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ABSIR ACI . He alth y (tnd diSea \cd k;jve~ of /vl edicago sO/n'n L. con tained Ie~s reduci ng 
suga rs. sucro')e . ro l y ~ tllTha riclc s a nd to tal ca rbo hydrat e~ tha n those o f Tephrosiu appo

1;11 1'11 (Del . ) L ink. A fte r infection by U r OI1lI'(' i'.\' .1 frill Ii 1.1' . to tal ca rbohydra tes increased 

in bo th M edicfl80 sa/iI 'a emu TCIJ/7 rosia appolill (> (J Ic avc~ il nd rt:cl ucing sugars we re 

unchanged . Sucrose con (~ n l uC":lcascu in T QI'P(Jlil1 f a Cl nd illcrea):cd in ,vI. \"a/in J. T he 
activ ity of in ve rtase was found to hc grt.:::1t t' f (h an that of u-am yli..l sc in bOlh plant leaves. 
Invert ase acti v it y incrc;l scd i..lnd (1 -am y l a ~ (.' acti vity d~c rcased <=t rt er rust in fecti on in 

leave:> o f bo th p lallt s. lncrciJ!>cu invertase ac tivit y ~I nd uccrc•.I:-'L' d sucrose L:o ntc ot 0 11 

in fection suggest th e {)Ccurrenec o f eith er phloem unIOi:,u ing or d L' (rLa~ed export of 

rho tLlsy"t hctic r roducts. 

The influence of infect ion of green plants wi th obligate parasites on their ca rbohy
drate content has been a matter of controversy. Some workers re ported an in crease 
of carbo hydrat e content with infec tion (Williams and Pound 1964, Holligan et al. 
1973, Long and Cooke \ 974 , Lon g et al. 1975 ). Othe r worke rs reported a decrease 
in sugar content of infected leaves (Tnman 1962 , Daly 1967) . 

Studies on enzyme activities after infec ti on showed that generally acti vites of 
enzymes were corre la ted with the conce ntratio n of their respective substrates (cf. 
hexokin ase in leaves of whe at infected with rust; Lunderst ad 1966) . Long et at. 
(1975) reported an increase of reducing sugars acco mpanied by in crease in in ve rta
se activity in rus t infect ed Seneico , Tussi/ago and Poa species. Artificial wounding 
of plant ti ssues has a lso resulted in an increase in invertase activi ty of some plants 
like sweet potatoes (Matsushita and Urita ni 1974). 

In the prese nt study, M. sativa L. which is culti va ted and T. appotinea (Del.) 
Link which is wild-growing were chose n as ex perimental pl ants. Both belong to 
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the Leguminosae (Fabaceae) and M. sativa is of economic importance and used as 
animal fodder. Healthy and diseased leaves of both species infected by the rust 
fungus, Uromyces striatus , were analysed for levels of carbohydrates, invertase and 
a-amylase enzymes. The aim was to compare the two plants with regard to enzyme 
activities and 'carbohydrate content before and after rust infection. 

Material and Methods 

Plant material 

The plants used for experimentation were cultivated plants of M. sativa L. and 
wild-growing plants of T. appolinea (De\.) Link (Leguminosae) collected from the 
Usfan Valley near Jeddah, Saudi Arabia in May , 1982. Cultivated and wild plants 
were at the same stage of growth when sampled. The plants were subject to attack 
by a rust fungus, identified, according to Laundon and Waterson (1965), as Uromy
ces striatus . The age of the plants was not known, but infected areas covered more 
than 80% of leaf area. 

Sampling and extraction procedure for carbohydrates 

Two gram fresh weight samples of green leaves from healthy and infected 
leaves of M. sativa and T. appolinea were used (3 replicates). 

Extraction of soluble carbohydrates was carried out under reflux with three 
changes of hot 80% ethanol followed by evaporation of the alcohol and dissolution 
of the ethanol extract in hot water. The residue left was hydrolysed with l.5 N 
H 2S04 for 6 hr under reflux , neutralised with 1.5 N NaOH. evaporated to dryness 
in vacuo and dissolved in hot water. Reducing sugars in the ethanol soluble fraction 
were estimated before and after hydrolysis with invertase by the method of Somo
gyi (1945), using a calibration curve of glucose. Sucrose content was calculated as 
the difference between the two estimations. Polysaccharides were estimated as 
reducing sugars measured by the method of Somogyi (1945) after acid hydrolysis. 

