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ABSTRACT 

  

 Red palm weevil, Rhynchophorus ferrugineus 

(Oliver, 1790), Order; Coleoptera, Family; Curculi-

onidae, is considered as the biggest threat facing 

date palm cultivators. The larva feed on trunk ten-

der tissue and can cause palm death within  

6-8 months after infection. Insect gut harbors a 

community of bacteria that lives in an endosymbi-

otic relationship with the insect and it is strongly 

evident that it plays a key role in insect life. Deci-

phering and identification of insect microbiota 

could lead to the development of new symbiotiont-

based control approaches. In this work we studied 

the diversity of the endosymbiont bacterial com-

munity of red palm weevil larval midgut in Egypt, 

by using Denaturing Gradient Gel Electrophoresis 

(DGGE), based on 16S rRNA genes PCR amplifi-

cation. We used three groups of field caught larva 

sampled from two different places; El-Badrashin 

and Agricultural Research Center (ARC) in Giza 

governorate, Egypt. DGGE profiling patterns has 

shown the relative prevalence of bacterial phylo-

types  affiliated to family Firmicute; Leuconostoc 

lactis, Lactococcus lactis, Lactobacillus nagelli and 

bacterial phylotypes affiliated to family Actino-

baceria; Cellulomonas cellasea, Bifidobacterium 

minimum, which suggest that they have a potential 

role in nutrition, physiology and immunomodulation 

of the insect. 

 

 

INTRODUCTION 

 

 Date palm (Phoenix dactylifera L.) is consid-

ered to be one of the oldest cultivable trees in the 

world. North Africa and The Arab peninsula are the 

major date palm cultivation zones, it is the primary 

source of income for more than 10 million people 

in north Africa (Zouine et al 2005). According to 

(FAOSTAT, 2013), Egypt ranks as the first country 

in dates production with 1.3 million tons / year, it 

has approximately 15 million bearing female palm 

trees distributed all over the country governorates. 

Egypt exports 25 thousand tons/year of dates 

(FAOSTAT, 2013). Dates productivity has declined 

over the last decade because of disease, pests 

and lacking of developmental researches. One of 

the major date palm threats is the red palm weevil 

(Rhynchophorus ferrugineus, Family; Curculio-

nidae). It was originated from South-East Asia and 

spread increasingly with the expansion of trade 

and travel in the world, and became the major 

palm pest in the Mediterranean area (Ferry and 

Gomez, 2002). It was first recorded in Egypt at 

November 1992 in El-Sharquiya governorate and 

then to the rest of all the country governorates. 

The adult weevils attracted by the volatiles emitted 

from wounded palms (Kairomone) and lay their 

eggs in the opening wounds on the trunk. Larva is 

the most destructive stage, after hatching it begins 

to tunnel towards the interior of the palm making 

larger cavities while feeding on tender tissues in 

the trunk. Red palm weevil attack can result in 

palm death within 6-8 months. (Avand Faghih 

1996; Murphy and Briscoe 1999; Dembilio & 

Jacas 2011). 
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 Integrated Pest Management (IPM) aims to 

make use of different control methods to optimize 

the insect population density in the infested areas 

(Rajamanickam et al 1995). The red palm weevil 

IPM strategy mainly includes; pheromone trapping, 

insecticides and quarantine protocols. Using insec-

ticide as the most effective and widely practiced 

treatment for infested palm trees, implicates heavy 

environmental impacts especially for human and 

non-targeting invertebrates. There is a strong re-

quirement for developing new techniques and ap-

proaches to be applied in red palm weevil integrat-

ed pest management strategy in order to decline 

the role of insecticides to a very low level. 

 Insect gut harbors a wealth of rich communities 

of nonpathogenic microorganisms. A single gut 

could harbors 10
5
–10

9
 of prokaryotic cells includ-

ing; bacteria (primarily dominated), archaea, fungi, 

protists, viruses (Engel and Moran, 2013). It is 

increasingly evident that gut microbial community 

play an essential role in its host biology. They are 

not only involved in digestion and nutrition of in-

sects, but they also could serve as protective and 

antimicrobial symbionts, help in recovering  from 

abiotic and biotic stresses (Oliver et al 2010), en-

hance and improve the innate immune system 

(Hamdi et al 2011), improve sexual performance, 

fertility (Behar et al 2008), longevity, evolution,  

and insect development. Identification and exploi-

tation of the gut microbiota could lead proposing 

innovative and promising solutions for insect relat-

ed problems, this approach is called; Microbial 

Resource Management (MRM) (Verstraete et al 

2007). Thus, knowing the composition of original 

gut microbial community of the target insect is con-

sidered as a necessary prerequisite for establish-

ing new symbiont-based approaches. 

