Identification of a coffee berry borer-associated yeast:
does it break down caffeine?
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Abstract

Two yeasts isolated from laboratory reared adult coffee berry borers [ Hypothenemus hampei (Ferrari)

(Coleoptera: Scolytidae)] and from insects collected in the field in Colombia were identified as Pichia
burtonii Boidin and Candida fermentati (Saito) Bai, based on sequencing of the nuclear large subunit
26S rDNA variable D1/D2 domain. Liquid culture experiments using P. burtonii in media containing
different caffeine levels indicated that caffeine levels in a range found within coffee seeds can retard
yeast growth. HPLC analysis shows that P. burtonii does not break down caffeine.

Introduction

The coffee berry borer, which is endemic to Central Africa
and is now found in most coffee growing regions, is the
most devastating pest of coffee throughout the world. Of
more than 800 insects reported on coffee, the coffee berry
borer is the only one that has developed an ability to
exploit the coffee bean as a food source. This is remarkable
due to the many reports of caffeine toxicity to insects (see
below) and the caffeine content (as a percentage of dry
weight) in the coffee seed, which averages 1.1-1.7% in
Coffea arabica L. and 2-3% in C. canephora (robusta)
Pierre ex Froehn er (Mosli Waldhauser & Baumann, 1996).

It has been proposed that the role of the alkaloid caffeine
in plants might be as a defence against herbivores
(Nathanson, 1984). This hypothesis is supported by
reports of the negative effects of caffeine in diets fed to
insects in various orders: Coleoptera (Rizvi et al., 1980;
Nathanson, 1984; Akhtar & Mondal, 1994; Pgschko, 1995;
Castellanos & Espinosa-Garcia, 1997 Hewavitharanage et al.,
1999); Diptera (Itoyama, 1990, 1993; Srinivasan & Kesavan,
1979; Mohamed & Nair, 1991, 2001; Itoyama & De Campos
Bicudo, 1992; Itoyama et al., 1995, 1997, 1998); Lepidoptera
(Muthukrishnan et al., 1979; Nathanson, 1984; Mathavan
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etal., 1985; Slansky & Wheeler, 1992; Mayilvaganan &
Mathavan, 1994; Stamp et al., 1994; Laz et al., 1998); and
Heteroptera (Nathanson, 1984). In addition, caffeine has
been shown to act as a deterrent against several insects
(Levinson, 1976; Usher et al., 1988; Glendinning & Slansky,
1994; Chen et al., 1996; Bernays et al., 2000; Liscia & Solari,
2000).

The ability of the coffee berry borer to successfully
exploit a food source which is high in alkaloids (caffeine in
the coffee seed) is likely due not only to biological traits
predominant in members of the Scolytidae (e.g., burrowing
into host plant; Wood, 1982) but also to detoxification
mechanisms which are absent in species that cannot survive
on the coffee seed. During routine examinations of coffee
berry borers for microbial pathogens, we detected yeasts
within the insect. This was interesting, because yeasts are
known to serve as endosymbionts in insects, in some
cases detoxifying plant toxins or producing enzymes that
help in the digestion of food material (Shen & Dowd, 1991
and references therein). Therefore, we became interested
in determining the possible role of yeasts in caffeine
detoxification.

Materials and methods

Insects
Coffee berry borers originating from insects collected in
the field in Colombia were reared at the US Department
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of Agriculture (USDA) quarantine facility in Stoneville,
Mississippi, on an artificial diet containing ground dried
green coffee beans, sugar, casein, powdered yeast, and
preservatives (Portilla, 1999) and kept at 28 °C with a
L12:D12 photoperiod. A separate batch of insects was
obtained from a colony maintained at the Insect
Biocontrol Laboratory (USDA) in Beltsville, Maryland,
using Portilla’s diet (1999) but with different suppliers for
the ingredients used.

