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Toxic Fungi Isolated from Fermented Foodstuffs
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ABSTRACT: A lot of fungal strains which were isolated from popular fermented food-
stuffs consumed daily in quantity in Japan, were found to produce toxic culture filtrates
through chemical checks, biological tests and short-term animal experiments in our
previous study. The long-term animal experiments using several strains of fungi which
were selected for further chronic toxicity tests from the results of the above study and
other additional strains of fungi which were isolated from Japanese, American and
Korean fermented foodstuffs such as "miso", "shoyu", "koji" and cheese were carried
out for the determination of chronic toxic effects on animals and carcinogenesity of the
fungus metabolites. Out of 25 fungal culture filtrates, 16 filtrates showed development
of chronic pathological changes in mice. Moreover, several strains of fungi were found
to produce liver cell tumors and hemangioma of the liver. Tubular dilatation and dege-
neration of the kidney and atrophy of the testis were also observed. In the additional
experiments using four fractionated materials of the fungal culture filtrate of M-3
Alternaria tenuis, different results were obtained by each fraction.

Nowadays，tOXicmetabolitesoffungiinfoodstuffs show epidemiologicalsignifican－

Ceincausingseveraldiseases such as stomach cancer，1iver cancer and other diseases

（Wogan，1964；Alpertet al．，1969；Enomoto et al．，1972〕．

In1968，We repOrted mycotoxinsinJapanese fermented foods（Kinositaet al．，

1968）・Those foodstuffs were represented by ttmiso”or fermented soy bean paste，

ttkatsuobushi”orfermenteddrybonitoand tttane・koji”orastarterusedforpreparationof
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fermented foodstuffsin their fermentation process．Inthatinvesti呈a抽mトWeiEOlated many

Strains of fungifrom those foodstuffs and carried out chemi亡alchecks of kojic acid，β・

nitropropionic acid and fluorescent metabolites．Eiologicaltests，Carried out with the

Culture preparations，reVealed significant biologicalactivitiesin bacteriocidaleffects，

induction of bacter10phage andinfluence on propagationof hamster cellsinvitro．Moreo－
＝

Ver，Short・term animaiexperiments showed development of misce11aneous pathological

changes．From the results ofthe above study，SeVeralstrainsof fungiwere selected for

furtherlong－term eXPerimentsiThe present study was carried out to detect chronic toxic

effects and carcinogenesity of metabolites of fungiisolated from mainlyJapanese（par－

tiallyAmerican and KoreaIl．〕foods and was undertaken to contributetothe etiological

analysis of cirrhosisof theliver and hepatoma especial1y highinincidence amongJapad

nese people as shownby biometric statisticsinJapan．

MATERIALS AND METHODS

1．Preparation of culture filtrates．

Twenty－five strainsof fungi，Which wereisolated fromJapanese，American and

Korean foodstuffsand found to have acute toxicities onmice as reportedin the previous

PaPer（Kinosita eial．，1968〕，Were Culturedat250C for two weeks without shakingon

the surface of150　mlof glucose ammonium nitrate medium（B mebium〕in　500▲ml

Erlenmyer flasks to obtain culture filtrates．The culture filtrates were adjusted to pH

