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Impact of aflatoxin on seed germination and enzyme activities
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ABSTRACT

A fungal strain Aspergillus flavas was isolated from groundnut seeds in-
fected with fungus and it was screened for aflatoxin production, and the
effect of aflatoxin on seed germination and seed enzymeswere assessed in
the present study. Various cereals were soaked with aflatoxin at different
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time intervals, 3, 6, 12, and 24hrs of incubations and observed seed
germinibility and enzyme activities such as protease and phosphatases.
The seed germinability was vigorousdly reduced with increasing in seed
incubation time and enzyme activities such as protease and alkaline phos-
phatases also drastically reduced in aflatoxin treated germinating seeds.
Among the cereals used in this study the bean was highly sensitive to

aflatoxin produced by Aspergillusflavas.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Fungd contamination of harvested seedsand grains
isachronic problemin India, these conditionsleadsto
deteuoration and mycotoxin production in the seeds.
Among themycotoxins, Aflatoxinsarecarcinogenicand
induceneoplasmsintheglandular somachkidney, lung,
sdivary glands, colonand skin'. ThedflatoxinsB1, B2,
G1 and G2 produced by the Aspergillus flavus and
A.parasiticus. The A.parasiticus mainly by produces
thetwo aflatoxinsB1 and B2. The production of afla-
toxinsinfood gransinterfereswith protein synthesisby
incorporation of amino acidsinto proteinresultingin
the non-germination of the embryol? Some observa
tionsshow that the aflatoxinsaffect theplantsby inhibi-
tion of devel oping rootsin germinating seeds®4. Due

totheinhibitory effectsof aflatoxinineconomicalyim-
portant crop seedslikegroundnut and maizethe present
study wereaimed to produce aflatoxin from Aspergil-
lusflavusand itsimpacts on seed germination and their
enzymeactivities.

MATERIALSAND METHODS

Collection of seeds

Theharvested seedsBean, Red gram, Green gram,
Black gram were collected from theagriculturd fields
in Regional Agricultural Research Station (RARYS)
Tirupati, Chittoor District AndhraPradesh, India.

| solation and identification of fungal strain
Thefunga infected groundnut seedsweretaken and


mailto:gnsimha123@gmail.com;
mailto:dr.g.narasimha@gmail.com

BCAIJ, 6(5) 2012

GNarasimha et al.

173

the mycelium devel oped on the surfaceweredirectly
transferred with asterileloop to the Potato Dextrose
Agar (PDA) and the plates were incubated at room
temperature and examined periodically for the pres-
ence of fungal members. Thefungal memberswere
stained and observed under themicroscope, thentrans-
ferred to the selective mediaA FPA for identificationl®.

Screening and production of aflatoxins

Thefungd isolateswere screened for ability to pro-
duceaflatoxinswith Coconut CreamAgar (CCA) me-
dium®, These strainswereidentified and separated.
Thesefungd sporeswereinoculated in Sabaroudsbroth
and incubated for 7days. Themycelial mat was sepa-
rated from the broth and filtered and mixed with or-
ganic solvent (ethyl acetate) to dutetheaflatoxinsfrom
the broth. Thus separated aflatoxinswere spotted on
TLC plates™.

Effect of aflatoxinson seed germination

The seeds, bean, red gram, green gram and black
gramweresurface sterilized with 0.1% mercuric chlo-
ridefor 2min and then washed with steriledistilled wa:
ter. Thus sterilized seedswere soaked inthefungd fil-
tratefor 3, 6, 12 and 24hrs and a control was main-
tained with distilled water only. The aflatoxin treated
seedsweretransferred to petriplates with wetted cot-
ton and allowed for the germination. The plateswere
maintained at moist condition by frequent spraying of
water. After 5daysthe percentage of seed germination
wasrecorded and the enzymeactivitieswere estimated
both in germinating and the non-germinating seeds.

Estimation of seed enzymeactivities
Prepar ation of enzymeextr act

For theextraction of enzymesthegerminated and
non-germinated seedswere separately homogenizedin
prechilled (4°C) condition with 0.05M TrisHCL, pH
7.2. Theextract wasfiltered and centrifuged at 5000rpm
for 30min. The supernatant was used as crude extract
for theestimation of enzymes.

