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Further Characterization of a Caffeine-Resistant Mutant of
Aspergillus parasiticus
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ABSTRACT

Studies were performed to characterize further Aspergillus parasiticus
BCR1, a caffeine-resistant mutant of 4. parasiticus NRRL 2999, par-
ticularly in regard to its caffeine-dependent production of aflatoxins./
The enhanced synthesis of aflatoxins by caffeine was highly specific
since neither dimethylxanthines nor purines could substitute for the
trimethylxanthine. Caffeine’s effects were phase dependent and only
increased toxin formation if added early in the microorganism’s life
cycle. The ability of BCR1 to exclude caffeine appeared dependent
on the initial levels of caffeine in the growth medium. Respiration
and glucose utilization in the wild type strain were inhibited strongly
by caffeine, but BCR1 was resistant to these effects. Comparison of
glucose uptake kinetics in the wild type and mutant strains indicated
that caffeine inhibition of aflatoxin synthesis in the wild type was not
due to a disruption of glucose transport. ‘

INTRODUCTION

CAFFEINE (1,3,7-trimethylxanthine) has been proposed to serve
several functions in plants and is known to possess significant
allelopathic, insecticidal and fungistatic/fungicidal activities.
The last effect has been studied extensively, particularly in
regard to caffeine’s role as a naturally occurring inhibitor of
polyketide mycotoxin formation in commodities such as coffee
and cocoa beans (Buchanan and Fletcher, 1978; Nartowicz et
al., 1979; Lenovich, 1981; Buchanan et al., 1982, 1983a, b;
Betancourt and Frank, 1983; Buchanan and Lewis, 1984a;
Durakovic et al., 1985a, b).

Tsubouchi et al. (1985) isolated from green coffee beans
ochratoxin-producing strains of Aspergillus ochraceus that grew
over an expanded range of caffeine concentrations. These strains
were able to tolerate elevated levels of caffeine due to acqui-
sition of the ability to degrade caffeine. Interestingly, these
strains only produced abundant amounts of ochratoxin in the
presence of caffeine. Buchanan et al. (1987) were able to iso-
late aflatoxigenic mutants of A. parasiticus that were resistant
to caffeine. These resistant A. parasiticus strains were similar
to the caffeine-resistant A. ochraceus strains isolated by Tsu-
bouchi et al. (1985) in that substantially greater amounts of
aflatoxins were produced when the mold was cultured in the
presence of caffeine. However, unlike A. ochraceus, devel-
opment of caffeine resistance in the A. parasiticus isolates was
not related to acquisition of a caffeine degrading system. Buch-
anan and Stahl (1987) found that there was an interaction be-
tween caffeine-dependent aflatoxin synthesis and amino acid
metabolism in the resistant A. parasiticus strains.

Since caffeine resistant mutants of A. parasiticus have been
isolated only recently, relatively little information is available
concerning these strains. Accordingly, the objective of the cur-
rent study was to characterize more fully various cultural and
physiological attributes of a resistant strain, comparing and
contrasting it to the wild type parent strain. Particular emphasis
was placed on examining the caffeine dependent nature of af-
latoxin synthesis in the resistant strain.

The authors are with the U.S. Dept. of Agriculture, ARS, Eastern
Regional Research Center, Microbial Food Safety Unit, 600 E.
Mermaid Lane, Philadelphia, PA 19118.

MATERIALS & METHODS

Microorganisms

Aspergillus parasiticus BCR1, a caffeine-resistant strain (Buchanan
et al., 1987), and Aspergillus parasiticus NRRL 2999, the wild type
strain, were employed throughout the study. Stock cultures of NRRL
2999 were grown on potato dextrose agar (PDA, Difco) slants incu-
bated at 28°C until well sporulated and then stored at 4°C. BCR1 was
handled in a similar manner except PDA + 0.2% caffeine was em-
ployed to guard against reversion. Spore suspensions were prepared
as described previously (Buchanan and Stahl, 1987) and diluted to
contain approximately 1.0 x 10° conidia/mL.

