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ABSTRACT 

A number of possible bases for a biological assay for the 

aflatoxins v1ere examined, of these two were selected for further study. 

An inhibition assay using Bacillus megaterium was developed in corebina­

tion with thin layer chromatographic analysis. This cethod was capable 

of detecting 0.1 �g of aflatoxin B and of differentiating between 
1 

various mycotoxins. 

An induction assay using a lysogenic strain of Bacillus megaterium 

was also developed. This assay has a sensitivity of 2-4 �g/ml aflatoxin 

B
1 

and is claimed to be more specific than the inhibition assay. 

A nureber of other mycotoxins were examined to test the versatility 

and specificity of the assays. The inhibition assay was able to detect 

and differentiate between most of the toxins. The induction assay 

detected only those mycotoxins reported or suspected to be carcinogenic. 
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PREFACE 

It has been known for many years that certain fungi prod�ce 

substances toxic to human beines and livestock. Toxic Basidiomycetes 

and ergotism have been responsible for the loss of many lives. It is 

only comparatively recently however that a�;tention has been directed to 

the imperfect fungi as sources of toxins. In particular, a dramatic 

outbreak of an unknown disease among poultry in the United Kingdom, 

called. Turkey X Disease, was eventually traced to a substance produced 

by .Aspergillus parasiticus. This active principle was named 'aflatoxin' 

after the Asperr,illus flavus-oryzae group to which Aspergillus parasiticus 

belongs. 

'Aflatoxin' was soon shown to be in fact a number of related 

compounds which were designated B1, B2, G1 and G2 due to the blue or 

green colour of their fluorescence under ultra-violet light and the 

relative positions they reach on thin layer chro�atographic plates. 

Not all the aflatoxins are of equal potency, B1 being the most potent and 

G2 the least. 

The aflatoxins are of especial inteiest since they have been shown to 

be carcinogenic in very low concentrations in addition to their hepatotoxic 

effect at higher concentrations. Aflatoxins have been reported from a wide 

variety of fungi, chiefly Aspergillus and Penicillium species though other 

fungi, including a Rhizopus species, have been implicated. It was also 

shown that the toxins could be formed on a wide range of substrates and 

could easily occur in human food�tuffs if .the fungus was allowed to grow 

on them. 

Chemicophysical methods of detection and quantitation have been 

developed, based mainly on extraction by an organic solvent followed by 

concentration, separation on thin layer chromatographic plates and 

fluorodensit ometric estimations of the spots. 

Chemical assays are rapid, sensitive and very precise but may not 

always accurately reflect the biological activity of the substance under 

test. This is particularly the case where very small chemical differences 
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can make very large changes in activity. There have been shown to be at 
least nine different aflatoxins with biological activities varying from 
extreme toxicity to practically no effect . It is  therefore desirable to  
have a biological assay to complement the results of  th� chemical assay. 

The ideal bioassay would be simple, speedy , sensitive, specific and, 
of course , reproducible. Early bioassay Glethods were based on the 
toxicity of aflatoxin to vertebrates; the most sensitive and specific 
assay being that using ducklings . Fish larvae and fertile eggs have also 

been used. Later an inhibition-zone microbiological bioassay using 
Bac illus me�terium was developed and put forward as  a standard method 
in the Journal of the Association of Offici�l Analytical Chemists. There 

have been reports in the literature of other effects  of aflatoxin which 
might be suitable for a bioassay system. Among these are t issue-culture 
abnormalities, induction of lysogenic bacteria and suppression of 
chloroplast development in germinating cress seeds . 

The a ssay based on ducklings is relatively specific but requires 
skill to perform and is not nearly as rapid or sensitive as chemical 
methods. The inhibition assay using B. megaterium is more rapid and easier 
to perform but is  not very specific and is  also less sensitive than chemical 

assays though it requires much le ss  material than does the duckling assay. 

For these reasons it v;as considered worthwhile to look for an assay 

as specific as the duckling assay but with the advantages of a micro­
biological assay. A nuober of possibilities had already been suggested 
by various authors and it was these that I proposed to investigate. 
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INTRODUCTION ------
1!ycotoxins: The word 'mycotoxin' is formed from the two roots 'myco' 

from the Greek 'mykes', a mushroom, and 'toxicon', a poison, originally 

as applied to arrow heads. Poisons and intoxicants derived from a variety 

of fungi have been known and used for many centuries. Ergotism caused 

frequent epidemics in Europe and is still not unknown, and doubtless other 

local outbreaks of unexplained disease were also due to toxins of myco-

logical origin. It was not until the last two decades, however, that 

serious attention has been directed toward the fungi as a source of 

substances likely to be harmful to man and domestic animals. 

History of Aflatoxins: 

Interest in aflatoxins was first aroused by an outbreak of a mysterious 

disease affecting turkey poults in Great Britain. Tens of thousands of 

birds died as a result of the disease. Study of the problem revealed that 

all the affected birds had been fed on rations containing peanut meal and 

that other animals fed the same meal could be made to show the same symptoms. 

(Blount 1961 , Asplin and Carnaghan 1 961 ) • In the same year outbreaks of a 

disease of pigs and calves were also shown to be associated with the presence 

of peanut meal in the ration. (Loo smore and Harding 1961 , Loosmore and 

hlarkson 1 961 ) • A biological assay using ducklings was devised (Sargeant 

� !1· 19�a) to test samples of peanut meal and compounded feeds and later. 

Sargeant and his eo-workers (1961a) were able to show that the toxic factor 

was formed by the common mould, Aspergillus flavu2, a member of the 

Aspergillus flavus-oryzae group. In view of its origin the toxic factor 

was given the name of 'aflatoxin'. Not long afterwards the structure of 

aflatoxin was elucidated by Asao � �· (1963). The toxin was shown to 

consist of a group of similar compounds rather than a single compound. 

As information on the toxic effects of the aflatoxins accumulated it became 

apparent that previous reports of unexplained disease, such as those in 

laboratory anin:als (Shand 1 957) and in rainbow trout hatcheries (Wales and 

Sinnhuber 1 966) were also, almost certainly, due to the presence of afla­

toxins in the feed. 

Aflatoxins have not, as yet, been found to be of great economic 

importance in New Zealand. This is probably due to the relatively small 
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size of the poultry induGtry in this country and the fact that few pig or 

dairy farmers rely very heavily on stored feed for their animals. 

Nevertheless as farming becomes more intensified the possibility of mould 

damage to stored animal feeds will increase. In addition the bulk·of our 

dairy produce is exported, some of it to countries which have been deeply 

concerned about the possible damage to health caused by mycotoxins. Such 

countries may well consider imposing a requirement that our exports be tested 

and declared free of particular mycotoxins, especially aflatoxin, and for 

this reason a brief examination of the problem was earlier made by the author. 

Toxigenic strains of Aspergillus flavus were isolated during a survey (Freke 

and Richardson, unpublished) and thus a potential problem was revealed. The 

present work was prompted by these isolations and the reasons outlined above. 

The Structure of Aflatoxin: 

The structures of the four aflatoxins formed by Aspergillus flavus 

are given in Figure 0.1 • In 1 962 Allcroft and Carnaghan found that the milk 

from cows fed aflatoxin-containing rations contained a toxin with properties 

similar to the aflatoxins themselves and later (1966) Allcroft ��· 
suggested the name aflatoxin M (for milk toxin) for this toxic factor. 

Holzapfel � �· (1966) were able to characterise this factor as consisting 

of hydroxy derivatives of aflatoxins B
1 

and B2• Aflatoxins M1 and M2 can 

also be isolated from the urine of animals fed aflatoxin-containing feeds and 

from cultures of the mould itself. Two further aflatoxins (B2a and G2a) were 

described by Dutton and Heathcote ( 1 966 and 1 968). These are very mu�h less 

toxic than other aflatoxins and are hydroxy derivatives of B2 and G2• Later 

work by Dutton and Heathcote (1969) suggested that the B2a and G2a aflatoxins 

may be derived from B
1 

and G1 during extraction as they are very easily formed 

in the presence of alcohols under acidic conditions. They also described 

two further aflatoxins, B3 and GM
1

• In 19� Dalezios �al. reported yet 

another derivative of aflatoxin which they had isolated from the urine of 

monkeys injected with aflatoxin B1 and called aflatoxin P1 • The structures 

of these various aflatoxin derivatives are also given in Figure 0.1 • 
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Figure 0·1 
STRUCTURES OF THE AFLATOXINS 

0 0 

0 0 

�0 

C�·C�OH 

0 0 

0 0 

0 0 

3 

0 0 

0 0 

0 0 

0 0 



- --�------------------� 

4. 

Formation of aflatoxins: 

A nunber of other fungi apart from A. flavus were reported as being 

able to produce aflatoxin, for example other ��ergilli, some Penicillium 

species ( Kulik and Holaday 1 967) and Rhizopus. species (Van Walbeck et �· 
1 968). Other workers (Mislivec et al. 1 968, Wilson et �· 1 967, Parrish 

et al. 1 966) including the present author (unpublished 1 969) have been 

unable to substantiate these reports, however, and it seems probable that 

aflatoxL�s are only produced by members of the Aspergillus flavus-oryzae 

group. Not all members of the A. flavus-oryz� group produce aflatoxin 

nor do all individuals of the toxigenic species produce it ( Parrish � �· 
1966). Those strains which do produce the toxin vary in the amount and in 

the number of different aflatoxins which they produce (Diener and Davis 1966). 

The substrate and conditions of gro;rlh also �ffect aflatoxin produc-

tion. In synthetic media carbohydrates were reported as being necessa� 

as a carbon source for the production of aflatoxin. The most productive 

media were those containing sucrose, glucose, fructose, xylose, ribose and 

glycerol (1�a teles and Adye 1 965). Krebs cycle intermediates were not able 

to act as carbon sources according to Davis and Diener (196?) but the 

incorporation of radioactively labelled acetate into aflatoxin by 

A.parasiticus in the presence of glucose has been reported by Hsieh and 

Mateles (1971 ). Various organic and inorganic nitrogen sources have been 

shown to be capable of supporting aflatoxin production but highest yields 

were obtained when yeast extract was used as the nitrogen source (Davis et al. 
1 967). The only metal shovm to be of importance for optimal aflatoxin 

production is zinc. Concentrations of up to 2 �g/ml have been reported 

by Davis et al. (1967) as necessary for maximum yields. 

Schindleret al. (1967) and Diener and Da�is (1966) both came to the 

conclusion that optimum aflatoxin yields are obtained by incubation at 25
°C 

and that peak production occurs at 7 - 9 days. 

The requirement for aeration seems to vary in different strains. 

With strain ATCC 1 551 7 (V - 3734/1 0) Mateles and Adye ( 1 965) obtained better 

aflatoxin yields in shake flasks than in stationa� submerged culture but 

Diener and Davis (1969) found that this was one of few strains that did 

produce aflatoxin in shake flasks. 
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Bio�'mthe:: is of n.fla toxin: 

Tne cor::plete bio synthetic patrn.-ay of the aflo.tox:ins is not yet !mown. 

Donkersloot et c.l. ( 1 968) conclude that 2.ceb.te is the ma jor prime:.ry pre-
cursor of aflo.toxin. Sc!:emes such as those sugge ste d by Holker and 

Underwood (-1 9�-) and Thomas ( 1 965) seem most probable. Acetate condenses 

to form an anthra quinone of some kind from which steriglllD.tocystin is formed. 

Aflatoxin is then synthe sised fron: sterivnatocystin. Elsv10rthy � al. ( 1 970) 

de�onstrated the incorporation of radioactively labelled 5-hydroxy­

sterigmatocystin into aflatoxins B1 and G1 by Asper�Jillus flav us, which lends 

weight to this suggestion. 

Toxicity of aflatoxins: 

The toxic effects of aflatoxins were first noticed in turkey poults 

and very shortly afterv:o.rds in ducklil1f;S and young pheasants ( .. Ulcroft 1 969). 

The order of suscept:i bili ty in birds was r eported o.s being duckling > turkey 

and pheasant chicks > domestic chic ken o.nd quail chicks. In domestic mammals 

the order is 3--: 2 l'ieek-old pies and preerunt so i'I S ) calves ) rattening pigs 

and mature cattle )> sheep. Sheep seem to be the rr.ost resistant farm animals 

examined. 

A s imilar r::..nge of susceptibility is shovrn by labora tory anirr:als. 

Guinea pigs and ferrets are very susceptible, rats and dogs less so, monkeys 

and h�mpsters some;'ihat less again and mi ce are quite resistant (Butler 1969). 

Trout (Halver 1 965) and z ebra fish larvae (Abedi and Scott 1969) have also 

been shol'rn to be affected by aflatoxins. Carcinogenic effects were reported 

for rr.o�;t of' the spe cie s examined, the org:;.n gener::tl1y affected being the liver. 

1eports of effects in other organisms o.re more sparse but mutagenic 

effe ct s have been reported in bG.cteria C\me s et al. 1 973) and fungi ( Ong 1 971 ) • 

LilJy ( 1 %5) re_r:orted chromosomal abberations in the roots of Vicia faba. 

Schoental 2.nd ''hitc ( 1 965) reported inhibition of chlorophyll production in 
w:;.tercress seedlings but Rit;s (-1 %9) was not able to substantiate this claim. 

Crison ( 1 973) reported that the grorith of deveJ.oping le ttuce seedlings was 

inhibited by aflatoxin B1 but could find no effect on germination or 

chlorop!:yll f,-;,1�.1:: tion. 
:Si'fects of afl:<toxin in cell cultm·�;s ho�ve been. cxarr:il1f�d and inhibition 

of a wide ranee of cell type::> lns been reported ( ·.--o.:.;.:.m ·i 969). Legator and 

'.'fithroN (1964) repoctf)cl reducb.Oi1 of thu mitotic rc,te in. human embryonic 

lung cells by afh toxin B1 . The i ncorpor·,, tion of thymidine and uridine was 

sho·.m to be L1hibi ted by afla todns B o.ml G ancl by sterigma to cyst in and 1 1 
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some of its analosues. (Enc;elbrecht and Uten��ir� 1 S'72). Portman and 

C.r.mpbell ( 1 970) reported inhibition of �t\ polyr.:er.:.se trar.scription by 

aflatoxin B1 and dcinonstratetl thett histone prote in must be present for the 

inhibition to be effective in vitro. ---
There are not many reports of the relative toxicity- of the different 

afhtoxins. Those of aflatoxins B1 , B2, G1 and G2 ;\·ere reported by 

Cart�ghan et al. (1963) and further reports on B ,  � , �2 and sterigmatocystin -- 1 1 
v1ere _made by Holtz-::tpfel et al. ( 1 9GG) and on B2a, G2a by Dutton and Heathcote 
(1969). All these r8ports llealt with toxicity to d1.:.d:lings. :2ngelbrecht 

and Altenkirk (1 972) compared the effects of a:'latodns B and G and a number 1 1 . 
of sterit;matocystin analogues on cell cultures. E:·.cillu.s me o-::cteriwn spores 

were u�>ed by Bucke1ew rt nl. ( 1 972 ) to co;�p3.re the to::d:::ity of aflatoxins B
1 

, 

B2, G
1 

and G2 and a v:ide variety of other compounds. ;:bedi a:1.d Scott (1 969) 

also examined a range of mycotoxins usir-t('; zebra fish b.rvae as the test 

organism. The results of these studies are given in 'l'?.ble 0.2. 

T<J.bJe 0.2 Relative todcit;z of aflatoxins in V2.!'i.;ug biolc=;ical systems. 
1 . . 2 c , 1 lt 3 z b f . l 4 

aflatoxin B
1 

aflatoxin B2 
aflatoxin B3 
aflatoxin G 

1 
aflatoxin G2 
aflatoxin .. !

1 
aflatoxin M2 

e .. flatoxin 
aflatoxin 
a flato xin 

aflatoxin 

Dncklincs B.m�.o:atP.ruun eJ.. C:.I ures e ra �s 1 ����� �-------
11 • 2 

34 

not stated 

1 5. 7 

69 

1 6.6 

62 

not stated 

non-toxic 

non-toxic 

not stated 

141+ 

49 

20 
4 

29 

11 6 

o.s 

1 . o  

0.8 

steriematocystin toxic but less 
than B1 

Notes: 1 • 
2. 

9 

L.D. 50 (�g/bird) 
2 

Area of inhibition zone caused by 2 �g ( mm ) 
Thymidine i:ncorporat::..on in arbibry units. 

l,... Lethal concentration 50 (�g/rn1) 

0.24 

control = 1lJ-5 
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Although the data are incoGJplete it can be seen from Table 0.2 that 

aflatoxin B is '1 the most toxic of the afln.toxins with U and G next, 
1 1 

followed by B2, G2 and M2• Sterigrr.atocystin, a probable precursor of the 

aflatoxins, is of tho same order of toxicity as aflatoxin B1• Aflatoxins 

B2 and G2 are reported as be ing non-toxic to ducklings and have not 
a a 

been examined in other system s . 

Methods of d ete ction of afln.toxins: 

Clearly the reports of aflatoxin toxicity in a >fide variety of 

organisms and its ability to be carcinoge1uc in a number of domestic 

and l a boratory animals mak e it imperative that foodstuffs likely to 

support the growth of the toxigenic mould should be examined for toxin. 

To this end a number of assays have been devised. These fall into two 

types: physicochemical and b iological . 

The earliest metho ds, soon adopted as off icial by the A ssociation of 

Official Analytical Che:nists, ·nere of the physicochemical type. They 

consist of extraction, purifica t ion and concent.:::-ation procedures followed 

by thin layer clrroma.tography. Since tte uflatoxi�s are all fluorescent 
they c1n be loc:-1.ted under J.ong wave u1tr:.l'-'l:i.ol.nt J'.r.:ht. The l.!lethod was 

r·:1pilUy iffil)rovcd oild the opt:ir:lWJI condiU.o<1S defL"led by a host of workers 

including Pons et al. ( 1 968), Engstrom ( 1 969), .Nesheim ( 1 969), 

Pohhnd et �· ( 1 970). The l i.mit of d·�tection clai:ned for this method 

is 0.01 �lg/spot (Van Duuren �al. 1968) though O.i to 0.2 f.l.e/spot is 

probably the pr�ctic�l limi t . 

The first biolo;sical assay was th<:.t d.eveloped by Asplin and Carnaghan 

( 1 96·1 ) using ducklings. This is still probably the most widely used and 

accepted methoi cf bioassay. The method has the advuntages of a degree of 

specificity when the livers e.re examined.. Bile duct proliferation is not an 

entirely specific response to afJatoxin dt-:;..mage but is strongly linked to 

hepatocarcinogenicity ( Legator 1 969). ThP. bioassay is capable of detectin g 

afle:toxin B.1 at levels of 2 l.lg/bird in five cb.ys. It is essentially 
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a qualitative method however as Legator (1969) considers it questionable 

that a dose-response curve can be constructed. 

Clements (1968) suggested a microbiological assay based on the 

inhibition of B. megaterium. The method is a simple disk inhibition 

assay of t he type used to screen antibiotics. It is more rapid and 

easier to perform than the duckling assay but lacks its specificity. The 

sensitivity claimed for it is 1 �g/disk. 

The three assays described above, TLC, ducklings and disk inhibition, 

are in widespread use. Other assays, particularly bioassays, have been 

described and some may be in routine use in a few laboratories. These 

will be examined in the next part of this introduction. 

Suggested bases for Bioassay systems: 

A SWlli�ry of suggested bases for bioassay systecs is given in __ 

Table 0.3. The list is ·not intended to be exhaustive but only to give an 

indication of the range of biological effects that rright be used. 

Table 0� Sum�EY of suggested bases for bioassay syste�s for aflatoxins 

mammals 

birds 

fish 

plants 

bacteria 

cell culture 

Organism 

Rat 

Rat 

Duckli.11g 

Duckling 

Chicken 

Chicken 

Trout 

Effect determined by 

L.D.50 

liver changes 

L.D.50 

liver changes 

distortion of embryo 

mortality of embryo 

liver changes 

Zebra fish larvae L.C.50 

Watercress 

Lettuce 

B._ megaterium 

E. coli, Staph. 

aureus 

E. coli 

chlorosis of seedlings 

inhibition of grorlh 

inh�bition, induction of lysogenic strains 

induction of lysogenic strains 

formation of filamentous forms 

inhibition 

mitotic inhibition 
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Rats are more commonly available than duc klings and might be used in 
their stead. The onset of liver dist urbances is slower  in  rat s  than in 
ducklings ( Legat or 1 969 ) and rats are about three  times  less sensitive to 
aflatoxin B1 than duc klings • 

.As the trout was one of the ccrr:me rcially produced animals affe cted by 
aflatoxin it has been considered as  a test animal ( Legator 1 969 ) .  It has 
the disadvantage however that it may take up to  a year before any effect of 
the toxin can be observed. 

A potentially more useful organism for assay purpose s is the chick 
embryo . Fertile eggs can be treated with aflatoxin and their  incubation 
c ont inued till hatching. The effect can be measured either by the 
mortality of the e mbryos or by an examinat ion of the embryos for various 
developmental disturbances at a set time after treatment . Jayaraman et !!• 
(1 968) reported 100% kill of the e mbryos in 24 .hours with only 0 .01 j..lg/egg. 
Verrett et a l .  (1 964) a s  revie wed by Legator (1 969 ),  produced a dose -response 
curve for aflatoxin B1 in the range 0.01 j..lg to 0 .1 j..lg/egg. The method is  
very sensitive and relatively easy to perform but is  not very specific . 
Jayaraman � �· ( 1968 ) showed that a number of different compounds could 
cause mortality in the chick embryo. 

Abedi and Scott ( 1 969 ) desc ribed an assay using zebra fish larvae. 
Because of the ir small size 20-30 individuals could be treated in only 2 m1 
of  solut ion .  The mortality of the larvae was recorded after 24 hour treat­
ment and a dose-re sponse relationship o ver the range 0 . 25 to  1 . 2  j..lg/ml 
aflatoxin B1 was c laimed.  The assay iself is not very specific but the 
a uthors reported that the appearance of the dead larvae was typical of the 
toxin under test .  

The observation of Schoental and V/hi te ( 1 965) that watercress seedlings 
were bleached of their chlorophyll by concentrations of aflatoxin lower than 
those causing inhibition of germination offered another possible basis for an 
assay . The effect appeared more spec ific than some of the other  phenomena 
but somewhat less sensitive. 

A number of authors reviewed by Legator ( 1969 ) had observed the 
formation of filaments by different bacteria in the presence of aflatoxin . 
This effect is  about as sensitive as  the disk inhibit ion assay though more 
difficult to quantify. 
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Legator (1966) reported induction by aflatoxin� of bacteriophage 
I 

lambda in lysogenic E. coli and of a bacteriophage in a lysogenic strain 
of Stauh. aureus . In both organisms he was able to produce a dose-

response curve in the range 0.06 to 0.5 �g/ml. This phenomenon is more 

specific than some of the others discussed and apparently very sensitive. 

It would appear to provide a sound basis for an as say system.  
Induction of a bacteriophage in B. megateriQ� was reported by 

Lillehoj and Ciegler (1970) though the concentration of aflatoxin nec e ssary 

for an effect was higher (540 �g/ml ) . They sugge sted induction might be 

used as a qualitative assay to supplement other methods . 

Finally there is the possibility of using cell cultures to assay for 
aflatoxin. Inhibition of rat fibroblasts by concentrations as low as 
0.02 j..lg/ml were reported by Daniel (1965). He was able to c onstruct a 

dose-re sponse curve over the range 0.02 to 0.25 j..lg/ml for aflatoxin B1 • 

Inhibition of cells is  not a very spe cific effect but the sensitivity of 
the method is very great . Legator (1966) pre sented a do se-response curve 

over the range 0.� to 1 .0 �g/ml using inhibition of mitosis in human 
embryonic lung cells as a criterion . 

certainly very sensitive. 

The need for a bioassay method: 

This might be more specific and is 

Physicochemical methods  of assay are rapid, s ensitive and precise. 
Few of the biological phenomena discussed would provide as s ensitive an 
assay and none as rapid or precise . Why then concern oneself with a 
biological as say? The chemical assays may not always accurately reflect 

the biological activity of the sample under te st . This is  e specially so  

when small difference s  in the structure of the compound can make large 
difference s  in its biological activity . Eleven aflatoxins have been 

de scribed with toxicities ranging from extreme ca:-c inogenicity to no 
dete ctable activity at all . These different compounds are rarely likely 
to occur alone and it is  difficult, if not i3possible, to predict the 

biological activity of a mixture even when its components are knmm. It 

is ther,efore de sirable to have a bioas say method available, not to replace 

but to complement the chemical method . 
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The ideal bioassay would be rapid,  easy to perform , specific to the 

compound or group of compounds under test , preferably reflecting the 

toxicity of the compounds in mammals , sensitive and reproducible . The 

ideal bioa ssay probably does not exist but each aspect may be susceptible 

of some improvement . 

Selection of  biological effects of aflatoxin for further study: 

The two bioassays in general use have disadvantages . The duckling 

assay is fairly spe cific but it is difficult to quantify, time-consuming, 

far le ss sensitive than the chemical methods and require s specialised 

conditions and sldlls . The B .  megaterium disk inhibition a ssay is much 

simpler to perform and more rapid than the duckling assay. It is also 

more sensitive , though le ss so than chemical methods , but it suffers from 

a lack o f  specificity . In an attempt to provide a bioas say closer to the 

ideal tl1.an those mentioned , three phenomena were chosen for further study .  

The induct ion of  bacteriophage was chosen as  being sens itive , hopefully 

more spec ific than inhibition and likely to  be easily handled in many 

laboratorie s .  The blea ching of  chlorophyll in cre ss seedlings suggested 

the possibility of an assay using a les s  complex green plant, perhaps one 

of the unicellular algae , which might be reasonably specifi c ,  readily 

quantified and easily handled .  The third phenomenon was inhibition and it 
was hoped to combine this with TLC to improve the sensitivity and 

specificity . 

All these assays ,  if developed , could readily be performed in most 

microbiological laboratorie s .  Brief descriptions of  chlorosis and induction 

are given below in the next part of the Introduction . 

Chlorosis :  

The mechanism of the ' bleaching ' of cre ss seedlings by aflatoxin was 

not discussed or explored further by its discoverers . The effect o f  
streptomycin i n  ' bleaching ' �glena i s  discus sed fully by Liang Tong � �· 

(1 965 ) though they came to no firm conclusion . Their work made it clear 

that the Euglena cells themselve s were not greatly affected by streptomycin 

except in so far as  they lost their chloroplasts . Liang Tong � �· (1 965 ) 
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suggested that , rather than select ing a mutant , the streptomycin was 

acting directly on the chloropla st . Stanier � �· ( 1 971 )  de scribe the 

' bleaching ' action of streptomycin as being due t o  a selective effect on 

70S ribosome s .  These ribosomes occur only in procaryotes and in the 

mitoqhondria and chloropla sts o f  eucaryote s .  In their scheme the protein 

synthe sis of the organelle i s  blo cked so  that the cells reproduce without 

a corresponding increase in the number cf chloroplasts . The existing 

chloroplasts degenerate in time and eventually none are left in any of the 

cells in the culture . · One could surmise that so�e similar mode of action 

might be re sponsible for the chloro sis due to aflatoxin . 

Induction : 

The DI'.rA-viruses of bacteria may be divided into two ma in classes ,  

v irulent and temperate bacte riophages . A bacterial cell infected by a 

virulent bacteriophage is  committed to multiplication of the virus within 

the cell . Eventually the cell lyse s  and release s a large number of 

progeny phage s .  This is the so-called lytic re sponse . Infection by a 

temperate phage may lead to one of  two responses , (a ) a lytic response 

comparable vrith that of a virulent phage , or (b ) a reductive re sponse . 

This lat ter re sponse is generally a rarer event occurring in perhaps 0 .1 to  

o.� per cent of the infected cell s . In this case the viral DNA fails to 

replicate on entering the cell and become s e stablished as a latent phage or 

prophage . This state is referred to as lysogeny and bacteria carrying 

prophage are said to  be  lysogenic .  In  mnny systeills the viral genome is 

inserted as  a prophage into the chromosome of the host cell . Lysogenic 

cells c ontinue to multiply, the prophage being replicated with the bacterial 

chromosome , giving rise to a clone of cells all carrying the virus as a pro­

phage . 

The lysogenic state is a fairly st able one but , in the course of 

growth ,  occasional prophage are converted from the latent state to one of  

active replication by exc ision from t h e  ho s t  chro�o s ome . Phage multiplica­
tion ensue s followed by lysis of the cell and release of progeny phages .  