 Despite of its economic importance, there is 

still little information is known about red palm wee-

vil gut microbiota. This study aims to provide explo-

ration and analysis of the bacterial endosympionts 

associated to the gut of field caught R.ferrugineus 

larvae in Egypt, based on bacterial 16S rRNA 

genes. We used denaturing gradient gel electro-

phoresis (DGGE) technique as a culture-

independent method followed by sequencing and 

phylogenetic analysis to introduce a vision of the 

potential roles of identified gut bacterial community 
 

MATERIALS AND METHODS 
 

Insects 

  

 Three groups of field caught red palm weevil 

larvae (the destructive stage of insect) were col-

lected in winter, between the two high annual 

peaks of the red palm weevil (October and March). 

The samples collected from two different places; 

El-Badrashin (sample A), Agriculture Research 

Center ARC (sample B and sample D). Each lar-

vae group was collected from a different infested 

date palm which has a clear history of treatment 

with chemical or biological insecticides. Larvae 

were collected in a sterile plastic container half 

filled with the larval frass and trunk tender tissues 

from the larval tunnels (as a food). Every larval 

group consists of 25-22 larvae. Samples were 

dominated by later instars, and its weigh was be-

tween 1.7 to 4.5 g. The temperature of the infected 

palm trees was measured during sampling by digi-

tal thermometer with a metal probe, beside that the 

temperature of the surrounding healthy date palm 

trees was measured at the same time. The tem-

perature of the infested trees was (31.4 – 32.4º C), 

while the temperature of the healthy trees was 

(17.6 – 18.1º C), and the average temperatures of 

the sampling days were (18.2 – 20.3º C). 

 

Larvae dissection 

 

 The larvae were dissected within 24 hours from 

the collection time. They were washed with sterile 

saline (0.9% NaCl), followed by surface serializa-

tion by washing several times with 70% (V/V) eth-

anol and were allowed to evaporate. The larvae 

were dissected aseptically under a laminar flow 

biosafety level II by using sterile micro- scissors 

and the whole gut lumen was hold with a fine forci-

pes while it was still connected with the head cap-

sule, then the gut content was evacuated in a 

clean sterile 50 ml tube with a syringe filled with 

sterile 0.9 % NaCl saline. After collecting all of gut 

contents in the 50 ml propylene tube, it was stored 

at -80ºC till the metagenomic DNA extraction pro-

cess. 

 

DNA extraction and PCR amplification of bacte-

rial 16S rRNA genes 

 

 DNA of the bulk microbial community was ex-

tracted by DNA purification kit (MO BIO Laborato-

ries, 12888-50, Carlsband, CA) according to the 

manufacture's protocol with the modification of 

(Elsaied et al 2002). The PCR amplification of the 

bacterial 16S rRNA genes was performed by using 

the primers 341F-GC, 5
`
- CGC CCG CCG  CGC 

GCG GCG GGC GGG GCG GGG GCA CGG 

GGG G CC TAC GGG AGG CAG CAG-3`  and 

907R, 5
`
- CCG TCA ATT CMT TTG AGT TT-3` 
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(Muyzer et al 1993).  Amplification  was carried 

out in a 50 μl final volume; 25 μl of 2X MyTaq
TM

 

Mix, 1 μl of (BSA, Thermoscientific, 20mg/ml), 1μM 

of each primer and about 5 ng of template DNA. 

