W FAO/UNEP/USSR

'3-‘ International Training Course

«TRAINING ACTIVITIES ON FOOD CONTAMINATION CONTROL
32' AND MONITORING WITH SPECIAL REFERENCE TO MYCOTOXINS=»

o2 |22

V. A. TUTELYAN

MY COTOXINS —BIOGENESIS
AND MECHANISM OF ACTION

Centre of International Projects, GKNT

Moscow, 1984
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INTRODUGTION

The study of prinoiples goveraing the blosynthesis of myco-
toxine hy mioroscople fungl, the determlnation of the sequence
of reactions of blotrangformation of mycotoxins in an animal
organism, and the decoding of molecular snd cellulsr mechaniems
of their sction are definitely the wost important research
trends in the erea of mycotoxins, Consldering that prevention
of the formation of mycotoxins by producer fungi 1s the most
effeotive meapure ot_prophyla:ia of alimentary mycotoxicoses
in man and farm animals, one ocan fully appreciate the attention
given bty mycologicts and blochemists to the psculisr features
of mycotoxin biogenesis under various environmental conditions,
It im likewise natural that all medicel measures towards the
renoval or decreaping the extent of toxlc act;ion of mycotoxins
upon man or animal should de founded upon thorough understand-
ing of the metabolism of these foreign compounds and the mecha-
nism of their actl om om the cellular and molecular levels,

This lecture takes up speciflcally theses questlons: bio-
goéneslig, wetabolism and the mechanimm of sction of mycotoxins,
It should be stressed that the mentioned aspects of the overall
problem of mycoéoxins are most intensively studied and this, in
its turn, leads to a continuous supplewmentation, Lroadening

end at times even alteratlon of our notions about the bioche-
wlstry of mycobtoxins,.
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BICGEWESIS OF WYCOTOXINS

Mycotoxing are secondary metabolites of mleroscopic fungi
and are formed from primery wetabolites ( acetate, malonate,
mevelonate, awino acids) during enzymatic reactions of conden~
sation, oxidation and reduction, alkylation and halogenation,
Five baelic pathwiys of uycotoxin bilosynthesis are known ——
polyketide, terpenold, through the cycle of tx'icarm;;ylid acids,
through amino acids, and a mixed pathway which is a comblnation

of two or more maln pathways.
The polyketide pathway of mycotoxin biosynthesis

Most likely this pathway ie the most important route of
formation of mycotoxins, which is based on the reasction of
lipeer condensation of acetyl-CoA with three or more molecules
of malonyl CoA with accompanying decarboxylation but without
the obligatory reduction of intermediate ﬁ-d:lcarbonyls.
Let us conelder this pathwey of mycotoxin bloxynthesis using
several instances (in an increasing order of the number of in-
¢luded 02 unite).

The following sequence of metabolic transformations has

been demonstrated for patulin blogenesiss

Acetate —=| 6~methylcalicylic acid Mwcresol

[ m-hydro:qbenzaldehydej-—rn—lvdrozybenzyl alcohol 1

1
lgentisyl alcohol )—b-lantisaldehyde }-———E’A’I‘ULIN J

(tetraketide)

Pentaketides include citrinin and ochratoxin A:

Acitme —s|sclerotinin AHdihydm°1trin°n°|~{GImnunl

[#Wetntonine |
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Most 1ikely, there 1s no need in giving a detailed descrip-
tion of the blosynthesis of individuzal revresentatives of poly-
ketide mycotoxins. It would be enough merely to mention that
octaketides are luteocskyrin and ergochromes; nonaketldes —-
zearalenon, c¢itreoviridin end citochslazins; decsketlides —-
sterigmatocystinas and aflatoxina., It joes without saying bthat
the greatest study nas been made of the biogenesis of aflato-
xins, the intermedlate compounds of which have been isolated,
identified and describedi

Initial polyketide —-{Horeolarinic acidl
(0,q POlyacetate)
!Tleﬂh&.onj_ne! : '

Benzoyl puw{ Vorsicodorin At=e——tVorsiconal acetiatef
Benzolc ecid !’ r

¥

[sTERIcuATOCYSTIN] -l APTATOXTS B,|—] A¥EATOXTN @,

+I

Averufin,

One of the most promising trends In afYatoxdn resesrch
s the decoding of the ways of regulation of sheir bioasynthesis
with the idea of suppressing toxin formation. It has been de-
wonstrated, for lnstance, that easily metabolizing hydrocarbons
( galsotose, fructose, ribose, amltose, etc,) intensify the af-
latoxin synthesis by toxigenic etrains of Aspergillus parasiti-~
ous, More than th.ils, glucose or producte of ite meteholism are
inducers (on the tranacription level) of enzymea engaged in
eflatoxin Wosynthesia, It 1ia noteworthy that cyclic AMP large-
1y induces the aflatoxin btlosyntbesis. It is also important
that the commencemsnt of aflatoxin tdosynthesis is preceded
by a high rate of ATP and AP formation, and thet biosynthesias
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proper is accompanied with a drop in the concentration of high-
energy tonde. Also noteworthy is information about the inhibi-
tion of aflatoxin formation in the presence of benzoic acid and
its derivatives, salts of molybdenum and vanadium. Thymol also
has well pronounced antiaflatoxigenic activity.