This change of state from a latent prophage to active phage multiplication 

is known as induction . Spontaneous induc tion occurs fairly infrequently, 
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one cell in a hundred or fe,aer , but various treatments may increase the 

frequency. In some lysogeni c  stra in s  of bacteria the frequency of 

induction can be increased by a variety of treatments. This is a property 

of the bacteriophage with which t hey are lysogenised. Such bacteriophage 

are said to be inducible. The fre quency of induct ion may be increased by 

treatment with ion ising radiations or with various chemical compounds 

including nitrogen mustard , mitomycin C ,  organic peroxides and fluoro­

deoxyuridine. 1fany of these treatments may also be mutagenic or carcino-

genic . There is , therefore , reason to believe that inducing substances 

may also be both mutagenic and carcinogenic. Aflatoxins have been reported 

to induce and to be carcinogenic and mutagenic (Legator 1 966 , Lillehoj and 

C iegler � 970, Ames � �· 1 973 ) .  E .  coli ,  Staph . aureus , S. typhimurium 

and B .  megaterium may all carry inducible prophages and might be used to 

demonstrate the inducing propert ies of aflatoxins. 

Su:runary: 
Aflatoxin is a substance produced by the common fungus Aspergillus 

flavus and t hought to be carcinogenic. It is highly desirable to be able 

to monitor the production and storage of suscept ible foodstuffs to ensure 

t he absence of the toxin from them. To do this it is necessary to have 

analytical metho ds available to detect and quant ify the toxin both chemically 

a nd biologically. Thi s work describes an attempt to develop further --
m icrobiolog ical a ssays for aflatoxin . The first sect ion deals with an 

examinat ion of several re ported effects of aflatoxin on micro-organisms 

which might form t he ba s i s  of a bioa s say. Inhibit ion of growth and 

indu ct ion of lysoge ni c  B .  meGatc rium were chosen for further study. 

Sect ion II  describes the deve lopment of an assay bas ed on inhibition , 

S e ct ions III and IV describe development of an induct ion assay system and 

S e ct ion V deals with the app lication of the two systems. 
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l�ii.TERIALS MID W�:THODS 

1 • CULTURES 

Euglena gracilis strain Z was obtained fron Professor E .F . Carell, 

Univers ity o f  Pittsburgh , Pens . 1 521 3 ,  U . S .A .  

Chlorella pyrenoidosa was obtained from the Forestry Research 

Institute , Rotorua , New Zealand . 

Salu:oneJ.la typhimurium lysogenised with phage P22 and the wild type 

Sakonella typhin:urium were obtained from the Culture Collection ,  

Department of  Microbiology and Genetics ,  l.:a ssey University, 

Palmerston North,  New Zealand . 

Escherichia coli strains P4,}..6 and Yi1485 v.-ere obtained from 

Dr V .W . 1�ayer, Genetic Toxicity Branch , Divi sion of Toxicology, 

Food and Drug Administration , Washington D . C . , U .S  .A . 
Stap�ylococcus aureus strains carrying various phages were obtained 

from Mrs A. Jarvis , Dairy Research Institute ,  Pa.lmerston North , 

New Zealand . 

Bac illus megateriun strains 1 368 , 3694 and 3695 were obtained from 

Dr W . C .  Haynes ,  United States Departn:ent of Agriculture , Peoria , 

Illinoi s ,  U .S  .A . 

Strain 1 368 i s  the strain used by Clement s (1 968 ) 

Strain 3694 is  an asporogenous strain isolated by Krueger .  This 

strain was called by him Io.! and is phage sensitive . 

Strain 3695 is  a sparing lysogenic strain isolated by den Dooren 

de Jong ( 1 931 ) and called by him 899a . 

Strains 3694 and 3695 v1ere deposited in the Aoerican collection by 

J .T . Wachsman in 1 969 . 

�pergillus flavus . Several strains of  A .  fla\�s were examined for 

aflatoxin production . Some had been isolated during a survey made 

for the Dairy Division of the Department of Agriculture in 1 970. 

Others were obtained from the National Health Institute , \','ellington , 

NeVI Zealand and had been isolated by Dr Richardson . Reference 

culture s of A spe rgillus . ::tra. s iticus (L�91 01 9b and l\'RRL 2999 ) were 

also obtained from the Commonvieal th 1.! :ycological Institute , Kew , 

Surrey , England and from the Agricultural Research Service Culture 

Collect ion , Northern Regional Research Laboratory, Unites  States 

Department of  Agriculture , Peoria , I llinoi s ,  U . s  .A . 
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Penicillium c itrinum strain IMI2L�306 was also obtained from the 

Commonwealth Mycological Institute . 

2 .  TOXINS 

Aflatoxin s B1 , · B2 , G1 and G2 and O chratoxin A were obtained from 
Maker Chemicals Ltd . , Box 6570, Jerusalem , Israel .  

Sterigmatocyotin was obtained from Prof . R .  Hedge s , Dept . Chemistry ,  
Biochemistry and Biophysics , Massey University . 

Radicinin was obtained from Dr M .  Chick, Dept . Chemistry, Biochemistry 
and Biophysics ,  1hssey Univeroity . 

Dothistromin and its analogue were obtained from Mr J.  Shaw , 
Dept . Chemistry ,  Biochemistry and Biophysics , Massey University. 

Citrinin was extracted from a culture of P. citrinum strain IMI24306 . 
The mould was grown in 25 ml malt extract , 0 .5%,  yeast extract 0.25%, 
glucose 5/b broth for e ight days at 25°C .  The broth was extracted 
twice by shaking in a separat ing funnel with 50 ml of chloroform . 
The chloroform extracts were pooled and washed by shaking with 20 ml 
distilled water . The chloroform layer was then filtered through 
activated sodium sulphate to dry it and the chloroform distilled off . 

The re sidue was redissolved in 5 ml c hloroform and the concentration 
of citrinin found by measuring the abso1�tion peak at 331 nm in a 
spectrophotometer . 

The C itrinin, and the Dothistromin analogue samples were kindly 
checked for purity using mas s  spectroscopy by Prof . R. Hedges ,  
Department of ChemistrtJ , Bioc hemistry and Biophys ics , Mas sey University . 

3 . Tl1'TN LA.YER CHR0 1LATOGRAPHY (TLC ) 
a ) Method:  TLC of  mycotoxins and extracts of mould culture s was 

performed on 1 /4" plate gla ss  plates 5 x 20 cm, 1 0 x 20 cm or 
20 x 20 cm. 

layers of Merk S ilica gel G 250 micrometers thick were made using 
a Quickfit plate spreading system . 

Before use , the plate s were act ivated at 1 00°C for two hours and 
allowed to cool in a closed container over activated silica gel . 
Solutions of toxins or extracts in chloroform were app lied to the 



1 6 .  

plates with a microlitre syringe . The plates  were developed in an 

unlined unequilibrated tank. 

b )  TLC Solvent s :  The following solvent systems were used -

i Chloroform 97  Methanol 3 
ii  

iii  

Chloroform 90 Acetone 1 0 

Benzene 46 : Ethanol 35 : Water 1 9 . The mixture was shaken 

in a separating funnel and let stand overnight at room temperature to 

separate into two phases .  50 ml of the lower layer were placed in the 

bottom of the developing tank and 50 ml of the upper layer in a trough . 

The TLC plate was placed in the trough for development . 

4 .  FLUORODEI'7SITOM1'TRY 

a )  Instrument s :  Densitometric measurements were made with a Photovolt 

densitometer consisting of a Photovolt light unit model 52C with a 

plate-scanning a ttacrunent , a Multiplier-Photometer model 520A ,  an 

Integrater model 49 and a Varicord recorder model 42B. 

b)  Method : The equipment was assembled according to the manufacturer ' s 

instructions with an ultra-violet light source and the appropriate 

filter.  A filter was placed on the detector head allowing transmission 

in the 465 nm region . The Photomultiplier was used on sensitivity 3 

and the recorder on response setting 1 • The plate to be examined 

was placed on the plate-scanning stage with the silica gel layer on 

the underside . The entire light unit was covered with a velvet cloth 

in order to exclude stray light . A standard aflatoxin B1 spot was 

found and the recorder adjusted to give 8q% full scale deflection for 

the largest standard spot . The plate was then moved to a region 

unoccupied by any spots and the rec order adjusted to  give a base line 

at 5% of full scale deflection . At the same time the integrator 

was adjusted to give le ss  than one count in twenty seconds . Areas 

containing standard and unknown spots were scanned and the recordings 

marked to identify the peaks obtained from each sample . The amounts 

of aflatoxin in the unkno�n spots were calculated by comparing the 

areas under the peaks of unknown samples with the areas under the 

peaks of standards . 
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Aflatoxins are only very slightly soluble in  water. Extracts and 

pure standards were dissolved in chloroform for chromatographic work 

and some method had to be devised to add the toxins to media for 

induction studies .  Five methods were tried; thyse are enumerated 

below . All methods were evaluated by TLC followed by an inhibition 

assay to compare the amount taken into solution with the amount added.  

a ) Small amounts of concentrated chloroform solutions were added to 

broth and the mixture shaken well . The chloroform was then 

evaporated by passing air or nitrogen through the broth. This method 

gave variable re sults and often deposited much of the material on 

the glass . 

b ) Concentrated chloroform solutions of aflatoxins were placed in the 

bottom of a tube and the chloroform evaporated off by a stream of 

nitrogen . Broth was added to the tube  and sonicated to  disperse 

the aflatoxin . Again the results were variable and often only 

20-50% of the aflatoxin could be found in the broth . 

c ) A modification of the method described in b ) in which the toxin was 

sonicated in 0 . 05% Tween 80 instead of broth . This method recovered 

60-80}� of the toxin . 

d)  Concentrated solutions of aflatoxin were evaporated and redissolved 

in ethanol . This solution was then added to the medium . This 

method was generally fairly successful but could not achieve 

concentrations of toxin higher than about 1 50 J..Lg/ml . 

e ) Concentrated chloroform solutions were evaporated and redissolved in 

acetone . The acetone solutions were then added to the medium to give 

the final concentrations desired .  This method was preferred to  that 

involving ethanol ,  partly because the maximum concentrations obtained 

were somewhat higher,  ( 200 J..Lg/ml ) but mainly because ethanol has been 

shown to react with aflatoxins under acid conditions to give 

relatively non-toxic compounds (Dutton and Heathcote 1 969 ) .  
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B?.CIUX"S liEGATZRILP. . .  STiti\IN K1.' CKM/Sr) 
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STRAHT OF 

B. megaterium strain KM was grown in a shaking water bath at 32°C to 

mid-exponential phase (Klett 2 00 )  in 1 0 ml minimal salts medium supplemented 

with 0.1 �g/ml nicotinic acid, 0 . 25% glucose and 0.1% tryptone . The 

pulture was centrifuged at 3000 x g for 1 5 minute s at room temperature and 

the cells re suspended in 2 ml diluent peptone . This ccncentrated suspension 

was exposed to short w�ve ultra-violet light ( l.�ineralite lamp ) for 30 

seconds at 20  cm and then added to  1 00 ml tryptone yeast extract .  glucose 

(TYG )  medium supplemented with 1 0 p.g streptomycin/ml . Thi s . sub-. 

culture was incubated at 32°C for fiv� days and the n  streaked on to a 

plate of TYG agar containing 1 0 �g streptomycin/ml . An isolated colony 

was restreaked on t o  the same medium and an i solated colony from this plate 

was selected for propagation as the streptomycin-resistant strain. 

7 . MEDIA Ai�D REAGENTS 
. Lennox A,gar 

Tryptone 

Yeast extract 

Sodium chloride 

Agar 

1 0  g ' 
5 g 
5 g 

1 2  g 

Distilled water 1 000 ml 

Adjust to pH 7. 0  before autoclaving at 1 5  lbs/in2 for 1 5  minutes . 

After autoclaving add 2 ml 5Q7� sterile glucose solut ion . 

Soft Agar 

Beef extract 3 g 

Peptone 5 g 

Sodium chloride 5 g 

Agar 5 g 

Distilled water 1 000 ml 

Dissolve by boiling and distribute 3.5  ml amounts in bijou bottles .  

Sterilise by autoclaving at 1 5  lb/in2 for 1 5  minutes . 

Minimal Salts Ba se ( MSM ) 

di Pota ssium hydrogen phosphate 

Potassium dihydrogen phosphate 

Ammonium sulphate 

Sodium citrate ( trihydrate ) 

Magne sium sulphate (heptahydrate )  

Dist illed water 

7 .0 g 

3 . 0  g 

1 . o  g 

0 . 5  g 

0 .1 g 

1 000 ml 
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Dissolve at room temperature and sterilise by autoclaving at 1 5  lb/in
2 

for ·1 5 minutes . Add sterile glucose , 1 g/1 ,  before use . 

Peutone Acetate Agar (PAA ) 
. Peptone 

Sodium acetate 

Agar 

Distilled water 

2. 0  g 

0.1 g 

8 . 0  g 

1 000 ml 

Dissolve by boiling and sterilise by autoclaving at 1 5  lb/in
2 for 

1 5  minut e s .  

Euglena Agar (EA) 
This is  PAA with an  addit ion of 2 .5 g/1 glucose . 

Eul',lena Cultur·e Medium (ECM ) 
Peptone 

Yeast extract 

Glucose 

5 g 

2 g 

1 g 

Distilled wnter 1 000 ml 

Dissolve and sterilise by autoclaving at 1 5  lb/in
2 for 1 5  minutes .  

Maintenance Medium (MM) 
Sodium acetate 

Magne sium chloride (hexa.hydrate ) 
diSodium hydrogen phosphate ( 12.H2o)  
Sodium dihydrogen pho sphate ( 2H2o )  
Distilled water  

Dissolve and sterilise by filtration . 

B2. sal },ledium (BM )  
diPotass ium hydrogen pho sphate 

Potassium di-hydrogen phosphate 

Ammonium sulphate 

1 o . o  g 

1 .02 g 

1 .32 g 

0 . 98 g 

1 000 ml 

7 . o  g 

3 . 0  g 

1 . o  g 

0.1 g Magne sium sulphate (heptahydrate ) 
Dis solve and sterilise by autoclaving at  1 5  lb/in

2 
for 1 5  minute s . 



B .  �,:ego.t e riurr. Gro·,.:th J,!ed-i wn ( Bi.!M ) 

Basal  lV:edium 7 . 5  ml 
5� tryptone solut ion 
2 .s;:� yeast extract solut ion 
5% glucose solution 

1 .0 ml 
1 .0 ml 
0 . 5  ml 

Aseptically add the sterile solutions to the ba sal medium 
before use . 

S emi-de fine d l:e d ium ( SDM ) 
Basal J,ledium 
5% tryptone solut ion 
5q% Glucose solut ion 

9 . 2 ml 
0 . 2  ml 
0.5  ml 

50 �g/ml nicot inic acid solution0 .1 ml 
Aseptically add the sterile solutions before use . 

Tr,'Q2tone Yeast A�a r (TYA ) 
Tryptone .) . 0 g 

Yeast extract 2 . 5  g 

Agar 1 2 . o  g 
Distilled water 1 1 

Add ingredients to  water and let stand 1 5  minutes . Boil to 
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d i s solve the agar , distribute into c ont ainers and st e rilise by 
autoclaving at 1 5  lb/in2 for 1 5  minut e s .  

Tryptone Yea � t  S o ft :,ga r ( ST YA. ) 

Tryptone 5 . 0  g 
Yea8t  extract 2 . 5 g 
Agar 5 . 0 g 

Distilled water 1 1 

Add the ingredient s to  water and let sto. nd 1 5  minute s .  Bo il to  
dis s olve and distribute 3 . 5 ml amount s in bijou bottle s .  Sterilise 
by autocla.ving at 1 5 lb/in2 for 1 5  minute s . 



Dilut ion Medium 

Pept one 1 g 

Dist illed wat er 1 1 

Dis solve peptone and distribute in appropriate amount s 

21 • 

( 9 . 9 ,  9 .0 or 4 . 5  ml ) in screw-capped bottles . Sterilise by 

aut o c laving at 1 5 lb/in
2 

for 1 5 minute s . 

Triphenyl Tetrazolium Chlorid e S olut ion (TI'C) 

Triphenyl tetrazolium chloride 

Sodium chl oride 

Pot a s s ium chloride 

D i st i lled water 

Diss olve and store in a dark bottle . 

0 . 3  g 

0 .8  g 

0.04 g 

1 00 ml 



S3CTION I 

THE SXAMINATION OF A NUMBER OF BIOLOGI CAL SYSTEMS 

AS POSSIBLE BASES FOR A BIOASSAY 
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H·ITRODUCTION 

Of the possible biological effects of aflatoxin that might be used 

for an assay system , two were selected for further study. The first was 

t he observation of Schoental and White ( 1 965 ) that treatment of germinat ing 

cress  seeds with low levels of aflatoxin produced seedlings deficient in 

chlorophyll . The second was the induction by aflatoxin of lysogenic 

cultures of bacteria reported by Legator (1 966 ) for 3 .  coli and Staph . 

aureus and by Lillehoj and Ciegler (1 970 ) for B. megaterium . 

The reported inhibition of chlorophyll by aflatoxin was studied t o  

see whether a similar effect could b e  reproduced in a r:: icrobiological system . 

This might lead to the development of a system which was more rapid and more 

easily controlled than the use of vascular plants .  Euglena gracilis strain 

Z was chosen a s  the te st or'ganism and the work is  described below . 

The inducing property of aflatoxin was studied in some detail in 

Sa�monella typhimurium lysogenised with phage P22 and in Bacillus megaterium 

strain 899a . Lysogenic strains of Escherichia coli and Staphylococcus 

aureus were also examined . The work on Bacillus we,s:aterium forms the major 

part of the the sis and is only mentioned briefly in this section . 

a .  Effect o f  aflatoxin on greening of Eug!£�� gracilis . 

The ' Z '  strain of E .  gracilis has the property of being able to grow 

actively in the absence of light if it is maintained in a suitable medium . 

Under these conditions it does  not form chloroplasts , only proplast ids . 

These proplastids can be organised into fully functional chloroplasts under 

the influence of light (WoLlcen a nd Palade 1 953 ) . If Euglena cells are 

irradiated with ultra-violet  light or are treated with s t;reptomycin they 

may become permanently ' bleached ' , i . e .  they lose their ability to form 

chloroplasts . The resulting bleached cells continue to grow in suitable 

media however .  (Liang Tong et al . 1 965 ) 

The reported 1 bleachli1g 1 of cress  se edl ings by aflatoxin might be 

analogous to the bleaching effect seen in Eu&lena t reated by streptomycin , 

especially since streptomycin had also been shown in the same study, to cause 

partial bleaching of the cress plants . 
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Experimental . 

A clone of  Euglena gracili s strain Z was obtained as  described below . 

Cells were i'lashed from an agar slope with diluent peptone water .  .The 

suspension was serialiy diluted in diluent peptone and 0 .2  ml o f  1 o-3 and 

1 0-4 dilutions placed on the surface of Euglena agar (EA ) plates .  The 

0 . 2  ml was spread evenly until the surface of the plates appeared dry; the 

plates were then incubated at 25°C under a fluores cent lamp for six days .  

By this time smal� round, dark green colonie s had formed on t he plates ;  a 

number of  colonies were picked from the plate s  on t o  EA slopes and the 

slopes were incubated at 25°C under a fluorescent light . 

A single clone was used in subsequent investigations . This clone 
was sub-cultured in Euglena culture medium (ECM )  and incubated in the dark 

at 25°C for five days .  At this time no green colour could be seen in the 
culture and no chloroplasts were visible when the cells were examined 

microscopically . The culture was centrifuged at 1 000 g for 1 5  minute s  

and re suspended in maintenance medium (l.!M) . This suspension was exposed 

to light at 25°C and examined for chlorophyll content and cell numbers at 

time O, 2 . 5 ,  1 9  and 24 hours . Chlorophyll was e stimated by the method 

of Arnon ( 1 949 ) . Two millilitre samples were centrifuged at 1 000 g for 

1 5  minute s ,  re suspended in 4 ml 8G& acetone and let stand 1 5-20 minut e s .  

A t  the end o f  this time the sample was again centrifuged a t  1 000 g and the 
absorbance of the supernatant at 652 nm mea sured in a Beckman spectre-

photometer . The absorbance figure was converted to  concentration of  

chlorophyll by the formula 

Chlorophyll g/1 = Absorbance at 652 x 1 000 

This is the total concentration of chlorophylls a + b .  

Cell c ounts were made us ing a haemocytometer .  The cells were fixed 
by adding one drop of 40/o formaldehyde t o  1 ml and shaking to ensure even 

distribution of organisms before counting . 
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Table 1 .1 Formation of chlorophyll in E. gracilis 

Cell numbers (X1 0-4/ml) Chlorophyll 
2 71 59 
31 8 1 74 
233 4300 
372 4600 

u c-/1 1 q, Chlorophyll �g/c e ll X1 G7 
0 , 21 
0 . 54 

1 8 . 5  
1 2  · 5  

This confirmed the a b ility o f  this stra in t o  produce chlorophyll in the 
light . 

A dar.k grown culture was centrifuged at 1 COO g for 1 5  minute s and 
resuspended in MM at twice t he cell concentra t io� . The suspens ion wa s 
divide d int o e ieht 5 ml aliquots and s ufficient o f  a 1 000 �g/ml solut ion 
of strep t omycin 
and 80 �g/ml in 
light at 25 °C . 

sulphate added to give final concentrat ions of 0 ,  20, 40 
duplica te . The aliquot s were mi.xed we ll a nd exposed t o  

Sample s were taken at 0 ,  24 ani 48 hours ani examined for 
cell count , v iable c ount a nd chlorophyll . Viable count s were made by 
plat ing on EA and incubat ing the plate s at 2 5 ° C  for five days in the light . 
D ifferent ial count s were made , where appropriate , o f  white a nd green 
colonie s . 't/hite colonie s are derived from those c e ll s  in which chlorophyll 
product ion has been permanently affected by the stre p to�ycin treatment . 

Table 1 . 2  Effect o f  strept omycin on � .  �ra c ilis after 48 hours 

Streptomyc in �g/ml 

0 
20 
4-0 
80 

initial value s 

Cell count 
(x1 o-4) 

1 52 
205 
1 88 
1 52 

94 

N . D .  = not det ermined . 

Viable count 
(x1 o-4) 

1 1 8 
1 45 
21 9  
208 
N . D . 

' Bleac::,.ed. ' 
Colon ies % 

0 
85 
99 
99 . 9  
N . D . 

Chlorophyll/ce l l  
(l}g X1 o7) 

40 .4 
1 9 .2 

2 0 . 0  
1 8 . 5  

1 . 2  

There was an increa se in chlorophyll in all aliquots but the 
streptomycin had obviously had an e ffe c t  as can be seen from the number of 
bleached colonie s .  The re sul t s  s e em t o  b e  consi s t ent with the gre ening of 
exist ing propla st ids but no further formation of new propla st ids . Thi s 
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confirmed the ability o f  streptomycin t o  produce permanently ' bleached ' 

culture s o f  E .  gracilis . 

Since aflatoxin is  not very soluble in water , ethanol was cho sen as 

a vehicle for the addit ion of the toxin . This would m ean that the. 

culture media might c ontain amount s of e thanol up to  5% .
so the effe ct of 

ethanol on E. gracilis wa s examined . 

Dark grown cells were washed and sub-culture d in Euglena culture 

medium (EC!.i ) c ontaining 0 ,  1 and 2% ethano l .  The sub-cultures were incubated 

in the light , sampled at 24 and 48 hours and examine d for c ell count and 

chlorophyll . 

Ethanol 
cone . % 

0 

1 
2 

!§b le 1 ·2 Effe ct of ethanol on E .  grac ilis 

24 hours 

Cells X1 o-4 ChloroEhrll 

f.lg/cell X1 07 

29 26 
20 20 
25 1 2 

48 hours 

Cells X1 o-4 

44 

59 

62 

Chlorophyll 

f.lg/cell X1 o7 

1 26 
62 
41 

Culture s grown in the pre sence of ethanol had clearly grown better 

than the control culture though the amount of chlorophyll pre sent in the 

ethanol grown cell s  wa s less . Hutner e t  al . (1 966) have shown that ethanol 

can be used without prior adaptation by E .  �racilis . It appears from these 

re sult s that when ethanol i s  pre sent it will be used,  to some extent , at 

the exp e nse of photo synthe sis . Since chlorophyll product ion was not 

completely suppre s s G d ,  however, it wa s possible to  pro c e ed .  

Dark grovm cells we re wa shed and sub-cultured in EC.M containing 4% 
ethanol and 0 ,  1 , 2 and 4 !lg/ml aflatoxin B

1 
• The culture s were incubated 

in t he light and sampled at 0, 24 and 48 hours . 
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Table 1 .4 Effect of  aflatoxin B1 on E .  gracilis 

0 hours 24. hours 48 hours 
Aflatoxin B 

t=g/ml 
Count X1 0-4 C ount X1 0-4 Chlorophyll 

����-- ���·�� . 7 tt/3/ cell X1 0 
Count X1 0-4 Chlorophyll 

(.lg/cell X1 o
7 

0 8 .5 25 25 59 88 
1 9 -3 20 32 60 85 
2 8 .3  1 9  30 51 61 
4 6 . 6  21 1 9 65 71 

No ' bleached' colonie s were found in any of the cultures .  There may 
have been a slight drop in chlorophyll levels at the higher concentrations 
of aflatoxin but any effect of the toxin was slight and transient . No 
effect on growth was shown . 

Further experiments using 1 0  and 50 t=g/ml aflatoxin failed to show 
any effect on chlorophyll production or to produce any bleached colonies .  

Finally Euglena was grown in E�I c onta ining 1 0 t=g/ml a flatoxin B1 and 
�� acetone for ten days at 25°C under artificial light . No differences 
could be found between the control and aflatoxin-containing cultures . 

Euglena eracili� was grown in the presence o f  varying amounts of 
aflatoxin in a respirooeter both in the light and in the dark to  see whether  
any effects o n  re s p irat ion or pho t o synthe s is could be  shown . There were no 
differences between the controls and aflatoxin up to level:: of 4 (.lg/ml . 
b .  Effect of aflu toxin on induction of  Sol:r.onella t,YP.hireurium 

carrying bac�eri oEhage P22 

S ince the chloropla:=�t bleaching phenoDenon could not be reproduced in 
Euglena , attention was redirected to  the ph2.ge induction phenomenon . Legator 
( 1 966 ) had implied that a ll inducible lysoge ni c bacteria could be  induced 
by aflatoxin . It wa s decided to investigate the effects of  the toxin on 
Salmonella typhicurit�1 lysogenised with plw.ge P22 s ince this was available 
in the department , wa s easily handled and gave easily readable plaques . 
Two kinds of P22 phage were ava ila b le , one v;as the normal temperate phage 
giving centred plaques while the other wa s a clear plaque mutant . 
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Lysogenic cultures o f  both phage type s in S .  t"v-::h:..::urill.W were isolated by 

growing culture s of the o rganism in MSM to late log phage , ino culat ing them 

with large numbers of phege and c ont inuing incubat ion for a further few hours . 

The cultures were then plate d  and colcnie s p i cked off on to slope s  of 

Lennox agar . Lysogenic c lone s were sele ct ed on the ba s i s  o f  the ir ability 

to produce phage ; the c lone s  were des ignated St� (P22T ) and S tm (P22V) for 

the temp erat e and clear plaque phage , re spe ctive ly . 
For convenience in e st ima ting the numbers of cells used in various 

inv e st igat ions the v iable count s  in a logaritr�ic phase culture were 

corre lated with optical dens ity mea surement s . A culture o f  S .  typhirnurium 
wa s grown fron 90 X1 o6 to 480 X1 o6 ce lls/ml in �S:t: at 37

° C in a shaking 

wat e r  bath . Viable count s and optical dens ity n:ee. surement s were made at 

intervals . Opt ical dens ity ( OD ) wa s  mea sured in a Klett-Sum.merson colori­

meter u s ing the blue filter.  

Table 1 .5 O_pt ical Den :.J i  ty and Viable Count i n  S .  typhimurium 

Time �minute s2 OD �Klett un:Lt s 2 Vi able Count 

0 1 7  N.D . 
20 22 104. 
4-0 3 2  1 55 

90 4-3 223 
11 0 52 280 
1 50 62 333 

1 75 76 4-1 0 
1 95 82 4-82 

See also Figures 1 .1 and 1 . 2 .  

The c orreln tion between OD and viable co�Dt wa s fa irly good; 

1 0  Klett units repre sented app roximat ely 5 . 5  X1 o7 cells . 