The PCR was performed in Thermal Cycler (ProF-

lex
TM

 PCR system, Life technology, USA) by using 

a touch-down gradient PCR program (DeLong and 

Pace, 2001) as follows; initial denaturation at 95°C 

for 4 min; 30 cycles of 94°C for 50 sec, annealing 

at 60°C (- 0.3°C per cycle) for 50 sec, and exten-

sion at 72°C for 40 sec; 5 cycles of 94°C for 40 

sec, annealing at 60°C for 40 sec, and extension at 

72°C for 60 sec, followed by final extension 72°C 

for 12 min. Amplicons were loaded in 1.5% aga-

rose gel electrophoresis with 1kb DNA ladder 

marker and visualized using ethidium bromide un-

der UV light. 
 

Denaturing Gradient Gel Electrophoresis 

(DGGE) 
 

 DGGE was performed according to (Muyzer et 

al 1993), using DCode
TM

 Mutation Detection Sys-

tem (Bio-Rad, UK). The PCR products Loaded in 

7% acrylamide gels that contained a urea plus 

formamide gradient (100% denaturing solution 

contains 420 g/L urea and 40% formamide). 

DGGE was conducted at 120 V and 35 Amp at 

60°C for 17 h in 1× TAE running buffer (1× TAE 

buffer is 0.04 M Tris acetate, 2 mM EDTA, pH 8.5). 

The gel was stained by ethidium bromide, visual-

ized and photographed under UV gel documenta-

tion system; Gel Doc
TM

 XR
+
 imager (Bio-Rad la-

boratories inc,UK) 

 

Bacterial 16S rRNA sequencing 

 

 Dominant bands were carefully cut off under 

UV light by a sterile razor blade, placed in 50 µl of 

d.dH2O at 40ºC for 10 min and supernatant was 

used as a DNA template for the Re-PCR amplifica-

tion. Re-amplification of the bacterial 16r RNA 

genes was performed by using the same primers 

341F without GC-clamp and 907R. Amplification 

checked by electrophoresis on 1.5 agarose gel. 

Amplicons were purified by using the PCR clean-

up and gel extraction Kit (Cat No. NA006-0100, 

GeneDireX®, China). Purified samples were sent 

for Big Dye terminator cycle sequencing at Macro-

gen, Inc. South Korea. 

 

 

 

 

 

Sequence and phylogenetic analysis 

 

 The sequences obtained from the 16S rRNA 

genes fragments were analyzed with nucleotide-

nucleotide BLAST to determine their closest 

matches in GeneBank  database (National Center 

for Biotechnology Information, USA) to obtain the 

nearest phylogenetic neighbors 

(www.ncbi.nlm.nih.gov/BLAST/). Sequence align-

ments were performed by MAFFT version 7 

(http://mafft.cbrc.jp/alignment/), and the phyloge-

netic tree was constructed by using neighbor-

joining method using MEGA7.1.0 software. 

 

RESULTS AND DISCUSSION 

 

Total diversity of the gut microbial community 

of Red Palm Weevil  

 

 The DGGE profile results have shown the 

presence of 26 visible (distinguishable) bands with 

an average number of (8 to 9 bands) per sample 

(Fig. 1), which indicate that the red pal weevil mi-

crobial community shows relatively low complexity 

structure (each DGGE band corresponded to a 

single Operational Taxonomic Unit (OTU), where 

the total banding pattern is reflective of a commu-

nity's complexity and diversity (Muyzer et al 1993; 

Muyzer and Smalla, 1998). Contrasting results of 

other tree xylophagous coleopterans which rely on 

its microbial community for efficient cellulose and 

lignocellulose metabolism, high diversity and com-

plexity  was observed (Colman et al 2012), while 

low complexity and diversity were observed in the 

gut microbial community of the red turpentine wee-

vil (Morales-Jiménez et al 2009). Red palm weevil 

larva throughout their development inhabit inside 

the palm trunk, feeding only on palm tissues (en-

closed environment) (Murphy and Briscoe, 1999), 

feeding on live trees may expose the insect and its 

gut microbial community to the tree's physiological 

and immuno responses, without omission of the 

potential role of the red palm weevil antimicrobial 

activity in the selection of specific bacterial phylo-

types (Byers, 1995; Mazza et al 2011). These two 

other factors may also contributed to shaping and 

limiting the microbial community structure of the 

insect (Morewood et al 2004 and War et al 2012). 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/BLAST/
http://mafft.cbrc.jp/alignment/
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Fig. 1. DGGE profiling for PCR-amplified bacterial 

