Development of Cost-Effective and Simple ELISA-
based Technologics for the Estimation of Aflatoxins
and Ochratoxin A in Foods and Feeds

By

K Thirumala-Devi

Thesis submitted to the Osmania University
for the degree of Doctor of Philosophy in Microbiology

MICROBIOLOGY DEPARTMENT
OSMANIA UNIVERSITY
HYDERABAD, INDIA

2001



Dedicated to

Dr D V' R Reddy

Whose continued support, inspiration, invaluable guidance
and life giving words has made this possible




Dr Gopal Reddy Dr DVR Reddy

Assoc. Professor Prncipal Scientist

Microbrology Department Mycotoxins & Virology, Crop Health Unit. GREP

Osmania University Intemational Crops Research Institute

Hyderabad - 500 007 for the Semi-And Tropics

Andhra Pradesh. India Patanchernu - 502 324, india
CERTIFICATE

This 1s to certify that the thesis entitlted “Development of Cost-Effective
and Simple ELISA-based Technologies for the Estimation of Aflatoxins
and Ochratoxin A in Foods and Feeds” submitted by Mrs K Thirumala-
Devi, for the award of degree of Doctor of Philosophy in Microbiology,
Osmania University, is a record of work done by her duning the penod
1998-2001, under our supervision and that it has not previously formed
the basis for the award of any degree or diploma or associate ot

fellowship or other similar title.

‘

(;v &a/ S

Dr Gopal Reddy Dr DVR Reddy



DECLARATION

I hereby declare that the thesis entitted “Development of Cost Effective
and Simple ELISA-based Technologies for the Estimation of Aflatoxins
and Ochratoxin A in Foods and Feeds” submitted for the degree of
Doctor of Philosophy in Microbiology., Osmania University, 1s a record
of the bonafied research work done by me at Department  of
Microbiology, Osmania University and  International Crops Research
Institute for the Semi-And Tropics (ICRISAT), Patancheru under the
supervision of Dr. Gopal Reddy and Dr. D V R Reddy. This thesis has
not formed in whole or in part, the basis for the award of any degree or

diploma, earlier to this date.

et Qe

K. Thirumala-Dev
Department of Microbiology
Osmania University
Hyderabad - 500 007

AP, INDIA

E-mail: T.DEVI@CGIAR.ORG



ACKNOWLEDGEMENTS

1t wath great pleasure and respects. T wis o express my gratitude 1o my research
supenvisors, Dr Gopal Reddy and Dr DVR Redhy tor ther insprong guidance, constant
encouragement, moral support. catical analvsis and care which contubuted  to
successful completion of this thess

Fwould like to express v protound gratitude and heart telt thanks 1o D AMikes Afavo
Senior Principal Viralogist: scottish Crop Research institute (SCRIN Dandee Scotland.
United Kingdom_ tar hiv able gurdance encouragement and care during iy sy it
SCRI

I would like to express my gratitude and reverence to De Angah Aarande. Indian
Institute of saiences, Bangalore tor her able gaidance 1o produce monoclonal
antibodhes,

I am gratetul to the Dean, faculty of Saence. Osmania Univeraty for has help and

encouragement tor the saubmission of the thess

fam grateful to De 1 Venkateshwar Rao, Head of the Department and Professor €
Seenayya and Dr Padma Sridhar, former Heads of the Department of AMicrobiology,

Osmania University, Hyvderabad for therr help and encouragement

I am extremely gratetul o my husband K 1 Ch Sangeev Rao whose moral support,
encouragement and understanding has made this possible. | would ke to express my
gratitude to my parents who gave me all the moral support | needed and love 1o my
one year old daughter K 'S Apurva for heatmg so many houts of my absence at home,

I'wish to express my gratitude to A Sudarshan Reddy and Philippe Dellosse and special
thanks to S Veera Reddy, Mycotoxin diagnostic s and virology lab, 1€ RISAT for then
support and help

I sincerely thank Jane Miller, Angelica Ziegler and Michele Liney for ther help and
useful discussions for the selection of affatoxin mimotopes and thewr care during my
stay at SCRI.

I acknowledge the able technical support from Y Ramachandraiah, § Prabhakar Reddy
and Ch Ravinder Rao of Mycotoxin diagnostics and Virology lab 1CRISAT,

I gratefully acknowledge the Department for International Development, UK for
providing me the fellowship and funding for the research under the holdback grant
R7083, awarded to ICRISAT and SCRI.

K Thirumala Devi



PREFACE

Safe to Eat or Why Chickens Die and Human Beings Suffer from Liver

Cancer : Development of Cost-Effective and Simple ELISA-based
Technologtes for the Estimation of Aflatoxins and Ochratoxin A in Foods and
Feeds

Many agricultural commodities are yulnerable 1o attack by a group of tunge that
are able to produce toxic metabolites called mycotonins Among various
mycotoxins, atlatoxins and ochratoxin A have assumed economic impottance
They are harmtul to human beings, poultry and livestoch — Aflatoxins are potent
carainogens and immunosuppressive agents and ochratoxin A s a nephrotonn
A recent report from India showed clearly the nsk the population i indian
subcontinent 18 exposed 10 hiver cancer as g result of hepatiis B oviras and
atlatoxin B1 (Katiyar et al 2000)  Untortunately atlatoxins as well as ochratoxn
A enter into milk and subsequently into many mulk-based toods — One of the
important effects of these 1oxims on human beings s suppression of immune

system, which will lead to many disorders

In order to protect animal and human health, it 1< important 1o be able to
estimate mycotoxin content in vanous foods as well as feeds so that strategies
can be devised for their reduction/chmination  Among many methods availlable
for the estimation of mycotoxins, immunochemical methods are simple, cost-
effective and adaptable 1o situation 1 developing countiies The major
requirements for the apphication of immunochenical methods are high quality
antibodies and methodologies to use the antibodies for the estimation of

mycotoxins  Therefore this thests was focused on these aspectsy

This thesis 1s divided 1nto 9 chapters containing subsections Chapters 1 and 2
contain the “Introduction” and “Review  of Literature”, chapter 3 and 4
“Production of Antibodies for Aflatoxins and Ochratoxin A", chapter 5
“Development of Enzyme Linked Immunosorbant Assays”, chapter 6 “Analysis
of Foods and Feeds for Aflatoxins and Ochratoxin A*  Chapter 7 contains
“Discussion”. The “Summary and Conclusions” are presented in chapter 8, and
the “References” in chapter 9
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INTRODUCTION

1.1. Background

Agricultural products are always at rish of contamination with fungs, and some of
these are able 10 produce toxic metabolites.  These compounds are called
mycotoxins and the diseases caused are called mycotoxicoses.  Although it has
been known from mare than 100 years that some kinds of mouldy grains, when
eaten, may cause iliness, imensive study of mycotonins and mycotoxicoses only
dates from the 1960, following the occurrence of “Turkey-X disease’ in the
United Kingdom. The disease resulted trom the presence of aflatosin 81
(Sargeant et al., 1961) in the feed imported om Brazil.  Propelled by the
discovery of the affatoxins, much eftort has been directed to the investigation of
the association between exposure to naturally occurting mycotoxins and long-
term adverse health effects in human beings and livestock.  Among, various
mycotoxins, aflatoxins and ochratoxin A have assumed economic importance
(Van Egmond 1991; Bosch and Peers 1991) They are harmiul to human beings,
poultry and livestock.  Atlatoxins are potent carcinogens and ochratoxin A s a
nephrotoxin. A recent report from India showed cleatly the nisk the population
of the Indian subcortinent is exposed to liver cancer as g result of hepatitis B

virus infection and ingestion of aflatoxin B1 (Katiyar ot al., 2000)

Virtually all countries engaged in international commerce have enacted or have
proposed permissible levels of mycotoxin contamination in foods and feeds.
Indeed, aflatoxin contamination levels are used in international trade to fix the
price of various commodities.  Thus, it becomes imperative that methods are
available that can monitor effectively the mycotoxin content of a range of

commodities in both the exporting and importing countries

Many different methods are available currently for the estimation of mycotoxins,
Biological detection methods are based on the toxic effect of mycotoxins, which
include death, pathological lesions, changed biochemical events or
immunotoxic effects (Chu, 1978). Often these methaods are not specific and their

sensitivity is generally low compared to that of other methods.  As a result they
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are used only as a tool for screening general tonicity. Physicochemical assay
methods such as thin layver chromatography, high  perdormance  hqund
chromatography, gas chromatography or mass spectrometny are fabonous and
require expensive instrumentation and clean-up of the samples. Thus these
methods are of limited use 0 routine satety and quabity control screening for
mycotoxins in agncultural commodities. To overcome  the ditficultion with
biological and physicochemical methods, new mmunachemical methods have
been developed. Serological methads that use specitic antibodies are ganing
wide acceptance for quantitative estimation of mycotonins because of therr

sensitivity and specificity (Chu, 1986).

in most developing countries, limited or no tacilities exist for monitonng
aflatoxins  or ochratoxin in toods and teeds.  Commercial ks utitising
immunological methods are expensive, i addition 1o the probleme related o
importing them. The maximum alfowed Iimits of atlatoxins and ochratoxin A
range from zero 10 10 pg/kg. Theretore, tor consumption as well as for export, it
is essential to monitor the foods and feeds for mycotoxin content. The main aim
of this study was to develop highly senditive and cost-effective EHSA-based
methods for quantitative and qualitative estimation ot aflatoxing and ochratoxin

A in foods and feeds.

1.2. Obijectives

The presence of mycotoxins in agncultural commodities i particularly
unavoidable because of the uncontrollable environmental conditions that favour
mycotoxin contamination, In order to protect animal and human health, it is
important to be able to detect and quantify mycotoxins in foods and fecds,
Thereafter, the contaminated materials can be handled in a way to eliminate the
toxins. Immunochemical methods that use specific antibodies and suitable assay
systems that are sensitive and cost-effective are therefore vital to reduce the risk
of aflatoxins and ochratoxin A contamination. The objectives of the present
study were therefore:

o Production of polyclonal and monocional antibodies for aflatoxins

o Production of polyclonal antibodies for ochratoxin A



Development ot ELISA based test procedures tor the estimation
aflatoxins or ochratonin A
Analvsais 0! toods and feeds 101 contaminatton with atlatonans

ochratoxin A
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Chapter 2

A
Review of Literature



REVIEW OF LITERATURE

2.1. Mycotoxins

Mycotoxins are a group of chemically diverse secondary metabolites of fungi.
They exhibit a wide array of biological effects and_individual mycotoxins can be
mutagenic,  Carcinogenic,  embryo-toxic,  leratogenic,  oestrogenic  or
immunosuppressive (Hohler et al, 1998). Several human mycotoxicoses have
been described, e.g., ‘ergotism’ which has been wide spread in Europe and the
Far East from the Middle ages to the early 20™ century; ‘stachybotryotoxicosis’ in
the 1930's (Rodricks and Eppley, 1974); and ‘alimentary toxic aleukia’ in the
mid-1940’'s (Joffe, 1971), both in the Soviet Union, The aflatoxin problem came
to light in the 1960’s when there was a severe outbreak of Turkey X’ disease in
England killing over 100,000 turkeys and other farm animals (Blount, 1961).
The cause of this disease was traced to a feed component in peanut meal that
was infested heavily with Aspergillus flavus. This very singular event triggered
intensive research on mycotoxins.  These studies include the occurrence,
chemical structure, biosynthesis, factors affecting the biosyathesis and health
hazards of aflatoxins, Table 1 shows commonly occurring mycotoxins and the
fungi that produce them. The UN food and Agriculture Organization has
estimated that up 1o 25% of the world’s foods are significantly contaminated

with mycotoxins (Mycotoxins in human nutrition and health, 1994).
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Table 1. Natural occurrence of selected mycotonins

Brologueal
Mycotoxins® Nayjor produang fungt Typrcal substeate vy natare et
Allemana LAM) mytotoning Allernana alternata Coreai gram 1omato anemal leeds AL Him
Allatoain (AF) B, Asprergilion thavus Peanuls Com, ottonsesd ety MU MT
and other atlatonns A parasdcus RS st tree nuty oudh

swghum walnits
Caenen (T Feoillnm Ctrinum Barley corn tice walnaty Nh O (h A
Cyclopraronsc acd (CPAL 4 tlavin P Cvclognum Peanuty com  heese Nt Oy
Deoxynivalenon (DON) Fusarium granunearum Wheat comn Nt
Cytlochloronne 1CC) P oesdandicum Rice M
Fumonisins (FA) bomomdiorne Com, wrghum MNLUIDR
tuteoshyrin (L Ty £ slandicum Poragolosam Kice, sorghum Hom
Aonddormn (MN) f monilforme Lo Nt v
Ochratonin A HOTA) A ochraceus, PP overracasum Barhy, beans cereal cotles, Nhol
fevxds muatre, oats tee, tye wheat

Patuhin (PT} P opatulum, Pouctiae. A clavatus Appie apple jce, beans. wheat Nr (M
Penicdhe acud (PA) P opubeerulum. A ochiaceus Buarley, corn NGl M
Penirem A PN 1 palians Fevsdstufts, com Nt
Roquetortine (ROF) poroqueton Cheese Nt
Rubratoxin 8 (RBY P orabsarn Fopurparogenunm Con, suytreans (R
Stengmatocystin (ST) A veracolor, A midulany Com, grams, cheew HOM
T-2 Town I sporotre ok Corn teeds, hay NATAT
12-13, Epoxytnchothecenes [ onvale Corn_ fod, hay, preanuts, e {0 Nt
(TCTC 1 other than 1.
and DON
Zearalenone (21) Fogranunearum Coteals, com, besds, e .M

ATA, Alimentary toxin aleukia, C, caramogenie, CU, catomogenie effert questionable, Oy, cardiovascula
lesions, D, dermatosin, (5, gentotoxin and estrogenic eftects, H, hopatotoxic, He, hemaorrhagr, M, motagens
Nh, nephratoxin, Nr, neurotoxins, R, tespiratory, 1) 1eratogens

“The optimal temperatures tor the production of mycotoxins are generally between 24 and 28%C excopt tor 1.2

toxin, which 1s produced at 15°C

Source F.S. Chu, 1995



2.2. Aflatoxins

Af'atoxins  are  potent  carcinogenic,  mutagenic,  teratogensc and
immunosuppressive agents.  Chemically they are a group dituranocoumanns
(Figure 1) produced as secondary metabolites by the tungus species Aspergillus
flavus and Aspergillus  paraciticus (Diener and Davis 1969, Busby and Wogan,
1979) on a variety of agricultural commaodities (Butler, 1974). A positive
correlation has been shown between exposare to atlatoxin and the incidence ot
liver cancer in humans (Anon, 1962; Smith and Moss, 1985, Mackenzie, 1988
Bosch and Peers, 1991; IARC, 1993; Kativar et al,, 20000, Presently 18 ditterent
types of aflatoxins have been identified among which aflatoxins B,, B,, Gi,, G,
M, and M. dare the most common. Ot these, the four naturally occurring major
aflatoxins are aflatoxin 8,, B,, G, and G, (Heathcote and Hibbert, 1978). The
rank order of toxicity, CALCINOReNICity and mutagenicity i
AFB1>AFGT1>AFB2 > AFG2 indicating that the unsaturated terminal turan ot
AFB1 is critical for determining the degree of biological activity ot this group of

mycotoxins (Heathcote and Hibbert, 1978).
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Figure 1. Structures of aflatoxins and ochratoxin A
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2.2.1. Occurrence

Aflatoxins are produced on a variety of substrates at an optimum temperature of
30-35° C and at a relative hunadity of 80-85%. Amaong the substrates, nce,
groundnut and maize have been shown to vield substantial amounts ol
aflatoxins under laboratory conditions (Hesseltine et al., 1966). In investigations
on trout fish in the United States, Sinnhuber of al., (1968) demaonstrated that
rations containing cottonseed meal and peanut meal were responsible for the
outbreaks of hepatomas and demonstrated the presence of atlatoxin, A field
survey of local foods in the Philippines (Campbell et al, 1970) showed that
aflatoxins were present in a variety of peanut products, Cassavd, Cocod, com, nee
and other foods. Similar distributions of aflatoxins in tood have been found
other parts of the world.  Although rice is a cereal of very widespread usage, the
levels of aflatoxin appear 1o be less than in other foods with the possible
exception of parboiled rice. High levels of contamination (1.7 mg/kg) have been
reported in cassava from Uganda, which was associated with a case of acute
liver disease (Serick-Hassen et al, 1970). In field samples there is always a wide

variation in the levels of aflatoxin (Shank et al., 19724).

2.2.2. Effects of aflatoxins in animals

The history of aflatoxin investigations began with the discovery of their harmful
effects in turkey poults,  Aflatoxins have been shown to be lethal to many
domestic and experimental animals (Goldblatt, 1969; Wogan, 1977). Animal
susceptibility to carcinogenesis by aflatoxins varies with the sex, age, species,
strain within the species, hormonal and nutritional status of the animal.  The
duckling is the most susceptible species and the mouse the most resistant one to
the lethal toxicity of aflatoxin (Patterson and Allcroft, 1970). Protein deficiency
was observed 10 sensitise the animal to acute toxic effects of aflatoxin but was
protective towards its carcinogenic effects (Madhavan and Gopalan, 1968).
Consumption of mycotoxin-contaminated feed has resulted in a number of
disease outbreaks in farm and domestic animals, Qutbreaks mostly attributable
to aflatoxins have been reported in turkeys (Austwick, 1978), horses (Vesonder,
1991), dairy cattle, poultry, rabbits, dogs and camels (Bhat and Nageswara Rao,
1989).
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2.2.3. Effects of aflatoxins in humans

Several attempts have been made in various parts of the world 1o correlate the
consumption of various foods contaminated with aflatoxins with acute or
chronic diseases in humans such as primary liver cancer, Indian childhood
cirrhosis, chronic gastritis, kwashiorkor (a wide spread and setious disorder ot
children in the tropics), rves syndrome (Encephalopathy with fatty degeneration
of the viscera) and some respiratory diseases.  Cases in which acute poisoning
occurred due to the consumption of toods heavily contaminated with aflatoxins
were reported mainly from tropical countries such as Tatwan (Tung and Ling,
1968), Uganda (Serck-Hanssen, 1970) and Thailand (Shank ot al, 1972h). In
India, an acute aflatoxicosis outbreak occurted, that affected man and dogs due
1o consumption of aflatoxin contaminated maize (Krishnamachar et al, 1975).
Data on aflatoxins and human cancer have shown a positive correlation between
aflatoxin ingestion and hver cancer in population studies in which aflatoxin
intake and the incidence of primary liver cancer were estimated  concurrently
(Shank et al., 1972¢; Peers and Linsell, 1973; Van Remburg ot al, 1974;
Campbell and Stoloff, 1974). A recent report from India showed clearly the nisk
the population in the Indian subcontinent is exposed 10 liver cancer as a result of
infection by hepatitis B virus and ingestion of aflatoxan B1 (Katiyar et af., 2000).
The possible relationships between aflatoxin exposure and kwashiokar and
Indian childhood cirrhosis were discussed by Raisuddin, (1993) and Adhikari et
al., (1994). The possibility that some cases of Reye's syndrome might be due to
aflatoxin ingestion has been reponed by Dvorackove et al., (1977) in
Czechoslovakia, where they detected aflatoxins in the livers of patients with
Reye’s syndrome. Aflatoxin B, has also been found to be a potent mutagen.
Mutagen studies in bacteria suggest that the possible mechanism of mutagenesis
may be initiated by the ability of the aflatoxins 1o bind 10 DNA.  Aflatoxins are
implicated in genetic mutations in people suffering from primary liver cancer
particularly in areas of sub-Saharan Africa and Southeast Asia (Harris, 1991; Hsu
et al., 1991; Bressac et al., 1991).

2.3. Ochratoxin A (OA)
Ochratoxins were discovered during laboratory screening of a large number of

fungus cultures for toxicity in South Africa. The toxicity was attributed to
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contamination by a strain of Aspergillus ochraceous Wilhelm, reported by Scott
in 1965, producing OA, the main toxic component in culture extracts {Scolt,
1965; Van der Merwe et al., 1965). Work described by Lar et al, (19701 and by
Hesseltine et al., (1972), provided evidence that other members of the A
ochraceous group produced ochratoxins, whereas Van Walbeek et al., (1968)
reported ochratoxin production by a strain Pemicillium vindicatum Westhing,
Thus ochratoxins are a group of structurally related metabolites that  are
produced by P. vindicatum and by A ochraceous. The major mycotoxin in this
group is OA (Figure 1) and appears to be only one of major toxicological
significance. It contains an isocoumann motety linked by a peptide bound to
phenylalanine. The work of Purchase and Theron (1968) and others (Doster et
al., 1972, Munro et al,, 1973) characterised QA as a potent nephrotoxin and

hepatotoxin.

2.3.1. Occurrence

OA occurs in many food commodities throughout the world, but s found
primarily in grains (barley, oats, rve, corn and wheat) grown in northern
temperate areas, and results in contamination ot breads and ceteal products
(Kuiper-Goodman and Scott, 1989). In addition to cereals, animal products such
as pigs’ kidneys and blood sausage can be significant human dictary sources of
OA. A survey in 1971 in the U.S.A. showed that barley contained OA at low
levels in 18 of 127 samples examined (Nesheim et al,, 1971). There was no
correlation between the amount of the toxins in samples and their apparent
quality. Canadian workers reported OA 1in mouldy wheat. This had been used
as a component of feed for cattle that suffered morality and was therefore
analysed for mycotoxins (Scott et al., 1970). The presence of OA was also
confirmed in dried white beans destined for human consumption and in a

sample of mouldy peanuts (Scott et al., 1972).

