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ORIGINAL RESEARCH ARTICLE
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(Received 29 March 2015; accepted 27 June 2016)

The effect of sublethal doses of imidacloprid on protein content and activity of proteases on honey bees was analyzed.
The study was conducted in three experimental groups: colonies from groups BE-5 and BE-200 were contaminated
with 5 and 200 ppb of imidacloprid, respectively, via their food supply (syrup and pollen), while group BE was used as
control (untreated). Bee samples were collected 3 and 10 weeks after feeding started. Protein concentration in bee
tissue extracts was analyzed with reference: (a) to the dose of imidacloprid; and (b) duration of exposure to the
chemical. The average quantity of protein content was significantly higher at the 3-week interval than in the 10-week
interval and the bees from control colonies (BE) had significantly higher protein contents than contaminated bees (BE-5
and BE-200), even 3 weeks after feeding with imidacloprid started. Similarly, the activity of proteolytic enzymes
(proteases) was found to be dependent on the dose of imidacloprid used, compared to bees from control colonies
showing significantly higher activity.

Influencia de las dosis subletales de Imidacloprid en el contenido de proteı́na y la actividad proteolı́tica
en las abejas melı́feras (Apis mellifera L.)

Se ha analizado el efecto de las dosis subletales de imidacloprid en el contenido de proteı́nas y la actividad de las
proteasas en las abejas melı́feras. El estudio se realizó en tres grupos experimentales: las colonias de los grupos de BE-5
y BE-200 se contaminaron con 5 y 200 ppb de imidacloprid, respectivamente, a través del alimento suministrado (jarabe
y polen), mientras que el grupo SER se utilizó como control (sin tratar). Se recogieron muestras de abejas en las sem-
anas 3 y 10 después del comienzo de la alimentación. La concentración de proteı́na en extractos de tejido de abejas se
analizó en relación con: a) la dosis de imidacloprid; y b) la duración de la exposición a la sustancia quı́mica. La cantidad
promedio del contenido de proteı́na fue significativamente mayor en el intervalo de 3 semanas que en el intervalo de 10
semanas y las abejas de las colonias control (BE) tuvieron un contenido de proteı́na significativamente más alto que las
abejas contaminadas (BE-5 y BE-200), incluso 3 semanas después de que comenzara la alimentación con imidacloprid.
Del mismo modo se encontró que la actividad de las enzimas proteolı́ticas (proteasas) depende de la dosis de imidaclo-
prid usada, en comparación con las abejas de colonias de control que muestran una actividad significativamente más alta.

Keywords: Imidacloprid; sublethal; honey bee; proteins; proteases

Introduction

The honey bee (Apis mellifera L.) is regarded as one of

the most important social insects in the world. A. mellif-

era has earned this prestigious position through the role

it plays in natural ecosystems and in human life and

activity, including its economic aspects (Garibaldi et al.,

2011; Leonhardt, Gallai, Garibaldi, Kuhlmann, & Klein,

2013). Dramatic losses of honey bee colonies observed

over the last decade have become an issue of almost

global importance (Dainat, vanEngelsdorp, & Neumann,

2012; Neumann & Carreck, 2010). Many abiotic and bio-

tic factors can have an adverse effect on the immunolog-

ical ability of A. mellifera to ward off infection by viruses,

bacteria, and molds (Nosema spp.); it can also result in

interactions between pathogens (Di Prisco et al., 2013;

Pettis, vanEngelsdorp, Johnson, & Dively, 2012). Fac-

tors such as the poor nutritive quality of bee food,

concomitant parasitic Varroa destructor mites and viruses,

the exposure of bees to lethal and sublethal effects of

pesticides can also weaken the immune system of A.

mellifera (Blacquière, Smagghe, van Gestel, & Mom-

maerts, 2012; Pettis et al., 2012).

