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Fumonisin B (FB,), a mycotoxin produced by the fungu@usarium moniliforme which is a common
contaminant of corn, is suspected to be a cause of human esophageal capderhé&Batotoxic and hepato-
carcinogenic in rats, and although the mechanisms involved have not been clarified, the latter is associated with
a weak initiating activity. The effects of FBn the activity of protein serine/threonine phosphatases (PPs) (PP1,
PP2A, PP2B, PP2C and PP5/T/K/H) were investigated in the present study. Inhibition of dephosphorylation was
noted for all five PPs with Ig, values of 80uM-3000 uM. Among the five PPs examined, PP5 was most
sensitive with an 1G, of 80 uM. This concentration is comparable to that estimated to be reached in the rat body
by feeding FB to obtain hepatic tumors. Inhibition of PP5 could thus play important roles in the toxicity and
carcinogenic action of FB ©1996 Academic Press, Inc.

Fumonisin B (FB,) is a mycotoxin which can be isolated from corn contaminated Wwith
sarium moniliforme(1, 2, 3) and from culture of this fungus (4, 5). FB hepatotoxic and
hepatocarcinogenic in rats (6, 7) and a causative agent for equine leukoencephalitis (8) and pc
pulmonary edema syndrome (9). Further, it is suspected to be associated with the high preva
of human esophageal cancer in southern Africa and China (10-12)s Aiwever, not mutagenic
in the Salmonella assay (13) and proved negative in a DNA repair assay using primary
hepatocytes (14). These data coincide well with the established characteristicsrefyaRling rat
hepatocarcinogenesis and mouse skin carcinogenesis; weak initiating activity but strong prom
(15, Tokudaet al., unpublished results). FBs similar to sphingosine in structure and inhibits the
activity of sphingosinéN-acyltransferase that results in accumulation of sphingoid bases in Sw
3T3 fibroblasts and rat hepatocytes (16, 17). Although the possibility that the inhibition of spf
gosine biosynthesis plays some role in the, FAncer-promotion cannot be excluded, little is
known about the mechanism of [Barcinogenesis. It should be noted, however, that there &
some similarities between EBnd okadaic acid (OA), an inhibitor of protein phosphatases (PP:
in biological activities. Both are tumor promoters in two-stage carcinogenesis experiment:
mouse skin initiated with a single application of 7,12-dimethylbenzanthracene (18); they are
mutagenic in Salmonella; they are negative for induction of Epstein-Barr virus early antic
(EBV-EA) and activation of protein kinase C, differing from the typical tumor promoterQ43-
tetradecanoyl phorbol acetate (18, Tokuda et al., unpublished results). These findings motivat
to analyze the effects of FRn PP activities, including PP1, PP2A, PP2B, PP2C and PP5/T/K/k

1 To whom correspondence should be addressed. Fax: 81-3-5565-1753.

2We isolated a novel protein serine/threonine phosphatase from rat brain cDNA library and named it PPH. How
before publication of our paper on PPH (19), details of the same enzyme had been published and the name PP5/T
been used in literature (24-26). Therefore, in this paper PP5 was used to refer to the enzyme identical to that descr
our previous paper (19).
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MATERIALS AND METHODS

EnzymesPP2A and PP2B were purchased from Seikagaku Corp. (Tokyo). #B8E& PP%2, an isotype of the PP1
catalytic subunit, were bacterially expressed and purified (20,21). PP5 was expreEsethénichia colias a GST-fusion
protein containing the region from Mé&f to Met*°® (C-terminal) of rat PP5, lacking 106 amino acids of the N-terminal part
and purified (Fukuda et al., unpublished results), Bias purified as described (3).

Phosphorylase a phosphatase assayse *2P-labeled phosphorylas® a substrate for PPs, was prepared essentially
according to MacKintosh (22) using phosphorylase kinase (Life Technologies, Inc., Buckinghamshire), glycogen [
phorylaseb (Life Technologies, Inc.), andyf*2P] ATP (Amersham, Gaithersburg). The standard dephosphorylation rea
tion assay was performed as follows: Ten microliters of protein phosphatase in TEMB buffer (50 mM Tris-HCI, pH
0.1 mM EDTA, 0.1% 2-mercaptoethanol, 1 mg/ml BSA) were mixed withul@f 32P-labeled phosphorylase a in buffer
B (50 mM Tris-HCI pH 7.5, 0.1% 2-mercaptoethanol) (final 1 mg/ml) andul@f FB, in TEMB buffer (final concen-
trations were as indicated in Fig. 1). The final concentrations of PP1, PP2A, PP2B, PP2C and PP5 were 0.029 mU/ml,
mU/ml, 0.015 mU/ml, 0.059 mU/ml, and 0.022 mU/ml, respectively. The reaction of PP2C was performed in the pres
of 10 mM MgCL. To obtain full enzyme activity, PP2B was activated by preincubation in TEMB buffer containing 50 m
MgCl,, 5 mM MnCl,, and 0.3 mM NgVO, at room temperature for 30 min and then added to the reaction mixture. Aft
incubation of the mixture at 30°C for 20 min, the reaction was stopped by addingl1ffOice cold 25% trichloroacetic
acid. Samples were incubated on ice for 10 min, centrifuged at @509 for 5 min and then the radioactivity of the
supernatant was measured in a liquid scintillation counter (Beckman LS 1801, Palo Alto).