Media

Yeast extract-sucrose medium (YES) (60g sucrose, 20g yeast ex-
tract (Difco), 1 L water) of yeast extract-glucose medium (YEG) (60g
glucose, 20g yeast extract, 1L water) was used throughout the study.
These media were adjusted to an initial pH of 6.0 using 10N HCL.
Peptone-mineral salts medium (PMS) was prepared as previously de-
scribed (Buchanan and Lewis, 1984b) and adjusted to pH 4.5. After
being dispensed into appropriately sized flasks, all media were steri-
lized by autoclaving for 15 min at 15 psi. Caffeine, theophylline,
theobromine and xanthine supplements were added directly to the
media prior to autoclaving. while adenine and guanine compounds
were added as filter-sterilized solutions after autoclaving.

Supplementation Studies

Supplementation studies were performed using 125-mL Erlenmeyer
flasks containing 25 mL of appropriately supplemented YES. Each
flask received 0.5 mL of spore suspension (BCR1 or NRRL 2999) to
achieve an inoculum of 2 x 10* conidia/mL and was then incubated
without agitation at 28°C. After designated periods of incubation,
replicate cultures were analyzed for pH, aflatoxin production and my-
celial dry weight. In experiments requiring the addition of caffeine
after initiation of incubation, the compound was added directly to the
cultures as a powder.

Respirometry

Oxygen uptake and carbon dioxide production by replacement cul-
tures were monitored using the technique described by Buchanan and
Lewis (1984b). After sequential culturing in YES and PMS, 200 mg
portions of mycelia were transferred to Warburg flasks containing 3.0
mL of YEG with 0, 2 or 4 mg caffeine/mL. These flasks were in-
cubated without agitation at 28°C. Periodically, the cultures were con-
nected to a respirometer (model IG-20, Gilson International) and oxygen
uptake and carbon dioxide release monitored for 20 min.

Determination of residual glucose

The effect of caffeine on glucose utilization by replacement cultures
of BCR1 and NRRL 2999 was determined by monitoring residual
glucose levels in the medium. After initial agitated culturing (28°C,
200 rpm, 72 hr) (Model G-26 Psycrothem Incubator, New Brunswick "
Scientific) of NRRL 2999 in YES and BCR1 in YES or YES + 0.2%
caffeine, 0.5g portions of mycelial pellets were transferred to 50-mL
flasks containing 20 mL of YEG with 0 or 4 mg caffeine/mL. All
flasks were incubated without agitation at 28°C. After varying lengths
of incubation, triplicate cultures of each caffeine concentration were
harvested on cheesecloth and 10 mL samples of the medium collected
and subsequently stored at —20°C until analyzed for residual glucose



concentrations. Glucose determinations were performed using a com-
mercially available toluidine reagent (635-6, Sigma Chem. Co.).

Transport of glucose and amino acids

The transport of glucose into BCR1 and NRRL 2999 was initially
studied using a modification of the technique of Buchanan and Lewis
(1984a) in conjunction with low glucose concentrations (0.01-0.1 mM).
The strains were initially grown in YES for 72 hr at 28°C and 150
rpm (Model 6-26 Psycrotherm Incubator, New Brunswick Scientific).
The mycelial pellets were harvested and disrupted in a blender. The
mycelia were incubated in fresh YES for 24 hr at 28°C and 150 rpm.
The mycelia were then transferred in 100 mg portions to test tubes
containing 1.0 mL of mineral salts solutions with 0 or 4 mg caffeine/
mL. After incubating the tubes at 28°C for 1 hr, 1.0 mL of “C(U)-
glucose stock solutions was added to the tubes to achieve final glucose
concentrations of 0.01, 0.05 and 0.10 mM in conjunction with a
specific activity of 0.1 wCi/mL. After rapid mixing, cultures were
incubated for 5 min, the mycelia were harvested, rinsed and then dried
for 1 hr at 85°C. Uptake of glucose was then determined using a liquid
scintillation counter (Model L8100, Beckman Instruments, Inc.).

A second series of glucose uptake determinations was performed
using elevated glucose levels equivalent to those that support abundant
aflatoxin formation. BCR1 and NRRL 2999 were initially grown in
YES or YES + 0.2% caffeine (BCR1 only) for 72 hr at 28°C and
200 rpm (Model G-26 Psycrotherm Incubator, New Brunswick Sci-
entific). The mycelia were transferred in 500 mg portions to sets of
quadruplicate 50-mL Erlenmeyer flasks containing 20 mL of YEG
with 0, 2, 4 and 8 mg caffeine/mL and incubated for 60 min at 28°C
and 200 rpm. Each flask then received sufficient 4C(U)-glucose to
achieve a specific activity of 0.1 pCi/mL. After 15 min incubation,
the uptake of labelled glucose was determined as described above,
The uptake of an amino acid mixture was determined in the same
manner, substituting supplementation with *C(U)-amino acid mixture
for the radiolabelled glucose.