Among many factors affecting honey bees, pesticides

are a focus of growing attention, with neonicotinoid

insecticides constituting the main subject of scientific

studies (Blacquière et al., 2012; van Lexmond, Bonmatin,

Goulson, & Noome, 2015). One of the substances most

commonly used in crop protection and registered in

over 120 countries is imidacloprid (IMD) (Jeschke,

Nauen, Schindler, & Elbert, 2011). It is known that IMD,

is an agonist of the nicotinic acetylcholine receptor

(nAChRs) on the postsynaptic membrane, and like other

compounds from this group of pesticides, it affects the

central nervous system (CNS) of insects (Brown, Ihara,
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Buckingham, Matsuda, & Sattelle, 2006; Matsuda,

Shimomura, Ihara, Akamatsu, & Sattelle, 2005) and sub-

sequently the insect’s physiology and behavior (Desneux,

Decourtye, & Delpuech, 2007; Piiroinen & Goulson,

2016; Teeters, Johnson, Ellis, & Mario, 2012; Van Dijk,

Van Staalduinen, & Van der Sluijs, 2013). For example, it

has been shown that sublethal doses of IMD have an

adverse effect on the bee’s sense of smell and memory

(Decourtye, Devillers et al., 2004, Decourtye,

Armengaud et al., 2004; Kirchner, 1999; Williamson,

Baker, & Wright, 2013), as well as on the insects’ inten-

sity of feeding (Schneider, Tautz, Gruenewald, & Fuchs,

2012; Yang, Chuang, Chen, & Chang, 2008), territorial

disorientation (Hatjina, Papachristoforou, Charistos,

Bouga, & Arnold, 2012; Henry et al., 2012), and

neurophysiologic changes (Goulson, 2013; Guez, Suchail,

Gauthier, Maleszka, & Belzunces, 2001a, 2001b; Lambin,

Armengaud, Raymond, & Gauthier, 2001). In recent

in vivo studies, it has also been shown that the sublethal

doses of imidacloprid not only cause decrease in the size

of HPGs but also in the respiratory rhythm of A. mellifera

(Hatjina et al., 2013). Besides imidacloprid itself, its

degradation products released as a result of its metabo-

lism have a further effect on bees (Suchail et al., 2004;

Simon-Delso et al., 2014) and the proteins showing

enzymatic qualities constitute an interesting group of

compounds involved in different biochemical processes

in insects (Frączek, Żółtowska, Lipiński, & Dmitryjuk,

2013; Shi, Dick, Ford, & Casida, 2009). Furthermore, all

above-mentioned sublethal effects can also lead to losses

of pollination services provided by honey bees and soli-

tary bees (van der Sluijs et al., 2013).

The aim of this study was to determine possible dif-

ferences in the protein profile and in the activity of pro-

teases in the honey bee under chronic exposure of

IMD, due to their important role in the different biologi-

cal processes in A. mellifera. Our findings can contribute

to a better knowledge of the physiological changes

induced on honey bees by neonicotinoid insecticides.

Materials and methods

Honey bee colonies, treatments, and sampling

The study was carried out on A. m. carnica colonies in

northeast Poland (53˚53´49´´ N longitude, 20˚13´27´´ E

latitude) during summer 2013. Twenty-four colonies

were randomly assigned to three experimental groups,

after they were equalized in terms of brood combs and

population. All colonies were kept at the same place, they

had sister queens and they had no visible symptoms of

diseases. Colonies from group BE (control) were given

food free from imidacloprid, while the food administered

to colonies from group BE-5 and BE-200 was contami-

nated with 5 and 200 ppb of imidacloprid, respectively.

The concentrations of 5 and 200 ppb were chosen, firstly

because they are both sublethal, and secondly because

they represent an average of field realistic concentrations:

the 5 ppb for pollen and nectar (Bonmatin et al., 2003,

2005) and the 200 ppb for guttation drops (Tapparo

et al., 2011). The bees were fed with both bee syrup

(Apifortuna) and pollen patties made from fresh pollen

loads and inverted syrup Apifortuna in the ratio of

2.5:1.4. The colonies were given 5.5 kg of the liquid food

and 0.3 kg of the patty in two portions for a total period

of 2.5 months. The survival status of the colonies was

assessed several times during the experiment and their

overwintering ability was finally assessed in March 2014.

Bee samples were collected from the brood nest

twice during the study period: the first sampling took

place in late August, 3 weeks after feeding started, in

order to ensure that the sampled bees had consumed

the contaminated pollen and sugar solution as adults for

several days; the second took place at the beginning of

October 2013 (at the end of the experiment, 10 weeks

after feeding started) in order to ensure the sampled

bees had come in contact with the contaminated food

not only as adults but also as larvae. Each sample group

contained 20–30 adult honey bees. The bees were first

weighed, then placed in Eppendorf tubes and were

immediately frozen (anaesthetized) in liquid nitrogen.

The bee material was stored at −70 ˚C until use.

