
BIOAUTOGRAPHEC DETECTION OF MYCOTOXINS ON THEN-LAYER 
CHROMATOGRAMS 

A method for the bioautographic detectron of mycotoxi;lns OR thin-Iayer chro- 

matograms by using Artemia dina farvae is described. The method was tested on 

standard samples of mycotoxios (aflatoxin B,, kojic acid and sterigmatocystln) and 
on the extracts from toticogeenic fungi isorated from different sawces. 

INTRODUCTION 

Bioauto,mphy is used in the chromato_~pby of biolagicaGy active substances, 

especiaHy antibiotics. A recent ctitical review of the application of biaauto_mphy as 

a special detection method In the paper and thin-layer chromatography of anti- 
biotic2 indicated the wide range of biofogical systems used for bloarrtography: ammat 

virrrseq bacteriophages, bacteria, fungi, protozoa, algae and animal celfs. 
In the study of the toslcity of mycatoxins, A~LS&Z salirta larvae” have been 

shown to be a &table model organism. A method for the bioauto,sraphic detection 
of mycotoxins OE chramatagams has been developed that Is s&able for the initiaf 

stages of the screening of mycotoxins when they are available only in crude extracts. 

either from pure crrlttcrr~?s of fungi or contzzminated food. fodder and raw materiaI for 
foodstuffs as well as in instances when physical and especiaIfy chemical detection 

cannot be appfied to chromatograms. Tfre bioautographic detection is followed in our 

study of m~coto_tins by a systematic analysis by thin-layer chromatographyS, which, 
toge’&er with other methods, helps to identify the known mycotoxins and to detect 

unknown mycotoxins. 

Art~inia salha larvae are Fawn from commercially avarfable eggs in Frank’s 
medium”. To 750 ml of tap water (total hardness of which is S-14”, German scale) 
two teaspoonfuls (ca. IZ.0 gj of sodium chloride (non-iodinated) are added and The 

$3 of the medium IS adjusted to 7 A .V %ith t iV patassitrm hydroxide solution. One 



te~+pootiul (~a. 0.2 g) of eggs of A. s&ka 1s added to tie medium, which is incubated 
at 28 a while subjecting it to irktensive aekxtian. Lanae appear within B-24 h. The 
medii~m is made up d&y to the original volume with d&fled %iater. 

We Esed afa~axin B, (Dr. L. Shaetwefi. U.S. Depxrtment of Agricuitrrre, 
Nortiern Research Labor~tories~ Peon+ Ill., U.S.A.), Katie acid (this Departrrrent) 
and sterigmatocystin (Dr. P. S, Steyn, NationaE C%emistry Research Labamtories, 
Pretoria, South Africa). Stendard sotrrtioas of mycatoxtns were prepared at 2 con- 
centtztior, of I mg/ml in the followin g solvents: benzene-xetonitnle (%:2) far 
a&~otin B,, et$I acetite for kojic acid and chloroform for sterigmatacystin. 

Systems A, B, C, D, E, F, G and _Y from ref. 3 (this issueZ p. 143) were used. 

Pre-coated thm kyers OG Wufol sheets (#2~2Eert Votice, Czechoslovakia) 
(20 :< 20 cm) were r?sed: rhey were cleaned prior to chromato,onphy by de\eiopment 
in Lhe system in which the sheets were subsequently devefoped with sampies. From 
our set of systems far the system&k analysis of mycatatins” the fairawing were used: 
B, tcluene-ethyl ace’tite-90 “/A formic acid (6 * _ 3 : 2) ; 2nd D, chloroform-methanol (4 : I). 

On a developed sheet, PO ,xI of standard solutions of mycataxins (E 10 ‘ug of 
substarrce) were applied and developed in system D ts a height of 10 cm. Simrrkaneaus- 
iy, Silufol sheeti without standxds were developed in systems B and D. 

