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acid (a ratio within the range found in orange juice) the 
content of amino acid fell to zero after 10 min with a cor- 
responding decrease by -20% in the content of D-glucose 
and a considerably slower loss of D-glucose thereafter. 
When the amino acid was omitted there was no observed 
loss of D-glucose during 40 min a t  100". Increasing the 
molar proportion of amino acid to 0.308 caused a more 
pronounced loss of D-glUCOSe, falling to 40% of its original 
value after 40 min a t  100". 

The validity of this model system, and the analytical 
procedure used for monitoring the loss of D-glucose, in 
relation to the thermal deterioration of an actual sample 
of dehydrated orange juice is illustrated in Figure 13. 
Dried orange juice powder prepared by the foam-mat pro- 
cess was kept a t  100" and assayed by glc for content of D -  
glucose. The curve for loss of D-ghCOSe showed a decrease 
by -20% during the first 40 min, falling by another 20% 
after a total of 4 hr. The curve is observed to be closely 
similar to that given in the model system (Figure 12) for 
D-glUCOSe and 4-aminobutyric acid present in the ratio 
generally found in orange juice. Greatly accelerated loss of 
D-glucose was observed in the dehydrated orange juice 
when -1 molar equiv of 4-aminobutyric acid (with re- 
spect to D-glUCOSe) was added before heating; the content 
of D-ghOSe fell to <IO% of the original level after 40 min 
a t  100". 

The foregoing results indicate that interactions between 
D-glucose and amino acids, especially 4-aminobutyric acid 
and L-arginine, probably play a significant role in reac- 
tions leading to deterioration of dehydrated orange juice, 
and demonstrate that loss of D-glUCOSe takes place under 
accelerated conditions of storage deterioration. Work with 
model systems has established that D-glucose interacts 
with amino acids to give 1-(N-substituted)amino-1-deoxy- 
D-frUCtOSeS by way of a glycosylamine intermediate. It re- 
mains to be established, on an isolative basis, the postula- 
ted formation and subsequent decomposition of such in- 
termediates during the initial stages of storage deteriora- 
tion of dehydrated orange juice and other food products 
where this same degradative sequence is presumed to op- 
erate. 
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Disc Gel Electrophoresis. A Technique Involving Fluorescent Staining Prior to 
Separation 

Dennis L. Zakl and Philip G. Keeney* 

Disc gel electrophoresis of proteins prestained tubes and visualization of bands under long- 
with a fluorescent indicator, Fluram, is de- wavelength uv light is possible as soon as electro- 
scribed. Less than 1 gg of protein is readily dis- phoresis is completed. Proteins appear as sharp, 
cerned on gels. Speed of analysis is a special ad- fluorescent bands. The procedure is especially 
vantage over conventional procedures which in- applicable a t  high polyacrylamide concentrations 
volve staining and destaining after electrophore- in gels. 
sis. Gels do not have to be removed from support 

Polyacrylamide disc gel electrophoresis is a widely used 
technique for protein studies. High acrylamide concentra- 
tions, sometimes desired for effective separations, result 
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in strong gels which cannot be removed from electropho- 
resis tubes without fracturing the gel and altering the in- 
tegrity of separated bands of protein. Moreover, fixation, 
staining, and destaining procedures for visualization of 
protein bands can be inordinately lengthy. Described 
herein is a fluorescent method which overcomes some of 
these difficulties. Using Fluram (Hoffman La Roche, 
Inc.), fluorophores of proteins are formed prior to electro- 
phoresis, and after separation individual bands can be 
visualized without removing the gel from the tube and 
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FLUORESCENT STAINING 

the cumbersome staining an( 

L-phenylspiro(furan-2(3H)-l'.phi 
1 .  -1 . .  

going through 1 destaining 
process. 

Fluram (4 thalan)-3,3'- 
dione), formerly Known as rmorescamme, 1s a new re- 
agent for the detection of primary amines and proteins 
(Udenfriend et d., 1972). At  pH 8.6-9.0 fluorophors are 
formed which are excited a t  390 nm and emit a t  475 nm. 
The reaction is nearly instantaneous and excess reagent 
decomposes xt immedi- 
ately. 

to nonfluorescent uroducts almi 

MATERIALS AND METHODS 
Disc gel electrophoresis was carried out primarily as  de- 

scribed by Davis (1964) using reagents which were essen- 
tially those of Brumhy and Welch (1970). 