Yeast isolation from the insect

Batches of ten coffee berry borer adults were sterilized in a
70% ethanol solution containing Triton X-100 for 30 s
while vortexing, followed by a wash in sterile distilled
water while vortexing for another 30 s. Insects were then
macerated in 0.5ml of sterile water using a tissue
homogenizer. The homogenate was transferred to a 2-ml
Eppendorf tube and centrifuged for 5 min at 725 g. Two pl
of the suspension from around the pellet area were
inoculated onto yeast malt (YM) extract agar (per 500 ml:
10 g agar, 5 g glucose, 2.5 g peptone, 1.5 g yeast extract,
1.5 g malt extract) with 0.5 ml antibiotics (0.02 g each
streptomycin, penicillin, and tetracycline dissolved in
10 ml sterile water and filter sterilized); the same was done
with the water used to clean the insects to assess whether
there were yeasts on the cuticle of the insect (this was
always negative). From the YM agar, the yeast was
transferred to Wickerham’s YM broth (3 g yeast extract,
3 g malt extract, 5 g peptone, and 10 g 1" distilled water)
for 24 h at 25 °C using a rotary shaker at 200 r.p.m.
After centrifugation, the yeast was washed and lyophilized
for subsequent DNA extraction using the method of
Kurtzman & Robnett (1998a). The ca. 600 nucleotide 26S
rDNA domain D1/D2 (Kurtzman & Robnett, 1998a) was
amplified by polymerase chain reaction (PCR) and
sequenced using an ABI TagDyeDeoxy terminator Cycle
sequencing kit and an ABI 377 DNA Sequencer (Applied
Biosystems Inc., Foster City, CA).

Yeast growth in liquid culture media containing caffeine

To assess whether caffeine would affect yeast growth,
Pichia burtonii from the coffee berry borer was selected
for liquid culture experiments. This strain was chosen
because it was the first to be isolated and identified. YM
extract broth was prepared by completely dissolving 10 g
glucose (Sigma Chemical Co., St. Louis, MO), 5 g tryptone
peptone (Difco Laboratories, Detroit, MI), 3 g yeast
extract (BBL Microbiology Systems, Cockeysville, MD),
and 3 g malt extract (Sigma Chemical Co., St. Louis, MO)
in 1000 ml distilled water, followed by the addition of 1 ml
antibiotics (as previously described). The media (200 ml)
was then dispensed in five beakers and caffeine (1,3,7-

trimethylxanthine, anhydrous, Sigma Chemical Co., St.
Louis, MO), was added as follows: 0 g (control), 0.2 g
(0.1% caffeine), 1.0 g (0.5%), 2.0 g (1%), and 4.0 g (2%).
A magnetic stirrer was used to completely dissolve the
caffeine. The media was filter sterilized in a laminar flow
hood using a 0.2 um filter (Nalge Co., Rochester, NY) and
45 ml of each respective treatment was dispensed into each
of three 125 ml sterile baffled flasks (three replicates per
treatment). The media was inoculated using a 4-day-old
coffee berry borer isolated P. burtonii culture (NRRL Y-
27402) growing on YM broth. A dilution was prepared so
as to make inoculations in flasks with 5 ml of 5 x 10° spores
ml™', thus resulting in a final concentration of 5x 10’
spores ml™' and a final caffeine concentration of 0.09, 0.45,
0.9, and 1.8%. Treatments were incubated in an INNOVA
4000 Digital Incubator Shaker (New Brunswick Scientific
Co.Inc., Edison, NJ) at 28 °Cand 150 r.p.m., and spore yields
were determined using a Bright-Line hemacytometer
(Sigma Chemical Co., St. Louis, MO), counting at least
four fields for each flask and three flasks per treatment, 24,
48, and 72 h post-inoculation. At each sampling point a
1-ml culture sample was placed in a sterile Eppendorf
tube and stored at —80 °C until HPLC analysis could be
performed. The experiment was repeated three times.

Spore counts were log,, transformed and analyzed as
a three-factor general linear models using PROCMIXED
(SAS Institute Inc., 1999) with concentration and hour as
the fixed factors and block as a random factor. The correla-
tion between cell counts over time was modeled using the
compound symmetry heterogeneous covariance structure
in PROCMIXED. The assumptions of the general linear
model were tested. To correct for variance heterogeneity,
the treatments were grouped into similar variance groups
for the analysis.