Bioau;ogra_phic detectiofz of mycotoxins OH chomafograms 
From the developed chromatograms on Siltiof sheets. 1.5 x LO-cm straps 

were cat ant vertically, 2nd ide&ified its follows: 
strip a: a sheet developed in system D; 

_ strip b: 2 sheet developed in system D (chning) and with z sample of 
stengmatacystirr devefoped 2gan iE this system; 

strip c: a sheet cleaned in system 0 and with a sample of afiatoxin developed 
again in system D ; 

stnp d: a sheet cleaned in system D and with a sample of kajic acid developed 
again in system D; 

strxp e: 2 sheet developed twit e in system D (without ssmpge): 
strip f: 2 sheet developed ante ir_ system B (without sampIe). 
These strips were crrt imo 1.5 x 1.5-cm squxes and adsorbent from the 

squ.zrres was scraped into separate test-tubes. into each test;-tube, I ml of the suspen- 
sion of &tern&z saftka larvae ws added 2nd thorau&ly stirred, and from each tube 
03ml portions were pipetted inta four porceiain welis. On averqgce, 3240 farwe 
were present in each we& The w&s were checked at zero time with an SM PM 
stereoscopic microscope (Zeiss, Zena, G.D.R.) & a ma_@ic&an I.6 x 5.3 far the 
pre;ence of dead faivze. The we% were covered with micro-s&e cover s&s ;_O order 
ta lreveot evapor&ion of the safutians. lkcubrtian was carried out at 20-22” md 
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after 16 & the dead larvae in each well were counted under the stereoscopic microscope, 
The remaining Eiving larvae were then killed by adding a few drops of chloroform and 
alf larvae were counted again. On the white background of the well, orange larvae 
were clearly visible and could bez distinctfy discerned from brown ball-like eggs. The 
percentage mortafity for al1 samples was calculated”. 

Gd~ivation of ftingi 
Tne use of the bioautographic detection of unknown mycotoxins in thin-layer 

chromatography was tested on crude extracts of secondary metabolites from 33 fungi 
isofakd from various foodstuffs. From we11 sporulated cultures on slant agars (PCA 
medi-zm: 200 g of potatoes, 100 g of carrots, 20 g of agar and foo0 ml of water), a 
spore suspensron was prepared. Roux flasks of volume 2 E, containing 200 mE of YES 
medium’, were inoculated with this suspension and cuftivated under static conditions 
at 28” for 7-21 days. 

Exrrac f ion 
Mycefinm of the grown culture and medium were separated by filtration. 

Mycefium was extracted twice with 50 ml of chloroform, filtered and the combined 
chEoroform extracts were dried over anhydrous calcium chloride and evaporated to 
dryness under reduced pressure at 50”. The residues were dissolved in 2-ml volu,zes 
of chloroform. From the filtrate of the medium, 85 ml ;+ere taken and the pH was 
adjusted to 3.4 with dilute sufphuric acid (1:10). The filtrate was extracted with 50 ml 
of chtoroform by shaking in a separating funnel and the aqueous layer was extracted 
again with 35 mi of chloroform in a separating funnel. The combined chloroform 
extracts were dried over anhydrous calcium chlonde and the solvent was evaporated 
under reduced pressure at- 50”. The residues were dissolved in Z-ml volumes of chforo- 
form. 

into separate test-tubes, ~QOpl of concentrated chloroform extracts from 
myceiium and from the medium and from the original f&rate of the medium were 
pipette& allowed to evaporate in a thermostat at 60” and, when cooled, 25 itI of di- 
methyl sulphoxide (DMSO) were added to each, thus dissolving the residues. Into 
the control test-tubes, only 25~1 of DMSO were added. Into each test-tube, I ml of 
larval suspension was added and then the method of testing the standards of myco- 
to_tins was followed. From the results obtained. the percentage mortality’ was calcu- 
IaCed for the samples investigated. 

