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3.1. Source of seeds 

Freshly haNested seeds of three different pulses viz. Mungbean 

(Vigna radiata (L). R.Wilzek, Cowpea (Cajanas cajan (L.) Mill) and Lentil 

(Lens culinaris Medik) were collected from Pulses and Oils Seed Research 

Station, Berhampore, West Bengal. 

For each of !!}.ese 2-3 varieties were obtained as follows: 

Mungbec:{ B1 and Pusa Baishakhi. 

Arh/;;{cowpea) ICPL-87, Rubi-20/105. 

~.e'~til Asha, Ranjan and Subrata. 
/ 

.i These were then stored for various periods in the laboratory and used for 
/ 

/ experimental purposes (Plate II). 

3.2. Storage conditions 

All seeds were sorted and distributed in small paper packets and 

stored under 3 different conditions. 

(i) Ambient condition : In this case seed packets were left on the shelf of the 

laboratory under normal conditions of temperature and humidity. (30+2°C). 

(ii) Controlled humidity: In order to maintain seeds under low humidity, 

seed packets were stored in a desicator at a moisture level <15% using 

glycerol as described by Braun & Braun (1958) and the mouth of the 

desicator was sealed. In this case, the desiccators were kept under normal 

temperatures. 

(iii) Low temperature and controlled humidity: Seeds were stored in 

desiccators as described above which were then kept in a refrigerator at a 

temperature of 1 0±1 °C. 

3.3. Isolation of fungi 

Sampling of seeds was done after every 3 months. Seeds were 

removed from the different storage conditions and used for isolation. Initially 



,, 

I 
I 

39 

! ___________ ------- -------------~ '-----------~----------=-~ 

• . • J 
'} .. ~ 

/? 

' 
... .. 

w ... 
~ 

... t , 
~ .;; 

~ -· " 
, 

J 

f .. ., 
" .. ~ 

~ , ,, 
'\_ --....-:. •• .. , 

" 4 l'<-
l 

.; -.. 
; ..... , 

' • + ... ,. 
~ 

Plate-11: Seeds of different pulses. 
A. Vigna radiata 81 = top; Pus a Baishakhi =bottom. 
B. Lens culinaris Ash a= top; Ranjan= Middle; Sub rata= bottom. 
C. cajanas cajan Rabi 20/105 =Left; ICPL 87 =Right. 
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~ungi were isolated from seeds by different methods but finally Agar plate 

method as recommended by ISTA (1966) was selected and used for 

isolation. Several media were initially screened for isolation of fungi and 

finally Potato Dextrose Agar (PDA) was selected. PDA medium was prepared 

and poured into petriplates (9cm). Seeds were surface sterilized with 0.1% 

Hgclz to remove surface contaminants for a period of 5 minutes. Following 

several washings with sterile distilled water, these were then put on the PDA 

plates @ 10 per plate. Observations were recorded after 24 and 48 hours and 

single colonies of fungi were isolated. These Isolated fungi were maintained 

on PDA with regular subculturings. 

3.4. Identification of Isolates 

Identification of fungi was done on the basis of morphological and 

microscopic studies in consultation with literature. For morphological studies 

observations regarding the colour and nature of hyphae, sporulation t.ime, 

colour of spores, growth pattern etc. were recorded during different periods of 

growth. For microscopic studies, after sporulation, slides were prepared, 

stained with lactophenol-cotton blue and observed under bright field 

microscope. Type of hyphal structure, spores/ conidia, conidiophore etc. were 

noted. All these parameters were recorded and used for identification 

purposes. 

3.5. Testing of viability 

Seeds of the different pulses were surface sterilized with 0.1% Hgcl2, 

washed with sterile distilled water and soaked in sterile distilled water 

overnight. Follqwing this, seeds were taken out and placed on moist blotting 

paper 9cm petri plates which were previously sterilized. Seeds were allowed 

to germinate and the percent germination noted after a period of 4-5 days. 

3.6. Determination of Percentage frequency 

For the determination of the frequency of appearance of a particular 

fungal species, the number of times a particular species appeared, out of the 
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total observation was recorded. Percentage frequency was then calculated as 

follows. 

01 
F No of observatios in which a species appeared 

100 to requency = x 
Total no. of observation 

3.7. Determination of cultural characteristics of the isolated fungi 

Detailed growth characte.ristics of two fungal species, which were 

selected was done. For this, the fungi were grown in Potato Dextrose Broth 

(PDB) for varying periods and their mycelia harvested at intervals of 2,4,6 and 

8 days. Further, the fungi were also grown in different liquid and solid media

i.e. Richard's, Czapek Dox, Potato sucrose and Carrot juice. Fungal growth in 

each medium was determined after 6 days. In case of solid media, agar was 

added to each medium, poured into Petri plates (9cm), and inoculated with 

inoculum block. Growth was observed every 24h. 