5．0鵬5．5．The B medium was composed of　50g of glucose，2．4g of NH4NO3，10g of

KH2PO4P　2g of MgSO4・7H20，0血02g of ZnSO4・7H20，OiOO2g of CuSO4・5H20，

0．001g of Co（NOB〕2・6H20S O．06gof CaC12andl，000mlof distilledwater．

The Strains of fungiexamined，SOurCeS（places〕andsampled foodstuffs from which

the fungiwere obtained are as follows：MpIASpergilluS（Asp．〕oryEae．Wakayama，

旺inzanziNmiso；M－3AliernariaienuiS，Wakayama，miso；Mm8ASp．flavuS，Wakayama，

nukamiso；M叫9　Muc即′　SpeCies，Wakayama，nukamiso；M－10　ASpiflavus，Amami

Ooshima，CyCadmiso；MdllPenicillium（Pen．〕叩Clopium，Korea，miso；MM12　SCo－

pulariopSiS breyiCauliS，Korea，mi＄0；M－14　mstalotia species，Korea，miso；M－16

ASpiWy3ae，Wakayama，miso starter；MM19ASp．OPT，ae．NagOya，miso Starterl；M－

20Asp．flavuS，Nagoya．shoyu starterl；M－23A車．flavuS，Nagoya，Shoyu starter3；

M脚24ASp。0叩Eae9Nagoya，Shoyu starter4；M－25　A坤．oryEae，Nara，miso kojil；

Mトn8A坤，CandiduS，Yamagata9miso koji；M－30AsP．ory3ae，Nara，miso koji2；Ch

lPe昭・，rOqu早舟rti．Los Angeles，blue cheese；C－3Pen．micEynSkii，Los Angeles，blue

cheese；C劇4　mnicillium　＄peCies，Los Angeles，blue cheese；S－1Pen．i亨nplicaium，

00Shima，CyCad；Sd3AspergilluSSPeCies，00Shima，CyCad；SN4ASP．flavuS，00Shima，

CyCad；Kd4A阜pergilluS SPeCies，Kochi，katsuobushiNo．1．

2．Fractionation of fungalculture filtrates．

For further studyon the toxicity of fractionated materials of fungalculturefiltrateS．

astrain of M■3　Alternariai8nuis Neesisolated from Wakayama miso was selected as a
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testfungus．Thefunguswasculturedat25亡CfortwoweeksonBmedium・Theobtained

culturefiltratewasfractionatedbythemethodofChartl・Fachfractionwasadjustedto

pH5．0－55．

chartl．　Fractionationof culturefiltrateofM－3AlterTa，iat伽iSNees

】

Waterlayer

concentrated

Culture filtrate
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extracted with chloroform

l

Ch］oroformlayer

i

WE）terlaver
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l
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l
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T8af；ic fraction

l
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l
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3．Animalexperiments．

坤imenリ
■

As amethodfor administration，Oi5mlof　the culture filtrateofeach funguswas

dailyintraperitoneallyinjectedtoC3H／HeJmale mice，4－5weeks old，（usually4－35

miceineachgroupforeachsample；319miceintotal，includinglOcontrolmicetreated

withBmediumonlyand20controlmicewithnotreatment）＞atatOtal10timesinallin

thebegimingofthisexperiment．Thereafter，nO treatment WaS Performed・On300－

400daysafterthefirstinjection．miceweresacrificedtoobservepath0logicalchangesin

severalorgans．The mice were fed withlow protein diet（NutritionalBiochemicals

Corpi〕containing8％protein duringthe experimenti

ExperimentII
■　　　　　　■■■ll‾■‾■‾‾‾■■‾‾■　　　‾‾‾‾‾‾

To examine the toxicities of the fractionated materials suchas residue，aCidic．

basic and neutralfractions of fungalculture filtratesofM－3Alier昭ariaienuiS Nees

mentioned above．0．5mlof each fraction wasinjected to C3H／HeJmale mice，4－5

weeksold，inthesame wayasinExperimentI・Inthisexperiment，30mice wereused

foreachfraction．Onapproximately350daysafterthefirstinjection，mice were sacri・

ficedforpathologicalstudy．The mice were fed withlow protein diet throughoutthe

experiment．
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RESULTS AND DISCUSSION

SummarizedresultsofExperimentIand ExperimentIIare givenin Tableland

Table2，reSPeCtively．In ExperimentI，16strains out of25strainsoffungishowed

POSitivechronictoxiceffectsonmice・Inthefollowingdiscussion，theresultsofchemicaT

Checks∫biologicaltestsandshort－term animalexperiments refer to our previous study