On SilirfoI sheets, &ready developed, 10-~OQ,~l (depending on the percentage 
mortality) of chosen extracts from mycelium or medium filtrate were applied The 
sheets wi& samples were developed in the system3 in which the separation of the 
sample of extract was f&e best. From Sifufof sheets, kerrical strips with samples I.5 
cm w<de were cut czut &ng the whole chromatogram. These stnps nere cut into seg- 
ments of I cm reg.ardIess of the position of the spots and the adsorbent was removed 
from them into separate test-tubes. For each stipP a control was also prepared: the 
control contained adsorbent from the square above the front of the chromatogram. 



Into ezch test-tube with adsorbent, Z ml of IanA snspension was added and then the 
m&hod for biozutograplry of the standards of mycotoxks was fotlowed. 

For the is&t& of arr active substance, the extract of filtrzte of culture Nu. 
S-656 (Aspergillus sp.) wzs chosen. On the startmg point of a plate with XI ur;bound 
layer of silica gei L, lM?-I60 pm (Lzchema, QITIO, Czechoslotakia), 250 ,.A of conren- 
t,mted cfrforofol?r extract obtzmed from the medium after cu&~&~n ofculture S-656 
were applied; the pkte ~8s developed m system D thee times. Eluoresceent spots 
were detected under UV light 2nd the adsorbent from these itreas was collected by 
means of vacuum, eMed with methhanol .zmd evaporated to dryness. The residues were 
dissolved in methaooi and a portion of ‘&em was tested for toxicity to A. s~~~kz Larvae. 
The other potion of the &dues of mdrvidrral spots was sppLied on a SlEufoE sheet 
23x5 developed in system D in order to determine the homczeneity of eluates from in- 
divrdual spots. The whole process of the isoEat~oo of acxke substances was repezted 
on an unbound layer of sika gel L with a larger volume of extrsrct (1.5 ml). 

&&ilfOgFQp/liC derecrion of rke SrQiidffrds of mycoro_x7-ifs 

Average percentzge mortaIlties for strips from Sifufol sheets a, ‘0, c, d, e and 
f for ~11 sqxzar~ withoni mycotoxi~s ranged from 0 to 9.0aA. The average mortiity 



for iL square with sterigmatocystin (RF = 0.91 in system D) was 81x, that for a 
sqtare with &at&n (RF = 0.65 in system D) 36% and that for a square with kojic 
acid (RF = 0.33 in system 0) 21 0A (Fig. I). 

The results of testing some extracts from mycelia and medium fi-ftrates after 
cultivation off&q& investigated bioauto~a&icaHy, are given in Table I. 

Bfmufogruphk defectfm of ntetabdires in the exfructs from fungi 
According to the percentage mortafity in crude extracts of fun& chosen ex- 

I S-656 F i 

Fig. 2. Evaluation of biooauto_pfLic detection in c&ures S-H?, S-656 aad S-658. All chrornzto- 
gizm.s were developed in system D. Applications on cDromio _eram: S-649, extract of myceliun 

ICI@ and extract of median filtrate 20 pl; S-656, extract of myczlium 6OpL and exh-zti of metim 
Curate fi0 ,uL: S-658, extrzcz of nqeehsn 20 pL aad extract af medium filtrate 25 .u1_ M = extract 
from mycekm; F = extract from medium fibate. 



tracts x=‘ere exzmiixed by cfi_ramzto~mp%y orz SifufoI sheets and detecred biosuto- 
grqGx.Ifry_ The cfrromato_mphic resufts and the results of bioarrtograp5c detection 
zre shown in Fig. 2. On rhe besis of a chromatogrzpbic comparison of the extracts 
of fXtr&e and mycelium fin system D) with the stzndards of afiatoxiio BL (R, = 0.67) 
and kojic Cd CR, = 0.33). it is considered that wi& culture No. S-1558 kojfc acid and 
a&to.xzns are produced. 