X1 o-6L:ml 

Be fore examining the effect of aflatoxin on the culture s  it wa s 

ne c e s sary to e ste.blL .. h that the cells were inducible . 
by ultra-violet light wa s t e st e d . 

The ir induc ibility 
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Cultures  of both lysogenic strains were grmm to mid-logarithmic 

phase , centrifuged at 3000 g for 1 0  minutes and washed twice in quarter­

strength Ringer ' s solution . The cells were resuspended in quarter­

strength Rine;er ' s solution and diluted to give about 1 o7 cells/millilitre . 

Two ml aliquots of these suspensions were exposed to short wave ultra­
violet light (Mineralite ) for 0,  30,  60 and 90 seconds . Samples were 

plated for infectious centres ( I C )  and viable count . Viable counts were 
made by plating 1 ml of an appropriate dilution of the sample in NA . IC 

counts were made by adding 0 .1 ml of an appropriate dilution of the sample 
to 3 .5 ml molten soft agar in a bijou bottle and adding about 0 . 2 ml of a 

well-grown culture of sensitive organisms . The bijou bottle was inverted 

three or four times to mix its contents  and the agar then poured on to the 

surface of a plate of Lennox agar . Both viable and IC count plates  were 
allowed to set and incubated inverted overnight at 37°C . 

Table 1 • 6 Effect o f  ultra-vi olet light on J.ysogenised S .  typh:i..murium 

Viable CountL:ml IC CountL:ml 

Time �seconds2 Stm {P22T) Stm (P22V') Stre�P22T) Stm (P22V ) 

0 1 o7 1 o7 . 5 X1 o6 7 X1 cP 
30 4- x1 o4- 3 X1 cY 1 o6 3 X1 o5 
60 < 1 o3 (1 03 < 1 o3 <1 o3 
90 < 1 o3 (1 o3 (1  o3 1 3  X1 o6 

This experiment showed. that the selected clones were lysogenic but 
was inconclusive as to the ability o f  ultra-violet light to induce phage 
production . 

The experiment was repeated us ing �h:ill.urium carrying P22 temperate 
(Stm P22T ) and exposing the cells for 0,  1 0, 20 and 30 seconds . Viable 
and IC counts were made at each time interval . 



Table 1 .7 Effe ct of ultra -violet l ight on St� (P22T) 

3 2 .  

T ime (seconds) 

0 

1 0 

20 

30 

-6 
Viable Count X1 0 /L<l 

690 
IC  Count X1 0-6/ml 

49 
51 0 62 
400 72 
390 1 01  

The same experiment was repeated us ing S .  tynhi=urium carrying 

P22 ' virulent ' ( Stm(P2�V ) ) .  

Table 1 . 8  Effe ct of ultra-violet lipht on Stm (P22V) 

Time (.se conds} -6; Viable Count X1 0 ml IC Count X1 0-6/ml 
0 

1 0 

20 

30 

550 
411-0 

200 

1 70 

8 
44 
71 

94 

Both lysogenic bacteria were inducible by ultra-violet light and 

Stm ( P22V)  seemed somewhat more sensitive with re spect t o  both kill and 

induction . 

To c onfirm the inducibility of the lysogenic culture s t he effect of 

a radiomime t i c  compound , mit omyc in C ,  wa s tried on S tm (P22T ) .  Otsuj i et  
al.  (1 959 ) report ed that lysogenic cultures of � .  coli could be induced by 
mitomycin C and the compound has been wide1y used as an induc ing agent since 
their report . The organism wa s grovm in MS1� for 4-i hours and divided 
into two aliquots to one of which mitomycin C was cdded to g ive a final 

concentrat ion of 1 �J.g/ml . Phage counts were made at 0 and 40 minute s .  

Time {minute s2 
0 

40 
Mytomycin 

Table 1 ·2 Effe ct of m itomycin C on Stm (P22T) 

IC Count s X1 0-4/ml 

Control 1 t:�/ml l.�i t om;z::c in 

22 22  

65 5 , 200 
C was clearly very effective in inducing Stm ( P22T )  

having produced about a hundred time s a s  many infect ious centre s a s  are 
produced spontaneously . 

c 
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The effect of aflatoxin B1 on Stm (P22T )  was examined; mitomycin C 
and blank controls  were included for comparison . 

Stm ( P22T )  was gro¥m to  about 6 X1 08 cells/ml and diluted one tenth 
into MSM and into MSM containing 1 �g/ml aflatoxin B1 or 1 �g/ml mitomycin . 
The cultures were incubated at 37°C in a water bath for one hour . Samples 
were then plated for viable count and r e  count . 

Table 1 .1 0 Effect of Aflatoxin B1 on S tm (P22T) 

Viable count X1 0
-6 IC Count X1 0

-6 

Control 
1 �g/mi mitomycin 
1 !J.g/ml aflatoxin B1 

1 87 (1 
42 1 7 

1 86 (1 

The original number of  cells/ml was about 60 X1 06 which is nearly 
the same as  the sum of viable c e lls and infectious centres for the mitomycin 
sample . Mitomycin had prevented growth of the organism and induced lysis  
in a proportion of the cells . The other two samples had grown through 
well over one generation and had not lysed . 
apparent effe ct . 

Aflatoxin B1 had not had any . 

This experiment was repeated using 0 ,  5 ,  1 0  and 20 �g/ml aflatoxin 
but omitting the mitomycin control . Samples were taken at 30,  60, 90 and 
1 20 minutes .  Viable counts and r e  count s Y!ere done for each concentration 
at each time interval . 

Table 1 .1 1  Viable co�nt s/ml X1 0
-6 of S�rr. (P2�) treated with aflatoxin 

afJ atoxin c one . ���/mlL 

T ime �minutes2 0 5 1 0  20 
30 91 1 09 95 1 01  
60 1 27 1 61 1 52 1 38 
90 1 1 2 1 65 1 32 1 85 

1 20 234 1 66 1 78 258 
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Table 1 . 1  2 IC  count s/ml X1 o-6 o f  S t m  (P22T) t reated with aflatoxin 

a flatoxin G-ene . (t!g/r:Jl) 
, .  .�- 1 ffiC (minute s2 0 5 1 0  20 

30 < 1  2 1 < 1  
60 1 6 1 < 1  
90 2 4 1 4  6 

1 20 5 ( 1  2 ( 1  

The results of the viab le counts were rat her erratic but growth had 
o c c urred in all samples over the period s tudied . The IC counts were all 

l ow but there i s  no indication of any consistent difference b e tw e e n  the 

treated and unt reated cells . 

S ince no o bvious effect of a flat oxin c ould be shown u s ing Salmone lla 

it was de cided to examine tho se spe c ie s  of bacteria on which the toxin wa s 

orig inally reported t o  have an e ffe ct and work on S a lmone l la typhimurium 

wa s stopp ed . 

c .  Effe ct o f  a fla t oxin on the induction o f  lyso5e nic strains of 

S taphyl o c o c c u s  aureus . 

The strains o f  Staph . aureus re ceived from llirs A .  Jarv i s  we re examined 

for plaque appearance a nd ease of c ount ing . The c o�bination cho s e n  was 
lysogenic strain 2 2  and sensit ive strain 29 . The ir NTCC st rain numbers 

were 8356 a nd 8329 re sp ec t ively . 

Before treat ing the bacteria with aflatox in it was established that the 
ratio o f  infe ct ious ce ntre s to v iable c e l l  c ount was 1 : 1 00 .  Lega tor ( 1 966 ) 
had c la imed a 350 fo ld inc rea se in infe ct ious c e ntre c ount in the pre sence 

of 0.48 �g/ml a flatoxin B1 • Assuming that the v iable c ount remained the. 

same , the rat io o f  IC to v ia ble cou nt would change to  3 . 5 : 1 . 

Stra ins 8356 and 8329  were grown for 24 hours at 37°C in Brain Heart 

Infusion Broth ( BHI ) .  Strain 22 wa s sub -inoculated into min imal salt s  

medium (MSM ) c ontaining 8}� BHI and grown for l1- hours in a wa ter bath at 
37°C .  Thi s  c ulture wa s the n distributed int o a l iquots of 1:S� + BHI medium 
containing 0, 2 and 1 0 �g/ml aflatoxin and 1 �g/ml �itomycin . These four 

aliquot s were incub ated at 37°C for 30 minute s , then sample d for v iabl e and 

IC coun t s . The IC c ount s  were pe rformed as alrea dy de scribed except that 
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the lower layer was Nutrient Agar and the upper layer contained 500 �g/ml 
calcium . Strain 8.329 was used as the phage-sensitive indicator strain . 

Table 1 ·1 3 Effect 

Control 
Viable Count 
x1 o-5 1 90 
IC  Count 
x1 o-5 ( 1  

of aflatoxin and mi t omyc in 

1 �r,Lml mitomycin 

1 60 

5 

on Staph . aureus 

aflatoxin B 

2 �timl 1 0 �g/ml 

1 90 1 95 

" (1 (1 

Aflatoxin did not effect viability and there is  no evidence of any 
induct ion in contrast with the report of Legator (1 966 ) that  very high 
induction rates  could be obtained us ing only O .J-1-8 l..t.g/ml aflatoxin . Even 
mitomycin gave only a low nur:1ber of i nfe c t ious centres . In v iew of this 
result and of other difficulties in wo rking vlith this system such as  
clunping of  the cells and relatively poor  definition of  the plaques the 
inv e s t igat ion was pursued no further .  

d .  E s cherichia coli and b�cte�ioph�� 

Le gat or ( 1 966 ) had also report e d  that E .  coli lysogenic for phage \ 
could be induced by aflatoxin . Culture of E .  coli lysogenic for /.. and 

a A -sensi tive culture were both available in the department so an attempt 
wa s made to reproduce his results  using these cultures .  The lysogenic 
strain was numbered PB240 and the sensitive straL� � 86 .  

PB240 wa s gro\m in MS!.� at .37°C in a shaking water bath for four 
hours . Two millilitre amounts of the culture were exposed t o  ultra -violet 

I I I I 
light under standard c ond i t ions for 0,  5 , 1 0  and 1 5 seconds and plated for ' 1  
viable count and IC  count using the technique described previously for 
S .  typhimuriun . 

Table 1 .1 4 Effect of ultro.-vio le t  light on E • .  coli PB240 
Ti.;rnc (seconds) 

0 5 1 0  
Viable count X1 o-7 1 46 � 49 
IC count X1 0-5 26 271+ 2 , 000 

1 5  
1 5  

.3 , 000 
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The resul t s  are expre ssed graphically in Figure 1 .3 . Both the 

kill and the induct ion appear to be logarithnic , though induction shows 

s ome levelling off at 1 5  seconds . 

readily induced . 

Thi s  st rain quite clearly can be 

The effe ct of chem i ca l  induct ion wa s exami.'led us ing mitol'!lycin C .  

An aflatoxin treat ed sample wa s also included in the experiment . 

A culture of PB240 wa s grorm in i.�S�,[ for 7 hours in a shaking water 

bath at 37°C .  The culture wa s distributed into 1�S1.� conta ining 7 �g/ml 

aflatoxin or 1 �g/ml mitomycin . A control was included . The sub­

cultures were incubated for 30 minut e s  at 37°C in a shaking wate r  bath . 

S amples  were then taken for viable and r e  count s .  

Tab le 1 .1 5 Che::tical I nduct ion of � .  coli PB240 

Via ble COQ'lt X1 0-7 
r e  count X1 0-5 

Control 

53 

41 

1 p..z/ml m i  ton.ycin 

42 
365 

7 �g/ml aflatoxin 

27 
1 1  

Mitomycin had incre n.sed the numbe r o f  infec t ious c e ntre s ninefold and 

reduced the viable c ount by about 2q:� . Aflat oxin had caused a greater drop 

in viability (5o%) but a decrease rat her than an incre a s e  in plaque count . 

S ince the concentrat ion of aflatoxin in thi s experi.1118nt wa s much higher 

than tho se used by Lega tor it seemed po s s ible that inhibition o f  the cells 

m ight have ma ske d induction . 

in the follovd.ng experiment . 

A lower c oncentrat ion of aflatoxin was tried 

PB240 wa s grown in MSM a t  37°C for 5 hours and diluted 1 /1 0  into 

1JS?.! with and without 1 �g/ml aflatoxin . The sub-culture s were incubated 

in a shaking water bath at 37°C and sampled at intervals to follow the 

growth of t he culture s .  The 0.5  ml sa:nples were shaken with 0 .1 ml 

chlorofoi"l!l to kill t he cells . Aft e r  1 5  minute s the chloroform wa s 
0 evaporated off by bubbli.'lg air through the sa�ple s at 37 C .  Free phage 

were a ssayed by the method de scribed previou s ly for infectious centre s . 
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Table 1 .1 6 Gr-owth of PB2_b-0 in the Ere sence of 1 1:!�/ml a flat oxin 

OD �Klett unit s2 Ph3. z e  counts  X1 o-3 

T ime {minute s2 Cont ro l  U�Lml a fla t oxin Cor,tr-o l 1 P�Lml aflatoxin 

0 1 5  1 5  1 9 

30 21 21 2 6 

60 28 30 7 8 

1 00 34 36 4 7 

1 35 45 48 9 5 

1 65 58 59 6 6 

Had induct ion occurred one might have expected t o  find a drop in OD 

after a generation or so a nd a marked increase in the n��ber of phages .  

This did not oc cur . No induction by aflat oxin � could be demonstrated . 
I 

The above experiment was repeated using a higher concentra t ion of 

aflatoxin introduced into the system as a n  ace t one solution ( see Materials 
and Methods Section ) . PB240 was grown in 1;:S?,! + 0 .1 ;. � gluco s e and 1 %  

a cet one t o  a n  OD of 1 20 Klett units . The cultu:-e wa s diluted 1 /1 0 into 
MSM + 0. 1 % glucose and 1 %  acetone with and withou� 1 0  1-Ls/ml aflatoxin B1 • 
The sub-cultures were incubated in a shaking Ymt e r  bath a t  37°C . OD 

readings were recorded a t  fift e e n  minute intervals and sample s were removed 

and 

and 

!_ime 

chloroformed 

Figure 1 .4 

T able 1 .1  Z 

�minutes ). 

0 

1 5  

30 

45 

60 

75 

90  

1 05 

1 20 

for phage count s . The re sults are sho\vn in Table 1 .1 7  

Growth of PB240 
Opt ical Densit;z 
Control 

1 7  

1 8  

22  

28  

36  

44 

49 

55 

62 

in tho ere se nee 

�Klet� units2 

a flatox in B1 
1 4  

1 6  
20 

24 

32 

36 

39 

42 

1+4-

o f  1 0 t:g/zr.l aflatoxin B1 
P:n..s.ge Count X1 0 -

3 

Control aflatoxin 

23 9 

1 3  1 6  

27 1 9  

84 93 

1 07 1 02 

1 27 1 94 

290 232 

1 600 61 0 

B
1 
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Figure 1 .4 Culture subbed into MSM supple�ented with aflatoxin in a 

shaking water bath at 37°C . 
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shaking water ba th at 37°C.  
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The pres e nce of aflatoxin appears t o  have inhib ited growth slight ly 
but there i s  no evidence to sugge st any increase in phage numbers due t o  

-'induct ion . 
It s e eme d possible that aflatoxin might not be able to ent er the cell . 

If the integrity o f  the permeability barrier could be modified without 
killing the cell it might be p o s sible for the t oxin to enter and cause 
induction . Lieve ( 1 968 ) de scribed the effect o f  EDTA on the permeability 
of various Ente robact eriaceae . She compared the sensit ivity of EDTA-

treated and untreat e d  c ells to actinomyc in and found that the c e lls o f  
m o st strains o f  E .  coli could be made sensitive t o  actinomycin by EDTA 

treatment without any fall in the ir viability . 
A PB240 culture wa s grown overnight in USM ,  diluted 1 /1 0 in .MSM and ' 

shaken at 37°C for four hours . 1 0  ml o f  this culture wa s centrifuged at 
2000 g for 1 5 minute s  and washed twice in pH 8 .0 Tris buffe r  and finally 
resuspended in 20 ml of the Tris buffe r .  One millilitre amounts of' this 
suspens ion were diluted 1 /1 0  in buffer alone , buffer containing 0.1 5 mM 
EDTA and buffer c ontaining 0 .1 5 m1l EDTA and 5 l-lg/ml aflat oxin B1 • The se 
suspens ions were incubated in a shaking water bat h at 3 7°C for 20 minute s  
and plated for viable and IC counts . 

Table 1 . 1  8 Effe ct of EWA on PB2�0 
Control EDTA onl� EDTA + aflatoxin 

Viable c ount 
x1 o-7 1 30 45 50 
r e  c ount 
x1 o-3 1 40 20 1 20 

EIYl'A appears t o  have a ffe cted the v iability of the culture . The 
r e  count s were ambiguous . EDTA seemed to have reduced spontaneous lysi s  
be low the normal level and aflatoxin to have re store d  i t  to a little above 
the normal level . There wa s a s ixfold difference between the two EDTA-

containing culture s which may have been due to the pre sence of aflatoxin . 
S ince this re sult wa s amb iguous it was de cided to examine the change s  

in permeability o f  t he cells after treatment with EDTA . Cells were 
treated with EDTA and then pre sented with dilithium carbamyl phosphate 
which doe s  not normally cro s s  the cell membrane . T ogether with ornithine , 
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in the presence of ornithine transcarbamylase , citrulline is  formed and 

t may be e st imated.  The formation of citrulline can be  used as a measure 

of permeability of the cells to dilithium carb�yl pho sphate . 

PB240 cells were inoculated into MSM and grov.n to an 0.9 of about 

50 Klett unit s . The culture was centrifuged at 3CX::O g ,  washed and 

re suspended .  This final suspension vms diluted as follows : 

C diluted i /3 in Tris buffer 

0.5 diluted 1 /3 in buffer + EDTA to give 0.5 IDJ,l ElYl'A. 

1 .o  diluted 1 /3 in buffer + EDTA to  give 1 .0 n:.M EDTA 

Each dilution was treated as  follows : 

dilution 

1 
Incubated in shaking water  bath 

0 at 37  C for two minutes  

,.-------'-..r· 
0.2 ml 1 ml + 0.05 ml toluene ' 0 shaken at 37 C for 45 min . 

0.2 ml 

t ---------�-------­
assayed for ornithine tran3-

carba'llylasc activity ( i. e . citrulline produced)  

viable count 

The ornithine transcarbamylase assay was that of Jones ( 1 962 ) 

modified a s  de scribed below : 

Reagents M Tris buffer pH 8.5 

0.1 M dilithium carbamyl phosphate ( DLC ) 
0 .1 M 1-ornithine hydrochloride 

5�� Trichloracet ic acid (TCA. ) 

1 0� arsenic trioxide in concentrated hydrochloric acid 

1% 2 : 3  Butanedione -2 oxime in 5% glac ial a c etic acid 



Notes DLC i s  unstable in solution and must be stored at 

0° C when it  has a half life of 1 8 hours . 
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The arsenic trioxide solution should be kept in a glass­
stoppered bottle in a fume cupboard . 

The Butane oxime solution should be stored at 4°C . 

Method :  0 .05 ml each of  buffer ,  DLC and ornithine were made up to  0 .5  ml 

with 0 . 2  ml cell suspension and 0.1 5 ml water .  The mixture was incubated 
in a water bath at 3 7

°
C for 1 5  minutes at the end of this time 1 ml T CA  

was added to  each tube to  stop the reaction . 

t o  remove cells and analysed for c itrulline . 

The samples were centrifuged 

Five parts of the arsenic trioxide s olut ion and three parts of the 

Bu tane oxime solution were mixed just before use . Two millilitre s of 

this mixture were added t o  each sample and the samples were boiled for 
90 minute s  in the dark . The sample s were cooled in the dark and 2 .5 ml 

distilled water added to each . After standing for a further 30 minutes 

the optical density of the samples was measured in a Klett colorimeter 

using filter nwnber 47 . 

A standard curve was prepared using kno·tm concentrations of 

citrulline and a blank contro l was included in each set of determinations . 

The toluene-treated cells were included as a control representing 
1 0Q% permeability. The degree o f  permeability achieved by EDTA treatment 

was expressed  a s  a percentage of the toluene-treated ce ll s . The re sults 

of this and a nlli�ber of similar experiments are given in Table 1 .1 9 .  

Table 1 .1 9 The e ffe ct of �·:D'rA treatment on the 

pe rmeab ility and. viability o f  PB240 

EIYrA concentrat ion (!M!) Toluene -treated 

0 0 .4 0 . 5  0. 6 1 . o Cells 

!J.M Citrulline 0 0.27 0.32 0 .31 0 . 25 0 . 36 

% permeability 0 74 86 85 69 1 00 

% kill 0 82 78 79 89 1 00  

The proportion of cells killed was similar to  the increase in 

permeability which suggests that EDTA treatment of the culture affects  not 

only the p errr.eability of the cells  but also their ability to survive the 
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treatment . Induction can only be manife sted in metabolically active cells 

and cells as drastically modified as  these  were considered unlikely to 

show any effe cts of aflatoxin . For this reason attecpts to show aflatoxin 

induction by EDTA treatment were abandoned . 

Legator ' s stra ins P4A.. 6 and i.'1 483 were obtained from his laboratory. 
The se strains were treated with aflatoxin B

1 
under the conditions outlined 

in his report . No induction could be demonstrated even when the 
concentrations of aflatoxin were increased .  I t  was not possible to 

reproduce Legator ' s work with either Staph. aureus or E . coli and attention 
was turned to the work on B .  megate rium . 

e .  Bac illus megaterium 

Lillehoj and Ciegler ( 1 970) reported that a lys ogenic strain of 

B .  me&at er itL].! could be induced by a flat oxin and that the numbers of 
bacteriophage produced were roughly p roport ional to the conce ntrat ion of  
aflatoxin i n  the mediwn . Culture s o f  the lysogenic st ra in and of a 
phage sensitive strain were obtained from their 'lab orat o ry . 

Bo th stra in s were grown for four hom·n in nutrie nt broth.  The 

lysogenic strain (899a ) was diluted one tenth in l.:St.: 71i.th and without 

1 0  �g/ml af latoxin B • These sub -culture s were incub& ted in a shaking 
0 1 

wat e r  bath at 3 7  C for 90 minut e s . At the e nd of this time the aflatoxin-

containing culture had cleared v;hile the control had not . Infectious centre 
count s ,  using stra:in K1.c a s  _the phage -sensit ive organisr:; , and v iable co\.mts were 
made on both subculture s . The re sult s are civen in 'l:'able 1 .20. 

1�ean 
I.!ean 

viable 

Table 1 . 2 0  E ffect of aflatox in B on B .  m e £; s t e riun 899a 
I 

Control 1 0  �e/r::l aflatoxin 
-----g ;.03X1 Ob cell count/m1 4 . ll.X1 0 

IC COU.l1t/ml 3 7"1 o7 • ..-J"Io. 9 .CX1 07 
B1 

A de cre a se in the viable cell. count was associated with a n  increase  

in infe ctious centres though this increase was s:naller  than might have 
been expected . Neverthele ss , a signific ant increase in the number of 

infectious centres sue;gested that some at least of the decree.se in viable 

cell count was caused by phage induction ra.the;r t han si..mple cell death . 
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Bac illu s rr:ccaterium had also been used in a disk inhibition a s say . 
Though le s s  spec ific the metho d  wa s more sens itive than many other 

biological as says . This biological re sponse was also examined using 
three stra ins of B .  megat e riuo , Strain 1 3 68 , the strain used by Clements 
(1 968 ) in her propo sed microbiological assay for aflatoxin B1 , and the 
strains 899a an<l Kt.I already referred to . 

1 , 5 and 1 0 flg aflatoxin B1 in chloroform were applied to disks 

and the solvent evaporated off . Thick suspensions of each of the three 

organisms were used to seed plate s o f  nutrient agar . V.'hen the agar had 
s e t  disks o f  each c oncentration of aflatoxin B1 were placed on the agar 
and the plate s  incubated at 30°C overnight . 

Z one s were formed row1d each of the disks though the z one round the 

1 flg disk wa s very small on plates containing 89�a and 1 368 ; the z one s on 
the plate seeded with Kll'i were larger and clearer . 

These two sets of observat ions becan�e the basis of a de tailed s tudy 
an<l their further development i s  dea lt with in the sections which follow . 



S�CTION II 

THE INHIBITION A S SAY 
. 

4-5 . 
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H7L'RODUC'I'ION 

The inhibit i on of the growth of B .  megaterium by aflatoxin ha s 
been sugg e s t ed a s  the ba sis of a microbiological a s say by C lemcnt s ( 1 968 ) . 
The a s say method involve s  the measurement of zone s of inhibit ion surrounding 

di sks impre gnat ed with a fla t oxin placed on pla te s seeded with B. megate rium . 

This inhibit ion was confi:rmed in the pre l iminary expe riment s 

de s cribed i n  the prev ious sect ion . The main limitations o f  t he method 

a re its lacl: of specific ity and its low sensitivity . In the p reliminary 
experiments t he limit o f  det ection was 2 J.lg aflatoxin B1 • Cleme nt s  ( 1 968 ) 

cla:iJ"Ded 1 [l.g a s  the lower limit but even this i s  not suffic ient ly sensitive . • 

It would b e  an advantage t o  be able t o  check the b iol ogi ca l  potency 
o f  a sample on the same aliquot that was used for the physicochemical a s say . 
This is the oretically po s s ible a s  the physicochemical met hod i s  non­
destruct ive . The amount s involve d ,  howeve r ,  must be le s s t han 1 . 0  J.lg 

t o  ach ieve rea sonable re solut ion so that an inc1·e a se in the s e ns i t iv ity 

of t he b ioas say would be ne c e s sary . This s e ct ion de scribe s attempts to 
improve t he sens i t iv ity of the inhibit ion assay . 

Various methods .o f applicat ion of aflatoxin in wel l s :  

1 • 'rhe first attempt t o  improve t he sensitivity wa s made by using the 
punched plat e  t e chnique o ft e n  used for antibiotic a s says . Thin layers of 
t ryp t one yea st g lucose agar (TYG-Agar )  we re poured in petri dishe s and 
allowed to s e t . A pat tern of ste rile rub ber bungs ( 6 mm diarn . ) was 
arranged on this layer and a further amount of TYG-Aear was p oured and 
allov; ed to set . The bungs were removed leaving small well s in the agar . 

Aflatoxin was adde d to these we lls e i the r in aqueous s olution or in chloro - ' 

form . In tho se ins tance s in which chlorofonn wa s u::; ed , the s olven t  was 
allowed to  e vaporate and the wells filled with steril e  wat e r .  When the 

wate r  in the wells had been a b s orbed by the agar a layer of TYG-Agar . 
se eded with a culture o f  �megate r ium was poured o v e r  t he pla t e s  filling 

the wel l s  and forming a second laye r .  The pla t e s  we re incubated at 37°C 
overnight and exaw ined for z ones of inhib ition . 
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Table 2 .1 shows the re sult s o f  an inhibition assay in which the 

two methods of adding a fla toxin were compared using two different strains 
of B .  mege.terium . 

Table 2 .1 Bioa s say of  aflatoxin in agar wells 

·�·:ater S olut ion Choroform 

1-1g aflatoxin B1 0 . 2 0 .4 0 . 6  0 .8 0 . 2  0 .4 
Zone ( 899a 1 1  . 6  1 8  ·3 1 5 -4 21 .1 1 3  ·3 1 5 .8  
diam . � 1 3 68 (mm ) 1 4 . 8  1 3 - 5 1 0 .5 1 5 .5 1 9 .0 1 5 .3 

Solution 

0 . 6  

1 4 · 5 

1 8 .4 

Although there is no consistent re lat ionsh ip betv;een the amount of 

aflatoxin added and the diamete r  of inhibition zone , inhibition is  clearly 
demonstrable with much smaller amourtts of aflatoxin than are necessary for 

the disk bioassay. Addition of aflatoxin in chloroform was just as 
effect ive as addition in water.  This suggest ed an alternative possibility 

for :improving sensitivity which i s  described below . 

Appl i cat ion of ch.lorofonn s olutions to plates  

A solution of aflatoxin in  chloroform was app lied by a micro­

syringe directly to tte surface of the pre-poured and dried minimal salt s 

medium agar (MSJ.i agar ) plate . A grid placed under the plate wa s used to  

ensure th�t the spots were evenly spa c e d . The chloroform was evaporated 
off in a stream of warm air . The plate wa s then overlayered with soft MSM 

agar containing B. megate rium s t ra in 899a . The plate was incubated over-

night at 30°C and 

Table 2 . 2 

!-lg B1 
Zone diam . (mm )  

examined for zone s of inhibit ion . 