Crude extract preparations from bees

Extracts from each sample of bees were obtained by

homogenizing whole bees on ice for 2 min with 0.9%

NaCl at 1:10 (w/v) ratio in an Omni TH-02 (5000–

35,000 RPM, OMNI International, USA) homogenizer.

The homogenates were then centrifuged at 2500 g for

15 min at 4 ˚C for debris removal and at 20,000 g for

40 min at the same temperature for supernatant clarifi-

cation (Felicioli et al., 2004). The insect body extracts

from all groups were coded accordingly to the group

(as BE, BE-5, and BE-200). All collected materials were

stored at −70 ˚C until use.

Determination of protein content and proteolytic

ability

As proteases and inhibitors occur in many tissues and ful-

fill many different functions in insect biology, this investi-

gation was performed on whole body extracts in order

to capture any biochemical change under the influence of

IMD (as in Farjan, Dmitryjuk, Lipiński, Biernat-Łopieńska,

& Żółtowska, 2012; Farjan, Łopieńska-Biernat, Lipiński,

Dmitryjuk, & Żółtowska, 2014). Extracts of each sample

of bees were obtained according to Felicioli et al. (2004).

Protein concentrations in each sample were determined

with the use of the modified BioRad Protein Assay

System and the Bradford dye-binding procedure

(Bradford, 1976). The results obtained were expressed in

mg of protein per 100 mg of bee body weight. As the aim

of the study was to determine possible differences in the

protein profile and in the activity of proteases in the

2 J. Wilde et al.



honey bee, no detailed identification of the proteins was

performed at this stage.

The molecular weights of active proteins were esti-

mated following procedures described by Laemmli

(1970) and Neuhoff, Stamm, and Eibl (1985). The mix of

proteins (Sigma, 6.5–200 kDa) was used as molecular

weight markers. The gels were scanned with image

scanner (GE Healthcare Life Science, with Lab Scan soft-

ware, USA), and finally analyzed by densitometry using

KTE Gel Scan software (Kucharczyk, Poland).

The proteolytic activity of the bee extracts was deter-

mined according to Mendiola, Alonso, Marquetti, and

Finaly (1996) using natural substrate as 1% (w/v) gelatin

solution in 0.1 M Theorell and Steinhagen buffer (Küster

& Thiel, 1993) at pH 7.5. The incubation mixtures

contained: 25 μl of each one extracts (BE), (BE-5), and

(BE-200) and 125 μl gelatin solution and were allowed to

incubate for 30 min at 37 ˚C. The reaction was termi-

nated by the addition of 100 μl of 10% trichloroacetic

acid (TCA). After careful mixing and a 10-min incubation

at 4 ˚C, the samples were centrifuged at 14,000 g for

15 min at 4 ˚C. The concentration of peptides released

from gelatin by proteases was determined in the super-

natant (Frączek, Żółtowska, Lipiński, & Dmitryjuk, 2012)

and was expressed in units (U) expressing the mg pep-

tides released per mg protein in bee extract.

Zymography

Zymography was performed with SDS-PAGE, using

12.5% polyacrylamide gels containing 0.1% gelatin in the

presence of sodium dodecyl sulfate (SDS), according to

Felicioli et al. (2004). Proteins in the clarified extracts

from each bee sample containing 15 μg proteins were

used in the applied probe. Electrophoresis was carried

out at 80 V for about 4 h at 4 ˚C. After electrophoresis,

the gels were washed with gentle shaking at room

temperature with 2% (v/v) aqueous solution of Triton

X-100 for 30 min to remove SDS and restore the full

activity of the peptidases and then rinsed with 0.1 M

Theorell and Steinhagen buffer pH 7.5. The gels were

transferred to Petri dishes filled with the above-men-

tioned buffer and incubated for 9 h at 37 ˚C, and then

stained in 0.1% (w/v) colloidal Coomassie brilliant blue

G-250. The active fractions appeared as unstained bands

on the blue background of gels. Then, the gels were

scanned.

Statistical analysis

A two-way ANOVA was carried out using ‘dose’ (0, 5,

and 200 ppb) and ‘exposure period’ (3 and 10 weeks) as

fixed effect factors using Statistica software package

(Statsoft, V. 12.0). Significance of differences between

the means was determined by the Duncan’s multiple

range test.