Composition of media: 

Potato Sucrose Agar 
Peeled potato 
Sucrose 
Agar 
Distilled water 

RA {Richards Agar) 
KN03 
KH2P04 
MgS04, ?H20 
Sucrose 
Agar 
Distilled water 

Elliot's Agar (E.A) 
KH2P04 
MgS04, H20 
Na2C03 
Dextrose 
Asparagine 
Agar 
Distilled Water 

40.00 g 
2.00 g. 
2.00 g. 
100 mi. 

1.00 g 
0.500 g 
0.25 g 
3.00 g 
2.00 g 
100 ml 

0.136 g 
0.050 g 
0.106 g 
0.500 g 
0.10 g 
1.5 g 
100 ml 
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Czapek- Dox-agar (CDA) 
NaN03 · 0.20 g 
K2HP04 0.10 g 
KCI 0.05 g 
FeS04, ?H20 0.5 g 
Sucrose 30.00 g 
Agar 2.00 g 
Distilled water 100 mi. 

Carrot Juice Agar 
Grated carrot 
Agar 
Distilled water 

Potato Dextrose Agar 
Peeled potato 
Dextrose 
Agar 
Distilled water 

20.00 g 
2.00 g 
100 ml 

40g 
2g 
2g 
100 ml 

3.8. Inoculation with selected fungi 

3.8.1. Spore dusting 

42 

For determining the effect of specific storage fungi on particular seeds, 

2g of seeds were taken separately in polythene bag and were mixed with 

spore of individual fungal species obtained from their culture (Purushotham 

· et. a/., 1996). These were then shaken and kept in the laboratory for a period 

of 30 days prior to sampling. 

For experimental purposes seeds were taken out from the spore 

suspension and washed to remove adhering spores. 

3.8.2. Dipping in spore suspension 

In studies where germinated seeds were taken, inoculation of the 

fungal species was done by preparation of a spore suspension and dipping 

seeds for a period of 48h. After this seeds were kept in petriplates and 

atlowed to germinate, as mentioned above. In case of uninoculated control, 

seeds were soaked in sterile distilled water. 
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3.9. Soluble protein 

3.9.1. Extraction 

3.9.1.1. Mycelial protein 

Mycelial protein was prepared following the method of Chakraborty et 

a/. (1995). Initially the inoculum (6mm) disc containing mycelium) was 

transferred to 250ml Erlenmeyer flask each containing 50 ml of sterilized 

liquid Potato dextrose medium and incubated for 7 days at 30±. 1°C. For 

extraction of soluble protein, mycelial mats were harvested, washed with 

0.2% Nacl and rewashed with sterile distilled water. Washed mycelia (25g 

fresh wt.), were homogenized with 0.05M sodium phosphate buffer pH (7.2) 

supplemented with 1.0mM sodium metabisulphite and 0.05mM magnesium 

chloride in mortar with pestle in the presence of sea sand. Cell homogenates 

were kept overnight at 4°C. This was equilibrated to 100% saturated 

ammonium sulphate under constant stirring and kept overnight at 4°C. After 

this period the mixture was centrifuged (1 000 or pm) for 15 min at 4°C and 

the precipitate was dissolved in 5ml 0.05M sodium phosphate buffer (pH 7.2). 

The preparation was dialyzed for 72h through cellulose tubing (Sigma 

Chemical Co. USA) against 1 L of 0.005M sodium phosphate buffer (pH 7.2) 

with ten changes. Then the dialysed material was stored at - 20°C and used 

as antigens for raising of antiserum and other experiments. 

3.9.1.2. Seed Protein 

Soluble proteins were extracted from healthy and treated seeds 

following the meth.od of Chakraborty. et. a/. (1995). Seed tissues (1 g) were 

homogenized with 0.05 M sodium phosphate buffer (pH 7.2) containing 1Om 

M Na2S20s and 0.5mM Mgcl2, in mortar with pestle at 4°C using sea sand. 

The homogenate was centrifuged at 4°C for 20min at 10,000 r.p.m. and the 

supernatant was used as crude protein extract and immediately stored 

at- 20°C for further use. 
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3.9.2. Estimation 

Soluble proteins were estimated following the method as described by 

Lowry et. a/. (1951 ). To 1 ml protein sample (taking 1 o-1 or 1 o-2 dilution) 5 ml 

of alkaline reagent (0.5ml of 1% Cuso4 and 0.5ml of 2% sodium potassium 

tartarate added to 50ml of 2% NazC03 in 0.1 (N) NaOH) was added and 

incubated for 15-20 min at room temperature. Then 0.5 ml of Folin ciocalteau 

reagent (diluted 1:1 with distilled water) was added and again incubated for 

15 min. Absorbance values were measured at 700nm in a Systronics 

photoelectric colorimeter (Model 101) Quantity of protein was determined 

from standard curve made with bovine serum albumin (BSA). 