Extraction and identification of enzymes 

Invertase 

The method employed was essentially that of Bacon et af. (1965). Leaf samples 
were crushed with ice-cold ethyl acetate to rupture cell membranes and then was
hed with ice-cold water. This removed most endogenous substrate and permitted 
exposure of exogenous substrate to the total cell invertase (Vieweg 1974). After 
blotting, each sample was transferred to a medium comprising 2 ml 0.5 M sucrose. 
2 ml 0.1 M citrate buffer, pH 4.5 , and 6 ml distilled water. Flasks were sealed with 
'parafilm ' and incubated in a shaking water bath at 3SOC. Aliquots (1 ml) were 
removed after 90 min. Reducing sugars were assayed by the method of Somogyi 
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(1945) using a calibration curve of g lucose . lnvertase activity was expressed as mg 
glucose equiva le nts (gram fresh weight)-I(hr)-I. 

a-A mylase 

The method e mployed was essentially th at of Katsumi a nd Fukuh ara (1969). 
Leaves were homogenised with 15 ml of CaCl2 (0.03%) a nd centrifuged for te n 
min a t 4000 rpm. The supernatant was collected and 6 ml of 1.5 M acetate buffer, 
pH 5.6, were added together with 15 ml of ethanol. The so lution was left fo r half 
an ho ur in a refri ge ra tor to precipitate. The precipitate was collected by centrifu
ga tio n a t 1000 rpm for 30 min a t lO°C. The precipitate was homogenised and 
di sso lved in 3 ml o f ace tate buffer and used as the enzyme solution . One ml was 
taken in a test tube, mixed with o ne ml of acetate buffer a nd shake n at 40°C. After 
ten minutes, one ml so lution of substrate was added and shaken for 30 min a t 35°C. 
To stop the reaction , 10 ml of 0.5 N acetic acid was added . Reducing suga rs were 
estima ted by the me thod of Somogyi (1945) a nd enzyme activity was expressed as 
mg reducing suga r (gram fresh weight)-t(hr)- t. The substra te was prepared by 

Table 1. 	 Carbohydrate content of healthy leaves of Medicago sativa L. and Tephrosia 
appolinea (De l.) Link and leaves infected wi th Uromyces slrialus . Values a re 
means of tripli cates ± SD*. 

Plant and 
condition 
of leaves 

Carbohydrate content calculated as mg glucose 
(gram fresh weight of leaves) - t 

Reducing 
sugars 

(1) 

Reducing 
sugars 
after 

invertase 
hydrolysis 

(2) 

Sucrose 
content 

2 - 1 = (3) 

Hydrolysed 
polysacha

rides 
(4) 

Total 
carbohydrates 

2 + 4 = (5) 

Healthy 
M. saliva 5.4 ± 1.7 8.9±J. 1 3.5 ± 1. 0 35.3 ± 1.7 44.2 

Diseased 
M. sali va 5.4 ± 1. 0 9.4 ± 1.6 4.0 ± I. I 38 1 ± 1.2 47.5 

Heal th y 
T. appolinea 8.7 ± 1.1 17.7 ± 2.1 9.0± 1.6 37.8± 1.6 55.5 

Diseased 
T. appolinea 9.6 ± 1.2 17.9 ± 1. 5 8.3 ± 1.6 39. I ± 1.3 57 .0 

Standard deviation from the means. 
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dissolving 200 mg amylose in 4 ml of 1 N NaOH and kept in a re frigerator ove rnight 
to dissolve completely. Then. the solution was diluted with 80 ml distilled water. 
adjusted to pH 7.5 with 1 N acetic ac id and made to a final volume of 100 ml with 
water. 

Results 

Healthy and dise3sed leaves of T. appolinea contained more red ucing sugars 
and more sucrose than did leaves of M. sativa. After infection. sucrose content 
decreased in T. appolinea and increased in M. sativa (Table 1). There was no 
significant difference in polysaccharide content of the two types of leaves. Leaves 
of T. appolinea had a higher content of total carbohydrates. There was a slightly 
higher po lysaccharide content in diseased leaves of both species (Table 1). 

Table 2 shows activities of invert ase and a-amylase in healthy and infec ted 
leaves of M. sa/ilia and T. appolinea. It can be seen that invertase activities were 
higher in bo th plants compared to a-a mylase activities. With rust infection , inver 
tase activity increase d and a-amylase activity decreased in both plants. 

