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[Abstract] Fusarium graminearum has been given special attention in the context of agricultural
commodities due to its ability to grow in diverse climatic conditions, and to produce different mycotoxins
including zearalenone (ZEA) and type-B trichothecenes, which cause ill health effects on humans,
animals and plants. The application of synthetic antifungal agents for the control of F. graminearum
result in negative health impacts in livestock and humans and the upsurge of resistant organisms as
well. Therefore, there is a need to propose proper food grain management practices, including the
application of herbal antifungal and mycotoxin controlling agents, to reduce the growth of toxigenic F.
graminearum as well as the production of ZEA in agricultural commodities. Ocimum sanctum also known
as Holy Basil or Tulsi is widely used as a medicinal plant in Ayurveda. The current protocol demonstrates
to quantify the antifungal activity of O. sanctum L. essential oil (OSEO) as reflected by the decreased F.
graminearum growth and ZEA production. Antifungal activities of OSEQ are carried out by micro well
dilution method and further validated quantitatively by scanning electron microscopic methods. Effects
of OSEO on ZEA production is analysed by Quantitative reverse transcription PCR (RT-qPCR) and Ultra
high performance liquid chromatography (UHPLC) methods from a broth culture of F. graminearum.
Anti-mycotoxic efficacy of OSEO is assessed directly on F. graminearum inoculated maize grains. The
protocol efficiently assessed the activity of OSEO as an herbal antagonistic agent against fungal
infestation and ZEA production by F. graminearum. The protocol can be used to test a wide variety of
herbal compounds for antifungal activity against F. graminearum or with modifications on other
mycotoxigenic fungi, an important intervention in food safety and processing industries where the fungal
infestation is a major concern.

Materials and Reagents

0.22 um Millex-GP syringe filter unit (Sigma-Aldrich, catalog number: Z359904)
96-well microtiter plates (Eppendorf, catalog number: 0030602200)

Column C18, 5 um, 250 x 4.6 mm (Phenomenex, catalog number: 00G-4041-E0)
Carbon Conductive Tape (Ted Pella, Inc., catalog number: 16084-7)

A w0 PE
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35.
36.

Glass slides (HiMedia, catalog number: CG081)

Whatman No.1 paper (Sigma-Aldrich, catalog number: Z274852)

Zearalenone producing F. graminearum [The Microbial Type Culture Collection and Gene Bank,
(MTCC), catalog number: 1893]

Maize grains (Local agricultural market, Mysore, India)

Zearalenone standard (Sigma-Aldrich, catalog number: Z2125)

Dimethyl sulfoxide (Merck Millipore, catalog number: 317275)

Distilled water

Sodium chloride (NaCl) (Merck Millipore, catalog number: 1064040500)

Potassium chloride (KCI) (Merck Millipore, catalog number: 1049360250)

Sodium phosphate dibasic (NazHPOa) (Merck Millipore, catalog number: 567550-1KG)
Potassium phosphate monobasic (KH2PO4) (Merck Millipore, catalog number: 1048730250)
0.1 M sodium cacodylate buffer, pH 6.5 (Sigma-Aldrich, catalog number: 70114)

25% glutaraldehyde (Merck Millipore, catalog number: 354400)

Acetonitrile (Merck Millipore, catalog number: 100030)

Ethanol (Merck Millipore, catalog number: 100983)

Gold foil (Sigma-Aldrich, catalog number: 265829)

Immunoaffinity column of ZEA (Vicam, catalog number: G1026)

iScript One-Step RT-PCR Kit with SYBR Green (Bio-Rad Laboratories, catalog number:
1708892)

Liquid nitrogen (Local suppliers, Mysore, India)

Nuclease-free water (Qiagen, catalog number: 129114)

Nystatin (Sigma-Aldrich, catalog number: N6261)

Ocimum sanctum L. essential oil (OSEQO) (prepared as describe in Procedure step 2)
Peptone (HiMedia, catalog number: RM001-500G)

Porcelain mortar (Sigma-Aldrich, catalog number: Z529508)

RNA easy plant Mini kit (Qiagen, catalog number: 74903)

Sabouraud dextrose agar (HiMedia, catalog number: M063-500G)

Sabouraud dextrose broth (HiMedia, catalog number: M033-500G)

Synthesized primer sequences (Sigma-Aldrich, Bangalore, India)

Tween 80 (Merck Millipore, catalog number: 822187)

Lactophenol-cotton blue (HiMedia, catalog number: S016-500ML)

Phosphate-buffered saline (pH 7.4) (see Recipes)

Lactophenol-cotton blue staining solution (see Recipes)

Equipment

1.
2.