Residues of srrbstances isolated r”rom indrvidnal spots cm the cb~om~~itogrsrm 
on m unborrnd fayer of silica geel were tested with A. s&m and the per~xtzge mor- 

t&g shovled that the active srrbstiznce on the chromatogram wzs in tke region of 
blue-green 2nd dark green fluorescence (see Fi,. = 2). Adsorbents from these regions 
were conzbined, elrrted with methanol and evqorated to dryness. The residues were 
dissolved in order to determine the to-tic efEct ore A. s~&a. The remaining solution 
of ~tc~ive substmces in me’&anof was sppiied ozl 8 Silufol sheet along the whofe 
shazt (20 cm) and developed in system D. There were f&e dif%erent fluorescent strips 
VAX& zqpeared under UV fight. These were removed from the sheet, &ted and 
evaporated to dryness. From individual spots_ the activity of the efmte towards A. 
s&m wzs tested. The zctfve ones were - d fofiowc :apiok-fluorescInesrrbstan~(~I% 
mo_~zlltyj, 2 gxec-f&orescin,o srrbstame (59 o/O mortzdity) and. closely above it. it 
yeliow substance (85 oA motiity). These substmces were an&zed by the chromato- 
grq&ic systematic an&sis3. From the results,FI chromatographic spectra for all three 
substzxes were constructed (FZ sg. 3); these spectra were compared with those of 37 
zq-cototiins’ and it wzs found t&t the cbromztogr2phrc spectra of our three sub- 
stames, produced by c&me No. S-656, were dttferent. We are stiH working OR the 
id~ilt’rfiCdOn of the unkaown metabolites. 

Bioautographic detection is used no&y in the study of antimicrobial sub- 
S~~IICES. The slmpie crlltivation of microorganisms provides possibilities for deter- 
mining the positions of a~~timicrobial snbst&nces on &rorna~o.gmx~, When study&g 
my:ototins by emplodyin,o higher aoimafs (mouse. ra t chicken, erc.), SL simiI2r detec- 
tioir F;ouId rrot be possikde. 
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In our method of bioautographic detection, the sensitivity of A. SLZ&W larvae 
were tested on standard sampks of mycotoxins 2. The advantzge of using this model 
organism for the bioauto_mphic detection is the simpIiciq of cultivsttioti of the 
larvae. 

For testing the method for the detection of standard mycotoxins, one neutral 
(D) and one acidic (B) system were used for the development of crhromatograms on 
Silufof sheets. The average percentage natural mortality of izrvae in the detectron of 
adsorbent from control squares from Silufol sheets is lower with the neutral system 
(Oa.7%) than with the acidic system E3 (U-9-O;/,). 

When emproying the acidic system (B), the pH ofthe medium is not substantial- 
Sy i&uenced after pouring the adsorbent from the squares c’& from chromatograms 
Rith larvae cultivation medium. 

The possibility of detecting mycotoxins by inserting the whole square from a 
SifufoI sheet into a test-tube (or by cutting it into smaHer squares) with larvae suspen- 
sion wzs examined. This process did not prove to be suitable as the sharp edges of 
the afuminium foil dama~eed mechanically the kvae which had &ready stopped moving 

at zero time of testing. 
Two types of cultures for testing the extracts for the content of mycotoxins 

were chosen; (I) fun@ of random contaminated foodstuffs and r~%w materials for 
foods we-re isofated; (2) cultures used in the production of some foodstuffs were tested. 
Wei ef aL6 isolated a mycoto_xin PR-toxin from the culture Pe?Tki#kf?z rogrieforfi. 
Their cuicure ~8s isolated, however, from contammated fodder but, as shown by our 
results on the toxicity towards A. sa&a of extracts from P. roqueforti fS-664) used 
in the productron of cheese, it is necessary to investigate the potential toxigenicity of 
fungi used ;n the foodstuffs mdustry, as the presence of mycotoxins in products can 
z&o be caused by used toxicogenic fungi. 

The above method for the bioauto_~phic detectron of mycotoxms on thin 
Eayers by using Arrsmia safinrr Iarvae could be applied in screening mycotoxins in 
contiminated foodstufk, raw materials for food and fodders owing to its simplicity 
and reproducibifity. 