3.9.3. 505-PAGE analysis of total soluble protein 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis was 

performed for the detailed analysis of protein profile following the method of 

Sambrook et. a/. (1989). 

3.9.3.1. Preparation of stock solutions 

The following stock solutions were prepared : 

A. Acrvlamide and N'N'. methylene bisacrylamide 

A stock solution containing 29% Acrylamide -and 1% bis acrylamide 

was prepared in warm water. As both of them are slowly denatured to acrylic 

and bis acrylic acid by alkali and light, the pH of the solution was kept below 

7.0 and solution was prepared in diffuse light. Stock solution was filtered 

through whatman No. 1 filter paper and was kept in brown bottle, stored at 

4°C and used within one month. 

B. Sodium Dodecyl sulphate (SOS) 

A 10% stock solution of SDS was prepared in water and stored at room 

temperature. 
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C. Tris buffer : 

(a) Lower gel buffer (1.5M Tris) 1.5M Tris buffer was prepared for resolving 

gel (pH adjusted to 8.8 with concentrated HCI and stored at 4°C for use). 

(b) Upper gel buffer (1.0M Tris). 1.0M Tris buffer was prepared for use in the 

stacking and loading buffer. (pH adjusted to 6.8 with HCI and stored at 4°C). 

D. Ammonium peroxidisulphate (APS): 

Fresh 10% APS solution was prepared with distilled water each time 

before use. 

E. Tris-Giycine electrophoresis buffer: 

This is a running buffer and consists of 25mM Tris base, 250mM 

glycine (pH-8.3) and 0.1% SDS, A1X solution was made by dissolving 3.02 g 

Trisbase, 18.8g glycine and 1Om I of 10% SDS in IL of distilled water. 

F. SDS loading buffer 

Tris buffer consists of 5mM Tris HCI (pH 6.8), 1 OmM 

~ mercaptoethanol, 2% SDS, 0.1% bromophenol blue and 10% glycerol. A 1 X 

.solution was made by dissolving 0.5ml of 1M Tris buffer (pH 6.8), 0.5ml of 

14.4 M ~ mercaptoethanol, 2ml of 10% SDS, 10mg bromophenol blue and 

1 ml glycerol in 6.8 ml of distilled water. 

3.9.3.2. Preparation of Gel 

Slab (8 em x 1 Ocm) was prepared for the analysis of protein pattern by 

SDS-PAGE (Mini gel) For slab gel preparation, two glass plates were 

thoroughly cleaned with dehydrated alcohol to remove any traces of grease 

and clipped thoroughly to prevent any leakage of the gel solution during 

pouring. Resolving and stacking gels were prepared by mixing compounds in 

the following proportion. 
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Composition of solution for 10% resolving gel : 

Constituents Quantity 

Distilled water 2.85ml 

30% acrylamide mix 2.55 ml 

1.5M Tris (pH-8.8) 1.95 ml 

10% SDS 0.075 ml 

10% APS 0.075 ml 

Temed 0.003 ml 

c;;omposition of solutions for 5% stacking gel : 

Constituents Quantity 

Distilled water 2.1 ml 

30% acrylamide mix 0.5ml 

1.5 M Tris (pH 6.8) 0.38 ml 

10% SDS 0.03 ml 

10% APS 0.03 ml 

Temed 0.003 ml 

After pouring the resolving gel solution, it was immediately over 

layered very gently with isobutanol and kept for polymerization for 2 hours. 

After polymerization of the resolving gel was complete overlay was poured off 

and washed with distilled water to remove any unpolymerized acrylamide. 

Stacking gel solution was poured over the resolving gel and comb was 

inserted immediately, over layered with water and kept for polymerization. 

After polymerization the comb was removed and washed thoroughly. The gel 
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was then finally mounted in the electrophoresis apparatus. Tris-glycine 

running. buffer was added sufficiently in both upper and lower reservoir. Any 

bubble, trapped at the bottom of the gel, was removed very carefully with a 

bent syringe. 

3.9.3.3. Sample preparation 

Sample (32~-tl) was prepared by mixing the sample protein with 1 xSDS 

gel loading buffer (16j..!l) in cyclomixer. The samples were taken in Eppendorf 

. tubes and floated in boiling water bath for 3 min to denature the protein 

sample. The samples were immediately loaded in a pre determined order into 

the bottom of the wells with a microliter syringe. Along with the samples, 

protein markers consisting of a mixture of six proteins ranging in molecular 

weight from high to low molecular weight (phosphorylase B-97.4, bovine 

serum albumin - 68, ovalbumin - 43, carbonic anhydrase-29, soybean trypsin 

inhibitor - 20 and Lysozyme - 14 kDa) was treated as the other samples and 

loaded in a separate well. 

