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In  1951, Kellner, Correll, and Ladd  reported tha t  injection of a non-ionic 
detergent  (tween 80, t r i ton A-20) induces in animals sustained hyperl ipemia 
(1). The  mechanism was not  determined. La te r  studies by  Fr iedman and 
Byers  (2, 3) and  Hirsch and Kellner (4, 5) provided support  for the hypothesis  
tha t  the hyperl ipemia m a y  be caused by  p r imary  physical  or chemical changes 
induced by  the detergent  in plasma lipoproteins; as a consequence of these 
changes lipid would remain t rapped  or locked in circulating plasma. Consistent 
with this hypothesis  are the findings by  Brown, Boyle, and  2,nfinsen (6), tha t  
non-ionic detergents  in vitro cause irreversible changes in serum lipoproteins. 

Since studies on the nature  of the interact ion between t r i ton and lipoproteins 
m a y  help in understanding the role of p lasma lipoproteins in lipid transport ,  
we have fur ther  studied the problem. The  in vitro studies are repor ted here. 

Methods and _Procedures 

Sera from normal, fasting donor dogs were used. Low density lipoproteins (D 1.006 to 1.063) 
were separated by ultracentrifugation according to Gofman a al. (7). Mter removal of this 
fraction, the residue was spun at D 1.21 according to Lewis, Green, and Page (8). Both D 1.063 
and D 1.21 lipoproteins were purified as described previously (9). Lipoproteins were dialyzed 
against 0.15 ~ NaC1 before use. 

al-lipoprotein protein (a-LP) was separated from serum, and a-P prepared according to the 
delipidation procedure of Scanu, Lewis, and Bumpus (10). I Pooled lipemic sera obtained from 
blood of dogs fed 500 ml. of 18 per cent cream, were used as a source of chylomicrons. They 
were separated and purified by the ultracentrifugal procedure described by Scanu and Page 
(11). 

* Supported in part by grants of United States Public Health Service and the Cleveland 
Area Heart Society. 

~t Presented in part at the meeting of the American Heart Association, Council on Arterio- 
sclerosis, St. Louis, October 19-20, 1960. 

§ Research Fellow and Fulbright Scholar. 
1 The abbreviations used in the text are: D 1.006 to 1.063 lipoproteins or/~-lipoproteins, 

/3-LP; D 1.063 to 1.21 lipoproteins or ¢xz-lipoprotein, o~-LP, a-P is the protein from ot-LP after 
removing the lipid. 
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736 IN VITRO EFFECTS OF TRITON ON LIPOPROTEINS 

Total lipids were determined gravimetrically by the method of Sperry (12), and triglycer- 
ides according to Van Handel and Zilversmit (13). Cholesterol determinations were performed 
by the procedure of Abell et al. (14). Phospholipids were calculated as 25 times the lipid phos- 
phorus values obtained by the method of Fiske and SubbaRow (15). Protein concentration was 
determined by the Lowry method (16). In samples containing triton, protein content was cal- 
culated by multiplying by the factor 6.25 the nitrogen values obtained by the micro Kjeldahl 
procedure of Lange (17). 

I m labeling of the lipoproteins was performed according to McFarlane (18). Free iodine was 
removed by passing the radioiodinated protein3 times through ananion exchange resin, ioresin ® 
(Abbott Laboratories, North Chicago). The labeled protein was estimated to have about one 
atom of iodine per molecule. The labeling with I m of the protein moiety of chylomicrons was 
performed as previously described (9, 18), based on the interaction between chylomicron pro- 
tein and o~-P-I m. 

Lipomul®? a cottonseed oil emulsion, was also used in our experiments. Each milliliter of 
the emulsion contained approximately 150 rag. of total lipids. The complexes lipomul-a-LP 
and lipomul-~-LP-I m were prepared as described by Scanu and Page (19). 

Triton WR-1339®, s a polyoxyethylene ether of an alkyl phenol, was employed as the non- 
ionic detergent. When radioiodinated triton was needed, the following iodination procedure 
was performed: aliquots of a 12.5 per cent solution of triton in 0.15 ~ NaC1 were brought to 
pH 8.6 by gradual addition of a glycine-NaOH buffer (18). From 0.1 to 1 ml. of a solution of 
NaIm containing 25 me. of I m per ml., was mixed with 5 ml. of a 1 m~r solution of IC1 and this 
mixture rapidly added to the buffered triton in the ratio of 0.1 ml. of IC1 per ml. of triton. The 
free radioiodine was removed through ioresin. The labeled triton thus obtained had the same 
detergent action as unlabeled triton. When the specific activity was too high for our purposes, 
unlabeled triton was used to dilute the radioiodinated product. 

The in ~itro studies on the interaction between triton and whole serum or between triton 
and purified lipoproteins were carried out in Spinco histeroid tubes ~ inch X 3 ~  inches. 
During incubation at 37°C. the tubes were gently shaken at 10 minute intervals. In order to 
carry on all the reactions at a constant pH, the reactants were dissolved in phosphate buffer, 
pH 7.2, r / 2 ,  0.1. Concentrations of detergent and ]ipoproteins and times of incubation are re- 
ported in the next section. Following incubation, the mixtures were analyzed by electrophoresis 
and by preparative and analytical ultracentrifugation. Starch gel electrophoretic analyses 
were performed at 4°C., following the technique described by Smithies (20) with the discontin- 
uoussystem of buffers (tris-boric acid, pH 8.2) proposed by Poulik (21); amido Schwartz 10 B 
Bayer was used for protein staining and oil red O Spinco for lipid staining. When labeled 
samples were used, the curve of radioactivity of the starch pattern was obtained as reported 
previously (9). Ehition of proteins from unstained starch blocks was performed by displacing 
the protein, electrophoreticaily, from the starch into cotton wool, which had been interposed 
in the starch block according to Jarrige and Lafoscade (22). The proteins were squeezed 
from the cotton wool by suction through a Biichner filter. 

Moving boundary electrophoresis was determined by Longworth's modification of the Ti- 
selius method employing barbital buffer, pH 8.6, I~/2, 0.1 and paper electrophoresis using a 
Durrum (23) cell with barbital buffer of pH 8.6, 1~/2, 0.05. Brom-phenol blue was used for pro- 
tein staining, and Sudan black for lipid staining. Scanning of the strips was performed by the 
Spinco analytrol, model RA. When labeled material was used, radioactivity was determined by 
a windowless paper chromatogram scanner (Atomic Accessories, Bellerose, New York). 