HPLC analysis

Culture supernatants were analyzed for caffeine content
by reverse-phase chromatography performed on a
Hewlett-Packard 1100 HPLC (Hewlett-Packard GmbH,
Waldbronn, Germany) equipped with a diode array detector.
Supernatants were clarified by centrifugation at 10 000 g
for 4 min. Samples of the clarified supernatants were
then diluted with water (based on the initial caffeine
concentration of the culture) such that the final con-
centration of the caffeine would be 100 p.p.m. Ten pl of
each diluted sample was injected onto a Luna 250 X 3 mm
C18(2) column (Phenomenex; Torrance, CA) and eluted
isocratically with 20 mm sodium acetate buffer (pH 4.75)
containing 25% methanol at a flow rate of 400 pl min™.
The UV absorbance was monitored at 275 nm, where the
caffeine exhibits an absorbance maximum. Ten pl of a
standard containing 100 p.p.m. of anhydrous caffeine



dissolved in water was used to calibrate the system.
Integration of the UV absorbance data was performed
using HP CHEMSTATION software. Under the chromato-
graphic conditions described, supernatants from cultures
without caffeine exhibited no UV absorbing compounds
that interfered with the caffeine analysis. Differences in
caffeine concentration among hours post-inoculation
were tested separately at each caffeine concentration
using PROCMIXED (SAS Institute Inc., 1999) with hour
specified as a fixed factor.

Results

Yeast identification

The nuclear large subunit 265 rDNA variable D1/D2
domain of four yeasts isolated from the coffee berry borer
at different times was sequenced (Kurtzman & Robnett,
1998a). Two strains had a 600 nucleotide sequence which
was identical to that of the type strain of Pichia burtonii
Boidin (NRRL Y-1933, GenBank no. U45712); these have
been accessioned in the USDA Agricultural Research
Service Culture Collection (NRRL; National Center for
Agricultural Utilization Research, Peoria, IL) as NRRL Y-
27394 and NRRL Y-27402. The other two isolates have
sequences which are identical to Candida fermentati
(Saito) Bai (C.P. Kurtzman, unpubl.) and have been
accessioned as NRRL Y-27401 (GenBank no. AY187283)
and NRRL Y-27403. On the basis of phenotype,
C. fermentati was believed to be a synonym of Pichia
guilliermondii Wickerham (type strain, NRRL Y-2075,
GenBank no. U45709). However, P, guilliermondii and
C. fermentati differ by three nucleotides, and it appears
that they may represent two separate but closely related
species.

Pichia burtonii growth in caffeine-containing media

Results of P. burtonii spore counts in liquid culture
revealed a statistically significant concentration by hour
interaction (d.f. = 8; F = 103.4; P < 0.0001). Means were
compared using Sidak adjusted P-values so that the
experiment-wise error was 0.05. There was no significant
difference in spore production 24, 48, or 72h post-
inoculation between the control and the lowest caffeine
concentration, although at higher caffeine concentrations,
spore production was significantly inhibited (Table 1).

Caffeine degradation by P. burtonii

Analysis of the HPLC data revealed no significant
differences between initial caffeine concentrations in the
media and those detected 24, 48, and 72 h later for each of
the concentrations tested: 0.09% (P =0.8369); 0.45%
(P =0.2662);0.9% (P = 0.5111); and 1.8% (P = 0.9241).
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Table 1 Pichia burtonii growth in liquid media containing
different levels of caffeine after inoculation with 5.5 X 10° spores
ml™. Means are for three experiments run on different dates, each
with three replicates per treatment

Cells mI™ x 107 (h post-inoculation)

% Caffeine 24 48 72

0 40.7a'y? 74.3ax 100.3ax
0.09 33.8ay 66.6ax 90.7ax
0.45 18.9by 28.8bx 47.5bx
0.9 4.5¢z 20.7¢cy 35.9bx
1.8 0.9dz 9.9dy 14.7¢cx

'Concentration means within hour with different a, b, ¢, d letters
are statistically different at the 0.05 significance level.

Hours means within concentration level with different x, Y.z
letters are statistically different at the 0.05 significance level.