Ochratoxin A residues were detected in the kidneys of 18 of 19 swine from
farms where OA-containing feed had been used. The highest residue was 67
ppb. Most of these kidneys showed fibrosis. Liver and adipose tissue showed no
pathological changes but the toxin was detected in 7 of 8 samples of adipose
tissue (Hald et al., 1972). These findings indicate that human exposure 10
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ochratoxin A may not occur only through consumption of mouldy plant material

but also through consumption of animal products.

2.3.2. Effects of OA on animals

Several investigators studied the toxicological and pathologcal ettects produced
by the ochratoxins. All kinds of laboratory animals tested have been shown to
be sensitive to injury by ingested OA. In the fiekd however, imury from QA
poisoning has been chiefly in poultry and swine.  OA has been tested for
carcinogemicity by oral administration in several protocols m thiee stramns of
mice and one strain of rats. The kidney, and in particular the tubular epithelial
cells, was the major target organ tor OA induced lestons. OA has been reported
to be teratogenic 1o mice and rats (Haves et al, 1974) and to the chicken
embryo (Verret, 1974). A dose of 200 g ochratonin A per kg body weight has
been reported to produce nephrosis i pigs (Krogh et al., 1973 Krogh et al.,

1974).

2.3.3. Effects of OA in humans

OA has been shown to be nephrotoxic, hepatotoxic, teratogenic, carcinogenic,
mutagenic and an immunosuppressive agent (Kuiper-Goodman and Scott, 1989),
Of greatest concern for human health is its implicated role in an irreversible and
fatal kidney disease referred to as “Balkan Endemic Nephropathy (BEN)". BEN iy
a bilateral, noninflammatory, chronic nephropathy  in which kidneys are
extremely reduced in size and weight and show diffuse cortical fibrosis (Vukelic
et al., 1991). It has been suggested for several decades that excessive exposure
1o OA plays a substantive role in the development of BEN (Krogh, 1974), It has
been known to be present since the mid-1950s in 14 villages in an endemic area
of Croatia, where approximately 10,000 people are at risk.  Its prevalence
fluctuates between 0.4 and 8.3%, showing a slight decline in recent years, but it
has not disappeared from any of the endemic villages. The occurrence of the
disease in several ethnic groups contradicts the hypothesis of a primary
hereditary basis for BEN (Ceovic et al., 1991). Extremely high incidence of
urinary tract tumours was noticed in the endemic areas for BEN, particularly of

urothelial tumours of the pelvis and ureter.



2.4. Regulations of mycotoxins in foods and feeds

The occurrence of mycotoxins in toods and teeds v unavordable due to the
environmental conditions  Theretore many countries have attempted to limin
exposure to atlatoxine and other selected mycotonins by imposing  legal
restrictions or regulatory hinuts on susceptible commodities in the domestic
market and on imports  Limits (maxsimum levels of mycotoxins an tood or teed
commodities) are necessany for health protection of consumers and tor the
industry to produce high quality products  They may range ttom 0 1o 50 pg/hg
for affatoxins in human toods  The rationale tor the levels imposed by vatious
countries 1s based on some type of sk assessment o avatlable scientific
information (Stolott et al 1991)  Among the mycotoxing prionty is given to the
aflatoxins and to ochratonin A in toods and 1o relevant analytical methods and
sampling plans  The main objectives being consumer protection and to alfow
trading  Sixty countries in the world at present have imposed tegal himits 1ot
mycotoxins 1n foods and animal feed these Timits vary from country to country

Certainly the number of countries setting regulations for atlatoxins s increasing
with tolerance levels set trom 5 to 20 ppb (5 20 pp/kg)  Usually there s a
regulatory level <et for aflatoxin B1 and/or total aflatoxins (B1 B2, (,1 and (,2)
Japan, the world s largest importer of agrnicultural products does not permit any
aflatoxin B1 (zero i) in foodstutts and 10 10 20ppb for feedstufts analysed by

officially accepted methods (Mycotoxin in human nutntion and health 1994)

There 1s no truly global consensus on the implementation of standards for
mycotoxin levels in foods and feeds  To quote Stoloff et al , (1991) “Although
50 countnies have enacted or proposed regulations for control of aflatoxins in
food or feed, and 15 of these countries also have regulations for permitted levels
of contamination by other mycotoxing  very few countnes have  formally
presented the rationale for the need to regulate, or for the selection of a

particular maximum tolerated level *

2.5. Methods for estimation of aflatoxins and ochratoxin A

Many different methods are currently available for the eshmation of mycotoxins
Biological methods which are based on the toxic effect of mycotoxins have been
used for mycotoxin detection utihzing either the death or pathologicdl lestons,



or biochemical events or the immunotoaic eftects as an indes tor oty These
methods a'e not specitic and the sensitivity 18 generally low as compated 1o
other methods They are often used as a tool for screening general tonian

Physicochemical methods such as thin layer chromatography, high pertormance
liquid chromatography  gas chromatography and mase spectrometric methods
are labonious and require expensive nstrumentation and  clean-up ot the
samples  Thus there are imitations to apply these methods for pertarming
routine satety and quality control screening of mycotoxins in agricultural
commodities  To overcome the dithiculties encountered with the biological and
physicochemical  methods, new immunochenical methods  have  been
developed Immunological methods using specitic antibodies are gaining wide
acceptance tor quantitative estimation of mycotoxins because of their sensitivity
and speciticty, and are less expensive 1o perform than the majority of analytical

methods

2.5.1. Thin layer chromatography (TLC)

Thin layer chromatography was the tirst method (o be used for detection of
mycotoxine  Since this method s simple and does not need  expensive
instrumentation, it has remained important in many  laboratonies  However,
extensive sample clean-up s necessary, and expenenced personnel are required
tor quantitative assessment of the data  The T1C conditions for mycotoxin
analysis including extraction solvents clean-up procedures, solver 1 systems for
separation and Rt values of mycotoxins, methods of visualization as well as
approaches for muluiple detechon  were  documented by o number  of
investigators (Trucksess and Wood 1994 | Betina et al, 1989, Bennet ot al ,
1994, Scott 1981}

2.5.2. High performance hquid chromatography (HPLC)

HPLC can be used to separate many mycotoxins  The detection of mycotoxins
containing fluorescent and chromophoric groups has been widely applied since
the initial use of this method 1in the mid-1970s (Chu et af , 1978, Scott, 1981)
With advances in the chemistry of adsorption materials for column packing,
improvement in instrumentation, and enhancement of efficiency of detectors as

wal{ as new methods for both pre-column and post-column denvitization, both
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sensitivity and reproducibility have improved conaiderably over the years Thus
HPLC has become one ot the most popular methods tor mycotonin detection
However it 1< laborious require expensive instrumentation and needs clean-up

of the samples

2.5.3. Mass spectrometry (MS)

Mass  spectrometry was not considered as a quantitatine analytical tool tor
mycotoxins in earher investigations (Dusold et al 1978) They were used as a
final step tor charactenzaton identitication  and contitmation methods tor
mycotoxine  Only pure compounds were subjected to MS and senativity was
low  However, recent development of tugh-resolution mass spectiometny have
led 10 new MS methods tor both identification and quantitication ot mycotoxins
(Plattner  1986)  However due to the high cost of the instruments, cost ot
maintenance, and requirement tor trained personnel  this method s boted 1o

foew research centres and 1s not widely used

2.5.4. Immunological methods (polyclonal antibodies, monoclonal antibodies,
mimotopes)

Polyclonal antibodies are produced as o result of injecting antigens o an
antmal  They always contain a mixture of anubodies to vanous epitopes  The
most frequently used method for the production of anttbodies to mycotoxing s
multiple-site immunization of rabbis with mycotoxin conjugated to a protein,
followed by a booster at 5-6 week intervals  Polyclonal antibodies for aflatoxine
have been produced by Chu and Uneo (1977) and Pestka et al , (1980) and for
ochratoxin A by Morgan et al , (1983) and L ee and Chu (1984)

An alternative approach to the production of polyclonal antibodies s the
development of stable hybridoma cell lines that secrete reagent quality
monoclonal antibodies to mycotoxine  In monoclonal antibody production, the
short ived B lymphocytes from the spleen are indwidually immortalized by
fusion with an immortal myeloma cell line to give a range of clones of B
lymphocytes (hybridomas), each of which produces its own antubody This s
achieved by isolating splenic lymphocytes that produce a single antibody that
reacts with a single epitope, and 1s of a defined class (IgG) and subclass, from an
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immunized mouse and tusing these with a myeloma cell ine  Following a
series of sefection and wreeming steps an “immontahized” clone that constantly
produces antibodies ot the deured athinity  speciicity  and  pertormance
charactenstics can be solated  Monoclonal antibodies have been produced tor
aflatonins (Groopman et al 1982 Lubet et o/ 1983 Sun et al 1983 Candhsh
et al, 1985) and ochratonin A (Chiba et af 1985 Candhsh et al 1986 1988)
Although this approach has disadvantages in terms of cost ettort. time and the
requirement for tissue culture tacithities monodlonal antibodies tend to extubnt
much lower degrees of inter-assay vanation and yield more highly reproducible

results than do polvclonal antibodies

To sedrch tor an alternative to using mycotosins as immunochemical reagents
phage-displayed random peptude hbranes have been used av o source of
peptides that muimic the epritopel(s) on mycotonine (mimotopes)  In phage
display, a peptide or a protein s fused 10 one of the coat proteins of td
bactertophage (eg plll - pVID which means that the tused protem s displayed
on the exterior surface of the phage particle (Fehicr et al 1991 Parmley and
Smuth 1988, Smuth, 1991)  Libranes consist of phage that contain all possible
amino acid sequences in the surface-exposed peptide  These are screened in
arder 10 select peptides with specific aftimities or activities (Cwarla ot al , 1990
Devhin et al 1990, Scott and Smith 1990)  Using peptide hibranes, s
possible 1o select peptides that bind to an antiprotein antibody - Random peptide
libraries have been used 1in a wide vanety of applications (e g Corntese ef al,
1994,, Scott and Smith 1990, Katz 1997) However, very few workers have
used this technology to select peptides that mirmic non-proteinaceous chemicals,
such as biotin (Weber et al |, 1992) and carbohydrates (Hoess et ol , 1993) 1o
our knowledge only a single report descrnibed the use of this technology  Thes

concerned the mycotoxin deoxynivelenol (Yuan et al , 1999)

For the analysis of aflatoxins three types of immuno assays (1A) are commonly
employed the radio immunoassay (RIA), the enzyme-linked immunosorbent
assay (ELISA), and the immunoaffimty column assay (Chu 1990) Radio-labelled
aflatoxin 1s used in the RIA In the competitive RIA the unlabelled aflatoxin

standard or the aflatoxins in the test sample and labelled aflatoxin in the assay
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system compete tor the hmited number of binding wites on the antibodies The
amount of aflatoxins 1N a sample 1« inverely related to the amount of radio-
labelled aflatoxin in the colution Only a small amount of antibody 18 requited
for RIA However, the radiosotopes used i the assays present  disposal
problems The use of non-isotopic labels such as enzyvmes has gradually

replaced the use of RIA

In the typical direct ELISA, the binding of aflatoxn-enzyme conjugate by the
immobihzed antibodies s inhubited by the presence of atlatoning in the test
sample  The bound enzyme catalyses the trandormation of 4 substrate 10
coloured complex  The colour intensity tormed s inversely related to aflatoan
concentration  Horseradish peronidase, which catalyses the onidation of the
substrate (tetra methylbenzidine) 1o form a blue complex, s the most commonly
used enzyme tor labelling  The assave may be qualitative or quantitative ELISA
techniques have been descnibed for aflatoxin B1 i peanuts, cotton seed and
corn (Pestka et al, 1980, Ram et al | 1986) and for ochtatoxin A i barley and

wheat (Morgan et al, 1983, Lee and Chu, 1984)

Affinty columns are prepared by adsorption of the antibodies onto & gel matenial
contained 1n a small plastic cantnidge  Aflatoxins dare captured from test solution
by the immunaspeaific antibodies  After nonbonding impurities have been
washed from the cantndge, dflatoxins are desorbed with methanol,  then
denvatized and quantitated by solution fluorometry ot transferred to the hquid
chromatographic reversed-phase column for further separation and fluorescence
determination (Trucksess et al, 1991) The use of affinity columns to capture and
concentrate  aflatoxins  has  several advantages, which include  increased
selectivity, the abiity 1o trap the aflatoxins in large volumes of test samples
(biological fluids), and integration with other analytical techniques  However,
large amounts of antibodies are needed 1o prepare immunosorbent columns and
the cost 15 greater than RIA and ELISA
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3.1. PRODUCTION OF POLYCLONAL ANTIBODIES
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3.1.1. MATERIALS AND METHODS

3.1.1.1. immunization

Commercially available aflatoxin Bl-bovine serum albumin conjugate (AFB1-
BSA, Sigma cat. no. 0-3007) was used. AFB1-BSA (100 pug) in 1.5 mi of stenle
0.01 M phosphate-buttered saline (PBS) was emulsified with an equal volume ot
compiete Freund's adjuvant (Sigma) and injected into a New Zealand White
inbred rabbit subcutaneously on the dorsal side at muttiple sites. Subsequent
immunizations were given with incomplete Freund's adjuvant.  After tour
immunizations at weekly intervals tollowed by a booster after three weeks, the
rabbit was bled at weekly intervals and the titre checked by indirect competitive
ELISA. Booster injections were given when g drop i the ttre was noticed.

Serum was lyophilised and stored at -20 °C untul utihzed
pl

3.1.1.2. Monitoring antibody titres

An indirect ELISA procedure similar to that reported tor aflatoxins (Devi ot al |
1999) was used. Microtitre plate wells were coated with 0.1 ug ml ' of AFB1-
BSA in 0.2 M sodium carbonate buffer, pH 9.6 (150 ul/well) (Hobbs et al.,
1987) and incubated overnight in a refrigerator.  Subsequent steps were
performed at 37 °C for 1 h. Antiserum was diluted in phosphate-buffered saline
containing 0.05% tween 20 (PBS-T) and 0.2% BSA (PBS-T BSA) and held for 45
min at 37 °C. Antiserum dilutions in 50 pl volume were added to 100 ul of
AFB1 at concentrations ranging from 100 ng mL' 10 100 pg ml '  Goat
antirabbit immunoglobulins (GAR 1gG) conjugated 1o alkaline phosphatase were
used at a 1:1000 dilution to detect rabbit antibodies attached to AFB1.  p-
nitrophenyl phosphate was used as a substrate at 1 mg mL'  and allowed 10
develop for 1 h at room temperature. Absorbance was recorded at 405 nm (A,,.)

with an ELISA plate reader (Titretek Multiskan, Labsystems).

3.1.1.3. Characterisation of antibodies

To evaluate the cross reactivity of the antibody with aflatoxin B2, G1, G2, M1
and ochratoxin A, it was essential to determine the optimum conditions for
neutralization. These included coating antigen (AFB1-BSA) concentration and

the optimum dilution of the antibody required for neutralization. The optimum



dilution required to obtain the mavimum senvitinin was determined by 50
displacement values of B/BO, where B 1 the extinction of the well containing
AFB1 and BO 15 the extinction of the well without toxin derved ttom the slope

of the cahibration curves
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3.1.2. RESULTS

3.1.2.1. Titre of antibody
The protocol used for immunization gave an antibody titre of 1:100,000, 9

weeks after initiation of immunization (Figure )

3.1.2.2. Specificity of antibody

To determine the cross-reaction ot the antibody with molecules resembling
AFB1, it was decided to test it against atlatoxin B2, G1, (G2, M1 and ochratoxin
A. Various dilutions of these were used in ELISA and cross reactivity of the
antibodies 10 B2 and G1 was found to be 25%, tor (G2, 0.4% and did not react

with M1 and ochratoxin A (Figure 3)
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Figure 2. Standard curves for AFB1 by indirect competitive ELISA at different
dilutions of antibody 1:10,000 (¢), 1:20,000 (@), 1:40,000 (4), 1:80,000 (V)
1:160,000 {¢), 1:320,000 0)
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Figure 3. Cross reactivity of AFB1 antiserum (o) to B2 (1), G1 (@), G2 (&), M1

(*), and OA (e).
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3.2. PRODUCTION OF MONOCLONAL ANTIBODIES
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3.2.1. MATERIALS AND METHODS

3.2.1.1. Production of mouse polyclonal antibodies

The immunogen used was AFB1-BSA conjugate (250 pg) dissolved in 250 pl of
001 M PBS and emulutied with an equal volume ot Freunds adpun ant (Sigmia)
This was injecied intrapertoneally into each of several siceweek-old  temale
Balb/c mice  The hrst mjection was gnen using Freund s complete adjun ant and
the rest of the injections  except 1ot the booster were gnen with Freund s
incomplete adjuvant  No adjuvant was used tor the booster ijoections Atter
completing the immunization schedule approximately 5 pl ot blood was drawn

trom each mouse after cutting the up ot the tail

Inthially tour injections were ginven o each of (our mice at one-week intenals
followed atter three weeks by a booster  The mouse that gave the highest titre
was used tor preparing monodlonal antibodies  This procedute o retented to as
protocol “A"  The remaiming thiee mice were kept tor 8 months without any
immunization and a booster mnjection was goaven at the end of the eighth month
Sera from the three mice were tested two weeks after the booster injection
Again the mouse that gave the maxirrum titre was used for antibody preparation

(referred to as protocol “87)

3.2.1.2. Media

Tissue culture medium [fscoves Modified Dulbecco s Medium (IMDM)] was
purchased i the form o powder GIBCO BRL (Gibco cat no 12200 036) and the
medium was prepared according to the manufacturer s anstrucions It was
supplemented with foetal bovine serum (1BS) (Gibco cat no 263000-061) 10 o
final concentration of 10% (10% IMDM) for growing myeloma cells and 20%
(20% IMDM) for growing hybridomd cells  Glutamine was added at 2 mM
(from 200 mM stock, Gibco)  As this 15 unstable it was added to media older
than 2 weeks In addition, the media were supplemented with the antibiotics,
penicillin (100U/ml), gentamycmn (50 gg mL"), streptomyain (100 gg ml ') and
nystatin (5U mL") Hypoxanthine, ammoptenne and thymidine 100X (HAT) and
Hypoxanthine, thymidine 100X (HT) were purchased from Gibco {cat no 31062-
011)
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3.2.1.3. Preparation of myeloma cells

The murine myeloma cell line, Sp2/0-Ag14 in 10% FCS, was grown at 37 (
25 cm ? or 80 cm* tissue culture tlasks in an 5% CO_ incubator  The myelos
were growing rapidly and appeared healthy before the tusion  One day be
the fusion, the cells were split into fresh medium supplemented with 1
IMI

3.2.1.4. Polyethylene glycol

One ml of polyethylene glycol, molecular weight 1500 (Boehringer Mannherm
cat no 783641) was used PEG solution was pre-warmed to 37 <C before tusion

3.2.1.5. Preparation of macrophage feeder cells

A mouse was killed by cervical dislocation and sprayed with 70% (v/v) alcohol
Under aseptic conditions, the skin was cut without penetrating the pertoneum
Serum-free medium (10ml) was injected nto the peritoneum  The body was
agitated and as much of the hqud as possible was withdrawn from the
peritoneum using 4 syringe fitted with a needle  The hquid containing the
macrophage teeder cells was centrifuged at 1500 rev/min for 5 min  The
pelleted cells were resuspended in 10 mi 20% IMDM and were plated out at
100 pl/well (96-well tissue-culture plates) and incubated overnight in ¢ CO),

incubator

3.2.1.6. Preparation of spleenocytes

The spleen was removed aseptically from the immunised mouse and placed in a
100-mm tissue culture dish and the contaminating tissue was removed from the
spleen Using a syringe, 10 mi of 10% IMDM was injected into the spleen and
flushed out such that the spleenocytes came into the medium  The process was
repeated several times to obtain the maximum number of cells in the medium
The cell suspension was centrifuged at 2000 rev/min for 5 min and pelleted cells
were washed by resuspension in 10 ml of 10% IMDM  The pelleted cells were
resuspended in 10 mi lysis buffer (0017 M Trns-HCI, pH 7.2, 0084 M
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ammonium chloride, filter sterilized through a 022 m Millipore tilter) The
centrifuge step was repeated and cells were resuspended in 10% MDA,
centrifuged and resuspended i 10 ml serum-tree medium  Spleen cells wete

counted using a haemoc ytometer

3.2.1.7. Cell fusion to produce hybridomas

Hybridomas were derived trom two tusions between the spleen cells of Balb/
mice immunised against AFB1-BSA and the murine myeloma cell hine
Sp2/0O Ag14  Technmiques tor the production and culture of hybndomas were
essentially same as described by Galtre and Milstein (1981)  The spleen cells
were mixed with the myeloma cells (previously washed, centrtuged as above
and resuspended in 20% IMDM) in a ratio of 101 The spleen cell/myeloma
cell mixture was centrifuged at 2500 rev/mun for 10 nun - The supernatant flud
was removed and 1 ml of prewarmed PEG was added slowly over a4 period of 1
min (0 1 ml every 6 sec), while resuspending the cells by surning with the end of
a pipette  The cells were suspended in the PEG solution tor 1 min Twenty
percent IMDM (4 ml) pre-warmed to 37 *C was added gradually during the
following minute, swirling the tube as above  Medium continued to be added
slowly, diluting the cells 1 2 every minute, to a final volume of 20-25 ml The
cells suspension was held at 37 °C for 5 min and then centrifuged at 2500 rpm
for 5 min  The supernatant fluid was removed, the cell pellet was resuspended
in 50-80 ml HAT medium (HAT in 20% IMDM) and distributed into 96-well cell
culture plates (100 pl/well) containing peritoneal macrophage feeder cell layers
The plates were transferred to a CO, incubator After two weeks, HAT medium
was replaced with HT medium for two weeks and then cells were fed with 20%
IMDM  On day 12, the supernatant fluids were assayed as described below
(section 321 8)

3.2.1.8. Screening cells for antibody production

After 12 days, culture supernatants from each well were assayed using indirect
competitive ELISA  Culture supernatants from the cells that gave an absorption
value of over 3 as a difference between 0 4 and 400 ng m!' of toxin were
transferred to 24-well microculture plates in IMDM containing 20% FBS,
hypoxanthine and thymidine Supernatants from 24-well culture plates were
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again tested and only those clones that maintained absorption values over 3 in
ELISA tests were chosen for turther selection  Cell suspensions from each well of
the 24-well-cultured plate were diluted to give approximately one cell per well
when distributed into a 96-well culture plate  The plates were examined for the
presence of number o hybridomas  Those that contained a single hybridoma in

each well were retained and were screened tor neutralization fitres

3.2.1.9. Cloning of hybridomas by limiting dilution

Cell lines that were positive in the indirect ELISA screening, were transterred to
single wells in a 24-well plate  Cells were counted with a haemocytometer and
diluted to 1 cell/well in 20% IMDM contaiming HT  Cells were plated out 1n a
96-well plate having a layer of peritoneal macrophage teeder cells prepared the
previous day and transferred to the CQ, incubator for 7-14 days, until growth
was apparent  Wells were screened for antibody activity by indirect competitive
ELISA as descnibed in Section 3218 and cells secreting antibody  were

transferred to single wells in a 24-well plate

3.2.1.10. Multiplication of selected hybridomas
Cells were fed whenever the growth medium turned yellow, by removing the
spent medium with a pipette and replacing 1t with a fresh 20% IMDM - Spent
medium containing monoclonal antibody was collected, pooled and stured at -
20 °C, or at 4 °C with 0 02 % (w/v) sodium azide

3.2.1.11. Preservation of hybridomas

Cells (approximately 8 confluent wells from a 24-well plate) were scraped from
the wells, transferred to a Universal tube and centnfuged at 2000 rev/min for 5
min  The supernatant fluid was removed and retained  Pellets of cells were
resuspended in 1 ml of freezing medium (90% (v/v) FBS, 10% (v/v)
dimethylsulphoxide) The cell suspension in freezing medium was dispensed at
0 5 ml per freezing vial Vials were placed in a polystyrene box and transferred
to a -70 °C freezer for 2 days prior to long term storage 1n hiquid nitrogen

3.2.1.12. Thawing of cells
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Cells were removed from liquid nitrogen and thawed quickly at 37 °C and
transferred to a sterile tube with 15 ml 20% IMDM. Cells were centrifuged at
2000 rev/min for 5 min. Supernatant fluid was discarded and the cell pellet was
resuspended in 1-2 ml 20% IMDM. The resuspended cells in 250 ul to 500 pl
volume were transferred to a single well of a 24-well cell-culture plate
previously seeded with macrophage feeder cells. Cells were rem(;vvd after they
covered about half of the well, and then distributed 1o the rest of the wells,

3.2.1.13. Isotyping of monoclonal antibodies (Mabs)
Commercially available 1SO-2 kits from Sigma were used 1o determine the

isotypes of the monoclonal antibodies produced by various hybridoma cell lines.