Terpenold pethway of uycotoxin biogmthesis
This pathway of biosynthesis ie characteristic of a large
group of trichothecene mycotoxing:

]Acetat:e}—-—] Lactone of mevalonic acidHGeranyl pyrophosphatei

L‘Ilrichodi oﬂ————-lriichodie;!—'—‘ Parnegyl pyrophosphate I
¥

[12,13~EPOXY TRICHOH EC HYE [~ — — — ~ VERRUCAROL
TRICHODERHOL 4, 84 ~DITYDROXYIRICHOT ECRNES |
[ 2
| TRICHOTHECOLONE]

TRICEOTHECIN

It is supposed that the blogenesis of the trichothecene
sikeleton is identiocal for all species of [Prichothecium and
Fusarium but the mynthesis of individusal apeciﬁ}: trichothe-
cene mycoboxins is predetermined by the distinctions in hydro—
xilation catalyzed by enzymatic systems which are gemetically
different in different specles of fungi,

It should be also stressed that the blosynthesis of macro-
cyclic trichothecenes, such as verrucarineas and roridines
ineludas the stage of blogenetic combination of the isoprenocid
regidue with & polyketide,

*
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The pathways of biosynthesis of myecotoxing throush

the cycle of tricarboxylic acids

The pathway with the participation of metabollites belong-
ing to the cycle of tricarboxylic acids is charscteristic
of the blogynthesls of rubratoxin B:

Acetyl Cod e ;
+ —— Derivative o + Oxalacetic acid
4 Malonyl Co decanoic aci l

[013 darivativﬁ] +,Jc13 derivativSI

Conjugated compound
of two 013 derivatives

IHU‘EHAIOIIN B

Pathway of blosynthesis of mycotoxine with the

perticipation of amino aocids

Ampino acids are Initial compounds in the biosynthesis of
numerous eycotoxins, For instance, tho pathway of blogynthesis
of ergot gslkaloids -~ ergotoxins, has been completsly deoi-

phereds .
+ —={ #~dimethylallyl tTiptophane|- Chanoclavine-1|
[llwalon.tc acid’
Elyzoclavine
- . X
Ergotamine Iyrgic acid
methylcarbinolamide

The m.oayutienis of a number of mycotoxing takes place
through a combdnation of different ways of blogeneais, for

instance, when amino acids and polyketides act as precursors
13 '



-6 =
{erythrogkyrin is synthesized with the participation of valins
and a polyketide which is formed from acetate and malonate).

It should be atressed that the study of mycotoxin bio-
genesip is 2 most complex and painstaking affeir based on the
inclusion of labelled primary metabolites (acetute, amino acids,
etc.) into the incubation medium of cultures of appropriste
strains of microscoplic fungi, Subsequent stages of research
are the 1solation of labelled secondary metabolites from the
fung!l cultures, jdentificntion and determinstion of their che~
mical structure, deciphering of the sequence of reactions of
biotransforaation., Notwlithstanding all this, the deciphering
of the ways of mycotoxin biosynthesis is theoretically and
practically important because 1t is the main condition of
the seeking out of ways of suppressing toxin formation by micro-
scopic fungi,

