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Improved sensitivity for detection and quantitation of glycoproteins on polyacrylamide gels 
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Summaw. A simple and sensitive technique for staining glycoproteins on polyacrylamide gels utilizing periodic acid-Schiff  
(PAS) reagent is described. The novelty of  this technique is an additional incubation of  the PAS stained gels in an 
ethanolic solution of  metabisulfite. The treatment results in an about 20-fold increase in the intensitiy of  bands and the 
color is stable for at least l week at room temperature. Furthermore,  the integrated optical density of  the bands is propor- 
tional to the amount  of  glycoproteins. Amounts  as small as 0.2 btg of fetuin can be conveniently determined.  As compared 
to other PAS staining methods, this procedure offers a remarkably improved sensitivity for detection and quantitation of  
glycoproteins following their electrophoretic separation on polyacrylamide gels. 

Most of  the procedures for detection of  glycoproteins on 
polyacrylamide gels are based on the periodic acid-Schiff  
reagent (PAS) reaction. The intensity of  glycoprotein bands 
stained with PAS method depends on the number  and 
nature of  sugar moieties of  individual proteins. However,  
for a particular glycoprotein species the stoichiometry of  
the chromophore  binding permits quantitative determina- 
tion of  the protein 2. The present report describes a modifi-  
cation of  this commonly  employed technique which brings 
about a many-fold increase in the sensitivity of  glycopro- 
tein detection. 
Methods. Disc electrophoresis was carried out as previously 
described 3 in glass tubes with internal diameter  5 mm and 
100 mm long containing 10% polyacrylamide gel and 0.1% 
sodium dodecyl sulfate (SDS). 2 standard glycoproteins, 
namely fetuin and ovalbumin (Sigma, Chemical  Company,  
St. Louis, Missouri) were solubilized in a sample buffer 
consisting of  0.78% (w/v)  SDS, 0.75% (w/v) dithiothretiol 
and 7% (w/v) sucrose in 12.5 mM sodium phospate buffer, 
pH 7.0, and electrophoresed. Thereafter  the gels were 
removed from the tubes and processed according to Mat- 
thieu and Quarles 2. The last step of  the procedure was, 
however, modified. Thus, following the 18-h incubation in 
Schiff reagent (Merck, Darmstadt, West Germany)  the gels 
were transferred to glass tubes containing 35 ml of  0.2% 
potassium metabisulfite in 40% ethanol-5% acetic acid and 
incubated lk)r 90 min at 55 ~ with occasional shaking. The 
treatment resulted in an appreciable increase in the band 
intensity, although the red color also developed in both the 
void parts of  the gels and in the bath fluid. Incubation 

exceeding 90 min did not influence the intensity of  the 
color. The gels were subsequently destained with 40% 
ethanol-5% acetic acid. Usually a 24-h wash with occasional 
agitation and several changes of  the fluid removed all the 
stain from the background. Gels were scanned at 520 nm in 
a Vitratron densitometer.  Glycoproteins were quantitated 
by determination of  areas under the recorded peaks. 
Results anddiscu,s=~'ion. As shown in the table the incubation 
of  the Schiff  reagent-treated gels in the ethanol-containing 
solution of  metabisulphite increases the intensity of  fetuin 
and ovalbumin bands by about 18 and 22 times respectively 
as compared to the intensity developed after the wash with 
an aqueous solution of  metabisulphite 2. Virtually identical 
results were obtained with a methanol-containing solution, 
although the development  of  the color was slightly delayed. 
The concentration of  ethanol in the incubation medium is 
far above the critical one, although the ratio of  the medium 
to the Schiff reagent-containing gel should be preserved. A 
deviation from this ratio by more than 20% may decrease 
the intensity of  staining. The color of  bands is stable for at 
least I week at room temperature in a dark. No staining of  
glycoproteins was detectable in gels when the treatment 
with periodic acid was omitted. 
Figure I depicts the correlation between the amount  of  
standard proteins and the peak areas of  the bands. At the 
same protein concentration the intensity of  fetuin staining 
was greater by about 3-fold than the intensity of  ovalbumin 
bands, reflecting the quantity and type of carbohydrate 

4> content of  these proteins .5. The linearity was preserved up 
to a concentration of  approximately 50 and 120 btg of  
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Figure 1. Correlation between the amounts of retain (closed circles) 
and ovalbumin (open circles) and the peak areas of the bands. 
Points represent average values from 2 4 independent determina- 
tions. 
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Figure 2. Densitometric profiles of human serum proteins separat- 
ed by disc get elec~rophoresis and stained with Coomassie Brillianl 
Blue 3 (A), the modified PAS technique (P,) and the original PAS 
technique of Matthieu and Quarles 2 (C). Gels were loaded with 
52 I.tg of serum protein. The arrow indicates the top of the gels. 
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prote in  per  gel for fe tu in  and ovalbumin ,  respectively. 
Amoun t s  as low as 0.2 gg of  fe tuin and  0.7 gg o v a l b u m i n  
can be convenien t ly  quan t i t a ted  using the high-sensi t ivi ty 
sett ing of  the dens i tomete r  Thus,  within these limits of  
l inear  re la t ionship,  s t andard  curves covering various ranges 
of  pro te in  concen t ra t ion  can be plotted. 
W h e n  whole  h u m a n  serum was e lect rophoresed and 
stained, a l inear  re la t ionship  be tween  the a m o u n t  of  pro- 
tein appl ied on  the gel and  the peak area was observed for 
all the glycoprotein  b a n d s  (within certain l imits for individ-  
ual bands) .  On  the o ther  hand,  a n u m b e r  of  serum proteins  
(stained by Coomassie  blue)  did not  stain wi th  this techni-  
que (fig,2). Also in a sample  of  CNS myelin proteins  only  
the bands  represent ing  glycoproteins were stained. Othe r  
proteins,  wi thou t  glycosyl residues, were not  s ta ined al- 

