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Abstract 
 

Aethina tumida Murray (small hive beetle, SHB) is an invasive pest of Apis mellifera L. colonies, and is attracted to honey bee 

colony odors and pheromones. This work aims to investigate A. tumida odorant binding proteins (Atum_OBPs) from adult individ-

uals, to improve the knowledge on the molecular basis of olfaction and, thus, contribute to the development of sustainable, science-

based pest control strategies. RNA was extracted and sequenced from dissected SHB heads and antennae. Complete and partial 

Odorant-binding proteins (OBPs) were identified in downstream analysis. Overall, four classical OBP from heads and one Minus-

C from antennae were recognized as complete OBPs. A phylogenetic analysis showed high sequence homology with previously 

predicted Atum_OBPs and OBPs described in other coleopteran species. Notably, the antennal OBP showed high similarity with 

one of the OBPs found in the head. Moreover, partial OBP 29 was detected for the first time in SHB head. This investigation 

provides an additional knowledge about the OBPs in A. tumida. The molecular mechanisms of olfactory perception include com-

pounds other than OBPs. A more complete vision of the involved functions, structures and pathways is necessary to develop attract-

ants for the SHB control in the field. 
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Introduction 
 

The small hive beetle (SHB), Aethina tumida Murray 

(Coleoptera Nitidulidae) (Murray, 1867) is native to Sub-

Saharan Africa (Lundie, 1940; Schmoke, 1974). This bee-

tle is a destructive and invasive pest of Apis mellifera L. 

(Hymenoptera Apidae) colonies, and is now present in all 

continents except Antarctica (Neumann et al., 2016; Al 

Toufailia et al., 2017; Lee et al., 2017; Schäfer et al., 

2019), having reached North America initially and some 

countries in Europe, South America and Asia more re-

cently (Murilhas, 2004; da Silva, 2014; Palmeri et al., 

2015; Granato et al., 2017). 

The adult SHBs invade colonies, where they can feed, 

reproduce and act as potential mechanical transmitters of 

honey bee pathogens (Eyer et al., 2009; Schäfer et al., 

2010; Cilia et al., 2018). Invasion mechanisms and inter-

action patterns with the host have not been fully elucidated 

to date. However, SHB imagoes are generally believed to 

be attracted by pheromones and other volatiles produced 

by the honey bee colony (Elzen et al., 1999; Suazo et al., 

2003; Torto et al., 2005). This behaviour has promoted the 

development of control measures based on odorant-baited 

traps (Arbogast et al., 2007; Torto et al., 2010). 

Olfaction is essential for insect detection and location of 

mates and hosts (Pelosi et al., 2014). The olfactory system 

of insects is based on four main protein groups: the odor-

ant binding proteins (OBPs), the odorant receptors (ORs), 

the odorant-degrading esterases (ODEs), and the 

chemosensory-proteins (CSPs) (Justice et al., 2003). The 

OBPs are present in the chemosensory organs of insects, 

where they act as the first step in odorant perception. They 

bind the hydrophobic odorant molecules present in the en-

vironment and, as water-soluble proteins, carry them via 

the haemolymph to the ORs located in the dendrite mem-

brane of the antennal olfactory sensory neurons, where the 

signal transduction occurs (Vogt et al., 1999; Nakagawa 

et al., 2005). Within insect species, various OBPs are ex-

pressed in different organs, including the antennae and 

others in the head, where they maintain the same function 

(Pelosi et al., 2006; 2014). 

There is little understanding of the role of the individual 

OBPs in the olfactory perception of SHB. Insects carry-

ing a deletion for a gene encoding an OBP (called LUSH) 

show an uncommon behavior. Specifically, the gene 

OBP lush, encodes for a crucial OBP and its deletion is 

known to result in abnormal attraction of Drosophila 

melanogaster Meigen (Diptera Drosophilidae) to food 

sources with high ethanol concentrations (Kim et al., 

1998; Kim and Smith, 2001). 

