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ABSTRALT

KB and Hels mammalian tissue culture cells were cultured in the
prrs:nce of 0.4, 1, anc 4 ppm oi aflatoxin, Th: incorporaticn of labeled
uridine into the different RRA compensents ssparatod by sucros: graclent
ultrac:ntrifugatior and by methylotsd albumin column chromatography
w2s studisd.

All levsls of 2flatoxin incrcased tha propertion of incorporation
into RNA in the 4s r.gion 2fter 4 hours and 12 hours of axposure, The
longer ths time of =xposurs th: more savors was the sffect. It s
nct known whother this is tho rosult of depolymsrization or of stimu-

l1ation of t-RNA synth.sls <r beth.




Introduction

Tha biological offacts of aflatoxins include lethality in onimals re-
colving large dose histological changes in animals recciving small doses
for extendad periods and tumor induction (Wogan, 1966). Early field obser-
vations showod tha duckling to be the most susceptible to acute aflatoxin
poigsoning. But some other animal species have recently been studied.

Moule and Frayssinat (1968) administered 500 ug/kg of aflatoxin By to par-
tinlly hepatoctomized rats, and reported that the inhibiticn of tronscrip-
tion primarily concerned nuclear RNA, prefersntially nucleolar RNA as shown
by a 60% inhibition of SH-thymidine inccrporaticn intc DNA. Inhibition cf
incorporation cf 14C-orotic acid intc RNA was 80%. Thoreforo, the dissappear-
anca, as ¢arly as 15 minutos after aflatoxin treatment, of newly synthe-
sizod 45s RNA was thought to be accompanied by a segregation of the morpho-
logical components at the ultrastructural level.

Clifford and Roes (1966) and Sporn gt 3al., (1966) studied the altera-
tion, in vivo, of RNA metabolism in rat liver by aflatoxin, Sporn gt al.
reported marked blocking of cytidine incorporation into nuclear RNA within
70 minutes after treatment with 0.5 mg of aflatoxin Bl’ and a lowering of
the RNAXbNA ratio of the nucleus. Clifford and Rees (1966) who reported
an inhibition of incorpcration of 14C-orotic acid into the ribosenuclelc
acid of the rat liver cell nucleus, observed no inhibition of incorporation
of orotic acid into the nucleotide pool. However, they observed a marked
inhibltlion of incorporation of nucleotide precursors into nuclear RNA,

This would suggest an inhibition of RNA pclymerase, the only enzyme which
functions betweon the two stages.

To further investlgate the effocts of aflatoxins on protein synthesis

in vivo Clifford and Rees (1966) studied tho induction of tryptophan pyroll-



8se by substrate or cortisonc in the livers of control and Bl-treated rats,
While thay obsorved no inhibition in the substrate induced enzyme, they re-
ported a 51% inhibition in the cortisvne-induced enzyme.

High incidence of hepatomas in varicus animels fed contaminated peanut
meal and other diete has been reported. In rats liver and renal damage, and
bile duct hyperplasia have beon raported (Howberne et al., 1964). sshley gt
al. (1965) and Sinnhuber gt al. (196%), have reported hepatocarcinoma in
trout and rainbow trout, raspectively. In ducklings, Prickett and Salmon
(1965) observed massive infiltration of the liver, pancreas and kidneys by a
homogeneous non cellular "collagenous" or amyloid matrix among other findings,

Extensive investigations have been conducted to determine the ecffects
of aflatoxins in varicus assay test system such as cells in culture and em-
bryonatod cggs.