Results

Colony observations

During the first three weeks of the experiment, some

colonies superseded their queens (1 from group BE, 1

from group BE-5, and 3 from group BE-200) and they

continued with their new queens). However, by

October, 1 colony from group BE-5 and 3 colonies from

group BE-200 (the same colonies that had superseded)

had lost half of their population and were removed

from the apiary site. The remaining colonies proceeded

successfully.

Protein content

The level of protein in tissue extracts was significantly

reduced from the 1st to the 2nd sampling in all groups,

including control (effect of ‘exposure period’: F2.479 =

388.73, p = 0.0000) (Table 1). However, group BE-5 had

reduced protein levels by 7% compared to the group BE

(control) even during the 1st sampling, that is 3 weeks

after exposure to imidacloprid and group BE-200 had a

further reduction in protein levels by 22% (effect of

‘dose’: F2.479 = 118.55, p = 0.0000) (Table 1). Whereas

the difference in protein levels between 3 weeks and

10 weeks exposure for the group BE was 26%, in group

BE-5 it was 35.7% and in group BE-200 the reduction

was 30.1%, both significantly different from group BE

(effect of ‘dose’ X ‘exposure period’: F2.279 = 1.64,

p = 0.0027) (Table 1). The differences between the

groups are influenced by the time of sampling, which

reflects the exposure to imidacloprid; the longer the

exposure period, the greater the decrease in the pro-

tein levels compared to the control group.

SDS-PAGE fractionations from BE, BE-5, and BE-200

(Figure 1; A, B, and C, respectively) revealed the pres-

ence of proteins with molecular weights ranging from 8

to 205.5 kDa in the samples of tissues extracted from

bees collected in August. The electropherogram BE

showed 32 protein fractions, whereas 27 protein frac-

tions were noted in BE-5. A further reduction to 23

fractions was observed on the electropherogram BE-

200. The electrophoresis of BE-5, as compared to BE,

showed the absence of fractions 39, 37, 23.5, 21, and

20.5 kDa. The lack of those proteins was also observed

Table 1. Protein concentration in bee body extracts (in
mg/100 mg of body weight).

Group

Protein concentration in bee body extracts

n August n October

BE 80 9.0A 80 6.7C
BE-5 80 8.4B 80 5.4D
BE-200 80 6.5C 80 4.5E

Note: Different capital letters denote the significance of differences for
p < 0.01.

Imidacloprid effect on honey bee proteins and proteases 3



in BE-200, where an almost complete reduction of frac-

tions 17 and 19 kDa was also noted. In the whole pool

of proteins obtained through the electrophoresis of BE,

BE-5, and BE-200, there were 7 dominant fractions with

molecular weights 12.5; 20; 21.5; 22; 24; 29; and

41 kDa, constituting ca. 64% of all proteins.

The range of molecular weights of protein fractions

obtained from the biological material collected in Octo-

ber for BE, BE-, and BE-200 can be seen in electro-

pherogram images of Figure 2(A)–(C), respectively. The

protein profiles showed an identical range of molecular

weights as compared with those obtained from bees

examined in August. SDS-PAGE protein fractionation

revealed the presence of 27 fractions. However, in the

electrophoresis of BE-5, we noted a reduction to 23

fractions and the electropherogram obtained from BE-

200 showed a further reduction in the number of frac-

tions to 21. October protein fractionation from BE-5, as

compared to BE, revealed the absence of fractions 16,

17, 19, and 22.5 kDa, that were not found in BE-200,

either. Moreover, fractions 21 and 23 kDa in BE-200

were almost entirely reduced. Protein fractionation

from BE, BE-5, and BE-200 showed that 6 fractions of

molecular weights 12.5; 15; 20; 22; 24; and 41 kDa con-

tained 53% of all proteins. The dominant fraction among

these was fraction 15 kDa, constituting 18% of the

whole protein content.

Proteolytic activity

The highest mean activity of proteolytic enzymes was in

control samples, with 0.27 U/mg obtained from BE in

August, and 0.26 U/mg obtained from BE in October

(Table 2). The statistical analysis revealed that the mean

activity of enzymes in all tested bee extracts depended

on the administered dose of imidacloprid (effect of

Figure 1. SDS-PAGE of body extract proteins collected in August from groups: A, BE; B, BE-5; C, BE-200; lane a, molecular weight
markers (the Wide Range Sigma Marker TM 6.5–200 kDa); lanes b–i, different colonies.

Figure 2. SDS-PAGE of body extract proteins collected in October from groups: A, BE; B, BE-5; C, BE-200; lane a, molecular
weight markers (the Wide Range Sigma Marker TM 6.5–200 kDa); lanes b–i, different colonies.