For ultracentrifugal analysis, the mixtures of detergent and serum or purified lipoproteins 

Upjohu Company, Kalamazoo, Michigan. 
8 Winthrop Laboratories, New York. 
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were dialyzed for 48 hours against the desired salt solutions at D 1.006 (NaCl), 1.063 (NaCl), 
and 1.21 (NaCI-KBr). Before ultracentrifugal analysis, the density of the mixtures containing 
triton was determined by pycnometry, using pycnometer bottles of 1 ml. capacity. A Spinco 
ultracentrifuge model L preparative, with a 30.2 rotor and a Spinco model D analytical ultra- 
centrifuge were used in these studies. 

Post-heparin plasma from donor dogs was the source of lipoprotein lipase. The animals were 
injected intravenously with heparin (liquaemin, sodium, organon) in doses of 25 u/kg. and 
blood was withdrawn 10 minutes later. Enzymatic assays were carried out at pH 7.2, 37°C., 
using lipomul as a substrate. The reactions were followed by readings of optical density in a 
Coleman spectrophotometer at 660 m/z., and by production of fatty acids according to Dole's 
method (24). 

FI6. 1. Starch gel electrophoretic patterns of normal serum alone (a) and with triton. For 
each milliliter of serum either 4 rag. (b), 20 rag. (c), or 40 mg. (d) of triton was added. Volumes 
were adjusted so that each 0.1 ml. aliquot contained the same amount of serum. The starch 
block was cut into two slices along the plane of migration. The slice on the left was stained for 
protein (amido Schwartz) and the one on the right, for lipid (oil red O). The arrows indicate 
points of application of the samples. 

RESULTS 

Effects of Triton on Whole Serum.--Various amounts of triton (2 to 40 mg.) 
were added to 1 ml. aliquots of serum, each aliquot containing 72 rag. of total 
protein of which 2.4 mg. was lipoprotein protein. The mixtures were incubated 
for 2 hours at 37°C., pH 7.2, and then analyzed by starch gel electrophoresis. 
Some of the results are reported in Fig. 1, where a is the pattern of a normal 
serum and b, c, and d are mixtures of 1 ml. of serum and 4, 20, and 40 mg. of 
triton, respectively. As indicated in the protein-stained pattern, addition of 
detergent increased the mobility of the a -LP protein boundary in the post- 
albumin zone; this effect is more marked in c and d where larger concentrations 
of triton were present. The other protein boundaries do not appear to be 
affected by triton. The lipid-stained pattern, a, shows the three boundaries of 
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o!-LP, previously described (19), and one broad boundary  of/3-LP. After  addi-  
tion of 4 mg. of tri ton, b, fl-LP lipid remained unchanged, whereas the lipid 
boundaries of o~-LP were not seen in the starch pat tern.  When amounts  of tr i ton 
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FiG. 2. Distribution of radioactivity in ultracentrifuge tubes after centrifugation of triton- 
I TM at D 1.006, D 1.063, and D 1.21. No. 1 is the top layer. 

up to 40 mg. were used, most of the lipids moved cathodical ly  from the point  of 

application.  
Experiments  were performed in which serum and tr i ton were incubated for 

2 hours at  4 °, 24 °, and 37°C. At  24°C. the results were essentially identical to 
the ones observed at  37°C. At  4°C., the effects of t r i ton on serum were less 
marked;  the lipid of o~-LP showed a 50 per cent reduction in electrophoretic 
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mobility; the 3-LP boundary show, ed very minor changes. Various times of 
incubation were also studied (10, 60, 120, and 180 minutes). The effect of 
triton in changing electrophoretic mobility of serum lipids was favored by 
increasing the length of incubation. However, if the incubation was too pro- 
longed (over 2 hours), the results were difficult to interpret because of the de- 
naturing effect of heat on the lipoproteins. Unless otherwise stated, in all the 
experiments reported below mixtures of triton and serum or triton and purified 
lipoproteins, were incubated for 2 hours at 37°C. 

Lipase inhibitors, tri-o-cresyl phosphate and diisopropyl fluorophosphate 

FIG. 3. Ultracentrifugal patterns of triton (10 mg.) at D 1.006, D 1.063, and D 1.21: (a) 
upper pattern, D 1.006; lower pattern, D 1.063; (b) upper pattern, D 1.2l; lower pattern, salt 
blank of D 1.21.52,640 R.V.M., 50 minutes, 26°C. 

(paraoxon), 4 were mixed with 1 ml. of serum in concentrations from 10 .2 to 
10.4M, prior to addition of 20 mg. of triton. These inhibitors did not prevent 
the action of the detergent on serum. Further, triton remained effective when 
added to serum which had been preheated for 5 minutes at 60°C. 

Since these preliminary studies indicated that triton induces marked changes 
in the lipoproteins of whole serum, further experiments were performed on 
lipoproteins separated and purified from canine serum by ultracentrifugation. 
First, however, it was necessary to determine certain physical characteristics 
of triton itself. 

Electrophorelic and Ultracenlrifugal Properlies of Triton.--lO mg. aliquots of 

4 Kindly provided by Dr. G. Sehrader, Farbenfabriken Bayer A. G., Wuppertal-Elberfeld, 
West Germany. 
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Fro. 4. Tiselius pattern of triton (10 mg.), descending boundary. Barbital buffer, pH 8.6, 
P / 2  0.05, 82 minutes, 4°C. 

FIG. 5. Starch gel electrophoretic patterns of oe-LP alone (a) and after incubation with tri 
ton. Triton was added to the o~-LP protein in a weight ratio of 2:1 (b) and 20:1 (c). In each 
instance, the aliquots applied to the starch contained 2 rag. of a l,P protein. Left, protein 
staining; right, lipid staining. 
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triton-1131 were dissolved in salt solutions of D1.006, D 1.063, and D 1.21 and 
spun at 79,420g for 18 hours at 16°C. The distribution of radioactivity in the 
various layers of the ultracentrifuge tubes (Fig. 2) indicates that triton sedi- 
ments at D 1.006 and D 1.063 and floats at D 1.21. These results were cor- 

FIG. 6. Starch gel electrophoretic patterns and curves of radioactivity of labeled mixtures 
of triton and o~-LP. A: a -LP- I  TM, 2 mg., specific activity 0.5 #c./mg.; B: mixture of a -LP- I  TM, 
2 mg. and triton, 40 mg.; C: tr i ton-I  TM, specific activity 0.2 #c./mg.; D: mixture of ot-LP (2 
mg.) and 40 rag. of triton-I TM. P, protein stained pattern; L, lipid stained pattern. 

roborated by the flotation diagrams in the analytical ultracentrifuge. As indi- 
cated in Fig. 3, triton floated at D 1.21 with a peak of flotation of --S 2.2. 
The detergent sedimented at the lower densities. 