BIOTRANSFORMATION OF KYCOTOXINS IN THE ORGANISM

Iike many other xenoblotlce, mycotoxins arrive in the orga-—
nism mainly by intake in the gastrointestinal tract and via the
portel vein reach the liver where they are detoxicated,The pro-
ducts of metabolism of xenobiotics are then exo'reted into bile
and are withdrawn with the excrement or arrive in the kidneys
and ere withdrawn with urine., Blotransformation of mycotoxins
proper, in an animal organism is a two-stage process embracing
metabolization and conjugation, During the stage of metabolic
transfornations, uycotoxins are acted upon by appropriate enzy-
mes and sre oxidized, reducted, iydrolysed, etc. which leads to
the development of funetional groupings increasing the polarity
of the molecules znd being the sites of the next stage — cCone-
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jugation, 1.e., comoination with such endogenous suostances as
glucurcnic end sulphuric aclds, amino acids, ete. During the
process, the molecule of a mycotoxin or lts metabolite becoaes
even more polar, its solubllity in the lipid phase decreases
and it ie easily withdrawn frou the org.nisu., One should bear
in wind that mycotoxin conjugabion entalls the blocking of func-
tional groups, such as -COOI, -0H, etc.,the deactivation of the
molecule, and theredby the reduction of its toxie properties,
During the metabolic trnasformations new functional groups or-
dinerily develop in a mycotoxin molecule and this, as a rule,
results 1n a loss of toxic properties. It is, however, most
important to note that sometimes meﬁabolization glves rlse to

compounds which possess, to the contrary, more pronounced toxie

.properties. This is known as metabolic activation.

Most of metabolic transformations of myctoxins in the or-
ganisu take place in bthe liver with the engagewent of enzymes
of the endoplasmatic reticulum, so-called monooxygenases or
oxddases with a mixed function. Biological oxidation, which 1s
catalyzed by the engymatic systew of micresomes, incorporates
8 large pumber of reactions, but all of thea may be reduced
to a single coummon mechanftaa, viz, hydroxylation which calls
for the availability of the reduced coenzyme NADP-H, and
O, 1 RH + NADPH, + H' + O, ~—3 ROH + NADP" + H,0. The first
stage of this reaction is the binding of & mycotoxin with oxi-
dized cytochrome P-450; the second is the reduction of the de-
veloped complex in a N,ADPoHZ-specific chain of electron trans-
port; the third is the formation of a triple complex cytochrone
P-450-nycotoxin-0,; the fourth is the activation of 0, in the
couplex by its redunction; the £ifth is the deccumposition of

I-4
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the complex into oxddized cytochrome P-450 and oxidized nycobvoxin
with the formation of a free hydroxyl.

Metabollism of afletoxins

Numerous studies on different gpecies of animalsg have shown.
that regardless of the ways of administering, aflatoxins are
rapidly accumuleted in the liver and that precisely the liver,
in most cases, is the sole affected organ, The study of intra-
cellular distribution of aflatoxin in liver tissue revealed that
within 30 oinutes after administration, approximately 30% of the
initia) emount of aflatoxin is concentrated in the nuclei of
nepasocytes, and with the passage of 2 hours, more than 504
ip associated with the microsomsl fraction, i.,e, localized in
the endoplesmic reticulum where the wain processes of dlotrans-
formation of xenobiotics bake place, Let us take up the metabo-
lic &ansfomations of the mein representatives of the family of
aflatoxing - aflatoxins B’I' B, end G1.

Ag follows from diagram 1, the hydroxylation of aflatoxin
B, may produce aflatoxins M, (hydroxyl group in the 4th position)
and aflatoxin ('.i1 (hydroxyl group in the 22nd position); the O-
demethylation of aflatoxin ]3.1 gives aflatoxin Poe It ie import—
ant to bear in mind that all these main metabolites of aflatexin
B, ere much less toxie, the toxicity levels bein S0 per cent,"
1/18, and 1/20 of the initial figure, respectively.

Unlike all this, the same microsomal oxideses with a mixed
function may perform the “ectivetion" of aflatoxin B, with the
development ot metabolites with a more pronounced biclogical
activity. Such metadbolites include ailatoxin B,, and 2,3-epoxide
of aflatoxin B,. #flatoxin B,, is a hemiacetal of aflatoxin B,

and easily forans Schiffls bases with aming acids, peptides, and
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proteins, Including enzymes, The action of aflatoxin B,, is
agsociated vith the acute toxic effect of uflatoxin B4 243~Epo-
xide of aflatoxin B‘l is a hypothetical metabolite since uwp to
this time 1t has not been- isolated in a pure form and there is
but indirect evidence of the possibility of its formation in
the endoplasmic reticulum of liver cells,

The possibllity of the forumation of this type of compounds
is indieated by a sharp decrease in the biological sctivity of
aflatoxing B,and Gp having no double tond in the terminal furen
ring, compared with aflatoxins B,‘, Gqy and Mq. 2,3~Tpoxide of
afletoxdn B, easily forma adducts with nuclelc acids. The car-
¢inogenic effect of aflatoxin B,| is assocliated with the action
of this metabolite,

|
Aflatoxin ¥, 1 > Aflatoxicol uﬂ

f
| Afilatoxin Pyl — [ AFLA TOXTN ?1[':,{ ulatoncol}-r A.f.la;;!o x:icol'
l Aflatoxin G’Ep '
| |