Juhasz and Greczi (1964) showed methanol extracts of aflatoxins (from
peanut meal) to be toxic to calf kidney cells. Legator and Winthrow (1964)
reported the inhibition of mitosis in human ambryonic lung cells by small
aflatoxin concentrations. Gabliks gt al. (1965) reported the destruction
(Tbso) of human liver and Hela cells as well as primary cell cultures of
whole duck embryos when cultures wore exposed to 1-4 ppm,

Varicus reports of in vitro studies of effects of aflatoxin on protein
synthesis have been released. Wogan (1966) reported toxicity of aflatoxin
to chick embryos. Clifford and Rees (1966) and Sporn et al. (1966) reported
various effects of aflatoxin on protein metabolism, Sporn et al {1966) sug-
gasted that the observed binding of aflatoxin to DNa suggested that this
binding was a crucial aspect of carcinogenic properties. Clifford and Rees

who used liver slices reported an immediate inhibition of incorporation of
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orotic acid into RNk, a later inhibition of leucine incorporatiocn into pro-
tein, but observed no inhibition of the entry of amino acids into the liver
slice.

Rocently, the effect of aflatoxin on embryonated eggs was studied.
Townsley ond Lee (1967) reported that aflatoxin By inhibits cell cleavage in
fortilized mollusk eggs without preventing fertilization or nuclear division.
This reaction is very dramatic since fertilized eggs in the presence of afla-
toxins were multinculear, whereas the controls were multicellular larvae.

In studying the mode of action of the aflatoxins, it is important to
understand the metabolic fate of these compounds in animals.

Dalongh gt al. (1964) observod that lactating cattle fed subtoxic levels
of aflatoxin containing peanut meals excreted in their milk a compound which
was toxic to animals. .lthough no aflatoxin B, was detocted, this viclet
fluorescent "milk-toxin" or b aflatoxin caused lesions similar to thcse
causad by aflatcxin By The metabolic fate of aflatoxins in rats has been
studied in rats by adye and Matecles (1964) and by Wogan (1966). The B, afla-
toxin labeled in the methoxy carbon was obtained by adding methyl methionine
to the culture medium. The C14 appeared in aflatoxin B1 only in the methoxy
function. By adding acetate-lld-c as the only scurce cf carbon, the label
wag detected only in ring carbons (Wogan, 1966).

In a study of the distribution and exretion of-C14 during a 24 hour
paericd after administraticn of labeled methoxy compounds to rats, Shank and
Wogan (1965) observed a recovery of 25-30% of ct4 in COp3 25% in urine, 25%
in the feces and intestines and 6-9% in the livor. When labeled ring com-
pounds wore used, however, tho radicactivity was lorgely excreted in the

fecos, the liver retaining only 6-9%.




Methods and Procedure

Coll Strain

The KB cell line used to study cellular responses to aflatoxin B; was
maintained in Carver Research Foundation Laboratory of Tuskegee Instituta.
The original strain was obtained from Dr. Dixon at Southern Rescarch Ingti-
tute on February 6, 1958,

It was isolated from a human carcinoma of the mouth by Harry Eagle in
1954, in a medium consisting of basal medium (Eagle 90 percent, human serum
10 percent) (Eaglo, 1955) and in tho course of 350 subsequent transfors has
beun adapted to 5 percent calf sorum.

The KB cell line has been used extensively in the studies of cell
motabolism, cancer chemotherapy screening, tumorigenicity and viruses.

It has a generation time of 30 hours {(Karon et al., 1965).

Isotopic Iracer

L-uridine-2-C14 (Specific activity 51.5 mc/mM) uniformly labeled was
purchased from the New EnglanJ Nuclear Corporation, Boston, Massachusetts.
This tracer was Jdiluted to a concentration of 2 uc/ml with sterile distilled

water and kept at 5°C as a stock soluticn.

| Aflotoxin

The aflatoxin B, uscd in this study was produced from isclate ATTC
15517 of iispergillus flavus Linke x Fries according to 2 modified method cf
ot al. (1966) and Davis et al. (1966).