Bioa s se.y of aflatoxin by direct 

0 .1 25 0 . 25 0 . 5 

0 5 - 3  1 1  • 9 

spots on agar 

1 .o 
1 6 .1 

'l'he results show a definite relationship between zone size and 
amount of a flat ox in . Further experiments were p lanned to determine the 
m o s t  suitable medium , and the most sensitive organism . 

Medium for inhibition assay 

0 .8 

1 4 . 9  

1 8 . 7  

T o  de termine whether the inhibit ion b ioa ssay could b e  improved by 

altering the medium , plates  were poured w ith t ryptone yeast extract (TYG)-Agar 
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and. MSM ae;a.r . The s e  plat e s  w e re dried at 3 7
°

C for one hour a nd a liquo t s  

o f  afla tox in B1 , B2 , G1 and G2 we re spot te d o n  the ae;ar surfa c e s  a s  
de scr ibe d .  The pla te s were overlaid w ith se eded a ;a r ,  e ithe r s o ft MSM 
agar or soft TYG agar b e ing used a s  the top laye r .  Tf.e plat e s were 

incubat e d  at 37°C ove rnight . The re sult s are shown in Table 2 . 3 .  

Table  :? .j Effect  o f  medium or: ,".p. r , d :: te b i oa s say 
1� 0 � .-. ...� .:._  ;. �: . . \ : �. �: !  J 

TYG,\ ove rb.:z: l�S1�<\ ove rla;z: 
B:1 se TYGA l1iS!.'A TYGA 1!SV� 

a flatoxin B1 !J.g 1 . o  1 6 .5 1 1  . 2  6 . 0 o . o  
0 . 5  1 1  . 2  1 ) . 0 0 . 0  o .o  

0 . 25 2 . 0 o .o  o . o  o . o  
0 .1 25 o . o  0 . 0  0 . 0  0 . 0  

afla tox in G1 llg 20 1 7 . 5  1 o . o  6 . 0  o . o  
a flat oxin B2 !lg 20 1 3 .o  o .o  2 . 0 0 . 0  

a flatoxin G2 !lg 20 0 . 0  o . o  o . o  o . o  
Fa int z one s o f  inhib it ion c ou ld b e  s e en on t he YSL� p l a t e s  overla id 

with MSMA aft e r  furt he r incubat ion at 30
°C for a furt he r 24- hours , but cle arly 

t h e  r i cher medium gave much b e t te r  re sult s .  
The re l a t ionship b e twe en inhibit ion z one s i z e  an:i a moWl t o f  a f latox in 

added wa s s im ilar t o  that in the previous exp e rirr. e nt . }.�uch highe r amount s 
o f  aflatoxin G1 and B2 we re ne e d e d  to  g ive inhib it ion z one s s imilar in s ize 

t o  B1 , whi le aflatoxin G
2 

eave no inhi b i t ion z one at 20 /-lg • Thi s agre e s  

w i t h  t he i r  t ox i c i t i e s  i n  animal exp e r j mc nt s . 

S e e d  o rga. n i s1 :: for the inhi.b i t ion a s s.'ly 

A t t cn:pt s  t o  find the b e s t  s e e d  o rganism t o  u s e  gave r.?.ther i n c ons i st e nt 

re s ul t s  by the m e t r:od o f  chl oroform spo t s  on agar p late s .  S tra in KM ,  

app e ared to glve t he cle are s t  and m o s t  ea. s i ly re ad zonss o f  inhib i t i on . 

S tra in 1 36·:.! , the s t rain u �.eli by Clcmer.t s for inf-,ibit ion a s says, gave zone s 
of s im ilar diame t e r  b u t  the s e  were le s s  c learly de fined , while stra in 899a 

gave smaller z o n e s . 

It wa s during thi s  s e ri e s  o f  experiments th:1t the ca in disadvantage s 
of the chl oroform spot met bod b e came obv i ous . �hile it wa s p o s s ible t o  

improve the sen.sitiv ity of  inhibit ion a s say, t he pre c i sion of the t e s t  wa s 
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re duced due t o  t he behaviour of t he chloro form spots . Even very small 

spots of chloroform t e nded to move about on the surface o f  the agar 

evaporat ing as they rr.ove d .  The re sult ing inhib ition z one s were very 

i rregular in shape and s i z e  making the ir mea surement very difficult or 

impo s s ible . 

The method had shown that amount s of aflatoxin le s s  than one micro-

gram c ould give zone s of  inhibition . This  sugge s t e d  that the mea surement 

of inhibition directly on TLC plat e s  might be po s s ible . 

Inhibition on TLC olat e s  

A TLC plat e coated with a 250 1-l layer o f  l1lerk s ilica g e l  G wa s 

activated at 1 20
°

C for 2 hours . After c o oling in a c lo s e d  container over 

s ilica gel ,  1 1-l.g of aflatoxin B1 in 1 0 �1 chloroform wa s applied t o  the 

plate and. the chloroform evaporated off under a stream of warm air . The 

plate wa s developed , us ing 1 o;S acet one in chloro form as solvent unt il t he 

solvent front was 2 cm fro!Il the end of the pla te . The plat e wa s removed 

from the developing tank and the solvent allowed to evaporate .  The 

aflatox in B1 spo t wa s locat ed by viewing the plate under an ultra-violet 

lamp and the outlining o f  t he area o f  fluore scence . The p late wa s over­

laid with s o ft TYGA seeded with strain 899a and when t he agar had s e t  the 
0 plate wa s incubated ove rnight in a mo is t chaiT!b er at 37 C .  

A zone of inhibition could be seen over the po sition of the aflatoxin 
B1 spot but due to the opaque whit e background the z one was very diffi cult 

to se e . 

In a second experiment two millili tres of  triphenyl tetrazolium 

chloride s olut ion ('.rT C )  were spread ove r the surface  of the agar aft e r  

ove rnight incubat ion , and the plate re incubatec for a n  hour . Are a s  where 

t he bact eria had grown turned bright red due to the redu ct ion of the TTC 

and the z one of inll i b it ion stood out c learly as a Vlhite c ircular patch 

against a red background . In an attempt to short en the procedure , TTC 

was incorporat ed in the agar ove rlay but , although growth o ccurre d ,  no 

zone s were visible . In a control pla t e  treated with TT C a fter ov ernight 

incubation , z one s were v is ible . TTC the refore se e�s t o  interfere with the 

inhibition of growth by aflatoxin p o s s i b ly by prote c t ing the organisms in 

s ome way . 
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Further experiment s suggested tha t TTC inactivated af latoxin only 

in the pre sence of  growing organisms . From thi s time on TTC wa s applied 

only after the overnight i ncubat ion when the z one wa s already fully 

deve loped . 

Seed organism for the TLC inhibit ion a ssay 

The next investigation wa s to  find the organism :nost suited to the 
TLC method . B .  megaterium strains lQl , 899a and 1 368 , S akonella 

typhimurium stra ins P22T and wild type and E .  coli stra ins P0 6 and T1 83 

were grO\m in TYG broth to  an OD o f  1 25 Klett  unit s . ).11 were diluted 

5X1 0
-1 and 0.1 ml was added to 1 0  ml TYG agar . TLC plates were spotted 

with 0 . 2 ,  0 . 4 ,  0.6 a nd 0 . 8  �g aflatoxin B1 and developed. in chloroform 

containing 1 OJ� acetone . The pla t e s  were laye red w i t h  l'YG-A gar seeded 

with the various organisms and incubated overnight at 37°C . 

Table 2 .4 Inhi bit ion o f  various organisms by aflatoxin B1 
aflatoxin B1

.J.l:.cl 0 . 2  0 .4 0 .6  

B .  mc�a KM 
0 .8 

Zone (mm) 7 .6  1 3 .7  1 7 . 5 22 . 6  
2 

r 

B .  me�;9- 899a 
Zone 
2 r 

lh__:'neg� 1 368 
Zone 

2 
r 

See  Figure 2 .1 

(mm)  

(mm ) 

for graph . 

1 4  46 77 1 28 

2 4- .ll- 8 . 5  1 2 . 2  

1 4 . • 8 1 8 38 

0 4.11- 7 . 6  1 1  
0 4 . 8 1 4  30 

Of the organisms tested only B .  mega tcrium showed z one s of inhibition 

with less than 1 �g aflatoxin . Of the Bacp1�� str::tins , IC I  was much the 

most sens it ive . In all subsequent '.'IOrk KU wa s used as the seed organism . 

S e eding den s i ty for TTjC inhibit ion assay 

To find the optimum level of seeding the l::tye r the fo llowing experiment 

was performed . 
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Fi gur e  2 ·1 

140 I NH I B ITION OF BAC ILLUS M EGATER IUM BY AFLATOXI N  B1 

• 

120  

100  

8 0  
--
N E 
E ..___.. 4> N ·;n 4> c 0 60 N 

40 

20 

0·2 0·4 0·6 0·8 
JJ9 aflatox in s1 

Fi�re 2 .1 Aflatox i n  B1 spot s of stated amoun t s  on TLC pla t e s  over­

layered with TYG asar seeded wi th the three o rganisms .  Pla t e s  

incutated overni ght at 37°C.  
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Four TLC plate s were spot ted with 1 and 0.5 j.l.g aflat oxin B1 . The 

plate s  were :leve loped and laye red with agar seeded ·11ith B .  n:ege.terium 

st rain KI.1 .  The organism was grovrn in TYG broth to an OD of 222 Klett units and 

-1 -2 -3 -4 diluted 1 0 1 0 1 0 and 1 0 in TYGA . 1 0 ml of each dilution ;vas 

used to layer the p lat e s . The plat e s  were incubated overnight and treated 

with TTC . The z ones were mea sured and the re sult s are re corded in Table 2 . 5 
be low . 

Tabl e 2 . 5 .!t!:e_st of seed density on z one s iz e  

dilut ion 1 jug_ � o .;z fl� � lo� viable countLml 
_A 

1 0 I diam . zone (mm ) 1 4 . 2  1 1  8 .3 
2 50 30 r 

_? 
(mm ) 1 0 L.. diarn . z one 1 6 . 2  1 2 . 9  7 .3 

2 66 42 r 
_ 7  

1 0  J diam . z one (mm) 1 9 . 3  1 4 -3 6 .3  
2 90 51 r 

1 o-4 diam . z one (mm) 22 1 8 .5 5 ·3 
2 1 21 85 r 

See Figure 2 .2 for graph . 

At the lower seeding densi t ie s  the colonie s became rather sparsely 

distribute d  and individual colonie s could b e  seen quite clearly . Any 

further dilution created difficulty in detc �ining tte limit s of the z ones 

of inhib it ion . The opt imun dilut ion wa s one ·;1hich gave app roximately 

2X1 05 viable coun t s/al . 

Fm�thor work showed that spott ing a flatoxin s olut i on s  on to the TLC 

plat e without sub s e quent devel opment gave small concentrated spots and the 

re sult ing z one s of inhib it ion were rr:ore regular and re produc ible . No t 

de veloping the plates a l s o  meant t ha t  many more s3.r:�ple s could be spotted 

over its surface . 

The re sults of a number of det erlilina t ions co.wparing fluoro­

densitooe t ric measurement s  and inhib i tio n  z one s i z e s  of aflat oxin B1 
are shah� in Figure 2 . 3 . 

Figm�e 2 .4 give s the re sul t s  of several exp eriments showing the 

rela t ionship be tween known aflatoxin c oncentrc.t i on and inhi b ition z one 

size  on undeveloped plat e s . 
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Figu re 2 ·2 
E F F E C T  O F  SEE D DENSITY ON ZONE SI Z E  
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Fi gure 2 ·3 
R ELAT IO NSH I P  BETW E E N  DENSITOMETR IC AND I NHI BITION ASSAYS 
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It i s  clear from Figure 2 .4 that the dose-response relationship is  

not linear throughout it s length . Above approximately 0 .8  IJ.g the zones 

are smaller relativ e  to concentration and these points were omitted when 

the regression line was calculated . 

The assay of aflatoxin on TLC plate s after development is  le ss 

precise and less sensitive than that o n  undeveloped plate s but has the 

advantage of some degree of specificity . This specificity derives from 

the comparison of the Rf of the conpounds causing inhibition zones with 

standards of known toxins . The as say on undeveloped plate s is less  

specific but enables replication of  samples and standardq . The procedure 

set out belovr is applicable to both deve lope d  and undeveloped plates . 

Re coume nded as;,ay procedure . 

Fr pare thin layer chromatography pb.te s using silica gel containing 

b inder (?.:erk silica gel G is suitable ) as a layer 250 f.1 thick . Allow the 

pla t e s  to dry and treat them at 1 20°C for two hours . Store over silica gel . 

Apply spots of  unlmovms and standards dissolved in acetone or chloro­

fo� to the surface of the plate ensuring that the centres of the spots are 

at least tb.ree centimetres apart . Where possible each spot should contain 

between 0 . 2  and 0 .8  f,lg aflatoxin B • Evaporate the solvent in a stream of 1 
warm air . 

N . B . For other toxins refer t o  Section V .  

Grow B . megc.terium strain KM in yeast tryptone glucose in a shaking 
water bath at .32°C to an opt ical density of 1 25 Klett  units . Dilute the 

culture 1 /1 0  in diluent peptone and add 0 .1 ml to  1 0  ml molten yeast tryptone 

gluc o se a ga r ,  mixing thoroughly . Using a sterile 1 0  rnl pipette distribute 

the molten agar evenly over the surfa c e  of the TLC plate . Allow the agar to 

set and incubate the plate in a closed air-tight container at .30°C overnight . 

After incubation spread 2 ml Triphenyl Tetrazolium Chloride solution evenly 

over the surface o f  the agar usinG a glcss spreader . Re incubate the plate 

at .30°C for one to two hours . .Measure t he diameter o f  the zones of 
illi�ibition using needle calipers . Expre s s  results a s  

' 
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SEC'fiON III 

INV�S'.l:'IG.'�'l'ION 0? B\ C i f LTTS L�GAT::::RIUM 
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IKI'RODUCTI Ol'T . 

The report o f  L i lleh o j  a nd Ciegler ( 1 9 70 )  that bacteriophage · of 

B .  megate rium strain 899a c ould be induced by aflatoxin B
1 

was c onfirmed 

as reported in S e ct ion I .  The s pe c ificity of phage induction make s it 

attractive as the basis of a bioa ssay system . 

It se emed des irable t hat the s tudy o f  bacteriopl�ge induct ion should 

take place in a defined medium since unknown substance s  pre sent in a c om-

plex medium may modify the e ffe ct of an induc ing agent . Lilleho j e t  al . - -
(1 967) have report ed reve rsal of aflatoxin i��ibit ion o f  an Aspergillus 

spe c ie s  by yeast extract although yeast extract was included in the medium 

used in the experiments on induction o f  the B .  meg.1.tcrium bacte riophage by 

aflatoxin . In a defined m edium the effectivene s s  of the a flatoxin might 

be incre a sed . 

The B .  megaterium system was f irst i s o lated for study in 1 931 by 

den Dooren de Jong and wa s u sed by Lwo ff and his c ol league s in the ir now 

c la s s ical stuU.ie s of lys ogeny in the early 1 950' s .  Despite the attention 

that this system ha s re c e ived there are incons is tencies in the l iterature 

regarding t he requirement s of the o rgani sm for growth and for the propagat ion 

o f  phage after induct ion . 

Lwoff (1 950 )  used a c omplex minera l  salts ba se c ontaining ammonium 

sulphat e ,  po tass iili� dihydrogen phosphate , and magne sium sulphate a s  the main 
ingre dient s and iron , mangane se , cobalt , zinc , molybdate , bo rate and c opper 

as m inor ingredient s . This was supplemented with gluc o s e , yeast ext ract and 

furthe r aDOU.Tlt s o f  calcium and magne s ium . Try-�t one was s ometime s added as 

we ll . By contrast , Northrop ( 1 95 6 )  used a medium c ontaining only ammonium 

sulphate , potassillin dihydrogen phospha te , magne sium sulpha t e , gluco s e  and 

tra c e s  of iron . 
The requirement s stated t o be ne cc s s::try for induction and phage 

propagat ion are also confus ing. Gratia ( 1 936 )  claimed tha t  calcium was 

required when plat ing phage on the B .  mcgaterium 1 nJUt ilat ' stra in of 

den Doore n  de Jone; , a stra in which is very s imilar to the K11 strain used 

in the pre sent study. Northrop ( 1 951 ) reported a requirement of magnesium 
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and phos phate ions for the production of ba cteriophage in a culture of the 

lysogenic stra in . Huybers in 1 953 reported that magne s ium ions were 

nece ssary in nutrient broth for induction to occur after ultra-violet light 

irradiat ion and Fre idman and C owles ( 1 953 ) repor ted a drastic reduction in 

t he t itres o f  phage whe n c ounted in at;ar conta ining c itrat e . O n  the other 

hand Gaal et a l . ( 1 970 ) i ndu c e d  B .  m ego.t e riwn 899a bacte rio phage with 

mitomyc in C in a �edium c onta in ing only yea st extra ct , t ryptone , pota s s ium 

dihydrogen phosphate and sodium chloride . 

As there wa s little cons i s tency in the previous report s on condit ions 

for groirth of B . megate rium and for propagat ion o f  its ba cter iophage , a study 

was made of  the strains that were t o  be used in the induct ion a s say . 

Defined medium for B .  m��te rium . 
All cultures for growth re s ponse  experiment s were incuba ted in fla sks 

with s ide arms for opt ical density mea surements . The se flasks were 

incubated sbaken in a water ba th at 3 7
°

C .  In lat er experiment s the 
0 0 . 

temperature was lowere d t o  3 2  C a s  3 7  C was thousht t o  be t oo close to 

the maximum growth temperature of B. rr.cgateriu:n . Growth was followed by 

mea sur ing t he opt i cal density in a Kle t t -Surr�er son colorime te r . 

Attempts to grow B .  mcgate riu� stra in 899a �� basal medium ( BM )  
supplemented with 0.1 �,; gluco se ( EJ,:G ) wer e U:.'lsucce s sful and additional 

supple ment s were incorporat ed. into the nedium . It wa s found that the 

addit ion of 0.1 fl.s/ml nicot inic a c id wa s nece s sary for the growth not only 

of strain 899a but al so o f  strains 1 368 and KJ,r . 

Ox_.yw:;nat ion of the medium 

Shaken culture s  gre w more rapidly than unsh.:Jce n culture s .  This wa s 

as sumed to be due t o  the incre ased ava ila b il ity of oxygen as re ported by 

L':;off ( 1 950) . To standardi se the gro)rth c ondit ions culture s were grown in 

BMG + nic otinic a c id at shake rute s varying betwe en 50 and 1 1  0 cycles/minute . 

Growth ,  a s  mea sured by genera t io� t ime , wa s unaffected between 70 and 1 1  0 

cycle s/minute and all further expe rime nt s were performed at a rate of 90 

cycle s/minute . 



Gluco se reouirement s of B .  megaterium 

Strain o99a was examined for the effect of glucose  concentration on 
yield . A culture wa s grov.n in BJ.: + 0 .5  iJ.g/ml nicotinic acid and 0 .1 % 
gluco se until it was in t he exponent ia l phase of  growth�  The culture was 

centrifuged; the cells washed in buffer and resuspended in BM . This 
suspension was used to inoculate aliquot s of BM + nicotinic acid containing 
various levels of gluco se . Growth of  these  cultures at 3iC was followed 
by taking optical density measurement s until no further increase occurred . 
The max imum growth at various levels of  glucose for strains 899a , 1 368 and 
Kl.! were determined and are pre sented in Figure 3 .1 .  The regression line 
wa s calculated only on the result s from experiments  using strain 899a , but 
all three strains behaved s imilarly . The maximu.11 growth is  reached at 
approximately 0.3% g luco se beyond v;hich there may be  a decline in yield . 

Qpt i cal density measurement 

During the series of experiments de scribed above it was ob served that 
the relationship between cell mass and optical density departed from 
li..'l'learity above a Klett value of 1 1  0 .  Further investigation was undertaken 

to e stablish the form of thi s departure fro� linearity. By comparing the 
actual mea surement s with t he slope extrapolated from the linear part of the 
curve it was established that the relationship was a square function . The 
departure fron linearity was 

= R + [1 . 6  + 0 .57 

eventually found to be  expressed by the term 
(R 1 o 1 1  o)l 2 
\: /j v:here Rt is the ' true ' 

re ading and � is the actual reading . A corre ction curve was constructed 
( .F'igure 3 .  2)  so  that opt ical density readings c ould be recorded directly 
with::mt t he ne ce ssity of diluting aliquot s to below a reading of 1 1 0 . 
Thi s we.:;, de sirable if readings were t o  be made over an extended period on 
the same culture . Either the corre c t ion curve o r  the correction factor can 

be used t o  corre ct the Klett value s .  All OD value s given in the text are 
corre cted values .  
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Agure 3·1 
. . . 

MAXIMUM GROWTH OF BACILLUS ME GATERIUM IN 

VARYI NG CONCENTRAT IONS OF GLUCOSE 

slope 1370 
intercept 16·3 

(calculated for 899a only) 

• 
strain 

0 899a 
• 1368 
• KM 
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0 
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7igure 3.1 Basal medium was supplemented with the stated levels of 

sl.ucoH . All cultures were incubated in a sha.kin8 water bath at }7°C 
until no further increase in optical density was observed . 
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CORRE CTION C U RVE FOR OPT I CAL DENSITY MEASUREMENTS 
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T o  confirm t he rela t i onship b et wee n cell ma ss and opt ical dens ity a 

nu:nber of protein e s t ima tion s  were made by t he oethod o f  Lowry e t  !:1:.· (1 951 ) 
at various Klett value s .  The re sult s are sho·.m in :Figure 3 . 3 .  

The generati on t ime o f  B .  mecaterium growing in B�.i + glucose and 

nicotin i c  a c id (B?.!GN) at 37°C is approximate ly 1 00  minute s . This slow 

growth made experime nt s rather pro t rac ted . �o increase the gro�� h  rat e 

it wa s de c ided t o  s c.crifice s ome of the advantage s of a def ined medium by 
adding 0.1 /� tryp tone t o  m:GN. Thi s had t he e ffec t  o f  reducing the 

gene rat ion t ime without a ffe c t ing the f inal yield . A typical experiment 

u s ing s t ra in 899a is shown in Figure 3 .4 , in whi ch t he gene rat ion time was 
re duc ed from 1 05 m inut e s  in B!.�GN to 55 minut e s in B:.!GN + t ryptone . The 

medium u s ed in all sub sequent experiment s wa s basal medium containing 

0 .1 %  trypt one , 0 .1 jJ.g/ml nicotinic a c id and 0 . 255� gluco s e  unle s s  othervV ise 

stat e d .  This is re ferre d to as semi-de f ined medium ( sm; ) . 
E ffect of a c e t o!1e on the growt h of B .  me�·ium 

S ince ace t one wa s t o  be the vehicle for the addit ion o f  a flat ox in to 
t h e  a s say syst em i t s  affe c t  on t h8 gro?. t h  o f  B.  rr:cga t e::'�.w:n st ra in 899a was 

examined .  0 ,  2 and 5�·� acetone v:a s  added to culture s o f  t he organism and 

grov:t h followed by de t ermining t he optical density . 

�he organisiJ grew norma lly in 2% a cet one and 'h"' ith a slower growth 

rate in 59� o. cetonc . 

in 5% acet one . 

The re wa s a delay o f  1 00  minut e s  be fore growth start ed 

Infc c t jsn c f  straJn IG.1 by nhage in broth culture 

Work des cribed in S e c t ion IV s hows tlw.t there is a de lo.y o f  approxi.mateJ.y 

60 minut e s before the induct ion o f' b:>. c t eri o pha t;e 899a by aflatoxin i s  

expressed by a de crease i r:  opti ca l dens ity & n 2.  a sui.lden increase in phage 
numb ers . Ir. the .E .  c e>J.i phae;e J.a:::�bd.a sy s tem the t i.n:e elapsing aft er infection 
of the cell s vdth cact�J riophage lan�hla and t .·:e rel eas e  of p.bage ( b u r s t  time ) 

i s  shorter t h�::.n t he t ime elap s ing a f t e r  treo.tr-,ent with an inducing a gent and 

e ventunl lys is ( h tent time ) . ( .J:t c ob and ':.'oll8a n 1 953 ) .  It was of 

interest to discover whether tbc burst t ime e. ni latent t ime als o  differed 

in t he B .  mega teriun system . Ne ither a ly sogenic KJ.� strain nor a phage 
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Figure 3.� Culture s were incubated in a shaking water bath at 37°C in 
BMGN with and without 0 .1 %  tryptone . 
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free 899a stra i n  were ava ilable s o  c omparis ons hc. d  to b e  made betwe en the 

h1 o strains 899a and KM . 
A phage suspension wa s p re pared by pla t ing a culture filtrate of 

strain 8 99a on four pla t e s  o f  TYA s eeded with s t ra in K:u .  so a s  to give 

confluent lysis . Thre e n�ilJ.ilitre s o f  0 .1 ;� peptcne C.iluer.t were added 

t o  each plate and the plates  allowed t o  stand et roo::::: t ecpe rature for four 

hours . The diluent was p ipetted off and pooled . Tte sus pens ion was 

c e ntrifuged at 1 0 , 000 x g and the supe1·natant chloro foTir:ed . The suspe nsion 

wa s count ed ancl found t o  contain approxima tely 1 c8 pha.ge/ml . 
A culture o f  stra in KJ.! was grown in SD .� to expone ntial phase 

(Klett value 50)  and phage part icle s  were in troduced. int o the culture to 

give app rox ima tely 1 00 ph::tge/rnl . Opt i cal de nsity ::easurerr:ents and plaque 

coun ts were made e.t int e rvD.ls for 80 minut e s a ft e r  the addit i on of the 

pho.ge . There v;a s no effect on growth and. no increase in t l:'.e nuxb ers of 

p laques observed ove r thi s e i ghty minute period . 

Since phage were able to infe ct and lyse c e l l s  on TY agar pla te s it 

was clear that the c ondition s in t he agar plat e culture s differed in some 

way from tho se in the broth cultur e s . Yea st extract v.as added to the SDM 

me dium but this still did no t pemit phage propaga t ion . One pos sible 

explanat icn was that ads01·pt ion required the pre sence o f  a c o -factor 

whi ch ·wa s ab sent , too dilute or unava ilable in t he l iqu id med ium . 

E ffect of chlo roform on ph� r;e coun t s  

To differentiate betwe e n  plaque s due to  free fhc:.ge an.i plaque s due t o  

phage already adsorbed t o  indicator bact e r i a  the c Q c t e ria mus t b e  remo ved 

or kille d .  One s tandard zr.ethod o f  kill ine; tr.e bacteria is  t o  satura te 

t he suspension zr.ediUlll with c hloro fo rm and incubste f'or a fen minut e s . It 

wa s shown that 899a phage was unaffe c t e d  by chlcrofor:r. :2 nd tl.e rr:ethod of' 

chloro form killing wa s a dopted . However ,  despite the standa rdisat ion of 

the p l8.t ing mediw.: there vw re 5t ill irrogulari ties in the c ounts from 

culture s of induc ed lysoge nic bacteria . Counts 0:1 c ulture s which had not 

b e e n  t roated wit h chloroform vie rG regular and pre dicta ble but counts on 

cul tt:.re s treated v;i th chloroform varied considera bly . 



The method in use involved removing a 0.1  ml a liquot of the culture 

into 9 . 9 ml 0.1 %  peptone diluent containing 0.1 ml chloroform .  The 

dilu ent was shaken by hand and incubated at 37°C for ten minute s after 

which the chloroform was removed by bubbling a stream of filt ered air 

t hrough tr.e diluent . 

·:fhen ph::ge suspensions were treated by t lo.is procedure a marke d 

reduction in count was observed c ompared with phage suspens ions plate d  

untreated . If the phage vtere placed in diluent containing chloroform 

but not shaKen the counts were not reduced . S ince chloroform alone had 

no effect on numb e rs it se emed possible that t he phage were be ing inact ivat e d 

at the interface betwe en the chloro form and wate r when the diluent was 
shaken . Table 3 .1 shows t he effe ct on the phage count of shaking in the 

p re sence and absence of an excess of chloroform . 

Ta ble 3.1 Effect of ch1orofonn on phage counts 

� Treatr.�e nt diluent alone diluent SQturated with diluent saturate d with 

an exc e s s  of chloroform chloroform but no excess  

plaque count 1 20 7 1 50 

N . B . All treatments were shaken . 

All dilutions for free phage counts were subsequently made in diluent 

saturated with chloroform but in the absence of any exce ss  of free chloro form . 