2,3=epoxide of Aflatoxdn
aflatoxin B, B,

2, 3~dihydro=-
E.B-ﬁggrom
eflato B‘I

a

L

Conjugates

with cystelne, glutathione, glucuronic
and sulphuric aclds

Diagrasm 1. Metatolimm of aflatoxin By
I-5
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The biotransforuwabior of aflatoxdn B‘I may be carried out not
only by the enzymotic systems of the endoplemic reticulua, wt
also by dehydrogenases in cybosol. In this case cyclopentencnse
is redinced to aflatoxicol; the process 1s catalyzed by NADP-de—
pendent C-17 oxystercld dehydrogenase. It should be sgpecifieally
emphasized that this reaction is roversible which uskes it poo-
slble to class aflatoxicol as e "regerve™ form of aflatoxin B,
in the crgandgsa.

Both aflatoxin B, by iteelf, end its metabolites may form
conjugates with glutathione, cysteine, glucuronic or sulphuric
acld with the participation of sppropriete enzymatic gystems.

The metabolic transforumations of aflafoxin B, are more li-
mitedr this aflatoxin may be transformed ingo aflatoxins B,, M,,

B,.» end 2,3=ddlhydroaflatoxicol (Diagram 2).

2

( 2,3~dihydroaflatoxicol I

Aflatoxin mzl-——-.‘frmmxm BaJ] Aflatoxin B,

Aflatoxdn B

Diagram 2. Metabolism of aflatoxin By

The presence of slight carcinogenic properties in aflatoxin
B, is explained by the posslbility of its trasnsformation into
aflatoxin B1. Terefore, the species of animels which metabolize
aflatoxin B2 into aflatoxin 31 at a higher rate are more sus—
ceptible to the toxic and carcinogenic action of aflatoxin Bo.
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Only three metabolic transfoructions sre possible for afla~
foxin G..I: the development of aflutoxins Gi,, Gy, and 2,3-expo-
ride of eflatoxin G'i (Tiagrom 3), whereas only one transforumea—

tion {into aflato:in Galz) is known Zor aflatoxin G,.

‘Aflatoxin GQ&iL'_l AFLATOKIN G ]———{Aflatoxin Qi I

e
gpoxide of aflatoxdn G,]J

Diagram 3. Metabelism of afletoxin G1

Although up to now we have not elucldated any clear-cut
correlation between the paculiarit:i.ea of aflatoxin metabolisu
and the suacept;‘.bility of various animal species to them, theore
are all grounds to belleve that, firstly, animals which actively
metabolize aflatoxin 31 into a hemiacetal (aflatoxin Bza.) ere
uore susceptible to aculie toxio leanions of the liver; secondly,
snimals which slowly metabelize aflatoxin B1 with a poesible
development of such an active form as a 2,)~epoxide of aflatoxin
B,, are more subject to chronic oaroinogenic mction; thirdly,
intense formatlon of mflatoxiao) in the course of metabolism
leads to sggravabed acute toxlc effects,

Tere are pelther any doubts that the extent of toxicilty
of aflatoxin B1 for different species of emimals is greatly
determined by the relationshlp of the rates of two enzymatic
readtionst Pirstly, the reaction of epoxidation of aflatoxin
31 with the development of 2,3-epoxide of aflatoxin ]3,1 and,
seocondly, the reaction of conjugation of 2,3-epoxide of afla-

toxin By with the formation of e glutathione-aflatoxin B, cem-
16
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Jugate. Most llkely, 1t is the hipgh level of activity of the
enzyuatic asystem of detoxication (epoxydihydrase, glubtathione
epoxide transferassc) that explains the resistance of gome spe—

¢les of snimals 30 the actlon of oflatoxin B,‘.

Hetaboligu of ochratoxins

Winen ochratoxin A is administered into the orgenisa of
an animul, up %o 954 of tne coumpound is bound to blood proteins
in the very first hours. After four hours, maximium smounts of
labelled ochratoxin A are found in the kidneye, liver, and myo-
cardlum. More than 50% of the toxin in kidneys is locallized in
the cytosol and only 16% in the membranes of the endoplasmic
reticulun,

It 18 belleved that the main site of detoxication of ochra~
toxin A 1e the large intestine vhere with the participation of
the microfloras, enzyuatic hydrolyslis of a molecule of the toxin
occcurse with a split"tz{ng off of L-phenylalanines and the develop~
ment of an inactive metabolite, ochratoxin { . It hag been de-
monstrated ciuite recently that a certain proportion of ochratom
xp A may be metabolized with the priicipation of microsomsl
oxidases with a mixed function to give $wo fluorescent deriva-
tives: (4R)~-4-hydroxyochratoxin A and (us)-ﬂ—hydroﬂochrato'nn
4 (Diagram 4).