Milli-Q integral water purification system (Merck Millipore, catalog number: ZRXQO005WW)

Aluminum stubs (Ted Pella, Inc., catalog number: 16111N)
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3. Autoclave (Medica Instrument Manufacturing Company, model: 7431PAD)

4. Microcentrifuge (Sigma-Aldrich, Eppendorf, model: 5415 R)

5. Centrifuge (Eppendorf, model: 5430 R)

6. Hemocytometer (Sigma-Aldrich, catalog number: Z359629)

7. Hot-air oven (Memmert, model: UFP800DW)

8. Incubator (Bio-age, model: BSR-R2)

9. Real-Time PCR system (Roche Diagnostics, Light cycler®, model: 480)

10. 0.5-10 ul micropipette (Eppendorf Research plus, catalog number: 3120000020)

11. 20-200 ul micropipette (Eppendorf Research plus, catalog number: 3120000054)

12. 100-1,000 pl micropipette (Eppendorf Research plus, catalog number: 3120000062)

13. Microscope (Leica Microsystems, model: Leica DM 1000 LED)

14. 250 ml Erlenmeyer flasks (Duran Group, catalog number: 21 216 36)

15. 500 ml Erlenmeyer flasks (Duran Group, catalog number: 21 216 44)

16. NanoDrop 8000 spectrophotometer (Thermo Fisher Scientific, catalog number: ND-8000-GL)

17. Nexera UHPLC system (Shimadzu Corporation, model: Nexera X2)

18. Scanning electron microscope (FEI, model: Quanta 200)
Note: This product has been discontinued by the manufacturer [Replaceable items (FEI, model:
Quanta 250/450/650)].

19. Shaker Incubator (Bio-age, model: BSR-R1)

20. Sputter coater (Quorum Technologies, model: SC7620)

21. Water bath (NUVE, model: NB 5)

22. Weighing balance (Denver instruments, model: TB-215D)

Software
1. GeneRunner software version 5.0.47 Beta
Procedure

1. Grow the zearalenone (ZEA) producing F. graminearum (MTCC, 1893) on Sabouraud dextrose
agar (SDA) for 7 days at 28 °C and collect the spores in 10 ml of peptone water containing
0.001% Tween 80 with a soft scrape. Determine the number of spores using a hemocytometer
and adjust the spore suspension to 1 x 108 per ml.

2. Collect the Ocimum sanctum L. plant and identify its botanical nomenclature, and dry the plant

at room temperature under dark condition. Extract the essential oil from dried aerial parts
following the technique of European Pharmacopoeia (Council of Europe, 1997). Prepare a stock
solution of 0.05% OSEO in DMSO.

Note: In the present study, Ocimum sanctum L. was collected from Mysore, Karnataka state,

India and identification was done by Botanical Survey of India (Coimbatore, India).
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3. Determine the minimum inhibitory (MIC) and minimum fungicidal concentrations (MFC) of

OSEO on F. graminearum by micro-well dilution technique in 96-well microtiter plate

implementing the methodology of Clinical and Laboratory Standards Institute (2008) and Vieira

et al. (2014) with following minor modifications.

a. Add 10 pl of spore suspension (1 x 10° spores per ml) to the different concentrations of
OSEO and adjust the total volume t0100 ul per well with Sabouraud dextrose broth (SDB).

b. Consider the wells without OSEO as control and incubate the microplates for 3 days at

28 °C in the dark.

c. Observe the minimum concentration of OSEO without detectable fungal growth and

determine as minimum inhibitory concentration (MIC).

d. Spread plate 10 ul from each well on SDA plates and incubate at 28 °C for 3 days.

e. Identify the minimum concentration of OSEO with no detectable fungal growth and

determine as the MFC, specifying 99.5% killing of the original inoculum in comparison to

nystatin (positive control).

No fungal growth at
96-well microtitre plate MFC value of OSEO

Figure 1. Determination of minimum inhibitory (MIC) and minimum fungicidal

concentrations (MFC) of O. sanctum essential oil (OSEO) on F. graminearum by micro-

well dilution method. Fungal growth is observed in control (OSEO untreated) and no

detectable growth is observed at MFC value of OSEO.

4. Analyse the effect of OSEO on spore germination of F. graminearum by the method of Rana et

al. (1997) with minor modifications.

a. Inoculate 10 pl of fungal spore suspension (1 x 10° spores per ml) on SDA slides containing

different concentrations of OSEO (100-1,800 pg/ml) and incubate at 28 °C for 24 h.

b. Consider SDA slide alone with fungal spores and without OSEO as control.
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c. Following the incubation period, stain each slide with lactophenol-cotton blue (100 pul) by
dropping method at 28 °C for 15 min and observe for germ tubes under microscope.

d. Examine at least 200 spores from each slide and calculate the percentage of spore
germination using the formula,

% Spore germination = ST/SC x 100
Where, SC is number of spores germinated in control and ST is number of spores
germinated in test.