16S rRNA genes fragments of the red palm weevil 

gut content pools. A: sample A from El-

Badrashein), B: sample B from Agriculture Re-

search Center (I), C: sample C from Agriculture 

Research Center (II) 

 

Sequence analysis and phylogenetic affiliation  

 

 Partial sequences of the 16s rRNA genes of 

the gut bacterial microbiota of the red palm weevil  

were analyzed and sequences were compared 

with their most closest matches from the BLAST 

database search tool (Table 2) in order to detect 

the nearest phylogenetic neighbors. Out of 26 

DGGE bands (OTUs), 17 dominant bands could be 

identified successfully which were represented by 

7 bacterial phylotypes (Table 1). According to phy-

logenetic analysis (Fig. 2); DGGE-OTU 7-B.C 

were identified as Lactococcus lactis with identity 

100%. DGGE-OTU 2.A-C was assigned to Lacto-

bacillus nagelii with identity 96%. DGGE-OTU 3-

A.B.C was assigned to Loriellopsis cavernicola 

with identity 89%. DGGE-OTU 1.A-C assigned to 

Leuconostoc lactis with 99% sequence similarity, 

DGGE-OTU 6.A-B-C was assigned to Cellulomo-

nas cellasea with sequence similarity 84%, DGGE-

OTU 4.A-B-C was assigned to Bifidobacterium 

minimum with sequence similatity 83%, DGGE-

OUT 5-A.D was assigned to Pantoea  wallisii with 

85% sequence identity. 

Table 1. DGGE bands represented by bacterial 

16S rRNA genes of phylotypes which were identi-

fied in the three gut content pools of the red palm 

weevil 
 

Bacterial  

Phylotypes/ 

OTUs 

DGGE bands of the gut content 

pools 

El-

Badrashein 

(A) 

ARC,  

(I) 

(B) 

ARC, 

(II) 

(C) 

1- A.C 1A - 1C 

2- A.C 2A - 3C 

3- A.B.C 3A 3B 6D 

4- A.B.C 7A 6B 7C 

5- A.D 8A - 8D 

6- A.B.C 9A 7B 9C 

7- B.C - 1B 2C 

 

Structure of red palm weevil larval gut endo-

symbiotic bacterial community 

 

 Out of the 26 DGGE bands (total bands 

numbe) are six of them are species affiliated to 

phylm Firmicutes which represent at least 23% of 

the microbial community predominant phylotypes. 

It was Leuconostoc lactis , Lactococcus lactis and 

Lactobacillus nagelli, and  they are all lactic acid 

bacteria (LAB) (König and Fröhlich 2009). Lactic 

acid bacteria (LAB), are microorganisms known of 

their potential probiotic activity, they were reported 

to enhance innate immune system in bees and fruit 

flies, as they stimulate the transcription of genes in 

the immuno-responce of the insect (Evans & 

Lopez, 2004 and Ryu et al 2008), in addition to 

that, Lactic acid bacteria are well known as pro-

ducers of antimicrobial compounds, such as organ-

ic acids (lactic acid- acetic acid- formic acid- Suc-

cinic acid), hydrogen peroxide, antimicrobial poly-

peptides (Bacteriocisns), antibiotics, as well as 

several less well-defined and completely unidenti-

fied inhibitory compounds (Vandenbergh, 1993 

and De Vuyst and Vandamme, 1994), They are 

acid tolerant bacteria which able to acidify their 

surrounding environment which affect the growth 

of pathogens that share the same gut micro-niche. 

Acidification caused by LAB bacteria could help in 

insect host protection against some microbial tox-

ins such as Bacillus thuringiensis protoxins which 

need to be activated at the alkaline pH (Broderick 

et al 2003). Moreover, the bacterial fermintation 

activity increases the temperature in the palm tis-

sue and may promote the insect development dur-

ing the winter season. The chewed-up palm tissue 

(frass) fermentation result in production  of  some  
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Table 2. Bacterial species identified in the gut of Red Palm Weevil 
 

OTUs/  

phylotype 
nt 

Closest sequence matches 

(Accession number) 