A d s orntion of b�cteri opha0e 899a o n  t o  str�in KM 

C e ll s  of strain IC1l we re grown to exponential phase in SDM medium 

and di lute d to a KJett value of  1 0 .  Phage particles were added t o  give I 

approxm.a.te ly 1 0 phage/celL Sample s were removed into diluent saturated 

'o'llth c hloroform at intervo.ls and appropriate dilutions as sayed for fre e  

ph ge . Infected and uninfected cells were ki1led by the chloroform and 

dilut ion prevented furt her ausorpt ion so that only free phage remained as 
plaque for2ing units . There was a decline in the numbers of fre e phage 
a s  is shoTin in Figure 3 . 5 .  Clearly ph�ge were able t o  adsorb to K11 ce lls 
but were not able to infect them . ( See page 66 ) 

The experiment wa s repeated to c onf irm the result and to confirm that 

de spite strong adsorpt ion there w2.s no l'C"'ultine burst . 



Figure· 3 · 5  
ADSORPTION OF BACTER IOPHAGE 899a TO B. MEGATER IUM 
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Figure 3.5 B .  megate rium at a dens ity of 270 Klett units was incubated 

in SDM in a shaking water bath at 37°
C .  Phage were added to g ive 

approximately 1 0  phage/cell . 
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Effec t  of  substance s in the agar on infect ion of stra in K1! 

MSM supplemented with the same concentrations of yea st extract and 

tryptone as agar mediwn contained ,  failed to peroit propagation of the 

phage on the indicator strain so it was concludea t�t · something in the 

agar itself must be necessary for lysis .  An ex tract of agar was prepared 

by soaking Davis New Zealand agar in ten t ime s it s o;m we ight of water at 

50°C for one hour . Th t t � b · th t . e  aqueous ex rac was expre sse-.�. y sque e z mg e we 
agar in a muslin cloth . This liquor wa s filtered through No . 1 filter 

paper  and sterilised by autoclaving . 

Frie&nan and Cowle s ( 1 953 ) suggested that divalent ions might be 
nec e ssary for infection and lysis  of indic�tor cells by bacteriophage 899a . 

To  t e st ' this suggest ion medium wa s made up conta ining tryptone and yeast 

extract to which wa s added agar extract , ac::1r extr2.ct + 0. '1 rru� EDTA and EDTA 

alone . The se media were inoculated with stra in KY an:i phage suspension 
0 and incubated  in a shaking water bath at 37 C .  The e;rowth was followed 

by optical density mea surement s . 

Figure 3 . 6  shows the e ffects of the various addit ions . 

The addition of  agar extract led t o  a slight inflexion in the growth 

curve after 75-80 minutes and a drop in optical density between 1 30 and 1 50 

minutes . EDTA had no e ffe ct on gro�th but reduced the effect of the 

agar extract so that the drop in OD at  1 5 0  minutes was replaced by a 

flattening of the curve . This i s  consistent with suggest ion that the 

active in3redient in the agar is a divalent ion . 

To s how that the drop in OD was due to lysis  and phage pro duction 

the experiment wa s repeated using a tryptone , yea st extract mediu:n buffered 

with pho sphate . Duplicate flasks were set up , one r:ith an:i one without 

addition of a0ar extract equivalent t o  1 q1,  agar . Opt ical density measure-

ment s  D.nd phage counts  were ma.de at intervals on both flasks . The re sults 

given in Fit;Ure 3 . 7 show an even more marked decrease in OD in the flask 

conta ining agar extract and a corre sponding D9.S s ive increase in the number 

of free phage . 

To te st further the possibility that the effect o f  the agar extract 

was due to metal ions in the agar, the effect of agar ash was examined . 
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Ficure 3.7 TYGP with and w it hout a gar extra c t  inoculated and incubated 
a t  3 7°C in a shaking wa t er bath .  Phage c ount 5  made in T YA . 
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One gram o f  agar was redu c e d  to a sh by heat ing in a furnace at 550°C . 
The a sh was dige sted in 3 ml 1 . 0  N hydrochloric acid and reduced t o  dry­

ne s s  aga in . The residue was taken up in 0 . 5  ml dist illed water. This 

s olut ion was added to tryptone yea st gluc o se pho sphate broth (T YGP) and 

compared with extra ct from an e quiva lent amount of aga r . The a sh a llowed 

the same degree o f  lys i s  and the same increase in the numbe r s  of free phage . 

Effe c t  of agar ash extract on relat ive plating e fficiency 

A sh extract wa s a dded to T YGP broth at different leve l s  and the 

broths were ino culated w ith log phase cells o f  stra in KJ,1 a nd bacteria-

phage a s  de s c r ibed previou s ly .  OD measurements and free phage c ount s we re 

made at int erval s . The re s ul t s  are shown in Table 3 . 2  a nd Figure 3 . 8 .  

r1 (.0 

� 

Ta ble 3 . 2  Effe c t  o f  di ffe rent. leve l s  o f  agar a sh 

cxtr<t c t  on phage proEagat ion in st rain KM 

a sh extract in * 
fr0.e Ehat2e c ount s  

T YGP troth at 

50 m inut e s  

0 30 
0 . 5 1 00 
1 .o 84-0 
2 . 0 1 . 23x1 o3 
4- .0 2 . 06X1 cY 
6 . 0 670 

A sh extract c ontain s the extra c table materia l from 1 g agar .  

1 00 minut e s  

20 
o . 9x1 o1t-
7 . 8X1 04-

4 8 .lj.X1 0 
1 2X1 o4 

1 5x1 o4 

Grovrth in the broth c onta ining 61b a sh was s lov1er than in the othe r 

t e st culture s . This may ac count for t he reduced numb e r  o f  free phage at 

50 mir.ut o s  i n  the brot h suppler1ented with 6% a sh extrac t . The infe ction 

cyc le may have been ext e nde d and the cells only just beginning t o  burst . 

The burst size increased w ith j ncrea s ing ash extr2.ct c on c entrat ion up t o  a 
level e quivale nt t o  tr;.; agar . 

Tryptoneyeast glucose agar p late s  v:ere norn:a lly solidified with 1 . 2%  
agar whe rea s  the B. sh ext ract gave appr oximate ly tw ice a s  many free phage at 
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a level equivalent to  4% agar . This indicated that the level of the 

neces sary factor was sub-op t imal in the agar medium . 

The hypothe sis that agar plat e s  c ontained sub -op t imal amount s o f  

the factor ne ede d for phage lysis  was tested a s  de s cribed be low . 

New Zealand Davis agar was washed three t ime s by shaking 50 g agar in 5 1 
d ist illed water fo r 1 2 hours and filt ering off t he agar . Tryptone yeast 

extract agar was prepared using this washed agar . Plate s  o f  this wa shed 

agar mediun containmg various leve l s  of added agar ash extract were poured . 

The soft agar upper layers were prepared with the wa shed agar and seeded 

with cell s of strain �a and 899a phage . The plat e s were incubated at 30°C 

ove rnight and the plaques counted . 
b e l o w  and Figure 3 . 9 . 

The results are given in Table 3 . 3 

Table 3·2 Effect o f  aga r a sh extract on the re la t ive 

pla t i ng e ff i c ie n cy o f  bac t e riophage 89 9a 

Agar ash extract alE fO Pla o ue s 

0 82 

2 1 97 

4 252 

6 305 

8 333 

1 0 41 7 

Je 1 ml agar a sh extract c onta ins the extractable mat e rial from 1 g agar . 

Increas e s  in relat ive plat ing e fficiency Ylere st ill be ing observed 

to the poi.nt where the e quivalent of e ight times as much agar as is usually 

used in s o lidifying medium had been inc orporated a s  agar ash extract . An 

at tempt wn s made to identify the act ive ingredient by ana lys is . 

Analysis o f  the agar ash was kindly 1.mderta.ken by Dr R .  Brooke s  o f  

the Department o f  Chemi st ry , Bio chemis try a nd Bio physic s . The a sh was 

examined in a Hilger a nd Watts Em i s s ion Spectrograph and the relative 

concentrations of the e lements giving the more important spe ctral line s 

were det ermine d .  These  are given in Table 3 .4 .  
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Ta ble 3 .4 A ne. lys i s  of o.gnr ash 

I.�u .jor e le= ent s (>1 OOppm) Interrr:c<l:Lo.te element s 
iinor e lement s ((1 ppm) 

( 1.-l.QOEEE.l 
Cal c ium approx . 1 OOOppm Strontium 1 00 ppm Molybdenum 1 ppm 

S o dium 11 

Pota s s ium 11  

Kagne s ium 11  

Aluminium 11  

1 000 11  

1 000 11 

1 000 11 

1 000 11 

I ron 

Zinc 

Barium 
.Mangane se 

Nickel 

Copper 

90 1 1  Vanadium 1 11 

23 1 1  Cobalt 0 . 2  " 

1 0 1 1  Chromium 1 11 

3 .5  11 

1 ·5 11 

1 .5 " 

Ba tches o f  t rypt one yeast extract medium s olidified with wa shed agar 

\';e re prepared c ontaining chloride s o f  the el ement s in Table 3 .4 at the 
levels shown .  Molybdenum , Vanadium and Chromium i ons were included 

at 0 . 5 ppm . E ighteen batche s  of medium were prepa red,  one with none o f  

the e lement s ,  one with all o f  them a nd s i x t e e n  with a different element 

omitted in each ca s e . Ba cteriophc..ge 899a was p lat ed on t o  each medium 

and the p lat e s  incubat e d  and counted . 

below . 

The re sult s  are g iven in Table 3 .5 

Element 

ooitted 

AlJ. 
None 

Calc ium 
Sodium 

Po ta s s ium 

1�agne s ium 

Tabl e 3.5 Effect o f  vari ou s  elemen t s on relat ive 

.P].ating ef fic iency o f  l_)ho.ge 899a 

Placue :Inemen t Plaque Element 

count Ofll it ted count omitted ----

3 2  Aluminium 520 Nicke l 

41 0 Stront ium 41 0 Copper 

480 Iron 370 Molybdenum 

430 Z inc 425 Vanad ium 

440 Bari um 400 Coba lt 

68 Mane;o.ne se 1+65 Chromium 

Plague 
c ount 

435 
300 

430 

ll-30 

41 0 
530 

J,:agn e s ium is obviou sly ne c e s sary f o r  opt imum plat ing e fficiency and 

copper may also be involved . The relat ively high c ount s v;he n calcium , 

aluminium or chromium were omitted sugge st that the ::;e eleme nt s may be 

inhib i t o ry .  The e ffe ct ivene s s o f  magn e 3 ium a nd copper i n  promot ing phage 

propaeation and of ca l c ium and aluminium in inhib it ing it were examined . 
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E ffe ct o f  meta l  ion s o n  plat ing ef�icicncz 
Plat e s containing 0 .  4 ppm Cu Cl2 2H20 (0.0024 !D�) and varying 

amounts of magne sium ion were prepa red ancl used to plat e 899a phage . 
Plat e s  were also prepare d containing 80 ppm ,,igCl2 6H20 (Ot. � ) and varying 
amount s of c opper ion . T he re sult s o f  the tw o expe ri.I:: ent s are shown in 
l!'igure 3 .1 0 .  The opt imum for magne s ium vras appro:d.:::c.t ely 0·4 mL Copper 

reached a ma:<imum effe c t  at 0· 0024 mM and had. no ir.hib it ory effect up t o  

three time s th..a t  value . 1.!agne s ium had an increa sing inhi b i tory effe ct on 
++ lysi s  above 1 00 ppm l.!g s o  that addit ion of t he op t iwun: c onc entrat ion of 

ion is important in ac hieving maxjm'Jlll plating efficiency . 

Pla t e s co ntaining 0 · 4  m1.1 :r.lg ++ andQ-0024 ro1; Cu ++ and varying concentra­

tions of almninium or c a lc ium v:e re prepared and use d to plate 899a phage . 

The result s are shown in Figure 3 .1 1 . Aluminiur:. v:a s :::.nhib itory at the 

levels t e stecl whi le calc ium was l e s s inhib it ory . �he leve l s  o f  a luminium 

and calc ium expe cted in an a gar eel are approxima t e ly 0 . 05 m�J and 0 . 02 5  mM 
re spectively which vrould be expecte d to cause le s s tha n  5% depre ssion of 

the plat ing effi c ie ncy . The leve ls of magne s i� a nd c oppe r to provide 

optimum plating e ffic ie ncy are approximately ten tize s  t he leve l s usually 

present in an aear gel . 

The effect o f�gluco s£._c onc entra.t ion on t he rela tive nlc.t ing effic iency 

The c ount s of plaque s dur ing the t itrlng of �h�ge su spension s for 

the se expe riment s often we re irre gular . O c ca s iono. lly plat e s wot.:.ld have 

no plaques at all or the plaque s would all appear a s  t iny pin po int s . 

S ome of t hi s  ir:resula.rity can be expla ined by the cf:�e c t  o f  sub-op timal 

me.gnes :.urn in the media but the gluc o se c onc e nt rat ion .,,-." s a l so found t o  

be i.I!iportant . 

The medium first used for plv.que counting c onta ined. t ryptone, yeast 
extract ancl 0 .1 � g luc o s e . Whe n yielCl s o f  B .  n e s:-.?_ t e r it.:..::l in different 

c oncentrc..t ions o f  glucose we re mea sured t he re r;c. s an indicat ion o f  

inhibition o f  grovtth above o • .:;;r; gluc os e . This sugg e st e d  tr.at drying of 

t he plate s during incubation might caus e sooe loc al ccnc ent rat ion of 
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gluc o s e  and affe c t  grov�h of the seed organism . To examine this 

p o s sibility plat e s  of t ryptone yeast extract agar supp leme nted with 

)< ++ d c ++ d h t t f lllg an u were prepare wit varying concen· ra ions o glucose in 

t he base and tryptone yeast extract agar w ith no glucose a s  the seeded 

s o ft agar upper layer .  The re sult s are shovm in Table·  3 . 6 :  

Tab le 2· 6 Effect of g_luco se .on relat ive .elat in� efficienc.z 

Glucose % 0 0.1 0 .2  0 .4 
Rela t ive p lat ing effic i e ncy % 1 00 86 85 36  

The plaque s o n  all plates  containing glucose were smaller than t ho se 

on t he c ont rol plat e . The medium containing 0 .4% glucose was 

part icula rly s t r Lk:ing a s  the plaque s were all pin poin t s  a nd ve ry difficult 

to count . '!:'he density of growth of  the seeG. o rgani sGl on the media 

c onta ining glucose was also le ss , e specially in the medium c ontaining 0 .4% 

glucose . 

These results , tog ether with tho s e  g iven earl i e r ,  led t o  the 

formulation of the me d ia for p laque count ing given be low . 

J,:edia for J?hage counts 

Agar Bas e  Tryptone 

Yea s t  extract 
Agar 

vrater 

5 .0 g 
2 .5 g 

1 2 . 0  g 

1 1 

Before po uring add 1 ml/1 00 ml of a st erile s o lut ion containing 0.84% 

Mg Cl2 o6H20 a.."lcl 0.004-% Cu Cl2 . 2H20 ( Fina l concentrat ion = O·Lt mM Mg ++ and 

024 mM Cu ++ ) .  

S oft Agar upp e r  layer 'l'rypt one 5 .0 g 

Yeast ext ro. ct 2 .5 g 

Agar 0 .5 g 

rfater 1 1 

Bu rst t ir.1e o f  mega nhage 899a oropa0ated on stra in I-J,� 

Having e stablished that magne siwn and copper ions are neces sary for 

the effective infe ction of �0ateriu� stra in ID� by megaphage 899a i t  



wa s po s s ib le to return to the investisation of the burst t ime of the 

system . 

Tryptone yea st extract broth w ith and without optimum amount s of 

ms.gne s iurn and copper were inoculated with �\M and bacteriophage 899a , at 

a density of approximately 1 phage/1 0 cells , and phage count s were made 

at int ervals . The re sults are given in Table 3 .7 . 

pl1..age 

phage 

c o unt 
count 

Table · hl  Effec t  o f  magne simr. and coope r on the 

propagat ion of J?hage 899a on strain KM 

Time �m inut e s2 
0 20 40 60 

Mg Cu absent 22 22 1 7 9 

Mg Cu pre sent 29 58 77 250 

The first big release of phage occurred at about 60 minute s . 

A op e a rance of the bacteriophage 

80 

7 
6 , 200 

A heavy suspens ion of B .  me�a.t� rium strain KM v1a s infected with 

megaphage 899a at a level of approximately 1 00 phage/cell . The suspension 

wa s incubated for 30 minute s ,  long enough for adsorpt ion t o  occur but not 

long enough to allow lysi s ,  and t hen one drop of 4Q% formaldehyde was added . 

The treated culture was centri fused and the cells were resuspended in a 

min imum of di stilled wat e r .  This suspens ion was u sed to prepare grids 
for elect:!·on :nicro s copic examinat ion . Figure s 3 .1 2 and 3 .1 3 show the 

appe:lrance o f  the bacteriophage free and adsorbed to a ce ll . The 

djJ"".ne n sions of the phage are given in T able 3 .8 .  

Head 65 X 58 run 
Tail J.ength 250 nm 

Tail wid.th he ad end 8 nm 

Distal e nd 1 1  - 1 2 nm 

These me asurement s and it s  la tent period of 80-90 minute s  are 

similar to the type s M·1 and M3 of Priedm::m and Cm·11G s  ( 1 953 ) 

cla s sification . 
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F IGURE 3·1 3  

MEGAPHAGE 899a ADSORBED TO BACILLUS MEGATERIUM 
STRAIN KM 

83 
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§_ummar,y: 

The def ined medium for B .  ms-oat eriuo f inally adopt ed differed from 

tho se of Lv10ff e t  al. ( 1 950 )  and � ro rt.hrop (1 951 ) in that ni c o t inic a c id 

\7a s  found to be nece ::;::; ;J.r<J for growt h .  The ir culture s  re quired n o  additional 

growth fac t o :r' S . A lthough an addi t i onal co�plex nitrogen source wa s n o t  

ne c e ssary for growth , a lov1 leve l o f  tryptone increa sed t h e  rate of growt h . 

Magne s il.lr:l wa s found not to be ne ce ssary for i nduct ion de spite the 

re po rt of Huybe rs ( 1 953 ) but was ne c e s sary for the propaga t i on of bacterio­

phage 899a on stra in KM . This wa s not reported by any o f  t he other 

workers though Friedman and C owle s ( 1 953 )  had sho·:1:1 that c itrate c ould 

redu c e  t he nuobers o f  pla�ue s  appearing on pl�te s . Thi s wa s pre sumably 

due t o  t he re duct ion o f  ava ila ble magne ::; ioo by t he citrate . Calc ium wa s 

found not to be re quired fo r the a d s o rpt ion or propag a t ion of bacte riophage 

899a a s  report e d  by Gra t ia ( 1 936 ) ; indeed it ��d a sl ight ly inhib itory 

e ffe ct on propaga t ion . This inhib i t o ry effect and that of aluninium may 

be due t o  c onp e tit ion betwe e n  me tal ion s . A c omparison o f  the amounts 

of magne sium included in m�dia by various workers i s  made in Table 3 . 9 . 

'I'a Cle 3 . 9  1.:i 1 1 imo lar concen t r::;.t ions o f  ca zne siwn 

in Gle di3. for B .  r:�:t� c rium 

1!::9..f_f { 1 950) L:ort hrop ( 1 � 
1 .2  o ., 

Huybt) rs ( 1 95ll 
0 .1 

others Basal me dium this study 

0 0.4 4.0 

Other workers were able to obtain phage propagat ion at much lower 

levels of magne s ium th:m v:cre f ounl to be ne ce ssary in this study. This 

sugge sts e ither that they ha d sub - opt imal leve l s  o f  magne sium pre sent or 
that t here h;:. s buen a chanGe in t he characteristics of the phage o r  the 

s e nsit ive .L • 
s ... ra w . 

The e ffe ct of glu c o s e  on relat ive plating efficiency doe s not seem t o  

have b e e n  not e d  by previous worke r s . I t  is a cur ious phenomenon a nd me rits 

furthe r inve s t igation . 

The bu rst t ime of a bout 60 minute!.> i s  s bilar to that re po rted by 

Lwoff (1 951 ) . He found that the optical density of the infe cted culture s 
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started to dec l ine at 60  minute s and t he first det ectable increase in 

phage numbers oc curred earlier at 45 minute s .  In this study the rapid 

increase in ph.'3.ge numbers started b etw·een 40 and 60 l!linutes . The 

relat ionship b etwe en latent time of induct ion and burst .tim e  w ill be 

discussed more fully in the next s e c t ion . 
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S�CTIO:N IV 

UT.9UCTION OF LYSOGSNIC B .  f,iEGATERilJJ'.\ BY AFLA':;CXIN B - -
I nduct ion of lysogenic ba cteria by a flatoxin wa s first reported by 

Legator (1 966 )  for E . c o li and Sta nh . aureus . He sug g e s t e d  that all 

induc ible lysogenic bacte ria would be affe cted in the s a�e way . Later 

Lilleho j and C iegler (1 970 )  report e d  i nduction o f  B .  cegate ri� by 

aflatoxin though at concentrat ions a hundred t im e s  greater than tho s e  

report e d  b y  Legat or .  The idea of us ing i ndu ction as t he basis f o r  a 

bioas say i s  attra ct ive for a varie ty o f  reasons . It is a mic robio logical 

system , which require s l e s s  equ ipment a nd skill t o  handle tl1.an a system 

using h ighe r organi sm s . It is like ly to g ive a re sult core quickly than 

an animal system . The main po tent ia l advantage o f  i n�uc t i o n ,  howeve r ,  is 

i t s  rep orted spe c ific ity . Relat iv e ly f e w  c ompoU-Dds a r e  able to induce 

lys ogenic cells but , more importantly , there i s  clamed ( He ineman and 

HoYtard ( 1 964) a nd Le in et al . ( 1 962 ) )  to be a corre lation between the 

induc ing abi lity of a c ompound and it s ability to cause cancer . If this 

i s  the ca s e  then inte rfe rence by other comp ounds hav ing the same b io logical 

e ffect a s  a flat oxin in an assay would be an advantage rather than otherwi se 

s in c e  one would be made aware of a potentially dangerous t ox in . 

The failure t o  repeat Legator ' s work with E . coli and taph . aureus 

ha s b e e n  reported i n  S e c t ion I .  While this re sult wa s d i s c ouraging the 

sub s equent confirma t io n  of induc tion of B .  megc.te riucn by a flatoxin reopened 

the possib il ity of using thi s  system as t he basis of a bioa s say . It wa s 

n e ce s sary, howeve r ,  t o  repeat and amplify the bare observat ion o f  induc t ion 

and to find out more about the behaviour and require�ent s of the organisms 

inv olved in t he sys t em . Some of this work has a lready been de s cribed in 

S e c t ion III . The \7ork des crib e d  in this s e c t ion is c oncerne d w ith the 

induction system its elf and its eventual deve lopment into a usabJe bioa s say . 

Re s_Eonse o f  l.Ysogenic �g.'lte� t o  varying aflatox i n  c oncentrations 

A n  e s sential requirement fo r a quant itative bioa s say i s  that the 

response of the system to t he c ompound b e ing a s saye d shall vary in s ome 
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reguhr relat ionship wit h  the amount or concentration o f  t he compound . 

The first experiment whi ch ha s already been de scribed in Se c t ion I had 
confirmed the occurrence of  induct ion . The second experiment attempted 

to s how a c oncentration/respons e
.
relat ionship . 

B.  meg:=:.t '3 riun strains 899a and K1J were grown overnight in nutrient 
broth . S tr�in 899a wa s sub-cultured in fre sh nutrient broth and incubated 

in a shaking wat er bath at 37°C  until t he culture had reached an OD of 
55 Klet t unit s . The culture wa s centrifuged a t  3000 g for 1 5 minutes and 
wa shed twice in saline to

_ 
minimis� the numbe rs of fre e phage . The cells 

were re suspende d and added to aliquot s  of  nut rient broth c ontaining various 

concentrat ions of aflatox in B1 so  as to give a dens ity of c e ll s  approximately 
1 /1 0  the original culture . 

( In t his early experlinent the aflat oxin was a dded t o  the medium a s  

a c oncent rat ed chloro form solut ion and t he chlorofonn removed by bubbling 

nitrogen through the medium . Thi s  wa s subsequently shown to be an 

un sat i s fac tory method o f  a dding the tox in t o  the medium and as a result 
the c oncentrations shown in the bble may not be reliable ) . 

The broth culture s were incubat ed in a shaking water  bath at 37°C and 

samp le s removed after 1 1  hours for viable c ount s and phage counts using strain 
Kl-1 as t he indi cator strain . The re sult s are given in Table 4 .1 below . 

Table 4� Induct ion of st rain 899a by va�ious amount s of aflatoxin B1 

Time �hours} 
Viable count s x1 o-3 1 �  

Phage count s X1 0 -4 1 �  

aflatoxin c oncentra t ions 

0 5 1 0 
8900 7500 7600 

4500 7000 )1  o ,ooo 

(!lg/ml) 
20 
1 

1 2  

Althoush the dilut ions chosen for plating were not the most appropriate 
the re sults suggest a re spon se proport ional to aflat oxin concentration . 

They also indicate that above a certain leve l ,  aflatoxin is inhibitory to 

the extent that bot h growth and induct ion are suppre s sed . 

The two inve st igat ions de scribed so far shov1ed an increase in the 

nu:nbers of pha£;e follo;ving aflat oxin treatment , but no corre sponding 

decre�se in opti cal density . A number of attempts were made to demonstrate 
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lysis  by a de crease in optical density without suc ces s . In retrospect 

it is now clear that  this was due to  the unsat isfactory method of  addit ion 

of aflatoxin � . Later the method of addition using ethanol as a vehicle 
I 

was tried ( see l�aterials and �ethods Section )  with the re sults given below . 
S trains YJ,: and 899a we re gro1m in basal medium supplemented with 

0 . 25% glucose , 0 .1 �g/ml nicotinic acid a nd 0 .1 % t ryptone . Each strain 

wa s dilute d  1 /1 0 in the same medium conkini1�g 1 0 !lg/ml afla.toxin B
1 

added 

a s  a 1 000 �g/.r.:l soJ.ut ion in ethanoJ . C ontrol s  containing only the • 

ethanol were al:::o included .  The culture s we re incubat e d  in  a shaking 

water bath at  35°C and optical density n:ea sure111 e nt s  taken at intervals . 

Smears were made of the culture s at 1 50 rr. inutes  and staine d  for micro-

scopic examination . The slide s of both control and treated culture s of 

strain 899a and also of  the control culture of strain Kh :  s howed norma l 

rods in cha ins but the slide o f  strain K1i grovm in the presence of aflatoxin 

showed mostly lone filamen t s . Thi s a ppe arance is similar to that reported 

by ',':ragg et al . (1 967 ) for E.  coJi and b y  Lillehoj � al . ( 1 967) for 

Flavobacte rium aurant ie cum . 

The results of the o p t ica l density meusurer:1ents are given in Figure 

4 .1 • A drop in optical density occurred between 60 and 90 rr:inute s only 

in the culture of' tlw lysogenic s train 899a c onta.in:Lng aflatoxin . 

The reaft er gro:·. th ¥.-as re suoe<i but more slowly . Thi s  curve ha s a numb er 
of intere st ing foatures no t reported by Lil le!1oj and C i egle r in their 

study on ��1te�:it.a:1. The init i a l grovrth rate in the presence of 

afla toxin i s  l i t tle different from that in the control ( generat ion times 

55 and 45 rr.inute s  re spe c t iv e ly ) . The decrease in OD after 60 minutes is 

follo·.ved  a fter a de lay of' a further 30 minut e s b y  a re s UI:lpt ion of O D  

incre a s e  n t  a slower ra t e  ( equivalent to a c e nera t i on t ime 1 35 minutes ) . 
The final OD v:... lt;c s  after O\Ternight incuba tion of stra in 699a were 293 for 
the c ontrol and 49 for the afJ atoxin-treated culture indicating that furthe r 

lysis  hG.d oc curred in the la.t tel' b::;fore exhau s t ion o f  the medium . 

The infJ.exion in the OD curve could be interpreted as  being due to  

t h e  lysis of a proport ion of' the cells  in the culture -r;hich Vias induced 

i.rnr;:edia t ely the cell s  came into contact with the aflatoxin . Their rate o f  
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O D  increa se v-;a s  unaffected hov:ever unt i l  t hey lysed approximately one 

generat ion lat e r .  It  m:1y be  assumed t hat some proport i on of  cells would 

be induc ed tlu·oughout the rema j nder of t he t ime th?.t the culture was under 
ob s e rvat ion and tho se t oo v10uld lyse .:1 ft o r  t he elapse of the latent period . 