The comparison of 2 methods for glycoprotein staining in polyacryl- 
amide gels. The gels were loaded with either 32.8 gg of fetuin or 65.5 gg 
of ovalbumin. The figures represent average values and SD from 4 ex- 
periments 

Method Peak area (cm 2) 
Fetuin Ovalbumin 

Original technique of 
Matthieu and Quarles 3.6 • 0.3 2.1 + 0.2 
Modified technique 64.3 • 3.1 45.3 �9 4.5 
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though  they were present  in m u c h  h igher  concentra t ions  in  
the sample .  Thus,  a l though this study d id  not  de te rmine  the 
chemist ry  of  the a l coho l -dependen t  reaction,  it may  be  
tentat ively concluded that  the c h r o m o p h o r e  binds  specifi- 
cally and  s toichiometr ical ly  to glycoproteins.  
The  simple and  rapid  procedure  described here  offers 
r emarkab ly  improved  sensitivity for detect ion and  quant i -  
rat ion of  glycoproteins  fol lowing their  e lectrophoret ic  sep- 
ara t ion on  p01yacrylamide gels. 
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Harvesting large amounts of Drosophila embryos at precisely defined stages 

R. Messeguer, J. Pifiol and O. Cabr6 

Departamento de Gen~tica, Facultad de Ciencias, Universidad Autdnoma de Barcelona, Bellaterra, Barcelona (Spain), 
3 January 1983 

Summary.  A s imple m e t h o d  is described which makes  it possible to e l imina te  the re ta ined  eggs of Drosophila melanogaster 
and to harves t  a large a m o u n t  of  embryos  at a def ined stage of  deve lopmen t .  It is based  upon  ca rbon  dioxide anesthesia ,  
which brings abou t  the  expuls ion of  eggs r ema in ing  in the  uterus.  

One of  the p rob lems  when  working with Drosophila em- 
bryos is the difficulty of  harves t ing large amoun t s  of  
embryos at precisely def ined early stages of  deve lopment .  
This is due to the fact tha t  some females  do not  lay recent ly 
fertilized eggs, bu t  re ta in  them for a var iable  t ime ~'2, so tha t  
the age-span of  collected embryos  does not  cor respond  
exactly to the laying per iod because there are 10-15% of  
older embryos.  Since mitot ic  cycles at early stages are very 
rapid (10-60 mini-3), even  a modes t  con tamina t ion  by older  
embryos creates a s ignif icant  p ropor t ion  of  cells or nuclei  
from stages more  advanced  than  that  of  the desired sam- 
ple 4. 

Several me thods  have been  proposed  to avoid the effects o f  
egg retent ion,  such as collecting the eggs at a desired stage 
one at a t ime 3,5 or ob ta in ing  enough  virgin females  and  
allowing them to be ferti l ized just  af ter  tile start of  laying 4,6. 
These a rduous  me thods  do not  pe rmi t  the c01ieetion of  the 
large amount s  of  embryos  needed  for certain purposes ,  
especially molecular  studies. A l ight-dark  cycle causes a 
burst  of  egg laying dur ing  the l ight to dark  t rans i t ion 2, 
producing a cer tain degree of  homogenei ty ,  but  o n l y  once a 
day, so that  this m e t h o d  necessitates the rear ing of  very 
large populat ions .  In this paper  we describe a m e t h o d  of  
harvest ing large amount s  of  D. melanogaster embryos  with 

Table 1. Percentage of embryos at each early stage when a defined stage reaches the maximum 

Stages Time at which the stages reach their maximum (rain) 
A B C D 
90 145 195 255 90 145 195 255 90 145 195 255 80 135 180 245 

Syncytium 84.3 9.9 3.1 3.1 91.1 6.7 4.9 4.9 99.6 11.8 8.4 8.4 100 9.0 9.0 9.0 
Syncytial blastoderm 4.2 75.5 5.2 2.1 6.2 83.5 0.9 0.5 0.4 87.7 4.8 1.1 0.0 91.0 3.4 2.1 
Cellular blastoderm 4.2 6.8 71.0 1.0 0.9 7.1 80.4 2.2 0.0 0.4 83.9 1.0 0.0 0.0 87.6 0.0 
Gastrula 7.3 7.8 17.7 93.9 1.8 2.7 13.8 92.4 0.0 0.0 2.9 89.4 0.0 0.0 0.0 88.9 
Embryos harvested after a laying period reach successive stages, each at a reproducible time after the start of laying. This time is expressed in 
minutes. A, B, C and D are the conditions shown in the figure, and the homogeneity of the sample in a defined time is expressed by the percentage 
of embryos at each stage. CO2 treatment before laying (C and D) clearly shows the elimination of the retention effect especially at a short laying 
interval (30 min) since contaminating embryos are unfertilized eggs or dead embryos from earlier stages, 