3.9.3.4. Electrophoresis 

Electrophoresis was performed at constant 15mA current for a period 

of 3 hours until the dye front reached the bottom of the gel. 

3.9.3.5. Fixing & Staining 

After electrophoresis the gel was removed carefully from the glass 

plates and then the stacking gel was cut off from the resolving gel and finally 

fixed in glacial acetic acid: methanol : water (1 0:20:70) for overnight. 

The staining solution was prepared by dissolving 250mg of coomassie 

brilliant blue (Sigma R 250) in 45 ml of methanol. After the stain was 

completely dissolved, 45 ml of water and 10 ml of glacial acetic acid were 

added. The prepared stain was filtered through What man No.1 filter paper. 

The gel was removed from fixer and stained in this staining solution for 

4 h at 37°C with constant shaking at very low speed. After staining the gel 

was finally destained with distaining solution containing methanol, water and 
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acetic acid 4.5:4.5:1 at 40°C with constant shaking until the back ground 

became clear. 

3.1 0. Carbohydrates 

3.10.1. Extraction of carbohydrate 

For extraction of carbohydrate, method of Harborne (1973) was 

followed. Fresh tissue (1 g each) was crushed with 95% ethanol in mortar with 

a pestle. The mixture was centrifuged for 20 min at 5000rpm in a table 

centrifuge and the supernatant was collected. Then the alcoholic fraction of 

the supernatant was evaporated off on a boiling water bath. Finally, the 

volumes were made upto a known volume with distilled water. 

3.1 0.2. Estimation of carbohydrate content 

3.10.2.1. Total sugar 

Estimation of total sugar were done by following Anthrone method as 

described by Plummer (1978). 

To 1 ml of each test solution 4ml of Anthrone reagent was added and 

mixed thoroughly. Mixtures were placed in boiling water bath for 20 minutes. 

The test tubes were then cooled under running tap water and the absorbance 

was measured at 620nm in a Systronic Photoelectric colorimeter (Model, 

101 ). Quantification was done from a standard curve of glucose. 

3.11. Enzymes 

3.11.1. Amylase 

3.11.1.1. Extraction of Amylase 

1 g of fresh tissue was weighted out and crushed in a mortar with 1Om I 

of ice cold citrate buffer (25mM, pH 5.0). The brei was centrifuged at 10,000 

rpm for 10 minutes and supernatant was taken for analysis of starch 

degrading activity. 
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3.11.1.2. Assay of Amylase activity 

0.1 mi. of the extract was added to 5ml of starch solution and was 

mixed thoroughly. The mixture was incubated for 15 minutes at room 

temperature. After incubation 0.2 ml of iodine reagent was added to which 

5ml of water was further adde~. The colour intensity was measured in a 

colorimeter at 670 nm against an appropriate blank. In case of blank 0.1 ml of 

buffer was added in place of the enzyme extract. The concentration of starch 

in case of blank, and enzyme treated extracts was determined from a 

standard curve of starch. Differences in these values gave the amount of 

starch hydrolysed by the enzyme. Activity was expressed as J.lg/mg starch 

hydrolysed by enzyme extract from 1 g tissue per minute. 

3.11.2. Protease 

3.11.2.1. Extraction of Protease 

Protease was extracted from seed samples following the method 

described by Jayaraman (1996). 1 g of seed was weighted and then crushed 

with sodium phosphate buffer (.05M, pH 7.2) using mortar and pestle. The 

homogenate was centrifuged in a cooling centrifuge at 10,000 rpm for 10 

minutes. The supernatant was collected and used as enzyme source. 

3.11.2.2. Assay of Protease activity 

Assay was performed on the basis of the amount of protein degraded 

by the enzyme, following the method suggested by Jayaraman (1996). Assay 

depended on quantifying of a protein solution by the enzyme. For this, initially 

(0.2ml of enzyme extract was taken to which 1 ml of casein solution was 

added and incubated for 1 hr. at 37°C. But for blank there was no incubation. 

1 ml of 12% Trichloroaectic acid {TCA) was added to each tube and 

centrifuged for 15 mins at 10,000 rpm in cooling centrifuge (Remi-C-24 

Model). The pellet was collected and to this pellet 2ml of extraction buffer was 

added. This formed the test solution for determining residual protein 
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afterenzyme action. The protein content was then quantified by Lowry's 

methd. 1 ml of test solution (crude extract diluted 1 o-2 cone) was taken in each 

tube. But for control1ml dH20 was taken at the place of solution. To it 5ml of 

alkaline reagent was mixed thoroughly. The mixture was allowed to stand at 

room temperature for 15 mins. Addition of 0.5 ml folin ciocalteau diluted 1:1 

with distilled water was done rapidly. Reaction mixtures were again allowed to 

stand at room temperature for 15 mins after mixing well. Finally absorbance 

values were noted in a systemic colorimeter at 720 nm. Concentration was 

calculated from a standard .come of BSA. 