In starch gel electrophoresis, triton could not be detected by either protein 
or lipid staining. When triton-I TM was used, the curve of radioactivity gave a 
peak in the zone just behind the point of application. By moving boundary 
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electrophoresis (Fig. 4), triton gave a single boundary with a mobility of 
- 1 . 4  X 10 -~ cm.2/volt sec. 

E][ecl of Trilon on ee-LP. The effect was found dependent on the amount of 
triton used. Some of the results by starch gel eleetrophoresis are reported in 
Fig. 5, where a represents native ~-LP. After addition of 2 mg. of triton per mg. 
of protein, b, the protein of o~-LP shows two boundaries moving respectively 
faster and slower than the major protein boundary in a. The faster moving 
fraction appears lipid-free as indicated by the lipid staining technique. With a 
higher concentration of detergent (20 mg. of triton per rag. of c~-LP protein), 
a complete splitting of the protein and the lipid moieties occurred, these 
moieties moving in opposite directions in the electric field, c. The protein, 
apparently free of lipids as determined by staining, when eluted from starch 
contained 3 to 6 rag. of lipid per 10() mg. of protein. This protein exhibited the 
property of recombining with lipids as tested by the method of Scanu and 
Hughes (9) and gave an immunopreeipitin reaction in gel media with its 
homologous antibody. '~ In parallel experiments it was found that oe-P, obtained 
from ol-I.P by delipidation with ethanol-ether (10), incubated with triton and 
dialyzed to remove unbound detergent, retained its capacity to recombine 
with lipids. 

Mixtures of o~-LP I TM and unlabeled triton, and o~-I.I ~ and labeled triton 
were studied by starch gel eleetrophoresis. These results (Fig. 6) show that 
removal of lipids from oe-LP I TM by unlabeled triton, had no effect on the 
peak of radioactivity of the oi-LP protein. When triton-I TM was used, the 
lipids, removed from o!-LP, were in the zone occupied by the labeled detergent. 
As shown in Fig. 6 C, triton did not stain either for protein or lipid. 

By paper electrophoresis (Fig. 7), 2 mg. of detergent per rag. of c~-LP pro- 
tein, reduced the mobility of c~-LP-P ;~1. With a higher concentration of triton 
(20 rag. per mg. of o~-LP protein), the lipid moiety remained close to the origin, 
in a position where triton-I TM was found to move. The resulting protein, greatly 
impoverished of lipids, had a mobility lower than intact ol-LP. 

The analysis of mixtures of triton and ol-LP by free boundary electrophoresis 
is shown in Fig. 8. Purified o~-LP gave a single boundary with a mobility of 
- 6  X 10 -'~ cm.2/volt sec. Addition of 2 rag. of detergent reduced the electro- 
phoretic mobility of a-LP (--3.2 X 10 -'~) and gave appearance to a small 
boundary (probably triton) on the shoulder of o~-LP. With a larger amount of 
triton (20 mg.), two boundaries were clearly visible, although incompletely 
dissociated; the major one (probably triton) had a lower mobility ( - 0 . 8  X 
10 -'~) than the minor one ( - 2 . 4  X I(F~), which probably represented o!-LP. 
These two boundaries could not be further separated by prolonging the time 
of electrophoresis or by using an acid buffer (acetate buffer, pH 4.5, F/2, 0.1). 

In analytical ultracentrifuge, native a-LP floated with a coefficient of --S 

a A more  de ta i l ed  r e p o r t  on  these  e x p e r i m e n t s  will be  p r e s e n t e d  elsewhere.  
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FIr. 7. Paper electrophoretic pat tern of a - L P - ]  TM alone and with triton. A: a - L P - I  ~a~, 
specific activity 0.5 #c. /mg.;  B: mixture 2:1 (by weight) of triton and oe-LP-I131; C: mixture 
20:1 of triton and ot-LP-1131, In each case 200 #g. of labeled a - L P  was applied to the paper 
strip. R, radioactivity; L, lipid; P, protein. 
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5.0 (Fig. 9 a, lower pattern). The effects of 2 mg. and 20 mg. of triton are 
indicated in Fig. 9 b (upper and lower patterns). The upper pattern shows two 
peaks of floatation with coefficients of - -S 5.2 and 1.0; the lower one, a large, 
single peak with a very low flotation coefficient ( - -S  0 to 1). Ultracentrifugal 
studies of 20:1 mixtures of triton and c~-LP were performed at I) 1.21. In 
absence of triton, approximately 75 per cent of the protein, cholesterol, and 

FIG. 8. Tisetius patterns (descending boundary) of a-l.P alone (a), 2:1 mixture of triton 
and a-LP (b), and 20:1 mixture of triton and o~-LP (c). In a and b, 2 mg. of a-LP protein were 
analyzed; in c the sample was diluted to contain only 1 rag. of c~-I.P protein, to permit com- 
plete visualization of the triton boundary. 

phospholipid of ~-LP were found in the top layer (Table I). In  presence of 
triton, only 37 per cent of the lipoprotein protein floated, the per cent of 
cholesterol and phospholipid in the top layer being respectively 69 and 71. 
Thus, the amount of lipid in the top fraction, relative to the amount of protein, 
was greater than with native c~-LP. 

E~ecl of Triton, on ~-LP.---~-LP, like c~-LP, showed changes which were 
dependent on the dose of triton used. Electrophoretic analyses in starch gel 
(Fig. 10) showed that triton, which in small concentrations reduced the elec- 
trophoretic mobility of the lipoprotein, at higher levels (40 rag.) displaced 
part of its lipid so that  the protein moved in the same zone as triton. However, 
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FIa. 9. Ultracentrifugal patterns of a-LP alone and with triton. (a) upper diagram, salt 
blank of D 1.21; lower pattern, a-LP; (b) upper pattern, 2 : 1 mixture of triton and a-LP; lower 
pattern, 20:1 mixture of triton and a-LP. Each sample contains 2 mg. of a-LP protein. 52,640 
R.P2a., 36 minutes, 26°C. 

TABLE I 

Distribution of Protein and L ip ids  after Ultracentrifngation at D 1.21 of  a - L P  
Alone or with Tri ton 

Layers (1 m|.) 
P 

Top 1 . . . . .  
2. 
3. 
4. 
5 .  . .  

6 ,  . ,  

7 .  . .  

