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oric content of diets by adding tallow did not 
give a growth response comparable to that ob- 
tained by simply cooking the peas. Alkali- 
insoluble fractions of peas depressed chick 
growth but alkali-soluble fractions did not. 
It is suggested that peas (P. sativum) contain 
a growth inhibitor for birds that is inactivated 
by heating treatments employed. 
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Electrophoresis in starch gel ( 1 ) , is being in- 
creasingly used mainly because of its good 
resolution of protein fractions. During our 
studies of serum and cerebrospinal fluid pro- 
teins(2) with this method we found it ad- 
vantageous to stain half of the gel electro- 
phoretogram for lipoproteins, Oil red 0 was 
selected as coloring agent in staining the lipo- 
proteins in starch gel as described by Smithies 
(personal communication) . ' Initially consid- 
erable difficulties were encountered with re- 
producibility of the pattern using this meth- 
od; later, however, we determined that these 
variations were mostly produced by incon- 
stant composition of commercial oil red 0 
which contains components that stain albumin 
and globulins as well as lipids. Partial puri- 
fication has reduced these inconsistencies and 
has enabled relatively constant lipoprotein 
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patterns in the starch gel to be obtained. TO 
interpret the patterns obtained with oil red 0, 
we thought it important to identify the bands 
that were seen. Serum lipoproteins were frac- 
tionated by starch granule electrophoresis and 
by sedimentation in the preparative ultracen- 
trifuge. The isolated fractions were submitted 
to electrophoresis in starch gel and the results 
described below. 

illaterials and methods. Human serum was 
separated by centrifugation, pooled and stored 
a t  4°C no longer than 48 hours before ultra- 
centrifugation or electrophoresis. All chemi- 
cals were of reagent grade and the solvents 
were redistilled. Double glass-distilled water 
was used in all experiments to reduce contact 
of lipoproteins with copper ions. Starch gel 
electrophoresis was carried out as described 
by Smithies( 1 ) .  Coloring of lipoproteins with 
oil red 0 was performed as previously re- 
ported( 2 )  and crude oil red 0 was partially 
purified eliminating the protein staining com- 
ponents with a technic we developed(3). 
Spinco Model L preparative ultracentrifuge 
was used to prepare high and low density lipo- 
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proteins. Specific gravity of serum was ad- 
justed to 1.063 g/ml with a saturated solu- 
tion of KBr and NaNOy in equal parts(4). 
In Rotor 40 the specimen was spun a t  105.400 
x G for 24 hours. Floating lipoproteins were 
collected and designated as low density lipo- 
proteins. The bottom of the 1.063 tubes was 
aspirated and adjusted to specific gravity of 
1.2 1 g/ml and centrifugation repeated. 
Floating lipoproteins were collected and desig- 
nated as high density lipoproteins. Alpha- 1, 
alpha-2 and beta lipoproteins were obtained 
by starch granule electrophoresis. The 
starch blocks were prepared as described by 
Kunkel(5), with minor modifications. Barbi- 
tal buffer of pH 8.6 and ionic strength of 0.06 
was used. After completion of electrophoretic 
separation, the block was cut in segments, 
suspended in 0.9% saline and a protein curve 
was prepared by the method of Folin-Ciocal- 
teu. Tubes of beta, alpha-2, and alpha-1 
(containing a large proportion of albumin) 
zones were pooled into the 3 respective frac- 
tions and concentrated by negative pressure 
dialysis in collodion bags according to the 
method of Mies (6 ) .  The concentrated lipo- 
protein fractions were then subjected to elec- 
trophoresis in starch gels. The strips were 
stained with purified oil red 0 and scanned 
with a recording photoelectric densit0meter.S 

In another block, segments were extracted 
with methylal : methanol 4 : 1 mixture and 
phospholipid and cholesterol analyses were 
made by methods of Fiske and Subbarow and 
Sperry and Schonheimer respectively, to de- 
termine the position of lipoproteins in the 
starch block. 