Reagents used were: gel buffer, 36.6 g of Tris and 0.23 
ml of N,N,N',N'-tetramethylethylenediamine (TEMED) 
in 8 M urea adjusted to pH 8.9 with approximately 48 ml 
of 1 N HCI and diluted to 100 ml volume with 8 M urea; 
stacking gel buffer, 5.98 g of Tris and 0.46 ml of TEMED 
in 8 M urea adjusted to pH 6.7 with 1 N HCI and diluted 
to 100 ml with 8 M urea; concentrated acrylamide, 28 g 
of acrylamide and 0.735 g of N,N'-methylenehisacrylam- 
ide diluted to 100 ml with 8 M urea; dilute acrylamide, 11 
g of acrylamide and 1.5 g of N,N'-methylenebisacrylamide 
diluted to 100 ml with 8 M urea; catalyst, 0.14 g of am- 
monium persulfate diluted to 100 ml with 8 M urea; su- 
crose solution, 40% in distilledwater (wjv). 

Preparation of Gels. Acrylamide separating and stack- 
ing gels (21%) were prepared using various proportions of 
the above listed reagents (v/v): separating gel, gel huffer- 
concentrated acrylamide-catalyst (1:61, respectively); 
stacking gel, stacking gel buffer-dilute acrylamide-cata- 
lyst-sucrose solution (1:2:1:4, respectively). 

A measured volume (1 ml) of separating gel mixture 
was placed in a 0.5 cm i.d. X 7 cm electrophoresis tube 
and overlayered with 20-30 p1 of water to give a flat sur- 
face to the gel. After polymerization the nonpolymerized 
top layer was removed and 0.2 ml of stacking gel added. 
The stacking gel was water layered as  previously men- 
tioned. 

Preparation of Protein for Electrophoresis. Bovine 
serum albumin (BSA) and a-lactoglobulin were obtained 
from a commercial source. All other milk protein stan- 
dards were supplied by M. P. Thompson (U. S. Depart- 
ment of Agriculture, Eastern Marketing and Nutrition 
Research, Philadelphia, Pa.). Each protein (1 mg) was 
dissolved in 0.25 ml of buffer solution (40 g of sucrose and 
21 g of urea added to 100 ml with 2% Na2C03 in 0.1 N 
NaOH adjusted to pH 8.6 with HC1). Using a syringe to 
obtain instantaneous mixing, 100 PI of Fluram solution (1 
mg/ml in acetone) was added to 100 PI of protein solution 
in 2-ml vials. One to fifty micrograms of the Fluram 
stained samples were applied to electrophoresis tubes. 

Serum protein and casein were recovered from skim 
milk (37") by filtration after adjusting to pH 4.6 with 
HCI. The filtrate was used as the serum or acid whey pro- 
tein fraction. The precipitate from the above was resolu- 
bilized in 0.1 N NaOH, reprecipitated with HC1 and again 
resolubilized in 0.1 N NaOH to yield acid-precipitated ca- 
sein solution. The whey protein and casein solutions were 
allowed to react with Fluram in a manner similar to that 
used for the protein standards to yield final protein con- 
centrations of 1-2 eg/fil. 

Electrophoresis. The buffer used for electrophoresis 
was 6 g of Tris buffer and 28.8 g of glycine per liter of 
water further diluted one part in seven parts of water just 
prior to electrophoresis. Separations were conducted on a 
Conalco Model 12 apparatus with a Conalco Model 1400 
power supply. The system was subjected to a current of 
2.5 mA until the sample had moved through the stacking 
gel and then 5 mA was applied for separation. Electropho- 
resis was complete when the marker was 1 cm from the 

Figure 1. Disc gel electrophoresis of milk proteins prestained 
with Fluram: (1) euglobulin: (2) pseudoglobulin; (3) yG-globu- 
lin: (4) acid whey; (5) n-iactalbumin; ( 6 )  @-lactoglobulin: (7) 
bovine serum albumin (BSA): (8) x-casein: (9) acid-precipitated 
casein: (10) @-casein; (1 1 )  ng-casein. 

hr. 
After electrophoresis, samples were made visible and 

photographed in a black box under long-wavelength ultra- 
violet light. Photography was accomplished using conven- 
tioi 
filt 

RE 

nal photographic equipment fitted with a Wratten 2A 
er. 

SULTS AND DISCUSSION 
?ionre 1 show. the elwtronh,-,r&P nattom. fnl I.,.... - I I ".." _."_."."r.."__"._ ~-""~...~ _-. ....... 

protein standards, whey protein, and acid caseins pre- 
stained with Fluram. Although some differences are evi- 
dent, migration patterns were comparable to those re- 
ported for milk proteins made visible by conventional 
staining techniques after electrophoresis (Manning, 1969; 
Morr and Lin, 1970; Mom et al., 1971). The caseins in 
particular migrated in the same order when prestained as 
they do when traditionally subjected to electrophoresis, 
hut they did not move as  far as might have been expect- 
ed. This is attributed to the high acrylamide concentra- 
tion in the gels used in this study. 

The immune globulins (tubes 1, 2, 3) of milk serum and 
x-casein did not migrate, due probably to their sizes and 
the high acrylamide concentration. Relative to each other, 
prestained bovine serum albumin (BSA) and the @-lacto- 
globulins migrated in reverse order to that reported when 
staining is done after electrophoresis. This inversion may 
reflect an effect of Fluram, hut i t  could also involve urea 
which is not normally used for whey protein separations. 

