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A quantitative estimation of the rust fungus in infected 
wheat leaves was possible following enzymatic hydrolysis of 
the chitin and colorimetric determination of the N-acetyl- 
glucosamine released. The apparently complex cell wall 
structure of the fungal structures made it necessary, how
ever, to use an enzyme mixture of chitinase and cellulase in 
order to make accessible the chitin of the cell wall for diges
tion by chitinase. In applying this method the measurement 
is not appreciably influenced by already formed uredio- 
spores as would otherwise be the case were the chitin to be 
determined on the basis of glucosamine after chemical 
hydrolysis.

Introduction
A number of different techniques has been recom

mended for the quantitative estimation of pathogenic 

fungi in host tissue (see [1], and literature cited 

therein). Among others, serological estimations 

using ELISA or the chemical determination of the 

chitin content have been employed. The ELISA 

technique offers the advantage of a very high sen

sitivity and possibly of differentiating between fungi 

growing on the same leaf [2]. However, some restric

tions can arise because the surface carbohydrates 

and, consequently, antigenic determinants of the 

wall may change during the course of fungal infec

tion. Thus, the increase or decrease in the selected 

antigen, rather than the growth of the fungus, is that 

which is measured in such a case [3].

For chemical estimations of fungi ergosterol has 

been recommended as a measure of fungal growth

[4]. The assay for chitin developed by Ride and Drys- 

dale [5] has been widely used to measure fungal 

biomass in infected plant tissue. This assay is based 

on the alkaline deacetylation of chitin to chitosan, 

the glucosamine residues of which are susceptible to
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deamination with nitrous acid. This yields an alde

hyde which is determined colorimetrically with 

3-methyl-2-benzothiazolone hydrazone. In a more 

recent study it has been stressed that this chitin assay 

does not detect changes in vegetative growth of rust 

fungi but only a reactive component, probably 

glucosamine, which is present in mature and 

developing urediospores [6]. Similarly, a different 

chitin assay based upon the acidic hydrolysis of plant 

tissue and the ninhydrin reaction with glucosamine 

does not exclude such a possibility [7],

Because of these restrictions we tried to develop a 

technique for chitin estimation which is not inter

fered with by spore materials such as glucosamine 

which occur in high amounts in mature urediospores 

[8—10]. A promising approach appeared to be the 

estimation of chitin by the specific colorimetric 

detection of N-acetylglucosamine obtained after 

enzymatic hydrolysis of chitin [11]. This approach, in 

fact, proved to be successful when care was taken to 

ensure that fungal wall structures in the host-parasite 

complex were completely hydrolyzed by the use of 

suitable enzyme mixtures.

Materials and Methods
Inoculation of susceptible wheat leaves (Triticum 

aestivum cv. Marquis and Triticum compactum cv. 

Little Club) with urediospores of Puccinia graminis 

f. sp. tritici, race 32, and of oat leaves (Avena sativa 

cv. Pc40) with urediospores of Puccinia coronata 

avenae, race HKR KoII, was carried out as described 

elsewhere (Wiese and Grambow, submitted).

Homogenization and hydrolysis of leaf material: 

Inoculated wheat leaves (0.5 g) were frozen in liquid 

nitrogen, powdered in a mortar, suspended in ace

tate buffer (2.4 ml, 0.08 m , pH 5.0) in centrifuge 

tubes and heated for 10 min in order to inactivate 

enzymes. After cooling, cellulase (0.5 ml, 3% aque

ous solution of Onozuka R10, isolated from Tricho- 

derma viride), and chitinase (0.3 units, isolated from 

Streptomyces griseus) were added. Chloroform 

(50 îl) was added in order to prevent microbial con

tamination and the samples were then sonicated for

2 min, sealed and incubated at 37 °C for 48 h. Fol

lowing centrifugation, aliquots of the clear super

natant (usually 50 or 100 |,d) were used for the colori

metric estimation of N-acetylglucosamine. Prepara

tions obtained from healthy wheat leaves were used 

as a reference.
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The incubation period (48 h) proved to be suffi

cient since no higher yield of N-acetylglucosamine 

was obtained after prolonged incubation periods.

Treatment of urediospores and mycelium: Uredio- 

spores of Puccinia graminis tritici (Pgt) or Puccinia 

coronata avenae (Pea) were suspended in buffer 

(2.5 ml) and treated in the same manner as the leaf 

material.

Small samples of axenically-grown mycelium were 

treated likewise. The mycelium was cultured accord

ing to Kuck and Reisener [12] with the following 

modifications: small amounts of acetone (1 %o) were 

added in order to stimulate vegetative growth 

(Poppe, personal communication), and the myce

lium was cultured on 5 jim nuclepore membranes 

placed on the nutrient agar in order to facilitate har

vesting of the mycelium.

Estimation of N-acetylglucosamine was performed 

according to Reissig et al. [11]. The method is 

specific for acetylated aminosugars, which produce a 

glucoxazoline after heating under alkaline conditions

[13]. After reaction with p-dimethylaminobenzalde- 

hyde. a pigment is produced which can be measured 

at 585 nm.

Chemicals: Cellulase Onozuka RIO was obtained 

from Serva, FRG, and the chitinase was from Sigma.

Results and Discussion
Table I clearly shows that high recoveries were 

obtained in the determination of chitin if the leaf 

segments were treated not only with chitinase, but 

also simultaneously with cellulase.

