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A technique to dissect the alimentary canal of the coffee berry borer
(Hypothenemus hampei), with isolation of internal microorganisms
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Abstract

A technique for dissecting the alimentary canal of the coffee berry
borer, Hypothenemus hampei, is presented. The technique was devel-
oped to isolate and identify alimentary canal-associated microorgan-
isms that might be involved in caffeine detoxification.

Introduction

The coffee berry borer, Hypothenemus hampei (Ferrari)
(Coleoptera: Curculionidae: Scolytinae), is a minute bark beetle, with
females measuring ca. 1.5-2.0 mm in length and males being even
smaller, ca. 1-1.2 mm long. The insect, endemic to Africa, is now pres-
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ent in most coffee producing countries and causes yearly losses esti-
mated at over US $500 million (Vega et al., 2002b), making the coffee
berry borer the most economically important pest of coffee.

The coffee berry borer exhibits a cryptic life cycle inside the coffee
berry, initiated by a colonizing female that oviposits in galleries with-
in the berry and producing progenies with skewed sex ratios (10:1)
favoring females (Vega et al,, 2002a). The progeny feeds on the two
coffee seeds within the berry, thereby reducing yields and the quality
of the marketable product. Once insects molt into adults, there is sib-
ling mating, followed by inseminated females emerging from the berry
in search of new berries to colonize.

One of the most fascinating aspects of the basic biology of the cof-
fee berry borer is its ability to survive on a food source containing caf-
feine (Vega et al., 2003), a purine alkaloid that inhibits insect feeding
(Nathanson, 1984; Vega et al., 2003). The mechanisms used by the cof-
fee berry borer to breakdown caffeine are not known, but might be
related to the presence of microorganisms in the alimentary canal
(i.e., foregut, midgut, and hindgut). One of the main obstacles to iden-
tify these microorganisms is the difficulty in dissecting the alimenta-
ry canal of such a small insect. Few techniques for the dissection of ali-
mentary canals in beetles have been published, and most of the avail-
able information describes the dissecting procedures of rather large
specimens, Ze. >5 mm long (Hanley & Ashe, 2003). We have developed
a technique useful in dissecting the alimentary canal of the coffee
berry borer for subsequent identification of microorganisms using
molecular procedures.

Materials and methods

Insects

Coffee berry borers were reared on artificial diet containing ground
green coffee beans, sugar, casein, powdered yeast, and preservatives
(Portilla, 1999) and kept in the dark at 28°C.

Surface sterilization and dissection

The technique is based on first sterilizing the cuticle by placing the
insect in a 1.5 mL microcentrifuge tube containing 500 uL absolute
ethanol, and vigorously shaking for ca. 30 s. The insect is then removed
with sterile tweezers and transferred to another microcentrifuge tube
containing 500 uL undiluted commercial bleach (6% sodium hypochlo-
rite) and shaken for ca. 30 s. Finally, the insect is washed three separate
times in microcentrifuge tubes containing 500 ulL of sterile 1X phos-
phate buffered saline (PBS; diluted from 10X PBS pH 7.4; Ambion, Inc.,
Austin, TX, USA). This sterilization technique is effective in killing
organisms present on the insect cuticle based on the lack of growth after
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plating aliquots from the last PBS wash. Once the insect is removed from
the final PBS wash, it is placed on an 8 uL drop of sterile IX PBS in a ster-
ile plastic Petri dish (Figure 1A). An additional PBS drop is placed in the
dish for subsequent transfer of the insect, as described below.

The first step in the dissection process is to move the insect away
from the PBS drop (Figure 1B) and to lightly press down on the elytral
suture with tweezers to prompt the elytra and wings to spread open
(Figure 1C). This facilitates their removal with tweezers (Figure 1D).
The insect, now lacking the elytra and wings, can then be transferred
to the second PBS drop (Figure 1E). The head is then held with tweez-
ers and the dorsal side of the abdominal integument is removed by
pulling and carefully peeling posteriorly with sterile tweezers (Figure
1F). The abdominal cavity is then cleared of extraneous material (e.g.,
cuticular segments, fat bodies, etc.) and the ventral side of the
abdomen is excised, leaving the alimentary canal attached to the head
(Figure 1G). By placing light pressure on the head (with the tweezers),
the crop will move posteriorly, and the head can be removed.

Ten dissected alimentary canals were transferred to a sterile 1.5 mL
microcentrifuge tube containing 500 ul of sterile 1X PBS and homoge-
nized with a sterile tissue homogenizer. The homogenized tissue solu-
tion was diluted (1:100) in 1X PBS and 10 uL of the dilution were plat-

wm

ed onto sterile tryptic soy agar (Sigma-Aldrich, St. Louis, MO, USA) and
incubated at 30°C until colonies were well-developed. Individual
colonies were transferred to tryptic soy broth (Sigma-Aldrich) and
incubated for 24 h at 30°C and 200 rpm. The bacterial cells were then
harvested and their DNA extracted using the DNeasy Blood and Tissue
kit (QIAGEN, Valencia, CA, USA) following the manufacturer’s protocol.
The DNA was used for polymerase chain reaction (PCR)-amplification
of the 16rS DNA using the universal bacterial primers 27F and 1492R
(Polz & Cavanaugh, 1998). PCR products were sequenced for subse-
quent phylogenetic analysis.

Results

The technique described above can be reliably used to dissect the
entire alimentary canal, starting with the crop and ending with the anal
opening (Figure 1H). The mean length (n=>5) of the alimentary canal
is 3.5 mm (Figure 1H).

Once dissected, the alimentary canal can be transferred to a sterile
microcentrifuge tube containing 1X PBS, where it can be macerated, fol-

Figure 1. Methodology used for the dissection of the alimentary canal of the coffee berry borer.
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lowed by plating on different media for the recovery of culturable organ-
isms. These can then be used for physiological studies or for the direct
extraction of DNA/RNA. The dissection technique has yielded 20 bacter-
ial species that have been identified based on 16S rDNA gene sequences
as members of the Actinomycetales, Sphingomonadales, Rhizobiales,
Pseudomonadales, Xanthomonadales, and Enterobacteriales.

Discussion

As part of our efforts to elucidate the role of the microbial communi-
ties associated with the coffee berry borer in the breakdown of caffeine,
we developed an alimentary canal dissection technique that can be
used in the analysis of the microbiota associated with small beetles.
The dissection of the alimentary allowed us to isolate different species
of bacteria by traditional culturing techniques, and can be also used to
extract DNA/RNA for the screening of genes and microbial communi-
ties. The role of the isolated microorganisms on the biology of the cof-
fee berry borer is the focus of ongoing research (Ceja-Navarro et al,
2012, unpublished data).
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