3.2.1.14. Determination of specificity of MAbs

To evaluate the cross reactivity of each of the monoclonal antibodies, it was
essential to determine the optimum conditions for neutralization.  These
included coating antigen (aflatoxin B1-BSA) concentration and the dilution of the
antibody required for neutralization. Only known concentrations of 1gG’s,
extracted from tissue culture supernatants (TCS) by sodium sulphate precipitation
(Hobbs et al. 1987), were used in the experiments, Antibody titres were
determined by the indirect competitive ELISA procedure described in the section
3.1.1.2. The optimum concentration required at each step to obtain the
maximum sensitivity was determined by 50% displacement values of B/B,,
where B is the extinction of the well containing AFB1 and B, is the extinction of
the well without toxin, derived from the slope of calibration curves. Using these
parameters, various concentrations of the 1gG (50 wliwell) from different
monoclonal antibodies were added to 100 u! of AFB1 at concentrations ranging
from 100 ng to 100 pg ml’. The protocol used for the characterization of
antibody specificity was similar to those employed for the characterisation of

polyclonal antibodies (section 3.1.1.3).
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3.2.2. RESULTS

3.2.2.1. Immunization

The sera from mice immunized using protocol A showed poor antibody
responses. Antibody was used at a dilution of 1:500. In contrast, high antibody
titres, exceeding 1:20,000, were recorded from the sera of mice immunized by
protocol B (Table 2).

3.2.2.2. Fusion and cloning

The fusion efficiency (number of wells showing cell multiplication in each well
of 96-well plate) was 100%. In the first fusion, supermnatants from cells derived
from 8 wells showed specific binding to AFB1. However, after two successive
transfers only 2 retained the antibody activity. In the second fusion, 41 clones
that secreted AFB1 specific antibodies were selected.  After two successive
transfers, 10 clones continued to give high neuatralization titres.  These clones
were transferred to 25 c¢m’ flasks and I1gGs were extracted from  culture
supernatants (section 3.2.1.14). 1gG concentrations varied from 150 ug ml” to

185 ml” of the culture supernatant.
Hg p

3.2.2.3. Optimum aflatoxin and antibody activity for ELISA

An aflatoxin B1-BSA conjugate concentration of 125 ng ml' was found to be
optimum for coating the plates. The optimum concentration of antibody for
neutralization depended on the titre of antibody and it varied from 5 g mi' to

50 ugmi" .

3.2.2.4. Characterization of antibodies

The designation, data on isotypes, cross reactivity and the minimal inhibition
values for ten monoclonal antibodies are presented in Table 3. The antibodies
showed a range of cross reactivities (Figure 4) and could be classified broadly
into three distinct groups. Group 1 comprised one monoclonal antibody, 10D5-
1A11, that was highly specific for B1 and showed a weak cross reaction to G1.
Group 2 (13D1-1D9) contained antibodies that recognized B1, G1, and B2, with
a weak cross reaction with G2. The remaining clones that recognized B1 and

G1 with equal efficiency were grouped in the category 3. Cell lines produced in
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the first fusion (Protocol “A”) had a detection range from 10 to 100 ng ml" in
contrast to those of the clones produced in the second fusion (Protocol "B”)
which gave values ranging from 0.001 to 1 ng ml'. One clone from the second
fusion (10D5-1A11) gave a high titre 10 aflatoxin B1 with a 50% inhibition at
0.006 ng ml" (Figure 5).
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Table 2. Percentage of antibody binding to the plate in an indirect competitive
ELISA from the mice immunized with two different protocols.

Mouse Protocol A Protocol B

1 50 % Used for fusion # 1

2 58 % Died

3 54 % 67 %

4 49 % 80 % (used for fusion # 2)
5 70 % 70 %

“Protocols: A= Three intraperitoneal injections at 1 week intervals followed by a
booster three weeks after the last injection. Antibody was used at a dilution of
1:500. B= Same group of mice maintained without immunization for eight
months and a booster injection given at the end of the eighth month. Antibody
was used at a dilution of 1:20,000



Table 3. Isotypes, cross reactions and minimal inhibition observed with ten
monoclonal antibodies

Designation Isotype* Cross-reaction® (%) Minimum mhibiton (ng miY)
B1 B2 G1 G2 B 82 (&3]

1.10D5-1A11 1gG, 100 2 12 <1 0.001

2.5D8-281 18gG, 100 - 110 - 1 . 1
3.13D1-1D9 1gG, 100 2 100 <1 0.m . 0.m
4. 5F2-1E8 18G, 100 12 100 3 01 . 01
5.3G7-1B8 18G, 100 22 100 <1 01 1 0.
6. 11C8-1A8 18G ;. 100 20 66 1 0.01 0.01
7.3F7-1B9 18G, 100 15 60 <1 < 0.01 < 0.0
8. 5H4-1B1 1gG, 100 13 72 1 < Q.01 <0.01
9.6G12-2B3 18G,, 100 7 50 <1 <0.01 <0.01

10. 6E12-1E5 1gG, 100 60 75 5 0.1 0.1 0.1

* determined by using a commercial kit.

b expressed as fifty percent displacement value of B/B,for aflatoxin B1 divided by
the fifty percent displacement value for each of the aflatoxin under testing (see
text).

< Concentration of aflatoxin (ng ml") required for first significant inhibition of
binding of antibody to AFB1-BSA solid phase.
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Figure 4 a-c. Cross reactivity of three groups of monoclonal antibodies (from

clones 13D1-1D9, 6E12-1E5 and 10D5-1A11) 1o four major aflatonins, B1(®),
B2(0), G1(W), G2 (2)

Graphs plotted as percentage binding (B/Bo) against mass of toxin per ml (ng mi"). B is
the extinction of the well containing AFB1 and Bo is the extinction of |>hv well without
toxin.

(a) Antibody specific for B1with varying degrees of cross reaction to G1, B2 and (2.
(b) Antibody that recognises B1, G1, B2 with a weak cross reaction to (G2,

(a) (b)
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Figure 5. Dosage response curve of aflatoxin B1. Fifty percent inhibition value
of AFB1 was 0.06 ng m|".
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3.3. PRODUCTION OF AFLATOXIN MIMOTOPES

iR
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3.3.1. MATERIALS AND METHODS

3.3.1.1. Reagents

Aflatoxin B1, goat anti-rabbit IgG-alkaline phosphatase (ALP) conjugate, goat
anti-mouse IgG-ALP conjugate, p-nitrophenyl phosphate, bovine serum albumin
(BSA), aflatoxin B1-BSA conjugate, tetracycline and polyethylene glycol (PEG),
were all purchased from the Sigma Chemical Co., St. Louis, USA. Microtitre
plates (Maxi-sorp F96) and immuno-tubes (Maxi-sorp) were obtained from Nalge
Nunc International, Denmark. Peptone, yeast extract and agar were obtained
from life technologies Gibco BRL. All other chemicals were reagent grade or

chemically pure.

3.3.1.2. Monoclonal antibodies for aflatoxin B1

Anti-aflatoxin B1 monoclonal antibodies were those described by Devi et al.,
(1999). MADb 13D1-1D9 (here coded MAb 24) cross-reacted with aflatoxin G1,
but not B2, 6E12-1E5 (here named MAb 13) cross-reacted with aflatoxins B2,
G1 and G2, and MAb 10D5-1A11 did not cross-react appreciably with any of
the other aflatoxins (Thirumala Devi et al, 1999). Immunoglobulins were
concentrated from tissue culture supernatants or ascitic fluid by ammonium

sulphate precipitation (Harlow and Lane, 1988).

3.3.1.3. Peptide libraries

The random phage displayed peptide libraries, Cys-4 and Cys-6 used in this
study were provided by G. Smith (University of Missouri, Columbia). Each
library consists of fd phage that carry a second copy of gene Vill that has at its N-
terminus a randomised sequence in which cysteine codons are 4 or 6 codons
apart. The cysteines are designed to constrain by cross-linking the
conformations that the peptides may adopt (Ziegler et al., 1998).

3.3.1.4. Affinity selection of phage by panning

Panning was as described by Ziegler et al., (1998) using immuno-tubes coated
with MAbs at 10 ug ml . After blocking, phage were bound and eluted, and
then used to infect E. coli TG-1 cells. After amplification, phages were subjected
to two further rounds of panning to enrich the population with binding phage.
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3.3.1.5. Immunological assay for affinity-purified phage

Following the third round of panning, single tetracycline-resistant colonies were
transferred to 5 ml LB-TET and grown at 37 °C for 18 h. Cells were removed by
centrifugation at 17000 g for 5 min and the culture media were tested by ELISA
using microtitre plates. At each step the plates were incubated for 1h at 37 °C.
Initially plates were coated with IgG at 10 ug ml ' in 0.2 mol | ' sodium
carbonate, pH 9.6. In the second step, plates were blocked with 200 pl/well of
3% MPBS. Phage particles in 80 ul were mixed with 20 il of MPBS. A mixture
of rabbit anti-M13 antibody (1:500) and anti-rabbit 1gG conjugated to alkaline
phosphatase (1:100000 dilution) were used 10 detect the phage. Substrate (p-
nitrophenyl phosphate at 1 mg ml ') was added and absorbance at 405 nm was
read in an ELISA plate reader after 1 h at room temperature. Selected individual

clones were characterized by DNA sequencing and ELISA.

3.3.1.6. Indirect competitive ELISA with phage-displayed peptides

To determination of optimum number of phage to use in ELISA, different
dilutions of phage particles in carbonate coating buffer were added 1o the ELISA
plate and incubated overnight at 4 °C. After blocking, a mixture of MAb and
goat anti-mouse-alkaline phosphatase conjugate was added and the ELISA was
completed as described. An indirect ELISA procedure similar to that reported for
aflatoxins (Devi et al., 1999) was used. Microtitre plate wells were coated with
150 pl of phage at 10" ml ' that carried peptides in 0.2 mol | ' sodium
carbonate, pH 9.6 and incubated overnight in a refrigerator. The plates were
washed and blocked as above for panning elution selection. MAbs in 50 ul
were added to various concentrations of AFB1 (0 to 10 ug ml "' in PBS). The
mixtures were added to the phage-coated microtitre plate wells (150 ul/well) and
the preparations were incubated at 37 °C for 1 h. After washing four times with
PBS-T, the amounts of enzyme bound were determined by incubation with goat
anti-mouse-ALP conjugate at 37 °C for 1 h. Amounts of bound enzyme were
determined as described above. The results of inhibition tests were analysed

using Genstat 5 and logistic curves were fitted to the data (Genstat 5 Commitiee,

1987)
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3.3.1.7. Nucleotide sequencing

Phage particles were recovered by PEG-precipitation and single-stranded DNA
was extracted from them by phenol-chloroform treatment (Sambrook et al,,
1989). Sequencing was done using an ABI PRISM dye primer cycle sequencing
ready reaction kit (Perkin Elemer Applied Biosystems, Warringtan, UK). The
primer was complementary to DNA encoding the recombinant pVHL gene,
downstream of the peptide insert. Sequences were analysed using the Genetics
Computer Package (Devereux et al., 1984).

3.3.1.8. UV irradiation of phage particles

Phage particles were uv-irradiated at 254 nm with doses of between 10 and 800
mj/cm? using a UV cross linker (Stratalinker UV crosslinker; Stratagene Ltd.,
Cambridge, UK). The treated phage particles were then used 10 infect log-phase
TG-1 cells or assayed by ELISA.

3.3.1.9. Sample preparation

Groundnut samples were obtained in 200 g quantities. After a thorough mixing,
three 15 g sub-samples were drawn from each 200 g sample. Each sub-sample
was finely ground and then extracted in 75 ml 30% methanol containing 0.5%
KC! by blending in a Waring blender followed by shaking for 30 min. The
extract was filtered through Whatman No. 41 filter paper and diluted to 1:10
with PBS-T/BSA for processing by ELISA.

3.3.1.10. Indirect competitive ELISA procedure for processing groundnut
samples

The protocol was similar to that for indirect competitive ELISA for phage-
displayed peptides (as described above) with the exception that aflatoxin
standards in 100 ul volume, ranging from 100 ng ml " to 100 pg ml !, were
prepared in a diluted extract from groundnuts. Groundnut samples that did not
contain aflatoxins were extracted in methanol as described above, filtered and
used at a 1:10 dilution prepared in PBS-T BSA. Test samples were also diluted
to 1:10 in PBS-T/BSA prepared in aflatoxin-free groundnut extract. One hundred
4 of each sample were added to wells containing 50 ul of antiserum. The wells
were washed four times with PBS-T incubation with goat anti-mouse ALP-
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conjugate at 37 °C for 1 h. The amounts of enzyme bound were determined as
described above. Standard curves were obtained by plotting log,, values of
aflatoxin B1 standards against optical density at A ..
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3.3.2. RESULTS

3.3.2.1. Screening of a random peptide phage libraries for the selection of
specific phages by panning

Tubes were coated with MAb 24 or MAb 13 and used for selection using either
Cys-4 or Cys-6 libraries. Irrespective of the library used, the proportion of phage
that bound (input titre/output titre) increased after each round. After the third
round, input and output titres were about 10" m! '. All 20 of 20 clones from
the Cys-4 library and 4 of 20 from the Cys-6 library yielded phage that bound to
MAb 24 (A,;; of >0.5 to 2 in 1h using DAS ELISA). From the 21 clones
obtained using MAb 13, 11 from the Cys-4 library and 12 trom the Cys-6 library
gave positive results in ELISA tests. No clones were obtained from either library
that bound to MAb 10D5-1A11.

3.3.2.2. Optimum number of phage particles for coating the ELISA plate

ELISA plates were coated with different amounts of phage particles 1o establish
the number of particles that were needed to give a useful response in phage
ELISA. Figure 6 shows the results of ELISA of four mimotope clones at different
concentrations assayed using either MAb 24 (clones 24-4 and 24-6) or MAb 13
(clones 13-4 and 13-6). The best results were obtained with phage
concentrations of 10" ml "'. In parallel tests, plates coated with an unrelated

Cys-4 phage clone at 10" ml "' gave an A,,, of <0.1.

3.3.2.3. Specificity tests

The mimotopes 24-4.1, 24-6.1, 13-4.1, 13-6.1 were tested in phage ELISA at 10"
ml * using dilutions of polyclonal antibody raised against an aflatoxin B1-BSA
conjugate.  The results for different mimotopes were indistinguishable. For
example, a 4-fold decrease in antibody concentration decreased the ELISA
readings obtained in 1 h from 1.04, 1.07, 1.05 or 1.08 t0 0.43, 0.47, 0.45 or
0.43 for each mimotope respectively. In ELISA tests, mimotopes obtained using
MADb 24 did not bind to MAb 13, and neither did MAb 13 mimotopes bind to
MAD 24.
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To test the specificity of the mimotopes, indirect competitive ELISA was done
with mimotopes 24-4.1 and 13-4.1 using the corresponding MAbs.  Figure 7
shows the results. For both mimotopes, the homologous toxin was the most
competitive; other toxins were less competitive in the order G2<B2 <G1. With
24-4.1 (Figure 7a), B2 and especially G2 were much less compettive whereas
with 13-4.1, the differences between toxins were less marked. The median
doses (the toxin concentrations that resulted in an estimated 50% inhibition of
binding) and the slopes of the curves at the median were calculated from the

curves fitted to the data using the formula,

Aws = A+ C/(1 + exp-B* (X-M))
where A and C are the asymptotes, M is the median dose and B is the slope at
the median dose.

Table 4 shows the results. These confirm the impressions from Figure 7 that the
strongest competition as judged by the slopes of the lines was with B1, the

‘homologous’ antigen and the weakest competition was with G2,

3.3.2.4. Effect of dithiothreitol

The peptide sequences displayed by phage from the Cys-4 and Cys-6 libraries
contain cysteine residues that are intended to cross-link so as to create a loop
structure of either 4 or 6 amino acids. Mimotope phage were treated with
dithiothreitol prior to being used to coat ELISA plates in order to prevent the
formation of this cross-link. With all clones tested (24-4.1, 24-4.2, 24-6.1, 13-
4.1, 13-4.2, 13-6.1), the effects of dithiothreitol treatment were to increase the

binding of the corresponding MAbs by between 2-fold and 5-fold.

3.3.2.5. Effect of UV irradiation on phage infectivity

The infectivity of a dilute sample of mimotope 24-4.1 was decreased from about
4500 colonies ml ' to about 60 colonies ml * by irradiation at 20 mj/cm? and
was abolished by larger doses. At these doses there was little effect on MAb
binding as assessed by phage ELISA. Phage irradiated at 50 m)/cm’ bound about
90% of the amount of MAb bound by untreated samples. Binding decreased to
70% following irradiation with 100 m)/cm?, and further after higher doses.
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3.3.2.6. Recovery of aflatoxin B1 from groundnut samples

In order to test the effectiveness of the phage ELISA, 10 to 200 g kg ' of
aflatoxin B1 were added to finely ground 10 g samples, which were then
extracted and assayed. Table 5 lists the results from each of two ELISA plates.
The recoveries were between 92% and 110%; the average w(’uw:vies on each
plate were 101.3% and 98.9%.

To assess the assay method in practice, samples were taken from farmers’ fields
that were presumed to be at high risk of aflatoxin contamination because of
drought. These were extracted and assayed by using competition ELISA. The
results (Table 6) show that 5 samples were contaminated to various extents.
Results for duplicate samples and duplicate plates were within 10%. The

permissible level in india for aflatoxin B1 contamination is currently 30 zq/kg .

3.3.2.7. Mimotope sequences

For mimotope phage from either library, the nucleotide sequences were
determined for the section of recombinant pViil gene that encoded the
randomized peptide sequence. These are shown as Figure 7. The sequences of
mimotopes to MAb 24 suggested a consensus sequence of ‘——CYMD-C---'.
Those for mimotopes to MAb 13 did not suggest a clear consensus, although the
dipeptide ‘PW’ was present in most, and all were particularly rich in proline

residues.



Chapter 3 46

Figure 6. Results of indirect ELISA with four phage mimotopes (24-4.1, 24-6.1, 13-
4.1, 13-6.1) at concentrations of 10", 10 " or 10" m! ",

10"m "’
10°m "’
A Owm’
31
) l I

24-4.1 24-6.1 13-4.1 13-6.1

Mimotope




Figure 7. Competition between pure aflatoxins (B1, B2, G1 and G2) in the
solution and phage mimotopes (24-4.1 and 13-4.1) coated on ELISA plate surface

for binding to MAbs, in indirect competitive ELISA. (a) Mimotope 24-4.1 binding
to MAb 24. (b) Mimotope 13-4.1 binding to MAb 13.
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Figure 8. Amino acid sequences of mimotope peptides.