Uptake of caffeine

After initial culturing (72 hr, 200 rpm, 28°C) of NRRL 2999 in
YES and BCR1 in YES or YES + 0.1% caffeine, 1.0g (wet weight)
portions of mycelial pellets (0.5 g portions in case of BCR1 in YES
+ 0.1% caffeine) were transfered to 125-mL flasks containing 25 mL
of YES + 4 mg/mL caffeine and incubated at 28°C and 200 rpm.
After 0, 1, 2, 4, 6, 24, and 30 hr, triplicate cultures were harvested,
rinsed thoroughly, and mycelial dry weights determined.

The intracellular caffeine content of these samples was then deter-
mined by transferring the dried samples to individual glass vials (70
X 26 mm) and extracting them overnight with 10 mL of 75% meth-
anol in water. The solvent was then transferred to a 25-mL volumetric
flask, and the mycelial sample was extracted with a second 10 mL
portion of 75% methanol for 4 hr. This was followed by a third
extraction for 4 hr with 4.5 mL of 75% methanol. The three extracts
were combined in the volumetric flask and brought to volume with
75% methanol. The extracts were filtered through 0.45 pm nylon 66
filters and then analyzed for caffeine by high performance chroma-
tography as described previously (Buchanan et al., 1987).

Aflatoxin analyses

Aflatoxins (By, B,, Gy, G;) were extracted (medium + mycelia) with
chloroform, separated by thin-layer chromatography and quantified using
a fluorodensitometer as described previously (Buchanan and Stahl, 1987).
Mycelial dry weights were determined- gravimetrically by drying the

Table 1—Growth and aflatoxin production by Aspergillus parasiticus BCR/
cultured for 7 days in YES supplemented with various methylxanthines®

Mycelial Aflatoxin/ Aflatoxin/
dry wt culture mycelium
Supplement® (mg) pHe (ng) (ng/mg)
None 197(2) 7.62 4.29(0.46) 21.8
Caffeine 131(4) 5.30 93.94(2.57) 7171
Theophylline 226(5) 7.45 7.11(1.01) 31.5
Theobromine 243(9) 7.59 3.05(0.08) 12.6
Xanthine 248(4) 7.20 2.82(1.20) 11.4

2 Values = 2(:SEM), n = 4 replicate cultures.
bConcentration of supplements = 4 mg/mL.
CInitial pH = 6.0,

Table 2—Growth and aflatoxin production by Aspergillus parasiticus BCR?
cultured for 10 days in YES supplemented with various purine com-
pounds?

Mycelial Aflatoxin/ Aflatoxin/
dry wt culture mycelium
Purineb (mg) pHe (ng) (ng/mg)
None 129.3(1.2) 8.6 0.0 0
Caffeine 173.6(9.4) 6.2 15.5(6.3) 89
Adenine 133.4(0.3) 8.6 0.0 0
Adenosine 131.8(2.2) 8.6 0.0 0
AMP 140.6(3.4) 8.6 0.0 0
Guanine 120.6(10.1) 8.4 0.0 0
Guanosine 135.6(0.7) 8.6 0.0 0
GMP 125.8(1.7) 8.6 0.0 0

2 Values = i(:SEM). n = 3 replicate cultures.
b Concentration of caffeine = 4 mg/mL, purines = 5 mM,
¢ Initial pH = 6.0.

extracted mycelia for 24 hr at 85°C. An exception was the mycelia used
for caffeine uptake determinations. In this instance dry weights were
determined without prior extraction with chloroform.