{ 4it) -4~hydroxyochratoxin ﬂ l (48) ~4=nydroxyochratoxin A—l

NATPH~dependent
nicrosomal oxidases
with a mixed function

locHRATOXIR !'[

Bacterial
carboxypeptidase A

Lysosonal
cathepsin A 7

Ochratoxdnd [ L-phenylalanine|
Tioitem 4. ietabolisz of ochratoxin A
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Hetabolism of zearalenon

When zearalenon is adninistered with feeds, it accumulaotes
in maximun voliumes ian the adipose tlssue, myometrium, ovaries,
and liver. The blotransformabtion of zeeralsnon takes place voth
in oytozol (NADiPH-dependent { -hydroxysteroid dehydrogenase),and
in the endoplasuic reticulum (NADH-dependent { -hydroxysterold
dehiydrogenase) « 1t should be borre in mind that in the processa
of metabolisu, oL mnd J—} Jdsomers of zearslenon, compounds
which in terms of thelr estrogenic activity are from 4 to 5 times
more active than the initlal zearalenon, may develop during the
metabollsw, Bobth zearalenon and 1%s metabolites may form con-
Jugntes with glucuronie and sulphuric acids. It should be like-
wlse emphaslzed that in blood plasmi of some farm animals
(broiler ¢hicks, for instence) zearalenon is preserved intact
for a long time; it is therefore recommended to use this feature

for tue needs ot diagnostics of alimentery myocotoxicosis.

Metabolism of trichothecene mycotoxins

When some trichothecenes (T-2 toxin, fusaresnon-X) are ad-
minigtered internally, their meximum emounts are found in the
liver within 30 minutes; somewhat lower concentrations are detect-
ed in the kidneys, blle, spleen, and investines, After the pas-
sage of 3 hours, the maximum concentrntion of trichothecenes
is found in the feces and urine, Within the first 96 hours uore
than S50% of the initial amount of trichothecenes i excrated
with the feces, ond from 12% to 17% with urine,

It 18 believed that the metabolism of trichothecenss in
the liver is implomented by the enzymes of the cholinesterase
btype which eliminate acetyl groupings in the C-4 position from

the molecules of 12,13-epoxy trichothecenes, threrby trane-
1-7
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forming T-2 toxin into NT-2 toxin, diacetoxy scirpenol into
aonoacesoxy scirpenol, fusarcnon X into nivalenol. It should
be, however, stressed that the processos of the blobransforms-
tion of trichothecenes are far frouw veing fully studied and at
present we cannot jive & sufficiently detoiled characteristic

of the main pathweys of metabolisu of this group of mycotoxdins,

Lietabolism of pstulin, eitrinin, and some other mycotoxdns

When given indernally, only insipnificant smounts of patulin
are asglmilated in an unaltered form in the gastrointestinal $ract,
Ite maxduun apounts nave been found in erytarocytes, amaller
anpunts in the kidneys, splean, lungjs, and liver, It is be-
lieved that toxicopls, 1o $he moin, is caused by unknown meto=-
bolites of patulin, Thisz mycotoxin is isolated primarily with
feces and urine,

Citrinin is rapidly accumulated in the liver, kidneys ond
intestines within 30 minutes after administration, It dlssppears
almogt completely £from bLlood plasma withinm 42 hours, Citrinin
is isolated primarily with urine (more then 70% of %the initial
emount in 24 nours) and with feces (up to 10%). During first
© bours, along with the unaltered citrinin, we may find in bplood
plasma two of its metabolltes of unidentified structure. It ia
believed, however, that it is citrinin proper that bas toxic
action rather than its metadolites.

Rubratoxin B accumuletes in the liver and kidneys within the
first hour after administration, and spproximately 80% of the
toxin is localized in the cytosol of hepatocytes after the pas-
sage of 24 hours and ebout 10% in toe endoplasmic reticulum, It
hag been demonstratod recenbly that the enzymatic systeus of

the cndoplusaic reticul.m waich are induced by phenoooroitel
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are engaged in the dovelopment of less toxic motabolites of
rubratosdn B, while the enzymss which asre induced by 3-methyl-
cholanthrene catalyze tho forumation of compounds with more pro-
nounced toxdle properties than the inisial mycotoxin.