Nucleotide sequences were determined for the part of the recombinant gene VII

that encodes amino acids randomized in the libraries Cys-4 and Cys-6. Where two

amino acids are shown, the sequences obtained were ambiguous and either amino
acid is possible.
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Table 4. Parameters of the inhibition dose curves shown in Fig.?

Mimotope 24-4.1

Mimotope 13-4.1

Inhibitor median dose*  slope slope
B1 1.38 -0.6044 1.04 -0.53
B2 1.39 -1.2032 1.22 -0.80
G1 0.45 -0.7495 0.58 0.79
G2 6.77 -1.7623 1.98 -1.27

ng/mi
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Table 5. Efficiencies of extraction

Concentration of AFB1 in spiked sample

Recovery®
(g kg™ Plate 1 Plate 2
10 98% 102%
20 102.5% 110.4%
40 105% 96%
80 99 99, 94.1%
100 100.7% 99 6%
150 101.1% 91.9%
200 102.2% 98.5"%
Mean 101.3% 98.9%

* measured concentration/known concentration x 100

%0
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b1
Table 6. Assays of groundnut samples for aflatoxin B1
Sample [aflatoxin B1) (ug kg ") Result

Plate 1 Plate 2
test 1 test 2 test 1 test 2

1 15.2 14.0 19.8 N6 +
2 <10 <10 <10 <10 -
3 101 89.3 101 113 +
4 55.1 49.0 46.8 451 +
5 302 276 295 286 +
6 <10 <10 <10 <10 -
7 <10 <10 <10 <10 -
8 329 314 In In +
9 <10 <10 <10 <10 -
10 <10 <10 <10 <10 -




Chapeer 4 M

Chapter 4

Production of Antibodies
for Ochratoxin A



Chaprer 4

4. PRODUCTION OF ANTIBODIES FOR
OCHRATOXIN A

hRJ




Chapeer 4 Y

4.1. MATERIALS AND METHODS

4.1.1. Immunization

Commercially available OA-BSA conjugate (Sigma cat. no. 0-3007) was used.

Immunization procedure is as described in the section 3.1.1.1 for aflatoxins

4.1.2. Monitoring antibody titres

An indirect ELISA procedure similar to that explained in the section 3.1.1.2 for
aflatoxins was employed.

4.1.3. Characterization of antibodies

To evaluate the cross reactivity of OA antibody with ochratoxin 8, coumarin, 4-
hydroxycoumarin, L-phenylalanine and aflatoxin B1, the procedure adopted is

similar to that describd in the section 3.1.1.3 for aflatoxins.
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4.2. RESULTS

4.2.1. Production of antibody
The protocol used for immunization gave an antibody titre of 1:132,000, 34
weeks after the initiation of immunization (Figure 9). Standard curves for OA by

indirect competitive ELISA at three different dilutions of antibody are shown in

Figure 10.

4.2.2. Specificity of antibody

To determine the cross-reaction of antibodies antiserum  with  molecules
resembling OA, they were tested against ochratoxin B, L-phenylalanine,
coumarin, 4-hyaroxy coumarin, and Aflatoxin B1. Results presented in Figure
11 clearly show that OA antibodies did not react with any of the molecules
tested.



Figure 9. Antibody titres against OA-BSA as determined by indirect ELISA,
Booster injections were given at 7, 11, 16 and 30 weeks after initial

immunization (Details are given in the section 3.1.1.1).
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Figure 10. Standard curves for OA by indirect competitive ELISA at three

different dilutions of antibody 1:40,000 te), 1:80,000 ®m). 1:160,000(a) (Details
of test procedure given in the section 3.1.1.2).
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Figure 11. Cross reactivity of OA antibodies (¢) 10 OB (&), Coumarin (@), 4-

Hydroxy coumarin () L-phenylalanine (#) and AFB1 (o).
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5.1. MATERIALS AND METHODS

5.1.1. Quantitative Estimation: Indirect Competitive ELISA (IC-ELISA)

The protocol used was similar 1o that for determining antibody specificity (as
described in the section 3.1.1.2). In brief, ELISA plates were coated by
incubating toxin-BSA conjugate in 0.2 M sodium carbonate butter, pH 9.6 (150
ul/well) and incubated overnight in a refrigerator.  Subsequent steps were
performed at 37°C for 1 h. Antibody dilutions prepared in phosphate-butfered
saline containing 0.05% Tween 20 (PBS-T) and 0.2 BSA (PBS-T BSA) in 50 ub
volume were added 10 100 ul sample or toxin standards ranging from 100
ng/mL to 100 pg/mL. The amount of antibody bound to the toxin was detected
by the addition of goat anti-rabbit or goat anti-mouse immunoglobulins (GAR
18G, Cat # A4914 and GMA 1gG, Cat # A, 5153 Sigma) conjugated to alkaline
phosphatase. The substrate for ALP, p-nitropheny! phosphate (Sigma, cat # N
2765) was used at 1 mg/mL. Colour was allowed 1o develop for 1 h at room
temperature and then the absorbance of the hydrolysed product was measured

at 405 nm in an ELISA plate reader (Titretek Multiskan ™, Labsystems),

5.1.2. Quantitative Estimation: Direct Competitive ELISA (DC-ELISA)
Preparation of conjugates

Three enzymes, alkaline phosphatase (ALP) (Sigma, cat # P 5521), horseradish
peroxidase (HRP) (Sigma cat # P 8375) or penicillinase (PNC) (cat # P 0389)
were conjugated to commercially produced aflatoxin-BSA using the singie
bridge glutaraldehyde method for each of the two enzymes (ALP and PNC), and
the periodate oxidation method specifically for HRP. AFB1-BSA (1.0 mg) was
reacted with 1.0 mg of ALP or PNC and dialysed for th. Glutaraldehyde was
added to 0.05% final concentration and the mixture incubated at 22 C for 4 h,
Glutaraldehyde was then removed by dialysis against several changes of PBS
and the conjugate stored with 1 % bovine serum albumin at 4 “ C. Conjugation
of aflatoxin-BSA to horseradish peroxidase (HRP) was by periodate oxidation
method (Tsang et al, 1995) which links protein to HRP via carbohydrate
moieties on the enzyme. HRP (4.0 mg) in 0.2 mi of citric acid/sodium citrate
buffer (0.1M, pH 5.0) was warmed to 37°C to which 26ul of sodium periodate
(30 mg/ml) was added. After 5 min exposure, 13ul of 1% ethylene glycol was
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added, followed immediately by dialysis of the oxidized enzyme against 1L of
citric acid/sodium citrate buffer (0.001M, pH 5.0) for 1h. The oxidized HRP was
then reacted with AFB1-BSA (1mg in 1mL 0 0.1 M sodium carbonate butfer, pH
10.0) at 4° C for 48h, iollowed by the addition of 10l of sodium
cyanoborohydride solution (10 mg/ml), and reacted for another 2h at 4° C. The
reaction mixture was then dialyzed against PBS and stored at 4 ° C atter the
addition of glycerol (1:1 viv).

Test procedure

Protocols for the DC-ELISAs were essentially the same as those described for
aflatoxin B1 (Chu et al., 1987). The optimal concentration of antibodies and
enzyme marker used in the assay were determined usng a checker board
titration test. Microtitre plates were coated with 100 pl of aflatoxing polyclonal
antibodies (1:80,000 dilution).  After overnight incubation, the wells were
washed four times with PBS-T and then incubated with 200 ul of blocking
solution [0.2% (m/v) BSA in PBS-T (BSA-PBS-T)] at 37°C for 30 min. The wells
were washed four times with PBST. Toxin standards or samples dissolved in 7%
MeOH/PBS in 50ul volume together with 50ul of toxin labelled with the
enzyme (diluted in BSA-PBS) were added to each well.  Competition was
between labelled toxin in BSA-PBS and unlabelled toxin present in the sample.
Enzyme labelled toxin attached to the antibody was detected by adding o

suitable substrate.

ALP  substrate: Para-nitro-phenylphosphate  (Img/ml)  added 1o 10%
diethanolamine pH 9.8.

HRP substrate: Kirkegaard and Perry (50-76-05)

PNC substrate: 15 mg bromothymol blue (BTB) in 100 ml of 0.01 M NaOH,
alkali neutralised by adding 0.1 N HCL drop wise until the pH of the solution is

7.2. Sodium penicillin-G was incorporated at 0.5 mg/ml (w/v).

Calculations: Standard curves were obtained by plotting log,, values of toxin
standards against optical density at A, for ALP, A,y for HRP and A,,, for PNC

system.



5.1.3. Qualitative Estimation: Dip-Strip ELISA

Preparation of membranes

To prepare test strips 1cm x 1.5cm sections of the tmmunodyne Immunoaffinity
membranes were mounted onto Tcm x 6 cm plastic supports with a double
sided adhesive layer. An area of the membrane (approximately 3 mm in
diameter) was coated with 3pl of the respective polyclonal or monoclonal
antibody in an appropriate dilution in PBS, and then the test strips were dried at
35°C for 30 min. To block free protein-binding sites on the membrane, the
strips were immersed in 2% milk powder prepared in BSA-PBS-T for 20 min.
Finally, the strips were dried again, and stored at room temperature, protected

from light and humidity.

Test procedure

To perform the test strip assay, a solution of pure toxin standard in PBS
containing 7% methanol was mixed with toxin-BSA-conjugated to the enzyme in
a plastic test tube. Solutions not containing toxin were prepared accordingly to
serve as negative control. Test strips were incubated for 30 min at room
temperature, with gentle shaking. Then each strip was washed and the enzyme-
labelled toxin attached to the antibody was detected by adding an insoluble
chromogenic substrate. The substrate for HRP was TMB membrane peroxidase
(Kirkegaard and Perry 50-77-00) and for ALP, Sigma Fast ™ Fast Red
TR/Naphthol AS-MX "™ insoluble alkaline phosphatase substrate with 1TmM
levamisole (Sigma F 4523).  Substrates were prepared according to the

manufacturer’s instructions.
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5.2. RESULTS

5.2.1. Efficacy of DC-ELISA for quantitative estimation of aflatoxins utilizing
three enzyme systems (ALP, PNC and HRP)

Among the three enzyme systems tested, HRP conjugates prepared by periodate-
oxidation method and PNC conjugates prepared by single bridge gluteraldehyde
method were more effective and could be used at dilutions exceeding 1:15,000.
ALP conjugate could be used at 1:2000. Methanol present in the sample did not
influence the reaction. This is the first time that PNC svstem has successfully
been applied successfully for aflatoxin estimation by ELISA. PNC system ofters

opportunities to develop an inexpensive method tor aflatoxin estimation,

5.2.2. Test Strips

Non-specific covalent binding of the toxin-enzyme conjugate to the membrane,
not bound by the antibody, was successfully blocked with 2% milk powder. An
incubation time of 30 min was sufficient to achieve the optimum results. A
reduction of intervals of incubation to 5 min resulted in weak reaction. Intervals
longer than 30 min did not improve colour intensity.  Due to the inverse
relationship between toxin content and colour development, it was essential to
determine the lowest concentration cf toxin required to give a reaction with out

any colour development. Samples without toxin gave the maximum colour

intensity.




Chaper

s

Table 7. Estimates of within-assay and inter-assay variability of AFB1 standard

curves by DC-ELISA.

No. Concentration of

Mean * SD, ng/ml (% CV)*

Within-assay Inter-assay

PNC.AFB1-BSA (1:15000)

1 10 9.5 1t 0.3(3.2) 10,0+ 0.8(7.8)
2 20 199 + 1.4(7.1) 21.6 ¢ 1.0(4.6)
3 40 36.7 t 2.0(5.3) 399 ¢+ 3.2@.1)
4 80 78.8 t 7.5(9.5) 78.1 1 7.5(9.6)
5 100 103.5 ¢ 9.6(9.3) 101.2 ¢+ 6.8(6.7)
6 150 169.1 &+ 5.8(3.4) 1492 ¢+ 4.7 3.2
7 200 211.1 ¢ 99(4.7) 2021 4 1.6 (0.8)
HRP.AFB1-BSA (1:15000)

1 10 10.3 t 1.100.6) 9.4 + 0.8(@8.0)
2 20 19.1 t 1.81(9.5) 2.1 4 1.8(8.3)
3 40 31.3 £+ 1.34.1 356 ¢+ 3.4(9.6)
4 80 749 + 7.1(94) 809 t 3.0 (3.7)
5 100 93.0 t 6.0(6.5) 930 + B.O (86)
6 150 1429+ 4.7 (3.3) 1549 ¢+ 3.9(2.5)
7 200 208.4 + 8.6 (4.1) 199.7 ¢+ 6.2 (3.1)
ALP.AFB1-BSA (1:2000)

1 10 9.1 + 0.5(5.0 9.5 + 0909.7)
2 20 200 * 1.31(6.3) 21.8 ¢ 1.0(4.6)
3 40 364 * 1.4(3.8) 408 1+ 2.61(6.3)
4 80 81.5 1 5.61(6.9) 79.2 + 6.0(7.6)
5 100 108.4 + 9.0(8.3) 1019+ 5.7 (5.6)
6 150 160.0 £ 6.2 (3.6) 153.9 + 8.5(5.5)
7 200 210.4 £ 9.0(4.3) 202.2 + 1.6 (0.8)

*Values are means £ SD (%CV)
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Table 8. Comparison of efficiency and cost-effectiveness of DC-ELISA with the

thin layer chromatography and high performance liquid chromatography.

Property

Extraction of samples per day
Analysis of samples per day
Cost/sample (Rs.)

Equipment (Rs.)

Analysis of more than one toxin at a time

Throughput

TLC

8

36

88

0.5 lakhs
Not very

efficient

Not possible

HPLC ELISA

4in two days 60

24 160
1000 50

4.5 lakhs 2.0
Possible Possible
Possible Possible
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Figure 12. Standard curves for AFB1 by DC-ELISA at different dilutions of AFB1-
BSA-HRP, AFB1-BSA-PNC and AFB1-BSA-ALP conjugates.
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6.1. MATERIALS AND METHODS

6.1.1. Collection of samples

A total of 226 samples of the most widely used spices in Indian cooking, black
pepper, chillies, coriander, ginger and turmeric were selected tor the estimation
of OA. Dried chilli pods were collected trom market vards and cold storage
units of the two major chilli growing areas in the state of Andhra Pradesh in
India, namely Guntur and Khammam districts. From 50 kg bags, approximately
one kg sample was drawn from several points. A total of 80 samples (70 from
market yards and 10 from cold storage units) were collected and graded 1o three
types, grade-1, grade-2 and grade-3, based on the quality of the pods. Grade-1
samples were of good quality and contained fully matured pods, maostly from the
first plucking, that were unbroken, bright red coloured and absolutely free from
pod diseases, insect damage and moulds.  Grade-2 had samples of medium
quality and size and only a few pods were discoloured.  Grade-3 samples
contained mouldy, damaged and discoloured pods left over when sound pods
were mechanically separated from the produce. In addition, 20 different brands
of chilli powders, 25 turmeric, 50 coriander, 25 ginger and 26 Black pepper
samples were purchased from retail shops in 200 g quantities. Black pepper and
coriander were purchased as seeds and turmeric and ginger were bought as

powders.

A total of 216 poultry feed samples, groundnut ¢ake, maize, millets, mixed
feeds, rice bran, sorghum, soybean and sunflower were also collected from the

poultry feed manufacturing companies.

6.1.2. Preparation of samples for ELISA.

Samples were thoroughly mixed, three aliquots of 50 g were drawn and ground
to a fine powder, of which 15 g was processed for ELISA. Each 15 g quantity (in
finely ground form) was extracted in 75 mlL of a mixture of methanol-water and
KCI (70:30:0.5%) by blending in a Waring blender followed by shaking for 30
min. The extract was filtered through Whatman No. 41 filter paper and diluted
to give two-fold to ten-fold step-wise diltutions in PBS-T-BSA for processing by

ELISA.



6.1.3. Indirect competitive ELISA procedure for processing the samples
An indirect ELISA procedure was used that was similar 10 that described in the
section 5.1.1. for estimating aflatoxins. Standard curves were obtained by
plotting log,, values of toxin standards against optical density at A
Concentration of toxin in the sample extract was determined from the standard
curves and expressed in ag/kg using the tormula: toxin concentration (ng/mi) in
sample extract x dilution with buffer x extraction solvent volume used (ml)
/sample weight (g). In order 10 test the recovery of toxn from 15 g quantity
samples, they were spiked with toxin concentrations ranging from 1 to 100
ug/kg. Spiked samples were extracted with methanol as described and then
diluted in PBS-T BSA.




6.2. RESULTS

6.2.1. Effect of sample extract on ELISA

The ELISA procedure used for the estimation of OA in spices did not at first give
accurate results presumably due to interierence of substances present in the
extracts of spices. To confirm that interference in ELISA was due 1o substances
in spice samples, OA standards prepared in PBS-T BSA were compared with
those prepared in extracts of spices free from OA. Curves were found to be
influenced by substances present in different spice extracts (Figure 13, 14). As a
result it was essential to prepare the standard solutions in extraclts from toxin free
samples. Presumably, the sample extracts contained substances that bind non
specifically to 1gG’s and thus interfere in ELISA <0 as 1o cause non specific

reaction.

6.2.2. Recovery of aflatoxins and OA from samples

Extraction of samples in 70 % methanol followed by 10 times dilution in PBS-T
BSA gave > 90 % recoveries for aflatoxins in poultry feed ingredients. Of four
OA extraction procedures tried (Sungsoo et al., 1984; Candlish et al,, 1988;
Ramakrishna et al., 1990; Barna-vetro et al., 1996) for processing chilli samples
for ELISA, extraction in 70% methano! followed by 4 times dilution in PBS-T
gave 90% recoveries in spiked samples.  The mean recoveries from chulli
samples devoid of OA, spiked with 1 10 100 u/kg OA, were 93 10110% (Table
9).

6.2.3. OA contamination in selected spice samples and aflatoxins and OA
contamination in poultry feeds

A total of 226 selected samples of black pepper, chillies, coriander, ginger and
turmeric were analyzed for the presence of OA. OA was found to exceed 10
ug/kg in 14 (in the range of 15 to 69 pg/kg) of 26 black pepper samples; 26 (in
the range of 10 to 120 pg/kg) of 100 chilli samples; 20 (in the range of 10 to 51
ug/kg) of 50 coriander samples; 2 (2 pg/kg and 80 ug/kg) of 25 ginger samples
and 9 (in the range of 11 to 102 pg/kg) of 25 turmeric samples. This is the first
record in India of the occurrence of OA in the most widely used spices in

Indian cooking.
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A total of 216 poultry feed samples (groundnut cake, maize, millets, mixed
feeds, rice bran, sorghum, soybean and sunflowen were analysed for the
presence of aflatoxins and OA. Aflatoxins were tound to exceed 10 pg/kg in 10
(in the range of 50 to 2700 pug/kg) of 27 groundnut cake samples; 41 (in the
range of 10 to 300 pg/kg) of 95 maize samples; 1 (20 ug/kg) of 8 millet samples;
18 (10 to 1500 pg/kg) of 30 mixed feeds; 3 (in the range ot 10 to 100 ug/kg) ot
14 rice bran samples; 6 (in the range of 10 to 3500 pg/kg) ot 29 sorghum
samples and 5 (in the range of 30 10 50 ug/kg) of 10 sunflower samples. No
aflatoxin contamination was detected in 3 soybean samples. QA was found to
exceed 10 ug/kg in 1 (73 pg/kg) of 27 groundnut cake samples; 2 (120 pg/kg
and 145 ug/kg) of 8 millet samples; 1 ( 26 pg/kg) of 14 rice bran samples; 9 (in
the range of 10 to 400 ug/kg) of 29 sorghum samples; 1 (30 p/kg) of 10
sunflower samples. No OA contamination was found in 95 maize samples, 30

mixed feeds and 3 soybean samples.




Table 9. Recoven of OA from artificially contaminated spice samples as
determined by ELISA.

No. Concentration of OA Concentration ot OA Percent recovenies o
used for spiking kg estimated A * OA N yrhed sample

Black pepper

1 5 4.80 ¢ 0.39 9.0 ¢+ 8.07
2 10 960 t 082 9%.0 t 857
3 50 492+ 088 984 ¢+ 1.78
4 100 1039+ 408 102.6 ¢+ 398
Chillies

1 5 46 @ 037 920 ¢ T4
2 10 936+ 094 94.0 + B9
3 50 521+ 087 1030 ¢ 16
4 100 125 ¢+ 39 1030 ¢+ 33
Coriander

1 5 590 + 057 1180 ¢t 972

10 1053 ¢+ 0.82 1053 ¢ 7.75

3 50 52.47 + 21 1049 1 4.03
4 100 108.1 ¢+ 7.9 1081 ¢+ 7.38
Ginger

1 5 4.73% + 0.29 947 t+ 6.22
2 10 9.30 t+ 0.73 930 t 7.82
3 50 495 1 0.72 99 1 ¢ 1.45
4 100 1039+ 546 10391 526
Turmeric

1 5 4.97 1 0.05 99.3 ¢+ 1.0
2 10 100 ¢ 0.08 10001 0.82
3 50 52.77 ¢ 3.1 105.5 1 590
4 100 98.73 % 1.01 98.7 1 1.03

2 Each sample was spiked with a known concentration of OA, extracted in 70%
methanol and assayed. Data represent mean of three replications 4 SD. v
Determined by the formula, detected OA (ug/kg) divided by the conc entration of
OA used for spiking and multiplied by 100. Values are means sD




Table 10.
competitive ELISA.