RESULTS

THE SPECIFICITY of the caffeine-dependent nature of afla-
toxin production in the caffeine-resistant strain BCR1 was as-
sessed by comparing the effects of caffeine to the related
compounds, theophylline, theobromine and xanthine (Table
1). Caffeine strongly stimulated aflatoxin formation, which is
in agreement with earlier studies (Buchanan et al., 1987; Buch-
anan and Stahl, 1987). Accompanying this was a decrease in
mycelial dry weights and a depression of the pH of the cul-
tures. The other xanthine compounds had little, if any, effect
on aflatoxin production, though all three stimulated growth to
some degree.

Since the biochemical basis for caffeine’s effects in various
biological systems has often been associated with purine me-
tabolism, supplementation studies were performed to deter-
mine if purine bases, nucleosides or nucleotides could be used
in place of caffeine to stimulate aflatoxin production in BCR1
(Table 2). None of the purine compounds affected growth or
aflatoxin production; only the caffeine-containing controls had
significant toxin formation. The caffeine-containing cultures
grew to a greater degree than the caffeine-free controls, which
is directly opposite of the results observed in Table 1. This
difference in growth responses may be due to the difference
in incubation time and the depression of growth rate when
BCR1 is grown in the presence of caffeine (Buchanan et al.,
1987). However, in subsequent studies on the effect of time
of caffeine supplementation (Fig. 1a), there was little differ-
ence in the extent of growth of caffeine-free and caffeine-
containing cultures after 10 days of incubation. The reason for
the variations in growth responses among the experiments is not
readily apparent and requires further investigation.

While the time of caffeine supplementation did not affect greatly
the extent of growth of BCR1 (Fig. 1a), it did impact significantly
caffeine-dependent aflatoxin production (Fig. 1b). Aflatoxin pro-
duction was greatest when caffeine was present at the time of
inoculation and was reduced to some extent if added after one
day of incubation. When caffeine supplementation occurred after
two or more days, aflatoxin production was equivalent to that of
the caffeine-free controls.

The effect of caffeine on respiration in NRRL 2999 and
BCR1 was determined using replacement cultures (Fig. 2).
Caffeine inhibited strongly both 0, uptake and C0, evolution
by the wild type strain, which is in agreement with results
reported previously (Buchanan and Lewis, 1984a). Respiration
in BCR1 was generally resistant to the effects of caffeine. Peak
0, uptake in the absence of caffeine was delayed slightly in
BCR1 as compared to NRRL 2999. Uptake was similar in the
2 mg/mL caffeine cultures and delayed further in 4 mg/mL

- cultures. Peak evolution of C0, was delayed (but not inhibited)

in a dose-related manner by caffeine.
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Table 3—Effect of caffeine on the uptake 14C(U)-glucose by replacement
cultures of Aspergillus parasiticus NRRL 2999 and BCR1 containing 60
mg/mlL glucose®

Table 4— Effect of caffeine on the uptake of 1#C-amino acids by pregrown
mycelia of Aspergillus parasiticus NRRL 2999 and BCR12

Amino acid

Caffeine in Caffeine in Glucose uptake Caffeine in Caffeine in uptake
growth medium  replacement medium (wmol/min/g growth Medium  replacement medium (nCi/min/g
Strain {mg/mL) {mg/mL) dry mycelia) Strain {mg/mL) (mg/mL) dry mycelia)
BCR1 0 0 3.11(0.90)® BCR1 0 0 1.13(0.39)>
2 3.20(0.58) 4 1.72(0.30)
4 3.46(0.61) 2 0 0.49(0.08)
8 3.39(0.44) 4 0.39(0.14)
2 0 3.56(0.69) : :
2 5.64(0.58) NRRL 2999 0 0 0.51(0.04)
4 4.36(0.56) 4 0.65(0.12)
NRRL 2999 0 g g? (gzg) a Cultured in YES (72 hr, 28°C, 200 rpm) and then transferred to YEG with 0 or 4 mg/
2 2'91(0'71) mL caffeine. Incubated for 1 hr (28°C, 200 rpm) and then received 14C-amino acids
.97(0.31) to achieve level of 0.1 p.Ci/mL. Incubated for 15 min and amino acid uptake deter-
a4 4.52(0.39) mined.
8 4.31(0.24) bX(+SEM), n = 4 replicate cultures.

a Cultured in YES (72 hr, 28°C, 200 rpm) and then transferred to YEG with 0-8 mg/mL
caffeine. Incubated for 1 hr (28°C, 200 rpm) and then supplemented with 14C(U)-
glucose to level of 0.1 pCi/mL. After 15 min of incubation, glucose uptake deter-
mined.

b X(+SEM), n = 4 replicate cultures.

of caffeine were detected within the mycelia of BCR1 grown
initially in YES + 0.1% caffeine. In these cultures there was
a transitory increase in caffeine levels immediately after trans-
fer and an elevation in levels after extended incubation (24—
30 hr); however, the levels attained were not as great as those
observed with the cultures grown without caffeine.

