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Red palm weevil (RPW), Rhynchophorus ferrugineus Oliver is one of the insects that attack date palm trees 
directly and cause its death. This infection poses serious economical consequences in Saudi Arabia and other 
gulf countries. RPW assimilates the components of palm tree tissues. Significant amount of microbiota in the 
gut of RPW may contribute to success of its pathogenesis. This study explored the nature of microbiota in RPW 
by culture-dependent and molecular-based techniques using PCR and sequencing analysis. Larvae of RPW 
were fed on an artificial diet and were fixed before opening its gut for microbial cultivation on enrichment media. 
Pure cultures were obtained after incubating the plates at different atmospheric conditions (aerobic, and strictly 
anaerobic). The majority of isolated microbiota observed were aerobes and facultative anaerobes (Bacillus sp., 
Salmonella sp., Enterococcus sp., and Xanthomonas sp.). These qualitative differences of bacteria, suggest the 
presence of a complex ecosystem in the gut of RPW. Subsequently, bacterial DNAs were extracted from pure 
cultures for definitive molecular identifications. Hot start-touchdown PCR was performed to amplify regions 
within 16S rDNA. Amplicons were cloned into the TOPO-TA vector for sequencing. The data reveal to some 
extent that aerobic and facultative anaerobic bacteria are more distributed in the gut of RPW. 
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INTRODUCTION 

 
Date palm, Phoenix dectyliferal, is the most important fruit 
tree of arid, tropical and sub-tropical regions of the world 
including Saudi Arabia and many other Arab countries. 
Usually several insects attack date palms, but the red 
palm weevil (RPW), Rhynchophorus ferrugineus Oliver is 
the one that causes the most considerable damage. The 
RPW that invaded the Gulf region in the mid 1980s 
belongs to the order Coleoptera and family Curculionidae 
(Wattanapongsiri, 1966). The RPW is a concealed tissue 
borer and all of its life cycle stages are found inside the 
palm tree consuming the tender soft tissues. Damage 
symptoms of palm trees are indicated  
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by the presence of tunnels in the trunk, oozing of thick 
yellow to brown fluid from the trees, the appearance of 
chewed plant tissues in and around the openings in the 
trunk, the presence of a fermented odor from the fluid 
inside infested tunnels in the trunk, and/or breaking of the 
trunk or toppling of the crown (Kaakeh, 2006). The attack 
by RPW would lead to death of palm tree within 6-8 
months (Murphy and Briscoe, 1999). Some of the 
damage symptoms caused by the RPW may be also 
caused by other insects, such as termite. Studies during 
the last decade illustrate that symbiotic microorganisms in 
the intestinal termite gut play key physiological functions. 
These functions are: cellulose and Hemicellulose 
digestion, acetogenesis, hydrogenesis, methanogenesis, 
sulfate reduction, and nitrogen fixation in addition to its 
possibility of employing them as a biological control. 



  
 
 

 
Table 1. Primers used for the amplification of the 16S rDNA gene. 

 

Primer name Direction Primers sequence 

8FPL Forward 5’- GCG GAT CCG CGG CTG CAG AGT TTG ATC CTG GCT CAG-3’ 

806R Reverse 5’-GCG GAT CCG CGG CCG CGG ACT ACC AGG GTA TCT AAT-3’ 
 

 

Significant counts of different aerobic, facultative anae-
robic, microaerophilic and strictly anaerobic microbes 
were isolated from intestinal termite gut. Aerobic and 
facultative anaerobic bacteria isolated from termite's 
intestine including Burkholderia sp. and Citrobacter sp. 
were isolated under aerobic conditions as aromatics-
degrading bacteria (Harazono et al., 2003). Serratia 
marcescens, Enterobacter aerogens, Enterobacter cloa-
cae, and Citrobacter farmeri were isolated as facultative 
anaerobes (Adams and Boopathy, 2005). Additionally, 
under aerobic and facultative anaerobic conditions, 
several Gram-positive bacteria of the actinomycetes like 
Cellulomonas/Oerskovia, Microbacterium, Kocuria and 
bacterial genera including Bacillus, Brevibacillus and 
Paenibacillus were isolated. Also, under the same 
conditions, Gram-negative bacteria related to the genera  
Afipia, Agrobacterium, Rhizobium,  
Brucella/Ochrobactrum, Pseudomonas and 
Sphingomonas/Zymomonas and Spirosoma were 
isolated (Wenzel, et al., 2002). However, no information 
is available about the intestinal microbiota of red palm 
weevil guts. Very few studies have been conducted on 
the natural enemies of RPW such as Beauveria bassiana, 
Pesudomonas aeruginosa, Bacillus sphaeri-cus, B. 
megaterium and B. laterosporus which were isolated from 
natural habitats and used as classical biological control of 
RPW (Hanounik et al., 2000; Murphy and Briscoe, 1999; 
Salama et al., 2004).  