Bottom 8. .. 

k 
mg. I per cent 

I 

0.501 74.95 
i 

0.9F 6.50 
0.87 6.21 
0.44 3.14 
0.37 2.64 
0.30 2.14 
0.32 2.28 
0.30 2.14 

a-LP a-LP + triton 

TC PL TC PL P 

rag. per cent mg. ) per cent , . . . . .  tl,,,,, l, . . . . .  tim, l, . . . . .  t m g .  - -  ~ - -  

2.59 78.2515.601 75.o6[5.28[ 37.022.27 69.4215.65 70.80 
0.17 5 130 57 7.6412.91 20.400.37 11.320.867 10.78 
0.17 5 131o.47 i 6.302.30 16.130.26 7.950.58] 7.27 

5 510 30i 3 76 0.08 2.421o.21 ] 2.82 1.67 11.720.18 I i 
0.08 2.4210.16 2.1410.75 ! 5.260.07 2 141018 226  
0.08 2.4210.14 1,880.60 4.210.04 1.2210,17 ! 2.13 

2 . 4 2 0 . 1 4 1 . 8 8 0 . 4 5  3.150.04 
1.220.121 1.50 0.060.08 1.810.17 2.280.3{3 2.100.04 12201121 150 

P, protein; TC, total cholesterol; PL, phospholipids. 
The sample of a-LP contained 15 mg. of a-LP protein; prior to centrifugation it was 

incubated with 300 mg. of triton for 2 hours at 37°C. As a control, a sample of a - L P  was 
kept for 2 hours at 37°C., in absence of the detergent. 

the  d i sp lacement  of l ipid f rom 3 - L P  was incomple te  even  wi th  concen t ra t ions  

of de t e rgen t  up  to 80 mg. per  mg. of 3 - L P  protein .  Similar  resul ts  were ob- 

t a ined  wi th  pape r  electrophoresis .  

~-LP,  ana lyzed  by  m o v i n g  b o u n d a r y  electrophoresis  (Fig. 11), gave  two 
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FIG. 10. Starch gel electrophoretic patterns o f~-LP alone (a) and after incubation with tri 
ton. Tri ton was added to the/3-LP protein in a weight ratio of 2:1 (b) and 40:1 (c). In each 
instance, the aliquots applied to the starch contained 1 rag. nf ~ I,P prolein. Left, protein 
staining; right, lipid staining. 

Fro. 1l. Tiselius pat terns (descending boundary) of/3-LP alone (a), 2:1 mixture of triton 
and/3-LP (b), and 40:1 mixture of triton and/3 LP (c). In  each instance, the sample analyzed 
contained 1 rag. of/3-LP protein. 
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boundaries with mobilities of - 4 . 6  and - 3 . 0  X 10- 5 cm.2/volt sec. Addition 
of triton reduced the electrophoretic mobility of ~-LP. This is particularly 
evident in c where a 40:1 mixture of triton and/3-LP was analyzed. A large 
boundary (very likely triton) with a mobility of --0.8 X 10 -5 cm?/volt  sec. 
was closely associated with a smaller boundary (~-LP or ~-P?) of a slightly 
higher mobility ( -  1.6 X 10 .5 cm3/volt sec.). 

FIG. 12. Ultracentrifugal patterns of/3-LP alone and with triton. (a) upper pattern, salt 
blank, D 1.063; lower pattern,/3-LP; (b) upper pattern, 2 : 1 mixture of triton and/3-LP; lower 
pattern, 40:1 mixture of triton and/~-LP. Each sample contains 1 mg. of/3-LP protein. 52,640 
me.M, 36 minutes, 26°C. 

Ultracentrifugal flotation at D 1.063 of/3-LP, gave a peak with an Sf value 
of 5 (Fig. 12 a, lower curve). Addition of 2 rag. of triton per rag. of/3-LP pro- 
tein changed the flotation rate of the lipoprotein (sf 2). At higher concentra- 
tions (40 rag. per rag. of protein) of triton, only a small amount of B-LP floated, 
the remainder sedimenting at the bottom of the analytical cell probably in 
combination with triton (Fig. 12 b, lower curve). 

Mixtures of triton and/3-LP, 40:1, were fractionated in a preparative ultra- 
centrifuge at D 1.063, and various layers were analyzed for protein, cholesterol, 
and phospholipid. Samples of ~-LP were run comparatively. In absence of 
triton, about 74 per cent of the protein, cholesterol, and phospholipid of ~-LP 
appeared in the top layer. In the presence of triton, only 20 per cent of the 
lipoprotein constituents was found in the top; 22 per cent was recovered in 
the bottom layer and the remainder was distributed in intermediate fractions. 
In all the experiments it was observed that /3-LP, ordinarily opalescent, was 
cleared by addition of triton. 
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Eject of Triton on the Extraction of Cholesterol and Phospholipids from Lipo-
proteins by Ethyl Ether.-

1 ml samples of a-LP and /3-LP, containing 2 mg. of protein, were incubated for 2 hours at
37°C. with various amounts of triton (2, 20, and 40 mg.). As a control, samples of lipoproteins
were incubated for the same period in the absence of triton. After incubation, each sample was
transferred to a 25 ml. volumetric flask containing 20 ml. of redistilled ethyl ether. The mix-
tures were shaken for 3 minutes, brought up to 25 ml. mark with ether and left at 40C. for 48
hours. 5 ml. aliquots were then separated for determination of cholesterol and phospholipid.
In parallel samples, extraction was performed by a 24:1 (v/v) mixture of ethyl ether-ethanol.

TABLE II

Effect of Triton on Extractibility of Lipids from oa-LP and O-LP

Mixtures analyzed

[3-LP + saline ..........................
" + triton, 2 mg ..................
" + " 20 " ...................

+ 40 ..................

a-LP + saline ..........................
" + triton, 2 mg....................
" " 20 " .................

" 40 ...................

Per cent extracted lipid
by ether alone

Cholesterol

A

93.4
28.4
7.2
7.3

94.2
24.2
11.6
11.2

P lipid

B

17.4
12.2
4.3
5.1

17.2
10.5
5.2
5.4

Per cent lipid extracted
by ether-ethanol 24:1, v/v

Cholesterol

C

98.9
99.0
97.6
98.6

97.2
98.9
99.0
99.0

P lipid

D

70.0
69.0
65.4
57.0

96.0
91.2
83.2
81.4

For experimental conditions, see text. a-LP and P-LP contained 2 mg. of protein.

