

.lorver specific gravity called Low-density
'lipoprotein (Sp. Gr. ( 1.063), and lipo.

protein with higher protein and lower fat

,contcnt, cllled High - density Iipopretein

( Sp. gr. ) i.220 ).

fsolation

Plasma lipoproteins, stab16, o! unstable,

are a heterogeneous group of compounds

B-lipoprotein, density below 1.063

aZ-lipoprotein, density between 1.063-1.107

ar-Iipoprotein, density between 1.107-1.220

that can be separated into smaller groups

by various ways :

1. Salting out

2. Ethanol salt fractionation

3. Precipitation by antibodies and non-

sPecific PolYanions

4. ChromatograPhY

5. Ultracentrifugation

6. Electrophorcsis'

The most sigoificant methods tre

Ultracentrifugation and electrophoresis.

Ultrrcentrifug|tion ( 8, 10 )

The lipoprotcin classes may be isolated

by floatation in the Preperativc ultracen'

trifuge by selection of the Proper solvent

density. 'I'he lipoproteins show differcnt

of

of

of
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rete of floatation when centrifuge in sajt

Bolution, and tbe migration can be mea-

gured and recorded photogrephicelly.

Lipoproteins are chssified as having

low density if they shorv floatation in salt

solutioo of dcnsity 1.063. Those \rith

densities bctwe€n 1.063 and 1.21 are called

high-density lipoproteins ( HDL ). TLe

low - density fractioa { LDF ) is further

eubdivided on thc bssic of their flostation

rate in Svedbcrg floatation uoit, Sf. ( I Sf

unit = to - 13 cmlsecondldye/gm at 26' C ).

Thc subgroup Sf 0-12 is thc highest of

thc low dcnsitv fraction and ig found in

Januery 1972

rll plasma of rll peracn. Another subgroup

Sf l2-20 wgs fint charecterized bv.Gofman

and wac found in increased concentretion,

More recently, Gofman hrs included this

bubgroup in e broadcr low-darsity subgroup

(Sf 12-400 ). This Lroad group, we shall

B€e, repre8ent basic low.density lipoproteins

to which varirble aoounts of triglvcerides

have becornc 8ttechcd.

Anothcr two subgroups of plasma li.

poprotcins are Chylomicrons, which lhe

denrity leas th8n sater, 0.96, and the

Albumin-bound frec fatcy acids, consisting

of 99 % prot€in and I j6 lipid- . -
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Composition of

(adapted fro-
the lipoproteins

Obson & Vester,

in plasma of man

1960 and Hoffman,

(s, ro)

reTo )

Fraction I g

t3 (,)
a

o0

o

I Comoosition:l--
Sl % Total lipid
ol I r-*l i..-.- E sl e5l -9 fiii i
Fle, x I =1 t eri
*l c = 3,€,3 3lE
Yf .- 

'r; = 
o, ai ti;l€l r F 5 t, € U| !'p .k ! Et.€

ItrlF F a oi()lrr.
8899

tl
I

7 i e3 I s6
tl

11 ] 8e i 2e

2l 7gl 13

l

il
i33 67 1t6

s7 i+3 t3
nni tio

B

B

B

201151 8l I

261 3{ i e 1

28,48 10 1 Iiiiili
-rrrirri-
a6tzel 61 6

0 0l 01100

al

al

al

Chllomicrons 
llntcstin,

Low density I

tipoprotein 
I

LDF I, VLDLPI liver

LDF 2 
|

LDF 3 
|

High density 
ILipoprotein 
I

HDL I lriu.,
HDL2 

|
HDL 3 

I

Albumin-FFA l^l:n:

0,9 6

0.06-1.006

1.006-1.019

1.019-1.063

t.063

063-1.125

r2s-l.210
1

I

to4-to:

20-+00

l2-20
0-t2

2

-10

120

+0

280

40

240

Li

Albumin-

LDF : Low

HDL = Higb

VLDLP : Very

density fraction

density lipoproteins

low denslty lipoprotei ns.
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ElectroPhoresis

Elcctrophoresis of lipoproteins, though

providing n mcasurG of the net electrical

charge carricd by a given lipoprotein under

the conditions of electrophoresis. The

method use brrbital buffer as a solvent

and the supPort medi,r can be starch

medium, agar or agarose, filter paper and

cellulose acetate.