Luteoskyrin in subcutaneous administration to rats is rapld~
1y accumulated in the liver where ita concentration is maintaine
ed at a permanent level for 48 hours, The study of the intra-
cellular distribution of labelled luteoskyrin in the liver of
rats and alce has revealed that 1t is accumulated primarily in
the mitochondria. Luteosiyrin is oxcreted primerily with feces
and also with urine,

Iwo epnzymatic systemng are en{;dged in the metabolism of FR
Yoxin waich takes place in liver cells: the wicrosomal system
which catalyzes the development of PR toxdn alcohol; and the
sytoplasmic system which catalyzes the formation of eremofortin
in the presence of NM)E—'H2 03. Subsequently PR toxin aslcohol
nsy bpe turned into eremofortin C alcohol in the presence of
HADFH 5 with the participation of the enzymes of cytoscl. Dremo-
fortin C may alsoe turn into the same compound when acted upon
by the enzymes of mierosomes withou¥ the engagement ol KADFE.
It is supposed that during bliotrinsforaation of PR toxin into
eremwofortin C alcohol, the detoxication of tho initial toxdn
occurs,

1t follows from this information that only the metabolim
of aflatoxins 1s sufficienily well studied. As for most of
other wycotoxins, data about their biotransformation in the
organisa are very scanty or absent altojether., llevertneless,
1t should bve cmphasized that furt:er progress of aycotoxico-
logy ootu in theoretical -nd praetial aspects cannot ve attain-

ed without decipnherins the patiweys of wcebtavbolise of individusl
uycotoxins,
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Tiid MECHANIZ: OF ACTIOH OF MYCIOXIN

To wnderstand fhe ultimate blological effects of mycotoxins,
ocne should not only learn the ways of metabolism but also pos-
sess detalled kmowledre of cellular and molecular mechanisas
of their action., In this part of the lecture we shall venture

- 0 swmn up present-day notions aboub the mechanisw of actlon of

gome of the wost importent mycotoxins.

tViechanigy of action of aflatioxina

Muaerous atudies voth in vivo on different enimals and in
vitro on variocus model systeuns have convincingly shown that
the molecular mechaniems of aflabtoxdn effects are based on the
interaction with DA and thereby on the blocking of the INA
synthosis and of the INi~dependent synthesis of RNA. 1t should
be noted that the mechanisn of aflatoxdn action is intimately
assoclated with the peculiarities of their metabolism, Hore
the processes of the Bo—called actlivation of aflatoxins in the
cell acquire special jiuportonce. Thus, the decipive steges of
the mechanisn of action of aﬂatoxl;as are, flrstly, the inter-
sctlon of aflatoxin B,, with saino acids and proteins end, 8-
condly, the interaction of 2,3-epoxide of aflatoxin B, with nuo-
leic acids,.

The possibility of interaction of aflatoxin B,, with smine
acids makes one to presume the development, in en alkaline me-
ddum, of 1ts phenolate ion whose aldshyde groupe interact with
anino groups of amino acids, peptides, and proteins to form
Sohiff's base (Diagram 5).
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Aflatoxin Bi:

b

Aflatoxin B, |
<a,

iA
0"~ JI ut
Phenclate ion | | amino acids,
of aflatoxdin Bogl | peptides,
/ . proteins
1|
—_— N

SCHIST'S BASE|

Disgram 6, Mechanism of interaction of aflatoxin B?‘.a
with amino acids, peptides, or proteins

It ceema that this particular wmechanim underlies the in-
hibition of tihe activity of many enzymes in case of aflatoxi-
cosia and that precisely aflatoxdin Bg is responsible to a rrea-
test extent for the acute voxic effect of aflatoxin Bq.

Another active metabolite of aflatoxin B, =~ 2,3-epoxide
of aflatoxin B.., is particularly responsible for the mubazenic
and carcinogenic effect of aflatoxin 3B,.

The influence of aflatoxins upon the protein biosynthesis
is not confined to their interaction with DA and HNA, Recently
it has been convinclngly demonstrated tnat aflatoxins may block
the termination of the peptide chain synthesis. Thle disrupts
the motion of ribosomes alonz messenzer RNA and their libera-
tion which gives rise to so—called spiral polysomes which are
excluded from the biosynthesis of protein,

While discuceing the mechanism of aflatoxin effects, one
spould etrecs voeir danaging action upon verious meubrane
structures of the cell, including mitochondria, lyscsoucs,

endoplusmic reticulum, and nuclel (Magrem 6). It wuy se wf-
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firmed with confldence tha% an iwmportant part is playsd by the
dleruption of tho strucbure and fuuction of celliular and sub-
collular meunbranes in the implomentation of both the toxic and
the carcinogenic affects of eflatoxins.