Thi s interpretr.tion would .:1c c ount for both t he o b served fall in OD after 

an initial period of increo. se .:1nd t he sub sequent period of increas e at a 

slc wer rate . The ac tual rate of O D  increas e  after the initial lysis 

would depend on the growth rate and the proportion of cells induced . 
The t ime course of  phage production a fter  induct ion 

The chang e s  in the optical dens ity curve o f  stra in 899a in the 

pre se nce o f  a flatoxin prompted the inv e s t igat i o n  of t he t ime course of 

phage production following inuuction by a flatox in . 
B . ncgf!.t erium strain 899a wa s grown to an optical density of 1 1  0 

Kle t t  unit s in SDM . Media containing 0 ,  1 0, and 20 f.lg/ml aflatoxin B1 
were prepare d ty inco rporat ing the appropriate amounts of a 1 000 f.Lg/ml 

solution of afla toxin t o  1 0  ml SDM us ing a ce to ne a s  the vehicle in place 
o f  e tha ol ( see I·hterials and 1.: c t hods ) .  Suffic ient additional acetone 

was added to  all the flasks to give a concentration of Cf'o acetone in 

each medium . 0 . 2  ml of t he exponential culture of stra in 899a wa s added 

t o  each mediun in a side arm flask .  Optical density measurements were 
made at thirty minute intervals and fre e ph.:1ge c ounts were made at zero 
time and at 1 20 ,  1 80, 240 o.nd 300 rr.inute s .  Result s are g iven in Figure 4. 2 . 

Phae;e production was greater in the pre sence of 20 f.le/ml than in 

1 0  !Je/:::1 a flatoxin B1 • The effe c t  o n  op t ica l density was also more marked 

in the presence of 20 f.lg/ml a fle t ox in B1 • The re sults show two unexpected 
feature s ,  however . 'rhere ws.s a sllll!ll o.ppo.rent increase in the 
free phage numbers in the control culture . Furtl ernore in all three 

culture s a decrease in free phage o c curred after the firs t burst . Both 

o b s e rvat ions nerc subjected to further exc.mination in later exper:ilnents . 

Thou t;h t here wa. s a marked incre a se in the nw.:bers of free phage in those  

cul ture s cont:.d.ning aflatoxin and a U.e cren. s e  i n  t h e  optical dens ity , the 

int e rvals cho sen w e re not suffic ien t ly close to det e rn ine whether the phage 

burst a n� OD decrease c oinc ided . This •;;:J.s examined in the next experiment . 
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Comparison of nhage product ion ancl OD decrease 

B. met;aterh.trn s t rain 899a was grown to an OD of 1 90 Klett unit s 

in SD:.� and dilute d  one tenth into fla sks c onta ining SDM supplemented 

with e ithe r 1 %  aceton e  alone o r  1 %  a c e t one a nd 1 0  �g/rr.l _ afla tox in B1 . 
T he culture s were incubated at 35°C and samples were removed into 

chloroformed diluent a t  int erve.ls of 30 minute s v1he n  OD mea surement s 

were a l so made . Appropriate d:.lut ions of the san;ple s were a ssayed for 

phage . Result s are g iven in Table 4- ·3 a nd Figure 4 . 3 . 

Tabl e L� ·2 Phage c ount s  aft e r  induction o f 899a by a flat oxin B1 
T ime (oinute s ) 0 30 60 90 1 20 1 50 1 80 
Control X1 o-4 2 6  28 680 2 60 23 1 1  1 9  
1 0 �Lg/a:l a flatoxin B1 

X1 0-4 1 7  58 7 , 700 22 , 000 1 2 ,1 00 3 ,400 2 , 800 

In bo th control and treat ed culture s a peak o f  phage production was 

observed . In the cont rol culture thi s o c curred at s ixty minut e s  after 

d ilut ion o f  the parent culture and in the a fla toxin-c onta ining culture a 

much larger peak re curred later beb1een s ixty and ninety minute s  after 

dilution . Closer time int e rval s  we re used in a fu!·ther experiment ( s e e  

F igure 4 .4 ) v;here t he time of s ix iy minut e s  f o r  the phage peak i n  the 

control culture wa s c onfirrr:ed while a t ime of approxima tely e ighty m inutes 

was found for the a fla toxin-contain ing culture . The latter peak coinc ided 

closely with the fa ll in OD . The rat e  of d ecl ine in fre e phage numbers 

after the peak varied in di ffe ren t  expe riment s but the same pattern was 

observed in all ca se s . This de cre&se in the nu.':lbers o f  free phage a ft e r  

the p e a k  wa s a ssumed t o  be due to the i r  a dsor;_;tion o n  t o  unlysed c e l l s  

and fragment s  of ce11 wall of lyse d  c e lls . The number o f  free phage in 

the aflc..toxin-containing culture s after t he peak had sub sided was s t ill 

greater t ht'.n the nUi1lbe rs in the c ontrol . 

Phaee prod uct ion a ft e r  ths initial peak 

The pe riod a ft e r  the peak o f  phage producti on v;a s inv e st igated t o  

s e e  whethe r t.l-_c re vrere furt her peaks o r· whether a relat ive ly steady state 

was reache d . Samples frcm cultures conta ininc; 0, 5 and 1 0  �g/ml aflatox in B1 
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w e re a s sayed for fre e phage at thirty minute int e rvals b e twee n 1 50 and 

330 minute s aft e r  d i lu t ion . Sample s we re also taken at 0 and 75 minutes  

to  confirm the pre sence of  t he peak .  The re ct� t s  are give n in Figure 4.5 . 

The de crease in numb e r s of free phage a ppe ared le s s  rapid than in previous 
exp e riment s where t he rate of decrease w&.s aJJnost a s  great as the rate 

of increase . 

In each culture t here was an increas e in fre e pr_a ge aga in a fter the 

period of dec line . The rap idi ty o f  this s e c ond. increase wa s greater when 

the a flatoxin concentration was higher . This i s  cons is tent with the 

earlier sugc:;e s tion of cont i nuing lys i s  afte r  the initial burs t . The free 

phage pre sent in t he mediw:: would represe nt the J. i �':'erence b e twe en tho se 

be ing produced by lysis and tho s e  be inG remove d by aC.sorption . 

Indu c t ion folJ o�ing dilut ion 

Ideally the size of the burst of phage dt:e to induct ion should be 

compared with fre e pha.e:;e nU!nbe rs in an uninduced contro l .  i.'he existence 

of a sma l l  peak of phage production in the control cul ture s di stort s this 
compari s on . The e ffe c t  had a l so b e e n  ob s erve d by b�of:" et a l . (1 950) . 

They report ed that as lilllny as  20-30/� of b a c t e ria lys ed a ft e r  dilut ion . 

The actual proport ion var i e d  with the stage of gro?.-th c. r:d wa s at a maximum 
just before stationary phase . They inve s t igated the effe c t  o f  redox 

p o t e ntial and me dium conditions but v1ere ur-able to find any clear caus e 

for the induc t ion al though oxygen level app eare d. to play a role . It 

seemed p o s s ible that t he sho ck of t ransferring a culture frox a temperature 

of 35°C to me diu;;: at room tenper.::.ture , as had been cior:e in all my previous 

work , might effec t some inC.uct ion . Thi s Ha s t e s t e d  by comparing duplicate 
culture s diluted int o .:r.edium at room t e::1pera tu�:e .::.nd mediwr. pre -warmed t o  

35°C .  S ince r.o e ffe ct on the dilution induct ion y:a s ob s e rv e d it was 

concluded tho.t temperature change was no t a factor in this phe nomenon . 

De c l i ne in ft·ee  nhage nur�. b e rs after the init io l turst 

The sb.'lrp peak in the numbers o f  fre e phc:..ce of the i n itial burst 

makes it very difficult to choo s e a n  app ropria t e t iDe at whi ch t o  sample . 
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Figure 4- .4 sho·.-rs that the free phage numbers in one experiment rose and 

fell tenfold 'i'lithin sixty minute s . 

If the decrease in free phage numbers after the initial burst is  

due to  adsorption this should be ellminatcd by dilutin6 the culture after 

treatment �ith aflatoxin for sufficient time for induction to have been 

initiated . 

Cultures of strain 899a \'icre held for 20 minute s in SDM with and 

without 1 0  !J.g/ml aflatoxin B1 and at an OD of 1 0 Klett units and were 

then diluted 1 /1 00 into fresh pre-warmed medium and sampled at intervals . 

The sa�ples were assayed for free phage . This experiment was carried out 
twice . On both occasions lysis was delayed until approximately 1 20 

minutes after dilution. 

In b o th the control and the aflatoxin-containing culture there was 

a peak of phage production and a decline . 

This dilution wa s not ,  therefore , c.ffective in preventing the 

decline in nur:be r s  following the burst . 

Effect o:'  :-.r: "�ne s ium on in<lucti on by aflatoxin B1 

The >.or1� described so far wo.s done before the effects of magnesium 

on platilli3 efL ic iency ( Section III ) had been inve stigated . Since 

magnesiw:1 rra s so important in the infection cycle its effect  on induct ion 
had to  be ex�ined .  A culture of B .  me;;;a t�riu n strain 899a was grown t o  

an O D  o f  ·1 9 0  :\lett uni t s  and diluted 1 /1 00 into media containing 2 !lg/ml 
aflatoxin B with and w ithout magne s ium and copper . A control containing 

1 
t he m e tals but no aflat oxin was also i ncluded .  Free phase in the cultures 

were a s saye d. at intervals . The results are given in Table 4- .4 . 

!.a::,le_ l� .4 Effect of m:v�nc r;j.u.11 and co uocr on induction of 

T ime (minutes )  

Control 

2 �&/ml B 1 alone 

2 !lts/ml B_1 + metals 

ba c t e rio n!"w.r.:e --· hi f'99a by 2 .. flatoxin B1 

free oho.�e counts x1 o-3 

0 40 80 1 20 

2 2 3 23 
5 3 1 63 

3 2 4- 64-

1 60 

85 

24-7 

225 

There ���s no real d.if'ference in free phage counts due to  the presence 
of  the me�al ions . 
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f2_yntin,--: induced cells 

At this point sufficient informat ion h�d been a c cumulated t o  make 

it clear that aflatoxin B
1 wa s able to induce bacteriophage 899a and 

t hat t he degree of induction wa s dependent on the concentrat ion o� t oxin .  

It wa s d ifficult howeve r t o  find a re liable par[l.Jle t e r  fo r measurement of 

the effe ct . Because t he peak of burst i s  t rans ient it v;ould be difficult 

to se le ct a sampling t i:ne t hat v;ould co inc ide ·:iith the peak . There are 

a ls o  brge variations in the numbe rs of free phage in the pha s e  aft e r  the 

burst . In the hope t�� t  it might pro ve a 2ore re liable parameter 

attention wa s concentrat e d  on findins a v;ay o� counting the actual numbers 

of induced cells rathe r than the proge ny o �  the i r  lys i s . B .  megaterium 

strain 899a wa s grown in SDM t o  an OD o f  1 50 Klett unit s . The culture wa s 

then c e nt r ifuged at 3000 g for 20 minut e s at room t emperature , washed once 

in pe pt one d i lue nt and re suspended in di luent to its ori ginal volume . 

Thi s wa sh ing was done to remove fre e phage fro:�- the culture . The suspen-

s ion wa s diluted 1 /1 0 into dupl icat e fla sks o f  SDr.: . A fter t e n  minut e s  in-
0 

cubat ion at 32 C a ce tone wa s adde d to one f la s k  and an ace tone s olution 

of afla t oxin B. t o  t he other t o  g ive final co!lcentrat ions of 1 %  acetone 
I 

and 1 0 [.lg/!:11 aflat oxin B1 
. S ample s vre re removed at interva ls ani p late d  

unchloroformed for infe c t ious c�ntre s on TYA . 

On examination t he plate s  fro::� both treate d and untreated samples 
showe d a mixture o f  large a nd s::::all pla que s . The total n��bers o f 
p laque s were approximately the same in both s e ries but the propo rt ion 

o f  brge p la que s increa sed more rap idly in the p lat e s  from the culture 

c onta inin0 aflatoxin B1 than in tho s e  fro8 the c ontrol . I t  was not 

po s sible to make ac curat e c ounts o f  the lQrger pla que s but e stimates of 

the ir numb ers are g iven in Table 4.5 . 

Time �minutc s2 
0 

1 0 

30 

50 

70 

Tabl e l� . 5  Est �:1t e s  of the nu:;: ers o f  laree and small 

plao ues follo-Ning induction 

La rge Ele.g,ue s 

Total Elfloues Cantrol � 
560 80 

550 60-1 00 

530 60-1 00 

540 60--i OO 
800 1 50 

DBRARY. 
MASSEY UNIVERSITY 

t reated 

80 

80 

"\ 80 

520 

650 
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If it i s  as sumed that a ll viabb ce ll s  of :a .  c � !':<::. "t e riu::: s t ra in 899a 

if pla t e d ,  l'lill eventually produce ba c te riophage by s p onb.ne ous induct ion , 

t h e n  it i s rea sonable to supp o se t ha t  the earlie r lys i s  o c c urs aft e r  

pla t in g ,  t h e  la rger the re sult ing plaque will be , s ince t:J.ore cycle s of 

infe c t ion will have b e e n  able t o o c cu1· . In t J:-,.s. t  case the 1:3.rge st 

plaqu e s re pre sent c e ll s  v;hich lysed v e ry soon afte r p lat ing and the 

smalle st p la que s repre s e nt c ell s which lysed not lOYlS be fore t he plate 

wa s removed fro:n the incuba t or .  That t he c ulture c o nt � ining afla t ox in 

gave ris e  t o  many more large pla que s than did the c o!'l-;; ro l culture could 

be e xplained as be ing due t o indu c t ion by the aflc t o x in . 

I t  is no t po s s ible t o  c ount the vario u s  s i z e d  pla�ue s a c curate ly 

be cause o f  tho c ont inuous gradat ion in s iz e  fro� la rge t o  s� al l . For 

the te chnique t o  be of any u s e  it wa s ne c e s sary to suppre s s  t h o se cell s  

which lys e  spontane ous ly aft er plat ing and pe rr::.it to lys e only tho se cells 

·which v:e re induced b e fo re p la t ing . 

An attenpt was made t o  a c hieve this re sult by :dl l ing the lysogenic 

cells with streptomycin ir.:.rnedia t e ly a f t e r  the ce l l s  induced by aflatoxin 

had burs t . I f  thi s was to succe e d t he indica t o r  o rganis:n had to be 

re s i sta nt t o  strept omyc in or no plaque s would be :forse d . ·-'- s trept omycin 
resis tant mutant of t he phag e - sen s i t i ve stra in :I\2.: -;o:a s i s olated ( see 

1:a t e rials and r.�e thods ) • It v;as a l s o  e s tablished t :r..a t the lysogenic strain 

899a vra s s t re p t omyc in-s ens it ive . Strain 8)9a n:;. s .;ro ·.m , wa shed and 

re su spe nded as before and dHuted 1 /1 0 into SD:.: with and wi t!:out 1 0 1-1-g/ml 

afh.toxin B1 • Sample s Vie re taken a t  f i fteen c ine1te interva l s  and 

a p propriate d..;_lut i o n s  m ixed Vlith st re p t omyc in-re s 2. s tant s train 1\1: c ells 
( I\1.:/S r ) in 3 . 5 m1 s o ft agar . The s oft a gar wa s po•Jred over plate s  con-

t a i n ing tr,yptone ye a s t  extract o.gar s uppler::e nte d ;-; i t l1 !l'.2. gne s it.Lr:-t and copper 

a nd ?.0 lJ.g/ml streptomycin .  A d up l i c a t e  s e rie s . · :: s r..ade in v.-hich the 

streptomyc in W:.J. S omit t e d .  A chl o r o f'ormeU. S3.t:!ple r;<J. s  a ls o plate d in order 

to a s say the free phage . The re s ult s a re g iven in �able 4 .6 .  



Ta b le L . G  3ffect of stre.2to:nyc,�n on the £la'lue count 
of inJuc cd culture s 

Tiwe (minute s ) 0 1 5  30 q.5 60 
No afle. toxin Stre pt pre s en t  24 1 6  8 30 67 

St rept ab s ent )1 000 ) 1 000 ) 1  000 ) 1  000 ) 1 000 
1 0 f."g/ml a.flatoxin Strept pre s ent 22 1 2 21 64 340 

Strept ab s ent )1 000 )1 000 ) 1  000 ) 1  000 > 1 000 
Chloroforo.ed s�ple 0 

It wa s hoped that the time taken for the streptomyc in to diffuse into 
the s oft ag2.r layer w ould al1ow only tho s e  c e l l s  already committed to lysis 
'Nhen they ·�·;e rt! plated to  c omplete t he cyc ·le . All othe r s  would be killed 
before lys i s  c ould o c cur . There wa s ce rtainly a marked reduction in the 
nw.b e r s  o f  pla.ques on the plat e s  c onta i n ing s t re p t omyc in . There was also 
a n  incre a s e  in t he number of plaques on the plates from the aflatoxin-
c ont a inins c�lture aft e r 45 minutes . 'rhe reduct ion in total numbers was 
s o  grea t ho;·:ever a s  to suggest that a proport i on of the induced cells were 
killed b e f ore they c ould lyse . 'I' he me thod therefore na s modified to  
allo?; :::o r e  tiiJe for the cycle t o  be  completed . Instead of  inc orporating 

stre p t or:yc in in the lower laye r of t he <loub le hyer plat e s , a third layer 
of plain e. sar c onta ininG 20 !lg/ml strcp t oAyc in Yias po ured over the uppe r  

s o f t  2- g a ::- la.ye r . Be fo re t e strept omycin laye r wo. s applied the double 
laye r pla. te r;a :;  incuba ted for fifty minut e s . Strain 899a wa s incubated 
in SD:.: cont;..?.inine 0, 2 ,  4-, 6 and 8 iJe/ml aflatoxin B1 for 50 minute s . 
Sar::ple s ·;:e re diluted and plat e d  a nd the pJ.:1tes :'..ncubated fo r a furthe r 50 
rr< inut c s . ·-;:>.-10 plo. t e s WCl'e thc;n o v o rl : d<l •;:ith a lc.yc r o f  plain agar 
co:1b inin; ?.0 !1[:/Lll s t reptomyc in and re turned t o  the incubator overnight • 

. ,o sult s a:-e c; iven in Table /+ • 7 .  

::::'2 bl •3 L .  7 2ffect o f'  a ri1}ine str•"' ntrJs;(cin _after _20 r.linutes  incubation 

a :'latoxin c one . �Jg/ml 0 2 4 6 8 

Plaque count 8 26  ., 02 92 87 
There wo. s no further increa s e  in p laque cot:nt abov e 4- 11g/ml aflatoxin 

but at and. ab0v e that J.evel the re ua s a tcm"'old incre a s e  over the count in 
the cont rol plQte . 
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Effect c, f' S8.oplin?? n nd incuhat i cn t i !ncs  on the ula t e  count 
Furt her investi6a t i on s  we re mad.e t o  dete:rmine the optimum t ime s  

for wh::..ch the p late s s hr.ulcl be in cubat e d  before ove rlayering with 
stre p t ocyc ir.-containing agar and. t h e  t iu:e at ·:;hi ch the rea c t ion mixture 
should be tre.nsferrccl to the plu te s .  

In the fir:.;t expe riment sar:,ple s  we re rer;:oved from reaction mixture s 

conta ining 0 and 1 0 !lg/ml aflatoxir. B1 after 50 mir:ute s . Plat e s  were 

ove rlayered with stre:ptonyc in agc.r after incube.tion for 70 , 90,  1 1  0 and 

1 30 minute s .  Resul t s  are shown in Table 4 .8 .  

Table 4 . 8  Effect o f  incubat i on t ime o n  ela t e  count 

Plaque COLUlt S 

aflnt oxir. c one . (!lg/ml) _ 
0 

1 0  

Incuba t ion time (minute s) 
70 9 0  1 1 0 1 30 

1 29 1 65 220 21 0 

560 560 560 5 60 

The a flat ox in-treated culture wa s WKlffc cted by tte durat ion of the 

s ub :;e que nt incuba t i o n  but the c ontrol culture shoued a slowly increas ing 

c ount up to 1 1  0 mir�tltes . 
In the next experiment sample s fror:1 mediun containing 0 and 1 0  f.l.g/rnl 

afla t oxin r:ere removed a t  4-0 , 50 , 60 and 70 minu-: e s . S ub s e quent incubat ion 

wa:; allowt.d to bring the to -tal t :i.G"te fron the start of the experiment t o  

1 50 minu te s .  

Plaque count s 

Resul t s  a re given in Tab le 4 . 9 .  

Tatlt:_ h- . 9  Bff o c t  o f  sar.:r.- l in--: t ime on .rla te c oun t 

Sc: :::lltlinc:; t ime ( • J.. \ m lnu t.-E' 3 )  40 50 60 

Incuba tion t ime (minute s )  1 •1 0 1 00 90 

No aflatoxin 't 90 1 75 600 

1 0 f.l.g/ml nfla toxin B1 950 1 650 1 800 

70 

80 

1 200 

2000 

Sampling at 50 minutes gave the la1·gost U.iffcrence between control 

and aflat oxin-treated culture . Fro:n t he re sult s of the s e two expe riments 

a combination of 50 :cd.nu t e s  treatDent in a fln.toxin followe d by 90 minutes 
incubat i on before overlayering wa s take n as optimal . 
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The induct ion b ioEt s :> ,t.z._for a fL, ":: oxin 

The final form taken by the a s 0ay i s  s e t  out below . 

Pr·e �;a ro.t i on o f  cult1.1 r·� s : 

1 ) Gro\'1 Ba c illus mcP:;"..t e r.iui.1 stra in 899a in 1 0 cl sem i-defined medium 
to an OD of 1 00 Kle t t un i t s . Cent rifuge t he culture e.t 30GO g for fifteen 

Re s u spend in · 1  0 ml d i lu e nt pepbne and ce ntrifuge 
aga in . Re suspend in 1 0  ml diluent pept one . 

At the same t ime pre pare :1 n  a ct i ve ly growicl;; culc:ure of Ba c i llus 

m ega t e r iUD s t ra in IQ,/Sr in se1a i-J.e fined me diun . '.I:'i1e optical density 

of t h e  cul ture s hould be ap proxima t e ly 1 50 Kl e t t  t.:nit s b u t  the exact 

optical den si ty i s  not too  impo rt ant p rovide d t he cu lture is sufficiently 

dens e  and i s  actively grow ing when it i s  u se d . 
2 ) Aflatoxin t re a tm e nt : ------- --����� 
Prepare the �a..r:1ple s f o r  examinat ion by d i s s a lvin:; drie d toxin in 

a c e tone and addin g t he so l ·J.t ion to  2 ml semi-de fine d. ;;-.edium containing 

only 0 .1 �G g luco s e  conta ined in a 25 rn l  .2rlen:neye r :,l:. s :.C . The final 

conce n t rat ion of ace t one should not ex c e e d  j . c(o s.nci the final concentra-

t ion of toxin should be l e s s  than 1 2 11g/ml a fla toxi..r1 B1 • Prepare standard 

me dia c onta ining 0 ,  5 and 1 0  �g/ml a flatox in B1 • All the �edia should have 

a ce t one added t o  them to bring t he leve l up t o that of the me dium containing 

the g re a t e st amount of a c e tone . 

Dilute the v;ashed suspension o f  s tra in 899a ore hundre dth and add 0 . 2  ml 
t o  e a ch of the test fl3 sks . 
shaking wuter ba th at 32° C .  

Swirl to mix a nd incub � t a  the flas ks in a 

3) �lin[; cmd platin£5: 
Af ter .)0 minu t e s  remove 0 . 5  ol froEl each f la s �  i :-�-t o  4 . 5  ml diluent . 

M ix by sh,:.kin� , a nd t ransfer 0 . 1  m l  in dup l i cate t o  bijou b o t t l e s  contain-

ing 3 . 5  ml soft ye a s t  extract t rypt one agar . A dd. t ::.:- e e  dr o p s  ( approximately 

0 .1 rr:l ) of the H/Sr cul ture t o  e a c h  b i j o u  bottl e , �:� ix by i nversion three or 

four t ime s c.nd distribu t e  t he c o nt e nt s o
(
v c l' t he su...�fa c e  o f  a p J a  t e  c onta ining 

1 0 ml yea st ext l·a ct tryptor:.c agar s uppler<.ent e J. ':;i th r;,a ;ne s ium and copper.  

Allow the pla t e s  t o  set  and in cubat e a t  30°C for 90 m i.:mtes . The n over­

layer t he plat e s  n i t h  5 ml plain agar con t<J. i n int; 20 �g/ml streptomycin 
a dded a s  a steri le solut ion just b Gfo re pouring . In cuba t e plates  overnight . 



Expre s s  the re sult s a s  the ratio of t he c ount in the treated plate t o  the 

count in the c ontrol plate conta ining no aflatoxin . 

A graph g iving the resul t s  o f  34 determ ination s  from seven 

expe riment s i s  g ive n in Figure 4 . 6 .  Value s for 1 6 and 20 p.g/ml 

a fl a t o x in B1 shol'l a lov1er proport iona t e  increase t han tho s e  for 1 2  �J.g/ml . 

It i s  a s s�cd that at t he s e  leve l s  the t oxin i s  inhibit ing the grov�h of 

the bact erj al c u l ture . 

The meti:od does not have t he pr e c i s io n  o f  the inhibit ion a ssay but 

i s  neverthe l e s s  suffici ent ly precise t o  be regarded as a pra c t ical a s say 

me thod . The applice.t ion o f  the method t o  other toxin s and i t s  spe cific ity 

are dealt w ith in the fo llowing se c t ion . 
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Tte icl•ib 5 t ion a s say ( S e c t i on I I ) a nd the induc t i on a s s ay ( S e ction 

IV ) were bo th developed u sing pure c ry 8 talline a flc:.t c x in B1 a s  the a c t iv e  

c omp ound unde r t e s t . 

The final se c t ion de a l s  w ith the u s e  of t l:e s e  a s s �ys t o  examine a 

number o f  myc o t oxins s tructura l ly re la ted t o  a flat oxin . 

also applied to the examinat i on o f  infe c t e d  food stuffs . 

'l'he a s says were 

The pure myco -

toxin s cho s en for s tudy \'/ e re afl at oxin s B2 , G1 and G2 , sterigCJ.atocyst in , 

dothistrc::1 in ,  a dehydro b i sde oxy anal ogue o f  dot hi s trc::-.i n , c it rinin , 

radi c i n j n , o chratoxin A and , for the indu c t ion as se.y cr.ly, oitomyc in C .  
S t erigma t o cy :.> t in i s  a p robo.ble precursor o f  aflat ox in . Dothi s t romin 

and it s an1 l ogue are produ c e d  by t b c  pine blj ght fur:.;us , D o t !-. i s t roma pin i .  

C itrinin i :..; a product o f  Pc c! i c iJ J ' t wl c i tr j nur:l , ra dic i :1 in o f  ;.. l t e rr.e. ria 

�� and ochra t o x i n  of 1\ sperf�i J l u s o c h r<.� c e u s . l.�i tomycin C i s  

p rodu c e d  b y  a stre p t omyc c t e  and 1·:a s inc luded fo r it s well-e s tablished 

radiom j rn c t i c  p rop ert i e s . 'l'he struc ture s o f  tl� s e  c o=pounds are s hown 

in Figure 5 .1 . O f  the se c ompounds only ochrat ox in ap;-ears s imila r  to 

a fla toxin B1 r:hen TLC s p o t s  are e xar.lined under ultra-v io le t  light . 

Howev e r  w he n  the chlorofon: : a c e t o11 e s o lvent system i s  L: s ed t o  deve lop 

TLC plat e s ,  ochratoxj.n rerr.ain s  at the origin v;hile t he afla t ox ins m igrate . 

In t h i s  re spe c t  the TLC pla t e  inhib i t i o n  a s �o.y i s  more s p e c ific than disk 

inh i b it i on as �.;ay t e c!m i q u e s . 

The re s ul t s  of t he a s s a::,rs a re g iven in Ta bles 5 . ·: a nd 5 . 2 . Unle ss 

otherwi[;e  stated the re sul t s  a r e  f o r  a s ingle deter:r-in:..t ion only . Table 

5 . 3 shows the mean re lat ive a c t j_ v it i e s  of the toxins b:r t h e  t r.o methods . 