DISCUSSION

THE CAFFEINE-DEPENDENT NATURE of aflatoxin pro-
duction by the caffeine-resistant isolate, Aspergillus parasiti-
cus BCR1, appears highly specific in that dimethylxanthines
(theophylline and theobromine) could not substitute for the
trimethylxanthine (Table 1). High levels of aflatoxin pro-
duction in the absence of caffeine could not be restored by
supplementation with purine bases, nucleosides or nucleotides
(Table 2), suggesting that caffeine dependency does not in-
volve an alteration in purine metabolism. However, this does
not rule out the possibility that BCR1 has elevated levels of
one or more purine compounds and that caffeine suppresses
their production which in turn results in increased aflatoxin

formation. The specificity of caffeine-dependent aflatoxin pro-
duction in BCR1 is reminiscent of the specificity of caffeine
inhibition in the wild type strain; NRRL 2999 was unaffected
by other methylxanthines (Buchanan and Fletcher, 1978;
Buchanan et al., 1978; Buchanan et al., 1983b) and the inhi-
bition of aflatoxin production could not be reversed by purine
supplementation (Buchanan et al., 1983b).

As a secondary metabolic process, aflatoxin production is
initiated after cessation of exponential growth. Typically, af-
latoxin production under conditions similar to those employed
in the current study is initiated between 60-72 hr of incubation
(Applebaum and Buchanan, 1979; Maggon et al., 1977). In
the current study, caffeine stimulation of aflatoxin production
in BCR1 was strongly growth phase dependent, and only oc-
curred when the mold was exposed to caffeine early in its
growth cycle (Fig. 1). This indicated that caffeine was not
directly affecting the aflatoxin biosynthetic pathway, since its
effect was greatest prior to the time period when the cultures
were capable of synthesizing aflatoxins. Instead, caffeine ap-
peared to be influencing some aspect of the mold’s primary
metabolism which in turn affected later synthesis of secondary
metabolites such as aflatoxins. This is in agreement with Buch-
anan et al. (1987) who suggested that the mutation producing
caffeine resistance involved a bioregulatory locus that influ-
ences multiple developmental processes within the mold.

Caffeine strongly impaired both respiration (Fig. 2) and glu-
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Fig. 4—Lineweaver-Burk plots of glucose uptake by replacement
cultures. of Aspergillus parasiticus NRRL 2999 and BCRI cul-
tured initially in YES and then transferred to media containing
10-100 uM glucose and 0 or 4 mg/mL caffeine. ‘

Table 5—Intracellular concentration of 0affeine in mycelia of Aspergillus
parasiticus NRRL 2999 and BCR1 after transfer to YES with 4 mg/mlL,
caffeine

Intracellular caffeine
(rmol/g dry mycelium)

Initially cultured - Initially cultured

Post-transfer

incubation in YES YES + 0.1% caffeine
(hr) NRRL 2999 BCR1 BCR1
0 ND® ND 17.0(1.7)
1 72.2(16.5) 119.9(1.9) 50.1(3.4)
2 100.6(7.3) 98.7(9.8) 20.6(4.4)
4 114.3(1.9) 86.7(7.3) 21.9(4.6)
6 79.6(11.6) 102.8(12,2) 24.4(2.4)
24 111.9(0.9) 108.0(1.4) 79.0(16.0) -
30 105.3(5.9) 112.2(11.9) 61.5(21.1)

a f(:SEM), n = 3 Replicate cultures,
b None detected.

cose utilization (Fig. 3) in the caffeine-sensitive wild type strain,
which is in agreement with previous investigations (Buchanan
and Lewis, 1984a). As might be expected both metabolic
processes were active in the presence of caffeine in BCRI,
though caffeine still affected this caffeine-resistant strain to
some degree as evidenced by delayed peak respiration and
depressed glucose utilization. These results suggested that af-
latoxin production was not related directly to eitﬁer respiration
or glucose utilization. The respiratory and glucose utilization
patterns of BCR1 most closely matched those of NRRL 2999

without caffeine (i.e., producing large amounts of aflatoxins) -

when the caffeine-resistant strain was also cultured without
caffeine. However, aflatoxin production in BCR1 is only abun-

dant when the strain is cultured in the presence of caffeine
(Table 1).