（Kinos主ta et at．，1968）．

M劇3AlternariaienuiSNees（Exp．2and Exp．31〕causedslighttubular dilatati。n

Of the kidney andliver celltumorsin two cases out of four（Exp．2〕．Thisstrain

Showed positive results of bacteriocidaleffects against EiColi．MN12ScopulariopSiS

brevicauliS（Exp・7）caused moderate pleomorphism ofliver cellnucleiandliver cell

tumor（onecaseoutoffour〕・This strain also showed positive results ofbacteriocidal

effectsagainstEiColi・MN14PeSialoiiaspecies（Exp－8）causeddegenerationofproximal

tubulesofthekidneyintheprevious short－term（5days〕experiment・In thislong－term

experimentlitcausedlivercelltumor（onecaseoutoffour〕，Slightatrophy oftheliver

andslighttubulardilatationofthekidney・MN19ASPiOryEae（Exp・12and Exp．37）

CauSedslightatTOPhyoftheliver，mOderate pleomorphism ofliver cellnucleiandliver

Ce11tumorinonecaseoutoffour（Exp．12）．Moreover，nerVOuSSymPtOmSSuChasmild

tTemOr・tumble，gait disturbance and movinginonlyrighthandcircles wereobserved．

Thiss七rainproducedOnmg／mlofkojicacidinBmedium．M－20ASP．Pavus（Exp．13，

Exp・14，andExpi32〕causedswellingoftheliver．Microscopically，marked pleomor－

phismoflivercellnuclei，Cirrhoticchangeintheliver，1ivercelltumors（threecasesout

Offour，Exp・13〕andhemangiomaof theliver（one case out of two，Exp．14）were

ObseTVed・ThisstrainproducedO．5mg／mlofkojicacidandO－2mg／mlofβ－nitropropio・

nicacidinBmedium・M－23ASP．PavuS（Exp．15〕caused marked pleomorphismof

liver cellnuclei，Slight vacuolar degenerationofperiportalreglOnSandlivercelltumor
■

（onecaseoutoffour〕・ThisstrainproducedO．2mg／mlof kojic acidinBmediumand

O・1mg／mlofβmitropropimicacidin the same medium・M－25AsP．oryZaC（Exp．17〕

CauSedmoderate pleomorphismoflivercellnuclei，irregular arrangement ofliver ce11

COrdsandlivercelltumor（onecaseoutoffour〕・Intheprevious short・term eXPeriment

thisstraincausednecrosisofproximaltubulesofthekidneyanddegeneration ofisletsof

thepancreas and producedO・1mg／mlofkojic acidin軍medium．M－28ASp．CandiduS

（Exp・19anbExp・38〕causedslightatrophyoftheliverandliver ce11tumor（one case

Out Of two〕and tubular dilatation of the kidney．Allmicein this group Showeda

decreaseintheirmovement・In the previous study，Mト28A＊．candiduS produced a

largeamountofβNnitropropionicacid（1・1mg／ml）andonly a smallamountofkojicacid

（0．1mg／ml〕inBmediumandtheBpreparationgivenintraperitoneallycausedlesionof

the kidney and hemorrhage of the pancreas and the glandular stomachiC－1mn．

roqudorii（Exp・22and Exp－36〕caused slight atrophy of theliver－　Microscopically，

moderate periportaldegenerationof theliver，irregulararrangement＄Ofliver cellcords

and＄Wellingofprox主maltubular epitheliaofthe kidneywereobserved（Exp．36〕．Liver
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ce11tumorswerealsoobserved（twocasesoutofthree，Exp・22〕－　C－3旅n．micEynSkii