As 1t follows from the Diagrom, aflatoxins or their meclia-
bolites ip the nuclei are bound with DA, inhivit the replica~
tion of DNA, DHNA~dependent RA polymerase, and bthe trunscripiion
proper; in mitochondrip they ilncrecase the permeability of cem-
branes, block the gynthesis of mivocuondrial DNA and profeins,
disrupt the functioning ol the electron transport systex and
thereby induce the energy insufficiency of the cell. Grave disi=-
ruptions are also seen in the endoplaswic reticulium: Iirsy, it
is the inhibition of the protein synthesis by interacting with
wessenger RWA and the blocking of the termination of the pepvide
chain synthesis on polysomes; second, it 1s a pronounced coupeti~
tion of aflatoxins for interaction with the bpinding sites on
polysomes; third, 1t is the inhibition of the synthesis snd Ve
disruption of the control of the synthesis of fatty acids, phos-
pholipids, and cholesterol, Aflatoxins in cytogol Interact inten-
sely with soluble proteins and inhibit enzymes. Aflatoxins act
directly upon lysosomsse, damage their mmbranes,' and liberate
iysosomal hydroleses.

Notwithetanding the abundance of experimental dats, the
vlochemical mechanisu of aflatoxin action cannot be taken as
definively - deteruined, It is mecessary, ewong other things,
to clarify the conbribution of each of the detected comronsnis
to the final biological effects of eflaboxins,

As sn internediate product o aflatoxin biosynthesis,
steripmatocystin has a similer mechanisa of action. It is

belleved that its wctabolim involves the epoxidation of sicrig-
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mebtocystin end the forumation of a highly reactive compound -
2,3-epoxide of sterigmatocystin. This parsiculsar motabolite
enfails aikyletion oi nucleic¢ acids thereby innlbiting the
protein synthesis. It is bighly noteworthy that sterigrato-
cystin, similar to aflaboxins, induces the destavllization of
the lyscsoual membranes of the target orgen -~ liver, bput to
a smaller extent then 1t 1s done by afllatoxin B‘l‘ Tiis fact is
in a definite correlation with the manifestation of the ulti-
nate blological effect of sterigmatocystin, the mutagenic snd
carcinogeni¢ action of which is less pronounced than in other

representatives of the aflatoxin family.

Tne mechanisa of action of ochratoxins

Ochratoxin A is a competibfive inhib:{tor of phenylalanine
-mRifA-syathe tase and inhibits the synthesis of the polypeptilde
chain on the translation level. It is noceworthy that phenyl-
alenine sdulnistered to mice in combination with LD, g of
ochratoxin A completely prevente its toxlc sction, Phenylslanine
also neutralizes the immunodepressive action of ochratoxin A.
It is lmportent tc siress that chronlc toxicosie induced by
ochratoxin 4 may be likewise prevented by the adnministration
of phenylalenine,

It heas been also demongtrated in experiments on rats that
ochratoxin A induces in kidneys the suppression of gluconeogene-
sis by inhiblting the ectivity of phosphoenclpyruvate carboxy-
kinase. The specificlity of the action of ochratoxin A is note-
worthy as the toxin iohibited the activity of the enzyme only
in the tissue of.the kidneys but not in the liver,

The mechanism of action of zearalenon

Zearalenon and its metabolites have an expressed estro-
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genioc effect and estlmulate the synthesis of DITA, RUA, ‘and pro-
tein in target organs (uterus, mammory glands). It is supposed
that the biological action of this proup of mycotoxins is deter-
mined by their ability te coapetitively interact with specific

agtradiol=binding receptors in tarpet c¢ells.

The mechonism of action of trichothecene wycoboiins

Trichothecene nycotoxins are the stronpest low molecular
compounds wiich inhioit protein syntihesis, Prichotiecenes with
more pronounced btoxic properties, such as -2 toxin, verrucsrin
A, nivalenol, diacetoxyscirpenol, scirpentriol, 15-acetoxyscir-
pendiol and fusarenon X, inhibit the process of initiation of
translation, i.e. sre included in the stage preceding the for-
mation of a comprlex betwea the rilosome, messenger RN¥A, mebthio-
nyl-mRNA including peptidyltrensferase which is necessary for
the first peptide bond. It has been demonstrated recently
that fusarenon X and diacetoxyscirpenol inhibit initiation but .
on a stage when the first peptide bond is already established.
It is importani to stress that trichothecenes which inhibit the
process of lnitlation of translation induce disaggregation of
poiysomes to monosocmes,