The basal medium (YES) usod for culturing /. flavus contained 2% yeast
extract (Difco) and 20% sucroscs

Five liter flasks centoining 1 liter of medium per flask were autoclaved

for 15 minutes at 20 1b. pesei. The pH ¢f the medium was adjusted to 5.9 afte:




which the medium was inoculated with spores from stock (1-3 weeks old) cul-

tures of i, flavug and incubated at 28°-30°C. for 10-14 days as stationary

cultures.

~flatoxin was extracted from the filtrates by refluxing for 1-3 hours
with chloroform in 2 90°C water bath., The extracts (lower layer in the sep-
aratory funnel) were filtered through cheese cloth, pooled and concentrated
in vacuo to 30-50 ml, They were dricd over anhydrous sodium sulphate which
was subsequently remcved by filtraticn. The clarified filtrate was concen-
trated in vacuo, and the concontrate (5-10 ml) treated with 10 volumes of
hexane at -20°C, Crude aflatoxin was precipitated and was dried in vacuo.

The silicic acid column used for chromatography was prepared by packing
silicic acid as a slurry in 1% ethanol in chloroform (v/v) into a chromato-
graphic tube (28 x 400 mm), The final dimensions of the column wera 2,8 by
20 cm. The aflatoxin components were eluted with 1% ethanol in chloroform
and 20 ml fractions collected with an automatic fraction collector.

Samples wera anlayzed by thin layer chromatography using chromatoplates
prepared with Macherey Nagel D516 MN kieselgel G-HR adjusted for aflatoxin
separations and obtained from Brinkman Instruments, New York. The chromato-
grams were Jeveloped with chloroform-aceton 9:1 (v/v) (Eppley, 1966) and the
chromatoplates viewed with a UVL-22 ultra violet lamp obtained from Ultra Vi-
olet Products Incorperated, San Gabriel, California. Aflatoxin components
wera recovered from chromatograms and purified by repeated thin layer chrom-
atographic analysis until an intensc blue band (RF 0.55) (Asao et al., 1965)
was obtained.

The aflatoxin Bl obtained from thin layer chromatography was dissolved

in chloroform and concentrated in vacuc to 5 ml. The clarified solution




was treatsd with 2 vclumes of hexane overnight at -20°c., Crystals were coll-
actod by svaporating the supernatant with a continuous stream of nitrogen.

Confirmation of tho presence of aflaxtoxin was performed according to
the method of /ndrelios et al. (1964).

To a small portion of purifiad aflatoxin in a test tube was added 0,2
ml of glacial acetic acid and 1 drop of thionyl chloride. The tube was
stoppered and its contents shaken till a hcmogenous solution was obtained.

ifter standing for 5 minutes at room tomperature, the solution was
ovaporatad to dryness in a hot water bath under a stream of nitrogen, the
sclution and rosidue baing ¥ept at tho bottom of tho tubss The residue was
then redissolved in 20 ml of chloroform (rodistilled) and about 0.15 ml
applied on a thin layor plate. 0.1 ml of standard was similarly treated,
when R s of 0.50 and 0.43 wurc cbtained for standard and for thicnyl chlor-

EF
ide-treated aflatoxin.

Experimental Design

Cell Culture Method

i stock solution of aflatoxin containing 4ppm was prepared by dissolvinc
1 mg (0.001g) of aflatexin B1 in 0.2 ml propylene glyccl in a small vial
(Legator, 1966). This solution was troated with 10 ml of Eagle's 90 Colf
Serum 10 medium ond filtered over Swinnex 25 millipere (1 3 0.1 p) (25mm)
filter purchased from the Millipcre Corpcraticn, Bedford, Massachusctts.
Tho rosulting solution was mxie up to 250 ml with more medium. 180 ml of thie
solution (containing 0.144 ml 1,2propanc-diol) was usud for experimental
purposcs. The other two concentraticns woere prepared by diluting 45 ml of

stock solution to 180 ml (1.0 ppm) and by diluting 18 ml of stock solution



to 180 ml (0.4 ppm). #l) four concentrations contained 0.144 ml propylene |
glyccl/180 ml medium. The solutions were poured lnto Pyrox 9825 (16 ml) 1
centrifuge tubes in 10 ml portions and frozen at ~8°C.