In general, OBPs contain six highly conserved cysteine 

residues, which allow their genome-wide identification 

and annotation in a range of insect species (Liu et al., 

2010; Zhou et al., 2010). Based on the number of con-

tained cysteine residues, the OBPs are presently sorted in 

the following groups: “Classic”, “Minus-C”, “Plus-C”, 

“Dimer”, and “Atypical” (Hekmat-Scafe et al., 2002; Xu 

et al., 2003; Zhou et al., 2004). Insect OBPs often consist 

of 120-150 amino acids (aa) in the whole, included of the 

signal peptides, processed after the translational process. 

Thanks to genome annotation and transcriptome se-

quencing, OBPs have been widely identified in many in-

sect orders, including Diptera (Zhou et al., 2004; Mitaka 

et al., 2011; Zheng et al., 2013), Lepidoptera (Gong et 

al., 2009; Grosse-Wilde et al., 2011), Hymenoptera (Got-

zek et al., 2011), Hemiptera (Gu et al., 2011) and Cole-

optera (Richards et al., 2008; Sánchez-Gracia et al., 

2009; Andersson et al., 2013; Liu et al., 2015). 
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Herein, we aim to characterize the OBP sequences from 

head and antennal adult SHB isolates. This knowledge is 

needed to better understand the molecular basis of olfac-

tion in SHB and may facilitate the development of sci-

ence-based lures that can be used in the field to control 

this honey bee pest. 

 

 

Materials and methods 
 

Samples collection and RNA extraction 
In summer 2017, twenty SHB adults were randomly 

sampled alive from combs and hive floors of free-flying 

colonies belonging to an experimental apiary of the Uni-

versity of Florida, Gainesville, Florida, USA. The SHBs 

were euthanized with dry ice and stored until use in a 

deep freezer at −80 °C. 

In the laboratory, the head of each SHB was dissected 

and separated from the antennae. The antennae and re-

maining parts of the heads were pooled separately in 1.5 

ml tubes containing 500 µl sterile and DNA/RNA-free 

water. Then, the RNA was extracted from each of the two 

pools with the High Pure RNA Isolation Kit (Roche, Ba-

sel, Switzerland) following the manufacturer’s protocol. 

 

Transcriptome analysis and sequencing 
Sample quality control and RNA sequencing were per-

formed by Genomix4Life Srl (Baronissi, Salerno, Italy). 

The RNA was quantified using a NanoDrop 2000c spec-

trophotometer (ThermoScientific), and its integrity was 

assessed by measuring the RNA integrity number (RIN) 

using a 2100 Bioanalyzer (Agilent Technologies). In-

dexed libraries were prepared from 2 µg of each purified 

RNA with TruSeq RNA Sample Prep Kit (Illumina) ac-

cording to the manufacturer’s instructions. Libraries 

were quantified using the Agilent 2100 Bioanalyzer (Ag-

ilent Technologies) and pooled to have each index-

tagged sample present in equimolar amounts, with a final 

concentration of 2 nM. The pooled samples were sub-

jected to cluster generation and sequencing using an Illu-

mina HiSeq 2500 System (Illumina) in a 2 × 150 paired-

end formats at a final concentration of 8 pM. The raw 

sequence files generated underwent quality control anal-

ysis using FastQC Version 0.10.1 (http://www.bioinfor-

matics.babraham.ac.uk/projects/fastqc/). The Illumina 

paired-end reads were preprocessed for both quality and 

adapter trimming with fqtrim Version 0.94 with default 

settings (-A -125 parameters) in order to avoid any read 

data loss due to false positive (https://ccb.jhu.edu/soft-

ware/fqtrim/index.shtml). 

 

Sequence analysis 
Reads were assembled by Genomix4Life Srl using 

Trinity de novo assembly 3.0 (Grabherr et al., 2011). 