RESULTS

Thefungd strainisolated from thegroundnutswas
identified as Aspergillusflavusbasad on themicroscopic
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and macroscopi ¢ observationsand cultured screened on
the sdective mediaA spergillusflavus and parasitiucs
(AFPA) andidentified as Aspergillusflavusbased on
itscolony morphology and its charactersasthe produc-
tion of bright orange color onthereverseof the plates.
Further the fungal culture was screened on the CCA
mediumfor aflatoxin productionwhich givesfluorescent
coloniesontheUV, and unique characteristicsof afla
toxin producing fungi. For production of aflatoxinsthe
fungal sporeswasinoculated in the sabourdsbroth and
incubated then filtered with organic solvent and for its
detection the crudetoxin was spotted onthe TLC plates
and runwith solvent and thefluorescent bandswere ob-
sarvedintheUV light (Figure1).

Figurel: TLC plateunder U.V light showingthefluores-
cenceband comparingwith standard
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Figure2: Percentage of germinability of toxin treated seeds,
comparingwith thecontrol

Aflatoxin effect on seed ger mination
Thecommercia crop seedslike bean, red gram,
green gram, black gram weretreated with aflatoxinsat

different timeintervals 3-24hrsand were allowed for
germination. Thegerminibility wascompared with con-
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trol seedswithout toxin treatment and the resultswere
represented in (Figure 2). Among the seedstestediin
the present study the bean showshighly senditivetothe
aflatoxinand dragticinhibition wasobserved intheger-
mination in the 3 hour, where as the red gram was
dight resistanceand thegerminibility wasobserved even
at 12" hour of incubation.

Aflatoxin effect on seed enzymes

Theeffect of aflatoxins on seed enzymes such as
protease and alkaline phosphatase were studied and
therepresented inTABLE 1 and 2. Withincreaseinthe
timeincubationtheenzymeactivitiesgradualy decrease
in both germinated and non-germinated seedsasthe
toxin treatment timeincreases. Among the seeds used
inthepresent study theenzymeactivitiesingreengram
weredrasticaly reduced.

Satistical analysis

For the non-germinated seed data, repeated mea-
suresAndysisof Variance(ANOVA) techniquehasbeen
applied to observethedatigticd sgnificanceof duration
and aswdll asthe significance between theenzymes. A
p-value<0.05isconsdered to be statistically signifi-
cant. Mean + standard error values were presented for
eachtimedurationineachenzyme(TABLE 3). There-
ultsshow that thereexigtsatigtica Sgnificancebetween
durations of the experiment (F = 26.593, p = 0.000*)
and a so between theenzymes (F=37.018, p=0.000*).
On performing Duncan’s multiple range tests, it was ob-
served that the enzymes (Protease and Alkaline Phos-
phatase) belong to onegroup. Thelinegraphswerevi-
suaized for each enzymeand their responsewith respect
tothetimeduration (Figure3and Figure4).

TABLE 1: Enzymeconcentration in non-ger minating seedstreated with aflatoxinsand control

Enzyme activities

Samples Protease Alkaline Phosphatase
Control 3hrs 6hrs  12hrs  24hrs Control 3hrs 6hrs  12hrs  24hrs
Bean 111 100 79 61 39 137 117 105 98 80
Red gram 165 126 93 68 25 140 122 111 101 88
Green gram 111 79 57 36 10 139 126 108 99 82
Black gram 100 75 64 50 25 135 119 107 94 81

*The protease activities was measured in liberation of aminoacids per ml per min and alkaline phosphatase was measured in

liberation of pNPP per ml per min

TABLE 2: Enzymeconcentration in ger minating seeds, treated with aflatxoinsand control

Enzyme activities

Samples Protease Alkaline Phosphatase
Contral 3hrs  6hrs  12hrs  24hrs Control 3hrs 6hrs 12hrs  24hrs
Bean 111 - - - 137 - - -
Red gram 165 147 133 108 140 129 107 94
Green gram 111 97 79 139 124 105
Black gram 100 90 79 135 118 102

*The protease activities was measured in liberation of aminoacids per ml per min and alkaline phosphatase was measured in

liberation of pNPP per ml per min

For the germinated seed data, Repeated measures
ANOVA techniques has been applied to observethe
datigtical sgnificancebetweentheenzymesat p<0.05
level. Tableof Mean and Standard error valuesare pre-
sented (TABLE 4) for theenzymesin three different
time durations. Theenzymes (Protease and Alkaine
Phosphatase) arenot significant; whereasthetotd pro-
teinissgnificantly differingfromtheenzymes. Theline

graphswerevisualized for each enzymeand their re-
sponsewith respect to thetime duration (Figure5 and
Figure®6).