The results are reported in Table II. In the absence of triton, ether alone

removed 93 to 95 per cent of cholesterol from O-LP and a-LP, and 17 per cent

of the phospholipids. When triton was present less cholesterol and phospho-

lipids were extracted by ether (Table II, columns A and B). Ethanol, when

added to the ether, partially opposed the effect of triton; it increased the

extraction of cholesterol and phospholipids (columns C and D).

Effect of Triton on the Complexes Chylomicron-a-P-I', (Lipomul-a-LP)-

a-P-It3 , and Lipomul-a-LP-' 1 1-As previously described (9), these com-

plexes are formed by mixing chylomicrons with a-P-I3't (A), lipomul-a-LP

with a-P I'3 (B), and lipomul with a-LP-I'3 (C). In these experiments sam-

ples of 1 mg. of either a-P-I'3 or a-LP-It3' of a specific activity of 100,000

c.P.M./mg. were mixed with aliquots of chylomicrons or lipomul containing 20

mg. of triglycerides. A, B, and C mixtures, either alone or after addition of 20

mg. of triton, were centrifuged for 18 hours at D 1.006 and the various layers

were analyzed for protein content and radioactivity. All of the triglycerides

748
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were found in the top layer. In  the absence of triton, 75 to 78 per cent of the 
radioiodinated protein also appeared in the top layer. In samples A and B 
the specific radioactivi ty was of the order of 20,000 C.P.M./mg., approximately  
1/~ the act ivi ty  of the original radioiodinated lipoprotein protein. The drop of 
specific radioactivi ty probably  reflected the mixing of labeled protein with 
unlabeled protein at tached to the triglycerides in the chylomicrons and the 
lipomul-c~-LP complex. After addition of triton, the labeled protein part ial ly 

TABLE III  
Effect of Triton on the Flotation of a-P-1131 or o~-LP-I TM in Medium of Density 1.006 

A B C 
Chylomicron-a-P-D3~ (Lipomul-a-LP)-a-P- 1 ' 3 '  Lipomul-a-LP-I TM 

Layer Protein Protein Protein 

Alone Plus triton Alone Plus triton Alone Plus triton 

p,~ Icp.M./ p,, Ic.~.~,./ p,, Ic .pM/  p,, Ic.~M./ p~, c ~ M . /  per I~'~.~'/ 

cent [ mg . . . .  t [ rag. c;nt rag. 7 2 . 6 9 9 , 0 0 0  

ce~t [ rag. ce~g I rag. cent [ ~tg. 

Top . . . . .  . 78.220,000 42.7 1,600 75..226 00 76.499,600 * - -  
34.6 19,500 78.1 25,400 Bottom...] * - -  ,2 • __ 

The original samples of ot-LP-118t and c~-P-I TM used for the interaction with lipomul and 
chylomicrons, respectively, had a specific activity of 100,000 e.p.l./mg. All the samples 
contained 20 mg. of triglycerides. In the samples with triton, the detergent was added in 
order of 1 mg. for each mg. of triglycerides. 9,600 g, 16°C., 18 hours. 

* Too low to be accurately determined. 

(sample A) or totally (samples B and C) was sedimented by ultracentrifugation 
of the mixtures for 18 hours at  D 1.006 (Table I I I ) .  

Samples of chylomicrons or lipomul, containing 20 mg. of triglycerides, when 
incubated with 20 mg. of triton for 2 hours at  37°C. and then equilibrated with 
1 rag. of a - P - I  TM or a - L P - P  3L, failed to combine with the radioiodinated lipo- 
protein protein, as indicated by  the absence of a labeled top layer after ultra- 
centrifugation of the mixtures at  D 1.006. 

A, B, and C, either alone or after mixing with triton, were also analyzed by  
starch gel electrophoresis. In  all instances, the bulk of lipids remained at  the 
origin. In  the absence of triton, the peak of radioactivi ty was also at  the origin. 
With triton, the peak of radioactivity was in the area of c~-P. The results 
obtained with the complex chy lomicron-a -P- I  TM are presented in Fig. 13. 

Unlabeled chylomicrons or the labeled A, B, and C complexes were used, 
either alone or after mixing with triton, as substrates for lipoprotein lipase 
from post-heparin plasma. In  each case, triton exhibited an inhibitory effect 
on the release of free fa t ty  acids. This effect was proportional to the concen- 
tration of tri ton present in the medium. The results obtained with unlabeled 
chylomicrons are shown in Table IV. 
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t!'I6. 13. S ta rch  gel e lec t rophore t ic  p a t t e r n s  and  curves  of r ad ioac t i v i t y  of a chy lomic ron -  

a - P - I  '3~ complex a lone  and af ter  incuba t ion  w i t h  Tr i ton .  ] , ipid s t a in ing  shown by the clark 

bands  in the two s t r ips  a t  the  bo t tom.  

T A B L E  IV  

Ejfect of Triton on Lipoprotein Lipase from Post-Heparin Plasma 

Substrate : Fatty acids produced in 60 rain. 
. . . .  i 

m.eq./:liler -~- S , D ,  
I 

Chylomic rons  + sal ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 0 . 7 0  4- 0.118 
" + t r i ton,  0.5 rag..  0 .52  -4- 0 .05  

" + " 1.0 " . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .21  =h 0 . 0 2  
" + " 2.0 " 0 . 1 l  4- 0.0(1l 
" + " 4.0 " i 0 .05  4- 0 .005  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Chylomic rons  con ta ined  2 rag. of t r ig lycer ides  and  were i ncuba t ed  wi th  the  var ious  
a m o u n t s  of t r i t on  repor ted  in the  Table ,  for 2 hours  a t  37°C. To each c h y l o m i c r o m t r i t o n  
mixture ,  (0.2 ml.),  0.5 hal. of 3 per  cent  bovine  se rum a lbumin  and  0.1 ml. of can ine  post-  
hepar in  p l a s m a  were  addcd.  F a t t y  acid p roduc t ion  was measured  a f te r  60 minu te s '  incu- 

ba t ion  a t  37°C. 

Samples of lipomul containing 20 mg. of triglycerides were incubated for 
2 hours at 37°C. with various amounts  of t r i ton-P ~1 (1, 5, 10, 20, and 100 rag.). 
The mixtures were spun at D 1.006 for 18 hours at 9,600g and the radioactivity 
in the eight 1 ml. layers of the ultracentrifuge tube determined. About 78 per 
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cent of the triglycerides of the original sample of lipomul, was recovered in the 
top layer; milkiness did not appear affected by the detergent. From the amount 
of radioactivity present in the top layer and on the basis of the values of 
specific activity of the labeled detergent, it was calculated that a maximum of 
about 10 mg. of triton combines and floats with 10 mg. of lipomul (as triglyc- 
erides). As we mentioned before, triton alone sediments at D 1.006. 