Functional annotations were assigned based on 

Blast2GO (e-value 10−3) (Conesa et al., 2005). After 

OBP sequence annotation, a set of 'non-redundant' repre-

sentative sequences was obtained through CD-HIT-EST 

1.3 (Li and Godzik, 2006; Fu et al., 2012). OBP genes 

were translated in Expert Protein Analysis System (Ar-

timo et al., 2012). Protein structure homology-modeling 

of the obtained proteins was further analysed through 

SWISS-MODEL (Waterhouse et al., 2018) and further 

identified through BLASTP. The signal peptide in N ter-

minus was predicted by the SignalP-5.0 program 

(Bendtsen et al., 2004) (http://www.cbs.dtu.dk/ser-

vices/SignalP/). The mature form of protein was pre-

dicted using MatureP (Orfanoudaki et al. 2017). Clus-

talW Multiple alignment of complete proteins (> 120 aa) 

was conducted using Bioedit (Hall, 1999). The presence 

of highly conserved cysteine residues was manually 

checked and conserved C-pattern of complete OBP was 

determined. 

In order to confirm OBP never detected in SHB, protein 

family validation through conserved cysteines pattern 

analysis was employed (Xu et al., 2009). 
 

Phylogenetic analysis 
Complete amino acid sequences of putative OBP pro-

teins of SHB along with putative OBP sequences of other 

Coleoptera deposited in GenBank were used to construct a 

phylogenetic tree. The neighbor joining tree was con-

structed using Mega-X (Kumar et al., 2018) and the evo-

lutionary distances were computed using the Poisson cor-

rection method (Zuckerkandl and Pauling, 1965). Other 

OBPs belonging to Coleoptera species of the same infraor-

der (Cucujiformia) were selected for phylogenetic analy-

sis. The Coleoptera species included were: A. tumida, Tri-

bolium castaneum (Herbst), Dendroctonus ponderosae 

(Hopkins) and Anoplophora glabripennis (Motschulsky). 

 

 

Results 
 

Illumina sequencing and analysis 
The SHB heads and antennae transcriptome was gener-

ated starting from high quality total RNA extracted (head 

RIN  =  8.6; antennae RID = 8.2). The cDNA libraries 

were sequenced, resulting in ∼40 million PE 150-bp 

reads of good quality (Phred quality score ≥ 33). 

Analysis by protein structure homology-modelling, al-

lowed to identify seven and eight putative OBPs in the 

SHB antennae and heads, respectively (Supplemental 

material tables S1 and S2). Of them, six OBPs from an-

tennae and three from heads resulted as partial proteins. 

All the partials OBPs completely lacked the signal pep-

tide. Moreover, the MatureP software predicted the pro-

teins as incomplete due to the partial sequence of mature 

form. The six partial OBP from antennae were identified 

as follow through BLASTP analysis: two sequences be-

longing to 83a-like, two sequences belonging to 72-like 

and other two sequences belonging to OBPs 72 and 70. 

The three partials OBP detected in head were: one 72-

like sequences, one 19-d like sequence and one OBP 29 

sequence never detected in SHB. The OBP 29 lacked the 

first conserved cistein in N terminus and, starting from 

the second conserved cistein, it showed the following C-

pattern: C2-X3-C3-X38-C4-X9-C5-X8-C6. 

The complete OBP aa sequences (120-150 aa) carrying 

signal peptide were present in four proteins detected in 

the heads (Atum_OBP1, Atum_OBP2, Atum_OBP3, 

Atum_OBP4) and one protein detected in the antennae 

(Atum_OBP5). The features of the five sequences are 

listed in table 1. Such sequences were employed for OBP  

http://www.bulletinofinsectology.org/Suppl/vol74-2021-079-085cilia-suppl.pdf
http://www.bulletinofinsectology.org/Suppl/vol74-2021-079-085cilia-suppl.pdf
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Table 1. Odorant-binding proteins (OBPs) found in 

heads and antennae of A. tumida adults. 
 

Gene name ORF Length Source Accession number 

Atum_OBP1 444 148 Head MT211982 

Atum_OBP2 444 148 Head MT211983 

Atum_OBP3 417 139 Head MT211984 

Atum_OBP4 525 175 Head MT211985 

Atum_OBP5 375 125 Antennae MT211986 
 

Legend: Gene name, name of genes identified from SHB; 

ORF, open reading frame; Length, number of amino ac-

ids including signal peptide region; Source, head or an-

tennae; Accession number, nucleotide sequence availa-

ble in GenBank. 