Identity% 

/E value 
Pylogenetic affiliation 

1- A.C 522 Leuconostoc holzapfelii BFE 

7000 ( (NR042620.1) 

Leuconostoc citreum ATCC  

49370 (NR042627.1) 

Leuconostoc lactis JCM 6123 

(NR113255.1) 

Leuconostoc lactis KCTC  3528 

(NR040823.1) 

(99%) 0.0 

 

(99%) 0.0 

 

(99%) 0.0 

 

(99%) 0.0 

 

Firmicutes / Leuconostocaceae 

 

Firmicutes / Leuconostocaceae 

 

Firmicutes / Leuconostocaceae 

 

Firmicutes / Leuconostocaceae 

2- A.C 290 Lactobacillus nagelii NRIC 0559  

(NR041007.1) 

Lactobacillus nagelii JCM 12492 

(NR112754.1) 

Lactobacillus nagelii LuE10  

(NR119276.1) 

(96%) 8e-101 

 

(96%) 3e-100 

 

(96%) 3e-100 

Firmicutes / Lactobacillaceae 

 

Firmicutes / Lactobacillaceae 

 

Firmicutes / Lactobacillaceae 

 

3- A.B.C 480 Cephalothrix lacustris  CCIBt 

3261 (NR137272.1) 

Loriellopsis cavernicola LF-B5 

(NR117881.1) 

Cephalothrix komarekiana CCIBt 

77 (NR137273.1) 

Aerosakkonema funiforme Lao26 

(NR114306.1) 

8e-128 (89%) 

 

8e-128 (89%) 

 

4e-126 (88%) 

 

4e-126 (88%) 

 

Cyanobactria/ Oscillatoriophycideae 

 

Cyanobactria/ Oscillatoriophycideae 

 

Cyanobactria/ Oscillatoriaceae 

 

Cyanobactria/ Oscillatoriaceae 

4- A.B.C 533 Bifidobacterium minimum ATCC 

(NR044692.2) 

Bifidobacterium mongoliense YIT 

(NR041686.1) 

Bifidobacterium coryneforme 

CCUG  (NR115978.1) 

Bifidobacterium indicum JCM 

1302 (NR043439.1) 

(83%) 1e-126 

 

(82%) 3e-119 

 

(82%) 3e-119 

 

(82%) 3e-119 

 

Actinobacteria/ Bifidobacteriaceae 

 

Actinobacteria/ Bifidobacteriaceae 

 

Actinobacteria/ Bifidobacteriaceae 

 

Actinobacteria/ Bifidobacteriaceae 

5- A.D 440 Pantoea  wallisii LMG 26277 

(NR118122.1) 

Enterobacter  cloacae  ATCC 

13047  (NR118568.1) 

Enterobacter  xiangfangensis 10-

17 (NR126208.1) 

Erwinia billingiae  LMG 2613 

(NR118431.1) 

(85%) 4e-27 

 

(85%) 2e-25 

 

(85%) 2e-25 

 

(85%) 2e-25 

 

Proteobacteria /Erwiniaceae 

 

Proteobacteria /Enterobacteriaceae 

 

Proteobacteria / Enterobacteriaceae 

 

Proteobacteria /Erwiniaceae 

6- A.B.C 495 Cellulomonas cellasea NRS-124 

(NR029288.1) 

Cellulomonas hominis CE40 

(NR037077.1) 

Cellulomonas pakistanensis 

NCCP-11 (NR125452.1) 

(84%) 6e-62 

 

(84%) 6e-62 

 

(83%) 3e-60 

 

Actinobacteria/ Cellulomonadaceae 

 

Actinobacteria/ Cellulomonadaceae 

 

Actinobacteria/ Cellulomonadaceae 

 

7- B.C 430 Lactococcus lactis VBN35 

(MG027655.1) 

Lactococcus lactis subsp.296 IR  

(MF990372.1) 

Lactococcus lactis RPWL3 

(MF185375.1) 

Lactococcus lactis 14B4 

(KX713999.1) 

(100%) 0.0 

 

(100%) 0.0 

 

(100%) 0.0 

 

(100%) 0.0 

Firmicutes /Streptococcaceae 

 

Firmicutes /Streptococcaceae 

 

Firmicutes /Streptococcaceae 

 