Histone H1 phosphatase assayie >?P-labeled histone H1 was prepared by phosphorylation with cdc2 kinase
follows: 250 ug of histone H1 (Life Technologies, Inc.) was incubated with 50 ng of cdc2 kinase (Seikagaku Corp.)
4 ul of [y-32P] ATP (Amersham) at 30°C fo4 h in 100ul of the buffer (10 mM 2-sodium glycerophosphate pH 7.0, 0.4
mM EDTA, 0.2 mM EGTA, 0.2 mM ATP, 2.5 mM Mg(OAg). The reaction was stopped by adding A0of the stop
solution (100 mM EDTA, 500 mM NaF, 10 mM sodium pyrophosphate) and incubating at 30°C for 10 min. After t
mixture was centrifuged at 15,00« g for 1h, the supernatant was applied to a Sephadex G-50 NICK column (Pharma
Biotech Inc., Uppsala) equilibrated with buffer B and the histone H1 fractions was obtained. The dephosphorylation ree
assay was performed essentially according to the method for the phosphorylase a phosphatase assays with the fo
modifications: The final concentrations of the substrate and PP5 were 0.35 mg/ml and 0.061 mU/ml, respectively.
before adding 10@.! of ice cold 25% trichloroacetate acid to stop the reactiopl @ 10 mg/ml BSA was added as a carrier
protein.

RESULTS AND DISCUSSION

PPs have been classified into four major groups: PP1, PP2A, PP2B, and PP2C (23). The e
of FB, on the phosphorylase a phosphatase activity of PP1, PP2A, PP2B, PP2C and PP5, wh
a novel type PP isolated by ourselves (19) and others (24-26), were examined. The en:
preparations used were as follows; the heterodimer of A and C subunits of PP2A purified f
human red blood cells, the calcineurin (PP2B) catalytic subunit purified from bovine brain,
bacterially expressed PP2@sozyme and PPR, an isotype of PP1 catalytic subunit (20, 21), anc
a GST-PP5 fusion protein expresseddscherichia coli(Fukudaet al., unpublished results).

FB, inhibited all five PPs tested (Fig. 1). Among these, PP5 was most sensitive with,aofIC
80 uM (Fig. 1B). FB, inhibited PP2@, PP2A, PP42 and PP2B with IG, values of 30QuM, 400
1M, 500 uM and 3000uM, respectively (Fig. 1). These results suggest the possibility that PPS
a biochemical target for the cancer initiating and promoting effects qf FBe 1C,, of 80 uM is
much high compared with the igvalues for other PP-inhibitors such as okadaic acid, calyculi
A and microcystin LR acting on PP1 and PP2A. It is interesting that PP2C, which is not inhibi
by OA, microcystin LR or trifluoperazine (27), was inhibited by F& much as PP1 or PP2A.
Because the enzyme-specificity of FBvas relatively low, it remained a possibility that FB
inhibited PPs by the specific binding to phosphorylase a. Thus we investigated the effect of
on dephosphorylation of another substrate, histone H1 labeled by cdc2 kingsehifited the
dephosphorylation of histone H1 catalyzed by PP5 with i@lue of 150uM (Fig. 2A). This result
excludes the possibility that EBnhibits PPs only when phosphorylase a is used as a substra

Okadaic acid has so far not been reported to have tumor initiating activity, in contrast to the w
action found for FB: In a short-term carcinogenesis study;fFBduced enzyme-altered foci in the
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FIG. 1. Inhibition by fumonisin B of PPs. PP2A (A), PP5 (B), PR2 (C), PP2C (D), and PP2B (E). The concentrations
of PP2A, PP5, PPR, PP2C, and PP2B were 0.021, 0.022, 0.029, 0.059, and 0.015 mU/ml, respectively. Activity \
measuredn vitro using phosphorylasa as a substrate, as described in the text. Each point represents the mean of t
separate experiments.