Discussion

We have isolated two yeasts (P. burtonii and C. fermentati)
from the coffee berry borer. Barnett et al. (2000) lists 33
different Pichia species associated with insects, out of 89
recognized Pichia species. Pichia burtonii had previously
been isolated from an unspecified caterpillar (Barnett
et al., 2000) while other Pichia species have been reported
from insects, e.g., P. guilliermondii has been reported
from the frass of Synoxylon rufficorne (Coleoptera:
Bostrichidae), from fig wasps (Hymenoptera: Chalcidoidea),
and from Xestobium plumbeum (Coleoptera: Anobiidae)
(Barnett etal., 2000); P. ramenticola from the frass of
wood-boring beetle larvae (Kurtzman & Robnett, 1998b;
Kurtzman, 2000), and P. pini from galleries associated
with various Ips and Dendroctonus species (Coleoptera:
Scolytidae) (Holst, 1936; Phaff, 1956; Whitney, 1971).
Various Candida species (Pichia’s asexual stage; Barnett
et al., 2000) have been isolated from frass of unspec-
ified wood boring beetle larvae and from the striped
ambrosia beetle Trypodendron lineatum (Oliv.) (Coleoptera:
Scolytidae) (Kurtzman & Robnett, 1998b; Kurtzman, 2000).
Candida has also been isolated from two Dendroctonus
species (Rumbold, 1941), from planthoppers (Homoptera:
Delphacidae), where it is transmitted transovarially (Eya
etal., 1989), and from a cerambycid, where it is associated
with the midgut (Bismanis, 1976). Candida fermentati has
been isolated from ants (Barnett et al., 2000).

If the role of P. burtonii in the coffee berry borer yeast
is to detoxify caffeine, then its growth should not be
impaired by caffeine concentrations present in the coffee
berry, and therefore, consumed by the insect. To mimic
caffeine concentrations in the coffee seed, we used various
caffeine concentrations in liquid culture (0.09, 0.45, 0.9,
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and 1.8%) that are well within the range found in coffee
beans (Mosli Waldhauser & Baumann, 1996). Pichia
burtonii tolerates low caffeine levels (0.09%), based on
no significant differences in spore production with the
control, but at the higher caffeine levels tested (0.45, 0.9, and
1.8%), spore production was impaired, indicating a detri-
mental effect of caffeine on the yeast. Our results suggest
that caffeine levels in the coffee seed, which are much higher
than those necessary to inhibit yeast growth in liquid
culture, might act to inhibit yeast growth within the insect.

The HPLC results indicate that P burtonii is not
involved in the breakdown of caffeine in liquid media,
as evidenced by no significant differences between initial
caffeine levels and those observed after 24, 48, or 72 h in
culture. In an additional experiment we assessed caffeine
levels after 96 and 168 h (1 week) in culture with the yeast,
and found that caffeine levels remained unchanged.
Interestingly, yeast culture supernatants produced HPLC
chromatograms which appeared little changed from fresh
media; the HPLC system used to assay caffeine concentra-
tion revealed no peaks which could be ascribed to yeast
metabolites. The yeast might be involved in the breakdown
of metabolites of caffeine, but this possibility was not
addressed in this study. Thus, even though the yeast might
be acting as an endosymbiont, it is also possible that the
presence of the yeast in the insect is mere happenstance.

In addition to detoxifying allelochemicals (Dowd, 1991,
1992), yeasts or yeast-like fungi play a nutritional role in
insects, such as providing vitamins (Chararas & Pignal,
1981), and/or sterols (Pant & Fraenkel, 1954; Noda &
Saito, 1979; Noda & Mittler, 1983). Candida guilliermondii
(Castellani) Langueron and Guerra, and Candida tenuis
Diddens and Lodder (Candida is the asexual form of
Pichia) have been isolated from the alimentary canal of a
cerambycid where they are believed to play an important
nutritional role by synthesizing B vitamins and producing
various enzymes (Chararas & Pignal, 1981). Lee & Hou
(1987) demonstrated that yeasts provide proteins that are
essential for the embryonic development of Nilaparvata
lugens (Homoptera: Delphacidae). The ability of termites
to degrade cellulose has been ascribed to the production of
hemicellulolytic enzymes by yeasts present in the termite’s
gut (Schifer et al., 1996). The detoxification role involves
the production of enzymes that in some cases have the
ability to detoxify plant allelochemicals, pesticides, and
mycotoxins (Dowd, 1990). It is possible that P. burtonii is
involved in providing nutritional factors for the coffee
berry borer.

In conclusion, P. burtonii does not appear to be associ-
ated with caffeine breakdown in the coffee berry borer.
Future studies will examine the exact location of the yeast
within the insect, as well as the biology of yeast-free insects.
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