（Exp．24）causedmarkedpleomorphismoflivercellnucleiandlivercelltumor（onecase

outofone〕．S－3ASpergilluSSpeCies（Exp・27〕caused moderate pleomorphismofliver

cellnucleiandirregular arrangement OflivercellcordsiS－4AFP・flavuS（Exp・28and

Exp．35〕causedlivercelltumors（two cases out of three〕，Slight cirrhotic changeand

cholangiosisoftheliver（Exp・28）・Moderateperiportaldegeneration・irregularcellcord

arrangements of theliver and deg巳nerationofproximaltubular epithelia ofthekidney

werealsoobserved（Expi35〕．K－4AsPergilluSSPeCies（Exp・29〕caused slight atrophy

oftheliver．ThisstrainshowedpositivebacteriocidaleffectsagainstE・COli・MplOASp・

PavuS（Exp．44〕caused marked pleomorphism ofliver cellnuclei，irregularlivercell

c。rdsandliverce11tumor（onecaseoutof13cases〕．Marked degeneration of proximal

tubulesanddilatationofcollectingtubulesofthekidney were also observed microscopi・

cally．One case of subcutaneous fibrosarcoma out of thirteen examined cases was

。btained．C。ntr。1animals，Which were treated with B medium only，Showed slight

pleomorphism ofliver cellnucleiand slight periportalvacuolar changes of theliver・

Controlanimals withno treatment showed almostnormal．

InExperimentII，inwhichmiceweretreated with four fractionated materials of

fungalculturefiltrateofM－3AlternariaienuiS Nees・different results were obtained

byeachfraction・Residueofthefractionationcausedmarkedpleomorphismofcellnuclei

andperiportaldegenerationoftheliver as we11as moderate swelling and dilatation of

proximaltubules of the kidney・In some cases（four cases out of thirteen）minute

abscesses were observedintheliver．Onecasewassuspected to beleukemia・Acidic4

fractioncaused slightatrophyoftheliver・MiceinthisgroupwereallweakenediThe

basicfraction and neutralfraction showed no remarkable changein anyorgan macroSCO・

pically，but moderate pleomorphism ofliver cellnucleiand periportaldegeneration

microscoplCally．
＝

Asfortumorouschange，1ivercelltumors（adenoma andcarcinoma〕occurspontane－

ouslyinalowincidenceinanumberofinbred■strains，but are commoninoldermales

ofstrainsC3HandCBA（Burnsetal．，1940；Andervont，1950〕iHestonfoundaninciden・

ceof85％inC3Hmales，72％in C3Hf males and78％jnC3Hemalesat14months of

age（Hestonetal．，1960〕．Theincidence of sponteneous hepatomasisinfluenced by

diet（Tannenbaumeial．，1949〕，CaStration（Andervont，1950），Chemicalcarcinogens and

radioactivecompounds（Hestonβial‥1960）．Although this experimentwasdesignedto

confirmtheaccelerationoftheso－Calledspontaneous hepatoma developmentin males of

theC3H／Hestrainduetomycotoxins，theincidenceoflivercelltumor（includingadenoma

andliverce11carcinoma）inthisstudywasnotsohigherthan expected・Themicewere

fed withlow protein diet to make experimentalanimals moresensitivein responseto

pathogenic agentsinthebeginningofthisexperimentasin theprevious study（Kinosita

eial．，1968）．However，thelow proteindietmighthavelessinfluenceontheoccurrence

ofhepatomaiItisdoubtfulthatsubcutaneous fibrosarcomainthisstudywerecausedby

mycotoxinsonly，because theincidence of thislesionis toolow・Further studies are

neededtorevealthe relation血ip betweensuchtumorous changesandmycotoxins．
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Tablel■　Summarizedresultsofthelong－termanimalexperiments（ExperimentI〕

慧慧Flental（S。urCe誓言恕fa慧誓諾。st。ff）　　　Pathologicalfindingsa〕・b）

2・　　　　M－3TtemaTialenLbiS Liver：Pleomorphism（l〕，1ivercelltumor（2／4〕
（Wakayama，miso）　　　　　Kidney：P．t．dilatation（′〕