'fhere are 2 differences between iipo'

protein add protein electrophoresis. The

first is legs amount of serum or plasma

sample for protein electrophorcsis than

that of lipoprotein electrophoreris. Aad

the second is the dye for staining. In

lipoprotein staining we use fat soiuble dyc,

such as oil red O (Sudan II), Sudan ItI,
sudan IV, Sudan black or Fat red 7 B

Types of Lipoproteins ( 5, 7, 8, l0)

By the method of electrophoresis, [i-

poproteins are separated into 4 groups ;

(l) Alphr lipopmtein migratc the

greatcst dietrnce from the origin rvith

alpha-globulin and are composed of 20 !6

cholesterol and S0 % phospholipids. The

concentration in plasma is about 3 % of

plasma protein or 35 94, total plasma lipo.

protein, the density ranged from I.063 -

1.210. Hydrated a -lipoprotcin, contains

15 % water and molecular wcight is abour

165,000-400,000.

Oncley, Scatchard and Brown studied

a - lipoprotein by tho method of light-scat-

January lg72

tering and viscometry and fouod that it is
oval in shape, about 300x50'A ( 5, 7 )

a -lipcproteio is stable substance con

sisting of higher phosphotipid and protcin

thrn the other lipoprcteins. It is soluble

in fat solvent ic form a protein and smlll

amoust of phospholipid, but it can not be.

precipitated by polyanions.

In comparison with B-lipoprotein, they

are composed of nearly the same amounr

of fatty acid, the ratio of sphingomyelin

and lecithin is 0.? by weight but there

are more esterified cholesterol and phos

pholipid in a - lipoprotein (7)

(2) Bets lipoprot€in migrate with B-

globulin. There are about !$ ofplasma pro'

tein or 75lL tatal plasma lipid, the density

is betrveen 1.006-1.063 or 1.03 in average'

By ultracentrifugation, the most part is'

separated in Sf 0-12 frrction.

There are no a - but B'lipoprotein in

newborn infant plasma, which composrd cf

60 $ cholesterol.

B-lipoprotein consists of 20-25 1q. by

weight, 8 % cholesterol, 35 % esterified

cholcsterol, 22$ phospholipid, 10% trig'

lyceride and small amount of fatty ecid..

Thc ratio of sphingomyclin and lecithin

is 0.4. B -lipoprotcin is oval in :hape,.

about 15x350'A, and molecular weight of

1.3-32r 10.u

B - lipoprotein forms cholesterol and

glyccrider with cold ethcr or n-hePtalc'
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Robert :lnd Szezo found thet some of

hormones estrogen, estriol' Progesterone

and fat soluble carotenoid are carried by

the B-lipoProtein.

(3) Pre-brtc lipoprotein migrate sligh.

tv ahead of the B-fraction snd has the

dcnsity of 0.06 to 1.006 or VLDLP (Sf
20-4.00 ).

Prc - B - lipoproteins are compoeed of

85ii, lipid, mosriy triglycerides and 2-159i

protein. (7)

({) Chl,lomicrors $'ill not movo at

all in the electric field. 'fhey have the

lerst density of 0.96% and Sf less than

400 chylomicrons can be seen under d:rrk

ficld or electron microscope, they sro

spherical in shape, 0.1-5.0 microns, but

circulating chylomicrons are not larger
than I micron (7, 8)

Chylomicrons are composed of trigl]'-
cerides, arourded rvirh phcspholipid, cho-

lesterol and small amount of esterified

cholesterol, and the protein content is

about 0.5-2.5 ii by weight.

In general, thc method of electro.

phoretic separation of lipoproteins can be

done by 2 ways, paper and cellulose
ecetete methods.

( I ) Lipoprctcin by papcr electro.
phoresis Straus and Wurrn separated lipo.

proteins and fixed them by heatiog at

107-120'C, then stained iipid with fat red

78 decolorized the background in eodium

hypochlorite. The evaluation can be dooe

by densitometry or photomctricrlly.