KB cells were incubated in Eagles basal medium at 37°C. for 48 hours
and were then exposed to 0, 0.4, 1.0 and 4.0 ppm of aflatoxin By, and uri-
dine-1214-c. Culturas exposed for 1 hcur receivad 1.0 uc while those exposed
for 4 and 12 hours were treated with 0.2 uce Two sets of oxperiments were

run, Experiments were evaluated individually.

RNA Extraction

At tho ond of the fibsling period, cells wera harvested and tha RNa
extractad according to the method of Schorror and Darnell (1962).

Tho incorporaticn of radicactivity was stopped by washing the cell
pellet with chilled 0.14M NaCl followed by Earle's saline soluticne Tho
pellat was dissclved in 2.0 ml of 10™2M scdium acetate buffer (pH 5.1)
containing 2 ug/ml pclyvinyl sulphate (PVS). Ten percent (12%) sodium
dodecyl sulphate (purified) was added tc a final concentration of 0.5%

(0sl ml). After lysing for 5 minutes, the raaction mixture was treated with
an equal volume of hot (60°C) 90% redistilled phenol (Karon et al., 1965).
The reaction mixture was shaken for 3 minutes in a 60°C. water bath and
quickly brought to 4°C., by chilling in a -20°C, ice bath.

The emulsion was broken by centrifuging at 20,0009 (15~16000 rpm) for
1 minute on hsad 874 of the Model B-20 of the IEC refrigerated centrifuge.
After carefully removing the aduqous layer, extraction was repeated twice
on this layor and the res.ilting extract treated with 0,05 mi 10% sodium
dodocylsulphata (SDS), a few drops of pclyvinyl sulphate 0.2 ml O.1M NaCi

and two volumes of chilled 95 percent uthanol (Suzuki and Kolgore, 1967).



The roaction mixture was frozen for 6-12 hours at -20°C after which the
precipitate was removed by contrifugation. The procipitate was washed severol

times with cold ethancl to remove traces of phaonol,

BRN:: Soparation

Methylated Bovino Albumin
Bovino albumin uscd in proporing tho methylatoed bovine albumin-coated

kissolguhr (MK) column was prepared according to the method of Mandell and
Horshey (1960).

Crystalline bovine albumin (5 g) purchased from Johns-Manville Company,
New York, was wolghed accuratsly and placed in a large (1 liter) erlonmeyer
flasks To thls was added 500 ml absolute methyl alcohol and 4.2 ml (12 N)
concentrated hydrochloric acid.

The mixture was placed in a dark chamber and was stirred occasionally.
Aftor 5 days, the mixture was removed, shaken vigorously and poured into 50
ml contrifuge, ifter centrifugation, the pracipitate was washed twice with
methanol and twice with anhyircus diethyl ether in the centrifuge.

The ethei was ¢vaporated in air and finally by sucztion (in vacuo over)
KOH).

The white powder obtained:was stored over KOH in a dessicator.

Ihe WK-Column

The methylatod albumin-coatad kiesolguhr (MiK) column used in separa-
ting the RN components was propared according to the modified method of
Mandol and Hershey (1960) ond Suzuki and Kilgore (1967).