Table 2. 	 Invertase and a-a mylase activities in healthy leaves 
of Medicago sali va L. and Tephrosia appoiin('a 
(Del.) Link and leaves infected with Uromyces 
slria lLis. Values are mean s of triplicates ± SO ' . 

Plant and 
condition 

Enzyme activity as mg reducing sugar 
(gram fresh weight) -I (hr) - I 

of values 
Invertase a -amylase 

Healthy 
M. sativ(I 86.8 ± 1.2 IiU ± I.n 

Diseased 
M. sa liv(I 109 ±J.5 IJ.4 ± 0.8 

Hea.lthy 
T. appolinea 17l.9 ± 2.0 18.3 ± 1.0 

Diseased 
T. appoiinea IIlO.3 ± 1.7 11.1±0.5 

" Standard deviation from th e rneJns. 
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Discussion 

Lewis (1976) suggested that pustules of rust fungi act as foci for the accumula
tion of many metabolites. Spore production results in rupture of host epidermis 
and increases water loss so that nutrients were made available by enhanced trans
piration. Wolswinkel and Ammerlaan (1983) measured high values for sucrose 
hydrolysis in the upper part of Vicia faba stems, the release of sucrose and hexoses 
were strongly influenced by free space invertase activity. 

After infection, in M. saliva sucrose content slightly increased and decreased 
in T. appolinea. Reducing sugars were unchanged in M. saliva and slightly in
creased with infection in I. appolinea. Polysaccharides slightly increased in both 
types of leaves with infection. Starch synthesis in host cells is also thought to be 
enhanced by fungal sequestration of orthophosphate (McDonald and Strobel 1970 , 
Bennett and Scott 1971). Low levels of orthophosphate in host cells would discour
age phosphorolysis of starch (Chen-She el al. 1975). Gerwitz aJ?d Durbin (1960) 
found a slight increase in total carbohydrates with no change in reducing sugars at 
20°C in stems of wheat after rust infection, but at 30°C total carbohydrates and 
reducing sugars increased markedly. Similarly, Holligan el al. (1973) noted an 
increase in the Puccinia poarum components, mannitol, arabitol and mannose 
containing polymers when infecting leaves of Tussilago farfara in which fructan 
had increased due to infection. Holligan el al. (1974) found that infection of leaves 
of Tussilago farfara by Puccinia poarum rust resulted in decreased export of photo
synthetic products and, if infection was severe, in increased import. 

In the present study, high sucrose content was accompanied by increased inver
tase activity in M. sativa while the opposite was found with T. appolinea . It is also 
noted that reducing sugars and polysaccharides slightly accumulated in T. ap
polinea while sucrose content decreased due to rust infection. Reducing sugars 
were unchanged, sucrose and polysaccharides content increased slightly. This may 
be due to decreased export of photosynthetic products, or to phloem unloading. 
Similarly , Long et al. (1975) reported that infection of Senecio squalidus by Albugo 
lragapogonis and Tussilago farfara and Poa pralensis by Puccinia poarum resulted 
in activity of an acid invertase at the sites of infection. They concluded that sucrose 
from the host is first hydrolysed and then absorbed by the fungus. They also 
suggested that invertase plays a key role in the provision of substrate for the typical 
accumulation of starch around pustules of biotrophic fungi in host species which 
store this polysaccharide. 

Lunderstad (1966) reported increased invertase, glucohexokinase and fruc
tohexokinase activities which were found to be correlated with their substrate 
levels in primary leaves of wheat infected by rust. 

Hatch and Glasziou (1963) studied the role of invertase in the release of suc
rose into sugar cane parenchyma cells which involved invertase activity. Basalah 
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(1984) postulated that invertase activity increased in leaves of Solanum melongena 
L. attacked by the fungus Alternaria tenuissima. This is supported by Long and 
Cooke (1974) and Whipps and Lewis (1981), who stated that the amount of sucrose 
varied in Senecio squalidus L. leaves attacked by Albugo tragapogonis (Pers.) S.F. 
Gray and other infected leaves were influenced by invertase activity. 

Finally, the localization of invertase still needs some clarification. There is 
much evidence that the enzyme is present in cell walls of the fungus since the 
enzyme activity increased after rust infection in both M. sativa and T. appolinea. 
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