Firmicutes /Streptococcaceae 
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Fig. 2. Phylogenetic tree based of 16S rRNA genes sequences of Red Palm Weevil gut bacterial phylo-

types in relation to the most closest matches from NCBI GeneBank database. The tree was constructed by 

using the Neighbor-Joining method. The percentage of replicate trees in which the associated taxa clus-

tered together in the bootstrap test (1000 replicates) are shown next to the branches as percentage. The 

evolutionary distances were computed using the p-distance method. The analysis involved 34 nucleotide 

sequences. All positions containing gaps and missing data were eliminated. Evolutionary analyses were 

conducted in MEGA7 
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important organic compounds such as, organic 

acid derivatives,  diacetyl, ethyl esters, acetoin, 

which serve as aggregation pheromones and play-

ing a role in the attraction of other insects and in-

ducing new ovi-position  events on the same palm 

(Guarino et al 2011). 

 In our investigation Cellulomonas cellasea was 

identified as a member of red palm weevil gut bac-

terial community. Genus cellulomonas was detect-

ed in gut bacterial community investigations of 

other coleoptrains; Dendroctonus valens (Coleop-

tera: Curculionidae) (Morales-Jiménez et al 

2009), Oryctes agamemnon (Coleoptera: Scara-

baeidae) (El-Sayed and Ibrahim 2015), Anthono-

mus grandis (Coleoptera: Curculionidae) (Guerre-

ro et al 2016). Genera cellulomonas members are 

a well-known producers of cellulolytic enzymes, 

with the ability of degrading cellulose aerobically 

as well as anaerobically (facultative anaerobes) 

(Stackebrandt et al 2006), but the presence of 

cellulolytic bacteria does not prove that the pro-

cess is actually occurs in the insect gut, especially 

when we consider the potential impact of the low 

pHof the red palm weevil gut lumen (Darvishza-

deh et al 2012).This impact is supported by the 

observation of the susceptibility of cellulolytic rumi-

nal bacteria to the low pH in bovine rumen, as they 

lose their ability to metabolize cellobiose at low pH 

(Russell and Wilson 1996). The relatively low 

diversity and the presence of a prevailing sugar 

fermenting bacteria (LAB) make a suggestion that 

the red palm weevil larva does not depend on the 

digestion of cellulose as a primary nutrition func-

tion, and this hypothesis supported by the fact that, 

insects that relay on its nutrition on complex sub-

strates; cellulose and hemicellulose-derived mate-

rials, tend to select complex gut bacterial commu-

nities (Colman et al 2012). 

 Bifidobacterium minimum is another phylotype 

which was identified as a common bacterial mem-

ber. Bifidobacteria generally are anaerobic gram 

positive bacteria. Few species of this genus are 

oxygen tolerant, Bifidobacterium minimum is one of 

the high oxygen tolerant species (Simpson et al 

2005), it is also a lactic acid and acetic acid pro-

ducers (Biavati et al 2000). Bifids are probiotics 

that are known as commensals in mammalians gut 

and they were detected previously in gut microbi-

omic surveys of social insects; honey bees, bum-

ble bees and wasps (Jeyaprakash et al 2003; 

Mrazek et al 2008; Killer et al 2010 and Kopečný 

et al 2010), where they are considered to contrib-

ute to host's metabolism, physiology and immuno-

modulation (Ouwehand et al 2002; Fanning et al 

2012).  

 Pantoea inhabit in various ecosystems such as 

soil, plant, animals, water and insects, it was de-

tected by (Wang and Zhang, 2015) in association 

with the larvae gut of mealworm beetle; Tenebrio 

molitor (Coleoptera: Tenebrionidae). Investigations 

demonstrated the involvement of pantoea in pro-

ducing volatiles and antimicrobial phenols which 

serve as components of aggregation pheromones 

and chemical antimicrobial barrier to gut infection 

in Schistocerca gregaria, (Dillon & Charnley, 

1995 and Dillon et al 2002) 

 In spite of detecting cyanobacteria in red palm 

weevil gut is considered rather obscure, cyanobac-

teria were previously detected in wood-feeding 

huhu beetle larvae; (Prionoplus reticularis) as in 

active gut flora (Reid et al 2011). 
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