Results. In starch gel electrophoresis, the 
beta lipoproteins prepared by starch granule 
electrophoresis migrated close to the origin 
forming a wide band, which spread from the 
origin toward the anode forming a plateau 
(Fig. 1 A) .  The alpha-2 lipoproteins also re- 
mained close to the origin similar to the pat- 
tern of beta lipoproteins; however, there was 
a rising front present towards the anode (Fig. 
1 B) .  The alpha-1 lipoproteins migrated in 
the postalbumin area as a band, which had 
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a rapidly rising limb and a somewhat gradu- 
ally falling limb towards the anode (Fig. 
1 C).  This asymmetrical leading edge of the 
alpha- 1 component was occasionally resolved 
into an additional band. 

To confirm the identity of lipoproteins 
eluted from the starch block and rule out the 
possibility that the beta lipoproteins might 
have extended into the area of alpha-2, the 
following experiment was performed. ,411 
tubes of a starch block were separately con- 
centrated and submitted to electrophoresis in 
starch gel. The slow lipoprotein band was 
seen in concentrates from both beta and al- 
pha-2 segments and little, if any, lipid-con- 
taining material was seen in segments that 
constituted the valleys between peaks of 
starch block electrophoresis. The fast band 
was found in the concentrate from albumin- 
alpha-1 segments. These patterns were in 
agreement with the phospholipid curve from 
a block of the same serum (Fig. 2).  

Low density lipoproteins prepared by ultra- 
centrifugation remained close to the origin as 
did the beta lipoproteins from the starch 
block, but they also showed a rising front 
towards anode similar to the alpha-2 lipopro- 
teins. The high density lipoproteins showed 
a band similar in shape and position to that 
given by alpha-1 lipoproteinsl eluted from 
the starch block. 

When whole serum was applied, patterns 
were obtained which showed a band close to 
the origin in the position of the low density 
lipoproteins and another band in the post- 
albumin region, where the high density lipo- 
proteins migrated (Fig. 1 D). It was noted 
that the band close to the origin showed con- 
siderable variations among individual patients. 
This band also decreased in intensity more 
rapidly than the faster band when serum was 
stored, and repeated runs performed or when 
concentration by lyophilization rather than 
pressure dialysis was employed. 

Before purification of oil red 0 was under- 
taken, the number of bands seen on the gel 
strips where whole serum has been separated, 
was not constant and at times all serum pro- 
teins were stained. Some bands in addition 
appeared to be reddish-brown or even yellow- 
ish-brown. This occurred whenever a new 
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batch of staining solution was prepared, which 
happened to contain a large amount of yellow- 
brown protein staining components. Follow- 
ing use of purified oil red 0. only the slow and 
fast bands were consistently seen. 

Discussion. Electrophoretic mobilities of 
alpha-1 and beta lipoproteins in starch gel 
could be anticipated. They were similar to 
zone electrophoresis patterns obtained with 

other supporting media such as filter paper, 
starch granules or agar, and confirm the find- 
ings of Silberman( 7 )  and Poulik and Smithies 
(8) .  The behavior of alpha-2 lipoproteins, 
however, is of interest. The work of Kunkel 
and Trautman (4) indicated that some alpha- 
2 lipoproteins are lighter than serum and pos- 
sibly contain chylomicra. Our results tend to 
support that evidence, in that migration of 
alpha-2 lipoproteins in starch gel is similar to 
the beta, low density, lipoproteins. It ap- 
pears therefore that when whole serum is sub- 
mitted to starch gel electrophoresis, the slow 
band includes beta and alpha-2 lipoproteins, 
whereas the band in the postalbumin region 
contains only high density lipoproteins. 

When fat dyes are used which contain pro- 
tein staining components for demonstration of 
lipoproteins, the starch gel method offers 
some advantages over paper electrophoresis. 
Lipoproteins in gel migrate in areas, where 
no major protein component is present and the 
co-staining of proteins is therefore less dis- 
turbing in the interpretation of patterns. The 
major disadvantage of the gel method is that 
quantitative estimates from gel strips can be 
obtained only by scanning devices and these 
are less accurate than data obtainable with 
dye elution technics. 

Summary and conclusions. 1. Alpha-2 and 
beta lipoproteins in starch gel migrated close 
to the origin, whereas alpha-1 lipoproteins 
migrated in the postalbumin region. 2. Some 
of the causes of inconsistencies of lipoprotein 
patterns in starch gel are discussed. 
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