 
 

downstream analysis. The analysis of the translated pro-

teins showed that the five A. tumida OBPs (Atum_OBP) 

belong to two distinct subgroups: Classical OBPs          

and Minus-C OBP (figure 1). The classical OBPs        

were Atum_OBP1, Atum_OBP2, Atum_OBP3 and 

Atum_OBP4. The remaining Atum_OBP5 sequence re-

fers to Minus-C OBPs. 

The conserved C-pattern of complete OBP was C1-X25-40-

C2-X3-C3-X38-43-C4-X10-8-C5-X8-C6. 

 

Phylogenetic analysis 
A phylogenetic tree was generated to study the relation-

ship between the five detected OBPs (Atum_OBP) and 

OBP aa sequences of the abovementioned Coleopteran 

species: A. tumida (11), T. castanuem (30), D. pondero-

sae (21) and A. glabripennis (16) (figure 2). In this com-

parison, the five Atum_OBPs showed to belong to three 

different groups of orthologous proteins. 

Atum_OBP1, Atum_OBP2 and Atum_OBP5 clustered 

together in the 19d-like OBP phylogenetic group. More-

over, the Atum_OBP2 and Atum_OBP5 also clustered in 

a branch together with a previously identified A. tumida 

classical-OBP. 

After BLASTP alignment, the antennal Atum_OBP5 

showed 96.8% similarity with Atum_OBP2 detected in 

the head. Moreover, also Atum_OBP1 is a 19d-like     

protein but it showed a similarity of 43.24% and 41.60% 

with Atum_OBP2 and Atum_OBP5, respectively. The 

classical OBP Atum_OBP3 clustered in the 56d-like 

OBP phylogenetic group with OBPs found in other Col-

eopterans and displayed high homology to another clas-

sical OBP from A. tumida. 

The Atum_OBP4 clustered in the 70 OBP phylogenetic 

group with OBPs detected in other Coleopterans and 

showed high homology to another classical OBP detected 

in A. tumida. 
 

 

Discussion 
 

This investigation aimed to identify OBPs in SHB by se-

quencing the RNA extracted from heads and antennae of 

adult individuals, elucidating the OBP sequences in the 

SHB transcriptome. 

Before, whole genome sequencing and transcriptomic 

analysis were performed on SHB (Tarver et al., 2016; 

Evans et al., 2018). Although the aims of such studies 

(Tarver et al., 2016; Evans et al., 2018) were not mainly 

based on OBP research and identification due to the focus 

on whole genome of SHB, these molecular approaches 

discovered 14 possible OBPs, which were deposited in 

GenBank as “predicted”. Overall, 14 OBPs, including 

partial and complete ones, were found in analysed SHB 

specimens. The number of OBPs detected is very close 

to previously predicted OBPs (Tarver et al., 2016; Evans 

et al., 2018). Indeed, in previously studies performed by 

Evans and colleagues and Tarver and colleagues, 14 pre-

dicted possible OBPs were found, while the same number 

of proteins were reported in this investigation. The ana-

lytical approach employed in this investigation proved 

the presence of the already predicted OBPs in other SHB 

specimens, also confirming them via protein structure ho-

mology-modelling and the C-pattern analysis of Coleop-

tera. 

First, seven OBPs were identified in the SHBs’ anten-

nae and heads, respectively. After, translation, protein 

length and the presence of signal peptide were employed 

to identify the complete Atum_OBPs. 

 

 

 
 

Figure 1. Alignment of the detected sequences of Aethina tumida OBPs. Full-length amino acid sequences of 

Atum_OBPs are aligned by BioEdit. Yellow boxes show conserved cysteine residues. Accession numbers of the 12 

Classical OBPs are listed in table 1. The A. tumida OBPs include classical OBPs (Atum_OBP1, Atum_OBP2, 

Atum_OBP3 and Atum_OBP4) and Minus-C OBPs (Atum_OBP5). 
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Figure 2. Phylogenetic analysis of Atum_OBPs detected in this investigation (in red). The sequences used for the 

analysis included Aethina tumida (in orange) and three other Coleoptera species with full OBP amino acid sequence: 

Tribolium castaneum (Tcas, in green), Dendroctonus ponderosae (Dpon; in blue) and Anoplophora glabripennis 

(Agla; in purple). The GenBank accession numbers are included after the OBP names. The neighbor joining tree was 

constructed using Mega-X and the evolutionary distances were computed using the Poisson correction method. The 

analysis involved 83 amino acid sequences. There were 222 positions in the final dataset. 