Buchanan and Lewis (1984a) hypothesized that caffeine af-
fected aflatoxin production in NRRL 2999 via an inhibition of
glucose transport. Similar results were observed in the current
study (Fig. 4), indicating that caffeine inhibits glucose uptake
by NRRL 2999 under conditions that favor active transport
(i.e., low glucose concentrations). However, compared to NRRL
2999, glucose transport in BCR1 occurred at a substantially
reduced rate and was inhibited further by caffeine. Considering
that aflatoxin production by BCR1 occurs most abundantly in
the presence of caffeine, the results suggest that the hypothesis
of Buchanan and Lewis (1984a) is incorrect or incomplete.
This interpretation is reenforced by the results of the glucose
transport determinations performed under conditions more
closely resembling cultural conditions associated with abun-
dant aflatoxin production (i.e., unstarved cells exposed to el-
evated levels of glucose) (Table 3). The lack of effect in both
NRRL 2999 and BCR1 suggested that caffeine did not inhibit
glucose transport when the concentration of the sugar was such
that it entered the cell by facilitated diffusion. This implied
that when glucose was present at low concentrations, caffeine
inhibited active transport by interfering with energy generating
or utilizing processes. Even when glucose was present at high
concentrations, it was likely that both sets of nutritional con-
ditions existed simultaneously due to the geometry of the my-
celia. Though cells on the exterior of a mycelial pellet or mat
would be exposed to the high levels of glucose, it is likely that
the cells within the interior would be nutritionally limited.
However, this potential nutritional differential does not affect
the overall implications of the results; neither caffeine inhibi-
tion of aflatoxin synthesis in NRRL 2999 nor caffeine stimu-
lated aflatoxin production in BCR1 could be related directly
to caffeine disrupting glucose transport.

The physiological significance of the amino acid transport
data (Table 4) is unclear. The lack of effect within strain/
culture groups indicated that caffeine did not directly affect
amino acid transport in either strain. However, the approxi-
mate doubling of transport rates observed with BCR1 when
the strain was initially grown without caffeine suggested that
the caffeine resistance mutation might include an alteration of
amino acid transport. Interestingly, when BCR1 was cultured
initially with caffeine, amino acid transport rates dropped back
to values equivalent to those of the wild type strain. These
were also the cultures where the greatest amount of aflatoxin
production was expected due to the time dependent nature of
caffeine’s stimulation of toxin formation. This suggested a pos-
sible relationship between amino acid transport and caffeine
dependent aflatoxin production in the caffeine-resistant strain.
Previous work has established that abundant aflatoxin produc-
tion in BCR1 occurs only when cultures contain both caffeine
and one or more of a group of specific amino acids (Buchanan
and Stahl, 1987).

The mechanism underlying caffeine resistance in BCR1 is
not known. Based on the results of residual caffeine determi-
nations, Buchanan et al. (1987) concluded that neither BCR1
nor the wild type strain was capable of metabolizing caffeine
to any significant degree, eliminating this as a potential resis-
tance mechanism. Intracellular caffeine determinations in the
current study (Table 5) indicated that there were no differences
in the levels of caffeine within BCR1 and NRRL 2999 after
transfer from a caffeine-free medium to one containing 4 mg/
mL. This implied that BCR1 had not acquired an increased
ability to exclude caffeine. However, substantially reduced in-
tracellular levels of caffeine were detected when BCR1 was
cultured initially in medium containing 1 mg/mL caffeine and
then transferred to medium with 4 mg/mL., This suggested that
the level of caffeine accumulation within BCR1 may be influ-
enced by the level of caffeine in the environment during an
early stage of its growth from conidia. This and other questions
concerning the mechanism of caffeine resistance in A. para-
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Fig. 1—Effect of the time of caffeine (4mg/mL) addition on growth
(A) and aflatoxin production (B) by Asperiqillus parasiticus BCR1
cultured in YES. All cultures were incubated a total of 10 days.