Incidence and range of OA in chillies as determined by indirect

OA contamination

Sample type * InGidence S contanunation

1009

No ot samples with OOA
AR Contents in the
Tanges of

049 50100

Black pepper 14/26
Chillies

Chillies grade-1
(Market yards)
Chillies grade-2
(Market yards)
Chillies grade-3
(Market yards)
Chillies

(Cold storage)

Chilli powders
(From super markets)

Coriander 20/50

Ginger

Turmeric

? see text for details.
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Table 11. Incidence and range of aflatoxin (AF) and QA in poultry feed samples
as determined by indirect competitive ELISA.

A and QA contamination

Sample type * Incidence . contamination Nuo ot samples with aflatonin & OA

/AR contents i the ranges of

10-29 3040 50-100 > 100
AF OA Af OA Ab OA A OA A OA A OA
GN cake 10/27 W27 thy 50 2 0 1 0 L 4 0
Maize 41/95  0/95 43 Q0 1% §} [l 0 K 0 90
Millets 1/8 2/8 12 25 \ 0 0 0 [S D B ) B
Mixed feeds  18/30  0/30 60 0 "m0 4 il T [
Rice bran 314 114 21 7 1 1 0 0 P T ¢ I §
Sorghum 6/29 9729 20 3 ? 2 i 1 (I 25
Soybean 0/3 0/3 0 0 4] 0 0o 0 0O 0 o0 0
Sunflower 5110 110 50 10 0 0 '. 1 O 0 0 O

' See text for details
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Figure 13. Effect of chilli extract on the standard curve of OA by indirect
competitive ELISA. Standard curves were prepared tor OA standards, vither by
diluting in BSA PBS-T (@), or in BSA PBS-T contaning 7methanol (@), or in
BSA PBS-T containing chilli extract (A).
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Figure 14. Effect of spices extract on the standard curve of OA by indirect
competitive ELISA. OA standard curves prepared in 7% methanol (), Black
pepper(e), Coriander (), Ginger (), and Turmeric (),extracts.
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7. GENERAL DISCUSSION

7.1. Production of antibodies against aflatoxins and ochratoxin A

Mycotoxins are low molecular weight compounds (i.e haptens, 300-400 MW)
and by themselves are ineffective to stimulate the immune system to produce
antibodies. Therefore, they must be linked to a higher molecular weight carrier
antigens, e.g., a protein, in order to induce antibody production. Several
mycotoxins do not have a free reactive site for coupling to a protein and
therefore require to be derivatized. The conjugation techniques for mycotoxins
have been extensively reviewed by Chu (1986), all using the standard
approaches for low molecular weight haptens, such as drugs and hormones.
Aflatoxin B1 was derivatized to a carboxymethyl-oxime at cyclopentene
position. Ochratoxin A has a free carboxylic group (Figure 1) and therefore it
could be directly linked to a protein. In this study haptens were not conjugated
to carrier molecules and instead commerciélly available aflatoxin B1 and
ochratoxin A conjugated to bovine serum albumin were employed for antibody

production.

Polyclonal antibodies

The frequently used method for the production of polyclonal antibodies
comprise multiple-site intramuscular injections of rabbits with mycotoxin
conjugated to a protein, followed by a booster normally 6 weeks after the
initiation of immunization schedule. This procedure was tried in this
communication as well as in a report (Reddy et al., 1988) and the antibody titre
for AFB1 did not exceed 1:10 000 by ELISA. As a result, a modified procedure
was adopted that involved several subcutaneous injections at multiple sites
followed by a non-immunization rest period of six to eight months and a booster
subcutaneous injection soon after the rest period. This procedure resulted in the
production of high titered antibodies for aflatoxins and ochratoxin A. Polyclonal
antibodies produced for aflatoxin B1 recognized all the four aflatoxins, reacting
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relatively well with B1, B2, G1 and weakly with G2. In contrast, polyclonal

antibodies raised against ochratoxins were found to be specific to ochratoxin A,

Monoclonal antibodies

The main aim of generating monoclonal antibodies was to obtaiti antibodies
with appropriate antigen affinity, negligible cross reactivity and high sensitivity.
The production of monoclonal antibodies is dependent largely on the
immunization schemes, fusion procedures, and stabilities of the hybrid clones.
The first step is to obtain as many antigen-specific monoclonal antibodies as
possible. When immunizations were done by conventional methods (Candlish
et al, 1990, Wang et al., 1995), very few monoclonal antibodies were
generated. Interestingly, the same group of mice gave better immune response
after a long resting period, and a booster injection. This presumably resulted in
the accumulation of B memory lymphocytes with high affinity to Ig receptors in
the spleen, thereby enhancing the chances for selecting hybridomas. Booster
injections have been given normally 3 days prior to removal of spleen for fusion
(Candlish et al., 1990, Ward et al.,, 1990). In contrast, boosters were given 18
days before fusion. This was attempted because booster injections given 3 days
before fusion (protocol 1) resulted in the selection of only a few monoclonal
antibodies. This is the first time that a rest period after initial immunization has
been shown to contribute to enhanced generation of monoclonal antibodies. It
is currently not known if this protocol will consistently lead to the generation of
antibodies with wide variation in affinity in particular with haptens. Monoclonal
antibodies produced by Candlish et al., (1990) were largely specific to B1 with
poor cross reaction to B2, G1, and G2 aflatoxins. However antibodies reported
by Kawamura et al, (1988) were highly specific to B1 and showed partial
reaction to G1. On the other hand, Hefle and Chu (1990) reported equal cross
reactivities with all the four aflatoxins. The wide variation in the specificities of
monoclonal antibodies obtained in this study for four aflatoxins has so far not
been reported to occur in the products of a single fusion. The antibodies
produced can be used either to estimate B1 alone or B1, B2 and G1. Since G2
is the least toxic of all the four aflatoxins, and is not known to occur widely
(FAO Food and nutrition paper 14/10, 1990) in foods and feeds, this deficiency
is unlikely to contribute to inaccurate estimation of total aflatoxin content. The



clone 10D5-1A11 (Figure 5) could detect as little as 1pg/ml of AFB1. This is in
contrast to the limits of 200 pg mli" reported by Candlish et al., (1985) and 10 pg
ml" reported by Ward et al., (1990).

Mimotopes

The results of panning of random phage-displayed peptide libraries showed that
it is possible to obtain peptides that mimic the binding of aflatoxin Bt to
antibodies raised against it. However, with one of the three MAbs tried no
mimotopes were obtained from either library. This MAb does not cross-react
with other aflatoxins (Thirumala-Devi et al., 1999) and it is possible that the
epitope involved in this highly specific binding cannot be mimicked by
peptides. However, mimotopes were obtained to the other two MAbs that these
had similar properties to the toxin in ELISA tests. All mimotopes reacted equally
well with polyclonal antibodies. In a competitive ELISA, aflatoxin B1 could
compete with the selected peptides for binding to MAb, while the synthetic
peptide also competed with aflatoxin for binding to the same antibody. This
strongly suggests that these clones bind to the same antigen-binding site of the
MADb. However, in competition ELISA with aflatoxins B2, G1 and G2, the
mimotope from the set binding to MAb 24 was differently affected by
competition from the one binding to MAb 13 (Figure 2). The differences among
the slopes reflected the extent of cross-reactivity each MAb had with
heterologous aflatoxins. For MAb 24 these were B1 = G1 > > B2 and G2 and
for MAb 13 B1>G1 = B2 > > G2 (Thirumala-Devi et al., 1999). Thus in these
tests, G1 showed the same affinities. This suggests that the change from a five-
membered ring to a six-membered ring containing an extra oxygen atom that
distinguishes B1 and G1 from B2 and G2 alters the accuracy of the mimicry by
the peptides more than does the change from a single bond to a double bond, in
a different ring, that distinguishes B aflatoxins from G aflatoxins.

The amino acid sequences of the mimotope peptides differed among the clones
isolated, although there some residues, especially aromatic amino acids were
abundant. MAb 24 mimotopes contained one or more tyrosine residues and
MADb 13 mimotopes contained tryptophan residues. This may reflect a degree of
molecular mimicry by the ring structures in the aromatic amino acids for the ring
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structures in the aflatoxin molecules. In sequence, the MAb 24 mimotope
peptides were unrelated to those for MAb 13. Presumably the binding pockets
in the two MAbs differ appreciably despite the simplicity of the common
immunogen to which they were raised.

By its nature, the phage display method tends preferentially to isolate strongly
binding phage. The results show that aflatoxin MAbs select several
approximately equally strongly binding peptides. This contrasts with the results
obtained by Yuan et al., (1999) with mimotopes isolated from an unconstrained
library for MAbs specific to the toxin deoxynivenolol. Possibly, the mimotope
these authors obtained is a much stronger binder than any others present in the
library used for the panning.

Aflatoxins are important human and animal toxins, and so care must be taken to
avoid direct contact during analysis.  The possibility of replacing toxins in
diagnostic procedures with presumably non-toxic peptides should therefore
result in enhanced laboratory and environmental safety. This advantage could
be even more marked when diagnostic test kits are used in “the field” by

relatively unskilled operators unused to laboratory discipline.

Although many mimotope peptides for protein antigens have been isolated from
phage-displayed peptide libraries (e.g. Hoess et al., 1993, Scott et al., 1992), this
is only the second report of mimotopes for a non-proteinaceous, low molecular
weight mycotoxin and the first report of aflatoxin mimotopes. Sixteen somewhat
related mimotope peptides that mimic the binding of aflatoxin to specific
antibodies were identified and the potential for using these peptides in aflatoxin
immunoassays was demonstrated.  This use of peptide libraries as sources of
reagents in immunoassays could well be applicable in ELISA tests for other

mycotoxins.

7.2. Development of quantitative and qualitative ELISA for aflatoxins and
ochratoxin A estimation.

Once an appropriate antibody has been produced and characterized, the next
step will be to develop an immunoassay for specific mycotoxin determination.
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The ELISA techniques used were based on the competition between mycotoxin-
BSA conjugate and the mycotoxin in the sample extract or between toxin present
in the sample and specific antibody. Both the direct and indirect competitive
assays developed exhibited similar sensitivities with a detection limit of 10 pg/kg
using polyclonal antibodies and 1 pg/kg using MAbs. The sensitivity-of AFB1
and OA ELISA are comparable to those previously reported using either
polyclonal antibodies (Morgan et al., 1983; Lee et al., 1984; Ram et al., 1986;
Chu et al., 1987) or MAbs (Chiba et al., 1985 and Ramakrishna et al., 1990).
Mean recovery of AFB1 or OA from spiked samples were > 90% by both direct
and indirect competitive ELISA procedures. The means within-assay, between
assay and coefficients of variation by either ELISA of both artificially and
naturally contaminated samples did not exceed 10%. It is less than those
reported previously using polyclonal antibodies (Ram et al.,, 1986) and MAbs
(Kawamura et al., 1988).

A simple dip strip method was developed for the rapid qualitative estimation of
aflatoxins and OA by immobilizing antibodies onto a nitrocellulose membrane.
The sensitivity and reproducibility of a solid support immuno-assay for a specific
antigen is limited by the ability of the antibodies to remain attached to the
membrane matrix during the assay procedure. If antibodies detach during the
handling, it can result in a weak colour reaction, thus posing problems,
especially for visual evaluation. By using a pre-treated, commercially available
nylon membrane (Marlow and Handa, 1987), covalent binding of the antibodies

to the membrane, during the processing was achieved.

7.3. Analysis of aflatoxins and ochratoxin A in foods and feeds

The results of the analysis of spices (black pepper, chillies, coriander, ginger and
turmeric) collected from retail shops showed that contamination occurred at
higher levels in chillies, black pepper, turmeric and coriander than that in
ginger. It is noteworthy that high levels of OA (110 ug/kg) were noticed in the
turmeric which is one of the most widely used spices in Indian cooking. Analysis
of poultry feed samples (groundnut cake, maize, millets, mixed feeds, rice bran,
sorghum soybean and sun flower) for aflatoxin and OA showed that the aflatoxin
contamination occurred at high levels (3000 ug/kg of aflatoxin in maize and
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groundnut and 400 and 150 ug/kg of OA in sorghum and millets). Soybean
samples were found to be free from aflatoxins and OA contamination. OA was

not detected in maize samples as well as in mixed feeds.

Growth of the mould and the production of mycotoxins is dependent upon a
number of factors such as temperature, humidity, handling during harvesting,
and conditions during storage. The majority of foods and feeds are produced in
countries with tropical climates, which favour the growth of moulds. 1t is likely
that the lack of sufficient surveillance data on ochratoxins in spices in India can
be attributed to the unavailability of reliable analytical techniques. The present
study clearly showed that the important spices and poultry feed ingredients
could harbour aflatoxin and OA at levels, above those permitted by public
health authorities. The enzyme immunoassays developed for aflatoxins and
ochratoxin A are suitable for toxin detection in naturally contaminated samples.
The methods employed have the advantage of being rapid, simple and
inexpensive and thus, highly contaminated commadities can be prevented from
entering the food as well as feed chain if adequate surveillance is done. The
development of strategies that can minimize their contamination will lead to
availability of safer foods and feeds and enhanced income to producers as a

result opportunities to export.
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8. SUMMARY AND CONCLUSIONS

8.1. Summary

Aflatoxins and ochratoxin A are secondary metabolites of fungi (therefore called
mycotoxins) and have assumed economic importance, because they are harmful
to human beings, poultry and livestock and this exerts substantial influence on
the suitability of commodities for export. Aflatoxins are potent carcinogens and
ochratoxin A is a nephrotoxin. Mycotoxin presence in agricultural commodities
is particularly unavoidable due to the uncontrollable environmental conditions
that favour mycotoxin contamination. In order to protect human and animal
health, it is important to be able to detect and quantify mycotoxins in foods and
feeds, so that the contaminated materials can be handled in a way to reduce
their levels. Many different methods are available currently for the estimation of
mycotoxins. Biological detection methods are not specific and their sensitivity
is generally low compared to those of other methods. Physicochemical assay
methods are iaborious and require expensive instrumentation and clean-up of
the samples. To overcome the difficulties with bidlogiral and physicochemical

methods, new immunological methods have been developed.

In most developing countries, limited or no facilities exist for monitoring
aflatoxins or ochratoxins in foods and feeds. Commercial kits utilising
immunological methods are expensive, in addition to the problem related to
importing them. The Food and Agricultural Organization (FAQ) of the United
Nations estimates that 25% of the worlds food crops are effected by mycotoxins.
Therefore for consumption as well as for export, monitoring the foods and feeds
for mycotoxin content is essential. Immunological methods that use specific
antibodies and suitable assay systems that are sensitive and cost effective are
therefore vital to estimate mycotoxins. The main aim of this study was to
develop highly sensitive and cost-effective ELISA-based methods for quantitative
and qualitative estimation of aflatoxins and ochratoxin A in foods and feeds, a
step towards reducing the risk posed by the possible presence of these two

mycotoxins.
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1. Production of antibodies for aflatoxins and ochratoxin A

Polyclonal antibodies were produced for aflatoxins and ochratoxin A by
injecting the toxin haptens conjugated to bovine serum albumin (BSA) at
multiple sites into rabbits. A modified immunization procedure msulto& in the
production of high-titre antibodies for aflatoxins and ochratoxin A. Polyclonal
antibodies produced for aflatoxin B1 recognized all the four aflatoxins, B1, B2,
G1 and G2 and polyclonal antibodies raised against ochratoxins were found to
be specific to ochratoxin A.

Monoclonal antibodies: The novel immunization schedule adopted in this study
resulted in the generation of ten hybridomas that secreted aflatoxin-specific
antibodies from a single fusion. They were highly sensitive and showed a wide
range of differing specificities recognizing B1 alone or B1 and G1 or B1, G1 and
B2. Interestingly all the ten antibodies showed little or no cross reaction with
G2.

Mimotopes: For the first time peptides that mimic aflatoxins B1, B2 and G1 were
selected from two random phage displayed peptide libraries, using two of the
MADbs that differed in the specificity. These peptide mimotopes were tested in
indirect competitive ELISA for guantitative estimation of aflatoxins. The results
showed that the mimotope preparations are an effective substitute for pure toxin
in these ELISA procedures and suggest that their use will contribute significantly
to enhance the safety of the tests.

Il. Enzyme-linked immunosorbant assays for quantitative and qualitative

estimation of aflatoxins and ochratoxin A

An indirect competitive ELISA was used for the estimation of aflatoxins in foods
and feeds. In this procedure, toxin-BSA conjugate is coated onto the microtitre
plate. Sample or standard toxin, along with specific antibody was added
simultaneously to the wells. The amount of antibody not neutralized by the
toxin, will bind to the toxin immobilized to the plate surface and was detected
by the addition of goat anti-mouse or anti-rabbit 1gG conjugated to alkaline
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phosphatase (ALP). The substrate for ALP was p-nitrophenyl phosphate. The
hydrolyzed product (p-nitrophenol) was measured at 405 nm in an ELISA reader.

A rapid and cost effective direct competitive ELISA was developed for the
analysis of aflatoxins in various agricultural commodities. Three enzymes,
alkaline phosphatase (ALP), horseradish peroxidase (HRP), and penicillinase
(PNC) were conjugated to commercially produced aflatoxin-BSA using the single
bridge glutaraldehyde procedure for ALP and PNC, and periodate oxidation
method for HRP. ELISA plates were coated with polyclonal antibodies, followed
by competition between toxins present in the sample with the enzyme-labelled
BSA-toxin. Labelled toxin attached to the antibody, immobilized to the plate
surface, was detected by adding a suitable substrate. The PNC and HRP
conjugates could be used at dilutions exceeding 1:15,000 and ALP conjugate at
1:2000 dilution. Methanol present in the sample did not influence the reaction.
This is the first time PNC enzyme has been shown to be effective in aflatoxin

ELISA, thus offering an inexpensive method for aflatoxin estimation.

A simple dip strip method was developed for the rapid qualitative estimation of
aflatoxins and OA.  Antibodies were immobilized onto a nitrocellulose
membrane. Toxin-BSA conjugated to the enzyme and samples containing the
toxin were used for competition. Enzyme-labelled toxin attached to antibody

was detected by an insoluble chromogenic substrate.
.  Analysis of foods and feeds for aflatoxins and ochratoxin A

Aflatoxins and ochratoxin A contamination in selected spice samples and
poultry feeds was estimated using an indirect competitive ELISA. Samples were
extracted with 70% methanol (1:5 w/v) and diluted subsequently to give two- to
ten-fold step wise dilutions in phosphate buffered saline containing 0.05%
Tween 20 and 0.2% bovine serum albumin (PBS-T BSA). Each of the diluted
sample was spiked with 5 to 100 ug/kg toxin and tested for recovery. Ninety to
hundred percent of the spiked toxin could be recovered. The extent of the
dilution influenced the recoveries. Extracts of toxin-free samples interfered with
ELISA presumably due to substances which contributed to non-specific reaction.
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This effect could be avoided by preparing all the test solutions in toxin-free

extracts of samples.

A total of 226 selected samples of black pepper, chillies, coriander, ginger and
turmeric were analyzed for the presence of OA. OA was found to exceed 10
ng/kg in 54% of black pepper, 26% of chillies, 40% of coriander, 8% of ginger
and 36% of turmeric obtained from supermarkets. This is the first report in India

of the occurrence of OA in the most widely used spices in Indian cooking.

A total of 216 samples which included groundnut cake, maize, millets, mixed
feeds, rice bran, sorghum, soybean and sunflower, intended for incorporation
into chicken feed were analysed for aflatoxin and OA contamination. Aflatoxin
exceeding (10 pg/kg) was recorded in 37% of the groundnut samples, 4% of
maize, 12% of millet, 60% of mixed feeds, 21% of rice bran, 20% of sorghum
and 50% of sunflower. OA contamination was found in 4% of groundnut, 25%
of millet, 7% of rice bran, 31% of sorghum and 10% of sunflower samples.
Maize and mixed feeds were found to be free from OA and soybean was free

from both the toxins.

8.2. Conclusions
The objectives of this thesis were:
1. Production of polyclonal and monoclonal antibodies for aflatoxins,
2. Production of polyclonal antibodies for ochratoxin A,
3. Development of ELISA-based test procedures for the estimation of aflatoxins
and ochratoxin A,

4. Analysis of foods and feeds for aflatoxins and ochratoxin A contamination

These have been successfully accomplished. In addition, aflatoxin mimotopes
were selected from the random phage-displayed peptide libraries. The

following conclusions are drawn from this study.

e As a result of application of a modified immunization schedule high titreed
polyclonal antibodies were produced for aflatoxins and ochratoxin A that
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could be used at dilutions exceeding 1: 80,000 in an indirect and direct
competitive ELISA.

Application of a novel immunization schedule resulted in the selection of 10
hybridomas from a single fusion, of which one antibody was highly specific
for B1, four antibodies reacted equally strongly with B1, G1 and weakly with
B2. Another four reacted strongly with B1, G1 and B2. Interestingly all the
10 antibodies showed little or no cross-reaction with G2. This wide variation
in the specificities and the number of clones produced in a single fusion has

so far not been reported to occur,

Using phage-display technology, twenty four clones were selected that
produced phages that bound specifically to MAbs. This is the first report on
the selection of mimotopes for aflatoxins and these mimotope phages were
used in an ELISA format for assaying aflatoxin concentrations. The results
demonstrated the potential for using these peptides in aflatoxin

immunoassays.

The immunological assays developed are simple and safe to perform and are
robust and cost-effective to carry out on a wide scale in a variety of
laboratory circumstances and on a range of agricultural commodities. This is
the first time PNC enzyme could be used in aflatoxin ELISA, thus making

available an inexpensive method for aflatoxin estimation.

Analysis of selected spices in India for ochratoxin A contamination showed
that the contamination occurred at non permissible levels in chillies, black
pepper, turmeric and coriander. It is noteworthy that the chillies and
turmeric, the most widely used spices in Indian cooking, contained high
levels of OA. This is the first record in India for the occurrence of OA in

these spices.