Tucle S .1 

T oxin 

Aflat oxin B1 
( from standard curve ) 

Cone .[�>J•O t  ( [lsJ. 
0 . 2  

0 .4 

0 . 6  

0 . 8  

Z on.P s i z 0  
1 3 - 5  

26 .0  

39 . 0 

51 . o  

2 (rr.rn ) R e l a t ive activ ity� 

continue d -
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Table 5 .1 ( c ontinued ) 

Toxin Con e .Ls pot � �t� L Zone s i z e  2 �r.rn L Relat ive act ivitl� 
Aflat oxin G1 1 4- . 0 0 . 03 

2 4-.8 0 .02 

1 0 31 .4- 0.05 

20 4-2 . 3  0 . 03 

A flatoxin B
2 5 0 

1 0  1 3 . 7 0 .01 -9 

20 1 6 .0  0 .01 1 

4-0 22 .1 0 .008 

A fla t oxin G
2 5 0 

1 0  4-

20 7 .0 0 . 004-

4-0 9 .0  0 . 003 

Doth i s t romin 0 .1 2 . 6 0.1 2 

0 . 2  5 -1 0 . 26 

0 .4- 1 2 . 3 0 .4-2 

0 .5  1 5 . 2 0.4-3 

0 . 8  i 8.9 0 . 34-

1 . o  21 . 6  0 .3·2 

1 -5 24-. 5  0 . 24-

2 . 0 1 9 . 8 0 .1 4-

Dothi stromin a�2 logue 0 .5 0 

1 . o  8 .1 0 .1 

1 .5 1 .4- 0 .005 

2 . 0  5 .5  0.029 

Steri gn:a tocyst in 1 2 . 3  0 .007 

2 4-.0 0 .01 7 

4- 7.8 0 .024-

5 2 .4- 0 .001 

8 6 . 0  0 .008 

1 0  5 .1 0 . 005 

20 5 - 3 0.003 

continued -



Table 5.1  ( continued) 

Rad.ic in in + 

C itrinin 

Con e ·Lspo t ( � •r,.2 Z o n e  

2 

4 

5 

8 

1 0  

1 5 

20 

2 

4 

8 

1 6 

0 . 1  - 40 

s i 7. e  
0 

3 ·1 

2 . 6  

6 . 8  

] .8 

9 . 0  
1 o .  9 

? 
3 9 .1 

5 6 . 3  

61;. . 0 

0 

2 �rr:m 1 R l t .  t •  • t  � e a lve a c  lV l y 

0 . 005 

0 .002 

0 . 01  

0 .01 

0 . 008 

0 . 007 

0.1 5 

0 .1 1  

0 . 06 

+ Zone s v:e re fa int due to the v e ry ra pid diff\; s ion o f  the c ompound . 

}f Re lat ive a c t ivity = 
�g aflat ox in � giving the same z one si ze 

'.l' o x in 

A fla toxin B1 
(wean value s ) 

Aflatoxin G1 

��g toxin 

'l'�_ b l e  5 . 2  Induc t i o n  a s s:..v o�� v :: -:--ious compounds 

D .._ • o f  Pb. o ue + 
Cone . � f-l�i,nl2 . \.3. v l 0 

Relat ive act ivitl 
increo. ::.e  

2 1 . 6  

4 2 .1 

6 2 .5 

8 2 . 9  

1 0 3 . 9 

50 1 .4 0 .01 3 

80 1 . 6  0 .021 

1 00 2 . 2  0 . 049 

1 60 inhi b it ory 

}f 

A fla-<;oxin B2 :;.nd. G2 insuffi cit, nt mat e ria l could b e  di s solved t o  demonstrate 

induc t i on . 

cont inued -



Table 2·2 ( continued ) 

1 1  o. 

'l'ox in Con . ( �g/r<:l L ].::.tio of Ph�ue + Relative activity* 

jncrease 

Dothistromin 

Dothistromin ana logue 

Sterigffiatocystin 

Ochratoxin A 

Mitomyc in C 

) 

0 .5 

1 

2 

p:; ..) 

1 0  

0 .5 

1 

2 

4-

5 

8 

1 0 

20 

20 

4-0 

50 

� ) ) 

) 
) 
) 

1 .o  

1 .o  

inhibitory 

1 .o  

1 .o  

1 . o  

1 .1 

1 . 6 

1 .5 

inhibit ory 

2 . 9 

1 ·4-
2 . 8  

1 00 
(mean of 2 

1 . 8  results ) 
200 1 . 5 

2 1 .4-

4- 2 .1 

5 1 . 9  

8 2 .5  

1 0 3 .1 

1 3 . 3 

2 4- . 8  

. 0 . 3  

0 .1 8 

0 .40 

0 . 023 

0 .1 5 

0 . 03 

0 . 007 

0 .46 

0 . 99 

0 .65 

0 . 76 

0 . 90 

Radic inin 

Citrinin � No indu ct ion at non-inhibit ory concentrations 

= 
Plaques on test plate + 

------·------------
Plaque s  on c o ntrol plate 

= Cone . aflatoxin giving ratio 

Con e .  t e st toxin g iving ratio 
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F igure 5 ·1 
STRUCTURtS OF COMPOUNDS USED IN  BIOASSAYS 

0 
af latox in B1 

0 0 

aflatoxin G2 

OH 0 OH 

dothistromin 
0 O H  

ochratoxin A 

0 0 

sterimatocystin 

0 0 

JJ6c" C HJ- �.aCH 0 C H3 
H 

radicinin 

(0_.,(0 
aflatox in  B2 

OH 0 OH 

0 OH 
dothistromin ana logue 

0 

R

COOH 

H C  OH 3 
HC 0 

3 

citrinin 

mitomycin C 



T�.blc 5·.d � ive a ct ivit ie s of toxin s bv inhibit ion 
and in du c t ion a s say 

��ean re lative activityM 
Toxin Inhib ition Indu t ion 
Aflatoxin B1 
A fla toxin G1 
Aflat oxin B2 
Aflatoxin G

2 

1 

0 . 033 

0 .01  2 

0 .004 

1 
0 . 028 

+ 

+ 

1 1  2. 

Sterigmatocystin 
Dothistromin 
Dothi stromin ana logue 
O chra toxin 

0. 009 

0 .3 

Pre s e nt (variable ) 

0 

Va r · a ble <0.1 0 .24 

0 . 007 o .  75 

Radic inin 0 .1 1 0 

lJ i  toruycin 9 .0 

Citrinin 0 0 

+ 
= c ould not be det ermine d 

= mean o f  the value s  for relat ive potency in Table s 5 . 1 and 5 .2 . 

The assay sys t em s were not part i cularly suitable for some of the 

c ompounds te st e a . The inhibi t i on ::2. s say did not give good re sult s for 
s t e rigma tocystin or the do t h i s t r om · n an::2.losue v;hich are extremely 
inso luble in -:;:ater nor fo r radic inin v;hich is very s oluble in wat er . 

In the fir s t co se d iffu s ion wa s to o s lov; to allov; of t e format ion of 
regular z one s and in t h e  s e c ond case diffusion w a s  s o  rapid that t he toxin 
had c ec ome diluted in the agar before gro��h of the bacteria l lawn and 

v e ry large fa�1t z one s re sulte d . 

The relat ive a c t iv ity figure s  do not ne c e ssarily give a true e st imate 

o f  t he relative i nh i b it ory prop e rt ie s  o f  the cocpounds since the z one s ize  
wi. l reflect the spe e d of diffus ion of a c ompound as well a s  it s  abil ity 
to inhibit B.'l c :i..l:ln s magat e riun . 

I n  the s arr:e v:ay it w a s  not po s sible to obta in se.t isfa ctory re sult s 

for s ome o f  t he c ompounds by the indu c t i o n  a s say . Thi s w a s  due t o  the ir 
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poor s o lub ility in wa t e r . Afla toxins B2 and G2 will not di s s o l  vo in 

·.'iater in  sufficiently hi8h c onc e nt rc.. t io n s  t o  sho\': i nduct ion . 

S t e r igrr:a t o cys t in s howe d s ome s l it:;ht i nduc t ion but wa s so in soluble that 

it was w1c c rte.in ho ;·1 m u c h  o f  t h e  ma t e r  lal adde d t o  t h e  syst em wa s ac tually 

in s o lut io n .  

Desp ite the s e  dra�b a c ks the � e t hods made po s s ibl e s ome i ntere s t ing 

c or:parisor. s . The rel a t ive act ivities o f'  the aflatoxins , j udge d by the 

inhi b i t i o n  a s say are in the same o rllcr as ha s b e e n  found for the ir 

t oxic ity in ducklings ( Carnac;han et al . 1 963 ) .  The re lat ive activi t i e s  

o f  t he afla t o x ins d i d  n o t  diffe r s o  widely in duckl ing s a s  in the micro­

bio logical systerrs be ing O . J-1-6 for G1 , 0 . 2  for B2 and 0 . 1  for G2 ( B1 = 1 ) • 
O c hratoxin i s  less  t ox i c  t ha n  afla t oxin B1 t o  J.uckl ing s be ing 0 .  73 or 0 . 1 2 

a c c o rding t o  Vrm der 'i,'erv;e e t  al . (4 965 ) ,  or Purcha se e t  al . (1 967) , 

re s.;:,e c t ive ly . S terign: atocys t i n -..-c.. .'> claimed t o  be " le s s  t ox ic and 

carc ino .:; e n i c  tho.n a fla t o x in" ( Ho l t z o.p fel et  a l . 1 966 ) . No toxic ity 

stu<iie s have been ::!a de on do t h i s tromin or it s o.nalogue . 

The a b i l i ty of the c ompound t o  i nhibit gro·;rth o f  B .  megaterium is 

no t a go o d  indicat ion of i t s  ability to cause induct i on . D o t histromin 

ar.d radic inin were b o t h  inhi bi to ry but ne ithe r were able to cause induction . 

I t  is i!',tc� r e s t ing also t o  n o t e  t h a t  only t ho s e  c o;;J.pOunlls sa i d t o  be carcino-

�enic  � e re able to induce . The t ox i c o l o � i c a l  p r o p e rt ie s o f  the dothistromin 

a m. logue J. �·e r,o t  kno l';n but i t s  s i1.: ila r ity in s t t·uc ture to aflatoxin · and 

s t e riz�� � o cy� t i n  ma�� i t  p o s s ib l e  that i t  �ou �rl be carcinog e n i c . M it omyc in 

C i s  the ::-- ro luct of a Strept omJc e t e o. nd \'l::t s incluued b e cause o f  i t s  known 

' .  . t .  r s. Q l o : n JJI:e · l  c 

agent . 

It  ha s b e e n  suc� e s t e d  for use a s  an antineoplas t ic 

_U7. hou:;h the nur..'o er o f  t o xin:; studied i s  l imited the following 

c onc lusi0n3 can be dra�n . 
The a :: :YlY3 are not c or:�pl e t e ly spec ific for the aflatoxins . The 

inh i b i t io n  G 3 S '3.Y can b e  rr cle more s p e c ific 'l:hen it i s  c:onb ined with TLC 
Tlw indu c t ion a s say , while n o t  sp e c i f i c  for afla t ox in ,  

112-y b e  st ron:::'t.y co-reb. b;d v;ith carc inocenici ty . Froc1 a p ra c tical po int 

o f  v ie w  this enhance s  it s value a s  a b i oa s s ::ty rathe r t ha n  detra c t s  from it . 
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� s say o f  unlmo� n s  and t o x in s  from inocuLited s Jb stance s 
T hre e unlmo·;:n s o lut ions A ,  B and C we re 2. s s uye d by t he fluoro dens ito -

m et ric , inhib i t ion and induc t ion a s say me t hods . 
t he a ctual c ont e nt s  are g iv e n  in Table 5 . 1+ •  

The a s say re sult s and 

Tab l e  5 .11-- A .o; sav of  unkno·.:n solut i ons 

Unl:nm·m sanple A B c 
A ctual c ont ent s 1 00 !J.g/m l Bi 50 !l:s/ml B1 1 25 IJ.g/ml B1 
Fluoroden� itooe t ry  � 2 5  ilg/ml B1 ,... ,... !lg/ml B1 

1 00 !J.g/ml B1 : n  
Inhibition i 00 !lg/ml B1 60 !J.YITil B1 1 25 !J.g/ml B1 
Induct ion 1 24- IJ.g/n l B1 4-i 1-1e/ml B1 

1 1 0 !J.g/ml B1 

In this :part icular s e rie s the inhib i t io n  a s say \'ia. S more a c curat e tha n  
the othe r tvvo me t hods . 

Sa::!1ples of cheP. s e , rJ i lk po·:rie r , an(l butte r  were inoculat ed with a 

t oxigenic s train of ;, sner'S_i])u�> l)a r:l s i t i c u s . A n  uninoc ulat e d c ontro l 
s e t  o f  sample s was a l s o  pre pa�ed . The s�mpl � s  �2re incuba t e d  in an 
!'ltunidified ch2.n:ber for a r.:onth at :1 hich t iMe chloro �o r::1 was introduced 
into t he chumb e r  to kill t he funeus . 
we ll on all except t he but t e r  sampL� . 

Tl-_e /, s u e :- rr i l lus inocu lum had grown - -......:..----

Sa.::-:lJles were extracted by the 

method o f  Pons e t  al . (i 968 ) anil a ::;  sayed by the tf1..re e roe thod s . The 
induct ion a s 3ay i'la s un su c c e s s ful due t o  t he presence o f  s ome i nhib itory 
rr.a te rial in t he extre.ct v:hich a ffected the i nC::.uc t i on . Attempts to improve 
the purity of the extra c t  by p re c ii"J it a t ion 1,•;i t l� hexane were only part ia l ly 
suc c e s s ful . Re sul t s  a re given in Table 5 .5 . 

To:!blP. 5 . 5 A ssay of' ch i ry ;Jro�s for ? flato:dn B1 

Fluorodens i tor.1e try 

In!-.i b i t ion 
Induct ion 
N .D . = Not de t e ct ed . 

But ter 

N . � . 
N . D . 

N .D . 

Inoculated ----

Che e s e  

1 1  �Lg/g 
9 p.g/g 

1T . D . 

Po·:;d.er 

1 0  p.g/g 

9 flt;/g 
N . D . 

Unino cula t e d  
A l l  surr.ule s 

N .D . 
N.D . 

.r .D . 
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Both t he fluorode ns i tometric and inhi b i t ion a s s ays gsve s imilar 

re sults . �re ither d e t e ct e d  aflatoxin or inhibit ion i.11 the c ontrol 
samples or in the but t e r ,  where the fungus ha d not gro;m well . 

The induction a s s ay re sul t s  were disapp o in� ina in · that the a s say 

fa iled to der�onst ra t e  the induc ing a ct iv ity of the afle.t o:xin . The extract 

re qu ired for goo d induct ion a s say re sult s �ust a)pare ntly be very much 

purer than that re quired for t he inh i b i t ion a s says . :Z7en s ilica g e l  

co lumn t reatment d i d  not g i ve a suff i c i e nt ly pure extr� c t  for re liable 

re s ults t o  b e  obta ined . 

The extracts from a l l  the sample s gav e  c lear solu tions in ac e t one 

but pre cipitated when adde d to the me dium . This G.ii not ha ppen with 

crystall ine a flatoxin s . 'l'he che e s e  extract was trea�ed w i t h  hexane to 
prec ipitate t h e  aflat oxins . J.'he pre c ipi ta t e  wa s w::. sile C. in hexane , dried 

and redi s s o lved in a cet one . In all , the extra ct ·r.::. s  � r e c ip itated a nd 

redi ssolved thre e time s . Evsn �fte r thi s treatcent t�e re was some 

precipitat ion when the extract wa s adde d to cultU.!'e nedium . Howeve r it 

wa s po;, sible t o  demons t rate induction although the re sult indicate d only 

6 .5 tJ.g/rnl c ompared w ith the 9 or 1 1  tJ.g/rnl indicated by t he o ther met hods . 

Combine d  perhap s  with other proc edure s ,  hexane pr�cipitation may 

produce an extract whic h  can be u s e d  with the i nduct ion a s say . The 

problem may be p e culiar to dairy product s as even extra c t s  from the 

uninoculat e d  c ontrol s  inhibited the induct ion as say . 

The fluorodens:Ltornetric and inhibit ion a s s2.ys e;a\' e re sult s which 

supported each o ther and the induct ion re sult ob ta ined iid at least con-

firm the pre s e nce of an induc ing c ompound qual itative ly . ·,.,.i th further 

work to impro ve he methods of ext ra ct ion the cc::.b ine d t e c h.11ique s should 

be capable of the s e nsitive and specific ana ly s i s  o f  fcodstuffs for 

aflat o:xins . 
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DIS CUSSION 

The ai:n of this work v.-a s to dev ise a bioo.s say for aflat oxin which 

wa s t o  b e  an :improveme nt on tho se p re sent ly avai lable . Two complementary 

a s says hav e b e en de scribed a nd will be d i s cu s s ed h ere separate ly . 

The inhibi t ion b i oc.. s� 

The inhibit ion a s say prop o s e d  by Clement s  ( 1 968 ) involved 

impre gnat ing a paper di s k  with t e s t  s olu-t ion ,  allowing the s o lv e nt to 

e vaporate a nd p la c ine; t he disk on t he surface of agar seeded with 

B. megat eriu.m . 

incubat ion . 

The z one s o f  inh i b i t ion were measured aft e r  overnight 

The fi rst step t owards improv ing the sensit ivity o f  t he inhibition 

a s say wa s the dire ct appl icati on o f  the s o lution o f  t oxin to a n  agar 

pla t e  rat he r  than by mean s  of a paper dis k. The use o f  a disk re stricts 

the low e r  limit o :'  t he s ize of the z one of inhibit ion t o  one s lightly 
gre at e r  than that o f  the disk its e l f . Anything sma ll e r  will not b e  

dete cte d . Because the t ox in is di st ribut e d  th.rou{:;hout the disk the 

concentration/unit area rr.ay be qui t e  low unl e s s  the disk it s e lf is very 
sma l l . By ap:? lying toxin s olut ion s dire ctly to the agar the area o f  

appl icat ion i s  kept a s  s1:1a ll a s  p o s s i b l e  lead ing to an increas e  in 

s ens it ivity . T:tis wa s p o s s i b l e  because o f  the re lat ively low s olubility 

of aflatox.'ns in water . i:ater- ::-,olu�· le toxinE; wot.: ld diffuse  rapidly from 

the p o i nt o r"  .::tl'.P l i c c.. tior: b e fore gro·:; th of t he bo.cterial lav·n pro ce e ded 

v ery f3.r e.:ncl. · ··· :.:ld give rise t o  very <ii :'f s e  z one s . A t  lo·.r c cncentre. t ions 

uiff'u s ion i·iould. dilute the toxin:: t o  : me .. a n  ext ent the. t th0y nould not be 

inl:ib itory .  

The ir:.mis c ibility o f  t he chlo roform s olvent with t he wate r  in t he 

agar medium o ften caused the s o lven� t o  ru:'l over t he surface o f  the medium 

away from the po int of a pp l i cat i on leading to  irregularit ie s in the shap e  

and s i z e of the z one s . Althoug 1 t hi s  �eant tha t the method wa s of limited 

use as it s t o o d ,  it de1�.onstrat ecl the.t the nec e s sary se n s itivity could be 

achiGved by the dire c t app l i cat ion of t ox in to sma ll are a s . 
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A mora effect ive method of producing re gular z one s o f  inhibi t i on 

proved t o  b e the a ppl i cat ion of the t ox in t o  s ilica & e l  thin layer 

c hroma t o graphy ( TLC ) plates which were the n  overla id wi th a gar seeded 

with the t e st organi sm . Howeve r the growth of tte b a �-: e riurn in the agar 

med ium ove rlaying t he TLC plat e  c ould no t e a s i ly be s e e n due to the opa c ity 

of t he s ilica gel on t he plate . The ability of EG c il:� s  c e5ate rium t o  

reduce triphe nyl tetraz olilli� chlor ide t o  t he red tri�h�nylformazan wa s 

u s e d  to delineate the area s whe re t he organi sm had gro·.-.n leaving the 

z ones of inhib ition c learly define d . 

The b a s i s  of t he a s s ay hav ing be e n arrived at i t  rexa ined t o  examine 

it s reproducib i l ity and s e nsit iv ity . By standarC.is:.r15 the ino culum and 

the thickne s s  of the agar ove rlay it wa s po s s ible t o  a c hieve a degree o f  

reproduc i b i l ity be twe en a s says pe rformed a t  d iffe rent � ice s such tha t 95% 
of the values fell within 0 . 2  1--LG of t he exp e c t e d  value ( s ee :Figure 2 .4) . 

The s en s i tivi ty of the a s say depe nded on whe ther t he :!'!..: pla te had b e e n  

deve lope d  chromat ographically . Developmen t had the e �fe c t  of sp reading 

t he t ox in over a wider area and reducing the sens itiv i -:y of the a s say . 

The re wa s howeve r a compen sat ing gain in s p e c ific ity s i nc e the Rf o f  t he 

inhib itory c ompound c ould b e  compare d with t ha t  of sta r..ia rd. c ompounds . 

The lowe r liwit of sens i t i v ity u s ing unde ve loped. plate s wa s 0 .1 !J.g 

aflat oxin B1 • Thi s  c ompare s very favourab ly with tee l ir:l i t of 1 flg 

cla imed by C le� ent s  ( 1 968 ) for t he disk diffu s ion a s say . 

The r,p c c if icity o f  the inhib ition a s say .E.� i s  no g reater than 

that o f  any o t he r  f orm of i nhi b i t io n  a s say . Co:-.bined ·.·; ith thin layer 

chromatrocraphy , however , the spe c ific ity is as good o r  be t ter than the 

chromatographic a s s ay i t s e lf tho'..lgh about ten t i.l::e s le s s  s ens it ive . The 

inhi b it i on a s say can dist inr;uish b e twe e n  afJ.atoxins B1 and B2a which have 

v e ry s i.rnilar Rf value s in s ome solv ent systems t hou_:; h  the latter i s  

pra ct i cally non-t oxic . It ha s the additional aavan�a 5e t hat the same 

mat e rial can be u s e d  both for a phy s i c o chen:ical a s say and f or a biolog i ca l  

a s say . The c orr:bina tion of chromat oGraphy wit.1 a bioa s say ha s b e e n  

de scribed by other workers . F o r  exa;nple , Hoeh.n e t  a l .  (1 9 70)  u sed paper 
chromat ography to s eparate cephal o thin and de sa c e tyl cep:-..a lothin in body 

fluid s . In the ir method the paper chromatogram l'ias laid for f i fteen 
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m inut e s  o n  the sur fa c e  o f  a s e e de d  a gar me dium in a large plate . The 

paper wa s the n removed and the plat e incub::ted g iv ing rise to z o ne s  o f  

iYJ..h ib ition . Thls met hod i s  b a s i cally s imilar t o  that .de scrib e d  fo r 

aflat ox in thoJ..:;h r2.ther more cumb e r s ome due t o  the b.rger s i z e  o f  the 

pa p e r  she e t s  em;> loyed in the c ht'oma t ography . '/.'hen app l ied t o  unknown 

s o lu t io�s a nl to c rude extra c t s the TLC/inhib i t i on a s say agre ed wit hin 

25:0 or b e tt8 r r;i th the fluorodc ns i t ome tri c a ssay and with the t rue 

value where t r.i s was known . 

Al thou&J! t he comb ina t ion o f  thin laye r chromat ogra phy and inhibit ion 

a s say provici.e s a rttpid, s p e c i f ic and fairly sen s it ive a s say, i t  is still 

de s irable t o  1-.::ve ava i la ble an assay v:hi c h  is bsecl o n  a property spe c i f i c  

to t h e  wat e rial t o  b e  examine d .  The induct ion as say wa s deve loped i n  a n  

at te�p t t o  fulfil thi s  re qu irerne 1� . 

The a b i l ity t o  induce lys i s  o f  lysogenic ba cteria i s  a property 

p o s s e s s e d by relatively feVI c ompounds ( Le in � .§:1 ·  1 9 62 ) .  For that 

reason lysoge !1i c ind.uct ion s e emed. suit ed a s  t he ba s i s  of a r e la t ively 

spe c ific b i oa s s 1.y . In addit ion t he rep ort o f  Le gat o r  (1 966 ) o n  induc-

t ion of la::1 ' da. in .u .  c o l i  p rom i s e d  a s e n s it iv i ty o f  be tter than 0. 1  1-1-g/ml 
for t he prop o s e d  a s say . Le gat o r ' s finding s w ith E .  c o l i  and S .  aureus 
c ould not b e  re proc1u ced . C onse que nt ly t h8 rather le s s  s e ns it ive induc-

t ion of lys oc;cnic B .  rr,c;gderiun�, re por t eel by Lillc h o j  and C iegler ( 1 970 ) 

wa s wade the b a s i s  o f  the a s say . 
system some int e re s ting 

observ2..t ions ·,;ere r:l;.tde . The se n i1 1  be d i s cussed b e f o re deal ing with the 

ind.uc t io:--, t io.:;.s se.y eve nt ua lly d:::v c lope d .  

·1 . � :o -: -:. 1 l-.2.:'2. r.:: c u irements fo r- lyt i c  infe ct ion : 

1.!:1 gne s iUL1 ions and , t o  a much le s s e r  extent , c oppe r ions were found 

t o  be n e c e s sarJ for t he lysis o f  p.  r. eD"nt·::! r� strain KJ.! by bac t eriophage 

899a . Tnis requirem e nt had no t b e en report ed. by prev ious workers w ith 

this me f5aph.:;.;e c:.lthout;h Huybers (1 953 ) lnd found me. gne sium to be ne ce s sary 
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for indu ct io n  of this phage by ultr�-viole t irrauiat ion . :.:e tal ions a re 

ne ce s sary for the ad sorpt i on of some bacteria hage s  a s , for instance , 

calc ill!!l for c oJ.iphage T2 and ma gne siu:n for c o l iph..age laffibda ( I-iayes 1 968 ) . 

Eov1ev e r  a d s orpt i on expe riment s sho·Ned that m.egaphage 899a adsorption wa s 

not dependen t on r;1agne s ium ion s . 

Zlectron micrographs o f  the phage ( see Figure 3 .1 3 ) ads orbe d to 

ba c t e rial c e ll s  in the a b s enc:� o f  ma&r::e s iU2! s ho·:: fe·a i f  any empty phage 

hea ds and it could be c on j e c ture d t h'!.t t he pre se nc e  of magn9 s ium ions is 

nece s s ary for the inject ion of the phage gene t i c  material int o the c e ll . 

Ho•::ev e r ,  atte:1pt s  t o  de:r:onstra te a difference in the appearance of the 

phage head s  by e le c t ron m icro s c opy have so far fai le d t o  produce any 
ev idence t hat tnis i s  the c a se . 

2 .  .:: ff'e c b  o f  af'htoxin on r- ro·nt h, lys i s <::nd frc.£.J_h'3.ge 

nu1:..:b 2 r  o �  lys or;enic B .  !ll e r:a!e r.iu:u . 
The foll oY: ing thre e sub - s e c t i on s  di :>cu s s ob servat ions .-:hich were 

p otent ially useful in obtaining dose/re s ponse rc kt ionship s . The first 

o b s e rvat ion ( se e S e ct ion I V )  rw. s o f  chanse s in th2 shape o f  the opt ical 

density curve fro::� which it mi0ht b2 p o s s ib le to find the proport ion of 

c e l l s  ly sed by induct ion . The se c cnd r;a s o f'  the peak of phage product ion 

Ylhere a pla t ea u  had be e n  expe ct ed . The f i.nal sub -sect ion di scus s e s  the 
development of a method t0 c ount induce-d cells re.the r than tr,eir progeny 

phage . 