Less rnd Match (ll) found that the

5I

lipoprotein resolution wirs better ivhen

using buffer containing I : 100 atbumin

solution (w/v) due to reduction of adsorp-

tioo of protein by the filter papcr. Thc

lipoproteins are €eparated ;nto 3 flactions;

a - ,pre-B and B-l;poprotein,

(2) Lipoprotoln by cellulose acetatc:

This method is convenient, lcss time ccn-

suming and more distinct thao the plper
electrophoresis metbod.

Many worhers had studied about the

lipid staining solution. Colfs and Verheden

used sudrn bleck as a staining, and then

the other used Schiff's staining,

Chin and blankenhorn neparatrd

5 - l0 microlitcr plasma by running

electrophoresis for 90 minutes, then stained

overnight with oil red 0 dye solution and

cleared with glycerol and evaluated them

by scanning.

Another workers used cellulose acetate

( Sephraphore III, Gelman instrument Co.)

as a supPorting m:dia. The time of elec'

trophor€sis was about 15-20 minutes rt

200-250 voltages. 1'he lipcproteins are

rcparated into 4 bands, chylomicrons, beta'

pre-beta and alpha-!ipoprotein.

Rrymond E. Becking Jr' and RalPh D'

Iillefson (3) used ccllulose acetate ( Gelman

Sephraphore III) for separrting 0.75 mi'

croliter of .serum at 300 volt for 45 mi-

nutes. They compared the separated frac'

tion on cellulose acctste with ultrac.ntri'

fugetion mcthod and classificd them as

follow :
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Disoriers of lipoproteins (4, 7)

Disorders of lipoproteins is due to

abnormality of lipid transport or metabo.

lism, 'Ihere are three types of abnormal
lipiJ metabolism.

I. Dyslipidemia or Dyslipoproteinemia

rvhich have no lipid except fatty acid in

the plasma.

2. Hypolipoproteinemia

3. Hyperlipoproteinemia

Lipoprotoin de{iciency states (4,7 )

These are :-

= Point of application

Chyiomicron

' Gamma-lipoprotein

- plasma " fibrinogen " lipoprotcrn

'. beta - iipoprotein 2

' beta - lipoprotein 1

= very low density pre beta lipoProtein 2

.= high density pre beta lipoprotein

- very low density pre betr lipoprotein I

.= alpha - lipoprotein 2

- alpha - lipoprotein I

- slbumin - bound falty acids

betr - lipoprotcin fractioo clnnot be seen

by the elcctrophoretic method.

2. Hypobetrlipoproteinemia.'Ihe lipid

conteot in the Plasml are lowered in phos'

pholipid, cholesterol and glvcerol. By elec'

trophoresis, b:ta - lipoprotein fr,rction is

below normal.

3. Alpha- lipoprotein deficiency. (Tan-

gier disease). 'Ihe laboratory linclings are

lowering in plasmr phospholipid 'nd cho-

lesterol, but moderately high glyceride.

Electrophoretic finding is absent of high-
l. Abetalipoproteinemia due to Poor dcnsity alpha- lipoprot.in.

absorption of lipid in infant stagcs. Thcy Hyperlipoproteinemir (4,7,1+)
always have mental retardation; Thc labo- Frederickson.et al classified hyperlipo

ratory findiilgs of plasma are marked lower- proteinemia by electrophoresis to 5 tyPeg

ing of cholesterol and glyceride. The 8! follow:-
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Typs I The scrum is milky with cha.

rrctcrized by marked increase in the cho.

lcsterol and glyceridc. The electrophoresis

shows exc$s pre-beta lipoprotein.

Tvpe II Famiiial hypercholesterolemia,

clear serum with markedly elevated ciroles-

terol and normal to elevated of glyceride.

'fhe beta-lipoprotein is increased by elec.

trophoretic method when the pre-beta is

increased or normal.

Type III There are moderately elevated

of cholesterol and variable to elevated gly-

c:ride ( familial endogenous hypcrlipemia )
which produce turbidity of serum. Dlectro.

phoresis shows incrcase in .. Floating,'
B-lipoprotein.

Type IV 'Ihe serum is turbid with
usually elevrted glvceride of endogenous

or " crrbohydrate - induced,' and slightly

elcnated cholesterol,'lhe alectrqf,horesis

shows hyperprc-beta lipoprotein.

Type V This is a mixed type of exo-

genous and endogenous oiigins. 'Ihere is

hypertriglyceridemia. The electrophoresis

shows hyper pre B-lipoproteinemia and hy-

perchylomicronemia.