The objective of this study was to explore the nature of 
RPW gut microbiota and to determine whether the RPW 
gut can provide a distinctive environment for the isolation 
of several new aerobic and facultative anaerobic bacteria 
which might be exploited for biological control of RPW. 

 
MATERIALS AND METHODS 
 
Sample collection and microbiological techniques 
 
Larvae of RPW were procured from Dr. Al-Ayedh at King Abdualziz City 
for Science and Technology, Saudi Arabia. They were fed on an 
artificial diet. The larvae were externally sterilized in 100% ethanol for 
about one minute and then allowed to air dry for one minute also. They 
were fixed on a chilled table before opening its gut using flame sterilized 
fine-tip forceps and placed in 10 ml of saline water. Serial dilution 
aliquots were used for the inoculation. Enrichment and isolation of 
bacteria were performed using two media. Medium one (M1) was 

minimal medium containing 8 g of NH2H2PO4, 0.2 g of yeast extract, 2 

g of K2HPO4, 0.5 g of MgSO2.7H2O, 0.5 g of Na4SO2, 0.5 g of NaCl, 10 

mg of ZnCl2.2H2O,  
8 mg of MnSO2.7H2O, 10 mg of FeSO4.7H2O, and 50 mg of CaCl2 
in 1 liter of distilled water, pH 7.0. Medium two (M2) was Tryptic Soy 

 

 
Broth (TSB). To prepare TSB (pH 7.0) an appropriate amount of 
propionic acid stock solution (1.0 M, pH 7.0) was added to 2x 
concentrated TSB media and pH was adjusted to pH 7.0 with 1.0 M 
HCl. For the preparation of anaerobic TSB, the aerobically prepared 

TSB was gassed with N2, dispensed into 13 x 100 mm test tubes (4 

mL/tube) under an N2 stream and then sealed with butyl rubber 
stoppers, followed by autoclaving for 20 min (Kwon and Ricke, 
1998). Sterilized aerobic and anaerobic tubes were inculcated and 

incubated for 3 days at 30
o
C. To isolate a single colony, 0.1 ml of 

each culture was spread on Tryptic Soy Agar (TSA) plates. The 

plates were incubated for 3 days at 30
o
C and isolates were 

transferred to fresh media approximately after every two weeks. 

The pure aerobic isolates were maintained in TSA slants at 4
o
C 

until needed for identification and characterization experiments. The 
pure anaerobic isolates were maintained on TSA, which were 
prepared aerobically. TSA plates were transferred into an anaerobic 
chamber (Bactron anaerobic chamers, model II, Sheldon 
manufacturing Inc. Cornelius, Oregon) having a mixed gas 

atmosphere (5% H2, 10% CO2, and 85% N2). Finally, several media 
was used for isolation and characterization of specific microbial 
groups included MacConkey, thio-sulfate-citrate-bile-sucrose 
(Difco), and agar-blood media (I.P.A.) for the detection of  
Enterobacteriaceae, Vibrionaceae, and Streptococcaceae, 
respectively (Collins et al., 2004). 