Control experiments showed that neither in non

infected leaves, nor in the enzyme preparations used, 

were substances contained which interfered with the 

test. Furthermore, it became evident that the cellu

lase preparation used contained a certain chitinase 

activity (probably this was an accompanying enzyme; 

it was not further investigated however). The latter 

was confirmed by the attempt to hydrolyse colloidal 

chitin. In this case there was no significant difference 

in activity between pure chitinase and the chitinase/ 

cellulase mixture. The cellulase preparation alone 

however already contained (when introduced at the 

concentrations used here) about 40% of the chitinase 

activity (not shown in table).

In order to be able to assess to what extent the 

urediospores formed in the leaves affected the meas

urement, spores from wheat stem rust and oat crown 

rust were treated with the enzyme mixture. The re

sults show that in applying this method only very 

little positively-reacting material is released from 

spores.

In additional experiments the chitin content was 

similarly determined in axenically-cultivated myce

lium. Surprisingly it transpired that in these samples 

too a chitin hydrolysis took place only with simul

taneous action of chitinase and cellulase. This 

showed that the effect of the cellulase preparation 

apparently does not result from the fungal mycelium 

being more accessible for chitinase by the hydrolysis 

of plant structures. Rather, cellulase-activity leads to 

better digestion of the fungal cell wall. According to 

the accounts given by the producers, the enzyme 

preparation used contains hemicellulases as accom

Table I. N-acetylglucosamine content of healthy and inocu
lated leaves (10 days after inoculation), axenically grown 
mycelium, and urediospores of Puccinia graminis tritici (Pgt) 
or Puccinia coronata avenae (Pea) after treatment with cellu
lase, chitinase. or cellulase + chitinase.

Sample Treatment N-acetylglucosamine
[Hg/g fr. wt.]

Inoculated leaves chitinase 20

Inoculated leaves cellulase 308
Inoculated leaves chitinase + cellulase 834

Healthy leaves chitinase + cellulase 21

Mycelium chitinase 70
Mycelium chitinase + cellulase 5220
Urediospores (Pgt) chitinase -1- cellulase 219
Urediospores (Pea) chitinase + cellulase 261
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panying enzymes and degrades mannans, xylans, 

galactomannans and other polymeric carbohydrates. 

It should be taken into consideration that, most like

ly, these activities are involved in the effect.

The observation that only the use of the enzyme 

mixture leads to a satisfactory cleavage of chitin sug

gests that the fungal cell wall presents a highly com

plex structure. Only simultaneous digestion of differ

ent cell components leads to an optimal recovery of 

the monomers. This hypothesis is supported by the 

observation of Joppien [14]: in germtubes of the 

wheat rust freed of lipids there is a considerable in

crease in the release of glucose by glucanase treat

ment following pretreatment with chitinase. Ride 

and Drysdale [15] reported that commercial chitinase 

gave low yields of acetylglucosamine from Fusarium 

oxysporum f. lycopersici cell walls unless used with 

snail digestive juice. The use of this mixture however 

proved lengthy and expensive. A direct indication of 

the complex wall structure of intercellular hyphae of 

the rust fungus as well as haustorial mother cells was 

obtained using cytochemical studies: chitin was de

tected in the innermost layers of the fungal structures

[16]. In this context it should again be mentioned 

that the structures of the rust fungus, including that 

of the hyphae, are covered by a complex coat of 

surface carbohydrates [3].

The observation that an enzyme mixture is neces

sary for the digestion of the fungal cell wall further

more permits the speculation that the apparently 

complex cell wall structure may exert a protective 

function and impedes digestion of the fungal struc

tures by extracellular enzymes of the host plant. 

With regard to chitin, the hypothesis has already 

been formulated that pathogen-induced chitinase in 

host plants plays a defensive role against pathogenic 

fungi [17]. At least in the case of rust fungi, it can be 

assumed from the data presented here that to prac

tise such a defensive reaction the simultaneous 

appearance of additional polysaccharide-degrading 

enzymes should be necessary.

In the present study the fungal growth could be 

measured by determination of chitin on densely in

fected wheat leaves (ca. 100 pustules/cm2) beginning 

with the third to fourth day after inoculation (Fig. 1). 

This result is well supported by microscopic investi

gations: whereas the colonies only increase very 

slowly during the first three days, from the fourth 

day onward there begins a massive spreading. The 

first mature spores were formed in those systems ex-

Days after inoculation

Fig. 1. Estimation of N-acetylglucosamine content, repre
senting fungal chitin of stem rust infected wheat leaves, 
after treatment of homogenates with a mixture of cellulase 
and chitinase.
• ----- •  Triticum compactum cv. Little Club infected

with Puccinia graminis tritici, race 32.
■----- ■ Triticum aestivum cv. Marquis infected with

Puccinia graminis tritici, race 32.
□----- □ Triticum aestivum cv. Marquis (same as

above); the depression in the N-acetyl- 
glucosamine content between day 6 and 8 was 
observed occasionally in some experiments; 
eventually, it may reflect some irregularities in 
the growth of the fungus; the true reason, how
ever, is not known.

▲----- ▲ Avena sativa cv. Pc40, infected with Puccinia
coronata avenae, race HKR KoII.

amined six days after inoculation and one day later 

the majority of the colonies achieved sporulation.

The results show that the chitin content exhibits a 

continual increase but not that abrupt increase at the 

onset of sporulation as reported in earlier studies 

based on glucosamine determination. Thus we as

sume that the data obtained in the present study 

more precisely represent the chitin content i.e. the 

vegetative growth, of the mycelium in the leaf.
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