3.12. Preparation of Antigen 

3.12.1. Fungal Antigen 

Preparation of mycelial antigen was done following the method 

described by Chakraborty et. a/. (1995) described earlier in soluble protein 

extraction procedure. 

3.12.2. Seed Antigen 

Preparation of seed antigen was done following the method described 

by Chakraborty et. a/. (1995) described earlier in soluble protein extraction 

procedure. 

3.13. Polyclonal antibody preparation 

3.13.1. Rabbits and their maintenance 

Polyclonal antibody (i.e. antisera) for fungal were produced in New 

Zeland white male rabbits, Approximately 2kg of body weight of the rabbit is 

needed (Alba & Devay, 1985) for immunization. So, before immunization, the 

body weights of rabbits were recorded and were observed for at lest one 

week inside the cage maintained in Animal House (Antisera Reserve for Plant 

Pathogens), Dept. of Botany, University of North Bengal. Food given for 

rabbits were green grass, soaked gram seeds, green vegetables like 

cabbage, carrots (specially at the time of bleeding schedule). Rabbits were 

regularly fed in morning and evening providing proper washed and cleaned 
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utensils. 90-1 OOg/ day gram seeds (soaked in water), alternately with green 

grass were given for each rabbit. Beside this they were given saline water 

after each bleeding for three consecutive days. Cages and floor were cleaned 

with antimicrobial agents every day in the morning for maintaining the 

hygienic condition. 

3.13.2. Immunization 

Following the method of Alba and DeVay (1985) and Chakraborty et. 

a/. (1995) before immunization, normal sera were collected from rabbit. For 

raising antisera, intramuscular injections of 1 ml antigens (1 mg/ml protein) 

emulsified in equal volume of Freunds, Complete adjuvant (Difco) were given 

to each rabbit 7 days after pre-immunization bleeding and repeating the 

doses at 7 days intervals for 2 consecutive week followed by Freund's 

incomplete adjuvant (Difco) at 7 days interval upto 10-14 consecutive weeks 

as required. 

3.13.3. Bleeding 

Blood samples were collected by marginal ear vein puncture. First 

bleeding was taken 3 days after sixth week of first immunization and 

subsequently seven times more every fortnight. During bleeding rabbit was 

placed on its back on a wooden board, fixed at a 60° angle. The neck of the 

rabbit was· held tightly in the triangular gap at the edge of the board and the 

body was fixed in such a way that the rabbit could not move during the 

bleeding. The hairs were removed from the upper side of the ear with the help 

of a razor and disinfected with rectified spirit. Then the ear vein was irritated 

by xylene and an incision was made with the help of sharp sterile blade and 

blood samples (4-1 Om I) were collected in a sterile graduated glass tube. After 

collection, all precautionary measurers were taken to stop flow of the blood 

from the puncture. For clotting, the blood samples were kept at 37°C for 1 h. 

and the then stored overnight at 4°C. Then the clot was slightly loosened with 

sterile needle and antiserum was taken another sterile centrifuge tube and 



I 
A 

l 
I 

I 

~ 

52 

clarified by centrifugation at 2000g for 10 min at room temperature. Finally 

antisera were stored at- 20°C until required. 

3.13.4. Purification of lgG 

3.13.4.1. Precipitation 

lgG was purified by I on exchange ·chromatography on a DEAE 

cellulose column following th~ method of Clausen (1988). The crude 

antiserum (2ml) was diluted with two volumes of distilled water and then an 

equal volume of 4.0M ammonium sulphate was added. The pH was adjusted 

to 6.8 and the mixture was stirred for 16 h at 22°C. Then it was centrifuged at 

10,000 rpm for 1 h at 22°C and precipitate was dissolved in 2 ml of 0.02M 

sodium phosphate buffer, pH 8:0. 

3.13.4.2. Column preparation 

Approximate 4g of DEAE cellulose (Sigma Co. USA) was suspended 

in distilled water overnight. The water was drained off and the gel was 

suspended in O.OOSM sodium phosphate buffer, pH = 8.0 and the buffer 

washing was repeated for 6 times. The gel was then suspended in 0.02M 

sodium phosphate buffer, pH 8.0 and was applied to a column (2.6 em wide, 

30 em high) and allowed to settle for 2 h. After the column material had 

settled, 25 ml of 0.02M sodium phosphate buffer, pH = 8.0 was applied to the . 

gel material. 