4 suspensicn of 4 ct. of kleselguhr (Merck) (purifiod and calcined) ob-
tained from Brinkman Instruments Incorpcratod, New Yurk, in 20 ml of O.1M

NaCl (containing 0.05M phosphate buffer pH 6.8) was boiled for 5-10 minutes
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to expel carbon dioxide. It was rapidly cooled by placing in a regrigerated
contrifuge at -20°C, To the suspension was added 1.0 ml of a 1% solution of
esterifiod albumin and the mixture was stirred for 15 minutes. After adding
2.0 ml buffered saline (0.1M NaCl) solution and stirring for 5 minutes, ths
suspension was transforred to a 20 x 200 mm tube, and washed with several

10 m) portions of O.1M NaCl. Elution was achieved with a pump delivering

3 1b psi and the final volume of tlic washings was 250 ml, Equilibration was
accomplished by washing tho column with 1 liter of 0.10M buffercd saline
under air pressurew(gravitational flow), followed by 250 ml of 0.3M phosphate

-buffered saline solution under 2ir pressure of 3 1b psi with a small pump.

RNA Sgparation

i sample containing less thon 1.0 mg of RNA in 2,0-2.5 ml of 0,01M
sodium acetate buffer (pH 5.1) containing 10" % MgHand 0.05M NaCl was
applied to the column and washed with 5 ml portions of 0.3M NaCl (total
volume 20 ml). RNi was eluted with a linear gradient of 0.3M - 1.5M NaCl
at an adjusted flow rate of 2.0 - 2.2 ml/min, and 5 ml fractions were co-
llected with an automatic fraction collector. All saline solutions were
buffered with 0.05M phosphate buffer and adjusted to a pH of 6.8 (Suzuki and
Kilgore, 1967).

RNA components were saparated by ultracentrifugation using a linear
sucrose gradient from 5-20% w/w concentrotion and centrifuged for 6-10 hours
at 40,000 rpm in a Beckman model L preparation ultracentrifuge.

Tissuo culture cells were homogaenized and then fractionated by centri-
fugation at 700xg for 20 min, at 13,000xg for 20 min, and at 144,880xg for 30
min tu precipitate nuclear, mitochondriol, microscmal and supernatnant frac-

tions.




RESULTS /ND DISCUSSION

Tho patterns of change in RNi specific activity in nuclear,
mitochondrial and microscmal fractions cf HoLa cells exposed to the
various levels of aflatoxin were not different (Figures 1-3). However,
in Figure 4, specific activity of RNA in supernatant fraction of cultures
exposed to all levels of aflatoxin was higher at 8 hour than that of
the control culture (O ppm). But by 12 hours all cultures were similar.

Figures 5-8 show RNA conpcnents separated by sucrose gradient
ultracentrifugation and Figures 9-12 show RN compononts separated by
methylated albumin (M/K) cclumn chromatography. iifter 1 hour there was
very little offoct on the radioactivity of any RNA component but by
4 hours the incorporatioun of labeled uridine into RNA components in the
4s region of all cultures exposed to aflatoxin was greater than that cf
tha O ppm control cultures. This sffect persisted up to 12 hours with
a tondency tc be greater than at 4 hours. The increase in RNA specific
activity at 8 hours in the supernatant fraction (Figures 1~4) may be ex-
plained in part by the increased incorporation of labeled uridine into RNA
components at the 4s regiun. Vhether this is a reflection of degradation
of higher molecular RNA or to a stimulation of soluble RN synthesls is
nct clear from this study,

Soeveral workers (Moule and Frayssinet, 19683 Clifford and Rees, 19663
Sporn gt al., 1966) have reported that aflatoxin inhibit the incorporation

of labolud precursors into nuclear RN, In the present study, the primary



offoct of aflatoxin was on RN\ in the 4s region which include, to a
large oxtent, t-RNA, However, in viow of the findings of Pong and
Wogan (1968) that polysomes ware degraded into Jimers and monomers as

a rasult of aflatoxin treatment, it could be possible that the increased
incorporation into 4s RNA reflects Jdepolymerization of higher molecular
weight RN4s,

Shoental (1966) has suggested that the action of aflatoxin on
nuclear and cytcplasmic components appears to be reversible unless necrosis
ceccurs.e It is not known whether mammalian cells, in the present study,
if allowed to grow undar normal conditions after exposure to aflatoxin,

would again maintain normal metabolic patterns.,
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