Analysis of agricultural commodities intended for incorporation into chicken
feed showed that 38% and 6% of the samples contained aflatoxins and
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ochratoxin A, respectively. This results confirming the importance of
ingredients prior to incorporating them in mixed feeds.

8.3. Scope for further work

Use of peptide libraries as sources of reagents in immunoassays could be
extended to other mycotoxins.

The study on aflatoxins and ochratoxin A contamination in spices and
poultry feeds clearly showed that they could harbour aflatoxins and
ochratoxin A at levels, beyond those permitted by public health authorities
and therefore emphasizes the need for surveillance of these toxins in foods
and feeds. Development of strategies which can lead to minimize their

contamination are vital 10 reduce risks due to these toxins.

Immense potential exists for attracting funds for research aimed at reducing

of mycotoxin contamination in foods and feeds.
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KT DEVI MA MAYO KL N REDDY P DELFOSSE G REDDY &V REDDY ANDD V R REDDY
1999 Hibridomas that secreted antibodies for aflatoxin B were selected using

two immunization protocols referred 1 as A and B Protocol \ 1w a standard
immunization method and resulted in the selection of only two dones that produced
monoclonal anubodies azamnst aflatoan BY In protocol B a unique immunization
schedule which resulted in the generation of 10 hvbridomas 18 deseribed Of the

10, one antbody was hghly speatc 1 BIL four anubodies reacted equally stronghy
with B, G1 and weakly with B2 Another tour reacted stronghy with Bi and

weahly with B2 and G1 One done reacted cqually strongly with B1, G1 and B2
Interestingly all the 10 anubodies showed hittle or no cross-reaction with (G2

INTRODUCTION

Agncultural products are often contamnated with fung that
can produce toxic metabolites referred to as myvcotoxiny
Among these, aflatoxins have assumed economic importance
because of their mfluence on the health of human beings and
hivestock, and on the marketability of agricultural products
Aflatoxins are potent carcmogenic and P
agents In most developing countnies himited or no fachities
exist for monitoring these toxins 1n foods or feeds The are
based on phvsicochemical methods such as T1C and 10 2
imited extent high performance hquid chromatography
(HPLC) These methods are laborious and require expensive
instrumentation and clean-up of the samples Immunologieal
methods which are cost effective and adaptable 1o the situ-
ation 1n developing countries have been reported for the
estimation of aflatoxins using polvclonal antibodies (Chu and
Uneo 1977, Anjuah eral 1989, Zhang and Chu 1989)
However, c 1al kits using logical methods are
expensive, and 1n many countries can be problemanc t
mport Therefore, the main aim of this ivestigation was to
generate highly sensitive antibodses for the precise analvsis
of samples using hvbnidoma technology Thev are preferred
over polyclonal antibodies because their affimity and speci-

CHsINe

Comespondence Dr D V R Reddy Prmapal Saentss GREP
International Crops Research Institute for the Sems-And Tropics ICRISAT)
Patancheru 502324, Indss (e-mail d.reddy@eqiar org)

ity do not vary trom bleed to bleed and addinonally, unbike
pohvclonal anubodies, do not react with other aflatoxin ana-
logues Most of the reports that have appeared so far on
the production of monodlonal antsbadies for aflatoxing have
nsolved standard immunizanion protocols which incude four
traperitoneal injections at weekly intervals (Candhish, Stim-
son and Smuth 1985) or monthhy intervals (Ward eral 1990)
with a final immunization { davs prior to fusion ‘T he numbers
of ddones obtained i cach tusion have varied from one 10 2
maximum of seven This paper describes the production and
characterizanon of monoclonal antibodies with high sen-
sty and varving speafiauies for aflatoxing using a novel
immunization schedule

MATERIALS AND METHODS
Production of monocions! antibodies

Immumization ['he immunogen used was AFBY BSA con-
jugate (250 ug) dissodved wn 250 ul of 001 mol/L PHS and
emulsified with an equal volume of Freund's adjuvant
(Sigma) This was injected mtrapentoneally into each of sev-
eral h-week-old temale Balb/c mice The first injection was
mven using Freund's complete adjuvant and the rest of the
injections, except for the booster, were given with Freund’s
incomplete adjuvant No adjuvant was used for the booster
injections  After completing the immunizauon schedule,
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approximately 3 ul of blood was drawn trom each mouse atter
cutting the tip of the tail.

Initially four injections were wiven to cach of four nuce at
l-week intervals, followed after 3weeks by 4 booster. The
mouse that gave the highest utre was used for preparing
monoclonal antibodies. This procedure i reterred 1o as pro-
tocol ‘A", The remaining three mice were hept for S months
without any immunization and a booster imjection was given
at the end of the eighth month. Scra trom the three mice
were tested two weeks after the booster imection. Again the
mouse that gave the maximum titre was used for antbody
preparation (referred to as protocol ‘B')

Fusion and cloning. The spleen was removed aseptically and
splenocytes were fused with cells of the Sp2/0-Ag14 munine
myeloma cell line at a rano of 1:10 1n the presence of poly-
cthvlene glycol, molecular weight 1300 (Bochringer
Mannheim cat.no.783641, Mannheim, Germany) After
fusion, cells were suspended in Iscove’s Modiied Dulbecco's
medium (IMDM) (Gibco cat. no. 12200 036) contaming
20% foetal bovine serum (FBS) (Gibeo cat. no. 203000 061),
hypoxanthine, aminopterine and thymidine medium (Gibeo
cat. no. 31062-011) and added to Y6-well microculture plates
After 12days, culture supernatants from cach well were
assayed using indirect competitive ELISA (see below). Cul-
ture supernatants from the cells that gave an absorption value
of over 3 as a difference between 04 and $King mi ' were
transferred te 24-well microculture plates in IMDM con-
taining 20% FBS, hypoxanthine and thymidine. Super-
natants from 24-well culture plates were tested again and
only those clones that maintained absorption vaiues over 3n
ELISA tests were chosen for further selection. Cell sus-
pensions from each well of the 24-welicultured plate were
diluted to give approximately one cell per well when dis-
tributed into a 96-well culture plate. The plates were exam-
ined for the presence of number of hvbridomas. Those that
contained a single hybridoma in cach well were retained and
were screened for neutralization titres.

Indirect comptitive ELISA procedure for screening hybnd-
omas. Microtitre plates (Maxi-sorp-Nunc) were used and at
each step the plates were incubated for 1hat 37°C. Initially
plates were coated with 150ng mi ™' of AFBI-BSA in
0-2mol/L carbonate coating buffer (150 ul/well, Hobbs et al.
1987). In the sccond step plates were filled with 2 suspension
of 4% dried milk prepared in phosphate-buffered saline con-
taining 0-05% Tween 20 (PBS-T). Aflatoxin B, (04 or 400ng
ml™~")in 100 ul, were added to each well and mixed with 50 ,ul
of tissue culture supernatant (TCS). Goat antimouse 1gG
conjugated to alkaline phosphatase (1:1000) dilution) was

bon ]
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room temperature and absorbance at 403 nm was read n an
ELISA plate reader

Characterization of antibodies

Determination o! isotype ana cross-reactivity ( ammercially
avattable 1SO-2 Kits from Sigma were used to determine the
wotvpes of the monoclonal anibodies produced h varous
hvbrdoma cell hnes

To evaluate the crossereactinity of cach of the monoclonal
antibodies, 1t was essential to determine the optimum con-
dions for neutrahzation These included coatng antigen
{atflatoxin B1-BSA) concentration and the dilution of the
antibody required for neutrahization TgGs were entracted
from tssue culture supernatants using 18% sodum sulphate
(Hobbs crai 1987) TgG concentraton wa determined spec-
trophotometrically and anubods tires were deternmined by
the indireet compenitive ELISA procedure as desenibed. The
aptimum concentration reguired at cach step o obran the
maximum senstivine was determmed by 304 displacement
values of B/B,, where B s the extnction of the well con-
taning AFBL and B s the extinction of the well wathout
toxin, denved from the slope of cahibranon curves Using
these  parameters vanous  concentratons o the  IgG
(50 a1/ well) from different monoclonal antibodices were added
10 100 11 of AFB] a1 concentrations ranging trom 100 ng to
100pg ml ' The protocols used for the characterization of
antibody speaificty were similar to those used to determine
antibody nitres except that in addinon 1o Bl aflatovun B2, G
and (32 were also mcluded for determiming neutralization
nrres

RESULTS

Immunization

The sera of mice immumized using protocol \ showed poor
antibody responses. Antibody was used at a dilution ot 1+ 500
In contrast, high antibody titres. exceeding 1. 20000, were
recorded from the sera of mice immunized by protocol B,

Fusion and cloning

The fusion efhaiency (number of wells showing cell mul-
nplication in cach well of the 96-well plates) was 100%, In
the first fusion, supernatants from cells derved trom eight
wells showed spearfic binding 10 AFBI. However. atter two
successive transfers only two retained the anubods acuvity.
In the second fusion, 4) clones that sccreted AFB1-specific
antibodies were selected. After two successive transfers, 10

used to detect mouse antibodics. Substrate, p-nitrophenyl
phosphate at 1mg mi~", was allowed to develop for Ih 2

clones ¢ j o pve high neutralization utres. These
clones were transferred tw 25cm’ flasks and leGs were

© 1909 The Society for Applied Microbiology. Lefters in Applied Microblology 29, 284-288
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extracted trom culture supernatants G concentranons

varied from 130 10 185 g mi o the (ulture supernatant

Optimum afiatoxin and antibody activity tor ELISA

An aflatouin BI-BSA conpugate cancentration ot 123 ng mi
was tound to be optimum for coating the plates The optimum
cuncentration of antibody tor neutralization depended on the
utre of anbody and 1t vaned trom 3 10 30 g mi

Characterization of antibodies

The designation, data an 1sotvpes. vrossereactivaty and the
mimimal inhibition values tor 10 monoclonal antibandies ase
presented 1n Table 1 The anubdies showed 2 range of cross-
reactivity (Fig ) and could be classined broadh mto three
distinct groups. Group | comprised ane monoclonal ann-
bodv, 1015 AL, that was highls spean tor B1 and showed
3 weak cruss-reaction 1o Gl Group 201301 1D contaned
antibodies that recogmized BY, G and B2 with a weak crom-
reaction with G2 The remaming clones that recogmyzed B
and G with cqual efhcienay were grauped in the tegon 3
Cell lines produced in the fint tusion (protacel * Vi had 3
detection range trom 10 to 100 ng ml 10 contrast wath that
of the clones produced in tie second tuson (protcol *BY
which gave values ranging from 0-001 1o I ngml * One clone
from the sccond fusion (103 FATT1 s nghhy senmitve 1o
aflatoxin Bl with a 30”: ihibiton 3t 0 g ml * (Fig 1)

DISCUSSION

The mam am o gencrating monodanal anhibodies was o
obtain antibudies with approprate antigen athian, e
reactmin and senatan Fhe generaton of mono donal ant
budies i fargeh dependent on the immumizaton schemes,
tunon prnedures, and statnlities of the hvbnd dones The
BN ALCR 18 o ohtan s many antigen-apenitie s bonal
anttbadies ay posarblc When immunizations were done
comentional methods (Candlish. Santh and Stimson 1990,
Wang cu 1S very tew mams donal antibodies weee gen-
crated Imerestinghy the same group of mice gave better
mmune response followmy 3 long resung period This pre-
wimabh resulied i the accumulanon of B memon hm-
phocytes with hugh athmits e bg recepton an the spleen
thereby enhancng the Chance uf selecong bybndomas oo
ter nwctions have been gnen hormalh Sdavs prior
remunal of spleen for tuson 1 Candbsh ! 190 Ward o 4
1KY Lo comtrass. we gave boosters I8 dav before fusion
P was atiempted because tooster imections goen s days
hetare tuston (protocel T resudted i the selecton o ondy »
few monaclonal antibodies 1o our knowledge, thin o the
nrst ume that 3 rest alter amid mmuntzation has been
shown o comnhute wentanced generatum of mono bona)
antibodies 11 vet to be tested af this prousol will cone
sistenth lead 1o generation ol antituehies, with wide vanstiion
w athmty when dilferent anngens are used {or immumzanon
Results are oot presented i this communication bevause the
athoin of these antthodies 1o the Jour allatoxin are vet to be
cvatuated

Aimmal hitwtion |

Table 1 Iyutspes rimacreactione
and mimmal infubstion obwerved with 10

Cross-reaction? {70, mngmi | mon binal antbadies
Designavon  lsotype® B n Gl Gl ] B Gl
HODS-1A1 1gG, 1o N 1 < il
5D8-281 IgG, 100 1o i i
BM-ID G, w2 00) 00
SF2-1E8 15G, w o o i 0t (1N}
3G7-1B8 G, o (LU oL 0l
HICS-1A8 1gG.. oo 20 h ! ]| [
IF-1B9 1gG, 001 [ <00l <00t
SH4-1B1 1§G, oo 13 P ) - 00 <00
6GI2-1B) 4G, w7 U - 001 <l
6E12-1ES 1gG, 0 & 73 bl 1 LR} (D]
*Determined using 3 commercial lut

+Expressed as 50% displacement value of B/B. for afistoxin B divided bn the S0,

displacement value for each of the aflatoxin under testing isec text)

1Concentration of aflstoxin (ng mi ') required for first sgrahcant inhibitwn of nding

of antibody 1o AFBI-BSA sobid phase

© 1999 The Society for Appiad Microbrology. Lettens in Appked Microbioiogy 29. 284288
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Monaclona! antibodies produced by Candlish er o/ (1990)
were largely specific to B1 with poor cross-reaction 1o B2,
Gl and G2 afk However, antibodies reported by
Kawamura e1a/. (1988) were highly specific to Bl and showed
partial reaction 10 G1. On the other hand Hefle and Chu

(1990 reported cqual crossereactivanes with all (our afla-
toxins The wide saravon i the speabanes of monoclonsl
antibodies obtamed in this studs for four aflatoxine has so far
not been reported to occur in the products of a sngle fumon
The antibodies produced can be used aither to estimate Bl
alone or BL, B2 and G1 Since G2 s the least tonic of all the
four aflatoxins, and 1 not known to occur wideh (FAO 1990)
in foods and feeds, this dehaency s unlikeby 1o contnibute
inaccurate estimation of total aflatoun content The done
10D5 1AL (Fig 2) could detect as intle an Ipg ml ' of
AFBI This i in contrast with the himans of 26 pg ml
reported by Candhish sl (1985) and Hipg mi ' reported
by Ward eral (1990)
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Polyclonal antibodies were produced for Ochratoxin A {OA1 b e tng OA bovine serum albumim
(BSA) conjugate subcutaneously at multiple sites 1nto a New Zeakand White mibe ed tabnt Anteserum
could be used at a dilution exceeding 1100000 in an mdiect competitne enzvme Hinked
immunosorbent assay (ELISA), and detected OA concentrations uptot bngmd Fhe 50N mhibition
binding (lzo) of OA was 5 ng/ml. Antibodies did not react with achratonin 1B coumatin
4-hydroxycoumarin, L-phenylalanine. and aflatoxin BL. OA contammation 1 chilies Qapaicem
annum L.) collected from commercial markets and cold storage wnits was determined The mean
recoveries from OA-free chilies spiked with 1 1010k of OA per ky of (hih sample were 01104,

with a standard deviation of <10%. Of 100 chili samples tested 2 were found o cont
ug/kg of OA. In 12 samples the OA concentration varied from 10 10 iy kg,

amover W

: 10 samples from 30
t0 50 ug/kg. in 3 samples from 50 to100ug/kp. and in o sample 1t wan |2y

record in India of OA in chilies. a major compone

kg Thisas the fiest

ot o cooked foods e this coantey and s
noteworthy that OA contamination exceeded the permissible it fon

than 20 ug/kg in over 26% of the market samples tested

Keywords: Ochratoxin A: chilies, £:1 1SA. polyclonal aniiudy

INTRODUCTION

Ochratoxin A (OA) 1s a mycotoxin produced by certain
species of Aspergillus and Penicillium (Munro et al
1974). It has been shown to be nephrotoxic, hepatotoxic
teratogenic, carcinogenic, mutagenic, and an immuno
suppressive agent (Kuiper-Goodman and Scott, 1989
Of greatest concern for human health is its implicated
role in an irreversible and fatal kidney discase referred
to as “Balkan Endemic Nephropathy”. OA has been
found to occur in foods of plant origin, in edible animal
tissues, and in human blood sera. tissues, and milk
Therefore, OA contamination of foods is @ potential
hazard for humans. The Provisional Tolerable Daily
Intake (PTDI) for humans, proposed by the World
Health Organization, is 16 ng OA/kg body weight/day
(Hohler, 1998).

A variety of foods are susceptible to mycotoxin con
tamination, and these include spices. The molds isolated
from spices are predominantly Aspergillus and lfr-uu il
lium species (Flannigan and Hui. 1976) Chili is @
popular spice in the Indian subcontinent and 15 con
sumed by many people whose incomes are below the
poverty line. Additionally. chilies are exported """_'
India to some neighboring countries The only mycotox
ins currently known to occur in chilies in India are
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Scientist, GREP, [nternational Crops Research Institute for
the Semi-Arid Tropics (ICRISAT), Patancheru 502 324, Incha
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* International Crops Research Institute for the
Tropics.
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aflatosing (Madhvasthis 19890 The ncourrence of OA
has notvet been reported Concentation of OA Can e
determimed by analviical methods such as thin liver
chromatogsaphy . hguad chromamtograpty pas ot
tographyand mass spectiometty (alzer ot Wl 1978
Josefsson and Maller 1979 Oshorne 1959 T hese
techiigues requine extensive satmple preparation and
are expensive Eozyone hnked immuanosorbent asay
(ELISA s ginning wide acceptance for estimating the
concentranons of mycotoxins hecause of 1ts sensitivity
and speafiotyand it fess expensive to pettonn than
other analytical methods Using, polyclonal antibidies
indirect competitive FTISA Bas been successfully used
for OA estimation in batley and wheat (Moygas ot al
1983, Tee and Chu 19841 This paper teports the
production of lagh ttered potvconal antibodues iapatns
OA and the adaption of wnimdirect compentive THISA
procedute for estimation of OA w chithies Toasess the
extent of ochiratoxain A contismmation in chibies
commercnasdly available samples. a survey was conducted
in the two majnr chib producing regions of southern
India

MATERIALS AND METHODS

Materials. Ochiratoan Ao ochistoxin A BYA conugiate
Freund's complete adpvant Freand s iomplete adjuvant
goat anti tabbit lgG ALT conpagate P ntropheny) plosphi e
Am! bovine serum adbaamin (BSA) were all purshased fram the
Sigma Chemical Co St Lowls MO Mictotiter plates (Maxt
sorp 1196 were obtamed from Nalge Nunc Internitionisl
Denmark Al other chertscals were 1eagent grade of chemi
cally pure

Production of Polyclonal Antibodies Cormnerssally
availoble OA BSA conjugate (Sigena cat 1o O 3007) wan uwedd
OA BSA (250 ugl e 250 wl. of stertle 001 M phosphiate

© 2000 Amencan Chemcal Souety
Web 08/07/2000
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buffered saline (PBS) was emulsified with an equal volume of
complete Freund's adjuvant and tnjected into o New Zealand
White inbred rabbit subcutaneoushy on the dorsal side at
multiple sites Subsequent immunizations were ginen with
incomplete Freund's adjuvant. After fouwr unmiumzatians a4
weekly intervals followed by a booster after three wevks the
rabbit was bled at weekly intervals and the tter checked
indirect competitive ELISA Booster tmpections were given
when a drop i the titer was noticed Serum was Ivopintissd
and stored at -20 *C until utthzed

Monitoring Antibody Titers. An indirect FLISA proce
dure stmilar 1o that reported for aflatoxins (Devi et al 1990
was used Microtiter plate wells were coated with T ug'ml of
OA-BSA 15 02 M sodium carbonate butfer pH 96 (150
well. Hobbs et al. 1987) and iwubated overmght i o
refrigerator Subsequent steps were performed wt 37 °C for 3
h Antiserum was diluted in phosphate bufiered saline von
tamng 0 05% Tween 20 (PBS T) and 0 20 BSA (PBS T BSAY
and held for 45 min at 37 *C Antisenion dilutions o 56 al
volumes were added to 100 ubaf OA ot conventiations tanging
from 100 ng/ml. to 100 pgrml. Goat antisabbit smmunogio
bulins (GAR 1gG) conjugated o alkaline phosphistise wen
used ata 11000 dilution to detect rabbit antibeodies attached
to QA p Nitrophenyl phosphate was used s a submirate at
mg/mband allowed to develop for 1 h at room temperatine
Absorbance was recorded at 405 nm (Aged with an FLISA plate
reader (Titertek Multiskan, Labsystems Finbandi

Specificity of Antibody. To evaluate the cross reactiviny
of the antibody with ochratoxin B coumatin 4 hvdioxyvcon
marin, t-phenylalanine. and aflatoxm Bt wa. essential ty
determine the optimum conditions for neattahization Thes
included coating antigen {OA-BSA) concentration and the
optimuni dilution of the antibody required for newtralization
The optimum dilution required to obtain the maximum
sensitivity was determined by 50 displacement values of
H B0 where s the extinetion of the well containing OA and
B is the extinetion of the well without toxin. denved from
the slope of the calibration curves