 

 

Overall, only four sequences from the SHB head and 

one from antennae were recognized as complete OBPs. 

Among them, A. tumida OBPs (Atum_OBPs) include clas-

sical OBPs (Atum_OBP1, Atum_OBP2, Atum_OBP3 and 

Atum_OBP4) and Minus-C OBPs (Atum_OBP5) (Hek-

mat-Scafe et al., 2002; Xu et al., 2003; Zhou et al., 2004). 

All of the identified Atum_OBPs share high sequence ho-

mology (from 98.4% to 100% identity) with predicted A. 

tumida OBPs deposited in GenBank (XP_019879814, 

XP_019868781, XP_019866305 and XP_019871740). 

The conserved C-pattern obtained for complete OBP re-

sulted suitable to the general one for Coleoptera (Xu et al., 

2009). 

The Atum_OBP 29 is a partial protein detected for the 

first time in SHB head in present investigation. It showed 

33.33% identity to one OBP 29 found in Pyrrhalta ae-

nescens (Fairmaire) (Accession number: APC94285.1),  

a Coleoptera belonging to Cucujiformia infraorder. In  

order to confirm protein family validation, C-pattern 

analysis obtained for partial Atum_OBP 29 (Accession 

number: MT383114) was compliant with those proposed 

for Coleoptera (Xu et al., 2009). 

Notably, the phylogenetic analysis highlighted that all 

the detected Atum_OBPs clustered with OBPs described 

in coleopteran species, which may be indicative of con-

served functions in species belonging to this order. 

Among discovered Atum_OBPs, only the antennal 

Atum_OBP5 displayed high similarity (96.8%), with 

Atum_OBP2 detected in the head, while other 

Atum_OBPs did not show relevant similarity. The high 

similarity between Atum_OBP5 in antennae and 

Atum_OBP2 in head is suggestive of similar functions in 

the same individual, as previously reported in other in-

sects (Pelosi, 1994; Pelosi et al., 2014). 

The results of this investigation showed higher com-

plete Atum_OBPs abundance in the heads (4 OBPs) than 

in the antennae (1 OBP). As well as in antennae, olfactory 

sensilla are present in head, thorax and leg (Yan et al., 
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2016). For these reasons, OBPs expressed in head could 

be involved in the non-volatile host chemicals perception 

and other olfactory function (Mitaka et al., 2011; Yan et 

al., 2016). As reported for other insects, including cole-

opteran, OBPs may perform their functions mainly in 

non-antennae tissues, which could be involved in olfac-

tory-independent functions (Li et al., 2015a; 2015b; Yan 

et al., 2016). 
 

 

Conclusions 
 

Science-based control of SHB invasion requires both be-

havioural studies involving candidate attractants and 

knowledge of the molecular mechanisms behind the ol-

factory perception. Laboratory and field assays are im-

proving the knowledge on the range of volatiles that may 

find an application in the field (Dekebo and Jung, 2020; 

Stuhl, 2020). Despite this, there are few information 

about the molecular perception of volatile cues followed 

by SHB adults to reach mates, food sources and honey 

bee colonies. This investigation is an attempt to cover this 

gap. In this regard, a new OBP was for the first time de-

tected in SHB. Then, of the five complete sequences at-

tributable to OBPs, four were detected in the heads and 

one in the antennae of examined SHB samples. The high 

molecular similarity between the antennal OBP and one 

of the groups found in the head deserves further investi-

gation as it may be suggestive of functional similarity and 

particular sensitivity to specific volatiles. 

This investigation provides a new knowledge about the 

OBPs in A. tumida. However, further studies are required 

to understand OBP functions, structures and pathways in 

relation to the other proteins involved in SHB olfactory 

detection. 
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