 
DNA extraction and touchdown PCR 
 
Bacterial DNA was isolated from bacterial samples by silica-based 
selective adsorption per manufacturer’s instructions (QIAamp DNA 
Mini kit, Valencia, CA), followed by 1% agarose gel electrophoresis 
to evaluate the extraction. Extracted DNAs were quantified by using 
spectrophotometer (GeneQuant, Ge Healthcare). The yield was 
between 100-200 ng/µl with purity ratio of 1.8. Touchdown PCR 
was performed to minimize non-specific amplification. In touchdown 
PCR, the DNA polymerase was added to the reaction mixture at 
80C (after the denaturing step). The reaction was then ramped 
down to 65C for primer annealing. Each subsequent annealing 

step decreased by 1C until 55C was reached (10 cycles), then the 
remaining cycles were performed at this annealing temperature. 

Touchdown PCR reactions included 10 x ExTaq buffer with MgCl2 2 

mM /reaction, dNTP mix 2.5 mM each /reaction, ExTaq (Fisher 
Scientific, Pittsburgh, PA) DNA polymerase 1.25 U/reaction and 100 

ng/µl of DNA, and total volume was brought up to 50 µl by ddH2O. 
The PCR reactions were used to amplify regions within 16 S rDNA 
by using universal oligonucleotide primers targeting highly 
conserved regions (Table 1). The reaction tubes were placed in 
GenAmp 9700 thermal cycler (Applied Biosystems) 94ºC initial 
denaturation for 5 min, at 80ºC ExTaq with proofreading activity 
added, 94ºC for 30 s, 65ºC for 1 min. The annealing temperature 
declined 1ºC per cycle for 10 cycles until it reached 55, 72ºC for 3 
min, 72ºC for 10 min for 35 cycles. All PCR products were gel-
purified by QIAquick Gel extraction kit (Qiagen, Valencia, CA). 

 
Cloning and sequencing 16S rDNA 
 
To identify bacteria present in our samples, the regions of  the  16S 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. PCR amplicons of 16S rDNA from pure cultures of RPW 
gut microbiota. The expected size of amplicons was 850 bp from 
lane 1-9; lane 10 is negative control. 
 
 

 
rDNA gene were PCR amplified. Amplicons were gel-purified using 
GFX PCR DNA and gel band purification kit (GE Healthcare) and 
sense and anti-sense strands of 16S rDNA were sequenced in an 
ABI 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA.) 
using ABI BigDye terminator cycle sequencing ready reaction kit 
chemistry according to manufacturer’s recommendations. Following 
sequencing, each sequencing data were identified using basic local 
alignment search tool (BLAST). (www.ncbi.nlm.nih.gov/BLAST) and  
ribosomal databases of Michigan State University 
(http://rdp.cme.msu.edu/index.jsp). Sequencing data were aligned 
and the evolutionary relationship of the sequencing information was 
studied by phylogenetic analyses. 
 

 

RESULTS AND DISCUSSION 

 

Several studies have been performed about the function 
of the intestinal microbiota. The digestive system and the 
absorption of the nutrients are highly dependent on a 
balanced intestinal microbiota. Further, intestinal micro-
biota produces useful compounds such as vitamins and 
enzymes. This study focused on the distribution of 
aerobic and facultative anaerobic bacteria in RPW larvae. 
Limited number of bacteria was isolated and identified 
from the gut of larvae grew on artificial diet. PCR 
amplicons were obtained from pure culture of RPW gut 
microbiota with the expected size of 850 bp (Figure 1). 
Analysis of 16S rDNA sequences revealed that bacterial 
isolates represented four genus and six species; Bacillus 
sp, Salmonella sp, Enterococcus sp, and Xanthomonas 
sp. Neither enrichment-selective media nor conditions 
were adequate for RPW gut microflora. Normally, insect 
gut microbiota is considered as a complex ecosystem 
containing over a hundred of bacterial species including 
anaerobes and facultative anaerobes (Varma, 1994; 
Brauman, 2000). The role of facultative anaerobes in the 
termite gut is to scavenge oxygen, which has permeated 
the exoskeleton into the gut (Madigan et al., 2002). 
Hence, the presence of large quantities of oxygen can be 
deadly to strictly anaerobic organisms, such as the pro- 

 
 
 
 