DISCUSSION 

Our data indicate that triton, a non-ionic detergent, combines with serum 
lipoproteins and induces changes which are dependent upon the concentration 
of the detergent and the class of lipoprotein. Triton had the greatest affinity 
for the high density lipoprotein class (o~-LP). Changes in this lipoprotein were 
first to appear when the detergent was added to fasting serum. At relatively 
low concentrations of triton (ratio by weight of detergent to c~-LP, 2: 1) c~-LP 
showed a reduced mobility in Tiselius, paper, and starch gel electrophoresis, 
and small changes in the ultracentrifugal flotation pattern. When more triton 
was added to c~-LP (ratio triton: c~-LP, 20:1), the mixture analyzed by starch 
gel and "paper electrophoresis exhibited a nearly lipid-free protein moving 
anodically and a triton-lipid complex moving slightly toward the cathode 
(Figs. 1 and 7). A possible explanation of this phenomenon is that triton exerts 
a solubilizing effect on the lipid moiety of o~-LP because of its property of 
lowering interfacial tension. By this process, lipids pass into the micelles of 
detergent, where they remain enclosed, probably sandwiched between the 
hydrocarbon chains of the detergent, without apparently disturbing water 
solubility and electrophoretic mobility of the detergent. According to our 
interpretation, the triton-lipid complex replaces the lipid of c~-LP, becoming 
associated with the protein moiety by forces weaker than the ordinary lipo- 
protein bonds; under these conditions, an added force, like paper or starch gel 
electrophoresis, separates the triton-lipid complex from the protein moiety of 
a-LP. Whether this phenomenon occurred in free boundary electrophoresis 
cannot be said since the composition of the resulting two boundaries was not 
determined. 

Triton, being a non-ionic detergent, would not be expected to move in an 
electric field. The small degree of migration, which was observed in our studies, 
could be related to the general property of colloidally dispersed material to 
become charged in respect to the major bulk of the solvent (25). 

The interpretation of the results obtained by ultracentrifugation of mixtures 
of triton and c~-LP at D 1.21 has to take into account that triton alone floats 
at this density (Fig. 3), although at a lower rate than a-LP. The patterns shown 
in Fig. 8 indicate that c~-LP and triton form a complex which floats at a rate 
lower than native a-LP. Chemical analysis of the various layers of a 20:1 
mixture of triton and c~-LP after ultracentrifugation at D 1.21 (Table I) also 
indicates that lipids and protein of ~-LP float at different rates. These findings 
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suggest that protein and lipid of a-LP have split, corroborating the electro- 
phoretic findings. 

From the above results it appears that the site at which triton combines 
with c~-LP is its lipid moiety. We may assume that cholesterol, being the 
most non-polar lipid, is primarily involved in the combination. This would be 
consistent with the findings of Pethica and Schulman (26) showing that non- 
ionic detergents can displace cholesterol from lipoproteins of cell membranes. 
That lipids are the site of attack of triton on lipoproteins, is also indicated by 
the apparent lack of interaction between it and the lipoprotein protein as 
shown by: (a) the failure of triton-I TM to form a radioactive complex with 
o~-P, the delipidated product of o~-LP, (b) the identical electrophoretic mobility 
of c~-P alone and mixed with triton, (c) the capacity of c~-P, after incubation 
with triton and prolonged dialysis (to remove unbound triton), to recombine 
with lipids and to give a precipitin reaction when put in contact with its specific 
antibody. The ability to recombine with tipids and to react with its homologous 
antibody was also exhibited by the a-P obtained by electrophoresis in starch 
gel of a 20:1 mixture of triton and a-LP. The observation that the protein 
moiety of ~-LP is not affected by triton is consistent with the concept that 
non-ionic detergents, in general, do not alter proteins (27) as do ionic deter- 
gents, especially the anionic (27). 

Low density lipoproteins (~-LP), were also greatly affected by triton. The 
observed differences between c~-LP and ~-LP were that (a) the affinity of 
triton for ~-LP was less than for a-LP; twice as much triton was needed to 
induce electrophoretic and ultracentrifugal changes in ~-LP as in a-LP, and 
(b) the amount of lipid displaced from/~-LP by triton was only partial. Ob- 
viously, it should be borne in mind that, per milligram of protein, there is 
more bound lipid in B-LP than in c~-LP, the ratio lipid:protein being 2:1 and 
1:1 respectively (28). There is, however, the possibility that the action of 
trilon on ¢LLP and c~-LP is dependent on the properties of their protein moie- 
ties, which have been shown to be structurally (29, 30) and immunochemically 
(31-33) different. A dependence of the activity of anionic detergents on the 
characteristics of the protein moiety of lipoproteins, has been already suggested 
by Macheboeuf and Tayeau (34). 

Concerning anionic detergents, it has been shown, in analogy with triton, 
that their action on lipoproteins varies with the dose of detergent. At high 
concentrations, they favor ether extraction of lipids from lipoproteins (34) 
whereas, at lower concentrations, they simply affect electrophoretic mobility 
(34 36). In regard to the favoring effect of anionic detergents on the ether 
removal of lipids from lipoproteins, it is interesting to p:~int out that triton 
exhibited just the opposite effect; namely, it prevented ether extraction of 
lipids from a-LP and ~-LP. This difference in results may be due to the different 
solubility of ether of anionic and non-ionic detergents. Triton is insoluble in 
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ethyl ether; therefore, since we assume that lipids remain enclosed within the 
micelles of the detergent, they will fail to partition into the ether phase. In 
fact, in the presence of ethanol, which precipitates triton, ether extraction can 
be restored, the lipid being free to pass into the ether phase. 