Reaction with Fluram followed by electrophoresis re- 
sulted in the detection of impurities in the standards, par- 
ticularly in BSA and us-casein. Moreover, the whey pro- 
teins were observed to he contaminated with the caseins 
and uice versa. Comparison with conventional staining- 
destaining techniques would he desirable to determine if 
Fluram is an especially sensitive reactant for determining 
the electrophoretic homogeneity of protein samples. 

The band a t  the bottom of each gel reflects primary 
amine contamination of the buffer used in prestaining. 
Phosphate, borate, and carbonate buffers were checked 
and showed no bottom hand. When urea was added the 
hand appeared. The band has an advantage. It is visible 
when the apparatus is operating and acts as a marker en- 
abling the operator to determine when electrophoresis is 
complete. 

Figure 2 is presented as evidence that the Fluram 
method yields reproducible results with respect to the 
number and relative intensities of migrated hands. Shown 
are whey protein and casein fractions recovered from two 
samples of skim milk. Two portions of whey protein and 
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Figure 2. Reproducibility of separations by disc gel electropho- 
resis of milk proteins prestained with Fluram: (1) N-lactalbumin; 
(2-5) acid whey; ( 6 )  %-casein; (7-10) acid-precipitated ca- 
sein. 

casein from each skim milk bad been prestained separate- 
ly. No differences were found. 

Figure 3 allows judgment about the minimum quantity 
of protein that can be detected on disc gels. Shown are 
gels to which varying quantities of BSA and a-lactalbu- 
min had been applied after staining with Fluram. Protein 
amounts ranged from 1.25 to 15 wg. Both BSA and a-lact- 
albumin were easily discerned a t  the lowest level of appli- 
cation and, quite likely, amounts well below 1 wg could be 
detected. 

Based on the study reported herein, prestaining with 
Fluram offers distinct advantages when compared to con- 
ventional methods which involve staining after electro- 
phoresis. Included are speed of analysis, ability to use 
high acrylamide concentrations in gels, clarity of separa- 
tions, and improved sensitivity. Assuming gels are made 
in advance, total time for analysis, including photography, 
takes less than 1 hr. 

The marker and smaller protein bands diffuse and be- 

Role of Calcium in Activating Soybean Lipc 

Gerald L. Zimmerms 

Lipoxygenase 2 is activated by Ca2+, but does 
not show optimum activity a t  a particular Ca2+ 
concentration as does crude soybean lipoxyge- 
nase. Still, the Ca2+ activation probably is due 
to Caz+-linoleate interaction rather than to CaZ+- 
lipoxygenase 2 interaction. Such a conclusion is 
based on findings that (1) CaZ+ activation was 
not due to inhibition of lipoxygenase self-cata- 
lyzed destruction, (2) lipoxygenase 2 is active 
without added Ca2+, (3) ultracentrifugal analysis 

Restrepo et al. (1973) and Koch et al. (1971) reviewed 
the literature on CaZ+ activation of lipoxygenase. Restre- 
PO et al. (1973) found that lipoxygenase 1 was inhibited 
but lipoxygenase 2 was activated by Ca2+ and concluded 
that Ca2+ was interacting with sodium linoleate rather 
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Figure 3. Sensitivity _.  I.I_ =_. r. _.." _ .  - .__.I. 
bumin mixture prestained with Fluram. Each protein: (1) 1.25 
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erator where band diffusion is delayed and fluoropbor 
claritv and intensitv can he maintained several days witb- 
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iome less distinct witb time. However, if photographed 
vithin a few hours a permanent record is obtained. When 
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ndicates disappearance of a floating fraction 
when Ca2+ is mixed with linoleate, (4) CaZ+ does 
lot activate lipoxygenase 2 when i t  acts on meth- 
rl linoleate, and (5) CaZ+ causes visible precipi- 
:ates with linoleate. We find that CaZ+ activa- 
:ion of lipoxygenase 2 occurs only in the absence 
)f Tween 20 and that, as  a consequence, the dif- 
erentiation of lipoxygenase 2 and 3 based on 
:a2+ activation needs to he reexamined. 

.. . . . .  - than wtn  hpoxygenase to cause tne activation. 'iney 
based their conclusion on studies with crude soybean ex- 
tract showing an optimum activity when linoleate concen- 
tration was equal to Ca2+ concentration. We now investi- 
gate this activity relationship by using purified lipoxyge- 
nase 2. 

Smith and Lands (1972) studied the self-catalyzed de- 
struction of soybean lipoxygenase. The activation due to 
Ca2+ could be explained as an inhibition of the self-cata- 
lyzed destruction, and we report on studies investigating 
that possibility. While investigating the role of CaZ+ in 


