
A SURVEY OF AMINO ACID CONTENT OF THE UREDOSPORES OF SOME 
RACES OF WHEAT RUST (PUCCINIA GRAM1NIS)l 

ABSTRACT 

The free and combined amino acids of seven samples of wheat rust were analyzed quanti- 
tatively by paper and column chrortlatography and compared with the amino acids present in 
uninfected wheat leaves. All races studied contained diHerent proportions of free amino 
acids. 

INTRODUCTION 

The physiology of Pz~ccinia graminis has been studied in some detail. For example, 
i~lvestigations of wheat leaf metabolism have indicated that diffusible substances spread 
from the fungal mycelium (I) and, as the parasite developed, the rise in oxygen consump- 
tion in the tissue of 11011-resistant wheat was found to occur later than in rust-resistant 
plants (2). This increase in respiration proved to be not inerely an additive effect of the 
fungus respiration, but to be due to respiratory changes in the host tissues (3). In rust- 
susceptible wheat, decreased glycolic acid oxidase activity was shown to accoinpaily the 
increased respiratory rate (4). 

In contrast, the chemical constitution of the uredospores of P. graminis has been little 
investigated. The carotenoid pigments of the uredospores have been described (5) and 
studies made of a substance (6) or substances (7) that cause differentiation of infection 
structures. A11 examination of four races of wheat rust has shown a different total amino 
acid and sugar content for each race (8). 

In the present work, the free and combined amino acids of seven samples of wheat stem 
rust  ired do spores are analyzed quantitatively by paper and column chromatography and 
co~npared with the free amino acids present in uninfected wheat leaves. 

MATERIALS AND METI-IODS 

The original rust cultures were obtained froin the Plant Pathology laboratory in 
Winnipeg. The two-race mixtures and one saillple of race 29, as well as the samples of 
field-collected wheat rust spores, were grown in Winnipeg. All races except the field- 
collected mixtures were grown on Little Club wheat in a greenhouse. Spores of all races 
were harvested when they reached maturity. 

The free amino acids were obtained fro111 the spores in the following manner: The 
uredospores were first extracted with ethyl ether for 20 hours to facilitate peneti-ation of 
the aqueous solvent. Boiling water (20 1111 per g) was then added to the sample and 
refluxed for 1 hour. The mixture was filtered, the filtrate cooled and poured into two 
volumes of ethanol. A1157 precipitate was removed by filtration. The extract was talcen to 
small volume under reduced pressure, and the concentrate placed on a short (20 g) 
column of Dowex 50, 4% cross-linlced, (5OX4), 50-100 mesh, prepared according to 
Partridge (9, lo), and washed with 200 1111 water. Acidic and neutral fractions were thus 
washed through, and the amino acid fraction (plus other wealcly basic compounds) was 
then eluted from the Dowex 50x4 column with 0.2 N ammonium hydroxide. The 
amn~onia was removed under reduced pressure and then in vacuo at  50' C .  

'~llanz,script rereined J z ~ n e  28, 1958. 
Conlrihutio?~ No. 2 frovrl the Gcncl~cs and Plan1 Breeding Research Institzlte, Researclz B~(L?LcIL, C[cnada 

Departntenl of Agricultz~re, Ollnwa, Canada. 
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A sample of uninfected leaves of Little Club wheat was freeze-dried ancl extractecl i l l  the 
same manner as the spores. 

Indiviclual amino acids mere identifiecl qualitatively by tlvo-dimensional chron~ato- 
gi-aphy on Whatman No. 1 chromatographic paper. The sample was clevelopecl first wit11 
SOYo phe~iol contailling 0.04Yo 8-l~yclroxyquinoline, a small beaker of dilute ammonia 
being placed in the c).linder (11). The second solvent system was n-butanol -acetic 
,~cicI -water 4 : l : l  (12). The chromatogram was sprayed with 0.25% ninhydrin in 
n -bu ta~~o l  (13) to develop the color, or with isatin (14) to show proline and hydroxy- 
proline ancl to help identify other amino acicls by color cliffel-ences between the eflects of 
the two sprays. 

The amino acid composition of the various races \\?as determined as describecl by l/Ioore 
and Stein (13). The concentration of amino acid in each fraction was estimatecl colori- 
metrically according to l'loore and Stein (16) and Chinard (17). 

Bound amino acicls were released from the residue 01 the aqueous cxtr,lctioil by a 20-hour 
hydrolysis in (3 N hydrochloric acid used in the proportion of 25 ml per g of original 
sample (18, 10). The hydrolyzate was filtered and the hyclrochloric acicl removed from 
the filtrate by evaporation under reduced pressure. LAfter the removal of most of the 
hydrochloric acid, a small amount of fine precipitate was present i l l  the aqueous so lu t io~~.  
This substance was slightly soluble in the Moore ancl Stein buffer pl-I 3.42 used initially oil 
the CO~UII I I I  and, unless it was removed, the separation of the amino acids was not distinct. 
The hydrol~.zate, after filtration (or centrifugation), \vas taken to dryness and stored over 
sodium hydroxide pellets to remove any remaining traces of free acid. An aliquot of 
suitable size (representing 0 . 2 3  uredospores) was dissolved in buffer PI-I 3.42 and placed 
on the JiIoore and Stein column as in the case of the extract. 