TestiS：hyposperm．（I）

31・　　　　M臍3Alie撒a1ialC枇is Liver：Pleomorphism（／II）

Kidney：P．t．dilatation（I〕

7■　　　　　M－12Scqpular孟qpSiS Liver：Pleomorphism（Il），1ivercelltumor（1／4）

あ柁即孟c朋ム払

（Korea，miso）　　　　　　　　Testis：hyposperm．（l）

8・　　　　MN14　PのS＆alotiaspecies Liver：atroPhy（I），pleomorphiSm（I／〕，

（Korea，miso）　　　　　　　　1iver celltumor（1／4〕

Kidney：p．t．dilatation（l）

Testi＄：hypo＄Perm．（l〕

11．　　　　Mp18Asp・OTyZae Liver：P］eomorphism（II），irregularliver

（Wakavama，miso starter）　　　cellcordS

Te畠ti＄：hypospermi（J〕

12．　　　　　M－19A叩・OTyEae Liver：atroPhy（r〕，Pleomorphism（Il），

（Nagoya，miso starterl〕　　　］iver ce】ltumor（1／4）

Testis：hyposperm．（l〕

37．　　　　　M血19A5P．OrF3ae Liver：Pleomorphism（II〕

Thymus：atroPhy（／〕

Nervous symptom：tremor，tumble orgait

diSturbance，mOVingin only rig・ht hand

circles

13．　　　　M－20ASP．jのvuS Liver：Pleomorphism（II〕，Cirrhotic change（′），

（Nagoya，Shoyu starterl〕　　　1iver ce】1tumor（3／4〕

14．　　　　　M－20ASP．jのvuS Liver：SWelling（I〕，Pleomorphism（［lI），

hemangioma ofliver（1／2）

32．　　　　　MN20AFP．j7avuS Liver：SWe］1ing（l〕，P］eomorphi＄m（Il／〕

Kidney：P．t．SW・elJing（f），degeneration（l）

15．　　　　　Md23A甲．jTav弘S Liver：Periportalvacuolar degeneration（I），

（Nagoya，Shoyu starter3〕　　　pleomorphism（II／〕，1iver cel】tumor（1／4〕
Testis：hyposperm．（I）

17．　　　　　M－25A叩．OTySEae Liver：Pleomorphism（II〕，irregularliver cell

（Nara，miso kojil）　　　　　　cords，1iver cel】tumor（1／4）

Testis：hyposperm．（／〕

19．　　　　　M－28ASP．CandiduS Liver：atroPhy（l〕，Pleomorphism（／I），

（Yamagata，miSO koji）　　　　　fatty degeneration（I），1iver celltumor（1／2〕

Testis：hyposperm．（l〕

Kidney：P．t．dilatation（I）
声

38．　　　　　M－28A甲．CandiduS Liver：Pleomorphism（l／〕

Heart：Endocardialswelling Decreasein thier

movement

20i MM30A甲．OryEae Liver：Pleomorphism（r）

（Nara，miso koji2〕

22i C－1毘n．roquqfbr患孟　　　　　　　Liver：1iver celltumor（2／3〕

（Los Angeles，blue cheeSe〕
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（印加加甚ea〕

垂斎．．r。深窓£慧慧。st。ff〕　　PathologicalfindingSa〕，b〕
36i C－1軌TOquefhTL孟　　　　　Liver：atrOPhy（I〕，Pleomorphism（IIl〕，

irregular cellcords

Kidney：P．t．sWelling（I〕

24．　　　C－3R！n．TnicEynSkH Liver：Pleomorphism（lll〕，1ivercelltumor

（L。SAngeles，bluecheese〕　（1／1）

27・S認諾慧手　芸蓋註l2tI軍OrPhism（II〕’
28・　Sて謡ふ㌘芸。a。〕　Liv：il慧黒岩㍊慧慧詔許〕’

35・　S－4Aq－na粗S　　　　誌？諾慧詰（：s？・。慧慧崇I冒Ords
29．　　　K－4A甲eTg批SSPeCies Liver：atrOPhy（I〕・Pleomorphipm（／l）

