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nature and two strains isolated by repeated transfer on labo-
ratory media (17). In these studies, the nontoxigenic strains
isolated by transfer experiments biotransformed both ST and
O-methyl-ST into AF whereas the nontoxigenic strains isolated
from nature were biochemically similar to our sec strains and
did not cause biotransformation. Other studies have demon-
strated that some nontoxigenic strains of A. flavus isolated
from nature do convert precursors to AF in biofeeding studies
(9). Both the sec strains of A. parasiticus and the wild-type
nontoxigenic strains of A. flavus either lack the enzymatic ac-
tivity to bioconvert ST to AF or could have permeability prob-
lems in the uptake of ST. To investigate the former possibility,
Northern hybridization analyses were performed with total
RNA from representative sec1 and sec strains, using fragments
of nor-1, omtA, and aflR as probes (Fig. 2). Abundant mRNA
levels were detected in the sec1 control strains for all the three
probes tested. In contrast, the sec strains showed no detectable
levels of mRNA for any of the probes used. Furthermore, PCR
products of the expected size were observed for the aflR
(;500-bp), omtA (;1.6-kb), and nor-1 (;1-kb) genes in both
the sec1 and sec strains. Southern hybridization of PCR prod-
ucts with their respective gene probes confirmed their homol-
ogy to the pathway genes (data not shown). This demonstrated
that the pathway genes were present in the sec strains. There-
fore, the sec strains were unable to make any metabolic pre-
cursors of AF and were unable to carry out bioconversions
owing to lack of production of the necessary enzymatic activ-
ities.
With respect to the AF biosynthetic pathway, to date only

one regulatory gene (aflR), which positively induces the ex-
pression of the other AF pathway genes, has been cloned (6, 7,

30). No expression of aflR was detected in the sec forms,
suggesting a regulatory abnormality leading to a loss of afla-
toxigenic capability in these strains. The correlated morpho-
logical abnormalities of sec strains suggest the possibility of a
global regulatory system, some pleiotropic elements of which
may be involved both in AF production and one or more
developmental processes, such as conidiation.
In summary, none of our experimentally induced sec strains

produced detectable levels of decaketides in the AF biosyn-
thetic pathway. This appears to be due to the lack of expression

FIG. 2. Northern blot analysis of AF biosynthetic pathway transcripts from
sec1 and sec strains of A. parasiticus. Total RNA from 48-h cultures of YES-
grown fungal mycelia was electrophoresed, transferred to nylon membranes, and
hybridized with radiolabeled fragments of the nor-1, omtA, or aflR gene. RNAs
analyzed are as follows: lane A, SU-1 sec1; lane B, SU-1 sec; lane C, wh-1 ver-1
lys-6 pdx-1 sec1; lane D, wh-1 ver-1 lys-6, pdx-1 sec.

TABLE 1. Anthraquinones, ST, and AFB1 recovered from A. parasiticus sec
1 and sec strains with or without ST

Strain

Amt of metabolite recovered (mg/g of mycelia)a

Anthraquinonesb ST AFB1

2ST 1ST 2ST 1ST 2ST 1ST

SU-1
sec1 ND ND NDc Trace 3.7 11.1
sec ND ND ND 6.7 ND ND

br-1 nor-1 lys-6 ade-1
sec1 Trace (NOR) Trace (NOR) ND Trace 2.8 17
sec ND ND ND 6.9 ND ND

wh-1 ver-1 lys-6 pdx-1
sec1 0.7 (VER) 1.4 (VER) ND Trace ND 13.6
sec ND ND ND 14.2 ND ND

wh-1 ver-1 avn-1
sec1 180.8 (AVN) 209.2 (AVN) ND Trace ND 9.5
sec ND ND ND 10.7 ND ND

br-1 pdx-1
sec1 ND ND ND Trace 3.0 8.9
sec ND ND ND 10.8 ND ND

wh-1 nor-1 lys-6 ade-1
sec1 Trace (NOR) Trace (NOR) ND Trace 1.2 8.8
sec ND ND ND 9.0 ND ND

Controls (no mycelia) ND ND ND 13.3 ND ND

a Cultures with or without 20 mg of ST were incubated at 288C for 24 h in LSRM formulated as described by Adye and Mateles (1). The metabolites were extracted
and quantitated by TLC and densitometry by using the protocol outlined by Walker (28). The experiment was conducted in duplicate.
b Anthraquinones quantitated were norsolorinic acid (NOR), versicolorin A (VER), and averantin (AVN).
c ND, none detected.
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of the pathway regulatory gene aflR and the resulting inability
to bioconvert pathway intermediates to AF. In addition, all
these nonaflatoxigenic strains displayed a pleiotropic pheno-
type that involved changes in conidiophore development and
sporulation patterns. These isogenic sec1 and sec pairs remain
an interesting model system for strain degeneration (15, 18).
They may also be useful tools in providing an insight into the
correlation between secondary metabolism and morphological
development in filamentous fungi.
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