Table 2. Proteolytic activity of bee body extracts (in U/100 mg
of body weight).

Group

Proteolytic activity of bee body extracts

n August n October

BE 80 0.27A 80 0.26A
BE-5 80 0.19BC 80 0.21B
BE-200 80 0.18C 80 0.18C

Note: Different capital letters denote the significance of differences for
p < 0.01, and lower-case letters for p < 0.05.
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‘dose’: F2.479 = 63.842, p = 0.0000). It was also confirmed

that the exposure period with the pesticide had no

effect on the activity of proteases (effect of ‘exposure

period’: F1.479 = 0.718, p = 0.397315). The analysis also

showed that there is no significant interaction between

these factors (effect of ‘dose’ X ‘exposure period’:

F2.279 = 1.64, p = 0.195171); therefore, there was no fur-

ther reduction due to the exposure duration and the

difference existing between the groups at the 1st sam-

pling, 3 weeks after the exposure, was exactly the same

even after 10 weeks of exposure.

Zymography

Zymogram scans also provide evidence confirming an

effect of the administered dose of imidacloprid on pro-

teolytic activity. The fractionation of samples of BE col-

lected in August after the incubation of gels at pH 7.5

revealed a wide hydrolysis zone in a form of unstained

bands against the blue background of gels (Figure 3(A)).

The presence of 9 active fractions with molecular

weights ranging from 32.5 to 198 kDa was confirmed

(Figure 3(A)). A clear decrease in the activity of pro-

teases was observed in BE-5 (reduction of two proteins

41 and 198 kDa), as compared to BE (Figure 3(B)). A

loss of further 2 fractions of active proteases, with

molecular weights 32.5 and 34 kDa, was observed in

BE-200, as compared to BE (Figure 3(C)). Zymograms

obtained from October bee extracts BE, BE-5, and BE-

200 can be seen in images of (Figure 4(A)–(C)

respectively). The images in Figure 4 also show a reduc-

tion of active fractions of proteases in relation to the

administered dose of imidacloprid. Control samples (BE)

contained 5 fractions of active enzymes with molecular

weights ranging from 50 to 198 kDa. A decrease by 1

fraction of proteases with the molecular weight of

198 kDa was revealed in BE-5, as compared to BE. A

further decrease in proteolytic activity, as compared to

BE, was confirmed in BE-200 where the absence of

active fraction 50 kDa was noted.

Discussion

Neonicotinoid insecticides, including imidacloprid (IMD),

belong to a group of stress factor insecticides affecting

among others, the performance and the susceptibility of

honey bees to biological agents (Alburaki et al., 2015;

Wu, Smart, Anelli, & Sheppard, 2012) due to the effect

Figure 3. Zymogram of body extract proteases collected in August from groups: A, BE; B, BE-5; C, BE-200; lanes a–h, different
colonies.

Figure 4. Zymogram of body extract proteases collected in October from groups: A, BE; B, BE-5; C, BE-200; lanes a–h, different
colonies.

Imidacloprid effect on honey bee proteins and proteases 5



on the nervous system (Brown et al., 2006; Matsuda

et al., 2005). It has recently been observed that sub-

lethal doses of imidacloprid have a decreasing effect on

hypopharyngeal glands (HPGs) of the nursing bees

(Hatjina et al., 2013). The changes in the size of HPGs

(which refers to the diameter of acini) constitute an

indicator of the activity of HPGs. The synthesis of royal

jelly (RJ) takes place in HPGs; and ca. 82% of RJ proteins

belong to the major royal jelly proteins (MRJP) (Knecht

& Kaatz, 1990; Schmitzová et al., 1998). The above

results confirm the presence of four major proteins of

RJ (i.e., 50, 56, 57, and 64 kDa) (Hanes & Šimuth, 1992;

Kubo et al., 1996). Ohashi, Sawata, Takeuchi, Natori,

and Kubo (1996) showed that the gene of the 64 kDa

protein/RJP57 is expressed specifically in the nurse bee

glands, while the gene encoding the 56 kDa protein is

expressed both in nurse bees and foragers. Information

concerning the existence of different forms of major

proteins MRJP-1 to MRJP-5 can be found in the pro-

teomic studies of Sato et al. (2004). Also Li, Feng,

Zhang, and Pan (2008), who based their research on

analysis of the proteome from the HPGs of honey bees,

showed the presence of six different forms of MRJP-1

with molecular weights from 49 to 60 kDa. The results

of these studies are in contrast to the findings of Hanes

and Šimuth (1992), and correspond with the results of

Santos et al. (2005).