Recently, Tsaltas et al. (37, 38) reported that tween 40 and 80, non-ionic 
detergents, when added in small amounts to serum, reduce the electrophoretic 
mobility of a-LP and cause ultracentrifugal changes, characterized by accumu- 
lation of most of the lipoproteins in the top of the ultracentrifuge tube at D 
1.063. Because incubation at 37°C. was essential to eliciting these changes, the 
mechanism of production was considered enzymatic, related to the lipolytic 
activity of lipoprotein lipase. In view of the different experimental conditions, 
these results cannot be compared with ours. That an enzymatic mechanism 
could be responsible for the changes in lipoprotein observed with triton is 
unlikely since the results were not affected by potent enzyme inhibitors, or by 
preheating the lipoproteins at 60°C. for 10 minutes. Further, it has been shown, 
and our data are in agreement, that triton inhibits lipoprotein lipase activity 
(6, 39). The results by Schotz et al. (39) had shown that inhibition of lipoprotein 
lipase activity by triton is due to the action of the detergent not on the enzyme, 
but on the substrate. I t  has been already shown that either chylomicrons, 
which contain a-LP (11, 40) or an artificial fat emulsion, which had been 
incubated with plasma lipoproteins (41), more precisely with a-LP (11), 
represent an optimal substrate for lipoprotein lipase. I t  would appear, there- 
fore, that a-LP plays the role of an "activator" in either case. Since triton 
either prevents the triglyceride-a-LP complex from forming or causes its 
disruption when the detergent is added to an already formed complex, we 
may infer that the inhibitory action of triton on lipoprotein lipase activity is 
prevention of a-LP from combining with triglycerides to form a suitable sub- 
strate. How triton prevents the interaction between an artificial triglyceride 
emulsion and a-LP,  cannot be established on the basis of our experiments. I t  
is conceivable that since the physical properties (degree of turbidity, flotation 
characteristic) of either synthetic or natural triglycerides are not affected by 
triton, this detergent may simply coat the fat particles with consequent cover- 
ing of the sites involved in the interaction between triglycerides and a-LP. 

If the changes that triton induces when mixed in dtro with lipoproteins and 
chylomicrons of serum also occur in the plasma of tritonized animals, they 
may well be the cause of a sustained hyperlipemia. The enclosing of lipids in 
the micelles of detergent could interfere, for instance, with the physiologic 
exchange of lipids, which occurs among lipoproteins (42-44) and also in their 
rate of removal from plasma and utilization in tissues. As we mentioned before, 
activation of triglycerides by o~-LP is an indispensable requisite for their hydro- 
lysis by lipoprotein lipase; this hydrolytic process may play a role in the re- 
moval of triglycerides from circulation. Triton, by interfering with lipoprotein 
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lipase activity may totally prevent or delay the egress of triglycerides from 
plasma, thus causing their accumulation in the blood stream. 

SUMMARY 

Triton WR-1339, a non-ionic detergent, added to canine serum or to ultra- 
centrifugally separated lipoproteins, induced changes in the lipoproteins which 
were dependent upon concentration of detergent and class of lipoproteins. 

D 1.063 to 1.21 lipoprotein (a-LP) was especially sensitive to the action of 
triton. Addition of 2 mg. of triton to 1 mg. of a-LP (based on protein content), 
induced only slight changes in the electrophoretic and flotation characteristics 
of the lipoprotein. With a tenfold increase of the detergent (triton: a-LP, 20:1), 
the mixture, analyzed by starch gel and paper electrophoresis, yielded a triton- 
lipid complex which remained close to the origin, and a nearly lipid-free protein 
with electrophoretic mobility higher (starch gel) or lower (paper) than native 
a-LP. The splitting of the lipid and protein moieties of a-LP could not be 
clearly shown when the same mixture was analyzed by free boundary electro- 
phoresis. Triton alone moved only slightly in an electrical field (paper, starch 
gel, Tiselius); it sedimented during ultracentrifugation at D 1.006 and D 
1.063 and floated at D 1.21. 

D 1.006 to 1.063 lipoproteins (13-LP), required larger amounts of triton to 
show changes. These were evident in 40 to 80:1 mixtures of triton and 13-LP. 
In starch gel and paper electrophoresis triton retained, in a position close to 
the origin, part of the lipids of ~-LP; the remaining fl-LP fraction, impoverished 
of lipids, had electrophoretic mobility similar to native 13-LP. The triton-lipid 
complex sedimented at D 1.063. 

After addition of triton to complexes [chylomicron-a-P-1131] or [lipomul- 
a-LP-II*I], the electrophoretic and ultracentrifugal analyses of these mixtures 
revealed that the labeled protein was removed from the triglyceride com- 
ponent. Triton also prevented the occurrence of the interaction between 
lipomul and a-LP and the hydrolysis of both chylomicrons and lipomul-a-LP 
by lipoprotein lipase. 

I t  is postulated that, if the changes in lipoproteins and chylomicrons observed 
in vitro occur in vivo, they could account, at least in part, for the hyperlipemia 
which develops in animals following administration of triton. 

The authors are indebted to Dr. Lena A. Lewis for helpful discussion. They also wish to 
thank Mr. Steven Barany and Mr. Joe Paksi for their excellent technical assistance. 

BIBLIOGRAPHY 

1. Kellner, A., Correll, J. W., and Ladd, A. T., Sustained hyperlipemia induced in 
rabbits by means of intravenously injected surface-active agents, J. Exp. Med., 
1951, 93,373. 



ANGELO SCANU AND PASQUALE ORIENTE 755 

2. Friedman, M., and Byers, S. P., The mechanism responsible for the hypercho- 
lesterolemia induced by triton WR-1339, J. Exp. Med., 1953, 97, 117. 

3. Friedman, M., and Byers, S. P., Mechanism underlying hypercholesterolemia 
induced by triton WR-1339~ Am. J. Physiol., 1957, 190, 439. 

4. Hirsch, R. L., and Kellner, A. J., The pathogenesis of hyperlipemia induced by 
means of surface-active agents. I. Increased total body cholesterol in mice 
given triton WR-1339 parenterally, J. Exp. Meal., 1956, 104, 1. 

5. Hirsch, R. L., and Kellner, A., The pathogenesis of hyperlipemia induced by 
means of surface-active agents. II. Failure of exchange of cholesterol between 
the plasma and the liver in rabbits given triton WR-1339, J. Exp. Meal., 1956, 
104, 15. 

6. Brown, R. K., Boyle, E., and Anfinsen, C. B., The enzymatic transformation of 
lipoproteins, J. Biol. Chem., 1953, 204, 423. 

7. Gofman, J. W., Lindgren, F., Helliott, H., Mantz, V., Hewitt, J., Strisower, B., 
and Herring, V., The role of lipids and lipoproteins in atherosclerosis, Science, 
1950, 111, 166. 

8. Lewis, L. A., Green, A. A., and Page, I. H., Ultracentrifuge lipoprotein pattern of 
serum of normal, hypertensive, and hyperthyroid animals, Am. J. Physiol., 
1952, 171,391. 

9. Scanu, A., and Hughes, W. L., Recombining capacity toward lipids of the protein 
moiety of human serum al-lipoprotein, J. Biol. Chem., 1960, 235, 2876. 