The individual amino acids in both the extract and hydrolyzate were identified by 
paper chromatography ancl by their position in the series of fractions fram the hiIoore ancl 
Stein column. To  calculate the percentage composition of a mixture of amino acicls, the 
weight of each acid was espressed as a percentage of the total nreight of the amino acids 
recovered froin the column. This procedure was adopted to  give a i~rliform basis of com- 
parisoil among races. 

After the over-all pattern of a~nino  acid distribution had been noted, a synthetic 
mixture of amino acids was analyzed cl~romatographically to determine any lin~itations 
in the analytical methods. 

RESULTS A N D  DISCUSSION 

Each a~nino  acid component of the synthetic mixture is recovered i l l  essentially the 
same percelitage of the total weight of amino acids in which it was present in the original 
mixture. When 10 mg of amino acids were applied to the column, 10.49 mg were recovered 
for ail over-all efficiency of 104.9%. 

By summing the \\wights of the amino acids in the fractions collected, the followi~ig 
information on over-all amino acid composition of P. graminis uredospores was obtained. 
Free amino acids made up approxiinately 0.5Y0 of the original weight of spores and acid 
hydrolysis released a further 117, by weight of combined amino acids. 

The proportions of free amino acids in the various races of rust studied are shown i l l  

Table I. Using the precision of recovery of the synthetic mixture as a model, appreciable 
differences in free amino acids were found between mces. The variations in glycine and 
a-alanine contents separately, however, should be viewed with caution as the large a~nouilt  
of a-alanine present caused a n  overlapping of the peaks. There is also lack of resolution 
on the column of the peaks of tyrosine and phenylalanine. 
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TABLE I 
Free amino acids 

Little 
Club 

Amino acid Race 11 11+15B 15B 15B+87 29 48 56 A* B" leaves 

Methionine 
sulphoxide 

Cysteic acid 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
a-Ala1111le 
Valine 
Methionine 
Isoleucine 

- - - - - - 
8 . 2  9 . 9  9 . 3  5 . 8  9.7 8 . 4  
5 .2  5 . 3  5 . 0  7 . 1  8 . 4  5 . 0  
- - - 2.'7 - 2 .5  

13.0 7 .0  6 .6  4 .5  7 . 0  10.5 
10.6 3 .9  1 . 2  7 . 1  3 . 0  17.0 

Trace - - - - - 

- .~ ~ 

L e ~ ~ c i n e  2.1 1 . 5  1 . 4  1 . 6  2 .1  2.0 
'I'yrosine 2 .6  1 . 5  1 . 8  4.0 2 . 6  3 . 5  
13henylalanine 2 .6  1 .7  2 .7  2 . 8  4.0 2 . 3  
r-Aminob~~tyric 

acid 13.1 18.6 22.6 22.0 18.0 11.4 
Histidine 2 . 7  1 . 8  Trace 2 .4  4 . 4  2.7 
Lysine 3 . 0  2.0 2 .8  0.7 1 . 8  2 . 1  
Arginine 1 . 4  2.0 4 . 1  1.6 1 . 8  3 . 4  

- 
12.4 
12.6 
- 

1 . 5  

Trace 
0 . 6  

41.3 
2 .8  
0 . 6  

- - 
0.9 3 . 1  3 .9  
1 . 5  1 . 3  4.7 

Trace 5 . 3  2 .2  

*A Stem rust, field-collected and stored before analysis. 
*R Stem rust, field-collected. 

The greatest variation is show11 by glutarnic acid and aspartic acid. a-Alanine and 
glycine together show co~lsiderable variation although less is shown by the other a-amino- 
monocarboxylic acids, i.e. valine and the leucines. The other main constituent, y-amino- 
butyric acid varies considerably as does serine while somewhat less variation is show11 by 
the basic amino acids and those containing a benzene nucleus. 

I n  contrast to the free amino acids, the bound a~nino acids in P. graminis uredospores 
are remarltably constant in composition from race to race. 

On the basis of the results presented here, it .rvould appear that the free amino acid 
content of uredospores, although its quantitative determination is tedious, might be 
considered a useful method for differentiating among races of wheat rust. For example, 
race 56 might be identified through its lack of glutamic acid and high content of aspartic 
acid and a-alanine. Similarly, the presence of large amounts of gluta~nic acid and low 
content of a-alanine and y-aminobutyric acid might be used to identify race 48. 

The author appreciates the gift of rust cultures and samples from the Plant Pathology 
laboratory in Winnipeg; the co-operation of the Cereal Division, Central Experimental 
Farm, in providing greenhouse space; and the assistarlce of RIIiss S. G. Howsam and 
Mr. A. D. Gordon in carrying out the analytical .rvorlt. 
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