3.13.4.3. Fraction collection 

2 ml ammonium sulphate precipitate was applied at the top of the 

column and the elution was performed at a constant pH and a molarity 

continuously changing from 0.02M - 0.3M. The initial elution buffer (1) was 

0.02(M) sodium phosphate buffer pH = 8.0. The final elution buffer (2) was 

0.3M sodium phosphate buffer pH = 8.0. 

Buffer (1) was applied in a lower flask (or tank) in which one rubber 

tube connection from its bottom was supplying the column. Another 

connection from its top was connected to upper flask (or tank) containing 
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buffer (2). The buffer (2) had also connection to the open air. During the 

draining of buffer (1) to the column, buffer (2) was sucked into buffer (1 ), 

thereby producing a continuous rise in molarity. Finally 40x5 fractions each of 

5m! were collected and the optical density values were recorded at 280nm by 

means of UV spectrophotometer (DIGISPEC-200G). 

3.13.4.4. Estimation of lgG concentration 

lgG concentration was estimated as described by Jayaraman (1996) 

Absorbance was taken for selected fractions at 280nm and 260nm and then 

concentration of lgG was calculated by the following formula : Protein 

concentration (mg/ml) = 1.55 x A 280-0.76 x A 260. 

3.14. Immunodiffusion 

3.14.1. Preparation of agarose slides 

Glass slides (6cm x 6cm) were degreased in 90% (v/v) ethanol, 

ethanol: diethylether (1 :1 v/v) and ether, then dried in hot air oven. After 

drying plates were sterilized inside the petridish _each containing one plate. 

Agarose gel was prepared in 0.05M Tris-barbiturate buffer (pH-8.6). The 

buffer was heated within conical flask placed in a boiling water bath. 0.9% 

ag~rose was mixed to the hot buffer and boiled for the next 15min. The flask 

was repeatedly shaken thoroughly in order to prepare clear molten agarose 

and 0.1% (w/v) sodium azide (antibacterial agent) was added to it. For the 

preparation of agarose gel, the molten agarose was poured on sterilized 

glass slides (1Om I I slides) in laminar flow chamber and kept 15 min for 

solidification. After that 3-7 wells were cut out with a sterilized cork borer 

(6/mm dia) at a distance of 1.5-2.0 em from the central well and 2.0-2.5 from 

well to well (Peripheral). 

3.14.2. Diffusion 

Agar gel double diffusion tests were carried out using antigen and 

antiserum following the method of Ouchterlony (1976). The antigen and 

undiluted antisera (50J.ll (well) were pipetted directly inito the appropriate wells 
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in a laminar chamber. The diffusion was allowed to continue in a moist 

chamber for 72 hat 25°C. Appearance of precipitin arc was recorded. 

3.14.3. Washing staining and drying of slides 

After immunodiffusion, the slides were initially washed with steriled 

distilled water and then with aqueous NaCI solution (0.9% NaCI and 0.1% 

NaN2) for 72 h with 6 hourly c.hanges to remove y_n reacted antigens and 

antisera widely dispersed in agarose gel. Then slides were stained with 

coomassie blue (R-250, Sigma 0.25mg coomassic blue dissolved in a 

solution of 45 methanol + 45 ml distilled water + 10 ml glacial acetic acid) for 

10 min at room temperature. After staining, slides were washed in destaining 

solution (90ml of methanol : d H20 (1 :1) and 1Om I acetic acid) with changes 

until the back ground become· clear. Finally slides were washed with distilled 

water and dried in hot air oven for 3 h at 50°C. 

3.15. Enzyme linked immunosorbant assay (ELISA) 

ELISA tests as out lined by Chakraborty et. a/. (1996) was carried out 

using following buffers. 

3.15.1. Preparation of buffers 

Antigen coating buffer: 

Carbonate-Bicarbonate buffer 0.05M pH 9.6. 

Stocks: 

A. 

B. 

c. 

Sodium carbonate- 5.30 g in 1000 ml distilled water. 

Sodium bicarbonate - 4.2 g in 1 OOml distilled water. 

160 ml of stock A was mixed with 360ml of stock B and pH was 

adjusted to 9.6. 

Phosphate Buffer Saline: 0.15M PBS pH 7.2 

Stocks: 

A. Sodium dihydrogen phosphate- 23.40 gm in 1000 ml dist. water. 



55 

B. Disodium hydrogen phosphate- 21.294 gm in 1000 ml dist. water. 

280 ml of stock A was mixed with 720 ml of stock 8 and the pH was adjusted 

to 7 .2. 0.8% NaCI and 0.02% KCI was added to the solution. 