Collectian of Chili Samples. Diied chali pods were col
lected from market yards and cold storage umits of the twy
major chili-growing arcas in the state of Andhra Pradesh in
India. namely the Guntus and Khammam districts From 50
kg bags. approximately | kg samples were drawn o several
points. A total of 80 samples (70 from market yards and 10
from cold storage units) were collected and graded it three
types grade 1. grade 2. and grade 3. based on the quahty of
the pods. Samples categorized as grade T were of good quality
having fully matured pods (mostly from the first plucking)
that were unbroken. bright red colored. and absolutely free
from pod discases, Insect damage, and molds Grade ¢ had
samples of medium quality and size and only a few pody were
discolored Grade-3 samples contained moldy, damaged. and
discolored pods left over when sound pods were mechameally
separated from the produce. In addition 20 different brands
of chili powders were obtained from retail shops

Preparation of Chili Samples for ELISA. Drsed (hili
Pods. Samples were dried at 40 *C for a week Pods were
thoroughly mixed, three aliquots of 50 g were drawn and
ground to a fine powder, of which 15 g was processed for
ELISA

Chili Powders Commercially available samples were pur
chased in 200-g quantities. After a thorough mixing, three 158
sub-samples were drawn from each 200-g sample Each 158
quantity (in finely ground form) was extracted in 75 mL of 2
mixture of methanol ~water and KC1 (70.30.0 5% by blending
in a Waring blender, followed by shaking for 30 min The
extract was filtered through Whatman No. 41 filter paper and
diluted to 1:4 with PBS-T-BSA for processing by ELISA

Indirect Competitive ELISA Procedure for Process-
ing Chili Samples. The protocol was similar to that lor
determining antibody specificity (as described above) with the
exception that OA standards in 100-uL volume, ranging from
100 ng/mL. to 100 pg/mL., were prepared in a diluted extract
from chilies. Only chili samples which did ot contain ochra-
toxins were used. They were extracted in methanol as de-

Thaumals Dev o &
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Figure 1 Standand cirves for OA Iy indinect competitive
FEISA at three different dilutions of antibody 1 A0 30 (@)
§ RO OO0 (@ 1 160 006 (4}

setibed above Bltered and ased at g E IO dilution prepared
in PBS TRSA feat chilosamples were difuted to 1 4 i 'BS 1
BSA prepared i OA free cili extiact A TO0 20 abguot of eachy
gle wan wdded 10 well contalining W0 ul ol antiserum
Staoudard curves were obtagned by plotting log values nf OA
standards agamst optical density at Ay Concentration ol OA
o he sample extract was detennmed o the stamdand
cut e and expressed de gk using a fomualn OA comentes
tior (ngml ) oan sample estiact < difution with baller «
action sabvent volume wsed ok jisamgsle weight (g5 T test
the tevovery of OA fram sprked chilies OA standitds were
addedd to Bnely grovnd T g samples at concentiations anging
from U1 ta 100 g’k then extacted and assaved us abose

RESULTS AND DISCUSSION

Production of Antibody. The protocol swed fm
inmumization gave an antibady tter of 1132 000 44
weeks alter imitiation of immanization

Optimum OA BSA Concentration for Coating
ELISA plates and Antibody Ditution for ELISA.
OA-BSA conjugirte wass tested at concentriatiuns tanging
from 10 g/l 1o 1 nganl e 10 fald intervils o five
ndependent testsan OA BSA conjugante concentration
of 1gml was found t be optimum for coating the
plates Antiserum at o didution of 1100 000 pave
optimum results The curves fur OA standids g
different dilutions of the antibody ase shown in Figure
1 Linear ihibition curves were obtatned for OA (on
centrations ranging from | to 100 ng/ml. Using comu
gate at lag/ml. and antiserum at 1100 000 dilution,
50% Inhibition of binding of OA was estimited to oot
at 5 ng/ml.

Specificity of Antiserum.To determine the cross
reaction of the antiserum with molecules resembling
OA. it was dedided 1o test it aganst ochratoxin B,
i-phenylalanine. coumann, 4 hydroxy coumarin, and
Aflatoxin BI Vanous dilutions of these wete used in
ELISA but the antibodies did not react with any of them
(Figure 2)

Effect of Chili Extract on ELISA. The ELISA
procedure reported for AFBIL estimation (Devi et al.,
1999) did not at first give accurate results due to the
interference of substances present in the chili extract.
To confirm that interference in ELISA was due to chilt
extract, we compared OA standards prepared in PBS.T
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Figure 3. Effect of chili extract on the standard curve of OA
by indirect competitive ELISA. Standard curves were prepared
for OA standards, either by diluting in BSA PBS T (@) or in
BSA PBS.T containing 7%methano) M. or in B5A PBS T
containing chili extract (a)

BSA with and without chili extract. Preparation of chil
extract for this purpose is described in materials and
methods. Curves were found to be influenced by sub
stances present in the chili extract. In the absence of
chili extracts nonspecific absorption was noticed (Figure
3). As a result it was essential to prepare the standard
solutions of OA in chili extract devoid of OA

Chili extracts have been shown to contain substances
which can bind to aflatoxins (Shantha. 1999). It was
apparent that test samples require preparation in
extracts from OA-free chilies to prevent interference
from substances present in chilies. We met with a
similar situation when indirect ELISA was used for

# A Foae Chem Vol 4F No 10 2000 5881

Table | Recovery of OA from Artificiath {ontaminated
f hili Samples as Determined by F1ISA
conen of (A

e of A penent

sample used for spiking estimaled reeveries of OA
e (TR vy [Cg Y e apihed samples
i ! 126y b N4y
! ? [RONtRH EARER
3 e a0 Wy RY
4 ki Wb N RN
o e By b 108 e 3L

2Lk sample wins sprked with w hnowe: comeestation of OA
exttacted 10 TV methanel and assaved Data iepresent means
af three teplications s NS Determimst Iy fomula detes tod OA
AR the comentration of OA uved for spihing « 10 Valurs
are means ¢ S

Table 2. lnctdencr and Range of OA in Chities as
Determined by Indirect Competitive 1L11SA

rey of samples with
DA CHA ety (e bRt
GOt b i e g of

satiple L b
chulies grade i P
ket vand
hulies gade ¢ L

ket yaeda)
hilies grade L8
tiarket yandsg

itlies 0o
(kg stosage!
b powider s e
o supr

masken

S hee et Tor detas reparding umple Sypes ool sourey

estimating aflatoxiny in chilies (Kisanmayt D Rededy
SV Reddy, U Thirumala Devi K Gind Reddy, DV
R unpublishedi Therefore we presume that chili
extratts contain substances which can bind nan speait
wally 1o JGgs

Recovery of OA from Spiked and Naturally
Contaminated Chilles. Of four ochtatoxin A extis
tion procedures tried (Lee and Cha 1984 Candbish et
al 1988, Ramakrishna et al - 1990 Bt vetro and
Solty, 1996) for processing b samples {or FLISA
extraction in 70% methanol followed by 4 times dilution
m PBS T gave 9% recovenies i spiked simples T
mean recoveties from chili samples devord of OA apiked
with 1 to 100 gk OAL were 9310 THO% (Jable 1)
Analysts of three rephicates of 100 Al samples showed
that 26 samples contamed OA at levels vanging from
10 o 120 ng/kg (Table 7)

The tesults of OA anaslyvsis of chilt samples collected
from different locations (matket yards cold stotage and
retail shopst are shownan Table 2 1w obrerved that
the incidence of OA contamination in the market yards
correlated with the sample grades €% an grade 1 14%
ingrade 2. and 35% 0 grade 3) In grade T twn samples
were found to be comaminated with OA - 4Tup/kg in
one and 93 ugikg, i the other The otcurrence of such
high concentrations can be attnibuted to the presepce
of inadequately dried pods tn the affected Jot None of
the samples from cold storage was contaminated by OA
It was observed that the contamination of OA was
greater (66%) in the samples obtained from retasl shops
than in those from market yards This may be due to
differences in storage time. which in the mirket yards
could have been relatively short as the commaodity is
normally traded-off immediately

Growth of the mold and the production of ochratoxin
are dependent upon a number of factors such an tem
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perature. humidity. handling during harvesting and
conditions during storage Chihies are produced
countries with tropical climates that have extreme
ranges of rainfall, temperature. and humdity  Sun
drying of chilies may result in toxin contamination
(Atanda et al.. 1990). Typically. chilies are spread on
the ground for sun-drying in the open anr where tem
perature and humidity favor growth of the mycoflora
To increase their weight. chilies are often wetted Iy
sprinkling with water. a practice likelv to promotre
fungal growth Guidance on post harvest technology
should be given to furmers. distributors and retailers
concerning proper drving and storage of the chih pods
to minimize mold growth

The importance of red chili in most Indtan dishes s
evident, as is the need to maintam lgh qualiny and
freedom from toxic substances such as ochratoxins It
is likely that the lack of sufficient survetllance data on
ochratoxins an chilies in India can be attriibuted to the
unavailability of reliable analvtical techmques The
present study clearly shows that chihes can contam OA
at levels beyond those permissible by public health
authorities and emphasizes the need for sutverlbance of
ochratoxin A in chilies. 1Uis currently not known how
many ather spices that are commonly used 1 cooking
may be contaminated with OA and research s needed
to elucidate this problem and to make producers and
consumers aware of the potential health hazards from
consuming OA
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Phage-displayed peptides that mimic aflatoxin B1 in serolog-

ical reactivity
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Aim: To test phage-displaved random peptide ibraries as sources of peptides that mamme the
binding of aflatoxin B to monoclonal antibodics ramed agamst the o

Methods and Results: For two of the three MAbs tested, clones were obtamed by pansng,
producing phage that bound speaheally to MAD 1ID1-1D9 (MAb 24, specihe tor aflatonin B
and G 1) and MAb 6E12TE9 (MAD 13, speaitic for aflatonms BL G and 182 i FLISA The
amino acid sequences of the binding pepides vaned Those binding 1o MAb 24 contamed the
sequence of © YMD . and those that bound 1o MAD 13 contamed the dipeptide 'PW*
Mimotope phage was used i a competiion ELISA format for assaving atlatonn coneentra
tions

Conclusions: The results show that mimotope preparanions are effective substitutes for pure
toxin in these ELISA procedures

Significance and Impact of the Study: These results should contnbute sigmificanthy to

enhancing the safety of aflatovin assavs

INTRODUCTION

Aflatoxiny are tent carcinogemc, mutagenic, teratogenic
and immuno-suppressive agents. They are produced as
secondary metabolites by the fungr Asperpallies flavue and
4 parasincus (Busby and Wogan 1979) and can contaminate
a variety of agnculiural commodities (Butler 1974) A
positive correlation has been shown between exposure
aflatoxin and the madence of Iver cancer in humans (Anon
1962, Bosch and Peers 1991, 1ARC 1993). To reduce thi
risk, governments in many countrics have set hmits for
permissible levels of aflatoxing in foods and feeds

A variety of analyucal methods for aflatorin detection hay
been devised to ensure comphance with these standards
(Chu et al. 1987). ELISA 1s by far the most widely used
serological test for the detection of mycotoxsns because of its
simphicity, adaptability and scnsitvity (Pestha 198K) The
immunogens used to raisc anubodics o aflatoxins are
conjugates made to a arricr protein. This conjugation
involves structural modifications to aflatoxin molecules, as
well as blocking stages, cither of which may lead 1o

Corrcspondence 1o Dr Mike Mays, Scottish Crop Rescarch Innrute,
Invergownc, Dundee, DD2 5DA, UK (¢-marl mmayosyiri san & wk)

© 2001 The Society for Appiied Microbiology

substantial brdge group mterterence and unwanted o
reactions (Ntaa et al 1995) Ax the toam antigen
essentially manosalent, asay procedures are based
compention and necessanhy uvolve the uae i the ety of
pure toxn This i hazatdous and therefore, an alternanse,
less toare form of aflatonn would reduce the nsks while
carrving out the assavs and thereby make nmuncassays
more widely and safely appheable

In a search for thin alternative, an attempt was made 1o
obtain peptides that minne aflatoxin by selection from
phage-displaved random peptide ibranes. Random peptide
hibranes  dsplaved on phage have been shown 1o be
powcertul toals for identifving the peptide and non-peptide
eptopes recogmzed by monoclonal antibodies (MAby)
(South 1991) In phage dsplay, a peptide or a proten
fused to a coat protan of M1V or fd hacteriophage (c g
pItl or a wecond recombiant copy of pVIL Feba o al
1991, Snuth 1991), such that phage carrving the peptide
alw carry the encoding DNA - Determination of  the
recombinant pVIE gene sequences reveals the sequence
of the binding pepiide (Scott and Smuth 1990)) Phage
borne peptides that mimic n Wmnding to ant
bodies are termed mimotopes (Geysen ef al 1987) There
are few reports of the sclection of mimatapes for antibiodses
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to non-protenaceous chemcals, other than bioun (W eber
eral 1992) and crbohydrates (Hoess erai  1093)
Recently, Yuan ¢ al (1999) showed that it was posatble
to obtain mimotopes 10 MAbs rased aganst the myveotoun
deoxynivelenol The mimotopes vbtaned were essentiallhy
of a single anno acid sequence

Aflatoxins difler shightly i therr chermcal formulae, Bl
the prncipal hazard from fungal contammation of peanuty
MAbs raised to an aflatoxin Bl-bovine scrum albumun
comugate (Thirumala Deve er ol 1999) cromsraacted with
the other main aflatoxi types (B2, G and G2) to difterent
extents. In this paper, the selection of numatopes for
aflatoxins, using twa of these MAbs that dificred
speaificity, and the apphcation of these mimotopes in
ELISA for quanttative estimation of atlatonins, s reported
for the first uime

MATERIALS AND METHODS

Reagents

Aftioxin B (AFBY), goat anti-rabbee 1gG alkaline phos
phatase (ALP) conjugate, goat ant-mouse IgGALP comu
gate, p-nitrophenyl phosphate, bovine serum alburn
(BSA), aflatoxin BY-BSA conpugate, tetracvchine and poly
cthylenc glycol (PEG), were all purchased from the Sigma
Chenncal Co. Microttre plates (Mavisorp Fb) - and
immuno-tubes (Maxi-sorp) were obtaned from Nalge Nunc
International, Denmark  Peptone, veast extract and agar
were obtained from hfe technologies Gubeo BRL Al other
chemicals were reagent grade or chemaally pure

Monoclonal antibodies for afiatoxin B1

Anti-aflatoxin Bl monoclonal  antibodies were  those
desenbed by Thirumala Deve eral (1999} MAb
1IDI-IDY (here coded MAb 24) cross-reacted with
aflatoxin G, but not B2, 6112 115 there named MAb
13) cross-reacted with aflatoxins B2, G and G2, and MAb
10D5-1A11 did not cross-react appreciably with any of the
ather aflatoxins (Thirumala Devi s ol 1999) Immuno
globulins were concentrated from tissue culture supernatant
or ascitic fluid by ammonium sulphate  preapitation
(Harlow and Lane 1988).

Peptide libraries

The random phage displayed peptide fibranes, (xs-4 and
Cys-6, used in this study were provided by G Smuth
(University of Missouri, Columbia, USA) Fach library
consists of fd phage carrying a sccond copy of gene Vifl
that has at its N-terminus a randomized sequence i
which cysteine codons arc four or six codons apart The

taines are designed (o comtram by croas hinking the
contormations that the peptides may adopt (Ziegler o 4/
199%)

Affinity selection of phage by panning

Panming was as descrbed by Ziegler o wi (199N), uniny
immuno tubes coated with MAbs at 10 g ml ' Afer
blacking, phage were bound and cluted, and then used (o
et Fachernhiaoh TG eells After amphibeatin, phage
were subjected to two futther rounds of pantng to ennch
the population with binding phage

Immunological assay for affinity-purified phage

Fallowing the third round of panting, single tetracvchne
resstant colomes were tramterred o Sl LBTET and
grown at 370w I8 h Cells were remnved by cenint
gation at 17 000 g far S nun, and the calture media were
teated by EISA using mnceotitse plates A1 cach step, the
plates were meubated for 1l at 7770 hatally, plates were
conted with dgGoat 10 g ml D 02 meb 1 wwdum
carbanate, pHEY 6 In the second step, plates were blicked
with 200 g well ' of 39 MPHS Phage paricles i KO pil
were mved with 20 0 of MPBS A nuvture of rablar ann
MEY antbody (1 500) and anty rablut IgG compugated 10
alkaline: phosphatase (1 106 000 dilution) wan used 10
detect the phage Substrate (p ntrophemyl phosphate a
1 mg ml ') was added and abworbance at 405 nm was 1ead

-n an LLISA plate reader aftes 11 at room temperatue

Selected ndividual dones were chatactenzed v HNA
sequenang and L1LISA

Indirect competitive ELISA with phage-displayed
peptides

To determine the aptimum numbet of phage 10 uw
LLISA, different dilunons of phage particdes i carbonate
coating buffer were added 1o the ELISA plate and incubated
avermght at 4°C After blocking, a nuature of MAb and goat
anti-mousc-alkaline phosphatase conjugate was added and
the ELISA was completed an described An indirect ELISA
procedure similar to that reported for aflatoxing (Thirumala
Devi eral 1999) was used Microtitre plate wells were
coated with 150l of phage at 10'" mi ' that camred
peptides 1 02 mol 1! sodum carbonate, pi 946, and
incubated overmght at 4°C. The plates were washed and
blocked a5 above for panning clution selection MAbs in 50
ul were added to vanous concentranons of AFEE (010 g
mi™ 1n PBS) The mixtures were added to the phage-coated
microtitre plate wells (150 jd well’ ') and the preparatoms
were incubated at 37°C for 1 h After washing four times
with PBS-T, the plaes were sncubated with goar anu-
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4 K THIRUMALA-DEV! ET AL

Specificity tests

The mimotopes 24-41, 2461, 1341 and 1361 were
tested i phage ELISA at 10" ml™' uung dibunons of
polyclonal antibody raised aganst an aflatonn Bl BSA
compugate  The results tor different mimatopes were
ndistinguishable. For example, 2 fuurfold decrease
antibody - concentration decreased the FLISA readings
obtained in I h from (M4, 107, 105 ar 108 to 043, 047,
045 or (043 for cach mimotope, respectively In ELISA
tests, mimotopes obtamed using MAb 24 did not band 10
MAb 13, and neither dd MAb 13 mimotopes bind 1o
MaAb 24

To test the speaticity of the mmatopes, indirect
competive FLISA was done with aumotopes 24 41
and 1341 uwmng the corresponding M Figure !
shows the results For both numotopes, the homologous
toxin was the most compenitive, uther touns were less
compettive - the order G2 < B < GI Wuh 2441
(Fig 2a), B2, and especnally: G2, were much less com
pettive whereas with 1341 the differences between
toxins were less marked  The median doses {the toun
concentrations that resulted i an estimated S0% ity
ton of binding) and the slopes of the cunves at the
median were calculated from the curves fited 1o the data
using the formula

Ay = A G/ eexpl BeiX Moy

where A and C are the asvmptotes, M i the meduan dose
and B 1s the slope at the median dose

Table I shows the results These confirm the impres
sions from Fig 2 that the strongest compennon, as
judged by the slopes of the hines, was with Bl the
‘homologous” antigen, and the weakest competstion was
with G2

Etfect of dithiothreitol

The peptide sequences displased by phage from the Cas-4
and Cvs-6 hbranes contain cysteine resdues that are
intended to cross-link, 5o as to create a loop structure of
cither four or six amino acids. Mimotope phage were treated
with dithiothreitol, prior to being used to coat ELISA plates,
in order to prevent the formation of this cross-link - With all
clones tested (24-41, 2442, 24-61, 1341, 13-42,13-61),
the effects of dithiothrettol treatment were to increase the
binding of the corresponding MAbs by between twofold and
fivefold

Effect of u.v. krradistion on phage infectivity

The infectivity of a dilute sample of mimatope 24-41 was
decreased from abour 4500 colonies mi™* 10 about 60

06

02

0 10pg 100pg 1ng 10ng 100ng

(competing aflatoxin) m! a

02

0 10pg 160;)9 ing 161\91001\9
(competing aflatoxin) m! "'

Fig. 2 Competitum hetween pure aflatovns (@) B) ¢ o) B2, (B ()
and U) G2, i the solution and phege mymaaupes (24 41 and 134 1)
cated on E1ISA plate surface for nding 10 MAba 10 mdrect
compentive ELISA (a) Mimiope 24 41 bnding ©o MAD 24 (b
Mimotope 114 1 binding 10 MAb 13

colomies mi”' by arradianon a0 20 m) om ' and wa
abolshed by larger doses At these doses, there was Iitle
effect on MAD binding as assewsed by phage ELISA Phage
irraduated at 50 mJ am * bwund about 9% of the amount of
MAb hound by untreated samples Binding decreased 1o

© 2001 The Society for Apphed Microbiology Journal of Appked Microtiology. 89, 000-000




1 Parameters of the inhiition duse curves shown m big °

MIMOTOPES FON AFLATONINBY §

Toble 3 Awavs of groundnut sampies for atlatonn, 1

Aimotope 24-4 1 Mumotepe 1341

Inhibitor  Medun dosc® S Medun dse Nl
] [ SOOI 04 0ex
B2 139 S R [y
Gl 043 TS DS 0%
G2 677 =170 198 127
*ngml

70% following arradhanon wath 100 m) cm™*, and further

atter hagher doses

Recovery of aflatoxin B1 from groundnut
samples

In order to test the eflectiveness of the phage FLISA, T0
200 g kg of allaton B were added o finehy ground 10 ¥
samples, which were then extracted and assaved Table
hsts the results from cach of two ELISA plates The
recoveries were between 92 and 110, the average re
coveries on each plate were 101 3 and 98 9%,

To assess the assay method - practice, samples were
taken from farmens' helds that were presumed 1o be at
high rsk of aflatoxin contamnation because of drought
These were extracted and assaved by using competition
ELISA The results (Table 3) show that five samples were
contaminated 1o vanous extents Resalts for - dupheate
samples and duphcate plates were within 1000 The
permssible level n India for aflatox B) contannanon w
currently 30 g kg

Mimotope sequences

For mumotope phage from cither hbrany, the nucleotide
sequences were determined for the sechon ol recombinant

Table 2 Efficiencies of extracton

Jaflatansn W) g hg

Pare ) PMare )

Sample Tt Tew ! tead Tt Reault
! 1w Ho 98 o .
N il Il ARl <o
i 1IN LR o (1%} ‘
4 Nt o0 (73 %} ‘
< W I ML 86 .
“ IRl “n e Eatl

<o ERill (1 (Rl
N I\ i il 1l '
" Rl <l Bt Bl
m -0 .o i Bl

PVIE gene that encaded the tandomized peptide sequence
Fhese are shown m b 3 Lach sample wan sequenced
twice Al wequences were conbirmed except where shown in
I U The aliered sequences presumablby arone duning
phage propagation between the o aequencng expenments,
cither from the appearance of pomt mtatiom, o from the
sample bemg a nunture of phages that changed i prepon
derance

‘The sequences of mimotopes 10 MAD 14 suggested s
consensus sequence of © CYMDC ' Those for memo
topes to MAD 13 did not suggest a clear convensum, although
the dipeptide “PW' wan present i mant, and all were
particularhy neh in probine readues

DISCUSSION

The results abow that by panmng phage displaved peptide
hbraries, 1t possible 10 obtam peptides that minue the
inding of aflatoxn Bl o antibadien rased  aguinat ot
However, with one of the three MAbs tnied, no mimaotapes
were obtaned from cither hbrary This MAD does not crom
react with other aflatasins (Thirumala Deve er al 199) and
it possible that the eputope imvolved in this aghly apeuific
hinding cannot be mimicked by peptides. However, mimo
topes were obtained to the other twa MAb and these had
similar properties 1o the toxm i ELISA 1 Al mimo
topes reacted equally well with polvclonal antbaodies. In a
competitive ELISA, aflatoxin BI could compete with the
sclected peptides for inding 10 MAb, while the synthets
peptide also compreted with aflatoxin for nding to the same
anubody. This strongly suggests that these clunes bind 1o
the same antigen-binding site of the MAb However, i
competition ELISA with aflatoxins B2, G1 and G2, the
from the set inding to MAb 24 was differently

Recovery®
Concentration in sample
(g kg’ Plate 1 Plate 1
10 9K, 2%,
20 102 5%, 10 4%,
L} 105% W'
80 WY, 94 1%,
100 1007, LA
150 101 1% 91 9%
20 1022% 9% 5%
Mean 101 3% IYH,
M d / kneren x 100

affected by compeutum from the ome binding 10 MAb 11

© 2001 The Society for Applied Micrabrology. Joumal of Apphed Microtwology. 89, 000-000
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A N

MAb  Library P q n rec gene VML
M (p4 M40 ANTNCYN IR M
M4 ETYGCOFRM LUK E VT

M43 N TEVOYMNRU N

: H

M44 O NNFPESY MLy

M6l EGTIUIML RGN,

Ll b !