Our work is the first study presenting a profile of

proteolytic activity along with protein profile. In our

study, we used extracts from whole bees, so it is

important to remember that proteases and inhibitors

occur in many tissues and fulfill different functions in the

biology of insects, from food secretion and digestion

(Chapman, 1998; Deseyn & Billen, 2005; Li et al., 2008;

Liu et al., 2013) to metamorphosis (Lima, Brochetto-

Braga, & Chaud-Netto, 2000; Malone, Todd, Burgess, &

Christeller, 2004; Strachecka, Gryzińska, & Krauze,

2010; Strachecka, Paleolog, & Grzywnowicz, 2008) and

immune mechanisms (Evans et al., 2006; Frączek et al.,

2013). It is also well known that some enzymes fulfill

detoxification functions, because they take part in the

metabolism of pesticides (Shi et al., 2009). Another

group is represented by a proteolytic system that cat-

alyzes the hydrolytic degradation of peptide bonds

and takes part in many biological processes (Costa &

Cruz-Landim, 2005; Frączek et al., 2013; Lima et al.,

2000; Strachecka et al., 2008, 2010; Walter & Clélia,

1994). Many such proteins are involved in the immuno-

logical response and not in the functioning of digestive

enzymes (Ji, Wang, Guo, Hartson, & Jiang, 2004; Jiang

et al., 2005).

In our study, the above-presented protein profiles of

tissue extracts from the worker bees of A. mellifera

showed statistically significant relationships between the

tested parameters, i.e., the content of protein and the

dose of administered IMD, as well as the time of expo-

sure to the pesticide. The bees which were fed pollen

contaminated with 5 ppb IMD showed a decreased level

of proteins by 7% just after 3 weeks and by 10% after

10 weeks of exposure compared to the control. In the

case of 200 ppb imidacloprid dose, a further decrease in

the concentration of proteins was noted, i.e., by 15%

and a further 8%, respectively, 3 and 10 weeks after

feeding. This is a clear indication that chronic exposure

to imidacloprid even for 3 weeks can substantially

reduce the protein content on honey bees. Further-

more, the SDS-PAGE images of the October samples

showed the lack of 4 bonds and a 21% decrease in pro-

tein content in BE-5, and the absence of 6 bonds and a

ca. a 54% decrease in protein content was observed in

BE-200, as compared to BE (Figure 2(A)–(C)). Based on

our results, we can conclude that pollen containing both

doses of IMD decreases the level of the honey bee pro-

teins and it suggests an intense negative effect of the

pesticide on the activity of the honey bee’s HPGs. The

causes of this phenomenon presumably lie in a decrease

in the size of HPG lobules (Hatjina et al., 2013). This

leads to a disturbed protein synthesis in the glands, and

in particular to a decrease in the production of royal

jelly by nurse bees (Ohashi, Natori, & Kubo, 1997). Soy-

bean trypsin inhibitor (SBTI) can also have a negative

effect on the development of HPGs. Malone et al.

(2004), Sagili, Pankiw, and Zhu-Salzman (2005), and

Babendreier et al. (2005) also demonstrated a decrease

in HPGs protein content in adult honey bees whose diet

contained transgenic products as toxin Bt, biotin-binding

protein (avidin), and a protease inhibitor (aprotinin).

We also compared changes in the expression of pro-

tein profiles in samples BE-5 and BE-200 with those of

BE. A high level of the mean proteolytic activity was

observed for BE collected both in August and October.

Both levels of the activity of enzymes in the samples

were very similar to each other. Our analysis showed

that the mean activity of enzymes in BE-5 and BE-200

depended on the administered dose of IMD in the bee

diet, and that the duration of administering the pesticide

had no effect on the activity of proteases. The PAGE

zymogram of the protein profile changes provided fur-

ther confirmation of these results. On the basis of the

analysis of our results, we can conclude that the IMD

doses administered with pollen in the diet had a negative

effect on the level of proteolytic activity in honey bees. A

reduction in some of the proteolytic activity in the mid-

gut of the honey bee, after administering a 1% dose of

SBTI in the diet, was also noted by Sagili et al. (2005). A

confirmation of these results can be found in the earlier

studies by Burgess, Malone, and Christeller (1996). These

researchers observed that a 1% dose of SBTI in the diet

reduced protein biosynthesis in the HPGs of bees and

considerably decreased the level of three endopepti-

dases, such as chymotrypsin, elastase, and trypsin.