5. Determine the effect of OSEO on mycelial and spore structure of F. graminearum by scanning
electron microscope (SEM) observation according to the method of Yamamoto-Ribeiro et al.
(2013) with minor modifications.

a. Collect the mycelia disk of 1 cm? from a seven-day culture of F. graminearum and inoculate
aseptically at the middle of SDA dishes that contained different concentrations of OSEO and
incubate at 28 °C for 7 days in the dark.

b. Consider the SDA medium without OSEO as control.

c. After the incubation period, collect mycelial disk of 1 cm? and rinse in phosphate-buffered
saline (pH 7.4) and fix with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 6.5
and dehydrate with gradient ethanol (20, 40, 70, 90 and 100%, keeping the mycelia for a
longer duration in 100%).

d. Paste the sample on dual side glue carbon conductive tape and fix to the surface of
aluminum stubs.

e. Further, expose the stubs towards critical-point dry out in CO2 and sputter-coat with gold to
increase its conductivity.

f. Observe the morphological quality of mycelia under scanning electron microscope at 20.0

KV in environmental mode.

Figure 2. Determination of the antifungal activity of O. sanctum L. essential oil (OSEO)
on F. graminearum by scanning electron microscopic observation (Kalagatur et al., 2015).
The control (OSEO untreated) hyphae (a) is smooth, turgid and homogenous. Whereas hyphae
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treated with MIC (b) and MFC (c) values of OSEO exhibited craters, protuberances and
collapsed. The control (OSEO untreated) spores (d) are round and smooth, and on other hand
spores treated with MIC (e) and MFC (f) values of OSEO are disrupted and wrinkled.

6. Determine the anti-mycotoxic activity of OSEO in liquid cultures. Add different concentrations of
OSEO including, 250, 500, 1,000, 1,500 and 2,000 ug/ml to each 250 ml Erlenmeyer flask that
contain 100 ml of SDB. Inoculate 10 pl of fungal suspension (1 x 10° spores/ml) of 7-day-old
culture into these flasks under aseptic conditions. Consider the flask without OSEO as control
and incubate the flasks under shaking condition (140-160 rpm) at 28 °C for 14 days in the dark.

7. Following the incubation period, separate the culture media from fungal biomass by filtering
through Whatman No.1 paper and use the broth for determination of ZEA. Wash the fungal
mycelia twice with sterile distilled water and use 10 mg of mycelia for RNA extraction, and pack
the leftover mycelia in pre-weighed Whatman no.1 filter paper and dry out at 60 °C for 24 h and
determine the mycelial biomass by weighing.

8. Detection and quantification of ZEA by UHPLC by the method of Ibafiez-Vea et al. (2011) with
slight modifications.

a. Blend the culture broth with an equivalent quantity of acetonitrile at 140 rpm under shaker
incubator for 30 min.

b. Subsequently, collect the supernatant of the sample by centrifugation at 4226.04 x g for 12
min and transfer 15 ml of the supernatant through an immunoaffinity column of ZEA, which
is pre-conditioned under 10 ml of phosphate-buffered saline (pH 7.4).
Next, Wash the column with 5 ml of PBS and 10 ml of distilled water.
Finally, air-dry the column and elute the ZEA with 5 ml of acetonitrile. Maintain contact
between acetonitrile and column antibodies at least for 5 min.

e. Dry out the eluate completely over a water bath at 60 °C and redissolved the final residue
in 1 ml of acetonitrile and filter through 0.22 um of syringe filter.

f.  Use the filtrate for UHPLC determination and quantification of ZEA.

i. Employ the Nexera UHPLC system attached with the column C18, 5 um, 250 x 4.6 mm
for detection and quantification of ZEA in reverse-phase with a fluorescence detector,
and set excitation and emission wavelength at 334 and 450 nm, respectively.

ii. The mobile phase is acetonitrile-water (50:50, v/v) with a flow rate of 1 ml/min.

iii. Construct a five-point calibration curve for standard ZEA (100 ng-500 pg/ml) with peak
area versus concentration of ZEA.

iv. The injection volume is 25 pl for both the standard solution and test sample.

V. The sensing limitation of the technique is 100 ng/ml.

9. Determination of the effect of OSEO on gene expression of PKS4 and PKS13, which are
involved in ZEA biosynthesis of F. graminearum (Gaffoor and Trail, 2006; Kim et al., 2005) by

RT-gPCR evaluation using GAPDH as an endogenous reference gene.
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a. Design the primers for target genes using the GeneRunner software version 5.0.47 Beta
(Table 1).

b. Briefly, flash-frozen the mycelia in liquid nitrogen and ground into a fine powder with a
porcelain mortar. Extract the total RNA using RNEASY PLANT MINI KIT following

manufacturer’s guidelines (Qiagen, Hilden, Germany).

c. Quantify the total RNA by NanoDrop 8000 spectrophotometer.
d. Carry out the RT-gPCR analysis of PKS4 and PKS13 in the Light Cycler 480 using iScript
One-Step RT-PCR Kit with SYBR Green (Bio-Rad Laboratories, USA).