2a o ThP ef'f_ect. o f  u fln f-:2..:,..:i'1 C1 th e c_ror:th 8.!13. lys i s  o f  

.tlE.9.2:n::..c Y::�n teE.:_.s3. 
The e ffe ct of aflntoYin on the o p t i cal de n s i ty o f  culture s o f  

B .  n� e :rqt eriv:-J 899a v1a s re oo rtecl i n  S e c t i o n IV . �·- · -- . ·::hen exr; onent ial pha s e  

c e lJ R w e r e  sub -cultured :i.nto fre sh n;ed iu...., , there l':es n o  di fference i n  the 

:..r..i i. ial rate of 5ro·dh b etv:e cn t he a f lat oxin-conto.ining c ulture and the 

c ont ro l .  �!.fter an int e rn, l o f  9 0  r::inut e s ,  ho·.·.-ever , t here was an inflex ion 
in t he grov:th curve of the r-flatoxin -tro :' t e d  culture la s t i ng approximately 

30 minute s follo·, ·c d  by a re sw">l ltion of :; r owth but the new rate o f  increa s e  

in opt icaJ. cl ens ity wa s l ower tP_<tn the initial rnte . SoJ:Je idea of the 
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pro ba b le propo rt ion o f  the culture lysed by induction can b e  gained from 

the inflexion . I f  t he s lope o f  resumed grm-rth ( C-D ) i s  ext rapolat e d  

t o\'w.rd the OJ axis, a n  op t i cal density at the t im e  o f  t h e  inflexion (B )  

c�n b e  found (E ) ( see Figure 6. 1 ) .  This may b e  comfared w it h  the actual 

o p t i c a l  C.ensi ty at the t ime of the: inflexion . This f igure would only 

be approxir::at c a s  it is difficu l t  to be ce rto.in of t he t im e a t  Vlhi ch the 

inf lexion 't:ege.n or o f the rr:axirmur. opti cal den s ity atta ined b efore lysis 

sta rte d . 

It we. s sug�e s t c d  in Se ct ion IV that the lower rate of opt ical density 

increase after the inflexi on m ight be attributed t o  the c ont inued lys i s of 

a proport ion o f  the culture whi c h  w a s  othe rl'li se cont inuing t o  grow a t  its 

ori .sina l rate . 'L'hi s  would e; ive t he appearanc e o f  a decreased rate of 

c;rov:t h .  

This p o s s ib i l ity was i nve s t i Ga t e d  by c o:' ruter analys i s  o f  a mode l  

systeo . Je".:a ils are r; iven in App e ndix II . It wa s found the. t tr..e graphs 

produc e d by tho mode1 compared \'ie l 1  with t he graphs o bta ine d in experiments . 

It v;ould be exp e c t e d  that t he proport ion o f  cel1 s lysed would 

depend on the c once ntrat i on of L>. flatoxin o.nd c ould be a s s e s sed by the means 

c.e !: c ribed he re . '.i.'he p ropo:r:t i on o f  ce ll s lysing did vary with different 

aflatoxin c cncent re.t ions but the va ri::{ t i on bct·l.'een experiment s using the 

sar:.e c o n c e n t ra t ion o f  a flat o x i n  wc. s t o o  great for t .is to se rve as a 

qu&. nt ib.t ive bioe.sse.y. 

2b . C:c-:.nF:c s i n fre e p' r• r.e ruobr::- rs in culture s B .  meeaterium _..;;;_.:.,;,__..;;.;.;;....;;...;;;_; __.. __ :.::.....�. -
t re2.tecl '!J i t h  r. fJ utoxin 

',','h en lysogenic cu lt�;re s  o f  ])...,:...2ot;;at eri.um are treated with aflatoxin 

t h e re i s  a sudden i nc re a s e  in t r�t� numb e rs of free phage o c curring 80-90 

!",inu t e s  after trc c.tnent . Tl':is i s  fo ll o·::ed by an almo st equally rapid 

d.e c:n�a � e  in ;,unb e r s . The level t o  vthich the phage numbers fall i s  still 

grea t e r  than thc:.t in untreated cul t u re s  and continue s to rise sloVIly afte r 

a r::in:i.!''UI.il r,s.s be e n  r<:cached . 

'.i.'ne st,;.G.den :i ncre a se in phe.ge nurr,bers c�n rea sonably be interpreted 

as the lysis and phae;e releas _ .  caused by tbe induct i or1 of the prophage 

by aflat oxin . The decrease i.rnnc diat e ly following the incre a s e  i s  less 

ea sily e):p la ine d . In Se ct ion I I J  the ads orpt ion o f  mcgaphage 899a t o  

, 
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B .  meg.?.teriur. stra in K}.� i s  de s c ribed . l!nfo rtunc,tely no i nve st igat ions 

of the o. O. s o rp t icn of :2he.ge to strc. in 29So. \7ere me.de but it i s  2. s sumed in 

the foll ovring ci iscuss ion t llLt the kine t i c s  o f  adsorp t ion of ph2.e;e t o  

stra in 899a are s ic i la r  to tho s e t o  strain XJ,: . I t  wa s n o t  p o s s ible to 

de ri ve o.n adsorption c on st a nt u s i1 1g cc 2.l numbe rs since the nw:Jb ers c ould 

not a c c u r�t e ly be a s s e s se d . A constnnt us ing optical de n s i ty in Klett 

unit s as a meas ure of c e l l  ma ss  ;va s derived instead ttus : -

K = 
1 2 . 3  log Po 

ODt p 

whe re OD = opt i cal dens ity 

t = t im e  in minut e s  
Po = initit::. l plmee c ount 

p -· phage c ount. at t irr•e t 

Data from a m:;;Jber o f  adso rpt ion eY.!Jeriments at opt ica l densitie s ranging 

fro� Klett 26 to Klett 400 Gave a nean v a lue of 9X1 0-4 • U s ing thi s value 
one finds t hat <lt an opt i cn.l de ns ity of 50 Kle tt unit s , 9q:; o f  the phage 

would be adsorbed in 1 3 0 sinute s . I n  t he experioents where enough data 

is avai lable to co.ke an e ::; t imat e , the peak of free phage o c c u rred between 

80 and 9 0  minute s o.nd he.d been reduced t o  a 1 0th of t he p e a k  value by 

betwe en 1 20 .:1nd 1 50 minu te s .  'l'hu s the t i m e  in \'ihich the phage nurnbers 

de c l i ne d  by sq. c ou l d  be ns s hort a s  30 o r  as long as 70 m inute s . It 

seems t w re f ore tbu t a d s orp tion is no t o f  the sar::e order as the decre a s e  

of ph:: §:;e in a �'lc. t o}:in-trec. t e d  culture .:; n f t e r  t l:e init i a l  pe ak o f  phage 

prc::lu c t io n  C:l1d c :c:.nr..o t  a c c ount for a l 1  o f  that decre a s e . It he.s al ready 

been coc.:1 ent e d t hat the t rnn s i e nt and varinble nature · o f the peak made it 

unso. t i s fn. c t ory c• .:> ::1 mea sure o f  o. flatoxin c oncen trat ion . Part of the 

variEt ion betr;een exp e r im e n t s  c ould be due to  'Wriat ion s i n  adsorpt ion 

rate in cultt<TC S o f  d iffe rent optic:::. l de n sity . 

2c . 

Be co.use c f  tha difficult i e s  a ssoc:i.ded with gett ing a reproducible 

c ount of fre e 1 1s.ge re le" s ed, n t t e nt i on ·:;:1 s re dire cted to the measurement 



of induced c e l l s . The main problem wa s to di st inguish c e l l s  induced at 

a part i cule. r time from lat e r ,  s p on tane ous indu ct ion . :::t did. not se em 

likely th:.:.t c hem i ca lly in0.uc ed ce ll s c ou l d  be dist insu::. s�.e d. fror;1 

spontaneou::>ly i nduced e e l] s but i t  did prove p o s s ible t 9  de •: e lop a system 

where the nun:ber of c e l l s  induced by a fla toxin t re at:::el'lt cculd be c oll!pared 

with the sponta ne ously induc ed c e l l s  in an untrea t e d  cont rol . ':'hi s wa s 

achi evE:d by allowin� sufficient time fo r the tre atsent t o  b e  e ffe c t ive 

a nd then rer1oving t h e  c e lls int o a n  agar medium . Sufficient t ime wa s 

then a l lo,;:ed fo r the l,:yt ic cycl e  t o  be complet ed and � r:y rer::e. ining 
unly s e d  c e ll s  were kill.eu by t reat ment viith stre p torr.ycin . The pb.age-

sensitive organi sms , be ing s t re p t omycin-re - i stant , �ere st i _l able to 

grcv1 a nd b e  infe cte d by t r.e phage re l ea se d from induc e C.  a nd lysed ce ll s . 

ThJ s sys tem appeare d t o  g ive a suffic iently good correlat ion b e twe e n  

aflat o x in · :.mcentrat ion and re sponse to provide a quc.n-: i t at ive b ioas say . 

The rcproC..u c i b i1 ity of the do::;e/re sponse re lat ionship is no t as good a s  

that a tta inab le by the inhibition system but i s . p ot e ntia lly I:lore spec ific . 

S ensit i v ity i s  al s o  le s s  than that of the inhibit ion s�· s t e� by a factor 

o f  twenty . Improvemen t s  in s en s it ivity Dight be obta in�b le us ing the 

potcntia ting sys t em o f  Ame s  � a l .  ( 1 9 73 )  u s ing live r extr.2. c t s  t o  c onvert 

the t ox i n s  into their a c t ive form . 

The a ssay o f  o ther knO\'m c cmpounC.s by the inC.uct ion syst em supported 

t he sugg e s t ions of L ecat o r  (1 966 ) and others t hat co=po�.:nC.s known or 

suspe ct ed. to be carc inogeni c a re a l. r- o  cap able o f  ce.us :.. r,g inciuct ion . 

Aflatoxin B1 , st cri��,t o cy st i n  a nd ochra t oxin A have all b e e n  re po rted t o  

b e  carc i noccnic (i?et.1 Cl1 1 969 ) aml a ll were a c t iv e  ' n  the inG.uct ion bioa s say . 

The usefu lne s s  of the a s say sy stc:n for t oxin s  in ck iry proC.u c t s  i s  limited 

at pre s e n t. by the uif f i culty in o b ta inj ng suff i c ie.::tly pure extract s of 

toxin from t h e se produ ct s . Fu rther inv e s t igat ion of cethoC.s of extractio n  

and puri ficat ion should provide the s olut ion t o  thi s diffi c ulty . 

C orrma ri. scn \'iith 9�2::...assays 

Fre quently the a s so.ys sucge s t e cl  for a flatoxins involve extrac t ion , 

purificat ion and conc entra t i on o f the t ox ins before t he a s say is to be 
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pe rforn:e d . Thi s  calls for lengthy and invo lve d procedure s . The except ions 

a re tho se bioa ss ays where t he su s pe ct nateria l s  are included in the feed o f  

exp e r iwental animal s . Eve n thcu8h such bioa s says do not involve the 

p re l iminary purification st e p s , the t ime require d be fore a response can be 

mea sured is seve ra l  days and r:;:n.y be several vreeks . 

S ince the prepa rat ion s t e p s  are c omm o n  t o  v irtu ally a l l  the a s says , 

only t he t iDe taken fo r the a s !Oay itse lf' need be cons i dered when c omparing 

the t ime take n to p e rform the a s say . The mo st  rap id t e chnique is the 

fluorodensitometry of thin laye r chromat osraphy pla t e s  or s imilar pro c e dure s .  

Re sul t s  nay be ava ilable by th i s  t e c hnique -,·fithin a fe w hou rs . Thi s i s , 

howev e r ,  a phys i c o chem ical me t hod a nd g ive s no indicat i on o f  bi olog ical 

activ ity except by inference . 

�h e duckl j ng a s say 

:C:xtru c t s  from su spect mat erials are udrnini stc re d by c rop tube to 

duc klings w e ighine; 50 :!: 1 0 g .  A s ingle dose can b e  u s ed a nd a s s e s s e d  by 

a c c�bina.t ion o f  LD50 a nd liver damage . The e ff e c t s  o f  aflatox ins on the 

l ive r a re at a max�jum thre e day s after a dmini stra t ion ( But ler 1 964) . 
Armbre cht and Fitzhugh ( 1 964) c la ime d an inc rease in s e ns it ivity by 

aeministe ring mul t ip le d o s e s  o v e r  s ev e n  day s . They rec owmended an LD50 
e s t isa. t i on as a quant ita t ive a s say and an e st ima t ion of liver damage after 

cu l t iple dosage a s  a qua litut ive a s say . In lds rev iew , Legator (1 969 ) 
re gards t he duc kl i ng a s say a s ,  ut be st , s cmiquantitat ive . In addition 

it is clearly t �•e-ccn suming a nd demands a degre e of int erpreta t ive skill 

in a s s e s s ing the crang e s  in the l i ve rs of affe c t ed anirr.als . 

Ne i the r of t he two micro b i o l o g i cal assays de scribe d in this work is 

a s  lenethy Qs the cuckl j ng a s say and both a re �ore sensit iv e . Vfhile it 
is t rue th:J.t C::.ucklings are mo re c l o s e ly re la t e d  t o  humans than ba ct eria , 

the spec if:i. c ity o f  induc t i on , a s  a b i ologica l  e f fe ct , s e ems e qually a s  

great a s  bile duct pro l j fe ra t ion . The main advantage o f  the micro-

b i o log ical a s says i s  that the mea surem ent of the re sult i s  o b j e ct iv e ,  

whe rea s  the a s se s sment o f  live r damage in duc kB ngs i s  nece s s a ri ly 

sub j e c t ive . 
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D i s k  diffusion c s se.y 

The TLC/inhibition a s say wa s deve lope d from the disk a s say and 

ha s the a. U.vantages of rapid i ty and e a s e  of handling with the additional 

advantage s of increased s e ns it iv ity and spe ci f ic ity . The disk assay 

has a m j  nioum prac t i ca. l sens i t ivity o f  a bout 2 !lg aflatoxin B1 , compared 

with a s e ns it ivity of 0 .1 · !lg afle. toxin B1 at taina ble by the TLC/inh ibition 

assay . 

Other a nimal a s says 

All b ioa s says u s ing LD50 and patho log ical effects will suffer from 

the same di sadvantage s as t he duckling a s s ay . Thi s inc lude s a s says us ing 

fert i le e gg s , though great e r  sen s it iv i t i e s  and a good do s e/res ponse re lat ion-

ship are clo ime d for these method s . Ne verthe le s s  t hey are t :L11e and space-

c ons uming and. depend t o  som e extent , on sub j e c t ive a s s e s sm e nt o f  pathological 

change s .  A pos s ible excep tion is t he a s say u s ing young z e bra fish 

(Abedi and S co tt 1 969 ) . This i s  b oth rapid and sensitive but t he work 

re port e d e ffe ct s u s ing pu rified compounds and it is not clear what the 

e ffe ct o f  crude extra ct s on the s e  fi sh m ight b e . In any case the mainten-

a nce of mat erial for the assay v1ould be trouble some . 

C on c lusion 

The c o!!'b inat ion o f  thin lr>.ye r chror:.at o��raphy , inhibit ion and induction 

propo :::ed as in a s s ay sy st em in this  \'rork appears t o  b e  a practicable one for 

the monito ring of foods and feedstuffs . I t  i s  c lea r that the system must 

b e  evaluo. t c d  r::o re stri c t ly by app lyi ng it to the a s so.y o f  a flat oxins extracted 

from a va riGty of in.f' e c t c c.l  mate rials before it can b e  accepted . Even if 

it pa s s e ;:;  thi s  eva luo.t ion i t  cannot be clu:L'l!sd as the final answer to t he 

pro b len: of o.flo.toxin b i oa s say . HO\'iever i t;  is pote ntia lly an advance in 

b ioa s suy pro c edure s o.nd r.r.ay lead t o  eve n bet ter me thods . 

A flat oxin ha s not yet be en shown t o  be a problerr: in New Z e aland . This 

i s , at lea s t  i n  po.rt , because o f  the limite d inv e s t i Gat iona l work which has 

be e n  done . I t  i s  important to have metb0ds ava i lable t o  det ,ct and control 

outbreaks of the di sea se in tr�is country o.nd to rea s sure overseas customers 

that our produc e is unlikely to be contaminated . 



With suitable modi f i cation the systeo c aul� be a ; ; lica ble to the 

a �say of o ther myco t oxins . 

versa t i le to e nable mo s t  o f  the rnyc o t ox ins t o  be :lete c t e i . Selection 

of an a ppropi'iate o rgani sm , sens i t iv e  t o  the t cx in U.':.Ce :!:' e xa::.ination , 

r;ould e Mblc the inhi b i t io n  a s say t o  be undo r t a!�er.. . � � o us efulne ss of 

the induction a s say would depend on the propert i e s  o :'  t !".e ... . ,., ox�n . Ga s 
l j quid c hromE,t oc:;r.:!phy m�y b e  s u itable b o t h  to :::. ss.:ly ::�; e o -t oxins and t o  

prepare then i n  a s uffi c ie nt ly pure forn f o r  b ::oc. s sa:l · 

It ma.J' never be certain whe ther a fla toxin and o-cl".er myc o t ox in s  are 

mutagenic ,  c arc inoge n i c  or t erat ot;c n i c  in man ,  but no c:e would ·r.illingly 

exp o se therr:selv e s  to r i sk in the lit;ht of the kno·,·m e f:�c c t s  of the se 

c ompounds in o t he r  b i ological systems . A s says basei e n  b : o logi cal , rather 

t han solely c hen: ic a l  or phys ica l ,  c haracteri s t i c s  'Z.:ay rc::iuce the chance s of 

t c x i c  c o2pounds being included in t he lmnc:..n diet un2.;ya re s . 
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':::'he first appendi:c c ontains c b s e rve.tions uri s ine from the 
inve s t i g 2. t i c n s  of the indu c t ion bioa ssny but no t i:r.nl t-� d ia t e ly re levant 
t o  t he a s s ay i t s e lf . The se are i n  the naturt) o f  preliminary 
o b s e rvations and no have b 8 e n  pre s ented in the form of an app endix . 

The ma ther..:J.t ica.l anaJ.ys i s  o f  t he dyrui.m ic s o f'  induction kindly made 

by Doct :H' .:.. • Tyree is a l s o included here as Appendix II . 



!. rr;�_\'DIX I 

Jnt:rr>lnct ion 

IIong ..£! n l . ( 1 :n-1 ) repo r t e d  o b s e rv3. tions r;:c:d.e �n .3 J. l:�: o:.c: lla 

o rg�ni sn lacking the ab! lity t o pro � 1 c e  �deno s ine 3' : 5 '  cyc lic �ono­

pho srhat e ( cA; 'P) gave c lc o. r  11b.l}ue s ·:1he n in;,�e ctcJ. by t he p .age . 
Howeve r t he nor,nal turbid , c e n t r"ed p l:1qu e s  c oul·i be ob-'c e. �'led ·.v i t l:  the se 

s t ra ins :i.f they wertJ plato d  in meJium con binir1g c..�.:P . Other rnut2.nt s 
exist v1hich lac k  th(� cAMP recep t o r- prot:; in D.nd t h e s e  s tr9. in s a l s o  fo rm 
c lear ple.•J.ue s w i th phage P22 . Adcli t i.on of eA!.� tc tl:e oediu .. >� doe s  no t 
e nable mut:tnt s o f  t h i s  kinri to  produ ce no r:1:e. l pla Clue s . 

Frot:� thi "' v:ork Hong <md h i s  e o -wo rke r s  ccnclul'..e d  tl-1& t c;.J.�P/ 

receptor pro t e in c omp lex wa s nc c E� s so.ry fo r the c s t c. c l : s r_-:-,ent o f  lys ogeny . 
'rhey c la ii:!l 3•i thc... t this a l s o  expLin e d  ·:. hy lys o::;e1:,:,r i s  .::: 2 :1er:;. lly le s s  

frequent  in cul tura s o f  a c t ive ly g::.�owinG c e ll s ::. r�d ::.o re fre c:_uc nt in 

cult ure s wher�:.: e n·� rgy i s  in shoi't supp ly, s i.nce tl:e s c  growth cond i t ions 

often c orre spond w i th lower and higher leve l s , re s p e c t ive ly , o f  

cell.u Ll. r c).J,p . 
The i�duction of lysogenic bacte ria o ft e n  i�vo!ve s int�rrerence 

by the indu c in3 agent with the control mec Hnism ·::hi .:�h ::-.3 in tains lysoge ny . 

I t  i s  po s sible that lysoccny may be re- e s b b l i sh9d i::" c.:..:.:? ·,-;-ere present 
in the ce ll . 

'rhe phy s i o  log.i. ca l s b  tP. of the ce l l s  mic;ht a l s o  a ffec t  the ir 
r e s p onse to a f la t o� in . Dc'.h t.he ::;e p o s :3 ib ili t i e s  ·;. e re excu::ine d in the 
f o l l ori i ng e:X})eriment s . 

F'·;. c illu s ::ne-:::' i; e r iuQ s t ra i n  899a -.-,a s t; .cm·;n i� :::;:;:.: to c ii-expo nent ial �....-.----· - · ·-
pha s e  and diluted 011e te nth in the san;e t:' litm c onb. inin.; v s. r i v u s  additions . 

a )  1 0  J.L""/'1 u .... � a flat oxin 131 b )  1 0 !-.1-G/Dl aflatoxin 13 1 + 1 rnl,f c.\.?,IP 
c ) no adc'l.ition 
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The s e  sub -culture s were incuba t e d  i: a .ohaki:1g w� t e r  bath at 35°C and 

t l-J.e o pt i cal d.cnsity re c o rd.Gd at in te rvals over thre .; hours . The 

130 . 

typ i c a l  infle :clon in t he e; ro·;;t h  curve oc c urre d bet·:;e en 85 and 1 1 0 minu t e s  

i n  the culture containin� a flat oxin only .  The culture c onta ining both 

aflat o xin ancl c.\.'.jP exhib it e d.  onJy a r:.inor in:"le.::ion . Ger.erat ion 
t j me s for the thre e sub-cu lture s c.re eiven i.'l :;'able 7 .1 b e low . 

Table ].1. : :oCJ.ifi c a t i on b,y c ;.�.:p o·" the e:'fc; c t  o �  a f l d ox in B1 
o n  ;::e ::-J.n rat .i .on t i :--!O of B .  r;:� c�'lteriwn . ,.__ __ _ _ 

G-ene t" .t j o n t ::iJne s (minutes) 
Bnforc in:'lexion After inflexion 

C on tro l 66 66 

9 0  

70 

60 
+ 1 I!ll.! cA1.:P 65 

The cfl.J,:P appears to he>.ve redu c e J  t he ly s i s o f  c e l l s  i nduced by 
a fl:?. t ox in . r:o phc.�-:;e cou n t s  v:e re ma de so i t  •;::;;. s no t po s s i b le t o  confirm 

a co rre spond:Ln::; fa ll in pluge numbers . �he resul t s  sugg e s t , however , 
t hat t he i nduc ins e f f e c t  o f'  aflatoxin can be re versed o r  inh ibite d by 

adeno s ine 3 ' : 5 '  cycl i c �onophosphat e . 

B .  The e f fe c t  o f_ -ch·rsi olC2.GJ.c· 1 st:tte o f  cu lture en in uc t io n  
o f  r;:,egP.' h''CG b.z a f  ·'�toxj n B 

Cultures a p p ro•.lching or a c t u·t lly in sb.tionc.ry pha se induc ed by 
glucose l i.:lit:ct i on v:e re exn.�JinP.d n s  • .e sc r:i..bed b e low . 

B:>.c i ll 1�:.3ilirinn st:ra in 89S.:t wa s g!'o·::!'l in s. sm.� conta ining only 
S u b - c u l ture s \':o re made by t'i.i lu-: in:r.; one tent h  i nt o the 

�; ;trr:e medium c cnt.::. ining 1 0  ��/ml ;:. fla toxin B at 20 , 80,  ·• 40 a nd 200 minute s  1 
a ft e r  the on3t)t o f  st-:. tion.J.ry pha s e . Th� op t i cal de n s ity of the sub-

culture s \'!(l S foJ lo:;ed ror three hours follo\':il1G ui lut i on , 

T he re sul t s  g iv e n  i n  F i0ure 7 . ·1 sho·.• t m t  the age of the c ulture had 

no e ffe c t  on the t i.�e e la ] s inc befo re �ys l s . I t  did howeve r have a marked 

effect on the crowth o f  the sub -culture . T!:. i s  i s  the w e l l -do cwnented 

phe nor.tenon o f  incre a s e d  l :c 6  ph�cse  c o - re l '"-t  tins 'lii th U.ura t ion of stati ona ry 

pha s e . The rc.. te o f  c e l l  gro :d;h r:.nJ th,; t:L-:Je for coJr.ple t ion of phage 
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replicat ion s e em t o  be c omp l e t e ly i nU.,.; pendcnt , t he bu.::- s t  t ir::e b e ing c onstant 

irre spect ive o f  the ra te o f  growth of the c ult u::'e . 'l'!".e t ime e lapsing 

be fore lys i s  wo. s 1 1 0  m i nut e s  in all four s ub -cultu::'es . 

Some metabolic a c t iv ity not r e s u l t in;; j n  g ro ·,•,ctr. ::� s t  be oc curring 

in the cul ture sub- culturcU. la st , s ince lys i s  wa s able �o o c cur a nd i t  

i s  h.-nown t ha t  phaGe replicat ion and lys i s  will only te.:-::e place in 

a c t i vely metab o l i s ing c e ll s . 

The o b s erva t i on ha s intere s t  as ind i e a t irl8 a pot e::1tia l way o f  

improving t h e  bioa s say . Culture s ke pt i n  s t ati onary r�a s e  for about 

three hours and then sub -cultured show no sub sequ e nt cl::.a n5e in op t ical 

density up to the t in:e of i nduc e d  lys i s . By us ing t l:i s �rope rty it 

should there fore be po s s ib le t o  s t andardi s e  the m.l.7;bers of c e ll s  in a n  

a s say me d.iwn ove r the dura t i on o f  t he a s s ay by stan�arC:.. i s ing t h e  numbe rs 

p re s ent a t  the start . 
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The �athema tical model deve lop e d  in c o nv e rsat i o n  �ith �� Freke 

lead s to an eq:..<cc t i o n  o f  the type known as a differe nt ial-diffe rence 

e qua t ion . I::;norin::; stat i s t ic<-:.1 effe c t s , it  i s  a s s iJI:;E::d that the t ime 

int erva l bet ,·;ecn induc t i o n and ly- s i s  is a fixed no s i t ive c o n stant t • • 0 

1 3.3 . 

Le t t ing p) o me:1sure norma l grov;th and i) o mea sure induc t i o n ,  the mode l 

i s : 
A '  ( t )  = (p - i )  A ( t ) (1 ) 

( 2 )  H ' ( t )  = iA ( t )  + p (H( t )  - H( t - t ) )  0 
•·:he re Ci.iffe rent id ion i s v1 ith re s pe c t  t o  t irne and v.-herc A(  t )  i s  the 

nu..-:-.b e r  of bacte ria at t ime t wh i ch have no'.; yet be e n induced . 

H (  t )  is t he nu;�;ber o f  ba cteria ;·,hi e h  have be en i nduced ( includ ing those 

;·.-hich have u:1de:-c;one lys i s ) .  

'2 he term (n( t )  - H ( t - t ) ) in e qua t io n  ( 2 )  then i s  the numb e r  of induced 0 
b�cteri� ·::hi eh h3.Ve not ye t undergone lys i s . 

In order to s o lve t he equat ion s , initial c ondit i o n s  mu st b e  

i!:::po s e d ;  t he se are 

(3 ) ;� ( 0 ) = 

( 4 ) ::� ( t ) = 0 f 0 t' t � 0 

�qu�tion ( 1 ) i s , of c o u rs e , a stanJ �rd first order d i f fe re nt ia l  

e qu:::. t i c n .  �qw::tion ( ? ) may the n be  solved us ing L2.p la c e  Transform 
':' e c hnir� , ;e s ( Ec1lman - C o o ke ) .  

�t� s o lutions are 

( 5 ) 

( 6 )  
t 

where I) t )  = J
o 

;. ( t ) = e 
( p  - i )t 

E( t ) = iept _TLto) 
k = 0 

- iw e 

k !  

dw 

e -kpt o I ( t - kt ) k 0 

and ( x ) is  the �rco.t8 st inteeer le s s  than o r  e qua l t o  x .  



Us ing the re currence re la t ions 

(7 ) 

(8 ) 
and 

( 9 )  

Ik( t ) ·t 
= 

i 

I '  ( t ) = ki 

I ( t ) = 
1 

0 -:-l 

(tk - kik_1 ( ty 
K:-1 ( t ) fo r k >o 

( -1 - e 
-it

) 

it i s  ea s ily verified t ru1 t ( 6 )  is in fact a solution to equation ( 2 )  
> for all t - o .  
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I f  loc (A ( t )  + H( t )  - H ( t - t  ) ) i s  plo t te d  a ca inst t ime , then the 0 
characteristic graphs ob "!:a. inctl by !.:r FreK:e ::>hould re sult . J..lthough 

computer s imils.t ion us ing the CS�L? language s t l·one;ly support t hi s ,  the 
l'3.ther intrac t i ble foro of the solution ( 6 )  ha s fru s t ra t e d  an analytic 

ve rificat ion . 
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