Another group of trichothecenes, such as trichodernmin,
trichoderwel, crvtocol, tricnothecolone, crotocin, tricho~
theciﬁ, verrucerel, and deoxynivalenol, inhlblt the process of
elongation or termination of the synihesis of the polyperptide
chain, i.e. inhibit the binding of tdA with riboscmes, and
also the processzes of translocation or prevent the liberaticn
of polypeptides from rivosomes and the aRNA-ribosoue comple:l:,
It should be ctressed that all trichothecene wycotoxins which
inhiblt the protein synthesils also iahibit the activity ol per—
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tidyltransferascs by coupeting for the binding sites on ribo-
GORE S,

Inforaation obtained receatly indicates the capability o_f
sous trichothecens wycotoxing (nivalenol, dlacetoxyscirpenol)
to inhidbit the synthesis of DIA alonz with the blocking of pro-

. Gein synthesis.

Tae mechanisa of action of trichothecene mycotoxdins 1s not
confined only te the inhibltion of the protein gynthesis. An
important component of the toxic action of some trichothecenss
(Tw2 toxin) is their domaging action upon the membranes of subw
cellular structures, specifically on the lysosomes of cells of

haemopoietic ard imaunccowpetent orguns,

mochanisn of action of patulin, PR toxin, and other

Lycotoxine

Potulin inhibits the gynthesis of RVA in the liver Uy block-
ing the initiation of trenscription. It is iwportant that is
does not influence the stege of elongatlon, Ao essential compo-
nent of the mechanisa of toxic action of patulin ia its active
interaction with Si groupe which leads to the suppresgsion of the
activity of most of thiol-depcndent enzymes. Consldering that
petulin has an expressed antimlicrobial action, the toxic mani-
festations of its effect may be also associated with the altera-
tion of the bacterisl flora of the intestinesi the suppressicn
of the Gram~positive flora and a sharp increase in the growth
of Gram-negative flora. It should likewise be emphasized that
toxic properties are characteristic of patulin proper, rather
th-an of its metabolite which is formed under the effect of
olcrosonal oxidases with & mixed function.

Unlike patulin, PR toxin which also inhibits the synthesis,
ot KNA suppresses the activity of the DHA-dependent RllA~poly=
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merase and hampers both the imitiation of transeription, and
the subsequent elenzation of the polynucleotids chain,’

Citrinin is an irhibiter of the synthesis of sterols, it
suppresgses the activity -oi 3I~oxy-3-methylglubaryl-CoA-reductase
and glubamatedenydrogonase, winlch leads to the accumulation of
subsitrates of the tricarvoxylic acid ¢ycle in the cell,

Integskyrin suppresses the syuthesisc of messenger RNA by
interacting with Iii. A specific feature of the mechanisu of ac-
tionm of this wycoboxdn is a sharp disruption of the function of
the mitochondria of liver cells which leads to the accumulation
of triglycerides in them.

One of the important factors of the mechanism of loxic
action of gporidesmin, a mycotoxin which causes the development
of faciel exzem:zs in ruminant animals, is its ability to generate
syperoxide radicals.

Ruitratoxin B acts specifically on mitochondria by suppres-
sing the activity of ATPase and blocking the electron transport
chain, Another important aspect is the adbllity of rubrabtoxin B
to inhibit the activity of microsomal oxidases with a mixed Tune-
tion which leads %o a decrease in the concentration of micro-
soual pro%ein snd of cybtochrowe P-A50, specifically.

Mhe mechanism of ackion of Htremorgenic mycotoxing (verrucu~-

logen, penitrem A) is based on the disruption of the process

of liberation of neurotransmitters in synaptosomes (glutamate,
sspartate, X-—aminobutyria gcld)e. It is clear thet sn iwport-
ant factor of the development of trewmor and convulsicns under
the action of fumitremorgens A and B is an increese in the level
of serotonin and a decrease in concentration of d/—aminobut:,-ric

acid in the neurons of the brain.
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CORCLUSION

Thus, we have discussed here three very importunt, both
theoretically and pi‘actically, guestions of modern mycotoxi-
cology: blogenesis of wycotoxins in the cells of microscoplc
producer fungi; blotransforaation oi mycotoxing in the organisa
of anjmals; the mechanism of toxic actlon of mycotoxins,

At precent, when there are no longer any doubts about
the wide abundsnce and the real hazard of mycotoxinsg for men'’s
health, the investigators are increasingly concentrating on
the preventlon of formation of mycoboxins microscopic fungil and
on the weakening of their toxic ection upon the organism, These
problems can be solved only on the basis of detailed knowledge
of the pecullarities of the biosynthesis, metabolism, and mecha-
nisn of action of mycotoxins.
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