BDIX rat liver after 26 days-feeding at a dietary level of 0.1% (14), and in a long-term carcir
genesis study FBinduced hepatocellular carcinomas in BDIX rats at 18-26 months when giv
at a dietary level of 0.005% (6). If it is assumed that all, Bsen to rats in feeding studies (1-10
mg) (28—30) become distributed uniformly throughout the body, the achieved concentrations ¢
be between 10 and 100M (17). Further, other biological effects of FBiave been reported; it

A PP5 B PP5
100 v, 100 &
S s
2 -
£ so0 £50
8 &
< <
0+, : ol
e - o 3 5 8 o & = =~ © 8
- 2 3 s ° -
FBIuM) T 2 0A @M)

FIG. 2. Inhibition by fumonisin B (A) and okadaic acid (B) of PP5 usirfgP-labeled histone H1 as a substrate. The
concentration of PP5 was 0.061 mU/ml. Activity was measumedtro as described in the text. Each point represents the
mean of the two separate experiments.
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inhibits epidermal growth factor (EGF)-induced DNA synthdgiwitro in rat hepatocytes up to
90% at concentrations of 150 to 3QMM (31) and it stimulates DNA synthesis in Swiss 3T3
fibroblasts at concentrations of 10 to p® (16). These concentrations are in line with the IC5(
value for PP5 on the whole, suggesting that PP5 may be a target forléddling to various
biological responses.

OA has various effects on mammalian cells, causing flattening of NIH 3T3 cell transformed
raf and ret-1l (32), diphtheria toxin-resistant mutations (33), sister chromatid exchanges (3
aneuploidy (35), gene amplification (36) and loss of transfected genes (19). These data sugge
inhibition of protein phosphatases by OA induces genomic instability. The PP2A catalytic sub
is much more sensitive to OA (IC50 of 0.04 nM) than PP1 (IC50 of 50 nM) or PP2B (IC50 of 50
nM). We recently showed that OA resistant CHO-mutants (CHO-OAR) have a mutation in
PP2A catalytic subunit (19, 37, 38), but also expressed a high level of the MDR protein that pu
out OA. Thus, so far we could not clarify yet which PP is involved in maintaining genome stabili
There remains a possibility that other PP(s) are involved in the instability and enhanced tu
development caused by OA. The phosphorylase a phosphatase activity (0.4 mU in control) c
PPT (PP5) was found to be fully suppressed in the presence pMLOA (24). Our phosphatase
samples of PP5 and the heterodimer of A and C subunits of PP2A showed responses that coir
well with those reported earlier, with IC50 of 5 nM (0.022mU/ml) and 0.05 nM (0.021 mM/ml
respectively (Fig. 3). OA also inhibited the histone H1 phosphatase activity of PP5 with IC5C
3 nM (Fig. 2B). PP5 is also known to be inhibited by OA in an enzyme-concentration depenc
manner, as observed with PP2A, and the cellular amount of the PP5 molecule was estimated
5- to 10-fold less than that of PP2A (24). Thus the possibility that PP5 is a target of OA
induction of genomic instability cannot be excluded completely. PP4, another novel type PF
sensitive to OA with IC50 of 0.2 nM (0.076 mU/ml) (39) and is also a possible target of O
Further, it is known yet whether PP5 exists as monomer, homomultimer or heteromultimer,
sensitivity to OA of the most common form of PP5 in cells is not clear. This is also the case
PP5 inhibition by FB. One of the possible mechanisms of JFBmor initiating and promoting
activity is that it induces genetic alterations through inhibition of PP5. We are now examin
effects of FB in this direction.

The function of PP5 is unknown, but it has the tetratricopeptide repeat (TPR) motifs of
detected in nuclear cell-division gene products, and proteins regulating RNA synthesis, as we
receptor-associated, and stress-inducible proteins (26, 40). The TRP motifs are suspected to p
a suitable interface for protein-protein interaction (40)., FBpresses the expression of proteir
kinase C, stimulates a simple promoter containing a cyclic AMP response element (41), exe
mitoinhibitory effect on rat hepatocytes (31) and is mitogenic in mouse fibroblasts Swiss 3T3 (.
It is thus conceivable that it acts on PP5 to alter the function of this phosphatase in si
transduction pathways, and that this disruption cause predisposing to cancer.
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FIG. 3. Inhibition by okadaic acid of PPs. PP2A (A) and PP5 (B). The concentrations of these enzymes were 0

(PP2A) and 0.022 mU/ml (PP5), respectively. Activity was measimedtro using phosphorylasa as a substrate as
described in the text. Each point represents the mean of three separate experiments.
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