DISCUSSION

Inthe present study we reported theinhibitory ef-
fects of seed germination and two seed enzymesin-

BIOCHEMISTRY (mm—
A Indéan W



BCAIJ, 6(5) 2012 GNarasimha et al.

cluding protease and a kaline phosphatase and it was
found that the seed germination wassignificantly de-
creased by prolonged soaking interval sthan the con-

TABLE 3: Satistical analysisof non-ger minated seeds

Enzymes Duration MEAN = S.E
Contral 121.75+ 14.65
3hrs 95.00+11.70
Protease 6hrs 73.25+8.02
12hrs 53.75+6.98
24hrs 2475+ 5.92
Contral 13775+ 1.11
) 3hrs 121.00+ 1.96
WA;S';?'];‘aese 6hrs 107.75+ 1.25
12hrs 98.00+ 1.47
24hrs 82.75+1.80

Values are mean + S.E.M of four individual observations
*gignificant at p<0.05 between control and 12hrstoxin treated

group.
TABLE 4: Satistical analysisof ger minated seeds

Enzyme Duration Mean S.E of Mean

Control 125.3333 20.0859

Protease 3hrs 111.3333 17.9474
6hrs 97.0000 18.000

Alkali Control 138 1.5275

ine

phosphatase 3hrs 123.6667 3.1797
éhrs 104.6667 1.4529
F- ig. (p-

Enzymes value Sig. (p-value)
41.416 0.000*

Valuesaremean + S.E.M of four individual observations* significant
at p<0.05 between control and 12hrstoxin treated group.
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Figure3: Proteaseactivity in non-ger minated seeds
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*The values represented in the figure 3 and 4 are the mean
values.

Figure4: Alkaline Phosphataseactivity in non-ger minated
seeds
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Figure5: Proteaseactivity in germinated seeds
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*The values represented in the figure 5, and 6 are the mean
values

Figure6: Alkaline Phosphataseactivity in ger minated seed
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trol treatments. Germination failure of different seeds
(bean, red gram, green gram and black gram) asare-
sult of aflatoxin has been demonstrated by Schoeuara
and white 19651, Joffe 1969, Lalithakumari and
Govindaswami 197019, and Ewaidan 19921, The
inhibitory effect of aflatoxin on seed germination sug-
geststhat afl atoxin had functioned asanti auxinsprob-
ably by inhibiting RNA synthesis. Similar reportswere
given by Cieger and Idlechhos 196812, Resiss 197113
and Rokesh et d 19947 Aflatoxin restrictsplant growth
by inhibiting seed germination, seedling growthand other
physiologica processof plantg>9., Inhibition of pro-
tein synthesismight beattributed to the non-availability
of MRNA, whereasinhibition of DNA synthesismight
bedueto the binding of aflatoxinto DNA during repli-
cation or dueto theinhibition of DNA polymerasg*”,
According tothereports of Key et al 196418 the syn-
thesisof DNA likeRNA, assumed tobemRNA ises-
sentia for growth and e ongationin seedling root tissue
of soyabean, corn and radish. Inthe presence of afla-
toxin, theamount of MRNA synthesized would bedi-
rectly related to the avail able unbound, aflatoxin free
DNA remaininginthecdll. Sincethemol eculesof &fla
toxin bindwith DNA nuclectidesin aspecific ratio™.
In the present study the cereal s seed germination and
seed enzymesand their activitiesweredrastically re-
duced dueto theinfluence of aflatoxin producted by
funga strain Aspergillusflavas, and thisisfirst report
of thisarea.
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