（Kochi，katSuObushiNo・1〕

44■　M芸慧一藍iso〕認諾患達意諜？三‖），
c．t．ditatation（I／）

33－　　　　Contro］（Bmedium〕　　　　Liver：Pleomorphism（l）

qA rnntr。1（n。treatment〕　　　　Liver：Pleomorphism（I〕

a）Degreeof changes：（I〕；slight，（ll〕；moderate・し＝l）；marked

b〕Abbreviationsusedinfindings：Pleomorphism；pleomorphismoflivercellnuclei・1ivercell

tumor；adenomaandcarcinomaoftheliver（positivecases／examinedcases〕，P・t・（ofthe

kidney〕；PrOXimaltubules，C・t・（ofthekidney）；collectingtubules・hyposperm・；hyposper・

matogenesis

Table2・器慧豊慧霊a‡≡：壬0諾器慧慧慧≡蒜慧官（＝三慧H；aterials

慧霊㌢entalFractionatedmaterial Patho］ogicalfindingsa），b）’C）

39．　　　Residueofchloroform Liver：Pleomorphism（III〕，minuteabscesses

extract。f filtrate　　　　　　　（4／13）

Leukemia，SuSPeCted（1／13〕

Kidney：P．t．SWelling（I〕，dilatation（′〕

40・　Acidicfractionoffiltrate　　霊‡n慧。Phy（I〕，Ple。m。rh．sm（llI〕
41．　　　Basicfractionoffiltrate Liver＝Pleomorphism（IIl〕

42．　　　　Neutralfra。ti。n。ffiltrate Liver：Pleomorphi＄m（II〕

a〕Degreeofchanges：（l〕；slight，（Il〕；moderate，（lIl〕；marked

b〕Abbreviations・usedinfindings‥Pleomorphism；pleomorphismoflivercellnuclei・P・ti（of

the kidneY）：PrOXimaltubules

c）Parenthesesareusedtoindicatefrequencyoflesio舶（positivecases／examinedcases〕
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発酵食品類より分離された毒性真菌類

板倉英世,　石河利隆，水沼武二,　川崎洋介，藤本二郎，木下良順（蝕γげH如e地i班at娩aのt
〔詣7咄r，打．且∠4．）

日本(及び一部韓国並びに米国)の主要な発酵食品である味噌,醤油,こうじ,わさび漬け,かつお

ぶし及びそれらの種こうじ,又,米国のブルーチーズなどから分離される真菌類は多く,それらの培

養濾液の中にkojic acid. β-nitropropionic acidなど化学物質を産生するもの,bacteriophage

inductionなど生物活性を示すもの,Aflatoxinなど螢光物質を産生するもの,更にマウスに対して

急性の毒性作用を示す多くのstrainを我々は得ている.本研究ではそれらの真菌類のうち25 strain

を選んで培養瀘液をマウスヘ腹腔内投与することにより長期の慢性毒性を観察した結果16 strainに

よって明らかな慢性病変が見られた.毒性作用の標的臓器はstrainによって異なるが,病理組織学的

には肝細胞萎縮,肝細胞核の大小不同性,肝細胞腫瘍(肝腺腫及び肝細胞癌),腎尿細管の拡張と上皮

の変性それに〓丸の萎縮などが見られた.更に上記のstrainの一つであるM-3 Alternaria tenuisの

培養瀘液の酸性,塩基性及び中性の各分画について慢性毒性を検索した。
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Photo，1．Adenomatous changein theliveri］

●

Expi7，intraperitonea】inJeCtion o

Culturefiltrate of M－12ScqpLLlar孟0．P

SiS breuicazTSi（H．and E．，×142〕

Photo．2．Liver cel］carcinoma in Exp．2，

intraperitonea】injection of culture

fi］trateof MR3AlternaTのteTuiS Nees－

（H．and E－，×142〕

Photo．3．Remarkable畠Welling and degenera・

tion of epithelialce11＄Of the proxi＝

maltubules of the kidneyin Exp．

44，intraperitonealin］eCtion of

Culture fi］trate of MhlO A岬．

j；auSi（H．and E．，X350）

Photo．4．Degeneration of epithelia］cell＄　Of

the collecting tubulesin the same

kidney as Photo　3．（H．and E．，

×350〕