10. Scanu, A., Lewis, L. A., and Bumpus, F. M., Separation and characterization of 
the protein moiety of human serum a1-1ipoprotein, Arch. Biochem. and Bio- 
physics, 1958, 74, 390. 

11. Scanu, A., and Page, I. H., Separation and characterization of human serum 
chylomicrons, J. Exp. Meal., 1959, 109, 329. 

12. Sperry, W. M. L., Methods of Biochemical Analysis, (D. Glick, editor), New 
York, Interscience, 1955, 2, 106. 

13. Van Handel, E., and Zilversmit, D. B., Micro method for the direct determination 
of serum triglycerides, J. Lab. and Clin. Med., 1957, 50, 152. 

14. Abell, L. L., Levy, B. B., Brodie, B. B., and Kendall, F. E., A simplified method 
for the estimation of total cholesterol in serum and demonstration of its speci- 
ficity, J. Biol. Chem., 1952, 195, 357. 

15. Fiske, C. H., and Subbarow, Y. J., The colorimetric determination of phosphorus, 
J. Biol. Chem., 1925, 66,375. 

16. Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., Protein measure- 
ment with the folin phenol reagent, J. Biol. Chem., 1951, 193, 265. 

17. Lange, C., Single micro determination of Kjeldahl nitrogen in biological materials, 
Anal. Chem., 1958, 30, 1692. 

18. McFarlane, A. S., Efficient trace-labeling of proteins with iodine, Nature, 1958, 
183, 53. 

19. Scanu, A., and Page, I. H., Recombination with lipids of the lipid-free protein 
from canine serum D 1.063 to 1.21 lipoprotein (al-lipoprotein), J. Lip~ Re- 
search, in press. 



756 IN VITRO EFFECTS IF TRITON ON LIPOPROTEINS 

20. Smithies, 0., Zone electrophoresis in starch gels; group variations in the serum 
proteins of normal human adults, Biochem. J., London, 1955, 61,629. 

21. Poulik, M. D., Starch gel eleetrophoresis in a discontinuous system of buffers, 
Nature, 1957, 180, 1477. 

22. Jarrige, P., and Lafoscade, G., Elutions des proteines aprhs s4paration par 61ec- 
trophor~se ~ tracers un gel d'amidon, Bull. Soc. chim. biol., 1959, 41, 1197. 

23. Durrum, E. L., A microelectrophoretic and microionophoretic technique, J. Am. 
Am. Chem. Soc., 1950, 729 2943. 

24. Dole, V. P., A relation between non-esterified fatty acids in plasma and the me- 
tabolism of glucose, J. CIin. Inv., 1956, 3~i, 150. 

25. Schwartz, A. M., Perry, J. W., and Berch, J., Surface Active Agents and Deter- 
gents, New York, Interscienee Publishers, Inc., 1958, 2, 123. 

26. Pethica, B. A., and Schulman, J. H., The physical chemistry of haemolysis by 
surface-active agents, Biochem. Y., London, 1953, 53, 177. 

27. Putnam, F. W., The Proteins, Academic Press, New York, 1, pt. B, 824, 1953. 
28. Havel, R. J., Eder, H. A., and Bragdon, J. H., The distribution and chemical 

composition of ultracentrifugally separated lipoprotein in human serum, Y. 
Clin. In% 1955, 34, 1345. 

29. Avigan, ]., Redfield, R., and Steinberg, D., N-terminal residues of serum lipopro- 
teins, Biochim. et Biophysica Acta, 1956, 20, 557. 

30. Shore, B., C- and N-terminal amino acids of human serum lipoproteins, Arch. 
Biochem. and Biophysics, 1957, 71, 1. 

31. Levine, L., Kauffman, D. L., and Brown, R. K., The antigen similarity of humao. 
low density lipoproteins, J. Exp. Med., 1955, 102, 105. 

32. DeLalla, L., Levine, L., and Brown, R. K., Immunologic studies of human high 
density lipoproteins, J. Exp. Med., 1957, 106, 261. 

33. Scanu, A., Lewis, L. A., and Page, I. H., Studies on the antigenicity of oq and 
/3-1ipoproteins of human serum, J. Exp. Med., 1958, 108, 185. 

34. Macheboeuf, M. A., and Tayeau, F., Nouvelles recherches sur la nature et la 
stabilit6 des liaisons unissant les lipides aux protides dans le serum sanguin, 

Bull. Soc. chim. biog., 1941, 9.3, 31. 
35. Gordon, R. S., Interaction between oleate and the lipoproteins of human serum, 

J. Clin. Inv., 1955, 84, 477. 
36. Ayrault-Jarrier, M., Wald, R., and Polonovski, J., Influence des d~t~rgents sur 

le mobilite 61ectrophor~tique des lipoproteines s6riques isol~es, Bull. Soc. chim. 
biol., 1959, 41, 753. 

37. Tsaltas, T. T., and Kutt, H., Alterations of electrophoretic mobility of serum 
mobility of serum lipoproteins by non-ionic detergents, Fed. Proc., 1958, 17, 
325. 

38. Tsaltas, T. T., and Tocantins, L. M., In vitro alterations of molecular composition 
of serum lipoproteins by non-ionic detergents, Fed. Proc., 1960, 19, 230. 

39. Schotz, M. C., Scanu, A., and Page, I. H., Effect of triton on lipoprotein lipase 
of rat plasma, Am. J. Physiol., 1957, 188, 399. 

40. RodbeU, M., and Fredrickson, D. S., The nature of the proteins associated with 
dog and human chylomicrons, 9*. Biol. Chem., 1960, 9.34, 562. 



ANGELO SCANU AND PASQUALE O~ENTE 757 

41. Korn, E. D., Clearing factor, a heparin-activated lipoprotein lipase. II. Substrate 
specificity and activation of coconut oil, Y. Biol. Chem., 1955, 215, 15. 

42. Fredrickson, D. S., Collester, D. L., Havel, R. J., and Ono, L., Chemistry of 
Lipids as Related to Atherosclerosis, (I. H. Page, editor), Springfield, Illinois, 
Charles C. Thomas, i958, 215. 

43. Kunkel, I-I. G., and Bearn, A. G., Phospholipid studies of different serum lipo- 
proteins employing P32, Proc. Soc. Exp. Biol. and Med., 1954, 86, 887. 

44. Florsheim, W. H., and Morton, M. W., Stability of phospholipid binding in human 
serum lipoproteins, J. Appl. Physiol., 1957, 10, 301. 