NN LR LUY VDY D

NERI GOFE LY ooy oy v

MO4 MEL Y EK ONK

[ R U R A O S I SR TR

V4 NK TR LT

(R R T WNCH Ty O

1144 NTNMKHIYM L

edS VAN LR Y LR NT T
(RN LU YT N WE LN
IREON oSt R WA "o,
IREIR} VoOOLWT e W

(Fig. 2). The differences among the slopes (Table 1)
reflected the different extents of cross reactivity cach MAb
had with heterologous aflatoxins (Thirumala Devs et al
1999). These were, Bl = GI 2 B2 and (G2 for MAb 24, and
Bl > GI = B2 2 G2 for MAb 13. Thus, n these tests, (il
was the most similar aflatoxin to BI. This suggests that the
change from a five-membered ring to a sin-membered ning
containing an extra oxygen atom, which disunguishes B
aflatoxins from G aflatoxins, alters the accuracy of the
mimicry by the peptides less than does the change from a
double bond to a single bond, in a different ning, which
distinguishes aflatoxins B! and G1 from B2 and G2

The amino acid sequences of the mmotope peptides
differed among the clones isolated, although some residues,
especially aromatic amino acids, were abundant. MAb 24
mimotopes contained one or more tvrosne residues and
MAb 13 pes ¢ d tryptoph dues. This
may reflect a degrec of molecular mimicry by the ring

Fig. 3 Anuno aid wquences of mpintope pep
tden Sucdeotde sequences wete deteraned for
the part of the secombunant gene VT that encendes
amuno wods tandomizad i the bt €y 4 end
Cov b Where two amune acds are shown o swcond
soquenong experment velded ditlerent sequences
The contipnoun wquence i that obganed hrst

differences are shown bedow the altered anunn a0

structures in the aromatic ammo acids for the ning structures
m the aflatoxin molecules In sequence, the MAb 24
mimotope peptides were unrelated 1o thime Jor MAb 13
Presumably, the binding packets in the two MAby differ
apprecubly despate the sunphicaty of the comman 1immunn
gen 1o which they were ramed

By 1ts nature, the phage display method tends preferen
tially 10 wilate steongly binding phage “The present results
show that aflatoxn MA sclect several spprovmancly
equally strongly unding peptides This comtrasts with the
results obtained by Yuan 1 gl (199%) with mmnopes
wolated from an unconstrained library for MAby apecific 1o
the toxn deoxymivalenol  Possibly, the mimotope thewe
authars obtained 1s 2 much stronger binder than any athers
present sn the hibrary used for the panning

Aflatoxins arc important human and ammal toxins, and v
care must be taken 1o avond direct cantact during analyms
The posssbility of replacing toxins i diagnostic procedures

€ 2001 The Sooety for Applied Microtiology, Journal of Apphed Microbiology. 88 000-000




with presumably non-toxic peptides should theretore result
n cnhanced laboratory and environmental saletn Th
advantage could be even more marked when diagnastic 1l
kits are used in “the field” by relatvely unshifled operaton
unused to faboratory disciphine

Although many mimaotope peptides tor protemn antigens
have been wsolated from phage duplaved peptide hbranes
(e.g Scott er ol 1992, Hoess ez al 1993), this s only the
second report of mimotopes for a non protemaceous, low
molecular weight mycotanin, and the st report of aflatonn
mimotopes. Sixteen somewhat related mimotape peptides
have been adentified that mimic the tinchng of aflatoain 10
speattic antibodies, and the potential tor using these peptides
w aflatoan immunoassays has been demanstrated Tl use
of peptide librarics as sources of reagents i immunoassass
could well be appheable in ELISA tests for other mycotanins
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Abstract

Ochratoxin 4 (OA) contamination of hlack pepper. cortamder sceds powdered gmger
and turmeric powder was estmated usmg imdirect compentive ELINT Samples 11¢r were
extracted with 0.5% potassium chloride 1KCLom "0 methanol 8 mli and diluted
subsequently to give two-fold 1o ten-fold siep wise dilutrons i phasphate-buffercd saline

containing (0.05% Tween 20 and (12% bovine serum albumm (PRS- T BSAr For exiracts

from the spices analvzed. ELISA estimates of OA concentrations were compared with

those made by HPLC Al esumates were within 12 standard deviatton of the F1LISA
values. More than 90" of OA added 10 spice samples was recovered from samples
containing hetween 5 and 100 g kg OA4 Fxtracts of OA-frec spree samples contamed
substances that interfered with ELISA presumably because of - non-specific reactions
This effect was avoided by preparmg all the test solutions i extracts of OA-frec spree
samples. In 126 samples obtained from retad shops. OA was found 1o exceed 10 kg in
14 (in the range of 15 10 69 ug'kgy of 26 bluck pepper samples. 20 (i the range of 10 10
ST pgikg) of 30 coriander sumples. 2 (23 pe'kg and X0 Jekg of 25 ginger samples and Y
(in the range of 11 10 102 ug kg of 25 turmeric samples: This 1s the first record m India

of the occurrence of OA in what are some of the most widely used  spices in Indan

cooking.

Keywords: ochratoxin A. indirect competitive ELISA. HPLC, black pepper, conander.

ginger, turmeric
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Introduction

Ochratoxins are a group of toxic secondary metabolites produced by certan tungi w the
genera Aspergillus and Penicillum (Applegate er af 1973 Chu 1974, Harwig 1974,
Steyn 1971). Among them, ochratoxin A is the mast tonie 1t has been shown 1o be
nt‘phrmoxic. hepatotoxic, teratogeme,  caramogenic, mutagenie and  to be an
immunosuppressive agent (Kuiper-Goodman and Scott 1989) (1 greatest concern for
human health is its implication in an irreversible and fatal khidney disease referred 10 as
“Balkan Endemic Nephropathy ™ (Krogh 1974y OA has been found to oceur m foods of
plant origin, in edible anmimal ussues. and m haman milk, blood seri and tissues (Crepps

et al. 1995).

OA has been detected m diverse food and teed commodines (Veldman ¢r ol 1992,
Oyelami ¢r al. 1996, Zimmerli ¢ af. 1996) including sprces Spaces found by HPEC 10
contain relatively high (-5 kg levels of OA were Chinese red pepper (Aksvami ef af
1998). paparica and nutmeg (Vrabcheva of al. 1998). The moulds isolated from spices are
predominantly Aspergillus and Penicillium species (Flannigan and Hui. 1976) and these

are implicated in the production of several mycotoxing

Spices and condiments are extensively used in Onental and Indian cooking. The only
record of ochratoxin A contamination in spices from India 15 its detection by ELISA in

chillies (Thirumala-Devi e/ al. 2000). In this paper, we repont the aceurrence of OA 1
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many samples of four of the most commonly used spices i India, namely black pepper.

coriander, ginger and turmeric by both I ISA and HPI ¢ methods

Materials and methods

Materials

Ochratoxin A, ochratoxin A-BSA conjugate, goat anti-rabbit [pG-ALP comugate, p-
nitrophenyl phosphate. and bovine serum albumin (BSA), were all purchased from the
Sigma Chemical Co. St Lous, USA - Microtter plates (Mani-sorp 196) were obtamed
from Nunc (Nalge Nunce International, Denmark) Inmunoaffinity coloumn from Vicam
L.P.. Watertown, MA, USA. Chlorotorm, acid acetic and orthophosphane acid were
analytical grade; acctomtrile, methanol and toluene were HPLCO prade Al othet

chemicals were reagent grade or chemically pure

Collection of samples and preparation for ELISA

Black pepper (26 samples). coriander (50 samples). ginger (25 samples). and turmenc (25
samples) were purchased from retail shops in 200 g quantities. Black pepper and
coriander were purchased as seeds and turmeric and ginger were bought as powders
Black pepper and coriander were ground to a fine powder in a Waring blender and ginger
and turmeric powders were used without any further grinding. Samples of 200 g were

thoroughly mixed and three 15 ¢ sub-samples were taken. Fach sub-sample was extracted
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with 75 ml of a mixture of 0.5% KClin 70° methanol by blending i a Waring blender
Extraction was followed by shaking for 30 min and filtrution theough Whatman No 41
filter paper. The filtrate was diluted two-to ten-fold phosphate-bullered  sahine
containing 0.05% Tween 20 and 0.2% bovine serum albumin (PRS-1 BSA) prior o

ELISA.

Antibodies

OA polyclonal antibodies were those deseribed by Thirumada-Devi ¢f ol (2000)
Antibodies were highly specific for OA and did not cross react with ochratoxin B,

coumarin, 4-hydroxy coumarin or -phenylalanine

Indirect competitive ELISA procedure for processing the various spice samples

An indirect ELISA procedure sumlar 1o that reported for aflatoxms ¢hrumala Devs e
al. 1999) and ochratoxin A (Thirumala-Devi e al. 2000) was used. Microtter plate wells
were coated with 1 gg/ml of OA-BSA in 0.2 M sodium carbonate butter, pH 9 60 (150
pl/well) overnight at 4°C. Subsequent steps were at 37°C for | h. Antiserum was diluted
in PBS-T BSA. held for 45 min at 37°C and added in S0 g4 volumes 10 100 4 of OA
standards ranging from 100 ng'ml to 100 pe/ml. prepared in a diluted extract from spices
that did not contain OA (verificd by HPLC). Spice samples were extracted with
methanol-KC! as described above, filtered and used at a 1:10 dilution 1in PBS-T BSA,

except for ginger which was diluted to 1:8. One hundred g of cach sample were added 10
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wells containing 50 44 of antiserum  diluted (o D IOOO00 Goat antirabbit
immunoglobulins (GAR TgG) compugated 1o alkaline phosphatase were used at a 11000
dilution to detect rabbit antibodies attached 10 OA-BSA p-nttrophem | phosphate was
used as a substrate at | mg'ml Absorbance was recorded at 405 nm (Age) with an
ELISA plate reader (Titertek Muluiskan, Lab svstems. Finland) after mcubation at room

temperature for 1h

Standard curves were obtamed by plotting logi values of OA concentration against
optical density at Agoe. The concentrations of OA 1 samples were determimed trom the
standard curves and expressed in g kg using the tormula OA concentration (ng ml)
sample extract x dilution with buffer > extraction solvent volume used (mh sample
weight (g). In order 1o test the recovery of OAUTS g spiees were mixed with pure OA 1o
give concentrations ranging from 1 1o 100 g’k Spihed samples were extracted and

assayed as for unknown samples.

Determination of OA by HPLC

Ochratoxin A was extracted by using an adaptation of the extraction procedure of the
Technical Committee of European Committee for Standardization (CEN'TC 275, 1998)
Spice powder samples (50 g) were transferred into a 500 ml PIiE (polvtetrafluoro
ethylene) container mixed with 200 ml chioroform and 20 mi 0.1 M orthophosphoric
acid. This mixture was triturated for 3 minutes with the Ultra-Turrax CAT x 620

(Staufen, Germany) was fitted with a T17-V shaft at 13500 pm to produce a slurry. After
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centrifugation for 10 min unde: 820 g at $-10°C, the chloroform phase was transferred 1o
a 500 mi beaker. The remaning part was extracted agam with 200 m) chloroform and 20
m! of 0.1 M orthophosphonc acid. The combined chloroform phases (¢ 1 330 ml were
evaporated 1o drvness by rotary evaporation at 0-40°C The ressdue was dissolved
100 ml of 0.5 M NaHCO: and transterred 10 a 120 mb PTFE contaner After 10 minutes
centrifugation at 820 g at S-10°C, 20 ml of samples were passed through an Ochratestt™
immunoaflinity column (Vicam 1P, Watertown, MA, USA) at about 1-2 ml minute
Before loading the extract. the Ochratest ™ column was conditioned with PRS (20 ml)
Twenty ml of de-ionized water was used to wash the Joaded immunoattimiy column and
OA was then eluted with 2 ml methanol and 2 mi de-ionized water: Atmosphence anr (¢ a
20 ml) was passed through the column to colleet all the cluate: One mi sample of the
elute was then filtered through a 0048 gm nucrofilter (Millea®-HV ) for HEPC analysiy
For HPLC. 50 g/ samples were injected by full Joop injection. The chromatographic
system consisted of a Perkin-Elmer LC049 1socratic pump (Norwalk, €O, T'SA,
equipped with a Rheodyne model 7128 NS imjection valve (50 uly (Rheodyne, Cotan,
CA. USA). a RE-551 fluorescence spectrophotometer detector (Shimadzu, Kyoto, Japan)
equipped with a 150 W xenon lamp (waon -~ 332 0m and 2o 462 nm) and a
Spectra-Physics SP4290 chromato-mntegrator (San José. CA. USA) The analytcal
column was an Hypersit™ BDS reversed-phase Cy (150 x 4.0 mm 1 d. 3 pm particies
size) (Tracer Analytical. Barcelona, Spain). The column was left at ambient temperature
The mobile phase was acetonitrile-water-acetic acid (45:54:1 viv/v) eluted at a flow rate
of 1.0 ml/min. OA was assaved by measuring peak height at the ochratoxin A retention

time and comparing it with the relevant calibration curve (5 points, in the range 1 - S ng
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of ochratoxin A/ml, r-squared-d.9992). Standard solutions for the cabibration curve were
prepared in the mobile phase from a stock solution contaming 20 gg'ml of OA

toluene-acetic acid (99:1).

Within the tested range of spiking samples (0 4-10 g OA kg, the procedure showed
good precision (RSD ~ 3 190) and accuracy with an overall recovers of 89 ¢ 16 % The
detection himit of ochratoxin A was 10 ppt (hased on the ratio signal noise 3 1y and the

quantitation limit was 35 ppt (hased on the ratio signal nose 10 1)

Results and Discussion

Comparison of estimates of OA concentration by ELISA and HPLC

The OA contents of samples spiked with pure OA were estimated by FLISA and HPE(
The results show good correspondence (Table 1) HPLC estimates were within 2 SD of

ELISA estimates, although always less.
Effect of extracts from various spices in ELISA
The ELISA procedure reported for OA estimation in chillies (Thirumala-Devi et al

2000) gave a non-specific reaction, presumably duc 1o interference by substances present

in the spice extracts. To confirm that interference in ELISA was duc to substances in
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spice samples, we compared OA standards prepared in PBS-T BSA with those prepared
in spice extract shown by ELISA 10 contam the equivalent of less than 10 g kg OA
Curves were found to be influenced by substances present in dif¥erent spice extracts
(Figure 1). As a result, it was essential to prepare the standard solutions of OA 1 extracts
of spices. Chillies have been shown 1o contain substances that bind o atlatonms
(Shantha, 1999) and also that interfere i the estimation by mdirect TLISA of OA
(Thirumala-Devi er al. 20000 Thus. toxin standards were prepared i spice extracts

shown to be substantially free of OA.

Recovery of OA from spiked spice samples

To confirm that the extraction procedures were effective. pure OA was added to
powdered spice samples and extracted in 70 ©o methanol-KCT Recoveries from samples
of black pepper. coriander and turmeric samples were greater thun 90 % (Table 2)
However, recovery from ginger samples wias - 90 % only when extracts were diluted 8-

fold.

Analysis of spice samples collected from retail shops

The results of OA analysis of spices collected from retail shops arc shown Table 3
Three replicates of 126 samples of black pepper. conander. ginger or turmeric were

measured. The results showed that 45 samples contained more than 10 gp/kg OA 1n

amounts that ranged up to 110 ug/kg (Table 3).
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OA contamination occurred at higher levels in black pepper. turmenie and corrander than
in ginger. High levels of OA (110 zq k) were detected in turmenic, which s one of the

most widely used spice in Indian cooking.

The production of OA and the growth of the fungi responsible are dependent upon factors
such as temperature, humidity, handhog during harvesting and conditions durimg storage
The majority of spices are produced in countries with tropical climates, which favor
growth of the fungi. Unfortunately. methods that would be sutable for particular spices
have not been developed. We also presume that Tack of sufficient sunverllance data on the
occurrence of OA in spices in India can be attributed to the non-avalability of
inexpensive diagnostic tools, The present study clearly showed that four important spices
can harbor OA at levels bevond those permutted by public health authonities: Our results
emphasize the need for surveillance of OA contammation i sprees and suggest that

strategies should be developed that can fead to mimmize thew contamination
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282 Table 1. Determination of OA in selected spice samples by of ELISA and HPLC
283
284 OA contamimation
285 Sample type ELISA® Here!
286
287 Black pepper LA S ND
288
289 Black pepper 1032 ¢ 3 OK 3
290
291 Conander g3+ 09 TR
292
293 Coriander 590 + 24 1
294
295 Ginger 253 + 0K AR
296
297 Ginger 778 £ 43 713
298
299 Turmeric 324 £ 19 29.1
300
301 Turmeric 540 = 3.6 474
302

303 “ELISA values are means of 3 estimates + SD: HPLC values arc for single estimates.

304
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Table 2. Recovery of OA from artificially contaminated spice samples as determined by
ELISA.
No.  Concentration of OA Concentration of 04 Pereent recovenies of
used for spiking (e 'kg) estimated (e hgh? OA m sprhed samples”
Black pepper
1 s 480 1 0.3y Vo0 RO?
2 10 960 + 08 90+ RET
3 S0 492 ¢ OKK ag4 17K
4 100 039« 408 1026 ¢+ Y98
Corander
1 S L0004 087 RO+ 972
2 10 1053 + 0R2 las 3 ¢ 774
3 S0 §247 + 21 1049+ R
4 100 1081 + 79 181+ 718
Ginger
1 5 47V 2009 a7 e 6
2 10 VR (IA] 9301 7K
3 S0 498 + oM QU1 ¢ ] 48
4 100 10394 S46 1030+ 826
Turmeric
] 5 497 ¢ 008 PRI N
2 10 10.0 + 0.0% 1000+ 082
3 50 §2.77+ 31 1088+ 890
;3 100 9873+ 1.01 987 1N

* Each sample was spiked with a known concentration of OA. Nmtwd n 70% methanol
and assayed. Data represent mean of three replications £ SD " Determined by the
formula, detected OA (ug/kg) divided by the concentration of OA used for spiking and
multiplied by 100. Values are Means + SD
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343 Table 3. Incidence and range of OA in selected spice samples as determined by indirect

344 competitive ELISA.

345
346 OA contammation

347 Sample tvpe* Incidence %o contamination  No of samples with OA
348 L hg) contents i the
349 ranges of

350 10-20° 3049 50-100 110

351
352 Black pepper 1420 4 H S 1 0
353

354 Coriander 20/50 40 16 3 1 0

358

o
==
(3]
o
¢

356 Ginger
357
358 Turmeric 9/25 36 3 2 3 1

359

360

361 " sce text for details.
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Figure legends

Figure 1 Effect of spices extract on the standard curve of OA4 by oandirect competive
ELISA OA standard curves prepared i ™ methanol (1 Black peppert 81 Coramder

(&), Ginger (). and Turmeric (%) extracts
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