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Once altered by  KBr,  conditions for restoring the original serum pat tern  have 
yet  to be determined. The mobil i ty of the major i ty  of serum proteins was unaffected 
by  either heparin or oleic acid. The latter did alter the mobili ty of some proteins other 
than  those described above. 
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Application of specialized techniques for specific staining of peptide maps on 
various media 

Combinations of  specific color reactions useful in peptide mapping on W h a t m a n  
filter papers have been described in a previous communicat ion 1. This paper introduces 
a new combinat ion of specific reactions for staining peptide maps on W h a t m a n  
No. 3MM paper 2, and to a limited extent,  on thin-layer plates. Cellulose plates used 
were E. Merck thin-layer chromatographic  cellulose-precoated plates. Silica gel plates 
were prepared ~ from Merck silica gel G and Koch-Light  amylopectin. 

Staining ofpeptide maps on paper. An optimal combination of several staining 
reactions on one peptide map is desirable, in order to eliminate variations seen in 
duplicates and to conserve time and materials. The new staining sequence described 
here combines 5 reactions on a single 3MM paper. Best results m a y  be obtained on a 
peptide map  prepared from an aliquot of digest representing at least o . I / ,mole  original 
protein. 

A distinct advantage  of this staining sequence is the combination of a highly 
sensitive test for arginine with the Pauly  reaction for histidine and tyrosine;  the 
Sakaguchi reagent for arginine and the Pauly  reagent are incompatible on the same 
paper 1. A disadvantage is tha t  the tyrosine reaction is weak as applied here ; occasion- 
ally it does not work at all. 

These reactions are performed in the order in which they  are described. To 
avoid confusion, the spots are marked after each reaction, and the results incorporated 
on a composite tracing. 

I. The platinic iodide reaction for reducing sulfur is performed as described 
previously 1. The paper must  be thoroughly  dried after electrophoresis, since remaining 
traces of the solvents used, as well as pyridine or collidine in the atmosphere, seem 
to interfere with this reaction. 
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2. The phenanthrenequinone reaction for arginine4: The paper is then dipped 
through a solution consisting of equal w)lumes of o,o2<)"o phenanthrenequinone in 
abs. ethanol and IO°//o NaOH in 6o°,/o ethanol (freshly prepared). After 2o rain, the 
spots show brilliant greenish or bluish white fluorescence against a dark blue back- 
ground under 366-m/~ ultraviolet light. Tryptophan peptides show a darker blue 
fluorescence and may be verified by previous examination of the unstained paper 
under 366-m# ultraviolet light. At this point the paper is air-dried 2-3 h. 

3. Pauly reaction: The paper is then sprayed with cold diazotized sulfanilic 
acid (2 parts sulfanilic acid plus I part  NaNO2)L I t  is not necessary to spray with 
sodium carbonate, since the paper is already alkaline from Reaction 2. I t  is important 
to spray the paper with a fine mist, to avoid soaking, and to dry thoroughly before 
further staining. 

4. The paper is then dipped through a modified ninhydrin reagent, adapted by 
YAMADA AND h'ANO 4 (I g ninhydrin, 8o ml acetone, 2o ml glacial acetic acid, and 
o.I g cadmium acetate dissolved in 5 ml water). The paper is dried in the air, then 
heated gently (not over 6o°). Intense red-violet spots develop. 

5. Finally, the paper is dipped through the a-nitroso-fl-naphthol reagent for 
tyrosine, as described previously 1. The spots are unstable and must be recorded 
immediately. 

Staining of peptide maps on thin-layer plates. The staining techniques for peptide 
maps on thin-layer plates have to be modified because of the differences in the media. 
A 20 em X 20 em thin-layer map can be made from an aliquot of digest representing 
O.Ol-O.O3/,mole protein, only o,I 0.3 of that  required for a standard-size paper. 

I t  is necessary to use a spraying rather than dipping technique for staining the 
thin-layer maps. All the reagents named above do work on thin layers, except for 
Reaction I. A modified platinie iodide reagent s which has been used successfully on 
cellulose thin layers is described below. 

For reproducibility, considerable practice in spraying reagents is necessary to 
attain minimum variation in the amount and distribution of reagent on the plates. 
Because the saturation capacity of the thin layers is less than that  of 3MM paper, 
not as many  reagents can be applied to the plates as to paper. On some thin-layer 
media the spots may  "run" with excessive spraying. This difficulty can be overcome 
by  successive light spraying and drying after each application. 

In the tyrosine reaction or the Ehrlich reaction, it is sometimes difficult to fade 
the cadmium-ninhydrin spots on thin-layer maps. Therefore, the best tyrosine or 
Ehrlieh staining is obtained on plates which have been stained previously only with 
ninhydrin buffered with pyridine acetate I or collidine a. 

The following staining combinations have been used successfully on cellulose or 
silica gel thin layers. Combinations I and 3 work on both cellulose and silica gel, 
whereas combinations 2 and 4 work only on cellulose. 

I. Phenanthrenequinone reaction for arginine, followed by the cadmium-nin- 
hydrin reaction. 

2. Phenanthrenequinone reaction, followed by the Pauly reaction. Cadmium- 
ninhydrin reacts weakly after this combination. 

3. Buffered ninhydrin spray, followed by the tyrosine reaction or the Ehrlich 
reaction ~. 

4. Platinic iodide-starch reagent 5. Soln. A : o.I ml IO% chloroplatinic acid plus 

Biochim.  B iophys . .4c /a ,  I75 ( I969)  211 213 



SHORT COMMUNICATIONS 213 

7.0 ml 1.1% K I  plus 7.0 ml H20. Soln. B:  80.0 ml 0.5% s tarch  solution. Ju s t  before 
use, mix  A and  B. Sp ray  l igh t ly  wi th  the  reagent ;  meth ionine  or aminoe thy lcys te ine  
pep t ides  give an immed ia t e  blue color. Subsequent  spray ing  gives m a n y  bleached 
spots  on a t an  background ,  some due to - S H  or S S , and  some a p p a r e n t l y  non- 
specific. Af te r  the  p la te  is dry,  i t  is sp rayed  with n inhydr in  buffered with  pyr id ine  
ace ta te .  

This work  was suppor t ed  by  a g ran t  from the Nether lands  Organiza t ion  for the  
A d v a n c e m e n t  of Pure  Research (Z.W.O.), by  the  F lo r ida  Hea r t  Associat ion gran t  
68AG8, and  b y  the Na t iona l  Science F o u n d a t i o n  research gran t  GB 7876 (U.S.A.). 
The au thors  wish to t h a n k  RUTH V. MARTIN for technica l  assistance.  One of the 
au thor s  (C.W.E.) acknowledges the  help and  suppor t  of the  Univers i ty  of Ut rech t  
and  Dr. R. E. BALLIEUX, Division of Immunochemis t ry ,  dur ing a per iod of research 
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