 

tozoa and spirochete found in the termite gut. The oxygen 
that permeates from the exoskeleton to the gut is 
effectively scavenged by the facultative organisms and 
thus protecting the strict anaerobes in the center of the 
gut, which are essential for cellulose digestion and 
termite survival (Adams and Boopathy, 2005). Isolating 
aerobic and facultative anaerobic from larva gut 
demonstrated a potentially deep penetration of oxygen 
into the gut and an essential role of oxygen in the mine-
ralization of aromatic compounds. Further, bacteria gut 
might play several physiological functions. For example, 
Enterococcus strain RfL6, representing the most abun-
dant physiotype among the carbohydrate-utilizing gut 
bacteria, was not purely fermentative, but consumed 
oxygen during growth on glucose, accompanied by a 
complete shift in the product spectrum from lactate to 
acetate, and was able to oxidize lactate to acetate when 
oxygen was present (Tholen el al., 1997).  

Based on the results of this study, we assume that the 
majority of the intestinal RPW bacteria are fastidious 
and/or extremely anaerobic. Several studies have 
emphasized that the older methods of anaerobic culture, 
in particular the anaerobic jar and liquid media containing 
reducing agents, are inadequate for the recovery of 
extreme anaerobes. Sensitive anaerobes will die if 
exposed to room air for more than 5 min. The results of 
this study should have considerable importance for future 
work on RPW intestinal microbiota. The samples of 
intestinal larvae should be removed and placed on 
selective media under anaerobic conditions; anaerobic 
chamber may be an advantage for the isolation process. 
On the other hand, growing the larvae on an artificial diet 
might affect or change the intestinal microbiota (Kane and 
Breznak, 1991). Hence, the gut of insect acts as 
continuous culture systems whereby microbes that 
cannot degrade diet compounds are washed out whereas 
those that can degrade diet compounds are retained and 
made to multiply in the gut (Hayashi, et al., 2007). 
Therefore, it is important to use RPW larvae grown on 
natural diet as a control to study the inhabiting bacteria of 
RPW intestine.  

One of the most effective and applied approach to 
study gut microbiota is to use molecular techniques. 
Recently, the development and application of molecular 
techniques have facilitated and revolutionized the analy-
sis of mixed bacterial populations in different species. 
The 16S rDNA based phylogenetic approach has been 
used to study human and animal intestinal microbial 
ecology and specific groups of bacteria (Felske et al., 
1998). Regions within 16S rDNA evolved at different and 
slow rates, resulting in alternating conserved and variable 
regions (Kolbert and Persing, 1999). The presence of 
conserved regions of 16S rDNA allows the selection of 
universal oligonucleotide primers for PCR amplification of 
most prokaryotic organisms. The most significant advan-
tage of using bacterial 16S rDNA is the ability to establish 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Multiple sequence alignments of 16S rDNA of identified bacterial species was executed by DNAstar 
LaserGene software version 7, highlighting the similarities and differences among the identified bacteria from 
pure cultures of RPW gut microbiota. Dot lines indicate consensus sequences. 
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Figure 3. Phylogenetic analysis showing the evolutionary relationship of the bacteria from pure cultures of RPW gut 
microbiota based on 16S rDNA sequence information. 

 
 

 

phylogeny by identification of polymorphisms (Persing, 
1993). The 16S rDNA sequences are also used as a 
marker for genetic bacterial activity (Woese, 1987). 
Highly variable portions of 16S rDNA sequence provide 
useful information about the bacteria and the relation-
ships among different genera and species. The 16S 
rDNA Amplicons may be used directly for sequencing 
analysis to provide definitive identification of mixed 
bacterial population and give an indication of represen-
tative members in the natural microbial community. The 
identification is based on BLAST alignment of query 
sequence against Gene bank sequence database (Figure 
2), which was used to construct the evolutionary 
relationship analysis (Figure 3).  

The diversity of intestinal microbiota signifies the need 
for special requirements for cultivation. Therefore, the use 
of molecular methods to analyze the intestinal micro-biota 
directly permits global analysis of mixed bacterial 
population and is a proven tool for rapid assessment of 
the biodiversity in gut ecosystem. Culture-independent 
studies by PCR amplification of 16S rDNA followed by 
sequence determination, and comparative sequence 
analysis have surpassed the limitation of microbiological 
identification by conventional culturing techniques. 
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