Sccondary hvperlipoprotcinemia, similar
to 1'ype V by electrophoresis study. For
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example, Dilbetss mellitus, Acutc alcoho-

Iism and chronic prncrcatitis.

Materirls and Methods

'fhe method we used in rhis experi.

ment is of the Fletcher and Stylioir (6),

but instead of Sephraphore III cellulcse

ac€tatc wa used Beckman Cellulos: acetate

as for the protein analysis. And because

of poor seperation when 0.25x3 ul serum
was used, so we applied more srmpler The
0,25x7 tl. serum showed the bcs. separa-

tron, AII serum specimens were obtained
during postabsorptive period.

Results

The serum lipoproteins are separated

Into small frr-'ctions of chylomicrons, B,
prc-B, a - lipoprotcin and albumin - bound
fatty acids.

!'rom 2{ normal serum samples, we

got 0$ chylomicrons, 30-70il. B-lipoprotein

( atcrryc 48.2%), 2.7-20.8ol, pre-B-tipopro.

tein ( average ll.4%), Z.O-13.0% a-lipopro-

tein (average 9.5%) and 9.5-52.6$ (atcragc

30.9%) of abumin-bound fatty acids.

The experiment was done on the gera

of various conditions. I'he results obtained

are alrcady shown in Figure 1-12
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Fig. 1-4 shows setum lipoprotein p:rttetns in uormal persons'

Fig. 5-6 shows slightly increased B-lipoprotein and markedly

elevated pre-B-lipop rotei n in case of Diabetes mellitus.

Fig. ?'-8 Jaundice serum $ith increased ot normal B-lipoprotein

but decreased or absent of pre--B--lipoprote i n.

Fig. 9 is the lipoprotein pattern of cirrhotic serum which has

low B"-lipoprotein and absent of a-lipoprotein,

Fig. 1O-11 show markedly elevated of B- ancl a - lipoprotein in

Mult iple myeloma.

f ig. 12 The conditiotr of bype rcholesteroiem ia shows the eleva-

tion of B- and a-lipoprotein but lowering of pre-B-

lipoprotein.

of 1,000 ml. Decreasing in the ionicDiscussion

with the improved resolution of the strength of the buffer enhances the rcso-

lipoproteLn bv electrophcresis on the cellu- lution of lipoprotein in the follorving wltls:

loss acetirte, lhis mcthod diluted l package l. Lengthens the overall Pattcrn'

of lleckrnrn buffcr B-2 to 1,4.00 ml. instead 2. separutcs " fibrinogen " lipoprotein
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from b:t;t-lipooroteins bv moving it closcr

to thc origin. But in this experiment rvc

useC serum, so there ,re no fibrinogen

shown .t t ll,

3. S-"prrrtes bete - liDcpfotein into 2

co'nccn!rts, B1 an:l B 2 -liSroprotein.

.{. Sprlrds nut rnrl s'prrates pre-hctr

:rnd alphr com?cnents.

Strin $hich is not fr;shly made or

stain rvhich has bcen uscd previously giv.s

a pcorly.strinrJ prttcrn. The freshly'mrdc,

sup:rsrtrrrrted, rqucous- alcoholic solution

of oil rcd 0 give excellcnt staining. Fifteen

minuies of staining give the best result;

staining for longer pcriod leads to decrersccl

intensitv in chylomicron cnd alpha com-

ponen!s.

FreshJv preprred dccolorizing solution

can not rernove all dvc from the back-

ground of thp m.mbranc. Iixcessive expo.

sur. mry result in decoioriz:rtion (,f lipo.

protein, especially in the chvlomicroo and

alpha compcnents. 'fhis bleaching stoppcd

quickiy by transierring the membrane to

the series oi acetic rcicl washes whcn the

desired level of decoloriz3tion and intcnsi-

fication is reached, C-learing the memhrane

at over 80'C mly cruse thc fuse of thc

membrane to thc gl..ss. 'l'he prescnce of

giyceroi on the ghss'platc or in the solu'

tion rvili imprir the clearing of the mern'

brane.

In our experiment, we u!e:l Beckman

cellulosc ecetate membrltne, but Gelman

S prraphore ill celluicso rcctatc grvcs
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clearer bacftground.