The effect of caffeine on glucose utilization by the wild-
type and mutant strains was assessed by determining the re-
sidual glucose concentrations of replacement cultures (Fig. 3).
NRRL 2999 depleted (90% utilization) the medium of glucose
in the absence of caffeine but did not utilize the sugar when
caffeine was present at a concentration of 4 mg/mL. This is in
agreement with results reported previously (Buchanan and Lewis,
1984a). BCR1 utilized glucose to an extent equivalent to that of
the wild type strain in the absence of caffeine and depleted ap-
proximately 50% of the glucose in the cultures containing caf-
feine. When BCR1 was initially cultured in YES + 0.2% caffeine
and then transferred to YES without caffeine, the extent of glu-
cose utilization was again equivalent to that of the wild-type strain
and BCR1 initially cultured without caffeine. However, when
BCR1 was initially cultured in caffeine-containing medium and
then transferred to YES with 4 mg/mL caffeine, the extent of
glucose utilization was significantly greater than the correspond-
ing BCR1 cultures grown initially without caffeine.

The effect of caffeine on glucose transport by NRRL 2999
and BCR1 was assessed using two different approaches. Glu-
cose uptake determinations were performed initially using low
levels of glucose (0.01-0.1 mM) in conjunction with pres-
tarved mycelia reverted previously to a filamentous state (Fig.
4). Under these conditions, caffeine inhibited glucose uptake
by NRRL 2999 in manner similar to that noted previously by
Buchanan and Lewis (1984a). The rate of glucose transport by
BCR1 was substantially less than NRRL 2999 in the absence
of caffeine and was depressed further by caffeine. The degree
of glucose transport inhibition by caffeine in both strains ap-
peared inversely related to the initial glucose concentration.

Glucose transport was reassessed using conditions more

7 CAFFEINE FREE

LEGEND

CAFFEINE  NRRL
(MG /ML) 2999 BCRI

0 [ ] 8]
2 [ ] (0]
60 4 A [y
-~ 50
Zz
3
o 40
E N .
¢
X 30
-
o
)
z 20
o
%
o 10
0
60
g B
S 50-
-
ES
S 40 -
w
>
3
S 30
w
w
g 20+
Q
3
Z 10
@
«
<
© 0 T T T T T T T 1

0 10 20 30 40 50 60 70 80

POST - TRANSFER INCUBATION ( HOURS )

Fig. 2— Effect of caffeine on oxygen uptake {A) and carbon diox-
ide evolution (B) by replacement cultures of Aspergillus para-
siticus NRRL 2999 and BCR1.

closely approximating those associated with abundant aflatoxin
production (Table 3). This entailed using intact, unstarved my-
celial pellets in conjunction with an elevated level of glucose
(330 mM). Under these conditions, glucose transport by NRRL
2999 and BCR1 were similar and unaffected by caffeine. Glu-
cose uptake by BCR1 was not affected by initially growing
the strain in media containing caffeine.

A similar set of conditions was used to study the effect of
caffeine on amino acid uptake by NRRL 2999 and BCR1 (Ta-
ble 4). Caffeine did not significantly affect amino acid uptake
in the wild type strain. Amino acid uptake by BCR1 grown
initially in the absence of caffeine was approximately twice
that of NRRL 2999, and there was a trend towards increased
uptake rates in the presence of caffeine. However, when BCR1
was grown initially in the presence of caffeine (2 mg/mL), the
observed transport rate was less than those of NRRL 2999 and
was unaffected by caffeine.

Based of residual caffeine determinations, it had been es-
tablished previously (Buchanan et al., 1987) that neither the
wild type strain, NRRL 2999, nor its caffeine resistant deriv-
ative, BCR1, metabolized caffeine. The current study exam-
ined this further by determining the intracellular concentrations
of caffeine (Table 5). When initially grown in YES and then
transferred to caffeine-containing medium, caffeine was de-
tected in similar concentrations in washed mycelia of both
strains. Uptake appeared rapid, with peak concentrations being
achieved within 1-2 hr of transfer. Substantially lower levels
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siticus BCR1 and related caffeine resistant strains await the
results of future research.
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