Phosphate buffer saline tween: (0.15M PBS Tween, pH 7.2): to 0.15M PBS, 

0.05% Tween- 20 was added. 

Blocking reagent (Tris buffer saline pH 8.0) 

0.05M Tris, 0.135M NaCI, 0.0027M Kcl 

Tris- 0.657 gm 

NaCI- 0.81 gm 

KCI - 0.223 gm. 

Distilled water was added to make up volume to 100 mi. then pH was 

adjusted to 8.0 and 0.05%. Tween 20 and 1% bovine albumin (BSA) were 

added. 

Antisera dilution buffer (0.15M PBS- Tween, pH 7.2): 

In 0.15M PBS-Tween, pH 7.2, 0.2% BSA, 0.02% Polyvinylpyrrolidone, 

10,000 (pvpp, 1 0,000) and 0.03% Sodium azide (NaN2) was added. 

P. nitrophenylphosphate (Hi-media): 1mg/ml in substrate (1.0% [w/v] 

diethanolamine, 3m M NaN3 pH 9.8). 

3.15.2. Direct antigen coated (DAC) ELISA 

ELISA was performed following the method as described by 

Chakraborty et. a/. (1996). Seed and fungal antigens were diluted with 

coating buffer and the antigens were loaded (200~1/well) in 96 welled ELISA 

plate (costar EIA/RIA, strip plate USA) arranged in 12 rows in a (cassette) 

ELISA plate. After loading, the plate was incubated at 25°C for 4 hrs. Then 

the plate was washed 4 times under running tap water and twice with PBS 

Tween and each time shaken to dry. Subsequently, 200~1 of blocking reagent 

was added and incubated at 25°C for 1 hr. After incubation, the plate was 

washed as mentioned earlier. Purified lgG was diluted in antisera dilution 
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buffer and loaded (200) .. 11/well) to each well and incubated at 4°C overnight. 

After a. further washing anti rabbit lgG goat antiserum labeled with Alkaline 

phosphatase (diluted, 10,000 times in PBS) was added to each well 

(200!JI/well) and incubated at 37°C for 2 hrs. The plate was washed, dried 

and loaded with 200!JI of p-Nitro phenyl phosphate substrate in each well and 

kept in dark for 60 mins. Colour development was stopped by adding 

50!JI/well of 3N NaOH solution ·and the absorbance was determined in an 

ELISA Reader (Labsystem, Multiskan) at 405 mm. Absorbance values in 

wells not coated with antigens were considered as blanks. 

3.16. lmmunoblotting 

Dot blot was performed following the method suggested by Lange et. 

a/. (1989). Following buffers were used for dot-blot. 

(i) Carbonate -bicarbonate (0.05 M, pH 9.6) coating buffer. 

(ii) Tris buffer saline (10mM pH 7.4) with 0.9% NaCI and 0.05% 

~~ Tween-20 for washing. 

(iii) Blocking buffer 10% casein hydrolysate in 0.05M Tris, 0.5 NaCI, 

0.5% Tween 20 pH= 10.3. 

Nitrocellulose membrane (NCM; Millipore, H5SMO 5255, 7cm x 10cm, 

Pore size -0.45 )lm Millipore corporation, Bedford) was first cut carefully into 

the required size and placed inside the template. 2)11 of coating buffer 

(carbonate-bicarbonate buffer) was loaded in each well of the template over 

the NCM and kept for 25 min to dry. 

Following this, 2)11 of test samples (antigen samples) were loaded into 

the template wells over the NCM and kept for 3 h at room temperature. 

Template was removed and blocking of the NCM was done with 10% non fat 

dry milk (casein) prepared in TBS for 30 min. Previously raised PAb (lgG) 

(1 :500) was added directly in the blocking solution and further incubated at 

4°C for overnight. The membrane was then washed several times in TBS

Tween-20 (pH 7.4). Enzymatic reactions were done by treating the NCM 
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membrane with Alkaline phosphatase conjugate (1 :7500) for 2 h at 37°C. This 

was followed by washing for 25 min in TBS-Tween. Substrate [1 tablet each 

of tris buffer and Fast red, Sigma Chemical) or NBT I BCIP tablet (Sigma) 

dissolved in 1Om I double distilled water] was next added and colour 

development noted. Finally, reaction was stopped by floating the NCM in 

deionized water. Colour development was categorized on the intensity of the 

dots. 

3.17. Fluorescence antibody staining and microscopy 

Fluorescence antibody staining of mycelia, spores and seed sections 

·was done following the method of Chakraborty and Saha (1994). 