In conclusion, our studies show that a reduction in

protein biosynthesis and a decrease in the level of pro-

teolytic activity in A. mellifera could be a result of the

bees’ exposure to sublethal doses of IMD even for the

duration of 3 weeks. Longer duration of exposure

6 J. Wilde et al.



increases the impact of IMD in relation to protein levels

but not in relation to proteolytic activity. Furthermore,

an intensified adverse effect of IMD was observed for

the 200 ppb dose (still sublethal, although very high).

The reduced protein content in our study signifies also

the reduced quality of royal jelly, therefore, a possible

change in the feeding behavior towards the queen, thus

a stress factor resulting in reduced egg laying and

depopulation of the colonies. Along with the above, the

question to be answered is: what is the impact of this

reduced protein synthesis and activity on the honey bee

function or colony development? Taking as an example

the indirect effect which was observed on the colony

development, especially under the increased levels of

the pesticide, this could possibly be the result of the

imidacloprid feeding; however, as this was not the scope

of the study it has not been thoroughly monitored and

it is a hypothesis that needs further investigation. It is

however important to remember that population

growth is the best predictor of a colony’s ability to sur-

vive over the winter and has been demonstrated

recently by several studies (Büchler et al., 2014; Hatjina

et al., 2014). Furthermore, the population growth of a

colony is influenced by its health status (Di Prisco et al.,

2013; Pettis et al., 2012) and the environment (Khoury,

Myerscough, & Barron, 2011). It has been shown that

an environment contaminated with a neuro-toxic

substance can also have delayed and time-cumulative

toxicity (Rondeau et al., 2014).
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Hatjina, F., Costa, C., Büchler, R., Uzunov, A., Drazic, M., Filipi,
J., … Kezic, N. (2014). Population dynamics of European
honey bee genotypes under different environmental condi-
tions. Journal of Apicultural Research, 53, 233–247.
doi:10.3896/IBRA.1.53.2.05

Henry, M., Beguin, M., Requier, F., Rollin, O., Odoux, J.-F.,
Aupinel, P., … Decourtye, A. (2012). A common pesticide
decreases foraging success and survival in honey bees.
Science, 336, 348–350. doi:10.1126/science.1215039

Jeschke, P., Nauen, R., Schindler, M., & Elbert, A. (2011). Over-
view of the status and global strategy for neonicotinoids.
Journal of Agricultural and Food Chemistry, 59, 2897–2908.
doi:10.1021/jf101303g

Ji, C., Wang, Y., Guo, X., Hartson, S., & Jiang, H. (2004). A
pattern recognition serine proteinase triggers the prophe-
noloxidase activation cascade in the tobacco hornworm,
Manduca sexta. Journal of Biological Chemistry, 279, 34101–
34106. doi:10.1074/jbc.M404584200

Jiang, H., Wang, Y., Gu, Y., Guo, X., Zou, Z., Scholz, F., …
Kanost, M. R. (2005). Molecular identification of a bevy of
serine proteinases in Manduca sexta hemolymph. Insect Bio-
chemistry and Molecular Biology, 35, 931–943. doi:10.1016/
j.ibmb.2005.03.009

Khoury, D. S., Myerscough, M. R., & Barron, A. B. (2011). A
quantitative model of honey bee colony population dynam-
ics. PLoS ONE, 6, e18491. doi:10.1371/jour-
nal.pone.0018491

Kirchner, W. H. (1999). Mad-bee-disease? Sublethal effects of
Imidacloprid (Gaucho) on the behavior of honey-bees. Api-
dologie, 30, 422.

Knecht, D., & Kaatz, H. H. (1990). Patterns of larval food pro-
duction by hypopharyngeal glands in adult worker honey
bees. Apidologie, 21, 457–468. doi:10.1051/apido:19900507

Kubo, T., Sasaki, M., Nakamura, J., Sasagawa, H., Ohashi, K.,
Takeuchi, H., & Natori, S. (1996). Change in the expres-
sion of hypopharyngeal-gland proteins of the worker
honey bees (Apis mellifera L.) with age and/or role. Journal
of Biochemistry, 119, 291–295.
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