[valuation of sample can bc donc by

Densitometry as in the protein study. 'fhe

comparison between normrl serum and

dift'erent diseesT which involve the lipo.

protein metrbolism, we shall see the dii-

ferent of the components onlf inchviomi-

croo, B, pre-B and a-lipoprotein. .{ rather

intensr: brnd in the positioo of albumin is

found in this methcd. I'he brnd shows

markcd intensificati,rn during tbe bleaching

procedurc. Ths exact nxture of this com-

P,nent is b:ing invcstigated (6); it may

represent alSurnin-bound frec fattl ecids.

Conclusion

Scanning of the 24 normel serum

shows chylomicrons is 014 B-lipoprotein

48.2 !l ( range 30./.-70.3 9a ), pre-B-lipopro.

tein ll.43l (nnge 2.?-20.8% ), a-lipopro.

tein 9.5.,i1, ( range 2.0-13.9 9i, ) and alburnin

bound fatty acids 30.99! (range 9.5-526%).

In condition of primary lipidemia, i.e.,

hypercholesterolemia shorvs significant cleva'

tioir of a- and B'lipoproteins but low Pre'

B.lipoprorein.

Secondary Iipidemia, as in Dirbetee

mellitus rclated rvith slightlv high B-lipo'

protcin and mtrkcd elevaticn oi Pre-B liPo'

protein. 'fhrre are high l)-lipoprotein but

iow or abient of prc-B liPoprotein in jrun'

dicc. In Multiple myeloma shows mxrktd

elevation of both B- and a-liPcprotein.

Thc detailed modificaticn of the methcd

tcing used in this study sas also discussed.



42

1.

hnuary 1972

REFEf,ENCES

4.

Beckman: Model R-101 microzone

electrophoresiscell, Intruction manual

R\I-IM-3, August 1965.
t

Beckman: Model R-100 microzone

electrophor€sis system RM-'f 8.010 A,

August 1968.

Beckeriog, Jr., R.E., and R.D. Ellefson:

A rapid method for lipeprotein etec.

trophoresis using cellulose acetate as

support medium. Am. J. Clin. Patho.

53: 84 - 88, 1970.

Drvidsohn, I., and J. HenrY: Todd -

Sanford Clinical Diagnosis by Labora-

tory method. 14th edition: 563-570,

197 0.

Deuel, Jr., HJ. : Lipid II : 370- 378,

t951.

6. l'tetcher, M. J. and M. H. Stvliou : A

simple mathod for separrting serum

lipoproteins by electrophoresis on cel-

lulose acetatc. Clinical Chemistry,

Journal of the American Association

of Clinical Chemistry : 362- 365 May

197 0.

7. Frcdrickson, D.S., R.I. Levy, and R.S.

Lees ; Fat transport in Lipoprotein -

an iategrated tpproach to mechanisms

and disorders. New Eng. J. NIed, 276:

32-+4, 94 - 103. 148 - t56, 2t5 - 226,

273 - Z8t, t967.

8. Harper, H.A.: Review of Physio)ogicat'

Chemistry. 1l st edition: 39, 178, l7s,

251, 26s, 269, 1967.

9. Henry, R.J.: Clinical Chemistry. Prin.

ciple and Technics: 246.253, 1964.

1t.

Hoffman, !V.S.: The Biochemistry of

Cllinicrl Medicine. 4 th edition: l4l-
l.{5, I970.

Lees, R.S., aod F.T. Hatch: Sharper

scparation of lipoprotein species by

paper electrophoresis in albumin-con.

taining buffer. J. Lab. Clin. I\{ed. 61:

518-527, 1963.

12. Ross, D.J., and K. Brown: Lipopro.

tcin fractionation by clectrophoresis

on cellulose acetate. The American

Journal of Nledical 'I'echnology. 35(9):

5-+0 - 5+S, September 1969.

13. White, A..P. Handler, and E. L. Smith:

Principle of Biochemistry. 1.th editioni

729 -720, 1968.

14, Kuo, P.T., : HyP.:rliPemia in atheros.

clerosis: dietary and drug treatment,

'I'he Med. Clin. of North American.-

5+:657, 1970,

10.

5.


	Vol05_01_full version_1_20150301121707
	Vol05_01_full version_2_20150301122551