Extraction of
zearalenone using
immunoaffinity column

Briefly, make 50 pl volume of reaction mixture consisting 25 pl of 2x SYBR Green RT-
PCR reaction mix, 1 pl of iScript reverse transcriptase for one-step RT-PCR, 1 pl of
primer (450 nM), 1 pl of template RNA (100 ng) and 22 pl of nuclease-free water (PCR
grade).

The thermal conditions for the reaction include 10 min of cDNA synthesis at 50 °C for 1
cycle, 5 min of polymerase activation at 95 °C and following by 35 cycles of PCR at
95 °C for 10 sec, 60 °C for 30 sec for combined annealing and extension.

Attain individual narrow peak through melting curve analysis at distinct temperatures for
each and every PCR product.

Quantify the relative quantification levels of gene expression making use of second
derivative maximum analysis with the determination of the crossing points for every
single transcript.

Normalize the crossing point values for each gene to the particular crossing point values

with the reference gene GAPDH.

Broth was used for
UHPLC quantification
of zearalenone

Mycelia was used for
RT-qPCR analysis

Broth culture of
F. graminearum

r e 7 Total RNA was extracted using
= RNEASY PLANT MINI KIT

e & l B PKS4 EE PKS13
g

@ Det B Chi g 4
I 8
i 3
I °
[ 3

- Al > NN
H BN PO

»
S
-

Determination of zearalenone by UHPLC

Concentration of OSEO (ug/mL)

RT-gPCR analysis of PKS4 and PKS13 genes
(Kalagatur et al., 2015)

Figure 3. Determination of the anti-mycotoxic activity of O. sanctum L. essential oil
(OSEO) on F. graminearum by UHPLC and RT-gPCR analysis. The quantification of ZEA

present in broth culture is determined by UHPLC and concentration of ZEA is declined with

increasing the concentration of OSEO. The relative fold expression of PKS4 and PKS13 are
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determined by RT-gPCR analysis and it is down-regulated with increasing the concentration of
OSEO.

10. Assessment of anti-mycotoxic efficacy of OSEO on F. graminearum in maize grains.

a.
b.

Sterilize the seeds by autoclave and dry in a hot-air oven at 60 °C for 2 h.

Treat 100 g of sterilized maize grains with various concentrations (250, 500, 1,000, 1,500
and 2,000 pg/g) of OSEO in 500 ml conical flask and inoculate 10 pl of fungal spore
suspension (1 x 108 spores/ml) of 7-day-old culture into each conical flask and incubate for
14 days at 28 °C in the dark.

Consider the grains not treated with OSEO as control and incubated for a period of 14 days
at 28 °C in the dark condition.

Following the incubation period, extract total RNA from fungal mycelia and carry out RT-
gPCR evaluation for PKS4 and PKS13 genes as mentioned earlier.

Further, ground the maize grains into a fine powder and dissolve in 500 ml of acetonitrile
and centrifuge at 4226.04 x g for 30 min.

Transfer 15 ml of supernatant through ZEA specific immunoaffinity column and quantify the
ZEA by UHPLC as mentioned earlier.

Table 1. Primers used for RT-gPCR analysis of zearalenone production

Gene targeting  Primer sequence (5’ to 3’) Tm (°C)
GAPDH-F TATCACGTCTGCCACGAT 56
GAPDH-R CATGTAGGCCTGTGATGA

PKS13-F TTACCCGCCTCGTTAAAG 56
PKS13-R AGCTGGCTAAGCGAGGCA

PKS4-F ATCGGTCATCTTGAGGCT 58
PKS4-R CCGTAGAGAATGCTTTGT

Recipes

1. Phosphate-buffered saline (pH 7.4)
8.0 g NaCl
0.2 g KClI
1.44 g NazHPO4
0.24 g KH2PO4
Dissolve all these chemicals in 800 ml of distilled water and adjust pH to 7.4 with 1 N HCI, and

make up the volume to 1,000 ml with distilled water and sterilize by autoclaving.

2. Lactophenol-cotton blue staining solution

20 ml lactic acid

20 g phenol crystals
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0.05 g cotton blue
20 ml glycerol
20 ml distilled water

Notes

Zearalenone is toxic and classified as group 3 carcinogen by International Agency for Research on
Cancer (IARC, 1999) and care should be taken.
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