3.17.1. Mycelia 

Fungal mycelia were grown in potato dextrose broth. After 4 days of 

inoculation young mycelia were taken out from the flask and kept in 

eppendrof tube. After washing with PBS (pH 7.2}, mycelia were treated with 

normal sera or antisera diluted (3:1 0) with PBS (pH 7.2} and incubated for 1 h 

at room temperature. Then mycelia were washed thrice with PBS - tween 

(pH 7.2) as mentioned above and treated with goat antirabbit lgG (Whole 

molecule) conjugated with fluorescein isothiocyanate (Sigma) diluted (1 :40) 

with PBS (pH-7 .2) and incubated in dark for 45 min at room . temperature. 

After incubation, mycelia were washed thrice in PBS (pH 7 .2) and mounted in 

10% glycerol. A cover glass was placed on mycelia and sealed. Then slides 

were observed and photographed under both phase contrast and uv

florescence condition using Leica Leitz Biomed microscope with fluorescence 

optics equipped with ultra-violet filter set 1-3. 

3.17.2. Spores 

Fungal spores were collected from 12 days old culture and a 

suspension of this was prepared with PBS (pH 7.2), taken in micro-centrifuge 

tube, centrifuged at 3000g for 10 min and the PBS supernatant was 

discarded. Then 60Jll of lgG diluted in PBS (1 :1) was added to the spores and 

\ 
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incubated for 90 min at room temperature. After incubation, tubes were 

centrif~:~ged at 3000g for 10 min and supernatant was discarded. The spores 

were rewashed 3 times with PBS - tween (pH-7 .2) by centrifugation as before 

and 40!11 of goat anti rabbit lgG conjugated FITC (diluted 1:40 in PBS) was 

added and incubated in dark for 1 h. After the dark incubation excess FITC 

antisera was removed by repeated washing with PBS Tween (pH-7.2) and 

the spores mounted on glass slides in 10% glycerol jelly and observed under 

Leica microscope, equipped with 1-3 uv- fluorescence filter. Photographs were 

taken as described before. 

3.17.3. Cross section of seeds 

·Initially, cross sections of healthy and infected seeds (pulses) were cut 

and immersed in phosphate buffer saline (PBS, pH 7.2). These sections were 

treated with normal serum or antiserum diluted in PBS (1 :40) and incubated 

for 1 h at room temperature. After incubation, sections were washed thrice 

with PBS-Tween (pH-7.2) for 15 min and transferred to 40!-ll of diluted (1 :40) 

goat antiserum specific for rabbit globulins and conjugated with fluorescein 

isothiocyanate (FITC). The sections were incubated for 30 min in dark. After 

that sections were washed thrice with PBS-tween as mentioned above and 

then mounted on a grease free slide with 10% glycerol. Fluorescence of seed 

sections were observed using Leica Leitz Biomed microscope with 

fluorescence optics equipped with uv-filter set 1-3. Tissue sections were 

photographed under both phase contrast and UV-fluorescent conditions. 

3.18. Immunocytochemical staining 

The combination of immuno-chemical and histochemical techniques is 

feasible for the development of a staining procedure capable of locating 

specific fungi in host tissue. Subsequent to location of CRA in pulse seed 

sections by fluorescence studies and detection of A. niger and A. f/avus by 

ELISA and immunoblotting, immunocyto-chemical staining was performed to 

determine the specific location of A. niger and A. flavus in pulse seed tissues. 

For this the method of Young and Andrew (1990) was followed. In this 
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process the seed sections of infected seeds were made and incubated in 1% 

BSA solution for 15 min to prevent nonspecific binding of antibodies to seed 

tissue. The seed sections were rinsed (30s) three times with washing 

solution. Then sections were incubated for 1 hr at 37°C on a rotary shaker in 

A. niger and A. flavus Pab at a dilution of 1:100. After incubation the seed 

segments were washed as above then incubated for 1 hr at 37°C on a rotary 

shaker in goat antirabbit lgG 1 :500 dilution in direct ·ELISA buffer containing 

0.1% BSA) conguated with alkaline phosphatase (Sigma). After incubation, 

the seed sections were washed as before, incubated in a-naphtoi-As

phosphate plus fast blue BB substrate solution for 40 minutes at 37°C in the 

dark. Substrate solution consisted of 0.15 g a-naphthol-As-phosphate 

(Sigma) dissolved in 2.5 ml of N-N-dimethyl formamide (Sigma), which was 

added to 500ml of Tris buffer (17g of Tris in 500ml distilled water, pH-9.1 ). 

This solution was considered as stock solution. The staining solution 

prepared immediately before use, consisted of 1 mg of fast blue (Himedia) 

and 5j..tl of 0.1 M Mgc12 added per ml of stock solution and filtered through 

Whatman No.1 filter paper. After washing the sections in PBS, these were 

mounted in glycerol jelly and observed under bright field of the microscope 

(Leica Leitz Biomed) and photographs were taken in bright field. 


